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HANDLING OF MULTIPLE MATCHES AND
FENCING IN MEMORIES
Harold E. Petersen, Saratoga, Calif., and Michael Teig,
Yonkers, N.Y., assignors to International Business Ma-
chines Corporation, New York, N.Y., a corporation of
New York
Filed Dec. 31, 1962, Ser. No, 248,598
15 Claims. (ClL 340-—172.5)

The present invention relates to a data memory and
more particularly to means for reading multiple matches
of information out of such a memory and means for sup-
pressing or fencing off certain predetermined portions
of the memory Juring a read out operation,

While the principles of this invention may be applied
to other types of memories, it would be particularly use-
ful with an associative memory system. An associative
memory system niuwy be described generally as a system
including word memory and means for simultaneously
interrogating all words of the memory in accordance with
selected dala requirements. When this interrogation or
association indicates that the interrogated portion of one
or more words in the memory matches the selected data
requirements, it is usually desired 1o extract the entire
matching word or parts thereof from memory. A usual
mode of operation is to interrogate a multiple word mem-
ory in accordance with association data and to register
an indication of those words which match the association
data. Thereafter, the matching words or portions thereof
are read out to utilization circuits. Generally the words
are read out serially by word and either serially or paral-
Izl by bit.

One aspect of the present invention is directed toward

reading multiple matching words serially by word out of :

memory afler the match indication has been recorded in
a match indicating register.

A copending application Serial No. 120,213, filed June
28, 1961, and assigned to the assignee of the present in-
vention discloses circuitry for use in connection with an
associative memory wherein multiple matches of data
in a single column of memory are recorded and are se-
quentially read out.  The present invention provides for
the interrogation and read out of an mxn word memory
malrix with selective suppression or fencing out of pre-
determined portions of the memory.

It is a primary object of the present invention to pro-
vide improved memory read out apparatus,

It is another object of this invention to provide appa-
ratus for sequentially reading cut of memory selected
words in accordance with the setting of storage elements
in a detector plane corresponding to addresses in mem-
ory of the words which are to be read out.

Another object of this invention is to provide appa-
ratus for reading from a memory selected words and for
fencing out or suppressing selected areas of the memory
from which words are not 1o be read.

A further object of this invention is to provide appa-
ratus for reading from memory selected words and for
fencing out or suppressing selected areas of the memory
from which words are not to be read out by storing the
fencing data in one or more fence planes.

It is a feature of this invention that certain portions of
the memory may be isolated or fenced to exclude from
read out any matching word that falls outside the fenced
area. [In addition to the foregoing mode of operation,
the fencing featurc may be used in other ways. For
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example, the memory may store a large number of
names and addresses, for example, the names and ad-
dresses of the subscribers to a large number of publica-
tions, A fencing plane may be used to store the memory
addresses of those subscribers to a particular publication.
It may then be desirable, using two subscription lists
(that is fencing planes) and to manipulate these planes
in various ways. The memory may be interrogated in
accordance with one subscription list and thereafter the
subscribers to the first list may be checked against the
subscribers in a second list to determine which ones
were duplicated on both lists.  The first list may be
checked for the presence of names on one or more addi-
tional lists; for the presence on one additional list but not
on a third list; or for the presence on either one of two
additional lists.

Another feature of this invention is logical combina-
tion of the data in the detector plane and the fence planes
may be accomplished whereby the read out of a word of
memory may be dependent selectively upon the presence
of corresponding stored indications in the detector plane
and in all fence planes, or in at least one fence plane, or
in only one fence plane.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of preferred embodiments
of the invention, as illustrated in the accompanying draw-
ings.

In the drawings:

FIGURE 1 is a block schematic of the entire systen.

FIGURE 2 shows the arrangement of FIGURES 2A
through 2F which form a composite circuit schematic of
the system,

FIGURE 3 shows the arrangement of FIGURES 3A
and 3B which form a partial schematic diagram.

FIGURE 4 shows another partial schematic diagram.

FIGURE 5 shows a partial schematic diagram of an-
other embodiment.

In general, the system comprises a memory having a
detector plane, at least one fence plane and two shift
registers, The memory is first interrogated in accord-
ance with a given criteria and the addresses of words
matching the interrogation criteria are stored in the de-
tector plane. The multiple columns of the detector plane
arc then interrogated in parallel and a column shift reg-
ister is set in accordance with the columns storing ad-
dresses. At the same time the row shift register is set in
accordance with the rows containing data. The row shift
register is reset and the columns are thereafter inter-
rogated sequentially. The first column is interrogated
and row registers corresponding to addresses in the first
column only are set. The row registers are interrogated
and corresponding words in memory are read out.
After read out of the first column, the second column is
interrogated and again row registers are set. The read-
ing out column-by-column is continued until all columns
have been read out at which time a completion-of-read-
out indicator is actuated.

One or more fence planes may be provided for use in
connection with the detector plane. The fence planes
may be set to suppress the read out of given areas of the
memory even though the detector plane indicates the
presence of data therein which corresponds to the inter-
rogation criteria.

Referring to FIGURE 1, a block schematic of the sys-
tem is illustrated, The nxm word memory 10 may be,
for example, a magnetic core memory consisting of 36
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tiple bit words where the words are arranged in a
6 array. In this case n=6 and m=6. An nxm
ctor plane 12, which may be physically a part of the
yory 10, records muitiple match indications received
gsponse lo an interrogation of the memory 10 or in
other suitable manner. The plane 12 has six ver-
columns rm and six horizontal rows n.  An m de-
or plane flip-flop (FF) unit 14, connected by a group
nes 16, registers the m columas of detector plane 12 in
:h data are recorded,
n m skipping shift register 18, connected by lines 21-
23-24, 25-26, is associated with the FF unit 14 to
trol sequential interrogation of the columns. The
suls of the m register 18 are applied through a plu-
ty of lines 28, OR gates 20 and drivers 32 to coin-
nt selection lines 34 of memory 10 to effect, in coop-
ion with signals on other coincidence lines, the rcad-
out of words. The outputs of m register 18 also are
lied over lines 36, OR gales 38 and drivers 40 to lines
1o effect sequential interrogation of the detector plane

“he detector plane 12 also is connecled by a group of
s 44 {o an n detector plane flip-flop (FF) unit 46.
s group of flip-flops is connected by lincs 4849, 50-
5253 to an n skipping shift register §6. The outputs
1 register 56 are applied over lines 58, OR gates 60 and
sers 62 to coincident selection lincs 64 to cooperate
h outputs on coincidence lines 34 to read out words
m the memory 10. Coincidence of a signal on a line

and a line 34 is effective to read out a word located

he intersection of the two lines.
Anotber output from the » register 36, over line 66, is
slied in paraliel to OR gates 68 and 70. The outputs
OR gates 68 and 70 respectively arc effeclive to start
srrogation of the next m column of plane 12 which
itains o set core and to reset FF unit 46.  Upon com-
tion of the read out of all words indicated in the detec-
plane 12, an output fron u register 18 is applied over
ine 72 1o actuate a completion indicator device 74.
An nxm fencing plane 80, similar to deteclor plane 12,
srovided into which fencing data are entered, by means
| shown, to fence off portions, rows and/or columns,
the detector plane 12 which are to be ignored during
siven read out aperation.  The fence piane 80 is linked
the lines 82 which arc extemsions, through switches
. of the lines 42.  The fence plune 80 is connected by a
>up of lines 86 to un m fence planc flip-flop (FF}) unit
, which is identical to FF unit 14. The FF unit 88 is
nnected by lines 90-91 to an m fence plane gate unit 94,
ferced to hereinafter as m gates 94, It is noted that
pups of gang switches 96 and 98 may be set selectively
the lines 23-24, or lines 23'-24" to respectively exclude
include m gates 94 in the circuit between FF unit 14
d m register 18,
An n fence plane flip-flop (FF) unit 100 is connected
the fence plane 88 by a group of lines 102. The FF
/it 100 is identical to FF unit 88. The unit 100 is con-
cted to an n fence plune gate unit 104 by lines 106-
/7. The n gates 104 are identical 10 the m gates 94,
1e n gates 104 may be included selectively in the lines
51 or 50’51’ between FF unit 46 and n register 56
r groups of switches 108 and 110.
Each time a word is read out of memory 10, a signal
applied over a line 113 to an OR gatc 115 and over a
1e 117 to an OR gate 118, The output of OR gate 118
applicd over a line 120 1o advance the n regisier 56.
sccond input to the OR gaie 118 is by means of a
vitch 122 which may be operated manually or otherwise
»apply an advance pulse to a register 56. Similarly, a
vitch 124 is provided to apply an advance pulse through
R gate 68 to the m repister 8. A pair of switches 126
ad 128 are provided for resetting the FF units 88, 14,
00 and 46, the reset pulse to FFF 100 and ¥YF 46 being
splied through OR gate 70. A switch 130 is provided
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4
for applying an initial interrogation pulse in parallel
through a line 132 to alt OR gates 38.

Hereinafter and in the claims, the detector plane 12,
fence plane 80, as well as the various fence plane and
detector plane gate and flip-flop units may also be referred
to as registers.

Referring to FIGS. 2A through 2F, a preferred em-
bodiment of the system schematically illustrated in FIG.
1is shown. FIG. 2 shows the arrangement of FIGS. 2A
through 2F to form a composite schematic.

While the embodiment shown in FIGS. 2A through 2F
has values of n=6 and m--6 and is illustrated as com-
prising a core memory, it will be understood that this is
merely illustrative. Normally much larger memories will
be utilized and various changes, including the substitution
of other types of memorics may be made without depart-
ing from the scope of the invention.

The system will be described first without use of the
fence plane 80. Therefore, switches 84 (FIG. 2E), 96,
98 (FIG. 2B), 108 and 110 (F1G. 2D) are set to the
positions shown.

Initially, the memory 10 is interrogated in accordance
with usnal associative memory techniques or, in some
other way, the cores in plane 12 are set in accordance
with the words which it is desired to read out. To start
read out of the desired words from the memory 10, the
switches 126 and 128 (FIGS. 2A and 2C) are closed
momentarily to reset FF units 88, 14, 100 and 46 to their
0 states.

The switch 130 (FIG. 2E) is closed momentarily to
apply a signal from a power source represented by ter-
minal 140 over the line 132, where it is applied in parallel
to a group of six OR gates 38. The output of the OR
gates are applied to a group of six drivers 40 which
apply currents through six lines 42 linking the /n columns
of core plane 12, through switches 84 to ground. For
each core in the plane 12 which is in its set condition the
current in the corresponding line 42 induces a current in
the corresponding lines 16 and 44. The cores of planes
12 and 80 are of the type which may be read out non-
destructively. A suitable core is described in an article
by V. L. Newhouse which is published in the "Proceed-
ings of the IRE," November 1957, pages 1484-1492. A
core is described wherein the application of magnetizing
pulses much larger than the coercive force do not give
rise to permanent changes of magnetization provided that
that duration of the pulses is sufficiently short. Other
suitable non-destructive read out memory elements are
multi-aperture devices, or two-core per bit devices where
the cores are destructively but independently read out,
whereby a stored bit may be read out twice.

The currents in lines 16 arce applied to flip-flops 14-1
through 14-6, setting corresponding flip-flops to their
! states. The currents applied to lines 44 are similarly
applicd 1o flip-flops 46-1 through 46-6. For each flip-
flop 14 which is sct to its 1 state, an output is applied
through corresponding lines 21, 23 and 25 to the m
register 18. For each flip-flop 14 which is not sct to
its 1 state, an output is applied through corresponding
lines 22-24 and 26 to the mt register 18. Thus, of each
pair of line groups 21-23-25 or 22-24-26, one will have
a signal thereon whereas the other will not.  Similarly,
the 0 and 1 outputs of FF unit 46 are applicd over lines
48, 50, 52 or 49, 51, 53 10 the n register 56.

Before proceeding with the description of the circuit,
the n and m registers 18 and §6 will be deseribed.  Since
registers 18 and 5% are identical, the description of one
will suffice for both. The i regisier 18 includes scven
flip-flops 1850-1 through 150--7. These flip-flops have
their 0 and 1 inpuls arranged at the bottom and their ¢
and 1 outputs arranged at the top. Euch flip-flop 150
is a conventional flip-flop which switches to its 1 state
when a signal is applied to the 1 input and which, in the
1 state, provides an output from the 1 output terminal.
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Similarly, a signat applied to the O input switches the
flip-Aop to its 0 state providing an output on the 0 output
terminal. The flip-flops 150-1 through 150-6 correspond
to the six s columns of cores in the plane 12 whereas
FF 150-7 is responsive to an output from FF 150-6 to
indicate that all six columns of the plane 12 have been
interrogated.

1t is not necessary 1o reset registers 18 and 56 to their
0 states since these registers will be set in accordance
with the outputs of the planes 12 and 80. The m register
18 is started by closing the switch 124 {F1G. 2B) to apply
a pulse from the power source indicated by terminal 152
through the OR pate 68 to a line 154. The line 154
branches into lines 156 and 158. Depending upon the
contenls of the detector plane 12, one or more of the
lines 25 may have a signal thereon. The input on line
154 is effective to flip to its 1 state the first flip-flop 150
corresponding to the line 25 which has a signal thereon.
If a signal is present on the first line 25-1, the signal on
linc 158 gates that signal through an AND gate 160-1
and the same signal on line 156 gates the output of AND
166-1 through an AND gate 162-1 whereby it is applied
to the I input of FF 150-1.

If there is no signal on line 25-1, then there must be
a sizgnal on a line 26-1 which is connected to the 0 ter-
minal of the same flip-flop 14-1 that applies signals to
line 25-1. Therefore, the signal on line 158 is gated
through AND gate 164-1, through an OR gate 166-1
where it is applied to AND gaic 160-2 to gate through a
signal on the line 25-2 to AND gate 162-2 and to the
1 input ferminal of FF 150-2. If there is no signal on
Jine 25-2, there will be ane on line 26-2 to gate the signal
on line 158 through AND gate 164-2. Thus, it is seen
that a signal applied to the line 154 is applied through
line 158, AND gates 164 and OR gates 166 to the first
AND gate 160 corresponding to a 1 input on a line 28.

When flip-flop 180-1 is in its 1 state, its output is
applied to an AND gate 170-1 and OR gate 166—-1. The
1 outputs of subsequent flip-flops 150 are applied to AND
gates 170 corresponding to the next succeeding flip-flop.

The gates 170 effect the 1urning off of a flip-flop 150
when the next succeeding pulse is applied to the line 156.
After setting the first flip-flop 150 by the pulse from line
154 the next succeeding AND gate 160 is conditioned
through the OR gate 166 corresponding to the flip-flop
159 which is in its 1 state. Thus, subsequent pulses on
linc 158 are superfluous whereas the same pulses on line
156 are effective to turn ofT the fip-flop 150 which is on
and to turn on the next conditioned flip-flop 150.

The output from an actuated flip-flop 150-1 through
1506 is applicd 1o corresponding lines 28 and 36. Dur-
ing operation, successive advance signals applied to the
linc 66 hy n repister 56 and through OR gate 68 to the
line 154 successively advance the m register 18 uniil the
last m column containing a set core is read out. The
next advance pulse on line 154 then switches the flip-
flop 150-7 1o its 1 state, applying an output signal on
line 72 1o actuate the completion indicator device 74
to indicate completion of the read out, This device 74
may be a bell, light, relay, swilch, elc.

The n register 56 operates in an identical manner, the
corresponding components being designated similarly to
those in unit 18; however, those in 56 contain a prime
reference.

To continue with the system description, assume that
only those cores which are shown as solid black in m
columns 1, 3, Sand 6 and innrows 1,2, 3,4, 5and 6
of core plane 12 (FIG. 2E) are set to indiate words which
are to be read out of memory 10. The switch 130 (FIG.
2F) is closed momentarily and currents on the lines 42
induce output pulses on lines 16-1, 16~-3, 16-5, 16-6,
44-1, 442, 44-3, 44-4, 445 and 44-6. Accordingly,
flip-flops 14-1, 14-3, 14-5, 14-6, 46-1, 46-2, 46-3,
46-4, 46-5 and 46 -6 are set to their 1 states and signals
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are applied to m register 18 through lines 25-1, 25-3,
255 28 6, 26-2 and 264, and to 1 register 56 through
lines §2~1, 52-2, 52-4, §2-5 and 52-6.

The switch 214 (FIG. 2B) is closed momentarily and
the resulting signal on line 158 gates the signal on line
25-1 through AND gate 160-1; the signal on line 156
gates the output of AND 160-1 through AND 162-1 to
the 1 input terminal of FF 150-1, setting this flip-flop to
its 1 state and applying a signal to the corresponding
lines 28-1 and 36-1 and to AND gate 170-1 and OR
gate 166-1. The switch 122 (FIG. 2D) is not closed
at this time and therefore no signais are applied to the
lines 58. With a signal on line 34-1 (F1G. 2F) but not
on any line 64 (FIG. 2F), read out of information from
memory 10 is not affected.

Next, the switch 128 (FIG. 2C) is closed momentarily
to reset FF unit 46. The signal on line 36-1 is applied
to OR gate 38-1 and, through driver 40-1, applies a
pulse 1o line 42-1. The signal on line 42-1 is effective
through the set core at the intersections of lines 44-2,
44-3 and 44-4 with line 16-1 to induce currents in the
latter three lincs 44. The current in line 16-1 is super-
fluous since FF 14--1 was previously set to its 1 state
and has not becn resct.  The currents in lines 44-2, 44-3
and 444 are cfiective to set corresponding flip-flops 46-2,
46-3 and 46-4 10 their 1 states.

The outlput of FF 44-2 is applied over line 52-2 to
AND gate 160-2’ in n rcgister 6. Switch 122 is closed
momentarily to apply an advance signal through OR gate
118 and line 120. The line 120 branches into lines 156’
and 158°. Since there is no signal on line 52-1, the signal
on line 188’ advances, in the manner described herein-
before, to gate the signal on line 52-2 through AND
gate 160-2’ to AND gate 162-2’ where it is gated by the
signal on line 156’ 1o the 1 input of FF 150-2’, setting
this flip-flop to its 1 state.

FF 150-1 in m register 18 and FF 150-2’ in n register
56 are now in their 1 states and are applying signals to
corresponding lines 28-1 and §8-2. Coincident currents
on lines 34-1 and 642 (FIG. 2F) thus read out the
word in memory 10 at the address defined by the intersec-
tion of these lines. The read out pulse is applied over
line 113-1 to OR gate 115 and over line 117 to OR gate
118,

The advance pulse from OR gate 118 to lines 156" and
158’ sets FF 150-3' to its 1 state and resets FF 150-2’
to its 0 state. The word at the intersection of lines 34-1
and 64-3 is read out. The resulting signal on line 1121
advances n register 56 to set FF 150-4’ and resets FF
150-3’. The corresponding word is read out of memory
10.

Since no other flip-flops 46 are set to the 1 state, the
advance pulse on lines 156" and 158’ sets FF 150-7 to
its 1 state producing an output on line 66 which is ap-
plied to OR gates 68 and 70. The output from OR gate
70 resets FF unit 46. The output of OR gate 68 is ap-
plied to the lines 156 and 158 to switch to its 1 state the
next flip-fiop 150 associated with a flip-flop 14 which is
in its 1 state.

In the present example the next flip-flop 14 which has
been set to its 1 state is FF 14-3, Therefore, an output
is applied to the line 36-3, through OR gate 38-3 and
driver 40-3 to line 42-3 to induce outputs on lines 44-1
44-2 and 44-4, setting flip-flops 46-1, 46-2 and 464 to
their 1 states. Current also is induced in line 16-3 but is
superfluous since FF 14-3 is arcady in its 1 state.

The switch 122 (FIG. 2D) is closed momentarily to
apply an advance pulse through OR gate 118 to n regis-
ter §6. This pulse sets FF 150-1" to its 1 state. At this
time coincidence of pulses on lines 34-3 and 64-1 effects
read out of the word in memory at the corresponding
address. The resultant output on line 113-3 to OR gate
115 is applied through OR gate 118 to switch FF 150-1’
to its O state and to switch FF 150-2' to its | state.
At this time a coincidence of pulses on lines 34-3 and
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4-2 effects the read out of the word in memory 10 at
1e corresponding address. The n register 56 is advanced
y turn on FF 150-4' causing the corresponding word
v be read oul.  Since no more flip-flops 46 are in the |
ate, the resulting output pulse form OR gate 115 is fed
ack 1o turn FF 180-7" un, to again reset FEF unit 46 and
y advance 1 register 18.

In the foregoing manner /m columns 5 and 6 of planc
1 are interrogated scquentially, setting corresponding
ip-flops 46. TEach time the flip-flops 46 are set, the
vitch 122 is closed to start the sequential advancing of
register §6 with the resultant read out of words in
iemory 10.

When the last m column has been completely read out,
ie resulting oulput pulse from memory 10 is effective
wrough register 56 and line 66 to advance m register
B to turn FF 150-7 on which produces an output on
ne 74 to completion indicator device 74 to indicate that
i1 words corresponding to cores set in the detector plane
! have been read out.

Fencing operation

Under special conditions it may be desired to inhibit
ie read out of particular sections of the: memory 10,
/en though the detector plane 12 contains match indica-
ons in those inhibited areas. In such an event, the in-
ibited area is fenced out whereby the interrogation auto-
atically skips those areas.
Assume that it is desired to fence off columns 2, 3 and
and rows 2, 4 and 6 of detector plane 12, To accomplish
tis fencing, al least one core is set in each of the unfenced
>lumns 1, 5 and 6 and the unfenced rows 1, 3, and §, of
nce plane 80. Further, it is required that none of the
res in the fenced off rows and columns be set.  Obvious-
. the connections to the ¢ to 1 inputs or from the 0 and 1
1tputs of FF units 88 and 100 could be reversed where-
y the set cores could be in the rows and columns which
‘e to be fenced out.
Accordingly, the seven cores shown as solid in plane
) are set. Assume also that cores are set in plane 12
i in the foregoing example of multiple match read out.
he switches 84, 96, 98, 108 and 110 are set to their alter-
ite positions. Switches 126 and 128 are closed momen-
rily to reset FF units 88, 14, 100 and 46. The switch
30 is closed momentarily to provide interrogation of
1 columns of plane 12, and as in the prior example, out-
1t signals are derived on lines 16-1, 16-3, 16-5, 16-6,
-1, 44-2, 44-3, 44-4, 44-5 and 44-6, setting cor-
sponding flip-flops 14 and 46 to their 1 states. The sig-
1ls on lines 42 flow through the switches 84, lines 82
wl the associated columns of fence plane 80. The cur-
nts flowing through fence plane 80 induce currents in
wes 86-1, 86-5, 866, 1021, 102-3 and 102-5.
Accordingly, flip-flops 88-1, 88-8, 8§8-6, 100-1, 100-3
1d 100-5 are set to their | states, Referring now to gate
1it 94 (FIG. 2B), the odd number gates 94-1, 94-3,
}-§, ctc. are AND gates. The even-numbered gates
-2, 94-4, 94-6, etc. or OR gates. The AND gates 94
¢ connected to the 1 outputs of flip-flops 88 and 14
hereas the OR gates 94 are connected to the O outputs
" flip-flops 88 and 14, Similarly, in gate unit 104, the
Id-numbered AND gates 104 are connected to the 1
itputs of the flip-flops 100 and 46 whereas the even-
mmbered OR gates 104 are connected to the 0 outputs
" flip-flops 100 and 46.
FF 14-1 is set to its 1 state and therefore applies an
put to AND gate 94-1. FF 881 is set to its 1 state
1d therefore applies a second input to AND gate 94-1
gate through the signal from FF 14-1 and thus set
e FF 150-1 to its 1 state when the advance signal is
wplied by closing switch 124. At this point the effect
" the currents on lines 44 and 102 is unimportant since
e FF units 100 and 46 will be reset to their O states by
oslng switch 128 (FI1G. 2C). The output of FF 150-1
applied through line 36-1 to OR gate 38-1 and driver
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8
40-1 to line 42-1. Again outputs are derived on lines
16-1, 86-1, 44-2, 44-3, 44-4, 1021, 102-3 and 102--§
to set corresponding flip-flops in units 100 and 46 to their
1 states. The units I'F #8-1 und FF 14-1 were not reset.

The switch 122 is closed to apply an advance signal.
Since FF 130-3 which is the ficst fip-flop 180 corre-
sponding to flip-flops 100 and 46 both of which are in
their 1 states, the signal on lines 156’ and 158" advances
to set FF 150--3 in its 1 state. At this time, FF 150-1 is
still set in its 1 state and coincidence of signals on lines
J4-1 and 64-3 is effective to read the word out of mem-
ory 10 at the corresponding address, The resultant output
on line 117 applies an advance pulse to n register 36. The
advance signal procecds down the lines 156’ and 158, in
n register 56, seeking the next register position correspond-
ing to flipflops 100 and 46 both of which are sel to their
I states. In accordance with the stated example, there is
no such coinicidence of flip-flops in their 1 states and the
advance signal is propagated through AND gates 164' and
OR gates 166 to set flip-flop 150-7' to its 1 state. An
advance signal over line 66 resets FF units 100 and 46
and applies an advance signal to m register 18.

The remaining flip-flops 14 which are set to their 1
states are FF 14-3, 14-§ and 14-6. The remaining flip-
flops B8 which arc set in their 1 states are FF 88-5 and
88-6. As in the case of FF units 100 and 46, there must
be coincidence of 1 states in corresponding flip-flops 88
and 14 in order to have a corresponding flip-flop 150 set
to its 1 state. Thus, FF 150-5 and 150~6 may be set (o
their 1 states. Therefore, the advance signal through OR
gate 68 advances through m register 18 to set FF 150-5§
in its 1 state, thus producing an output on lines 28-8 and
36-5. The signal on line 365 is applied through OR gate
38-5 and driver 40-5 to lincs 42-5 and 82-8. The signals
on lines 42-8 and 82-8 induce outputs on lines 16-8 and
86-5, both of which are superfluous since the correspond-
ing flip-flops 14-§ and 88-5 are already set in their 1
states, Currents also are induced on lines 44-1, 44-2,
44-3, 444, 44-5, 102-1, 102-3 and 102-5. Flip-flops
46-1, 46-2, 46-3, 46-4, 46-5, 1001, 100-3 and 100-5
are set to their 1 states. The switch 122 is closed to apply
an advance signal to n1 register 56, This signal advances
down the lines 156" and 158’ seeking a flip-lop position
corresponding to coincidently set flip-flops 100 and 46. The
first such flip-flop is FF 150-1" and the word correspond-
ing to lines 34-8 and 64-1 is read out of memory 19.

Since row 2 of plane 80 is fenced out and FF 100-2 is
not set, the setting of FI¥ 46-2 is ineffective. FF 100-3
and FF 46-3 are both set so the word corresponding to
lines 34-5 and 64-3 is rend out. Row 4 is fenced out
and is thus skipped. FF 100-5 and FF 46-5 arc both
set so the word carresponding to lines 34-8§ and 64-5 is
read out. Neither FF 100-6 nor 46-6 is not sct and the
advance signal following read out of the word at the inter-
section of lines 34-8 and 64-5 proceeds to set flip-flop
1507’ to produce a resct oulput from OR 70 and an ad-
vance signal to s register 18. This advance pulse ad-
vances to set FF 150-6. The resuliant interrogation of
column six of plancs 12 and 80 scts flip-lops 46-3, 466
and 100-1. Flip-flops 146 and 88-6 remain set.

When switch 122 (FIG. 2D) is closed, the signal on
lines 156’ and 158’ fail to detect any coincidence on flip-
flops 46 and 100 so FF 150-7" is set 1o its 1 state. The
output of FF 150-7’ resets FF units 46 and 100 and ad-
vances m register 18 to set FF 150-7. The output of
FF 150-7 signals complction of the operation.

Multiple fence planes

Referring to FIGURES 3A and 3B, a variation of a
portion of the system shown in FIGURES 2A-2F is illus-
trated wherein a detectlor plane 112, similar to detector
plane 12 of FIGURE 2E, and two fence planes 180 and
280, each similar 1o fenee plane 80 in FIGURE 2E are
provided. The illustration in FIGURE 3 is on a smaller
scale wherein #=3 and m =3, whercas in FIGS. 2A-2F,
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n=6 and m--6. For convenience in comparison with the
emhodiment in FIGS. 2A-2F, consider that the three n
lines and the three m lines from each plane 112, 180 and
280 correspond to the first three such lines in the embodi-
ment of FIGURES 2A-2F.

This embodiment illustrates that a novel and useful sys-
tem may be provided by ANDing the contents of a detec-
tor plane with the contents of two or more fence planes.

The detector plane 112 and the fence planes 180 and
280 are coincidently interrogated by signals on the lines
142 which correspond to the lines 42-82 in FIGURE 2E.
Assume thut the cores A1, A3, A5, A6 and A9 in plane
112 have been sct. Assume that cores B1, B3, BS and
R9 in plane 180 and cores C1, C5, C6 and C9 in plane
280 have been set.

The n outputs of plane 112 arc on lines 144-1, 144-2,
144 -3, connecting to the 1 inputs of corresponding flip-
flops 146-1, 146-2, 146-3, Similarly the m outputs are
on lines 1161, 116-2 and 116-3, connecting respectively
o the 1 inputs of flip-Nlops 114~1, 114-2 and 114-3,

The # output lines 202 and 302 of planes 180 and 280
respectlively, similarly connect 1o the 1 inputs of corre-
sponding flip-flops 200 and 300. The m output lines 186
and 286 of plancs 180 and 280 respectively connect to the
1 inputs of flip-flops 188 and 288. As in the casc of flip-
flop units 88 and 14, in FIGURES 2A and 2B, a common
reset line 190 is provided for m flip-flop units 114, 188
and 288. Similarly, a common reset line 192 is provided
for n flip-Aop units 146, 200 and 300.

A pating unit 194 generally corresponding in function
to the gating units 94 in FIGURE 2 is interposed between
the m flip-flop units 114, 188 and 288 and the m register
18. Similarly, a gating unit 204 corresponding to unit 104
in FIG. 2 is inlerposed belween n flip-flops 146, 114, 200,
188, 300 and 288 and the register flip-flop units 146, 200
and 200 and the n register §6.

AND gates 204-1, 204-3 and 204-5 have as inputs the
1 outpits of n fMip-flops 146, 260 and 300 as follows:

146-1, 200-1, 300-1 connected to AND 204-1
146-2, 200-2, 300-2 connected to AND 204-3
146-3, 200.-3, 300-3 connecied to AND 204-5

OR gates 204-2, 204-4 and 204-6 have as inputs the
O vulputs of # Rip-flops 146, 200 and 300 as foliows:

146-1, 2001, 300-1 connccted to OR 204-2
146-2, 200-2, 300-2 connected to OR 204-4
146-3, 200-3, 300-3 connected to OR 204-6

AND gates 194-1. 194-3 and 194-8 have as inputs the
1 outputs of su flip-flop 114, 188 and 288 as follows:

114-1, 188-1 and 288-1 connected to AND 194-1
114-2, 188-2 and 288-2 connccted to AND 194-3
114-3, 188-3 and 288-3 connected to AND 194-5

OR gates 194-2, 194-4 and 194-6 have as inputs the
0 outputs of s flip-flops 114, 188 and 288 as follows:

114-1, 188-1 and 288-1 connected to OR 194-2
114-2, 188-2 and 288-2 connected to OR 1944
114-3, 188-3 and 288-3 connected to OR 194-6

The outputs of the AND gates 194-1, 194-3 and 194-5
arc applied to lines 23-1"", 23-2"" and 23-3"’ as the inputs
to the first three stages of the register 18, just as were
the outputs of the AND gates 94 in FIGURE 2. The
outputs of the OR gates 194-2, 194-4 and 194-6 are
applied to lines 24-1", 24-2" and 24-3". The outputs
of ANIDY and OR gates 204 similarly are applied to lines
50" and 51" as inpuls to register 56.

Thus, it is scen that, for example, the coincidence of
signal on the u lines 144-1, 202-1 and 302-1 will pro-
duce an output from AND gate 204-1 to condition the
first stage of the register 86. Similarly, the coincidence
of outputs on m lines 116-1, 186--1 and 286-1 will pro-
duce an output from AND gate 194-1 to condition the
first stage of the register 18, Thus, with the first stages
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10
of both registers 18 and 56 set, read out is effected from
a corresponding address in the memory 10. When there
is not the foregoing coincidence of outputs, the corre-
sponding OR gates 194 or 204 are actuated, causing the
interrogation pulse to the registers 18 and S6 to be ad-
vanced to the next stapes which are conditioned.

Obviously, switches may be provided for selectively
including either or both fencing planes 180 and 280.

With the cores set as indicated in FIG. 3, there is co-
incidence of set cores in all three planes in the following
three instances: Al, Bl, Cl; AS. BS, C5; and A9, BY,
C9. Accordingly, the three words corresponding to ad-
dresses Al, A5 and A9 will be read out of the memory
in the manner described with respect to FIGURE 2.

Referring to FIGURE 4, two circuit blocks 294 and
304 are shown which may be substituted in FIGURE 3
for blocks 194 and 204 rtespeclively. This embodiment
illustrates another variation of the system whercin the
contents of the detector plane 112 are ANDed with the
contents of either fence plane 180 or 280.

The inputs to the blocks 294 and 304 are the same as
the inputs to the blocks 194 and 204 in FIGURE 3. These
inputs are the 0 and 1 outputs of the flip-flops 114, 146,
188, 200, 288 and 300, and are so indicated in the left-
hand margin of FIGURE 4.

In the circuit block 304, three OR gates designated
310-1, 310-2 and 310-3 are provided. OR gate 310-1
has as inputs the 1 output of {lip-flops 200-1 and 300-1.
OR gate 310-2 has as inputs the 1 outputs of flip-flops
200-2 and 300-2. OR gate 310-3 has as inputs the 1
outputs of flip-flops 200-3 and 300-3.

In block 294 three OR gates 312-1, 312-2 and 312-3
are provided. OR gate 312-1 has as inputs the 1 outputs
of flip-flops 188-1 and 288-1. OR gate 312-2 has as
inputs the 1 outputs of flip-flops 188-2 and 288-2. OR
gate 312-3 has as inputs the 1 outputs of flip-flops 188-3
and 288-3.

Thus it is apparent that a given OR gate 310 or 312
will produce an output when either of the flip-flops con-
nected as inputs is in its 1 state. Similarly, each gate 310
and 312 will produce an output when both of its inputs
are in their 1 states.

The outputs of OR gates 310-1, 310-2 and 310-3 are
applied respectively 1o AND gates 304-1, 304-3 and
304-5. The second inputs to these AND gates are the
1 o;llputs of flip-flops 146-1, 146-2 and 146-3 respec-
tively.

The outputs of OR gates 312-1, 312-2 and 312-3
respectively are connecied as inputs to AND gates 2941,
294-3 and 294-5. The sccond inputs to these AND
gates are the 1 outputs of flip-flops 114-1, 114-2 and
114--3, respectively.

The OR gates 304-2, 304-4, 304-6, 294-2, 294-4 and
294-6 each have threc inputs which are the O outputs

of the flip-flops 114, 146, 188, 200, 288 and 300 as fol-
lows:

OR 304-2 146-1 200-1 300-1
OR 3044 146-2 200-2 300-2
OR 304-6 146-3 200--3 300-3
OR 294-2 114-1 188-1 288-1
OR 294-4 114-2 188-2 288-2
OR 294-6 114-3 188-3 288-3

It is thus apparent that coincidence of a set core in plane
112 with a set core in cither or both of plancs 180 and 280
will produce an output from corresponding AND gates
304 and 294 to effect read out of a corresponding word
from memory.

Referring to FIGURE §, circuit blocks 394 and 404 are
shown which may be substituted in FIGURE 3 for blocks
194 and 204 respectively.  This embodiment illustrates
a further varinlion of the system wherein the contents of
the detector plane 112 may be ANDed with the contents
of one or the other of the planes 180 and 280, but not
with both. ‘
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It will be noted that the circuits in FIGURE 4 and FIG-
RE § are substantially identical but have the following
Terences. First, AND gates 410 and 412 have becn
ostituted for the OR gates 310 and 312 of FIGURE 4.
condly, each of the AND gates has as its two inputs the
sutput of a flip-flop 288 or 300 and the 0 output of a
s-flop 188 or 200. Thus the circuit of FIGURE 5 is
ective to produce the read out of a word corresponding
an address set in a core in the detector plane 112 pro-
fed that a correspongling core is set in the detector plane
0 but is not set in the corresponding core in fence
ine 180.  Third, (he 0 outputs of fip-flops 288 and 300
e applied as inputs ta the OR gates 404 and 394 and the
outputs of flip-fops 188 and 200 are applied as inputs
these OR gates, Thus, in accordance with the setling
cores in plancs 112, 180 and 280 as shown in FIG-
RE 3, only the word corresponding to the set core Aé
plane 112 will be read out.

While the invention has been particularly shown and
scribed with reference to preferred embodiments there-
, it will be understood by those skilled in the art that
rious changes in form and details may be made therein
thout departing from the spirit and scope of the inven-
n.

What is claimed is:

1. In a data processing system
a multiple word data memory having n rows and m

columns,

a first register having n rows and m columns of register
elements corresponding to the n rows and m columns
of said memory, one element corresponding to each
word of said memory with selected ones of said ele-
ments set to a given state,

a second register having m stages corresponding to the
m columns of said first register,

a third register having n stages corresponding to the n

rows of said first register,

first skipping shift repister having m stages corre-

sponding to the s stages of said second register, op-

erable in response to the setting of stages of said sec-
ond register for sctling corresponding stages of said
first skipping shift rcgister, and opcrable in response

1o successive interrogation inputs to provide outputs

successively from set stages thereof,

a second skipping shift register having n stages corre-
sponding to the n stages of said third register, oper-
able in response to the setting of stages of said third
register for sctling corresponding stages of said sec-
ond skipping shift register, and operable in response
to sticcessive inferrogation inputs to provide outputs
successively from set stages thereof,

means for simultaneously interrogating all m columns
of said first register to set stages of said second and
third registers corresponding to said m columns and
n rows respectively which have elements set to said
given state,

means for applying resetting inputs to said third regis-
ter,

means for applying outputs from said m stages of said
first skipping shift register to corresponding columns
of said memory and said first register,

means for applying oulputs from said » stages of said
second skipping shift register to corresponding rows
of said memory,

means for applying interrogation inputs 10 said first
skipping shift reyister,

means for applying interrogation inputs to said second
skipping shift register,

2. The invention of claim 1 wherein said means for
pplying inlcrrogalion inputs 1o said first skipping shift
rgisler comprise means for applying an initial interroga-
on input and means for applying the last said successive
utput from said second skipping shift register.

3. The invention of claim 1 whercin said means for
pplying inlerrogalion inpuls to said second skipping
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shift register comprise means for applying an initial in-

terrogation input and means for applying inputs which

are outputs from said memory in response to coincident
application to said memory of an output from a set stage
of said first skipping shift register and an output from a
set stage of said second skipping shift registers.

4. The invention of claim 1 having indicator means

responsive to the last said successive output from said
first skipping shift register.

5. In 2 data processing system

a multiple word data memory having n rows and m
columns,

a first register having # rows and m columns of register
elements corresponding to the n rows and m columns
of said memory, one clement corresponding to each
word of said memory with selecled ones of said ele-
ments sct to a given state,

a second register having n rows and m columns of reg-
ister elements corresponding to the n rows and m
columns of said memory, one clement corresponding
to each word of said memory with selected ones of
said elements set to a given state,

third and fourth registers each having # stages corre-
sponding to the m columns of said first and second
registers respectively,

first logical means having m stages corresponding to the
m stages of said third and fourth registers, each stage
being set when the corresponding stages of said third
and fourth registers are set,

a first skipping shift register having m stages corre-
sponding to the m stages of said first logical means,
settable in accordance with the setting of correspond-
ing stages of said first logical means, and operable
in response to successive interrogation inputs to pro-
vide outputs successively from set stages thereof,

fifth and sixth registers cach having n stages correspond-
ing to the »n rows of said first and second registers
respectively,

second logical means having n stages corresponding to
the # stages of said fifth and sixth registers, each stage
being set when the corresponding stages of said fifth
and sixth registers are set,

a second skipping shift register having »n stages corre-
sponding to the n stages of said second logical means,
settable in accordince with the setting of correspond-
ing stages of said sccond logical means, and operable
in response 1o successive interrogation inputs {o pro-
vide outputs successively from set stages thereof,

means for simultancously interrogating all m columns
of said first and second registers for setting stages of
said third and fifth registers corresponding to the m
columns and # rows respectively of said first register
which have elements sct to said given state, and for
setting stages of said fourth and sixth registers corre-
sponding to the /1 columns and n rows respectively of
said second register which have clements sct to said
given state,

means for applying reseting inputs to said fifth and
sixth registers,

means for applying oulputs from said mr stages of said
first skipping shift register ta corresponding columns
of said memory and said first and second registers,

means for applying outputs from said n stages of said
second skipping shift register to corresponding rows
-of said memory,

means for applying interrogation inputs to said first
skipping shift register,

means for applying interrogation inputs to said second
skipping shift register.

6. The invention .of claim § wherein said means for

applying interrogation inputs to said first skipping shift

register comprise means for applying un initinl interroga-
tion input and means for applying the Jast said successive
output [rom said sccond skipping <hilt register.

7. The invention of cluim § whercin said means for
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applying interrogation inpuls to said secor‘ad. s.kip_ping shift
register comprise means for applying an initial interrogi-
tion input and means for applying inputs which are outpuis
from said memory in response to coincident applicathn
to said memory of an oulput from a set stage of said
first skipping shift register and an output from a set
stage of said second skipping shift register.

8. The invention of c¢laim § wherein said means for
applying resetting inputs to said fifth and sixth registers
comprise means for applying initial resetling inputs and
means for applying the last suid successive output from
said second skipping shift register.

9. The invention of claim § having indicator means
responsive to the last said successive output from said
first skipping shift regisler,

10. In a data processing system

a multiple word data memory having n rows and m
colimns,

a first register having » rows and m columns of register
elements corre-ponding to the n rows and m columns
of suid memory. one element corresponding to each
word of said memory with selectcd ones of said
elements set to a given state,

a second register having n rows and m columns of
register elements corresponding to the n rows and m
columns of said memory, one elcment correspond-
ing to each word of said memory with selected oncs
of said elements sct to a given state,

third and fourth registers cach having m stages cor-
responding to the m columns of said first and second
registers respeclively,

first logicul means having m stages corresponding to
the m stages of said third and fourth registers, each
stage being sct when the corresponding stage of
either of said third and fourth registers is set,

a first skipping shift register having m stages corre-
sponding to the m stages of said first logical means,
settuble in accordance with the sctting of correspond-
ing stages of said first logical means, and operable
in response to successive interrogation inputs to pro-
vide outputs successively from set stages thercof,

fifth and sixth registers cach having n stages corre-
sponding Lo the n rows of said first and second regis-
ters respectively,

second logical meuns having n stages corresponding (o
the n stages of said fifth and sixth registers, each
stage being sct when the corresponding stage of
either of said fifth and sixth registers is set,

a second skipping shift register having n stages corre-
sponding to the o stages of said second logical means,
settable in accordance with the sctting of correspond-
ing stages of said second logical means, and operable
in response to successive interrogation inputs to pro-
vide outputs successively from set stages thereof,

means for simultaneously interrogating all m columns
of said firsl and second registers for setting stages
of said third and fifth registers corresponding to the
m columns and n rows respectively of said first regis-
ter which have elements set to said given state, and
for setting stages of said fourth and sixth registers
corresponding 1o the m columns and n rows respec-
tively of said second register which have elements
set to said given state,

means for applying resetting inputs to said fifth and
sixth registers,

means for applying outputs from said /m stages of said
first skipping shift register to corresponding columns
of said memory and said first and second registers,

means for applying outputs from said a stages of said
second skipping shift register to corresponding rows
of said memory,

means for applying interrogation inputs to said first
skipping shift register,

means for applying interrogation inputs to said second
skipping shifl register.
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11. In a data processing system

a multiple word data memory having n rows and m
columns,

a first register having » rows and m columns of register
elements corresponding to the # rows and i columns
of said memory, one element corresponding to each
word of suid memory with selected ones of said
elements set to a given state,

a second register having » rows and m columns of
register elements corresponding to the n rows and
m columns of said memory, one element correspond-
ing to each word of said memory with selected ones
of said elements set to a given state,

third and fourth registers each having w1 stages corre-
sponding 1o the m columns of said first and second
registers respectively,

first logical means having m stages corresponding to
said third and fourth registers, each stage being
set when only one of the corrcsponding stages of
said third and fourth registers is set,

a first skipping shift register having m stages corre-
sponding 1o the m stages of said first logical means,
settable in accordance with the setting of correspond-
ing stages of said first logical means, and operable
in response to successive inferrogation inputs to pro-
vide outputs successively from set stages thereof,

fifth and sixth registers each having n stages corespond-
ing to the n rows of said first and second registers
respectively,

second logical means having » stages corresponding to
the n stages of said fifth and sixth registers, each
stage being set when one only of the corresponding
stages of said fifth and sixth rcgisters is set,

a sccond skipping shift register having n stages corre-
sponding to the n stages of said second logical means,
settable in accordance with the setting of correspond-
ing stages of said second logical means, and operable
in responsc to successive interrogation inputs to pro-
vide outpuls successively from set stages thereof,

means for simultaneously interrogating all s columns
of said first and sccond register for sctting stages
of said third and fifth registers corresponding to the
m columns and n rows respectively of said first regis-
ter which have clements set 1o said given stage, and
for setting stages of said fourth and sixth registers
corresponding 1o the /1 columns and n rows respec-
tively of said second register which have elements
set to said given state,

means for applying resetting inputs to said fifth and
sixth registers,

means for applying outputs from said m stages of said
first skipping shift register to corresponding columns
of said memory and said first and second registers,

means for applying outputs from said n stages of said
second skipping shift register to corresponding rows
of said memory,

means for applying interrogation inputs to said first
skipping shift register,

means for applying interrogation inputs to said second
skipping shift register.

12. In a data processing system

a multiple word data memory having n rows and m
columns,

a plurality of first registers each having n rows and m
columns of register elements corresponding to the
n rows and m columns of said memory, one element
in each said register corresponding to each word of
said memory with said elements of said registers set
selectively to given states,

a plurality of second registers each bhaving m stages
and each corresponding to one of said first registers,

a plurality of third registers each having » stages and
each corresponding to one of said first registers,

a first logical circuit having m stages, each stage corre-
sponding to a similar stage of all said second reg-
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isters, each said stage of said first logical circuit
being set when said similar stages of said second
registers are set,
a first skipping shift register having m stages corre-
sponding to the mr stuges of said first logical cir-
cuil, settable in accordance with the setting of corre-
sponding stages of said first logical circuit, and oper-
able in responsé 1o suceessive intertozation inputs to
provide outputs successively from set stages thereof,
second logical circuit having s stages cach stage corre-
sponding to a similar stage of said third registers,
cach said stuse of said second logical circwit being
set when said similar stages of said third registers are
sct,
second skipping shift register having n stages corre-
sponding 10 the n stuges of snid second logical cir-
cuil, settable in accordance with the setting of corre-
sponding stages of said second logicil circuit, and
operable in response to successive interragation in-
puls to provide outpuls sucgessively from set stages
thereof,
means for simullancously interrogating all m columns
of suid first registers for setting stages of said sec-
ond and third registers corresponding to the m col-
umns and 2 rows respeclively of said first registers
which have clements set to said given state,
means for applying resctting inputs to said third reg-
isters,
means for applying outputs from said m stages of sail
lirst shipping shift register 10 corresponding columns
ol said memory and said first registers,
micans for applying outputs from said n stages of said
second skipping shift register to corresponding rows
af siaid memory,
means Tor applying interrogation inputs to said first
skipping shitt register,
means for applying interrogation inputs to said second
skipping shift reaister.
13. In a data processing system
a multiple word data memaory having » rows and m
columns,
plurality of first registers cach having n rows and m
celumns of register elements corresponding to the
nrows and mocolumns of said memory, one element
in each said regisler corresponding to each word of
said memory with said elements of said registers sct
selectively to given states,
a plurality of sccond registers each having m stages
and cach corresponding 1o one of said first registers,
plurality of third registers cach having 1 stages and
cach corresponding to one of said first registers,
first logical circuwit having s stages, each stage corre-
sponding to a similar stage of all said seccond reg-
isters, each said stage of said first fogical circuit
being set when said similar stage of one of said sec-
ond registers is set and sudd similar stage of at least
one of the other said second registers is set,
first skipping shift register having m stages corre-
sponding to the m stages of said first logical circuit,
settable in accordiance with the setting of correspond-
iny staces of said first logical circuit, and operable
in response 10 successive interrogation inputs 1o
provide outputs successively from set stages there-
of,
second logical circuit having n stages each stage
corresponding to a similar stage of said third regis-
ters, euch said stage of said second logical circuit
being set when said similar stage of one of said third
registers is sct and said similar stage of at least ong
of the other said second registers is set,
second skipping shift register having n stages corre-
sponding to the n stages of snid second logical cir-
cuit, settable in accordance wilh the setting of corre-
sponding stages of said second logical circuit, and op-
erable in response to successive interrogation inputs
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to provide outputs successively from set stages there-
of,

means for simultaneously interrogating all » columns
of said first registers for sctling stages of said second
and third registers corresponding (o the m columns
and n rows respectively of said first registers which
have elements set to said given stalc,

means for applying resctting inputs to said third reg-
isters,

means for applying outputs from said /n stages of said
first skipping shift register to corresponding columns
of said memory and said first registers,

means for applying outputs from said n stages of said
second skipping shift register to corresponding rows
of said memory,

means for applying interrogation inputs to said first
skipping shilt register,

means for applying interrogation inputs to said second
skipping shift register.

14. In a data processing system

a multiple word data memory having n rows and m
columns,

a plurality of first regislers each having n rows and m
columns of register elements corresponding to the
n rows and /u columns of said memory, one element
in each said register corresponding to each word of
said memory with said elements of said registers set
selectively (o given states,

a plurality of second registers ecach having m stages
and each corresponding to one of said first registers,

a plurality of third registers each having n stages and
each corresponding 10 one of said first registers,

a first logical circuit having m stages each stage cor-
responding to a similar stage of all said second reg-
isters, each said stage of said first logical circuit
being set when said similar stage of one of said
second registers is sct and said similar stage of only
one of the other said registers is set,

a first skipping shift register having m stages correspond-
ing 10 the m stages of said first logical circuit, sct-
table in accordance with the sctting of correspond-
ing stages of said first logical circuit, and operable
in response to successive interrogation inputs to pro-
vide outputs successively from set stages thereof,

a second lopical circuit having n stages each stage cor-
responding to a similar stage of said third registers,
each said stage of said sccond logical circuit being
set when said similar stage of one of said third reg-
isters is set and said similar stage of only one of
the other said repisters is set,

a second sKipping shift register having n stages corre-
sponding to the n stages of said second logical cir-
cuit, sctitable in accordance with the setting of cor-
responding stages of said second logical circuit, and
operable in response to successive interrogation in-
puts to provide oulpuls successively from set stages
thereof,

means for simultancously interrogating all m columns
of said first registers for setting stages of said scc-
ond and third registers corresponding to the m col-
umns and n rows respectively of said first registers
which have elements set to said given state,

means for applying resctting inputs to said third reg-
isters,

means for applying outputs from said m stages of said
first skipping shift register to correspending columns
of said memory and said first registers,

means for applving outputs from said n stages of said
second skipping shift register to corresponding rows
of said memory,

means for applying interrogation inputs to said first
skipping shift register,

means for applying interrogation inputs to said second
skipping shift register,
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