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3,010,655
SIGNAL. CO‘/IPARISON SYSTEM
Raymond W. Ketchledge, Whippany, N.J., assignor fo
Bell Telephone Laboratories, Incorporated, New York,
N.Y., a corporation of New York
Filed Dec. 3, 1957, Ser. No. 700,373
12 Claims, (Cl. 235—177)

_ This invention relates to electrical signal comparison
systems and more particularly fo a system for comparing
binary numbers.

Cne of the operations which® electronic information
handling devices often are called upon to perform is the
rapid and accurate detection of the difference between
two numbers which may represent two distinct informa-
tion items handled by the devices. For example, high
speed cathode ray tube information storage systems are
feasible only if the rapid and accurate positioning of an
electron beam on a storage target can be obtained in ac-
cordance with directive information fed to the beam de-
flection system. A binary number comparison system
assures the requisite speed and accuracy. Binary num-
bers form the input directive information and each posi-
tion on the storage target impinged by the beam forms
a discrete output binary number. Comparison of input
and output numbers yields a difference signal which ad-
vantageously may be utilized to reposition the beam to
the position dictated by the input information.

The binary number forms utilized in such comparison
systems and favored in most electronic information han-
dling devices are those permitting alternate representations
of each digit; viz., a binary code in which a code group
consists of a numerical sequence of any number of 0’s
or 1’s in any permutation arrangement.

In accordance with my invention, a binary number.

comparison system is disclosed which satisfies the high
speed servo correction demands of such a storage device
application. The system receives all of the. digits of two
multidigit binary numbers simultaneously, compares corre-
sponding digits under the control of more significant or
higher ordered digits and provides alternative outputs,
each indicative of the exact magnitude and sign of the
difference between the oompared numbers.

1t is an object of this invention to provide a high spe‘-d
binary number comparison system.

It is another object of this invention to compare two
binary numbers so as to provide an indication -of their
relative magnitudes or sign and the exact magnitude of
their difference. .

The above objects are attained in accordance with an
illustrative embodiment -of the invention by the applica-
tion to a comparator network of each of the various digits
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of a first binary code nmumber as one of two electrical -

signals, each digit being alloted a distinct input in one of
several comparison positions of the comparator network.
Each of the various digits of a second binary code num-
ber to be compared with the first binary code number is
applied as one of two electrical signals to another input
in the same position as the signal for the digit of corre-
sponding significance or like order in the former number.
Thus, each pair of digits of corresponding significance in
the compared numbers is applied to a distinct position
or stage in the comparator. Advantageously, all digits
are applied at their respective inputs simultaneously. A
plurality of weighting elements are associated with the
comparison circuitry in each position and are coupled to
a distinct one of alternative common outputs which yields

the relative magnitude or sign and the exact difference in‘

magnitude of the compared binary code numbers.
Binary number comparison systems of this type are

disclosed in my applications, Serial No. 685,688 and Serial

No. 651,897, now Patent No. 2,923,475, filed September
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23, 1957, and April 10, 1957, respectively. The former
application is directed in part to the broad aspects of com-
parison systems which derive the magnitude and sign of
the difference between two input numbers applied to the
comparator in binary code form. The latter application
also is concerned with deriving the exact magnitude and
sign of the difference between the compared numbers and
achieves greater accuracy and reliability by utilizing dis-
tinct digit comparison resultants to control such resultants
from more or from less significant digit compariscns.

The instant system- achieves comparable results utilizing
a unique approach to the logic of the problem. This ap-
proach is implemented by a novel network arrangement
characterized by a series of four possible control signals
from each digit comparison which are carried to and con-
trol output signals from less significant or lower ordered
digit positions.

In accordance with my invention, binary digit com-
parisons are conducted simultaneously in each position
to 'determine the presence in each position of a digit
match or mismatch. Each position is arranged to provide
a comparison resultant indicative of this match or mis-
match condition which resultant may initiate two of the
four possible control signals carried to less significant digit
positions. After proper weighting of each comparison
resultant in accordance with its individual position sig-
nificance or order in the compared numbers and depend-
ent upon comparison resultants in more significant or
higher ordered digit comparison positions as reflected by
the “carry” control signals, a summation of the resultants
yields the sign and exact magnitude of the difference be-
tween ithe numbers in a rapid, accurate and reliable
manner.

The network may be adapted for comparisons of vari-

ous binary code forms. In this instance two -distinct
binary code forms are employed which are popularly re-
ferred to as the conventional binary code and the re-
flected binary code, the latter being derived from the
former in a manner disclosed in the patent of F. Gray,
No. 2,632,058, issued March 17, 1953,
" The following example of simple subtraction in which
the decimal number 26 (10111 in reflected binary code
form) is subtracted from the decimal number 37 (100101
in conventional binary code form) will illustrate the op-
eration of the comparison system in accordance with my
invention, .

Welghting 32 16 8 4 2 1
Pomxond A B C D E ¥

37 (dec) (conventlonal binary) 1 0 0 17 0 1
Subtrahend

26 (dec.)  (reflected binary) - 0 1 0 i 1 1

. Comparison resultant -z

11 ‘Weighted resultant 0 0 2(44) o 241 fi=11

Each digit position A-F in the binary numbers is as-
signed a binary weighting corresponding to the signifi-
cance or order of the digit position in the number. Thus
the most significant digit position A, in this example, is
assigned a weighting of 32 corresponding to the signifi-
cance (2%) of that digit position in a six digit conven-
tional binary code number. In accordance with the logic
of this comparison system, the most significant digit com-
parison producing a mismatch will develop two “carries,”
determined by the polarity of the mismatch, which “car-
ries” control the outputs of less significant digit positions.
" The system in accordance with this invention makes
use of an equivalent way of expressing binary digits, e.g.,
a binary digit “one” represents the weighting assigned its
own position, or alternatively, it represents a summation
of weightings assigned to all less 31gn1ﬁcant digit posi-
tions plus an added unit weighting. Thus in the example,

the. digit “one” in position A of the minuend represents

© 32, the weighting of position A, or 16-}-84+44241-+1,
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_ the summation of weightings assigned all less significant
digit positions plus onme. It is equivalent to expressing
the number 100000, or 32 in conventional binary code
form, as 011111-+1. In the conventional binary code,
of course, the value of succeeding less significant digit
“ones” adds to the value of the most significant digit
“one” to provide the value of the number. In the re-
flected binary code, the value of any digit may be ex-
pressed as the weighting of its own and all following digit
positions, or alternatively, as twice the weighting of all
less significant digit- positions plus an added unit weight-
ing. Thus in the example the digit “one” in position B
of the subtrahend represents 16--8-+4-44-2--1=31 or
2(8)+2(4)+2(2)+2(1) +1.
“one” in the reflected binary code number is valued in
a similar manner but takes the sign opposite the preced-
ing digit “one.” Thus in the subtrahend of the example,
the. digit “one” in position D represents }

—2(2)=2(1)—1=—7

that in position E represents --3, and that in position F
represents —1.

" Utilizing these alternative means for expressing digit
values in each code, the system in accordance with the
invention identifies the positive mismatch in position A
of this example by initiating two positive “carry” signals
which seek to provide outputs in this polarity in each
less significant digit position plus an added output with
unit weighting, the summation of which outputs will re-
flect the magnitude and sign of the difference between
the compared numbers. One of the “carries” assures that
all outputs have the desired sign, in this instance positive,
by preventing initiation of negative “carries” in less sig-
nificant digit positions. )

" It is evident at this point that the circuit is informed

by the most significant digit mismatch that a difference

exists between the compared numbers, but it remains for
succeeding digits to determine whether this difference is
maximim, minimum or intermediate. The maximum
positive difference between the compared mumbers with
this initial mismatch would exist if the minuend was 63
or 111111 in conventional binary code form and the sub-
trahend was: 0 or 000000 in reflected binary code form.
In this event the two positive “carries” initiated in position
A would provide two distinct positive outputs in each
digit position B-F plus the additional unit output for a
final resultant of

2(16) +-2(8) +2(4)+2(2) +2(1) +1=+63

" The appearance .of “zeros” in the minuend and “ones”
in the subtrahend may be seen to reduce this maximum
difference resultant, the ultimate minimum difference re-
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sultant with a positive mismatch in position- A being -

achieved when the minuend is 32 or 100000 in conven-

tional binary code form and the subtrahend is 31 or

010000 in reflected binary code form. In this event the
“zeros® in positons: B-F of the minuend would prevent
one of the “carries” from producing its output in each of
these positions, and the “one” in position B of the subtra-
hend ‘would prevent the other “carry” from producing
its ‘output in that and all less significant digit positions.
The only output not inhibited in this instance is the added
output with unit weighting, thus providing the correct
final resultant of 4-1.
-~"Thus in the instant example, the “zeros” in positions B,
C and E of the minuend reduce the final resultant from
the possible maximum by preventing one of the “carries”
from producing its output in each of these positions.
Similarly the “one” in position B of the subtrahend in-
creases the size of the subtrahend, in turn tending to de-

- crease the final difference resultant. -To effect this result,
the “one” in position B prevents the other positive “carry”
from producing its output in this position and all less
significant digit positions. The “one” in position D of
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the subtrahend renews the chain of outputs controlled
by this carry in position D and all less significant digit
positions. Succeeding “ones” in positions E and F stop
and restart the carry output control respectively.

In review, the most significant digit- mismatch, occur-
ring in this example in position A, initiates two positive
carries for production of two positive outputs in each less
significant digit position plus an additional unit output.
The condition of the digits in positions B, C and E of
each number is such as to block both outputs in these
positions. - In positions D and F, however, the condition
of the digits in each number is such as to permit both: posi-
tive “carries” to produce weighted cutputs corresponding
to the weighting assigned these positions, or 2(+-4) and
2(--1) respectively..- One’ positive “carry” extends be-
vond the position F and produces.the unit weighting, -1,
output which adds to the outputs of positions D and F to
produce the desired resultant -+11. . Once started, one of
the “carries” cannot be stopped, and it will at least pro-
duce the unit weighting. This assures that a mismatch,
required to start a carry and being indicative of a finite
difference in the compared numbers, will produce at least
a unit weight resultant,

It is evident therefore, that the comparator, in accord-
ance with this invention, determines the most significant
digit mismatch, initiates two “carries™ which seek to pro-
vide outputs from each less significant digit position
which will reflect the maximum possible difference be-
tween the compared numbers having this initial mis-
match, and minimizes these “carry” controlled outputs in
accordance with the particular digits present in each less
significant digit position.

In the illustrative embodiment of this invention, each
position or stage of the comparator comprises 2 series
of logic circuits including AND, OR, EXCLUSIVE OR,
INHIBIT and INVERTER circuits as known in the art
and disclosed, for example, in my aforementioned applica-
tions.- Generally, a logical AND circuit or gate has a
plurality of inputs and a single output and is so designed
that an output signal is obtained only when like signals
of a predetermined type are received simultaneously on
each of the inputs. A logical OR gate is basically a cir-
cuit having a plurality of inputs and a single output and
is designed to produce an output signal when signals of
a predetermined type are received at one or more inputs.
An EXCLUSIVE OR circuit has a pair of inputs and a
single output and combines logic elements in a manner
to produce one type of output signal-when opposite types
of input signals are teceived and to produce the -other
type of output signal when input signals of the same type
are received. The INHIBIT circuit provides an output
signal when a signal of a predetermined type is received
at one input and not at. another, inhibit, input. The
INVERTER provides an output signal of one type upon
receipt of an input signal of the opposite type.

It is a feature of this invention that digit-comparisons
be conducted simultaneously in distinct logic circuits, each
circuit being arranged to provide a plurality of contrcl
signals selected from more than two possible control
signals to logic circuits comparing less significant digits
upon the occurrence of a digit mismatch, the control sig-
nals serving to determine the single or double weighting
and sign of output signals from the less significant digit
positions.

A complete understanding of this invention and of
this and various other features thereof may be gained from
consideration of the following detailed description and
the accompanying drawing, the single figure of which is
a schematic representation of one embodiment of this
invention.

Referring now to the drawing, one embodiment of this
invention is shown in which digits of a conventional binary
code number babsby_1bx, representing the minuend of
the comparison and a reflected binary code number
2a8p8n_18x, Tepresenting the subtrahend of the compari-
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son, are applied simultaneously to the comparison circuit
comprising positions A-N,

The compared binary code numbers are not limited to
the four-digit length illustrated but may comprise any
number of digits. For each additional pair of digits of
corresponding significance in the compared numbers, cir-
cuitry such as that in position B is added to the com-
parator. Each position A-N receives a pair of digits,
each digit having like significance in the compared num-
bers. Thus, position A, the most significant digit com-
parison position, receives the digits b, and ga, the most
significant digit in each of the compared numbers.

Each digit is applied as a selected one of two discrete
voltage levels on the corresponding input leads. The two
discrete voltage levels represent the binary digits “1” and
“0” and the explanation hereinafter will allude to the
condition of the circuit in terms of the presence of a “1”
or a “0.”

The comparisons conducied in each positicn A-N will
yield an indication of a match, positive mismatch or
negative mismatch between the compared digits. A match
will be indicated if the compared digits are alike; i.e.,
both “1” or both “0.” If the digit of the minuend is a
“1” and the digit of the subtrahend is a “0” a positive mis-
match will be indicated and for the reverse situation, a
negative mismatch wili be indicated.

Each position A-N comprises a comparisen portion and
a control portion, and positions B-N also comprise out-
put means having a weighting portion. The comparison
portion of the most significant digit position A advan-
tageously comprises three AND gates 111, 112 and 113
and an inverter circuit 114, The comparison poriion in
all less significant digit positions also includes an inhibit
circuit and. an exclusive OR circuit, such as 215 and 205,
respectively, in position B.

The control portion of position A includes merely the
carry leads while the control portion of each position other
than position A comprises one AND gate, four OR gates,
four inhibit circuits, and two exclusive OR circuits.
Each AND gafe is shown as a clear semicircle, and the
OR gates, such as 255 in position B, are shown as a
semicircle traversed by the input leads.

The weighting portion comprises elements of an ana-
logue converter 500. Four distinct elements are associ-
ated with each position other than the most significant
digit position and impart a weighting to signals received
from the control portion of the comparator equivalent to
the weighting assigned the corresponding digit position.
Thus, position B in the four-digit comparator illustrated
has a binary weighting of 4, and each of the elemesnts
—Rg and 4Ry will impart a corresponding weighting of
4 to signals received from the control portion of position
B. Two additional unit weighting elements —Ro and
4R are connected to leads emanating from the control
portion of position N.

A comparison of two binary numbers will serve to
demonstrate the operation of the circuit. Assume that
the number 13 is to be compared with the number 9, the
former being the reference number or minuend. Table I
illustrates the elements of the problem:

I
. Weighting 8 4 2 1
- - Position A B N—1 N
13 (dee.) babpbn—1by (conv. binary) 1 1 0 1
9 (dec.) gagsgN-1gx (refl. binary) 1 1 0 1
Comparison resultant “+z
+4 Weighted resultant 42 41 +i=+4

The correct resultant is +4. Thus, the circuit must pro-
vide a plus sign or relative magnitude output signal and
a difference magnitude output signal having a binary
weighting of 4.

It is noted that in this instance the compared numbers
reveal a series of matches, so that comparison resultants
of “zero” normally would be obtained in each digit posi-
tion. Such resultants, of course, cannot produce the de-
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sired final resultant of --4, so that additional circuitry is
provided to assure that a mismatch occurs, with a con-
sequent comparison resultant. The circuitry utilized in
this embodiment reverses a digit of the reflected binary
code input to one position when the next more significant
digit position receives a “one” at each of its inputs. Thus,
in the example illustrated in Table 1, the digit match in
position A will result in a reversal of the reflected binary
code digit gg in position B. The resultant positive mis-
match in position B provides an output which activates
two positive “carry” leads, siguals on which serve to con-
trol outputs in less significant digit positions so as to
provide the desired weighted resultant of 4.

The detailed operation of each position in the circuit
with the various outputs provided by the example of
Table I will now be considered. Position A receives the
most significant digits by and ga of the two input num-
bers. In this instance a “one” appears on each of the
input leads, so that comparison AND gate 111 receives a
“one” from input g, and comparison AND gate 112 re-
ceives a “one™ from input b,. AND gate 113 receives
“ones” on each of its input leads and provides an output
“one” to inverter 114 and exclusive OR circuit 205. In-
verter 114 thus provides a “zero” output which is re-
ceived at a second imput to each of comparison AND
gates 111 and 112, so that an output “one” signal fails
to appear on any of the “carry” leads 126, 121, 122 and
123 connected to position B.

Position B receives the next most significant digits by
and gg of the two input numbers. Again, a “one” ap-
pears on each of the input leads but in this instance the
“one” at input gy is inverted by exclusive OR circuit 285
upon receipt of the “omne” signal from AND gate 113 in
position A. As described hereinbefore, an exclusive OR
circuit will provide an output “one” upon receipt of un-
like inputs and will provide an output “zero” upon receipt
of like inputs. Exclusive OR circuit 205 receives like
inputs in this instance, so that an output “zero”™ results.
AND gate 216G receives the “zero” from exclusive OR
circuit 205 and the “one” input of bz and fails to operate.
Inverter 220, lacking a “one” input from AND gate 21¢;
ie., receiving a “zero” input, provides a “one” output to
comparison AND gates 225 and 230. Comparison AND
gate 2390 thus receives two “one” inputs and provides a
“one” output on lead 231. ‘This comparison circuit out-
put “one” signal is transmitted over lead 232 and through
control OR gate 240 to “carry” lead 241 and over lead 233
through inhibit circuit 250 and control OR gate 255 to
“carry” lead 256. The “one” signal on comparison cir-
cuit output lead 231 provides one input for control AND
gate 275 and provides the inhibit input for inhibit circuit
280. As the “carry” leads 120—123 from position A
each have a “zero” signal thereon, no outpuis are pro-
vided from position B, but “one” signals are now present
on the carry leads 241 and 256 for control of comparison
outputs in position N—1.

Comparison AND gates 325 and 330 in position N—1
receive the “zero” inputs from gyn_; and by_; and fail to
provide “one” outputs. Thus, exclusive OR circuit 335,
receiving a “ome” from “carry” lead 241 and a “zero”
from comparison AND gate 325, provides a “one” output
on lead 336 which is transmitted through control OR
gate 340 to “carry” lead 341 and through inhibit circuit
345 to a +Ry_; clement of analogue converter 500,
which imparts a binary weighting of 2 to this signal and
passes it to positive output lead 501. The “one” signal
on - “carry” lead 256 from position B is transmitted
through control OR gate 355 in position N—1 to carry
lead 356. Thus, position N—1 provides a single positive
output weighted according to its positional weighting and
a “one” signal on each of “carry” leads 341 and 356 to
position N. _

Position N receives “one” signals at each of its gy and
by inputs. Exclusive OR circuit 465, receiving a “zero”
from position N—1 and a “one” from input gy, provides
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a “one” output to comparisen AND gate 425 and to AND
‘gate 410, AND gate 419 receiving “ores” fr‘om exclu-
sive OR circuit 405 and input by provides a “one” output
to inhibit circuit 415. Tn this instance the “one™ signal
is inhibited by the “one” signal on “carry” lead 356 from
position N—1 through control OR gate 460 to the in-
hibit input of inhibit circuit 415. The consequent out-
put “zero” signal of lnhlblt circuit 415 is inverted in in-
verter 420 to provide “one” signals at inputs of compari-
son AND gates 425 and 430.  With “one” signals at each
of their respective inputs, comparison AND gaies 425
and 439 provide “one” output signals on leads 426 and
431, respectively. The “one” signal on lead 426, to-
gether with the “one” signal on “carry” lead 341 from
position N—1, activates exclusive OR circuit 435 to pro-
vide a “zero” signal on output lead 436. The “one” sig-
nal on “carry” lead 356 from position N—1 is received

at the inhibit input of inhibit circuit 465 and serves to’

block the “one” signal on lead 426, so that a “Zero” sig-
nal -appears on leads 466 and 467 to prevent negative
output signals. o

The “one” signal from comparison. AND :gate 438 on
léad 431 is transmitted by inhibit circuit 450 and OR
gate 455 to the 4R section of analogue converter 560.
The “one” signal on lead 431 from companson AND gate
439 also combines with the “one” signal on “carry” lead
356 from position N—1 to permit control AND gate 475
to provide a “one” signal fo a 4Ry section of analogue
converter 500. Each of the +Rg and Ry sections will
impait a unit bindry weighting to “one” signals received
thereat, so that in this instance, two -1 signalg are trans-
mitted over positive output lead 5€1.

Summarizing the operation, the “one” digit match in
position A forced a mismatch in position B, which in turn
provided two positive “carries” to control outputs in less
significant digit positions. . The control circuitry in posi-
tion N—1 utilized one of these- “carries” to provide a
single weighted -positive output of 42 and continued both
positive “carries” to position N. - Position N utilized one
positive “carry” to provide two binary weighted positive

- -outpuis of 1. The positive carry” was also utitized
in position N to inhibit negative “carries” which other=
wise, would have been started in that position. - Positive
output lead 561 thus received a 42 output from position
N—1 and two -1 outputs from position N, which com-
bined to form the desired +4 final resultant.

It may be seen, therefore, that the most significant digit
mismatch determmes the sign of the final resultant. A
mismatch of one polarity causes two “carry” signals of
that polarity to control the outputs in that polarity from
less significant digit positions. One of the “carries” also
inhibits “catriés” of the opposite polarity in less signifi-
cant digit positions which may be started by mismatches
of the opposue polarity in such positions. ‘Thus four
“carries™ are indicated for each digit position which con-
trol four distinct outputs from each position of weighting
corresponding to the binary Weighting of the respective
positions plus an additional output in each polarity of unit
binary weighting: The various active “carries” combine
~with the comparison resultant for each position to deter:
mine which of the posmon outputs will be activated.

The “rules -governing operation of the circuit may be
summarized as follows:

(1) ¥ both position inputs are “zero” prodice no com-
parison resultants and produce no “carries” for that digit
position.

(2) If the conventional binary code mput digit is a
‘z_ero and the reﬁected binary code mput digit is a
“one,” start two “carties” of one polarity in that posmon
All outputs of that polarity in less significanf digit posi-
tlons will be energized so loag as all Tess sxgmﬁcant digits
are “zero.” A less significant conventional binary code
digit “one” inhibits one output in its position. A less
significant reflected binary code digit “one™ stops one of
the “carry” signials in that position, thereby preventing

10

- flected binary code digits are “‘zero.”
.a conventionial binary code digit “zero” in a less significant

20
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S
one output in that and all less significant digit positions.
This “carry” will be restarted by the appesarance of afi-
othier reflected binary code digit “one” in a less significant
digit - position. '

(3) If the conventional binary code input digit is a
“one” and the réflected binary code input digit is 4 “zero,”
two “carries” of the opposite polarity will be started. All
outputs in less significant digit positions of that polarity
will be energized so long as aII less significant conventional
binary code digits are “one” and all less 51gn1ﬁcant_ Té-
The appearance of

digit position will inhibit ene output in thaf particular
position. The appeararnice-of a reflected binary code digit
“one” in a less significant digit position will stop one
“carry” and one output-in that and -all following less
significant digit positions. = Arocther reflected binary code
digit “ome” in a less significant digit position will restart
the “carry” stopped by the ‘appearance of the formier re-
flected binary code digit “one” and pérmit outpiits pio-
duced by that “carry” in less significant digit pdsitions.

(4) If both input digits are “one” and a mismatch Has

- not-occurred in a more significant digit position, the sign
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of the difference .is indeterminate, In this instdnce no
oufputs and 1o “carries” will be generated in that positiont
and the reflected binary code mput digit in the succeeding
digit position is reversed.

The Iogrc involved in the. binary number comparison
conducted i the cdircuit may be expressed in algebraic
form, utilizing the terminslogy of Booclean algebra; as fol-
lows, the steps being numbered to correspond to the rulés
stated hereinbefore:

(1) I by==0, g4=0
Produce no outputs and produce no “carries”
(2) If by=0, gr=1
Start “carries” ¢y and cy
Fellowing “carry” ci=c1gn"+¢1'8n
Following “carry” co=cy
Output (+Vm)=c;
Output (-Vp3) =coby’
An added 1 output appears ‘at the end of the ¢y
“carry.”
(3) If by=1, g;=0
Start “carries” ¢z and ¢4 »
Following “carry” c3=csgn’-¢3'8n
Following “carry” cg=cy
Gutput (—Vqa1)=c3
Output (—Vys)=csbn
An added 1 output appears at the end of the €L
“carry.”
(4) I by=1, gy=1

Reverse the following reflected binary code input dlg}t
(gn) and dpply the above rules i in the digit comparison

-s0 created.

It is to be understood that the above—descnbed arrange-
ment is illustrative of the application of the principles of
the invention. Numerous other arrangements may be
devised by those skilled in the art without departing from
the spirit and scope of the invention.

What is claimed is: 7

1. An electrical circuit for indicating the exact magni-
tude ‘and sign of the difference between two binary code
numbers comprising a distinct comparison circuit for each
digit position. in the binary code numbers; means for
applying signals representative of digits in like ordered
digit positions in said numbers to individual of said com-
parison circuits, said comparison circuits producing com-
parison resultant signals on distinct comparison circuit
output leads, distinct output means corresponding to in-
dividual of said digit positions in the binary code numbérs,
and means for applying said comparison circuit resultant
signals to said output means, said last-mentionéd means
comprising contrcl means in each position other than the
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highest order digit position for connecting said compari-
son circuit output leads to said output means in the cor-
responding digit positions and more than two carry leads
for applying said comparison circuit resultant signals to
said control means in all lower ordered digit positions.

2. An electrical circuit in accordance with claim 1
wherein said carry leads comprise first and second pairs
of carry leads connecting, respectively, first and second of
said comparison circuit output leads for each position to
said control means corresponding to all lower ordered
digit positions.

3. An electrical circuit in accordance with claim 2
wherein said first and second pairs of carry leads com-
prise positive and negative carry leads respectively, and
further comprising inhibit means connected between said
pairs of carry leads in each digit position such that a
signal on one of said pairs of carry leads inhibits transfer
of said comparison resultant signals from a lower ordered
digit comparison circuit to the other pair of carry leads.

4. An electrical circuit in accordance with claim 3
wherein said outpui means comprises positive and nega-
tive output terminals, weighting elements connected in
pairs between said control means in each position and
said positive and negative output terminals respectively,
and means for selectively applving said comparison result-
ant signals from said comparison circuits through one or
both of said weighting elements of a selected one of said
pairs of weighting elements dependent on said digit
comparisons.

5. An electrical circuit in accordance with claim 2
and further comprising inhibit means connected between
said carry leads and said output means in each digit posi-
tion such that 2 signal on ore of said carry leads inhibits
transfer of certain of said comparison resultant signals
from a lower ordered digit comparison circuit to the
associated output means.

6. An electrical circuit for comparing two binary code
numbers comprising a plurality of comparison circuits
each corresponding to a distinct digit position in the two
numbers, means including a single input lead for each
digit for applying digits in like cordered digit positions in
said two numbers to individual of said comparison cir-
cuits, first and second outputs from each of said compari-
son circuits indicative of the relative magnitudes of each
pair of compared digits, distinct positive and negative
output means, control means corresponding to each digit
position other than the highest order digit position for
connecting said comparison circuits to said output means,
a first pair of control teads for applying said first com-
parison output to said control means connected to said
positive output means in all lower ordered digit positions
and a second pair of control leads for applying said sec-
ond comparison output to said control means connected
to said negative output means in all lower ordered digit
positicns.

7. An electrical circuit in accordance with claim 6
wherein each of said positive and negative output means
for each position comprises a pair of weighting elements
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and further comprising means for selectively applying
signals through one or both weightiing elements in a
selected one of said pairs of positive and negative weight-
ing elements in each position responsive to said compari-
son circuit outputs in conjunction with signals on said
carry leads from higher ordered digit comparison circuits.

8. An electrical circuit in accordance with claim 7
further comprising a positive output terminal connected
to said pairs of positive weighting elements and a negative
output terminal connected to said pairs of negative weight-
ing elements.

9. An electrical circuit for comparing a conventional
binary code number with a reflected binary code number
to determine the sign and exact magnitude of their differ-
ence comprising a plurality of comparison circuits each
corresponding to a distinct digit position in the two num-
bers, means for applying digits of like order in said two
binary code numbers to individual of said comparison
circuits, said comparison circuits providing output signals
on distinct output leads, control means connected to said
comparison circuit output leads in each digit position
other than the highest order digit position, means com-
prising pairs of carry leads for applying output signals
from each comparison circuit to said control means cor-
responding to lower ordered digit positions, and output
means connected to each of said control means.

10. An electrical circuit for comparing two binary code
numbers comprising a plurality of comparison circuits
each corresponding to a distinct digit position in the two
numbers, a plurality of positive and negative output means
for said digit positions, a first and a second pair of carry
leads connecting each comparison circuit to comparison
circuits receiving lower ordered digits, control signals on
said carry leads together with the specific inputs at each
digit position determining the appearance of outputs at
each of said positive and negative output means but the
last of said positive and negative output means, and
means for causing an output to be applied to a selected
one of said last positive and negative output means on
occurrence of control signals on said carry leads.

11. An electrical circuit in accordance with claim 10
wherein said output means include weighting means, said
Jast output means having unit weighting.

12. An electrical circuit in accordance with claim 11
wherein said comparison circuits include inhibit means
connected between said carry leads of each pair of
carry leads.
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