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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. Stanković, 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.
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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
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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. ”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. I, 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 Electrical Communication
Engineering, April, Sept., Nov., Dec., 1938.

2. H. Piesch, Papers in Archiv. fur Electrotechnik, xxxiii, page 692 and
page 733, 1939.
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Figure 1: The first page of the MSc. thesis by C.E. Shannon in 1938.
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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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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. Schröder 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. Schröder, E., Vorlesungen über die Algebra der Logik, 1890.

3. Couturat, L., The Algebra of Logic, 1914.
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Figure 5: The first page of the paper by Akira Nakashima inNichiden Geppo
Vol. 12, No. 4, April 1935, 1-13.
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Figure 6: The first page of the English version of the paper [14].
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Figure 7: The page 4 of the paper by Nakashima published in March 1941.
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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 Ivanovič Šestakov, defended on September 28, 1938, at the State
University Lomonosov, Moscow, Soviet Union [29]. In the thesis, Šestakov
referred to the work on logic by Glivenko [9], and Žegalkin and Sludskaja
[42]. The major part of the thesis of Šestakov was published in [30], [31]
(Fig. 9). For discussions on the work by Šestakov, 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 Žurnal Russk-
ago Fiziko-hemičeskago Obščestva, Fizičeskij 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.
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Figure 9: The first page of the paper by V.I. Šestakov 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.

References

[1] Anovskaja, S.A., (Yanovskaya Sofija Aleksandrovna) ”Osnovania
matematiki i matematiceskaa logika (Foundations of mathematics and
mathematical logic)”, Mathematika v SSSR za tridcat let 1917-1947
(Mathematics in the USSR for the thirty years 1917-1947), OGIZ,
Moscow and Leningrad, 1948, 9-50.
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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 Exactas, 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+l07+xii+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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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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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 Göttingen, 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 Lichtäthers”,
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. Slǐsinski, 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 1 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 Günther Grassmann, a German linguist and mathematician.

40



Schröder (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 ”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.,

1 + 1 = 1, (1)

A+AB = A, (2)

AAA = A, (3)

(A+ Γ)(Γ +B)(B +A) = AΓ + ΓB +BA, (4)

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

(AΓ) denotes ”all who belong at the same time to the class A and the
class Γ (black colour).

The same applies to (ΓB) 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+Γ) denotes all who belong to class A and also all who belong to class
Γ.

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:

1. AA′ = 0, A+A′ = 1,

2. (AΓ)′ = A′ + Γ′

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

A = xΓ or AΓ′ = 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. zH = 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+Γ+B+ · · · = 0 is
equivalent to A = 0, Γ = 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,Γ, . . ., 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:

”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+ Γ +B = 0) = (A = 0)(Γ = 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 Schröder 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. Schröder, 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”, Žurnal Russkago Fiziko-
hemiceskago Obščestva, Fizičeskij otdel, Vol. 42, 1910, Otdel vtoroj, 382-
387.

This page presents page 382 of the review, the text on pages 383 to 387
is continued on the following pages. 4

4For the work of the Russian mathematician P.S. Poreckij mentioned by Ehrenfest,
see, for instance Stanković, 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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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.
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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.
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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.
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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.
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