B. M. GORDON 2,926,848

COUNTING DEVICE

March 1, 1960

Filed Oct. 25, 1955

X
- = 3 KO =
304 =

o

bdy

(@ NOILISOd NI HOLIMS

A
‘vM\H ©
2
2 A

g
=
N
S
AX= dy
A = 30f
3 x of = bdy
(D NOILISOd NI HOLIMS
LyVLS
8¢
T\Y
Y] S
1l 44
Ot
Frh
& m\
3LV9 o
] 74
%L /4 of

Y¥3ILINNOD —
g o
Adyys LIOHINOD m
“ NMﬂ/
I~ I 3L ILINW
o ¥31INNOD ~—  |3Lvy AMVYNIS
> [ns3y [ "
Lasau R
(bdd) ®
WU ~6_u\

TR

'

% |

BERNARD M. GorROON

o

Wd/’b
ATTORNEY,



ey

United States Patent O

| 2,926,848
Patented Mar. 1, 1960

ice

2,926,848
COUNTING DEVICE

Bernard M. Gordon, Newton, Mass., assignor to Epseo,
;- Ineorporated, Boston, Mass., a corporation of Massa-
chusetts

Application October 25, 1955, Serial No. 542,625
11 Claims. . (CL235—164)

The .invention relates 't6 counting devices, and more
particulatly to courting devices. for performing multiply-
ing and dividing opérations. :

‘Heretofore computers have used complex devices and
circnits ' for” performing multiplying and dividing opera-
tions. - "Such devicés have also required separate circuits
for peiforming either multiplying or dividing functions.
This"of coursg has incfeased the compléxities and ntm-
beér of circuits required thereby increasing the costs. of
manufacturing “and reduding the’ efficiency. of operation
and maintenance.

It is therefore. a primary  object of this invention to

provide a new ‘and improved counting device. for per-
forming multiplying operations. :
~“Another 6bject’ of .the invention is to provide a new
and“imiproved counting ‘device for performing dividing
operations.
"': Another .object of the ‘invention is t6 provide a  new
and - improved . counting * device selectively performing
multiplying and dividing operations utilizing the same
components. - ‘

"Another object of the invention is to provide a new
and improved counting device .for multiplying and di-
viding ‘operations which is simple. in consiruction, low in
cost and - efficient in operation,

““Another ‘object of theinvention is to” provide a new
and improved counting device which may be made en-
tirely electrical in operation.

~“AnotHer object of the invention'is to provide a new and
improved  counting device having high operating speed
and efficiency:

Another ‘object. of the invention is to provide a new
and: improved  counting device which may “be ‘switched
from-“a ‘multiplying “operation: 1o .a dividing ¢peration
at'great speed.

-Another object ‘of the invention is to provide 'a new
and improved:counting device which is highly ‘adaptable
tovariolis design circumstances and requirements.
“'The -above objects of the invention as well as other
objects will be apparent when' the following description
is*read in conjunction with the drawing annexed ‘hereto
showing:the invention in ‘block form. )

The-:input- terminal 1§ receives “a. train of actuating
pulse signals which  may. occur at a frequency. fs. ‘The
input terminal 10 is connected to the first input 12 of a
gate 14 which has'a second input 16 and an output 18.

‘When ‘the second input 16 is energized, the gate ‘14
passes. pulse signals ‘from :the ‘terininal 10 to- the  out-
put-18. :

-, The output 18 of the gate:14 is connected to the input
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lead 20 of a rate multiplier 22.. The rate' multiplier 22
receives an information signal having a value X. = The
rate multiplier. 22 ‘may be of the binary. type having a
number of information rate control leads A;, Al A,
which receive the-input. information X in binary parallel
form. Such a binary rate multiplier has been .described
in the article entitled “Special Purpose Digital Data Proe-
essing- Computers™ by Bernard M. Gordon and R. N.
Nicola in the proceedings of the Association of Computing
Machinery dated May 1952, and therefore shall not be
described in detail herein.

The output from the multiplier 22 is delivered to the
armature of the two position switch 24, In its first posi-
tion which 'is shown: by the drawing, the switch 24 de-
livers the output signal from the multiplier 22 to'a re-
sult couinter 26. The counter 26 may be of the cascade
binafy type. - 'Although the switch 24 is shown in me-
chanical form for simplicity, it may take the form. of a
high speed: electronic: switching device, many of which
are well known in the art.. ‘

The outptt signals ‘of the rate multiplier 22 comprise
a ‘train or sequence of pulse signals having a frequency
or occurrerice rate foX which is the product of the rate fo
of the input sigiials:at the lead 26 and.the input-informa-
tion ‘signal X at the rate control leads Ay Ay Ll Ay
The value X equals 0.7 may be represented ‘in binary
form by 0111, in which a zero (0) represents the ‘ab-
sence of a sighal and a one (1) represents the presence
of "a signal on respective control leads Ap Ay oL LA,
of the multiplier. 22. ' Similarly ‘the value X equals zero
may be represented by 0000 in binary form and X equals
1.0-may- be represented by 1010 as is well known in the
art. -

As also will be clearly evident from Figure ‘8 of the
above published article of the inventor, when the in-
formation signal X to the rate multiplier is equal to zero

" (0), the rate of  the output signals. will also: be zero.
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When the signal' X has another value such as 0.2 (or

0010 in binary form) the rate. of output signals will be

0.2f5, where f, is the rate of.input actuating signals. Thus
the-value of the information signal X to the rate control -
leads: Ay, Ay'. .. A, of the rate multiplier- unit 22
controls .the rate of its cutput pulse signals. The rate
of the output signals, therefore, may. be represented as
the product £;X. :

The result counter 26-may be’ reset ‘to its starting: or
Zero position by a signal’ delivered to “its input terminal
28 before the initiation of & multiplying or dividing oper-
ation.” During the multiplying or dividing operation the
result’ counter 26 registers the count of the signals de-
livered ‘to it.

The- signals from the output 18 of the gate 14 are
also. delivered to the -armature of a two position switch
30 which is linked to operate unitarily with the switch
24. 1In its first position : (shown by the drawing), the
switch 30 delivers the output signals from the gate 14
to-a control counter 32.

The control counter 32is provided with a preset in-
put_terminal 34 ‘which adjusts the counter 32 so that
it-delivers-an output carry. signal over its output line 36
upon the receipt by the control counter 32 of input sig-
nals of .a predétermined number Y.

The output line 36 of ‘the- control ‘counter 32 delivers &
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carry signal to the input terminal 38 of a bi-stable or
flip-flop circuit 40 placing it in its reset condition.

The flip-flop 40 is also provided with an input lead
42 for placing it in its set condition. The output line 44
of the flip-flop 40 is energized only when the flip-flop
40 is in its set condition and delivers a gating signal
to the second input 16 of the gate 14.

When the switches 24, 30 are in their first positions
they condition the counting device for a multiplying
operation.

When the switches 24, 30 are placed in their second
positions, the counting device is conditioned for a di-
viding operation. In their second positions, the switches
24, 30 interchange the connections of the input leads
of the result counter 26 and the control counter 32.
Thus, in the second position, the output signal from the
multiplier - 22 is delivered to the input of the control
counter 32, while the output from the gate 18 is de-
livered to the input of the result counter 26.

In the operation of the counting device,. the result
counter 26 is first reset by a reset or clear signal delivered
to its input terminal 28. An information signal Y is
delivered to the input terminal 34 which presets the con-
trol counter 32. Thus, if the control counter 32 is a
backward-forward binary counter, a series of input pulses
on the input terminal 34 representing the value Y may
be delivered to its backward input terminal causing it to
deliver a carry output signal only upon. the delivery of
Y signals to its forward input terminal.

The flip-flop 4¢ which has been in its reset state, is now
placed in its set condition by a start signal delivered to
its input terminal 42. This results in the delivery of a
‘gating signal to the second input 16 of the gate 14 allow-
ing the passage of a series of impulses from the input
terminal 10 to the binary rate multiplier 22 as well as
to the control counter 32. '
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The output signals from the multiplier 22 are delivered '

to the counter 26 which registers their number. As soon
as the control counter 32, however, has received Y pulses
it delivers a carrying signal, resetting the flip-flop 40
and preventing passage of impulse signals through the
gate 14. This terminates the counting operation.

The number registered in the result counter 26 is the
product or quotient of the input information signals X
and Y depending upon the position of the switches 24,
30.

In a multiplying operation when the switches 24, 30
are placed in their first position, the result R registered
in the counter 26 equals the frequency f, of pulse signals
delivered to the injut terminal 10 multiplied by the rate
control value signal X delivered to the multiplier 22
multiplied by the period of time ¢ during which the gate
14 passes pulse signals. Bearing in mind that the fre-
quency of actuating pulses f; multiplied by the period ¢
during which they pass through the gate 14 is equal to
the information signal Y, by substitution, it is evident
that the result R in counter 26 equals the product XY
of the information signals delivered to the multiplier 22
and the information signals presetting the control counter
32.

When the counting device is set to perform a dividing
operation with its control switches 24, 30 in their second
position, the number R registered by the result counter
26 equals the frequency f, of signals passing through
the gate 14 multiplied by the period of time 7 during
which they pass through the gate 14. The rate f, of im-
pulse actuating signals multiplied by the information sig-
nal X (controlling the multiplier 22) multiplied by the
time ¢ during which the actuating signals pass through
the gate 14 equals the number Y by which the control
counter 32 is preset. The time ¢ during which signals
pass through the gate 14 equals Y divided by the product
of fo and X. By substitution the number R registered
in the counter 22 equals the product of fy and Y divided
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4
by the product of f, and X. By cancellation of fg R is
equal to Y divided by X.

Although counting device is illustrated using an actuat-
ing signal f, at its input terminal 10 having a predeter-
mined constant frequency, the device will also operate
and in the same manner when the frequency f, varies
and is not constant, and will produce the same results
R in the counter 26.

Although the invention has been illustrated with regard
to a particular embodiment, it will be evident to those
skilled in the art that appropriate modifications may be
made in accordance with design requirements without
departing from the spirit of the invention.

- What is claimed is: .

1. A counting device comprising an input terminal for
receiving actuating signals, a binary rate multiplier unit
controllably connected with said input terminal and
adapted to receive rate control information signals in
parallel binary form to deliver output signals having a
rate which is the product of the rate of said actuating
signals and the quantity represented by said signals in
parallel binary form, a first counter excited by the out-
put of said multiplier unit, and a second counter respon-
sive to said actuating signals for controlling the period of
delivery of actuating signals from said input terminal to
said binary rate multiplier unit.

2. A counting device comprising an input terminal for
receiving actuating signals, a binary rate multiplier unit
controllably connected with said input terminal and
adapted to receive rate control information signals in
parallel binary form to deliver output signals having a
rate which is the product of the rate of said actuating
signals and the quantity represented by said signals in
parallel binary form, a result counter excited by the
output of said multiplier unit, and a control counter
having an input lead conmtrollably connected with said
input terminal, said control counter controlling the period
of delivery of actuating signals from said input terminal
to its input lead and to said multiplier unit.

3. A counting device comprising an input terminal
for receiving actuating signals, a binary rate multiplier
unit controllably connected with said input terminal and
adapted to receive rate control information signals in

parallel binary form to deliver output signals having a

rate which is the product of the rate of said actuating
signals and the quantity represented by said signals in
parallel binary form, a result counter excited by the
output of said multiplier unit, and a presettable control
counter having an input lead controllably connected with
said input terminal, said control counter controlling the
period of delivery of actuating signals from said input
terminal to its input lead and to said multiplier unit.

4. A counting device comprising an input terminal for
receiving actuating signals, a binary rate multiplier unit
adapted to receive rate control information signals in
parallel binary form to deliver output signals having a
rate which is. the product of the rate of said actuating
signal and the quantity represented by said signals in
parallel binary form, a result counter excited by the
output of said multiplier unit, a presettable control count-
er providing a carry signal in response to a predetermined
number of said actuating signals, and a signal gating unit
actuated by said control counter carry signal for termi-
nating the delivery of said actuating signals to said multi-
plier unit and said control counter.

5. A counting device comprising an input terminal for
receiving pulse signals; a gate circuit having a first. input
connected with said terminal, a second input, and an
output; a binary rate multiplier unit having a pulse input
lead, a plurality of rate control leads for receiving in-
formation signals in parallel binary form, and an output
lead; a result counter connected with the output lead
of said multiplier unit; a control counter having an input
count line connected with the output of said gate circuit,
a preset control line, and an output carry line; and a
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5
flip-flop circuit having a set'lead, a réset Jead:joined with
the output carry line of: said-control ‘counter, and 'an
output line joined with the second input of said gate cir-
cuit, the output of said rate ‘multiplier ‘unit deliveringa
train of output pulse signals~having a’ rate which is the
product of the rdte of -the pulse signals received at its
pulse input lead and -the quantity ‘represented by ‘said

~~information signals- received at said’ rate control leads.

6. A counting :device comprising a first set of -input
terminals for receiving.a first information signal in par-
allel binary form, a second input terminal for receiving
asecond . information :signal;’ a third input “terminal -for
recéiving actuating signals, a binary ‘rate multiplier unit
joined with said first .set of input terminals ‘and control-
lably connected with said third terminal ‘and having an
output lead, a result counter connected with the output
lead of said multiplier. unit for registering'.the product
of the information signals delivered by said. first and
second terminals, a control counter joined with said sec-
ond “terminal for ‘presetting its -count and controllably
connected with- said third- terminal, said" control counfer

responsive : to said" actuating ‘signals for controlling the-

connection of 'said third “terminal with said multiplier
unit and said control’ counter, the output lead of said
rate-multiplier unit delivering a train of signals having
a rate which is the product of the rate of said actuating
signals received ‘from'said third terminal and the quan-
tity represented by said information signals received at
said first ‘set of input terminals.

7. A multiplying device comprising a first set of input
terminals-for receiving first information signals in parallel
binary form representing a: value X; a second input ter-
minal for. receiving second information signals -repre-
senting a value Y; a third input' terminal: for receiving
actuating pulse signals; a binary ‘rate multiplier unit
joined. with said first set of terminals for receiving said
information signals, and having an input lead and an out:
put lead; a result counter connected with the" output
lead of said multiplier unit for registering the product
XY of the information signals delivered by said first and
sccond terminals, and having an input ‘conductor for
clearing the counter; a control counter joined  with said
second terminal for presetting its count to deliver a carry
signal after receiving Y signals from said third input
terminal; a flip-flop circuit having a set.lead, a reset lead
energized by the carry signal from said control -counter,
and ‘an output lead energized when the.circuit is in its
set condition; and a gate circuit having a first input con-

--mected’ with said third terminal, a second input con-

nected ‘with the output lead of said flip-flop- circuit, and
an output lead for delivering signals to said multiplier
unit and said control counter, the output lead of said rate
multiplier unit delivering ‘a train of output pulse signals
which is the product of the rate of said actuating ‘signals
received by its input lead and said value X represented
by said information signals in parallel binary form.

8. A dividing -means comprising a first set of input
terminals. for receiving first information signals- repre-
senting a value X in parallel binary form; a second input
terminal for receiving second ‘information signals repre-
senting a value Y; a third input terminal for receiving
actuating signals having a rate fp; a binary rate multiplier
unit joined with said first' set. of terminals, and having
an input lead- and an output lead; a result -counter for
registering ‘the quotient ¥/X of the information signals
delivered by said first and ‘second terminals, and having
an input conductor for clearing the counter;- a' control
counter joined with said second terminal for presetting its
count to deliver a carry signal after receiving Y -signals
from the output lead of said multiplier unit; a. flip-flop
circuit having a set lead, a reset lead energized by the
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carry signal from said control counter, and. an-output -

lead energized when the circuit isin its set . condition;
and a gate circuit having a first inputconnected ‘with

78

said ‘third ‘terminal; a-second.input connected  with :the
output -lead:‘of ‘said flip:flop circuit, and an output ‘lead
for delivering : pulse’signals to. said multiplier unit. and
said-result counter, the output lead-of said rate multiplier
unit-delivering: a train of signals having a rate f,;X which
is theiiproduct - of : the- actuating signals: received by its
inputilead and the information signal of value X received
from said first sét-of terminals, =

9.:A: counting apparatus- comprising an input terminal
for-receiving pulse 'signals; a gate circuit having a first
inputconnected with: said terminal, a second input; ‘and
an: output;i-a binary rate. multiplier unit ‘having: a:.pulse
iiput lead; a plurality-of rate control leads, -and an’ out-
put lead; a:result counter having an- input lead;-a control
counter having an input count line, a preset control line,
and-an output carry line; a flip-flop circuit having a set
lead joined with the output carry line of said control
counter, and an output line joined with the second input
of said ‘gate circuit; and switching means having a “first
position' connecting the. output- of * said multiplier ' unit
with the input lead of said result counter and the output
of said gate circuit with ‘the input count line of said
control counter, and a second position connecting the
output of said multiplier unit with the input count line
of said control counter and the output of said gate circuit
with the input lead of said result counter.

10." A muitiplying-dividing apparatus comprising a first
set: of “input terminals for receiving -first. information
signals representing a’ value X; a second input. terminal
for receiving second information signals. representing’ a
value . Y; a third input terminal for receiving actuating
pulse signals; a binary rate multiplier unit.joined with
said - first: set- of - terminals, and having an- input: lead
and an output lead; a result counter for registering selec-
tively the product XY and the quotient Y/X. of the
information  signals ‘delivered by said first and second
terminals and having an input lead; a control counter
having an output line, a first input line, a second input
line joined with said second terminal for presetting its
count to deliver an output signal upon receiving Y. pulse
signals at its first input line; a flipflop circvit having a
set lead, a reset lead connected with the output line of
said ‘control counter,; and an output lead energized when
the circuit is in its set condition; a gate circuit having
a first input connected with said third terminal, a second
input connected with the output lead of said flip-flop
circuit, and an output lead; and switching means’ having
a first position connecting the output lead of said multi-
plier unit with the input lead of said result counter and
the output lead of said gate circuit with the first input
line of said control counter causing: said result counter
to register the product XY, and a second position' con-
necting the output lead ‘of said multiplier unit with the
first input line. of 'said control counter and the output
lead of said gate circuit with the input lead of said result
counter . causing - said. result counter “to register the
quotient Y/X, : :

11. Apparatus for providing a digital output indication
of -the ‘combination of a first quantity represented by a
first signal in parallel binary form with a second quantity
represented by a second:input signal comprising gating
means having first and second inputs and an output, a
source of a reference signal having a reference rate,
means for coupling said refererice signal- scurce: to said
gating means first input, a binary rate multiplier having
a rate input terminal coupled to said gating means out-
put, an output terminal and rate control leads, ‘means
for applying a conditioning signal to said gating means
second ‘input to couple said reference signal from said
source to said binary rate multiplier rate input through
said gating means, means for applying said first signal
in paralle] binary form to said rate control leads to alter
said reference rate whereby the rate: of the signal on
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said binary rate multiplier output equals the product
of said reference rate with said” first quantity, a result
counter ‘having an input, a control counter having an
advancing input, a preset input, and delivering a carry
pulse after a predetermined number of signals are re-
ceived at said advancing input, means for applying said
second signal to the preset input of said control counter
to select said predetermined number, selective means for
coupling the output of said binary rate multiplier and the
output of said gating means to respective omes of said
result counter input and said control counter input, and
means” responsive to a carry pulse delivered from the
output.of said control counter for removing said condi-
tioning signal from said gating means second input.
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