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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. Stankovié, J.T. Astola
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Contributions of Yasuo Komamiya to Switching
Theory

Abstract

The present issue of Reprints From the Farly 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



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. Stankovié¢ and Tsutomu Sasao, who presented a discussion
of the generalization of the Komamiya equation for adders to multiple-valued
case
Stankovié¢, 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.



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

A+ Ag b Ay = dp 2" + dyy 27 -+ di2 4 do

where A;,d; € {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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ETL Mark 2

http://commons.wikimedia.org/wiki/File:ETL_Mark_|l_RElay Computer-
National_Museum_of Nature _and_Science, Tokyo - DSC07303.JPG
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ETL Mark 2

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




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”, FElectronic 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

Ag(n,d) < qn_d+17

determines upper bound for the maximum number of possible valid code-
words in a g-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 g-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. 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, Fuil-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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May 13, 1969 YASUO KOMAMIYA ET AL 3,444,392
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May 13, 1969 YASUO KOMAMIYA ETAL 3,444,392
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May 13, 1969 YASUO KOMAMIYA ETAL 3,444,392
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May 13, 1969 YASUO KOMAMIYA ETAL 3,444,392
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United States Patent Office

3,444,392

Patented May 13, 1969

1

3,444,392
BURST INPUT REACTANCE COUPLED
ASYNCHRONOUS LOGIC CIRCUIT
Yasuo Komamiya, Yokohama, and Takeji Sugiyama,
Tokyo, Japan, assignors to Agency of Industrial
Science and Technology, Tokyo, Japan, a govern-
mental agency of Japan
Continuation-in-part of application Ser. No. 116,315,
June 13, 1961, This application July 21, 1965, Ser.
No. 482,015

Claims priority, application Japan, June 18, 1960,
35/28,232
Int. Cl. HO3k 19/08, 19/10, 3/26
U.S. CL 307—206 8 Claims

ABSTRACT OF THE DISCLOSURE

An asynchronous electronic logic circuit comprising a
two terminal element having an N-type current-voltage
characteristic, a resistor, an inductance, and a D.C. source
connected in series such that the circuit has a monostable
operating point. A reactance input means is operatively
connected fo the circuit. The two terminal element op-
erates on a stable point of the N-type characteristic curve
and means are provided for supplying an input signal in
the form of a burst of electrical oscillations representing
one binary condition and the absence thereof represent-
ing the other binary condition, the input signal causing
the operating point of the two terminal element to be
shifted along its N-type characteristic curve so that the
circnit oscillates and transmits an output signal, whereas
when no input signal is received, the two terminal ele-
ment returns to its stable point no oscillation being gen-
erated and the circuit transmitting no output signal,

This application is a continuation-in-part of a formerly
filed patent application, Ser. No. 116,815, filed June 13,
1961 now abandoned, for an Electronic Logic Circuit.

The present invention relates to an electronic logic
circuit used in an extra-high speed electronic computer
formed by the use of two terminal elements having an
N-type volt-ampere characteristic,

Heretofore, in the electronic computer, a logic com-
putation has been usually effected in such a manner
that 0, v(0,]) of voltage (current) corresponds to the
binary codes 0, 1 or wave —v, ¥(—I1I) and the like dif-
ferent for 180° in phase corresponds thereto, and the cir-
cuit of the electronic computer is roughly divided into
a synchronous type and an asynchronous type. However,

the synchronous type has a defect since its operating b

speed is slower than that of the asynchronous type. Ow-
ing to the asynchronous type using a direct current like
signal, in the usual case except a relay computer, it has
the defect that it has few fan-outs,

Further, prior art devices have not been capable of op- 5

erating at ultrahigh-speed because other than “Esaki” di-
odes have been used reducing the frequency response of
the circuit. The asynchronous systems previously utilized
were also Tequired to be resistance coupled because in
the all system a direct current balancing problem was the
limiting feature.

Also, as a logic circuit uses elements having an N-type
volt-ampere characteristic, there is a logic circuit in
which the sequence of the operating elements is deter-

mined to have a directional property by using a three 5

phase synchronous signal as a power source and the
logic circuit is formed parametron-like by a pair of ele-
ments, and also there is a logic circuit which has a di-
rectional property by using a logical product as a fun-
damental circuit, that is published by one of the inventors
of the present application and others. However, owing to

1

@

L]
=

o
=]

[
=4

-1
o

2

the fact that a uniform characteristic for all elements
employed is required, it has the objectionable feature
that it is subjected to a fair limitation for forming its
circuit,

A number of prior art devices have disclosed the use
of a magnetic core as a component of an all logic cir-
cuit or a “Goto Pair” have so been utilized. However,
in the first instance the use of the magnetic core does not
lend itself to ultra high frequency switch, while in the
latter instance a megative logic circuit could not be con-
structed to operate properly.

This one object of the present invention is to provide
an electronic logic circuit, wherein an element with two
terminals having an N-type volt-ampere characteristic, 2
resistance, and an inductance are connected directly to
a D.C. source and wherein they form a circnit as a foun-
dation set with a series resistance value so as to have
a monostable point to the elements whereby a logical
computation is performed by corresponding electric waves
or by a corresponding combination of electric waves and
a signal (including 0 level) of only direct component
to the binary codes 0, 1.

Another object of the present invention is to provide
an electronic logic circuit in which the cooperation of a
two terminal element as an “Esaki” diode and standard
inductive, capacitive and resistive elements form a nega-
tive operating circuit,

Yet a further object of the present invention is to pro-
vide an electronic logic circuit which does not require
a resistance coupling and may utilize inductive or ca-
pacitive coupling.

To the binary codes 0, 1, for instance, the following
electric signal is assumed to correspond.

(I) An electric oscillation wave having negative direct
component or an electric oscillation wave having a nega-
tive amplitude larger than a positive amplitude corre-
sponds to the binary code 0, and the electric oscillation
wave having positive direct component or the electric
oscillation wave having a positive amplitude larger than
a megative amplitude is corresponded to a binary code 1.

(II) A signal corresponding to the binary code 1 is
the same as that in (I), and as a signal corresponding
to the binary code 0, an eleciric non-oscillation signal
or an electric signal at 0 level corresponded.

(III) To the binary code T, corresponds an electric
oscillation wave, that is, an electric oscillation wave (i.e.,
sine wave) having an amplitude of the same magnitude
at the positive or negative direction, and a signal cor-
responding to the binary code 0 is the same as that of
(ID).

As above described, the present invention uses the
electric oscillation wave, and in this case, as the phase is
entirely out of order, even when the frequency is caused
to be very high, the lay out of a circuit is not effected to
any degree, and owing to the utilization of the self-
oscillation, its frequency can be used up to the highest
frequency of the element. Moreover, at the first front
edge of the self-oscillation, elements at the next stage can
be operated, and consequently, any information can be
transmitted in succession at a speed near the highest oper-
ating speed. Further, heretofore, these elements have been
selected usually so as to take a bistable state, but in
accordance with the present invention, as only a mono-
stable point is necessary, an uneven quality of each of
the elements employed is almost out of order in principle,
and consequently, the yield rate of the elements is made
to be sufficient and the formation of a circuit can easily
be effected.

In the following explanation of the present invention,
in order to facilitate the understanding thereof, firstly, it
refers to a fundamental circuit by an electric oscillation
system with the complex number three valued logical
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mathematics shown as a reference, and next, it refers to
a corresponding relation by the item (I) between the
binary code and of the complex number a propositional
value, and then it refers to each of the circuits of the
present invention using the above principle. Finally it
refers to each of the circuits of the present invention
corresponding to (II) and (III), since the circuits pro-
duced by the corresponding relation of (I) can also be
applied to the cases of (II) and (III).

The aforesaid objects of the present invention, and
other objects which will become apparent as the descrip-
tion proceeds, are achieved by providing an electronic
logic circuit comprising an Esaki diode having an N-type
current-voltage characteristic, a resistor, an inductance,
and a D.C. source connected in series such that said cir-
cuit is provided with a monostable operating point, said
Esaki diode operating on a stable point of the N type
characteristic curve whereby upon the supply of an input
signal in the form of an electrical oscillation the operat-
ing point of said Esaki diode being shifted on its N type
characteristic curve so that said circuit begins oscillating
by self-oscillation and transmits an output signal, while
when no input signal is received, said Esaki diode returns
to its stable point no oscillation being generated and said
circuit transmitting no output signal.

(1) A fundamental circuit by an oscillation system

In FIGURE 1, E, R, L, and D are, respectively, a D.C.
source, a resistance, an inductance and two terminal ele-
ments (in this embodiment, only the application of the
Fsaki diode is described as an example) having an N
type volt-ampere characteristic, and Ly and L; are, re-
spectively inductances connected with input terminals 1
and 1’ and with output terminals 2 and 2’. M is a co-
efficient of mutual inductance between the inductances
Lo and L and between Ly and Ly. Vj is a voltage applied
to the terminals 1 and 1’ as an input information. V is
the voltage produced at L causing electric oscillations, as
set forth below, for exciting the terminal D by the volt-
age induced by the voltage V, through M between the
inductances Ly and L, and V; is the voltage induced at
the inductance L; by V through M between the induct-
ances L and L,. Further, a mark of “.” applied to each of
the inductances Ly, Ly, and L shows the relations of
polarity in such manner that when a positive voltage is
applied to the “.” terminal of the inductance Ly, 2 posi-
tive voltage appears on the “.” terminal of the inductance
L, and also a positive voltage appears on the “.” terminal
of the inductance Ly, and in the following description this
indicating method is nsed.

Referring now to FIGURE 2, a curve D’ indicates a
volt (v)-ampere (i) characteristic of the terminal ele-
ments D of FIGURE 1, and R’ indicates a straight line
of the resistance R of FIGURE 1. E and R are set in
such manner that D is put on a stable point P when the
voltages are not applied to 1 and 1" in FIGURE 1. Now,
when a signal in the wave form as shown in V of FIG-
URE 3 is received from the input terminals 1 and I’,
D is excited during the peak value of Vj, so as to go
over the peak of the curve D'. Thus, the condition of a
circuit composed of E, R, L and D changes its state in
the form of self-excitation along an arrow mark of A;,
Ay, A and A, of FIGURE 2 under the lapse of time de-
cided by the constant of the circuit, so as to cause an
electric oscillation, as shown by V of FIGURE 3. In this

case, in this figure, there is shown the case when the 6

number of oscillations is adjusted by 1 to 1. However, the
ratio of the number of oscillations can be changed at will
be adjusting the inductance L or any other constant. As
D the terminal element is set at a stable point, the point P
of FIGURE 2, when an input is not received, when elec-
tric oscillation waves having positive direct components,
and time widths 7, and =4 of its voltage wave forms hav-
ing the relationship 7;<(rs, as shown in FIGURE 3.
Accordingly, wave forms induced at the inductance L
through M between L and L, are made by Vy, as
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shown in FIGURE 3, and the direct components are
removed by the transformer effect, and consequently,
when D is not caused to have electric oscillations,
this is also at the state of a voltage at 0 level
When D is caused to have electric oscillations, the
amplitude at a positive direction becomes very large in
comparison with that at a negative direction. If the polar-
ity of L, is reversed, it is obvious that an amplitude at a
negative direction is made considerably larger in compari-
son with that at a positive direction. In FIGURE 3 the
abscissa ¢ indicates the time. Further, electric oscillation
wave forms having positive direct components as above
described or electric oscillation waves having larger am-
plitude of positive direction than that of the negative di-
rection are designated as at the left side of FIGURE 4,
electric oscillation wave forms having negative direct
components or electric oscillation waves having a larger
amplitude of negative direction than that of the positive
direction are designated as at the middle of FIGURE 4,
and when electric oscillations are not caused, it is desig-
nated as at the right side of FIGURE 4. Also, if V is ap-
plied in a reverse polarity inversely as in the case of caus-
ing electric oscillations by V, in FIGURE 1, the voltage
of D is moved by a slight amplitude toward the left side
from the point P of FIGURE 2 by induced voltage, how-
ever, a state of electric oscillations is not caused, and
consequently electric oscillation waves of the voltage, as
above described, do not occur. The above describes one
example in the case effecting the coupling between the
stages by electromagnetic induction effects. As such cou-
pling method, any other resistance coupling, or condenser
coupling or the combination of the above couplings can
be used.

As shown in FIGURE 35, when a condenser C, is con-
nected in parallel with a series circuit of L and D of FIG-
URE 1, a self-holding circuit is formed for a state of elec-
tric oscillations of diode D. That is, as shown in FIGURE
6, when V is firstly positive voltage is applied to the input
terminals 1, 1°, D is oscillated, and next the electric oscil-
lation state is maintained as shown by V of FIGURE 6
until a negative voltage is applied, as shown in FIGURE 6,
and the figure of V is adopted as in the method indicated
in FIGURE 4. The voltage V,, applied to the input
terminals 1 and 1’ is not necessarily a positive and nega-
tive pulse, and it is clear that the voltage of the electric
oscillation waves having respectively positive direct com-
ponents or the electric oscillation waves having an am-
plitude in positive direction larger than that in the nega-
tive direction and electric oscillations having a nepative
direct component or the electric oscillation waves hav-
ing an amplitude in negative direction larger than that
in the positive direction may be used. Further, the abscissa
t in FIGURE 6 indicates the time.

(2) Complex of three valued logical mathematics

As a complex number proposition, there is used a hyper-
bolic number k(k?=1, k===+1) to be a unit of a hyper-
complex number, however, in the following, the complex
number proposition is defined as follows:

The combination (x, y) of real propositions x, y (each
x and y take any value of 0, ¥ or 1) is considered, and
the logical sum, logical product and the like are defined
as follows:

[The definition 21] logical sum (ay, @) v(by, by)

{(ay, az)v(by, by)}=(ayvh,, awvby)
[The definition 22] logical product (a3, ay) - (by, bg)
{(a, az)-(by, ba)}=(arbvashy, aybyvarh,)
Conveniently, when there is no fear to be caused by an
error, the mark “.” of the logical product may be omitted.
[The rule 21] it is decided to be described as
(a3, 0)=ay, (0, ay)=ka,

Accordingly, when the [rule 21] is applied to [The
definition 21]
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(ay, ag)=ayvka (1)
[The definition 23] necessary and sufficient condition
for
(ay, ag)=(by, by) is ay=bhy, and a,=b,

[The definition 24] &ix, where each of i and x takes
any value of 0, ¥ or 1.

When i=x

dix=1
When i4x

Six=0

Especially, when x, x;, x5 do not take the value except
0 or 1, it is clear that the following formulas are ob-
tained:

ox=8,(~x)

By x="8y(~x)

81(xy, x) =8yx vé1xp

5% {8y xvl2 }=dpx
where, it means that ~x=1—x

The rule 22, about the weakness of the symbols.

In the sequence of & symbol, logical product, logical
sum, the & symbol at the left side of the above is the
strongest, and going toward the right is gradually weak-
ened.

[The definition 251 R(a) K(a)

When a=ayvkay holds, then R(a)=a, and K(a)=a,
hold.

R(a), K(a) is called, respectively, as a real part and a
parabolic part of the complex proposition.

The parabolic part is made by (the rule 21) with regard
to the complex proposition to be

(ay, 0)v(by, 0)=(ayvby, 0)=ayb
(ay, 0)-(by, 0)=(ay by, 0)=a;b,

and consequently, the logical sum and the logical product
are made to be entirely the same type as those of the
real part, and the complex proposition can be regarded
as being the development of the real proposition by re-
garding (ay, 0) as being identical with a,. Where, the real
proposition is regarded as being three valued real proposi-
tions. Accordingly, the definition of its logical sum, the
logical product, when x and y are, respectively, made to
be the real proposition (x and y are considered to take
any value of 0,7 or 1), becomes of course to be

xvy Max (x, ¥)
x-y Min (x, y)

that is xvy takes the maximum value between values of x
and y, and x-y takes the minimum value between values
of x and y.

(3) A corresponding relation between a binary code and
signal, complex propositional value

Now, a relation between a signal wave form, a binary
code and complex propositional value is assumed to corre-
spond, as in the following table., Further, the lowest col-
umn of the signal of the following table shows when no
oscillation is caused, and at this time the complex pro-
positional value corresponds to Vavkls,

Signal Binary code Complex propositional
value

AAAAAA 1 vk}
VVVVVV 0 14vkl
Yavkig

As it is clear from the above table that in the parallel
circuit as shown in FIGURE 7, if the signals are received,
respectively, from the terminals, 3, 3’ and the terminals
4, 4', the signals corresponding to a complex proposi-
tional value corresponding to signals from the terminals
3, 3" and the logical sum of the complex propositional
value corresponding to the signals from the terminals 4,
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signals corresponding to, respectively, 1vk¥s, ¥4vkl come
from the terminals 3, 3', 4, 4, the signals corresponding
to

(Ivk¥a )v(Yavkl) =(1v14 yvk(Vavl) =1vkl

are produced to the terminals 5, 5, and these signals are
combined waves of electric oscillation waves having nega-
tive direct component. In this case, there is no existing
binary code corresponding to 1vkl in the above corre-
sponding table, and consequently, it is necessary to avoid
in the design a circuit so as to produce 1vkl. Accordingly,
the handling of signals corresponding to such complex
propositional value will be described later in the item 8.
In the other cases, it is assumed that signals correspond-
ing to the complex propositional value Ivkl do mnot
come in.

The arrangement of each circuit according to present
invention will now be individually described by using,
upon occasion, the electric oscillation system as above de-
scribed, corresponding relations among complex three
valued logical mathematics, and the binary code and sig-
nal and the complex propositional value,

(4) A repeating circuit, a negation logic circuit

In FIGURE 8, the box represents the fundamental ¢ir-
cuit shown in FIGURE 1 except the input and output
terminals 1, 1" and 2, 2" and the description below also
the same designation is used regarding the fundamental
circuit. In FIGURE 8, X of the parts 1, 1’ is the complex
propositional value corresponding to the input signal and
Y of the parts 2, 2’ is the complex propositional value
corresponding to the output signal, In this circuit, as de-
scribed by “(1) A fundamental circuit by electric oscilla-
tion system.”

When X=1vk' holds, Y=1vk}%
When X=%4vk] holds, Y=14vk4
When x=14vk¥ holds, Y =%vk}4

the above results can be obtained, and consequently,
Y=R(X)vk's

the above relation is obtained.

In FIGURE 9, if complex propositional values corre-
sponding to the signals of the input and of the output are
respectively X, Y, then X and Y have a reverse actual
part and parabolic part, and consequently, the relation of

Y=kX 3)

is obtained. That is, if the polarity of the circuit is reversed,
2 complex propositional value corresponding to the signal
is made to be k times.

In FIGURE 10, it is assumed that the signal wave only
corresponding to the binary code comes from the input
terminals 1, 1'. That is, x is assumed to be the input binary
code (consequently, x is 0 or 1) and the complex proposi-
tional value corresponding thereto is assumed to be z(x).
Also, it is assumed that the complex propositional value
corresponding to the output signal, exerted at the output
terminals 2, 2, is represented by Z(x). In the following
description, the definition of x, z(x), Z(x) is the same as
above. Then, if referring to the above table, the following
formula

(2)

2(x)=d1vY4 Syavk{Va 5 xvix}

=(8xv¥2 ) (31xvdyx ) vk (Vavapx) (5uaviex)  (4)
=8xvlavk(Bavls)
is obtained. Also, by the two formulas of (2), (4)
Z(x)=R{z(x) k¥ (&))]
=sviavkls (59
is obtained.

In FIGURE 9, when it is represented by X=z(x), out-
put Y is made to kX by the Formula 3, and consequently,

4’ are going out to the terminals §, 5’. Therefore, when the 75 by the Formula 4,
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kz(x)=k{3xvVavk(sxvla)}
=8pav¥avk(davis)
=y (~x)vVavk{dy(~x)v12}
=z(~x)

(6)

is obtained, and kz(x) is made to the complex proposi-

tional value corresponding to the negation ~wx. That s, it

corresponds to FIGURE 11 and this is a negation logic
circuit,

Now, by the Formula 5
Z(mi) =8y (~x)VVavEYS
=§grvlavikla N
is obtained, and consequently, by the Formulas 5 and 7
Z(xXIvEZ(~x)=(B1aviavkls ) vk (SpxvVavkls)

=dviavik (Bgxvlz ) (8)

=z(x) (87

is obtained, That is, by combining a circuit as shown in

FIGURE 12, z(x) enters into the circuit from the upper

part and also at the lower part z(x) is produced. That is 2

to say, a repeating circuit z(x) is formed to produce a sig-
nal corresponding to a binary code x at an output by an
input signal corresponding to a binary code x.

In FIGURE 7, when the signals corresponding to re-

spectively Z(x;) and Z(x;) are received at the input ter- 2

minals 3, 3’ and the input terminals 4, 4°, then at the out-
put terminals 5, 5,

Z(xpvZ(xg) =381 v xqvlavkla

=8 (xyvxs)viavkls 9) 3
=Z(xvxy) )
is obtained.
‘Where, by the Formula 5,
Z(xy)=8xyv¥avkia
Z(xp)="0xavVavkls (10)

is obtained, that is, a circuit as shown in FIGURE 13 is
formed.

(5) A directional circuit—(1) A rectifier-like circuit

FIGURE 14 shows the combination of two fundamental
circnits Fy, Fy and modified circuits of fundamental cir-
cuits surrounded by a dash-dotted line. The dash-dotted
lined part shows that a mutual induction coefficient M be-
tween L, and L, of the fundamental circuit is changed into
N and also the resistance R is changed into S, and put the
relation between M and N and between R and S,

M>N

R<S

FIGURE 15 shows a graph entered in FIGURE 2 with
a state after the modification for indicating a state of the
fundamental circuits Fy, Fo and a state of dash-dotted
lined part. In this case, it is adopted as R<S, and con-
sequently, a voltage Vg at a stable point after modifica-
tion is smaller than Vp, that is,

Vo<Ve

In this arrangement, the following adjustment can be
established. If F, is electrically oscillated, the sjgnal cor-
responding to 1vks enters the input terminals 6, 6’ by
the induction, and D is electrically oscillated to broduce
a signal corresponding to 1vkV% at the output terminals
7, 7', and by the induction, Fy is also electrically oscil-
lated. Inversely, when the electric oscillation is caused
at Fs, the effect cannot cause D to oscillate. Because con-
sidering the inner part of the dash-dotted line, when D
is electrically oscillated as an inevitable result by the
electric oscillation of Fy, owing to M>N, the amplitude
of the voltage induced at L, is slightly smaller than that
in the fundamental circuit, however, it is selected so as
1o enable the causing of electric oscillations of F, by this
signal, and inversely when F, is electrically oscillated, a
signal by its oscillation is induced at L;, and even when
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D is tried to oscillate through N by said two con-
ditions, ie.
M>N and Vp>Vq

it can be made not causing an electric oscillation at D.
As above described, a signal corresponding to vk is
transferred toward Fy-»D->F,, however, in the direction
of Fo»D a signal corresponding to 1vk'2 is not trans-
ferred, and consequently, the directional gain can be
obtained in the circuit. Of course, even when a signal
corresponding to Yavkl is given, as described in the
fundamental circuit, the electric oscillations are not caused
in all of Fy, D, Fs, and consequently, a directional prop-
erty of this circuit becomes the form of a rectifier of one
kind. That is, signals corresponding to the binary code 1
are transferred only in the direction of 7, 7' from the
terminals 6, 6’ and are not transferred in the reverse
direction, and signals corresponding to binary code 0 are
not transferred to any terminal side. Accordingly, a part
of the dash-dotted line is called as a circuit of a rectifier
property, and for the sake of simplicity hereinafter it is
represented as in FIGURE 16.

As in the above, in FIGURE 14 when a signal corre-
sponding to the complex propositional value X enters the

3 terminals 1, 1" of F; as an input, by Formula 2,

Zy=R(X)vk% (11)
Zy=R(Zy)vk¥s (12)
=R(X)vk1s (12
=Zy (127)

the above is obtained.
(5).—(2) A unilateral circuit

If the rectifier like circuit of FIGURE 16 is connected
as shown in FIGURE 17, it forms one directional circuit

5 in which at terminals 9, 9’ for the complex propositional

value z(x) corresponding to the input signal from the
input terminals 8, 8, a signal of z(x) in the same is
caused, and furthermore, in spite of any value of 1vkl2,
Vavkl, that is, in spite of 0, 1 of the binary code, z(x)
is transferred from the terminals 6, 6 to the direction of
the terminals 9, 9°, and toward its reverse diretcion z(x)
is not transferred. The production of z(x) at the output
is caused to obtain the following result from the
Formula 8’

Z(x)vkZ(~x)=2z(x)

(6) A logic circuit—(1) a circuit containing Z{~x)
from Z(x)

FIGURE 18 discloses one example of circuits in which
when the signal corresponding to the complex proposi-
tional value Z(x) is fed from the input terminals 10, 10,
a signal corresponding to the complex propositional value
Z(~x) is produced at output terminals 11, 11°. That is, it
is assumed that D, is not electrically oscillated and it is put
at a monostable point P of FIGURE 19, and at that time
the state of Dy is adjusted so as to come to the U point of
FIGURE 20. In FIGURE 20, a straight line R, shows a
value combined by Ry, Ry, ry, ry and the like in FIGURE
18. At that time, it is assumed that D, is electrically oscil-
lated owing to the existence of its operating point at the
point U in the region of the negative resistance. Now,
when the signal corresponding to the complex proposi-
tional value Z(x) is fed from the input terminals 10, 10°,
50 as to begin the electric oscillation of D, the voltage
E, at the point A takes the form of waves as shown in
FIGURE 21. However, a smoothing circuit comprising
Py, Iy, €g i3 connected between A and By and consequently,
it becomes equivalent as in the case of the voltage of the
power source E in the circuit of Dy is decreased to E’,
as shown in FIGURE 20. The operating point of Dj is
moved from the U’ point to the U’ point or a stable
point, and accordingly, the electric oscillation of D, is
stopped, and the voltage wave form produced at the out-
put terminals 11, 11’ is made in the form of V; in FIG-
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URE 21. In this case, the designation of the voltage wave
form of V, in FIGURE 21 is used for the designation in
FIGURE 4, and consequently, the terminals 11, 11’ pro-
duce a signal corresponding to the complex propositional
value of Z(~x). For the sake of simplicity, FIGURE 18
hereinafter is designated as in FIGURE 22.

Now, in FIGURE 22, when a signal corresponding to
a general complex propositional value X is received from
the input terminals 10, 10’, if a complex propositional
value corresponding to a signal caused at the output
terminals 11, 11" is Y, it is clear that the following rela-
tion between X and Y is obtained.

Y=3%8{ROX WY {R(x) vkl
Now, if it is obtained by the Formula 5,
X=Z(x)=dxvlavkla
then, naturally,
Y=1458{8xv}4 Walb {8,xvVa Jvkla ¥
=15 {8xvd; ¥4 Jubpavkls
=28 xvdpavkia
=davliavikla
=8 (~x)viavkla
=F(~x)
*Bee the formula regarding (the definition 24),
is obtained.

(6).~—(2) A circuit of obtaining z(x) from Z(x)

If a circuit of obtaining z(x) from Z(x) is designed
by utilizing FIGURE 22 and a relation of

Z(x)(kZ{~x)=2(x)

a circuit as shown in FIGURE 23 is obtained.
That is, FIGURE 23 shows a circuit in which when a
signal corresponding to Z(x) from the input terminals
12, 12" is received, a signal corresponding to the binary
code corresponding to z(x) at the output terminals 13,
13" is produced. For the sake of simplicity, FIGURE 23
hereinafter is designated as in FIGURE 24,

(6).—(3) A logical sum circuit, a logical product circuit

x1, ¥p are assumed as two binary codes, and if complex
propositional values corresponding to the signal corre-
sponding to x, x, are, respectively, z(x,), z(xy), then by
the Formula 4,

z(x)=byxv¥avk(pvts )

2(xg)=01xov¥a vk (Byv14) (13)
Accordingly, by the Formula 5
Z(xy)=bxvVavkls
Z(xg) =0 xpv¥avkVs (14)

are obtained,
Now, in the consideration of Z(x;vx,), by the Formula
9,

Z(xyvxy) =Z(x)vZ(x3) (15)

is obtained, and consequently, Z(x;vx,) can be obtained
by a circuit of Z(x;), Z(x) connected in parallel as
shown in FIGURE 13. Also, in order to avoid the snake
path of the signal into the circuit, the rectification like
circvit, shown in FIGURE 16, is utilized so as to con-
struct a circuit for obtaining x,vx,, shown in FIGURE
25, That is, when the signal corresponding to the Tespec-
tively binary code x,, x, is received from two input ter-
minals 14, 14’ and 15, 15", a circuit or a logical sum cir-
cuit is formed for obtaining a signal corresponding to
xvxy at the output terminal, and this logical sum circuit,
as clear from the drawing, is also provided with direc-
tional property. When a multi-input logical sum circuit as
xvxqvxy is formed, it may of course be constructed as
shown by dash lines in FIGURE 25. For the sake of
simplicity, hereinafter the FIGURE 25 is designated as
shown in FIGURE 26.
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Further, a logical product circuit can be formed as
shown in FIGURE 27, by utilizing a logical sum circuit
used a relation of x;-xg=~(~xv~x;). FIGURE 27
shows a circuit or a logical product circuit for obtaining
2 signal corresponding to X;-x; at the output terminals
when a signal corresponding to, respectively, x;, x, from
two input terminals 17, 17", 18, 18’ and this circuit is also
provided with a directional property. This circuit can
easily be made to form a multi input logical product cir-
cuit as xjxp-x3, and this matter is the same as that of
the logical sum circuit in FIGURE 25, For the sake of
simplicity, hereinafter FIGURE 27 is designated as shown
in FIGURE 28.

(6).—(4) An exclusive-or circuit

A circuit for obtaining x;®x, (@ is a symbol of an
exclusive-or) from two input binary codes x;, x, can be
formed by utilizing both circuits of the logical sum and
logical product shown in FIGURE 26 and FIGURE 28
and by using a relation of x;@®x;=x;~xgv~xixs, This
circuit is shown in FIGURE 29, FIGURE 29 discloses
the circuit for obtaining a signal corresponding to x;@x»
at the output terminals 22, 22’ when the signals corre-
sponding, respectively, to x;, xp are received from the
two input terminals 20, 20°, 21, 21’. Whereas, in the
design of such circuit, many elements are necessary, next-
ly the design of a circuit for obtaining directly an ex-
clusive-or will be described,

That is to say, it is clear that

Xy rg=~ a1 Xgvxy~ Xy
=~ (Xvmvig) v (~expviy)

by utilizing the above formula, a circuit, as shown in
FIGURE 30, may be formed. Signals of terminals 23,
2%, 24, 24/, 25, 25’ in FIGURE 30 are, respectively, the
same as the signals of the terminals of 20, 20°, 21, 21’, 22,
22’ in FIGURE 29. Such matter is not limited to any
exclusive-or and is established in the same manner also
in the design of the circuit for obtaining any logic rela-
tion.

(7) The case of the item (IT) having relation of the binary
code and the electric signal

In this case, the signal corresponding to the complex
propositional value Ivk% at the binary code 1 is the
same as that formerly described. However, the signal
corresponding to the complex propositional value Y4vkys
is effected at the binary code 0.

Ameong the above described various circuits, in the
circuit as shown in FIGURE 31, for the signal corre-
sponding to the complex propositional value z(x) from
the input terminals 26, 26", at the output terminals 27, 27’
signal corresponding to Z(~x) is produced. In this case,
the circuit as shown in FIGURE 22 may correspond to
the above circuit. Accordingly, for instance, as a logical
sum a circuit as shown in FIGURE 32 may be used. That
is, for the respective inputs Z{x;), Z(x,) from the input
terminals 28, 28', 29, 29", at the output terminals 30, 30",
Z(xvxy) is produced. Whereas, at a logical product cir-
cuit, it should be made as shown in FIGURE 33, That is
FIGURE 33 discloses a circuit in which for the fnputs
Z(x1), Z(x;) from the input terminals 31, 31", 32, 32,
Z(x1°x,) is produced at the output terminals 33, 33',

(8) The case of the item (III)} having a corresponding
relation of binary code and the electric signal

In the above stated various circuits, by the selection of
the circuit constant, the amplitude of the oscillatory
wave may become the same amplitude in both positive
and negative directions, However, in this case, the elec-
tric oscillatory wave form corresponding to the binary
code has the same amplitude at both positive and nega-
tive directions, and consequently, this wave form corre-
sponds to the complex propositional value 1vkl, and at

75 the binary code 0, the complex propositional value 1avkYs
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corresponds in the same manner as the former item 7.
And it is clear from the properties of the circuits that the
circuit as described in the former item 7 or megative
proposition circuit (FIGURE 22}, the logical sum circuit
(FIGURE 32), the logical product circuit (FIGURE 33)
and the like can be also applied to this case, In this case,
as a self-holding circuit, FIGURE 5 should be made as
shown in FIGURE 34, That is, in FIGURE 34, when
the input corresponding to 1 is received from the input
terminals 34, 34', the circuit of Dy starts to electrically
oscillate and sustains the electric oscillation in the same
manner as that in FIGURE 5. When the signal corre-
sponding to 1 is applied to the terminals 35, 35" as an
erasing signal, then a direct current like potential dif-
ference of Ry is made small, and consequently, its effects
is represented in the circuit of D through the smoothing
circuit of 73, c3, ry, and, thereby, the oscillation can be
stopped.

As obvious from the above description, in short, the

present invention is composed of an arrangement in 2

which the electric oscillation wave having a positive di-
Tect component or electric oscillation wave having a
larger amplitude in the positive direction than that in the
negative direction corresponds to the binary code 1, an
electric oscillation wave having negative direct compo-
nent or an electric oscillation wave having larger ampli-
tude in the negative direction than that in the positive
oscillation or signal of direct component only or signal
at 0 level corresponds ta 0 of the binary code. For this,
in a circuit in which two terminal elements having an
N type volt-ampere characteristic and the resistance and
the inductance are connected in series with the D.C.
source, and the series resistance value is set in the cir-
cuit so as to have one stable point at said element, a cir-
cuit having a directional property is formed by the con-
ditions of the difference of voltage at this stable point and
the difference of the coupling degree with the next stage,
and by the set of this series resistance value so as to have
the operating point in the region of the negative resistance
having characteristic of the element, a circuit if formed
in which when no input signal from the forward stage
is received, electric oscillations are caused, and when the
input signal is received, electric oscillations are not
caused. By the circuit based on a logical sum using the
above property, a logical computation is to be effected.

The circuits of the present invention is divided into
sections of a so called asynchronous system. However,
as a signal, the oscillation wave corresponds to at least
either one among 0, 1 of the binary codes, and conse-
quently, the coupling can also be made by induction, and
also owing to the use of the oscillation of the self-oscilla-
tion, the -operating speed is much faster and many fan-
onts can be obtained.

Further, as two terminal elements having an N-type
volt-ampere characteristic in the present invention is se-
lected so as to have only one stable point, the uniformity
of the characteristic of these elements is almost out of
the order and the manufacturing of the elements is very
easy, and also a very stable operation is insured. Accord-
ingly, the present invention is very useful by adopting
to a logic circuit a very high speed electronic computer,
and the effects in the field of the art is very great.

It will be recognized by those skilled in the art that

the objects of the present invention have been achieved g

by providing a combination of elments to allow logical
computation in cooperation with electric waves and fur-
ther to nse an “Esaki” diode and standard inductive, ca-
pacitive and elements to form a negative operating cir-
cuit without the requirement of resistive coupling.

While we have disclosed several embodiments of the
present invention, it is to be understood that these em-
bodiments are given by example only and not in a limit-
ing sense, the scope of the present invention being de-
termined by the objects and the claims.
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We claim:
1. An asynchronous electronic logic circuit, com-
prising
a two terminal element having an N-type current-
voltage characteristic,
a resistor,
an inductance, and
a D.C. source connected in series such that said circuit
is proyided with a monostable operating point,
a reacfance input means operatively coupled to said
circuit,
said two terminal elements operating on a stable point
of the N-type characteristic curve,
means for supplying an input signal in the form of a
burst of electrical oscillations, representing one bi-
nary condition and the absence thereof representing
the other binary condition,
said input signal causing the operating point of said
two terminal element to be shifted along its N-type
characteristic curve so that said circuit oscillates
and transmits an output signal, whereas when no in-
put signal is received, said two terminal element re-
turns to its stable point no oscillation being gen-
erated and said circuit transmitting no output signal.
2. An electronic logic circuit, as set forth in claim 1,
wherein
said reactance input means is an inductance used for
coupling said input signal thereto.
3. An electronic logic circuit, as set forth in claim 1,
wherein
said reactance input means is a capacitor used for
coupling said input signal thereto,
4. An electronic logic circuit, as set forth in claim 1,
wherein
said input signal in the form of said burst of electrical
oscillations has a positive D.C. component and elec-
trical oscillations of an amplitude greater in the
positive direction than in the negative direction, re-
spectively, associated to the number 1 of the binary
code system, and another burst of electrical oscilla-
tions having a negative D.C. component and elec-
trical oscillations in which the negative amplitude is
greater than the positive amplitude, respectively, are
associated with the number O of the binary code
system,
5. An electronic logic circuit, as set forth in claim 4,
further comprising
a succeeding stage, and
said circuit is formed and provided with a directional
property formed by the difference of voltage at said
stable point and the difference of the degree of con-
pling with said succeeding stage.
6. An asynchronous electronic logic circuit, compris-

ing

a two terminal element having an N-type current-volt-
age characteristic,

a resistor,

an inductance, and

a D.C. source connected in series such that said circuit
is provided with a monostable operating point,

a reactance input means operatively coupled to said
circuit,

said two terminal elements operating on a stable point
of the N-type characteristic curve,

means for supplying an input signal in the form of a
burst of electrical oscillations representing one
binary condition and the absence thereof represent-
ing the other binary condition, and

when no input signal is received the operating point
of said two ferminal element is shifted along its N-
type characteristic curve so that said circuit oscil-
lates and electric oscillations are caused and when
said input signal is received said two terminal ele-
ment returns to its stable point and electric oscilla-
tions are not produced.

123




3,444,392

7. The electronic logic circuit, as set forth in claim 1,
further comprising
a preceding stage means for providing said input signal,
said resistor is modified such that the operating point
of said circuit is disposed in the region of the nega-
tive resistance of the characteristic curve of said two
terminal element, to obtain normal oscillations of
said circuit, and
a low pass filter means for varying the D.C. voltage in
said circuit upon causing oscillation of said cirenit
by a signal from said preceding stage to stop oscilla-
tion of said circuit, whereby the occurrence and non-
occurrence, respectively, of oscillations in response
to the non-existence and existence of said input sig-
nal from said preceding stage can be indicated.
8. The asynchronous logic circuit, as set forth in claim
1, comprising
at least two of said two terminal elements operatively
coupled asynchronously.
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ABSTRACT OF THE DISCLOSURE

A fail-safe system comprising an oscillator capable of
performing a logical operation having a threshold input
level and operable at a certain frequency in response to
an input higher than the threshold level, an amplifier con-
nected to the oscillator to amplify the output signal of the
oscillator, a rectifier connected to the output of the ampli-
fier to rectify the output signal of the amplifier, and a
power supply for applying a bias voltage which maximum
voltage is equal to the threshold voltage, to make binary
codes 1 and 0 to be used in the system correlate to D.C.
voltages +V and —V, respectively, and to cause the out-
put voltage level of the system —V or 0 in case any trouble
occurs while its normal output voltage is 4V, and the
output voltage level of the system —V or 0 in case any
trouble occurs in the system while its normal output volt-
age is —V, whereby the output voltage never becomes
+V whenever any trouble occurs.

The present invention relates to a novel fail-safe system,
in general, and to a fail-safe system which is applicable
to basic logic circuits in an electronic computer to make
these logic circuits and hence the computer a fail-safe
type and which system is able to stop the operation of the
computer when any error or failure occurs in the logic
circuits.

Electronic computers have been widely applied to vari-
ous fields in industry because of their capability of han-
dling a large volume of information at high speed. It is
noted, however, that, if any failure should occur in an
electronic computer for any reason and an erroneous out-
put information from the computer is used as it is in its

field of application, there is a strong probability of the
* occurrence of great damage in the field. Although various
kinds of devices or systems for detecting such failures are
generally provided in any computer for safety purpose,
the complete elimination of such failures itself is very
difficult at the current technical level. Therefore, any elec-
tronic computer having a system which is able to main-
tain its application field safe by preventing any transmis-
sion of output information of the computer to the field,
whenever it operates erroneously, is seriously desired and
such characteristics of the computer are referred to as
fail-safe type characteristics.

For example, a control system for a railroad transporta-
tion system which controls the switching operations of the
signals or the rails, and which railroad transports a large

10

15

30

35

o
t

b

80

2

volume of objects as well as people, requires such a fail-
safe type computer, because if any erroneous information
from the computer, resulting from any failure in its con-
stituent components, is supplied to such a control system,
there is a strong probability of great accident. Any elec-
tronic computer currently used in each industrial field does
not have such fail-safe characteristics,

It is an object of the present invention to provide a
novel fail-safe type logic circuit system which can be used
in a computer to provide it with fail-safe characteristics.

The check of any error or failure in a computer must
generally be performed in its software or performed by
providing such a check function in its hardware. However,
such a check by the software may not be possible theo-
retically. On the other hand, if the check is to be per-
formed by the hardware, which may be a parity check, it
is very difficult when two or more errors occur simultane-
ously in the computer, Therefore, to perform such a check
for a plurality of errors occurring at different points, the
hardware must be provided with such a special function.
However, to date, hardware having this special function
has not been provided because of technical and/or eco-
nomical difficulties,

The present invention utilizes a novel fail-safe type
logic circuit system to provide a fail-safe type computer,
which system is applied to the basic logic circuits that are
indispensable to the computer.

It is another object of the present invention to provide
certain fail-safe type logic circuits conmstituting an elec-
tronic computer.

With the above and other objects of the present inven-
tion in view, which will become apparent from the fol-
lowing description, the present invention will be clearly
understood in connection with the detailed description and
the accompanying drawings, in which:

FIGURE 1 is a graph showing the concept of the maxi-
mum potential, which is used to constitute the present fail-
safe type logic circuit;

FIG. 2 is a vector diagram showing that the vector sum
equals zero, which is also used to constitute the present
fail-safe logic circuit;

FIG. 3 is a block diagram of the logic circuit unit in
accordance with the present invention, in which an EX-
CLUSIVE-OR circuit is used to check the output of the
unit; '

FIG. 4 is a block diagram of the entire logic circuit
system of the present invention;

FIG. 5 shows a block diagram of the basic logic circuit
of the present invention;

FIG. 6 shows a block diagram of a fail-safe type logic
prcaiuct circuit constituted with the basic logic circuit of
FIG. 5;

FIG. 7 shows a circuit diagram of an embodiment of
a fail-safe type logic product circuit with two inputs, which
is constructed with the basic logic circuit of FIG. 5;

FIGS. 8(a) and 8(b) are block diagrams of fail-safe
type AND circuits with three inputs and four inputs, re-
spectively, which are readily constructed on the basis of
the logic product circuit of FIG. 6:

FIG. 9 is a circuit diagram of an embodiment of an
oscillator with a certain threshold input level, which opei-
ates in response to the logical variable 0 at its input;

FIG. 10 is a block diagram of the fail-safe type exclu-
sive-or circuit; ) :
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FIG. 11 is a circuit diagram showing a basic circuit of
the fail-safe type fixed memory circuit;

FIG. 12 is a circuit diagram of the fail-safe type fixed
memory circuit;

FIG. 13 is a circuit diagram showing another embodi-
ment of the fajl-safe type fixed memory circuit; and

FIG. 14 is a circuit diagram of the fail-safe type mem-
ory circuit.

Referring now to the drawing, and more particularly to
FIGS. 1 and 2, the circuit conditions necessary to make
the basic logic circuits of an electronic computer fail-safe
type, respcetively, are illustrated. The first condition il-
lustrated in FIG. 1 is the concept of the maximum poten-
tial and the second condition illustrated in FIG, 2 is the
concept that the vectro sum becomes zero. The concept
in FIG. 1 is required to make any logic circuit operative
only when an inut at or higher than a predetermined level
is received and, otherwise, that is, to make it inoperative,
when the input is lower than the predetermined level be-
cause of any failure in the preceding logic circuit. That is,
any logic circuit using this concept has a tendency to
slow down its potential level and thus terminate its opera-
tion upon receipt of a lower input than a predetermined
level, and an oscillator having a certain thereshold input
level (such oscillator operates at a constant frequency
with a higher input than the threshold level and otherwise
stops its operation) can be presented as an example of
the devices operating with this concept. Further, a reso-
nance phenomenon is an example of the concept itself,
The second concept in FIG. 2 will be explained in detail
hereinafter, It is merely described, at this time, that with
the second concept, a fail-safe type logic product circuit
can be constituted.

In forming the present logic circuit system and its ap-
plications with these concepts, the conditions to be given
to the present system are as follows:

(1) The use of the first concept to operate any circuit
in the system at, or higher input levels than, a predeter-
mined level, For example, an oscillator is used as a circuit
operable in accordance with the first concept, in which if
the oscillator with a threshold value is used, any oscilla-
tion due to noise can be prevented by screening the thresh-
old level properly.

(2) The binary 1 and 0 used in the logic system are
represented by voltage levels of +V and —V, respectively,
rather than representations by voltage levels of 4V and 0
or by the presence and absence of a pulse in the ordinary
manner. Thus, even when any grounding occurs in any
point in the circuit, the failure can easily be detected.

(3) The characteristics of the system or the logic cir-
cuits are determined as follows: .

(3-1) The output information corresponding to 1 in
the binary code (the voltage +-V) may become binary 0,
i.e., a voltage level of —V when any circuit failure occurs.

(3-2) The output information corresponding to 0 in
the binary code (the voltage —V) may remain at binary
0 when any circuit failure occurs, but the output never
becomes binary 1, i.e., a voltage level of 4 V.

Each logic circuit to be constructed with the present sys-
tem is constructed to have the fail-safe function in itself
with the first condition.

In the construction of the present miss operation check
system using these logic circuits the proper circuit and the
conjugate circuit are used as a unit, Here, the words “the
conjugate circuit” mean the circuit which has the negation
function of the proper circuit, The check of a failure or a
miss operation are done in each stage by an exclusive-or
circuit as shown in FIG, 3. Accordingly, the detection of
all failures in a plurality of units becomes possible and
the information will be transmitted only when the entire
system including a plurality of the units operates normally
by forming a séqunece of a chain of the excusive-or circuit,
in an asynchronous manner,

For example, in performing a logic operation of
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in the unit system as shown in FIG. 3, this unit system is
necessary to have a proper information bus X and a con-
jugate information bus ~X (the negation of X). Con-
cerning information Y, the proper and conjugate infor-
mation buses are provided in the same way as X. Then,
XvY is obtained from X bus and Y bus, and ~X-~Y is
obtained from ~X bus and ~Y bus. Also XvY bus and
~X-Y are bus checked by the logic product thereof
derived from the exclusive-or circuit.

The construction of the entire check system in accord-
ance with the present invention is shown in FIG. 4. For
example, if indication lamps are connected to the output
of the respective exclusive-or circuits, the detection of
failures in the logic system and the maintenance thereof
will become easy because the indication lamps may be ar-
ranged to illuminate when the unit in concern is operating
properly, and the lamps otherwise going out, and thus it
is clearly indicated that, when =a certain lamp goes out,
at least the unit of concern or the preceding unit has a
failure therein.

In an electronic computer, the logic circuits which can
be provided with the fail-safe characteristics in accordance
with the present invention may include the logic product
circuit, the logic sum circuit, the exclusive-or circuit, the
logic negation circuit, the fixed memory circuit, and the
memory circuit. Hereinafter, these respective circuits will
be explained.

Generally, to check whether an input signal supplied
to each logic circuit is [V| properly, or not, the input sig-
nal is supplied to an oscilaltor which has a certain thresh-
old level [U| as shown in FIG. 5 and which operates at a
certain frequency, f,, at, or at higher input levels, than the
threshold level [U|. The threshold voltage [U| is selected
as |[V|>|U|>0, and, in this range of |U), a self- oscillation
of the oscillator by less than the level |U] can be prevented
and the operation of the oscillator becomes reliable at the
correct signal level,

Next, the output voltage with frequency component, fos
from the oscillator is amplified in a tuned amplifier whose
tuning frequency is equal to fo. Thus, whenever a logic
operation is not performed correctly and the frequency
from the oscillator deviates from fy, or if any failure in
the resonance circuit occurs or if there are any inferior cir-
cuit components, the output of the tuned amplifier de-
creases considerably. Accordingly, only when the input
signal level is correct or normal and all of the circuit com-
ponents are operating correctly, is the output voltage of
the tuned amplifier maintained at its normal level,

The output of the tuned amplifier with frequency com-
ponent f, is full-wave rectified and the rectified voltage is
applied across the load resistance. The lower end of the
resistor is connected to the voltage —V (corresponding
to 0 in the binary code) and the upper end thereof is re-
garded as the output of the logic circuit. Therefore the
rectified output voltage of the logic circuit has a normal
value only when the input voltage and the used parts are
normal, and otherwise it would never become +V (bi-
nary 1) although it may decrease. Namely, it is possible to
obtain the fail-safe type logic circuit satisfying the condi-
tions.

A fail-safe type logic product circuit which is the most
basic in logic circuits is explained herein, The voltage +V
—V corresponds to the truth value 1, 0 of the logic varia-
ble X, Y, respectively, and the threshold voltage is +U
(+U<+V) as previously mentioned.

As shown in FIG. 6, oscillator 1 has the threshold volt-
age 4-U and operates at frequency f, which is determined
by the circuit constant only when the input logic variable
X corresponds to the truth value 1 (+V>-+1/), and oth-
erwise it is inoperative. Oscillator 2 with threshold voltage
+U, ie., the same as that of oscillator 1, operates at a
different frequency f; only when the input logic variable
Y corresponds to the truth value 1 (+¥>4U). Mixer 3
is used to obtain the difference frequency between f; and

131




3,508,078

5

fz when the frequencies f;, f; are supplied to its input.
Namely, the output f, of the mixer 3 is,

fo=lfr—fdl

This will be noted that when frequencies f,, fi, f» are con-
sidered as vectors, respectively, the above representation
shows the second concept, i.e., “vector sum is zero.” In
usual cases, it is enough, but more strictly, to use filter 4,
such as a mechanical filter, or a ceramic filter, Although
fo may be produced by the sum of f, and fs, it is desirable
that f is the difference of f; and f; because if the former
fo is used there are some problems in the circuit design
due to the harmonics of frequencies f;, f, and thus the cir-
cuit may not become fail-safe, A tuned amplifier 5 am-
plifies the output having f, frequency component from the
mixer 3 or filter 4. Fullwave rectifying circuit 6 is con-
nected to the output of amplifier 5 so that the output
thereof becomes +V when the input frequency of ampli-
fier 5 is f;, but —V otherwise.

In this construction, the output can be obtained from
rectifier 6 only when the input logic variables X, Y to
oscillators 1 and 2 have the truth value 1 (voltage +V),
respectively, while in other combinations of variables X,
Y, the output of the rectifier 6 becomes —V. The output
of the rectifier 6 represents the logic product X:Y of the
logic variables X, Y. .

Next, an embodiment of the fail-safe type logic product
circuit, constructed with the above described fail-safe logic
circuit system is described. Referring now again to the
drawings, and more particular to FIG, 7, a pair of sim-
ilar transistorized colpitts oscillators are provided for the
input logic variables X and Y, respectively, each of
which comprises (T’;) p-n-p tramsistor Ty, an in-
ductance L (L’), and capacitors C,, C; (C’;, C's).
The basesof transistors T; and T’; are connected
to the threshold voltage U, and therefore the thresh-
old voltage thereof, --U are made -+U. The oscil~
lation frequencies of these oscillators may be determined
by the respective circuit constants, and it is assumed that
the frequency of the oscillator including transistor T, is
f1 and the frequency of the other is f;. By this way, these
oscillators operate at their respective frequency only when
both variables X, Y have voltage 4V corresponding to the
truth value 1. The frequencies f; and f; are mixed upon
the use of the non-linear characteristic (square characteris-
tic) between base and emitter of transistor T, and resis-
tors Rg, R’y, Ry and frequency component f; corresponding
to the difference between f; and f, is obtained at the collec-
tor of transistor T, with a tank circuit which resonates at
fo=|fi—fa|- The f, component is amplified by transistor
T; and rectified by a full-wave rectifier. As a result, volt-
age +V or —V is obtained across the output resistor,
which voltage corresponds to the truth value 1 (X-¥=1)
or 0 (X-Y=£1).

As mentioned above, the output on the resistor never
becomes +V because of the use threshold voltage +U
which is less than 4V corresponding to the truth value 1
of the logic variable. Therefore any miss operation in one
unit is not transferred to the next stage. Further, the fail-
safe function is reinforced because the mixing and am-
plifying circuit resonates at frequency f, and the output
will go down or tend to go down to —V when frequency
fo is shifted due to any characteristic failures in the circuit
components.

FIGS. 8(a) and 8(b) are modifications of the fail-safe
type logic product circuit shown in FIG. 6 with three and
four inputs, respectively. In FIGS. 8(4) and 8(b) oscil-
lators 1, 2, 1’ and 2" have a common threshold value and
operate at frequencies fy, fa, 'y and f's, respectively. Each
mixer 3, 3’ or 3" is connected to respective outputs of
the preceding two oscillators and take out the frequency
diflerence of two inputs frequencies, respectively. Filter 4
may be provided if desired. Tuned amplifier 5 and full
wave rectifier 6 are also provided and serve as previously
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described. The output, f; of mixer 3, shown in FIG, 8(a),
is represented as

fo=|l fi—fol =11’

and the output f, of mixer 3" shown in FIG. 8(b) is rep-
resented as

fo=Ili—fol— 11— £l

The fail-safe type multi-input logic product circuit such
as shown in FIGS. 8(«) and 8(b) are constructed in this
manner and operate as in the above example. Further-
more, it is realized equally that the principle of the two
input fail-safe logic circuit system can be extended to
multi-input systems such as a three or more input (» in-
put) fail-safe logic product circuit, using the non-linear
characteristic of mixing these input signals by utilizing
third or higher powers (nth power) characteristics of the
non-linear characteristics between the base and emitter
of the transistor Ty,

On the basis of the above mentioned fail-safe type logic
product circuit, a fail-safe type exclusive-or circuit, a fail-
safe type logic sum circuit, a fail-safe type logic negation
circuit, a fail-safe type fixed memory circuit and a mem-
ory circuit, respectively, can be presented.

Referring now again to the drawings, and more par-
ticularly to FIG. 9, there is shown an oscillator with a
certain threshold level which opsrates in response to the
logic variable 0 (—V). (The threshold voltage is as-
sumed as —U and |—V|>|—U|.) The p-n-p type transis-
tor Ty in FIG, 7 is replaced by an n-p-n type transistor
T";. Therefore, as shown in FIG. 10, a fail-safe type ex-
clusive-or circuit can be constructed by combination with
a diode circuit. (In FIG. 10, threshold oscillator 2 is the
same as shown in FIG. 9 and the others are the same as
in FIG. 6.)

In FIG. 6, by connecting oscillator 1 directly to ampli-
fier 5, and by connecting a diode logic sum circuit to the
input of the oscillator 1, a fail-safe type logic sum cir-
cuit is formed.

By connecting the output of the oscillator in FIG. 9 to
the amplifier 5 in FIG. 6, a fail-safe type negation logic
circuit is provided.

Fixed memory circuits and memory circuits are used
as a memory circuit of a fail-safe type digital computer.

FAIL-SAFE TYPE FIXED MEMORY CIRCUIT

Referring to FIG. 11, a fail-safe type logic product cir-
cuit 11, diode 12 and selection circuits 13 and 14 are
arranged such that selection circuit 13 is connected to one
input of product circuit 11 and seletion circuit 14 is con-
nected to the other input of the circuit 11 through a series -
connection of the diode 12 and memory plane (M.P.).
The selection circuits 13, 14 select the output thereof so
that only one optional output terminal has the voltage
+V and the other has the voltage =V, respectively. The
fixed memory contents are located in the memory plane
of FIG. 11. For example, if value 1 should be selected,
the terminals 15 and 16 are connected, but they are not
connected to each other when the value 0 is selected, Of
course, the diode may not be required when the connec-
tion is not made.

Now, when voltage -V or =V is applied to the point
P in FIG. 11 from the selection circuit 13, and the voltage
+V or —V is applied to the point N from the selection
circuit 14, then, the output of the fail-safe type logic
product circuit 11 becomes as set forth in the following
table.

P.. -V -V +V +V
N. -V +V -V +V
V.. -V -V -V +v

Referring now to the table, the output of the fail-safe
type logic product circuit 11 becomes -4V only when
the voltages selected by the selection circuits 13 and 14,
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and applied to the logic product circuit, are 4V simul-
taneously, but it becomes —V otherwise,

Now, the destruction of the diode or the breaking and
shorting of the wires can be considered as circuit trouble
in the device. In case of wiring troubles it sometimes oc- .
curs that the fail-safe type logic product circuit does not
operate, and the output voltage is —V; while the output
voltage becomes -V when the diode is shorted. How-
ever it is clearly distinct from the miss operation of the
product circuit because it occurs when the selected volt-
ages are the same, 4V, in this case. Namely, in this de-
vice, when the selected voltage from the selection cir-
cuits have the common value 4V, the output +V of the
failsafe type logic product may become —V or 0 when
the circuit trouble occurs, but it never becomes +V.

FIG. 12 shows a circuit of the present invention using
the basic circuit. In this case, a miss operation due to
circuit trouble can be necessarily detected when the se-
lected outputs, from selection circuits 13 and 14, have a
common value, 4V, as in the case of FIG. 11. So, in this
device, a miss operation due to trouble in the circuit is
necessarily detected if the fixed memory devices of n
bits are constructed by the combination of n-fail-safe type
logic product circuits and »? diodes.

FIG. 13 shows the fail-safe type fixed memory device.

The fixed memory contents are located in M.P. in
FIG. 13. For example, when the binary code is used,
common bus B;, B, ... B, are connected when the
value 1 corresponding to their signals, are not connected
with 0. In FIG. 13, diode logic sum circuit 17 or the fail-
safe type logic sum circuit is illustrated.

The check of the operation of this fail-safe type fixed
memory device can be carried out by providing the con-
jugate fixed memory device in parallel therewith and
connecting a fail-safe exclusive-or circuit in a manner
similar to that previously described. As the memory con-
tents in these fixed memory devices are opposite, exactly,
the exclusive-or circuit operates in accordance with the
truth value 1 when a miss operation does not exist, and
it operates in response to the truth value 0 when trouble
exists.
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FAIL-SAFE TYPE MEMORY CIRCUIT

Referring now again to the drawings, and more par-
ticularly to FIG. 14, the fail-safe type memory circuit is
shown in which a fail-safe type logic product circuit 21
is provided and diodes 22 and 23 are connected in series
and in parallel, respectively, thereto. Input 24 is con-
nected to diode 22. An output 25 and a clear-terminal
26 are connected to the circuit 21. In this circuit, the
clear terminal 26 usually has the voltage --V. When the
input 24 has voltage +V to be memorized the output 25
becomes +V. Further, when the input 24 becomes the
voltage —V, the output 25 holds the voltage at +V, be-
cause the output voltage is fed back to the fail-safe type
logic product circuit through the diode 23. If the voltage
of the clear terminal 26 becomes —V, the output will be-
come —V necessarily and the memory content is cleared.
Namely, the circuit shown in FIG. 14 can be used as the
memory circuit which keeps the memorized input until
the clear information —V comes in. Also, the circuit cor-
rectly serves for diode failure.

- We claim:
1. A fail-safe system comprising
an oscillator means for performing a logical operation
and having a predetermined threshold input level
and operable at a certain frequency in response to
an input higher than said predetermined threshold
input level,

an amplifier connected to said oscillator to amplify the

output signal of said oscillator,

a rectifier connected to the output of said amplifier

to rectify the output signal of said amplifier, and

a power supply means for applying a predetermined

bias voltage, the maximum voltage of which being 75
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equal to said predetermined threshold input level,
making binary codes 1 and 0 to be used in said sys-
tem correlate to D.C. voltages +V and —V, respec-
tively, and causing the output voltage level of said
system to:be —V or 0 in case any failure occurs in
said system while the normal output voltage being
-V and the output voltage level of said system be-
ing —V or 0 in case any failure occurs in said sys-
tem while its normal output voltage is —V, whereby
the output voltage never becomes 4V when any
failure occurs.

2. A fail-safe type logic product circnit comprising

a pair of oscillator means each having a predetermined
threshold input level and operable in response to the
truth value 1 of either one of two input logic
variables and having different frequencies from each
other, respectively, said different frequencies being
correlated to said logic variables, respectively,

an amplifier means for amplifying the signal com-
ponent of the frequency of the difference between
said frequencies, and

a rectifier means for rectifying the output from said
amplifier, thereby obtaining a logic product of said
two logic variables as the output.

3. The circuit, as set forth in claim 2, and constituting a

fail-safe type memory circuit, and further comprising

a first input terminal for said logic product circuit
constituting a clear terminal,

a second input terminal for said logic product circuit
being supplied with a logic sum of an input signal
to be memorized and an output signal of said logic
product circuit, whereby the output becomes the
truth value 1 when said input signal becomes the
truth value 1 and said clear signal is the truth
value 1, said output is kept at the truth value 1
when said input signal becomes the truth value 0
and said clear signal is still truth value 1, said output
becoming truth value 0 when both of said input
signal and said clear signal are the truth value 0,
and said output is kept at the truth value 0 when said
clear signal is 0 and said input signal becomes 1.

4. A fail-safe type logic negation circuit comprising

an oscillator having a predetermined negative threshold
voltage and operable only upon receiving a D.C.
input voltage higher than the absolute value of said
predetermined negative threshold voltage, said D.C.
input voltage corresponding to an input logic
variable,

an amplifier means for amplifying the output of said
oscillator, and

a rectifier for rectifying the output of said amplifier,
thereby obtaining a logical negation of said input
logic variable as the output. -

5. A fail-safe type exclusive-or logic circuit comprising

a first oscillator having a predetermined threshold input
level and operable in response to a truth value 1 of
either one of two input logic variables at a frequency,

a second oscillator having a predetermined negative
threshold voltage and operable only upon receiving
a D.C. input voltage higher than the absolute value
of said negative threshold voltage, and

two diode OR circuits, thereby obtaining an exclusive-or
of said input logic wvariable as the output.

6. A fail-safe type fixed memory circuit comprising

a pair of selection circuits,

a series connection of a fail-safe type logic product
circuit, a diode and a fixed memory plane with or
without wiring in accordance with the presence or
absence of a code to be memorized therein fixedly,

said series connection being disposed between said
selection circuits, and

said selection circuits selecting the contents of said
memory plane whereby according to said contents
of the absence or presence of wirings an output cor-
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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. Schroder, 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.
AIEFE, Vol. 57, No. 12, 1938, 713-723.

Piesch, H., ”Uber 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 Schroder, 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 I1
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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Yasvo Komamiva. Theory of computing velay-networks. Proceedings of the
First Japan National Cangress for Applied Mechanics 1951, Japan National
Committee for Theoretical and Applied Mechanics, Science Council of Japan, Tokyo
1952, pp. 527-532.

The content of this article is incorporated as section III-IV, subsections III-IV-I
through III-IV-V of XXIII 60(2), of which the author is a co-author. The comments
of the review XXIII 60(2) are directed particularly at these subsections.

Carvin C. ErLGgoT

MocHIiNORI GoTto, Yasvo KomaMiva, RvoTa SUEKANE, MasaHIDE TAKAGI, and
SuIGERU KUwABARA. Theory and structure of the automatic relay computer
E. T. L. Mark II. Researches of the Electrotechnical Laboratory, no. 556. Electro-
technical Laboratory, Agency of Industrial Science and Technology, Tokyo 1956,
ix 4 214 pp. and 37 plates.

Only Chapter III, Theory of velay metworks, falls within the scope of this JoUrNAL.
The remarks of XX 285(2) are applicable. The theory of sequential circuits receives
brief treatment relying on a few examples only. The authors stress a solution of
equations of the form

n (- -]
2 Al'= 2 d,2'

i=1 i=0
where 3" denotes ordinary addition of natural numbers, and the parameters 4; as
well as the d; vary over O, 1. The circuits “associated with”’ these solutions are claimed
to possess novel self-checking features.
The solution which the authors give which recursively expresses the d;’s as a pro-
positional formula in the A,’s is needlessly involved. A simpler recursive solution
is readily given: d, is the modulo-two sum of the 4,’s and

n—1 oo
Z By = 2 d;412
k=1 1=0

where B,, is the Boolean product of 4;; and the modulo-twosumof 4, , 4,, ..., 4; .
An explicit solution may also be given: d; is the modulo-two sum of all IIS where S
varies through all subsets of {4,, 4,, ..., 4,} with 2¢ elements and “ILS” denotes
the product of the elements in S. This solution depends upon the fact that if m =

252 0 4:2%, then d; is congruent modulo two to ( ; ) CarLvin ELGOT
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MotiNorI Gotd. Application of logical mathematics to the theory of relay networks.
The Japan science review, vol. 1 no. 3 (1950), pp. 35-42.

The author’s references are entirely to papers published in Japan. It is said that
symbolic logic or logical algebra was applied to the theory of relay networks by
A. Nakazima and M. Hanzawa, ‘“Nippon Electrical Communication Engineering,
May, Aug., 1940,” and Y. Simazu, ibid., ““Aug., 1943”’; and that K. Ohasi, “Fiftieth
Year Memorial Essays of Electrotechnical Laboratory, Ministry of Communications,
1941, “pointed out the defects of the old theories, which could not treat mathe-
matically the time-delay of relay contacts,” and invented a special method for that
purpose, which was later extended by T. Kozima, ‘“Nipon Electrical Communication
Engineering, July, Sept., 1942.”

The reference to Nakazima (or Nakasima) and Hanzawa appears to be inaccurate.
It is probably intended for XVIII 346(6), and a later Part I of the same paper,
which the reviewer has not seen. The papers by Simazu, Ohasi, and Kozima the
reviewer has also not been able to see.

The main content of the present paper is an exposition of the now familiar ap-
plication of propositional calculus to analysis and synthesis of electric circuits. However
where necessary to represent time delay, the propositional letters A, B, C, X, ... are
reconstrued as standing for propositional functions with time as the argument, and
such ‘‘equations’ are written as e.g., Xp_; 2 Cyp ~Xp v C;nXp, where n is a variable
whose values are integers, representing successive intervals of time which are all of
equal length (corresponding to a fixed time delay 7). In more usual notation this
equation might be written as X{n—1) == Cy(n) ~X(n) v C;(n)X(n). Thus the author’s
system is in effect a free-variable singulary functional calculus, supplemented by
a delay operator, but without quantifiers.

The author also points out in a short paragraph that there are cases in which,
although the analysis of a circuit by two-valued propositional calculus indicates that
it is (for instance) always closed, “‘an actual circuit may often be interrupted on
account of the divergence of the time-delay’ in the operatiun of two or more relays or
the like. For such cases a three-valued propositional calculus is proposed, with values 0
(open), 4 (indeterminate), and 1 (closed), and truth-tables for negation, conjunction,
and disjunction that are evidently taken from Eukasiewicz’'s 1868. The proposal is not
developed and no use is made of it in the remainder of the paper. Aronzo CHURCH
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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.

. Paper 2

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

Paper 3
Komamiya, Y., "Theory of computing networks”, Proc. of the First
National Congress for Applied Mathematics, 1952, 527-532.

Paper 4

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

Paper 5
Komamiya, Y., ”Application of logical mathematics to information
theory”, Proc. 3rd Japan. Nat. Cong. Appl. Math., 1953, 437.

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.

Paper 7

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

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.

157



10.

11.

12.

13.

14.

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.

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.

Paper 11

Komamiya, Y., Sugiyvama, 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.

Paper 12

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

Dec., 1961.

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.

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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