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Part I

Introduction to Python
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Chapter 1

Getting Started with Python

1.1 What is Python?

Python is a versatile, high-level programming language created by Guido van
Rossum and first released in 1991. Over the years, Python has gained immense
popularity due to its simplicity and readability. It is an interpreted language,
which means Python code is executed line by line, making it easier to debug and
understand.

Python is widely used in various domains such as web development, data
science, artificial intelligence, machine learning, scientific computing, automa-
tion, and more. Its extensive standard library and active community provide a
wealth of resources, making it a powerful tool for both beginners and experienced
programmers.

Python’s syntax emphasizes readability and allows developers to express their
ideas with fewer lines of code compared to many other programming languages.
For example, a simple program to print ”Hello, World!” in Python requires just
a single line of code:

1 print("Hello , World!")

1.2 Installing Python and Setting Up the Environ-
ment

Before you can start writing Python programs, you need to install Python on
your computer. Python is available for all major operating systems, including
Windows, macOS, and Linux. Follow these steps to set up your Python envi-
ronment:

1.2.1 Downloading Python

1. Visit the official Python website at https://www.python.org/. 2. Navi-
gate to the Downloads section and select the version suitable for your operating
system. For most users, the latest stable version is recommended.
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1.2.2 Installing Python

Once the Python installer is downloaded: - On Windows, run the installer, check
the box labeled ”Add Python to PATH,” and click Install. - On macOS, use the
installer package and follow the on-screen instructions. - On Linux, Python is
often pre-installed. If not, you can install it using your package manager. For
example:

1 sudo apt -get install python3

1.2.3 Verifying the Installation

To verify that Python is successfully installed, open a terminal or command
prompt and type:

1 python --version

You should see the installed version of Python displayed.

1.2.4 Setting Up an IDE or Text Editor

While Python scripts can be written in any text editor, using an Integrated
Development Environment (IDE) or a code editor enhances the development
experience. Popular choices include: - PyCharm: A feature-rich IDE specifically
designed for Python. - Visual Studio Code: A lightweight yet powerful code
editor. - Jupyter Notebook: Ideal for data science and interactive coding.

1.3 Writing Your First Python Program

Now that Python is installed, let’s write your first program. Open a text editor
or IDE, and type the following code:

1 print("Welcome to Python programming!")

Save the file with a .py extension, for example, first program.py. To run
the program: - Open a terminal or command prompt. - Navigate to the folder
where the file is saved. - Type:

1 python first\_program.py

You should see the output: Welcome to Python programming!

1.4 The Python REPL and Scripts

Python provides an interactive shell, known as the REPL (Read-Eval-Print
Loop), which allows you to execute Python commands one line at a time. To
start the Python REPL, simply type python or python3 in your terminal or
command prompt. You will see a prompt (>>>), where you can enter Python
code and immediately see the results.

For example:

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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1 >>> 2 + 2

2 4

3 >>> print("Hello from the REPL!")

4 Hello from the REPL!

The REPL is great for quick experiments and debugging. However, for larger
projects, it is better to write your code in scripts (Python files with a .py

extension) so that it can be reused and maintained.

1.5 Why Choose Python?

Python stands out for its versatility, ease of use, and a large ecosystem of li-
braries. Its ability to handle tasks ranging from simple scripting to complex
machine learning models makes it a language of choice for professionals across
industries. Furthermore, Python’s active community ensures that there are am-
ple resources, tutorials, and support available for learners at every stage.

By the end of this book, you will have a thorough understanding of Python,
enabling you to build a wide range of applications, from simple programs to
advanced projects.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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Chapter 2

Python Basics

2.1 Introduction

Before diving into advanced topics, it is crucial to understand the foundational
elements of Python. This chapter introduces the essential building blocks of
Python programming, including variables, data types, input/output operations,
and operators. These concepts form the basis of every Python program, regard-
less of its complexity.

Python’s design philosophy emphasizes readability, which makes its syntax
intuitive and easy to learn. Python employs whitespace indentation to define
code blocks, ensuring code remains visually organized. This readability makes
Python an excellent choice for beginners and professionals alike. Furthermore,
Python supports multiple programming paradigms, including procedural, object-
oriented, and functional programming, making it versatile for various applica-
tions.

This chapter will provide detailed explanations and practical examples to
help you master these basic concepts, forming a solid foundation for more ad-
vanced programming tasks.

2.2 Variables and Data Types

2.2.1 Variables

In Python, a variable is a container for storing data. Variables can hold different
types of data, such as numbers, strings, or complex objects. Python is dynam-
ically typed, meaning the type of a variable is determined at runtime based on
the value assigned to it. Unlike many programming languages, Python does not
require you to declare the data type of a variable explicitly.

2.2.2 Declaring Variables

To declare a variable, simply assign a value to it using the ‘=‘ operator. Here’s
an example:

1 # Assigning values to variables

6
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2 name = "Alice"

3 age = 25

4 height = 5.6

5

6 print(name) # Output: Alice

7 print(age) # Output: 25

8 print(height) # Output: 5.6

2.2.3 Data Types in Python

Python supports several built-in data types. Here are some common ones:
Numeric types: int, float, complex
Sequence types: str, list, tuple
Mapping type: dict
Set types: set, frozenset
Boolean type: bool
None type: NoneType

1 # Exploring data types

2 x = 42 # int

3 y = 3.14 # float

4 z = "Hello" # str

5 is\_active = True # bool

6 numbers = [1, 2, 3] # list

7

8 print(type(x)) # Output: <class ’int ’>

9 print(type(y)) # Output: <class ’float ’>

10 print(type(z)) # Output: <class ’str ’>

11 print(type(is\_active)) # Output: <class ’bool ’>

12 print(type(numbers)) # Output: <class ’list ’>

Numeric Types

Numeric data types in Python are used to represent numbers. These types
include:

• int: Used for whole numbers, both positive and negative. For example,
‘42‘ and ‘-7‘ are integers. Integers can be arbitrarily large in Python.

• float: Represents numbers with decimal points, such as ‘3.14‘ or ‘-0.001‘.
Floats are used for calculations requiring precision, including scientific com-
putations.

• complex: Represents complex numbers, which include a real part and an
imaginary part. The imaginary part is denoted with a ‘j‘, as in ‘3 + 4j‘.

Numeric types allow various operations like addition, subtraction, multiplication,
and division. You can also use built-in functions like ‘abs()‘, ‘round()‘, and
‘pow()‘ to manipulate numeric values.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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Text Type

str: The string data type is used to represent sequences of characters. Strings
are enclosed in single (‘’‘), double (‘”‘), or triple quotes (‘”’‘ or ‘”””‘). Strings
are immutable, meaning their content cannot be changed after creation. Here is
an example of a string:

1 message = "Hello , World!"

Python strings offer a rich set of methods for manipulation, such as ‘lower()‘,
‘upper()‘, ‘replace()‘, and slicing to extract substrings.

Sequence Types

Sequence types are used to store collections of items in a specific order. The
primary sequence types in Python are:

• list: Lists are ordered, mutable collections of items. You can modify their
content by adding, removing, or changing elements. Example:

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

2

• tuple: Tuples are ordered but immutable collections of items. Once cre-
ated, their content cannot be changed. Example:

1 coordinates = (10, 20, 30)

2

• range: The range type represents a sequence of numbers, commonly used
in loops. Example:

1 numbers = range(1, 10)

2

Mapping Type

dict: The dictionary type is used to represent key-value pairs, enabling fast
lookups and organized storage of related data. Example:

1 student = {"name": "Alice", "age": 25, "grade": "A"}

Dictionaries support methods like ‘keys()‘, ‘values()‘, and ‘items()‘ for data re-
trieval.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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Set Types

Set types are collections of unique items without a specific order. Python pro-
vides two set types:

• set: Mutable collections that do not allow duplicate items. Example:

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

2

• frozenset: Immutable versions of sets, which cannot be changed after
creation. Example:

1 frozen_numbers = frozenset ([1, 2, 3, 4])

2

Boolean Type

bool: The boolean type represents truth values, which can be either ‘True‘ or
‘False‘. Booleans are often used in conditional statements and logical operations.
Example:

1 is_valid = True

2 is_empty = False

None Type

NoneType: This type represents the absence of a value, denoted by the keyword
‘None‘. It is commonly used to indicate ”no value” or ”null” in functions and
data structures. Example:

1 result = None

Understanding these data types is essential for writing efficient and effec-
tive Python programs. Each type serves a specific purpose, and choosing the
appropriate type for your data ensures code clarity and performance.

Type Conversion

Python allows you to convert data from one type to another using functions like
‘int()‘, ‘float()‘, ‘str()‘, etc. For example:

1 number = 42

2 string_number = str(number) # Converts to string

Understanding variables and data types is essential for effective programming
in Python. The next sections will delve deeper into input/output operations,
operators, and other fundamental concepts.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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Creating Variables

To create a variable, you simply assign a value to a variable name using the
assignment operator (‘=‘):

1 x = 5

2 name = "John"

3 is_active = True

Here, ‘x‘ is assigned an integer value, ‘name‘ is assigned a string value, and
‘is active‘ is assigned a boolean value. This simple assignment is a core feature
of Python’s dynamic typing, which allows developers to focus on logic without
worrying about type declarations.

You can reassign a variable to hold a value of a different type. For instance:

1 x = 5 # Integer

2 y = "5" # String representation of a number

3 z = True # Boolean value

4 x = 3.14 # Now x is a Float

Variables can also store more complex data types, such as lists or dictionaries:

1 fruits = ["apple", "banana", "cherry"] # List

2 data = {"name": "John", "age": 30} # Dictionary

Python provides the ‘type()‘ function to check the type of a variable:

1 print(type(x)) # Output: <class ’float ’>

2 print(type(name)) # Output: <class ’str ’>

These features make Python both powerful and flexible, enabling developers
to write concise and efficient code. Proper understanding of variable creation
and manipulation is essential for mastering Python programming.

Variable Naming Rules

Variable names in Python must adhere to specific rules to ensure proper inter-
pretation by the Python interpreter. These rules are:

• A variable name must begin with a letter (a-z, A-Z) or an underscore (‘ ‘).
For example:

1 my_var = 10 # Valid variable name

2 _temp = 5 # Valid variable name

3

• A variable name cannot begin with a digit. For instance:

1 1variable = 20 # Invalid variable name

2

• A variable name may contain letters, digits, and underscores but cannot
include special characters like ‘‘, ‘#‘, or ‘‘. For example:

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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1 data_123 = "valid" # Valid variable name

2 data@123 = "invalid" # Invalid variable name

3

• Variable names are case-sensitive. For example:

1 age = 25

2 Age = 30 # Different variable

3

These rules ensure that variable names remain valid and unambiguous, facil-
itating smoother program execution.

Best Practices for Naming Variables

To make your code more readable and maintainable, it is advisable to follow
these best practices when naming variables:

• Use descriptive names that clearly indicate the variable’s purpose. For
example:

1 student_age = 20 # Descriptive and clear

2 sa = 20 # Not descriptive

3

• Adopt the snake case convention, which uses lowercase letters and under-
scores to separate words in a variable name. This style enhances readabil-
ity, especially in larger projects. For example:

1 total_sales = 1000 # Snake case

2 totalSales = 1000 # Camel case , not recommended

3

• Avoid naming variables with Python keywords or built-in function names.
Using names like ‘list‘ or ‘str‘ can shadow their original functionality, lead-
ing to errors or unexpected behavior. For example:

1 list = [1, 2, 3] # Avoid using built -in names

2

• Maintain consistency in naming conventions throughout your codebase.
For instance, if you use snake case for one variable, do not switch to camel-
Case for another. Consistency makes your code easier to read and main-
tain.

Following these best practices ensures that your code is not only functional
but also easier for others (and your future self) to understand and maintain.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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2.3 Input and Output

Python provides simple yet powerful functions for interacting with users. The
input() function allows the program to read user input as a string, while the
print() function is used to display output on the screen.

2.3.1 Getting User Input

The input() function is used to prompt the user for input. It always returns
the input as a string, regardless of the data type entered.

1 # Getting user input

2 name = input("Enter your name: ") # Prompt the user to enter their

name

3 print("Hello , " + name + "!") # Display a greeting message

You can also convert the input into another data type, such as an integer or
float, using type conversion:

1 age = int(input("Enter your age: ")) # Convert input to an integer

2 print(f"You are {age} years old.")

2.3.2 Formatting Output

Python provides multiple methods for formatting strings to create dynamic and
readable output.

Using f-strings (Recommended) f-strings (introduced in Python 3.6) are a
concise and efficient way to format strings:

1 # Using f-strings for formatting

2 name = "Alice"

3 age = 25

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

Using the .format() Method The .format() method offers another way to
format strings:

1 # Using .format () for formatting

2 name = "Bob"

3 age = 30

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

Using the % Operator The % operator is an older method for formatting
strings:

1 # Using % operator for formatting

2 name = "Charlie"

3 age = 35

4 print("My name is %s and I am %d years old." % (name , age))

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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2.4 Operators and Expressions

Operators in Python are symbols that perform specific operations on variables
and values. They are fundamental to writing expressions and performing calcu-
lations. Operators are categorized into several types:

2.5 Arithmetic Operators

Arithmetic operators in Python are used to perform basic mathematical op-
erations. These operators work on numerical data types such as integers and
floating-point numbers. Understanding how these operators behave with differ-
ent data types is essential for performing calculations.

2.5.1 List of Arithmetic Operators

• +: Performs addition between two numbers. For example, 3 + 5 results in
8.

• -: Performs subtraction, returning the difference between two numbers.
For example, 10 - 4 results in 6.

• *: Performs multiplication. For example, 2 * 6 results in 12.

• /: Performs division, returning a floating-point result. For example, 7 /

2 results in 3.5.

• //: Performs floor division, returning the largest whole number less than
or equal to the result. For example, 7 // 2 results in 3.

• %: Returns the remainder of the division. For example, 7 % 3 results in 1.

• **: Performs exponentiation (power). For example, 2 ** 3 results in 8.

2.5.2 Examples of Arithmetic Operators

Arithmetic operators can be used in various scenarios, including basic calcula-
tions, complex expressions, and working with variables.

1 # Basic arithmetic operations

2 a = 10

3 b = 3

4

5 print(a + b) # Output: 13 (Addition)

6 print(a - b) # Output: 7 (Subtraction)

7 print(a * b) # Output: 30 (Multiplication)

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

9 print(a // b) # Output: 3 (Floor division)

10 print(a % b) # Output: 1 (Remainder)

11 print(a ** b) # Output: 1000 (Exponentiation)

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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Combining Operators in Expressions You can combine multiple operators
in a single expression to perform complex calculations. Python follows the order
of operations (PEMDAS): Parentheses, Exponents, Multiplication and Division,
Addition and Subtraction.

1 # Combining operators

2 a = 5

3 b = 2

4 result = (a + b) * (a ** b) / b

5 print(result) # Output: 87.5

Working with Floating-Point Numbers Python supports arithmetic op-
erations with floating-point numbers, which are commonly used for calculations
involving decimals.

1 # Floating -point arithmetic

2 x = 10.5

3 y = 4.2

4

5 print(x + y) # Output: 14.7

6 print(x / y) # Output: 2.5

7 print(x % y) # Output: 2.0999999999999996

Using Arithmetic Operators with Variables You can use variables to
store intermediate results and make calculations more readable.

1 # Using variables in arithmetic

2 a = 15

3 b = 4

4 sum_result = a + b

5 prod_result = a * b

6

7 print("Sum:", sum_result) # Output: Sum: 19

8 print("Product:", prod_result) # Output: Product: 60

Understanding these arithmetic operators and their usage in different con-
texts is fundamental for building calculations and logic in Python programs.

2.6 Arithmetic Operators

Arithmetic operators in Python are used to perform basic mathematical op-
erations. These operators work on numerical data types such as integers and
floating-point numbers. Understanding how these operators behave with differ-
ent data types is essential for performing calculations.

2.6.1 List of Arithmetic Operators

• +: Performs addition between two numbers. For example, 3 + 5 results in
8.

• -: Performs subtraction, returning the difference between two numbers.
For example, 10 - 4 results in 6.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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• *: Performs multiplication. For example, 2 * 6 results in 12.

• /: Performs division, returning a floating-point result. For example, 7 /

2 results in 3.5.

• //: Performs floor division, returning the largest whole number less than
or equal to the result. For example, 7 // 2 results in 3.

• %: Returns the remainder of the division. For example, 7 % 3 results in 1.

• **: Performs exponentiation (power). For example, 2 ** 3 results in 8.

2.6.2 Examples of Arithmetic Operators

Arithmetic operators can be used in various scenarios, including basic calcula-
tions, complex expressions, and working with variables.

1 # Basic arithmetic operations

2 a = 10

3 b = 3

4

5 print(a + b) # Output: 13 (Addition)

6 print(a - b) # Output: 7 (Subtraction)

7 print(a * b) # Output: 30 (Multiplication)

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

9 print(a // b) # Output: 3 (Floor division)

10 print(a % b) # Output: 1 (Remainder)

11 print(a ** b) # Output: 1000 (Exponentiation)

Combining Operators in Expressions You can combine multiple operators
in a single expression to perform complex calculations. Python follows the order
of operations (PEMDAS): Parentheses, Exponents, Multiplication and Division,
Addition and Subtraction.

1 # Combining operators

2 a = 5

3 b = 2

4 result = (a + b) * (a ** b) / b

5 print(result) # Output: 87.5

Working with Floating-Point Numbers Python supports arithmetic op-
erations with floating-point numbers, which are commonly used for calculations
involving decimals.

1 # Floating -point arithmetic

2 x = 10.5

3 y = 4.2

4

5 print(x + y) # Output: 14.7

6 print(x / y) # Output: 2.5

7 print(x % y) # Output: 2.0999999999999996
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Using Arithmetic Operators with Variables You can use variables to
store intermediate results and make calculations more readable.

1 # Using variables in arithmetic

2 a = 15

3 b = 4

4 sum_result = a + b

5 prod_result = a * b

6

7 print("Sum:", sum_result) # Output: Sum: 19

8 print("Product:", prod_result) # Output: Product: 60

Understanding these arithmetic operators and their usage in different con-
texts is fundamental for building calculations and logic in Python programs.

2.7 Comparison Operators

Comparison operators in Python are used to compare two values and return a
boolean result: True if the comparison is correct, and False otherwise. These
operators are commonly used in conditional statements and loops to make deci-
sions based on specific criteria.

2.7.1 List of Comparison Operators

• ==: Checks if two values are equal. For example, 5 == 5 results in True.

• !=: Checks if two values are not equal. For example, 5 != 3 results in
True.

• >: Checks if the left value is greater than the right value. For example, 7
> 3 results in True.

• <: Checks if the left value is less than the right value. For example, 3 < 7

results in True.

• >=: Checks if the left value is greater than or equal to the right value. For
example, 7 >= 7 results in True.

• <=: Checks if the left value is less than or equal to the right value. For
example, 5 <= 10 results in True.

2.7.2 Examples of Comparison Operators

Comparison operators can be used in various scenarios, including decision-making
and logical expressions.

1 # Basic comparison operations

2 a = 10

3 b = 20

4

5 print(a == b) # Output: False (Equal to)

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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6 print(a != b) # Output: True (Not equal to)

7 print(a > b) # Output: False (Greater than)

8 print(a < b) # Output: True (Less than)

9 print(a >= b) # Output: False (Greater than or equal to)

10 print(a <= b) # Output: True (Less than or equal to)

Using Comparison Operators in Conditional Statements Comparison
operators are often used with conditional statements to control program flow.

1 # Using comparison operators in conditions

2 age = 18

3 if age >= 18:

4 print("You are an adult.")

5 else:

6 print("You are a minor.")

Combining Comparison Operators with Logical Operators You can
combine comparison operators with logical operators (and, or, not) to form
complex conditions.

1 # Combining comparison and logical operators

2 num = 15

3 if num > 10 and num < 20:

4 print("The number is between 10 and 20.")

Comparing Strings Python allows comparison of strings based on their lex-
icographical order (dictionary order):

1 # String comparisons

2 word1 = "apple"

3 word2 = "banana"

4

5 print(word1 == word2) # Output: False

6 print(word1 < word2) # Output: True (" apple" comes before "banana

")

Comparison operators are a fundamental aspect of decision-making in pro-
gramming, enabling you to create dynamic and responsive code.

2.8 Arithmetic Operators

Arithmetic operators in Python are used to perform basic mathematical op-
erations. These operators work on numerical data types such as integers and
floating-point numbers. Understanding how these operators behave with differ-
ent data types is essential for performing calculations.

2.8.1 List of Arithmetic Operators

• +: Performs addition between two numbers. For example, 3 + 5 results in
8.
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• -: Performs subtraction, returning the difference between two numbers.
For example, 10 - 4 results in 6.

• *: Performs multiplication. For example, 2 * 6 results in 12.

• /: Performs division, returning a floating-point result. For example, 7 /

2 results in 3.5.

• //: Performs floor division, returning the largest whole number less than
or equal to the result. For example, 7 // 2 results in 3.

• %: Returns the remainder of the division. For example, 7 % 3 results in 1.

• **: Performs exponentiation (power). For example, 2 ** 3 results in 8.

2.8.2 Examples of Arithmetic Operators

Arithmetic operators can be used in various scenarios, including basic calcula-
tions, complex expressions, and working with variables.

1 # Basic arithmetic operations

2 a = 10

3 b = 3

4

5 print(a + b) # Output: 13 (Addition)

6 print(a - b) # Output: 7 (Subtraction)

7 print(a * b) # Output: 30 (Multiplication)

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

9 print(a // b) # Output: 3 (Floor division)

10 print(a % b) # Output: 1 (Remainder)

11 print(a ** b) # Output: 1000 (Exponentiation)

Combining Operators in Expressions You can combine multiple operators
in a single expression to perform complex calculations. Python follows the order
of operations (PEMDAS): Parentheses, Exponents, Multiplication and Division,
Addition and Subtraction.

1 # Combining operators

2 a = 5

3 b = 2

4 result = (a + b) * (a ** b) / b

5 print(result) # Output: 87.5

Working with Floating-Point Numbers Python supports arithmetic op-
erations with floating-point numbers, which are commonly used for calculations
involving decimals.

1 # Floating -point arithmetic

2 x = 10.5

3 y = 4.2
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4

5 print(x + y) # Output: 14.7

6 print(x / y) # Output: 2.5

7 print(x % y) # Output: 2.0999999999999996

Using Arithmetic Operators with Variables You can use variables to
store intermediate results and make calculations more readable.

1 # Using variables in arithmetic

2 a = 15

3 b = 4

4 sum_result = a + b

5 prod_result = a * b

6

7 print("Sum:", sum_result) # Output: Sum: 19

8 print("Product:", prod_result) # Output: Product: 60

Understanding these arithmetic operators and their usage in different con-
texts is fundamental for building calculations and logic in Python programs.

2.9 Comparison Operators

Comparison operators in Python are used to compare two values and return a
boolean result: True if the comparison is correct, and False otherwise. These
operators are commonly used in conditional statements and loops to make deci-
sions based on specific criteria.

2.9.1 List of Comparison Operators

• ==: Checks if two values are equal. For example, 5 == 5 results in True.

• !=: Checks if two values are not equal. For example, 5 != 3 results in
True.

• >: Checks if the left value is greater than the right value. For example, 7
> 3 results in True.

• <: Checks if the left value is less than the right value. For example, 3 < 7

results in True.

• >=: Checks if the left value is greater than or equal to the right value. For
example, 7 >= 7 results in True.

• <=: Checks if the left value is less than or equal to the right value. For
example, 5 <= 10 results in True.

2.9.2 Examples of Comparison Operators

Comparison operators can be used in various scenarios, including decision-making
and logical expressions.
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1 # Basic comparison operations

2 a = 10

3 b = 20

4

5 print(a == b) # Output: False (Equal to)

6 print(a != b) # Output: True (Not equal to)

7 print(a > b) # Output: False (Greater than)

8 print(a < b) # Output: True (Less than)

9 print(a >= b) # Output: False (Greater than or equal to)

10 print(a <= b) # Output: True (Less than or equal to)

Using Comparison Operators in Conditional Statements Comparison
operators are often used with conditional statements to control program flow.

1 # Using comparison operators in conditions

2 age = 18

3 if age >= 18:

4 print("You are an adult.")

5 else:

6 print("You are a minor.")

Combining Comparison Operators with Logical Operators You can
combine comparison operators with logical operators (and, or, not) to form
complex conditions.

1 # Combining comparison and logical operators

2 num = 15

3 if num > 10 and num < 20:

4 print("The number is between 10 and 20.")

Comparing Strings Python allows comparison of strings based on their lex-
icographical order (dictionary order):

1 # String comparisons

2 word1 = "apple"

3 word2 = "banana"

4

5 print(word1 == word2) # Output: False

6 print(word1 < word2) # Output: True (" apple" comes before "banana

")

Comparison operators are a fundamental aspect of decision-making in pro-
gramming, enabling you to create dynamic and responsive code.

2.10 Logical Operators

Logical operators in Python are used to combine multiple conditions or invert a
condition. These operators evaluate to True or False based on the conditions
provided.
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2.10.1 List of Logical Operators

• and: Returns True if both conditions are True. For example, True and

False results in False.

• or: Returns True if at least one condition is True. For example, True or

False results in True.

• not: Inverts the condition. For example, not True results in False.

2.10.2 Examples of Logical Operators

Logical operators are often used in combination with comparison operators to
create complex conditions.

1 # Using and operator

2 age = 25

3 has_license = True

4 if age >= 18 and has_license:

5 print("You are eligible to drive.")

6 else:

7 print("You are not eligible to drive.")

1 # Using or operator

2 age = 16

3 has_permission = True

4 if age >= 18 or has_permission:

5 print("You can enter the event.")

6 else:

7 print("You cannot enter the event.")

1 # Using not operator

2 is_raining = False

3 if not is_raining:

4 print("You can go for a walk.")

5 else:

6 print("It’s better to stay indoors.")

Logical operators are essential for constructing complex decision-making pro-
cesses and controlling program flow.

2.11 Assignment Operators

Assignment operators in Python are used to assign values to variables. They
can also perform operations and assign the result to the variable in a single step.
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2.11.1 List of Assignment Operators

• =: Assigns a value to a variable. For example, x = 5 assigns 5 to x.

• +=: Adds and assigns. For example, x += 3 is equivalent to x = x + 3.

• -=: Subtracts and assigns. For example, x -= 2 is equivalent to x = x -

2.

• *=: Multiplies and assigns. For example, x *= 4 is equivalent to x = x *

4.

• /=: Divides and assigns. For example, x /= 2 is equivalent to x = x / 2.

• //=: Performs floor division and assigns. For example, x //= 3 is equiva-
lent to x = x // 3.

• %=: Calculates the remainder and assigns. For example, x %= 2 is equiva-
lent to x = x % 2.

• **=: Performs exponentiation and assigns. For example, x **= 3 is equiv-
alent to x = x ** 3.

2.11.2 Examples of Assignment Operators

Assignment operators make code concise by combining operations and assign-
ments.

1 # Basic assignment

2 x = 10

3 print(x) # Output: 10

1 # Compound assignment operators

2 x = 5

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

4 print(x) # Output: 8

5

6 x *= 2 # Equivalent to x = x * 2

7 print(x) # Output: 16

8

9 x //= 4 # Equivalent to x = x // 4

10 print(x) # Output: 4

Assignment operators are powerful tools for simplifying code and performing
in-place updates to variable values.
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2.12 Summary

This chapter introduced the basic concepts of Python, including variables, data
types, input/output, and control structures. These are the building blocks of
Python programming and will be used throughout the rest of the book. With
a strong understanding of these basics, you are now prepared to explore more
advanced topics.
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Chapter 3

Control Structures in Python

3.1 Introduction

Control structures are essential components of programming, allowing developers
to direct the flow of execution based on specific conditions or to repeat actions.
Python offers a rich set of control structures that include conditional statements,
loops, and advanced constructs like list comprehensions. In this chapter, we
explore these control structures in depth to provide you with a comprehensive
understanding of their usage and best practices.

Control structures are pivotal for implementing logic in your programs. They
determine how blocks of code are executed, skipped, or repeated. By mastering
control structures, you can build programs that adapt to different scenarios
dynamically.

3.2 Control Structures

Control structures allow you to define the flow of your program based on condi-
tions or loops. They are essential for implementing decision-making and repeti-
tive operations in your code.

3.2.1 Conditional Statements

Conditional statements in Python allow you to execute certain blocks of code
based on whether a condition evaluates to True or False. Python provides three
main constructs for conditional statements: if, elif (short for ”else if”), and
else.

The if Statement

The if statement is used to execute a block of code only when a specified
condition evaluates to True. For example:

1 # Using an if statement

2 age = 20

3 if age >= 18:

4 print("You are an adult.")
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The else Statement

The else statement provides an alternative block of code to execute when the
if condition is False. For example:

1 # Using if -else

2 age = 16

3 if age >= 18:

4 print("You are an adult.")

5 else:

6 print("You are a minor.")

The elif Statement

The elif statement allows you to check multiple conditions sequentially. When
a condition evaluates to True, its corresponding block of code is executed, and
the rest of the conditions are skipped. For example:

1 # Using if -elif -else

2 score = 85

3 if score >= 90:

4 print("Grade: A")

5 elif score >= 80:

6 print("Grade: B")

7 elif score >= 70:

8 print("Grade: C")

9 else:

10 print("Grade: F")

Nested Conditional Statements

Conditional statements can be nested within each other to handle more complex
scenarios. For example:

1 # Nested if -else

2 age = 20

3 citizen = True

4 if age >= 18:

5 if citizen:

6 print("You are eligible to vote.")

7 else:

8 print("You are not a citizen , so you cannot vote.")

9 else:

10 print("You are not old enough to vote.")

Using Logical Operators in Conditions

Logical operators and, or, and not can be used to combine multiple conditions:

1 # Using logical operators

2 age = 25

3 has_license = True

4 if age >= 18 and has_license:

5 print("You are eligible to drive.")

6 else:

7 print("You are not eligible to drive.")
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Ternary Conditional Operator

Python also supports a shorthand notation for simple conditional statements,
known as the ternary conditional operator:

1 # Using a ternary operator

2 age = 20

3 status = "adult" if age >= 18 else "minor"

4 print(f"You are an {status }.")

Conditional statements are a cornerstone of programming, enabling dynamic
behavior and decision-making in your code. Mastering these concepts allows you
to write more intelligent and flexible programs.

3.3 Loops in Python

Loops allow you to execute a block of code repeatedly as long as a condition is
true. Python provides two primary loop constructs: for and while.

3.3.1 The for Loop

The for loop is used to iterate over a sequence (such as a list, tuple, or string)
or a range of numbers.

1 for variable in sequence:

2 # Code block to execute

1 # Example: Print each item in a list

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

3 for fruit in fruits:

4 print(fruit)

3.3.2 Using the range() Function

The range() function generates a sequence of numbers, which is often used with
for loops.

1 # Example: Print numbers from 0 to 4

2 for i in range (5):

3 print(i)
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Range Variants: 1. range(stop): Generates numbers from 0 to stop-1. 2.
range(start, stop): Starts from start and ends at stop-1. 3. range(start,
stop, step): Steps through the range.

1 # Example: Using start and step

2 for i in range(2, 10, 2):

3 print(i) # Output: 2, 4, 6, 8

3.3.3 The while Loop

The while loop continues to execute its block of code as long as the specified
condition is True.

1 while condition:

2 # Code block to execute

1 # Example: Countdown using while

2 count = 5

3 while count > 0:

4 print(count)

5 count -= 1

3.3.4 Breaking Out of Loops

The break statement allows you to exit a loop prematurely.

1 # Example: Stop the loop when number is 3

2 for i in range (5):

3 if i == 3:

4 break

5 print(i)

3.3.5 Skipping Iterations

The continue statement skips the rest of the loop body for the current iteration.

1 # Example: Skip even numbers

2 for i in range (5):

3 if i % 2 == 0:

4 continue

5 print(i) # Output: 1, 3
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3.3.6 The else Clause in Loops

Python loops can have an else clause, which executes after the loop finishes
unless it is terminated by a break.

1 # Example: Using else in loops

2 for i in range (5):

3 print(i)

4 else:

5 print("Loop completed.")

3.3.7 Infinite Loops

A loop that never terminates is called an infinite loop. Be cautious when writing
while loops to ensure they have a termination condition.

1 # Example: Infinite loop

2 while True:

3 print("This loop will run forever unless stopped.")

3.4 Summary

Control structures are a cornerstone of Python programming. Understanding
how to use conditional statements and loops effectively will allow you to write
dynamic and efficient code. As you continue to practice, you will find these
constructs invaluable in solving complex problems.
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Part II

Core Python Concepts

29



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Chapter 4

Data Structures

Data structures are fundamental constructs that allow us to organize, store, and
manipulate data efficiently. Python provides several built-in data structures such
as lists, tuples, dictionaries, and sets. Each of these structures has its unique
features and use cases, making them powerful tools for solving a wide variety of
programming problems.

In this chapter, we will explore the following data structures in-depth:

• Lists

• Tuples

• Dictionaries

• Sets

We will cover their characteristics, operations, methods, and practical examples
to help you master their usage.

4.1 Lists

Lists are one of the most versatile and widely used data structures in Python.
They are ordered, mutable, and can hold elements of any data type, including
other lists.

4.1.1 Creating and Accessing Lists

Lists are created by enclosing elements within square brackets:

1 # Creating a list

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

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

4

5 # Accessing elements by index

6 print(fruits [0]) # Output: apple

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

30
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4.1.2 Modifying Lists

Lists are mutable, meaning you can modify their content after creation:

1 # Changing an element

2 fruits [1] = "blueberry"

3 print(fruits) # Output: [’apple ’, ’blueberry ’, ’cherry ’]

4

5 # Adding elements

6 fruits.append("orange")

7 print(fruits) # Output: [’apple ’, ’blueberry ’, ’cherry ’, ’orange ’]

8

9 # Inserting elements

10 fruits.insert(1, "kiwi")

11 print(fruits) # Output: [’apple ’, ’kiwi ’, ’blueberry ’, ’cherry ’, ’

orange ’]

4.1.3 Removing Elements

Elements can be removed from a list using various methods:

1 # Removing by value

2 fruits.remove("cherry")

3 print(fruits) # Output: [’apple ’, ’kiwi ’, ’blueberry ’, ’orange ’]

4

5 # Removing by index

6 fruits.pop (2)

7 print(fruits) # Output: [’apple ’, ’kiwi ’, ’orange ’]

8

9 # Clearing the list

10 fruits.clear ()

11 print(fruits) # Output: []

4.1.4 List Comprehension

List comprehension provides a concise way to create lists:

1 # Creating a list of squares

2 squares = [x2 for x in range(1, 6)]

3 print(squares) # Output: [1, 4, 9, 16, 25]

4.1.5 Example: Filtering Even Numbers

1 numbers = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

2 even\_numbers = [x for x in numbers if x % 2 == 0]

3 print(even\_numbers) # Output: [2, 4, 6, 8, 10]
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4.2 Tuples

Tuples are immutable sequences that can hold elements of any data type. Once
created, the elements of a tuple cannot be changed.

4.2.1 Creating and Accessing Tuples

Tuples are created by enclosing elements within parentheses:

1 # Creating a tuple

2 coordinates = (10, 20, 30)

3 print(coordinates) # Output: (10, 20, 30)

4

5 # Accessing elements

6 print(coordinates [1]) # Output: 20

4.2.2 Immutability of Tuples

Tuples cannot be modified, but they can be used as keys in dictionaries or added
to sets due to their immutability.

1 # Tuples as dictionary keys

2 locations = {(0, 0): "Origin", (1, 1): "Point A"}

3 print(locations [(0, 0)]) # Output: Origin

4.2.3 Packing and Unpacking Tuples

Tuples support packing and unpacking, which is useful for assignments and re-
turning multiple values from functions:

1 # Packing

2 coordinates = 10, 20, 30

3

4 # Unpacking

5 x, y, z = coordinates

6 print(x, y, z) # Output: 10 20 30

4.3 Dictionaries

Dictionaries are unordered collections of key-value pairs. They provide fast
lookups and are highly flexible.

4.3.1 Creating and Accessing Dictionaries

1 # Creating a dictionary

2 person = {"name": "Alice", "age": 25, "city": "New York"}

3 print(person["name"]) # Output: Alice
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4.3.2 Adding, Updating, and Removing Items

1 # Adding a new key -value pair

2 person["profession"] = "Engineer"

3

4 # Updating an existing key -value pair

5 person["age"] = 26

6

7 # Removing a key -value pair

8 person.pop("city")

4.3.3 Iterating Through a Dictionary

1 for key , value in person.items():

2 print(f"{key}: {value}")

4.3.4 Example: Counting Words in a Sentence

1 from collections import Counter

2

3 sentence = "this is a test this is only a test"

4 word\_count = Counter(sentence.split ())

5 print(word\_count) # Output: {’this ’: 2, ’is ’: 2, ’a’: 2, ’test ’:

2, ’only ’: 1}

4.4 Sets

Sets are unordered collections of unique elements. They are useful for operations
like union, intersection, and difference.

4.4.1 Creating and Manipulating Sets

1 # Creating a set

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

3

4 # Adding elements

5 numbers.add (6)

6

7 # Removing elements

8 numbers.remove (3)

4.4.2 Set Operations

1 even = {2, 4, 6, 8}

2 odd = {1, 3, 5, 7}

3

4 # Union

5 print(even | odd) # Output: {1, 2, 3, 4, 5, 6, 7, 8}

6

7 # Intersection
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8 print(even & odd) # Output: set()

9

10 # Difference

11 print(even - odd) # Output: {2, 4, 6, 8}

4.4.3 Example: Finding Unique Elements

1 names = ["Alice", "Bob", "Alice", "Eve"]

2 unique\_names = set(names)

3 print(unique\_names) # Output: {’Alice ’, ’Bob ’, ’Eve ’}

4.5 Summary

Understanding Python’s built-in data structures is critical for writing efficient
and maintainable code. Each data structure has unique characteristics and use
cases. By mastering lists, tuples, dictionaries, and sets, you will be equipped to
handle a wide variety of programming challenges.
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Chapter 5

String Handling

String handling is a crucial aspect of programming, especially when dealing with
textual data. In Python, strings are one of the most commonly used data types,
and Python provides a variety of methods and techniques to manipulate strings
efficiently. This chapter delves into the methods for string manipulation, format-
ting strings, and using regular expressions for pattern matching and searching.
Understanding these techniques is essential for working with data that involves
textual content, whether you’re processing user input, dealing with files, or per-
forming data analysis.

5.1 Introduction to Strings

A string in Python is a sequence of characters enclosed within quotes, either
single (‘’‘) or double (‘”‘). For example:

1 text = "Hello , World!"

This represents a string variable named text, containing the sequence of
characters ”Hello, World!”. Strings in Python are immutable, which means once
a string is created, its contents cannot be changed. However, new strings can
be created by manipulating existing ones. Understanding the immutable nature
of strings is essential when working with large datasets or performing repeated
string operations.

5.2 String Methods

In Python, strings are more than just sequences of characters—they are objects
that come with a set of built-in methods to perform a wide range of operations.
These methods can be used to modify the string, perform searches, check for
specific conditions, and much more.

5.2.1 Basic String Methods

Let’s begin with some of the most commonly used string methods in Python:
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The upper() Method

The upper() method is used to convert all characters in a string to uppercase.

1 text = "hello"

2 uppercase\_text = text.upper()

3 print(uppercase\_text) # Output: HELLO

This method returns a new string with all characters in uppercase, leaving
the original string unchanged.

The lower() Method

Similarly, the lower() method converts all characters in a string to lowercase.

1 text = "HELLO"

2 lowercase\_text = text.lower()

3 print(lowercase\_text) # Output: hello

This method returns a new string with all characters in lowercase.

The strip() Method

The strip() method is used to remove leading and trailing whitespace from a
string. It is particularly useful for cleaning up user input.

1 text = " Hello , World! "

2 stripped\_text = text.strip ()

3 print(stripped\_text) # Output: Hello , World!

This method does not modify the original string but returns a new string
with whitespace removed from both ends.

The replace() Method

The replace() method is used to replace occurrences of a specified substring
with another substring.

1 text = "Hello , World!"

2 replaced\_text = text.replace("World", "Python")

3 print(replaced\_text) # Output: Hello , Python!

The replace() method returns a new string with the specified replacements.
If the substring to be replaced is not found, the original string is returned un-
changed.

The find() Method

The find() method is used to search for a specified substring within a string.
It returns the index of the first occurrence of the substring or -1 if the substring
is not found.

1 text = "Hello , World!"

2 index = text.find("World")

3 print(index) # Output: 7

This method is case-sensitive, so it will only find exact matches.
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5.2.2 Advanced String Methods

Beyond the basic string methods, Python provides a range of more advanced
string methods that can be used for more specialized operations.

The split() Method

The split() method splits a string into a list of substrings based on a specified
delimiter.

1 text = "apple ,banana ,orange"

2 split\_text = text.split(",")

3 print(split\_text) # Output: [’apple ’, ’banana ’, ’orange ’]

If no delimiter is specified, the split()method will split the string at whites-
pace by default.

The join() Method

The join() method is used to join elements of an iterable (such as a list) into
a single string, with a specified separator.

1 words = ["apple", "banana", "orange"]

2 joined\_text = ", ".join(words)

3 print(joined\_text) # Output: apple , banana , orange

This method is the inverse of the split() method and is useful for construct-
ing strings from smaller components.

The startswith() and endswith() Methods

The startswith() and endswith() methods are used to check whether a string
starts or ends with a specified substring, respectively.

1 text = "Hello , World!"

2 print(text.startswith("Hello")) # Output: True

3 print(text.endswith("!")) # Output: True

These methods return True or False based on the condition.

5.3 String Formatting

String formatting is a technique used to embed values into a string. In Python,
there are several methods for formatting strings, including f-strings (formatted
string literals), the str.format() method, and the older % formatting.

5.3.1 F-strings (Formatted String Literals)

F-strings, introduced in Python 3.6, are the most modern and efficient way to
format strings. They allow embedding expressions directly within string literals,
making the code more readable and concise.
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1 name = "John"

2 age = 30

3 formatted\_text = f"Hello , {name}! You are {age} years old."

4 print(formatted\_text) # Output: Hello , John! You are 30 years old

.

In this example, the values of name and age are embedded directly into the
string using curly braces.

5.3.2 The str.format() Method

The str.format()method is a more flexible and powerful way to format strings.
It allows you to insert placeholders in a string and pass values to be inserted at
those placeholders.

1 name = "John"

2 age = 30

3 formatted\_text = "Hello , {}! You are {} years old.".format(name ,

age)

4 print(formatted\_text) # Output: Hello , John! You are 30 years old

.

You can also use positional and keyword arguments to provide values to the
placeholders.

1 formatted\_text = "Hello , {0}! You are {1} years old. {0}, did you

know?".format(name , age)

2 print(formatted\_text) # Output: Hello , John! You are 30 years old

. John , did you know?

5.3.3 Old-Style % Formatting

The % formatting method is an older way of formatting strings in Python. It
is similar to C-style string formatting and uses placeholders like %s for strings,
%d for integers, and %f for floating-point numbers.

1 name = "John"

2 age = 30

3 formatted\_text = "Hello , %s! You are %d years old." % (name , age)

4 print(formatted\_text) # Output: Hello , John! You are 30 years old

.

While this method is still valid in Python, it is less commonly used in favor
of the more modern str.format() and f-strings.

5.4 Regular Expressions

Regular expressions (regex) are a powerful tool for pattern matching and string
manipulation. A regular expression is a sequence of characters that defines a
search pattern. Python provides the re module to work with regular expressions.
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5.4.1 Basic Regular Expressions

In regular expressions, special characters are used to define patterns. Some of
the most commonly used regex symbols include:

• ·–Matchesanycharacterexceptanewline.−̂Matchesthebeginningofthestring.

•• $ – Matches the end of the string.

– Matches any character inside the brackets.

• () – Groups patterns together.

5.4.2 Using the re.search() Function

The re.search() function searches for the first occurrence of a pattern in a
string.

1 import re

2 text = "The rain in Spain falls mainly in the plain."

3 match = re.search(r"Spain", text)

4 print(match.group()) # Output: Spain

The group() method is used to extract the matched portion of the string.

5.4.3 Using the re.findall() Function

The re.findall() function returns all non-overlapping matches of a pattern in
a string as a list of strings.

1 words = re.findall(r"\bin\b", text)

2 print(words) # Output: [’in’, ’in’, ’in ’]

5.4.4 Using the re.sub() Function

The re.sub() function is used to replace parts of the string that match a regular
expression with a new string.

1 new\_text = re.sub(r"Spain", "France", text)

2 print(new\_text) # Output: The rain in France falls mainly in the

plain.

Regular expressions are a powerful tool for string manipulation, allowing for
complex pattern matching and text processing in Python.

5.5 Summary

String handling is a fundamental skill in programming, and Python provides a
rich set of tools to manipulate and format strings. Whether you’re cleaning user
input, formatting strings for output, or working with complex pattern matching
using regular expressions, understanding how to effectively use these tools will
greatly enhance your ability to write clean, efficient, and readable code.
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The methods discussed in this chapter, such as string manipulation, format-
ting, and regular expressions, are essential for any Python programmer. By
mastering these techniques, you can handle a wide variety of text processing
tasks with ease.
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Chapter 6

Functions in Python

6.1 Introduction

Functions are reusable blocks of code that perform a specific task. They allow you
to structure your program efficiently, avoid repetition, and improve readability.
Python makes it easy to define and use functions, supporting both simple and
advanced use cases like recursion, lambda functions, and higher-order functions.

Functions enable modular design, making it easier to debug and maintain
code. They also promote the DRY (Don’t Repeat Yourself) principle, reducing
redundancy in your programs. Python’s flexibility with functions allows devel-
opers to tackle a wide range of programming challenges effectively.

In this chapter, we will explore functions in depth, beginning with their
definition and advancing to specialized use cases. Along the way, we will provide
practical examples to solidify your understanding.

6.2 Defining Functions

A function is defined using the def keyword, followed by the function name and
parentheses. The code block inside the function is executed when the function
is called. Functions can be as simple or complex as required, and they form the
foundation of structured programming.

6.2.1 Syntax

1 def function_name(parameters):

2 """

3 Function docstring (optional): Describes what the function does

.

4 """

5 # Code block

6 return value # (optional) returns a result

The syntax is simple and intuitive. The function name should be descriptive
to convey its purpose. Parameters are optional and allow input values to be
passed into the function.
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6.2.2 Example: A Simple Function

1 # Example: Greet the user

2 def greet():

3 print("Hello , welcome to Python programming!")

4

5 # Calling the function

6 greet()

This function, greet, performs a simple task—displaying a message. Notice
how calling the function executes the code inside it.

6.2.3 Adding a Docstring

A docstring is a special kind of string that documents the purpose and usage
of a function. It is the first statement inside the function body and is enclosed
in triple quotes (’’’ or """). Docstrings are not only useful for providing
a description of the function but are also accessible through Python’s built-in
help() function, making it a vital part of writing well-documented code.

Benefits of Using Docstrings

• Improved Readability: Docstrings make it clear what a function does,
especially for developers who did not write the function.

• Ease of Maintenance: They serve as inline documentation, making it
easier to maintain and update the code.

• Integration with Tools: Docstrings can be used by documentation tools
like Sphinx to automatically generate documentation for your project.

• Interactive Help: Python’s help() function displays the docstring, pro-
viding an instant reference.

1 def greet():

2 """

3 Prints a greeting message to the user.

4 This function displays a friendly welcome message when called.

5 """

6 print("Hello , welcome to Python programming!")

7

8 # Accessing the docstring

9 help(greet)

Output of help(greet)

Help on function greet in module __main__:

greet()

Prints a greeting message to the user.

This function displays a friendly welcome message when called.
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By including detailed information in the docstring, you make the function
more self-explanatory and easier to use for others.

Multi-Line Docstring Example When a function performs more complex
tasks, a multi-line docstring can describe the inputs, outputs, and behavior in
detail.

1 def add(a, b):

2 """

3 Adds two numbers and returns the result.

4

5 Parameters:

6 a (int or float): The first number.

7 b (int or float): The second number.

8

9 Returns:

10 int or float: The sum of the two numbers.

11

12 Example:

13 >>> add(5, 3)

14 8

15 """

16 return a + b

17

18 # Accessing the docstring

19 help(add)

In this example, the docstring includes a brief description, parameter details,
return value, and an example usage, making it highly informative.

6.3 Function Arguments and Parameters

Functions can take input values, known as parameters, to customize their behav-
ior. Parameters are specified within the parentheses of the function definition.
They make functions more versatile and adaptable to various use cases.

6.3.1 Positional Arguments

Positional arguments are the most basic type of function arguments. Their order
determines which values are assigned to the parameters. These arguments must
be provided in the correct order when calling the function.

Key Characteristics of Positional Arguments

• Order Matters: The order of arguments in the function call must match
the order in the function definition.

• Simpler Syntax: They are straightforward and do not require naming
the parameters explicitly.
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1 def add(a, b):

2 """

3 Adds two numbers provided as positional arguments.

4

5 Parameters:

6 a (int or float): The first number.

7 b (int or float): The second number.

8

9 Returns:

10 int or float: The sum of the two numbers.

11 """

12 return a + b

13

14 # Calling the function

15 result = add(5, 3)

16 print(result) # Output: 8

Exploring Misordered Arguments Passing arguments in the wrong order
can lead to unexpected results, as the function assigns values based on position.

1 # Misordered arguments

2 def subtract(a, b):

3 return a - b

4

5 # Correct order

6 print(subtract (10, 5)) # Output: 5

7

8 # Incorrect order

9 print(subtract(5, 10)) # Output: -5

This demonstrates the importance of maintaining the correct order of argu-
ments when using positional arguments.

6.3.2 Keyword Arguments

Keyword arguments allow you to specify values for function parameters explicitly
by their names. This approach improves code readability and flexibility, espe-
cially for functions with multiple parameters. By using keyword arguments, you
eliminate the need to remember the exact order of parameters in the function
definition.

Key Characteristics of Keyword Arguments

• Improved Readability: By explicitly naming parameters, the purpose
of each argument is clear.

• Order Independence: Unlike positional arguments, keyword arguments
can be passed in any order.

• Flexibility: They make it easier to work with functions that have many
parameters, especially when combined with default values.
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Example: Displaying User Information The following example demon-
strates the use of keyword arguments to enhance clarity:

1 def display_user(name , age):

2 """

3 Displays user information , including name and age.

4

5 Parameters:

6 name (str): The user’s name.

7 age (int): The user’s age.

8

9 Example:

10 >>> display_user(name="Alice", age =25)

11 Name: Alice , Age: 25

12 """

13 print(f"Name: {name}, Age: {age}")

14

15 # Calling the function with keyword arguments

16 display_user(age=25, name="Alice")

Advantages of Using Keyword Arguments Keyword arguments make
function calls self-explanatory. In the above example, the use of name="Alice"
and age=25 clearly indicates what each value represents, making the function
call more readable.

Combining Positional and Keyword Arguments You can combine posi-
tional and keyword arguments in a single function call. Positional arguments
must always precede keyword arguments.

1 def greet_user(name , age , message):

2 """

3 Greets a user with a personalized message.

4

5 Parameters:

6 name (str): The user’s name.

7 age (int): The user’s age.

8 message (str): A personalized greeting message.

9

10 Example:

11 >>> greet_user ("Alice", 25, message =" Welcome to Python !")

12 Hello Alice , age 25. Welcome to Python!

13 """

14 print(f"Hello {name}, age {age}. {message}")

15

16 # Using positional and keyword arguments

17 greet_user("Alice", 25, message="Welcome to Python!")

This flexibility allows you to use positional arguments for essential parame-
ters while reserving keyword arguments for optional or less frequently used ones.

6.3.3 Default Arguments

Default arguments enable you to assign default values to function parameters. If
no value is provided for a parameter during the function call, the default value
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is used. This feature simplifies function calls and reduces the need for additional
logic to handle missing arguments.

Key Characteristics of Default Arguments

• Optional Parameters: Default arguments make certain parameters op-
tional during a function call.

• Improved Code Simplicity: They eliminate the need for conditional
statements to check for missing values.

• Order-Sensitive: Default arguments must appear after all required pa-
rameters in the function definition.

Example: Greeting a User The following example demonstrates a function
with a default argument:

1 def greet(name="Guest"):

2 """

3 Greets the user with a default or custom name.

4

5 Parameters:

6 name (str , optional): The user’s name. Defaults to "Guest ".

7

8 Example:

9 >>> greet ()

10 Hello , Guest!

11 >>> greet ("Alice ")

12 Hello , Alice!

13 """

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

15

16 # Calling the function with and without an argument

17 greet() # Output: Hello , Guest!

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

Using Multiple Default Arguments A function can have multiple default
arguments, making it highly versatile:

1 def display_user(name="Unknown", age=0, location="Unknown"):

2 """

3 Displays user details with default values if arguments are not

provided.

4

5 Parameters:

6 name (str , optional): The user’s name. Defaults to "Unknown ".

7 age (int , optional): The user’s age. Defaults to 0.

8 location (str , optional): The user’s location. Defaults to "

Unknown ".

9

10 Example:

11 >>> display_user ()

12 Name: Unknown , Age: 0, Location: Unknown

13 >>> display_user(name="Bob", location ="New York")
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14 Name: Bob , Age: 0, Location: New York

15 """

16 print(f"Name: {name}, Age: {age}, Location: {location}")

17

18 # Using default arguments

19 display_user () # All default values are used

20 display_user(name="Bob", location="New York")

21 # Output: Name: Bob , Age: 0, Location: New York

Avoiding Mutable Default Arguments Caution is necessary when using
mutable types (e.g., lists, dictionaries) as default arguments. These can lead to
unexpected behavior due to shared state across function calls.

1 def append_to_list(value , my_list =[]):

2 """

3 Appends a value to a list. Demonstrates the pitfall of mutable

default arguments.

4

5 Parameters:

6 value (any): The value to append.

7 my_list (list , optional): The list to modify. Defaults to an

empty list.

8

9 Returns:

10 list: The modified list.

11 """

12 my_list.append(value)

13 return my_list

14

15 # Calling the function

16 list1 = append_to_list (1)

17 list2 = append_to_list (2)

18

19 print(list1) # Output: [1, 2]

20 print(list2) # Output: [1, 2] (unexpected !)

To avoid this issue, use None as the default value and handle it within the
function:

1 def append_to_list(value , my_list=None):

2 if my_list is None:

3 my_list = []

4 my_list.append(value)

5 return my_list

6

7 # Correct usage

8 list1 = append_to_list (1)

9 list2 = append_to_list (2)

10

11 print(list1) # Output: [1]

12 print(list2) # Output: [2]

Default arguments enhance function flexibility and usability while simplifying
the function calls.
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6.3.4 Variable-Length Arguments

Variable-length arguments allow you to define functions that accept a varying
number of arguments. This flexibility is achieved using two special symbols in
Python: *args for non-keyword arguments and **kwargs for keyword argu-
ments. These mechanisms make your functions adaptable to a wide range of
input sizes and scenarios.

*args: Non-Keyword Arguments

The *args syntax collects additional positional arguments into a tuple. This is
especially useful when the number of arguments cannot be predetermined.

Key Characteristics of *args

• Flexible Input: Accepts an arbitrary number of positional arguments.

• Access as a Tuple: The collected arguments are stored in a tuple, which
can be iterated over.

• Combines with Named Parameters: Can be used alongside regular
positional arguments.

Example: Summing Numbers The following example demonstrates how to
sum an arbitrary number of numbers:

1 def sum_numbers (*args):

2 """

3 Sums an arbitrary number of numbers.

4

5 Parameters:

6 *args (tuple): Numbers to sum.

7

8 Returns:

9 int or float: The total sum.

10

11 Example:

12 >>> sum_numbers (1, 2, 3, 4)

13 10

14 """

15 return sum(args)

16

17 # Calling the function

18 print(sum_numbers (1, 2, 3, 4)) # Output: 10

19 print(sum_numbers (5.5, 4.5)) # Output: 10.0

Using *args with Additional Parameters *args can be combined with
regular positional parameters to create more versatile functions.

1 def greet_all(greeting , *names):

2 """

3 Greets multiple users with a specified greeting.

4
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5 Parameters:

6 greeting (str): The greeting message.

7 *names (tuple): Names of users to greet.

8

9 Example:

10 >>> greet_all ("Hello", "Alice", "Bob")

11 Hello Alice

12 Hello Bob

13 """

14 for name in names:

15 print(f"{greeting} {name}")

16

17 # Calling the function

18 greet_all("Hello", "Alice", "Bob", "Charlie")

19 # Output:

20 # Hello Alice

21 # Hello Bob

22 # Hello Charlie

**kwargs: Keyword Arguments

The **kwargs syntax collects additional keyword arguments into a dictionary.
This is particularly useful for passing configurations or named parameters that
are not predetermined.

Key Characteristics of **kwargs

• Flexible Input: Accepts an arbitrary number of named (keyword) argu-
ments.

• Access as a Dictionary: The collected arguments are stored in a dictio-
nary, allowing for dynamic access and manipulation.

• Combines with Named Parameters: Can be used alongside regular
named parameters.

Example: Displaying User Attributes The following example demon-
strates how to display attributes provided as keyword arguments:

1 def display_attributes (** kwargs):

2 """

3 Displays user attributes provided as keyword arguments.

4

5 Parameters:

6 ** kwargs (dict): User attributes as key -value pairs.

7

8 Example:

9 >>> display_attributes(name="Alice", age=25, city="New York")

10 name: Alice

11 age: 25

12 city: New York

13 """

14 for key , value in kwargs.items():

15 print(f"{key}: {value}")
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16

17 # Calling the function

18 display_attributes(name="Alice", age=25, city="New York")

19 # Output:

20 # name: Alice

21 # age: 25

22 # city: New York

Combining *args and **kwargs You can use both *args and **kwargs in
the same function to handle a combination of positional and keyword arguments.

1 def describe_person (* attributes , ** details):

2 """

3 Describes a person using both positional and keyword arguments.

4

5 Parameters:

6 *attributes (tuple): Positional attributes (e.g., titles).

7 ** details (dict): Keyword attributes (e.g., name , age).

8

9 Example:

10 >>> describe_person (" Engineer", "Musician", name="Alice", age

=30)

11 Attributes: Engineer , Musician

12 name: Alice

13 age: 30

14 """

15 print("Attributes:", ", ".join(attributes))

16 for key , value in details.items():

17 print(f"{key}: {value}")

18

19 # Calling the function

20 describe_person("Engineer", "Musician", name="Alice", age =30)

21 # Output:

22 # Attributes: Engineer , Musician

23 # name: Alice

24 # age: 30

6.3.5 Returning Values

Functions can return a value using the return statement. This allows you to
capture the result of a function and use it in other parts of your program. Re-
turning values makes functions highly versatile and reusable.

Key Characteristics of return

• Single Return Value: A function can return a single object, which may
be a list, tuple, or dictionary to represent multiple values.

• Early Exit: A return statement immediately exits the function.

• Optional Use: Functions that do not use return implicitly return None.
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1 def factorial(n):

2 """

3 Calculates the factorial of a number.

4

5 Parameters:

6 n (int): The number to calculate the factorial for.

7

8 Returns:

9 int: The factorial of the number.

10

11 Example:

12 >>> factorial (5)

13 120

14 """

15 result = 1

16 for i in range(1, n + 1):

17 result *= i

18 return result

19

20 # Calling the function

21 print(factorial (5)) # Output: 120

Returning Multiple Values A function can return multiple values using
tuples, which can be unpacked easily:

1 def calculate_stats(numbers):

2 """

3 Calculates basic statistics for a list of numbers.

4

5 Parameters:

6 numbers (list): A list of numerical values.

7

8 Returns:

9 tuple: The sum , average , and count of numbers.

10

11 Example:

12 >>> calculate_stats ([1, 2, 3, 4, 5])

13 (15, 3.0, 5)

14 """

15 total = sum(numbers)

16 count = len(numbers)

17 average = total / count

18 return total , average , count

19

20 # Calling the function

21 stats = calculate_stats ([1, 2, 3, 4, 5])

22 print(stats) # Output: (15, 3.0, 5)

23

24 # Unpacking the returned tuple

25 total , average , count = stats

26 print(f"Total: {total}, Average: {average}, Count: {count}")

27 # Output:

28 # Total: 15, Average: 3.0, Count: 5
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Returning values enhances the utility of functions, allowing for meaningful
interaction between different parts of a program.

6.4 Scope and Lifetime of Variables

Variables in Python have scope and lifetime, determined by where they are
defined. The scope of a variable defines the region of the program where it can
be accessed, while the lifetime of a variable refers to the duration for which the
variable exists in memory. Understanding these concepts is essential for writing
efficient and error-free code.

6.4.1 Local Variables

Local variables are declared inside a function and can only be accessed within
that function. They are created when the function is called and destroyed once
the function exits. This encapsulation ensures that changes to local variables do
not affect the rest of the program.

Key Characteristics of Local Variables

• Scope: Limited to the function where they are declared.

• Lifetime: Exists only during the execution of the function.

• Isolation: Changes to local variables do not affect variables outside the
function.

1 def example ():

2 x = 10 # Local variable

3 print(f"Inside the function , x = {x}")

4

5 example ()

6 # print(x) # Error: x is not defined outside the function

This code demonstrates that the variable x is accessible only within the
function example. Attempting to access x outside the function results in an
error.

6.4.2 Global Variables

Global variables are declared outside all functions and are accessible through-
out the program. While they provide convenience by being available anywhere,
overusing them can make code harder to debug and maintain.
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Key Characteristics of Global Variables

• Scope: Accessible across all functions and parts of the program.

• Lifetime: Exists for the duration of the program’s execution.

• Shared State: Can be modified by any part of the program.

1 x = 10 # Global variable

2

3 def display ():

4 print(f"Inside the function , x = {x}")

5

6 display () # Output: Inside the function , x = 10

7 print(f"Outside the function , x = {x}") # Output: Outside the

function , x = 10

This example shows how the global variable x is accessible both inside and
outside the function display.

6.4.3 Modifying Global Variables

To modify a global variable inside a function, you must explicitly declare it as
global using the global keyword. Without this declaration, Python treats the
variable as a local variable.

Key Characteristics of Modifying Global Variables

• Explicit Declaration: The global keyword must be used to modify
global variables.

• Potential Risks: Modifying global variables can lead to unintended side
effects, making debugging harder.

1 count = 0 # Global variable

2

3 def increment ():

4 global count # Declare count as global

5 count += 1

6

7 increment ()

8 print(f"After incrementing , count = {count}") # Output: After

incrementing , count = 1

In this example, the global variable count is modified inside the function
increment after being explicitly declared as global.
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6.5 Anonymous Functions: lambda Expressions

A lambda function is a small, anonymous function defined using the lambda

keyword. It can have any number of arguments but only one expression, which
is evaluated and returned. Lambda functions are often used for short, simple
operations that do not require a full function definition.

6.5.1 Syntax

1 lambda arguments: expression

Key Characteristics of Lambda Functions

• Anonymous: Lambda functions are unnamed.

• Compact: Defined in a single line for brevity.

• Use Case: Typically used as an argument to higher-order functions like
map, filter, or sorted.

1 double = lambda x: x * 2

2 print(double (5)) # Output: 10

Here, the lambda function takes a single argument x and returns its double.

Using Lambda with Higher-Order Functions Lambda functions are often
used with higher-order functions to simplify code:

1 # Example: Filtering even numbers

2 even_numbers = list(filter(lambda x: x % 2 == 0, [1, 2, 3, 4, 5]))

3 print(even_numbers) # Output: [2, 4]

4

5 # Example: Sorting by the second element in a list of tuples

6 points = [(1, 2), (3, 1), (0, 4)]

7 points.sort(key=lambda x: x[1])

8 print(points) # Output: [(3, 1), (1, 2), (0, 4)]

Lambda functions offer a concise way to define operations directly at the
point of use, enhancing code readability for simple tasks.

6.5.2 Using Lambdas with Built-in Functions

Lambda functions are particularly useful when working with built-in functions
such as sorted(), map(), and filter(). They allow you to define inline func-
tionality for simple operations, keeping your code concise and readable.
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Example: Sorting with Lambda The sorted() function can use a lambda
to specify a custom sorting key. In the following example, we sort a list of tuples
by the second element:

1 # Example: Sorting with lambda

2 points = [(1, 2), (3, 1), (0, 4)]

3 points.sort(key=lambda x: x[1])

4 print(points) # Output: [(3, 1), (1, 2), (0, 4)]

Here, the lambda function lambda x: x[1] extracts the second element of
each tuple for comparison, guiding the sorting process.

Example: Mapping with Lambda The map() function applies a given func-
tion to all items in an iterable. Lambdas are ideal for defining simple transfor-
mation logic:

1 # Example: Doubling numbers using map and lambda

2 numbers = [1, 2, 3, 4, 5]

3 doubled = list(map(lambda x: x * 2, numbers))

4 print(doubled) # Output: [2, 4, 6, 8, 10]

Example: Filtering with Lambda The filter() function selects items
from an iterable based on a condition. Lambdas help define the filtering criterion
concisely:

1 # Example: Filtering even numbers using filter and lambda

2 numbers = [1, 2, 3, 4, 5]

3 even_numbers = list(filter(lambda x: x % 2 == 0, numbers))

4 print(even_numbers) # Output: [2, 4]

Using lambdas with built-in functions streamlines code and eliminates the
need for separate function definitions for simple tasks.

6.6 Recursive Functions

A recursive function is a function that calls itself to solve a problem. This tech-
nique is particularly effective for problems that can be divided into smaller, simi-
lar sub-problems, such as computing factorials, Fibonacci numbers, or traversing
data structures like trees.

Example: Calculating Factorial The factorial of a number n is the product
of all positive integers from 1 to n. It can be computed recursively:

1 # Example: Recursive function

2 def factorial(n):

3 """

4 Calculates the factorial of a number using recursion.

5

6 Parameters:

7 n (int): The number to calculate the factorial for.

8

9 Returns:

10 int: The factorial of the number.
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11

12 Example:

13 >>> factorial (5)

14 120

15 """

16 if n == 0:

17 return 1

18 return n * factorial(n - 1)

19

20 print(factorial (5)) # Output: 120

Advantages and Limitations

• Advantages: Recursion simplifies problems that can be broken into smaller,
similar sub-problems.

• Limitations: Recursive functions must include a base case to prevent
infinite recursion. Without careful design, they can cause a stack overflow
error due to excessive memory usage.

Example: Fibonacci Sequence Another classic example of recursion is cal-
culating Fibonacci numbers:

1 def fibonacci(n):

2 """

3 Calculates the nth Fibonacci number using recursion.

4

5 Parameters:

6 n (int): The position in the Fibonacci sequence.

7

8 Returns:

9 int: The nth Fibonacci number.

10

11 Example:

12 >>> fibonacci (6)

13 8

14 """

15 if n <= 1:

16 return n

17 return fibonacci(n - 1) + fibonacci(n - 2)

18

19 print(fibonacci (6)) # Output: 8

While recursion provides elegance, iterative solutions may be more efficient
for certain problems due to their lower memory consumption.

6.7 Best Practices for Writing Functions

1. Use Descriptive Names: Function names should clearly indicate their
purpose. For example, use calculatearea()insteadofarea().Keep Functions Small :
Eachfunctionshouldperformasingle, well−definedtask.Thismakesdebuggingandtestingeasier.
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2.2. Add Docstrings: Document the purpose, parameters, and return values
of your functions using docstrings. Tools like help() can then provide
insights into your functions.

3. Handle Errors Gracefully: Use try-except blocks to catch and handle
potential errors. For instance, validate input types and ranges to prevent
runtime errors.

4. Avoid Side Effects: Functions should ideally return values rather than
modifying global variables or system states. This makes functions pre-
dictable and reusable.

5. Test Thoroughly: Include unit tests to verify that your functions handle
expected and edge cases correctly.

6.8 Summary

Functions are a cornerstone of Python programming, enabling modular and
reusable code. This chapter explored:

• Basic function definitions and usage.

• Advanced features like lambdas, recursion, and variable-length arguments.

• Best practices for writing maintainable and efficient functions.

By mastering these concepts, you can write Python programs that are not
only functional but also elegant and easy to maintain. Practice regularly to
strengthen your understanding and apply these techniques effectively in your
projects.
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Chapter 7

Modules and Packages

Python’s modularity is one of its most powerful features. By dividing a program
into smaller, manageable modules, you can simplify complex tasks, encourage
code reuse, and keep your codebase clean and organized. This chapter will
explore the concepts of modules and packages, demonstrate how to import and
use modules, and show you how to create your own modules. Finally, we will
discuss Python’s standard library and how you can leverage it to make your
programming tasks more efficient.

7.1 Introduction to Modules and Packages

In Python, a module is simply a file containing Python definitions and state-
ments. It can define functions, classes, and variables, and can also include
runnable code. A package is a collection of modules organized in directories,
allowing you to structure your program in a way that promotes reusability and
maintainability.

7.1.1 What is a Module?

A module is a Python file with a .py extension. It can be imported into another
Python script, and its functions, classes, and variables can be accessed. Python’s
modular system helps you organize your code and keep different functionality in
separate files.

For example, suppose you have a module called math operations.py that
contains basic mathematical functions:

1 # math\_operations.py

2 def add(a, b):

3 return a + b

4

5 def subtract(a, b):

6 return a - b

You can import this module in another script to use its functions:

1 # main.py

2 import math\_operations
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3

4 result = math\_operations.add(5, 3)

5 print(result) # Output: 8

By splitting your code into modules, you can avoid redundancy, increase
reusability, and make your code more maintainable.

7.1.2 What is a Package?

A package is a directory that contains multiple modules or sub-packages. It
allows you to organize your code into a hierarchical structure. A package must
contain a special init .py file, which indicates that the directory should be
treated as a package.

Consider the following directory structure:

1 my\_package/

2 \_\_init\_\_.py

3 math\_operations.py

4 string\_operations.py

In this example, my package is a package that contains two modules: math operations.py

and string operations.py. The init .py file can be empty, or it can exe-
cute initialization code for the package.

You can import a module from a package as follows:

1 from my\_package import math\_operations

2

3 result = math\_operations.add(5, 3)

4 print(result) # Output: 8

Packages enable you to organize your project more effectively, making it
easier to scale and maintain over time.

7.2 Importing Modules

Python provides several ways to import modules and packages. The import
system is flexible and allows you to import specific functions, classes, or entire
modules based on your needs.

7.2.1 The import Statement

The simplest way to import a module is by using the import statement. This
allows you to access the entire module in your code.

1 import math

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

In this example, we import the built-in math module and use its sqrt()

function to calculate the square root of 16.
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7.2.2 Importing Specific Functions or Variables

You can also import specific functions, classes, or variables from a module, which
helps keep your code concise and readable. This can be done using the from ...

import ... statement.

1 from math import sqrt

2 print(sqrt (16)) # Output: 4.0

In this case, we import only the sqrt() function from the math module,
avoiding the need to reference the module name each time.

7.2.3 Renaming Imported Modules or Functions

Sometimes, you may want to rename a module or function for convenience. You
can do this using the as keyword.

1 import math as m

2 print(m.sqrt (16)) # Output: 4.0

In this case, we import the math module but give it the alias m. This can be
particularly useful when dealing with long module names or when you want to
avoid naming conflicts.

7.2.4 Importing All Functions from a Module

It’s also possible to import all functions and classes from a module using the from
... import * syntax. However, this is not recommended for large projects, as
it can lead to name clashes and make it unclear where a particular function or
class came from.

1 from math import *

2 print(sqrt (16)) # Output: 4.0

Note: It is considered better practice to import only the specific functions
or classes you need, rather than using the wildcard import.

7.2.5 Relative Imports

When working with larger projects and packages, you may need to import mod-
ules within the same package or from parent packages. Python supports relative
imports, where you can import modules relative to the current module.

For example, assume you have the following structure:

1 my\_package/

2 \_\_init\_\_.py

3 module\_a.py

4 module\_b.py

If module a.py wants to import module b.py, it can use a relative import:

1 # module\_a.py

2 from . import module\_b

Here, . represents the current directory, allowing module a.py to import
module b.py within the same package.
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7.3 Creating and Using Your Own Modules

Creating your own modules is straightforward in Python. A module is simply
a Python file that contains functions, classes, and variables. Once a module is
created, you can import it and use it just like any built-in module.

7.3.1 Creating a Simple Module

Suppose you want to create a module for basic mathematical operations. Create
a file called math operations.py with the following content:

1 # math\_operations.py

2 def add(a, b):

3 return a + b

4

5 def subtract(a, b):

6 return a - b

7

8 def multiply(a, b):

9 return a * b

10

11 def divide(a, b):

12 if b == 0:

13 return "Cannot divide by zero"

14 return a / b

Now, in another script, you can import and use the math operations mod-
ule:

1 import math\_operations

2

3 result = math\_operations.add(5, 3)

4 print(result) # Output: 8

This simple module contains four functions: add(), subtract(), multiply(),
and divide(). By importing this module into another script, you can perform
these operations as needed.

7.3.2 Using Functions from Your Module

Once you’ve created a module, you can use its functions in other scripts by
importing the module. Here’s an example of how to use the divide() function
from the math operations.py module:

1 import math\_operations

2

3 result = math\_operations.divide (10, 2)

4 print(result) # Output: 5.0

You can also import only the specific function you need from the module:

1 from math\_operations import multiply

2

3 result = multiply(4, 7)

4 print(result) # Output: 28
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7.3.3 The name Variable

Python modules contain a special built-in variable called name , which is used
to determine if the module is being run directly or imported. If a module is run
directly, name is set to " main ".

Here’s an example:

1 # math\_operations.py

2 def add(a, b):

3 return a + b

4

5 if \_\_name\_\_ == "\_\_main\_\_":

6 result = add(5, 3)

7 print(f"Result: {result}")

If you run math operations.py directly, it will execute the code inside the if
name == " main " block. However, if the module is imported into another

script, this block will not be executed.

7.4 Understanding the Python Standard Library

Python comes with a rich standard library that provides modules and packages
for various tasks, including working with files, interacting with the operating
system, and performing network operations. Leveraging the standard library
can significantly reduce the amount of code you need to write for common tasks.

7.4.1 Popular Python Standard Library Modules

Here are some of the most commonly used modules in the Python standard
library:

The os Module

The os module provides a way to interact with the operating system. It allows
you to perform tasks such as working with file paths, creating directories, and
managing environment variables.

Example of using the os module:

1 import os

2

3 # Get the current working directory

4 print(os.getcwd ())

5

6 # List all files in a directory

7 print(os.listdir(’.’))

The sys Module

The sys module provides access to system-specific parameters and functions,
such as command-line arguments and the Python runtime environment.

Example of using the sys module:
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1 import sys

2

3 # Get the command -line arguments

4 print(sys.argv)

5

6 # Exit the program

7 sys.exit()

The math Module

The math module provides mathematical functions such as square roots, trigono-
metric functions, and constants like pi.

Example of using the math module:

1 import math

2

3 # Calculate the square root of a number

4 print(math.sqrt (16))

5

6 # Get the value of pi

7 print(math.pi)

The datetime Module

The datetime module provides functions for working with dates and times. It
allows you to create, manipulate, and format dates and times in your programs.

Example of using the datetime module:

1 from datetime import datetime

2

3 # Get the current date and time

4 now = datetime.now()

5 print(now)

6

7 # Format the date

8 print(now.strftime("%Y-%m-%d %H:%M:%S"))

The random Module

The random module provides functions for generating random numbers and mak-
ing random choices.

Example of using the random module:

1 import random

2

3 # Generate a random integer between 1 and 10

4 print(random.randint(1, 10))

5

6 # Pick a random item from a list

7 choices = [’apple’, ’banana ’, ’cherry ’]

8 print(random.choice(choices))

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 64

7.5 Summary

Modules and packages are essential tools in Python programming, enabling you
to break down complex programs into smaller, reusable components. The ability
to import and use modules, create your own modules, and organize them into
packages promotes better code organization, reusability, and maintainability.
Python’s standard library offers a wide range of modules to simplify common
programming tasks, making Python a versatile and powerful language for various
applications.

By mastering modules and packages, you will be able to write more modular,
scalable, and efficient Python code.
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Chapter 8

File Handling

8.1 Introduction

File handling in Python is a crucial skill for every programmer. Whether you are
reading data from a file, writing data to a file, or managing files and directories,
Python provides powerful and flexible tools to make file handling straightforward.
This chapter covers the essential aspects of file handling, including reading and
writing files, working with CSV and JSON files, and performing file and directory
management operations.

8.2 Reading and Writing Files

Python provides built-in functions for file handling that allow you to open, read,
write, and manipulate files. Files can be opened in different modes, such as read
(‘r‘), write (‘w‘), append (‘a‘), and binary (‘b‘) modes, depending on the task at
hand.

8.2.1 Opening Files

To work with a file, the first step is to open it. Python’s built-in open() function
is used to open a file. The open() function requires the file path and the mode
in which you want to open the file.

1 # Open a file in read mode

2 file = open("example.txt", "r")

The most common file modes are:

• ’r’: Read mode (default). Opens the file for reading.

• ’w’: Write mode. Opens the file for writing (creates the file if it does not
exist).

• ’a’: Append mode. Opens the file for appending (creates the file if it does
not exist).

• ’b’: Binary mode. Used for reading or writing binary files.
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• ’r+’: Read and write mode. Opens the file for both reading and writing.

8.2.2 Reading Files

Once a file is opened in read mode, you can use various methods to read its
contents.

1 # Read the entire file

2 file\_content = file.read()

3 print(file\_content)

Alternatively, you can read the file line by line.

1 # Read the file line by line

2 for line in file:

3 print(line)

Another option is to read specific amounts of data.

1 # Read a specific number of characters

2 file\_content = file.read (10) # Read the first 10 characters

8.2.3 Writing to Files

You can write to a file by opening it in write (‘w‘) or append (‘a‘) mode. If
you open the file in write mode and the file already exists, its content will be
overwritten.

1 # Write to a file

2 file = open("example.txt", "w")

3 file.write("Hello , this is a test file.\n")

4 file.write("We are learning file handling in Python.")

5 file.close ()

In append mode, new data is added to the end of the file without overwriting
existing content.

1 # Append to a file

2 file = open("example.txt", "a")

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

4 file.close ()

8.2.4 Closing Files

After you are done with a file, it is essential to close it to free up system resources.

1 # Close the file after operations

2 file.close ()

Alternatively, you can use the with statement to automatically close the file
after it has been used.

1 # Using ’with’ statement to automatically close the file

2 with open("example.txt", "r") as file:

3 content = file.read()

4 print(content)
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8.3 Working with CSV and JSON Files

CSV (Comma Separated Values) and JSON (JavaScript Object Notation) are
two widely used file formats for storing and exchanging data. Python provides
the csv and json modules for working with these formats.

8.3.1 Working with CSV Files

CSV files store tabular data, where each row represents a record, and each
column is separated by a comma. Python’s csv module makes it easy to read
and write CSV files.

Reading CSV Files

To read a CSV file, you can use the csv.reader() function, which returns an
iterator that can be used to read the rows of the file.

1 import csv

2

3 # Open a CSV file for reading

4 with open(’data.csv’, mode=’r’) as file:

5 csv\_reader = csv.reader(file)

6 for row in csv\_reader:

7 print(row)

Writing CSV Files

To write data to a CSV file, you can use the csv.writer() function, which
allows you to write rows to the file.

1 import csv

2

3 # Data to be written

4 data = [["Name", "Age", "City"], ["Alice", 30, "New York"], ["Bob",

25, "San Francisco"]]

5

6 # Open a CSV file for writing

7 with open(’output.csv’, mode=’w’, newline=’’) as file:

8 csv\_writer = csv.writer(file)

9 csv\_writer.writerows(data)

The writerow() method writes a single row, while writerows() writes mul-
tiple rows at once.

8.3.2 Working with JSON Files

JSON files are commonly used to store data in a structured format. Python’s
json module provides methods to work with JSON data.

Reading JSON Files

To read a JSON file, you can use the json.load() function, which loads the
data from the file and converts it into a Python object.
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1 import json

2

3 # Open a JSON file for reading

4 with open(’data.json’, ’r’) as file:

5 data = json.load(file)

6 print(data)

Writing JSON Files

To write data to a JSON file, you can use the json.dump() function.

1 import json

2

3 # Data to be written

4 data = {"name": "Alice", "age": 30, "city": "New York"}

5

6 # Open a JSON file for writing

7 with open(’output.json’, ’w’) as file:

8 json.dump(data , file)

You can also format the JSON data with indentation to make it more read-
able.

1 # Writing formatted JSON

2 with open(’output.json’, ’w’) as file:

3 json.dump(data , file , indent =4)

8.4 File and Directory Management

Python provides several modules to manage files and directories, including the
os and shutil modules. These modules allow you to perform operations such
as renaming files, deleting files, and creating directories.

8.4.1 Working with Directories

You can create and remove directories using the osmodule. To create a directory,
use the os.mkdir() function.

1 import os

2

3 # Create a new directory

4 os.mkdir(’new\_directory ’)

To remove a directory, use the os.rmdir() function. Note that the directory
must be empty before it can be removed.

1 # Remove a directory

2 os.rmdir(’new\_directory ’)

You can also list all the files and directories in a specified directory using the
os.listdir() function.

1 # List files and directories

2 files = os.listdir(’some\_directory ’)

3 print(files)
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8.4.2 Renaming and Deleting Files

To rename a file, use the os.rename() function. This function takes the current
file name and the new file name as arguments.

1 import os

2

3 # Rename a file

4 os.rename(’old\_file.txt’, ’new\_file.txt’)

To delete a file, use the os.remove() function.

1 # Delete a file

2 os.remove(’file\_to\_delete.txt’)

8.4.3 Copying and Moving Files

To copy or move files, you can use the shutil module. The shutil.copy()

function copies a file, while shutil.move() moves a file to a new location.

1 import shutil

2

3 # Copy a file

4 shutil.copy(’source\_file.txt’, ’destination\_file.txt’)

5

6 # Move a file

7 shutil.move(’source\_file.txt’, ’destination\_directory/’)

8.5 Summary

File handling is an essential aspect of Python programming. With Python’s
built-in modules for reading and writing files, working with CSV and JSON
files, and managing files and directories, you can easily perform a wide range
of file operations. By mastering these techniques, you will be able to effectively
work with data and manage your file system in Python.

Understanding file handling allows you to store and retrieve data efficiently,
automate file management tasks, and manipulate large datasets, which is invalu-
able in various fields such as data analysis, web development, and automation.
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Chapter 9

Object-Oriented Programming
(OOP) Basics

9.1 Introduction to Object-Oriented Programming

Object-Oriented Programming (OOP) is a programming paradigm that uses the
concept of ”objects” to design and build applications. An object is an instance
of a class, and it encapsulates both data (attributes) and behaviors (methods).
OOP focuses on organizing code into reusable and modular structures, making
it easier to manage and extend.

9.1.1 Definition and Core Concepts

At the heart of OOP are the following core concepts:

1. Class A class is a blueprint or template for creating objects. It defines the
structure and behavior (attributes and methods) that the objects created from
it will have.

2. Object An object is an instance of a class. It represents a real-world entity
with specific attributes and behaviors.

3. Encapsulation Encapsulation is the practice of bundling data (attributes)
and methods (functions) that operate on the data into a single unit (class). It
also involves restricting direct access to some components to protect the integrity
of the object.

4. Inheritance Inheritance allows a class (child) to inherit attributes and
methods from another class (parent), enabling code reuse and hierarchical rela-
tionships.

5. Polymorphism Polymorphism enables a single interface to represent dif-
ferent underlying data types. It allows the same operation to behave differently
on different classes.
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6. Abstraction Abstraction is the process of hiding complex implementation
details and exposing only the necessary functionalities.

Example: Basic OOP Concepts in Python

1 # Defining a class

2 class Animal:

3 def __init__(self , name): # Constructor

4 self.name = name # Instance attribute

5

6 def speak(self):

7 return "I am an animal."

8

9 # Creating an object

10 dog = Animal("Dog")

11 print(dog.name) # Output: Dog

12 print(dog.speak()) # Output: I am an animal.

9.1.2 Benefits of OOP

OOP offers several advantages that make it a popular choice for software devel-
opment:

1. Modularity OOP promotes modularity by organizing code into classes.
Each class represents a distinct component of the application, making it easier
to understand and maintain.

2. Code Reusability Through inheritance, OOP enables developers to reuse
existing code, reducing redundancy and improving efficiency.

3. Scalability OOP facilitates the development of large-scale applications by
providing a structured and hierarchical approach to coding.

4. Maintainability Encapsulation and modularity improve maintainability.
Changes in one part of the application do not affect other parts if designed
properly.

5. Abstraction By hiding unnecessary details, OOP simplifies complex sys-
tems and allows developers to focus on high-level design.

6. Real-World Modeling OOP mirrors real-world entities and their rela-
tionships, making it intuitive for developers to map requirements to code.

Example: Reusability Through Inheritance
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1 # Base class

2 class Animal:

3 def __init__(self , name):

4 self.name = name

5

6 def speak(self):

7 return "I make a sound."

8

9 # Derived class

10 class Dog(Animal):

11 def speak(self):

12 return "Woof! Woof!"

13

14 # Creating objects

15 generic_animal = Animal("Animal")

16 print(generic_animal.speak()) # Output: I make a sound.

17

18 dog = Dog("Dog")

19 print(dog.speak()) # Output: Woof! Woof!

9.1.3 Comparison with Procedural Programming

Procedural programming and OOP are two different paradigms with distinct
approaches to problem-solving.

1. Code Organization

• Procedural Programming: Organizes code into functions and proce-
dures.

• OOP: Organizes code into classes and objects.

2. Data and Behavior

• Procedural Programming: Data and behavior are separate.

• OOP: Data and behavior are bundled together in objects.

3. Reusability

• Procedural Programming: Limited reusability through function calls.

• OOP: Enhanced reusability through inheritance and polymorphism.

1 # Procedural Programming

2 # Function to describe an animal

3 def describe_animal(name , sound):

4 return f"{name} says {sound }."

5

6 print(describe_animal("Dog", "Woof")) # Output: Dog says Woof

7

8 # Object -Oriented Programming
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9 class Animal:

10 def __init__(self , name , sound):

11 self.name = name

12 self.sound = sound

13

14 def describe(self):

15 return f"{self.name} says {self.sound }."

16

17 animal = Animal("Dog", "Woof")

18 print(animal.describe ()) # Output: Dog says Woof

5. Advantages of OOP Over Procedural Programming

• Better code organization through classes and objects.

• Easier to manage complexity in large applications.

• Facilitates real-world modeling with objects and relationships.

• Improves reusability and scalability through inheritance and polymorphism.

9.2 Classes and Objects

Classes and objects are the foundational components of Object-Oriented Pro-
gramming (OOP). A class serves as a blueprint for creating objects, while an
object is an instance of a class. Together, they allow you to model real-world
entities and their behaviors in your programs.

9.2.1 Defining Classes

A class is defined using the class keyword followed by the class name and a
colon. Inside the class, you can define attributes (data) and methods (functions)
that operate on the attributes.

1 class ClassName:

2 """ Class docstring to describe its purpose."""

3 # Class body containing attributes and methods

4 pass

1 class Car:

2 """

3 A class to represent a car.

4

5 Attributes:

6 brand (str): The brand of the car.

7 model (str): The model of the car.

8 year (int): The year of manufacture.

9 """

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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10 def display_info(self):

11 print(f"Brand: {self.brand}, Model: {self.model}, Year: {

self.year}")

The Car class serves as a blueprint for creating car objects. It includes a
method display info to display information about the car.

9.2.2 Creating Objects

An object is an instance of a class. Once a class is defined, you can create objects
by calling the class as if it were a function.

1 # Creating an object of the Car class

2 car1 = Car()

3

4 # Assigning attributes

5 car1.brand = "Toyota"

6 car1.model = "Corolla"

7 car1.year = 2020

8

9 # Accessing attributes and methods

10 print(car1.brand) # Output: Toyota

11 car1.display_info () # Output: Brand: Toyota , Model: Corolla , Year:

2020

Here, car1 is an object of the Car class. Attributes are assigned dynamically
after the object is created.

9.2.3 The init Method (Constructor)

The init method, also known as the constructor, is a special method in
Python used to initialize an object’s attributes when it is created. It is auto-
matically called when an object is instantiated.

1 def __init__(self , param1 , param2 , ...):

2 # Initialize the o b j e c t s attributes

3 self.attribute1 = param1

4 self.attribute2 = param2

1 class Car:

2 """

3 A class to represent a car.

4

5 Attributes:

6 brand (str): The brand of the car.
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7 model (str): The model of the car.

8 year (int): The year of manufacture.

9 """

10 def __init__(self , brand , model , year):

11 """

12 Initializes the attributes of the Car object.

13

14 Parameters:

15 brand (str): The brand of the car.

16 model (str): The model of the car.

17 year (int): The year of manufacture.

18 """

19 self.brand = brand

20 self.model = model

21 self.year = year

22

23 def display_info(self):

24 print(f"Brand: {self.brand}, Model: {self.model}, Year: {

self.year}")

25

26 # Creating objects using the constructor

27 car1 = Car("Toyota", "Corolla", 2020)

28 car2 = Car("Honda", "Civic", 2019)

29

30 # Accessing attributes and methods

31 car1.display_info () # Output: Brand: Toyota , Model: Corolla , Year:

2020

32 car2.display_info () # Output: Brand: Honda , Model: Civic , Year:

2019

The init method simplifies object creation by allowing attributes to be
initialized at the time of instantiation.

Benefits of Using the init Method

• Eliminates the need to manually assign attributes after creating an object.

• Ensures that all necessary attributes are initialized during object creation.

• Provides a clean and structured approach to defining object behavior.

9.3 Attributes and Methods

Attributes and methods define the structure and behavior of objects in Object-
Oriented Programming. Attributes are the data stored in an object, while meth-
ods are the functions that operate on that data.

9.3.1 Instance Attributes

Instance attributes are unique to each object and are used to store data that
belongs to a specific instance of a class. They are defined inside the init

method or assigned directly to an object.
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1 class Car:

2 def __init__(self , brand , model , year):

3 """

4 Initializes the instance attributes for the Car class.

5

6 Parameters:

7 brand (str): The brand of the car.

8 model (str): The model of the car.

9 year (int): The year of manufacture.

10 """

11 self.brand = brand

12 self.model = model

13 self.year = year

14

15 # Creating instances with unique attributes

16 car1 = Car("Toyota", "Corolla", 2020)

17 car2 = Car("Honda", "Civic", 2019)

18

19 # Accessing instance attributes

20 print(car1.brand) # Output: Toyota

21 print(car2.year) # Output: 2019

Each object has its own set of attributes, which can hold different values.

9.3.2 Class Attributes

Class attributes are shared across all instances of a class. They are defined
directly within the class body and are accessed using the class name or any
instance of the class.

1 class Car:

2 # Class attribute

3 wheels = 4

4

5 def __init__(self , brand , model):

6 self.brand = brand

7 self.model = model

8

9 # Accessing class attributes

10 print(Car.wheels) # Output: 4

11

12 # Creating instances

13 car1 = Car("Toyota", "Corolla")

14 car2 = Car("Honda", "Civic")

15

16 # Accessing class attributes through instances

17 print(car1.wheels) # Output: 4

18 print(car2.wheels) # Output: 4

Class attributes are the same for all objects of the class unless explicitly
modified.
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Modifying Class Attributes You can modify class attributes using the class
name:

1 Car.wheels = 6

2 print(car1.wheels) # Output: 6

3 print(car2.wheels) # Output: 6

9.3.3 Instance Methods, Class Methods, and Static Methods

Methods define the behavior of objects. Python provides three types of methods:
instance methods, class methods, and static methods.

Instance Methods

Instance methods operate on instance attributes and require access to the specific
object. They always take self as the first parameter.

1 class Car:

2 def __init__(self , brand , model , year):

3 self.brand = brand

4 self.model = model

5 self.year = year

6

7 def display_info(self):

8 """ Displays the car’s information."""

9 print(f"Brand: {self.brand}, Model: {self.model}, Year: {

self.year}")

10

11 # Creating an instance

12 car1 = Car("Toyota", "Corolla", 2020)

13 car1.display_info () # Output: Brand: Toyota , Model: Corolla , Year:

2020

Class Methods

Class methods operate on class attributes rather than instance attributes. They
are defined using the @classmethod decorator and take cls as the first param-
eter.

1 class Car:

2 wheels = 4 # Class attribute

3

4 @classmethod

5 def set_wheels(cls , number):

6 """ Sets the number of wheels for all cars."""

7 cls.wheels = number

8

9 # Modifying class attribute through class method

10 Car.set_wheels (6)

11 print(Car.wheels) # Output: 6
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Class methods are often used to modify or access class-level data.

Static Methods

Static methods do not operate on instance or class attributes. They are defined
using the @staticmethod decorator and do not take self or cls as parameters.
Static methods are used for utility functions that are relevant to the class but
do not require access to specific data.

1 class Car:

2 @staticmethod

3 def is_motor_vehicle ():

4 """ Determines if a car is a motor vehicle."""

5 return True

6

7 # Calling static method

8 print(Car.is_motor_vehicle ()) # Output: True

Comparison of Method Types

• Instance Methods: Operate on instance attributes and require self.

• Class Methods: Operate on class attributes and require cls.

• Static Methods: Do not operate on attributes and are used for utility
functions.

9.4 Encapsulation

Encapsulation is a core concept in Object-Oriented Programming that involves
bundling data (attributes) and methods (functions) into a single unit (class)
while restricting direct access to some of the object’s components. This helps
protect the integrity of the data and promotes better control over how the data
is accessed or modified.

Encapsulation is achieved through access modifiers and the use of getters and
setters to manage access to private attributes.

9.4.1 Public, Private, and Protected Access Modifiers

Access modifiers in Python control the visibility of attributes and methods.
Python uses naming conventions to define public, protected, and private access
levels.
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Public Access Attributes and methods with public access are accessible from
anywhere in the program. By default, all attributes and methods in Python are
public.

1 class Car:

2 def __init__(self , brand):

3 self.brand = brand # Public attribute

4

5 def display_brand(self):

6 print(f"Brand: {self.brand}") # Public method

7

8 # Accessing public attribute and method

9 car = Car("Toyota")

10 print(car.brand) # Output: Toyota

11 car.display_brand () # Output: Brand: Toyota

Protected Access Protected attributes and methods are intended to be ac-
cessible only within the class and its subclasses. They are denoted by a single
underscore ( ).

1 class Vehicle:

2 def __init__(self , brand):

3 self._brand = brand # Protected attribute

4

5 class Car(Vehicle):

6 def display_brand(self):

7 print(f"Brand: {self._brand}")

8

9 # Accessing protected attribute via subclass

10 car = Car("Honda")

11 car.display_brand () # Output: Brand: Honda

12 # Direct access (not recommended)

13 print(car._brand) # Output: Honda

Although protected attributes can be accessed directly, it is a convention to
use them only within the class or its subclasses.

Private Access Private attributes and methods are intended to be accessible
only within the class. They are denoted by a double underscore ( ).

1 class BankAccount:

2 def __init__(self , balance):

3 self.__balance = balance # Private attribute

4

5 def get_balance(self):

6 return self.__balance # Accessing private attribute

7

8 # Accessing private attribute via method

9 account = BankAccount (1000)

10 print(account.get_balance ()) # Output: 1000

11 # Direct access (raises AttributeError)

12 # print(account.__balance)

Private attributes enhance encapsulation by ensuring that sensitive data is
not modified directly from outside the class.
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9.4.2 Getters and Setters

Getters and setters are methods used to access and modify private attributes,
ensuring control and validation over data changes. They help enforce encapsu-
lation while maintaining flexibility.

1 class BankAccount:

2 def __init__(self , balance):

3 self.__balance = balance # Private attribute

4

5 def get_balance(self):

6 return self.__balance # Getter

7

8 def set_balance(self , amount):

9 if amount >= 0: # Validation

10 self.__balance = amount

11 else:

12 print("Invalid amount")

13

14 # Using getters and setters

15 account = BankAccount (500)

16 print(account.get_balance ()) # Output: 500

17 account.set_balance (1000)

18 print(account.get_balance ()) # Output: 1000

19 account.set_balance (-100) # Output: Invalid amount

Using getters and setters allows you to add logic (like validation) when ac-
cessing or modifying attributes, making the class more robust and secure.

Benefits of Encapsulation Encapsulation improves the security and integrity
of your code by protecting critical data and exposing only the necessary parts of
an object. It also promotes modularity and ease of maintenance by decoupling
implementation details from the interface.

9.5 Inheritance

Inheritance is a cornerstone of Object-Oriented Programming (OOP) that fa-
cilitates the creation of a new class (child or subclass) based on an existing
class (parent or superclass). This powerful mechanism promotes code reuse, re-
duces redundancy, and creates a natural hierarchy in the codebase. By using
inheritance, developers can extend and customize existing functionality, making
programs more modular and scalable.

9.5.1 Single Inheritance

Single inheritance is the most straightforward form of inheritance, where a child
class inherits attributes and methods from one parent class. This allows the
child class to reuse and build upon the parent class’s functionality.
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Advantages of Single Inheritance Single inheritance provides simplicity
and clarity in cases where the relationship between classes is linear. It enables
the child class to inherit default behaviors while offering the flexibility to override
or extend them.

1 # Parent class

2 class Animal:

3 def __init__(self , name):

4 """

5 Initializes the name of the animal.

6

7 Parameters:

8 name (str): The name of the animal.

9 """

10 self.name = name

11

12 def speak(self):

13 return f"{self.name} makes a generic sound."

14

15 # Child class

16 class Dog(Animal):

17 def __init__(self , name , breed):

18 """

19 Initializes the name and breed of the dog.

20

21 Parameters:

22 name (str): The name of the dog.

23 breed (str): The breed of the dog.

24 """

25 super().__init__(name) # Call the parent class constructor

26 self.breed = breed

27

28 def speak(self):

29 return f"{self.name}, a {self.breed}, says Woof! Woof!"

30

31 # Creating instances

32 generic_animal = Animal("Generic Animal")

33 dog = Dog("Buddy", "Golden Retriever")

34

35 print(generic_animal.speak()) # Output: Generic Animal makes a

generic sound.

36 print(dog.speak()) # Output: Buddy , a Golden Retriever ,

says Woof! Woof!

In this example, the Dog class inherits the name attribute and the speak

method from the Animal class but overrides speak() to provide a custom im-
plementation specific to dogs.

9.5.2 Multiple Inheritance

Multiple inheritance allows a child class to inherit attributes and methods from
more than one parent class. This adds flexibility but also introduces potential
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complexity, such as conflicts when methods from different parent classes share
the same name.

Benefits of Multiple Inheritance Multiple inheritance is useful in scenarios
where a class needs to combine behaviors from multiple sources. For example, a
class representing a ”FlyingCar” might inherit from both a ”Car” class and an
”Aircraft” class.

1 # Parent classes

2 class Flyable:

3 def fly(self):

4 return "I can fly."

5

6 class Swimable:

7 def swim(self):

8 return "I can swim."

9

10 # Child class

11 class Duck(Flyable , Swimable):

12 def quack(self):

13 return "Quack!"

14

15 # Creating an instance

16 duck = Duck()

17 print(duck.fly()) # Output: I can fly.

18 print(duck.swim()) # Output: I can swim.

19 print(duck.quack()) # Output: Quack!

Here, the Duck class inherits behaviors from both Flyable and Swimable,
demonstrating the ability to combine multiple functionalities into a single class.

Resolving Conflicts in Multiple Inheritance Python uses the Method
Resolution Order (MRO) to resolve conflicts in multiple inheritance. MRO de-
termines the order in which classes are searched for a method or attribute.

1 # Demonstrating MRO

2 class A:

3 def greet(self):

4 return "Hello from A"

5

6 class B:

7 def greet(self):

8 return "Hello from B"

9

10 class C(A, B):

11 pass

12

13 c = C()

14 print(c.greet()) # Output: Hello from A

15 print(C.mro()) # Output: [<class ’__main__.C’>, <class ’__main__

.A’>, <class ’__main__.B’>, <class ’object ’>]
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The MRO ensures a predictable and consistent resolution path for attributes
and methods.

9.5.3 Overriding Methods

Overriding occurs when a child class provides its own implementation of a
method that already exists in the parent class. This is a powerful way to cus-
tomize or enhance inherited behavior.

1 class Animal:

2 def speak(self):

3 return "I make a generic sound."

4

5 class Cat(Animal):

6 def speak(self):

7 return "Meow!"

8

9 # Creating instances

10 animal = Animal ()

11 cat = Cat()

12

13 print(animal.speak()) # Output: I make a generic sound.

14 print(cat.speak()) # Output: Meow!

Here, the Cat class overrides the speak()method to provide behavior specific
to cats while retaining the method signature.

9.5.4 The super() Function

The super() function allows child classes to access and invoke methods from
the parent class. This is particularly useful when extending the functionality of
an inherited method rather than completely overriding it.

1 class Animal:

2 def __init__(self , name):

3 self.name = name

4

5 def speak(self):

6 return f"{self.name} makes a generic sound."

7

8 class Dog(Animal):

9 def __init__(self , name , breed):

10 super().__init__(name) # Call the parent class’s __init__

method

11 self.breed = breed

12

13 def speak(self):

14 parent_sound = super().speak()

15 return f"{parent_sound} Also , I am a {self.breed} and I say

Woof!"
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16

17 # Creating an instance

18 dog = Dog("Buddy", "Labrador")

19 print(dog.speak()) # Output: Buddy makes a generic sound. Also , I

am a Labrador and I say Woof!

Using super() ensures that the parent class’s implementation is preserved
and augmented rather than replaced entirely, maintaining modularity and reusabil-
ity in the code.

Polymorphism
Method Overloading Method Overriding Polymorphism with Inheritance Ab-

straction
Abstract Classes Interfaces Importance of Abstraction Special (Magic/Dun-

der) Methods
The str and repr Methods Operator Overloading ( add , sub , etc.)

The len , getitem , and setitem Methods Error Handling in OOP
Exceptions and Try-Except Blocks Custom Exception Classes OOP Design

Principles
SOLID Principles DRY (Don’t Repeat Yourself) Principle KISS (Keep It

Simple, Stupid) Principle Real-World Examples of OOP in Python
Example: Banking System Example: Library Management System Compar-

ison of OOP in Python with Other Languages
Key Similarities Notable Differences Best Practices for OOP in Python
Use Descriptive Names for Classes and Methods Keep Methods and Classes

Small Avoid Excessive Use of Inheritance Composition Over Inheritance Sum-
mary

Recap of Key Concepts Practical Applications of OOP Future Learning Di-
rections
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Chapter 10

Object-Oriented Programming
(OOP) Basics

10.1 Introduction

Object-Oriented Programming (OOP) is a programming paradigm that is based
on the concept of objects. An object is an instance of a class, and it contains data
in the form of attributes and behavior in the form of methods. Python, being
an object-oriented language, allows programmers to model real-world problems
by grouping related data and functions together within classes. OOP promotes
code reusability, modularity, and a clear structure, making it a powerful tool for
large-scale software development.

This chapter provides an introduction to the core principles of Object-Oriented
Programming in Python. We will focus on understanding classes and objects,
defining attributes and methods, and exploring the role of the ‘self‘ keyword in
Python’s OOP model.

10.2 Classes and Objects

The fundamental building blocks of OOP in Python are classes and objects. A
class is a blueprint for creating objects, providing initial values for state (at-
tributes), and implementing behavior (methods). An object, on the other hand,
is an instance of a class and is created by calling the class as though it were a
function.

10.2.1 Defining a Class

In Python, a class is defined using the class keyword. The class body contains
methods and attributes that define the characteristics and behaviors of the class.

1 # Define a class named Dog

2 class Dog:

3 # Class attribute

4 species = "Canis familiaris"

5
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6 # Initializer method (constructor)

7 def __init__(self , name , age):

8 # Instance attributes

9 self.name = name

10 self.age = age

11

12 # Method to print information about the dog

13 def description(self):

14 return f"{self.name} is {self.age} years old."

15

16 # Method to make the dog speak

17 def speak(self , sound):

18 return f"{self.name} says {sound}"

In the code above, we define a Dog class with the following components:

• species: A class attribute that is shared among all instances of the class.

• init : The constructor method that is called when a new object is
created. It initializes the object’s attributes (name and age).

• description(): A method that returns a string with the dog’s name and
age.

• speak(): A method that simulates the dog speaking, by accepting a sound
parameter.

10.2.2 Creating Objects (Instances of a Class)

Once a class is defined, objects (instances of the class) can be created. To
create an object, we call the class as if it were a function, passing any required
arguments to the constructor.

1 # Creating an instance of the Dog class

2 dog1 = Dog("Buddy", 5)

3 dog2 = Dog("Bella", 3)

4

5 # Accessing instance attributes

6 print(dog1.name) # Output: Buddy

7 print(dog2.age) # Output: 3

In the example above:

• dog1 and dog2 are instances of the Dog class.

• We can access the attributes of the objects using dot notation, such as
dog1.name and dog2.age.

10.2.3 Instance Methods

Instance methods are functions that belong to an object and operate on its
attributes. These methods are defined inside the class and must include self

as the first parameter. The self parameter refers to the current instance of the
class and allows access to the instance’s attributes and other methods.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



Wr
it
te
n
by
:

En
gr
.

Dr
.

M.
Si
dd
iq
ue

(W
ha
ts
ap
p:

+1
-8
48
-2
47
-9
23
3)

Python for all 88

1 # Calling instance methods

2 print(dog1.description ()) # Output: Buddy is 5 years old.

3 print(dog2.speak("Woof")) # Output: Bella says Woof

10.3 Attributes and Methods

Attributes and methods are integral parts of a class in Python. Attributes are
variables that hold data, while methods are functions that define behaviors asso-
ciated with the class. Understanding the difference between instance attributes
and class attributes, as well as how to define and use methods, is crucial in
object-oriented design.

10.3.1 Instance Attributes

Instance attributes are specific to an object and hold the state of that object.
These attributes are typically initialized in the init method.

1 # Instance attributes: specific to each object

2 print(dog1.name) # Output: Buddy

3 print(dog2.age) # Output: 3

In the example above, name and age are instance attributes. Each object has
its own set of instance attributes, and they are not shared between objects.

10.3.2 Class Attributes

Class attributes are shared by all instances of the class. They are defined within
the class but outside of any methods. Since class attributes are shared among all
instances, any modification to a class attribute affects all objects created from
the class.

1 # Accessing class attribute

2 print(dog1.species) # Output: Canis familiaris

3 print(dog2.species) # Output: Canis familiaris

In the example above, the species attribute is a class attribute, and its value
is shared by all instances of the Dog class.

10.3.3 Methods

Methods define the behaviors associated with a class. They are functions that
are defined inside a class and are called on an instance of the class. Methods can
access and modify both instance attributes and class attributes.

1 # Calling a method on an instance

2 print(dog1.description ()) # Output: Buddy is 5 years old.

3 print(dog2.speak("Woof")) # Output: Bella says Woof

Methods can also modify the state of an object by changing its attributes.
For example, you could add a method to update the dog’s age.
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1 class Dog:

2 species = "Canis familiaris"

3

4 def __init__(self , name , age):

5 self.name = name

6 self.age = age

7

8 def description(self):

9 return f"{self.name} is {self.age} years old."

10

11 def speak(self , sound):

12 return f"{self.name} says {sound}"

13

14 def birthday(self):

15 self.age += 1

The birthday() method increases the dog’s age by 1 each time it is called.

10.3.4 Class Methods and Static Methods

In addition to instance methods, Python classes can also have class methods and
static methods. Class methods are methods that are bound to the class rather
than an instance, and they can modify class-level attributes. Static methods do
not depend on the instance or class, and they are used for utility functions that
don’t need access to instance or class data.

1 class Dog:

2 species = "Canis familiaris"

3

4 def __init__(self , name , age):

5 self.name = name

6 self.age = age

7

8 @classmethod

9 def set\_species(cls , species):

10 cls.species = species

11

12 @staticmethod

13 def is\_dog(breed):

14 return breed.lower () == "dog"

In the above example:

• The set species() method is a class method that modifies the class at-
tribute species.

• The is dog() method is a static method that checks whether a given breed
is a dog.

10.4 The self Keyword

In Python, the self keyword is used in instance methods to refer to the instance
of the class. It allows you to access the instance’s attributes and methods within
the class. The self parameter is not explicitly passed when calling a method,
but it is automatically passed by Python.
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10.4.1 Understanding self

When you define a method inside a class, the first parameter of the method is
always self. This parameter represents the current instance of the class. It is
used to access instance-specific data and methods.

1 class Dog:

2 def __init__(self , name , age):

3 self.name = name

4 self.age = age

5

6 def description(self):

7 return f"{self.name} is {self.age} years old."

8

9 # Creating an instance

10 dog1 = Dog("Buddy", 5)

11

12 # Calling the method

13 print(dog1.description ()) # Output: Buddy is 5 years old.

In the code above, the method description() uses self to access the at-
tributes name and age of the current instance.

10.4.2 The Role of self in Modifying Object State

The self keyword is essential when modifying the state of an object. Without
self, you cannot access or modify the attributes of the object.

1 class Dog:

2 def __init__(self , name , age):

3 self.name = name

4 self.age = age

5

6 def birthday(self):

7 self.age += 1

8

9 # Creating an instance

10 dog1 = Dog("Buddy", 5)

11

12 # Modifying the object ’s state using self

13 dog1.birthday ()

14 print(dog1.age) # Output: 6

Here, the birthday() method uses self to modify the age attribute of the
dog1 object.

10.5 Summary

Object-Oriented Programming in Python provides a powerful and flexible way to
structure your code. Understanding classes and objects, attributes and methods,
and the importance of the self keyword is fundamental to mastering OOP
concepts. This chapter has introduced the core components of Python’s OOP
model, and understanding these concepts will enable you to create efficient,
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maintainable, and modular code. By building on these foundations, you can
develop more complex and feature-rich applications using OOP principles.
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Chapter 11

Advanced Object-Oriented
Programming Concepts

11.1 Introduction

Object-Oriented Programming (OOP) is a paradigm that allows us to model
real-world problems using classes and objects. Python’s object-oriented capa-
bilities extend far beyond basic OOP concepts like classes and objects. Once
you are familiar with the basics of OOP, it is important to explore the more
advanced features that Python offers. These advanced features include inheri-
tance, polymorphism, encapsulation, and magic methods, which empower you
to create more flexible, reusable, and maintainable code.

This chapter focuses on these advanced concepts, demonstrating how they
can be utilized in Python to write more sophisticated and efficient code.

11.2 Inheritance

Inheritance is one of the fundamental concepts of OOP. It allows one class (the
child or subclass) to inherit the properties and methods of another class (the
parent or superclass). This allows you to create a new class that is a modified
version of an existing class, promoting code reuse and reducing redundancy.

11.2.1 Defining a Base and Derived Class

A class that is inherited from another is known as a derived or child class, and
the class being inherited from is the base or parent class. In Python, inheritance
is achieved by passing the parent class as an argument when defining the child
class.

1 # Define a base class (Parent Class)

2 class Animal:

3 def __init__(self , name , species):

4 self.name = name

5 self.species = species

6
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7 def speak(self):

8 raise NotImplementedError("Subclass must implement abstract

method")

9

10 # Define a derived class (Child Class)

11 class Dog(Animal):

12 def __init__(self , name , breed):

13 super().\_\_init\_\_(name , "Dog") # Call parent class

constructor

14 self.breed = breed

15

16 def speak(self):

17 return f"{self.name} says Woof!"

18

19 # Create instances of the classes

20 dog = Dog("Buddy", "Golden Retriever")

21 print(dog.name) # Output: Buddy

22 print(dog.species) # Output: Dog

23 print(dog.speak()) # Output: Buddy says Woof!

In this example:

• The Animal class is the base class, which defines the basic structure for all
animal-related classes.

• The Dog class inherits from Animal, making it a subclass.

• The Dog class overrides the speak() method to provide its own implemen-
tation.

• The super() function is used to call the constructor of the parent class,
allowing the child class to initialize the inherited attributes.

11.2.2 Types of Inheritance

Inheritance in Python can be classified into the following types:

• Single Inheritance: A subclass inherits from a single parent class.

• Multiple Inheritance: A subclass inherits from more than one parent
class.

• Multilevel Inheritance: A class is derived from another derived class.

• Hierarchical Inheritance: Multiple subclasses inherit from a single par-
ent class.

• Hybrid Inheritance: A combination of more than one type of inheri-
tance.

Example of multiple inheritance:

1 class Animal:

2 def __init__(self , name):

3 self.name = name
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4

5 class Mammal:

6 def has\_hair(self):

7 return True

8

9 class Dog(Animal , Mammal):

10 def speak(self):

11 return f"{self.name} says Woof!"

12

13 dog = Dog("Buddy")

14 print(dog.has\_hair()) # Output: True

15 print(dog.speak()) # Output: Buddy says Woof!

11.3 Polymorphism

Polymorphism allows you to define methods in the child class with the same name
as those in the parent class, but with different behavior. The main advantage of
polymorphism is that it allows you to use the same interface for different types
of objects. This can simplify the code, allowing you to work with objects of
different classes in a consistent way.

11.3.1 Method Overriding

Method overriding occurs when a subclass provides a specific implementation of
a method that is already defined in its parent class.

1 class Animal:

2 def speak(self):

3 return "Animal sound"

4

5 class Dog(Animal):

6 def speak(self):

7 return "Woof"

8

9 class Cat(Animal):

10 def speak(self):

11 return "Meow"

12

13 # Create instances of the classes

14 animal = Animal ()

15 dog = Dog()

16 cat = Cat()

17

18 # Polymorphic behavior

19 print(animal.speak()) # Output: Animal sound

20 print(dog.speak()) # Output: Woof

21 print(cat.speak()) # Output: Meow

In the above code:

• Both the Dog and Cat classes override the speak() method of the Animal
class.
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• The method call on different objects leads to different outputs, showcasing
polymorphism.

11.3.2 Polymorphism with Inheritance

Polymorphism is particularly powerful when combined with inheritance. You
can use polymorphism to create flexible functions that can operate on objects of
different types.

1 def make\_animal\_speak(animal):

2 print(animal.speak())

3

4 make\_animal\_speak(dog) # Output: Woof

5 make\_animal\_speak(cat) # Output: Meow

The function make animal speak() takes any object of type Animal and calls
the speak() method. This demonstrates how polymorphism allows the function
to work with different object types.

11.4 Encapsulation

Encapsulation is the bundling of data and the methods that operate on that data
within a single unit or class. It restricts direct access to some of the object’s
components, which can prevent accidental modification of data. Python supports
encapsulation by providing public, protected, and private access modifiers.

11.4.1 Public, Protected, and Private Attributes

Python does not have strict access control like other languages such as Java or
C++, but it uses naming conventions to indicate the level of access to class
attributes and methods.

• Public attributes: Accessible from any part of the program. These at-
tributes are defined without any leading underscores (e.g., self.attribute).

• Protected attributes: Intended to be accessed only within the class and
its subclasses. These attributes are defined with a single leading underscore
(e.g., self. attribute).

• Private attributes: Not intended to be accessed outside the class. These
attributes are defined with a double leading underscore (e.g., self. attribute).

11.4.2 Accessing and Modifying Private Attributes

Although Python does not strictly enforce access restrictions, it uses name man-
gling to make private attributes more difficult to access outside the class.

1 class Person:

2 def __init__(self , name , age):

3 self.name = name

4 self.\_\_age = age # Private attribute
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5

6 def get\_age(self):

7 return self.\_\_age

8

9 def set\_age(self , age):

10 if age > 0:

11 self.\_\_age = age

12 else:

13 print("Invalid age.")

14

15 # Creating an instance

16 person = Person("John", 30)

17

18 # Accessing private attribute via methods

19 print(person.get\_age()) # Output: 30

20

21 # Trying to access private attribute directly (will raise an error)

22 # print(person .\_\_age) # AttributeError: ’Person ’ object has no

attribute ’\_\_age’

23

24 # Modifying private attribute via setter

25 person.set\_age (35)

26 print(person.get\_age()) # Output: 35

In this code:

• The age attribute is a private attribute and is intended to be accessed
only through the getter and setter methods.

• The private attribute is not accessible directly, which promotes encapsula-
tion.

11.5 Magic Methods and Operator Overloading

Magic methods (also called dunder methods, short for ”double underscore”)
allow you to define how Python’s built-in operators and functions behave for ob-
jects of custom classes. By overloading magic methods, you can define operations
like addition, subtraction, string representation, and more.

11.5.1 Common Magic Methods

Some common magic methods include:

• init : Constructor method, used for initializing objects.

• str : Defines how the object is represented as a string (e.g., when
printed).

• repr : Defines a string that represents the object in a more detailed or
unambiguous way.

• add : Defines the behavior of the addition operator (+).

• sub : Defines the behavior of the subtraction operator (-).
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11.5.2 Operator Overloading

Operator overloading allows you to define custom behavior for operators (like
+, -, *, etc.) when they are used with objects of your custom classes.

Example: Overloading the addition operator:

1 class Point:

2 def __init__(self , x, y):

3 self.x = x

4 self.y = y

5

6 def \_\_add\_\_(self , other):

7 return Point(self.x + other.x, self.y + other.y)

8

9 def \_\_str\_\_(self):

10 return f"({self.x}, {self.y})"

11

12 # Creating Point objects

13 p1 = Point(1, 2)

14 p2 = Point(3, 4)

15

16 # Adding two Point objects

17 p3 = p1 + p2

18 print(p3) # Output: (4, 6)

Here, the add method is overloaded to allow the addition of two Point

objects. The str method is overloaded to provide a string representation of
the object when it is printed.

11.6 Summary

In this chapter, we explored several advanced OOP concepts in Python, including
inheritance, polymorphism, encapsulation, and magic methods. These principles
provide the foundation for writing robust, flexible, and reusable code. By lever-
aging inheritance and polymorphism, you can create systems that are easier to
maintain and extend. Encapsulation ensures that data is protected, and magic
methods allow you to customize the behavior of Python’s operators for your own
classes.

By mastering these concepts, you can take full advantage of the power of
OOP in Python and build more sophisticated software applications.
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Chapter 12

Error and Exception Handling

12.1 Introduction

In Python, error and exception handling is a critical part of writing robust,
reliable, and maintainable code. Exceptions are events that disrupt the normal
flow of a program, typically caused by unexpected conditions or errors during
runtime. Exception handling allows a program to catch these errors, handle them
appropriately, and continue execution, preventing the program from crashing.

Error handling provides a mechanism to deal with runtime errors gracefully,
making it possible to detect issues, respond to them, and often continue execution
without any negative consequences. The most common way to handle exceptions
is using the try, except, and finally blocks, along with the ability to raise
exceptions when necessary.

This chapter will dive into understanding exceptions, the syntax of try,
except, and finally blocks, and how to raise custom exceptions in Python.

12.2 Understanding Exceptions

An exception is an event that disrupts the normal flow of execution of a program.
Exceptions are typically caused by errors in the program, such as dividing by
zero, accessing an invalid index, or trying to open a non-existent file. When an
exception is raised, Python halts the normal execution of the program and looks
for an appropriate handler to address the error.

12.2.1 Common Types of Exceptions

Python has a number of built-in exceptions that correspond to common errors.
These include:

• ZeroDivisionError: Raised when dividing by zero.

• IndexError: Raised when an invalid index is accessed in a list or sequence.

• KeyError: Raised when a key is not found in a dictionary.
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• FileNotFoundError: Raised when attempting to open a file that does
not exist.

• TypeError: Raised when an operation is performed on an object of in-
appropriate type.

• ValueError: Raised when a function receives an argument of the correct
type but inappropriate value.

• AttributeError: Raised when an attribute reference or assignment fails.

• IOError: Raised when an I/O operation (like reading or writing to a file)
fails.

Here is an example of a common exception, ZeroDivisionError:

1 try:

2 x = 10 / 0

3 except ZeroDivisionError as e:

4 print(f"Error: {e}")

In this example:

• The code attempts to divide by zero, which raises a ZeroDivisionError.

• The exception is caught by the except block, and a descriptive message is
printed.

12.2.2 Tracebacks

When an exception is raised and not caught, Python provides a traceback. A
traceback is a detailed report that shows the call stack at the point where the
error occurred, helping you trace the cause of the error. Tracebacks include:

• The file name where the error occurred.

• The line number where the error occurred.

• The function or method where the error occurred.

Example:

1 def foo():

2 x = 1 / 0

3

4 foo() # This will raise a ZeroDivisionError

This code will generate a traceback, helping the programmer identify where
and why the error occurred. Tracebacks are essential in debugging and error
diagnosis.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 101

12.3 Try, Except, Finally

The primary way to handle exceptions in Python is with the try, except, and
finally blocks. The try block lets you test a block of code for errors, the
except block handles the error, and the finally block executes code that runs
no matter what—whether an exception was raised or not.

12.3.1 Syntax of Try, Except, and Finally

The basic structure of error handling is as follows:

1 try:

2 # Code that may raise an exception

3 risky\_code()

4 except SomeException as e:

5 # Code to handle the exception

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

7 finally:

8 # Code that will always run , regardless of exception

9 print("Cleanup code executed")

12.3.2 Using Try and Except

The try block is used to wrap code that may raise an exception, and the except
block defines how the exception should be handled.

Example of handling a division by zero exception:

1 try:

2 result = 10 / 0

3 except ZeroDivisionError:

4 print("Cannot divide by zero")

In this example, if the code inside the try block raises a ZeroDivisionError,
the program will jump to the corresponding except block and print an error
message.

You can also handle multiple exceptions in a single try block:

1 try:

2 num = int(input("Enter a number: "))

3 result = 10 / num

4 except ZeroDivisionError:

5 print("Cannot divide by zero")

6 except ValueError:

7 print("Invalid input , please enter a number")

In this example:

• The try block attempts to take user input and divide 10 by the entered
number.

• If the user inputs something that can’t be converted to an integer, a
ValueError will be raised.

• If the user inputs 0, a ZeroDivisionError will be raised.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 102

12.3.3 Using Finally

The finally block is used to execute code that should run no matter what, even
if an exception was raised or not. This is typically used for cleanup operations,
such as closing a file or releasing resources.

Example of using finally:

1 try:

2 file = open("data.txt", "r")

3 content = file.read()

4 except FileNotFoundError:

5 print("File not found")

6 finally:

7 if ’file’ in locals ():

8 file.close ()

9 print("File closed")

In this example:

• The try block attempts to open and read a file.

• If the file is not found, a FileNotFoundError is caught and an error mes-
sage is printed.

• The finally block ensures that the file is closed if it was successfully
opened, regardless of whether an exception was raised.

12.4 Raising Exceptions

Sometimes, you may want to raise an exception intentionally in your code.
Python provides the raise statement to raise exceptions explicitly. You might
want to raise an exception in case of an invalid argument, unsupported operation,
or when something goes wrong that the program should not ignore.

12.4.1 Syntax of Raising Exceptions

To raise an exception, you use the raise keyword followed by the exception
object. You can either raise a predefined exception or create a custom exception
class.

1 def divide(a, b):

2 if b == 0:

3 raise ZeroDivisionError("You can’t divide by zero!")

4 return a / b

5

6 try:

7 result = divide (10, 0)

8 except ZeroDivisionError as e:

9 print(f"Error: {e}")

In this example:

• The divide function checks if the denominator is zero and raises a ZeroDivisionError
if it is.
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• The exception is caught in the except block, and the error message is
printed.

12.4.2 Creating Custom Exceptions

You can also create your own custom exceptions by defining a new exception
class. This is useful when you want to handle specific errors in your application
in a unique way.

Example of creating a custom exception:

1 class NegativeValueError(Exception):

2 def __init__(self , message):

3 self.message = message

4 super().\_\_init\_\_(self.message)

5

6 def check\_positive(number):

7 if number < 0:

8 raise NegativeValueError("Negative value is not allowed")

9 return number

10

11 try:

12 check\_positive (-5)

13 except NegativeValueError as e:

14 print(f"Custom Error: {e}")

In this example:

• A custom exception, NegativeValueError, is defined by inheriting from
Python’s built-in Exception class.

• The check positive function raises this exception if the argument is neg-
ative.

• The exception is caught, and the error message is printed.

12.5 Best Practices for Exception Handling

While exceptions are a powerful tool, improper handling of exceptions can lead
to hard-to-maintain code. Here are some best practices for using exceptions
effectively:

• Use exceptions for exceptional cases: Exceptions should not be used
for regular control flow. They should be reserved for unusual or unexpected
situations.

• Avoid catching generic exceptions: It is best to catch specific ex-
ceptions rather than using a general except block. Catching generic ex-
ceptions like except Exception can hide bugs and make debugging more
difficult.

• Provide helpful error messages: When raising exceptions, provide
meaningful error messages that help users or developers understand what
went wrong.
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• Log exceptions: In production code, it’s a good idea to log exceptions
to record what went wrong, which can help in debugging and monitoring.

• Use finally for cleanup: Always use finally for code that needs to be
executed regardless of whether an exception occurs or not, such as closing
files or releasing resources.

12.6 Summary

In this chapter, we explored the essential topic of error and exception handling
in Python. We learned about the various types of exceptions, how to handle
them using try, except, and finally, and how to raise custom exceptions when
needed. Exception handling plays a crucial role in writing reliable and maintain-
able software by allowing us to catch and handle errors gracefully. By following
best practices, such as providing meaningful error messages and avoiding generic
exceptions, we can make our code more robust and user-friendly.

Error and exception handling is an indispensable part of Python program-
ming, and mastering it will enable you to write more resilient applications that
can handle unexpected situations effectively.
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Chapter 13

Working with Libraries

13.1 Introduction

Python’s rich ecosystem of libraries is one of the major reasons for its popularity,
especially in fields such as data science, machine learning, and scientific comput-
ing. Libraries provide pre-built functions and modules that make it easier to
perform complex tasks without reinventing the wheel. Among the most essen-
tial libraries in Python for data analysis and manipulation are NumPy, Pandas,
and Matplotlib/Seaborn. These libraries simplify tasks such as numerical com-
putations, data manipulation, and data visualization, making Python a powerful
tool for data-centric tasks.

In this chapter, we will explore three of the most commonly used libraries in
Python:

• NumPy: For numerical computations and working with arrays.

• Pandas: For data manipulation and analysis, particularly with tabular
data.

• Matplotlib and Seaborn: For creating static, animated, and interactive
visualizations.

Each section of this chapter will provide a detailed introduction to the re-
spective library, including examples and use cases.

13.2 NumPy for Numerical Computations

13.2.1 Introduction to NumPy

NumPy (Numerical Python) is one of the most important libraries for scientific
computing in Python. It provides support for arrays (multidimensional arrays),
matrices, and a large collection of mathematical functions to operate on these
data structures. NumPy arrays are more efficient than Python lists and are
often used as the foundation for data manipulation in scientific computing and
machine learning.
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The key feature of NumPy is its ability to perform element-wise operations
efficiently, thanks to the underlying C implementation. It also provides powerful
tools for linear algebra, random number generation, and mathematical opera-
tions such as Fourier transforms, statistical operations, and more.

13.2.2 Installing NumPy

To install NumPy, use the Python package manager, pip:

1 pip install numpy

13.2.3 Working with NumPy Arrays

The core of NumPy is the ndarray (n-dimensional array) object. The ndarray

is similar to Python’s list but offers better performance and more functionality.
You can create NumPy arrays from lists, tuples, or other sequences.

Example:

1 import numpy as np

2

3 # Creating a NumPy array from a list

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

5 print(arr)

Output:

1 [1 2 3 4 5]

NumPy arrays can have more than one dimension. For example, a two-
dimensional array can be created by passing a list of lists:

1 # Creating a 2D NumPy array (matrix)

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

3 print(matrix)

Output:

1 [[1 2 3]

2 [4 5 6]]

13.2.4 Array Operations

NumPy allows you to perform a wide variety of operations on arrays. Here are
a few examples:

1 # Element -wise addition

2 arr1 = np.array ([1, 2, 3])

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

4 sum\_arr = arr1 + arr2

5 print(sum\_arr)

Output:

1 [5 7 9]
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13.2.5 Broadcasting in NumPy

Broadcasting is a powerful feature in NumPy that allows you to perform oper-
ations on arrays of different shapes. NumPy automatically broadcasts smaller
arrays to match the shape of the larger array.

Example:

1 # Broadcasting: adding a scalar to a NumPy array

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

3 arr = arr + 5

4 print(arr)

Output:

1 [6 7 8]

13.2.6 Advanced NumPy Functions

NumPy provides a vast number of functions for statistical operations, linear
algebra, random number generation, and more. Some commonly used functions
include:

• np.mean(): Calculate the mean of an array.

• np.median(): Calculate the median of an array.

• np.std(): Calculate the standard deviation of an array.

• np.dot(): Perform matrix multiplication.

• np.linalg.inv(): Compute the inverse of a matrix.

Example:

1 # Calculating the mean of an array

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

3 mean\_value = np.mean(arr)

4 print("Mean:", mean\_value)

Output:

1 Mean: 3.0

13.3 Pandas for Data Manipulation

13.3.1 Introduction to Pandas

Pandas is a powerful library used for data manipulation and analysis, partic-
ularly suited for working with structured data (i.e., data in tabular form). It
provides two main data structures: Series and DataFrame. The Series is a
one-dimensional labeled array, while the DataFrame is a two-dimensional labeled
array (think of it as a table or a spreadsheet).
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13.3.2 Installing Pandas

You can install Pandas using pip:

1 pip install pandas

13.3.3 Creating Pandas Series and DataFrames

Series and DataFrame are the main data structures in Pandas. A Series can
be created from a list, a NumPy array, or a dictionary.

Example of creating a Pandas Series:

1 import pandas as pd

2

3 # Creating a Series from a list

4 data = [10, 20, 30, 40, 50]

5 series = pd.Series(data)

6 print(series)

Output:

1 0 10

2 1 20

3 2 30

4 3 40

5 4 50

6 dtype: int64

A DataFrame can be created from a dictionary or a two-dimensional array.
Example of creating a Pandas DataFrame:

1 # Creating a DataFrame from a dictionary

2 data = {’Name’: [’Alice ’, ’Bob’, ’Charlie ’],

3 ’Age’: [25, 30, 35],

4 ’City’: [’New York’, ’Los Angeles ’, ’Chicago ’]}

5 df = pd.DataFrame(data)

6 print(df)

Output:

1 Name Age City

2 0 Alice 25 New York

3 1 Bob 30 Los Angeles

4 2 Charlie 35 Chicago

13.3.4 Accessing Data in Pandas

In Pandas, data can be accessed by columns, rows, or both.
To access a column in a DataFrame:

1 # Accessing a column by name

2 print(df[’Name’])

Output:

1 0 Alice

2 1 Bob

3 2 Charlie

4 Name: Name , dtype: object
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To access a row by index:

1 # Accessing a row by index

2 print(df.iloc [1]) # Accessing the second row

Output:

1 Name Bob

2 Age 30

3 City Los Angeles

4 Name: 1, dtype: object

13.3.5 Data Manipulation in Pandas

Pandas allows for a variety of data manipulation techniques. You can filter data,
sort it, group it, and perform operations on it.

Filtering data based on conditions:

1 # Filtering rows where Age is greater than 28

2 filtered\_df = df[df[’Age’] > 28]

3 print(filtered\_df)

Output:

1 Name Age City

2 1 Bob 30 Los Angeles

3 2 Charlie 35 Chicago

Sorting data by a column:

1 # Sorting the DataFrame by Age

2 sorted\_df = df.sort\_values(by=’Age’)

3 print(sorted\_df)

Output:

1 Name Age City

2 0 Alice 25 New York

3 1 Bob 30 Los Angeles

4 2 Charlie 35 Chicago

13.3.6 Handling Missing Data

Missing data is a common issue in real-world datasets. Pandas provides several
methods for handling missing data, including removing or filling missing values.

Example of filling missing values:

1 # Filling missing values with a specific value

2 df.fillna (0)

13.4 Matplotlib and Seaborn for Data Visualization

13.4.1 Introduction to Data Visualization

Data visualization is an essential part of data analysis, as it helps in under-
standing patterns, trends, and relationships within the data. Python provides
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several libraries for data visualization, with Matplotlib and Seaborn being the
most widely used.

Matplotlib is a versatile and widely used library for creating static, animated,
and interactive visualizations in Python. Seaborn, built on top of Matplotlib,
provides a high-level interface for creating beautiful and informative statistical
graphics.

13.4.2 Installing Matplotlib and Seaborn

To install Matplotlib and Seaborn, use pip:

1 pip install matplotlib seaborn

13.4.3 Creating Basic Plots with Matplotlib

Matplotlib is flexible, allowing users to create a wide variety of plots, from simple
line plots to complex scatter plots.

Example of a simple line plot:

1 import matplotlib.pyplot as plt

2

3 # Creating a simple line plot

4 x = [1, 2, 3, 4, 5]

5 y = [1, 4, 9, 16, 25]

6 plt.plot(x, y)

7 plt.xlabel(’X-axis’)

8 plt.ylabel(’Y-axis’)

9 plt.title(’Basic Line Plot’)

10 plt.show()

13.4.4 Advanced Plotting with Matplotlib

Matplotlib supports a range of advanced plotting techniques, including scatter
plots, histograms, bar charts, and more.

Example of a scatter plot:

1 # Scatter plot

2 x = [1, 2, 3, 4, 5]

3 y = [1, 4, 9, 16, 25]

4 plt.scatter(x, y)

5 plt.title(’Scatter Plot’)

6 plt.xlabel(’X’)

7 plt.ylabel(’Y’)

8 plt.show()

13.4.5 Introduction to Seaborn

Seaborn is a Python data visualization library based on Matplotlib that provides
a higher-level interface for creating informative and attractive visualizations. It
is particularly suited for statistical graphics, providing functions to visualize
distributions, relationships, and categorical data.

Example of a Seaborn scatter plot:
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1 import seaborn as sns

2

3 # Create a Seaborn scatter plot

4 sns.scatterplot(x=x, y=y)

5 plt.title(’Seaborn Scatter Plot’)

6 plt.xlabel(’X’)

7 plt.ylabel(’Y’)

8 plt.show()

13.4.6 Summary

In this chapter, we explored three powerful Python libraries—NumPy, Pandas,
and Matplotlib/Seaborn—that are indispensable tools for data manipulation,
numerical computing, and data visualization. We learned how to perform ba-
sic and advanced operations with NumPy, manipulate data using Pandas, and
visualize data effectively with Matplotlib and Seaborn.

Mastering these libraries will significantly enhance your ability to work with
data, making it easier to perform calculations, clean and manipulate datasets,
and generate insightful visualizations for analysis. These libraries are at the core
of data science, machine learning, and scientific computing, and are essential for
anyone looking to leverage Python in these fields.
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Chapter 14

Iterators and Generators

14.1 Introduction

In Python, iterators and generators are essential concepts that enable efficient
handling of large datasets, particularly when working with sequences of data
that cannot be held entirely in memory. These constructs provide a convenient
way to loop through data, while also allowing for the creation of custom data
pipelines that yield values lazily, on demand, rather than generating all values
upfront. Iterators and generators are both fundamental to Python’s functional-
ity in working with sequences, ranging from simple lists to more complex data
structures.

This chapter focuses on iterators and generators, covering their key differ-
ences, their creation, and how to use them in Python effectively. We will discuss
the ‘yield‘ keyword and demonstrate how it is used to build generators that are
both efficient and memory-friendly.

14.2 Understanding Iterators

14.2.1 What is an Iterator?

An iterator is an object in Python that implements two essential methods:
iter () and next (). These methods allow an iterator to traverse through

all elements in a collection one at a time, providing a way to access each element
in the sequence.

- The iter () method is called to return the iterator object itself. It is
necessary for an object to be considered an iterable. - The next () method
retrieves the next item in the sequence. When there are no more items, it raises
the StopIteration exception to indicate that the iteration has finished.

In Python, built-in types like lists, tuples, and dictionaries are iterable, mean-
ing they can be used in a for loop or with other iteration protocols. When you
call iter() on an iterable, it returns an iterator that can be used to traverse the
collection.
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14.2.2 Creating an Iterator

You can create your own iterators by defining a class that implements the
iter () and next () methods. Below is an example of how to define an

iterator that iterates over a range of numbers:

1 class MyIterator:

2 def __init__(self , start , end):

3 self.current = start

4 self.end = end

5

6 def \_\_iter\_\_(self):

7 return self

8

9 def \_\_next\_\_(self):

10 if self.current >= self.end:

11 raise StopIteration

12 self.current += 1

13 return self.current - 1

14

15 # Creating an instance of the iterator

16 iterator = MyIterator (1, 5)

17

18 # Using the iterator

19 for value in iterator:

20 print(value)

Output:

1 1

2 2

3 3

4 4

In the above example, the MyIterator class generates numbers starting from
a given value and stopping before a specified end value. When the next ()

method is called, it returns the next number in the sequence and raises StopIteration
when the end is reached.

14.2.3 Using Iterators with for Loop

Once an iterator is created, it can be used directly in a for loop. The for loop
automatically handles the iterator and calls next () until the StopIteration
exception is raised.

Example:

1 for num in MyIterator (1, 4):

2 print(num)

Output:

1 1

2 2

3 3

Here, the for loop uses the MyIterator object to iterate over the numbers
between 1 and 3.
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14.3 Creating Generators

14.3.1 What is a Generator?

A generator is a special type of iterator that is defined using a function rather
than a class. Generators use the yield keyword to return values one at a time,
which makes them memory-efficient and suitable for handling large datasets.

When a generator function is called, it returns a generator object, which
can be iterated over to retrieve the values generated by the function. The key
advantage of generators over regular iterators is that they produce values lazily,
meaning that they generate values only when needed and do not store the entire
sequence in memory.

14.3.2 Creating a Generator Function

A generator function is defined just like a regular function, but instead of using
return to return values, it uses the yield keyword. The yield keyword pauses
the function and returns a value to the caller. The state of the function is saved,
and execution can be resumed from the point where yield was called when the
next value is requested.

Example of a simple generator function that generates a range of numbers:

1 def my\_generator(start , end):

2 while start < end:

3 yield start

4 start += 1

5

6 # Using the generator

7 for value in my\_generator (1, 5):

8 print(value)

Output:

1 1

2 2

3 3

4 4

In this example, the generator function my generator() generates numbers
between start and end. Each time the yield keyword is executed, the function
returns the current value and pauses until the next iteration.

14.3.3 Understanding the yield Keyword

The yield keyword is the heart of generator functions. It serves two purposes:

• Yielding a value: When a generator function is called, it returns an
iterator that can be used to get values. The function doesn’t execute until
next() is called on the iterator.

• Pausing function execution: When a value is yielded, the function’s
state (i.e., local variables, execution point) is saved. The function will
resume from where it left off when the next value is requested.
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Example illustrating how yield works:

1 def count\_up\_to(max):

2 count = 1

3 while count <= max:

4 yield count

5 count += 1

6

7 counter = count\_up\_to (3)

8 print(next(counter)) # Output: 1

9 print(next(counter)) # Output: 2

10 print(next(counter)) # Output: 3

11 # print(next(counter)) # Uncommenting this will raise

StopIteration

Output:

1 1

2 2

3 3

The function count up to() generates numbers starting from 1 up to a given
maximum value. Each call to next(counter) retrieves the next number, and
the function continues from where it left off after each yield statement.

14.4 The Advantages of Generators

14.4.1 Memory Efficiency

One of the key benefits of using generators is their memory efficiency. Unlike
lists, which hold all their elements in memory, a generator only produces one
value at a time. This makes generators ideal for working with large datasets
that cannot fit into memory entirely, such as files or streams.

Example of processing a large file using a generator:

1 def read\_large\_file(file\_name):

2 with open(file\_name , ’r’) as file:

3 for line in file:

4 yield line

5

6 # Using the generator to read a large file line by line

7 for line in read\_large\_file("large\_text\_file.txt"):

8 print(line.strip())

In this example, the generator reads the file line by line, yielding each line
without loading the entire file into memory. This allows for processing of files
that are too large to fit into memory.

14.4.2 Infinite Sequences

Generators can be used to create infinite sequences of data. Since generators
yield values lazily, they can produce an unbounded series of values without con-
suming memory.

Example of an infinite sequence generator:
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1 def infinite\_count(start =0):

2 while True:

3 yield start

4 start += 1

5

6 counter = infinite\_count ()

7 for \_ in range (5):

8 print(next(counter))

Output:

1 0

2 1

3 2

4 3

5 4

This generator produces an infinite sequence of numbers, starting from 0.
Since the sequence is infinite, it will continue until the program is manually
stopped.

14.4.3 Pipelining Generators

Generators can be chained together to create efficient pipelines, where the output
of one generator is passed to the input of the next. This allows for building
complex data processing pipelines with minimal memory usage.

Example of chaining generators:

1 def multiply\_by\_two(values):

2 for value in values:

3 yield value * 2

4

5 def add\_five(values):

6 for value in values:

7 yield value + 5

8

9 # Chaining the generators

10 data = range (5)

11 processed\_data = add\_five(multiply\_by\_two(data))

12

13 for value in processed\_data:

14 print(value)

Output:

1 7

2 9

3 11

4 13

5 15

In this example, the multiply by two generator is chained with the add five

generator to transform the data in two stages.
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14.5 Summary

In this chapter, we explored the concepts of iterators and generators in Python.
We learned the difference between iterators and generators, how to create them,
and how to utilize the yield keyword to define generator functions. The chapter
also covered the advantages of using generators, such as memory efficiency, han-
dling infinite sequences, and pipelining. By mastering iterators and generators,
Python developers can write more efficient, scalable, and memory-friendly code
for working with large datasets and complex data processing tasks.

Understanding and leveraging these techniques will help you optimize data
processing in Python and implement more advanced algorithms that require lazy
evaluation and memory-efficient handling of data.
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Chapter 15

Decorators

15.1 Introduction

In Python, decorators provide a powerful way to modify or enhance the function-
ality of functions or classes without changing their original source code. Deco-
rators are widely used for logging, access control, memoization, and other tasks
that require repetitive modifications. The ability to apply decorators to functions
and classes allows for cleaner and more modular code.

In this chapter, we will explore the concept of decorators in Python, focusing
on both function decorators and class decorators. We’ll discuss how decora-
tors work, their syntax, common use cases, and best practices. By the end of
this chapter, you will have a deep understanding of how to create and apply
decorators to both functions and classes.

15.2 What are Decorators?

A decorator is a design pattern in Python that allows you to modify the behavior
of a function or a class. It is a higher-order function that takes another function
or class as an argument and returns a new function or class with the desired
modifications. Decorators can be used to extend or alter the functionality of
functions or methods without modifying their actual code.

In Python, decorators are applied using the ‘@decorator name‘ syntax above
a function or class definition.

The basic structure of a decorator can be visualized as:

def decorator(func):

def wrapper(*args, kwargs):

Code to enhance the function behavior

return func(*args, kwargs)

return wrapper
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15.2.1 The Purpose of Decorators

Decorators are typically used to:

• Add additional functionality to existing code.

• Modify the behavior of functions or methods.

• Apply common patterns (like logging, authentication, etc.) across multiple
functions or classes.

• Reduce code duplication by abstracting common logic.

This chapter will cover how decorators can be used with functions and classes,
providing real-world examples where they are beneficial.

15.3 Function Decorators

15.3.1 What is a Function Decorator?

A function decorator is a higher-order function that wraps a function to modify
or extend its behavior. A decorator can be thought of as a ”wrapper” function
that adds functionality before or after calling the original function.

Function decorators allow you to separate concerns by abstracting repetitive
tasks like logging, validation, or timing.

15.3.2 Basic Syntax of a Function Decorator

To define a function decorator, you need to define a function that accepts another
function as an argument. This function should return a new function that will
”wrap” the original function, modifying its behavior as needed.

Here’s an example of a simple function decorator that logs the execution time
of a function:

1 import time

2

3 def timer\_decorator(func):

4 def wrapper (*args , kwargs):

5 start\_time = time.time()

6 result = func(*args , kwargs)

7 end\_time = time.time()

8 print(f"Execution time: {end\_time - start\_time} seconds")

9 return result

10 return wrapper

11

12 @timer\_decorator

13 def slow\_function ():

14 time.sleep (2)

15 print("Function executed")

16

17 slow\_function ()

Output:
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1 Function executed

2 Execution time: 2.002315044403076 seconds

15.3.3 Using Arguments with Decorators

If the decorated function requires arguments, the ‘wrapper‘ function in the dec-
orator needs to accept ‘*args‘ and ‘kwargs‘ to pass those arguments correctly.

For example, let’s modify the timer-decorator to accept parameters for the
function being decorated:

1 def timer\_decorator(func):

2 def wrapper (*args , kwargs):

3 print(f"Calling function {func.\_\_name\_\_} with arguments

{args} and {kwargs}")

4 start\_time = time.time()

5 result = func(*args , kwargs)

6 end\_time = time.time()

7 print(f"Execution time: {end\_time - start\_time} seconds")

8 return result

9 return wrapper

10

11 @timer\_decorator

12 def add(a, b):

13 return a + b

14

15 print(add(3, 4))

Output:

1 Calling function add with arguments (3, 4) and {}

2 Execution time: 0.0000007152557373046875 seconds

3 7

In this case, the decorator logs the function call along with the arguments
passed to the decorated function.

15.3.4 Chaining Multiple Decorators

You can apply multiple decorators to a single function by stacking them on top
of each other. Python will apply the decorators from bottom to top.

Example:

1 def greet\_decorator(func):

2 def wrapper (*args , kwargs):

3 print("Hello!")

4 return func(*args , kwargs)

5 return wrapper

6

7 @timer\_decorator

8 @greet\_decorator

9 def say\_hello(name):

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

11

12 say\_hello("Alice")

Output:
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1 Hello!

2 Function executed

3 Execution time: 0.000012874603271484 seconds

In this case: 1. The ‘greet decorator‘ is applied first, printing ”Hello!” before
calling the ‘say hello‘ function. 2. The ‘timer decorator‘ is applied next, logging
the execution time of the function.

15.3.5 Using ‘functools.wraps‘

When using decorators, the original function’s metadata (like its name, doc-
string, etc.) is replaced by the ‘wrapper‘ function. This can be fixed by using
the ‘functools.wraps‘ function, which updates the wrapper to reflect the original
function’s metadata.

Example with ‘functools.wraps‘:

1 from functools import wraps

2

3 def timer\_decorator(func):

4 @wraps(func)

5 def wrapper (*args , kwargs):

6 start\_time = time.time()

7 result = func(*args , kwargs)

8 end\_time = time.time()

9 print(f"Execution time: {end\_time - start\_time} seconds")

10 return result

11 return wrapper

12

13 @timer\_decorator

14 def slow\_function ():

15 """A function that sleeps for 2 seconds """

16 time.sleep (2)

17 print("Function executed")

18

19 print(slow\_function .\_\_name\_\_) # Output: slow\_function

Without ‘wraps‘, the output would be ‘¡wrapper function¿‘. Using ‘wraps‘
ensures that the original function’s name, docstring, and other attributes are
preserved.

15.4 Class Decorators

15.4.1 What is a Class Decorator?

Just as function decorators can modify the behavior of a function, class deco-
rators can modify the behavior of classes. A class decorator is a function that
takes a class as an argument and returns a new class or modifies the class in
place. Class decorators are commonly used to extend or modify the function-
ality of classes, such as adding new methods, modifying attributes, or changing
class-level behavior.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 122

15.4.2 Creating a Class Decorator

A class decorator is similar to a function decorator, except that it works with a
class instead of a function. It accepts a class as an argument and can modify or
enhance the class before returning it.

Example of a simple class decorator that adds a method to the class:

1 def add\_method\_decorator(cls):

2 def new\_method(self):

3 return "New method added!"

4 cls.new\_method = new\_method

5 return cls

6

7 @add\_method\_decorator

8 class MyClass:

9 def existing\_method(self):

10 return "Existing method"

11

12 obj = MyClass ()

13 print(obj.existing\_method ()) # Output: Existing method

14 print(obj.new\_method ()) # Output: New method added!

In this example: - The ‘add method decorator‘ adds a new method ‘new method‘
to ‘MyClass‘. - The decorator is applied to the class using the ‘@add method decorator‘
syntax.

15.4.3 Class Decorators with Arguments

Class decorators can also accept arguments. For example, we might want to add
a logging feature to a class constructor. This can be done by passing arguments
to the class decorator.

1 def log\_constructor\_decorator(log\_message):

2 def decorator(cls):

3 original\_init = cls.\_\_init\_\_

4

5 def new\_init(self , *args , kwargs):

6 print(f"{log\_message }: {cls.\_\_name\_\_} instance

created")

7 original\_init(self , *args , kwargs)

8

9 cls.\_\_init\_\_ = new\_init

10 return cls

11 return decorator

12

13 @log\_constructor\_decorator("Log")

14 class MyClass:

15 def __init__(self , name):

16 self.name = name

17

18 obj = MyClass("Alice")

Output:

1 Log: MyClass instance created
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In this example, the decorator accepts a ‘log message‘ parameter that modi-
fies the constructor of ‘MyClass‘ to log a message whenever an instance is created.

15.4.4 Chaining Class Decorators

Just like function decorators, class decorators can be stacked to apply multiple
modifications to a class. Python will apply the decorators in the order they are
listed, from bottom to top.

Example of chaining class decorators:

1 def add\_greeting(cls):

2 cls.greet = lambda self: f"Hello , {self.name}!"

3 return cls

4

5 def add\_farewell(cls):

6 cls.farewell = lambda self: f"Goodbye , {self.name}!"

7 return cls

8

9 @add\_farewell

10 @add\_greeting

11 class MyClass:

12 def __init__(self , name):

13 self.name = name

14

15 obj = MyClass("Alice")

16 print(obj.greet()) # Output: Hello , Alice!

17 print(obj.farewell ()) # Output: Goodbye , Alice!

In this case: 1. The ‘add greeting‘ decorator is applied first, adding a ‘greet‘
method to ‘MyClass‘. 2. The ‘add farewell‘ decorator is applied next, adding a
‘farewell‘ method.

15.5 Summary

In this chapter, we explored the powerful concept of decorators in Python, focus-
ing on both function decorators and class decorators. We learned how decorators
can be used to modify or extend the behavior of functions and classes without
changing their actual code. We examined various use cases, including logging,
timing, and adding new methods to classes.

By understanding how decorators work, you can write more modular and
reusable code. Decorators allow for clean separation of concerns, making it easier
to add functionality across different parts of your codebase without redundancy.
By using decorators, you can achieve elegant solutions to common programming
tasks, such as validation, memoization, and aspect-oriented programming.
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Chapter 16

Concurrency in Python

Concurrency is a fundamental concept in modern programming that allows for
the execution of multiple tasks at the same time. In Python, concurrency is
achieved through the use of threads and asynchronous programming. This chap-
ter explores two main approaches to concurrency in Python: Threads and the

threading Module and Asynchronous Programming with asyncio. Both meth-
ods are crucial in writing efficient and scalable programs, especially when dealing
with tasks that require significant I/O or parallel execution.

16.1 Introduction to Concurrency in Python

Concurrency refers to the ability of a program to handle multiple tasks simulta-
neously, either by running them in parallel or by switching between them in a
non-blocking manner. This is particularly useful in I/O-bound and CPU-bound
operations, where tasks may wait for input or perform lengthy calculations.

In Python, concurrency is often achieved through two main paradigms:

• Threading: Enables multiple tasks to run in the same process with sep-
arate threads.

• Asynchronous Programming: Uses non-blocking operations, allowing
a single thread to handle multiple tasks concurrently.

This chapter will examine both approaches, starting with threads and the
threading module, followed by asynchronous programming with asyncio.

16.2 Threads and the threading Module

Python’s threading module provides a way to run multiple threads (smaller
units of a process) concurrently. Threads share the same memory space and can
communicate with each other more easily than processes. However, threads are
subject to the Global Interpreter Lock (GIL), which can limit the true parallel
execution of Python code, especially in CPU-bound tasks. Despite the GIL,
threads are highly useful in I/O-bound tasks.
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16.2.1 Creating and Starting Threads

To create a thread in Python, we use the Thread class from the threading

module. A thread can be created by passing a target function (the function that
the thread will run) to the Thread constructor. Once the thread is created, the
start() method is used to begin the execution of the thread.

1 import threading

2 import time

3

4 def print\_numbers ():

5 for i in range (5):

6 time.sleep (1)

7 print(i)

8

9 # Create a thread that runs the print\_numbers function

10 thread = threading.Thread(target=print\_numbers)

11 thread.start ()

In this example, we create a thread that runs the print numbers func-
tion. The time.sleep(1) simulates a delay, representing an I/O-bound task
like downloading a file.

16.2.2 Joining Threads

The join() method is used to wait for a thread to complete before proceeding
with the execution of the main program. If we omit the join() method, the
main program may exit before the thread finishes its task.

1 thread.join() # Wait for the thread to finish

2 print("Thread has completed execution.")

In this case, the program waits for the thread to finish before printing the
message.

16.2.3 Daemon Threads

Daemon threads are background threads that do not prevent the program from
exiting. When the main program finishes, daemon threads are automatically
terminated. To set a thread as a daemon, we set the daemon attribute to True

before starting the thread.

1 thread = threading.Thread(target=print\_numbers)

2 thread.daemon = True # Set as a daemon thread

3 thread.start ()

Daemon threads are useful for tasks like background monitoring, logging, or
performing background tasks that do not affect the main program flow.

16.2.4 Thread Synchronization

One of the challenges with threads is ensuring that shared resources are accessed
safely. If multiple threads try to modify the same resource at the same time,
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it can lead to race conditions. Python provides several mechanisms to prevent
this, such as locks.

A Lock is an object that can be used to ensure that only one thread can
access a critical section of code at a time.

1 lock = threading.Lock()

2

3 def safe\_print\_numbers ():

4 with lock:

5 for i in range (5):

6 time.sleep (1)

7 print(i)

8

9 # Create threads that use the lock

10 threads = []

11 for \_ in range (2):

12 thread = threading.Thread(target=safe\_print\_numbers)

13 thread.start ()

14 threads.append(thread)

15

16 for thread in threads:

17 thread.join()

In this example, the lock ensures that only one thread prints numbers at a
time, preventing race conditions.

16.3 Asynchronous Programming with asyncio

While threads are useful for concurrent execution, asynchronous programming
allows a single thread to handle multiple tasks concurrently, which is particularly
useful for I/O-bound operations. Python’s asyncio library provides a framework
for writing asynchronous code using async and await syntax.

16.3.1 Basic Asynchronous Functions

In asynchronous programming, the program does not block while waiting for a
task to complete. Instead, it moves on to other tasks. An asynchronous function
is defined using the async keyword.

1 import asyncio

2

3 async def print\_numbers ():

4 for i in range (5):

5 await asyncio.sleep (1)

6 print(i)

7

8 # Run the asynchronous function

9 asyncio.run(print\_numbers ())

In this example, the asyncio.sleep(1) is an asynchronous operation, al-
lowing other tasks to run while waiting. The asyncio.run() function is used to
run the event loop that executes the asynchronous function.
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16.3.2 Running Multiple Asynchronous Tasks Concurrently

One of the primary advantages of asynchronous programming is the ability to
run multiple tasks concurrently in a single thread. This can be achieved us-
ing the asyncio.gather() function, which runs multiple asynchronous tasks
concurrently.

1 async def print\_numbers\_1():

2 for i in range (5):

3 await asyncio.sleep (1)

4 print(f"Task 1: {i}")

5

6 async def print\_numbers\_2():

7 for i in range (5):

8 await asyncio.sleep (1)

9 print(f"Task 2: {i}")

10

11 # Run both tasks concurrently

12 async def main():

13 await asyncio.gather(print\_numbers\_1(), print\_numbers\_2())

14

15 asyncio.run(main())

In this example, print numbers 1 and print numbers 2 are executed con-
currently, and the output shows interleaved execution.

16.3.3 Asyncio and I/O Operations

Asynchronous programming is particularly useful when dealing with I/O-bound
operations, such as network requests or file I/O. For example, we can use asyncio
to handle multiple network requests concurrently without blocking the program.

1 import aiohttp

2

3 async def fetch\_url(url):

4 async with aiohttp.ClientSession () as session:

5 async with session.get(url) as response:

6 return await response.text()

7

8 async def main():

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

10 content = await fetch\_url(url)

11 print(content)

12

13 asyncio.run(main())

In this example, aiohttp is used to make asynchronous HTTP requests.
While waiting for the HTTP response, other tasks can run concurrently.

16.3.4 Error Handling in Asyncio

In asynchronous programming, error handling is similar to synchronous pro-
gramming but requires the use of try and except blocks within asynchronous
functions.
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1 async def faulty\_task():

2 await asyncio.sleep (1)

3 raise ValueError("An error occurred!")

4

5 async def main():

6 try:

7 await faulty\_task()

8 except ValueError as e:

9 print(f"Caught an error: {e}")

10

11 asyncio.run(main())

In this example, the ValueError is caught in the asynchronous function.

16.3.5 The Event Loop

The event loop is the core of asyncio. It runs asynchronous tasks and callbacks,
manages network connections, and handles I/O operations. The asyncio.run()
function runs the event loop, but we can also manually manage the loop using
asyncio.get event loop().

1 loop = asyncio.get\_event\_loop ()

2 loop.run\_until\_complete(main())

3 loop.close ()

16.4 Comparing Threads and Asyncio

Both threads and asyncio allow for concurrency, but they are suited for different
types of tasks. Threads are generally better for CPU-bound tasks, while asyncio
shines in I/O-bound tasks. Asyncio allows for more efficient use of resources, as
it avoids the overhead of managing multiple threads.

16.5 Summary

In this chapter, we explored two key concepts of concurrency in Python: thread-
ing and asynchronous programming with asyncio. We discussed the basics of
creating threads, synchronizing them, and the advantages of using asyncio for
I/O-bound tasks. Understanding these concepts allows you to write efficient
Python programs that can handle multiple tasks simultaneously, making your
applications more responsive and scalable.

The choice between threading and asyncio depends on the nature of the
tasks you need to perform. For I/O-bound tasks, asyncio provides a more
efficient and elegant solution, while for CPU-bound tasks, threads can be a
good option. By mastering both approaches, you can tackle a wide variety of
concurrency challenges in Python.
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Part V

Practical Python Applications
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Chapter 17

Working with Databases

Databases are an essential part of many applications, as they provide a structured
way to store, manage, and retrieve data. In this chapter, we will explore how to
work with databases in Python, specifically using SQLite, which is a lightweight,
disk-based database. SQLite is a great option for applications that require a
simple and portable database, and Python’s sqlite3 module provides an easy
interface to interact with SQLite databases.

17.1 Introduction to SQLite

SQLite is a serverless, self-contained, and file-based relational database engine.
Unlike traditional database systems such as MySQL or PostgreSQL, SQLite
does not require a separate server process or configuration. It stores data in a
single file, making it highly portable and easy to use for smaller applications,
prototypes, and testing.

17.1.1 Advantages of SQLite

SQLite has several advantages that make it suitable for many applications:

• Serverless: There is no need for a database server. SQLite databases are
stored as simple files on disk.

• Zero Configuration: SQLite is easy to set up as it requires no installation
or configuration.

• Cross-Platform: SQLite databases can be used across different platforms
without compatibility issues.

• Lightweight: The SQLite library is small and does not require significant
resources, making it ideal for mobile devices and embedded systems.

• Portable: SQLite databases are portable across systems, which is benefi-
cial when migrating data.
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17.1.2 SQLite Architecture

SQLite operates as a self-contained database engine. The key components of
SQLite architecture are:

• Database File: The database is stored as a single file with the .sqlite

or .db extension.

• SQL Query Engine: SQLite uses SQL syntax for querying, creating,
updating, and deleting data in the database.

• Transaction Management: SQLite supports atomic transactions, en-
suring data integrity.

• Storage Engine: The storage engine is responsible for reading and writing
data to the database file.

17.2 Using Python to Interact with Databases

Python provides the sqlite3 module, which allows you to connect to and in-
teract with SQLite databases. This module implements Python’s DB-API 2.0
specification, which is a standard for database access in Python.

17.2.1 Setting Up a Database Connection

To interact with a SQLite database in Python, we first need to connect to the
database using the sqlite3.connect() function. If the database file does not
exist, it will be created automatically.

1 import sqlite3

2

3 # Connect to the SQLite database

4 connection = sqlite3.connect(’example.db’)

5

6 # Create a cursor object to interact with the database

7 cursor = connection.cursor ()

In this code snippet, we create a connection to a database file called example.db
and create a cursor object, which allows us to execute SQL commands.

17.2.2 Creating Tables

Once a connection is established, we can create tables to store data. The CREATE
TABLE SQL statement is used to define a new table in the database. Here is an
example of how to create a table for storing user information:

1 # Create a table

2 cursor.execute(’’’CREATE TABLE IF NOT EXISTS users

3 (id INTEGER PRIMARY KEY , name TEXT , age INTEGER)’’’)

4

5 # Commit the changes

6 connection.commit ()
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This code creates a table named users with three columns: id, name, and
age. The IF NOT EXISTS clause ensures that the table is created only if it does
not already exist.

17.2.3 Inserting Data into Tables

Once a table is created, we can insert data into it using the INSERT INTO

SQL statement. Data can be inserted by passing the values as a tuple to the
cursor.execute() method.

1 # Insert a new user into the users table

2 cursor.execute("INSERT INTO users (name , age) VALUES (?, ?)", (’

John Doe’, 30))

3

4 # Commit the changes

5 connection.commit ()

In this example, the INSERT INTO statement is used to insert a new user
named ”John Doe” with age 30 into the users table. The ? placeholders are
used to prevent SQL injection.

17.2.4 Querying Data from Tables

To retrieve data from a database, we use the SELECT statement. The cursor.execute()
method is used to execute the query, and the fetchall() or fetchone() meth-
ods are used to retrieve the results.

1 # Query all users from the users table

2 cursor.execute("SELECT * FROM users")

3

4 # Fetch all results

5 users = cursor.fetchall ()

6

7 # Display the results

8 for user in users:

9 print(user)

In this example, we execute a SELECT * query to retrieve all rows from
the users table. The results are fetched using fetchall() and printed to the
console.

17.2.5 Updating Data in Tables

We can update existing data in the database using the UPDATE statement. The
following example demonstrates how to update the age of a user:

1 # Update the age of a user

2 cursor.execute("UPDATE users SET age = ? WHERE name = ?", (35, ’

John Doe’))

3

4 # Commit the changes

5 connection.commit ()

In this code, we update the age of the user named ”John Doe” to 35. The
WHERE clause specifies which record to update.
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17.2.6 Deleting Data from Tables

To remove data from a table, we use the DELETE statement. Below is an example
of how to delete a user from the database:

1 # Delete a user from the users table

2 cursor.execute("DELETE FROM users WHERE name = ?", (’John Doe’,))

3

4 # Commit the changes

5 connection.commit ()

In this example, we delete the user named ”John Doe” from the users table.

17.2.7 Using Transactions

SQLite supports transactions, which allow you to group multiple operations
together. By default, each operation is automatically committed, but we can
manage transactions manually using the BEGIN, COMMIT, and ROLLBACK state-
ments.

1 # Begin a transaction

2 connection.execute("BEGIN")

3

4 # Perform multiple operations

5 cursor.execute("INSERT INTO users (name , age) VALUES (?, ?)", (’

Alice’, 28))

6 cursor.execute("INSERT INTO users (name , age) VALUES (?, ?)", (’Bob

’, 32))

7

8 # Commit the transaction

9 connection.commit ()

In this example, we start a transaction, insert two users into the users table,
and commit the transaction.

17.2.8 Handling Errors and Exceptions

When working with databases, it is important to handle errors and exceptions
properly. The sqlite3 module raises exceptions for various errors, such as
attempting to insert invalid data or querying a non-existent table. We can catch
these exceptions using Python’s try and except blocks.

1 try:

2 # Execute an invalid SQL query

3 cursor.execute("SELECT * FROM non\_existent\_table")

4 except sqlite3.Error as e:

5 print(f"SQLite error: {e}")

This example demonstrates how to catch SQLite errors and print the error
message.

17.2.9 Using Parameterized Queries

To prevent SQL injection attacks, it is essential to use parameterized queries.
This means passing data as parameters rather than concatenating strings in SQL
queries.
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1 # Safe parameterized query

2 cursor.execute("SELECT * FROM users WHERE age = ?", (30,))

Parameterized queries ensure that user inputs are treated as data, not exe-
cutable code, which prevents malicious injection.

17.3 SQLite and File Operations

SQLite stores data in a single file on disk, which makes it easy to manage. You
can copy the SQLite database file between systems, back it up, and restore it
as needed. However, you should be careful when handling the database file,
especially when multiple processes access it concurrently.

17.3.1 Backing Up and Restoring a Database

SQLite provides a simple way to back up a database by copying the database file
to another location. To restore the database, simply copy the backup file back
to the original location.

1 import shutil

2

3 # Backup the database file

4 shutil.copy(’example.db’, ’example\_backup.db’)

5

6 # Restore the database file

7 shutil.copy(’example\_backup.db’, ’example.db’)

This code demonstrates how to back up and restore an SQLite database by
copying the database file.

17.4 Summary

In this chapter, we explored SQLite and how to interact with it using Python.
We learned how to create databases, create tables, insert, update, query, and
delete data, as well as how to use transactions and handle errors. SQLite’s
simplicity and ease of use make it a great choice for small-scale applications, and
Python’s sqlite3 module provides a powerful interface to work with databases
efficiently.

By integrating databases into your Python applications, you can store and
manage data persistently, making your applications more dynamic and interac-
tive. Whether you are building a simple prototype or a more complex applica-
tion, SQLite and Python provide a solid foundation for working with databases.
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Chapter 18

Web Development

Web development has become an essential skill in the digital era, facilitating the
creation of interactive and dynamic websites and web applications. This chap-
ter will introduce two widely-used Python frameworks—Flask and Django—that
simplify web development and API creation. We will cover the basics of each
framework, discuss their features, and guide you through building web applica-
tions and APIs using these frameworks.

18.1 Introduction to Flask

Flask is a lightweight, easy-to-use web framework for Python, designed for sim-
plicity and flexibility. Unlike larger frameworks such as Django, Flask follows a
microframework philosophy, meaning it comes with only the essentials needed
to build a web application. This design allows developers to add extensions
as needed for things like database integration, form validation, and authentica-
tion. Flask is particularly well-suited for small to medium-sized projects where
developers need to maintain control over the components they use.

Flask’s simplicity doesn’t mean it is less powerful; in fact, it allows for more
control and customization, which is one of the reasons it has gained popularity in
the web development community. Flask provides essential tools for building web
applications, including routing, templating, and handling HTTP requests and
responses. Its modular design enables developers to easily integrate third-party
libraries and packages to extend its functionality.

18.1.1 Why Choose Flask?

Flask is favored for several reasons:

• Simplicity: Flask has a minimalistic core that allows developers to get
started quickly.

• Flexibility: Unlike monolithic frameworks, Flask does not impose a spe-
cific structure on your codebase, which gives you more control over the
architecture of your application.
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• Extensibility: Flask can be easily extended using numerous available
plugins and extensions, making it versatile for various types of projects.

• Learning Curve: Due to its minimalism, Flask has a gentle learning
curve compared to other, more complex frameworks like Django.

18.1.2 Setting Up Flask

To begin using Flask, you’ll need to install it via pip:

1 pip install Flask

Once installed, you can create a basic Flask application. Here’s an example
of a simple Flask application:

1 from flask import Flask

2

3 app = Flask(\_\_name\_\_)

4

5 @app.route(’/’)

6 def hello\_world ():

7 return ’Hello , World!’

8

9 if \_\_name\_\_ == ’\_\_main\_\_’:

10 app.run()

This example defines a single route (‘/‘) that returns the string ”Hello,
World!” when accessed. Flask applications are typically structured around routes,
which map URLs to specific functions in your code. The app.run() method
starts the web server, which listens for incoming requests.

18.1.3 Flask Routing and Views

Flask makes it easy to map URLs to Python functions, called views. A route in
Flask is defined using the @app.route decorator, which tells Flask to execute a
function when a particular URL is requested.

For example:

1 @app.route(’/about ’)

2 def about():

3 return ’This is the about page!’

In this case, when a user navigates to the ”/about” URL, Flask will call the
about() function and return the associated response.

Flask supports dynamic URLs, where you can capture parts of the URL as
variables. For example:

1 @app.route(’/hello/<name >’)

2 def hello\_name(name):

3 return f’Hello , {name}!’

If a user navigates to ”/hello/John,” Flask will call the hello name function
with the argument name set to ”John.”
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18.1.4 Creating APIs with Flask

Flask is a great framework for creating RESTful APIs due to its minimalism and
ease of use. REST (Representational State Transfer) is a popular architectural
style for building web services, where the server provides access to resources
through HTTP methods like GET, POST, PUT, and DELETE.

Creating a Simple API with Flask

To create an API in Flask, you’ll need to return data in a format that clients can
easily consume, typically JSON. Flask provides the jsonify function to simplify
the process of returning JSON data.

Here’s an example of a simple API for managing tasks:

1 from flask import Flask , jsonify , request

2

3 app = Flask(\_\_name\_\_)

4

5 tasks = [

6 {’id’: 1, ’title’: ’Buy groceries ’, ’done’: False},

7 {’id’: 2, ’title’: ’Walk the dog’, ’done’: True}

8 ]

9

10 @app.route(’/tasks ’, methods =[’GET’])

11 def get\_tasks ():

12 return jsonify ({’tasks ’: tasks })

13

14 @app.route(’/tasks ’, methods =[’POST’])

15 def create\_task():

16 task = request.get\_json ()

17 tasks.append(task)

18 return jsonify ({’task’: task}), 201

19

20 if \_\_name\_\_ == ’\_\_main\_\_’:

21 app.run(debug=True)

In this example, we define two endpoints:

• /tasks (GET) - Returns a list of tasks in JSON format.

• /tasks (POST) - Accepts a JSON payload to create a new task.

The jsonify function ensures that the data is returned in JSON format,
and the request.get json() method parses the incoming JSON data from the
client.

18.1.5 Flask-RESTful for More Complex APIs

Flask-RESTful is an extension for Flask that simplifies building REST APIs by
providing helpful tools like resource classes and automatic handling of HTTP
methods. First, you’ll need to install Flask-RESTful:

1 pip install Flask -RESTful

Here’s an example using Flask-RESTful:
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1 from flask import Flask

2 from flask\_restful import Api , Resource

3

4 app = Flask(\_\_name\_\_)

5 api = Api(app)

6

7 class Task(Resource):

8 def get(self):

9 return {’tasks’: tasks}

10

11 def post(self):

12 task = request.get\_json ()

13 tasks.append(task)

14 return task , 201

15

16 api.add\_resource(Task , ’/tasks’)

17

18 if \_\_name\_\_ == ’\_\_main\_\_’:

19 app.run(debug=True)

Flask-RESTful handles much of the boilerplate code, allowing you to focus
on the core logic of your API.

18.2 Introduction to Django

Django is a high-level Python web framework that encourages rapid develop-
ment and clean, pragmatic design. Unlike Flask, which is minimalistic, Django
follows the ”batteries-included” philosophy, meaning it provides a wide range of
built-in features to make it easier for developers to build full-fledged web applica-
tions. Django’s comprehensive set of tools includes an ORM (Object-Relational
Mapping), an admin interface, authentication, and URL routing.

Django is designed to handle large-scale web applications and offers robust
security features, scalability, and a wealth of documentation. It is often chosen
for building enterprise-level applications and sites that require extensive features
and support.

18.2.1 Why Django?

Django offers several compelling reasons to choose it for web development:

• Security: Django provides built-in protection against common security
threats such as SQL injection, cross-site scripting, and cross-site request
forgery.

• Scalability: Django is designed to handle high-traffic applications, making
it an excellent choice for large projects.

• Admin Interface: Django comes with a built-in admin interface for easy
management of application content, making it ideal for content-driven sites.

• ORM: Django’s ORM allows developers to interact with databases using
Python objects, abstracting away the complexities of SQL.
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18.2.2 Setting Up Django

To start a Django project, first, install Django via pip:

1 pip install Django

Create a new project using the following command:

1 django -admin startproject myproject

This will create the initial project directory structure. You can then create
an app within the project:

1 python manage.py startapp myapp

This will generate the necessary directories for the app, including models,
views, and templates.

18.2.3 Django Models

In Django, models define the structure of the database. Each model is a Python
class that inherits from django.db.models.Model, and each attribute of the
class corresponds to a field in the database table. Django automatically handles
database migrations to keep the database schema in sync with the models.

Here’s an example of a simple model in Django:

1 from django.db import models

2

3 class Task(models.Model):

4 title = models.CharField(max\_length =100)

5 done = models.BooleanField(default=False)

This model defines a table with two columns: title and done. You can use
Django’s migration system to create the corresponding database table:

1 python manage.py makemigrations

2 python manage.py migrate

18.2.4 Django Views and URLs

Django views handle requests and return responses. Views can return HTML
templates, JSON data, or other content, depending on the requirements of the
application.

Here’s an example of a simple view in Django:

1 from django.http import JsonResponse

2 from .models import Task

3

4 def get\_tasks(request):

5 tasks = Task.objects.all()

6 tasks\_list = [{’id’: task.id , ’title’: task.title , ’done’:

task.done} for task in tasks]

7 return JsonResponse ({’tasks ’: tasks\_list })

Django URLs are configured using the urls.py file. Here’s how to link the
view to a URL:
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1 from django.urls import path

2 from . import views

3

4 urlpatterns = [

5 path(’tasks/’, views.get\_tasks),

6 ]

18.2.5 Django REST Framework

For building APIs with Django, the Django REST Framework (DRF) is a pow-
erful toolkit that simplifies the process of creating complex APIs. DRF provides
many features such as serializers, authentication, and viewsets.

To install Django REST Framework, use:

1 pip install djangorestframework

Here’s an example of creating an API with DRF:

1 from rest\_framework import serializers , viewsets

2 from .models import Task

3

4 class TaskSerializer(serializers.ModelSerializer):

5 class Meta:

6 model = Task

7 fields = [’id’, ’title ’, ’done’]

8

9 class TaskViewSet(viewsets.ModelViewSet):

10 queryset = Task.objects.all()

11 serializer\_class = TaskSerializer

With DRF, Django automatically generates the necessary views and URL
routes for performing CRUD operations on the Task model.

18.3 Summary

In this chapter, we have explored two powerful Python frameworks for web
development—Flask and Django. Flask is a lightweight framework ideal for small
applications, offering simplicity and flexibility. We also covered how to create
APIs using Flask, demonstrating its capability for building RESTful services.

On the other hand, Django provides a full-fledged, feature-rich framework
designed for large-scale applications. With built-in tools for security, database
management, and content administration, Django is perfect for enterprise-level
applications. We also explored Django’s ORM, views, and the Django REST
Framework for building APIs.

Both Flask and Django are excellent choices for web development, each with
its strengths. Flask is best suited for simple projects, while Django is the go-to
framework for complex, feature-rich applications.
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Chapter 19

Automation and Scripting

Automation and scripting are essential skills for modern software development.
Python, being a versatile and powerful language, is widely used for automating
repetitive tasks, managing files and directories, and scraping data from the web.
In this chapter, we will explore how to use Python for automation, including
automating tasks, working with files and folders, and performing web scraping
using two popular libraries: BeautifulSoup and Selenium.

19.1 Automating Tasks with Python

Python is an excellent choice for automating a wide variety of tasks. From
simple file management to interacting with web APIs, Python’s simple syntax
and powerful libraries make it easy to create automation scripts that can save
time and improve productivity.

19.1.1 Automating Simple Tasks

One of the simplest forms of automation is using Python to perform basic tasks,
such as renaming files, sending emails, or performing calculations. For example,
consider the task of renaming files in a directory:

1 import os

2

3 # Directory path

4 directory = ’/path/to/your/files’

5

6 # Iterate through files in the directory

7 for filename in os.listdir(directory):

8 if filename.endswith(".txt"):

9 # Construct new filename

10 new\_filename = f"renamed\_{filename}"

11

12 # Rename the file

13 os.rename(os.path.join(directory , filename), os.path.join(

directory , new\_filename))

In this script:
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• We use the os module to interact with the file system.

• We iterate through all files in a specified directory.

• For each file with a .txt extension, we rename it by adding a prefix
renamed .

This simple script automates the task of renaming files, which could otherwise
be time-consuming if done manually.

19.1.2 Automating Email Sending

Python can also automate the process of sending emails. The smtplib library
allows you to connect to an SMTP server and send emails programmatically.

1 import smtplib

2 from email.mime.text import MIMEText

3 from email.mime.multipart import MIMEMultipart

4

5 # Email details

6 sender\_email = "your\_email@example.com"

7 receiver\_email = "receiver\_email@example.com"

8 password = "your\_password"

9

10 # Create message

11 message = MIMEMultipart ()

12 message["From"] = sender\_email

13 message["To"] = receiver\_email

14 message["Subject"] = "Automated Email"

15 body = "This is an automated email sent using Python!"

16 message.attach(MIMEText(body , "plain"))

17

18 # Connect to the SMTP server and send the email

19 with smtplib.SMTP\_SSL("smtp.gmail.com", 465) as server:

20 server.login(sender\_email , password)

21 server.sendmail(sender\_email , receiver\_email , message.as\

_string ())

This script:

• Sets up the email content using MIMEText and MIMEMultipart.

• Connects to Gmail’s SMTP server and sends an email.

• Uses SSL to ensure a secure connection.

This is an example of how Python can be used to automate the process of
sending emails, which can be useful for notifications, alerts, or reports.

19.1.3 Scheduling Tasks with Cron Jobs (Linux) or Task Sched-
uler (Windows)

For more advanced automation, you may need to schedule scripts to run at
specific times or intervals. On Linux, this is commonly done with cron jobs, and
on Windows, you can use Task Scheduler.
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Example of a cron job: To run a Python script every day at 9 AM, you
would add the following entry to your crontab file:

1 0 9 * * * /usr/bin/python3 /path/to/your/script.py

19.2 Working with Files and Folders

Automation often requires interacting with the file system, whether it’s reading,
writing, or organizing files and directories. Python’s os, shutil, and pathlib

modules provide powerful tools for working with files and folders.

19.2.1 Creating and Deleting Files and Directories

Python provides functions to create, delete, and manipulate files and directories.
The os module is commonly used for these tasks.

1 import os

2

3 # Create a directory

4 os.makedirs(’new\_folder ’, exist\_ok=True)

5

6 # Create a new file

7 with open(’new\_folder/sample.txt’, ’w’) as file:

8 file.write("Hello , World!")

9

10 # Delete a file

11 os.remove(’new\_folder/sample.txt’)

12

13 # Delete the directory

14 os.rmdir(’new\_folder ’)

This script:

• Creates a new directory and a file inside it.

• Writes some content to the file.

• Deletes the file and the directory.

The os.makedirs() function creates a directory and all intermediate direc-
tories. The exist ok=True argument prevents an error if the directory already
exists.

19.2.2 Working with File Paths

The pathlib module provides a more modern way to handle file paths and
directories, offering an object-oriented interface.

1 from pathlib import Path

2

3 # Create a Path object

4 path = Path(’new\_folder/sample.txt’)

5

6 # Check if the file exists
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7 if path.exists ():

8 print("File exists!")

9

10 # Read the contents of the file

11 with path.open(’r’) as file:

12 content = file.read()

13 print(content)

In this example:

• We create a Path object representing the file path.

• We check if the file exists and read its contents.

19.2.3 Copying, Moving, and Renaming Files

The shutil module provides a higher-level interface for working with files. You
can use it to copy, move, and rename files and directories.

1 import shutil

2

3 # Copy a file

4 shutil.copy(’sample.txt’, ’new\_folder/sample.txt’)

5

6 # Move a file

7 shutil.move(’sample.txt’, ’new\_folder/renamed\_sample.txt’)

8

9 # Rename a file

10 os.rename(’new\_folder/sample.txt’, ’new\_folder/renamed\_sample.

txt’)

In this script:

• The shutil.copy() function copies the file.

• The shutil.move() function moves the file to a new location.

• The os.rename() function renames the file.

19.3 Web Scraping with BeautifulSoup and Selenium

Web scraping involves extracting data from websites, which can be a powerful
tool for automating data collection. Python provides several libraries for web
scraping, with BeautifulSoup and Selenium being two of the most widely used.

19.3.1 Introduction to Web Scraping

Before scraping a website, it is important to ensure that you are not violating
the site’s terms of service. Always check the website’s robots.txt file to see if
web scraping is allowed.
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19.3.2 Scraping Data with BeautifulSoup

BeautifulSoup is a Python library that is used for parsing HTML and XML
documents. It makes it easy to extract specific information from a webpage,
such as headings, links, tables, and more.

1 from bs4 import BeautifulSoup

2 import requests

3

4 # Send an HTTP request to the website

5 response = requests.get(’https :// example.com’)

6

7 # Parse the page content with BeautifulSoup

8 soup = BeautifulSoup(response.text , ’html.parser ’)

9

10 # Extract all links from the page

11 for link in soup.find\_all(’a’):

12 print(link.get(’href’))

In this example:

• We send a GET request to the webpage using the requests library.

• We parse the HTML content of the page using BeautifulSoup.

• We extract all the links on the page using the find all() method.

BeautifulSoup provides several methods, such as find(), find all(), and
select(), for searching and navigating the parse tree.

19.3.3 Web Scraping with Selenium

While BeautifulSoup is excellent for static pages, many modern websites use
JavaScript to load content dynamically. Selenium is a web testing framework
that can interact with websites in real-time, just like a user would. This makes
it ideal for scraping data from dynamic pages.

1 from selenium import webdriver

2 from selenium.webdriver.common.by import By

3

4 # Set up the WebDriver (make sure to download the appropriate

driver)

5 driver = webdriver.Chrome(executable\_path=’/path/to/chromedriver ’)

6

7 # Open the webpage

8 driver.get(’https :// example.com’)

9

10 # Find an element by its class name and print its text

11 element = driver.find\_element(By.CLASS\_NAME , ’example -class ’)

12 print(element.text)

13

14 # Close the browser

15 driver.quit()

In this script:
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• We set up the Selenium WebDriver and specify the browser (Chrome in
this case).

• We open the webpage and find an element by its class name.

• We print the text of the found element and close the browser.

Selenium can handle JavaScript-rendered content and provides methods for
interacting with various web elements, such as clicking buttons, filling out forms,
and navigating pages.

19.4 Summary

In this chapter, we explored how to automate tasks, work with files and direc-
tories, and scrape data from websites using Python. We demonstrated simple
automation tasks such as renaming files and sending emails, as well as more
complex file management tasks using the os, shutil, and pathlib modules.

We also discussed web scraping, highlighting how BeautifulSoup is used for
parsing static pages, while Selenium is ideal for scraping dynamic content gen-
erated by JavaScript. These powerful tools and techniques are essential for
automating daily tasks, handling file operations, and gathering data from the
web.

Mastering automation and scripting with Python can significantly enhance
your productivity and open up opportunities for building complex, efficient sys-
tems. Whether it’s automating mundane tasks, organizing files, or collecting
valuable data from the web, Python’s versatility ensures that you can accom-
plish it all with ease.
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Chapter 20

Data Science and Machine
Learning

Data Science and Machine Learning have become integral to numerous fields,
ranging from healthcare to finance, entertainment to engineering. This chapter
introduces the foundational aspects of data science, focusing on the use of Python
for data manipulation, visualization, and analysis. It also covers the basics of
machine learning, specifically how to implement machine learning models using
the powerful Python library, Scikit-Learn.

20.1 Basics of Data Science with Python

Data Science is a multidisciplinary field that uses scientific methods, algorithms,
and systems to extract knowledge and insights from structured and unstructured
data. Python has become the language of choice for data scientists due to its
simplicity, readability, and the vast array of libraries available for data analysis,
manipulation, and visualization.

In this section, we will cover some key aspects of data science using Python,
including data acquisition, manipulation, cleaning, and visualization.

20.1.1 Setting Up the Data Science Environment

Before diving into the details of data science, you need to set up your Python
environment. Python’s versatility comes from its rich ecosystem of libraries that
can handle everything from data manipulation to machine learning. The most
commonly used libraries include:

• pandas - For data manipulation and analysis.

• numpy - For numerical computing and array manipulation.

• matplotlib and seaborn - For data visualization.

• scipy - For scientific and technical computing.

• scikit-learn - For machine learning.
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• jupyter - For interactive notebooks.

To install the necessary libraries, you can use the following pip command:

1 pip install pandas numpy matplotlib seaborn scikit -learn jupyter

20.1.2 Data Acquisition

Data acquisition is the first step in any data science project. It involves gathering
data from various sources such as databases, CSV files, APIs, and web scraping.
In Python, the pandas library makes it easy to read data from CSV files, Excel
sheets, and SQL databases.

For example, to load data from a CSV file:

1 import pandas as pd

2

3 # Load data from CSV

4 df = pd.read\_csv(’data.csv’)

5 print(df.head())

This code reads the CSV file into a pandas DataFrame and prints the first
few rows of the data.

20.1.3 Data Exploration and Cleaning

Once the data is loaded, the next step is to explore and clean it. This includes
identifying missing values, outliers, and correcting any errors in the data.

Exploring the Data

Exploring the dataset involves checking its structure and understanding the re-
lationships between different variables. The following functions are commonly
used for data exploration:

• df.head() - Returns the first few rows of the DataFrame.

• df.info() - Displays a concise summary of the DataFrame, including the
number of non-null entries.

• df.describe() - Generates descriptive statistics for numeric columns.

Handling Missing Data

Missing data is a common problem in real-world datasets. You can either remove
the rows with missing values or fill them with appropriate values such as the
mean, median, or mode. For example:

1 # Drop rows with missing values

2 df = df.dropna ()

3

4 # Fill missing values with the mean

5 df.fillna(df.mean(), inplace=True)
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20.1.4 Data Visualization

Data visualization is an essential part of data analysis as it allows you to un-
derstand patterns, trends, and outliers in the data. In Python, matplotlib and
seaborn are the two most widely used libraries for plotting.

Basic Plots with Matplotlib

Matplotlib provides a wide range of plotting capabilities, from simple line plots
to complex 3D visualizations. For example, a simple line plot can be created
with the following code:

1 import matplotlib.pyplot as plt

2

3 # Create a simple line plot

4 plt.plot(df[’column\_name’])

5 plt.title(’Line Plot’)

6 plt.xlabel(’Index’)

7 plt.ylabel(’Value’)

8 plt.show()

Seaborn for Advanced Visualization

Seaborn, built on top of Matplotlib, provides a high-level interface for creat-
ing attractive and informative statistical graphics. For example, a box plot to
visualize the distribution of a variable:

1 import seaborn as sns

2

3 # Create a box plot

4 sns.boxplot(x=’category\_column ’, y=’value\_column ’, data=df)

5 plt.show()

20.1.5 Data Preprocessing

Before using the data for machine learning models, it often requires preprocess-
ing. This step may include scaling, encoding categorical variables, and splitting
the dataset into training and testing sets.

Scaling Data

Scaling ensures that numerical features are on the same scale, which is important
for machine learning algorithms like KNN or SVM. The scikit-learn library
provides a standard scaler:

1 from sklearn.preprocessing import StandardScaler

2

3 scaler = StandardScaler ()

4 df\_scaled = scaler.fit\_transform(df[[’numeric\_column ’]])
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Encoding Categorical Data

Machine learning algorithms work with numerical data, so categorical variables
need to be encoded. One common technique is one-hot encoding, which creates
a binary column for each category:

1 df\_encoded = pd.get\_dummies(df, columns =[’categorical\_column ’])

Splitting the Data

Before training a machine learning model, the data must be split into training
and testing sets. train test split from sklearn.model selection is used to
perform this operation:

1 from sklearn.model\_selection import train\_test\_split

2

3 X = df.drop(’target\_column ’, axis =1)

4 y = df[’target\_column ’]

5

6 X\_train , X\_test , y\_train , y\_test = train\_test\_split(X, y,

test\_size =0.2, random\_state =42)

20.2 Introduction to Machine Learning with Scikit-
Learn

Machine learning is a subset of artificial intelligence (AI) that involves creating
algorithms that allow computers to learn from and make predictions on data.
The scikit-learn library is one of the most popular machine learning libraries
in Python, providing a simple and efficient way to implement machine learning
models.

20.2.1 Types of Machine Learning

Machine learning algorithms can be broadly categorized into three types:

• Supervised Learning: Involves training a model on a labeled dataset,
where the outcome is already known. Common tasks include regression
and classification.

• Unsupervised Learning: The model is trained on an unlabeled dataset
and tries to find patterns or groupings in the data. Clustering and dimen-
sionality reduction are common tasks.

• Reinforcement Learning: The model learns by interacting with an en-
vironment and receiving feedback in the form of rewards or penalties.

In this section, we will focus on supervised learning techniques, specifically
regression and classification.
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20.2.2 Supervised Learning: Regression

Regression is a type of supervised learning where the goal is to predict a con-
tinuous value based on input features. The simplest regression model is linear
regression, which finds the best-fit line for the data.

Linear Regression with Scikit-Learn

To implement linear regression in scikit-learn, you can use the LinearRegression
class:

1 from sklearn.linear\_model import LinearRegression

2 from sklearn.metrics import mean\_squared\_error

3

4 # Train a linear regression model

5 model = LinearRegression ()

6 model.fit(X\_train , y\_train)

7

8 # Make predictions

9 y\_pred = model.predict(X\_test)

10

11 # Evaluate the model

12 mse = mean\_squared\_error(y\_test , y\_pred)

13 print(f’Mean Squared Error: {mse}’)

In this example, we train a linear regression model on the training data and
evaluate it using the Mean Squared Error (MSE) metric.

20.2.3 Supervised Learning: Classification

Classification is a supervised learning task where the goal is to predict a cat-
egorical label. Common classification algorithms include Logistic Regression,
Support Vector Machines (SVM), and Decision Trees.

Logistic Regression with Scikit-Learn

Logistic regression is used for binary classification tasks. Here’s how to imple-
ment it using scikit-learn:

1 from sklearn.linear\_model import LogisticRegression

2 from sklearn.metrics import accuracy\_score

3

4 # Train a logistic regression model

5 classifier = LogisticRegression ()

6 classifier.fit(X\_train , y\_train)

7

8 # Make predictions

9 y\_pred\_class = classifier.predict(X\_test)

10

11 # Evaluate the model

12 accuracy = accuracy\_score(y\_test , y\_pred\_class)

13 print(f’Accuracy: {accuracy}’)

Logistic regression calculates the probability of a given input belonging to a
certain class and assigns the most likely class.
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20.2.4 Model Evaluation Metrics

When evaluating machine learning models, it’s essential to choose the appropri-
ate metric based on the type of problem you’re solving.

Regression Metrics

For regression problems, common evaluation metrics include:

• Mean Squared Error (MSE): Measures the average of the squared
differences between the actual and predicted values.

• R-squared (R²): Indicates how well the model explains the variability
of the target variable.

Classification Metrics

For classification problems, key metrics include:

• Accuracy: The proportion of correct predictions.

• Precision, Recall, F1-Score: Useful for imbalanced datasets, where
accuracy alone may not be informative.

• Confusion Matrix: A table used to evaluate the performance of a clas-
sification algorithm.

20.3 Summary

This chapter introduced the basics of data science and machine learning us-
ing Python. We covered essential data science tools, including data manipu-
lation, cleaning, and visualization using libraries like pandas, matplotlib, and
seaborn. Additionally, we explored machine learning techniques with scikit-learn,
focusing on regression and classification models.

By understanding these fundamentals, you will be equipped to tackle real-
world data science and machine learning challenges, with the ability to implement
and evaluate models to extract valuable insights from data.
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Chapter 21

Testing and Debugging

Testing and debugging are essential practices in software development that en-
sure the correctness, reliability, and performance of your code. Testing helps
to identify bugs early and ensures that the code behaves as expected, while de-
bugging provides tools and techniques to fix those bugs. In this chapter, we
will focus on two main topics: writing test cases using the unittest module in
Python and debugging tips and tools to effectively track down and resolve issues
in your Python code.

21.1 Writing Test Cases with unittest

Unit testing is the practice of testing individual units or components of a software
application to verify that each part functions correctly. Python provides the
unittest module to help with writing and running tests for your code. The
unittest module is part of the Python standard library, so you don’t need to
install anything extra.

21.1.1 Introduction to unittest

The unittest module is a framework for organizing and running tests. It follows
a simple structure where you define test cases, each of which tests a specific part
of your code. A test case is a subclass of unittest.TestCase, and within each
test case, you define test methods. These test methods run assertions to verify
that the code behaves as expected.

Here’s a basic example of using unittest:

1 import unittest

2

3 # Example function to test

4 def add(a, b):

5 return a + b

6

7 class TestAddition(unittest.TestCase):

8

9 def test\_add(self):

10 self.assertEqual(add(2, 3), 5) # Tests that 2 + 3 equals 5
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11 self.assertEqual(add(-1, 1), 0) # Tests that -1 + 1 equals

0

12

13 if \_\_name\_\_ == ’\_\_main\_\_’:

14 unittest.main()

In this example: - We define a function add(a, b) that we want to test. -
We create a subclass of unittest.TestCase called TestAddition. - Inside this
class, we define a method test add() to test the add function. - We use the
self.assertEqual() method to check if the output of add(a, b) matches the
expected result.

21.1.2 Assertions in unittest

The unittest module provides several methods for asserting that certain con-
ditions are true. Here are some of the most commonly used assertions:

• assertEqual(a, b): Checks if a and b are equal.

• assertNotEqual(a, b): Checks if a and b are not equal.

• assertTrue(x): Checks if x is True.

• assertFalse(x): Checks if x is False.

• assertIsNone(x): Checks if x is None.

• assertIsNotNone(x): Checks if x is not None.

• assertRaises(exception, func, *args, kwargs): Checks if calling func
with the arguments *args and kwargs raises the specified exception.

For example, consider testing a function that raises an exception:

1 def divide(a, b):

2 if b == 0:

3 raise ValueError("Cannot divide by zero")

4 return a / b

5

6 class TestDivision(unittest.TestCase):

7

8 def test\_divide\_by\_zero(self):

9 with self.assertRaises(ValueError):

10 divide(1, 0)

11

12 def test\_divide(self):

13 self.assertEqual(divide(6, 3), 2)

Here, the test divide by zero() method checks that dividing by zero raises
a ValueError using self.assertRaises().
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21.1.3 Test Suites

A test suite is a collection of tests that can be run together. unittest allows
you to group multiple test cases into a test suite. You can create a test suite
using unittest.TestSuite() and then add individual test cases to it.

For example:

1 def suite():

2 suite = unittest.TestSuite ()

3 suite.addTest(TestAddition(’test\_add’))

4 suite.addTest(TestDivision(’test\_divide\_by\_zero’))

5 return suite

6

7 if \_\_name\_\_ == ’\_\_main\_\_’:

8 runner = unittest.TextTestRunner ()

9 runner.run(suite ())

In this example, we define a suite that runs both the TestAddition and
TestDivision test cases. You can add as many test cases as needed to the
suite.

21.1.4 Test Fixtures

Test fixtures are methods that allow you to set up and tear down the environment
in which your tests run. This is useful when you need to set up some state before
running tests and clean up afterward.

The setUp() method is run before each test method, while the tearDown()
method is run after each test method.

For example:

1 class TestMathOperations(unittest.TestCase):

2

3 def setUp(self):

4 self.x = 5

5 self.y = 10

6

7 def test\_addition(self):

8 self.assertEqual(self.x + self.y, 15)

9

10 def tearDown(self):

11 pass

Here, setUp() initializes the variables x and y, which are then used in the
test addition() method.

21.1.5 Running Tests

You can run tests using the command line or within an integrated development
environment (IDE). To run tests from the command line, use:

1 python -m unittest test\_module.py

You can also use the unittest.main() function to run the tests directly
from within the script.
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21.2 Debugging Tips and Tools

Debugging is the process of identifying and fixing issues (bugs) in your code. In
Python, debugging can be done using several built-in tools and techniques that
help track down errors and understand the flow of execution.

21.2.1 Using Print Statements for Debugging

One of the simplest techniques for debugging Python code is inserting print()

statements to track variable values and the flow of execution. While this can
be effective for small scripts, it may become cumbersome in larger projects.
However, it’s still a useful tool for quick debugging.

Example:

1 def calculate\_area(radius):

2 print(f"Radius: {radius}") # Debugging print statement

3 return 3.14 * radius 2

4

5 print(calculate\_area (5))

In this example, the print() statement outputs the value of radius, helping
us understand the value passed to the function.

21.2.2 Using the Python Debugger (pdb)

The Python Debugger (pdb) is a powerful tool that allows you to step through
code, inspect variables, and interact with the program’s state. You can set
breakpoints, step through each line of code, and examine the values of variables
during execution.

To use pdb, insert the following line of code where you want to start debug-
ging:

1 import pdb; pdb.set\_trace ()

When the program reaches this line, it will stop and enter the pdb interactive
debugger.

For example:

1 def fibonacci(n):

2 a, b = 0, 1

3 for i in range(n):

4 pdb.set\_trace () # Start the debugger

5 a, b = b, a + b

6 return a

7

8 print(fibonacci (5))

In this case, pdb.set trace() allows us to interact with the program at each
iteration, inspecting the values of a and b.

21.2.3 Using IDE Debugger Tools

Most modern integrated development environments (IDEs) come with built-in
debugging tools that provide a graphical interface for debugging Python pro-
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grams. IDEs like PyCharm, Visual Studio Code, and Eclipse with PyDev offer
features such as:

• Setting breakpoints to pause execution at a specific line.

• Stepping through the code line by line.

• Inspecting variables and the call stack.

• Evaluating expressions in the debugger console.

These tools are highly beneficial for navigating complex codebases and effi-
ciently identifying bugs.

21.2.4 Common Debugging Techniques

Here are some general debugging techniques that can help you identify and fix
issues in your Python code:

• Understand the Problem: Before diving into debugging, try to clearly
understand what the problem is. Reproduce the error consistently, if pos-
sible.

• Isolate the Issue: Narrow down the problem by isolating the code that
causes the error. You can comment out parts of the code or test small
sections independently.

• Check for Syntax Errors: Sometimes, the issue might be as simple as
a typo or incorrect syntax. Use a linter or syntax checker to identify these
errors.

• Review the Logic: Logic errors are harder to spot. Carefully review your
algorithm and control flow to make sure it matches your expectations.

• Use Unit Tests: As discussed earlier, writing unit tests can help ensure
that your code is correct and provide quick feedback when errors arise.

21.3 Summary

In this chapter, we explored the key concepts of testing and debugging in Python.
We started with unittest, a powerful module for writing and running tests,
covering how to create test cases, run assertions, and organize tests into suites.
We also discussed debugging strategies and tools, including print statements, the
pdb debugger, and IDE-based debugging. By using these techniques, you can
significantly improve the quality and reliability of your Python code.
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Final Topics and Resources
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Chapter 22

Best Practices in Python

Writing clean, readable, and efficient code is crucial in software development. It
enhances maintainability, scalability, and collaboration among developers. This
chapter focuses on the best practices in Python programming, particularly:

• Writing Clean and Readable Code

• Understanding PEP 8 Guidelines

• Code Optimization Tips

These practices ensure that Python code is not only functional but also main-
tainable and efficient.

22.1 Writing Clean and Readable Code

Clean and readable code is fundamental to long-term project success. It is easier
to maintain, understand, and extend. Python’s simplicity allows developers to
write code that is both expressive and concise, but it is still important to follow
guidelines to ensure the code is as clean and readable as possible.

22.1.1 Use Meaningful Variable and Function Names

Good naming conventions make code much easier to read and understand. It is
essential to choose variable and function names that are descriptive and convey
their purpose clearly. Avoid single-letter variable names unless they are used for
loop counters or short, well-known notations.

For example:

1 # Bad naming

2 a = 10

3 b = 20

4 c = a + b

5

6 # Good naming

7 length\_of\_rectangle = 10

8 width\_of\_rectangle = 20

9 area\_of\_rectangle = length\_of\_rectangle * width\_of\_rectangle

159



Wr
it
te
n
by
:

En
gr
.

Dr
.

M.
Si
dd
iq
ue

(W
ha
ts
ap
p:

+1
-8
48
-2
47
-9
23
3)

Python for all 160

In the first example, the variable names do not provide much insight into
their roles. In the second example, the names are descriptive, which improves
readability and understanding.

22.1.2 Keep Functions Small and Focused

Functions should be small and focused on a single task. A function that does
too many things can be hard to understand, test, and maintain. As a rule of
thumb, each function should do one thing, and it should do it well.

For example:

1 # Bad function (does too many things)

2 def process\_data(data):

3 cleaned\_data = clean\_data(data)

4 analyzed\_data = analyze\_data(cleaned\_data)

5 save\_data(analyzed\_data)

6

7 # Good function (focuses on a single task)

8 def clean\_data(data):

9 # Clean the data

10 return cleaned\_data

11

12 def analyze\_data(data):

13 # Analyze the data

14 return analyzed\_data

15

16 def process\_data(data):

17 cleaned\_data = clean\_data(data)

18 return analyzed\_data

By breaking down tasks into smaller functions, the code is easier to read,
test, and debug.

22.1.3 Write Comments and Documentation

Code should be self-explanatory, but sometimes a little explanation can make it
even easier to understand. Comments help clarify why a particular approach is
used, making the code more understandable for others and for your future self.

Use comments to explain:

• Why a specific approach is used.

• Assumptions made by the code.

• Complex or non-obvious pieces of logic.

Example:

1 def calculate\_tax(price , tax\_rate):

2 # Tax is calculated by multiplying the price with the tax rate

3 return price * tax\_rate

Use docstrings for function and class documentation. Python’s built-in help
system relies on docstrings to provide descriptions of functions and classes.

Example:
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1 def calculate\_tax(price , tax\_rate):

2 """

3 Calculate the tax based on price and tax rate.

4

5 Parameters:

6 price (float): The original price of the item.

7 tax\_rate (float): The tax rate to be applied.

8

9 Returns:

10 float: The calculated tax.

11 """

12 return price * tax\_rate

22.1.4 Avoid Magic Numbers and Strings

Magic numbers and strings are hardcoded values that lack context, making the
code difficult to understand and maintain. Instead of using raw values directly
in your code, assign them to descriptive variables or constants.

For example:

1 # Bad practice

2 if status\_code == 200:

3 print("Success")

4

5 # Good practice

6 SUCCESS\_STATUS\_CODE = 200

7 if status\_code == SUCCESS\_STATUS\_CODE:

8 print("Success")

By using meaningful constants, the code becomes easier to understand, es-
pecially when the same values are used in multiple places.

22.1.5 Use List Comprehensions for Simplicity

List comprehensions provide a concise and readable way to create lists. They
can replace loops, making your code shorter and more readable.

Example:

1 # Using a loop

2 squared\_numbers = []

3 for number in range (10):

4 squared\_numbers.append(number 2)

5

6 # Using a list comprehension

7 squared\_numbers = [number 2 for number in range (10)]

List comprehensions are more compact and easier to read, especially for
simple operations.

22.2 Understanding PEP 8 Guidelines

PEP 8 is the official style guide for Python code. It provides recommendations
on how to format Python code to improve its readability and consistency across

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 162

projects. By adhering to PEP 8, you make your code more Pythonic and ensure
that others can read and contribute to your code with ease.

22.2.1 Indentation and Spacing

PEP 8 recommends using 4 spaces per indentation level. This is the default style
in most Python code editors and IDEs. Avoid using tabs for indentation, as it
can lead to inconsistent formatting.

Example:

1 # Correct

2 def add(a, b):

3 return a + b

4

5 # Incorrect (tabs used instead of spaces)

6 def add(a, b):

7 \treturn a + b

For better readability, PEP 8 recommends adding two blank lines before top-
level function and class definitions and one blank line before method definitions
inside a class.

Example:

1 class Calculator:

2 def __init__(self):

3 pass

4

5 def add(self , a, b):

6 return a + b

22.2.2 Naming Conventions

PEP 8 defines specific naming conventions to ensure consistency across Python
codebases. The main conventions are as follows:

• function name, variable name, and method name: Use lowercase words
separated by underscores (snake case).

• ClassName: Use CapitalizedWords for class names (CamelCase).

• CONSTANT NAME: Use uppercase words separated by underscores for con-
stants.

Example:

1 # Correct

2 class MyClass:

3 def my\_method(self):

4 pass

5

6 CONSTANT\_VALUE = 10

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .



W
rit
te
n
by
:
En
gr
.
D
r.
M
. S
id
di
qu
e
(W

ha
ts
ap
p:
+
1-
84
8-
24
7-
92
33
)

Python for all 163

22.2.3 Line Length and Wrapping

PEP 8 suggests that lines should not exceed 79 characters. If a line exceeds this
limit, it should be wrapped to the next line. For function calls and expressions,
break lines before the operator for better readability.

Example:

1 # Correct (wrapped)

2 total = (first\_value + second\_value + third\_value +

3 fourth\_value + fifth\_value)

4

5 # Incorrect (no wrap)

6 total = first\_value + second\_value + third\_value + fourth\_value

+ fifth\_value

22.2.4 Import Statements

PEP 8 recommends that imports be on separate lines. If multiple imports are
necessary, they should be grouped into three categories: standard library im-
ports, third-party imports, and local imports.

Example:

1 # Correct

2 import os

3 import sys

4

5 import requests

6 import numpy as np

7

8 from mymodule import my\_function

22.3 Code Optimization Tips

Optimizing code can make it more efficient in terms of speed, memory usage,
and scalability. While readability is the priority, it’s also important to ensure
that your code is optimized for performance when necessary.

22.3.1 Profiling Code

Before optimizing, it’s essential to identify the bottlenecks in your code. Python
provides the cProfile module for profiling code and identifying areas where
performance improvements can be made.

Example:

1 import cProfile

2

3 def slow\_function ():

4 total = 0

5 for i in range (1000000):

6 total += i

7 return total

8

9 cProfile.run(’slow\_function ()’)
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The profiler provides detailed information on how much time each function
takes to execute, helping you identify performance bottlenecks.

22.3.2 Avoiding Redundant Calculations

One common performance issue is the repeated execution of the same calculation
or operation. If the result of an operation doesn’t change, store it in a variable
and reuse it, rather than recalculating it multiple times.

Example:

1 # Inefficient

2 for i in range (10000):

3 print(pow(2, 10)) # pow(2, 10) is recalculated each time

4

5 # Optimized

6 power\_of\_two = pow(2, 10)

7 for i in range (10000):

8 print(power\_of\_two)

In this example, the calculation pow(2, 10) is stored in the variable power of two,
and the result is reused, improving efficiency.

22.3.3 Using Built-in Functions and Libraries

Python’s standard library contains highly optimized functions that can be much
faster than custom solutions. For example, instead of manually looping through
a list to find the sum, use Python’s built-in sum() function.

Example:

1 # Inefficient

2 total = 0

3 for number in range (1000):

4 total += number

5

6 # Optimized

7 total = sum(range (1000))

The built-in sum() function is implemented in C and is much faster than a
custom loop in Python.

22.3.4 Avoiding Global Variables

Accessing global variables is slower than accessing local variables. Whenever
possible, limit the use of global variables and try to pass variables explicitly to
functions.

Example:

1 # Bad practice

2 global\_variable = 10

3

4 def add\_to\_global ():

5 global global\_variable

6 global\_variable += 5

7
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8 add\_to\_global ()

9 print(global\_variable)

10

11 # Better practice

12 def add(a):

13 return a + 5

14

15 result = add (10)

16 print(result)

In this example, the second approach avoids the need to use a global variable
and keeps the code cleaner and more efficient.

22.4 Summary

In this chapter, we have explored several best practices for writing Python code.
We discussed how to write clean and readable code by using meaningful names,
keeping functions focused, and writing clear comments and documentation. We
also covered the importance of adhering to PEP 8 guidelines for formatting and
naming conventions, ensuring consistency and readability. Finally, we delved
into code optimization techniques, including profiling, avoiding redundant cal-
culations, and using built-in functions and libraries. By following these best
practices, you can write Python code that is not only efficient but also main-
tainable and easy to understand.
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Chapter 23

Introduction to Python for IoT

The Internet of Things (IoT) is a concept where physical devices are connected
to the internet, enabling them to collect and exchange data. Python, being a
versatile and high-level programming language, is ideal for IoT applications. It
is widely used in the development of IoT systems, especially when combined
with hardware like the Raspberry Pi, which provides a low-cost and easy-to-use
platform for IoT projects.

In this chapter, we will explore:

• Using Python with Raspberry Pi

• Connecting Python to IoT Devices

These topics will provide you with a solid foundation for creating IoT systems
using Python, starting with setting up and programming the Raspberry Pi and
moving on to connecting various IoT devices.

23.1 Using Python with Raspberry Pi

Raspberry Pi is a credit-card-sized computer that has become a popular plat-
form for IoT development. It runs Linux and supports various programming
languages, including Python. Python’s ease of use and extensive libraries make
it an excellent choice for interacting with the Raspberry Pi’s hardware, such as
sensors, actuators, and GPIO (General Purpose Input Output) pins.

23.1.1 Setting up Raspberry Pi for Python Programming

Before you start programming with Python on the Raspberry Pi, you need to
set up the Raspberry Pi and install the necessary software.

Raspberry Pi Setup

1. Install Raspberry Pi OS: The official operating system for Raspberry Pi is
Raspberry Pi OS, which is based on Debian Linux. You can download it from
the official website and flash it to an SD card using tools like Raspberry Pi
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Imager. 2. Connect Peripherals: Connect a monitor, keyboard, mouse, and a
power supply to your Raspberry Pi. 3. Initial Configuration: On the first boot,
you will be prompted to configure basic settings, including language, time zone,
and Wi-Fi network.

Installing Python

Python is usually pre-installed in Raspberry Pi OS, but it’s always a good idea
to verify and update the version. You can check the installed version by running
the following command in the terminal:

1 python --version

If Python is not installed, or if you want to upgrade, use the following com-
mand to install or update Python:

1 sudo apt -get update

2 sudo apt -get install python3

Setting up Python IDE

You can use any text editor to write Python code on Raspberry Pi, but an
Integrated Development Environment (IDE) makes it easier to write, debug,
and run Python scripts. Some popular IDEs for Raspberry Pi include:

• Thonny: A beginner-friendly IDE that comes pre-installed with Raspberry
Pi OS.

• VS Code: A powerful and customizable IDE that can be installed on Rasp-
berry Pi.

• PyCharm: A popular Python IDE that can also be used on Raspberry Pi.

23.1.2 Interfacing with GPIO Pins

One of the key features of the Raspberry Pi is its GPIO pins, which allow you
to interface with external electronic components like LEDs, motors, sensors, and
other IoT devices. Python’s RPi.GPIO library is used to control these pins.

To use the GPIO pins, first install the RPi.GPIO library (if not already in-
stalled):

1 sudo apt -get install python3 -rpi.gpio

After that, you can start using Python to interact with the GPIO pins.

Example 1: Blinking an LED

In this simple example, we will blink an LED connected to one of the GPIO
pins.
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1 import RPi.GPIO as GPIO

2 import time

3

4 # Set up GPIO mode

5 GPIO.setmode(GPIO.BOARD)

6

7 # Set GPIO pin 11 as an output pin

8 GPIO.setup (11, GPIO.OUT)

9

10 # Blink the LED

11 try:

12 while True:

13 GPIO.output (11, GPIO.HIGH) # Turn LED on

14 time.sleep (1) # Wait for 1 second

15 GPIO.output (11, GPIO.LOW) # Turn LED off

16 time.sleep (1) # Wait for 1 second

17 except KeyboardInterrupt:

18 GPIO.cleanup () # Clean up GPIO settings when interrupted

In this script:

• We import the RPi.GPIO and time modules.

• We set the GPIO mode to BOARD, which refers to the physical pin numbers.

• We set GPIO pin 11 as an output pin.

• We enter an infinite loop to turn the LED on and off, creating a blinking
effect.

• When the program is interrupted, we call GPIO.cleanup() to reset the
GPIO pins to their default state.

Example 2: Reading a Sensor Value

In this example, we will read the value from a temperature sensor (e.g., DHT11)
connected to the Raspberry Pi. The Adafruit DHT library can be used to inter-
face with DHT sensors.

First, install the required library:

1 pip3 install Adafruit\_DHT

Now, you can use Python to read the sensor data.

1 import Adafruit\_DHT

2

3 # Set the sensor type and GPIO pin

4 sensor = Adafruit\_DHT.DHT11

5 pin = 4

6

7 # Attempt to get sensor reading

8 humidity , temperature = Adafruit\_DHT.read\_retry(sensor , pin)

9

10 if humidity is not None and temperature is not None:

11 print(’Temp ={0:0.1f}*C Humidity ={1:0.1f}%’.format(temperature ,

humidity))

12 else:

13 print(’Failed to get reading. Try again!’)
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In this script:

• We import the Adafruit DHT library to interact with the DHT sensor.

• We set the sensor type (DHT11) and specify the GPIO pin number (pin
4).

• We use read retry to fetch the temperature and humidity values.

• If the sensor reading is successful, the temperature and humidity are printed
to the console. Otherwise, an error message is displayed.

23.2 Connecting Python to IoT Devices

Python can be used to connect and interact with various IoT devices, such as
sensors, actuators, and cloud services. Below, we will explore different ways to
connect Python to IoT devices.

23.2.1 Using MQTT for Communication

MQTT (Message Queuing Telemetry Transport) is a lightweight messaging pro-
tocol commonly used in IoT for sending and receiving data between devices.
Python has libraries such as paho-mqtt that make it easy to implement MQTT
communication.

Setting up MQTT Broker

To use MQTT, you first need an MQTT broker that acts as a message server,
forwarding messages between devices. You can set up your own broker using
software like Mosquitto, or use cloud-based brokers like HiveMQ.

For local testing, you can install Mosquitto as follows:

1 sudo apt -get install mosquitto mosquitto -clients

Start the Mosquitto service:

1 sudo systemctl start mosquitto

Using MQTT in Python

To use MQTT in Python, first install the paho-mqtt library:

1 pip3 install paho -mqtt

Here is a simple example of publishing and subscribing to MQTT topics:

1 import paho.mqtt.client as mqtt

2

3 # MQTT settings

4 broker = "localhost"

5 port = 1883

6 topic = "iot/sensor"

7
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8 # Callback when message is received

9 def on\_message(client , userdata , message):

10 print(f"Message received: {message.payload.decode ()}")

11

12 # Set up MQTT client

13 client = mqtt.Client ()

14 client.on\_message = on\_message

15

16 # Connect to the broker

17 client.connect(broker , port)

18

19 # Subscribe to a topic

20 client.subscribe(topic)

21

22 # Publish a message

23 client.publish(topic , "Hello from Raspberry Pi")

24

25 # Start the loop

26 client.loop\_forever ()

In this example:

• We use paho-mqtt to connect to the MQTT broker.

• We define a callback function on message that will be triggered when a
message is received.

• We subscribe to the topic iot/sensor and publish a message to that topic.

• The loop forever function runs the MQTT client indefinitely, allowing it
to listen for incoming messages.

23.2.2 Connecting to Cloud IoT Platforms

Cloud IoT platforms provide services for managing IoT devices and analyzing
data. Python can interact with these platforms using REST APIs or MQTT.
Popular cloud platforms for IoT include:

• Google Cloud IoT

• AWS IoT

• Microsoft Azure IoT

These platforms allow you to send sensor data to the cloud, store it in
databases, and perform data analysis.

Example: Sending Data to Google Cloud IoT

To send sensor data to Google Cloud IoT, you need to:

• Set up a Google Cloud project.

• Create a device registry and register your device.
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• Obtain the necessary credentials (e.g., a service account key).

Once set up, you can use the google-cloud-iot Python client library to
send data to Google Cloud IoT.

1 from google.cloud import iot\_v1

2

3 client = iot\_v1.DeviceManagerClient ()

4 device\_path = client.device\_path(’project -id’, ’region -id’, ’

registry -id’, ’device -id’)

5

6 # Send data (e.g., temperature)

7 payload = ’{" temperature ": 25}’

8 client.send\_command\_to\_device(device\_path , payload)

In this example:

• We use the google-cloud-iot client library to send data to Google Cloud
IoT.

• We specify the device path and send a JSON payload containing temper-
ature data.

23.3 Summary

In this chapter, we explored the use of Python for IoT development, focusing
on Raspberry Pi and connecting Python to IoT devices. We started by setting
up the Raspberry Pi and using Python to interface with GPIO pins, followed by
examples of connecting to IoT devices using protocols like MQTT. Additionally,
we discussed how to connect Python to cloud IoT platforms such as Google
Cloud. With these skills, you are well-equipped to build and deploy IoT solutions
using Python.
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Chapter 24

Python in the Cloud

The use of Python in cloud computing has gained immense popularity due to
Python’s versatility, simplicity, and vast library ecosystem. Python is increas-
ingly becoming the language of choice for developers working with cloud plat-
forms such as AWS (Amazon Web Services), Google Cloud, and Microsoft Azure.
This chapter explores how Python can be used for cloud applications, focusing
on cloud-native Python development, and provides an introduction to popular
cloud SDKs like AWS SDK for Python (Boto3) and Google Cloud SDK for
Python.

24.1 Using Python for Cloud Applications

Cloud computing provides on-demand access to computing resources such as
servers, storage, databases, networking, software, and more. Python, with its
simplicity and rich ecosystem, is ideal for building cloud-based applications.

24.1.1 Overview of Cloud Computing

Cloud computing offers three primary service models:

• Infrastructure as a Service (IaaS): Provides virtualized computing
resources over the internet, such as virtual machines, storage, and net-
working.

• Platform as a Service (PaaS): Provides a platform allowing customers
to develop, run, and manage applications without worrying about under-
lying infrastructure.

• Software as a Service (SaaS): Delivers software applications over the
internet, typically on a subscription basis, with minimal customer man-
agement required.

In cloud computing, Python is widely used to interact with cloud services, au-
tomate infrastructure provisioning, deploy applications, and manage resources.
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24.1.2 Common Use Cases of Python in Cloud Computing

Python is often used in cloud applications for the following tasks:

• Automation: Automating repetitive tasks such as resource provisioning,
deployment, monitoring, and scaling of cloud applications.

• Serverless Computing: Writing serverless functions (like AWS Lambda or
Google Cloud Functions) in Python to execute code in response to events
without provisioning servers.

• Data Processing: Processing and analyzing large datasets using Python
libraries such as Pandas, NumPy, and Matplotlib in cloud platforms for
big data applications.

• API Integration: Python is used to interact with cloud APIs, integrating
cloud services with other systems, such as databases, messaging queues,
and monitoring tools.

24.1.3 Setting Up Python for Cloud Development

Python’s flexibility allows developers to work with almost all major cloud plat-
forms. To begin using Python for cloud applications, you need to install the
appropriate SDKs and libraries for the cloud platform you intend to use.

First, ensure Python is installed. You can check the version by running:

1 python --version

For Python cloud development, you will also need to install the SDKs for
your chosen cloud platform. Let’s explore how to set up Python for AWS and
Google Cloud SDKs.

Installing AWS SDK for Python (Boto3)

The AWS SDK for Python is known as Boto3, which allows Python developers
to write software that makes use of AWS services like S3, EC2, and DynamoDB.

To install Boto3, use the following pip command:

1 pip install boto3

Boto3 provides an easy-to-use API for interacting with various AWS services.
After installation, you can configure Boto3 using AWS credentials and access
keys.

Installing Google Cloud SDK for Python

Google Cloud SDK for Python allows Python applications to interact with
Google Cloud services such as Google Cloud Storage, BigQuery, and Google
Compute Engine.

To install the Google Cloud SDK, use:

1 pip install google -cloud
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This command installs the necessary packages for using Google Cloud ser-
vices. You can authenticate using a service account or the Google Cloud CLI,
allowing you to access and manage your Google Cloud resources programmati-
cally.

24.2 Introduction to AWS and Google Cloud SDKs
for Python

In this section, we will dive deeper into the two most popular cloud platforms:
AWS and Google Cloud. We will explore how to interact with these platforms us-
ing their respective Python SDKs—Boto3 for AWS and google-cloud for Google
Cloud.

24.2.1 Using Python with AWS: Boto3 SDK

Boto3 is the Amazon Web Services (AWS) SDK for Python, which allows you
to integrate AWS services into your Python applications. It provides an object-
oriented API as well as low-level access to AWS services.

Configuring AWS Credentials

Before interacting with AWS services via Python, you need to configure your
AWS credentials. AWS uses access keys and secret keys to authenticate your
identity.

To configure your AWS credentials, run the following command:

1 aws configure

This command will prompt you to enter your:

• AWS Access Key ID

• AWS Secret Access Key

• Default region name

• Default output format (e.g., JSON)

The configuration will be stored in a credentials file located at /.aws/credentials.

Creating and Managing S3 Buckets

Amazon S3 (Simple Storage Service) is one of the most commonly used AWS
services for cloud storage. Boto3 makes it easy to interact with S3 from Python.
Below is an example of how to create a new S3 bucket and upload a file.

1 import boto3

2

3 # Create an S3 client

4 s3 = boto3.client(’s3’)

5
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6 # Create a new S3 bucket

7 s3.create\_bucket(Bucket=’my-new -bucket ’)

8

9 # Upload a file to the bucket

10 s3.upload\_file(’local\_file.txt’, ’my-new -bucket ’, ’remote\_file.

txt’)

11

12 # List all buckets

13 response = s3.list\_buckets ()

14 for bucket in response[’Buckets ’]:

15 print(bucket[’Name’])

In this script:

• We create an S3 client using boto3.client.

• We create a new S3 bucket named ”my-new-bucket.”

• We upload a file from the local filesystem to the newly created S3 bucket.

• We list all the S3 buckets associated with the AWS account.

Managing EC2 Instances with Boto3

Amazon EC2 (Elastic Compute Cloud) allows users to run virtual machines in
the cloud. Below is an example of how to launch, list, and stop EC2 instances
using Boto3.

1 import boto3

2

3 ec2 = boto3.resource(’ec2’)

4

5 # Launch a new EC2 instance

6 instance = ec2.create\_instances(

7 ImageId=’ami -12345678 ’, # Specify your AMI ID

8 MinCount=1,

9 MaxCount=1,

10 InstanceType=’t2.micro’

11 )

12

13 print(f’New EC2 instance launched: {instance [0].id}’)

14

15 # List all running EC2 instances

16 for instance in ec2.instances.all():

17 print(f’ID: {instance.id}, State: {instance.state["Name "]}’)

18

19 # Stop an EC2 instance

20 instance [0]. stop()

21 print(f’Instance {instance [0].id} stopped ’)

In this example:

• We launch a new EC2 instance with the specified AMI ID and instance
type.

• We list all running EC2 instances and display their IDs and states.

• We stop the launched EC2 instance.
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24.2.2 Using Python with Google Cloud: google-cloud SDK

Google Cloud offers a suite of services like Google Cloud Storage, Google Com-
pute Engine, and BigQuery, which you can access programmatically using the
google-cloud SDK.

Configuring Google Cloud Credentials

Before interacting with Google Cloud services, you must authenticate using a
service account or Google Cloud CLI.

To authenticate via a service account, download a service account key in
JSON format from the Google Cloud Console and set the GOOGLE APPLICATION CREDENTIALS

environment variable:

1 export GOOGLE\_APPLICATION\_CREDENTIALS="path\_to\_your\_service\

_account\_file.json"

This ensures that your Python application can authenticate and interact with
Google Cloud services.

Interacting with Google Cloud Storage

Google Cloud Storage provides scalable and secure object storage. Here is how
you can use Python to upload a file to Google Cloud Storage.

First, install the necessary library:

1 pip install google -cloud -storage

Next, you can upload a file to Google Cloud Storage:

1 from google.cloud import storage

2

3 # Create a storage client

4 client = storage.Client ()

5

6 # Create a new bucket

7 bucket = client.create\_bucket(’my-new -bucket ’)

8

9 # Upload a file

10 blob = bucket.blob(’remote\_file.txt’)

11 blob.upload\_from\_filename(’local\_file.txt’)

12

13 print(’File uploaded to Google Cloud Storage ’)

This script:

• Creates a new Google Cloud Storage bucket.

• Uploads a file from the local system to the cloud storage bucket.

Working with Google Compute Engine

Google Compute Engine allows users to create and manage virtual machines in
the cloud. Below is an example of how to list instances using Python:
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1 from google.cloud import compute\_v1

2

3 client = compute\_v1.InstancesClient ()

4

5 # List all instances in a specific project and zone

6 project = ’my -project -id’

7 zone = ’us-central1 -a’

8

9 instances = client.list(project=project , zone=zone)

10

11 for instance in instances:

12 print(f’Instance name: {instance.name}, Status: {instance.

status}’)

This script:

• Lists all virtual machine instances in the specified Google Cloud project
and zone.

24.3 Summary

In this chapter, we explored how Python can be used for cloud development, with
a focus on interacting with cloud platforms like AWS and Google Cloud. We
demonstrated how Python can be used for cloud automation, data processing,
and deploying cloud-native applications. Additionally, we provided examples of
interacting with popular AWS and Google Cloud services using the respective
Python SDKs—Boto3 and google-cloud. With this knowledge, you can begin
developing robust, scalable applications in the cloud using Python, leveraging
the power of AWS and Google Cloud.
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Chapter 25

Summary and Next Steps

As we conclude this comprehensive journey into the world of Python program-
ming, it’s important to reflect on the various skills and knowledge you have
gained. Python is a versatile and powerful language with a wide range of appli-
cations, from web development to data science and machine learning, to cloud
computing and IoT. This chapter will explore potential career paths, advanced
topics to deepen your expertise, and resources to help you continue learning and
growing as a Python developer.

25.1 Career Paths with Python

Python’s simplicity and power have made it a go-to language for developers
in a wide range of industries. Mastering Python opens up numerous career
opportunities across various fields. Below are some prominent career paths you
can pursue as a Python developer.

25.1.1 1. Python Developer

One of the most direct career paths after mastering Python is becoming a Python
developer. Python developers work on building applications, writing scripts, or
developing automation tools using Python. They typically work in:

• Web development (using frameworks like Django and Flask)

• Software development (building desktop applications, tools, and utilities)

• Automation (writing scripts to automate repetitive tasks)

The job role involves writing clean, efficient code, debugging issues, and
ensuring the optimal performance of applications. Python developers are in
high demand due to the language’s versatility and the widespread adoption of
Python in various industries.
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25.1.2 2. Data Scientist

Python is one of the most popular programming languages for data science,
thanks to powerful libraries like Pandas, NumPy, Matplotlib, and scikit-learn.
Data scientists use Python to analyze large datasets, build statistical models,
perform data cleaning and preprocessing, and visualize data trends.

The role of a data scientist involves:

• Collecting and analyzing data from various sources

• Building predictive models using machine learning

• Analyzing data patterns and trends to make data-driven decisions

• Creating data visualizations for stakeholders

Data scientists are needed across industries like finance, healthcare, retail,
and marketing.

25.1.3 3. Machine Learning Engineer

A machine learning engineer focuses on building algorithms that enable systems
to learn from data. This role requires a deep understanding of machine learning
models, neural networks, and the algorithms that drive artificial intelligence.
Python, with libraries like TensorFlow, Keras, and PyTorch, is the primary
language used in machine learning.

A machine learning engineer:

• Designs and develops machine learning models

• Works with large datasets for training models

• Tunes algorithms and ensures their performance

• Deploys machine learning models to production environments

Machine learning engineers are highly sought after, especially in industries
such as AI development, autonomous systems, and natural language processing.

25.1.4 4. Cloud Engineer

As more businesses move to cloud-based architectures, cloud engineers are be-
coming increasingly important. Python is widely used to automate cloud re-
source management, deploy applications, and manage infrastructure on plat-
forms like AWS, Google Cloud, and Microsoft Azure.

Cloud engineers focus on:

• Designing cloud infrastructure solutions

• Automating cloud service provisioning and management using Python scripts

• Managing cloud-based resources and scaling applications

A cloud engineer must be proficient in cloud platforms as well as Python
automation and deployment tools.
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25.1.5 5. Web Developer

Python’s frameworks, such as Django and Flask, make it an ideal choice for
building dynamic, scalable web applications. Web developers specializing in
Python work on the backend of web applications, handling databases, user au-
thentication, and server-side logic.

Web developers typically:

• Design and build web applications using Python-based frameworks

• Integrate frontend technologies (HTML, CSS, JavaScript) with Python

• Work with databases (SQL and NoSQL) to manage data

• Ensure the security and scalability of web applications

With the rapid growth of web applications, Python web developers are in
high demand.

25.2 Advanced Topics to Explore

While you’ve learned the basics and intermediate concepts of Python, the lan-
guage is vast, and there are numerous advanced topics that can further enhance
your knowledge and skills. Below are some key advanced topics to explore:

25.2.1 1. Advanced Python Programming Techniques

Once you’re comfortable with the basics, you can dive deeper into advanced
Python programming techniques:

• Generators and Iterators: Learn how to write efficient Python code
using generators and iterators, which help in managing memory and im-
proving performance, especially with large datasets.

• Decorators: Explore the concept of decorators to modify the behavior of
functions or methods in a clean and reusable way.

• Metaclasses: Learn about metaclasses, which define the behavior of
classes in Python. Understanding metaclasses can deepen your under-
standing of Python’s object-oriented programming (OOP) model.

25.2.2 2. Asynchronous Programming

Python’s support for asynchronous programming using asyncio allows develop-
ers to write concurrent code that runs efficiently without blocking. Mastering
asynchronous programming is essential for writing scalable applications, espe-
cially in web development, data pipelines, and network programming.
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25.2.3 3. Python for Machine Learning and Artificial Intelli-
gence

Explore deeper into Python’s use in machine learning (ML) and AI. You can:

• Learn about deep learning frameworks such as TensorFlow, Keras, and
PyTorch.

• Dive into natural language processing (NLP) with libraries like spaCy and
NLTK.

• Study reinforcement learning and its applications in robotics and gaming.

25.2.4 4. Python for Big Data and Distributed Systems

Learn how to process large-scale data using Python in distributed environments.
Libraries like Dask and PySpark allow you to scale Python applications for big
data processing. This is an essential skill in data engineering and big data
applications.

25.2.5 5. Python for Cybersecurity

Python is widely used in cybersecurity for tasks like penetration testing, network
security, and malware analysis. Explore libraries such as Scapy, Paramiko, and
Pwntools to dive into cybersecurity automation and exploitation.

25.3 Recommended Books and Courses

To continue your journey with Python and deepen your expertise, it’s important
to explore additional resources. Below are some recommended books and online
courses that can help you advance further.

25.3.1 Books

• “Fluent Python” by Luciano Ramalho: This book is great for in-
termediate to advanced Python developers. It covers Python’s advanced
features such as generators, coroutines, decorators, and metaclasses.

• “Python Machine Learning” by Sebastian Raschka: A great re-
source for those interested in using Python for machine learning and deep
learning.

• “Effective Python” by Brett Slatkin: This book provides 90 specific
ways to write better Python code, covering a wide range of techniques and
best practices.

• “Automate the Boring Stuff with Python” by Al Sweigart: A
beginner-friendly book that focuses on practical Python applications for
automating tasks.
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• “Python for Data Analysis” by Wes McKinney: Essential for learn-
ing how to use Python for data analysis, covering libraries like Pandas and
NumPy.

25.3.2 Online Courses

• Coursera: Python for Everybody: A great introductory course to
Python, covering the basics and moving into web scraping and using databases
with Python.

• Udacity: Intro to Machine Learning with Python: This course
offers a hands-on approach to learning machine learning algorithms and
building models using Python.

• edX: Python for Data Science: A data science-focused Python course
that covers data analysis, visualization, and machine learning with Python.

• Pluralsight: Python Fundamentals: A comprehensive beginner-to-
intermediate level course that covers essential Python concepts and tech-
niques.

25.4 Summary

The field of Python programming is vast, and the possibilities for what you can
build are limitless. By now, you should have a strong foundation in Python and
an understanding of its application in various domains, such as web development,
data science, machine learning, cloud computing, and IoT. The next steps involve
continuing your learning journey, specializing in areas that interest you most, and
gaining real-world experience through projects.

Whether you’re aiming to become a Python developer, data scientist, or cloud
engineer, there are numerous career paths available for Python enthusiasts. To
advance your career, it’s crucial to deepen your expertise in advanced Python
topics, engage in continuous learning through books and courses, and keep up
with the ever-evolving tech landscape.

Good luck on your Python journey!
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Chapter 26

Appendices

In this final chapter, we provide supplementary materials that will serve as quick
references for various Python concepts. These include a Python cheatsheet for
quick syntax reference, a glossary of key terms, and a curated list of resources for
Python developers. These appendices are designed to provide ongoing support
as you continue your Python programming journey.

Appendix A: Python Cheatsheet

The following Python cheatsheet offers a condensed reference for some of the
most commonly used syntax, functions, and features in Python. It serves as a
handy guide for beginners and experienced developers alike.

• Variables:

– x = 10

Assigns the value 10 to variable x.

– name = "John"

Assigns the string ”John” to the variable name.

• Data Types:

– Integer: int val = 10

– Float: float val = 3.14

– String: str val = "Hello, Python!"

– List: lst = [1, 2, 3, 4]

– Tuple: tup = (1, 2, 3)

– Dictionary: dict val = "key": "value"

• Control Flow:

– If statement:
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1 if condition:

2 # Code block

3 elif condition2:

4 # Code block

5 else:

6 # Code block

7

– For loop:

1 for item in iterable:

2 # Code block

3

– While loop:

1 while condition:

2 # Code block

3

• Functions:

– Function Definition:

1 def function\_name(parameters):

2 # Code block

3 return result

4

• Classes and Objects:

– Class Definition:

1 class MyClass:

2 def __init__(self , attribute):

3 self.attribute = attribute

4 def method(self):

5 return self.attribute

6

– Creating an Object:

1 my\_object = MyClass(attribute\_value)

2

• Exception Handling:

– Try-Except Block:

1 try:

2 # Code that may raise an exception

3 except ExceptionType as e:

4 # Handle the exception

5

• List Comprehensions:
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– Simple List Comprehension:

1 new\_list = [x for x in range (5)]

2

– List Comprehension with Condition:

1 new\_list = [x for x in range (10) if x % 2 == 0]

2
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Appendix B: Glossary of Key Terms

This glossary defines some of the key terms you will encounter as you learn
Python programming.

Algorithm: A set of instructions designed to perform a specific task.

API: An Application Programming Interface, a set of rules that allows one
software to interact with another.

Class: A blueprint for creating objects in object-oriented programming, defining
the properties and methods.

Data Structure: A way to store and organize data for efficient access and
modification, such as lists, dictionaries, and tuples.

Debugger: A tool used to test and debug programs, often with features like
breakpoints, stepping through code, and inspecting variables.

Decorator: A design pattern that allows behavior to be added to an individual
function or method without modifying the structure of the function itself.

Framework: A pre-built collection of code that helps you build applications
more efficiently, such as Flask or Django for web development.

IDE: Integrated Development Environment, a software application that pro-
vides comprehensive tools for programming, such as code editing, debug-
ging, and version control.

Loop: A programming structure that repeats a block of code multiple times,
such as for and while loops.

Package: A collection of Python modules that provides additional functionality.

Pythonic: Code that follows Python’s design philosophy and idiomatic style,
emphasizing readability and simplicity.

Variable: A named location in memory used to store data.

Exception: An error that occurs during the execution of a program that can
be caught and handled.
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Appendix C: Resources for Python Developers

For those looking to deepen their knowledge of Python, there are several excellent
resources available. Below is a list of recommended books, courses, websites, and
tools for Python developers.

Books

• “Automate the Boring Stuff with Python” by Al Sweigart: A
beginner-friendly book that teaches practical programming for total be-
ginners.

• “Python Crash Course” by Eric Matthes: A hands-on guide for
learning Python with real-world projects.

• “Fluent Python” by Luciano Ramalho: A book for intermediate
Python developers that covers advanced concepts such as decorators, corou-
tines, and metaclasses.

• “Effective Python” by Brett Slatkin: This book provides specific tips
for writing better Python code and avoiding common pitfalls.

• “Python Data Science Handbook” by Jake VanderPlas: A must-
have resource for data scientists using Python, covering libraries like Pan-
das, NumPy, Matplotlib, and scikit-learn.

Online Courses

• Coursera: Python for Everybody: An excellent introductory course
to Python, covering the basics of programming, data structures, and web
scraping.

• Udemy: Complete Python Bootcamp: A comprehensive course that
takes you from Python basics to advanced topics like object-oriented pro-
gramming and web development.

• edX: Introduction to Python Programming: A beginner-level course
focused on Python programming fundamentals.

• DataCamp: Python for Data Science: Learn Python for data science,
covering essential libraries and techniques for data analysis and visualiza-
tion.

Websites and Forums

• Python.org: The official Python website, offering documentation, tuto-
rials, and resources for Python developers.

• Stack Overflow: A popular community where developers can ask ques-
tions, share solutions, and discuss Python programming.
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• Real Python: A website offering tutorials, articles, and resources for
Python developers, from beginners to advanced levels.

• GeeksforGeeks: A website providing coding tutorials and examples for
Python, including data structures, algorithms, and web development.

Python Tools

• PyCharm: A popular Integrated Development Environment (IDE) for
Python, providing powerful debugging, testing, and code navigation tools.

• VS Code: A lightweight and powerful code editor with Python extensions
for syntax highlighting, debugging, and more.

• Jupyter Notebooks: A web application for creating and sharing docu-
ments that contain live code, equations, visualizations, and narrative text.

• Sublime Text: A fast and feature-rich text editor for Python develop-
ment, known for its minimalistic interface and customizable functionality.

Summary

The appendices provided in this chapter are designed to serve as quick references
and essential resources as you continue your Python programming journey. The
Python cheatsheet offers a concise guide to common syntax and functions, the
glossary defines key concepts in Python programming, and the resources list
provides valuable tools, books, and courses to help you advance your skills.
Keep these appendices handy as you explore more advanced topics and continue
developing your Python expertise.

By: Engr. Dr. Muhammad Siddique, Postdoc Artificial Intelligence (USA) .
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