FLEMENTS OF KNOWLEDGE

Philodemus was written under Peirce’s supervision and was the o
doctoral dissertation ever completed under Peirce’s direction. Smudies
in Logic by Members of the Johns Hopkins University, which appeared in '
1883 under Peirce’s editorship, included the imroduction to Mar-
quand’s dissertation, entitled “The Logic of the Epicurcans,” as the
first part. In 1881 Marquand joined the faculty at Princeton as Tutor
in Latin and lecturer in Logic. In 1883, probably as a result of a dis-
pute with the university president, Marquand changed his position at
Princeton by becoming professor of art and aschacology, a position he
held until his deach.

While suill a student ar Hopking, Marquand had been directed, by
Peirce, to the task of developing an improved version of William Stan- Y

ley Jevons's mechanical instrument for performing syllogistic reason-
ing, his “Logical Piano,” so calted because, to use an analogy with
modern computers, its “keyboard” resembled a section of a piane key-
board. Marquand contributed heavily to the first issue of Studies in
Logic, including an essay entitled “A Machine for Producing Syllogis-
tic Variations” and the following "Note on an EightTerm Logical Ma-
chine.” From these contributions it is clear that Marquand bad already
devised three types of aids for logical computation. The first such de-
vice consisted of logical diagrams or graphs; the second was a me-
chanically crank-operated realization of these diagrams; and the third
_improved the Jevons machine, providing operation by depression of
keys. Peirce was completely familiar with these developments and cer-
tainly had the upgraded Jevons device in mind when writing the “log-
ical machine” entry for Whitney's Dictionary and Cyclopedia. :
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n 1882 Marquand constructed from an ordinary hotel anny inciator another

machine in which all the combinations are visible at the outset, and the ine
consisters combinations are conceaied § ‘
pressed upon the keys. He also had designg made by means of which the
Ouid be accomplished by means of eler
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Did Peirce have, in addition to his thorough acquaincance with the

improved Logical Piano, .i;ns:z:w}c;i?;c of such de
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Marquand’s “maost perfect”
Marquand published on the subject of his advancement of the Log-

wal Piano in the 7 roceedings of the Americasn Academy of Arts and Sei.

ences for 1885 1885, nam

ing the essay “A' New Logical Machine,” He
had presented this paper before the /

VAAS on 11 November 1885, ap-
parentdy being disappointed with its reception. In a letter dated 30
December 1886, Peirce cncouraged Marquand’s will to learn and
urged him to continue improving his logic machine. In his leteer,
Peirce suggested the inroduction of a new component in the desigr
of logic machines, a component thar would quickly lead to a design,

s reported by Baldwin, involving clectromagnets. The compomati
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Let A, B, C be three keys or other points where the circuit may be open or
closed. As in Fig. 1. there 1s a circuit only of aff are closed; in Fig, 2 there is &
circuit if any one 15 closed. This i like multiplication & addition in logic.
{Peirce 1886, us
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These diagrams of series and parallel electrical circuits make possible
and indeed illustrate the inevitability of properly performed logical
multiplication and addition: the conjunction “A + B"; the disjunction
“A v B” (see diagram 4.1). Either or both relations may represent for
us propositions, beliets, and knowledge items, and either or both rela-
uons may clearly be instantiated in electrical circuitry and computing
machines, as in Shannon’s analogs of fifty vears later (see Shannon
1938). So, clearly, some parts of our knowledge that are deductive in
character can be instantiated in machines. But this is quite different
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around 1970 by Professor Preston Turtle. In addition to this unique
letter there is another, even more fascinating piece of evidence on the
subject of Peirce, Marquand. and logic machines in the Marquand Pa-
pers at Princeton. This is a design of the type using electromagners
that, according to Baldwin, Marquand “had made.” This electromag-
netic design was first noticed ar Princeton by Professor Alonzo
Church, abour 1950. Historical evidence surrounding this diagram
indicates that it was drawn up about 1887 and that its author was.
Peirce (sce diagram 4.7).

This diagram represents a proposed electromechanical machine
that performs, by purely algorithmic means, deductions in the logical
relation of classes involving up to four terms. Tt exhibits four basic
types of companents: electromagnets, circuit keys for the introduction
of premises, an opetations switch, and a power supply consisting of
two batteries. Consistent with Baldwin's remarks and with the in-
structions ftor operation found on the original drawing, we would
begin logical operations with this machine with “all the {logical] com-
binations [being] visible” (Baldwin 1902/11: 29). These logical com-
binations, each four letters in length, would be matched to the elec-
tromagnets according to the grid of exhaustive possibilities implicit in
the lettering on the diagram, where uppercase and lowercase letters
represent the cruth and falsity, respectively, of each of the four terms.
The “visible combinations,” to begin, would look like this.

Diagram 4.7

ABCD AbCD aBCD abCD
_ ABCd AbCd aBCd abCd
ABcD  AbcD  aBcD  abeD
aBed  abed
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(Papers of Allan Marquasd, Mamsenpt Division, Department of Rare Books
and Special Collections. Courtesy Princeton University Libraries)



entries would rely on the same principles;

Let us now suppose that we wish to work a four-term
deduction of the type initiated carlier with the premise “All pi
are keyboardists.” Here. however, we will use the

four terms A, B, ek

three premises are,

Diagram 4.9

Qur aim is to discern what logical relation may obtain between classes
fepresented by the terms A and D). These premises are entered in dis-
crete steps, with each term or variable handled in turn. After all three
premises have been entered and the artendant
combinations, which in this case means
at least one lowercase letter.

inconsistent logical
any combination containing
concealed, the result of our mechanized
working of a four-term categorical deduction is the valid conclusion
‘AllAisD.”

We see that by observing the conventions for entry
thus setting into action the matrix of the
is completely, preciscly, and repearably
mic means. The elements with which

of premises and
proposed machine, the result
determined by finice, algorith-

this deductive activity began
were, of course, our premises for a four-term categorical deduction.
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tions is termed an algorithm. And again, some parts of our kn
may indeed be instantiated in machines driven by algorithms, bu this
does not soundly argue thar a/f our knowledge may be reduced to al-
gorithms. The machine driven by an algorithm is limited in ways that
the active mind is not. Now the active mind may. of course, make mis-
takes that the computer would not, but the active mind's limits to
truth or error will not be set by an algorithm, as they explicitly are in
computing machines.

The fact that deductive logic is thus machine computable by algo-
rithmic means illustrates yet again that this adjunct method of ac-
quiring and developing human knowledge involves miateers indepen-
dent of our subjective views. Deductive validity is an obective state of
things. It is seal and, as Peirce put it, “thercfore independent of the va-
garies of me and you” (CP 5.311). In this same objective sense, both
the formal and informal fallacies we shall see in chaprer 5 are impor-
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