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This invention relates to data processing machines and,
more particularly, to data processing apparatus for per-
forming multiplication and division of data in coded
form. .

The invention concerns the performance of complex
operations made up of a series of elementary operations
in which data bits forming digits or characters recorded
in discrete storage positions are successively processed
through the facility of a scanning device. The field
scanned during an elementary operation can be shifted
with respect to the field scanned during the preceding
elementary operation, and the existence and the amount
of shift depends upon the results previously obtained.
The invention is particularly suited to perform multipli-
cations or divisions, but it also enables other operations to
be performed, such as, for example, the extraction of a
square root through successive subtractions.

Generally, the passage from one elementary operation
to another involves “dead times,” during which no oper-
ation is performed on the data. This invention is adapted
to reduce these dead times.

Heretofore, such as in copending application Serial
No. 611,272, now Patent No. 2,979,260, E. Estrems, filed
September 21, 1956, the accumulation of the transfer
results during a multiplication or division may be per-
formed only in a series of storage positions making up
a so-called “accumulator” special storage. When the
operation is over, it is generally necessary to transfer
the results to a main storage, in order to make the
accumulator available for a new operation. Moreover,
by such an arrangement, the number of digits of the
factor located in the accumulator (multiplier in the case
of multiplication, divisor in the case of division) is lim-
ited by the capacity of the accumulator.

This invention does not contain these limitations. It
provides for direct accumulation of the transfer results
in any field of the main storage, which field may be de-
fined at will through appropriate connections. For this
purpose, said connections cooperate with scanning chains
which may be directly set in the position defining the be-
ginning of a field to be scanned, and which progresses
then, position per position, by advance pulses. The
scanning chains or rings may be caused to go backward
as well as forward. Since the scanning chains may be
operated to go backward, the chains may be reset in any
position at the beginning of each elementary operation.
This backward movement of the chains may occur very
rapidly if the chains are made up of the association of
two or several elementary chains and if the number of
positions of the scanned field is equal to the number of
positions of one of the elementary chains. In this inven-
tion, it is sufficient to make the chains go backward one
order position to come back to the starting position.

Thus, for instance, if the chains are made up of the
association of a unit chain with a tens chain and if
the scanned field includes ten positions, it is sufficient,
in order to perform the scanning of a field again, to
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make the tens chain go backward one order position
without changing the state of the unit chain. If it is de-
sired to scan a field which is shifted forward one rank
or order position with respect to the preceding field, it is
sufficient to wait, in order to perform this backward
move, until the unit chain scans one more position.
Hence, the chain will have scanned eleven positions in-
stead of ten during the elementary operation preceding
the backward move. If it is desired to scam a field which
is shifted backward one order position relative to the pre-
ceding field, the backward move may be performed as
soon as the chain has scanned nine positions. Conse-
quently, it is possible to go from an elementary position
to the next one in a very simple and fast manner.

A prime object of this invention is to provide im-

proved data processing apparatus for performing arith-
metic operations.
* Another main object of this invention is to provide
apparatus for controlling the transfer, position by posi-
tion, of the data contained in an arbitrarily chosen first
storage field, the combination of the data read out from
each one of these positions with the data contained in the
correpsonding position of a second arbitrarily chosen
storage field; the direct writing of each combinational re-
sult in the second field position which contzined the data
used for this combination; and the automatic repetition
of the operation according to the obtained results with
a possible shift in the limits of the fields and in the rela-
tion between both field positions. '

A more particular object of this invention is to pro-
vide apparatus for performing arithmetic operations such
as multiplication or division at a relatively rapid rate.

Another object of the invention is to provide appa-
ratus for determining the sign of the result of a multipli-
cation or division operation where the sign of a number
transferred to storage is recorded in a predetermined digit
position of the number, By this arrangement, the scan-
ning of the storage positions performed for the computa-
tion is used to read the factor signs or to write the sign
of the result. Co

A still further object of the invention is to provide
apparatus for rounding off a multiplication result. The
previous scanning, performed to erase ‘information to
provide the necessary storage positions in which the re-
sult of this operation is to be tecorded, is used ‘to record
in the position in which the first-one of the digits is.to be
written, a suitable quantity (five in case of a decimal
numeration) in order to eventually obtain, through a:
carry, the addition of a one to the last digit to be kept.

Another object of the invention is to provide apparatus
for speeding the performance of arithmetic operations
through a very simple device. It is well known that
multiplication of a digit of the multiplier with a’digit of
the multiplicand may take place thiough successive addi-
tions, the number of these additions being equal to the
multiplier digit, or perform the multiplication in one
time through a logical circuit matrix. The second sys-
tem is quicker than the first one, but it requires more
intricate circuit, this complication being partly caused by
the necessity to provide carry circuits. Combination
systems. have been proposed, in which the multiplier
digit is divided into a sum of digits of lower value, such
as 1, 2, 4 or 5; these systems allow to use circuits more
simple than the twice 10-input matrix, but do not solve
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the carry problem. According to the present invention,
this problem is solved by the use of an appropriate
coding system. The numeration basis is divided into a
iproduct of two factors m and n, and a digit is repre-
sented with two elements; the first one may take m states
which respectively correspond to numbers 0, n, 2m (m-
1)n and the second one may take » states which respec-
tively correspond to numbers 0, 1, 2 ... n-1. The
digit represented is the combination of those factors
which correspond to the states of both elements. The
product of a digit by n is a one or 2-digit number; the
“unit” digit of this product has always its second element
in state O; and the higher order digit, if there is one, al-
ways has its first element in state 0. Consequently, if a
multidigit number is multiplied with », the carry on one
order of the product by # of the lower order digit re-
sults into a ‘mere change of the second element, which
switches from state 0 to another state, this carry having
no influence on the first element, nor on the higher or-
ders. Thus, for instance, in the case of a decimal num-
eration system, the qui-binary coding may be used, in
which a digit is represented by a quinary element Q
which may be in one of the five states QO0, Q2, Q4, Q6, Q8
and a binary element B which may be in one of the
states By or B;; the double of a digit will always have at
the unit digit its binary element zero, and the tens digit,
if there is one, will be equal to one, so that in the doub-
ling of multidigit number a carry will merely result in
replacing By with B;. .

.When performing operations of division, as in multi-
plication, the additions of multiples of the multiplicand
being replaced with subtractions of multiples of the
divider, the subtractions may be performed by adding
the complements of these multiples.

Consequently, another object of this invention is to
provide apparatus for reducing the time necessary for a
subtractions by subtracting multiples of the divisor, the
adding multiples of the multiplicand and reducing the
time necessary for a division performed through successive
subtractions by subtracting multiples of the divisor, the
multiples being chosen so that it be not necessary to use
circuits combining the digit resulting from the formation
of the multiple of the digit of one order with the carry
proceeding from the formation of the lower order multiple.

The foregoing and other objects, features and advantages
of the invention will be apparent from the following more
particular description of a preferred embodiment of
the invention, asillustrated in the accompanying drawings.

In the drawings:

FIGS. 1a, 1b and lc, arranged as in FIG. 2, constitute
a schematic block diagram of a data processing machine
embodying the present invention;

FIG. 2 is a diagram showing how FIGS. 1a, 1b and 1c
should be arranged;

FIGS. 3a to 3l, arranged as indicated in FIG. 4, are
a more detailed schematic diagram of the machine;

FIG. 4 is a diagram showing how FIGS. 3a to 31 should
be arranged;

FIG. 5 is a timing diagram of basic impulses;

FIGS. 6a to 6g is a diagram representing the occurrence
of impulses during a multiplication operation;

FIG. 7 is a diagram showing how FIGS. 6a to 6g are
arranged;

FIGS. 8a to 8f is a diagram representing the occurrence
of impulses during a division operation;

FIG. 9 is a diagram showing how FIGS. 8a to 8f are
arranged;

FIGS. 10a, '10b, 11a, 11b, 12a, 12b, 13a, 13b, 14a
14b, 15a, 15b, 16a-16d, 17a—17c show different basic
circuits and the symbolical form in which these circuits
appear in FIGS. 3a through 3/ and,

FIG. 18 is a very general schematic diagram of a data
processing machine embodying the present invention.

GENERAL DESCRIPTION
Referring to the drawings and particularly to FIGS.
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1a, 1b and 1c, a general schematic block diagram of a
data processing machine according to the present inven-
tion is shown. Fundamentally, only that portion of the
machine concerned with the instant invention is shown.
The data processing machine is one of the serial type.

A core storage array 100 in this example comprises 80
storage positions; each storage position includes seven
magnetic cores for representing data in coded form. The
invention could incorporate several storage arrays to
increase its capacity for performing arithmetic operations,
and provision is made to select particular storage arrays
at any one time by means of a storage selection circuit 310.

The core storage array 1090 is addressed by rings 250A.
and 25¢B. While the core array 168 is addressed by rings
250A and 256B in a manner similar to that described
in copending application Serial No. 704,780, Estrems
et al., filed December 23, 1957, now Patent No. 2,939,120,
dated May 31, 1960, the control of the rings; ie., the
positioning of the rings, is quite different. As will be
pointed out in detail for both multiplication and division
operations, the rings are shifted after each partial addition.

In order to simplify the flow of data and control signals
in FIGS. 1a, 15 and 1c, a heavy line has been used for
the storages; i.e., for the components capable of keeping
an information (which may relate either to a quantity,
or to the state of progression of an operation).

A thin line is used to outline blocks representing the
control devices. Moreover, if the blocks include hubs
to realize variable connections, one or more of these hubs
have been represented therein.

The connections between the various blocks are repre-
sented according to the following conventions:

A continuous thick line represents a coductor for the
transfer of the computation data or the results.

A dotted thick line represents a conductor for enabling
the transfer of auxiliary data; such as sign impulse, carry
impulse, or digit impulse, for lowering the multiplier
or increasing the quotient after a partial operation.

A thin continuous line represents a conductor for carry-
ing control impulses.

A thin dotted line represents the circuit conductors
which carry the basic pulses (timing pulses) or pulses
proceeding from the filtering of said basic pulses (read
and write gates, read amplifier gate, etc.).

A curved dotted line represents removable connections
of all type between hubs.

Further, to facilitate an understanding of the invention,
the blocks, shown in FIGS. 1a, 1b and 1c, may be grouped
into four classes:

Blocks representing devices used for storing, receiving or
processing the data and the results

This group of blocks are represented in greater detail
in FIGS. 3b to 3f, except for carry storage 199 which is
represented in the top part of FIG. 3k and the sign circuits
which are shown in the top part of FIG. 31

Core storage 108, FIG. 3b, as it will be explained later,
comprises 80 positions, each position including seven
magnetic cores. These 86 positions are grouped in eight
series of ten.

Read amplifiers 110, FIG. 3b, amplify the pulses coming
over the read lines of the core storage 100.

Register AB120, FIG. 3b, functions to temporarily
store information read out of the main storage.

Translator 130, FIG. 3c, changes the modified binary
representation of data into a qui-binary representation.
The data in core storage 100 is in modified binary form
and remains in this form as it is transferred to register
120. The data is processed in qui-binary form. Hence,
the translator 130 is provided.

Register A140, FIG. 3c, temporarily stores data in qui-
binary form which had been read out of one of the fields
in storage 100.
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Doubler 150 and carry storage 160 for the doubler is
shown in detail in FIG. 34.

Switch value true-value complementary 170, FIG. 3d,
receives data directly from register A140 or from
doubler 150.

Adder 180, FIG. 3e, adds the digit recorded in register
AB120 (transmitted via translator 130) to the digit
recorded in register A140, or to the double of said digit,
or to its complement, according to the type of the con-
trol pulses received by doubler 150 and by switch 170.

The carry circuit 190 for the adder 180 is shown in
detail in FIG. 3.

The second translator 200, FIG. 3f, changes the qui-
binary representation of the quantities coming from the
output of the adder 180 into the modified binary rep-
resentation.

The regeneration-addition switch 210, FIG. 3f, trans-
mits either the digits recorded in register AB129, in order
to rewrite, without modification, these digits in core
storage 100 and, consequently, the register 120, or the
digit coming from the adder 180 and transmitted by trans-
later 200. )

Inhibition pulse generator 220, FIG. 3f, in coopera-
tion with the chains A and B, writes in core storage 109
the: digit transmitted by switch 210,

Sign computation block 230, FIG. 3!, determines the
sign of the product or of the quotient.

Sign insertion block 240, FIG, 3/, transmits, when de-
sired, the information resulting from the operation of the
sign computation block to the generation-addition switch
210.

Data transfer and insertion control blocks

(BLOCKS REPRESENTING APPARATUS FOR CONTROL-
LING THE READOUT OF THE INFORMATION FROM
'CORE STORAGE 100 OR THE RECORDING INTO THIS
STORAGE)

The scanning chains A and B each include a unit chain
250 and a tens chain 260, FIG. 3a.

The scanning chain locating block 270, which functions
to position the chains A and B on the first position, is
shown in detail in FIG. 3a.

Scanning chain control block 289, FIG. 3g, supplies
pulses which cause the “progression” of the chains A and
B.

Read and write gate 290, FIG. 34, controls the passage
of read or write pulses produced by the basic pulse gen-
erator 380.

Scanning pulse generator 300, FIG. 3b, is operated
in response to the pulses coming from the chains A and B
and those which come from the read and write gate and
supplies the pulses which cause the switching of the cores
in the core storage 100.

Storage block selection element 310, FIG. 35, com-
prises a group of switches located on the path of the
scanning pulses so that only one storage block be scanned
by these pulses.
trolling the other data transfers or insertions.)

Read amplifier control block 320, FIG. 3%, controls
read amplifier 110.

Bit (C) insertion block 330, FIG. 3i, allows the inser-
tion in register AB120 the check bit (C).

Digit insertion block 340, FIG. 3i, functions to de-
crease the multiplier one or two units, or to increase the.

quotient one unit, as it will be explained further.

Doubler control block 350, FIG. 3j, controls the use..

of the doubling circuits 150.

Value true-value complementary switch control block
360, FIG. 3j, supplies the pulses controlling the switch
170 to transmit either the true value of the digits that it
receives or their 9 complement.

Switch regeneration-addition control block 370, FIG.
31, controls the switch 210.

(Blocks representing apparatus for con-
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Program blocks
These blocks represent apparatus supplying the pulses
which control continuation of the program. They may
be classified into three groups:

Blocks representing apparatus supplying the timing

pulses:

(a) Basic pulse generator 380, FIG. 3i.

(b) Basic pulse filter 390, FIG. 3k, which eliminates,
in certain cases, some of the pulses supplied by gen-
erator 380.

Program definition blocks: )

These blocks, shown at the bottom of FIG. 3g and
FIG. 3i, are:

(a) Stage trigger block 460, FIG. 3g, comprises,
for each program stage, a trigger and a group
of five hubs, the function of which will be ex-
plained further.

(b) Field defining block 410, FIG. 3g, functions
to define the selected storage blocks for the
storage selection circuit 310 and the selected
fields in the blocks. )

(c) Operation selection block 420, FIG. 3/, defines
the operations to take place.

Program performance blocks:

Thelse blocks, located at the bottom of FIGS. 34 to
31, are:

(a) Stage beginning chain 430, FIG. 3k, supplies,
at the beginning of each program stage, three
pulses T, S and U, the function of which will be
explained further.

(b) Order counter 440, FIG. 31.

(c) Special situation storages:

First cycle storage 450, FIG. 3i.

Zero test storage 460, FIG. 3i.

Corrective cycle storage 470, FIG. 3j.

Division end storage 480, FIG. 3;.
(d) Pulse combiner 496, FIG. 3%.

OPERATION
General

Before giving a detailed description of the above-listed
circuits, the performance of a multiplication and of a
division operation will be explained, in order to specify
the function of said circuits and the pulses they are to
supply.

The core storage 100 may be a static storage, such as
a magnetic core storage. Readout of data from this
storage is destructive. Hence, if data is to be retained
after readout, the data must be rewritten into storage.

This core storage 100 is made up of 80-position units,
each position being used for recording a decimal number;
the 80 positions are numbered from 1 to 80 from “left”
to “right” (a position in on the left of another if its rank
or order is lower), and the numbers are written in the
usual way, the highest weight rank on the left and the
unit rank on the right.

Each storage position comprises seven bits respectively
called bits (1), (2), (4), (8), (A), (B), (C). The first
“four define the digit recorded in the position according
to the regular binary code. Bit (B) defines the sign (if
the number is negative, bit (B) of the unit position is in

- state 1, otherwise it is in state 0). Bit (A) is mentioned
- here only for recalling; it is used for the recording of al-

65

70

phabetical data and has no part in the machine’s cal-
culating components. Bit (C) is a check bit, its state
must be such that the total number of bits of a storage
position being in state 1 be odd; i.e., zero, for instance,
bit (C) will be in state 1 and the other bits in state 0.

The - factors .of the operation to be performed. are
recorded, in two fields of the storage (belonging or not
to the same unit). Field A will designate the field in
which the multiplicand or the divisor is recorded and field
B the one in which the multiplier or the dividend is
recorded. The result of the operation (product or quo-
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tient) begins to take shape in an area mnear field B and
may as well occupy a portion of this field, where it pro-
gressively replaces the factor which was written in it.

The duration of the operation is divided into “unitary
times,” each comprising two equal parts which will be
designated as time A and time B. During time A, the
digits may be read and written only in field A; and, dur-
ing time B, they may be read and written only in field B.

Each field is defined through removable connections
which define the beginning and the end of the field, ac-
cording to the invention of copending application Serial
No. 704,780, Estrems et al., filed December 23, 1957.

The reading of the various positions of the storage’s
fields A and B depends on two scanning chains, chain A
and chain B. FEach chain is a double chain made up of
two single chains, a unit chain made up of ten triggers
numbered from 1 to 10, and a tens chain made up of
eight triggers numbered from 0 to 7. Each trigger com-
prises two stable states which will be designated as OFF
state and ON state. In each single chain, only one trigger
is ON, the others are OFF. The rank or order of the
storage position in which the readings and the recordings
are possible during a given time is supplied by the rank
or order of the tens chain trigger and by the rank of the
unit chain trigger which are ON during the given time.
Further on in this description, the word “chain” will des-
ignate either a double chain “A” or “B,” or a single chain
“units A,” “tens A,” “units B,” “tens B.” It will be as-
sumed, for instance, that chain A is on position 47 if
trigger n4 of the “tens A” chain and trigger n7 of “units
A” chain are in state ON.

As a result of pulses proceeding from chain control
block 28@, FIG. 3g, the chains may “progress”; i.e.,
switch from a position to the immediate left position;
hence, the position rank decreases one unit, or “go back”;
ie., switch from a position to the immediate “right” posi-
tion; hence, the position rank increases one unit.

The information in register AB129 is coded the same
way as in core storage 100. In register A140, informa-
tion is coded according to the qui-binary system. In this
system, a storage position representing a decimal num-
ber includes two parts; the first, referred to as “quinary
part,” may occupy five states respectively corresponding
to digits 0, 2, 4, 6 and 8. The other is referred to as the
“binary part” and may occupy two states respectively
corresponding to digits 0 and 1. The digit, which is
represents by the storage position as a whole, is the sum
of the digit corresponding to the quinary part and the
one corresponding to the binary part.
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The five elements of the quinary part are designated
with symbols Q@, Q2, Q4, Q6, Q8, and the two elements
of the binary part with B6 and B1. Only one element of
the quinary part can be in state 1 and the other four are
in state 0. An element of the binary part is in state 1
and the other is in state 0. The digit represented is ob~
tained by adding the index of the two elements being
in state 1.

UTILIZED PULSES

In order to facilitate the explanation of operation, Table
1 shows a list of the main signals occurring in this opera-
tion In the direction column, P indicates a positive
signal and N a negative signal. In the duration column,
¢ represents the duration of a unitary time.

Table 1

In the table, no indication is given of the signals result-
ing from the combination of several signals; these are
represented with the same symbols as the signals in-
cluded in the combination, separated according to the
rules of logical algebra, with a dot if this combination
is an intersection (i.e., if the resulting signal exists only
when all the combination signals exist), or with a sign -
if this signal is a logical addition; i.e., if the resulting sig-
nal exists as soon as a combination signal exists. Thus,
for instance, signal (B0), (Q0) requires the simultaneous
existence of signal (BO) and O0), which, is a whole,
represent digit 0; on the other hand, signal M-+D
exists if one of signal M or D exists.

It will be noted that the symbols of the signals repre-
senting information are between brackets. Thus, signals
(A) and (B) represent bits in the modified binary system
and cannot be mistaken for signals A and B, which are
timing signals characterizing times A and B; also, signals
(1), (2), (4) and (8) are not to be mistaken for signals
1 to 10 (rank counting signals).

In addition to the indicated signals, complementary
signals may be used.” A signal is complementary of an-
other if it exists when the other does not exist, and vice
versa. A complementary signal will be represented with
the symbol of its complement with a dash on it. Thus,
for instance, symbol I81 represents a signal which exists
only during the absence of signal 181 (carry control).

The relative position in time of basic pulses is shown
in FIG. 3.

Table 1.—List of signals

Original Block
Symbol Sign Duration Meaning or main duties
Block Figure
1. Information Signals: Elg __________ Several | oocoaramannn P
12) JEUU PR P
. 4)_. i - P Determination of the digit value.
(A) “Semi-binary" shape. (8- P
(A)---- P
P “Minus” sign.
P Checking.
P
P
P
. P Determination of the digit value.
(B) “Qui-binary’’ shape P
P
P
P Carries (transmitted to carry storage 190
for recording).
P C%tjrty (transmitted to adder 180 for ad-
ition).
(€279 I— 230 | Bloaacaeas P “Minus” sign (temporarily recorded). .
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Table 1.—List of signals—Continued
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Original Block

Figure

Sign

Meaning or main duties

2. Information carry control signals:

(A) Carries into or from the main
storage.

(B) Other carries____.

3. Other Control Signals:
(A) Basic pulses

Not filtered

Filtered.

(B) Program defining signals. . .____

(C) Program performing signals. _ ...

880 | Bj._ e
380 | Bjooocceaa.

460 | i ...

CY(V I .
(v I I

480 | Bf.ocacmeeos
480 | i .

270 | 38 e

W 222222222

lavlse]

“Units A”’ chain progression.
“Units A" chain regression.
‘“Tens A" chain progression,

- “Tens A" chain regression.

““Units B” chain progression,
“Units B’’ chain regression.
“Tens B’ chain progression.
‘“T'ens B chain regression.
Chain reset.

Selection of the storage position in which
the read and write operations are per-
formed.

Reading of information contained in the
main storage.
Writing of information in the main stor-

age.
Amplification and input in “Register
AB 120.

Carry of digits from “Digit insertion
block” 330 to “Ist translator’ 130.

Carry of digits from “Register AB” 120
to “1st translator” 130,

Carry of digits from digit insertion block
340 to st translator 130.

Carry of digits from “Register AB” 120
to 1st translator 130,

Carry of digits from “Register A” 140
to doubler 150.

Direct carry from “Register A” 140 to
switch 170.

Carry of digits to adder 180 in “comple-
mentary value’” through switch 170,
Carry of digits to adder 180 in “true

value”” through switch 170.

Carry of digits from “Register AB” 120
to inhibition pulse generator 220
through switch 210.

Carry of digits from 2nd translator 200
to inhibition pulse generator 220
through switeh 210,

Alternance A,

Alternance B.

Various releases at the end of any alter-
nance,

Various releases at the end of alternance

Vf}x}rious releases at the end of alternance

Various releases at the middle of a
alternance.

Production of read pulse X',

Production of write—Y".

Various ‘grants and especially - reading
during alternances A.

Various grants during salternances B.

Characterizes a multiplication,

Characterizes a division.

Causes a stage change.

AHows creation of signal 4300,

Allows positioning of chains,

_| Characterizes the time preceding the Ist

cycle of a multiplication or the 1st time
of the 1st cycle of a division.

Indicates the rank of the unitary time in
the cycle.

Characterizes the “first eycle’” of a multi-
glication or a division starts a time X

efore this 1st_cyele (in multiplica-
tion x=3t/2; in division x=t/2).

Indicates that a digit 0 has been read in
the position at the extreme right of the
multiplier or divider.

Allows, in a division, to start and hold a
corrective eycle.

Characterizes the Ist unitary time which
follows a corrective cycle.

Characterizes the last eycle of a division,

Characterizes the 1st unitary time of the
last eycle of a division.

Indicates that a chain has reached the
extreme left position of a field (chain
A case in division, chain A or B case
in division), or the position located
immediately to the right of ficld B
(case of chain B in division).

PERFORMING AN ADDITION

Since the multiplications and the divisions are made up
of a series of additions (in true value or in complementary
value), the description of an addition will be first given 70
in order to avoid, further on, unnecessary repetitions.

Let us add number 37, written in field A to number
65, written in field B. Tt will be assumed that these
numbers are positive. It is necessary to reserve in field
B an empty position or a position containing digits 0

for the eventual carries. The operation lasts during three
unitary times and data flows serially by digit, parallelly

75

by bit.

On the first time, digit 7 is added to digit 5 giving
a total of 2 which is written in field B in place of 5 and
a carry which is recorded in the carry storage of the sec-
ond time. Digit 3 is added to digit 6 and to the carry,
giving a total of 0 which is written in field B on left of
the 2 and a carry which is recorded in the carry storage
of the third time. The carry is written to left of the 0.
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The chronological sequence of operations within each
upitary time is as follows (it will be assume::l}hat‘the
times A and B of this unitary time are each divided into

five equal parts).
First unitary time

During the second. part of time A, a read pulse causes
the bits (1), (2) and (4); ie., decimal 7, to go from the
core storage 100 to register AB120. These bits remain
recorded in register AB120 until the end of time A. As
long as these bits are in register AB120, the output of
first translator 130, FIG. 3c, has pulses representing digit
7 translated in qui-binary code; i.e., pulses (Qe) and (By).

During the fifth part of time A, a read pulse causes the
rewriting in the core storage 1€0, through switch re-
generation-addition 210, FIG. 3f, then in regenerating
position, of bits (1), (2) and (4) which had been erased
by the reading.

At the end of time A, a pulse NA causes the recording,
in register A140, signals- (Qs) and (B;) existing on the
output of first translator 130, and the reset of register
AB120. As long as signals (Qg) and. (B;) are recorded
in register. A140, these same signals exist on the output of
switch “true complementary 170" because the doubler is

not ON and switch “true complementary 170” is in posi--

tion “true.” If the doubler were ON, signals (Q4) and
(B,) representing digit 4 would appear on the output of
switch “true complementary 170.” Further, if switch
1770 were in position “complementary,” signals (Qg) and
(By) representing digit 2 would appear.

The pulse NA also causes the formation of a pulse 281
which, in turn, causes chdin A to progress so that, on
the following unitary time, the information. be read from
the tens position.

During the second part of time B, a read pulse causes
signals (1), (4) and (C) representing decimal digit S to

go from the core storage 100 to register AB120. These:

bits remain recorded in storage AB120 until the end of

time B. As long as signals (1) and (4) are recorded in-
register AB120, the output of first translator 130 has.

pulses representing decimal digit 5 in the qui-binary code;
i.e., pulses (Qs) and (B;).

The adder 180, FIG. 3e, constantly supplies on its out:
put signals representing the sum of the . digits which it
receives on its two inputs, which are connected, one to
the output of switch “true complementary” 170, the other
to the output of first translator 130. Hence, during the
third, fourth and fifth parts of alternance B, there will
be on the adder output signals (Qg) and (Bg )represent-
ing digit 2, which results from the addition of digits 7 and
5. There will be also a signal represented by symbol
(181). This signal will allow, at the end of time B,

the recording of the carry. As long as signals (Qg) and

(B,) exist on the output of the adder 180, a signal (2)
representing digit 2 in the modified binary code exists on
the output of translator 200.

During the fifth part of time B, a read pulse causes the
writing of digit 2 in the core storage through switch re-
generation-addition 210, FIG. 3f, then in position “addi-
tion.”

At the end of time B, a pulse NB:

Causes the reset of registers AB120-and A140.

Switches on trigger Tie; of adder carry circuit 190,
FIG. 3k, so that this trigger sends to the adder 180 a
signal (191) which will remain during the entire follow-
ing unitary time.

Causes chain B to progress so that, during the following
unitary time, the information be read from the tens posi-
tion.

Second unitary time

During the second unitary time, the operations occur
in the same manner as during the first time; however, due
to the presence of carry signal (191), the adder 180 will
supply the sum of digits 3, 6 and 1; ie. 0, and a signal
(181). The carry trigger Tigy will not switch to OFF
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position at the end of time B because of the absence of a
signal (I9T) which is required to switch Tyg to OFF.

Third unitary time

During the third unitary time, no digit is read in field
A and a digit 0 is read in field B. The adder 180 sup-
plies a digit 1 coming from the preceding carry.

MULTIPLICATION

The multiplication is controlled by a pulse M supplied
by operation selecting block 420, FIG. 3i. This signal is
present during the entire duration of the program stage
during which the multiplication operation is being per-
formed. Field A is the storage field containing the multi-
plicand and field B is the one that contains the multi-
plier. In order to obtain such conditions, the following
connections are to be made:

Input hub 401 of the selected stage program block
400, FIG. 3g, is connected to output hub 402 of the
preceding stage, or to the program start hub if the multi-
plication is the first operation of the program.

Operation hub 403 of the stage block 400 is connected
to hub M of: the- operation selecting block 420, FIG. 3i.

Field A hub 404 of the stage block 400 is connected
to any hub PU of field defining block 410, FIG. 3g.

Storage block hub SB corresponding to said any hub
PU, FIG. 3g, is connected to the position block hub of
the storage block selection element 3190, FIG. 35, select-
ing the storage block; ie., core storage 100, which con-
tains in field: A the multiplicand.

Field hub F corresponding to the same said any hub
PU is connected to the hub of chain locating block 270,
FIG. 3a, which corresponds to the position of the unit
digit of the multiplicand in the selected storage block; ie.,
core storage 100.

Hub F, FIG. 3g, located immediately to the right of
the previous one, is connected to the hub of block 270,
FIG. 3a, corresponding to.the. digit position located im-
mediately to the left of the multiplicand’s highest rank
digit; it is recalled that the numbers are written in the
storages with the highest rank digit on the left, as usual.

Field B hub .of stage block 400, FIG. 3g, is connected
to any other hub PU of field determining block 416.

Hub SB of stage block 410, FIG. 3g, is connected to
the hub of block 310, FIG. 3b, sclecting the storage
block; i.e., core storage 100, which contains in field B the
multiplier.

Hub F of field defining block 410 corresponding to
this other hub PU, FIG. 3g, is connected to the hub of
block 270, FIG. 3a, corresponding to the digit position
located immediately to the left of the one which contains
the multiplier’s-highest rank digit.

The product begins to take shape in the storage posi-
tions on the right of the multiplier and it is possible, dur-
ing the operation, to cover totally or partially the field
in which the multiplier was recorded. The unit digit of
the product is offset nine ranks or positions from the unit
digit of the multiplier. It results that a 9-position empty
space is to be provided on the right of the multiplier.
The information that might be recorded before the opera-
tion in the nine positions located on the right of the unit
digit of the multiplier are erased at the beginning of the
multiplication operation.

In this example, the multiplicand may have eight digits
at most, and the multiplier may have up to 71 digits. Of
course, these are limitations because of the chosen num-
ber of positions for the scanning chains and the storage
capacity and are not resulting from the principle of the
invention and may be changed through appropriate
modes of realization.

The multiplication operation is performed through suc-
cessive additions of the multiplicand or its double. The
time during which. a multiplication is performed makes
up a “cycle.” Each cycle comprises ten unitary times.
If n is the number of the digits of the multiplicand and
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n=8, the first n unitary times of the cycle are reserved
for the addition, which is performed digit after digit start-
ing from the unit digit, according to the rules of the
“series” calculation. The (n+1)th unitary time being
for the writing of an eventual carry, the following unitary
times, if the multiplicand has less than eight digits, are
dead times. During the tenth unitary time, the last multi-
plying digit is lowered two or one units, depending upon
whether or not the doubler 150 has been used, and the
digit thus lowered is tested. If the test shows that the
digit is not zero, a new cycle similar to the first one is
performed. If it shows a zero digit, chain A is stopped
while chain B progresses until the reading of a digit not
zero is encountered. A shift is thus performed through
which the unit digit of the multiplicand, in the following
cycles, is added in the position located nine ranks to the
right of the new non-zero “unit” digit of the multiplier.
The operation continues until the coincidence of a signal
indicating that chain B has reached the position of the
multiplier’s highest rank digit and a signal indicating that
this digit has become zero.

Besides the multiplication of the absolute values, the
circuits perform the calculation and the writing of the
sign of the product.

In order to facilitate understanding of the operation,
a numerical example is to be chosen; it is quite obvious
that the selected numbers might be replaced with any
numbers.

Let us assume that the product of number 1956 by
number (—1031) is to be performed. For instance,
1 9 5 6 will be chosen as multiplicand and 1 0 3 1 as
multiplier. Tt will be assumed that multiplicand 1 9 5 6
is recorded in field A storage positions “33 to 36” of
core storage 160 and multiplier — 1 0 3 1 in field B
storage positions “45 to 48” of said core storage 100 or
another block of core storage if there were more than one
block. The unit digit of the product will hence locate
itself in position 57. The negative sign of the multiplier
is recorded, as stated above, in the unit position thereof.
In order to simplify the explanation, a dash will be writ-
ten on top of a digit when the storage position in which
this digit is recorded contains a minus sign (ie., a (B)
element in state 1).

The multiplication operation includes the following
phases:

A preliminary phase during which the chains go into
position and the signs of the multiplicand and the multi-
plier are read.

A first cycle during which the following operations are
performed:

Erasing of the information that may be in the nine
positions located on the right of the multiplier which are
positions 57 to 49,

Examination of the unit digit of the multiplier located
in position 48, the further performance of the operation
depends upon whether it is zero or not.

An adding cycle of the multiplicand follows, the unit
digit of the sum being written in position 57. This cycle
ends with-decreasing the multiplier one unit, which then
switches from 1 to 0; this switching to 0 causes:

(a) The zero test trigger to switch ON and conse-

quently to prevent chain A from progressing,

(b) The stopping of the progression of the digit count-

er 440 which thus remains in position 10.

A unitary time interval follows during which chain A
is stopped while chain B keeps on progressing, thus caus-
ing a shift. Chain B switches to position 47 which con-
tains the tens digit; since this digit is not zero, the digit
counter 440 is able to switch from position 10 to position
1 and chain A is able to resume its progression.

A ‘new adding cycle follows in which, in accordance
with the invention, the multiplicand itself is not added
but its double. At the end of this cycle, the multiplier’s
tens digit is reduced by two units. Consequently, it
switches from 3 to 1. :
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A new adding cycle follows in which the non-doubled
multiplicand is added, because the multiplier digit has
been reduced to 1. At the end of this cycle, the multi-
plier is reduced one unit and consequently switches from
1to 0. This switching to 0 causes, as previously, to switch
the zero test trigger ON; hence, stopping the progression
of chain A, and to stop the progression of the digit count-
er 440.

An interval of two unitary times follows during which
chain A is stopped while chain B keeps on progressing.
During the first unitary time, chain B switches from posi-
tion 47 to position 46 which contains the multiplier’s
hundreds digit. Since this digit is equal to zero, the zero
test trigger remains ON and chain B switches from posi-
tion 46 to position 45 which contains the multiplier’s
thousands digit (equal to 1). - Since this digit is not Zero,
the zero test trigger switches OFF and the digit counter
is able to advance.

An adding cycle follows during which the multiplicand
is added to the number, the unit digit of which is in posi-
tion 54, At the end of the cycle, the multiplier’s thousand
digit is reduced one unit, hence it switches from 1 to 0.

At this moment, chain B is in position 45 which is the
extremity of field B; and, as it will appear in the detailed
description of program block 400, FIG. 3g, the coinci-
dence of a signal indicating that chain B is in this posi-
tion with the signal indicating that the digit read in field
B s zero causes an end-of-calculation signal which is used
to start off the next step of the machine program.

Table 2 shows the digits recorded in the positions of
field B at the end of the various phases mentioned above.
In this table, the X’s represent any digits.

Each one of the above phases will be described in de-
tail. FIGS. 6a to 6g represent the state of the main cir-
cuits during the operation. As it appears in these figures,
the time is divided into unitary times, each including times
A and B which follow each other.

The various lines of FIGS. 6a to 6g give the following
indications:

Time periods

State of the stage beginning chain

State of the rank counter

Advance pulses for chain A

Backward or retard pulses for tens chain A

Advance pulses of chain B

Backward pulses of tens chain B

States of chain A (rank of the position defined by this
chain)

State of chain B (rank of the position defined by this
chain)

Pulses transmitted by the read gate

Pulses transmitted by the write gate

Pulses A’ (pulses A filtered through the basic pulse filter)

Output of the reading amplification control block 320

(controlling the input of information in register

AB120)

State- of the regenerating—adding counter (r indicates
state. “regeneration,” a indicates state “addition”)

Digit or bit recorded in register AB120

Digit recorded in register A140

Writing in field A (the dot indicates the moment of
writing)

Writing in field B

Carry pulse (191)

Store sign in sign calculation storage 230 (FIG. 31)

Writing of the sign

State of the zero test storage 460

Operation of the doubler

Carry result from doubling

The following explanation will describe the function
and origin of the utilized pulses but, generally, without
going into detail with respect to the operation of the
blocks representing the apparatus that produces them. A
detailed description of the apparatus for producing the
pulses-will subsequently be described.
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Table 2.~Performance of a multiplication
Positions Digits Written at the End of the Phase
scanned
during
the phase | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57
Digits written before the multipli- _
cation_ — g1 1] ol 3l TIXIXIX|X|IXIXIX|X]| X
Ist phase (preliminary phase). ... g 1l ol 31 X|IXIX[X|X|X|X]|X] X
2nd phase (It Cyele) .- exooocmaacooas s748| 1| o| 3| 1] ol oj o] oj o] o0]o0jo} D
3rd phase (addition cycle) - ooaocenen 57-48 1. 1] o} 31 0}y 0| o ol of O 1} 9§ & 6
4th phase (interval) oo ooocenoeuun- 571 1) 0{ 30l 0| 0] O[] O] O} 1| 9,5 [
5th phase (addition of the double). .- s6-57| 1] ol 1| ol 0| o] o] O} 4} 1| 0} 7 6
6th phase (addition eyele) . -ccoovmoe- 5647 11 o} ol ol 0] o 0} of 6} 0} 6|3 8
7th phase (interval)) - «c-ococoocemeen 4645| 1| o] of ot ol 0o} o] o 6| 0| 6| 3] &
8th phase (addition cyele) - —-eueee- s445| o] o] o] o] of o 2| 0| 1] 6| 6] 3] &

Lo T . . . which switch regeneration-addition 210 remains in the
First phase (preliminary phase): three unitary tzmes. regenerating position during time B. In the middle of
A stage end pulse produced at the end of the preceding time B, due to a pulse R, the sign trigger T (a1, FIG. 31,

operation, or a program beginning pulse if the multipli- switches ON because the digit read nito storage is being

cation is the first operation of a program, causes stage 28 negative and contains a bit (B).

beginning chain 430, FIG. 3k, to start and, consequently, At the end of time B, registers AB120 and A140 are

the presence-of a pulse 431 which lasts a unitary time. both emptied. Moreover, owing to a pulse NB, rank
At the middle of time A of this unitary time, a pulse counter 44@, FIG. 31, is switched to position 1; ie.,

289 produced by the chain control block 280, FIG. 3g, trigger Ty of this counter is switched ON.

switches all the triggers and all the chains OFF. 30 14 conclusion, during this preliminary phase, the fol-
At the end of this time A, a pulse 4300 produce‘d by lqwing operations have been performed:

the stage beginning chain 430. causes, in stage trigger The program stage has been changed.

block 400, FIG. 3g, the switching ON of the trigger cor- The scanning chains have been set into position.

responding to the new stage (this switching ON is possible 35 The product sign has been determined and stored to

because hub 401 of this stage receives a positive voltage enable subsequently the writing of the sign in the unit

from hub. 402 of the preceding stage or from the pro- position of said product.

gram beginning hub). . . ; N
Pulse 431 is followed by a pulse 432 which also lasts Second phase (first cycle): ten unitary times

one umtary time. At the end of time A of this unitary ., Before performing the operation, it is necessary to:

time, pulses 281 and 28_3 proce<?dmg from gl}am confrol Erase the information that might be recorded in the

block 280, FIG. 3g, switch chain A to position 36; ie., positions in which the product is to take shape.

sw1t'ch ON trigger 3 of tens chain A and trigger 6 of unit Determine whether the unit digit of the multiplier is

chain A. At the end of time B, pulses 285 and 287 switch zero or not, in order to determine the position in which

chain B to position 48. . the first addition of the multiplicand is to be performed.
During pulses 431 and 432, no transfer occurs, since 45 T accomplish this, a so-called “first cycle” is per-

read and write gate 290, FIG. 3k, produces no pulses. formed. The actions or inhibitions taking place during
Pulse: 432 is followed by a pqlse 433 wlglch lasts also this first cycle are controlled by a pulse 451 supplied by

one unitary time. ]?urmg thls_tlmf:, ther.e'ls no advance trigger Tsp; Which has been switched ON in the middle

pulse A, hence chain A remains in position 36; at the of “set”” time characterized by the pulse 432.

end of time B, an advance pulse B285 switches chain B 50 [t has been stated that pulse NB produced at the end of

from position 48 to position 47. . time 433 of the preliminary phase resulted in switching
During this unitary time 433, the following transfers the rank counter to position 1. Subsequently, this count-

and operations take place: . er is going to switch successively to positions 2, 3, etc.,
Time A: Due to a read pulse proceeding from read the change of posiitons taking place at the end of time B

and write gate 290, FIG. 3g, the digit existing in posi- 55 of each unitary time.

tion 36 of the stor_age; ie., ghe unit dlg}t of the multipli- During the first nine unitary times of this first cycle:

cand equal to 6, is transmitted to register AB120. At No reading or writing occurs in core storage 100 dur-

the end of time A, due to a write pulse, the digit 6 is ing time A.

written again in postiion 36 of the storage. This is pos- Readings are performed during time B. Read amplifier

sible because the regenerating-adding switch 210, FIG. 60 110, FIG. 3b, does not receive any pulses from read

3f, is in the “regener_atlon” position and a pulse l\{A 18 amplifier control block 320, FIG. 34; hence, the infor-

coming from the basic pulse generator 380, FIG. 3i. 1t mation read in field B is not transmitted to register AB120

is transmitted to register A140 through the first translator and, consequently, may not be regenerated. Hence, the

130. The sign trigger of the sign calculation block 230, information is erased from the core storage 100.

FIG. 31, does not switch from one state to another during 65

this time, because the digit read into the storage is posi-
tive and therefore contains no bit (B). Register AB120
is emptied owing to a pulse N at the end of the time A.

Time B: Due to a read pulse, the digit existing in
position 48 of the storage; ie., the unit digit of the
multiplier equal to 1, is transmitted to register AB120.
At the end of the time B, due to a read pulse, the digit T
is rewritten in position 48 because the regenerating-add-
ing switch 216 is still in the “regeneration” position. Dur-
ing the multiplication, unitary time U is the only one for

70

Chain A progresses evenly to the left in the middle of
each unitary time; however, this scanning has no result
since there is no transfer during time A.

Chain B is caused to move backward from position 47
to position 57 in the middle of the first unitary time, due
to a pulse 288 supplied by the chain control block 280,
FIG. 3g. It switches from the position located on the left
of the multiplier’s unit digit to the position in which the
unit digit of the product is to be written. Then, it pro-
gresses evenly one position at the end of each unitary
time.
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At the end of the ninth unitary time, the nine storage
positions located on the right of the multiplier’s unit
digit (positions 57 to 49) have been erased. Chain B,
keeping on progressing evenly, switches then to position
48, which contains the multiplier’s unit digit; it will re-
main there during the tenth unitary time.

At the tenth unitary time, the reading amplifier control
is resumed. The digit read in position 48 at the begin-
ning of time B is consequently transmitted to register
AB120, and, through first translator 136, to the input of
the adder 180. Register A140 contains digit O since
no reading took place in field A. Hence, the digit sup-
plied by the adder 180 will be the one read in position
48; ie., the multiplier'’s unit digit. The regeneration-
addition switch 210, being in the adding position (it is
recalled that it is'in this position for every time B ex-
cept for time 433 of the preliminary phase), the multi-
plier’s unit digit is rewritten in position 48. It may be
noted that it is rewritten without its sign, the latter being
not transmitted by the translator.

At the end of the tenth unitary time:

First cycle trigger Ty5;, FIG. 3j, reset OFF.

The rank counter 440 switches from position 10 to
position 1; i.e., the first adding cycle starts immediately.
This switching would not have been possible if the digit
supplied by the adder’s output had been zero; i.e., if
the adder had simultaneously supplied pulses (By) and
(Qo).

Zero test trigger Tyg, FIG. 3i, is OFF; it would have
been ON if the adder had supplied pulses (By) and (Qg).

Chain A backs ten units; i.e., it switches from posi-
tion 26 to position 36, which contains the multiplicand’s
unit digit; hence, the chain is positioned for a regular
adding cycle.

The control trigger Tys; of doubler block 350, FIG. 3 7s
is reset, if it was not already OFF. This reset is due to
the presence of a pulse (Q,) proceeding from the adder
180 and indicating that the multiplier’s digit is lower
than 2. The next adding cycle will thus take place with-
out use of the doubler.

Third phase (adding cycle): ten unitary times

During this cycle:

Chain A progresses evenly one rank to the left, during
the middle of each unitary time, and thus switches progres-
sively from position 36 to position 26 (in order to switch
back to position 36 at the end of the cycle).

Chain B backs up ten ranks during the middle of the
first cycle and this locates it on the unit position of the
product (position 57); then, it progresses evenly one rank
at the end of each unitary time, and, consequently, is at
the tenth unitary time in position 48 (unit position of
the multiplier).

The reading and the writing are possible during times
A and B during the first four unitary times (i.e., as long
as the positions scanned by chain A remain in field A
which contains the multiplicand’s four digits); after the
fourth unitary time, they are possible only in field B.

During each of the first four unitary times, the digit
contained in field A (multiplicand) is added to the corre-
sponding rank digit in the field scanned by chain B; i.e.,
the partial product. In this first adding cycle, the partial
product is zero and, consequently, the multiplicand is
transferred without any change.

At the end of the first unitary time, the regeneration-
addition switch receives, besides elements (2), (4) from
the second translator 200 to represent digit 6 (unit digit
of the multiplicand), a bit (B) from the sign calculation
block 230, FIG. 3/, transmitted by the sign insertion
block 240, FIG. 3. If the number of bits representing
the unit digit had been odd, the sign insertion block would
have supplied a bit (C). Thus, the product’s sign is
written in the unit position.
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From the fifth to the ninth unitary time included, the
readings are performed only during time B and digits “0”
contained in the positions scanned by chain B are retrans-
mitted without modification by the adder and rewritten
in these positions.

At the tenth unitary time, a digit 9 is written in register
Al140 by block 340, FIG. 3i. This digit is added to the
digit read in the storage and recorded in register AB120;
ie., to digit 1 (unit digit of the multiplier), and it is
the sum of these two digits; i.e., digit 0, which is written
in the unit position of the multiplier at the end of time
B. It is to be noted that, at the tenth unitary time of a
cycle, the carry trigger of the adder cannot be switched

ON

The existence of a digit 0; ie., pulses (By) and (Qo)
on the output of the adder 186 causes:

The rank counter to remain in position 10 rather than
switch to position 1. '

Trigger Tyg; of the zero test storage, FIG. 3i, to switch
ON so that this storage will supply a pulse 461 until the
reset of the trigger.

At the end of the tenth unitary time of the present
cycle, as at the end of the tenth unitary time of the first
cycle, chain A backs up ten ranks, switching from posi-
tion 26 to position 36, and chain B progresses normally
one rank, switching from position 4§ to position 47.

Fourth- phase (shift interval): one unitary time

During the unitary time which follows
adding cycle:

Chain A remains in position 36, pulse 461 preventing
it from progressing.

Chain B does not go backward (backing up occurring
only when the rank counter is in position 1); but, at the
end of time B, it receives the usual advance pulse which
switches it from position 47 to position 46.

Reading is not possible during time A.

Reading occurs during time B, so that digit 3 read in
position 47 (tens position of the multiplier) is added to
digit ¢ contained in register A and the addition result;
ie., digit 3, is rewritten in position 47." Moreover, since
the adder no longer supplies pulses (By) and (Q,) simul-
taneously, pulse NB produced at the end of time B resets
trigger Tyq; of the zero test storage 460, FIG. 3/, and sup-
presses pulse 461, This same pulse NB switches the rank
counter 440 from position 10 to position 1. The adder
no Jonger supplying pulses (Qq) switches trigger T351
ON in doubler control block 350, FIG. 3j.

At the end of time A, the trigger of the sign calculation
block is reset so that the sign insertion block does not
supply the bit element (B).

the preceding

Fifth phase (adding cycle with use of the doubler)

This cycle is similar to the preceding adding cycle (third
phase) with the difference that the multiplicand itself is
not added, but its double, and that the correspondence be-
tween the ranks of the two factors of the addition is shifted
one unit. Hence, the operation performed during this
cycle is the following:

Former partial product —_____________ 195 (6)
Double of the multiplicand __.________ 3912
New partial product ._______________ 4107 (6)

It is to be noted that digit 6 of the unit rank is not
transferred during the cycle, the position which it occu-
pies, position 57, being not scanned.

On the tenth unitary time, a' 9 is written in rgeister A
by the insertion block 340, FIG. 3i. This 9 is trans-
mitted to the adder through the doubler; the doubler
changes it into an 8 which is added to the digit read
during time B, ie., to digit 3, and the result of the addi-
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tion of these two digits; i.e., digit 1, is written in position
47 in place of digit 3.

One of the pulses supplied by the adder to represent
digit 1 being pulse (Qy), trigger Tss of the doubler’s
control block, FIG. 3j, is reset by pulse NB which ends
the tenth unitary time so that the doubler is switched
OFF for the next cycle.

At the end of the tenth unitary time, since the adder
does not simultaneously supply a pulse (B,) and a pulse
(Qy), the rank counters switch from position 10 to posi-
tion 1 and trigger Ty of the zero test storage 469 is not
switched ON.

Sixth phase (adding cycle without use of the doubler):
ten unitary times

This phase is similar to the previous one, with the dif-
ference that the multiplicand itself is added and not its

double. Hence, the following operation is performed:
Former partial product e~ 4107 (6)
Multiplicand — o oo 1956

New partial product — e 6063 (6)

On the tenth unitary time, a 9 is written in register A
by block 340; its addition to digit %, read during time B,
gives 0; ic., the adder supplies simultaneously a pulse
(By) and a pulse (Qy).

Hence, the rank counter 448 cannot switch from posi-
tion 10 to position 1.

Further, trigger Tyg; of the zero test storage is switched
ON at the end of the tenth unitary time.

Seventh phase (shift interval): two unitary times

During the unitary time which follows the previous
adding cycle:

Chain A remains on position 36, pulse 461 preventing
it from going forward.

Chain B does not back up since the rank counter is still
in position 10; at the end of time B, it receives the regular
advance pulse which switches it from position 46 to posi-
tion 45; i.e., from the multiplier’s hundreds position to
the thousands position.

There is no reading during time A.

During time B, the digit being in position 46; i.e., digit 0 *

(multiplier’s hundreds digit), is read, transferred in regis-
ter AB120, sent to the adder 180 which transmits it with-
out modification since there has been no reading in field
A and rewrites it in position 46.

The adder’s output including a pulse (By) together with
a pulse (Qg) causes the rank counter 448 to remain in
position 10, trigger Ty of the zero test storage to stay
‘ON, and trigger T, of basic pulse filter 396 to stay OFF.
This prevents the rewriting and reading during time A of
the next unitary time.

At the next unitary time:

Chain A remains in position 36.

Chain B does not back up; and, at the end of time B,
it switches from position 45 to position 44.

There is no reading during time A.

During time B, the digit being in position 45; i.e., digit
1 (thousands digit of the multiplier), is read, transferred
to register AB120, sent to the adder which transmits it
without modification and rewrites it in position 45.

Since the output of the adder does not include simul-
taneously a pulse (By) and a pulse (Qp), pulse NB pro-
duced at the end of the unitary time switches the rank
counter from position 10 to position 1, resets trigger Tae

of the zero test storage and switches back ON trigger !

[
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T, of the basic pulse filter (which allows to resume read-
ing during time A).
Eighth phase (adding cycle): ten unitary times

This cycle is similar to the other adding cycles. The
performed operation is the following:

60 (6) (3) (6)
1956

2016 (6) (3) (6)

Former partial product
Mutltiplicand

Product

At the tenth unitary time, a 9 is sent into register A140
and its addition to digit 1 read during time B gives 0.
The coincidence of pulses (Bp) and (Qq) supplied by the
adder with pulse “Stop” supplied by chain locating block
270, FIG. 3a, because chain B is on the extreme left posi-
tion of field B, and pulse M, which exists during the whole
multiplying operation, causes in stage beginning chain
430, FIG. 3h, a stage end signal which allows pulse NB
to switch trigger T43; ON and to start a mew program
stage or, according to the wiring of program stage block
400 of FIG. 3g, to cause a program end signal.

MULTIPLICATION WITH “HALF-ADJUST”

“Half-adjust” will designate the operation: which re-
lates to suppressing one or several digits at the end of

the result (or to replace these digits with zeros) and to

increase one unit the last digit kept if the first suppressed
digit was equal to or greater than 5.

This one unit increase may be reached very easily by
adding S to the first digit to be suppressed before erasing
it.

In many cases, it is not necessary to perform the
erasing; if, for instance, the result of the multiplication
must be printed, it is sufficient to define correctly the
storage field which is to be used for the printing (field
which stops at the last digit kept) and to insert auto-
matically the number with zeros if necessary. A method
for adding zeros is described, for instance, in copending
patent application Serial No. 704,782, for Editing Ma-
chine, filed December 23, 1957, Estrems et al. Hence,
the half-adjust may amount to nothing more than the
addition of 5 to the first digit to be suppressed.

This addition of 5 may take place during the “first
cycle” (cycle for erasing the positions in which the
product is to be written). If the half-adjust is wanted,
hub 463 in program block 400, FIG. 3g, is wired not only
to hub M of operation selection block 420 as for an
ordinary multiplication, but also to hub HA of digit
insertion block 340, FIG. 3d, and to the one of hubs
Jins Which corresponds to the digit rank to which 5 is to
be added. If for example, this digit is the digit of rank
1 (unit digit), hub #, will be used.

If it is desired to perform the multiplication operation
according to the example above; i.e., 1956 by (—1031),
with half-adjust to the tenths digit (i.e., by suppressing
the unit digit), the hubs will be wired as stated above.
The sequence of the operation will be exactly the same as
the multiplication described above in detail, with this
difference. At the end of time A of the first unitary time
of the second phase (phase called “first cycle”), a 5§ is
entered in register A140. This 5 adds to the digit entered
in register AB120 during time B of this unitary time;
ie., 0; at the end of the “first cycle,” a digit 5 will thus
be written in position 57 instead of a digit 0 (see table 2).
At the next cycle, this 5 will be added to the unit digit
of the multiplicand; i.e., 6, which causes a carry in posi-
tion 56 which will hence contain, at the end of the cycle,
a 6 instead of a 5 and, at the end of the multiplication,

the written product will not be 2, 616 638 but 2 616 641,
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DIVISION

The division is controlled by a pulse D supplied by
operation selection block 420, FIG. 3i, and remaining
during the whole duration of the program stage con-
trolling the division operation. The divisor is contained
in field A and the dividend is contained in field B. In
order to reach these conditions, wire:

input hub 401 of the program stage block 400, FIG.

3g, to output hub 402 of the preceding stage or to
program beginning hub, not shown, if the division
is the first operation or step of the program.

operation hub 403 of the stage block 406, FIG. 3g,

to hub D of the operation selection block 420, FIG.
3i.
field A hub of the stage block 400, FIG. 3g, to any
hub PU of field defining block 410.

storage block hub SB corresponding to said any hub
PU to the hub of storage block selection 310, FIG.
3b, corresponding to the storage block; ie., core
storage 100, which contains the divisor.
hub F corresponding to this same hub PU of the field
defining block 410 to the hub of chain locating block
270, FIG. 3a, which corresponds to the position of
the divisor’s unit digit in the selected storage block.

hub F located immediately to the right of the preceding
hub F of field defining block 410 to the hub of chain
locating block 270 corresponding to the position
located immediately to the left of the highest rank
digit of the divisor.
field B hub of the stage block 400 to any other hub
PU of field defining block 419. ‘

hub SB corresponding to said any other hub PU to the
hub of storage block selection 310 corresponding
to the storage block; i.e., core storage 100, which
contains the divisor and the dividend.

hub F corresponding to said any other hub PU to the

hub of block 270 corresponding to the position of
the dividend’s unit digit,

hub F located immediately to the right of the latter

to the hub of block 270 corresponding to the position
located immediately to the left of the one contain-
ing the highest rank digit of the dividend.

The quotient begins to take shape on the left of the
‘dividend and may, during the operation, cover totally
or partially the field in which the divisor was recorded.
Its highest rank digit is offest nine ranks from the one
of the dividend. It results that a 9-position empty space
is to be provided on the left of the dividend. In any
event, the information that might be recorded before the
operation in the nine positions located to the left of the
dividend are erased at the beginning of the operation.

In this example, the divisor may have eight digits at
most; the dividend may have up to 71 digits. Of course,
these are limitations which arise because of the scanning
and storage capacity and are not due to the principle of
the invention and may be. changed through adequate
mode of realizations.

The division operation is performed through successive
subtractions. The time during which a subtraction is
performed makes up a cycle. Each cycle includes ten
unitary times. If n is the number of digits of the divisor
and n=8; the first n unitary times of the cycle are re-
served for the subtraction which is performed digit after
digit, according to the rules of the series calculation,
through the addition to the dividend’s digit of the 9 com-
plement of the divisor’s digit or, for the unit rank, of
the 10 complement. For the ranks of higher order than
the nth, it is assumed that the divisor’s digits are replaced
with zeros and the complement of @ is added; ie., 9. If
the number to be subtracted is lower than the number
from which it is subtracted, this addition constantly
gives carries; the carry obtained on the ninth rank is,
normally, added to the quantity existing in the position
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located immediately to the left; i.e., the unit position of
the quotient. On the contrary; i.e., if the number to be
subtracted is higher than the one from which it is sub-
tracted, the addition of the complement does not give
any carry on the ninth rank. This lack of carry indicates
that one excessive subtraction has been performed and
it starts a corrective adding cycle during which the true
value of the divisor is added and not its complement. On
the tenth unitary time of this cycle, a 9 is inserted in
register A140 and is added to the carry proceeding from
the ninth rank, so that the unit digit of the quotient is
not modified. The corrective cycle is followed by a
shift after which the rank of the dividend’s digit corre-
sponding to the divisor’s unit digit is moved one unit to
the right. This shift is obtained by stopping chain B
during a unitary time while chain A progresses normally.
Then, one or -several new- subtractions are performed
until the lack of a carry on the ninth rank causes the
performance of a new corrective cycle and a new shift.
The operation goes on until the successive shifts cause
the right position of the field scanned by chain B to pass
over the limit of field B. This stepping over causes the
performance of a special cycle named “division end
cycle,” during which the quotient sign is determined and
written and- at the end of which an operation end signal
controls the continuation of the machine program.

In certain cases, it could be possible to cut down the
duration of the operation by subtracting the double of the
divisor instead of the divisor itself. But this method
would require more intricate circuits and would demand,
in certain cases, the repetition of the. corrective adding
cycle. This is why, in this example of realization, the
doubling of the divisor is not provided. Of course, those
skilled in the art would easily determine the changes

5 to be made to the presently described apparatus of the

invention if said doubling were used.

In order to facilitate the understanding of a division
operation, a numerical example will be chosen; it is quite
obvious that the selected numbers could be replaced with
any numbers.

Let us assume that the division of number (—55 12) by
number (27) is to be performed. It will be supposed that
the dividend (— 5 5 1 2) is recorded in positions 45 to
48 of field B of a storage block; i.e., core storage 100, and
that the divisor (27) is recorded in positions 34 and 35
of this same block of core storage 100 or of another block
of core storage. The quotient will be written in the field
of the nine digits located on the Ieft of the dividend (field
which includes positions 36 to 44). The negative sign of
the dividend is recorded, as stated above, in the unit posi-
tion thereof, In order to facilitate the explanation, a dash
will be written on top of a digit to indicate that the same
is minus.

The division operation comprises the following phases:

(1) A preliminary phase during which the chains are
set into position.

(2) A first cycle during which the following operations
are performed:

reading of the sign of the divisor.

examination of the divisor digits; if all these digits are

Zero, a warning signal occurs.

erasing of the information that may be in the nine posi-

tions located on the left of the dividend.

(3) A series of subtraction cycles and corrective addi-
tion cycles which will be explained in detail further on.

(4) A final cycle which will be termed “division end
cycle,” during which the dividend sign is read, the quotient
sign is calculated and written.

Table 3 shows, for the various phases, the field scanned
by field B during the phase and the digits written at the
end of the phase. In this chart, the X represents any digits.
In the “scanned positions” column, only the positions in
which chain B is located during time B appear.
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Table 3.—Performance of a division
Positions Digits Written at the End of the Phase in Positions—
dusing tho
Phase 36 37 38 39 40 41 42 43 44 45 \ 46 ‘ 47 48 49

Before the division I S x| x| x| x| x{ x| X| X| X 5 5 1 2 X
First phase (preliminary phase) X| X X X X X X X X 5 5 1 2 X
Second phase (first ¢ycle) .o -vococaveanon 0 0 0 0 0 0 0 0 0 5 5 1 2 X
Third phase (subtraction) ... 45 to 36 0 9 9 9 9 9 9 9 7 8 5 1 2 X
Fourth phase (addition)..ccoceemeoaen- 45t037446.._.] O 0 0 0 0 0 0 0 0 5 5 1 g X
Tifth phase (subtraction) ... cweeeceaooe 466087 ccoon 0 1 0 0 0 0 0 0 0 2 8 1 2 X
Sixth phase (subtraction)._. 46 to 37 0 2 0 0 0 0 0 0 0 0 1 1 2 X
Seventh phase (subtraction) . .o-.--.o--- 46 t0 87 ceomne 0 2 9 9 9 9 9 9 9 7 4 1 2 X
Eighth phase (addition) .. .owevaccceeee 46t038+47....| O 2 0 0 0 0 0 0 0 0 1 1 2 X
Ninth phase (subtraction)._. 47 to 38 - 0 2 0 9 9 9 9 9 9 9 8 4 2 X
Tenth phase (addition). . .ceacceeeeanae 47 t0 39-+48___.. 0 2 0 0 0 0 0 0 0 0 1 1 2 X
Eleventh phase (subtraction).. 48 to 39, - 0 2 0 1 0 0 0 0 0 0 0 8 5 X
Twelfth phase (subtraction) .. ...coceoon 48 £0 39.naae s 0 2 0 2 0 0 0 0 0 0 0 6 8 X
Thirteenth phase (subtraction). ... ... 4810 39 ccnme- 0 2 0 3 0 0 0 0 0 0 0 4 1 X
Fourteenth phase (subtraction).-..--.-- 481039 oo 0 2 0 4 0 0 0 0 ] 0 0 1 i X
Fifteenth phase (subtraction)....---- 48 0 39-.ccnon 0 2 0 4 9 9 9 9 9 9 9 8 7 X
Sixteenth phase (addition) 48 t0 404-49.._. 0 2 0 4 0 0 0 0 0 0 0 1 i X
Seventeenth phase (division end cycle)..| 4960 3%.....-- 0 2 0 4 0 0 0 0 0 0 0 1 P X

Referring to Table 3 and to FIGS. 8a to 8f, a detailed erasing of the information that may be written in the
explanation of the phases of a division operation will be nine storage positions located on the Ieft of the
given. In FIGS. 8a to 8f, line 23 shows the state of the 35 dividend.

corrective cycle storage (the dash shows that the trigger is
ON; i.e., the machine is performing a corrective cycle) and
line 24 shows the state of the division end storage.

In the following explanation, the function and origin
of utilized pulses will be given but in a general manner
without detailing the operation of the apparatus that pro-
duces them. Later herein a detailed description of the
apparatus for producing the pulse will be given.

First phase (preliminary phase): two unitary times

The performance of this phase is similar to that of the
preliminary phase of the multiplication operation (ex-
plained above), with the following differences: .

Chain B is positioned not on the extreme right position
of field B (unit digit of the dividend) but on the extreme
right position of the neighbouring field; i.e., on the posi-
tion located immediately to the left of the left limit of
field B, which is the first position on the left of the position
which contains the dividend’s highest rank digit. This dif-
ference will be explained in the. description of field de-
fining block 410, FIG. 3g.

Trigger T; of rank 440, FIG. 3/, is switched ON at
the end of time 432 (second unitary time of prelimi-
nary phase), while in multiplication it is switched ON
only at the end of time 433 (third unitary time of pre-
liminary phase); the first phase, consequently, lasts only
two unitary times. However, trigger Tas is switched ON
at the end of time 432, so that, at the first unitary time of
the following phase, triggers Ty, rank counter 440, FIG.
31, and Tag; of stage beginning chain 430, FIG. 3k, will
both be ON.

At the end of the second unitary time, trigger Tygo Of
the zero test storage, FIG. 3i, is switched ON.

Second phase (first cycle): ter unitary times

During this cycle, as stated above, the three following
operations are performed:
reading of the divisor’s sign in order to record it eventu-
ally in the sign triggers.
checking that at least one digit of the divisor is not
Z€T0.,

During time A of the first two unitary times, the digits
written in field A are read, recorded in register AB120
and rewritten in core storage 100 in the position out of
which they have been read. In the selected example, the
divisor is positive; hence, there is no change in the state
of the sign calculation block 230, FIG. 3f. If the divisor
had been negative, the simultaneous existence of a pulse
433 on the output of trigger Tags of the chain beginning
stage 430 and of pulses (A) and (B) in register AB120
during time A of the first unitary time would have caused
45 the switching ON of trigger T3 of block 230.

During time A of the second unitary time, chain A
is on the extreme left position of field A, since the divisor
has only two digits. Hence, the positioning block 270,

_ FIG., 3a, produces a pulse 2700 which causes, at the end

50 of time A, the reset of trigger T4’ of the basic pulse filter,
FIG. 3h. Then, the read and write pulses are suppressed
during time A of the following unitary times.

During time B, the digits written in the position scanned

_ by chain B are read, but the digits read are not entered
55 in register AB120 because read amplifier control block
320, FIG. 3k, does not supply any pulse. Consequently,
they may not be rewritten in the core storage 100 and,
since the reading is destructive, they are erased.

In this cycle, as in all cycles, chain A scans evenly

60 from time 1 to time 10 positions 35 to 26, “progressing”
one position at the middle of each unitary time. At the
middle of the tenth unitary time, it switches to position
25, but stays there only during time B, since at the end
of this time B a pulse “tens A backing” 284 switches it

65 back to position 35.

During the first nine unitary times, chain B scans posi-
tions 44 to 36 “progressing” one position at the end of
each unitary time. But, at the end of the ninth unitary
time, the regular advance pulse is suppressed so that, at

70 the tenth unitary time, the chain remains on position 36.

“Zero test” trigger Tag;, Which had been switched ON
at the end of the preceding phase, switches OFF at the
end of the first unitary time, due to a pulse NB, because
the adder’s output, which represents only the digit read

75 during time A because, during the first cycle, the digits

40
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read during time B are not transmitted to the adder, indi-
cates that the unit digit of the divisor is not zero. If this
digit had been zero, trigger Tys; would have stayed ON
until the end of the unitary time during which a non-zero
digit would have been read. The lack of reset at the
eighth unitary time would have actuated a warning signal.

Third phase (subtraction cycle): ten unitary times

During this cycle, chain A scans, as in all cycles, posi-
tions 35 to 26 and chain B scans positions 45 to 36. Dur-
ing time A of the first unitary time, the normal advance
process places chain B in position 35; but, at the end of
time A, a pulse 288 switches it back to position 45.
Hence, chain B scans the field made up of the highest
rank digit of the dividend :and the nine zeros written on
the left of this digit during the “first” cycle.

The reading and the writing are possible during the
times A and B during the first two unitary times; i..,
so long as the positions scanned by chain A remain in
field A which contains the two digits of the divisor.
After the second unitary time, reading and writing are
possible only during time B.

During the entire cycle, control block 176, FIG. 3j,
supplies a pulse 171 so that the nine complements of
the digits read during time A of the divisor are those
which are added to the digits read during time B. After
the second unitary time, the absence of reading during
time A causes zeros to enter into register A14%; hence,
the addition of 9. At the first unitary time, the adder
180 receives, besides the digit read in field B and the 9
complement of the digit read in field A, a digit 1 sup-
plied by the carry from carry block 190, FIG. 3%, so
that the digit added amounts to the 16 complement. At
the tenth unitary time, a 9 is entered in register A140
from insertion block 348, FIG. 3i. The result is that it
is 2 9 complement; i.e., 9, which is added to the digit
read in field B.

As a conclusion, during this cycle, the adder performs
the following operation; it is recalled that, in the chosen
example, the dividend is equal to 5 5 1 2 and the di-
visor to (27).

Digitsreadintime B_________________.
Complement of the digits entered in
register A 140._____________________..

0000000005 (5) (1) 2
099999997%

Total 0099999978 () (1) @

The digits between brackets are outside of the field
scanned.

Since the addition of the digits at the ninth unitary
time did not cause any carry, trigger Tay; of corrective
cycle storage 470, FIG. 3j, is switched ON, so that the
following cycle will be a corrective addition cycle.

Fourth phase (corrective addition cycle):
ten unitary times

During this cycle, chain A scans, as in all cycles,
positions 35 to 26. Chain B scans during the first nine
unitary times positions 45 to 37; at the end of the ninth
unitary time, it switches to position 36, but remains there
only during time A of the tenth unitary time because,
at the end of time A, a pulse 288 switches it to position
46. Moreover, the usual advance pulse of chain B is
suppressed at the end of the tenth unitary time so that
chain B will remain in position 46 during the first unitary
time of the following cycle.

As in the preceding cycle, the two digits written in field
A are read during the first two unitary times; then the
readings during time A are not possible any longer and,
consequently, register A records zeros. During time B,
the readings occur during the first nine upitary times,
but are suppressed during the tenth. This elimination
causes a zero to be sent to the adder.

Control block 170 supplies, during the corrective cycles,

a pulse T71. The digits proceeding from storage A1490
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are consequently added as true value to the digits réad
during time B. During the tenth unitary time, a 9 is
entered in register A140 by block 340 and this 9 is added
as true value. As a conclusion, during this cycle the
following operation is performed:

Digits read during time B__.__.______ 09999999978 (5) (1) ()
Digits entered in register A140_._____ 90000000027
" Total 00000000005 (5) (1) ()

As above, the digits between brackets are located in the
positions not scanned during the cycle.

Since the addition of the ninth unitary time causes a
carry, trigger Ty, FIG. 3j, is reset.

Fifth phase (subtraction cycle): ten unitary times

The performance of this phase is similar to the one
of the third phase with the difference that chain B starts
from position 46 and does not back up at the middle of
the first unitary time, the regression having already oc-
curred during the tenth unitary time of the preceding
cycle (corrective addition cycle). The operation per-
formed during this phase is as follows:

Digits read during time B____.__.______
Complement of the digits entered into

register A 140 -
Digit supplied by carry bloek 190._____

Total (0) 1000000028 (1) (2
The addition of the ninth unitary time having resulted
in a carry, trigger Tyy; is not switched ON and. the fol-
lowing cycle will be once more a subtraction cycle.
The writing, at the tenth wunitary time, of the carry
obtained at the ninth time makes up the first step of the
formation of the quotient.

©0000000055 (1) (2
(0)0999'99997%

Sixth phase (subtraction cycle): ten unitary times

The performance of this phase is similar to that of the
third phase; the regression of chain B occurs at the
middle of the first unitary time. The operation per-
formed is the following:

Digits read during time B __..______ 028 (1) 3
Digits entered in storage A140..._____ 97(2)
Digit supplied by carry block 190____ 1

Total , 0200000000011 @

Since the addition at the ninth unitary time caused a
carry, the following cycle will be once more a subtraction
cycle.

Seventh to sixteenth phases

No description will be given of these phases which are
similar to the phase already described. In all these
phases, chain A scans positions 35 to 26. Chain B scans
a field which is offset one rank at the end of each addi-
tion cycle. The regression of chain B occurs during the
first unitary time of all the cycles, except the subtraction
cycles which follow immediately a corrective addition
cycle, and at the tenth unitary time corrective addition
cycles.

At the middle of the tenth unitary time of the sixteenth
phase, corrective addition cycle, the chain B switches
from position 39 to position 49; this position being lo-
cated immediately to the right of the position onto which
field defining block 418, FIG. 3g, sends a voltage. Chain
positioning block 276, FIG. 3a, supplies a pulse 2700
which switches trigger Ty, FIG. 37, ON so that the fol-
lowing phase will be a “division end cycle.”

Seventeenth phase (division end cycle):
eleven unitary times

This cycle lasts eleven unitary times instead of ten be-
cause trigger Ty of rank counter 449, FIG. 3[, cannot
be switched ON at the end of the first unitary time, this
switching ON requiring the existence of a pulse 282 which
is suppressed during the unitary time which follows the
switching ON of trigger Ty, as it will be explained in
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the detailed description of the circuits. Hence, the rank
counter remains in position 1 during two unitary times.

During this cycle, chain A scans positions 35 to 25,
which does not have any influence on the information
transfer, because all the “read gate” pulses are suppressed
during time A of a division end cycle. Chain B scans
positions 49 to 39. When it is on position 49; ie., at the
first unitary time of the cycle, the read gate is suppressed
in the absence of pulse 282 so that the digit located in
position 49, located outside of field B, is not read. Dur-
ing time B of the following ten unitary times, the digits
located in the positions scanned by the chain B are read
and regenerated; being transmitted, in a regular man-
ner, via the register AB120, first translator 130, adder
180, second translator 209, and switch regeneration-
addition 210, the latter is in position add during time
B; but, as there is no reading during time A, the addition
is the equivalent of a mere rewriting.

During the second unitary time, the rank counter being
still in position 1, the simultaneous existence of a (B)
element with an (&) element in register AB126, which
shows that the dividend is negative, causes the switching
of trigger Ty in sign calculation block 230, FIG.3L In
the selected example, this trigger is OFF; it would have
been switched ON during the first cycle if the divisor
had been negative. Hence, it switches ON and remains
ON until a pulse 2700 resets it; i.e., until the end of
the program.

At the last unitary time, rank counter in position 10,
the positive pulse received on the right output of this
trigger is transmitted to sign insertion block 246, FIG. 31,
which sends a bit (B) on switch Reg-Add 210, FIG. 3f,
and, consequently, to write this bit in the position presently
scanned by chain B; i.e., the unit position of the quotient.
At the same time, sign insertion block 24@ changes bit
(G) proceeding from the translator 280 into a bit (C).
It is recalled that, in the selected example, the unit digit
of the quotient is digit 4 and that in the semi-binary code,
this digit corresponds to a single bit in state 1, bit (4).
If the number of “numerical” bits in state 1 had been even,
sign insertion block 249, by transmitting bit (B), would
have changed (C) into (C).

Hence, the sign of the quotient is recorded in the unit
position of this quotient at the end of the last unitary time.

Moreover, at the end of this last time, the coincidence
of a pulse 481, with a pulse 10 and a pulse B, causes the
switching ON of trigger Ty, of the stage beginning chain
430 and, then, the switching of the following program
stage or the emitting of the program end signal.

DETAILED DESCRIPTION OF THE CIRCUITS
General

With the function of the apparatus contained in the
various blocks having been explained, a description is
going to be given of the apparatus in these blocks and
the manner through which they produce the pulses nec-
essary for operating the system.

In order to avoid repetitions, a description will first be
given of the elementary circuits which are included in
the blocks. However, this description is given only as an
example, since the elementary circuits which are shown
may be replaced by other circuits having the same
purpose.

The blocks will be described with reference to FIGS.
34 to 3! in the following order:

Program Blocks

Transfer and Insertion Control Blocks

Blocks for Storing, Transferring or Processing the Data
or the Results

This order has been chosen to facilitate understanding
the pulses produced by apparatus of the blocks of ome
group generally acting upon the apparatus of blocks of
another group.

Almost all the lines which transmit control pulses in-
clude a horizontal portion which extends over FIGS. 3g
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to 3! and, to make it clear, they have been arranged in
groups which, considered from the top, correspond to the
following pulse groups:

Basic Pulses

Stage Beginning Pulses

Rank Counting Pulses

Situation Storage Pulses (First Cycle, Zero Test, Cor-
rective Cycle, Division End)

Combined Pulses Used in Multiplication (or in Multi-
plication and Division)

Combined Pulses Used in Division Only

Operation Pulses

Of course, modifications may be made to the diagram
without departing from the scope of the invention. More
particularly, it is possible, if the device is provided for
performing other operations than the multiplication or
the division to add coincidence circuits (AND circuits)
or mixing circuits (OR circuits) allowing to stop the
travel of the pulses or send other pulses to the circuits.

Elementary circuits
AMPLIFIERS AND INVERTERS

FIG. 9a shows an inverter using a PNP transistor. In
FIGS. 3« to 3/, such an inverter is shown in the simpli-
fied diagram of FIG. 9b, the letter “I” may be followed
by an index. The input is always indicated on the bottom
right and the output on the top left.

FIG. 10z represents the represents the diagram of an
amplifier with emitter-follower using an NPN transistor.
In FIGS. 3a to 31 and 13a and 14a, such an amplifier
is represented in the simplified diagram of FIG. 105b; let-
ter “B” may be followed by an index. The input is
indicated on the left and the cuiput on the right.

FIG. 1la represents a non-inverter amplifier with two
stages. InFIGS. 3a to 3/, such an amplifier is represented
in the simplificd diagram of FIG. 11b; letter “A” may
be followed by an index. The input is indicated on the
bottom left and the output on the top right.

TRIGGERS

FIG. 12a represents the diagram of a trigger using
two PNP transistors. In FIGS. 3a to 3l, such a trigger
is indicated in the simplified diagram of FIG. 12b; letter
“T” may be followed by an index. The trigger includes
two outputs 524 and 525 respectively shown on the top
left and the top right. When the voltage is more positive
on the left output than on the right output, it is stated,
out of convention, that the trigger is OFF; and, when
the conditions are reversed, it is stated that it is ON.
The inputs are represented at the bottom. A positive
pulse applied to terminal 521 switches the trigger OFF
and does not modify its state if it is already OFF. A
positive pulse applied to input 522 switches the trigger
ON and does not modify its state if it is already ON. A
positive pulse applied to input 523 changes the state
of the trigger; i. e., Tesets it if it was ON, and vice
versa. It should be noted that, if input 523 is not used,
it is not shown in FIGS. 3a to 3L

LOGICAL CIRCUITS

FIG. 13a represents a coincidence or AND circuit and
FIG. 13b represents the simplified diagram used in FIGS.
3a to 3. The emitter-follower amplifier may, in certain
cases, be eliminated.

FIG. 14a represents a mixing or OR circuit and FIG.
14b represents the simplified diagram used in FIGS. 3a
to 3. The emitter-follower amplifier may, in certain
cases, be eliminated. Such a circuit may also be used
as coincidence circuit for negative pulses; in this case,
it is represented in the same manner as in FIG. 14b and
its use is explained in the description.

FIG. 15a represents a favored diode gate and FIG. 150
represents the simplified diagram used in FIGS. 3a to 3L
The operation of such a circuit is explained in patent ap-
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plication Serial No. 704,781, filed December 23, 1957,
now Patent No. 2,923,924, for Information Recording
Control and Check, M. Papo. 'The circuit includes two in-
puts, a “slow” input represented by a diamond in the
diagram and a “fast” input 542. In order to obtain a
positive signal on the output, a positive signal is first to
be applied on the slow input, then a positive or negative
signal on the fast input. The output signal coincides with
the leading or front end of the signal applied to the fast
input if this signal is positive and with the trailing or rear
end of this signal if it is negative. The front or rear end
must be prior to the end of the signal applied to the slow
input, or coincide with this end,

In certain cases, the slow input may be wired to ground,
FIGS. 15¢ and 15d; under these conditions, the condi-
tioned diode gate becomes an ordinary differentiator cir-
cuit.

Regulated pulse generator and electronic switches

In FIG. 16a, the circuits used for sending pulses onto
a wire crossing magnetic cores have been grouped. These
circuits include:

A pulse generator G is made up of a 2-stage amplifier
which receives a control pulse on its input. In general,
the control pulse comes from a coincidence cirenit in-
cluding one input 551, common to a whole category of
wires, which receives a continuous pulse when the stor-
age is used, and an input 552.

A regulator R maintains the amplitude of the pulse
emitted by the generator constant. The operation of such
a regulator is described in copending patent application
Serial No. 646,892, filed March 18, 1957, for Pulse Gen-
-erator, by A. F. Mestre.

An electronic switch S which operates in the following
manner:

When there is no pulse, point 554 is at a positive po-
tential higher than that of point 555; due to the presence
of diode 556 and no current, whether transistor 557 is
conducting or not, may go through the wire.

When there is a pulse, point 554 is at a positive po-
tential lower than that of point 555. A current will go
through wire 554-553 if transistor 557 is conducting,
Transistor 557 conducts if a sufficient positive voltage
is sent on input 558,

Hence, the passage of a current in the wire Tequires
the existence of simultaneous pulses on the input of the
generator and on input 558 of the electronic switch.,

FIG. 16b represents the apparatus of FIG. 16¢ in sim-
plified form, as represented in FIGS. 34 to 3/, The gen-
erator is represented by a rectangle that contains letter
. “G” eventually followed by an index and the switch by a
rectangle which contains letter “S” eventually followed
by an index. Regulator R, in order to simplify the dia-
‘gram is not represented. The inputs and outputs are ar-
ranged as in FIG. 16a4.

Through the combination of the generators and the
switches, it is possible, by sending a pulse to the input
of one of the generators, and another to the input. of one
of the switches, to select a circuit within a group. For
instance, FIG. 16c represents an assembly allowing to
select one of circuits Cyy . . . Cyy through generators Gy,
Gz, G3 and switches Sls Sg, Sg. .

Of course, it is possible, without departing from the
scope of the invention, to replace the circuits which have
been described , with other circuits; particularly, it is
possible:

To replace transistors PNP with transistors NPN and
vice versa, through changing the polarity of the power
supplies and using negative control pulses.

To: increase the allowed current through . replacing
_single transistors with an assembly of transistors used in
parallel,
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PROGRAM BLOCKS
Blocks containing apparatus supplying the timing pulses
BASIC PULSE GENERATOR 1380, FIG. 3j

The generator 380 produces the following pulses, the
sequence of which is represented in FIG. 6:

(1) Pulses A4 and B.—These pulsés are positive and
alternate evenly; they divide the unitary time into two
equal durations, The designation of “unitary time”
means the time interval made up of a pulse A followed
by a pulse B, Each unitary time is made up of two equal
parts, time A and time B.

(2) N pulses—These pulses are negative and their
rear or trailing end coincides with the end of time A and
time B. In the mode of realization which is considered,
the duration of pulse N is equal to two-fifths of the dura-
tion of time A or time B,

(3) N4 and NB pulses.—These pulses are negative
pulses which coincide with pulses N, but pulses NA exist
only during time A and pulses NB only during time B.

(4) R pulses—These pulses are negative pulses which
precede pulses N, the trailing or rear end of R pulses
coincides with the front end of pulses N. The duration
of R pulses equals that of pulses N.

(5) X pulses—These X pulses (or read pulses) and Y
pulses (or write pulses) are positive pulses. In this ex-
ample, the duration of these pulses is equal to one-fifth
of the duration of time A or time B. X pulses are pro-
duced during the second fifth part of each time A and
time B and Y pulses during the last fifth part of each
time A and time B. ‘

(6) Y pulses—The generator for producing these
pulses may be of any suitable type and will not be de-
scribed.

BASIC PULSE FILTER 390, FIG. 3

The apparatus represented in block 390 supplies pulses
designated A" and B’ and which respectively coincide with
pulses A and B when they exist.

Pulse B’ results from the coincidence of pulses B,
431 and 432; hence, it exists during all the unitary times,
except on the two first unitary times of each program
stage. Time 431 is test time, or the time during which a
change of state occurs, and time 432 is set time, or the
time which immediately follows the previous one and
during which the chain positioning takes place.

Pulse A’ is supplied by the coincidence of a pulse A
with a pulse obtained on the right output of trigger T’
when it is ON. This trigger, normally ON, is switched
off:

When trigger “test” switches ON. This occurs when
the pulse 4360 proceeding from diode gate 436 of block
430, FIG. 3h, is sent to the left input of trigger Ta’.
Switching ON is caused by a pulse NB occurring at the
end of time B.

When pulse NA occurs; hence, in the middle of a
unitary time, in one of the following cases:

existence of a pulse 2700

existence of a pulse 481

coincidence of a pulse 8 with a pulse (M4-D)
existence of a pulse M. 433.

The trigger is switched back ON by a pulse NB in one
the following cases:

existence of a pulse 432
coincidence of a pulse 481 with a pulse D, 10
coincidence of a pulse M. 10 with a pulse (By) (Qy).

The result is that trigger A’ is OFF:

From the beginning of time 431 until the middle of
time 432, Hence, pulse A’ is eliminated during time 431,
stage change time, and during time 432, chain positioning
time. ‘

From the moment when chain A reaches the left limit
of field A, or, at the latest, from the middle of the eighth

of
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unitary time of each cycle until the middle of the tenth
unitary time of each cycle. In the case of a division op-
eration, this switching back ON at the tenth unitary time
is eliminated at the last cycle. For a multiplication, it is
performed only when the digit of the multiplier, presently
scanned, is not zero. It is, anyway, necessary to reach a
non-zero condition in order to switch from the tenth
unitary time to the first time of the following cycle.
Hence, pulse A is eliminated:

as soon as the extreme left digit of the multiplicand has
been passed

in all cases, at the ninth and tenth unitary times of each
cycle.

In multiplication only, from the middle of time 433, the
time located between time 432 and the beginning of the
first cycle, until the middle of the tenth unitary time of
the first cycle. Hence, pulse A’ is eliminated during the
first multiplication cycle.

Program defining blocks
STAGE TRIGGER BLOCK 400, FIG. 3¢

The apparatus represented by this block has the func-
tion of general control of the program and includes, for
each program stage, five hubs, a trigger and four emitter-
follower amplifiers. Moreover, there is a program be-
ginning hub and a program end hub which are not shown.
Only the hubs, triggers and amplifiers corresponding to a
stage are shown. These five hubs are distributed as fol-
lows:

an input hub 401,

an output hub 402,

an operation control hub 403,
two position hubs A and B.

The input hub of each stage is wired, through a re-
movable connection to the preceding stage. The input
hub of the first stage used is wired to the program be-
ginning hub, not shown, and the output hub of the last
stage used is wired to the program end hub, not shown.
The operation control hub of each stage is wired to an op-
eration selection hub. For instance, for the control of a
multiplication, it would be wired to hub M of the opera-
tion selection block 420, FIG. 3i. Position hubs A and
B respectively function to define storage fields A and B
in which are recorded the numbers on which an operation
is to be performed.

The flow of the pulses proceeding from these hubs
will be explained in the description of the field defining
block.

At the beginning of the program, all the stage triggers
are OFF. When a program beginning pulse is sent to a
program beginning hub, it is transmitted through a remov-
able connection to input hub 401 of the first stage used,
which conditions diode gate 406, so that the following N
pulse switches the trigger of the stage ON. The positive
voltage obtained on the right output of this trigger is trans-
mitted by the emitter-follower amplifiers:

To output hub 402 and through it, to the input hub of
the following stage, wired to hub 402. This conditions the
switching ON of the trigger of this stage. This switching
will be controlled by the following program advance pulse
4360.

To operation control hub 403 and through it to the oper-
ation selection hub.

To position hub A during time A only because of coin-
cidence circuit 407, and through it to a hub of the field
defining block.

To position hub B during time B only because of coin-
cidence circuit 408, and through it to another hub of the
field defining block.

This voltage remains applied to the hubs concerned
during the entire duration of the stage. When the opera-
tions provided for this stage are over, a new program
advance pulse resets the stage trigger, and this eliminates

10

15

20

25

40

60

70

75

32

the positive voltage applied to these hubs. This same
pulse, transmitted by diode gate 409, switches the trigger
of the following stage ON. The process continues until
the end of the last stage. At the end of this last stage,
the program advance pulse is transmitted by a diode gate
conditioned by the output of the trigger of this last stage
to a program end hub which is not shown. Machine op-
erations will then continue according to predetermined
program.

FIELD DEFINING BLOCK 410, FIG. 3¢
This apparatus represented by this block includes:

a series of hubs “pick up” PU,

a series of storage block selection hubs SB, each picked
up by an emitter-follower amplifier,

a series of field defining hubs F, each picked up by an
emitter-follower amplifier.

For each hub PU, there is a corresponding hub SB and
a hub F. In FIG. 3g, only three hubs of each series have
been shown.

When a hub PU receives a positive voltage from hub
A or B of a program stage:

The corresponding hub SB receives a positive voltage.
This hub SB is wired to a hub of storage block selection
component 310. Hence, it is possible to choose the stor-
age block from which information will be extracted or
entered.

A hub F receives a positive voltage, but this hub is
either the one which corresponds to the picked up hub PU
or the hub located immediately to the right. In the case
of a multiplication, it is the hub corresponding to hub
PU picked up during unitary time 432, or the time dur-
ing which the chains get into position, and the neighbour-
ing hub after time 432. This allows the block 270 to
produce a signal 2700 when a chain reaches the limit de-
fined by this neighbouring hub. In the case of a division,
the same rule prevails for time A, but the adverse rule
for time B. Chain B gets into position on time 432 on
the left of the dividend and the signal 2700 is produced,
when this chain passes the right position.

In this example, any hub PU is wired to the input of
the emitter-follower which picks up corresponding hub F
through a coincidence circuit having another input wired
to a wire 411, The output of the coincidence circuit is
wired to the input of the neighbouring emitter-follower
through a coincidence circuit having another input wired
to a wire 412. Wire 411 receives a pulse, either in the
case of coincidence of a pulse 432 with a pulse A or D,
or in the case of coincidence of pulses 432, D and B. Wire
412 receives a pulse, either in the case of coincidence of a
pulse 232 with a pulse A or D, or in the case of coincidence
of pulses 432, D and B.

OPERATION SELECTION BLOCK 420, FIG. 3i

The apparatus represented by this block includes two
hubs M and D, two inverters Iy and Ip, each having in-
puts wired to one of these hubs and a mixing circuit having
inputs also wired to these hubs. If a program stage
includes the performances of a multiplication, hub 403
of block 400, FIG. 3g, is wired through a removable
connection to hub M. If the program stage includes the
performance of a division, hub 403 is wired to hub D.
For purposes of description, the following designations
are made:

Pulse M is obtained through hub M.

Pulse T is obtained on the output of inverter Ins.

Pulse D is obtained on hub D.

Pulse D is obtained on the output of inverter Ip.

Pulse M+D is obtained on the output of the mixing
circuit.

Program performance blocks
STAGE BEGINNING CHAIN 430, riG. 3n

According to the usual terminology, the term “stage”

designates the entire progression of program steps neces-
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sary to the performance of g particular operation, such as
multiplication or division,

The stage beginning chain 430 supplies pulses con-
trolling certain initial operations. It includes three
triggers.

Trigger Ty, the “test”
stage.

Trigger Ty, the “set” trigger, controls the locating of
the scanning chains already wired to the desired positions.
Moreover, in the case of the division, it controls the initial
starting of the rank counter 440, which will be described
later.

Trigger Ty, the “unit rank” trigger, controls the sign
trigger and, moreover, in the case of multiplication, the
initial starting of the rank counter 440,

The test trigger Ty, normally OFF, is switched ON
by a pulse NB transmitted by diode gate 436, conditioned
by a stage end signal. This stage end signal, transmitted
by the mixing circuit, occurs:

From the coincidence of a pulse M, characterizing the
multiplication operation, with a pulse 2700, indicating
that chain B is on the extreme left position of the assigned
scanning field, and a pulse (Bo). (Qp) indicating that
the digit written in this position is zero.

From the coincidence of a pulse D.461, indicating, in
the case of division, the existence of a zero in all the posi-
tions scanned from the start of the operation, with a
pulse 9, indicating that all the positions of the divisor have
been scanned. This mode of controlling the test trigger
has been provided to allow the switching to the next stage
in the case where the divisor is zero. . Moreover, warning
circuits are provided to indicate this condition.

From the coincidence of a pulse 481 with a pulse 10
and a pulse B, characterizing the last cycle of a division,
the last unitary time of this cycle and the second alter-
nance of this unitary time, respectively.

The test trigger Ty is reset by pulse NB following
the one that switched said trigger ON. This pulse NB is
passed by the diode gate 437, conditioned by the right
output of the trigger.

This same pulse NB switches set trigger Ty, ON, be-
cause diode gate 438 is conditioned by the right output
of test trigger Ty3;. The following NB pulse resets Tyze
and switches Ty3;3 ON, while the following NB pulse resets
Taz3; and, thereafter, triggers just mentioned stay OFF
until a new stage end pulse switches Ty ON.

The pulses received on the right output and the left
output of test trigger Ty, will be respectively named 431
and 431. The pulses received on the outputs of T,ge will
be designated 432 and 432, and those received on the
outputs of Ty are 433 and 433,

A mixing circuit 435 used as a negative pulse coinci-
dence circuit receives on its inputs a negative signal NA
existing at the end of all times A and a negative signal
resulting from the inversion of pulse 431 by inverter L.

The negative signal received on the output of this
circuit is differentiated by diode gate 434 used as a differ-
entiating circuit, see FIGS. 15¢ and 154. The rear or
trailing part of the signal is changed into a quick positive
pulse which exists at the end of time A of time 431.
This signal is the program advance pulse 4308, The pro-
gram advance pulse is sent to stage trigger block 408 to
conirol a stage change, as previously stated. The pulse
is also sent to carry block 190, sign calculation block
230, control block 360 for switch value true comple-
mentary, rank counter 448, and corrective cycle storage
block 460 to reset all the triggers of these blocks.

RANK COUNTER 440, FIG. 37

trigger, causes the change of

The rank counter 440 counts the unitary times within
each one of the cycles making up a multiplication or
division operation, each cycle lasting ten unitary times.
The rank counter 446 is made up of a chain with ten
triggers Ty to Ty The pulses received on the right out-
puts of these triggers will be designated with 1, 2 . . . 10
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and the pulses received on the left outputs will be desig-
nated with T, 2, ., 10. Pulses 1,1, 8,9 10,10 are used,
as stated further on, for several controls. Each one of
triggers T; to Ty, is switched ON by a pulse NB, the
transmission of which is conditioned by the right output
of the preceding trigger. Each trigger is reset by the
following NB pulse. Trigger Ty is switched ON by a
pulse’ NB, the transmission of which is conditioned by
a mixing circuit capable of passing: ‘

A pulse M.433 for the first starting of the rank counter
in the case of a multiplication. ‘

A pulse resulting from the coincidence of a pulse M.10
with-a pulse TB,y. {05y, for the switching from a cycle to
the following in the case of a multiplication, :

A pulse D.432 for the starting of the rank counter
in the case of a division.

A pulse D.19 for switching from one
lowing cycle in the case of a division. )

Trigger T2 is switched ON by a pulse NB, the trans-
mission of which is conditioned by the coincidence of a
pulse 1 with a pulse 482. Because of this, the switching
from rank 1 to rank 2 is delayed one unitary time in the
last cycle of a division. This gives this cycle an eleven
unitary time duration and allows scanning chain B to
reach on the last time the unit position of the quotient for
the purpose of writing the sign of this quotient.

Special situation storages
(FIRST CYCLI: STORAGE 450, FIG. 3i)

This_storage is made up of a trigger Ty, normally OFF
and sw1tchegl ON by a pulse NA transmitted by diode gate

cycle to the fol-

“set” time 432 for each stage. Ty is reset at the end
of the tenth unitary time of the first cycle by a pulse NB
transmitted by diode gate 453 conditioned by a pulse 10.

The trigger Ty is also reset by a program advance
pulse 4309 furnished by stage beginning chain 430,
FIG. 34,

The pulses received on the right output of trigger Tys,
are pulses 451 and the pulses received on the left output
are pulses 451, -

(ZERO TEST STORAGE 460, FIG. 3¢).
This storage includes a trigger Ty normally OFF.

Tye1 is switched ON by a pulse

there is no reset during the first
cycle, to detect when the divisor is zero. .

Tegr is also ON when the diode gate is conditioned
by the coincidence of a pulse M.10 with 3 pulse
This occurs when the digit contained in the
position of field B scanned during the tenth unitary time
of a multiplication cycle is zero.

Tag; is reset by a pulse NB transmitted by a diode gate
conditioned by the coincidence of a pulse 461 with a
pulse (Bo) (Qq) ‘

The occurs during a division, if a non-zero digit is en-
countered during the first cycle in field A, because, during
the first cycle, the digits read in field B do not enter into
the adder.

The trigger Ty, is also reset during a multiplication if
a position containing a non-zero digit is reached in field
B, because, as long as there is a pulse 19, the reading of
field A is suppressed; and this pulse 10 remains until the
arrival of a pulse (By).(Qq).

(CORRECTIVE CYCLE STORAGE 470, FIG. 8j)

A “corrective cycle” is a cycle during which the divisor
is added instead of being subtracted. - This cycle is per-
formed with the lack of a carry at the tenth unitary time
of the cycle. This shows that the divisor was higher than
the number from which it was subtracted.
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The corrective cycle storage functions to start this cor-
rective cycle by acting on control device value true-com-
plementary-value 360, FIG. 3j.

Corrective cycle storage 470 also functions to supply a
pulse for the entire cycle and to supply a pulse during
the unitary time which follows this cycle. The function
of this latter pulse will be described later herein.

The corrective cycle storage 470 includes two triggers
Ty and Tape.  Trigger Tan normally OFF, is switched
ON by a pulse NB transmitted by diode gate 473. The
diode gate 473 is conditioned by the coincidence of pulses
D.10, characterizing, in case of a division, the last unitary
time of a cycle, pulse T8I proceeding from the adder and
indicating the lack of a carry control, and pulse 451, indi-
cating that it is not the first cycle of the operation. Tan
is reset by a pulse NB transmitted by diode gate 474.
Diode gate 474 is conditioned by the coincidence of
pulses 10 and 181. Hence, reset occurs at the end of the
last unitary time of the corrective cycle if there is a carry
on the output of the adder.

T, is also reset by a program advance pulse 43886.

Trigger Tyrz normally OFF, is switched ON when trig-
ger Ty is being reset. The “slow” input, the input
through a resistor, of the diode gate 478 is wired to the
left output of Tyny; While the “fast” input, input through
a capacitance, is wired to the left output of T4y, the po-
tential of which increases suddenly when Ty switches
OFF. Trigger Ty is reset by a pulse NB transmitted by
diode gate 475 conditioned by the right output of Tare.
Hence, this pulse NB is the first one which follows the
switching ON of Tare, Which coincides with the end of a
pulse NB. Trigger Ty then stays ON only during one
unitary time.

The pulse received on the right output of trigger Tyn
is pulse 471. This pulse lasts during the entire duration
of the corrective cycle.

The pulse received on the left output of Tyn is pulse 471.

The pulse received on the right output of Ty4y2 is pulse
472. TPulse 472 lasts only during the unitary time which
follows the end of a corrective cycle.

Pulse 472 is received on the left output of Tary.

Pulse 772 is used in the chain advance control block.
Pulse 472 functions to eliminate the pulse controlling the
regression of tens chain B, this regression occurring dur-
ing the last unitary time of the corrective cycle.

Moreover, as it will appear further, pulses 472 and 472
are used in combination with pulses 481 and 481 in order
to produce pulses 482 and 48Z.

(DIVISION END STORAGE 480, FIG. 3j)

This storage comprises a trigger Tagr. This trigger,
normally OFF, is switched ON by a pulse NB transmit-
ted by diode gate 483 when the same is conditioned by the
coincidence of a pulse D, characterizing a division, with a
puise 2700, indicating that scanning chain B has reached
the position located immediately to the right of the one
which contains the unit digit of the dividend. Tup is
reset by a pulse NB transmitted by diode gate 484 when
the same is conditioned by the coincidence of a signal on
the right output of the trigger Tyg: with a pulse 19, last
unitary time of the cycle.

Pulse 481 is the pulse received on the right output of
the trigger Ty and pulse 481 is the pulse received on its
left output.

Pulse 481 is sent to the input of coincidence circuit
485, which receives on its other input a pulse 472. The
output of this circuit 485 supplies pulse 482, which lasts
only during the first unitary time of the last cycle of a
division.

Pulse 481 is sent to the input of mixing circuit 486,
which receives on its other input a pulse 472. The output
of this circuit 486 supplies a pulse 482 which is present at
all times, except during the first cycle of the unitary time
of the last cycle of a division.
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PULSE COMBINATION BLOCK 490, FIG. 3k

This block is used to produce pulses resulting from the
coincidence of other pulses and that may be used in sev-
eral components of the device. It is made up of coin-
cidence circuits. The output pulses are designated, ac-
cording to the usual notation of logical algebra, by the
joint writing .of the input pulse symbols separated with
dots. The following pulses are thus obtained:

(1) Pulses that may exist in multiplication and in
division:

Pulse (M+D).
time of each cycle,
OFF.

(2) Pulses that may exist only in multiplication:

M.16
M.1
M.B
M.433
M.433

(3) Pulses that exist only in division:

D.451.1
D.1
D.461
D.1¢
D.451
D.432

DATA INSERTION AND TRANSFER CONTROL
BLOCKS

Transfer from or to core storage 100

SCANNING CHAINS

There are four scanning chains.

Unit chain block 250 includes field
field B unit chain.

Tens chain block 260 includes
field B tens chain.

A detailed showing of the “unit” chain block 250 for
chains A and B is contained in FIG. 34, while the “tens”
chain block 260 for chains A and B, which is similar to
the unit chains, is represented by a rectangle.

UNIT CHAIN BLOCK 250, FIG. 3a

This block comprises ten triggers Taw to T auto for the
“units A” chain and ten triggers Tgu1 t0 Tauio for the
“units B” chain. The switching of these triggers is comn-
trolled by quick negative pulses proceeding from the
chain control block 280, FIG. 3g. Pulse 289 switches all
the triggers OFF. This pulse is directly sent to the trig-
gers. The other pulses transmitted to the triggers are
passed by diode gates, the operation of which is going to
be explained. These other pulses function either to “posi-
tion” the chains; i.e., to switch one of their triggers ON,
or to make them “progress”; ie., to reset the trigger
which was ON and to switch ON the trigger having an
immediately lower rank, or to make them “regress”; i.e.,
to reset the trigger which was ON and to switch ON the
immediately higher rank trigger.

An explanation will follow for the positioning, the pro-
gression and the regression of chain A; the operation of
chain B is similar.

Positioning of chains.—The positioning is performed
through a pulse 281. This pulse is transmitted by a diode
gate when the same is conditioned. This requires the co-
incidence of a pulse 432, proceeding from “stage begin-
ning” chain 430, FIG. 34, with a pulse proceeding from
one of the hubs of chain positioning block 2790, FIG. 3a.
The rank of the hub has a unit digit equal to the rank of
trigger which is to be switched ON. For instance, if
there is a pulse on hub 12 of the chain positioning block:
270, this pulse is transmitted through mixing circuit Ou2,
to an input of concidence circuit 251 having another input
which receives a pulse 432. If this pulse 432 exists, the
pulse received on the output of coincidence circuit 251 is
{ransmitted, through mixing circuit 252, to diode gate 253,

10.471 exists during the last unitary
provided that zero test trigger Tgy1 1S

A unit chain and

field A tens chain and
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$0 that the first pulse 281 will be able to switch trigger
Tauz ON.

Progression—If one of the triggers is ON, the first
pulse 281 following its switching ON resets it and switches
ON the immediately lower rank trigger. If, for instance,
trigger Tpyy is ON, a positive voltage is transmitted dur-
ing time A, through coincidence circuit 254 and mixing
circuit 255 to the slow inputs of diode gates 256 and 257
so that the first pulse 281, it is recalled that these pulses
may happen only at the end of a time A, resets trigger
Tauz and switches trigger Tay; ON. When trigger Tayg
is ON, the first pulse 281 following its switching ON re-
sets it, switching trigger T ayzo ON.

Regression—If one of the triggers is ON, the first pulse
282 following its switching ON resets it and switches ON
the immediately higher rank trigger. If, for instance, trig-
ger Taye is ON, a positive voltage is transmitted on the
slow inputs of diode gates 258 and 259 and the first pulse
282 switches trigger Taye OFF and trigger Tay; ON.

When trigger Tpyyo is ON, the first pulse 282 follow-
ing its switching ON resets it while switching trigger
Tau1 ON.

Hence, the unit chains A and B are closed chains for
progression and regression.

Output pulses—The positive pulses received on the
right outputs of the triggers of “units” chain A are sent
to coincidence circuits which receive also pulses A. The
pulses received on the right output of the triggers of
“units” B chain are sent to coincidence circuits which
receive also pulses B. The pulses received on the output
of the two coincidence circuits of a corresponding rank
are sent to a mixing circnit. The output of said mixing
circuit makes up an output circuit for the “unit” chain
block. There is a positive voltage on this circuit:

During time A if the corresponding trigger of “units”
chain A is ON.

During B if the corresponding trigger of chain B is
ON.

Thus, for instance, mixing circuit 255 passes an impulse
from coincidence circuit 254 during time A, if trigger
TAu2 is ON.

Mixing circuit 255 passes an impulse from coincidence
circuit 170 during time B, if trigger Tgys is ON.

The pulse passed by mixing circuit 255 is »2 and is sent
to the “scanning pulse generator” 309, FIG. 3b.

It may be noted that pulse u2 exists as well on time 432
if there is a voltage on one of hubs 01, 11, 21, etc., of the
chain positioning and stopping block. However, under
these conditions, the pulse u2 has no effect on the scan-
ning pulse generator 308 because basic pulses X’ and Y’,
necessary to the operation of this generator, do not exist
at time 432,

TENS CHAIN BLOCK 260, FIG. 3¢

This block operates similar to that of the unit chain
block 250. However, in the tens chain block 260, chain
A and B each includes only eight triggers and the chains
are open chains.

The tens chains are reset by the same pulse 289 as
the unit chain. They are “positioned,” “progress,” or
“regressed” with particular pulses 283, 284, 287 and 288.
For instance, the positioning of “tens A” chain on the
second trigger takes place on time 432 (time “set”) if
there is a positive voltage on one of hubs 11 to 28 in the
chain positioning and stopping block 270.

The output pulses of the tens chain block are respec-
tively designated with dy, d; . . . dy.

CHAIN POSITIONING BLOCK 270, FIG. 3a

The chain positioning block is used to position the chains
A and B on the first position to be scanned or the posi-
tion making up one of the extremities of the field to be
scanned.

The chain positioning block also functions to produce,
when the chains reach the position located immediately
to the right of the other extremity, a stop signal allowing,
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if several conditions are met, to obtain various results
such as basic pulse elimination, chain resect control, or
passing to the following program stage.

The chain positioning block 270 includes:

(1) Eighty position hubs numbered from 01 to. 89,

(2) Ten mixing circuits 0, to 0y, each correspond-
ing to a unit digit.

(3) Eight mixing circuits 0gy to 04y, each correspond-
ing to a tens digit.

(4) Stop signal circuits which are to be described here-
after.

As it was stated in the description of program general
control block 400, FIG. 3g, removable connections link
several positioning and stopping chain block position hubs
to various “pick up” hubs of the field defining block.

At each program stage, one of the “pick up” hubs
receives a pulse during time A; and another “pick up” hub
receives a pulse during time B. As it has already been ex-
plained, the pulses proceeding from a “pick up” hub are
transmitted, on one hand, to a storage block control hub
and through it to a storage chain hub in the scanning
pulse generator,

On the other hand, the on-time “set” pulses (time
432) are sent to field defining hub F facing the pick up
hub (multiplication case for both chains, or division case
for chain A) or to the defining hub located immediately
to the right of the previous one (division case for chain
B).

During the rest of the operation, the pulses from the
pick up hub are sent to the field defining hub located
immediately to the right of the one that faces the pick
up hub (multiplication case for both chains, or division
case for chain A) or to the field defining hub facing the
pick up (division case for chain B).

The linkings of time 432 are for the positioning of the
chains, the linkings further on in the operation are for
stopping the chains.

The field defining hub facing the pick up hub is wired
through a removable connection to the position hub of
chain positioning block 270 corresponding to the right
extremity of the field. The field defining hub located
immediately to the right of the previous one is wired,
through a removable connection, to the position hub cor-
responding to the position located immediately to the left
of the left extremity of the field. This same connection
may be used to define the right extremity of a field used
in another stage.

Hence, in case of a multiplication, chains A and B, re-
spectively, get into position on the right positions of
fields A and B.

In case of a division, chain A gets on the right position
of fleld A and chain B on the left position of field B.

In case of a multiplication, the stop signal will occur
each time one of the chains will reach the left position
of its field.

In case of a division, the stop signal will occur when
chain A will reach the left position of field A or when
chain B will go past the right of the right position of
field B.

The stop signal 2708 is normally supplied by 3-input
coincidence circuit 275 which has inputs for receiving a
“unit” stop signal, a “tens” stop signal, and a signal 432,

The “unit” stop signal is supplied by mixing circuit
271 having each one of its ten inputs wired to the output
of a coincidence circuit having two inputs. One of these
inputs corresponds to a group of position hubs, the rank
of which has the same unit digit; and it is positive when
one of the hubs is positive. The other input is wired
to the output circuit of the unit chain block, the rank
of which is higher one unit. For instance, coincidence
circuit 272 supplies a pulse on its output when the unit
chain is in position 3, if one of hubs 02, 12 . ... 72 is
positive, :

The “tens” stop signal is supplied by mixing circuit
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273 having each one of its eight inputs wired to the output
of a coincidence circuit having two inputs. One of these
inputs corresponds to a group of position hubs, the rank
of which has the same tens digit, and not to the hubs
of a same series of ten. For instance, hub 10, which be-
longs to series of ten @ and has the same effect as hubs 01
to 09 for the positioning of the tens chain, is on the con-
trary grouped with hubs 11 to 19 for supplying a stop
signal; and it is positive when one of these hubs is posi-
tive. The other input is wired to the output circuit of the
tens chain having the same number. For instance, cir-
cuit 274 supplies a pulse on its output when the tens chain
is in position 9, if one of hubs 61 to 09 is positive.

The outputs of mixing circuits 271 and 273 are wired
to the input of the coincidence circuit 275 which receives
signal 432 on a third input.

When it is not time 432, the unit chain and tens chain
assembly is on a position located immediately to the right
of a position corresponding to a positive hub. A so-
called “stop” signal 2700 is supplied by the output of
coincidence circuit 275. This is the case if, for instance,
there is a positive signal on hub 62, the unit chain being
in position 3 and the tens chain in position @; as well, if
there is a positive signal on hub 09, the unit chain being
in position 10 and the tens chain in position @; or, fur-
ther, if there is a positive signal on hub 10, the unit chain
being in position 1 and the tens chain in position 1.

Moreover, in order that the signal be produced in all
cases when a chain reaches position 1, the output of
coincidence circuit 275 is sent to a mixing circuit 276
which receives also a signal proceeding from the coin-
cidence of pulses d0 and ul.

'CHATN CONTROL BLOCK 1280, FIG. 3¢

This block supplies the pulses controlling the progres-
sion or the regression of the chains or their reset. The
block circuits may be assembled in five groups dealing
respectively with the progression of chain A, the regres-
sion of chain A, the progression of chain B, the regres-
sion of chain B and the reset.

Progression of chain A —The progressicn of the “units”
chain A is controlled by pulses 281 and the progression
of the “tens” chain A is controlled by the chain A
pulses 283.

Pulses 281 are quick negative pulses resulting from
the coincidence of a pulse NA with a negative pulse ob-
tained on the output of inverter Ing;. The inverter Igg has
a negative pulse at its output upon the presence of a pulse
M, showing that it is not a multiplication case, or upon
the coincidence of a pulse 461, test of no zero, with pulse
M. 433.

In case of a division, the units A chain progresses once
for each unitary time at the end of time A.

In case of a multiplication, it progresses once for each
unitary time at the end of time A, except on unitary time
433 (time immediately following time 432) or when the
digit recorded in the position at the extreme right of the
multiplier is zero.

Pulses 283 are quick negative pulses resulting from the
coincidence of a negative pulse 285 with a negative pulse
obtained in one of the two following cases:

During time 432 (“set” time); i.e., when positive pulse
232 is not existing. In this case, pulse 283 is used to
position the tens A chain, as explained above.

When the units chain A is in position 1; ic., when the
positive pulse Aul obtained on the left output of trigger
Tay in the unit chain block 259, FIG. 3a, does not exist
in this case, the unit chain switches from position 1 to
position 10, while the tens chain progresses one unit,
switching, for instance, from position 3 to position 2.

1t will be noted that the mixing of negative pulses, ex-
isting during the absence of positive pulses, is obtained
due to a “coincidence circuit”, as shown in FIGS. 13a
and 13b.
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Regression of chains A.—The regression of the units
chain A is controlled by pulses 282 and the regression of
the tens chain A is controlied by pulses 284.
Since pulses 282 are not used in the multiplication
and division operations, their mode of production will
not be mentioned. Pulses 284 are quick negative pulses
resulting from the coincidence of a pulse NB with a pulse
obtained on the output of inverter Ipgs when there is a
pulse (M-+D). 19. 461; ie., (in multiplication) at the
tenth unitary time of each cycle. If the digit of the posi-
tion at the extreme right of the multiplier is not zero, or
(in division) if the chains have not constantly encoun-
tered, during the first cycle, zero digits in the divisor.
Hence, chain A may regress only at the end of time B,
while it may progress only at the end of time A.
Progression of chains B.—The progression of the units
chain B is controlled by pulses 285 and the progression
of the tens chain B is controlled by pulses 287.
Pulses 285 are quick negative pulses resulting from the
coincidence of pulse NB with a negative pulse received on
the right output of trigger Tags, When this trigger is OFF.
As a matter of fact, trigger Tags, normally OFF, is
switched ON by a pulse NA either in case of coincidence
of a pulse D.451 with a pulse 9 or in case of coincidence
of a pulse 471 (corrective cycle) with a pulse 10,
T,gs is reset by a pulse NA either in case of coincidence
of a pulse 451 (first cycle pulse) with a pulse 16 or by
a pulse D.1.
Hence, the trigger Tygs is always OFF in multiplication.
In division, it is always OFF, except:
During time B of the ninth unitary time of the first
cycle and time A of the following unitary time.
During time B of the tenth unitary time of a corrective
cycle and time A of the following unitary time.
Hence, the advance pulses of the “units” chain B exist:
In multiplication, at the end of time B of all the unitary
times.
In division, at the end of time B of all the unitary
times, except the ninth unitary time of the first cycle and
the tenth unitary time of the corrective cycles.
Pulses 287, advance pulses of the tens B chain, are
quick negative pulses resulting from the coincidence of
a negative pulse 285 with a negative pulse obtained in one
of the two following cases:
During time 432 (“set” time); ie., when positive pulse
732 is not existing; in this case, pulse 287 is used to posi-
tion the tens B chain.
When the unit chain B is in position 1; ie., when the
positive pulse Bul obtained on the left output of trigger
Tgu in the unit chain block 258, FIG. 3a, is not existing.
In this case, the tens chain B progresses one rank and the
units B chain switches from position 1 to position 10.
Regression of chains B—The regression of the units
chain B is controlled by pulses 286 and the regression of
the tens chain B is controlled by pulses 288. Since pulses
286 are not used in the multiplication and division opera-
tions, their mode of production will not be mentioned.
Pulses 288 are quick negative pulses resulting from the
coincidence of a pulse N with a negative pulse received
on the output of inverter Ipgg during time A in one of the
following cases:
existence of a pulse M.1.
coincidence of a pulse 471, corrective cycle, with a
pulse 10.

coincidence of a pulse 472, the pulse existing at all
times except during the unitary time which follows
the end of a corrective cycle, and of a pulse D.

151, existing at the first unitary time of all the
cycles of a division, except the first one.
Hence, the tens chain B will regress one rank:
In muitiplication, at the end of time A of the first
unitary time of each cycle. )
In division, at the end of time A of the first unitary
time of each cycle, except the first cycle and the cycle im-
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mediately following a corrective cycle and at the end of
time A of the tenth unitary time of a corrective cycle.

It should be noted that chain B may regress only at the
end of time A, while it may progress only at the end of
time B.

Reset—The reset (i.e, the switching OFF of all the
triggers -of all the chains) is controlled by a pulse 289
resulting from the coincidence of a pulse R (quick nega-
tive pulse produced at times A and B by the basic pulse
generator and ending a little after the middle of the times
A and B) with a negative pulse produced by inverted
Tog9 in case of coincidence of a pulse A with a pulse 431.

Hence, the chains are reset during time A of time 431,
time “test”; i.e., a little after the production of pulse 4300
which causes a stage change.

SCANNING PULSE GENERATOR BLOCK 300, FIG. 3b

The scanning pulse generator produces, in response to
pulses coming from the chains, high amplitude current
pulses, well determined and constant.. These pulses are
transmitted to the unit wires and the tens wires of core
storage 100 for the reading and writing operations. The
direction of the currents for the reading must be opposite
to the direction for the writing. The pulses may be pro-
duced by generators G of the type shown in FIGS. 164
and 16b.

In FIG. 3b, only the two generators corresponding to
the fifth unit wire and to the tens wire d3; ie., to rep-
resent position 35, is shown. In each pair, the left gen-
erator produces a pulse within the duration of a read
pulse X’ and the right generator produces a pulse within
the duration of a “write” pulse Y”, if there is a pulse
on the corresponding output of the scanning chain. The
regulators are not shown. As there is only one unit
pulse and one tens pulse to be sent at the same time, only
two regulators need be used for the whole system.

It is to be noted that, while the unit scanning pulses
are sent to a unit wire common to all the storage blocks,
the tens scanning pulses are sent to only one block, be-
cause the tens wires are connected to the positive voltage
outlet, not directly, but through electronic switches con-
ditioned by pulses proceeding from block defining hubs.

STORAGE BLOCK SELECTION UNIT 310, FIG. 3b

This block includes for each storage block one hub and
two electronic switches. One switch is for the read wires
and the other for the write wires. For purposes of illus-
tration, provision has been made for selecting any one of
four storage blocks. The corresponding hubs are desig-
nated with a, b, ¢ and d and the switches with Sas Sps
S, and Sy for the read switches and Sa’s Sy', S¢’ and Sy’
for the write switches.

The switches may be of the type shown in FIG. 164.
Each switch is located in a circuit common to all the tens
wires of a same storage block. The read switch and the
write switch corresponding to a same storage block are
controlled by a same hub.

READ AND WRITE GATE 290, FIG. 3%

This block has for a purpose to supply pulses X’ and Y’
which respectively control the read and write operations.
They are produced by the coincidence of pulses X or Y
supplied by the basic generator with a pulse supplied by
the coincidence circuit 291, if the following conditions
are met together:

existence of a pulse A’ or a pulse B’,
existence of a pulse 482,
existence of a pulse 471 or a pulse 0.

The result is that the read and write operations are
eliminated for times A and B:

When pulses A’ and B’ are eliminated; i.e., on times
431 and 432.

During the first unitary time of the last cycle of a
‘division.
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During the tenth unitary time of all the corrective
cycles.

They are eliminated for time A while remaining for
time B when the basic pulse eliminator eliminates pulses
A’ without eliminating pulses B’; i.e.:

On the ninth unitary time of each cycle and on the
tenth unitary time of the cycles which are not corrective
cycles. It has been stated that, on the tenth unitary time
of a corrective cycle, they were eliminated for both pulses.

When chain A has gone over the left limit of field A
(case of a multiplicand or a divisor having less than eight
digits).

During the first cycle of a multiplication.

Other transfers and insertions
CONTROL OF READ AMPLIFIERS 320, FIG. 3n

The apparatus in this block supplies a pulse which
allows the operation of the read amplifier:

During time A each time pulse A’ exists, or each time
there is a read gate.

During time B each time there is a pulse B’, except
during the first cycle of an operation; however, in multi-
plication, it exists on the tenth unitary time of the first
cycle.

It is to be noted that the read amplifier control pulse must
exist in the case of a multiplication at time 433, time im-
mediately following time “set” 432, which is not part of
the first cycle, even though trigger Tys; has been switched
ON at the end of time 432, thus eliminating pulse 451.
In order to obtain a pulse 321, it is necessary to send a
pulse M. 433 to mixing circuit 322.

The read amplifier control does not supply a pulse dur-
ing the first cycle; hence, even though the read gate is
ON, during time B, the information read in field B is
crased and is not transmitted to register AB120 and, con-
sequently, may not be regenerated. This operation
erases the area in which the nine right digits of the multi-
plier or the nine left digits of the quotient are to. be
written.

DEVELOPMENT AND CONTROL OF THE INSERTION OF
BIT (C) IN REGISTER AB120 BY BIT (C) GENERATOR
330, FIG. 3¢
When a reading is performed in the core storage 100

and the read amplifier control pulse exists, all the bits

contained in the read position, including bit (C), if it
exists, are transmitted to register AB120. '

But if the read gate or the read amplifier does not sup-
ply a pulse during time A or B, no data is transmitted.
Control circuits, not shown because they do not concern
the present invention, supply, except during time 431 and
432, an error signal when there is not in register AB120
an odd number of triggers ON at the end of time A or B.
Hence, it is necessary, in order to avoid this error signal,
to insert a bit (C), if appropriate, which will switch the
corresponding trigger ON.

This result is achieved by wiring the diode gate which
controls the input of this trigger to the output of a mixing
circuit which transmits a signal in the following cases:

(1) Normal case—Existence of a signal C on the otit-
put of the read amplifier,

(2) Case of elimination of the read gate during time
A.—Coincidence of a pulse A with a pulse A"

Existence of a pulse 482, characterizing the first unitary
time of the last cycle of a division .

(3) Case of elimination of the read gate during time
B.—Coincidence of a pulse B with a pulse 471 and a pulse
10, the coincidence existing during the tenth unitary time
of a corrective cycle. ‘

(4) Case of elimination of the read amplifier control
during time B.—Coincidence of a pulse B’ with a pulse
D.451, first cycle of a division.

Coincidence of a pulse 451 with a pulse M.433 and a
pulse T0, first cycle of a multiplication, except the tenth
unitary time. It is to be noted that it is not necessary to
send a pulse B or B’ to the coincidence circuit because,
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during the first cycle of a multiplication, there is no read-
ing in field A.
DIGIT INSERTION BLOCK 340, F'IG. 3i

The digit insertion block functions to enter into register
140 at a time determined by the program a preselected
digit. It is especially used:

In multiplication, in order to introduce a 9 at the end of
time A of the tenth unitary time of the cycle other than
the first cycle; if the doubler is not used. This 9 adds to
the digit of the multiplier, and this decreases this digit one
unit; and, if the doubler is used, the 9, going through the
doubler, becomes an 8 which, added to the digit of the
multiplier, decreases this digit two units. It is to be noted
that, during the tenth unitary time, the carries of the dou-
bler and the adder are eliminated as it will be seen in the
description of the carry circuit.

In division, to introduce a 9 at the end of time A of the
tenth unitary time of each corrective addition cycle in
order to eliminate the carry proceeding from the- ninth
unitary time. In the subtraction cycles, this 9 is also en-
tered, but it is changed into digit O by switch 170; on the
first cycle and on the division end cycle, this 9 is not
entered.

In the multiplication with half-adjust, in order to enter,
during the first cycle, a 5 in the position corresponding to
the first digit eliminated.

It may be used for other purposes; for instance, to per-
form a multiplication or a division with a fixed digit which
needs not to be entered in core storage 160. However,
only the circuits corresponding to the uses just mentioned
are shown.

Even -though it is possible to write directly the digits
directly into register A 140, it has been preferred to trans-
fer them via the input of the first translator 130, and this
allows to define the digits according to the modified bi-
nary code which requires less circuits than the “qui-
binary.”

The bits (1), (2), (4) and (8) of the modified binary
code are supplied by the outputs of mixing circuits 0¢),
03), 04y and O(s).

One of the inputs of circuit 0(;y and one of the inputs
of circuit 0 come from the output of coincidence cir-
cuit 331 used for the insertion of the 9 at the tenth unitary
time of a multiplication or division cycle. The inputs
of this circuit receive, respectively, pulses. (M+D).10:461,
351 and 481.

Another input of circuit 0(;y and an input of circuit
04 come from the output of coincidence circuit 332 hav-
ing an input wired to hub HA, which is ON during the
whole duration of a multiplication operation with half-
adjust. The coincidence circuit 332 also has an input
from the circuits conveying pulses 451. Hence, digit 5§
exists on the output of the mixing circuits during the
whole duration of the first cycle of a multiplication with
half-adjust.

It would be possible, without departing from the scope
of the invention, to eliminate the complementary inputs
of circuit 0¢;, and eliminate the other OR circuits by
directly wiring circuits 333 and 334 and 335 and 336.

Mixing circuit 337 furnishes 2 pulse 3300 for releasing
the input of the translator 130 which transmits the digits
proceeding from block 338. Inverter 3500 Supplies com-
plementary pulse 3300 for releasing the input of trans-
lator 130, which transmits the digits or characters pro-
ceeding from storage AB129. Mixing circuit 337 may
receive a pulse:.

Either from coincidence circuit 331, in order to allow
the insertion of a 9 during the tenth unitary time of a
multiplication or a division.

Or from mixing circuit 338 in order to allow the inser-
tion of a digit during the unitary time defined by one of
the hubs, only two of these hubs are shown. If, for in-
stance, hub #;. is picked up, mixing circuit 338 will receive
a pulse during the first unitary time of each cycle, due to
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coincidence circuit 339 which receives pulse 1 from the
rank counter.
Or, eventually, from other inputs.

DOUBLER CONTROL BLOCK 350, FIG. 3j

The doubler 150 operates as long as the last digit of the
multiplier is higher than 1. Hence, it is necessary, when
chain B switches to the position containing the last digit
of the muitiplier, to control the use or the non-use of the
doubler for the following cycle.

The discrimination between a digit higher than 1 and
a digit lower than or equal to 1 is performed through the
reading of output (Qq) of the adder. As a matter of
fact, on the tenth unitary time, field B only is read;
hence, the quantity existing on the output of the adder
is equal to the quantity read in field B; i.e., the multiplier
digit. If this digit is equal to 1 or 0, there is a positive
pulse (Qg) on the output of the adder; if this digit is
higher than 1, there is a positive pulse (Qo) on the output
of the inverter Igo.

The use of the doubler is controlled by a pulse 351
supplied by trigger Tas; when said trigger is ON, and its

non-use is controlled by a pulse 351 supplied by trigger
Tss; when it is OFF.

Trigger Tss, is switched ON by a pulse NB in case of
coincidence between pulse MB with pulse 10 and (Qp) and
it is reset by a pulse NB in case of coincidence of pulses
MB, 10 and (Qy).

TRUBE-COMPLEMENTARY-VALUE SWITCH CONTROL

BLOCK 360, FIG. 3j

The apparatus in block 360 supplies a pulse 361 to
control the transfer to the adder of the complementary
value of that value recorded in register A140 and a pulse
361 to control the transfer of the value itself. Pulse 361
is received on the right output of trigger T3q When said
trigger is ON and pulse 361 is received on the left output
of the trigger when it is OFF.

Trigger Tsg1, normally OFF, is switched ON by a pulse
NA, in case of coincidence of pulses D. 1, 451, 471 and
81, i.e., in the middle of the first unitary time of the divi-
sion ‘cycles other than the first cycle, the last cycle or a
corrective cycle. It is reset by a pulse NA in case of
coincidence of a pulse D. 1 with a pulse 471; i.e., in the
middle of the first unitary time of a corrective cycle.

Hence, there is a pulse 361 during the subtraction
cycles and a pulse 361 during the other cycles, except
during time A of the first unitary time; and this does not
matter since the transfers of the values recorded in register
A occur during time B.

REGENBERATION-ADDITION SWITCH CONTROL. BLOCK
370, FIG. 31

This block sends to the regeneration-addition switch
210, FIG. 3f, either a signal 371 allowing the switch 210
to transmit the signals coming from register AB126 or a
signal 372 which enables the switch 210 to transmit the
signals proceeding from the adder 180 through the second
translator 260.

It is recalled that it is necessary to write in core storage
100, without modification, the signals recorded in register
AB120:

at the end of all times A, if the reading has taken place.

on time 433 of the multiplication “unit rank” time dur-

ing both times A and B. During time A, the unit
position of the multiplicand is read; and, during time
B, the unit position of the multiplier is read, in order
to send their signs to the sign.trigger, and the value
of the digits written in these positions must be kept
unaltered in core storage.

during the first cycle of a division during time A to

rewrite the digits of the divisor as long as chain A
goes over positions containing digits; also, to write
bit (C) inserted in register AB12¢ by the insertion
block for bit (C); and, during time B, to write the bit
(C) inserted in register AB129 during time B of the
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first cycle of a division. As already stated, the read
amplifier not being controlled during time B of the
first cycle of an operation, register AB120 contains
only bit (C) during this time.

It is necessary to write in core storage 100 the signals
proceeding from the adder 180 at the end of all times
B, except in the above-mentioned instances, and daring
times 431 “test time” and 432 “set time.” During the first
cycle of a multiplication, the adder will supply digit 0,
translated with a (C) bit, because the read gate is elimi-
nated during times A and the read amplifier is not con-
trolled during time B.

According to the conditions mentioned above, the mix-
ing circuits 373, 374 and 375 supply pulse 371 which con-
trols the regeneration of the data written in register AB120,
and circuits 376, 377 and 378 supply pulse 372 which con-
trols the writing of the data proceeding from the adder.

DATA STORAGE
Core storage 100, FIG. 3b

The core storage 100 is of the magnetic core storage
type. It may be made up of one or several storage blocks
wherein each comprising 80 7-core “positions.” Each core
has two stable states, which will be named, out of conven-
tion, state “1” and state “0.” The combination of the states
of the seven cores of a position defines a digit and its sign.
The seven cores are respectively designated with (1), (2),
(4), (8),:(A), (B) and (C). Cores (1), (2), (4) and
(8) are utilized to define a decimal digit in the modified
binary code. Signals (A) and (B) define the sign; if the
sign is negative, core (A) is in “0” state and core (B) is
in “1” state. The cores (A) and (B) have an opposite
state if the sign is positive or if it is not specified. Core
(C) is for checking operations; its state must be such that
the number of cores; i.e., seven, defining a digit in the
“1” state be odd.

The 80 positions of a storage unit are assembled in
groups of ten, each group of ten is numbered from 0 to 7
and the groups are numbered from 1 to 16. Each core
is crossed by two tens wires (one for reading and one for
writing) common to all the cores of a same group of ten
of the same storage block. Each core is also crossed by
two unit wires common to all the cores having the same
unit number in all the storage block, a detection wire com-
mon to all the cores having the same designation; i.e.,
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seven, and an inhibition wire, also common to all the cores -

having the same designation. In FIG. 35, only the seven
cores of the 35th position of the storage block “b” are
shown. The detection and inhibition wires are indicated
horizontally, the detection wire being above the inhibition
wire. The position defining wires are represented verti-
cally. . The tens wire 101 and 102 are on the right. The
wires represented, hence, correspond to block “b” and to
‘group 3. The unit wires 103 and 104 are on the left.
Hence, the wires represented correspond to group 5.
The reading of the information contained in a “storage
position” is performed by sending a current on tens wire
“reading” together with another pulse on unit wire “read-
ing” corresponding to this position. These pulses have
‘no effect on the cores which were in “0” state, but switch
to “0” state the cores which were in “1” state; and this

60
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has for a result to cause, in the detection or sense wires
which cross said cores, induced currents which make up
the reading of the information.

The recording of an information in a storage position
having all its cores in “0” state (writing operation) is
performed by sending simultaneously current pulses:

To tens wire “writing” and to unit wire “writing” de-
fining the position.

To the inhibition wires crossing the cores which must
not switch to ON state; thus, for instance, to the writing
of digit 7 characterized by the switching ON of cores (1),
(2) and (4), inhibition pulses will be sent through cores
(8), (A), (B) and (C).

The inhibition pulses proceed from inhibition pulse
generator 220, FIG. 3f, which will be described further
on., The position defining pulses (sent to the tens and
unit wires) proceed from scanning pulse generators 300,
FIG. 35, already described.

Read amplifier 110, FIG. 3b

This component is made up of seven elementary ampli-
fiers which may be of the type shown in FIG. 11a. Each
amplifier receives on its input a pulse received on one of
the detection wires of core storage 100 and transmitted by
a diode gate conditioned by the output of the control of
read amplifier 320, FIG. 3.

The outputs of amplifiers Ay, A, Ay, A, Aay,
Ay are wired to the inputs of register AB120. The
output of the amplifier A ¢, is wired to one of the inputs
of a mixing circuit located in insertion block 330, FIG. 3i.

Register AB120, FIG. 3b

Register AB120 is a storage which temporarily stores
the information coming from the read amplifier. This
storage is made up of seven triggers keeping, respectively,
information (1), (2), (4), (8), (A), (B) and (C). The
first six triggers are switched ON by the outputs of corre-
sponding elementary read amplifiers Ay to Am). The
seventh is switched ON by the output of a mixing circuit
located in insertion block 330, FIG. 3. All these triggers
are reset by the trailing or rear end of a pulse “N” proceed-
ing from the basic pulse generator and transmitted by
a diode gate acting as a differentiating circuit.

Translator 130, FIG. 3¢

The first translator is to translate the modified binary

-code into a qui-binary code.

The qui-binary code has been adopted and includes
elements to represent seven different designations, among
which any two are in state “1.”

One of the elements in state “1” is termed a “quinary”
element taken among the five elements (Q0), (Q2), (Q4),
(Q6) and (Q8).

The other element in state “1” is termed a “binary”
element taken among the two elements (BO) and (B1).

The following table gives the correspondence between
the modified binary representation used in the present
device, with digit 0 represented by elements 8 and 2,
and the qui-binary representation. In this table, a cross
is written in the columns corresponding to the elements

which define this value,

Represented

Semi-binary System

Qui-binary System

Value
@

@

@® Q) | Q@ | @
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The digits transferred in modified binary code to the
input of the translator come either from register AB120,
FIG. 3b, or from digit insertion block 339, FIG. 3i.

The digits coming from register AB120 are transmitted
when there is a pulse 3300, due to coincidence circuits
131(1), 131(2), 131(4), 131(8)' Pulses 33—06, which pro-
ceed from block 340, FIG. 3i, are transmitted when there
is a pulse 3300. The elements defining the digit to be
transmitted are sent to mixing circuits 133, 1335y,
133y and 133(5. Pulses (1), (2), (4) and (8) ob-
tained on the output of these circuits are sent to inverters
Tty L2y, Lay and Ig) which produce complementary pulses
(1), (), @ and (8). Coincidence circuits 134, 135,
136 (g2 to 136(qg) and mixing circuit 136qq) perform the
switching from the modified binary system fo the qui-
binary system.

Register A140, FIG. 3¢

Register A140 is a storage for temporarily storing dur-
ing time B the information extracted from field A and
which has been recorded in register AB120 during time
A. This allows, during time B, the readout of an informa-
tion from field B and its recording in register AB129.

Contrary to register AB120, register A140 records
quantities defined in the qui-binary code.

Register A149 is made up of seven triggers, each having
the duty to record one of the seven bits of the qui-binary
code. Each trigger is switched ON by the trailing or rear
end of a pulse NA transmitted by a diode gate conditioned
by the output of “first” translator 130 corresponding to
the qui-binary element that the trigger must keep, and
it is reset by the following pulse NB.

Doubler 150 and carry storage of doubler 160, FIG. 3d

Doubler 150 doubles the digits proceeding from register
A140 in order to speed up the multiplication operations.

It is made up of ten coincidence circuits, each having
three inputs. One of the three inputs is wired to the out-
put of the control plock of doubler 350, FIG. 3j, and it
receives a positive signal when the doubler is to be used.
The other two inputs are wired to both outputs of register
A149 corresponding to the qui-binary code elements which
correspond to the digit which must be doubled.

The output of a coincidence circuit defines the quinary
element of the doubled digit. It is not necessary to raise
circuits to determine the binary element because the dou-
bling always leads to an odd digit; hence, the binary ele-
ment will always be (B0).

If the digit to be double is
it is necessary to keep a carry of a unit that is to be added
later to the mext higher rank digit. This is accomplished
by doubler carry storage 160. However, this carry does
ot occur if the operation is on the tenth unitary time of a
cycle. The doubler is used only to change a 9 into an 8 in
order to decrease the multiplier two units.

Carry storage 160 is made up of a trigger Tig Which
is switched ON by the rear end of a pulse NB transmitted
by a diode gate conditioned by the coincidence of a
pulse 10 with a pulse proceeding from mixing circuit 161.
The inputs of the mixing circuit 161 are wired, one to out-
put (Q6) of register A140, the other to output (Q8), and
another one to the output of a coincidence circuit having
its inputs wired to outputs (Q4 and (B1) of register A.
Hence, the trigger Tigo 18 switched ON, except on the
tenth unitary time of each cycle, when register A140 con-
tains one of the digits 6, 7, 8, 9, 5. It is reset by a pulse
NB transmitted by a diode gate conditioned by mixing cir-
cuit 162, either on the tenth unitary time of a cycle, or
when register A140 contains one of the digits 0, 1, 2, 3, 4
according to a disposition similar to the one which causes
the switching of the trigger T1g0 ON.

The pulses obtaingd on the right and left outputs of the

doubler are transmitted by coincidence circuits condi-
tioned by the output of the doubler control block 350.

equal to or higher than 5,
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“Value true-complementary-value” switch 170, FIG. 3d

The switch 170 has one input wired to the output of
doubler 150 and another input wired to the output of
register A149. If the doubler is used, the switch trans-
mits the digit proceeding from the doubler and, eventu-
ally, the carry proceeding from the preceding rank digit.
If the doubler is not used, it transmits the digit proceeding
from register A140, if “switch” true-complementary con-
trol block 360, FIG. 3j, transmits a signal on its out-
put 361.

Also, if the doubler is not used, the switch 170 trans-
mits the 9 complement of this digit, if block 360 transmits
a signal on its output 361.

Switch 179 includes thirteen coincidence circuits. One
of the inputs of these circuits is wired to output 351 of
the doubler control block 358, FIG. 3j, which is positive
only when the doubler is not used. Another input is
wired to one of the outputs of register A149. A third
input is wired, either to output 361, or to output 361 of
the control block 360. However, the coincidence circuit
wired to output (Q4) of register A148 does not have this
third input, because the complement of a digit having a
bit (Q4) will also be represented by a bit (Q4).

The outputs of the above-mentioned coincidence cir-
cuits are wired to the inputs of the mixing circuits; there
is a mixing circuit for each one of the qui-binary code
elements. The mixing circuits corresponding to the qui-
nary elements have also inputs wired to the corresponding
outputs of doubler 58 and the mixing circuits correspond-
ing to the binary elements have an input wired to an out-
put of the carry register of the doubler. In case the dou-
bler is used, the number resulting from the doubling is
always odd; hence, an element (B1) may be obtained
only if there is a carry proceeding from the preceding digit.
The result of the doubling and the carry need not be com-
bined in an adding circnit since the doubling determines
only the quinary element and the carry determines only
the binary element; this independence of both operations
is one of the advantages of the use of the qui-binary sys-
tem.

Adder 180, FIG. 3e

The adder adds the digits proceeding from register
A140, through the value-true-complementary-value switch
170 to those coming from register AB128, through the
first translator 136. All of the digits are represented
in qui-binary code. Moreover, the adder receives the
carry addition signals 191 proceeding from the carry stor-
age of adder 190, FIG. 3k. If no carry is to be per-
formed, the adder receives a pulse 191 proceeding from
the same component.

The adder is made up by an assembly of coincidence
circuits and mixing circuits arranged as shown in FIG.
3e. The output is made up of seven lines, each transmit-
ting one of the elements of the qui-binary code.

Moreover, if a carry to be added to the higher rank
digit is to be recorded, the adder sends a pulse onto a line
(181) wired to the carry storage 19¢. If no carry is to be
performed, a pulse is sent onto a line (i81).

The output of the adder is wired to the input of second
translator 208, FIG. 3f. Moreover, the line transmitting
element (Q®) is wired to the contro! of doubler 350,
FIG. 3j, the operation of which has been explained above.

Adder carry storage 190, FIG. 3k

This block supplies a pulse (191) in order to control
the addition of a carry or a pulse (181) to control a lack
of carry.

A carry is to be controlled:

When the sum of the digits added during the preceding
unitary time is higher than 9, except, however, on the time
which follows the tenth unitary time of a multiplication,
or the time during which a © or an 8 is sent to decrease
the multiplier one or two units. This time may be either
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the first unitary time of the following cycle or an interval
between cycles, during which the rank counter is still on
position 10. Hence, the carry must be eliminated, not
only if there is a pulse M. 1, but also if there is a pulse
M. 10. However, even when the operation is really on
the tenth unitary time of a cycle, it is not possible to have
a carry, since no digit is read out of field A during the
ninth unitary time.

On the first unitary time of a subtraction cycle in order
to add the 16 complement of the digit recorded in register
A140 instead of its 9 complement,

Pulse (191) is obtained through trigger T(191). This
trigger, normally OFF, is switched ON by pulse NB when
the adder supplies a pulse (181); i.e., as previously stated,
when the addition supplies a digit higher than 9. It is
reset by a pulse NB when the adder supplies a pulse (181);
ie., when the adder supplies a digit equal to or lower
than 9. Hence, this trigger is ON during the unitary
times immediately following a time during which the
adder supplies a digit higher than 9 and it is OFF during
the other unitary times. The right output of the trigger
is wired to the coincidence circuit which receives also
pulses M+T and M--10, equivalent to .1 and M.10.

Pulse 191 is obtained from pulse D.1.451.471.981 which
switches trigger T ON in the value-true-complementary-
value switch.

Second translator 200, FIG. 3f

The translator 200 converts the qui-binary representa-
tion into a modified binary representation.

The translator 200 is essentially made up of a coin-
cidence circuit and three mixing circnits, Moreover, the
coincidence circuit and a mixing circuit are used to
produce bit (C) for all the combinations corresponding
to a digit represented in the modified binary code with
an even number of bits. The output circuit corre-
sponding to this element (C) is not sent directly to the
addition-regeneration switch as elements (1), (2), (4),
(8), but it is sent to sign insertion block 248, FIG. 3,
where, as it will be stated, pulse (C) may be inverted.

Besides outputs (1), (2), (4), (8), (C), the translator
includes an output pulse (By) (Qq), when the output of
the adder defines digit 0, and an output pulse (Bo).(Qo),
which exists in the opposite case. These pulses are sent
to the basic pulse filter 390, FIG. 3h, the stage be-
ginning chain 430, FIG. 3h, “zero test” 460, FIG. 3i,
and order position counter 440, FIG. 3h.

The outputs of the translator 200 are wired to the
input of the addition-regeneration switch 210.

Regeneration-addition switch 210, FIG. 3f

The regeneration-addition switch 210 has the duty
to produce the inhibition pulses used for writing data in
core storage 100. The data may be coming either from
register AB 120 or from the adder 189, FIG. 3c.

The switching is performed through coincidence cir-
cuits, one of the inputs of which is wired to one of the
outputs of the adder or register AB 120 and the other to
one of the outputs of the Reg-Ad switch control block
370, FIG. 3/. The information read out from field A
and proceeding from register AB 120 is generally written
at the end of time A, and the information proceeding
from the adder is written at the end of time B. However,
there are exceptions at certain stages of the operations.

The coincidence circuits are followed by mixing cir-
cuits, each corresponding to the bits of the modified
binary code. The mixing circuits are followed by in-
verters so that the inhibition pulses be sent to the circuits
corresponding to the binary elements not used in the
coding of the character to be written.

Since bit (A) may not proceed from the adder, the
inverter corresponding to this element is directly picked
up by the output of register AB 129.

Bits (B) and (C) may not proceed from the adder,
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but they may proceed from sign circuits. The writing
of the information proceeding from the sign circuits oc-
curs together with' those which come from the adder.
The corresponding coincidence circuits are released by
the same pulse as the one which releases the circuits cor-
responding to elements (1), (2), (4,), (8) of the adder.
The outputs of the inverters are wired to the input of

the inhibition pulse generator.

Inhibition pulse generator 220, FIG. 3f

This generator 220 produces current pulses on the
inhibition wires corresponding to the binary elements
that are not to be written in the core storage; i.e., to the
elements for which there is a positive voliage on the out-
put of the corresponding inverter in the regeneration-
addition switch 210.

These pulses must have a high well-determined ampli-
tude, and this amplitude must be absolutely kept con-
stant during the whole pulse,

The pulses are supplied by generators of the type rep-
resented in FIG. 17a. These generators are made .up of
an amplifier associated with a high level delayed amplified
current feedback circuit. As several generators may op-
erate simultaneously, a feedback circuit must be associated
to each one of them.

The inhibition pulses are sent directly to the inhibition
wires in core storage 100, FIG. 3b.

Sign calculation block 230, FIG. 31

This block comprises essentially a trigger T 231y, the
right output of which supplies, when the trigger is ON,
a siganl representing a minus sign. The trigged T 231y
normally OFF, is switched ON if one of the factors of
the multiplication or the division is negative; and it is
reset if the other factor is also negative.  Finally, it is
reset, in all cases, at the end of the multiplication cycle
corresponding to the unit rank of the multiplier or at the
end of a program stage. :

In multiplication, the trigger is switched ON by a
pulse R, during time A of time 433 “unit rank” time,
if there is on the output of register AB 120 a pulse (B)
and a pulse (A); ie., if a minus sign has been read in
the right position of field A which contains the unit digit
of the multiplicand. The state of the trigged is changed
by another pulse R transmitted by diode gate 232 duriag
time B of time 433, if a minus sign has been read in the
right position of field B (which contains the unit digit of
the multiplier). 1t is reset by a pulse NA transmitted
by diode gate 233 as soon as a pulse 461 appears; ie.,
when all the additions concerning the -unit digit of the
multiplier have been performed. Hence, it is before the
end of this cycle that the sign is to be inserted in the
unit position of the product; the process of insertion will
be explained in the description of the sign insertion block.

In division, the trigger is switched ON by a pulse R
during time A of time 433 if there is, on the output of
register AB120, a pulse (B) and a pulse (4); ie., if a
minus sign has been read in the right position of field A,
which contains the unit digit of the divisor. The state
of the trigger is changed by a pulse R transmitted by the
diode gate 233 when there are simultaneously pulses B, D,
1, and 481; ie., during time B of the first unitary time
of the last cycle, if there is a pulse (B) and a pulse (&)
in register AB120. On the first unitary time of. the last
division cycle, chain B is the position containing the unit
digit of the divisor. . .

Hence, it is during the last cycle that the sign will have
to be inserted in the unit position of the quotient.

Sign insertion block 240, FIG. 31

When a minus sign is to be written in
tion, the sign insertion block:

produces a pulse (B). : .

produces or eliminates a pulse (C) since the existengg

a storage posi-
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of element (B) modifies the parity of the number of
bits.

In multiplication, pulse (B) results from the coincidence
of pulses (231), MB and 1. Hence, pulse (B) is pro-
-duced during time B of the first unitary time of all the
cycles during which pulse (231) exists. This pulse exists
if the combination of the signs of the multiplicand and of
the multiplier give a minus sign, during the first cycle
and during all the cycles concerning the unit digit of the
multiplier. On the first unitary time of all these cycles,
element (B) is consequently written on the extreme right
position among the ten positions scanned by chain B.
This position contains the unit digit of the product. It
is necessary to rewrite element (B) on all the cycles,
because the reading of a storage position causes the eras-
ing of all the elements; and, if the reading occurs in field
B, only elements (1), (2), (4) and (8) are transmitted
to the adder while elements (A) and (B) are lost if they
are not rewritten through special circuits. After the last
cycle concerning the unit digit of the multiplier, chain

" B does not switch any longer to the unit position of the
product and, consequently, element (B) remains written.

In division, pulse (B) resuits:

Either from the coincidence of a pulse B with a pulse
D. 1 and a pulse (A).(B) proceeding from register
AB120. Hence, if a minus sign is written in the unit po-
sition of the dividend on the first unitary time of all the
cycles for which chain B begins its scanning on the po-
sition containing this unit digit, element (B) is rewritten
in this position, i.e., it is successively written in the unit
positions of the temporary rests and finally in the unit po-
sition of the final rest. It is rewritten a last time in this
position during the second unitary time 1 of the last
cycle. It is recalled that, during the first unitary time 1,
the read and write gates are eliminated by pulse 482.

Or from the coincidence of pulses (231), B, 10 and 481
if the sign calculation block has determined a minus sign,
element (B) is written during time B of the tenth unitary
time of the last cycle in the storage position presently
scanned by chain B. It is recalled that this position is the
unit position of the quotient.

Pulse (B) produced by the sign insertion block on the
output of mixing circuit 241 is sent to the regeneration-
addition switch. Moreover, it is sent to coincidence cir-
cuit 242 and to mixing circuit 247, which receive also
pulses (C) proceeding from the adder. The output of
mixing circuit 243 is wired to an input of coincidence
circuit 244 and the output of the coincidence circuit
242 is wired to the input of inverter I, the output of
which is wired to the other input of the coincidence cir-
cuit 244,

It is easy to see that this coincidence circuit supplies
a pulse on its output either in case (B) exists without
(C) or in case (C) exists without (B), and that it does
not supply any pulse in all the other cases.

The pulse obtained on the output of the coincidence
circuit is sent to the regemeration-addition switch and
causes the insertion of bit (C) in the presently scanned
storage position. Consequently, it appears that the cre-
ation of a pulse (B) eliminates pulse (C) if said pulse ex-
isted on the output of the adder and produces it if it
did not exist.

While the invention has been particularly shown and
described with reference to a preferred embodiment 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. In a data processing machine, a data storage de-
vice having data stored therein in addressable data posi-
tions within an arbitrarily selected field; a multiple stage
control ring having a number of stages corresponding to
a predetermined number of data positions to be addressed
in said field, each of said stages having first and second
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states, said stages being interconnected whereby said
stages switch from said first to said second state and back
to said first state successively as a series of electrical im-
pulses are simultaneously applied to each stage, said con-
trol ring having one stage for characterizing a terminal
condition; a multiple stage address ring connected to
said data storage device for addressing each data stor-
age position within said field, said stages each having first
and second states, and being interconnected whereby said
stages switch from said first to said second and back to
said first state successively as a series of pulses are simul-
taneously applied to each stage; means for switching said
address ring back a predetermined number of stages upon
said control ring advancing from said one postion char-
acterizing a terminal condition to a succeeding position
whereby said address ring is reset to a position to again
address the same positions in storage successively as the
same is again advanced by a series of electrical impulses;
and means for holding said control ring at said one stage
for a predetermined interval while said address ring ad-
vances, whereby when said control ring advances from
said one stage to the succeeding stage upon termination of
said predetermined interval, said address ring is switched
back a predetermined number of stages by said means
for switching said address ring to effect a shift of the
data positions addressed by said address ring as the
same is again advanced successively by a series of elec-
trical impulses.

2. A data processing machine according to claim 1
further comprising means for holding said address ring
at a predetermined stage for a predetermined interval
prior to said control ring reaching said one stage while
said control ring advances so that, after said control ring
reaches said one state and said switching means switches
said address ring back a predetermined number of stages,
a shift of the first data position addressed by said address
ring as the same is again advanced successively by a series
of electrical impulses is effected.

3. In a data processing machine, a data storage device
having data stored therein in addressable data positions
of arbitrarily selected first and second storage fields; a
control ring having muliiple stages corresponding to at
least a predetermined number of data positions to be ad-
dressed in said fields, said stages each having first and
second states, said stages being interconnected whereby
said stages switch from said first to said second and back
to said first state successively as a series of electrical im-
pulses are simultaneously applied to each stage according
to a predetermined order; a first multiple stage address
ring connected to said data storage device for addressing
each data position within said first field, said stages each
having first and second states, said stages being intercon-
nected whereby said stages switch from said first to said
second and back to said first state successively as a series
of electrical impulses are simultaneously applied to each
stage; a second multiple stage address ring connected to
said data storage device for addressing each data position
within said second field, said stages each having first and
second states, said stages being inter-connected whereby
said stages switch from said first to said second and back
to said first state successively as a series of impulses are
simultaneously applied to each stage; and means for hold-
ing said first address ring at a predetermined stage for a
predetermined time interval while said second address ring
continues to advance whereby the initial relationship be-
tween the positions of storage addressable by said first
and second address rings is changed, said control ring
being connected to provide an indication of the initial re-
lationship.

4, A data processing machine according to claim 3
further comprising means for holding said second address
ring at a predetermined stage for a predetermined time
interval while said first address ring continues to advance
whereby a ‘previous relationship between the positions
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rings is changed.

5 A data processing machine according 10 claim 4
wherein said means for holding said second address at 2
predetermined stage for a predetermined time interval is
under control of said control Ting.

6. A data processing machine according t0 claim 5
further comprising data test means for testing data con-~
tained in one of said positions in said second field ad-
dressed by said second address ring, said data test means
being connected to control said means for holding said
first address ring at a predetermined stage for a prede-
termined time interval.

7. A data processing machine according t0 claim 6
further comprising 2 single digit adder having inputs con-
nected to receive data from said first and second storage
fields and an output adapted to manifest the sum of data
received on said inputs, the output of said adder being
connected 10 control said control Ting whereby, when 2
predetermined manifestation appears 0n the output of
sajd adder at the time said control Ting-is at said one
stage characterizing the terminal condition, said control
ring is beld at said one stage until & manifestation'differ-
ent from said predeterrpine‘d’ ‘manifestation appears 00 the
output of said adder.

8. A da/ta/-—pfocessing machine dccording 10 claim 7

{urthei;«cémpﬁsing doubling means operably controlled

for/d/ ubling the data coming from one of the positions in

.._satd first field and to be received by one of the inputs of
said adder. -~

9. A data processing machine according 1o claim 8
further comprising complementing means operably con-
trofled for complementing data coming from one of the
positions in said first field prior t0 the data being received
by one of the inputs of said adder.

19. A data processing machine according t0 claim 9
wherein said complementing means is operably connected
to said doubling means.

11. A data processing machine according 10 claim 10
further comprising data insertion means adapted to furn-
ish data to one of the inpufs of said adder while data is
received on another input from a position in said second
field.

12. A data processing machine according t0 claim 11
further comprising means for storing an element of the
data received by <aid one input of the adder from said
second field while data is simultaneously being received
by another input of the adder from said first storage field,
said element of data normally being unmanifested by the
output of said adder upon said adder combining data
from said first feld with data from said second field.

13. A data processing machine, a data storage device
having data stored therein in addressable data positions
within an arbitrarily selected field; a multiple stage con”

trol ring having 2 aumber of stages corresponding to at °

least a2 predetermined number of data positions t0 be ad-
dressed in said field, said stages each having first and
second states, said stages being inter-connected whereby
said stages switch from said first to gaid second and back
to said first state successively as @ series of electrical im-
pulses are simultaneously applied to each stage, said con-
trol ring having On¢ stage for characterizing 2 terminal
condition; an address 1ing having first and second multi-
ple stage members wherein said first multiple stage mem-
ber is operable to address a 8roup of storage positions
and said second multiple stage member is operable to ad-
dress any one of the storage positions within said group of
storage positions; and means for switching said address
ring back a predetermined number of positions by holding
said second multiple stage member at 2 predetermined
position and switching said first multiple stage member.

14. In a data processing machine, data storage means
having data stored in addressable positions of arbitrarily
selected first and second storage fields; a first multiple
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stage address ring for addressing any storage position
within said first field said stages each having first and
second states, said stages being inter-connected whereby
said stages switch from said first to said second and back
to said first state successively as 2 series of electrical im-
pulses are simultaneously applied to each stage; a secon

multiple stage address Ting for addressing any storage
position within said second field said-stages each having
first and second states, said stages being interconnected
whereby said stages switch from said first to said secon

and back to said first state successively. as 2 series of
electrical impulses are simultaneously appli‘e‘d\meach
stage in alternate relation to said
first register for receiving data from said data storage
means; a second register for receiving data from said first
register; electively operable data storage read-in control
means connected between said first register and said data

,,/stéfage means for selectively controlling the re-entry O
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data read from said data storage means into said first regis-
ter; a single digit adder having one input connected to &=

~ ceive data from gaid first register and another input con-

nected to receive data from said second register and anout-
put adapted to manifest the sum of data simultaneously ap-
plied to said one and another inputs, said output being
connected t0 caid data storagé read-in conirol means;
means selectively operable for simultaneously transferring
data from said first and second registers to said on¢ and
another inputs of said adder; first ing operating means
for operating said first address ring so as 10 address in
succession storage positions within said first field; first
data readout means for reading data out from the posi-
tions addressed bY said first address ring to said first
register; second ring operating means for operating said
second address ring alternately with the operation of
said first address ring so as {0 address in succession certain
selected storage positions within said second field; second
data readout mean for reading data out from the posi-
tions addressed by said second address ring 10 said first
register; means selectively operable for transferring data
from said first register to said second register, where-
by data read into said first register from said first storage
field is ransferred to said second register 0 permit data
read out from said second storag® field to enter said
first Tegister; and means for operating said data storage
read-in control means whereby data read out from said
first storage geld to said first register is first re-entered
into the same data positions from which it was read,
and data read out from certain of said addressed positions
of said second field is first destroyed by failing to re-enter
said data into said data storage means, and whereby
data at the output of said adder manifesting the sum of
data simultaneously applied to said one and another in-
puts of said adder is re-entered in selected storage posi-
tions of said second field of said data storageé means.

15. A data processing machine according to claim 14

wherein said means selectively operable for transferring
data from said first register to gaid second register is
under control of said data storase read-in control means,
whereby data transfers from said first to said second
registers only when said data storage read-in controt
means prevents re-entry of data into said data storage
means.
16. A data processing machine according to claim 15
further comprising data insertion means for selectively
entering predetermined data into said second register
to enable the entered data to be combined with data
entered in said first register from said second field by
said adder.

17. A data processing machine according to claim 16
further comprising means operably controlled by said
adder for testing the data apearing at the output of said
adder after the same has combined data entered in said
first register from said second feld with data selectively
entered into said second register by said data insertion
means.

- ——
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18. Ina data brocessing Machine, g data storage device
aving datg stored therejp in arbitrarily selected first

Operably associated with said data storage device for
effecting transfer of data from said first Storage field to
said combining means, said fipgt means being Operable
to effect the transfer of data from said first fielq data
Position by data DPosition; second means operab]e associated 1
Wwith said_datg;storage device for effecting transfer of data

~said~Sécond storage felg to said datg combining
means whereby daty from\said\ﬁrst and

fields s combined, means for operiting said second means
i i ans \tobglém

the combined daty from said data Combining means to --.

said second storage field s and contro] means for controlling
the Operation of saiq first and Second means tq selectively -
effect Tepetitive Operation thereof,

21. A data Processing machine according to claim 2¢
wherein saiq setting meang jg operably controlled by the
results obtained by said combining mMeans as the same
Combines datq received from said first apg second fields,

22. A data Processing i i i
further i'ncludving meang
said second storage field TIor to the transfer of the same
to said Combining means,

23. A
having a¢ least one step for controlling apn Operation
thereof, said one program step having terminals for re-
ceiving start and stop impulses to render said step active
and inactive, Tespectively, and other terminals for bassing
timed impulses supplied to sajq step; an impulse generator
Connected to supply timed impulses to said program step;
Operation selector means Connected to said Program de-
vice to be activated when said Program step jg rendered
active by g start signaf; data storage meang having dats
to be Processed recordeq in storage POsitions adapted to
be 8rouped into firgt and second fields; firgt SCanning
Ting meang havmg multiple stages Capable of being rep-
dered active and inactive Connected to effect readout of
data from said datg storage meansg contained ip any po-
sition .thereof; second Scanning ring means having multj-
ple stages Capable of being Tendered actiye and inactive
connected tg effect readout of ata from said data Storage

1 any position thereof;
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6
starting meang under contro] of
said Operation selector means and saig Scanning ring
etting means for causing sajd ring contro] means to
*ondition saig first and second rings for Operation, where.-
Y, upon one impulse from saig impulse Tegenerator, 7
i said set bositions of said first ring is
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rendered active and subsequently, upon another impulse
from saig generator, ope position

said second ring i
Position of said first fie]q of storage and data in ope Posi-
tion in sajq Second field of storage is reaq out therefrom
altemately in a timed Sequence,

4. A data Processing machine as ip claim 23 wherein

said ring starting meang includes one stage adapted to

first and second rings,

data brocessing machipe as in claim 24 further
Comprising g multiposition order counter adapted to aq-
vance from gz Starting Position, Position by Position, jp

wherein
means includes another stage adapted
i one stage being rendered
& -Lonnected to guig

counter to conditiop ¢ € counter for advancing from said
starting position UPon being rendereqd active, ™ <. o
27. A data Processing mag ing as in claim 26 wherein

d under contro] of
o control the
Positions to pe rendered active

. A data Processing machine as in claim 28 Wherein
the said output of saig i i

counter whereby, upon Predetermineq manifestationg ex-
isting at saig oubput when sajq end position of said counter

1S active, said ring contro] means is caused tg operate in
a predetermined Mmanner,
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