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Preface

“I visualize a time when we will be to
robots what dogs are to humans, and
I’m rooting for the machines.”

Claude Shannon

“Artificial intelligence would be the
ultimate version of Google. The
ultimate search engine that would
understand everything on the web. It
would understand exactly what you
wanted, and it would give you the right
thing. We’re nowhere near doing that
now. However, we can get
incrementally closer to that, and that is
basically what we work on.”

Larry Page

In June 2014, we drove to the Computer History Museum in Mountain View,
California, not too far from where I was living. A spectacular surprise was in store
for us. As soon as we entered the building, our eyes were riveted on an 11 ft. (3.4m)
long and 7 ft. (2.1m) high sculpture of engineering weighing five tonnes and having
8000 parts. One hundred and sixty-five years after it was originally conceived and
designed, the Difference Engine 2 of Charles Babbage was operational in front of
us. I wonder if the Cambridge mathematician from Victorian England could foresee
that one day his work would be on display in the heart of Silicon Valley. We listened
with rapt attention to the docent talk and demonstration of this marvelous machine.

“I wish to God these calculations had been executed by steam!” an anguished
Charles Babbage exclaims as he finds error after error in astronomy tables calculated
by human hand. It is London and the summer of 1821, and this statement is a
remarkably prescient wish for an era of automation by machines that would carry
out intelligent tasks without any errors. After 200 years, Larry Page’s vision of the
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x Preface

ultimate version of Google is not too different. Instead of the goal of automating
tedious calculations, Google strives to build machines that will automatically
understand everything on the World Wide Web.

What has changed in the intervening two centuries is the ubiquity of computing
that has opened the doors to an unstoppable, colossal flood of data, also known as
big data. Within the big data are numbers, observations, measurements, samples,
metrics, pixels, voxels, 3-D range data, waveforms, words, symbols, fields, and
records—which can all be processed and munged to expose structures and rela-
tionships. We want to use the big data to predict, classify, rank, decide, recommend,
match, search, protect, analyze, visualize, understand, and reveal.

Of course, we are the creators of data, and we understand the underlying
processes. We can bring our expertise to the fore and employ it to build machine
learning models. This is the basis of classical ML, the parent of AI. Classical ML
demands human labor during a process called feature engineering. It can work
remarkably well for some applications, but it does have limits.

AI seeks to learn from the raw data. It chooses a large, deep neural network
with tens or hundreds of millions of internal learnable parameters that are tweaked
during training using calculus to minimize a suitably chosen loss function on a large
annotated training dataset consisting of tens or hundreds of millions of examples.
Once tweaking has been completed, the network can be deployed in production
and used in the field to carry out the magical “intelligent” inference. During
inference, AI models execute billions of multiplications, additions, and comparisons
per second. If we were to create a mechanical slow-motion replica of such an AI
model and witness a docent demonstration in a futuristic museum, it would truly be
mind-boggling to see the countless moving parts of the endlessly sprawling machine
as it crunched out a final answer.

This book is an endeavor to describe the science behind the making of such an
impressive machine. One may ask—where is intelligence in the middle of billions
of clinking, clanking parts? For human intelligence, we have first-hand subjective
experience and we demand no further proof. For AI, the question is a difficult one.
Let us take the first step of understanding how AI works.

Berkeley, CA, USA Simant Dube
January 2021
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Author’s Note

This book is about developing conceptual understanding of Artificial Intelligence
(AI), a rapidly moving field of growing complexity and of immense transformative
potential. Deep learning has emerged as a key enabling component of AI. Significant
attention is being paid to it by the media, governments, businesses, and the public. It
can safely be said that AI will continue to remain an exciting frontier for humanity
to seek and explore for centuries to come. Besides the motivation of using AI for its
myriad practical applications, we humans like to contemplate and comprehend. This
book seeks an “understanding” of AI andMachine Learning (ML) in the truest sense
of the word. It is an earnest endeavor to unravel what is happening at the algorithmic
level, grasp how applications are being built, and show the long adventurous road
in the future. It is my ardent wish to answer some fundamental questions. Can we
really create intelligent machines? Can an algorithm serve as a model of learning
and intelligence?Will there always be some differences between human intelligence
and AI? In order to answer these questions, the first step is to understand the state
of the art in AI.

The book rests on a vast knowledge store in the form of articles, books,
interviews, news stories, lectures, and software, which are the result of diligent
arduous work by many scientists, mathematicians, engineers, educators, students,
authors, and journalists. I acknowledge their contributions, as the book is really
a distillation of their work. While writing the book, I felt like a small child
standing next to all the great minds and watching the beckoning waves of future
breakthroughs while they break against the present shore.

The primary goal of the book is to serve as a textbook for AI and deep learning
at college and university level for students who have basic familiarity with calculus,
linear algebra, and probability and statistics. When being used as a textbook, the
book follows inverting-the-classroom philosophy, which states that learning is an
active process of discovery, research, and contemplation. The student is encouraged
to look up references in the bibliography to do exercises and to dive deeper into
topics. An ideal course in AI will use it as a textbook and complement it with course
projects and paper-reading sessions. The book emphasizes deep learning because it
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has revolutionized the field of AI. When combined with other techniques such as
reinforcement learning, it can lead to amazing results.

At the same time, the book is intended for anyone who wishes to learn about
AI. Learning is lifelong, and I have met many people who want to keep themselves
continually challenged by learning new fields. Mathematical notation is simplified,
and various illustrations are used to convey the intuition. Because the target audience
is anyone who wants to learn the fundamentals of AI, I have chosen geometrical
insight and intuitive exposition as the guiding principles. Therefore, the writing style
is often informal and based on analogies. The language of mathematics is employed
to convey concepts with greater clarity when it is needed. The book emphasizes both
the theoretical and applied sides of AI and, therefore, will be able to meet different
learning needs.

This book project is a by-product of my own professional journey in computer
science as the field grew, morphed, and changed over time. It is a personal journey of
discovery and learning and of being gently nudged by my life partner, Mini, to share
with the wider world the intuition behind this very fine application of mathematics
and engineering. I hope you will enjoy the book.

Berkeley, CA, USA Simant Dube
January 2021
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