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Chapter 2

Genesis of Artificial Intelligence and
a Scientific Revolution: 1950-1979

“The 9000 series is the most reliable computer ever made. No 9000 computer has ever made
a mistake or distorted information. We are all, by any practical definition of the words, fool-
proof and incapable of error... .” Later, HAL 9000 continued, “This sort of thing has cropped
up before, and it has always been due to human error. The 9000 series has a perfect operational

record.”

“This sort of thing has cropped up before, and it has always been due to human error.”

Figure 2.1: The computer, HAL 9000, as shown in the movie, 2001: A Space Odyssey
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In 1968, Stanley Kubrick produced the movie, 2001: A Space Odyssey, which was based on a
novel by Arthur C. Clarke called The Sentinel. The main antagonist in this movie was an artifi-
cially intelligent computer, HAL 9000, that exhibited creativity, a sense of humor, emotions,
and the ability to scheme against anyone who threatened its survival. This movie was made
during an era when there was enormous excitement and hype because many pioneering
researchers believed that such a computer would exist by the year 2000. In fact, one of these
researchers, Marvin Minsky, even served as an adviser for the film, and one of the film’s char-

acters, Victor Kaminski, was probably named in his honor [201].

The first electronic computers were developed after World War II (see Chapter 1). However, it
was a question proposed by Alan Turing in 1950 that truly sparked the field of Al This chapter
discusses the genesis of Al and the scientific revolution that ensued soon thereafter. It also dis-
cusses how this scientific revolution unleashed a hype cycle among trailblazing scientists who
made audacious predictions that eventually led to a bust and an AI Winter. The lessons
learned from this scientific revolution should not be overlooked, especially because almost all
subdomains of Al were created during this boom and their successes formed the archetypes
for Machine Learning algorithms and Deep Learning Networks that are currently prevalent.
Although this excitement and hype led to enormous progress in Al, its shortcomings also indi-

cate the dangers of overenthusiasm and overinvestment that seem to be recurring today.

Sections 2.1 and 2.2, respectively, discuss the “Imitation Game” proposed by Turing and the
boom phase that followed [202]. Section 2.3 discusses the emergence of Machine Learning
algorithms as a new paradigm, thereby creating a scientific revolution and the birth of
Computer Science as a new field. Section 2.4 briefly discusses the introduction of the statistical
theory of Machine Learning as well as single-layer and multilayer Perceptrons that formed
the prototypes for shallow and Deep Learning Networks in the 1980s and beyond. Section 2.5
discusses various subfields of Al, which were born during this scientific revolution and are
widespread today. Two commercial applications developed in this era are discussed in Section
2.6, and Section 2.7 discusses the main reasons for the collapse of this hype cycle. Section 2.8

concludes with a brief discussion regarding this scientific revolution and its repercussions.

2.1. The Pioneering Question

In October 1950, Alan Turing posed the following question, “Can a machine imitate human
intelligence?” In his seminal paper, “Computing Machinery and Intelligence,” he formulated a

game called the “Imitation Game” in which a man, a computer, and a human interrogator
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(judge) are in three different rooms. The interrogator’s goal is to distinguish the man from the
computer by asking each of them a series of questions and reading their typewritten responses.

The computer’s goal is to convince the interrogator that it is the man [202] (see Figure 2.2).

Later, in a 1952 BBC interview, Turing mentioned that it would be at least 100 years before any
computer could convince a judge and pass the test. Furthermore, just like human children, his
stupendous insight was to build computers, which he called “child-machines,” that could
learn from their teachers and their experiences [203]. Indeed, today many AI systems are
trained in a manner like that used for educating our children (to be discussed in Section 2.3).
Because of his remarkable insights, Turing is called the “father of Artificial Intelligence,” and

in 2014, a biopic titled The Imitation Game was released to commemorate his life.

Computer?

Judge

Figure 2.2: The Imitation Game proposed by Alan Turing in 1950

Turing was not the only one to ask whether a machine could model intelligent life. In 1951,
Marvin Minsky, a graduate student inspired by earlier research in neuroscience indicating that
the brain was composed of an electrochemical network of neurons firing with all-or-nothing
pulses, attempted to computationally model the behavior of a rat. In collaboration with a

physics graduate student, Dean Edmonds, he built the first neural network machine called
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Stochastic Neural Analogy Reinforcement Computer (SNARC). Although primitive and con-
sisting of 40 interconnected artificial neurons (made of vacuum tubes and motors), SNARC

was successful in modeling the behavior of a rat in a small maze searching for food [204].

Figure 2.3: Picture of a single neuron contained in SNARC (Source: Gregory Loan and [204))

The notion that it may be possible to create an intelligent machine was an alluring one, and

between 1950-1955, the idea led to several groundbreaking developments.

e In 1950, Claude Shannon published “Programming a Computer for Playing Chess” which
was the first article to discuss the development of a chess-playing computer program
[205].

e In 1952, Arthur Samuel built a Checkers-playing program that was the world's first self-
learning program [206].

e In 1955, Newell, Simon, and Shaw built Logic Theorist, which was the first program to
mimic the problem-solving skills of a human. Logic Theorist would eventually prove 38 of
the first 52 theorems in Whitehead and Russell's Principia Mathematica [207].
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2.2.The Beginning of the Boom Phase

Inspired by these successes, young professor John McCarthy organized a conference at Dart-
mouth University in 1956 to gather ten pioneering researchers and “explore ways to make a
machine that could reason like a human, was capable of abstract thought, problem-solving and
self-improvement” [208]. It was in McCarthy’s 1955 proposal for this conference that the term,

“Artificial Intelligence,” was coined. And at this conference, Al gained its vision, mission, and

hype.

Researchers soon began to make audacious claims about the incipience of powerful machine
intelligence, and many anticipated that a machine as intelligent as a human would exist in no

more than a generation.

e In 1958, Simon and Newell said, “Within ten years, a digital computer will be the world's
chess champion,” and “Within ten years, a digital computer will discover and prove an

important new mathematical theorem” [209].

e In 1965, Herbert Simon said, “Machines will be capable, within twenty years of doing any

work a man can do” [210].

e In 1967, Marvin Minsky wrote, “Within our lifetime machines may surpass us in general

intelligence” [211].

Marvin Minsky Claude Shannon Rat Solomonoff

HerbertSimon Arthur Samuel Oliver Selfridge Nathaniel Rochester Trenchard More

Figure 2.4: Pioneers and attendees of the 1956 conference on Artificial Intelligence
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2.3. Emergence of Machine Learning and A Scientific Revolution

As discussed in Section 2.1, in 1951, Minsky and Edmonds had already shown that by using
a specific Machine Learning process, an “electronic rat” could find cheese in a small maze.
In doing so, they implicitly changed the paradigm (i.e., theoretical belief system) of using

traditional algorithms. This change is discussed here in more detail.

One of the most important concepts in Mathematics is that of an algorithm, which is a well-
defined process or a set of rules for solving a problem. For example, an algorithm to add a
given set of numbers may require that in every step, the number that has not been added so far
should be added to the sum that was obtained in the previous step (until all numbers have
been added).

Around 1,200 years ago, Muhammad ibn Musa al-Khwarizmi, a Persian Mathematician (called
the “father of Algebra”) presented the first systematic technique containing well-defined rules
for solving linear and quadratic equations. Thus, the term “algorithm” is derived from his last
name, al-Khwarizmi [212]. Unsurprisingly, because of their immense utility, ancient civiliza-
tions had been implicitly using such algorithms for the past 4,500 years, but Al-Khwarizmi
formalized the algorithm as a concrete paradigm for solving Math problems. In 1822, Charles
Babbage provided the first design for a modern computer and the analytic framework to write
algorithms on this computer. Ada Lovelace used this framework for writing the first computer
algorithm that computed Bernoulli numbers [213]. In 1936, Church and Turing formalized the
notion of computer algorithms and provided limits as to what can be computed by machines
[214].

One of the crucial features of traditional algorithms is that they neither change over time, nor
after processing more data. In other words, they are fixed once and for all. This paradigm of
traditional algorithms differs from the way humans solve problems because humans learn and
change their processes as well as rules over time. Keeping this in view, the pioneers of Al real-
ized that if they were to create intelligent machines, then these machines would also need to

“learn” and modify their algorithms.

In 1959, Arthur Samuel formally defined “Machine Learning” as “the field of study that gives
computers the ability to learn without being explicitly programmed” [215]. In other words,
such algorithms should have the capability of changing their internal structure after ingesting
new data and providing outputs. Hence, as opposed to traditional algorithms, Machine Learn-

ing algorithms “learn” as they process more data and modify themselves. By doing so, this



@ e e w Q. @ W — . —

e gt o W e e g e O el o

. e — W — O e e e — — e O~ oy
e e et gy - e e @ e — o —
ey v S g . gy e g S e — oy
| —— gy — gy e o G—

S e e ———— —— . C—— S - Gy w—e -
O—" —— o  y e— e ® gy— -
W e — —— . c——— - —— -
. " —— W o - — W " — -
— —

e D - @ W — - e s O e v C—— o —
- e mm— e e g —— o — -~
e g - e - p— . m e Gy @ e = -

—— —— .| ——— —————. — ——

Buy now to read rest of the book

gy = W W S G—y v ——— —— — O — e — -
Y — . W —— . ———— . — W ———
Y — O s Qe N R e 8w oy —— -
gy o —— W g —
-

S e w — — gy — W W — — - —
e — - - & G e e e e o @ o
——— gy G - o ——— i —
S T — . e Gy W w O — &
S e e e g et S Sme o — - - -
e - - gy —

e m—— e G— W — ———y * W — -y
| —— . — e — s W—, - gy — . —
e e e - - g cmg e T w e = . e g
- e - Sy e W - G —— gy — W — -
. T e . e e —e e e m—— - ey - &



