E. ESTREMS ET AL 2,939,120

CONTROLS FOR MEMORY DEVICES

May 31, 1960

Filed Dec. 23, 1957

16 Sheets-Sheet 1

~.

~.
S r—
-

—— ———
e ———— o o

- -
N i e e o e B

| ) 5
w
o z25
[} W JO I*
8 g &
Q
< Q
O
2 @@
2 y
E /A
1
/
m \\\ _ < % @
Jpo Wt <
]
; H I 1 4 o (U]
il Q 9 o z
8 fi o— Z | @ «
)4 HE
< i
-4 )
g Yy o—
(o] __ wﬂ. @J
—a /rr
\ ARY
AN
1 NTSeee . e T -~ T
/ A la-alt:: llllllllllll B
\ l/Il B e RIVIIPIE St s JPRag
p// llllllllllll IHHUIIv.lrll ||||||| |||||||l|\lt|/|
lllllllll - -
o o] -
E yy
== -~ \vn“

INVENTORS

ESTREMS

MAURICE PAPO
AT TORNEY

EUGENI

8y



May 31, 1960

Filed Dec. 23, 1957

E. ESTREMS ETAL

CONTROLS FOR MEMCRY LEVICES

2,939,120

16 Sheets-Sheet 2

%

323
195\'_\_|D—
323q

336

195a—

—

324
324a

<

194

188

2M

3IM
200
_J _] 182 132a
s
144 I -
230~
152_2 ~o0——¢ 152. 1 —o0—9 252 $
. \—4 \]32
250 194a — 251
A </ /X /X
4
11
| o Al
| 302 )| 1l
- = ~ l [202
ﬁ 153 faa 10 -

265~_

FPIG_2a._




May 31, 1960

Filed Dec. 23, 1857

E. ESTREMS ETAL 2,939,120
CONTROLS FOR MEMORY DEVICES

16 Sheets-Sheet 3

302+,

r L 2 L ST T 0L 331 T~
T .
EE .
326a
326
i T TT T
336 —_
324
324 o~
213
216  f-216a
H 70D oD '
7 /q-l——l o
1937
o ’_‘
\2150.X /\ 2157)\ 209
AR [ 210
|| *(e ¢ r ¢ d:
208,
345
188,
192
214
192 204
I Y
B 176a-_ -/ i
1 201—
_Jeoa—_ | !
™ .
204a 192a ) 281 283 L
17 x
| D :l >‘
265

T

=

\

o

b | ¢ 2080

=
=eral 209a
o AN =

-

&
&>
&
<&
<
|
o
@

345a~_

PIG 2.




May 31, 1960 E. ESTREMS ET AL 2,939,120

CONTROLS FOR MEMORY LEVICES
Filed Dec. 23, 1957

16 Sheets-Sheet 4
33 )

SR

10

330 /K 330a
1]

_] 213

230

Lyl]
A A AN
] ¢ t 1t
208
| =
I l ‘% 203b
203c 3324 332
P L19%an, 176 a —~ 1
= 201~ | =
_J |
2o 4_X ,_‘Z{»J =T /.> J(>(>H
302
[_? ] (%
A = [T AA
208a
345a—

PIG. 2.

TS
9)



May 31, 1960

E. ESTREMS ET AL
CONTROLS FOR MEMORY DEVICES

2,939,120

208a

Filed Dec. 23, 1957 16 Sheets-Sheet 5
33— . i} )
. ) N
330b \ A 330(:#3
24a—_ 1
r P13 ‘
H 230 —_
2t hEW)
» hd v
. J] 340+, | H
' [340a~
212 212a H
\ 339 Z
i1 [] [
208
345
188
190a / 21— 191
03 203a
2 r_!>§|; 341
342
193a 285
176a~_
201~ 1 230284
5" mT—————y
283~ 190&2/-\I
[ / U
U ——l o 282
265
2,

345a~_

FIG-24d.




May 31, 1960

Filed Dec. 23, 1957

E. ESTREMS ETAL
CONTROLS FOR MEMORY DEVICES

2,939,120

16 Sheets-Sheet 6

140~ 139,385 137 -
170 ;i ;OX i i
ar] [ {
239
238 b
169}  §—
135
P1[ P2 P33 Pn
205 - T T T
208 ~
320 131 131a 131
344
230 ‘ ‘34\ \ ‘(L /134 ‘
345 / @ 130 5 |30d@ @130b o @
* 150a 150K 151b 15%? 15lc 150 151 n
81 179 L_j 179,
~ 279
G})3 [ I 1 l272\ f—
(.
149’ M -
149022 1492 176a — *149n
188 294 ~—
276a
342 29 243
AN 98 185
285 297
- I 173 1
286 180 < ] 25~
290 208 ~ 171~
299~ 125a\
X ¢ 229 2475 ] [ 293 592<I_L_ 232
301 300 265 \l_
302 125
3025 207 S 248
14 298 246 245_
, 249, 235
= A
2053 J s 252 147 M48a 245
% L 69 o0 o |
3444 - T 154 I 156 178 ZL Z&
. 384 1
@
= O~ AA/— 1 w ) 24/4
379~ | 146a—~©) © 146n—© 175

FPIG 2<_



May 31, 1960 E. ESTREMS ETAL 2,939,120
CONTROLS FOR MEMORY DEVICES

Filed Dec. 23, 1957 16 Sheets-Sheet 7

] | T
I o7z
198”7
197
189
. 266
196
169 ~265a
88—
4 \W/h 23
! 176
—m 175
2647
184 26% 172
| ]
134 122a
256—
197
. g6
241
N
272 ¥ — 8
176 N 1z
) a T
265
i 4 233 \223 22
125a 236
P
- o6 S ¢ fos ] $
] 171 237 \267 K227
N o AAN 256// 226
i 83— T
125~ 1
]
¢ L] ¢ 4 T
Ba BS
174 — ] 186 .
, 453”\ 23
155+ [ 257
157, 161 AI63 — 128 162 l v
165 L N
I 164 B7 253—
159 f s 160 224 ; P
= 145

FIG.2f_-



May 31, 1960

E. ESTREMS ETAL
CONTROLS FOR MEMORY LEVICES

Filed Dec. 23, 1957

16

2,939,120

Sheets-Sheet 8

FIG.2 g -
306
95 >v 309 8 _jB6
318~ 199 218
310
278, 297 ¢ {
318 =
120 | 125
221, A89 ) d
303 9?3 271
299 =
‘_\_ 169  53q
313
277
% 312
263 )/Ka‘w
265,
L]
242
167
122a__ 241 |
- 166, 3n
[ /
1254 125
269 A268
295 \{
258
261
288 194
253
7 158
273 P
287
285 241~
272, | 270 ‘.
| 304 ;
. 274 N oo
~ 295 Ay
| =E\p BU M3
134 L Ll >
)
133 |305 ] 145 1143
10 =1=) 4
[ L] L
1254 294 m




May 31, 1960 E. ESTREMS ETAL 2,939,120
CONTROLS FOR MEMORY DEVICES
Filed Dec. 23, 1957 16 Sheets-~Sheet 9

BFIG_2 .

M3/
M5

\/3\38/ \358

Y=|8
7

jiisiAN

e

X
{
FTTTTT vil o 329~
=
335 — 335
1
328 | 328a
334 [334a
333 [333q 327 327}/\.
L] 1| [
“ Xt 0
Y ¥ R
$— §5— ,,)
331 —
331 / 331 N 88
1 2 9 [326 10 326a




May 31, 1960 E. ESTREMS ET AL 2,939,120
CONTROLS FOR MEMORY DEVICES

Filed Dec. 23, 1957 16 Sheets-Sheet 10
98y { T T L 0
T — N " A =0 85 C
o P 1 cR 132a 897 | |AW & |
C C 84
C 99/ 86 “4
— 351-A -
— BR B
L ]
s——P| b o
] AR > 350-8 A
351-8-1
. A A i
3 49) __] 350-8‘ 359-4
] 363 aw
9 P—B'?. » T
| |s (= 3
+ ] 350-4,
MM lar 351 -4
347/ /| 349 S 359-5_ p) b
r_\ 4 2w
. 350-2 .
- T
apy 365 | |2R > 5
348’ B 351-2
] J 350-1 359-1
2 2 air aw
L . » t
! 364
367 351-1 J\gz ‘
i
1 E 366
96 .
358) <
\ 9471 n 93
// 4 2 b
7 8 361 ]
1 A /-—97
352 ] _ |
55 c
= 355 3
= B\,l_‘
A A
]
363
a b/]
358 \I——«
< 4 [
2 Zwl_—‘
- ( BFIG 2 i_ N ,




May 31, 1960 E. ESTREMS ETAL 2,939,120
CONTROLS FOR MEMORY LEVICES
Filed Dec. 23, 1957 16 Sheets-Sheet 11
P

377 376

FIG.2j_

361-A 375 D)
= RS 16
/

361-8 372— 37} =Y 368
/

/ J-'23|
3614 371 © s 316
97
369 370

122 88

~361-2 : 314
354 315
. 361-1 54
3627/ /\ S

124
125a
132a
I 124 —
132 ol 290 90 259:3
g t ol AN
123a 289 | 219 220 Q'I
123 1
1 122 !Qa—jl 1

N

122a—

[\

>—t—

100a 0la 102a 103a 2417 110

121a 121 [ \
R S >_ 81 E = e = I
»
] 120 100 101 102 103
AN
142

.

I\AQ o+
"3 i u 106

322 129

(cg 110.

B2 _Q._
I 134—

107
/




May 31, 1960

E. ESTREMS ETAL
CONTROLS FOR MEMORY DEVICES

Filed Dec. 23, 1957

2,939,120

16 Sheets~Sheet 12

BPIG 2k_
313
125a
125_
253
290
198
122
122a
241
o . 120

[AR

134




May 31, 1960 E. ESTREMS ET AL 2,939,120

CONTROLS FOR MEMORY LEVICES

Filed Dec. 23, 1957 16 Sheets-Sheet 13
105 126 127 128 136
TIME TIME
103 . 1 1
100
o L1 I 1L 1
102 1 1 1L
122
122a
125a
125a l_l—
FIG_3.

153 40 12 40 4 12 23 25 27 30 40 23 27 }52_1 28

151 © ©®© © © @ @ ® © © © © © ©
150 152.4\@
O—g—0O0—0—0C—0—0—0OB—0—0——&
149 | 1" o12

A

—»@®

]



May 31, 1960

Filed Dec. 23, 1957

ZOW

FIG 5.

25
24

FIG.6

26
26a:[>-<
27

FIG.Z_

31

E. ESTREMS ET AL 2,939,120
CONTROLS FOR MEMORY DEVICES

16 Sheets-Sheet 14

20 , 22 Ve

22 |
22 - _K
23«%

FIG._6a._

24

26 23

26a gZB ;22
27

PFPIG_Za .

32 e L‘(33

FIG. Oa_



May 31, 1960 E. ESTREMS ETAL 2,939,120

CONTROLS FOR MEMORY DEVICES

Filed Dec. 23, 1957 16 Sheets-Sheet 15

34
34Ql_. A —%5
FIG. 10.

343..» A _435

BFIG_ 10k_

T FIG_A0a.




May 31, 1960

Filed Dec. 23, 1957

E. ESTREMS ET AL

CONTROLS FOR MEMORY DEVICES

2,939,120

16 Sheets~-Sheet 16

FiG. FIG. FiG. FIG. FIG.
2h. 2i. | 2. 2k. | 29
FIG. FIG. FiG. FiG. FlG. FiG.
2a. 2b. 2c. 2d. 2e. 2f.
FIG_14._
Y
20 M. 3 40
19 30
18 20
1711 2 3 45 6 78 9 10[I 2 3 456 78 910/t 23 4
16 80 80
15 70 70
14 60 60
13 50 50
12 M. 2 40 M- 5 40
11 30 30|
10 20 20
9i1 2 34 5 86 8 9 1001 2 3 456 7 8 9 10|]1 23 4
817V 727374 75 76 77 78 79 80 80
7161 70 70
651 60| 60
514l 50 50
R M.
431 ™ 40 4 40|
3i21 30 30
2/11 1213 14 15 | 18 19 20 20
i1 2 3 45 8 9 10/1 2 3 45 6 7 8 9101 23 4 =
1 2 3 45 8 9 101112131415 1617 18 19 2021 222324

FIG. 13_



United States Patent Of

2,939,120

Patented May 31, 1960

1CC

2,939,120
CONTROLS FOR MEMORY DEVICES

Eugeni Estrems, Saint Mande, and Maurice Papo, Paris,
France, assignors to International Business Machines
Corporation, New York, N.Y., a corporation of New
York

Filed Dec. 23, 1957, Ser. No. 704,780
16 Claims. (Cl. 340—174)

This invention relates to improvements in computing
machines and particularly to improvements in controls
for memory elements.

One embodiment of the present invention utilizes two
scanning chains or rings associated with an array of
memory elements such that data read from one field of
the array may be transferred into another field of the
same memory array or another memory array character
by character.

An apparatus operating in this manner with the ability
to split a memory array into an arbitrary number of fields
is shown and described in the copending application to
E. Estrems, Serial No. 710,312 filed January 21, 1958.

The apparatus of the above-mentioned copending ap-
plication is adapted to circuits of some simplicity, but at
the price of relatively important time losses and substan-
tially intricate connections. For example, it is necessary
to search for the memory field to which access is de-
sired. That can be done through a systematic scanning
of all the locations in the memory and a search for field
beginning coincidence, but it is quite obvious that time
used during this search, extends the calculation time cor-
respondingly. It is also necessary to determine for each
memory field, the location corresponding to the lowest
ordered position and that corresponding to the highest
ordered position of a field, which requires a correspond-
ing number of connections.

Such a mode of definition of memory fields is accept-
able if constant length fields are to be processed. In
such a case, it is necessary to define for each field its
beginning and its end.

In many applications, such as those involving punched
cards, the lengths and positions of the several fields are
fixed. In such cases the memory array may be split in
several fields, such that all the fields are contiguous to
each other, and according to the present invention, any
connection defining the beginning of a field may be used
for defining the end of the preceding field and conversely
any connection defining the end of a ficld may be used
for defining the beginning of the next field.

If each location in a storage array is arbitrarily as-
signed a number to form a continuous sequence from 1
to N, a field is constitnted by a series of numbers of de-
creasing order and that to the locations of a field there
corresponds a series of numbers, decrease-wise for ex-
ample with respect to the numbering order. Thus, a
connection corresponding to any location of order P in
the memory (and subsequently defining this location with-
out ambiguity), may serve the purpose of defining order
lIocations P}-1 or P—1. If this connection corresponds
to the highest weight location in a field, and if scanning
is performed in the order inverse to numbering, this con-
nection indicates that the end of this field has been
reached, and that scanning must be interrupted. Recipro-
cally, if this connection corresponds to the lowest weight
location in a field, it may serve the purpose of starting
an operation so as to set scanning in action. In that
case, the next connection met indicates that the end of
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the field has been reached, and again scanning must be
interrupted.

A primary object of this invention is to provide an
improved process of splitting a memory in an arbitrary
number of fields. In the present embodiment of the
invention these fields are defined by a single connection,
this connnection corresponding to a selection either of
the lowest order or the highest order of said field, circuits
being so arranged that this sole connection may serve,
at the same time, for defining the beginning of a field
and the end of the immediate contiguous field.

Another object of the present invention is to provide
improved means for controlling scanning chains whereby
a direct start of said chains in a selectively specified loca-
tion may be had. This location may correspond to the
lowest order in the split fields controlled by said chains.

Another object of this invention is to provide an im-
proved circuit arrangement, and a new mode of con-
trolling emitting and receiving memories such that scan-
ning and read-out operations in the emitting memory, and
scanning and write operations in the receiving memory
are limited to memory fields which have been selected,
and particularly are interrupted by the connection used
for defining the contiguous split field. )

Another object of this invention is to provide improved
control and selection for the split fields. Contiguous
units capable of receiving control and definition connec-
tions of the split fields may be used. These contiguous
units are connected to each other through circuits so ar-
ranged that any connection may at the same time serve
the purpose of the definition connection for the beginning
of a split field A and for the end of another split field B,
if for example, it is located immediately on the left of
the connection which defines field B and if besides, it
corresponds to a memory location of an order number
lower than the order number of the memory location
where field B begins.

Another object of this invention is to provide improved
control circuits for a program unit.

Another object is to provide an improved program
unit adapted to set a scanning chain in the lowest order
location in the memory field controlled for read-out or
write.

Another object is to provide an improved program. unit
adapted to control read-out or write of information data
and operations performed on these data.

Another object of this invention is to provide an im-
proved program unit adapted to search, on occasion, for
a sign if said sign is not in a location specially provided
for the purpose.

Another object is to provide an improved program unit
adapted to replace the obtained number by its comple-
ment if the performed operation provides the complement
for the desired result.

Another object is to provide a program unit with im-
proved advancing controls responsive to the completion
of an operation.

Another object is to provide improved program branch-
ing in response to calculated data.

Other objects of the invention will be pointed out in
the following description and claims and illustrated in the
accompanying drawings, which disclose, by way of ex-
amples, the principle of the invention and the best mode,
which has been contemplated, of applying that principle.

In the drawings:

Fig. 1 is a general block diagram of a data processing
machine embodying the present invention.

Figs. 2a through 2k taken together are a more detailed
block diagram of the machine of Fig. 1.

Fig. 3 shows the sequence order in time of certain
pulses with the numerals at the left indicating also the
lines of Figs. 2a through 2k on which the pulses appear,
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Fig. 4 is an example of some of the control panel hubs
used in the present machine.

Figs. 5 through 12 show different basic circuits and
the symbolical form in which these circuits are shown in
Figs. 2a through 2k.

Fig. 13 shows how the various memories may be jux-
taposed.

Fig. 14 shows how Figs. 2a through 2k should be
placed together.

Referring first to Fig. 1, there is shown a general block
diagram of a data processing machine according to the
present invention. Only that part of the machine con-
cerned with the present invention is shown. Only pro-
gram steps P1, P2 and P3 are indicated although a ma-
chine would normally include many more. A program
step such as P2 may be considered one stage of a ring.
The several stages of a ring so formed are connected
together with pluggable connectors in order that the
steps may be energized in any sequence desired. A core
storage array is shown addressed by rings A and B.
Rings A and B are under control of the program steps
and independently addressed the core storage array. For
example, program step P2 has a plugged connection to
ring A. The plugged connection, a single wire to ring
A, sets ring A in the corresponding position to thus ad-
dress core storage. This connection also serves the func-
tion of stopping the advance of ring-A when ring A
advances to this position as a result of having been
started by program step P3, for example. The data ad-
dressed in this manner by rings A and B are read out
from storage, that addressed by ring A being interlaced
with that addressed by ring B, to an adder, to a com-
plementing circuit or back into storage. Data addressed
by ring A may be transferred to storage positions ad-
dressed by ring B or data may be addressed by both
rings and fed through the complementing circuit and back
to the original location. These and other data flows and
controls are described in detail later with reference to
Figs. 2a through 2k.

Fig. 9a is the symbolic diagram showing of a power
circuit as shown schematically in Fig. 9. The purpose
of this circuit is to amplify in power the signal appear-
ing on line 32 and deliver it over line 33. The use of
this circuit is to allow a simultaneous feeding of several
circuits or the feeding of a common output with pulses
from several different sources. As a general rule, the
circuit in Fig. 9 is not shown. It is considered as being
incorporated in some of the circuits in Figs. 5, 6, 8, 10,
11 and 12. :

Fig. Sa shows in schematic form a coincidence circuit.
Input lines 20 Teceive a voltage normally negative which,
in certain conditions may become positive. In the first
case, output line 21 receives a negative voltage due to the
fact that diodes 22 enable the current to flow, and that a
relatively significant voltage drop occurs across resistor
23. This is true even when one only of wires 20 is nega-
tive. On the other hand, if all wires 20 are traversed
simultaneously by a positive voltage, no current flows
through diodes 22 so that across resistor 23 there is only
the leak current flowing through line 21. The corre-
sponding voltage drop being relatively low, potential in
line 21 takes a positive value. This positive value of
potential characterizes the existence of a coincidence be-
tween positive input pulses. The latter may be in any
number (2, 3, etc. according to the requirement).

The circuit of Fig. 5a is represented symbolically as
shown in Fig. 5. According to the use, the output is
taken directly or through a circuit similar to that shown
in Fig. 9.

Fig. 6 shows the symbolic form of the OR circuit
shown schematically in Fig. 64. Line 25 has a voltage
normally negative which becomes positive when one of
input lines 24 is positive. The oircuit in Fig. 62 may be
recognized in Figs. 2a through 2k by its configuration,
-and is thus not generally referenced. According to the

10

25

30

36

40

45

60

65

60

65

70

75

use, the output may be taken directly or through a cir-
cuit similar to that shown in Fig. 9.

Fig. 7 is the symbolic form in which the circuit of Fig.
7a is shown. The latter is a coincidence circuit meant
for transferring short duration positive pulses required
for the control of triggers such as shown in Fig. 11. In-
puts 26 and 26a (Fig. 7a) normally are negative and
positive respectively and are adapted for receiving posi-
tive pulses and negative pulses, respectively. As long
as input 26 is negative, pulses directed into input 26a
remain of no effect due to line 29 which then has a nega-
tive potential and to diode 22 which blocks pulse trans-
ferring. On the other hand, when input 26 has a positive
voltage, potential in line 29 also takes a positive value,
thus permitting the transmission of all the positive pulses
from input 26a. That is the case every time the poten-
tial in line 26a comes back to a positive value from a
negative value. Capacitor 28 then generates a short
duration positive pulse which causes potential in line 29
to increase momentarily. Circuits are so arranged that
diode 22 allows the current to pass.

Fig. 8 is the symbolic form in which the schematic
circuit of Fig. 8a is shown. The latter is an inverter.
Output 31 is positive every time the input is negative and
conversely. A circuit similar to that shown in Fig. 9
may be included in the output.

Fig. 10 is a symbolic showing of one. of the amplifica-
tion circuits used in conjunction with magnetic core
memories. E.M.F., induced during magnetization re-
versal is applied between inputs 34 and 34a. A positive
pulse then is available at output 35. The circuit is shown
in the symbolic form in Figs. 2a through 2. In Fig. 105,
only one input is shown, the other is assumed to be re-
turned to a fixed potential. A circuit similar to that
shown in Fig. 9 may be inserted in the output.

Fig. 11 is a schematic showing of a transistorized
trigger. Such a circuit has particularly been described
in applicant’s copending application Serial No. 643,369
filed March 1, 1957. A first stable state of this circuit
corresponds to a conduction achieved for example through
transistor 36. In this case, output 37 takes a negative
voltage while output 37z has a positive voltage. The
state of the trigger may be switched by a positive pulse
applied to input 38. A positive pulse applied to input
38z is of no effect. The switching pulse may be from
a circuit of the type represented in Figs. 7 and 7a.

The state of the trigger (Fig. 11a) may be switched
by the application of a positive voltage to line 39. This
voltage affects the circuit formed by capacitor 40, re-
sistor 41 and diode 42, which circuit is an assembly
formed by the component elements of Fig. 7a. It should
be noted particularly that one of the ends of resistor 41
is integral with output 37e, which now is assumed to
have a positive voltage. A positive voltage directed
into line 39a is of no effect due to the end of resistor
41a which is connected to line 37 now assumed to have
a negative voltage. Generally speaking, it is possible
to direct several pulses into lines 38 or 38z or provide
the application to lines 39 and 39a of positive voltages
from several different origins.

A second stable state of the trigger corresponds to
a conduction through transistor 36a. In that case out-
put 37a takes a negative voltage while output 37 has a
positive voltage. The state of the trigger may be
switched either by a positive pulse directed into line
384, or a positive voltage directed into line 39a. Obvi-
ously, this switching is accompanied by the reversal of
respective potentials in lines 37 and 37a.

The trigger in Fig. 11a will be represenied in Figs. 2a
through 2k in the symbolic form of Fig. 11; reference
letters however being possibly B, D, M, P, R, U or W.
Identification of the lines will be apparent according
to their origin and their connection to the right part
or the left part of the square or to the upper or lower
part. It is possible also to have a control 45 connected
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to the middle of the lower part. Such a control is
equivalent to a positive pulse simultaneously applied to
inputs 38 and 384. It has leen noted already that only
the pulses applied to the conductive side are effective.
The time constants of the circuits are so calculated that
only one switching then occurs. A spot inside the
square on the right or the left side indicates the side
which is conductive normally. It has been seen, in that
case, that the corresponding output has a negative
voltage.

Fig. 12 shows schematically, a pulse emitter. A posi-
tive voltage directed into line 43 causes at output 44
the emission of a relatively short duration positive pulse.
A circuit similar to that shown in Fig. 9 may be inserted
in this output. The circuit of Fig. 12 is shown sym-
bolically at Fig. 12q with reference letter E and is used
essentially for delivering base pulses which will control
the assembly of the circuits as explained hereafter.

Pulse generator—The pulse generator is made up of
four emitters 100q, 101a, 1024, 103a (Fig. 2j) working
as a closed circuit. Further details of these emitters are
shown in Fig. 12. They are controlled by positive pulses
applied to their input terminal 43 and delivering in this
case a very short duration positive pulse at their terminal
44. These pulses are fed respectively over lines 100, 101,
102, 103 (Fig. 2j) and are lagging in time as indicated
in Fig. 3.

This pulse generator may be switched on or off in the
conditions to be analyzed now. Capacitor 104 is nor-
mally charged positively through contact 105 and resistor
106. A manual or automatic action on contact 105
directs a positive voltage into line 167 and AND circuit
108. Lines 109, 110, 111 also have a positive voltage.
Both the latter come from the non-conducting sides of
triggers B2 and B3 (Fig. 2¢g) respectively. Subsequently,
output 109 (Fig. 2/) of AND circuit 112 receives a
positive voltage and likewise output 113 from AND
circuit 108. This voltage is applied to OR circuit 114,
to line 115, and to emitter 101a. The latter thus emits
its first pulse, which causes the successive emission of
pulses from elements 1024, 1034 and 1004.

The first pulse transmitted through line 103 causes the
switching of triggers B2 (Fig. 2j) and B3 (Fig. 2g)
as will be seen later. AND circuit 112 (Fig. 2) is thus
blocked. Voltage in output line 109 subsequently is
driven to a negative value, while voltage in line 117 from
inverter 116 is driven to a positive value, which prepares
the transmission of pulses through AND circuit 118.

When emitter 100a is set in action, the pulse on line
100 traverses AND circuit 118 and again controls
emitter 101, this result being obtained through OR
circuit 114. Subsequently, emitter 101a delivers a second
pulse which in turn starts emitters 1024, 103a and 101aq,
then again 101a, etc.

To sum up, the chain formed by emitters 101a, 1022,
1032 and 100a delivers a series of successive pulses,
which series is indefinitely renewed as long as the volt-
:ages applied to AND circuit 112 remained unchanged.

Line 103 controls inverter 119 which feeds line 120
-and AND circuits 121 and 1212, Trigger Bl being reset
as mentioned, output line 1222 has a positive voltage,
‘which thus favors AND circuit 121, The latter, which
has been described in detail in Fig. 7, thus transmits a
first pulse which causes trigger B1 to be switched. It
should be noted that line 120 initially has a positive
voltage. Line 120 is driven to a negative voltage when
emitter 103a is started and it has been seen that AND

" circuit in Fig. 7 then transmits no pulses. When pulse
on line 103 stops, that is when line 103 comes back to
a negative pulse, line 120 comes to a positive pulse
and it is only at that time, as that has been seen, that
AND circuit in Fig. 7 may transmit a pulse. The first
switching of trigger B1 therefore coincides with the end
of the first pulse on 103, that is with vertical line 126
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The state of trigger B1 (Fig. 2/) having been switched,
line 1222 comes back to a negative voltage, blocking
AND circuit 121. Line 122, besides, comes to a pos-
itive voltage, favoring AND circuit 1212, A switching
pulse thus may be applied to the left side of trigger B1
at the end of the next pulse on line 103. The time of
this switching corresponds in Fig. 3 to vertical line 127.

Line 1224 thus comes back to a positive voltage favor-
ing again coincidence circuit 121 and preparing a new
switching of the state of trigger B1, etc.

Generally speaking, the state of trigger B1 is switched
every time line 103 comes back to a negative voltage.
Lines 122 and 122¢ are traversed by alternate voltages
alternately positive and negative as appears from Fig. 3.

Advance pulses—A tapping from line 103 leads to
AND circuits 123 and 1232, which again are fed respec-
tively by lines 122 and 122s¢. Output lines 132 and
1322 therefore, always have a megative voltage, except
when positive pulses are applied simultaneously to two
inputs of AND circuits 123 and 1232. These lines lead
to inverters 124 and 1244, which respectively feed lines
125 and 125a2. These lines then always have a positive
voltage, except when positive voltages are directed si-
multaneously into AND circuits 123 and 123z. The
purpose of lines 125 or 1254 is to cause the switching
of the various triggers as is to be seen later. Circuits
controlled from these lines are so arranged as a gen-
eral rule, that switching occurs when lines 125 or 125q
come back to a positive voltage, and this switching sub-
sequently coincides with the end of a pulse on line 103.

Registers and scanning chains.—In the embodiment
of the invention which is being described, it was assumed
that the registers comprised magnetic cores. It is known
that, under certain conditions, certain magnetic sub-
stances possess two remnant states of saturation and that
by distinguishing these states from one another it is
possible to determine the presence or absence of an in-
formation bit. It is well understood that the use of
memories of that type is not exclusive with respect to
the invention. The selected record code is a mixed code
associating binary elements 1, 2, 4, 8 with elements A,
B and C. Such a code require seven magnetic cores
for each position. It may be successfully used for nu-
merical recording, alphabetic recording as well as the
recording of certain special characters. Element C
could be as desired, a parity or a no-parity controlling
code. It will systematically be used in certain cases so
that the number of elements serving to record a digit
or a letter should always be even. Thus digit one will
be recorded for example 1-C; digit 6 will be recorded
2-4 without element C, whereas digit 7 will be recorded
1-2-4-C. It will then be understood that the selected
record code is not exclusive and is but illustrative.

The cores for a same position and the circuits con-
nected therewith will conventionally be indexed with
digits or letters 1-2-4-8-A-B-C, according to the ele-
ment of the corresponding code. It is obvious that here,
letters A and B have a completely different meaning
from the meaning they had in the expressions Time A,
Time B, scanning chain A, scanning chain B. There
will result no confusion since none of these letters will
ever be used alone.

With regards to the sign for some factors, it will be
recorded as an element A if it is a “minus” sign. The
absence of such an element will automatically mean a
“plus” sign. Practically the sign will be recorded in
each memory field in the less significant place. In
some cases the sign may be stored in any position, when,
for instance, a factor is directly recorded from a punched
card or when the perforation representing the sign of
this factor has been performed in any column of said
card.

In each memory, there may be any number of loca-
tions, said numbering ranging from a few units to sev-
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eral times 10. However, it is to be noted that the in-
vention has been specially planned to be conveniently
used with great capacity memories.

In the same way there may be any number of mem-
ories. As may be well understood and to avoid repro-
ducing indefinitely identical circuits, five memories only
have been represented in the enclosed drawings (Fig.
2h). Each register has been symbolically represented
by seven superposed squares seen in perspective, each
square corresponding to one element of the uscd code.

As an illustrative example, let it be assumed that
each memory comprises 80 locations for recording 80
digits, letters or special characters. It will be remarked
that each memory is able to register the whole of the in-
formation recorded in a punch card with 80 columns.

In each memory, the locations are grouped according
to a coordinate system such as is represented in Fig.
12. Locations 1 to 10 of memory M1 for instance are
defined by coordinates y=1, x=1, 2, . . . 8, 9, 10. In
the same way, locations 11 to 20 are defined by coordi-
nates y=2, x=1,2,3...8,9,10. It is well understood
that this defining method is but illustrative and that any
coordinate system could be used

x=1t09 y=11t0o 9
x=1to 12 y=1to 7
x=1 to 16 y=1to 5
xw=] to 80 y=1

with possibly a few blank locations if the coordinate
system defines a total memory location number which
is superior to the actual location number.

The various locations of one memory are conventional-
ly numbered in an increasing order according to a con-
tinuous numbering system going from one to 80. This
numbering system is based on the custom of number-
ing the columns of a card according to a continuous sys-
tem of numbers increasing from left to right. Tt is
to be noted that this numbering method is exactly in-
verse to the method generally adopted for indicating the
various adjacent digits of a number. Thus number 248
for example, will be recorded:

2 in location 14
4 in location 15
8 in location 16.

When it is desired to sense and read out that num-
ber (for instance to add it to another number) it is
to be done character by character, beginning by the less
significant weight digits. Consequently, there will be
effected in turn the sensing and read out of the digit
stored in location 16, then of the digit stored in location
15, etc. In other words, the various locations of a
same memory will be scanned in the inverse order to
their numbering.

So as to allow the free access to any location in any
memory, scanning chains are associated with these mem-
ories the number of scanning chains corresponding to
the number of addresses of the adopted operation type.
A one-address operation would consist in effecting the
elementary adding operation a+-b=c, with the help of
three different program stages, the first one controlling
the transfer of factor a to an adding organ, the second
one controlling the transfer of factor b, whereas the
third one controls the registering of the adding operation
result, this being indispensable to clear the adding organ
and to permit its use in a second series of operations.
Such an operating method requires but one scanning
chain since each program stage controls bui one opera-
tion.

A three-address operation would permit to effect the
elementary adding operation a+-b=c in one program
stage. It requires three scanming chains. For the read-
out of factors @ and b and the registering of the addition
result are to be performed simultaneously.
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In many cases, it is not advantageous (0 process in
that manner and in particular when one factor is am
accumulating element and when this factor becomes
completely useless as soon as its function is performed.
In such a case the factor may be replaced by the result
of the operation. There results the double address oper-
ating type and to basic type of operation: a-+-b=b".
Factor b is an intermediate computing result which is
determined but to value b’ and is deleted as soon as its
function is performed that is precisely as soon as b is
kxnown. 1o such a case, two scanning chains will suffice,
and it will again be noted that these chains have different
functions: one chain controls the read-out and regenera-
tion of factor a, and the second the read-out and dele-
tion of factor b and its replacement by the result of
operation b’.

This double address operating type has been adopted
in the embodiment being described. The scanning chains
will be designated generally: chain A or chain B accord-
ing to whether they control the read-out and regenera-
tion of factor a or the read-out of factor b and its replace-
ment by the result of operation b’.

The scanning chains are disposed in a fashion similar
to that whereby the various locations of a memory have
been distributed into groups of rows and columns (refer
to Fig. 13). For example, chain A is subdivided into &
unit chain for scanning the register according to abscissa
x and a tens chain for scanning according to ordinate y.

The unit chain is composed of triggers 1U to 10U
(Figs. 2c and 2d) wherein only the first two and the last
two have been represented. The locations 1 to 10 and
the positions that may be gathered therefrom by adding
integer multiples of 10 are associated with these trig-
gers. The various memory locations being scanned in
the order inverse to their numbering, it will be like-
wise with regards to the normal advance of the unit
chain, as will be seen hereafter.

The tens chain is composed of triggers 0D through 7D
(Fig. 2b) wherein only the quoted triggers have been
represented. With said triggers are associated respec-
tively the first ten memory locations, then the next ten, and
so on. As will be seen the normal tens chain advance is
also effected in the order inverse to their numbering, so
as to permit first the scanning of the memory locations
bearing the numbers 80 to 71, then locations bearing the
numbers 70 to 61. Generally the number of the triggers
controlling the scanning of a given memory location is
immediately determined by parting the digits of this num-
ber from each other. Thus location 27 is controlled by
triggers 2D and 7U respectively. There is one single
exception for the locations having a number which is a
multiple of 10, for example, location 30 is controlled
respectively by triggers 2D and 10U, not by triggers
3D and 0U.

Also triggers 1M, 2M, 3M . . . (Fig. 2a) for deter-
mining the memory according to its number are associ-
ated with scanning chain A. For example, if trigger 1M
is switched, line 217 is at a positive voltage; and it will
be the same for line 195 when AND circuit 194 allows
the equalization of the voltages. Line 195 goes through
OR circuits 323 and 323g which feed lines 324, 324a
respectively. The latter will be positive whenever AND
circuit 194 permits a voltage equalization, i.e., when-
ever line 188 is positive.

Line 324 controls AND circuits 325 (Fig. 2b) and
3252 and lines 326 and 326a. Thus these lines may
turn positive if one line 193 or 1934 is positive that is
if one trigger 0D to 7D is switched (the circuits corre-
sponding to triggers 1D to 6D have not been repre-
sented). If trigger 7D is switched, for example, line
216 is positive causing line 190 to be at a positive voltage
when line 188 is positive. It has been seen that the
voltage of lines 195 (Fig. 2a) and of lines 324 and
3244 were dependent on the voltage of the same line 188.
Lines 326 and 326a (Fig. 2b) may also be seen in Fig.
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2h. For example, line 326 controls AND circuits 327
and 327a, units 328, 328q and the line out of group
329 which is also indexed 7 or y=8; line 3264 similarly
controlling the line out of same group which is designated
also by 0 or y=1.

Lead 324a (Fig. 2b) controls AND circuits 330 (Fig.
2¢) 330a, 330 (Fig. 2d), 330c and lines generally
designated by 331. Thus these last named lines may
also turn positive if any line 191, 211, 332 (Fig. 2¢)
or 332a is positive itself that is if one trigger 1U to 10U
is switched. For example line 213 (Fig. 2d) is positive
if trigger 1U is switched and it will be the same for line
191 when line 188 is positive, and line out of group 331
which is further designated by 1 (see also Fig. 2h) which
controls AND circuits 333, 3334, units 334, 334q as
well as the line out of group 335 which is referenced
x=1.

As a conclusion the simultaneous switching of triggers
IM (Fig. 2a), 7D (Fig. 2b) and 1U (Fig. 2d) for ex-
ample causes the respective energization of the lines out
of groups 335 (Fig. 2h) and 329 further designated
x=1 and y=8 and consequently the memory location
where these lines cross, that is location 71 of memory
M1,

In a similar way, it will be shown that the switching
of trigger 2M (Fig. 2a) results in turning line 1954 posi-
tive under certain conditions (line 188 being positive).
Line 195a is connected through OR circuit 3234 to line
324a which is the same line as previously mentioned con-
trolling line group 335 (Fig. 24). On the other hand a
second connection from line 193z reaches OR circuit
3235 which controls line 336 (see also Fig. 2h) line
group 337, as well as line group 338 (Fig. 24). The
circuits connecting both these groups have not been repre-
sented, but are similar to those connecting line groups
326 (Fig. 2b) and 329 (Fig. 2k). Line groups 335 and
338 cross one another in the memory field corresponding
to the 80 locations of memory M2,

It will also be seen that the switching of trigger 3M
(Fig. 2a) generally controls memory M3 (Fig. 2h),
connecting circuits being but partially represented. Like-
wise a trigger 4M (not shown) controls memory M4,
etc.

Scanning chain B is disposed in exactly the same way as
chain A. It comprises a unit chain composed of triggers
11U to 20U (Figs. 2d and 2c), a tens chain composed
of triggers 10D to 17D (Fig. 2b) and triggers 11M,
12M, 13M associated with it (Fig. 2a).

It will be noted that all these reference numbers are
the same as for chain A, to which there is systematically
added 10; for example, a trigger 12M applies a voltage
to line 19542 and that is the line to which a voltage is
applied when trigger 2M is switched, the only difference
being that this voltage application takes place when line
265 is at a positive voltage. Under the same conditions,
trigger 17D (Fig. 2b) for example causes a voltage ap-
plication to line 193 which is also controlled by trigger
7D, whereas trigger 11U (Fig. 2D) applies a voltage
to line 191. Generally speaking, chain B controls memor-
ies M1, M2, M3 . . . (Fig. 2h) just as does chain A
with the only difference that this control now coincides
with a positive voltage in line 26S.

General operation principles.—Typical operations per-
formed by the present machine include transfer oper-
ations and arithmetical operations performed on values
contained in memories. Assume for example the addi-
tion of two factors, say a and b, contained respectively in
fields A and B of the memories and, in further assume
b’ as their sum, b” having to be substituted for b at the
end or during the process of the operation.

For simplicity, suppose a and b are respectively 321
and 8765.

At a first operation time, read out of the first digit of
a is performed, that is 1.

At a second operation time, read-out of the first digit
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of b is performed, that is 5; then, the addition of 1 and
5 takes place producing the sum 6, ther 6 is substituted
for 5 in field B. Memory field B at that time contains
the number 8766 instead of 8765 as before.

At a third operation time, read-out of the second digit,
2, of a is performed; then, at a fourth time of operation,
read-out of the second digit, 6, of b is performed, then
the addition of 2 and 6 takes place to produce the sum
8, and also substitution of 8 for 6. At that time mem-
ory fleld B contains number 8786 instead of 8766 and:
8765 as before.

At a fifth time of operation, the read-out of the third:
digit, 3, of a is performed; then at a sixth operation:
read-out of the third digit, 7, of b takes place. The
addition of 3 and 7 producing the sum 10 then occurs
and O is substituted for 7.

Memory field B at that time contains 8086. Carry 1
is kept apart so that it is possible to recycle, should the
occasion arise.

At a seventh time of operation, read-out of the fourth
digit of a is performed, that is 0. If field A is completed,.
a series of 0’s is introduced or substituted until the com--
pletion of field B.

At an eighth time of operation, read-out of the fourth:
digit, 8, of b, addition of this digit with the corresponding.
digit read from field A or substituted, that is 0+4-8==8,,
possible recycling of the carry, that is in the case con-.
sidered 84-1=9, and substitution of 9 for 8 takes place..

At that time memory field B contains 9086 which is
the result of adding 321 to 8765. '

It can be seen from the foregoing that the resnlt of
the addition is drawn progressively, digit by digit, and
the working method used is characterized essentially by
alternation of the read-out of digits from the two fields,
the addition of these digits alternately read, and the
substitution of the result of the whole aperation for the
digits read from field B.

These two times of operation are designated time A
for a first and time B for the second.

The first time of operation is characterized essentially:
by a positive voltage of line 1224 (Fig. 2j), and by vari--
ous pulses controlled by this line. In a wider sense,,
the name “time A” is given to any time corresponding
to a positive voltage of line 1224. The end of this time
is marked by a return to a positive voltage of lines 120
and 1254, by the switching of trigger Bl due to a pulse
from AND circuit 121a, and still by other switchings to
be described further on, when necessary, which have no
other purposes than to prepare for the next operations.

The second time of operation is characterized essen-
tially by a positive voltage in line 122 as also various
pulses controlled by this line. Likewise, in a wider sense,
the name “time B” is given to any time corresponding to
a positive voltage in line 122. The end of this time is
marked by a return to a positive voltage of lines 120 and
125, by the switching of trigger B1 under action of a
pulse from AND circuit 121, and still by another switch--
ings to be examined further on when necessary and the
purpose of which is also the preparation of the next
operations.

It should be noted that the latter pulses mark the end
of the operations relating to digits of a particular order.

Disposition and advance of the scanning chains.—The
positioning of the scanning chains A and B will presently
be described further. It has been explained how the
various memory locations correspond to the various com-
binations of the tens and unit chains. For example, for
location 72, triggers 7D (Fig. 2b) and 2U (Fig. 2d) in
chain A are switched, whereas in chain B triggers 17D
and 12U are switched. Generally, it is possible to draw
up a chart indicating the trigger combinations correspond-
ing to every 80 memory locations. Under these condi-
tions, the positioning of the scanning chains in location »
of the memories is effected by the combined switching of
corresponding triggers. The circuits for connecting thg
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80 hubs 153 (Fig. 2a) and the AND circuits generally
designated by 203 and 204 (Figs. 2d to 2b) fulfill that
condition.

With chain A for example in location 72 (switched
triggers 7D and 2U), the chain is advanced as will be
seen hereafter at the end of each time A whenever the
voltage of line 181 (Fig. 2e) is turned positive. This
movement coincides with a return of line 103 to a nega-
tive voltage (Fig. 2j). With lines 206 and 207 (Fig. 2e¢)
respectively at a positive and a negative voltage, line 208
has the same voltage as line 181. A first switching pulse
is produced when trigger B6 is switched (Fig. 2f); let
it be assumed, as an example, that said pulse caused the
switching of triggers 7D and 2U (see above). Lines 216
(Fig. 2b) and 339 (Fig. 2d) thus have a positive voltage.
With line 188 positive (it is to be seen how that is done
further on), AND circuit 190a passes the positive voltage
to line 211 to condition AND circuit 212. AND circuit
212 receives its other input from line 208 to provide a

switching pulse on line 340 which is applied to the left -

side of trigger 2U resetting said trigger to its initial state,
and to the right side of trigger 1U, causing this last
trigger to be switched. Switched triggers are then 7D
and 1U corresponding to memory location 71.

During the next succeeding time A, lines 213 and 191
are at a positive voltage. Consequently, at the end of
that time, an advance pulse is transmitted by AND cir-
cuit 212¢ and line 340a and applied to the left side of
trigger 1U and to the right side of trigger 10U (Fig. 2¢).
Trigger 1U is thus reset to its initial state, while trigger
10U is switched. At the same time the positive voltage
of line 213 (Fig. 2d) is applied to OR circuit 209
(Fig. 2b) to line 210 and to AND circuit 215a.

Lead 188 is always at a positive voltage during time
A and since trigger 7D is switched, lines 216 and 193
are at a positive voltage, which is applied to a second
input of AND circuit 2154. There is no effect therefrom
except when trigger 1U (Fig. 2d) is switched the voltage
of line 213 is also applied to AND circuit 215a (Fig. 2b)
as has just been explained. In that case, the latter trans-
mits also an advance pulse, which results in re-setting
trigger 7D to its initial state and switching trigger 6D
(not shown). Under these conditions at the end of the
considered time the switched triggers are triggers 6D and
10U respectively corresponding to the memory location

70.

At the end of the following times A, triggers 9U, 8U,
70 . . . 2U, are switched in turn, whereas triggers 10U,
9U, . . . are reset in turn. The result is the successive

control of trigger combinations 6D-9U, 6D-8U . . .
6D-2U, 6D-1U, corresponding to the memory locations
referenced 69, 68 . . . 62, 61, respectively. Then there
are controlled the trigger combinations SD-16U, 5D-9U

. corresponding to memory locations 60, 69, . . . .
Generally speaking, all trigger combinations correspond-
ing to the systematic scanning of the various positions of
a memory are energized, scanning being effected in an
order inverse to the numbering.

The scanning chains are connected in a ring, conse-
quently it is necessary to stop the scanming operations
when location 1 is reached to avoid going on through
location 80. The trigger combination for this location
is 0D—1U. Said triggers being supposed switched, line
213 and 2164 (Figs. 24 and 2b) are at a positive voltage
as are lines 191 and 193¢ during the following time A.
A connection from these lines reaches AND circuit 341
(Fig. 2d) which is thus simultaneously energized on both
its inputs, applying a positive voltage to line 342 thereby.
It was assumed that lead 206 (Fig. 2¢) was at a positive
voltage, thus AND circuit 343 has a positive voltage ap-
plied on both its inputs. A positive voltage is thus ap-
plied to OR circuit 291, which results in bringing the
voltage of line 243 to a positive value. The result to
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be later described further is that scanning chain advance
is blocked.

The advance pulse may also be applied so that chain
A scans the various memory locations according to their
numbering increasing order. In such a case, it will suffice
to turn line 266 negative (Fig. 2¢) and line 207 positive.
The voltage of line 181 is then applied to AND circuit
344 and to line 345 (see also Figs. 2¢ and 2b) which
controls circuits so disposed that the scanning of the
memory location is effected according to their number-
ing order. The above explanations enable an under-
standing of the operation of these last mentioned circuits,
therefore they will not be described further. The scan-
ning is stopped as soon as the chain reaches location 80,
by the operation of AND circuit 346 (Fig. 2c) in a way
similar to that just described.

The operation of chain B is quite similar to that of
chain A, except that it is operated during time B under
the voltage control of line 265 (Figs. 26 through 2f).

General control circuits—It is necessary to cause each
stage of program to start (and jointly to cause the setting
out of action of the program just completed); to cause
the setting of the scanning chains; to search for the nature
of the arithmetical operation to be performed, the sign
of each factor and the nature of the operation controlled
being taken into account; to proceed, on occasion, 10
the search for the sign of each factor if it is not in its
normal location; to proceed also to various operations of
correction if the result of the arithmetical operation has
not the anticipated sign.

The whole of these operations is controlled by triggers
B3 through B13 (Figs. 2f and 2g) the functions of which,
more particularly, are:

B3—setting into action each stage of the program and
taking out of action the stage operated previously.
B4—setting into action the scanning chain which con-
trols memory field A in order to search for the sign
of the value contained in this memory field, if this sign
is not in the lowest ordered position (for factor b,
it is assumed that the sign always is located in the
lowest ordered position).

B5—search for the sign of the value contained in memory
field A if this sign is not in the lowest weight location.

B6-—setting the scanning chains which control memory
fields A and B in the locations of said fields corre-
sponding to the lowest order.

B7—search for the sign of the values contained in mem-
ory fields A and B.

B8—(Fig. 2g) control of the arithmetical operation.

B9—various controls relating to digits of the lowest order.

B10—check of digit exhaustion in memory field A.

Bl11—control of correction operations in the case of a
complement result.

B12—(Fig. 2f) control of the addition and subtraction.

B13—(Fig. 2g) control of the carries.

Triggers B3 through B11 are switched by pulscs from
line 125 (also refer to Fig. 2g), which pulses coincide
in time with the switching pulse delivered by AND cir-
cuit 121, that is, with the end of a time B.

These triggers (B3 through B11) control each other,
e.g., they form a chain; however, there are cases where
two or several triggers may happen to be switched simud-
taneously. A better understanding of the circuits and
how the different operations fit together will presently
be discussed.

Trigger B3 always is switched at the beginning of the
program and reset to its initial state at the end of the
program.

The succession order of switchings and the period dur-
ing which triggers B4 through B1l remain switched are
variable according to the size of fields A and B, the sign
location, and the result of the operation, a true value
or a complement. This order is as follows in the case
of an operation involving a sign search and a result in



2,039,120

13
true value and in the case of an operation without sign
search but with a primary result in complement value:
It will be assumed that the size of fields A and B are re-
spectively 4 and 6 digits. An indication is also made
of the time during which some of these triggers remain [
switched, when this period is higher than the period of
times A and B.
(1) Operation with sign search and result in true
value. The succession order of the switchings of triggers
B4 through B11, is as follows:

B4

BS

Bé

B7

B8 B9

B8 alone during three consecutive periods.
B8-B10 during three consecutive periods.
B3

10

15

14
(Fig. 2¢), which previously prevents any new start of
program P1. AND circuit 112 (Fig. 2j) henceforth is
blocked, so that line 109 assumes a negative voltage. In-
verter 116 restores a positive voltage to line 117, which
then conditions AND circuit 118 and enables the gen-
erator of pulses to work continuously.

Before examining the action of the pulses delivered
by hubs 137 through 140 (Fig. 2e) let us describe how
trigger B3 (Fig. 2g) is switched. AND circuit 143 re-
ceives on one side the line 111 and on the other side a
connection from line 125 which are both initially posi-
tive.

When the first pulse on line 103 (Fig. 2j) appears,
line 125 remains positive since AND circuit 123 remains
blocked due to line 122 which is negative. This line 122
becomes positive when trigger Bl is switched, but AND
circuit 123 remains blocked due to the fact that line 103
has already come back to a negative level. When the
second pulse on line 103 appears, AND circuit 123 is

0 conditioned on both its inputs, thus producing a positive

(2) Operation without sign search but with a primary
result in complement value:

Bé

B7

B8 B9

B8 alone during three consecutive periods.
B8-B10 during three consecutive periods.
B11-Bé6

B11-B7

B11-B8-B9

B11-B8 during six consecutive periods.
B3

Conditions under which triggers B12 and B13 are
switched will be examined hereafter as necessary.

Start of a program stage.—Assume a connection link-
ing hub 129 (Fig. 2j) with program step control hub 130
(Fig. 2¢) connected to trigger P1. Trigger B2 (Fig. 2j)
being initially restored as indicated in the drawing by a
dot located on the right side in the square representing 40
symbolically this trigger, output line 110, at the same
conductive side, has a positive voltage and impresses this
positive voltage on hubs 129 and 130 (Fig. 2¢) due to
the above-mentioned connection. AND circuit 131 is
thus conditioned to pass signals from line 134.

With trigger B1 (Fig. 2j) also restored, line 1224 is at
a positive voltage as is line 1324 from AND circuit 123a
when line 103 is positive. Thus, from an examination of
Fig. 3, it may be seen that trigger B1 is switched only
at the end of the first pulse delivered by line 103 (ver-
tical line 126). Line 125z from inverter 124q is posi-
tive initially, and goes negative when the first pulse on
line 103 appears.

Line 125a controls AND circuit 133 (Fig. 2g).

Since trigger B3 is also initially restored, output 111
is positive, thus conditioning AND circuit 133. Output
line 134 therefore will follow the voltage conditions of
line 1254. This line leads to AND circuit 131 (Fig. 2e),
and it is to be noted that the voltage on this line is
initially positive. Therefore, no effect is produced when
lines 1252 and 134 go negative.

As the pulse on line 103 ends (Fig. 2}, line 1324
goes negative, thus causing a return to a positive voltage
on line 125a2. Line 134 follows so that a pulse at that
time is transmitted through AND circuit 131 (Fig. 2e)
which causes trigger P1 to switch. Output line 135 thus
turns positive and likewise hubs 137, 138 and under cer-
tain conditions, hubs 139 and 140. The first hubs are
connected to line 135 through diodes 141.

At the same time the voltage on line 134 is fed to
AND circuit 142 (Fig. 2j) which now is conditioned to
conduct due to line 110 which has a positive voltage. In
a similar manner, trigger B2 is switched. Line 110 thus
comes back to a negative voltage as do hubs 129 and 130
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voltage on line 132 and a negative voltage on line 125,
due to the presence of inverter 124. No effect on trig-
ger B3 is produced (Fig. 1g) because of the particular
arrangement of circuit 143. As the pulse on line 103
(Fig. 1h) ends, line 125 again becomes positive, causing
the transmission of a pulse through AND circuit 143
(Fig. 2g), which in turn causes trigger B3 to switch and
voltage in line 111 to come back to a negative value.

It should be noted that the switching of trigger B3
is shifted with respect to the switching of trigger P1
(Fig. 2e). The latter is performed at the end of a time
A while the first is performed at the end of next time B.
Within that interval various operations may be performed,
which are to be analyzed now.

Search of the sign.—Assume that, for the moment,
the program initiated from trigger P1 (Fig. 2¢) controls
the readout of a factor contained in a certain MmMemory
filed A and comprising a sign which is not in the loca-
tion of that field corresponding to the lowest order. Con-
nections as follows then are needed:

(1) Hub 137 to one of hubs 146, i.e. hub 146a.

(2) Hub 1474 to one of the operation hubs (addition
or subtraction) as will be discussed hereafter.

(3) Hub 1484 to one of hubs 149, i.e. hub 149,

(4) Hub 1502 to one of hubs 152 (Fig. 2a) i.e. hub
designated 152-1, if the sign is to be searched in the
first memory unit.

(5) Hub 151n (Fig. 2¢) to one of the hubs 153
(Fig. 2a) i.e. to the hub also designated 71, if the sign
is to be searched in position 71.

With regard to the second of the above mentioned
connections, it should be noted that the operation could
have been controiled from hub 137 (Fig. 2e¢). Hub
147a serves the purpose of a repeater in case the number
of controls performed from the same hub should be more
than one in order to limit the current. It is thus pos-
sible to arrange the circuits feeding hubs 137 and 138
(and all similar hubs) so that these circuits allow a single
control to be effected; in connection with this, the nor-
mal function of hub 137 is the control of the nature of
the operation (addition, subtraction, transfer), whereas
the normal function of hub 138 is the control of the next
stage of program. It is not possible to use the hubs this
way if a sign search must also be effected, since then,
one of hubs 137 or 138 would be assigned to a double
control. The output hub 1474 is thus provided as a
repeater. The diodes such as 141, inserted between line
135 and hubs 137 or 138 or diode 154 inserted between
hubs 1464 and 1474 may be replaced by circuits similar
to those represented in Fig. 9a.

It has been mentioned, trigger P1 (Fig. 2¢) is switched
before trigger B3 (Fig. 2g) is switched. The switching
of trigger P1 corresponds in Fig. 2 to the time of ver-
tical line 126, while the switching of trigger B3 corre-
sponds in time to vertical line 127, Line 135§ (Fig. 2e)
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subsequently has a positive voltage, as do hubs 137 and
1460 (due to the connections previously mentioned).
Line 155 is also at a positive voltage by virtue of the
connection through diode 156.

Line 155 applies this positive voltage to one of the in-
puts of AND circuit 157 (Fig. 2f). At the same time
a positive voltage is applied to the second input through
line 158. The latter comes from the non-conductive side
of trigger B1l (Fig. 2g). Output line 1539 (Fig. 2f)
is thus positive to condition AND circuits 160 and 161
to conduct. Line 162 has a negative voltage due to the
presence of inverter 163. AND circuits 164 and 165 are
thus blocked.

1t should be noted that AND circuits 161 and 165 are
connected to line 145, which comes from the left side
of trigger B3 (Fig. 2g). Initially, this line has a negative
voltage, but will turn positive once trigger B3 is switched.
Transmission of a pulse is taken therefrom through one
of AND circuits 161 or 165 (Fig. 2f) which causes
triggers B4 or B6 to be switched. It should be noted
that this switching depends on the voltage conditions of
lines 159 and 162, which in turn is dependent on the
voltage condition of line 155 (Fig. 2e). Depending on
whether or not a sign search is to be made, the trigger
chain of Fig. 1f will be started at B4 or B6. Tt has been
assumed that a connection linked hub 137 (Fig. 2¢) with
hub 146¢, so that line 155 would have a positive voltage
and switch trigger B4.

Switching period of trigger B4.—Switching of trigger
B4 is performed at the end of a time B. This trigger
remains switched during next times A and B and resumes
its initial state at the end of this time. During this period,
jine 166 (Fig. 2f) assumes a negative voltage, blocking
AND circuits 167 (Fig. 2g) and thus 168. Line 169
is thus negative. The latter leads to AND circuit 170
(Fig. 2e) blocks and makes negative hub 139. Connec-
tions achieved from this hub thus are made inoperative.
Line 171 (Fig. 2f) assumes a positive voltage (due to the
switching of trigger B4) and conditions AND circuits
172, 173, 174. This results in the following:

Since line 122a also has a positive voltage (time A)
Hne 175 from AND circuit 172 and line 176 from OR
circuit 177 assume a positive voltage level. Line 175
leads to AND circuit 178 (Fig. 2¢) which is already con-
ditioned on its second input due to the positive voltage
of hub 146a. Voltage of hub 148a therefore assumes
a positive level as does hub 1492 to which 1484 is con-
nected. With line 176 also positive, AND circuit 179
produces an output to hubs 150 and 151n. Hub 152-1

(Fig. 2a) and hub 153 referenced 71 thus assume a posi- 5

tive voltage level due to the fourth and fifth above-men-
tioned connections. The result is the activation of AND
circuit 200 and the application of a positive voltage to
lines 201-1 and 202-7. Line 201-1 passes through Fig.
15 and 1c and leads to AND circuit 203 (Fig. 2d). Line
202-7 (Fig. 2a) leads to AND circuit 204 (Fig. 2b).

A connection from line 176 designated 176a (Fig. 2¢)
passes through Figs. 2e, 2d, 2¢, 2b, 2a, and leads to AND
circuit 203 (Fig. 2d) which enables control of trigger 1U,
AND circuit 264 (Fig. 25) which enables control of
trigger 7D, and AND circuit 182 (Fig. 2a). At the end
of time A, the voltage on line 103 (Fig. 2j) goes positive
as does the voltage on line 1324 since the voltage on line
122q is then positive. Line 132a leads to AND circuit
182 (Fig. 2a) which is conditioned by the positive voltage
on line 1764. Line 144 thus applies a positive voltage to
the right side of trigger 1M through AND circuit 200,
causing this trigger to be switched.

As has been discussed, trigger 1M controls the first
memory unit.

AND circuit 173 (Fig. 2¢) receives on its second input
the voltage of line 125a. Output line 180 follows the
voltage conditions of the latter as does line 181. The
latter leads to AND circuit 205 (Fig. 2¢). Suppose that
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line 206 has a positive voltage (line 207 havinz a nega-
tive voltage), then line 208 has a positive voltage level
which traverses Figs. 14 and 1c and Jeads to AND circuit
215 (Fig. 1b). When line 176a has a positive voltage
so does line 210, OR circuit 209 equalizes the voltages.

The foregoing lines and circuits will thus follow the
voltage conditions of line 125a (Figs. 2e through 2h).

1t has been seen that AND circuit 203 (Fig. 2d) has
a positive voltage applied to both its inputs. The output
line therefore is at a positive voltage as is line 211 which
leads to AND circuit 212. The latter receiving its sec-
ond input from line 208, will transmit a first switching
pulse which is directed to the left side of trigger 2U and
to the right side of trigger 1U. This does not trigger
2U, due to the fact that this trigger already conducts at
its right side. On the other hand, trigger 1U is switched,
and thus gives line 213 a positive voltage level.

The voltage on line 214 (Fig. 2b) is also positive and
results in a second switching pulse transmitted through
AND circuit 215, which causes trigger 7D to switch.

Triggers 1U and 7D control the location of memory
designated 7i, which is that containing the sign as was
assumed. Switching of triggers 1U and 7D is performed
at the end of a time A. Sensing of the corresponding
location in the memory will be performed during next
time A, under control of trigger BS (Fig. 2f).

In summary, switching period A of trigger B4 corre-
sponds to the operation of the organs controlling the lo-
cation of the memory to which access is to be given.
Nothing occurs during time B, except, at the end of this
time, the return of trigger B4 to its initial state and the
control of trigger BS. This result is obtained through
AND circuit 174 which receives on its second input the
voltage of line 125. This results in a switching pulse at
the end of time B; which pulse is directed to the left
side of trigger B4 and to the right side of trigger BS.
Trigger B4 thus comes back to its initial state, while
tricger BS is switched.

Switching period of trigger BS—The voltage on line
183 becomes positive, and conditions AND circuits 134,
185, 160, 186 and starts the following sequence during
time A:

AND circuit 184 has its second input connected to
line 122a. The latter has a positive voltage thus lines
187, 188 and 189 will assume a positive level. A con-
nection from line 188 traverses Figs. 2e through 2a. It
teads first to AND circuit 1905 (Fig. 1d) which is con-
ditioned by its second input due to the switching of
trigger 1U. Line 191 thus assumes a positive voltage.

A second connection from line 188 leads to AND cir-
cuit 192 (Fig. 2b) which is conditioned by its second
input due to the switching of trigger 7D and due to the
fact that line 216 has a positive voltage. Subsequently,
the voltage on line 193 is also positive.

A third connection from line 188 leads to AND cir-
cuit 194 (Fig. 2a) which also is conditioned at its sec-
ond input by the switching of trigger 1M. Subsequently,
voltage on line 195 is positive. The general effects
thereof will be examined later.

When line 196 (Fig. 2f) is positive, AND circuit 197
is conditioned at both its inputs, which develops a posi-
tive voltage on line 198. This line controls AND cir-
cuits 219, 220 (Fig. 2j) (effects thereof will be discussed
jater). For the present, let us simply observe that posi-

5 tive voltages on lines 191, 193, 195 and 198 control the

read-out and re-write of the value contained in the
memory position where access is to be had, and that the
reading of this value is performed during these opera-
tions. Trigger AR (Fig. 2i) will be switched if this
value bears “minus” sign which develops a positive volt-
age in line 99. This line goes to AND circuits 221 (Fig.
22), 222 and 223 (Fig. 2f).

AND circuit 160 is connected to line 159, which has
a positive voltage in the case considered. Lines 224 and
225 subsequently have a positive voltage, conditioning
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AND circuit 226. The latter receiving its second input
from line 1254 thus voltage on output line 227 follows
the same variations.

It has been seen that the circuits controlled from line
125a essentially served the purpose of emitting various
switching pulses. Consequently, in the case considered,
a switching pulse is emitted by AND circuit 222, and
applied simultaneously to both sides of trigger B12, which
causes this trigger to switch its state. Voltage on line
96 thus goes positive.

Obviously, this switching of trigger B12 takes place
only if line 99 has a positive voltage, that is if trigger
AR (Fig. 2i) has been switched. As is to be seen, the
switching of this trigger corresponds to the sensing of
sign “minus” (so that this switching does not occur in
the case of the sensing of a sign “plus,” in which case
the voltage on line 99 is negative).

It should be noted that there is no advance here of the
scanning chains at the end of time A. The advance is
controlled by the voltage on line 181 (Fig. 2¢) which
now is negative due to the fact that voltage on line 180
is negative, as is that on line 229. At the end of time A
trigger B1 (Fig. 2j) is switched, and by the return of
voltage in line 1224 to a negative value, voltage in line
122 becomes positive.

During time B, voltage on line 132 goes positive, when
voltage on line 193 goes positive, Line 132 is connected
to AND circuit 185 (Fig. 2e¢), the other input of which
is at a positive level. The voltage on line 230 thus be-
comes positive. This line may be traced back through
Figs. 2e through 2a to the left side of triggers 1U through
10U (Figs. 2¢ and 2d) 0D through 7D (Fig. 25) and
1M through 3M (Fig. 2a); these triggers that were
switched (1M, 7D and 1U) thus are all restored to their
initial state.

It has been seen that AND circuit 186 (Fig. 2f) also
was conditioned. Line 125 feeds the second input of this
AND circuit to produce a switching pulse at the end of
time B which causes trigger B6 to switch its state and
trigger BS to be restored to its initial state.

Switching period of trigger B6.—Line 231 has a posi-
tive voltage, which conditions AND circuits 233 and 234.
This line leads also to OR circuits 232 and 177, so that
lines 176, 1764 and 235 are also positive.

It has been seen that trigger P1 (Fig. 2¢) had been
switched and mention has been made also that hubs
137 and 138 respectively served the purpose of con-
trolling the nature of the operation and the mext pro-
gram stage. Hub 139 serves the purpose of controlling
the memory field operating to read-out, whereas hub
140 serves the same purpose for the memory read-out
and substitution. Connections must be made as fol-
lows:

(1) Hub 139 to one of hubs 149, i.e. hub 1495.

(2) Hub 150) to one of hubs 152 (Fig. 2a), i.e. hub
152-1 if the memory field controlled for read-out cor-
responds to memory 1.

(3) Hub 1515 (Fig. 2e) to one of hubs 153 (Fig.
2a) ie., to that of hub also designated 71 if the digit
of lowest order in the subtrahend is in location 71 (the
same digit as above has been chosen for the sole pur-
pose of avoiding the description of a plurality of sim-
ilar circuits).

(4) Hub 140 (Fig. 2e) to one of hubs 149, i.e. hub
149p (not shown).

(5) Hub 150p (not shown) to one of hubs 152 (Fig.
2a) i.e. hub 152-2 if the memory field controlled for
read-out and substitution corresponds to memory 2.

(6) Hub 151p (not shown) to one of hubs 153 (Fig.
2a), i.e. to that of hubs also designated 71 if the digit
of lowest weight in the subtrahend is in location 71 (the
same digit as above has been chosen for the purpose of
simplifying the description and avoiding a complete new
description of a plurality of similar circuits).

(7) Hub 137 (Fig. 2¢) to one of the hubs which serve

10

15

20

25

30

35

40

45

50

55

60

65

70

75

18
the purpose of defining the nature of the operation par-
ticularly to hub 236 (Fig. 2f) if this operation is to be
a subtraction.

The circuit feeding hub 137 (Fig. 2¢) as a rule, is so
constructed as to allow only the operation of a single
control. Accordingly, connections must be made in a
slightly different way if a search for signs is to be per-
formed. In this case, hub 137 must be connected to
one of hubs 146, i.e. hub 1464, and the repeating hub
147a which must be used to control the operation, and
this hub is consequently connected to hub 236 (Fig. 2f)
if the operation is a subtraction. Hub 137 (Fig. 2e)
is positive as are hubs 146a, 147 and accordingly hub
236 (Fig. 2f) and line 237.

Line 238 (Fig. 2g) is connected through OR circuit
240 to line 122. The voltage on line 238 is thus posi-
tive at each time B.

When trigger B11 is switched, line 241 is constantly
positive, during during times A as well as times B, and
consequently line 238 will be positive during this time.

Line 169 is connected to line 122a through AND
circuit 168. Therefore it is positive for certain times
A, more particularly every time line 242 is positive.
The latter depends on AND circuit 167; it is positive
every time voltages applied to this circuit are positive
simultaneously, that is, every time triggers B4 (Fig. 2f)
and B11 (Fig. 2g) are in their initial state. Voltage
in the same line is negative every time any one of trig-
gers B4 or B11 is switched. From the foregoing, the
conditions under which hubs 139 (Fig. 2¢) and 140
emit pulses are established.

Following are the results of switching trigger B6
(Fig. 2f):

Time A.—Line 169 (Fig. 2g) is positive as thus are
hubs 139 (Fig. 2¢), 1495 (due to one of the above-men-
tioned connections), 1505, 1515 (due to the positive
level of line 176 at AND circuits 179b), 1521 (Fig.
2a) and 153 also designated 71.

The positive voltage of hub 152-1 conditions AND
circuit 200 which receives a second positive pulse from
line 144. The result is the switching of trigger 1M, as
already mentioned. At the same time, the positive volt-
age of hub 153 designated 71, causes the voltage on one
of the lines of each group 201 and 202 to be positive
to thus condition AND circuits 204 (Fig. 2b) and 203
(Fig. 2d.)

Line 243 (Fig. 2e) at this time has a negative voltage
level. This line leads to inverter 244 (Fig. 2¢.) Line
245 thus has a positive voltage, which conditions one
of the inputs of AND circuit 246. This AND circuit
receives on its second input the voltage of line 235,
which also is positive. Then it allows a positive volt-
age to pass, which is applied to AND circuit 247. The
laiter receiving on its second input the voltage of line
125a, output line 229 follows the same voltage condi-
tions as does line 181. The latter leads to AND circuit
205 (Fig. 2) which at present is conditioned to con-
duct by the positive voltage on line 206. Under these
conditions, line 208 follows the same voltage conditions
as exist on line 1234, Consequently, at the end of
time A, triggers 1U (Fig. 2d) and 7D (Fig. 2b) are
switched.

Scanning of memory location designated 71 is thus
made possible as will more clearly appear hereafter.

Time B.—Line 238 (Fig. 2g) is positive and as a
result hub 140 (Fig. 2¢) is made positive. Hub 149p
(not shown) is positive due to one of the above-men-
tioned connections. Hub 150p (not shown) and hub
151p (not shown) are at a positive potential due to an
AND circuit 179p (not shown) and to the fact that line
176 is positive. Hub 152-2 (Fig. 24) and hub 153
designated 71 are at a positive level because of the
above-mentioned plug connections.

One of the lines of each group 201 and 202 thus takes
a positive voltage, that is, line 7 of group 202, and line
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1 -of group 201. These lines are the same as those
which were positive at time .A, however, the results pro-
duced thereby are different, At the present time B,
AND circuits 204 (Fig. 2b) and 203 (Fig. 2d) under
control of line 7 of group 202, line 1 of group 201
and line 176a supply positive voltages to lines 214 (Fig.
24) and 211 (Fig. 2d) since line 1764 is positive. How-
ever, switching pulses are no longer delivered by line
208, but are delivered by line 2082. The voltage on the
line 125aq (Figs. 2f and 2g) remains unchanged during
a time B, thus only circuits controlled from line 125
can deliver switching pulses. The latter feeds AND cir-
cuit 248 (Fig. 2¢) which is conditioned on its second
input by AND circuit 246. Line 249 thus responds
to voltage conditions on line 125. Assuming that line
206 (Fig. 2¢) has a positive voltage (and line 207 a
negative voltage), line 208a responds to voltage condi-
tions on line 249 through AND circuit 205a. Line 208a
feeds AND circuit 21256 (Fig. 2d) which is conditioned
at its second input by line 211, now positive, to deliver
a .pulse which causes trigger 11U to be switched. Line
208a also feeds AND circuit 2156 (Fig. 2b) which also
is ‘conditioned on its second input due to the fact that
lines 214 and 210a are positive, The result is a second
pulse which causes trigger 17D to be switched. The
scanning chain constituted by triggers 11U through 20U
(Figs. 2¢ and 2d) and 10D through 17D (Fig. 2b) is
that way started to allow the scanning of a second
memory position designated 71.

It has been seen that hub 152-2 (Fig. 2a) is at a posi-
tive voltage. AND circuit 250 thus is conditioned. At
the end of time B, line 103 (Fig. 2j) becomes positive
and through AND circuit 123 causes line 132 to go posi-
tive. Line 132 feeds AND circuit 251 (Fig. 22). Line
176a is positive thus output line 252 is positive and sub-
sequently the output from AND circuit 25¢. A positive
voltage thus is applied to trigger 12M and causes it to
switch.

Tt also has been seen that AND circuit 233 (Fig. 2f)
was conditioned at one of its inputs due to positive line
231. ‘This AND circuit may be activated if a connection
has been made to hub 236. A line connected to line
125 and to AND circuit 233 causes leading to this ele-
_ment, a pulse to be emitted from AND circuit 233 to
switch trigger B12.

Finally, another line connected from line 125 leads
to AND circuit 234 which emits a pulse at the end of
time B to cause trigger B7 to be switched and trigger B6
to be restored to its initial state.

Switching period of trigger B7.—Line 253 has a posi-
tive voltage which conditions AND circuits 254 (Fig. 2),
256 (Fig. 2f), 257 and 164. Lines 258 (Fig. 2g) and
259 also have a positive voltage supplied through OR
circuits 260 and 261 thus conditioning AND circuits 263
and 262 (Fig. 2f). This results in the following:

(1) Time A.—Line 1224 has a positive voltage. Con-
sequently a positive voltage is impressed on lines 264
(Fig. 2f), 188 and 198 and as was described under the
heading “Switching Time of Trigger BS5,” lines 191
(Fig. 2d), 193 (Fig. 2b), and 195 (Fig. 2a) arc at a
positive level. These different voltages control the sens-
ing of memory 1 at designation 71 (assuming connec-
tions set up corresponding to that location). It will be
explained later how this sensing is performed. For the
present, only the results will be discussed, particularly
the switching of trigger AR (Fig. 2/) and the positive
voltage feed of line 99 in case a “mipus” sign would
happen to be entered in the position considered. Two
cases will be considered:

(a) The case of a sign search. Where the sign of the
factor to be read from memory 1 is located at some posi-
tion other than the lowest order and the sign if any in
the lowest order is for another factor. This may be the
case, for example, if the quantity which is to be recorded
in memory 1 is from the sensing of a punched card. It
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is known that perforations in such cards can correspond
first to a digital or alphabetical code, and the sign of @
given factor contained in that card often is embodied
in the form of a perforation designated “11” which may
be in any column. The sign of a quantity punched in
columns 65 through 71 for example may be in column
27. If the whole of the card has been entered in a
memory i.c. memory 1, and if entry has been so per-
formed that to each column in the card corresponds a
memory location bearing exactly the same number, it is
necessary to scan position 27 in order to get the sign and
then scan locations 65 through 71 in order to have the
factor.

In the case of a sign search, it has been seen that it is
necessary to provide a connection between hubs 137
(Fig. 2e) and one of hubs 146, and that lines 155 and
159 (Fig. 2f) then have a positive voltage. Voltage on
line 162 is negative, which blocks AND circuits 164
and 226.

(b) The case of no sign search where no connection
has been made between hubs 137 (Fig. 2e) and 146.
The voltage on lines 155 and 159 (Fig. 2f) is negative
whereas voltage on line 162 is positive. AND circuit
164 is conditioned at both its inputs, which produces a
positive voltage on line 225 and thus conditions AND
circuit 226. Line 227 then follows the voltage condi-
tions of line 125a, which causes a switching pulse to be
transmitted through AND circuit 222 if line 99 also has
a positive voltage, that is, if trigger AR (Fig. 2i) has
sensed the presence of a minus sign in the memory loca-
tion being scanned.

It should be noted that at the end of time A, trigger
AR (Fig 1j) is reset, and generally speaking, of all
triggers bearing suffix R are reset at this time. Voltage
on line 120 (Fig. 2j) initially is positive, and becomes
negative when the pulse on line 103 come up. This
voltage is directed into AND circuit 199 (Fig. 2g) which
has its second input connected to ground. Subsequently
output line 98 follows the voltage conditions of line 120.
This line leads to Fig. 2/ and controls the reset of triggers
with suffix R.

Line 98 goes positive at the beginning of time A, so
that a first reset canmnot occur at that time. Switching
of trigger R occurs at time A, coinciding with a pulse
from lire 101 (also refer to Fig. 2j). Voliage on line
98 then is invariable. It turns negative when pulse 103
comes up to take back a positive value at the end of this
pulse, which coincides with the end of time A. Thus, a
positive voltage is directed into all the triggers R (Fig. 2i)
which causes all these triggers to come back to their
initial state.

On the other hand, it should be noted that no pulse
is developed which causes scanning chains to advance,
that is, which controls the triggers with suffixes U (Figs.
2d or 2¢) or D (Fig. 2b).

(2) Time B.—When the voltage on line 122 becomes
positive, AND circuit 263 (Fig. 2g) allows a positive
voltage to pass to line 265. Line 265a leads to OR
circuit 266, so that lines 189 and 198 also have a posi-
tive voltage.

Line 265 traverses Figs. 2e through 24, and conditions
AND circuits 190z, 1922 and 194a. Trigger 11U (Fig.
2d) having been switched, AND circuit 190a is condi-
tioned with both its inputs, which imparts a positive
voltage to line 191. Likewise, triggers 17D (Fig. 2b)
and 12M (Fig. 24} have been switched, which condi-
tions AND circuits 1924 and 1944, and imparts a posi-
tive voltage to lines 193 (Fig. 2b) and 195a (Fig. 2a).
These voltages control the sensing of the memory loca-
tion to which connections are assumed, that is location
71 in memory 2. This sensing will be described later.
It should be noted now that a switching of trigger AR
(Fig. 2i) may occur if the corresponding memory loca-
tion contains a minus sign, which imparts a positive
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volfage to line 99 and conditions AND circuit 223
(Fig. 2f).

AND circuit 256 receiving an input from line 125
and line 167 follows the voltage conditions of line 125
so that AND circnit 223 may allow a switching pulse
to pass, under conditions similar to those mentioned in
the foregoing. This pulse is applied to trigger B12.

It should be noted that AND circuit 254 (Fig. 2j) is
used for the purpose of re-writing the quantity sensed.
Line 97 then made positive feeds AND circuits 355
(Fig. 2i). These circuits normally control the re-write
at time A. Re-write at time B is normally controlled
by AND circuits 363, The latter can be used in the
case considered since adder 360 is not yet operating.

AND circuit 257 (Fig. 2f) receives on its second
input a line from line 125. It delivers, at the end of
ti{ne B, a switching pulse which causes the reset of
trigger B7 to its initial state and triggers B8 and B9
(Fig. 2¢) to be switched.

It should be noted that no pulse is applied to the

chain constituted by triggers 11U through 20U and 10D.

through 17D (Figs. 26 through 2d).

Switching period of triggers B8 and B9.—Trigger B8
controls arithmetical operations. It remains switched
until the factors are exhausted. Trigger B9 more par-
ticularly controls the operations relating to the unit digits.
In order to give a clear understanding, the example in
the foregoing is taken again, that is the addition of fac-
tor @=321 with factor b=8765, the result of the addi-
tion being substituted for b. So far, it has been sup-
posed that the unit digits of factors @ and » were re-
spectively in location 71 of memories 1 and 2, but let
us suppose now that these factors respectively are in
locations 72 through 75 of memory 1 for factor 4, and
locations 72 through 77 in memory 2 for factor b, scan-
ning chains being, at the beginning of these operations
respectively in locations 75 and 77. Factor g is con-
trolled by chain A whereas factor b is controlled by
.chain B.

(1) Time A (Chain A in location 75).~Trigger B8
(Fig. 2g) being switched, line 272 has a positive voltage
as does line 275 due to trigger B10 in its initial state.
AND circuit 273 allows a positive voltage to pass, which
is applied to line 258, AND circuit 262 (Fig. 2f), line
188 and line 198. These voltages control the sensing
of position 75 in memory 1, that is the position contain-
ing digit 1 of the units. Mention should be made of
the triggers R (Fig. 2i/) which are switched during that
time, and reset at the end of the same time, and other
triggers W also switched, but reset at the end of time B.

The voltage on line 272 (Fig. 2g) is applied to OR
circuit 232 (Fig. 2¢) and thus to AND circuits 246 and
247. The latter receives on its second input the volt-
age of line 125¢ which then is applied to lines 229 and
181. The result is, at the end of time A, a switching
pulse which causes chain A to reach position 74. That
is to be discussed in detail later.

Since trigger BS (Fig. 2g) is also being switched, line
271 has a positive voltage, which conditions AND cir-
cuit 255. The latter also receives line 96 which has
a positive voltage if the state of trigger B12 (Fig. 2f)
is opposite to its initial state. This is the case where
factor @ must be subtracted from factor b. AND cir-
cuit 255 (Fig. 2g) also receives a connection from line
132a (Fig. 2f) which is positive when pulse 103 comes
up. The result is a positive output pulse applied to the
right side of trigger BI13 (Fig. 1g) to switch this trigger.
As will be seen, trigger B13 generally controls the car-
ries from location to location; it is controlled at the
beginning of subtraction in order to perform the comple-
ment of 10.

(2) Time B (Chain B in location 77).—Line 272 is
at a positive level as are lines 259, 265 (due to the
fact line 122 has a positive voltage during time B) and
198 (Fig. 2f).

These voltages control the sensing of.
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position 77 in memory 2 which is the positions contain-
ing digit 5 of the units in factor b. As will be seen,
these voltages control the addition of the digit read-out
at the preceding time and also the re-write of the addi-
tion result.

AND circuit 248 receives on one of its inputs the
voltage of line 125 and applies this voltage to ling 249.
As a result, at the end of time B, a switching pulse
causes chain B to advance to location 76, as will be seen
in detail later. .

AND circuit 269 (Fig. 2g) is conditioned on both its
inputs due to the positive voltages of lines 271 and 158,
trigger BI1 being reset. Line 277 thus is positive as is
line 278 and line 95 if line 99 is positive. As will be
seen, a positive voltage on line 95 controls the re-write
of a minus sign in the position of factor b corresponding
to the lowest order.

Voltage on line 125 is also applied to AND circuit
270. As a result a switching pulse causes the reset of
trigger B9 to its initial state.

(3) Time A (Chain A in location 74).~—Lines 198
(Fig. 2f) and 188 are driven to a positive voltage which
causes the second digit of factor a, 2, to be sensed. At
the end of that time chain A is driven to location 73.

(4) Time B (Chain B in location 76).—Lines 265
and 198 are driven to a positive voltage, which causes
the second digit of factor b, 6, to be read-out. At the
same time, this digit is added to the preceding one, ac-
count being taken of the carry from the next lower
order, the result of the addition, 8, being re-written in-
stead of digit 6. At the end of that time, chain B is
driven to location 75.

(5) Time A (Chain A in location 72).

(6) Time B (Chain B in location 75).—~The opera-
tion processes as follows:

Sensing of the third digit, 3, of factor a,
advance of chain A to location 72,

sensing of the third digit, 7, in factor b,
addition of both these digits to produce 10,
re-write of 0 instead of 7,

advance of chain B to location 74.

(7) Time A (Chain A in location 72).
(8) Time B (Chain B in location 74) . —

Sensing of the fourth digit, 0, of factor a,

advance of chain A to location 71,

sensing of the fourth digit, 8, of factor b,

addition of both digits, carry, from the lower order
being taken into account to produce 9,

re-write of 9 instead of 8§,

advance of chain B to location 73.

(9) Time A (Chain A in location 71).—Sensing of
factor a is completed. In this case, hub 139 (Fig. 2e)
connected to hub 1495, a connection is made between
hub 1504 and that of hubs 153 designated 71 (Fig. la).
Line 272 from trigger B8 (Fig. 2g) traverses Fig, 2f
and leads to AND circuit 279 (Fig. 2e¢). ‘

Lines 158 and 166 (Fig. 2¢) have a positive voltage
due to the fact that both triggers B11 and B4 (also re-
fer to Fig. 2f) are in their initial state. AND circuit
167 thus allows a positive voltage to pass which is ap-
plied to AND circuit 168. Since line 122« is positive
during time A, line 169, hub 139 (Fig. 2¢) and hub
1495 to which hub 139 is connected are also positive.
AND circuit 279 thus is conditioned at both its inputs,
supplying hub 150a with a positive voltage and also sup-
plying that of hubs 153 designated 71 (Fig. 2a) that of
lines 201 designated 1, and that of lines 202 designated
7 with a positive voltage.

These lines respectively lead to AND circuits 280
(Fig. 2d) and 281 (Fig. 2b). Line 188 (Figs. 2a through
2f) is also driven to a positive voltage as in the preced-
ing cases.

Since the scanning chain is in location 71, triggers 1U
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(Fig. 24 ) and 7D (Fig. 2b) are switched, developing a
positive voltage on lines 213 and 216, and lines 191 and
193 to condition AND circuits 198 and 192 to allow
a positive voltage to pass due to the positive voltage of
line 188. These voltages are applied to AND circuit
280 (Fig. 2d) which causes line 282 to take a positive
voltage to AND circuit 281 (Fig. 2b) which develops a
positive voltage in line 283. Both these lines lead to
AND circuit 284 (Fig. 2d) thus developing a positive
voltage on line 285. A connection from this line lead-
ing to inverter 286 (Fig. 2¢) causes line 156 to go nega-
tive, thus blocking AND circuit 197 and making line
198 negative. AND circuits 219 and 220 (Fig. 2j) are
blocked, preventing any sensing of the corresponding lo-
cation in the memory.

Another connection from line 285 leads to OR cir-
cuit 287 (Fig. 2g) thus conditioning AND circuit 288.
Line 290 receives the voitage from line 101 (Fig. 2j)
through AND circuit 289. Line 94 (Fig. 2g) goes posi-
tive. As will be seen, this voltage is used for controlling
the insertion or substitution of a serics of zeros for fac-
for a.

A third connection from line 285 leads to OR cir-
cuit 291 (Fig. le) driving the voltage on line 243 to a
positive value. Inverter 244 (Fig. 2¢) restores a nega-
tive voltage which causes AND circuits 246 and 247 to
be blocked. Line 229 remains negative, blocking the
transmission of the advance pulses in chain A. Positive
voltage of line 243 also causes AND circuits 292 and
293 to be conditioned. The latter receives the voltage
from line 1254 which is positive at the beginning of a
time A. Voltage on line 294 thus is driven to a positive
value. This voltage is applied to trigger B10 (Fig. 2g)
-causing an immediate switching of this trigger. Voltage
on line 295 becomes positive, thus extending the appli-
cation of a positive voltage to AND circuit 288. A con-
nection from line 295 leads to AND circuit 276. The
positive voltage on line 122 at time B is applied to the
same circuit, developing a positive voltage on lines 276a
and 230 (Fig. 2e¢). This voltage is applied to iriggers
1U, 7D, 1M (Figs. 2d, 2b, and 2a) causing them to be
reset.

In summary, the connection between hub 150« (Fig.
2¢) and that of hubs 153 designated 71 (Fig. 2a) causes
the switching of trigger B10 (Fig. 2¢) and chain A to
stop.

(10) Time B (Chain B in location 73).—The fifth
digit of factor b is sensed. It is added to 0, so as to al-
low the carries to pass. At the end of that time, chain
B is driven to location 72.

(11) Time A (Chain A has stopped).

(12) Time B (Chain B in location 72).—The sixth
digit of factor b is sensed and added to 0 so as to allow
the carrics to pass. At the e¢nd of that time, chain B is
driven to location 71.

(13) Time A (Same as previous time A).

(14) Time B (Chain B in location 71) —Scanning of
factor b is completed. It is necessary to cause chain B
to stop and also the sequence of the operations to stop.
It has been assumed in the foregoing that hub 146 (Fig.
2e) was connected to a certain hub 149p (not shown).
Hub 150p—1 (not shown) mwust also be connected 10
that of hubs 153 designated 71 (Fig. 1a) if it is desired
that scanning operations controlled from chain B be
stopped as soon as this chain arrives at location 71. In
a way quite similar to that described previously a positive
voltage on lines 283, 282 and 285 (Figs. 2d through
2b) is occasioned, however, this positive voltage now oc-
curs during time B due to the fact that hub 140 (Fig.
2e¢) is now an emitter. As before, the result is:

A return of line 198 (Fig. 2f) to a negative voltage
thus preventing the sensing of the corresponding location
in the memory.

A conditioning of AND circuit 288 (Fig. 2¢g) which is
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of no effect due to the fact that line 190 cannot be posi-
tive except during time A.

A positive voltage on line 243 (Fig. 2e).

Line 245 (Fig. 2¢) thus again is negative, blocking
AND circuits 246 and 248 and preventing the transmis-
sion of any new advance pulse in chain B. At the same
time, AND circuits 292 and 297 are conditioned, caus-
ing the positive voltage of line 125 to be directed to line
298. This voltage is applied to OR circuit 296 and line
230, which causes the reset of chain A. Line 298 leads
also to trigger B14 (Fig. 2¢) causing the switching of this
trigger and a positive voltage on line 299.

Mention should be made that trigger B14 is switched
at this time B, and that it remains in such condition un-
til the end of next time A. AND circuit 300 is connect-
ed to line 125¢. During the process of this time A, a
positive voltage develops on line 290 (Fig. 2j) due to
the fact that AND circuit 289 receives the voltage of
line 1224 and the voltage of line 101. Voltage on line
290 is applied to AND circuit 301 (Fig. 2¢) driving the
voltage on line 302 to a positive value. This voltage is
applied to triggers 11U through 20U (Figs. 2d and 2c),
10D through 17D (Fig. 2b) and 11M through 13M (Fig.
2a) causing the reset of triggers 17D, 11U, and 12M and
the stopping of chain B.

At the beginning of this time A, that is substantially
at the end of preceding time B, AND circuit 303 (Fig.
2g) which receives the voltage on line 1224 and the volt-
age from line 299 coming from trigger B14 (Fig. 2¢) is
again activated. Line 304 (Fig. 2g) thus goes positive.
A connection from this line leads to AND circuits 274
and 305 which are thus conditionsd. This resuits in two
switching pulses, which cause the reset of triggers BB
and B10 to their initial state. Another connection from
line 304 leads to AND circuits 306 and 307, producing
the following:

(1) Trigger B12 (Fig. 2f) is in its initial state which
corresponds to an arithmetical operation equivalent to
an addition of the absolute values of factors ¢ and b.
Line 96 has a negative voltage, and leads to the blocking
of AND circuit 308 (Fig. 1g). Line 93 (Fig. 2f) has
a positive voltage, developing a positive voitage on line
319 and conditioning AND circuit 306 (Fig. 2g)- The
latter thus may transmit a switching pulse over line 309,
which causes trigger B3 to be switched and trigger Bl11
to be restored to its initial state.

(2) Triggers B12 (Fig. 2f) and B13 (Fig. 2g) are
both switched. Line 310 has a negative voltage and
blocks AND circuit 308. Line 92, has a positive volt-
age and conditions AND circuit 306 producing the same
effects as above.

(3) Trigger B12 (Fig. 2f) alone is switched. This
corresponds to operation “b-a,” a having an absolute
value higher than that of 5. It is to be seen that the
result of the operation in this case is a complement and
that a correcting cycle is necessary to restore the true
value. 1In this case lines 310 and 96 (Fig. 2f) both are
positive, as is line 158 from trigger Bil. AND circuit
307 is thus conditioned. A switching pulse is produced
on line 311 which causes triggers B11 and Bé (Fig. 2f)
to be switched and thus starts the correcting cycle.

Correcting cycle switching period of trigger Bl1l.—
There may be two cases:

(1) operation b-g with
b=45
a=178

(2) operation b—a with
b=—45
a=—178

The subtraction is effected by adding the 10’s comple-
ment. Thus in the first case, we have:

999845
999867
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The absence of carry on the left indicates the comple-
ment form.

As has been seen, the magnitude of b is greater than
that of a; consequently, the sign of b is the sign of the
difference. The above-mentioned result thus assumes
the positive sign and must be converted into 133 which
assumes the negative sign.

Likewise, in the second case, the result of the opera-
tion is 999867 with a negative sign, and is to be con-
verted into 133 with a positive sign.

Thus the correcting cycle comprises two principal op-
erations: (1) Conversion of the result into its 10s com-
plement form; (2) Inversion of the negative sign.

For the convenience of the demonstration, let it be
assumed that the result is recorded in memory 2, in loca-
tions 72 to 77.

The operations of the correcting cycle will be effected
by positioning both scanning chains A and B in the same
memory field; by extracting, in turn, each digit to be
transformed during time A; by deleting the re-writing by
the end of that time; and by re-writing the transformed
digit at the end of time B.

In other words, the operation effected will be:

O0—a=p’

a being value 999867 in the hereindescribed case, Since
at the end of time A, no digit has been re-written, it
will be necessary to effect a substitution of zeros during
time B, so as to keep the adding system in a working
condition,

With trigger B11 switched, wires 241 and 158 (Fig.
2g) have a positive voltage and a negative voltage re-
spectively, with the following resulting effects:

(1) AND circuits 167 and 168 are blocked so as to
drive wire 169 negative to block AND circuit 170 (Fig.
2¢) and to make inoperative the connections existing
from hub 139,

(2) Wire 238 receives a positive voltage (Fig. 2¢) so
as to enable AND circuit 239 (Fig, 2¢) and so that the
connections with hub 140 may be operating during time
A as well as during time B.

(3) A positive voltage is applied to the right side of
trigger B12 (Fig. 2f) so as to keep it constantly switched
whatever may be the pulses provided by AND circuits
222, 223 and 233,

(4) A positive voltage is applied to AND circuit 312
(Fig. 2g) to thus drive line 313 positive during times A.
Line 314 (Fig. 2j) from inverter 315 is driven negative
to block re-write control AND circuit 318.

(5) A positive voltage is applied to AND circuit 317
(Fig. 2j) so that line 91 may be positive during times B
simultaneously with line 101,

(6) AND circuits 269 (Fig. 2g) and 221 are blocked
to make inoperative the normal sign re-writing circuit.

(7) AND circuits 268 and 318 are conditioned to
cause the sign inversion.

(8) AND circuit 157 (Fig. 2f) is blocked so as to
make the special sign search circuits inoperative.

With trigger B6 being also switched there results first
a starting of the scanning chains, as previously described,
with the difference that said starting is entirely controlled
by the connections from hub 140 (Fig. 2¢) since this
hub i3 an emitter during times A as well as during times
B. Consequently, scanning chains A and B will start
from the same location in the same memory,

Trigger B7 (Fig. 2f) is then switched as previously
indicated. Nothing special happens since, if trigger B12
receives switching pulses from any of AND circuits 222,
223 or 233, these pulses are immediately made inoper-
ative because of the positive voltage applied to line 241.

Triggers B8 and B9 (Fig. 2g) are then switched as
previously indicated as is trigger B13. AND circuit 268
is conditioned on both its inputs, thus permitting the sign
inversion as will be seen later,

The scanning chain stopping is effected in the previously
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described manner under the complete control of the cons
nections from hub 140 (Fig. 2e). Generally the result-
ing effect is, as previously, a switching of trigger B14,
and an application of a voltage to line 299. AND cir-
cuit 303 (Fig. 2g) will be operated in the previously de-
scribed way, thus conditioning AND circuits 306 and 307,
However AND circuit 308 is now blocked since line 158
has a negative voltage. Line 241 has a positive voltage
Ievel as does line 319 (Figs. 2f and 2g) so that a switch-
ing pulse may be transmitted by AND circuit 306 through
line 309 towards trigger B3.

Switching period of trigger B3.—The switching of
trigger B3 constitutes the end of a program stage. There
results an advance pulse which is sent through line 134
at the end of time A. This pulse is applied to AND
circuit 320 (Fig. 2e) causing trigger P1 to return to its
initial condition. This pulse may alsc be applied to
AND circuit 1314 if it is desired that the program stage
controlled by trigger P2 follow the one controlled by
trigger P1. It is then necessary to connect hubs 138
and 130a. This pulse may also be applied to AND cir-
cuit 321 (Fig. 2j) if the program stage which has been
effected is the last one. In that case hub 13§ (Fig. 2e)
or the analogous hub of the last program stage active,
must be connected with hub 322 (Fig. 2j). Trigger B2
is thus reset to its initial condition causing a positive
voltage to appear in line 110. Line 111 also has a
positive voltage, since trigger B3 (Fig. 2g) is reset. AND
circuit 112 (Fig. 2) is also conditioned on both its in-
puts, causing a positive voltage to appear on line 109
and a negative voltage on line 117. AND circuit 118
is then blocked, thereby turning off the pulse generator.

Let us also mention that at the end of a program
stage (or the beginning of the following one) triggers
B12 and B13 must be restored (Fig. 2g). This may
be done by means of one of the pulses delivered during
the switching time of trigger B3.

Arithmetic operations—The arithmetic operations con-
cerning the addition of two digits will now be described
with more details. The operations for adding two num-
bers having any number of digits, are but a redundancy of
the elementary operations which are about to be de-
scribed.

Let it be assumed that the operation to be performed
is of the type a+b=>", ¢ and b having the respective
values 7 and 5 for example. Moreover, let it be as-
sumed that @ is stored in location 71 of memory 1, so
that triggers 1M (Fig. 2a), 7D (Fig.2b) and 1U (Fig.
2d) are switched, likewise » will be supposed stored in
location 71 of memory 2 so that triggers 12M (Fig. 24),
17D (Fig. 2b) and 11U (Fig. 2d) are switched.

The arithmetic operations are generally controlled by
trigger B8 (Fig. 2g). It may be assumed that trigger
B9 is also switched. We shall examine the various cases
when one trigger B12 (Fig. 2f), B13 (Fig. 2g), B10
or BI1 is also switched.

Time A.—Line 1224 has a positive voltage as well as
line 272. AND circuit 273 transmits a positive voltage
which is successively applied to line 258 and to AND
circuit 262 (Fig. 2f); to line 188 (Figs. 2a to 2f); and
to line 198 and to AND circuits 219 and 220 (Fig. 2).

Triggers 1M, 7D and 1U being switched (see Figs. 2a,
2b and 2d) leads 217, 216 and 213 are at a positive volt-
age and as was seen above, lines 195, 324, 3244, 193,
326, 191 and 331-1 are also at a positive level. Lines
326 and 331-1 are directed to coincidence circuits 327,
3272 and 333, 333a (Fig. 2h) respectively.

(@) Results occurring during pulse 101.—The voltage
of line 101 is applied to AND circuit 219, which is al-
ready conditioned since line 198 is at a positive voltage,
and therefrom to line 90 (see also Fig. 24) to AND
circuits 327 and 333 also already conditioned to apply
pulses to units 328 and 334. These units, which are de-
scribed in French patent application Serial No. 712,511
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filed on April 12, 1956, and corresponding to Docket
5451, are emitters capable of providing a current with
a carefully defined intensity of magnitude less than re-
quired to switch a magnetic core, if this current only is
applied. The current delivered by unit 328 is applied
to all memory locations corresponding to ordinate y=8.
Likewise the current delivered by unit 334 is applied to
all memory locations corresponding to abscissa x=1. As
was mentioned above, these currents are not sufficient
alone to change the magnetic state of the cores, how-
ever, their effects will be added for the memory location
in coordinates of which are x=1, y=8.

In this latter case, it is known that, the currents are
so determined as to give all the cores at this location
the same magnetic state, and particularly to switch all
cores having a different magnetic state. Conventionally
the first state will be called “neutral state” and the sec-
ond state “active state.” The core rows conventionally
represent (according 1o the example adopted for the
type of code) digits 1, 2, 4, § and the auxiliary elements
A, B, C. Consequently if digit 7 is registered in the
sensed memory location, cores 1, 2 and 4 are in the
active state, whereas, core 8 is in the neutral state. Cores
corresponding to the auxiliary element will not be dis-
cussed at present.

Switching of the cores from the active to the neutral
state causes an induced current to be provided to lines 347
for acting on amplifiers 348 (Fig. 2i). The latter have
been described in detail in Fig. 10a. They act only if
line 90 is positive, which is now the case. They are
labeled with index numbers 1, 2, 4, 8, A, B, C for the
correspending code elements. Some of the lines 349
are thus driven to a positive voltage (lines 1, 2, 4 in the
illustrative example) said voltage being applied to triggers
1R, 2R, 4R, 8R, AR, BR, CR (the corresponding pre-
fix corresponding to the code element). Thus triggers
iR, 2R, 4R are switched. The corresponding leads 350
have a positive voltage, thus conditioning the correspond-
ing AND circuits 351. Corresponding lines 352 are
at a negative voltage.

(b) Results occurring in response 1o pulse 103 (Fig.
2j)—Line 132a is at a positive voltage, conditioning the
second input of AND circuits 351 (Fig. 2i). Thus a
positive voltage is applied to triggers 1W, 2W, and 4W
to switch them.

Since line 198 is at a positive voltage (Figs. 2f and 2g)
line 8¢ (Fig. 2j) from AND circuit 220 will also be at a
positive voltage. Since line 1224 is also positive, coin-
cidence circuit 354 produces a positive voltage on line
97 and applies this to AND circuits 355 (Fig. 2i). Lines
352, designated by 8, A, B, C, in this example are at a
positive voltage to apply a positive voltage to the cor-
responding current generators 356, the generators desig-
nated by 8, A, B, C. These current generators are iden-
tical to civitters 328, 33284 (Fig. 201).

It is to be noted that AND circuit 312 (¥ig. 2g) 1s
blocked at present because trigger B11 is still in its initial
state. Line 313 is at a negative voltage, causing lines
314 (Fig. 2j) and 88 to go positive (because of inverter
315). Thus AND circuits 327a (Fig. 2h) and 333a are
conditioned on both their inputs, causing current emit-
ters 328a and 334 to be activated. These emitters are
identical to emitters 328 and 334, however, their wiring
is such that the current flows in a direction opposite to
the preceding one. Emitters 3282 and 334a transmit a
current which by itself is not sufficient to change the
state of a magnetic core. For the sake of demonstration,
let it be assumed that emitters 328 and 334 provide a
current —%% and that emitters 328z and 334q furnish a
current of -+v2. Both these currents will respectively be
applied to all memory locations corresponding to ordinate
y=38 and abscissa x=1. The effects will be added to each
other in the memory location having coordinates x=1,
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y=8, thereby tending to turn active all cores in that
position.

It has been seen that a positive voltage was applied to
the emitters from group 356 (Fig. 2i) bearing further
references 8, A, B and C. These emitters provide a cur-
rent of ¥4 in all magnetic cores of all memories corre-
sponding to a same code element. Under these condi-
tions, the core corresponding to element 8, in the mem-
ory location having as coordinates x=1, y=8 is trav-
ersed by the following currents:

+1/23 +1/21 -1

that is by a resulting current 412 which is not sufficient
to change the magnetic state of that core. Likewise, as
concerns the cores corresponding to elements A, B and C.
Thus, only cores 1, 2, 4 will be switched to reset the
considered location of the memory to its initial state (re-
cording of a 7).

It has been seen that line 120 (Fig. 2j) was normally
at a positive voltage and went negative as soon as a pulse
on line 103 occurred. A connection from that line
reaches AND circuit 199 (Fig. 2g) which has its second
input connected to ground. Under these conditions, out-
put line 98 provides a negative pulse when pulse 103 oc-
curs, then a positive pulse when said pulse is ended. The
pulse along line 98 is applied to triggers 1R, 2R, 4R, 8R,
AR, BR, CR (Fig. 2i); it causes these triggers to be re-
stored at the end of pulse 103, that is, at the end of
time A.

Time B.—Line 122 is now at a positive voltage. It has
been assumed that the digit to be read was a 5, stored in
location 71 or memory 2 and that triggers 12M (Fig. 2a),
17D (Fig. 2b) and 11U (Fig. 2d) were switched. Again
the operation is effected in two times, the first corre-
sponding to line 101 being at a positive voltage (Fig. 2j)
and the second to a positive voltage of line 103.

(a) Results occurring in response to pulse 101.—The
readout of 5 is effected in a way quite similar to the above
described process, thereby causing the switching of trig-
gers 1R and 4R (Fig. 2i) and possibly AR in case the
corresponding number should include a sign, Lines
350-1, 2, 4, 8 from triggers IR to 8R and lines 359-1,
2, 4, 8 from triggers 1W to 8W are applied to the input
of an adder 360 of any known type, which adds the digits
entered therein, and depending upon the addition result,
a number of the lines 361 are brought to a negative volt-
age. In the considered case, the sum of 745 is 12 so that
only line 361 which is referenced 2, is driven negative.
Line 85 takes a positive voltage thereby switching trig-
ger B13 (Fig. 2¢g) and indicating that a carry is to be
added during the following digit addition.

(b) Results occurring in response to pulse 103.—Since
lines 122 and 90 (Fig. 14) are positive, AND circuit 362
is conditioned on both its inputs, causing line 87 to be set
at a positive voltage. The latter reaches AND circuits
363 (Fig. 2i) which also receives lines 361. Thus a posi-
tive voltage is applied to emitters 356, with the exception
of the one also designated 2 (because corresponding line
361 is at a nagative voltage). Consequently, these emit-
ters will provide a current of —% which will be sub-
tracted from the current furnished by emitters 3282 and
334a (Fig. 2h) or homologous emitters. Under these
conditions only the core corresponding to the code ele-
ment 2 will be turned active, whereas the cores previ-
ously in this state were those corresponding to the ele-
ments of code 1 and 4 (recorded digit 5).

At the end of time B, lines 86 and 98 (Fig. 2g) provide
a positive pulse, which is applied to triggers 1R, 2R, . . .
(Fig. 2i) as well as to triggers 1W, 2W, . . . All these
triggers are restored to their initial state and are available
for a new operation cycle.

Sign record —It has been seen that trigger AR was
switched in case the digit read at time B had a sign.
Then line 99 is at a positive voltage. It reaches AND
circuit 221 (Fig. 2g) which is coaditioned if AND cit-
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cuit 269 is conditioned on both its inputs, that is when
B9 is switched and B11 off. In such cases, a positive
voltage is delivered to line: 278 and 95 which reaches
adder 360 (Fig. 2/). Line 361 which is also referenced
A may be driven to a positive or negative voltage accord-
ing whether a sign is to be recorded or not.

Switching period of trigger B10 (Fig. 2¢) —This time
corresponds to the exhaustion of the factor recorded in
zone or field A. In that case, it is necessary to stop one
of the scanning chains, as seen previously, and to pre-
vent readout of the memory. A substitution of 0 or 9
is to be performed. Trigger B10 being switched, line 275
Is at a negative voltage, and as well as line 258, line 264
(Fig. 2f), lines 188, 189, 198, thereby blocking AND
circuit 219 (Fig. 2j). Line 90 is at a negative voltage,
thus blocking AND circuits 327 and 333 (Fig. 2h) and
preventing any memory read-out during time A. Line 90
is also negative (Fig. 2j) causing lines 97 and 88 to be
at a negative voltage and blocking AND circuits 327a,
3332 (Fig. 2h) and 355 (Fig. 2i). The re-writing device
is thus blocked.

During time A while a pulse in on 101, line 290 (Fig.
2j) is at a positive voltage. Line 295 (Fig. 2g) will also
be at a positive voltage, because of the switching of trig-
ger B10. Both these voltages are applied to coincidence
circuit 288 causing a positive voltage through line 94.
The latter controls the substitution of 0 or 9. Two cases
are to be considered according to whether trigger B12 is
switched or not (Fig. 2f).

(a) Trigger B12 is OFF.—The operation corresponds
to an addition as will be seen and 0’s are to be substi-
tuted. Line 93 is at a positive voltage.

A zero is recorded in the form of code combination
2-8. A connection from line 94 (Fig. 2/) reaches OR
circuit 363 and thus trigger 8R. Lines 93 and 94 go to
AND circuit 364, to OR circuit 365 and to trigger 2R.
Positive voltages are thus applied to triggers 8R and 2R
causing the switching of these triggers and to record a 0.

(&) Trigger B12 is switched. — Line 96 (Fig. 2f) is
now at a positive voltage. A connection from that line
reaches adder 360 (Fig. 2/) to control it for a subtrac-
tion as will be seen later. Another connection from line
96 reaches AND circuit 366, OR circuit 367 and trigger
1R. The circuit reaching trigger 8R is still positive, thus
positive voltages are applied to triggers IR and 8R which
corresponds to the recording of a 9.

The following operations are effected as described
above,

Subtracting operation—In the case of the operation
b—a=>b’, b is assumed higher than a. Under those con-
ditions, b” has the sign of B. Should it be otherwise, 5'
could be in complement form and a correcting cycle
would be necessary to restore the true value of 5’ and
correct the sign. As has been seen, a characteristic sign
is provided for defining the sign of a and b, the normal
position of this sign being the lowest order location.

Let us consider now the algebraic operation in a general
way:

b+a=0p

the magnitude of b being first considered greater than
that of a. Various cases may be met according to the
sign of g, the sign of % and the sign of the operation. De-
pending upon the sign of a, 2 is to be added to or sub-
tracted from & that is the magnitude of a is to be added
or subtracted. In such a case, it has been seen that a
first switching pulse was applied to trigger B12 (Fig. 2f)
either during the switching of trigger BS or during the
switching of trigger B7.

The sign of 2 must be inverted if the operation is sub-
traction. In this case, a second switching pulse is applied
to trigger B12 via AND circuit 233. Said trigger may be,
either in its initial state corresponding to 0 or to two minus
signs, or in the switched state corresponding to one minus

sign.
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Finally, the sign of the operation reported to factor b
must be inverted once more according to the sign of b.
To the third case, there corresponds a third switching
pulse, which is provided by AND circuit 223.

Two cases are possible as follows: 1—0 or two minus
signs, that is 0 or two switching pulses of trigger B12
(magnitudes of a and b are to be added). 2—3 or 3
minus signs, that is one or three switching pulses of
trigger B12 (it is necessary to subtract the magnitudes of
a and b).

If as was assumed, the magnitude of b is greater than
the magnitude of a, the effected operation will then be in
the latter case, b—a, subtraction of the magnitude of a
being realized by adding its 10’s complement, as will
now be explained.

Assume trigger B12 switched, line 96 is at a positive
voltage, and, as was seen above, a connection from line
96 reaching adder 360 (Fig. 2i). The positive voltage
on line 96 controls a number of circuits of a well known
type which have not been described and the function of
which is to change the quantity registered in triggers 1w,
2W, 4W, 8W into the 9's complement form of that quan-
tity. Under these conditions, if we have the operation:

285—38=247
the actual operation effected will be:
000285

999961
gooza7 T C

cecece

The 10's complement operation of the unit digit (or
generally speaking of the lowest order digit) is realized
by systematically sending a carry pulse through line 92
at the beginning of the operation. It has already been
explained that a positive voltage was applied to trigger
B12 (Fig. 2g) via AND circuit 255 when trigger B9 was
switched. The resulting effect of that positive pulse is to
switch trigger B13 at the beginning of the operation and
to systematically cause a carry pulse to be sent.

During the operation, trigger B13 is switched or reset
in turn according to the voltage of leads 84 and 85 (see
also Fig. 2/) and according to whether a carry is effected
from one order to the immediate higher order. Letters C
disposed below the result of the preceding operation in-
dicate that there was a carry effected. Particularly it will
be remarked that a carry is controlled at the end of the
operation so that trigger B13 is switched again at that
time. It was explained above that the switching of trigger
B3 would follow in response to a pulse from AND cir-
cuit 306.

Let us examine now the case where:

b==38
a=285

the effected operation is then:
000038

999714
909753 T C

cC

At the end of the operation, trigger B13 is returned to
its initial state, thereby indicating that the result is in
the complement form. It was explained before that the
result was the switching of triggers B11 and B6 and the
control of a correcting operation cycle, including the
successive switching of triggers B7 (Fig. 2f), B8 (Fig.
2g) and BY. It was seen also that scanning chains A and
B are both controlled to sense the memory field storing
the operation result, and that trigger B12 (Fig. 2f) can
receive various switching pulses when triggers B6 and B
are both switched, but these switching pulses are ineffec-
tive because a positive voltage is applied to the right side
of trigger B12 through line 241.
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Under these conditions, trigger B12 remains switched
so that line 96 remains at a positive voltage during the
whole correcting operation duration.

When trigger B$ is switched, during time A, the read-
out of the first digit of the preceding result, namely 3, is
performed. The trigger B% is switched. The result is
the switching of triggers 1R, 2R (Fig. 2i) and possibly
AR, if initially & included a minus sign, and later on the
switching of triggers 1W, 2W and possibly AW. How-
ever, the read-out of digit 3 is followed by no re-write.
For AND circuit 312 (Fig. 2g) then is conditioned on
both its inputs causing line 313 to turn positive, line 314
to become negative (Fig. 2j), coincidence circuit 316
to be blocked, and line 88 to be at a negative voltage.
AND circuits 327a, 333a (Fig. 2h) are blocked, thereby
preventing operation of the current emitters 3284, 334a.

During time B, another read-out of the same memory
location takes place, which has no result since no quantity
has been re-written in said location. However, 0’s are
automatically entered therein (switching of triggers 8R
and 2R, Fig. 2i) since line 91 is at a positive voltage.
Said line comes from AND circuit 317 (Fig. 2j) and it
has been explained that it is positive at the beginning of
time B.

Trigger B13 (Fig. 2g) is also switched (in a similar
way to that described above) and adder 360 (Fig. 2i)
performs the operation:

6404+1=7

which results in re-writing digit 7, that is, replacing digit
3 by its 10’s complement. It is to be noted that this op-
eration is followed by no carry operation, so that trigger
B13 (Fig. 2g) returns to its initial state, and that all
following operations will be effected without any carry,
i.e., they will correspond to but a replacement of all digits
by their 9’s complement. Thus the considered memory
field will finally store quantity 000247 instead of 999753
which it contained previously.

As to the sign, trigger AR (Fig. 2i) is restored at the
end of the first time A, whereas trigger 1W remains
switched so as to keep for a short time the record of
that sign. In this case, line 89 is negative, since trigger
AW is in its initial state. Line 89 reaches AND circuit
318 (Fig. 2g) which is conditioned at this time. Thus,
alternately, line 95 is positive or negative, permitting in
the first case the recording of a sign if trigger AW (Fig.
2i) is OFF, and in the second case causing the deletion
of the sign.

Testing.—The circuits controlling trigger B1§ are so
arranged that this trigger is switched if the result is zero,
the voltage of hub 368, being then positive. Said hub
voltage is brought back to the negative value whenever
line 231 is positive, i.e., whenever trigger B6 (Fig. 2f)
is switched. A zero result corresponds to the following
voltages through lines 361 (see also Fig. 2j): 1 positive,
2 negative, 4 positive, 8 negative.

The voltages of lines 361-1 and 4 are applied to AND
circuit 369 and to inverter 370. Line 371 is negative
if the first ones are positive. Likewise, lines 361-2 and
8 reach OR circuit 372. Thus the output fead 373 is
negative and goes positive as soofl as the voltages of lines
351 correspond to a digit different from zero. At the
end of all times B, lines 88 and 122 are positive as was
seen above (see also Fig. 1k). Under these conditions
AND circuit 374 transmits a positive voltage as soon as
a digit different from zero appears at the output of adder
3606 (Fig. 2i). Said voitage applied to trigger B15 (Fig.
2j) switches it thereby driving the voltage of hub 368
negative and the voltage of hub 378 positive.

Under the same conditions, trigger B16 stores the sign
of factor b. Hub 376 is made positive whenever line
231 is positive while trigger B6 is switched (Fig. 2f).
The sign of factor b varies during the switching of trigger
B9 (Fig. 2g) (line 271 being positive) according to the
voltage on line 361-A (Figs. 2i and 2/). A positive
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vpltage through this last mentioned line means a plus
sign. AND circuit 375 then transmits 2 positive voltage
(when lines 88, 122 and 271 are simultaneously positive)
which results in switching trigger B16 and in driving hub
377 positive.

Change of operation program.—The sequence of the
program may be changed, if desired, according to the
resulis of certain computations, that is according to
whether the result is zero or not, or whether the result is
positive or negative. If it is assumed that the result has
been obtained during a certain program operation which
is controlled by trigger P1 for example (Fig. 2¢), the
next program step selected may be that controlled by
trigger P2 or P3 for example, according to the type of
test. For instance the chosen program step may be the
program step controlled by trigger P2 if the result is not
a zero, and the program step controlled by trigger P3
if zero. In this case, one hub 368 or 378 (Fig. 2j) must
be linked with hub 379 (Fig. 2¢) for instance hub 368
(Fig. 2j). It was seen that said hub was positive when
the result is zero, as will also be hub 379 (Fig. 2¢). Hub
138 controlled by trigger P1 must then be connected to
hub 380. Due to the circuit arrangement (existance of
inverter 381 and AND circuits 382 and 382a) hubs 383
and 384 are positive or negative according to whether
the condition “result different from 0~ is realized or
not.

In the chosen case, hub 383 is positive if the result is
zero, whereas hub 384 is positive if not. Hub 383 will
be connected to hub 1305 for example and hub 384 to
tub 130q. Under these conditions AND circuits 131a
and 131p are conditioned or not conditioned according
to whether the condition “result different from 07 is
realized or not, thereafter causing triggers P2 or P3
to be switched, when the switching pulse provided by
line 134 appears. As was seen, trigger B6 (Fig. 2f) is
switched slightly afterwards driving line 231 positive,
which resets trigger B15 (Fig. 2j) and B16 to their initial
states. Such assemblies as those constituted by hubs 379,
380, 383, 384 (Fig. 2¢) and by associated circuits may be
provided in any number.

Memory split—We have already explained the ar-
rangement of the memories, the arrangements and con-
trols of the scanning chains and the program stages. There
will now be seen how memories are generally split and
how it is possible to proceed at will to any memory split.
Let us take for example memory 1, and assume that this
memory records factors directly from a punched card
by any desired process, for example, by the process de-
scribed in applicants’ copending application Serial No.
704,779 filed Dec. 23, 1957.

Let it be assumed that the card reader is fed from cards
of various types suitably filed and comprising for ex-
ample. “name cards” and “address cards” and ‘‘transac-
tion cards”, these cards being punched in the following
way and recorded as such in register 1, location by loca-
tion.

(1) “name card”

Columns 5 to 12 (account number)

Columns 13 to 40 (name and address)

“transaction card”

Columns 1 to 4 (transaction date)

Columns 5 to 12 (account number)

Columns 13—23 (nature of the transaction}

Columns 24—27 (date of the transaction)

Columns 28—30 (code corresponding to the preced-
ing date)

Columns 31—49 (amount of

It is obvious that in every case it is necessary to have
access to determine fields of a same memory and this
access is connected with the quantities recorded in the
memory. For example, it would be nonsense to address
locations 24 to 27 normally corresponding to the date of
the transaction for a record for the “name card”, since
said quantity corresponds by no means to a date.

(2)

the transaction).
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An example of access connections has been represented
in Fig. 4, 1t is to be kept in mind that said connections
are generally realized by linking up some of the hubs
139 or 140 (Fig. 2¢) with some hubs 149 and by like-
wise linking some hubs 150 and 151 with some hubs 152
(Fig. 2a) or 153 respectively. On the left side of Fig. 4
some of the preceding reference numbers have been
numbered 1, 2, 3, 4, , ., . hubs 150 and 151 associated
with the first ones have been represented straight above,
The represented hubs 153 correspond to no logical order,
but are primarily related to the nature of the connections.
Reference numbers have been quoted for all cases. For
example reference number 40 appears three times, which
means that the corresponding hub 153 receives three con-
nections, Hubs 139 and 140 (Fig. 2¢) or similar hubs
corresponding to any one of the program steps may be
connected in the following way (Fig. 4):

with hub 149-10 to permit access to the field storing the
amount of the operation,

with hub 149-9 to permit access to the date code,

with hub 149-8 to permit access to the field storing the
month of the transaction date,

with hub 149-7 to permit access to the field storing the
days of the month of same date,

with hub 149-6 for the nature of the transaction,

with hub 149-5 for the account number,

with hub 149-3 for permitting access to the name or
address.

No connection is provided at the input of hub 149-2,
the output connection with hub 153-12 is a scanning end
connection. This last connection may be suppressed when
a data is to be transferred to another memory in a field
having the same magnitude. According to the adopted
coding conventions, as seen above, that the stopping of
scanning chain B causes the stopping of scanning chain
A whether there is a connection for limiting the scanning
field or not.

The same connection with hub 149-3 would have been
replaced by a connection with hub 149-6, associated with
a selector which changes the connection to hub 153 from
hub 23 to hub 40. In such a case, the scanning start is
done from location 40. The end of the scanning is deter-
mined by the first left connection, that is by the connec-
tion leading to hub 153-12.

Lastly, a connection leading to hub 149-1 is provided
to transfer altogether the first forty memory locations
whatever may be the quantity stored therein. Of course,
the various controls may be associated with the type of
cards whose controls may be affected in well known ways
by means of selectors.

Hubs 150 are interconnected and connected to hub
152-1 (Fig. 2a).

According to the above, it is possible to determine the
connections necessary for access to any field or any
memory and to increase or decrease the size of said field
at will.

While there have been shown and described and pointed
out the fundamental novel features of the invention as
applied to a preferred embodiment, it will be understood
that various omissions and substitutions and changes in
the form and details of the device illustrated and in its
operation may be made by those skilled in the art, with-
out departing from the spirit of the invention. It is the
intention, therefore, to be limited only as indicated by the
scope of the following claims,

What is claimed is:

1, In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby one
only may be activated at any one time, means for ad-
vancing said program device from an active step to a
selected one of the other steps, a multiple stage ring
wherein only one stage may be activated at any one time
and adapted to advance from an activated stage through
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succeeding stages in a timed sequence, means for selec-
tively connecting each program step to the stage of said
ring from which it is desired to advance said ring upon
the activation of the program step connected thereto,
and means responsive to said connecting means for acti-
vating the stage of said ring connected to an activated
program step.

2. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby one
only may be activated at any one time, means for ad-
vancing said program device from an active step to a
selected one of the other steps, a multiple stage ring
wherein only one stage may be activated at any one time
and adapted to advance from an activated stage through
succeeding stages in a timed sequence, means for selec-
tively connecting each program step to the stage of said
ring from which it is desired to advance said ring upon
the activation of the program step connected thereto,
means responsive to said connecting means for activating
the stage of said ring connected to an activated program
step, and means responsive to said connecting means for
stopping the advance of said ring upon reaching a stage
connected to another program step whereby a single con-
nection is effected to start the advance of said ring under
control of one program step and to stop the advance of
said ring under control of another program step.

3. In a data processing machine a multiple step program
device for controlling the sequence of operation thereof,
means interconnecting said step whereby one only may
be activated at any one time, a multiple stage ring wherein
only one stage may be activated at any one time and
adapted to advance from an activated stage through suc-
cessive stages in a timed sequence, means for selectively
connecting each program step to the stage of said ring
from which it is desired to advance said ring upon the
activation of the program step connected thereto, means
responsive to said conmnecting means for activating the
stage of said ring connected to an activated program
step, means responsive to said connecting means for pro-
ducing a signal upon reaching a stage connected to an-
other program step, means responsive to said signal for
terminating the advance of said ring, and means respon-
sive to said signal for advancing said program device
from the then active step to a selected one of the other
steps.

4. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby one
only may be activated at any one time, a multiple stage
ring wherein only one stage may be activated at any
one time and adapted to advance from an activated stage
through successive stages in a timed sequence, means for
selectively connecting each program step to the stage of
said ring from which it is desired to advance said ring
upon the activation of the program step connected there-
to, means responsive to said connecting means for activat-
ing the stage of said ring connected to an activated
program step, means responsive to said connecting means
for producing a signal upon reaching a stage connected
to another program step, means résponsive to said signal
for terminating the advance of said ring, and means
responsive to said signal for reactuating the stage of said
ring connected to the then activated program step upon
a predetermined condition existing in said machine.

5. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby one
only may be activated at any one time, a multiple stage
ring wherein only one stage may be activated at any
one time and adapted to advance from an activated stage
through successive stages in a timed sequence, means for
selectively connecting each program step to the stage of
said ring from which it is desired to advance said ring
upon the activation of the program step connected there-
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to, means responsive to said connecting means for activat-
ing the stage of said ring connected to an activated
program step, means responsive to said connecting means
for producing a signal upon reaching a stage connected
to another program step, means responsive to said signal
for terminating the advance of said ring,-a selector, means
responsive to a result manifested in said machine for
controlling said selector, and means responsive to said
signal for advancing said program device from the then
active step to another one of said steps selected by said
selector.

6. Apparatus according to claim 3 wherein said inter-
connecting means includes means for pluggably connect-
ing the steps of said program device so as to octur in
any predetermined sequence.

7. Apparatus according to claim 6 whetein said con:

necting means comprise means for pluggably connecting’
the steps of said program device to stages of said ring’

so that said ring-is reset to any- predetermined stage upon
the activation of any predetermined program step:

8. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps - whereby one
only may be activated at any one time, a first multiple
stage ring wherein only one stage may be activated at
any one time and adapted to advance from an activated
stage through successive stages in a first timed sequence,
first means for selectively connecting each program step
to the stage of said first ring from which it is desired to
advance said first ring upon the activation of the program
step connected thereto, means responsive to said first
connecting means for activating the stage of said first
ring connected to an activated program step, means re-
sponsive to said first connecting means for producing a
first signal upon said first ring’s reaching a stage con-
nected to another program step, a second multiple stage
ring wherein only one stage may be activated at any
one time and adapted to advance alternately with the
advance of said first ring from an activated stage through
successive stages in a second timed sequence interspersed
with said first timed sequence, second means for selec-
tively connecting each program step to the stage of said
second ring from which it is desired to advance said
second ring upon the activation of the program step
connected thereto, means responsive to said second con-
necting means for activating the stage of said second
ring connected to an activated program step, means re-
sponsive to said second connecting means for producing
a second signal upon said second ring’s reaching a stage
connected to another program step, means responsive to
said first signal for terminating the advance of said first
ring, means responsive to said second signal for terminat-
ing the advance of said second ring, and means responsive
to said first signal for advancing said program device
from the then active step to a selected one of the other
steps.

9. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby one
only may be activated at any one time, a first multiple
stage ring wherein only one stage may be activated at
any one time and adapted to advance from an activated
stage through successive stages in a first timed sequence,
first means for selectively connecting each program step
to the stage of said first ring from which it is desired to
advance said first ring upon the activation of the program
step connected thereto, means responsive to said first
cpnnecting means for activating the stage of said first
ring connected to an activated program step, means re-
sponsive to said first connecting means for producing a
first signal upon said first ring’s reaching a stage con-
nected to another program step, a second multiple stage
ring wherein only one stage may be activated at any
one time and adapted to advance alternately with the
advance of said first ring from an activated stage through
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successive stages in a second timed sequence intersperséd
with said first timed sequence, second means for selec-
tively connecting each program step to the stage of said'
second ring from which it is desired to advance said

second ring upon the activation of the program’ step
connected thereto, means responsive to said second con-
necting means for activating the stage of said second
ring connected to an activated program step, means re-
sponsive to said second connecting means for producing
a second signal upon said second ring’s reaching a stage
connected to another program step, means responsive to
said first signal for terminating the advance of said first
ring, means respofisive to said second signal for terminat-
ing the advance of said second ring, means responsive
to said first signal for terminating the advance of said
second ring upon the occurrence of said first signal before
the occurrence of said second signal, and means respon-
sive to said first signal for advancing said program
device.

10. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby oné
only may be activated at any one time, a first multiple
stage ring wherein only one stage may be activated at
any one time and adapted to advance from an activated
stage through successive stages in a first timed sequence,
first means for scléctively connecting each program’ step
to the stage of said first ring from which it is desired to
advance said first ring upon the activation of thé pfo-
gram step connected thereto, mesms responsive to said
first connecting means for activating the stage of said first
ring connected to an activated program step, means re-
sponsive to said first connecting means for producing a-
first signal upon said first ring's reaching a stage con-
nected to another program step, 2 second multiple stage
ring wherein only one stage may be activated at any one
time and adapted to advance alternately with the advance
of said first ring from an activated stage through suc-
cessive stages in a second timed sequence intetspersed
with said first timed sequence, second means for selec-
tively connecting each program step to the stage of said
second ring from which it is desiréd to advance said
second ring upon the activation of the program step con-
nected thereto, means responsive to said second connect-
ing means for activating the stage of said second ring
connectéed to an activated program-step, means respon-
sive to said second connecting means for producing: a’
secotid signal upon said second- ring’s ‘réaching a’ stage
connected to another program step,” means responsive to
said first signal for terminating the ‘advance of said first
ring, means responsive to said second signal for ter-
minating the advance of said second ring, a storage array
having a plurality of addressable positions and adapted
to be alternately addressed by said fitst and said second
rings, means for addressing-said storage array at posi-
tions corresponding to the activated stages of said rings;
a delay device, and means for reading data out from
positions addressed by said second ring through said de-
lay device and entering said data into positions addressed
by said first ring.

11. In a data processing machine a multiple step pro-
gram device for controlling the sequence of operation
thereof, means interconnecting said steps whereby oné
only may be activated at any one time, a first multiple
stage ting wherein only one stage may be activated at
any one time and adapted to advafice from an activated
stage through successive stages in a first timed sequence,
first means for selectively connecting each program step
to the stage of said first ring from which it is- desired to
advance said first ring upon the activation:of the' pro-
gram step connected thereto, means respongive o' sald
first connecting means for activating the stage of said first
ring connected to an activated program step, meatis re-
spotisivé to said first conneécting means for produeing-a’

first sighal- upon said first ring's redching a stag®” coni-"
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nected to another program step, a second multiple stage
ring wherein only one stage may be activated at any one
time and adapted to advance alternately with the advance
of said first ring from an activated stage through succes-
sive stages in a second timed sequence interspersed with
said first timed sequence, second means for selectively
connecting each program step to the stage of said second
ring from which it is desired to advance said second ring
upon the activation of the program step connected there-
to, means responsive to said second connecting means
for activating the stage of said second ring connected to
an activated program step, means responsive to said sec-
ond connecting means for producing a second signal
upon said second ring’s reaching a stage connected to an-
other program step, means responsive to said first signal
for terminating the advance of said first ring, means re-
sponsive to said second signal for terminating the ad-
vance of said second ring, a storage array having a plu-
rality of addressable positions and adapted to be alter-
nately addressed by said first and said second rings, means
for addressing said storage array at positions correspond-
ing to the activated stages of said rings, a delay device,
a single digit adder having a pair of inputs and an out-
put adapted to manifest the sum of two digits simulta-
neously applied to said pair of inputs, means for reading
data out from positions addressed by said second ring
through said delay device to one input of said adder,
means for reading data out from positions addressed by
said first ring to the other input of said adder, and means
for entering the data manifestations appearing at said
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output back into the positions addressed by said first ring.

12. Apparatus according to claim 11 further charac-
terized by the provision of a complementing circuit and
means responsive to a sign detection for routing data
from positions of said storage array addressed by said
first ring through said complementing circuit.

13. Apparatus according to claim 11 wherein said
storage array is comprised of a plurality of magnetic
core storage devices.

14, Apparatus according to claim 13 wherein said con-
necting means comprise means for pluggably connecting
said program steps to the stages of said rings.

15. Apparatus according to claim 14 further charac-
terized by the provision of means responsive to said first
signal for advancing said program device from the then

_active step to a selected one of the other steps.

16. Apparatus according to claim 10 further charac-
terized by the provision of means responsive to a com-
plement in said storage array for disabling said second
connecting means and setting said second ring in accord-
ance with said first connecting means, a complementing
circuit, and means for reading data out from the positions
addressed by said rings through said complementing cir-
cuit and back into the positions from which they came.
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