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23043-231
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1MEG

OPERATION DECODER NO OP,STOP,TR,SEND
0P REG-T
311:?; 8!; F;EEGG- 24 A 0 0P
OPREG-4 - N
202 4p peG-3 -A I K 23b01-6¢
© ) 0P REG-AB 23b02-24
2300 1MEG
__ _73h03-24
STOP
_ 3 -A 1 K 735,04-690
23020 0P REE=AS L _23h05t4
1MEG
A I 3K E—
2333 L REEAS % L~ 23b08-1270
- 23609-127b
L s E—
{~) 0P REG- AR -A I 2K TR 23b11-50b
2o - 23bi2-50e
IMEG L -23hi3-24
FiG.23c¢c
OPERATION DECODER SET L,TR HI,RWW SEL
QP REG- 1
ROl ghprny
ortp i -A SET L
gﬁ OP REG-8 -A 1 K ggc.g;-l;:o
(~)OP REG-AB c02-
2302 I g%\“m
— TR HI
- Yy -A I 2K 23¢.03-50b
23023 ) 0P REG-AB 2300424
1MEG
4 — RWW
) AR - 23¢05-131
23034( )OP REG-AB A I K 1 o
1MEG
(-) 0P REG-AB -A 1 K SEL 23c01-133
23012 L————-Z}c()ﬂ-?“
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FiG.23d
OPERATION DECODER SHOR,TR EQ, SIGN CTRL.
2o ———gg ';EE%;
21083 orpecs  ]-A SHOR
21030 grpec-a ] -A I 2K 23d01-300
21040 m— I"‘ 1 23d02-130¢
23003 1 MEG 23d03-24
TR EQ
_ i -A 1 2K 23d.04-50b
234 C10P REG-AB L 73052
1MEG
SIGN
2 _AR -A I K 23d06-690
p335 CI0P REC- AB 094
1 MEG
- CTRL
~ -A I K 2340833
s13 £L0P REG-AB ] 710553
1MEG 2340100
L~ 23d11-24
FIG.231

OPERATION DECODER ULA,AAM,SB
SET BIT/CRI

[ oo]
—| KO|ZZERY _ 5310173

0P REG-1
2tall o Res-7 -A 1 K SETBIT__ 931 9-24
21027 OF REG- -A 231.03-560
21 0P REG- 1 MEG
21a37 _SUPP CR2
L~ KO CODE CHE. 531 04-93¢
{-)0P REG-AB
23021 A I |00 ADDRESS T0 MEM 5
210624
1MES 23107-60
yiqzp 1P REG-AE
» A I  JLULOMD ADRESS 531 .5
] ! 23109-24
| WEG 23110-60
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FIG.23e OPERATION DECODER LENG,TR PLS,RCV,COMP

0P REG-1
AT ) A
- 0P REG- 4 - LENG
Aol e RS- -A I K Ze-g; 250
41 : N "y
23,041 0P REG-AB . [] i”ﬂ
=1 TR PLS )
(-) OP REG-AB -A I 2K :zseos 50b
230.25 23e04-24
1MEG
; ] RCY 23e (5-69b
(-) OP REG-AB -A 1 K l e
23036 23606-24
§1uec 3e06-2
- ™ COMP )
23040 /0P REG-AB -A 1 K 236014400
* g 23e08-24
{MEG
FIG.33e
SELECT REGISTER CONTROLS
- SET SEL REG
03002 A KS 4K TOAR AS/RAW2 1, 01-330
R 3
13304 ESET SEL REG & SET TOMAR B s
H705 § 63k 33e03-33¢
1e04-334
-0
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OPERATION DECODER-ROUND,TR ZRO,MPY,ST PR

0P REG -1
a3 PREGT FIG.23f
2afy EHEL -
3110'232 0P REG- -A I 2K 23£014300
QA () 0P REG-AB - b 23£02-130c
23a05 1MEC L 330324
] TR R0
- - -A I 2K 23£04-50b
y3azg CLPRES-AB 1 A0
TNEG
a WPY
: - 23£06-670
23037 LOPREG-AE A I K 2306 67
THEG
~ STRR
- -A 2K 23£08-1260
23t IPRE-AR I 1 B o
TVES
FIG.23¢g
OPERATION DECODER STORE,TR SIG,DIV,ADD MEM
21009 e
zas THEC 1
faz - -A I K jSTORE 239014250
flats (-) 0P REG-AB [ 23g02-24
23a06 | MEG
(0P REG 4B -A I 2K |36 230350

t—————— 23904-50¢

23021

f———————23905-50¢
L 2330624

o
: AR -A 1 K 3g07-660
23a3g (L0PREG-AD % L —73g0s-24

1 K[ DM 23g09-680
23g10-24

2t 0P REG-AB A
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FI1G.23h

OPERATION DECODER ADD,SUB,
NORM TR, LOAD

e L A——
o w2 -A H
21026 o5 pecg
2044
- A0
: i -A 1 A{ 2K 23h01740
s3q07 C10P REG-AB
T 23n02-74¢
23h03-24
T -A I |-2K M 23h04-74c
s30g CLOP REG-B
23h06-24
- NORM TR
_ - -A 1 -2k 23h0H29
2339 CL0P REG-AB )
1MEG
23108-24
KO | MLTRINSTR oy 06-60
. . UNLOAD
. o -A I = K 23h10-125¢
237 F10PRECHD
 NEG
23h11-24
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210.10%1_ FI1G.23i
20 200PREGZ |
21031 P REC-4 -A M OPERATION DECODER-R ADD,
2:-54——'@ REsD R SUB, READ, LOAD
——‘A 1 2K RAD 73 01-740
23 0gLLOPREC-AB 23i.02-74b
: { MEG 23i03-24
) -A I 2K R-58 23i04-744a
' {MEG L 23i06-24
K NIT READ_ 23 7-1t5
( KS BLOCK ADD_T&R 3. e g3,
L READ .
- 1 2K 23i.08-24
23020520P REG-AB A 230913
i\i MEG L 23101340
23i11-109
LOAD o
. - . Bif2-250
73013 L 0PREG 4B A § I K L _ipos
' 1 MEG

KO [P R CODE &K 3;15-93¢
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FIG.23 |
OPERATION DECODER-TR ANY,WR ER,TSMT
otq05 P RE
2 PREZ 2 A
2qzp PRECE
21035 RS
TR A .
(0P REGAB -A I 2K |TRAN 23j01-24
Hod E 23}02-50b
- 2303-50¢
230450
WRITE .
(-)0P REG-AB -A I K 2305409
Hodt ", 23}06-1320
L 23j07-24
WRER ‘
) 0P REG-AB -A I 2K 23).08-24
23adt " 23],09-109
23101320
23j11-132b
L 23j12-134b
(-)OP REG-AB -A I 3K W 23j 13109
2a’s " 23] 14-127b
) 23j.15-1270
b 23] 16-24

23} 171-60
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OPERATION CHECK CIRCUITS

21b.05

NO 0P

23b.02 SET L

23c0?
23a) LENG

230,08 LOMP

2307 MY

TR 516
Bg06 Tt

208 11

23d.05 SIGN

23007
23f05 TR-2R0

23g.08 A
P —

2311 UNLOAD

2313 LOAD

23103 R_ADD

1 WR ER
23]08
57107 LOAD_ADDRESS

TRINGEER OF 2RO BT
53,03 JRANSFER ON ZERD BI

23c08
23709 UNLOAD ADDRESS

A0 SET BIT

0ocC

23p03 1P

TR-H]
2003
23006 BWH

236,04 1R_PLS

23006 ROV

73£03 ROUND

ST PR
309 SroRe

23g.0?
23508 NORM TR

23hog U8

23108 READ

2305 RSV

== 0D

Y

23j01 1R A

236 T

23d03

1 CIRL

52‘;}0 SRR MUY
23k05 0D ADDRESS TO WEW]

oC

231086
0P REG-C

—~

KO

A
51 MEG

K KO
5\1 MEG

KO

21b08
INSTR CHK TGR ON

A
51 MEM

+H40v

138£01

72

GAF

A IN

NEON OP CHECK

OPERATION CHECK

2401-60
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—40,000

-20,000

~10,000

4th.ORDER OF MAS

~8,000

-4.000

-2000

- 1000

3rd. ORDER OF MAS

2nd.ORDER OF MAS

{st ORDER OF MAS
9 Taj 2
| S

8 Iaf

o 1]
TR
s

(G

6 Tag
| I

5 ]bi
5 | S———
Af

| N

4 Taf

L R

3 i
L g
af

LS

2 Tad
‘—Q__‘

1 i

plith
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25a01
25a.02
2503

2oafd

250.05
250,08
25007

25a.08

25009
25a.10
25a.11

25a.12
25a.13
25a.14
25015

TOFIG
25b

25a.16
25a 17
25018
25a19
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FI1G.25b MEMORY ADDRESS SELECTOR KEY OUTPUTS

24- 1W-A
4000 MAS-40.000 ot
22001 WC15K WA | 0wt }ézz'oz
5gp 20000 Nrw lalx] = WS-20000_Tromefre
: NGO 1W-B | %\mufd
10,000 AT i MAS—10.000 _ J5103
25a03 15K-1W-C | .ér_mufd -
25q0s 000 —24K-1W-D = MASB000 55104
: G tOKW-D | =e~01ufd
~4,000 2w = MAS~4,000
25005 2 A 23005
! 15K1W-E | ==~01ufd
= ~TOFIGITd
25006 2000 Z2K-IW-F = MAS-2000 _ foc e
a 15K1W-F | =e-0tufd '
T 2KW-G = MSAM0_Jpsp07
KNG ] =~01utd
-800 28K-TW-H = MAS-800 3
25008 %5b08
: 15K W-H_] Z01ufd
25009 25b.09
0 Z15K-1W-J = 01ufd 0 FiGITc
5t 20 20K WK = MAS-200 2510
a 5K ] 2=~01ufd '
sy 10 28 TW-L = WS Josp
- 156-W-L | =01ufd
-80 — 24K-1W-M = MAS-80 250,12
%oz CI5K-W- W] =01ufd |
-49 24K-1W-N = MAS-40
2a.t3 SKINN ] RN ik
. 201 ufd STOFETTD
20 AK-1W-Q = MAS-20
25at4 : ot
ASK-1W-0 | =EN01utd
o AR = WSO ) asiis
: —15K-1W-R_| 201 utd |
8 24K-1W-§ = WS-8 _~osbie
Zafs C15k-1W-5 | 201 ufd '
— 2K AW-T = MAS-4 2017
ASKAWT | =01ufd T0FI6fTa
) —2K-1N-U = UAS-2 25018
2at 15 W-U_ 2014t
E T
FROM  —goy o NA- L 01ufd
POWER i

SUPPLY
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FIG.26a PARALLEL CHARACTER TRANSMISSION
) CABLE A CONNECTOR LAYOUT

SPCT ADDR | 7SMAG-MAR [° 5 peT [ PCT |2 SR 2 TNEON PCT
CHECK | "CHECK | SPARE | CHECK |IND ON [ =02XX SPARE | OPEN FIL
109 28.06 50c 134¢ 33f14
& PCT__® PGT 1@ PCT |° Z WACH | C READ_ |°
REQUEST(P)  READ READY GND STOP GND CALL(P)| GND
135b20 | 135k 50¢c 109.03 138b.10
24 230 /R2-WY |22 2 peT 25 WT 18 17
GND (P) GND | DISC CND | SVC CALL, GND SPARE
104.06 134f 135a
ZWI-R) |3 % Wi-R0 |29 28 PGT ADORZ % WRITE |2
{P) GND (P) CND [CHK RESET | GND | CALL(P) | GND
104.05 104.01 109.01 138e.06
40 39 anE 38 37 CTRL 36 35 wo-w} 34 33
GND i GND 0000 GND (P GND SPARE
21.05 21.02 104.04
48 CTRL a7 46 CTRL 45 44 CTRL 43 42 CTRL 41
0005 GND 0004 GND 0003 GND 0002 GND
2113 2741 27.09 2107
T N T TR B oy [reTCHK
2119 2111 2745 SNAC
& SEL REG |62 82 SELREG |6 &G SEL REG |59 5 GIRL |57
2 GND { GND fi000s0RD=0| GND 0009 | GND
33a.08 330,04 33§12 21.24
72 7T SEL REG |70 &9 SEL REG SELREG LI
GND 10 GND 8 GND 4 GND | SPARE
33b.04 33ai5 33a12
[EOSEL REG |° TS SELRES |77 % SELREG |75 7 SELREG |73
100 GND 80 GND 40 GND 20 GND
33¢.05 33b13 33p.10 33b.07
58 87 SELREG |90 85 SELREG (57 B SEL REG |52 81 SSR-1(P)
GND 800 GND 400 GND 200 6ND 550,01
33¢.15 33c1? 33¢.08 :
SSMAR /MASR | 95 SaMAR/NASR (93 S2WAR/MASR [ &1 SOMAR/NASR |88
40(P) | GND 20(P) GND 10 (P) GND 0/5 GND
29a.04 294.03 29a.02 2%a.0
104 O3MAR/MASR [102 TOMAR/MASR [100 9SHAR/MASR (98 975 5R-2(P)
GND 200 (P) 6ND | 100 (P) GND 80 (P) GND
294 07 294.06 29a.05 §5a.07
TZMAR/MASR | TOMAR/MAGR |109 TOBMAR/MASR | 107 TGENAR/MAGR| 105
2000(P) | GND  |1,000 (P) GND | 800(P) GND 400 () | GND
29b.03 29b 02 29b 01 2908
20 119MAR/MASR e 117MAR/MASR 116 t15MAR/MASR 14 13
GND | 10000(P) | GND 8000(F) | GND 42000@) GND SPARE
29b .06 29b 05 9b .04
128 SMAG 127 126 SMAC 125 IZ4MAR/MASR 123 122MAR/MASR 121
10 GND 0/5 GND | 40000(P) | 6ND | 20000(P)| GNO
b | : i7a 99) .08 - 029b.07 —
d 13! MAC 34 133 SMAC 132 131 MA 13 1
GND 80 40 20 SELECTED
11b 17T I7b 132b
144 SMAC 143 142 SMAC 14 140 SMAC 139 138 SMAC 137
800 GND 400 GND 200 GND 100 GND
- iTc . iT¢ ilc ilc -
151 SMAC 150 149 SMAC 148 147 SMAC 146 u
GND 4000 GND 2000 GND 1000 GND | SPARE
17d i7d 174
160 SM AC 159 VbesMAC 157 156 SMAC 155 154 SMAC 153
40,000 GND 20,000 GND 10,000 GND 8000 GND
1le i7e ile 11d
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FIG. 26b I/0 SIGNAL CABLE CONNECTOR LAYOUT
’ SP CONNECTOR RECEPTACLE -WIRING SIDE

8

7 3 5 170 4 3 2 1
GND READY N [SNCPULSE | GND SPARE GND SPARE
50¢ 134601

(3] 1 " 9

16 14 12 10
READ BUS 8 READ BUS 4 READ BUS 2 READ BUS 1
A GND h GND 23 GND o GND

24 23 22 21 20 o ® 7
GND ENDR/W(P)|  OND READ BUS C GND READ BUS B GND READ BUSA
93t 48 48 48
73 ] 3 %5 28 27 76 5
WRBUSS GND WRBUS4 | - OND WRBUS2 GND WR BUS1 GND
5841 59.46 58.91 58.56
0 SO PREPRRE |38 37 36 ] 34 33
GND TO READ(PY | GND WRBUSC GND WRBUSB GND WR BUS A
93t.10 58.04 58.21 58.36
78 a7 16 25 24 a3 32 2
WR M GND CTRL 0000 GND WRCALL(P)|  GND RD CALL(P)| GND
2104 21.01 138¢.05 13807
56 55 54 53 52 5 50 a9
GND CTRL 0005 GND (TRL 0004 GND CTRL 0003 GND CTRL 0002
2142 27.10 21.08 2106
64 & 62 B €0 59 58 57
GTRL 0009 GND CTRL 0008 GND CTRLOOOT | GND GTRL 0006 GND
21.20 218 2118 2714
72 710 70 5 1/0 68 o7 €6 & RECORD
GND OPEN FIL GND IND ON GND IR ERROR GND ERROR
134¢ 134¢ 134c
80 7 TOREAD 77 75 75 7% WRITE |73
READ DISC GND RESPONSE GND WRITE DISC!  GND RESPONSE GND
934 93t 93t 93t
88 0 87 86 85 64 83 ) g 0
RETURN GND GND GND GND GND GND RETURN

96 55 93 33 %2 ] 20 89
SEL REG 80 | SELREGA0 | SELREG 20| SELREG 10 | SELREG 8 | SELREGA | SELREGZ |- SELREG!

33b.12 336,09 33b.06 33b.03 33a1d 33a. N1 33a07 330.03
104 SFL 103 SEL 02 SF| 101 SEL 100 SEL 99 SEL 98 SFL 97 SEL
REG 8000 | REG 4000 | REG 7000 | RE51000 | REG 800 REG 400 | REG 200 | REG100

33d.08 334.06 33d.04 33d.02 3

4 BeH 33t 3307 C.

12 Gl no 109 108 67 106 105 SR 1000

SPARE SPARE SPARE SPARE SPARE SPARE SPARE ORgggﬁ 0
120 19 18 "7 116 15 na TN

SPARE SPARE SPARE SPARE SPARE SPARE SPARE SPARE
128 127 126 125 124 123 122 121

SPARE SPARE SPARE SPARE SPARE SPARE SPARE SPARE
136 135 139 133 132 131 130 129

SPARE SPARE SPARE SPARE SPARE SPARE SPARE SPARE
144 143 142 141 140 139 138 137

SPARE SPARE

162 151 180 149 148 147 146 145

160 169 158 157 156 155 154 153
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FIG.27 CONTROL ADDRESS DECODER

L L g S Y7 Sk FEET VOGATR
AC 1J e Ky <21.01-26b
L 2700260
CTRL 000
) - K 270333
1?0,07MAR B I
-AC ﬁ
WRITE M
A 14 KJ 27.04-26b
13103 ALLTGRLON (P e 705260
ERTL 00
-A 1J b Ky ~—%::27.os-26b
K 21.07-260
SET /0 INDICATOR
M - | S'K
fTotgMA-4 A 1J e kg [0 o708-260
2709-260
i BACKSPACE TAPE
ojgtAR 4 J=-A 19 A Ky [ETR0004_p710-260
2111-260
SUPPRESS Pr/Py
MAR-2 'y 19 ol ko JER08_pria-z6s
1023 2213260
A 1J | I ko B0 _p714-260
[ [_onis-260
o Stk CTRL 0007
WAR-2 - Byl 2716 -26b
1ol A 1 K T 57260
-A 19 kg0l _ria-2cb
170.3HAR-1 2719-260
7y CTRL 008
o0 k8 -a 1J ] g JERL09 L o7ap-260
fla26 MR —=2721-260
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1?543%6 CHECK SMAC TO MAR

CHK SMAC
(06)

fla27 MAR

MAR=2
17019
fTass MAR-4

fla 03 JAR-8

MAR-10
11027 o
b 1o MAR2D

fTp1y MAR-40

MAR-80
17004

MAR- 100
11cH

MAR-200
110.22

MAR- 400
1Tc 13

MAR-600
11¢.05

MAR-1000
f1d31

MAR- 2000
17422

HAR-4000
17413

MAR-8000
17405
o oa MAR=10,000
po MAR-2000
oy MAR=4000

ocC

KS

4K 2801170

t—=2802-17b

A GAF
E\MEG

-

51K

+—=2803-17¢
+——2804417d
——=2805-17¢

SMAC-MAR
CHECK

A GAF

1MEG

§1MEG

FIG.31e

314.02 MAC 2- 8,000

5th.ORDER OF MAC 2L

2KJ 2806-260

UNUSED

MAC 2-10,000

SETMAC? TO MAR

1.

t

3106 (o7Rs-wn

31e.01-49

UNUSED

11e.06 MAR-10,000

MAC 2-20,000

=
—
w

1

= 31g 02-49]

UNUSED

e12 MAR-20,000

.
-
w

o L L

flotg MAR-40,000

MAC 2- 40,000

31e.03-49i

MAC 2 RESET (S) 139¢.07
-12 CLAMP 135d.30



March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 130

T0F16. 260

FIG.29a  \asr/MAR TO DSU POWERING
MASR-0/5 (PCT) )
49009
35000 SATE MASRTOPCT(P A 0 oKy PARMASR-OS _ o1, oy
ftag2 W4
MASR-10 (PCT)
49c 12
A o oy PURMASR1D o
26 W10 -
1909 MASR-20 (PCT)
A o oy JHRMASR20 e
f1p1s MAR-20 -
1905 MSR-40 (CD)
A o 2 g | HAR/MASR-40 28004
o R0 r~
2903 MASR-80 (PCT)
A 0 oKy |MRIMSR-80 5o e
103 MAR-80 n
15 1p MASR-100 (PCD)
A o 2y |HARMASR-00 ) oo
e MAR-100
49609 MASR-200{PCT)
A o oo |WR/MSR200 o0 o7
a1 MAR-200
19608 :ATSER;:(;OT;P;}JT) . A 0 21y | MARIMASR-400__ 5. oo
135005 A /

et MAR-400




March 20, 1962

Filed Dec.

31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

MASR/MAR TO DSU POWERING

3,026,037

384 Sheets-Sheet 131

190,03 MASR-800 (PCT) A F1G.29b
135b'04GATEMASR T0 PCT(P 5 ” AR/ MASRB00 439boﬂ
flcon MARE00 ‘
' A ]
19g1 MASR-1000(PCT) .
o | oKd MAR/MASR-1000 290,02
17430 MAR-1000 0 .
. P
49909 MASR-2000(PCT) "
o - - 2KJ MAR/ MASR-2000 295,03
MAR- 2000 0 ‘
11d.21 A L
- 10
499068 MASR-4000(PCT . &'G-
2640
o MAR /MASR-4000
MAR-4000 0 2KJ 29b.04
49003 MASR-B000(PCT) .
B 0 oKy | MAR/MASR-8000 295,05
MAR-8000 ,
17d.04
AT
2903 MASR-10000(PCT) .
= L - MAR /MASR-10,000 29005
176,03 MR 10000 0] !
. N |
49106 MSR20000(PCT) "
o —- 0 oKJ MAR / MASR-20,000 29607
MAR-20,000 .
MASR-40000PCT) A
e g My TP
135b.05 |
- A
ot MAR-40000 K

1
g
-60V -60

v
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F1G.30a DG | oK M 000t-300
! 30002-309
! DG T H2K M‘Am; u.%a-wr;
STEP MAC 0a.04-30
1+5 () ,———i———ll—m— 30005-30¢
93h.02 l K
MAR-8
17001 DG ~ DG
MAR-8 7 tHH DG
1‘{0-0»} T 1
DG —ikT—Kr—
Kh MAG-1-4
2K 30a06-304
= DG — T H2K M{C;'Jﬁsno.ov—zvsb
J 30008‘309
| e snnenil
MAR-3
170.08 DG —~ DG _(/)_uk____‘
MAR-4 68K 33
1%.14 I T pnf
I: MAC-1-7
2K .
DG ——H— L 300.09-309
L MAC-1-2
DG I T 2K [T 3oi0-49
T jl—K‘n 1 300.11-30g
1
_ r [_‘l‘K} =~
{lo 7 A2 DG DG - Wee—
1702182 T r 68K 3Bpupt
307 g7 SELMAC !
“170 MAR (D6)
MAC-1-T
2K R
DG j" L "THei2-309
30f 0. IA/R3-WY| | | |(BLOCKED) | | M-t
STEP MAC1+10R+5 DG | T M2k [Tgot-a
307 O1/STEP MAC 3 . ‘
93 0911 (P) l .%
25 DG r DG _12 CLAMP 1394.41
11029 AR I T




March 20, 1962

Filed Dec. 31, 1958

W. C, FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 133

2nd ORDER OF MAC 1

FiG.30b DG T K Mmﬂ]wbm-wc
30¢_025TEPMAC1~10R 3 ¥ 1+
0G| —iF——X T Ik MR b02-494
33906 STEP MAC 1% e , I 30b03-30¢
L = 30504-30
{7b 02 MAR-B0 DG| 4 DG B— ’
’ 1} ¥y >+ DG
7o g5 880 1 ’
r DG — <t K 1
L AT . .
ZG [ L T - K MGt 20,005 -494
r—J [—“—K}"
17p coMAR-40 DG fDG H .
T
174 1 MAB-40 LI - 0, Pt
L . —
__|DG 1 K
]
DG . N MACT 20:p, 0649
T { K& T K
i ,——J K+
f7p. 1742 DG|{DG ,%JM
T ¥ ' .
17 2020 o '7'33 i
L]
ma‘mmcl-ﬁ L
SET NAC !
R il T H K F—%" 1400
MAR-T0 L ———30b08-30¢
175.25 DG| DG K
T~J
17p.2g MAR1O : ’

-12 CLAMP 1[39d.42



March 20, 1962

Filed Dec. 31, 1858

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 134

F MAC { W
FIG.3OC 3rd. ORDER O " MAC 1 80030c01-30d
e e i~ e 100
306,03 = PP T = 0c02-491
STEP MAC E 10c03-304
33 07 +1¢(p) 30c4-30g
el
7o AR D0 DG -~
17 06 MAB-00 7 : Lo/ 0G
DG 4
2 lpel—— T MAC % 401
} —
—
. r —
et AR-A00 DG [— DG » ';T“
wu
7o 14 MAR-400 ' !
DGH——
" lpgl— T M e
—
MAR- 200 ;[_———
{Te 19 DG DG
MAR-200 " 68K 3
1623
3op,03 AL 80 DG — :
_ MAG 1100
MAG 180 e 07-49t
3 O DG [— T L~ 308309
07 0gTOMARIDE — 3
17, 23 MAR-100 DG r DG -12 CLAMP 1394.43




March 20, 1962 W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 135
4th. ORDER OF MAC1
FIG.30d A 4- B0
or0aSTERMAC -3
T RS E ——]
G ’
" P — T K MACYB000._ 394 02-49
939 5T T 3 30003306
i 300.04:30
17 s MRET0 DG
f79.06MAR 8000 1 DG F—FE -
— DG [+ e
L. DG |+ -
hd __{ T 4 K MACT 400033 05-4n
IR —— T
17441 AR 4000 DG P
—~ ! 68K (33ppf
(7414 MAR 4000 DG I Al
| D6 R KT
=
30r 0 SETHAC!TD E
MAR(DG) EG _“——“MT - T | K MAC1-2000 30d406‘49h
—
17d‘20mm DG d K—
— 68k A3ppt
174,03 MR 200 DG I VA
30 030 DG HH<—+ K -
1
MAC FB || -
30c.01 DG [HH—t< L1l K MACH-1000_ 51, 07-49h
30d.08-30¢

|
174 29 MAR 000 DG ass ,

MR

174.32

-12 CLAMP 139d.44



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 136
G.30e
FI 5th. ORDER OF MAC {
1131 MAC 1 40K ON TER s
r K
DG [ L e
s0p 05 STEPMAC 141009 3 DG n T K000 50 0145
%LEFPWC ~ ~ 30e.02-30g
33909 —
i o
a0,
. DG DG
17&15MAR_ ' [—-
1rej9 20000
MAC 1 40K
OFF TERM
13 40—
" K ||
DG —i WAL -
7 20000 .
DG ———"—-AK]T T K % 30e.03-49j
; 30e.04-30g
—
" Ik ———
{7e 0522000 DG DG
MAR- r
1761120000
WAG 1 3000 ' K J
340! DG 1 MG
. = 10,000 .
30403 MAC18000 DG |—H—K+ T K 333&05—49,
. e06-30¢
SET MACH TO —— ¢
e MR 00| HcH———
17e 02 MAR-10.000 DG ’— DG
-1
11005 ARE10000

-12 CLAMP 139d.45
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W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

Filed Dec. 31, 1958 384 Sheets-Sheet 137
F|G.30f MAGC 1 CONTROLS
30¢.01-30
AP ToTED WAl (10 )
gy A ax | FEREGS
g3p IEL WG — 30f 04304
307.05-30e

CAZ/RIWIBLOCED) 3¢ 0 20

103 0 15 REMBLOVED IK KS
123,22 ETMELP) A KO
SET MACH % MEG
55 0930
_ SET NAC 1
103,052 A KO LA KS 5K TOMARWG). 30 67300
1350062 _ , 3 08-30b
oap JHE 1MEG b~ 30f0830c
-3 SFT SAC T0 SPC .
30 10-304
MAC 1 TO MR -
117.03 D N Ko 30 11-30¢
103025 /R4
1 MEG
MAC 2 CONTROLS
FIG.31f
103 19BLOKED | E— )
RESET NAC 2 A GAF KS 4K [T HE LTI 51 04 31
6?;%% : - 3if 05314
| L———~3t£06-3te
MAC 2+1 (P 1 MEG
93h.01 ! 0 K STEP MACZ’10R53“*.07.3|“
g3n (5STEPNAC 265(P) |




March 20, 1962 W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 138
FIG.30g MAC 1= 0/5,4/9,1/6
it MAC 1= END OF MEMORY
MAC 1-1
30a1?
MAC 1-2
30a09 A
MAG 1-1
30a06 =
a0z WL MAC 1 ENDS IN 0/5
0 2K 30g01-36b
| L—-309,02-701,
n A
300,08 MAC 1-4
A
o KU TENS W49y e
A
T
o TR LM TENDS WS
30g05-64c
N A
a MAG 1-2
MACI-)
ig""“ MAC -8
a05
30b08 MAC I-10
MAC 1-80 )
Z0008 MAC 100 MAC 1= END OF MEMORY
0. 04 MAC-I-800 AC K 309.06-138¢
30408 MAC I-1000

MAC 1- 8000
30404
30006 MAC I-10,000

END OF MEMORY CONTROL

30e04 MAG 1-20,000

MAC 140,000 A 0 K
Nel2 o Ewe 172
zz MLECUZ ™)
w70z NOT CLEAR NEW




March 20, 1962

W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets~Sheet 139
Ist. ORDER OF MAC 2
FIG.31a L
TS K "{c_zjsm.m-wb
31a.02-31c
=t <t %?Z [—Dl—lk———
UNUSED
DG i+ 1< | K =t
TS K 5'310.03-49b
DG f————a—
STEPMAG, | 8 '
93 04 7 L
DG —H—K)—iKl-
1o, 1 MAR-4 K]
K UNSED
TS K W22 310 04-490
~ DG
DGH
170, 20MAR2 4
UNUSED
K —
TS K w2t 310.05-49b
3 o-RRIRL_ DG |
STEP MAC2 4
30T s
SET_[MAC 2 MAC 2 RESET (S} 139¢.03
W02 ) | PG [

[fo.2 MAR-1

-12 CLAMP 1394.26



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 140

2nd ORDER OFMAC 2

FI1G.31b K
TS K MAC280 5 o190
, L~ goestc
%
7 DG —
WR-80 T K UNUSED
{b.06
TS K MAC- 24031, 03494
DG
17,3 MAR-40 ! T
K UNSED
TS K MCZ 200 04-a04
DG —i
DG I—
7 21 W20 !
UNUSED
K
TS K MG 210 316.05-494
310 0o MAC 28 " SF
SET MAG-{2 T MAC 2 RESET () 139¢.04
W gz | OC [ 12 CLAMP 139427

i7b 29 MARCI0



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 141

3rd. ORDER OF MAC 2

FIG.31c
K
TS K MAC2 80, or-d9t
3002-31
e
DG —1+—K— ik
g UNSED
g L K
TS K MAC2:400 34 . 03.491
115 A ! 1
K UNUSED
TS - K MAG 2200 34, 04-49f
DG +H—
DG
17c. 24 WAR-200
Tk UNUSED
TS K MACZ0 34 05-49f

MAC 2 RESET (S) 139¢.05
-12 CLAMP 139d.28




March 20, 1962 W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets—Sheet 142
4th. ORDER OF MAC 2
FI1G.34d N
K
MAC 28000
TS K 313.01-49h
— ] L 3ta023fe
S
DG ,——H——K}f ——
_ K UNUSED
174,07 MR -8000 ] \___J_‘
TS " K ——w—wﬁdﬂﬂ%
DG
y7g.15MER-A000 I

31d 04-49h

“* DG
pG—
17 424 MR A0
- l
K|l
Ts o K 2540549
31c o MACLE0 —-

FTMAC2]TO

3¢ Bmuereswi| OO

17433 MAR-1000

MAC 2 RESET (S)139c.06
-12 CLAMP 139d.29



March 20, 1962

W. C. FOIN ETAL

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958

FIG.32a

3,026,037

384 Sheets-Sheet 143

INSTRUCTION COUNTER CONTROLS & 4,9,0F IC

164, 394 01-49b

2K 7:“' 320.04-32b
320.05-50q

32002-50q

320.03-4%b

SET 16 TONARU/RBW) 4 0o 5o

320.07-32¢

320.08-324

K
TT
‘———\
NOT NAN3
116.09
£CC1 (P) T
1334 < ”
vkt | A
93,12
Ic
fTapgMAR 8
103a.2 ?82(&3&;101)
' A GAF KS 4Kh DG
93J'11B.E§EM§EL
T0 NAR (P) 1 NEE
K 1C-2 CLANP (BIPOLAR)

—320.08-32¢
320.10-4%b

(NST. CTR. RESET (T} {39¢.08
-12 CLAMP 1{33d.46



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 144

2nd.ORDER OF IC

FIG.32b -
LT T K 1e-8 b 01-494
; =32b02-32
T % —L T
DG o
1p o7 MAR:80 1 L K UNUSED
16-40
TT K 1 32b,04-49d
32b.05-509
DG —"—-K}———@ "
17b 14 MAR-40 , K UNUSED
\— TT K 1620 _5b,06-494
32b.07-50g
F [ |
L DG |l
DGHH
MAR-20
f1b.22 K UNUSED
0g 169
(sn 1 TOMAR o
A2/R3-WH)
300.06 DG TT K 32b.08-494
, L 3m09-50g
17, 30 MAR10

INST CTR RESET (T) 139¢.09
-{2 CLAMP 139d.47



March 20, 1962

W. C. FOIN ETAL

3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958

384 Sheets-Sheet 145

FiG.32¢ 3rd. ORDER OF IC
K
L TT K 16-800 32c01-49¢
32000324
39¢.03-50¢
e
DG H I—
ticos WAR-800 L] K UNUSED
L 16-400
TT K 30604491
L 3cossog
DG —"_"K]—_ 1l
L
fic1g MAR-AN0 ! K UNUSED
|_-|--|- K 1200 3900649t
. 32¢07-50q
¥
06|
DG |H
1c.25 WAR-200 ” UNISED
L TT K 100 3c.08-49t
‘ 32¢.09-504
1pge L 1
ARG 1)
32007 TTH INST CTR RESET (T) 139¢.10
MAR- 100 ! -12 CLAMP 139448

11c 34



March 20, 1962 W. C. FOIN ETAL

SET BIT INSTRUCTIONS
Filed Dec. 31, 1958

4th. ORDER OF IC
FIG.32d

3,026,037

384 Sheets-Sheet 146

IC-8000 394 01-49

32d.02-32e

~ DG HH————t—1
174 0 MAR-8.000 $ K

L ——=32d.03-509

UNUSED

1C-4000 .3 4 4-49n

o DG Hb—H<———

32d.05-50¢

UNUSED

162000 _ 37 406-49h

14168400 ! L
TT K

324.07-50¢g

161000 39 4 0g-49n

-324.09-50¢

—
DGH
L ocly K UNGSED
4 p5 MR 2000 ) L
TT K
320,07 16-600 —

1206 5ET.C TO MR/ gl

INST CTR RESET {T) 139¢c.1

174 34 AR~ 1000 Y -12 CLAMP 139449




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 147
F'G 32¢ 5th ORDER OF IC
< UNISED
7 « IC-10000 35, 149
324,02 10-8.000 y
L - 3e0250q
320,09 SLLIOMR 0 G 1 e
057 (A27R3-W1) h
(76 07 MARID000
K UNUSED
Tl 16-20.000 35, 3-49;
_{

—————32¢.04-50¢

——

DG
Tor3 MR2000 | ]

K UNUSED

1-%0000 3. 05-49i

TT | K

L= 320.06-50f

DG ' INST REG RESET (T) 139¢.12
0 MAR-40.000 —-12 CLAMP 1394.50
{Te.2




March 20, 1962

Filed Dec. 31,

1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 148

FIG.33a
{st ORDER OF SEL REG
KJ SEL REGT_ 330 01-331
flaz WA TBV 3KJ SELREGT _ 33 0p-33¢
33003-26b
3304260
SET SEL REG T0 m
Be0t pprawe 17106
KJ SELREC 2_ 33, 05331
TBY 3KJ SELREG 2, 33 0633
330.07-26b
’ L .33008-260
*{ DG [—}
flaze WRZ KJ SEL REG 4_ 33 0g-33f
TBV 3KJ SELREG 4_ 335 10-33¢
33a11-26b
J L <33a12260
— DG —|
flq15 W4 KJ SELRE6 B, 335 13-33¢
110,06 MR8 TBY 3KJ L REG 8335 14-261
—<330,15-260
— DG— SELECT REG RESET (V) 39¢.14

-12 CLAMP 139e19



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 149

2nd. ORDER OF SEL REG

FIG.33b KJ |ELRGI0 550 o533
o MR TBY 3KJ SHLREG 10 _33p00-33¢
3b05-26b
$604-260
SET SEL REG T0 "
33 .02 VAR A/RAW DG il
Ky RS2y o3¢
TBY 3KJ|— SELREG 2013, 06-26b
330.07-260
- DG ——
1y 32 Ky [-SLREE R qp 0g-331
TBV 3KJ L RES 40 _331,09-261
33b10-260
06 ——
17 15 MR=40 K |SELREG 80_sp 41,33
17,09 AR 80 TBV 3KJ SEL REC 80 331 17 260
L <3313-260
- DG I SEL REG RESET (V) 139¢.15
212 CLAMP 1396.20




March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 150

FiG.33¢c 3rd. ORDER OF SEL.REG.
L KJ SELREGTO0 . 33.01-33f
176 3500100 TBV|—3KJ SELREG 100 53, 053¢
SET SEL REG J—T:mm-zsb
g R pG | e05260
R8-1
KJ SEL REG mUNugn
TBY 3KJ i REC 200 Be06-331
3c07-26b
- DG ___“ J_Cﬁc.owﬁo
R8-2
L A | _
L KJ SELREG 400, 09-33¢
TBY 3KJ SEL REG 40033c.10-33f
33c11-26b
DG (—— L1 ‘ E——_:sscjz-zeo
R8-3
12110
KJ SEL REG 800,y
170 0gMAR-600 | T8V 3IKJ SEL REG 800 Pel333f
} 33¢14-26b
L - DG __” jtzﬁc.ﬁ-%u
R8-4

SEL REG RESET (V) 139¢c.16
-12 CLAMP 139e.21



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 151

FIG.33d 4th. ORDER OF SEL REG

ALU TBI-4

140V R8 R8 —
L KJ SEL REG 1000 33 4 01336

106,00 OPERATE BB, (0¥ TBVI—R3KJ SEL REG 1000 _ 33 4 6-261
1735 WAE-1000

SET SEL REG TO | R8-5
13004 VAR A3/R4-W2 DG | 4——

SEL REG 2000 33403331

L KJ
TBV|—3KJ SEL REG 2000 33 4 04-6b

e
7426 MAR- 2000

R8-6

KJ SEL REG 4000 33 4.05-33f

SEL REG 4000 45 406 61

TBV—3KJ —_—TJ

— RS-7
DG HH——
oy MAR-4000 T
l— Ky SEL RES B0 _ 4 ;17331
T8V|—3KJ SEL REG 8000 L3 4 0g-268
17409 MAB-B000 i
RB-8
DG HH——
SEL REG RESET (V) 39c.17

-12 CLAMP {139e22



March 20, 1962

Filed Dec. 31, 1968

W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
384 Sheets-Sheet 152

FIG.33f AU SEL REG DECODER
- SEL REG 1
33a0
A K RO ___3stod
- XXX1
] A K 302
33013 | SELRES 8
SEL REG 2
33a06 A K A2 33603
- XXX3
- A K 33£04
3300 | SELREG 3
A K WIS _ 5305
10fic
SEL REG 4 9
33a10 A K K& 33606
33002 | SELREG T A K WS lsgor
3305 | SELREG 2 '
SEL REG 0
33601 L. XXOX
S3p0g | SELRES 20 3 A 2K 33£08
SEL REG 10
33b02
So0s | SELRES 20 A 2K M |33¢09
sap1 | SELRES B0
siomw [SELREC 00— -
33043 | SEL REG 800 A 3K /33610
3ot (LRSS R'}Eé; 000
oty RS AD T 3K THOUSANDS ORDER ZERD _ 4o (/o
33d05") SELAEG A~ 3361226
3do7 e
SEL REG 100 ] TED
33c01 (CFREG 200 A 2K TR SELEC 33 134341
33006 | GF I REG 400
Bt
B A 3K 02X . 3314260
13009 | SELREC 400




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 153

FI1G. 33¢
ALU SEL. REG. DECODER

(5354 09K
3340 .
xf.0r XA A K |SELREG 090D 5

A K |-SELREC. 0901 55 1o
33f.03 K2 A K [[SELREC 0902 5 s

L0
. F16,50d

A K |SEL.RES 0903 55 o

Bfog MM A K [LSEL.REG. 0908 55 o
L
FIG. 33f

Bor A0 A K | SEL.REG. 0505 35 o
3f.0p MK
sp0g  MH A K |SEL.REC. 0911 5 oo

A K | SELREC.0912 55 oo
334,02 XXX3 A K SEL. REG. 0913 33400

10
> FI6.50¢
SEL. REG. 0914
XK1 A K 3Bg.10

33.09

A K |SELRES 015 4

SEL. REG. 0916

A K 339.12

[ 337.05 XXX6 )



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Shest 154
FiG.34a STORAGE 2X 4 DECODER 128,256
SASR 758
5401 < A K 000y 500
sip0r | 2RI
34a 02 128
A K A T0Y
FROM P . SWITCH
53454 ‘ G 10
34003 256 | DRIVER
A K A FI6.37
5404 | ARZ6 384
SASR 128 A K Halt
53008
FIG.34b STORAGE 2 X4 DECODER 32,64
53005 [ -AREY . ‘ 0 200t
b0 | SART '
0? 32
A K 34p02, T0Y
FROM F15. |, SWITCH
8Bp CORE wrgrf
34003 64 | DRVER
A K A FI6S.36 akb
5306 | 2SR 164 . < %_| 100
s3pos | SASRL3Z
FIG.34c¢c STORAGE 2X4 DECODER 8,16
SASR 16
53001 0
A K 34¢01
51007 | SASRE
2
A K Moty 8
FROM FIGS. | SWITCH
oke e
A K MO ) figas
sAsR |16 -
53502 2
A K 34¢.04
53q08 | MR8

N



March 20, 1962 W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 155

Fi1G.34d
STORAGE 3 X8 DECODER
SASR 4
530.05 -

° A K DO ~aqo
530,03 | AR 2 A K DEC | 34402
5301 | _SASR 1 A K DEC2  _lseqc

10 STOR
WRITE
SASR 2 —— DEC 3 CKTS &
2304 A K 73440 E&ggggﬁ
(RO \ERTERS
?IC 536 FIGS. 4l &
] 380
A K DEC 4 34405
r.
53a.02| —SASR 1 A K DECS  _|34406
A K DEC 6 lyynr
SASR 4 A K DEC T _J3aq08
530,06
SASR 1 .34d 09
it A




March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets~Sheet 156

FlG'?T[?READ X SWITCH CORE READ DRIVERS
0 EATE EVEN ‘ OF EVEN o o
el AMR—AMP zmn‘%—AMDM"—— 3501
L W S gr eveN_ e
i ! '
8
3:02 AP KM/§ AMDL_8 EEN_ 3605
L M-ty e N |,
i ‘ |
Q3 |34003 AMR——AMP) 2KMDI/§ AMDH-EYER- 15503
L WS oty o F EveN
J 4013 FROM &T0
34,00 |2 ! o1 EyEN (XSWITCH
AMR|—=AMP|—-22kMD{—+~AM — [ oRe
1MEG/§ ' WINDINGS
L 20V oF 00 __|FIG40
STOR READ 1 40{]120/00
GATE O/D“ AMR—=AMP—=2KMD—+-~AMD 3505
4202 /§
L M Somov ar om0 _|,,,,
L i |
AMRl—~AMP|——2kMpl—~AMD}—- 22— (35,06
L ma;/%_
[ - 20V 6F 0D _ |00
AMR}——AMP|——2xmol—-AMD - 00— 3507
I mecé_
L ‘ 270}\: 24F 000_ 40,09
v D2 s 0p

KM
‘MfGé ~270V



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 : 384 Sheets-Sheat 157
FIG.36a
2 X4 DECODER OUTPUT INVERTERS

34601~ TJK K W wv3ga0t
345.02| 32 10K K 32 _ |360.02
T0 Y

FRON SWITCH
DECODER | - CORE
WRITE

F'gf: ;; 64 TJK K §4 2%?615

' 360037 '

346,04 L% 1UK K % . J360.04

"Y" SWITCH CORE MATRIX
FEEDBACK TO Y SWITCH

FlG. 39 CORE WRITE DRIVERS FIG. 36b

3901-J96F 3902 164F  3903.}32F 304§ 00F
3905 - 384F C'\ (\ (\ C\_ 384 V3704
‘&480 1443 i«s {334
39.06
256F (\ (\ C\ Cx 256 13103
FEEDBACK T0 Y ,&7 —t —t { FROM Y SWITCH
SWITCH CORE ~ J 352 320 288 256 4 GORE READ DRIVERS
READ DRERS FIG 37
31 07 |28 (\ (\ (\ Cx 28|00
&224 ’&492 &480 ‘£|28
sa08  (200F (Y <\ N C\ 000 J3704
;ﬁzse &64 r@sz 0
#6049 36b03{ge B30 3650100

—
FROM Y SWITCH
CORE_ WRITE DRIVERS

FIG.36b
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March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Shest 159
FI1G.37
Y SWITCH CORE READ DRIVERS
OOOLLSOB
f 000
3ot 000 A AMR AMP 2K AMD .01
_=E MES
B 128F 3907
' 128
3002 128 A MR——AMP —IAMD 3702
FROM &T0
":E 1MEG Y SWITCH
' ORE READ
FROM 24 70 G
DECODER | 1006 256 [ WHONGS
FG 340 ‘
256
0,03 22 A AMR - ‘ % 3103
__[: EG
o B
304
Hatd P A —=AMR-—-AMP AMD A
| 1MEG
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CHAR 2-B| GND CHAR 2-A GND CHAR 2-8 GND CHAR 2-4 } GND
184.02 180.03 180.04 180.05
136 135 WR BUS 134 132 WR BUS |22 131 WR gus 130 129
GND CHAR 3- 2 GND CHAR 3+ GND CHAR 2-C GND SPARE
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144 WR BUS 143 142 WR BUS 14t 140 WR BUS 139 138 WR BUS 137
CHAR 3 -B GND CHAR 3-A GND CHAR 3-8 GND CHAR 3-4 GND
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152 51 WR BUS {180 149 WR BUG 148 147 WR BUS 19e 135 |
GND CHAR 4 -4 GND CHAR 4-2 | ¢GAD CHAR 4-1 GND CHAR 3-¢
18405 184.06 184.07 184.01
160 wR BUS 159 158 wR BUS 157 156 WR BUS 155 154 WR BUS 153
CHAR 4-C GND CHAR 4-B GND CHAR 4-A GND CHAR 4-8 GND
180.01 18a.02 18a.03 18a.04
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A3/ R4 -W2 KS oK | A3/R4-W2_(06)
- A Ll ks [l 2K | A3/Ra-W2 WSE)_(DGE-3)
A2/ R3-W1 (BLOCKED) KS | A2/R3-W1 (BLOCKED) (D6B-4)

103b 0i-660
1036.02-66b
103b.03-684a

103b.04-67c

103b.05-740
103b.06-1340

103b.07-136¢
103b.08-135¢

103b.09-62

103b.10-1386
103b.11-138b
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103b. 18-138k
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103b.18-138f

103b.19-138¢

103b.20-1384
103b.21-138f
103b.22-1389

103b.23-1360
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PN
9602 ~R0(D1) A 115
9805 ~N1(0) I ) (W-RD)
' PN
(WO-W3)(P)
sk | TB A T4KJ
ag03 HO0U J
. -J:— 15
PN
TB A ‘[ 4KJ (W3-R2)(P)
gar0 —H3(0D -
PN
/R2-W)(P
TB A J 4K Al/R2-WI)(P)
15
-
R2{01)
9610
- A
9907 *¥
g703 AL o
A3/R4-W2 TGR ON A3/R4-W?
103a 33 )
030 22 {J_S%E ON AUTO BLOCK A 3K (BLOCKED
10519
-12 CLAMP 1394.14
FIG.104

104.01-260

10402-28
1040313540

10404-260

104.05-260

10406-260a

104074030

10408-78

10409-88

1041012}
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WAVE FORM GEN. USE / MANUAL STATUS OCNTL.

MANUAL

———105.01-99

PN

10502117

L——105.03-108

USE _ 10504133

USE
TRIGGER
K T8 K E‘”‘" ﬁr

10505-10¢
——10506-111
10507115

109,44 HALT (P}, USE (CF)

——=—10508-22d
—10509-61
—=105.10103b

+——105.25-14|

105.1 11270

DG

2KJ

+—10512-504d

t+—10513-500
+—10514-93a
10515139
t—10516-101

—10517-102
+——10518-103¢

——1{0519-104

USE] 105.20-102

DG [—— 3KJ

115.01
1712 STARTy,

SINGLE USE
CYCLE TGR

TU KO — KO

Ba
103a.23 AJ/R4 W2 (D6) DG

5

~~ |BLOCK ADD TGR

105.21-To
MEM

8
——105.22-7d

105.23-93v

HALT_ 105 24-109

108.03 CALL FOR SINGLE USE CYCLE |

T

F—o

INITIAL RESET (U) 139¢ 13 FIG.105

-12 CLAMP 1394.15
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R18
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106.01420b

0C ON
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K Lt =| .
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POWER :
tofd | DCON
m— NR23-2
R23 = y
o ‘ R20-1 0706 03108
+48V .. 1/R23-3
108.01254-2p 00 oN
1060441
§T0P
TR0 +48 LAWP SUPPLY o
HC PANEL \R20-5 '
RESET KEY 106.06-22¢
T
o
e o KO RESET 16 071390
CONSOLE I NEG
RESET KEY KO
Rzo, | I
CONOLE 1o [T RESET S5
)
LU SSE K RESET SS_ 10 08107
$TOP 10609408
1 MEG
+140V (RRD) oo oo
INITIAL INITIAL RESET (+10-30) - (.
RESET S5 SSE 2K 10641107
§ (+) 106.42-15
10K
ao " 106131350
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L
pest/ 1 A 106.16:439¢
HOLD PATH | . | {1 TiqRe34 HOLD PATH (R14-20P)
08027 TEAR B 4! e 10617-109
MEMORY (R23

CHK RESET SW T
-i— -12 CLAMP 139e.01

RR CODE CHK MAN OFF TERMINAL 106.18-91
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STOPKEY CONSOLE_ v MAN STOP F_‘F F_j MAN STOP
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N At T |
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SHELE USE HOLD PATH TO CLEAR MEMORY
(6L . 10802406
A
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]0610+140——1\/\/\,——,{:‘+'R20 L _‘B_J TC K USE CYCLE _ 10803105
S o A0V RRE _0804.110
b1 HOV K MANDAL STOP, o e oo
10K 'L-‘JVR% MAN STOP %WEG
TGR
10500 RESET S5 0 H1k | Kk ™ 10806109
105,05 U5E
MANUAL 0P TGR 1080716
i~ PN
T T K ——_—'08.08'“7
STOP
R20
10K _
A b a0 mis-ap 080941
20k
10503 MANUAL O RD
220101140V R22-1P
R20-1 @AUTDMATIG LA -12 CLAMP 139¢.03
+48V R20-50p  STOP “ MC PANEL
1064 i
0603 = MANUAL LAMP@ e PHEL
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FiG.108 —
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19,03 THOY 1140 V CRS4 _ 400 021200
STOP KEY 60
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e
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g7 Honmm N T Y N R28-2
. ! rea re e~
«J_ : ] I 1 /)I i
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MAN TIMER EXECUTION CONTROLS
1.5 10T _CLERR WEM A
LI A K SET_MAR_T0 MAS SSR TOSS_ 7 o\ 1o
116,01
SET 0P REG TO KEY BOARD
MAN INSTRUCTION A K E 1702-210
04
. A
1at 5. AUTO_LOAD
0 e 5 T
116 04 NAN 2 AR o K 17.03-30f
117.04-52¢
A K | FESET SEL RES B SET 10 MR,
- %1 MEG 117061390
(6 DEPRESSED (~)ON BLOCK CALL FOR HALF STEP 11707139
22005 (oo o k L STEP MANUAL TMER. (1703 116
107,04 L
GALL FOR, HALE
— 1 K 1A KO |1 D0 E THE 4709-115
116.06 AN 3 ] % H710-121
10502 MANUAL - NS b eyTi-22
BLOCK CALL = =
17411 FOR_HALFSTEP A A KO
CTRL SVC CALL
P TR o T s START
A KO 17124105
og.0g MANUAL_START %
B e M
. A 0 KO - 11713116
3827 MAC 1= 0 %
1 MEG
KO END E TIME 171493
 |L___TURN OFF_CHK IND TGRS 75 504
11716-500
FIG. 117 51K, =
GAF| KJO——CMU—M—HWW

1 MEG
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10705
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MAN DISPLAY l MANUAL EXECUTION CONTROLS
WAN 3 %
i 1 MEG —
] KO EMIT BL _ 115.01-93e
TURN_ON CODE CHK_NEONS _ 115 09-93w
MEM E | 0 KO | READ MEMORY _ y4 03 934
TEST STATUS (P)
AUX_TGR 1 ON (P) 1 MEG
CLEAR MEM 0 KO | -STEP MAC 1+1_yy8.04-93¢
é‘ MEE RESULT
0 KO |10 MEMORY_yy005-93p
1 MES
ADVANGE TEST % CLEAR STOR/
0 K [POVRNCER-W TEST_ 4y 06160
%1 MEG
2] READ STORAGE
NOT TRANSITION (P) 0 KO 118.07-930
%1 MEG
- - =] STEP SAC+1 .
AUX TGR 1 OFF (P) 0 % KO 118.08-93i
N THES RESULT
o K Gy JTOSTORAGE 11503,
%1 MES
o) KO | EM0_E TIME /0 10-93r
L
%1 MEG
0 KO [BLOCK ADD TR 0 4 g,
: % NEG (=) BLOCK
IK K ON MANUAL 115 17119
- (-) BLOCK
MAN STORE o IK K |OPERATION GHE_ 1000 e
KO LSTEP M IT o ong

FIG.118
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123011400
FIG.123 123024270
123.03- 564
I/E TIMER OUTPUTS 123.04- 50b
123.05- 500
12306- 50¢
e 12307 930
o308, 00
VY- a
o0 —LME (B 123.10-1260
123.11- 640
12361-500 123.12-300
12313 650
12314428
123154290
12346131
2317433
123.18- 69a
12319- 69b
123.20-93¢
123.21- 60
123 22-30¢
123.23-52e
123.2-115
12325-22¢
123.26-138¢
ooy &1 @ 123271400
123 28- 661
L+ 123.56-126b 123.29-1250
123.30- 700
12331-129b
12332-31.
123.33433
123.34-32a
NOT ECC 1 (P) e
123,366
12331-66g
123384260
2339128
123.40-130¢
23.41-1290
123.40-129¢
123,43-132b
123.44- 50
12.06 Lot 2 (P 123.45-560
123,46-50b
123.47-501
123.48-T00
123.49-130¢
123.50-674
{23 5129b
123,52-129¢
23531320
23.54-132b
123 55133

122.02
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FIG. 124
I/E TIMER OUTPUTS

124.01-125b
124.02-68b
124.03-68¢
124.04-68¢
124.05-64a
12406-64¢

12407-74b
(24 08-74¢
124.09-74¢
124.10-74e
1 124.11-7at
2,05 —ob /2 124121320
y 124 13-501
NOT_ ECC 72 124144250
124.45-68e
{24.16-64¢
24.17-30¢

122.01

124.8-74b,
124.18-74f
124.20-74q
124.21-65b
12422-309
124.23-660
124.24-680

124.25-74
END I TIME (USE)/MAN. 2 124.22-672

61.06

121.01 I TiME 124 27415
124.29-61
12430-60
124.3143%9a
124.32-30f

124.33-52¢
124.34-99
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LOAD,UNLOAD 8 STORE ROUTING CONTROLS

UNLOAD
23h.10 W0 |
1308 ETIMECP) A 2K DNLOAD T {25 o250
' 1254.02125¢
23 12 LOAD A 2K LOAD 125 4031250
' L 425 o 04125
sq0r STHE A 3K STORE 4 __ 125, 05125b
' o —= {25406125¢
KO |SIEPMACEY _ o5, 0793
‘> . supe
|| kO | ADDER CARRY_ 4> 5, 08-934
%«msc
NOT ECCL/2 =] CR2 ¢ BIT OUT
124.44 A KO 125 0.09-93
121 SMTOFF (P) )
| WEG
<] END E TIME
K 12504093
139,07 SHT ON(P) 0 210-93¢
(MG
(G| HE RERDMODE_
BRI NODE
=] READ-WRI
KO 125042-93g
%mec
13y ESCALP) KO |TURN ON DIT _ 155,43-93m
=) STORAGE SIGN(+)
KO >t oo 125444930
Y %‘ MEC cHk cR2 TO
- KO |ARER OUTPUL. 155, 1593

FIG.125a
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LOAD,UNLOAD & STORE ROUTING CONTROLS

STORAGE SIGN (+)

%/4MEG
KO

62 04 | EMIT A BIT
A 0 To FIG.93e
1403 CRLNUN : %/4 MEG
S EMIT B BIT
0 KO MFi6. 93¢
1380.08 ST ON (91 %,4 MEG
STORE 4 = CRI C BIT OUT
125005 S KO [+ Fic.93
SNT OFF
1384.08 g KO |_CHK CRI TO ADDER QUTPUT
(250031000 1 %4 v 1© F16.9%
o CRI TO ADDER
0 KO 6. 93
%,4 MEG
L 5o
JONE_ADDER QUT
CRI ANUM A 0 KO I75F16. 93¢
108 '
—J %AMEG
= S MEM READ WRITE
A 0 KO
1250 0 UNLOAD | — MODE To FI6.93q
— %,4 MEG
=1 SuPp CRI_CODE_CHK
A o KO P o Fi.av
—
%/4 NEG
] oo
GEN C BIT OUT
KO To FiG.93c

10404 ECC1/2

FIG.125b
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1256.0

125602

1256.03

125b.04

125605

{256.06

{25607

1256.08

125b.09
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STORE FOR PRINT ROUTING CONTROLS
ST PR
Bt.08 =1 SUPP ADDER GARRY
E_TIME (P) 3K 1= KO = 126.a.0193¢,
123.10 o
AU TER 2 ~— 1260 02426}
138109 ' A KO | DT ADDER QUT e oo
1MEG
™ =] STEP SAG +1 | .
1260 04-S3i
o33p MOTECC 1(P) KO a
MEG
b~ =] NEM READ - WRITE NODE
- THSN TGR OFF (P) | A - ko S 1260.05:93¢
136¢.30
I NEG
" - KO IEPMACI o 964.06-93
384,10 SMT_OFF (P) KO
TMES
KO |-STR_READ MODE 6 o705
=] cR2 T0 T/¢ _
KO — 1260.06-93
CR2 C BIT OUT _
.E 126 a.09-93b
L < FORCE SAC T0
11atg CRL=PER/COMMA = RS — 1260.10-95:

36217 INSN TGR ON(P)

1MEG



March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 331

STORE FOR PRINT ROUTING CONTROLS
SMT ON(P)
ST PR A KOFSTEE MACIH Y vogp ot-93g
126a .02
. TURN ON AUX
Ko 82 > {26b.0293k
IMEG
TNSN TGR
ON (P)
36e 18 =
‘ A KO [ERDE TINE o sap03.93r
(=
AKTeR 2 1 tHES
13ap.13 —LP)
bt rey T
23 56 _ECE 1 (P) Tl 0 KOFEMTBL o 126b.0493
&2 s STORAGE SIGN(H) A
: - I MEG
O | RESULT TOMEMORY . 1 g5,
~ KO BLOCK ADD TGR 1561, 0593+
» KO GEN CBITOUT » {26b,07-93¢
I MEG
] <] EMIT B BIT
5 0 STORAGE SIGN(-) A KO o 1266.0893¢
: 1 MEG
-
CRH# ZERO/ COMMA =
b 13 -~ A o h~ko TURNON TNSN TOR___ o6 . 0o
CRi- PER /CONMA - _|‘- %
11a.15 - A | MEG
AUX_TCRZ OFF (P =
138110 s SUPP_CRY CODE CHK (56 10.93¢
7643 CR2 = SM ™7 KO LONE ADDER ouL=128b.11—93c
: . INEG
<1 R MORY
» KO EAD MEMO — {26b.12930
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FIG.127 a
TSMT / SEND ROUTING CONTROLS
23j15 _ISMT
LY
23b.08 —SEND O ™1alk KO | READMEMORY 474 01930
123 02 —E TIME(P) s
Y
Lo (O 1 TURNOK AV TGR 2 157 55
[ O [ TURN OFF AU TORZ_ o o
| O [FSUeP CR CODE CHK,_ 17, 0.3,
TSMT/SEND T 1570 05427
CR2 # SM ~ ?rqusNN%cAr[ejm
76.07 KO FNSNT6R o 457406930
10511 —USE A H
O
KO READ STORAGE — 1970.07930
AUX TGR 2 ON(P)
138K.02
R o K ERASE MENORY 17, 0893
5422 §SR=0000 (P) = {27409127b
tol KO|SIEPMACTYD 00 10-93n
=] s1
L= KO STEP MAC 2t = {270.11-93h
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BLANK MEMORY
KCT BLOCK ADD TGR 128.01-93v
.~ Ka READ MEMORY > 128.0293¢
K6 EMIT BL »128.03-93¢
Oy
KO SET MASR T0 MAC 2 128 04-93s
BLANK MEMORY > i}
_BLANK MEMORY . STEP MAC 1-1
= 128.05-93¢g
E TIME (P) A K Ko
- > | RESULT TO MEMORY
-w—128.06-93p
MAC 1+ 0 > A ¥
1MEG
- ~ 1 END E TIME —»— {28.07-93r
MAG 1 =0 A o
1MEG
T Gt 1 () - =] STEP MAC 2+1 128.08-93h
SSR ¢ 0000 (P) - A KO '
{MEG
-:- ) WRITE BLANKS - {28 .09-3¢
SSR = 0000 (P) A K
s STEP MAC 215 -— -
KO 128 .10-93h
{ MEG
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SET LEFT,LENG 8 NORM TR ROUTING CONTROLS

ECC 1(P)
123,31 <] TURN ON D2T
—— 129b.0+-93m
1290 04 —SET LI KO
IMEG S —
= .
364 07 ML TRARSITION () ko STEP MAC 11 oo n2s3g
{ MEG % |
L oo
(290,01 —ENC ! 0 by KO [RLUKADD TR 1295 0393
1 MEG
58c 17 _SMTON (P) o K |FORCE SAG TOSTERI. 1591, 0405
1290 7 _NORM TR 1 =
= TURN OFF ST
= KO URN OFF 5 —»—128b.05:93m,
| MEG
ae =] TURN ON AUX
| KO L~ 129b.06:93k
03 5 _ECC 2 (P) KO +eri
I MEG
) o
0 KO |LURN O AUK_ o 1291 073K
\ TRANSITION (P) TGR 2
136c.14 IMEG




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 337

FIG. 129 ¢

SET LEFT,LENG & NORM TR ROUTING CONTROLS

NOT ECC 1 (P)
12342~ = | RESULT T0 4

LENG f A KO Fesoriee > 129¢.0193p
129a.02 -

I MEG
: ol KOLSTEP SPC-1 -

138023 MAC 140 A KO 129¢.0293j

SET Lt
1294.05 - =
a ToNrf?P)TGR A KO SUPP CR2 CODE CHK 129,039
136¢.09 %

- <] SET STORAGE 1296.0493n
38 h.1y LT ON - A KOTsion +)
1 NEG
58 29 MAC 120 A H
SMT_ON (P) ]
138.¢.18
r23.50 -£LC 2 (P) A 0 KO |EMLE TIME g, 6505,
- I NEG
1290 05 _NORM TR {
138, 24 AL TGR 1 OFF(P) A
35451 AUXTGR 2 OK (P)
1381 27 AU TGR 1 ON (P) A




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets~Sheet 338
F1G.129 d
SET LEFT, LENG & NORM TR ROUTING CONTROLS
s6et5 IRANSITION (P) __ RESET L0 & SET
7608 —B2 -0 A ol KO [HLYAR 129 0193]
1MEG
129 03 —ENG A
38c.24 MAC 14 0 ]
NORM TR
1290 09 A "
K. -
138K.32 oA 0 | KO JENE ADDER OUT __ 1594 gp-93c
NN 16k | e e
(36 o.28 —2FF (P)
tR2 40
76.21 I
503 AL A DIGIT ADOER OUT_,_ 1594 03.93¢

P i i

1

~]CR2 C BITOUT 1294 04-93b

SMT ON (P) A

138¢.19 r

1 MEG

%
Nt
)

38d.25 ST OFF(P) - A A | KO FLRUOFFDIT 1594 05-93m

% I MEG
=] SUPP ADDER CARRY

vl KO [P ADDER CARRY 194 05934

1290.06 —SEL L! -0 LKO
SUPP CRY CODE
I MEG
KO |LHECK — 1294.07-93




March 20, 1962

Filed Dec. 31, 1958

123 .12
3f.04

23d.01

138h.08

13816
13811

138e.10

1381.16

130¢ 05
136¢.28
138d.13

g8M

138¢.31

W. C. FOIN ETAL

SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 339

FIG.130a
SHORTEN RIGHT 7/ ROUND ROUTING CONTROLS
£ TIME (P)
ROUND A 4K
SHOR 0 —]
e
oo a.0&130¢
K& SUPP_CRI GODE CHK 4304 043y
~ CR2 TO T/C
- KO »—130a.05-93b
t{ KO STEP MACT-1 . 1300.06-93
DZT ON
- L - SET STORAGE
3% {gﬁ' A A A KO [ SIGNCH) o 4304 07930
SMT ON (P) L =
o] ™
TNSN TGR ON (P) A 0 KO |FENLE TIME o 1304 08931
I MEG
AUX TGR 2 OFF (P) oA
SHR / RND 1 & AUX TGR 2 ON
TRANSITION (P) = TT‘{;RR" ?FF AUX
SMI _OFF (P) A KO 130a.09-9%
N0 DEC CARRY OUT (P) S
— TURN ON AUX
MAG 10 ™ A KO SR 2 o 1304109
{MEG
T A KO | BLOCKADD TGR 4304 11.93v

1MEG




March 20, 1962

Filed Dec. 31, 1958

136¢.29
88.05
1300.01

138¢.12

76.25
130¢.06

138¢.21

88.17
138%.19
136d.14

138d 14
13817

136.23

1381.17

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 340

FIG.130b
SHORTEN RIGHT / ROUND ROUTING CONTROLS
TRANSITION (P)
DEC CARRY OUT (P) A
SHR / RND 1 Ly =
0 KO IR OFF X TER2 120 5,
SNT ON (P) A I i'MEG
CR2 #0 .
SHR/RND 1 & AUX n
TGR 2 ON | A
L ] =] TURN ON TNSN TGR
AUX TGR 1 ON(P) A S A KO 130b.02-93m
NO DEC CARRY
IN(P) iMEG
A -
AUX TGR 2
N 5| B
NOT TRANSITION (P) 0 A [+~ KO —=—130b.03-93n
SMT OFF (P)
ADX_TGR 1 OFF (P) 4 A
=] TURN OFF DZT ‘
TASN TeRON®) | ][] O (1= KO = 130b.04.93m
iwee
AUX TGR 2 OFF (P)
A
- =] STOR READ-WRITE
—— 130b.059
LA KO oot 30b.03930




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec., 31, 1958 384 Sheets-Sheet 341
FI1G. 130 ¢
SHORTEN RIGHT/ ROUND ROUTING CONTROLS
ECC 2 (P)
49
‘Bl ST A R
123 40 NOT ECC 1 (P} ‘ 1 STEP SPC+ 4 130c.0493]

A KO
’*‘ 1MEG%
MAC 140
138¢.26 >=1 TuRN ON DIT

SHR /RND | A —1 KO
130402 L mmf

130¢.02-93m

. | STEP SAC +1 .
j24 17 MNOTECC 1/2 A 0] KO 130003931
1MEG
AX TGR 2 |1 = 1 BIT T0_ADDER
3k B) A 2K |11+ KO . 13004931
. SHR/RND 1 & AUX TR 2 ON . y30¢ 051300
- 130¢061301
ERC I L ko 4817 T0 ADDER 000753
136e.33
- 0 KO |HLCIT ADDER OUT _ y30c.5-g3¢
SMT OFF (P)
1384.15 HEe
1 Ka CEN C 81T OUT 130c09-93¢
23 .02 —ROUND
—" So
ez M 1:0 | A ol O | TURNON AUX TGR 1,_ y30c 1093k
1380 1 —AUL TR 2 ]

OFF (P) 1 MES



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec., 31, 1958 384 Sheets-Sheet 342

FiG. 131

R/W AND READ ROUTING CONTROLS

123 15 —ETINE (P) <1en
2¢.05 —BMW S A KO |EREPARE TOREAD 34 g3t
231.09 READ %“ﬁc
ol KO {ENLETIME (31.02-93r
RESET MAC 2 &
[0
A KO [T TLMAR A1 0331
131041390
IMES
TURN ON SIMULT
L g RLWTCR {31.05438
) TURN ON READ
12339 ECC 1(P) 0 131.07438e
] TUR 01
Sy AL L1l 13108340
$IMEG




3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 343

Filed Dec. 31, 1958

Gegk0i 0 ot Ya3H0 404H3
Wam:v
0o . (350) Wh- 5872
16-607°2¢) 'YERTE ,mvv_ v
Waf I ERLYE]
QN D
006800 261 ] O v
/4 NO NHNL
93H )
" . N TN 07
P00 261 o] O v (d) NO BOLVOIGNI 071
ANY NG NYNL W ,
93N " o
S0 255
el o §0993 (80038
o690 P ekl i | v
(40934 NO NYNL
SIN ] 730 891 /0 LT0RTS
s~ T g
,E:M an )
" 2 00
0E600°0 281 o avag | O v
oo @) 2 903
R0 o2kl 2993 43 4k / UK] v
. ERT
A620 P 28 491 G0V W07 % 0 o
q25H0-0 26} ]
26100326 TR
STOHMLNOD ONILNOY 3ISVHI JLIHMM- J1iidm .
DZ2¢l ‘914

01 oe0l

41

1121

10°98¢1

Vbl

£5¢¢l

o1 fg2
30 g2



March 20, 1962

Filed Dec. 31, 1958

FI1G.132 b

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 344

WRITE-WR ER ROUTING CONTROLS

DSU _NOT SELECTED

26 a.1290SU SELECTED __Irpe | > 132 b.0 1441
18K
-50
386 02 MRITE CALL TGR ON
to.1g GR 1= 6ROUP MARK
GR1 CODE GHK 0D TURN ON NACH CHK
72.04 AC =
e, MR/ WR ER . k& [ISRNOAUTO STOP) _ 55 0505,
s 43 NOT ECC 1 (P)
I NES
Oa
152,003 HR/UR ERD ECC2 KO |STEP MAC 1Y 4303939
TURN ONWRITE
CR1 4 GROUP MARK > CALL r[;g (P)
Ma A7 A K 132b.0438¢
SSR 40000 (P)
54.06 %mm
= < JURN ON READ
SIMULT R/W TGR ON A KO [FT 132b.05:38b

138b.03

L—>|52 b.06138e

TURN ON T/04

123 54 _E6C 2 (P)

23jn MR ER

ERROR CHEGK

132010

A b+ ko > 13260340
%m&c
O
A ] kO | HESILT TOMENORY _ 5, 505,
§1MEG
KO A 8L 132b.0993e
TURN ON AUX
TER 4 132b.1093k

KO
%1 MEG



March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 345

FIG. 133
SELECT & CONTROL ROUTING CONTROLS
60 2 (P)
123.55 —cF TURN ON AUY
B¢07 L s<] TeR}
O KO 133 01-93k
CTRL SERVICE ’_- %”‘"EG
ALL
¢ PN CTRL SYC CALL
oL 0K TX K TSR ON 13302417
bIScomEcT/
934.03 ’«H}J
134 .06 —RECORD ERRO < TURN ON RECORD
— ' KO foHET 133 03930
%' MEG — = {33 0433¢
12333 _ESC 1 (P) _ R&ESETT?EL RSG
A KO HESETTOMR 135 05150
) g
USE
105.04 .
123 17 —E_TIME(P) A K | EEATURE CTRL _ 435 007
239 0§ —CIRL
. KS BLOGK ADD TGR _ s s,
%msc
=] END E TIME
: 133089
(381 28 MUK T6R 1 ON (P) A KO
{MEG
Pt [ %
13qtt _A2/R3-WI (USE) o KO JEND_R /¥ 133 09931
H- %mzc
CTRL 0001 — = E“R"T?;"R‘”"‘
HK N .

%1 MEG

INSTR RESET 139b.12
-12 CLAMP [39e37



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-~Shest 346

1958

31,

Filed Dec.

862681 dWVID 2)- 62186}
£1°96€) (X) 13STY MISN) N 0| (dINOFEILXW "
STV TS 0 e ve
L 14M
601 P bEl i3 | Q) 29011 .
-] 330 891 17v) ovag 20
v 102 8¢}
L — 310 891 TIV0 IL19M
98¢50 P 4§} 0 n
#E6-80°0 B ,
abEIL 0 O b8!
26190 © b E) 0/ 1 b 14 XL
Nd L] < _—
¥9LZ Off TR
PE6:50°° bl ~— i w3tav 4ans | O
1610 b 57101 280 | O H.2d 03 (1390) (ZH/(0DR0T) Th- pu/gy 0 190
H o}
| : 10°928H
b -0/1 NO NYNL
WEHED ObSl T 7T 1 A X1 .
;Scim_H* 80°1¢H
ME6-10 0 p el 49 hz_m o
S¥91L 28 1 3IONIAIND3IS 071 .
oHel "9l1d



March 20, 1962

Filed Dec. 31, 1958

FIG. 134b

134e.02
138b.02

138 ¢.25

2312

54.07
138¢.30

138 6.04

94 15

1344 05

1704
7617

I1/0 SEQUENCE ROUTING

WRITE REQUEST

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 347

SIMULT R/W TGR OFF | KO |SIERMAC 141
%mec
NAC {40 5] RESULT TO NENORY
— KO
%mec
WR_ER
SSR 10000 (P) TURN OFF WR
MAC 1-0 | CALL TeR
=] ReA
(15| RerD MEMORY
%msc
SSR - 0000 (P}
=] cR2 ¢ BIT 0UT
KO
READ REQUEST 5] ZONE ADDER 0UT
KO
R/
CR2 CODE CHECK 00D kS bk Tok

(R2=5M

1 MEG

134b.01-93q

1345.0293

134b.03138e

134b.04-930

134b.0593b

134b.0693c

134 6.0793¢



March 20, 1962

Filed Dec. 31, 1958

FIG.134 ¢

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets—Sheet 348

1/0 SEQUENCE ROUTING

76.04 R24 BL/HYP/AMP /SN

DIGIT ADDER OUT 0y o o2

1344 06 -READ_REQUEST

-

[SET MASRTOMAC 2 _ (34, 0203

S=] STEP MAG 2+1
138,05 SIMULT_R/W TGR ON [ KO 134¢.03-93n
’ SINEG
saa0s 110! TURN OFF WRITE
0% TR 1+ GROUP WARK | CALL TGR (¥2)(01)
11920 S5 0000 17 K 1345.04138e
. 1 MEG
RECORD ERROR 1, 1
134¢.06433
2665 -RECORD ERROR <=7 REQORD SHK TeR c
3§ ' KO 134.07:930
50} %HAEG
MACHINE STOP
109.04 =
134 6,06 LL02 0 ko ¥R Y 134..08-931
A2 /R3 -1 (USE)
- R/%_ERROR 3Ks TURN ON R/ W
26 b.67 ] CHK TGR .
: KO 13409930
%m&c
— TURN_ON
- KO AV S16 T6R 134 0104384
e %msc
e g TOEATOR o1 R/WERROR  _ 134c.111320
o8 mar i 13412433
3-60v
AR = [ 70 INDICATOR ON(F)
26004 NDON = KO 134¢.134320
3K L seresoc

-60V



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 349

FIG.134d | srquence - Reap service

CALL,READ REQUEST TGRS
READ CALL SERVICE TGR

K FTx4 k |
3
—K— INSTR RESET (X) 139b.14
D -12 CLAMP 139¢.39
43¢ 04 RESPONSE(P I
RO(D2)USE
102 .43 _—134d.01
A o 70 FI6. 100
[ TG 1350~ o0d-02
. o |INOTREAD 0 o0
L REQUEST 10 F16.134¢
TBX
READ REQUEST |
TGR K 1344, 04
A S 70 FI6. 100
1 |READ REQUEST _ 5, 4 s
A > 4K | ITOFIG.134b '
02 15 W2(01) (P) >t
1344.06

T0 FI6. 134¢
1/0 SEQUENCE-WRITE SERVICE
FI1G.134e CALL, REQUEST TGRS

WRITE SERVICE K
CALL 7GR WRITE
0 rexl—] k SERVICE CALL_ 154, o
WRITE RESPONSE / +— -
934 07 _LISCONNECT (P) I
w1 RO (02) USE -
a. E >
0
NOT READ L
REQUE ST WRITE
1344.03 T
WRITE CALL || REQUEST __ 134,4.02
138¢.03 ToRoN I A 2K 5'F16. b *
. | L ] K
0219 Neouer| | A T8X
' L _23 WRITE REQUEST TGR
A WRITE REQUEST TGR OFF |
— K ERET IR

INSTR RESET (X} 139b.15 -12 CLAMP 139e.40



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 350

31, 1958

Filed Dec.

38E110°4 bE) 0)]

BEL0 4 bF H9L TIVO LM 490 NUNL -

HEEI0 eI = v 9L X0V NO NENL o A03-
S %:._

P 3 ‘
660" 4o THI0 19INNOISTT 10d o T IO3NNOSI 199 ' %
390"+ b5} |

o0 A
1EB£0" 81 (d) 123RN02SI0 104

9N
8Y-20" 3451 ~ a2 4V Vv (3103135 981 m%mo.
3570d NKOG 1704 981 350 (0M/ 0V - 28)
Nd
OX () 10 avag 60 %8el
GH OX NO W91 170 3ijga '0°8€
8.:%
TN} ) (5| P
_'l ¥ (35) TR-C8/ 2V
3SINd ONAS O/1 ° 3SINd NMOQ 11Nd DML %¢m— .mv_h_



3,026,037

ETAL

W. C. FOIN

March 20, 1962

SET BIT INSTRUCTIONS

384 Sheets-Sheet 351

31, 1958

Filed Dec.

1°p6el dWVID 21-

I ‘

o 0y - v m E0 00
082.”3_ - VN 0L OVAS W93H0 A " 1 A K Y L YRS IR o3 67 ° %
oo p— ot B, Y By " e

agergpo gy <20 104 F —PHH 90 7 cavrenzr vey e 80 980
96£1-¢0 0 Geh A ~—PIrT A2 4v9 v
1530038
124 10N Nd
I v —H (05-014) 13538 TviLr ©F 904
4 (20 0 oeel
80088 ~—Tororwsw I | 2 5] 9L
EL i
96EKL07P 5L TS oraww aws | T
(d) (v0) ¢m S e
v
‘ A A1 TTVO 0TRETS 104 61° 92
N 1 ¥91 )
ﬁ 1530034 194 09-
06— §0°2 b6
’ * Thoa 15y AV Ot 20 Py

AIn 35va3 Lo 60 9¢6

SHOL JLVO HVW/ HSVA 8 HVW OL OVIAS M3HO ' 1S3Nd3¥ 19d

0Gel 914



March 20, 1962

Filed Dec. 31, 1968

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 352

PCT REQUEST EXECUTION CONTROLS
354,03 —PCT_REQUEST KS READ MEMORY (PCT) o 135b. 01930
-60
1EE L PGT READ REQUEST (P)
: 135b.03
TOMEM B
GATE AR GATE MASR TO PCT(P)
1350.08 —oFCT 8K {35b.04
10 FiG. 2908b
GATE MAR TO PCT GATE MAR TO PCT (P)
1350.07 8K 135k .05
IT0 FIG. 290 8b 135b.0630f
{—) ON PCT REQUEST, 4355 07-72
e — 135608100
1350 02 _NOT_PCT REQUEST 3K ] 1355, 0999
[T
————133b.11-6!
————135p.12-930
t—135b.13-93s
. {35 b {8437
o (-) ON BREAK IN
135b.15-930
135b.17:22d
[
KO AUTO BLOCK 135 1g1030
1MEG
E eK PCT REQUEST (MEM) 2ot 1ose
L 135b.20
TO MEM B
35 001 _PCT REQUEST (PCT) ama Yy PCT REQUEST (P) 35b. 21-260




March 20, 1962

Filed Dec. 31, 1958

F1G.136a

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 353

OVERLAP CONTROL TRIGGERS

K [ TUSHTGROFE g orsee
TNSN TGR
TBX K [— NN TGRON e oomce
TURN ON TNSN TGR (P}
%36'3954 ADD_TGR ON (P) A '
102_1'7 w2 (D1)(P)
ADD TGR OFF (P) A
136018 KO TRANSITION__ 135.1 03136¢
AUTO TNSN TGR 1360041364
Y
TURN ON AUTO = A TBX KO
93001 THSN TGR (P) M
A
ADD TGR ADD TOR OFF _ por e e
L{ K TBX K ADD TOR ON___ 136 061364
B! TRANSITION (P) ‘_J
03023 A2/R3-W1(BLOCKED)(DGBE) ’DG L’
DG |
360 NOT_TRANSITION (¢) "
93y01 (0N BLOCK ADD TGR 1MEG
K |MODE CTRL TR OFF .0 o
MODE CTRL TGR
- TBx K |MODE CTRLTGR ON 00 oo
A3/Ra-W2 I‘ H
(BLOCKED /M2) (DGB 4)
103007 DG (—I— INSTR RESET (X) 139b.20
[ -12 CLAMP 1394d.22
) IMEG
siq 02 MEM READ-WRITE MODE(P) S A oo
93q05 SIOR_READ-WRITE MODE(P)

(ALY)




March 20, 1962

Filed Dec. 31, 1958

FiIG.136b

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheeot 354

OVERLAP EXECUTION CONTROLS

3301 MEM READ MODE (P) 1MEG
Bhc02 RANSITION (P) A (~)ON BLOCK STEP MAC1
53503 "M R/W MODE 0 IK - K 136b.01-93g
A% MODE CTRL A
136036 TOROFF (F) MG 1MEG
NOT TaA
13603 TRANSITION (P) _
0 KO READ WEMORY 136b.02-93a
§\1MEG
MODE CTRL = S<IRESULT TO MEMORY
13600393
6034 TR ON (P) A %\ KO 36b03-93p
Hes LOW CHAR
STEP MAC H(P) A 2K 136b.04-20¢
B - 2 ]
g3g10 STEP NAC t-1
30 1MAC1ENDSIN0/5 oA
%TOR Soa o ] o> | TURN_ON AUTO TNSN TGR
SAC- CRITICAL ADDRESS A 0 KO 13650593u
520017 %mee
MAC 1 ENDS IN4/9) (||| ]
090 TP AT A
#3g03” HIGH CHAR
" 13606-200
93g01 SIEPMAC b1(P) A 2K
A KO TP SAC*T  _ paep ogsi
%\1 MEG
3304 STORREAD MODE A IK K [{-)ON BLOCK STEP SAC 13 ng.03i
% Q) é\mm
0 K O | FEAD STORAGE 136b.10-530
A %VMEG
=] RESULT T0 STORAGE
136b.11-93
%MEG KO 36b.11-93p
A KO SUPP_RESULT REG CODE CHK _ .o 1y on,




March 20, 1962

Filed Dec. 31, 1958

FIG.136¢

TRANSITION

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

=

b

8K

TRANSITION (P)

3,026,037

384 Sheets-Sheet 355

TRANSITION POWERING

136a.03

FIG.136d

NOT TRANSITION & ADD TGR POWERING

2K

TRANSITION NOT TRANSITIONCP.
stans A TJK[— K [T3KI[
3KJ
1360.06 ADD TGR ON 2K J ADD TGR ON (P)

ADD TSR OFF

ADD TGR OFF (P)

1360.05

KJ

136¢.01-1360
136¢.02436b
136¢.03-93u
136c.04-88
136¢.05-Te
136c06419
136¢.07-74b
136¢.08-74c
136¢.09-741
136¢.10-670
136¢.11-67b
136c12-67¢
136¢.13-65b
136¢.14-129b
136¢.15-129¢
136¢.16-129d
136¢17-69a
136¢.18-69b
136¢.19-66b
{36¢.20-66d
136c.21-66e
136¢.22-66¢
136¢.23-66h
136¢.24-66i
136¢.25-70b
136c.26-68d
136¢.27-64b
136¢,28130¢
136¢.29130b

136d.01-100

136d.021360
136d.03436b
136d.04-118

136d.05-74e
136d.06-67d
136d.07429b
1364.08-69¢
1364.09-660
136d.10-66d
136d.11-66¢

136d.12-664
136d.13-70b
136d.14-130b

1364.151360

1364d.16138¢
136d.1 7101

136d.184360



March 20, 1962

Filed Dec. 31, 1958

FIG. 136 e

TNSN TGR, MODE CTRL TGR POWERING

TNSN TGR ON

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 356

TNSN TGR ON (P)

136e01-63¢

136a.02

TNSN TGR OFF

8KJ

136a.01

MODE CTRL TGR QN

2KJ

136602113

136e.03-74b

136e.04-74t

136e.05-74g
136e.06-67a

136e07-67c

136.08-650
136e.09429¢

136e10130s

136e11-66a

136e42-66b

136e.13-66d

136e15-669

13 6e.16-70b

136e17-1260

136e.18-126b

136e19-68¢

136e.20-68¢

136e.21-640

136e.22-64c

13 6e.23430b

136e.24-74d

1360.25-Tdg

»136€26-67¢

136e27-63b

136e.28429d

136e.29-66¢

KJ

136e.301260

136.31-68b

136e.32-64c

136e.33H30¢

~136e34-136b

1364.08

MODE CTRL TGR OFF

o

ZKJI MODE CONTROL TG[R ON (P)

136€.35-7¢

136e.36-136b

1360 .07

2KJ l MODE CTRL ITGR OFF (P)

136e.37-7e




3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 357

1958

31,

Filed Dec.

16-90°L¢} A|_
er-60°L ¢}

16-90 "LE} A|_
GWNIN-£0"L¢)

16-¢0°LEl A'l'.._
0107484

%0SH
VETI6E dWVID 2h- ﬁl_al v [ maaveors ol w0 ¢
(d)I9Y401S 01 17nS3Y A = 8l
Nd 491 39V401S
01153y
: 60°16b
T rgowaR oL TasIa] A e Vi 000°0% ¥SVN
- - 10'16¥
@ rwomaw oL Tns3s | ¢ vVid 000 0% YSVH
¥OSH
@aeh L0 o0
v L ISIN0IE 194 N ) m“m__
=~ (3ST IK-e72v_ L0 i
I ! = () KYOWIN 0L 11NS7Y
b gl
Nd 491 AHOW3IN
SH91 39vHOLS OL 0L 1S3y

171NS34 '8 AHOW3W O1 17NS3Y

LE1'O1d



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 358

Filed Dec. 31, 1958

aoﬂo.omfj
201190 08¢

non.mo.cmm_.l||~
S0Pk 0PRE}

L 9@
] (158900711 4015 JoNanL °0 \£6
K ro
§226€1 dAVTD Z)-
K ro
\
= NOU9L IH 80IS Ae 1 M2
WL
730 91 [H 4O1S |
o 2d €390 EA/aII0TEeA-va/ey Ot I
b
Y (@891 T 8015 Wo NunL <0 €6
Kt ro
-\_ .
1 — ro G ronon £
v_m b0"156

2001-£0°0 BE} ~—— syl

905-¢0 0 gE} .A|I||||‘—
0V P8E) -

1 =1 )¢ M
491 01 f‘

440 Y91 07 ¥0iS

SH3IO9IYL 071 ANV IH 39VHOLS

(d) 431 IH YOLS 140 N¥RL

08¢€1°914d



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 359

31, 1958

Filed Dec.

nmm,po.nwmwu
092-04°08¢)

92'P6ElL dWVID 2)-

pei-60° 98¢t
8b-80°a8¢1H

OpEl-90 ABE L =

qvel-20-q8¢h

02EH0°98E ) =

92:06¢1 (A) 13534 HOVW YOS}
477V) GV Y v0°96¢1 (X) 13534 YISNI .
(@ by ol ot (&) 10INN0OSI0 avay ©0 6
2 oo
¥0SH
PHB =
I 9Q = (T3 90 (CA/ITN0TOZN- pasey |t €0
» ¥ i 50°92¢)
A ~—Xal ¥91 T7V0 aviE nowgaL oo e
Y91 79
(v
330 §3L T1V0 GV A y §91 /8 TS NowanL o0 ¢
i} 94
N 1 .
WSO ABEH T bl 4005 IR 180
Qb0 a8 ¢t —H 80 0YE
q2el-60°98¢ W | Al ¢0/1
b= NO H9L M/¥ LINWIS B
49 R /Y
LIRS
SHOL 7vO av3id 8 Mm/dH LINKWIS
190 991 /8 LINNIS Ae

qQ8¢1'914d



March 20, 1962

Filed Dec. 31, 1958

FIG.138¢

TURN QOFF SMT (P)

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 360

STORAGE MARK TGR & MAC1=0 TGR

SMT OFF

138¢.014384

SMT ON (P)

> 138¢.02440b

-~ 138¢.03-66¢

138¢.04-664

138¢.05-664

~9KJ

138¢.06-664
138¢.0M250

138¢08125b

138¢.0926

138¢.10-68d

oMT

TBX

43m.04
AI/R4-W2

102.20 W2 04 (P

DG

ADD TGR ON (P)

136d 47

186,01 TURN ON SMT

76.18 CR2=SM |

304.06 MACY-END OF MEMORY

— N N—o0 -60V

6K

SUPP
GR2 CODE CHK

+——>138c.111300
+— 138c. 121300

$——138¢.1374b

= {3§c.14741
+——136c.1574g
+——138¢.16-67a
+—> {38c.1H12%
+— 138¢.1812%

——— {38¢.19129¢

MAC1#0

> {38¢.20-93v

MACY ZERC

2K

MAC1=0

> {38¢.24128

4 {38¢.22129¢
> 138¢.24129¢
$——>138c.2534b

L 138.26130¢

= 138c.2717
138¢.28428

TX

123 26 E TIME (P)

0

102 g4 X3102) USE

INSTR RESET {X) 139b.05
—12 CLAMP 139e.27

3K

—>138¢.2 312%¢
+———— 138301340
t+——> 13§c.22129
+— 138¢.311300

> {38¢.32430c



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 361

1958

31,

Filed Dec.

PE2-ECPEE) ————r
06210 PBE ) -t
059-12 PRE) -t
9.9-0¢ PR¢} =——y

B2 36el AWV 2i-
22°96€} (A} 13534 3INIHOVW

440 LINS 8 ¥91 TTVNSIS ANV

LR X ] P —
PL-1VPRC ) -—y
(LRI Y APS—
20£1-G1PgE} -——1t -
q0€}- bh PRS) =
2061510 80} (3SMTIR-5472V
049-7} PYEH ~ P o W 0 (d)§91 WHD 00034 NO NEAL
989-4'P 85}
092101 PE6] = ) (d)891 ¥H) A/Y NO NENL
3S2H60 P BE < [
1o AR TR T ] R— | ¥51 915 ANV NO WuNI
062}-10"P 8¢} ~——t 90 () 991 YAJ NSIS NO NEnL
699-90° P 95| ~— 4 (d) 491 WAO BISNT NO NNl
199-G0 085} -4 (d)¥9L ¥HO T3A0 NO NEML
9990 P 9§} ~—— 14 (d)¥9L WHJ HOVW NO NENL
N@io.g:;llj. od (£390)(35M ZM- P8 /5Y
0P20P8E} ~ 3o Tig
20 0 M- Pa/5V

o B (d) 891 TYNIIS ANV 130 NE N1

90510 P88 ~—qrgsT oy | A Al

491 9IS ANV

H0° 08¢}

peDEO
Gloge
c0o¢e
013t¢4
1002¢)
¢0ues
H0ge
Lougs
g0 nee
0¢°9¢0}

L qg0t

80'nge

P8€I°9Id



3,026,037

ETAL

W. C. FOIN

March 20, 1962

SET BIT INSTRUCTICNS

384 Sheets-Sheet 362

1958

31,

Filed Dec.

Vol (47 [9INN0ISTT 104 %NMM”
[ .
m § 831 17v5 avag wo ngnr L0 Ve
6296CL dWYID 21 -
90°96¢4 (X) 13534 MISNI +—i—90a
o (4) 35N04535 gvay o0 6
¥9L 3SN0dSIY [y |
SH91L 3ISNOdSIYH HM (v3y ON
‘QV3IY ON‘IIVD ILINM
94
o Iwwossiorsswoasas amaR 00 Ye6
491 ISNOJSTY
Jmon | XL
L .
- [ s 4015 IniHgve oF 801
FX8 0 50" 3¢}
£ v DML T1v) T1T8M J40 AL
@Gz e el
092-30 3¢} Y'_ AvA
-0’3 -
19¢-602 88— Vo Uk . oa .
" (£390)(QN/03N019) ZM- b Y4/¢CY
[N .
(@Y 9L T7¥0 ILi8A No NanL 70 9¢f
W0 38 ~ 1_!1 9Q (=
oVERE0 395 ~——) X _ 107855}
4eEi-c0288) NO 991 T1V9 ILT0M A Xal ¥9L 11V) ILI9A 440 ngnp 0 4P
T
PYERH 28 E} ~—— oy TIVe TTTER A 28¢1'914




3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 363

1958

Filed Dec. 31,

0g36gl WV 21~
82'06h (A} L3SIY 3INIHIYW

POS-80° 4851 A|I‘l|_
611-10°48¢!

3
<

(35N 1M gH/eV

(d) "HIL ¥HO M/¥ NO N¥nl

No WL i my | A

L1-90° 4851 A

(d) "HOL ¥HO M/Y¥ 340 NynL

440 "HIL “WHD M/W

ME6-GO' 4821 J
POS-b0°48¢1

N0 891 wHo Hovw | A

(d) "H91 "NHD HOVW NO Nunl

{d) (d0LS OLAY ON) HIL WHO HOVN NO NHNL

(d) U0) ¢k

(d) "4IL "MH) "HOVW 440 Nuni

(£390) (3SM) cM-vH/gY

pOG-£0° 8¢}
09-20 4851 H

2-10° 48} W0 951 wid uiswr |

Al
WL WHO MY
r
+—9d
v
—9a
AL p
9L WHO “HOVA
—19a
1
90
Al

“HIL AHD HISNI

"SHOL MHD M/ 8 ‘MHO HOVW

(d) "¥3L "MHO "YISNI NO NHOL

(00) Zh-pY/¢ev

+8¢1 913

(d) "HOL "WHD HISNI 330 NYAL

‘MHD °"L1SNI

80°0¢0|
£0°0¢6

p0o£6

v0°nEs

G0nee
%2201

90°"¢6

12q9¢0l

gl ogs

B1'GE01

£l og6



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 364

1958

31,

Filed Dec.

POG-40"bge)

pOS-£0°5g¢)
611-20 6961

POS-10'68¢)

! (d) WL WHO N9IS NO NEAT
I€6EL dWYTD 2)- 90
62'96€) (A) 13534 INIHIVA
H‘ fT 9@
NO HOL YHO NOIS Ae AL
TR (d) U3l "XHD N9IS 440 NENL
NoIS
H 90 (€390) (350) 2R~ FU/5V
(d) Y91 WA TR0 NO NEnl
] _ f od
NO 951 WHO 13A0 ne Al r
TR (@) 891 WAD TIAO 330 NEAL
4A0
v (3SN) TR-TY/3v
(@ %91 WAD (40039 NO NuNL
2d (90 VA= PU/EV
} N0 9L WD GH03y A
Y91 WHI (d) Y91 'YHD Q¥0D3Y 440 NMNL
14093y
350NN A

"SH9L ‘MHO -N9IS 8 ‘714A0‘aAy0I34

6gel 914

£0ucs

b0 uge

¢¢ 9¢04

80 v

60 u¢h

602¢0I
10°0¢6

61 79¢0I

80°°¢6



March 20, 1962

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

Filed Dec. 31, 1958 384 Sheets~Sheet 365
FIG.138h
DIGIT ZERO TGRS. & REMAINDER TGR.
A
0 | 2K 1LY _ 38, 01-66n
b= 13850374
ACC. DI, b= 138k 04-T4g
L {38h.05-67b
s | L L A
54.12
TURN OFF
93m.03 571 1T 1 —
GJ Po—t| K
=
TURN ON | | L
A3/R4- || BLOCKEL M2) ¢ -
103614 5 (0GE3) A
I- AUX. DZT o7
K HTHKR]JAR]O 3K 1384 06-50b
38h 07-66h
1 138h 08-1300
ssr |1| 4 138h 09-74b
o0 00011 []6Y 1384 10-670
w b uf
o1 cA)(D%o:u ) T 138h 11-129¢
T A DG
oK RMDR. TGR.OFF 384 B3-66¢
RMDR. TGR.
N K X K RMDR, TGR. ON 138 14-66b
RMDR 138h 15-661
66,05 TSRO *
- GJ
INSTR RESET (X) 139b.07
TURN [oFF T ~12 CLAMP 139¢.32
531 g6 RMDR_|TGR_(P) DG




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 366

FIG.138i
AUXILIARY TGR. f

AUX. TGR. 1 OFF 1381 01438]

AUX TGR 1 ON (B) oo

—— 1381 03-27
+—— 138:.04-140¢

——— 138i.05-50b
AUX. TGR, ¢ +—— 1381.06-50e

K +—TBX+H K —\ — 138:.07-501

+— 138,.08-664
t——— 138 09-66¢
t— 138i.10-66e

— 138:.20-64¢c
—— 138i.21-130t
L | ——— 138i.22-T4e
— ——— 138i.23-74q
— +—— {38i.24-67¢

103b.15 DG R

TURN ON {381 11661

AUX. TGR. ool o :
931,01 T6R. 1 (WO} (P) * - L 66
™ 1 $——— 138i 13-66N
15 0004 ADD - o ) S
1 | +——— 3sit5-68b
L ——— 138i16-68c
—~116Kj -1 +———— 138i.17-68d
g3k, 02 TURN OFF AUX TGR 1 P ¢- T s
(BLOCKED/ M2) (DGE 3 ] T 1381.19-64b

- 138i.25-65b
1381264290
1381.27-129¢
L b 138128133
L DG [—— b 1380291340
T L 138i30-690

L 138i.31-69b

TURN ON AUX.TER 1 (P)

93k.01

INSTR RESET {X) 139b.08
-12 CLAMP 139e.33



March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL

SET BIT INSTRUCTIONS

FIG. 138]

AUXILIARY TGR.1 OFF POWERING

AUX TGR. 1 OFF

AUX. TGR. { OFF (P)

3,026,037

384 Sheets~Sheet 367

138;.0¢118

138;.01

FIG.1381
AUXILIARY TGR.2 OFF POWERING

AUX TGR. 2 OFF

16K )

AUX. TGR. 2 OFF

(P

- 138).02-140¢
=138} (3-50¢
— -~ 138 04-50t
b 13; 05-66b
b 138 06-66¢
138, 07-66¢
b 133 08-66¢
——— {38].09-66h
b 138,.10-700
b 138] 11- 70D
+—— {38 .12-68b
138 13-68¢
b 138 14-68e
=138 15-64c
138 16-1300
= 138 17-430b
= 138; 18-74d
L 138i19-74e

138 20-74¢
138j.21-67d

t———— 138j.22-65b

138).23-129a
138j.24-129¢

p————=138;.25-69b

138)26-63¢

138% 01

16K j

1381 01-50e
1381 .02-50 f

—— 1381.03-66¢
———= 1381.04-66d
— 1381 05-66¢
— -~ 1381.06-66f
+————— 1381.07-669
————— 1381.08-66h

1381.09-1264

—— {381 10-126b
——— (381.11-68¢

1381 12-68d

p—— 1381 13-68¢
———— 138] 14-640

1381 15-64b
1381 16-130a

b+ 1381 17H130b
$——————= {381 18-130¢c

1381 19-74b

————— 1381.20-74d

———— |381.21-741

1381.22-74¢

o= | 381.23-67¢
——— 1381 24-67d

—— 1381 .25-65¢

1381.26-129¢



March 20, 1962

Filed Dec. 31, 1958

FIG. 138k
AUXILIARY TGR. 2

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

AUX. TGR. 2 OFF

AUX. TGR.2 ON (P)

TURN ON
931,07 -AUXTGR. 2 (WO (P)

93k 04 LURN OFFAUX, TGR|2 (P

A3/R4 -W2 {

103618 ~g0cKeD MDOCED]| | DG LT

93k 03 TURN ON AUX. TGR. 2 (P)

INSTR RESET (X} 139b.09
-12 CLAMP 139e34

AUX TGR 2  C—
H K [~TBXM— K 4K ____,
i — ——
6K j |
- —
— ! -

384 Sheets-Sheet 368

138k, 01-1381

138k 02-127a
138k.03-127b
138k.04-50b
138k.05-50¢
138k.06-50f
138k.07-660
138k.08-664
138k.09-66e
138k 10-66f
138k.11-6649
138k.12-70b
138k.13-126b
{38k 14-68a
138k.15-68b
138k 16-68c
138%.17-68e
138k.18-64b
138k.19-130b
{38k.20-130¢
138k.21-740
138k 22-74b
138k 23-74¢
138k. 24-7de
{38k.25-741
138k .26-74¢
138k 27-67a
138k 28-67b
138k .29-65b
138k.30-1290
138k.31-129¢
138k.32-1294



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 369
FIG.139a
RESETS
{-)ON BLOCK CALL [ A e " (MlA(;i %%?ET
- + -
FOR HALF STEP r = 0 “"GAF” K [~ K F———— 1394.01439¢
Hr.o71 AN 3
116.08 AN A r
= %l MEG.
PN
MACHINE RESET
RESET
106.07 (+10-30)
o2y HO2E@) A GAFr- K I+ K 1394.02-139b
| MEG. :
INSTR.
124.34 [ TIME o Py RESET
10212 002 USE A 0 - GAFR~ K | K PHO30L 304 034300
A { 1 MEG.
116,02 AW !
RESET 1C AND { MEG. PN
93: .10 SET T0 MAR(P) Loy
a A 0O 1 GAF~ K I+ K
~ 1 NEC. | '(NfiTg COUNTER RESed 393.04-139¢
A AANN—0 B
141 06 AUT0. LOAD
1 MEG. PN
A 0 [HGAFt- K t—~ K
agg%qos%mnfc,"* l -
’ SEL. REG. RESET(+10 -30) 139a.05-139¢
117.06 ] A
133.05 1
1 MEG.
RESE][ MACMA2R PN
BATOHR "~ a GAFl-l K |~ K HMCZRESET . 4394 gg130c

(+10 - 30)

A
69b.06 I NEG. py

NOT ERASE NEM.
g3p.10 ALERASE MM e K | 2 K [T MR RESET L (54, oy 5,
MEM. B
Lj 1 MEG.
35405 2CL REQUEST
USE 0

105.15




March 20, 1962

W. C. FOIN ETAL

SET BIT INSTRUCTIONS

. Filed Dec. 31, 1958

FIG.139b

3,026,037

384 Sheets-Sheet 370

INSTRUCTION RESET MACHINE RESET

INSTR. RESET (X

KR
INSTR. RESET (X}
INSTR. RESET (X}
139 3.03 INSTR. RESET (+10 - 30) KRA |
—-KRA —
INSTR. RESET (X)
2KR - i
2KR —
KR INSTR.. RESET (X)
KR INSTR. RESET (X)
INSTR. RESET (X)
KR
INSTR. RESET (X)
2KR
1394.02 MACHINE RESET (+10 -30) KR MACHINE  RESET (1)

MACHINE RESET (Y)

KR

MACHINE RESET (Y)

KRA

1395 0i-16a
1390 02-210
1335 03-21b
139t 04-138b
1395.05138¢
139b.06-138e
1395.07-138h
139b.08-138i
1395.09-138k
1396 10-740
1395 11-670
139 12133
139b 13-134a
1395 14-1344d
1396 15-134e
1396 16-81
139b 17-80
1395 18-78
1396 19-85
1396 2041360
1396 21-88
1396 22-63¢
139t 23-660
1395 24-66b
1395 25-680
1396.26-138b
1395274384
1396281381
1395 29-138¢
1396 30-141
139b.31-145
139p.32-416
1396 33-22d
1396 34-121
139535122



March 20, 1962

W. C. FOIN ETAL

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958

3,026,037

384 Sheets-Sheet 371

FIG. 139¢

RESULT REG, MAC 2, IC, INITIAL,
SELECT REG. & MAR. RESETS

102,05 W3 (D2) USE KRA RESULT REG. RESET (R}
139406 MAC 2 RESET (+10-30) 2KRA MAC. 2 RESET (5)
1394.04 INSTR. COUNTER RESET (+10 -30} KR INSTR. CTR. RESET (T)
106.16 INITIAL RESET(+10 -30) KR INITIAL RESET  {(U)

: +10 -
139405 SELECT REC. RESET (+10 -30) 2KR SELECT REG. RESET (V)
139a.01 MAR. RESET(+10-30) 2KRA MAR. RESET (W)

139 .01-890
139¢ .02-89b

139¢ 03-3ta
139¢.04-31b
139¢.05-31c¢
139¢.06-31d
139 07-3t1e

139:.08-320
139¢.09-32b

139¢ 10-32¢
139¢ 11-32d
139¢ 12-32¢

139¢.13-105

139¢ 14-330
139¢ 15-33b
139¢ 16-33¢
139¢ 17-33d

139¢ 18170
139¢ 1947b
139¢ .20-17c
139¢.21-17d
138¢ 22-17e



March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

FIG. 139d
-12 CLAMPS |
3KC (A1) '
KC (A2) [
AKC (A3) '
OKC (81) _
KC (82)
1+ 139d.52-63
Ke (83) ‘
2KC (c2) '
6K (02) '
2KC —
2KC |
(03)
2KC —
2KC .
KC (03) .

384 Sheets-Sheet 372

1394 01-89¢
1394 02-89b
1394.03-91
1394.04-57
1394 05-48
1394.06-21a
1394 07-21b
1394 .08-96
1394 .09-97
1394 10-98
1394 11-99
1394 12-102
139d 13-1030
139d 14-104
1394 15405
1394 16-81
1394 17-80
1394 18-78
1394.19-85
1394.20-88
1394.21135a
1394.22-1360
1394.23-660
1394 24-66b
1394 25-68a
1394.26-31a
1394 27-31b
1394.28-3lc
1394 .29-31d
1394.30-31¢
1394.31-49a
1394 32-49¢
1394 33-49¢
1394.34-49¢
1394.35-49i
1394.36-170
1394 37-17b
1394.38-17¢
139d 39-17d
1394 40-17e
1394.41-300
1394 42-30b
1394 43-30¢
1394 44-30d
1394 45-30e
1394 46-320
1394 47-32b
1394 48-32¢
1394 49-32d
1394 30-32e
1394.51-160



March
20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958
384 Sheets-Sheet 373

FIG. 139e
-12 CLAMPS

133 01-106
D 139¢ 02-107
oKC 139¢.03-108
139¢ .04-141

139¢ .05-114
139¢ .06-115
139¢ 07-116
139e 08-22¢
139¢.09-22d

{E1)
KC T 139 10121

139¢ d1-122

139¢ 12-51¢
139¢ .13-51b
139¢ 44-51c
5KC {(E2) 139¢ 15-520
139¢ 16-52¢
139¢ 17-530
139¢.18-53b

(£2) 138 19330
139¢.21-33¢
139e 22-33d

139¢.23-62
139¢.24-137
139..25-138¢
139 .26-138b
139¢ 27-138¢
139¢.28-138d
4KC (E3) 139, 29-138e
139, .30-(38¢
139¢ .31-138¢
139¢ 321380
139¢.33-138i
139¢.34-138k
139¢.35-74a
139¢.36-670
2KC {F{) 139¢.37-133
139¢ .38-134a
139¢ 391344
139¢.40-134e




March 20, 1962

Filed Dec. 31, 1958

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

384 Sheets-Sheet 374

COMPARE ROUTING CONTROLS

CONP
Be. )] COMP
A 2K »140a.01140b
o301 ETINECP)
L e 140q.02440c
. ROUTE ZONE
KO CARRYIN o 1404.03-93d
— kO RO 1404 04-93
55 p
» KO COMPLEMENT 140 a..05-93d
FIG. 140a
__ ROUTE DEC
o KO | —CARRY IN > 140a.06-934
KO | MEMREAD HOOE 46 07,03
o{ KO |FTEPMAC Y 400 0893
_ K<6° CR1 TO ADDER — 140a.09-53b
» KO STEP SAG + | » 140a.10-93i
TURN OFF STOR
=] H| & L0 TGRS
- > {40a.11-93L
123 o7 LG (P) A KO a
IMEG
1006 qp CHECK COMPARI SON <o END E TINE — 001263




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 375

FI1G.140b comMPARE ROUTING CONTROLS

COMP { SUPP 8 BIT
140 0.01 =
CR1-SP CHAR A KO |HLARER o 1404 01934
Ttald
%mm
- CHECK COMPARISON
SMT ON (P) A 2K | 140b.02-1400
138¢.02
L »140b.0340c
Ta.05 <R1-8L _
76.06 (R2 $BL A KO UPP CRY CODE CHK, 1405 04-93v
CR1#BL/HYP/
1 o.07AMP/ SH - .
1613 0N ADDER+0
140¢.01 >
1MEG NOT SET
R ha BN I | 2 |FSIORAGEHI o 140p.06140¢
76.20
76,05 CR27BL .
CR1 -BL/HYP/ | =
AMP /SN = SET STORAGE LOW
> > — 140 b.07-140¢
7‘7‘;‘3? GR2 # BL/HYP/ AC[rT= 0 K
1 AMP/ SM
l I ME NOT_ SET
7621 CRZ’SPCHAR - IK - 2K STORAGE LOW ;140b08.140c
T1alp CRLFSP CHAR A |—




March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 376

FiG.140¢Cc COMPARE ROUTING CONTROLS

ZONE ADDER ¢ 0 20NE ADDER = 0 o

13.01 L 2K T0 FIG, 1400 = 140¢.01

- 1MEG
(405,05 -SET STORAGE HI A
NOT SET TURN ON
140b.08 —2I0RAGE LOW A o =1 STORAGE HI TGR
’ 140¢.02
29 10 LONE CARRY UT |11 ] KO [ Toric 91
' TNES {MES
- —-\W—O
DIGIT ADDER 1MEG
g1.47 —UTPUTAO (P) ACH TURN ON AUX
L i I =) T
B8.08 1 EG;H 0 KO o6, 931 40 03
A ] 1MEG
140,07 —SET STORAGE LOW
NOT SET
140605 _STORAGE HI | TP~ fHES
TN TONE A TURN OFF
79.14 —UARRY OUT > K | SIORMGEHITGR oo
" O[T 70 Fi6. 931 ooave
L , 1MEG
AC %WEG i
DEC GARRY OUT (P)

88.01 KS STORAGE READ MODE 00 o
384,02 MT OFF (P) ” ] TO FI6, 934 :
1400.02 —COMP 1 AT—3K

. CHECK CONPARISON CMP CHK NEON
140b.03 m
LIGR O +140
280.06 YT F 1t A [ W
138 0.03
L_ ~IN
AUX TCR A

138j.02 L OFF

TURN ON MACGH

138i.04 ALLTGR 1 ON (P) 1 CHECK TGR

138(! 01 STOR LOTGR OFF A - O KO T0FIG. 90 —= {4006
158!:204 STOR HI TGR OFF .




March 20, 1962

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

3,026,037

Filed Dec. 31, 1958 384 Sheets-Sheet 377
AUTO LOAD CONTROL
FIG. 141 A == CHIGOVIRRE 14y o1i20p
i Tt A |
‘ ok sTop +*¢__o_..I_
W L—i———
D kEY
11610 -MAN f — T T ey
NOTAUTOLOAD 0\ 05417
K ~TA KO | MACHINE STOPPCT) 0 o0 o0
AUTO LD
g3r 03 ENDE TIME(P) TGR PN INEG
" Uy o ATOLOAD .y e o
224 02 X2y ] 1410639
15 25 L8| DG T 144.0747¢
150K
09 27 MACHINE ST0P :
AUTO
START S5 [
SSE K A RD
= -
38 06 RW_CHK TCR OFF
aais AUTO START RELAY
2K
b RIS RIS
i p
Wa 140V RI14-3N/C 141104200
0509 140V 20-1P
PCT READY =] AUTO BLOCK
06.02 11403
20002 v OWT SELECTED 0 IK KO 141. 114030
132b 01
T

MACHINE RESET {Y) 139b.30
-12 CLAMP 139e.04



3,026,037

384 Sheets—-Sheet 378

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

1958

March 20, 1962
31,

Filed Dec.

43I 90 | N0 S
“ EOLHER .
niz-| | i .
ag_W _ _ " 4 %zs
408 _ wed é_pm Wit
i
]
“ _ > Ml
mv_%.m 24001 Py
|
|
i W02} 2 g
m.ns 3 YOG . —
¥ -/ Yos S0k L \_ T ._.l NA _
Woer NJ. Wém |
| | .ﬁ
| | 451 |
| Wiz g |
_ AOb+ |
1IND 18v99MTd _
| § 3801 b 3001 £380) 2L 0L 13wl
K1ddns A1ddns
¥IM0d | i | E— i | - i 1 i 1 ¥IM0J
o WYYV '9°a HoY3

HOLVIN93Y 39VLIOA 3JONIFYILIN .
02vi9ld



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 379

31, 1958

Filed Dec.

41

2L T}

3
NOILD2130
TRINVI N : Hmu
TNV -~
TRETTL
CRE
TRET
4T
93ni
41
_ ! 93N t

NOILD3130

i oWz MUHL W00
P W22
TYAYZE
sng g 5 Mee0s
1

3diz MGHL 800~

L 02 TGHL BW10
X1 -2
TV NG
sng 14 < MG2-06
1

G407 MGRL 8402

™ %12 MHL 880
. wR-22
TV AYD
sng 14 < MSe-06
1] N.—

gdtc NGHL 8300

ix] §a0C NUHL 8810
: w2-22
TVAIY
sng 114 TASC08
1 N “

LIN3WVII4 el 'od

9307 NuAL 8310/

~

CONNECTIONS ARE ALL PLUGGABLE UNIT

FILAMENT CENTER-TAPS



3,026,037

384 Sheets-Sheet 380

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

1958

March 20, 1962
31,

Filed Dec.

LUVHO ONINIL AHOWINW
ONID /Y

1144 B F

1353y ¥oW

——4—

8unISI0 3114 1S0d

31V 311um

\ 31v LIGIuNI

A\ FIINYS WIW

TWNOIS L3N0, dWY ISN3S

it
m\ 3% Qv X

31¥2 VY A

1/
||\ Jv \ 310 Svig Qv3y X
//

3i¥) SVIE vy &

3 0y 1] 4} 3.} OM vy ey oy E 04 17



3,026,037

W. C. FOIN ETAL
SET BIT INSTRUCTIONS

March 20, 1962

384 Sheets-Sheet 381

31, 1958

Filed Dec.

LUVHD ONINIL AHOW3IN

MW MYy

SrlOId

3t

S0l

0y

11}

M

]

gy

oV

£y

ol

0y

1)

13534 HAW

gan1SIc LM 1S0d

3V 311EM

A1V LIgiHNI

FTWYS KIN

WNIIS .IND. IRV ISN3S

3V Qv X

3Iv9 Q¥4 A

31¥9 SVIB Qv X

1V0 SYIR Qvy A



March 20, 1962 W. C. FOIN ETAL 3,026,037

SET BIT INSTRUCTIONS

Filed Dec. 31, 1958 384 Sheets-Sheet 382

SUPP CR 2 CODE GAR
FIG.146a MEM RD-WR MODE
CR1 TO ADDER
SUPP ADDER GARRY

N0 YES
N0 YES w0

MPL-2
w0

YES
NO

MPL-8
| DIGIT ADOER 0T
NO_ oo YES [ I ;
SUPP | BIT TO ADDER
M oop-2- 188 [ S
SUPP 2 BIT TO ADDER
M Gepys TES 1
NO /,\ygs [SUPP 4 BIT TO ADDER |
§SR-4 ,
[SUPP 8 BIT T0 ADDER ]
| —
I0NE_ ADDER OUT
NO /35R$Y55 GEN C BIT OUT
[6EN ¢ BIT OUT]
N0 o JES
EMITBB1T]
EMITA BIT]
. 1
T0 FI6. 146b T0 FIG. 146b

SET BIT FLOW DIAGRAM



March 20, 1962 W. C. FOIN ETAL

SET BIT INSTRUCTIONS
Filed Dec. 31, 1958

T FROM FIG. 1460

3,026,037

384 Sheets-Sheet 383

“"TFROM FIG. 1460

ZONE ADDER QUT d
SUPP RES REG GODE CH

(o7 0

ZONE ADDER OUT

GEN C BIT OUT
NO %}YES
EMITA BIT |
EMIT B BIT
I
ZONE ADDER OUT
GEN € BIT ouT
|

END E TIME

SET BIT
FLOW DIAGRAM

FIG. 146D



March 20, 1962 W. C. FOIN ETAL 3,026,037
SET BIT INSTRUCTIONS
Filed Dec. 31, 1958 384 Sheets-Sheet 384

@

MEM READ MODE
SET MASR TO MAC 2
SUPP CGR2 CODE CHK

NOYES YES Aop MO

o NO YES

¢

YO ENpETIME

NO YES

S

W0 END E TINE

YES SSR-3 NO

Ny

NO YES

END E TIME
YES ssp-a N0

NO YES

END E TIME

YES NO

SSR-5

NO YES

ARAR)

WO o ETIME

i1

NO YES

Y

WO enpETIME

YES NO

SSR-T

NO YES

GR1-C

[ WO eno £ TIME
RESET 1

&
SET TO MAR

TRANSFER ON ZERO BIT
FLOW DIAGRAM

FIG. 147

END E TIME



United States Patent Office

3,026,037
Patented Mar. 20, 1962

1

3,026,037
SET BIT INSTRUCTIONS
Warren C, Foin, Buchanan, and Ralph A. Gregory, Frank
B. Hartman, and Richard A. Trachy, Poughkeegsie,
N.Y., assignors to International Business Machines
Corporation, New York, N.Y., a corporation of New
York
Filed Dec. 31, 1958, Ser. No. 784,103
8 Claims. (Cl 235—157)

This invention relates to electronic apparatus and
more particularly to apparatus which is especially useful
in the operation of electronic data processing systems for
selectively changing the bit structure of information which
is represented by combinations of binary states.

The system of the present invention uses a 7 bit char-
acter as the unit of information for representing numeric,
alphabetic or symbolic intelligence. The 7 bit character
comprises numeric, zone and check portions wherein the
numeric portion consists of four bits 8, 4, 2 and 1, used to
represent numbers in the Binary Coded Decimal nota-
tion. The zone portion consists of B and A bits used in
combination with the numeric portion to designate alpha-
betic and symbolic characters by the configuration of
binary “ones” and “zeros.” Also, the zone portion may
have numeric significance, when appropriate, since in
numeric operations, the B and A bits are not utilized for
designating alphabetic and symbolic information. The
check bit or redundancy bits consists of a single bit which
is made a “one” or a “zero” (normally) so that the total
of “one” bits of a character is even. The Data Proc-
essing System provided herein is controlled by a program
of instructions stored in Core Memory which specify the
operations to be performed and the location of data in
Core Memory, which data is to be processed in accord-
ance with these instructions. The instruction may be of
the double address type wherein one address refers to
general storage, Core Memory, and the other address
refers to intermediate storage (Core Storage, either Ac-
cumulator or Auxiliary. The instructions are each of
five character length comprising thirty-five bits, and char-
acter 0 contains the Operation Code. The Memory ad-
dress is specified by the numeric portion of characters
1 through 4, the B and A bits of character 1, and the B
bit of character 4. The B and A bits of character 1 are
assigned the values 20,000 and 10,000 respectively, and
the B bit of character 4 is assigned the value 40,000.
Accordingly, the Memory Address may be from 0 to
79,999 and each of these addresses refers to a single
character of 7 bits. The Zone portions of characters 2
and 3 specify, when desired, the address of Accumulator
or Auxiliary Storage to be used during performance of
the operation prescribed by the Operation Code.

It will be apparent from the description above that
characters may be addressed, but that no provision is
made for addressing bits. Accordingly, apparatus for
addressing both the character and the bits making up the
character is provided as described hereafter.

When addressing Storage, the following format of the
Zone bits of characters 2 and 3 specifies the particular
unit;

2

Storage unit B bit A bit B bit A bit
Character 2 | Character 2 | Character 3 | Character 3
5 Accumulator..___ 0 1] 0 0
Auxiliary storage:

Unit 1 __.___ 0 g b 1

Unit 2. 0 4] 1 0

0 it 1 1

0 1 1) 0

0 1 0 1

0 1 1 0

10 o 1 1 1
1 { 0 ]

1 0 0 1

1 0 1 o

1 0 1 1

1 1 ] §

1 1 0 1

1 1 1 i

15 1 1 1 1

It will be recognized from the chart above that the
B bit of character 2 has a value of 8, the A bit of char-
acter 2 a value of 4, the B bit of character 3 a value of 2,
and the A bit of character 3 the value of 1.

The coding above is now selectively employed to ad-
dress bits within a character. The operations part of the
instruction specifies Set Bit, the Memory Address portion
25 specifies the character and the Storage Coding specifies

the bit within the character so addressed as follows:
Augxiliary Storage Unit coding of 1, 2, 3, 4, 5 and 6
sets the 1, 2, 4, 8, A and B bits to the “zero” state respec-
tively. ASU coding of 9, 10, 11, 12, 13 and 14 sets the
30 1. 2, 4,8 A and B bits to the “one™ state respectively.
For these operations, the C bit is automatically set to the
stale required to provide an even count of “one” bits.
An ASU code of 8 reverses the state of the Check (C)
bit. ASU coding of 00 or 15 causes the character selected
to be read from Memory and returned unaltered.

In Data Processing applications, it is often required
that the sequence of operations be selectively altered
in response to some indication derived from the instruc-
tion or data. For example, in payroll processing it is
required that operations be altered according to the de-
duction of an employee and this requires that one or more
sub-routines must be selected to process the variations.
Assume an employee may have one or more of 40 possi-
ble deductions from his salary. Without using bit mani-
festation, either a 16 digit number could be incorporated
in each record to account for al} combinations or 40 char-
acters could be set aside for each record where each
character would indicate the presence or absence of each
deduction. By being able to set bits and interrogate the
50 bits individually, only eight characters are required uti-
lizing five bits in each character.

Thus, by setting a bit to the “one” or “zero™ state and
providing for examination of the state of the bit with
conditional operations dependent therson furnishes a
powerful and versatile expedient to the programmer for
modification of the program. Furthermore, by using
single bits for each alteration, more efficient utilization
of Memory is effected in that only one-fifth the number
of characters are needed to serve or control characters
as would be required if the individual bits could not be
set to any desired state. Transfers to other parts of the
program may now be controlled by single bits (the re-
maining bits of the same characters may be used as well)
that are set to any desired state.
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The Memory Address Counter 2 refers to the character
to be interrogated, and a Transfer On Zero Bit Instruction
having Auxiliary Storage Unit designations refers to a
bit within the specified character. A trunsfer is effected
if the bit at the bit address is in the “zero” state but the
computer proceeds to execute the next imstruction if the
bit is in the “one” state. Further, if the bit interrcgated
is in the “zero” state, the contents of the Instruction
Counter are replaced by the Memory Address of the
Transfer On Zero Bit instruction.

The Transfer On Zero Bit is a very convenient instruc-
tion for determining the sign of a Memory field without
first having to place the whole field in Accumulator or
Auxiliary Storage. If the field is known to be signed,
a single interrogation of the A bit of the units order of
the Memory field is sufficient to determine its sign (“one”
bits in the A and B positions indicate a positive quantity
while a “zero” in the B bit position and a “one” in the
A bit position indicate a negaiive quantity)., The ab-
sence of a “one” in the A bit position indicates a negative
quantity and a transfer is effected.

Three such Transfer On Zero Bit instructions are suffi-
cient to determine the exact zone configuration of a char-
acter in Memory. In conjunction with the Set Bit instruc-
tion, the Transfer Gn Zero Bit instruciion is used to
reverse the state of a bit regardless of its previous state,
and this operation may be used to alternate between two
numbers or addresses. Binary to Decimal Translation
may also be easily accomplished to using the Transfer On
Zero Bit instruction to interrogate the state of the indi-
vidually weighted binary bits in any Memory location.

It is an object of this invention to provide apparatus for
addressing the smallest unit of information within a desig-
nated quantity of information.

It is another object of this invention to provide for selec-
tive addressing a bit of information and altering its state
in a predetermined manner.

A further object of this invention is to change the state
of a selected one of a series of binary devices by directly
and particularly referring to the selected one.

A still further object of this invention is to provide a
Transfer instruction wherein operations are conditional
subject to control by the state of a particular bit.

Yet another object of this invention is to provide appa-
ratus wherein a storage device refers to a particular unit
of information, an instruction refers to a particular bit of
the unit of information and specifies an instruciion address,
the particular bit is interrogated, and depending upon its
state, the machine proceeds in normal fashion or transfers
to the instruction address.

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

In the drawings:

FIG. 1 is an overall block diagram illustrating generally
the major compeonents comprising the data processing
system and their interconnections.

FIGS. 2a through 242k form the logical block diagrams
of the principal data portions of the data processing
system.

FIG. 2iii illustrates how FIGS. 2a through 244k inclu-
sive, may be placed to form a composite block diagram
of the major data portions of the data processing systeit.

FIG. 3a illustrates the Mem. 410 Decoder 1000
Order.

FIG. 3b illustrates the Mem. 4X 10 Decoder.

FIG. 3c illustrates the Mem. 4 10 Decoder 100 Order.

FIG. 3d illustrates the Mem. 6 X8 Decoder.

FIG. 3e illustrates the Mem. 45 Decoder.

FIG. 4 illustrates the Mem. “Y” Switch Core Read
Drivers.

FIG. Sa illustrates the 4 10 Decoder Output Inverters.
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FIG. 5b illustrates the Mem. “Y” Switch Core Write
Drivers.

FIG. 5c illustrates the Mem. “Y” Switch Core Write
Drivers.

FIG. 5d illustrates the Memory Write Gate & Memory
Inhibit Gate.

FiG. 5¢ illustrates the Memory Read Gates & P.W.D.
Control.

F1G. 5f illustrates the Memory Read Bias Gate &
Mem./P.C.T. (Parailel Character Transmission) Sample
Control.

FIG. 5g illustrates the Memory Gate Powering & M.B.R.
(Mcmory Buffer Register) Reset.

FiG. 5h illustrates the Memory Clamps & Sense Amp.
Bias Voltage.

F1G. 5i illustrates the Storage Sample Pulse Generator.

FIG. 6 illustrates the Mem. X Switch Core Read
Drivers.

FIG. 7a illustrates the 68 Decoder Output Inverters.

FIG. 7b illustrates the Mem. X Switch Core Write
Drivers.

FIG. 7c illustrates the Mem, X Switch Core Write
Drivers.

FIG. 7d illustrates the Stor. Read Bias GT, Read GT,
Inhibit GT, Write GT & Buff Reg Reset.

FIG. 7e illustrates the Storage R/W Mode Ctrl.

FIG. 8 jlustrates the Y Switch Core Matrix.

FIG. 9 illustrates the “X” Switch Core Matrix.

FIG. 10 illustrates the Mem. Input Select.

FIG. 114 illustrates the Mem. Input Switch Char. 4,
3, 2.

FIG. 115 illustrates the Mem. Input Switch Char. 0 & 1.

FIG. 12a illustrates the Mem. Inhibit Driver Circuits
Char. 4,3 & 2.

FIG. 125 illustrates the Mem. Inhibit Driver Circuits
Char. 0 & 1.

TIG. 13 illustrates the Memory Core Plane To Ter-
minating Resistors.

FIG. l4a illustrates the Memory Buffer Register Char,
4,3&2.

FIG. 14b illustrates the Memory Buffer Register Char.
o0& 1.

FIG. 154 illustrates the Upper Sense Amplifier Circuits
(Typical of all Char. 4, 3 & 2 Sense Amp.).

F1G. 15b illustrates the Lower Sense Amplifier Circuits
(Typical of all Char. 0 & 1 Sense Amip.).

FIG. 16a illustrates the Storage Select Register.

FiG. 160 illustrates the Storage Selector.

FIG. 174 illustrates the 1st Order of MAR (Memory
Address Register).

FIG. 17b illustrates the 2nd Order of MAR.

FIG. 17c illustrates the 3rd Order of MAR.

FiG. 17d illustrates the 4th Order of MAR.

FiG. 17¢ illustrates 5th Order of MAR.

FIG. 17f illustrates the Memory Address Register
Controis.

FIG. 18« iltustrates the P.C.T. Write Busses Char. 4,
3&2.

FIG. 185 illustrates the P.C.T. Write Busses Char. 1 & 0.

F1G. 19a illustrates the Memory Buff Reg. Code Check
Char. 4, 3, 2.

FIG. 195 illustrates the Memory Buff Reg. Code Check
Char. 1, 0.

FIG. 19¢ illustrates the Memory Buff Reg. Code Check
Output.

F1G. 20u illustrates the Memory Output Select.

F1G. 205 illustrates the Output Switch Char. 1 & 0.

FIG. 20c illustrates the Output Switch Char. 4 & 3.

FIG. 304 illustrates the OQutput Switch Char. 2 & Mem-
ory Out Bus.

FIG. 20e illustrates the Memory Sample Pulse Gen-
erator & P.C.T. Sample Pulse Gen. & M.B.R. Sample
Pulse Generator.

FIG. 21q illustrates the Operation Register f, 2, 4, 8
Tgrs.
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FIG. 21b illustrates the Operation Register A, B, C
Triggers.

FIG. 22aq illustrates the Manual Keyboard.

FIG. 225 illustrates the Keyboard Outputs.

FIG. 22¢ illustrates the Keyboard Restore Controls

FIG. 224 illustrates the Key Depressed Trigger.

FIG. 23a illustrates the Operation Zone Decoder.

FIG. 235 illustrates the Operation Decoder No Op.,
Stop, Tr., Send.

FIG. 23c illustrates the Operation Decoder Set L, Tr.,
Hi., RWW, Sel.

FIG. 234 illustrates the Operation Decoder Shor., Tr.,
Eq., Sign Ctrl.

FIG. 23e illustrates the Operation Decoder Leng., Tr.,
PLS, RCV, Comp.

FIG. 23f illustrates the Operation Decoder—Round,
Tr., ZRO, MPX, ST, PR.

FIG. 23g illustrates the Operation Decoder Store, Tr.,
Sig., Div., Add Mem.

FIG. 23h illustrates the Operation Decoder, Add, Sub.,
Norm. Tr., Load.

FIG. 23 illustrates the Operation Decoder—R, Add, R
Sub., Read, Load.

FIG. 23j illustrates the Operation Decoder—Tr. Any.,
Wr. Er., Tsmt. .

FIG. 23k illustrates the Operation Decoder Lda, Blm,
Tzb,

FIG. 22! illustrates the Operation Decoder Ula,
Aam, Sb.

FIG. 24 illustrates the Operation Check Circuits.

FIG. 25a illustrates the Memory Address Selector
Keys.

FIG. 255 illustrates the Memory Address Selector Key
Outputs,

FIG. 26a illustrates the Parallel Character Transmis-
sion Cable A Connector Layout.

FIG. 26/ illustrates the I/O Signal Cable Connector
Layout SP Connector Receptacle—Wiring Side.

FIG. 27 illustrates the Control Address Decoder.

FIG. 28 illustrates the SMAC Checking.

FIG. 294 illustrates the MASR/MAR To DSU Pow-
ering,

FIG. 29b illustrates the MASR/MAR To Dsu Pow-
ering,

FIG.

FIG.

FIG.

FIG.

FIG.

30a illustrates the 1st Order of MAC 1.
305 illustrates the 2nd Order of MAC 1.
30c illustrates the 3rd Order of MAC 1.
304 illustrates the 4th Order of MAC 1.
30e illustrates the S5th Order of MAC 1.

FIG. 30f illustrates the MAC 1 Controls.

FIG. 30g illustrates the MAC 1==0/5, 4/9,
MAC 1=End of Memory.

FIG. 31a illustrates the 1st Order of MAC 2.

FIG. 315 illustrates the 2nd Order of MAC 2.

FIG. 31c illustrates the 3rd Order of MAC 2.

FIG. 314 illustrates the 4th Order of MAC 2.

FIG. 31e illustrates the 5th Order of MAC 2.

FIG. 31f illustrates the MAC 2 Controls.

FIG. 324 illustrates the Instruction Counter Controls &
4,9 of IC.

FIG. 325 illustrates the 2nd Order of IC.

FIG. 32¢ illustrates the 3rd Order of IC.

FIG. 324 illustrates the 4th Order of IC.

FIG. 32e illustrates the 5th Order of IC.

FIG. 334 illustrates the st Order of Sel. Reg.

FIG. 335 illustrates the 2nd Order of Sel. Reg.

FIG. 33c illustrates the 3rd Order of Sel. Reg.

FIG. 334 illustrates the 4th Order of Sel. Reg.

FIG. 33e illustrates the Select Register Controls.

FIG. 33f illustrates the ALU Sel. Reg. Decoder.

FIG. 33g illustrates the ALU Sel. Reg. Decoder

FIG. 34a illustrates the Storage 2% 4 Decoder 128, 256.

FIG. 34b illustrates the Storage 2x4 Decoder 32, 64.

FIG. 34c illustrates the Storage 24 Decoder 8, 16.
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34d illustrates the Storage 3 X8 Decoder.

35 illustrates the X Switch Core Read Drivers.
36a illustrates the 2x 4 Decoder Output Inverters.
3650 illustrates the Y Switch Core Write Drivers.
37 illustrates the Y Switch Core Read Drivers.
38« illustrates the 3 X 8 Decoder Qutput Inverters.
385 illustrates the Stor. X Switch Core Write

FIG,
FIG.
FIG.
FIG.
FIG.
FIG.
FIG,
Drivers.
FIG. 38c illustrates the Storage X Switch Core Write
Drivers,
FIG. 39 illustrates the “Y” Switch Core Matrix.
FIG. 40 illustrates the “X” Switch Core Matrix 4x 8
Diagram.
FIG. 41 illustrates the Storage Write Driver Select
Circuit.
FIG. 42 illustrates the Odd-Even Gating Circuit.
FIG. 43 illustrates the Storage Input Select & Swiich
Ckits.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FiG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG,

44 illustrates the Storage Inhibit Drivers.
45 illustrates the Storage Array.
46 illustrates the Sense Amplifier (Storage).
47 illustrates the Buffer Register (Storage).
48 illustrates the CR2.
494 illustrates the 1st Order of MASR.
49b illustrates the 1st Order of MASR Set Circuits.
49c¢ illustrates the 2nd Order of MASR.
49d illustrates the 2nd Order of MASR Circuits.
49e¢ illustrates the 3rd Order of MASR.
49f illustrates the 3rd Order of MASR Set Circuits.
49¢ illustrates the 4th Order of MASR.
491 illustrates the 4th Order MASR Set Circuits.
49i illustrates the 5th Order of MASR.
49 illustrates the 5th Order MASR Set Circuits.
50a illustrates the Transfer Routing Controls.
504 illustrates the Transfer Routing Controls.
50c illustrates the Transfer Routing Controls.
504 illustrates the Transfer Routing Controls.
50e illustrates the Transfer 01.
50f illustrates the Transfer OI.
50g illustrates the Transfer 01.
51a illustrates the Stages 1-3 of SPC.
51b illustrates the Stages 4-6 of SPC.
51c¢ illustrates the Stages 7-8 of SPC.
52a illustrates the Stages 1-4 of SAC.
525 illustrates the Stages 1-4 of SAC.
52¢ illustrates the Stages 5-8 of SAC.
52d illustrates the Stages 5—8 of SAC.
FIG. 52¢ illustrates the SAC Controls.
FIG. 53q illustrates the Storage Address Select Register
Stages 1—4.
FIG. 53b illustrates the Storage Address Select Register
Stages 5-8.
FIG. 54 illustrates the Storage Select Register Decoding.
FIG. 554 illustrates the SSR Decoder 1-8.
FIG. 555 illustrates the SSR Decoder 9-15.
FIG. 564 illustrates the Set Bit Routing Controls.
FIG. 565 illustrates the Set Bit Routing Controls.
FIG. 57 illustrates the CR~1.
FIG. 58 illustrates the CR1 Right Plate Outputs.
FIG. 59 illustrates the CR1 Left Plate Outpats.
FIG. 60 illustrates the Instruction Check Circuits.
FIG. 61 illustrates the I Time Routing Controls.
FIG. 62 illustrates the Storage Sign Tgrs. & Controls.
FIG. 63a illustrates the Inter.-Reg. Check Routing 1.
F1G. 635 illustrates the Inter.-Reg. Check Routing 2.
FIG. 63c illustrates the Inter.-Reg. Check Ter.
FIG. 64a illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 645 illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 64c illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 65a illustrates the Unload Address.
FIG. 65b illustrates the Unload Address.
FIG. 66a illustrates the Divide Routing Controls.
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FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

66b illustrates the Divide Routing Controls.
66¢ illustrates the Divide Routing Controls.
664 illustrates the Divide Routing Controls.
66e illustrates the Divide Routing Controls.
66 illustrates the Divide Routing Controls.
66g illustrates the Divide Routing Controls.
664 illustrates the Divide Routing Controls.
66i illustrates the Divide Routing Controls.
674 illustrates the Multiply Routing Controls.
67b illustrates the Multiply Routing Controls.
67¢ illustrates the Multiply Routing Controls.
FIG. 674 illustrates the Multiply Routing Controls.
FIG. 68« illustrates the Add To Memory Routing
Controls.
FIG. 68b illustrates the Add To Memory Routing
Controls.
FIG. 68c¢ illustrates the Add To Memory Routing
Controls.
FIG. 684 illustrates the Add To Memory Controls.

FIG. 68e illustrates the Add To Memory Routing 2

Controls.

FIG. 69a illustrates the Sign, No, Op., Receive & Stop
Routing Controls.

FIG. 695 illustrates the Sign, No, Op., Receive & Stop
Routing Controls.

FIG. 70a illustrates the Load Address Routing Controls.

FIG. 705 illustrates the Load Address Routing Controls.

FIG. 71a illustrates the CR1 Recognition.

FIG. 715 illustrates the CR1 Recognition.

FIG. 72 illustrates the CR1 Code Check.

FIG. 73 illustrates the Adder Input Switching.

FIG. 74a illustrates the Reset Add, Reset Sub.,
Sub. Routing Controls.

FI1G. 74b illustrates
Sub. Routing Controls.

FIG. 74c¢ illustrates
Sub. Routing Controls.

FIG. 74d illustrates
Sub. Routing Controls.

FIG. 74de illustrates
Sub. Routing Controls.

FIG. 74f illustrates
Sub. Routing Controls.

FiG. 74g illustrates the Reset Add,
Sub. Routing Controls.

FIG. 75 illustrates the CR-2 Qutputs.

FIG. 76 illustrates the CR2-Recognition.

FIG. 77 illustrates the CR2 Code Check.

FIG. 78 illustrates the Multiple Register and Decoder.

FIG. 79 illustrates the Zone Adder.

FIG. 80 iilustrates the Multiplicand Doubler & Quad-
rupler.

FIG.

FIG.

FIG.

Add-

the Reset Add, Reset Sub., Add-

the Reset Add, Reset Sub., Add-

the Reset Add, Reset Sub., Add-

the Reset Add, Reset Sub., Add-

the Reset Add, Reset Sub., Add-

Reset Sub., Add-

81 illustrates the Quintupler.
82 illustrates the Multiple Selection.
3 illustrates the True/Comp Control.

FIG. 84 illustrates the Multiple Adder.

FIG. 85 illustrates the Decimal Correction Ckis.

FIG. 86 illustrates the Digit Adder.

FIG. 87 illustrates the Decimal Correction Circuits
Digit Adder.

FIG. 88 illustrates the Dec. Carry Circuits & Zone
Carry Tegr.

FIG. 894 illustrates the Result Register Mem./Storage
In Bus.

FIG. 89h illustrates the Result-Mem./Storage In Bus.

FIG. 90 illustrates the C Bit Generator.

FIG. 91 illustrates the Result Register Code Check-
Error Trigger.

F1G. 92 illustrates the Memory Test-Character Selector.

FIG. 93« illustrates the Routing: Read, Storage: Read
Memory.

FIG. 934 illustrates the Character Registers To Adder
Routing.

FIG. 93¢ illustrales the Adder Out Routing.

FIG. 934 illustrates the Adder Carry Routing,
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FIG. 93¢ illustrates the Adder Emitter and Mpl. Reg.
Routing.

FIG. 93f illustrates the Bit To Adder Routing.

FIG. 93¢ illustrates the Step MAC 14-1 Routing.

FIG. 934 illustrates the Step MAC 241, Step MAC
145, Step MAC 2--5.

FIG. 93i illustrates the Step SAC Routing.

FIG. 93;j illustrates the Storage, Memory and Iastruc-
tion Counter Routing.

FIG. 93k illustrates the Auxiliary Trig’s. Routing.

FIG. 937 illustrates the Aux. Trig. Stor. High. Trig.,
And Rmdr. Trig. Routing.

FIG. 93m illustrates the Smt. Dzt. and Tnsn. Trig.
Routing.

FIG. 93n illustrates the Sign Chk. Tgr. Ovfl. Chk. Trig.
and Stor. Sign Trig. Routing.

FIG. 930 illustrates the R/W Chk. Tgr. Record Chk.
Tar. and Instr. Chk. Tgr. Routing.

FIG. 93p illustrates the Memory Control Routing.

FIG. 93¢ illustrates the Mode Control Routing.

FIG. 937 illustrates the Routing: End E Time.

FIG. 93s illustrates the MASR Input Switching.

FIG. 937 illustrates the 170 Sequence Routing Control.

FIG. 93y illustrates the Auto Tnsn. Trig., Mach, Chk.
Trig. & Any Sig. Trig. Routing.

FIG. 93v illustrates the Block Add Tgr. Supp. Code
Checking.

FIG. 93w illustrates the Type Cycle Neons, Par. 1/0O
Chk. Neon, Code Chk. Neons.

FIG. 94 iliustrates the P.C.T. Cable-Connector Recep-
tacle Shown From Wiring Side.

FIG. 95 illustrates the IMC Drive Pulse Generator.

F1G. 96 illustrates the Clock Read Section of Ring.

FIG. 97 illustrates the Clock-Add Section of Ring.

F1G. 98 illustrates the Clock Write Section of Ring.

FIG. 99 illustrates the Clock—-R—W/R-A~W Switching,
Initial Reset.

FIG. 100 illustrates the Pulse Generator (D0.4 Pulses).

FIG. 101 illustrates the Pulse Generator A (D04
Pulses).

FIG. 102 illustrates the Pulse Generator (D1 & D2
Pulses).

FIG. 1034 illustrates the Pulse Generator (D3 Pulses).

FIG. 103b illustrates the C.F. Pulse Power.

FIG. 104 illustrates the Pulse Generator (D3 & D4
Pulses).

FIG. 105 illustrates the Wave For Gen. Use/Manual
Status Cntl.

FIG. 106 illustrates the Manual Reset Keys.

FIG. 107 illustrates the Clear Memory Trigger.

FIG. 108 illusirates the Start Stop Controls.

FIG. 109 illustrates the Stop Controls.

FIG. 110 illustrates the Manual Store Controls.

FIG. 111 illustrates the Manual Instruction Controls.

FIG. 112 illustrates the Manual Display Controis.

FIG. 113 illustrates the Memory Test Controls.

FIG. 114 illustrates the Half/Multiple Step Controls.

FIG. 115 illustrates the Half Step Trigger.

FIG. 116 illustrates the Manual Timer Triggers.

FiG. 117 illustrates the Man Timer Execution Controls.

FIG. 118 illustrates the Manual Execution Controls.

FIG. 119 illustrates the Check Indicator Swiiches.

FIG. 120q illustrates the Alteration Switches.

FIG. 1206 illustrates the Audible Signal Indication.

FIG. 121 illustrates the I/E And IA Tgrs.

FIG. 122 illustrates the ECC 1 & ECC 2 Tgrs.

FIG. 123 illustrates the 1/E Timer Quiputs.

FIG. 124 illustrates the I/E Timer Outputs.

FIG. 1254 illustrates the Load, Unload, & Store Rout-
ing Controls.

FIG. 1255 illustrates the Load, Unload & Store Routing
Controls.

FIG. 125¢ illustrates the Load, Unload, & Store Rout-
ing Controls.
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FIG. 1264 illustrates the Store For Print Routing Con-
trols.

FIG. 1265 illustrates the Store For Print Routing Con-
trols.

FIG. 127z illustrates the TSMT/Send Routing Controls.

FIG. 1275 illustrates the TSMT/Send Routing Controls.

FIG. 128 illustrates the Blank Memory.

FIG. 129¢ illustrates the Set Left, Leng. & Norm.
Routing Controls.

FIG. 1290 illustrates the Set Left, Leng. & Norm.
Routing Controls.

FIG. 129c illustrates the Set Left, Leng. & Norm. TR
Routing Controls.

FIG. 1294 illustrates the Set Left, Leng. & Norm.
Routing Controls.

FIG. 130q illustrates the Shorten Right/Round Routing
Controls.

FIG. 1306 illustrates the Shorten Right/Round Routing
Controls.

FIG. 130c illustrates the Shorten Right/Round Routing
Controls.

FIG. 131 illustrates the R/W and Read Routing
Controls.

FIG. 1324 illustrates the Write-Write Frase Routing
Controls.

FIG. 132b illustrates the Write-WR ER Routing
Controls.

FIG. 133 illustrates the Select & Control Routing
Controls.

FIG. 134q illustrates the 1/0 Sequence 1 & 2 Tars.

FIG. 134b illustrates the I/O Sequence Routing.

FIG. 134c illustrates the I/O Sequence Routing.

FIG. 1344 illustrates the I/O Sequence-Read Service
Call, Read Request Tgrs.

FIG. 134 illustrates the I/O Sequence-Write Service
Call, Request Tgrs.

FIG. 134f illustrates the Trc. Pull Down Pulse; 1/0
Sync Pulse.

FIG. 1354 illustrates the Pct. Request, Chk. Smas. To
MAR & MASR/MAR Gate Tgrs.

FIG. 135b illustrates the Pct.
Controls.

FIG. 136¢ illustrates the Overlap Control Triggers.

FIG, 1365 illustrates the Overlap Execution Controls.

FIG. 136¢ illustrates the Transition Powering.

FIG. 1364 illustrates the Not Transition & Add Tgr.
Powering.

FIG. 136¢ illustrates the Tnsn. Tgr. Mode Ctrl. Ter.
Powering.

FIG. 137 illustrates the Result To Memory & Result
To Storage Tgrs.

FIG. 138a illustrates the Storage Hi and Lo Triggers.

FIG. 138b illustrates the Simult. R/W & Read Call Tgrs.

FIG. 138c illustrates the Storage Mark Tgr. & MAC
1=0 Tgr.

FIG. 1384 illustrates the Any Signal Tgr. & Smt. Off.

FIG. 138e illustrates the Write Call, No Read, WR
Response Tgrs.

FIG. 138f illustrates the Inst. Chk. Mach. Chk., &
R/W Chk. Tars.

FIG. 138g illustrates the Record, Ovfl. & Sign-Chk. Tgrs.

FIG. 138A illustrates the Digit Zero Tgrs. & Remainder
Tgr.

FIG. 138 illustrates the Auxiliary Tgr. 1.

FIG. 138; illustrates the Auxiliary Tgr. 1 Off Powering.

FIG. 138k illustrates the Auxiliary Tgr. 2.

FIG. 138/ illustrates the Auxiliary Tgr, 2 Off Powering.

FIG. 1394 illustrates the Resets.

FIG. 1395 illustrates the Instruction Reset Machine
Reset.

FIG. 139c¢ illustrates the Result Reg. MAC 2, IC, Initial
Select Reg. & MAR Resets,

FIG. 1394 illustrates the —12 Clamps.

FIG. 139¢ illustrates the —12 Clamps.

FIG. 140q illustrates the Compare Routing Controls.
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FIG. 1405 illustrates the Compare Routing Controls.

FIG. 140c illustrates the Compare Routing Controls.

FIG. 141 illustrates the Aiito. Load Control.

FIG. 142a illustrates the Reference Voltage Regulator.

FIG. 1425 illustrates the Driver Bias Voltage Regulator.

FIG. 143 illustrates the Filament Detection.

FIGURE 144 is a Memory Timing Chart.

FIGURE 145 is a Memory Timing Chart.

FIGURES 146a and b, taken together, form a flow
chart of the Set Bit Instruction.

FIGURE 147 is a flow chart of the Transfer on Zero
Bit Instruction,

The Data Processing System or Central Processing Unit
(CPU) shown in FIG. 1 includes a pair of core storage
devices designated as Core Memory 1.18 and Storage 1.12.
Memory 1.10 is the principal storage area and is capable
of storing and transmitting instructions and data by
means of Memory Control 1.13. All data coming into
or going out of the Arithmetic and Logical Unit (ALU),
shown generally as 1.14, must eventually go through Core
Memory. On a Read Memory operation, the contents of
a specified location in Memory comprising five characters
are placed in a Memory Buffer Register 1.16 and are
retained there for further use. From the Memory Buffer
Register, the Memory Out switch 1.17 determines which
one of the five characters is placed in a Character Register
1 (CR 1) 1.18. The numerical bits 0f CR 1 (8, 4, 2, 1)
are sent either through Multiply circuits 1.20 by way of
CR1 to Adder controls 1.22, or through the Digit Adder
True Complement controls 1.24, via CR 1 to True Com-
plement control 1.26 to a Digit Adder 1.30.

Single characters are read from Core Storage 1.12 by
means of Storage controls 1.32 and are placed in a Storage
Buffer Register 1.34. From the Storage Buffer Register,
the information is moved to a Character Register 2
(CR 2) 1.36. Since only one character at a time is
read from Storage as opposed to five characters being
read from Memory, character selection controls such as
Memory Out circuits 1.17 are not required for CR 2.
The numerical bits of CR 2 (8, 4, 2, 1) are sent to the
Digit Adder True Complement controls 1.24 by way of
CR 2 to True Complement controls 1.38. The numerical
bits of the character contained in CR 2 are placed in a
Multiply register 1.40 by way of CR 2 to Multiple Register
controls 1.42. The numerical portion of the contents of
CR 1 and CR 2 are cither complemented or passed un-
medified to the Digit Adder 1.30 under control of Comple-
ment controls 1.43. The numerical portion of the con-
tents of CR 1 (1.18) are multiplied by the contents of the
Multiply register 1.40 and passed to the Digit Adder 1.30
under control of CR 1 to Adder Switch 1.22.

In the Digit Adder 1.30, numbers are added in the
binary form; however, circuits are arranged so that the
numbers are always decimally corrected by Decimal
Correction circuits 1.44 unless such correction is inten-
tionally suppressed. The zone portion (B, A) of charac-
ters contained in CR 2 are either complemented or passed
unmodified to a Zone Adder 1.48 under control of Zone
Adder-True Complement controls 1.50. The zone por-
tion (B, A) of characters contained in CR 1 are passed
via CR 1 to Adder controls 1.22 to Zone Adder 1.48.
Normally, the Zone Adder does not add zome bits but
merely passes such information through from either CR 1
or CR 2 (but not both) in unchanged form; however, by
the use of certain instructions, zone bits may be added or
subtracted. The output of the Decimal Correction Cir-
cuits 1.44 and the Zone Adder 1.48 may be placed in a
Result Register 1.52 with the proper redundancy bit in-
serted by a C bit Generator 1.54.

The contents of the Result Register 1.52 may be stored
in Core Memory 1.10 or the original characters read
from Memory into the Memory Buffer Register 1.16 may
be returned to Memory under control of a Memory In
control 1.56. Likewise, the contents of this Result Regis-
ter 1.52 may be placed in Storage by way of Storage In
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controls 1.58. 1If the contents of the Result Register are
not sent to Storage, then the original character in the
Storage Buffer Register 1.34 is returned to Storage by
way of said Storage In controls 1.58. Communication
with Memory may be had with Input-Output storage units
through the use of the Memory Buffer Register and
Parallel Character Transfer Busses 1.60.

The principle employved by Overlap Mode Control 1s
that data read from Memory and/or Storage during the
Read portion of the cycle is used for computation during
the Write portion of that cycle and also during the Read
portion of the following cycle. The result of this compu-
tation is then returned to Memory or Storage during the
Write portion of the second cycle.

As a general introduction to operation of the Data
Processing System, several examples of operations per-
formed_in response to typical instructions will be described
with reference to FIG. 1.

EXAMPLE I.—RESET AND ADD

A Reset and Add instruction enters a numerical field
obtained from Core Memory 1.10 in Core Storage 1.12.
The address contained in the instruction specifies the loca-
tion of the field in Memory and the particular part of
Storage to be used. The Memory controls 1.13 cause the
characters beginning with the lowest order character in
the Memory field to be read from Memory into the
Memory Buffer Register 1.16 in five character groups and
the characters to be read serially into CR 1 (1.18) via the
Memory Out controls 1.17. The characters are trans-
ferred serially from CR 1 (1.18) to the Result Register
1.52 by way of CR 1 1o Adder controls 1.22, Multiply
circuits 1.20, Digit Adder 1.30, and Decimal Correction
circuits 1.44. In response to the Storage Address con-
tained in the instruction, the Storage controls 1.32 cause
the characters to be entered serially in Core Storage 1.12
via Storage In controls 1.58 from the Result Register
1.52. The transfer of characters continues until a non-
numerical character has been extracted from Core Mem-
ory 1.10 and sensed in CR 1 (1.18). The upper limit of
the Storage field is then identified with a Storage Mark.
The contents of Core Memory remain unchanged.

EXAMPLE 11.—ADD

Considering now that a factor has been entered in Stor-
age as described above, an Add instruction adds a numeri-
cal field from Core Memory 1.1 to the factor in Core
Storage 1.12. The address part of the Add instruction
specifies the locations in Memory and the Core Siorage
unit which contain the numerical fields to be added.
Starting with the lowest order of each numerical field, the
characters are obtained from Memory and Storage and
placed in CR 1 (1.18) and CR 2 (1.36), respectively.
The numeric bits of the characters in CR 1 and CR 2 are
transferred unmedified to the Digit Adder 1.30 and the
sum is decimally corrected in Decimal Correction circuits
1.44 and placed in the Result Register 1.52. The con-
tents of the Resuit Register represents the sum of corre-
sponding orders of the Memory and Storage fields and
these contents replace the original factor in Storage.

Considering the timing of the operation just described,
after the Instruction cycle has been completed, Execution
cycles, having Read and Write portions, ocour in succes-
sion. During the Read portion of the first Execution
cycle two characters are obtained, one from Memory and
one from Storage respectively, to be added; and during
the Write portion of the first cycle no result is returned to
Storage since addition of the first two numbers is in
progress. The Read portion of the second cycle is used to
obtain the next characters to be operated upon. During
the Write portion of the second cycle, when addition of
the characiers obtained during the first cycle has been
completed, the result of such addition is written into the
address, in Storage, read from during the first cycle. Over-
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lapping of addition and Storage operations continues until
the limit of the result is identified by a Storage Mark,
except under certain conditions described in detail later.
The contents of the Memory field remain unchanged.

EXAMPLE 11I.—STORE

A numerical field in Core Storage 1.12 is placed in
Core Memory 1.10 by a Store instruction having an ad-
dress portion specifying the Storage unit from which data
is obtained and the location in Core Memory at which
the field is to be stored. In response to Storage controls
1.32, numeric characters are placed in CR 2 (1.36) succes-
sively and transferred to the Result Register 1.52 via CR 2
to T/C controls 1.38, Digit Adder T/C controls 1.24,
Digit Adder 1.30 and Decimal Correction circuits 1.44.
Under control of Memory controls 1.13, the contents of
the Result Register 1.52 are placed in Core Memory at
successively lower locations via Memory In controls 1.56.
The transfer between Core Storage and Core Memory
continues until a Storage Mark is detected. The Store
Instruction does not affect the contents of the field in
Core Storage.

What has been described in the examples above will
be described in more detail with reference to FIG. 2 and
still more specifically with reference to the figures which
follow FIG. 2.

The character code system employed for representing
information uses a seven bit code for each character.
A numeric portion expresses numeric information in the
binary coded decimal notation (BCD), as mentioned pre-
viously, and a zone portion, in combination with the
numeric portion, expresses alphabetic and symbolic in-
formation. These seven bits are divided into the follow-
ing groups:

heck ‘ Zon } Nivnerie
i |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ B,oA i ol

The bit structure of a character may be expressed by
placing a line over a bit not present in a character, for
example, the number five (5) is written © B & B431.
Alternately, the characters may be expressed in binary
form using a “1” to denote the presence of a bit and a
“0” to denote the absence of a bit, for example, the
number five (5) is written 0000101, Often, it becomes
convenient in the circuits to utilize the absence of a bit
or bits within a character and when so doing, the bits
of a character are inverted so that a “0” becomes a “1,”
or, for example, a line labeled B has a positive signal
thereon when the B bit is “0.”

The C bit or check bit is used when the number of
Zone and Numeric bits in a character results in an odd
sum so that, in all cases, the sum of all of the bits in the
character, including a C bit, is an even amount. During
the operations on information throughout the data proc-
essing system, the sum of the character bits is checked
for an even total.

As shown in the examples, there is an absence of bits
in the Zone positions when numeric information is repre-
sented and the value of the numeric portion is the sum
of 8, 4,2, 1 bits. When “0” is expressed, as a character,
it is represented by an “8” bit and a “2” bit (0001010),
but within the arithmetic and addressing units of the sys-
tem, “0” is represented by the absence of bits. Alphabetic
and symbolic characters are represeated by combinations
of Zone and Numeric bits. The following chart shows
the bit configuration for each character and symbol.



2,026,037

13

Chart 1
{1
Alphabetic i! Numecrical
Char C BA 8421 ‘ Char O BA 8421
I

A 1 11 601 ‘ 1 1 a4 {01
B 1 11 0010 2 1 (L] 001%
C a 11 Oull 3 0] 00 0o11
n 1 11 0100 4 1 ) 0106
E 0 1t 0101 5 4] M a1m
F f 11 0110 G ) 00 0110
G 1 11 0111 T 1 00 G111
H H 1 1000 R | [} 1100
I 0 11 1001 4 (] 4] 1001

} 0 10 0001 Numerieal zero
K it 10 0p10 ] 0 00 1014

L 1 10 0011 Special Char,
M 0 10 100 . 1 11 1011
N 1 10 ool =] 0 it 1104
o] 1 10 g 3 0 10 1011
r 0 10 0111 * 1 15 1100
«Q 0 10 1000 , { i1 1011
R 1 10 1001 % 1 [ 110
5 0 01 0010 # 1 0 1011
T 1 01 0011 @ 0 00 1o
U 4] i1 016 & 0 11 {000
v 1 (31 (3101 i - 1 10 Q000
W 1 01 0110 Blank 1 Ul Q00U
X { {1 niiy / i 1 G001

Y [ {1 1000
7 1 (i3} 1001
Char C BA K421
Ace.and Drum Mark_ .. ... ] 0 00 0000
Plus Zero oo ._ [§] Id 11 1010
Minus Zero... ... ... i} 1 10 1010
Record Murk._..__. ... ... 1 01 10106
Group Mark. .. __._....._______._. 0 11 1111
Tape Mark_ .. .. ... ... 0 00 1111
CYCLES

An operation period is defined as the period of time
during which the Data Processing System reads, interprets
and performs instructions. Character cycles are classified
according to the time in which they occur during an opera-
tion. The first Character cycle, of each operation, is the
Instruction Character Cycle, ICC, and it is during this
cycle that the five characters of an Instruction are obtained
from Core Memory, the Operation code is recognized,
various registers and controls are set, and the five char-
acters comprising the Instruction are written back in the
Core Memory. Following the Instruction cycle is a period
defined as Execute time having a number of Execution
Character cycles which depend, in part, upon the type of
Instruction. For some Instructions, the number of Exe-
cution Character Cycles varies according to the length of
the fields involved, although at least one Execution Char-
acter Cycle (ECC 1) is always required. The first Exe-
cute Cycle, namely Execution Character Cycle 1 (ECC
1), is characterized by certain special functions to pre-
pare for succeeding operations. For example, in arith-
metic instructions, the Sign must be removed from a
character addressed in Memory. In the Store for Print
Instruction, the first character placed in Core Memory
is either a Blank or a Hyphen depending on the setting
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of the Sign trigger of the Storage unit. In some instances,
an Execution Character Cycle 2 (ECC 2) follows an
ECC 1 cycle for the primary purpose of identifying a
second Execute cycle when the need arises for certain
operations. Following ECC 1 or ECC 2 are as many
Execute cycles are necessary to complete the operation
called for by the Instruction.

DESCRIPTION OF FIG. 2

Reference is made to FIGS. 2a through 2hkh which
show, in block form, principal data portions of the Data
Processing System of FiG. 1.

The convention employed in numbering lines in the
logical block diagram is as follows: from left to right,
the first numbers and the letter, if any, to the period or
point is the figure number from which the line originated,;
the next two numbers to the second point refer to a par-
ticular output line (these are usually numbered accord-
ing to their positions on the originating sheet from top to
bottom); and the last two numbers, when used, refer
to either the character associated therewith or a particular
bit within a character. In a few instances where one
trigeer is shown as an example of one bit position in a
register of several character capacity, the output linecs
from the figure are numbered as follows from left to
right: The first two digits and the letter, if any, refer to
the figure, the next two numbers refer to a particular
output line (usually numbered from top to bottom of the
figsure in numerical order), the next two numbers refer
to the character number, and the last or right-hand num-
ber refers to the bit. For example, line X.01.04 (B) origi-
nates in F1G. X, it is-the first line at the top of the figure,
and it refers to bit B of character 4, On rare occasions,
a single output line is connected to several points and,
thus, several lines may bear the saime number. FEach
input line in the diagrams bears the number derived from
its point of origin.

In the composite drawings of FIG. 2, data flows gen-
erally into the block at the top and out of the block at the
bottom, and control lines which cause the movement of
data enter the block from the left. Although the lines
leaving the block diagrams are shown entering other logi-
cal block diagrams, a chart herein which follows the
index facilitates location of the destination of lines leay-
ing a diagram by giving a figure number for the destina-
tion,

FIG. 2q illustrates the Memory Control 1.13 of FIG. |
and comprises Memory Decoders, FIGS. 3¢ through 3e,
Y and X Switch Core Write and Read Drivers, FIGS. 4,
5a, 5b, 5¢, 6, 7a, 7b and 7¢ (controls comprising FIGS.
5d, 5e, 5f, 5g, 5h, 7d and 7e not shown in FIiG. 2), and
Y and X Switch Core Matrices, FIGS. 8 and 9. The
Memory In switches 1.56 of FIG. 1 are shown in FIG.
25 and comprise Input Select control, FIG. 10, Input
Switch, FIGS. 1la and b, and Memory Inhibit circuits,
FIGS. 124, b and ¢. The Core Memory 1.10 of FIG. 1
is shown in FIG. 2) and in detail in FIG. 13. Additional-
ly, FIG. 2bx illustrates the Instruction format, and FIG.
2by illustrates diagrammatically windings of one of the
cores of FIG. 13. The Memory Buffer Register (MBR)
1.16 of FIG. 1 is shown in FIGS. 2¢ through 2¢ as hav-
ing five orders for storing five characters comprising 35
bits. The details of sample orders of the MBR are shown
in FIGS. 144 and 145, The Sense Amplifiers of F1G. 2¢
are shown in detail in FIGS. 154 and » and connect the
sense windings of Core Memory, by cable, with the input
lines of the Memory Buffer Register.  As shown in FIGS.
2c--2e, lines 154.61.00 (C through 1) are conpected from
the Sense Amplifiers to Character 0 position of the MBR,
lines 155.01.02 (C through i) are connected to Charac-
ter 1 position of the MBR, lines 154.01.02 (C through 1)
are connected to Character 2 position of MBR, lines
152.01.063 (C through 1) are connected to Character 3
position of MBR, and lines 1542.01.04 (C through 1) are
connected to Character 4 position of MBR. Output lines
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145.01.00 (T through 1), 145.01.81 (T through 1)
144.01.02 (T through 1), 14¢.01.83 (T through 7) and
140.01.84 (T through 1) are connected via cable to the
Input Switch, FIG. 2b. Output lines 144.02.02 (A),
142.02.02 (B), 142.02.03 (A) and 14a4.062.03 (B) are
provided to the Storage Select Register, FI1G. 2p (FIGS.
16a through 16d) for Auxiliary Storage addressing. Nu-
meric lines 14a.62.03 (8), 144.02.63 (4), 14a.02.03 (2),
144.02.63 (1), §42.02.02 (8), 14a.02.92 (4), 144.02.062
(2) , 14¢.02.02 (1), 145.02.01 (8), 145.02.01 (4),
145.02.01 (2) and 145.02.01 (1) uare furnished from
Character 1, 2, and 3 posiiions of MBR to the thousands,
hundreds and tens orders of FIGS. 2s and 27 of the Mem-
ory Address Register, FIGS. 2r through 2¢ (FIGS. 17a
through 17¢). Numeric lines 144.02.03 (2), 144.02.03
(8), 14a.02.02 (2), 14a.02.02 (8), 145.02.01 (2) and
145.62.91 (8) are connected to Memory Address Reg-
ister Controls of FIG. 2u (FIG. 17f). Zone lines
145.02.01 (A), 145.02.01 (B) and 144.02.04 (B) are con-
nected to the ten thousands order of MBR of FIG. 2t
(FIG. 17¢). Lines 145.04.00 (C through 1), 145.04.01
(C through 1), 14¢.64.02 (C through 1), 140.04.03 (C
through 1) and 144.05.84 (C through 1) are connected as

inputs to the Parallel Character Transmission Write

Bus, FIG. 2f (FIGS. 18a and #). Lines 145.04.00 (C
through 1), 145.95.01 (C through 1), 1440562 (C
through 1), 144.05.03 (C through 1) and 144.05.04 (C
through 1) are coupled to the MBR Code Check of FIG.
2f (FIGS. 194 and b).

of FIG. 19¢ (not shown in FIG. 2). Lines 145.06.00
(C through 1), 145.06.01 (C through 1), 145.06.02 (C
through 1), 144.066.63 (C through 1) and 144.06.94 (C

through 1) are coupled to Memory Out of FI1G. 2¢g (FIGS. .

204, b, ¢ and ). Output lines 145.02.00 (C through 1)
from Character 0 position of the MBR are connected to
the Operation Register of FIG. 2v (FIGS. 21a and b).

From the Keyboard of FIG. 2v (FIGS. 22« through
¢}, output lines 224.07 (C), 22b.06 (B), 22605 (A),
22b.04 (8), 22b.03 (4), 22b.02 (2) and 225.01 (1) are
connected to corresponding bit positions of the Operation
Register of FIG. 2v (FIGS. 21a and b). Outputs of the
Operation Register are provided to an Operation Decoder,
FIG. 2v (FIGS. 23a through 23/) and Operation Check
Circuits, FIG. 2v (FIG. 24).

The units order of MAR, FIG. 2r, receives numeric
input lines 204.04 (8), 294.05 (4), 204.06 (2) and
204.07 (1) from Character 4 position of the MBR via
Memory Out controls, FIG. 2g (FIGS. 20a through 20d).
The Memory Address Selector including manually oper-
able keys, FIG. 2q (FIGS. 25a and ), provide numeric
inputs to all orders of MAR via lines 25h.01 through
255.19. Input lines 26a.126, 26a.135, 26a.133, 26a.130,
264.128, 264.144, 26a.142, 26a.140, 26a.138, 26a.154,
264.151, 26a.149, 26a.147, 26a.156, 26a.158 and 26a.160
are provided to all orders of MAR from the Synchronizer
Memory Address Counter (not shown) via the Parallel
Character Transmission cable, FIG. 2r, associated with
a4 connector shown in FIG. 26a of a pair of connectors
of FIGS. 26a and b.

Output lines 17a.07, 1742.02, 174.16, 174.10, 17a.23,
17218, 174.31 and 174.26 from the units order of MAR,
FIG. 2r, are connected to a Control Address Decoder,
FIG. 2jj (FIG. 27). Outputs of all orders of MAR,
namely, lines 17a.27, 17a.19, 17a.13, 17a4.03, 17627,
175.19, 17b.11, 175.04, 17c.31, 17¢.22, 17c.13, 17c.05,
174.31, 174.22. 17d.13, 174.05, 17¢.04, 17¢.10 and 17e.17,
are coupled to the Synchronizer Memory Address Counter
Checking, FI1G. 2ii (FIG. 28). Output lines 17a.12,
176.26, 17b.18, 17510, 175.03, 17¢.30, 17c.21, 17¢.12,
17¢.64, 174.30, 17d.21, 17d4.12, 17d.04, 17¢.03, 17.09,
and 17e.16 from the first through fifth order of MAR are
directed to Memory Address Select Register or Memory
Address Register to Data Synchronizer Unit (MASR/

Code Check Odd lines 194.01
and 195.01 are connected to MBR Code Check outputs
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MAR to DSU), FIG. 2« (FIGS. 2%a and b). Output
lines 174.01, 174.05, 172.08, 17214, 17a.17, 17a.21,
174.25, and 172.29 from the units position of MAR are
connected as inputs to the units position of MAC 1, FIG.
2gg (FIG. 30a). From the tens position of MAR, lines
17b.02, 175.05, 17b.09, 175.12, 175.17, 175.20, 17b.25,
and 175.28 enter the tens position of MAC 1 (FIG. 3056).
Lines 17¢.03, 17¢.06, 17¢.19, 17¢.19, 17c¢.23, 17¢.28, and
17¢.32 from the hundreds position of MAR are connected
to the hundreds order of MAC 1 (FIG. 30c). Lines
14.03, 174.06, 174.1%, 174.14, 174.28, 174.23, 174.29 and
174.32 from the thousands order of MAR are connected
to the thousands order of MAC 1 (FIG. 30d). Lines
17¢.02, 17¢.05, 17¢.08, 17e.11, 17¢.15, 17¢.18 from the
ten thousands order of MAR are coupled to the ten
thousands order of MAC 1 (FIG. 30e). Decoding cit-
cuits are provided for MAC 1 in FiG. 2g¢ (FIG. 30g)
to determine the digit in the units position of MAC 1
and to determine the end of Memory. Orders of MAR
are connected by cable to corresponding orders of MAC
2 of FIG. 2hh (FIGS. 31a through e) via lines 174.04,
17a.11 17220, 174.28, 170.66, 17513, 175.21, 17529,
17¢.07, 17¢.15, 17¢.24, 17¢.33, 174.07, 174.15, 17d4.24,
174.33, 17e.06, 17¢.12, and 17¢.18. In order to cbtain
instructions for operation in response to the stored pro-
gram, outputs are provided from MAR to an Instruction
Counter, FIG. 2ii (FIGS. 324 through ¢) on the lines
174.09, 172.07, 17b.14, 17522, 175.30, 17¢.08, 17c.16,
17¢.25, 17¢.34, 174.08, 17d.16, 174.25, 174.34, 17e.07,
17¢.13 and 17¢.28. Outputs from the frst through fourth
orders of MAR are provided to the Select Register, FIG.
2ji (FIGS. 33a through d) on the lines 174.06, 17a.18,
17a.22. 17¢.30, 175.08, 17615, 175.23, 175.31, 17¢.09,
17¢.17. 17c26, 17¢.35, 17409, 17417, 174.26 and
174.35 for selecting Input-Output units. Select Register
Controls are shown in FIG. 33¢ and ALU Select Register
Decoder is shown in FIGS. 33f and g Qutput lines
17¢.20, 17c.11, 17c.29, 17c.02, 174.28, 174.19, 174.19
and 174.02 from the third and fourth orders of MAR are
nsed in MAR Controls, FIG. 2u (FIG. 17f) to provide
Block Call for Half Step signals.

The Storage Controls 1.32 of FI1G. 1 are shown in
FIG. 2t connected as shown and comprising Decoders,
FIGS. 34a through d; X Switch Core Read Drivers, FIG.
35; Y Switch Core Write Drivers, FIGS. 36a4 and b; Y
Switch Core Read Drivers, FIG. 37; X Switch Core Write
Drivers, FIGS. 38a through ¢; Y Switch Core Matrix,
FIG. 39; X Switch Core Matrix, FIG. 40; Storage Write
Driver Select Circuits, FIG. 41; und Odd-Even Gating
Circuits, FIG. 42.

The Storage In Controls 1.58 of FIG. | are shown in
FIG. 2un and include Storage In Select and Switching
Circuits, FIG. 43, and Storage Inhibit Circuits, FIG. 44.
The Core Storage 1.12 of FIG. 1 is also shown in FIG.
aun and in detail in FEG. 45. Sensing outputs of the
Storage Array. FIG. 2uu, are possed through Sense Am-
plifiers, FIG. 2vv (FIG. 46) to a Storage Buffer Register
1.34 of FIG. 1 (FIG. 2vv) on the lines 46.01 (C),
46.02 (B), 46.03 (A), 46.04 (8), 46.05 (4), 46.06 (2)
and 46.67 (1). Logical circuits of the Storage Buffer
Register are shown in FIG. 47. Cutputs of the Storage
Buffer Register are provided by cable to the Storage In
Select and Switching circuits, FIG. 2ux, on the lines
47.01 (T), 47.02 (B), 47.03 (&), 47.04 (3), 47.05 (4),
47.06 (2) and 47.07 (I). Another set of outputs are
provided by cable from the Storage Buffer Register of
FIG. 2vv to Character Register 2 in FIG. 2kk {1.36 of
FIG. 1) on the lines 47.08 (C). 47.09 (B), 47.10 (A),
4711 (8), 47.12 (4), 47.13 (D) and 47.14 (1). De-
1ails of CR 2 are shown in FIG. 48.

Signals from the Memory Address Counter 1, FIG. 2gy,
are provided by cable to a Memory Address Select Regis-
ter (MASR), FIGS. 2ww through 2yy (FIGS. 49a
through j) on the lines 3040.03, 304.07, 304.10, 304.13,
305.02, 30505, 3065.06, 305.07, 30c.02, 30c¢.05, 39¢.06,
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30c.07, 304.02, 304.05, 304.06, 304.07, 30e.01, 30¢.03
and 30e.65. Also, signals from the Memory Address
Counter 2, FIG. 2hh, are prcvided by cable to the MASR,
FIGS. 2ww through 2yy, on the lines 31a4.01, 314.03,
314.04, 314.05, 315.01, 31).03, 315.04, 315.05, 31c.01,
31c.03, 31c.04, 31c.05, 31401, 314.03, 314.04, 314.05,
31e.01, 31282 and 312.03.

Signals from the Instruction Counter, FIG. 2ii (FIGS.
32a through 32¢) are provided by cable (broken) to
Transfer Routing Controls, FIG, 2aa (FIGS, 50a through
50g) on the lines 324.02, 324.05, 325.03, 3256.05, 325.07,
325.09, 32¢.63, 32¢.05, 32¢.07, 32¢.09, 324.03, 324.95,
324.07, 324.09, 322.02, 32¢.04 and 32¢.06. Another set
of outputs is provided on the lines 322.10, 324.01, 324.03,
325,01, 325.04, 32006, 325.08, 32c.01, 32¢.04, 32¢.06,
32¢.08, 324.01, 324.04, 324.66, 324.08, 32c.01, 32.63
and 32¢.05 by cable to the Memory Address Select Regis-
ter, FIGS. 2ww to 2yy.

Signals from the Starting Point Counter, FIG. 2gq,
(FIGS. 51a through 51c¢) are provided by cable on lines
51¢.04, 51c.03, 51c.02, 51c.01, 515.66, 515.05, 515.04,
515.63, 515.02, 515.01, 51a.06, 51¢.05, 514.04, 514.03,
51a2.02 and 51a.01, to all orders of the Storage Address
Counter, FIG, 2ff (FIGS. 52a through ). SAC con-
trols (not shown in FIG. 2) are illustrated in FIG. 52e.
Additional inputs to stages 5 through 8 of SAC are pro-
vided by cable from the Storage Select Register, FIG. 2p,
via lines 164.06, 164.02, 164.09, 164.13, 164.16, 164.20,
16423 and 164.27.

Outputs from all stages of SAC, FIG. 2ff, are fur-
nished by cable as inputs to a Storage Address Select
Register, FIG., 2ee (FIGS. 53¢ and b) on the lines
52¢.09, 52c.88, 52¢.07, 52¢.06, 52¢.05, 52¢.04, 52¢.03,
52¢.02, 524.08, 524.07, 52a.06, 52a.05, 524.04, 524.03,
524.02 and 524.01. In turn, SASR of FIG. 2ee, provides
outputs on the lines 535.08, 535.07, 53b.06, 535.65,
535.04, 535.063, 535.02, 33b5.01, 534.08, 534.07, 534.06,
834.05, 53a.04, 53a.03, 53a.02 and 534.01 to the Storage
Address Decoders of FIG. 212

Two more sets of output lines from the Storage Select
Register, FIG. 2p, are provided by separate cable to Stor-
age Select Register Decoding, FIG. 2ee (FIG. 54) and
SSR Decoders, FIG. 2p (FIGS. 55a and b). SSR lines
164.03, 164.10, 164.17 and 164.24 are connected to SSR
Decoding and lines 164.06, 164.02, 162.07, 162.08, 164.11,
16a.12, 16a.14, 16a.15, 164.18, 164.19, 16a.21, 16a.22,
164.25 and 16a.26 are connected to SSR Decoders. SSR
Decoding of FIG. 2ee (FI(. 54) furnishes outputs to the
2x 4 Storage Decoder of FIG. 2#t. Outputs of the SSR
Decoders of FIG. 2p (FIGS. 554 and b) are furnished
by cable (broken) to Set Bit Routing Controls, FIG. 2x
(FIGS. 56a and b) on lines 55a¢.02, §54.08, 554.11, 554.15,
554.18, 554.19, 554.22, 55a.23, 554.27, 55a.28, 55b.01,
555.03, 555.04, 555.06, 555.08, 555.09, 555.11 and 555.12.
Also, SSR Decoder outputs are provided to Transfer
Routing Controls, FIG. 2aa (FIGS. 50a through 50g) on
the lines 554.63, 55a.04, 554.05, 554.06, 554.09, 554.10,
854.12, 554.13, 55a.14, 55a4.16, 554.17, 55a.20, 55a.21,
554.24, 58a.25, 554.26, 55b.02, 55b.05, 55b.07, 55b.10,
55b.13 and 555.14. Additionally, output lines from SSR
Decoders 1 and 2 are sent to Input-Output Controls via
the PCT bus.

Memory Out, FIG. 2g (FIGS. 20a through d) provide
outputs to CR 1, FIG. 2Ah, on the lines 204.61 (C),
204.02 (B), 204.03 (A), 204.04 (8), 204.05 (4), 204.06
(2) and 204.07 (1). Character Register 1 (CR 1) has
three sets of outputs. The Right Plate outputs are sent
by cable to CR 1 Right Plate Output Distributor Circuits,
FIGS. 2k through 2m (FIG. 58) on the lines §7.03 (C),
57.05 (B), 57.07 (A), 57.09 (8), 57.11 (4), 57.13 (2)
and §7.15 (1). Left Plate Outputs of CR 1 are provided
by cable to the Left Plate Output Distributor Circuits,
FIGS. 2i through 2j (FIG. 59) on the lines 57.04 (B),
57.06 (X), 57.68 (3), 57.10 (1), 57.12 (3) and 57.14 ().
Outputs from C of Character Register 1 are provided on
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line 57.02 (C) to Transfer Routing Controls, FIG. 2aa
(FIGS. 50a through g) and on line 5§7.01 (C) to Set Bit
Controls, FIG. 2x (FIGS. 56q and #). A line 5§8.33 (A)
from the Right Plate Distributor Circuits, FIG. 2! (FIG.
58) is sent to Instruction Time Check, FIG, 2bb (FIG.
60). A line 59.21 (&) from the Left Plate Distributor
Circuits, FIG. 2i, and line 58.27 (A) from the Right
Plate Distributor Circuits, FIG. 2/, goes to Instruction
Time Routing Control, FIG. 265 (FIG. 61). Lines 59.22
(A) and 59.63 (B) from Left Plate Out, FIG. 2i, and lines
58.28 (A) and 58.17 (B) from Right Plate Out, FIGS.
2k and {, are connected as inputs to Storage Sign Trigger
controls, FIG. 2aa (FIG. 62). The NOT lines from code
bit position of CR 1 Left Plate Outputs of FIGS. 2i and §
go to Inter Register Check Routing and Trigger, FIG. 2z
(FIG. 63). Lines 58.12 (B) and 58.26 (A) from the
Right Plate Distributor, FIGS. 2k and /, are connected
as inputs to Add Address to Memory Routing Controls,
FIG. 2z (FIGS. 64b and ¢) and lines 58.15 (B) and
58.31 (A) originating in FIGS. 2k and ! go to Unload
Address Controls, FIG. 2z (FIG. 65b). Line 59.04 (B)
originates at CR 1 B Left Plate Out, FIG. 2i, and goes
to FIG. 2y, Divide Routing Controls, FIG. 66A. Line
59.09 (B) from FIG. 2/, CR 1 Left Plate Output, goes
to Multiply Routing Controls, FIG. 2y (FIG. 67). Lines
58.09 (B), 58.10 (B), 58.11 (B) and 58.25 (A) from
CR 1 Right Plate Outputs, FIG. 2k, and lines 59.05 (B)
and 5§9.17 (X) from FIG. 2i are connected to Add to
Memory Routing Controls, FIG. 2x (FIGS. 68a through
e). Lines 58.05 (B), 58.22 (A) and 59.14 (&) from
FIGS. 2k, ! and i are connected as inputs to Set Bit Rout-
ing Contrels, FIG. 2x (FIGS. 564 and ). Lines 59.10
(B) and 59.20 (X) from FIG. 2 and lines 58.16 (B)
and 58.32 (A) from FIGS. 2k and ! furnish signals to
Sign, No Operation and Stop Routing Controls, FIG. 2x
(FIGS. 692 and b). Lines 58.07 (B), 58.08 (B) and
58.24 (A) from FIGS. 2% and [ are provided by cable to
Load Address Routing Controls, FIG. 2w (FIGS. 70a
and b). Lines 58.18 (B), 58.34 (A), 58.38 (8), 58.43
(4), 58.48 (2) and 58.53 (1), one line from each data
bit position of CR 1, Right Plate Outputs, FIGS. 2k, I
and m, and NOT lines 59.11 (B), 59.23 (&), 59.28 (8),
59.33 (7). 59.38 (2) and 59.43 (T) from CR ! Left Plate
Outputs, FIGS. 2/ and j, are provided to CR 1 Recognition
Circuits, FIG. 2n (FIG. 71a). Lines 58.02 (C), 58.19
(B), 58.39 (8), 58.44 (4), 58.49 (2), and 58.54 (1) from
CR 1 Right Plate Outputs and lines 59.12 (B), 59.24 (),
59.29 (), 59.34 (4), 59.39 (2) and 59.44 (1) from
CR 1 Left Plate Outputs are directed to CR 1 Recogni-
tion Circuits, FIG. 20 (FIG. 71b). Lines 58.03 (C),
59.20 (B), 58.35 (A), 58.40 (8), 58.45 (4), 58.50 (2)
and 58.55 (1) from CR 1 Right Plate Outputs, FIGS.
2k, I and m, and 59.13 (B), 59.25 (X), 59.30 (X), 59.35
(4), 59.40 (2) and 59.45 (1) from CR 1 Left Plate Out-
puts, FIGS. 2i and j, are connected by cables to CR 1
Code Check, FIG. 20 (FIG. 72). Lines 58.06 (B),
58.23 (A), 58.37 (8), 58.32 (4), 58.47 (2) and 58.25 (1)
from CR 1 Right Plate Outputs, FIGS. 2%, I and m, are
connected by cable to inputs of Adder Input Switching,
FIG. 29q (FIG. 73). Lines 58.04 (C), 58.21 (B),
58.36 (A), 58.41 (8), 58.46 (4), 58.51 (2) and 58.56 (1)
from CR 1 Right Plate Qutputs are directed to the I/0
Parallel Character Transfer Cable (broken), FIG. 2m
(FIG. 265).

Output lines 59.01 (B), 59.15 (), 59.26 (¥), 59.31
(4), 59.36 (2) and 59.41 (1) from CR 1 Left Plate Out-
puts (FIGS. 2i, k and [) are connected by cable to Trans-
fer Routing Controls, FIG. 2aa (FIGS. 50a through g).
Output lines 59.07 (B), 59.06 (B), 59.08 (B), 58.13 (B),
58.14 (B), 59.18 (A), 59.19 (A), 58.29 (A) and 58.30
(A) of CR 1 Right and Left Plate Output Circuits are sent
by cable to Reset Add, Reset Subtract, Add and Subtract
Routing Controls of FIG. 2y (FIGS. 745, c, e, and f).
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Output lines 59.02 (B), 59.16 (X), 59.27 (¥), 59.32 (4),
5937 (5) and 59.42 (1) from CR 1 Left Plate Outputs
are provided by cable as inputs to Inter Register Check
Routing, FIG. 2z, (FIGS. 63a, b and ¢).

In FIG. 2kk, pairs of complementary output lines 48.04
through 48.15, representing the bit configurations of the
zone and numeric portions of the characters in CR 2 are
sent by cable to CR 2 Distribution Circuits of FIGS, 2l
through 2nn (FIG. 75).

OQutput lines from CR 2 Distribution Circuits, FIGS. 21/,
mm and nn, comprising 75.07 (B), 75.16 (A), 75.14 (X)),
75.18 (8), 75.22 (8), 75.27 (4), 75.33 (3), 75.39 (2),
75.43 (2), 75.49 (1) and 75.53 (1) are sent by cable to
CR 2 Recognition, FIG. 200 (FIG. 76). Output lines
from CR 2 Distribution Circuits, FIGS. 2il, mm and nn,
comprising 75.04 (B), 75.08 (B), 75.11 (A), 75.15 x),
75.19 (8), 75.23 (8), 75.28 (4), 75.34 (1), 75.40 (2),
75.44 (2), 75.50 (1) and 75.54 (1) are directed by cable
to CR 2 Code Check of FIG. 2pp (F1G. 77).
lines from CR 2 Distribution Circuits, FIGS. 2mm and
2nn, comprising 75.17 (8), 75.21 (R), 75.32 (3), 75.26
(4), 75.38 (2), 75.42 (2), 75.52 (1) and 75.48 (1), rep-
resenting the numeric bit configuration and the comple-
ment thereof of the character in CR 2, are sent by cable
to Multiplier Register and Decoder, FIG. 2/hf (FIG. 78),
which, in turn, provides output lines 78.01, 78.02, 78.03,
78.04 and 78.06 to the Multiple Selector of FIGS. 2rr
and 2ss (FIG. 82).

Output lines 73.08 (B) and 73.01 (A) from the B and
A positions of Adder Input Switching, FIG. 2qq, are
furnished as inputs to the Zone Adder, FIG. 2ccc (FiG.
79). Lines 73.02(8), 73.04 (4), 73.03 (2), 73.05 (1)
and 73.06 (1) are sent to the Multipticand Doubler and
Quadrupler of FIG. 2dd (FIG. 80) from Adder Input
Switching, FIG. 2q9. The numeric portion of the Multi-
plicand character is also provided to the Quintupler,
FIG. 2cc (FIG. 81) from Adder Input Switching via lines
73.02 (8), 73.04 (4), 73.03 (2), 73.05 (1) and 73.07 (1).
Similarly, the numeric position of the Multiplicand char-
acter is furnished to Multiple Selection, FIGS. 2rr and
2ss (FIG. 82), via lines 73.02 (8), 73.04 (4), 73.03 (2),
and 73.05 (1) from Adder Input Swiltching. Also, the
numeric por:ion of the Multiplicand character, FI1G. 2qgq,
is directed to True/Complement Control, FiG. 2fff (FIG.
83), by the lines 73.09 (8), 73.10 (4), 73.11 (2), 7312
(1) and 73.13 (1).

The Multiple Selector receives five times the multipli-
cand character value from the Quintupler, FIG. 2cc, via
lines 81.01 through 81.05, two times the value on the
lines $0.02 through 80.04 from the Doubler, four times
the value on the lines 80.01, 80.06, 80.07 and 80.08 from
the Quadrupler, FIG. 2dd, and cone times the value from
Adder Input Switching, as described previously. The
desired multiples are selected by the control lines 78.01,
78.02, 78.03, 78.06 and 78.04 entering Multiple Selection
of FIG. 2rr from the Multiplier Register and Decoder of
FIG. 2hhh.

Output lines from the Multiple Sclection, FIGS. 2rr
and 2ss, comprising lines 82.04 throngh 82.08 are fur-
nished by cable to the Multiple Adder of FIG. 2hhh
(FIG. 84), which, in turn, provides output lines 84.03
through 84.06 to Decimal Correction Circuits of FIG.
2geg (FIG. 85). An output line of the Multiple Adder,
84.01, is connected as an input to the Digit Adder of FIG.
2¢ee (FIG. 86) and a line 84.02 is connected to Set Bit
Routing Controls, FIG. 2x (FIG. 56a).

The Decimal! Correction circuits of FIG. 2ggz (FIG.
85) furnish output lines §5.02 (2), 85.04 (4) and 85.06
(8) to Set Bit Routing Controls of FiG. 2x (FIG. 56a),
and output lines 85.01 (2), 85.83 (4) and 85.95 (8) by
cable to the Digit Adder, FIG. 2¢ee (FIG. 86).

The Digit Adder has two sets of output lines. One
set comprising lines 86.98 (8) Carry, 86.06 (8), 86.64 (4),
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86.02 (2) and 86.01 (1) goes to Decimal Correction
Circuits, Digit Adder, FIG. 2ccc (FIG. 87), while the
other set, comprising 86.09 (8), 86.07 (8), 86.05 (4) and
$6.03 (2) goes to Decimal Carry Circuiis and Zone Carry
Trigger, FIG. 2ddd (FIG. 88).

In FIG. 2cce, output lines 87.6% (1), 87.02 (2), 87.06
(4) and 87.14 (8) from the Decimal Correction Circuits
are furnished by cable to the Result Register, FIG. 2aaa
(FIGS. 89a and b); lines 87.13 (8), 87.05 (4), 87.01 (2)
and 87.12 (1) are sent by cable to C Bit Generator,
FIG. 2bbb (FIG. 90); and lines 87.16 (8), 87.15 (8),
87.07 (4), 87.08 (4), 87.03 (2), 87.04 (2), 87.18 (1)
and 87.11 (1) are directed by cable to Inter Register
Check, FIG. 2z (FIGS, 634, b and ¢).

In FI1G. 2ll (FIG. 75), ouiput lines 75.03 (B), 75.06
(T3), 75.8% (A), and 75.13 (A) from CR 2 Distribution
Circuits, provide the zone bits and complements to the
True/Complement portion of the Zone Adder, FIG. 2fff
(FIG. 79). Output lines 79.16 and 79.17 from the True/
Complement portion of the Zone Adder, FIG. 2fff, are
connected to the Zone Adder, FIG. 2ccc. The Zomne
Adder has three sets of output lines. One set comprising
lines 79.08 (B), 79.09 (B), 79.04 (A) and 79.05 (A)
go by cable to Inter Register Check Routing, FIG. 2z
(FIGS. 63a, b and ¢); another set comprising lines 79.07
(B) and 79.03 (A) go by cable to positions B and A
respectively, of the Result Register of FIG. 2aga (FIGS.
89« and b); and the third set of lines 79.06 (B) and
79.02 (A) go to the Zone positions of the C Bit Generator
of FIG. 2bbb (FIG. 90). The C Bit Generator also has
inputs (not previously mentioned) 58.61 (C) from CR 1
Right Plate Qut, FIG. 2k (FIG. 58), and 48.03 (C)
from CR 2, FIG. 2kk (FIG. 48). Output line 90.01 (C)
from C Bit Generator is connected to the C position of
the Result Register, FIG. 2aaa (FIGS. 894 and b).

The Result Register of FIG. 2aaa has four sets of input
lines. Two previously described are from the Decimal
Correction Circuits and the Zone Adder of FIG. 2cce.
The third set comprising lines 225.14 (C), 2256.13 (B},
22612 (A), 22h.11 (8), 22b.10 (4), 225.09 (2) and
225.08 (1) is connected by cable from the Keyboard of
FIG. 2v. The fourth se! is from the Memory Test Con-
trols, FIG. 2zz, and consists of lines 92.61 through 92.07.

The Result Register of F1G. 2aaa provides output lines
895.11 (C) 8956.07 (B), 825.03 (B), 894.03 (A), §95.04
(%), 894.15 (8), 894.16(%), 89a.11 (4), 89412 (4),
894.07 (2), 894.08 (2), 894.03 (1) and 89204 (1) to
the Result Register Code Check, FIG. 2zz (FIG. 9/). An-
other set of output lines 894.09 (T), 8%4.65 (B), 895.01
(&), 894.13 (R), 892.09 (1), 894.05 (2) and $94.01 (1)
are directed by cable to Memory Input Switch, FIG. 2b
(FIG. 11). Finally, a set of output lines 894.10 (T),
895.06 (T3), 8902 (X), §%a.14 (%), 89a.16 (1), 892.06
(2) and 894.02 (1) are furnished by cable to Storage In
Select Circuits of FIG. 2uu (FIG. 43).

The Memory Test Controls of FIG. 2zz, shown in
detail in FiG. 92, are used to place a character manually
into the Result Register for eniry into Memory.

As mentioned previously, a stored program is a series
of coded opsrational steps referred to as instructions, ar-
ranged in a particular sequence and stored in Core Mem-
ory. This program is obtained from Memory, instruction
by instruc:ion, and each instruction is interpreted and
executed in turn.

As shown in FIG. 2bx, an instruction comprises five
characters and is divided into two parts, the Operations
part and the Address part. The Operations part is a
single character {Characler 0) designating the operation
to be performed. The Address part is divided into two
portions. The first, comprising numeric portions of Char-
acters 1 through 4, B and A Zone bits of Character 1,
and the B Zone bit of Cheracter 4, specifies the location
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of data in the Core Memory which is to be operated upon
in accordance with the Operation part. The A bit of
Character 1 is given a value of 10,000; the B bit of Char-
acter 1 is given a value of 20,000; and the B bit of Char-
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Storage, but for the present, such modifications will not
be explained in detail.
The following chart shows the instructions which are
performed by the Data Processing System. The Mne-

acter 4 is given a value of 40,000. The second portion 5 monic codes are merely the shorthand designations of the
of the Address part is the Storage Address part located instructions and it is the operations part which is con-
in the Zone portion of Characters 2 and 3, and designates tained in Character 0 on the instruction. The From and
the address in Core Storage to be used during the execu- To columns refer to the movement of data when appropri-
tion of the instruction. For some instructions, the pres- ate and the Remarks and Limiting Factor briefly expand
ence of bits in the Storage Address portion indicates a 1( on the instruction title. When necessary to the description
special instruction or an address not associated with of the invention, details of the instructions are given.
Chart 1T
Mne- | Oper.
Instruction mcoxéic Part From— To— Remarks Limiting Factor
ode
Add. e ADD__} G Mem. ... Acc/AS___.! Result In accurnulatior or Aux. Stor._ . ___.__ Non-num. char. in mem, or Storage
Mark in Storage, whichever i3
Iast.
Add Mem. . oo ADM___ 6 AccfAS....| Mem._..... Signed Mem. field--algebraic addition..______ Non-num, char, in mem.
Unsigned. . oo ... AcefAux.
Mem. field—non-algebraic and zone addition ..} Stor. mark.

Add Address Mem_| AAM_. | @ Acc/AS.._.} Mem...... Adds 5 digits In Acc/AS to the mem. fleld in- | 5 characters in Acc/AS; 4 char. in
terpreted as addr, part of an instrue. Memory.

Blank Memory. ... BLM... [ S Mem.._... Puts Blank characters in Mem._..__....._.___. Address of instruetion.

COMPAre. - e eeee CMP__. Aceamulator or aux. stor. with Memory______ Ace./Aux Stor. mark,

Ctr1 0000 ____ IOF__._ Turn off input-output indieator. . .__.__....__

Ctrl 0001 o ccmeee e WTM._. Record tapemark. ..o ...

Ctrl 0002 aceeeeeen RWD.__. Rewind tape unit . oowoue oo

Ctrl 00n3_ .. oo ION._ .. Turn ON input-output indieator. ... ____...

Ctrl 0004 oo BSP____ Back space tape one record ..o __._.___.

Ctrl 0005 cceee oo SUP.__. Prevent printing or punching one eycle_______

Divide. veweammemnne DIV__.. Dividend in ace. 00; divisor in Mem Quotient { Non-num char in Mem. and Stor.
in Aeec. 00. Mark in Ace. 00.

Lengthen . _.__.._... LNG .| D | Add zeroes to right (Ace. 00y ______..__.______ Address of instruction,

Load. oo LOD.... 8 Mem.__.__ Acc/AS....| Loads zones as well ag numbers. ___._.________ Ace/Aux Stor. Mark,

Yoad Address._..-.. LDA_.__ # Mem......| Ace/AS_...| Loads Address portion of an Instruction as a | 4 char. of Mem.
five-digit field in Aec/AS,

Multiply..ooooceeedd MPY_ L} V[l Multiplier Acc. 00; multiplicand mem; prod- | Non-num char in Mem and Stor,
uet Ace. 00. Mark in Storage.

No Oper.veeeeeee.. NOP_..] A oo No operation. ..o ..

Norm TFecoeeneeee NTR...| X e Left-hand zero in accum. or aux. stor. causes
transfer. Zero deleted except last zero.

Read. . oo ..._...]| RD_.... Y Input. ... Mem...... From tape to Mem. From card reader to | 34" inter-record gap, Record Stor-
Mem. From drum to Mem, Ete, age mark, Drum mark (by input

device).

Read-Write_._...__ RWW__ [ T U R Alert reading tape unit to operate simultane-
ously with next write instruct,

Recelve ... ___ BOV...| U oo Bets MAC 2 to Addr. of Instruction...._..___._

RAAA.... . RAD...] H Mem._...__ Acc/AS.__| Resets aceum, or aux. stor.; adds from Mem._|{ Non-mun, char, in Mem.

RSBUD- e RBU_... Q Mem._.... Ace/AS___{ Resets accum, or aux. stor.; Subtracts Mem. Non-num, char, in Mem,
field from a zero in AccfAS,

Round.. ... BND | E oo Drop positions from right and ¢ adjust | Address of instruction,

(accum, 00). Zero halance is plus,

Bend..oocooaaeeons SND.... 1 Mem._._. Mem...___ Use with RCV for transmitting data 5 char, at | If RWW Tgr off Stor. Mark in
a time from Mem. to Mem., if RWW ftgr, is Aux. If RWW Tgr on End of
off. If RWW tgrison, performredundancy Mem,
chk of Mem,, beginning with instruet. addr.

Beleet. woemvemaman SEL_.__ b J SN Select Input unit, Output unit, Aller Sw, or
check indicator.

Set Bit oo SB...... b/ S S Transfer a zero or one bit to the char, addressed
into a bit position (B,A,8,4,2,1) determined
by Storage Address,

Bet Left . ooee o SET.._. B e Acc/AS_..[ Place storage mark to left of ficld in indicated | Address of instruction.
storage addr (00-15), Insert zeros if Imstr.

Addr. is greater than field length in Ace./AS.

Bhorten.._.._....__. SHR o] C e Drop positions from right (Ace. 00). Zero | Address of instruction.
balance is plus.

Blgn oo SGN._.._ T Mem...___ AccfAS.__j Remove zone 11, 10 or 61 from Mem,, place &
or minus sign in Aecum, or Aux. Stor.

2170 » TR HLT. ... J Stop machine. . _ .

21700 ¢ RN 8T...... F Acc/AS._. Store num, field in Mem Acc./Aux Stor. mark,
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Chart II—Continued

Mne- Qper.
Instruction %O%m Part From— To— Remarks Limiting Factor
ode
StPrint....cocuuenn SPR.__} & Ace.fAS...} Mem...___| Store fleld for printing. Skips decimals, prints Ace./Aux Stor, mark.
commas. Removes left-hand 2eros and
commas,
Bubtraet. cacceomao 8UB....} P Mem...... Acc/AS...| Subtract in Mem. field from Stor. field. | Non-num. char. in Mem. or Stor.
Result in acc. or aux. storage. {natrk in Acc/AS, whichever is
ast.
Transfer TR..__- b A RO PG TUnconditional transfer.
Tr Auy TRA 1 - S Trans. if condition or line specified by ASU
code {00-06) is up.
Tr Equal. o ceaoeenee TRE. ... ) S TR (R Transfer if Tqual Tgris ON,
TrHigh. e TRH._. < P PP Pransfer if High Tgr is ON,
TrPluS cmeamaaeoao PTRP | M e Tralnsfur if designated Ace. or Aux Stor, sign is
plus.
Tr Signal - - ceecunnan TRS.... [0 T UUN [ Transfer if selected I 10 indicator ON (AST 00)
or line indicated by ASU Coding is ON
(ASU 01-16).
TrZero - ccceaeaean- TRZ __. N e Transfer if designated Digit Zero Tgr is ON.
Tron Zere Bit._.... TZB.._. PR TR SR Tests the Bit specified by ASU coding in the
char. at the M AC 2 address,
Trapsmit. . ccumneees TMT. .. 1 Mem.....- Mem...._. Use with RCV for Transmitting data from
Mem to Mem. )
Code 00; 5 char, group transmission Code | R/M in Mem. pos, endingin4or 9
01-15; single ehar. transmission. or Aux. stor. mark.
Unload. - camcaaoeon UNL._.. 7 Acc/AS...| Mem......} Unload zones and NUMHerS _covemmoeaemmman Ace./Aux. Stor. mark,
Unload Address..... ULA.. . * AccfAS...{ Mem..._.. Unload a 5 dizgit field from Acc./AS into the
Addrs. portion of designated instr. in Mem.
Write 00, . ceeeeon] WRoLL R Mem.ano-. Output.. .| From Mem. to tape---uacoueanan o memmmm e Group mark.
From Mem. to card punch or printer.. Group mark.
From Mem. todrum...—-... - Group mark,
 OF 7 TR Group mark.
Write 01 . ... WR..... R Mem...._- Qutput. ..} From Mem. to card, printer, tape, drum. ... 20,000th Mem., pos.
Writes Erase 00 ... WRE... Z Mem_..___ Output.. .| Replace cach char. in Mem, with blank.
Group mark.
Group mark.
Group mark.
Group mark.
Write Erase 01_._._. WRE... /7 U PR Lig?“id by end of 20,000 Mem,
ock.

As mentioned previously, the first address portion of the 45
instruction may refer to any location in a number of sior-
age devices such as Memory or to Input-Output devices.
Addresses of such units are given below.

Chart 111
. 50
|5 T50110) 3 AP PR L Q000-39, 599 or
0080-79, 969
Card RenAeTS . oo omceaaccccsmmmemmma i mmm o QLop-nae

Tape Units.
Card Punch
Printers.. —- DH400-0499
Typewriter. -
Tane Reeord Coordinator Tape Units
Trrum SectimnS. . o oeeee o

AYeration Switches. ..

T po11-0v19

Instruction Creck Indicater, 0900
Machire Check Indientor - oenaoaen 0501
Read-Write Check Indicatrr. 002
Printer-Punch Check Indieator o ceeeea 0903
Overfirw Check Indieator oo 0904 60
Sign Cheek INAIEAtOr Lo ooee e 0905

Referring to the composite of FIGS. 2a through 2hhh,
information is read out of Memory, FIG. 2b, into Memory
Buffer Register, FIGS. 2c through 2e. Then one of the
characters of the Memory Buffer Register is selected by 45
means of Memory Out Switches, FIG. 2g, and placed
in Character Register 1, FIG. 2h. At the same time, in-
formation may be read out of Storage, F1G. 2uu, into the
Storage Buffer Register, FIG. 2vv, and then into Char-
acter Register 2, FIG. 2kk. Character Register 1, FIG. -,
24, has associated therewith, Character Register 1 Recog-
nition Circuits, FIG. 20, for recognizing the presence of
certain characters or classes of characters in CR 1. Fur-
thermore, a check for accuracy of information transfer
is made each time a character is entered in the Character 75

Register 1 by CR 1 Code Check, FIG. 20. In like manner,
Character Register 2, FIG. 2kk, has associated therewith,
CR 2 Recognition Circuits, FIG. 200, and CR 2 Code
Check Circuits, FIG. 2pp. The coding of each character
read into the Character Registers requires an even num-
ber of binary “ones” in the seven bits of the character and
the C bit is always selected so as to provide (for correct
cperation) this even number of binary “ones” in a char-
acter. The Adder Input Switching, FIG. 2qg, is effective
to gate the numeric portion of the character in Character
Register 1, FIG. 2k, or the character in Character Register
2, FIG. 2kk, by way of True Complement Controls, FIG.
21ff, to the Digits Adder, FIG. 2ece; to gate the numeric
portion of a character in Character Register 1, directly,
to the Multiple Selection Circuits of FIGS. 2rr and 2ss,
and indirectly, to the Multiple Selection Circuits of FIGS.
2rr and 2ss, by way of the Multipticand Doubler and Quad-
rupler, FIG. 2dd, and the Quintupler, FIG. 2ce. The
Multiplicand Doubler and Quadrupier and Quintupler,
shown in detail in FIGS. 80 and 81, respectively, are effec-
tive to double, quadruple and guintuple values of the
input numbers, and thus the Multiple Selection Circuits,
FIGS. 27r and 2ss, receive inputs of 1, 2, 4 and 5 times
the numeric value of the character, in Character Register
1. The Multiple Selection Circuits under control of Select
1, 2, 4 and 5§ multiples from the Moultiplier Register and
Decoding, FIG. 2hlh, provide the proper mutltiples to the
Multiple Adder, FIG. 2hhh, during a Multiply operation.
However, for most operations the one’s multiple is pated.
The sum output of the Multiple Adder, FIG. 2hkh, being
the sum of binary coded decimal numbers, may require
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correction which is provided by the Decimal Correction
Circuits, FIG. 2ggg, whose outputs (2, 4 and 8), in turn,
are emitted to the Digit Adder, FIG. 2ece. The one bit
(1) from the Multiple Adder, FIG. 2hhh, is not altered
by decimal correction and so proceeds directly to the
Digit Adder, FIG. 2¢ce. The Digit Adder combines the
value received via the True Complement Controls, FIG.
2fff; the Multiple Adder Correction Circuits, FIG. 2ggg,
and the Multiple Adder, FIG. 2hkh, to provide a binary
coded decimal sum. This sum may also require correc-
tion, the correction being provided by the Decimal Cor-
rection Circuits for Digit Adder, FIG. 2ccc. The output
of the Decimal Correction Circuits, Digit Adder, FIG.
2ccc, which is the corrected sum, is emitted to the Result
Register, FIG. 2aaq, to the C Bit Generator, FIG. 2bbb,
and the Inter-Register Check Routing Circuits, FIG. 2z.

While addition or multiplication of the numeric portion
of the character is accomplished in the circuits just de-
scribed, the zone bits, A and B, may also be added. The
Zone Adder, FIG. 2ccc, receives the A and B bits of CR 1
via Adder Input Switching, FIG. 2gq, and the A and B
bits of CR 2 by way of CR 2 to T/C Controls, FIG. 2fff.
The C Bit Generator, FIG. 2bb5, serves to generate a new
check bit (C) for the corrected character, and sends it to
the Result Register, FIG. 2aaa. The decimally corrected
and redundantly correct sum output from the Digit Adder,
and Zone Adder, now in the Result Register, may be
gated to Memory or Storage from the Result Register.

The Memory Array of FIG. 2b comprises 280 thousand
ferrite cores in which information is magnetically stored
according to the state of each individual core. Writing
a “1” into a core stores flux of one polarity, while reading
a “1” from a core reverses the flux and resets the core to
“0.” The selection of polarities corresponding to the
bistable states is, of course, entirely arbitrary. The
Memory Array comprises thirty-five core planes, each
plane consisting of an 80 1000 rectangular Matrix, which
acts as a single block of storage having addresses num-
bered continuously from 00000 to 39,999, where each
address corresponds to a particular 7-bit character.
Groups of five characters (35 bits in all) are read simul-
taneously from the 35 core planes, For example, five
characters located at the beginning of Memory would
have addresses 00000 through 00004, but all five charac-
ters would be read from Memory simultaneously, regard-
Iess of whether the given address were 00000, 00001,
00002, 60003, or 00004. Any one of the characters of a
group may be selected from the Memory Buffer Register
By Memory Out, FIG. 2g. This is accomplished as
follows: If address 00000 is given, five characters are
brought from addresses 00000 through 00004 of Core
Memory and placed in the Memory Buffer Register.
However, since address 00000 was given, only character 0
is selected from the MBR by Memory Out, FIG. 2¢.

During the Read and Write portions of an Instruction
or Execution Character cycle, the Memory Deceders, FIG.
24, receive an address by way of the Memory Address
Select Circuits, FIGS. 2ww through 2yy, the latter receiv-
ing the address from either MAC 1, FIG. 2gg, or MAC 2,
FIG. 2hh. Either Memory Address Counter, MAC 1
or MAC 2, may contain any of the addresses 00000
through 39,999; however, the units orders of MASR
always contain a 4 or a 9 for an Instruction since five
characters, the last having an address ending in 4 or 9,
are required from Core Memory to be placed in the
MBR and transferred in parallel to the Instruction Regis-
ter and the Memory Address Register.

Referring now to FIG. 2uu, the Core Storage Array
comprises seven planes, each plane arranged in a 1632
matrix for the storage of 512 bits, the seven planes stor-
ing 512 characters. The addresses, then, for each char-
acter in Core Storage are 0 to 511. Individual char-
acters are read out of Core Storage at addresses specified
by means of the Storage Address Select Register and the
SSR Decoding, FIG. 2ee, which provide outputs to the

10

15

20

25

30

35

40

50

55

60

85

70

75

26

Accumulator Decoders of FIG. 2t (FIGS. 34a through
d). The Storage Address Select Register receives ad-
dresses from the Storage Address Counter, FIG. 2f, the
latter having inputs from both the Storage Select Register,
FiG. 2p, and the Starting Point Counter, FIG. 2q. The
Starting Point Counter keeps track of the address of the
word stored in Accumulator Storage, that is, the address
of the least significant digit portion. It is unnecessary
that the Starting Point Counter be reset to 0 or to any
particular address whenever the machine is turned On,
since the 256 addresses of Accumulator Storage provide
a closed loop. It will be noted in FIG. 2ff that the Start-
ing Point Counter provides inputs to the Storage Address
Counter positions 1, 2, 4, 8, 16, 32, 64, 128 whereas the
Storage Select Register provides inputs to positions 16,
2, 64 and 128 only. The upper limit of the word stored
in the Core Storage is noted and recognized by a special
character called the Storage Mark. The only function
of the Starting Point Counter then is to determine the
starting address of the Accumulator Storage. The Start-
ing Point Counter can count 800 through 255 and can
be stepped either -1, —1 or 4-128. When the Counter
passes 255, it starts off again at 0. The contents of
addresses in the Core Storage exceeding 255, are obtained
by using the Storage Select Register outputs to positions
16, 32, 64 and 128 of the Storage Address Counter and
resetting the 1, 2, 4, 8 triggers to “zero.” It should now
be apparent that Core Storage is logically divided into two
portions, each having 256 characters, one portion being
referred to as the Accumulator Storage and the other as
Auxiliary Storage. Auxiliary Storage has addresses 0
through 255 and Accumuiator Storage has addresses 256
through 511. The Storage Select Register is set from
either the Memory Buffer Register or from the Console,
and two lines of the Storage Select Register Decoding,
FIG, 2ee, go directly to the Storage Decoders, FIG. 21,
which perform the function of determining whether Aux-
iliary Storage or the Accumulator Storage is selected.
Two lines, 52.24 and 52.41, from Storage Select Register
Decoding, FIG. 2ce, to the Storage Decoders, FIG. 21,
indicate whether a position equal to or above 256 or a
position lower than 256 is addressed. The 1, 2, 4, and 8
bits of the Storage Select Register are transferred via
cable to the 16, 32, 64, and 128 positions, respectively,
of the SAC. If the Storage Select Register is not 0, in
this case, the 8, 4, 2, 1 bits of SAC are set to 0. In this
way the SAC is set to the Storage Unit numbers shown
in the Storage Select Register. This fixed Storage Ad-
dress is 256 for Auxiliary Storage Unit 0!, Address 272
for Auxiliary Storage Unit 2, etc., up to Storage Address
480 for Auxiliary Storage Unit 15. The Storage Select
Register determines two things: (1) whether the Storage
Address Select Circuits will be set to either the upper or
lower half of Core Storage, and (2) whether the Storage
Address Counter will be set to the starting point Counter
or to the Fixed Storage Address corresponding to the
Auxiliary Storage Unit indicated in the Storage Select
Register. The Starting Point is simply an address in
storage. When any of the Auxiliary Storage units are
used the Starting Point is a fixed Address, but when the
Accumulator is selected, the Starting Point may be any
address of the upper 256 positions of storage. After the
Starting Point Counter has determined the Starting Ad-
dress of the Accumulator its only other function is to re-
member the location of the Starting Point in the Ac-
cumulator for reference purposes, and to change this
starting point while executing certain instructions such as
Divide, Multiply, Lengthen, Shorten, etc.

ROUTING LINES

As described, with reference to FIG. 2, there are two
classes of lines, namely, Data and Control. Data lines
are shown entering the blocks of FIG. 2 at the top and
leaving at the bottom. Control lines, which cause the
Storage or the Transfer of data, are shown entering the
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blocks at the left. There are two classes of Control lines,
namely, Routing lines and Timing lines. The signals on
Routing lines are derived generally from the decoding of
the Operations part of an Instruction and are further
modified, during Execute cycles, to cause a movement of
data to be operated upon according to the Instruction.
The Timing lines are combined with the Routing lines to
determine when the Routing lines shall be effective to
cause the transfer or the storage of data. There are a
number of basic Routing lines having signals, which are
prerequisites for the execution of Instructions in the Data
Processing System and other Routing lines either modify
operations of the basic Routing lines or control modes
of operation.

In ali figures following FIG. 2, the digits after the
dash to the right of output line numbers indicate the
figure to which the line goes.

BASIC ROUTING LINES

In FIG. 93¢, Read Memory lines 93a.03 through ¢

934.07 condition circuits for reading five characters out
of Core Memory where addresses are determined by
MASR. Read Memory (ALU) line 93¢.03 is used in
combination with timing lines to set CR 1 to the con-
tents of one of the character positions of MBR. Read
Memory line 934.04 is used for PCT Request Execution
Controls. Read Memory 1 line 93a.05 goes to Memory
Read Gate of FIG. Se to bring up Memory X Read Gate
line 5¢.62 and Memory Y Read Gate line 5e.05 to
Memory Gate Powering of FIG. 5¢g. The signal on Read
Memory 1 line 5¢.09, derived from line 93«.05, goes to
Memory Sample Pulse Generator, FIG. 20e, to control
the MBR Sample pulse on the lines 20e¢.01 and 20e.02.
The lines just mentioned are up during Use time as deter-
mined by the Use line 105.14.

In FIG. 93a, Read Storage Routing controls both the
reading out of Storage and the writing into Storage.
When a Read Storage signal is provided, one character is
read out of Storage and normally one character is written
back into Storage. Read Storage line 93a.01 conditions
circuits for setting CR 2 to the contents of SBR. Read
Storage line 934.02 conditions circuits found in FIG. 7d
to provide Storage Read Bias Gate signals on lines 7d.01
and 7d4.02 to FIGS. 42 and 36b, respectively, Storage
Read Gate signals on lines 74.03 and 7d.04 to FIGS. 37
and 42, respectively, Storage Inhibit Gate signals on line
7405 to FIG. 44, and Storage Write Gate signals on lines
74.96, 7d.67 and 74.68 (one line) to FIGS. 38b and c.

In FIG. 93b, CR 1 to Adder (P) line 935.01 conditions
circuits found in Character Registers 1o Adder Routing
of FIG. 73 to route the numeric outputs of CR 1 to the
first Doubler, FIG. 80, to the Quintupler, FIG. 81, and
the Select One Multiple, FIG. 82, and to route the Zone
outputs of CR 1 to the Zone Adder of FIG.79. CR1C
Bit Out line 935.02 goes to the C Bit Generator, F1G. 90,
where it gates Result C line 90.01 to the Result Register,
FIG. 894, according to the redundancy of the combined
zone and numeric portions of the result character. This
permits the character in the Result Repgister to retain its
original bit structure during a Load, Siore or Transmit
by 1 operation wherein the bit structure is not to be
altered. .

In FIG. 93k, CR 1 to T/C line 935.03 directs the
character in CR 1 to the Digit Adder True Complement
Circuits of FIG. 83, via the Adder Input Switching,
FIG. 73. CR 1 to T/C line 935.03 is only up during an
Add Memory 2 (Signed Field) operation as indicated in
Add to Memory Routing Controls, FIG. 68b, when the
Memory Field is to be recomplemented. As shown in
FIG. 73, the line 935.03 causes the numerical outputs
of the character in CR 1 to be transmitted to the comple-
ment circuits of the True Complement Controls, FIG.
83, where the Complement line 934.07 gates the Com-
plement to the Digit Adder of FIG. 86.

In FIG. 935, CR 2 to T/C lines 935.94 and 935.05
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route the numerical outputs associated with the character
in CR 2 to the Digit Adder True Complement circuits
and the zones of the character in CR 2 to the Zone Adder
True Complement circuits. The C bit is not routed by
the CR 2 to T/C signal. In FIG. 73, the line 935.04 gates
the input lines from CR 2 Outputs of FIG. 75, which rep-
resent the character in CR 2, to the Digit Adder True
Complement circuits of FIG. 83. In the Zone Adder of
FIG. 79 (Sheet 1), the line 934.05 gates the zone portion
of the character in CR 2 to the Zone Adder True Comple-
ment circuits of that figure (Sheets 1 and 2).

In FIG. 934, CR 2 C Bit Qut line 935.06 causes the C
bit from the character in CR 2, if any, to be transferred
to the Result Regisier, thereby permitting the character
in the Result Register to retain its original C bit. This
line is up only during a Store for Print, Unload, Store
or a Read aperation where the bit structure of the char-
acter in CR 2 is not to be altered. The line 935.06 goes
to the C Bit Generator of FIG. 90 where it gates the
CR 2 C line 48.03 onto the Result C line 90.61 to the
Result Register of FIG. 8%b.

In FIG. 93¢, Adder Out Routing, a Digit Adder Out
line 93c.01 routes the output of the Digit Adder Decimal
Correction circuits to boih the Result Register and the
C Bit Generator. If there is no output from the Digit
Adder {absence of 1 bits) this line conditions the Decimal
Correction circuits to generate 8 and 2 bits (numerical
zero) and send these to the Result Register. The Zone
Adder Out line 93¢.02 routes the A and B bit lines of
the Zone Adder circuits of FIG. 79 (Sheet 1) to the
Result Register and the C Bit Generator. The Generate
C Bit Out line 93¢.03 conditions the C Bit Generator
for generating of a check bit to the Result Register when
the zone and numeric portions of the character entering
the Result Register contain an odd number of bits. This
line is shown entering the C Bit generator, FIG. 90, where
it is used to generate a positive signal on the Result C
line 90.01 when the circuits of the C Bit Generator indi-
cate odd redundancy thereby making the sum of all the
bits of the character even.

In FIG. 93d, Adder Carry Routing, the Minus (—)
on Suppress Adder Carry line 934.01 prevents the turning
On of the decimal carry trigger of FIG. 88 (Sheet 1) to
permit special characters to be sent directly through the
Digit Adder Decimal Correction circuits, FIG. 87, with-
out correction. On the upper portion of FIG. 88 (Sheet
1) the Minus on Suppress Adder Carry line 934.01 pre-
vents a carry out resulting from an 8, 4 bit combination,
an 8, 2 bit combination, and a Binary Sum 8 Carry. In
FIG. 934 the Minus on Suppress Zone Carry In line
934.02 goes to FIG. 88 (Sheet 2) via Sheet 1 of FIG. 88
to suppress setting of the Zone Carry trigger when this
line is minus. The Route Decimal Carry In line 934.05
is up whenever it is necessary to obtain the “tens” com-
plement. This line goes to the Digit Adder, FIG. 86,
where it gates a 1 into the “carry in” of the C units posi-
tion of the Digit Adder.

In FIG. 93d, Zone Carry In line 934.06 is sent to Zone
Adder, FIG. 79 (Sheet 1), where it gates a “carry in” to
the A bit of the Zone Adder during an Add Memory or
Compare operation. In the Add Memory instruction, the
Zone Carry in signal is used to add an A bit to the Zone
portion of the high order character in Memory for ad-
dress modification. In the Compare instruction the Zone
Carry In signal is used to obtain the “two’s” complement
from the ‘“one’s” complement. The Complement line
934.07 goes to the True Complement controls, FIG. 83,
where it is used to condition the Digit Adder True Com-
plement circuits for complementing the numerical out-
puts of the character in either CR 1 or CR 2 to effect sub-
traction by addition in the well known manner.

In FIG. 93¢, Set Multiple Register to CR 2 line 93¢.01
is made posiiive to put a digit of the multiplier in the
Multiple register of FIG. 78, during Multiply 1. As
shown in FIG. 78, the numerical outputs of CR 2 are



8,026,037

29
gated to set the Mulliple Register triggers. (The Mul-
tiple Register is reset to “unity” when the machine is
not executing the Multiply instruction.)

Bits can be originated for various reasons and dis-
tributed via Adder Emitter lines of FIG. 93¢ and Bii to
Adder Routing lines of FIG. 93f, The only character
emited is the Blank under control of the lines 93¢.04 and
93c.05. The details of operation of the foregoing lines
will not be described except when incidental to the ex-
amples of machine operations which illustrate the prin-
ciples of the invention as later described.

FIG. 93¢ is concerned with routing controls for MAC 1,
MAC 2, SAC and SPC. Signals are passed on output lines
932.01 through 93¢.10 to MAC 1, FIGS. 30a through f§,
and to Overlap Mode Execution Centrols to step MAC 1
plus 1 and minus 1. In FIG. 93/, routing lines are pro-
vided to MAC 2, FIGS. 31a through f, to step MAC 2
minus 1 via line 934.01, to step MAC 1 plus 5 via lines
93/.02 and 93/.03, and to step MAC 2 plus 5 via lines
93/1.04 and 93h.05. In FIG. 93, routing lines are pro-
vided to FIG. 52 to step SAC minus 1 via lines 93;.01 and
93..02, plus I via lines 93i.03 and 93i.04, and plus 128
via line 93i.05. In FIG. 93}, Storage, Memory and In-
struction Counter Routing, output lines provide signals to
step the Starting Point Counter plus 1 via lines 93;7.01
through 93763, minus 1 via lines 93704 through 93;.06,
and plus 128 via line 93/.07. The line 93;.08 is used in
FIG. 52¢ to set SAC to the contents of the Starting Point
Counter and the line 93j.09 is used in FIG. 30f to set
MAC 1to MAR. Lines 937,10 and 93j.11 to FIGS. 1394
and 324, respectively, are positive to reset the Instruction
Counter and set the IC to the contents of the Memory
Address Register, respectively. The line 93;.12, Minus
(—) on Block Step IC, when positive and in combination
with lines 116.09, 123.34 and 1304.2¢ serve in FIG. 324
to step the IC plus S at Ry time of Execute Character Cycle
1 of each complete operation period in which a transfer
is not effected.

Two additional basic routing lines are Result to
Memory and Result to Storage. The former is used in the
Memory Input Select Switching of FIG. 10 to control the
Input Switch of FIGS. 10¢ and b, and the latter is used
in the Storage Input Select and Switch Circuits of FIG.
43 to transfer the contents of the Result Register to the
Storage Inhibit Drivers of FIG. 44, A detailed discussion
of the exact use of these routing lines is given later in the
description of Overlap Mode Control Circuits and ex-
amples of their operation.

TRIGGER CONVENTION

Triggers are widely used throughout the Data Process-
ing System and are bistable devices considered to be Off
when the right side is conducting (right plate down or
minus) and considered On when the left side is conducting.
When a trigger is On, it indicates a “1”; when the trigger
is Off it indicates a “0.” If a trigger is Off and the right
grid is pulsed by negative shift, the trigger is turned On.
Likewise, if the trigger is On and the left grid is pulsed by
negative shift, the trigger is turned Off. A negative shift
to the left grid of the trigger that is Off causes no change
because the pulse is applied to the side that is already Off.

When both grids are suitably coupled together the
connection is described as a “Binary Input.” A negative
input pulse changes the state of the trigger, since the
negative shift is effective only on the positive grid thereby
causing the trigger to change its state.

ROUTING FOR SETTING CONTROL TRIGGERS

IN FIG. 93k, routing lines are provided to turn On
and Off Auxiliary triggers 1 and 2. FIG. 93/ illustrates
routing lines for turning On Auxiliary triggers 1 and 2
under different conditions than those of FIG. 93k. FIG.
93/ also shows routing lines to turn On the Storage High
trigger, to turn Off the Storage High Trigger, to turn
Off the Storage High and Low triggers, and turn Off the
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Remainder trigger. In FIG. 93m, routing lines are shown
to turn Off the Storage Mark trigger, turn On the Digit
Zero trigger, turn Off the Digit Zero trigger, and turn
On the Transition trigger used in Overlap Mode Con-
trol. FIG. 93 illustrates routing lines for turning On
and Off the Sign Check trigger, turning On and Off the
Overflow Check trigger and setting the Storage Sign plus
or minus. In FIG. 930, routing lines are shown to turn
On and turn Off the Read/Write Check trigger, turn On
and turn Off the Record Check trigger and turn On and
turn Off the Instruction Check trigger. In FIG. 93p,
routing lines are shown for Result to Memory, Result
to Storage, Check CR 1 to Adder, Check CR 2 to Adder
and Not Erase Memory. FIG. 93q illustrates Mode
Control routing lines comprising Memory Read Mode,
Memory Read/Write Mode, Storage Read Mode and
Storage Read/Write Mode for Mode Control as previ-
ously mentioned. FIG. 93r shows End E Time routing
lines which indicate the final Execute cycle of an opera-
tion. In FIG. 935, MASR Input Switching, rounting lines
are shown to set MASR to the Instruction Counter, set
MASR to MAC 2, set MASR to MAC 1 and set MASR
to SMAC. FIG. 93¢ illustrates routing lines for control-
ling the Input/Output sequence of operations. FIG. 93u
shows routing lines to turn On the Auto Transition trig-
ger used in Overlap Mode Control, turn On the Machine
Check trigger, turn Off the Machine Check trigger, and
turn Off any Signal trigger. In FIG. 93v, Block Add
Trigger, Suppress Code Checking, routing lines are pro-
vided for Minus on Block Add trigger, Minus on Sup-
press Result Register Code Check, Minus on Suppress
CR 1 Code Check and Minus on Suppress CR 2 Code
Check. FIG. 93w illustrates Neon Indicators which are
turned On to indicate the type of cycle such as TC 1,
TC 2 and so forth. Parallel Character Transfer Data
check, Parallel Character Transfer Address Check and
CR 1 and 2 Code Check Odd.

PARALLEL CHARACTER TRANSMISSION
CABLE CONNECTOR

In FIG. 94 a diagram of the Parallel Character Trans-
mission cable receptacle is shown. This is the terminal
for those cables shown in composite FIG. 2 and in the
logical block diagrams for communicating with input/out-
put devices which handle characters five at a time in
parallel. Each of the blocks, when used, contains the
name of the line and the number of the line, if any.

THE CLOCK

In FIG. 95, the 1 Megacycle Drive Pulse Generator,
the circuits consist of a 1 megacycle crystal controlled
oscillator, the output of which is taken from the cathode
resistor. Feedback is employed to keep the oscillator
running which results in positive spikes each microsec-
ond. The voltage range of these spikes is from 0 to 80
volts and the leading edge in its linear region has a rise
time of 0.1 microsecond. The output is powered and in-
verted yielding negative-going pulses which are distributed
as main drive pulses to all sections of the Clock Ring.
The main drive pulses on the output lines 95.01 through
95.04 have an amplitude of approximately 45 volts from
-+ 140 volts to 4-95 volts,

The drive ring comprises 2 Clock Read section, FIG.
96, a Clock Add section, FIG. 97, and a Clock Write
section, FIG, 98. The Read section of the ring, FIG.
96, provides five sequential pulses Ry, R;, Ra, R; and
Ry Only one trigger in the clock ring should be On
at any one time. Assume, for example, that the R, trig-
ger of FIG. 96 is On. The right plate will then be up,
conditioning its associated diode gates and upon the fall
of the nmext 1 megacycle drive pulse on the line 95.01
the Ry trigger is turned Off and the R, trigger is turned
On. With the R, trigger On the right hand plate con-
ditions its diode gate circuits for the next fall of the 1
megacycle drive pulse which turns Off the R, trigger and
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turns On the R, trigger. This operation continues until
the R, trigger is turned Off, at which time either the W
trigger of the Clock Write section of the ring of FIG.
98 is turned On or the A, trigger of the Clock Add sec-
tion of the ring of FIG. 97 is turned On. During an In-
struction cycle, which is of 13 microsecond duration as
explained previously, the output of the Ry trigger on the
line 96.16 conditions the dicde gate for the A, trigger of
FIG. 97 which is further conditioned by the 99.01 line
which is up during Instruction time. The fall of the 1
megacycle drive pulse on the line 95.02 turns the A, trig-
ger On. The Clock Add section of the ring then pro-
vides Ay, A, Ay and A; pulses in sequence. The right
hand plate of the Ay trigger conditions the diode gate
associated with the W, trigger of the Clock Write sec-
tion of the ring in FIG. 98 via the line 97.08 and upon
the fall of the 1 megacycle drive pulse on the line 95.03,
the W, trigger is turned On. This and the Wy, Wy and
W, triggers in sequence generate Wo, Wy, Wy and Wy

pulses. Therefore, it is pointed out that on Instruction 2

cycles the Clock Add section of the ring is interposed
between the Read and Write portions of the ring for
providing a 13 microsecond cycle.

For Execute cycles, the Cycle Add section of the ring
is not used, and instead, the output of the Ry trigger on
the line 96.17 goes to FIG. 98 where it conditions a diode
gate associated with the W trigger. The A; (D1) line
97.08 is down, but the Read/Write line 99.02 is up due
to the Clock Read/Write and Read/Add/Write switch-
ing of FIG. 99. It will be observed in FIG. 99 that when
the I time line 124.34 is down the Read/Write line 99.02
is up to condition the diode gate in combination with the
R, line 96.17 of FIG. 98 so that the fall of the 1 mega-
cycle drive pulse on the line 95.03 turns On the W, trig-
ger. After this, the Wy, W, and W, triggers are turned
On in sequence. Then the output from the Wy trigger
is taken from the Wy (D1) line 98.11 to the Clock Read
section of the ring, FIG. 96, where it conditions the Ry
trigger which is turned On next with the 1 megacycle
drive pulse. Thus, the Read and Write portions of the
ring alternate to provide pulses Rg, Ry, Ry Rz Ry, Wy,
Wy, Wo, Wy except during am Imstruction cycle when
the Add portion of the ring is introduced to prolong the
cycle to 13 microseconds. The Clock Reset of the lower
portion of FIG. 99 puts the Clock under control of the
1 megacycle drive pulses so that it will operate continu-
ously. When the machine is first turned On the Initial
Reset line 106.14 holds the Block R, Trigger On Reset
line 99.08 down and blocks the pulse that normally turns
On the R, trigger. At the end of approximately 80 micro-
seconds, the fall of the line 106.14 is used to turn On
the Clock Reset trigger which in turn is turned Off by
the mext one megacycle main drive pulse. This fall is
transmitted via line 99.09 to turn On the R, trigger of
FIG. 96. During the 80 microseconds, the line 99.08
prevents the turning On of the R, trigger.

PULSE GENERATORS

Short pulses are described by using index points to
designate the time of the leading edge of the wave form
and the duration of the pulse to specify the time of fall.
For example, if a pulse starts at W3 and last for 2 micro-
seconds, the description would be W; (D2). In the case
of longer pulses, index points are used corresponding
to the leading and trailing edge of the pulse, thereby
designating the duration. For example, a pulse starting
at Ry and lasting for 3 microseconds would be described
as R—Ra. All pulses are considered positive unless other-
wise indicated. A negative 1 microsecond W; pulse
would be described as a Minus (—) Wy (D1).

The pulses in the Pulse Generators are of four different
durations, 0.4, 1, 2 and 3 microseconds. The 0.4 micro-
second pulses are developed by using peakers in the Pulse
Generator of FIGS. 100 and 101 The 1 microsecond
pulses of FIG. 102 are powered Clock pulses, and the
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7 and 3 microsecond pulses of FIGS. 102 and 103a use

the outputs of Clock controlled triggers, that is, a trigger
is turned On by the fall of a Clock pulse and turned Off
by the fall of another Clock pulse and the output pulse
is taken from the right side of the trigger. Some of the
pulses are mixed with conditioning lines such as Use
and Instruction and are generally further conditioned in
the logical circuits by control lines as stated previously.
FIG. 1034 shows powering for certain of the pulses
generated in FIG. 103, and, in one instance, a pulse is
combined with Use line 185.10. FIG. 104 illustrates the
Pulse Generator for pulses having 3 and 4 microsecond
durations, utilizing triggers which are set and reset by
Clock pulses. FIG. 105 shows the Use trigger which
sets the status of the calculator in Use or Manual. The
Use trigger is On when the calculator is in automatic op-
eration, during which it gates pulses mecessary to carry
out the reading and execution of Instructions in the
stored program. When the machine is stopped and op-
erated under control of the Operator’s Console, it is in
the Manual status, and the Use trigger is Off. However,
Manual operations can generate one or more Use cycles
to carry out the execution of the Manual operation via
the Single Use Cycle trigger of FIG. 105, or else by
causing the machine to pass from Manual status to Use
status by turning On the Use trigger.

RESET AND START/STOP CONTROLS

In FIG. 106, the Reset keys and associated controls
and the Clear Memory key and associated controls are
shown. Depressing either of the Reset keys while the
machine is in Manual status, turns Off all of the Check
Indicators and the Any Signal Indicator and also sets the
Instruction Counter to 0004, Depressing the Clear
Memory key resets the clock, causes all of the functions
ascribed to the Reset key and, in addition, sets all of
the Core Storage to Storage Marks (an absence of biis)
and sets all of the Core Memory to Blanks (a C and an
A bit). The Clear Memory trigger associated with the
Clear Memory key of FIG. 106 is shown in FIG. 107
along with the Clear Storage Single Shot. FIiG. 108 il-
lustrates the Manual Start/Stop controls. The Start key
is used to place the system in Automatic status and when
depressed, it turns Off all of the Check Indicators and
the Any Indicator. Each of the Stop keys, when de-
pressed, places the system in Manual status at the end
of E time of the Imstruction which is then being per-
formed. The Single Use cycle key causes one cycle of an
operation to be executed for each key depression. FIG.
109 illustrates the Stop controls. Depression of the
Machine Stop key places the system in hianual status im-
mediately and does not wait until the end of E time as the
Manual Stop key does. The Manual Store key and con-
trols are shown in FIG. 110. The Store key permits ibe
operator to enter characters into Core Memory manually
{Characters may not be stored directly in Storage). If
the system is in Automatic status when the Store key is
depressed, the system goes into Manual status at the end
of E time of the Instruction which is then being per-
formed. The Memory Address Selector must be set,
then upon depression of a key on the Conscle Character
Keyboard, the character entered in the Character Key-
board is thereby stored in Memory.

FIG. 111 illustrates the Manual Instruction controls
to permit the operator to manually instruct the Data Proc-
essing System. Depressing the Manual Instruction key
causes the machine to enter Manual status at the end
of E time of the Instruction which is then being per-
formed. The address of the Instruction, including the
Storage unit designation, if any is needed, is then set in
the Memory Address Selector Keyboard and in the Stor-
age Selector. The key of the Character Keyboard cor-
responding to the Instruction to be performed is then de-
pressed and will cause that instruction to be executed.

Manual display controls are illustrated in FIG. 112.
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The purpose of the Display key and Display Step key
is to put the machine in Manual status and to permit the
operator to observe the cortents of the Core Memory
and of the Core Storage uniis. Memory is shown in the
Memory Display of CR 1, the Storage unit selected by
Storage Selector keys is shown in Storage Display CR2
and each time the Display Step key is depressed an ad-
jacent character is displayed.

Memory Test controls are shown in FIG. 113. In
FIG. 114 the Half Multiple Step controls are shown for
the purpose only of completing circuits within the ma-
chine wherein depression of the Half Multiple Step key
causes the computer to perform either the T time or E time
of an Instruction operation each time the key is depressed.
When the key is being continuously depressed, the com-
puter goes into Automatic status for long encugh to exe-
cute one half of an I or E cycle and then after a delay
of about 0.75 second, proceeds to successively execute [
times or E times of the Stored program, but at a rate of
about eight per second. Should the key be depressed
while the machine is in Automatic status, the machine will
be placed in Manual status. The Half Step trigger for
use with the Hailf Multiple Step control, FIG. 114, is
shown in FIG. 115. Manual Timer triggers, FIG, 116,
the Manual Timer Execution controls, FIG. 117, and
the Manual Execution controls, FIG. 118, taken to-
gether, provide circuits for the manual operation of
the system by the depression of the manually operated
keys described above,

Check Indicator switches are shown in FIG. 119 and
comprise the Instruction Check switch, Machine Check
switch, Overflow Check switch, Sign Check switch, Read/
Write Check switch and Record Check switch. The
switches are normally kept in the Automatic position and
for certain errors in machine operations the Halt line
119.01 and the Auto Block line 119.02 are made posi-
tive to place the machine in the Manual status for cor-
rective action,

ALTERATION SWITCHES

In FIG. 120a six Alteration switches are shown which
are used to vary the sequence of machine operations ac-
cording to a predetermined plan. They are manually
settable and each Alteration switch has a specific ad-
dress as indicated in Chart HI. If 5 switch is On when
interrogated by the program, a transfer is made; if a
switch is Off, no action takes place, except that the ma-
chine proceeds to the next Instruction.

AUDIBLE SIGNAL INDICATION

Referring to FIG. 1205, the purpose of the Audible
Signal Indication is to attract the attention of the oper-
ator to the fact that the machine has stopped its proces-
sing because of either a planned condition due to the
program or an unplanned condition due to a fault. A
pleasant tone sounds whenever the machine shifts from
Automatic to the Manual status because of conditions
above. The operator may turn Off the tone by the Audi-
ble Signal Reset key, but the tone will sound on a subse-
quent stop. The operator can make the device com-
pletely inoperative during checking by use of the Audible
Signal switch.

FIG. 121 shows the I/E trigger which is nsed for de-
fining Instruction and Execute times. The IA (Indirect
Address trigger) trigger also shown in FIG. 121 is turned
On for indirect address instructing. An Instruction with
an indirect address can be defined as one in which the
address portion does not refer directly to the data to be
processed but to a location that contains the address of
data to be processed. The address contained in the In-
struction is called the Indirect Address and the address
to which the latter refers is called the Effective Address.
Indirect Addressing is identified by a binary “1” in the A
bit position of the Low Order character of the Instruc-
tion Address, and the Turn On IAT line 61.07 is up from
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I time routing controls of FIG. 61 due to coincidence
between the Use line 105.09, the I time line 124.29 and
the CR 1 A line 59.27.

ECC 1 AND ECC 2 TRIGGERS

ECC 1t and ECC 2 are types of Execute cycles which
define portions of Execute time, as mentioned previously.
The first Execute cycle (ECC 1) begins at W, time when
I/E trigger changes from I to E and the ECC 1 trigger
is turned On. Following ECC 1 is the ECC 2 cycle,
after which there occur as many Execute cycles as are
necessary to complete the Instruction. FIGS. 123 and
124 show the I/E Timer outputs which are distributed
from FIGS. 61, 121 and 122.

LOAD, UNLOAD AND STORE ROUTING
CONTROLS

FIGS. 1254 through 125¢ disclose the routing lines for
Load, Unload and Store Instructions.

The Load instruction permits single characters, any
series of characters, or fields to be entered into Storage
from Memory. The number of characters or length of
the field entered into Storage is determined by the posi-
tion of the Storage Mark relative to the Starting Point
Counter. The address part of the instruction specifies
the location of the right-hand character of the field in
Memory and the Storage unit to be used. Characters
are entered right to left from Memory until the specified
Storage space is full.

The Unload instruction is used to place a specified
portion of Storage in Memory and the number of char-
acters unloaded into Memory is equal to the number of
positions in the Storage unit. The right-hand character
of the designated Storage unit is unloaded into the Mem-
ory position specified by the address part of the Unload
instruction and remaining characters in Storage are en-
tered successively into Memory until a Storage Mark is
sensed.

The Store instruction is used to place a specified nu-
meric field of Storage in Memory as illustrated by ex-
ample previously.

STORE FOR PRINTING

FIGS. 1264 and b illustrate the logical circuits for
providing signals on routing lines for carrying out the
Store for Print instruction, which is normally used to
transfer a numeric field from Storage to Memory where
it may be used subsequently for writing by a printer.
When the sign of the specified Storage unit is plus, a
blank is stored in the Memory location designated by the
address part of the Tnstruction. When the sign of the
Storage unit is Minus, a dash is stored in the Memory
location designated by the address part of the Instruc-
tion. The numeric Storage field is stored in the Memory
locations directly to the left of the sign position until
a Storage Mark is encountered which sets the left-hand
limit of the field stored.

TRANSMIT AND SEND

FIGS. 127a and b illustrate the circuits for providing
routing signals for Transmit and Send instructions. A
Transmit instruction is used preceded by a Receive in-
struction for transferring data from one portion of Mem-
ory to another.

A Send instruction is similar to the Transmit instruc-
tion in that it causes high-speed movement of data from
one location in Memory to ancther in five character
groups, but it eliminates the necessity of placing a record
mark to stop the transmission since the amount of data
transmitted is controlied by the length of a preset Storage
unit. More specifically, if the RWW trigger is Off, data
are moved, five characters at a time, starting at the
address of the Instruction to a receiving location deter-
mined by the setting of MAC 2. One group of five
characters is moved for each character contained in the
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Accumulator or designated Auxiliary Storage Unit, If
the RWW trigger is On at the time the Send instruction
is decoded, a high-speed redundancy check is made on
the contents of Memory starting at the address of the
Send instruction and continuing through the end of the
respective Memory block. Detection of a redundancy
error in the specified Memory block turns On the Machine
Check Indicator.
BLANK MEMORY

FIG. 128 illustrates the circuits for providing routing
signals for the Blank Memory instruction. A Blank
Memory instruction is used to erase Memory. A Re-
ceive instruction is given which specifies a starting ad-

dress in Memory and then a Blank Memory instruction

is given which specifies the number of five character
groups to be erased if high speed erase is indicated by
Accumulator coding and the number of characters to be
erased if low speed erase is indicated by ASU coding.
If the address part of the Blank Memory is Accumulator
coded, Memory is erased in five character groups start-
ing at the address contained in MAC 2. The number
of five character groups to be erased is specified by the
Memory address portion of the Instruction, If the In-
struction is coded ASU 01, single characters are erased
at a time, and if ASU coding refers to an ASU other
than 01, the machine interprets the ASU coding as 01.

SET LEFT, LENGTHEN AND NORMAL
TRANSITION ROUTING CONTROLS

FIGS. 129a through 1294 illustrate circuits for routing
signals for Set Left and Lengthen instructions and for
Normal Transition operations.

The Set Left instruction adjusts the length of the speci-
fied Storage field to the number of characters designated
by the address part of the instruction by moving the
Storage Mark. The operation starts with the character
referred to by the Starting Point Counter and continues
to the left of the field, character by character, until the
number of Storage positions specified by the address have
been examined. When a Storage Mark is detected, it is
replaced by a zero and then zeros are placed to the left
in all remaining high order positions of the adjusted
field. If a Storage Mark is not sensed within the desig-
nated field, a Storage Mark is inserted to the left of the
high order character of the field. Therefore, the number
of characters in a field may be increased or decreased.
The Set Left instruction may precede a Load instruction
to adjust a field in Storage to the size of the field to be
entered therein.

The Lengthen instruction causes the Starting Point
Counter to be shifted right (minus) a number of positions
specified by the address part of the Instruction. For each
position moved by the SPC, a zero is inserted in the
corresponding position of Storage.

SHORTEN RIGHT AND ROUND ROUTING
CONTROLS

FIGS. 130a through 130c illustrate circuits for provid-
ing routing signals for Shorten Right and Round instruc-
tions.

The Shorten instruction shifts the SPC to the left the
number of positions specified by the Memory address por-
tion of the Instruction. Since the field in Accumulator
Storage is defined by the position of SPC and the Storage
Mark, the movement of SPC left (plus) has the effect of
removing characters from the right end of the field.

The Round instruction moves the SPC to the left the
number of positions specified by the Memory Address por-
tion of the Instruction. Thus, the field remaining is de-
fined by the Storage Mark and the new position of SPC.
A five is added to the adjacent right-hand digit with respect
to the SPC, and a resulting Carry is added to the units
digit of the field, Ifa Carryis generated out of the highest
order position, the field is extended one position to the left
to include the Carry.
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READ/WRITE SELECT AND CONTROL ROUTING
CONTROLS AND INPUT/OUTPUT CONTROLS

FIGS. 131, 1322 and 1325 disclose circuits for provid-
ing routing signals for Reading and Writing operations
of Input/Output devices. FIG. 133 illustrates the routing
lines for Select and Control operations. FIGS. 134a
through 134f disclose I70 Sequence triggers and controls
for 1/0O operations and FIGS. 135a and 1355 illustrate
Parallel Character Transfer Request and other opera-
tions directed to parallel transmission for Input/QOutput
devices.

OVERLAP CONTROL

FIG. 1364 illustrates the Overlap Control triggers,
namely, the Transition trigger, Auto Transition trigger,
Add trigger and Mode Control trigger; FIG. 136 shows
additional controls for the Execution of Overlap opera-
tions; FIG. 136¢ is Transition Powering for the Transition
line; FIG. 136d is Powering for the Not Transition line
and the Add trigger; and FIG. 136¢ shows Powering for
Transition trigger and the Mode Control trigger. These
triggers just recited are those which contro] the Overlap
Modes of operation. Briefly, the Transition triggers define
certain cycles during which complete overlapping of
Memory and/or Storage operations and Arithmetic op-
erations is not performed; the Add trigger defines the por-
tion of Execute time when computation may be performed
in the ALU; and the Mode Control trigger defines Over-
lap and Transition cycles where results are placed in
Memory or Storage.

RESULT TO MEMORY AND RESULT TO STORAGE
TRIGGERS

As mentioned previously when the Result to Memory
and Result to Storage Routing lines were discussed, FIG.
137 shows the triggers which are set by positive pulses to
provide the Routing signals on the lines 137.01 through
137.06.

SPECIAL CONTROL TRIGGERS

FIG. 138 illustrates the Storage Low trigger and the
Storage High trigger; F1G. 1385 the Simultaneous Read/
Write trigger and the Read Call trigger for I/0 opera-
tions; FIG. 138c the Storage Mark trigger and the MAC
1=0 trigger; FIG. 1384 the Any Signal trigger and
Powering the Storage Mark trigger Off tine; FIG. 138e
the Write Call trigger, No Write Response trigger and
the No Read Response trigger for 1/O operations; FIG.
138f the Instruction Check trigger, Machine Check
trigger, Read/Write Check trigger for storing indications
of error conditions; FIG. 138g the Record Check trigger,
Overflow Check trigger, the Sign Check trigger for stor-
ing indications of error conditions; FIG. 138h the Digit
Zero trigger (DZT) and the Remainder trigger; FIG. 138i
the Auxiliary Trigger 1; FIG. 138j the Auxiliary 1 Off
Powering; FIG. 138/ the Auxiliary Trigger 2 Off Power-
ing and FIG. 138k the Auxiliary Trigger 2.

RESETS AND CLAMPS

FIG. 139g shows circuits for providing reset signals
for various triggers either to establish a specific status
when power is first applied, to reset to a specific status
intentionally via Manual Reset Keys of FIG. 106 or to
reset the trigeers automatically in preparation for sub-
sequent operations when new information may be set in
the triggers. To prevent delay in changing the state of
a trigger, the grids of the tubes are clamped at minus 12
volts. For those tubes without electronic reset, the grids
of the tubes are clamped at minus 12 volts via a diode
having its plate connected to a —12 volt supply and its
cathode connected to the grid of the tube. The point for
electronic reset is usually the plate of a diode, similarly
connected as above, which is fed by a Reset Cathode Fol-
tower (KR) having an output of —12 volts for an input
of —30 volts thereby clamping the grid at —12 volts.
When the input to the KR changes to 4-10 volts, its out-
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put goes to 0 volts and forces a non-conducting grid up
via the interconnecting diode. The notation for reset is
placed in the title section of the trigger logic block; for
example, in FIG. 174, the W of TBW indicates a “W”
reset Off. In instances where a trigger is reset On, the
reset indicator appears to the left, for example WTB.
Reset pulses may be applied, of course, to other portions
of a trigger in manners well known in the art.

Instruction reset, those occurring during Instruction
time at Ry, are provided on the lines 1392.01 and 1394.03.
The MAR Reset signal on the line 1394.01 resets MAR
to zero in preparation for its receiving the Memory ad-
dress portion of the Instruction obtained from Memory
during the Read portion of the Instruction cycle. The
Instruction Reset line 1394.03 goes to FIG. 139k where
it is powered by cathode followers and distributed as (X)
resets to the Storage Select Register, FIG. 16a, on the
line 13956.01; the Operation Register, FIGS. 21a and b,
on lines 1395.02 and 1395.03; the triggers of FIGS. 1395
through % on the lines 1395.04 through 1395.09; the Re-
set Add, Reset Subtract, Add-Subtract Routing Controls
of FIG. 74a on the line 1395.10; the Multiple Routing
Controls of FIG. 67a on the line 1395.11; the Select and
Control Routing Controls of FIG. 133 on the line 1395.12;
the I/0 Controls of FIGS. 1344, d and e, on the lines
1395.13 through 1395.15; the Quintupler, Doubler and
Quadrupler, and Multiple Register of FIGS. 81, 80 and
78 on the lines 1395.16 through 1395.18 respectively; the
Decimal Correction Circuits of FIG. 85 on the line
1395.19; the Overlap Control triggers of FIG. 1364 on
the line 1395.20; the Decimal Carry and Zone Carry
triggers of FIG. 88 (2 sheets) on the line 1395.21; the
Inter-Reg Check trigger of FIG. 63¢ on the line 1395.22;
the Unload Address Controls of FIGS. 654 and b on the
lines 1395.23 and 1394.24; and the Add to Memory
Routing Controls of FIG. 684 on the line 1395.25.

Machine Reset line 1394.02 of FIG. 139a goes to FIG.
1396 for powering and distribution on the lines 1395.26
through 1395.35. In FIG. 1394, Instruction Counter Re-
set, Select Register Reset, and MAC 2 Reset signals are
provided on the lines 1394.04 through 1394.06 to power-
ing and distribution of FIG. 139¢c. To reset the Memory
Buffer Register in preparation for receiving five charac-
ters from Memory, the line 1394.07 is positive during
Use time or PCT Request for the Not Erase Memory
condition and is combined in FIG. 5g with a W; (D2)
pulse on the line 74.1¢ to provide signals on the lines
5¢.13 and 5g.14, the latter being connected to MBR
triggers of FIGS. 14a and b as (Z) resets.

In FIG. 139c, the lines 13%¢.01 and 139¢.02 are posi-
tive at Wy (D2) during Use time to provide (R) resets
to the Result Register at W; time afier its contents are
no longer required for use. The Initial Reset line
139¢.13, originating in Manual Reset Keys of FIG, 106,

provides (U) reset to the Single Cycle Use trigger of ;

FIG. 105. Other signals on input lines from FIG. 1394
are merely powered and distributed to MAC, IC, Select
Register and MAR,

FIGS. 1394 and e disclose —12 volt supplies as men-
tioned previously for use in clamping the grids of trig-
gers. Inputs (not shown) are from the power supply
for the Data Processing System.

COMPARE ROUTING

FIGS, 140a through 140c illustrate the Routing lines
for the Compare Instruction, which compares a specified
Storage field with a Memory field designated by the
Memory Address portion of the Instruction. The com-
parison begins with the units order of each data group
and proceeds from right to left, character by character,
until a Storage Mark is sensed. The results of com-
parison are made available to program interrogation
(Transfer instructions) by means of High and Low trig-
gers, FIG. 1384, which may be turned On for high or
low comparison depending on whether the contents of
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Storage are higher or lower than the specified contents of
Memory. In addition, any unequal condition turns On
Aauxiliary 1 trigger of FIG. 138{. If at the end of execu-
tion of the Compare instruction only one of the triggers
is On or if both the High and Low triggers are On, the
Machine Check trigger of FIG. 138f is turned On. High
and Low triggers are changed only by execution of a sub-
sequent comparison in the program and are not changed
by interrogation.

MISCELLANEQOUS

FIG. 141 discloses the circuits for the Auto Load
control,

The Auto Load key, FIG. 141, when depressed, causes
the following sequence of operations: Selects the Input/
Output unit addressed by the keys of the Memory Ad-
dress Selector, resets the registers and counters includ-
ing the Check indicators, and sets the IC to 00004, reads
one record into Memory starting at position 00000, and
initiates Automatic operations whereby the stored pro-
gram is introduced into Memory.

FIG. 142q illustrates circuits for the Reference Volt-
age Regulator and the D.C. Alarm. FIG. 143 discloses
Open Filament Detection circuits for giving an indica-
tion of an open filament in the machine,

SETTING OF COUNTERS AND REGISTERS

Two general circuit schemes are used to accomplish
the setting and resetting of counters and registers as fol-
lows: (1) an electronic reset is employed and one input
line for each trigger is used for application of the setting
pulse in response to a binary value as in the Memory
Buffer Register of FIG. 14a; (2) the register is not reset
in the manner above but instead two inputs to each trig-

5 ger are employed. As an example of (2), the Character

Register 1, FIG. 57, is turned On with a positive pulse
to the left hand grid and is turned Off with a positive
pulse at the right hand grid in response to the binary
input indication. Therefore, means to reset all triggers
to the Off condition before setting is not required since
those triggers which are On and should be set On are un-
changed, while those On which should be Off are turned
Off and those triggers which are Off and should be On
are set On.

An example of electronic reset as in ( 1) mentioned
above is found in the circuits of FIG. 174 where a —12
volt clamp voltage is applied to the right-hand grid of
one of the tubes of a trigger as indicated by “W.” The
clamp voltage is changed to 0 volts at reset time and the
right side of the trigger goes into conduction indicating
the Off condition of the trigger.

COUNTERS (GENERAL DISCUSSION)

Two types of counters are used in the Data Processing
System. One type is of a modified binary arrangement
in which four triggers are arranged to represent the
decimal values of O through 9 with outputs of 8, 4, 2
and 1 as shown in the first order of MAC 1 in FIG. 304q,
Storage Address counters comprise cight stage binary
counters consisting of eight triggers arranged in tandem
to represent O through 255, such as the Storage*Address
Counter of FIGS. 52a through d.

All the counters except the Instruction Counter of
FIG. 32 can step up one count. FIG. 30«4 illustrates a

5 group of four triggers in the modified binary arrange-

ment. Assuming that all triggers are initially Off, one
pulse on the MAC 141 or 45 line 301.01 to the 1 trig-
ger would turn the trigger On causing the right plate to
rise,. The positive shift on the right plate lines 304.13
and 304.14 has no effect on the following trigger (2 trig-
ger) because the diode associated with the right plate
of the 1 trigger and input of the 2 trigger is conditioned
to pass only a negative shift. The next pulse turns the
1 trigger Off causing the right plate to drop and the
negative shift turns the 2 trigger On. With the occur-
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rence of the third pulse, the 1 trigger is turned On and
the 2 trigger remains On for a count of 3. The fourth
negative shift input pulse of the 1 trigger turns Off the
1 trigger, which feeds a negative shift from its plate to
the 2 trigger turning it Off. As the 2 trigger goes Off,
the fall of its right plate turns On the third trigger (4
trigger). A pure four stage binury counter can count
from 0 to 15, but such a counter modified to count oniy
from 0 to 9 must restore to 0 when a count of 9 is
reached. To achieve this result the negative level from
the left plate of the 8 trigger is arranged to block the
input to trigger 2. The ninth input pulse leaves the 1
trigger and the 8 trigger On. The tenth input pulse turns
Off trigger 1 and its right plate negative output turns
Off trigger 8. The result is then 0.

Counting down requires that the carries from the 1, 2
and 4 triggers be taken from their left plates and the
output of the left plate of 8 trigger be coupled to the
left grids of the 2 and 4 triggers. Assuming that all
triggers are Off, a first input pulse on the Step MAC 1-1
line to the 1 trigger turns it On causing the left plate to
drop. The fall of the left plate turns On trigger 2 and
then trigger 4 and then ftrigger 8 are turned On in like
manner. Thus, for one instant, all triggers are On and
the counter has counted down from O to 15. But, turn-
ing On the 8 trigger prevents the counter from staying
15 since the output of the left plate of trigger 8 is coupled
to the left grids of triggers 2 and 4. When trigger 8 goes
On, its left plate falls generating a negative shift that turns
Off triggers 2 and 4. The result, then, is that triggers 1
and 8 are left On and the counter stands at 9. With the
trigger standing at 9 (the 8 and the 1 triggers On) a
second input pulse turns the 1 trigger Off and the counter
stands at 8. The third input pulse turps On the 1 trigger
which then causes the 2 trigger to turn On. The turning
On of the 2 trigger then causes the 4 trigger to turn On
which in turn causes the 8 trigger to turn Off. Accord-
ingly, the counter now stands at 7. The counter con-
tinues to count down jn the binary fashion,

The step plus 5 signal is introduced into the units posi-
tion of the counter which must sit at either 4 or 9. As-
sume that the first order of MAC 1, FIG. 304, is set at 4
(the 4 trigger is On). The Step MAV 35 line 934.02
conditions a diode gate connected in binary fashion to the
4 trigger and the pulse on line 30f.06 turns Off the 4 trig-
ger. The same pulse turns On the 1 trigger via the diode
gate conditioned by the Step MAC 141 or -5 line 301.01
and which is connected in binary fashion to the 1 trigger.
The turning Off of the 4 trigger sends a negative shift to
the right grid of the 8 trigger turning the latter On. The
first order of MAC 1 now stands at a value of 9. A
second stepping pulse on lines 30/.01 and 934.02 turns Off
the 1 trigger and turns On the 4 trigger. The turning Off
of the 1 trigger sends a negative shift to the left grid of
trigger 8 turning Off the latter. The turning Off of the
8 trigger sends a negative carry pulse on the right plate to
the second order of the MAC 1 and the first order stands
at 4.

MEMORY CONTROLS

The ™Memory Address Select Register, FIGS. 49%a
through /1, comprises seventeen triggers which contain the
Memory Address that is to be interrogated to obtain five
characters from Core Memory. All of the Memory
Address Select Register outputs, except the 40,000 and
the 40,000 lines of the fifth order are decodded in four
Decoders of FIGS. 3¢ through d for X and Y selection
purposes. These are the 4x 10 Decoder (thousands or-
der, FIG. 3a), the Memory 4x 10 Decoder (tens order,
FIG. 3b), the Memory 410 Decoder (hundreds order,
FIG. 3¢), and the Memory 6x8 Decoder (units order,
FIG. 3d). Only one input from each decoder is up. The
first step is to supply Read Bias and to accomplish this
the 4% 10 Decoder of FIG. 35 provides a signal on one
of the output lines to its output inverters, FIG. 3a, the
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latter providing complementary outputs on the pair of
lines selected to the Switch Core Write Driver circuits of
FIGS. 55 and ¢. In FIG. 5q¢, it will be noted that only
one input line is positive and the remainder are negative.
The negative input signals are present on all of the odd
numbered ouiput lines except the one associated with the
positive input signal, and the negative input signals are
inverted by Inverters 1JK to provide positive signals on
all even numbered output line (NOT lines) except the
one associated with the positive input signal. The 6X8
Decoder, FIG. 3d, provides a signal on one of its output
lines to its output inverters, FIG. 7a, the latter providing
complementary outputs to the Switch Core Write Driver
circuits of F1GS. 76 and ¢. In FIG. 74, the circuits func-
tion as explained with reference to FIG. 5a. In FIGS.
7b and c the outputs from the 6 X8 Decoder Output In-
verters, FIG. 7a, are mixed with Memory Read Bias Gate
pulses on the lines 5g.11 and 5g.12 to provide an output
down signal on one of the lines to the X Switch Core
Write Windings of F1G. 9. Signals from the 4310 De-
coder Output Inverters of FIG. 54 are mixed with Mem-
ory Read Gate Bias pulses on the lines 5¢.09 and 5g.18
in the Memory Y Switch Core Write Drivers of FIGS.
5h and ¢. A single output line is thereby energized to
the Y Switch Core Write Winding of FiG. 8.

To supply Read Bias Current to the X and Y Switch
Core Matrices, FIGS. 8 and 9, all write inputs except
one to each of the matrices are pulsed with Read Bias
current. The next step is to generate Read current and
to accomplish this the two 410 Decoders, FIGS. 3a
and ¢, have one of their output lines up in response to
signals from the Memory Address Select Register, FIGS.
49g and e. A signal from the 4X 10 Decoder, FIG. 3a,
and the signal from the 4x 10 Decoder, FIG. 3¢, is
present on one of the input lines of the Switch Core Read
Drivers, FIGS. 4 and 6, respectively. In FIG. 4, a signal
on one of the output lines transfers a signal associated
with the address to the Switch Core Read Windings of
FIG. 8 when the Memory Y Read Gate line 52.08 is up.
Similarly, a signal on one of the output lines of the
Memory X Switch Core Read Drivers of FIG. 6 is trans-
ferred to the X Switch Core Read Windings of FIG. 9
when an impulse is provided on Memory X Read Gate
line 5g.07. In FIG. 8, each of the switch cores has three
windings, two primary input windings, Read and Write,
and a secondary output winding are arranged to be ap-
proximately one to one between any of the windings.
As an exumple, consider the switch core at the intersec-
tion of the lines 8.10 and 8.11. The Primary Read wind-
ing is represented diagrammatically by the passage of the
line 8.11 through the core. The Primary Write line is
illustrated diagrammatically by the passage of the 8.10
line through the core. A secondary or output winding is
illustrated digrammatically as the line which bears the
address 29,080. Secondary windings feed the Y lines for
the Memory Core Array. All switch cores are normally
reset and the object of providing inputs to this matrix
is to set and reset one of the switch cores using the Read
and Write inputs. Since Read and Write windings are
connected in series by rows and columns current supplied
from an input line magnetizes all cores in its row or
column. As stated previously, ali of the Write inputs
exccpt one are supplied with Read Bias current from the
Y Switch Core Write Drivers, FIGS. 55 and ¢, whereas
only one of the Read lines is energized by the Core Read
Drivers of FIG. 3. Since all switch cores are normally
reset and Read Bias current tends to reset the cores then
the result of the Read operation is to set a core in re-
sponse to a signal on one of the lines 8.11 through 8.20
in the absence of a signal on one of the lines 8.01 through
8.10. The Selection process can best be shown by an
example which will be given hereafter, but for the present
let it be assumed that one of the secondary windings
couples the signal caused by a switch core being set to
the Core Memory Array of FIG. 13 on one of the hun-
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dred output lines from FIG. 8. Similarly in FIG. 9, the
X Switch Core Matrix has a selected one of the switch
cores set by application of Read Bias Current on all
but one of the Write lines from the Write Drivers of
FIGS. 75 and ¢, and Read current supplied on one of
the Read lines in the Core Read Drivers of FIG. 6, caus-
ing one of the cores to be set and a current induced in
the secondary which is provided on one of the 80 lines
to the Core Memory Array of FIG. 13.

FERRITE CORE PLANES

In FIG. 13, four insulated wires pass through each
ferrite core as indicated diagrammatically by the inter-
section of lines in the Matrix (also see FIG. 2by). One
is an X Address line (such as 29,080) for each horizontal
row, one is a Y Address line (such as 10,915 ) for each
vertical column, another is a sense winding passing dia-
grammatically through the intersections as shown and
common to all the cores in a plane and the last is an
inhibit winding passing through the intersections parallel
to the X winding as shown in the drawing and common
to all cores in the plane. Only one core can be selected
from a plane during any given cycle and the selected
core is located at the intersection of the selected X and
Y lines, which are each pulsed with half select current at
Read time. This coincident current at the intersection
of X and Y lines applies full Read current to the selected
core tending to change it to the “0” state. During Write
time the same X and Y Address lines are selected and
each pulsed with half select current such that full Write
current is applied to the selected core tending to change
it to the “1” state. By pulsing the inhibit winding which
is parallel to the X winding with current opposite to the
half select current flowing in the X winding (effectively
half read current), the switching of the selected core to a
“1” is prohibited.

A sense winding passes through all cores in each plane,
and since only one core in each plane is interrogated
during a cycle, no ambiguity of output will result. At

the time the selected core is changing state during reading

(if it contained a “1”), the sense line is sampled and the
presence of a “1” detected. The Read current sets one
Switch Core in each of the X and Y Matrices and the
setting of the Switch Cores generates half Read current
on one X and one Y Address line feeding 35 plancs of
Core Memory in parallel. At the points of coincident
current, 35 ferrite cores (one for each plane) are pro-
vided with full Read current which resets any of the 35
cores holding “ones.” Resetting the Cores holding “ones”
induces pulses on the corresponding Sense Windings which
are amplified in the Sense Amplifiers of FIGS. 154 and b.
The outputs of the Sense Amplifiers are sampled at ap-
proximately R; time, and these sampled pulses turn On
those ones of the Memory Buffer Register triggers of
FIGS. 14q and b corresponding to the Cores that held
“ones.” Information is retained in the Memory Buffer
Register until the end of the cycle when characters of
the Memory Buffer Register are used for processing or
rewriiing back into Core Memory. Core Memory design
fixes a relationship between the Core Plane configuration
and the Memory Buffer Register since five characters are
read at a time. Character addresses ending in 4 or 9
are placed in the Character 4 position of the Memory
Buffer Register, while addresses ending in 3 or 8 are
placed in Character 3 and so forth.

As mentioned previously, the Memory Buffer Register
outputs are provided to six places: The PCT Write Bus,
FIGS. 182 and 4; the Output Switch, FIGS. 20a, b, c and
d; the Memory Address Register, FIGS. 2r, s and #; the
MBR Code Check, FIGS. 194 and b; the SSR, FIGS. 164,
b, ¢ and d; and the Input Switch, FIG, 11. Characters
are processed in the ALU serially, and therefore one char-
acter must be selected from the five characters retained
in the Memory Buffer Register. The Output Switch
chooses one character of the five for processing (except
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for Instruction cycles and Transmit by Five operations),
and the one character selected by the Output Switch is
gated to the Memory Out Bus and placed in CR 1.
More specifically, the X and Y Switching Circuits de-
code the Memory Address Select Register address and
select the five character group that contains the desired
character. The final selection to obtain a single char-
acter is determined by the units position of the address
via the Memory 4 X 5 Decoder, FIG. 3¢, sometimes called
the Select Character Switch which decodes the units posi-
tion of the address contained in the Memory Address
Select Register. In accordance with the Core Plane to
Memory Buffer Register relationship, the following con-
ditions must be met: if the units position of the address
ends in 4 or 9 then the character in position 4 of the
Memory Buffer Register is designated for processing.
Select character 4 from the 4x 10 Decoder, line 3e.09
comes up if the units position of Memory Address Select
Register contains a 4 or 9. This gates the desired char-
acter 4 to the Memory Out Bus. If the units position
of the address is 3 or 8 then the character in position 3
of the Memory Buffer Register is wanted for processing.
Therefore, Select character 3 line 3¢.07 is up for this sit-
uation.

The following table lists the units position of the ad-
dress and the corresponding select character lines:

Units position of Memory Address Select
Register

Select Character Line

3¢.09
3e.07
3e.05
3e.03
Je.01

Each cycle using Core Memory is a complete opera-
tion with respect to Memory and Reading and Writing
are both performed in one cycle during the Read and
Write portions explained previously. For single charac-
ter processing involving Core Memory, Memory Address
Counter 1 steps through the data field sequentially, Be-
cause Core Memory reads and writes five characters si-
multaneously, five cycles are required to process an entire
five character group. Thus, the same addresses are read
out and written into Memory five times. When one group
is completely processed operation shifts to the next group
and so forth. However, it is pointed out that process-
ing can start and stop anywhere in a five character group
because each cycle is a complete operation with regard
to Core Memory. As the Memory Address Select Regis-
ter follows Memory Address Counter 1, the select char-
acter lines 3¢.09, 3¢.07, 3¢.05, 3¢.03 and 3¢.01 are routed
individually as determined by the 45 Decoder of FIG.
3e. One of these sclect character lines 3e.01, 3¢.03, 3¢.05,
32.07, 3¢.09 remains up for the entire cycle since the
Memory Address Select Register is set only at Ro.

In Instruction cycles, all five characters of the Mem-
ory Buffer Register are used. Character 0 from the
MBR is placed in the Operation Register. Numeric por-
tions of Characters 1 through 4A and B bits of Charac-
ter 1, and the B bit of Character 4 of the MBR are placed
in the Memory Address Register. Numeric portions of
Characters 1, 2 and 3 and the Zone bits required for
addressing in Characters 1 and 4 are placed directly in
MAR and the numeric portion of position 4 of MBR is
transferred indirectly to the MAR via the Memory Oot
Bus. This latter transfer is permissible as all Instruc-
tion addresses must end in 4 or 9 which means that
Select Character 4 line 3e.69 is always up on Instruc-
tion cycles, thus gating position 4 or MBR through the
Output Switch. The Memory Out Bus feeds CR1 as
well as the units position of MAR so Character 4 in
MBR is set into CR 1 in Instruction cycles and checked
by CR 1 Code Check circuits of FIG. 72.

The CR1 Code Check circuits of FIG. 72 provide
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code checking for serial (single character) processing.
If any character is redundant, that is, has an odd number
of bits, the CR 1 Code Check Odd lines 72.63 through
72.05 are positive to indicate an error. MBR Code Check-
ing is not desirable during single character operation be-
cause unused Memory characters may be included in a
five character group, and if any of the unused characters
are redundant, needless error steps would occur. Ac-
cordingly, it is only when five characters from MBR are
used simultaneously during Instruction cycles and Trans-
mit by S cycles that MBR Code Checking is effective
because sampling is only employed in these two instances.

The Input Switch, FIG. 10, gates characters to Memory
for writing five characters into those Memory positions
which have been read from previously. Six characters
are available to the Input Switch, five characters held in
the Memory Buffer Register and one character held in
the Result Register, and five of the six characters arc
selected from among the Memory Buffer Regisler and
the Result Register. Eitber all five characters held in
the Memory Buffer Register can be written into Memory
or four characters held in the Memory Buffer Register
“and the one character in the Result Register can be written
into Memory with the Result character replacing any
one Memory Buffer Register character depending upon
the Input Select Gating circuits.

With reference to FIG. 10, the Input Select provides
gating lines 10.01 through 10.10 to the Input Swiich of
FIGS. 1lq and b. The Result to Memory line 137.01
and all five Select Character lines 284.03, 204.02, 20201,
204,08 and 204.10 are used to control the Input Switch.
The Result to Memory line, if down, causes five charac-
ters held in the Memory Buffer Register to be written
into Memory exactly as they were before reading. How-
ever, if Result to Memory line is up, the Result charac-
ter is written into Memory replacing one of the five char-
acters contained in the Memory Buffer Register accord-
ing to the Select Character line conditioned in FIG. 10
during that cycle. As an example, if the units position
of the Address is 2, Select character 2 is up. Then, Mem-
ory Buffer Register characters 0, 1, 3 and 4 are written
into the same cores in which they were read, and the Re-
sult character from the Resuit Register is written into
the cores from which Character 2 of the Memory Buffer
Register was read. The Memory Buffer Register is set
at Ry 5 and the Result Register is set at Ry, Thus, char-
acters in both are available for writing during the Write
portion of the cycle.

The Off sides of the triggers of the Memory Buffer
Register, FIGS. 14a and b, are coupled to the Memory
Inhibit Driver Circuits of FIGS. 12a and b via the In-
put Switch of FIGS. Ila and b. Also, the On sides
of the triggers of the Result Register, FIGS. 85a and b,
are inverted and coupled to the Memory Inhibit Driver
Circuits of FIGS. 124 and b via the Input Switch of
FIGS. 11a and b. (Inverting the On side signal of a
trigger is equivalent to taking the signal from the Off
side.) Thus, any of the lines which feed the Memory
Inhibit Driver Circuits of FIGS. 124 and b that repre-
sent “zeros” have positive signals. In FIGS. 122 and b,
the lines from the Input Switch mix with the Inhibit
Gate on lines 5g.01 and 5g.02., and when the Inhibit
Gate rises, inhibit current flows into all of those Core
Planes where “zeros” are to be written and, therefore,
the writing of “ones” is blocked in those planes where
write current is provided as hereafter described. The
Write Gate rises shortly after the Inhibit Gate and mixes
with the 4x8 Decoder outputs, FIG. 3b, and the 68
Decoder outputs, FIG. 3d, in the Switch Core Write
Driver circuits of FIGS. 3b, ¢ and 7b, ¢, respectively.
This causes one row in each of the X and Y Switch
Core Matrices to be pulsed with Write currents resetting
one Switch Core in each matrix, By resetting the Switch
Core, half Write current is provided on the same X and
Y lines which were pulsed for reading causing “ones”
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to be placed in all Planes in which Inhibit current is not
flowing.

Because the ferrite core’s hysteresis loop is not precisely
rectangular, each half selected core induces a smail noise
voltage in the Sense Winding having the same polarity
whether the core is storing a “one” or a “zero.” There-
fore, a Half Selected Noise output for any core has the
same polarity as the Read output for the core. The
Sense Windings are so wound that the Half Selected oui-
puts tend to cancel each other, but the noise voltage may
be harmful to the desired signal. Therefore, after writing
into the ferrite cores is accomplished, the cores are Post
Write Disturbed. Post Write Disturbing is accomplished
by resetting the Memory Buffer Register and the Result
Register before the Inhibit Gate falls. Resetting these
registers brings up all lines on the Cff side outputs caus-
ing conduction in all 35 Inhibit Drivers. in addition, re-
setting the Memory Buffer Register and Result Register
also prepares them for use on the following cycle.

MEMORY ADDRESS REGISTER

MAR contains the address portion of the Instruction
being executed. On a Read (RD), Write (WR), Write
Erase (WRE) and serial Transmit (TMT) instruction,
this is the address of the high order or left-hand char-
acter of the field addressed. On the high-speed Transmit
(TMT) instruction, the address is the fifth character from
the high order or left-hand character addressed. On all
other instructions, the address is the low order or right-
hand character of the field addressed.

During Instruction time the Memory Address Register
receives an address in parallel from Core Memory by way
of character positions 1 through 4 of the Memory Buffer
Register and retains the address during Execution. If the
operation is a Transfer operatiomn, the contents of the
Memory Address Register are transferred to the Instruc-
tion Counter during Execute time so that the next Instruc-
tion will be obtained from the designated addréss. How-
ever, if the operation is not a Transfer operation the
Memory Address Register holds the address of the data in
Memory which is to be processed according to particular
operation codes in Character 0 of the Instruction. The
contents of the Memory Address Register may be trans-
ferred to the Memory Address Counters 1 or 2. The out-
puts of MAR can be sent to MAC 1, FIG. 2gg (FIGS. 30a
through e), to MAC 2, FIG. 2hh (FIGS. 314 through e},
to IC, FIG. 2ii (FIGS. 32a through e}, or the select Reg-
ister, F1G. 2jj (FIGS. 33« through d).

Since addressing counters and registers use “zero” char-
acters in the true binary form of no “one” bits, a “zero”
from MBR represented by an 8 and 2 bit must be con-
verted to an absence of bits. A “zero” from MBR is
recognized in the form of 8 and 2 bits and causes the set-
ting lines of its corresponding position in MAR to be
blocked. For example, 8 and 2 bits from Character 4
of MBR are combined to hold down Block Set 1st order
MAR line 17£.07 thereby preventing seiting the 8, 4 and
2 bit triggers in the first order of MAR, FIG. 17a.

Referring to FIG. 17a, a sample order of the Memory
Address Register is shown comprising four triggers which
are reset Off, that is, with the right side conducting, dur-
ing each Instruction cycle at Ry (D2) time (FIG. 139a).
The digit portion of Character 4 from the Memory Buff-
er Register, FIG. 14a, is read into the units position of
the Memory Address Register via the Memory Out, FIGS.
21a through d. Binary “ones” in the 1, 2, 4 and 8 posi-
tions causes lines 304.04, 204.05, 204.06 and 204.07 to
be positive and condition Diode Gates Gj as shown in
FIG. 17a. Then a positive signal occurs at A; (D0.4)
time on the line 161.19 and a positive signal appears on
Diode Gate output lines of the Diode Gates that are con-
ditioned which are effective to turn On their respective
riggers. Accordingly, for each binary “one” bit, a cor-
responding trigger in the units order of the Memory Ad-
dress Register is turned On. As explained above, when-
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ever a 0 Character is represented, i.e., a binary “one” in
the 2 and 8 bit positions only, circuits are effective to
block the setting of the particular order of the Memory
Address Register. The negative signal on the Block Set
Memory Address Register line 177.07 blocks passage of
any signals through the Diode Gates which it conditions
and consequently all of the triggers in that position re-
main Off to represent holding of binary “zeros.”

MEMORY ADDRESS SELECTOR KEYS

It is also possible to manually set information into the
Memory Address Register by means of the Memory Ad-
dress Select Keys of FIG. 25a which cause positive and
negative signals representing binary “ones” and binary
“zeros” respectively on the MAS-8, line 255.16 MAS-4
line 25b.17, MAS-2 line 256.18 and MAS-1 line 255.19
to condition one input of the Diode Gates and when these
Diode Gates are so conditioned, a signal on the line Set
MAR to MAS line 171.01 is effective to set binary “ones”
into the triggers according to the keys selected.

MEMORY ADDRESS COUNTER 1 (MAC 1)

MAC 1, FIGS. 30a through 30e, is a nineteen-trigger
counter that represents a five digit binary coded decimal
address in the range of 00000 to 39,999 for a 40 K Mem-
ory (00000 through 79,999 for an 80 K Memory) which
is received from the Instruction Counter or Memory Ad-
dress Register. An initial address is set into MAC 1 from
the Memory Address Register in each Instruction cycle,
and MAC 1 is also set to MAR during some Execute
cycles in the Multiply, Divide, and Add to Memory in-
structions. During each Execute cycle of certain parts
of instructions such as Add, Subtract, Multiply, Compare
and so forth, MAC 1 is stepped to contain the address of
data in Core Memory that is to be processed in the next
cycle. During certain parts of other instructions such
as Shorten, Lengthen, and so forth, MAC 1 is not need-
ed to refer to Memory information and is used to deter-
mine the number of cycles required for the operation.
MAC 1 can be stepped by three values: plus one (41)
by the line 932.01, minus one (—1) by the line 932.07,
and plus 5 (+5) by the line 93%.02. Both the stepping
pulse gated by the foregoing lines and the setting pulse,
lines 307.07 through 30f.11, are blocked pulses.

On Execute cycles for Write, Write Erase, and Serial
Transmit instructions, the stepping of MAC 1 is gated
by an I/0 Request and by NOT Transition, MAC 1 is
also stepped plus one for all Read instructions when a
Read Request is made from an 1/0 device. During a
high speed Transmit operation, MAC 1 and MAC 2 are
stepped plus five on alternate cycles. The Instructions
set forth above are the only ones where addressing it from
high order to low order of a field, and for all other in-
structions (except where no stepping at all is required)
MAC 1 is stepped minus one. Instructions which do not
require MAC 1 to be stepped include No Operation,
Transfer Any, Halt, Transfer High, Transfer Equal, Trans-
fer Plus, Transfer Zero, Transfer Signal, Read While
Writing, Sign, Receive, Normalize Transfer, Transfer, Se-
lect and Control.

If an automatic check stop occurs, MAC 1 is not set or
stepped but displays on the operator’s console the address
where the check stop occurred. At Ry, the contents of
MAC 1 are automatically set into MASR, FIGS. 49
through j, if MASR is not set to the contents of either the
IC, MAC 2, or SMAC (see FIG. 93s). During the
Execution of Multiply, Divide and Add to Memory, some
steps in the operations let Memory information be used
more than once. In all instances, the Memory Address
Register is not altered during the execution of an instruc-
tion, so when necessary the Set MAC 1 to MAR signal
can be used during the operation to set MAC 1 to MAR
and use the information over again,

By stepping MAC 1 down one each cycle at R; time,
MAC 1 reaches 00000 then 39,999 (for 40 K Memory)
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when the outputs are decoded to recognize MAC 1=0.
This indication may be used to complete or alter the op-
eration. Also, when MAC 1 reaches the address 39,999
(for 40 K Memory), an End of Memory indication is
given. During a Write 01 instruction, this indication
causes completion of the operation.

FIGS. 304 through 30e are diagrams of the orders of
the Memory Address Counter 1. For the purpose of ex-
planation, the units order of FIG. 30a is described al-
though it will be understood that all of the orders will, as
required, receive the contents of the Memory Address
Register. The contents of the Memory Address Register
are represented by signals on the MAR-8 line 174.01,
MAR—{ line 174.08, MAR-Z line 174.17 and MAR-I
17a.25, which lines are positive if the respective bits of
the Memory Address Register contain binary “zeros,” and
also on the MAR-8 line 174.65, MAR—4 line 170.i4,
MAR-2 line 174.21 and MAR-1 line 174.29, which lines
are positive if the respective bits of the corresponding
order of the Memory Address Register contain binary
“ones.” These output lines fom the Memory Address
Register feed the Diode Gates as shown in the drawings.
Thus, as the trailing edge of the signal on the Set MAC 1
to MAR line 30/.07 goes negative, a signal is gated through
the proper Diode Gate to cause the required binary “ones”
or “zeros” to be set into the triggers, For example, if the
1 bit of MAR contains a binary “one,” the signal on the
Set MAC 1 to MAR would pass the Diode Gate con-
nected to the MAR-1 line 174.29 to turn On the trigger
thereby entering a binary “one” in the one-bit position
of the Memory Address Counter 1, However, if the
one-bit position of MAR had contained a binary “zero,”
the MAR-T line would be positive and the signal on the
line Set MAC 1 to MAR would pass the other Diode Gate
to turn Off the trigger, thereby entering a binary “zero”
in the Memory Address Counter one-bit position, Thus,
it is evident that there is no need for providing a reset
for the Memory Address Counter before entering the con-
tents of MAR therein, as setting is accomplished by the
trailing edge of the Set MAC 1 to MAR signal combined
with a signal on one or the other of two input lines per
trigger which is effective to set each trigger to either “one”
or “zero” regardless of the previous states. When the
Step MAC 141 or 45 line 30f.01 is positive, the Diode
Gates (DG) are conditioned for a negative A,/Rz-W,
pulse on the line 301.06 to the binary input of the 1 trig-
ger which is effective to step the counter ome count by
changing the condition of the latter trigger. When the 1
trigger goes from an Off to an On condition, it has no
effect on the succeeding 2 trigger. However, as the 1
trigger is shifted from an On to an Off condition, its out-
put (by way of the cathode follower on the line MAC
1-1) passes via a conditioned gate to the binary input of
the 2 trigger and thereby shifts the condition of the latter
trigger. The Diode Gate having an input from MAC 1-8
must be conditioned by a positive signal on the line 301.01,
a signal on the line MAC 1-1, and also by a positive sig-
nal on the line MAC 1-8 signifying that the § trigger rep-
resenting the 8 bit contains a binary “zero.” A signal
MAC 1-8 on line 304.04 feeds to the succeeding higher
order of the Memory Address Counter via a Diode Gate
conditioned by Step MAC 14-1 or 45 line 30£.02 to enter
a 1 (carry) into the lower order position of the second
order of MAC 1.

The Memory Address Counter must also be capable of
counting -+5 which is accomplished by changing the con-
tents of the 4 and the 1 trigger by way of the Step MAC
145 line 934.02 combined with the Ag/Ry-Wjy line 301,06
which sets the 4 trigger to the opposite state, and by the
Step MAC 141 or 45 line 30f.01 and the 30/.06 line
which sets the 1 trigger to the opposite state, The units
order of MAC 1 must sit at 4 or 9 when MAC 1 is
stepped --5.

The Memory Address Counter must also be capable
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of counting down as mentioned previously. This is ef-
fected by a positive signal Step MAC 1-1 on the line
635.05 which conditions Diode Gates which are effective
to couple the left plate output of each trigger to the binary
input of the succeeding higher trigger. Thus, when any
trigger goes from an Off to an On condition, the succeed-
ing higher trigger is shifted from one condition of sta-
bility to another. As any trigger shifts from an On to an
Off condition, the output signal to a Diode Gate is posi-
tive and therefore has no effect on the succeeding trigger.
It should be noted however, that when the 8 trigger shifts
from an Off to an On condition, a carry signal is emitted
on the line 304.01. This carry signal besides feeding the
succeeding higher order, also operates via 33 micromicro-
farad condensers and a diode to shift the 4 and 2 triggers
Off. Briefly, the Step MAC 1-1 line 93g.05 condilions
Diode Gates associated with the Off sides of the triggers
and connected to lines MAC 1-1, MAC 1-2 and so forth,
the signals on the respective lines being positive when the
corresponding triggers contain binary “zeros.” MAC 1
controls are shown in FIG. 30f and their operation will be
easily understood when a typical operation of the com-
puter is described.

MEMORY ADDRESS COUNTER 2 (MAC 2)

MAC 2, FIGS. 31a through 31¢, is a nineteen trigger
counter having the purpose of determining one address
used during instructions requiring two addresses, where
MAC 2 indicates the address of the information being en-
tered into Memery. This address is set into MAC 2 from
the Memory Address Register at Wy time of the Execute
cycle of the Receive (RCV) or Read-While-Writing
(R'WW) instruction on the fall of the lines 31£.02, 311.03,
317.04, 311.05 and 317.06. The setting of MAC 2 is pre-
ceded by reset at Ry time on lines 139¢.03 through 139¢.07
which is generated by the Reset MAC 2 and Set to MAR
lines 131.64 and 69.06 in combination with Ry (D2) Use
line 102.12 (FIG. 1392). MAC 2 can be stepped +1
via the line 31£.07 or +5 via the lines 93/.04 and 317.07
during Execute cycles so that the next character to be
operated upon may be located. The outputs of MAC 2
are provided to the Memory Address Select Register,
FIGS. 494 through j, and the contents of MAC 2 are set
into MASR by way of the set MASR to MAC 2 line
935.02.

INSTRUCTION COUNTER

The Instruction Counter, FIGS. 324 through e, is
stepped five for each Inmstruction cycle so as to contain
the address of the next instruction. In normal operations,
Instructions are teferred to sequentially, five addresses
removed from each other since each Instruction requires
five characters. During a Transfer instruction, the Instruc-
tion Counter is set to a designated address obtained from
the Memory Address Register.

The Instruction Counter is reset to 0004 for Initial
Reset, Machine Reset and Clear Memory operations be-
fore the Instruction Counter is set to the contents of the
Memory Address Register. The Instruction Counter is
a sixteen trigeer counter (for 80 K Memory), and the
units position of the Instruction Counter, FIG. 324, has
only one trigger which is Off for a 4 and On for a 9. The
OF side of the 4 trigger line 174.09 in the first order of
MAR, FIG. 174, controls the setting of the Instruction
Counter units position trigger of FIG. 32a. If the )
tine 17a4.09 is plus, the units position of the Instruction
Counter trigger is turned On to represent a 9. This is so
because an Instruction must be located at an address with
a 4 or a 9 in the units position, as previously described,
in order to bring out five characters of an Instruction.
The Tnstruction Counter can receive an address from the
Memory Address Register or be stepped -+35 at Ry of
every ECC 1 cycle (except for Transfer operations) by
changing the state of the first order trigger with the fall
of a stepping — A/ R3-W pulse of the blocked type.
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The Instraction address in the IC is sent to the Memory
Address Select Register at Ry time of each Instruction
cycle to obtain the five Instruction characters. When the
Tnstruction Counter is stepped 45 after being set to the
original address, 00004, the trigger is turned Off causing
the fall of the right plate to send the carry to the first
position of the tens order of IC. An auto check stop
caused by an Instruction Check Error condition blocks
the —Ag/Ry~W, stepping pulse so that the Instruction
Counter remains at the address of the Instruction Errer.

More specifically, the IC triggers are reset to Q0004
and then the contents of Memory Address Register are
emitted via output lines from MAR. Those particular
bits holding binary “ones” condition the Diode Gates, the
signals on the Set IC to MAR lines 322.06, 32407, 32408
and 324.09 are applied and the trailing edge is effective
via conditioned Diode Gates (DG) to turn On their re-
spective triggers. In this manner, the contents of Mem-
ory Address Register are transferred into the Instruction
Counter.

During the first Execute cycle after the Instruction
cycle, ECC 1 line 123.34 in FIG. 32a is positive and is
combined with NOT Manual 3 line 116.09, Minus
on Block Step IC line 93j.12 and Aq/Ry—W; (blocked)
line 103220 to provide a positive output from the
And circuit. The fall of the output of Inverter (IK
switches the trigger to the alternate state at Ry time. The
connections between the stages of the counter are such
that when one trigger is turned Off it is effective to shift
the condition of the succeeding higher trigger, for ex-
ample, IC-9 line 32¢.04 to 1C-10 trigger of FIG. 32b.
Assume that the 80 trigger and 10 trigger of the second
order of IC, FIG. 32b, are On and the IC-80 and IC-10
lines are up to indicate a count of 90 when the IC-9 line
324.04 goes negative. The latter line turns Off the 10
trigger whose IC-10 line drops and turns Off the 80 trig-
ger. The fall of the IC-80 line 325.02 provides a carry
to the third order of IC, FIG. 32¢. The second order of
IC now stands at 0. The outputs of the 10, 20, 40 and 80
triggers pass through the cathode followers to lines IC-10,
1C=20, IC-40 and IC-80, respectively, which lines are
negative when respective triggers are Off, signifying hold-
ing of a binary “zero.” The hundreds, thousands and ten
thousands orders of the Instruction Counter operate simi-
larly, receiving inputs from the corresponding orders in
the Memory Address Register and further receiving inputs
on lines which are carry signals from the succeeding lower
stages.

MEMORY ADDRESS SELECT REGISTER (MASR)

MASR, FIGS. 494 through 49j, is an eighteen trigger
register (for 80 K Memory) for the purpose of driving
the selection circuits of Core Memory. It may be set to
either MAC 1, MAC 2, IC, or SMAC at R, time, and
retains the address of the information being operated on
in Core Memory for a complete character cycle from Ry
to Ry It is pointed out that MACI, MAC 2, the Instruc-
tion Counter or the Memory Address Register may change
status during a machine cycle without effecting the five
characters being selected in Memory since MASR is un-
changed. The outputs of the Memory Address Select
Register, FIGS. 2ww through 2yy, are sent to the X and
Y Switching circuits, FIG. 2q, to select five characters
from Core Memory as described previously. Qutputs in
the first order triggers of the Memory Address Selection
Register, FIG. 2ww (FIGS. 49 and b) are also sent to
the Memory 45 Decoder, otherwise known as the Char-
acter Select Switch, FIG. 3e to determine which of the
five characters is to be sent to CR1, FIG. 2h, by way of
Memory Out, FiG. 2¢g (FIGS. 20a through d).

Referring now to FIG. 49a, the first order of the
Memory Address Select Register is shown and its de-
scription will serve as a description of the other orders.
The Diode Gates (G;) serve to change the state of the
trigger with a positive shift when conditioned by posi-
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tive signals on lines representing binaty “ones” or the
complements thereof. The set circuits for the first order
of the Memory Address Sele:t Register are shown in FIG,
495 as having inputs from Memory Address Counter 1,
Memory Address Counter 2, the Instruction Counter, and
the SMAC, (line 17a.24). The set circuits are selection
circuits for selecting the contents of MAC 1, MAC 2,
the Imstruction Counter, or the SMAC, in response to
signals on the Set MASR to MAC 1 line 93502, Set
MASR to MAC 2 line 93503, Set MASR to IC line
935.01 and Set MASR to SMAC line 93s.64, which con-
dition the AND circuits for the passage of binary “one”
values to the outputs of the cathode followers. Posi-
tive outputs are provided on the 8 line 495.02, the 4 line
495.04, the 2 line 495.06, the 1 line 495.08, whenever the
binary value of “one” is represented. When the last
mentioned lines are down indicating binary “zeros,” In-
verters attached to each line provide positive outputs
on the 8 line 495.01, § line 495.03, 3 linc 495.05 and 1
line 495.07. Each of the pairs of lines are connected to
input lines of the first order of MASR, FIG. 49a, where
the lines representing binary “one” values are connected
via Diode Gates to the On side of the triggers and the
complement lines representing binary “zeres” havirg posi-
tive signals are connected via Diode Gates to the Off
side of the triggers. With these connections it will
be noted that it is unnecessary to reset the MASR since
pairs of lines are effective to set the triggers to the re-
quired values regardless of their previous state. The Ry
{D0.4) line 161.01 conditions the Diode Gates for the pas
sage of positive signals on the input lines from the first
order of MASR set circuits, FIG. 49b. The other four
orders of MASR and their associated MASR set circuits
are provided in the remaining FIGS. 49¢ through j and
they operate in a manner similar to the first order of
MASR.

STORAGE SELECT REGISTER

The Storage Select Register (SSR), FIG. 16a, consists
of four triggers that select a particular Storage unit by
way of the Storage Address Counter, FIGS. 524 through
4, and SSR Decoding, FIG. 54, or that identify a special
type of Instruction by way of SSR Decoders, FIGS. 55q
and b. The SSR is Instruction reset by means of a line
1395.01 from Instruction Reset Controls of FIG. 1395,
and then the Zone Bit configurations of characters 2
and 3 of the Memory Buffer Register are set into the
SSR. The Memory Buffer Register character 2-B line
142.02. Memory Buffer Register character 2-A line
144.02, MBR character 3-B line 142.02 and MBR char-
acter 3-A line 144.02 condition Diode Gates (Gy), and
at Ay of I time, a positive signal on the line 101.24
causes those outputs of the Diode Gates to go positive
which are conditioned by signals of the Memory Buffer
Register indicating binary “ones” to set the correspond-
ing triggers On. During manual operations, the Storage
Select Register is reset during Manual 1 time by a manual
timer via line 116.02 which causes Instruction reset, FIG.
139a. Keyed outputs indicative of binary “ones” are
present on the S8-8 line 165.01, SS—4 line 165.02, SS-2
line 165.03 and SS-1 line 165.04 where binary “ones”
are desired. These lines feed diode gates (Dg) and upon
the fall of the Set SSR to SS line 177.06, the negative
shift at the outputs of diode gates (Dg) sets to the On
state those triggers where binary “zeros” are desired.
Lines 164.01, 164.04, 164.07, 16a.11, 164.14, 164.18,
164a.21 and 164.25 go to Storage Select Register Decoder
stages 1 through 8 of FIG. 552 and lines 164.05, 164.08,
16a.12, 164.15, 164.19, 16a.22 and 16a.26 go to Storage
Select Register Decoder stages 9 through 15 of FIG. 555
to modify certain instructions. The lines 164.03, 164.16,
164.17 and 16a.24 go to Storage Select Register Decod-
ing of FIG. 54 for distinguishing Storage Addresses in
the Accumulator from Storage Addresses in Auxiliary
Storage. The lines 164.02, 162.06, 164.09, 164.13, 164.16,
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164.20, 164.23 and 16a.27 go to stages 5 through 8 of
the Storage Address Counter, FIG. 524, for setting stages
5 through 8 of SAC in FIG. 52¢ to the SSR bits 1, 2, 4
and 8, respectively. Since there are no bits in the zone
portions of characters 2 and 3 of the Instruction when
the Accumulator is used, SSR is then 0 making SASR
256 line 54.24 positive and SSR=0000 lines positive in
FIG. 54. SASR 256 line 54.24 goes to FIG. 34a to se-
lect the Accumulator portion of Storage and in combina-
tion with the Storage Address Counter address, which is
set in the Storage Address Select Register, locates a par-
ticular character. The SSR=0000 lines allow SAC to
be set to the Starting Point Counter, conditions the Ac
cumulator DZT and Accumulator Sign trigger, identifies
Instructions which have no bits in the zone portion of
the second and third characters. When an Auxiliary
Storage unit is used, one or more of the SSR triggers
would be On bringing up SASR Z56 line 54.01 and the
S5R=£0000, FI1G. 54. SASR 256 line 54.61 selects the
Auxiliary portion of Storage. The SSR-<0000 lines al-
low the four high order positions of the Storage Address
Counter to be set by the Storage Select Register and
resets the four low order positions of SAC. When the
Storage Address Select Register is set to SAC combined
with SASR 256, the units position of the proper Auxiliary
Storage unit is selected. The SSRs£0000 lines of FIG.
54 also condition the Auxiliary Storage DZT and Aux-
iliary Sign trigger and identify Instructions with zone
bits in the second and third order positions of the Instruc-
tion,
STARTING POINT COUNTER (SPC)

The Starting Point Counter of FIGS. 51a, b and c,
is an eight stage binary counter of capacity 256 which
keeps track of the starting or reference point of a field
in the Accumulator. The Starting Point Counter has no
reset to 0 and no means to be set to any particular ad-
dress. When the machine is turned On, SPC may con-
tain any number 0 through 255, depending upon the way
in which the individual triggers establish their stable
states. The SPC can be stepped up or down one unit
completely around to and beyond its original starting
point and can be stepped 128 positions, also. The Start-
ing Point Counter determines the location of the units
position of the field in the Accumulator, the other limit
being determined by the Storage Mark. As in the case
of MAC 1, if an Auto Check Stop occurs, the stepping
pulses to the Starting Point Counter are blocked to pre-
vent altering the contents of SPC from the error position.

Referring to stages 1 through 3 of the Starting Point
Counter in FIG. 51a, the SPC may be stepped up one
count by means of the line 93j.01 and down one count
by the Step SPC-1 line 93j.03 which conditions diode
gates sampled at A, time by the —A,/R;—W, line 52¢.02.
If the Starting Point Counter is to be stepped up, a sig-
nal on the Step SPC+1 line 937.01 goes positive to con-
dition the upper diode gate in each position. With the
line 93j.01 positive, a negative signal is provided on the
line 52¢.02 which is passed to the binary input of the 1
trigger causing the latter to shift from one condition of
stability to another. As the 1 trigger shifts from an On
to an Off condition, a negative signal is emitted from its
right plate and is fed via the cathode follower and a
conditioned diode gate to a binary input of the next ad-
jacent trigger, the 2 trigger, thereby causing the latter to
shift from one condition to another. Likewise, succeed-
ing bit triggers of the counter receive inputs from the ad-
jacent lower order. Positive going outputs from the trig-
gers have no effect on succeeding stages.

To step the SPC down one count, the Step SPC-1
line 93;.03 is positive to condition the lower diode gates
in each stage, and the negative signal on the line 52¢.02
is then passed via the diode gate to the binary input of
the 1 trigger. However, in this instance, only when this
trigger shifts from an Off to an On condition is a nega-
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tive signal emitted and passed via the conditioned diode
gate to provide a binary input to the next adjacent trig-
ger the 2 trigger. The same type of circuits and explana-
tion applies to succeeding higher stages.

On occasion it is desired to step the Starting Point
Counter by a count of 128. This is accomplished at
W, time by conditioning a diode gate with a signal Step
SPC+128 on the line 93j07 and sampling with an
Ag/Rs—W, signal on the line 52¢.08 to the eighth order
of the SPC. The output of this gate is applied to the
trigger so that a negative input is effective to cause a
shifting of its condition.

STORAGE ADDRESS COUNTER

The Storage Address Counter (SAC), shown in FIGS.
524 through 52d, is an eight stage binary trigger counter
that designates the address of the Storage character to be
processed the next cycle. In FIGS. 52b and 52d, the
contents of the Starting Point Counter can be set into
SAC via the lines 524.01 through 524.08 in combination
with the Set SAC to SPC line 52¢.04 and the lines
515.03 through 515.06 and 51c.01 through 51c.04 in
combination with the Set SAC to SPC line 52¢.65. Out-
put lines 52b.01 through 525.08 and 524.01 through
524.08 are connected as inputs to the SAC triggers of
FIGS. 52a and S2c respectively. When the Storage Se-
lect Register equals zero, indicating that Accumulator
Storage is being used, all eight stages of SAC are set to
the contents of SPC. When the Storage Select Register
is not equal to zero, indicating that an Auxiliary Storage
unit is being used, however. the Set SAC to SSR lines
52¢.06 and 52¢.07 are positive to cause the four high
order positions of SAC to be set to the bit pattern of
the SSR and to cause the four low order positions, stages
1 through 4, of SAC to be reset to “zero.”

In FIGS. 524 and ¢, SAC can be stepped plus one by
a positive signal on the lines 93i.03 and 9304 in com-
bination with the fall of the —Ay/R;—W,; Blocked pulse
on the line 52¢.03, the latter being connected to the units
order diode gate. In FIG. 52a, the line 93i.03 condi-
tions a diode gate (in the upper row of diode gates) for
each trigger, and, similarly, in FIG. 52¢ the line 93i.04
conditions a diode gate for each trigger of the higher
orders. The output of each diode gate is connected to
the binary input of each trigger, and the right plate out-
put of each trigger is applied as an input to the dicde
gate of each higher order trigger. Keeping in mind that
it is the fall of the pulse supplied to a conditioned di-
ode gate that provides an output, it will be evident that
it is only the change from “one” to “zero” of a trigger
that can be supplied to the binary input of the next high-
er order trigger when the Step SAC--1 line is paositive.
For example, assuming that SAC is zero (all triggers
Off) and that the diode gates are conditioned by a posi-
tive pulse on the lines 93i.03 and 93i.04. When the
—A,/Ry-W, pulse falls the 1 trigger is turned On. Th
right-hand plate of the 1 trigger goes positive but the rise
is ineffective to provide an output from the upper diode
gate feeding the binary input to the 2 trigger. The count
is now 1 as indicated by the 1 trigger being On and all
others Off. When the Step SAC--1 lines 93i.03 and
93i.04 are positive during the mext cycle and the line
§2¢.03 falls, the 1 trigger is turned Off and the fall of
the right-band plate of the 1 trigger is passed to the bi-
nary input of the 2 trigger via the diode gate to turn
On the 2 trigger. The count is now 2 as indicated by
only the 2 trigger being On. On the third cycle, the 1
trigger is turned On and its right-hand plate rises which
is ineffective to turn Off the 2 trigger. The 4 trigger
and other higher orders cannot be turned On since the
right plate of the 4 trigger remains positive and the other
higher orders are still Off. The count is now 3 as in-
dicated by the 1 and 2 triggers being On and the remain-
ing triggers being Off. In the fourth cycle, the fall of
the Blocked pulse on the line 52e.03 turns Off the 1
trigger and the fall of its right plate turns Off the 3 trig-
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ger. The fall of the right plate of the 3 triggers turns
On the 4 tripger. Thus, the count is now 4 as indicated
by the 4 trigger being On and all other triggers being
Cff. Counting up continues in the manner described.
Although the example of operation was given starting
from a count of zero, it will be understood that SAC
may be set to any value as previously described and then
stepped up by one as required.

SAC can also be stepped minus onme by the Step
SAC-1 lines 93i.01 and 93,02 and the —Ay/Ry-W,
Blocked line. The Step SAC-1 lines condition the low-
er rows of diode gates in FIGS. 52¢ and ¢ and the
Blocked pulse is applied only to the 1 trigger diode gate.
The left plates of all triggers, except the one of the high-
est order, are connected as inputs to the lower row of
diode pates. As an example of operation, assume that
SAC contains a count of 4, that is, the only trigger On
is the 4 trigger. With the Step SAC-1 line positive, the
fall of the Blocked pulse on line 52¢.03 turns On the 1
trigger, the fall of the left plate of the 1 frigger turns
On the 2 trigger, and the fall of the left plate of the 2
trigger turns Off the 4 trigger. Since the left plate of the
4 trigger rises, the 8 trigger is mot turned On and the
remaining higher order triggers are not affected. Of
course, any value may be set into SAC and then de-
creased in steps by one as desired.

SAC can also be stepped plus 128 by the Step
SAC4-128 line 93i.05 and the A;/R;-W; (Blocked) line
52069, This is accomplished by changing the state of
the 128 trigger of FIG. 52e. A positive voltage on the
Step SAC-128 line conditions a diode gite for the fail
of the pulse on line 52¢.8€9 which provides a negative sig-
nal to the binary input of the 128 trigger thereby reversing
its condition of stability to the opposite sense,

As mentioned previcusiy, the eight triggers of SAC
count 256 addresses, and if 2l triggers are On indicating
address 255, stepping the counter plus one turns all trig-
gers Off to register address zero.

The cutput lines 52c¢.82 through 52¢.02 and 524.01
through 52a.88 cre used to set Storage Addross Select
Register, FIGS. 334 and b, at Ry time of every cycle.
Therefore, the address can be altered during each cycle in
preparation for the mext cycle while the Storage Address
Select Register hoids the location of the character being
processed. The ouiput lines 52a4.11, 524,12, 524.13 and
4214 from F1G. 52 and the line 52¢.08 frem FIG. 52¢
are used in the SAC coatrols of FIG. 52e to recognize
critical addresses by bringing up the output line 52¢.01.
The output lines 524.68 and 52a.1¢ from FIG. 52a to
FiG. 52¢ are those lines previously described as being
used to propagate carries while stepping SAC plus one or
minus one.

The SAC controls are illustrated in the lower portion
of FIG. 52¢ where the minus A,/ Rg—W; pulsc is generated,
the Set SAC to SPC puise is derived from Ag/Rg-Wi
line 1834.16, E time line 123.23, Set SAC to SPC line
93168 und SSR=C0000 line 54.10. The Set SAC to SSR
pulse is derived by combination of the Set SAC to SPC
line 93,98, A,/R;—W, Use line 103.06, I time line 124.33
and Storage Select Register 0000 line 54.02. 1t is par-
ticularly pointed out that the Set SAC to SPC lines 52¢.94
and 52e.03 are brought up during the Execute or Instruc-
tion cycle while the Set SAC to SSR line 52¢.06 is brought
up during Jastruction cycle.

STORAGE ADDRESS SELECT REGISTER

The Storage Address Select Register (SASR) of FIGS.
534 and b is an eight trigger register that contains the
address of the character being processed in Storage. Its
output lines 33¢.81 through 53¢.08 and 53h.01 through
535.68 are decoded in the Decoders of FIGS. 34a through
344 to select the X and Y Switching circuits which locate
the character to within a factor of two in Storage. SASR
is set to the contents of the Storage Address Counter at
Ry time by pairs of output lines irom ¢ach position of
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SAC which, when positive, condition plus diode gates
gated by the Ry (D0.4) lines 101.06 and 101.67 for every
Execute cycle, except during certain Transition cycles as-
sociated with critical addresses. A Minus on Suppress
SASR to SAC line 1365.07 conditions the plus diode gates
for the 32, 64 and 128 triggers of FIG. 53b for an Auto
Transition cycle in the Read/Write mode as will be ex-
plained hereafter. The Storage Address Select Register
retains the selected address from R, to Ry time ailowing
SAC to obtain another address without affecting the
character addressed in Storage.

SUMMARY OF SETTING COUNTERS AND
REGISTERS

At Wy time of an End Execute cycle, the I/E trigger

changes to I. The Memory Buffer Register resets at Wy
time preparing to receive five new characters. At Ry of
each Instruction cycle the Memory Address Select Register
is set to the Instruction address in IC and drives the X
and Y switching circuits of Memory., At the same time
the Memory Address Register, Storage Sclect Register
and Operation Register are reset to receive new informa-
tion. The Read Memory operation begins at Ry A
Read Sample pulse conditions the Sense Amplifiers at
approximately Ry 5 and sets the 35 triggers in the Mem-
ory Buffer Register to the bit configuration of the five
characters. At A, time the Operation Register is sct with
character 0 from the Memory Buffer Register, the Storage
Select Register is set to the storage code of the Memory

Buffer Register, and Character Register | is set io Char- !

acter 4 of the Memory Buffer Register, The Memory
Address Register is set to certain bits of the Memovy
Buffer Register at A; of an Instruction cycle and the in-
struction Counier is stepped at R; time of ECC 1 to pre-
pare for the next Instruction.
characters back into Moemory is Initiated by the Wrile
Gate at Wy At W, time, MAC [ is set to the Memory
Address Register so that the address of the data field is
available from MAC ! during the next machine cycie.

The first Execute cycle, ECC 1, begins at W, when the
¥/E trigger changes from I to E and the ECC 1 trigger 1s
turned On. At W; time, the MBR and SBR are reszt 10
prepare for receiving new characters. At Ry, the MASR
is set to MAC I, MAC 2, IC or SMAC and the SASR is
set to SAC., At R; of ECC 1, there is a conditional opera-
tion in which the IC is stepped plus five provided an in-
struction Check Stop or a Transfer operation is not indi-
cated. If the Read Memory and Read Storage Routing
lines are brought up in this cycle, the Read Sample puise

conditions the Sense Amplifiers and sets the triggers in

the MBR and SBR accordingly at Ry, At Wy time of
ECCI1, one character is set into each Character Register,
CR I and CR 2. At W, depending upon whether the
SSR is equal to zerc or not, SAC is set to either the SPC
or the SSR. Also, at W;, MAC 1 is set to MAR.
Summarizing Execute cycles generally, each cycle hus
cycle points R, Ry, Ry, R, Ry, Wo, Wy, W, and W,
where Ry to Wy is Read time and W, to B, is Write time
as previcusly described. At Ry, MASR and SASR are
sei to their respective counters, and Ry is stopping time
for the counters. The Buffer Registers are set ul about
Rys5 and Ry is the setting time for the Result Register.
W, is the setting time for the Character Registers and is
the usual switching time for triggers associated with the
ALU. W, is the switching time for the Add triggers
which defines an arithmetic cycle. W, is switching time
for the I/E trigger, Use trigger, ECC | trigger, Type Cycle
triggers, Transition triggers and Mode Control triggers
among others. Wj is the switching time for the MAC 1
Equuls Zero trigger and is reset time for the Result Reg-
ister, Memory Buffer Register and Storage Buffer Register.

EXAMPLE OF CORE MEMORY OPERATION

Assume that the Memory Address of 19,955 is set in
the triggers of the Memory Address Select Register of

Writing the instruction
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FIGS. 492 through 49j. Accordingly, the Memary Ad-
dress Select Register 8 lines 494.01 and 494.02 are up,
the Memory Address Select Register 4 lines 494.07 and
49.42.08 are up, the MASR 2 lines 494.10 and 494.11 are
up, and MASR 1 lines 494.16 and 494.17 are up. In
FIG. 49¢, the MASR R0 line 49¢.01 is up, the line MASR
490 line 49¢.05 is up, the MASR 20 line 49¢.07 is up, and
the MASR 10 line 49¢.11 is up. In FIG. 49¢, MASR 800
line 49¢.92 is up, MASR 400 line 49¢.04 is up, MASR 200
line 490.07 is up, and MASR 100 line 49¢.11 is up. In
FIG. 49g, the MASR 8000 line 49¢.02 is up, the MASR
{000 line 49¢.04 is up, the MASR Z000 line 49¢.06 is up,
and the MASR 1000 line 49¢.10 is up. In FIG. 49i, the
MASR 10,000 line 49i.02 is up, the MASR 20,000 line
42{.64 is up, and ‘he MASR 40,000 Jines 49i.07 and 49/.08
arc up. In FiG. 3b, the Memory 4 X 10 Decoder, the lines
43i.64, 49¢.67 and 49¢.05 from the Memory Address Se-
lect Register, FIG. 49¢, are combined in an AND circuit
to provide an output on the 40 (P) line 356.05. The line
35.05 goes to the Y Switch Core Write Drivers of FIG. 35a
where it provides an output on the 40 (P) line 54.05 and
brings down the 90 line $4.06 due to the inverter in the lat-
ter line. Alf of the NOT output Jines are up except 40 line
54.86 since the input line 35.63 is the only one up. In
FIGS. §h and ¢, these lines 00, 20, 60, S0, 20,000, 20,020,
20,040, 20,060 and 20,080 are combined with Memory
Read Bias Gates on lines 5g.09 and 52.18 to provide out-
puts on the lines 55.01, 55.02, 55.03, 55.04, 50.05, 5¢.01,
5¢02, 50.03, 5¢.04 and 5¢.05 at Ry as shown in the Mem-
ory Timing Chart of FIG. 144. An output is not pro-
vided on the line 55.63 at this time since the 40 (P) line
54.05 is up, but the line 532.63 is down. The 10 line 54.06
is down so the pulse on line 5.09 does not bring up the
line 55,03, The lines just described go to the Y Switch
Core Write windings of FIG. 8 where the lines enter
from the bottom and drive each column of the Switch
Cores except the columa associated with the 40 line 55.03.

In FI1G. 34, Memory 6x 8 Decoder, the 8 line 494.01,
the 2 line 4%a.10, the 4 line 492.07, the 1 line 49a.16,
the 10 line 49c¢.11 and the 10,000 line 49.02 are up.
The outputs of these lines are decoded to provide an out-
put on the 10,015-10,019 line 34.15 which goes to the
X Switch Core Write Drivers, FIG. 7a, bringing up the
10,015-10,019 (P) line 74.15 and bringing down the
10,015-10,010 Hae 74.16. Since none of the other inputs
to the 6 X8 Decoder are up to 0—% line 74.02, the 5-9 line
7a.04, the T0-I1 line 7a.06, the I5-19 line 74.08, the
10,000-10,007 line 74.19, the 10,005-10,000 line 7a.12
and the 10,010-10,0T4 line 74.14 are up. These lines
go to the X Switch Core Write Drivers of FIGS. 76 and ¢
where they are combined with the Memory Read Bias
Gate on lines 5z.11 and 5g.12 to provide outputs on the
lines 75.01, 75.02, 75.03, 75.04, 7c.01, 7¢.02 and 7c.03 at
Ros as shown in FIG. 144, The 10,015-10,019 line
7¢.84 is down since the T0,015-10,019 line 7¢.16 and the
Memory Write Gate line 5g.06 are down. The output
lines from Memory X Switch Core Write Drivers, FIGS.
7b and ¢, go to the X Switch Core Write winding of FIG.
9, entering the figure from the top and passing through
the rows of switch cores, carrying reset current (except
for the 10,015-10,019 line 7c.04).

The output lines of FIG. 49¢ go to Memory 4% 10
Decoder, FIG. 34, where the lines 492.04, 492.06, 495.02
and 492.10 are up. The only lines effective are the 8000
and 1000 lines 49¢.02 and 4%2.10, respectively which are
combined to provide an output on the 9000 (P) line
30.19. The line 24.19 goes to the Memory Y Switch
Core Read Drivers of FIG, 4 and when the Memory
Y Read Gate line 5¢.08 comes up at R, as shown in
FIG. 144, an output is provided on the 9000 line 4.10.
The iine 4.1 goes to Y Switch Core Matrix, FIG. 8, to
drive the 9000 line through the upper row of swilch cores,
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tending to set the switch cores of the top row. Reset
current is flowing in all of the columns except the one
associated with the 40 line 55.03 as explained previously.
Accordingly, the top row of switch cores have set and
reset current applied thereto except for the core at the
intersection of the 9000 line 4.10 and the 40 line 55.03.
Accordingly, this Switch Core 9040 is set and an output
is provided on the secondary coil 040 which goes to the
Core Array of FIG. 13 to provide half-select current on
the line 9040.

In FIG. 3¢, Memory 4X10 Decoder, the 00 line
49¢.04, the 300 line 49¢.07, the 800 line 49¢.02 and 100
line 49¢.11, from the Memory Address Select Register,
F1G.4%¢, are up. The only two lines effective are the
800 line 49¢.02 and the 100 line 49¢.11, which are com-
bined in an AND circuit to provide an output on the 900
(P) line 3¢.19. The 900 (P) line 3¢.19 goes to the
Memory X Switch Core Read Drivers of FIG. 6 and
when the Memory X Read Gate (P) line 5g.07 comes up

at Ry, as shown in FIG. 144, an output is provided on :

the 900 line 6.10 which goes to the X Switch Core Read
windings of F1G. 9. In FIG. 9, the X Switch Core Ma-
trix, the line 6.10 passes from left to right through the
upper row of the Switch Cores providing set current
therefor and returns to FIG. 6 as line 9.01 providing
feedback into the Amplifiers as shown in FIG. 6. Ac-
cordingly, the only core set is the 10,915-10,919 one at
the intersection of lines 7c.04 (also labeled line 9.11 at
the bottom of the sheet) and 6.10 (also labeled line 9.01
at the bottom of the sheet), providing an output on the
secondary winding for the addresses 10,915-10,919. This
output goes lo the Memory Core Array of FIG. 13 to
provide haif select current to the cores linked by the
10,915 line. The core at the intersection of the 10,915
line and the 9040 line receives full select current. It
will be recognized the sum of these two addresses, 10,915
and 9040, is egual 1o the address 19,955. As described
previously, the two half select currents tend to reset the
core and if the core at the intersection of the lines just
mentioned is a “1,” then an output is detected on the sense
line to give an indication of such as shown in FIG. 144,
If the core contains a “0,” the reset current is of no prac-
tical effect and a signal is not produced on the sense line.
It has been pointed out that the Memory Core Planes of
FIG. 13 are stacked such that thirty-five planes are ar-
ranged one above the other.  The 9040 line and the 10,915
line provide the half select current not only to the Mem-
ory Core Plane as illustrated, FIG. 13, but to all thirty-

five of the core planes in parallel such that thirty-five _
bits are read out on the sense windings, lower and upper, b

which are directed to the Sense Amplifier circuits of FIGS.
15z and b. The outputs of the Amplifier circuits are
sampled at Ry 5 and if the core is changing from a “1”
10 a “0” outputs are provided on the lines 14a and b to
the Memory Buffer Register of FIGS. 14a and 4. In an
example to follow, it will be assumed that the contents
of the Memory Buffer Register are read back into the
same address in Core Memory.

The inputs to the Sense Amplifiers are full wave recti-
fiers (TMS), comprising a pulse transformer and two
diodes (not shown). The two diode plates are tied to
the opposite ends of the secondary windings of the pulse
transformer, the diode cathodes are tied together to ground
making a full wave rectifier. The full wave rectifier feeds
the first stage of a pair of amplifiers which are RC cou-
pled pentode stages (AMS) which feed a cathode fol-
Jower (K). The grid of the cathode follower (K) is
diode clamped to keep it from going below a bias volt-
age of approximaiely —27 volts on the line 54.09.

Sample positions of the Memory Buffer Register are
shown in FIGS. 14¢ and b for the characters 4, 3 and 2
and 0 and 1 respectively. The Memory Buffer Register
has thirty-five triggers and is set to the outputs of the
sense amplifiers by the Memory Sample pulse at Rz on
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the lines 20¢.03 and 26¢.04. Information once sct into
the Memory Buffer Register is held by the triggers until
Wy of the character cycle. Thus, information in the
MBR is available either for processing or writing back
into Memory. The Memory Buffer Regisier output lines
are connected as best illustrated in FIGS. 2¢ through 2e
and furnish inputs to the Memory Builer Register Code
Check circuits, FIGS. 19a and b, the Memory Address
Register, FIGS. 174 through e, the Input Switch, FIG. 11,
and the Output Switch, FIGS. 20a through 4. On In-
struction cycles character 0 position of MBR furnishes
a characier to the Operation Register, FIGS. 21a and b;
character positions 1, 2 and 3 provide numeric bits and
character 1 provides B and A bits also to the Memory
Address Register, FIGS. 17¢ through e; and the MBR
character 4 position passes numeric bits through the out-
put switch to the Memory Address Register but the B bit
character position 4 goes direcily to MAR. As previous-
|y mentioned, when it is desired to Write the information
contained in the Memory Buffer Register of FIGS. 14a
and b into the Core Array of FIG. 13, the half select cur-
rents on the lines 9040 and 10,915 are reversed for all
:hirty-five planes to set the cores to the “one” state. How-
ever, in those core planes where it is desired to store
“zeros” in a particular core according to the state of the
triggers in the Memory Buffer Register, inhibit current is
supplied which counteracis the set currents thereby pre-
venting the setting of the selected core in that plane in the
“one” slate.

In FIG. 10, Mcemory Input Select, the Result to Mem-
ory 1 line 137.81 is down since in the operation to be
described the contents of the Memory Buffer Register are
to be written back into the Core Memory Array. Accord-
ingly, all of the outputs of the AND circuits of FiG. 10
are down, and the inverters cause the Buffer Register to
Memory output lines 10.61, 10.03, 10.05, 10.07 and 16.09
to be up. These signals are provided to the Input
Switches of FIGS. 11a and b and the NOT outputs on
lines 14a.61 (X) and 14b.02 (X) of FIGS. 14a and b,
are supplied to FIGS. 1la and 2, respectively, for the
characters 4, 3, 2, 1 and 0. Therefore, for each bit posi-
tion of the Memory Buffer Register containing a “zero”
the N output will be up. In FIGS. ila and b, when the
Buffer Register to Memory lines 10.0% and 10.01 are up,
outputs will be provided on the fines to the Inhibit Driver
circuits of FIGS. 124 and b for each bit position of the
characters 0 through 4 which contain a “zero.” Refer-
ring now to FIGS. 12a and b, the lines from the input
switch of FIGS. 11a and b are up according to the “zero”
bit configurations of the characters in the Memory Buffer
Register, and when the Memory Inhibit Gate is applied
on the lines 5¢.02 and 5g.01, between Ry and W, as
shown in FIG. 144, outputs are provided from FIGS. 12a
and b to ‘he Inhibit windings of FIG. 13 for those planes
where it is desired to write “zeros.” In FIG. 13, the in-
hibit current applied to cach selected plane where a “zero”
is to be written opposes that current through the X Driver
line tending to set the core to a “one.” At W the Write
Gate is provided, as shown in FIG. 144, to the Y Switch
Core Write Drivers of FIGS. 55 and ¢ on the lines 5g.03
and 5g.04 tespectively, bringing up only the 40 line 55.03
which, as mentioned previously, was not energized during
the Read portion of the cyle. In FIG. 8, the only core
in the set condition prior to Writing is the core 9040 at
the intersection of the 9000 line 4.10 and the 40 line
55.03, and the 40 line 5h.03 provides reset current to the
core 9040 and provides feedback current to the Y Swiich
Core Write Drivers of FIG. 55 on the line 8.63. In FI1G.
4, Memory Y Switch Core Read Drivers, the Read Gate
on line 5¢.88 is down and, therefore, the signal formerly
provided on the 9000 line 4.10 during Reading is absent
during Writing. Referring to FIG. 8 once again, it is
pointed out that the 5000 line 4.10 is not driven and that
the 9040 core is reset from 1 1o 0 thereby providing half
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select current in FIG. 13 in a direction tending to set each
core in the 9040 row of each of the thirty-five planes to
a “one.”

In FIGS. 7b and ¢, X Swiich Core Write Drivers, the
output lines which were up during the Read portion of
the cycle are down since the Read bias gate is down.
However, the 10,015-10,019 ouiput line 7¢.04 is up due
to Memory Write Gate line 5¢.06 which comes up at W.
Accordingly, in FIG. 9 only the 10,015-10,019 line 7¢.04
is carrying current lending to reset the cores linked there-
by, and the only core which is affected by the reset cur-
rent is the core corresponding to the Address 10,915—
10,919 which was set during Reading. Current is not
is not provided on the 900 line 6.10 from the Switch Core
Read Drivers and therefore, the secondary of the Switch
Core associated with Address 10,915-10,919 supplies half
select current to the Array of FIG. 13 on the line labeled
10,915. In the absence of inhibit current, the core in
FIG. 13 at the intersection of the lines 9040 and 10,915
is set to a “one,” and, as previously described, inhibit cur-
rent is applied to those cores corresponding to MBR posi-
tions which contain “zeroes.”

It will be noted that although the Memory Address
Select Register, FIG. 49, contained the address 19,955,
for the operations just described, the characters were
read into the Memory Buffer Register corresponding to
addresses 19,955 to 19,959 and the same characters would
have been read into the Memory Buffer Register for ad-
dresses 19,956; 19,957; 19,958; and 19,959. However, as
mentioned previously, the Memory Out of FIG. 20 se-
lects the character from the Memory Buffer Register for
processing which corresponds to the units position of the
address in the Memory Address Select Register. Accord-
ingly, the address of 19,955 specifies character “zero” to
be read from the Memory Buffer Register. In this regard,
the Memory 4 x5 Decoder of FIG. 3¢ determines which
of the characters shall be selected according to the units
position of the Address. The § line 494.02, the ¥ line
494.11, the 4 line 494.08 and the T line 494.17 are up.

These signals are decoded to provide an output on Select °

Character 0 line 32.01 which goes to the Memory Output
Select, FIG. 20a. In FIG. 20a assume, for the present,
that low character line 365.04 and high character line
365.06 are down, in which case the Normal line from
the Or circuit, the Inverter, and the two cathode followers
is up which gates the Select Character 0 line 3¢.01 to
provide an output on Select Character 0 Out line 204.04.
The latter line poes to Output Switch (Characters 1 and
0) of FIG. 20b where the character 0 lines 145.06(C)

through 145.66(1) from FIG. 144, are gated with the

Select Character 0 Out line 204.04 to provide outputs on
the C bit line 265.01, B bit line 205.02, A bit line 205.03,
8 bit line 285.04, 4 bit line 205.05, 2 bit line 205.06 and
the 1 bit line 286.07, for those positions of character 0
containing binary “ones.” The Memory Out Bus of
FIG. 20d receives the character 0 signals which are passed
through on the lines 204.01 through 204.07 to CR1, FIG.
57, where they are gated to the triggers by the Set CR1
pulse (D0.4) on the lire 109.02 to set the triggers accord-
ing to the bit configuration of the character 0.

What has been described in the example of Reading
from Writing into Memory concerns a R/W cycle of 9
microseconds, but it will be appreciated that a similar
operation occurs during an Instruction cycle of 13 micro-
seconds. In FIG. 145, the sequence of events will be rec-
ognized as the one of FIG. 144 except that the period A,
through A; has been inserted between R, and W, The
time Azs of FIG. 145 corresponds to Ry5 of FIG. 144,

In the foregoing example where the address 19,955 was
employed, it will be appreciated that the address is im-
proper for an Instruction since only character 0 was ad-
dressed and all Instruction addresses must end in either
adora9.
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GENERAL DESCRIPTION OF AUXILIARY AND
ACCUMULATOR STORAGE

As mentioned previously, Auxiliary and Accumulator
Storage provide 512 character positions of Storage, divided
into one 256 character capacity Accumulator unit, four-
teen 16 character capacity Auxiliary Storage units and
one 32 character capacity Auxiliary Storage unit. The
addresses for Auxiliary Storage units are 0 through 255
inclusive, and the addresses for Accumulator Storage are
256 to 511 inclusive. Only one character position in
Accumulator or Auxiliary Storage can be addressed dur-
ing one cycle, and it follows that Auxiliary and Accumu-
lator Storage cannot be used simultaneously.

Since seven Core Planes such as the one shown in FIG.
45 are used in the Storage Array, seven ferrite cores (one
for each core plane) are interrogated each cycle when
reading Storage. FEach Storage core plane comprises a
1632 matrix (FIG. 45), interrogated by Y inputs com-
prising 16 address lines and X inputs comprising 32 ad-
dress lines. The Storage Address Select Register, FIGS.
53a and b, is set only from the Storage Address Counter,
FIGS. 524 through d, with a pulse at Ry time that occurs
at the same time that the Memory Address Register is set
to the Memory Address Counter 1. The Address of the
Sterage Address Select Register is immediately decoded
in the four decoders, namely, the 2x4 Decoder, FIG.
34a; the 2 X 4 Decoder, FIG. 34b; the 2 x4 Decoder, FIG.
34c; and the 3 X8 Decoder, FIG. 34d. The decoder out-
puts are mixed with Read Bias, Read and Write Gates to
control the Switch Core Matrices of FIGS. 39 and 35.
The Y Switch Core Matrix, FIG. 39, contains sixteen
switch cores in a 44 array and the X Matrix, FIG. 40,
contains thirty-two switch cores in two 4x4 arrays and
on a Read operation, one X and one Y switch core are
selected from the X and Y Switch Core Matrices respec-
tively. These two matrices selectively energize the six-
teen Y Address lines and thirty-two X Address lines which
are provided in parallel to the seven planes of the Storage
Array for which FIG. 45 is a sample plane.

Each core plane, such as the one illustrated in FIG. 45,
has a Sense Winding linking all cores of the plane and
each Sense Winding feeds a one of seven Sense Ampli-
fiers of FIG. 46. During Reading, the Sense Ampli-
fier outputs are sampled to place the character into the
seven character capacity Storage Buffer Register, FIG. 47.
One set of Storage Buffer Register output lines is con-
nected to CR 2, FIG. 48, via the Storage Out Bus, and
another set of output lines is connected to the Storage In
Select and Switching Circuits, FIG. 43. Two possibilities
exist for writing a character into Accumulator Storage:
(1) The character retained in the Storage Buffer Repister
may be rewritten into Storage at the Address from which
it was taken, or (2) the Result character from the Result
Register available on the Storage In Bus may be written
into Storage. The line which selects one or the other of
the previously mentioned characters is the Result to Stor-
age line 137.05, and if Result to Storage line is down,
the Storage Buffer Register character is gated to the Input
Switch of FIG. 43 for rewriting into Storage; otherwise,
with the Result to Storage line up, the character on the
Storage Bus from the Result Register is gated through
the Input Switch and written into Storage.

The Storage Address Select Register of FIGS. 534 and
b comprises triggers 1, 2, 4, 8, 16, 32, 64 and 128, having
a capacity to store any Address 000 through 255. This is
adequate to address the Auxiliary Storage positions; how-
ever, to permit addressing Accumulator Storage (256
through 511), the SASR 256 line 54.24 is required, This
line 54.24 originates in Storage Select Register Decoding,
FIG. 54, and is under the control of the Storage Select
Register Triggers, FIG. 16a, lines 16a.24, 16a.17, 16a.16
and 164.03.

The Storage Select Register Triggers of FIG. 16a are
set during Imstruction cycles according to the zoning
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over the tens and hundreds position of characters 2 and
3 of the Imstruction. With no zoning present, the Ac-
cumulator Storage is addressed, and, in this case, the four
Storage Select Register triggers of FIG. 16a, are Oft, and
the Storage Address Select Register 256 line 5424 and
the SSR=—0000 lines are up. If the address contains
zoning in the tens and hundreds order, Auxiliary Storage
is addressed, in which case, one or more of the SSR trig-
gers will be On thereby causing the 256 line 54.24 to be
down and the 756 line 54.01 and the SSR-000C lines
to be up. If the 256 line is up, the Storage position ad-
dressed will be 256 plus the address in the Storage Ad-
dress Select Register, which addresses will be in Accu-
mulator Storage. If the 256 line 54.01 is up, only the
address held in the Storage Address Select Register is
interrogated and Auxiliary Storage is addressed.

The 256 line 54.24 and the 256 line 54.01 go to Stor-
age Decoding System of FIG. 34a, where they are mixed
with the Storage Address Select Register 128 line 530.08
and the SASR 128 line 535.07. The SSR=0000 lines
of FIG. 54 allow SAC to be set to SPC, and identifies
Instructions which have no bits in the zone portions of
characters 2 and 3. SSR=£0000 allows the four high
order positions of SAC to be set by SSR and resets to
“zero” the four low order positions of SAC. When
SASR is set to SAC and combined with SASR 256, the
units position of the proper Auxiliary Storage Unit is se-
lected. In FIG. 34da, if Auxiliary Storage is addressed
either 000 line 344.01 or 128 line 344.02 will be up, be-
cause the 256 line 54.24 is down. With the 256 line
54.24 up for addressing Accumulator Storage, either the
256 line 344.03 or 384 line 344.04 will be up. The Read
Bias, Read and Write currents occur essentially in the
same timing relation as those generated for Core Memory;
however, duplicate gererators are required because Stor-
age and Memory may be used either simultaneously or
individually and controlled accordingly.

The X and Y Switch Core addresses are each obtained
by adding the numbers of the intersecting Drive lines in
FIGS. 39 and 40. The addition of the X and Y Switch
Core addresses so obtained produce the number contained
in the Storage Address Select Register that causes the
selection of the character at that address in Storage.

STORAGE ARRAY

Seven core planes such as the one shown diagram-
matically in FIG. 45 plus a dummy plane make up the
Storage Array. The core planes are designated C, B,

A, 8,4, 2 and 1 according to the bit position which they 5

individually store. The dummy plane is used for con-
nection purposes only. The X and Y Address lines link
rows and columns of cores in Storage as explained with
reference to Core Memory so that for each character

address a particular core in each of the seven planes is ¢

interrogated to provide binary indications for seven bits
of a character. Each of the thirty-two X Address lines
and sixteen Y Addyess lines form one closed loop includ-
ing the secondary winding of the appropriate switch core
for each address line and the selected core is at the in-
tersection of a driven X and a driven Y line as explained
with reference to operation of Memory. Since the Stor-
age Array is functionally, but not physically, divided into
two parts, the division is effected along the Y axis by
assigning to Accumulator Storage the Y lines from 256
to 480 inclusive and assigning to Auxiliary Storage the
Y lines from 0 to 224 inclusive (see top of FIG. 45).
Auxiliary Storage Unit 1 uses positions 16 through 31
of the Y Address line 0; Auxiliary Storage Unit 2 uses
positions ¢ through 15 of the Y Address line 32; Aux-
iliary Storage Unit 15 uses positions 16 through 32 of
the ¥ Address line 224 and positions 0 through 15 of the
Y Address line 0. The operation of Accumulator Storage
utilizing a particular address follows.

(=13
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OPERATION OF STORAGE

Normal operation of Storage is best illustrated by ex-
ample assuming a particular address such as Unit 6 of
Auxiliary Storage which is addressed by a “one” in the
a bit position of character 2 and a “one” in the B bit po-
sition of character 3.

Referring now to the Storage Select Register of FIG.
16a, the SSR-4 and SSR-2 triggers are turned On via
MBR Character 2-A line 144.02, MBR Character 3-B
line 14a2.02, and the Ay (D0.4) 1 time line 161.24. With
this seiting of the SSR triggers, the SSR-8 Off lines
164.01 and 16a.02, the SSR—4 On lines 16a.10 through
164.13, the SSR-2 On lines 164.17 through 162.20 and
the SSR—1 Off lines 164.21 through 164.23 are up. In
FIG. 54, lines 164.17 and 164.16 are up, so the SASR 556
line 54.01 and the SSRs£0000 lines 54.02 through 54.08
are up. As mentioned previously with respect to FIG.
2, On and Off output lines from each position of SSR
are connected to positions 128, 64, 32 and 16 of SAC,
FIG. 52. In FIGS. 52d, SSR-1 Off line 16¢.23, SSR-2
On line 164.20, SSR—4 On line 164.13 and SSR-8 Off
line 164.02 are up. Upon the occurrence of a pulse on
the Set SAC to SSR line 52¢.06 at Wy, the Set SAC-16
line 524.01, Set SAC-32 line 524.04, Set SAC-64 line
524.06 and Set SAC-128 line 524.07 are up in FIG. 52¢
where the SAC triggers 64 and 32 are turned On and the
SAC triggers 18 and 128 are turned Off if On previously.
Since the SPC is not used when addressing Auxiliary
Storage, the four lower order positions of SAC are reset
Off by the Set SAC to SSR line 52¢.07 from SAC con-
trols of FIG. 52e, which resuits from signals on the 1
time line 124.33, SSR=<0000 line 54.02, Ay/R3-W, (Use)
line 103.06 and Set SAC to SPC line 93;.08.

The outputs of SAC are used to set the SASR at Ry
time of each Execute cycle. Therefore, the address in
SAC can be altered during each cycle in preparation for
the next cycle while SASR holds the location of the char-
acter being processed. In FIG. 53a, ail of the SASR
triggers are turned Off by the SACT, SAC-32, SAC4 and
SAC-S lines being up when the R,y (D0.4) pulse appears
on the line 101.06. In stages 5-8 of SASR, FiG. 535,
the 32 and 64 triggers are turned are turned On by the
SAC-32 line 52¢.05 and the SAC-64 line 5§25.07 at Ry
(D0.4, The 16 and 128 triggers are turned ‘Off at the
same time via the SAC-T6 line 52¢.62 and the SAC-128
line 525.08.

In the 2% 4 Decoder of FIG. 34b, the SASR-64 line
53b.06 and the SASR—32 line 53b.04 are up causing the
96 line 34h.64 to be up. In FIG. 364, the signal on the
96 line 34b.04 is inverted to bring down the 96 line 362.04.
Since the 00 line 3456.61, the 32 line 340.02, and the 64
line 345.03 are down, the 0D line 364.01, 32 line 362.02
and the 57 line 364.03 are up. In FIG. 365, the last men-
tioned lines are combined with Storage Read Bias Gate
on line 74.02 to provide positive signals on the output
lines 365.01, 365.02 and 365.03 at Ry, The 96 line 345.04
is not gated at this time since the Storage Write Gate on
line 74.08 is down at this time. In FIG. 39, reset current
flows through the columns linked by the lines 365.01,
365.02 and 365.03 and is fed back to FIG. 365 on the lines
39.04, 39.03 and 39.02.

In the 3% 8 Decoder of FIG. 34d, the SASR 4 line
534.05, the SASR Z line 534.03 and the SASR T line
534.01 are up providing a positive signal on the Decimal 0
line 34d.01 to FIG. 38a, where the output 0 line 384.01 is
brought down. The remaining output lines are up be-
cause of Inverters since their inputs are down. The out-
put signals of FIG. 38a are provided to the Storage X
Switch Core Write Drivers of FIGS. 38b and ¢ where-
upon at Ry the Storage Read Bias Gate Even on line
42.03 provides outputs on the 2 line 385.03, 4 line 38e.01
and 6 line 38c.03. The Stiorage Read Bias Gate Even
is derived from Odd and Even Gating circuits of FIG. 42
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where the SASR T line 344.10 and Storage Read Bias Gate
line 7d.01 are combined. In FIG. 40, the X Switch Core
Matrix, the columns linked by the 6 line 38¢.03, the 4 line
38¢.01 and the 2 line 385.03 are driven by reset current
which is fed back to FIGS. 385 and c on the lines 40.07,
40.05 and 40.03.

In FIG. 34q, the SASR 128 line §35.07 and SASR 256
line 54.01 are positive as previously described bringing
up the 000 line 344.01, the latter going to the Y Switch
Core Read Drivers of FIG. 37. In FIG, 37, the Storage
Read Gate is provided on the line 74.03 at R; and, as a
result, the 000 output line 37.01 is made positive to drive
the 000 row of the Y Switch Core Matrix of FIG. 39 with
set current and provide feedback to FIG. 37 on the line
37.08. Since reset current is being applied on the 00 line
365.01, the 32 line 365.02 and the 64 line 365.03 and set
current is now supplied on the line 37.01, the Switch Core
at the intersection of the 96 line 365.04 and 000 line 37.01
is set causing an output on the secondary winding 96 to
the Storage Array of FIG. 45.

In FIG. 34c, Storage 2 x4 Decoder, the SASR 16 line
53b5.01 and the SASR B line 534.07 are up providing a
positive signal on the 0 line 34c.01 to the X Switch Core
Read Drivers of FIG. 35. In the latter figure, the 0 Even
output line 35.01 is brought up at R, 5 by the line 34¢.01
and the Storage Read Gate Even line 42.04. In FIG. 40,
the 0 Even line 35.01 furnishes set current to the cores
linked thereby and feedback current to FIG. 35 on the
line 40.16. Since reset current is flowing in the 6 line
38¢.03, the 4 line 38¢.01 and the 2 line 385.03 and set
current is flowing in the 0 Even line 35.01, the core at the
intersection of the lines 385.01 and 35.01 is set causing
an output in the secondary winding 0.

In FIG. 45, half-select currents in directions for chang-
ing the state of a core from “one” to “zero” are flowing
through the 0 and 96 lines in each of the seven planes of
which FIG. 45 is a sample. Accordingly, for each plane
containing a binary “one” an output is provided on the
Sense Windings to the Sense Amplifiers of FIG. 46.

The Sense Amplifiers of FIG, 46 are biased by the line
5h.11 and provide positive outputs on those lines where
corresponding cores switch from “one” to “zero.” The
outputs, if any, on the C, B, A, 8, 4, 2 and 1 lines 46.01
through 46.07 are furnished to the Storage Buffer Regis-
ter, FIG. 47, where signals indicating binary “ones” are
gated to turn On the corresponding triggers by the Sample
Pulse on line 5..01 at R ;.

The contents of either the Storage Buffer Register or
the Result Register may be written back into the same
address in Storage during the Write position of the R/W
cycle. Assume as an illustration that the bit configuration
contained in the Storage Buffer Register of FIG. 47 is to
be written into Auxiliary Storage unit 6 (location 96)
which is the same address read from previously. In the
same manner as explained with reference to Memory,
half-select currents are applied to each core plane on the
X and Y drive lines in a direction such that binary “ones”
are written into the specified address in all bit positions
except those where inhibit current is provided as a result
of positions in the SBR containing binary “zeros.” In
this regard, the Off sides of the triggers of SBR, FIG. 47,
are used by connecting the lines 47.61 through 47.07 to
the Input Switch of FIG. 43. In FIG. 43, the Result to
Storage line 137.05 is down (the unused line is always up)
and the Inverter associated therewith supplies a positive
voltage to the Add circuits fed by the input lines from
SBR. Those output lines, among the group lines 43.01
through 43.07, are up for each bit position of SBR which
contains a “zero.” In FIG. 44, the indications of the
“zeros” in the SBR are received and gated by the Storage
Inhibit Gate line 74.05 at R4 5 to FIG. 45 where the Inhibit
winding of each plane in which “zeros” are to be written
is driven.

In FIGS. 364, the lines 36a.01, 364.02, 364.03 are up
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but cannot be gated to the Y Switch Core Windings of
FIG. 39 via the Y Switch Core Write Drivers of FIG.
36b since the Storage Read Bias Gate line 74.02 is down.
However, the 96 line 345.04 is up, and at W, the Storage
Write Gate on the line 74.08 brings up the 96 line 365.04
to FIG. 39 where it provides reset current to the cores 96,
224, 352 and 480. The 96 core is the only one previously
set and, therefore, the only one reset to provide an output
from its secondary.

In FIG. 41, the 0 line 41.01 is up to the X Switch Core
Write Drivers of FIG. 385. In FIG 7e, the output line
7e.04 is up because of the Inverter, and in FIG, 7d, the
Storage Write Trigger has been turned On by Read Stor-
age line 934.02 and R; or A, (W) bringing up the Stor-
age Write Gate lines 74.06 through 74.08. Referring now
to FIG, 385, the O line 41.01 from FIG. 41 is gated by
lines 7e.04 and 74.06 to drive the O line 385.01 thereby
providing reset current to the 0, 8, 16 and 24 cores of the
X Switch Core Matrix of FIG. 40. In the latter figure,
the 0 core was set to “one” during Read time and is now
reset by the 386.01 line providing an output signal on the
secondary coil 0. Referring once again to FIG, 45, half-
select current is flowing in both the Y winding 96 and the
X winding 0 tending to set the fully selected core in each
plane to a “one,” but, inhibit current prevents such a set-
ting in those planes where a “zero” should be written
according to the setting of the SBR as described previ-
ously.

Assume now that it is desired to read from an ad-
dress in Accumulator Storage. The B and A bit posi-
tions of Characters 2 and 3 of the Instruction address are
“zeros” and, therefore, the SSR contains “zeros.”
Whether an Instruction cycle or an Execute cycle, the
SPC determines the Accumulator address. For this ex-
ample, an address of 356 set in the SPC will be used.

In FIG. 16a, Storage Select Register, the four triggers
are Off because of the absence of zone bits in the Ac-
cumulator address coding and accordingly, in FIG. 54,
the SSR=0000 and SASR 256 lines are up since SSR-1
On line 16a2.24, SSR-2 On line 164.17, SSR—4 On line
164.16 and SSR-8 On line 164.03 are all down. It is
the SASR 256 line 54.26 in this instance that addresses
the Accumulator generally since the SPC can only count
from 0 to 255 (Recall addresses 0 through 255 are in
Auxiliary Storage). Therefore, the SPC contains a count
of 100 which, in effect, is added to 256 to address loca-
tion 356 in Accumulator Storage.

The SPC of FIGS. 5iaq, b and c¢ contain a count of
100 so SPC-T line 514.01, SPC-7 line 512.03, SPC—4 lines
510.06 through 514.07, SPC-RT line 5154.01, SPC-I16G line
515.03, SPC-32 lines 515.06 through 515.08, SPC-64
line 51c.02 and SPC-128 linc 5%¢.83 are up. These sig-
nals are provided to SAC, FIGS. 525 and 524, to turn
On the 64, 32 and 4 triggers and turn Off the remaining
triggers when the Set SAC to SPC pulse is provided on
the lines 52¢.04 and 52¢.05. In FIGS. 53a and b, SASR,
the SAC-T line 524.01, the SAC-2 line 524.03, the SAC—4
line 524.06, the SAC-8 line 52a.07, the SAC-16 line
52¢.02, the SAC-32 line 52¢.05, the SAC-64 line 525.07
and the SAC-I28 line 525.08 are up and at Ry (D0.4)
the lines 101.07 and 101.06 set SASR to the contents of
SAC. The SASR now contains the value 100.

The principles of reading and writing into address 356
are the same as those described in the example pertain-
ing to Auxiliary Storage and will not be repeated. From
the description above, the differences of addressing Ac-
cumulator and Auxiliary Storage are apparent.

CHARACTER REGISTERS

At A or Wy, a character read out of Memory is set into
Character Register 1 of FIG. 57 where it remains until
Ag or W, of the next character cycle. Since CR 1 is not
provided with a reset to “zero,” a new character is merely
written “over” the previous character at set time. At
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W,, a character read out of Storage is set into Character
Register 2 of FIG. 48 where it remains until Wy of the
next character cycle when another character may be set
into the CR 1 triggers. Storage is not read from during
Instruction cycles so provision is not made for setting
CR 2 at A, as in the case of CR 1.

Refer now to the CR 1 circuits of FIG, 57. The cir-
cuits for Storage of each bit in a trigger are identical and
only the details of the circuits for the 1 bit position of
the character will be described.

If a binary “ome” is contained in the 1 bit position of
a character read from Memory and to be entered in
CR 1, the Memory Out Bus 1 line 204.67, is positive to
condition one input of a gate (GJ) for the left side of
the 1 trigger which passes the Set CR 1 signal on a line
100.02 to turn On the 1 trigger bringing up the CR 1-1
line §7.15. If a binary “zero” has been read out of
Memory instead, the Memory Out Bus-1 line 204.07 is
down, but the output of an Inverter (IK) is up to con-
dition a diode gate (GJ) for the right side of the 1 trig-
ger. Thus, the Set CR 1 pulse on line 100.02 sets the 1
trigger to “zero,” and the CR 1-1 line 57.14 is made
positive.

The 1 trigger, when On, provides a positive signal on
the CR 1-1 line 57.15 to the Right Plate Qutputs of FIG.
58, and the 1 trigger, when Off, provides a positive signal
on the CR 1-1 line 57.14 to the Left Plate Quiputs of
FiG. 59.

The circuits of Character Register 2 of FIG. 48 are
similar to those shown and described for Character Regis-
ter 1 and the description will not be duplicated.

ADDER INPUT SWITCHING

In FIG. 73, the output signals representing the numeric
portions of the character in CR 1 are present on the
CR 1-8 line 58.37, CR 1-2 linc 58.47, CR i-4 linc §8.42
and CR 1-1 line 58.52. For those bits in Character Regis-
ter 1 which contain binary “ones,” positive signals are
present on these respective lines. The Zone bits A and B,
of CR 1 are fed from CR 1 Right Plate Outputs to Adder
Input switching on the CR 1-A line 58.23 and the CR 1-B
line 58.06 respectively where the zone bit lines are gated
by the CR 1 to Adder line 935.01 onto the output lines
73.01 and 73.08 to the Zone Adder of FIG. 79.

If the contents of CR 1 are not “zero” as signified by
the CR 1540 line 715.11 being positive or the machine
is executing a Set Bit instruction as indicated by the Set
CR 1= line 231.01 being positive, then, as the CR 1 to
Adder line 935.01 goes positive, those AND circuits which
are otherwise conditioned furnish positive output signals
to FIGS. 80, 81 and 82 on the CR 1 to Adder (A) line
73.01, CR 1 to Adder (8) line 73.02, CR 1 to Adder (2)
line 73.03, CR 1 to Adder (4) line 73.04, CR 1 to Adder
(1) line 73.65 and CR 1 to Adder (B) line 73.08. The
Minus on Suppress 8 Bit to Adder line 934.04, Minus on
Suppress 2 bit to Adder line 565.06, Minus on Suppress
4 bit to Adder line 565.07, Minus on Suppress 1 bit to
Adder line 565.05, are normally positive to condition their
respective AND circuits, In those instances where it is
desired to suppress a bit, cne of the lines just mentioned
is down, thereby prohibiling the passage of the signal
through one AND circuit to the output lines. When the
contents of CR 1 equals zero (CBAB421=0001010),
provision is made for changing the 8 and 2 bits to “zero.”
The AND circuits controlling the 8 and 2 bits are con-
ditioned by the CR 1s£ zero line 71b.1%, and when this
line is down (indicating CR 1=0), the 8 and 2 bits are
not passed but are blocked from the output thereby mak-
ing all bits of the character “zero” for numeric process-
ing within the ALU.

When CR 1 holds a value greater than 10 during a
Compare instruction the 8 bit from CR 1 must be blocked,
and this is accomplished by bringing down the (—) On
Suppress 8 bit to Adder line 934.04.

The lower portion of FIG. 73 illustrates circuits for
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switching either the numeric contents (8, 4, 2, 1 bits) of
CR 1 or the numeric contents of CR 2 to the True/Com-
plement Controls of FIG. 83 via OR circuits having gated
inputs from the numeric portions of CR 1 and CR 2.
When CR 1 to T/C line 935.03 and CR 150 line 715.12
are positive, the numeric contents of CR 1 are gated onto
the output lines 735.09 through 730.14. When CR 2 to
T/C line 935.64 and CR 240 line 76.22 are positive, the
numeric contents of CR 2 are gated onto the output lines.
Although a character in which the bits are all “zero”
Storage Marks) is a legitimate character in CR 2, “zero”
expressed as a character (0001010) is not processed in the
ALU and must be converted to all “zero” bits. Accord-
ing, the CR 2540 line 76.22 is brought down to block the
8 and 2 bits from the output of Adder Input Switching

when CR 2=0.

MULT!PLICATION

As mentioned previously, multiplication is accom-
plished by means of a multiple generator shown generally
in the Multiply circuits 1.20 and Multiply Register 1.49,
in FIG. 1. More specifically, the forcgoing circuits are
shown in FIGS. 2cc, 2dd, 2rr, 2ss, 2ggg and 2hih, com-
prising a Multiplicand Doubler and Quadrupler, FIG. 80,
a Quintupler, FIG. 81, Multiple Selection Circuits, FIG.
82, Multiple Register, FIG, 78, Multiple Adder of FIG.
84, and Decimal Correction Circuits, FIG. 85. The
Multiple Generator provides multiples of each digit of
the Multiplicand, specifically, one times, two times, four
times and five times the digit contained in Character
Register 1. Proper multiples are selected in the Multiple
Selection Circuit of FIG. 82 which is controlled by Multi-
ple Register and Decoder of FIG. 82, the latter containing
the digits of the Multiplier derived from CR 2. After
selection, the multiples of the digit are added in the Multi-

5 ple Adder of FIG. 84 and are then passed through Multi-

ple Adder Correction Circuits, FIG. 2gge (FIG. 85), to
the Digit Adder. In the Digit Adder the sum of the
multiples are added to digits of the previous partial
product.

Since a doubled, quadrupled or quintupled multiple of
a multiplicand digit may produce a carry, means are em-
ployed to store the carry so that they may be added to
the generated multiples of the succeeding higher order
digit during the next character cycle, FIGS. 2cc and 2dd.
More specifically, in FIGS. 80 and 81, the doubled,
quadrupled and quintupled values of each digit gated from
Character Register 1, are generated whether or not multi-
plication is being performed. The Multiplier Control cir-
cuits contain the Multiple Register, FIG. 78, which during
multiplication contains a multiplier digit, but is otherwise
reset to represent the value of decimal 1, and thereby is
effective as explained hereafter to gate a one times muiti-
ple for operations other than Multiply.

In FIG. 80, Multiplicand Doubler and Quadrupler (2
sheets) the Doubler portion comprises the lower portion
of Sheet 1 of FIG. 80 where inputs from CR 1 to Adder
are shown entering on the left. The two multiple is
derived from the output lines 80.02 through 88.05. The
Doubler cmits signals representing the double value of the
character input thereto which signals are emitted to the
Multiple Sclection circuits of FIG. 82 and also the Quad-
rupler circuits of Sheet 2 of FIG. 80. The Quadrupler is,
in effect, another doubler, so that upon doubling the dou-
bled value a guadruple value is produced. Operation of
the Multiply circuits is set forth in detail in the application
“Electronic Multiplier,” Serial No. 512,636, filed June 2,
1955, and assigned to the assignee of this application.

TRUE/COMPLEMENT CONTROLS

Referring to FIG. 83, the True/Complement Control
circnits are shown consisting of switching circuits neces-
sary to generate a 9's complement of the ioput thereto and
also to gate either the True or Complement representation
of the particular digit to the Digit Adder of FIG. 86.
The input signals to the T/C Control circuits are emitted
from the Adder Input Switching circuits, described above,
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and may represent characters from either Memory or
Storage.

The 9’s complement of a :ligit is that digit when added
to the digit being complemented which results in a sum of
9. Consider the example where the digit 3 (0011) is
complemented to result in 6 (0110). In this instance,
the input T/C-2 line 73.11 and the 1 to T/C line 73.13
are positive and the 8 to T/C line 73.09 and 4 to T/C line
73.16 are negative. When the Complement line 934.07
goes positive, the T/C—4 line 83.63 and the T/C-2 line
83.04 become positive. However, if the Complement
line is negative, the line 83.01 is positive and the True sig-
nals are passed unmodified on the lines 83.04 and 83.05
to the Digit Adder, FIG. 86. It will be noticed that the
T/C-2 line 83.04 passes directly from input to output
since the binary “ones” or “zeros” for the 2 bit are the
same in both True and Complement form.

DIGIT ADDER

The Digit Adder is shown in FIG. 86 and adds digits
(paralie]l by bit und serial by digit) from CR 2 via Adder
Input Switching (FIG. 73) and True/Complement Con-
trels (FJIG. 83) and from CR 1 via Adder Input Switching
(FIG. 73), Multiple Selection (FIG. 82), Multiple
Adder (FIG. 84) and Decimal Correction circuits (8, 4
and 2 bits only) (FIG. 85). In FIG. 86, the Digit Adder
comprises four full binary adders connected in combina-
tion so that the sum of two binary coded decimal digits
may be obiained. A carry from each binary order is
connected to an input of the succeeding higher order ex-
cept for the “one” bit carry input which is a decimal carry
resulting from the previous addition of the succeeding
lower order of BCD digits. Each full adder has three
inputs, a pair for corresponding bit values of the digits
to be added and a carry input, for example, MPL 4 line
85.03, T/C—4 line, and Binary Sum 2 Carry line. If
binary “zeros” are supplied at all three inputs, both sum
and carry outputs are binary “zeros.” When one input
only contains a binary “one,” the sum output only con-
tains a binary “one.” When any two inputs simultane-
ously contsin binary “ones,” the carry output only con-
tains a binary “one.” When all three inputs contain
binary “ones,” both sum and carry outputs contain binary
“ones.” The full adder circuits are conventional and
their operation is so weli known to those skilled in the art
that a description of their operation is unnecessary.

The arithmetic circuits of the ALU cannot perform
subtraction directly but achjeve the same result by com-
plementary addition. The True/Complement Control
circuits of FIG. 83 produce only the 9’s complement, and
the 10’s complement is required in the units order of the
field being added to arrive at the correct result. Con-
sider the following example:

The number 14 is to be subtracted from the number 48
which should give a result of 34. Accordingly, the 9%
complement of 14, which is 85, added to 48.

48
85

33 (carry neglected)

Since the 10's complement of a digit is the 9% complement
plus 1, addition of 1 to 33 provides the required answer
of 34. Therefore, when subtracting, a decimal carry is
supplicd to the Digit Adder on the line 934.05 during the
first Execution Character Cycle (ECC 1).

The output of the entire Digit Adder, comprising four
full binary adders, may represent a sum of 0 through 19,
A sum of 19 would result from the addition of digit 9
(lines $5.05 and 84.81 positive) and digit 9 (lines 83.02
and 83.95 positive) plus a carry from a succeeding lower
order on the Decimal Carry In line 88.23. Because the
Digit Adder is a pure binary adder, correction is neces-
sary since the sum must be represented in the BCD form.
The correction is provided by the Decimal Correction
circuits of the Digit Adder of FIG. 87.
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As stated previously, the character from Memory to
be added is passed unmodified through CR 1 (FIG. 24),
Adder Input Switching (FIG. 29q), Multiple Selection
Circuits (FIGS. 2rr—255), Multiple Adder (FIG. 2hhh)
and Multiple Adder Decimal Correction Circuits (FIG.
2ggg) to the Digit Adder (FIG. 2eee). In FIG. 78, the
Multiple Register triggers are Instruction reset to the
value “one” with the trigger at the top of the drawing
having its left side in conduction and the remaining trig-
gers having their right sides in conduction. Thus, the
Select 1 Multiple line 78.01 is positive throughout the
addition. In FIG. 82, the last-mentioned line gates the
signals from CR 1 on the lines 73.05 (1), 73.03 (2),
73.04 (4) and 73.02 (8) onto the output lines 82.01
through 82.04. In FIG. 84, the value represented by the
signals present on the MPL~1B line 82.04, MPL-2B line
82.63, MPL-4B line 82.02 and MPL-8B line 82.01 is, in
effect, added to zero and passed to the output lines 84.01
through 84.05 and, in turn, to the Decimal Correction
circuits, In FIG. 85, if the Multiple Register contains a
“zero” or a “one” as indicated by the MPL Regs40/1
line 98.05 being down, the Correction circuits are blocked,
the MPL Carry Out line is down, the No MPL Carry Out
line is up, and the digit value is passed to the output lines
85.01 through 85.06. The latter lines are connected as
inputs to the Digit Adder of FIG. 86 and the Set Bit Rout-
ing Controls of FIG. 56a.

DECIMAL CORRECTION CIRCUITS, DIGIT ADDER

Chart IV below shows all of the inputs and outputs of
the Digit Adder. It can be seen that any sum greater
than nine must be corrected and that any sum equal to,
or greater than, 16 produces a carry from the 8 bit adder
on the lines 86.08 and 86.09.

Chart IV

Dee Sum of
Input O|1f2)8)4]576|7|8]9n01|12{13{14}15/16(17(18[19
Bi § Carry ———»Tl 11
Output of gjojojeiojojojojofrft|rjtjzi{tl1|1{olololo
Adder 40000:?:?;00011110000
;;;::;011001100110011
10101[)10:;1010—;;10101
Dee Carry Out TI1ilynjrj1f1 11|t
Outpat of 81%000]0000110000000011
Correction 40;0001111000000[?110;
Circuits 2{170 1?;;:?;0 gi011)1 0;:7;;
T;:Ol‘ﬂlﬂlﬂlﬂlﬂlﬂl;:;?
In FIG. 87, circuits are arranged to correct a digit

represented by signals on the input lines 86.02, 86.04,
86.06 and 86.01 for the present cvcle when the Digit
Adder Out line 93c.01 is made positive. Assume the
decimal sum of the Adder is 12 as signified by the inputs
on Binary Sum 8 line 86.866 and a Binary Sum 4 line
86.04 being positive and the Binary Sum 8 Carry line
86.08 being down. The Decimal Carry Out line 88.02
to FIG. 87 is positive because in FIG. 88 the Binary Sum
4 line 86.05, Binary Sum 8 linc 86.67 and (—) On Sup-
press Adder Carry line 934.01 are up. On Sheet 2 of FIG.
88 it will be observed that the positive signal on Decimal
Carry Out lines 88.6¢1 through 88.05 is inverted by IJK
to make the lines 88.06 through 88.12 negative. Thus,
in FIG. 87, the Binary Sum 8 and 4 signals are blocked
by the No Decimal Carry Out line $8.67, while the nega-
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tive signal on the Binary Sum 2 line 86.02 is inverted and
gated by the positive Decimal Carry Out line 88.02 to
bring up the Result 2 lines 87.01 through 87.04. In this
manner, the 8 and 4 bit signals are corrected to a 2 bit
signal (see Chart IV). Of course, correction of the value
12 requires that a carry be generated and preserved for
use in the next cycle.

In FIG. 88 (Sheet 2), the positive signal on the lines
88.01 through 88.05 is directed to the gate (GJ)} asso-
ciated with the left side of the Decimal Carry trigger of
FIG. 88 (Sheet 1). The gate is further conditioned by
a positive signal on the MPY 2/NOT Transition line
674.15, and at Wy the line 101.11 goes positive and places
the left-hand side of the Decimal Carry trigger in conduc-
tion. Therefore, the Decimal Carry In lines 88.23
through 88.32 of FIG. 88 (Sheet 2) go positive. During
the next cycle, the Decimal Carry In signal on line 88.23
is used as the Carry In to the 1 bit Adder of FIG. 86
where it is added to the next digits.

In FIG. 88 (Sheet 1), the (—) On Suppress Adder
Carry line 934.01 is brought down to block the AND cir-
cuits it feeds and thereby prevents the Decimal Carry Out
line 88.02 (among others) from coming up. Thus, in
FIG. 87, the line 88.02 is down and the No Decimal Carry
Out line 86.06 is up permitting combinations of bits
greater than 9 to pass to the output Result lines without
being corrected. Such an operation is required in Load
and Unload instructions where, for example, a § sign
having a numerical portion of the value 11 must pass
through the Digit Adder and Decimal Correction circuits
unchanged.

A zero output (8421=0000) from the Digit Adder
must be converted to a decimal 10 (8421=1010) before
entry in Memory or Storage, and this conversion is done
in the Decimal Correction circuits of FIG. 87 by recog-
nizing no bits from the Digit Adder. In the lower por-
tion of FIG. 87, an OR circuit is fed by Sum-1, Sum-2,
Sum-4 and Sum-8 lines to provide a Digit Adder Ou:-
put=<0 indication by a positive signal on the lines 87.17
through 87.23. When none of the inputs to the OR cir-
cuit are positive, the last mentioned lines are negaive,
but the inverter (I} gates the Digit Adder Out signal on
the line 93¢.01 onto the Result 2 and Result 8 output
lines. Blank, Hyphen and Ampersand characters, whose
numerical portions consist of 8421=0000, are recognized
in either CR 1 or CR 2 and routing lines are conditioned
to block the Digit Adder outputs which have the effect
of sending 8421=0000 to the Result Register from the
Digit Adder Correction circuits. Qutput signals from
the Decimal Correction circuits, FIG. 87, are provided
to the C Bit Generator of FIG. 90, the Result Register
of FIG. 89, the Inter Register Check Routing of FIG. 63
and other circuits as previously described with reference
to FIG. 2.

CHARACTER RECOGNITION CIRCUITS

Character Recognition Circuits are provided both for
CR 1, FIGS. 71a and b, and for CR 2, FIG. 76. Both
of these Recognition circuits operate in a similar manner
for providing positive signals on output lines to indicate
various classes of characters. By way of example, refer
to FIG. 76, CR 2 Recognition, wherein an AND circuit
receives inputs via CR 2-1 line 75.49, CR 2-2 line 75.39,
CR 2-1 line 75.33, and CR 2-8 line 75.18. A section of
the Code Chart given previously shows that a decimal 0
is represented by a binary 10, i.e., binary 1 in the 2 and 8
positions. Thus, if all four lines just described are posi-
tive, it signifies a holding of a decimal 0 in Character
Register 2, and an output is provided on the CR 2=0
lines 76.28 and 76.29. When a digit other than a decimal
0 is provided in CR 2, it will be noted that the lines 76.22
through 76.27 are positive due to the Inverter in the line
to indicate CR 2=£0.

The reference characters used to identify outputs of the
Character Recognition circuits, although abbreviated, in-
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dicate the holding of the associated Character Registers.
In FIG. 76, lines 76.01 through 76.04, when positive, sig-
nify that the character in Character Register 2 is neither
a Blank nor a Hyphen, nor an Ampersand. CR 2==BL
line 76.05 signifies that CR 2 contains a Blank and CR
2-<BL line 76.06 signifies that CR 2 does not contain a
Blank. A signal on CR 2=SM lines 76.09 through 76.18
indicated a Storage Mark. CR 2=BL/HYP/AMP/SM
line 76.19 signifies a Blank, Hyphen, Ampersand or Stor-
age Mark. CR2-4SP CHAR line 76.20 indicates by posi-
tive signal that CR 2 does not contain a special character.

Referring to FIGS. 71a and b, CR 1 Recogniiion Cir-
cuits, output lines 714.01 through 714.03 indicate that
Character Register 1 contains a Blank, Hyphen, Amper-
sand, or Storage Mark. CR 1 Odd line 714.04 indicates
that the contents of CR 1 contain a Storage Mark, an in-
valid character in Memory. Lines 714.05 and 71a.06,
when positive, give an output indicating that the contents
of Character Register 1 are a Blank and that the contents
of Character Register 1 are not a Blank respectively.
Lines 714.07 through 714.10, when positive, signily that
Character Register 1 contents are not a Blank, Hyphen,
Ampersand or Storage Mark., Line 71a.11 indicates that
the contents of the Zone bit positions of CR 1 are ¥ and A.
Lines 71a.12 and 71a.13 indicate the contents of CR 1 are
not a special character. Lines 71a.15 and 71a4.16, when
positive, indicate that the contents of CR 1 to be either
a period or a comma. Lines 714.18 through 714.20 are
positive to indicate that the contents of CR 1 represent a
Group Mark and line 71a.17 is the complement of those
lines, 71a.18 through 714.20.

In FIG. 715, lines 715.01 through 715.04 are positive
when CR 1 is a numeric character. Alternately, the lines
715.05 through 715.09 are up to give an indication when
CR 1 is not a numeric character. The line 715.10 is posi-
tive to indicate those instances when CR 1 is not equal
toador9 The line 715.11 is positive to indicate that
CR 1540 or that the instruction is a Set Bit ins:ruction.
The line 715.12, when positive, indicates CR 1540, the
line 715.13 indica‘es that CR 1s4zero or a comma and
CR 1=RM line 71a.14 signifies CR 1 contains a Rec-
ord Mark.

CODE CHECKING CIRCUITS

Referring now to the Memory Buffer Register Code
Check circuits for characters 4, 3, 2 of FIG. 194, signals
for the 4, 2 and 1 bits of each character representing bin-
ary “ones” or binary “zeros,” as the case may be, are fed
in various combinations to AND circuits so that if only a
single binary “one” is contained in the three bits or if
binary “ones” are contained in all three bits, the outputs
of one or more of and AND circuits are positive. In an
identical manner, signals representing bits B, A and 8 are
fed to AND circuits to provide a positive ou:put if an odd
number of binary “ones” are contained in the combina-
tion of bits of the B, A and 8 positions. The remaining
circuits in FIG. 194, are utilized to determine whether
an odd or even number of binary “ones” are contained
in the total count of bits in Character 4. If the sum of
B, A, 8, 4, 2 and 1 bits are even, then the C bit should be
zero. Otherwise, the C bit should be a binary “one” to
provide a sum of the character bits which is even. If a
correct code exists no signal is developed on the line
194.01 but if an odd number of binary “ones” are con-
tained in a particular seven bits, the Character 4 Code
Check Odd line 1942.01 is made positive and this positive
signal is utilized to signify an error. Like circuts are
provded in FIG. 195 to check the redundancy characters
1 and 0.

Similarly, circuits are provided in CR 1 Code Check,
FIG. 72, to ascertain that proper redundancy exists in the
bits contained in Character Register 1, and CR 2 Code
Check Circuits are provided in FIG. 77 for ascertaining
that the proper redundancy exists in the character con-
tained in CR 2.
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ZONE ADDER

FIG. 79 (2 sheeis) discloses circuits comprising the
Zone Adder and the Zone True/Complement Controls
shown in block form in FIGS. 2ccc and 2fff respectively.

The Zone T/C Controls for the A bit comprises a pair
of AND circuits, FIG. 79 {Sheet 1), one AND circuit hav-
ing inputs on CR2-A line 75.09, CR2 to T/C line 935.05
and True line 83.61 and the other having inputs on CR2-A
line 75.13, Complement line 934.88 and CR2 to T/C line
935.05. The outputs of these AND circuits feed an OR
circuit which supplies an output on line 79.16(A) to the
Zone Adder circuits. The Zone T/C Controls for the B
bit comprise a pair of AND circuits, FIG. 79 (Sheet 2),
one AND circuit having inputs on True line 83.01, CR2
to T/C line 935.05 and CR2-B line 75.03 and the other
having inputs on the CR2 to T/C line 935.05, Comple-
ment line 934.08, and CR2-B line 75.66. The outputs
of these AND circuits feed an OR circuit which supplies
an output on line 79.17(B). Under control of the Com-
plement and True lines these circuits either complement
or pass unaltered the Zone bit inputs of CR2. The Zone
bits of CR1 are directed to the Zone Adder via Adder
Input Switching, FIG. 73.

Complementing of the Zone bits is accomplished by
merely revising the state of the bits. For example, if
the Zone bits are BA=01, the Complement is BA=10.
The output of the A bit position of Character Register 2
causes CR-2-A line 75.09 to be positive for a binary
“one” in the A bit position, and although CR2 to T/C
line 936.05 is positive, the True line 83.01 is down there-
by presenting a negative signal to the Zone Adder on the
line 79.16(A) indicative of the complement of the input.
The output of the B bit position of CR2 causes CR2-B
line 75.06 to be positive for a binary “one” in the B bit
position, and CR2 to T/C line 935.05 and Complement
line 934.08 are positive thereby providing a positive signal
to the Zone Adder on the line 79.17(B) indicative of the
Complement of the binary “zero” in the B bit position
of CR2.

The Zone Adder comprises two full adder orders, one
for the A bit and one for the B bit. The operation of the
Adders is identical to those used in the Multiple Adder
of FIG. 84 and the Digit Adder of FIG. 86, and no pur-
pose would be served by a detailed explanation. If suf-
fices to say that the Zone Adder receives two sets of inputs,
an A bit and B bit from CR1 and/or an A bit and B bit
in True or Complement form from CR2. If the sum of
the Zone bits represented by signals on the input lines
generates a binary carry, the Zone Carry Out lines 79.10
through 79.12 are positive. In FIG. 88 (Sheet 1), the
line 79.11 and (—) On Suppress Zone Carry In line
934.02 condition a positive gate (GJ) in FIG. 88 (Sheet
2) for the passage of a pulse on the W, (D0.4) Add line
101.11 to turn On the Zone Carry trigger.
Zone Carry trigger is On, the Zone Carry In line 88.33
provides a binary “one” to the Zone Adder of FIG. 79
(Sheet 1) in the next cycle. A binary “one” can also be
added into the Zone Adder via the Zone Carry In line
93d.01 for certain operations such as Add to Memory,
Add Address to Memory, and Compare. Outputs on
Result A line 79.03 and Result B line 79.07 are sent to
the Zone Bit triggers of the Result Register, FIG. 895,
and outputs on Result B line 79.06 and Result A line 79.02
are sent to the C Bit Generator of FIG. 90.

C BIT GENERATOR

As stated previously, the checking system utilized in the
Data Processing System is that the number of binary
“ones” comprising each character must be even. Thus,
as characters are transmitted from one portion of the
machine to another, a check is made to ascertain that each
character contains an even number of binary “ones.” If
an odd number of binary “ones” is reeived to represent
a character, the machine may be stopped or an error indi-
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cated. It is pointed out, however, that when two digital
values are added, subtracted, multiplied or changed in
any way that the sum, difference, product or result may
not contain an even number of binary “ones.” Also, the
number of binary “ones” in a particular character may
be the result of addition of two digits by the Digit Adder
and/or addition by the Zone Adder. Consequently, a
Check Bit Generator is provided in order that a new check
bit (C) or redundancy bit may be generated as required.

Circuits for generating this check bit (C) are shown in
FIG. 90 and also shown are circuits for gating the C bit
of either the character in CR1 or CR2 to the Result Regis-
ter of FIG. 895,

The Check Bit Generator receives inputs from the
Dec'mal Adder Correction circuits on the lines 87.13 (8),
87.65 (4), 87.61 (2) and 87.12 (1), the Zone Adder on
the lines 79.06 (B) and 79.02 (A), CR 1 on the line
58.01 (C) and CR2 on the line 48.03 {C). The circuits
shown in FIG, 90 consist mainly of two full adders in
which only the sum lines are used, one adder which com-
bines the B, A and 8 bits on the lines 79.06 (B), 79.02
(A) and 87.13 (8) respectively, and another which com-
bines the 4, 2 and 1 bits on the lines 87.65 (4), 87.01 (2)
and $7.12 (1) respectively. The rules of addition, stated
previously, apply, and the two adders determine whether
or not the three particular inputs thereto comprise an even
sum (indicated by a binary “zero”) or an odd sum (in-
dicated by a binary “one”). When the outputs of both
adders agree, that is, both outputs are positive or both out-
puts are negative, the redundancy bit (C) should be nega-
tive signifying a binary “zero.” When the outputs of the
adders are unlike, a binary “one” output or C bit is re-
quired. A positive signal on the Generate C Bit Out line
93c.03 gates a binary “one™ or positive signal onto the
Result C line 90.01 to the Result Register when a C bit
is required, and otherwise the Result C line is negative,

At times, it is desired to gate the C bit of the character
in either CR1 or CR2 to the Result Register, A positive
signal on the CR1~C line 58.01, indicating a binary “one”
in the C bit position of CR1, conditions one input of an
AND circuit and another line CR1-C Bit Out, when posi-
tive, gates the C bit onto the Result C line 90.01. Simi-
larly, a positive signal on the CR2-C Bit Out line 935.06
gates the C bit, if any, from CR2 onto the Result C Qut-
put line. If the C bit position of either CR1 or CR2 were
negative to represent a binary “zero,” then the Result C
line would be negative in each case,

The Emit Blank line 93¢.05, when positive, causes the
output Result C line 90.01 to go positive in combination
with the emission of an A bit from the Zone Adder.

For some instructions, such as Load and Unload, char-
acters that are passed through the adders unchanged also
have their C bits transmitted independently to the Result
Register via the input line 564.07 instead of having a C
bit generated by the circuits of FIG. 90. Thus, the gain-
ing or dropping of a bit during the transmission of a char-
acter through the arithmetic circuits is detected if the
origina! C bit is supplied independently to Result Register
when the character (C, B, A, 8, 4, 2, 1 bits assembled in
the Result Register) are redundancy checked in the Result
Register Code Check circuits of FIG. 91.

RESULT REGISTER

In FIGS. 894 and b, circuits of the Result Register are
illustrated which comprise seven triggers, one for each
bit position of a character. The Result Register pro-
vides a buffer storage between the arithmetic circuits
and Memory or Storage and furnishes signals indicative
of a particular character on output busses to the Input
Switch of FIG. 11 and the Storage In Selection and
Switching circuits of FIG. 43 for writing into Memory
or Storage respectively.

The right plate outputs (On sides) of the triggers are
inverted so that the Memory/Storage In Bus lines 894.01,
894.02, 894.05, 894.06, 894.09, 894.10, 894.13, 894.14,
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895.01, 895.02, 895.05, 895.06, 895.069 and 895.10 are
positive when their respective triggers are Off indicating
binary “zeros.” These positive signals are combined
with the Inhibit Gate, in the manner described previously
with reference to Memory and Storage, to cancel the effect
of the Write Gate in those core planes where it is desired
to write “zeros” according to the bit configuration of the
Result Register. When a Result Register trigger is set
to a “one,” the positive signal from the right plate is in-
verted to provide a negative output signal which blocks
the Inhibit Gate to that particular core plane where a
“one” is to be written,

Pairs of output lines for each trigger representing the
state of each trigger and the complement thereof, for ex-
ample, RR-A line 8§%5.03 and RR-A line 8$95.94, are
furnished to the Result Register Code Check circuits of
FIG. 93.

Input lines are provided to the Result Register from
the Keyboard of FiGS. 224, b, and c, the Digit Adder
Decimal Correction circnits of FIG. 87, the Zone Adder
of FIG. 79, the Memory Test Controls of FIG. 92, and
the C Bit Generator of FIG. 90.

The triggers of the Result Register are reset Off at W;
of each cycle during Use time via the lines 13%¢.01 and
1394.02. The input data lines are gated at R, by the
lines 1034.15 and 1034.14 which is late enough to allow
time for the input lines from the adders to become stable;
however, the triggers are not set until Ry when the lines
101.18 and 101.17 become positive. It will be noted
that the input Result lines by-pass the triggers and may
be utilized from R, to R, before the triggers are set.
After the triggers are set at Ry time, the triggers control
the ocutput lines until reset time at W3 and, since the input
Result lines are no longer required after Ry time, they
are blocked by the fall of the Ry-Ay/ W, lines 103a.15
and 103a2.14. Thus blocked, any changes in the adders
due to changing the states of the Carry triggers at Wy are
not reflected in the Result Register outputs. Those trig-
gers which are set to “ones” at R4 are reset to “zeros”
at W; time, and those inhibit lines blocked from R, to
W, become positive for the remainder of the Inhibit
Gate to furnish Post Write Disturb pulses from W; to Ry
as shown in FIG. 144.

OVERLAP MODE CONTROL TRIGGERS

The four triggers, Mode Control, Add, Transition and
Auto Transition, shown in FIG. 136q, define the type of
Overlap Mode Control cycle in which the system is op-
erating and control communications between the Arith-
metic and Logical Unit, Memory and Storage.

ADD TRIGGER

The function of the Add Trigger is to define the period
of time in which computation may be carried on in the
ALU. 1If the Add trigger is On, then the ALU may
generate results; if the Add trigger is Off, then no com-
putation is permitted. Accordingly, the Add trigger pro-
vides a gate signal for all of those triggers associated with
the ALU, such as the Multiple Carry Triggers, FIGS.
80 and 81, Multiple Carry trigger, FIG. 85, Zone Carry
trigger and Decimal Carry trigger, FIG. 88, Inter Regis-
ter Check trigger, FIG. 63¢, Low and High triggers, FIG.
1384, Accumulator Digit Zero trigger. Auxiliary Digit
Zero trigger and Remainder trigger, FIG. 1384, Auxiliary
Trigger 1, FIG. 138i, and Auxiliary trigger 2, FIG. 138%.
Under certain conditions, the triggers just enumerated
are not permitted to change state unless the Add trigger
is On. Another function of this trigger is to control the
turning On and Off of the Transition and Automatic
Transition triggers.

In FIG. 136a the Add trigger is turned On if Block
Add trigger is Off causing line 93v.01 to be up and the
Transition triggers are Off causing the line 1364.62 to be
up thereby conditioning the Diode Gate for the fall of
the line 1035.23 at W,;. If cither the Transition trigger
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or Automatic Transition trigger is On, the line 136¢.01
is up to condition the associated Diode Gate and the
fall of the line 1035.23 at W, turns Off the Add trigger.
Even when the Transition triggers are Off, the Add Trig-
ger is prevented from being turned On in some instances
by the line Block Add trigger. Instruction reset is pro-
vided from FIG. 139b.

TRANSITION TRIGGER

The Transition trigzer is usad to define Transition cycles
caused by recognition of certain conditions depending
upon the type of operation being performed in response
to a particular instruction and requiring a change in op-
eration. The change required may be a transition from

. one type of operation to another during different op-

erations caused by the same instructions or it may be a
transition out of one operation due to an instruction
into another operation brought about by a new instruc-
tion. Usually, the end of a sequence of operations is
recognized by a special character such as a Storage Mark
set in one of the character registers at Wy, The Transi-
tion trigger is turned On at Wy in order that the On con-
dition of this trigger may provide for a Transition cycle
in the next cycle. The main features of a Transition cycle
are:

(1) Computation ceases at W; by turning Off the Add
trigger.

(2) CR 1 and CR 2 retain the characters set therein.

(3) SAC is prevented from counting.

(4) Mode Control trigger is turned Off at the end of the
Transition cycle.

(5) The Transition trigger is turned Off at the end of
the Transition cycle.

Tt is pointed out that this trigger must be Off to have
full overlap operation, and that the trigger cannot be On
for two consecutive cycles.

AUTOMATIC TRANSITION TRIGGER

The Automatic Transition Trigger is turned On to de-
fine Transition cycles when special conditions are recog-
nized which are independent of the instruction being exe-
cuted and such cycles consitute delays in processing.
Some of these conditions are functions of either the Stor-
age Read/Write Mode or of the Memory Read/Write
Mode when MAC 1 or SAC is stepped to a “critical” ad-
dress to be explained in detail later. CGther conditions are
those imposed in processing Sign Checks, Instruction
Checks and Overflow Checks, but only the last two can
be regarded as automatic. When the Auto Transition
trigger is On, the same features of a Transition cycle are
present as enumerated above and additionaliy this trigger
being On causes the Machine Check trigger to be turned
On if there is a Code Check and causes the system to
stop operation if the Machine Check switch of FIG. 119
is set to Automatic.

In FiG. 1364, the Auto Transition trigger is turned On
by positive signals on the Add Trigger On line 136d.15,
Turn On Transition trigger line 93:..01, and Wy (D1)
line 102.17. The trigger is turncd Off by the Add trig-
ger OFf line 1364.18 and the W, (D) line 102.17. When
On, the trigger provides a positive signal on the Transi-
tion line 136a.03 to FIG. 136¢ and line 1364.04 to FiG.
1364,

MODE CONTROL TRIGGER

The Mode Control irigger is turned On at the end
of a Start cycle when the machine is either in the Mem-
ory R/W Mode or the Storage R/W Mode to cause com-
puted results to be placed in Memory or Storage, as the
case may be, at the address from which data was obtained
during the previous cycle. As shown in FIG. 1364, either
the Memory Read/Write Mode line 93¢.01 or the Stor-
age Read/Write Mode line 937,05 along with Mot Travsi-
tion line 1364.82 conditions a Diode Gate for the fall
of the line 1435.87 to turn On the trigger at Wy The
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trigger is turned Off by the Transition line 136¢.01 which
conditions a Diode Gate for the fall of the line 1035.07
to turn Off the trigger at W,

OVERLAP MODE CONTROL TRIGGERS

The following statements apply to the extent that con-
trol is exerted among the triggers. The Add trigger can-
not be turned On if either the Transition trigger or the
Auto Transition trigger is On, but the Add trigger must
be turned Off if either of the Transition triggers is On.
Neither the Transition trigger nor the Auto Transition
trigger can be turned On if the Add trigger is Off, and
both must be turned Off if the Add trigger is Off. The
Mode Control trigger cannot be turned On if either of
the Transition triggers is On and they must be turned
Off if either of the Transition triggers is On.

Compuation normally begins in the first cycle of the
execution of an instruction, and the Add trigeer is auto-
matically turned On in this cycle unless the particular
operation specifically blocks the trigger from being turned
On (Block Add trigger). In most arichmetic operations,
a Transition cycle causes termination of the operation,
and, thus, the recognition of a Transition cycle causes
the Add trigger to be turned Off. The Transition trigger
comes On at W,, causing the Add trigger to be turned
Off at the next W, time, which, in turn, insures that the
Transition trigger will be turned Off at the next W; time.
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1 contains an A bit an A bit is emitted from the Adder
and any B bit that may have been in the original character
is suppressed and Zone Adder Out is negative. If ASU
13 or ASU 14 is selected Emit A bit or Emit B bit is
made positive respectively in order to change the A or B
bit to the “one” state. Zone Adder Out is made positive
to permit the B or A bit respectively, if present, to remain
for all of the above ASU designations. Generate C Bit
Out is made positive to permit the generation of the prop-
er check bit to provide an even redundancy check on the
character being returned to Memory.

If ASU 8 is selected the line Zone Adder Out is made
positive to permit the zone portion of the character to be
passed through the Adder and returned to Memory. The
Result Register Code Check is suppressed, however, as
the character being returned to Memory will not have an
even redundancy check. If there is no C bit present in
the original character, C Bit Out line is positive which
forces a C bit inio the character. If there is a C Bit in
the original character no extra rounting of signals is re-
quired to block it from being sent back to Memory.

With the use of the Memory Read/Write Mode the
newly created character is not returned to Memory until
the second cycle of Execute time (ECC 2). During the
Read portion of the first Execute cycle (ECC 1) the char-
acter is read from Memory and transferred to Character
Register 1. The same character is returned to Memory

Chart V.—Overlap Mode Control Triggers

. Turned On
Trigger Function Turned Off By—
By— If—
Addo._ ... Defines cycles daring which computation | First eycle of esecution of each Both Transition triggers | Either Transition trig-
takes place. instruction unless specifically are Off, ger heing On,
blocked.
Transition_..._../ Controls Memory sequence during chanpe Recognition by individual in- | Add triggeris On._...__| Add trigger being OfF,

in_type of operation being perforined in
ALU.

struetion of a need to change,

Controls Memory sequence during automatic
processing of redundsney chocks or sperial
conditions which are functions of the
Read/Write modcs.

Auto transition.__

Recognition
check or special conditions of
the Read/Write modes.

of redundaney | Add triggeris On___.___] Add trigeer being Off.

Tlefines those eyeles in which results are
placed into Memory or Storage at the ad-
dross read from in the previous eycle,

Mode control._.._

First cycle of either the Storaee
or Meinory Read/Write Mode.

Either Transition trig-

DBoth Transition triggers
1f ger being On.

are Off,

The Set Bit Instruction has an Operation code of %;
the Memory Address portion specifies the character to be
operated upon; the ASU specifies the bit, and whether or
not the bit is to be set to a “one” or a “zero.” With the
output of Operation Decoder being Set Bit and with the
machine in Execute time the character addressed is read
out of Memory and sent to the Adder via CR 1 as de-
sribed presently in response to positive signals on the
Memory Read/Write Mode and CR 1 to Adder lines.
The line Suppress Adder Carry is made positive to pre-
vent any special character with a digit portion greater
than 10 from being decimally corrected to a character
with a digit portion less than 10 and a decimal carry. If
the character, as modified, is to contain any binary “one”
bits in its numeric portion, the line Digit Adder Qut is
made positive. If ASU 1, 2, 3 and 4 is selected then the
1, 2, 4 and 8 bits respectively to the Adder are suppressed.
If ASU 9, 10, 11 or 12 is selected, then eithera 1 or a 2
or a 4 or an 8 bit, only, respectively is sent to the Adder.
As the zone portion of the character is not affected by
these ASU designations, Zone Adder Out is positive for
all of the conditions above.

If ASU 5 is selected and CR 1 (which contains the
character to be modified) contains a B bit, a B bit is
emitted from the Adders and the Zone Adder Out is not
positive. The A bit, if any, is blocked from leaving the
Adder circuits. Similarly, if ASU 6 is selected and CR
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in the Write portion of ECC 1 and read out again during
the Read portion of ECC 2. Simultaneously, the bit
manipulation has been taking place in the Arithmetic
and Logical Unit during the Write portion of ECC 1 and
the Read portion of ECC 2. So that, at the beginning of
the Write portion of ECC 2 the character, as modified,
may be written into Memory. End E Time line is made
positive during ECC 2 to permit the machine to proceed
to the next instruction.

EXAMPLE OF SET BIT

Assume for the purposes of illustration that a Set Bit
Instruction is located at Memory Address 0004. The Set
Bit Instruction contains the coding for the % symbol in
character 0; the Memory Address 1000 in the numeric
portions of characters 1 through 4; and contains ASU
coding as follows: In the B and A positions of character
2 are binary “ones” and in the B and A positions of char-
acter 3 are binary “zeros.” Accordingly, the Set Bit In-
struction has the following format: Located at Memory
Address 1000 is the digit 1o be operated upon and this has
the bit configuration of CBA8421==1000001 and thus has
the value of 1. Referring now to the ASU coding of the
Insiruction, the B bit of character 2 has an assigned value
of 8, the A bit of character 2 an asigned value of 4, the
B bit of character 3 the assigned value of 2 and the A bit
of character 3 the assigned value of 0. Accordingly with
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binary “ones” present in the 8 and 4 positions, ASU 12 is
indicated. But since this is a Set Bit Instruction ASU
coding of 12 specifies that the 8 bit of the character lo-
cated at Memory Address 1000 is to be set to a binary
“one.” Since the value of the character at Memory ad-
dress 1000 before modification is 1 the value of the 8 bit
thereof is a “0” which will now be changed to a “1” so
that the value of this character after having the 8
bit set to 1 will be 9, having the following format:
CBA8421=0001001.

At the beginning of the Instruction cycle the Instruction
Counter of FIGS. 32a through e, contains the Memory
Address 0004. The only positive output signal from the
Instruction Counter is the one on the 1C—4 line 324.01
which goes to the 1st Order MASR Set circuits, FIG. 495,
where it is gated onto the 4 line 495.04 by the Set MASR
to IC line 93s.01. In FIG. 49a, the 4 line 495.04 condi-
tions a diode gate for the pulse on the Ry (D0.4) line
101.01 which turns On the 4 trigger of the 1st Order of
MASR at Rq of the Instruction cycle and brings up the
MASR —4 lines 494.07 and 494.08. The 8 line 495.02,
the @ line 495.05 and the 1 line 495.07 are positive and
the pulse on the line 101.01 is passed to the conditioned
diode gate to turn Off the 8, 2 and 1 triggers, if On pre-
viously. Similarly, in FIGS. 49¢, 49d, 49g and 49i, the
NOT lines are effective to turn Off all of the higher order
triggers of MASR. The output lines from the Memory
Address Select Register go to the Decoders of FIGS. 3a
through e. In FIG. 3b, the 20,000 line 49:.04, 80 line
49¢.01, 30 line 49¢.04 and 50 line 49¢.07 are positive to
bring up the 000 line 35.01. In FIG. 5a, the 000 line
35.01 brings down the T0 line 5a.02 and makes positive
the 00 line 52.01. All of the remaining NOT lines are
positive since their inputs are negative.
¢, the 30, 40, 60, 80, 20,000, 20,020, 20,040, 20,060 and
70,080 lines are gated by the Memory Read Bias Gate on
the line 5g.18 at Rq to drive all of the output lines of
FIGS. Sb and ¢ except the 00
current is provided on all those columns except the col-
umn linked by the 00 line 54.61. In FIG. 3d, the 10,000
10, §, T and 2 lines are positive to provide a positive level
on the 0—4 line 34.01. In FIG. 74, the 0—4 line 3J.01
makes negative the 0% line 74.02, makes positive the
0-4 line 7a.01. All of the remaining output lines are
positive since their input lines are negative. In FIGS. 75
and ¢, the 5-9, the 10-14, 15-19, 10,000-10,004, 10,005~
10,009, 10,010-10,014 and 10,015-10,019 lines are posi-
tive. The Memory Read Bias Gate line 5g.12 becomes
positive at Ry s to drive all of the output lines except the
0-4 line 76.01. In FIG. 9, all of the colvmns of coves
are driven with reset current except the 0-4 line 75.01.
In FIG. 3a, the $600, 3000, 1000 and 9000 lines are posi-
tive which make positive the 0000 line 30.01. In FIG. 4,
the 00CO line 3a.61 is positive and at Ry the Mcemory Y
Read Gate line 52.08 becomes positive to drive the 000
line 4.01. In FIG. 8, the row of cores linked by the 000
line 4.01 is driven with set curreat. Accordingly, the
0000 core is set to the “one” state thereby providing half-
select reset current on its secondary to the Core Array of
FIG. 13. In FIG. 3c, the 800, 300, 100 and 300 lines are
positive. In FIG. 6, the 000 line 3c.61 and the Memory
X Read Gate line 5¢.07 make positive the 000 line 6.01
at Rys. In FIG. 9, the 000 line 6.01 is driven with set
current and since the 0-4 line is not driven with reset
current it is set to the “one” state and provides half-select
reset current on i‘s secondary to the Core Array of FIG.
13. In FIG. 13, the 00 line and the O line are driven with
reset current and this causes those cores in the 35 planes
of Addresses 0000-0004 to be reset. The sense windings
are sampled at R;; and the Set Bit Instruction is placed

In FIGS. 5b and :

line 55.01. In FIG. 8, reset .
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in the Memory Buffer Register,
are now

The contents of MBR

Merory Address | Character | C B ] A I 8 ‘ 4 l 2

0000 Q 1 0 1 1 1 0 0
0001 1 1 0 [ 0 0 0 1
0002 2 0 1 1 1 0 1 (]
0003 3 0 0 0 1 0 1 0
0004 4 00 0 1 0 1 0

At A, the contents of character 0 position of the MBR is
set inio the Operation Register of FIGS. 21a and b. In
the Storage Select Register of FIG. 16a, thus, MBR char-
acter 2-B line 144.02 and MBR character 2—A line 144.02
are positive to indicate binary “ones” in the B and A bit
positions of character 2. MBR character 3-B line 144.02
and MBR character 3—A line 144.02 are negalive to repre-
sent binary “zeros” from the B and A bit positions of
Memory Buffer Register character 3. At Ay the Ag
(D0.4) T time Use line 101.24 becomes positive to turn
On the SSR 8 and SSR 4 triggers. The SSR 2 and SSR 1
triggers remain Off as reset at the beginning of the Instruc-
tion cycle.

At A; the Memory Address 1000 contained in the Set
Bit Instruction and now located in Memory Buffer Regis-
ter is set into the Memory Address Register, FIGS. 17a
through 17e. Recalling that “zero” is expressed as a deci-
mal of 10 in Memory, in FIG. 17q, the Memory Out
Bus—8 line 304.04 and the Memory Out Bus-2 line 294.06
are positive and the Memory Out Bus-4 line 204.65
and Memory Out Bus-1 line 204.07 are negative. In
FIG. 17f, the Memory Out Bus-2 line 284.86 and Memory
Out Bus—8 line 20d4.04 are positive which brings down the
Block Set First Order MAR line 177.07. Accordingly, in
FIG. 17a, the positive signals on the Memory Out Bus-8
line and the Memory Out Bus-2 line are ineffective to
turn On the 8 and 2 triggers of the ist order of MAR, and
the MAR-8, MAR-4, MAR-Z and MAR-T lines are posi-
tive. In like fashion the 2nd and 3rd Orders of MAR are
set to “zero.” In the 4th Order of MAR of FIG. 174, the
MBR character 1-1 line 14a.92 is positive. In F1G. 17f,
the MBR character 1-2 line and the MBR character 1-8
line are negative. 'Therefore, the Block Set Fourth Order
MAR line 174.10 is positive. Thus, in FIG. 17b, the
MBR character 1-1 line and the Block Set Fourth Order
MAR line condition a diode gate for the pulse on the A;
(D0.4) Use line 191.22 to turn On the MAR 1000 trigger
to make positive the lines 174.30 through 174.35. Since
the B and A positions of character 1 and the B position
of character 4 contain binary “zeros” the MBR character
1-A line 144.02, MBR character 1-B line 144.62 and
MBR character 4-B line 144.62 are negative. The Fifth
Order of MAR has all of its triggers Off.

At W; of the Instruction cycle, the contents of MAR
are set into MAC 1 FIGS. 30a through 30e. Referring
now to the First Order of MAC 1, FiG. 30a, the MAR-8,
MAR-4, MAR-Z and MAR-T lines are positive which
condition diode gates for the Set MAC 1 to MAR pulse
on the line 30.07. In FIG. 30f, the A,/R;-W; Use line
103.05 falls at Wy to bring down the Set MAC to MAR
lines 307.07 and 30£.11. Accordingly, in FIG. 304, the
fall of this pulse turns Off any of the triggers which were
On. In similar fashion, the Second Order of MAC 1 of
FIG. 30b and the Third Order of MAC 1 of FIG. 30c,
have their triggers turn Off. In the Fourth Order of MAC
1 of FIG. 30d the MAR 1000 line 174.32 is positive to
condition a diode gate for the fall of the Set MAC to
MAR line 36f.10 at Wy. The NOT lines for the other
triggers are positive thereby causing the 8, 4 and 2 trig-
gers, if On to be turned Off. In the Fifth Order of MAC

1 of FIG. 30e¢, the MAR 40,000 line 17¢.15, the MAR

20,090 line 17¢.08 and the MAR 10,000 line 17¢.02 are
positive to condition diode gates for the fall of the Set
MAC to MAR line 30f.11 to turn Off the 40,000, 20.000



3,028,037

77
and 10,000 triggers, if On previously. The result of the
Set MAC to MAR operation is that the trigger 1000 of
MAC 1 is turned On and the remaining triggers are Off.
Therefore, the MAC 1-1000 lines 304.07 and 304.08 are
positive.,

During the Write portion of the Instruction cycle the
contents of the Memory Buffer Register are wriiten back
into Memory at their former addresses. This is accom-
plished by providing the Memory Read Mode and having
the Memory Address Select Register retain Memory ad-
dresses 0000-0004 throughout the Instruction cycle. 1In
this regard it is pointed out that although MAC 1 was set
to the contents of MAR, at Wy, the contents of MASR
remain unchanged until Ry of ECC 1. At the end of the
Instruction cycle the MAC 1-1000 line 304.07 is positive
in the Four:h Order MASR Set circuits of FIG. 49h. The
Set MASR to MAC line 735.03 goes positive to bring up
the 1000 line 494.08. In FIG. 49g, the 1000 line condi-
tions a pesitive diode gate for the fall of the Ry (D0.4)
line 161.04 which turns On the MASR 1000 trigger and
makes positive the MASR~1000 lines 492.10 and 49¢.11
for reading from Memory Address 1000 during the Read
portion of Execute cycle 1.

As stated previously the Operation Register is loaded
at A, of the Instruction cycle, FIGS. 214 and b. The Op-
eration Register was set to the % symbol operation code,
by posiiive signals on the MBR character 0—d line, the
MBR character 0-9 line and MBR character 0-A line.
These lines condition positive diode gates for the A, pulse
on the line A, (D0.4) I time Use line 101,25 which turned
On the A, 8 and 4 triggers of the Operation Register.

In FIG. 234, the Op. Register B line 215.03 and the
Op. Regis'er A line 215.02 are positive making all of the
output lines positive except the Minus Operation Register
—A-T lines 234.33 through 234.43. In FIG. 231, the
Minus On Operation Register —A-T line 234.43, the
Operation Register—1 line 21a.11, Operation Register—2
line 214.22, Operation Register—2 line 21a.23 and Op-
eration Register-8 line 214.23 are negative and accord-
ingly, the output lines 231.01 through 231.04 are positive.
The set Bit/CR-0 line 231.01 goes to Adder Input Switch-
ing, FIG. 73. The Set Bit line 231.02 goes to the Opera-
tion Check circuits of FIG. 24, Set Bit line 231.03 goes to
Set Bit Routing controls of FIG. 56a, and the Suppress
CR 2 Code Check line 231.04 goes to Block Adder, Sup-
press Code Checking circuits of FIG. 93y,

In the I Time Routing Controls of FIG. 61, the Use
line 165.69, the I Time line 124.24 and the CR-1-A line
58.21 are positive to bring up the End I Time Use lines
61.01 through 61.06. In FIG. 121, the End I Time Use
line 61.03 conditions a diode gate for the fall of the
A3/Ry~Wy (Blocked) line 104.10 which switches the I/E
trigger from I to the E s‘ate and brings up the E time
line 121.02. In FIG. 122, the End I Time (Use) line
6i.04 is positive to condition a diode gate for the Tall of
the A3/Ry~W,; (Blocked) line 121.03 which turns On the
ECC 1 trigger and makes positive the ECC 1 line 122.03
and the ECC % line 122.05. These signals go to FIG.
124 where they are distributed via the lines 124.01
through 124.12 and in FIG. 123 the lines 123.27 through
123.34.

In FIG. 564, the Set Bit Routing Controls,
nals on Set Bit line 231.03 and E Time line 123.03 pro-
vide positive signals on the Suppress Adder Carry line
560.02, the Set Bit 1 line 560.06, CR 1 to Adder line
362.02 and the Memory Read/Write Mode line 564.04.
As mentioned previously the Suppress Adder Carry line
is made positive to prevent any special character with a
digit portion greater than 10 from being decimally cor-
rected to a character with a digit portion less than 10 and
a decimal carry. The character at Memory Address 1000
is read out of Memory and sent to the Adder by the
Routing lines CR 1 to Adder and Memory Read/Write
Mode. If the final character is to contain any binary
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“one” bits in its digit portion, the Digit Adder Out line
564.05 is made positive.

As explained previously, MASR is set to the contents
of MAC at Ry of ECC 1 and with the Memory Read/
Write Mode specified, the character at address 1000 will
be read from Memory during the Read portion of the First

Execute cycle. In FIG. 35 the 20,000, 80 line, 40 line
and 20 lines are positive. Therefore, the 00 line 35.01
is up. In FIG. 5a, the 00 line 35.01 brings down the 00
line 542.02 and brings up the 00 line 54.01. The remaining
NOT lines are positive because the inputs are down. In
FIGS. 5b and ¢, the Memory Read Bias Gate on the line
52.09 becomes positive at Ry and combines with the NOT
input lines to drive the 20 line 55.02, the 40 line 55.03, the
60 line 5.04, the 80 line 55.05, the 20,000 line 5¢.01,
the 20,020 line 5¢.02, the 20,040 line §¢.03, the 20,060
line 5¢.04 and the 20,080 line 5¢.05. In FIG. 8, all of the
columns of cores are driven with reset current except for
the column linked by the 00 line 55.01. In FIG. 35, the
10,000, 10, 4, §, T and 2 lines are positive bringing the
0-4 line 3d.01 up. In FIG. 7a, the 0—4 line 34.01 brings
down the -4 line 72.02 and brings up the 0-4 line 74.01.
The remaining NOT lines are positive since the inputs
are negative., In FIGS. 7b and ¢, the Memory Read Bias
Gate on the line 52.11 becomes positive at Ry 5 to drive
all of the output lines except the 0-4 line, In FIG. 9,
all of the columns of cores are driven with reset current
except for the column linked by the 0—4 line 7601, In
FIG. 3a, the 8000, 000, 2000 and 1000 lines are posi-
tive. Therefore, the 1000 line 34.03 is made positive, In
FIG. 4, the 1000 line 32.03 and the Memory Y Read Gate
line 5¢.08, which becomes positive at Ry, drive the 1000
line 4.02. In FIG. 8, all of the columns of cores except
the column linked by the 00 line 55.01 receive reset cur-
rent, and the row of cores linked by the 1000 4.02 receive
set current. Therefore, the 1000 core is set to the “one”
state and half-select reset current is provided on its sec-
ondary windings. TIn FIG. 3¢, 800, 400, 100 and 300
lines are positive. Therefore, the 060 line 3c.01 is posi-
tive. In FIG. 6, the Memory X Read Gate line 52.07
becomes positive at R, 5 to drive the 000 line 6.01, In
FIG. 9, all of the columns of cores except the one linked
by the 04 line 754.01 are driven with reset current. Set
current is pravided on the 000 line 6.01. Therefore, the
0-4 core is set to the “one” state and half-select reset cur-
rent is provided on its secondary. In the Core Array of
FIG. 13, the 1000 line and the 0 line are driven with reset
current which switches those cores in the “one” state to
the “zero” state, in the thirty-five cores of addresses 1000
through 1004. The sense windings are sampled at Ry
through the contents of Memory addresses 1000 and
1004 are set into the Memory Buffer Register. The char-
acter 0 position of the MBR now contains the digit 1
in the bit configuration CBA8421=1000001.

In FIG. 3¢, the 8, 2, 7 and T lines are positive. There-
fore, the Select Character 0 line 3e.01 is positive. In
FIG. 204, the Low Character line 1365.04 and the High
Character line 1365.06 are negative since the Mode Con-
trol trigger is Off. Consequently, the Normal line is
positive and Select Character 0 Out line 202.04 is up.
In FIG. 205, the character 0-C line is up, the character
0-B line is down, the character 0—-A Iine is down, the
character 0-8 line is down, the character 04 line is down,
the character 0-2 line is down and the character 0-1 line
is up. Therefore, with Select Character 0 Out line 204.04
positive the C Bit line 205.01 and the 1 Bit line 205.07
are positive. In FIG. 20d, these signals are passed directly
to the C Bit line 204.01 and the 1 Bit line 264.07. In the
Character Register of FIG. 57, the Memory Out Bus-B
line 204.01 and the Memory Out Bus-1 line 204.07 are
positive and the Set CR 1 (D0.4) line 100.02 turns On
the C and the 1 triggers of Character Register 1, therefore
and making positive the CR 1-C line §7.03, the CR 1-1
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line 57.05. The NOT lines of the remaining triggers are
positive. Since the Instruction does not call for reading
from Storage, the Storage Read Mode lines are down.
Therefore, in FIG. 100, the Set CR 2 pulse on the line
100.01 is never developed. CR 2 retains its previous con-
tents, but since CR 2 to T/C line 73b.04 is never made
positive the contents of CR 2 are ignored.

In FIG. 16a, the Storage Select Register, the SSR-8
On lines and the SSR—4 On lines are positive. The SSR-2
OF lines and the SSR—1 Off lines are positive. Therefore,
in FIG. 155b, the SSR-2 Off line 16a.15, the SSR-8 On:
line 164.95, the SSR—1 Off line 162.22 and the SSR—4 On
line 16a2.02 make positive the SSR-12 lines 555.06 and
555.07. In FIG. 56b, the Set Bit 1 line 564.06 is positive
and the SSR-12 line 556.06 is positive to bring up the 8
Bit to Adder line 565.04. In FIG. 93f, the 8 Bit to
Adder line 937.04 is positive to FIG. 85, the Decimal
Correction circuits where its use will be described subse-
quently. In FIG.73, the CR 1-A line 58.23, the CR 1-8
line 58.37, the CR 1-2 line 58.47, the
are down, indicating binary “zeros.” The CR 1-1 line
$8.52 is positive indicating a binary “one” bit in CR 1.
CR 1 to Adder line 935.02 and Minus On Suppress 1
Bit to Adder line 56b.05 are positive to provide a positive
signal on the CR 1 to Adder 1 line 73.05 (1). As stated
previously, the zone bits of the character are to remain
unmodified and thus passed through the arithmetic cir-
cuits to the Result Register. However, in this instance,
the A and B bits of CR 1 are both “zeros.” Therefore,
CR 1 to Adder A line 73.01 and CR 1 to Adder B line
73.08 are negative to indicate the presence of binary
“zeros.” In FIG. 79, the CR 1to Adder A line 73.01 (A)
and the CR 1 to Adder B line 73.08 are negative as previ-
ously described. Zone Adder Out line 935.02 is positive
as previously mentioned and the Result A and Result B
lines are down.

In the Multiple Register of FIG. 78, the uppermost
trigger is reset On and the remaining triggers are reset
Off. In the Set Multiple Register the CR 2 line 93¢.01 is
only positive for multiply operations. Accordingly, the
Select 1 Multiple line 78.01 is positive for this operation.
In the Multiple Selection circuits of FIG. 82, CR 1
1o Adder-1 line 73.05 (1) line is positive, Select 1 Multiple
line 78.01 is positive to provide an output signal on the
Multiple-1 B line 82.04. CR 1 to Adder-2 line, CR 1
to Adder-4 line, CR 1 to Adder-3 line are negative as
previously explained. In FIG. 84, the Multiple 1-B line
$2.04 is positive. The remaining input lines are negative
and therefore the 1 bit is passed unmodified to the Multiple
1 lines $4.01 and 84.02. The Multiple 1 line 84.02 goes
to the Set Bit Routing Controls of F1G. 56q where it makes
positive the Digit Adder Out line 56a.65 which signal is
to be used hercafter. The Multiple 1 line 84.01 goes to
Digit Adder of FIG. 86. In FIG. 85, the Decimal Correc-
tion Circuits, the 8 Bit to Adder line 937.04 is positive
as previously described with reference to FIG. 56b and,
accordingly, the Multiple 8 lines 85.05 and 85.06 are
positive. The line 85.06 goes 1o FIG. 56a for the same
reason that Multiple 1 line 84.04 was routed there, and
the Multiple 8 line 85.05 goes to the Digit Adder of FIG.
86 where it makes positive the Multiple 8 line 85.05.
The Suppress Adder Carry line previously mentioned is
inverted to provide a Minus On Suppress Adder Carry
signal on the line 935.01. This line goes to the Decimal
Carry Circuits of FIG. 88 where it makes negative the
Decimal Carry In line 88.23. Referring now to the
Digit Adder of FIG. 86, the Decimal Carry In line 88.23
and the Route Decimal Carry In line 935.05 are negative.
The Multiple 1 line 84.01 and the Multiple 8 line 85.05
are positive to bring up the Sum 1 line 86.01 and the
Binary Sum 8 lines 86.06 and 86.07. The Decimal Cor-
rection Circuits of FIG. 87, the Sum 1 line 86.01 and the
Binary Sum 8 line 86.06 are positive. The Digit Adder
Out line 93¢.01 is positive to bring up the Resuit 1 lines

CR 1-4 line 58.42 ¢
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§7.09 through 87.12 and the Result 8 lines 87.13 through
87.16.

In the C Bit Generator of FIG. 90, the Result B line
79.06, the Resuit A line 79.02, the Result 4 line 87.05
and the Result 2 line 78.01 are negative to indicate binary
“zarns.” The Result 8 line 87.13 and Result 1 line 87.12
are positive to indicate binary “ones.” In FIG. 564, the
Set Bit and E time lines are positive, CR 1-C line is posi-
tive, but the CR, SSR-8 line is negative, therefore the C
Bit Out line 562.07 is down. Referring now to the C
Bit Generator of FIG. 90, the Generate C Bit Out line
93¢.03 is positive due to the Generate C Bit line 565.10
of FIG. 56b. Therefore, the binary “ones” are added,
The sum is even and the Result C line 90.01 is negative.
In the Result Register of FIGS. 89« and b, the Resuit 1
line 87.09 and the Result 8 line 87.14 are positive. The
remaining Result lines are negative. The Ro—Wo/ Ay
Use line 1034.14 is positive from R, to Wy and gates the
8 and 1 bit signals to condition a diode gate for the Ry
Use pulse on the line 101,17 which turns On the 8 and 2
triggers at W, Therefore, the contents of the Result
Register are available for wriling into Core Memory dur-
ing the Write portion of the second cycle. The arithmetic
operations described above have occurred during the Read
portion of ECC 1 and the Write portion of ECC 2.

During the Write portion of ECC 1 the contents of the
Memeory Buffer Register are written back into Memory
addresses 1000 through 1004. In FiG. 1364, the NOT
Transition line 1364.02 and the Minus On Block Add
Trigger line 93v.01 are positive to condition a diode gate
for the fall of the Ay/Ry—W, line 1035.23 to turn On the
Add trigger at Wy of ECC 1. The NOT Transition line
1364.02 and the Memory Read/Write Mode line 934.01
condition a diode gate for the fall of the A3/RyWy line
1035.07 which turns the Mode Control trigger On. With
the Add trigger On, the Add Trigger On [ine 1364.15
is positive but the turn On Transition Trigger line 93m.04
is negative and the Transition trigger remains Off. The
Add and Mode Triggers are turned Off during the next
Instruction cycle by X reset. In FIG. 122, the right plate
of the ECC 1 trigger conditions a diode gate for the fall
of the Ay/Ry—W, line 102.03 which turns On the ECC 2
trigger at Wy of ECC 1. The right side of ECC 1
trigger also conditions a diode gate for the fall of the line
121.03 which turns Off the ECC 1 trigger at Ws.

At R; of ECC 1, MAC 1 was prevented from stepping
since the Step MAC control lines remain down. Accord-
ingly MAC 1 retains the address 1000, MASR remains set
to 1000, therefore, Memory Addresses 1000 throngh 1004
will be read from during the Read portion of ECC 2.
Since the same addresses are read from in ECC 1 the
explanation will not be repeated, but once again the
Memory Buffer Register is set to the contents of Memory
addresses 1000 through 1004 so the contents of MBR
are not utilized and the Switch Cores of FIGS. 8 and 9
are in the set condition for writing the results of arithmetic
operations into the Address 1000.

In FIG. 136h, Memory Read/Write Mode line 934.03
is positive, the Mode Control Trigger On line 136e.34
is positive to bring up the Result to Memory line 1365.03.
The Result to Memory signal goes to Memory Control
Routing of FIG. 93p, makes positive the Result to
Memory line 93p.01. In FIG. 137, the Result to Memory
line 93p.01 and the Minus On PCT Request line 1355.14
are positive. At the rise of the A,/Ry—W; Use line 1034.67
brings up the Result to Memory 1 lines 137.91 and 137.02
at R; of ECC 2. In FIG. 10 the Memory Input Select
Circuits, Select Character 0 line 202.03, is up as previously
described. The Result to Memory 1 line 137.01 makes
positive the Result 0 to Memory line 10.02 and brings
down the Memory Buffer Register 0 to Memory line 10.01.
In FIG. 11b, the G line 895.09, the T line 895.05, the Y
line 895.01, the % line §94.05 and the 2 line 894.05 from
the Result Register of FIGS. 89« and b, are positive.
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The Result 0 to Memory line 10.02 is positive to gate the
complement of the contents of the Result Register onto
the output lines. In FIG, 12b, these lines will be used to
provide inhibit current to the core planes of Memory
Address 1000 to record CBA8421=0001001 therein. The
Memory Inhibit gate on the line 5g.01 becomes positive at
Ry and drives the T line 125.0¢1, B line 124,02, & linc
125.03, 1 line 125.65, and 2 line 125.06. In FIG. 55,
the 00 line 54.01 is positive, the Memory Write Gate on
the line 55.03 comes up at W, to drive the 00 line 55.61
with reset current. In FIG. 8 the 1000 core is in the set
condition and reset current on the 1000 line 4.02 resets
the core and provides half-select set current on its sec-
ondary. In FIG. 7b, the 0~4 line 7a.01 is positive, the
Memory Read Gate is supplied on the line 5g.05 at W,
to drive the 0—4 line 76.01. In FIG. 9, the 04 core is in
the set condition from the Read portion of the cycle.
Reset current on the 0—4 line 75.61 resets the core and
provides half-select set current on its secondary. In FIG.
13, all thirty-five cores at addresses 1000 through 10004
are being driven with current which in the absence of
inhibit current sets these cores to the “one” state. Inhibit
current is provide according to the bit configurations of
characters 1 through 4 of the Memory Buffer Register
so that the previous contents from Memory Addresses
1000 through 1004 remain the same. However, as previ-
ously explained, inhibit current is provided on the seven
cores of Memory Address 1000 from the Result Register
via the Memory Input Switch of FIG. 114 and the Inhibit
Driver Circuits of FIG. 12b. Thus, at the end of the
Write portion of ECC 2 the contents of Memory Address
1000 are now CBA8421==0001001.

Referring now to the Set Bit Routing Controls of FIG.
36a, the Set Bit line 231.03, the E Time line 123.03 and
the ECC 2 line 123.45 are positive to bring up the End E
Time line 562.01. In FIG. 93q, the End E time line
56a.01 makes positive the End E Time lines 93r.01 through
93r.86. The line 93+.06 goes to FIG. 121 where it condi-
tions a diode gate for the fall of the A3/R~W,; (Blocked)
line 164.10, which switches the I/E trigger from the E
state to the I state and makes positive the I Time line
121.01. Therefore, the Set Bit Instruction has been com-
plete during ECC 1 and ECC 2 and the next instruction
follows according to the contents of the Imstruction
Counter.

FIGS. 1464 and b taken together, show the Set Bit Flow
Diagram of controls made responsive by the particular
Set Bit Instruction employed. Suppress CR 2 Code Check
is up because if there happens to be a redundant character
in CR 2 from a previous operation no purpose is served in
detecting it. We are not using CR 2 during this operation
and the contents are of no consequence as previously ex-
plained. Memory Read/Write Mode is routed throughout
the Execute time, CR 1 to Adder, and Suppress Adder

Carry. The Multiple 1, 2, 4 and 8 blocks indicate that in !

the absence of bits in the Adder the Digit Adder Out
is not made positive, SSR-1, SSR-2, SSR-3, SSR-4,
specify the suppression of particular bits, SSR-5, SSR—6,
specify when A and B bits will be emitted, SSR-8, SSR-9,
SSR~10, SSR-11 and SSR—12 blocks specify numeric bits
to be forced into the character.

Assume ASU coding of 4 in the Set Bit Instruction
which provides that the 8 bit will be set to 0. In the
Storage Select Register of FIG. 164, the MBR character
2-B line 14¢.02 is down. The MBR character 2-A line
1442.02 is up, the MBR character 3—-B line 144.02 is down
and the MBR character 3-A 144.02 is down. Accord-
ingly, the SSR-4 trigger is turned On, the lines 164.10
through 164.13 are made positive. In FIG. 554, the SSR
Decoder 1-8, the SSR—4 On line 164.11, the SSR-2 On
line 164.14, the SSR-T On line 164.21 and the SSR-§ On
line 164.01 bring up the SSR-4 lines 554.15 through
$5a4.17. 1In FIG. 565, the SSR—4 line 554.15 and the Set
Bit 1 line $64.06 combine to bring up Suppress 8§ Bit to
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Adder line 565.08. In FIG. 934, the Suppress 8 Bit
to Adder line 565.08 makes negative the Minus On Sup-
press 8 Bit to Adder line 932.54. In FIG. 73, Adder Input
Switching, CR 1-8 line 58.37 is positive indicating a binary
“one” in the 8 bit position of the character. The Minus
on Suppress 8 Bit to Adder line 935.04 prevents CR 1
1o Adder 8 line 73.03 (8) from becoming positive. There-
fore, a binary “one,” signified by a positive signal, is not
present in Adder Input Switching and accordingly is
removed from the chart.

TRANSFER ON ZERO BIT INSTRUCTION

The Transfer On Zero Bit Instruction (TZB) permiis
the contents of the Instruction Counter to be replaced by
the address of the Transfer On Zero Bit lnstruction if
the bit being interrogated is in the “zero” state. The
Memory Address of the character to be tested is specified
by the contents of Memory Address Counter 2 and the
bit within the character of the ASU Zone Coding of the
Transfer On Zero Bit Instruction. Thus, the 1, 2, 4, 8,
A, B and C bits may be intcrrogated by designating the
1,2,3,4,5,6 and 7 ASU’s respectively. Any other ASU
designation does not cause a transfer to take place. If
the character to be interrogated is redundant, the Machine

5 Check Trigger is turned On.

Briefly, with the Operation decoded being transferred
on Zero Bit and the machine being in Execute time, the
contents of MAC 2 are set into the Memory Address
Select Register in order that the character being addressed
in Memory by the Memory Address Select Register is
governed by the seiting of MAC 2. Code checking of
CR 2 is suppressed to prevent an error indication if there
is a redundant character left in CR 2 from some prior in-
struction. The information in CR 2 is not utilized during
the Transfer On Zero Bit Instruction and hence should
not be the cause of the error indication. Memory Read
Mode is employed to read the character to be interrogated
trom Memory and place it in CR 1. If CR 1 is not set,
until near the end of the first Execute cycle, ECC 1, two
cycles are required to examine the particular bit of the
character addressed in Memory by MAC 2. Thus, End
E Time, which extends execution of the instruction, is
not provided until the second Execute cycle (ECC 2). 1f
the bit addressed is in the “zero” state the Imstruction
Counter is reset and set to the contents of the Memory
Address Register which contains Memory Address of the
Transfer On Zero Bit Instruction. The machine then will
perform the instruction located at the new address of the
Instruction Counter which has been set to the address
contained in the Transfer On Zero Bit Instruction.

EXAMPLE OF TRANSFER ON ZERO BIT

Assume that a Receive instruction has been used to
place the address 4321 in MAC 2 and that Memory
Address 0004 is interrogated and a Transfer On Zero Bit
Instruction placed in the Memory Buffer Register. Dur-
ing this Instruction cycle the contents of the Instruction
Counter are then 0004, The “period” is the Operaticas
Code for the Transfer On Zero Bit Inmstruction and is
contained in character 0 of the Memory Buffer Register,
The Memory Address of this instruction will be taken to
the 8764 with an ASU Coding of 3 which specifies that the
4 bit of the character referred to by MAC 2 is to be inter-
rogated. The format of the Transfer On Zero Bit Instruc-
tion used in this example will be as follows:

Memory Address MBR C B A ’ 8 4 J 2 1
Character i

0000 4] 1 1 1 1 0 1 1

0001 i 1 (] 0 1 0 0 0

0002 2 1 Q 0 Q 1 1 1

0003 3 0 1 1 0 1 1 0

0004 4 1 0 [ 0 1]o0 0

The character to which MAC 2 refers located in
Memory Address 4321 is a Z having the following bit con-
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figuration: CBA8421=1011001. Since the ASU Coding
is 3, which refers to the 4 bit, and the 4 bit is absent in the
character Z, then a Transfer will be effected.

The Operation Register is loaded from the Memory
Buffer Register, character 0 position, at A, Referring
to the Operation Register of FIGS. 214 and b, the MBR
character 0—1 line 145.02, the MBR character 01 line
145.62, the MBR charater -8 line 145.82, the MBI
character 0-A line 145.02, the MBR character 0-B line
146.62 and the MBR character 0-C line 145.02 are posi-
tive and conditicn diode gates for the fail of the Ay (D0.4)
I Time Use line 161.25 which turns On the C, B, A, 8, 2,
1 triggers at Ag. The MBR character (-4 line was down
and accordingly, the 4 trigger remains in the Off conditicn
as Instruction Reset previously. In the Operations Zone
Decoder of FIG. 23q, the Op. Register A line 215.02 and
the Op, Register B line 215.54 are positive. Accordingly,
all of the output lines are pusitive except the Minus Op.
Register-AB lines 232.61 through 234.10 which are down.
In FIG. 23k, Op. Register-1 line 212.06, Op. Register-2
line 21a.16, Op. Register-4 line 214.33, Op. Register-8
line 212.36 and Minus Op. Register-AB line 23a.16 are
negative. Therefore, the Transfer On Zero Bit lines
23k.0% through 234.03 are positive. In FIG. 121, the
End 1 Time Use line 61.63 is positive to condition a diode
gate for the fall of the A;/R4«~W, (Blocked) line 104.1%
to switch the I/E trigger to E at Wy of the Instruction
cycle, therefore, specifying E Time by the positive signal
on the line 121.02. 1n the Tramsfer Routing Controls
of FIG. 50a, the Transfer on Zero Bit line 23402 and
the E Time line 123.05 are positive to bring up the Set
MASR to MAC 2 line 504.0%, the Memory Read Mode
line 504.02 and the Suppress CR 2 Code Check line 504.03.
The line 564.91 sets the Memory Address Select Regisier
to the conteats of MAC 2 at R, of the First Execute
Cycle (ECC 1). Since MAC 2 contains the Memory
Address 4321 MASR will contfain this address throughout
the First Execute Cycle.

As stated previously, the Execute time for the Transfer
on Zero Bit Instruction is two cycles, ECC | and ECC 2.
In FIG. 122, the End I Time Use line 61.64 is positive and
the fall of the As/R,~W, (Blocked) line 121.03 turns
On the ECC 1 trigger at W, of the Instruction cycle and
makes positive the ECC 1 line 122.03 and the ECC 2
line 122.05. During the Read portion of ECC 1 char-
acters addressed and to be tested are read from Memory
Address 4321. In FiG. 36, the 20,000, 80, 40 and 20 lines
are positive making positive the 20 line 35.03. In FIG.
Sa, the 20 line 35.03 brings down the U5 line 5a.04, makes
positive the 20 line 54.03. The remaining NOT lines
remain positive since their inputs are negative. In FIGS.
Sk and ¢, all of the ouiput lines except the 20 line 5502
are driven when the Memory Read Bias Gate goes posi-
tive at Ry on the line 52.09. In FiG. 8, all of the columns
of switch cores except the ones linked by the 20 line 556.62
are driven with reset current. In FiG. 3d, the 10,000
line, T0 line, ¥ line, § line, T line and the 1 line are posi-
tive. Therefore, a positive level exists on the 0—4 line
34.01. In FIG. 7a, the 0—4 line 34.01 is positive to bring
down the 0-4 iine 74.62, o make positive the 0-4 line
7a.01. The remaining NOT lines are positive since their
inputs are negative. In FIGS. 7b and ¢, all of the output
lines except the 0-4 line 7h.01 are driven when the
Memory Read Bias Gate on the line 5g.01 goes positive
at Rgs. In FIG. 9, all of the columns of cores are driven
with reset current except the ones linked by the 0-4 line
75.01. In FIG. 3a, the 8000, T000 and 2000 lines are
positive. Therefore, the 4000 line 34.09 is positive. In
FIG. 4, the 4000 line 3a.09 is positive, the Memory Y
Read Gate line 32.08 goes positive at R; to drive the 4000
line 4.05. In FIG. 8 all of the columns of cores except the
one linked by the 20 line 55.92 are driven with reset cur-
vent and the 4000 line 4.65 is driven with set current.

Thercfore, the 4020 core is switched to the “one” state 7
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thereby providing half-select reset current on its secondary
to the Core Array of FIG. 13. In FIG. 3¢, the 808, 400,
200 and the 100 lines are positive. Therefore, the 300
line 3¢.87 is positive. In FIG. 6, the 300 line 3c.07 is
positive and the Memory X Read Gate line 5g.07 goes
posilive at Ry 3 to drive the 300 line 6.04. In FIG. 9, all
of the columns of cores except the one linked by the 0-4
line 75.01 are being driven with reset current. The 300
line 6.64 is driven with set current. Accordingly, the
100-304 core is set to the “one” state thereby providing
haif-select reset current on its secondary to the Core
Array of FIG. 13, In the Memory Array the 4020 and
300 lines are driven with reset current to read the contents
of Memory Addresses 4320 through 4324 onto the sense
windings. Sense windings are sampled at R 5 and in those
planes where binary “ones” are sensed the appropriate
trigger in the Memory Buffer Register is set to the On
state. Accordingly, the character 1 position of the
Memory Buffer Register which corresponds to Memory
Address 4,321 contains the character Z having a bit con-
figuration of CBA8421=1011001.

In FIG. 100, the Memory line 934.03, Read/Write line
99,05, Minus On PCT Request line 1355.08, Not Transi-
tion line 1364.01 and the Wg (D1) line 98.01 are positive
to provide the Sct CR 1 pulse on the line 169.02 at W,
to set the contents of MBR character 1 position into CR 1.
Character 1 is selected in FIG. 3¢ by the 8, 2, 4 and 1
lines being posilive to bring up the Select Character 1
line 3e.83. In FIG. 20a, with the Select Character 1
line 3¢.03 positive and Low Character line 1365.04 and
Hight Character line 1365.06 being negative the Normal
line is up to provide a positive signal on Select Character
I Out line 20¢.05. In FIG. 205, positive signals on the
Character 1 lines represent the character Z. Character
{~C line, character 1-A line, character 1-8 line and char-
acter 1—1 line are positive and the Select Character 1 Out
line 28a.05 gates the signals onto the output lines 205.01,
205.03, 200.04 and 205.67. In FIG. 20d, the signals are
passed directly to the C bit, A bit, 8 bit and 1 bit lines
which go to the input of CR 1 of FIG. 57. In the latter
figure the Set CR 1 line 100.02 is positive as previously
explained to turn On the C, A, 8 and 1 triggers to represent
the character Z.

During the Instruction cycle the Storage Select Register
of FIG. 164 was set to the Zone Bits of characters 2 and 3
of the Memory Buffer Register which at that time con-
tained binary “one” bits in the B and A positions of char-
acter 3 and binary “zeros” in the B and A positions of
character 2. Accordingly, MBR character 2-B line and
MBR character 2-A line were negative and MBR char-
acter 3-B line and MBR character 3—~A line were positive.
The positive signal on the A, I Time line 101.24 turned
On the SSR-2 and 1 triggers and the SSR-8 and 4
triggers remained Off as Instruction Reset. Thus from Ag
time of the Instruction cycle throughout the subsequent
operations the Storage Select Register is set to the ASU
Zoning of 3. In the Storage Select Register Decoder of
FIG. 55a, the SSR~1 On line 164.25 is positive, the SSR-2
On line 164.18 is positive, the SSR— On line 164.07 is
positive and the SSR-8 On line 164.01 is positive. There-
fore, the SSR--3 lines 554.11 through 554.14 are positive.
In the Transfer Routing Controls of FIG. 50q, it is now
determined whether the addressed bit is a “zero” or a
“one.” The SSR-3 line 354.14 and the CR -1 line 59.31
are positive. The SSR-3 line indicates an ASU Coding of
3 which refers to the 4 bit of the character addressed.
The CR 1-7 line indicates that the 4 bit of CR 1, which
contains the addressed character, is a “zero.” Accord-
ingly, a positive output is provided from the AND circuit
which brings up the reset Instruction Counter and Set to
MAR condition line 504.05.

Tn FIG. 122 the right plate of the ECC 1 irigger and
the Not End E Time line 121.85 condition a diode gate
for the fall of the Agz/RW, line 121.03 which turns



3,026,037

85

On the ECC 2 trigger. The right plate of ECC 1 trigger
also conditions a diode gate for the fall of the same
pulse which turns Off the ECC 1 trigger. Therefore,
ECC 2 line 122.04 and ECC ¥ line 122.05 are positive.
In FIG. 505, the Reset IC and Set to MAR condition line
50a.05 is up as previously described. The Transfer On
Zero Bit line 23k.01 and the ECC 2 line 123.46 are posi-
tive. Therefore, Reset IC and Set to MAR line 505.04
is positive. In FIG. 93; this signal is passed to the Reset
IC and Set to MAR lines 93j.10 and 93j.11. In FIG.
139, the Reset IC and Set to MAR line 93j.10 and the
Ry (D2) Use line 102.12 make positive the Instruction
Counter Reset line 1394.04 at Ry, of ECC 2. In FIG.
139¢, the Instruction Counter Reset pulse is passed onto
the lines 139¢.08 through 139c.12 which go to the In-
struction Counter of FIGS. 32a through 32e to reset the
Instruction Counter to “zero.” The line 9311 of FIG.
93j, goes to Instruction Counter of FIG. 324 where it is
combined with the Ag/R3~W, pulse on the line 1034.20.
The MAR 1 line 174.07 is down since the Units order
of MAR contains the digit 4 and the units order of the
Instruction Counter remains as reset with 1C—4 lines
32a.01 and 324.02 positive. The Reset IC and Set to
MAR signal on the line 93j.11 is also distributed to the
other orders of the Imstruction Counter via the lines
32a.86 through 324.09. In FIG. 325, the MAR-40 line
175.14 and the MAR-20 line 175.22 are positive to turn
On the IC-40 and IC-20 triggers at the fall of the line
324.06. In FIG. 32¢, the MAR-400 line 17¢.16, the
MAR--200 line 17c.25 and the MAR~100 line 17¢.34 are
positive to turn On the 400, 200 and 100 triggers of the
third order of the Instruction Counter at the fall of the
line 324.07. In FIG. 32d, the MAR-8000 line 174.08 is
positive to turn On the 8000 trigger of the fourth order
of the Instruction Counter at the fall of the Set IC to
MAR line 324.08. In FIG. 32e, the MAR~10,000 line
17¢.07, the MAR-20,000 line 17¢.13 and the MAR-40,000
line 17¢.20 are negative. Accordingly, the triggers of
the fifth order of IC remain Of. Thus, the contents of
MAR have been set into the Instruction Counter and it
now stands at 8764 which is the address contained in the
Transfer on Zero Bit Instruction.

In FIG, 505, the ECC 2 line 123.46 and the Transfer
On Zero Bit line 23k.01 are positive to bring up the
End E Time line 505.02. In FIG. 93r, the End E Time
signal is distributed on the lines 93r.01 through 93r.06.
In FIG. 121, the End E Time line 93r.06 conditions a
diode gate for the fall of the A;/R,~W, line 104.10 which
switches the I/E trigger from E to I and brings up
the line 121.01. Therefore, the next cycle will be an
Instruction cycle and reference will be made to Memory
Address 8764 contained in the Instruction Counter for
the next instruction to be performed.
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EXPLANATION OF SYMBOLS

A is an AND circuit. —A is a negative AND circuit
(+OR circuit). AC is a cascaded AND circuit. AM
is a driver. AMD is a switch core read driver. AMP
is a switch core write driver or ring circuit driver. AMR
is a switch core driver. AMS is a sense amplifier. DG
is a negative diode gate. DL is a delay line. GA and
GAF are grounded grid amplifiers. GJ is a positive diode
gate. I is an inverter. IC is a clock inverter, IF, 17,
1ZI, DK and IK are inverters. IN and INK are neon
inverters. IPF is a pulse forming inverter. K is a stand-
ard cathode follower. KB is a power cathode follower,
KC is a cathode follower clamp. KG is a plate level
cathode follower. KF, KJ, KJO and KMD are cathode
followers. KO is a cathode follower OR. KO@ is a
cathode follower. KR is a cathode follower with a
cathode resistor common with another cathode follower.
KRA is a reset cathode follower, KS is a resistance
gated diode driver. KZ is a power cathode follower. O
and O= are OR circuits. OC and OCS are cascaded OR
circuits. PKRZ is a peaker. RD is a relay driver. 8S
is a single shot. SSE is a fast recovery single shot. T
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is a high speed trigger. TB is a Schmitt trigger. TC,

TMS and TR are triggers. TS is a slow speed trigger.
TT is a tape write trigger. XTAL is a crystal. The letter
“p” signifies a powered routing line. “PN” indicates
that panel neons are associated with a trigger.

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 system wherein daia comprises
signals representative of characters composed of binary
bits and the system is controlled by signals representa-
tive of instructions having an operations code part, a
character address part, and a bit address part and operates
in instruction and execution cycles, apparatus comprising
storage means designated Memory having addressable
character locations, instruction means for receiving the op-
erations parts of the instruction signals, arithmetic means
coupled to Memory for receiving data signals therefrom
and processing the same, Memory addressing means for
receiving character address signals for reading character
signals from Memory and for writing character signals
obtained from said arithmetic means into Memory during
execution cycles, means responsive during an instruction
cycle to enter the character address included in said in-
struction signals into the Memory addressing means to
direct selection of a designated character, to place the
character addressed into said arithmetic circuits and to
initiate execution cycles and execution means responsive
to a particular operation code portion of the signals in-
struction in said imstruction means and the bit address
portion signal to control said arithmetic means to modify
the binary state of a particular bit signal of said character.

2. A claim in accordance with claim 1 wherein each
bit is referred to by signals representative of two individual
addresses and said last-mentioned means sets the state
of said particular bit addressed to the ome or the zero
state depending upon the address employed to specify the
bit.

3. A claim in accordance with claim 1 wherein said
last-mentioned means includes an emitter for forming a
binary one bit signal in response to the bit address signals,
which bit signat is then used in the bit address portion
signals for storage in Memory.

4. A claim in accordance with claim 1 wherein said
last-mentioned means includes circuits for blocking selec-
tively bit lines of the arithmetic means in accordance
with the bit address portion signals whereby said ad-
dressed bit is set to the zero state for storage in Memory.

5. In a data processing system wherein data comprises
signals representative of characters composed of binary
bits and the system is controlled by signals representative
of instructions including those having an operations code
part, a character address part, and a bit address part and
operates in instruction and execution cycles, apparatus
comprising storage means designated Memory having ad-
dressable character locations, instruction means for re-
ceiving the operations parts of the instruction signals,
arithmetic means coupled to Memory for receiving data
signals therefrom and processing the same, Memory ad-
dressing means for receiving character address signals for
reading character signals from Memory and for writing
character signals obtained from said arithmetic means
into Memory during execution cycles, means effective dur-
ing an instruction cycle to enter the character address
included in said instruction signals into the Memory ad-
dressing means, to place the character addressed into said
arithmetic circuits and to initiate execution cycles and
exccution means responsive to a particular operation code
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portion of the signals representative of an instruction in
said instruction means and the bit address portion signals,
in combination to control said arithmetic means to modify
the binary state of a particular bit signal designated by
the bit address portion.

6. In a data processing system wherein data comprises
signals representative of characters having zone and nu-
meric binary bit portions and the system is controlled by
signals representative of instructions having an operations
part, a character address part, and combination opera-
tion and address part and operates in instruction and exe-
cution cycles, apparatus comprising storage means desig-
nated Memory having addressable character locations,
instruction means for receiving the operations parts of
the instruction signals, arithmetic means coupled to Mem-
ory for receiving data signals therefrom and processing
the same, Memory addressing means for receiving char-
acter address signals for reading character signals from
Memory and for writing character signals obtained from
said arithmetic means into Memory during execution
cycles, means responsive during an instruction cycle to
cnter the character address included in said instruction
signals into the Memory addressing means and to initiate
execution cycles, said addressing means placing the binary
bits of the character signals addressed in said arithmetic
circuits, and execution means responsive to a particular
operation code portion of the signals representative of
an instruction in said instruction means and said combi-
nation operations and address part to control said arith-
metic means to modify the binary state of the particular
bit designated by the bit address included in said instruc-
tion signals, said Memory addressing means storing the
character signals so modified in Memory.

7. A claim in accordance with claim 6 wherein said
last-mentioned means blocks the binary one bit signal so
addressed if the combination address-operation portion is
of one configuration and emits a binary one bit signal if
the combination address-operation portion is of a second
configuration.

8. In a data processing system controlled by mani-
festations representative of instructions having an opera-
tions code part and two address parts and operating in
instruction and execution cycles and which includes stor-
age means designated Memory having addressable loca-
tions, addressing means for reading character bit mani-
festations from Memory including a first Memory address
counter and a second Memory address counter, each for
holding the address of character bit manifestations stored
in Memory, aritbmetic means coupled to Memory, means
initially operable during an instruction cycle operation
code part for operating said addressing means to cause
character bit manifestations at locations in Memory speci-
fied by said second Memory address counter to be read
from Memory and for initiating execution cycles, said
addressing means reading the designated character bit
manifestations into said arithmetic means, execution
means controlled by manifestations of a particular opera-
tion code part of said instruction manifestations and one
address part of said instruction manifestations for testing
the particular state of the addressed bit manifestations of
the character manifestations in said arithmetic means,
and means responsive to the particular state of said bit
manfestations for placing the other address part of the
instruction manifestations in the first Memory address
counter for selecting the next instruction manifestations
according to the contents thereof.
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