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Foreword

It is with great pleasure that I introduce this groundbreaking textbook, Digital and
Technological Solutions tailored meticulously for the newly introduced value-added
course “Digital and Technological Solutions” under the auspices of the New Education
Policy NEP-2020.

In today’s rapidly evolving digital landscape, the need for comprehensive educational
resources that transcend disciplinary boundaries has never been more pronounced. As
the educational sector undergoes a transformative shift with the adoption of the New
Education Policy (NEP) 2020 across all educational institutions nationwide, the demand
for innovative and inclusive learning materials becomes paramount. This textbook serves
as a beacon of knowledge, illuminating the pathways for undergraduate students across
diverse academic backgrounds - be it life sciences, mathematics, commerce, management,
arts, or technology. Its relevance and applicability on a national scale are underscored by
its alignment with the NEP 2020 objectives, catering to the educational needs of students
across the entire country.

Authored with meticulous attention to detail, thisbook encapsulates a wealth of information
essential for navigating the complexities of digital systems and technology. From the
fundamental principles of digital systems to the intricacies of emerging technologies such
as cloud computing, big data, blockchain, and robotics, each chapter offers invaluable
insights and practical applications aligned with the objectives of the course. Moreover, the
evidence presented from the diverse audience it caters to, to the lack of existing textbooks in
this domain, and the long-term relevance of the subject matter underscores the invaluable
contribution this book makes to the realm of education.

The Department of Higher Education, UT of Jammu and Kashmir, takes immense pride
in endorsing this seminal work, which bears testament to our commitment to fostering
digital literacy and innovation among the student community. As we navigate through the
transformative realms of technology and education, it becomes imperative to equip our
students with the requisite knowledge and skills to thrive in the digital age.

I extend my heartfelt congratulations to the authors on the publication of this seminal
textbook. May it serve as a guiding light for generations of students, inspiring them to
pursue excellence and innovation in the ever-expanding realm of digital systems and
technology.

Alok Kumar, IRS
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Testimonial

I am truly impressed by the exceptional quality and comprehensive approach of the
textbook “Digital and Technological Solutions,” which has been meticulously crafted
to cater to the needs of undergraduate students across various academic disciplines. As
Director of Colleges, Higher Education Department, I find this resource to be an invaluable
asset for our educational institutions.

In our digital era, understanding technology is paramount. This textbook excels by
covering essential basics and advanced topics like cloud computing and blockchain. The
emphasis on Digital India and its synergies with the New Education Policy (NEP-2020)
not only makes this resource relevant but pivotal in shaping a curriculum that is futuristic,
inclusive, and aligned with national development goals.

I commend the author’s dedication and expertise in producing such a remarkable resource.
I am confident that this textbook will be an indispensable tool for our students, empowering
them to excel in the digital age and contribute meaningfully to their respective fields.

Prof. (Dr.) Yasmin Ashai
Director Colleges

Department of Higher Education
UT of Jammu and Kashmir

Kup ksigzke


http://helion.pl/page354U~rt/e_41rl_ebook

vi

About the Authors

Dr. Faheem Syeed Masoodi is currently working as a senior Assistant Professor in
the Department of Computer Science,University of Kashmir. Earlier, he served at the
College of Computer Science, University of Jizan, Saudi Arabia as an Assistant Professor.
Prior, the author served as a Research Scientist at NMEICT- Edrp project sponsored
by the Ministry of HRD, Govt. of India. He obtained his PhD in Network Security and
Cryptography from the Department of Computer Science, Aligarh Muslim University,
India, in 2014. He holds a Masters and Bachelors degree in computer sciences from
the University of Kashmir. His research interests revolve around Cryptography and
Network Security, Theory of Computation, and Internet of Things (IoT). Dr. Masoodi
is an esteemed member of various cryptology associations and has contributed
extensively to the field through his research papers published in reputed journals
and conferences. He has also authored and edited four books on emerging topics in
computer science, showcasing his expertise and knowledge in the field. Dr. Masoodi’s
achievements include prestigious fellowships for his academic pursuits. He was
awarded the fellowship for Summer Training on “Conference effective moduli spaces
and application to cryptography” organized by CENTRE HENRI LEBESGUE, Rennes,
France in 2014, and the fellowship for the Summer School “SP-ASCRYPTO-2011
Advance School of Cryptography” at the University of Campinas, Sao Paulo, Brazil
in 2011. He was also honored with the Maulana Azad National Fellowship by UGC
New Delhi for his doctoral program. In addition to his roles and achievements, Dr.
Faheem Masoodi serves as the course coordinator for the Swayam course on Design
and Analysis of Algorithms.

Mr. Zubair Sayeed Masoodi is a highly accomplished educationalist and senior
Assistant Professor in Computer Applications, currently working in the Department
of Higher Education in the Union Territory of Jammu and Kashmir. With over 12 years
of teaching experience at both the undergraduate and postgraduate levels, he has
established himself as a prominent figure in the realm of higher education. As the
head of the Department of Computer Applications at Government Degree College for
Women Sopore, he plays a pivotal role in shaping the education and curriculum in his
college. His expertise and deep understanding of the subject matter have made him
an active member of the Academic Council of the University of Kashmir. He is a very
reputed speaker and contributes to various Faculty Development Programs (FDPs)
and workshops conducted within the colleges and universities in the UT of Jammu

Kup ksigzke


http://helion.pl/page354U~rt/e_41rl_ebook

vii

and Kashmir. His contributions extend beyond the boundaries of his college and
university. He is a valued member of key committees within the Department of Higher
Education, as constituted by the Higher Education Department. His dedicated efforts
in building digital infrastructure within the colleges of Jammu and Kashmir have
had a significant impact on the educational landscape of the region. He has also been
nominated as a member of the National Educational Policy 2020 cell at the University
of Kashmir. In this role, he actively oversees the implementation of the new policy in
the affiliated colleges of University of Kasmir, ensuring its effective integration at the
gross root level. His insights and contributions have been invaluable in shaping the
future of education in the region. Apart from his academic and administrative roles, he
is also an accomplished researcher. His research interests primarily revolve around the
utilisation of Internet of Things and healthcare analytics using Artificial Intelligence
and Machine Learning. His profound knowledge and awareness of technological
advancements allow him to stay at the forefront of emerging technologies, enabling
him to provide innovative solutions and insights in his field.

Dr. Khalid Bashir Dar is a lecturer in the Higher Education Department of Jammu
and Kashmir, with a specialization in Computer Science. With five years of experience
in the field, he brings a wealth of knowledge and expertise to his role. Khalid holds a
Ph.D. degree from CCSU Meerut, an M.Phil degree from BU Rajasthan, an MCA degree
from SSAHE Karnataka, and a BCA degree from UK Srinagar. He has authored several
research publications and articles, contributing to the advancement of knowledge in
his field. His strong academic background, coupled with his passion for teaching,
allows him to effectively engage with students and facilitate their understanding of
complex computer science concepts.

Kup ksigzke


http://helion.pl/page354U~rt/e_41rl_ebook

viii

7
0‘0

About the Reviewers

Faisal Maqbool is a technology enthusiast and teacher with twelve years of teaching
and e-Governance experience. He has previously worked at the National Informatics
Center (NIC), Ministry of Communications and IT, Government of India, and has
received the prestigious Gold Digital India Award in 2016.

Magbool specializes in e-Governance and cyber security and loves teaching students
about the latest developments in the world of Information Technology.

He is currently working as an Assistant Professor in the Department of Computer
Applications, Amar Singh College Srinagar, Jammu and Kashmir India.

Dr. Javaid Igbal is presently working as an Associate Professor in the Post Graduate
Department of Computer Science, University of Kashmir, Hazratbal Srinagar Jammu
and Kashmir, India. He did his Masters in Computer Applications (MCA) and PhD
in Computer Science from the University of Kashmir in 2004 and 2014 respectively.
He has more than fifteen years of substantive teaching experience at the Department
of Computer Science. He has more than forty international journal and conference
papers to his credit. He is the editor of "Software Reliability and Security: Techniques
and Methodologies”. His research interests are software reliability growth models and
software vulnerability modeling. Besides being a member of CSI and IETE, he is a
member of various software engineering societies like SIGSE and IAENG.

Mudasir Wani is an educator with over a decade of experience in higher education.
His area of interest includes data structures, Machine Learning, and social network
analysis. He is involved in the development of the e-Content and Web Resources of
the MOOC course titled “Design and Analysis of Algorithms” under UGC (credit
framework for online learning courses through SWAYAM) as a subject expert.

He has also worked as a reviewer and author for NCERT in the development of
computer science and information practice textbooks for classes XI and XII.

At present, he is working as an Assistant Professor (computer applications) in the
Department of Higher Education, Government of Jammu and Kashmir, India.

Kup ksigzke


http://helion.pl/page354U~rt/e_41rl_ebook

ix

Acknowledgement

We would like to express our sincere gratitude to all those who contributed to the
completion of this book.

First and foremost, we extend our heartfelt appreciation to our family and friends for
their unwavering support and encouragement throughout this journey. Their love and
encouragement have been a constant source of motivation. We would like to extend our
special thanks to the following individuals for their valuable input and contributions to
this project: Wasia Ashraf, Asra Khannum, Mudasir Rasool Najar, Heena Mushtaq, and
Mudasir Ahmad Wani. Your insights and feedback have been instrumental in shaping the
content and improving the quality of this book. Thank you for your invaluable support.

We are immensely grateful to BPB Publications for their guidance and expertise in bringing
this book to fruition. Their support and assistance were invaluable in navigating the
complexities of the publishing process. We would also like to acknowledge the reviewers,
technical experts, and editors who provided valuable feedback and contributed to the
refinement of this manuscript. Their insights and suggestions have significantly enhanced
the quality of the book.

Last but not least, we want to express our gratitude to the readers who have shown interest
in our book. Your support and encouragement have been deeply appreciated.

Thank you to everyone who has played a part in making this book a reality.

Kup ksigzke


http://helion.pl/page354U~rt/e_41rl_ebook

Preface

Understanding the basics of digital systems and technology is important in today’s rapidly
evolving world. This book Digital and Technologicals Solutions: Exploring the foundations
of digitization covers the essential concepts that form the backbone of digital systems.

Comprising of eight insightful chapters, this book covers a wide range of topics essential
for understanding the intricacies of digital systems. We start with Computer System
Fundamentals and Digital System Foundations, providing a solid grounding in the basics.
From there, we delve into Communication Systems and Computer-Based Information
Systems, exploring their vital roles in our interconnected society.

Chapter 5 focuses on Digital India, highlighting the transformative impact of digital
technologies on our nation. Digital Payments System, discussed in Chapter 6, sheds light
on the evolution and significance of electronic payment methods in today’s economy.

In the realm of cybersecurity, Chapter 7 discusses crucial measures and practices to
safeguard our digital infrastructure. Lastly, Chapter 8 explores Emerging Technologies,
offering insights into the latest advancements shaping our digital future.

This book is designed to cater to all undergraduate students, irrespective of their academic
backgrounds, including life sciences, mathematics, commerce, management, arts, and
technology. It serves as a mandatory resource for the newly introduced course “Digital
and Technological Solutions” under the New Education Policy NEP-2020.

Through practical examples, comprehensive explanations, and a structured approach, this
book aims to equip readers with a solid understanding of digital systems and technology.
Whether you are a novice or an experienced learner, we hope this book will serve as a
valuable resource in your journey of exploring the foundations of digital systems and
technology.

Chapter 1: Computer System Fundamentals- This chapter provides an introduction
to computer systems and their workings, starting with an overview of the generations
of computers. It explores the basic components of a computer system and discusses
computer system architecture. The chapter also delves into software, including its
definition and types such as system software and application software. It further covers
operating systems, their functions, and different types including batch, multi-user, and
real-time systems. Popular operating systems like MS DOS, Windows, macOS, Linux,
Android, and iOS are highlighted. Additionally, the chapter introduces algorithms and
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flowcharts as essential tools in computer programming. By the end of this chapter, readers
will gain a comprehensive understanding of computer system fundamentals, including
hardware components, software types, operating systems, and the basics of algorithms
and flowcharts.

Chapter 2: Digital System Foundations- This chapter provides an overview of digital
systems, their evolution, and their role in modern life. It explores the applications of digital
technology in various fields and discusses the challenges faced in the digital realm. The
chapter also covers Information and Communication Technology (ICT), highlighting
emerging trends and essential ICT tools. Additionally, it introduces different number
systems and the concept of digital logic gates. By the end of the chapter, readers will have
a solid understanding of the fundamental concepts and components of digital systems.

Chapter 3: Data Communication and Networking- This chapter provides an in-depth
exploration of communication systems, including principles, models, and transmission
media. It covers transmission modes, types of transmission media (guided and unguided),
computer networks (LAN, MAN, WAN), network topologies, devices (modem, Ethernet
card, router, etc.), network models (OSI and TCP/IP), internet concepts, web browsers
(Chrome, Firefox, Safari, Edge), browser security and privacy features, search engines
(Google, Bing, Yahoo), messaging (instant messaging, VoIP), video conferencing, electronic
mail (e-mail), and social networking platforms (Facebook, Twitter, Instagram, LinkedIn).
It also addresses privacy and security considerations in social networking. Readers will
acquire a comprehensive understanding of communication systems, computer networks,
internet concepts, and various communication tools and platforms, along with their
associated security and privacy considerations.

Chapter 4: Computer Based Information System- This chapter provides an introduction to
computer-based information systems, exploring their role, significance, and various types.
It covers transaction processing systems, management information systems, decision
support systems, and e-commerce. The section on e-commerce delves into its definition,
scope, and different types such as B2C, B2B, C2B, and C2C. Additionally, it examines digital
marketing, including its various types such as SEO, PPC, content marketing, SEM, social
media marketing, influencer marketing, email marketing, mobile marketing, and affiliate
marketing. The chapter concludes by discussing the benefits and challenges associated with
e-commerce and digital marketing. Readers will gain a comprehensive understanding of
computer-based information systems, including transaction processing, decision support,
and management information systems. They will also acquire knowledge about different
types of e-commerce and digital marketing strategies, along with the associated benefits
and challenges.
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Chapter 5: Digital India- This chapter focuses on the Digital India initiative, discussing
its vision and objectives. It explores the development of digital infrastructure through
initiatives like broadband highways, universal access to mobile connectivity, and
public internet access programs. The chapter also delves into e-governance and its role
in reforming the government through technology, covering areas such as electronic
delivery of services, information for all, electronics manufacturing, and IT for jobs. It
highlights the benefits, key principles, challenges, and opportunities associated with
e-governance implementation. Additionally, the chapter emphasizes the importance of
digital literacy in empowering citizens and bridging the digital divide, particularly in
rural and underprivileged communities. Readers will gain an understanding of the Digital
India initiative, its objectives, and the various initiatives undertaken to develop digital
infrastructure. They will also acquire knowledge about e-governance principles, digital
literacy’s importance, and strategies to bridge the digital divide, empowering citizens in
the digital age.

Chapter 6: Digital Payments System- This chapter explores the digital payments
ecosystem, focusing on the National Payments Corporation of India (NPCI) and its
services. It provides an in-depth understanding of the Unified Payment Interface (UPI),
including its features, benefits, registration process, and security measures. The chapter
also discusses popular UPI-enabled applications such as Google Pay, Paytm, PhonePe,
and more. It further delves into the Aadhaar Enabled Payment System (AEPS), its
transactions, authentication, and security measures. The chapter covers other digital
payment methods, including credit/debit cards, e-wallets, internet banking, and online
bill payments. It concludes with an overview of the Point of Sale (PoS) system. Readers
will gain knowledge about the National Payments Corporation of India (NPCI) and
its role in facilitating digital payments. They will understand UPI and its usage, along
with the security measures to ensure safe transactions. Readers will also be familiarized
with various digital payment methods, including credit/debit cards, e-wallets, internet
banking, and online bill payments, and the associated security practices. Lastly, they will
gain insights into PoS system and its relevance in digital transactions.

Chapter 7: Cybersecurity- This chapter provides an introduction to cybersecurity,
emphasizing its significance in today’s digital landscape. It explores common cybersecurity
threats and attacks, including malware, phishing, and ransomware. The chapter also
addresses various cybercrimes such as cyberbullying, financial scams, and cyberstalking.
It emphasizes the importance of taking precautions and implementing safety measures
to protect against these threats. Additionally, the chapter highlights essential tools and
technologies that can enhance cybersecurity defenses.Readers will gain a comprehensive
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understanding of cybersecurity and its importance in safeguarding digital systems and
information. They will be familiar with common cyber threats and attacks, enabling
them to recognize and mitigate potential risks. The chapter will also equip readers with
knowledge about cybercrimes and their implications. They will learn about precautions,
safety measures, and tools that can be employed to enhance cybersecurity and protect
against malicious activities in various online environments.

Chapter 8: Emerging Technologies- This chapter explores various emerging technologies
that are shaping the digital landscape. It begins with an in-depth examination of cloud
computing, discussing its definition, benefits, and challenges. The chapter then delves into
big data and its analytics techniques, highlighting its applications across differentindustries.
It further explores IoT, virtual reality, blockchain technology, robotics, artificial intelligence,
and 3D printing, examining their concepts, applications, and potential challenges. Lastly,
the chapter concludes with a discussion on the future of digital technologies, exploring
trends and speculations. Readers will gain a comprehensive understanding of the latest
emerging technologies and their impact on various aspects of society and business. They
will be familiar with the concepts and applications of cloud computing, big data analytics,
IoT, VR, blockchain, robotics, Al, and 3D printing. The chapter also highlights the ethical,
social, and security considerations associated with these technologies. Readers will be
equipped with insights into the future trends and advancements in digital technologies,
enabling them to stay informed and adapt to the evolving digital landscape.
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CHAPTER 1

Computer System
Fundamentals

Introduction

Computer science is a field that deals with the study of computers and how they work.
It involves learning how to create programs that can solve problems and make things
easier. The field of computer science emerged during the mid-20th century with the
development of the first electronic computers. Back then, computer science was closely
linked to math, and people like Alan Turing, John von Neumann, and Grace Hopper made
important contributions to both fields.

During the 1960s and 1970s, computer science experienced rapid expansion, leading to the
development of fresh computer designs, programming languages, and innovative software
creation methods. As time passed, computer science kept changing and improving.
Personal computers, the internet, and mobile devices were created. Today, computer
science is a diverse field and affects many parts of modern life, including science, business,
entertainment, and social media.

Structure

In this chapter, we will cover the following topics:
¢ Understanding computers

e Computer architecture
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* Software
® Operating system
e Algorithm

e Flow chart

Objectives

Upon completion of this chapter, students should be able to understand the generations
of computers and their advancements from generation I to V. They will also be able to
comprehend computer architecture, including hardware components like CPU, RAM,
and storage devices. Further, students will recognize the significance of output units and
their role in information display and distinguish between system software and application
software, focusing on operating systems. Along with that, students will explore the
fundamental aspects of algorithms, including their properties and representation, using
flow charts.

Understanding computers

The computer is a machine that can handle and store information, and perform different
tasks according to the commands it receives. It is made up of several parts that work
together to make it function, such as CPU, memory, solid-state drive, or hard drive
(storage), input devices like a keyboard and mouse, and output devices like a screen or
speakers. The following figure illustrates parts of a computer system:

MONITOR

MOUSE
MOTHERBOARD

" B - n») g
= — : / Tt
b\ <
D H
te!
/ COMPUTER CASE —
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l KEYBOARD

HARD DISK

CPU COOLING FAN

Figure 1.1: Components of a computer
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Computers can perform a wide range of tasks, from simple operations like typing and
calculating to complex ones like analyzing large sets of data or running simulations.
They can be used for various purposes like creating documents, editing photos or videos,
browsing the internet, playing games, and much more. Computers have become an
essential part of our lives and are used in many industries and fields, including education,
healthcare, finance, engineering, and entertainment. They have made many tasks faster,
easier, and more efficient than they used to be, and have enabled us to accomplish things
that were once impossible.

Generations of computers

It refers to the different stages of development in computer technology. Each generation
represents a significant step forward in the design and functionality of computers.
Typically, each new generation is marked by the introduction of new hardware and
software technologies that enable faster processing, more efficient memory usage, and
increased computing power. Each generation builds on the achievements of the previous
generation, resulting in increasingly powerful and capable computers. Let us briefly
understand each generation:

* Generation I: The first generation of computers was the vacuum tube era, which
spanned from the late 1940s to the early 1950s. These computers used vacuum
tubes to perform calculations. They were very large and expensive, but they were
the first computers capable of performing complex calculations and were a huge
leap forward for computer technology. Examples of first-generation computers are
ENIAC, EDVAC, UNIVAC, IBM-701, and IBM-650.

* Generation II: Transistors replaced vacuum tubes during the late 1950s, marking
the emergence of the second generation of computers. Transistors were more
reliable, faster, and smaller than vacuum tubes, and they allowed for the creation of
smaller and more powerful computers. Examples of second-generation computers
are IBM 1620, IBM 7094, CDC 1604, CDC 3600, and UNIVAC 1108.

e Generation III: In the 1960s, the computer industry witnessed the emergence of
the third generation of computers, which marked a significant milestone with
the introduction of Integrated Circuits (ICs). These ICs revolutionized computer
design by enabling the development of more compact and powerful machines.
As a result, mainframe computers and minicomputers became possible, bringing
about a new era of computing with enhanced capabilities and improved efficiency.
Examples of third-generation computers are IBM 370, PDP-11, IBM System /360,
UNIVAC 1108, Honeywell-6000, DEC series, and ICL 2900.

* Generation IV: The fourth generation of computers commenced in the late 1970s
and extended throughout the 1980s saw the development of microprocessors.
Microprocessors made it possible to create personal computers that were affordable
and accessible to individuals and small businesses. Examples of fourth-generation
computers are IBM 4341, DEC 10, STAR 1000, and PUP 11.
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e Generation V: The fifth generation of computers initiated in the 1990s and has
persisted to the present era, featuring significant advancements in technologies
such as artificial intelligence and other cutting-edge innovations. These
technologies have enabled the creation of machines that can learn, reason, and
understand natural language, and they have revolutionized fields like healthcare,
finance, and manufacturing. Examples of fifth-generation computers are Param
1000, Intel P4, IBM laptops, notebooks, and PCs of Pentium. The following figure
illustrates the generations of computer:

VACUUM TUBES GPUs, TPUs

TRANSISTORS INTEGRATED Q
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. -
‘:\(’;\
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f \
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1st Generation (1940-1955)  2nd Generation (1956-1963) 3rd Generation (1964-1971) 4th Generation (1972-1990) 5th Generationg%1-Present)
Technology: Vacuum Tubes Technology: Transistors Technology: Integrated Technology: Micropr Technology: GPUs, TPUs

Languages: Machine Languages: Assembly Circuits Languages: MATLAB Languageas: PROLOG, LISP
Language Language Languages: HLL like AIM: Al, RISC, Parallel
COBOL, FORTRAN, C, C++ Processing

Figure 1.2: Generations of computer

Computer architecture

Computer architecture is the design or blueprint that explains how different components
of a computer system like hardware and software, work together to process information
and execute programs. In short, computer architecture refers to how a computer system is
designed and how it works.

Hardware

Hardware refers to the physical components of a computer system that can be touched
and seen. Examples of hardware include the computer case, monitor, keyboard, mouse,
motherboard, hard drive, and CPU.

Input unit

Input devices enable users to input data and commands into a computer system, allowing
them to provide information in various forms, such as numbers, words, actions, and
commands. Its primary role is to capture and direct these inputs into the computer. For
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instance, a keyboard serves as an input device for entering numbers and characters, while
a mouse can be used to input directions and commands. Other examples of input devices
include Magnetic Ink Character Recognition (MICR), barcode readers, Optical Character
Recognition (OCR) devices, and touch screens.

Central Processing Unit

Central Processing Unit (CPU) is responsible for processing the data and commands
received from users. It is an essential component of a computer system. There are three
elements in the CPU: The control unit, the arithmetic and logic unit (ALU), and the
memory unit. Let us briefly understand each element:

* Arithmetic and logic unit (ALU): It carries out arithmetic operations such as
addition, subtraction, division, multiplication, and more.

e Control unit: This oversees the coordination of tasks among all components
within a computer system. It gathers data from input units and directs it to the
appropriate processing units based on its nature. Ultimately, it transmits processed
data to output units for user accessibility.

e Memory unit: It stores the data entered by users via input devices. This data
remains in memory until other CPU components process it. The memory unit
utilizes a set of predetermined instructions to transmit this data to other sections
of the CPU. Take a look at the following figure:

CPU
Arithmetic & Logic
Unit
INPUT Control Unit OUTPUT
Memory Unit

Figure 1.3: The basic three components

Primary memory

Commonly referred to as main memory, primary memory is the type of memory that the
CPU can directly access. It is also volatile, which means that it requires power to retain its
data. Primary memory is of two types, along with another form called cache memory. Let
us briefly understand each type:
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