LOGIC MACHINES

Because logic underlies all deductive reasoning, one
might say that all computers are logic machines. In a
wider sense, any mechanical device is a logic machine (for
example, an eggbeater spins clockwise “if and only if” its
crank turns clockwise). Generally, however, the term is
restricted to machines designed primarily or exclusively
for solving problems in formal logic. Although a digital
computer, or even a punch-card data-processing
machine, can be programmed to handle many types of
logic, it is not considered a logic machine in the strict
sense.

The rotating circles of Ramén Lull, thirteenth-
century Spanish mystic, cannot be called logic machines
even though they were used as reasoning aids. The first
true logic machine was a small device called a “demon-
strator,” invented by Charles Stanhope, third Earl Stan-
hope, an eighteenth-century English statesman. By
sliding two panels (one of gray wood, the other of trans-
parent red glass) behind a rectangular opening, he could
test the validity of traditional syllogisms, as well as syllo-
gisms with such quantified terms as “Most of a” and “8 of
10 of a.” Stanhope also used his device for solving ele-
mentary problems in what he called the logic of proba-
bility.

JEVONS'S MACHINE

The first logic machine capable of solving a complicated
problem faster than a human could solve it without the
aid of a machine was the “logical piano” invented by the
nineteenth-century economist and logician William
Stanley Jevons. The machine was built for him by a clock-
maker at Salford in 1869 and first demonstrated by Jevons
in 1870 at a meeting of the Royal Society of London. The
device (now owned by the Oxford Museum of the His-
tory of Science) resembles a miniature upright piano,
about three feet high, with a keyboard of 21 keys. On the
face of the piano are openings through which one can see
the 16 possible combinations of 4 terms and their nega-
tives. A statement in logic is fed to the machine by press-
ing keys according to certain rules. Internal levers and
pulleys eliminate from the machine’s face all combina-
tions of terms inconsistent with the statement. When all
desired statements have thus been fed to the machine the
face is inspected to determine what term combinations, if
any, are consistent with the statements.

Jevons believed that this machine, designed to handle
Boolean algebra, provided a convincing demonstration of
the superiority of George Boole’s logic over the tradi-
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tional logic of Aristotle and the Schoolmen. John Venn’s
system of diagramming follows essentially the same pro-
cedure as Jevons’s machine. In both cases the procedure
gives what are today called the valid lines of a truth table
for the combined statements under consideration. Nei-
ther the Venn diagrams nor Jevons’s machine is capable of
reducing these lines to a more compact form. This criti-
cism of the machine was stressed by the English philoso-
pher E H. Bradley in his Principles of Logic (1883).

OTHER MECHANICAL DEVICES

Jevons’s logical piano was greatly simplified by Allan
Marquand, who built his first model in 1881, when he
was teaching logic at Princeton University. Like Jevons’s,
Marquand’s machine is limited to 4 terms, but the 16 pos-
sible combinations are exhibited on its face by 16 point-
ers, each with a valid and an invalid position, arranged in
a pattern that corresponds to Marquand’s chart for 4
terms (see the entry “Logic Diagrams,” Figure 5). The
number of keys is reduced to 10, and the device is about
a third the height of Jevons’s machine. Both Marquand
and Jevons interpreted Boolean algebra primarily in class
terms, but their machines operate just as efficiently with
the propositional calculus.

A third machine of the Jevons type was invented in
1910 by Charles P. R. Macaulay, an Englishman living in
Chicago. It is a compact, ingenious boxlike device with
interior rods operated by tilting the box a certain way
while pins on the side are pressed to put statements into
the machine. Consistent combinations of four terms and
their negatives appear in windows on top of the box.

A curious contrivance for evaluating the 256 combi-
nations of syllogistic premises and conclusions was con-
structed in 1903 by Annibale Pastore, a philosopher at the
University of Genoa. It consists of three wheels, repre-
senting a syllogism’s three terms, joined to one another by
an arrangement of endless belts appropriate to the syllo-
gism being tested. If the syllogism is valid, all three wheels
turn when one is cranked.

GRID CARDS

Logic grid cards are cards that can be superposed so that
valid deductions from logical premises are seen through
openings on the cards. A set of syllogism grid cards
invented by the Englishman Henry Cunynghame, a con-
temporary of Jevons, was depicted by Jevons in Chapter
11 of Studies in Deductive Logic (London, 1884). A differ-
ently designed set is shown in Martin Gardner’s “Logic
Machines” (in Scientific American 186 [March 1952]:

68-73). A more elaborate set, indicating the nature of the
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fallacy when a syllogism is invalid, can be found in Gard-
ner’s Logic Machines and Diagrams (New York, 1958) and
Richard Lampkin’s Testing for Truth (Buffalo, NY, 1962).
Triangular-shaped grid cards, for binary relations in the
propositional calculus, are described in Gardner’s book
and in H. M. Cundy and A. P. Rollett’s Mathematical
Models (2nd ed., Oxford, 1961; see pp. 256—258). Gardner
described a simple way to make punch cards that can be
sorted in such a manner as to solve logic problems in
“Mathematical Games” (in Scientific American 203
[December 1960]: 160-168).

ELECTRICAL MACHINES

Marquand sketched an electrical circuit by which his
machine could be operated, but the electrical version was
probably never built. Benjamin Burack, a psychologist at
Roosevelt College, Chicago, was the first actually to con-
struct an electrical logic machine, in 1936. His device
tested all syllogisms, including hypothetical and disjunc-
tive forms. Since then many different kinds of electrical
syllogism machines have been constructed.

In 1910, in a review in a Russian journal, Paul Ehren-
fest pointed out that because a wire either carries a cur-
rent or does not, it would be possible to translate certain
types of switching circuits into Boolean algebra. Work
along such lines was done by the Russian physicist V. 1.
Sestakov in 1934-1935, but his results were not published
until 1941. Similar views were set forth independently in
1936, in a Japanese journal, by Akira Nakasima and
Masao Hanzawa. It was the mathematician Claude E.
Shannon, however, who impressed the engineering world
with the importance of this isomorphism by his inde-
pendent work, first published in 1938.

Shannon’s paper inspired William Burkhart and
Theodore A. Kalin, then undergraduates at Harvard Uni-
versity, to design the world’s first electrical machine for
evaluating statements in the propositional calculus. The
Kalin-Burkhart machine was built in 1947. Statements
with as many as twelve terms are fed into it by setting
switches. The machine scans a truth table for the com-
bined statements, and a set of twelve small bulbs indicates
the combination of true and false terms for each truth-
table row as it is scanned. If the combination is consistent
with the statements, this is indicated by another bulb. The
machine is thus an electrical version of Jevons’s device
but handles more complex statements and presents valid
truth-table rows in serial time sequence rather than
simultaneously.

A three-term electrical machine was built in England
in 1949 without knowledge of the Kalin-Burkhart

machine. Advances in switching components made
possible more sophisticated logic machines in the United
States and elsewhere during the early 1950s. Of special
interest is a ten-term machine built at the Burroughs
Research Center in Paoli, Pennsylvania, using the
parenthesis-free notation of Jan Lukasiewicz.

DIGITAL COMPUTERS

While the special machines were being developed it
became apparent that statements in Boolean algebra
could easily be translated into a binary notation and ana-
lyzed on any general-purpose digital computer. As digital
computers became more available, as well as faster and
more flexible, interest in the design of special-purpose
logic machines waned. Since 1955 almost all machine-
aided investigations in logic have been conducted with
digital computers. In 1960, Hao Wang described how he
used an IBM 704 computer to test the first 220 theorems
of the propositional calculus in Principia Mathematica.
The machine’s total running time was under three min-
utes.

The similarity between switching circuits and the
nets of nerve cells in the brain suggests that the brain may
think by a process that could be duplicated by computers.
Much work is being done in programming computers to
search for proofs of logic theorems in a manner similar to
the heuristic reasoning of a logician—that is, by an
uncertain strategy compounded of trial and error, logical
reasoning, analogies with remembered experience, and
sheer luck. The work is closely related to all types of
learning machines. Such work may prove useful in
exploring logics for which there is no decision proce-
dure—or no known decision procedure—but no special
machines have yet been built for such a purpose. Work is
also under way on the more difficult problem of design-
ing a machine, or programming a digital computer, to
find new, nontrivial, and interesting theorems in a given
logic.

Attempts have been made to design machines capa-
ble of reducing a statement in Boolean algebra to simpler
form. A primitive minimizing machine was constructed
by Daniel Bobrow, a New York City high school student,
in 1952. At about the same time, Shannon and Edward E.
Moore built a relay circuit analyzer that makes a system-
atic attempt to simplify circuits, a problem closely related
to the logic minimizing problem.

No special machines are known to have been con-
structed for handling many-valued logics, but many
papers have been published explaining how such
machines could be built, as well as how digital computers
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could be programmed to handle such logics. Kurt Godel’s
undecidability proof has ruled out the possibility of an
ultimate logic machine capable of following a systematic
procedure for testing any theorem in any possible logic,
but whether the human brain is capable of doing any
kind of creative work that a machine cannot successfully
imitate is still an open, much debated question.

See also Aristotle; Boole, George; Bradley, Francis Her-
bert; Computing Machines; Godel, Kurt; Godel’s
Incompleteness Theorems; Jevons, William Stanley;
Logic, History of; Lukasiewicz, Jan; Lull, Ramén;
Machine Intelligence; Venn, John.
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LOGOS

The Greek term logos is multiply ambiguous. The
unabridged Greek dictionary gives five and a half long
columns of definitions and examples. Logos is a noun cor-
responding to the verb legein (say), signifying, among
other things, speech, statement, sentence, account, defini-
tion, formula, calculation, ratio, explanation, reasoning,
and faculty of reason. Early studies of the term tended to
talk about a concept of logos, as if there were some single
concept or theory associated with it. In fact, the term was
employed in different ways by different thinkers. Yet,
there is a kind of interplay in concepts associated with the
term that makes a single study worthwhile.

Scholars sometimes speak of a change from mythos
to logos; roughly, a transition in expression from story-
telling in myths, usually expressed in poetry, to scientific,
philosophical, or historical accounts, usually expressed in
prose. Philosophers of the sixth century BCE were among
the first Western writers to compose treatises in prose.
The new medium of expression permitted a more ana-
lytic and detached view of things, and it embodied a rev-
olution in thinking about the world. Although logos
(plural: logoi) could signify a story, increasingly logoi were
taken to be scientific accounts in contrast to mythoi “sto-
ries” and epea “verses” (see Plato Timaeus 26e). But for
the sophists, a mythos can be used to express a logos (Plato
Protagoras 320c)—but only insofar as logos is seen as a
more basic kind of explanation.

THE PRESOCRATICS

Logos soon came to signify something of the content of
rational discourse as well as the medium, and it is this
sense, or set of senses, that this entry will focus on. Hera-
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