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Object

• In Python, everything is an 
object (number, string, etc)

• You can use the id() function 
and type() function to get 
information about an object



ID and type

• The id of an object is automatically assigned a unique integer by 
Python when the program is executed

• The id for the object will not be changed during the execution of the 
program

• The type for the object is determined by Python according to the 
value of the object



Variable is actually only a reference

• A variable in Python is actually a reference to an object.



Variable is actually only a reference
• A variable in Python is actually a reference to an object.



Methods

• You can perform operations on 
an object

• The operations are defined 
using functions 

• The functions for the objects are 
called methods in Python

• Methods can only be invoked 
from a specific object



Why we need object-oriented 
programming?
• Writing a real software is a complicated process

• A sub-field in computer science called software engineering is invented to 
help with the development of large-scale software systems

• People are always trying to invent new ways of writing programs so that 
software development can be more efficient – structural programming, OO 
programming, service-oriented architecture, etc

• Object oriented programing allows us to write program in a way that 
naturally match the problem that we are trying to solve



Object

• An object represents an entity in 
the real world that can be 
distinctly identified.

• Examples: a student, a desk, a 
circle, a button, and even a loan

• An object has a unique identity, 
state, and behaviours



Key elements of an object

• An object’s identity is like a person’s ID. Python automatically assigns 
each object a unique id for identifying the object at runtime.

• An object’s state (also known as its properties or attributes) is 
represented by variables, called data fields.

• Python uses methods to define an object’s behavior (also known as 
its actions). Recall that methods are defined as functions. You make 
an object perform an action by invoking a method on that object.



How to create an object?

• In Python, we use a template, called a class to create objects 

Example: Use hub to make coins



Class

• Objects of the same kind are defined by using a common 
class

• The relationship between Classes and objects is analogous to 
that between an apple-pie recipe and apple pies

• A Python class uses variables to store data fields and defines 
methods to perform actions

• A class is a contract—also sometimes called a template or 
blueprint



Object v.s. class

• An object is an instance of a class, and you can create many instances of a 
class

• Creating an instance of a class is referred to as instantiation

• The terms object and instance are often used interchangeably



Class Example

• Class name: Human

• Data fields: Height, body weight, IQ, EQ, education level …

•Methods:

Eat()

Sleep()

Marry()

Work()

……

 



Define class

• Python uses the following syntax to define a class

• a class provides a special method, __init__(). This method, known as 
an initializer, is invoked to initialize a new object’s state when it is 
created



Define class

• Python uses the following syntax to define a class

• a class provides a special method, __init__(). This method, known as 
an initializer, is invoked to initialize a new object’s state when it is 
created

__init__() is a dunder method. Dunder methods have specific roles and are 
used to interact with Python’s built-in behaviors and protocols.



Example



In Python, import and from ... import are two ways to bring modules and their 
contents (like functions, classes, or variables) into your current script or notebook.

Be careful when using  from … import * (Risk of Overwriting Names and Namespace 
Pollution)

Importing everything: from … import *

Import



Constructing objects

• Once a class is defined, you can create objects from the class with a 
constructor. The constructor does two things:

 It creates an object in the memory for the class

 It invokes the class’s __init__() method to initialize the object



Self
• All methods, including the 

initializer, have the first 
parameter self

• This parameter refers to the 
object that invokes the 
method. 

• The self parameter in the 
__init__() method is 
automatically set to 
reference the object that 
was just created



Constructor arguments
• The arguments of the constructor match the parameters in the 

__init__() method without self

• The initializer in the Circle class has a default radius value, then the 
constructor without arguments will assign the default values to data 
fields



Accessing member of objects

• Data fields are also called instance variables, 
because each object (instance) has a specific 
value for a data field

• Methods are also called instance methods, 
because a method which is invoked by an object 
(instance) will perform actions based on the data 
fields of that object

• You can access the object’s data fields and 
invoke its methods by using the dot operator (.), 
also known as the object member access 
operator (Does this look familiar?)



Scope of self

• The scope of an instance 
variable is the entire 
class once it is created

• You can also create local 
variables in a method 

• The scope of a local 
variable is within the 
method



Example: Use the objects we’ve just defined



Result



What is wrong with this program?



What is wrong with these program?



Example: TV class





Example: the code to use TV class

In Python, import and from ... import are two ways to bring modules and their 
contents (like functions, classes, or variables) into your current script or notebook.

Be careful when using  from … import * (Risk of Overwriting Names and Namespace 
Pollution)

Importing everything: from … import *



Example: the code to use TV class



Example: a game character
class PlayerCharacter:
    def __init__(self, name, max_health):
        self.name = name
        self.max_health = max_health
        self.health = max_health
        self.is_defeated = False
        print(self.name, "has entered the game!")

    def take_damage(self, amount):
        if self.is_defeated:
            print(self.name, "is already defeated.")
            return
        self.health -= amount
        print(self.name, "takes", amount, "damage.")
        if self.health <= 0:
            self.health = 0
            self.is_defeated = True
            print(self.name, "has been defeated!")

    def show_status(self):
        print("Name", self.name)
        print("HP", self.health, "/", self.max_health)

# Create two separate objects
player1 = PlayerCharacter("Grog", 100)
player2 = PlayerCharacter("Vex", 80)

# Call methods on each object
player1.show_status()
player2.show_status()

player1.take_damage(30)
player2.take_damage(50)
player1.take_damage(70)

# Check their final state
player1.show_status()
player2.show_status()



Example: a game character



Mutable objects
In Python, mutable objects are data structures whose internal state can be changed after 
they are created, without changing their identity (memory address). This means we can 
modify their contents directly.

Key characteristics:

In-place modification: Operations performed on mutable objects directly alter the 
object itself.

Identity preservation: The object's memory address (its id()) remains the same 
even after modifications.

Aliasing effects: If multiple variables refer to the same mutable object, changes 
made through one variable will be reflected when accessed through any other 
variable referencing that same object.



Mutable objects



Mutable objects

List:

Dictionary:

User-defined 
classes:

Set:



Mutable objects



Mutable objects
Be careful when dealing with mutable objects in functions!

Takeaway: avoid using mutable default arguments like lists or dictionaries. The common 
practice is to use None as the default and create a new list inside the function.

def add_to_shopping_list(item, shopping_list=[]):
    shopping_list.append(item)
    print("Current list:", shopping_list)

print("--- Adding first item ---")
add_to_shopping_list("milk")

print("\n--- Adding second item ---")
add_to_shopping_list("eggs")



Mutable objects
Be careful when dealing with mutable objects in functions!

Takeaway: avoid using mutable default arguments like lists or dictionaries. The common 
practice is to use None as the default and create a new list inside the function.

Answer 1:

--- Adding first item ---
Current list: ['milk']

--- Adding second item ---
Current list: ['milk']

Answer 2:

--- Adding first item ---
Current list: ['milk']

--- Adding second item ---
Current list: ['milk', 'eggs']

?

def add_to_shopping_list(item, shopping_list=[]):
    shopping_list.append(item)
    print("Current list:", shopping_list)

print("--- Adding first item ---")
add_to_shopping_list("milk")

print("\n--- Adding second item ---")
add_to_shopping_list("eggs")



Practice

• What would be the output of the above program?



Hiding data fields

• Direct access of a data field in an object is not good !! 

• First, data may be tampered with (causing data damage)

• Second, the class becomes difficult to maintain and 
vulnerable to bugs

Private Attributes | Public Attributes

How to hide them?



Private data fields

• Prevent other programmers from directly accessing the data 
fields of your class is a common industrial practice

• This is known as data hiding

• This can be done by defining private data fields



Private data fields

• In Python, the private data fields 
are defined with two leading 
underscores. You can also define a 
private method named with two 
leading underscores

• Define some methods to allow 
access to private data fields

(Single leading underscore is weakly private)

• Private data fields and methods
can be accessed within a class, but
they should be accessed
through methods



Practice

• What is the problem with this program?



Practice

• Is the above code correct? If yes, what would be the output?



Practice

• Is the above code correct? If not, how do we fix it?



Abstraction

• Abstraction means separate the implementation of a part of code 
from the usage of that code

• In software engineering, there are many levels of abstraction, a 
commonly used one is called function abstraction

• Function abstraction means separating the implementation of a 
function from its usage

• Abstraction makes your code easy to maintain, debug and reuse



Example



Programmer 1 

Write and maintain isPrime() 

Programmer 2 

Write and maintain printPrimeNumbers() 



If we write everything 
together…



Class abstraction and encapsulation

• Class abstraction means separating class implementation 
from the use of a class 

• The class implementation details are invisible from the user

• The class’s collection of methods, together with the 
description of how these methods are expected to behave, 
serves as the class’s contract with the client



Class abstraction and encapsulation

• The user of the class does not need to know how the class is 
implemented. The details of implementation are encapsulated and 
hidden from the user. 

• This is known as class encapsulation
• In essence, encapsulation combines data and methods into a single 

object and hides the data fields and method implementation from 
the user



Example – BMI calculation



The code to use BMI class

• We can use the BMI class if 
you have its contract 

• You don’t need to know the 
details about how it is 
implemented!!



The BMI class



Example
- Loan





Example of loan class



Practice

(The Rectangle class) Following the example of the Circle class, design a 
class named Rectangle to represent a rectangle. The class contains:

■ Two data fields named width and height.

■ A constructor that creates a rectangle with the specified width and 
height.

The default values are 1 and 2 for the width and height, respectively.

■ A method named getArea() that returns the area of this rectangle.

■ A method named getPerimeter() that returns the perimeter.



Practice
(The Stock class) Design a class named Stock to represent a company’s stock that contains:

■ A private string data field named symbol for the stock’s symbol.

■ A private string data field named name for the stock’s name.

■ A private float data field named previousClosingPrice that stores the stock price for the previous 
day.

■ A private float data field named currentPrice that stores the stock price for the current time.

■ A constructor that creates a stock with the specified symbol, name, previous price, and current 
price.

■ A get method for returning the stock name.

■ A get method for returning the stock symbol.

■ Get and set methods for getting/setting the stock’s previous price. 

■ Get and set methods for getting/setting the stock’s current price.

■ A method named getChangePercent() that returns the percentage changed from 
previousClosingPrice to currentPrice.



Practice and Review: course class



Answer



Answer



Name mangling (Optional)
class Circle:
    def __init__(self):
        self.__radius = 1

    def set_radius(self, r):
        self.__radius = r

    def get_radius(self):
        return self.__radius

circle1 = Circle()
print("Initial state", vars(circle1))

# This creates a different attribute
circle1.__radius = 2
print("After outside set", vars(circle1))

# Compare the two attributes
print("Mangled radius", circle1._Circle__radius)
print("Outside __radius", circle1.__radius)



Name mangling (Optional)
circle1 = Circle()
print("Initial state", vars(circle1))

# This creates a different attribute
circle1.__radius = 2
print("After outside set", vars(circle1))

# Compare the two attributes
print("Mangled radius", circle1._Circle__radius)
print("Outside __radius", circle1.__radius)

Initial state {'_Circle__radius': 1}
After outside set {'_Circle__radius': 1, '__radius': 2}
Mangled radius 1
Outside __radius 2



Name mangling (Optional)
circle1 = Circle()
print("Initial state", vars(circle1))

# This creates a different attribute
circle1.__radius = 2
print("After outside set", vars(circle1))

# Compare the two attributes
print("Mangled radius", circle1._Circle__radius)
print("Outside __radius", circle1.__radius)

Initial state {'_Circle__radius': 1}
After outside set {'_Circle__radius': 1, '__radius': 2}
Mangled radius 1
Outside __radius 2



Name mangling (Optional)

Takeaway (Data Hiding is NOT True Private): The main purpose of double underscores 
(__) isn't to create "private" variables (Python doesn't have those), but to prevent name 
collisions in inheritance (next lecture!).

For internal attributes, another community convention is to use a single underscore 
(e.g., self._radius). This signals to other developers, "This is internal, please don't touch it 
directly," but doesn't invoke name mangling.


