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By the end of this chapter, students will be able to : R T
=, Develop Python applications using object-oriented programming (OOP) principles.

Introduction
In this chapter, students will learn the fundamentals of Object-Oriented Programming (OOP)

using Python. They will explore key OOP concepts like classes and objects to model real-world
entities in code. The chapter covers encapsulation, which helps protect data and ensure privacy,
and inheritance, allowing for code reuse and extension. Students will also study polymorphism
to create flexible, adaptable programs. These concepts will help students develop well-
structured and maintainable Python applications. By the end of the chapter, students will be
proficient in applying OOP principles to design efficient and scalable programs.

3.1 Object-Oriented Programming (OOP) Using Python
Object-Oriented Programming is a method of designing programs. using objects and classes.
[Each object represents a real-world entity with specific properties and behaviors. Classes act
as templates for creating multiple objects with similar characteristics. OOP emphasizes
encapsulation, inheritance, and polymorphism to manage data and behavior efficiently. This
approach helps in modeling real-world problems in programming.

Create a chart comparing procedural programming and OOP. Have students explain
scenarios where OOP is more useful. '

\.
Benefits of OOP: Modularity, Reusability, and Easier Maintenance

OOP allows code to be divided into modules, making it easier to manage. Classes and objects
can be reused in multiple programs or parts of a program, reducing repetition. Programs built
with OOP are easier to maintain and update because changes in one part do not affect the entire
system. The structure of OOP supports scalability and adaptability in software development. It
also improves collaboration by making code more understandable and organized.
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Object-Oriented Programming helps programmers think in terms of real-life objects, like
students o cars, making programs easier to understand and manage.
3.2 Core Concepts of OOP

Object-Oriented Programming (OOP) has several core concepts that make programs organized,
reusable, and easier to manage. These concepts include classes and objects, encapsulation,

inheritance, and polymorphism. @
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Classes and Objects — Representing Real-World Entities in Code
A class is a blueprint or template that defines the properties (attributes) and actions (methods)
of an entity. An object is an instance of a class that holds actual values for its attributes (&
shown in Figure 3.1). Classes and objects allow programmers to model real-world entities in
code ! Jsing classes and objects helps organize data and related functionality together, making
programs more structured.
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Figure 3.1: Diagram Showing Class and Object relationship
Exaniple ' : i
class Student: )

def _ init_ (self, name):
self.name = name

int("Student Name:", self.name)
i A%

# __ a [in objeets

objertl = Student("Ali")

objeitZ = Student("Ahmed")

# Us ng objects -

objectl.display()

objei12.display()

s class Student — defines a blueprint for students
e _ init _— sets the name when an object is created
. 1’ self.name — stores the student’s name
e  display() — prints the student’s name
e object] and object2 — two different student objects
oll Each object has its own data (A, Ahmed)

(34) +
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Encapsulation _

Encapsulation is a concept in Object Oriented Programming (OOP) where we bundle data
(variables) and methods (functions) into a single unit (class) and restrict direct access to the
_data.

Unlike languages like Java or C++, Python does not have strict "private” or "protected”
keywords. Instead, it relies on naming conventions to signal how data should be accessed.
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Hide the data and control access using methods.

Why Encapsulation is important

e Protects data from unwanted access

e Improves security

e Makes code easier to manage

e Allows controlled modification

Example:
Think of a bank account:
Y our balance is hidden
Y ou can only access it using:
e deposit()
e  withdraw()
Y ou cannot directly change the balance; this is encapsulation.
1. Levels of Access Control
In Python, you can control the visibility of class members using specific naming prefixes:

¢ Public Members: These are accessible from anywhere—inside or outside the class.

By default, all members in Python are public (as shown in Figure 3.2).
e Syntax: self attribute_name

o Protected Members: These are intended for internal use within the class and its
subclasses. It is a convention (not a restriction) to signal to other developers that the
member should not be accessed from outside.

e Syntax: self._attribute_name (single underscore)

e Private Members: These
are highly restricted and Class Object
cannot be easily accessed =
from outside the class.

Python uses a mechanism 9

Public Methods / Interface
[ gctValueO] [ setValue() J

called Name  Mangling to fufﬁﬁiﬁ
change the internal name of | yser/ :
the wvariable to prevent | Outside 5
accidental access. Sl ePag L Private Data
o  Syntax: self._ attribute 22;?;:3“35 | _private_variable
_name (double
underscore) ’

Figure 3.2: Encapsulation diagram showing private and public variables
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Inhéritance — Reusing and Extending Functionality

Inheritance allows a class to take properties and methods from
or class. The new class, called a subclass, can add or modify
ies of the parent class. Inheritance promotes code reuse and
¢es redundancy. It also makes it easier to extend programs
dut rewriting existing code.
¢ are the following types of inheritance:

ole Inheritance: Single inheritance occurs when a child class £
¢lass) inherits attributes and methods from exactly one parent El czhdd 'E'lﬁéé
_ (superclass) This is the most fundamental form . ) '
Jleritance in Python, promoting code reusability by -
ng the child class to extend or modify the behavior of ~ Figure 3-3 Single Inheritan
the parent (as shown 1;1F1gure 3.3).
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Example: '

In this example, the Dog class inherits the basic functionality of an Animal but adds its own
specific behavior.

# Parent class (Superclass)
class Animal:
def init. (self, name):
self.name = name

def eat(self):
print(f" {self.name} is eating.")

# Child class (Subclass) inheriting from Animal
class Dog(Animal):
def bark(self):
print(f" {self.name} says Woof!")

# Create an object of the child class
my_dog = Dog("Buddy")

# Access method from Parent class
my_dog.eat() # Output: Buddy is eating,

# Access method from Child class
my_dog.bark() # Output: Buddy says Woof!
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self is the reference to the current object, passed automatically to instance methods.

o Parent Class (Base Class): The class whose
properties are inherited. In the example
above, Animal is the parent class.

e Child Class (Derived Class): The class that inherits

from the parent. It is defined by passing the parent [El DSt Clasa IHE]P““‘ Class 2 ]

class name in parentheses: class Child(Parent):.

e Method Overriding: A child class can provide a
specific implementation of a method that is already
provided by its parent. You can use the super()
function to call the parent's version of that method. ‘ ‘E‘ Child Class‘]
Multiple Inheritance: Multiple inheritance in Python

allows a single class to inherit features (attributes and

methods) from more than one parent class. This enables a child Figure 3.4: Multiple

class to combine behaviors from different sources, such as a Inheritance

Smartphone class inheriting from both a Camera and a Computer class (asshown inFigure 3.4).
: ' 37




g ample.
# this example, the Child class inherits from both Father and Mother classes. It can acce
12thods from both parent classes

1t other drived class, creatmg a chain of inheritance smnlar toa famﬂy tree (Grandpar at

Pirent — Child). In this structure, the "grandchild" class has access to all methods and
ributes from both its immediate parent and its grandparent (as shown in Figure 3.5). =

B

B

Figure 3.5: Multilevel Inheritance -
Te mple
i example ElectricCar inherits ﬁ-om Car, wh:ch in tummhents ﬂ'omVehche




Create a Vehicle class and extend it with Car and Bike subclasses. Add umque: meﬂmds to
each subclass and demonstrate inheritance. : 4

Polymorphism '
Polymorphism means "many forms". It refers to the ability of an entity (like a function or
object) to perform different actions based on the context. Technically, Polymorphism allows
the same method, function, or operator to behave differently dependmg on the object it is
working with. This makes code more flexible and reusable.
Example: In a backend payment system, multiple payment options are available, such as Credit
Card. UPI, NetBanking, and Wallet. All payment types use a common methad named
processPayment(), but different implementations:

¢ NetBanking Payment redirects to bank login
The method name remains the same, but the action changes based on the payment type.
Types of Polymorphism )
Polymorphism refers to the ability'of the same method or operation to behave differently based on
object or context. It mainly mcludes compile-time and runtime polymorphism (as shown in
Flg'.ﬂ'e 3 6) b o -.-\ v
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Figure 3.6: Polymorphism example showing the same function behaving differently
'




. Compile-time Polymorphism
Compile-time polymorphism means deciding which method or operation to run during
compilation, nsually through method or operator overloadmg. Languages like Java or ;H*
 support this. But python does not support true method overloading based on function signafiires
like statically typed languages (e.g., Java or C-++). Because Python is dynamically éd,'
 asingle function can accept arguments of different types, making si gnatm'e—based overload
' unnecessary. Instead, similar behavior can be achieved using default arguments, variable-length
| arguments (*args, **kwargs), or conditional logic inside the function. ; |
Example: This code demonstrates method overloading using default and variable-le gth
ar- suments. The multiply() method works with different numbers of inputs, m1m1ckmg compile-
polymorphlsm
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Runtime Polymorphism (Overriding) ' :
itime polymorphism means that the behawor of a method is decided while progr:

provides its own version of a method already defined in the parent class.

Ex mple: This code shows runtime polymorphism using method overriding. The sound()
ethod is defined in base class Animal and overndden in Dog and Cat. At runtime, the coire
i alled based on obJ :x:t‘s class :




Here, sound method behaves differently dependmg on whether object is a Dog, Cat or Animal

and this decision happens at runtime. This dynamic nature makes Python particularly powerful
for runtime polymorphism.
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) 'ect—-Oriented Programming (OOP) is a programming approach in which a program is
esigned using objects that rcpresent real-world entities.

=veloped and maintained separately.
Rusability
Ll ability means using already written code again in different parts of a program or in other

E apsulatlon is the process of keepmg data and related methods together inside a class. 1

K

) ymorphism means using the same method or operatlon in different ways depending oni the
ject. It helps make code fiexible and adaptable.

|




—— EXERCISE —

ﬂ Multiple Choice Questions

1.

6.

The OOP concept that hides data inside a class is:

(a) Inheritance : (b) Polymorphlsm

(c) Encapsulation (d) Abstraction :

Classes and objects in Object-Oriented Programming are best descnbed as:
(a)  Classes are real-world entities, and objects are methods.

(b) Classes are blueprints, and objects are instances of those blueprints.

(c) Classes are used for data storage, and objects are used for functionality.
(d) Objects define functionality, and classes store data.

‘The main idea behind encapsulation in OOP is:

(a) To hide data inside a class and prevent unauthorised access.

(b) To create a flexible and adaptable programme.

(c) To reuse code from other classes.

(d) To allow multiple inheritance in classes.

Inheritance in OOP means:

(a) Reusing and extending functionality from a parent class to a child class.
(b) Hiding data in a class.

(¢) Creating multiple instances of the same class.

(d) Managing polymorphic behaviour of classes.

Polymorphism in OOP is best defined as: '
(a) Allowing an object to take multiple forms through method overriding.
(b) Hiding data inside a class for security.

(¢) Using multiple inheritance to extend classes.

(d) Ensuring that each object has only one method.

An example of inheritance in Python is:

(a) Creating two classes with similar attributes.

(b) A child class inheriting attributes and methods from a parent class.
(c) Using private variables within a class.

(d) Modifying a method inside the same class.

The purpose of polymorphism in programming is:

(a) To create reusable functions with multiple parameter types.

(b) To allow a function or method to have different implementations.
(¢) To combine different classes into a single class.

(d) To manage the flow of control in-a programme.

The keyword used to define a class in Python is:

(a) def _ (b) class
(c) functi_on (d) object




Encapsulation is best described as:
(a) Combining data and methods into a single unit and controlling access to
data.
(b) Combining multiple classes into one class.
(c) Inheriting methods from other classes.
(d) Allowing objects to have multiple forms.
). Inheritance allows a class to:
(a) Hide its data only.
(b) Inherit attributes and methods from another class
(c) Define multiple functions only.
(d) Create objects without a class.

X "‘f:':-;!';:" Short Quesﬁﬂns o

What is Object-Oriented Programming (OOP)?

What is the purpose of a class in Python?

What is the difference between a class and an object?

What is purpose of _init_...? : )

What is encapsulation in OOP, and why is it imp ortant?

How does encapsulation help in keeping data secure and private?

What is inheritance in OOP, and how does it help in reusing functionality?
How does inheritance enable the extension of functionality in Python?
What is polymorphism in OOP, and how does it make code more flexible?
0. How does polymorphism help in creating adaptable and reusable code?
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_—_'- Long Questions

Explain the concept of classes and objects in Object-Oriented Programming (OOP).
What is encapsulation in OOP? g

How does inheritance work in OOP?

What are the advantages of using inheritance in Python?

What is polymorphism in OOP, and how does it enhance ﬂemblhl’y in code?

‘How can encapsulation help improve data security in OOP?

How does the combination of inheritance, encapsulation, and polymorphism contiibute
to better software design?

8. What are the key differences between a class and an object in Object-Oriented
Programming? :
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