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Required Reading

Textbook: Chapter 10, Sections 10.1-10.6 (Object-Oriented Programming Fundamentals)
Reference Notebooks: ch10/10.01.ipynb (Introduction), ch10/10-02.*.ipynb (Custom
Classes), ch10/10_04.*.ipynb (Properties)

Learning Objectives

By the end of this lecture, you will be able to:

1. Understand object-oriented programming paradigm and its benefits over proce-
dural programming

2. Create custom classes using the class keyword with proper Python conventions

3. Implement object initialization using __init__ method with parameter validation

4. Define instance attributes for storing object state and maintaining data encapsulation
5. Create instance methods that operate on object data with professional design patterns

6. Generate string representations using __str__ and __repr__ for object display and de-
bugging

7. Implement properties for controlled attribute access with getter/setter functionality
8. Apply data encapsulation principles using naming conventions for attribute privacy

9. Design classes professionally following single responsibility and cohesion principles

Prerequisites Review

Building on Your Comprehensive Programming Foundation:

From Lecture 1: Python basics, variables, all data types, arithmetic operations, print(),
input(), f-strings, type conversion
From Lecture 2: Complete if/elif/else structures, boolean logic, string methods for validation
(.isdigit(), .strip(), etc.)



From Lecture 3: while/for loops, range() mastery, basic list foundation (creation, indexing,
slicing, len()), nested control structures

From Lecture 4: List comprehension mastery, data processing, transformation, mapping, fil-
tering operations

From Lecture 5: Function-oriented programming, def keyword, parameters, return values,
modules (random, math), scope

From Lecture 6: Exception handling expertise, try/except/else/finally, defensive program-
ming, custom exceptions

From Lecture 7: Advanced data structures mastery (lists, tuples, dictionaries, sets), selection
strategies, nested structures

Transformation Goal: Evolve from advanced data structure programming to object-
oriented design and thinking - organizing code and data into reusable, well-designed classes
that model real-world entities.

1 Part 1: Understanding Objects and Classes

1.1 The Object-Oriented Programming Paradigm

Object-oriented programming (OOP) represents a fundamental shift in how we think about
organizing code and data. Instead of writing separate functions that operate on data, OOP
combines data and the functions that work with that data into single units called objects. This
paradigm models real-world entities more naturally and creates more maintainable, reusable
code.

Think of a class as a blueprint or template, similar to architectural plans for a house. Just
as house plans define the structure and layout but are not an actual house, a class defines the
structure and behavior of objects but is not an object itself. From one set of house plans,
you can build many individual houses, each with their own specific characteristics like color,
furniture, and occupants.

# Blueprint concept: One class definition creates multiple unique
objects
# Here’s a simple BankAccount class (the blueprint)

class SimpleBankAccount:

def __init__(self, holder_name, initial_balance):
self.holder = holder_name
self .balance = initial_balance

# Using the blueprint to create three different account objects

accountl = SimpleBankAccount ( , 1000.00)
account2 = SimpleBankAccount ( , 500.00)
account3 = SimpleBankAccount ( , 2500.00)

# Each object has its own wuntque data

print (£ )
print (£ )
print (£ )

1.2 Benefits of Object-Oriented Programming

Object-oriented programming provides several key advantages that make complex software de-
velopment more manageable. First, it promotes code reusability because once you create a



well-designed class, you can create multiple objects from it and reuse the class in different
programs. Second, it provides data encapsulation, which means the internal details of how
an object works are hidden from the outside world, making your code more secure and easier
to maintain. Third, it makes your code more modular and organized, with related data and
functions grouped together logically.

# Benefits demonstration: modeling real —world entities
# Before OOP: separate wartiables and functions

# Student 1 data
studentl_name =
studentl_gpa = 3.8
studentl_major =

# Student 2 data
student2_name =
student2_gpa = 3.6
student2_major =

# Separate functions
def calculate_honors_status (gpa):

return gpa >= 3.5
def format_student_info(name, gpa, major):

honors = if calculate_honors_status(gpa) else
return f

# Usage requires managing multiple wvariables
print (format_student_info(studentl_name, studentl_gpa, studentl_major))
print (format_student_info (student2_name, student2_gpa, student2_major))

This approach becomes unwieldy as we add more students and more attributes. Object-
oriented programming will solve these organization challenges by bundling related data and
functions together.

1.3 Real-World Blueprint Examples

Let’s explore another example to reinforce the blueprint concept. Just as we created bank
accounts, we can create classes for any real-world entity. Consider a library book system where
each book has specific attributes but all books share the same structure defined by the class.

# Another blueprint exzample: LibraryBook class
class LibraryBook:

def __init__(self, title, author, isbn):
self.title = title
self.author = author
self.isbn = isbn

self.available = True # New books start as available

# Create multiple book objects from the blueprint
bookl = LibraryBook( , s

)
book2 = LibraryBook( B 5 )
book3 = LibraryBook( . ; )
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# Each book is independent
print (f

)
print (£

)

When bookl is checked out (bookl.available = False), it doesn’t affect the availability of
book2 or book3. Each object maintains its own state independently, demonstrating how classes
provide a template for creating multiple unique instances.

2 Part 2: Creating Your First Class

2.1 Basic Class Definition and Structure

A class definition begins with the keyword class followed by the class name and a colon. By
convention, class names use CapitalizedWords (also called PascalCase) where each word starts
with an uppercase letter. This distinguishes class names from variable and function names,
which use lowercase with underscores. The class body contains all the methods and attributes
that define what objects of this class can do and what data they can store.

# Creating a simple BankAccount class
class BankAccount:

def __init__(self, account_holder, initial_balance):

# Validate 2nitial balance
if initial_balance < O0:
raise ValueError ( )

# Initialize instance attributes
self.account_holder = account_holder # Account holder’s mame

self .balance = initial_balance # Current account balance

# Create objects (instances) from the class

accountl = BankAccount ( , 1000.0)
account2 = BankAccount ( , 500.0)
print (£

)
print (f

)

2.2 Understanding the __init__ Method

The __init__ method is a special method called a constructor that Python automatically calls
when you create a new object. This method is responsible for initializing the object’s attributes
with appropriate starting values. The first parameter, self, is a reference to the object being
created and is automatically passed by Python - you never pass it explicitly when creating
objects.




When you write accountl = BankAccount("Alice Johnson", 1000.0), Python creates
a new BankAccount object and calls the __init__ method with ”Alice Johnson” and 1000.0 as
arguments. Inside _init__, self refers to this new object, and we use it to set the object’s
attributes.

# Understanding object creation and initialization
class Student:

def __init__(self, name, student_id, major):

print (f )

# Set instance attributes using self

self .name = name # Student’s full mname

self .student_id = student_id # Unique <identifier

self .major = major # Academic major

self.courses = [] # Empty list for enmrolled courses
self .gpa = 0.0 # Starting GPA

# Create student objects
studentl = Student ( , , )
student2 = Student( , , )

# Access object attributes wusing dot notation

print (£ )
print (£ )
print (f )

2.3 Instance Attributes and Object State

Instance attributes store the data that makes each object unique. Even though multiple objects
are created from the same class, each object maintains its own separate set of attributes. When
you modify an attribute of one object, it doesn’t affect the attributes of other objects. This
separation allows each object to maintain its own independent state while sharing the same
behavior defined by the class methods.

# Demonstrating independent object state
class Temperature:

def __init__(self, celsius):
self.celsius = celsius # Store temperature in Celsius
# Create multiple temperature objects
templ = Temperature (25.0) # Room temperature
temp2 = Temperature (100.0) # Boiling point of water

temp3 = Temperature (-40.0) # Very cold temperature

print ( )
print (£ )




print (£ )
print (£ )

# Modify ome object’s state
templ.celsius = 30.0

print (£ )

print (£ )

print (£ )
print (f )

# Demonstrate that objects are independent

print (£ )

print (£ ) # False - different objects

print (£ ) # Compare
values

3 Part 3: Instance Methods and Object Behavior

3.1 Defining Methods That Operate on Object Data

Instance methods are functions defined inside a class that operate on the object’s data. These
methods have access to all of the object’s attributes through the self parameter, allowing them
to read and modify the object’s state. Methods define what an object can do - its behavior -
while attributes define what an object knows - its state. The combination of state and behavior
in a single unit is what makes objects powerful organizational tools.

class BankAccount:

def __init__(self, account_holder, initial_balance):

if initial_balance < O0:

raise ValueError ( )
self.account_holder = account_holder
self .balance = initial_balance

def deposit(self, amount):

if amount <= O:
raise ValueError ( )

self .balance += amount # Modify object state
print (f
)

def withdraw(self, amount):




if amount <= O0:

raise ValueError( )
if amount > self.balance:

raise ValueError ( )

self .balance -= amount # Modify object state
print (f
)

def get_balance(self):
return self.balance

# Demonstrate method calls and object behavior
account = BankAccount ( , 1000.0)
print (£ )
# Call methods to modify object state
account .deposit (250.0)
account .withdraw (100.0)

account .deposit (50.0)

print (£ )

3.2 Understanding the self Parameter

The self parameter is fundamental to understanding how methods work within objects. When
you call a method on an object, Python automatically passes the object itself as the first
argument. This allows methods to access and modify the object’s attributes, as well as call
other methods of the same object.

class Calculator:

def __init__(self):

self.result = 0
self .history = []

def add(self, value):

# self allows access to object’s attributes
self .result += value

# self allows calling other methods

self. _record_operation (f )
return self.result

def _record_operation(self, operation):
self .history.append(operation)
# Demonstrating self in action
calc = Calculator ()

print (£ )

calc.add (10)
calc.add (5)
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print (£ )
print (£ )

3.3 Method Chaining and Fluent Interfaces

Method chaining allows you to call multiple methods in sequence by having methods return the
object itself. This creates a fluent interface that reads more naturally and is commonly used in
modern Python libraries for configuration and data processing.

class TextProcessor:

def init__(self, text):

self.text = text
def lowercase(self):

self.text = self.text.lower ()
return self # Enable chaining

def remove_spaces (self):

self.text = .join(self.text.split ())
return self # Enable chaining

def truncate(self, length):
if len(self.text) > length:
self.text = self.text[:length] +

return self # Enable chaining

# Method chaining inm action
processor = TextProcessor ( )

# Chain multiple operations

result = processor.lowercase().remove_spaces().truncate (20)
print (£ )
print (£ )

3.4 Methods with Multiple Parameters and Complex Logic

Methods can accept multiple parameters and implement sophisticated logic, just like regular
functions. The key difference is that methods have access to the object’s attributes through
self, allowing them to make decisions based on the object’s current state and modify that state
as needed. This enables objects to maintain consistent internal state while providing complex
functionality.

class Student:

def __init__(self, name, student_id):

self .name = name
self.student_id = student_id
self .grades = [] # List to store all grades




def

def

self.courses = [] # List to store course

add_grade (self, course_name, grade):

if not (0.0 <= grade <= 100.0):
raise ValueError (

self .courses.append(course_name)
self .grades.append (grade)
print (£

calculate_gpa(self):

if not self.grades: # No grades recorded
return 0.0

# Convert percentage grades to 4.0 scale
total_points = 0.0
for grade in self.grades:
if grade >= 97:
points = 4.0 # A+
elif grade >= 93:
points = 4.0 # A4
elif grade >= 90:
points = 3.7 # A-
elif grade >= 87:
points = 3.3 # B+
elif grade >= 83:
points = 3.0 # B
elif grade >= 80:
points = 2.7 # B-
elif grade >= 77:
points = 2.3 # C+
elif grade >= 73:
points 2.0 #C
elif grade >= 70:
points = 1.7 # C-
elif grade >= 67:
points = 1.3 # D+
elif grade >= 65:
points = 1.0 # D
else:
points = 0.0 # F

total_points += points

return total_points / len(self.grades)

def get_academic_status(self):

names
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94

gpa = self.calculate_gpa()

if gpa >= 3.8:
return

elif gpa >= 3.5:
return

elif gpa >= 2.0:
return

else:
return

# Demonstrate complex method interactions
student = Student ( g )

# Add multiple grades

student .add_grade ( , 95.0)
student .add_grade ( , 88.0)

student .add_grade ( , 92.0)

student .add_grade ( , 85.0)

# Calculate and display academic tnformation
gpa = student.calculate_gpa()

status = student.get_academic_status ()

print (f )
print (£ )
print (£ )

print (£ )

3.5 Exercise: Create a Shopping Cart Class

Create a ShoppingCart class that manages items in an e-commerce system. The class should
support adding items, removing items, calculating totals, and getting item counts. This exercise
demonstrates how methods can work together to maintain complex object state.

# Your solutiomn here
class ShoppingCart:

def __init__(self):
# Initialize your attributes here
pass

def add_item(self, name, price, quantity=1):
# Add your code here

pass

# Add more methods as mneeded

# Solution
class ShoppingCart:

def init__(self):

self.items = {} # {name: {’price’: price, ’quantity’: qtyltr

10




def add_item(self, name, price, quantity=1):

if name in self.items:

self.items [name] [ ] += quantity
else:

self.items [name] = { : price, : quantityl}
print (f )

def remove_item(self, name):

if name in self.items:

del self.items[name]

print (£ )
else:

print (f )

def get_total(self):

total = 0
for item in self.items.values():
total += item[ ] * item[ ]

return total

def get_item_count (self):

count = 0
for item in self.items.values():
count += iteml[ ]

return count

# Test the shopping cart
cart = ShoppingCart ()

cart.add_item( , 0.5, 6)

cart.add_item( , 0.3, 12)

cart.add_item( , 0.8, 4)

print (f )
print (£ )

4 Part 4: String Representations and Object Display

4.1 Why String Representations Matter

Without custom string methods, Python shows a generic representation like <__main__.ClassName
object at 0x...>, which isn’t helpful for understanding your objects. By implementing special
string methods, we control exactly how our objects appear when printed, logged, or debugged.

# Class without string representation
class ProductBad:

def __init__(self, name, price):
self .name = name
self .price = price

# See the unhelpful default representation
product = ProductBad ( , 999.99)
print (£ )
print (£ )

11
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4.2 Understanding __str__ and __repr__ Methods

String representation methods allow you to control how your objects appear when printed or
converted to strings. The __str__ method provides a user-friendly string representation intended
for end users, while __repr__ provides a developer-focused representation that should ideally show
enough information to recreate the object. These methods make debugging easier and allow
your objects to integrate naturally with Python’s string formatting and printing functions.
When you print an object or use it in an f-string, Python calls the __str__ method. When
you evaluate an object in the interactive interpreter or use the repr() function, Python calls the
_repr__ method. Having both methods allows your objects to be helpful in different contexts.

class Product:

def __init__(self, name, price, stock):
self .name = name
self .price = price

self.stock = stock

def str__(self):

# Format price nicely
price_str = f

# Add stock status
if self.stock > 10:

status =

elif self.stock > O:
status = f

else:
status =

return £

# Testing __str__ method

laptop = Product( , 1299.99, 15)
mouse = Product( , 29.99, 3)
keyboard = Product ( , 89.99, 0)
print ( )

print (laptop) # Calls __str__

print (mouse) # Calls __str__

print (keyboard) # Calls __str__

4.3 Implementing Both String Methods

Professional classes implement both __str__ and _repr__ for different purposes. The _str__
method creates readable output for end users, while __repr__ provides technical details for de-
velopers and debugging.

class BankAccount:

def __init__(self, account_holder, balance):

if balance < O0:
raise ValueError ( )

12




self.account_holder = account_holder
self .balance = balance

def str__(self):

return £

def __repr__(self):

return f
def deposit(self, amount):
if amount <= O0:
raise ValueError ( )

self .balance += amount

# Demonstrate string representation methods

accountl = BankAccount ( , 1500.0)
account2 = BankAccount ( , 750.0)
# __str__ method called by print ()

print ( )
print (accountl)
print (account?2)

# __repr__ method called in interactive evaluation
print ( )
print (repr (accountl))

print (repr (account2))

# String representations in different contexts

print (f )

print (£ ) # Uses __repr__ for
list 1tems

# Demonstrate the difference in purpose
accountl.deposit (250.0)

print (£ )

print (£ )

print (£ )

4.4 Professional String Formatting for Different Contexts

Well-designed string representations should serve different audiences and use cases. For logging
and debugging, you want detailed information that helps developers understand the object’s
state. For user interfaces, you want clean, readable formats that non-technical users can under-
stand. For data serialization, you might want formats that can be easily parsed or recreated.

13




class Temperature:

def __init__(self, celsius):
self.celsius = celsius

def __str__(self):
fahrenheit = self.celsius * 9/5 + 32
return £

def __repr__(self):

return f
def to_fahrenheit (self):

return self.celsius * 9/5 + 32
def to_kelvin(self):

return self.celsius + 273.15
def get_description(self):

if self.celsius < O:
return

elif self.celsius < 15:
return

elif self.celsius < 25:
return

elif self.celsius < 30:
return

else:
return

def detailed_info(self):

return (f
f
f

# Demonstrate different string representations
temperatures = [
Temperature (-10), # Below freezing
Temperature (22), # Room temperature
Temperature (35), # Hot day
Temperature (100) # Boiling point

print(
print ( )

14




for temp in temperatures:
print (£ )
print ( )
for temp in temperatures:
print (f )
print ( )
for i, temp in enumerate (temperatures, 1):
print (f )
print (temp.detailed_info ())
print( )
print (£ )

5 Part 5: Properties and Controlled Access

5.1 Understanding Properties for Data Validation

Properties provide a way to use simple attribute syntax while actually calling methods that can
validate data, perform calculations, or maintain object consistency. From the outside, properties

look like regular attributes, but internally they can execute complex logic whenever someone

gets or sets their value. This allows you to start with simple attributes and later add validation

or computation without changing how other code uses your class.

Properties are created using the @property decorator for getter methods and @Qattribute_name.setter

for setter methods. This gives you fine-grained control over how attributes are accessed and
modified while maintaining a clean, intuitive interface.

class Temperature:

def __init__(self, celsius):
self._celsius = None # Private attribute (by convention)
self .celsius = celsius # Use property setter for wvalidation
@property

def celsius(self):

return self._celsius

Qcelsius.setter
def celsius(self, value):

# Validate temperature (absolute zero in Celsius)
if value < -273.15:
raise ValueError (

self._celsius = value

15



print (f )

@property
def fahrenheit (self):

return self._celsius * 9/5 + 32

@property
def kelvin(self):

return self._celsius + 273.15

def str__(self):

return £

# Demonstrate property usage
print ( )

# Valid temperature
templ = Temperature(25.0) # Room temperature
print (f )

# Modify temperature using property
templ.celsius = 100.0 # Boiling point
print (£ )

# Access computed properties

print (£ )

print (£ )
print (£ )

# Demonstrate wvalidation
try:

temp2 = Temperature(-300.0) # Below absolute zero
except ValueError as e:

print (£ )
try:

templ.celsius = -500.0 # Invalid assignment
except ValueError as e:

print (£ )

5.2 Computed Properties (Read-Only)

Properties don’t always need setters. Read-only properties are perfect for values that are
computed from other attributes. These properties calculate their value on the fly when accessed,
ensuring they’re always up to date. This is more efficient than updating multiple related values
every time something changes.

class Circle:
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def init__(self, radius):

self.radius = radius

@property
def diameter (self):

return 2 * self.radius

@property
def area(self):

return 3.14159 * self.radius *x*x 2

@property
def circumference (self):

return 2 * 3.14159 * self.radius

# Computed properties wupdate automatically

circle = Circle(5)

print (£ )

print (£ )

print (£ )

print (£ )

# Change radius - all properties update!

print ( )

circle.radius = 10

print (£ )

print (£ )

print (f )

5.3 Advanced Properties with Getters and Setters

Properties can implement sophisticated logic for data validation, unit conversion, and main-
taining object consistency. You can create read-only properties by defining only a getter, or
implement complex validation logic in setters. Properties also allow you to maintain backward
compatibility when you need to add validation to what used to be simple attributes.

class BankAccount:

def __init__(self, account_holder, initial_balance, account_type=
)
self._account_holder = None
self._balance = None
self . _account_type = None
self._transaction_count = 0

# Use property setters for walidation
self .account_holder = account_holder
self .balance = initial_balance

self .account_type = account_type

@property
def account_holder (self):

17
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return self._account_holder

Q@account_holder.setter
def account_holder (self, name):

if not isinstance(name, str) or len(name.strip()) == 0:
raise ValueError(
)
self . _account_holder = name.strip()
@property
def balance(self):
return self._balance
@balance.setter
def balance(self, amount):
if not isinstance (amount, (int, float)):
raise TypeError( )
if amount < O:
raise ValueError ( )
self . _balance = float (amount)
@property
def account_type(self):
return self._account_type
Qaccount_type.setter
def account_type(self, account_type):
valid_types = [ 5 > ]
if account_type.lower () not in valid_types:
raise ValueError (£
)
self . _account_type = account_type.lower ()
@property
def account_summary (self):
return {
self.account_holder,
self .balance,
self .account_type,
self . _transaction_count
}
def deposit(self, amount):
if amount <= O:
raise ValueError( )

self .balance += amount # Uses property setter walidation
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74 self._transaction_count += 1
75 return self.balance

77 def withdraw(self, amount):

79 if amount <= O0:

80 raise ValueError(

81 if amount > self.balance:

82 raise ValueError( )

83

84 self .balance -= amount # Uses property setter walidation
85 self._transaction_count += 1

86 return self.balance

87

88 def __str__(self):

90 return (f
91 f )

93 | # Demonstrate advanced property usage
94 | print ( )

96 | # Create account with wvalidation

97 |account = BankAccount ( , 1000.0, )
o8 | print (£ )

99

100 |# Access properties

101 | print (£ )

102 | print (£ )
103 print(f )
104 print(f )

106 |# Use read-only property
107 | summary = account.account_summary
08 | print (£ )

110 |# Perform transactions
111 |account .deposit (500.0)
112 |account .withdraw (200.0)

114 print(f )
115 | print (£ )

117 | # Demonstrate wvalidation

118 | try:

119 account.account_holder = # Invalid name
120 | except ValueError as e:

121 print (£ )

122

123 | try:

124 account.balance = -100 # Inwvalid balance
125 | except ValueError as e:

126 print (£ )

127

128 | try:

129 account.account_type = # Invalid type
130 |except ValueError as e:

131 print (£ )
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6 Part 6: Class Design Best Practices

6.1 Single Responsibility Principle and Class Cohesion

Well-designed classes follow the single responsibility principle, meaning each class should have
one primary purpose or responsibility. A class should represent a single concept or entity and
group together data and methods that are closely related to that concept. This makes classes
easier to understand, test, and maintain. High cohesion means that all parts of the class work
together toward the same goal.

# Exzample of good class design: Single responsibility
class GradeCalculator:

def __init__(self):
self. _grades = [] # List of (course, grade, credits) tuples

def add_grade(self, course_name, grade, credits):

if not (0 <= grade <= 100):

raise ValueError ( )
if credits <= 0:

raise ValueError ( )

self . _grades.append ((course_name, grade, credits))

def calculate_gpa(self, scale=4.0):

if not self._grades:
return 0.0

total_points = 0.0
total_credits = 0

for course, grade, credits in self._grades:
# Convert percentage to points based on scale
points = self._grade_to_points(grade, scale)
total_points += points * credits
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def

def

def

total_credits += credits

return total_points / total_credits if total_credits > 0 else
0.0

_grade_to_points(self, grade, scale):

if grade >= 97:

return scale # A+
elif grade >= 93:

return scale # A
elif grade >= 90:

return scale *x 0.925 # A-
elif grade >= 87:

return scale *x 0.825 # B+
elif grade >= 83:

return scale * 0.75 # B
elif grade >= 80:

return scale *x 0.675 # B-
elif grade >= 77:

return scale *x 0.575 # C+
elif grade >= 73:

return scale * 0.5 # C
elif grade >= 70:

return scale *x 0.425 # (C-
elif grade >= 67:

return scale *x 0.325 # D+
elif grade >= 65:

return scale * 0.25 # D
else:

return 0.0 # F

get_grade_summary (self):

if not self._grades:
return

summary = []

for course, grade, credits in self._grades:
letter = self._grade_to_letter (grade)
summary .append (f

)
return .join (summary)

_grade_to_letter (self, grade):

if grade >= 97: return

elif grade >= 93: return
elif grade >= 90: return
elif grade >= 87: return
elif grade >= 83: return
elif grade >= 80: return
elif grade >= 77: return
elif grade >= 73: return
elif grade >= 70: return
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67:
65:

return
return

elif grade >=
elif grade >=
else: return

# Demonstrate focused class design
calculator = GradeCalculator ()

# Add grades for different courses

calculator.add_grade ( , 95.0, 3)
calculator.add_grade ( , 88.0, 4)
calculator.add_grade ( , 92.0, 3)
calculator.add_grade ( , 85.0, 4)

# Calculate and display results

gpa = calculator.calculate_gpa()
print (£ )
print( )

print (calculator.get_grade_summary ())

# Test different GPA scales
gpa_10_scale = calculator.calculate_gpa(scale=10.0)
print (£ )

6.2 Professional Class Integration and System Design

Professional applications typically involve multiple classes working together, with each class han-
dling its specific responsibilities while communicating with other classes through well-defined
interfaces. This demonstrates how object-oriented design scales from individual classes to com-
plete systems.

Let’s start with a simpler example of a library management system that demonstrates how
multiple classes work together to create a complete application.

# Complete
from datetime import datetime,

library management system
timedelta

class Book:

def __init__(self, isbn, author) :
self.isbn = isbn
self.title = title
self.author = author
self.is_available =

self .due_date = None

title,

True

def check_out (self, days=14):

if not self.is_available:
raise ValueError (f )

self.is_available = False
self .due_date = datetime.now() + timedelta(days=days)
def return_book(self):

self.is_available = True
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self.due_date = None
def __str__(self):

status = if self.is_available else f

return f

class Member:

def __init__(self, member_id, name, email):
self .member_id = member_id
self .name = name
self.email = email
self .borrowed_books = [] # List of ISBNs
self .max_books = 3

def can_borrow(self):
return len(self.borrowed_books) < self.max_books
def borrow_book(self, isbn):
if not self.can_borrow():
raise ValueError ( )
self .borrowed_books.append(isbn)

def return_book(self, isbn):

if isbn in self.borrowed_books:
self .borrowed_books.remove (isbn)
def str__(self):

return f

class Library:

def __init__(self, name):
self .name = name
self .books = {} # ISBN -> Book
self .members = {} # member_id -> Member

def add_book (self, book):

self .books [book.isbn] = book
def register_member (self, member):

self .members [member .member_id] = member
def check_out_book(self, member_id, isbn):

# Validate member and book exzist
if member_id not in self.members:
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raise ValueError ( )
if isbn not in self.books:
raise ValueError ( )

member = self.members[member_id]
book = self.books[isbn]

# Process checkout

member .borrow_book (isbn)

book.check_out ()

print (£ )

def return_book(self, member_id, isbn):

member = self.members[member_id]
book = self.books[isbn]

member .return_book (isbn)
book.return_book ()

print (f )
def get_available_books (self):

return [book for book in self.books.values() if book.
is_available]

# Using the library system
library = Library( )

# Add books

library.add_book (Book ( : )
)

library.add_book (Book ( : )

library.add_book (Book ( : s

# Register members

library.register_member (Member ( R s
))

‘library.register_member(Member( s y

))

# Show available books

print ( )

for book in library.get_available_books ():
print (£ )

# Process checkouts

print ( )

library.check_out_book( . )
library.check_out_book ( , )
library.check_out_book( , )

# Show wupdated availability

print ( )

for book in library.get_available_books ():
print (£ )
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# Show all books status

print ( )
for book in library.books.values():
print (f )

This library system demonstrates several key object-oriented design principles: each class has
a single, clear responsibility (Book manages book state, Member manages member information
and borrowing limits, Library coordinates the overall system), objects interact through well-
defined methods, and the system maintains consistency through encapsulation and validation.

6.3 Complex System Integration: Academic Management

For a more complex example, let’s examine an academic management system that demonstrates
advanced class design patterns including composition, delegation, and multi-class coordination.

# Professional example: Academic Management System
class Student:

def __init__(self, name, student_id, email):

self .name = name
self.student_id = student_id
self.email = email

self. _grade_calculator
self._enrolled_courses

GradeCalculator() # Composition
set ()

def enroll_in_course(self, course_code):

self._enrolled_courses.add(course_code)
print (f )

def add_course_grade(self, course_name, grade, credits):

self. _grade_calculator.add_grade (course_name, grade, credits)
print (f )

def get_gpa(self):
return self._grade_calculator.calculate_gpa()
def get_academic_summary (self):

gpa = self.get_gpa()
grade_summary = self._grade_calculator.get_grade_summary ()

return (f

H Hh Hh Hh

def str__(self):

return f
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2 |class Course:

15 def __init__(self, course_code, course_name, credits, instructor):
16

17 self.course_code = course_code

A8 self.course_name = course_name

19 self.credits = credits

50 self.instructor = instructor

51 self. _enrolled_students = {} # student_id -> Student object
52 self._max_enrollment = 30

53

54 def enroll_student (self, student):

56 if len(self._enrolled_students) >= self._max_enrollment:
57 raise ValueError (f )

59 if student.student_id in self._enrolled_students:

60 print (£
)
61 return
62
63 self._enrolled_students [student.student_id] = student

64 student .enroll_in_course (self.course_code)

66 def get_enrollment_count (self):

68 return len(self._enrolled_students)

70 def get_course_roster (self):

2 return list(self._enrolled_students.values())
74 def str__(self):

76 return (f
= £ )

79 | class AcademicSystem:

82 def __init__(self, institution_name):

83

84 self .institution_name = institution_name

85 self._students = {} # student_<d -> Student object
86 self._courses = {} # course_code -> Course object
37

88 def add_student (self, name, student_id, email):

90 if student_id in self._students:
91 raise ValueError (f

93 student = Student (name, student_id, email)
94 self._students[student_id] = student
95 print (f )

96 return student
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def add_course(self, course_code, course_name, credits,

if course_code in self._courses:
raise ValueError (f

course = Course(course_code, course_name, credits,
self._courses[course_code] = course
print (f )

return course

def enroll_student_in_course(self, student_id, course_code):

if student_id not in self._students:
raise ValueError (f

if course_code not in self._courses:
raise ValueError (f

student = self._students[student_id]
course = self._courses[course_code]
course.enroll_student (student)

def generate_system_report(self):

total_students = len(self._students)
total_courses = len(self._courses)

report = [f

]
report.append (f
report.append (£
report.append ("")

# Course enrollment summary

report.append ( )
for course in self._courses.values():
enrollment = course.get_enrollment_count ()
report.append (£
)
return .join(report)

# Demonstrate professional class integration
print( )
system = AcademicSystem( )

# Add courses

cs101 = system.add_course( ,

)
math201 = system.add_course( , , 4,
engl01l = system.add_course( 5

)

# Add students
alice = system.add_student ( s ,
bob = system.add_student ( , s
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159
160
161
162

163

# Enroll students in courses

system.enroll_student_in_course( ) )
system.enroll_student_in_course ( 5 )
system.enroll_student_in_course( , )
system.enroll_student_in_course( 5 )

# Add grades

alice.add_course_grade ( , 95.0, 3)
alice.add_course_grade ( , 88.0, 4)
bob.add_course_grade ( , 92.0, 3)
bob.add_course_grade ( , 85.0, 3)

# Generate reports
print (£ )
print (f )

print (£ )
print (system.generate_system_report ())

print (£ )
print (alice.get_academic_summary ())

6.4 Final Exercise: Design Your Own System

Design a simple restaurant ordering system with these classes: - Menultem: Represents a
food item with name, price, category - Order: Manages items being ordered by a customer -
Restaurant: Coordinates menu and orders

Focus on single responsibility and high cohesion! This exercise will help you practice creating
a complete object-oriented system from scratch.

# Your solution here - design the restaurant system
# Start with the Menultem class

# Solution
class Menultem:

def init__(self, name, price, category):
self .name = name
self .price = price
self .category = category

def str__(self):

return £

class Order:

def __init__(self, order_id, customer_name):
self.order_id = order_id
self.customer_name = customer_name
self .items = []1 # List of (MenulItem, quantity) tuples
self.is_completed = False

def add_item(self, menu_item, quantity=1):

self .items.append ((menu_item, quantity))
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def calculate_total(self):
total = 0
for item, quantity in self.items:
total += item.price * quantity

return total
def complete_order (self):

self.is_completed = True

def __str__(self):
status = if self.is_completed else
return (£

f

class Restaurant:

def __init__(self, name):
self .name name
self .menu = [] # List of Menultems
self.orders = {} # order_id -> Order
self .next_order_id = 1

def add_menu_item(self, item):

self .menu.append (item)

def create_order (self, customer_name):
order_id = self.next_order_id

self .next_order_id += 1

customer_name)
order

Order (order_id,
self.orders[order_id] =
return order

order =

def get_menu_by_category(self, category):

]
def get_active_orders(self):

return [order for order in self.orders.values ()
is_completed]

# Test the system

restaurant = Restaurant ( )

# Add menu items

restaurant.add_menu_item (MenuItem( , 3.50,
restaurant.add_menu_item (MenuItem( , 8.99,
restaurant.add_menu_item (MenuItem ( , (.50,
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restaurant.add_menu_item (MenuItem ( , 2.50, ))

# Create and process orders

orderl = restaurant.create_order ( )

orderl.add_item(restaurant.menu[0], 2)

H*

coffees

orderl.add_item(restaurant .menul[1], 1) # 1 sandwich

order2 = restaurant.create_order( )
order2.add_item(restaurant.menul[2], 1) # 1 salad
order2.add_item(restaurant .menul[3], 1) # 1 tea

# Show orders

print (f )
print ( )

for order in restaurant.get_active_orders():

print (f )

# Complete an order

orderl.complete_order ()

print (£ )

print ( )

for order in restaurant.get_active_orders():

print (f )

This restaurant system demonstrates how object-oriented design principles work together to
create maintainable, extensible software. Each class has a clear purpose, objects communicate
through well-defined interfaces, and the system can easily be extended with new features like
payment processing, customer loyalty programs, or inventory management.

7 Key Concepts Summary

Object-Oriented Programming Fundamentals:
Core OOP Concepts Mastered:

1.

Class Definition and Object Creation: Understanding blueprints vs instances, proper
class naming conventions

. Instance Attributes and Methods: Object state and behavior, self parameter usage,

method definition

Object Initialization: __init__ method implementation with parameter validation and
error handling

String Representations: __str__ for users, __repr__ for developers, context-appropriate
formatting

. Properties and Encapsulation: @property decorators, getters/setters, data validation,

computed properties

. Professional Class Design: Single responsibility principle, high cohesion, proper ab-

straction levels

Professional Programming Capabilities:
Design Principles Applied:

e Understanding when to use classes vs functions for code organization

30




e Implementing data encapsulation with private attributes and controlled access
e Creating robust object initialization with comprehensive validation
e Designing classes that model real-world entities effectively

e Building systems with multiple interacting classes using composition patterns
Technical Skills Demonstrated:

e Integration of exception handling from Lecture 6 within object methods for defensive
programming

e Application of data structures from Lecture 7 as object attributes and collections
e Use of functions from Lecture 5 as methods within class contexts

e Implementation of validation techniques using string processing and control structures

Real-World Application Readiness:
Your object-oriented programming foundation, combined with comprehensive knowledge of
functions, data structures, and exception handling, provides the foundation for:

e Professional software development using object-oriented design patterns
e Building maintainable, scalable applications with proper code organization
e Creating reusable class libraries and frameworks for complex business logic

e Understanding and contributing to large codebases that use object-oriented architecture

Connection to Future Learning
Your Programming Evolution:
1. Lectures 1-2: Basic Python syntax, variables, control structures, and string processing

2. Lectures 3-4: Lists, loops, and data processing with comprehensions for algorithmic
thinking

Lecture 5: Function-oriented programming with modular design and scope management
Lecture 6: Exception handling and defensive programming for robust applications

Lecture 7: Advanced data structure mastery for complex data relationships

o vtk W

Lecture 8: Object-oriented programming for professional code organization and design

This progression has transformed you from a procedural programmer to an object-oriented
developer capable of professional software design. Your next steps will involve inheritance,
polymorphism, and advanced OOP patterns that build upon this solid foundation of classes,
objects, and encapsulation.

Congratulations on mastering object-oriented programming fundamentals! You
now understand how to organize code and data into logical, reusable units that model real-world
entities. This paradigm shift from procedural to object-oriented thinking is a crucial milestone
in professional software development. Continue practicing by designing classes for complex real-
world scenarios, always considering single responsibility, encapsulation, and proper abstraction
levels.
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