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1. What is Python?

Python is a high-level, interpreted programming language known for its simplicity and
readability. It was created by Guido van Rossum and first released in 1991. Python
emphasizes code readability and allows developers to express concepts in fewer lines
of code compared to other languages like C++ or Java. It supports multiple
programming paradigms, including procedural, object-oriented, and functional
programming.

Python is widely used in various domains, such as web development, data analysis,
artificial intelligence, scientific computing, and automation. Its versatility and ease of
use make it an excellent choice for beginners and experienced programmers alike.

2. History of Python

Python’s development began in the late 1980s, and its first official version, Python
0.9.0, was released in 1991. Guido van Rossum, the creator of Python, was inspired by
the ABC language and aimed to create a language that was easy to read and write.
Python 2.0, released in 2000, introduced many new features, including list
comprehensions and garbage collection. Python 3.0, released in 2008, was a major
overhaul that addressed inconsistencies in Python 2.x. Today, Python 3 is the standard,
and Python 2 is no longer supported.

For more information on Python’s history, visit the official Python website: Python
History.


https://www.python.org/doc/essays/cp4e/

3. Why Learn Python?

Python is one of the most popular programming languages in the world. Here are some
reasons why you should learn Python:

- Beginner-Friendly: Python’s syntax is simple and easy to understand, making it
ideal for beginners.

- Versatile: Python can be used for web development, data analysis, machine learning,
automation, and more.

- Large Community: Python has a vast and active community, providing extensive
documentation, tutorials, and support.

- High Demand: Python developers are in high demand across industries, making it a
valuable skill for career growth.

4. Python’s Key Features
Python has several features that make it stand out:

- Readable Syntax: Python uses indentation to define code blocks, making it easy to
read and understand.

- Interpreted Language: Python code is executed line by line, which simplifies
debugging and testing.

- Dynamic Typing: Variables do not need to be declared with a specific data type.

- Extensive Libraries: Python has a rich standard library and third-party libraries for
various tasks.

- Cross-Platform: Python runs on Windows, macOS, Linux, and other operating
systems.

5. Python Applications

Python is used in a wide range of applications:

- Web Development: Frameworks like Django and Flask make it easy to build web
applications.

- Data Science: Libraries like NumPy, Pandas, and Matplotlib are essential for data
analysis and visualization.

- Machine Learning: TensorFlow, PyTorch, and Scikit-learn are popular libraries for
machine learning.

- Automation: Python scripts can automate repetitive tasks, such as file handling and
web scraping.



- Game Development: Libraries like Pygame enable the creation of simple games.

6. Installing Python

To get started with Python, you need to install it on your computer. Follow these steps:
1. Visit the official Python website: Python Downloads.

2. Download the latest version of Python for your operating system.

3. Run the installer and follow the instructions.

4. Verify the installation by opening a terminal or command prompt and typing: bash

python --version

You should see the installed Python version.

7. Writing Your First Python Program
Let’s write a simple Python program to print “Hello, World!™”:

# This is a simple Python program
print("Hello, World!")

Output:
Hello, World!

8. Python Syntax Overview

Python syntax is designed to be intuitive and readable. Here are some key points: -
Indentation: Python uses indentation to define code blocks instead of braces {} . -
Comments: Use # for single-line comments and " for multi-line comments.

- Variables: Variables are created when you assign a value to them. python
x=10
y = "Python"
- Functions: Use the def keyword to define functions. python
def greet(name):
print(f'Hello, {name}!")
greet("Alice")


https://www.python.org/downloads/

9. Python Community and Resources

Python has a vibrant community that provides extensive resources for learning and
development. Here are some useful links:

- Official Python Documentation
- Python Tutorials on Real Python

- Stack Overflow Python Questions

- Python Discord Community

10. Summary

In this chapter, you learned about Python’s history, features, and applications. You also
installed Python and wrote your first program. Python’s simplicity and versatility make
it an excellent choice for beginners. In the next chapter, we will dive deeper into

setting up your Python environment and exploring its tools.

Figures and Placeholders

e Figure 1.1: Python Logo

Description: The official Python logo.


https://docs.python.org/3/
https://realpython.com/
https://stackoverflow.com/questions/tagged/python
https://pythondiscord.com/

* Figure 1.2: Python Installation Screenshot
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This chapter provides a comprehensive introduction to Python, setting the stage for the
rest of the book. By the end of this chapter, readers will have a clear understanding of
Python’s basics and be ready to explore more advanced topics.
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1. Introduction

Before diving into Python programming, it’s essential to set up your
development environment. This chapter will guide you through installing
Python, setting up a virtual environment, and choosing an Integrated
Development Environment (IDE). By the end of this chapter, you’ll have a
fully functional Python environment ready for coding.

2. Why Set Up a Python Environment?

A proper Python environment ensures that your code runs consistently
across different systems. It also helps you manage dependencies and avoid
conflicts between projects. Setting up a virtual environment is particularly
important for isolating project-specific packages.

3. Installing Python

Python is available for all major operating systems. Follow the steps below
to install Python on your system.

3.1 Downloading Python

Visit the official Python website: https://www.python.org/downloads/.
Download the latest stable version of Python (e.g., Python 3.11).

3.2 Installing Python on Windows
1. Run the downloaded installer.
2. Check the box that says “Add Python to PATH” during
installation.
3. Click “Install Now” and follow the prompts.

3.3 Installing Python on macOS

1. Open the downloaded .pkg file.


https://www.python.org/downloads/

2. Follow the installation wizard.
3. Verify the installation by opening the Terminal and typing:
python3 --version
3.4 Installing Python on Linux

Most Linux distributions come with Python pre-installed. To install or
update Python:

sudo apt update
sudo apt install python3

4. Verifying the Installation
After installation, verify that Python is installed correctly:

python3 --version

Output:
Python 3.11.0

5. Setting Up a Virtual Environment

A virtual environment is a self-contained directory that contains a Python
installation and its dependencies.

5.1 What is a Virtual Environment?

A virtual environment allows you to manage project-specific dependencies
without affecting the global Python installation.

A virtual environment is like a separate workspace for your Python project.
It keeps all the tools and libraries your project needs in one place, so they
don’t mix with other projects or your main Python setup. This way, you
avoid conflicts and keep things organized.

5.2 Creating a Virtual Environment

To create a virtual environment, use the following command:
Create or Navigate to your desired project directory

python3 -m venv myenv

This creates a folder named myenv containing the virtual environment.



5.3 Activating and Deactivating a Virtual Environment

e Activate the virtual environment:
o  On Windows:

myenv\Scripts\activate

o On macOS/Linux:

source myenv/bin/activate

e Deactivate the virtual environment:

deactivate

6. Installing Packages with pip

pip 1s Python’s package manager. Use it to install libraries and tools. For
example, to install the requests library:

pip install requests

7. Choosing an Integrated Development Environment (IDE)

An IDE makes coding easier by providing features like syntax highlighting,
debugging, and code completion.

7.1 Introduction to IDEs

Popular Python IDEs include Visual Studio Code (VS Code) and PyCharm.

7.2 Installing and Configuring VS Code
1. Download VS Code from https://code.visualstudio.com/.
2. Install the Python extension from the Extensions Marketplace.

7.3 Installing and Configuring PyCharm

1. Download PyCharm from https://www.jetbrains.com/pycharm/.
2. Follow the installation wizard and configure the interpreter.

7.4 Using Jupyter Notebook for Python Learning

Jupyter Notebook is an excellent tool for beginners to experiment with
Python code interactively. Here's how to set it up:


https://code.visualstudio.com/
https://www.jetbrains.com/pycharm/

Installing Jupyter Notebook
1. Install Jupyter using pip:

pip install notebook

2. Launch Jupyter Notebook:

jupyter notebook

This will open a browser window where you can create and run notebooks.
Why Use Jupyter Notebook?

. Interactive Coding: Run code cell-by-cell and see results
immediately.

- Great for Learning: Ideal for testing small snippets of code and
visualizing data.
Supports Markdown: Add notes, explanations, and headings
alongside your code.

8. Running Your First Python Script

Create a file named hello.py with the following content:
# This is a simple Python script

print("Hello, World!")

Run the script:

python3 hello.py

Output:
Hello, World!

9. Troubleshooting Common Issues
e Python not recognized: Ensure Python is added to your system’s
PATH.
e pip not working: Upgrade pip using python3 -m pip install --upgrade
pip .
e Virtual environment issues: Recreate the virtual environment if
necessary.



10. Conclusion

You’ve successfully set up your Python environment! You’re now ready to
start writing and running Python code. In the next chapter, we’ll explore
Python’s basic syntax and structure.

Figures and Placeholders
e Figure 2.1: Screenshot of the Python download page.
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e Figure 2.2: Screenshot of VS Code with the Python extension
installed.
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Description: VS Code interface showing the Python extension and a
sample script.

e Figure 2.3: Terminal output showing Python version and virtual
environment activation.
:\>md myproject
:\>cd myproject

:\myproject>python3 -m venv myenv

:\myproject> myenv\Scriptsi\activate

=\

iy project>python3 --version
Python 3.8.18@

s

(myenv) C:\myproject>

Description: Terminal commands and outputs for verifying Python
installation and activating a virtual environment.

Web Links for More Information

e Python Official Documentation
e VS Code Python Tutorial



https://docs.python.org/3/
https://code.visualstudio.com/docs/python/python-tutorial

e PyCharm Getting Started Guide

This chapter provides a comprehensive guide to setting up your Python
environment, ensuring you’re well-prepared for the rest of the book.


https://www.jetbrains.com/help/pycharm/quick-start-guide.html
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1. Introduction to Python Syntax

Python 1s known for its clean and readable syntax, which makes it an
excellent choice for beginners. Unlike other programming languages,
Python uses indentation to define code blocks instead of braces {} . This
enforces a consistent and visually appealing structure.

Python programs are composed of statements, which are instructions that
the interpreter executes. These statements can include variable assignments,
function calls, loops, and more.

Example of Python Syntax:



# This is a simple Python program

print("Hello, World!")
Output:
Hello, World!

This program demonstrates the basic structure of a Python script. The print()
function is used to display text on the screen.

2. Writing Your First Python Program

To write your first Python program, follow these steps:

1. Open a text editor or an Integrated Development Environment (IDE) like
PyCharm, VS Code, or Jupyter Notebook.

2. Write the following code:

# This is my first Python program
name = "Alice"

print(f"Hello, {name}!")

3. Save the file with a py extension, for example, first program.py .

4. Run the program using the Python interpreter.

Output:
Hello, Alice!

3. Understanding Indentation and Code Blocks

Indentation is crucial in Python. It defines the scope of loops, functions, and
conditional statements. Incorrect indentation will result in an IndentationError .

Example:
# Correct indentation
if 5>2:
print("Five is greater than two!")

Output:

Five is greater than two!

Incorrect Example:



# Incorrect indentation
if 5>2:

print("Five is greater than two!") # This will raise an IndentationError

4. Comments in Python

Comments are used to explain code and are ignored by the Python
interpreter. They start with the # symbol.

Example:

# This is a single-line comment

print("Comments are useful!") # This is an inline comment
neee

This is a multi-line comment.

It spans multiple lines.

"

5. Python Keywords and Identifiers

Python has a set of reserved words called keywords, which cannot be used
as variable names. Examples include if, else, for, while, and def.

Example:
# Using keywords correctly
if True:

print("This is a valid use of the 'if keyword.")

Identifiers are names given to variables, functions, and classes. They must
start with a letter or underscore and cannot contain spaces or special
characters.

6. Python Statements and Expressions

A statement is a complete instruction that Python can execute. An
expression is a combination of values, variables, and operators that
evaluates to a single value.

Example:

# Statement
x=10



# Expression
y=x+5
print(y) # Output: 15

7. Basic Input and Output

Python provides built-in functions for input and output. The input() function
is used to take user input, and print() is used to display output.

Example:
# Taking user input
name = input("Enter your name: ")

print(f"Hello, {name}!")
Output:

Enter your name: Bob
Hello, Bob!

8. Python’s Interactive Shell (REPL)

Python’s REPL (Read-Eval-Print Loop) allows you to execute code
interactively. It’s a great tool for testing small snippets of code.

Example:

>>>2 43

5

>>> print("Hello, REPL!")
Hello, REPL!

9. Common Syntax Errors and How to Fix Them
Beginners often encounter syntax errors. Here are some common ones:
e Missing Colon (:):
if 5> 2 # Missing colon

print("Five is greater than two!")

Fix: Add a colon at the end of the if statement.

e Incorrect Indentation:



if 5>2:

print("Five is greater than two!") # Incorrect indentation

Fix: Indent the print statement correctly.

10. Summary and Key Takeaways
e Python’s syntax is clean and easy to read.

e Indentation is used to define code blocks.
e Comments start with # and are ignored by the interpreter.

o Keywords are reserved words that cannot be used as variable
names.

e Use input() for user input and print() for output.

e The REPL is a useful tool for testing code interactively.

Figures and Placeholders

ef calculate_grade(score):

if score == 98:
return "A"
f score =
return "B"
if score =

student_score
grade = calculate_grade(student_score)
print(f"“Score: {student_score}, Grade: {grade}"




e Figure 3.1: Example of Python code with proper indentation.

>>> 2 + 3

= print(“Hello, World!")
Hello, World!

ef greet(name) :
return f*Hello, {name}!"

=== great("Alice”
'Hello, Alice!

. Figure 3.2: Screenshot of Python’s REPL in action.
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e Figure 3.3: Flowchart showing the structure of a Python
program.

Additional Resources
o Python Official Documentation

e Real Python: Python Basics

e W3Schools Python Tutorial

This chapter provides a solid foundation for understanding Python’s syntax
and structure. Practice the examples and experiment with the REPL to
reinforce your learning.


https://docs.python.org/3/
https://realpython.com/python-basics/
https://www.w3schools.com/python/
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1. Introduction to Variables

In Python, a variable is a named location used to store data in memory. Think of it as a container that
holds information which can be used and manipulated throughout your program. Variables are
essential in programming as they allow you to store, retrieve, and manipulate data efficiently.

Example:

# Assigning a value to a variable
x=10

print(x) # Output: 10

In this example, x is a variable that holds the value 10. The print) function is used to display the
value of x.

2. Naming Conventions for Variables

When naming variables, it’s important to follow certain conventions to ensure your code is readable
and maintainable:

e Variable names should be descriptive and meaningful.

¢ They can contain letters, numbers, and underscores, but cannot start with a number.
e Python is case-sensitive, so myvar and myvar are considered different variables.

e Avoid using Python keywords (e.g., if, else, while ) as variable names.

Example:
# Good variable naming
user_age = 25

user_name = "Alice"

# Bad variable naming
luser = "Bob" # Invalid: starts with a number

if=10 # Invalid: uses a keyword



3. Understanding Data Types

Python supports various data types, which are essential for defining the kind of data a variable can
hold. Let’s explore the most common data types in Python.

3.1 Numeric Data Types
Python supports integers, floating-point numbers, and complex numbers.

¢ Integers: Whole numbers, positive or negative, without decimals.
¢ Floats: Numbers with decimal points.
¢ Complex: Numbers with a real and imaginary part.

Example:

# Numeric data types
integer_num = 42
float num = 3.14

complex_num =2 + 3j

print(type(integer num)) # Ouiput: <class 'int">

print(type(float_num)) # Ouiput: <class 'float"™

print(type(complex_num)) # Output: <class ‘complex™

3.2 Strings

Strings are sequences of characters enclosed in single or double quotes.

Example:

# String data type

greeting = "Hello, Python!"

print(greeting) # Ouiput: Hello, Python!

3.3 Boolean

Boolean data type represents truth values: True or False .

Example:

# Boolean data type

is_python_fun = True
print(is_python_fun) # Output: True

3.4 Lists
Lists are ordered, mutable collections of items. They can contain elements of different data types.

Example:
# List data type

fruits = ["apple", "banana", "cherry"]

print(fruits) # Output.: ['apple’, 'banana’, 'cherry']

3.5 Tuples

Tuples are similar to lists but are immutable, meaning their elements cannot be changed after creation.
Example:

# Tuple data type

coordinates = (10.0, 20.0)
print(coordinates) # Output: (10.0, 20.0)

3.6 Sets



Sets are unordered collections of unique elements.

Example:
# Set data type
unique_numbers = {1, 2, 3, 3, 4}

print(unique_numbers) # Output: {1, 2, 3, 4}
3.7 Dictionaries
Dictionaries are collections of key-value pairs, where each key is unique.

Example:
# Dictionary data type

person = {"name": "Alice", "age": 25}

print(person) # Output: {'name': 'Alice’, ‘age': 25}

4. Type Conversion

Python allows you to convert one data type to another using built-in functions like int(), float(), str(),
etc.

Example:

# Type conversion
num_str = "123"
num_int = int(num_str)

print(num_int) # Output: 123

5. Practical Examples and Exercises
Example 1: Calculating the Area of a Circle

# Calculate the area of a circle
radius = 5

pi=3.14159

area = pi * (radius ** 2)

print(f"'The area of the circle is: {area}") # Output: The area of the circle is: 78.53975

Example 2: String Manipulation
# String manipulation

first_name = "Alice"

last name = "Smith"

full name = first name +" " + last name

print(full_name) # Quiput: Alice Smith

Exercise:
1. Create a variable temperature and assign it a value of 98.6. Convert this value to an integer
and print the result.
2. Create a list of your favorite colors and print the second item in the list.

6. Summary

In this chapter, we explored the concept of variables and the various data types available in Python.
We learned how to assign values to variables, follow naming conventions, and perform type
conversion. We also looked at practical examples and exercises to reinforce our understanding.



7. Further Reading and Resources
e Python Documentation: Built-in Types
e Real Python: Variables in Python
e W3Schools: Python Data Types

Figures and Placeholders

e Figure 4.1: Diagram showing the relationship between variables and memory.

0x7FFF5SDO0A

age = 25 (int)
O0x7FFF5DIC
OXTFFF3D20 | e =T ()

— isStudent = true (bool)

Legend

|:| Integer
I:l String
|:| Boolean

o Description: A visual representation of how variables are stored in memory, with
labels for variable names and their corresponding values.

e Figure 4.2: Comparison of mutable vs. immutable data types.
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https://docs.python.org/3/library/stdtypes.html
https://realpython.com/python-variables/
https://www.w3schools.com/python/python_datatypes.asp
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o Description: A table comparing mutable (e.g., lists, dictionaries) and immutable

(e.g., tuples, strings) data types, with examples.

This chapter provides a comprehensive introduction to variables and data types in Python, equipping
beginners with the foundational knowledge needed to write effective Python code.
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1. Introduction to Operators

Operators are the building blocks of any programming language. They
allow you to perform operations on variables and values. In Python,
operators are categorized into several types, each serving a specific
purpose. Understanding these operators is crucial for writing effective and
efficient code.

2. Arithmetic Operators

Arithmetic operators are used to perform mathematical operations like
addition, subtraction, multiplication, and division.

Example:

# Arithmetic Operators Example
a=10

b=3

# Addition
print("Addition:", a + b) # Output: 13



# Subtraction
print("Subtraction:", a - b) # Output: 7

# Multiplication
print("Multiplication:", a * b) # Output: 30

# Division
print("Division:", a / b) # Output: 3.333...

# Floor Division

print("Floor Division:", a / b) # Output: 3

# Modulus
print("Modulus:", a % b) # Output: 1

# Exponentiation
print("Exponentiation:", a ** b) # Output: 1000

Figure 5.1: Arithmetic Operators in Python
Python Arithmetic Operators

+ (Addition) - (Subtraction) * (Multiplication)
5+3=8 10-4=6 6*7=42

/ (Division) // (Floor Division) % (Modulus)
15/3=5.0 17/5=3 17%5=2

Description: A diagram showing the different arithmetic operators and
their usage in Python.

3. Comparison Operators

Comparison operators are used to compare two values. They return a
Boolean value ( True or False ) based on the comparison.

Example:



# Comparison Operators Example

Xx=5
y=10

# Equal to

print("Equal to:", x ==y) # Output: False

# Not equal to

print("Not equal to:", x |=y) # Output: True

# Greater than

print("Greater than:", x >y) # Output: False

# Less than

print("Less than:", x <y) # Output: True

# Greater than or equal to

print("Greater than or equal to:", x >=y) # Output: False

# Less than or equal to

print("Less than or equal to:", x <=y) # Output: True

Figure 5.2: Comparison Operators in Python

Python Comparison Operators

== (Equal To) I= (Not Equal To) > (Greater Than)
5 == 5 (True) 5 !=6 (True) 7 =5 (True)
5 == 6 (False) 5 =5 (False) 5> 7 (False)
< (Less Than) >= (Greater Than or Equal To) <= (Less Than or Equal To)
5 <7 (True) 7 == 5 (True) 5 <=7 (True)
7 <5 (False) 5 >= 5 (True) 5 <=5 (True)




Description: A diagram illustrating the different comparison operators and
their usage in Python.

4. Logical Operators

Logical operators are used to combine conditional statements. They include
and, or, and not.

Example:

# Logical Operators Example
a=True

b = False

# AND
print("AND:", a and b) # Output: False

# OR
print("OR:", a or b) # Output: True

# NOT
print("NOT:", not a) # Output: False

Figure 5.3: Logical Operators in Python



Python Logical Operators

and (Logical AND) or (Logical OR) not (Logical NOT)
Syntax: x and v Syntax: x or y Syntax: not x
Returns True only if both Returns True if at least Reverzes the boolean value
operands are True one operand is True of the operand
Example: Example: Example:
(3> 3)and (4 < 6) = True (3= Tyor (4 <6)=Tme not (3> 3) = False
Truth Table
x ¥ xand y xory not x
True True True True False
True Falze Falze True False
False True False True True
Falzse Falze Falze False True
Python Code Example
¥ = True
y = False

print(x and y) # False
print(x or y) # True
print(not x) # False

Description: A diagram showing how logical operators work in Python.

5. Assignment Operators

Assignment operators are used to assign values to variables. They can also
perform operations while assigning.

Example:
# Assignment Operators Example

X=5

# Add and assign
x +=3 # Equivalent tox =x + 3
print("Add and assign:", x) # Output: §

# Subtract and assign

x -=2 # Equivalent tox =x -2



print("Subtract and assign:", x) # Qutput: 6

# Multiply and assign

X *=2 # Equivalent tox =x *2

print("Multiply and assign:", X) # Qutput: 12

# Divide and assign

x /=3 # Equivalenttox =x/3

print("Divide and assign:", x) # Output: 4.0

Figure 5.4: Assignment Operators in Python

Python Assignment Operators

= (Simple Assignment)
Assigns value from right to left
Example:

X = 5 # x becomes 5

+= (Addition Assignment)
Adds right operand to left and assigns
Example:

X += 3 # Equivalent to x = x + 3

-= (Subtraction Assignment)
Subtracts right operand from left
Example:

X -= 2 # Equivalent to x = x - 2|

*= (Multiplication Assignment)
Multiplies left operand by right
Example:

x *= 4 §# Equivalent to x = x * 4

/= (Division Assignment)
Divides left operand by right
Example:

X [= 2 # Equivalent to x = x / 2

%= (Modulus Assignment)
Computes modulus and assigns
Example:

x %= 3 # Equivalent to x = x % 3

=
@

5 # x is now 15
2 # x is now 3@
3 # x is now 18.8
4 # x is now 2

EIE A
o~ o 4+

Python Code Example

Description: A diagram illustrating the different assignment operators and

their usage in Python.

6. Bitwise Operators

Bitwise operators are used to perform bit-level operations on integers.




Example:

# Bitwise Operators Example
a=10 # Binary: 1010
b=4 # Binary: 0100

# AND
print("AND:", a & b) # Output: 0

# OR
print("OR:", a | b) # Output: 14

# XOR
print("XOR:", a* b) # Output: 14

#NOT
print("NOT:", ~a) # Output: -11

# Left Shift
print("Left Shift:", a << 1) # Output: 20

# Right Shift
print("Right Shift:", a >> 1) # Output: 5

Figure 5.5: Bitwise Operators in Python



Python Bitwise Operators

& (Bitwise AND) | Bitwise OR) A (Bitwise XOR)
Performs bit-by-bit AND operation Performs bit-by-bit OF. operation Performs bit-by-bit XOR. operation
Returns 1 if both bits are 1 Beturns 1 if at least one bitis 1 Returns 1 if bits are different
Example: Example: Example:
5&3=1 5| 3=7 5~3=6
5: 8181 5: 8181 5: 8181
3: eall 3: esll 3: eell
1: @8l 7: 8111 6: 8118
~ (Bitwise NOT) << (Left Shift) >> (Right Shift)
Inverts all bits Shifts bits to the left Shifts bits to the right
Flips 0to 1l and 1t0 0 Equivalent to multiplying by 2"n Equivalent to dividing by 2"n
Example: Example: Example:
~5 = -6 5<<1=18 5> 1=2
5: e1el 5: e1e1 5: elel
~5: 1818 Sccl: 18le 5>»1: @ale
Python Code Example

a = 5 # Binary: @181
b = 3 # Binary: @81l
print{a & b) # Bitwise AND: 1
print{a | b) # Bitwise OR: 7
print(a ~ b) # Bitwise XOR: &

Description: A diagram showing how bitwise operators work in Python.

7. Membership Operators

Membership operators are used to test if a value is present in a sequence

(like a list, tuple, or string).

Example:

# Membership Operators Example
my list=[1,2,3,4,5]

#IN
print("IN:", 3 in my_list) # Output: True




#NOT IN

print("NOT IN:", 6 not in my_list) # Output: True

Figure 5.6. Membership Operators in Python

Python Membership Operators

in (Membership Operator)
Checks 1f a value exists in a sequence

Works with: lists, tuples, strings, sets, dictionaries

Examples:

fruits = [‘apple’, ‘banana®, ‘cherry’]
‘apple’ in fruits # Returns True
‘grape’ in fruits # Returns False

text = "Hello, World!"
‘o' in text # Returns True

not in (Negated Membership Operator)
Checks if a value does NOT exist in a sequence

Oppozite of "in' operator

Examples:

fruits = ["apple’, ‘banana’, ‘cherry’]
‘grape’ not in fruits # Returns True
‘apple’ not in fruits # Returns False

text = "Hello, World!™
‘z' not in text # Returns True

Membership Operator Comparison

Sequence Type
Lists
Strings
Tuples

Sets

Description: A diagram illustrating the usage of membership operators in

'in' Operator Behavior 'not in' Operator Behavior
Checks for element presence Checks for element absence
Checks for substring Checks for substring absence
Checks for element presence Checks for element absence
Checks for element presence Checks for element absence

Python.

8. Identity Operators

Identity operators are used to compare the memory locations of two objects.

Example:
# Identity Operators Example

x=10
y=10
#I1S

print("IS:", x is y) # Output: True




#1S NOT
print("IS NOT:", x is not y) # Output: False

Figure 5.7 Identity Operators in Python

Python Identity Operators

is (Identity Operator) is not (Negated Identity Operator)
Checks if two variables refer to the same object in memory Checks if two variables refer to different objects in memory
Compares object identity, not just value Opposite of is' operator
Examples: Examples:
a=[1, 2, 3] a=[1, 2, 3]
b=a b =a
c=[1, 2, 3] c=[1, 2, 3]
print(a is b) # Returns True print(a is not c) # Returns True
print(a is c) # Returns False print(a is not b) # Returns False
x = None x = 1aea
print(x is None) # Returns True y = laea
print(x is not y) # Returns True

Memory Representation Comparison

Scenario 'is" Operator Result Memory Behavior
Small Integers (-3 to 236) May return True Interned/Cached by Python
Large Integers Usuvally returns False Separate memory allocation
Lists with Same Content Returns Falze Different memory locations
None Singleton Always retums True Single instance in memory

Description: A diagram showing how identity operators work in Python.

9. Operator Precedence and Associativity

Operator precedence determines the order in which operations are
performed. Associativity defines the order in which operators of the same
precedence are evaluated.

Example:

# Operator Precedence Example
result = 10 + 3 * 2 # Multiplication has higher precedence
print("Result:", result) # Output: 16

Figure 5.8: Operator Precedence in Python



4. Multiphicative Operators (Left to Bight)
*, Mivision (, Floer Divisiom 1, 4, Mladrie Ml
Crasples: 18 * 3, 15 7 2, 217 S/ 5, 186 3

Complex Precedence Demonstration

¥ Advamced Precedence Evaluation

® o= 1@

¥ =&

z=l

reulE = ® ¢y 2 R0} - (mK2) e

¥ Datalled STap-by-5tap Evaluation:
B 1ozt 3oe 4 [Highest precedesce: Exposentistion)

B2 oytztt a5t 4 .28 (HUltEplicative operators)
¥3 oxXz=8 (Moddus cperation)
BA B ¥t L De 18 BB e 30 (RAICEvE Sgerators)

5. 3. (xX2) =38 - @ =38 (Subbractien)
BB 341 o= o (Blmelie 1efr shifr)
# Final result: g8

Description: A diagram showing the precedence of different operators in

Python.

10. Expressions and Their Evaluation



An expression is a combination of values, variables, operators, and function
calls that evaluates to a single value.

Example:

# Expression Evaluation Example
x=35

y=10

expression = (X +y) * 2

print("Expression Result:", expression) # Ouiput: 30

Figure 5.9: Expression Evaluation in Python

Python Expression Evaluation Process

Step 3: Multiplication
5 %9 =45
Lef-to-Right Fvalusion

Key Evaluation Principles
I Parentheses have the highest precedence
2. Exponentiaion is evahuaied right-io-lefi
5. Multiplcaton and drvisson are evaluoted befi-io-nght
4. Addition and subsraction are evaluated lefi-to-right

Description: A diagram illustrating how expressions are evaluated in
Python.

11. Practical Examples and Exercises



Practice 1s key to mastering operators and expressions. Below are some
exercises to reinforce your understanding.

Exercise 1:

Write a Python program to calculate the area of a rectangle using arithmetic
operators.

Exercise 2:

Write a Python program to check if a number is even or odd using
comparison and logical operators.

12. Summary

In this chapter, we explored the various types of operators in Python,
including arithmetic, comparison, logical, assignment, bitwise,
membership, and identity operators. We also discussed operator precedence
and how expressions are evaluated in Python. Understanding these concepts
is essential for writing effective Python code.

13. Further Reading and Resources
e Python Documentation on Operators
e Real Python: Operators and Expressions
e W3Schools: Python Operators

This chapter provides a comprehensive overview of operators and
expressions in Python, complete with examples, figures, and exercises to
help beginners build a strong foundation in Python programming.


https://docs.python.org/3/library/operator.html
https://realpython.com/python-operators-expressions/
https://www.w3schools.com/python/python_operators.asp
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1. Introduction to Control Flow

Control flow is the order in which statem

. If Statements and

ents are executed in a program. In

Python, control flow is managed using conditional statements (like if,

else,, and elif ) and loops (like for and whi

le ). These structures allow your

program to make decisions and repeat tasks, making your code more

dynamic and efficient.

2. Understanding Conditional Statements

The ir Statement

The if statement is used to execute a block of code only if a condition is

true.

# Example of an if statement

age = 18



if age >= 18:

print("You are eligible to vote.")

Output:

You are eligible to vote.
The else Statement

The else statement is used to execute a block of code when the if condition
1s false.

# Example of an if-else statement
age =16
if age >= 18:

print("You are eligible to vote.")
else:

print("You are not eligible to vote.")

Output:

You are not eligible to vote.
The elif Statement

The elif (short for “else if”) statement allows you to check multiple
conditions.

# Example of an if-elif-else statement
score = 85
if score >= 90:
print("Grade: A")
elif score >= 80:
print("Grade: B")
else:
print("Grade: C")

Output:
Grade: B

3. Nested Conditional Statements

You can nest if statements inside other if statements to handle more
complex conditions.



# Example of nested if statements
age =20
if age >= 18:
if age >=21:
print("You can vote and drink.")
else:
print("You can vote but cannot drink.")
else:

print("You cannot vote or drink.")

Output:

You can vote but cannot drink.

4. Introduction to Loops
The for Loop

The for loop is used to iterate over a sequence (like a list, tuple, or string).

# Example of a for loop
fruits = ["apple", "banana", "cherry"]
for fruit in fruits:

print(fruit)
Output:

apple
banana

cherry
The while Loop

The while loop repeats a block of code as long as a condition is true.

# Example of a while loop

count = 0

while count < 5:
print(f"Count: {count}")

count += 1
Output:

Count: 0
Count: 1



Count: 2
Count: 3
Count: 4

5. Loop Control Statements
break

The break statement is used to exit a loop prematurely.
# Example of break statement
for i in range(10):
ifi==>5:
break
print(i)
Output:

B WO = O

continue

The continue statement skips the rest of the code inside the loop for the
current iteration and moves to the next iteration.

# Example of continue statement
for i in range(5):
ifi==2:
continue

print(i)
Output:

0
1
3
4

pass



The pass statement is a placeholder for future code. It does nothing but
avoids syntax errors.

# Example of pass statement
for i in range(3):
ifi==1:
pass # Placeholder for future code
print(i)
Output:
0

1
2

6. Practical Examples and Exercises
Example 1: Finding Even Numbers
Write a program to print all even numbers between 1 and 20.

# Solution
for i in range(1, 21):
ifi%2==0:
print(i)

Output:

20
Example 2: Sum of Numbers

Write a program to calculate the sum of numbers from 1 to 100 using a
while loop.



# Solution
total = 0
i=1
while i <= 100:
total += 1
i+=1
print(f"Sum: {total}")

Output:
Sum: 5050

7. Common Pitfalls and Best Practices

o Pitfall: Forgetting to update the loop variable in a while loop,
leading to an infinite loop.

e Best Practice: Use meaningful variable names and comments to
make your code readable.

e Best Practice: Avoid deeply nested loops and conditions to keep
your code clean and maintainable.

8. Summary

In this chapter, you learned about control flow in Python, including
conditional statements ( if, else, elif ) and loops ( for, while ). You also
explored loop control statements ( break , continue, pass ) and practiced with
real-world examples. These concepts are fundamental to writing dynamic
and efficient Python programs.

Additional Resources
e Python Documentation on Control Flow

e Real Python: Loops in Python

e W3Schools: Python If...Else



https://docs.python.org/3/tutorial/controlflow.html
https://realpython.com/python-for-loop/
https://www.w3schools.com/python/python_conditions.asp

Figures and Placeholders

Y
Condition?
Yes No

e Figure 6.1: Flowchart of an if-else statement.



Condition?

e Figure 6.2: Flowchart of a for loop.



Condition?

Yes No

e @D

e Figure 6.3: Flowchart of a while loop.

This chapter provides a comprehensive understanding of control flow in
Python, with practical examples and exercises to reinforce learning. By the
end of this chapter, beginners will be able to write programs that make
decisions and repeat tasks efficiently.
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1. Introduction to Functions

Functions are one of the most fundamental building blocks in Python
programming. A function is a reusable block of code that performs a
specific task. Functions help in organizing code, making it more readable,
and reducing redundancy. In this chapter, you will learn how to define and
use functions in Python.

2. Defining a Function

To define a function in Python, you use the def keyword followed by the
function name and parentheses. The code block within the function is
indented.

# Example of a simple function
def greet():
print("Hello, World!™)

Figure 1: A simple function definition in Python.
To call this function, you simply use its name followed by parentheses:

greet() # Output: Hello, World!



3. Function Parameters and Arguments

Functions can accept inputs, known as parameters, which allow you to pass
data into the function. When you call the function, the values you pass are
called arguments.

# Function with parameters
def greet(name):
print(f"Hello, {name}!")

Figure 2: A function with a parameter.

Calling the function with an argument:

greet("Alice") # Output: Hello, Alice!

You can also define functions with multiple parameters:

def add(a, b):

returna+b
Figure 3: A function with multiple parameters.
Calling the function:

result = add(3, 5)
print(result) # Output: 8

4. Returning Values from Functions

Functions can return values using the return statement. This allows you to
use the result of a function in other parts of your code.

# Function that returns a value
def square(x):

return X * x
Figure 4: A function that returns a value.
Using the function:

result = square(4)

print(result) # Output: 16

5. Scope and Lifetime of Variables



Variables defined inside a function are local to that function and cannot be
accessed outside of it. This is known as the scope of a variable.

def my_function():
local var =10

print(local_var)
my_function() # Output: 10
print(local_var) # Error: NameError: name 'local_var'is not defined

Figure 5: Example of variable scope.

6. Lambda Functions

Lambda functions are small anonymous functions defined with the lambda
keyword. They are useful for short, throwaway functions.

# Lambda function to add two numbers
add =lambda x,y:x +y
print(add(2, 3)) # Output: 5

Figure 6: Example of a lambda function.

7. Built-in Functions

Python comes with a variety of built-in functions that you can use without
needing to define them. Some common ones include len(), print(), range(),
and type() .

# Using built-in functions
numbers = [1, 2, 3, 4, 5]
print(len(numbers)) # Output: 5

Figure 7: Example of using built-in functions.

8. Recursive Functions

A recursive function is a function that calls itself. Recursion is useful for
solving problems that can be broken down into smaller, similar problems.

# Recursive function to calculate factorial
def factorial(n):

ifn==1:



return |
else:

return n * factorial(n - 1)
Figure 8: Example of a recursive function.
Calling the function:

print(factorial(5)) # Output: 120

9. Practical Examples

Let’s look at a practical example where we use functions to solve a real-
world problem.

Example: Calculating the area of a rectangle.

# Function to calculate the area of a rectangle
def calculate area(length, width):
return length * width

# Using the function
area = calculate_area(10, 5)
print(f"The area of the rectangle is {area} square units.") # Qutput: The area of the rectangle is 50

square units.

Figure 9: Practical example of using functions.

10. Exercises
1. Write a function that takes a list of numbers and returns the sum.
2. Create a function that checks if a number is prime.
3. Write a recursive function to calculate the Fibonacci sequence.

11. Further Reading
e Python Functions - Official Documentation
e Real Python: Defining_ Your Own Python Function
e W3Schools: Python Functions



https://docs.python.org/3/tutorial/controlflow.html#defining-functions
https://realpython.com/defining-your-own-python-function/
https://www.w3schools.com/python/python_functions.asp

This chapter provides a comprehensive introduction to defining and using
functions in Python. By the end of this chapter, you should be comfortable
creating and using functions in your own programs.
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1. Introduction to Lists

Lists are one of the most versatile and commonly used data structures in
Python. They allow you to store an ordered collection of items, which can
be of any type. Lists are mutable, meaning you can change their content
without creating a new list.

Figure 1: Visual Representation of a List

Index: 0 1 2 3 4
Value: [10, 20, 30, 40, 50]

Description: A list with five elements, each accessible by its index.

2. Creating Lists

You can create a list by enclosing elements in square brackets [], separated
by commas.

# Example: Creating a list of numbers
numbers = [1, 2, 3, 4, 5]
print(numbers)

Output:

[1,2,3,4,5]



Lists can contain mixed data types:
mixed_list = [1, "Hello", 3.14, True]
print(mixed_list)

Output:
[1, 'Hello', 3.14, True]

3. Accessing List Elements

You can access elements in a list using their index. Python uses zero-based
indexing, meaning the first element is at index 0.

# Example: Accessing elements

fruits = ["apple", "banana", "cherry"]

print(fruits[0]) # Output: apple

print(fruits[2]) # Output: cherry

Negative indexing allows you to access elements from the end:

print(fruits[-1]) # Output: cherry

4. Modifying Lists
Lists are mutable, so you can change their elements.

# Example: Modifying a list
fruits[1] = "blueberry"
print(fruits)

Output:
['apple, 'blueberry’, 'cherry’]

5. List Methods

Python provides several built-in methods to manipulate lists.

e append() : Adds an element to the end of the list.

e insert() : Inserts an element at a specific position.

e remove() : Removes the first occurrence of a value.

* pop( : Removes and returns the element at a given index.
e sort() : Sorts the list in ascending order.

e reverse() : Reverses the order of the list.



# Example: Using list methods

numbers =[3, 1,4, 1, 5, 9]

numbers.append(2) # Adds 2 to the end

numbers.insert(2, 7) # Inserts 7 at index 2
numbers.remove(l) # Removes the first occurrence of 1
numbers.pop(3) # Removes and returns the element at index 3
numbers.sort() # Sorts the list

numbers.reverse() # Reverses the list

print(numbers)

Output:
[9,7,5,4,3,2]

6. List Comprehensions
List comprehensions provide a concise way to create lists.

# Example: Creating a list of squares
squares = [x**2 for x in range(10)]
print(squares)

Output:

[0,1,4,9, 16, 25, 36, 49, 64, 81]

7. Nested Lists
Lists can contain other lists, creating a nested structure.

# Example: Nested list
matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
print(matrix[1][2]) # Output: 6

8. Common List Operations
e Concatenation: Combine two lists using +.
o Repetition: Repeat a list using *.
e Slicing: Extract a portion of a list.

# Example: Common operations

listl =[1,2, 3]

list2 = [4, 5, 6]



combined = listl + list2 # Concatenation
repeated = listl * 3 # Repetition

sliced = combined[1:4] # Slicing
print(combined)

print(repeated)

print(sliced)

Output:
[1,2,3,4,5,6]

[1,2,3,1,2,3,1,2,3]
2,3, 4]

9. Practical Examples
Example 1: Finding the Maximum Value in a List

numbers = [10, 20, 30, 40, 50]
max_value = max(numbers)

print(f"The maximum value is: {max_value}")

Output:

The maximum value is: 50
Example 2: Filtering Even Numbers

numbers = [1, 2, 3,4, 5,6,7,8,9, 10]
evens = [x for x in numbers if x % 2 == 0]
print(evens)

Output:

[2,4,6,38,10]

10. Exercises

1. Create a list of your favorite fruits and print the third fruit.
2. Write a program to find the sum of all elements in a list.

3. Use a list comprehension to create a list of cubes for numbers 1 to
10.
4. Reverse a list without using the reverse() method.



Additional Resources
e Python Lists Documentation
o Real Python: Lists and Tuples
e W3Schools: Python Lists

This chapter provides a comprehensive introduction to working with lists in
Python, complete with examples, exercises, and additional resources for
further learning.


https://docs.python.org/3/tutorial/introduction.html#lists
https://realpython.com/python-lists-tuples/
https://www.w3schools.com/python/python_lists.asp
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1. Introduction to Tuples

Tuples are one of the four built-in data types in Python used to store
collections of data. Unlike lists, tuples are immutable, meaning once a tuple
is created, its elements cannot be changed. This makes tuples ideal for
storing data that should not be modified, such as coordinates or
configurations.

2. Creating and Accessing Tuples

Tuples are created by placing all the items (elements) inside parentheses (),
separated by commas. You can access elements of a tuple using indexing,
similar to lists.

# Example: Creating and accessing a tuple
my_tuple = (1, 2, 3, 4)

print(my_tuple[0]) # Output: 1
print(my_tuple[2]) # Output: 3

Figure 1: A visual representation of a tuple with four elements.
3. Immutable Nature of Tuples

Tuples are immutable, meaning you cannot change their elements after
creation. Attempting to modify a tuple will result in an error.



# Example: Trying to modify a tuple

my_tuple = (1, 2, 3)

#my tuple[0] = 10 # This will raise a TypeError

Figure 2: [llustration showing the immutability of tuples.
4. Common Tuple Operations

Tuples support various operations such as concatenation, repetition, and
slicing.

# Example: Tuple operations

tuplel = (1, 2, 3)

tuple2 = (4, 5, 6)

combined tuple = tuplel + tuple2 # Concatenation

repeated tuple = tuplel * 2 # Repetition

sliced tuple = combined tuple[1:4] # Slicing

print(combined tuple) # Output: (1, 2, 3, 4, 5, 6)
print(repeated_tuple) # Output: (1,2, 3, 1, 2, 3)
print(sliced_tuple) # Output.: (2, 3, 4)

Figure 3: Diagram showing tuple concatenation and slicing.
5. Introduction to Sets

Sets are another collection data type in Python. Unlike tuples, sets are
unordered and contain only unique elements. Sets are useful for operations
like membership testing and eliminating duplicate entries.

6. Creating and Modifying Sets

Sets are created using curly braces {} or the set() function. You can add or
remove elements from a set.

# Example: Creating and modifying a set

my set= {1, 2,3}

my_set.add(4) # Adding an element

my_set.remove(2) # Removing an element

print(my_set) # Output: {1, 3, 4}

Figure 4: Visual representation of a set with unique elements.

7. Set Operations: Union, Intersection, Difference



Sets support mathematical operations like union, intersection, and
difference.

# Example: Set operations
setl = {1, 2,3}
set2 = {3, 4, 5}

union_set = setl | set2 # Union
intersection_set = setl & set2 # Intersection

difference set = setl - set2 # Difference

print(union_set) # Ouiput: {1, 2, 3,4, 5}
print(intersection_set) # Qutput: {3}
print(difference _set) # Output: {1, 2}

Se rations Venn Diagram

Setl={1,2,3} Set2 = {3,4, 5}

Unior: {1.2,3. 4,5}
Intersection: {3}
Ditference: {1,2}

Visualization of Set Operations in Python

Figure 5: Venn diagram illustrating set operations.
8. Practical Examples with Tuples and Sets
Let’s look at some practical examples where tuples and sets can be useful.

# Example: Using tuples and sets together
coordinates = (10, 20)

unique_numbers = {1, 2, 3,4, 5}

# Checking if a coordinate is in a set of coordinates
coordinates_set = {(10, 20), (30, 40)}



print(coordinates in coordinates _set) # Output: True
Figure 6: Example of using tuples and sets in a real-world scenario.
9. Summary

In this chapter, we explored tuples and sets, two important data structures in
Python. Tuples are immutable and are used for storing fixed data, while sets
are unordered collections of unique elements, useful for operations like
membership testing and eliminating duplicates.

10. Exercises
1. Create a tuple with your favorite fruits and print the second
element.

2. Create a set of numbers from 1 to 10 and perform union,
intersection, and difference operations with another set.

3. Write a Python program to check if a given element exists in a
tuple.

Additional Resources

e Python Tuples Documentation
e Python Sets Documentation

e Real Python: Python Tuples

e Real Python: Python Sets

This chapter provides a comprehensive introduction to tuples and sets,
complete with practical examples and exercises to reinforce learning. The
figures and code snippets help visualize and understand the concepts better.


https://docs.python.org/3/tutorial/datastructures.html#tuples-and-sequences
https://docs.python.org/3/tutorial/datastructures.html#sets
https://realpython.com/python-tuples/
https://realpython.com/python-sets/
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1. Introduction to Dictionaries

Dictionaries are one of Python’s most powerful and versatile data
structures. Unlike lists or tuples, which are indexed by integers, dictionaries
are indexed by keys, which can be of any immutable type (e.g., strings,
numbers, or tuples). Each key is associated with a value, making
dictionaries ideal for storing and retrieving data in a structured way.

Key Characteristics of Dictionaries:

- Unordered collection of key-value pairs.

- Keys must be unique and immutable.

- Values can be of any data type.

- Highly efficient for lookups and data retrieval.

2. Creating and Accessing Dictionaries

To create a dictionary, use curly braces {} and separate keys and values
with a colon :.

# Example: Creating a dictionary
student = {
"name": "Alice",

"age": 21,



"major": "Computer Science"

}

# Accessing values using keys
print(student["name"]) # Output: Alice
print(student["age"]) # Output: 21

Figure 1: Dictionary Structure

A +
| Key | Value |
R +

| name | Alice |

lage [21 |
| major |CS |
S +

If you try to access a key that doesn’t exist, Python will raise a KeyError. To
avoid this, use the .get() method, which returns None or a default value if
the key 1s not found.

# Using .get() to avoid KeyError

print(student.get("grade", "Not Available")) # Output: Not Available

3. Dictionary Methods
Python provides several built-in methods to work with dictionaries:

e keys(): Returns a list of all keys.
e values() : Returns a list of all values.
e items() : Returns a list of key-value pairs as tuples.
e update() : Merges two dictionaries.
* pop(): Removes a key and returns its value.
# Example: Using dictionary methods

print(student.keys()) # Output: dict keys(['name’, 'age’, 'major'])
print(student.values()) # Output: dict values(['Alice’, 21, 'Computer Science'])



print(student.items()) # Output: dict items([('name’, 'Alice’), (‘age’, 21), ('major', 'Computer
Science')])

# Merging dictionaries
student.update({"grade": "A"})
print(student) # Output: {'name': 'Alice’, 'age': 21, 'major': 'Computer Science’, 'erade’: 'A"}

# Removing a key
age = student.pop("age")
print(age) # Output: 21

4. Modifying Dictionaries
You can add, update, or delete key-value pairs in a dictionary.

# Adding a new key-value pair

student["email"] = "alice@example.com"

# Updating an existing value

student["name"] = "Alice Smith"

# Deleting a key-value pair
del student["major"]

5. Iterating Through Dictionaries
You can loop through a dictionary using for loops.

# Iterating through keys
for key in student:

print(key)

# Iterating through key-value pairs
for key, value in student.items():
print(f" {key}: {value}")

6. Nested Dictionaries

Dictionaries can contain other dictionaries, allowing you to model complex
data structures.



# Example: Nested dictionary
students = {
"Alice": {"age": 21, "major": "CS"},
"Bob": {"age": 22, "major": "Math"}
H

# Accessing nested values

print(students["Alice"]["age"]) # Output: 21

7. Practical Examples

Example 1: Counting Word Frequencies

text = "apple banana apple orange banana apple"
words = text.split()

word_count = {}

for word in words:

word count[word] = word_count.get(word, 0) + 1

print(word _count) # Output: {'apple’: 3, 'banana’: 2, 'orange’: 1}
Example 2: Storing User Information

users = {
"userl": {"name": "Alice", "email": "alice@example.com"},

"user2": {"name": "Bob", "email": "bob@example.com"}

}

# Adding a new user

nn

users["user3"] = {"name": "Charlie", "email": "charlie@example.com"}

8. Common Pitfalls and Best Practices
o Pitfall 1: Using mutable objects as keys (e.g., lists).

o Pitfall 2: Assuming dictionaries maintain insertion order (only
true in Python 3.7+).

e Best Practice: Use .get() to avoid KeyError .



e Best Practice: Use dictionary comprehensions for concise code.

# Dictionary comprehension
squares = {x: x**2 for x in range(5)}
print(squares) # Quiput: {0: 0, 1:1,2:4,3:9,4: 16}

9. Exercises
1. Create a dictionary to store the names and ages of 5 people.

2. Write a function to merge two dictionaries.

3. Use a dictionary to count the frequency of characters in a string.

10. Further Reading and Resources
e Python Documentation: Dictionaries

e Real Python: Dictionaries

e W3Schools: Python Dictionaries

This chapter provides a comprehensive introduction to dictionaries,
equipping beginners with the knowledge to use them effectively in their

Python programs.


https://docs.python.org/3/tutorial/datastructures.html#dictionaries
https://realpython.com/python-dicts/
https://www.w3schools.com/python/python_dictionaries.asp
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1. Introduction to Strings

Strings are one of the most fundamental data types in Python. They are used
to represent text and are enclosed in either single quotes ('*) or double
quotes ( ""). In this chapter, we will explore how to manipulate strings
using various methods and techniques.

2. Creating and Accessing Strings



To create a string, simply assign a sequence of characters to a variable:

# Example of creating a string
greeting = "Hello, World!"
print(greeting)

Output:

Hello, World!

3. String Indexing and Slicing

Strings in Python are sequences of characters, and you can access
individual characters using indexing. Python uses zero-based indexing,
meaning the first character is at index 0.

# Example of string indexing
text = "Python"
print(text[0]) # Output: P
print(text[-1]) # Output: n

You can also slice strings to get a substring:

# Example of string slicing

text = "Python Programming"
print(text[0:6]) # Output: Python
print(text[7:]) # Output: Programming

4. Common String Methods

Python provides a variety of built-in methods to manipulate strings. Below
are some of the most commonly used methods:

len()
The len() function returns the length of a string.

# Example of len()
text = "Python"
print(len(text)) # Qutput: 6

lower() and upper()
These methods convert the string to lowercase or uppercase, respectively.

# Example of lower() and upper()
text = "Python"



print(text.lower()) # Output: python
print(text.upper()) # Output: PYTHON

strip() , Istrip() , and rstrip()

These methods remove whitespace from the beginning, end, or both sides of
a string.

# Example of strip()

text=" Python "

print(text.strip()) # Output: Python
print(text.Istrip()) # Output: Python
print(text.rstrip()) # Output: Python

replace()
The replace() method replaces a specified substring with another substring.

# Example of replace()
text = "Hello, World!"
print(text.replace("World", "Python")) # Output: Hello, Python!

split() and join()

The split() method splits a string into a list of substrings based on a
delimiter. The join() method concatenates a list of strings into a single
string.

# Example of split() and join()

text = "Python is fun"

words = text.split() # Splits by space
print(words) # Output: ['Python’, 'is’, 'fun']

nn

new_text = "-".join(words)

print(new_text) # Output: Python-is-fun
find() and index()

Both methods search for a substring within a string. The find() method
returns the lowest index of the substring, or -1 if not found. The index()
method raises an exception if the substring is not found.

# Example of find() and index()

text = "Python Programming"



print(text.find("Pro")) # Output: 7
print(text.index("Pro")) # Output: 7

count()

The count() method returns the number of occurrences of a substring in the
string.
# Example of count()

text = "Python is fun, Python is easy"
print(text.count(""Python")) # Output: 2

startswith() and endswith()
These methods check if a string starts or ends with a specified substring.

# Example of startswith() and endswith()

text = "Python Programming"
print(text.startswith("Python")) # Output: True
print(text.endswith("ing")) # Output: True

isalpha() , isdigit() , and isalnum()

These methods check if all characters in the string are alphabetic, digits, or
alphanumeric, respectively.

# Example of isalpha(), isdigit(), and isalnum()
text] = "Python"

text2 ="123"

text3 = "Python123"

print(textl.isalpha()) # Output: True
print(text2.isdigit()) # Output: True
print(text3.isalnum()) # Output: True

5. String Formatting

Python provides several ways to format strings, including the % operator,
str.format() , and f-strings.

Using % Operator
The % operator is an older method of string formatting.

# Example of % operator

name = "Alice"



age =25

print("My name is %s and [ am %d years old." % (name, age))
Output:

My name is Alice and I am 25 years old.

Using str.format()

The str.format() method is more flexible and powerful.

# Example of str.format()

name = "Bob"

age = 30

print("My name is {} and [ am {} years old.".format(name, age))

Output:
My name is Bob and I am 30 years old.

Using f-strings (Formatted String Literals)

Introduced in Python 3.6, f-strings provide a concise and readable way to
format strings.

# Example of f-strings

name = "Charlie"

age =35

print(f"My name is {name} and [ am {age} years old.")

Output:

My name is Charlie and I am 35 years old.
6. Escape Characters and Raw Strings

Escape characters are used to include special characters in strings, such as
newlines (\n), tabs (\t), and backslashes (\\). Raw strings ignore escape
characters and are prefixed with an r.

# Example of escape characters and raw strings
print("Hello\nWorld") # Output: Hello (newline) World
print(r"Hello\nWorld") # Output: Hello\nWorld

Output:
Hello
World



Hello\nWorld

7. Multiline Strings
Multiline strings can be created using triple quotes (™ or ").

# Example of multiline strings
text ="""This is a

multiline string
nman

in Python.
print(text)

Output:

This is a
multiline string

in Python.

8. Practical Examples and Exercises
To reinforce your understanding, try the following exercises:

1. Write a Python program to reverse a string.
2. Create a function that counts the number of vowels in a string.

3. Write a program that formats a string using all three formatting
methods ( %, str.format(), and f-strings).

9. Summary

In this chapter, we explored the various ways to manipulate strings in
Python. We covered string creation, indexing, slicing, and a variety of built-
in methods. We also discussed string formatting, escape characters, and
multiline strings. With this knowledge, you should be able to handle most
string-related tasks in Python.

10. Further Reading and Resources

e Python Documentation on Strings
e Real Python: Strings and Character Data
e W3Schools: Python Strings



https://docs.python.org/3/library/stdtypes.html#text-sequence-type-str
https://realpython.com/python-strings/
https://www.w3schools.com/python/python_strings.asp

Figure Placeholder: - Figure 11.1: Diagram showing string indexing and
slicing. - Figure 11.2: Flowchart of common string methods and their
usage.

This chapter provides a comprehensive guide to string manipulation in
Python, complete with examples, exercises, and further reading resources.
By the end of this chapter, you should have a solid understanding of how to
work with strings in Python.
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1. Introduction to File Handling

File handling is a crucial aspect of programming that allows you to store
and retrieve data from files. Python provides built-in functions and methods
to work with files, making it easy to read from and write to them. This
chapter will guide you through the basics of file handling in Python,
including reading, writing, and managing files.

2. Opening and Closing Files

Before you can read from or write to a file, you need to open it. Python uses
the open() function to open a file. Once you’re done with the file, it’s
important to close it using the close() method to free up system resources.



# Opening a file
file = open(‘'example.txt', ') # " mode opens the file for reading
file.close() # Closing the file

Figure 1: Diagram showing the file handling process: Open -> Read/Write
-> Close.

3. Reading Files
3.1 Reading Entire File
You can read the entire content of a file using the read() method.

file = open(‘'example.txt', 'r')
content = file.read()
print(content)

file.close()

Output:

This is the content of the example.txt file.
3.2 Reading Line by Line
To read a file line by line, you can use a for loop.

file = open('example.txt', 'r')
for line in file:

print(line)
file.close()

Output:

Line 1: This is the first line.

Line 2: This is the second line.
3.3 Reading Specific Lines
You can also read specific lines using the readline() method.

file = open(‘'example.txt', 't')
first_line = file.readline()
print(first_line)

file.close()

Output:



This is the first line.

4. Writing to Files
4.1 Writing Text to Files

To write text to a file, open it in write mode ( 'w').

file = open('example.txt', 'w')
file.write("This is a new line.")
file.close()

Figure 2: Diagram showing the file writing process.
4.2 Appending to Files

To add content to an existing file without overwriting it, use append mode
( ' )
file = open('example.txt', 'a")

file.write("\nThis is an appended line.")
file.close()

Output in example.txt :

This is a new line.

This is an appended line.

5. Working with File Modes
Python supports various file modes:

- r': Read mode (default).

- 'w': Write mode (overwrites the file).
- 'a': Append mode (adds to the file).

- 'b': Binary mode (e.g., ' or ‘wb').

- x': Exclusive creation mode (fails if the file exists).

6. Handling File Paths

When working with files, it’s important to handle file paths correctly.
Python’s os and pathlib modules can help.



import os

# Get the current working directory
current_directory = os.getcwd()

print(current _directory)

# Join paths
file_path = os.path.join(current_directory, 'example.txt')
print(file_path)

Output:

/home/user/projects

/home/user/projects/example.txt

7. Error Handling in File Operations

File operations can fail due to various reasons (e.g., file not found,
permission issues). Use try-except blocks to handle errors gracefully.

try:
file = open('nonexistent.txt', 'r')
except FileNotFoundError:
print('File not found!")

Output:

File not found!

8. Practical Examples
8.1 Example 1: Reading a CSV File

import csv

L]

with open('data.csv', 'r') as file:
reader = csv.reader(file)
for row in reader:

print(row)
Output:
['Name', 'Age', 'City']
['Alice', 30", 'New York']
['Bob', '25', 'Los Angeles']



8.2 Example 2: Writing Logs to a File

import datetime

log_file = open('log.txt', 'a")

log_file.write(f' {datetime.datetime.now()} - Log entry\n')

log_file.close()

Output in log.txt :
2023-10-05 12:34:56.789012 - Log entry

9. Best Practices for File Handling

Always close files after use or use with statements for automatic
closing.

Handle exceptions to avoid crashes.

Use absolute paths for better portability.

Avoid hardcoding file paths; use environment variables or
configuration files.

10. Conclusion

File handling is a fundamental skill in Python programming. By mastering
reading, writing, and managing files, you can build more robust and
versatile applications. Practice the examples provided and explore more
advanced file operations as you progress.

Additional Resources

Python Documentation on File Handling
Real Python: Reading and Writing Files
W3Schools: Python File Handling



https://docs.python.org/3/tutorial/inputoutput.html#reading-and-writing-files
https://realpython.com/read-write-files-python/
https://www.w3schools.com/python/python_file_handling.asp

Open File: file = open('example.txt', mode)

File Modes
'r': Read (default) ‘w': Write (truncate)
'r+": Read and Write 'b": Binary mode

File Operations
file.read() file.readline() file.readlines()
file.write() file.writelines()
file.tell() file.seek()
file.flush() file.close()

Error Handling

try-except block FileNotFoundError PermissionError

Always use file.close() or context manager (with statement)

Figure 3: Placeholder for a flowchart showing the file handling workflow.

This chapter provides a comprehensive guide to file handling in Python,
complete with examples, best practices, and additional resources for further
learning.
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1. Introduction to Errors and Exceptions

In programming, errors are inevitable. They can occur due to various
reasons such as invalid input, file not found, or division by zero. Python
provides a robust mechanism to handle these errors gracefully using
exceptions. This chapter will guide you through the concepts of error
handling and exceptions in Python.

2. Types of Errors in Python
Python errors can be broadly classified into two categories: Syntax Errors
and Exceptions.

e Syntax Errors: These occur when the code does not conform to

the rules of the Python language.

# Syntax Error Example
print("Hello, World!"

Figure 1: Example of a syntax error.

Output:



SyntaxError: unexpected EOF while parsing

o Exceptions: These occur during the execution of the program,
even if the syntax is correct.

# Exception Example
print(10 / 0)

Figure 2: Example of an exception.
Output:

ZeroDivisionError: division by zero

3. Handling Exceptions with Try-Except

To handle exceptions, Python provides the try and except blocks. The code
inside the try block is executed, and if an exception occurs, the code inside
the except block is executed.

# Handling an exception
try:

result=10/0
except ZeroDivisionError:

print("Cannot divide by zero!")
Figure 3: Example of handling an exception.
Output:

Cannot divide by zero!

4. The Else Clause in Try-Except

The else clause in a try-except block is executed if no exceptions occur in the
try block.

# Using the else clause
try:
result=10/2
except ZeroDivisionError:
print("Cannot divide by zero!")
else:
print(f"The result is {result}")



Figure 4: Example of using the else clause.

Output:
The result is 5.0

5. The Finally Clause

The finally clause is executed no matter what, whether an exception occurs
or not. It is typically used for cleanup actions.
# Using the finally clause
try:
result=10/0
except ZeroDivisionError:
print("Cannot divide by zero!")
finally:

print("This will always execute.")
Figure 5: Example of using the finally clause.
Output:

Cannot divide by zero!

This will always execute.

6. Raising Exceptions

You can raise exceptions manually using the raise keyword. This is useful
when you want to enforce certain conditions in your code.

# Raising an exception
x=-1
if x <0:
raise ValueError("x should not be negative")

Figure 6: Example of raising an exception.
Output:

ValueError: x should not be negative

7. Custom Exceptions



Python allows you to define your own exceptions by creating a new class
that inherits from the Exception class.

# Defining a custom exception
class NegativeNumberError(Exception):

pass

# Using the custom exception
x=-1
if x <0:

raise NegativeNumberError("'x should not be negative")
Figure 7: Example of a custom exception.
Output:

NegativeNumberError: x should not be negative

8. Best Practices for Error Handling

e Be Specific with Exceptions: Catch specific exceptions rather
than using a broad except clause.

e Use Finally for Cleanup: Use the finally clause for releasing
resources like file handles or network connections.

e Avoid Silent Failures: Always log or handle exceptions rather
than silently ignoring them.

9. Practical Examples

Let’s look at a practical example where we handle exceptions while reading
a file.

Example: Reading a file and handling exceptions.

# Handling exceptions while reading a file
try:
with open("non_existent_file.txt", "r'") as file:
content = file.read()
except FileNotFoundError:
print("The file does not exist.")
except Exception as e:

print(f"An error occurred: {e}")



Figure 8: Practical example of handling exceptions.

Output:

The file does not exist.

10. Exercises
1. Write a function that takes two numbers and returns their
division. Handle the ZeroDivisionError .
2. Create a custom exception for invalid age input (e.g., age <0 or
age > 120).
3. Write a program that reads a file and handles FileNotFoundError and

PermissionError .

11. Further Reading
e Python Errors and Exceptions - Official Documentation

e Real Python: Python Exceptions
e W3Schools: Python Try Except

This chapter provides a comprehensive introduction to error handling and
exceptions in Python. By the end of this chapter, you should be able to
handle errors gracefully and write more robust Python programs.


https://docs.python.org/3/tutorial/errors.html
https://realpython.com/python-exceptions/
https://www.w3schools.com/python/python_try_except.asp
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1. Introduction to Modules and Packages

Modules and packages are essential concepts in Python that allow you to
organize and reuse code effectively. A module is a single file containing
Python code, while a package is a collection of modules organized in
directories. Together, they help you write modular, maintainable, and
scalable programs.

2. What is a Module?

A module is a file containing Python definitions and statements. The file
name 1s the module name with the .py extension. Modules allow you to
logically organize your code and reuse it across multiple programs.

Example: A simple module named math_operations.py :

# math_operations.py

def add(a, b):



returna+b

def subtract(a, b):

returna-b

Figure 1: A simple Python module.

3. Creating and Using Modules

To use a module, you need to import it into your program using the import
statement. Once imported, you can access its functions, classes, and
variables.

Example: Using the math_operations module:

import math_operations

result = math_operations.add(5, 3)

print(result) # Output: §

Figure 2: Importing and using a module.

4. Standard Library Modules

Python comes with a rich set of standard library modules that provide
ready-to-use functionality. Some commonly used modules include: - math :
Mathematical functions. - os : Operating system interfaces. - random :
Random number generation. - datetime : Date and time manipulation.

Example: Using the math module:

import math

print(math.sqrt(16)) # Output: 4.0

Figure 3: Using a standard library module.

5. What is a Package?

A package is a directory that contains multiple modules and a special file
called it py.Packages allow you to organize related modules into a
hierarchical structure.

Example: A package named shapes :



shapes/

__init_.py
circle.py

rectangle.py

Figure 4: Directory structure of a Python package.

6. Creating and Using Packages

To create a package, organize your modules into a directory and include an
_init__py file. You can then import the package and its modules.

Example: Using the shapes package:

from shapes.circle import calculate area

area = calculate_area(5)
print(area) # Output: 78.53981633974483

Figure 5: Importing a module from a package.

7. Installing Third-Party Packages

Python has a vast ecosystem of third-party packages that you can install
using the pip package manager. These packages extend Python’s
functionality for various tasks.

Example: Installing and using the requests package:

pip install requests

import requests

response = requests.get("https://www.example.com")

print(response.status_code) # Output: 200

Figure 6: Installing and using a third-party package.

8. The import Statement

The import statement is used to bring modules or packages into your
program. You can import an entire module or specific components.

Example: Importing a module and accessing its functions:



import math_operations

result = math_operations.subtract(10, 4)
print(result) # Output: 6

Figure 7: Using the import statement.

9. The from ... import Statement

The from ...import statement allows you to import specific functions or
classes from a module, reducing the need to reference the module name.

Example: Importing specific functions:
from math_operations import add, subtract

result = add(7, 3)

print(result) # Output: 10

Figure 8: Using the from ... import statement.

10. The init py File

The _init .py file is a special file that marks a directory as a Python
package. It can also be used to initialize package-level variables or import
submodules.

Example: An it py file:

#shapes/ _init _.py
from .circle import calculate area

from .rectangle import calculate area as calculate rectangle area

Figure 9: The role of _init .py in a package.

11. Namespace and Scope in Modules

Each module has its own namespace, which prevents naming conflicts
between modules. You can access a module’s namespace using the dir()
function.

Example: Exploring a module’s namespace:

import math



print(dir(math)) # Output: List of functions and variables in the math module

Figure 10: Exploring a module’s namespace.

12. Practical Examples

Let’s look at a practical example where we use modules and packages to
organize a project.

Example: A project structure:

my_project/
main.py

utils/

__init__.py
math_operations.py

string_operations.py
Figure 11: Project structure with modules and packages.
Code in main.py <

from utils.math_operations import add

from utils.string_operations import reverse string

print(add(5, 3)) # Output: 8
print(reverse_string("Python")) # Output: nohtyP

13. Best Practices for Organizing Code
e Use meaningful names for modules and packages.
e Keep modules small and focused on a single task.
e Use _init .py to initialize packages.
e Document your modules and packages using docstrings.

14. Exercises
1. Create a module named string operations.py With functions to reverse
a string and count vowels.
2. Organize the string operations.py module into a package named

text utils .



3. Install a third-party package like numpy and use it to perform
array operations.

15. Further Reading
e Python Modules - Official Documentation
e Python Packages - Official Documentation
e Real Python: Python Modules and Packages
e Pip Documentation

This chapter provides a comprehensive introduction to modules and
packages in Python. By the end of this chapter, you will be able to create,
organize, and use modules and packages effectively in your projects. The
figures, code snippets, and exercises help reinforce the concepts and
provide practical experience.


https://docs.python.org/3/tutorial/modules.html
https://docs.python.org/3/tutorial/modules.html#packages
https://realpython.com/python-modules-packages/
https://pip.pypa.io/en/stable/
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1. Introduction to Object-Oriented Programming (OOP)

Object-Oriented Programming (OOP) is a programming paradigm that
organizes code into reusable structures called objects. These objects are
instances of classes, which act as blueprints for creating objects. OOP
focuses on modeling real-world entities and their interactions, making it
easier to manage and scale complex programs.

Python is a multi-paradigm language, meaning it supports both procedural
and object-oriented programming. OOP in Python is intuitive and powerful,
making it a great choice for building modular and maintainable
applications.



2. Key Concepts of OOP

Classes and Objects

e A class is a blueprint for creating objects. It defines the properties
(attributes) and behaviors (methods) that the objects will have.

* An object is an instance of a class. It represents a specific entity
based on the class definition.

Attributes and Methods
e Attributes are variables that belong to an object or class.

e Methods are functions that belong to an object or class.

Encapsulation

Encapsulation is the concept of bundling data (attributes) and methods that
operate on the data into a single unit (class). It also restricts direct access to
some of an object’s components, which is achieved using access modifiers

like private and protected attributes.

Inheritance

Inheritance allows a class (child class) to inherit attributes and methods
from another class (parent class). This promotes code reuse and hierarchical
organization.

Polymorphism

Polymorphism allows objects of different classes to be treated as objects of
a common superclass. It enables methods to behave differently based on the
object that calls them.

3. Creating Classes and Objects in Python

To create a class in Python, use the class keyword. Objects are created by
calling the class as if it were a function.

Example:

# Defining a class

class Dog:



# Class attribute

species = "Canis familiaris"

# Instance attributes
def init (self, name, age):
self.name = name

self.age = age

# Creating an object

my_dog = Dog("Buddy", 5)

print(f"{my_dog.name} is {my dog.age} years old.")
Output:

Buddy is 5 years old.

4. The it Method and Constructors

The _init method is a special method in Python classes. It is called
automatically when an object is created and is used to initialize the object’s
attributes.

Example:

class Car:
def init (self, make, model, year):
self.make = make
self.model = model

self.year = year

my_car = Car("Toyota", "Corolla", 2020)

print(f"My car is a {my_car.year} {my_car.make} {my_car.model}.")

Output:
My car is a 2020 Toyota Corolla.

5. Class and Instance Attributes
e C(lass attributes are shared by all instances of a class.

e Instance attributes are unique to each instance.

Example:



class Circle:
# Class attribute
pi=3.14159

def init (self, radius):
# Instance attribute

self.radius = radius

def area(self):

return self.pi * self.radius ** 2

circlel = Circle(5)
print(f"Area of circlel: {circlel.area()}") # Output: Area of circlel: 78.53975

6. Methods in Python Classes

Methods are functions defined within a class. They can access and modify
the object’s attributes.

Example:
class Rectangle:
def init (self, width, height):
self.width = width
self.height = height

def area(self):
return self.width * self.height

rect = Rectangle(10, 5)
print(f"Area of rectangle: {rect.area()}") # Output: Area of rectangle: 50

7. Inheritance and Method Overriding

Inheritance allows a class to inherit attributes and methods from another
class. Method overriding allows a child class to provide a specific
implementation of a method that is already defined in its parent class.

Example:

class Animal:
def speak(self):

return "Animal sound"



class Dog(Animal):
def speak(self):

return "Woof!"

dog = Dog()
print(dog.speak()) # Output: Woof!

8. Polymorphism and Method Overloading

Polymorphism allows methods to behave differently based on the object
that calls them. Python does not support method overloading directly, but it
can be achieved using default arguments or variable-length arguments.

Example:

class Bird:
def fly(self):
return "Flying high"

class Sparrow(Bird):
def fly(self):

return "Sparrow is flying"

class Penguin(Bird):
def fly(self):

return "Penguins can't fly"

def let it fly(bird):
print(bird.fly())

let it fly(Sparrow()) # Output: Sparrow is flying
let it fly(Penguin()) # Output: Penguins can't fly

9. Special Methods (Magic Methods)

Special methods, also known as magic methods, are predefined methods in
Python that start and end with double underscores (). They allow you to
define how objects behave with built-in operations.

Example:
class Book:
def init (self, title, author):



self .title = title

self.author = author

def str (self):
return " {self title} by {self.author}"

book = Book("1984", "George Orwell")
print(book) # Output: 1984 by George Orwell

10. Practical Examples of OOP in Python

Let’s build a simple banking system using OOP.
Example:

class BankAccount:
def init (self, owner, balance=0):
self.owner = owner

self.balance = balance

def deposit(self, amount):
self.balance += amount

print(f"'Deposited {amount}. New balance: {self.balance}")

def withdraw(self, amount):
if amount > self.balance:
print("Insufficient funds!")
else:
self.balance -= amount

print(f"Withdrew {amount}. New balance: {self.balance}")

account = BankAccount("Alice", 1000)
account.deposit(500) # Output: Deposited 500. New balance: 1500
account.withdraw(200) # Qutput: Withdrew 200. New balance: 1300

11. Common Pitfalls and Best Practices

e Avoid overusing inheritance; prefer composition over inheritance.

e Use encapsulation to protect sensitive data.



e Follow naming conventions for classes, methods, and attributes.

e Use docstrings to document your classes and methods.

12. Summary and Key Takeaways

e OOQP organizes code into reusable objects.
e C(lasses are blueprints for creating objects.

e Encapsulation, inheritance, and polymorphism are the pillars of
OOP.

e Special methods allow customization of object behavior.

e Practice OOP principles to build modular and maintainable
applications.

Figures and Placeholders
e Figure 15.1: Diagram of a class and its objects.

e Figure 15.2: Inheritance hierarchy example.

e Figure 15.3: Polymorphism in action.

Additional Resources
e Python Official Documentation on Classes

e Real Python: Object-Oriented Programming

o GeeksforGeeks: OOP in Python

This chapter provides a comprehensive introduction to Object-Oriented
Programming in Python. By mastering these concepts, you’ll be able to


https://docs.python.org/3/tutorial/classes.html
https://realpython.com/python3-object-oriented-programming/
https://www.geeksforgeeks.org/python-oops-concepts/

design and implement robust, reusable, and scalable applications.
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1. Introduction to Libraries in Python

Python libraries are collections of pre-written code that provide functionality for
specific tasks. They save time and effort by allowing you to reuse code instead of
writing everything from scratch. Two of the most popular libraries for data
manipulation and analysis are NumPy and Pandas.

2. What is NumPy?

NumPy (Numerical Python) is a library for working with arrays and matrices. It
provides support for mathematical operations, making it ideal for scientific computing,
data analysis, and machine learning.

Key Features of NumPy:
e Efficient array operations.

e Support for multi-dimensional arrays.

e Mathematical functions for linear algebra, statistics, and more.

3. Installing NumPy

To install NumPy, use the following command:
pip install numpy



Verifying the Installation:
import numpy as np

print(np.__ version )

Output:

1.21.0

4. Creating and Manipulating NumPy Arrays

NumPy arrays are the core data structure in NumPy. They are faster and more efficient
than Python lists for numerical computations.
Example:

import numpy as np

# Creating a 1D array

arr = np.array([1, 2, 3, 4, 5])
print(arr)

Output:

[12345]

Creating a 2D Array:

arr_2d = np.array([[1, 2, 3], [4, 5, 6]])
print(arr_2d)

Output:

[[123]
[456]]

5. Basic NumPy Operations

NumPy provides a wide range of operations for arrays, including arithmetic, slicing,
and reshaping.

Example:

# Arithmetic operations

arrl = np.array([1, 2, 3])

arr2 = np.array([4, 5, 6])

print(arrl + arr2) # Ouiput: [57 9]

# Slicing
print(arr1[1:3]) # Output: [2 3]

# Reshaping
arr = np.array([ 1, 2, 3, 4, 5, 6])



reshaped_arr = arr.reshape(2, 3)

print(reshaped_arr)
Output:

[[123]
[456]]

6. What is Pandas?

Pandas is a library for data manipulation and analysis. It provides two main data
structures: Series (1D) and DataFrame (2D). Pandas is built on top of NumPy and is
widely used for working with structured data.

Key Features of Pandas:
e Handling missing data.

e Reading and writing data from various file formats (CSV, Excel, SQL).

e Powerful data manipulation tools.

7. Installing Pandas

To install Pandas, use the following command:
pip install pandas

Verifying the Installation:
import pandas as pd

print(pd.__ version )

Output:
1.3.0

8. Working with Pandas DataFrames

A DataFrame is a 2D table-like data structure with rows and columns. It is similar to a
spreadsheet or SQL table.

Example:

import pandas as pd

# Creating a DataFrame
data = {
"Name": ["Alice", "Bob", "Charlie"],
"Age": [25, 30, 35],
"City": ["New York", "Los Angeles", "Chicago"]



H
df = pd.DataFrame(data)

print(df)
Output:

Name Age City
0 Alice 25 New York
1 Bob 30 Los Angeles
2 Charlie 35  Chicago

9. Data Manipulation with Pandas

Pandas provides powerful tools for data manipulation, including filtering, sorting, and
grouping.

Example:

# Filtering data

filtered df = df[df["Age"] > 25]

print(filtered_df)

# Sorting data
sorted_df = df.sort_values(by="Age", ascending=False)
print(sorted_df)

# Grouping data
grouped_df = df.groupby("City").mean()
print(grouped_df)

10. Combining NumPy and Pandas

NumPy and Pandas work seamlessly together. You can convert a NumPy array to a
Pandas DataFrame and vice versa.

Example:

# Converting a NumPy array to a DataFrame

arr = np.array([[1, 2, 3], [4, 5, 6]])

df = pd.DataFrame(arr, columns=["A", "B", "C"])
print(df)

# Converting a DataFrame to a NumPy array
arr_from_df = df.to_numpy()
print(arr_from_df)

11. Practical Examples



Let’s explore a practical example of using NumPy and Pandas together to analyze a
dataset.

Example: Analyzing Student Grades
import numpy as np

import pandas as pd

# Sample data
data = {
"Student": ["Alice", "Bob", "Charlie", "David"],
"Math": [85, 90, 78, 92],
"Science": [88, 84, 91, 87],
"History": [82, 88, 85, 90]
H
df = pd.DataFrame(data)

# Adding a new column for average grade

dff"Average"] = df[["Math", "Science", "History"]].mean(axis=1)
print(df)

Output:

Student Math Science History Average
0 Alice 8 8 82 85.0
1 Bob 90 84 88 873
2 Charlie 78 91 85 847
3 David 92 87 90 89.7

12. Summary and Key Takeaways

e NumPy is a powerful library for numerical computations with arrays.
e Pandas is ideal for data manipulation and analysis with DataFrames.
e NumPy and Pandas can be used together for advanced data processing.

* Practice is key to mastering these libraries.

Figures and Placeholders
* Figure 16.1: Example of a NumPy array.



. Figure 16.2: Example of a Pandas DataFrame.

NumPy Pandas

Core Numerical Computing Library Data Manipulation Library

= Multidimensional Arrays (ndarray) * DataFrame and Series

- Mathematical Operations - Data Analysis Tools

« Linear Algebra Functions - Time Series Functionality

* Broadcasting = Data Cleaning and Preprocessing

= Numerical Computing Foundation * Built on NumPy Arrays

Underlying Data Structure

e Figure 16.3: Flowchart showing the relationship between NumPy and
Pandas.

Additional Resources
e NumPy Official Documentation
e Pandas Official Documentation
e Real Python: NumPy Tutorial
e Real Python: Pandas Tutorial

This chapter provides a comprehensive introduction to NumPy and Pandas, equipping
beginners with the skills to perform data manipulation and analysis. Practice the
examples and explore the provided resources to deepen your understanding.


https://numpy.org/doc/
https://pandas.pydata.org/docs/
https://realpython.com/numpy-tutorial/
https://realpython.com/pandas-tutorial/
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1. Introduction to Data Visualization

Data visualization is a powerful tool for understanding and interpreting
data. It allows you to see patterns, trends, and outliers that might not be
apparent from raw data alone. Python, with its rich ecosystem of libraries,
makes data visualization accessible and efficient.

2. What is Matplotlib?



Matplotlib is a comprehensive library for creating static, animated, and
interactive visualizations in Python. It is highly customizable and works
well with other Python libraries like NumPy and Pandas.

3. Installing Matplotlib

To install Matplotlib, use pip:
pip install matplotlib

4. Basic Plotting with Matplotlib
4.1 Line Plot

A line plot is useful for visualizing data points connected by straight lines.

import matplotlib.pyplot as plt

# Data
x=[1,2,3,4,5]
y: [25 33 55 75 11]

# Plotting

plt.plot(x, y)
plt.show()

Output: Figure 1: A simple line plot showing the relationship between x
and y.

4.2 Scatter Plot
A scatter plot is used to visualize the relationship between two variables.

# Data
x=[1,2,3,4,5]
y=1[2,3,5,7,11]

# Plotting
plt.scatter(x, y)
plt.show()

Output: Figure 2: A scatter plot showing individual data points.
4.3 Bar Plot

A bar plot is useful for comparing quantities.



# Data

categories = ['A', 'B', 'C', 'D']
values = [10, 20, 15, 25]

# Plotting

plt.bar(categories, values)
plt.show()

Output: Figure 3: A bar plot comparing values across categories.

5. Customizing Plots
5.1 Adding Titles and Labels

Adding titles and labels makes your plots more informative.

plt.plot(x, y)
plt.title("Line Plot Example")

plt.xlabel("X-axis")
plt.ylabel("Y-axis")
plt.show()

Output: Figure 4. A line plot with a title and axis labels.
5.2 Customizing Colors and Styles
You can customize the appearance of your plots.

plt.plot(x, y, color="red', linestyle='--', marker='0")
plt.show()

Output: Figure 5: A customized line plot with red dashed lines and circle
markers.

5.3 Adding Legends
Legends help identify different data series.

plt.plot(x, y, label="Data Series 1")

plt.plot([1, 2, 3,4, 5], [1, 4, 9, 16, 25], label="Data Series 2")
plt.legend()

plt.show()

Output: Figure 6: A plot with two data series and a legend.



6. Advanced Plotting Techniques
6.1 Subplots

Subplots allow you to create multiple plots in a single figure.

fig, axs = plt.subplots(2)
axs[0].plot(x, y)

axs[1].scatter(x, y)

plt.show()

Output: Figure 7: A figure with two subplots, one line plot, and one scatter
plot.

6.2 Histograms

Histograms are used to visualize the distribution of data.

data = [15 23 25 3’ 3? 3’ 4’ 4’ 4’ 4]
plt.hist(data, bins=4)
plt.show()

Output: Figure 8: A histogram showing the distribution of data.
6.3 Pie Charts
Pie charts are useful for showing proportions.

labels = ['A", 'B', 'C', 'D']

sizes = [15, 30, 45, 10]

plt.pie(sizes, labels=labels, autopct="%1.11%%")
plt.show()

Output: Figure 9: A pie chart showing proportions of different categories.

7. Saving Plots to Files

You can save plots to files for later use.

plt.plot(x, y)
plt.savefig(‘plot.png’)

8. Practical Examples
8.1 Visualizing Stock Prices

import pandas as pd



# Data

data = {'Date": pd.date range(start='1/1/2022', periods=5),
"Price’: [100, 101, 102, 103, 104]}

df = pd.DataFrame(data)

# Plotting

plt.plot(df['Date'], df'Price'])
plt.title("Stock Prices Over Time")
plt.xlabel("Date")
plt.ylabel("Price")

plt.show()

Output: Figure 10: A line plot showing stock prices over time.

8.2 Plotting Survey Results

# Data

responses = {'Yes'": 25, 'No'": 15, 'Maybe'": 10}
plt.bar(responses.keys(), responses.values())
plt.title("Survey Results")
plt.xlabel("Response")

plt.ylabel("Count")

plt.show()

Output: Figure 11: A bar plot showing survey resullts.

9. Exercises
1. Create a line plot of the function y = x”2 for x in the range 0 to
10.
2. Generate a scatter plot of random data points.
Create a bar plot to compare the populations of different cities.
4. Use subplots to display a line plot and a scatter plot in the same
figure.

(98]

10. Conclusion

Matplotlib is a versatile and powerful library for data visualization in
Python. By mastering its basic and advanced features, you can create
informative and visually appealing plots to better understand your data.



Additional Resources
e Matplotlib Documentation
e Real Python: Python Plotting With Matplotlib
e  W3Schools: Matplotlib Tutorial

This chapter provides a comprehensive guide to data visualization with
Matplotlib, complete with examples, exercises, and additional resources for
further learning.


https://matplotlib.org/stable/contents.html
https://realpython.com/python-matplotlib-guide/
https://www.w3schools.com/python/matplotlib_intro.asp
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1. Introduction to Web Scraping

Web scraping is the process of extracting data from websites. It is a
powerful tool for gathering information from the web, automating data

collection, and performing data analysis. In this chapter, you’ll learn how to

use BeautifulSoup, a Python library, to scrape web pages effectively.

2. What is BeautifulSoup?

BeautifulSoup is a Python library that makes it easy to parse HTML and
XML documents. It provides a simple interface for navigating and
searching the parse tree, making it ideal for web scraping tasks.

3. Setting Up BeautifulSoup



To use BeautifulSoup, you need to install it along with the requests library,
which is used to fetch web pages.

pip install beautifulsoup4 requests

4. Understanding HTML Structure

Before scraping a website, it’s essential to understand its HTML structure.
HTML documents are made up of elements, such as <div>, <p>, <a>, and
<table> , which are organized in a hierarchical structure.

Figure 1: HTML Structure of a Simple Web Page

<IDOCTYPE html>
<html>
<head>
<title>Sample Page</title>
</head>
<body>
<h1>Welcome to the Sample Page</h1>
<p>This is a paragraph.</p>
<a href="https://example.com">Visit Example</a>
</body>
</html>

Description: A simple HTML document with a title, heading, paragraph,
and link.

5. Parsing HTML with BeautifulSoup

To parse an HTML document, you first need to fetch the web page using
the requests library and then pass the content to BeautifulSoup.

import requests

from bs4 import BeautifulSoup

# Fetch the web page
url = "https://example.com"”
response = requests.get(url)

html_content = response.content



# Parse the HTML content
soup = BeautifulSoup(html_content, "html.parser")
print(soup.prettify())

Output:

<IDOCTYPE html>
<html>
<head>

<title>

Example Domain

</title>

</head>
<body>
<div>
<hl1>
Example Domain
</h1>
<p>
This domain is for use in illustrative examples in documents.
</p>
</div>
</body>

</html>

6. Navigating the Parse Tree

BeautifulSoup allows you to navigate the parse tree using tags, attributes,
and relationships between elements.

# Access the title tag
title tag = soup.title
print(title tag.text) # Output: Example Domain

# Access the first <p> tag
paragraph = soup.p

print(paragraph.text) # Output: This domain is for use in illustrative examples in documents.




7. Searching the Parse Tree

You can search the parse tree using methods like find() and find all() .

# Find the first <a> tag
first_link = soup.find("a")
print(first_link["href"]) # Output: https://www.iana.org/domains/example

# Find all <p> tags

all paragraphs = soup.find_all("p")

for p in all paragraphs:
print(p.text)

Output:

This domain is for use in illustrative examples in documents.

8. Extracting Data from HTML

You can extract specific data, such as text, links, and attributes, from
HTML elements.

# Extract all links

links = soup.find_all("a")

for link in links:
print(link["href"])

Output:

https://www.iana.org/domains/example

9. Handling Common HTML Elements

o Tables: Extract data from HTML tables.
o Lists: Extract items from ordered or unordered lists.
e Forms: Extract input fields and form data.
# Example: Extracting data from a table
html ="""
<table>
<tr><th>Name</th><th>Age</th></tr>
<tr><td>Alice</td><td>30</td></tr>
<tr><td>Bob</td><td>25</td></tr>

</table>



nmn

soup = BeautifulSoup(html, "html.parser")
rows = soup.find_all("tr")
for row in rows:
cells = row.find_all("td")
if cells:
print(f"Name: {cells[0].text}, Age: {cells[1].text}")

Output:

Name: Alice, Age: 30
Name: Bob, Age: 25

10. Practical Examples
Example 1: Scraping a News Headline

url = "https://news.ycombinator.com"

response = requests.get(url)

soup = BeautifulSoup(response.content, "html.parser")
headlines = soup.find_all("a", class_="storylink")

for headline in headlines:

print(headline.text)
Output:

Sample Headline 1
Sample Headline 2

Example 2: Extracting Product Prices

url = "https://example.com/products"

response = requests.get(url)

soup = BeautifulSoup(response.content, "html.parser")
prices = soup.find_all("span", class ="price")

for price in prices:

print(price.text)

Output:

$19.99
$29.99



11. Best Practices for Web Scraping
e Respect robots.txt : Check the website’s robots.txt file to see if
scraping 1s allowed.
e Use Headers: Add headers to your requests to mimic a real
browser.
e Limit Requests: Avoid overloading the server by adding delays
between requests.

12. Ethical Considerations
e Permission: Always seek permission before scraping a website.

e Data Usage: Use scraped data responsibly and in compliance
with legal and ethical guidelines.

13. Exercises
1. Scrape the titles of articles from a news website.
2. Extract all links from a webpage and save them to a file.
3. Scrape a table of data and convert it into a CSV file.

14. Conclusion

Web scraping with BeautifulSoup is a powerful skill that allows you to
extract and analyze data from the web. By following the techniques and
best practices outlined in this chapter, you can scrape data responsibly and
efficiently.

Additional Resources
e BeautifulSoup Documentation

e Requests Library Documentation
e Real Python: Web Scraping with BeautifulSoup


https://www.crummy.com/software/BeautifulSoup/bs4/doc/
https://docs.python-requests.org/en/latest/
https://realpython.com/beautiful-soup-web-scraper-python/

This chapter provides a comprehensive introduction to web scraping with
BeautifulSoup, complete with examples, exercises, and additional resources
for further learning.
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1. Introduction to APIs

APIs (Application Programming Interfaces) are the backbone of modern
web development. They allow different software systems to communicate
with each other, enabling the exchange of data and functionality. In this
chapter, you’ll learn the basics of APIs, how to work with JSON (JavaScript
Object Notation), and how to make API requests using Python.

2. What is an API?

An API is a set of rules and protocols that allows one software application
to interact with another. APIs define the methods and data formats that
applications can use to request and exchange information.

Figure 1: API Communication Diagram

Client (Your Application) -> API Request -> Server (API Provider)
Client (Your Application) <- API Response <- Server (API Provider)

Description: A diagram showing how a client application communicates
with a server via an APL.

3. Types of APIs



There are several types of APIs, including: - Web APIs: Used for web-
based services (e.g., REST, SOAP). - Library APIs: Provided by software
libraries (e.g., Python’s requests library). - Operating System APIs: Allow
applications to interact with the OS (e.g., Windows API).

4. Introduction to JSON

JSON (JavaScript Object Notation) is a lightweight data interchange format
that is easy for humans to read and write, and easy for machines to parse
and generate. It is commonly used for transmitting data in web applications.

Example JSON:
{

"name": "John Doe",
"age": 30,
"is_student": false,

"courses": ["Math", "Science"]

}

5. JSON Syntax and Structure

JSON is built on two structures: - Objects: Unordered collections of key-
value pairs, enclosed in {} . - Arrays: Ordered lists of values, enclosed in

[1.
Example:

{
"employees": [
{"name": "Alice", "age": 25},
{"name": "Bob", "age": 30}
]
H

6. Working with JSON in Python

Python provides the json module to work with JSON data. You can convert
JSON strings to Python objects and vice versa.

Example: Converting JSON to Python



import json

json_data ="'{"name": "John", "age": 30}'
python_dict = json.loads(json_data)
print(python_dict)

Output:
{'name': 'John', 'age": 30}
Example: Converting