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Reprints from History of Computing Science and
Signal Processing

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

In every branch of science there are some important results published in
national or local journals or other publications that have been no broadly
distributed for different reasons, due to which they often remain unknown
to the research community and therefore are rarely referenced. Sometimes,
importance of such discoveries is overlooked or underestimated even by the
inventors themselves. Such inventions are often re-discovered long after, but
their initial sources remain almost forgotten, and mostly remain sporadi-
cally recalled and mentioned within quite limited circles of experts. This
is especially often the case with publications in other languages than the
English language which presently dominates 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 have been discussed
for the first time or introduced independently on other related works.

R.S. Stanković, J.T. Astola
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Fössl, Springer, Wien, Austria, Duncan James, Wiley, Chichester, United
Kingdom, Bradley Johnson, Wiley, P&T, Hoboken, New Jersey, USA.

10



On the Contributions by Akira Nakashima to

Switching Theory

Abstract

The present issue of Reprints from the Early Days of Information
Sciences discusses research work of Akira Nakashima and his associate
Masao Hanzawa on Switching Theory. It presents translations in En-
glish of six papers by A. Nakashima and three papers coauthored with
Masao Hanzawa and highlights the impact of this work to the research
at the time in this area.
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Notice

Three kinds of spelling, Nakashima, Nakasima and Nakajima appear

in his English papers. Two kind of Chinese characters, �� and ��
appear in his Japanese publications.

Reprints from History of Information Sciences

Detalji iz istorije informacionih nauka

Varhaisia tietotekniikan julkaisuja

Перепечатка из истории информационныих наук

����における����の��

ՎԵՐԱՀՐԱՏԱՐԱԿՈՒՄ ՊԱՏՄՈՒԹՅՈՒՆԻՑ

Детаљи из историје информационих наука

Radomir S. Stanković, Jaakko Astola

12



1 Switching Theory

Switching theory and logic design, viewed as practical applications of it,
provide mathematical foundations and tools for digital system design that
is an essential part in the research and development in almost all areas of
modern technology. The vast complexity of modern digital systems implies
that they can only be handled by computer aided design tools that are
built on sophisticated mathematical models. Development and exploiting
in their entire power of such methods is possible if based upon their deep
understanding and proper interpretations. In this respect, study of roots
and origins of these basic concepts, as well as the way of their introducing
to solve particular problems, is of an essential importance.

The Boolean algebra occupies a central role in switching theory, and was
a vehicle to transfer circuit design from art and experience into a scientific
discipline. Therefore, related basic concepts will be briefly presented in the
following section.

1.1 Boolean algebra

Algebra of logic, also called symbolic logic, is a method to express logic in
a mathematical context. Instead of deling with numeric quantities as in
ordinary algebra, it is used to represent the truth value of statement by
assigning logic symbols 0 and 1 to two possible truth values false and true.

It has been derived by George J. Boole in order to permit an algebraic
manipulation of logic statements and, therefore, is often called the Boolean
algebra. It is useful in study of information theory, set theory, probability
theory, and represents the basis of switching theory, which is the aspect that
will be primarily discussed in this paper.

The Boolean algebra can be defined as follows.

Definition 1 Consider a set B of at least two distinct elements 0 and 1.
Assume that there are defined two binary operations ∨ and · and the unary
operation − on B, usually called logic disjunction (OR), conjunction (AND)
and negation (NOT ).

An algebraic system 〈B,∨, ·,−, 0, 1〉 is a Boolean algebra if for any a, b, c ∈
B the following axioms are satisfied
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1. Idempotence a ∨ a = a, a · a = a,
2. Comutativity a ∨ b = b ∨ a, a · b = b · a,
3. Associativity a ∨ (b ∨ c) = (a ∨ b) ∨ c,

a · (b · c) = (a · b) · c,
4. Absorption a ∨ (a · b) = a, a · (a ∨ b) = a,
5. Distributivity a ∨ (b · c) = (a ∨ b) · (a ∨ c),

a · (b ∨ c) = (a · b) ∨ (a · c),
6. Involutivity a = a,
7. Complement a ∨ a = 1, a · a = 0,
8. Identity a ∨ 0 = a, a · 1 = a,
9. a ∨ 1 = 1, a · 0 = 0,
10. De Morgan Laws (a ∨ b) = a · b, a · b = a ∨ b.

The postulates 2, 5, 7, and 8 are called the Huntington postulates [5], and
are sufficient to specify a Boolean algebra, since the remaining six postulates
can be derived from them.

Some of these and related results in Boolean algebra have been indepen-
dently discovered by Akira Nakashima and Masao Hanzawa, as it can be
seen in reprinted papers (see, for instance, discussions at pages 49, 53, 104,
105, 107, and elsewhere else).
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2 Work of Akira Nakashima in Theory of Logic
Networks Design

Akira Nakashima graduated at the Tokyo University, and worked as an engi-
neer at Nippon Electric Company (NEC) (Nippon Denki Kabushiki Gaisha)
among other task also on the design of relay networks for various purposes.

Nakashima first did an extensive analysis of many case studies of re-
lay networks trying to formulate a unified design theory for such networks.
He considered impedances of relay contacts as two-valued variables, and
used logic OR and AND operations to represent their series and parallel
connections, respectively. Due to that, he formulated a related theory of
relay networks by introducing and exploiting some algebraic relations that
are a basis of switching theory. For instance, he defined the rules that are
nowadays called De Morgan duality expressions (see, for instance, page 59).
These results, Nakashima presented without using a symbolic notation in a
series of articles in the monthly journal of Nippon Electric Company (NEC)
(Nichiden Geppo, in English Nippon Electric - NEC Technical Journal) (see
pages 30 to 43) entitled Theory and Practice of Relay Engineering [9]. The
Telegraph and Telephone Society of Japan engaged Nakashima to give an
invited talk at the annual meeting of this society early in 1935. This three
hours long talk has been afterward published in [6], [7] (pages 46-57).

In 1936, Nakashima was transferred to transmission engineering, how-
ever, being advised to continue this research by Yasujiro Niwa, the Chief
Engineer of NEC at that time, and by Yasujiro Shimazu (see page 106), he
continued the work after regular office working time with the help of Masao
Hanzawa, who remained in the exchange engineering team. This research
work by Nakashima has been interrupted when, at the beginning of the Sec-
ond World War, Nakashima has been again transferred this time to work on
radar and wireless communication engineering.

In a joint work with Masao Hanzawa, the theory of Nakashima was
elaborated by using also symbolic representations and finally evolved into
an algebraic structure, for which Nakashima concluded in August 1938 that
it is actually equal to the Boolean algebra.

Notice that papers by Nakashima and also these with Hanzawa, have first
been published in Japanese in The Journal of the Institute of Telephone and
Telegraph Engineers of Japan and The Journal of the Institute of Electrical
Communication Engineers 1, and then latter translated in a reduced from

1The Institute of Telephone and Telegraph Engineers of Japan was established in May
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and published in Nippon Electrical Communication Engineering (page 81).
In [9], which has been published in Japanese in August 1937, the algebra

introduced by Nakashima and elaborated in cooperation with Hanzawa was
reduced to an algebra of sets by assigning to each partial path a set of times
at which its impedance is infinite. In that way, the author was able to
state that ”theorems and expressions developed in the theory of sets may,
therefore, be applied to acting impedance problems of simple partial paths”,
see the corresponding remark in [1].

For instance, in [10] it is noticed the following correspondence between
the algebra of logic and circuits. If A and B are two-terminal circuits, which
are called simple partial paths by the authors, then A+B and A·B correspond
to their serial and parallel connections, respectively. The equation A = B
states that acting functions of A and B are equal, meaning that A is open
(closed) when B is open (closed). Similarly, A denotes a simple partial
path that is closed when A is open and vice versa. Two simple partial pats
that are always closed or open are denoted by p and s, respectively. In
the terminology used by the authors, such path have and infinite and zero
impedance, respectively.

With this notation (see Fig. 1), that is quite similar to that by Shannon
and other authors, Nakashima and Hanzawa defined an algebra which as
they realized in 1938 is identical to the Boolean algebra.

Xab

a b

X Y X+Y

X

Y

X Y.

.

=

=

A

A

A

A

A = � A = 0

B

B

A+B

A B

Shannon Nakashima

Figure 1: Notation and symbols used by Shannon and Nakashima.

1917. In January 1937 the institute name was changed to the Institute of Electrical Com-
munication Engineers (IECE) of Japan. In May 1967 it was renamed again as the Institute
of Electronics and Communication Engineers (IECE) of Japan. In January 1987 it was
reorganized to have four societies and changed the name to the Institute of Electronics,
Information and Communication Engineers (IEICE) of Japan.
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In particular, the authors noticed that their expansion theorem is actu-
ally the same what the Boole calls the law of development.

In [11], that has been published in Japanese in August 1937, the author
is pointing out the links between his algebra and the algebra of sets, which
therefore can be used in discussing problems related to simple partial paths
and impedances in them [2].

In [12], the authors for the first time refer explicitly to Boole and Schröder.
At page 169, we show the first page of a paper by Shigetoshi Okada

arising some questions and providing some comments related to the results
by A. Nakashima and M. Hanzawa published in Japanese in 1940. (See
reprinted papers 8 and 9). This paper was published in Journal of the
Institute of Electrical Communication Engineers of Japan in November 1940.
At page 177, we show the first page of the paper presenting answers provided
by A. Nakashima and M. Hanzawa in the same issue.

In the contemporary research at the time, references to the work by
Nakashima are given by C.E. Shannon [17], H. Piesch [14], and O. Pleshl
and A. Dushek [15]. At pages 181 to 186 we show the first pages of related
papers, as well as the pages where the references to the work by Nakashima
and Nakashima and Hanzawa are given.

At pages 187 and 188 we present the review of the work by Nakashima
and Nakashima and Hanzawa written by Alonso Church, while his review of
the work by Hannsi Piesch is presented at page 189.

Recently, the contributions to the switching theory by Nakashima and
Nakashima and Hanzawa, are highlighted and favorably reported in few
publications. For example, in [19], and [20], the work by Nakashima [8] has
been estimated as the first systematic study of logic circuits. It is especially
emphasized the expansion theorem of impedance function [13] of relay circuit
and the design theory of two-terminal relay circuits in 1940.

In [4], the work by Nakashima and Hanzawa was favorably reviewed and
summarized. (See pages 190-193).

In [21], it is explicitly stated that Akira Nakashima published the first
paper on switching theory in the World referring to his paper in 1935. A
detailed analysis of the work by A. Nakashima is presented in [22].

In Japan, the work by Nakashima has been continued by Kan-ichi Ohashi,
Mochinori Goto [3], Yasuo Komamiya, T. Kojima, and later by many oth-
ers, see for example, [16], chapter entitled Switching Theory in Japan. The
related discussion including the references is reprinted at pages 194-199.
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[18] Stanković, R.S., Astola, J.T., Karpovsky. M.G., ”Some historical re-
marks on switching theory”, in Bregović, R., Gotchev, A., (eds.), Proc.
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Publications by Akira Nakashima

The following list of publications by Akira Nakashima alone and in a fruit-
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and prepared by Prof. Akihiko Yamada [22] 2 who also provided the related
comments especially for this issue of the Reprints. Some of the papers were
reviewed in [2] by Alonso Church or mentioned in his reviews of the work by
other authors in the field (see pages 187-189), and also have been reported
in the review book by the staff of the Nippon Electric Company (NEC) [4]
(see pages 190-193). See also [18].

1. Nakashima, A., ”The theory of relay circuit engineering”, in the journal
Nichiden Geppo (Nippon Electric) (see page 29 for the cover page of an issue
of this journal) published by Nippon Electrical Company (NEC), November
1934-September 1935, (in Japanese). The current name of the journal is
NEC Technical Journal. No English version of this paper.

2. Nakashima, A., ”Synthesis theory of relay networks”, Journal of the In-
stitute of Telegraph and Telephone Engineers of Japan, No. 150, September
1935. Title translated also as ”The theory of relay circuit composition” and
”A realization theory for relay circuits”, English version in Nippon Electrical
Communication Engineering, No. 3, May 1936, 197-226.

3. Nakashima, A., ”Reziprozitaetsgesetze”, in the journal Nichiden Geppo
- Nippon Electric published by Nippon Electrical Company (NEC), January
1936 (in Japanese). The current name of the journal is NEC Technical Jour-
nal. No English version of this paper.

4. Nakashima, A., ”Some properties of the group of simple partial paths
in the relay circuit”, Journal of the Institute of Telephone and Telegraph
Engineers of Japan, January, February, and March 1936, 88-95, English
translation in Nippon Electrical Communication Engineering, March 1937,
70-71.

5. Nakashima, A., Hanzawa, M., ”The theory of equivalent transformation
of simple partial paths in the relay circuit (Part 1), Journal of the Insti-
tute of Electrical Communication Engineers of Japan, No. 165, October 28,

2References at pages 18-20.
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1936, published December 1936. Condensed English version of parts 1 and
2 in Nippon Electrical Communication Engineering, No. 9, February 1938,
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6. Nakashima, A., Hanzawa, M., ”The theory of equivalent transformation
of simple partial paths in the relay circuit (Part 2), Journal of the Institute of
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published in February 1937. Condensed English version of parts 1 and 2 in
Nippon Electrical Communication Engineering, No. 9, February 1938, 32-39.
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circuit”, Journal of the Institute of Electrical Communication Engineers of
Japan, April 1937, English summary in Nippon Electrical Communication
Engineering, No. 10, April 1938, 178-179.

8. Nakashima, A., ”Algebraic expressions relative to simple partial paths
in the relay circuits”, Journal of the Institute of Electrical Communication
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translation of about half the length of the original paper in Nippon Electrical
Communication Engineering, No. 12, September 1938, 310-314. Section V,
”Solutions of acting impedance equations of simple partial paths”.

9. Nakashima, A., ”The theory of two-point impedance of passive networks
in the relay circuit (Part 1)”, Journal of the Institute of Electrical Com-
munication Engineers of Japan, No. 177, December 1937. Reduced version
of part 1 and part 2 (bellow) appears in Nippon Electrical Communication
Engineering, No. 13, November 1938, 405-412.

10. Nakashima, A., ”The theory of two-point impedance of passive networks
in the relay circuit (Part 2)”, Journal of the Institute of Electrical Commu-
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part 1 (above) and 2 in Nippon Electrical Communication Engineering, No.
13, November 1938, 405-412.
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12. Nakashima, A., Hanzawa, M., ”Expansion theorem and design of two-
terminal relay networks (Part 1)”, Journal of the Institute of Electrical Com-
munication Engineers of Japan, No. 206, May 1940. Condensed English ver-
sion in Nippon Electrical Communication Engineering, No. 24, April 1941,
203-210.

13. Nakashima, A., Hanzawa, M., ”Expansion theorem and design of two-
terminal relay networks (Part 2)”, Journal of the Institute of Electrical Com-
munication Engineers of Japan, No. 209, August 1940. Condensed English
version in Nippon Electrical Communication Engineering, No. 26, October
1941, 53-57.

14. Nakashima, A., ”Theory of relay circuit”, Journal of the Institute of
Electrical Communication Engineers of Japan, No. 220, March 1941, 9-12.
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This is a kind of short tutorial. The first and the second page of
this tutorial are shown at pages 57 and 59. This page contains
basic postulates and theorems in the Boolean algebra. The first
reference in this paper is in Japanese, and other three are

1. Boole, G., An Investigation of the Laws of Thought, Lon-
don, 1854.

2. Schröder, E., Vorlesungen über die Algebra der Logik, 1890.

3. Couturat, L., The Algebra of Logic, 1914.

15. Nakashima, A., ”Theory of relay circuit”, Journal of the Institute of
Electrical Communication Engineers of Japan, No. 220, July 1941, 397-406.
No English translation of this paper.

This is the speech delivered by Akira Nakashima at the general
assembly of the IECEJ on 26th April 1941. It covers his major
research results. The first and the third page of this paper are
reprinted at pages 65 and 67. At the third page of this paper we
see a table with basic postulates and theorems in the Boolean
algebra. Besides references as in the item 14, Nakashima has
mentioned the Journal of Symbolic Logic, 1936.
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In item 12, there are references to the work by Boole and Schröder men-
tioned above. In item 13, there is a reference to the work
Bernstein, B.A., ”Postulate for Boolean algebra involving the operation of
complete disjunction”, Annals of Mathematics, Vol. 37, No. 2, April 1936,
317-325.

In 1940, Nakashima published the following paper
Nakashima, A., ”Current status of wired communication technologies in
the United States”, Journal of the Institute of Electrical Communication
Engineers of Japan, August, 1940, 477-484 (in Japanese).

The paper is the transcription of the speech of Akira Nakashima
at the IECE lecture meeting on June 19, 1940, which is a trip
report to the US. The contents is about wired communication
technologies in general. (See pages 58 and 59).

Maybe the last publication of Nakashima is the following:
Nakashima, A., ”Reminiscences of the Switching Network Theory”, Jour-
nal of the Institute of Electronics and Communication Engineers of Japan,
December 1970, 1658-1661.

This is a history of Nakashima’s researching on switching theory.
It includes the brief description about his visit to Bell Labs and
the meeting with Claude Shannon at AIEE Winter Convention.
He passed away on the 29th October 1970. Therefore this article
was published after his death.

First page of this paper is shown at page 75.

The condolence on Nakashima’s death was written by Zen-iti Kiyasu, Kan-
ichi Ohhashi and Yasujiro Shimazu (to whom Nakashima wrote an acknowl-
edge in his second paper, see page 120) and was published in the the Institute
of Electronics and Communication Engineers, Vol. 54, No. 3, March 1971.

First page of the condolence is shown at page 79.

The following table with an analysis of the work by A. Nakashima is reprinted
from Yamada, A., ”History of research on switching theory in Japan”, IEEJ
Trans. FM, Vol. 124, No. 8, 2004, 720-726, (in Japanese).
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The first and the third paper by Nakashima mentioned above were pub-
lished in Nippon Electric Technical Journal, whose formal name in English
is Nichiden Geppo (see page 30). Page 29 shows the first page of the
article by Akira Nakashima in Nichiden Geppo, Vol. 11, No. 11, November
1934. The three pages of Vol. 12, No. 11, January 1935, of this journal are
shown at pages 35, 37, 39 and the rear cover page is shown at the page 41.
The first page of the paper by Akira Nakashima ”Theory and practice of
relay circuit engineering (Number five)”, is shown at page 44.

This series of publications by Nakashima consists of the following seven
papers:

Number 1: Vol. 11, No. 11, pp.1-7 (Nov. 1934)
Number 2: Vol. 12, No. 1, pp.9-23 (Jan. 1935)
Number 3: Vol. 12, No. 2, pp.8-22 (Feb. 1935)
Number 4: Vol. 12, No. 3, pp.18-26 (Mar. 1935)
Number 5: Vol. 12, No. 4, pp.1-13 (Apr. 1935)
Number 6: Vol. 12, No. 5, pp.1-12 (May 1935)
Number 7: Vol. 12, No. 9, pp.1-10 (Sep. 1935)

There is another paper by Nakashima in Nichiden Geppo:

Nakashima, A., ”Transient phenomena during releasing operation of a relay
with two parallel coils”, Nichiden Geppo (Nippon Electric), Vol. 12, No. 4,
April 1935, 14-18.

This is the addendum to the above Number 3 published in Febru-
ary 1935.

In November 1935, Nakashima published another paper related to the
same subject

Nakshima, A. ”An approximation solution of the transient phenomena dur-
ing the operating and releasing action of telephone relays having many varied
secondary circuits”, Journal of the Institute of Telephone and Telegraph En-
gineers of Japan, November 1935, 889-892, (in Japanese). (See page 49).

Pages 51 and 53 show first pages of the papers reported as the items 5 and
6 in the list of publications of Akira Nakashima in Switching Theory. Pages
59 and 61 show the first and the second page of the item 14.
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Akira Nakashima

President of Ando Electric Company, 1964

Photo from the Archive of Corporate Communication Division (CCD) of
Nippon Electric Company, Ltfd., (NEC)

provided by courtesy of Mr. Nobuyosi Nomizu of NEC and Prof. Akihiko Yamada



The page 74 of the book
Fifty years of Ando Electoric Co.,Ltd

published in September 1983.

” %& '40 ” in the upper left corner of page 74
of the Ando book shows the year of 40 in Showa era.

It corresponds to the year of 1965.

The title is ”Resolution to become a world’s leading instrument manufacturer”.
The subtitle is ”Depression in the year of Showa 40 (1965)”

This page shows the New Year message in January 1965
he told all employees as follows and encouraged them:

”We private company have to earn by ourselves to survive.
We shouldn’t rely on others. If we are not cautious,

we will fall and have to disappear.
Be ambitious to become a world’s leading instruments manufacturer!”

Nakajima promoted education for managers and sped up
the development of digital instrument systems.

In 1966 they started to develop IC testers.

(Comments written by Prof. Akihiko Yamada,
who provided the reprinted page by courtesy of

Mr. Hajime Nakajima, General Affairs Department Manager,
Yokogawa Electric Corporation which incorporates former Ando Electric. )
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The first page of the article by Akira Nakashima in
Nichiden Geppo

Vol. 11, No. 11, November 1934.
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The cover page of
Nichiden Geppo

Vol. 12, No. 11, December 1, 1934.

The cover of Nippon Electric (NEC Technical Journal).
The formal name of the journal in English is "Nichiden Geppo"

as shown in it. The original Japanese name is " ".

"Nichiden Geppo" is the Romanized (alphabetic) expression

of " ". " " is the abbreviation of "

(Nippon Denki)". "Denki" means "electric" in English.

" " means "a monthly journal". Therefore "Nichiden Geppo

(Nippon Electric)" or "Nichiden Geppo (Nippon Electric
monthly journal)" would be an appropriate expression in English.

Just "Nippon Electric" might also be all right as "Nippon Electric"
is shown in the heading of each page.

Notice that the
uses the name "Nippon Electrical Communication Engineering" for their journal.

()*�

()*� () (+),

*�

Institute of Telegraph and Telephone Engineers of Japan
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The second page of
Nichiden Geppo

Vol. 12, No. 11, December 1, 1934
with an advertisement of Weston’s illumiometer.
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The third page (index page) of
Nichiden Geppo

Vol. 12, No. 4, December 1, 1934.
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The rear cover of
Nichiden Geppo

Vol. 12, No. 11, December 1, 1934.

40



41



The first page of the paper by
Akira Nakashima in

Nichiden Geppo
Vol. 12, No. 4, April 1935, 1-13.

The title of the paper is

" "

"Theory and practice of relay circuit engineering (Number five)".
(The English title is not shown in the original Japanese paper.)

-)./01�の2�と45 （7の8)
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The cover page with contents of
Journal of the Institute of Telephone and Telegraph Engineers of Japan

No. 150, September 1935.
The first paper is A. Nakashima’s ”Synthesis Theory of Relay Networks.”
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The rear cover
Journal of the Institute of Telephone and Telegraph Engineers of Japan

No. 150, September 1935.
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The page 33 (341) of
The Journal of the Institute of Telephone and Telegraph Engineers of Japan

October 1935
a very brief report of Nakashima’s lecture meeting in the Institute Column

Academic Lecture Meeting

September 19 at Big Hall of Denki-Kurabu in Yuraku-cho, Kojimachi-ku.
The lecture meeting (the seventh in 1935) was held. 289 people including

93 members and 113 associate members attended it.

Title: The Theory of Relay Circuit Composition
Speaker: Akira Nakashima, Nippon Electric Company.
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The first page of the paper
Nakshima, A. ”An approximation solution of

the transient phenomena during the operating and releasing action of
telephone relays having many varied secondary circuits”

Journal of the Institute of Telephone and Telegraph Engineers of Japan
November 1935, 889-892.
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The first page of the paper
Nakashima, A., Hanzawa, M.

”The theory of equivalent transformation of
simple partial paths in the relay circuit (Part 1)

Journal of the Institute of Telephone and Telegraph Engineers of Japan
No. 165, October 28, 1936, published December 1936.
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The first page of the paper
Nakashima, A., Hanzawa, M.

”The theory of equivalent transformation of
simple partial paths in the relay circuit (Part 2)

Journal of the Institute of Telephone and Telegraph Engineers of Japan
No. 167, December 14, 1936, published February 1937.
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The cover with contents of
Journal of the Institute of Electrical Communication Engineers of Japan

No. 206, May 1940
The first paper is A. Nakashima’s ”The Law of Development of

Impedance Functions and Theory of Designing
Two-Terminal Networks in Relay Circuit.”
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The first page of the paper
Nakashima, A., ”Current status of

wired communication technologies in the United States”
Journal of the Institute of Electrical Communication Engineers of Japan

August, 1940, 477-484.
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The first page of the paper
Nakashima, A., ”Theory of relay circuit”

Journal of the Institute of Electrical Communication Engineers of Japan
No. 220, March 1941, 9-12.

60



61



The second page of the paper
Nakashima, A., ”Theory of relay circuit”

Journal of the Institute of Electrical Communication Engineers of Japan
No. 220, March 1941, 9-12.
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The first page of the paper
Nakashima, A., ”Theory of relay circuit”

Journal of the Institute of Electrical Communication Engineers of Japan
No. 220, July 1941, 397-406.
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The third page of the paper
Nakashima, A., ”Theory of relay circuit”

Journal of the Institute of Electrical Communication Engineers of Japan
No. 220, July 1941, 397-406.
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The Japanese cover of
Journal of the Institute of Electronic Communication Engineers of Japan

Vol. 35, No. 12, December 1970
”Frontier Days in Retrospect” which includes A. Nakashima’s paper

”Reminiscences of the Switching Network Theory”, 1658-1661.
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The Japanese contents of
Journal of the Institute of Electronic Communication Engineers of Japan

Vol. 35, No. 12, December 1970
”Frontier Days in Retrospect” which includes A. Nakashima’s paper

”Reminiscences of the Switching Network Theory”, 1658-1661.
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The English contents of
Journal of the Institute of Electronic Communication Engineers of Japan

Vol. 35, No. 12, December 1970
”Frontier Days in Retrospect” which includes A. Nakashima’s paper

”Reminiscences of the Switching Network Theory”, 1658-1661.

72



73



The first page of the paper
Nakashima, A.

”Reminiscences of the Switching Network Theory”
Journal of the Institute of Electronic Communication Engineers of Japan

December 1970, 1658-1661.
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Cover page with the contents of
the Institute of Electronics and Communication Engineers,

Vol. 54, No. 3, March 1971, with
the condolence on Nakashima’s death written by

Zen-iti Kiyasu, Kan-ichi Ohhashi and Yasujiro Shimazu.
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The first page of the condolence on Nakashima’s death written by
Zen-iti Kiyasu, Kan-ichi Ohhashi and Yasujiro Shimazu and published in
the Institute of Electronics and Communication Engineers, March 1971.
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3 Nippon Electrical Communication Engineering

English versions of papers by Nakashima and Nakashima and Hanzawa have
been published in the journal Nippon Electrical Communication Engineering
a publication of the Institute of Telegraph & Telephone Engineers of Japan
(Densin-Denwa-Gakkwai), Tokyo, Japan.

The cover page, the contents, and the foreword of the first issue of this
journal published in September 1935 are shown at pages 77, 79 and 81.

The cover page of Nippon Electrical Communication Engineering issue
No. 9, February 1938, containing the paper enumerated as item 6 in the list
of publications by Nakashima and Nakashima and Hanzawa above is shown
at page 87. The page with contributions to this issue with biographies and
photos of Nakashima and Hanzawa is shown at page 89.
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The cover page of the first issue of
Nippon Electrical Communication Engineering

No. 1, September 1935.
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The contents page of the first issue of
Nippon Electrical Communication Engineering

No. 1, September 1935.
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The foreword by T. Akiyama,
the President of the Institute of Telegraph & Telephone Engineers of Japan,

in the first issue of
Nippon Electrical Communication Engineering

No. 1, September 1935.
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The page in
the Journal of the Institute of Telegraph & Telephone Engineers of Japan

with an announcement of the sale of the first issue of
Nippon Electrical Communication Engineering

No. 1, September 1935.
It says the price of a copy is one-yen (fifty-sent for members).
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The second page in
the Journal of the Institute of Telegraph & Telephone Engineers of Japan

of an announcement of the sale of the first issue of
Nippon Electrical Communication Engineering

No. 1, September 1935 with the contents continued.
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The cover page of
Nippon Electrical Communication Engineering

No. 9, February 1938.
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The page with Contributors to This Issue of
Nippon Electrical Communication Engineering

No. 9, February 1938.
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4 Reprints

1. Nakashima, A., ”The theory of relay circuit composition”, Nippon
Electrical Communication Engineering, No. 3, May 1936, 197-226.

2. Nakashima, A., ”Some properties of the group of simple partial paths
in the relay circuit”, Nippon Electrical Communication Engineering,
No. 5, March 1937, 70-71.

3. Nakashima, A., Hanzawa, M., ”The theory of equivalent transforma-
tion of simple partial paths in the relay circuit”, Nippon Electrical
Communication Engineering, No. 9, February 1938, 32-39.

4. Nakashima, A., ”The theory of four-terminal passive networks in relay
circuit”, Nippon Electrical Communication Engineering, No. 10, April
1938, 178-179.

5. Nakashima, A., ”Algebraic expressions relative to simple partial paths
in the relay circuits”, Nippon Electrical Communication Engineering,
No. 12, September 1938, 310-314. Section V, ”Solutions of acting
impedance equations of simple partial paths”.

6. Nakashima, A., ”The theory of two-point impedance of passive net-
works in the relay circuit (Part 1)”, Nippon Electrical Communication
Engineering, No. 13, November 1938, 405-412.

7. Nakashima, A., ”The transfer impedance of four-terminal passive net-
works in the relay circuit”, Nippon Electrical Communication Engi-
neering, No. 14, December 1938, 459-466.

8. Nakashima, A., Hanzawa, M., ”Expansion theorem and design of two-
terminal relay networks (Part 1)”, Nippon Electrical Communication
Engineering, No. 24, April 1941, 203-210.

9. Nakashima, A., Hanzawa, M., ”Expansion theorem and design of two
terminal relay networks (Part 2)”, Nippon Electrical Communication
Engineering, No. 26, October 1941, 53-57.
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The first page of the paper by Shigetoshi Okada,
”Question and Comments about ’The Law of Development of

Impedance Functions and Theory of Designing
Two-Terminal Networks in the Relay Circuit
by Akira Nakashima and Masao Hanzawa’ ”,

Journal of the Institute of Electrical Communication Engineers of Japan,
November 1941, 662-665 (in Japanese).
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The first page of the paper
Akira Nakashima and Masao Hanzawa,

”The Answer to the above Question and Comments”,
Journal of the Institute of Electrical Communication Engineers of Japan,

November 1941, 665-666 (in Japanese).
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Essentially, S. Okada is suggesting to adopt impedance zero (close con-
tact) as the basic element (corresponding to logical one) rather than impedance
∞ (open contact). Okada thinks this will be easier to understand for most
people in general. This means a serial circuit uses AND expression and a
parallel circuit uses OR expression. Okada also mentions that H. Piesch (see
page below) uses this system.

The answer of Nakashima and Hanzawa is that to adopt impedance ∞
(open contact) is natural way and the expressions of impedance of transmis-
sion lines are similar to this though either system will do as they are dual
from mathematical point of view.

It should be noticed that C. Shannon adopted the same system as Nakashima
and Hanzawa did.

(Comment by Prof. Akihiko Yamada)
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5 References to the Publications of Nakashima and
Hanzawa

This section presents first pages and the pages with references to the work
of A. Nakashiima and M. Hanzawa of the following papers

1. Shannon, C.E., ”The synthesis of two-terminal switching circuits”,
Bell System Tech. J., 28, No. 1, 1949, pages 59 and 98 (pages 175 and
176).

2. Piesch, H., ”Begriff der allgemeinen Schaltungstechnik”, Archiv für
Elektrotechnik, Berlin, E.T.Z. Verlag, Vol. 33, Heft 10, 1939, 672-686,
(in German), page 672 and 673 (pages 177-178).

3. Plechl, O., Duschek, A., ”Grundzüge einer Algebra der elektrischen
Schaltungen”, Ö. Ing.-Archiv, Springer Verlag Wien, 1946, Bd I, H.3,
203-230, pages 203 and 204 (pages 179-180).

4. Church, A., ”Review of Nippon Electrical Communication Engineer-
ing, by Akira Nakasima and Masao Hanzawa”, The Journal of Sym-
bolic Logic, Vol. 18, No. 4, 1953, 346 (page 182).

5. Church, A., ”Archiv für Electrotechnik - review of papers”, The Jour-
nal of Symbolic Logic, Vol. 30, No. 2, 1952, 247-248 (page 183).

6. Hanzawa, M., ”Origin and Development of Switching Circuit The-
ory”, Chapter 2 in Switching Circuit Theory, Nippon Electric Com-
pany (NEC), July 17, 1989, pages 7, 8, 15 (pages 184-187).

At pages 188 to 193, we show pages 327 and 328 as well as the corre-
sponding references from

Tsutomu Sasao, Switching Theory for Logic Synthesis, Kluwer Academic
Publishers, 1999, Appendix A, History of Switching Theory, Appendix A7,
Switching Theory in Japan,

where the work of Akira Nakashima and Masao Hanzawa has been discussed
in the context of history of Switching theory in Japan.

179



180



181



182



183



184



185



186



187



188



189



190



191



192



193



194



195



196



References

[11] H. Ataka, “A basic theorem on threshold devices,” IEEE TEC, Vol. EC-13,
No. 5, p. 631, 1964.

[74] R. Composano and W. Wolf (ed.), High-Level VLSI Synthesis, Kluwer Aca-
demic Publishers, Boston, MA, 1991.

[116] S. Endo, Early Computer Engineers in Japan, (in Japanese) ASCII, (ISBN4-
7561-0607-2), 1996.

[117] K. Enomoto, S. Nakamura, T. Ogihara, and S. Murai, “LORES-2: A logic
reorganization system,” IEEE Design and Test, pp. 35-42, Oct. 1985.

[131] H. Fujiwara, Logic Testing and Design for Testability, The MIT Press, Cam-
bridge, MA, 1985.

[142] M. Goto, “Applications of logical equations to the theory of relay contact
networks,” Electric Soc. of Japan (in Japanese), Vol. 69, pp. 125-130, April,
1949.

[143] E. Goto, Patent.
[144] E. Goto, “The parametron: A digital computer element which utilizes para-

metric oscillation,” Proc. IRE, Vol. 47, No. 8, pp. 1304-1316, 1959.
[145] E. Goto and H. Takahashi, “Some theorems in threshold logic for enumerating

Boolean functions,” Proc. IFIP Congress, pp. 747-752, Noth-Holland, 1962.
[155] K. Hamaguchi, A. Morita, and S. Yajima, “Efficient construction of binary

moment diagrams for verifying arithmetic circuits,” ICCAD, pp. 78-82, 1995.
[157] M. A. Harrison, Introduction to Switching and Automata Theory, McGraw-

Hill, 1965.
[167] T. Higuchi and M. Kameyama, “Ternary logic system based on T-gate,”

ISMVL, pp. 290-304, May 1975.
[181] T. Ibaraki and S. Muroga, “Synthesis of networks with a minimum number

of negative gates,” IEEE TC, Vol. C-20, pp. 49-58, Jan. 1971.
[182] K. Ibuki, K. Naemura, and S. Nozaki, “General theory of complete sets of

logical functions,” Electron. Commun. Japan (IEEE Translation), Vol. 46,
No. 7, pp. 55-56, July 1963.

[186] N. Ishiura, H. Sawada, and S. Yajima, “Minimization of binary decision dia-
grams based on exchange of variables,” ICCAD, pp. 472-475, Nov. 1991.

[189] M. Ito, “On general solutions of n-dimensional Boolean (two-valued) equa-
tions,” (in Japanese) Bul. of Fac. of Eng., Kyushu University, Vol. 28, No. 4,
1955.

[193] M. Kameyama and T. Higuchi, “Synthesis of multiple-valued logic based on
tree-type universal logic module,” IEEE TC, Vol. C-26, pp. 1297-1302, Dec.
1977.

[194] Y. Kambayashi, “Logic design of programmable logic arrays,” IEEE TC,
Vol. C-28, No. 9, pp. 609-617, Sept. l979.

[206] K. Kinoshita T. Sasao, and J. Matsuda, “On magnetic bubble logic circuits,”
IEEE TC, Vol. C-25, No. 3, pp. 214-221, March 1976.

197



[207] T. Kitahashi and K. Tanaka, “Orthogonal expansion of many-valued logi-
cal functions and its application to their realization with a single threshold
element,” IEEE TC, Vol. C-21, No. 2, pp. 211-218, Feb. 1972.

[209] K. Kobayashi, “Almost complete set of logic primitives,” (in Japanese), Elec-
tron Commun. Japan, Vol. 50, No. 12, 1967.

[213] Y. Komamiya, Theory of Computing Networks, Researches of ETL, Sept.
1959.

[241] A. Maruoka and N. Honda, “Logical networks of flexible cells,” IEEE TC,
Vol. C-22, No. 4, pp. 347-58, April 1973.

[254] S. Minato, N. Ishiura, and S. Yajima, “Shared binary decision diagram with
attributed edges for efficient Boolean function manipulation,” DAC, pp. 52-57,
June 1990.

[255] S. Minato, “Fast generation of prime-irredundant covers from binary decision
diagrams,” IEICE Trans. Fundamentals, Vol. E76-A, No. 6, pp. 967-973, June
1993.

[257] H. Mine and Y. Koga, “Basic properties and a construction method for fail-
safe logical systems,” IEEE TEC, Vol. EC-16, No. 3, pp. 282-289, June 1967.

[258] F. Miyata, “Realization of arbitrary logical functions using majority element,”
IEEE TEC, Vol. EC-12, No. 3, pp. 183-191, 1963.

[264] M. Mukaidono, “Regular ternary logic functions: Ternary logic functions
suitable for treating ambiguity,” IEEE TC, Vol. C-35, No. 2, pp. 179-183,
Feb. 1986.

[267] A. Mukhopadhyay (ed.), Recent Developments in Switching Theory, Aca-
demic Press, New York, 1971.

[268] A. Mukhopadhyay, “Complete sets of logic primitives,” in Chapter 1 of [267].
[272] S. Muroga, I. Toda, and S. Takasu, “Theory of majority decision elements,”

J. Franklin Inst., Vol. 271, pp. 376-418, 1961.
[273] S. Muroga, “Functional forms of majority functions and a necessary and

sufficient condition for their realizability,” IEEE TCE, Vol. 83, No. 74, pp. 474-
486, 1964.

[284] A. Nakashima, “A realization theory for relay circuits,” (in Japanese),
Preprint. J. Inst. Electrical Communication Engineers of Japan, Sept. 1935.

[287] K. Nakamura, N. Tokura, and T. Kasami, “Minimal negative gate networks,”
IEEE TC, Vol. C-21, No. 1, pp. 5-11, Jan. 1972.

[289] S. Nakamura, S. Murai, C. Tanaka, M. Terai, H. Fujiwara, and K. Kinoshita,
“LORES: Logic reorganization system,” DAC, pp. 250-260, June 1978.

[290] T. Nanya and Y. Thoma, “On universal single transition time asynchronous
state assignments,” IEEE TC, Vol. C-27, No. 8, p. 781, Aug. 1978.

[291] T. Nanya and Y. Thoma, “Universal multicode STT state assignments for
asynchronous sequential machines,” IEEE TC, Vol. C-28, No. 11, p. 811, Nov.
1979.

198



[298] I. Ninomiya, “A study of the structure of Boolean functions and its appli-
cation to the synthesis of switching circuits,” Men. Fac. Eng., Nagoya Univ.,
Vol. 13, Ph.D. Thesis, Univ. Tokyo, 1961. (Tables reprinted in [157]).

[303] H. Ochi, K. Yasuoka, and S. Yajima, “Breadth-first manipulation of very
large binary-decision diagrams,” ICCAD, pp. 48-55, 1993.

[306] H. Ozaki and K. Kinoshita, Digital Algebra (in Japanese), Kyoritu Shuppan,
1966.

[398] N. Takagi, H. Yasuura, and S. Yajima, “High-speed VLSI multiplication al-
gorithm with a redundant binary addition tree,” IEEE TC, Vol. C-34, No. 9,
pp. 789-796, Sept. 1985.

[408] Y. Tohma, “Decomposition of logical functions using majority decision ele-
ments,” IEEE TEC, Vol. EC-13, No. 6, pp. 698-705, 1964.

[430] S. Yajima and T. Ibaraki, “A lower bound on the number of threshold func-
tions,” IEEE TEC, Vol. EC-14, No. 6, pp. 926-929, 1965.

[431] S. Yajima and K. Inagaki, “Power minimization problem of logic networks,”
IEEE TC, Vol. C-23, No. 2, pp. 153-165, Feb. 1974.

[432] T. Yamada and T. Nanya, “Stuck-at fault tests in the presence of undetectable
bridging faults,” IEEE TC, Vol. C-33, No. 8, pp. 758-61, Aug. 1984.

[436] H. Yasuura, N. Takagi, and S. Yajima, “The parallel enumeration sorting
scheme for VLSI,” IEEE TC, Vol. C-31, No. 12, pp. 1192-1201, Dec. 1982.

[438] N. Yoshida, Logical Mathematics, Vol. II and III (in Japanese), Kyoritsu
Shuppan, 1978.

199
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Vol. 69, 4, No. 726, April 1949.
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The first page of the article by Morinochi Goto
”Applications of logical equations to the theory of relay contact networks”

Journal of the Institute of Electrical Engineers of Japan
Vol. 69, 4, No. 726, April 1949, 125-130.

Reference [3] in Section 2 and [142] in the list of references in
Switching Theory in Japan by T. Sasao.
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