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The present invention relates generally to data handling
systems, and more particularly to data handling systems
which employ bistable element matrices for switching or
computing purposes.

Bistable element matrices are well known in the data
handiing arts. While several different bistable circuit ele-
ments, for example ferroelectric condensers, have been
employed in such matrices, magnetic cores constructed of
material exhibiting substantially rectangular hysteresis
loop properties have enjoyed the widest usage. A conven-
tional magnetic core matrix adapted for switching or com-
puting purposes usually comprises a plurality of cores ar-
ranged in a coordinate network, for example, in rows and
columns, in such a manner that any core in the network
may be individually identified .in terms of its particular
coordinate position. Coordinate energizing means in the
form of row and column conductors inductively coupled
to the cores of the different rows and columns, are pro-
vided for activating or energizing the cores. An output
winding is provided for each core in which a voltage is
induced upon energization of the associated core.  De-
pending upon the use to which the mairix is put, the out-
put windings of the several cores may be connected in
any of several different arrangements. -In a system where-
in the matrix is employed as a switching device to comtrol
a plurality of loads, the output windings are merely con-
nected to the load circuits to be controlled. In a system
wherein the matrix is employed for computing, a some-
what more complex arrangement is called for. A conven-
tional computing matrix is arranged so that each of the
coordinate energizing conductors represents an input term
of a given computing operation. Each of the several cores
is assigned a number which represents the result of the
given operation upon the input terms represented by the
particular combination of coordinate energizing conduc-
tors which designate that core. The output windings of
all cores bearing identical result numbers are connected in
common output circuits so that there exists a different out-
put circuit for each possible result of the given computing
operation upon the several input terms.

The operation of a matrix of the character described,
whether it be employed for switching or for computing
purposes, is essentially the same. Inputs in the form of
current pulses, are applied simultanecusly to a selected
row conductor and a selected column conductor to ener-
gize all of the cores in the associated row and column.
The input pulses are calibrated so that a single input is
not sufficient to switch a core from one stable state to the
other, but so that the additive effects of two input pulses
coincidently applied are sufficient to do so. Thus only the
core at the intersection of the energized row and column
receives two inputs and is swiiched to a remanence state
opposite to that of all other cores in the matrix.. When
this core is switched, or when it is subsequently reset to its
initial remanence state, it generates an output signal in its
associated sense winding. In a switching application, this
output is employed to drive a desired load, while in a
computing application, the output indicates the result of
a computing operation involving the terms represented by
the energized row and column conductors.

A matrix of the type described above is subject to sev-
eral important limitations. To provide individual selec-
tion of any core in the matrix by coincident application of
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two drive currents, each of which is insufficient alone to
switch a core, it is essential that the magnetic cores have
a hysteresis cycle as rectangular as possible; that is to say,
the ratio of coercive force, H,, to the saturating field Hj,
must approach 1. If this requirement is not met, the half
currents will cause undesirable magnetic excursions of the
non-selected cores in the matrix.

A matrix of the type described also requires pulse gen-
erators capable of applying well calibrated energizing cur-
rents. The coincidence of two half currents must create
sufficient magnetizing force in a core to switch the core
from one of its remanence states to the other, while one
half current alone must develop a force less than that
necessary to cause a substantial magnetic excursion of the
core. The half currents, therefore, must have an optimum
value between predetermined minimum and maximum
values. The accurate adjustment of these half currents to
that optimum value requires a calibrated device which
must take into account not only the normal hysteresis
characteristics of the core, but also the variation in hys-
teresis characteristics caused by temperature changes dur-
ing operation of the matrix.

The present invention overcomes the limitations and dis-
advantages discussed above by making it unnecessary to
calibrate the energizing current amplitude and by making
it possible to employ magnetic cores having hysteresis
locps which are not perfectly rectangular. These advan-
tages are obtained by employing an improved system
wherein the two energizing pulses which select one of the
several cores in the matrix are applied one after the other
rather than coincidently, the first pulse switching all of
the cores of the selected row (or column) from an injtial
state to the opposite state, and the second pulse driving all
of the cores of a column (or row) back to the initial state.
With this arrangement, only the core at the intersection of
the selected row and column is switched twice. The out-
put signal developed during the second switching operation
is employed as the useful output of the matrix. Accord-
ing to this improved system, each energizing pulse fully
switches the selected core, and therefore no accurate
calibration is needed. It is only necessary that the ener-
gizing pulse be superior to a minimum value so as to
generate a magnetic field at least sufficient to switch a
core from one remanence state to the other. There is,
however, no maximum value. Also, since the cores are
not required to discriminate between forces generated by
a single half current and those generated by a coincidence
of two half currents, the cores may be of lower quality,
non-rectangular hysteresis loop material. The invention
also makes it possible to employ other kinds of bistable
elements not usable in coincident current matrices.

Accordingly, it is an object of this invention to provide
a switching or computing matrix employing bistable cir-
cuit elements wherein the energizing pulses need not be
calibrated and, therefore, wherein no calibrating device
is required for the input pulse generators.

Another object of the invention is to provide a switch-
ing or computing matrix wherein high amplitude driving
currents are employed to increase operating speed.

Still another object of the invention is to provide a
switching or computing matrix employing bistable mag-
netic cores the hysteresis loops of which are not rectangu-
lar.

In magnetic core matrices which employ conventional
coincident current selection, the useful output signal gen-
erated when a selected core is driven from one remanence
state to the other is accompanied by spurious output
signals generated by the other cores in the matrix which
receive half current energization. These spurious sig-
nals reduce the signal-to-noise ratio of the system and
require the use of detecting devices capable of discrim-
inating between the desired output signals and the un-
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desired noise signals. The improved system provided
in accordance with the present invention offers the ad-
vantage that no spurious signals are generated during
the time the useful output signal is developed and the
signal-to-noise ratio is therefore very high.

Accordingly, it is an object of the present invention
to provide a switching or computing matrix having a
high signal-to-noise ratio.

In systems which employ conventional magnetic core
matrices for computing purposes, both input terms of a
computing operation must be simultaneously applied to
the computing matrix to cause energization of the core
in the matrix which corresponds to the result of the
computing operation upon the input terms. In many
systems, the two input terms do not occur or are not
generated simultaneously. In systems of this type it is
necessary to provide an intermediate memory or buffer
wherein the first generated term is temporarily stored
until occurrence of the second generated term. In a
cemputing matrix provided in accordance with the pres-
ent invention the need for this temporary storage is
eliminated. According to the present invention, the two
input pulses employed to select a bistable element in
the matrix are applied successively and the matrix, itself,
acts as a temporary storage of the first term pending
application of the second term.

Accordingly, it is an object of this invention tc pro-
vide a bistable element computing matrix capable of re-
ceiving the input terms of a computing operation in
succession.

Another object of the invention is to provide a com-
puting matrix capable of operating as a buffer storage
unit for a first generated input term of a computing
operation pending generation of the second input term.

More specifically, it is an object of the invention to
provide a computing matrix arranged so that the first
generated term of a computing operaticn to be per-
formed is employed to condition the matrix to provide
potential outputs corresponding to ail of the results
which may be obtained from that first term and wherein
the second applied term of the computing operation is
employed to select one of said potential results.

A further object of the present invention is to provide
a single computing matrix arranged to perform any of
several different computing operations, for example, ad-
ditions, subtractions, multiplications, etc.

A still further object of the invention is to provide a
single computing matrix arranged to provide the results
of several different computing operations, for example,
additions, subtractions, multiplications, etc. for a single
pair of applied input terms.

Still another object of the invention is to provide a
single computing matrix arranged to provide at a single
group of output terminals, results of different comput-
ing operations, for example, addition, subtraction, multi-
plication, etc.

It is also an object of the invention to provide a
switching or computing system empolying a bistable
element matrix wherein the several input terms of a
switching or computing operation are applied in sequence
to a single group of input terminals.

Still another object of the present invention is to pro-
vide a bistable element matrix of the type wherein a
combination of coordinate energizing means are acti-
vated to energize a selected bistable element and wherein
a single group of control devices are employed to control
the energizing means of each coordinate.

The foregoing and other objects, features, and ad-
vantages of the invention will be apparent from the fol-
lowing more particular description of preferred embodi-
ments of the invention, as illustrated in the accompany-
ing drawings.

In the drawings:

FIGURE 1 illustrates a computing matrix provided in
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accordance with the present invention for performing
additions according to the decimal number system;

FIGURE 2 illustrates a modified winding arrangement
for the output windings of an addition matrix such as
that shown in FIGURE 1 to provide outputs in a binary
coded decimal form;

FIGURE 3 illusirates a computing matrix provided
in accordance with the present inveniion for performing
subtractions according to the decimal number cystem;

FIGURES 4, 5, and 6 illustrate different wiring modes
for computing matrices which perform more than one
computing operation;

FIGURE 7 represents a computing matrix capable of
performing addition and subtraction wherein separate
sets of outpui windings are provided for the different
computing operations;

FIGURES 8 and 9 represent two other embodiments
of computing matrices for performing both addition and
subtraction wherein a single set of output windings is
provided for each operation;

FIGURES 10a and 10b together represent a comput-
ing matrix system for perfocrming additions and subtrac-
tions wherein a single set of input terminals are pro-
vided for receiving both terms of a computing cperation;
and

FIGURE 11 illustrates the relationship of FIGURES
10a and 10b to each other.

The present inveniion relates to bistable clement mat-
rices such as are employed for switching or comput-
ing purposes. The several embodiments of the invention
shown in the accompanying drawings and <escribed
hereinafter are arranged in the form of computing mat-
rices for performing addition operations or subtraction
operations, or both. It will be understood, however, that
the invention may be applied to switching matrices as
well, by providing output winding networks of the type
suitable for such purposes.

The embodiments of the invention shown and described
herein employ bistable magnetic cores as the bistable ele-
ments of the matrix. It will become apparent from the
following description, however, that the invention is in
no way limited to such devices, but is applicable to other
bistable circuit elements as well. The magnetic cores
are shown symbolically in the drawings as small circles
which represent conventional torroids. Other shapes or
configurations may, of course, be employed. The cores
are of any suitable magnetic material having two op-
posite stable states of substantial magnetic remanence.
These states may be arbitrarily designated as the 0 state
and the 1 state in accordance with customary binary ter-
minology. The state of a core may be altered as desired
by application of a magnetic force or field to the core by
means of a magnetizing winding coupled to the core.
Application of a magnetic field +H causes the core fo
be switched from the 0 state to the 1 state and the applica-
tion of a magnetic field —H switches it back to the 0
state and causes an ouiput pulse to be generated. The 0
state is considered as the initial or home state, and all
cores must be restored to the O state before an operation
is started.

FIGURE 1 represents a computing matrix for per-
forming additions of decimal numbers. It is composed
of 110 magnetic cores arranged in a network comprising
11 rows and 10 columns. The rows are designated R,
Ry, Ra Ry, Ry, Rj Rg Ry, R Ry, and Ry, and the
columns are Cy, C;, Cy, Cs, Cs, Cs, Cq, Cq, Cg, and C,.
These row and column reference characters also designate
row and column conductors, described later herein. A
magnetic core is positioned at the intersection of each
row and each column. These 110 cores are designated
by digits from 0 to 19, which digits correspond to the
sum of the row and column subscripts. For example,
at the intersection or row Rg and column Cg, the core is
designated by the number 14, which actually represents
the sum of 8 and 6. As may be seen in the drawing
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representing the matrix, all cores providing the same re-
sults are placed along a diagonal line. For example there
are 6 cores designated 14, which represent respectively
the following sums: 1044, 94-5, 846, 7-+7, 648, and
54-9, which are located along the same diagonal.

The cores of the matrix are coupled by four or five
windings of different types; two input windings, one sum
output winding, one restoration winding, and possibly one
carry output winding, the latter two not being represented
in the figure. A winding may be composed of one turn or
of any number of turms; to simplify the drawing, it is
represented in the figure as comprising but one turn, that
is to say, a single wire passing through the core.

The input windings of the cores of FIGURE 1 are con-
nected serially to form the row conductors Rg—Ryg and the
column conductors Cy~Cy. One input winding of each
core is connected in series with the c~wresponding input
windings of all other cores in the samw row to form a
row conductor and the other input winding on each core
is conmected with the corresponding input windings of
all other cores in the same column to form a column con-
ductor.

The row conductors Rg—Ryo are employed to record the
first term of a computing operation in the matrix. Each
of these conductors is connected at one end (the left end
in FIGURE 1) to the output of a pulse generator G.
The generator G is provided with an activating input ter-
minal A to which an activating signal is applied from some
suitable clock or timing source. The signal is applied, in &
computing cycle, during a first time interval which may
be termed “A time,” and which corresponds to the in-
terval during which the first input term is recorded. The
opposite ends of the eleven row conductors are con-
nected to ground or other suitable reference potential
through row selecting switches Iy, I, Iy, Is, Iy, I5, I, I,
Ig, Ig and Ij. These switches may be of any suitable
type, for example transistor switches. Fach switch has
its control element coupled to one of the addend imput
terminals to which the first term of a computing operation
is applied. When the first term of an addition to be per-
formed is applied, for example, 6, corresponding switch
Is is energized by the corresponding input terminal, caus-
ing row Rg to be short-circuited with ground. Generator
G, during time A, supplies the 10 cores of row R with
current magnitude sufficient to fully switch all said cores
from the 0 state to the 1 state. The first term of the addi-
tion, 6, is thus recorded in the memory. The ten cores
designated 6 to 15 indicate all the results that may be ob-
tained by the addition of the first term, 6. The informa-
tion corresponding to that first term is stored in the
matrix, until the application of the second term of the
operation. At the end of the first portion of the com-
puting cycle, the ten cores of row Rg have been switched
to the 1 state, all other cores being kept in the O state.

The column conductors Ce—Cy are used to introduce the
second term of the operation. During the time for entry
of the second term, which will be more conveniently
designated as “B time,” pulse generator G’ applies to a
column a current pulse which generates a magnetic fieid
—H which tends to switch all the cores of the energized
column from the 1 state back to the 0 state, if they were
previously in the 1 state, and keeps them in the 0 state if
they were in that state before. Pulse generator G’ is
activated by a clock signal applied at its input terminal B
during a second time interval, termed “B time.” The
output terminal of generator G’ is connected with the
column conductors corresponding to the 10 columus, and
the circuits to ground through these conductors are con-
trolled by the ten switches I'g, I'y, I'y, I's, Uy, I’s, g, I'n,
T'g, I'g, for selecting the columns. The control elements
of these switch I'—I'y are connected to the augend input
terminals to which the second term of a computing oper-
ation is applied. When the second term of the addition
is applied for example, 8, the corresponding switch, I's,
is energized by the corresponding input terminal, causing
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column conductor Cg to be short-circuited with ground.
Generator G’ supplies a pulse, during “B time” to the
eleven cores arranged on that column of a magnitude
sufficient to switch all said cores to the 0 state. All the
cores of that column were already in the O state except
core 14 at the intersection of row Rg and column Cs.
Only this single core, then, is switched from the 1 state
to the O state, providing an output on the output windings
coupled thereto.

The output windings of all the cores corresponding to
a sum having the same units position digit are serially
connected to form a single sum conductor, represented
by an oblique line in FIGURE 1, since the cores corre-
spending to the same total are grouped along the diagonals
of the matrix. There are 10 sum output conductors
designated So, Sl, Sz, Sg, Sg, S5, SGa Sq, Sg and Sg. These
conductors are connected at one end to ground, and at
the other end to the input of one of the 10 corresponding
ampliﬁers, Ao, Al: Az, A3, A4, A5, As, A7, Ag, and Ag.
Each conductor goes through the eleven cores which
represeni sums having the same units position digit.
Thus, for example, winding S, goes through the six cores
14 and the five cores 4, that is, all those giving a total 4
or 14,

The output terminal of each of the ten amplifiers is
connected to an input terminal of one of the ten logical
AND CiI‘CUitS, Eg, El, Ez, E3, E4, E5, Ee, E7, Ea, and
Ey. The second input terminal of each of these AND
circuits is connected to the clock signal input terminal
B. With this arrangement, output signals from the ampli-
fiers Ag~Ay will be gated through AND circuits Ey~Ey
only during “B time.” Any signal from an amplifier at
another time, for example “A time,” is not transferred
by the logical AWND circuits.

Referring again to the example where the core at the
intersection of row conductor Rg and column conductor
Cg was switched first to the 1 state, at “A time,” and then
to the O state, at “B time,” the output developed in sum
line S; when this core returns to the 0 state is trans-
mitted through amplifier A, and AND circuit E4 to the
sum output terminals to indicate the units position digit
of the result of the addition 6-48. The tens position
digit of this result is produced in the form of a “carry,”
on a carry output conductor coupled to the activated
core.

The carry output conductor has not been represented
for clearness sake. As the preceding conductors, it is
connected at one end to ground, at the other end to a
carry amplifier A.. The carry conductor runs serially
through all the cores which represent a result number
superior to 9, that is all the cores designated 10, 11,
12, 13, 14, 15, 16, 17, 18 and 19. It is obvious that
this conductor does not go through the cores represent-
ing a total of 0 t0 9. As in the case of the sum ampli-
fiers, the output of amplifier A, is connected to one input
of logical AND circuit E,, the second input of which
is coupled to clock signal input B.

The restoring winding has not been represented in
FIGURE 1 either. This winding couples serially with
all of the 110 cores of the matrix. It is arranged to re-
ceive, during “C time” which follows “B time” in the
computing cycle, a current pulse which generates a mag-
netic field —H to switch all cores back from remanence
state 1 to remanence state 0. In the preceding exam-
ple, the cores of row Ry had been switched to the 1
state at “A time,” core 14 had been switched back to
the 0 state at “B time,” thus generating an output sig-
nal. The 9 other cores of row Rg are thus switched
back to state 0 “C time,” but the signal generated in the
sum or carry output windings during this resetting op-
eration cannot be transmitted by logical AND circuits
Ey-Ey, since the second inputs of these circuits are not
provided during “C time.” At the end of “C time,”
all 110 cores of the matrix have been returned to their
initial state and a new adding cycle may be commenced.
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In FIGURE 1, one of the cores, at the intersection
of row Ry and column Cy has been represented in con-
siderably increased size so that the direction of the con-
ductors therethrough may be indicated. The row con-
ductor provided to record the first term of the addition
passes through the core such as it generates a magnetic
field opposed to that generated by the column conductor
which inserts the second term. Thus the first one switches
the cores from state 0 to state 1, and the second onc
from state 1 to state 0. The couplings to all 110 cores
are the same.

To summarize, the compuling matrix performs a com-
puting operation during three successive steps, A, B, and
C. TInitially, all 110 cores of the matrix are in remanence
state 0. At “A time,” the pulse generated by pulse
generator G is passed through the grounded row con-
ductor switching all the cores of the corresponding row
from the O state to the 1 state to record the first term.
During “B time,” the pulse generated by pulse generator
G’ is passed through the grounded column conductor to
switch back all the cores of the determined columan to
the initial saturation state to enter the second term and
read out the result. Only the core which is at the inter-
section of the determined row and column, generates,
when returning to its initial state, one or two input
signals which characterize both the row and the column
selected, and therefore the two terms of the operation
to be performed. The sum output signal, and, if it does
exist, the carry output signal, appear during “B time,”
that is, simultaneously with the introduction of the sec-
ond term of the addition. During the third time, C,
all the cores of the maitrix are restored to saturation
state 0, so that, at the end of that time, the matrix is-
again in its initial state and ready to start another op-
eration cycie.

To perform a full addition, that is, to produce a sum
which takes into consideration not only the terms of the
immediate order, but also the possibility of a carry from
the addition of the next lower order, it is necessary to
provide some suitable device capable of adding to one
term of the immediate order the carry, if any, from the
next lower order. Such a device will be described with
reference to FIGURES 10a and 105. he matrix of
FIGURE 1 comprises 11 rows and 10 columns, because
the first term increased by a carry from a lower order
may range between 0 and 10 whereas the second term
ranges only between 0 and 9.

It is obvious that, instead of using the decimal ncta-
tion, a matrix provided in accordance with the present
invention might be arranged to use any other numera-
tion system. Thus, for example, when operating accord-
ing to the binary system, a matrix with four magnetic
cores might perform an addition, and a matrix with six
cores a full addition, i.e. which would take inic account
a possible carry from the addition of the immediately
lower order. Moreover, though the matrix represented
in FIGURE 1 is arranged to add two decimal terms and
to provide a decimal sum, it is obvious that it is not
necessary that these three numbers should be repre-
sented in the same number system. A combinaiion of
different number systems might be used if desired. For
example, by employing an output winding arrangement
such as is shewn in FIG. 2, with the adder matrix of
FIG. 1 it is possible to provide a sysiem for adding two
decimal numbers and obtaining a sum in the binary
coded decimal code. As illustrated in FIG. 2, a matrix
of 11 rows and 10 columns of magnetic ccres, arranged
as previously described, may be provided with 4 cutput
conductors §'1, 85, Sy, and S5, each representing a dif-
fevent bit of the well-known binary decimal code. Ac-
cording to this code the several decimal numbers are
represented by different combinations of four binary
bits weighted with the values 8, 4, 2, and 1 respectively.
According to this notation, the decimal digit 7, for ex-
ample, is represented by the code group 0111, whereas
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the decimal number 8 is represented by the code group
1000 and so cn. The subscripts of the reference char-
acters §';-S' identify the binary code bids which the
ouiput conductors represent. The conductors 3';, S's,
are threaded through the cores of the matrix in such a
fashion that they convert the decimal result numbers as-
signed to the several cores into the equivalent binary
coded decimal notation. The several output windings
feed amplifiers A'y, A’s, Ay, and A'g in the manner de-
scribed with refersnce to the ouiput windings of FIG.
1. While not shown, timing gates similar to the gates
Ey-E, of FIG. 1 are aiso provided for sampling the sev-
eral output amplifiers at the appropriate time.

When an addition operation is performed with a
matrix provided with the output winding arrangement
of FIG. 2, the two terms (for example the decimal num-
bers 6 and 8) are entered as described with reference
to FiG. 1 to set and then reset the core common to row
6 and column 8. It will be observed in FIG. 2 that this
core {which represenis the decimal sum 14) is coupled
only by conductor $’s. During the resetting operation,
a voltage is induced in winding S’; to represent the binary
coded decimal equivalent of the units digit of the sum
14. A carry winding (not shown) similar to that de-
seribed in connection with FIG. 1 also couples the core
representing the sum 14 to signal a carry to the com-
puter or to the next higher order of addition.

Where outputs are provided in a binary coded form,
as shown in FIG. 2, it is sometimes desirable to employ
a parity checking system to indicate malfunctions in the
system which produce errcneous code groups. Parity
checking systems, which are generally well-known in the
art, emplov an extra bit for each coded digit representa-
tion, the value of which is selected so that the total
number of binary 1’s in the coded representation of a
decimal digit is always even (for an even parity system)
or odd (for an odd parity system). When such a sys-
tem is employed, any single error, for example, the mal-
function of an amplifier A’-A’s may be discovered
since the total number of 1’s in the code representation
will vary from the normal number, that is to say, if an
even parity is empioyed, a single error will produce a
code group having an odd number of 1’s or in an odd
parity system a single error will produce a code repre-
sentaticn containing an even number of 1’s. Such a parity
checking system may be included in the circuit of FIG.
2 by providing a parity bit generating winding which
threads those cores corresponding to result numbers which
are represented by a binary code group having either an
even number or an odd number of binary I's, depend-
ing upon whether even or odd parity is desired. For
example, if an even parity system is employed the parity
bit winding would couple the cores corresponding to the
decimal result numbers 1, 2, 4, 7 and 8 so that when any
cne of these cores is operated to produce a coded out-
put, the parity bit generating winding also produces an
output. For the sake of clarity the parity bit generat-
ing winding has béen omitted from FIG. 2.

It has just been shown how a matrix might be pro-
vided for receiving two inpui-ierms in the decimal no-
tation and providing an cufput in the binary coded deci-
mal notation. It will be understood that ofher combina-
tions of number systems might also be employed. For
example, it is possible to provide a matrix which receives
one input term in decimai code, ancther imput ferm in
a biguinary code, and which produces an output in the
binary coded decimal code just described. FIGS. 10a
and 105, described in detail later herein, disclose a matrix
which receives both input terms in the biquinary ccde.
This syster includes means for responding to a biquinary
coded term to activate one of the 11 row conductors of
the matrix. This means for energizing one of the 11
row conductors in response to a biquinary term may be
combined with the means for energizing one of the 10
column conductors in response to a decimal term as
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shown in FIG. 1 to provide a matrix which responds to
numbers of different code notations.

Whatever may be the number system used, and the
arithmetical operation to be performed, a matrix pro-
vided in accordance with the invention and therefore not
relying upon the principle of the half current coincidence,
would offer the same advantages; that no upper limit is
imposed on the recording or interrogating currents of
the magnetic cores, that these currents need not be cali-
brated, and may be very high which increases the opera-
tion speed, and that the cores used need not have a rec-
tangular hysteresis loop. In addition, a matrix provided
in accordance with the present invention obviates the
necessity of providing temporary storage of the first term
of the operation while waiting for the arrival of the
second term so that they may be applied simultanecusly
to the computing matrix since the two terms may be
applied successively. As soon as the first one occurs,
it is recorded in the matrix, which acts then as a buffer
storage, and when the second term is inserted, it causes
the extraction of the result of the operation.

The same principle and advantages are found again
when the matrix is used to perform other arithmetical
operations, for example, subtractions, as illusirated in
FIGURE 3. The matrix of FIGURE 3 and its operation
are identical to the matrix of FIGURE 1, and its opera-
tion, except for the output conductor arrangement. As
in the preceding case, the matrix is made of 110 cores,
arranged in 11 rows Rg to Ry, and 10 columns, C, to Cy.
Two pulse generators G and G’ are provided for sup-
plying drive pulses during “A time” and “B time.” 11
row selecting switches Iy to I;; which determine the first
term, and 10 column selecting switches I’y to I’y which
determine the second term are provided as in FIGURE
1. The operation to be performed in this embodiment
consists in subtracting the first term (possibly increased
by a carry from the preceding subtraction) from the
second term. The 110 cores are designated 0 to 19, their
reference numbers corresponding to the difference be-
tween the subscript of the column and that of the row.
Thus, for example, at the intersection of row Rg and
column Cg, the core is designated 2 which actually repre-
sents difference 8—6. All cores representing the same
difference are along the same diagonal, for example, the
eight cores designated 2 and representing the following
differences: (9—7), (8—6), (7—5), (6—4), (5-3),
(4—2), (3—1) and (2—0) are arranged along the same
diagonal. By comparing FIGURE 3 to FIGURE 1, it
may be seen that the diagonals of identical numbers in
the two figures are arranged along two orthogonal direc-
tions,

When the subtrahend is greater than the minuend, the
substraction leads to a carry, thus for example 4 minus
5 leads 9 and there is a carry 1. The result of that opera-
tion is indicated by core 19 which is at the intersection
of row R; and column C,;. As in the case of the adding
matrix, for all the cores from 10 to 19, the units position
digit represents the result of the difference, whereas the
tens position digit represents the carry. Also as in the
embodiment of FIGURE 1, the carry of the operation
of the lower order is entered into the first term of the
subtraction by a device (not shown) which allows the
first term to range between 0 and 10 whereas the second
term may range only between 0 and 9.

In FIGURE 3, the output conductor “subtractive ¢

carry” and the core restoring winding are not represented.
The ten difference output conductors are designated Dy,
Dl; Dz, D3, D4, D5, Ds, D7, Dg and Dg. Bach of these
conductors couples serially with the eleven cores which
may provide the same units position digit result. Thus,
for example, conductor D, goes through the six cores
4 and the five cores 14, i.e., all the cores providing a
difference 4 with or without carry, As in FIGURE 1,
these conductors are connected at one end to the input
of an a.mpliﬁer Ao, Al, Az, Ag, A4, A5, As, Aq, Aa and
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Ay, each of which in turn is connected to one input of
one of the logical AND circuits Ey, E;, By, Es, E4, Es,
Eg, Ey, Bz and Eg. As in FIGURE 1, these AND gates
are conditioned by the B clock signal.

The subtraction matrix of FIGURE 3 operates on
two decimal terms to provide a result according to a
decimal code. It is obvious, however, that other nota-
tions or notation combinations might be used, including,
as in the matrix of FIGURE 2, means for providing a re-
suit according to a coded decimal notation which might
or might not include an additive bit for checking the
compatibility of the result.

FIGURES 1 and 3 illustrate matrices for performing
addition and subtraction. Each of these matrices operates
as a table lookup device wherein each core represents or
has assigned thereto a number which corresponds to the
result of a predetermined arithmetic operation upon the
two numbers corresponding to the row and column co-
ordinates which identify that core. It is believed ap-
parent, without illustration, that a similar matrix might
provide the tesult of other types of operation, for ex-
ample, multiplication. All that is required is that the re-
sult numbers assigned to the cores be made to correspond
to the product of the numbers corresponding to the row
and column coordinates which identify that core, rather
than the sum or difference of these numbers as shown in
FIGS. 1 and 3.

It is also possible to use the adding matrix of FIGURE
1 to perform subtractions, by providing means to insert
the first term of the operation under its complement form.
If the first term is designated X (subtrahend) and the
second term is designated Y (minuend), to compute
Y—X, it is sufficient to perform the operation
Y4 (10—X) and to enter the first term X in 10’s com-
plement form. To operate the add matrix of FIGURE 1
S0 as to provide the result of a subtraction, it is sufficient
to energize the input windings of row Ry when the first
term is a ten (10), those of row R,, when X =9, those of
row Ry when X=8, etc. This process requires that it be
known what operation is to be performed before the first
term is entered. It cannot be applied to the case when
the sign of the second term is not yet known when the
first term is entered.

Another embodiment employing the arrangement
shown in FIGURE 1 would consist in performing sub-
tractions by interchanging the input and output terminals;
for if X+Y=Z, Z—X=Y. This embodiment would re-
quire contro]l circuits, switches, - generators, output cir-
cuits and amplifiers having a reversible operation, how-
ever, since any group of conductors might be either an
input group or an output group, depending upon the
operation,

Another feature of the inventjon is the use of several
arrangements, each operating in accordance with the
general principle described herein, combined in a single
matrix of binary elements to provide a multipurpose de-
vice. FIGURES 4-9 illustrate several different arrange-
ments for providing such a multipurpose device.

FIGURE 4 illustrates a wiring arrangement for pro-
viding an additien-subtraction matrix having two sepa-
rate sets of outputs. The arrangement of FIGURE 4 is
derived by combining the adding matrix of FIGURE 1
with the subtracting matrix of FIGURE 3, preserving
the input conductors which are common thereto, and
superimposing their two groups of output conductors
and output circuits, the first one to interpret the result
asa sum and the second one as a difference. The matrix
of FIGURE 4 includes a group of horizontal row con-
ductors R inductively coupled to the cores in each row
and adapted, when selectively energized in the manner
described with reference to conductors Ro—Ryg of FIG-
URE 1 or 3, to enter the first term of the operation. It
also includes a group of column conductors C inductively
coupled to the cores in each column and adapted, when
selectively energized in the manner described with refer-



3,069,086

11

ence to conductors Co—Cy of FIGURE 1 or 3, to enter
the second term. Sum output conductors S are coupled
serially to all cores having identical sum result numbers
and provide addition results for the first and second
terms. Difference output conductors D are coupled
serially to all cores having identical difference result
numbers and provide subtraction results for the first and
second terms. In addition to the conductors illustrated
in FIGURE 4, there must be provided separate addition
carry and subtraction carry conductors (arranged as
shown in FIGURES 1 and 3) and a restore winding.

It will be seen that with the arrangement shown in
FIGURE 4, any number of different kinds of output
conductors may be provided to produce outputs corre-
sponding to any desired arithmetic operation. Any
output pattern may be developed by assigning to the
cores of the matrix result numbers representing the re-
sults of the selected operation upon the input terms
which select and switch those cores, The output con-
ductors are then coupled serially through all cores hav-
ing identical numbers. The cores may have several resuit
numbers, each corresponding to a different output con-
ductor. For example, the core at the intersection of in-
put conductors Rg and Cz may have an addition re-
sult number of 14 with a corresponding sum output wind-
ing; a subtraction result number of 2 with a correspond-
ing difference cutput winding; and a multiplication result
number 48 with a corresponding product cutput winding.
Each set of output windings would have its own set of
amplifiers and AND gates, or, if but one Xind of oper-
ation is to be performed at one time, all sum, difference
and product output corresponding to the same digit might
share the same amplifier and gate.

As may be seen in FIGURE 4, the wiring of a matrix,
in the manner shown, for both sum and difference out-
puts presenis the problem that one set of oufput con-
ductors, the conductors D, cannot be threaded straight
through the cores because they extend perpendicular to
the apertures in the cores. Iowever, by changing the
shaps of the matrix from a square to a non-rectangular
paralielogram, this difficulty may be avoided. 'FIGURE
5 shows such an arrangement. As may be seen in FIG-
URE 5, the matrix has been distorted from its original
shape by inclining the columns until they form an angle
of approximately 45° with the rows. This brings the
difference output conductors D into vertical alignment
and aligns the sum output conductors S at an angle of
about 26.5° from horizontal. It will be readily seen
that this arrangement permits all conductors to be
threaded through the cores in a straight line. This is ac-
complished without readjusting the wiring pattern or re-
assigning new resuit numbers to the cores.

In FIGURE 7 there is illustrated a more complete em-
bodiment of an addition-subtraction matrix wired as
shown in FIGURE 5 and embodying the principles of the
invention. In FIGURE 7 there is shown a matrix of 11
horizontal rows and 10 sloping columns of cores. Row
conductors Rg-Ryy (only some of which are shown for
the sake of clarity) are coupled to the cores in each row,
and column conductors Co—Cy (dotted lines) are coupled
to the cores of each column. Switches Ig-I;, (partially
shown) provide selective grounding for circuits through
the row conductors to the pulse generator G (a0t shown).
Switches I'¢—I’y (not shown) provide selective groundings
of circuits through the column conductors to the pulse
generator G’. The input terms are entered through the
row and column conductors in the manner described with
reference to FIGURE 1 to select and doubly switch one
of the cores to provide outputs in its sum and difference
output windings. The sum signals from the cores ap-
pear on conductors Sg—S directed along a diagonal slightiy
inclined with respect to the column conductors. The
difference output signals appear on the vertical conduc-
tors, Dy to Dy, For example, the core at the intersec-
tion of row Rg and of column Cg is coupled to the sum
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output conductor S; (corresponding to a total 14) and
on the difference output conductor Dy (corresponding
to difference 2). The sum output conductors lead to
amplifiers Ag—Ag and the difference conductors lead to
amplifiers A’—A’y.

This arrangement requires two sets of output conduc-
tors, one for the addition and another for the subtraction;
thus two sets of output amplifiers and two sets of logical
AND circuis are needed, one set of which is conductive,
according to whether the operation to be performed is
an addition or a subtraction.

According to ancther embodiment, which is preferred
over that of FIGURES 4 and 7, the computing matrix
is arranged in a more advantageous way since it makes
it possible to use the same cutput conductors, and there-
fore the same output amplifiers and the same logical cir-
cuits for both the addition and the subtraction. This
system requires two different sets of input windings for
the second term of the operation, the first set being used
for the addition, the second one for the subtraction.
FIGURE 6 shows a wiring arrangement in accordance
with this embodiment and FIGURE 8 represents an
adding and ‘subtracting computing matrix in accordance
with this embodiment. As illustrated in FIGURES 6 and
8 the cores of the matrix are arranged in a rectangular
pattern just as in FIGURE 1. Horizontal row conduc-
tors R are provided for entering the first term of the op-
eration by switching all cores of a selected row to the 1
state. Vertical column conductors CA are provided for
entering the second term of an addition operation by re-
setting cores in a selected vertical column to the 0 state.
Output conductors 0 (dectted lines) arranged at an angie
of 45° to horizontal are provided for producing sum
outputs. The arrangement thus far described is identical
to that of FIGURE 1. However, a second set of column
conductors CS (dashed lines) for entering the second
term of a subtraction operation are also threaded through
the cores of the matrix. These conductors CS extend at
an angle of about 26.5° from horizontal, as shown in
FIGURE 6. As in the case of conductors CA, the con-
ductors CS switch their associated cores to the 0 state.
Difference outputs resulting from sequential energization
of conductors R and CS are sensed in the same output
windings O that are employed for addition. This is pos-
sible because of the unique arrangement of the two sets
of second term input windings CA and CS which permit
the cores of the mairix to have sum and difference
result numbers which have identical units position digits.

FIGURE 8 shows the arrangement more completely.
In this figure row conductors Ry~R;o are partially shown
as coupled to the rows of cores and to their control
switches Ig-X;o. The row conductor pulse generator G
is not shown, but is connected in the manner shown in
FIGURE 1. Addition column conductors CA—CA,
(partially shown) extend through the vertical columns
of cores between the pulse generator G’ and the control
switches I'g—I'g. Subtraction column conductors CSy—
CSy extend through the matrix of an angle of approxi-
mately 26.5° from horizontal between the generator G’
and a set of second term subtraction control switches
(not shown). Ouiput conductors Og-Oy extend through
the matrix on a diagonal from ground to output ampli-
fiers Ag—Agy. The several cores of the matrix have num-
bers subscribed which indicate the result numbers repre-
sented thereby. The units position digit of each number
accurately indicates the units position result for the sum
of the terms represented by the row conductor R and
addition column conductor CA intersecting at that core
and for the difference of the terms represented by the row
conductor R and subtraction column conductor CS in-
tersecting at that core. The tens position digit of each
number is only accurate for the addition carry and not
for the subtraction carry. In the interest of clarity, no
carry output conductors are shown. A pattern for each
may be easily determined by performing the addition
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and subtraction operations for all combinations of input
terms and determining which cores must be threaded by
each carry conductor.

The operation of the matrix of FIGURE 8 is believed
obvious from the explanation made regarding FIGURES
1 and 3. Addition is performed in the manner described
with reference to FIGURE 1 and subtraction is per-
formed as described with reference to FIGURE 3. Sub-
traction differs from addition only in that care must be
taken to enter the term which is subtracted from the
other to the row conductors and out the column conduc-
tors. The reason for this will be apparent from the fol-
lowing example. Assume that the operation is 6—8.
This operation should produce a difference of 8 and a
subtractive carry. If 8 is entered through the row con-
ductors, all cores in row Rg will be switched to the 1
state. When 6 is entered through conductor CSg to
switch all cores coupled thereto to the 0 state, only the
core marked 8 in row 8 is reset. This produces an out-
put on ouiput line Os. The carry is produced in a sub-
tractive carry line coupled to core 8 of row 8. If the
terms 6 and 8 has been entered in reverse order, that is,
if the cores of row Rg had been switched to the 1 state
and the cores along conductor CSg reset, then the fourth
core from the left along row 6 would have been switched.
It will be observed that output winding O, couples with
this core, so an erroneous difference would be produced.

The embodiment just described offers the advantage
that only a single set of output conductors, amplifiers and
gates are needed. This reduction of output components
is gained at the expense of adding a set of switches and
column conductors for selecting the second term in the
case of a subtraction, however, and also a circuit per-
mitting to control either of two sets of second term input
switches, according to whether the operation to be per-
formed is an addition or a subtraction. Moreover, a
matrix in accordance with this embodiment requires two
different carry output windings, one for the addition and
one for the subtraction.

A reduction in the number of output components over
the last embodiment may be realized by using 50 additive
cores, which increases the computing matrix from 110
to 160 cores, but, instead of two distinct carry output
windings, these cores use the same carry winding and the
same carry amplifier in common for the addition and for
the subtraction. Such a matrix has been represented
in FIGURE 9. In that matrix, all cores designated 10,
11, 12, 13, 14, 15, 16, 17, 18, and 19 produce a carry,
whether additive or subtractive. All of said cores are
coupled by a carry output winding common to addition
and subtraction. This winding has not been represented
in the figure.

FIGURES 10a and 105 related as indicated in FIG-
URE 11, represent a system for performing addition and
subtraction upon numbers provided in quibinary code.
This system employs a matrix wired in the manner shown
in FIGURE 6. One novel feature of this matrix is that
both input terms of an operation are delivered through
a single common set of input terminals.

In accordance with this embodiment, the addition and
subtraction ouiput conductors are common. They have
not been represented in FIGURE 105, but they are wired
according to the diagonal direction of 45°, and they may
be grouped so as to provide a result according to any
number system, for example, according to the decimal
notation if the wiring of the output windings is identical
to that of FIGURE 1, or according to the binary coded
decimal notation if it is identical to that of FIGURE 2,
or according to the quibinary notation, as at the input,
or according to any other system.

To explain the operation of the matrix, it is recalled
that any number between 0 and 9 is represented in the
quibinary system by the combination of two bits, one
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quinary element, 0, 2, 4, 6, or 8 and one binary element,
0 or 1.

The computing matrix comprises seven input terminals
0, 2, 4, 6 or 8 for the five quinary elements, and 0 and 1
for the two binary elements. As in the case of the other
embodiments, this system operates during three time in-
tervals called “A time,” “B time” and “C time,” respec-
tively. During “A time” these terminals are used to in-
troduce the first term of the operation and during “B
time” they receive the second term. To enter the first
term possibly increased by the carry of the preceding
operation from the immediately lower order, the matrix
control circuits comprise five switches I, I, I, I and Ig,
and three pulse generators Gy, G; and Gy; the latter are
energized only during “A time.” Switches Iy, I, I, Ig and
I; are energized by the input terminal corresponding
thereto, 0, 2, 6, 4 or 8.

Examination of FIGURES 10a and 105 will show that
each switch controls or grounds three row conductors.
Switch I, controls conductors Ry, R; and Ry; switch I
controls R, (there are actually two separate Ry conduc-
tors), Rg and Ry; switch I controls R, (again there are
two), R5 and Rg; switch I controls Ry (of which there are
two), Ry and Rg, and switch Ig controls Rg (of which there
are also two) Ry and Ryy. Conductors Ry, and one of
each of the two conductors Ry, Ry, Rg and Ry are coupled
through a diode to the output of generator Gy. Conduc-
tors Ry, Rs, Rs, Ry, and Ry are coupled through a diode
to the output of generator G;. The second one of each
pair of conductors Ry, Ry, Rg, and Rg, and also conductor
Ry, are coupled to the output of generator Gy. A row
conductor Ro, Ri1, Ry, Ry, Ry, R5, RG, Rq, Rg, Ry and Ry
is selected by combining the quinary element which picks
up one of the switches and the binary element which picks
up one of the pulse generators. Thus, for example, if the
irst term is 7, ie., in the quibinary form 641, switch Ig
and generator Gy are picked up, which produces a pulse
on the windings of row R; and which allows to enter the
first term into the matrix.

The carry or the absence of a carry from the preceding
operation at the immediately lower order is added before
entry in the matrix to the first term, and more precisely
to the binary part of the first term, by means of four
logical AND circuits Egg, Eqy, E19 and Eq; and of logical
OR circuit 0. The binary part, to which is added a pos-
sible carry, may be made equal to 0, 1 or 2. There ap-
pears a signal at the output of circuit Egy if the binary
element of the term to be inserted is ¢ and if there is no
carry, at the output of Ey; if the binary element is zero
and if there is a carry, at the output of Eyq if the binary
element is 1 and if there is no carry, and at the output
of E,; if the binary element is a 1 and if there is a carry.
The precise connections for accomplishing this are obvious
from FIGURE 10a4. The output terminals of Eg; and Eyq
are connected to the two input terminals of logical OR
circuit 0; a signal at the output of 0 means that a 1 is to be
added to the quinary part of the term to be inserted, and
this output is connected to the control terminals of gener-
ator G; through logical AND circuit F;. A signal at the
output of Ey, means that nothing is to be added to the
quinary part of the term to be inserted and this cutput
signal is applied to the contrel terminal of generator G,
through logical AND circuit Fy. A signal at the output
of Ei; means that 2 is to be added to the quinary part of
the term, and that signal picks up pulse generator G,
through logical AND circuit Fo. The three logical AND
circuits Fy, F; and F, are gated at “A time” through clock
terminal A for inserting the first term, so that generators
Gy, G; and G, cannot be energized except at “A time”.
Since it is not possible that more than one of the logical
AND circuits Eqg, Eq3, Eq9 and Ey; should be energized
simultaneously, during “A time,” one generator Gy, G; or
G, may operate, and the cores of the row whose conductor
is energized by the activated generator and grounded by
the closed switch are switched from state 0 to state 1.
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In some rows, Ry, Ry, Rg and Rg, the input windings of
the first term are doubled as previously mentioned. For
example, row R4 may be picked up by energizing both I,
and G, or both Iy and G,. In the first case, the first
input term is equal to 4, its binary part is 0, its quinary
part is 4, and there is no carry; thus switch Iy, logical cir-
cuit Bgy and generator Gy are energized. In the second
case, the first term is equal to 3, its quinary element is 2,
its binary element is 1 and there is a carry; in such a case,
switch I, logical circuit E;; and generator Gy are ener-
gized. In both cases, the cores of row R, are switched
from state 0 to state 1.

During “B time,” the second term of the operation is
inserted through the same input terminals 0, 2, 4, 6, 8, for
the quinary element, and 0, 1, for the binary element,

In the case when the operation to be performed is an
addition, the second term of the operation is inserted by
energizing one of the vertical windings of columns CAg—
CAg selected by the combination of one of the five switches
Io, Is, I, I5 and Ig (picked up by the quinary element) and
one of generators GA, and GA; (picked up by the binary
element of the second term). The terminals providing the
binary element, O or 1, are connected to one input of
logical AND circuits By and By, the second input of which
is provided during “B time” through clock terminal B.
Thus, while the binary element of the first term of the
operation, which occurs but during “A time,” is not con-
ducted by these circuiis By and By; that of the second term
is transmiited either by By and B, to pick up one input of
logical circuits EA, and EA4, the second input of which
is provided by a signal from the terminal designated “ad-
dition” if the operation to be performed is an addition.
Thus generator GA, is turned On only during “B time”
if the operation to be performed is an addition and if the
binary eiement of the second term is 0. If the binary
element of the second term is 1, it is GA; which is ener-
gized. The vertical column windings CA—CAq are con-
nected between the generators GA, and GA; and the
switches Ig—Ig. The switches are thus employed for enter-
ing both terms of an operation. Examination of FIG-
URE 105 will show that conductors CAg, CAg, CAs, CAs,
and CAg are coupled at their upper ends to generator Gy,
while the remaining conductors CA;, CAg, CAj, CAq and
CA, are connected to generator GA;. Referring now to
the lower ends of these conductors, it will be seen that
conductors CA, and CA; are connected to switch Ip; con-
ductors CA, and CAjy are connected to switch Ip; con-
ductors CA,4 and CA; are connected to switch I,; conduc-
tors CAg and CA- are connected to switch Ig; and conduc-
tors CAg and CAg are connected to switch Ig.

With the arrangement just described, any column con-
ductor may be selected and energized by a combination of
one generator and one switch. For example, if the second
input term of an addition is 3, as represented by a quinary
2 and a binary 1, the switch I, is closed and generator GA
is activated. Only column conductor CAg is common to
both elements and only it receives current to switch the
cores coupled thereto to the C state.

If the operation to be performed is a subtraction, it is
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necessary that cne of the subtraction column conductors

CSy-CSy be activated instead of conductors CAg—-ChAg.
The conductors CSe-CSy are arranged as shown in FIG-
URES 6 and 8 and will not be described again in detail.
The upper ends of these conductors are connected to two
generators GS, and G, in the same manner as the addi-
tion column conductors are connected to generators GAg
and GA,. The lower ends of these conductors CSy—CSy
are connected to switches Ig—Ig in exactly the same manner
as the addition column conductors, as clearly shown in
FIGURE 105b.

The generators GSy and GS; are selected in a manner
analogous to the selection of generators GAq and GA; in
accordance with the binary part of the second term. This
selection is accomplished through AND circuits ESp and
ES,. In the case when the operation to be performed is
a substraction, a terminal indicated “subtraction” receives
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a signai which provides an input of both logical AND
circuits ESp and ES;. The signal corresponding to the
binary element, 0 or 1, of the second term is, as previously
described, transmitted by one of logical AND circuit By
and B;, one input of which is provided during “B time”;
then it is conducted through one of logical AND circuits
ES, and ES, to pick up one of pulse generators G5y or
GS;. The combination of the energization of one of these
generators GSp or GS; and one of switches Iy, Xz, 1, Xg or
15, picked up by the quinary element of the second term
causes an input conductor of the group CS5;—CSy to be
selected,

To summarize switches Ty, Ig, s, Ig, and Iy are used dur-
ing “A time” to insert the quinary element of the first term
and during “B time” to insert the quinary element of the
second term. The binary element of the first term to-
gether with the carry are inserted by ome of generators
Gy, Gy or Gy The binary element of the second term
is inserted by generators GA, or GAy, if it is an addition
and GS; or GS; if it is a subtraction. In each case the
first term switches the cores of one row to the 1 state and
the second term switches the cores of a column back to
the 0 state.

The 35 no-return diodes represented in FIGURE 100
prevent the currents from flowing through unwanted back
circuits.

The addition output windings and the subtraction out-
put windings are common, as has been explained with
reference to FIGURE 8. They have not been represented
in FIGURE 105.

1t is obvious that this single computing matrix for per-
forming additions and subtractions, and receiving qui-
binary inputs and providing outputs in any system, is but
one embodiment, and any modification for performing
other arithmetical operations or using other number sys-
tems to insert data or to extract the results, any substitu-
tions, suppressions or adjunctions in the realization of
that computing device and particularly all modifications
concerning the nature of the binary elements which com-
pose the matrix, their arrangement, wiring, etc. would be
within the scope of the invention.

“While the invention has been particularly shown and
described with reference to preferred embodiments there-
of, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the in-
vention.

What is claimed is:

1. Switching means comprising a plurality of elements
each capable of assuming two distinctly different stable
states, a plurality of energizing devices for each element,
each said energizing device being operable when actuated
to condition the associated element in a selected stable
state, said energizing devices for the several elements
being arranged in a plurality of main groups, each element
having an energizing device of each of the main groups,
each said main groups being divided ints a plurality of
sub-groups, a plurality of separate activating circuits each
interconnecting all of the energizing devices of a different
sub-group to cause contemporaneous activation of all the
energizing devices in the associated sub-group, means
operable during a first time period for selectively activat-
ing one of the activating circuits which interconnects the
energizing devices of a sub-group of one main group to
switch the elements having energizing devices of said sub-
group to a first selected stable state, and means operable
during a second time period for selectively activating one
of the activating circuits which interconnects the energiz-
ing devices of a sub-group of another main group to switch
the element having energizing devices of said last named
sub-group to a second stable stats, the element having
energizing devices of both the activated sub-groups being
thereby switched first to a first state and next to a second
state.

2. The invention defined in claim 1 wherein there are
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two of said main groups of energizing devices and where-
in each bistable element is individually identifiable by a
specific combination of two sub-groups, one from each of
the two main groups.

3. The invention defined in claim 1, wherein there are
three main groups and wherein each bistable element is
individually identifiable by each of two specific combina-
tions of two sub-groups, the sub-groups of each said
specific combination being from different main groups.

4. The invention defined in claim 1 wherein the bistable
elements comprise bistable magnetic cores and wherein
the energizing devices comprise windings inductively
coupled to said magnetic cores.

5. Switching means comprising a plurality of elements
each having first and second stable states, means connected
to all said elements for conditioning them in their first
states, a plurality of energizing devices for each element,
each said energizing device being capable when activated
of fully changing the state of the associated element, said
energizing devices being arranged in a plurality of main
groups, each element having an energizing device of each

of the main groups, each said main group being divided

into a plurality of sub-groups, the sub-groups within a
main group including equal numbers of energizing devices,

a plurality of separate activating circuits each intercon-
necting all of the energizing devices of a different sub-
group to cause contemporaneous activation of all the en-
ergizing devices in the associated sub-group, means oper-
able during a first time period for selectively activating
the activating circuit of a selected one sub-group of one
main group to switch the elements having energizing de-
vices of said -sub-group to the second stable state, and
means operable during a second time period for selectively
activating the activating circuit of a selected one sub-group
of another main group to switch the elements having ener-
gizing devices of said last named sub-group to the first
stable state, the element having energizing devices in both’
activated sub-groups being thereby switched twice.

6. The invention defined in claim 5 wherein there are
two of said main groups of energizing devices and where-
in each bistable element is individually identifiable by a
specific combination of two sub-groups, one from each
of the two main groups.

+ 7. The invention defined in claim 5 wherein the bistable
elements comprise bistable magnetic cores and wherein
the energizing devices comprise windings inductively
coupled to said magnetic cores.

" 8. A switching system comprising a plurality of bistable
circuit elements arranged in a coordinate array of rows
and columns, a plurality of separate row energizing means
each coupled to all of the bistable elements of a different
row and operable when energized to switch the elements
coupled thereto from a first stable state to a second stable
state, a plurality of separate column energizing means each
coupled to all of the bistable elements of a different col-
umn and operable when energized to switch the elements
coupled thereto to the first stable state, means for selec-
tively energizing first a selected one of said row energiz-
ing means and next a selected one of said column ener-
gizing means to switch all elements of a selected row to
the second state and then only the element common to
the selected row and column to the first state, and means
associated with each said bistable element responsive to
a change of the associated element from the second state
to the first state for producing an output.

9. The invention defined in claim 8 wherein the bistable
circuit elements are magnetic cores exhibiting substantial
magnetic remanence, and wherein the row and column
energizing means comprise conductors including windings
inductively coupled to the cores in the associated rows and
columns, ’

10. A computing matrix for performing more than one
kind of arithmetic operation comprising a plurality of
bistable elements arranged in a coordinate array of rows
and columns, a first group of coordinate energizing means
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each representing a different value of a first input term
and each coupled to the bistable elements of a different
row, each said energizing means operable when activated
to switch the elements of its corresponding row from a
first stable state to a second stable state, a second group
of coordinate energizing means each representing a dif-
ferent value of a second input term and each coupled to
the bistable elements of a different column, each energiz-
ing means of the second group operable when activated to.
switch the elements of its corresponding column to the.
first stable state, a state change responsive means coupled
to each bistable element, each said state change respon-
sive means representing the low order digit of the result
of a first predetermined arithmetic operation upon the
input term values represented by the row and column
energizing means common to the element to which said
state change means is coupled, all state change means’
representing the same digit being connected in a common
output circuit, there being one output circuit for each dif-
ferent digit, and a third group of coordinate energizing’
means each representing a different value of the second
input term and each operable when encrgized to switch
elements coupled thereto to the second stable state, each
of the energizing means of the third group being coupled.
to every element of the array the state change means of
which represents a digit corresponding .to the low order
digit of the result of a second predetermined. arithmetic
operation upon the term represented by the said ener-.
gizing means of the third group and the term represented.
by energizing means of the first group which couples to
that element. : )

11. The invention defined in claim 10 wherein the bi-
stable elements are bistable magnetic cores and wherein,
the coordinate energizing means of each of the three
groups comprise current conductors including windings
inductively coupled to the associated magnetic cores. . :

" 12. A computing matrix for performing more than one

kind of arithmetic operations comprising a plurality of
bistable elements arranged in a coordinate array, a first,
state change producing means coupled to each element,
the first said state change producing means representing
one predetermined value of .a first input term; a second,
state change producing means coupled to each element,
the second state change means representing one prede-
termined value of a second input term, a state change
responsive means coupled to each element, said state
change responsive means representing a digit correspond-.
ing to the low order digit of the result of a first predeter-
mined arithmetic operation involving first and second in-
put terms having the values represented by the first and
second state. change producing means coupled to the as-
sociated element, third state change producing means
coupled to each element, said third state change produc-
ing means representing a value of a second input term
which when involved in a second predetermined arithmetic
operation with a first input term having the value repre-
sented by the first state change producing means coupled
to the element will provide a result the low order digit of
which is equal to the digit represented by the state change
responsive means of the element, and circuit connections
connecting all of the first state change producing means
representing equal values in common circuits, and con-
necting all of the second state change producing means
having equal values in common circuits and connecting
all of the third state change producing means having equal
values in common circuits and connecting all of the state
change responsive means having equal values in common
circuits.

13. A computing matrix for performing more than one
kind of arithmetic operations comprising a plurality of
bistable elements arranged in a coordinate array, a first
state change producing means coupled to each element,’
the first said state change producing means representing
one predetermined value of a first input term, a second
state change producing means coupled to each element,
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the second state change means representing one predeter-
mined value of a second input term, a first state change
responsive means coupled to each element, said first state
change responsive means representing a digit correspond-
ing to the low order digit of the result of a first prede-
termined arithmetic operation involving first and second
input terms having the values represented by the first and
second state change producing means, a second state
¢hange responsive means coupled to each element, said
second state change responsive means representing a digit
corresponding to the low order digit of a second prede-
termined arithmeétic operation involving first and second
input terms having the values represented by the first and
second state change producing means coupled to the ele-
ment, and circuit connections connecting all of the first
state change producing means having equal values in com-
mon circuits and connecting all of the second state change
producing means having equal values in common circuits
and connecting all of the first state change responsive
means having equal values in common circuits and con-
necting all of the second state change responsive means
having equal values in common circuits.

14. A computing matrix for performing more than
one kind of arithmetic operation comprising a plurality
of bistable magnetic elements arranged in a coordinate
array, a first input winding coupled to each element, the
first said input winding representing one predetermined
value of a first input term, a second input winding coupled
to éach element, the second input winding representing
one predetermined value of a second input term, an output
winding coupled to each element, said output winding
representing a digit corresponding to the low order digit
of the result of a first predetermined arithmetic operation
involving first and second input terms having the values
represented by the first and second windings coupled to
the associated element, a third input winding coupled to
each element, said third input winding representing a value
of a second input term which when involved in a second
predetermined arithmetic operation with a first input term
having the value represented by the first input winding
coupled to the element will provide a result the low order
digit of which is equal to the digit represented by the
output winding of the element, and circuit connections
connecting all of the first input windings representing
equal values in common circuits, and connecting all of
the second input windings having equal values in com-
mon circuits and connecting all of the third input wind-
ings having equal values in common circuits and connect-
ing all of the output windings having equal values in com-
mon circuits.

15. In a switching device, a plurality of bistable ele-
ments arranged in rows and columns, a plurality of sepa-
raté row energizing circuit means each coupled to all of
the elements of a different row and operable when ener-
gized to switch the elements of the associated row to a
first stable state, row driver means coupled to said row
energizing means, a plurality of column energizing cir-
cuit means each coupled to all of the elements of a dif-
ferent column and cperable when energized to switch the
elements of the associated column to a second stable state,
column driver means coupled to said column energizing
fmeans, a plurality of switches, each said switch controlling
a circuit between at least one row energizing circuit means
and the row driver means and also a circuit between at
least one column energizing circuit means and the col-
umn driver means, and input means operable during
a first time interval to selectively and temporarily close
one of said switches and activate the row driver means
to activate a selected one of said row energizing circuit
means and switch the cores of the selected row to the first
state, and operable during a second time interval to selec-
tively and temporarily close one of said switches and
activate the column driver means to activate a selected one
of the column energizing circuit means and switch the
cores in the associated column to the second stable state.
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16. The invéntion defired in claim 15 including restor-
ing means operable prior to operation of said input
means, to switch all said bistable elements to the second
stable state.

17. Magnetic switching means comprising a group of
magnetic cores arranged in rows and columns, separate
row and column coils coupling the cores in the rows and
columns, one end of each row coil being connected to
one end of one of the column coils to form a common cir-
cuit point between said row and column, row driver
means coupled to the ends of said row coils opposite the
first named ends, column driver means coupled to the
ends of said column coils opposite the first named ends,
a plurality of switches, cach of said common circuit
points being connected through one of said switches to
reference potential whereby closing of one of said switches
completes a circuit from said row driver means through
a row coil to reference potential and from said column
driver means through a column coil to reference potential;
means responsive to a row address signal to close a se-
lected switch and activate said row driver means, and
means responsive to a subsequent column address signal
to close a selected one of said switches and activate said
column driver means.

18. A computing matrix selectable to perform either
of two kinds of arithmetic operations comprising a plu-
rality’ of bistable magnetic elements arranged in a coor-
dinate array, a first input winding coupled to each ele-
ment, the first said input winding representing one pre-
determined value of a first input term; a second input
winding coupled to each element, the second input wind-
ing representing one predetermined value of a second in-
put term, an output winding coupled to each element, said
output winding representing a digit corresponding to the
low order digit of the result of a first predetermined arith-
metic operation involving first and second input terms
having the values represented by the first and second
windings coupled to the associated element, a third input
winding coupled to each element, said third input winding
representing a value of a second input term which when
involved in a second predetermined arithmetic operation
with a first input term having the value represented by
the first input winding coupled to the element will provide
a result the low order digit of which is equal to the digit
represented by the output winding of the element, a plu-
rality of separate first input coil means each including
all of the first input windings representing equal values,
a plurality of separate second input coils each including
all of the second input windings representing equal values,
a plurality of separate third input coils each including all
of the third input windings representing equal values,
means for activating one of said first input coils in accord-
ance with the value of a first term to switch the elements
common to said one input coil from a first stable state to
a second stable state, means for activating a predetermined
one of each of said second and third coils in accordance
with the value of a second term to switch the elements
common to said ones of said second and third pluralities
of coils and said first plurality of coils from said second
state to said first state, operation selecting means for
selecting the kind of operation to be performed, and
means responsive to said operation selecting means for
preventing activation of either said second or third group
of coils
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