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Reprints from The Early Days of Information
Sciences

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 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 long after,
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 other languages than
the English language which is presently the most common 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 have been discussed
for the first time or introduced independently on other related works.

Another aim of Reprints is to collect and present at the same place
publications on certain particular subject of an important scholar whose
scientific work is signified by contributions to different areas of sciences.

R.S. Stanković, J.T. Astola
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Contributions of Yasuo Komamiya to Switching

Theory

Abstract

The present issue of Reprints From the Early Days of Information
Sciences aims to highlight contributions of Yasuo Komamiya to Switch-
ing theory, with particular emphasis on his work related to the design
of computing networks.
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Notice

This book contains reprints of several pages from publications in Japanese
by Yasuo Komamiya and Mochinori Goto, and their associates. We kindly
ask for these reprints to not be considered simply as graphic illustrations,
but to be interpreted as a part of the presentation in this book, since paying
attention to words in English may bring interesting information about the
point of view of Prof. Komamiya to the subject. This especially applies to
the references provided in this textbook of Y. Komamiya, pages from the
textbook by his Professor M. Goto, and reprinted pages from other publi-
cations.
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Yasuo Komamiya

Biographical Data of Yasuo Komamiya

Yasuo Komamiya studied electrical engineering at The School of Engineering
of Tokyo Imperial University, Tokyo, Japan, where he graduated in Septem-
ber 1944. The main scientific advisor of Komamiya was Professor Mochinori
Goto, who have had a versatile influence to the general education of his stu-
dent. For example, many years after, Komamiya served as a president of the
Metaphysical Society of Japan, as a successor of Prof. Goto at this position
in the Society.

While studying at the Tokyo Imperial University, Komamiya imple-
mented a method for solving logic functional equations as a pat of a proce-
dure for the design of various computing networks. These considerations re-
sulted in a Theory of Computing Networks the central part of which consists
in a generalized linear equation whose various solutions under selected and
specified coefficients lead to different computing machines. In this way, the
design of computing machines, primarily an engineering task, is converted
into a subject entirely within the scope of mathematics. Thanks to this
work, Komamiya received a Degree of PhD in Engineering from the Tokyo
Imperial University. The theory of computing networks was presented and
discussed at some meetings and conferences and written in few reports and
articles. A report by Komamiya on that subject written in 1959 in English
for the Electrotechnical Laboratory of the Ministry of Communication of
Japan is reprinted below. References to this work by Komamiya are given
in [14], and discussions of it can be found in [15] and [29]. The work of
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Komamiya was referred by some other authors, as for example, [7].
In November 1944, Komamiya joined as the engineering scientist the

Basic Research Division of the Electrotechnical Laboratory of the Ministry of
Communication of Japan, whose Director was Professor Goto. The method
for the design computing networks was implemented in practice within a
cooperation with Ryouta Suekane as a small-scale relay computer called
by Goto ETL Mark 1. This was the first automatic not stored-program
computer in Japan. Based on this experience, Komamiya proposed another
more sophisticated computer of the same kind called ETL Mark 2. The
computer was realized in a nice cooperation with ETL team working under
the guidance of Goto and consisting of Ryouta Suekane, Macahide Takagi,
Shigeru Kuwabara, and others. The computer was completed in November
1955, and his construction, functionality, and performances were described
in the book Theory and Structure of the Automatic Relay Computer E. T.
L. Mark 2. We reprinted several pages of this book.

From January 1957, he spent a year at the Computation Laboratory,
Harvard University, and from September 1962, he stayed at the Digital
Computation Laboratory, University of Illinois.

Until 1980, Komamiya was with ETL serving at different positions, the
Head of Applied Mathematics, Department of ETL Physics Division, the
Division Director of Control Systems Research, the Director of Electronic
Component Research, with the term Components being later replaced by
Devices. Then, Komamiya become a Professor of Kyushu University in
Fukuoka, teaching Information Systems at the Graduate School of Inte-
grated Science and Technology of this University. After retirement in 1986,
Komamiya was appointed as a Professor of Meiji University in Kanagawa
where he worked until 1993.

Among the students and associates of Yasuo Komamiya at the Mieji
University, we would like to mention Prof. Masao Mukaidono and Prof.
Yukihiro Iguchi.

At Proc. 10th Int. Workshop on Post-Binary ULSI Systems, Warsaw,
Poland, May 21, 2001, it was organized a special session (Session 3, Chair T.
Sasao) to honor the pioneering results of Yasuo Komamiya. Main speakers
were Radomir S. Stanković and Tsutomu Sasao, who presented a discussion
of the generalization of the Komamiya equation for adders to multiple-valued
case
Stanković, R.S., Sasao, T., ”Komamiya equation for multiple-valued adders”,
Invited talk Proc. 10th Int. Workshop on Post-Binary ULSI Systems, War-
saw, Poland, May 21, 2001, 63-68.
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1 Theory of Computing Networks

It can be remarked that Yasuo Komamiya is a forerunner among those who
converted the design of logic networks from an engineering discipline into a
subdiscipline of applied mathematics. This observation is clearly and easily
confirmed by recalling his work on computing networks reported in several
publications over few years from 1951 to 1959, see the list of publications
below. In these publications, Yasuo Komamiya used the equation

A1 +A2 + · · ·+An = dm2m + dm−12
m−1 + · · ·+ d12 + d0

where Ai, di ∈ {0, 1} that is fundamental to the design of adders. Various
kind of adders can be derived as its special cases. For n = 2 and n = 3, it
corresponds to a half adder and a full adder, respectively.

The design methods introduced by Yasuo Komamiya involved the arith-
metic and ReedMuller expressions viewed as particular examples of Fourier
series-like expressions over different fields, the complex field C and the Ga-
lois field GF (2).

Komamiya worked in that way from 1951 and probably earlier, when he
published a discussion of the conversion of decimal to binary systems, and
continued developing the same approach until formulation of a theory of the
design of computing networks, which later become a subject of his lecturing
as well as lecturing by many others [1], [14].

Komamiya used to publish on this subject mainly in Japanese, with
exception of the technical report of the Electrotechnical Laboratory of the
Ministry of Communication of Japan, which is reprinted below. In spite of
clarity of presentation, this 40 pages long report in English requires con-
siderable efforts to understand it. This can be considered as a reason that
the work of Komamiya, although reported by Nozaki [12], stayed not widely
known as it should be until the publications [14], and more recently [1], [6],
[7], [15], [29].
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2 Work of Yasuo Komamiya on First Digital Com-

puters in Japan

As discussed above, the first digital computer in Japan was ETL Mark 1,
the prototype of which was completed in 1952 by the Electrotechnical Lab-
oratory of the Japanese Government. It worked in the asynchronous mode
and was based on relays. The reason to select relays was low reliability of
vacuum tubes and at that time transistors were still unsuitable for practical
applications.

Since this prototype proved efficient, the ETL Mark 2, was developed
based on same principles. The team leaded by Mochinori Goto, as a Director,
consisted of Yasuo Komamiya, who served as the Chief designer, R. Suekane,
M. Takagi, and S. Kuwabara. Yasuo Komamiya was in charge to implement
a method developed by Mochinori Goto for solving logical equations. The
results implemented in 1951 were incorporated into a theory of electrical
computation circuits.

As stated in the virtual Computer Museum of Japan of the Information
Processing Society of Japan (IPS) at the web page

http://museum.ipsj.or.jp/en/computer/dawn/0009.html

Mark 2 operated in 40-bit binary, with a 200 word memory capacity for
data, using 22, 253 relays and a completely asynchronous control system.
The system performed self-checking of input and internal logic, and finished
operation if check results were correct. The operating speed of the relays
used in the ETL Mark II was an average of 10 msec or higher - which was
slower than the average of 7 msec for the USA’s Harvard Mark II at that
time - but as a computer, it was 4 to 5 times faster. The system had a
relay-based memory unit for 200 words, and could be expanded up to 1, 000
words. The detailed design was done exclusively by researchers, and man-
ufacturing was entrusted to Fuji Telecommunications Manufacturing (cur-
rently Fujitsu). The input unit tape reader and tape punch were fabricated
by Shinko Seisakusho. The system was completed in November 1955, and
was used for calculations within and outside the Electrotechnical Laboratory
for about 10 years.
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3 Application of Group Theory to Mathematical

Logic by Yasuo Komamiya

The following publication by Yasuo Komamiya

Komamiya, Y., Application of logical mathematics to information theory
(Application of theory of group to logical mathematics), The Bulletin of the
Electrotechnical Laboratory in Japanese Government, April 1953.

can be viewed as the first suggestion of application of group theory to opti-
mization problems and synthesis methods in the area of digital logic.

The application of group theory in this area diverged later in few dif-
ferent directions. An approach was related to the application of the affine
group and performing affine transformations over variables to get compact
representations of switching functions [10]. This approach evolved in vari-
ous spectral methods for digital logic starting in pioneering work of several
authors [2], [3], [8], [9], [11], and applied for solving various problems as
classification, decomposition, optimization, synthesis of switching functions,
and other tasks in switching theory and circuit design.

Another related approach was developed through relationships with spec-
tral methods in signal processing [4], [5], leading to spectral logic as a subdis-
cipline within the theory of digital systems, see for instance [6] and references
therein.

A different approach towards the usage of group theory in logic circuit
design was developed in a series of publications discussing the design of logic
circuits by conservative logic elements. Since by definition the outputs of
conservative logic elements are permutations of inputs, the underlying al-
gebraic structure is selected as the symmetric group of permutations and
related non-Abelian groups [13], [16], [17], [18], [19], [20], [21]. These publi-
cations can be viewed as pioneering work in reversible logic synthesis, since
are based on permutations.

In the case of non-Abeian groups, the approach initiated by Komamiya
was further elaborated as a method for optimization of decision diagrams,
definition of particular functional expressions, and synthesis for regularity
from 1996 until now in [22], [24], [25], [26], [27], [28]. For more details, see
also [26].
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4 Work of Yasuo Komamiya in Coding Theory

In 1964, Komamiya visited Digital Computer Laboratory of University of
Illinois, Urbana, Ilinois, USA, and worked in coding theory. The result of
his stay and work in this lab was a report

Komamiya, Y., General Theory of Most Efficient Codes, Report No. 163,
June 9, 1964, 126 pages.

We reprinted first four pages of this report (pages 107 to 110).
The work of Yasuo Komamiya in coding theory was favorably referenced

in

Meir, O., ”Locally correctable and testable codes approaching the single-
ton bound”, Electronic Colloquium on Computational Complexity, Report
No. 107, 2014, 1-16, ISSN 1433-8092. Reference to

Y. Komamiya, ”Application of logical mathematics to information theory”,
Proc. 3rd Japan. Nat. Cong. Appl. Math., 1953.

by explaining that Komamiya was a forerunner in determining the upper
bound on the number of valid codewords in a linear code.

In coding theory, distance of two codewords is defined as the number of
bits in which the sequences differ each to other. In a code C the minimum
distance of two codewords defines the minimum distance of the code. The
expression

Aq(n, d) ≤ qn−d+1,

determines upper bound for the maximum number of possible valid code-
words in a q-ary code of length n and minimum distance d. This bound is
usually called the Singleton bound in the honour of Richard Collom Single-
ton due to his work
Singleton, R.C., ”Maximum distance q-nary codes”, IEEE Trans. Inf. The-
ory, Vol. 10, No. 2, 1964, 116-118.

In the book Welsh, D., Codes and Cryptography, Oxford University
Press, 1988, ISBN 0-19-853287-3, Section 4.9 (Conclusion, Problems 4, prob-
lem 8) , page 72, it is stated that the same bound can be found in the paper
by Yasuo Komamiya
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Komamiya, Y., ”Application of logical mathematics to information theory”,
Proc. 3rd Japan. Nat. Cong. Appl. Math., 1953, 437.

The same statement about the result of Komamiya can be found also in

MacWilliams, F.J., Sloane, N.J.A., The Theory of Error Correcting Codes,
Elsevier, 1977, Part 2, Chapter 1, Paragraph 10, Some general properties of
a linear code, at page 437.

Joshi, D.D., ”A note on upper bounds for minimum distance codes”, Infor-
mation and Control, Vol. 1, No. 3, 1958, 289295.

Meir, O., ”Locally correctable and testable codes approaching the singleton
bound”, Department of Computer Science and Applied Mathematics, Weiz-
mann Institute of Science, Rehovot 76100, Israel, 2014, 1-16.

In Imai, H., Hagiwara, M., ”The origin of the coding theory in Japan”,
Fundamentals Review, Vol. 2, No. 4, 9-15, it is given a reference to the work
of Yasuo Komamiya

Komamiya, Y., ”General theory of most efficient codes”, Report No. 163,
NBS 6420479 (Box 277, folder 6), June 1964.
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5 Patents by Yasuo Komamiya

In the patent No. 3,444,392, submitted on July 21, 1965, patented on May
13, 1969, under the title Burst Input Reactance Coupled Asynchronous Logic
Circuit, by Yasuo Komamiya and Takeji Sugiyama, the ternary logic is used
by allowing that switching variables can take values 0, 1

2
, 1. The logical sum,

logical product and related expressions are defined.

Another patent where Prof. Komamiya was involved as the principal
author is the patent No. 3,508,078, Fail-Safe Type Logic Circuit System, by
Yasuo Komamiya, Seiji Tsuchiya, Noriaki Takeuchi, Kenji Okamoto, sub-
mitted on September 1, 1966, and patented on April 21, 1970, is related to
fault-tolerant (fault-safe in the original expression) logic circuit systems.
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6 Teaching by Yasuo Komamiya

From 1980 to 1986, Yasuo Komamiya was a Professor at Kyushu University,
Fukuoka, Japan, and from 1986 to 1993 at Meiji University, Tokyo, Japan,
teaching Information Systems and Mathematical Logic, respectively, as the
main subjects.

In teaching, Komamiya followed the same approach and shared the same
attitude towards the subjects as Prof. Mochinori Goto, which can be seen
from their textbooks.

6.1 Textbook by M. Goto

At pages 137 to 142 of this issue, we reprinted the title pages and few pages
from the textbook Logical Mathematics and Its Applications, OHM, April
1959, written by M. Goto. We selected introductory pages with some English
terms and references, which allows to readers unfamiliar with Japanese to get
some insight into the point of view to the area shared by Professors Goto
and Komamiya. It is obvious that names as G. Boole, E. Schröder, but
also B.A.W. Russel, and D. Hilbert, suggest that symbolic logic, as well as
mathematical logic, are in foundations of mathematics, while the program of
Hilbert served as a vehicle to prove the consistency of foundational theories.

It is interesting to observe that for combinatorial networks M. Goto
refers to the work of C.E. Shannon and Hansi Piesch, references (4) and (5),
respectively, while for the sequential circuits the work of D.A. Huffman is
recommended (12). These references are

Shannon, C. E., ”A symbolic analysis of relay and switching circuits”, Trans.
AIEE, Vol. 57, No. 12, 1938, 713-723.

Piesch, H., ”Über die Vereinfachung von allgemeinen Schaltungen”, Arch.
f. Electrotechnik, Berlin, E.T.Z. Verlag, Vol. 33, Heft 11, 1939, 733-746.

Huffman, D.A., ”The synthesis of sequential switching circuits”, Journal of
the Franklin Institute, Vol. 257, No. 3, 1954, 161-262.

Huffman, D.A., ”The synthesis of sequential switching circuits”, Journal of
the Franklin Institute, Vol. 257, No. 4, 1954, 275-303.
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6.2 Textbook by Y. Komamiya

At pages 145 to 151 of this issue, we reprinted the title pages and few
pages from the text books written by Prof. Komamiya. At the first page
of the textbook we see that switching circuits are thought by referring to
fundamentals based on Boolean algebra. In his approach, the Boolean alge-
bra, although applied to engineering problems, as the design of computing
networks, is viewed in a broad context of mathematical logic founded on
the works of Friedrich Wilhelm Karl Ernst Schröder, David Hilbert, and
Bertrand Arthur William Russel as a subfield of mathematics.

For the implementation purposes, the text book of Y. Komamiya refers
to his work published in the treatise

Komamiya, Y., Theory of Computing Networks, Research of ETL, No. 580,
September 1959. that is reprinted at pages 13 to 54 as well as on his other
related references, including

Komamiya, Y., ”Some properties of Boolean Function”, Autumn Meeting
of Mathematical Society of Japan (Applied Mathematics Branch), October
1958, 27-31.
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7 Reviews of the Work by Yasuo Komamiya

The Journal of Symbolic Logic contains two reviews of the work by Yasuo
Komamiya, both written by Calvin C. Elgot.

”Theory of Computing Relay-Networks” by Yasuo Komamiya
Review by Calvin C. Elgot, The Journal of Symbolic Logic, Vol. 23, No. 3,
1958, 366.

Theory and Structure of the Automatic Relay Computer E. T. L. Mark II
by Mochinori Goto, Yasuo Komamiya, Ryota Suekane, Masahide Takagi,
Shigeru Kuwabara
Review by Calvin C. Elgot, The Journal of Symbolic Logic, Vol. 23, No. 1,
1958, 60.

We also show the review of a work by Mochinori Goto, since it is related
to the main subject of this reprint and discusses the foundations upon which
the construction of the first automatic computer in Japan is based.

”Application of logical mathematics to the theory of relay networks”, The
Japan Science Review, Vol. 1, No. 3, 1950, 35-42. Review by Alonzo
Church, The Journal of Symbolic Logic, Vol. 20, No. 3, 1955, 285-286.
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8 Selected Publications by Yasuo Komamiya

1. Paper 1

Komamiya, Y., ”Theory of relay networks for the transformation be-
tween the decimal system and the binary system”, Bull. of E.T.L.,
Vol. 15, No. 8, August 1951, 188-197.

2. Paper 2

Komamiya, Y., ”Theory of computing networks”, Research of E.T.L.,
No. 526, November 1951.

3. Paper 3

Komamiya, Y., ”Theory of computing networks”, Proc. of the First
National Congress for Applied Mathematics, 1952, 527-532.

4. Paper 4

Komamiya, Y., ”Application of logical mathematics to information
theory (Application of theory of group to logical mathematics)”, The
Bulletin of the Electrotechnical Laboratory in Japanese Government,
April 1953.

5. Paper 5

Komamiya, Y., ”Application of logical mathematics to information
theory”, Proc. 3rd Japan. Nat. Cong. Appl. Math., 1953, 437.

6. Paper 6

Komamiya, Y., ”Logical representation of algebraic condition in com-
puting networks”,Symposium of Switching Circuits and Automaton,
Spring Joint Meeting of Institute of Electrical Engineers of Japan,
May 1958, 1-9.

7. Paper 7

Komamiya, Y., ”Some properties of Boolean Function”, Autumn Meet-
ing of Mathematical Society of Japan (Applied Mathematics Branch),
October 1958, 27-31.

8. Paper 8

Komamiya, Y., Theory of Computing Networks, Researchers of the Ap-
plied Mathematics Section of Electrotechnical Laboratory in Japanese
Government, 2 Chome, Nagata-cho, Chiyodaku, Tokyo, July 10, 1959,
p. 40.
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9. Paper 9

Komamiya, Y., Theory of Computing Networks, Researchers of the Ap-
plied Mathematics Section of Electrotechnical Laboratory in Japanese
Government, 2 Chome, Nagata-cho, Chiyodaku, Tokyo, No. 580,
September, 1959.

10. Paper 10

Goto, M., Komamiya, Y., Suekane, R., Takagi, M. Kuwabara, S., The-
ory and Structure of the Automatic Relay Computer E.T.L. Mark 2,
Research of E.T.L., No. 556, September 1956.

11. Paper 11

Komamiya, Y., Sugiyama, T., Tajima, H., Ogata, K., ”New uniformity
of the characteristic of tunnel diodes does not give much influence (Dy-
namic Asynchronous Logic Circuit System)”, Prof. Group Electronic
Comp., Inst. of Electrical Communication Engineers of Japan, Aug.
1960.

12. Paper 12

Komamiya, Y., Tajima, H., Sugiyama, T. ”Microwave DALC system
using tunnel diodes for ultra high speed computer”, Prof. Group Elec-
tronic Comp., Inst. of Electrical Communication Engineers of Japan,
Dec., 1961.

13. Paper 13

Komamiya, Y., ”Microwave logic circuits using tunnel diodes - Dy-
namic Asynchronous Logic Circuit System”, Bull. of Electrotechnical
Laboratory, Japanese Government, Vol. 26, No. 6, 1962, 454-472.

14. Paper 14

Komamiya, Y., ”Microwave logic circuit using Esaki diode”, Interna-
tional Solid-State Circuits Conference, February 20, 1963, 24-25.
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