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Chapter 1:
Getting Started with Python

Python is a popular programming language that is used for a wide range of applications, from
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building websites and web applications to data analysis and scientific computing. If you are new
to programming, Python is a great language to start with because it is relatively easy to learn and
has a lot of resources available.

In this guide, we will cover some basics of getting started with Python. We will cover installing
Python, running Python code, and some fundamental programming concepts.

Installing Python

Before you can start programming in Python, you need to install Python on your computer. The
first step is to download Python from the official website. The latest version can be downloaded
from the Python website (https://www.python.org/downloads/).

Once you have downloaded the installation file, run it and follow the prompts to install Python
on your computer. Be sure to choose the appropriate version of Python for your operating
system.

Running Python Code

Once you have installed Python, you can start running Python code. There are a few different
ways to run Python code, but one of the easiest ways is to use the Python interactive shell. The
interactive shell allows you to enter Python commands and see the results immediately.

To open the Python interactive shell, open a terminal or command prompt and type "python”
followed by the "Enter" key. You should see a prompt that looks something like this:

Python 3.9.2 (default, Feb 19 2021, 09:06:10)

[GCC 10.2.0] on linux

Type "help", "copyright", "credits" or "license" for
more information.

>>>

This is the Python interactive shell prompt. You can now start entering Python commands. For
example, you can enter the following command to print the string "Hello, world!" to the console:

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

Fundamental Programming Concepts

Python is a powerful programming language that can be used to build a wide range of
applications. However, before you can start building more complex programs, you need to
understand some fundamental programming concepts. These include variables, data types, and
control structures.

Variables

In Python, a variable is a name that represents a value. Variables are used to store data that can
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be used later in a program. To create a variable, you simply need to give it a name and assign a
value to it. For example, the following code creates a variable named "x" and assigns it the value
10:

x = 10
Data Types

Python supports several different data types, including integers, floating-point numbers, strings,
and boolean values. Integers are whole numbers, while floating-point numbers are decimal
numbers. Strings are sequences of characters, and boolean values are either true or false.

To check the data type of a variable, you can use the "type" function. For example, the following
code checks the data type of the variable "x":

x =10
print (type(x)) # Output: <class 'int'>

Control Structures

Control structures are used to control the flow of a program. They allow you to perform different
actions based on different conditions. The most common control structures in Python are "if"
statements, "for" loops, and "while™ loops.

An "if" statement is used to execute a block of code if a condition is true. For example, the
following code uses an "if" statement to print the string "Hello, world!" if the variable "x" is
greater than 5:

x =10
if x > 5:
print ("Hello, world!")

A "for" loop is used to iterate over a sequence of values, such as a list or a string. For example,
the following code uses a "for" loop to print each element in a list of numbers:

numbers = [1, 2, 3, 4, 5]
for num in numbers:
print (num)

A "while" loop is used to execute a block of code while a condition is true. For example, the
following code uses a "while" loop to print the numbers from 1 to 5:

num = 1
while num <= 5:
print (num)
num += 1
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Functions

Functions are a way to group code together into reusable blocks. They allow you to define a
block of code once and then call it multiple times with different inputs. In Python, you define a
function using the "def" keyword, followed by the name of the function and a set of parentheses.
You can also include parameters in the parentheses if the function requires input.

For example, the following code defines a function that takes two numbers as input and returns
their sum:

def add numbers (numl, num2) :
return numl + num?2

You can then call the function with different inputs:

result = add numbers(1l, 2)
print (result) # Output: 3

Modules

Modules are a way to organize code into separate files. They allow you to split up a large
program into smaller, more manageable parts. Python comes with many built-in modules, such
as the "math" module for mathematical operations and the "0s™ module for interacting with the
operating system.

To use a module in your code, you first need to import it. For example, the following code
imports the "math" module and uses the "sqrt™ function to calculate the square root of a number:

import math

num = 9
sqgrt_num = math.sqrt (num)
print (sqrt num) # Output: 3.0

Getting Help

Community of developers, and there are many resources available to help you learn and solve
problems. One of the most useful resources is the Python documentation, which includes a
detailed reference of the Python language and standard library.

You can also use the built-in "help™ function in Python to get help on a specific function or
module. For example, the following code uses the "help™ function to get help on the "math"
module:

import math
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help (math)
This will print out a detailed description of the "math” module and all of its functions.
Installing Python
Before you can start programming in Python, you need to install Python on your computer.
Python is available for free on the official Python website (https://www.python.org/downloads/),
where you can download the latest version of Python for your operating system.
Running Python Code
Once you have installed Python, you can run Python code using the Python interpreter. The
Python interpreter is a command-line tool that allows you to enter Python code one line at a time
and see the output immediately.
To start the Python interpreter, open a terminal or command prompt and type "python™. This will
open the Python interpreter, and you can start entering Python code. For example, you can enter
the following code to print the string "Hello, World!" to the console:

print ("Hello, World!")
When you press enter, the interpreter will execute the code and print the output to the console.
Variables
Variables are a way to store data in your Python code. In Python, you do not need to declare a
variable before you use it - you can simply assign a value to a variable using the "=" operator.
For example, the following code assigns the value 42 to a variable called "my_variable":

my variable = 42

You can then use the variable in your code. For example, you can print the value of the variable
to the console using the "print" function:

print (my variable) # Output: 42
Data Types
Python supports several data types, including numbers, strings, and booleans. Numbers can be

integers (whole numbers) or floats (decimal numbers). Strings are sequences of characters, and
booleans are either true or false.

To create a string in Python, you enclose the text in quotation marks. For example:
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my string = "Hello, World!"

You can then use string methods to manipulate the string. For example, you can use the "upper"
method to convert the string to uppercase:

upper string = my string.upper ()
print (upper_ string) # Output: HELLO, WORLD!'

Control Flow

Control flow statements are used to control the flow of your program based on conditions. The
two main control flow statements in Python are "if" statements and "loops™.

An "if" statement is used to execute a block of code if a condition is true. For example, the
following code uses an "if" statement to print "Hello, World!" only if a variable called
"should_print™ is true:

should;print = True
if should_print:
print ("Hello, World!")

A "for" loop is used to execute a block of code for each element in an iterable object, such as a
list or a string. For example, the following code uses a "for" loop to print each character in a
string:

my string = "Hello, World!"
for char in my string:
print (char)

A "while" loop is used to execute a block of code while a condition is true. For example, the
following code uses a "while™ loop to print the numbers from 1 to 5:

num = 1

while num <= 5:
print (num)
num += 1

Variables
# Assigning variables
x =5
y = "hello"
# Printing variables
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print(x) # Output: 5
print(y) # Output: hello

# Combining variables
z = str(x) + y
print(z) # Output: 5hello

Data Types
# Numbers
x =5
y = 3.14
# Strings

sl = "hello"
s2 = 'world'

# Booleans

bl = True
b2 = False
Control Flow

# If statements
x =5
if x > 0:

print("x is positive")
elif x ==

print("x is zero")
else:

print("x is negative")

# For loops
my list = [1, 2, 3, 4, 5]
for num in my list:

print (num)

# While loops

x =1

while x <= 5:
print (x)
X +=1

Functions
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# Defining functions
def greet (name) :
print ("Hello, " + name + "!")

def add(a, b):
return a + b

# Calling functions
greet ("Alice") # Output: Hello, Alice!
greet ("Bob") # Output: Hello, Bob!

result = add(2, 3)
print (result) # Output: 5

Object-Oriented Programming

Python is an object-oriented programming (OOP) language, which means it supports
programming concepts such as classes, objects, and inheritance. OOP is a powerful and flexible
way to write code, and is used extensively in large-scale software projects.

Here's an example of defining a class in Python:

class Person:
def  init_ (self, name, age):
self.name = name
self.age = age

def say hello(self):
print ("Hello, my name is " + self.name + " and
I am " + str(self.age) + " years old.")

# Creating objects of the Person class
personl = Person("Alice", 25)
person2 = Person("Bob", 30)

# Calling methods on objects

personl.say hello() # Output: Hello, my name is Alice
and I am 25 years old.

person2.say hello() # Output: Hello, my name is Bob and
I am 30 years old.

Libraries and Modules
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Python has a large standard library that provides a wide range of functionality, from file
input/output to network programming. In addition to the standard library, there are also
thousands of third-party libraries available that can extend the functionality of Python even
further.

Here's an example of using the "math" module to perform mathematical calculations:

import math

X = math.sin(2 * math.pi)
print(x) # Output: 0.0

File Input/Output

Python can read and write files, which is useful for working with text files, CSV files, and other
types of data files. Here's an example of reading a file and printing its contents:

with open("file.txt", "r") as file:
contents = file.read()
print (contents)

Web Development
Python is also used extensively in web development, with popular web frameworks such as
Django and Flask. These frameworks make it easy to build web applications and APIs using
Python.
Here's an example of using Flask to create a simple web application:

from flask import Flask

app = Flask(__name_ )

@app.route ("/")

def hello():
return "Hello, World!"

if name == " main ":
app.run()

This code defines a web application with a single route ("/") that returns the string "Hello,
World!" when accessed. When the application is run, it starts a local web server that listens for
incoming requests.

These are just a few examples of the many things you can do with Python. With its simplicity
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and versatility, Python is a great language to learn for both beginners and experienced
programmers

What is programming?

Programming is the process of creating instructions that a computer can understand and execute.
Programming languages are used to write these instructions, and Python is one such language.
Python is a popular high-level language that is known for its simplicity and ease of use. In this
article, we will explore the basics of programming with Python for beginners.

Getting Started with Python

Python can be installed on various operating systems such as Windows, macOS, and Linux.
Python can be downloaded from the official website, and it comes with an installation guide that
explains the process of installation on different operating systems.

Once Python is installed, a user-friendly text editor or an integrated development environment
(IDE) can be used to write and run Python programs. IDEs such as PyCharm, Visual Studio
Code, and Spyder are popular among developers.

Python Basics

A program in Python consists of a sequence of instructions or statements that the computer will
execute. Python has a simple syntax that is easy to read and write. The basic building blocks of
Python programs are variables, operators, and data types.

Variables are used to store data in a program. In Python, a variable can be created by assigning a
value to it using the equals sign (=). For example, the following code creates a variable named
“x” and assigns it a value of 10:

x =10
Operators are used to perform operations on data in a program. Python has various operators,
such as arithmetic operators (+, -, *, /), comparison operators (==, !=, <, >), and logical operators
(and, or, not).

Data types are used to define the type of data that a variable can hold. Python has several built-in
data types, including integers, floating-point numbers, strings, and lists.

Control Structures

Control structures are used to control the flow of a program. Python has several control
structures, such as if-else statements, loops, and functions.
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If-else statements are used to execute code based on a condition. For example, the following
code uses an if-else statement to print a message based on whether a variable named “age” is
greater than or equal to 18:

age = 20

if age >= 18:

print("You are an adult.")
else:

print ("You are not an adult.")

Loops are used to repeat a block of code multiple times. Python has two types of loops, the “for”
loop and the “while” loop. For example, the following code uses a for loop to print the numbers
1to 5:

for i in range(1l, 6):
print (i)

Functions are used to group code that performs a specific task. Functions can be reused
throughout a program, making code more modular and easier to read. For example, the following
code defines a function named “square” that returns the square of a number:

def square (x):
return x * x

Variables in Python

In Python, variables are used to store data. Unlike some other programming languages, you don't
need to declare a variable before using it. You can simply assign a value to a variable using the
equal sign (=). Here's an example:

name = "John"
age = 25
is_student = True

In this example, we've created three variables: name, age, and is_student. The first variable is a

string that stores the name "John". The second variable is an integer that stores the age 25. The
third variable is a Boolean value that stores the value True.

Operators in Python
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Python has several types of operators, including arithmetic, comparison, and logical operators.

Arithmetic operators are used to perform mathematical operations. Here are some examples:

x = 10

y =3

print(x + y) # Output: 13

print(x - y) # Output: 7

print(x * y) # Output: 30

print(x / y) # Output: 3.3333333333333335
print(x % y) # Output: 1

print(x ** y) # Output: 1000

In this example, we've used arithmetic operators to perform addition, subtraction, multiplication,
division, modulo, and exponentiation.

Comparison operators are used to compare values. Here are some examples:

x = 10
y =3
print(x == y) # Output: False
print(x '= y) # Output: True

print(x > y) # Output: True

print(x < y) # Output: False
print(x >= y) # Output: True
print(x <= y) # Output: False

In this example, we've used comparison operators to compare the values of x and y.
Logical operators are used to combine multiple conditions. Here are some examples:

x = 10

y =3

print(x > 5 and y < 5) # Output: False
print(x > 5 or y < 5) # Output: True
print(not x > 5) # Output: False

In this example, we've used logical operators to combine conditions using and, or, and not.

Control Structures in Python
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Python has several control structures, including if-else statements, loops, and functions.
If-else statements are used to execute code based on a condition. Here's an example:
x =10

if x > 5:
print("x is greater than 5")
else:
print("x is less than or equal to 5")

In this example, we've used an if-else statement to check if x is greater than 5.
Loops are used to repeat a block of code multiple times. Here's an example of a for loop:

for i in range(l, 6):
print (i)

In this example, we've used a for loop to print the numbers 1 to 5.

Functions are used to group code that performs a specific task. Here's an example of a function
that calculates the area of a rectangle:

def calculate_area(width, height):
return width * height

area = calculate area(5, 10)
print (area) # Output: 50

In this example, we've defined a function named calculate_area that takes two parameters: width
and height.

Rectangle using the formula width * height and returns the result. We've then called the function
with the values 5 and 10 and assigned the result to a variable named area.

Input and Output in Python

In Python, you can use the print function to output text to the console. Here's an example:
print ("Hello, world!")

In this example, we've used the print function to output the text "Hello, world!" to the console.

You can also use the input function to get input from the user. Here's an example:
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name = input("What is your name? ")
print ("Hello, " + name + "!")

In this example, we've used the input function to get the user's name and assigned it to a variable
named name. We've then used string concatenation to output a personalized greeting to the user.

Lists in Python

Lists are a type of data structure in Python that can be used to store multiple values in a single
variable. Here's an example:

fruits = ["apple", "banana", '"cherry"]
print (fruits)

In this example, we've created a list named fruits that contains three string values. We've then
used the print function to output the entire list to the console.

You can access individual elements in a list by their index. The first element in a list has an
index of 0, the second element has an index of 1, and so on. Here's an example:

fruits = ["apple", "banana", '"cherry"]
print (fruits[1])

In this example, we've accessed the second element in the fruits list (which has an index of 1)
using square brackets.

You can also add or remove elements from a list using methods such as append, insert, and
remove. Here's an example:

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

fruits.append ("orange")
print (fruits)

fruits.insert (1, "grape")
print (fruits)

fruits.remove ("banana'")
print (fruits)

In this example, we've used the append method to add the string "orange" to the end of the fruits
list. We've then used the insert method to insert the string "grape" at index 1 in the list, shifting
the other elements to the right. Finally, we've used the remove method to remove the string
"banana” from the list.
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Conditional Statements in Python

Conditional statements are used to execute code only if a certain condition is true. Here's an
example:

age = 18

if age >= 18:

print ("You are an adult")
else:

print("You are not an adult")

In this example, we've used an if-else statement to check if the variable age is greater than or
equal to 18. If the condition is true, the code in the first block (which prints "You are an adult™)
is executed. Otherwise, the code in the second block (which prints "You are not an adult™) is
executed.

You can also use the elif keyword to add additional conditions to your conditional statement.
Here's an example:

age = 18

if age < 18:

print ("You are a minor")
elif age >= 18 and age < 65:

print ("You are an adult")
else:

print ("You are a senior")

In this example, we've used the elif keyword to add an additional condition to our if-else
statement. If the variable age is less than 18, the code in the first block (which prints "You are a
minor") is executed. If the variable age is greater than or equal to 18 and less than 65, the code in
the second block (which prints "You are an adult™) is executed. Otherwise, the code in the third
block (which prints "You are a senior") is executed.

Loops in Python
Loops are used to repeat a block of code multiple times. Here's an example of a while loop:

i=20
while i < 5:

print (i)
i+=1
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In this example, we've used a while loop to print the numbers 0 to 4.

Why learn Python?

Easy to Learn

Python is designed to be easy to read and write, which makes it a great language for beginners.
Its syntax is simple and easy to understand, and there are plenty of resources available online to
help you get started.

Versatile

Python is a versatile language that can be used for a wide range of applications. It is particularly
well-suited for web development, data analysis, scientific computing, and automation. Its
versatility makes it a valuable tool for developers, scientists, and businesses.

Large Community

Python has a large and active community of developers, which means that there are plenty of
resources available online to help you learn and troubleshoot any issues you encounter. This
community also means that there are many libraries and frameworks available that can help you
streamline your development process.

Libraries and Frameworks

Python has a vast number of libraries and frameworks available, which can help you build
complex applications quickly and easily. For example, Django is a popular web framework that
can help you build robust web applications, while NumPy and Pandas are powerful data analysis
libraries that can help you work with large datasets.

Career Opportunities

Learning Python can open up a wide range of career opportunities, particularly in fields such as
data science, web development, and artificial intelligence. Python is widely used in these fields,
and there is a growing demand for professionals with Python skills.

Now that we've discussed some of the reasons why you might want to learn Python, let's take a
look at some basic Python code.

Python Code:
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To print "Hello, World!" in Python, you can use the following code:
print ("Hello, World!")
This code will print the message "Hello, World!" to the console.

Variables are used to store data in Python. You can create a variable and assign a value to it
using the following code:

x =5

This code creates a variable called "x" and assigns it the value 5. You can then use the variable in
your code:

print (x)
This code will print the value of the "x" variable (in this case, 5) to the console.

Python also supports basic arithmetic operations, such as addition, subtraction, multiplication,
and division:

x =5

y =3

print(x + y) # addition
print(x - y) # subtraction
print(x * y) # multiplication
print(x / y) # division

This code will perform basic arithmetic operations using the variables "x" and "y".

In conclusion, Python is a versatile and popular programming language that is well-suited for a
wide range of applications. Its easy-to-learn syntax, large community, and vast number of
libraries and frameworks make it a valuable tool for developers, scientists, and businesses alike.
By learning Python, you can open up a world of opportunities and take your programming skills
to the next level.

Easy to Read and Write

Python code is easy to read and write, which means that it can be quickly learned and applied by
developers. The language has a simple and clean syntax, which makes it easy to read and
understand even for those who are new to programming.

Interpreted Language
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Python is an interpreted language, which means that code can be run immediately without the
need for compilation. This makes it an ideal language for rapid development and prototyping.

Object-Oriented

Python is an object-oriented language, which means that it uses objects to represent data and
functionality. This approach can help to simplify code and make it easier to manage, especially
for larger projects.

Cross-Platform

Python is a cross-platform language, which means that it can be run on a wide variety of
platforms, including Windows, macOS, and Linux. This makes it a popular choice for developers
who want to build applications that can be deployed across multiple operating systems.

Scalable

Python is a scalable language, which means that it can be used to build applications of all sizes,
from small scripts to large-scale applications. This scalability makes it a popular choice for
businesses and organizations that need to build complex software systems.

Popular in Data Science

Python is a popular language for data science and machine learning applications. It has a number
of libraries and frameworks that make it easy to work with large datasets, including NumPy,
Pandas, and Scikit-Learn.

Career Growth

Learning Python can open up a wide range of career opportunities in a variety of fields,
including web development, data science, machine learning, and artificial intelligence. As these
fields continue to grow, the demand for Python developers is likely to increase as well.

Here’s a longer Python code example that demonstrates some of the language's capabilities:

# Import the random module
import random

# Create a list of names
names = ['Alice', 'Bob', 'Charlie', 'Dave',K 'Eve',
'Frank']

# Define a function to pick a random name from the list
def pick name():
return random.choice (names)
# Define a class to represent a person
class Person:



25|Page

def init (self, name, age):
self.name = name
self.age = age

def say hello(self):
print ("Hello, my name is " + self.name + " and
I'm " + str(self.age) + " years old.")

# Create a list of people
people = |

Person(pick name (), random.randint (18, 60)) for _
in range(10)

]

# Print out the list of people
for person in people:
person.say hello()

This code imports the random module, which allows us to generate random numbers and pick
random items from a list. We then define a list of names and a function to pick a random name
from that list.

We then define a class to represent a person, which has a name and an age attribute, as well as a
say_hello method that prints out a message introducing the person.

We create a list of people by randomly picking names from the list and assigning them random
ages. We use a list comprehension to create this list.

Finally, we print out each person's name and age by calling the say _hello method on each person
object.

This example demonstrates some of the key features of Python, including its support for classes
and objects, its built-in modules, and its ability to generate random values and manipulate lists.

Here are some more Python code examples that showcase different features of the language:

Basic I/0

# Get input from user
name = input("What is your name? ")

# Print output to console
print ("Hello, " + name + "!")
This example demonstrates how to get input from the user and print output to the console using
Python's built-in input and print functions.
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Looping

# Loop through a list
fruits = ["apple", "banana", "cherry"]
for fruit in fruits:

print (fruit)

# Loop through a range of numbers
for i in range(5):
print (i)

This example demonstrates how to use loops in Python to iterate over a list of items or a range of
numbers using a for loop.

# Open a file for reading

with open("myfile.txt", "r") as f£f:
# Read the contents of the file
contents = f.read()
# Print the contents to the console
print (contents)

# Open a file for writing

with open("myfile.txt", "w") as f:
# Write some text to the file
f.write("Hello, world!'")

This example demonstrates how to read and write to files in Python using the built-in open
function, as well as the with statement, which automatically closes the file when we're done with
it.

Functions

# Define a function that takes two arguments
def add numbers(a, b):
return a + b

# Call the function with some values
result = add numbers (5, 10)

# Print the result

print(result)
This example demonstrates how to define and call a function in Python. We define a function
called add_numbers that takes two arguments and returns their sum. We then call the function
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with the values 5 and 10, and print the result to the console.

List Comprehensions
# Create a list of even numbers using a list
comprehension

even numbers = [x for x in range(10) if x % 2 == 0]

# Print the list to the console
print (even numbers)

This example demonstrates how to use list comprehensions in Python to create a new list based
on an existing list or range of numbers. We create a list of even numbers by using a list

comprehension that filters out odd numbers using the modulo operator.

Dictionaries

# Create a dictionary of people's ages

ages = {
'Alice': 25,
'Bob': 32,
'Charlie': 18,
'Dave': 44,
'Eve': 29,
'"Frank': 51

}

# Print out the ages of each person
for name, age in ages.items () :
print(name + " is " + str(age) + " years old.")

This example demonstrates how to use dictionaries in Python to store key-value pairs. We create
a dictionary of people's ages, with each person's name as the key and their age as the value. We

then loop through the dictionary using a for loop and print out each person's name and age.
Modules

# Import the math module
import math

# Calculate the square root of a number
result = math.sqrt(25)

# Print the result to the console
print (result)
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This example demonstrates how to use modules in Python to add extra functionality to your
code. We import the math module and use its sqrt function to calculate the square root of the
number 25. We then print the result to the console.

Object-Oriented Programming

# Define a class to represent a car
class Car:
def init (self, make, model, year):
self .make = make
self .model = model
self.year = year

def drive (self):
print("The " + self.make + " " + self.model + "
is driving.")

# Create a car object
car = Car ("Toyota", "Corolla", 2021)

# Call the drive method on the car object
car.drive ()

This example demonstrates how to use object-oriented programming in Python to define a class
and create objects from it. We define a Car class that has make, model, and year attributes, as
well as a drive method that prints out a message indicating that the car is driving. We then create
a car object from the Car class and call its drive method.

Exception Handling

# Ask the user to enter a number
try:

number = int(input("Enter a number: "))
except ValueError:

print ("That's not a valid number.")

# Print the number to the console
print ("You entered the number " + str (number) + ".")

This example demonstrates how to use exception handling in Python to handle errors that might
occur in your code. We ask the user to enter a number using the input function and try to convert
their input to an integer using the int function. If the user enters something that can't be
converted to an integer, we catch the resulting ValueError exception and print a message to the
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console. We then print the user's input to the console if it was successfully converted to an
integer.

Installing Python

Step 1: Check your system requirements

Before installing Python, make sure your system meets the minimum requirements for running
the software. The latest version of Python, as of 2021, is Python 3.10. You can check the system
requirements for Python 3.10 by visiting the official Python website.

Step 2: Download Python

To download Python, visit the official Python website and navigate to the Downloads page.
From there, select the version of Python you want to download. We recommend downloading the
latest version of Python, which, as of 2021, is Python 3.10.

Step 3: Install Python

Once you've downloaded the Python installer, double-click on it to start the installation process.
Follow the on-screen instructions to complete the installation. Make sure to select the option to
add Python to your system PATH during the installation process.

Step 4: Verify the installation

After installing Python, open a command prompt (Windows) or terminal (macOS or Linux) and
type the following command:

python --version

This command will display the version of Python you have installed on your system. If you see
the version number, then Python is successfully installed on your system.

Step 5: Write your first Python program

Now that you have Python installed on your system, it's time to write your first Python program.
Open a text editor (such as Notepad on Windows or TextEdit on macOS) and type the following
code:

print("Hello, World!")

Save the file as hello.py and navigate to the directory where you saved the file in the command
prompt or terminal. Type the following command to run the program:
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python hello.py

This command will run the Python interpreter and execute the code in the hello.py file. You
should see the message "Hello, World!" printed to the screen.
Example of a function that calculates the factorial of a number:

def factorial(n):
if n ==
return 1
else:
return n * factorial (n-1)

print (factorial (5)) # Output: 120
Example of a loop that prints out the first 10 numbers of the Fibonacci sequence:
a, b=20, 1
for i in range(10):
print (a)
a, b=Db, a+b

Output:

Example of a program that asks the user for their name and age, and then greets them with a
personalized message:

name = input("What is your name? ")
age = int(input("How old are you? "))

print ("Hello, " + name + "! You are " + str(age) + "
years old.")

Output:

What is your name? John
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How old are you? 25
Hello, John! You are 25 years old.

Example of a program that reads a text file and counts the frequency of each word:

import re
from collections import Counter

with open('sample.txt', 'r') as file:
data = file.read() .replace('\n', ''")

words = re.findall(r'\w+', data)
word count = Counter (words)

print (word count)

Output:

Counter({'the': 4, 'of': 3, 'and': 3, 'in': 2, 'to':
'a': 2, 'is': 2, 'Python': 2, 'language': 1, 'used':

'for': 1, 'wide': 1, 'range': 1, 'applications': 1,
'"from': 1, 'web': 1, 'development': 1, 'data': 1,

'analysis': 1, 'machine': 1, 'learning': 1, 'It': 1,

'free': 1, 'open': 1, 'source': 1, 'runs': 1, 'on':
'various': 1, 'platforms': 1, 'including': 1,
'"'Windows': 1, 'macOS': 1, 'Linux': 1})

Example of a program that uses a class to create a simple calculator:

class Calculator:
def add(self, a, b):
return a + b

def subtract(self, a, b):
return a - b

def multiply(self, a, b):
return a * b

def divide(self, a, b):
return a / b
calc = Calculator()
print(calc.add (5, 3)) # Output: 8
print(calc.subtract (10, 2)) # Output: 8

=N

1,
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print(calc.multiply (2, 4)) # Output: 8
print (calc.divide (16, 2)) # Output: 8.0

These are just a few examples of what you can do with Python. As you learn more about the
language, you'll be able to create more complex programs and solve more challenging problems.

Example of a program that uses a list comprehension to filter even numbers from a list:

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

Example of a program that uses a lambda function to filter odd numbers from a list:

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

odd numbers = list(filter(lambda x: x % 2 == 1,
numbers) )

print (odd numbers) # Output: [1, 3, 5, 7, 9]

Example of a program that uses a dictionary to store information about a person:

person = {

"name": "John",

"age": 25,

"address": {
"street": "123 Main St",
"city": "Anytown",
"state": "CA",
"zip": "12345"

}

print (person["name"]) # Output: John
print (person["address"]["city"]) # Output: Anytown

Example of a program that uses a try-except block to handle exceptions:

try:
x = int(input("Enter a number: "))
print (10 / x)
except ValueError:
print ("Please enter a valid integer.")
except ZeroDivisionError:
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print ("Cannot divide by zero.")
Example of a program that uses the random module to generate a random number:
import random
random number = random.randint(l, 10)
print ("Guess a number between 1 and 10:")

while True:
guess = int(input())

if guess == random number:
print ("You guessed it!")
break

elif guess < random number:

print ("Too low. Guess again.")
else:

print ("Too high. Guess again.")

These examples demonstrate just a few of the many things you can do with Python. Whether
you're working on data analysis, web development, machine learning, or any other field, Python
has the tools and libraries to help you get the job done.

Example of a program that uses a class to define a rectangle object:
class Rectangle:
def  init_ (self, width, height):
self.width = width
self.height = height

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

def perimeter (self):
return 2 * (self.width + self.height)

rect = Rectangle (5, 10)

print(rect.area()) # Output: 50
print (rect.perimeter()) # Output: 30

Example of a program that uses the pandas library to read and manipulate a CSV file:

import pandas as pd
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data = pd.read csv("data.csv")
filtered data = data[data["Age"] > 30]
print(filtered data.head())

Example of a program that uses the requests library to make an API call:
import requests

response =
requests.get ("https://api.github.com/users/octocat")

data = response.json()
print (data["name"]) # Output: The Octocat

Example of a program that uses recursion to compute the factorial of a number:

def factorial (n):
if n ==
return 1

else:
return n * factorial (n-1)

print (factorial(5)) # Output: 120
Example of a program that uses the datetime module to work with dates and times:
import datetime

today = datetime.date.today ()
print (today) # Output: 2023-03-19

delta = datetime.timedelta (days=7)
next week = today + delta
print (next week) # Output: 2023-03-26

These examples demonstrate the versatility and power of Python, and showcase the different
ways in which you can use the language to solve problems and build applications.

Example of a program that uses the turtle module to draw a square:

import turtle

t = turtle.Turtle()

for i in range(4):
t.forward (100)
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t.right(90)
turtle.done ()

Example of a program that uses the math module to calculate the square root of a number:
import math
x = 25
sqgrt_x = math.sqrt(x)
print(sqrt_x) # Output: 5.0
Example of a program that uses the os module to list the files in a directory:
import os
dir path = "/path/to/directory"
files = os.listdir(dir path)
for file in files:
print (file)
Example of a program that uses the threading module to create a thread:

import threading

def worker():
print ("Worker thread started.")

t = threading.Thread (target=worker)
t.start()

Example of a program that uses the Flask web framework to create a simple web application:
from flask import Flask
app = Flask(__name_ )
@app.route("/")
def hello():

return "Hello, World!'"

if name == " main ":
app.run()

These examples demonstrate the wide range of applications and use cases for Python. Whether
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you're working on a simple script or a complex web application, Python has the tools and
libraries to help you get the job done efficiently and effectively.

Example of a program that uses the sqlite3 module to create and interact with a database:

import sqglite3

conn

= sqglite3.connect("example.db")

c = conn.cursor()
c.execute ("CREATE TABLE users (id INTEGER PRIMARY KEY,

name

TEXT, age INTEGER)")

c.execute ("INSERT INTO users (name, age) VALUES (?,

?)",

("John", 30))

c.execute ("SELECT * FROM users")
print (c.fetchall())

conn

.close()

Example of a program that uses the random module to generate random numbers:

import random
random number = random.randint(l, 100)
print (random number)

Example of a program that uses the argparse module to parse command line arguments:

import argparse

parser = argparse.ArgumentParser ()
parser.add argument ("name", help="Your name")
parser.add argument("age", help="Your age", type=int)

args

= parser.parse_args ()

print ("Your name is {} and you are {} years

old.

".format (args.name, args.age))

Example of a program that uses the socket module to create a socket and connect to a server:

import socket

HOST
PORT

with
as s

"www.google.com"
80

socket.socket (socket.AF INET, socket.SOCK_STREAM)

s.connect ( (HOST, PORT))
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s.sendall (b"GET / HTTP/1.1\r\nHost:
www.google.com\r\n\r\n")

data = s.recv(1024)
print (data)

Example of a program that uses the asyncio module to create a coroutine and run it:
import asyncio

async def hello():
print ("Hello")
await asyncio.sleep (1)
print ("World")

loop = asyncio.get _event loop()
loop.run until complete (hello())

These examples demonstrate some of the many ways in which you can use Python to accomplish
a wide variety of tasks. Whether you're working with databases, networking, command line
tools, or asynchronous programming, Python has the tools and libraries to help you get the job
done.

The Python shell

One of the tools that the book recommends for learning Python is the Python shell. The Python
shell is a command-line interface where you can write Python code and see the output
immediately. In this way, you can experiment with Python code and learn how it works.

To use the Python shell, you need to have Python installed on your computer. Once you have
installed Python, you can open the Python shell by typing "python" in the command prompt or
terminal. This will open a window with a prompt that looks like this:

Python 3.8.3 (default, Jul 2 2020, 11:26:31)

[GCC 8.4.0] on linux

Type "help", "copyright", "credits" or "license" for
more information.

>>>

This prompt indicates that the Python shell is ready to receive commands. You can type any
Python command at this prompt and press Enter to see the output.

For example, you can type print("Hello, World!") and press Enter to see the output "Hello,
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World!" printed on the screen.
Here is an example Python code that you can run in the Python shell:

# This program asks the user for their name and age
# and then greets them with a personalized message

name = input("What is your name? ")
age = input("How old are you? ")

print ("Hello, " + name + "!")
print ("You are " + age + " years old.")

You can copy and paste this code into the Python shell and press Enter to see the output. The
program will ask you for your name and age, and then greet you with a personalized message.

In addition to the Python shell, you can also write Python code in a text editor and save it as a
Python file. You can then run the Python file in the command prompt or terminal by typing
"python filename.py". This will execute the Python code in the file and display the output.

Here is an example Python code that you can save as a file and run:

# This program prints the first 10 numbers in the
Fibonacci sequence

=0

a
b 1

for i in range(10):

print (a)
c=a+b
a=>
b=c

You can save this code as a file named "fibonacci.py” and run it in the command prompt or
terminal by typing "python fibonacci.py”. This will display the first 10 numbers in the Fibonacci
sequence.

The Python shell can be used as a calculator. You can perform arithmetic operations by simply
typing the expressions at the prompt and pressing Enter. For example:

>>> 2 + 3
5
>>> 4 * 5
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20

>>> 10 / 2
5.0

>>> 2 **x 3
8

The Python shell has a built-in help system. You can type help() or help(topic) at the prompt to
get information about a specific topic or module. For example:

>>> help()

Welcome to Python 3.8's help utility!

If this is your first time using Python, you should definitely check out
the tutorial on the Internet at https://docs.python.org/3.8/tutorial/.

Enter the name of any module, keyword, or topic to get help on writing
Python programs and using Python modules. To quit this help utility and
return to the interpreter, just type "quit".

To get a list of available modules, keywords, or topics, type "modules”,
"keywords", or "topics". Each module also comes with a one-line summary
of what it does; to list the modules whose summaries contain a given word
such as "spam”, type "modules spam"”.

help> print
Help on built-in function print in module builtins:

print(...)
print(value, ..., sep="", end="\n", file=sys.stdout, flush=False)

Prints the values to a stream, or to sys.stdout by default.
Optional keyword arguments:

file: a file-like object (stream); defaults to the current sys.stdout.
sep: string inserted between values, default a space.

end: string appended after the last value, default a newline.
flush: whether to forcibly flush the stream.

help> quit
The Python shell can be used to define variables and execute Python statements. For example:
>>> x = 10

>>> y = 20
>>> print(x + y)
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30
>>> if x > y:
print ("x is greater than y")
else:
print ("y is greater than x")

y is greater than x

The Python shell keeps track of the history of your commands. You can use the up and down
arrow keys to navigate through the history and edit or re-run previous commands.

The Python shell can be used to execute Python scripts line by line. You can use the execfile()
function to execute a Python script in the shell. For example:

>>> execfile("script.py")
This will execute the Python script named "script.py" in the current directory.

The Python shell is a versatile and powerful tool for learning and experimenting with Python
programming. It provides a quick and easy way to test out code and see the results in real-time,
which can be helpful for beginners who are just getting started with programming.

Here’s an example of a longer Python code that you can run in the Python shell:

# This program computes the factorial of a number

def factorial (n):
"""Return the factorial of a number"""
if n ==
return 1
else:
return n * factorial (n-1)

# Ask the user for input
n = int(input("Enter a positive integer: "))

# Check if the input is valid
if n < O:
print ("Error: Invalid input")
else:
# Compute the factorial
result = factorial (n)
print ("The factorial of", n, "is", result)

Here's an explanation of what this code does:
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6.

7.

The first line is a comment that describes the purpose of the program.

The factorial() function is defined, which takes an integer n as input and returns the
factorial of n. The factorial of a number is the product of all positive integers up to and
including that number. For example, the factorial of 5is5* 4 *3* 2 * 1 =120.

The program asks the user to enter a positive integer using the input() function.

The input is converted to an integer using the int() function and stored in the variable n.
The program checks if the input is valid by making sure that n is greater than or equal to
0. If it is not, an error message is printed.

If the input is valid, the program computes the factorial of n using the factorial() function
and stores the result in the variable result.

Finally, the program prints the result of the computation using the print() function.

To run this code in the Python shell, simply copy and paste the code into the shell and press
Enter. Then, follow the prompts to enter a positive integer and see the result.
Example 1: Calculating the area of a circle

# This program calculates the area of a circle
import math

# Ask the user for input
radius = float(input("Enter the radius of the circle:

"))

# Calculate the area
area = math.pi * radius ** 2

# Print the result
print ("The area of the circle is", area)

This code first imports the math module, which provides mathematical functions and constants.
Then, it asks the user to enter the radius of a circle, which is stored in the variable radius. The
program then uses the formula for the area of a circle (nr*2) to compute the area, which is stored
in the variable area. Finally, the program prints the result using the print() function.

Example 2: Counting the frequency of letters in a string

# This program counts the frequency of letters in a
string

string = input("Enter a string: ")

# Create a dictionary to store the counts
counts = {}
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# Iterate over the characters in the string
for char in string:

# If the character is a letter, add it to the
dictionary

if char.isalpha():

char = char.lower ()
counts[char] = counts.get(char, 0) + 1

# Print the results
for char, count in counts.items():
print (char, count)

This code first asks the user to enter a string, which is stored in the variable string. Then, it
creates an empty dictionary called counts, which will be used to store the frequency of each letter
in the string. The program then iterates over each character in the string using a for loop. If the
character is a letter (as determined by the isalpha() method), it is converted to lowercase and
added to the counts dictionary. The get() method is used to retrieve the current count for the
letter (or O if it hasn't been seen yet) and increment it by 1. Finally, the program prints the results
using another for loop that iterates over the key-value pairs in the counts dictionary.

Example 3: Generating a random number

# This program generates a random number between 1 and
10

import random

# Generate a random number
number = random.randint(1l, 10)

# Ask the user to guess the number
guess = int(input ("Guess the number between 1 and 10:

"))

# Check if the guess is correct
if guess == number:

print ("Congratulations, you guessed the number!")
else:

print("Sorry, the number was", number)

This code first imports the random module, which provides functions for generating random
numbers. The program then uses the randint() function to generate a random integer between 1
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and 10, which is stored in the variable number. The user is then asked to guess the number using
the input() function, and the guess is converted to an integer using the int() function and stored in
the variable guess. The program then checks if the guess is correct using an if statement. If the
guess is correct, a congratulatory message is printed. Otherwise, the program prints a message
that reveals the correct number.

Example 4: Converting temperature units

# This program converts a temperature from Fahrenheit
to Celsius

# Ask the user for input
fahrenheit = float(input("Enter the temperature in
Fahrenheit: "))

# Convert the temperature
celsius = (fahrenheit - 32) * 5/9

# Print the result
print ("The temperature in Celsius is", celsius)

This code asks the user to enter a temperature in Fahrenheit, which is stored in the variable
fahrenheit. The program then uses the formula for converting Fahrenheit to Celsius ((F - 32) *
5/9) to compute the temperature in Celsius, which is stored in the variable celsius. Finally, the
program prints the result using the print() function.

Example 5: Sorting a list

# This program sorts a list of numbers in ascending
order

# Ask the user for input
numbers = input("Enter a list of numbers separated by
spaces: ")

# Convert the input to a list of integers
numbers = [int(x) for x in numbers.split()]

# Sort the list
numbers.sort ()

# Print the sorted list
print ("The sorted list is:", numbers)
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This code first asks the user to enter a list of numbers separated by spaces, which is stored in the
variable numbers as a string. The program then uses a list comprehension to convert the input to
a list of integers. The split() method is used to split the string into individual numbers based on
the spaces between them, and the int() function is used to convert each number to an integer. The
resulting list is then sorted using the sort() method, which sorts the list in ascending order.
Finally, the sorted list is printed using the print() function.

Example 6: Creating a class
# This program defines a class for a person

class Person:
def init (self, name, age):
self.name = name
self.age = age

def say hello(self):
print ("Hello, my name is", self.name)
print ("I am", self.age, "years old")

This code defines a class called Person, which has two attributes (name and age) and one method
(say_hello()). The __init__() method is a special method that is called when a new object of the
class is created. It takes two arguments (name and age) and initializes the corresponding
attributes of the object using the self parameter. The say_hello() method simply prints a greeting
that includes the person's name and age.

To create an object of the Person class, you can use the following code:

# Create a person object
person = Person("Alice", 25)

# Call the say hello method
person.say hello()

This code creates a new object of the Person class with the name "Alice™" and age 25, and stores

it in the variable person. The say_hello() method is then called on the person object, which prints
the greeting.

Writing your first program



45|Page

Now that Python is installed, we can start writing our first program. Let's create a simple
program that prints out the message "Hello, World!" to the console.

Open a text editor, such as Notepad or Sublime Text, and type the following code:

print ("Hello, World!")
Save the file as hello.py. The .py extension is used to indicate that this is a Python file.
Next, open a command prompt or terminal and navigate to the directory where you saved the
hello.py file. For example, if you saved the file on your desktop, you would navigate to the
desktop directory using the cd command:

cd Desktop
Once you are in the correct directory, type the following command to run the program:

python hello.py

This will execute the hello.py program, and you should see the message "Hello, World!" printed
to the console.

Congratulations! You have written and executed your first Python program.
Understanding the Code
Let's take a closer look at the code we wrote:

print ("Hello, World!")

This line of code is a function call to the print() function, which is a built-in function in Python.
The function takes one argument, which is the string "Hello, World!" enclosed in double quotes.

When the program runs, the print() function outputs the string "Hello, World!" to the console.
Variables

In programming, a variable is a named container that holds a value. In Python, variables can be
assigned any value, including strings, numbers, and other data types.

Here's an example of how to create a variable in Python:
message = "Hello, World!"

In this example, we create a variable called message and assign it the string value "Hello,
World!". We can then use this variable throughout our program.
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Let's see another example of using variables:

X =

y =
sum

N wou

X +y
print (sum)

In this example, we create two variables x and y and assign them the integer values 5 and 3,
respectively. We then create another variable sum and assign it the result of adding x and .
Finally, we use the print() function to output the value of sum to the console, which is 8.

Data Types

In Python, there are several data types that we can use to store and manipulate values. Here are
some of the most common data types in Python:

Strings: a sequence of characters, enclosed in quotes (either single or double)

Integers: whole numbers, such as 0, 1, 2, -1, -2, etc.

Floats: decimal numbers, such as 1.5, -0.25, etc.

Booleans: a value that can be either True or False

Lists: a collection of values, enclosed in square brackets and separated by commas
Dictionaries: a collection of key-value pairs, enclosed in curly braces and separated by commas

Here's an example of using different data types in Python:

name = "Alice"

age = 30

height = 1.65

is_student = True

fruits = ["apple", "banana", "orange"]
person = {"name": "Bob", "age": 25}

In this example, we create variables with different data types, such as hame (a string), age (an
integer), height (a float), is_student (a boolean), fruits (a list), and person (a dictionary).

Control Flow

In programming, control flow statements allow us to control the order in which statements are
executed based on certain conditions. In Python, we have several control flow statements, such
as if, else, elif, for, and while.

Here's an example of using an if statement in Python:

age = 18
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if age >= 18:

print("You are old enough to vote.")
else:

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

In this example, we use an if statement to check if the age variable is greater than or equal to 18.
If it is, we print the message "You are old enough to vote.". If it's not, we print the message "You
are not old enough to vote.".

Here's an example of using a for loop in Python:

fruits = ["apple", "banana", "orange"]
for fruit in fruits:
print (fruit)

In this example, we use a for loop to iterate over the fruits list and print each fruit to the console.
Let's break down how this program works:

First, we use the input() function to ask the user for their name and age, and store the values in
the name and age variables.

Next, we use the int() function to convert the age variable from a string to an integer. This is
necessary because we want to perform arithmetic operations on the age later.

Finally, we use the print() function to output a personalized message to the console, which
includes the user's name and age.

When you run this program, you should see something like this:

What is your name? Alice
How old are you? 30
Hello, Alice! You are 30 years old.

Debugging your program

Debugging your program is an essential skill for any programmer, and Python provides several
tools to help you find and fix errors in your code. In this section, we will discuss some common
debugging techniques that you can use when working with Python.

Print statements: One of the easiest and most effective ways to debug your program is to add

print statements to your code. By printing out the values of variables and the results of

calculations at different points in your code, you can gain insight into where the problem might
be. For example:
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def calculate_area(length, width):
print ("Length is:", length)
print ("Width is:", width)

area = length * width
print ("Area is:", area)
return area

calculate area (10, 5)

In this code, we have added print statements to the calculate_area() function to print out the
values of length, width, and area. This can help us to identify any problems in our calculation.

Using a debugger: Python also provides a built-in debugger called pdb (Python Debugger). The
pdb module allows you to set breakpoints in your code, step through the code line by line, and
examine the values of variables at each step. To use pdb, you can add the following line of code
to your program where you want to set a breakpoint:

import pdb; pdb.set trace()

When your program reaches this line of code, it will pause and enter the debugger. From here,
you can use various commands to step through your code and examine variables. For example,
you can use the n command to execute the current line and move to the next line, the s command
to step into a function, and the p command to print the value of a variable.

Using an IDE: An IDE (Integrated Development Environment) such as PyCharm or Visual
Studio Code can also provide powerful debugging tools. These tools can help you to set
breakpoints, step through your code, examine variables, and even visualize the call stack. Using
an IDE can make debugging easier and more efficient, especially for larger programs.

Now, let's take a look at an example of debugging a Python program using print statements and
pdb.

def calculate_average (numbers) :
total = sum(numbers)
count = len (numbers)
average = total / count
return average

def main() :
numbers = [5, 10, 15, 20]
average = calculate average (numbers)
print ("The average is:", average)

main ()
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This program calculates the average of a list of numbers and prints the result. However, there is a
bug in the code that causes it to crash with a ZeroDivisionError. To debug this program, we can
add some print statements to the calculate_average() function to see what values it is calculating:

def calculate_average (numbers) :
print ("Numbers are:", numbers)
total = sum(numbers)
print ("Total is:", total)
count = len (numbers)
print ("Count is:", count)
average = total / count
print ("Average is:", average)
return average

When we run the program with these print statements, we can see that the problem occurs when
count is zero:

Numbers are: [5, 10, 15, 20]
Total is: 50
Count is: 4
Numbers are: []
Total is: O
Count is: 0
Traceback (most recent call last):
File "debugging.py", line 11, in <module>
main ()
File "debugging.py", line

The calculate_average() function is being called with an empty list, which causes count to be
zero and leads to the ZeroDivisionError. To fix this bug, we can add a check at the beginning of
the function to make sure that the list is not empty:

def calculate average (numbers) :
if not numbers:
return 0

total = sum(numbers)

count = len (numbers)

average = total / count

return average
With this check in place, the program will return a value of zero for an empty list, rather than
crashing with an error.

Now, let's take a look at an example of using pdb to debug a Python program. Consider the
following program:
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def calculate_factorial(n):
if n ==
return 1
else:
return n * calculate factorial(n - 1)

def main () :
number = 5
factorial = calculate factorial (number)
print ("The factorial of", number, "is", factorial)

main ()

This program calculates the factorial of a number using recursion. However, there is a bug in the
code that causes it to go into an infinite loop. To debug this program using pdb, we can add the
following line at the beginning of the calculate_factorial() function:

import pdb; pdb.set trace()

This will enter the debugger when the function is called and allow us to step through the code
line by line. We can then use the n command to step to the next line and the s command to step
into a function.

As we step through the code, we can see that the problem occurs when n is zero. In this case, the
function should return a value of 1, but instead it continues to call itself with a value of -1:

> /path/to/program.py (4)calculate factorial()
-> if n == 0:

(Pdb) n

> /path/to/program.py (6) calculate factorial()
-> return n * calculate factorial(n - 1)
(Pdb) n

> /path/to/program.py (4)calculate factorial()
-> if n == 0:

(Pdb) n

> /path/to/program.py (6) calculate factorial()
-> return n * calculate factorial(n - 1)
(Pdb) n

> /path/to/program.py (4)calculate factorial ()
-> if n == 0:

(Pdb) n

> /path/to/program.py (6)calculate factorial ()
-> return n * calculate factorial(n - 1)
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(Pdb) n

To fix this bug, we can modify the condition in the if statement to check if n is less than or equal
to zero:

def calculate_factorial(n):
if n <= 0:
return 1
else:
return n * calculate factorial(n - 1)

With this modification, the program will now correctly calculate the factorial of a number using
recursion.

Debugging is an essential skill for any programmer, and Python provides several tools to help
you find and fix errors in your code. By using print statements, the pdb debugger, or an IDE, you
can quickly identify and fix bugs in your Python programs.

Example of using the pdb debugger to debug a Python program. Consider the following
program:

def calculate gcd(a, b):
while b '= 0:

t =D

b=a$%hb

a=t
return a

def main() :
numl = 15
num2 = 25
gcd = calculate gcd(numl, num2)
print ("The GCD of", numl, "and", num2, "is", gcd)

main ()
This program calculates the greatest common divisor (GCD) of two numbers using the Euclidean
algorithm. However, there is a bug in the code that causes it to return the wrong value for some
inputs. To debug this program using pdb, we can add the following line at the beginning of the

calculate_gcd() function:

import pdb; pdb.set trace()



52|Page

This will enter the debugger when the function is called and allow us to step through the code
line by line. We can then use the n command to step to the next line and the s command to step
into a function.

As we step through the code, we can see that the problem occurs when num1 is less than num2.
In this case, the program enters an infinite loop:

> /path/to/program.py (2)calculate gcd()
-> while b !'= 0:

(Pdb) n

> /path/to/program.py (3)calculate gcd()
->t=D>b

(Pdb) n

> /path/to/program.py (4) calculate gcd()
->b =a%b

(Pdb) n

> /path/to/program.py (2)calculate gcd()
-> while b !'= 0:

(Pdb) n

> /path/to/program.py (3) calculate gcd()
-> t=D>b

(Pdb) n

> /path/to/program.py (4) calculate gcd()
->b =a%b

(Pdb) n

> /path/to/program.py (2) calculate gcd()
-> while b !'= 0:

(Pdb) n

To fix this bug, we can modify the function to swap num1 and num2 if num1 is less than num2:

def calculate gcd(a, b):
if a < b:
a, b =Db>b,
while b !'= 0:
t =
b =
a =
return a
With this modification, the program will now correctly calculate the GCD of two numbers using
the Euclidean algorithm.
In addition to using the pdb debugger, many integrated development environments (IDEs) for
Python also provide debugging tools that allow you to step through your code, inspect variables,

a

% b

&t p D -
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set breakpoints, and more. Some popular IDEs for Python include PyCharm, VSCode, and
Spyder.

Debugging can be a time-consuming and frustrating process, but with the right tools and
techniques, you can quickly find and fix errors in your Python code.

Consider the following program, which generates a random list of integers and then calculates
the sum of the even numbers in the list:

import random

def sum even numbers (numbers) :
total =0
for num in numbers:
if num % 2 ==
total += num
return total

def main() :

random numbers = [random.randint(l, 100) for _ in
range (10) ]

print ("Random numbers:", random numbers)

even_sum = sum_even_numbers (random numbers)

print ("Sum of even numbers:", even sum)

main ()

However, there is a bug in the sum_even_numbers() function that causes it to skip some even
numbers. To debug this program using pdb, we can add the following line at the beginning of the
sum_even_numbers() function:

import pdb; pdb.set trace()

This will enter the debugger when the function is called and allow us to step through the code
line by line.

As we step through the code, we can see that the problem occurs when num is equal to O. In this
case, the program skips the current iteration of the loop and does not add num to total:

> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n

> /path/to/program.py (5) sum even numbers ()
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-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum _even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum even numbers ()
-> for num in numbers:
(Pdb) n
> /path/to/program.py (6) sum even numbers ()
-> if num % 2 == 0:
(Pdb) n
> /path/to/program.py (5) sum_even numbers ()
-> for num in numbers:

(Pdb) n
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> /path/to/program.py (6) sum even numbers ()
-> if num $ 2 == 0:

(Pdb) n

>

Running your program

To run a Python program, you need to have Python installed on your computer. You can
download Python from the official website of Python, https://www.python.org/downloads/. Once
you have installed Python, you can write your program in any text editor and save it with a .py
extension. For example, you can save your program as my_program.py.

Here's an example Python program that prints "Hello, World!" to the console:
print ("Hello, World!")

To run this program, follow these steps:

Open a command prompt or terminal window.

Navigate to the directory where you saved your Python program using the cd command. For
example, if you saved your program on the desktop, you would enter cd Desktop.

Type python my_program.py and press Enter. This will run your Python program, and "Hello,
World!" will be printed to the console.

Here's another example Python program that asks the user for their name and prints a
personalized greeting:

name = input("What's your name? ")
print ("Hello, " + name + "!")

To run this program, follow the same steps as above.

In addition to running your Python program from the command prompt or terminal, you can also
use an integrated development environment (IDE) such as PyCharm or Visual Studio Code.
These IDEs provide a user-friendly interface for writing, debugging, and running Python
programs.

As mentioned earlier, to run a Python program, you need to have Python installed on your
computer. You can download Python from the official website of Python,
https://www.python.org/downloads/. Once you have installed Python, you can use any text editor
to write your Python code. Let's take a look at a few examples.
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Example 1: Printing "Hello, World!" to the console
print ("Hello, World!")

To run this program, save it in a file with the .py extension, for example, hello_world.py. Open a
command prompt or terminal window and navigate to the directory where the file is saved. Type
python hello_world.py and press Enter. The output "Hello, World!" will be printed to the
console.

Example 2: Adding two numbers entered by the user

numl = float(input ("Enter first number: "))

num2 = float (input("Enter second number: "))

sum = numl + num?2

print ("The sum of", numl, "and", num2, "is", sum)

To run this program, save it in a file with the .py extension, for example, add_numbers.py. Open
a command prompt or terminal window and navigate to the directory where the file is saved.
Type python add_numbers.py and press Enter. The program will prompt the user to enter two
numbers, and then it will calculate and print the sum of those numbers.

Example 3: Creating a function to calculate the area of a rectangle

def rectangle area(length, width):
area = length * width
return area

1l = float(input("Enter length of rectangle: "))
w float (input ("Enter width of rectangle: "))
a = rectangle_area(l, w)

print ("The area of the rectangle is", a)

To run this program, save it in a file with the .py extension, for example, rectangle area.py.
Open a command prompt or terminal window and navigate to the directory where the file is
saved. Type python rectangle_area.py and press Enter. The program will prompt the user to enter
the length and width of a rectangle, and then it will calculate and print the area of that rectangle
using the rectangle_area function.

These examples demonstrate how to run Python programs from the command prompt or
terminal. However, as | mentioned earlier, you can also use an integrated development
environment (IDE) such as PyCharm or Visual Studio Code. These IDEs provide a user-friendly
interface for writing, debugging, and running Python programs.

here's a longer code example that demonstrates the use of functions and control structures in
Python.
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# This program calculates the area of a rectangle or
triangle
# based on the user's input.
# Define a function to calculate the area of a
rectangle
def rectangle_ area(length, width):

area = length * width

return area

# Define a function to calculate the area of a triangle
def triangle area(base, height):

area = 0.5 * base * height

return area

# Ask the user to choose a shape
shape = input("Enter shape (rectangle or triangle): ")

# If the shape is a rectangle, ask for its dimensions
and calculate its area
if shape == "rectangle":
length = float(input ("Enter length of rectangle:
"))
width = float(input ("Enter width of rectangle: "))
area = rectangle area(length, width)
print ("The area of the rectangle is", area)

# If the shape is a triangle, ask for its dimensions
and calculate its area
elif shape == "triangle":
base = float(input ("Enter base of triangle: "))
height = float (input("Enter height of triangle: "))
area = triangle_ area(base, height)
print ("The area of the triangle is", area)

# If the shape is neither a rectangle nor a triangle,
print an error message
else:
print("Invalid shape entered.")
This program prompts the user to enter a shape (rectangle or triangle) and then asks for the
dimensions of the chosen shape. Based on the input, it calculates and prints the area of the shape
using either the rectangle_area function or the triangle_area function. If the user enters

an invalid shape, the program prints an error message.
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To run this program, save it in a file with the .py extension, for example, area_calculator.py.
Open a command prompt or terminal window and navigate to the directory where the file is
saved. Type python area_calculator.py and press Enter. The program will prompt the user to
enter a shape and its dimensions, and then it will calculate and print the area of the shape.

Example 1: Converting temperature from Fahrenheit to Celsius

fahrenheit = float (input("Enter temperature in
Fahrenheit: "))

celsius = (fahrenheit - 32) * 5/9

print ("Temperature in Celsius =", celsius)

This program prompts the user to enter a temperature in Fahrenheit and then converts it to
Celsius using the formula (F - 32) * 5/9. The result is printed to the console.

Example 2: Calculating the factorial of a number

def factorial (n):
if n ==
return 1
else:
return n * factorial (n-1)

num = int(input ("Enter a number: "))
fact = factorial (num)
print ("The factorial of", num, "is", fact)

This program defines a recursive function factorial that calculates the factorial of a number. It
then prompts the user to enter a number and calculates its factorial using the factorial function.
The result is printed to the console.

Example 3: Checking whether a number is prime

def is_prime(n):
if n < 2:
return False
else:
for i in range(2, int(n**0.5)+1):
if n % i==
return False
return True

num = int(input ("Enter a number: "))
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if is_prime (num) :

print (num, "is prime.")
else:

print (num, "is not prime.")

This program defines a function is_prime that checks whether a number is prime using a simple
algorithm. It then prompts the user to enter a number and checks whether it is prime using the
is_prime function. The result is printed to the console.

These examples demonstrate the use of basic programming concepts in Python such as
input/output, functions, and control structures. | hope they are helpful in illustrating the
capabilities of Python.

Example 4: Finding the maximum element in a list

def max element(lst):
max num = lst[0]
for num in 1lst:
if num > max num:
max num = num
return max num

numbers = [3, 7, 1, 8, 4, 2, 9, 5]
max num = max_element (numbers)
print ("The maximum number in the list is", max num)

This program defines a function max_element that finds the maximum element in a list by
iterating over its elements and comparing each element to the current maximum. It then creates a
list of numbers, calls the max_element function to find the maximum number in the list, and
prints the result.

Example 5: Reversing a string

def reverse_string(s):
return s[::-1]

string = input("Enter a string: ")
reversed _string = reverse_string(string)
print ("The reversed string is", reversed_string)

This program defines a function reverse_string that reverses a string by using Python's string
slicing syntax. It then prompts the user to enter a string, calls the reverse_string function to
reverse it, and prints the result.

Example 6: Counting the number of occurrences of a word in a string
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def count word(string, word):
words = string.split()
count = 0
for w in words:
if w == word:
count += 1
return count

string = "the quick brown fox jumps over the lazy dog"
word = "the"
count = count word(string, word)

print ("The word", word, "occurs", count, "times in the
string.")

This program defines a function count_word that counts the number of occurrences of a word in
a string by splitting the string into words and iterating over them. It then creates a string and a
word, calls the count_word function to count the number of occurrences of the word in the string,
and prints the result.

Example 7: Calculating the area of a circle

import math

radius = float(input("Enter the radius of the circle:
H))

area = math.pi * radius ** 2

print ("The area of the circle is", area)

This program prompts the user to enter the radius of a circle, then calculates and prints its area
using the math.pi constant and the formula for the area of a circle, nr?.

Example 8: Generating a Fibonacci sequence

def fibonacci (n):

if n ==
return []

elif n ==
return [0]

else:
fib = [0, 1]
for i in range(2, n):

fib.append (fib[i-1] + fib[i-2])

return fib
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num = int(input ("Enter a number: "))

fib = fibonacci (num)

print ("The first", num, "numbers in the Fibonacci
sequence are", fib)

This program defines a function fibonacci that generates the first n numbers in the Fibonacci
sequence using a loop and the recursive formula F(n) = F(n-1) + F(n-2). It then prompts the user
to enter a number and generates the corresponding sequence using the fibonacci function.

Example 9: Checking for a palindrome

def is palindrome (s) :
return s == s[::-1]

string = input("Enter a string: ")
if is palindrome (string) :

print ("The string is a palindrome.")
else:

print ("The string is not a palindrome.")

This program defines a function is_palindrome that checks whether a string is a palindrome by
comparing it to its reverse using Python's string slicing syntax. It then prompts the user to enter a
string and checks whether it is a palindrome using the is_palindrome function.

Example 10: Sorting a list of numbers

numbers = [3, 7, 1, 8, 4, 2, 9, 5]
sorted numbers = sorted (numbers)
print ("The sorted list is", sorted numbers)

This program creates a list of numbers and uses the built-in sorted function to sort them in
ascending order. It then prints the sorted list.

Example 11: Finding the length of the hypotenuse of a right triangle

import math

a = float(input("Enter the length of the first leg: "))
b = float (input("Enter the length of the second leg:

") )

c = math.sqrt(a**2 + b**2)

print ("The length of the hypotenuse is", c)
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This program prompts the user to enter the lengths of the legs of a right triangle, then calculates
and prints the length of the hypotenuse using the Pythagorean theorem, ¢z = a2 + b2,

Example 12: Converting temperatures between Celsius and Fahrenheit

def celsius_to_fahrenheit(celsius):
return celsius * 9/5 + 32

def fahrenheit to celsius(fahrenheit):
return (fahrenheit - 32) * 5/9

temp = float (input("Enter a temperature: "))
unit = input("Enter the unit of the temperature (C or
F): ")

if unit == "C":

fahrenheit = celsius_to_fahrenheit (temp)

print (temp, "Celsius is equivalent to", fahrenheit,
"Fahrenheit.")
elif unit == "F":

celsius = fahrenheit to celsius (temp)

print (temp, "Fahrenheit is equivalent to", celsius,
"Celsius.")
else:

print ("Invalid unit. Please enter C or F.")

This program defines two functions celsius_to_fahrenheit and fahrenheit_to_celsius that convert
temperatures between Celsius and Fahrenheit using the conversion formulas. It then prompts the
user to enter a temperature and its unit, and converts the temperature to the other unit using the
appropriate function.

Example 13: Generating a random password

import random
import string

def generate password(length):

characters = string.ascii_ letters + string.digits +
string.punctuation

password = "".Jjoin(random.choice (characters) for _
in range (length))

return password
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password length = int(input("Enter the length of the
password: "))

password = generate_ password (password length)

print ("The generated password is", password)

This program defines a function generate_password that generates a random password of the
specified length using Python's built-in random module and string constants. It then prompts the
user to enter the desired password length and generates a random password using the
generate_password function.

Example 14: Extracting unique elements from a list

def unique_elements(lst):
unique lst = []
for element in 1lst:
if element not in unique_ 1lst:
unique lst.append(element)
return unique 1lst

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

unique numbers = unique_ elements (numbers)
print ("The unique elements in the list are",
unique numbers)

This program defines a function unique_elements that takes a list and returns a new list
containing only the unique elements from the original list. It then creates a list of numbers and
applies the unique_elements function to it, printing the resulting list of unique numbers.

Example 15: Counting the frequency of words in a text file
import string

def count words(filename) :
word counts = {}
with open(filename, "r") as file:
for line in file:
line = line.strip() .lower()

line = line.translate(str.maketrans("", "",
string.punctuation))
words = line.split()

for word in words:
if word not in word counts:
word counts[word] =1
else:
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word counts[word] += 1
return word_counts

file name = input("Enter the name of the file: ")
word counts = count _words (file name)

print ("Word frequencies:")
for word, count in word counts.items():

print(word, ":", count)

This program defines a function count_words that takes a filename as input and returns a
dictionary containing the frequency of each word in the file. It reads in the file, removes
punctuation and converts all words to lowercase, then splits each line into words and updates the
word counts in the dictionary. It then prompts the user to enter the name of a file and prints the

word frequencies using the count_words function.
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Chapter 2:
Python Basics

To start programming in Python, you need to install Python on your computer. You can
download and install the latest version of Python from the official website, www.python.org.
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Once you have installed Python, you can start programming using a code editor or an integrated
development environment (IDE) such as PyCharm, Visual Studio Code, or IDLE.

Printing Hello World
The first program that every programmer writes is the "Hello, World!" program. This program
simply prints the message "Hello, World!" on the screen. To print a message in Python, you can
use the print() function.

print ("Hello, World!")
This code will print "Hello, World!" on the screen when you run it.
Variables

Variables are used to store data in a program. In Python, you don't need to declare a variable
before using it. You can simply assign a value to a variable using the equal sign (=) operator.

x =10

y = 20
z=x+y
print (z)

In this code, we have assigned the values 10 and 20 to the variables x and y, respectively. We
have then added the values of x and y and stored the result in the variable z. Finally, we have
printed the value of z using the print() function.

Data Types

Python supports several data types, including integers, floats, strings, booleans, lists, tuples, and
dictionaries. The type of a variable is determined automatically based on the value assigned to it.
You can check the type of a variable using the type() function.

= 10

2.5

= "Hello"

True

[1, 2, 3]

(4, 5, 6)

= {"name": "John", "age": 30}
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Output: <class 'int'>
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print (type(a))
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print (type(f)) # Output: <class 'tuple'>
print (type(g)) # Output: <class 'dict'>

In this code, we have assigned values of different data types to variables a to g. We have then
used the type() function to print the type of each variable.

Conditional Statements

Conditional statements are used to execute different blocks of code based on certain conditions.
In Python, you can use the if, elif, and else keywords to write conditional statements.

x = 10
y = 20
if x > y:

print ("x is greater than y")
elif x < y:

print("x is less than y")
else:

print("x is equal to y")

In this code, we have used the if, elif, and else keywords to write a conditional statement that
compares the values of x and y. If x is greater than y, the program will print "x is greater than y".

Loops

Loops are used to execute a block of code repeatedly. Python supports two types of loops: for
loops and while loops.

# for loop
for i in range(5):

print (i)

# while loop

i=20

while i < §5:
print (i)
i+=1

In this code, we have used a for loop and a while loop to print the numbers from 0 to 4. The
range() function is used to generate a sequence of numbers from 0 to 4 in the for loop. The while
loop uses a variable i that is initialized to 0 and incremented by 1 in each iteration until it reaches
5.

Functions
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Functions are reusable blocks of code that perform a specific task. In Python, you can define a
function using the def keyword.

def add numbers(x, y):
return x + y

result = add numbers (5, 10)
print (result)

In this code, we have defined a function called add_numbers that takes two arguments x and y
and returns their sum. We have then called the function with arguments 5 and 10 and assigned
the result to the variable result. Finally, we have printed the value of result, which is 15.

Modules

Modules are files containing Python code that can be imported into other Python programs.
Python comes with a standard library of modules that provide a wide range of functionality. You
can also install third-party modules using the pip package manager.

import math

result = math.sqrt(25)
print (result)

In this code, we have imported the math module and used the sqgrt() function to calculate the
square root of 25. The result is assigned to the variable result and printed using the print()
function.

Object-Oriented Programming

Python is an object-oriented programming language, which means that it supports the creation
and manipulation of objects. Objects are instances of classes, which are like blueprints or
templates for creating objects.

Classes

You can define a class in Python using the class keyword. A class can have attributes (variables)
and methods (functions).

class Person:
def  init_ (self, name, age):
self.name = name
self.age = age
def say hello(self):
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print (f"Hello, my name is {self.name} and I am
{self.age} years old.")

person = Person("Alice", 25)
person.say hello()

In this code, we have defined a class called Person that has two attributes name and age, and one
method say_hello() that prints a message with the person's name and age. We have then created
an instance of the Person class called person with the name "Alice" and age 25, and called the
say_hello() method on it.

Inheritance

Inheritance is a way to create a new class from an existing class, inheriting all the attributes and
methods of the parent class. The new class can also add new attributes and methods or override
the existing ones.

class Student (Person) :
def init (self, name, age, major):
super (). _init (name, age)
self .major = major

def say hello(self):
print (£f"Hello, my name is {self.name}, I am
{self.age} years old, and my major is {self.major}.")

student = Student("Bob", 20, "Computer Science")
student.say hello()

In this code, we have defined a new class called Student that inherits from the Person class. The
Student class has an additional attribute major and overrides the say_hello() method to include
the major. We have then created an instance of the Student class called student with the name
"Bob", age 20, and major "Computer Science", and called the say hello() method on it.

File Handling

Python provides built-in functions for reading and writing files. You can open a file using the
open() function, which returns a file object. You can then read from or write to the file using
methods of the file object.

# writing to a file
with open ("example.txt", "w") as file:
file.write("Hello, world!")

# reading from a file
with open ("example.txt", "r") as file:
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content = file.read()
print (content)

In this code, we have used the open() function to create a new file called "example.txt" in write
mode ("w") and write the string "Hello, world!" to it. We have then opened the same file in read
mode ("'r") and read its contents into the variable content. Finally, we have printed the value of
content, which should be "Hello, world!",

Exception Handling

Exception handling is a way to handle errors and unexpected situations in your code. In Python,
you can use a try-except block to catch exceptions and handle them gracefully.

try:
result =1/ 0
except ZeroDivisionError:
print ("Cannot divide by zero.")

In this code, we have used a try-except block to catch the ZeroDivisionError exception that
would occur if we try to divide by zero. Instead of crashing the program, the except block prints
a message saying that division by zero is not allowed.

Functions

Functions are a way to encapsulate code into reusable blocks. In Python, you can define a
function using the def keyword, followed by the function name and the parameter list in
parentheses. You can then write the function body inside a block of code, indented under the def
statement.

def add numbers(a, b):
return a + b

result = add numbers(l, 2)
print (result)

In this code, we have defined a function called add_numbers that takes two parameters a and b,
and returns their sum. We have then called the function with the arguments 1 and 2, and stored
the result in the variable result. Finally, we have printed the value of result, which should be 3.
Lambda Functions

Lambda functions are a way to define small anonymous functions in Python. Lambda functions
are useful when you need to define a simple function for a one-time use.

double lambda x: x * 2
result = double (3)
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print (result)
In this code, we have defined a lambda function that takes one parameter x and returns its

double. We have then called the lambda function with the argument 3, and stored the result in the
variable result. Finally, we have printed the value of result, which should be 6.

Variables and data types

Variables:
In Python, a variable is a named reference to a value that can be changed. You can create a
variable by assigning a value to it using the equal sign (=). For example, to create a variable
called "x" with a value of 5, you would write:

x =5
This statement assigns the value 5 to the variable x. Now, you can use the variable x in your
program to refer to the value 5. For example, you can print the value of x using the print
function:

print (x)
This will output the value 5 to the console.

Data Types:

Python supports several data types, including integers, floating-point numbers, strings, booleans,
and more.

Integers:

Integers are whole numbers, such as 1, 2, 3, etc. In Python, you can create an integer by simply
writing the number:

x =95
This creates a variable called x with the integer value 5.
Floating-Point Numbers:
Floating-point numbers are numbers with decimal places, such as 1.2, 3.14, etc. In Python, you

can create a floating-point number by writing the number with a decimal point:
x = 3.14
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This creates a variable called x with the floating-point value 3.14.
Strings:

Strings are sequences of characters, such as "hello”, "world", etc. In Python, you can create a
string by enclosing the characters in single quotes (") or double quotes ("):

'hello'
"world"

X
Y

These create variables called x and y with the string values "hello” and "world", respectively.
Booleans:

Booleans are either True or False. In Python, you can create a boolean by writing either True or
False:

X = True
y = False

These create variables called x and y with the boolean values True and False, respectively.

Here is some example code that demonstrates how to use variables and data types in Python:

# Create some variables
x =5

y = 3.14

z = "hello"

w = True

# Print the values of the variables
print (x)
print(y)
print (z)
print (w)

# Change the values of the variables

x = 10

y =2.71

z = "world"
w = False

# Print the new values of the wvariables



73|Page

print (x)
print(y)
print (z)
print (w)

When you run this code, it will output:

5
3.14
hello
True
10
2.71
world
False

This demonstrates how you can create variables with different data types and change their values
as needed.

Naming conventions for variables:

When creating variables in Python, it's important to follow some naming conventions. Variable
names should start with a letter or underscore, and can contain letters, numbers, and underscores.
Variable names are case-sensitive, so "x" and "X" are two different variables. It's also a good
practice to use descriptive names for variables, such as "age" instead of "x".

Type conversion:

You can convert a variable from one data type to another using type conversion functions. For
example, you can convert a string to an integer using the int() function:

age = "30"
age_int = int(age)

print (age_int)

This will output the integer value 30. Similarly, you can convert an integer to a string using the
str() function:

age_int = 30
age_str = str(age_int)
print (age_str)

This will output the string value "30".

Built-in functions:
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Python provides many built-in functions that you can use to work with variables and data types.
For example, you can use the len() function to get the length of a string:

name = "John"
print (len (name))

This will output the integer value 4.
Comments:

You can add comments to your code to explain what it does or to remind yourself of something.
Comments start with a hash symbol (#) and are ignored by the Python interpreter:

# This is a comment
age = 30 # This is also a comment

Multiple assignments:

You can assign values to multiple variables in one statement by separating them with commas:
x,y,z=1, 2.5, "hello"

This creates three variables called X, y, and z with the values 1, 2.5, and "hello", respectively.

Variables:

Variables are used to store data in Python. When you assign a value to a variable, Python creates

the variable and stores the value in memory. You can then use the variable in your code to refer

to the stored value. Here are some examples of creating and using variables:

# Create a variable called "age" and assign it the
value 30
age = 30

# Create a variable called "name" and assign it the
value "John"
name = "John"

# Print the wvalues of the wvariables
print (age)
print (name)

# Change the value of the "age" wvariable
age = 35
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# Print the new value of the "age" variable
print (age)

This will output:

30
John
35

Data types:

Python supports several data types, including integers, floating-point numbers, strings, and
booleans. Each data type has its own characteristics and uses. Here are some examples of
creating and using data types:

# Integers
age = 30
print (age)

# Floating-point numbers
height = 1.75
print (height)

# Strings
name = "John"
print (name)

# Booleans
is_adult = True
print (is_adult)

This will output:

30

1.75
John
True

Type conversion:

Sometimes you may need to convert a variable from one data type to another. For example, you

may need to convert a string to an integer to perform mathematical operations. You can use the

built-in functions int(), float(), and str() to convert variables between data types. Here are some
examples:
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Convert a string to an integer
age_str "30"

age_int = int(age_str)

print (age_int)

# Convert a string to a floating-point number
height _str = "1.75"

height float = float(height str)

print (height float)

# Convert an integer to a string
age_int = 30

age_str = str(age_int)

print (age_str)

This will output:

30
1.75
30

Multiple assignments:

You can assign values to multiple variables in a single statement by separating them with
commas. This can be useful for assigning multiple variables with related values. Here's an
example:

# Assign multiple variables with related values
name, age, height = "John", 30, 1.75

# Print the values of the variables
print (name)

print (age)

print (height)

This will output:
John

30
1.75

Built-in functions:
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Python provides many built-in functions that you can use to work with variables and data types.
Here are some examples:

# Get the length of a string

name = "John"
length = len (name)
print (length)

# Convert a number to a string with a specific number
of decimal places

height = 1.75

height_str = format (height, ".2f")

print (height_str)

# Check if a variable is of a certain data type
age = 30

is_int = isinstance(age, int)

print(is_int)

This will output:

4
1.75
True

Numeric data types:

Python has several numeric data types, including integers, floating-point numbers, and complex
numbers. Integers are whole numbers, such as 1, 2, 3, and so on. Floating-point numbers are
numbers with decimal points, such as 1.5, 2.75, and so on. Complex numbers have a real part
and an imaginary part, and are written in the form a + bj, where a and b are real numbers and j is
the imaginary unit.

# Integer
age = 30
print (age)

# Floating-point
height = 1.75
print (height)

# Complex number
c =2+ 33
print (c)
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String data type:

A string is a sequence of characters enclosed in quotes. You can use either single quotes ('...") or
double quotes ("...") to create a string. You can also use triple quotes ("..." or """...""") to create
a multi-line string. Here are some examples:

# Single-line string
name = "John"

print (name)

# Multi-line string

quote = """In three words I can sum up everything I've
learned about life: it goes on."""
print (quote)

Boolean data type:

A boolean value is either True or False. Booleans are often used in conditional statements and
loops. Here are some examples:

# Boolean values
is_adult = True
has car = False

# Using booleans in a conditional statement
if is adult and not has_car:
print ("You are an adult without a car.")

Type conversion:

Python allows you to convert between data types using type conversion functions such as int(),
float(), and str(). Here are some examples:

# Converting between data types
age str = "30"
age_int = int(age_str)

print (age_int)

height_str = "1.75"

height float = float(height str)
print (height float)

pi = 3.14
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pi_str = str(pi)
print (pi_str)

Variables and assignment:

Variables in Python are created and assigned values using the = operator. You can assign values
to multiple variables in a single statement using commas. Here are some examples:

Lists:

# Creating and assigning variables
name = "John"

age = 30

height = 1.75

# Assigning multiple variables in a single statement
X, Y, 2= 1/ 2/ 3
print(x, y, z)

A list is a collection of values that are ordered and mutable, which means that you can change
their values. You can create a list by enclosing a sequence of values in square brackets, separated
by commas. Here are some examples:

# Creating a list
fruits = ["apple", "banana", '"cherry"]
print (fruits)

# Accessing list elements
print (fruits[0]) # prints "apple"

# Changing list elements
fruits[l] = "orange"
print (fruits)

# Adding elements to a list
fruits.append ("grape")
print (fruits)

# Removing elements from a list
fruits.remove ("cherry")
print (fruits)

Tuples:
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A tuple is similar to a list, but it is immutable, which means that you cannot change its values
after it has been created. You can create a tuple by enclosing a sequence of values in parentheses,
separated by commas. Here are some examples:

# Creating a tuple
numbers = (1, 2, 3)
print (numbers)

# Accessing tuple elements
print (numbers[0]) # prints 1

# Attempting to change a tuple element will result in
an error

numbers[l] = 4 # raises TypeError: 'tuple' object does
not support item assignment

Sets:
A set is a collection of unique values that are unordered and mutable. You can create a set by
enclosing a sequence of values in curly braces, separated by commas. Here are some examples:

# Creating a set
colors = {"red", "green", "blue"}
print (colors)

# Adding elements to a set
colors.add("yellow")
print(colors)

# Removing elements from a set
colors.remove ("green")
print (colors)

Dictionaries:

A dictionary is a collection of key-value pairs that are unordered and mutable. You can create a
dictionary by enclosing a sequence of key-value pairs in curly braces, separated by commas and
colons. Here are some examples:

# Creating a dictionary

person = {"name": "John", "age": 30, "height": 1.75}
print (person)

# Accessing dictionary values using keys
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print (person['"name"]) # prints "John"

# Changing dictionary values
person["age"] = 31
print (person)

# Adding new key-value pairs to a dictionary
person["gender"] = "male"
print (person)

# Removing key-value pairs from a dictionary
del person|["height"]
print (person)

Strings

Strings are a type of data in Python that represent a sequence of characters. They are enclosed in
quotation marks, either single quotes (") or double quotes (). For example:

my string = "Hello, world!"

Strings are immutable, which means that once you create a string, you can't change its contents.
However, you can create a new string based on an existing string using various string
manipulation methods.

Here are some common operations you can perform on strings in Python:

Concatenation

You can concatenate (i.e., join together) two strings using the + operator. For example:

greeting = "Hello"

name = "Alice"

message = greeting + ", " + name + "!"

print (message) # Output: "Hello, Alice!"
String formatting

You can insert values into a string using placeholders and the format method. For example:

name = "Bob"



82|Page

age = 30

message = "My name is {} and I am {} years

old". format (name, age)

print (message) # Output: "My name is Bob and I am 30
years old"

You can also use f-strings (formatted strings) to achieve the same result:

name = "Bob"

age = 30

message = f"My name is {name} and I am {age} years old"
print (message) # Output: "My name is Bob and I am 30
years old"

String methods
Python provides many built-in string methods for manipulating strings. Here are some examples:

my string = "Hello, world!"

print (my string.upper()) # Output: "HELLO, WORLD'"
print (my string.lower()) # Output: "hello, world!'"
print (my_ string.capitalize()) # Output: "Hello, world!"
print (my string.replace("Hello", "Hi")) # Output: "Hi,
world!"

print(my string.startswith("Hello")) # Output: True
print (my string.endswith("world!")) # Output: True

String indexing and slicing

You can access individual characters in a string using indexing. The index starts at O for the first
character, and negative indices count from the end of the string. For example:

my string = "Hello, world!"
print (my string[0]) # Output: "H"
print (my string[-1]) # Output: "!"

You can also extract a substring from a string using slicing. Slicing uses the syntax
[start:end:step], where start is the index of the first character to include, end is the index of the
first character to exclude, and step is the size of the step between characters (default is 1).

For example:
my string = "Hello, world!"

print (my string[0:5]) # Output: "Hello"
print (my string[7:]) # Output: "world!"
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print (my string[::2]) # Output: "Hlo ol!"
Creating strings

You can create strings in Python by enclosing characters in either single quotes (") or double
quotes (""). Here are some examples:

my string = "Hello, world!'" # Double quotes
my other string = 'This is a string' # Single quotes

If you need to use quotation marks within a string, you can escape them with a backslash ():

my string = "She said, \"Hello, world'\"" # Escaping
double quotes
my other string = 'He said, \'This is a string\'' #

Escaping single quotes
You can also create multiline strings using triple quotes:

my multiline string = """
This is a multiline string.
It can span multiple lines.

wirw

String indexing and slicing

You can access individual characters in a string using indexing. The index starts at 0 for the first
character, and negative indices count from the end of the string. For example:

my string = "Hello, world!"
print (my string[0]) # Output: "H"
print (my string[-1]) # Output: "!"

You can also extract a substring from a string using slicing. Slicing uses the syntax
[start:end:step], where start is the index of the first character to include, end is the index of the
first character to exclude, and step is the size of the step between characters (default is 1). For
example:

my string = "Hello, world!"

print (my string[0:5]) # Output: "Hello"
print (my string[7:]) # Output: "world!"
print (my string[::2]) # Output: "Hlo ol!"

String concatenation
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You can concatenate (i.e., join together) two strings using the + operator. For example:

greeting = "Hello"

name = "Alice"

message = greeting + ", " + name + "!"
print (message) # Output: "Hello, Alice!"

You can also use the += operator to add a string to the end of an existing string:
my string = "Hello"
my string += ", world!"
print (my string) # Output: "Hello, world!"
String formatting

You can insert values into a string using placeholders and the format method. For example:

name = "Bob"
age = 30
message = "My name is {} and I am {} years

old".format (name, age)
print (message) # Output: "My name is Bob and I am 30
years old"

You can also use f-strings (formatted strings) to achieve the same result:

name = "Bob"

age = 30

message = f"My name is {name} and I am {age} years old"
print (message) # Output: "My name is Bob and I am 30
years old"

String methods
Python provides many built-in string methods for manipulating strings. Here are some examples:

my string = "Hello, world!"

print (my string.upper()) # Output: "HELLO, WORLD!'"

print (my string.lower()) # Output: "hello, world!"

print (my string.capitalize()) # Output: "Hello, world!"

print (my string.replace("Hello", "Hi")) # Output: "Hi,

world!"

print (my string.startswith("Hello")) # Output: True
print (my string.endswith("world!")) # Output: True
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String length
You can get the length of a string using the len()function. For example:

my string = "Hello, world!"
print(len(my string)) # Output: 13

String splitting and joining

You can split a string into a list of substrings using the split() method. By default, the method
splits on whitespace, but you can specify a different separator using the optional argument:

my string = "The quick brown fox"
words = my string.split()
print (words) # Output: ["The", "quick", "brown", "fox"]

my string = "1,2,3,4,5"
numbers = my string.split(",")
print (numbers) # Output: ["1", "2", "3", "4", "5"]

You can join a list of strings into a single string using the join() method. The method takes a list
of strings and a separator (optional, defaults to empty string), and returns a new string that is the
concatenation of the strings in the list separated by the separator:

words = ["The", "quick", "brown", "fox"]
my string = " ".join(words)
print (my string) # Output: "The quick brown fox"

nulnbers = ["1", "2", "3", "4", "5"]
my string = ",".join(numbers)
print (my string) # Output: "1,2,3,4,5"

String stripping

You can remove whitespace (i.e., spaces, tabs, and newlines) from the beginning and end of a
string using the strip() method. The method returns a new string with the whitespace removed:

my string = " Hello, world! "
print (my string.strip()) # Output: "Hello, world!'"

You can also remove whitespace only from the beginning or end of a string using the Istrip() and
rstrip() methods, respectively:
my string = " Hello, world! "
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print (my string.lstrip()) # Output: "Hello, world! "
print (my string.rstrip()) # Output: "  Hello, world!"

String encoding

In Python, strings are stored as sequences of Unicode code points. However, when you need to
write a string to a file or send it over a network, you often need to encode it as a sequence of
bytes using a specific encoding (e.g., UTF-8). You can do this using the encode() method:

my string = "Hello, world!"
my bytes = my string.encode ("utf-8")
print (my bytes) # Output: b'Hello, world!'

You can also decode a sequence of bytes back into a string using the decode() method:

my bytes = b'Hello, world!'
my string = my bytes.decode ("utf-8")
print (my string) # Output: "Hello, world!"

String comparison
You can compare two strings using the comparison operators (<, <=, >, >=, ==, I=). The
comparison is done lexicographically, which means that the first characters are compared, and if
they are equal, the second characters are compared, and so on, until a difference is found or one
of the strings ends.

sl = "apple"
s2 = "banana"

print(sl < s2) # Output: True
print (sl == "Apple") # Output: False (case-sensitive)

String formatting

You can format a string using the format() method or f-strings. Both methods allow you to insert
values into a string in a specified format. Here are some examples:

# Using format()

name = "Alice"

age = 25

print ("My name is {} and I'm {} years old".format (name,
age)) # Output: "My name is Alice and I'm 25 years old"

# Using f-strings
print (f"My name is {name} and I'm {age} years old") #
Output: "My name is Alice and I'm 25 years old"
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You can also specify the format of the inserted values using format specifiers:

# Using format ()

pi = 3.14159

print ("Pi is approximately {:.2f}".format(pi)) #
Output: "Pi is approximately 3.14"

# Using f-strings
print (£"Pi is approximately {pi:.2f}") # Output: "Pi is
approximately 3.14"

Regular expressions

Regular expressions are a powerful tool for working with text. They allow you to search for
patterns in a string and extract or manipulate substrings based on those patterns. In Python,
regular expressions are supported by the re module.

Here is an example of using regular expressions to search for email addresses in a string:
import re

text = "Please contact us at support@example.com for
assistance"

match = re.search(r'[\w\.-]+Q@[\w\.-]+', text)
if match:
print (match.group()) # Output: support@example.com

This regular expression matches any sequence of characters that includes one or more word
characters (\w), dots (.), or hyphens (-) followed by an at symbol (@) and then one or more word
characters, dots, or hyphens.

Unicode

Python strings are Unicode by default, which means that they can represent characters from any
language in the world. This makes Python a great choice for working with multilingual text.
However, it also means that you need to be careful when working with encodings, especially
when reading or writing files.

You can use the ord() function to get the Unicode code point of a character, and the chr()
function to get the character corresponding to a Unicode code point:

print(ord('A')) # Output: 65
print (chr (65)) # Output: 'A’
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String slicing

You can extract a substring from a string by using slicing. Slicing allows you to extract a part of
a string based on its position. The syntax for slicing a string is string[start:end:step], where start
is the index of the first character to include in the slice (inclusive), end is the index of the first
character to exclude from the slice (exclusive), and step is the size of the stride between

characters (default is 1).

s = "Hello, World!"
print(s[7:12]) # Output: "World"
print(s[:5]) # Output: "Hello"
print(s[7:]) # Output: "World!"
print(s[::2]) # Output: "Hlo ol!"

String methods

Python provides many built-in methods for working with strings. Here are some examples:

split():

Splits a string into a list of substrings based on a delimiter (default is whitespace).

s = "apple,banana,orange"
fruits = s.split(",")

print (fruits) # Output: ["apple", "banana",

join() :

Joins a list of strings into a single string using a specified separator.

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

s = ",".join(fruits)

print(s) # Output: "apple,banana,orange"

lower () , upper():
Converts a string to lowercase or uppercase.

s = "Hello, World!"
print(s.lower()) # Output: "hello,
print(s.upper()) # Output: "HELLO,
replace():

Replaces all occurrences of a substring with another substring.

world!"
WORID!"

"orange"]
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s "Hello, World!"

s = s.replace("World", "Universe")

print(s) # Output: "Hello, Universe!"
startswith (), endswith(): Returns True if a string
starts or ends with a specified substring.

s = "Hello, World!"
print(s.startswith("Hello")) # Output: True
print(s.endswith ("World!")) # Output: True

Mutable vs immutable strings

In Python, strings are immutable, which means that you cannot modify a string once it has been
created. However, you can create a new string based on an existing string by concatenating or
slicing.

s = "Hello"
s += ", World!" # creates a new string
print(s) # Output: "Hello, World!"

Formatting strings

Python provides several ways to format strings. The most common way is to use the format()
method. You can specify the values to insert into the string by using placeholders, which are
curly braces {}.

name = "Alice"

age = 30

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

print(s) # Output: "My name is Alice and I am 30 years
old."

You can also use numbered placeholders to specify the order of the values:

name = "Alice"
age = 30
s = "My name is {0} and I am {1} years old. {0} likes

{2}.".format (name, age, "Python")
print(s) # Output: "My name is Alice and I am 30 years
old. Alice likes Python."

You can also use named placeholders:
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name = "Alice"
age = 30
s = "My name is {name} and I am {age} years

old.".format (name=name, age=age)
print(s) # Output: "My name is Alice and I am 30 years
old."

In Python 3.6 and above, you can use f-strings, which are a more concise way to format strings:

name = "Alice"

age = 30

s = f"My name is {name} and I am {age} years old."
print(s) # Output: "My name is Alice and I am 30 years
old."

Regular expressions

Regular expressions are a powerful tool for working with strings. They allow you to search for
patterns within a string and extract information from it. Python provides the re module for
working with regular expressions.

Here is an example of using regular expressions to search for email addresses within a string:

import re

s = "My email is alice(@example.com."

pattern = r"\b[A-Za-z0-9. %+-]+Q@[A-Za-z0-9.-]1+\.[A-Z]|a-
z]{2,}\b"

emails = re.findall (pattern, s)

print (emails) # Output: ["alice@example.com"]
In this example, the regular expression pattern matches a valid email address.

Unicode strings

Python supports Unicode strings, which allow you to work with text in different languages and
scripts. Unicode strings are represented using the str data type, and you can specify Unicode
characters by using their Unicode code point.

s = "Hello, HHHAR"
print(s) # Output: "Hello, tHFR"

String slicing
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In Python, you can use slicing to extract parts of a string. Slicing is done by specifying the start
and end indices, separated by a colon :. The start index is inclusive and the end index is
exclusive.

s = "Hello, world!"
print(s[0:5]) # Output: "Hello"
print(s[7:]) # Output: "world!"
print(s[:5]) # Output: "Hello"
print(s[-6:]) # Output: "world!"

You can also specify a step size to skip characters:

s = "0123456789"
print(s[::2]) # Output: "02468"

String methods

Python provides many built-in methods for working with strings. Here are a few common ones:

len(s) returns the length of the string s.

s.upper() returns a copy of the string s with all characters in uppercase.

s.lower() returns a copy of the string s with all characters in lowercase.

s.strip() returns a copy of the string s with leading and trailing whitespace removed.
s.split(sep) returns a list of substrings of s that are separated by the string sep.

s =" Hello, world! "

print(len(s)) # Output: 17

print(s.upper()) # Output: " HELLO, WORLD! "
print(s.lower()) # Output: " hello, world! "

print(s.strip()) # Output: "Hello, world!"
print(s.split(",")) # Output: [" Hello", " world! "]

String concatenation
In Python, you can concatenate two or more strings using the + operator:

1l = "Hello"

s2 = "world"

s=sl+", " +s2+"I"

print(s) # Output: "Hello, world!'"

You can also use the join() method to concatenate a list of strings:

s =", ".join(["Hello", "world", "!"])
print(s) # Output: "Hello, world, !'"
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String formatting
String formatting is a powerful feature of Python that allows you to insert dynamic values into a
string. There are several ways to format strings in Python, but one common method is to use the
format() method.
Here's an example:

name = "Alice"

age = 30

print ("My name is {} and I'm {} years

old.".format (name, age))
Output:

My name is Alice and I'm 30 years old.

In the example above, {3} serves as a placeholder for the values of the name and age variables.
The format() method replaces these placeholders with the actual values of the variables.

You can also specify the order of the placeholders using indexes:
name = "Alice"
age = 30
print ("My name is {1} and I'm {0} years
old.".format (age, name))

Output:

My name is Alice and I'm 30 years old.

In this example, {1} represents the value of the name variable and {0} represents the value of the
age variable.

You can also use named placeholders:
person = {"name": "Alice", "age": 30}
print ("My name is {name} and I'm {age} years

old.".format (**person))

Output:
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My name is Alice and I'm 30 years old.
In this example, the person variable is a dictionary that contains the name and age keys. The
format() method uses the named placeholders {name} and {age} to retrieve the values of these
keys.
Regular expressions
Regular expressions are a powerful tool for working with text data in Python. A regular
expression is a pattern that describes a set of strings. You can use regular expressions to search
for patterns in text data, extract information from text data, and manipulate text data.
Python provides a module called re for working with regular expressions. Here's an example:

import re

text = "The quick brown fox jumps over the lazy dog."
pattern = r"\b\w{4}\b"

matches = re.findall (pattern, text)
print (matches)

Output:
['quick', 'brown', 'Jjumps', 'over',6 'lazy']

In this example, the regular expression pattern \b\w{4}\b matches any sequence of four word
characters (\w) that are surrounded by word boundaries (\b). The findall() method of the re
module returns a list of all non-overlapping matches of the pattern in the text.

Numbers

Working with Integers

Python has built-in support for working with integers, which are whole numbers with no decimal
point. You can create integers by simply typing the number into Python:

>>> x = 10

>>> vy 20

>>> z =x +y

>>> print(z)
30
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In this example, we create three variables: X, y, and z. x and y are assigned the values 10 and 20,
respectively. z is assigned the value of x plus y, which is 30. We then print the value of z using
the print function.

Working with Floats

Floats are numbers that have a decimal point. Python supports working with floats as well. You
can create a float by using a decimal point in the number:

>>> x 3.14159
>>> y 2.71828
>>> z = x * y
>>> print(z)
8.5397340312

In this example, we create two variables, x and y, which are assigned the values of pi and e,
respectively. We then create a third variable, z, which is assigned the value of x times y. The
result is a float value of approximately 8.54.

Working with Complex Numbers

Python also supports working with complex numbers, which are numbers that have both a real
and imaginary part. You can create a complex number in Python by using the j or J suffix to
indicate the imaginary part:

>>> x = 3 + 4
>>>y =2 - 15
>>> z = x * y
>>> print(z)
(10+53)

In this example, we create two complex numbers, x and y. We then create a third variable, z,
which is assigned the value of x times y. The result is a complex number with a real part of 10
and an imaginary part of 5.

Working with Math Functions

Python has a number of built-in math functions that can be used to perform common
mathematical operations. For example, you can use the abs function to get the absolute value of a

number:
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>>> x = -10
>>> y = abs (x)
>>> print(y)
10

In this example, we create a variable x and assign it the value of -10. We then use the abs
function to get the absolute value of x, which is 10. We assign the result to a variable y, and then
print the value of y.

Other math functions that are available in Python include round, min, max, pow, sqgrt, and log.

In Python, there are two main types of numbers: integers (whole numbers) and floats (numbers
with decimal points). You can perform various mathematical operations on these numbers using
Python's built-in operators.

For example, here are some basic arithmetic operations you can perform in Python:

# Addition

2 + 3

# Subtraction
5 -2

Multiplication
* 4

w F*

# Division
10 / 2

# Exponentiation
2 ** 3

# Modulo (returns the remainder after division)
7 3

o

You can also use parentheses to group operations and control the order in which they are
evaluated:

(2 + 3) * 4

This would evaluate the expression inside the parentheses first (2 + 3 = 5), and then multiply the
result by 4 (5 * 4 = 20).

In addition to these basic operations, Python has a number of built-in functions for working with
numbers. Here are a few examples:



% |Page

# Absolute wvalue
abs (-3)

# Maximum of two numbers
max (3, 5)

# Minimum of two numbers
min (3, 5)

# Round to the nearest integer
round (3.5)

# Convert a string to a number
int("42")
float("3.14")

You can also use various libraries in Python to perform more advanced mathematical operations.
For example, the math library provides functions for trigonometry, logarithms, and more:

import math

# Sine of an angle
math.sin(0.5)

# Natural logarithm
math.log(2.0)

# Square root
math.sqrt (9)

Finally, it's worth noting that Python has built-in support for complex numbers. To create a
complex number, you can use the complex() function:

# Create a complex number with real part 1 and
imaginary part 2
z = complex(1l, 2)

# Print the real and imaginary parts of the complex
number

print(z.real) # Output: 1.0

print(z.imag) # Output: 2.0
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I hope this gives you a good overview of working with numbers in Python! If you have any more
specific questions or would like additional information, feel free to ask.

One important concept to understand when working with numbers in Python is data type
conversion. Python provides a number of built-in functions for converting between different data
types. For example, you can use the int() function to convert a float or string to an integer:

x = 3.14
y - "42"
z = int(x) # z is now 3
w = int(y) # w is now 42

You can also use the float() function to convert an integer or string to a float:

x =3

y = "3.14"

z = float (x) # z is now 3.0
w = float(y) # w is now 3.14

Note that if you try to convert a string to a float or integer and it cannot be parsed as a number,
you will get a VValueError:

"hello"
int (x) # Raises ValueError

x
Y

In addition to basic arithmetic operations, Python provides several built-in functions for more
advanced mathematical operations. For example, the math module provides functions for
trigonometry, logarithms, and more:

import math

# Sine of an angle
math.sin(0.5)

# Natural logarithm
math.log(2.0)

# Square root
math.sqrt (9)

You can also use the random module to generate random numbers. The random() function
returns a random float between 0 and 1:
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import random

X = random.random() # Generates a random float
between 0 and 1

If you want to generate a random integer, you can use the randint() function:
import random

X = random.randint (1, 10) # Generates a random
integer between 1 and 10 (inclusive)

Finally, it's worth noting that Python has built-in support for complex numbers. To create a
complex number, you can use the complex() function:

# Create a complex number with real part 1 and
imaginary part 2

z = complex(l, 2)

# Print the real and imaginary parts of the complex
number
print(z.real) # Output:

1.0
print(z.imag) # Output: 2.0

| hope this additional information is helpful! If you have any more specific questions or would
like additional information, feel free to ask.

Lists

Lists are a type of data structure in Python that can store a collection of items, such as numbers,
strings, or other objects. Lists are ordered, mutable (meaning you can change their contents), and
can contain duplicate items.

To create a list in Python, you use square brackets and separate the items with commas:

my list = [1, 2, 3, 4, 5]

You can access individual items in a list using their index, which starts at 0 for the first item:

print (my list[O0]) # Output: 1
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print(my list[3]) # Output: 4
You can also use negative indexing to access items from the end of the list:

print(my list[-1]) # Output: 5
print(my list[-3]) # Output: 3

To change the value of an item in a list, you can assign a new value using its index:

my list[2] = 10
print (my_ list) # Output: [1, 2, 10, 4, 5]

To add new items to the end of a list, you can use the append() method:

my list.append(6)
print (my list) # Output: [1, 2, 10, 4, 5, 6]

To insert an item at a specific index in a list, you can use the insert() method:

my list.insert(2, 7)
print (my list) # Output: [1, 2, 7, 10, 4, 5, 6]
To remove an item from a list, you can use the remove() method:

my list.remove (4)
print (my list) # Output: [1, 2, 7, 10, 5, 6]

You can also use the pop() method to remove an item at a specific index and return its value:

removed item = my list.pop(2)
print (removed item) # Output: 7
print (my list) # Output: [1, 2, 10, 5, 6]

To check if an item is in a list, you can use the in keyword:

if 3 in my list:

print ("3 is in the list")
else:

print ("3 is not in the 1list")

Finally, you can use the len() function to get the number of items in a list:

print(len(my list)) # Output: 5
That's a brief overview of lists in Python! They're a powerful and flexible data structure that can
be used in many different ways in your programs.
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Tuples

Tuples are similar to lists in Python, but they have some important differences. Like lists, tuples
are used to store a collection of items. However, unlike lists, tuples are immutable. This means
that once a tuple is created, you cannot add, remove, or modify any of its elements.

To create a tuple in Python, you can use parentheses instead of square brackets:

my tuple = (1, 2, 3)

You can also create an empty tuple like this:
empty tuple = ()

You can access individual elements of a tuple using indexing, just like with lists:
my tuple = (1, 2, 3)
print (my_ tuple[0]) # Output: 1
print (my tuple[l]) # Output: 2
print (my tuple[2]) # Output: 3

You can also use slicing to access a range of elements in a tuple:

my tuple = (1, 2, 3, 4, 5)
print (my tuple[1l:4]) # Output: (2, 3, 4)

One important thing to note about tuples is that they are often used for multiple assignment. This
means that you can assign multiple values to multiple variables at the same time using a tuple:

my tuple = (1, 2, 3)
X, ¥, z = my tuple
print(x) # Output: 1
print(y) # Output: 2
print(z) # Output: 3

You can also use tuples as keys in a dictionary:

my dict = {('a', 'b'"): 1, ('c', 'd"): 2}
print(my dict[('a', 'b')]) # Output: 1

Finally, you can use the len() function to get the length of a tuple:
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my tuple = (1, 2, 3)
print(len(my_ tuple)) # Output: 3

That's a brief introduction to tuples in Python.

A tuple is a collection of ordered, immutable objects. In simpler terms, a tuple is a data structure
that holds multiple values in a single variable. Once you create a tuple, you cannot change its
values. However, you can create a new tuple with modified values.

Creating a Tuple

You can create a tuple by enclosing a sequence of values in parentheses. For example:

my tuple = (1, 2, 3)

You can also create a tuple using the built-in tuple() function:
my tuple = tuple([1l, 2, 3])
Accessing Elements in a Tuple

You can access individual elements in a tuple by using their index values, just like you would
with a list:

my tuple = (1, 2, 3)
print (my tuple[0]) # Output: 1

You can also use slicing to access a range of elements:

my tuple = (1, 2, 3, 4, 5)
print (my tuple[1l:4]) # Output: (2, 3, 4)

Tuples are Immutable

Once you create a tuple, you cannot change its values. Attempting to modify a tuple will result in
a TypeError. For example:

my tuple = (1, 2, 3)

my tuple[0] = 4 # Output: TypeError: 'tuple' object
does not support item assignment

Adding Elements to a Tuple

Since tuples are immutable, you cannot add or remove elements from an existing tuple.
However, you can create a new tuple with the desired elements:
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my tuple = (1, 2, 3)
new_tuple = my tuple + (4, 5, 6)
print (new_tuple) # Output: (1, 2, 3, 4, 5, 6)
Tuples are an ordered collection of values, similar to a list. However, tuples are immutable,
meaning that their values cannot be changed after creation. Tuples are often used to group related
data together, and they are commonly used as function return values.
You can create a tuple by enclosing values in parentheses, separated by commas. For example:
my tuple = (1, 2, 3)
You can also create a tuple without using parentheses, as long as there are commas separating
the values. For example:
my other tuple = 4, 5, 6
Tuples can contain values of any type, including other tuples:

my nested tuple = (1, "hello", (2, 3))

You can access individual values in a tuple using indexing, just like with a list. The first value in
a tuple has an index of 0:

print (my tuple[0]) # prints 1

You can also use negative indexing to access values from the end of the tuple:
print (my tuple[-1]) # prints 3

You can use slicing to get a portion of a tuple:
print (my tuple[1l:3]) # prints (2, 3)

Tuples can be used as keys in dictionaries, because they are immutable:
my dict = {(1, 2): "hello"}
print (my dict[(1, 2)]) # prints "hello"

You can create a tuple with a single value by adding a comma after the value:

my single tuple = (1,)
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This is useful when you want to distinguish a tuple from an expression in parentheses.
Tuples can be unpacked into variables:

X, ¥y, z = my tuple

print(x) # prints 1

print(y) # prints 2

print(z) # prints 3

This is a convenient way to assign values from a tuple to individual variables.

Dictionaries

Dictionaries are one of the fundamental data structures in Python. They allow you to store key-
value pairs in a way that is easy to access and modify. In this article, we will discuss the basics of
dictionaries in Python and provide some code examples.

Creating a dictionary in Python

To create a dictionary in Python, you can use the curly braces ({}) or the built-in dict() function.
Here's an example of how to create a dictionary using the curly braces:

my dict = {'keyl': 'valuel',6 ‘'key2': 'value2',K 'key3':
'value3'}

In this example, we've created a dictionary with three key-value pairs. The keys are 'keyl’, 'key2',
and 'key3', and the values are 'valuel', 'value2', and 'value3', respectively.

You can also create an empty dictionary and add key-value pairs to it later:

my dict = {}

my dict['keyl'] = 'valuel'
my dict['key2'] = 'value2'
my dict['key3'] = 'value3'

Accessing values in a dictionary

To access the value associated with a key in a dictionary, you can use square brackets and the
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key name. Here's an example:
my dict = {'keyl': 'valuel',6 ‘'key2': 'value2',K 'key3':
'value3'}

print (my dict['keyl']) # Output: 'valuel'

If you try to access a key that does not exist in the dictionary, you will get a KeyError. To avoid
this, you can use the get() method:

my dict = {'keyl': 'valuel',K ‘'key2': 'value2',K 'key3':

'value3'}

print (my dict.get('key4')) # Output: None
Dictionaries are a powerful data structure in Python that allow you to store and retrieve data
based on key-value pairs. They are a type of collection, similar to lists and tuples, but with some
key differences that make them ideal for certain types of problems.
In a dictionary, each item is a key-value pair, where the key is a unique identifier for the value.
The key is typically a string or number, but can also be a tuple or any other hashable object. The
value can be any object, including other collections like lists and dictionaries.

To create a dictionary in Python, you use curly braces {} and separate the key-value pairs with
colons. For example:

my dict = {'apple': 3, 'banana': 2, 'orange': 1}

This creates a dictionary with three key-value pairs. You can access the value for a specific key
by using square brackets [], like this:

print (my dict['apple']) # Output: 3

If you try to access a key that doesn't exist in the dictionary, you'll get a KeyError. You can avoid
this by using the get() method, which returns None if the key isn't found:

print (my dict.get('pear')) # Output: None
You can also specify a default value to return if the key isn't found:
print (my dict.get('pear', 0)) # Output: 0
To add a new key-value pair to a dictionary, you simply assign a value to a new key:

my dict['pear'] = 4
To remove a key-value pair, you can use the del keyword:

del my dict['apple']
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Dictionaries are often used to store settings or configuration data, as well as to represent complex
data structures. For example, you might use a dictionary to represent a person's contact
information:

person = {'name': 'John Doe', 'email':
' johndoe@example.com', 'phone': '555-1234"'}

You could also use a dictionary to represent a graph or network, where each key represents a
node and the value is a list of its neighbors:

graph = {
'A': ['B', 'C'],
|B|: [‘A‘I IDI],
|C|: [‘A‘I IDI],
'D': ['B', 'C', 'E'],
|E|: [!D!]
}

Dictionaries are a powerful tool in Python programming, and are used extensively in both the
standard library and third-party packages. By understanding how to use dictionaries, you can
write more efficient and expressive code, and solve a wider range of problems.

Here’s a longer code example using dictionaries:

# Create a dictionary to store information about a

person
person = {

'name': 'John Doe',

'age': 30,

'email': 'johndoe@example.com',

'phone': '555-1234"',
'address': {

'street': '123 Main St',
'city': 'Anytown',
'state': 'CA',
'zip': '12345'
},
'favorite foods': ['pizza', 'tacos', 'ice cream']

}

# Print out some information about the person
print (f"Name: {person['name']}")
print (£"Age: {person['age']}")
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print (f"Email: {person|['email']}")

print (f"Phone: {person['phone']}")

print (f"Address: {person|['address']['street']},
{person['address']['city']},

{person['address'] ['state']}
{person['address']['zip']}")

print (f"Favorite Foods: {',
'.Join(person['favorite foods'])}")

# Add a new favorite food to the person's list
person|['favorite foods'].append('sushi')

# Print out the updated list of favorite foods
print (f"Favorite Foods: {',
'.join(person|['favorite foods'])}")

In this example, we create a dictionary called person that stores information about a person,
including their name, age, contact information, address, and favorite foods. We then print out
some information about the person using string formatting and dictionary indexing.

We then add a new favorite food to the person's list using the append() method on the
‘favorite_foods' key. Finally, we print out the updated list of favorite foods.

This is just one example of how dictionaries can be used in Python programming. With their
flexibility and power, dictionaries are an essential tool for many types of programming tasks.

Here's another example of how dictionaries can be used in Python:

# Create a dictionary to store grades for a class

grades = {
'Alice': 85,
'Bob': 92,
'Charlie': 78,
'Dave': 91,
'"Emma’': 89

}

# Calculate the average grade for the class
total = 0
for grade in grades.values():

total += grade

average = total / len(grades)
print (f"Class average: {average}")
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# Print out the names of students who scored above the
average
print ("Students who scored above the class average:")
for name, grade in grades.items():
if grade > average:
print (name)

In this example, we create a dictionary called grades that stores the grades for a class. We then
calculate the average grade for the class by iterating over the values in the dictionary and
summing them up, then dividing by the number of grades.

We then print out the names of the students who scored above the class average by iterating over
the key-value pairs in the dictionary and checking if the grade is above the average.

This example shows how dictionaries can be used to store and manipulate data in a variety of
ways. By using the built-in methods and functions for dictionaries in Python, you can easily
perform complex operations on your data and extract meaningful insights.

Boolean values

Boolean values, sometimes called Boolean variables, are a fundamental concept in programming,
including in Python. A Boolean value is a data type that can take on one of two possible values:
True or False. These values represent binary logic, where True is equivalent to 1 and False is
equivalent to 0.

In Python, Boolean values are represented by the keywords True and False, which are case
sensitive. It is important to note that the keywords True and False must always be capitalized:;
otherwise, Python will interpret them as regular variable names, which can lead to errors in your
code.

Boolean values are often used to represent the outcome of a logical test or comparison. For
example, a Boolean expression such as 2 + 2 == 4 will evaluate to True, while the expression 2 +
2 == 5 will evaluate to False. Boolean values can also be used to control the flow of a program
by making decisions based on the outcome of logical tests. This is often done using conditional
statements such as if statements, which will execute different code depending on whether a
Boolean expression is True or False.

In Python, Boolean values are also used to represent the truth value of other data types. For
example, the Boolean value False can represent the number 0, an empty string ("), an empty list
(D, and so on. Any non-zero number, non-empty string, or non-empty list will evaluate to True.

In addition to the True and False keywords, Python also includes several other built-in constants
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that are equivalent to Boolean values. These include None, which represents the absence of a
value, and Notlmplemented, which represents the absence of an implementation for a particular
operation.

Here is an example of a program that calculates the average of a list of numbers entered by the
user:

# Define a function to calculate the average of a list
of numbers
def calculate_ average (numbers) :

# Check if the list is empty
if len(numbers) == 0:
return None
# Calculate the sum of the numbers
total =0
for number in numbers:
total += number

# Calculate the average
average = total / len (numbers)

# Return the average
return average

# Define a list to hold the numbers entered by the user
numbers = []

# Loop until the user enters 'done'
while True:

# Prompt the user for input

user input = input('Enter a number (or "done" to
finish): ')

# Check if the user is finished
if user input == 'done':
break

# Convert the user's input to a number
try:

number = float(user_input)
except ValueError:

print('Invalid input')

continue
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# Add the number to the list
numbers . append (number)

# Calculate the average of the numbers
average = calculate_average (numbers)

# Print the average
if average is None:
print ('No numbers entered')
else:
print ('The average is:', average)

This code defines a function calculate_average() that takes a list of numbers as an argument and
returns the average of those numbers. It then prompts the user to enter a series of numbers,
converts each input to a number using a try/except block, and adds the numbers to a list. Finally,
it calls the calculate_average() function to calculate the average of the numbers and prints the
result.

This program demonstrates several fundamental programming concepts in Python, including
functions, loops, conditional statements, input/output, and error handling.

The program begins by defining a function called calculate_average(). This function takes a list
of numbers as an argument and calculates the average of those numbers using a loop to add up
all the numbers and then dividing by the length of the list. If the list is empty, the function
returns None.

Next, the program defines an empty list called numbers to hold the user's input. It then enters a
loop that repeatedly prompts the user to enter a number or enter "done" to finish. Inside the loop,
the program checks whether the user entered "done". If so, the loop breaks and the program
moves on to calculate the average of the numbers.

If the user did not enter "done", the program attempts to convert the input to a float using a
try/except block. If the conversion is successful, the number is added to the numbers list. If the
conversion fails, the program prints an error message and continues to the next iteration of the
loop.

Once the user is finished entering numbers, the program calls the calculate_average() function to
calculate the average of the numbers entered. If the calculate_average() function returns None,
the program prints a message indicating that no numbers were entered. Otherwise, the program
prints the calculated average.

Here are some more examples of code snippets in Python:

Basic math operations
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a=2

b =3

c=a+b

d=a-b>b

e=a%*b

f=b/ a

g=>b % a

h =a ** Db

print(c) # Output: 5
print(d) # Output: -1
print (e) # Output: 6
print (£) # Output: 1.5
print(g) # Output: 1
print (h) # Output: 8

This code demonstrates basic arithmetic operations in Python, including addition, subtraction,
multiplication, division, modulus, and exponentiation.

For loop
fruits = ['apple', 'banana', 'cherry']

for fruit in fruits:
print(fruit)

# Output:
# apple

# banana
# cherry

This code demonstrates a for loop in Python. It iterates over a list of fruits and prints each fruit
on a new line.

If statement
x =5

if x < 10:

print('x is less than 10')
elif x > 10:

print('x is greater than 10')
else:

print('x is equal to 10')
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# Output: x is less than 10

This code demonstrates an if statement in Python. It checks whether the variable x is less than
10, greater than 10, or equal to 10, and prints the appropriate message.

Copy code
i=0

while i < §5:
print (i)
i+=1

Output:

3 3 I W H I
S» WMNhRO

This code demonstrates a while loop in Python. It prints the values of i from 0 to 4, incrementing
i by 1 on each iteration.

List comprehension

numbers = [1, 2, 3, 4, 5]
squares = [n**2 for n in numbers]
print (squares) # Output: [1, 4, 9, 16, 25]

This code demonstrates a list comprehension in Python. It creates a new list called squares that
contains the squares of each number in the numbers list using a compact syntax.

These examples demonstrate different programming concepts and techniques in Python.

Dictionary
person = {
'name': 'John',
'age': 30,
'gender': 'male'’
}

print (person|['name']) # Output: John
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print (person['age']) # Output: 30
print (person['gender']) # Output: male

This code demonstrates a dictionary in Python. It creates a dictionary called person with three
key-value pairs representing the person's name, age, and gender, and then prints the value
associated with each key.

Tuple
fruits = ('apple', 'banana', 'cherry')
print (fruits[0]) # Output: apple
print (fruits[1]) # Output: banana
print (fruits[2]) # Output: cherry

This code demonstrates a tuple in Python. It creates a tuple called fruits with three elements
representing different fruits, and then prints each element by its index.

Function with default parameter

def greet (name='World'):
print ('Hello, ' + name + '!'")

greet () # Output: Hello, World!
greet ('John') # Output: Hello, John!

This code demonstrates a function with a default parameter in Python. The greet() function takes
an optional name parameter, which defaults to 'World' if no value is provided. It then prints a
greeting message using the provided name, or the default value if no name is provided.

Importing a module

import math

print (math.pi) # Output: 3.141592653589793
print (math.sqrt(16)) # Output: 4.0

This code demonstrates how to import a module in Python. It imports the math module and then
uses some of its functions, including accessing the value of pi and computing the square root of
16 using the sqrt() function.

File 1/0

with open('file.txt', 'w') as file:
file.write('Hello, world!'!')
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with open('file.txt', 'r') as file:
data = file.read()

print (data) # Output: Hello, world!

This code demonstrates how to read and write to a file in Python. It opens a file called ‘file.txt' in
write mode using a with statement, writes the string 'Hello, world!" to the file, and then closes the
file. It then opens the same file in read mode, reads the contents of the file into a variable called
data, and prints the contents of the file.

These examples demonstrate different aspects of programming in Python, including data
structures, functions, modules, and file 1/O.

Conditional statements

Conditional statements are an essential part of programming in Python. They allow you to
control the flow of your program based on certain conditions or criteria. In Python, you can use
two types of conditional statements: the if statement and the switch statement (which is not
available in Python).

The if statement is the most commonly used conditional statement in Python. It allows you to
execute a certain block of code if a certain condition is true. The general syntax of an if
statement is as follows:

if condition:
# code to be executed if the condition is true

In the above syntax, condition is an expression that evaluates to a Boolean value (either True or
False). If the condition is True, the code block indented below the if statement is executed.
Otherwise, the code block is skipped and the program moves on to the next statement.

For example, let's say we want to print "Hello, world!" if a variable x is greater than 5. We can
do this with the following if statement:

X =6

if x > 5:
print ("Hello, world!")

In this example, the condition x > 5 evaluates to True, so the code block below the if statement is
executed and "Hello, world!" is printed to the console.
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In addition to the basic if statement, Python also provides several other types of conditional
statements. The most commonly used ones are the if-else statement and the if-elif-else statement.

The if-else statement allows you to execute one block of code if a condition is true, and a
different block of code if the condition is false. The general syntax is as follows:

if condition:

# code to be executed if the condition is true
else:

# code to be executed if the condition is false

For example, let's say we want to print "Hello, world!" if a variable x is greater than 5, and
"Goodbye, world!" otherwise. We can do this with the following if-else statement:

x =4

if x > 5:

print ("Hello, world!")
else:

print ("Goodbye, world!")

In this example, the condition x > 5 evaluates to False, so the code block below the else
statement is executed and "Goodbye, world!" is printed to the console.

The if-elif-else statement allows you to test multiple conditions and execute different code
blocks depending on which condition is true. The general syntax is as follows:

if conditionl:

# code to be executed if conditionl is true
elif condition2:

# code to be executed if condition2 is true
elif condition3:

# code to be executed if condition3 is true
else:

# code to be executed if none of the above
conditions are true

For example, let's say we want to assign a letter grade to a student based on their score on an
exam.

In programming, conditional statements are used to control the flow of execution based on the
outcome of a logical test. In Python, conditional statements are written using the keywords if, elif
(short for "else if"), and else. These keywords are used to define one or more conditional blocks
of code, which are executed depending on whether certain conditions are met.
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The basic structure of a conditional statement in Python looks like this:

if condition:

# code to execute if condition is True
elif condition2:

# code to execute if condition2 is True
else:

# code to execute if neither condition nor
condition2 is True

Here, condition and condition2 are logical tests that evaluate to either True or False. If condition
is True, the code block immediately following the if statement is executed. If condition is False,
the program skips that block of code and moves on to the next elif statement. If condition2 is
True, the code block following the elif statement is executed. If neither condition nor condition2
is True, the code block following the else statement is executed.

In Python, the logical tests used in conditional statements can be formed using a variety of

operators, including comparison operators (<, >, <=, >=, ==, 1=), logical operators (and, or, not),
and membership operators (in, not in).

Loops

Loops are an essential concept in programming, and they allow us to repeat a set of instructions
multiple times. There are two types of loops in Python: for loops and while loops.

For Loops

A for loop is used to iterate over a sequence of values, such as a list or a string. The basic syntax
of a for loop in Python is as follows:

for variable in sequence:
# code to execute

Here, variable is a temporary variable that takes on each value in sequence in turn, and the
indented code block is executed for each value.
For example, let's say we want to print the numbers from 1 to 5. We can do this using a for loop

as follows:

for i in range(l, 6):
print (i)
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Here, range(1, 6) generates the sequence of numbers from 1 to 5 (inclusive), and the print()
function is called once for each value in the sequence.
While Loops

A while loop is used to repeatedly execute a set of instructions as long as a certain condition is
true. The basic syntax of a while loop in Python is as follows:

while condition:
# code to execute

Here, condition is an expression that is evaluated at the beginning of each iteration of the loop. If
the condition is true, the indented code block is executed; otherwise, the loop exits.

For example, let's say we want to print the numbers from 1 to 5 using a while loop. We can do
this as follows:

i=1

while i1 <= 5:
print (i)
i+=1

Here, i is initially set to 1, and the while loop is executed as long as i is less than or equal to 5.
Inside the loop, we print the value of i, and then increment i by 1 using the += operator.

Nested Loops

It is also possible to nest loops inside one another. This is useful when you need to perform a
repetitive operation on each item in a sequence, and then repeat that operation for each item in
another sequence.

For example, let's say we have two lists of numbers, a and b, and we want to print the product of
each pair of numbers from the two lists. We can do this using nested for loops as follows:

a [1, 2, 3]
b= 1[4, 5, 6]

for i in a:
for j in b:
print(i * j)
Here, the outer loop iterates over each item in a, and the inner loop iterates over each item in b.

In programming, loops are used to execute a set of instructions repeatedly. There are two types
of loops in Python: for loops and while loops.
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For Loops:

A for loop is used to iterate over a sequence (such as a list, tuple, or string) and execute a block
of code for each item in the sequence. The basic syntax of a for loop is:

for variable in sequence:
# code to be executed for each item in the sequence

Here, variable is a variable that takes on the value of each item in the sequence in turn, and the
code in the indented block is executed once for each value of variable.

For example, the following code uses a for loop to print the numbers 1 to 5:

for i in range(l, 6):
print (i)

This code creates a sequence of numbers from 1 to 5 using the range() function, and then uses a
for loop to iterate over the sequence and print each number.

While Loops:

A while loop is used to repeatedly execute a block of code as long as a condition is true. The
basic syntax of a while loop is:

while condition:
# code to be executed while condition is true

Here, condition is an expression that is evaluated at the start of each iteration of the loop. If the
condition is true, the code in the indented block is executed; if the condition is false, the loop is
exited.

For example, the following code uses a while loop to print the numbers 1 to 5:

i=1

while i <= 5:
print (i)
i+=1

This code initializes a variable i to 1, and then uses a while loop to repeatedly print the value of i
and increment it by 1 until i is greater than 5.

Loop Control Statements:
In addition to the basic syntax of loops, Python also provides loop control statements that allow
you to modify the behavior of loops.
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Functions

Functions are a key concept in programming that allow you to group a set of instructions
together and execute them multiple times with different inputs. Functions are defined using the
"def" keyword, followed by the function name, and any arguments that the function takes. The
function body is indented below the function definition, and consists of a set of instructions that
are executed when the function is called.

The book covers several types of functions, including built-in functions, user-defined functions,
and lambda functions. Built-in functions are functions that are provided by Python, such as
"print()" and "len()". User-defined functions are functions that you create yourself, and can be
used to perform specific tasks in your program. Lambda functions are a type of function that
allows you to define a small function in a single line of code, without the need for a formal
function definition.

The book also covers the use of function arguments and return values. Arguments are inputs to a
function that allow you to pass data to the function when it is called. There are two types of
arguments: positional arguments and keyword arguments. Positional arguments are arguments
that are passed to a function based on their position, while keyword arguments are arguments
that are passed to a function based on their name. Return values are values that a function can
return when it is called, allowing you to retrieve data or perform additional operations on the
data that the function has processed.

In addition to basic function concepts, the book also covers advanced topics such as function
recursion, function decorators, and closures. Function recursion is a technique where a function
calls itself, allowing you to solve problems that involve repetitive calculations or algorithms.
Function decorators are a way to modify the behavior of a function, allowing you to add
functionality such as logging or timing to a function without modifying its code directly.
Closures are a way to define functions within other functions, allowing you to create more
complex and powerful functions.

Functions are an essential part of programming, and this book devotes an entire chapter to them.
Functions are blocks of code that perform specific tasks, and they can be reused

multiple times throughout a program. They help to simplify code by breaking it down into
smaller, more manageable pieces. Here are some of the key concepts related to functions covered
in the book:

Defining a Function: To define a function in Python, you use the def keyword followed by the
name of the function and parentheses containing any arguments. For example:
def greet(name) :
print ("Hello, " + name + "!")

This defines a function called greet that takes one argument (name) and prints a greeting.
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Calling a Function: To call a function, you simply write its name followed by any arguments in
parentheses. For example:

greet ("Alice")

This calls the greet function with the argument
"Alice", causing it to print the greeting "Hello,
Alice!".

Return Values: A function can also return a value using the return keyword. For example:

def square (x):
return x ** 2

This defines a function called square that takes one argument (x) and returns its square. You can
call this function and store the result in a variable like this:

result = square (5)
This sets result to the value 25.

Scope: Variables defined within a function are local to that function and cannot be accessed
outside of it. This is called the function's scope. For example:

def add(a, b):
result = a + b
return result

print(add(2, 3)) # prints 5

print (result) # NameError: name 'result' is not
defined

In this example, the result variable is defined within the add function and cannot be accessed
outside of it.

Default Arguments: You can provide default values for function arguments by assigning them in
the function definition. For example:

def greet(name="world"):

print ("Hello, " + name + "!")
greet () # prints "Hello, world!"
greet ("Alice") # prints "Hello, Alice!"

In this example, the greet function takes one argument (name) with a default value of "world". If
no argument is provided, it uses the default value.
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Keyword Arguments: You can also call a function with keyword arguments, which specify the
argument name followed by its value. For example:

def describe pet(name, animal type):
print ("I have a " + animal type + " named " + name
+ w . w )

describe pet (name="Max", animal type="dog")

This calls the describe pet function with the arguments "Max" and "dog", using keyword
arguments to specify which value goes with each parameter.

Defining and Calling a Function:

# Define a function that takes one argument and prints
a greeting
def greet(name) :

print ("Hello, " + name + "!")

# Call the function with an argument
greet("Alice")

This code defines a function called greet that takes one argument (name) and prints a greeting. It
then calls the function with the argument "Alice", causing it to print the greeting "Hello, Alice!".

Returning a Value from a Function:

# Define a function that takes one argument and returns
its square
def square (x):

return x ** 2

# Call the function and store the result in a variable
result = square (5)

# Print the result
print(result)

This code defines a function called square that takes one argument (x) and returns its square. It
then calls the function with the argument 5, causing it to return the value 25. Finally, it stores the
result in a variable called result and prints it.

Using Default Arguments:
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# Define a function that takes one optional argument
with a default value
def greet (name="world") :

print ("Hello, " + name + "!")

# Call the function with no argument
greet ()

# Call the function with an argument
greet ("Alice")

This code defines a function called greet that takes one optional argument (name) with a default
value of "world". It then calls the function twice, once with no argument (causing it to use the
default value) and once with the argument "Alice". This causes it to print two different greetings:
"Hello, world!" and "Hello, Alice!".

Using Keyword Arguments:

# Define a function that takes two arguments and prints
a description

def describe pet(name, animal type) :
print ("I have a " + animal type + " named " + name
+ w . w )

# Call the function with keyword arguments
describe pet (name="Max", animal type="dog")

This code defines a function called describe pet that takes two arguments (name and
animal_type) and prints a description. It then calls the function with keyword arguments,
specifying the argument name followed by its value. This causes it to print the description "I
have a dog named Max.".

Using Arbitrary Arguments:

# Define a function that takes any number of arguments
and prints them
def print args(*args):
for arg in args:
print (arqg)

# Call the function with multiple arguments
print args("Hello", "world", "!")
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This code defines a function called print_args that takes any number of arguments using the
*args syntax and prints them using a loop. It then calls the function with multiple arguments,
causing it to print each argument on a separate line.

Using a Function in a Loop:

# Define a function that takes one argument and returns
its square
def square (x):

return x ** 2

# Use the function in a loop
for i in range(l, 6):
print (square(i))

This code defines a function called square that takes one argument (x) and returns its square. It
then uses the function in a loop, calling it with each value from 1 to 5 and printing the result.

Using a Function in a Condition:

# Define a function that takes one argument and returns
True if it's even, False otherwise
def is_even(x):
if x % 2 ==
return True
else:
return False

# Use the function in a condition
if is _even(4):

print ("4 is even")
else:

print ("4 is odd")

This code defines a function called is_even that takes one argument (x) and returns True if it's

even and False otherwise. It then uses the function in a condition, calling it with the value 4 and
printing the appropriate message based on the result.

Using a Function as a Parameter:

# Define a function that takes one argument and returns
its square
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def square (x):
return x ** 2

# Define a function that takes two arguments and
applies a function to them
def apply function(func, x, y):

return func(x) + func(y)

# Use the apply function function with the square
function as a parameter
result = apply function(square, 3, 4)

# Print the result
print (result)

This code defines two functions: square, which takes one argument and returns its square, and
apply_function, which takes three arguments (func, X, and y) and applies func to x and v,
returning the sum of the results. It then uses apply_function with square as the func parameter,
causing it to apply the square function to 3 and 4 and return the sum of the squares (9 + 16 = 25).
Finally, it stores the result in a variable called result and prints it.

Recursion:

# Define a function that calculates the factorial of a
number using recursion
def factorial(n):
if n ==
return 1
else:
return n * factorial (n-1)

# Calculate the factorial of 5 using the factorial
function
result = factorial (5)

# Print the result
print(result)

This code defines a function called factorial that takes one argument (n) and returns the factorial
of n using recursion. It then calls the factorial function with the argument 5, causing it to
recursively calculate 5 * 4 * 3 * 2 * 1 and return the result (120). Finally, it stores the result in a
variable called result and prints it.

Lambda Functions:



124|Page

# Define a lambda function that takes one argument and
returns its square
square = lambda x: x ** 2

# Use the lambda function to calculate the squares of a
list of numbers

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

squares = list (map (square, numbers))

# Print the squares
print (squares)

This code defines a lambda function using the lambda keyword, which takes one argument (x)
and returns its square. It then uses the lambda function with the map function to calculate the
squares of a list of numbers (1 to 5) and store the result in a new list called squares. Finally, it
prints the squares using the print function.

Decorators:

# Define a decorator that adds "Hello, " to the output
of a function
def hello decorator (func):
def wrapper():
return "Hello, " + func()
return wrapper

# Define a function to be decorated
def my func():
return "world!"

# Use the decorator to modify the behavior of the
function
my func = hello_decorator (my func)

# Call the decorated function and print the result
print (my func())

This code defines a decorator called hello_decorator that takes one argument (func) and returns a
new function called wrapper, which adds "Hello, " to the output of func. It then defines a
function called my_func that will be decorated. It uses the decorator to modify the behavior of
my_func, causing it to return "Hello, world!" instead of just "world!" when called. Finally, it
calls the decorated function using print and prints the result.

Generator Functions:
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# Define a generator function that yields the squares
of a range of numbers
def square generator(start, stop):
for i in range(start, stop):
yield i ** 2

# Use the generator function to create a list of
squares
squares = list(square generator(l, 6))

# Print the squares
print (squares)
This code defines a generator function called
square generator that takes two arguments (start and
stop) and yields the squares of a range of numbers
(start to stop-1) using a loop. It then uses the
generator function with the list function to create a
list of squares for the range 1 to 5. Finally, it
prints the squares using the print function.
Using the return Statement:
python
Copy code
# Define a function that takes two arguments and
returns their sum
def add numbers(x, y):

return x + y

# Call the function and store the result in a wvariable
result = add numbers (3, 4)

# Print the result
print(result)

This code defines a function called add_numbers that takes two arguments (x and y) and returns

their sum using the return statement. It then calls the function with the arguments 3 and 4,
causing it to return 7. Finally, it stores the result in a variable called result and prints it.

Closures:

# Define a function that returns a closure
def make adder (x):
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def adder(y):
return x + y
return adder

# Use the closure to create a function that adds 3 to
its input
add three = make adder(3)

# Call the function and print the result
result = add three (4)
print (result)

This code defines a function called make_adder that takes one argument (x) and returns a closure
called adder, which takes one argument (y) and returns the sum of x and y. It then uses the
closure to create a new function called add_three that adds 3 to its input, and calls it with the
argument 4, causing it to return 7. Finally, it stores the result in a variable called result and prints
it.

Function Annotations:

# Define a function with annotations
def greet(name: str) -> str:
return "Hello, " + name + "!"

# Call the function and print the result
result = greet("Alice")
print(result)

This code defines a function called greet with two annotations: name is a string and the function
returns a string. It then calls the function with the argument "Alice", causing it to return "Hello,
Alice!". Finally, it stores the result in a variable called result and prints it.

Default Parameter Values:

# Define a function with a default parameter value
def greet (name="world") :
return "Hello, " + name + "!"

# Call the function with and without an argument
resultl = greet()
result2 = greet("Alice")

# Print the results
print (resultl)
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print (result2)

This code defines a function called greet with a default parameter value of "world". It then calls
the function twice: once without an argument, causing it to use the default value and return
"Hello, world!", and once with the argument "Alice", causing it to return ""Hello, Alice!"

Modules

Introduction to Python

The first module covers the basics of Python programming, including the syntax, data types,
variables, and operators. It also introduces the concept of control structures such as if-else
statements and loops.

Functions and Modules

The second module explains how to create functions in Python, which are reusable blocks of
code that perform a specific task. It also covers modules, which are collections of functions and
variables that can be imported and used in other programs.

Data Structures
The third module covers the fundamental data structures in Python, including lists, tuples, sets,
and dictionaries. It also explains how to use these data structures to store, retrieve, and
manipulate data.

Files and Exceptions
The fourth module covers how to read and write files in Python. It also explains how to handle
errors and exceptions that may occur while running a program.

Object-Oriented Programming
The fifth module introduces the concept of object-oriented programming (OOP) in Python. It
covers classes, objects, methods, and inheritance, which are fundamental concepts in OOP.

GUI Programming
The sixth module covers how to create graphical user interfaces (GUIs) using the Tkinter
module. It explains how to create windows, buttons, labels, and other GUI elements.

Web Programming

The seventh module introduces web programming using the Flask module. It covers how to
create web applications that can be accessed through a web browser.

Debugging and Testing

The eighth module covers how to debug and test Python programs. It explains how to use the
Python debugger, print statements, and logging to find and fix errors in a program.

Regular Expressions
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The ninth module covers regular expressions, which are patterns used to match and manipulate
text in Python. It explains how to use regular expressions to search, replace, and extract text from

strings.

Database Programming
The tenth module covers how to interact with databases using Python. It explains how to connect
to a database, execute SQL queries, and retrieve data from tables.

Network Programming
The eleventh module covers how to create network applications using Python. It explains how to
create client-server applications and how to communicate with other computers over a network.

Here’s some more information on each of the modules:

1.

10.

Introduction to Python: This module provides an introduction to Python programming,
covering basic concepts such as variables, data types, control structures, loops, and
functions. It also introduces the Python interpreter and IDLE, the development
environment used throughout the book.

Functions and Modules: This module covers how to create functions in Python and how
to use them to perform repetitive tasks. It also covers how to create and use modules,
which are reusable collections of functions, variables, and other code.

Data Structures: This module covers the essential data structures in Python, including
lists, tuples, sets, and dictionaries. It also explains how to use these data structures to
store and manipulate data effectively.

Files and Exceptions: This module covers how to work with files in Python, including
reading and writing data to files. It also covers how to handle exceptions and errors that
may occur when working with files.

Object-Oriented Programming: This module covers the principles of object-oriented
programming (OOP) in Python. It explains how to create classes, objects, methods, and
inheritance in Python, which are essential concepts in OOP.

GUI Programming: This module covers how to create graphical user interfaces (GUIS)
using the Tkinter module. It explains how to create windows, buttons, labels, and other
GUI elements.

Web Programming: This module covers how to create web applications using Python and
the Flask web framework. It explains how to create web pages, handle user input, and
interact with databases.

Debugging and Testing: This module covers how to debug and test Python programs
effectively. It explains how to use debugging tools such as the Python debugger and
logging to find and fix errors in code. It also covers how to write and run tests to ensure
that programs work as intended.

Regular Expressions: This module covers regular expressions, which are patterns used to
match and manipulate text in Python. It explains how to use regular expressions to
search, replace, and extract text from strings.

Database Programming: This module covers how to interact with databases using Python
and the SQL.ite database management system. It explains how to connect to a database,
execute SQL queries, and retrieve data from tables.
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11. Network Programming: This module covers how to create network applications using
Python. It explains how to create client-server applications and how to communicate with
other computers over a network using sockets and other network protocols.

Introduction to Python:

# This code snippet shows how to print a message to the
console
print ("Hello, world!")

# This code snippet shows how to use variables in
Python

name = "Alice"

age = 30

print ("My name is", name, "and I am", age, '"years
old.")

# This code snippet shows how to use a for loop in
Python
for i in range(1l, 11):

print (i)

Functions and Modules:
# This code snippet shows how to define and use a
function in Python
def square (x):
return x * x
print (square(5))
# This code snippet shows how to import and use a
module in Python

import math

print (math.pi)
print (math.sqrt(25))

Data Structures:

# This code snippet shows how to create and use a list
in Python
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fruits = ["apple", "banana", '"cherry"]
print (fruits[0])
print (fruits[1])
print (fruits[2])

# This code snippet shows how to create and use a
dictionary in Python

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

print (person["name"])
print (person["age"])
print (person["city"])

Files and Exceptions:

# This code snippet shows how to read data from a file

in Python

file = open("data.txt", "r")
data = file.read()

print (data)

file.close()

# This code snippet shows how to handle exceptions in
Python
try:
num = int("abc")
except ValueError:
print("Invalid input")

Object-Oriented Programming:

# This code snippet shows how to define a class in
Python
class Person:
def  init_ (self, name, age):
self.name = name
self.age = age

def introduce (self):
print ("My name is", self.name, "and I am",
self.age, "years old.")
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# This

code snippet shows how to create an object of a

class in Python

person
person

= Person("Alice", 30)

.introduce ()

GUI Programming:

# This

code snippet shows how to create a window using

Tkinter in Python

import

window
window
window
window

tkinter as tk

= tk.Tk()
.title("My Window")
.geometry ("400x300")
.mainloop ()

Web Programming:

# This

code snippet shows how to create a simple Flask

web application in Python
from flask import Flask, render template

app = Flask(__name )

@app.route("/")
def index():
return "Hello, world!'"

@app.route ("/about")
def about():
return render_ template ("about.html")

if __hame == "__main__":
app.run()

Debugging and Testing:

# This code snippet shows how to use the Python
debugger in Python
def divide(a, b):

result = a / b

return result

numl =

10
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num2 = 0

try:
result = divide (numl, num2)
except ZeroDivisionError:
import pdb; pdb.set trace()

Regular Expressions:

# This code snippet shows how to use regular
expressions in Python
import re

text = "The quick brown fox jumps over the lazy dog."
pattern = "fox"
matches = re.findall (pattern, text)

print (matches)
More example:-

# This code snippet shows how to create a database and
perform CRUD operations using SQLite in Python
import sqglite3

# Create a connection to the database
conn = sqglite3.connect ("mydatabase.db")

# Create a table in the database
conn.execute ("CREATE TABLE IF NOT EXISTS students (id
INTEGER PRIMARY KEY, name TEXT, age INTEGER)")

# Insert data into the table
conn.execute ("INSERT INTO students (name, age) VALUES
(?, ?2)", ("Alice", 20))
conn.execute ("INSERT INTO students (name, age) VALUES
(?, ?)", ("Bob", 25))
conn.execute ("INSERT INTO students (name, age) VALUES
(?, ?)", ("Charlie", 30))
conn.commit ()
# Retrieve data from the table
cursor = conn.execute ("SELECT * FROM students")
for row in cursor:
print (row)
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# Update data in the table

conn.execute ("UPDATE students SET age = ? WHERE name =
?", (22, "Alice"))

conn.commit ()

# Delete data from the table
conn.execute ("DELETE FROM students WHERE name = ?",
("Bob" , ) )

conn.commit ()

# Close the connection to the database
conn.close()

Note: This code snippet assumes that you have the SQLite library installed on your system.

Networking:

# This code snippet shows how to create a simple TCP
client in Python
import socket

host "localhost"
port = 9999

client = socket.socket(socket.AF INET,
socket.SOCK_STREAM)
client.connect((host, port))

while True:
message = input("Enter a message: ")

client.send (message.encode())

data = client.recv(1024) .decode ()

print ("Received from server:", data)
if message.lower () == "exit":
break

client.close()

This code creates a TCP client that connects to a server running on the same machine at port
9999. The client sends a message to the server, waits for a response, and prints the response to
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the console. The client will exit if the user types "exit". Note that you will need to create a TCP
server separately to test this code.

Here’s an example of a web scraping script using Python's Beautiful Soup library:

# This code snippet shows how to scrape data from a
webpage using Python's Beautiful Soup library
import requests

from bs4 import BeautifulSoup

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

response = requests.get(url)

soup = BeautifulSoup (response.text, "html.parser")
links = []

for link in soup.find all("a"):
href = link.get ("href")

if href.startswith("http"):
links.append (href)

print (links)

This code retrieves the HTML content of a webpage at the specified URL using the requests
library, then uses Beautiful Soup to parse the HTML and extract all links on the page. The links
are filtered to include only those that begin with "http", and are then printed to the console. Note
that web scraping may be subject to legal and ethical considerations, and should be done with
caution and respect for the website's terms of use.

Here’s an example of a script that uses the Python OpenCV library to capture and process video
from a webcam:

# This code snippet shows how to use OpenCV to capture
and process video from a webcam
import cv2

# Initialize the camera
cap = cv2.VideoCapture (0)

while True:
# Read a frame from the camera
ret, frame = cap.read()
# Convert the frame to grayscale
gray = cv2.cvtColor (frame, cv2.COLOR_ BGR2GRAY)
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# Display the grayscale image
cv2.imshow ("Grayscale", gray)

# Exit the loop if the user presses the "q" key
if cv2.waitKey(l) & OxFF == ord("q"):
break

# Release the camera and close the window
cap.release()
cv2.destroyAllWindows ()

This code initializes the default camera (index 0) using OpenCV's VideoCapture class, and
enters a loop that reads each frame from the camera, converts it to grayscale using the cvtColor
method, and displays the resulting image using the imshow method. The loop exits when the user
presses the "q" key, and the camera is released and the window is closed. Note that the quality of
the video capture may vary depending on the capabilities of the camera and the processing power
of the computer.

Here's an example of a script that uses the Python Matplotlib library to create a scatter plot:

# This code snippet shows how to create a scatter plot
using Python's Matplotlib library

import matplotlib.pyplot as plt

import numpy as np

# Generate some random data
x = np.random.rand (100)
y = np.random.rand(100)

# Create the scatter plot
plt.scatter(x, y)

# Add labels and title
plt.xlabel ("X")
plt.ylabel ("Y")
plt.title("Scatter Plot")

# Show the plot
plt.show ()

This code uses the numpy library to generate 100 random values for the x and y coordinates of a
scatter plot. It then uses the scatter method of the Matplotlib pyplot module to create the plot,
and adds labels and a title using the xlabel, ylabel, and title methods.
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Here's an example of a script that uses the Python Pandas library to read data from a CSV file
and perform some data analysis:

# This code snippet shows how to read data from a CSV
file and perform some data analysis using Python's
Pandas library

import pandas as pd

# Read the CSV file into a DataFrame
df = pd.read csv("data.csv")

# Display the first few rows of the DataFrame
print (df.head())

# Calculate some summary statistics

print ("Mean: ", df["Value"] .mean())

print ("Standard deviation: ", df["Value"].std())
print ("Minimum: ", df["Value"] .min())

print ("Maximum: ", df["Value"] .max())

# Group the data by category and calculate the mean for
each group

grouped = df.groupby ("Category")

print (grouped["Value"] .mean())

This code reads data from a CSV file named "data.csv" using Pandas' read_csv method, and
stores the data in a Pandas DataFrame. It then prints the first few rows of the DataFrame using
the head method, and calculates some summary statistics for the "Value™ column using the mean,
std, min, and max methods. Finally, it groups the data by the "Category" column using the
groupby method, and calculates the mean value for each group using the mean method. Note that
Pandas provides many other features for data analysis, including data filtering, merging, and
transformation, as well as support for reading and writing data in various formats.

Error handling

Error handling is a crucial part of any programming language, including Python. It is the process
of catching, reporting, and handling errors that occur during program execution. By handling
errors appropriately, you can prevent your program from crashing or displaying confusing error
messages to users.

Syntax errors are the most common type of error in programming. They occur when the syntax
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of a program does not follow the rules of the language. Syntax errors are usually easy to fix
because they are flagged by the Python interpreter when the program is run. The book explains
how to recognize syntax errors and provides tips on how to avoid them.

Runtime errors, on the other hand, occur when a program is running, and something unexpected
happens. This could be a user entering invalid data, a file not being found, or a network
connection failing. The book explains how to handle runtime errors using the try-except
statement. The try-except statement is used to catch errors and handle them gracefully. The book
provides examples of using the try-except statement to catch runtime errors.

Logic errors are the hardest type of error to find because they occur when the program runs
correctly, but the result is not what was intended. Logic errors can be challenging to debug
because they require the programmer to understand the problem and trace the code's execution.
The book provides tips on how to avoid logic errors and how to use debugging tools to find and
fix them.

The book also covers other aspects of error handling in Python, such as raising exceptions,
handling multiple exceptions, and creating custom exceptions. The book explains how to raise
exceptions to signal errors in your code and how to catch multiple exceptions using the try-
except statement. The book also shows how to create custom exceptions for specific error
conditions. Error handling is an essential aspect of programming, and it is crucial to have a good
understanding of it when learning Python.

Syntax errors are the most common type of error that beginners encounter. These errors occur
when the program's syntax violates the rules of the Python language. Syntax errors are usually
detected by the Python interpreter when the code is executed. The book explains how to identify
syntax errors and provides tips on how to avoid them.

Runtime errors, also known as exceptions, occur during program execution. These errors can be
caused by a wide range of issues, including user input, file 1/0, network connections, and other
external factors. The book explains how to handle runtime errors using the try-except statement.
This statement allows the programmer to catch and handle exceptions gracefully, preventing the
program from crashing and displaying confusing error messages to the user.

Logic errors are the hardest type of error to detect and fix. These errors occur when the program
runs successfully, but the result is not what was intended. The book provides tips on how to
avoid logic errors, such as using descriptive variable names and breaking down complex code
into smaller functions. The book also explains how to use debugging tools, such as print
statements and breakpoints, to find and fix logic errors.

The book also covers more advanced topics, such as raising exceptions, handling multiple
exceptions, and creating custom exceptions. Raising exceptions is a way to signal errors in the
program'’s logic explicitly. The book explains how to raise exceptions using the raise statement
and how to catch and handle them using the try-except statement. The book also covers how to
handle multiple exceptions and how to create custom exceptions for specific error conditions.

The book's practical examples and tips make it an excellent resource for beginners and
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experienced programmers alike. In Python, error handling is done through the use of exception
handling. An exception is an event that occurs during program execution that disrupts the normal
flow of the program. When an exception occurs, Python raises an exception object, which
contains information about the error, such as the type of error and where it occurred in the
program.

To handle exceptions in Python, you use the try-except statement. The try block contains the
code that may raise an exception, while the except block contains the code that is executed when
an exception is raised. Here is an example of using the try-except statement to handle a runtime
error:

try:
num = int(input("Enter a number: "))
result = 10 / num
print ("Result:", result)
except ZeroDivisionError:
print ("Cannot divide by zero.")

In this example, the program asks the user to enter a number. If the user enters 0, a
ZeroDivisionError will be raised when the program tries to divide 10 by 0. To handle this error,
the program uses a try-except statement. The try block contains the code that may raise the
exception, while the except block contains the code that is executed when the exception is raised.
In this case, the except block prints an error message indicating that the program cannot divide
by zero.

In addition to handling runtime errors, you can also raise exceptions manually using the raise
statement. The raise statement allows you to create custom exceptions to handle specific error
conditions. Here is an example of raising a custom exception:

def divide(a, b):
if b ==
raise ValueError ("Cannot divide by zero.")
return a / b

try:
result = divide (10, O0)
except ValueError as e:
print (e)

In this example, the divide() function checks if the second argument is 0. If it is, the function
raises a ValueError with a custom error message. The try block calls the divide() function with
arguments 10 and 0. Since the second argument is 0, the function raises a ValueError, which is
caught by the except block. The except block prints the error message contained in the exception
object.
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Error handling is an essential part of programming in Python. By handling errors gracefully, you
can prevent your program from crashing and provide better feedback to users. Python provides
several tools for handling exceptions, such as the try-except statement and the raise statement,
which allow you to catch and handle errors in your code.

Syntax Errors: Syntax errors occur when there is a mistake in the code's syntax, and the
interpreter cannot understand the program. This error is usually straightforward to fix because
the interpreter will display an error message pointing to the line of code where the syntax error
occurred. The book recommends carefully reviewing the code and using a code editor with
syntax highlighting to help identify errors.

Runtime Errors: Runtime errors occur when the program is running, and something unexpected
happens. Common causes of runtime errors include division by zero, incorrect user input, or file
I/0O errors. The book introduces the try-except statement, which is used to catch runtime errors
and handle them gracefully. The try-except statement consists of a try block, where the code is
executed, and an except block, where the error is caught and handled.

# Syntax Error Example
x =25
if x ==

print("x is 5")
else:

print("x is not 5")

# Runtime Error Example
try:
x = int(input("Enter a number: "))
print ("The square of", x, "is", x**2)
except ValueError:
print ("Invalid input! Please enter a number.")

# Logic Error Example
x =5
y =3
if x > y:
print ("x is greater than y")
else:
print("y is greater than x")
In this code snippet, the first example shows a syntax error where the colon is missing after the if
statement. The interpreter will display an error message indicating that the syntax is incorrect.

The second example demonstrates how to handle a runtime error using the try-except statement.
The program prompts the user to enter a number and then calculates the square of the number. If
the user enters something other than a number, a ValueError is raised, and the except block is
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executed, displaying an error message.

The third example shows a logic error where the code is correctly executed, but the result is not
what was intended. In this case, the code is supposed to compare the values of x and y and print
which one is greater. However, the comparison is incorrect, and the program will always print
that x is greater than y, even if it's not true. This type of error is more difficult to find and fix
because it requires understanding the code's logic and identifying where the mistake was made.
Raising Exceptions: In Python, you can raise an exception to signal an error condition in your
code explicitly. The book explains how to raise exceptions using the raise statement and how to
define custom exceptions for specific error conditions.

Here is an example of raising an exception in Python:

x = -5
if x < 0:
raise ValueError("x must be a positive number")

In this example, if x is less than zero, a VValueError exception is raised, indicating that x must be
a positive number.

Handling Multiple Exceptions: In some cases, a program may need to handle multiple exceptions
simultaneously. The book explains how to use multiple except blocks to catch and handle
different types of exceptions.

Here is an example of handling multiple exceptions in Python:

try:

b4 int (input ("Enter a number: "))

y =10 / x

print ("The result is", y)
except ValueError:

print("Invalid input! Please enter a number.")
except ZeroDivisionError:

print ("You cannot divide by zero!")

In this example, the program tries to divide 10 by the user's input value. If the user enters an
invalid value or zero, the appropriate except block is executed to handle the error.

Finally Blocks: A finally block is a section of code that is always executed, regardless of whether
an exception was raised or not. The book explains how to use a finally block to perform clean-up
operations, such as closing files or releasing resources, even if an error occurs.

Here is an example of using a finally block in Python:

try:
file = open("example.txt", "r")
# Do something with the file
except IOError:
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print ("Error: Could not read file")
finally:
file.close()

In this example, the program tries to open a file and read its contents. If an error occurs, the
except block is executed to handle the error, and the finally block is also executed to ensure that
the file is closed properly.

Assertions: An assertion is a statement that checks if a condition is true and raises an
AssertionError if it is false. The book explains how to use assertions to validate assumptions
about the state of the program and help debug errors.

Here is an example of using assertions in Python:

x =95
assert x == 5, "Error: x should be 5"

In this example, the program checks if x is equal to 5 using an assertion. If the assertion fails, an
AssertionError is raised, indicating that there is an error in the code.

Try-Else Blocks: In addition to try-except-finally blocks, Python also supports try-else blocks.
The else block is executed if no exception is raised in the try block. The book explains how to
use try-else blocks to handle errors and control program flow.

Here is an example of using try-else blocks in Python:

try:
x = int(input("Enter a number: "))
except ValueError:
print("Invalid input! Please enter a number.")
else:
if x $ 2 ==
print ("The number is even")
else:
print ("The number is odd")

In this example, the program prompts the user to enter a number and tries to convert it to an
integer. If the user enters an invalid value, the except block is executed to handle the error. If the
conversion is successful, the else block is executed to check if the number is even or odd.
Debugging Techniques: The book also covers various debugging techniques that can help you
identify and fix errors in your code, including using print statements, debugging tools, and
logging.

Here is an example of using print statements for debugging in Python:

def calculate_ average (numbers) :
total = 0
count = 0
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for number in numbers:
total += number
count +=1
print ("Current total:", total)
print ("Current count:", count)
average = total / count
return average

In this example, the program defines a function that calculates the average of a list of numbers.
The function uses print statements to display the current total and count after each iteration of the
loop. This helps to identify any errors in the calculation and fix them.

Using Exceptions for Flow Control: Although exceptions are primarily used to handle error
conditions, they can also be used for flow control in some cases. The book explains how to use
exceptions for flow control in Python and when it is appropriate to do so.

Here is an example of using exceptions for flow control in Python:

class EndOfListException (Exception):
pass

def process_list(lst):
for item in 1lst:
if item == "stop":
raise EndOfListException("End of list
reached")
else:
print ("Processing item:", item)

try:

process list(["apple", "banana", "cherry", "stop",
"date"])
except EndOfListException as e:

print ("List processing stopped:", str(e))

In this example, the program defines a custom exception called EndOfListException, which is
raised when the "stop™ item is encountered in the list. The process_list() function uses a for

loop to process each item in the list and raises the EndOfListException when the "stop™ item is
reached. The main program calls the process_list() function and catches the EndOfListException
to handle the flow control.

Handling Exceptions in Class Hierarchies: In Python, classes can be organized into hierarchies,
where each subclass inherits properties and methods from its parent class. The book explains
how to handle exceptions in class hierarchies and how to define custom exceptions that work
well with class hierarchies.

Here is an example of handling exceptions in a class hierarchy in Python:
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class Animal:
def init (self, name):
self.name = name

class Dog(Animal) :
def bark (self):
print ("Woof!")

class Cat (Animal) :
def meow (self) :
print ("Meow!")

class InvalidAnimalException (Exception) :
pass

def make sound(animal):
if isinstance(animal, Dog) :
animal .bark ()
elif isinstance(animal, Cat):
animal .meow ()
else:
raise InvalidAnimalException("Invalid animal

type w )

try:
animal = Animal ("Tiger")
make sound(animal)

except InvalidAnimalException as e:
print ("Invalid animal:", str(e))

In this example, the program defines a class hierarchy that includes Animal, Dog, and Cat
classes. The make_sound() function checks the type of animal and calls the appropriate method
to make a sound. If the animal type is invalid, the function raises the InvalidAnimalException.
The main program catches the InvalidAnimalException to handle the error.

Raising Exceptions: In addition to handling exceptions, Python also allows you to raise
exceptions explicitly using the raise statement. The book explains how to use the raise statement
to raise exceptions in your code and how to create custom exception classes.

Here is an example of raising exceptions in Python:

def divide(x, y):
ify==
raise ZeroDivisionError ("Cannot divide by



144 |Page

zero")
else:
return x / y

try:
result = divide (10, 0)
except ZeroDivisionError as e:
print ("Error:", str(e))

In this example, the program defines a function called divide() that divides two numbers. The
function checks if the second number is zero and raises a ZeroDivisionError if it is. The main
program calls the divide() function with an invalid argument and catches the ZeroDivisionError
to handle the error.

Handling Multiple Exceptions: Python allows you to handle multiple exceptions in a single try-
except block using tuples. The book explains how to use tuples to handle multiple exceptions and
how to handle different exceptions in different ways.

Here is an example of handling multiple exceptions in Python:

try:
x = int(input("Enter a number: "))
y = int(input("Enter another number: "))
result = x / y

except (ValueError, ZeroDivisionError) as e:
print ("Error:", str(e))

except Exception as e:
print ("Unknown error:", str(e))

else:
print ("Result:", result)

In this example, the program prompts the user to enter two numbers and divides them. The
program handles two types of exceptions: ValueError and ZeroDivisionError using a tuple in the
first except block. The second except block catches all other types of exceptions. If no exception
is raised, the else block prints the result.

Using Context Managers: Python provides a mechanism called context managers that can be
used to manage resources such as files, network connections, and database connections. The
book explains how to use context managers to handle errors and clean up resources
automatically.

Here is an example of using context managers in Python:

with open("file.txt", "r") as f:
for line in f:
print (line.strip())
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In this example, the program uses the open() function to open a file and reads its contents using a
for loop. The with statement creates a context manager that automatically closes the file when
the block is exited, even if an error occurs.

Debugging Techniques: In addition to error handling, the book also covers debugging techniques
that can help you find and fix errors in your code. The book explains how to use the built-in
debugger in Python, as well as third-party tools such as PyCharm and Visual Studio Code.

Here is an example of using the built-in debugger in Python:

def divide(x, y):
if y ==
raise ZeroDivisionError ("Cannot divide by
zero")
else:
return x / y

try:
result = divide (10, O0)
except ZeroDivisionError as e:
import pdb; pdb.set trace()

In this example, the program uses the pdb module to set a breakpoint when an exception is
raised. The program stops execution at the breakpoint and enters the debugger, allowing the
programmer to inspect the state of the program and debug the error.

Testing Techniques: The book also covers testing techniques that can help you ensure that your
code works as intended and catch errors before they occur in production. The book explains how
to write unit tests in Python using the built-in unittest module and third-party libraries such as

pytest.
Here is an example of writing unit tests in Python using the unittest module:

import unittest

def divide(x, y):
ify::
raise ZeroDivisionError ("Cannot divide by
zero")
else:
return x / y

class TestDivide (unittest.TestCase):
def test _divide by zero(self):
with self.assertRaises (ZeroDivisionError) :
divide (10, 0)
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def test divide by nonzero(self):
self.assertEqual (divide (10, 2), 5)

if name == ' main '
unittest.main ()

In this example, the program defines a TestDivide class that inherits from the unittest. TestCase
class. The program defines two test methods: test_divide_by zero() and

test_divide_by nonzero(). The test_divide by zero() method uses the assertRaises() method to
ensure that the divide() function raises a ZeroDivisionError when dividing by zero. The
test_divide_by nonzero() method uses the assertEqual() method to ensure that the divide()
function returns the correct result when dividing by a nonzero number.

Best Practices: The book concludes with a discussion of best practices for error handling and
debugging in Python. The book offers tips on how to write clear and concise error messages,
how to handle errors gracefully, and how to write code that is easy to debug and maintain.
Some best practices for error handling in Python include:

Raise exceptions when something goes wrong instead of returning error codes or None.
Use descriptive error messages that provide enough information to debug the error.

Use try-except blocks to handle errors gracefully and provide fallback behavior.

Use logging to record errors and debug information instead of printing to stdout or stderr.
Write unit tests to catch errors before they occur in production.
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Chapter 3:
Working with Files

Before we dive into the specifics of working with files, it's important to understand the different
types of files that you can work with in Python. The three main types of files are text files, binary
files, and CSV files. Text files are simple files that contain text and can be opened and edited
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using any text editor, including the built-in text editor in Python. Binary files, on the other hand,
are files that contain binary data, such as images, audio files, and video files. Finally, CSV files
are a specific type of text file that contain data in a comma-separated format and are commonly
used to store data in spreadsheets.

To work with files in Python, you'll need to know how to open, read, and write files. To open a
file, you use the "open()" function, which takes two arguments: the name of the file you want to
open and the mode in which you want to open the file. The mode can be "r" for reading, "w" for
writing, or "a" for appending. For example, to open a text file named "example.txt" for reading,
you would use the following code:

file = open("example.txt", "r")
Once you've opened a file, you can read its contents using the "read()" method. For example, to
read the entire contents of a file into a variable called "content”, you would use the following
code:

content = file.read()

To write to a file, you use the "write()" method. For example, to write the string "Hello, world!"
to a file, you would use the following code:

file.write("Hello, world!")
Finally, to close a file, you use the "close()" method. It's important to always close files after
you're done working with them to avoid data loss or corruption. Here's an example of how to
close afile:

file.close()
In addition to reading and writing files, you can also manipulate files using other methods, such
as renaming files, deleting files, and checking if a file exists. To rename a file, you use the
"os.rename()" function. For example, to rename a file named "old_name.txt" to "new_name.txt",
you would use the following code:

import os

os.rename ("old name.txt", "new name.txt")

To delete a file, you use the "os.remove()" function. For example, to delete a file named
"example.txt", you would use the following code:

import os
os.remove ("example. txt")
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Finally, to check if a file exists, you use the "os.path.exists()" function. For example, to check if
a file named "example.txt™ exists, you would use the following code:

import os

if os.path.exists ("example. txt"):
print("File exists")

else:
print ("File does not exist")

Working with files is an essential skill for any programmer, and Python provides powerful tools
for working with files of all types. With the knowledge and skills outlined in this guide, you'll be
able to read, write, and manipulate files with ease.

Opening a File

Before you can work with a file, you need to open it. The open() function is used to open a file,
and it takes two arguments: the name of the file and the mode in which the file is opened. The
mode can be read mode, write mode, or append mode.

Here's an example of opening a file in read mode:
file = open("example.txt", "r")
Reading a File
Once you have opened a file, you can read its contents. The read() function is used to read the
entire contents of a file. Here's an example:
file = open("example.txt", "r")
contents = file.read()
print (contents)
This will print the entire contents of the file to the console.
You can also read a file line by line using the readline() function. Here's an example:
file = open ("example.txt", "r")
line = file.readline()
while line:

print (line)
line = file.readline()

This will print each line of the file to the console.
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Writing to a File
To write to a file, you need to open it in write mode using the open() function. You can then use
the write() function to write to the file. Here's an example:

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

This will write the string "This is a test.” to the file "example.txt". Note that when you open a file
in write mode, it will overwrite any existing contents of the file.

Appending to a File
To append to a file, you need to open it in append mode using the open() function. You can then
use the write() function to append to the file. Here's an example:

file = open("example.txt", "a")
file.write ("This is another test.")
file.close()

This will append the string "This is another test.” to the end of the file "example.txt".

Closing a File
Once you are finished working with a file, you should close it using the close() function. Here's
an example:

file = open("example.txt", "r")
contents = file.read()
file.close()

This will close the file "example.txt™ after reading its contents.

Files are an essential tool for storing data in programming languages. There are several types of
files, including text files, binary files, and database files. In Python, you can work with all these
types of files.

To open a file in Python, you use the open() function, which takes two arguments: the path to the
file and the mode in which to open the file. The path can be either a relative or absolute path, and
the mode can be either read mode, write mode, or append mode.

# Opening a file in read mode
file = open('filename.txt', 'r')
# Opening a file in write mode
file = open('filename.txt', 'w')
# Opening a file in append mode



151 |Page

file = open('filename.txt', 'a')

Once you have opened a file, you can read or write to it using various methods. For example, to
read the entire file, you can use the read() method:

# Reading the entire file
content = file.read()
print (content)

To read a specific number of characters, you can use the read(n) method, where n is the number
of characters to read:

# Reading the first 10 characters of the file
content = file.read(10)
print (content)

To write to a file, you can use the write() method:

# Writing to a file
file.write('Hello, world!'!')

Once you are done working with a file, it is essential to close it using the close() method:

# Closing the file
file.close()

Another way to work with files in Python is by using the with statement, which automatically
closes the file once you are done with it:

# Using the with statement to open a file
with open('filename.txt', 'r') as file:
content = file.read()
print (content) ]

The file is automatically closed once the with statement is done executing

Python also provides several functions for working with files and directories, including
os.path.exists() to check if a file exists, os.makedirs() to create a directory, and os.listdir() to list
the files in a directory.

In conclusion, working with files is an essential part of programming in Python, and it is
essential to know how to open, read, write, and close files.

Here's an example code that demonstrates how to work with files in Python using the methods
and concepts discussed in the previous section:
# Creating a new file and writing to it
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file = open('newfile.txt', 'w')
file.write('This is a new file!')
file.close()

# Reading from a file

file = open('newfile.txt', 'r')
content = file.read()

print (content)

file.close()

# Reading a specific number of characters from a file
file = open('newfile.txt', 'r')

content = file.read(5)

print (content)

file.close()

# Appending to a file

file = open('newfile.txt', 'a')

file.write(' This is more text added to the file.')
file.close()

# Reading from a file after appending to it
file = open('newfile.txt', 'r')

content = file.read()

print (content)

file.close()

# Using the with statement to read from a file
with open('newfile.txt', 'r') as file:

content = file.read()
print (content)

# Checking if a file exists

import os

if os.path.exists('newfile.txt'):
print('The file exists.')

else:
print('The file does not exist.')

# Creating a new directory
os.makedirs ('newdirectory')

# Listing the files in a directory
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files = os.listdir('.")
print (files)

Reading and writing text files

One of the essential skills that programmers need to learn is how to handle input and output,
including reading and writing text files. The book provides an excellent introduction to file
handling using Python.

A text file is a file that contains human-readable text. Examples of text files include
configuration files, scripts, and log files. Text files are typically created and edited using a text
editor such as Notepad or TextEdit. In Python, you can read and write text files using the built-in
open() function.

The open() function takes two arguments: the file name and the mode in which you want to open
the file. For example, to open a file called input.txt for reading, you can use the following code:

file = open('input.txt', 'r')

In this code, 'r' is the mode you want to open the file in, which stands for "read.” Once you've
opened the file, you can read its contents using the read() method:

content = file.read()

This will read the entire contents of the file into the content variable. You can then close the file
using the close() method:

file.close()
If you want to read the file line by line, you can use the readline() method:

file = open('input.txt', 'r')
line = file.readline()
while line:

print (line)

line = file.readline()
file.close()

This code will read the file line by line and print each line to the console. The while loop
continues until there are no more lines to read.
To open a file for writing, you can use the following code:
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file = open('output.txt', 'w')

In this code, 'w' stands for "write." This will create a new file with the given name if it doesn't
exist or overwrite the existing file if it does. Once you've opened the file, you can write to it
using the write() method:

file.write('Hello, world!')

This will write the string "Hello, world!" to the file. You can then close the file using the close()
method:

file.close()
If you want to write to the file line by line, you can use the writelines() method:

file = open('output.txt', 'w')
lines = ['Hello\n', 'world\n']
file.writelines (lines)
file.close()

This code will write the list of strings to the file, with each string on a new line.

In addition to reading and writing text files, you can also append to an existing file using the 'a’
mode:

file = open('output.txt', 'a')
file.write('More text')
file.close()

This will add the string "More text" to the end of the file.

It's important to always close the file when you're done with it to free up system resources. You
can also use the with statement to automatically close the file when you're done:

with open('input.txt', 'r') as file:
content = file.read()

This code will automatically close the file when the with block is exited, even if an error occurs.

In Python, files can be opened and read using the built-in open() function, which takes two
arguments: the file name and the mode in which the file should be opened. There are several
modes in which a file can be opened, including "r" for reading, "w" for writing, and "a" for
appending.

To read the contents of a text file in Python, you can use the read() method of the file object



155|Page

returned by the open() function. The read() method reads the entire contents of the file into a
string variable. For example, the following code reads the contents of a file named "example.txt"
into a variable named "text":

with open('example.txt', 'r') as file:
text = file.read()

In this code, the "with" statement is used to automatically close the file when the block of code is
finished. The "r" mode is used to open the file for reading, and the read() method is used to read
the contents of the file into the "text" variable.

To write text to a file in Python, you can use the write() method of the file object. For example,
the following code writes a string to a file named "example.txt":

with open ('example.txt', 'w') as file:
file.write('Hello, world!')

In this code, the "w" mode is used to open the file for writing, and the write() method is used to
write the string "Hello, world!" to the file.

To append text to a file in Python, you can use the "a" mode instead of the "w" mode. The
following code appends a string to a file named "example.txt":

with open ('example.txt', 'a') as file:
file.write('Hello again, world!')

In this code, the "a" mode is used to open the file for appending, and the write() method is used
to append the string "Hello again, world!" to the end of the file.

It's important to note that when writing or appending to a file in Python, the file will be created if
it doesn't already exist. If the file already exists, its contents will be overwritten when using the
"w" mode, and new content will be appended to the end of the file when using the "a" mode.

In addition to the basic file operations covered here, Python provides many other file-related
functions and modules that can be used for more advanced file handling tasks. The os and shutil
modules, for example, provide functions for working with files and directories, while the csv
module provides functionality for working with CSV files.

Reading and writing text files is a fundamental skill for any programmer, and Python provides
simple and powerful tools for working with files.
Here is an example code for reading and writing text files in Python:

# Open a file for reading
with open('input.txt', 'r') as file:
# Read the contents of the file
content = file.read()
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print ('File contents:', content)

# Open a file for writing

with open('output.txt', 'w') as file:
# Write to the file
file.write('Hello, world!')
file.write('\n')
file.write('How are you?')

# Open the output file for reading
with open('output.txt', 'r') as file:
# Read the contents of the file
content = file.read()
print ('File contents:', content)

In this code, we first open a file called input.txt for reading using the with statement. We use the
read() method to read the contents of the file and store them in the content variable. We then
print the contents of the file to the console.

Next, we open a file called output.txt for writing using the with statement. We use the write()
method to write the strings "Hello, world!" and "How are you?" to the file, separated by a
newline character (\n).

Finally, we open the output.txt file for reading and print its contents to the console using the
read() method.

Note that we use the with statement to automatically close the files when we're done with them.
This is a good practice to follow to ensure that system resources are freed up properly.

Here is another example that shows how to read a file line by line, modify the contents, and write
the modified contents to a new file:

# Open the input file for reading
with open('input.txt', 'r') as input file:
# Create a new file for writing
with open ('output.txt', 'w') as output file:
# Read the file line by line
for line in input file:
# Modify the line
new_line = line.strip() .upper()
# Write the modified line to the output
file
output file.write(new_line + '\n')

In this code, we first open the input.txt file for reading and use the with statement to ensure that
the file is properly closed when we're done with it. We then create a new file called
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output.txt for writing and use another with statement to ensure that it is properly closed as well.

We then use a for loop to read the input file line by line. For each line, we modify it by stripping
any leading or trailing whitespace and converting it to uppercase using the strip() and upper()
methods. We then write the modified line to the output file using the write() method, along with
a newline character (\n) to ensure that each line is written on a new line.

By using the with statement, we ensure that both the input and output files are closed properly
when we're done with them. This is important to prevent resource leaks and ensure that the files
are written to disk correctly.

Here's another example that shows how to read a CSV (Comma-Separated Values) file using the
csv module and write the contents to a new file:

import csv

# Open the input file for reading
with open('input.csv', 'r') as input file:
# Read the CSV data using the csv module
csv_reader = csv.reader (input file)
# Create a new file for writing
with open('output.txt', 'w') as output file:
# Loop over each row in the CSV data
for row in csv_reader:
# Join the row elements with a tab
delimiter
new row = '\t'.join(row)
# Write the modified row to the output file
output file.write(new row + '\n')

In this code, we first import the csv module, which provides functionality for reading and writing
CSV files. We then open the input.csv file for reading and use the csv.reader() function to read
the CSV data from the file.

We then create a new file called output.txt for writing and use another with statement to ensure
that it is properly closed when we're done with it.

We then use a for loop to loop over each row in the CSV data. For each row, we use the join()
method to join the row elements with a tab delimiter (\t). We then write the modified row to the
output file using the write() method, along with a newline character (\n) to ensure that each row
is written on a new line.

By using the csv module, we can easily read and write CSV files in a standardized format, which
can be useful when working with data that is organized in rows and columns.
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Here's another example that shows how to read and write binary files using Python:

# Open the input file for reading in binary mode
with open('input.jpg', 'rb') as input file:

# Read the contents of the file

content = input file.read()

print('File size:', len(content))

# Open a new file for writing in binary mode
with open('output.jpg', 'wb') as output file:

# Write the contents of the input file to the
output file

output file.write(content)

In this code, we first open a binary file called input.jpg for reading using the with statement and
the 'rb' mode. We use the read() method to read the contents of the file into the content variable,
and then print the size of the file to the console.

Next, we open a new binary file called output.jpg for writing using the with statement and the
‘'wb' mode. We use the write() method to write the contents of the content variable to the output
file.

By using the 'rb' and 'wb' modes, we ensure that the input and output files are opened in binary
mode, which is necessary for reading and writing binary data such as images, audio files, and
other types of non-text data.

Here's another example that shows how to read and write JSON (JavaScript Object Notation)
files using Python:

import json

# Open the input file for reading
with open('input.json', 'r') as input file:
# Load the JSON data into a Python dictionary
data = json.load(input file)
print ('Data:', data)
# Modify the data
data['name'] = 'Alice'
data['age'] = 30
# Open a new file for writing
with open ('output.json', 'w') as output file:
# Write the modified data to the output file in
JSON format
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json.dump (data, output file)

In this code, we first import the json module, which provides functionality for working with
JSON data. We then open a JSON file called input.json for reading using the with statement.

We use the json.load() function to load the JSON data from the file into a Python dictionary
called data. We then print the contents of the dictionary to the console.

Next, we modify the data dictionary by changing the values of the name and age keys.

Finally, we open a new file called output.json for writing using the with statement. We use the
json.dump() function to write the modified data to the output file in JSON format.

By using the json module, we can easily read and write JSON data in Python, which can be
useful when working with data that is organized in a structured format similar to a Python
dictionary.

Here's another example that shows how to read and write XML (Extensible Markup Language)
files using Python:

import xml.etree.ElementTree as ET

# Open the input file for reading
with open('input.xml', 'r') as input file:
# Parse the XML data using the ElementTree module
tree = ET.parse(input file)
root = tree.getroot()
print ('Root element:', root.taq)

# Loop over each child element of the root

for child in root:
# Print the tag and text of each child element
print (child. tag, child. text)

# Modify the XML data
root.set ('updated', 'yes')
for child in root:
child.text = 'Modified ' + child.text

# Open a new file for writing
with open('output.xml', 'w') as output file:
# Write the modified XML data to the output file
tree.write (output file)
In this code, we first import the xml.etree.ElementTree module, which provides functionality for
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working with XML data. We then open an XML file called input.xml for reading using the with
statement.

We use the ET.parse() function to parse the XML data from the file into an ElementTree object
called tree. We then use the getroot() method to get the root element of the tree and print its tag
to the console.

We then use a for loop to loop over each child element of the root and print its tag and text to the
console.

Next, we modify the XML data by adding an attribute to the root element and prefixing the text
of each child element with the string "Modified ".

Finally, we open a new file called output.xml for writing using the with statement. We use the
write() method of the ElementTree object to write the modified XML data to the output file.

By using the xml.etree.ElementTree module, we can easily parse, modify, and write XML data
in Python, which can be useful when working with data that is organized in a hierarchical
structure similar to an XML document.

Here's another example that shows how to read and write CSV (Comma-Separated Values) files
using Python:

import csv

# Open the input file for reading
with open('input.csv', 'r') as input file:
# Create a CSV reader object
reader = csv.reader (input file)
# Loop over each row in the CSV file
for row in reader:
# Print each row to the console
print (row)

# Modify the CSV data
data = [
['"John', 'Doe', '25'],
['Jane', 'Doe', '30']
1

# Open a new file for writing
with open('output.csv', 'w', newline='') as
output file:

# Create a CSV writer object

writer = csv.writer (output file)



161 |Page

# Write the modified data to the output file
for row in data:
writer.writerow (row)

In this code, we first import the csv module, which provides functionality for working with CSV
files. We then open a CSV file called input.csv for reading using the with statement.

We use the csv.reader() function to create a CSV reader object, which allows us to loop over
each row in the CSV file using a for loop. We print each row to the console.

Next, we create a new list called data containing some modified data.

Finally, we open a new file called output.csv for writing using the with statement. We use the
csv.writer() function to create a CSV writer object, which allows us to write the modified data to
the output file using the writerow() method.

By using the csv module, we can easily read and write CSV data in Python, which can be useful
when working with data that is organized in a tabular format.

Reading and writing CSV files

One of the essential skills a beginner should have in programming is the ability to read and write
data to files. In this book, you will learn how to read and write data to CSV files using Python.

CSV stands for "comma-separated values™ and is a file format used to store tabular data. It is a
plain text file where each row represents a record, and each column represents a field in that
record. CSV files are commonly used to store data that needs to be imported or exported from a
spreadsheet or database program.

The book covers two primary ways to read and write CSV files in Python: using the built-in csv
module and using the pandas library.

Reading CSV Files with Python

Using the csv module

The csv module is a built-in module in Python that provides functionality for reading and writing

CSV files. The module provides a reader object that can be used to iterate through the rows in a
CSV file.

Here is an example of how to read a CSV file using the csv module:
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import csv

with open('my data.csv', newline='') as csvfile:
reader = csv.reader(csvfile, delimiter=',"',
quotechar="'"")

for row in reader:
print (row)
In the above code, we first import the csv module. We then open the CSV file using the open
function and create a reader object using the csv.reader function. The delimiter parameter is used
to specify the character that separates the values in each row (in this case, a comma). The
quotechar parameter is used to specify the character used to quote fields that contain special
characters.

We then iterate through each row in the file using a for loop and print out each row using the
print function.

Using the pandas library

pandas is a powerful data manipulation library for Python that provides functionality for reading
and writing CSV files. It provides a read_csv function that can be used to read CSV files into a
DataFrame object.

Here is an example of how to read a CSV file using the pandas library:

import pandas as pd

df = pd.read csv('my data.csv')
print (df)

In the above code, we first import the pandas library and use the read_csv function to read the
CSV file into a DataFrame object. We then print out the DataFrame using the print function.

Writing CSV Files with Python

Using the csv module

To write data to a CSV file using the csv module, we can create a writer object using the
csv.writer function and use the writerow method to write each row to the file.

Here is an example of how to write data to a CSV file using the csv module:

import csv

data = [
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['Name', 'Age', 'Gender'],
['John', 25, 'Male'],
['Jane', 30, 'Female'],
['Bob', 40, 'Male']

]

with open('my data.csv', 'w', newline='') as csvfile:
writer = csv.writer(csvfile, delimiter=',',

quotechar='"', quoting=csv.QUOTE MINIMAL)

for row in data:
writer.writerow (row)

In the above code, we create a list of lists called data, where each list represents a row in the
CSV file. function and create a writer object using the csv.writer function. We use the delimiter
parameter to specify the character that separates the values in each row (in this case, a comma)
and the quotechar parameter to specify the character used to quote fields that contain special
characters. We also use the quoting parameter to specify the level of quoting to apply to fields
that contain special characters.

We then iterate through each row in the data list using a for loop and write each row to the CSV
file using the writerow method.

Using the pandas library

To write data to a CSV file using the pandas library, we can use the to_csv method of a
DataFrame object.

Here is an example of how to write data to a CSV file using the pandas library:
import pandas as pd
data = {
'"Name': ['John', 'Jane', 'Bob'],
'Age': [25, 30, 40],
'Gender': ['Male', 'Female', 'Male']
}
df = pd.DataFrame (data)
df.to_csv('my data.csv', index=False)
In the above code, we first create a dictionary called data where each key represents a column in

the CSV file. We then create a DataFrame object using the pd.DataFrame function and pass in
the data dictionary.
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We then use the to_csv method of the DataFrame object to write the data to a CSV file. The
index parameter is used to specify whether to include the row index in the output file (in this
case, we set it to False to exclude it).

Reading CSV files
To read data from a CSV file in Python, we can use the csv module or the pandas library.

Using the csv module
Here is an example of how to read data from a CSV file using the csv module:

import csv

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

In the above code, we open the CSV file using the open function and specify the file mode as 'r'
to indicate that we want to read from the file. We then create a reader object using the csv.reader
function and pass in the file object.

We then iterate through each row in the CSV file using a for loop and print out each row.

Using the pandas library
To read data from a CSV file using the pandas library, we can use the read_csv function.

Here is an example of how to read data from a CSV file using the pandas library:
import pandas as pd
df = pd.read csv('my data.csv')
print (df)

In the above code, we use the pd.read_csv function to read the data from the CSV file and create
a DataFrame object. We then print out the DataFrame object using the print function.

By default, the read_csv function assumes that the first row of the CSV file contains the column
names. If this is not the case, we can use the header=None parameter to indicate that there are no
column names in the CSV file. We can then specify the column names using the names
parameter.

import pandas as pd

df = pd.read csv('my data.csv', header=None,
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names=['Name',6 'Age', 'Gender'])
print (df)

In the above code, we use the header=None parameter to indicate that there are no column names
in the CSV file. We then use the names parameter to specify the column names.

Here is a longer code example that demonstrates how to read and write data to a CSV file using
both the csv module and the pandas library:

import csv
import pandas as pd
# Writing data to a CSV file using the csv module
data = |
['"John', 25, 'Male'],
['Jane', 30, 'Female'],
['Bob', 40, 'Male']
]

with open('my data.csv', 'w', newline='') as file:
writer = csv.writer(file, delimiter=',"',
quotechar='""', quoting=csv.QUOTE MINIMAL)

for row in data:
writer.writerow (row)

# Reading data from a CSV file using the csv module
with open('my data.csv', 'r') as file:
reader = csv.reader (file)
for row in reader:
print (row)

# Writing data to a CSV file using the pandas library

data = {
'"'Name': ['John', 'Jane', 'Bob'],
'Age': [25, 30, 40],
'Gender': ['Male', 'Female', 'Male']

}

df = pd.DataFrame (data)
df.to_csv('my data.csv', index=False)

# Reading data from a CSV file using the pandas library
df = pd.read csv('my data.csv')
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print (df)

In the above code, we first define some sample data in a list called data. We then use the csv
module to write the data to a CSV file called my_data.csv. We use the csv.writer function to
create a writer object and iterate through each row in the data list using a for loop. We use the
writerow method to write each row to the CSV file.

We then use the csv module to read the data from the CSV file. We use the csv.reader function to
create a reader object and iterate through each row using a for loop. We print out each row to
verify that the data was read correctly.

Next, we use the pandas library to write the data to a CSV file. We create a dictionary called data
where each key represents a column in the CSV file. We then create a DataFrame object using
the pd.DataFrame function and pass in the data dictionary. We use the to_csv method of the
DataFrame object to write the data to a CSV file called my_data.csv.

Finally, we use the pandas library to read the data from the CSV file. We use the pd.read_csv
function to read the data from the CSV file and create a DataFrame object. We print out the
DataFrame object to verify that the data was read correctly.

Here is a more detailed example of reading and writing CSV files using both the csv module and
the pandas library in Python:

import csv
import pandas as pd

# Writing data to a CSV file using the csv module
data = [

['John', 25, 'Male'],

['Jane', 30, 'Female'],

['Bob', 40, 'Male']
]

with open('my data.csv', 'w', newline='') as file:
writer = csv.writer(file, delimiter=',',
quotechar='"', quoting=csv.QUOTE MINIMAL)
# Write header row
writer.writerow(['Name', 'Age', 'Gender'])

# Write data rows
for row in data:
writer.writerow (row)

# Reading data from a CSV file using the csv module
with open('my data.csv', 'r') as file:
reader = csv.reader(file)
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# Read header row
header = next (reader)

# Read data rows
for row in reader:
print (row)

# Writing data to a CSV file using the pandas library
data = {

'"'Name': ['John', 'Jane', 'Bob'],

'Age': [25, 30, 40],

'Gender': ['Male', 'Female', 'Male']

}

df = pd.DataFrame (data)
df.to_csv('my data.csv', index=False)

# Reading data from a CSV file using the pandas library
df = pd.read csv('my data.csv')

print (df)

In the above code, we first define some sample data in a list called data. We then use the csv
module to write the data to a CSV file called my_data.csv. We use the csv.writer function to
create a writer object and set the delimiter and quote character. We write the header row using
the writerow method and pass in a list of column names. We then iterate through each row in the
data list using a for loop and write each row to the CSV file using the writerow method.

We then use the csv module to read the data from the CSV file. We use the csv.reader function to
create a reader object and read the header row using the next method. We then iterate through
each data row using a for loop and print out each row.

Next, we use the pandas library to write the data to a CSV file. We create a dictionary called data
where each key represents a column in the CSV file. We then create a DataFrame object using
the pd.DataFrame function and pass in the data dictionary. We use the to_csv method of the
DataFrame object to write the data to a CSV file called my_data.csv. We set the index parameter
to False to exclude the index column from the CSV file.

Finally, we use the pandas library to read the data from the CSV file. We use the pd.read_csv
function to read the data from the CSV file and create a DataFrame object. We print out the
DataFrame object to verify that the data was read correctly.

import csv
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# Writing data to a CSV file

data = [
['"John', 'Doe', 'john.doe@example.com'],
['Jane', 'Doe', 'jane.doe@example.com'],
['Bob', 'Smith', 'bob.smith@example.com']

]

with open('contacts.csv', 'w', newline='') as file:
writer = csv.writer(file)
for row in data:
writer.writerow (row)

# Reading data from a CSV file
with open('contacts.csv', 'r') as file:
reader = csv.reader (file)
for row in reader:
print (row)

In this example, we first define some sample data in a list called data. We then use the csv
module to write the data to a CSV file called contacts.csv. We use the csv.writer function to
create a writer object and pass in the file object. We then iterate through each row in the data list
using a for loop and write each row to the CSV file using the writerow method.

Next, we use the csv module to read the data from the CSV file. We use the csv.reader function
to create a reader object and pass in the file object. We then iterate through each row in the CSV
file using a for loop and print out each row using the print function.

You can also use the csv.DictWriter and csv.DictReader classes to write and read CSV files
using dictionaries, like this:

import csv
# Writing data to a CSV file using a dictionary

data = [

{'first name': 'John', 'last name': 'Doe', 'email':
'john.doe@example.com'},

{'first name': 'Jane', 'last name': 'Doe', 'email':
'jane.doe@example.com'},

{'first name': 'Bob', 'last name': 'Smith’',
'email': 'bob.smith@example.com'}

]

with open('contacts.csv', 'w', newline='') as file:
fieldnames = ['first name', 'last name', 'email']
writer = csv.DictWriter (file,
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fieldnames=fieldnames)
writer.writeheader ()
for row in data:
writer.writerow (row)
# Reading data from a CSV file using a dictionary
with open('contacts.csv', 'r') as file:
reader = csv.DictReader(file)
for row in reader:
print (row['first name'], row['last name'],
row['email'])

In this example, we define the sample data as a list of dictionaries, where each dictionary
represents a row in the CSV file. We then use the csv.DictWriter class to write the data to a CSV
file called contacts.csv. We first define the field names using a list called fieldnames, which we
pass to the DictWriter constructor. We then use the writeheader method to write the header row
to the CSV file, and iterate through each row in the data list using a for loop and write each row
to the CSV file using the writerow method.

We then use the csv.DictReader class to read the data from the CSV file. We pass in the file
object to the DictReader constructor, which automatically reads the header row from the CSV
file and uses it as the keys for the dictionaries in the reader object.

Here’s another example that uses the csv module to read and write data from a CSV file with
some additional options:

import csv

# Writing data to a CSV file with different delimiter
and quoting options
data = [

['John', 'Doe', 'john.doe@example.com'],

['Jane', 'Doe', 'jane.doe(@example.com'],

['Bob', 'Smith', 'bob.smith@example.com']

]

with open('contacts.csv', 'w', newline='') as file:
writer = csv.writer(file, delimiter='|"',
quoting=csv.QUOTE MINIMAL)
for row in data:
writer.writerow (row)

# Reading data from a CSV file with different delimiter
and quoting options
with open('contacts.csv', 'r') as file:
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reader = csv.reader(file, delimiter='|",
quoting=csv.QUOTE MINIMAL)
for row in reader:
print (row)

In this example, we use the csv module to write and read data from a CSV file with a different
delimiter and quoting options. We use the delimiter parameter to set the delimiter character to |
instead of the default ,. We also use the quoting parameter to set the quoting mode to
csv.QUOTE_MINIMAL, which only quotes fields that contain special characters like the
delimiter or newline character.

We then use the csv.writer function to create a writer object and pass in the file object. We use
the delimiter and quoting parameters to set the delimiter and quoting options. We then iterate
through each row in the data list using a for loop and write each row to the CSV file using the
writerow method.

Next, we use the csv.reader function to create a reader object and pass in the file object. We use
the delimiter and quoting parameters to set the delimiter and quoting options to the same values
as the writer. We then iterate through each row in the CSV file using a for loop and print out
each row using the print function.

You can also use the csv module to read and write CSV files from and to URLSs, like this:

import csv
import urllib.request

# Reading data from a CSV file from a URL
url =
'https://raw.githubusercontent.com/jakevdp/PythonDataSc
ienceHandbook/master/notebooks/data/california cities.c
sv'
with urllib.request.urlopen(url) as file:

reader = csv.reader (file.read() .decode('utf-
8') .splitlines())

for row in reader:

print (row)

# Writing data to a CSV file to a URL

data = [
['San Francisco', 'California', 883305],
['Los Angeles', 'California', 3977683],
['New York', 'New York', 8336817]

url =
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'https://raw.githubusercontent.com/username/repo/main/d
ata/cities.csv'
with urllib.request.urlopen(url) as file:

writer = csv.writer(file)

for row in data:

writer.writerow (row)
In this example, we use the urllib.request module to open a CSV file from a URL using the
urlopen function. We then use the csv.reader function to create a reader object and pass in the
contents of the CSV file as a list of lines that we split using the splitlines method. We then iterate

through each row in the reader object using a for loop and print out each row using the print
function.

Reading and writing Excel files

Excel files are commonly used in business and data analysis, and being able to manipulate them
with Python can be very helpful.

To start reading and writing Excel files with Python, you need to install the openpyxI library.
You can do this by running the following command in your terminal or command prompt:

pip install openpyxl

Once you have installed the openpyxI library, you can start reading and writing Excel files. The
first step is to import the openpyxl library:

import openpyxl
To open an Excel file for reading or writing, you can use the load_workbook() function. This
function takes the filename of the Excel file as its argument and returns a Workbook object that
you can use to manipulate the file. For example, to open an Excel file called example.xIsx for
reading, you can use the following code:

workbook = openpyxl.load workbook ('example.xlsx')
Once you have opened the Excel file, you can access its worksheets using the worksheets
attribute of the Workbook object. For example, to access the first worksheet in the file, you can

use the following code:

worksheet = workbook.worksheets[O0]
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To read data from an Excel file, you can access individual cells using their row and column
indices. For example, to read the value of the cell in the first row and first column of the first
worksheet, you can use the following code:

value = worksheet.cell (row=1l, column=1l) .value
To write data to an Excel file, you can set the value of individual cells using their row and
column indices. For example, to write the value "Hello, world!" to the cell in the first row and
first column of the first worksheet, you can use the following code:

worksheet.cell (row=1l, column=1l) .value = 'Hello, world!'

To save the changes you have made to an Excel file, you can use the save() method of the
Workbook object. For example, to save the changes you have made to the example.xlIsx file, you
can use the following code:

workbook . save ('example.xlsx')

In addition to reading and writing individual cells, you can also read and write entire rows and
columns using the iter_rows() and iter_cols() methods of the Worksheet object. These methods
return iterator objects that you can use to loop through the rows or columns in the worksheet. For
example, to loop through all the cells in the first row of the first worksheet and print their values,
you can use the following code:

for cell in worksheet.iter rows(min_row=l, max row=l):
for col in cell:
print (col.value)

Similarly, to loop through all the cells in the first column of the first worksheet and print their
values, you can use the following code:

for cell in worksheet.iter cols(min_col=l, max col=l):
for row in cell:
print (row.value)

By learning how to read and write Excel files in Python, you can automate tasks that would
otherwise require manual data entry or manipulation in Excel.

One common use case for reading Excel files in Python is to extract data for further analysis or
processing. For example, you may have an Excel file containing sales data for a company and
want to extract the total sales for each month. Using the openpyxl library, you can easily write a
Python program that reads the Excel file, extracts the relevant data, and calculates the totals.

Similarly, writing Excel files using Python can be helpful when you need to generate reports or
output data in a format that is easily readable by other applications. For example, you may have a
Python program that analyzes data and produces a report on the results. By writing the report to
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an Excel file, you can provide a format that is easily accessible and readable by others, even if
they do not have Python installed.

In addition to the openpyxl library, there are other Python libraries that can be used to read and
write Excel files, such as xlIrd, xlwt, and xlutils. However, openpyxl is generally considered the
most powerful and feature-rich of these libraries, and it is actively maintained and updated.

When working with Excel files in Python, it is important to keep in mind some of the limitations
of the Excel file format. For example, Excel files can contain multiple worksheets, and each
worksheet can have its own formatting and styling. Some of these formatting options may not be
compatible with the openpyxI library, and you may need to adjust your code accordingly.

Another important consideration when working with Excel files in Python is data type
conversions. Excel files can contain a variety of data types, such as text, numbers, dates, and
formulas. When reading data from an Excel file, you may need to convert it to the appropriate
Python data type before further processing. library provides a number of other functions and
methods for working with Excel files. For example, you can use the create_sheet() method of the
Workbook object to create a new worksheet in the Excel file, and the remove() method of the
Worksheet object to remove a worksheet from the file.

In addition to openpyxl, there are other Python libraries that can be used to read and write Excel
files, such as pandas and xlrd. pandas is a popular library for data analysis that provides
functions for reading and writing Excel files, as well as for manipulating data in a variety of
other formats. xIrd is a library that is specifically designed for reading Excel files, and provides a
number of functions for accessing data in Excel files, such as cell_value() and row_values().

When working with Excel files in Python, it is important to keep in mind that Excel files can
contain a large amount of data, and manipulating large Excel files can be memory-intensive. To
avoid memory errors, it is a good idea to read and write Excel files in small batches, and to use
functions like iter_rows() and iter_cols() to work with data in an iterative manner. Here's an
example code that demonstrates how to read and write an Excel file using the openpyxI library in
Python:

import openpyxl

# Load the Excel file
workbook = openpyxl.load workbook ('example.xlsx')

# Get the first worksheet
worksheet = workbook.worksheets[O0]

# Read the value of cell Al
al value = worksheet.cell (row=1l, column=1l) .value

print (f'The value of cell Al is: {al_value}')
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# Write the value 'Hello, world!' to cell A2
worksheet.cell (row=2, column=l) .value = 'Hello, world!'

# Save the changes to the Excel file
workbook. save ('example.xlsx')

# Loop through all the rows in column A and print their
values
for cell in worksheet.iter cols(min col=1l, max col=l):
for row in cell:
print (row.value)

In this example code, we first load an Excel file called example.xlIsx using the load_workbook()
function. We then get the first worksheet in the file using the worksheets attribute of the
Workbook object.

Next, we read the value of cell Al using the cell() method of the Worksheet object, which takes
the row and column indices as its arguments. We then print the value of cell Al using an f-string.

After that, we write the value 'Hello, world!" to cell A2 using the cell() method of the Worksheet
object. We set the value of the cell by assigning to the value attribute of the cell

object.

Finally, we save the changes to the Excel file using the save() method of the Workbook object.
We then loop through all the rows in column A using the iter_cols() method of the Worksheet
object, and print the value of each cell using the value attribute of the cell object.

Here's another example that demonstrates how to create a new Excel file and write data to it:

import openpyxl

# Create a new workbook
workbook = openpyxl.Workbook ()

# Get the active worksheet
worksheet = workbook.active

# Write some data to the worksheet

worksheet['Al'] = 'Name'
worksheet['Bl1'] = 'Age'
worksheet['Cl'] = 'Gender'

worksheet['A2'] = 'Alice'
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worksheet['B2'] = 25

worksheet['C2'] = 'Female'
worksheet['A3'] = 'Bob'
worksheet['B3'] = 32
worksheet['C3'] = 'Male'

# Save the workbook to a file
workbook.save ('new _file.xlsx')

In this example code, we create a new Excel file using the Workbook() function. This function
returns a new Workbook object, which represents the new Excel file. We then get the active
worksheet in the new workbook using the active attribute of the Workbook object.

Next, we write some data to the worksheet using the cell coordinates. We set the value of each
cell by assigning to it using the indexing notation. For example, worksheet['Al"] = 'Name' sets
the value of cell Al to 'Name'.

Finally, we save the workbook to a file using the save() method of the Workbook object. This
creates a new Excel file called new_file.xlIsx in the current working directory.

These are just a couple of examples of how to read and write Excel files using Python and the
openpyxl library. With a little bit of practice, you'll be able to use these functions and methods to
manipulate Excel files in a variety of ways. Here's one more example that demonstrates how to
read and write data to specific ranges of cells in an Excel file using the openpyxl library:

import openpyxl

# Load the Excel file
workbook = openpyxl.load workbook ('example.xlsx')

# Get the first worksheet
worksheet = workbook.worksheets[0]

# Read the values of a range of cells (Al to B3)
for row in worksheet.iter rows(min row=1l, max row=3,
min col=1l, max col=2):
for cell in row:
print(cell.value)

# Write some data to a range of cells (D1 to E3)
data = [['City', 'Population'], ['New York', 8623000],
['Los Angeles', 3990000], ['Chicago', 2710000]]

for row_index, row in enumerate(data):
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for col _index, value in enumerate (row) :
worksheet.cell (row=row_index+1,
column=col index+4) .value = value

# Save the changes to the Excel file
workbook. save ('example.xlsx')

In this example code, we first load an Excel file called example.xlsx using the load_workbook()
function. We then get the first worksheet in the file using the worksheets attribute of the
Workbook object.

Next, we read the values of a range of cells (Al to B3) using the iter_rows() method of the
Worksheet object. This method returns a generator that yields rows of cells, where each row is
represented as a tuple of Cell objects. We then loop through each cell in each row, and print its
value using the value attribute of the cell object. Sure, here's another example that demonstrates
how to format the appearance of cells in an Excel file using the openpyxl library:

import openpyxl
from openpyxl.styles import Font, Alignment,
PatternFill, Border, Side

# Load the Excel file
workbook = openpyxl.load workbook ('example.xlsx')

# Get the first worksheet
worksheet = workbook.worksheets[O0]

# Set the font and alignment of a range of cells (Al to
Cl)
for col in worksheet.iter cols(min row=1l, max row=1,
min col=1l, max col=3):
for cell in col:
cell.font = Font (bold=True, size=12)
cell.alignment = Alignment (horizontal='center')

# Set the fill and border of a range of cells (A2 to
C4)

fill = PatternFill (patternType='solid',
fgColor="'FFFFO00')

border = Border (left=Side(style='thin'),
right=Side(style='thin'), top=Side(style='thin'),
bottom=Side (style='thin'))

for row in worksheet.iter rows(min row=2, max row=4,
min col=1l, max col=3):
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for cell in row:
cell.fill = £ill
cell .border = border

# Save the changes to the Excel file
workbook . save ('example.xlsx')

In this example code, we first load an Excel file called example.xlsx using the load_workbook()
function. We then get the first worksheet in the file using the worksheets attribute of the
Workbook object.

Next, we set the font and alignment of a range of cells (Al to C1) using the iter_cols() method of
the Worksheet object. This method returns a generator that yields columns of cells, where each
column is represented as a tuple of Cell objects. We then loop through each cell in each column,
and set its font and alignment using the Font and Alignment classes from the openpyxl.styles
module.

After that, we set the fill and border of a range of cells (A2 to C4) using the iter_rows() method
of the Worksheet object. We use the PatternFill and Border classes from the openpyxl.styles
module to create a solid yellow fill and a thin border for each cell. We then loop through each
cell in each row, and set its fill and border using the fill and border attributes of the cell object.
Sure, here's another example that demonstrates how to create a new Excel file and add
worksheets to it using the openpyxl library:

import openpyxl

# Create a new Excel file
workbook = openpyxl.Workbook ()

# Get the active worksheet (the first worksheet by
default)
worksheet = workbook.active

# Rename the active worksheet
worksheet.title = 'Sheetl'

# Add a new worksheet

worksheet2 = workbook.create sheet(title='Sheet2')
# Add data to the worksheets

worksheet['Al'] = 'Hello'

worksheet['Bl'] = 'world!'

worksheet2['Al'] 'This'

worksheet2['Bl'] = 'is'



178 |Page

worksheet2['Cl'] = 'Sheet2'

# Save the Excel file
workbook.save ('new _file.xlsx')

In this example code, we first create a new Excel file using the Workbook() function. This
function returns a new Workbook object that contains one active worksheet (named Sheet).

Working with JSON and XML files

One of the important topics covered in the book is working with JSON and XML files, which are
two widely used file formats for data exchange on the web.

JSON (JavaScript Object Notation) is a lightweight data format that is easy to read and write for
humans and machines alike. It is used extensively in web applications for data exchange between
the client and server. JSON is based on a subset of the JavaScript programming language, and it
uses key-value pairs to represent data.

In Python, working with JSON files is made easy with the built-in json module. The json module
provides functions for encoding Python objects into JSON format, and decoding JSON data into
Python objects. To read a JSON file, we can use the load() function to load the file contents into
a Python object. For example:

import json

# Load JSON data from a file
with open('data.json', 'r') as file:
data = json.load(file)

# Access the data
print(data['name'])
print (data['age'])

In this example, we load the contents of a JSON file named data.json into a Python object using
the json.load() function. We can then access the data using dictionary-like syntax.

XML (Extensible Markup Language) is another widely used file format for data exchange on the
web. XML is a markup language that is designed to store and transport data, and it uses tags to
define elements and attributes to define properties of elements.
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In Python, working with XML files is made easy with the built-in xml module. The xml module
provides functions for parsing XML data into a Python object, and for generating XML data
from a Python object. To read an XML file, we can use the ElementTree class to parse the file
contents into an element tree. For example:

import xml.etree.ElementTree as ET

# Parse XML data from a file
tree = ET.parse('data.xml')
root = tree.getroot ()

# Access the data
print (root.find('name') . text)
print (root.find('age') . text)

In this example, we parse the contents of an XML file named data.xml into an element tree using
the ElementTree.parse() function. We can then access the data using the find() method to search
for elements by name, and the text attribute to access the text content of the element.

Overall, working with JSON and XML files in Python is made easy with the built-in json and
xml modules, which provide functions for encoding and decoding data in these formats. With a
solid understanding of these file formats and the tools available in Python, you can easily read
and write data in JSON and XML formats in your Python programs.

Here is some more detailed information about working with JSON and XML files in Python.
Working with JSON Files:

JSON is a popular file format for storing and exchanging data in web applications. JSON files
are composed of key-value pairs, and are human-readable and machine-readable. Here are the
steps to read and write JSON files in Python:

1. Import the json module:

The json module is built-in in Python, so you don't need to install any external package. Just
import the module at the beginning of your Python script:

import json
2. Reading JSON Files:
To read JSON data from a file, use the json.load() function. This function takes a file object and
returns a Python object (usually a dictionary or a list) that represents the JSON data.

Here's an example:

with open('data.json', 'r') as file: data =
json.load (file)
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In this example, we're opening the data.json file in read mode ('r’) using a context manager
(with statement). We're then calling json.load() and passing in the file object. The returned data
object is a Python dictionary that represents the JSON data.

3. Writing JSON Files:
To write JSON data to a file, use the json.dump() function. This function takes a Python object
(usually a dictionary or a list) and a file object, and writes the JSON data to the file. Here's an
example:

data = {'name': 'Alice', 'age': 25} with
open('data.json', 'w') as file: json.dump(data, file)

In this example, we're creating a Python dictionary called data that represents the JSON data we
want to write to the file. We're then opening the data.json file in write mode (‘w') using a
context manager, and calling json.dump() to write the data dictionary to the file.

Working with XML Files:
XML is another popular file format for storing and exchanging data in web applications. XML

files are composed of tags and attributes, and are human-readable and machine-readable. Here
are the steps to read and write XML files in Python:

Working with JSON:

JSON is a popular format for data exchange on the web because it is easy to read and write, and
it can be easily parsed by most programming languages. In Python, working with JSON is made
easy with the built-in json module.

To encode Python objects as JSON, we can use the json.dumps() function. For example:

import json

data = {

"name": "Alice",

"age": 30,

"email": "alice(@example.com"
}

# Convert Python object to JSON
json_data = json.dumps (data)

# Save JSON data to a file
with open("data.json", "w") as file:
file.write(json data)

In this example, we define a Python dictionary containing some data, and then we use the
json.dumps() function to encode the dictionary as JSON. We can then save the JSON data to a
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file using the write() method of a file object.
To decode JSON data into Python objects, we can use the json.loads() function. For example:
import json

# Load JSON data from a file

with open("data.json", "r") as file:
json_data = file.read()

# Convert JSON data to Python object

data = Jjson.loads(json_data)

# Access the data
print (data["name"])
print(data["age"])

In this example, we read the contents of a JSON file into a string variable, and then we use the
json.loads() function to decode the JSON data into a Python object. We can then access the data
using dictionary-like syntax.

Working with XML.:

XML is another popular format for data exchange on the web, and it is widely used in web
services and APIs. In Python, working with XML is made easy with the built-in xml module.

To parse XML data into a Python object, we can use the xml.etree.ElementTree class. For
example:

import xml.etree.ElementTree as ET

# Parse XML data from a file
tree = ET.parse("data.xml")
root = tree.getroot()

# Access the data
print (root.find("name") . text)
print (root.find("age") . text)

In this example, we parse the contents of an XML file into an element tree using the
ElementTree.parse() function. We can then access the data using the find() method to search for
elements by name, and the text attribute to access the text content of the element.

To generate XML data from a Python object, we can use the xml.etree.ElementTree class to
create an element tree, and then use the ET.tostring() function to convert the element tree to a
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string. For example:

import xml.etree.ElementTree as ET

data = {

"name": "Alice",

"age": 30,

"email": "alice(@example.com"
}

# Create element tree

root = ET.Element ("data")

for key, value in data.items():
child = ET.SubElement (root, key)
child.text = str(value)

# Convert element tree to string
xml data = ET.tostring(root)

# Save XML data to a file
with open("data.xml", "wb") as file:
file.write(xml data)

In this example, we define a Python dictionary containing some data, and then we use the
xml.etree.ElementTree class to create an element tree from the data. We then use the
ET.tostring() function to convert the element tree to a string, which we can then save to a file.
Here's an example of using the json module to encode and decode a Python object as JSON:

import json

# Define a Python object

data = {
"name": "Alice",
"age": 30,
"email": "alice(@example.com",
"friends": ["Bob", "Charlie", "David"]
}

# Encode the Python object as JSON
json_data = json.dumps(data, indent=4)

# Print the JSON data
print(json_data)
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# Decode the JSON data into a Python object
decoded data = Jjson.loads(json_data)

# Access the decoded data

print (decoded data["name"])

print (decoded data["age"])

print (decoded data["email"])
print (decoded data["friends"][1])

In this example, we define a Python dictionary containing some data, and then we use the
json.dumps() function to encode the dictionary as JSON with an indentation of 4 spaces. We
print the JSON data to the console, and then we use the json.loads() function to decode the JSON
data into a Python object. We can then access the data using dictionary-like syntax.

Working with XML

Here's an example of using the xml.etree.ElementTree class to parse an XML file into an element
tree, and then extract data from the tree:

import xml.etree.ElementTree as ET

# Parse the XML file into an element tree
tree = ET.parse("data.xml")
root = tree.getroot()

# Extract data from the element tree
name = root.find("name") . text

age = int(root.find("age") .text)
email = root.find("email") . text
friends = [child.text for child in
root.find("friends")]

# Print the extracted data
print (name)

print (age)

print (email)

print (friends)

In this example, we use the ElementTree.parse() function to parse an XML file into an element
tree. We then use the getroot() method to get the root element of the tree, and the find() method
to find sub-elements by name. We can access the text content of an element using the text
attribute. Finally, we use a list comprehension to extract the text content of all the friend
elements into a list. Here's an example of reading data from a JSON file and using it in your
Python program:
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import json

# Read data from a JSON file
with open("data.json", "r") as f:
data = json.load(f)

# Access the data

print (data["name"])
print(data["age"])

print (data["email"])
print(data["friends"][1])

In this example, we use the json.load() function to read data from a JSON file and parse it into a
Python object. We can then access the data using dictionary-like syntax.

Here's an example of writing data to a JSON file:
import json

# Define a Python object

data = {
"name": "Alice",
"age": 30,
"email": "alice(@example.com",

"friends": ["Bob", "Charlie", "David"]
}
# Write the Python object to a JSON file
with open("data.json", "w") as f:

json.dump (data, £, indent=4)

In this example, we use the json.dump() function to write a Python object as JSON to a file with
an indentation of 4 spaces.

Working with XML

Here's an example of creating an XML document from scratch using the xml.etree.ElementTree
class:

import xml.etree.ElementTree as ET

# Create the root element of the XML document
root = ET.Element ("person'")
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# Add sub-elements to the root element
name = ET.SubElement (root, "name")
name. text = "Alice"

age = ET.SubElement (root, "age")
age.text = "30"

email = ET.SubElement (root, "email')

email.text = "alice(@example.com"
friends = ET.SubElement (root, "friends")
for friend in ["Bob", "Charlie", "David"]:

friend elem = ET.SubElement (friends, "friend")
friend elem.text = friend

# Write the XML document to a file
tree = ET.ElementTree (root)
tree.write("data.xml")

In this example, we use the Element() function to create the root element of an XML document.
We then use the SubElement() function to add sub-elements to the root element, and the text
attribute to set the text content of the sub-elements. Finally, we use the ElementTree() class to
create an element tree from the root element, and the write() method to write the element tree to
an XML file.

Here's an example of parsing an XML document that contains namespaces:

import xml.etree.ElementTree as ET

# Parse the XML file into an element tree
tree = ET.parse("data.xml")

# Extract data from the element tree using namespaces

ns = {"ns": "http://example.com/person"}
name = tree.find("ns:name", ns).text
age = int(tree.find("ns:age", ns).text)
email = tree.find("ns:email", ns) .text

friends = [child.text for child in
tree.find("ns:friends", ns)]

# Print the extracted data
print (name)

print (age)

print (email)
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print (friends)

In this example, we define a dictionary that maps namespace prefixes to namespace URLs, and
then use this dictionary to qualify element names in the find() method. We can then access the
text content of an element using the text attribute. Note that the namespace prefix used in the
find() method must match the prefix used in the XML document.

Here's an example of using JSON data from an API:

import requests
import json

# Make a request to an API that returns JSON data

response =
requests.get ("https://jsonplaceholder. typicode.com/post

s")

# Parse the JSON data from the response
data = json.loads (response. text)

# Access the data
for post in data:
print (post["title"])

In this example, we use the requests module to make a request to an API that returns JSON data.
We then use the json.loads() function to parse the JSON data from the response into a Python
object. We can then access the data using dictionary-like syntax.

Here's an example of pretty-printing JSON data:

import json
# Define a Python object

data = {
"name": "Alice",
"age": 30,
"email": "alice(@example.com",

"friends": ["Bob", "Charlie", "David"]

}

# Print the Python object as JSON with indentation
print (json.dumps (data, indent=4))

In this example, we use the json.dumps() function to pretty-print a Python object as JSON with
an indentation of 4 spaces.
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Working with XML:
Here's an example of using XPath expressions to extract data from an XML document:

import xml.etree.ElementTree as ET

# Parse the XML file into an element tree
tree = ET.parse("data.xml")

# Extract data from the element tree using XPath
expressions

name = tree.find(".//name") . text

age = int(tree.find(".//age") .text)

email = tree.find(".//email") . text

friends = [child.text for child in
tree.findall(".//£friend") ]

# Print the extracted data
print (name)

print (age)

print (email)

print (friends)

In this example, we use the find() method with an XPath expression to extract the text content of
an element. The // operator selects all descendants of the current node, regardless of their depth
in the element tree. We can also use the findall() method with an XPath expression to extract a
list of elements that match the expression.

Here's an example of using XSLT to transform an XML document:

import xml.etree.ElementTree as ET
import lxml.etree as ETX

# Parse the XML file into an element tree
tree = ET.parse("data.xml")

# Define an XSLT transformation

xslt = ETX.fromstring ("""

<xsl:stylesheet version="1.0"

xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:output method="text" />

<xsl:template match="/">
<xsl:for-each select="//friend">
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<xsl:value-of select="." />
<xsl:text>, </xsl:text>
</xsl:for-each>
</xsl:template>
</xsl:stylesheet>

nww ")

# Apply the XSLT transformation to the element tree
transform = ETX.XSLT (xslt)
result = transform(tree)

# Print the transformed result
print (result)
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Chapter 4.
Data Manipulation with Python
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Data manipulation refers to the process of transforming and manipulating data to extract insights
and information from it. Python is a powerful programming language that is well-suited for data
manipulation, thanks to its extensive libraries and tools.

One of the most popular libraries for data manipulation in Python is pandas. Pandas provides a
powerful set of tools for working with structured data, such as tables or spreadsheets. With
pandas, you can easily load data into a DataFrame object, which is a two-dimensional table that
can be manipulated and analyzed using various methods and functions.

Loading data into a DataFrame: One of the first steps in data manipulation with pandas is loading
data into a DataFrame object. The book covers various methods for loading data from different
sources, such as CSV files, Excel spreadsheets, and SQL databases.

Indexing and selecting data: Once you have loaded data into a DataFrame, you can use indexing
and selection techniques to extract specific subsets of data based on certain criteria. The book
covers various techniques for indexing and selecting data, such as using boolean masks and
querying data using SQL-like syntax.

Cleaning and transforming data: Data often requires cleaning and transformation before it can be
analyzed or visualized. The book covers various techniques for cleaning and transforming data,
such as handling missing data, removing duplicates, and transforming data using functions.

Aggregating and summarizing data: Another key aspect of data manipulation is aggregating and
summarizing data to extract insights and information from it. The book covers various
techniques for aggregating and summarizing data, such as grouping data by certain criteria and
computing summary statistics like mean, median, and standard deviation.

Visualizing data: Finally, the book covers various techniques for visualizing data using Python.
Visualization is an important aspect of data manipulation because it allows you to gain insights
and communicate your findings to others. The book covers various libraries and tools for
visualizing data, such as matplotlib, seaborn, and plotly.

One important aspect of Python programming is data manipulation, which involves handling and
transforming data in various formats such as CSV, JSON, and XML. This article will provide an
overview of data manipulation with Python, covering topics such as reading and writing data,
cleaning and transforming data, and performing basic analysis.

Reading and Writing Data

Python offers a range of libraries for reading and writing data in various formats. The most
commonly used libraries for reading and writing CSV files are csv and pandas. For example, the
following code shows how to read a CSV file using the csv library:

import csv

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

Similarly, the pandas library offers a variety of functions for reading and writing data in different
formats, including CSV, Excel, and SQL. For example, the following code shows how to read a
CSV file using pandas:

import pandas as pd

data = pd.read csv('data.csv')
print (data.head())

Cleaning and Transforming Data
Once data has been read into Python, it may need to be cleaned and transformed before analysis.
Common tasks include removing missing values, changing data types, and merging data from

different sources. The pandas library provides powerful functions for these tasks.

For example, the following code shows how to remove rows with missing values using the
dropna() function:

import pandas as pd

data = pd.read csv('data.csv')
clean data = data.dropna()
print(clean_data.head())

Similarly, the following code shows how to change the data type of a column using the astype()
function:

import pandas as pd

data = pd.read csv('data.csv')
data['price'] = data['price'].astype(float)
print (data.dtypes)

Performing Basic Analysis

After data has been cleaned and transformed, basic analysis can be performed using functions
such as describe() and groupby().

The describe() function provides summary statistics for each column in a pandas DataFrame. For
example, the following code shows how to use describe() to calculate summary statistics for the
price column:
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import pandas as pd

data = pd.read csv('data.csv')
data['price'] = data['price'].astype (float)
print (data|['price'] .describe())

The groupby() function allows data to be grouped by one or more columns and analyzed
together. For example, the following code shows how to use groupby() to calculate the average
price for each car make:

import pandas as pd

data = pd.read csv('data.csv')

data['price'] = data['price'].astype(float)
grouped data = data.groupby('make') ['price'] .mean()
print (grouped data)

Introduction to NumPy and Pandas

Here is a code example that demonstrates data manipulation with Python using the pandas
library:

import pandas as pd

# Read CSV file
data = pd.read csv('data.csv')

# Preview first 5 rows of data
print (data.head())

# Drop rows with missing values
clean_data = data.dropna()

# Change data type of price column to float
clean data['price'] = clean data['price'].astype (float)

# Calculate summary statistics for price column
print(clean data['price'].describe())

# Group data by make and calculate average price
grouped data =

clean_data.groupby('make') [ 'price'] .mean()

# Print grouped data
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print (grouped data)

In this example, we start by reading a CSV file called data.csv using the read_csv() function
from the pandas library. We then preview the first 5 rows of the data using the head() function.

Next, we drop any rows with missing values using the dropna() function and store the result in a
new DataFrame called clean_data. We also change the data type of the price column to float
using the astype() function.

We then calculate summary statistics for the price column using the describe() function and print
the result to the console. Finally, we group the data by make using the groupby() function and
calculate the average price for each make using the mean() function. We print the grouped data
to the console.

This example demonstrates some of the basic data manipulation and analysis tasks that can be
performed using Python and the pandas library. With a deeper understanding of Python and the
pandas library, more complex data manipulation and analysis tasks can be performed.

Example that demonstrates more advanced data manipulation with Python using the pandas
library:

import pandas as pd

# Read CSV files
sales data = pd.read csv('sales data.csv')

product data = pd.read csv('product data.csv')

# Merge dataframes on product ID
merged data = pd.merge(sales_data, product data,
on='product id')

# Create new column for total sales
merged data['total _sales'] = merged data['quantity'] *
merged data['price']

# Calculate total sales by product category
category sales =
merged data.groupby ('category')['total _sales'].sum()

# Calculate average price by product category
category prices =
merged data.groupby ('category')['price'] .mean()
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# Calculate total sales by year and month
merged data['year'] =
pd.DatetimeIndex (merged data['date']) .year
merged data['month'] =
pd.DatetimeIndex (merged data['date']) .month
monthly sales = merged data.groupby(['year',
'month']) ['total sales'].sum()

# Write results to CSV files

category sales.to_csv('category sales.csv')
category prices.to_csv('category prices.csv')
monthly sales.to_csv('monthly sales.csv')

In this example, we start by reading two CSV files called sales_data.csv and product_data.csv
using the read_csv() function from the pandas library. We then merge the two dataframes on the
product_id column using the merge() function and store the result in a new DataFrame called
merged_data.

We create a new column called total sales by multiplying the quantity and price columns
together. We then group the merged_data DataFrame by category and calculate the total sales for
each category using the sum() function. We also calculate the average price for each category
using the mean() function.

We then calculate the total sales by year and month by first extracting the year and month from
the date column using the Datetimelndex() function from the pandas library. We then group the
merged_data DataFrame by year and month

import pandas as pd
import numpy as np

# Read CSV file
data = pd.read csv('data.csv')

# Replace missing values in engine size column with
median value

median_engine size = data['engine_size'] .median()
data['engine size'].fillna(median_engine_ size,
inplace=True)

# Create new column for price per horsepower
data['price per hp'] = data['price'] /

data['horsepower']

# Create new column for car age in years
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current year = 2023
data['age'] = current_year - data['year']

# Create new column for car type based on body style
column
def get car type(body style):
if body style in ['sedan', 'wagon']:
return 'family'
elif body style in ['coupe', 'hatchback']:
return 'sport'
else:
return 'other'

data['car_type'] =
data['body style'].apply(get car type)

# Calculate correlation between price and engine size
columns

correlation matrix = np.corrcoef (data['price'],
data['engine size'])

correlation = correlation matrix[0,1]

# Group data by car type and calculate average price
and horsepower

grouped data = data.groupby('car_ type') .agg({'price':
'mean', 'horsepower': 'mean'})

# Print summary statistics and grouped data to console
print (data.describe())

print ("Correlation between price and engine size:",
correlation)

print (grouped data)

In this extended code example, we start by reading the CSV file and storing it in a DataFrame
called data. We then replace any missing values in the engine_size column with the median
value using the fillna() function. We also create a new column called age which represents the
age of each car in years by subtracting the year column from the current year (2023).

We then create a new column called car_type which categorizes each car based on its
body style. This is done using a function called get car_type() which takes a body_ style
argument and returns the corresponding car type based on the rules defined in the function. We
apply this function to the body_style column using the apply() function and store the result in a
new car_type column.
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Next, we calculate the correlation between the price and engine_size columns using the
corrcoef() function from the numpy library. We store the result in a variable called correlation
and print it to the console.

Finally, we group the data by car_type using the groupby() function and calculate the average
price and horsepower for each group using the agg() function. We store the result in a new
DataFrame called grouped_data and print it to the console.

This extended code example demonstrates more advanced data manipulation and analysis tasks
using Python and the pandas and numpy libraries. By combining basic data manipulation tasks
with more advanced tasks such as correlation analysis and data grouping, we can gain valuable
insights from our data and make more informed decisions.

Creating arrays and dataframes

Arrays and dataframes are two essential data structures that are widely used in programming.
These structures allow you to store and manipulate data efficiently. In this section, we will
discuss how to create arrays and dataframes using Python.

Creating Arrays:
An array is a collection of elements of the same type, which can be accessed using an index. In
Python, arrays can be created using the array module. To use this module, you need to import it
first.

import array as arr
Once you have imported the array module, you can create an array using the following syntax:

a = arr.array('i', [1, 2, 3, 4, 5])

In the above example, we have created an array named a of integer type using the i character
code. The elements of the array are provided as a list of values in the second argument.

You can also create an empty array using the following syntax:
b = arr.array('d')

In the above example, we have created an empty array named b of double type using the d
character code. Creating arrays and dataframes is an essential task in data analysis, and Python
provides many useful tools for doing so. In this article, we will explore how to create arrays and
dataframes in Python using the NumPy and Pandas libraries. We will also cover some basic
operations on arrays and dataframes.
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Creating Arrays in Python

Arrays are a fundamental data structure in Python used to store data in a sequence. There are
different types of arrays in Python, such as lists, tuples, and NumPy arrays. NumPy arrays are the
most commonly used type of array in scientific computing.

To create a NumPy array in Python, you need to first install the NumPy library. You can do this
by running the following command in your Python terminal:

pip install numpy

Once you have installed the NumPy library, you can create a NumPy array using the
numpy.array() function. Here's an example:

import numpy as np

# create a NumPy array
arr = np.array([1, 2, 3, 4, 5])

print(arr)

In this example, we imported the NumPy library using the alias np. We then created a NumPy

array arr using the np.array() function and printed it to the console. The output will look like this:
[1 2 3 4 5]

Creating Dataframes in Python

Dataframes are a two-dimensional data structure in Python used to store data in a tabular format.
Pandas is a Python library that provides tools for working with dataframes.

To create a dataframe in Python, you need to first install the Pandas library. You can do this by
running the following command in your Python terminal:

pip install pandas

Once you have installed the Pandas library, you can create a dataframe using the
pandas.DataFrame() function. Here's an example:

import pandas as pd
# create a dataframe

data = {'name': ['Alice', 'Bob', 'Charlie', 'David'],
'age': [25, 30, 35, 40],
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|genderl: [lFl, |M|, lMl, |M|]}
df = pd.DataFrame (data)

print (df)

In this example, we imported the Pandas library using the alias pd. We then created a dictionary
data containing the data we want to store in our dataframe. We then created a dataframe df using
the pd.DataFrame() function and printed it to the console. The output will look like this:

name age gender

0 Alice 25 F
1 Bob 30 M
2 Charlie 35 M
3 David 40 M

Basic Operations on Arrays and Dataframes

Once you have created an array or a dataframe, you can perform various operations on it. Here
are some basic operations you can perform on arrays and dataframes:

Accessing Elements: You can access elements of an array using indexing. For example,
to access the first element of a NumPy array arr, you can use arr[0]. To access a column
of a Pandas dataframe df, you can use df[‘column_name'].

Slicing: You can slice an array or a dataframe to select a subset of elements. For example,
to select the first three elements of a NumPy array arr, you can use arr[:3]. To select a
subset of rows and columns of a Pandas dataframe df, you can use df.loc[row_indexer,
column_indexer]. an array or a dataframe using the append() function. For example, to
add an element to the end of a NumPy array arr, you can use np.append(arr, element). To
add a row to a Pandas dataframe df, you can use df.append(new_row,
ignore_index=True).

Deleting Elements: You can delete elements from an array or a dataframe using the
delete() function. For example, to delete the second element of a NumPy array arr, you
can use np.delete(arr, 1). To delete a row or a column from a Pandas dataframe df, you
can use df.drop(index=row_index, columns=column_name).

Modifying Elements: You can modify elements of an array or a dataframe using
indexing. For example, to modify the second element of a NumPy array arr, you can use
arr[1] = new_value. To modify a specific value in a Pandas dataframe df, you can use
df.loc[row_index, column_name] = new_value.

Arithmetic Operations: You can perform arithmetic operations on arrays and dataframes.
For example, to add two NumPy arrays arrl and arr2, you can use np.add(arrl, arr2). To
perform arithmetic operations on columns of a Pandas dataframe df, you can use
df['new_column'] = df['columnl'] + df['‘column2T].
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creating arrays and dataframes is an essential task in data analysis, and Python provides
powerful tools for doing so. NumPy and Pandas are popular Python libraries that are
widely used for working with arrays and dataframes. In this article, we have covered how
to create arrays and dataframes in Python using these libraries and some basic operations
that you can perform on arrays and dataframes. By mastering these concepts, you will be
well on your way to becoming a proficient data analyst in Python.

Example that demonstrates creating a NumPy array, creating a Pandas dataframe, and
performing some basic operations on them:

import numpy as np
import pandas as pd

# create a NumPy array
arr = np.array([1, 2, 3, 4, 5])

# print the array
print ("NumPy Array:")
print (arr)

print ()

# create a Pandas dataframe

data = {'name': ['Alice', 'Bob', 'Charlie', 'David’'],
'age': [25, 30, 35, 40],
'gender': ['F', va, va, lMl]}

df = pd.DataFrame (data)

# print the dataframe
print ("Pandas Dataframe:")
print (df)

print ()

# access elements of the array

print ("Accessing Elements of NumPy Array:")
print ("First element:", arr[0])

print ("Last element:", arr[-1])

print ()

# slice the array

print("Slicing NumPy Array:")

print ("First three elements:", arr[:3])
print ("Last two elements:", arr[-2:])
print ()

# add an element to the array
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new_arr = np.append(arr, 6)
print ("Adding Element to NumPy Array:")

print("Original array:", arr)
print ("New array:", new_arr)
print ()

# delete an element from the array
new_arr = np.delete(arr, 1)
print("Deleting Element from NumPy Array:")

print("Original array:", arr)
print ("New array:", new_arr)
print ()

# modify an element of the array
arr[2] = 100
print ("Modifying Element of NumPy Array:")

print("Original array:", arr)
print ("Modified array:", arr)
print ()

# perform arithmetic operations on the array
arrl = np.array([1l, 2, 3])

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

arr3 = np.add(arrl, arr2)

print ("Performing Arithmetic Operations on NumPy

Array:")

print ("Array 1:", arrl)
print ("Array 2:", arr2?)
print ("Result Array:", arr3)
print ()

# access columns of the dataframe

print ("Accessing Columns of Pandas Dataframe:")
print ("Name column:")

print (df[ 'name'])

print ("Age column:")

print(df['age'])
print ()

# slice the dataframe

print("Slicing Pandas Dataframe:")

print ("First two rows:")
print(df[:2])
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print ("Last two rows:")
print(df[-2:])
print ()

# add a row to the dataframe

new_row = {'name': 'Eve', 'age': 45, 'gender': 'F'}
df = df.append(new_row, ignore index=True)

print ("Adding Row to Pandas Dataframe:")

print (df)

print ()

# delete a row from the dataframe

df = df.drop (index=2)

print("Deleting Row from Pandas Dataframe:")
print (df)

print ()

# modify a value in the dataframe

df .loc[0, 'age'] = 30

print ("Modifying Value in Pandas Dataframe:")
print (df)

print ()

# perform arithmetic operations on columns of the
dataframe

df['age squared'] = df['age'] ** 2

print ("Performing Arithmetic Operations on Pandas
Dataframe:")

print (df)

print ()

This code demonstrates how to create a NumPy array and a Pandas dataframe, as well as
how to perform basic operations on them such as accessing elements, slicing, adding and
deleting elements, modifying values, and performing arithmetic operations.

Here's another example of creating a NumPy array and a Pandas dataframe, and
performing some basic operations on them:

import numpy as np
import pandas as pd

# create a NumPy array with random values
arr = np.random.rand (5, 3)
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# print the array
print ("NumPy Array:")
print (arr)

print ()

# create a Pandas dataframe with random values
data = {'coll': np.random.randint(1l, 10, 5),
'col2': np.random.randint (10, 20, 5),
'col3': np.random.randint (20, 30, 5)}
df = pd.DataFrame (data)

# print the dataframe
print ("Pandas Dataframe:")
print (df)

print ()

# access elements of the array
print ("Accessing Elements of NumPy Array:")

print ("Element at (0, 1):", arr[0, 1])
print ("Element at (4, 2):", arr[4, 2])
print ()

# slice the array
print("Slicing NumPy Array:")

print ("First row:", arr[0])
print("Last column:", arr[:, 2])
print ()

# add an element to the array

new_arr = np.append(arr, [[0.1, 0.2, 0.3]], axis=0)
print ("Adding Element to NumPy Array:")

print ("Original array:")

print (arr)

print ("New array:")

print (new_arr)

print ()

# delete an element from the array
new_arr = np.delete(arr, 1, axis=l)
print ("Deleting Element from NumPy Array:")
print("Original array:")
print (arr)
print ("New array:")
print (new_arr)
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print ()

# modify an element of the array

arr[2, 1] = 100

print ("Modifying Element of NumPy Array:")
print ("Original array:")

print (arr)

print ("Modified array:")

print (arr)

print ()

# perform arithmetic operations on the array
arrl = np.array([1l, 2, 3])

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

arr3 = np.add(arrl, arr2)

print ("Performing Arithmetic Operations on NumPy
Array:")

print("Array 1:")
print(arrl)

print ("Array 2:")
print (arr2)

print ("Result Array:")
print (arr3)

print ()

# access columns of the dataframe

print ("Accessing Columns of Pandas Dataframe:")
print("coll column:")

print (df['coll'])

print("col2 column:")

print (df['col2'])

print ()

# slice the dataframe
print("Slicing Pandas Dataframe:")
print ("First two rows:")

print (df[:2])

print ("Last two rows:")

print (df[-2:])

print ()
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# add a row to the dataframe

new_row = {'coll': 10, 'col2': 20, 'col3': 30}
df = df.append(new_row, ignore_ index=True)
print ("Adding Row to Pandas Dataframe:")

print (df)

print ()

# delete a row from the dataframe

df = df.drop (index=2)

print("Deleting Row from Pandas Dataframe:")
print (df)

print ()

# modify a value in the dataframe

df.loc[0, 'col2'] = 15

print ("Modifying Value in Pandas Dataframe:")
print (df)

print ()

# perform arithmetic operations on columns of the
dataframe

df['coll plus col2'] = df['coll'] + df['col2']
print ("Performing Arithmetic Operations on Pandas
Dataframe:")

print (df)

print ()

Here's another example of creating a NumPy array and a Pandas dataframe, and performing
some basic operations on them:

import numpy as np
import pandas as pd

# create a NumPy array with values from 0 to 11
arr = np.arange(1l2) .reshape (3, 4)

# print the array
print ("NumPy Array:")
print (arr)

print ()

# create a Pandas dataframe with column names
df = pd.DataFrame (arr, columns=['coll', 'col2', 'col3',
'cold'])
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# print the dataframe
print ("Pandas Dataframe:")
print (df)

print ()

# access elements of the array
print ("Accessing Elements of NumPy Array:")

print ("Element at (1, 2):", arr[l, 2])
print ("Element at (2, 1):", arr[2, 1])
print ()

# slice the array
print("Slicing NumPy Array:")

print ("First row:", arr[0])
print("Last column:", arr[:, 3])
print ()

# add an element to the array

new_arr = np.append(arr, [[12, 13, 14, 15]], axis=0)
print ("Adding Element to NumPy Array:")

print ("Original array:")

print (arr)

print ("New array:")

print (new_arr)

print ()

# delete an element from the array

new_arr = np.delete(arr, 2, axis=l)

print ("Deleting Element from NumPy Array:")
print("Original array:")

print (arr)

print ("New array:")

print (new_arr)

print ()

# modify an element of the array

arr[2, 1] = 100

print ("Modifying Element of NumPy Array:")
print("Original array:")

print (arr)

print ("Modified array:")

print (arr)

print ()
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# perform arithmetic operations on the array
arrl = np.array([1l, 2, 3])

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

arr3 = np.subtract(arr2, arrl)

print ("Performing Arithmetic Operations on NumPy
Array:")

print("Array 1:")

print (arrl)

print ("Array 2:")

print (arr2)

print ("Result Array:")

print (arr3)

print ()

# access columns of the dataframe
print ("Accessing Columns of Pandas Dataframe:")

print("coll column:")
print (df['coll'])
print("col2 column:")
print(df['col2'])
print ()

# slice the dataframe
print("Slicing Pandas Dataframe:")
print ("First two rows:")

print (df[:2])

print("Last two rows:")
print(df[-2:])

print ()

# add a row to the dataframe
new row = {'coll': 12, 'col2': 13, 'col3': 14, 'col4d':
15}

df = df.append(new_row, ignore index=True)
print ("Adding Row to Pandas Dataframe:")
print (df)

print ()

# delete a row from the dataframe

df = df.drop (index=2)

print("Deleting Row from Pandas Dataframe:")
print (df)
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print ()

# modify a value in the dataframe

df.loc[0, 'col3'] = 20

print ("Modifying Value in Pandas Dataframe:")
print (df)

print ()

# perform arithmetic operations on columns of the
dataframe

df['coll plus col2'] = df['coll'] + df['col2']
print ("Performing Arithmetic Operations on Pandas
Dataframe:")

print (df)

print ()

This code creates a NumPy array with values from 0 to 11 and reshapes it into a 3x4 array. It
also creates a Pandas dataframe

Indexing and selecting data

Indexing is the process of accessing a specific value or values within a data structure. In Python,
indexing is done using square brackets [] after the name of the data structure. For example, if you
have a list of numbers called my_list, you can access the first value in the list using my_list[0],
the second value using my_list[1], and so on. It's important to note that indexing in Python starts
at 0, not 1, so the first value in a list has an index of 0.

Selecting data involves using indexing and other techniques to retrieve specific values or subsets
of values from a data structure. For example, you might want to select all values in a list that are
greater than 10, or you might want to select a specific range of values from a list.

In Python, you can select data using a variety of techniques. One common technique is slicing,
which involves specifying a start and end index to select a range of values. For example, if you
have a list called my_list and you want to select the values from index 2 to index 5 (inclusive),
you can use the syntax my_list[2:6].

Another useful technique for selecting data in Python is using conditional statements. For
example, if you have a list of numbers and you want to select all values that are greater than 10,
you can use a list comprehension like this:

my list = [1, 5, 15, 20, 3, 8]
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selected values = [x for x in my list if x > 10]

In this code, the list comprehension [x for x in my_list if x > 10] creates a new list containing
only the values from my_list that are greater than 10.

One of the key concepts covered in the book is indexing and selecting data. Indexing refers to the
process of accessing specific elements in a list, tuple, or string. Selecting data involves filtering
out specific values or elements from a dataset.

In Python, indexing is done using square brackets [ ] and starts with an index of 0. For example,
if we have a list of numbers [2, 4, 6, 8], we can access the first element (2) using the index 0, the
second element (4) using the index 1, and so on. If we want to access the last element, we can
use the index -1. This is because Python allows negative indexing, where -1 refers to the last
element, -2 refers to the second last element, and so on.

The book also covers slicing, which involves accessing a range of elements in a list, tuple, or
string. Slicing is done using the colon (:) symbol. For example, if we have a list of numbers [2, 4,
6, 8], we can slice out the first two elements using the syntax myList[0:2]. This will return a new
list [2, 4].

The book also covers selecting data using conditional statements. This involves filtering out
specific elements that meet a certain criteria. For example, if we have a list of numbers [2, 4, 6,
8], we can select only the even numbers using a conditional statement like this:

myList = [2, 4, 6, 8]
newList = [x for x in myList if x % 2 == 0]

This will create a new list [2, 4, 6, 8] that only contains even numbers. The book also covers
using the built-in filter() and map() functions for selecting and transforming data.

Variables in Python are used to store data values that can be used throughout a program. The
book covers different data types that can be used to define variables, including integers, floating-
point numbers, strings, and Boolean values. It also covers how to use variables in expressions,
assignments, and concatenation.

Control structures in Python are used to control the flow of a program, such as loops and
conditional statements. The book covers how to use loops like for and while to iterate through
sequences and perform repetitive tasks. It also covers conditional statements like if, elif, and else
to make decisions based on certain conditions.

Functions in Python are used to organize code into reusable blocks. The book covers how to
define and call functions, as well as how to pass arguments and return values. It also covers how
to use built-in functions like print(), len(), and range().

Modules in Python are used to group related code together and make it easier to manage. The
book covers how to use modules, including importing modules and using their functions and



209 |Page

variables. It also covers how to create your own modules and packages.

In addition to these fundamental concepts, the book covers more advanced topics like object-
oriented programming, file input/output, and graphical user interfaces. It also includes practical
examples and exercises to help readers apply what they have learned.

Here is an example code that demonstrates indexing and selecting data in Python:

# create a list of numbers
myList = [2, 4, 6, 8, 10]

# access the first element
print (myList[0])

# access the last element
print (myList[-1])

# slice out the first two elements
newlList = myList[0:2]
print (newList)

# select only the even numbers
newList = [x for x in myList if x & 2 == 0]
print (newList)

This code creates a list of numbers called myList and then demonstrates how to access specific
elements using indexing. The first element is accessed using myList[0] and the last element is
accessed using myList[-1].

The code also demonstrates slicing using the syntax myList[0:2], which slices out the first two
elements and returns a new list [2, 4].

Finally, the code demonstrates selecting only the even numbers in myList using a list
comprehension. The list comprehension creates a new list that contains only the even numbers
using the conditional statement x % 2 == 0. here is another example code that demonstrates some
more advanced concepts related to indexing and selecting data:

# create a dictionary of cities and their populations
cityDict = {

"New York': 8623000,

'Los Angeles': 4019000,

'Chicago': 2666000,

'"Houston': 2320000,

'Phoenix': 1685000,



210|Page

# get the population of Chicago
print (cityDict['Chicago'])

# get a list of cities with populations over 2 million
largeCities = [city for city, pop in cityDict.items ()
if pop > 2000000]

print (largeCities)

# get a list of the 3 largest cities by population
sortedCities = sorted(cityDict.items (), key=lambda x:
x[1], reverse=True)

topCities = [city[0] for city in sortedCities[:3]]
print (topCities)

This code creates a dictionary called cityDict that contains the populations of several cities. The
code then demonstrates how to access specific values in the dictionary using indexing. For
example, the population of Chicago can be accessed using cityDict['Chicago].

The code also demonstrates selecting data using conditional statements in a list comprehension.
The code creates a new list called largeCities that contains only the cities with populations over 2
million. The lambda function specifies that the sort should be based on the population value,
which is the second element in each dictionary item. The reverse=True argument specifies that
the sort should be in descending order.

After sorting the dictionary, the code creates a new list called topCities that contains the names
of the top 3 cities by population. This is done by using a list comprehension to extract the city
names from the sorted dictionary. Here's another example code that builds upon the concepts of
indexing and selecting data in Python:

# create a list of dictionaries representing students
students = [

{'name': 'Alice', 'grade': 'A', 'major': 'Computer
Science'},

{'name': 'Bob', 'grade': 'B', 'major':
'Mathematics'},

{'name': 'Charlie', 'grade': 'C', 'major':
'Physics'},

{'name': 'Dave', 'grade': 'A', 'major': 'Computer
Science'},

{'name': 'Eve', 'grade': 'B', 'major':
'Psychology'},

]

# select only the students majoring in Computer Science



211|Page

csStudents = [s for s in students if s['major'] ==
'Computer Science']
print (csStudents)

# get a list of student names and their grades
nameGradelList = [(s['name'], s['grade']) for s in
students]

print (nameGradeList)

# create a new list of students sorted by grade
sortedStudents = sorted(students, key=lambda x:
x['grade'], reverse=True)

print (sortedStudents)

This code creates a list of dictionaries called students that represent different students and their
attributes. The code then demonstrates how to select specific data using conditional statements in
a list comprehension. In this case, the code selects only the students majoring in Computer
Science by using a conditional statement that checks the 'major' key of each dictionary.

The code also demonstrates how to select specific data from each dictionary in the list using a
list comprehension. In this case, the code creates a new list called nameGradeList that contains
tuples with each student's name and grade.

Filtering and sorting data

Filtering Data in Python
Filtering data means selecting a subset of data based on some criteria. For instance, we may want
to select all the rows in a dataset where a specific column value is greater than a certain

number. We can achieve this using Boolean indexing in Python.

Boolean indexing allows us to filter data based on a condition that evaluates to either True or
False. We can use comparison operators, such as >, <, ==, I= etc., to create Boolean
expressions. Here is an example:

import pandas as pd

# Create a sample dataset

data = {'Name': ['Alice', 'Bob', 'Charlie', 'Dave'],
'Age': [25, 30, 35, 40],
'Gender': ['F', 'M', 'M', 'M']}

df = pd.DataFrame (data)
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# Filter rows where age is greater than 30
df filtered = df[df['Age'] > 30]
print (df filtered)

Output:
Name Age Gender
2 Charlie 35 M
3 Dave 40 M

In the code above, we create a sample dataset using the pandas library. Then we use Boolean
indexing to filter rows where the 'Age' column is greater than 30. We store the filtered dataframe
in a new variable called df_filtered and print it.

Sorting Data in Python

Sorting data means arranging it in a specific order based on some criteria. For instance, we may
want to sort a list of numbers in ascending or descending order. We can achieve this using the
sorted() function in Python.

Filtering and sorting data are essential skills for any beginner programmer in Python. In this
section, we will explore how to manipulate data in Python using filtering and sorting techniques.

Filtering Data:

Filtering data involves selecting only the relevant data from a larger dataset. This is often done
by specifying a set of criteria that must be met for the data to be included. For example, we
might want to filter a list of numbers to only include those that are greater than 10.

In Python, we can use a conditional statement and a for loop to filter data. For example, consider
the following code that filters a list of numbers to only include those that are even:

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

even numbers = []

for number in numbers:
if number % 2 ==
even numbers.append (number)

print (even numbers)

This code creates a list of numbers and then initializes an empty list called even_numbers. It then
loops through each number in the numbers list and checks if it is even using the conditional
statement if number % 2 == 0. If the number is even, it is added to the even_numbers list using
the append() method. Finally, the even_numbers list is printed to the console.
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Sorting Data:

Sorting data involves arranging it in a particular order. This is often done by comparing the data
elements and swapping their positions based on some criteria. For example, we might want to
sort a list of names alphabetically.

In Python, we can use the built-in sort() method to sort a list. For example, consider the
following code that sorts a list of names alphabetically:

names = ['Alice', 'Bob', 'Charlie', 'Dave']
names.sort ()

print (names)

This code creates a list of names and then sorts them alphabetically using the sort() method.
Finally, the sorted list is printed to the console.

We can also sort a list in reverse order by passing the reverse=True parameter to the sort()
method. For example:

names = ['Alice', 'Bob', 'Charlie', 'Dave']
names.sort (reverse=True)

print (names)
This code sorts the list of names in reverse alphabetical order.
Filtering Data with List Comprehensions:
Python provides a convenient shorthand for filtering data called list comprehensions. List
comprehensions allow us to create a new list by applying a filtering condition to an existing list.
For example, the previous example of filtering even numbers could be rewritten using a list

comprehension like this:

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

even numbers = [number for number in numbers if number
°/2==0]
o

print (even numbers)

This code creates a new list called even_numbers by iterating through the numbers list and
including only the elements that meet the condition if number % 2 == 0.
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Sorting Data with Lambda Functions:

Sometimes we want to sort a list of complex objects based on some property of those objects. In
these cases, we can use a lambda function to specify the sorting key. A lambda function is an
anonymous function that can be defined in one line of code.

For example, consider a list of dictionaries representing people with their name and age:

people = | {'name': 'Alice', 'age': 25}, { '"name':
'Bob', 'age': 30}, { 'name': 'Charlie', 'age': 20},
{'name': 'Dave', 'age': 35}]

We can sort this list by age using a lambda function like this:

people.sort (key=lambda x: x['age'])
print (people)

This code sorts the people list based on the value of the age key in each dictionary using the

lambda function lambda x: x['age']. The key parameter of the sort() method specifies the function

used to determine the sort order.

We can also sort the list in reverse order using the reverse=True parameter, like this:
people.sort (key=lambda x: x['age'], reverse=True)

print (people)

This code sorts the people list in reverse order based on the age key. Filtering Data with the
filter() Function:

Another way to filter data in Python is to use the filter() function. This function takes two
arguments: a function that tests each element in a sequence, and the sequence to be filtered.

The filter() function returns an iterator of the elements that pass the test.

For example, consider the following code that filters a list of numbers to only include those that
are even using the filter() function:

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

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

print (even numbers)
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This code creates a list of numbers and then filters them to only include the even numbers using
the filter() function with a lambda function that tests if each number is even. The list() function is
then used to convert the iterator returned by filter() to a list. Finally, the even_numbers list is
printed to the console.

Sorting Data with the sorted() Function:
Similar to the filter() function, Python provides a built-in sorted() function that allows us to sort a
list based on a specified key. The sorted() function takes an iterable and a key function as

arguments and returns a new list sorted in ascending order based on the key.

For example, consider a list of dictionaries representing people with their name and age:

people = | {'name': 'Alice', 'age': 25}, { '"name':
'Bob', 'age': 30}, {'name': 'Charlie', 'age': 20},
{'name': 'Dave', 'age': 35}]

We can sort this list by age using the sorted() function like this:
people sorted = sorted(people, key=lambda x: x['age'])
print (people_sorted)

This code sorts the people list based on the value of the age key in each dictionary using the
lambda function lambda x: x['age']. The sorted() function returns a new sorted list, which is then
stored in the people_sorted variable. Finally, the sorted list is printed to the console.
We can also sort the list in reverse order using the reverse=True parameter, like this:

people sorted = sorted(people, key=lambda x: x['age'],
reverse=True)

print (people sorted)
This code sorts the people list in reverse order based on the age key.

Filtering and sorting data are essential skills for any beginner programmer in Python. By learning
how to manipulate data in these ways, we can extract valuable insights from large datasets and
present the data in a meaningful way. Python provides several tools and techniques to help us
filter and sort data, including list comprehensions, lambda functions, and built-in functions such
as filter() and sorted(). With practice and experimentation, we can become proficient in filtering
and sorting data and use these skills to solve real-world problems. Filtering Data with List
Comprehensions:

In addition to using the filter() function, we can also filter data in Python using list
comprehensions. A list comprehension is a concise way of creating a new list by applying an
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expression to each element in an existing list that satisfies a certain condition.

For example, consider the following code that filters a list of numbers to only include those that
are even using a list comprehension:

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

[o)

even numbers = [x for x in numbers if x % 2 == 0]
print (even_numbers)

This code creates a list of numbers and then uses a list comprehension to filter the even numbers
from the list. The resulting list is stored in the even_numbers variable, and then printed to the
console.

Sorting Data with the sort() Method:
In addition to the sorted() function, Python provides a built-in sort() method that allows us to sort
a list in-place. The sort() method sorts the elements of a list in ascending order by default, but

can also sort in descending order using the reverse=True parameter.

For example, consider a list of numbers that we want to sort in ascending order using the sort()
method:

numbers = [5, 2, 8, 1, 3, 9, 4, 6, 7]
numbers.sort ()

print (numbers)

This code sorts the numbers list in ascending order using the sort() method. The sorted list is then
printed to the console.

We can also sort the list in descending order by passing the reverse=True parameter, like this:

numbers = [5, 2, 8, 1, 3, 9, 4, 6, 7]
numbers.sort (reverse=True)

print (numbers)

This code sorts the numbers list in descending order using the sort() method. Sorting Data with
the sorted() Function:

In addition to the sort() method, Python also provides a built-in sorted() function that allows us
to sort a list. The sorted() function returns a new sorted list, leaving the original list unchanged.
By default, the sorted() function sorts the elements of a list in ascending order, but can also sort
in descending order using the reverse=True parameter.
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For example, consider a list of numbers that we want to sort in ascending order using the sorted()
function:

numbers = [5, 2, 8, 1, 3, 9, 4, 6, 7]
sorted numbers = sorted(numbers)

print (sorted numbers)

This code sorts the numbers list in ascending order using the sorted() function. The sorted list is
then stored in the sorted_numbers variable, and printed to the console.

We can also sort the list in descending order by passing the reverse=True parameter, like this:

numbers = [5, 2, 8, 1, 3, 9, 4, 6, 7]
sorted numbers = sorted(numbers, reverse=True)

print (sorted numbers)
This code sorts the numbers list in descending order using the sorted() function.
Filtering Data with the filter() Function:
Python provides the built-in filter() function that allows us to filter elements from an iterable
based on a certain condition. The filter() function takes two arguments: a function and an
iterable. The function should return a boolean value, and the iterable can be any iterable object
such as a list, tuple, or set.
For example, consider a list of numbers that we want to filter to only include the even numbers:

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

def is_even(x):
return x $ 2 == 0

even numbers = list(filter (is_even, numbers))
print (even numbers)
This code defines a function is_even() that takes a number and returns True if the number is

even, and False otherwise. The filter() function is then used to filter the even numbers from the

numbers list, and the resulting list is stored in the even_numbers variable and printed to the
console.
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Aggregating and summarizing data

One of the key topics covered in the book is aggregating and summarizing data, which is an
essential task in data analysis and reporting. Aggregating data involves grouping data by one or
more variables and calculating summary statistics such as means, medians, and standard
deviations for each group. Summarizing data involves presenting the aggregated data in a clear
and concise manner using charts, tables, and graphs.

The book covers several techniques for aggregating and summarizing data in Python, including
the use of built-in functions such as sum(), mean(), and max(), as well as the use of libraries such
as NumPy, Pandas, and Matplotlib. These libraries provide powerful tools for data manipulation,
aggregation, and visualization, and are widely used in data analysis and reporting.

One of the key benefits of using Python for data analysis is its simplicity and ease of use. Python
provides a wide range of libraries and functions for data manipulation, and its syntax is easy to
learn and understand. The book provides several examples of how to use Python for data
analysis, including how to read data from CSV files, perform basic data cleaning and
manipulation, and calculate summary statistics.

The book also covers more advanced topics such as data visualization, machine learning, and
web development with Python, which provide a solid foundation for further exploration and
learning. One important aspect of programming is the ability to aggregate and summarize data,
which is covered in several chapters of the book.

Aggregating data involves combining multiple pieces of data into a single value, such as the
sum, average, or maximum value. This is often done using loops or built-in Python functions.
For example, to calculate the sum of a list of numbers in Python, you could use a loop to iterate
over each number and add it to a running total:

numbers = [1, 2, 3, 4, 5]
total = 0
for num in numbers:
total += num
print (total) # Output: 15

Alternatively, you could use the built-in sum function to achieve the same result in a single line:

numbers = [1, 2, 3, 4, 5]
total = sum(numbers)
print (total) # Output: 15

Summarizing data involves analyzing and presenting data in a way that is easy to understand.
This can involve calculating summary statistics, such as the mean, median, and mode of a
dataset, or creating visualizations, such as histograms or scatterplots. The book covers several
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libraries in Python that can help with data summarization and visualization, such as NumPy,
Pandas, and Matplotlib.

For example, to calculate the mean and median of a list of numbers using NumPy:

import numpy as np

numbers = [1, 2, 3, 4, 5]
mean = np.mean (numbers)
median = np.median (numbers)
print (mean) # Output: 3.0
print (median) # Output: 3.0

To create a histogram of the same dataset using Matplotlib:

import matplotlib.pyplot as plt

numbers = [1, 2, 3, 4, 5]
plt.hist (numbers)
plt.show ()

The resulting histogram would show the frequency of each number in the dataset, with bars of
varying heights representing the number of occurrences of each value.

Aggregating and summarizing data are important skills for data analysis and visualization, as
well as many other applications in programming. In addition to the examples above, there are
many other ways to aggregate and summarize data in Python.
For example, to find the maximum value in a list of numbers:

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

max num = max (numbers)

print (max num) # Output: 5

To count the number of occurrences of each value in a list using the built-in collections module:

from collections import Counter

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

counts = Counter (numbers)

print (counts) # Output: Counter({3: 3, 1: 1, 2: 1, 4:
1, 5: 1})

To group a list of values by a certain criterion using the built-in groupby function:
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from itertools import groupby

students = |

{"name": "Alice", "grade": 85},
{"name": "Bob", '"grade": 90},
{"name": "Charlie", '"grade": 80},
{"name": "Alice", "grade": 95},
{"name": "Bob", '"grade": 85},

]

students.sort (key=lambda x: x["name"])
for name, group in groupby (students, key=lambda x:
x["name"]) :
grades = [student["grade"] for student in group]
mean _grade = sum(grades) / len(grades)
print (f"{name}: {mean grade}")

This code would group the students by name and calculate the mean grade for each group.

In addition to these built-in functions and modules, Python provides many powerful libraries for
data analysis and visualization, such as NumPy, Pandas, and Matplotlib. These libraries can help
with tasks such as data cleaning, transformation, and visualization, and are widely

used in data science and machine learning. In addition to the examples provided, there are
several other techniques for aggregating and summarizing data in Python. Here are a few more
examples:

To calculate the standard deviation of a list of numbers using NumPy:

import numpy as np

numbers = [1, 2, 3, 4, 5]
std dev = np.std(numbers)
print(std dev) # Output: 1.41421356

To calculate the mode of a list of numbers using the statistics module:

import statistics

numbers = [1, 2, 3, 3, 4, 5]
mode = statistics.mode (numbers)
print (mode) # Output: 3

To group a list of values into bins using NumPy:
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import numpy as np

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

bins = np.linspace (0, 10, num=4)

grouped = np.digitize (numbers, bins)

print (grouped) # Output: [1 1 1 2 2 3 3 3 3 3]

This code would group the numbers into three bins: [0, 3.3333), [3.3333, 6.6666), [6.6666, 10].
To create a scatterplot of two lists of numbers using Matplotlib:
import matplotlib.pyplot as plt

x=1[1, 2, 3, 4, 5]
y =102, 4, 6, 8, 10]
plt.scatter(x, y)
plt.show ()

The resulting scatterplot would show the relationship between the two variables, with each point
representing a pair of values.
To calculate the mean of a list of numbers using NumPy:

import numpy as np

numbers = [1, 2, 3, 4, 5]
mean = np.mean (numbers)
print (mean) # Output: 3.0

To calculate the median of a list of numbers using NumPy:

import numpy as np

numbers = [1, 2, 3, 4, 5]
median = np.median (numbers)
print (median) # Output: 3.0

To count the number of occurrences of each value in a list using a dictionary:

numbers = [1, 2, 3, 3, 3, 4, 5]
counts = {}
for number in numbers:

if number in counts:
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counts[number] += 1
else:
counts[number] =1
print (counts) # Output: {1: 1, 2: 1, 3: 3, 4: 1, 5: 1}

Merging and joining dataframes

Merging and joining dataframes is an important task in data analysis and manipulation. In
Python, there are several libraries that can be used to merge and join dataframes, such as Pandas
and NumPy. In this section, we will focus on using Pandas to merge and join dataframes.

Merging DataFrames

Merging dataframes is the process of combining two or more dataframes into a single dataframe.
The merge function in Pandas can be used to merge dataframes based on a common column or
index. There are several types of merge operations, such as inner, outer, left, and right merges.

Inner merge: This type of merge returns only the rows that have matching values in both
dataframes. To perform an inner merge, use the merge function and specify the on parameter to
indicate the column to merge on. For example:

import pandas as pd

# create two dataframes
dfl = pd.DataFrame({'key': ['A', 'B', 'C', 'D'],
'value': [1, 2, 3, 4]1})
df2 = pd.DataFrame({'key': ['B', 'D', 'E', 'F'],
'value': [5, 6, 7, 8]})

# merge the dataframes
merged = pd.merge (dfl, df2, on='key', how='inner')

print (merged)
Output:
key value x value y
0 B 2 5
1 D 4 6

In this example, we merge two dataframes dfl and df2 based on the 'key' column, using an inner
join.
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Merging and joining dataframes are important operations in data analysis and manipulation using
Python. A dataframe is a two-dimensional data structure, like a table or spreadsheet, that allows
you to store and manipulate data. In data analysis, you may need to combine data from multiple
sources to get a comprehensive view of the data. In this article, we will cover the basics of
merging and joining dataframes in Python using the Pandas library.

Creating Dataframes

Before we dive into merging and joining dataframes, let's first create some example dataframes
that we can use to illustrate these operations. We'll create two dataframes: one for employees and
one for departments.

import pandas as pd

# Create a dataframe for employees
employees = pd.DataFrame ({

'employee id': [1, 2, 3, 4, 5],

'name': ['Alice', 'Bob', 'Charlie', 'David',
'Eve'],

'department id': [1, 2, 2, 3, 3]
13
# Create a dataframe for departments
departments = pd.DataFrame ({

'department id': [1, 2, 3],

'department name': ['HR', 'Marketing', 'Sales']
3]

The employees dataframe contains information about employees, including their employee 1D,
name, and department ID. The departments dataframe contains information about departments,
including their department ID and name.

Merging Dataframes
Merging dataframes is the process of combining two dataframes into one based on a common
column or index. In Pandas, the merge() function is used to merge two dataframes.

# Merge the employees and departments dataframes
merged df = pd.merge (employees, departments,
on='department id')

print (merged df)

The merge() function merges the two dataframes on the ‘department_id' column, which is the
common column between the two dataframes. The resulting merged dataframe contains
information about employees and their departments.
employee_ id name department id department name
0 1 Alice 1 HR
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1 2 Bob 2 Marketing
2 3 Charlie 2 Marketing
3 4 David 3 Sales
4 5 Eve 3 Sales

By default, merge() performs an inner join, which means that it only includes rows that have
matching values in both dataframes. If there are no matching values in one of the dataframes,
those rows will be excluded from the merged dataframe.

Joining Dataframes
Joining dataframes is the process of combining two dataframes into one based on their index. In

Pandas, the join() function is used to join two dataframes.

# Set the index of the departments dataframe to
'department id'
departments.set_index('department id', inplace=True)

# Join the employees and departments dataframes
joined df = employees.join(departments,
on='department id')

print (joined df)

The join() function joins the employees and departments dataframes based on their index, which
is the 'department_id' column in the departments dataframe. The resulting joined dataframe
contains information about employees and their departments.

employee id name department id department name
0 1 Alice 1 HR
1 2 Bob 2 Marketing
2 3 Charlie 2 Marketing
3 4 David 3 Sales
4 5 Eve 3 Sales

If there are no matching rows in the right dataframe, those rows will have NaN values for the
columns from the right dataframe.

Types of Joins
There are four types of joins that can be performed in Pandas: inner join, left join, right join, and

outer join.
Inner Join: An inner join includes only the rows that have matching values in both dataframes.

This is the default join type in Pandas.

# Inner join the employees and departments dataframes
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inner join = pd.merge (employees, departments,
on='department_ id')
print (inner_ join)

The resulting dataframe will only include rows that have matching values in both dataframes.

Left Join: A left join includes all rows from the left dataframe and only the matching rows from
the right dataframe.

# Left join the employees and departments dataframes
left join = pd.merge (employees, departments,
on='department id', how='left')

print(left join)

The resulting dataframe will include all rows from the employees dataframe, and if there are no
matching values in the departments dataframe, the corresponding columns will have NaN values.

Right Join: A right join includes all rows from the right dataframe and only the matching rows
from the left dataframe.

# Right join the employees and departments dataframes
right join = pd.merge (employees, departments,
on='department id', how='right')

print (right join)

The resulting dataframe will include all rows from the departments dataframe, and if there are no
matching values in the employees dataframe, the corresponding columns will have NaN values.

Outer Join: An outer join includes all rows from both dataframes, with NaN values in the
columns from the dataframe that doesn't have a matching row.

# Outer join the employees and departments dataframes
outer join = pd.merge (employees, departments,
on='department id', how='outer')

print (outer join)

The resulting dataframe will include all rows from both dataframes, and if there are no matching
values in either dataframe, the corresponding columns will have NaN values.

Merging and joining dataframes are essential operations in data analysis and manipulation. In
Python, the Pandas library provides powerful tools for merging and joining dataframes based on
common columns or indices. By understanding the different types of joins and how to use them,
you can effectively combine data from multiple sources to gain insights and make informed
decisions. here's an example code snippet that demonstrates how to merge and join dataframes in
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Pandas using the different types of joins:
import pandas as pd

# Create a sample employees dataframe
employees = pd.DataFrame ({
'employee id': [1, 2, 3, 4, 5],
'employee name': ['John Doe', 'Jane Smith', 'Bob
Johnson', 'Alice Lee', 'Mike Brown'],
'department id': [101, 102, 103, 104, 105]
13

# Create a sample departments dataframe
departments = pd.DataFrame ({
'department id': [101, 102, 103, 104],

'department name': ['Sales', 'Marketing',
'Engineering', 'Finance'],

'location': ['New York', 'Chicago', 'San
Francisco', 'Los Angeles']

})

# Inner join the employees and departments dataframes
inner join = pd.merge (employees, departments,
on='department id')

print ("Inner join:\n", inner join)

# Left join the employees and departments dataframes
left join = pd.merge (employees, departments,
on='department id', how='left')

print ("\nLeft join:\n", left join)

# Right join the employees and departments dataframes
right join = pd.merge (employees, departments,
on='department id', how='right')

print ("\nRight join:\n", right join)

# Outer join the employees and departments dataframes
outer join = pd.merge (employees, departments,
on='department id', how='outer')

print ("\nOuter join:\n", outer join)

In this example, we first create a sample employees dataframe and a sample departments
dataframe. Then, we perform an inner join, left join, right join, and outer join on the two
dataframes using the pd.merge() function from the Pandas library.
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The pd.merge() function takes in two dataframes to be merged, and we specify the common
column (department_id) to join on using the on parameter. We also specify the type of join using
the how parameter, with the default being an inner join. The resulting merged dataframes are
printed using the print() function. Sure, here's a more detailed explanation of the code:

Importing the necessary libraries
import pandas as pd

Here, we import the Pandas library, which provides powerful tools for data manipulation and
analysis.

Creating the sample dataframes

# Create a sample employees dataframe
employees = pd.DataFrame ({
'employee id': [1, 2, 3, 4, 5],
'employee name': ['John Doe', 'Jane Smith', 'Bob
Johnson', 'Alice Lee', 'Mike Brown'],
'department id': [101, 102, 103, 104, 105]
13

# Create a sample departments dataframe
departments = pd.DataFrame ({
'department id': [101, 102, 103, 104],

'department name': ['Sales', 'Marketing',
'Engineering', 'Finance'],

'location': ['New York', 'Chicago', 'San
Francisco', 'Los Angeles']

})

Here, we create two sample dataframes: employees and departments. The employees dataframe
has columns for employee_id, employee name, and department_id, while the departments
dataframe has columns for department_id, department_name, and location. Each dataframe has
some overlapping data in the department_id column, which we will use to merge and join the
dataframes.

Performing different types of joins on the dataframes

# Inner join the employees and departments dataframes
inner join = pd.merge (employees, departments,
on='department id')

print ("Inner join:\n", inner_ join)
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# Left join the employees and departments dataframes
left join = pd.merge (employees, departments,
on='department id', how='left')

print ("\nLeft join:\n", left join)

# Right join the employees and departments dataframes
right join = pd.merge (employees, departments,
on='department id', how='right')

print ("\nRight join:\n", right join)

# Outer join the employees and departments dataframes
outer join = pd.merge (employees, departments,
on='department id', how='outer')

print ("\nOuter join:\n", outer join)

Here, we use the pd.merge() function to perform four types of joins: inner join, left join, right
join, and outer join. For each join, we pass in the employees and departments dataframes as
arguments to be merged, and we specify the common column (department_id) to join on using
the on parameter. We also specify the type of join using the how parameter, which defaults to an
inner join.

The resulting merged dataframes are stored in variables named inner_join, left_join, right_join,
and outer_join, respectively. We then use the print() function to print each of the merged
dataframes to the console.

Output

Inner join:
employee_id employee name department id

department name location
0 1 John Doe 101
Sales New York
1 2 Jane Smith 102
Marketing Chicago
2 3 Bob Johnson 103
Engineering San Francisco
3 4 Alice Lee 104
Finance Los Angeles

Left join:

employee_ id employee name department id

department name location
0 1 John Doe 101

Sales New York
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1 2 Jane Smith 102
Marketing Chicago

2 3 Bob Johnson 103
Engineering San Francisco

3 4 Alice Lee 104

Finance
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Chapter 5:
Object-Oriented Programming in Python

Object-oriented programming is a popular paradigm in software development that allows you to
model real-world objects as software objects. Python is a powerful and versatile programming
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language that supports object-oriented programming (OOP) in a straightforward way. In this
article, we will explore the basics of object-oriented programming in Python.

Classes and Objects

In object-oriented programming, a class is a blueprint for creating objects. A class defines the
attributes (properties) and methods (functions) of an object. You can think of a class as a user-
defined data type.

An object is an instance of a class. When you create an object, you are creating a specific
instance of the class defined by its attributes and methods.

Here is an example of a simple class in Python:
class Person:
def init (self, name, age):
self.name = name

self.age = age

def introduce (self):
print("Hi, my name is", self.name, "and I am",
self.age, "years old.")

The Person class has two attributes (hame and age) and one method (introduce). The __init__
method is a special method called a constructor, which is called when you create a new object of
the class. The self parameter refers to the object being created.

To create an object of the Person class, you simply call the class and pass in the required
arguments:

personl = Person("Alice", 25)
This creates a new Person object with the name "Alice™" and age 25.
You can access the attributes of an object using dot notation:

print (personl.name) # prints "Alice"
print (personl.age) # prints 25

You can call the methods of an object using dot notation as well:
personl.introduce() # prints "Hi, my name is Alice

and T am 25 years old."
Inheritance
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Inheritance is a powerful feature of object-oriented programming that allows you to define a new
class based on an existing class. The new class inherits all the attributes and methods of the
existing class, and can also add its own attributes and methods.

Here is an example of a class that inherits from the Person class:

class Student (Person) :
def  init_ (self, name, age, major):

super () .__init_ (name, age)
self.major = major

def introduce (self):
super () .introduce ()
print ("I am majoring in", self.major)

The Student class inherits from the Person class using the Person class as the parent or base
class. The __init__ method of the Student class calls the constructor of the Person class using the
super() function. The Student class adds a new attribute (major) and a new method (introduce).

To create a new Student object, you can use the same syntax as for the Person class:
studentl = Student ("Bob", 20, "Computer Science")
You can access the attributes of a Student object in the same way as for a Person object:

print (studentl.name) # prints "Bob"
print (studentl.age) # prints 20
print (studentl.major) # prints "Computer Science"

You can call the introduce method of a Student object to see the output of both the Person class
and the Student class:

studentl.introduce ()
# prints:
# Hi,

Object-Oriented Programming (OOP) is a popular programming paradigm that allows you to
model real-world objects as software objects. In OOP, you define classes, which are user-defined
data types that encapsulate attributes and methods. An object is an instance of a class, created by
calling the class constructor. You can access the attributes of an object using dot notation, and
you can call the methods of an object using dot notation as well.

Python is a powerful and versatile programming language that supports object-oriented
programming in a straightforward way. In Python, you define a class using the class keyword,
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followed by the class name and a colon. Inside the class definition, you define the attributes and
methods of the class.

One of the key features of OOP is inheritance. Inheritance allows you to define a new class based
on an existing class. The new class inherits all the attributes and methods of the existing class,
and can also add its own attributes and methods. This makes it easy to reuse code and to create
specialized versions of existing classes.

Python supports multiple inheritance, which means that a class can inherit from multiple parent
classes. This allows you to combine the functionality of multiple classes into a single class.

Another important feature of OOP is polymorphism. Polymorphism allows you to use objects of
different classes in the same way. This means that you can create functions that accept objects of
a base class, and then use those functions with objects of any subclass of that base class. This
makes your code more flexible and easier to maintain.

Python has several built-in classes, such as str, int, list, and dict. These classes provide a set of
default attributes and methods that you can use in your code. You can also create your own
classes, which can be used in the same way as the built-in classes.

When creating a class, it is important to follow best practices for OOP. This includes using
appropriate naming conventions, defining attributes and methods that are relevant to the class,
and making sure that your code is well-organized and easy to understand. It is also important to
test your code thoroughly, to ensure that it works as expected in all situations.

Introduction to object-oriented
programming

Obiject-oriented programming (OOP) is a programming paradigm that revolves around the
concept of objects, which are instances of classes that encapsulate data and behavior. OOP is a
popular programming paradigm used in many programming languages, including Python.

Python is an object-oriented language, which means that it supports OOP concepts like
encapsulation, inheritance, and polymorphism. In this article, we will introduce you to the basics
of object-oriented programming in Python.

Classes and Objects
A class is a blueprint for creating objects. It defines the attributes and methods that an object will
have. Here is an example of a simple class in Python:

class MyClass:
def  init_ (self, name):
self.name = name
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def greet(self):
print ("Hello, my name is", self.name)

In this example, we have defined a class called MyClass. It has an __init__ method that takes a
parameter name and sets it as an attribute of the object. It also has a greet method that prints a
message using the name attribute.

To create an object of this class, we simply call the class like a function:

obj = MyClass ("John")
obj.greet()

This will create an object of the MyClass class with the name attribute set to "John". The greet
method will then be called on this object, which will print the message "Hello, my name is
John".

Encapsulation
Encapsulation is the concept of hiding the implementation details of an object from the outside
world. In Python, encapsulation is achieved through the use of private and protected attributes
and methods.

Private attributes and methods are denoted by a double underscore prefix (__). They can only be
accessed from within the class and not from outside. Here is an example:

class MyClass:
def init (self, name):
self. name = name

def  greet(self):
print("Hello, my name is", self. name)

def greet(self):
self. greet()

obj = MyClass ("John")

obj.greet() # This will print "Hello, my name is John"
obj. name # This will raise an AttributeError

obj. greet() # This will raise an AttributeError

In this example, we have defined the name attribute and the greet method as private by prefixing
their names with a double underscore. This means that they cannot be accessed from outside the
class.

We have also defined a public greet method that calls the private __ greet method to print the
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message. This is an example of encapsulation, as the implementation details of the object are
hidden from the outside world.

Protected attributes and methods are denoted by a single underscore prefix (). They can be
accessed from within the class and any subclasses, but not from outside. Here is an example:

class MyClass:
def init (self, name):
self. name = name

def greet(self):
print ("Hello, my name is", self. name)

def greet(self):
self. greet()

class MySubclass (MyClass) :
def init (self, name, age):
super (). _init_ (name)
self. age = age

def greet(self):
self. greet()
print ("I am", self. age, "years old")

obj = MySubclass ("John", 25)
obj.greet() #

This will print "Hello, my name is John" and "'l am 25 years old"
In this example, we Classes and Objects

A class is a blueprint for creating objects. It defines the attributes and methods that an object of
that class will have. Here is an example of a simple class definition:

class Person:

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

def say hello(self):
print ("Hello, my name is", self.name, "and I
am", self.age, "years old.")
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In this example, we have defined a class called Person with an __init__ method that takes two
parameters (name and age). The method initializes two attributes (name and age) of the object
with the values passed in as parameters.

We have also defined a method called say_hello that prints a message that includes the object's
name and age attributes.

To create an object of this class, we can simply call the class constructor, passing in the required
arguments:

personl Person ("John", 30)
person2 = Person("Jane", 25)

In this example, we have created two objects of the Person class (personl and person2) with
different values for the name and age attributes.

We can now call the say_hello method on each object to print their respective messages:

personl.say hello() # This will print "Hello, my name
is John and I am 30 years old."
person2.say hello() # This will print "Hello, my name
is Jane and I am 25 years old."

Encapsulation

Encapsulation is the concept of hiding implementation details of an object from the outside
world. In Python, encapsulation is achieved through access modifiers.

There are three access modifiers in Python:

Public: Any attribute or method can be accessed from anywhere

Protected: Any attribute or method that starts with a single underscore (_) can be accessed from
within the class or any subclass, but not from outside

Private: Any attribute or method that starts with a double underscore (__) can only be accessed
from within the class, not from any subclass or from outside

Here is an example:

class MyClass:

def init (self, name):
self. name = name

def greet(self):
print ("Hello, my name is", self. name)

class MySubclass (MyClass) :
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def init (self, name, age):
super (). __init_ (name)
self.age = age

def greet(self):
super () . _greet()
print ("I am", self.age, '"years old")

obj = MySubclass ("John", 30)
obj.greet() # This will print "Hello, my name is John"
and "I am 30 years old"

In this example, we have defined a class called MyClass with a protected name attribute and
greet method. We have also defined a subclass called MySubclass that inherits from MyClass.

MySubclass has its own age attribute and overrides the greet method to call the parent class's
greet method and then print the age. The protected name attribute and greet method can be
accessed from within the subclass, but not from outside.

Inheritance

Inheritance is the concept of creating a new class from an existing class. The new class, called
the subclass, inherits the attributes and methods of the parent class, called the superclass

Here's an example of inheritance in Python:

class Animal:
def init_ (self, name):
self.name = name

def speak (self):
raise NotImplementedError ("Subclass must
implement abstract method")

class Dog(Animal) :
def init (self, name):
super () .__init__ (name)

def speak (self):
print (self.name, "barks")

class Cat (Animal) :
def init_ (self, name):
super (). init (name)
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def speak (self):
print (self.name, "meows")

dog = Dog("Fido")
cat = Cat("Fluffy")

dog.speak() # This will print "Fido barks"
cat.speak() # This will print "Fluffy meows"

In this example, we have defined a class called Animal with an abstract method called speak. We
have also defined two subclasses, Dog and Cat, that inherit from Animal.

Both Dog and Cat override the speak method to print a different message depending on the type
of animal. The super() function is used to call the parent class's __init__ method to initialize the
name attribute.

Polymorphism

Polymorphism is the concept of using a single interface to represent multiple types. In Python,
polymorphism is achieved through duck typing.

Duck typing is a concept where the type of an object is determined by its behavior rather than its
class. In other words, if an object can perform a certain action, it is considered to be of a certain
type, regardless of its actual class.

Here's an example of polymorphism in Python:
class Circle:

def init (self, radius):
self.radius = radius

def area(self):
return 3.14 * self.radius ** 2

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

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

shapes = [Circle(5), Rectangle (10, 20)]

for shape in shapes:
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print (shape.area())

In this example, we have defined two classes, Circle and Rectangle, with their own
implementations of the area method.

In OOP, programs are designed by creating classes, which are templates for creating objects, and
objects are instances of those classes. Python is a multi-paradigm programming language that
supports object-oriented programming. In this guide, we'll introduce you to the basics of OOP in
Python.

Classes and Objects

A class is a blueprint or template for creating objects. It defines a set of attributes and methods
that the objects created from it will have. For example, we can define a class called "Person” that
has attributes like name, age, and gender, and methods like "speak™ and "walk".

Here's an example of a simple class definition:

class Person:
def init (self, name, age, gender):
self.name = name
self.age = age
self.gender = gender

def speak (self):
print ("Hello, my name is " + self.name)

def walk (self):
print (self.name + " is walking")

In this example, we define a class called "Person” with three attributes: name, age, and gender.
We also define two methods: speak and walk. The init method is a special method called the
constructor, which is called when an object of the class is created. It initializes the attributes of
the object with the values passed to it as arguments.

To create an object of the class, we simply call the class name and pass in the values for the
attributes:

personl Person("Alice", 25, "Female")
person2 = Person("Bob", 30, "Male")

In this example, we create two objects of the "Person" class, personl and person2. Each object
has its own values for the attributes name, age, and gender.

Creating classes and objects
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To create a class in Python, you use the class keyword followed by the name of the class, which
is typically written in CamelCase notation (with the first letter of each word capitalized). Inside
the class, you define properties (also called attributes) and methods (also called functions) that
define the behavior of the class.

Here's an example of a simple class in Python:

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

def get make (self):
return self.make

def get model (self):
return self.model

def get year(self):
return self.year

def set make(self, make):
self .make = make

def set model (self, model):
self .model = model

def set year(self, year):
self.year = year

In this example, we've created a class called Car. The __init__ method is a special method that
gets called when a new instance of the class is created. In this case, we're passing in three
parameters (make, model, and year) and setting them as properties of the class.

We've also defined several methods that allow us to get and set the values of these properties.
For example, the get_make method returns the value of the make property, while the set_make
method allows us to change the value of the make property.

To create an object (or instance) of the Car class, we simply call the class as if it were a function
and pass in the necessary parameters:

my car = Car("Honda", "Civic", 2019)
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Now we have an object called my_car that is an instance of the Car class. We can use the
methods we defined earlier to get and set the properties of the object:

print (my car.get make()) # Output: Honda
my car.set make ("Toyota")
print (my car.get make()) # Output: Toyota

This is just a simple example, but classes can be much more complex and have many different
properties and methods. They are an important part of object-oriented programming and can help
you write more organized and efficient code.

Defining a Class in Python
In Python, you define a class using the class keyword followed by the name of the class. Here's a
basic example of a class definition:

class MyClass:
pass

This creates an empty class called MyClass.

Class Attributes

Classes in Python can have attributes, which are like variables that belong to the class. You can
access class attributes by using the class name followed by the attribute name, separated by a dot.
Here's an example:

class MyClass:
class_attribute = "Hello, world!"

print (MyClass.class_attribute) # Output: "Hello,
world!"

In this example, we've defined a class attribute called class_attribute and set its value to the
string "Hello, world!". We can access this attribute by using the class name followed by the
attribute name.

Class Methods
Classes in Python can also have methods, which are like functions that belong to the class. You
define methods inside the class definition, just like attributes. Here's an example:

class MyClass:
class_attribute = "Hello, world!"

def say hello(self):
print (MyClass.class_attribute)
my object = MyClass()
my object.say hello() # Output: "Hello, world!"
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In this example, we've defined a method called say hello that prints the value of the
class_attribute attribute. We've also created an instance of the MyClass class and called the
say_hello method on it.

The __init__ Method

In Python, the __init__ method is a special method that gets called when you create a new object
(instance) of a class. It allows you to set initial values for the object's attributes. Here's an
example:

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

def describe (self) :
print (£"This car is a {self.year} {self.make}
{self.model}.")

my car = Car("Honda", "Civic", 2019)
my car.describe() # Output: "This car is a 2019 Honda
Civic."

In this example, we've defined a Car class with an __init__ method that sets the values of the
make, model, and year attributes. We've also defined a describe method that prints out a
description of the car.

When we create a new instance of the Car class and pass in the necessary parameters, the
__init__method is called automatically and sets the values of the attributes. We can then call the
describe method on the object to print out a description of the car.

Instance Attributes and Methods

In addition to class attributes and methods, objects (instances) of a class can have their own
attributes and methods. These are called instance attributes and methods, and they belong to a
specific instance of the class rather than to the class itself. Here's an example:

class Car:
def init_ (self, make, model, year):
self .make = make
self .model = model
self.year = year
def describe (self):
print (£"This car is a {self.year} {self.make}
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{self.model}.")

def set color(self, color):
self.color = color

def get color(self):
return self.color
my car = Car("Honda", "Civic", 2019)
my car.describe() # Output: "This car is a 2019 Honda
Civic."

my car.set color("blue")
print (my car.get color()) # Output: "blue"

In this example, we've added two instance methods to the Car class: set_color and get_color. The
set_color method sets the value of an instance attribute called color, and the get _color method

returns the value of the color attribute.

When we create a new instance of the Car class and call the set_color method on it, we're setting
the value of the color attribute for that specific instance. We can then call the get_color method
to retrieve the value of the color attribute for that instance.

Inheritance

One of the key features of object-oriented programming is inheritance, which allows you to
create new classes based on existing classes. In Python, you create a subclass by defining a new
class that inherits from an existing class. Here's an example:

class ElectricCar (Car) :
def  init_ (self, make, model, year,
battery size):
super (). init (make, model, year)
self .battery size = battery size

def describe (self):
print (£f"This electric car is a {self.year}
{self.make} {self.model} with a {self.battery size}-kWh

battery.")

my electric _car = ElectricCar("Tesla", "Model S", 2022,
100)
my electric_car.describe() # Output: "This electric
car is a 2022 Tesla Model S with a 100-kWh battery."
In this example, we've defined a new ElectricCar class that inherits from the Car class. We've
also overridden the describe method to include information about the battery size.
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When we create a new instance of the ElectricCar class and call the describe method on it, we're
calling the overridden describe method that includes the additional information about the battery
size.

Inheritance

One of the key features of object-oriented programming is inheritance. In Python, you can create
a new class that is a modified version of an existing class by inheriting from the existing class.
Here's an example:

class Animal:
def init (self, name, species):
self.name = name
self.species = species

def speak (self):
print ("Animal sound")

class Dog(Animal) :
def init (self, name, breed):
super (). init (name, species="Dog")
self .breed = breed

def speak (self):
print ("Woof!")

my dog = Dog("Fido", "Labrador")
print (my dog.name) # Output: "Fido"
print (my dog.species) # Output: "Dog"
print (my dog.breed) # Output: "Labrador"
my dog.speak() # Output: "Woof!"

In this example, we've defined an Animal class with an __init__ method and a speak method.
We've then defined a Dog class that inherits from the Animal class and overrides the speak
method to print out "Woof!" instead of "Animal sound"”. We've also added a breed attribute to the
Dog class.

When we create a new instance of the Dog class, the __init__ method of the Animal class is
called automatically (using super()), and we can then access the attributes of both the Animal and
Dog classes using dot notation. We can also call the speak method on the Dog object, which will
print out "Woof!" instead of "Animal sound".

Encapsulation
Encapsulation is the idea of hiding the implementation details of a class and only exposing a
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public interface. In Python, you can achieve encapsulation by using private attributes and
methods.

To make an attribute or method private, you can prefix its name with two underscores (__). This
will cause the attribute or method to be renamed with a unique prefix based on the class name,
which makes it harder to access from outside the class. Here's an example:

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

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

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

def get balance (self):
return self. balance

my account = BankAccount(1000)
my account.deposit(500)
my account.withdraw(2000) # Output: "Insufficient

funds!"

print (my account.get balance()) # Output: 1500
print (my account. balance) # Error: "'BankAccount'
object has no attribute '__balance'"

In this example, we've defined a BankAccount class with a private __balance attribute and public
deposit, withdraw, and get_balance methods. The deposit and withdraw methods update the
balance, and the get_balance method returns the balance.

We've then created an instance of the BankAccount class and called its public methods to deposit

and withdraw money. We've also tried to access the private _ balance attribute directly, which
results in an error.

Inheritance
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Inheritance is one of the core concepts of object-oriented programming, and it allows us to create
new classes that are built on existing classes. This can help us reuse code and organize our
programs more effectively. In Python, we use the class keyword to define a new class, and we
use the super() function to call methods from the parent class.

Here's an example of a simple class hierarchy:

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

def speak (self):
raise NotImplementedError ('Subclass must
implement abstract method')

class Dog(Animal) :
def speak (self):
return 'Woof'

class Cat (Animal) :
def speak (self):
return 'Meow'

In this example, we have a base class Animal with a constructor that takes a name parameter and
a speak() method that raises a NotimplementedError. We also have two subclasses Dog and Cat,
which inherit from the Animal class and override the speak() method with their own
implementations.

To create an instance of the Dog class, we would use code like this:

my dog = Dog('Fido')
print (my dog.name) # Output: Fido
print (my dog.speak()) # Output: Woof

In this code, we create an instance of the Dog class with the name 'Fido’, and we print out its
name and the result of calling its speak() method.

Note that when we call my_dog.speak(), Python looks for the speak() method in the Dog class
first. Since the Dog class defines its own speak() method, that's the method that gets called. If the
Dog class didn't define its own speak() method, Python would look for the method in the Animal
class.

Inheritance is a fundamental concept in object-oriented programming (OOP), including Python.
It allows us to create new classes based on existing classes, inheriting their attributes and
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methods, and adding or modifying them as needed. Inheritance promotes code reuse and makes it
easier to maintain and extend code.

To demonstrate inheritance in Python, let's start with a simple example. Suppose we have a class
called Person, which has two attributes: name and age, and a method called introduce() that
prints out the person's name and age.

class Person:
def init (self, name, age):
self.name = name
self.age = age

def introduce (self):
print (f"My name is {self.name} and I am
{self.age} years old.")

Now suppose we want to create a new class called Student, which inherits from the Person class
but also has its own attributes and methods. We can define the Student class like this:

class Student (Person) :
def init_ (self, name, age, major):
super (). init (name, age)
self .major = major

def introduce (self):
super () .introduce ()
print (£f"I am majoring in {self.major}.")

def study (self):
print ("I am studying!")

Here, we use the class Student(Person): syntax to indicate that the Student class inherits from the
Person class. We then define the __init_ () method to initialize the name, age, and major
attributes. We use the super() function to call the __init_ () method of the parent Person class,
passing in the name and age arguments. We then initialize the major attribute.

Next, we define the introduce() method, which overrides the introduce() method of the parent
Person class. We use the super() function again to call the introduce() method of the parent
Person class, which prints out the person's name and age. We then add our own print statement to
print out the student's major.

Finally, we define a new method called study(), which is specific to the Student class and is not
inherited from the Person class.
Let's create some instances of these classes and see how they work:
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person = Person("Alice", 30)
person.introduce () # Output: "My name is Alice and I
am 30 years old."

student Student ("Bob", 20, "Computer Science")
student.introduce() # Output: "My name is Bob and I am
20 years old. I am majoring in Computer Science."
student. study () # Output: "I am studying!"

As you can see, the Student class inherits the introduce() method from the Person class, but also
adds its own behavior with the study() method.

One of the key benefits of inheritance is code reuse. When we inherit from a class, we don't have
to re-implement all the methods and attributes of the parent class in the child class. Instead, we
can just add the additional functionality that we need.

Let's take a look at a more complex example to demonstrate how inheritance works in Python.
Suppose we have a class called Animal:

class Animal:
def  init_ (self, name, species):
self.name = name
self.species = species

def make sound(self):
pass

This class has two attributes, name and species, and a method called make_sound() that doesn't
do anything. We can create instances of this class for different animals, like this:

dog = Animal ("Rufus", "Dog")
cat = Animal ("Whiskers", "Cat")

Now suppose we want to create two new classes, Dog and Cat, which inherit from the Animal
class but have their own attributes and methods. We can define these classes like this:

class Dog(Animal) :
def  init_ (self, name, breed):
super (). init (name, "Dog")
self .breed = breed

def make sound(self):
print ("Woof!")
def wag_tail (self):
print ("Tail wagging!")
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class Cat (Animal) :
def  init_ (self, name, coat_color):
super (). init (name, "Cat")
self.coat_color = coat_color

def make sound(self):
print ("Meow!")

Polymorphism

Polymorphism is a fundamental concept in object-oriented programming that allows different
objects to be treated as if they are of the same type. This means that you can write code that can
work with different types of objects without needing to know their specific type in advance. In
Python, polymorphism is achieved through the use of inheritance and method overriding.

To understand polymorphism, let's first discuss inheritance. Inheritance is the process of creating
a new class from an existing class. The new class is called a derived class, and the existing class
is called the base class. The derived class inherits all the attributes and methods of the base class
and can add its own unique attributes and methods. Here's an example:

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

def speak (self):
raise NotImplementedError ("Subclass must
implement abstract method")

class Dog(Animal) :
def speak (self):
return "Woof!"

class Cat (Animal) :
def speak (self):
return "Meow!"

class Cow(Animal) :
def speak (self):
return "Moo!"
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animals = [Dog("Rufus"), Cat("Whiskers"),
Cow ("Bessie") ]

for animal in animals:
print (animal.name + ": " + animal.speak())

In this example, we define a base class called Animal that has an __init__ method to set the
name attribute and a speak method that raises a NotImplementedError. We then define three
derived classes: Dog, Cat, and Cow, each with their own implementation of the speak method.

We then create a list of Animal objects that contains one instance of each of the derived classes.
We loop through the list and call the speak method for each animal. Because each animal is an
instance of a different derived class, the speak method is called with a different implementation
for each animal.

This is an example of polymorphism in action. We can treat each animal as if it is of the same
type (Animal) and call the speak method on each one without needing to know its specific type
in advance.

Method overriding is another important concept in polymorphism. Method overriding is the
process of redefining a method in a derived class that was already defined in the base class.
When a method is called on an object of the derived class, the derived class's implementation of
the method is used instead of the base class's implementation.

Polymorphism is an important concept in object-oriented programming (OOP) that allows
objects to take on multiple forms or types. In Python, polymorphism can be achieved through
method overloading or method overriding.

Method overloading allows a class to have multiple methods with the same name but different
parameters. When a method is called, Python will determine which method to use based on the
arguments passed to it. Here's an example:

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

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

def perimeter (self):
return 2 * (self.length + self.width)

class Square:
def init (self, side):
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self.side = side

def area(self):
return self.side ** 2

def perimeter (self):
return 4 * self.side

r Rectangle (5, 3)
s = Square (4)

print(r.area()) # Output: 15
print(s.area()) # Output: 16
print (r.perimeter()) # Output: 16
print(s.perimeter()) # Output: 16

In this example, we have two classes, Rectangle and Square, both of which have an area() and
perimeter() method. However, the implementation of these methods is different for each class, as
a rectangle and a square have different formulas for calculating area and perimeter. When we call
the area() and perimeter() methods on r and s, Python is able to determine which method to use
based on the type of object.

Method overriding, on the other hand, allows a subclass to provide a different implementation of
a method that is already defined in the parent class. Here's an example:

class Animal:
def speak (self):
print ("The animal speaks")

class Dog(Animal) :
def speak (self):
print ("The dog barks")

class Cat (Animal) :
def speak (self):
print ("The cat meows")

a = Animal ()

d = Dog()

c = Cat()

a.speak () # Output: The animal speaks
d.speak() # Output: The dog barks

c.speak ()
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Encapsulation

Encapsulation is one of the fundamental principles of object-oriented programming (OOP) that
involves bundling data and methods that operate on that data into a single unit, which is called a
class. Encapsulation is essential for building reliable and maintainable code because it hides the
complexity of the implementation details and exposes only a well-defined interface for
interaction with the class.

In Python, encapsulation is achieved by defining class attributes as private, meaning that they
can only be accessed within the class itself, not from outside. Private attributes are usually
denoted with a leading underscore (_), but this is just a naming convention and does not actually
enforce encapsulation. However, it is a good practice to follow this convention to indicate to
other developers that an attribute should not be accessed directly.

Here's an example of a simple class that demonstrates encapsulation in Python:

class BankAccount:
def init (self, account number, balance):
self. account number = account number
self. balance = balance

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

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

def get balance (self):
return self. balance

In this example, the BankAccount class has two private attributes, _account_number and
_balance, which can only be accessed within the class methods. The class also has three
methods, deposit, withdraw, and get_balance, which operate on the private attributes.

The __init__ method is a special method in Python that gets called when an object is created
from the class. It takes two parameters, account_number and balance, which are used to initialize
the private attributes.

The deposit method takes an amount parameter and adds it to the _balance attribute.
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The withdraw method takes an amount parameter and subtracts it from the _balance attribute if
the balance is sufficient, otherwise it prints an error message.

The get_balance method returns the current balance of the account.
To create an object of the BankAccount class and use its methods, you can do the following:

my account = BankAccount("123456", 1000)

my account.deposit(500)

my account.withdraw (2000)

print (my account.get balance()) # Output: 1500

In this example, my_account is an instance of the BankAccount class with an account number of
"123456" and an initial balance of 1000. The deposit method is called to add 500 to the balance,
and the withdraw method is called to subtract 2000 from the balance, which results in an error
message because the balance is not sufficient. Finally, the get balance method is called to
retrieve the current balance, which is 1500.

In summary, encapsulation is an essential principle of object-oriented programming that allows
for building reliable and maintainable code.

Encapsulation is one of the fundamental concepts of object-oriented programming (OOP) that
allows you to hide the implementation details of a class from its users. In Python, encapsulation
can be achieved using the private and protected access modifiers.

Private Attributes:

In Python, you can create private attributes by prefixing the attribute name with two underscores
(_). By doing so, the attribute becomes inaccessible from outside the class. Here's an example:

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

self. year = year

def get make (self):
return self. make

def set make(self, make):
self. make = make

car = Car('Toyota', 'Corolla',K 2022)
print(car.get make()) # Output: Toyota
car.set make ('Honda')
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print(car.get make()) # Output: Honda
print(car. make) # Output: AttributeError: 'Car'’
object has no attribute '__make'

In this example, we create a Car class with private attributes __make, __model, and __year. We
also define get_make() and set_make() methods to access and modify the _ make attribute,
respectively. Finally, we create a car object and demonstrate how the private attribute __make is
inaccessible from outside the class.

Protected Attributes:

In Python, you can create protected attributes by prefixing the attribute name with a single
underscore (_). By doing so, the attribute becomes accessible from within the class and its
subclasses. Here's an example:

class Employee:
def init (self, name, salary):
self. name = name
self. salary = salary

class Manager (Employee) :
def init (self, name, salary, department):
super() . _init_ (name, salary)
self. department = department

manager = Manager ('Jdohn', 100000, 'Marketing')
print (manager. name) # Output: John

print (manager. salary) # Output: 100000

print (manager. department) # Output: Marketing

In this example, we create an Employee class with protected attributes _name and _salary. We
then create a Manager subclass that inherits from Employee and adds a protected attribute
_department. Finally, we create a manager object and demonstrate how the protected attributes
are accessible from within the class and its subclass.

encapsulation is an important concept in OOP that allows you to hide the implementation details
of a class from its users. In Python, you can achieve encapsulation using the private and
protected access modifiers. Private attributes are inaccessible from outside the class, while
protected attributes are accessible from within the class and its subclasses.
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Chapter 6:
Working with Modules and Packages
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When programming in Python, modules and packages are essential concepts that can help you
organize your code, reuse existing code, and make your programs more modular and scalable. In
this guide, we will explore the basics of working with modules and packages in Python.
Modules
In Python, a module is a file containing Python definitions and statements. A module can define
functions, classes, and variables, which can be used in other modules or scripts. To use a module
in your Python code, you need to import it first.
Importing modules
You can import a module using the import keyword followed by the module name:

import math

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

In this example, we imported the math module and used the sqrt() function to calculate the
square root of 16.

You can also use the from keyword to import specific objects from a module:
from math import pi
print(pi) # output: 3.141592653589793
In this example, we imported only the pi variable from the math module.
Creating modules
To create a module, you simply need to define your functions, classes, and variables in a Python
file with a .py extension. For example, you can create a my_module.py file with the following

code:

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

Then, you can use this module in another script by importing it:

import my module

my module.greet("John") # output: Hello, John!
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Module search path

When you import a module, Python looks for the module in a list of directories defined in the
sys.path variable. By default, this list includes the current directory, the built-in modules
directory, and the directories defined in the PYTHONPATH environment variable.

You can add additional directories to the search path at runtime by appending them to the
sys.path list:

import sys
sys.path.append("/path/to/my/modules")
Reloading modules
If you modify a module while your Python script is running, you may need to reload the module

to see the changes. You can do this using the reload() function from the built-in imp module:

import my module
import imp

# modify my module.py

imp.reload(my module)
Working with modules and packages is an essential part of programming in Python. In this
guide, we will explore what modules and packages are, why they are important, and how to
create and use them in your Python programs.
Modules
A module is a file containing Python definitions and statements. These definitions and statements
can be functions, classes, variables, or even other modules. Modules are used to organize code
and to make it reusable.

Importing Modules

To use code from a module in your program, you need to import it. There are several ways to
import modules in Python:

Importing an Entire Module

To import an entire module, you can use the import statement followed by the name of the
module. For example, to import the math module:

import math
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Once you have imported a module, you can use its functions and variables by prefixing them
with the module name, followed by a dot. For example:

import math
print (math.sqrt(16)) # prints 4.0
Importing Specific Functions or Variables

If you only need to use specific functions or variables from a module, you can import them
directly using the from keyword. For example:

from math import sqrt
print(sqrt(16)) # prints 4.0

You can also import multiple functions or variables from a module using the from keyword
followed by a comma-separated list of names. For example:

from math import sqrt, pi

print(sqrt(16)) # prints 4.0
print(pi) # prints 3.141592653589793

Creating and importing modules

Creating and importing modules is a fundamental concept in Python that allows you to organize
your code into reusable pieces. A module is simply a file containing Python code, typically with
a .py extension, that defines a set of related functions, classes, or variables.

Here's an example of how to create a simple module:

Create a new file named mymodule.py in your working directory.
Define some functions or variables in the file:

# mymodule.py

def greet(name) :
print ("Hello, " + name)

def square (x):
return x ** 2
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PI = 3.14159
Save the file.

Now you can import this module into another Python script and use its functions and variables.
Here's an example:

# main.py
import mymodule

mymodule.greet ("Alice") # Output: Hello, Alice

x = mymodule. square (3)
print(x) # Output: 9

print (mymodule.PI) # Output: 3.14159
When you run main.py, it will import mymodule.py and use its functions and variables.

Note that you can also import specific functions or variables from a module using the from
keyword. For example:

# main.py

from mymodule import square, PI

b4 square (3)
print(x) # Output: 9

print (PI) # Output: 3.14159
This will import only the square and P1 variables from mymodule.py.

Example 1: Creating a module with classes
Let's create a module named shapes.py that defines some classes for different shapes:

# shapes.py

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

def area(self):
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return self.width * self.height
class Circle:
def init (self, radius):

self.radius = radius

def area(self):
return 3.14159 * self.radius ** 2

Now we can import this module and use its classes in another Python script:
# main.py
import shapes

rect = shapes.Rectangle (3, 4)
print (rect.area()) # Output: 12

circle = shapes.Circle(5)
print(circle.area()) # Output: 78.53975

Example 2: Importing specific functions and variables

Let's create a module named math.py that defines some math-related functions and variables:
# math.py

def square (x):
return x ** 2

def cube (x) :
return x ** 3

PI = 3.14159
Now we can import only the square function and PI variable from this module:
# main.py

from math import square, PI

b4 square (3)
print(x) # Output: 9
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print (PI) # Output: 3.14159
Example 3: Renaming imported modules

Sometimes you might want to rename a module or a function to avoid naming conflicts. Here's
an example:

# main.py
import math as m

X = m.sqrt(4)
print(x) # Output: 2.0

Here we imported the math module and renamed it to m, so we can use m instead of math in our
code.

Example 4: Importing modules from subdirectories
If you have a large project with many modules, you might want to organize your code into
subdirectories. Here's an example:

my project/

— main.py

L— utils/
— __init .py
— math.py
L— string.py

Here we have a main.py script that uses two modules math.py and string.py, which are located in
the utils directory. To import these modules, we need to use the dot notation:

# main.py

from utils.math import square
from utils.string import reverse

X = square (3)
print(x) # Output: 9

s = "hello"
r = reverse(s)
print(r) # Output: olleh
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Note that we also need to include an empty __init__.py file in the utils directory to make it a
Python package.

Example 5: Importing modules dynamically

Sometimes you might not know the name of the module you want to import until runtime. In this
case, you can use the importlib module to import modules dynamically. Here's an example:

# main.py

import importlib

module name = "math"

math = importlib.import module (module name)

x = math.square (3)
print(x) # Output: 9

Here we use the importlib.import_module function to import the math module dynamically,
based on the module_name variable.

Example 6: Importing from a package

Packages in Python are directories that contain one or more modules. When you import a module
from a package, Python automatically looks for the __init__.py file in the package directory, and
executes it if it exists. This allows you to perform any initialization tasks that are necessary
before the modules in the package can be used.

Here's an example of importing a module from a package:

my package/

F— __init  .py
L— math.py
python

Copy code

# main.py

from my package import math

x = math.square (3)
print(x) # Output: 9
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In this example, we import the math module from the my_package package.

Example 7: Using relative imports
If you have a large package with multiple modules, you might want to use relative imports to
refer to other modules in the same package. Here's an example:

my package/

F— __init .py
— math/
| 1nit__.py
| asic.py

| dvanced PY
L strlng/

FTT

___-PY

TT

basic. PY
L— advanced.py

# my package/math/basic.py
from ..string import basic

def add strings(sl, s2):
return basic.concat(sl, s2)

In this example, we use a relative import (from ..string import basic) to import the basic module
from the string package, from within the my_package.math.basic module.

Example 8: Creating a package with a console script

You can also create packages that include console scripts, which can be executed from the
command line. Here's an example:

my _package/

init__ .py
basic.py
advanced.py
ipts/

__init .py
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1T §

sSC
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T
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L — my script.py
# setup.py
from setuptools import setup, find packages

setup (
name="my package",
version="1.0",
packages=find packages(),
entry points={
"console_scripts": [
"my script =
my package.scripts.my script:main"
]
}
)
python
Copy code

# my package/scripts/my script.py

from my package.math import basic
from my package.string import basic as str basic

def main() :
X = basic.add (3, 4)
s = str _basic.concat("hello", "world")
print(x, s)

In this example, we use setuptools to create a package named my_package, which includes
multiple modules and a console script named my_script. The entry_points option in setup()
specifies that my_script should be installed as a console script, with the main() function as the
entry point. When the my_script command is executed from the command line, it calls the
main() function, which uses the my_package modules to perform some operations and print the
results.

Example 9: Using Aliases

Sometimes, you might want to import a module or a function with a different name in your code.
You can use aliases to assign a different name to the imported module or function.

Here's an example:

# main.py
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import math as m

X = m.sqgrt (16)
print(x) # Output: 4.0

In this example, we import the math module and give it an alias of m. This allows us to use m
instead of math when we call functions from the module.

Example 10: Importing All Names from a Module
You can also use the * operator to import all names from a module. This can be useful in some
cases, but it's generally not recommended, as it can make your code harder to read and maintain.
Here's an example:

# main.py

from math import *

x = sqrt(16)
print(x) # Output: 4.0

In this example, we use the * operator to import all names from the math module. This allows us
to use the sqrt function without having to prefix it with math..

Example 11: Importing Modules Dynamically
You can also import modules dynamically at runtime using the importlib module. This can be
useful if you don't know the name of the module you need to import until your code is running.
Here's an example:

# main.py

import importlib

module name = "math"

math module = importlib.import module (module name)

x = math module.sqrt(16)
print(x) # Output: 4.0

In this example, we use the importlib.import_module() function to import the math module
dynamically at runtime. The name of the module is stored in a variable called module_name. We
then call the sqrt() function from the imported module.
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Example 12: Importing From Submodules

If you have a large module with multiple submodules, you can import names from the
submodules using dot notation.

Here's an example:
# main.py
from package.submodule import my function

x = my function()
print (x)

In this example, we have a package with a submodule called submodule. We import the
my_function() function from the submodule module and call it in our main code.

Example 13: Creating Your Own Modules

You can create your own modules in Python by creating a new file with a .py extension and
defining your functions or classes in that file. You can then import your module in other scripts
and use the functions or classes you defined.

Here's an example:

# my module.py

def say hello(name):
print (f"Hello, {name}!")

In this example, we define a simple function called say_hello() that takes a name as a parameter
and prints a greeting. We can then import this module in another script and use the say_hello()
function:

# main.py

import my module

my module.say hello("Alice") # Output: Hello, Alice!

In this example, we import our my_module module and call the say_hello() function with the
parameter "Alice".

Example 14: Organizing Your Modules with Packages
If you have a large project with many modules, you can organize them into packages. A package
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is simply a directory that contains one or more modules, along with a special file called
__init__.py that tells Python that this directory should be treated as a package.

Here's an example directory structure for a simple package:
my package/
__init .py
modulel .py
module2.py

In this example, we have a package called my_package that contains two modules, modulel and
module2. We can import these modules in our main code using dot notation:

# main.py

import my package.modulel
import my package.module2

X my package.modulel.my function()
y = my package.module2.my other function()

print(x, y)

In this example, we import the my function() function from modulel and the
my_other_function() function from module2. We call these functions and print their results.

Creating and importing packages

In Python, a package is a collection of related modules (Python files) that can be used together to
provide a specific functionality. A package can be created by simply creating a directory (folder)
with an init.py file in it. The init.py file is a special file that Python recognizes as a package file.
To create a package, follow these steps:
1. Create a new directory with a descriptive name for your package.
2. Inside the package directory, create an init.py file. This file can be empty or can contain
initialization code for the package.
3. Create one or more modules (Python files) inside the package directory. These modules
should have a descriptive name and should contain functions, classes, or variables that
are related to the package's functionality.
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Here is an example of a simple package called "math_functions":

1. Create a new directory called "math_functions".

2. Inside the "math_functions" directory, create an init.py file.

3. Inside the "math_functions” directory, create a module called "basic_math.py"”. This
module can contain basic mathematical functions like addition, subtraction,
multiplication, and division.

4. Inside the "math_functions"” directory, create a module called "advanced_math.py". This
module can contain more advanced mathematical functions like trigonometric functions,
logarithmic functions, and so on.

Packages in Python are a way of organizing related modules and classes in a hierarchical
structure. They allow you to bundle related functionality together and make it easier to reuse
code across different projects.

Creating a Package in Python

To create a package in Python, you need to create a directory with a special file called init.py
inside. This file is executed when the package is imported and can contain initialization code for
the package. Here is an example directory structure for a package called mypackage:

mypackage/
__init .py
modulel.py
module2.py
To import the mypackage package in another Python module, you can use the following syntax:

import mypackage

This will execute the init.py file and make the modulel and module2 modules available as
attributes of the mypackage module:

import mypackage

mypackage .modulel.some_ function ()
mypackage .module2.some_class()

Importing a Package in Python
To import a package in Python, you can use the import statement followed by the name of the
package:

import mypackage
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You can also import a specific module or function from a package:
from mypackage import modulel
modulel.some_function()
If you want to import a function from a module and give it a different name, you can use the as

keyword:

from mypackage.modulel import some function as
my function

my function()
Importing a package from a different directory
If you have a package in a different directory than your current working directory, you can add

the directory to your Python path using the sys.path.append() method:

import sys
sys.path.append('/path/to/mypackage')

import mypackage
Creating and importing packages in Python is an essential part of programming, especially when
working on larger projects. A package is a collection of Python modules and subpackages that
are organized in a directory hierarchy. Creating packages allows you to organize your code into
reusable, modular components that can be easily shared across different projects.
Here's how to create and import packages in Python:
Creating a Package:

To create a package, you need to follow these steps:

Create a directory that will serve as the top-level package directory. This directory should have a
descriptive name that represents the purpose of the package.

Inside the top-level directory, create a file named init.py. This file is required to identify the
directory as a package.

Create one or more subdirectories within the top-level directory to organize your modules. Each
subdirectory will become a subpackage of the main package.

Within each subdirectory, create one or more Python module files. These files should contain the
code for the functionality you want to provide.
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For example, let's create a package called "mypackage" that contains two subpackages,
"subpackagel™ and "subpackage2”. In subpackagel, we'll have a module called "modulel”, and
in subpackage2, we'll have a module called "module2".

Here's how the directory structure would look like:

mypackage/

__init .py

subpackagel/
__init .py
modulel.py

subpackage2/
__init .py
module2.py

Importing a Package:

Once you've created your package, you can import it into your Python code like any other
module. Here's how:

To import the entire package, use the syntax import package_name.
To import a specific subpackage, use the syntax import package_name.subpackage name.

To import a specific module within a package, use the syntax import
package _name.subpackage name.module_name.

For example, let's say we want to use the functionality provided by modulel in our code. Here's
how we would import it:

import mypackage.subpackagel .modulel

We can then use the functions and classes defined in modulel by referencing them with the dot
notation, like this:

mypackage . subpackagel .modulel.my function()
Alternatively, we can use the from keyword to import
specific functions or classes from the module, 1like
this:

javascript

Copy code

from mypackage.subpackagel.modulel import my function
my function()
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By using packages, you can organize your code into reusable, modular components that can be
easily shared across different projects.

Installing and using third-party packages

Installing and using third-party packages is an essential skill for any Python programmer. Here
are some basic steps to get started with installing and using third-party packages in Python:

Understanding Third-Party Packages

A third-party package is a set of pre-written codes and modules created by developers outside of
Python's standard library. These packages can be downloaded and installed to add additional
functionality to your Python code.

Choosing a Package

Before you start installing a third-party package, you need to choose one that meets your needs.
There are many packages available, so it's important to research and find the one that is best for
your project.

Installing a Package

Once you have selected a package, you need to install it. There are several ways to install a
package, but the most common method is to use the pip command. Pip is a package manager for

Python that allows you to easily install and manage third-party packages.

To install a package using pip, open a command prompt or terminal window and enter the
following command:

pip install <package-name>
Replace <package-name> with the name of the package you want to install.
Using a Package
After you have installed a package, you can start using it in your Python code. To use a package,
you need to import it into your code using the import statement. For example, to import the

numpy package, you would use the following code:

import numpy
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Updating a Package

It's important to keep your packages up-to-date to ensure that you have the latest features and
bug fixes. To update a package, you can use the pip command again:

pip install --upgrade <package-name>

installing and using third-party packages in Python involves choosing a package, installing it
using pip, importing it into your code, and updating it as needed. With these basic steps, you can
start exploring the vast world of third-party packages and adding new functionality to your
Python code.

code example that demonstrates how to install and use a third-party package in Python:

# Importing the necessary package
import requests

# Making a request to a URL
response = requests.get('https://www.google.com')

# Printing the response status code
print ('Response Status Code:', response.status_code)

In this code example, we are using the requests package to make a HTTP request to the URL
https://www.google.com. We import the requests package using the import statement, and then
we use the get() method from the requests package to make the HTTP request. The response
from the request is stored in the response variable.

We then print the status code of the response using the status_code attribute of the response
variable. This status code indicates whether the request was successful or not. In this case, the
response status code should be 200, which means the request was successful.
To run this code, you need to first install the requests package using the pip command:

pip install requests
Once the package is installed, you can run the code and see the output.
This is just one example of how to install and use a third-party package in Python. There are

many other packages available for a wide range of purposes, so be sure to explore and
experiment with different packages to find the ones that are best suited for your projects.
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Installing Packages with Pip
Pip is the most popular package manager for Python. It allows you to easily install and manage
third-party packages from the Python Package Index (PyPl). Here's an example of how to install
the pandas package using pip:

pip install pandas

This command will download and install the latest version of the pandas package and its
dependencies.

Importing Packages
Once you have installed a package, you can import it into your Python code using the import
statement. For example, if you have installed the pandas package, you can import it into your
code like this:

import pandas as pd
This statement imports the pandas package and assigns it the alias pd. This makes it easier to
refer to the package in your code. You can then use the functions and classes provided by the
package in your code.

Using Packages in Your Code

Once you have imported a package, you can use its functions and classes in your code. Here's an
example of how to use the pandas package to read a CSV file and print its contents:

import pandas as pd

# Read the CSV file into a dataframe
df = pd.read csv('data.csv')

# Print the dataframe
print (df)

In this example, we are using the read_csv() function from the pandas package to read a CSV file
named data.csv into a dataframe. We then print the dataframe using the print() function.

Upgrading Packages

It's important to keep your packages up-to-date to ensure that you have the latest features and
bug fixes. To upgrade a package, you can use the pip command again with the --upgrade flag:

pip install --upgrade pandas
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This command will upgrade the pandas package to the latest version.
Uninstalling Packages
If you no longer need a package, you can uninstall it using the pip command:

pip uninstall pandas

The Python Package Index (PyPl)

The Python Package Index (PyPl) is a repository of software packages for the Python
programming language. It allows developers to easily download, install, and use third-party
libraries and tools that extend the functionality of Python.

In terms of the Python Package Index, the book introduces the reader to PyPI and explains how
to use it to install third-party packages. It also covers how to create and distribute packages using
PyPI, making it a valuable resource for both beginners and more experienced Python developers.

Here's an example of a code that generates a random password:

import random
import string

def generate password(length):
# Define the characters that can be used in the
password

characters = string.ascii_ letters + string.digits +
string.punctuation

# Generate a random password
password = ''.join(random.choice (characters) for i
in range (length))

return password

# Ask the user for the length of the password they want
to generate

password length = int(input("Enter the length of the
password you want to generate: "))

# Generate a random password of the specified length
password = generate_password (password length)
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# Print the generated password
print ("Your random password is:", password)

In this code, we first import the random and string modules. Then, we define a function called
generate_password that takes in a single argument length that specifies the length of the
password to be generated.

Inside the generate_password function, we define the set of characters that can be used in the
password by concatenating the sets of ASCII letters, digits, and punctuation symbols using the
string module. Then, we generate a random password of the specified length by iterating over a
range of length and selecting a random character from the set of valid characters using
random.choice. Finally, we join all the randomly selected characters into a string and return it as
the password.

Next, we prompt the user to enter the length of the password they want to generate using the
input function, and convert the user's input to an integer using the int function.

here's an example of a longer code in Python that utilizes PyPI:

# Importing PyPI package
import requests

# Making a GET request to an API

response =

requests.get('https://jsonplaceholder. typicode.com/todo
s/1'")

# Checking if the request was successful (200 status
code)

if response.status_code == 200:

# Printing the response content

print (response.content)
else:

# Printing an error message if the request was
unsuccessful

print ('Error: Could not retrieve data')

# Importing a custom PyPI package
import pandas as pd

# Creating a DataFrame from a CSV file
data = pd.read csv('data.csv')

# Displaying the first 5 rows of the DataFrame
print (data.head())
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# Importing another PyPI package
import matplotlib.pyplot as plt

# Creating a line plot from the DataFrame
plt.plot(data['x'], data['y'])
plt.title('Line Plot')

plt.xlabel ('x"')

plt.ylabel('y"')

plt.show ()

In this code, we first import the requests package from PyPIl to make a GET request to an API
and retrieve data.
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THE END



