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A Brief History of Attificial
Intelligence






“Artificial intelligence is growing up fast, as are robots whose
facial expressions can elicit empathy and make your mirror
neurons quiver.”

— Diane Ackerman

“The science of today is the technology of tomorrow”
— Edward Teller

IN 1997, IBM’s Deep Blue computer famously defeated
world chess champion Garry Kasparov in a six-game
match. This event marked a major milestone in the devel-
opment of Al, as it demonstrated that a machine could
outthink a human in a complex game with countless pos-
sible moves. The jubilation felt on achieving such a feat
was mixed with hand-wringing that the age of machines
was about to eclipse the age of humankind. Kasparov him-
self could not believe a machine could have defeated him
and insisted this was a modern version of the Mechanical
Turk, a 19th century con where a small person hid inside
a supposed automaton and played chess.!? Despite these
expressions of disbelief, the match captured the world’s
attention. Chess was, after all, an ancient game highly
revered as an expression of human mental ability. This
event sparked a new interest in the abilities of machines
that could think and adapt and even outshine humans.
Nearly seven decades since the prefix “artificial” was
attached to intelligence, we live on the cusp of one of the
largest disruptions in human society. When the CEO of
Google, Sundar Pichai, calls Al one of humanity’s most
profound inventions,’” and other tech luminaries such as
Bill Gates argue, “The development of Al is as funda-
mental as the creation of the microprocessor, the personal
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computer, the Internet, and the mobile phone,” and Elon
Musk goes so far as to deem it potentially more danger-
ous than nuclear weapons,’ it is hard to dismiss the furor
around this new technology as hyperbole. We may indeed
be living in a time of profound change.

Artificial intelligence’s rise and awesome potential
have been a topic of discussion among tech insiders for
quite some time. Now, with the emergence of ChatGPT, a
much greater slice of humanity is witnessing firsthand the
impact of this technology in their daily lives. If there are
skeptics questioning the impact and abilities of artificial
intelligence, their doubts are certainly being challenged.

Al manifests in our lives in the form of self-driving
cars, virtual assistants such as Alexa and Siri, and unprec-
edented information via search engines. It is even more
prevalent behind the scenes, powering medical assis-
tants, farming, and disaster response. Al developments
are quickly transforming the way we work, communi-
cate, and even think. The invention of the automobile
changed landscapes and economies, while radio and tel-
ephone transformed communications and society. Al is
poised to join these ranks of major disruptors in the com-
ing years. We are witnessing the birth of a transforma-
tive force that will change how we make decisions and
perceive the world around us.

However, the implications of this technological trans-
formation are not without their challenges. There are
concerns over privacy, security, and job displacement.
Evidence shows that Al reflects some of society’s worst
habits, such as racial and societal bias. As Al continues
to become more sophisticated and more integral to our
lives, individuals and society must carefully consider its
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ethical implications. With the proper safeguards in place,
the undeniable benefits of Al could usher in a new era of
progress and prosperity for all.

How Innovators Throughout History Paved the
Way for Modern Al: From Babbage to Turing

Artificial intelligence was long the province of fiction,
fantasy, folklore, and myth. Inanimate objects develop-
ing human-like intelligence and abilities beyond our own
are common in the stories we share. From figures such as
mystical golems in Jewish tales and enigmatic homunculi
of the Middle Ages to the evil computer HAL in 2001 :
A Space Odyssey and the iconic droids in Star Wars, these
legends reflect our curiosity and desire to create intelli-
gence in our image.

Next, we trace the broad outlines of Al’s emergence,
from early conceptualizations of universal calculating
machines to the first manifestations of what we today

call AL

Charles Babbage

The first practical steps toward Al happened in the last
200 years. Charles Babbage (Figure 1.1) emerged as a
seminal figure in the history of Al, revered by many as
the progenitor of this field. Babbage, a brilliant math-
ematician and inventor, possessed an indomitable spirit,
a penchant for spectacle, and an insatiable curiosity that
led him to his brilliant achievements in computing.®” His
fascination with automatons mimicking human intelli-
gence was sparked at age eight when his mother whisked
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Figure 1.1 Drawing of Charles Babbage

Credit: The Illustrated London News / Wikimedia Commans /
Public Domain.

him away to a museum of scientific artifacts and won-
ders. There, he saw an artful creation—a dancer cradling
a bird—so exquisitely crafted that it appeared lifelike.
From that moment forward, Babbage’s destiny was irrev-
ocably entwined with the pursuit of crafting machines
capable of emulating human behavior.

In his late 20s in the early 1800s, Babbage designed
the first mechanical computer, the Difference Engine.
This groundbreaking machine could perform complex
mathematical calculations, such as producing tables
of logarithms.?’ Indulging his showman tendencies,
Babbage delighted in donning extravagant attire as he
showcased his creation to the venerable Royal Society
in London and other esteemed venues across England.
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Tales of his eccentricities, ranging from chasing musi-
cians away from his abode when they impinged on his
concentration to his fastidious craftsmanship, where
gears and tools personally ground by him remained in
use long after his death, embellished the legend of this
extraordinary man.

The Difference Engine was never completed during
Babbage’s lifetime. It wasn’t until the 1990s that it was
finally built according to Babbage’s design. It is on dis-
play at the London Science Museum, and a second one
remains in the possession of a private donor who financed
its creation.

Although Babbage was not able to see his design
take life, it inspired his later, more audacious creation,
the Analytical Engine. This was a much more ambitious
endeavor, surpassing the Difference Engine in its versa-
tility. Babbage intended it to be a general-purpose com-
puting machine that could be instructed to perform any
type of calculation. He envisioned tables of mathemati-
cal values being formulated, and these tables of values
would inform calculations of things like dates of eclipses.
Crucially, the Analytical Engine encompassed the funda-
mental duality of modern computers: the ability to store
and process vast troves of data.

Regrettably, quarrels with his engineers and the drying
up of funding meant that the Analytical Engine, like the
earlier Difference Engine, was never built. It nevertheless
stands as a major milestone in the history of computing.
It was the first machine designed to be truly programma-
ble. And it also helped to popularize the idea of artificial
intelligence.
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Ada Lovelace

Now recognized as the world’s first computer program-
mer, Ada Lovelace (Figure 1.2) collaborated with Charles
Babbage on his prototypes. When recounting the history
of science and technology, the contributions of women
have often been overlooked or underrepresented. But
Ada Lovelace, daughter of the romantic poet Lord Byron
and Anne Isabelle Milbanke, left her mark as indelibly as
any male pioneer. Despite being born in the 19th century,
when women’s opportunities were limited, Ada Lovelace
defied societal norms and fervently pursued her passion
for mathematics and science. Her mother was responsi-
ble in large part for Ada’s education. Seeking to shelter
Ada from her father’s perceived and infamous instabili-
ties, she ensured Ada got a firm grounding in logic and
mathematics.'

Figure 1.2 Ada Lovelace, watercolor painting, possibly by
Alfred Edward Chalon in 1840

Credit: Science Museum Group / Wikimedia Commans / Public Domain.
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When she was 17, Ada Lovelace met Charles Babbage
at the house of Mary Sommerfield, a Scottish scientist and
mathematician. Sommerfield had recognized a keen sci-
entific intelligence in Lovelace and consciously brought
about this intellectual match. Lovelace and Babbage
became collaborators.

Her insight into Babbage’s Analytical Engine went
beyond his own ideas. She envisioned its potential
beyond mere calculation. She recognized that the Ana-
lytical Engine could be used for more than just crunching
numbers; it could be a tool for creativity and generating
complex outputs. Her notes included an algorithm for
calculating Bernoulli numbers, which is widely regarded
as the world’s first computer program. This visionary
insight earned her the title of the world’s first computer
programmer.

Unfortunately, like many bright intelligences, she suc-
cumbed to her body’s infirmities at age 36. But her legacy

in computer science guides researchers and engineers to
this day.!!

John von Neumann

John von Neumann (Figure 1.3) is another of the most
prominent people to lay the foundations of computer
science. Hailing from Budapest, Hungary, von Neumann
was a child prodigy, a versatile intellectual who hungered
for mathematics and physics. His unconventional, multi-
disciplinary approach to studying made many skeptical of
his seriousness, and, like his predecessor Charles Babbage,
he gained a reputation as a maverick.!?
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Figure 1.3 John von Neumann

Credit: Los Alamos National Laboratory / Wikimedia Commans /
Public Domain.

Von Neumann’s extraordinary intellect carried him
to doctorates in chemical engineering at the Univer-
sity of Zurich and mathematics from the University of
Prague. When he submitted his doctoral dissertation to
the faculty at the University of Zurich, the professors
found it so profound and complex that they couldn’t
fully understand it. They asked him to simplify it, but
with characteristic conviction, he firmly declined. To
his mind, if they failed to comprehend the magnitude
of his ideas, they lacked the qualification to pass judg-
ment upon them. As a result, his dissertation remained
unfinished and was never formally submitted, yet it still
significantly impacted the field of mathematics and was
later published as a monograph."
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Von Neumann moved on to the University of Berlin,
where he continued to baffle his peers and students.
Many stories of his time there illustrate his brilliance.
Once, a student in a statistics lecture asked him a chal-
lenging question about a complex mathematical calcula-
tion. Without skipping a beat, von Neumann proceeded
to solve the problem mentally and provided the answer
within seconds. His lectures were often marked by bril-
liant expositions, which the students would then spend
hours deciphering amongst themselves.

In the 1930s, he landed a teaching appointment at
Princeton University. There, his genius would shine most
brilliantly, and his pioneering contributions would for-
ever transform the field of computing. Today, we take for
granted the CPU as the brain of a computer and memory
where computer programs are stored. Von Neumann was
the genius who formulated these concepts and helped
make them a reality, like UNIVAC, one of the first com-
puters ever built.!

Alan Turing

For decades, the Turing test was held up as the holy
grail of computing and artificial intelligence. It was an
answer to the question of how we would know when
machines had become intelligent. Mathematician Alan
Turing (Figure 1.4) proposed his eponymous test, though
he called it the Imitation Game.">! The test consists
of questions posed to the machine and humans. If the
answers are indistinguishable, one cannot tell which
answers came from the machine, then the machine has
won the game and passed the test.
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Figure 1.4 Alan Turing
Credit: Dunk/Flickr/Public domain.

Until the early 2000s, beating the test seemed like a
very difficult, nearly impossible task. This seemingly insur-
mountable challenge for artificial intelligence researchers
imbued the Turing test with an aura of mystery and intrigue.
[t became a symbol of the quest for artificial intelligence.

The Turing test had profound philosophical impli-
cations. If a machine is equivalent to a human, then
what does it say about human intelligence? What can
it tell us about consciousness? It had practical implica-
tions as well, which we’re now seeing firsthand. Chat-
GPT and DALL-E by OpenAl have taken the world by
storm, and there’s no doubt that ChatGPT can pass the
Turing test.

The Turing test did, and still does, have its skeptics,
who saw it as a limited indicator of machine intelligence.
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They argued that relying on mimicking human speech
patterns did not reflect on general intelligence. Now that
we have reached an honest reckoning, it’s unclear whether
this holy grail is as significant as we thought it was. Chat-
GPT is undoubtedly very human-like in its responses, but
it is clearly still a non-conscious machine.

The eponym of this test, Alan Turing, was an
Englishman who led the successful effort to break the
German code during World War II, and then developed
his theories of computing at the National Physical Labora-
tory. While Babbage’s work was foundational for comput-
ing, and von Neumann influenced architected computer
designs, Turing was a pioneer of theoretical computer
science and artificial intelligence. His notion was of
a Universal machine, known as a Turing machine, that
could compute anything given a set of instructions. If this
sounds like Babbage’s Analytical Engine, it’s because fun-
damentally they both had the same underlying idea of a
flexible computing machine. Turing’s mathematical con-
cept, though, laid practical foundations for the develop-
ment of computers.

The history of artificial intelligence is populated by
thousands of mathematicians, engineers, psychologists,
and scientists. However, among this vast sea of contribu-
tors, these four pioneers serve as human faces for the early
development of artificial intelligence.

The Emergence of Modern Al

From the 1950s onward, the story of Al has taken on
a certain canonical shape, which will be sketched here.
Like its older, more venerable cousin of theoretical
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physics, its coming to maturity is evolving into a story we
tell ourselves and each other, a narrative that shapes our
collective understanding. The story begins with Babbage
and Lovelace and continues with Turing and von Neu-
mann, and then comes one of the nodes, a turning point,

in the 1950s.

The Dartmouth Conference: A Turning Point

In the summer of 1956, a group of researchers gathered
on the campus of Dartmouth College to discuss a new
field whose name had just been made up by one of the
organizers. John McCarthy put “artificial intelligence” in
the name of the conference and in the proposal for its
funding.!” The Dartmouth Conference was a gathering
of some of the leading researchers in computer science,
mathematics, philosophy, and psychology, and would
come to be seen as Al’s genesis moment.

The organizers were old friends. John McCarthy
and Marvin Minsky had been roommates at Princeton
University and had remained close friends ever since.
Nathaniel Rochester and Claude Shannon were former
colleagues from Bell Labs and collaborated on the devel-
opment of computer languages and hardware. By most
accounts, the gathering was somewhat chaotic, with a
loose flow of ideas, brilliant minds each pursuing their
own agendas, and people coming and going as they
wished. Marvin Minsky brought his electric guitar and
played late into the night, entertaining his colleagues
with his musical skills.

It seemed nothing would come out of this gather-
ing. Turing and von Neumann, who would have been
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expected to be major figures at the conference, were dead
(Turing) or ailing (von Neumann).!®! But, in the years
that followed the Dartmouth Conference, many of the
participants went on to become leaders in the field of
Al John McCarthy, for instance, went on to develop
the Lisp programming language, which became a vital
tool in Al research. Marvin Minsky co-founded the MIT
Artificial Intelligence Laboratory and became one of the
most influential figures in the field. Nathaniel Rochester
continued to work at IBM, overseeing the development
of some of the earliest computer systems. Two of them,
Nash and Simon, went on to win Nobel prizes for other
endeavors.

Minsky continued the work he had begun during his
doctoral research and shaped the research direction for
the new field with his colleague Samuel Papert. Psycholo-
gists had been interested in how the brain worked and
tried to model the behavior of individual cells. Frank
Rosenblatt put together what would become the most
famous neural network of all, the perceptron.” Incred-
ibly simple compared to the monumental edifices that
Al scientists now build, it was nevertheless an astound-
ing demonstration of how cells could exhibit behavior.
Minsky wrote his doctoral thesis on neural networks,
and his book with Samuel Papert, Perceptrons, made the
titular neural network famous.”! Rather than celebrating
Rosenblatt’s perceptron, the book argues that the network
was too simple. Consisting of just a single layer of artifi-
cial neurons, they could be used to solve only very basic
problems. They proposed a theoretical multi-perceptron,
a neural network with multiple layers that could handle
more sophisticated tasks. Ironically, the harsh critique
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contained in the book about the perceptron, along with
no practical way of implementing a multi-perceptron,
was an early, unintended salvo that crashed the enthusi-
asm for Al.

From Optimism to Pessimism: The Story

of the AI Winter

The 1960s were characterized by optimism and a focus
on fundamental research. In comparison, the 1970s were
a more challenging time for Al research, with a shift
toward applied research and the development of expert
systems. The enthusiasm of the 1950s and 1960s was
exemplified by statements that promised human-level
intelligence within a few years. Life magazine published
this quote from an interview with Marvin Minsky, “[In]
three to eight years, we will have a machine with the
general intelligence of an average human being.””? A few
years later, in 1973, economist Herbert Simon, one of the
creators of the world’s first artificial intelligence program,
famously declared that “machines will be capable, within
twenty years, of doing any work a man can do.””

These predictions turned out to be wildly optimistic.
The power of computers at the time wasn’t enough to
make their dreams a reality. Sure, computers had come a
long way since the days of Turing machines that cracked
the German codes in World War I1, but the theory quickly
outpaced the hardware. It was like trying to build a sky-
scraper with just hammers and nails.

The pendulum swung toward pessimism. In 1975,
mathematician James Lighthill published a report for
the British government that criticized the state of Al
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research at the time, arguing that progress had been
“orossly exaggerated” and that the field was unlikely to
deliver significant results in the near future.”* He argued
that the combinatorial explosion of choices that most
decision processes would face would never be overcome.
A few years earlier, philosopher Hubert Dreyfus had
argued in his book “What Computers Can’t Do"® that
Al was fundamentally flawed because it was based on a
flawed understanding of human intelligence. Dreyfus’s
book became a bestseller and helped popularize the view
that Al was over-hyped and unlikely to succeed in the
near future.

And so, the curtain fell on the first act of the artificial
intelligence saga. Responding to the mood of the times,
the flow of research funds from the US government, pri-
marily through the Defense Advanced Research Projects
Agency (DARPA), dried up. The reduction in funding
fueled the perception that Al was over-hyped, creating a
negative feedback loop.

The Rise of Expert Systems

Artificial intelligence is not a monolithic concept,
though, and can mean other types of structures. Neural
networks, particularly deep neural networks, are the most
successful version yet. The 1970s through the 1990s were
dominated by so-called expert systems as interest in neu-
ral networks waned.

These early Al models were designed to emulate the
decision-making abilities of a human expert in a specific
domain, such as medical diagnosis or financial planning.
Expert systems were essentially decision trees, a series of
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if...then statements. They sought to capture and encode
an expert’s decision-making process so it could live as a
program on a computer. Expert systems enjoyed consider-
able popularity until the dawn of the new millennium.

One example of an expert system is INTERNIST-I, a
system to aid physicians in diagnosing medical problems.
A team at the University of Pittsburgh developed a set
of rules and heuristics from medical textbooks and con-
sulted with medical experts. It started with formalizing
the decision-making process of exactly one person, John
D. Myers, M.D.?¢ However, it never captured the confi-
dence of the physicians it was supposed to help and largely
remained a research tool. It was difficult to keep up with
new knowledge, and coding it in. It also could not take a
broad view of problems; the way it was structured could
not consider a patient’s history.

The finance industry today still uses expert systems.
FICO, the credit analysis and fraud detection giant, uses
an ingenious algorithm called RETE III, a rule-matching
algorithm originally developed by computer scientist
Charles Forgy.?” Systems built on RETE III can efficiently
sift through countless financial transactions, identifying
patterns and trends that would be difficult for humans to
detect, let alone at the algorithm’s scale and speed.

Al Revival: A Fitful Resurgence

Artificial intelligence, as most commonly used today, is in
the form of deep neural networks. Neural means a simula-
tion of the function of the neural cells in our brains. From
breathing to planning our next meal, training our bodies
to lift heavy objects, and recognizing sounds, everything
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we do happens because of the way neurons in our brains
are structured and communicate with each other. The
emergence of these experiences from relatively simple
electrical connections between neurons is still a matter of
intense research. Still, researchers have accepted that it
works and hope to achieve something similar by simulat-
ing that structure and function.

They build networks of artificial neurons, trying to
create a simplified model of what they see in the brain.
Admittedly, we’re like a child watching construction
workers build a house, mimicking their actions by attach-
ing two pieces of wood to a plank and proudly declaring
it a home.

The term “deep” means there are multiple layers
within the network. Think of a shallow pool with just
a few layers of water compared to a deep ocean teeming
with life at various depths. In Al, a shallow network may
have few layers (maybe even just one or two) while a deep
network may boast many more. The perceptron we men-
tioned earlier is a shallow neural network containing just
one layer.

The concept of artificial intelligence, embodied by
neural networks as proposed in Minsky and Papert’s book
Perceptrons, experienced a revival with the 1986 publi-
cation of a groundbreaking paper in the journal Nature.
Titled “Learning representations by back-propagating
errors,”?® this seminal work was authored by three vision-
ary research psychologists: David E. Rumelhart, Geoffrey
E. Hinton, and Ronald J. Williams.

They were visionary in the sense that they worked
in the field of neural networks when it was dismissed
and not seen as a fit subject for proper scientists. In fact,
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Hinton, as a graduate student in cognitive psychology,
was advised to explore neural networks only in his spare
time. He persisted, and after defending his doctoral the-
sis on vision, he continued to work on neural networks.

Since those early days, Hinton has become a tow-
ering figure in the world of artificial intelligence. He
is associated with many of the major breakthroughs in
the field, earning him the moniker “Godfather of deep
learning.” Hinton wears that mantle well, even as he has
sounded warnings about the pace and direction of recent
developments in AL.*?° He comes from a family with an
illustrious lineage in science. His great-great-grandfather
was George Boole, who invented Boolean logic, the
mathematics underpinning computer circuit construc-
tion. He is also related to the 19th century explorer Sir
George Everest.

Hinton credited the invention of backpropagation to
David Rumelhart (also a psychologist) after the publica-
tion of the paper in Nature. Backpropagation is a way of
teaching neural networks. It was simple enough to apply
to large and complex neural networks, and it remains
the foundation of neural network training today. To con-
ceptualize how it works, consider an analogy of a group
of musicians tuning their instruments in an orchestra.
When a musician plays a note that is in tune, the con-
ductor nods in approval. If the note is out of tune, the
conductor provides guidance on whether the note is too
high or too low, helping the musician make the necessary
adjustments. This process continues until all the instru-
ments are in harmony, much like how backpropagation
refines the neural network’s performance.
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Often the case in science, Hinton, Rumelhart, and
Williams did not develop with these ideas in isolation.
The ideas had been formulated by other researchers,*
but their paper in Nature inspired and catalyzed the field.
Backpropagation reignited widespread interest in neural
networks because it was easy to understand, simple to
implement, and computationally efficient. Despite these
advantages, training large neural networks remained a
prohibitive task in terms of time and money. This hints as
to why neural networks still did not come to the forefront
of Al. Once again, despite enormous advances in CPU,
the techniques proposed by the three mathematical psy-
chologists were outpacing the day’s technology.

Following this success, the nineties were marked
by more remarkable developments in neural network
research. New computational techniques were devel-
oped. One of the pioneers in this period was one of Hinton’s
students, Yann LeCun. Working against the tide in com-
puter science research, where conventional wisdom still
regarded artificial intelligence as a topic leading nowhere,
he was responsible for some major breakthroughs. He
built some of the first AI models called Convolutional
Neural Networks, or CNNs, and taught them to recognize
handwritten digits, a technological feat soon adopted by
banks to read checks.’® Eventually, LeCun and his col-
leagues Corinna Cortes from Google and Christopher
Burges from Microsoft created one of the most storied
datasets in modern Al, the MNIST database of handwrit-
ten digits.’? It is almost a rite of passage for Al researchers
learning the basics of artificial intelligence to creating
a neural network model, replicating LeCun’s work, that
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can recognize handwritten digits with high accuracy.
The sense of mastery from this task propels them on to
greater discoveries.

No account of the history of artificial intelligence
would be complete without acknowledging the third
member of the triumvirate that has indelibly shaped
the field. Along with Hinton and LeCun, Yoshua Ben-
gio, a Canadian originally from France, born of Moroc-
can Jewish heritage, jump-started Al and continues to
guide the field even today. In 2000, his groundbreaking
paper* demonstrated how neural networks could under-
stand language, even with all the multifarious ways of
expressing meanings. Bengio has pushed the boundaries
of what was possible in Al and is responsible for many
of the breakthroughs that have become tools of the
trade for Al researchers today. In 2018, in recognition
of their groundbreaking contributions to artificial intel-
ligence, Yoshua Bengio, Geoffrey Hinton, and Yann
LeCun were jointly honored with what is informally
known as the “Nobel Prize of Computing,” the prestig-
ious Turing Award.

Figure 1.5 From left to right: Yann LeCun, Geoffrey Hinton,
Yoshua Bengio. As imagined by Midjourney, prompted by
the author.
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The Birth of Modern Al

Then came a time when processors became fast enough,
and memory became cheap enough that complex, deep
learning neural networks could be trained. This was in
the first and second decades of the new century. In 2012,
the field experienced a sea change when Big Tech started
making huge bets on Al. Once again, the Godfather of
deep learning, George Hinton, was a central figure in this
development.

Greater developments in neural network research
marked the 1990s and the 2000s. New computational
techniques were developed. The term big data became
voguish, followed soon by machine learning. Techniques
were developed that could glean insights from reams of
data using advanced statistical techniques. Some of these
techniques were applied to the problem of computation-
hungry neural networks.

George Hinton and two of his students at the Univer-
sity of Toronto, Alex Krizhevsky and Ilya Sutskever, built
a model called AlexNet that could identify the content
in images. [t was a powerful demonstration of what com-
puting power could finally achieve. It was also an antici-
pated progression. The trio were responding to an annual
challenge called the ImageNet Large Scale Visual Recog-
nition Challenge, organized by Professor Fei-Fei Li and
her team at Stanford University.

Fei-Fei Li is another person who stands out as a
mover in the field. Growing up in China during the
Cultural Revolution, her father imbued in her a love
for photography, and she has described her passion as a
way to connect with the natural world and understand
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its complexities. At Princeton, she understood that the
field was ripe for neural network models, and large-
scale datasets were needed to help researchers move
forward. Therefore, she developed ImageNet, a data-
base of digital images which now holds 14 million
images across 1,000 categories. The profound influence
of ImageNet is evident as legions of Al researchers have
honed their skills, drawing invaluable insights from this
repository. Like LeCun’s MNIST database, ImageNet
has become one of the most consequential objects in
the field of AI3*%

The year 2012, the year AlexNet took the world by
storm, was the first year neural network models were
used to classify the images in ImageNet. Hinton and
his students founded a company called DNNresearch.
The large tech companies, sharklike instincts immedi-
ately recognizing the practical power of their algorithm,
descended on Lake Tahoe in December 2012. There, in
a casino hotel room, they engaged in a tense auction for
the fledgling three-person company. This was a high-
stakes secret auction, and the company representatives
soon found themselves bidding outside their authorized
limits. Phone calls and emails to headquarters to sign
off on ever-increasing bids resulted throughout the day,
and finally, one company walked off with the prize. The
amount of the winning bid was never officially disclosed.
Still, there were reports in the media that Hinton shut
down the auction at $44 million*® despite every indi-
cation that the amount could go higher. Hinton later
stated, tongue in cheek, “I signed contracts saying |
would never reveal who we talked to. I signed one with
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Microsoft and one with Baidu and one with Google.”
Hinton and his students joined Google soon after.

AlexNet was one of many successful image recogni-
tion models. A couple of years earlier, DanNet, devel-
oped by Dan Ciseran, had won other competitions as
well. It was a more specialized algorithm focusing on
medical images. What AlexNet, DanNet, and other
algorithms made clear is that the age of deep learning
had arrived, and an arms race had begun among the top
tech companies.

Al Today

This inter-company arms race would get much more heated
10 years later when the OpenAl consortium unleashed
ChatGPT on the world. This technology, which seems
to be paving the way for the incredible spoken computer
interface in the TV series Star Trek, has delighted the
public with its oracle-like abilities, similar to the delight
that Google search occasioned in the naughts. But the
amount of research it enables is balanced by the amount
of misinformation it blithely generates.

Als ability to understand natural language had
already up-ended the translation industry. In yet another
science-fiction foreshadowing, the babel fish from The
Hitchhiker’s Guide to the Galaxy no longer seems like a
ridiculous, incredible device. In the book, the babel fish,
when inserted into your ear, would immediately translate
any language to English or your preferred language. For
tourists around the world, Google’s Translate app per-
forms that very function in a more rudimentary way.
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For several years, research in speech and language
understanding continued, but at a different rate than
computer vision. GPT-3.5 was truly an eruption in this
landscape, an achievement that caught even the Al
cognoscenti by surprise. It is part of a new trend in Al
research, the creation of foundational models that can
be applied to many situations. Other foundational mod-
els are ones that generate images, such as DALL-E 2 by
OpenAl, and Midjourney. Foundational models are being
built for scientists, such as Segment Anything by Meta’”
that enable Al programmers to quickly find objects in
any image.

What this means is that the ability to harness Al is
being opened up to more people. These models are gener-
ally available to anyone right now. But no doubt they will
be part of the Al-powered economy of the 21st century.

Driver of the 21st Century Economy

Al, specifically connectionist Al, has evolved from a
nascent concept into a juggernaut within just 20 years.
Trillion-dollar companies like Microsoft and Google have
recognized the financial potential of Al and have pivoted
their businesses to integrate Al into every aspect of their
operations.

Microsoft’s Azure, for instance, has grown its cloud
computing platform into an Al-driven powerhouse, ena-
bling businesses to harness the power of AI and machine
learning for their applications. Google has also invested
heavily in Al research and development, with projects
like TensorFlow and Google Brain propelling the com-
pany to Al dominance.
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Meta, formerly known as Facebook, also made a bold
move by shifting its focus to an Al-powered metaverse.
This ambitious endeavor has seen the company take
on losses of more than $10 billion in order to develop
its new business model. The metaverse, a virtual reality
space where users can interact with a computer-generated
environment and other users, was expected to be a game-
changer for businesses. But disappointing results have
led them to change their business: a de-emphasis on the
metaverse and doubling down on Al

The widespread adoption of Al across industries has
also profoundly impacted the job market. Job descrip-
tions now commonly mandate a requisite understanding
of Al. Employers appreciate the worth of employees who
possess the ability to navigate new technologies, even
if such employers may not comprehend the technology
themselves. Entirely new job roles have arisen, such as Al
ethicists, who are responsible for ensuring that Al systems
are designed in a manner that respects human values and
ethical principles. Universities and online platforms have
reacted to the surge in demand for Al-related skills by
offering specialized courses to equip professionals with the
necessary expertise.

[t is no secret that big tech companies have been on a
talent acquisition spree, snapping up the brightest minds
in Al research and development. Google, for instance,
has made significant strides in consolidating its position
in the Al space, reportedly absorbing 30 Al startups at
a cost of around $4 billion.’® This aggressive expansion
led to concerns that the available Al talent pool is being
monopolized by the tech giants, potentially stifling inno-
vation and leaving little room for newcomers to thrive.
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There has been a surprising surge in global funding for
Al startups. The exponential increase from $4.5 billion
in 2014 to a staggering $38 billion® in just the first half
of 2021 suggests continued international investor interest
and capacity. Yet it also left many wondering if this is an
investment bubble driven by the scarcity of Al knowledge
as an essential commodity and fear of missing out on the
next big breakthrough in Al or if it is a genuine testa-
ment to the financial potential of Al. However, the Great
Layoff of 2023 released a considerable depth of Al talent
into the market, which should fuel another surge of Al
startups and funding.

The global nature of Al funding highlights the fact
that Al innovation is not limited to Silicon Valley or
other established tech hubs. Emerging markets in Asia,
Europe, and beyond are increasingly becoming hotbeds
for Al research and development. In some countries,
such as China, Al is rapidly becoming part of social
government, while in Europe, politicians are looking to
curb and limit intrusions Al might make on privacy. The
impacts of these different approaches will be explored in
Chapter 6.

This amount of migration to Al, of both people and
money, must be happening because investors hope to
make large profits. Sizing market potential is a necessary
step for businesses, but this task is far from a straight-
forward scientific endeavor. In fact, it is more of an art,
a combination of intuition, experience, and data analy-
sis. Companies such as McKinsey have made billions of
dollars by mastering that art or at least convincing the
world that they have.
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In 2018, McKinsey*® released a report on the value of
Al, estimating that it could range between $3.5 trillion
and $9.8 trillion by 2030. This staggering range is a
testament to the complexity and uncertainty that char-
acterizes market sizing. PricewaterhouseCoopers,*! one of
McKinsey’s competitors, put the figure at an even more
astounding $15.7 trillion.

These impressive numbers may turn out to be wildly
inaccurate, but they strive to capture the potential of Al
to revolutionize virtually every aspect of our lives. The
technology has already shown remarkable promise in
areas such as natural language processing, image recogni-
tion, and predictive analytics, to name just a few. And our
successes in these areas have opened a window into what’s
possible in the future.

For instance, as we grapple with the repercussions
of climate change, we will find Al invaluable in finding
solutions for improved forecasting and disaster manage-
ment. In the area of health, Al-powered medicine could
significantly improve the accuracy and speed of diagnoses
and prescribe personalized and more effective treatments
for patients. In the finance field, Al could enable more
sophisticated fraud detection and nuanced risk analysis.
Drones, self-driving trucks, and cars could transform the
way we move goods and people, improving safety and
environmental health.

But the darker side of Al is waiting. If we flip the Al
coin, we will see Al powering devices and machines that
are not beneficial for society. We cannot wish away con-
cerns by George Hinton that the technology he was such
an instrumental part of may end up being detrimental
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to humanity. Al can be used to spread misinformation,
which can cost lives. It can amplify the worst of human
society, like racism and sexism, wealth inequalities, and
health inequity, because it learns from human society.
What about the loss of human judgment and critical
thinking? If Al is writing the news and creating music
and art, what does it mean to be human? We will explore
some of these issues in later chapters.

Scientists and politicians recognize these risks and
are creating guidelines, standards, and laws that will aim
to mitigate the negative consequences of this new tech-
nology. The more people are aware of Al’s abilities and
limitations, what it can and cannot do, the better our col-
lective use of Al will be. Al literacy will be as important
as traditional literacy and numeracy in making informed
choices about how we will live with Al

Al is not just another consumer product, a gadget
on the shelf. Nor is it a mere extension of cloud services
or another way to compute like Azure or Amazon Web
Services (AWS). At its core, Al is a collection of algo-
rithms and computational models designed to mimic
the cognitive abilities of the human brain. By processing
vast amounts of data, these algorithms can identify pat-
terns and make correlations, thereby allowing machines
to “learn” and adapt to new information. This ability to
process and analyze data at lightning speed is what sets
Al apart from traditional computing. The true essence of
Al lies in its ability to enable humans to make efficient
use of resources, a capacity that we commonly refer to as
intelligence. In this sense, it is an intangible force that
empowers us to coexist with the world and manage its
resources in once unimaginable ways.
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Final Thoughts

Historians caution that the tides of human progress are
caused by factors much larger than individuals. There are
broad societal and cultural forces that guide our energies
and shape the direction of our progress and occasional
regress. However, in narrating the past, certain person-
alities stand out as bright representatives of their times,
shining light on their eras. We should also remember
that countless other souls fueled their breakthroughs in
thought and understanding.

The ebbs and flows of Al, its near emergence and
temporary declines, yet a consistent upward trend that is
clear in hindsight, mirrors that of other technologies. The
parallel leads us to expect challenges we can barely imag-
ine now. Let us hope that humanity chooses to use this
technology for the good of our world.
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