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The ideal value of an AI Cosmology would be
to help the general public, researchers, educators, and practitioners to devise the truth of
the definition, meaning, applications, and implications of Artificial Intelligence. The pursuit of that truth even if through an arbitrary
contrivance would be a noteworthy goal. The
fact of the matter is whether any cosmological structure we have hinted at so far tracks
the underlying reality, we cannot escape that
there is an underlying reality. At some point
in time, we (humans) began the endeavor of
trying to replicate the human mind with machines. There was first an effort to understand
the human mind, describe its inner workings,
and then build machines that could essentially
duplicate the thinking process. Surely this
point in time must mark or at least point to the
Cosmological “Big Bang” for AI. Right?

of Thought on Which are Founded the Mathematical Theories of Logic and Probabilities
published in 1854 starts off with:

So far we have pondered whether the evolution of AI could be divided into epochs. We’ve
considered Machine Learning, Expert Systems, and Cybernetics as possible epochs
with each reaching back further in the AI timeline. But where did it all begin? What was
the first epoch? When did we first try to duplicate the thinking and reasoning process within
a machine? When did we first try to represent the inner workings of the human mind as
a set of instructions? At what point did we try
to replicate the human mind by non-biological
means? Would this point in time constitute the
beginning (Big Bang) of the evolution of what
we now call Artificial Intelligence? We use the
Laws of Physics to describe structures, i.e.,
the beginning, evolution, and fate of the Universe. We call this structure the Cosmology.
Can the Laws of Thought play a similar role in
our quest for the real AI Cosmology?

George Boole was not alone in suggesting
that the operation of the mind or thinking process could be represented as a set of laws or
fundamental axioms. Alfred Tarski in his On
Mathematical Logic and the Deductive Method
which first appears in 1936 writes:

If there are Laws of Thought, do we understand what they are? If there are laws for
the thinking process, how are they related to
what we currently call Artificial Intelligence?
George Boole’s An Investigation of the Laws

The only way to rectify our reasoning
is to make them as tangible as those of
the Mathematicians, so that we can find
our error at a glance, and when there are
disputes among persons, we can simply
say: Let us calculate, without further ado,
to see who is right.
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The design of the following treatise
is to investigate the fundamental laws of
those operations of the mind by which reasoning is performed; to give expression
to them in the symbolical language of a
Calculus and upon this foundation to establish the science of Logic and construct
method; to make that method itself the basis of a general method for the application of mathematical doctrine of Probabilities; and, finally, to collect from the various elements of truth brought to view in
the course of these inquiries some probable intimations concerning the nature of
the human mind.

Complicated mental processes are entirely reducible to such simple activities
as the attentive observation of statements
previously accepted as true, the perception of structural, purely external, connections among these statements, and the
execution of mechanical transformations
as prescribed by the rules of inference.
Gottfried Wilhelm Leibniz suggests that human reason can be reduced to fundamental
logical calculation. In the Art of Discovery
1685, he writes in a letter to Philip Spener:
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Logic Machines Epoch
The idea that the operation of the mind and
the thinking process could be represented as
mathematical logic and discrete structures in
a finite form suitable for implementation by a
machine clearly predates the term “Artificial
Intelligence”. In the AI Matters Volume 4 Issue
4 and Volume 4 Issue 2, we’ve presented the
notions of AI epochs. We postulated that we
are currently in the Machine Learning Epoch,
and that prior to that were the Expert System
and Cybernetics Epochs. Now we consider
the Logic Machines Epoch that was powered
by mathematical logic and discrete structures.
The ultimate goal here is to possibly identify
when and what were the first real attempts
at implementing the human thinking process
or the operations of the mind by a machine.
Here is a listing of some examples of Logic
Machines. These Logic Machines reflect attempts at developing a theory, framework, or a
mechanization of the operations of the mind.
• Ramon Llul (1290)
Ars Magna: Paper Machine
• Thomas Hobbes (1651)
Leviathan Book:Theory
• Gottried Leibniz (1688-1689)
Calculus Ratiocinator: Machine Framework
• Charles Stanhope (1775)
Demonstrator: Device
• Charles Babbage (1822-1833)
Difference and Analytical Engines: Machines
• Semyon Nikoaivich Korsakov (1832)
Comparing Ideas Machine: Machine
• Bernard Bolzano (1837)
Wissenschaftslehre Book: Theory
• George Boole (1847-1854)
Boolean Algebra and Laws of Thought: Theories
• William Stanley Jevons (1870-1894)
Logic Piano: Machine
• Friedrich Ludwig Gottlob Frege (1879)
Second-order Logic and Axiomatic Predicate Logic: Theories
• Bertrand Arthur William Russell (1910)
Principia Mathematica: Theory
• Leonardo Torres y Quevedo (1911)
Chess Playing Machine: Machine

5(1) 2019
• Alfred Tarski (1933)
Theory of Truth: Theory
• Allen Newell (1955-1956,1957)
Logic Theory Machine and General Problem
Solver: Programs
• Alan Turing (1948,1950)
Intelligent Machinery, Turing Test, ”Can Machines think?”: Theory, Program, Paper
• Allan Newell, Herbert Simon (1976)
Physical Symbol System Hypothesis: Theory
Alan Turing is the second to last entry in
this list. He wrote his famous paper “Can A
Machine Think?” in 1950. This is considered by some as the beginning of the history of AI. But as you can see, the Logical
Machines Epoch looks like the foundations of
symbolic logic. Many AI systems have used
symbolic logic. Symbolic logic is based on
formal logic which represents propositions as
symbolic structures. Inferencing is performed
by mechanical manipulations of those structures. In this list, we see early attempts at designing comprehensive knowledge representation languages, mechanical approaches to
reasoning, and devices/machines that utilized
these methods. Leibniz envisioned such a
device or machine. He developed a framework for the Calculus Ratiocinator or Calculus Reasoning machine. Its purpose was to
perform logical deductions based on a framework of Characteristica Universalis, a conceptual language that was able to symbolically
represents all human thoughts. These symbols would then be manipulated mathematically by the Ratiocinator that would mechanically deduce all possible truths from a list of
simple thoughts. He stated:
Thus I assert that all truths can be
demonstrated about things expressible in
this language with the addition of new
concepts not yet expressed in it Ñ all such
truths, I say, can be demonstrated solo
calculo, or solely by the manipulation of
characters according to a certain form,
without any labor of the imagination or effort of the mind, just as occurs in arithmetic and algebra.
Charles Stanhope developed his own version
of a “Ratiocinator”, not as ambitious, called
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the “Reasoning Machine” or Demonstrator.
Charles Stanhope worked on several logic
machines for 30 years in the late 18th century.
The Demonstrator was a device to solve mechanically:
• traditional syllogisms,
• numerical syllogisms,
• elementary probability problems
It could process no more than two premises
and probability problems with no more than
two independent events. Due to these limitations and the fact that it could not solve ’reallife problems’, Stanhope called it the Demonstrator.
As the instrument is so constructed
as to assist us in making demonstrations.
I have termed it Demonstrator. It is so
peculiarly contrived as likewise to exhibit
symbolically those proportions or degrees
of probability which it is the object of the
Logic of Probability to discover.
William Stanley Jevons, an economist and logician, was inspired by the Demonstrator and
developed the Logic Piano in 1869. The Logic
Piano was a series of wooden boards with
combinations of true and false terms. They
were arranged on a rack and a ruler used to
remove certain excluded combinations. The
faceplate above keyboard displayed the entries of the truth table. The keyboard had
black-and-white keys like a piano used to enter the premises. The Logic Piano was the culmination of a long series of inventions by Stanhope that aided in the calculation of syllogisms
including a logical alphabet, slate, and stamp
that would quickly produce the lines of a truth
table in a logical argument. Stanhope’s logical
machines used the generate-and-test procedure where all the possible combinations are
generated and the impossible conclusions are
removed. The results are the broadest conclusions that could possibly be produced from
the premises. The truth table was more like
a spreadsheet representing all of the logical
combinations. His machine could only process four-terms but he planned to develop
a 10-term engine which would have required
enough space to display 1,024 combinations
of its logical alphabet. Figure 1 is an image of
Jevon’s Logic Piano.

Figure 1: William Jevon’s Logic Piano

In each of these epochs, there were what
we now recognize as a hype cycle where it
was believed that we were at the veritable
precipice of duplicating human intelligence by
a machine with all of the rewards and punishments that achievement entails. There were
differently misunderstood, misconstrued, misused, sometimes ambiguous terminologies,
e.g. ratiocinator, automata, cybernetics, and
artificial intelligence which all refer to the same
underlying efforts. In the Logical Machines
Epoch, Charles Babbage and his colleagues
could be considered instigators of a hype cycle in their time. He invented several mechanical devices that he proposed could compute
mathematical and logical functions. The Difference Engine (in the 1820s) was to calculate and print various kinds of logarithmic and
trigonometric tables and the Analytical Engine
(in the mid-1830s) was to extend its range
into logic and employ abstract symbolic algebra. Neither of these machines was ever completed. Although Babbage’s intentions were
for his machines to perform mathematical and
logical functions, his colleagues were allowed
to associate mental powers to the Analytical
Engine. Babbage allowed his colleagues to
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do so, creating hype in order to obtain financial
and public support as well as political attention
for his projects. Babbage also made claims
about his engines. In his 1832 book, On
the Economy of Machinery and Manufactures,
Babbage claimed that his Difference Engine
could replace the third section of De Prony’s
work division scheme for producing mathematical tables. The third section was made up
of 60 or 80 people who could add, subtract,
and perform computations and return the results to the second section for checking. Because his Difference Engine was not able to
produce complete tables, it was impossible for
him to get financial support for his Analytic Engine.
Different time periods, different cultural trends,
different geographical locations, but generally
the same basic motivation, i.e, build a machine that can duplicate, or simulate the operation of the human brain and mind. Perhaps this realization can inform our mission to
develop a standard model that identifies and
clarifies what we as researchers, educators,
engineers and practitioners mean by the term
Artificial Intelligence. Figure 2 shows a Venn
diagram of the various disciplines that define
AI.
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Benefits of a Standard Model for AI
Is it possible that there is a single standard
model that describes the intersection shown
in Figure 2? If we had such a standard model
would that make it easier to inform and educate the public with respect to AI? Would a
standard model of AI make the recruitment of
students and future researchers more straight
forward? Would that standard model support
the notion of a single AI Cosmology? Could
such a model really capture George Boole’s
intention to codify the Laws of Thought, or realize Leibniz’s dream of reducing human reason to logical calculation? How far back in
time do the epochs of imbuing machines with
the operations of the brain/mind extend? Is
there a physics of knowledge that underlies a
single standard model for AI? Stay tuned!

References
Aspray, W. (1990). Computing Before Computers. Iowa State University Press.
Babbage, C., Babbage, H.P. ed. (1889).
Babbage’s Calculating Engines. A Collection
Papers Relating To Them; Their History, and
Construction. London. E. and F.N.
Babbage, C. (1832). On the Economy of
Machinery and Manufactures. Cambridge,
Cambridge University Press.
Gardner, M. (1958). Logic Machines and
Diagrams. New York. McGraw Hill Book Co.
Green, C.D. (2005).
History of Psychology:
Was Babbage’s Analytical Engine
Intended To Be A Mechanical Model Of The
Mind? Educational Publishing Foundation.
Vol. 8, No. 1, p. 35D 45.
Jevons, W.S.(1869).
The Substitution of
Similars, The True Principle of Reasoning
Derived From a Modification of Aristotle’s
Dictum. Macmillan.

Figure 2: Venn Diagram of the Disciplines that define AI.

Sieg, W. (2008). Handbook of the Philosophy
of Science. Philosophy of Mathematics: On
Computability. North Holland p. 535.
Wiener, P.P. ed.(1951). Leibniz Selections. C.
Scribner’s Sons.
23

AI MATTERS, VOLUME 5, ISSUE 1

5(1) 2019

Cameron Hughes is a
computer and robot programmer. He is a Software Epistemologist at
Ctest Laboratories where
he is currently working on
A.I.M. (Alternative Intelligence for Machines) and
A.I.R (Alternative Intelligence for Robots) technologies.
Cameron is
the lead AI Engineer for
the Knowledge Group at
Advanced Software Construction Inc. He is a member of the advisory
board for the NREF (National Robotics Education Foundation) and the Oak Hill Robotics
Makerspace. He is the project leader of the
technical team for the NEOACM CSI/CLUE
Robotics Challenge and regularly organizes
and directs robot programming workshops for
varying robot platforms. Cameron Hughes
is the co-author of many books and blogs
on software development and Artificial Intelligence.
Tracey Hughes is a software and epistemic visualization engineer at Ctest
Laboratories.
She is
the lead designer for the
MIND, TAMI, and NOFAQS projects that utilize epistemic visualization.
Tracey is also a
member of the advisory
board for the NREF (National Robotics Education
Foundation) and the Oak
Hill Robotics Makerspace.
She is the lead researcher of the technical
team for the NEOACM CSI/CLUE Robotics
Challenge. Tracey Hughes is the co-author
with Cameron Hughes of many books on software development and Artificial Intelligence.

24

