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Reprints from The Early Days of Information
Sciences

Historical studies about a scientific discipline are a sign of its maturity.
When properly understood and carried out, this kind of study is more than
an enumeration of facts or giving credit to particular important researchers.
It is more a way of discovering and tracing the ways of thinking that have led
to important discoveries. In this respect, it is interesting and also important
to recall publications where some important concepts, theories, methods,
and algorithms were introduced for the first time.

In every branch of science there are some important results published in
national or local journals or other publications that have not been widely
distributed for different reasons, due to which they often remain unknown to
the research community and therefore are rarely referenced. Sometimes the
importance of such discoveries is overlooked or underestimated even by the
inventors themselves. Such inventions are often re-discovered much later,
but their initial sources may remain almost forgotten, and mostly remain
sporadically recalled and mentioned within quite limited circles of experts.
This is especially often the case with publications in languages other than
the English language which is presently the most commonly used language
in the scientific world.

This series of publications is aimed at reprinting and, when appropriate,
also translating some less known or almost forgotten, but important publi-
cations, where some concepts, methods or algorithms were discussed for the
first time or introduced independently of other related works.

Another aim of the Reprints is to collect and present in the same place
the publications on certain particular subjects of important scholars whose
scientific work is signified by contributions to different areas of science.

R.S. Stankowvié, J.T. Astola
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The Remarks of Paul Ehrenfest on Algebra of Logic

Abstract

The present issue of the Reprints from the Early Days of Infor-
mation Sciences discusses the remarks of Paul Ehrenfest on the appli-
cations of the Algebra of Logic in the design of logic networks. The
remarks were made in a review of the Russian edition of the book The
Algebra of Logic by Louis Couturat that was published in 1910. This
issue contains reprints of the review by Ehrenfest and presents a trans-
lation of the review from Russian into English. We believe that this
is the first translation of the complete text of this review into English
and its first reprint. The remarks by Ehrenfest were mentioned in the
reviews of several other publications in the field of logic design. These
reviews are also reprinted.



Notice
This book contains several reprints of pages from articles or reviews of ar-
ticles and books where the remarks of Paul Ehrenfest about applicability
of algebra of logic in the design of logic networks were mentioned. These
articles and reviews were written by eminent scholars in this field and con-
firm their knowledge of this work. We did not want to rephrase or rewrite
their original statements, since we believe that the way they were presented
originally has a particular value for the reader.

We kindly ask for these reprints not to be considered simply as graphic
illustrations from previous publications, but to be read as part of the pre-
sentation in this book.
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1 Remarks on the Origins of Switching Theory

Logic networks and many sophisticated techniques for designing them an-
tedate digital computers by many years. The initial applications were in
the design of telephone central office equipment. The key concept, which
transformed the design process from an art or skills based on the experience
of the designers into a science, was the idea of describing both the functions
performed and the circuits themselves in terms of Boolean algebra. This
observation and related subsequent derivations led to Switching theory as
the mathematic foundations for the design of logic networks.

As is is usually the case in engineering and science, a new area or a sub-
discipline starts developing by solving first some particular task, with the
solution derived based on previous experiences and skills of individuals. If
the task is important and the solution efficient and useful, whatever criteria
of efficiency and usefulness are, demands for repeated solutions of the same
or similar tasks soon arise. Then attempts towards the automatization of the
related method or the procedure are naturally made. This necessary requires
a formal description of both the problem and the method used to solve it,
which requires introduction of certain notions and definitions and leads to
the establishing of basic theoretical foundations. Improving performances of
solutions and increasing complexity of systems where the task is enrolled, are
next to be considered. When the complexity of the system and, therefore,
the task, reaches certain level after which it becomes unsolvable by hand and
it is hard to produce a solution based just on the experience and skills from
practice, some underlying theory is required. Depending on the importance
of the problem, formulating such a theory is considered by many scholars in
different parts of the world. They are working at about the same time or
even simultaneously, however, independently and without knowledge of the
work of others. Clearly, researchers might become aware of the related work
of others after publication of some results and achievements. After that,
authors start referring to the related works of others, as well as try to put
their results in a wider context and establish links to the existing related
theories.

The development of Switching theory is a typical example of such a
scenario of scientific development. In late nineteen thirties, contact and
relay networks were widely used in various telecommunication and control
systems. The design of these networks was a challenging task requiring
a lot of engineering experience and skills. Many researchers had searched
for an underlying theory that will enable automatization of the design of

11



such networks, their simplification, and optimization with respect to various
criteria. These research efforts lead to establishing Switching theory as
mathematical foundations for Logic design involving Boolean algebra as its
central part.

Claude Elwood Shannon presented the idea of using Boolean algebra
as a kernel of Switching Theory in his Master Thesis defended in 1938 at
the Massachusetts Institute of Technology (Fig. 1). In the Thesis, Shannon
provided the following references (in the original formulation as in the thesis)

1. 7 A complete bibliography of the literature of symbolic logic”, in Jour-
nal of Symbolic Logic, Vol. 1, No. 4, December 1936.

2. Louis Couturat, The Algebra of Logic, The Open Court Publishing Co.

3. A.N. Whitehead, Universal Algebra, Cambridge at the University Press,
Vol. I, Book II, Chapters I and II, 35-82.

4. E.V. Huntington, Transactions of the American Mathematical Society,
Vol. 35, 1933, 274-304.

5. George Boole, Finite Differences, G.E. Strechert & Co., Chap. X.

6. L.E. Dickson, History of the Theory of Numbers, Vol. 1, Carnegie
Institution of Washington, Chap. XIII.

This thesis is estimated by some scholars as the most frequently refer-
enced master thesis of the 20th century. The main contributions were pub-
lished in two related papers by C.E. Shannon [26], [27], see Fig. 2, Fig. 3,
and Fig. 4. In these publications, Shannon used logic expressions in Boolean
algebra to describe and simplify logic networks. Further publications by
Shannon in these areas include [23], [24], [28].

In [27], there are 11 references including [23], [26], the book by L.Coutura
(item 2 above), and the following references presented here again in the same
formulation as in the original paper by Shannon

1. A. Nakashima, Various papers in Nippon FElectrical Communication
Engineering, April, Sept., Nov., Dec., 1938.

2. H. Piesch, Papers in Archiv. fur FElectrotechnik, xxxiii, page 692 and
page 733, 1939.

12
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Figure 1: The first page of the MSc. thesis by C.E. Shannon in 1938.

13




A Symbolic Analysis of Relay
and Switching Circuits’

Claude E. Shannon®*

I. Introduction

In the control and protective circuits of complex electrical systems it is frequently necessary
to make intricate interconnections of relay contacts and swilches. Examples of these circuits
occur in automatic telephone exchanges, industrial motor-control equipment, and in almost any
circuits designed to perform complex operations automatically. In this paper a mathematical
analysis of certain of the properties of such networks will be made. Particular attention will be
given to the problem of network synthesis. Given certain characteristics, it is required to find a
circuit incorporating these characteristics. The solution of this type of problem is not unigue
and methods of finding those particular circuits requiring the least number of relay contacts and
switch blades will be studied. Methods will also be described for finding any number of
circuits equivalent to a given circuit in all operating characteristics. It will be shown that
several of the well-known theorems on impedance networks have roughly analogous theorems
in relay circuits. Notable among these are the delta-wye and star-mesh transformations. and the
duality theorem.

The method of attack on these problems may be described briefly as follows: any circuit is
represented by a set of equations, the terms of the equations corresponding to the various relays
and switches in the circuit. A calculus is developed for ipulating these equations by simple
mathematical processes, most of which are similar to ordinary algebraic algorisms. This
calculus is shown to be exactly analogous to the calculus of propositions used in the symbolic
study of logic. For the synthesis problem the desired characteristics are first written as a system
of equations, and the equations are then manipulated into the form representing the simplest
circuit. The circuit may then be immediately drawn from the equations. By this method it is
always possible to find the simplest circuit containing only series and parallel connections, and
in some cases the simplest circuil containing any type of connection.

Our notation is taken chiefly from symbolic logic. Of the many systems in common use we
have chosen the one which seems simplest and most suggestive for our interpretation. Some of
our phraseology, such as node, mesh, delta, wye, etc., is borrowed from ordinary network
theory for simple concepts in switching circuits.

Transactions American Institute of Electrical Engineers, vol. 57, 1938, (Paper number 38-80, recommended by the
AIEE i on ¢ ication and basic sciences and presented at the AIEE summer convention,
Washington, D.C., June 20-24, 1938. Manuscript submitted March 1, 1938; made available for preprinting May 27,
1938.)

™ Claude E. Sh isa h assi in the dep of electrical engineering at M h Institute of
Technology, Cambridge. This paper is an abstract of a thesis presented at MIT for the degree of master of science.
The author is indebted to Doctor F. L. Hitcheock, Doctor Vannevar Bush, and Doctor S, H. Caldwell, all of MIT,

for helpful encouragement and criticism.

471

Figure 2: The first page of the paper by Shannon [26].
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Figure 3: The cover page of the Bell System J. where the paper [27] is pub-
lished.
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The Synthesis of Two-Terminal Switching Circuits
By CLAUDE. E. SHANNON
PART I: GENERAL THEORY

1. INTRODUCTION

HE theory of switching circuits may be divided into two major divi-

sions, analysis and synthesis. The problem of analysis, determining
the manner of operation of a given switching circuit, is comparatively
simple. The inverse problem of finding a circuit satisfying certain given
operating conditions, and in particular the best circuit is, in general, more
difficult and more important from the practical standpoint. A basic part
of the general synthesis problem is the design of a two-terminal network
with given operating characteristics, and we shall consider some aspects of
this problem.

Switching circuits can be studied by means of Boolean Algebra.'* This
is a branch of mathematics that was first investigated by George Boole in
connection with the study of logic, and has since been applied in various
other fields, such as an axiomatic formulation of Biology,* the study of neural '
networks in the nervous system,* the analysis of insurance policies,® prob-
ability and set theory, etc.

Perhaps the simplest interpretation of Boolean Algebra and the one
closest to the application to switching circuits is in terms of propositions.
A letter X, say, in the algebra corresponds to a logical proposition. The
sum of two letters X + 1 represents the proposition “X or ¥’ and the
product X1" represents the proposition “X and ¥”.  The symbol X" is used
to represent the negation of proposition X, i.e. the proposition “not X".
The constants 1 and 0 represent truth and falsity respectively. Thus
X+ ¥ = 1 means X or V' is true, while X 4+ VZ’ = 0 means X or (}" and
the contradiction of Z) is false.

The interpretation of Boolean Algebra in terms of switching circuits® .
is very similar. The symbol X in the algebra is interpreted to mean a make
(front) contact on a relay or switch. The negation of X, written X',
represents a break (back) contact on the relay or switch. The constants 0
and 1 represent closed and open circuits respectively and the combining
operations of addition and multiplication correspond to series and parallel
connections of the switching elements involved. These conventions are
shown in Fig. 1. With this identification it is possible to write an algebraic

59

Figure 4: The first page of the paper by Shannon [27].
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3. G.A. Mongomerie, ”Sketch for an algebra of relay and contactor cir-
cuits”, J. I. of E.E., Vol. 9, Part 3, No. 36, July 1948, page 33.

In Japan, the same problem was studied by Akira Nakashima who pub-
lished in 1935 his research results in [14], [15], [16] (Fig. 5, Fig. 6). Nakashima
had an approach opposite to that used by Shannon, he analyzed a large num-
ber of different relay networks and devised an underlying theory. With the
help of his associate, Masao Hanzawa, Nakashima formulated a theory that
can be viewed as a kernel of Switching Theory. In the first seven condensed
English translations of his papers, Nakashima does not provide references,
except the second paper [18] where there is a reference to his first paper [14].
In 1941, Nakashima and Hanzawa [19], realized the relationship and strong
coincidence of their theory with the work of G.J. Boole and E. Schroder and
put references to their work [4], [25]

1. G. Boole, An Investigation of the Laws of Thought, London, 1854.

2. E. Schroder, Vorlesunden uber die Algebra of Logic, Band 1, 1890.

In [21], there is the reference to the work of B.A. Bernstein as follows

B.A. Bernstein, ”Postulate for Boolean algebra involving the operation of
complete disjunction”, Annals of Mathematics, April 1936.

The following paper in Japanese,

Nakashima, A., ”Theory of relay circuit”, Journal of the Institute of Elec-
trical Communication Engineers of Japan, No. 220, March 1941, 9-12.

for which there is no English translation, is a short tutorial in which Nakashima
presented basic postulates and theorems in the Boolean algebra (Fig. 7).
The first reference in this paper is in Japanese, and other three are

1. Boole, G., An Investigation of the Laws of Thought, London, 1854.
2. Schroder, E., Vorlesungen iber die Algebra der Logik, 1890.

3. Couturat, L., The Algebra of Logic, 1914.
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(29) The Theory of Relay Circuit Composition 197

THE THEORY OF RELAY CIRCUIT COMPOSITION

Akira Nakashima, Member
(Nippon Electric Co., Led. Tokyo)

CONTENT.

1. General Essence of Relay Circuit.
II. On Action Element.
1I. On Contact Points.
IV. Considerations Regarding Simple
Partial Path.
V. Considerations Regarding Complex
Partial Path.
VI. Considerations Regarding
Transmitting Path.
VII. Time Action Forms of Relay and
Their Objects.
VIII. Some of Fundamental Types of Relay
Circuit.
I¥. Conclusion.

Energy

SYNOPSIS.

This is a general discussion of and a
systematic consideration on the composition
of so—called relay circuit system, which has
made surprising advancement in recent time
in connection with automatic telephone
exchange, remote control systems, etc.

It shows the fundamental idea and
characteristics of the relay circuit, some of
the interesting properties and theorems
regarding the dynamic geometrical characrer,
analytical treatments of simple cases, forms
of relays, and then some of the fundamental
systems of relay circuit composition.

It is noted that transient phenomena
which arise inevitably in the relay circuit are
not, however, included in this discussion.

L. GENERAL ESSENCE OF RELAY
CIRCUIT.

I.1. Fund | idea and d
The relay eireuits now in wse are many

in  kinds and complex in variatioa,

However, under general survey, the
following definitions may briefly be given:

Relay Cirenit is a method in which it

J.L.T. T. E. of Japan, No. 150, Seprember
1935,

becomes a mediator between some  given
phenomena and the corresponding  desired
phenomena, and by the use of relays as its
composite elements, the occurrence of the
former realizes the latter,

Next, taking these relays as its comp-
osite element in broad sense:

The relays may be defined as an element
that determines, by presence or absence of its
recciving energy, whether another energy
is transmitted or not, In regard to energy
the former is called controlling and the

latter controlled energy. They are, however,

termed merely with respect to one certain
relay; and one energy may become some-
timwes the former and other times the latter,
Thus, from this definition we find that the
relay consists, in one part, of receiving
controlling energy to determine its action,
and in another part, of controlling directly
the transmission of controlled energy, The
former may be called acting clement and
_________ Contact point
may be said as a composite element of
transmitting path of controlled energy,
which is controlled at its point. It is also
made of a number of contact clements
that have definite meaning in regard to
mechanical contact point.
Accordingly, in the relay circuit, the

encrgy transmitting path is made in general

of energy source, acting clements, contact
points, and of path element which is a
part of the path that connects all of these,
The path clement eontaining no impedance

against eontrolled energy is called simple

Figure 6: The first page of the English version of the paper [14].
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The paper
Nakashima, A., ”Theory of relay circuit”, Journal of the Institute of Elec-
trical Communication Engineers of Japan, No. 220, July 1941, 397-406,

is the speech delivered by Akira Nakashima at the general assembly of the
IECEJ on 26th April 1941. It covers his major research results. At the third
page of this paper, there is a table with basic postulates and theorems in the
Boolean algebra. Besides references as in the above paper, Nakashima has
mentioned the Journal of Symbolic Logic, 1936, and the book by Couturat
(Fig. 8).

For more details on the work of Nakashima and a list of publications,
see [32], [34], [35].

In The Soviet Union, early research on this subject was also done in the
late thirties, resulting in a PhD thesis in the physic-mathematical sciences
by Viktor Ivanovi¢ Sestakov, defended on September 28, 1938, at the State
University Lomonosov, Moscow, Soviet Union [29]. In the thesis, Sestakov
referred to the work on logic by Glivenko [9], and Zegalkin and Sludskaja
[42]. The major part of the thesis of Sestakov was published in [30], [31]
(Fig. 9). For discussions on the work by Sestakov, see [2], [3], [7], [11].

For historical accuracy, it should be noticed that the first remark on the
applicability of the algebra of logic, whose central part is Boolean algebra,
in logic network design, is due to the physicist Paul Ehrenfest as early as
1910. These remarks are presented in a review of the book Algebra of Logic
by Louis Couturat (Table 1). The review was published in Zurnal Russk-
ago Fiziko-hemiceskago Obséestva, Fiziceskij otdel (Journal of the Russian
Physical-Chemistry Society), Part for Physics, Vol. 42, 1910, Second part,
382-387 [8].

The first report of this review by Ehrenfest in the western literature is
ascribed to G.L. Kline [12] who pointed it out in 1951 in the review of a
paper by S.A. Anovskaja [1].

Related remarks on the work of Ehrenfest were reported in an article by
G.N. Povarov that was mentioned in 1959 in a review by Comey and Kline
of a paper by Zinoviev [6]. Also, in a review by A. Church of a paper by
T.A. Kalin [5], the same fact is pointed out with a statement that the author
of the review had not seen the paper by Ehrenfest and had been informed
about it by G.L. Kline.

In 1966, in [11], the following was stated

A 1910 book review by P. Ehrenfest [8] is sometimes mentioned as the
first recognition that the algebra of logic might be used as an analytical tool
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Figure 8: The page 10 of the paper by Nakashima in July 1941.




1841 ABTOMATHEA M TEAEMEXAHHEA N2

AJNFEGPA NBYXNOJKCHBIX CXEM, NOCTPOEHHBLIX
HCKMOYHTENRHO U3 ABYXNOAKCHHKOB (AJIFEEPA A-CXEM)!

Hand, gus.-wam. rayx B. H. Wecrakos

B3IAHMHO-0AHO3HAMHOE COOTBETCTBHE MEMIY A-CXEMAMH H
A-BbIPAEHHAMH

A-CxeMsl

B wmacroamed patore YCTIHORACHD BSAHMHO-OAHOSHAYROE COOTRETCTRIE
HEWY A-CXEMAMH, T. €, ARYAMOMKOCHNME CTIEMAMH, NOCTPOSHHMME HCEKAMAH-
TEALRO W3 IBYXNONOCHHKOS, B A-BLIPIKEHIAMA, T. ¢, ATEOPANTCCENMN BB paNe-
HHAMH, SACHK KOTOPWX SBIAOTCA CHMBOJAMM IBYXMOAMOCANKON W CHAIINK APFT
€ APYTOM AMOb SBYMA ONEPIUNAME; CAOMCHHA H TAPMOHRWECHOTO CROMEHHI.

CTAHOBAEHKOE BIAUMAQ-OIHOSHAIAGE COOTECTCTEHE NOABOASCT HANKCATH
A-DHpAMENHE MO B3BAHKOMY HAYEPTAHEK A-cEesd ®, Haofopor, nospoaser
HANEPTHTE A-CEEMY DO BaRANH: A-prpasieuiio $ToR CXEMB W NPpORIBORHTL
BCAKQID pOJA NpecfplscBadud A-cIed (B SAcTHOCTH, W ynpomende A-cre)
incpe:umuu aaTefpanstcki  NpectpascEadmh, COOTBETCTEYOWNI CIeMaw

-ppanennh,

anes TOKAIND, ¥TO 2Are0pa BRPOMECHHUT A-CTeM, T. €. TAKHX A-CIeM,
OPUROARKOCTE KOTOPMZ pasnd 0 maw o, seasetcd aarespofi Byms Otcwoas
CAREYET, 4TO AR KOHCTPYWPOBINKA peaefunx cxew, cpataTRIBAOUIAL OT SaAaH-
HHE coverannfl OIHOBPEMEHHO HAR TOCAETORATEANIO (EDeAIBIEMELY SAEMEHTAD-
HHX CHFHAIOE, MOWeT GWTh MpHBAENeH Bech anmapar aarefpw Byas,

JlpyxnoawocHukr X, B X, NaSWBAKT ,COSAHHEHHEIMH ApYT € Apyrod*
HIH, WTO TO e, H3 ABYXOONKCHHKOB X H X; NOCTpOSHA CXeMa® WM
LABYXMOAWCHRKH Xy H X, 06pasy T CleMy*, eCaH no kpafinedt Mepe
OJIHH MOMOC OUNHOTO W3 MHX HAXOMMTCA B SJEKTPHYECKOM HOHTAKTE ¢ MOM0-
COM Opyroro Ha HHX.

TlomocH ABYXNOAKCHHKOS, MERKAY KOTOPHMH CYUICCTBYET 3ACKTPHYECKHIT
KOHTAKT, HAZWBAKT Y3JaMu CXEMH. Vaen momer ObiTh, B CBOWD ouEpe s,
NoAWCOM, T. . MOKET AONYCKAT: NPHCOCIHHEHHE K HEMY APYTHX CXeéM
JIH HCTOMHHKOB WIEKTPOABMEYIER CHAM; HO MOMET SHTL Il TaK, 410 K yaay
nanbReffliee NPHCOSIHHEHHE YiEe HE MONYCKASTCA.

padmueckn yank My Gy Aem H300DAMATD NOCPEICTBOM COBMELIEHI TOAK-
con, OOpA3YIONIHX Y3&n, NpHYeM Yyses, ABAANMAACE noAwcoM, Gymem
H3obpamaTh OYCTHM KPYRKOM. Yoe1 we, He aApaawmufica moxo-
cowm, Oyzem 060ZHAYATE HEPHHM KPY K KOM.

Jar wrancTpauny npupedenst dmr. 1, a u b Ha dur. 1, & wsobpawena
TH e CXeMd, 4TO H Ha HT. 1, 4, HO DACCMATPHBAETCH OHE YIE HE KaK
ABYXNONWCHIK, 8 Kak Tpexnomwockik. B cxeme dur. | momyckaercs nprcoean-
HeHHe NPOBGIOB He Toapko K moawocam [ i I, Ho Takme n K yaay I, apasmo-
WeMYCA MECTOM NOCACAOBATCABAOTD COEIHHEHHA ABYXNOMOCHHMKOB X H X..
He gomyckas COBMEIEHHS 000K NONIOCOB OMHOTO H TOMD ME ABYXOOIICHHKS,

1 Hacroawan palora npeactaeaget coloff kpaTeoe MaRomeénMe 4actH Kanangarewod
BHCCEPTAINE, JauneHHGE antopod 28 centabpa 1938 r 5 MockoBckoM opaena Jlemmia
rocysapcrsernon yuusepcutere u M. B, Jlonosocosa.

]

Figure 9: The first page of the paper by V.I. Sestakov in Avtomatika i
Telemekhanika, Vol. 2, No. 6, 1941, 15-24.
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for telephone switching networks. Church [5] in a 1953 book review, also
grants Ehrenfest this priority. Nakasima [17] is rarely mentioned in this
connection.

The work of Ehrenfest was also reported by H. Zamanek in 1993 in [38],
where it was stated

Paul Ehrenfest, the famous Austrian physicist and friend of Albert Ein-
stein, had postulated switching algebra as logical algebra already in 1910 - but
in Russian, in an unknown St. Petersburg journal of physics and chemistry,
and in a book review (of Couturat’s Logic). So his perfectly clear insight
remained unknown [8].

In [38] a reference to an earlier publication of Zemanek on the same
subject was given [39]. See also [36], [37], [40], [41].

References to the comments and translations of parts of the review of
Ehrenfest written by Zemanek in German are given in [13].

To the best of our knowledge, except this part of the review by Ehrenfest
that was translated into German by Heinz Zemanek [37], no translation into
English or other languages was published. With this motivation, in this
booklet, we reprint the review by Ehrenfest and provide a translation of
it into English accompanied by a brief analysis and discussion of related
references.
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Figure 10: Louis Couturat (photo taken from Wikipedia).

2 The Algebra of Logic by Louis Couturat

Table 1 shows the different editions of the book The Algebra of Logic by
Louis Couturat (Fig. 10). The Russian edition of this book motivated Paul
Ehrenfest to write a review of it, pointing out that the algebra of logic can be
used as an underlying mathematical theory for the design of logic networks
[8]. This review is reprinted and translated into English in Section 4.

The biography of Louis Couturat can be found in several publications.
We refer to the probably most detailed among them

Claro C. Dassen, ”Vida y Obra de Luis Couturat”, Anales de la Academia

National de Ciencias FExactas, Fisicas, y Natruales de Buenos Aires, Vol. 4,

1939, 73-204.
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Table 1: Editions of the book by Louis Couturat.

Couturat, L., L’algebre de la logique,
Paris 1905, Volume number 24 in
Gauthier-Villars collection Scientia,
100 pages,

2nd. edn., Paris 1914, 100 pages.

Hungarian translation A logika algebraja,
translated by Denes Konig,

Mathematikai es physikai lapok, Budapest,
Vol. 17, 1908, 109-202.

Russian translation Algebra logiki,
Mathesis, Odessa, 1909, iv+1074xii+6.
Price 90 kopejka (kopek)

English edition The Algebra of Logic,

translated by Lydia G. Robinson and Philip E. B. Jourdain,
The Open Court Publishing Company,

Chicago, 1914, xiv + 98 pages, price $1.50

Reviewed by James Byrnie in

Amer. Math. Monthly, Vol. 22, No. 3,

March 1915, 95-97.
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Figure 11: The cover of the Russian edition of the book by Louis Couturat.
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Rnre6pa mnorukH.

1. Beenenie,

Ocuosanie aare6ph aoruku noxoxuns Lkopuxs Byas
(George Bool, 1815—1864), paseuns ke u yCOBEPHIEHCTBO-
part ee Opuert 1lpéneps (Ernst Schrider 1841—1goz).
OcHOBHEE 3AKOHBI 3TOT0 HCYHCIEHIA OLIH U306 ETeHH C'h
iwhiblo JaTh BHIpaEHIE OCHOBHEIX'D HAYAN'B DAICYHIEHIN,
,3AKOHOBD MHIIUIEHIA*, HO Cb dHCTO (OpPMaiIbHOIl TOUKH
spbais, Kotopas cpoiicTeenna MateMaturkh, MokHo pas-
CMATPHBATE 9TO MHCYHCJEHIe, Kakhb aired6py, OCHOBAHHYIO
Ha H'hKOTOpHX'L NMPpOU3BOJIBHO YCTAHOBJAEHHBIX'L HaYa-
aaxw. Orebuaers au aTo ucuncaenie, —u, ecin orwbaaers,
To BB Kawxoit wmbph, — abiicreuTeabHEIMD onepauisMb
MBIILIEHIA ¥ MOKETH U OHO CAVKHTb, TAKD CKA3aTh, Ne-
PeBONOMD PA3CYHIEHIA Ml ke 3 aMbHATL ero—sTo BoO-
npoct dmrocodekiii, KoToparo M He Gynems axbce pas-
cvarpuBare, PoOpMAILHOE 3HAYEHIE ATOrO HCYNCIAEHIA
HUHTEPECh €ro Ui MaTeMaTHKA HHCKOILKO HE 3aBHCHTH
OTh HHTEpNpeTalil, Kakifd €My 1aloTcs, H 0T NPUIOKEHii
ero Kb 3agadaMtb JorHkH. Mul 6yiemMsb, BO BCSAKOMDL CHY-
dah, nanararth ero Kkakn aiaredpy, a He KaKb JOTHRY.

2. [eb wnTepnperauin nOrHYECKaro MCHMCNEHIs.

ke 1peicraBisieTcs ocoGeHHO HHTepecHoe obcTost-
TeILCTBO: ara airefpa JonyckaeTh BL camoil Jaoruxh
ABE PasuNYHEIX'B, NOYTH NapallelhHEIXs HHTEPIPETalll,
B 3ABUCHMOCTH OTH TOIO, BHIPAKATH AH GYKBLI NOHSITIA,

AJFEBPA J0MER. 1

Figure 12: The title page of the Russian edition of the book by Louis Couturat.
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Figure 13: The title page of the French edition of the book by Louis Couturat.
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Figure 14: The title page of the English edition of the book by Louis Couturat.
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MATHEMATIKAI
PHYSIKAI LAPOK

TIZENHETEDIK KOTET

A MATHEMATIKAI ES PHYSIKAI TARSULAT MEGBIZASABOL

SZERKKSITIE

KOVESLIGETHY RADO &s RADOS GUSZTAV

BUDAPEST 1908

A MAGYAR TUDOMANYOS AKADEMIA TAMOGATASAVAL KIADJA

A MATHEMATIKAT £S PHYSIKAI TARSULAT

Figure 15: The title page of the Hungarian edition of the book by Louis Coutu-
rat.
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Figure 16: Paul Ehrenfest (photo from Wikipedia).

3 Paul Ehrenfest

In the literature, the name of Paul Ehrenfest appears in different pronunci-
ation as Ehrenfest, Erenfest, and Erénfést.

Paul Ehrenfest is a world renowned physicist whose main research inter-
ests were quantum theory, relativity theory, and statistical mechanics. For
example, Ehrenfest is known for his work on the theory of phase transition
of thermodynamic systems and for the Ehrenfest theorem in quantum me-
chanics. After publishing

Paul Ehrenfest, ” Zur Planckschen Strahlungstheorie”, Physikalische Zeitschrift,
Vol. 7, 1906, 528532 reprinted in Collected Scientific Papers, M.J. Klein
(ed.), North-Holland, 1959, 120-124.

Ehrenfest got a reputation for being among the first physicists to endorse

the revolutionary theories of Albert Einstein with whom he later became a
personal friend. Einstein appreciated Ehrenfest, particularly after he had
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heard a lecture that Ehrenfest gave at the German University in Prague in
1910.

Most of the biographers of Paul Ehrenfest point out two facts that consid-
erably influenced both his personal life and professional work. Paul Ehren-
fest was an Austrian citizen of Jewish origin. This fact, combined with
another fact of a similar kind resulted to a specific state of mind, leading
finally to Erenfest’s tragic end by suicide. In order to marry an Orthodox
Russian lady, Tatyana Alexeyevna Afanassjewa, a mathematician, both his
wife and he had to declare themselves as nondenominational which was a
way to avoid the rigid Austrian law regulations. At that time, such origins
and religious backgrounds were not very helpful for finding a position at a
university or good permanent employment as an engineer or scientist. The
related difficulties and disappointments were the main characteristics of the
first several years of the professional career of Paul Ehrenfest which can be
summarized as follows.

Paul Ehrenfest received his Ph.D. degree at the University of Vienna in
June 1904. Being jobless for two years, after unsuccessful attempts to find
employment in Gottingen, Germany, where he and his wife were students,
in the summer of 1907 they moved to St. Petersburg, Russia.

Thanks to his reputation as a well-known physicist, mainly due to his
above mentioned paper from 1906, Ehrenfest established contacts with physi-
cists in St. Petersburg and with the very famous mathematician Vladimir
Andreevich Steklov. This, however, did not help him to get a permanent
position at the University of St. Petersburg in spite of his efforts to establish
the necessary links. The major obstacles were the above mentioned facts of
his origins and personal life that were strongly opposed by Russian society
at the time, as well as his criticism of the old-fashioned way of work at the
university and the rigid study procedure.

Due to an invitation by Steklov, Ehrenfest gave several lectures at the
University of St. Petersburg on different mathematical subjects. Ehrenfest
also became a member of the editorial board of the Journal of the Russian
Physical-Chemical Society, being especially engaged in publishing a sup-
plement of this journal entitled Problems in Physics. While serving as a
member of the editorial board, Ehrenfest regularly attended meetings of the
Russian Physical-Chemical Society and published several articles and book
reviews including the review translated and reprinted in this booklet.

In 1909, Ehrenfest worked at the Polytechnic Institute for almost a year,
teaching differential equations of mathematical physics for two semesters.
Disputes about his way of work and the procedures at the university com-
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bined with his personal background and related prejudices present in Russian
society at the time resulted in his dismissal from the Polytechnic Institute.

Over a period of several years, Ehrenfest tried to find a position at
different universities including the University of Czernowitz (now Tsjer-
novtsi), Ukraine, in 1910, and three universities in Germany, the University
of Leipzig, the University of Munich, and the University of Berlin. Although
highly recommended and supported by many important physicists, his at-
tempts remained unrewarded.

It should be noticed that after attending a meeting of Zionists in Vienna
in 1910, Ehrenfest became interested in this movement and highly enthusi-
astic about it.

Ehrenfest left St. Petersburg on January 6, 1912, traveling to Berlin to
meet Max Planck and discuss two of his important papers with him

1. Ehrenfest, P., ”Zur Frage nach der Entbehrlichkeit des Lichtédthers”,
Phys. Zeit., Vol. 13, 1912, 317-319.

2. Ehrenfest, P., ”Welche Zge der Lichtquantenhypothese spielen in der
Theorie der Wrmestrahlung eine wesentliche Rolle?”, Annalen der
Physik Vol. 36, 1911, 91-118.

During the same trip, Ehrenfest visited several famous physicist while
traveling to Munich, Zurich, and Prague, where he met Einstein.

When he returned to St. Petersburg in early March 1912, Ehrenfest
found an opportunity to get a position as the Chair of Theoretical Physics
at the University of Leiden, as the successor of Hendrik Antoon Lorentz.
Ehrenfest worked there until his tragic end. For more details on the biogra-
phy of Paul Ehrenfest, we refer the reader to

Einstein, A., "Paul Ehrenfest in memoriam”, in Out of My Later Years,
Secaucus, N.J., 1977.

Huijnen, P., Kox, A.J., ”Paul Ehrenfests Rough Road to Leiden: A Physi-
cists Search for a Position, 1904-1912”, Phys. Perspect, 9, 2007, 186-211.

Hollestelle, M.J., "Paul Ehrenfest as a mediator”, in M. Kokowski, (Ed.),
The Global and the Local: The History of Science and the Cultural Integra-
tion of Europe, Proceedings of the 2nd ICESHS, Cracow, Poland, September
6-9, 2006, 787-792.
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Figure 17: Paul Ehrenfest while teaching (photo taken from Mac Tutor archive).
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4 A Translation of the Review by Paul Ehrenfest

L. Couturat, The Algebra of Logic, Translation from French with additions
by Prof. I. Slisinski, Mathesis, 1909, pages 104+XIII, (Price 90 kopejka
(kopek))

When presenting formal logic, it is necessary to know the following cir-
cumstances. The extraordinary tight classification of different types of rea-
soning and syllogisms, that is already developed in knowledge, founds in
language a very difficult and inaccurate instrument to express it.

For this reason, in the theory of reasoning and syllogisms, it was accepted
long ago that this classification should be expressed by conditional symbols.

This primarily concerns the subclassification of syllogisms into type ” A,
E, I, O’ and the derivatives by reasonable symbols for 19 forms of regular
syllogisms (from ”Barbara” to ”Ferison” in the 13th century). Later, a
symbolic to represent different notions by circles in a plane was developed.
The different ways of the mutual placement of circles correspond to different
cases of combining two notions (premises) into a single conclusion.

The first symbolic notation, hardly better than stenography, unifies in a
common picture all of the members of the syllogism, however, it is inflex-
ible. The second symbolic notation is already considerably better: over a
system of such circles, it is possible, after defining the corresponding rules,
to perform transformations that also have a defined interpretation in logic.

(This can be compared with the fact that in chemistry formulas permit
not only a systematic registration of different substances, but besides that,
the transformations of formulas by predefined rules correspond to chemical
reactions.)

It is easy to understand that this area will sooner or later lead a speculative-
mathematical mind to the following question: Can these principles of sym-
bolic notation, that appeared so fruitful in operations over numbers and
quantities - ”symbolic notation” - be transferred into operations over all
concepts?

Now, regarding the attempts by Leibniz ! and Grassman 2.

A wider development of the ” Algebra of Logic” is due to two mathe-
maticians: the Englishman George Boole (1815-1864) and the German E.

1Gottfried Wilhelm Leibniz, a German mathematician and philosopher.
2Hermann Giinther Grassmann, a German linguist and mathematician.
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Schroder (1841-1902), to whose further development mathematicians from
all over the word contributed. In particular, the Russian mathematician P.
Poreckij greatly assisted in the simplification of methods by means of his
original formulation of the problem.

The 7 Algebra of Logic”’ first of all establishes a symbolic notation for
these elementary actions which appear to be essential in operating with no-
tions, similar to addition, equivalence, etc., which are used in operating with
numbers and quantities. Further, the axioms upon which the entire formal
logic is based, converts into the form of rules how to perform computations
over these symbols, i.e., how a multitude of such symbols can be transformed
into another multitude equivalent to it.

From understanding, if it is possible to say in this way, of the typographic
character of these operations, we select exactly those symbols that were
already long ago - with a completely different meaning - introduced into
printing by mathematicians. This compliance - without which the review
of the book on the algebra of logic on the pages of this journal would be
impossible - often gives to the formulas in this discipline a paradoxical form
at first sight, e.g.,

141 = 1, (1)

A+ AB = A, 2)

AAA = A, (3)
(A+T) I +B)(B+A) = AT +TB+ BA, (4)

where the identities (2), (3), and (4) hold for an arbitrary choice of notions
A, I', and B. For example, A = all that is black, I' = all that is colored,
B = all that is firm.

The correctness of these equalities becomes understandable at the very
same moment when the meaning of the operations used in the algebra of
logic behind these symbols is explained.

(AT") denotes ”all who belong at the same time to the class A and the
class T' (black colour).

The same applies to (I'B) and (BA).

But, it is slightly difficult to use languages in these - from the point of
view of logical relations - primitive constructions. In most cases, languages
prohibit some propositions (coloured blackness?!). In other cases, the propo-
sition - under the influence of different, arbitrarily added agreement - gives
a completely different meaning to the words (shine silk = silk’s shine).
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(A+4T) denotes all who belong to class A and also all who belong to class
r.

The most correct and reasonable expression of this ”addition” would be,
please, the following: all that belong to either A or B, or both at the same
time (for example, ”physicians and scholars”).

It is now easy to verify this on examples of equalities (2) and (3).

For example, all coloured + all black balls = all coloured.

With the help of multiplication” and multiple application of equalities
(2) and (3), it is easy to verify (4).

1 denotes: the universe of all thinkable thoughts.

After that, equality (1) is obvious.

0 denotes: classes, that do not contain any thinkable thoughts. A’ denotes
"not A”, i.e., all that are not A.

It is easy to verify the following statements:

1L AA =0, A+ A" =1,
2. (AT) = A’ +T"

(A < T) denotes: all A smaller than T, which, however, can be expressed
as:

A=z or A" =0.

By using such expressions it is possible to express all the syllogisms in an
entirely numerical manner. For example, the form of the syllogism ” Ferison”

No man (L) is clairvoyant (M). L=xM
Some people are scholars (H). yL =zH
Some scholars are not clairvoyant. 2H = xyM’.

By using the algebra of logic, it is possible to treat all syllogisms without
intermediate constructions. In general, it is possible to reach the goal faster:
first in the form of equalities we establish the entire system of given parcels.
This system of reasoning is transformed into a unique system i.e., into an
equivalent system, paying attention that the equality A+ '+ B+--- =01s
equivalent to A=0,1"=0,....

Furthermore, by using predefined rules, we calculate a system of rea-
soning - in some sense complete (!) - that follows from this given central
reasoning. All of the computations are very simple, since in the algebra of
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logic - unlike classical algebra - action spaces do not spread until infinity.
(For instance, ”exponentiation” does not exists here - see equality (3)).

The area of application of the algebra of logic is further considerably
extended due to the following observation.

In equalities in the algebra of logic, symbols A,I',..., can represent par-
ticular notions, but also entire equalities that connect notions L, M, .. ..

In this interaction, the equality

(LM' = L) = (LM = 0)

expresses in a unexpectedly short form the following theorem that can easily
be verified on particular examples:

7 A statement that the set of all L that are at the same time not M, is
identical to the whole set L, is equivalent to the statement that none M
belongs to the set L.”

In the same way, the equality

(A+T +B=0)=(A=0)T =0)B =0)

formulates the above theorem on joining several logic equalities into a single
equality.

The goal of all these remarks is to give a description from another an-
gle of a discipline which was introduced in the not very extensive book by
Couturat.

It can be considered as an introduction to the algebra of logic in the
sense that the author does not assume any background knowledge, except
familiarity with general notions of logic, and at the same time presents to
the reader all the questions that are foundations of a very extensive (the
work of Schroder consists of four large volumes) literature on this subject.

Reading this book, on the other hand, requires very serious work, since
the author does not restrict the presentation to the general presentation of
the symbolic method, but uses it - already from page 7 - for the presentation
and derivation of all the theorems. In this manner, this book cannot just be
read, it is required to perform computations over entire pages, while reading.
Besides that, the point of view presented in the book is at a high level of
abstraction, the book is written for a French reader - a mathematician.
(In this latter respect, additional remarks in the Russian edition make it
considerably easier for the Russian reader.)

For an initial familiarization with the subject, it could be preferable to
read several former publications 3. The presentation of the symbolic method

3For example, E. Schréder, Operationskreis des Logikcalculus, Teubner, 1877.
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in this book, on the other hand, offers the reader a possibility to be convinced
that this method in any case has three advantages:

1. The book offers a possibility to distinctively denote the set of all propo-
sitions, upon which some conclusions are based, in such a way that
the introduction of unconscious assumptions, that are often met in
the formulation of reasoning, are almost completely excluded. In re-
ality, axioms upon which formal logic is based appear in distinct and
completely unusual forms.

2. Consequently, the formulation of any reasoning in terms of logic equal-
ities is at least 5 to 10 times shorter than the literal formulation, which
is an admirably concise presentation.

3. The symbolic formulation provides the possibility of ”computing” con-
clusions from such complex systems of propositions, for which a literal
presentation is almost or completely impossible.

Fortunately, we have already lost the habit of requiring that each math-
ematical speculation needs ”practical usefulness”. It is however not less
appropriate to tackle the question whether in physics or technique such
complex systems of propositions exists. We think that we should answer
these questions affirmatively. Example: Let the task be to design networks
of connections in automatic telephone stations. It is necessary to determine
the following: 1) If the station will work correctly for an arbitrary combina-
tion of possible occurrences in the working station. 2) If the station contains
some redundancies.

Each of these combinations is a proposition, each small commutator is
a logic "Or-Or”, all together - a system of qualitative (non quantitative)
”propositions”, leaving nothing more to be desired regarding complexity
and intricacy.

Does it follow that, when solving such problems, every time some inge-
nious method - in many cases just a simple routine method - of trials on a
graph should be used?

Is it right, that regardless of the existence of the already elaborated alge-
bra of logic, the specific algebra of switching networks should be considered
as a utopia?

P. Ehrenfest
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5 A Reprint of the Review by Ehrenfest

This section contains the reprint of the original review of P. Ehrenfest as it
appeared in

Ehrenfest, P., "Review of Couturat’s Algebra logiki”, Zurnal Russkago Fiziko-
hemiceskago Obscestva, Fiziceskij otdel, Vol. 42, 1910, Otdel vtoroj, 382-
387.

bBubniorpaein.

A Rymiopa. Aweeope Jlocuxw. Ileperogs ©b Ppanny3cKaro ch
uputasaenients npod. 2. Cacuwnenao. Mathesis. 1909, 104 -f- XIII
crp. (mbHa 90 k.).

LIpn usromeHin ¢opMalbHO JOrHRH jJaert cebs sHaTs cab-
Aywuige OfCTOATENRCTBO, YPO3BHYAIRO TOMKAA WIAACCHPHEALIA pas-

1 l‘a..!hlll&;lll;T'b suepere Gmas xemomcrpmposans y wmack A, J. Tepmyaoms Bo
savbgagie P, @, O, 12 omrabpa 1910 r. Bs wacroamee oppema ero yme MORBO
noayyxre on ITerepGypri—Be wpcAcKOWs NpoMEuACHEON® Harasups, Jaredurd, 24.

This page presents page 382 of the review, the text on pages 383 to 387
is continued on the following pages. *

4For the work of the Russian mathematician P.S. Poreckij mentioned by Ehrenfest,
see, for instance Stankovié, R.S., Astola, J.T., (eds.), Reprints from the Early Days of
Information Sciences, On the Contributions of P.S. Poreckij to Switching Theory, TICSP
# 46, 2009, ISBN 978-952-15-1980-2 (remark by the editors).
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JHUAHXD THOOBD CYAAeHift H ymosakioueHill, BHpabOTaHHAL Yie B'b
€oaNaHIY, NAXOANTD B A3b(K7% CNHIIKOMD TH:kenoBBeHbl B HeTOYHEHIH
HHCTPYMEHTDS JAA CBOOTO BHpAKeHia.

{lIosToMy BB Y9eHIH 0O CyRAGHIAXD H YMO3AKNOUORIAXTH Yk
XaBHO INPHEATO NEPejaBaTh 2Ty KAACCHHEAII0 YCAOBHEIMH CHMBO-
JAaMH.

Ciona oTHOCATCH HmpemAe Bcero MOApaspbieHie cymjeHiii Wa THIH
24, E, H, 0" u npoAspefeHHLE H3bL HEXD CAOBECHHIE CHMBONH AJH
19 fopM® DPABHABHMEL YMO3AKAWYCHIH (01h ,Bapbapa“ xo ,Pepn-
308B“ ¢b 18-r0 croabria). IlosaEbe pasBHAACh CHMBOMHEA, Opej-
CTABAAIONIAA PASAMYHEIA ITOHATIA NPH MOMOWH KPYrOBh HA MAOCKOCTH!
PasAHYAEE CIOCOGE OTHOCHTOABHATO PACHOJOMBHIA KPYrows COOTBHT-
CTBYIOTH DasIHYHBIME CAYYAUMD COBNHHEHIS NBYXB NOHATIE BB OAHO
cymACHie.

llepsaa camBoanka efpa am Gonbe, ubmb credorpadis, o0Begn-
Af0Wad BB OAHY KaprHHY Beb Wiedsl Cy®geHina, HO Heru6ras.
Bropad cMMBOAHKA jJaerh Yixe ropasuy 6oapiiee: HaNT CHCTEMOH Ta-
EHXD KPYIroBh MOKHC 10 ONPeTBACANAME MpaBHAUMD IPOMSBOLHTD
npeoBpasoparia, aMbomia Takme ompepBAeHHYK HETEPHDeTANID Wb
aoruxb. (CpaBHATH ¢B ITAME TOTH (PAKTH, 4TO HOPMYAR THMIK AO-
CTABAMIOTE HE TONBKO CHCTEMATHIGCKYH pPErKCTPATyPY pasamvyHBIX'h
BelecTBh, HO 9T0 KpoMb 5TOro—mpeofpasoBadis sTux® (GOpPMyAs,
NPOU3BECHHEIA WO ONpexLACHHEIMD NPABEAAMB, COOTBRTCTBYIOTS XA-
MHYECKEME NMpeofpasoBaHIAMS).

Caso cobor pasymbBercs, wro ora odaact,, paHO HAH HOBLHO
JomkHa OHIA  NOOYIUTL  enexyaAmuUsHo-NaTeMATHYECKIe YMH Kb
cabpyoued nonuTeh: TOTH OPHEANANE CHMBOJHYECKHXT ofo3HaveHIH,
KOTOpHH OKa3ancs ¢roas WICAOTBODHEIME Jus  dwtiemeitt Hadw
HUCAAMU U GEAUCUNAMY — ,OYEBOHHOS HCIHCACHINY — HMEPBHOCTH HA
Omiiemoin Hads GCAKUMY NOHAMIRMU,

Ciofa  oTHooArcss yme monnrkE MeikGnanma nm Ppacemana,
Boabe mwpokuMt paspuriesms oéasama ,anedpa  aoruxu“ ARYMB
MATeMATHKAMB. aATAHYaHHHY Jacopamy Byamo (1815—1864) »
ubsiy E. Ipexepy (1841—1902); »ep paxsudbiimei paspatorks
npRUEMAIH Y9acric MareMaTikd BCbXDS crpadt. Bt YacrHocTH PYCORil
mareMatnks 1. HopBuxii muoro copbiicrpoBanh yApoWeHin Me-
TOAOBE ¢BOH OPUTHRAIRHOH MOCTAHOBKOH BOmpOCA.

yAaedpa ao2uxu® npemye BeeTo YCTAHABAWBATT CHMBOAHYECKisH
oGoznasctig gaa TExs saeMenwcvapubxs ABiicrBili, Koropea ABAUTCH
TAKHMH e OCHOBHGIMH IIDH ONCPHPOBAHIH b MOHATIAMMH, (aKB CZO-
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Aeyie, npupaRHUBAHie H T. 1. NPH ONEPAPOBAHIA €b YHCAAMH H BEIW-
ugnayn. Janbe, axcioMH, Ha KOTOPHIXS OCHOBAHA BCSI (opMaNbHasg
JXOTHKEA, 00JeKAI0TCH Bh (JOPMY RPaAsU.Id 0 MOMB, KAXD HATD IMUME
CUMBOAAMU NPOUIBOTUML GHNUCALHIA, T. €. KAKD OXHHD - EOMILIEKCT
TAKAXE CHMBONOBG NPeoGpasoBath BB APYroif, SKBHBAaTeHTHEI eMy.

Hap coobpaskeniil, ecH MOKHO TAKD BHPA3HTLCS, THUIOTpafeRarc
fapaxrepa JAd 9TAXE onepauifi BhGpamm TH caMble BHAYKH, KO-
TOPHIe ViKe NABHO——CB COCPUEHHO UHBMD IHAMEHIeMs—OBLIE MaTe-
MATHRAMH BBONERM Bh IeYaTh. OTO cor.t_a‘plenia;ﬁesn KOTOpare Ha
CTPAHANAYT HACTOAMAr0 KYpHaXa OHAB OH HeBO3MOMeHD pediepars
1o axre6ph XOTHKH-—BpAXACTE POPMYIaND 3TOH AHCHWIANHH Hepbiko
HA MEepPBHI BITVAXE NAPAAOKCAIBHE BHILH, HATp.:

(H1+1=1 (2) 44+ 4b=4
(8) AAA=4; (4) (A+I) (B+B) (B+ A)=AB+ BB+ BA,

nipAYeNt papencTea (2), (3) u (4) mmbiors Mbero npE DPOHZROAL-
HOMT BHOopb «mouarift 4, 5 m B. Hamp., 4 = «Bce, 4ro 4epHO»,
B = aBee, wro mapoobpasion, B = «Bee, uT0 TBEPLOY.

Ho cmpaBepqnBocTs 9THXDH DaBeHCTHD TOTYACT, CTAHETD TMOHATHA,
Kakbs TOXBEO OylerTs 00BACHEHC, Kakid omepamim mompasymbanTed
BEe aarebpb JorMRE NOME 3HaukaMmd, ofosEavanmuMa pb#creis.

(ADB) of03HaMaeTh. ,6Ce, Mo OJHOBPEMENNO NPUHADACHCUND
xagecy A w waacey B (sepHuii waps).

Toxke orpocateasio (BB) n (BA).

Bnpouemt, SBHEL CIHNKOMDL TaKeaoBhicens, wrofm mocnbre 3a
$TOil-—B% JANIHYIECKOMT OTHOMIEHIH—RPEMHTUBHOH KOHCTPYKMieH: B%
GOABILAACTRS CIYYAERE OB 3AMPEMIALT TEPECTAHORKY (IApooGpasHad
yeproTa?l);, BH APYrHXH CAYYAAXD NepecraHOBKa—IOAE BXiANieMB
PasauuHHX's, CAYYAHHO CIOMHBIIHICK COTIAWEHIH, TPHIACTE CAOBAME
cOBCBME Npyroii cmuieas (6xecTamii menwk = meAROBH{l GICCRT).

(4 -+ B) obozpauners: dce, umo npuHdadacocums waaccy A,
ceeprn Mmoo ace, wmo npuradaescums naaccy b,

HamGonke mT0oMHO® CXOBECHO® BHDAKEHie HTOTO «CAOKEHIdA» OY-
IeTd, nomaayl, cnbywmee: Bee, YTO0 NPHEALIGKATS HIA Kb A, niu
&b B, nau wp o6oumb BMBerh (npumbpn: «Bpagn m yuemme»).

Tenepsr merpyano Ha wpEMBpax® mposbpnrh pasencrsa (2) ¥ (3)

Hagp., Bce mapoofpazuoe - Beh wepmbie mapu = Bee Mmapo-
ofipasaoe.

Ipa wmoMOmu ,yMHOKeHIA“ M MHOTOKPATHATO NpAMBHERis pa-
BeHeTBY (2) u (3) merxo mposbpETs (4).
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1 0003HAUALTD: COBOKYNHOCML BCEL0 MMCAUMALO.

Moca$ aroro pasemcrso (1) oveBHIHO.

O 0603HATACTE: KAACCD, HE COJEPHCAUTTR HUHELD MBLCAUMAL.
A’ obosnavaers «He—d», 1. e. sce, umo ne ecms A,
Jderko mposbpaTh cABEylOMin yrEepRACHIA:

AL =0 A+ 4 =1
(ABy =4’ + P.

(A < F) oGosmauaers: 6ciz A e¢yme B, 4910, BOPOIEME, MOKHO

BHPa3dTh H TAKE:
A=2aF g AL =0.

Chb Do¥OmBI TAKEXD NPIeMOBD MOKHO YK %UCMO GWNUCAUMEN-
Wyl NYymess BHBECTH Be CHATOTH3ME, Haup., fopma «PepHaons»

Hu oduns weaoemsns (JI) ne sceswdywp (M) . . . . . Jd=aM
Hpwomopwe awodw—yeenwe (H)- . . . . . . . . .. yI=:zH
Hwxomopsie yuensie ne sceswdywyu . . . . . . . . zH=oyM

Ho, moxpayseh aareGpolt aornig, MoxHo obofirack Ges® mocabuo-
BATENBHATO HOCTpoeHisi Behx'h cAazorsmosh. OOGHKHOBCHHO MOMKHO
TOpA3n0 KOpode NPEATH Kb UBAM: cmepsa Bh {opmk paBeHCTBH yoTa-
HABAHBAOTCH BCA CHCTOMA JAHHHXD HOCHLIOKB. OTa CHCTOMA Cyatie-
Hifi npeoGpasyercd B ONHO EEHHCTBEHHO0O, HMD SEBHBANCHTEOS; IPH
ATOMB NPHHAMACTCA BO BHEMARIe, 9T0 yThepugenie A-L5+B-+...=0
paBHOCHABHD ¢b 4 =0, 5=0,....

Tante mo ompepbrenssMT. npPaBHAAMP ¢BHYHCIHOTCI»—BH H3~
sheraoMt empicab-—moanas (1) cucreMa cyamenili, xoropss cIbIYOTDH
H3% STOTO IeHTPaAbHAr0 cyixienid. Bed Buyuciedid oueHs mpocTH,
TaKh KAKD BB airefpB JOrHKA-—BDL NPOTHBONOAOKHOCTE OOLIKHOBEH-
Hoit amrebpb—upyre abiicTBill We paspocraerca 1o GeSKOHEYROCTH.
(Hamnp., sibch He cymecTsyeTh ccremeHeil»—cex. pascHerno (3)).

O6aacTh npaMbHeHiA aaresSpm JOTHKE 3HAYATOALHO JRACLIUDAGTCS
ellle B BHAY cabryomaro coofpameHia.

B® papeHCTBaxh anre(psl JOTHKA cHMBoaM A, B,. . MOryTs
OpefeTaBAATh He TOABKO OTIBALHEIA IOHATIN, YO H Y%masii pPascHs
emea, ceasvsawwtin nowamin JI, M,, ..

Tps taxofi HETepHpeTania PaBeHCTBO

(AM = JI)=(JIM = ()

BHDAKAOTE Bh HEOMETAHHO RopoTkofi dopub cabayomymw meopenry,

EOTOPYI0 Jerko mpoBBpATR WA YacTHBIX® NpAMEpax®:
3
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«¥ TBepA&NeHie, uTO COBOKYMHOCTE BehXT JJ, KOTOPHA BB TO #e
BpeMs we—M, coBmAaeTh CB COBOKYRHOCTHI Behx® BoOOme I,
PABHOCHABHO €F YTBepmIeHieMs, 9To HE OfHO M He NPHHALISKATD
RB RHaccy JI».

Touno Takme PABEHCTBO:

(A4+B+B=0=(4d=0) (B=0) (B=0)

(OpMyANPYOTs BEMIOYHOMARYTYIO TEOPEMY O COSXHHAGMOCTH HECKONL-
ROXD JOTHUeCKEXD PABEHCTED BB OXHO.

Bet oty ykasamiy mEmboTe mhiaei xorda 65 ¢b BEb mEeil CTOPOHE
OXADAKTEPH3OBATE TEXHHKY CBoeoOpasHOH IHCHEILINHE, BBeleRieMD
BB KOTODPYI fBAsfeTcA Helonpmad kHura Kyrmpa.

Beenenien® 8% aire6py JOrHKH 0HZ MOEETH CYATATLCA BB TOMB
CMHCAL, 9TO aBTOPH HE NPEANONATaeTH Y UATATEXd BAKAKHXS Opel”
BADHTENBBHXD CBEEBHIN, 38 RCRNIOUEHIGMT, BHAKOMCTBA Ch OCMUNME
OOHATIAMHE JIOCHEH, H BB TO XK¢ BpeMA HORA3RIBAETE YHTaTEAR Beh
BOIPOCLI, KOTOPHE JerId Bb OCHOBY BechbMa oOGMHDHOR (coumBeHie
MMIpegepa o6numMaeTs 4 GONBIIKXE TOMA) AHTEPATYPH BTOI0 MpeAMETa

Ho c¢b mpyrofi cropoHEl vureHie »Tofl RuarH TpelyeTh 6ccema
cephesHoli paGOTH, Takh KaKhL ABTOPB HO OTPAHHUMBAETCA OOIHME
USAONCEHICMS CHMBOANTLCRATO MeToja, a& NoayemcAs EMD—HATRHAA
5 T-off CTpaHETE--ZI4 HB3IOKSHIA H BeBOAa BeBX® meopems. Ta-
KEME 006pa3oMb 9Ty KHHTY HeXs3s IPOCTO IpPOTIATHIBATH, & Heofxo-
IDHMO HA NIPOTSNOHIH DNBIHXD CTPAEMINE COMPOBOMAATH 4UTeHie ed
GPORZBOACTBOMD Brruscienii. Kpoub Toro, Touka sphuix es upessH-
gaiiE0 A0CTPRKTHA~—~OHA HAUHCAHA IAd (PAHNYSCRAre IHTATEAT—
maremaraka. (Bb mocabameMt® ornomeHiE npuMbyaHis pycckaro Hs-
Jamisd NPeACTABIAKNTD SeceMa yroHHoe oblerdenie JNAs vHTATENS).

Tosromy pasm Gbraaro O3HAKOMACHIA ¢b NPEAMETOMD NpPHAETCA,
MOEeT® OHTB, IpejuouecTs HBKOTOpN& mpexuia cowumemia 1). Ho
6% Jpyrofi CTOPOHL KAKE Pash 370 H3I0KEHI® IO CHMBOAHYECKOMY
MeTONY HaeTd THTATEN BOSMOMHOCTE YOBAHTLCA, 4YTO OHB BO BeA-
RONE cayuad mnBerr TpH mpeHMYIECTBA:

1. OE® ZaeTh BO3MORHOCTH OTYSTAHBO OG03HAYHTH BCK) COBOKYM-
HOCTH IpermoX0xemill, Ha KOTODHXH OCHOBEIBAWTEA KAKie ARG0 BH-
BOABI, TaKh 4T0 BBefeHi® Ge3COBHATCNPHHYH NONYMIEHif, TAKD 4acTo
serphuammeeca npm caosecHof GOpMyANpoBED pascympeHis, novmu
COBEpPIIEHHO HCKINuAeTCd, BB 9acTHOCTH, AKCIOME, H3 KOTOPHIT

1) Hanp., E. Schréder, Operationskreis des Logikealculs. Teubner. 1877,
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OCHOBHBASTCA (opPMANBHAA JAOTHKA, BHICTYHAKTH BB OTISTARBOH M
NpHTOM® COBOPIIEHNO HellpHBHYHOH dopnb.

2. BeabgerBie Toro, 4ro QOpMYAEPOBEA BCAKATO pascYmAeHIA
OpH TMOMOME JAOTHYSCKHX® paBeHCTBh Io Kpafimefi mBpd BB 65—
10 pas® EKOpOdYe CJOBeCHOH, NOCTHTAETCH YAMBHTCABHAA OEATOCTH
HBJIOKEHIN.

3. Cmmpoxnyeckan OpMyAHPOBEA IA€TTH BOSMOMKHOCTS «BHUYHCAATHY
GJ‘EAGTB]'H H3D TAKHXD CAOEHNXD CHCTEMD IMOCHELIOKS, BT KOTOPHXE
UpH CAOBECHOME H3JOKEHIH MOYTH HIH COBEPIMEHHE( HEBOSMOXHO pa-
so6paTscs.

E® cuacThi, yMe OTBHIRIH 1TpefOBaTh OTH KakioH Maremardue-
ckoll cmexyiallim Opemje Beero «npaETHYeckoil moavse». ThMe He
Menhe, GHTH MOHETH, YWECTHO KOCHYTHCA BOIpPOCA O TOMB, He BeTph-
vyaored Jai BY GusHrb Hax BE Texuukd Be camoms axbad raxig cuom
HBIS CHCTeMBl MOCHLIORS. M Oymaemes, wmo na smoms 60npocy
candyems omesmums  ymeepdumeaswo. Ipambps: aycrs mMberca-
NPOeKTDh CXeMH NPOBOJORE aBToMaTHyeckoll TededorHON cranHmid.
Hymuo onpepbamrs: 1) 6yAeTH K OR3 NPABHABHO (YHENIOBHPOBATE
npe awdolt xoMOWHanid, Moryme#t merpBrernea B xogb nbareas-
HOCTH CTAHWIK; 2) He COACPAHTD JH ORS H3ARIMMHXD YCAOMUOHifl.

Kamiaa Tapad woMOEHAaMif ABIgeTcd nocklmkol, Ramusilt MaxeHb-
Kift KOMMYTATOP® ©CTH JNOTHYECKO® «HIH-—HAIH», BOILIOWEGHHL® BH
300HaTE ® Aaryun; Bee BMBeTB—CHCTEWA YHCTO EAYECTBEBHHIX® (BB
oBTH €Aa0aT0 TOKA AMEHHO ¢ KOIHYECTBEHHMXE) «HOGHAOKH», HH-
9er¢ He OCTaBILIOWAA KeJAaTh Bb OTHOWEBIH CHOWHOCTE H 3a-
UYTAHHOCTH. ’

Crbuyers nm npm phmeHin »rhxs BONPOCOBE [ASL  HABCEIIA
YAOBAETBOPHTECA TOHIAILHBIMB-—& N0 GoXbliel 4acTH NPOCTO PYTHH-
HHMDB—CIOCO00ME Npososanif wa 2paduri?

IipaBxa JxH, 970 HecMoTpA HA CYuecTBOBaHie yiuie paspaloTaHHOM
«aareGpH JIOPHKH» CBOEr0 pOfa «adre6pa pacOpeXBANTEARHHXT
cXeMB» JOMKHAD CYMTATHCA yTomiei?

II. Ipengpecms.

A. B. Uwsreps. Havaaewar gusuna. [eppag crymems, XX-4-499
¢Tp. MockBa,

»1lepBas crymers® Kypca QHIHKH, Pa3CYATAHHATO RBTOPOMTE HA
ppb 9acTH, NpeicTABIAETE €060 IOOMTEY ,JATh JAGMEHTAPHHI

oueprs PEsury, uMbomili nbisn BHACHATE HAYNHAIOL(MME HeMHOTie
4
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6 Reviews about Ehrenfest

In this section, we reprint reviews about the work of scholars where the
remarks of P. Ehrenfest on applicability of algebra of logic in the design of
logic networks is mentioned. These are reviews of

1. Alonso Church about the article by of T.A. Kalin,
2. Alonso Church about papers by A. Nakashima and M. Hanzawa,
3. D.D. Comey and G.L. Kline about the article of A.A. Zinoviev,

4. G.L. Kline about the article of S.N. Anovskaa.
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6.1 Review by Alonso Church for T.A. Kalin mentioning
Ehrenfest

Church, A., "Review of Formal Logic and Switching Circuits by Theodore
A. Kalin”, The Journal of Symbolic Logic, Vol. 18, No. 4, December 1953,
345-346.

TueoDoRE A. KALIN. Formal logic and switching civcuils. Proceedings of the
Association for Computing Machinery, Jointly sponsored by the Association
fJor Computing Machinery and the Mellon Institute, Pittsburgh, Pa., May 2
and 3, 1952, photo-offset, Richard Rimbach Associates, Pittsburgh 1952, pp.
251-257.

“The historical development of the application of symbolic logic to calculating
machinery is traced to the present, and a brief sketch of some modern developments is
presented.” The author recounts briefly, in descriptive fashion, the invention by
Charles Babbage of a scheme of mechanical notation by which the various parts of a
mechanism are expressed on paper by symbols, and the development of the algebra
of logic by Boole and Jevons (only these two names are mentioned in the latter cons
nection). Shannon’s IV 103(3) (reprinted XVIII 347(1)) is referred to for the ap-
plication of Boolean algebra or propositional calculus — the distinction between them
is not important in this connection — to relay and switching circuits, and Hartree's
Calculating instruments and machines (XVIII 347) is mentioned as using a like
method (in connection with computing and control circuits), The final half of the paper
under review is then devoted to an account in more detail of the content of Synthesis
of electronic computing and control circuits (XVIII 347), which uses, not Boolean
algebra in the modern sense, but a numerical representation of it which is in fact the
same as the original algebra of Boole (191, 2, 3). The author concludes: ‘“There can be
little doubt that formal symbolic design methods will grow in utility and neatness
of application as new circuital techniques are adopted and as new switching elements
are discovered and put to work. It is almost true by definition that digital systems
operating by means of ‘on-off’ devices will continue to offer a most enticing challenge
to two-valued logic, and it is our task to so refine our exact methods that the designer
shall be increasingly free to devote his skill and experience to areas less subject to
routine effort.”

The author’s statement that Shannon’s paper of 1938 is the first exposition of the
relations between ‘‘two-valued logic and switching circuitry” requires some qualifi-
cation. It seems to be not generally known that the first suggestion of such a relation-
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ship was made in 1910 by Erénfést, in his review (18641) of Couturat’s 10020A, Ac-
cording to Anovskad (XVI 46), details of Erénfést’s proposal were worked out by
Séstakov in 1934-35 but not published until 1941. Meanwhile the same idea had been
reached independently by Nakasima and Hanzawa in 1936 (see the review next
following).

The reviewer has not seen Erénfést’s review, and is indebted to George L. Kline for
information as to its content. He is also indebted to George W. Patterson for calling
his attention to the papers of Nakasima and Hanzawa, and others published in Japan.

Avronzo CHURCH

AxIra Nakasima and Masao Hanzawa. The theory of equivalent lvansformation of
simple partial paths in the velay cirewil. Nippon electrical communication en-
gineering (Tokyo), no. 9 (February 1938), pp. 32-39.

AxIRA NaxasiMa. The theory of four-terminal passive networks in velay civewit,
Ibid., no. 10 (April 1938), pp. 178-179.

AxIRA Naxasima. Algebraic expressions velative to simple partial paths in the relay
circuit. Ibid., no. 12 (September 1938), pp. 310-314.

AXIRA Narasima. The theory of two-point impedance of passive networks in the
relay civewit. 1Ibid., no. 13 (November 1938), pp. 405-412.

AKIRA NAKASIMA.  The lransfer impedance of four-terminal passi tworks in the
relay civewit. Ibid., no. 14 (December 1938), pp. 459-466.

Axira NaxasiMa and Masao Hanzawa. Expansion theorem and design of two-
terminal velay networks (Part I). 1bid., no. 24 (April 1941), pp. 203-210.

Nippon electrical communication engineering publishes condensed English
translations, and abstracts in English, of papers which were previously published in
Japanese in the Journal of the Institute of Electrical Communication En-
gineers of Japan. The first of the above papers, for example, is described as a con-
densed translation of a paper which appeared in two parts in the latter periodical,
no. 165 (December 1936) and no. 167 (February 1937). The reviewer has not seen the
Japanese originals of the papers.

The six papers are concerned with developing and applying an algebra of partial
paths in relay circuits, which is in fact identical with the “symbolic relay analysis”
that was later introduced by Shannon, and dual to the “algebra of switching circuits”
of Erénfést and Séstakov (see the preceding review).

The first paper introduces the algebra by providing that if 4 and B are simple
partial paths (two-terminal circuits), then 4 4 B shall represent the series connection
of A and B, and AB the parallel connection of 4 and B; A = B shall mean that the
acting functions of 4 and B are equal, i.e., that 4 is open when B is open and closed
when B is closed; 4 shall be a simple partial path which is open when 4 is closed and
closed when A is open; p and s shall be simple partial paths which are always open
and always closed respectively (or, as the authors say, give always infinite impedance
and zero impedance respectively). Many laws of the algebra are developed which in
fact coincide with familiar laws of Boolean algebra, but the authors do not state that
the algebra is a Boolean algebra.

In the third paper (of which the Japanese version was published in August 1937)
the algebra is reduced to an algebra of sets by making correspond to each simple
partial path the set of (in effect) times at which its impedance is infinite, so that
"“theorems and expressions developed in the theory of set may, therefore, be applied to
acting impedance problems of simple partial paths.” In the sixth paper the authors
make explicit reference for the first time to Boole (193) and Schrider (427); the
expansion theorem mentioned in the title of this paper is Boole's law of development
{193, pp. 72-75), as the authors point out. Aronzo CHURCH
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6.2 Review by Alonso Church for A. Nakashima and M.
Hanzawa

Church, A., "Review of Formal Logic and Switching Circuits by Theodore
A. Kalin”, The Journal of Symbolic Logic, Vol. 18, No. 4, December 1953,
346.

Axira Nakasima and Masao Hanzawa, The theory of equivalent transformation of
simple partial paths in the velay civcuit. Nippon electrical communication en-
gineering (Tokyo), no. 9 (February 1938), pp. 32-39.

AxKIRA NaxasiMa. The theory of four-terminal passive networks in velay civcuit.
Ibid., no. 10 (April 1938), pp. 178-179.

AxIRA NaxAsIMA, Algebraic expressions velative to simple partial paths in the velay
civcuit. 1Ibid., no. 12 (September 1938), pp. 310-314.

Axira Naxasima. The theory of two-point impedance of passive networks in the
relay circuit. Ibid., no. 13 (November 1938), pp. 405-412.

AKIRA NAKasIMA. The transfer impedance of four-terminal passive networks in the
velay civcuit. Ibid., no. 14 (December 1938), pp. 459-466.

AKIRA NakasiMa and Masao Hanzawa. Expansion theorem and design of two-
terminal velay networks (Part I). 1Ibid., no. 24 (April 1941), pp. 203-210.

Nippon electrical communication engineering publishes condensed English
translations, and abstracts in English, of papers which were previously published in
Japanese in the Journal of the Institute of Electrical Communication En-
gineers of Japan. The first of the above papers, for example, is described as a con-
densed translation of a paper which appeared in two parts in the latter periodical,
no. 165 (December 1936) and no. 167 (February 1937). The reviewer has not seen the
Japanese originals of the papers.

The six papers are concerned with developing and applying an algebra of partial
paths in relay circuits, which is in fact identical with the “symbolic relay analysis”
that was later introduced by Shannon, and dual to the “algebra of switching circuits”
of Erénfést and Séstakov (see the preceding review).

The first paper introduces the algebra by providing that if 4 and B are simple
partial paths (two-terminal circuits), then 4 + B shall represent the series connection
of 4 and B, and AB the parallel connection of 4 and B; 4 = B shall mean that the
acting functions of 4 and B are equal, i.e., that 4 is open when B is open and closed
when B is closed; A shall be a simple partial path which is open when 4 is closed and
closed when 4 is open; p and s shall be simple partial paths which are always open
and always closed respectively (or, as the authors say, give always infinite impedance
and zero impedance respectively). Many laws of the algebra are developed which in
fact coincide with familiar laws of Boolean algebra, but the authors do not state that
the algebra is a Boolean algebra.

In the third paper (of which the Japanese version was published in August 1937)
the algebra is reduced to an algebra of sets by making correspond to each simple
partial path the set of (in effect) times at which its impedance is infinite, so that
“‘theorems and expressions developed in the theory of set may, therefore, be applied to
acting impedance problems of simple partial paths.” In the sixth paper the authors
make explicit reference for the first time to Boole (193) and Schrider (427); the
expansion theorem mentioned in the title of this paper is Boole’s law of development
(193, pp. 72-75), as the authors point out. Aronzo CHURCH

o4



6.3 Review by D.D. Comey and G.L. Kline for A.A. Zinoviev
mentioning Ehrenfest

Comey, D.D., Kline, G.L., "Review of Rasirat tematiku logiceskih issle-
dovanij (Broaden the subject matter of logical investigations). by A.A. Zi-
nov’ev”, (Rabote seminara po logike v Institute Filosofii AN SSSR(On the
Work of the Seminar on Logic in the Institute of Philosophy of the Academy
of Sciences of the USSR by A.A. Zinov’ev)), The Journal of Symbolic Logic,
Vol. 24, No. 3, September 1959, 232-233.

A. A. ZiNov’Ev. Ras$iral’ tématiku logi¢éskih isslédovanij (Broaden the subject
matter of logical investigations). Ibid., no. 3 (1957), pp. 211-215.

A. A Zinov'Ev. O raboté séminava po logiké v Instituté Filosofii AN SSSR (On
the work of the seminar on logic in the Institute of Philosophy of the Academy of
Sciences of the USSR). Ibid., no. 2 (1958), pp. 167-172.

Zinov'év’s two papers, although published nearly a year apart, constitute a single
report on the logic seminar of the Institute of Philosophy in Moscow. This seminar
was organized in September 1956 (i.e., at the high point of the Soviet cultural “thaw”
of that period). Zinov’év explains that such a seminar was needed because, ‘‘until
very recently there has been little attention to the development of logic in philo-
sophical institutions; the range of interests of professional logicians has been narrowed
to the limits of the content of obsolete textbooks’ [i.e., Soviet texts in purely Aristo-
telian logic] (p. 211).

Since a chief purpose of the seminar was to bring Soviet philosophers up to date,
many of the reports are historical in character. Ruzavin and StdZkin survey the
development of mathematical logic from its beginnings in Stoic and medieval logic.
Finn and Lahuti, in a joint paper, outline recent British and American work in the
theory of induction, modal logic, the logic of explanation, etc. Later reports ar= of
greater theoretical interest: Povarov discusses combinatory logics, distinguishing
“technical logic” from the ‘‘algebra of logic,”” and pointing out that “‘the possibility
of technical applications of mathematical logic (i.e., the application of Boulean
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algebra to the analysis of electric relay-contact circuits) was first noted by the Russian
physicist P. S. Erénfést in 1910 (cf. the review XVI 46). StaZkin, in a second paper,
explores the status of logical and semantic paradoxes. He leaves open the question
as to whether they can be resolved by the elimination of “semantic terms” (p. 168).
But he explicitly denies that al/l semantic paradoxes can be resolved merely by
distinguishing between “‘use’ and ‘‘mention’ of expressions, or by modifying the
rules for logical negation.

Lahuti relates Ackermann’s “strenge Implikation” (cf. XXII 327) to Russell's
“material implication” and Lewis’s “strict implication,” asserting that Ackermann’s,
and Anovskaé's, methods make it possible to eliminate most, though not all, of the
paradoxes in SI. Ackermann’s system has the further merit of accommodating supple-
mentary non-logical axioms and of being extendable to the predicate calculus. —
Povarov discusses group invariance, including symmetry, of Boolean functions. —
Finn reports on information theory and ‘‘machine logic,"” distinguishing a general

information language from special information languages — those of geometry,
chemistry, etc. He symbolizes the “logical processing of information’ as follows:
Qu, oo, Qubi; Q1 #14, Qi # 14, Qui1 # i, where “Q” is the “coded” message and

wege

1"’ is the desired information. Finn also distinguishes several kinds of “functors,”
e.g., “operators” (which form names from names), “predicators” (which form propo-
sitions from names), “connectors’” (which form propositions from propositions).

Zinov’év's own paper on ‘“‘paradoxes of indefiniteness” is reproduced in fullest
detail. It sets forth a system to avoid the paradox of the set of all normal sets and
other related antinomies of set theory. However, Zinov’év’s system uses such a vague
criterion of existence for sets (given in terms of an equally obscure concept of the
existence of a proposition), that the paper itself suffers from indefiniteness. For
instance, the definition of a set on page 171 presupposes, in the definiens, the concept
represented by the definiendum. Again, on page 170 it is stated that if II does not
exist, then every statement containing [II] is indefinite; but a few paragraphs later
we are told that if IT does not exist, then both the statements [II does not exist]
and [II exists] are definite, and are the only two definite statements containing [II].
Yet it is plain that any number of disjunctive propositions containing [IT does not
exist] as one member would be definite by Zinov’év’s original criterion.

Zinov'év often fails to distinguish between use and mention of an expression, and,
although he proscribes ‘‘non-effective’” proofs by reductio ad absurdum, he appeals
to the principle that either X1 does exist or it does not. The proof given on pages
171-172 is invalid: The author constructs a sequence of sets M1, M2, ... such that

for each i there is a property X{ which holds for M!, M2, ... K M;, ..., My,
but does not hold for M; . From this he erroneously infers that there cannot be any
property X which holds for all the sets M1, M2, ..., My, Mz, .... In fact, if

M1 is taken as the null set and M? as the set containing only M1 as a member, then
both M! and M? are normal. Using only these two sets, we can go on to form
My, My, ... according to his method. If we then take our construction as the
construction of the integers in set theory, M! is zero, M2 is unity, and M, Ms, ...
are two, three, ... . Quite obviously there are properties which hold for all of
M1, M2, My, My, ...; e.g., they are all integers; they are all less than two or else
uniquely factorable into prime factors.

These Soviet discussions reveal a detailed familiarity with current work in mathe-
matical logic and information theory outside the Soviet Union. They are also marked
by a striking preference for non-Russian technical terms (e.g., antécédént, déskriptivnyy,
distinkcid, informacid, intérprétacid, kod [code]) in cases where there are perfectly
good Russian equivalents. Davip D. ComeEy and GeorGE L. KLINE
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6.4 Review of G.L. Kline for S.N. Anovskaja

Kline, G.L., "Review of Foundations of Mathematics and Mathematical
Logic by S. A. Anovskaa”, The Journal of Symbolic Logic, Vol. 16, No.
1, March 1951, 46-48.

8. A. Avovsgak. Osnovanid matématiki i matématitéskad logika (Foundations of mathe-
matics and mathematical logic). Matématika v SSSR za tridcat’ 1ét 1917-1947 (Mathe-
matics in the USSR for the thirty years 1917-1947), OGIZ, Moscow and Leningrad 1948,
pp. 9-50.

The present paper is a survey of the work in mathematical logic and the foundations
of mathematics done in the Soviet Union between 1917 and 1947, with some reference to
pre-revolutionary mathematicians and logicians. Soviet mathematicians, the author em-
phasizes, reject the view of Poincaré, Heyting, et al., that ‘“the propositions of pure
mathematics say nothing about reality.”” On the Soviet view, the formal axiomatic systems
of mathematics—which admit of many qualitatively different interpretations—rest on a
material [sodérZatél’'nad = inhaltliche] arithmetic, in which numbers and the relations
between them are univocally defined. The spatial forms and quantitative relations of the
material world are the specific subject-matter of mathematics (Engels). In contrast to
Carnap and the logical positivists, A. N. Kolmogorov asserts that a formal apparatus is
valid only when it ‘“‘corresponds to a real content.”

Turning to the historical development of mathematical logic, the author mentions the
work of De Morgan, Boole, Jevons, Peirce, and Schroder, and goes on to state that “the
culmination of this period . . . was the work of the Russian logician, P. 8. Poréckij, Loba-
¢évskij’s colleague at Kazan University' (p. 19). Poréckij considered his 582 the first
attempt at a complete theory of qualitative inference (by a “quality’” Poréckij meant
what is now called a “one-place predicate’).

Soviet mathematicians, according to the author, deny that there is any ‘‘crisis’’ in
the foundations of mathematics, although they recognize real difficulties in connection
with the applicability of the laws of formal logic, extrapolated from finite domains, to
infinite domains, especially the law of excluded middle; and the paradoxes of mathemati-
cal logic and set theory. The chief interest of Soviet writers, we are told, is in the applica-
tion of mathematical logic to special problems in mathematics and technology.

One of the first treatments of the law of excluded middle, according to Anovskad, is
to be found in the introduction to S. O. Satunovskij’s algebra textbook, published in
Odessa in 1917. From the excerpts which she reproduces, it is evident that Satunovskij
did have ideas on the subject similar to those of Brouwer, although they seem to be less
clearly formulated. However, it should be noted that Brouwer’s publications along this
line go back to 1908.

46
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The problem of the excluded middle was discussed in 1925 by Kolmogorov in his 3141,
which, the author maintains, anticipated Gédel’s result of 41811 (1932) to the effect that
“‘die intuitionistische Arithmetik und Zahlentheorie nur scheinbar enger ist als die klas-
sische.” Kolmogorov offers an interpretation of classical arithmetic for which—through
replacement ot’ every variable by its double negation—all of its ‘“known’’ propogitions

propositions of intuitionistic arithmetic. He further states: “The application of
the principle of excluded middle will never lead to a contradiction. In fact, if a false for-
mula were obtained with its help, the corresponding formula of pseudolmathematica would
be demonstrated without its help, and would nevertheless lead to a contradiction.” (3141,
p. 661.)

In 1929 V. I. Glivénko in his 3812 obtained a stronger result than Kolmogorov’s regard-
ing the propositional caleculus. He showed that if a formula is demonstrable in the classical
propositional calculus its double negation is demonstrable in the intuitionistic calculus,
and that if the negation of such a formula is classically d trable it is also intuition-
istically demonstrable.

Anovskad emphasizes that the intuitionistic logic, formulated as a finite set of axioms
and rules of inference, can be ‘“‘adequately applied to a given domain of objects’ quite

dependently of the epistemological premises of intuitionism. Soviet writers aceept the
calculus and build upon it, but they reject the ‘‘idealistic’ epistemology. The real sig-
nificance of Heyting’s logie—as a calculus of problem-solving—was exhibited by Kolmo-
gorov in his 3142,

The work 3041 of Satunovskij’s pupil, M. I. Schonfinkel, written in 1920 and pub-
lished in 1924, is justly stressed as a major advance in the development of mathematical
logic. However, Anovskad also credits Schonfinkel with originating the idea of a function
a8 a special abatract object distinct from its values; in fact, this notion goes back at least
to Frege (though admittedly with a difference in terminology which is somewhat mis-
leading). The author states that ‘“Schonfinkel’s ideas were widely taken up by American
mathematicians, first by Curry, who constructed his ‘combinatory logic’ (1930) on their
foundation, and by Church, whose calculus of A-conversion represents a certain ‘formaliza-
tion’ of Schonfinkel’s ideas” (p. 33). Without minimizing the significance of Schénfinkel’s
radically new idea, it should be noted that Curry has carried its development to a point
far beyond the bare beginning made by Schénfinkel, and has contributed important addi-
tional ideas without which this development would have been impossible; also that
Church’s calculus of A-conversion is not a mere variation of the Schénfinkel-Curry calculus
of combinators, but represents a different approach. Its relationship to the work of Schon-
finkel and Curry is made clear in Church’s VI 171(1) (cf. pp. 3-5, 43-51).

Schoénfinkel’s 3671, written in collaboration with Bernays, is fairly represented as one
of the important early papers on the decision problem. (The author gives the biographical
information that Schénfinkel became mentally ill and died in Moscow in 1942.)

Anovskad further summarizes works of Zégalkin 3441, V 69 (1) (who died on March 28,
1947); Novikov X1 129 (3), XIII 170 (1), XIV 255 (4); Bodvar IV 98 (2), V 119 (1), XI 129
(1, 2), XII 27 (1); Malcév II 84 (2); and Markov XIII 52 (2), XIII 53 (1).

The idea of applying Boolean algebra to the analysis of electrical relay-contact cir-
cuits, the author points out, was first put forward in 1910 by the Russian physicist Erénfést
in a review 18611 of the Russian translation (10020A) of Couturat’s L'algébre de la logique.
Erénfést’s proposal for an ‘“‘algebra of switching circuits’’ was worked out in detail in
1934-35 by Glivénko’s pupil, V. I. 8éstakov, whose results were embodied in a paper written
in January 1935. This paper, according to Anovskad, was not published at the time, but
formed the basis of Séstakov’s candidate’s dissertation, the major part of which was pub-
lished in 1941 in the journal Téhniééskad fizika (11:6). In the meantime (1938), Shannon
had published his paper IV 103 (3) and gained credit for the idea.

This problem was further explored by A. M. Gavrilov in papers published between 1945
and 1947. Séstakov’s later work XII 135 (1), according to Anovskad, is evidence that even
many-valued logics have practical significance and technological application.

In the concluding pages the author summarizes papers by Markov XIV 67 (1) on recur.
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