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Foreword

In today's world, it's essential for everyone to be able to encode and decode data,
which has become an integral part of our lives rapidly. This book is for everyone,
from beginners to experts; the author proves that 'One size may sometimes
fit all.' In this case, the basics of data science are explained in such a way that
the often-dreaded subject becomes a lot more accessible to everyone. As a data
scientist, I highly recommend this book to anyone interested in gaining a deeper
understanding of data science and machine learning. It is a comprehensive
resource that covers a range of topics, from data structures and data representation
to clustering, classification, and storytelling.

The section on data structures is highly informative and crisp, providing a clear
breakdown of the different types of data structures and how they can be used to
organize and manage data efficiently. It will prove to be an elixir of knowledge,
especially helpful to beginners who may not be familiar with the concept.

The chapter on data representation is also well-written, providing a detailed
overview of the different ways data can be presented and how those presentations
can impact the insights and conclusions drawn from the data. The section on
finding the best-suited graphical representation for the data provides practical
insights into how data can be effectively communicated to others.

Concepts of clustering and classification are both covered extensively, with clear
explanations of their differences and how they can be used for pattern identification
in machine learning. The chapter on classification provides an in-depth explanation
of how data labeling works and the importance of understanding true positives,
true negatives, false positives, and false negatives. The introduction of logistic
regression as a tool for binary classification is also a great addition to the chapter
that enhances its practicality.

An often untouched aspect of data science, storytelling, is a unique and valuable
addition to the book. It emphasizes the importance of storytelling in conveying
insights and making data more accessible. The practical tips and best practices
shared in this chapter are sure to be helpful in any storytelling endeavor.

One of the standout features is the section on ethical considerations in machine
learning. It highlights the biases that exist in human society and how they can
influence the accuracy of machine learning algorithms. The section on principles



for ethical Alis particularly insightful, providing a framework for creating machine
learning models that are fair, transparent, and accountable.

Overall, this book is a must-read for anyone interested in data science or machine
learning. The chapters are well-structured and informative and provide practical
insights that can be applied in real-world situations. A beginner in the field can
easily get the gist of what is being shared in the group due to the author's ability
to explain heavier concepts in a fluid manner. The author's writing style is warm
and professional, making it an enjoyable and engaging read. I would highly
recommend this book to anyone looking to expand their knowledge in the field of
data science.

-Santanu Bhattacharya

Santanu Bhattacharya currently holds the position of Chief Technologistat NatWest
Bank. He also holds a Ph.D. from NASA's Goddard Space Flight Center/ UMD
and is an alumnus of MIT and IIT-Bombay. As a speaker at the World Economic
Forum (WEF) Davos 2020 and a writer, he has been covered in publications such
as Mashable, TechCrunch, Forbes, Le Monde, and Economic Times, among others.
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Preface

Al is a discipline in computer science that focuses on developing intelligent
machines, machines that can learn and then teach themselves. These machines,
then, can process vast amounts of data than humans can and several times faster.
However, Al can go across all disciplines to change the world for the better— from
creating new healthcare solutions to designing hospitals of the future, improving
farming and our food supply, helping refugees acclimatize to new environments,
improving educational resources and access, and even cleaning our oceans, air,
and water supply. The potential for humans to improve the world through Al is
endless as long as we know how to use it.

This book is designed to provide a comprehensive guide to a planned sequence
of instructions consisting of units meant for developing the employability and
vocational competencies of students opting for skill subjects along with other
educational subjects.

Throughout the book, you will learn about the key aspects of Artificial Intelligence
with real-world examples for readers to relate.

This book is intended for readers who are new to Artificial Intelligence and want
to explore and experiment in this field.

With this book, you will gain the knowledge and skills to start developing
applications using existing frameworks of interest, such as chatbots. I hope you
will find this book informative and helpful.

Chapter 1: Introduction: AI for Everyone - explains artificial intelligence and
machine learning, terminologies, and related concepts. It also describes the Al
products/ applications in society and their being different from non-AI products/
applications. Readers also learn about jobs that may appear in the future.

Chapter 2: AI Applications and Methodologies - presents an overview of areas
where artificial intelligence can be applied (like in the field of computer vision,
speech, text, etc.). Readers also get an overview of deep learning. This chapter
covers the impact of Al on our society and how we can get ready for the future,
that is, the AI age.



Chapter 3: Mathematics in Artificial Intelligence - revisit the mathematics
involved in artificial intelligence, such as linear algebra, statistics, and set theory.
This also covers the basics of graphs and describes the application of math in AL
Readers will learn about representing data in terms of mathematical formulas.

Chapter 4: AI Values (Ethical Decision-Making) - covers the ethics, bias, and
impacts of bias on society. It gives special attention to issues and concerns around
AL It helps readers learn to spot issues in the data, make arguments, and apply
rules.

Chapter 5: Introduction to Storytelling — this chapter is all about storytelling,
the need, storytelling with data, insights from storytelling, and more. It allows
the reader to learn to apply imagination, mapping the plot into key events and
increasing memory retention. It also guides the creation of blogs, videos, and other
content as per the audience and about the conflict and resolution.

Chapter 6: Critical and Creative Thinking — explains the design thinking
framework, that is, understanding the problem and being able to express the same.
Readers learn to develop/innovate from the design of a solution.

Chapter 7: Data Analysis - explains types of structured data and statistical
principles such as frequency tables, mean median, mode, range, and more. Readers
learn to represent data in terms of graphs and statistical models. By the end of this
chapter, the reader is able to represent a simple problem in terms of numbers.

Chapter 8: Regression — explains mathematical concepts such as correlations,
regression, and other related terms. At the end of the chapter, readers learn to relate
data with regression and correlation. Readers also get to know about everyday
applications of these mathematical concepts.

Chapter 9: Classification and Clustering - explains in detail classification
and its types, the kind of problems that may be placed under the category of a
classification problem, and where to apply classification principles. Readers are
also made aware of the impact of the application of incorrect algorithms on society.
In the remaining half of this chapter, readers learn about clustering problems and
their application, and why it is called clustering. Readers get an overview of the
application of clustering problems using standard models.

Chapter 10: AI Values (Bias Awareness) - explains what ethics are, the impact of
ethics on society, as well as the impact of bias on Al functioning. Readers are also
able to learn about the impact of biases in data and how to de-bias or neutralize



xi

biased data. By the end of the chapter, readers are able to easily find bias in the
acquired dataset

Chapter 11: Capstone Project - introduces readers to commonly used algorithms
and the science behind them. This chapter also engages the readersinunderstanding
and decomposing a problem, the analytical approach, and data requirements and
collection. This chapter also introduces the validation of the model quality and
metrics of model quality. The chapter ends with showcasing a compelling story
through all the methodologies and learnings that readers are exposed to in the
chapter.

Chapter 12: Model Lifecycle (Knowledge) - this chapter explains different aspects
of the model as well as the lifecycle of an Al model.

Chapter 13: Storytelling Through Data - explains the need for storytelling and
various related topics, such as the creation and ethics of stories, expressing the
related data with suitable charts. This chapter also captures the stories during the
step of predictive modeling and ends with the best practices of storytelling.

Chapter 14: AI Applications in Use in Real-World- mentions different fields and
the associated real-world Al applications.
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CHAPTER 1

Introduction:
Al for Everyone

Introduction

The objective of this chapteris tolearn the Artificial Intelligence concept, classification,
and its components. We will start the chapter with a discussion on what is the need
for Artificial Intelligence and end with the career opportunities which are available
in this space.

Structure

In this chapter, we will be discussing:
e Data explosion
e Whatis Artificial Intelligence
e Artificial Intelligence: History and evolution

o The father of AI

e Types of Artificial Intelligence
o Based on the capabilities of Al
o Based on the functionality of AI
¢ What is machine learning
e Whatis data
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e Whatis deep learning

e Machine learning techniques and training

e Neural networks

¢ What machine learning can do and cannot do

e Key differences between artificial intelligence and machine learning
e Artificial Intelligence project life cycle

e Career opportunities in artificial intelligence

Data explosion

We live in a world with an ever increasing amount of data that both humans and
machines generate. It far outpaces humans' ability to extract meaningful information
and make informed and complex decisions based on the extensive data to process.

Every day, we create roughly 2.5 quintillion bytes of data (that's 2.5, followed by a
staggering 18 zeros!)

We may not be aware, but we have been using Artificial Intelligence based
technologies in our daily routine. Scientists found that an average person today can
process as much as 74 gigabytes (GB) of data a day.

Artificial Intelligence is a technology that is transforming every walk of life with
its five basic components include learning, reasoning, problem-solving, perception,
and language understanding.

This book is written with the goal of explaining the technology with examples. Let
us start with brushing some basic definitions and visiting the history of Artificial
intelligence to set the context.

What is a machine?

A machine is a piece of equipment with moving parts that humans design to do a
particular job. A machine usually needs electricity, gas, steam, and so on to work.
What is a computer?

A computer is an electronic machine that can store, find and arrange information,
calculate amounts, and control other machines.

What is Artificial Intelligence

The human brain has the ability to think, read, learn, remember, reason, and pay
attention. Such capabilities are termed cognitive skills. The term “Intelligence”
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is used for cognitive (connected with the processes of understanding) skills and
thinking ability of humans and animals. We may also call it “natural intelligence.”

Then what is Artificial Intelligence (referred to as Al in the remaining book)?

The terminology comprises of two words “Artificial” and “Intelligence.” Artificial
refers to something that is not natural or is made by humans. Al is, then, intelligence
demonstrated by a computer (an electronic machine), hence, it can also be referred
to as “machine intelligence.”

In other words, Al is best described as machines having human-like cognitive skills
of learning and problem solving by making decisions in such a way that they can be
associated with human minds.

To summarize, Al is a field of computer science (not science fiction) combining robust
datasets with the aim of having computers simulate intelligent processes. Here the
computer needs Al implemented in its system to demonstrate Al capabilities.

Today Al contributes much to our humanlives. Industries, including retail, healthcare,
manufacturing, agriculture, insurance, and finance, are already harnessing the
many benefits of AL There are companies that provide Al solutions, while others
use Al within their organization to manage internal business operations or business
growth. A few real world companies in the preceding categories will be described
by the end of this book.

Artificial Intelligence: History and

evolution

Artificial Intelligence (AI) has been studied for decades and is still one of the most
elusive subjects in Computer Science.

The year 1943: Warren McCulloch and Walter pits 1943 proposed a model of artificial
neurons.

The year 1949: Donald Hebb demonstrated modifying the connection strength between
neurons. His rule is now called Hebbian learning.

The year 1950: Alan Turing, an English mathematician, pioneered Machine learning
in 1950. Alan Turing proposed a test in his "Computing Machinery and Intelligence"
publication. The test, called a Turing test, can check the machine's ability to exhibit
intelligent behavior equivalent to human intelligence.

The period between the 1950s and the 1970s revolved around the research on neural
networks; the following three decades (1980s to 2010s) were the development of the
applications of Machine Learning.
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In Figure 1.1, a brief timeline of the past six decades of how Al evolved from its

inception has been depicted:

John McCarthy coins
term “Artificial
Intelligence” in
connection with a
summer workshop in
Dartmouth College

First general-purpose
mobile robot Shakey is
built — doing a list of
instructions

“Deep Blue”, a chess
playing expert system,
runs on purpose-built
IBM Supercomputer,
is upgraded and it
defeats world
champion chess

player.

2005

20019

Baidu releases the LinearFold
Al algorithm to medical and
scientific and medical teams
developing a vaccine during
the early stages of the SARS-
CoV-2 (COVID-19) pandemic.
The algorithm can predict the
RNA sequence of the virus in
only 27 seconds, whichis 120
times faster than other
methods.

Speech recognition, robotic
process automation (RPA), a
dancing robot, smart homes,
and other innovations come
in use

First commercially successful
robotic vacuum cleaner is
created

The father of Al

Figure 1.1: The evolution of Al during the last six decades

John McCarthy is widely recognized as the “Father of Artificial Intelligence” due to his
astounding contribution and innovations in the field of Computer Science and Al
John McCarthy coined the term “Artificial Intelligence” in his 1955 proposal for the
1956 Dartmouth Summer Research Project, the first artificial intelligence conference,
which was a seminal event for artificial intelligence as a field. Refer to Figure 1.2
which depicts the proposal where the term Artificial Intelligence was coined:
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A PROPOSAL FOR THE
DARTMOUTH SUMMER RESEARCH PROJECT

ON ARTIFICIAL INTELLIGENCE

J. MeCarthy, Dartmouth College

M. L. Minsky, Harvard University

N. Rochester, I. B, M. Corporation

C.E. Shannon, Bell Telephone Laboratories

Figure 1.2: Proposal where the term Artificial Intelligence was coined

In his proposal, he stated that the conference was "to proceed on the basis of the
conjecture that every aspect of learning or any other feature of intelligence can in principle
be so precisely described that a machine can be made to simulate it."

In 1956, for the first time, Artificial Intelligence was coined as an academic field. The
researchers thought about ways to make machines more cognizant, and they wanted
to lay out a framework to better understand human intelligence.

John also paved the way for a few of the world’s technological innovations like
programming languages, the Internet, the web, and robots, to name just a few

He invented the first programming language for symbolic computation, LISP, and
invented and established time-sharing. Human-level Artificial Intelligence and
common-sense reasoning were two of his major contributions.

Types of Artificial Intelligence

Artificial Intelligence can be classified into two types:

Based on the capabilities of Al

e Artificial narrow intelligence

Artificial narrow intelligence, ANI or Narrow Al, also called “Weak” Al, is
goal oriented and is designed to perform singular tasks intelligently and
extremely well without any human intervention.

Language translation and image recognition are examples of common uses
for narrow AL Siri is capable of processing human language and submitting
a request to a search engine for retrieval. It explains why Siri is unable to
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answer abstract and complex queries that require emotional intelligence. It's
mere digital assistance to perform basic inquiries and tasks.

Even if Narrow Al appears to be considerably more sophisticated, it operates
within a pre-determined, predefined scope. It can attend to a task in real-
time, but they pull information from a specific dataset. In fact, what may
appear as a complicated Al as a self-driving automobile is labeled Weak Al

Narrow Al is unable to think. They lack the capability for autonomous
reasoning, self-awareness, consciousness, and genuine intelligence.

Artificial general intelligence

Artificial general intelligence (AGI), also called “Strong” Al, is an intelligent
system with comprehensive or complete knowledge and cognitive computing
capabilities.

In today’s world, no true AGI systems exist and remain the stuff of science
fiction. Sci-fi movies like “Her,” where a human interacts with a machine
displaying broad intellectual capabilities to learn, reason, and make own
decisions and judgments, while understanding belief systems. True AGI
intellectual capacities would exceed human capacities because of its systems’
ability to process huge data sets at incredible speeds.

Hence, no real-world systems as examples here.

Artificial super intelligence

Artificial superintelligence, or ASI, will be human intelligence in all aspects.
ASl s a futuristic notion and idea about Al capabilities to supersede human
intelligence. It will be self-aware and intelligent enough to surpass the
cognitive abilities of humans.

Many are concerned about ASI and its impact on humankind Individuals
like Tesla CEO Elon Musk warned about the dangers of ASI-powered robots,
even predicting “scary outcomes” like in <the movie> “The Terminator.”

Based on the functionality of Al

Al can primarily be divided into four different categories based on functionality. Let
us have a look at each:

Reactive Al

These machines are the most basic type of Al system and perform best when
all parameters are known. These machines do not have any memory or
understanding of historical data and will not perform desirably in case of
imperfect information input. Refer to Figure 1.3:



