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DIGITAL COMPARISON ELEMENT
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Main, Germany
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Claims priority, application Germany, Apr. 22, 1963,
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1 Claim, (CL 340—146.2)

This application is a continuation of application Ser.
No. 360,649 filed Apr. 17, 1964, now abandoned.

The present invention relates to a digital compariscn
element. Such a comparison element is a circuit com-
ponent which is used, for various purposes, in digital con-
trol and computing systems whenever two binary num-
bers, a and b, are to be compared in order to establish
whether these two numbers are equal to each other or,
if they are unequal, the algebraic sign of their difference.
The numbers are, for example, represented by direct cur-
rent voltage signals which correspond to the binary num-
bers O and L, the capital letter L being used to represent
the number 1 in the binary system.

Two such comparison elements are shown in the periodi-
cal ETZ-A (Elektrotechnische Zeitschrift, 1958) No. 18,
and ETZ-A, 1962, No. 21/22.

FIGURES 1 and 2 show comparison elements accord-
ing to the prior art. Each is shown as an element capable
of comparing binary numbers consisting of four binary
digits, the number o having digits a,, a;, @, a3, and the
number b having digits by, by, bs, b3. The comparison
clements have outputs at which appear the signals Py,
Nss0 Kgjg, as well as the antivalents or negated signals
P30, N3y, Kgzo-

When:

a>b, P3/0=L, N3/0=0 and K3/D=0
a<b, N3/D=L, P3/0=0 and K3/0=0
a=b, Kg/():L, P3/0=O and N3/0=0

In each case, a negated signal will be O if its correspond-
ing affirmative signal is 1, and L if its corresponding af-
firmative signal is O.

In order to make a meaningful comparison of the
circuit complexity of FIGURES 1 and 2, the circuits are
so shown that passive stages are controlled only by active
stages. This condition is, in practice, met for reasons of
current economy. The passive stages are the AND-circuits
and the OR-circuits, while the active stages are the negated
or NOT-stages. The negated stages, which may, in prac-
tice, be constituted by a first transistor, are shown by the
black rectangles. A further negation, effected, for example,
by a second transistor which is controlled by the first
transistor, is represented by the white rectangles. Each
AND function is represented by the ampersand “&” and
each CR function by “v.” Where appropriate, the & and v
are indexed by means of subscripts.

In the prior art comparison element of FIGURE 1, the
signals representing the four-digit binary numbers ¢ and b,
namely, the signals ay to as, by to by, as well as their
negates ¢ to a3 and Ty to bs, are applied to the AND/
NOT/NOT-circuits &, to &;. The outputs of circuits &,
to & are applied to the inputs of further AND/NOT/
NOT-circuits &g to &9, whose outputs, in turn, are. ap-
plied to the inputs of AND-circuits &;; to &;3. The out-
puts of AND-circuits &;; to &4 are applied to the inputs
of an OR/NOT/NOT-circuit v;g while the. outputs of
AND-circuits &5 to &5 are applied to another OR/NOT/
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NOT-circuit vq. The negated outputs of vy and Vg are
applied to an AND/NOT/NOT-circuit &;. The affirmed
outputs of &, and &; are applied, respectively, to the re-
spective inputs of AND-circuits &; and &;s. The circuit
vig plus out the signals Ny, Ny, the circuit vey puts
out the signals Py, Py/g, and the circuit &y puts out the
signals X3y, Ka/g-

The comparison element according to FIGURE 2 com-
prises eight AND/MNOT-circuits &gy t0 &g, With the cir-
cuits &z; and &, having applied to their inputs the signals
corresponding to the highest-order digits of the binary
numbers, with the next AND/NOT-circuits &y, &5, hav-
ing applied to their inputs the signals pertaining to the
next-lower order digits, and so on. The stages following
the stages of the highest-order digits are additionally
controlled by all preceding stages. The outputs of the
AND/NOT-circuits &g and &y are applied to AND/
NOT/NOT-circuits &3y and &y, at which appear the out-
put signals Py, Py, and Ny, Ng,q Tespectively. Con-
nected to the affirmed outputs of circuits &z and &g, are
the inputs of a further AND/NOT/NOT-circuit &, at
whose outputs appear the signals Ky, Ko

The time required for forming the comparison signal
is, for all practical purposes, set by the number of transis-
tors connected in the cascade, this being represented by
the white and black rectangles. For example, in the cir-
cuit of FIGURE 1, the signal X3, is formed after six
transister switchings, while in the circuit of FIGURE 2,
the same signal is formed after eight transistor switch-
ings. Each of these switchings, of course, takes a certain
time, so that it takes relatively long, once the input sig-
nals have been applied to the comparison element, to
obtain a useful output signal which gives the desired
indication.

It is, therefore the primary object of the present in-
vention to provide a comparison element which is simpler
than heretocfore known comparison elements and which
produce the desired output signals, namely, the signals
representing the existence of coincidence, ie., equality
between the numbers being compared, or the signals repre-
senting the algebraic sign of the difference between the
two numbers, more quickly than do the prior art com-
parison elements. Accordingly, the present invention re-
sides in a comparison element which is characterized
by the following features: :

(1) The numbers to be compared are divided into “sub-
numbers” or groups of digits, each of which digits is
represented by a signal.

(2) The signals of each group of digits control a set
of two logic input circuits. One of these puts out a single
intermediate signal that indicates whether the two digit
groups are coincident, i.e., equal, to each other, whereas
the other of the two logic input circuits puts out a signal
which indicates whether there exists a positive or nega-
tive difference between the two groups of digits.

(3) Two logic output circuits have their inputs con-
nected to the outputs of the input circuits of each digit
group for combining the intermediate results produced by
each set of two input circuits.

According to a further feature of the present inven-
tion, the input circuits have their oufputs connected to
auxiliary logic circuits, whose outputs are connected to
the above-described output circuits. That is to say, the
output circuits do not have the information applied to
them directly by the input circuits, instead, the set of
input circuits are combined into larger groups and have
their signals passed on to the auxiliary or intermediate



o
o

3,

3

logic circuit, and it is the output of these auxiliary logic
elements which are then applied to the ﬁnal cutput cir-
cuits.

Additional objects and advantages of the present inven-
tion will become apparent upon consideration of the fol-
lowing description when taken in conjunction with the
accompanying drawings in which:

FIGURES 1 and 2, already referred to above, are
block diagrams of comparison elements according to the
prior art,

FIGURE 3 contains block diagrams of the six logic
circuits for producing the K, N and P output signals, each
of which circuit is capable of handling 2-digit numbers.

FIGURE 4 contains two block diagrams of logic cir-
cuits similar to FIGURE 3 but capable of handling 3-
.digit and 4-digit numbers, respectively.

FIGURE 5 contains block diagrams of logic circuits
for obtaining, ultimately, the final output signals from in-
termediate values.

FIGURE 6 contains block diagrams of other logzc cir-
cuits for producing ultimate output signals from inter-
mediate values.

FIGURE 7 contains block diagrams of logic circuits
for combining intermediate signals.

FIGURES 8 through 12 are block diagrams of compari-
son eclements capable of handling numbers having up to
12 digits.

FIGURE 13 is a block diagram of a modified version
of a part of the circuitry of FIGURE 10.

FIGURE 14 is a block diagram of a modified version
of a part of the circuitry of FIGURE 12.

FIGURES 15 and 16 are block diagrams of modified
versions of part of the circuitry of FIGURES 10 and 12.

FIGURES 17 and 18 are block diagrams of modifica-
tions of the circuitry of FIGURES 15 and 16.

FIGURE 19z is a block diagram of a part of the com-
parison element.

FIGURE 195 is a block diagram of a simplified ver-
sion of the circuit of FIGURE 19a.

Before proceeding with the description of the figures,
it is pointed out that, in the following description, the
numbers to be compared will be considered to be the num-
bers “a” and “b” having digits ag, a5, a3 - . . , by, b1,
by ... ., with the index “0” identifying the lowest-order
digit of the number, the index “1” the next higher-order

digit, and so on. The digits are represented by correspond-
ingly referenced D.C. voltage signals, which are ideatified
byOand L.

The comparison element -is to determine whether
a>h, a<b, or a=h. The numbers a and b to be compared

- have -to be so encoded that, when a>b, the binary value

of the combination of L and O digits representing the
number a is greater than the binary value of the com-
bination of L and O digits representing the number b.
Here, the binary value of a combination of L and O digits
is to be understood as the numerical value of this L and
O combination, were the same to be considered as a num-
ber encoded in the natural binary code.

For example:

Binary
Tetrad Representation | value of the
Decimal | Encoded in Natural (each decimal digit Tetrad
Number Binary Codo encoded in Natural | Represen-
Binary Code) tation at
the left
a,912.____ LLLOQLOOCO LOOL 000L 00LO 2,322
b, 857_.._. LLOLOLLOOL LOOO OLOL OLLL 2,135

The decimal number can be encoded in another suit-
able code, so long as the above limitation is observed.

The following applies for the comparison within each
binary digit.

63233
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a;=by, Ki:L‘ »
ai>bi; P{:L
a<bj, N\=L

When:

For the negation:
axzbi, Kl’—“-L
(liébi, -P1=L
aiébi, WizL

The reference K represents coincidence, the reference P
represents a positive deviation, ie., a difference which,
for purposes of result, will be considered a positive dif-
ference, and the reference N represents a negative dif-
ference. When groups of digits, representing a part of the
number or .even the estire number, are compared, the
index identifies the particular part of the number with
which the comparison concerns itself. If, for instance, a
number consisting of digits aq, as, as, as, is larger than
a number consisting of digits by, bg, bs, b, the signal
Pq;e=L. Logic functions which have been found to be:par-
ticularly advantageous for obtaining X, P and N, are set
forth in the appendix, with logic functions (1) and (2) -
being applicable for forming as signal for indicating coin-
cidence or non-coincidence, as the case may be.

Circuits S; and S; of FIGURE 3 show how the func-
tions may be realized, for numbers having a width of 2
bits, by using AND-circuits whose outputs are connected
to the inputs of an OR/NOT-circuit. The response -con-
ditions for X are better since here the number of the in-
dividual components progresses arithmetically only and
the number of inputs to each component remains con-
stant (equalto 2).

The fuactions (3) and (4) are used to obtain a sxgnal
indicating positive, or non-positive, difference, with cir-
cuits S; and 84 of FIGURE 3 showing how these func-
tions may be realized, again for numbers having a width
of 2 bits, FIGURE 4 shows two further circuits Sq and S,
each likewise consisting of AND-circuits whose cutputs
are connected to an OQR/NOT-circuit, for realizing the -
logic functions (3) for numbers. having 3 and 4 bits, re-
spectively. The circuits have a and 7 applied to them.
The signals applied to each AND-circuit are best seen

from the drawing; for example, the first AND-circuit &g

has the signals ag, ay, as, By, applied to it, and so on.

The functions (5) and (&) are used to obtain a signal
indicating the negative, or non-negative, difference, with
circuits 85-and S¢ of FIGURE 3 showing how these func-
tions may be realized. - :

Functicns (7), (8), (8) and (10) are functions for
forming the signals indicating positive.-or negative "dif-
ferences, which functions differ. from those set forth
above. These functicns (7) to (10) which are realized
by a chain or cascade of serially connectad logic circuits,
can be re-written, for example, as functions (11) and
(12) in which the solid zig-zag line represenis.the switch-
ing function of a circuit which uses input AND-circuits
throughout, whereas the dashed zig-zag line represents
the switching function of a circuit which uses. an OR/'
NOT-circuit in its lowest-order digit.

The numbers to be compared are divided into Qroups
of digits. According to the present invention, the groups
of digits have -assigned to them input circuits which are
controlled by signals a, b, these inputs circuits being ar-
ranged to produce the above switching functions. The
signals representing the intermediate results have their -
outputs connected to the inpuis of the further circuits
which form the final output result.

Functions (13), (14), (15), (16), (17) and (18)-are
the functions of these further circuits i.e., the auxiliary or
intermediate circuits which-are controlled by the signals
P, N, P, N, appearing at the outputs of the circuits which
themselves are controlied by the input signals 4 and b.
The indices are shown in parentheses, this being intended
to indicate that the functions apply, accordingly, in the
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event the individual intermediate results are each
formed for a plurality of bits. For example, in the first
line of function (13), the index (0) can be replaced
by the index (2/0) and the index (1) can be replaced by
the index 5/3, in which case the final result would be
PS/O-

Once the signals P, K, P, K, are available at the out-
puts of the logic circuits controlled by the input sig-
nals, the further logic circuits connected tc these input
circnits will be circuits having the switching functions
(19), (20), (21), (22), (23) and (24).

FIGURE 35 shows the circuitry for realizing the switch-
ing functions to obtain the final or ultimate output sig-
nals when there is coincidence, or positive or negative
difference, from two or three, intermediate results (i.e.,
comparison by groups), the logic circuits being controlled
by the P and N signals of the preceding logic circuits.
The circuits Sy and Sy, are the coincidence or X circuits,
circuits Sy3 to Sy are the P circuits, and circuits S;7 to
Sy are the N circuits.

FIGURE 6 shows other logic circuits for combining in-
termediate results. However, the circuits of FIGURE 6
differ from those of FIGURE 5 in that the control signals
applied to them are the P and K signals, rather than the
P and N signals, as was the case in FIGURE 5. Circuits
Sz to Sy of FIGURE 6 are the K circuits. Circuits Sy
to Sgg are the P circuits, the same being controlled by the
P and K output signals of the preceding logic circuits.
Circuits Syg to Ss; are the N circuits.

FIGURE 7 shows logic circuits Sz; to Ss; for the P
circuit, adapted, respectively, for combining the results of
4, 5 and 6 group comparisons which produce, as inter-
mediate results, the P and N signals.

FIGURES 8 through 12 show comparison elements for
comparing numbers consisting of 12 binary digits each.

FIGURE 8 shows an element in which the intermedi-
ate results (group comparison) are formed of 4 bits each.
The coincidence circuit consists of three groups Ssg to Sag
which are constructed in accordance with function (2).
The P circuit consists of groups Sy to Sy; which are con-
structed in accordance with function (11). Circuits Sz
to Sy for the group comparison are controlled directly
by the input signals a, b, with the circuits Sy to Sy being
assigned to the four lowest-order digits, Sg7 to S, being
assigned to the next four digits, and S3; to Sy being as-
signed to the four highest of the twelve digits. In order
to form the end result, the output signals of the groups
of the K and P circuits are applied to. circuit S,,, operat-
ing in accordance with function (21), and to circuit Sy,
operating in accordance with function (19). The negated
outputs of S;; and S,3 are applied to an AND/NOT/
NOT-circuit Sy.

FIGURE 9 shows an element in which each intermedi-
ate result is constituted by 3 bits. The coincidence cir-
cuit consists of four circuits Sy5 to S.q, Operating in ac-
cordance with function (2), and the P circuit consists of
circuits Sy to Ssp, Operating in accordance with function
(3). The signals representing the intermediate results
again control the output circuits Ss3 and Sy, operating
in accordance with functions (21) and (19), respec-
tively, The negated outputs of Ss; and S;, are connected
to the inputs of an AND/NOT/NOT-circuit Ss.

FIGURES 10, 11 and 12 show comparison elements in
which the first logic input circuits, to which the signals
a, b, are applied, are combined into groups of 2 bits each.
In the case of the comparison elements of FIGURES 10
and 11, the intermediate results P and N are obtained at
the outputs of the input circuits, while in the case of
the element of FIGURE 12, the input circuits put out the
intermediate results P and XK. In the comparison ele-
ment of FIGURE 10, P and N are derived, as final re-
sult, from the intermediate results, whereas in the com-
parison elements of FIGURES 11 and 12, P and X are
first produced. The following switching functions apply:
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Figure Cireuit Logie
Funection
100 Input cireuits Ss—Ss (P) .- 4)
Input eirenits Sse-Se7 (N)_ooe oo e. (5)
Qutput circuit Seg._ .- - (13)
Output cireuit Sep...___.__ . _____ (17)
o Input eireuits Sn-Srw (P) ... _____._____ (3)
Input circuits S7—Ses (N)-oce e ool (5)
Output circuit Sg ... - (13)
Output circuit Sgs ... - (15)
120 ... Input circuits Sy-Sg ( - (4)
Input cireuits Se-Sg7 (K) B ()
Output eirenib Seg oo . _____________ (19)
Output cireuit Seo .. {21)

The output circuits which are controlled directly by
signals representing the intermediate results have con-
nected to their cutputs an AND/NOT/NOT-circuit Sy
(FIGURE 10), Sg; (FIGURE 11), Sy (FIGURE 12).

it will be seen that by switching the signals through in
parallel, the final result is obtained very quickly. For

example, in the case of FIGURE 12, the signal Ky, /0 18
obtained after two transistor switchings, and the signal
K10 after three switchings.

The circuits Sgg to Syp of FIGURE 10 can be replaced
by a logic circuit arrangement such as is shown in FIG-
URE 13. Here, further auxiliary values are formed from
the intermediate values put out by the input circuits which
are controlled by the input signals, this being effected by
means of circuits Sig; to Sygq, and only these auxiliary sig-
nals are applied to further logic circuits Syg5 and Sppg t0
whose outputs is connected the AND/NOT/NOT-cir-
cuit Syq7, which circuits Sjg5 to Sig7 put out the final re-
sults P, N and K. Thus, if the circuitry of FIGURE 13
is used in the element of FIGURE 10, the indices (0),
(13, (2) and (2/0) must be replaced, respectively, by
the indices 1/0, 3/2, 5/4 and 5/0, and so on.

FIGURE 14 shows a circuit arrangement which can
be used in place of circuits Sgg to Sy of FIGURE 10.
Here, too, auxiliary signals are formed from the P and
K results which appear as intermediate values (circuits
S108 t0 S111). The logic circuits S;y3 and Syq form, from
the auxiliary signals, the final results for P and K, and the
AND/NOT/NOT-circuit S;;4 forms the final signals
for N.

FIGURES 15 and 16 show circnit arrangements in
which, as in the case of FIGURES 13 and 14, auxiliary
signals, used in forming the final output signals, are first
derived from the intermediate signals produced by the
input circuits, this being effected by circuits Si15 10 S1a6
in the arrangement of FIGURE 15 and by the circuits Sia4
to Sigg in the arrangement of FIGURE 16.

Tke circnit of FIGURE 15 can be replaced by the cir-
cuit of FIGURE 17, and the circuit of FIGURE 16 by
that of FIGURE 18. The auxiliary circuits S133 t0 Sigg
in FIGURE 17 and 8143 to 8155 in FIGURE 18, which
have applied to them the signals of the input circuits,
representing the intermediate signals, have connected to
their outputs further auxiliary circuits Sie1 to Sy in
FIGURE 17 and Sy55 to Sise in FIGURE 18. Only those
signals which are put out by the last-mentioned auxiliary
circuits are applied to the final output circuits.

FIGURE 194 shows, as does FIGURE 15, a circuit
arrangement for that part which is connected to the input
stages, without, however, being divided into auxiliary and
output circvits. FIGURE 195 shows how the arrange-
ment of FIGURE 194 can be simplified.

It will be seen from the above that the present invention
resides, basically, in'a comparison element for comparing
multiple-digit binary numbers to determine coincidence
thereof, or in the case of non-coincidence, the algebraic
sign of their difference, the numbers to be compared
being divided into groups of digits each of which digits
is represented by a signal. The comparison element itself
comprises a plurality of logic input circnit means, cor-
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responding in number to the number of groups of digits
intc which each of the numbers to be compared is
divided. Each set is connected to receive the signals which

' (aeéfgz)v_(;:)qib&sg)v(} ,&B

3053,
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APPENDIX
[Logic functions}

ie.p.resent the digits that a}'e part of'the two g:'oups 02 (50 & B v (20 & b) =Ko ()]
digits to be compared by the respective set. Each set O 5 G o Fiam&h) v @&b&ua&E) v @ER&u&b) V&b
input circuit means has first and second input circuits, & o1 & by =Kilo
the first input circuit indicating coincidence of the two G &h&n&h&ndMvmidh&ndhendvmeh&
groups of digits and the second input circuit indicating 2 &b &m&D) vV (@m&b&audh&n&b) v &h&audb
positive or negative difference between the two groups of Eo&b)v@m&h&udh&audbh)v@méhéudh&ad
digits. Output circuit means are provided for combining 19 P97 (20 & bo & 1 & by & 23 & by)=Ksfo
the outputs of the input circiit means, these output cir- @
cuit means mclludmg a first output circuit which is con- (20 & B0) v (B & by =Ko
nected to receive the outputs of all of the first input (0 & Bo) v (R0 & (a0bo) v (a1 & B) v (a1 & b)=Kip
circuits of all of the sets for combining the same, and a (a0& Bo) v (o & bo) v (a2 & B) v (81 & by) v (a2 & B) v (a2 & ba) =Ko
second cutput circuit  which is connected to receive the 15
outputs of all of the second input circuits of ail of the 3)
sets for combining the same. (80 & bo) =P e d B . & PR
. st o + m&b) vim&a 0) v- (b1 & a0 0)=P1/ .
Onc_ practical ‘apph\.au‘on of' th§ comparison t.alemem E&z & Ez)) v éaz & 50 B) v (@ & 1 & 20.& Bo) v’(az &Ti & a& By v Brd an
according to the present invention is in the machine toql &5 v (ha&ord a0 & By) v (B2 & B & 20 & B) =P
control art, in which 2 machine tool is controlled numeri~ 20
cally in accordance with a predetermined program so that @
the actual work tool, e.g., a milling cutter, will be made % v b=
to follow a given path with respect to a work piece. Ii (31&50) v (@1 & br) v (ar & bo) v (b1 & 5ip) ¥ (b1 & o) =P
the work piece is ciamped in place, the tool will be made (&) v m&REW Y @&u&b) v @E@&EN&D) vV (B2& b1 & o) v
to move relative to the bed of the machine. The actual 25 @&bi&DL) V(& u& 20) v (2 & 1 &bo) v (b3 & a1 & br) v (b2&u &
position of the work tool relative to the work piece is 20) v (b2 & b & bo) =P )
measured by suitable photosensitive scanning means,
which may incorporate digitally coded scales so that the _ ®)
scanning means produces, as its cutput, a digital number 20 220 g‘:;"’;ﬂ(‘{ﬂ&_ b0 v (or & B by =N
. . el ar 1) V(81 29 0, 1 80 ) =AIN1/D
vTvg}ch represents the acma} position pf the york tool. b (e 5k by v (e 51 & 30& bo) ¥ (32 b & o & b) ¥ (s &
is number is compared with the nominal position of the & bi) v (ba & 7 & 50 & b) v (b & bt & 5o & o) =Na
work tool, ie., the position which the work tcol should
occupy relative to the work piece as dictated by the ©®
program. This nominal position may itself be expressed 207 Bo=Ns . '
as a digital number. The digital numbers representing, 35 (ar& 20) v (a1 & B) v (a1 & Bo) v (b1 & a0) ¥ (B1 & Bo)=Nip
respectively, the actual and the nominal position of the (@& B)v@m&ad&a) v@am&u&bh)v@m&adbh) v@a&bh&any
work tool relative to the work piece, and which, in prac- (& B1& b v (Fa& a1 &) v (B &o& b v (ha&k a1 & b) v (Ba & By
tice, may have some twenty digits each, are then com- &20) v (B3 & b1 & Bo) =N
pared with each other. If they are equal, the position of 4(') :
the work tool is in agreement with the position dictated X @
by the program. If the numbers are not eq}}al 1to each EZ‘:Z&')) :fl‘lo &) v (Pod B)=Pue
other, the wo_rl_c tool is not in agreement with the pro- (a2& B2) v (P1p & 23) v (P1o & B2)=Pap
grammed position and has to be advanced or retarded. @&T) Y (P& v (P& B) =P
This is accomplished by applying the appropriate control 45 .
-signal to the machine control system, and this signal is ®
“that put out by, or derived from, the comparison element a0 v =Py ’ .
which compares the two numbers. It is for this reason that @&b) v (Po& ) v(Po&kbi)=Pip
the algebraic sign of the difference is significant, because, (82 & b2) v (Pujo & a3} v (Pup & br)=Ponn
depending on whether the actual posjtion is, numerically, g @& D) v (Pan & 32) v (Pono & bo)=Paso
greater or smaller than the programmed or nominal posi-
_tion, the tool will be advanced or retarded. (G0 & be) =N ®
It Will_ be ur.lder§tood that"the Labove‘ descriptign of. the (%4: & b:); (L\'}o &) v (No& by=Nus
present inveation is spsceptmle to varicus mgdlﬁcatlons, (2 & b2) v (N & 52) v (Nujo & ba) =N
changes, and adaptations, and the same are intended 10 55 (3& b)) v (Nao & 8) v (N & ba) =Nap
be comprehended within the meaning aed range of equiv-
alents of the appended claims. For example the present 0)
invention is -not limited to the precise application de- a0 v Bo=No
scribed above which is given only by way of example, as (a1 & By v Fo& ) v (No & by=Nip.
there are many other cases, in industrial-and scientific gg (a: &by v (2‘;""&32) v (Nin & 113)=Nf’“
fields, where two digital numbers have to be compared. (a5 & b) ¥ (Nen & 29) ¥ (N & Ba)=Nao
(1)
a S =D a v i
(a,%0,) o \f” 86V9% =P,
2. Vv (P B ¥4 <] =y, "7\ s - o —
(a,}&o,;) (.,0 c.,c.,‘)» &y &bﬂ)'}?‘!/o Q%/}—(a,]&,‘b,.: }v(PO &aq)v(_g &b,‘—)s 1/0
N 3

'ﬁ o e — g

&

Sl va, Y (P ) =
ivapz/o@rag)’v (ngﬁ&bs)LP

&%

? N (F.80
Y ‘\f“géB""’E P2 /0
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(Eoé’:b o)

i0

(12)

=N°

('a",x@;b,i)v(ﬂo &é“,l)v(aro &b,‘)ﬁ,1 /o{‘

(s,,&??,,)v(ﬁo &81)‘:’@0 &5'1)= 2o

(aa&b2>v<N1/0&82)v<zq‘1/0&b2)=2q2/0

) (32&'5'2)\!(’z’f,}/o&ag)v(ﬁﬁ/o&sa).-.}fa/o

(33&‘05)1;(2?2 Q&EB)V(HZ /o&b3}=f‘f§ /ol

(13)
Pwv®Pw&Nm)=Pan
PovPom&N@mvPow&Nm & Nw)=Pen
PovPo&Na)vVPw &R &Np)vPw&Nw &Ny &
Nw)=Pam

14
Nov®wé&Pw)=Nan
NoyviNm&Pm)v Nm & Pw & Po)=Nen
Ny viN@ & Pa) viNw &P & Po) v W & Po &Py &
P@)=Nem

15
Po&Nw&Pm & No=Kany
Po&Nw&Pom &Ny & Fo & No=Kan
Po&No&Pwé&Nw&Po&Ney &Poy & No=Kan

(16)

Nao v (Pwm&Pwm)=Fam

NoviNg&Pe)v(Pom &Pwm & Pw)=Fen

NovWNo&Pa)yWn &Po & Po)vy (P &Py & Puy &
Po)=Pam

Qan
Pov(No & Nw)=Nuw
PovPoy&Nwm)v(Now &Nm & No)=New
PovPoé&Na)vPw &No&Ne) v No &Nm & Ne &
Na)=Noew

(18)
PovNw vPoy vNom=Kum
PovNog vPo vNwm vPe vNo=Kuny
PovNovPo VN vPo v N vPe vNe=Ken

19

Py v®w &KXm)=Paw

Pov@Pw&Kmv®Pom&EKy &Key=Pan

PovPodEa)vPw &K &Ka)vPw &Kw &Ko &
E@)=Paem

(20)
En &Pu)vEm &P & Puy)=Naun
o &Pe)vEw &P &Po)vBm & Pon &Py & Pu)
=Nm
Ep&Po)vEo&Po&Pa)v Ew&Pm &Py &Py v
Po&Fo &Pw&Po & Py)=Nan

@n
Kw &Kn=Xamn
Ko &Ko &Ko=Kem
Kop &Ko &Ko & Ko=Kan

(22)

Ky & Pw) v (P & Pw)=Pun

(B &P v(Bm & Pm & Pw)v(Pwm & Pay & Py)=Pon

Eow&Pa)vEo &P &Pu)v(Rn & Pwm & Po & Pay) v
Fw&Pw&Pu»&Py)=Puny

20

30

3

Tt

40

45

50

55

60

(aé&ﬁi}v@?‘z/o&,aﬁ)v(?2/(3&‘55}= 370

@3)
Pov@Pw&Ewm)vEem &Kw)=Nam
P% VPO &Ko) VP &Kn&Ke)vE@m &Ky & Ka)=
@/
PourvPoéKe)vPw &Ko &K@ v®Puw &Koy &Ko &
Eo)vEm &Ko &Ko & Ke)=Nan
: 24
Ko vEn=Kam
Ko vEwm vEo=Kaen
EovEn vEe vEw=Kan

‘What is claimed is:

1. In a digital comparison element for comparing two
series of signals which represent numbers, which series
of signals are arranged in multiple-digit signal groups,
there being first means for testing whether or not there
is coincidence of signal representation of said numbers
and forming a first intermediate signal, second means
for testing the algebraic sign of the difference between
said signal representations of said numbers and forming
a second intermediate signal, said first and second means
being constituted, respectively, by two logic input cir-
cuits ‘which each signal group has associated with it and
which input circuits are controlled by the signals of the
respective signal group, there further being third means
for putting out a coincidence signal and an algebraic
sign signal, said third means being constituted by two
logic output circuits which are controlled by the inter-
mediate signals of all of said logic input circuits, wherein
the improvement comprises the arrangement that each
signal group encompasses two or three binary digits and
each logic input circuit for testing for coincidence has,
for each binary digit of the signal group, two input AND-
circuits which are controlled by the signals of the re-
spective signal group, there being OR/NOT-circuit
means for combining the outpnut signals of all of said
AND-circuits into said first intermediate signal; said im-
provement further comprising the arrangement that the
logic input circuit which pertains to the signal group and
which is provided for testing the algebraic sign of the
difference has input AND-circuits whose number is
determined by the number of binary digits of the signal
group, there being OR/NOT circuit means for combin-
ing the output signals of all of said last-mentioned AND-
circuits into said second intermediate signal.
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