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Preface

Python is a widely used general-purpose programming language. Its popularity can be attributed to its
simplicity and a rich set of powerful features. The clean and intuitive syntax makes it an excellent choice
for novices, allowing them to grasp the fundamentals of programming quickly, and the advanced features
make it appealing to experienced programmers too. It can run on various platforms, including Windows,
macOS, and Linux. Since it is an open-source software, it is freely available to all.

The widespread usage of Python is evident in the technology world, with major companies and
organizations such as Google, Amazon, Instagram, Facebook, and NASA using it in different ways.
Whether you are involved in machine learning, data science, artificial intelligence, scientific computing,
automation or you need to create robust web applications and games, Python provides the necessary
tools and resources. The extensive collection of libraries available in Python can be effectively utilized
across diverse domains. Therefore, adding Python to your skill set can greatly enhance your capabilities
and open up numerous opportunities in various fields.

This book provides a thorough and comprehensive introduction to Python, focusing on the core
programming concepts and problem-solving skills required for building a solid foundation in
programming. Throughout the book, there are numerous programming examples and end-of-chapter
exercises to give you a hands-on experience. The exercises include multiple-choice questions and
programming problems; multiple-choice questions will assess both your memory and comprehension
of the topic, while the programming exercises will provide you with a chance to apply the acquired
concepts. The book includes coding conventions and best practices for writing efficient, readable, and
maintainable code. The code in the book is written and tested using Python version 3.11, which is the
most recent version at the time of publishing the book.

Python is easy to learn. You can start writing Python programs within a few days. However, if you wish
to leverage all the powerful features of Python, a more in-depth exploration is required. The content in
this book can assist you in achieving that. This book includes 21 chapters that gradually introduce new
topics so learners can proceed at a sustainable pace. If you are a beginner, start from the first chapter and
go through all the chapters in order, and work out the examples and exercises along the way. If you have
a working knowledge of Python, you can quickly browse through the initial chapters and then randomly
jump to topics that are new to you or that you want to master. However, I would still recommend reading
the chapters in sequence to get the most out of the book. If you are transitioning from some other
language, you might be tempted to skip the initial information, but I would suggest you go through all the
basic details to avoid any confusion later. Here is a brief summary of the chapters presented in the book.

Chapter 1 is an introduction to Python and shows the installation process. Chapter 2 covers the fundamental
elements of Python, such as data types, variables, input, output, and many other basic concepts you need
to get started in Python. Chapter 3 provides a detailed explanation of strings that represent textual data
in Python. Chapters 4 and 5 cover the container types: lists, tuples, dictionaries, and sets. Chapter 6
provides an insight into conditional execution. In chapter 7, we will see how to perform repetitive tasks
using loops, and chapter 8 discusses some common looping techniques in Python. Chapter 9 introduces
the concept of comprehensions which help us write shorter and readable code.
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Chapter 10 contains detailed coverage of functions. We will see how to create our own functions
and will discuss parameters, arguments, arguments passing, function objects, and many other details
about functions. Chapter 11 shows how to create and use modules and packages. Chapter 12 is about
namespaces and scoping rules. Chapter 13 shows how to write programs that can create files, write
data into files, and read the data stored in files. Chapters 14, 15, and 16 provide you with a strong
understanding of the object-oriented concepts. We will discuss classes, objects, methods, inheritance,
polymorphism, and magic methods. Chapters 17 and 18 are devoted to advanced topics like iterators,
generators, and decorators. Chapter 19 is about functional programming and lambda functions. Chapter
20 shows how to handle run-time errors in Python, and Chapter 21 discusses context managers that are
used to automate common resource management patterns.

At the end of each chapter, you will find exercises, and their solutions are provided at the end of the book.
I would suggest that you try to solve these exercises by yourself before looking at the solution. Solving
exercises and writing code will help you to internalize the concepts presented in the book.

Some typographical conventions are followed throughout the book for a good reading experience. The
code snippets and programs in the book appear in this font to differentiate them from the regular text.
Program elements, such as variable names, types, etc., within the regular text, are in this font. Any
output produced by the code on the screen as a result of running a program or anything that the user has
to input through the screen appears in this font.

My aim was to write an absolute hands-on book that is simple enough to follow and yet gives detailed
knowledge. Reading this book will be a breeze, yet it will give you a comprehensive knowledge of Python
and instill the confidence to excel in any written test, interview, or professional work. Programming is fun
only when you get your hands dirty with code. Reading a book is not enough for learning programming.
I highly recommend that you try the coding examples and exercises presented in the book. The efforts
you put in to strengthen your fundamentals of core programming concepts will take you a long way in
your software development journey.

By the end of this book, you will develop a strong foundation in core Python skills and will get the
ability to explore the vast range of functionalities offered by the standard library and third-party libraries.
As you progress, you will continue to be amazed by the capabilities of Python and the remarkable
libraries available. With your newfound skills you can venture into diverse fields like data science or
machine learning. Moreover, if this is the first programming language you are learning, equipped with
the foundation of programming concepts and problem-solving skills, you can easily learn any other
programming language.

After using this book as a tutorial to learn the language, you can always refer to it as a handy resource
whenever you need to recall or review any concept and apply it to your work.

Writing this book was a very enjoyable, insightful, and amazingly satisfying journey for me and I am
sure my readers will have a similar experience while reading the book. I hope you enjoy reading the book
and start loving Python.

Happy programming!
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Introduction to Python 1

Python is a widely used high-level and general-purpose programming language originally developed
by Guido Van Rossum in the early 1990s in the Netherlands. It is maintained by a community of core
developers who are actively engaged in its growth and advancement. Although the official logo of Python
shows two intertwined snakes, it is not named after any snake. Van Rossum named this language after a
1970s comedy show 'Monty Python's Flying Circus'.

Python has three major versions; the initial version, Python 1.0, was released in January 1994. The
second major version, Python 2.0, was released in 2000, and the third major version, Python 3.0, was
released in 2008. Python 3 is not backward compatible with Python 2; this means that the code written
in Python 2 may not work as expected in Python 3 without making some modifications. In this book,
we will use Python 3. The latest release of Python is available on its official website www.python.org.
Python is an open-source software, which means that it is free to use and distribute.

1.1 What makes Python so popular

Python is a general-purpose language used in a wide variety of domains. It is used extensively in
different fields such as web development, data mining, artificial intelligence, image processing, robotics,
network programming, developing user interfaces, database programming, scientific and mathematical
computing, game programming, and even education. Most of the top companies and organizations, such
as Google, Facebook, Amazon, and NASA, use Python in different ways. Let us see some of the key
factors that contribute to Python's popularity.

Python is very easy to learn. It doesn't take much time to become productive with Python. This is why
it is often the introductory programming language taught in many universities. Compared to languages
such as C++ or Java, Python code tends to be more concise, requiring fewer lines of code to achieve
the same functionality. Due to the simple syntax of Python, programmers can focus more on finding the
solution to a problem instead of getting caught up in complex language features. Python uses indentation
for grouping together statements, resulting in a visually clean layout that enhances code readability.

Python offers a convenient command line interface known as the 'Python interactive shell' or 'Python
REPL' (Read-Eval-Print Loop). With the Python interpreter, you have the option to work interactively,
allowing you to test and debug small sections of code in real-time. The interactive mode serves as a
useful tool for experimenting and exploring Python's features.

One of the main advantages of Python is that it takes care of memory management automatically.
Python's built-in memory management system allocates memory when needed and frees it up when it is
no longer in use. Programmers do not have to worry about managing memory manually, as they would
have to do in other languages like C or C++.

Python includes a vast standard library of modules; this is why the phrase 'Batteries included' is often
used for Python. These modules contain code that you can use in your own programs. In addition to the
extensive standard library, many third-party libraries are also available for use. Thus, you have access to
lots of prewritten reusable code in the form of standard library modules and third-party modules, which
can do most of the work for you and save you from reinventing the wheel. This code can be incorporated
into your code to develop complex solutions with minimal effort. Whether you are working on web
programming, creating graphics, analyzing data, performing mathematical calculations, engaging
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in scientific computing, or developing games, you will find reusable code modules that can help you
achieve your goals.

Python supports multiple programming paradigms, including procedural, functional, and object-oriented
programming. Thus, programmers have the flexibility to choose the coding structure that best suits their
needs. The object-oriented features of Python are much easier to implement and are more intuitive when
compared to similar features found in other programming languages.

Python is a cross-platform and portable programming language, which means that programs written
in Python can be developed and executed on various hardware platforms and operating systems. The
same code can be executed on multiple platforms without making any significant changes. The cross-
platform development minimizes the efforts required to adapt the programs to different systems and thus
facilitates code reuse and sharing on different platforms.

Python has the capability to interact with software components written in other languages. Python code
can call libraries written in C and C++, and it can also integrate with components developed in Java and
NET. This allows Python programmers to tap into the strengths and functionalities of other languages
and libraries written in them. Python is also embeddable which means that Python code can be placed
within the code of another language like C or C++.

Another reason for Python's popularity is its large base of active and supportive developer community.
Community members are actively engaged in improving and enhancing the capabilities of Python as
well as in developing various libraries and tools. There are numerous resources and extensive support
available due to the vibrant community members.

Python has emerged as the preferred programming language for developers because of its ease of use
and powerful features. It is suitable both for beginners and experts alike, and due to its versatility, it can
be used in a variety of applications.

In the next section we will learn about Python implementations and will see what happens internally
when a Python program is executed. While it is not necessary to have this knowledge in order to write
and run programs, having a fundamental understanding of what occurs behind the scenes during program
execution is beneficial for a comprehensive understanding of the language.

1.2 Python implementation

The terms C, C++, Basic, Java, or Python refer to programming languages, which are essentially sets of
rules and specifications. In order to use these languages, they need to be implemented by creating software
that allows us to write programs in that language and run them on a computer. The implementation of a
language is the program that actually runs the code that you write in that language. An implementation
translates the source code to native machine code instructions (binary Os and 1s) so that the computer's
processor can execute it.

There are primarily two approaches to implementing a programming language: compilation and
interpretation. In compilation, a compiler translates the complete program code in one go to another
language such as machine code or bytecode. If the translated code is machine code that is understood by
the processor, then it is directly executed, and if it is bytecode, then it has to be again input to another
interpreter or compiler. In interpretation, an interpreter translates the code to machine code one line at a
time; a line of code is read, translated, and executed, then the next line is read, translated, and executed,
and so on. The code is translated line by line at run time, so the interpreted implementations tend to be
slower than the compiled ones, which translate the whole code at once.

An implementation of a language can be a compiler, interpreter, or a combination of both. A programming
language can have multiple implementations, and these implementations can be written in different
languages and can use different approaches to compile or interpret code. The notion of interpretation
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and compilation is associated with language implementation rather than the language itself; describing
a language as compiled or interpreted is not technically correct. The language implementations that
are written for a language are described as compiled or interpreted and not the language. Compilation
or interpretation is not a part of the language specification; it is an implementation decision. The
implementations of C and C++ mostly use the compilation approach, while Java, Python, and C#
implementations generally use a combination of compilation and interpretation techniques. C and C++
compilers translate source code to machine code, which is executed directly by the processor.

Python has multiple implementations. The original and standard implementation of Python is CPython
written in C language. It is the most widely used and up-to-date implementation of Python. When you
download Python software from the official site python.org, this is the implementation that you get. The
other implementations are Jython written in Java, and IronPython written for the .NET platform. PyPy is
the implementation that is written in RPython, which is a subset of Python.

The software that is used for running Python programs is referred to as Python interpreter. Let us
understand how CPython interpreter combines the compilation and interpretation techniques to execute
a Python program.

We write our Python code in a source file (.py file), but the computer cannot understand and execute this
code; it can execute only machine code, which consists of instructions written in binary form (0s and 1s).
The source code has to be converted to machine code so that the processor can execute it. The source
code is not directly converted to machine code. It is first compiled into an intermediate form known as
the bytecode. This bytecode is a low-level code that is Python-specific and platform-independent, but it
is not understandable to the processor.

There is another software called Python Virtual Machine (PVM), that is responsible for executing this
bytecode on a specific platform. The bytecode passes through the Python Virtual machine; it interprets
this bytecode, which means that it converts the bytecode instructions to machine code instructions one
by one and sends these machine code instructions to the processor for execution, and we get the output.
So, the job of PVM is to convert the bytecode instructions to machine code instructions that the processor
can understand and execute.
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Figure 1.1: The execution of a Python program

This is what happens when we execute a Python program. The intermediate compilation step is hidden
from the programmer; we can just type and run our program immediately. The programmer does not
have to explicitly compile the code, so there is no separate compile time in Python; there is only runtime.
The compilation to bytecode is done to improve the efficiency as the bytecode can be interpreted faster
than the original source code.

In this whole process, the bytecode complier is a software that converts source code to bytecode, and
PVM is a software that converts bytecode to machine code for the target platform. Python Virtual
machine contains some platform-specific components that may be implemented differently for each
platform. This allows the virtual machine to covert the bytecode into native machine code according to
the platform. It abstracts away the underlying hardware and operating system details and thus provides
a consistent runtime environment for Python programs across different platforms. Both the bytecode
compiler and the virtual machine are part of the Python interpreter software and are included in your
Python installation.
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The intermediate bytecode is generally cached for faster execution. It is stored in .pyc or .pyo files inside
a folder named  pycache  and the programmer can just ignore these files. When the program is run
multiple times without modifying the source code, the compiled bytecode from the cached file is loaded
and executed instead of re-compiling from source code to bytecode every time. This bytecode is stored
only for imported files, not for the top-level scripts; we will see the difference between the two later in
the book.

The Jython implementation translates Python code into Java bytecode, enabling its execution on a
Java virtual machine. An advantage of Jython is its ability to directly access Java libraries. Similarly,
IronPython is designed for the .NET framework and facilitates integration with .NET components.

Some implementations of virtual machines (bytecode interpreters) use just-in-time (JIT) compilation
approach to speed up the interpretation process. The PyPy implementation of Python has better speed
as it includes a just-in-time compiler for faster execution of the bytecode. Just-in-time compiler will
compile the frequently executed blocks of bytecode to machine code and cache the result. Next time,
when the virtual machine has to execute the same block of bytecode, the precompiled(cached) machine
code is utilized and executed, resulting in faster execution. So, the JIT compiler uses the compilation
approach to improve the efficiency of bytecode execution.

1.3 Installing Python

To download Python, visit the official website of Python. On the homepage, select the Downloads option
to go to the download page, or you can directly go to www.python.org/downloads/. The website will
automatically detect your operating system and provide a suitable installer that corresponds to your
system's requirements, whether it be 32-bit or 64-bit. Click on the Download button to download the
installer (.exe) file for the latest version of Python. At the time of writing this book, the latest version is
3.11.3. If you wish to download any previous version of Python, you can scroll down the page and click
on the download button located next to the version number you desire.
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Figure 1.2: Official website of Python

Once the download is complete, double-click on the installer to execute it and begin the installation
process. On the first screen of the installer, you will be presented with two choices: "Install Now" and
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"Customize Installation." Clicking on "Install Now" will install Python with the default features, while
clicking on "Customize Installation" will allow you to change the installation location or install other
optional and advanced features. The defaults should work well for now, so we will go with Install Now.
Before clicking on Install Now, make sure to select the Add python.exe to PATH checkbox, as this will
add Python to your system's PATH environment variable and will enable you to run Python from the
command prompt.
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Figure 1.3: Installing Python

Click Yes if it asks for permission to make changes to your device. The installation begins, and all the
required Python files, along with the standard library, will be installed on your system.
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Figure 1.4: Installation in progress

After the installation is complete, the following pop-up box will appear. This shows that Python is installed
on your system. Click on Clese to complete the installation and exit the installer. The appearance of the
images shown in the screenshots may vary depending on the version of Python that you choose to install.



