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Chapter 3
The Second Al Winter and Resurgence
of Al Between 1980-2010

In May 1997, there was a six-game rematch between IBM’s supercomputer, Deep Blue, and the
reigning world chess champion, Garry Kasparov, that Deep Blue won 3.5 to 2.5. The second
game was decisive, after which Kasparov remarked, “In Deep Blue’s Game Two, we saw
something that went well beyond our wildest expectations of how well a computer would be
able to foresee the long-term positional consequences of its decisions. The machine refused to
move to a position that had a decisive short-term advantage — showing a very human sense of
danger” [301]. Indeed, Deep Blue’s victory in 1997 and statements like those by Kasparov
set the stage for a future where Al-based systems started rivaling humans in games such as
Jeopardy!, GO, and Poker.

Figure 3.1: Garry Kasparov and the game of Artificial Intelligence (Source: TheWorld. Org)
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Although Deep Blue garnered enormous headlines in 1997, progress in Al between 1980-2010
went through peaks and valleys. During the early 1980s, Expert Systems, which had emerged
as one of the sub-fields of Al in the 1960s (see Section 2.5), attracted substantial attention with
Al researchers believing it could be the panacea for all their problems [301]. However, those
dreams didn’t materialize thereby leading to a “small AI Winter” between 1987-1993. During
the mid-1990s, research funding ebbed and flowed, and then slowly research in Al began to
gather steam. Although, “some computer scientists and software engineers would avoid the

term artificial intelligence for fear of being viewed as wild-eyed dreamers” [302].

Despite a few setbacks between 1980-2010, researchers continued to expand the paradigm
related to Machine Learning algorithms that was established between 1950-1979 (see Section
2.3). Several of them realized that many Machine Learning algorithms could be improved
by using techniques from mathematics and statistics, economics, game theory, stochastic
modeling, classical numerical methods, and operations research. Others developed better
mathematical descriptions for Deep Learning Networks (DLNs) as well as for evolutionary
and genetic algorithms. These techniques gradually began to mature by 2011, and their hard
work began to pay off, especially because of several external factors, including computers
becoming much faster and cheaper. Eventually, all these efforts set the stage for explosive

growth in Al systems starting in 2011.

Section 3.1 discusses the meteoric rise and fall of Expert Systems. Section 3.2 discusses five
external developments that helped Al research and development in gaining traction, thereby
setting the stage for takeoff in 2011. Sections 3.3 and 3.4 provide the emergence of statistical
Machine Learning algorithms and advances in Deep Learning Networks (DLNSs), respectively,
both of which became quite popular by the end of this era. Section 3.5 discusses a few Al appli-

cations of this era that were commercialized, and Section 3.6 concludes with a brief discussion.

3.1. Hype And Bust of Expert Systems

Expert Systems consisted of two subsystems: a knowledge base and an inference engine. The
knowledge base represented facts and rules whereas to infer facts, and the inference engine
applied if-then-else rules to this knowledge base. Recall from Section 2.5 that Expert Systems

were based on traditional and not Machine Learning algorithms.

In the 1960s, using a computer language called “Lisp,” which was invented in 1960 by John

Mcarthy, Feigenbaum, et al. built an Expert System, Dendral, whose aim was to identify



Chapter 3 - The Second Al Winter and Resurgence of Al Between 1980-2010 | 57

unknown organic molecules by analyzing their mass spectra and applying a knowledge base

from Chemistry.

In the 1970s and early 1980s, many Expert Systems were derived from Dendral, including
MYCIN, MOLGEN, PROSPECTOR, XCON, and STEAMER [303]. Soon such Expert Systems
began to be sold as standalone computing machines that were called Lisp machines (see Figure
3.2). Initially, they had considerable success because of which the Al industry’s revenue surged
astronomically between 1981-1988. This in turn led to another hysteria. BusinessWeek’s cover
page in February 1984 blared, “ARTIFICIAL INTELLIGENCE: IT’S HERE!” and many compa-
nies made astonishing claims like, “We’ve built a better brain” [304]. Indeed, Expert Systems

got substantial praise because of the following two reasons:

1. They were better at answering questions. These systems provided more accurate answers
to questions that required factoids (e.g., when was The FEiffel Tower built) or complex
information (e.g., if Alice is a 50-year-old female and if her back hurts when she is doing
strenuous work, how much in disability insurance benefits can she get from the state of
New York?). Because of their superior question-answering capability, these systems could
also be embedded in chat-bots like ELIZA.

2. Their knowledge bases included both spatial and temporal information. Unfortunately,
even the best Machine Learning algorithms cannot incorporate temporal or spatial
knowledge. For example, suppose a Machine Learning algorithm is trained to stop a driv-
erless car after seeing a STOP sign. If this trained algorithm encounters a STOP sign that is
placed inside a second-floor window, it won't realize that this STOP sign should not
matter and would stop the car anyway, thereby misunderstanding the spatial context
related to this STOP sign. In contrast, Expert Systems usually include such spatial
knowledge in their knowledge bases.

However, by the mid-1980s, personal computers had become cheaper and faster, and they had
begun to overtake commercial Expert Systems’ machines. Besides cost and speed, Expert

Systems also suffered from the following limitations.

Excessive Amount of Time Needed from Human Experts: Creating and maintaining the
knowledge base required the help of human experts who were unable to spare much time

because of more pressing demands from their firms and clients.

Knowledge Bases Often Became Very Large in Size and Complexity: Since most rules were

temporal or spatial in nature, these rules became quite complicated to untangle even for
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Figure 3.2: CADR - The Lisp Machine, the late 1970s, MIT Museum
(Source: Wikimedia)

computer algorithms. In fact, the size of a knowledge base could easily include a million
objects and their properties as well as more than 100 million if-then-else rules. Hence, even
ensuring that these rules did not contradict each other required enormous cost and computa-

tional time [305].

Outliers in Knowledge Bases Made Them Even More Complex: Often the rules provided by
human experts came with boundary cases, outliers, and sub-rules, which made these

knowledge bases even more complex and expensive.

In view of these shortcomings as well as its enormous hype and propaganda, John McCarthy,
Marvin Minsky, and their colleagues — who had already witnessed the first boom-bust cycle in
Al between 1950-1975 (see Chapter 2) — raised an alarm of another impending AI Winter. In

1984, McCarthy criticized Expert Systems because they lacked common sense. Likewise, at a
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1984 meeting of the American Association of Artificial Intelligence (AAAI), Minsky and
Schank warned that inflated expectations surrounding Al’s capabilities had spiraled out of
control and may lead to another AI Winter [306].

Eventually, such an AI Winter occurred between 1987-1993, and again, the funding disap-
peared. In particular, the Japanese Government had set aside 850 million US Dollars in 1981
for the Fifth-Generation Computer Project but withdrew its funding in 1991 because it realized
that the goals listed in 1981 had no chance of being accomplished [307]. Finally, even though
the frenzy about Expert Systems fizzled out during the 1990s, these systems made a comeback
in the 2000s and then began to be incorporated into Knowledge Graphs and the Semantic Web
(to be discussed in Chapter 14).

Notably, while Expert Systems went through the boom-bust cycle, other researchers continued
to expand upon and operationalize Machine Learning algorithms (i.e., put them for commer-

cial use) whose theoretical foundations were laid in the 1960s (see Chapter 2).

3.2. Reasons for Substantial Growth in Al Systems

The expansion and operationalization mentioned here would not have been possible if it

weren't for five external factors that helped their growth immensely between 1998-2010:

1. Moore’s Law regarding an exponential increase in speed and reduction in cost every

two years.

2. The ability to use computers in parallel, thereby improving the speed to train Machine

Learning algorithms.
3. The advantages of graphics processing units (GPUs) over CPUs.
4. The enormous growth in the availability of data.

5. Many software libraries became open-source and almost free.

Moore’s Law — In 1965, Gordon Moore observed that the number of transistors in an electronic
circuit doubled approximately every year, and he predicted that this rate of growth would

continue for a decade. In 1975, he revised his prediction to doubling every two years [308, 309].

It is important to note that Moore’s Law is not really a law but a set of observations made by

Gordon Moore, who was one of the founders of Intel Corporation (see Figure 3.3). In fact, in a
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2015 interview, Moore himself said, “I see Moore’s Law dying here in the next decade or
so” [310]. Nevertheless, this exponential increase in computing power as well as a reduction in

size and cost, has had the largest effect on the field of Al
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Figure 3.3: Graph showing transistor count doubling every two years [309]

Parallel and Distributed Computing — By 2005, hardware had become cheaper by a factor of

30,000 as compared to that in 1975. However, for many problems, one computer was still not
enough to execute many Al-based algorithms in a reasonable amount of time. At a theoretical
level, computer science research between 1950-1990 showed that such problems could be
solved much faster by using several computers simultaneously and in a distributed manner.
However, the following practical problems related to distributed computing remained

resolved until 2003: how to parallelize computation, how to distribute data “equitably” and do
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