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We, WATIONAL RESEARCH DEVELOPMENT
CornroraTion, of [, Tilney Sircet, London,
YW.1., a British Cm;,.araflon sstablishad by
Statutu dc hzreby declare the invention, for
which we pray that a patent may be granted
to us, and thz method by which it is to be

serformed, to be parhculany described in
and by the following statement :- ~

This invention refates 10 apparatus
arrangements for effecting multiplication of
numbers repreeenied by electric signals and
suituble for use in electronic blnary digital
compuiing machinzs.

In prior Patent No. 788,927 there is
described a multiplier arrangement (herein-
afier referred to as “of the Kind described™)
in which a series of successive partiai pro-
ducts for addition to one another in accumu-
latcr means ars obtained by multiplying one
numbper, the multiplicand number, by the
determined value of successive groups of
digits of the other number, the multipliar
number. instzad of by the more usual
method of forming the series of partia} pro-
ducis by multiplying the first or muitiplicand
number by each single digit of the seccnd
or muliiplier number in turn. This was
efiscizd by providing a plurality of signals
each representing a different tegral mumpln
of the multiplic and number and then seiect-
ing the appropriate one of these muitiples
for presentation to the number accumulaiing
means, each successive selection being deter-
mined by the sxamined value of a diflerent
and. successive group of the multiplier num-
her digits. Thus, in a particular example,
three successive binary digits of a binary
muliipiier number were examined as a group
to determine the decimal number represented
thereby and then appropriate selection was
made by suitable switching means to select
the appropriate one of a group of multiple
versions of the binary multiplicand number

consisiing of the multiplicand, twice the
smultipiicand, three times the maltipiicand
aad 50 on up to seven times ihe muitiplicand.

The object of the present invention is to
provide improved and simpiified muliplier
arrangzinenis of the kind desceribed above ang
in wim.h the apparatus rejuirements for pro
viding the diffzrent multiples of the muiti-
plicazd number are appreclably reduced and
in which material saving in other ancillary
apparatus requirements may be made.

In accordance with the invention, the mul-
tiplying arrangements include a sigaal-
coitroiled arithmetic device which can be
altered in its cperation from an adding
function to a subtracting function, means
for proviging a number of signals repre-
senting respectively each of the different
successive integral multiples of the multi-
plicand number from the first up to bui not
exceeding that muliiple which is sufficient to
embrace haif the tctal number of muitiples
capablg of being signalled by the chosen
number of digits forming, each examined
digit group in the muldplier number and
means for effecting the selection, under ths
conirol of each of such multiplier digit sig-
nal groups in tun, of an appropriate one of
ths available signais representing multiples
cf the multiplicand number for applicaticn
to ocae input of said adding/subtracting
device and the simu'tanzous control of such
adding/subtracting device by the same
group of multiplier digits whereby it causes
either addition or subiraction of the ssiected
multiplicand multiplz to or from a number
signal applied to the other input.

In accordance with one form of the in-
veniion, the number signal applied to the
other input of the addlng /subtracting device
is a signal representing a choszn mulisple of
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multiples which can be signalled by the
chcsen number of muitiplier digits forming
each examined group, the particular multiple
selected for application to the first input
of such adding/subtracting device and the
add; subtract control being then so arranged
that the output from said adding, subtracting
device is a signal representing the correct
partial product called for by the examined
grcup of multipiier digits, such partial pro-
duct signal being subsequently combined in
en accumulating device with any previously
cbtained pariial product number signal so ag
eventually to obtain an accumulated signal
representing the required final product.

In accordance with a second and pre-
ferred form of the invention, howcver, the
said adding/subtracting device is arranged
to form part of the accumulating device
itself with the signal representing the pre-
vigusly accumulated partial product signals
applied to said other input of said adding/
subtracting device. the sclection of each new
muitiplicand multiple and the add/subtract
control being effectad in accordance with
the examined values of each of the digits
of each multiplier digit group and the vaiue
of the most significant digit of the pre-
viously examined multiplier digit group.

Thus, in one particular arrangement of
the first form mentioned above and arranged
to deal with the three binary multipliei sig-
nal digits as each examined group. the multi-
plicand multiples of d, 2d, 3d and 4d only
need to be made available, the convertibie
adding/subtracting device being arranged to
be supplied with the binary muitiplicand
multiple 3d at its other input and with an
appropriately selected one of the available
multiples at its first input coupled with
appropriate simultaneous control of the add/
subtract function of the device. Thus if the
threz multiplier digits signal the decimal
value ‘4’, the multiplicand in unaltered
form, i.e. d, is selected and the convertible
adding/subtracting device is caused to add;
if the decimal value of the three multiplier
digits is “0°, the multiplicand multiple. 3d is
zlected and the convertible adding/sub-
tracting device is caused to subtract; if the
decimal value of the three multiplier digits
is seven. the multiplicand multiple 4d is
selected and the convertible adding/sub-
tractung device is caused to add and so on.

Alternatively, in a particular arrangement
of the second and preferred form of the
invention, again arranged to deal with
three binary multiplier signal digits as
each examined group, the same bipary
mudltiplicand multiples of a. 24, 3d
and 4d are made availabie but thz selec-
tion from these and the add/subtract con-
trol is dstermined not only by the examined
value of each three digit multiplier group
but also in accordance with the examined

valuz ‘0" or I’ of the most signinicant digit
of the three multiplier digit group which
controlled the previous selection and add
or sub:iract operation and which was of
lowser significance than the currently opera-
tive group, Thus, if the examined three nzulti-
plicr digit group is found to bz 100 (decimal
value 4) and the most significant digit of the
previcus thrze multiplier digit group is value
‘0" then the selected multiplicand multiple
is that of 44 and the adding;subtracting
circuit is caused to subtract. if however,
with the same three digit group value 100,
the previous mosi significant digit is of
value °I°, the selected multiplicand mui-
tiple is that of 3d, the adding/subtracting
circuit again being caused to subtracl.

In order that the nature of the inveniion
may be more readily understood, a number
of simple embodiments thercof. as applied
to both serial mode operation and parallel
mode operation will now be described by
way of illustrative example only and with.
reference io the. drawings accompanying
the provisional specification in which:

Figure 1 is a block schematic diagram
of one arrangement in accordance with the
invention suitable for serial mode operation
with binary number signals and utilising
examination of 3-digit groups of the multi-
plier number signal to control its operation;

Figure 2 is a block schematic diagram of
another arrangement, similar to Figure I,
but adapted for operation in the parallel
mode;

Figure 3 is a block schematic diagram
of an alternative arrangement alsc jn accord-
anca with the invention again utilising
examination of 3-digit groups of the multi-
plier to controj its operation and adapted
for serial mode operation; while

Figure 4 is a block schematic diagram
of yet another arrangement, similar to
Figure 3, but adapted for operation in the
parallel mode.

Referring first to the serial mode arrange-
ment of Fig. 1, the multiplicand number
signal 4 in the form of an electric pulse
train is assumed to be made available on
input busbar 1{t at each of the successive
operation cycles needed to form the series
of partial products. This busbar 10 is con-
nected directly by way of lead 11 to coinci-
dence or AND gate 21 and by way of a
delay circuit 13, which provides a delay
time equal to one digit interval time of
the multiplicand pulse train, and lead 12
to coincidence or AND gate 22. The out-
put signals from delay 13. which represent
the multiplicand multiple 2d, are also applied
as one input signal to an adding circuit 15,
the other input signal to which is the multi-
plicand signal d by way of a connection from
the busbar 10. The output of this adding
circuit. which represents the multiplicand
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multiple 3¢, is applied directly by way of
lzad 19 10 one inpui of un arithmetical
circuit device 18 which is arrarged nor-
mally to cause addition of the number
signals fzd to its respective inputs but
which can be altered to cause subtraction
of the same input number signals by the
application ihereto of a suitable control
signal on lead 32. The output signals from
the adding circuit 15 (representing the
multiplicand multipie 3d) are also applied
by way of lead 14 to the further coinci-
dence or AND gate 23. The outpui signals
from the delay 13 are additionally applied
by way of further delay 17, also having a
delay time equal to one digit interval of
the multiplicand pulse train, to provide a
signal representing the multiplicand mul-
tiple 4d and this is fed over lead 16 to
coincidence or AND gate 24. The output
lead of each of the gates 21, 22, 23 and
24 is connected to the second input lead
20 of the convertible adding/subtracting
device 18. The output lead 33 from the
latter carries the required partial product
signal representing the multiplicand number
multiplied by a three-digit group of the
multiplier.

Each group of three successive mulfi-
plier digits is staticised in turn by means
not shown but of conventional forn and
conveniently resembling those shown in
the aforesaid prior Patent, to provide, for
each digit, separate ‘0" and ‘1" signals which
are respectively at active leve]l when the
digit is of value ‘0’ or "I'. Such groups of
staticised multiplier digit signais are ap-
plied in turn and in synchronism with an
application of the multiplicand signal ¢ on
lead 10 to each of a group of further co-
incidence or AND gates 25, 26, 27, 28,
29, 30 and 31 in the combinatioiss indi-
cated by the digit values beneath the
respective bracket signs, the most significant
digit being to the left in each case. Thus
the gate 25 will provide: an output signal for
the multiplier digit group 010 (decimal
value 2} whereas the gate 26 will provide
an output signal for the multiplier digit
group IU0 decimai value 4), while the
further gates 27, 28, 29, 30 and 31 provide
output signals for the respective multiplier
digit groups of decimal values 1, 5, 0, 6
and 7.

Gates 25, 26 have thewr outputs con
nected in parallel to control gate 21: gates
27 and 28 similarly provide conirol outputs
for gate 22; gates 29 and 30 likewise pro-
vide control outputs to gate 23 while the
output of gate 31 controls gate 24. The
control signal for the add/subtract device
18 on lead 32 is likewise derived from the
group of staticised multiplier digits, being
caused to subtract whenever the most
significant digit of the examined multi-

plier digit group is of value ‘0’ and to add
whenever such most significant digit is of
value ‘1",

The gate circuits, such as those shown
at 21, 22 . . .. 31 can be of any con-
venient form already weil known i the
art as also can be the delay ciicuits 13
and 17 and the adding circuit 15. The
controllable add or subtract device 18 may
similarly be of any suitable form now well
known in the art.

The manner of operation of this embodi-
ment will be readily apparent from considera-
tion of the following examples. if the
examined multiplier digit group is 000
(decimal value 0) gate 29 will be operated
to provide an output which will open gate
23 thereby admitting the multiplicand mul-
tiple: 3d which is available from the adding
circuit, 15 to the second input 20 of the
adding/subtracting device 18. The same
multiplicand multiple 3d is always fed
directly over lead 19 io the first input of
such device 18. As the most significant
digit of the examined multiplier digit
group (000) is value ‘0°, lead 32 will be
energised to cause the add/subtract device
18 to subtract. The output on lead 33 is
therefore 3d-3d or representative of the
correct partial product, namely. zero. In the
case of an examined multiplier digit group
101 (decimal value 5), gate 28 will be
operated to provide an output to open gats
22, thereby releasing the multiplicand mul-
tiple 2d avaiiable from the delay 13 iv the
mput lead 20 to the device 18. Since the
most significant digit of the examined multi-
plier digit group (101} is now of value ‘I’,
the control lead 32 of the add,subtract
device 1§ is not provided with a control
input and such device accordingly -effects
additicn. The output on lead 32 is therefore
3d + 2d = 5d as is required.

The output lead 33 fieeds the associated
accumulator device uiilised for adding to-
gether the various partial products as they
become avajlable one alter the other during
successive operation cycles during which the
difterent multiplier digit groups are examined
in tarn. This accumuiator device is shown
as a further adding circuit 34 having one
input supplied by lead 33, a shifting register
or equivalent delay line 35 whose output
lead 36 is connected to the second input of
the adding circuit 34 by way of a regenera-
tion loop circuit including a control gate 38
and a delay circuit 39 whose delay time is
such that, during multiplication,. the output
signals on lead 36 arrive back at the input
to the adding circuit 34 with a three digit
place right shift relative to the timing of
the signals of the next partial product which
is to be added thereto and which is pro-
vided on lead 33 as a result of the next
following operation cycle using the examina-
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tion of the next following three digit group
of the multiplier number signal.

The equivalent parallel mode arrangement
of Fig. 2 is shown, for simplicity. as employ-
ing a binary multiplicand number of only
Tour digits length but the manner of exten-
sion to “deal with numbers of greater length
will be self-evident.

In this embodiment, the multipiicand
number signal 4 is first registered in an
appropriate multi-stage registesr 40 of any
convenient known form, said regisier hav-
ing successive stages such as toggle or fiip-
flop circuiis 40°, 404, 40* and 40° controlled
‘r‘*spuctively by input leads 41°% 4i°, 41° ané
41. The aroup of parallel output lzads 400
carry the multiplicand multipie d. A second
muiti-stage resisier 42 serves to record the
muitipiicand muiltiple 34, this register in-
cluding suitable adding and carry dlgtt pro-
pagaiion eircuits to permit its direct inter-
connection in the manner shown with the
register 40 so that upon application ot the
pdraxl 2l form multiplicand digit signals to
the firs} realster over the input leads 40,
41* 1%, the multiplicand multipL
3d is automatlcally st up on the sccond
re_};tnr stages 42, 42° . . .. 42" in combina-
tion with the first stage 40° of the first
register which suppliss the least significant
gicit of the multiple 3d also. Ths group of
paraliel output leads 401 carry the mulii-
plicand multiple 3d.

A convertible multi-stage parailel adding/
subtracting device 43 of any suitable form
already well known in the art has seven
stages 43%, 431 . . . . 43 and is signal-
controlled over lead 45 in a manner similar
0 the series mode device 18 of Fig. 1, the
devica 43 bemng arranged to operaic as an
addar in the absence of a control signal on
fead 45 bui bemng converiibie to cause sub-
traction when a control signa] is appiied to
such lead 45. Such control signal is present
only when the most significant digit of the
examined three multiplier digit group is of
value ‘0.

A series of coincidence or AND gaies
52%, 52°, 52), 52° each controiled by the
parailel cutputs of coincidence gates 53 and
54. conirol the connection of the four sepa-
rate output leads of the group 430 from the

register 40 (representing the mmitipiicand
ﬁluhmle dy o cene input of each of the first
four stagys 43%, 434, 43 and 43° of the add/
subtract device 43. A further series of co-
incidence or AND gaies 55, 55, 55° and
57" each controlled by the parallel outputs
of coincidence gates 56, 57, likewise conirol
the connection of the sams four register
output leads of the group 400 but to the
four stages 43", 43, 43° and 43 of the add/
subtract device 43 whereby ths inputs to
the latter are left shifted by one place so

65 as effectively to provide the multiplicand

multiple 2d. Another similar series af co-
incidence gates 61°, 614, 61° and 61°. each
controlled by the output of comcidence gate
62, control the conncction of the output
leads of group 400 irom the same four
stages of register 40 to the four stages
437, 45", 43* and 43 of the add/subtract
device 43 whereby these inputs are left
shifted by a further place so as effectively
to provide the muluphcmd multiple 4d.

Another series of comcidence or AND
gates 58, 58' . . .. 58, each controlled
py the paralleled outputs of coincidence or
AND gaiss 59 and 60. control the connec-
tion of the group of output leads 401
(representing multiplicand multiple 3dj from
the register stages 40°, 427, 42° . . . . 42
to the stages 43", 43, 43" . . .. 4% of the
add,subtract device 43 while the respective
leads of the same group 401 (representing
the multiplicaiid mulliple 3d) are connected
directiy tc the second mputs of each of the
stages 43", 43% 437 . . .. 43 of the add/
subiract device 43.

The gates 53, 54, 56. 57. 59. 60 and 62
are analogous to the gates 25, 26 . .31
of Fiz. 1, being conts oiled by the operauve
group of thizz siaticised muitiplier digits.
The mannzr of opsration will be apparent
from the previous dcscripdon of the series-
mede embodiment of Fig. 1. Thus, if the
currenily operaiive greup ‘of thres multiplier
digits is (0 (decimal value 4) the gate 54
will bz onerated o provide an output which
opens each of ihe gates 52, 527, 52- and 527
These connsct the group of leads 400 (c wy-
ing the muitiplicand multiple ) to cne input
of each of the stagss 43", 43<. 43" and 43"
of the add,subtract device. Thz group of
leads 401 (carrying the multiplicand mul-
tiple 34) is connected to ihe second inputs
of the same stages 43" .. .. 43* and the
further stages 43* and 43" (to allow for the
greateir digit length of the multipie 3d).
Since the most significant digit of the multi-
plisi digit group (100) is of value "1", the
add;subtract device 43 is set to effect
addition and as a result the parallel form
partiai product emerging on leads 44° . . .
44° isi the correct partial product 3d + d

4d.

The parallel output leads 44", 44° .

445 of the adding/subtracting device 43 ar\,
conaected respectively to one inpui of a
series of further adding devices 63. Tie other
input of such adding devices 93 is arranged
10 bz supplied with a signal repiesenting
the current "0’ cr ‘I’ state of the associated
siage of the shifiing register 64 while the
output of each of such adding devices is
arianged for use as a "esett.m signal for
the same associated stage of the registsr 64.
In the operation of such combined shifting
and adding register any applied add input
over leads 44° . . . . 44° can be added (o
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the already existing content of the register.
The shifting register 64 forms part of ih:
final product accumulating means. After each
operation of sensing a three-digit group of
the maultiplier number signal and the resui-
tant application of a selected multiplicand
multiple to the adding/subiracting device
43 along with the constantly applied multi-
plicand multiple 3d and following the usual
carry digit prcpagation in the latter, the
signa] state of the different stages 43° . . . .
43" is transferred in known manner to the
interconnected stages of the adding device
63 which are already influenced by the
existing signal state of the accumulator
register stages 64. These stages accordingly
become altered to add in the presented new
partial product. Thereafter the accumulator
register 64 is caused o right shift by three
digit places prior to the next eperaiion cycle
which takes place under the coniro] oi tie
next three digit group of the muliylier
signal.

Each of the arrangements so far described
requires an adaing device, additional to the
convertible adding/subtracting device em-
ployed for parmiair product formation, in
order to add the partial product into the
accumulating means. Adding devices are
relatively complex and expensive and a
saving of the accumulator adding device
together with other major economies in the
case of parallel mode arrangements may
be made by arranging for the selection of
the required multiplicand multiple and the
aad/suhtract control of the convertible add-
ing/subtracting device to be dependent not
only upon the e¢xamined values of the
operative three-digit group of the muiti-
plier but also upon the examined value of
the nost significant digit of the previously
operative three-digit group.

A serial mode arrangement of this second
form of the invention is shown in Fig. 3
in which elements corresponding to those
of Fig. 1 have bezn given similar reference
characters. The control of the gate 21
governing the supply of the multiplicand mul-
tiple d is now by the output of any one
of four ccincidence gates 70. 71, 72 and 73
controlled by the multiplier digit signals
shown against each, the right hand bracketed.
value being that of the most significant digit
of the previously operative three-digit muiti-
plier group. The gale 22 governing the supply
of the multiplicand multiple 24 is similarly
controlled by the output from four further
coincidence gates 74, 75, 76 and 77 each
controlled by the multiplier digit signals as
shown, while gate 23 which governs the
suppiy of the multiplicand multiple 3d is
controlled by the output of four coincidence

gates 78, 79, 80 and 81 each controlled by
the multiplier digit signals shown. The gate
24 which governs the supply of the multi-
plicand multiple 4d is controlled by the out-
put from either of the coincidence gates 82,
83 controlled by the further multiplier digit
signals shown thereagainst. The adding
device 34 of Fig. 1 is eliminated, the re-
generation loop circuit 37 around the register
35 being now rsturned to the second input
of the convertible adding /subtracting device
18. The latter is now controlled by the value
of the most significant digit of the operative
three-digit multiplier group, control lead 32
being energised to cause the device 1§ to
subtract when such digit is of the value °1°
and to add when such digit 1s of value ‘0’

Such an arrangement provides for muiti-
plicand multipie selection and add/subtract
control according to the following table:
Operative Previous

multiplier  m|[s Addj Muliiplicand

gt values digit value Subtract multipie
000 0 + 0
000 1 + d
001 0 + d
001 1 -+ 2d
010 0 + 2d
010 1 + 3d
211 0 + 3d
011 1 -+ 4d
100 0 - 4d
100 1 - 3d
101 0 — 3d
101 1 - 2d
110 0 - 2d
110 1 . d
111 0 - d
111 1 —_ 0

In the operation of this smbodiment, at
the first examination of the threg least signi-
ficant digits of the multiplier nunber signal
the value of the (non-existent) previous most
significant digit is assumed always to be value:
‘0’ while the number of operation cycles is
increased by one to deal with 1he mosi
significant digit of the multiplier number in
its role of most significant ‘previous’ digit.
Tn this additional last operation cycle. the
(non-existent) three multiplier digit group
is assumed to be ‘000°. The arrangements of
the adder [subtracter device 18 include con-
ventional means for extending the product
output signal by copies of any carry over
‘1’ digit beyond the most signilicant digit
position of the input multiplicand signat.

The manner of operation will be made
clear by the following numerical example
using as multiplicand (D) the binary num-
ber 001100100 (decimal value 100; and as
multiplier (R) the binary number 100101001
(decimal value 297).
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Ist cycle R digits 001{0) = +d

right shaft 3 places
R digits 101(0) = —3d

|

2nd cycie

right shift 3 places

3rd cycle R digits 100(l} = —3d =
right shift 3 places
4th cycle R digits 000(1) = +d =

giving as final product the

001100190
001100100
0100101100

1111611166600100

1111011100000100
0100101100

111101617168€3230100

1111610110050002100
051163160
00001 11016630u30100

binary number:

111510000000100 (decimal 29700)

An approximately equivalent parallel
mode arrangement of this second form 1s
shown in Fig. 4 where elements similar to
those of Fig. 2 are also given similar refer-
ence characters. This arrangement also
avoids the use of the further multi-stage
adding device 42 of Fig. 2 by the provision
instead of a simple multi-stage register 85
having stages 85° . . .. 85° which are set up
to register the multiplicand muitiple 3d by
an additional preluninary operation step
which the muliples d and 24 from the regis-
ter 40 are fed to the convertible adding/
subtracting device 43 by way of gates 52
....52% and 108" . ... 108 respectively
each opened by energisation of the respac-
tive control leads 113. The resuliant 3d out-
put signal from the device 43 is then fed
back to the individual stages of the register
85 over the group of leads 402 by momentary
opening of gates 86° . . . . 86° by a contro}
signal on lead 87.

At this time the series of gates 165° . . ..
165" in the alternative output leads from
the convertible adding/subtracting device 43
are held closed to prevent entry of this 3d
multiple into the accumulator.

The group of gates 52° . . . . 52° concerned
with the provision of multiple d are con-
trolled by gates 92, 93 which are controlled,
in turn, by the four multiplier digit values
through coincidence gates 100 . . . . 103
which serve to sense the two most significant
digits of the operative three-digit group and
[urther coincidence gates 104 . . . . 107
which serve to sense the least significant
digit of such operative three-digit group and
the most significant digit of the previously
operative three-digit group. In similar man-
ner, the group of gates 55 . . .. 55° con-
cerned with the provision of muliiple 24
are controlled by coincidence gates 94, 95,
96 and 97 also controlled by the four multi-
plier digit values through gates 100 . . . . 107.
The group of coincidence gates 58’ . , . . 58
concerned with the provision of multiple

3d are controlled by coincidence gates 90.
91 likewise influsnced by the four muiti-
plier digit values while the group of co-
incidence gates 61" . . . . 61° concernzd
with the provision of multiple 4d are con-
trolled by the four multiplier digit values
through coincidence gates 98, 99.

The adding,/subtracting, device 43 of this
embodiment operates also as part of the
accumulator by the connection of the out-
puts of the accumulator register stages
64" . ... 64 by way of the lead group 403
to the second inputs of the stages 43°. ... 43"
of the convertible add/subtract device 43.
The said accumulator register stages 64" . . . .
64° are arranged to provide output signals
indicative of the ‘1’ or ‘0’ state thereof for
this purpose by application of a control or
strobe pulse: on lead 88. Such register stages
64" . .. .64° are also cieared to zero at
the same tinie by this pulse. This lead 88
is activated either simultaneously with or
after the application of the selected multi-
plicand muitiple to the first inputs of the
said stages 43" . . . . 43°. The accumulator
register stages 64° . . . . 64 at the most
significant end of the accumulator 164 are
not or nezd not be of the shifting register
type but tire rmaining less significant stages
164", 164** .. . . of the accumulator 164
are of such shift type and operate to effect
right under the control of shift signals applicd
over control lead 89. The register stages 164*,
164" . . .. ara right shifted by three digit
places at the end of each operation step by
a signal on lead 89. If desired such register.
which must be of double word length, may
also be used initially to register the multi-
plier number signal in its least significant
half which is always empty at the com-
mencement of a multiplying operation. The
four least significant digit stages of the
register may then correspond with the four
digits used for contro] of multipiicand mul-
tiple selection and control of the add/sub-
tract device 43. Outputs therefrom as shown
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at 109 ... . 112 are then used to provide
the requisite control signals to the various
gates 100 . . . . 107 and to lead 45. Thus

the outputs 109 and 110 provide signals
corresponding to the two most significant
digits of the three operative examined digits,
the respective ‘1’ value digit signals being
obtained directly from such outputs and the
opposite ‘0’ value digit signals being obtained
through inverter stages in conventional
manner. Correspondingly, the outputs 111
and 112 provide signals indicating respec-
tively the examined values of the least sig-
nificant of the three opferative multiplier
digits and the previous most significant digit.

As with the serial mode embodiment of
Fig. 3. the first operation step or cycle
with the three least significant multiplier
digits is made: with the assumption of value
‘0" for the non-esistent fourth digit while
after effecting the necessary number of
operation cycles to deal with ali of the
available multiplier digits. a final step or
cycle is made with an assumed zero value:
{000) accorded to the non-existent operative
digits of the multiplier in conjunction with
the actual examined value of the most sig-
nificant previous digit.

The manner of interconnection of stages
43* . ... 43% of the adding/subtracting device
43 to stages 64 . . .. 64° of the non-shifting
part of the accumulator effectively provides
an automatic three-position right shift as
the related partial product digits are loaded
into the accumulator. The three-digit right
shift of the remainder of the accumulator
register including the stages 164", 164** and
164** is arranged to take place as the digit
values of stages 64" . . . . 64° are fed to
the adding/subtracting device 43 and such
stages simultaneously cleared.  All seven
stages 164°7%, 164** . . . . 64* are thus
left empty in readiness for the arrival of
the next partial product. The overall speed
of multiplication is according]ly improved by
overlapping of the adding (or subtracting)
and the shifting times while the prior shift-
ing of the least significant part of the
accumulator register also allows decoding
of the next group of multiplier digits which
appear automatically in the opposite end
stages of the register 164 to be overlapped
with the preceding add;subiract operation.

The multiplying aprparatus elements shown
may also be largely employed in an
associated dividing arrangement which
operates to determine the quotient digits in
turn singly but with right shifting of the
diviscr only once every three division steps
and then by three places. To effect this,
advantage is taken of the facility of providing
the different multiples », 2r and 4r of the
divisicn number by means of the apparatus
used for forming d, 2d and 4d during multi-

$5 plication, In such division, 4r is first sub-

tracted and the sign of the remainder tested.
If this is positive ‘1’ is placed. in the quotient
register and 2r then selected and subtracted
also. If, however, the sign, is negative, ‘0" is

placed in the quotient register and the ]

selected 2 is added. In either case the sign
of the remainder is again tested and the
operation repeated with r before shifting, the
remainder by three places.

It will be apparent that the invention is
not limited to the particular arrangements
as shown and described. The number of
digits in each multiplier digit group may
be greafer or smaller than three while
instead of choosing 3d as the constant input
to the adding/subtracting device in the first
form described, another value, e.g. 4d, may
be employed with appropriate modification
of the multiplicand multiple selection and
adding/subtracting device control.

WHAT WE CLAIM IS:

1. A multiplying arrangement of the kind
described for nuinbers represented by electric
signals which comprises a signal-con-
trolled arithmetic device which can be
caused to effect either addition or
subtraction of two number signals
applied thereto in dependence upon a
controlling signal, means for providing a
number of separate signals representing
respectively each of the different successive
integral multiples of the multiplicand num-
ber from the first multipie up to but not
exceeding that multiple which is sufficient
to embrace half the total number of mul-
tiples capable of being signalled by the
chosen number- of digits forming each
separately examined digit group in the
multiplier number and means for effecting
the selection, in accordance with the
examined values of each of said multiplier
digit signal groups in turn, of an appro-

priate one of said multiplicand-multipie

representing, signals for application as one
signal input to said arithmetic device and
the simultaneous signal control of such
device by the same group of multiplier
digit signals whereby such arithmetic
device causes either addition or subtraction
of the selected multiplicand-multiple repns-
senting signal to or from a number signal
applied to the other input of said arithmetic
device.

2. A multiplying arrangement according
to claim 1 in which said number signal
applied to the other imput of said arith-
metic device is a chosen one of said multi-
plicand-multiple representing signals.

3. A multiplying arrangement according
to claim 1 in which said number signal
applied to the other input of said arithmetic
device is that one of said multiplicand-
multiple representing signals which 1epre-
sents a multiple lying substantially mid-
way of the total range of multiples which
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can be signalled by the chosen number of
multiplisr  digits in each examinasd
group and in  which the selected
multiplicand multiple and the add/stibtract
control of said arithmetic device is such
that the signal output from said aritiimetic
device represents the correct partial pro-
duct called for by the examined group of
muitiplier digits.

4. A mulliplying arranggment accord-
ing to claim 3 which includes an accumu-
lating device to which said partial product
representing signal is applied #nd by which
it is combined with any previously obfained
partial product representing signals so as
to form an eventual signal representing the
fina]l product of said mulfiplicand and mul-
tiplier numbers. '

5. A multiplying arrangement according
io claim 1 in which said arithmetic device
is arranged to form part of an accumulating
device including a signal register and in
which the numbegr signal applhed to the other
input of said arithmetic device is a signal
from said regisler representing the pre-
viously accumulated partial product signais,
the selection of each multiplicand-multiple
representing signal for application te the
first ',inlput of said arithmetic device and the
control of said device to add or subtract
being in accordance with the examined
values of each of the digits of each multi-
plier digit group and the valulr of the
most significant digit of the previously
examined multiplier digit group.

6. A multiplying arrangement for binary
number signals according to any of claims
1-5 in which each exainned group of mul-
tiplier digits consists of three sequential
digits and in which signals represcnling
the multiplicand multipies &, 2d, 34 and
4d are made available for selection.

7. A multiplying arrangement for binary

number signals according io any of claims
2, 3 or 4 and 6 in which said other input
of said arithmetic device is supplied with the
§igna1 representing the multiplicand multiple
3d.
- 8 A multiplying arrangement accordmp
to any of the preceding claims 3-7 arranges
for operation in the paralie] mode, in which
said accumulating device comprises a multi-
stage shifting register and which includes
means for semsing the digit value state of
a predetermined number of the least sig-
nificant stages of said shifting register to
provide means for examining the values
of the successive multiplier digit groups
by initial registration of said muftiplier
number signal therein.

9. A multiplier arrangement substan-
tially as described and as illustrated in Fig.
1, Fig. 2, Fig. 3 or Fig. 4 of the drawings
accompanying the provisionai specification.

POLLAK, MERCER & TENCH,
Chariered Patent Agents,
“Audrey House.

Ely Place, London, E.C.1.
Agents for the Applicants.
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