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gy SLTMRTOMS DG I I N ¥
i 17008-300
2ot MAS8 ¥ K [HR 170.08-320
20405 MEMOUT BUS-4 . flal0-27
TBW 2K 1Tat1-3l0
} 17a12-290
GJ ——o—+ 1701328
e b e il014300
%0126 SHAC 0/5 , b {70153
DG H {10627
DG n| 7
o ‘E K MR ? a11-300
BUS-2 Bw Y L To19-28
Ki 170.20-310
GJ ] b 621300
| S—T X
L {2327
L_SMAC 05 170 24-49b
DG [ d
MAR-T
o M ¢ rozr
20407 MEM OUT BUS-1 L ot “
BLOCK SET 15T - :
17 07 TBW 2K 170.27-28
ORDER MAR i 170.28-310
10119 A1(DO4) USE ! e 30330
27
g CHE SHAC (DG) DG fla i
DGF— MAR RESET (W) 139¢.18
{2 CLAMP 1394.36




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 95

SMAC 80
2nd.ORDER OF MAR " 17b.01-4%¢
2K [MAR-80 175,02-30b
110,0p MBR_CHAR 3-8 K -
FIGA7b I TBW[~{2 K [HAR-80 17603-290
GJ = 17b04-28
SMAC-80 175,05-30b
1
%atss = 17505-31b
DG —————=1{15.07-32b
CET MR ToMS L b33
17£02 DG |—— _
BO12 e T DK | MAR-40 17.09-30t
140,02
WBR CHAR 34
TBW |- 2K [MAR-40 17b.10-29
- G b bries
2633 SHAC-40 b~ 17b12-30b
: Jﬂ— ———=17b13-31h
DG H 17b.14-32b
| L =17 1533}
|
DG |—r = L SMACA0 76494
MAS-40 T MAR- 20 :
2513 g 2K 17b47-30b
140,02
1 TBW| | 2K |MAR20 17518-290
~-i GJ 1761928
SMAC- 20 17b.20-30b
2%a3t s S 172131
DG H 175.22:32b
L 11p2333
DG ———+ LSMAC20  _ ) 94494
2bg 520 y 2K [HARH0 17,2530
o0 0z MER CHAR 3
i7c0g BLOCK SET 210 D
~ ORDER MAR Tewl— 2k [ AR 17h.26-290
10120 ALDOAIUSE GJ ' b~ 1Ib 2728
SMAC-10 b 4728300
260128
b —1Tb2931b
2802 CHK SHAG(DG) | DG  —17h30-32b
I vien
'( DG |
2515 MAS0 SMAC 10 17b.30-49¢

MAR RESET (W) 139¢.19
A2 CLAMP 1394.37



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 96

SMAC 800

26ai4qaSMAC-800  3rd ORDER OF MAR 17c.01-491
o (o MR CHAR2E oK MAR-80 17 -7
— | LTBW 17 03-30¢
FIGA7c — GJd D 1 2K MAR-800 __ 7. 04-29¢
. 17¢.05-28
17¢.06-30¢
MAS-B00 DG H 17 07-31¢
250,08 v b 0832
~ DG |——— e {7c09-33¢
2K MAR-400 17¢10-30¢
4o 0p MR CHAR 24 1 L T
3 TBWI— 2K M flc12-290
He GJ Dt t———1{7c13-28
b 7eia-30c
ST T E N
DG H 17c.16-32¢
MAS-400)
25.09 X 1Te17-33¢
~ DG I SM“CM:Q_OW f7c18-49f
4 -
2atqy SMAC-400 2K »7c19-30¢
14,00 MBR CHAR 22 7 247t
l TBW— 2K NAR-200 17, 21-290
- GJ e 22-28
6 23-30¢
¥ ——————{7c 2431
DG b 17:2532¢
g MS20 e 2633
' - DG Ik SMAC 200 17 o7 g0
14:-02 MBR CHAR 2-1 L 17¢.29-471
17F.09 %IODCEKR%ATRM -~ Tgwi__. oK NAR-100 17c.3?-290
T 31-28
A | 32 30¢
| Y
b 3432
Y7e35-33¢
A CEASC (00 o |
26oBs SMAC-100 ! SMAC 1001736491
7.0 SET MAR TOMAS DG —ﬂ*KI‘J
MAR RESET (W) 139¢.20
MAS-100 1 12 CLAMP 1394.38

256




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 97

SMAC 8000
179.01-49h
4th.ORDER OF MAR T ot
Ho02 S AR 7 - [ L d0a300
TBW —L i
FIG.17d 1 GJ oK |AR-8000 1d104-29b
) ————17d05-28
26q 154 SHAC-B000 ~ b —17406-30¢
= 17d07-31d
DG H p——=17d08-324
= 17d.09-334
06 | MAR-4000
MAS-8000 7 2K = 17d.10-171
04 I
213202 MBF CHAR 1-4 17d 11-304
3 TBW |- 2 K | MAR-4000 17d12-29b
-~ 17d13-28
o ||TTEY f———m 17d14-304
2651 ) +— 171d.15-31d
= 17d16-324
DG H = 11d17-33d
I SMAC 8000 _ 17 4g-49
= DG ——H—KPJ T
MAR-20
MAS-4000 T 2K 17d 19-{71
ffg’gzs MBR CHAR 12 L L 1720304
L 7 TBW|—— 2K |HAR-2000 17d.21-29b
e fazd,
= 17d 23304
260149 SHAC-200 X | 14,2434
b - 1925324
DG H = 17d 26-33d
| : 17d 27-49h
g | MAR-1000
MAS-2000 T oK AR 17d 28-17f
25006 g char 11 L 1d 29300
14002
17¢10 BLOCK SET 4TH MARLA000 ‘
19" GRDER MAR TBW}~ 2K 11d30-29b -
AN(D 04)USE 17d31-28
01.22 GJ = 17d.37-30d
— — 17d33-31d
= 17d 34-324
L 1743533
¢o SETMARTOMS DG | :
MAS-1000 7 f
5607
260 47 SHAC-1000 ; . SMAC 1000 _ t7g36-49n
CHK SMAC(DG)
28.04 OG MAR RESET (W) 139¢.21

-12 CLAMP

139d.39



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

Sth. ORDER OF MAR

3,059,222

382 Sheets-Sheet 98

FIG.17e HACI0000 _ o o
oK | MR- _ o oonge
MBR CHAR1-A
146.02 [ ] MR - 10,000
' 29
260.1% SMAC-10,000 2K 1700329
. e 04-28
170.05-30e
76 06-3le
1700732
MAS - 10,000
25 0310,
SHAC 20000 _ 70 14 4o
2K MAR -20000 __ 17, 0830
f40,00 MBR CHAR 1-8 o1 MaR-20000
%6015 ' 17e.10-28
CHK SMAC (DG) fle 11-30¢
205 DG b fet23e
L {Te1332
"’ DGFH—
SMAC 40000 _ 7. o149
fot 23 A (00USE GJ 2K MR- B0 __ 7 15 30,
MER CHAR 4B
14002 NAR- 40,000
26 .160SMAC - 40,000 BW, 2K L 17e.16:29b
o ¥ fled7-28
L1 , b 176.18-30
bG 17.19-3te
L 1762032
MAR RESET (W)139¢.22
105 SELMAR TO MAS DG l 12 CLAMP 139440




Oct. 16, 1962

Filed Dec. 31, 1958

FIGA7f

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets—Sheet 99

MEMORY ADDRESS REGISTER CONTROLS

SET MAR T0 MAS

SSR T0 $§
17.01
A3/RE-W2 A GAF KS 4K SET MAR TO MAS 17t 0y 17,
1030.24 177 02-17b
IMEC 17 03-17¢
| " 57
177 05-7e
SET SSR T0 SS T 08162
20405 MEM OUT BUS-2 SE%CEKRSHRM
' A 1K K 11f 07170
20 04 MEM_OUT BUS 8 i"‘EG
_MBR CHAR 3-2 BLOCK SET 2ND.
ORDER MAR _i7p08-17b
MBR CHAR 3-8 A IK K .
MEG
140.02J
MBR CHAR 2-2 BLOGK SET 3R0.
MBR CHAR 2-8 A 1K K [OROER MAR e pg-17c
k imsc
(- BLOCK SET 4TH
MBR CHAR 1-2 GROER AR e g
14b .02 MBR CHAR 1-8 A IK K Ht.
imm
MAR-200
17e 41
MAR- 10D
{7c.29
f7c.02 ﬂﬁ?fm BLOCK CALL FOR HALF STEP
ggizg K AC K en-17
. - 17£12-934

1107 -AUTO_LOAD




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 100
FIG.18a
PCT. WRITE BUSSES CHAR. 4,382
( GHAR.4-C (P) 2KJ WR. BUS CHAR. 4-C 0. o)
CHAR.4-8 (P) | oKJ WR._BUS. CHAR. 4-B 40, 00
CHAR. 4-A (P) 2K WR._BUS. CHAR. 4-A g4 03
FROM CHAR.4 T0 PCT.
BUFF. REG. J CHAR.4-8 (P 2KJ WR. BUS. CHAR. 4-8 —<{8a.04 > CONN.
14a.04 F16.94
- WR. BUS. GHAR. 4-4
CHAR. 4-4 (P) 2KJ 183.05
CHAR. 4-2 (P) 2KJ WR. BUS. CHAR. 4-2 182.06
CHAR. 4-1 (P) - 2KJ WR. BUS. CHAR. 4-1 __ypa 7
\ L=
FIG.18b
PC.T. WRITE BUSSES CHAR. 180
CHAR.1-C (P) 2KJ WR. BUS. CHAR.1-C____4ai o4 ]
- . BUS. CHAR. 1-B
CHAR.1-B (P} 2KJ WR. BUS. CHA 185.02
CHAR.1-A (P) 2KJ WR._BUS. CHAR.1-A __iay 03
BUFF. REG. < CHAR.1-8 (P) 2KJ 185.04 > aoNN.
14b.04 F16. 94
] WR. BUS CHAR. 1-4
CHAR.1-4 (P) 2KJ 18b.05
- WR. BUS CHAR f-2
CHAR.1-2 (P} 2KJ 18b.06
. WR. BUS CHAR1-1
CHAR1-1 (P) 2KJ 18b.07)
\
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1958
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Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 103

FIG. 19¢
MEMORY BUFF. REG. CODE CHECK OUTPUT
CHAR. 4,3,2 Vpg 2F-
190,01 CODE CHECK 00D ok MBR CODE CHECK 0DD (P) 800172
GAF
CHAR. 1,0
9b.0f  CUDE CHECK 00O
50c.04 —LCI CHECK (P) o 2KJHHBRIOE g 0p-94
5,05 _READ MEMORY T (P)
A
i MEG
930 g7 _READ MEWORY T (P) A
%1 MEG.
FlG 142b DRIVER BIAS VOLTAGE REGULATOR
TUBE 8 TUBE 7
130V
P detuf ;
400V
- 6 1500
gl 100K 1508 17T
(o) S — PN
S00K o TEST POINT
{POT) 2 1 DRIVER
— o
] v
§/15K 6K .S/Hf 36K
1w oW S 400V
I PN
(0

Qv 3oV



Oct. 16, 1962 W. R. DEMMER
TRANSFER INSTRUCTION
Filed Dec. 31, 1958

MEMORY OUTPUT SELECT

3,059,222

382 Shests-Sheet 104

SEL CHAR 2. (P)

SEL CHAR 1 (P}

FI1G.20a SEL CHAR 0 (P) _
A 1 o |l ok st caar o our
A
30 0 SEL CHAR 0 (P) "
3003 SELCHAR 1 (P) A —L 0 | |LSEL cHtR 1 ouT
A
3¢ 05 2L CHAR 2 (P) A o oK | _stLowm2 our
[T A
LA
SEL GHAR 3 (P) 1
, EL CHAR 3 00T
Je .07 A 0 oK S
A f
SEL CHAR 3 (P)
J Al o [ ok | SeLcara our
HAR 4 (P
3009 L ) n J‘
[ NORMAL
LOW CHAR (P) |
36b.04
361 0 HICH CHAR (P) 0 I a{zK

20a.01-10
20a.02-10
200.03-10

20a.04-20b

200.05-20b

202.06-20d

200.07-20¢

204.08-10

200.08-20¢

SEL CHAR 4 (P) —» 20a.10-10




Oct.

16, 1962

Filed Dec. 31, 1958

OUTPUT SWITCH CHAR {&0

SELECT CHAR { OUT

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 105

20005 00k 10 () A KO C BT b0
%n MEG
CHAR 1-B (P) A KO B BT _ pgp02
%1 MEG _
O (=]
CHAR 1-A (P) A KO A BT o0n03) <
%MEG =
= 8 BIT E
tap.06{ CHAR 18 (P) A KO o040 =
I MEC 3
= z
CHAR 1-4 (P) A KO 48T pop05| &
(=]
%WEG .
- T
CHAR 1-2 (P) A KO 28 20b.06
%MEG
CHAR 1-1 (P) A KO t8IT 20007
SELECT CHAR 0 QUT é‘ NEG
200.04 =
o7 CHAR 0-¢ (P) A KO
%1 MEG
CHAR 0-B (P) A KO
%1 NEE
CHAR 0-A (P) A KO
%msc
e 054 CHAR 0-8 (P) A KO
I NEC
B
CHAR 0-4 (P) A KO
%1 NE F1G.20b
CHAR 0-2 (P) A KO
%1 MEG
CHAR 0-1 (P) A KO

1 MEG

AN



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 106

OUTPUT SWITCH CHAR 4 83

SELECT CHAR 4 OUT =
200097008 40 (p) A KO C BT o ppe0
%mes
CHAR 4-B (P) A KO B BT _pc00
%IMEG
CHAR 4-A(P) 1 A KO ABIT__opegs | S
%mac =
] o= 8 BIT £
11005 | CHAR4-B(P) A KO 20004 >;
I NEG 2
1 5 4 BIT =
CHAR 4-4 (P) A KO 20605 | =
%mec =
CHAR 4-2(P) 1 A KO 2 BT 20006
»
L] = | BIT
CHAR 4-1 (P) A KO 20607 |
Nsmcr CHAR 3 OUT %"EG
206.07 =
% CHAR 3-C (P) A KO
%mzc
CHAR 3-8 (P) 7 A KO
| WEG
CHAR 3-A(P) 1 A KO
%1 NEG
1 A KO
16005 HAR 3-8 ()
1 NEG
CHAR 3-4 (P) 1A KO
%msc
CHAR 3-2(P) 1A KO FIG.20¢
%mec
CHAR 3-1(P) 1A KO
\
éIMEG
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Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 107

OUTPUT SWITCH CHAR 2

CHAR 2-C (P}

8& MEMORY OUT BUS

a. C 8IT
204 06 SELECT CHAR 2 QUT A KO
1 MEG
20c.01-S 81T
20b.01£ BT
) _— B BIT
1406 SHAR 2-B(P) A KO
1 MEG
20602 g g:TT
206,02
] - A BIT
14005 CHAR 2-A(P) A KO
1 MEG
20c.03 : g::
20b.03
i — A KO B BIT
1 g AR 2-8 ()
| MEG
2004 38T
206048 81T
- 4 BIT
140,05 CHAR 2-4 (P) A KO
1 MEG
20005 -+ BT
20605 2 BIT
- 2 BIT
11,05 CHAR 2-2 (P) A KO
1 MEG
20¢.06 2 :';
20b.05 28!
L. ! BIT
110,06 SHAR 2-1 (P) A KO
I NEG
200 07 ', z';
20,072

FI1G.20d

200.01-57

20d.02-57

204.03-57

204.04-5770,
i1

204.05-57,170

20d.06-57,17,
{78

204.07-51170



3,059,222
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382 Sheets-Sheet 108

1958

Filed Dec. 31,

9¢1-907202
2%1-60°202
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Oct. 16, 1962

Filed Dec. 31, 1958

OPERATION REGISTER 1,2,4,8 TGRS.

F1G.21a

14602 MBR CHAR 0-1

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 109

0P REG-T

20.01-23b
210.02-23d

————=20.03-23f

KJ

t1'TGR
TX

PN

0P REG-1

210.08-23¢

2KJ

GJ

DG

0P REG-2

210.09-23g
Na10-23i
Zo.11-231

Nal2-23¢
ol3- 234
21a14-23g

204 KEYBOARD-1(P)

14502 MBR CHAR 0-2

PN

2KJ

L‘Z" T6R
TX

QP REG-2

Za.19-23h
2e16-23k

Aal7-23b
21018-23e

2KJ

MBR-CHAR 0-4

14b.02

GJ

0P REG-4

20019-23f
20.20-23i

p———200.21-23]

A0.22-231

20 23-23¢

Aa.24-231
2la25-23g
210.26-23h

PN

2KJ

0P REG-4

Aa.27-231
210.28-23b

2KJ

DG

——
—

MBR GHAR 0-8

14b.02

AD(D0.4)
101,26 1 TIME 1USE)

MY — v

GJ

DG |—I——

921,04 KEYBOARD -8 {P)

0P REG-3

20.29-23%
2a 30-23¢
dadt-23i
00.32-23j
2a.33-23k

—————=2034-23i

2Aa35-23
20.36-23k

PN

2KJ

L“B" T6R
TX

0P REG-8

21a.37-231
2a.38-23b

KJ

17,02 SET OP REG TO KEYBOARD

KS

I

20.39-23¢
21a40-234
Aoft-23e

| Iy T

f——2a43-23¢

210.44-23h

A3/R4-W2 (0G) (SET O REG) _ 1, 45-21p

INSTR RESET (X) 139b.02

-12 CLAMP 1394.06



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 110
OPERATION REGISTER A,B,C TRIGGERS
K PREGR _ 2101-230
TR o
X K PRECA o4y 02230
1402 YR CHAR O-A
My —————— GJ 4
— DG |——
K PREGE _ )yp03-230
BTR o -
TX K PRES"B _ »1p08-230
gy PR CHROD ,
- 6d
o205 (TR B(P i
—~ DG 1t
K OPREGC _ o1p05-24
TTOR
X K 0P REG-C _ 91p06-24
upgp "EREHROC '
o1 A0000 THEWSDL | [ 5 5 ol
g7 1ETBAR-CO INSTR RESET (X) 139b.03
! i 12 CLAMP 139407
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3,059,222

382 Sheets-Sheet 112

FI1G.22b KEYBOARD OUTPUTS
22002 “ﬁ:}?’ K HEBORD-(P) . o
22003 R po K KEYBOMRD -2(P)__ |51
T0FIG 20
_4 i
2008 2 A K EBOR-4(P)__ [ o
2al5 =N o} ORR-60) |,
ZZQ_OSKEYBOARD«-Iﬁf\, KO EBORAP) o
REYEOARD: S, 2006, KEYBORD-B(P) | TO FIG.
2007 . K 0
s ETEHL K EBUR0-C(P) | o
INT
“ -
KO |- 12008
g‘!MEG
Bo -
) KO (AU 22609
o f‘.m 2010 S TOFIG.
KE)O RESULT-4 [ 8%a
{ME!
=51 RESULT-4
Ki Jaap
og3 MMM STORE ]
{MEG
KO VA 5 oonp
IMEG 22/!113
T =) RESUT-B 10 FI6.
KO ¢ 89p
(MEG
L) w _
KO -G 22014

g\tM EG
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Oct. 16, 1962

Filed Dec. 31, 1958

FIG.23a

OPERATION ZONE DECODER

b0t OP REGA

W. R. DEMMER
TRANSFER INSTRUCTION

2Ab03 0P REG-B

0P REG A

() OP REG-AB

3,059,222

382 Sheets-Sheet 115

23a01-23b
t————— 23a02-23¢
— = 23a/3-23d
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FIG.30b oG 1t K MACER 35, 0130¢
30707 TEPMAC -1 OR1-5 ¥ K
. i | T K WA 0, 02491
93906 | K- T —— 30b03-30¢
i 0 MR D DG|HDG| —+— T
MAR-80 ) 3 L+ DG
17b 05 — ”
L DG -————H‘*K}—j MAC1-40,
T s T K 306.05-49¢
~ ,—-l — K
{7b 0gMAR-40 DG| DG _K)_]M
174 1244840 ! Y LIYaL )
[
DG { K IT
L)
E DG ———|FJ-4<)— )
. =+ U WACT 20306.06-494
) h—’ ——KH
UL DG DG <
17 22 son ;33}:;&
3o (aHAC1-8 DG i K [—
)
ﬂd.mLm:a L
SET MAC § _
W rupon|l| DS < T K MO w044
,_r_—J =
- | - 30608-30g
17b.25 DG| DG -
. ) ‘
17,29 WAR0

-12 CLAMP 139d.42
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3rd. ORDER OF MAC { i
FIG.30c¢ | K JHCHB0, o304
i [ 07 ]
R+ T NAC 1-800
30¢.03 — DG — T K = 30c02-49f
STEP i ’ wﬁ.oa-agd
93 07 l X0e4-309
1700 MAR=00 DG DGf—i
172 0 MHA-800 ’ i De

L]

DG Ik
} DG | T K Wik 133285-49{
[ |
. ! —
freg R0 DG DG —t
F 68K “33uuf

1714 HAR-400
DGF—m
MAC 1-200
d DG { T K 30c.06-491

T

| i |
. |
f1o 19 MR- 200 DG DG ll—‘
-200 soK L33l
e2s i s
ol | J
30p 0380 DG |
P MAC 1-100
30p (4G 180 ! be T K c.07-491
SET MAC 1 L Rets-90g
0 MAR(DO) T , -
009 I i {
. [_l_ —
17, 23 MAR=100 TDG DG -12 CLAMP 1394.43

17¢ 30 MAR-100
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FIG.30d 8000
IG el | Kk WA 18000 30..0t-30e
30r0a TEP MAC — , ’
Metors L —— |
DG | —k « | -
H T K MCT8000 30c102-49m
3, g ST MG 7 N 30d.03-30e
ETC) [—HF—KFL &J '
__ | ———30d.04-30g
17 g B0 DG JLH&%%—J
)
17g 0gHAR 8000 ——DG| 4 DG
@——ﬂ K - K
L] DG | H+—ik -
12 _{ T K MAC 14000 30,0 05491
B K ]
| I 4‘[1 L‘é’GBLH}LpF
MAR 4000 —
{1d 14— —= DG
D6 HH [—-—JT ||
ETMCIT) .
! .
MAR 2000 | |
f1d 20 DG g e
. \ 7 leax Fupt
300 03B | DG 4 K |
T
300 E TR DG [ T K MACTI000_ 30,5.07-49n
_ 3
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s | K :
174 29 MAR 100 DG
A 1
I
(7.3 MR 1000 DG
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F|G.30° 5th. ORDER OF MAC {
13,y MAC 1 40K ON_TERN s
DG - L e
30¢ 05 STEP MAC 141083 " o6 N T K 0003 o g
STEP WG o 30e.02-30g
g 09 K
5 e DG ’—- DG
1135 30000
MAG 1 40K
OFF TERM
1310 J
K -
DG {i— , e i-
’ DG K+ T K 20'00030@0349;
: %0e,0430g
— A
MR- _ —IH—K—
17e.0 2000 DG DG
r
17e 20000
—_— . K L_J
34 0y 10001 L DG It e
304 o 18000 - D6 | YT K H%%%50005-49
: e.06-30g
SET MACH T0 — K+
m"mﬂ 06). | _ [__“_K)__K,___
f1o 02 MAR-T0.000 DG r DG
170 o5 AR-10000

-12 CLAMP 139d.45
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FIG.30f MAG 1 CONTROLS o
RV
939_025TEP MAG 1+1{P} o 2K ST 0R~5wf 02-30b
30f 03-30¢
g3 (3P MACESE) | 307.04-304
30f (5-30¢
(03 152 REWIBLOCKED 1K KS A2/ RAMHBLOGKED) o0
123,20 L TIME(P) ~ A KO |-
g3 0gSELNACI 10 %1 NEG
% AR (P)
2R WIUSE)— o~ %%LL‘&POE;)
1%35%05 VR A KO 5GAF KS 5K 30£.07-300
124 3L TME %1 HEG ggigggg?
9 GET AT T0 57 :
MAC 1 TO MAR = 30f.10-304d
QLT ~ L 30f11-30e
03025 RAW? A KO- '
‘ ' 1 MEG
FIG.31 f MAC 2 CONTROLS
1K KS CIA2/R3- W #0130
(%mcsx-sm) ———3102-30
LOCKED . ;
103a.19 t————31f 03-31h
RESET MAC 2 A —IGAF KS 4 [SET W2 TOMR 540 g 34
o , 317 0531
o o T MEZA ) e STEP MAC 241 RS ek
oan gssteemec 25| O K i orsia
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F1G.30g MAC 1= 0/5,4/9,1/6

- MAC 1= END OF MEMORY
Nar MAC1-1 B
30009 YAC1-2

30006 mg }; A
30002
30g 01-136b

[ 309.02-70b
MAG 1-4 A

MAGC 1 ENDS IN 0/5
0 2 K [HACTENDS N

30a08

o K| HAC 1 ENDS N 419

30g.03-136b

1 1
0 K MAC 1 ENDS IN 1/6

I 30g.04-650
30g.05-64¢

MAC 1-2 A

30ant

MAC -1
MAC -8
MAC i-10
30008 yac 80
ig:g; MAC 11100 MAG 1= END OF MEMORY

% MAC-1-800 AC K 309.06-1
30c 04 71000 g06-138c

30408
3Odo4MACI-BOOO

306 06 MAC 10,000

30014
30a05

END OF MEMORY CONTROL

30604 MAC [-20,000

MAG 1-40,000 A 0 K
Ne02 0T ¥eC 172
gy MUHLLZ ™)
w70, MOT CLEAR MEN
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Ist. ORDER OF MAC 2

FiG.31a K
TS K ”ﬁsma.m-m
30.02-31c
i+ < S% ru—n—
ool J K UNUSED
NAR-S T
170,04 MAC?-4
TS K 310.03-49
DG |——+
snoeTER M| |3 L1
DG ——iI—K)——iS—K,
70,1 MAR4 !
K UNUSED
TS K ML 310 00490
DG
17020442 )
K UNUSED
TS K Wz 31a.05-49b
4
s orBINL_ pG |~
S e T
0 oRs MAC 2 RESET (S) 139¢.03
— 12 CLAMP 1394.26

ST MAC2
W amerni | DG
moght




Oct. 16, 1962 W. R. DEMMER
TRANSFER INSTRUCTION
Filed Dec. 31, 1958

2nd. ORDER OFMAC 2

3,059,222

382 Sheets-Sheet 140

FI1G.31ib
TS m.lcz-so 3b.01-494
3180231c
e
— DG ——K- S
. UNUSED
i7b.06 W80 B
TS M- 2405, 55494
DG
1y (3R 40 T
UNSEQ.
TS MG 220,  0a-404
4 DG |
DG
17p o R0 !
UNUSED
TS MACZ10 4, 05-494
31002 MAC 28 i o
MAC 2 RESET (S) 139¢.04
SET MAG-{2 T
2 CLAMP 139427
3 03 g o WD DG 2 CLAMP 139
i7p 29 WAR-10
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3rd. ORDER OF MAC 2

FIG.31c K
MAG 2-800
TS K 31e.01-49f
S% L——31c112-3ld
DGHHXK —|
y N
17007”’“800 T K
TS K MACZ400 31,0341
DG
17c15MAR-400 T T
K UNUSED
TS K MAC 2200 34 0449
- DG
DG
¢ 24MAR-200 i
K INUSED
TS K M50 05001
3p g MO 280 i} SF o
MAC 2 RESET () 139¢.05
X M40 Ing L

MAR (A2/R3-W1 -12 CLAMP 139428

T I
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4th. ORDER OF MAC 2

F1G.34d
K
TS K RC2 80005, 4 01491
T 31902-3le
T
DG —HJ >
nSED
174 o7 MA-8000 K
TS i |20 5 0
DG H
11150000 -} T
K | lms
TS o K220, 04
—~ DG —
DG
17424200 !
K |
TS K AMAC2H0003 4 05 ag
.02 MACZ B0 n
MAC 2 RESET () 139¢.06
3 iy | DS [—I—+— -1 CLAMP 139429

17d‘33MAR-I000
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FIG.32a INSTRUCTION COUNTER CONTROLS & 4,9,0F IC
K ——1C4 350 0149
L—320.02-509
= 320.03-4%
TT 2K 169 30008320
320.05-50
'_
g gL B
p33 KL ) T
03, p MBS | A K — 1K
YOI
17009 ¥R 4 F
N T
2 ockeDy . |
93, I R a ‘_!GAF il by
1 MEG ]
SET IC TOMARUD/RI W) oo
- 320.07-32¢
300.08-324
—~32009-32
G200 PO

INST. CTR RESET {T}139¢.08

-12 CLAMP 139d.46
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F'G 32b 2nd.ORDER OF IC
] }v K
TT K 10-80 32b.01-49¢
= 32b02-32
——Ir—m—’ 32b.03-50q
DGi—i P
f7p 07 MAR-80 L K UNUSED
TT K K40 504494
-325.05-50q
DG
h_i '—“
17 1. HHR-40 K UNUSED
K 16-20 32b,06-494
32b.07-50g

DTT
t
= DG I
DG

b 22 MAR-20

K UNUSED
32,04 168
SETICTOMN| o
(A2/R3-W1) l .
320,08 ' DG TT K 2b.08-494
f L bossog
17, 30 MAR-10

INST CTR RESET(T} 139¢.09
-12 CLAMP 1394.47
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FIG.32¢c 3rd. ORDER OF IC
L K
TT K IC-%00 32¢.01-494
- 32602324
———=132¢.03-50¢
——u—«rj
DG M -
yicos MAR-B00 ] » UNUSED
L 16-400
TT K 32¢.04-49¢
;lL L——*320405-50q
DG [T
otg MAR-400 ! K UNUSED
LTT K 1620 3p006-491
. 30¢.07-50¢
I
— DG |
DG Hi
f1c.25 MAR-200 K ONUSED
L 16-100
TT K 32,0849
16-80 L 3c09-50g
002 4
Ao/ W1)
$2a07 TTH INST CTR RESET {T) 139¢10
MAR- 100 B -12 CLAMP 1394.48

17c.34
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16-8000 3,4 o1.494

324.02-32¢

L————=324.03-50¢

16-4000 .3 4 04-49h

324.05-50q

102000 _ 37 406-49n

324.07-50¢

16000 39 4.-49n

324.09-50q

FIG.32d
(=
TT K
— K SIZ
- DGHH<G—4——1
17403 MAR-8000 4 K HUSED
TY K
f_%
- DG HI— K UNUSED
MAR-4,000 1
17416
TT -J‘ K
IR D
DGH
- DG K UNUSED
114 25 MR 2000 ) i_
T7T K
32¢ 02 162600 9

120061 TONRERADM el g

iNST CTR RESET (T)139¢.1
-12 CLAMP 1394.49
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FIG.32e 5th ORDER OF IC
) K UNUSED
174 K 10000 3¢ 01-49
32402 168000 —
L - 3e02-50g
1, 00 SLLIOMR. DG I K
059 (A2/R3-WI) '
re0n 000 ]
K UNUSED
T % K 1-20.009 37.,63-49i
_{
 ~30e0850g
i D6 H—
Tofs WR2000
K UNUSED
1T K 16-4000 55 . 05.ag;
__.!
L - 32c.06-50f

- DG 11 } INST REG RESET (1) 139c.12
-12 CLAMP 139430

Te.20 WAR40,000
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FI1G.33a
{st ORDER OF SEL REG

KJ SEL RECT 330.01-33
oz WAL TBY 3KJ SELREGE_ 33 00-331
33003-26b
L —=130.04-260

SET SEL RES T0 |

el yiene 17108 [
KJ SEL REG 2, 33 0533
TBY 3KJ SEL REC 2 334,06-33f
330.07-26b
33008-260

—“06AF—"
flaze WARZ ’I KJ SEL REG 4_ 331 09-331
TBV 3KJ SELREG 4_ 33, 1033
—= 33a.{1-26b
33012-260
06 —u_——J

flats R4 W KJ SELREG B, 335 13331
110.06 W8 TBY 3KJ SEL REG 8 L33 14-26b
33a.15-260

- b6

_j:

SELECT REG RESET(V) 139¢ 14
-12 CLAMP 139e19
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2nd. ORDER OF SEL REG €L 766 10

FIG.33b KJ 3360133
p yMARIO TBY 3KJ SEL REG 10 _ 3350933
330326
3304260

ST SEL REG 1O It

e 02 W ARAW2 DG It
K FELBEE D5y 533
TBV 3KJ LRG0 5 e o
3301266

DG |—I
I Ky SRR 5 np33t
TBV 3KJ SELRES 40 33109260
13b40-260

—-1DG [———
175,15 W40 Ky |06 80 g5 4y 3¢
171 g9 A0 TBV 3KJ L BEG 80_ 33, 17-268
13h13-260
L {pe f SEL REG RESET (V) 139¢.15

-12 CLAMP 139¢.20
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FIG.33¢c 3rd. ORDER OF SEL.REG.
KJ SELREGTO0 _ 33, o133
T e L TBV|—3KJ SELREGI00 . 35, 1333
SET SEL REG f:ﬁcm-zsb
330 (MR ARINZ 1y 3305260
I RE-1
KJ SEL REG 200 |jvysep
TBV|—I3KJ SELREG 200 7 06331
Be07-26b
DG J_T::Zﬁc.oﬁ%o
R8-2
17,26 MR- 200 o i
KJ L RE 40033c.09-33f
TBV|—3KJ SELREC 400, 10-33¢
33c11-26b
— DG — {:3&:‘12—2&
) R8-3
1717 YWAR-400
KJ SEL REG 800,y
11 0800 TBV[—3KJ SELRECB00 33, 3.33¢
’ J—:?;SC,M-ZGI)
L4 o6 |—— 33e15-260
R8-4

SEL REG RESET (V) 139¢.16
=12 CLAMP 139e 21
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FIG.33d  4th ORDER OF SEL REG

ALU TBI-4

HA0V |R8! R _
KJ SEL REG 1000 _ 52, o331
o SEL REG 1000
106,00 0PERATE BB, (1 TBVI—BKJ 3402261
174 35 MAR1000 I
7435
SET SEL REG T0 . RB-5
33004 VAR A3/R4-W?2 | DG |_'
KJ SELREG 2000 gy oo oo
TBV}—3KJ ] JSEL REG 2000 _ 33 4 04-26b
RB-6
/b6 }-—
a7 WAR-2000 T
KJ SEL REC A0 e oo
—
TBV |—3KJ SEL REG 4000 3 4o o6y
RG-7
s
4 MAR-4000
Ky SEL REQ B0 _y o0
TBV3KJ SEL REG 8000 33 4 0g-260
17400 MAR-8000
1H R§-8
DG SEL REG RESET (V) 139¢.17

=12 CLAMP 139e.22
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FIG.33f ALU SEL REG DECODER
siq0r (SELRES T
XXX
g | St A K 3302
SEL REG 2
33a06
A K XR2__ 133603
2 i o XXX3
33009 | SELREG 3 A K 3304
A K X6 laseos
SEL REG 4 Tsozm
33010 g
A K XXx4 33£06
13002 | SELREE 1
L XXX5
.
33t SELRES
33b0p | SELREC 40 A 2K XXOX 33£08
SEL REG 10
33002
3bos | SELREG 20 A 2K XX1X 3309
33b41 | SELREG 80
33003 (~SELREG 100 >
55c_13{5ﬂ REG_800 A 3K LI (TP
gy (LS 000
LREG 2000
5308 A 3K THOUSANDS OROER ZERD_ ..
33407 | SEL_REG 000 33£12-260
SEL REG i00 ™
oo (LI B A oK TRC SELECTED _ 000000
Bon | SELRES 400
. A 3K 02X _ 33518260
3309 | SEL RES 700
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FIG. 33g
p ALU SEL. REG. DECODER
30 %?:g SEL. REG. 0900 )
33f.01 A K RS . 33,01
A K |-SELREG. 0901 53 p
33003 X2 A K |SEL REG. 0002 5 s
L0
FIG.50d
A K |SELRES 0903 55 o
| 0 XXX4 A K |LSEL-REC 0904 45
G BF 4
XXX5 SEL. REG. 0905
mo B A
ros XN A K | SEL-REC. 0811 5 )
A K JSEL REG.0912 53 oo
pioz MO A K |SEL REC. 0913 55
T
» FI6.50c
SEL. REG. 0914
23500 X A K .10
A K |SELRES 0915 4,
SEL.REG. 0916
( 33£.05  KAX6 A K Ba-12 |
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FIG.3gsgm STORAGE 2X 4 DECODER {28,256

5401 000
78 A K 34a.01
sy | ISR L K] )
340‘02\ 128
A K 0y
FROM FIG. J ‘ SWITCH
53454 1 e s TC%E
Q
A K 1 FIG37
s | SAR 256 "
siss A K 340,04
53008
FIG.34b STORAGE 2X4 DECODER 32,64
. SASR 53 .
83b.05 A K 00 34501
- b,
53p03 | AR 32 L
3402 3
A K : T0Y
FROM FIG. SWITCH
53b 7 CORE WRITE
34p03 64 | DRVERS
A K A FIGS 36 akb
P [ ; » %
5304 | SASRI32 '
FIG.34c STORAGE 2X4 DECODER 8,16
[ A K 02 300t
C.
G307 | SASRE
Mc02y 8
FROM FIGS | A K ) W
B
34¢.03
A K A WL DR -7
53pgz | AR N T TR
C.
5308 | SRU8
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STORAGE 3 X8 DECODER
SASR 4
.
53005 A K DEC 0 N
53003 —SASR 2 [~ A K DEG | 34402
30 01| _SASR T oA K DEC 2 146
10 STOR
IR
SASR 2 B DEG 3 sgk%m&
2o 04 A K 234408 ?gggggﬂ
NP MERTERS
ASR FIGS. 41 &
FI6.530 38a
A K DEC 4 34405
535.02| _SASR ! A K DEC 5 1406
A K DEC & .07
53a.06
st
il M
sAsR T (0%
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FIG.?T;?READ X SWITCH CORE READ DRIVERS
1208 gATE EVEN : ‘ OF EVEN o o
01 [
AMRI——AMP axm]/—gAMD—‘ﬁﬂ"—— 3501
‘=—L— — uEe -270\5 BF EVEN | 4045
B
34002
AMR——aMP——2xmpt—AMD[-2 EVEN— 3502
‘?[_ TME” StV iof v 014
oo 8 ! |
Ficie 38003 AMR|—AMP 2KMﬂ/—§TAMD-'B—ﬂE—N* 3503
‘:E. M8 _ot0v 24 F v :
ROM
300 |2 o ! 40;43 EVEN il
AMR|——AMP|——2KM /§ AMD=L S O
‘ WINDINGS
‘-vE NG 3oy oF opo_{FIG40
STOR READ B 401"
GATE 0/”” AMR]——AMP|—2K AMD|—-20 3505
4202 In
= TMEST S2m0v gF 00D 0y
{ ] |
8 00D
AMR AMP 2KM /g AM 3506
< MES” 3270V 46F 00D _ |4
{ ] ‘
AMR——AMP|——t2xmp—~—AMDE- 00— 3507
‘:L_ IHEG =270V 24F 0D _ 4009
’ 24 00D |
AMR AMP 2kM AM J35_08
L THEG

=210V



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 157
FIG.36a
2 X4 DECODER OUTPUT INVERTERS
3ap0t-20 TUK K 0 wr3001
343, 02| 32 IJK K 32 _ 36002
T0 Y
ER)?;" SWITCH
3 >-CORE
DECODER WRITE
Hgf: ; 64 TJK K 64 g?éVS%is
' 360037 '
3ap04 (28 LUK K % . J3an

“¥" SWITCH CORE MATRIX
FEEDBACK TO Y SWITCH

FlG. 39 CORE WRITE DRIVERS FIG. 36b

3901 J96F 3900 $64F 3903 J32F 3904 JOOF
3905 (584F C\ (\ C\ C\_ 34~ 3704
J\ﬂao —ims ﬁ«s {384
39.06
296F (T M Fan . 2% A58
FEEDBACK T0 Y \‘& Vﬁ) \i \ FROM Y SWITCH
SWITCH CORE 352 320 268 256 | CORE READ DRIVERS
HEAD DRIVERS FIG.37
AT oy |28 (\ (\ (\ (\_ /1
‘&224 ’gm ifso {128
08 (20F_N q\ N (D00 J3701
j&ss ‘ﬁvsa rﬁysz 0
B04196  36b03{64 30232 3660100

v
FROM Y SWITCH
CORE_ WRITE DRIVERS

FIG.36b
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FIG.37

Y SWITCH CORE READ DRIVERS

000F_ |50 o
fwoor—1 000
w0 A ——AMR—IAMP wf AMD 0

___E NG
270y
128F {3907
128
3002 128 A AMR AMP——{z A 3102
FRON 0
= 1NEG Y SWITCH
FROM 244 ] CORE READ
DECODER | TV 3905 oser W}"igggs
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6
340,03 |28 A AMR MD—256+ |3703
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270V
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READ
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FIG.38a
3X 8 DECODER OUTPUT INVERTERS
34 o ~2ECL. IJK K 038401
34400, D [JK K L a2
344,03 DEC2 IUK K 2 |39403
B4 .00 EC3 UK K 3 1380 04
10
';'}05‘ ) X SMITCH
DEEOERS . c%ﬁvﬁg
~ Fl6S,
Wa 05| L4 WK K LIEE be
344 06 DEC 5 UK K 2 (334,06
344 07 L8 WK K S |37
1
] WK K 380,08




AL -

W\s.:
NV

3,059,222

NV v

382 Sheets-Sheet 161

W. R. DEMMER

TRANSFER INSTRUCTION

1958

31,

Oct. 16, 1962

Filed Dec.

1] }
102h
o..(wn_“ o1 w0 amwe ez_sw Jpked
v <
A0OIZ- - t 111
HEL I D
, V4]
fll—ms_q v N —
‘ %29 ¢
ObH
: e
L (T ]E] LUEE
| T
W NG}
ANV LG v ) 2086
%29 1
Ot
v .
M- . W0k
M\Sf
NV )] HAV] v ¥St .
xwm 780y - Host
. AQY N3AT 31V SV Gy HOLS
nwn G_L v EIVERT RN 30PL
SY3IAIMA JLIMM 3HOD HOLIMS X HOLS ) IVOUROYIS N\ ey

42078 NO(-)



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 162

31, 1958

Filed Dec.

AOL2-

91 i T b D 7180088

0 -] e} ) | xn—

v0°8¢| 7 ) dNV-—RINY v ol o D S 7b

= 000 31¥9 SV 1G4 0I5
200 | m %29

AObl-
] oM v J
A 0L2- Ty o {1801y
21 | Db
g9 = <NV =NV ~—{ W %G} .
pOob, 0) | AAA—— 51008t
iy T o -

_ . ,
w0y, = oy K v L0l g9y
HLING X | = 5 mﬁ%@z_
el BN | ¢ 4300930

WOY
<0288 |~ QNV = INNZ~—| VAV~ { v %5l
, f )] g loog
900 |+ %29 2
A0y
- > i v 901
> : 1 B3NN
!
m IINI —— M — sz_%..»
o] 4
0985 =] N2~ NNV v :
b anwv oM WAy oo

00, ! W_Nw (2L I JCRE RO m%% .

S A0kl ! (d)31v9 ¥M OIS ° 50,
SHIAIMA 3LIMM oX I eea— I} 1 ST

340D HOLIMS X 39vHOLS

! 98¢9I14



Oct. 16, 1962

Filed Dec. 31, 1958

FIG.40

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 163

"X" SWITCH CORE MATRIX 4 X 8 DIAGRAM
FROM & TO X SWITCH CORE WRITE

) 4002 38b.04 DR!)‘{ERS Fi6S 38b &c (38(;_[2
Bo02—t G 3 prcls s ! [7F 4008
g 000 /TN AT N6 K am
4009 & & C _g ¢ . 35,08
{
2 7 29 3
4010 16 F ODD C{ ()ﬁ) C"\& C'\_ 16 00D 3507
17 19 21 2
sy | £F.00D ({ C{ {{ C\_ BODD |y o
9 14 3 15
0F 00D | /TN Pan A /TN 0000
FEEDBACK TO JI N\ N v
X SWITCH CORE o uﬁ, JK \/ﬁ \){ ERON X swircH
READ DRIVERS ! 3 5 7 DRIVERS FI635
FI6.35 (\ N N h& '
st | 24FE0 ({ Ci C,& ({ 2 EVEN |5 o
2% % 2 30
qom | EFEVEN ({ ({ ({ - BEVEN e 03
% 18 20 2
aors | = BN C% {{ ({ {}c DO 500
8 0 2 1
a0t6 (LEEVEN] /T N P (D) OEVEN o
J 3003 H‘Q}oos\ Hrﬁo,ov\ \ﬁac.os
4001 ]
o 0 . 2l 4 b8 B8 G somaee
. . \ : ARRAY
38501 403 FROM & TO X SWITCH ~38¢ 01 FIG. 45

CORE WRITE DRIVERS

FI6.38b &c



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 164

FIG.44  sTORAGE WRITE DRIVER SELECT CIRCUIT
STOR R/W MODE TGR ON

7e.02
34401 (2EC0 A
L A
. 0 K 0 Y4101
344,02 |DEC1 A
= A
0 K ! 4102
~ |
34403 |22
A o K 2 #03
DEC 3 A !
344,04
3X8 |
DECODERS A 3 T
FIG 344 0 K 7 P WRITE
- 4104 DRIVERS
A | FIG.38b
34405 | D04 r ke
A
0 K 4 4105
34406 | 2EC 9 A -
' |
A 0 K g 4106
~ A
34407 | 2EC 6 A
' |
A 0 K 6 4107
34408 | DECT AL 7
SC AW | - 0 K J 4108
MODE TR OFF A

te01”



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 165

Filed Dec. 31, 1958

: b0°PL
. 3IV9 aV3¥ 901S
Se-b0°2h N33 3v9 ovie wos | ¢ v 01 Pys
T ¥SVS
9IN |
285-90°2b
18e-£0°ch N3A3 30V9 Svig avay wols | A% v v
SE-202p == W0 3 avas woss | A v T NTENR
"HOLS %9078 NO(-)
9 )

386-60°2 AlJ
988-10°2b ME avo v

000 31vd SYiE OV '¥OLS

V9 SVig av3y wois  WOPL

Nd

1IN0¥IO 9NILVO N3A3- QAo
St 9l1d

T §SvVS 60 Pbt



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 166

FI1G.43
i STORAGE INPUT SELECT & SWITCH CKTS.

USUNUSED A 2K I 2K
" oy STOR-C BIT
_F A KO 743,01
- (st, T
g A KO
89010 (
—=] =1 SIR-B BT
_ A KO 4302
app | STOR=B
] A KO
89006
—= =] STR-A BT
i} A KO 4303
s | STR-E
i A KO
895,02
- 0
FROM - S STOR-§ BIT -
HeASTIR STORAGE | ST0R-§ A KO [ / ﬁﬁﬂ?é‘}?c
MEwS EE}JGFE?REGW " 4304 DRIVERS
FIGS. 89 : FIG 44
akb 3 A KO
89014
= =] sToR-7 8T
_ A KO 4305
a5 | SIOR=T
7 A KO
89a10
—= =] STOR-Z8IT
-7 A KO 4306
s05 | STOR=2
3 A KO
890,06
— o STOR-1 BIT
T A KO Jazor
a07 | ST
: A [—= KO
89a02 |




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 167

FIG.44 STORAGE INHIBIT DRIVERS
(F
4500
105 STORAGE NI GTE (P)
gor [ A H-AMR P—KMD AMD b laa01
p
N o B 4500
s |2 A |—AMRI--AMP|-—KMD AMD B_l 4402
[ 1MEG
= =210V Ivd 4500
g303 | A A [—AMR-~AMP|-KMD AMDI A_ 4403
i = § 50 g
SWITCH Fm'r“ﬁm
el - 44_041 ; LWIND! GS
4304 |8 A |-AMR--AMP D AMD FI6.45
I mz(,é _
= 270V F_l e
4305 4 A H—AMR AMFM*(M AM 4 4405
msc%
= -210V | 4s o
5 2
4306 |2 A *AMRI*AMP KMD AM 4406
" mec%
= 210V T
45,00
i i
a307 L A [~AMRFAMP|—IKM AM 4407
il mm%

4]



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 168

F16.45 STORAGE ARRAY
FROM & TO INHIBIT
DRIVER FIG.44 Y AXIS FIG. 39

1 £ b
oo | B
(==

9
&
0

9ip
8¢
2a¢
¢bt
09
8

96

™D ~
<o
D Co £

& /_'7\ ~

96¢

A

A

el sl lslele i~ lola vl |- |o

i
INHBT — |
WINDING FIG39

X AXIS
FIG.40

L

e | —n
€O (OO [~

w
3

o3 (RS

\»
N
o R

™~
<o

\
~o
=

D

J /2

i

Aadon aa o a nindsada

[
=

N

SWIA N \Quy \&49/
SENSE

10 y
AMP
FIG.46{ SWIB TO TERMINATING RESISTOR




W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 169

31, 1958

Filed Dec.

JARIE
YIS 193y
434404 3
01

JIVITOA SVI@ WV T3NTS

WV

109

SV

SWL

“ON9

‘MS

(8) 1ndNI

#S

(V) 1ndNi

S

"ON9

MS

90'9%

WV

SWY

SW.L

(8) LndNI

L

V) 1ndKI

‘MS

*
H
;

G09h

Wv

SV

LB}

‘NS

SWL

{8) LNdNI

S

(V) 1ndNI

WS

i

bO9%

WV

SWY/

‘ON9

S

SWL

(8) 1ndN!

NS

(V) LndNi

LY

i

¢09y

WY

SV

‘aN9

S

SW

(8) 1ndNi

S

(V) 1ndnl

LY

i

AR

I

WV

SWV

“ON9

‘NS

SW.1

(8) 1ndm

WS

(V) IndNi

‘NS

i

10°3%

.

WY

SV

‘IND

WS

SW.L

(@) 1ndwi

MS

(39VHOLS)
9% 914

H3IdITdWVY 3ISN3S

(V) 1ndNI

MS

1198 gy 1188 La ¢ 118 ¢ 118}

LK)

L

TR

Shond
WOY4



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 170

FIG. 47 K l € a0
BUFFER REGISTER (STORAGE) c .
[—_- .
Do
—GJ .
e I 4702
—{GJ
B | 3 .
0
* [ A 03
K
A
4710
GJ A" (PN) = 7
46034 I T2 F] KO ] .
d 8 _ 404 § AT
= SWITCH
K FI6.43
— GJ "8" (PN) srgrg out
SENSE 26043 ) 17 - F16.48
AMPLIFIER KO
QUTPUTS i
FIG 46 L s
K
GJ ‘ "4" (PN
TR M — g Ny . B )
KO
[ 2 106
2 GJ -zll (PN‘ K
=
406 TZh——2L-as3
KO
i
GJ — T 4707
" (PN) K
46.07- T -
' L ' | soR ReSET a4
-12 CLAMP 5h01
GEN. 5:.01 KO 12 CLAMP 500




3,059,222

382 Sheets-Shest 171

W. R. DEMMER
TRANSFER INSTRUCTION

31, 1958

Oct. 16, 1962

Filed Dec.

T LT
( m A AT s movas

08 ~—re-om | al |_ PO 93 _/M 121
TR uw 3 A v F_\,N\\w T v e

% ye-" \nog-
m A ” X AL =17 v-sg nosos O

s | 08 ~—r57vzm| A al ,_ _.ao B 9M _/M 121
*oosr -5 v o E v s L%
ﬁf‘ g%; b 80980
m l A A Al v gSng o gors 000

S0 57| al l; 9 HY _/M 121
e | a o v S TITE RN
rd (voo 4y 135 000

v_%\sm-
0608 ~—— | A : Al TY o8 RS 8016
Laosy TR IR m_%aj wﬂo B BEW tzl- mwm_ﬁ
A0y =T R 2-40 g v oo oo %



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTIQN

Oct. 16, 1962

382 Sheets-Sheet 172

31, 1958

Filed Dec.

6L 914
L oohA

GOP6EL dWYTD 2~

. ¥ .
Jo T ong Ino wois  THib
% A A1 171
S8 -7 A E.J Jof é:/w
bi8Y | 10) v .
EI=A = _ - - ovgy 0%
ro ¥e " h09-
% X Al Y 7508 mowors L
L R— mhl_ %1 o, 121
oy | OM v 4
(10 228 ol = e AW
" r ¥~ fhog-
m A AL Y9 S inodos LY
G amror= i mpq smf - /w 1Z1
: OM v
08 ~—mrzm] = eThE W
¥ fos-
2407 _L33HS
2-49 8vOld



Oct. 16, 1962

Filed Dec. 31, 1958

F1G.49a

W. R. DEMMER

TRANSFER INSTRUCTION

{st ORDER OF MASR

3,059,222

382 Sheets-Sheet 173

Kd MARB_ 49, 0134
490023
-~ GJ T8 KJ WASRB 490 0334
o 2.2 190 043¢
ﬁ o~ K UNUSED
PR g S—
KJ MAR-4 39,0534
490.063¢
. GJ T8 KJ WAL 490.07-30
290044 } _} j 49q.08-3e
Py o4 K WAR O/ D194, 09290
a9 034 3
KJ WSR2 480.10-3¢
290 1t-3¢
,_(;T- B KJ MAR-2. 49012-3¢
ol J 490133
Ny S K UNUSED
agp 05— T
KJ ML 1901434
43b.08- — 4l
- GJ T8 KJ MASR-. 496,16-3¢
101 01 20(004) | ———=43017-3e
Py o < ONUSED
49b.07" -2 CLAMP 139431



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 174

Ist. ORDER MASR SET CIRCUITS  FI1G.49b
310 o MAC 2:8 3

o
A KO I 1K K 49501
MACH-8 %M T “
ol A Ko |- 8 lagw02
- 1NEG
39003148 % =
A KO H
(INJSED) _ §1 L
N 1A : KO
MAC 2-4 1MEG )
Yol A KO IK K 4 la9b03
MAC 1-4 %mc [.
300.07
‘ A é KO 4 904
- 1MEG
30001184 N =
.
170,24 HAC /5 %1“ ~T0 FIG. 49
Q.. o
A KO |-
-
3004 W22 %”"FE . :
' A KO 1K K 495,05
o 1M 12 %m&; ( 2
' A KO 496,06
320 10[0'2 CLAMP é 1 MEG =
: (BI?OLAR) A koH
955'045MAC(P) B §1M T
50 . 18K =
T A § KO
MAC 2-1 1MG
Ha b = i
03 023% ?ﬁm A KORH ~IK K - 49b.07
-y émc
- A T+ KO !, agh08
93 03 SET MASR TO MACHEP ‘ | > 43b.
NE
53 or ET WASR TOLC(P) A KOH
' N §mc _
A KO-
-60 oW %

18k



Oct. 16, 1962 W. R. DEMMER
TRANSFER INSTRUCTION
Filed Dec. 31, 1958

3,059,222

382 Sheets-Sheet 175

FIG.49¢ 2nd. ORDER OF MASR
KJ MR _ 4. 013p
GJ T8 KJ WIRE0 _ 49c 0236
4990080 | ] !
GJ [——D+—— K MR 49003290
4940180
KJ MSR=40 _ 45 0435
GJ TB KJ MASR—4L49<:.05-3b
Py L S— o }
GJ f——>+ K MARA0PET, . 06-290
agaps® | 3
KJ MSR-B0 __ 49 07-30
GJ Bl KdJ MAR20_ 49, 08-3
g0 ¥
GJ |+ K MAR20PT) 49, 05-290

434 05 a 7

KJ

49d.081‘0—

MASR10,__49c 10-34

MARAO_ 1911-34

e

MASRIOPED) 4 0. 12-294

101,02 RO _§(D0.4) GJ b—p— | K

0 3
4940710 12 CLAMP 1394.32



Oct. 16, 1962

W. R. DEMMER

TRANSFER INSTRUCTION

3,059,222

Filed Dec. 31, 1958 382 Sheets~Sheet 176
FIG.49d 2nd. ORDER MASR CIRCUITS
s1pgr M 280 - _
' A KO 5 IK f-{ K 49401
MAG 1-80 T |'
300,02 A é ol % i
- 1 MES
b L8 -
A %\ KO
- 1 NEG
oot SHAC-0 —
18K A KO
P B émm
NAC 2-40 _
31003 -
A KO |- IK|—— K | SR 49403
MAG 140 é\mm |<
30b.05
A KO |+ 10 49404
16-40 %HMEG
326,04 =
A g\ KO [
) Ab 1WEG TOFIG.
ot SHAC-40 — o
18K A KO H
—sovcwwJ
s1p0s W22 é\mmm ;
| 1 A f~- KO HIK K [H 4905
) 7 1¥EG
3p0p ML 120 § ( .
A é\ KO 49406
) WEG
32008 128 " &
43601 SELMASR TOIC (P X
SMAG-20 %: |
17024 -
18K | A KO |-
60V . é\
- {7
SET MASR T0 MAC 2 A KO "{IK K 19407
93502 o ]
sTmsRomcte | | | | A [Tr KO J49d08
93503 -
1610 WET
32008 " 5
o304 SELMSRTOSHAC(R) || -
TWES
: o
- A KO
oz A0 %\
-60 ok M




Oct. 16, 1962

Filed Dec. 31, 1958

FIG.49e

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTIQON

382 Sheets-Shest 177

3rd. ORDER OF MASR

K |MASR-800 49 013¢
TB K [HAsR-800 49¢.02-3¢
GJ H—j
49¢ 2 300
GJ K |Mesk-800 (peD 19.05-2
SR — .
800 ]
49F 1 _
KJ | MASR-400 —d9e 043¢
LTB Ky JHAR-400 19¢.053¢
™ GJ
49704400 J
GJ o K MASR-400 (PCT) 49¢.0629%
400 T
49703 _
KJ MASR- 200 49e.07-3¢
GJ
a9¢05 220
GJ K |MASR-200 (peD) 150929
200
49£05 L
KJ NASR- 100 49e40-3¢
100
49507
VT _ T8 K | Hes-100 et
r GJ
ALY - GJ K [MASR100 (PCT) 49¢ 2-29

=12 CLANP 1394.33



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 178

FIG.49f 3,4 0RDER MASR SET CIRCUIT

NAC 2-800 _
e A KO |+ 1K K R sro
%mec
et HEEED A KO |- 800 2972
30.0116-800 gmn =
’ A KO
1o SAC-800 §1MFG:( 6:
YT A [ |
o [ gmr'c
MAC 2-400 - _
0 T a bk | k PR oo
MAC 1-400 %WEG
Wl A KO 400 497 04
MED
1C-400 % _
- A ) TOFIG
17 SMAC-400 %msc — Hof
18K KO
o - %mc
AC 2-200 _ —
B L A KO 11K f— Kk |20 —Jasess
06 MAC 1-200 %"4 0
He A KO [H 49£.06
32C%10—200 §1MG —
43, 01 SET_MASR A % KO
93,04 SET_MASR T0 SAC P MEE__
17 77 SHAC-200 A KO
L B0 M1 8K W -
WSO ST WER TORAC 2 A KO 1K K 9507
Yo ee e % _
MES
9303 SET MASR T0 MAC 1 (P o0 J49f )
100 07 M 100 A KO H ~
C.
12, g 16100 e
' A KO H
imm -
17e_36 SHAC- 100 A KO



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER

TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 179

FIG.49¢g 4th.ORDER OF MASR
Ky | HSREI g0 013,
L TB Ky |—EBO0 _ 4000230
—~GJ ot K| HSRHORD 5, 03008
sonopBC® L 3
-~ GJ ot -
500 Ky | ARA00 g0 030
aoho 30 L ,
TB Ky |— A0 49053
‘ -
G }b——t - K MASR-4.000PT) 19,1 0629
aghoad000 | ¥
- GJ >4 N _
HASR- 200
1,000 KJ 49g.0730
sono3®0 ¢ L
T8 KJ MASK 2000 494.08-30
—+ GJ —h K[ SR A0, 69291
sonop200 1 %
G{J K MASRI0 49 10-30
agh.062000 L
TB KJ MAR-10004911-30
1000
wnopll
MASR-1000FCT)
—» GJ —> K 49g.42-29b
49h.o7‘J9_9°——-—__Jr
10104R0009) oy o

-12 CLAMP 1394.34



Oct. 16, 1962

Filed Dec. 31, 1958

F1G.49h 4th.ORDER MASR SET CIRCUITS

TRANSFER INSTRUCTION

W. R. DEMMER

3,059,222

382 Sheets-Sheet 180

MAC-2-8000 B
31 01 .
A KO IK 00 o 4gnor
MAC 1-8000 E%/l NEG
30402 A - 00 -
16-8000 51 MEG
32401 =
A KO
' o=
- MEG
ot SHAC-B000 ; =
18K gﬁo A
MAG 2-4000 OV MET_ =
31d03” A KO 1K .
MAG 14000 imrc
e A KO 4000 49n04
- NET
3odpg 1400 A % &
B 1O Fi6.
ratp SHAC-4000 T 5
' 18K § A KO
250
MAC 2-2000 OV §1 NEE -
3d 04/ A KO 1K -
MAC 1-2000 ét MEC
oo A § KO 000 _|4gnog
- MES
3405 16-2000 =
g3c01 SET MASRTOL6(P) A KO
5o ST MR TO S MEE__
Felor SMAC 2000 A KO
’ 31d05 | NEC
SET MASR TO NAQ) — =
20)/ v 2-109 A KO IK = 43007
93502 | NEE
SET WASR T0 AC o
93503 R
30 d'o(? MAG 1-1000 A KO Jagnos
120 1C-1000 1MES_
18K A KO
-60V { ME _
SMAC- 1000 A KO
17d36 -
-0V O~ 1 MEC



Oct. 16, 1962

W. R. DEMMER

TRANSFER INSTRUCTION

Filed Dec. 31, 1958

3,059,222

382 Sheets~Shest 181

F'G 49' 5th. ORDER OF MASR
L Ky [ 49:,013¢
29,06 10000 - T8 KJ | MAS-10,000 19,0034
o5 RO(D04) Py __D'_r
L 64 o MASR-10,000 (PCT) 09,0325
49,405 200 !
L Ky [k 20,00 29i.04-3b
s9i04 20 B Ky JHASR-20000 49i.05-3b
L GJ {>|—J
) K | WsR-20000 (PCT) 190629
19,03 20000 !
Ky | SR 40,000 49i07-137
491,08-930
49,00 20000 } T8 Ky [HASR-40000 49,0937
L 45
GJ o1
~ o K| MsR-40000 (PGD) 1911129
agi0r 0000 ]

-12 CLAMP 1394.35



Oct. 16, 1962

Filed Dec. 31, 1958

F1G.49j
) 5th.ORDER MASR SET CIRCUITS
MAC 2-40,000 ___
3e(3 s
A i KO IK 000 49,01
MEG
$0e01 MAC 1-40.000 0000 _ 149,00
A KO
1MEG
105 1640000 1 _
A % KO
1MES
ropt SMAC-0000 y —
18K A KO
-0
v INEG
S MAC 2-20,000 - .
A KO IK . 49,03
éMEG Fag
f
30003 MAC 1-20,000 | 20,000 _ 14904
A KO
16-20,000 N
32003~ =
A ﬁ KO
SMAC -20,000 %ma;
e < >
1.8 é_go A KO
v MEG
SET MASR TO MAC2 (P) . - i
B0 o 0000 1A KO IK ' 43505
31e01 * -
1MEG
03003 SETMASRTOMAC || |_ 10000 _ j4q,06
1P) A KO
$0005 MG 110,000 | | |
1MES
9301 SETMASRTO [G(P) ; =
1ep) 110000 1
§1MEG
9304 SETMASR TO SAC(P)| _ " =
ooy SMAC-10000
18 MEG

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 182

~60v




Oct. 16, 1962

Filed Dec. 31, 1958

F1G.50a

W. R. DEMMER
TRANSFER INSTRUCTICN

3,059,222

382 Sheets-~Sheet 183

TRANSFER ROUTING CONTROLS

SET MASR TO MAG 2

Y
KO 500.01-935
TRANSFER ON ZEROBIT —
202 A KO |MEM READ NoDE 500,003
£ TIME (P) 7 —1KOj 0.02-93
123.05 |
_ s ST SUPP GR2 CODE CHK
54 SSR=0000 (P) —KO 500.03-93¢
23 04 ﬂgEANY - A
105.13 - | LA[ =] TURN OFF ANY SI TGR
117 16 TURN OFF GHK IND TGRS N 0 KO 500.04-93
55005 SR — IMEG
s9ay CRI-T A
55010 SSR-2 —
5935 CR-Z A H—
550 14 583 W
12 Al
$SR-4 I — RESET IC & SET
55017
2 5 B A oc K |TOMAR CONDITION 000550
s5a2f 3589 x
55025 S
59.01 CRI-B A
SSR-7
550.26 ]
5700 CAI-C j A
. g S—



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—-Sheet 184

Filed Dec. 31, 1958

it6-p0'a0G

1¢6-€0'906

NOLLIONOD HVYW 01 J3S% I 1353

{d) 431 NHO NOIS 440 NHNL

w oL 155| O
3 91 13534

(d) 491 ¥HO 14A0 340 NHNi

(d) Y91 ¥H) QHOOIH 430 NHML

{d) HIL ¥H) M/Y 440 NHNI

(d) 431 X¥H) HIVW 440 Nunl

(d) YIL ¥HD HISNI 140 N¥N1

113 0437 NO H34SNVHL
{d) NO | §21 XnY

20

I

pe—
e

v

I (d) ROV
v NO HIL IS ANV

T L ——— 1 (d)0000-455

B2 L

1£6-20405

0940908

¢ Y1 XAV NO N§nJ

v NO 491 IH H0IS

N0 120

JAN 1

A v — Vv {dYNO € ol
XNy
315 Hl
| v 0 WI07 ¥01S

_. o 330 Y91 TH 6015
20

v v (+NOIS J9V01S
L —h £-¥S LON

(
-

{d) In1) 3
{d) ¢ 333

SirTael o 0 ——

3 0N3

H 4l

=t

ey 9

S104LNOD
ONILNOY Y34SNVHL

| TR
* §7d 81

A 20 _ R

_ ANV 4]
1855 10N

' q0S 914 4

50008
G0ugh
0HUg6
60056
50066
100g6
11056

11k 174
Go8gl

40908
10PBEl

8kvS
L008¢)

90u8gl
O 8El
¢0bez
20086}
0086}
£0°29
0L PgS
H0c2
9'c2
0082
$0362
I
poPEe
201e2
L0POS

Hage



3,059,222

382 Sheets-Sheet 185

W. R. DEMMER

TRANSFER INSTRUCTION

Oct. 16, 1962
Filed Dec. 31, 1958

] (d)_NO BOIVITGNT 071 U+

B
9 uwﬁ. 113
56
v 555 g 10 £C

61bS
@o000 855 6
TIE0 IR MO8t

v o160 gy 75 04O

i
Allni
<

60208 N =~ 90
;mmL'J
6} )>>\|ﬁ-

60B¢e
Yooge (999 10d i v €160 334 1%

0bge

8
v 099 v {FETRES

mé 60092
1330
v _! O V3 19q 709

8-% v IRERE
¥

£0°006 ik
/ |

L HILXIV NO NunL ooOv_ 20 v

¥¢6

OM o L9
= s bT0SS
L 00 v i 90202
W~ 159 - (d)9160 S ¥3LW

»‘ v v Gggg 0e0St

JIGT60 S §Ir 2002k
@wIE0 A5 YL %) 1o

TH5 205
v 7450 8005
(dITI60 WS Haity 0000

20002
g AT G
— : T o RSy 000
90G914 | v |

e (17
STOYLNOD ONILNOY NIJSNVYL S i . 1. S

60 9IS 4l

906

(d) MOV

ro 205

T
I<li
L




Oct. 16, 1962

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

Filed Dec. 31, 1958 382 Sheets~-Sheet 186
F1G.50d
7 1< TURN 0FF ont 1D 1685 TRANSFER ROUTING CONTROLS
33§01 SEL REG 0900 - _ INS”{JR&KOFTFGR
1387 03-LNSTR_CHK TGR ON I_: A 0 KO 50d.019%
- IMEG
55b,02-28R =10 A M
ETIME
12361 S HME
TR SI6
239.05 A 3K
105 12 ok
SEL REG 0901 o by MI&?%H?&F;GR
L, IMEG
55p, 05SSR -1 A
SEL REG 0902 > pay RT/UWRgHgF{GR
2 P "
L IMEG
oy 7 SSR-12 A
54 90 -SSR-0000(P) A 3K |-
SEL REG 0903 > e REEgRRDNC?&FTGR
1;33'814%%% CHK TGR O I_: A O KO 50404930
3 IMED
55b.10 3R -13 A
> Q
SEL REG 0904 - < ovTrULRNcHOKFFTcR
1338399‘82 OVFL_CHR TR ON . A O KO > 504055
1MEG
55p 13-SSR-14 A
SEL REG 0905 > e ~ saTcUNR'éu?(Fﬁcn
133;9838 SIGN CHE TGR 0N 7 A 0 1Ko > 50d06%0
L IMEG
SSR-15 A
55b.14 )
55.04—2SR ~ IKb~ K TSRt o ogg07s0
5o 13 _SSR-3 A TR S16 03 5040850¢
' 1 T SSR> 5040950
~ IK >~ K > 50 d.10-50b



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 187

FIG.50e TRANSFER Of
138106 AUX TGR 1 ON (P) STEP MAC 241 $0e01-93h
saLoy AUKTGR 2 OFF () ‘
(23 44 NOT ECC 1) RESULT T0 MEMORY __s5, 123
R
pore B
12306 —_— | KO REAU MEMORY 503_04_930
o BLOCKADD TR __ g, e on
] DIGIT ADDER OUT___ci. o6 oo
50409 1RGO SET MASR TOMAG 2 _ g o 00
1 MEG
o GEN ¢ BIT OUT 500 0855
AUX TGR 1 OFF (P) ] 10 e
. SET T0 MAR .
138;.03 90e.09-93]
554 05 AUKTGR 2 ON(P)
END E TIME 50e10-93r
F|G 50f TRANSFER Of
50e03 LTANSFER 01 STORE THOUSANDS ORDER
L OECC 2(P) 2K %0f.01-50g
123 47
NOT ECC 1/2 +—=]
U8 T o) 2K STORE_HUNDREDS ORDER oo .o
198,08 o TeR 2 OFF 1(7) !
3802 TURN ON AUX TOR 1 _gp o0 oo
(3gi,07 AUX TR 1O (P 2K STTL;JFSNE OLEzixoTR(?RE Rz 20F 04504
: 50f 0503k
szp AULIER2 07T 2K e
‘ S0 07-93K
wags 10740000 1¢-40,000 (P) 07 0850g




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 188

505 06 STORE UNITS ORDER
10-9 A TRANSFER Of
19005
50?04 STORE TENS ORDER FIG.50q
04300 - -
gy = ==1 1 BT T0 ADDER o 1
501 02 STORE HUNOREDS — o " -
“"ORDER A u_—-
< g L6-10 - =
<07 o STORE THNDS -
o A
32d0910'1000
ppo7 120 A
- =12 81T 0 ADDER
— A ° KO 50q.02-93f
30007 202200 f q
‘I_‘— .
INEQ
32407 2720 A
32002 14 A
10-40 A - _
s — 0 KO |48 10 ADOER .
320510400 A %mec
1045 16-4000 A
T A
16-80 A LT__— _
e o) K& |8.81T To_Aooes e
32,03 280 LA j §1MEG
12405 16-8000 A
Al S EMIT A BiT
e A KO 50405-93¢
1€ -40,000(P) %!T—L. 1MEG
400 _
506,08 — o kG |EMI B BT .
1200416720000 A =




3,059,222

382 Sheets-Sheet 189

W. R. DEMMER

TRANSFER INSTRUCTION

31, 1958

Oct. 16, 1962

Filed Dec.

2V96EL dWVTD 2l-

1
-9 a0
+ 90 +— 90 “I\Oof_
Lax@azs T ETTA TR
1 904 J i+ 9a J Py
S i x % ,ﬁ
{d) | +9dS 4315 10766
A N N N y s
4ic-80°01g
4Ig-L0°015
90PIG <
50015~
42591 ) YOPIS ~——
200K
001 e
3dS 40 €-1 S39VIS DIS Ol



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 190

31, 1958

Filed Dec.

£1968) dWYTD 2-

T
() V=045 45 0%
90 - 9a Hoq ) 10°K8
el e : 01g 914
WO
H9q H9a 90 v-aas 0%
_ = % Y 0
v+l a0
— 1 — — 1 M — 1
_ N N TL " 5 N
u—m.o_n_ mon—n -
o120
90°%Ig
X~
P§913 )09 g
OL 140 9UG ~——
e
agoisem 738
10°9S
=385
2dS 40 9-+ S39VIS qi1S 914



3,059,222

382 Sheets-Sheet 191

W. R. DEMMER
TRANSFER INSTRUCTION

31, 1958

Oct. 16, 1962

Filed Dec.

bragel dwv1d 2u-

g
@62+ s 108
a0 R~ e57zv %0
! @ -9 @ 06
Hoak— —i—{ 90 ] 0%
) 5 913
9d :ﬁ WOY4
oDHH 9 - 9Qq 80°9IS
f 1
@ 1o s 0
L '_ 1
N 3 E N
J—
M%_M 021~ 35
RS9I -
oL o0 4G o
. ]
1048 o7
JdS 40 8-L S39vIS 216 94



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 192

31, 1958

Filed Dec.

Sre6El dRY )

¢t-

§-ovs 135 9096

I TES %MNM
q b= O%S 135
RS b0 135 b8 N b4
— 9Q vO9eST Z2- %S 135
£092
T
209
o 35| &
Sl o g W
NWNW ! I I i-was W8
—DHH 90 h— 94 1 94
Lk (W) (amoe)
TA-gy/2v() 0%
HOQ M 94 9d
X 55 T r :
@ T+ ovs I 0 '8
0oz
926944 011 ¢e1ogg 1n 1 1
L & ‘D
wogg L8
Lkl p!| A
2691304 ,
5097
802 s
M
10vzg | 4983
90078 |= D>C °
bV 2S 9ld
PEG I 0L b-OVS G026
- “EOD
g0 | 00— VS 40
2002 | < -1 S39V1S
Gl
00z L=




W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 193

31, 1958

Filed Dec.

g-oas 0%
- 09I
9945
p-9gs N °I
S0 0l
v-0d5 0
8 ppog
o 10
LT
L7 200G
b0 oz
T is O
p0928
(0) 5704 335
y { ] I LA
L“ = ==
9a|T[oa 90| T[oa~ H9a|T[oal) Hoa|T|oar—rge wes
T pa3 T I T T 3T T 3T
suu_aw -0V 13
TR IE
b= O¥S 135
0269400 b- NS 13 60926
- Lpy
PO I O
W6 |~ avs I3
20928 ===
1 ow I3
-0V 135
VS 40 v-1 S3IIViS q2s 9l4



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 194

31, 1958

Filed Dec.

9196¢) dWY1) 2U-

@ a0 '
@ @) h-erey & ._an
%21- 0% 15 g,zm
Bl 05 135\ oypeg
b9~ OV 135
GOPZS? H3- VS 139 hreg 914 14
WP - 0% 1|
%00 15 WW”MM
TRIE A
9- %S 135 2058
i 3 I (oo as o
H9a H HT — 90 H90Q 60 125
loal il 8- 0% | 026913
- HOXJ
L] H94d. HOQ 94 H9Q w-zL 01025
T = r 3 5 Tz 5 rg L %0 166
i ;i 11 @ T+ a0
1 1 1 1
I il 1 .
I EY . E
9025+ L L
%“NNM B VS ‘
og|~ S-S
b3-0VS
98913014 B-0¥5 \909%
EOW 150928
m%wwm Mm.o«w Jvs 40
O 8-S $39V1S
a2g-10 92 -2

926 9ld



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 195

31, 1958

Filed Dec.

80°P2S

10P2s

90'P2g
%6 914 015

£0'PES
c0'Pes

10°P2S

NO 8- 555
N0 § 4SS
NO b - 855
N0 B - 855
NO 2= 855
N0 2 853
N0 |- 455
| | | O ES RS TS
1 TR b 1
—9a| |oal- Hoa| [oal Yea| [eal lfoa| [oa T
T T T T I I T -
L o L L ] Ly o
RN
AR
¥3-045
— REES
%035
%-0ds
5045
(50) 3510d 945 0L OV 135
i R K i
~1oa| || |oa Hoal | |[oaH Hoa| || [saj Hod]||[oa —
I T T . I - T T -
L o Lt o] T Tg o]
BTG
CIETER .
b9-0V5 135 p2Zs old
TR
WIS 15 TWPE
WS 1% JvS 40
91- W5 135 8-G S39V1S

TREES

009
2008
gLog
6009l
02291
g P9
1Z°9l
10928

AL )

b0 218
€028
20 29
107915
90 9I§
60 a5
b0 9i8
508¢S

g0ais



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 196

31, 1958

Filed Dec.

254078 ~— ‘
A6-80°28 ~—3N (00078 - 2972V —— SH
RGL0°% =3 a5 0L VS 136 A - |
! oW (470000 155 20 ¥
590926 ) sybtavoid v I 7 & WL T L
350d ¥SS 0L 9¥S 135 _mx - v T T
P25:00'926 93M} m
01'tS
, | et {4)0000 ~ 39
@ 96 0L v 13 o0
wa v DRI
M
{oyx { v TN VU /e wwmms
(WANVN) VK OL TOW -
N _ 24S 01 VS 139
e . - L0¢0)
e N T TN B A A SH I L S
g 0%
Bt
0228 ~somyaoy oiLwg - oS A oV LIV o
I o
1OV
STOHLNOD JVS 926 94



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTIQN

Oct. 16, 1962

382 Sheets-Sheet 197

Filed Dec. 31, 1958

‘0
%t.914 80°8

°L 1orogs

(907065
50085

i)
preory 7O 8
o]

£0P¢s

20°¢S

L1008

10078

1V368) dWY1D 21 f (R
-1 SIOVLS HILSIHIY ro
12313S SS™AQV I9VHOLS . w'ﬁ

L 80026
B-U9VS (T4 m._.J * Lo w0
g-85VS M2 )

8 _.6'_
——K— rof-

t 90025
AT et a1 l_ ; ww«m ¢0076
5-85VS e -
¥ ﬁw“

—K—{ rol-

I 5026
7-95YS A2 8L l_ | <8 Lozg
T Pe ro )

—« ..ol_ woy oy 00

£ o

— P2 mT:_ v 07
2 .
T-WVS 0DEeC Old



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 198

Filed Dec. 31, 1958

he-80-9€S

0¥£-10'9¢5

8095
G0 %S

nvm.o_a“;

09€S

lsoass

WE-209€S
1098

813650 dWY1D 2h- 3 8- 0VS
8-G S3IOVLS ¥ILSIOY ™ 31;
1937135 SS3¥AQY I9VHOILS — r9 -t
i
- rY2 alL 821~ 0%
)
T USYS 14 — 19 0%
% U5Y5 e @ ro J
- rPH2 alL 0%
79 SVS l_ — ¥ 2 0%
73-05VS R K ro
R
T
T M2 gl %0V
{ TS
g HSVS M2 —K ro '»
— ro - % 00)08
1}
- M2 8l 91~ VS
91- ¥S¥S J WS 0L 55V5 ddis W0 ()
L- 4SS P2

B03%

60326
90328

10738
$02¢5

60°9¢4
FAVRIAY

10710}

£0°926
10°99¢1

q¢es Old



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 199

31, 1958

Filed Dec.

0pE-beHG

42d1-22'08

B21-3¢ b6 ~=

006-1¢°bS

POS-08 4G =
06-61 4G -

906-81 4G

09-21'4G =
W91 hG -
GhEI-Gl b6 =
D2Ekbl bS -

8CKE1 G
Y8¢i-21 b

291G =«

32G-01'bS

9221-80°'pS

96¢ YSvS

Ae

-
-

vS 9Old

ONIGOO3d ¥3LSI93Y LI313S 3IIVMOLS

AbEL0PS —-—
G2EH90°YS ~—

82-60'%S
ugel-b0vs
¢9-€0'YS
96-20°bS
0bE-10'4S

@000 ¥S A | r1
Xe - 9 |
N0~ 9SS w“”w__ -
A9 A 4v9 NOb- ¥SS 0 WO
~@ 0000+ 5SS J 7 N Z- 55 | L%
- NG T- 855~ ¥ "%

962 MSYS

R



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 200

FIG. 55a SSR DECODER 1-8

SSR-1 ON

16a.29 = :
f6q.14 23R -2 ON SR -1
M csR-a 0N A 2K 550,02

}ggg: SSR-8 ON 1 ali
- ‘ $— 55004
1 550.05
L~ 55006
F 3K [SSR-20P0 5507

"_' 3K SSR -1 (P).. 554.01

SSR-1 ON

16a.21
SSR-2 ON

550.08
> 55a.09
L 55010

SSR-3, 55a.11

55a.12
58a0.13
55a.4

a1y SSR=4.ON A 2K SSR-8y _ 55415
. 950.16

55a.17

A 2K SSR-Sy . 554.18
950.19
55a.20
55a.21

A 1 2K SSR-6_ 550,22
55a 23
550 24
55a.28

A —{ K SR-To . 550 26
kﬁSu.ZS

550.30

; A H K SSR-8, . §5q 27
SSR - 8 ON 550 28

160.04




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 201
FIG. 55b SSR DECODER 9-15

08| 800

16026 "CcR- 2 oFF A K |59 50
tho15| SR

.05

6o 22 | SR 1 OFF o SSR- 10

2| cR-2 N A —E Essb.oz

FR.FI6%60) 5,19/ 55b.03

A K SSR- 1 s6p.04
55b.05
otz (SSRA N ]
A —} K |— ss""%:ssb.os
55 07

A % K SSR-13 o 55,08
| {:55509

55b.10
S

A K SR-M__ copnt

55k 12

L 55 13

A «‘ K SSR-15 g1 14




Oct. 16, 1962

Filed Dec. 31, 1958

F1G.56a

23103 SETBT

W. R. DEMMER
TRANSFER INSTRUCTION

SET BIT ROUTING CONTROLS

3,059,222

382 Sheets-Sheet 202

%/1 MEG
KO

o3y ETHE ) A K A O |ENDE TikE
345 ECC20) =
KO | SUPP ADDER CARRY
$B1
Ko CRI_TO ADDER
S MEM-READ-WRITE MODE
sanp ML -
MPL 2
goop MPLZ =
gs04 MPLY 0 A KO |D6IT ADDER 0UT
o WPL8
8508 ———-- | é\mec
stp1 CRIZC A Ko ¢ BIT OUT
- L
_ A KO
55a27 SR8 1MEG/§
SSR-5
222885 SR L A 0 %{ KO |.EMT B8IT
1 MEG
_ —={ A
55q30 SSR-T
ssphf SSR-1
cspgp S5 o KS EMIT A BIT
_ 1MEG
_ = A
5914 CRIZA
529 CAIA

56a.01

56002
56a06
96003

5%60.04

560.05

56a 07

56008

56a09

56al0



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 ' 382 Sheets-Sheet 203

FIG.56b st g7 ROUTING CONTROLS

SSR-9
55001 =
” A Ko 1O TOADER o
560.06 %MG
SSR-10
55003 =
A XS 2001 T0 DR _ (.
55004 =
A : 40T TO DR _ o .
SSR-12 g%\“"ﬁc
55006 -
A S BBIT T ADDER _ o
§\1MEG
. (-JON SUPP 1 BIT TO ADDER
- 56005
55002 S58-1 A I K
= (-JON SUPP 2 BIT TO ADDER
_ A I 56006
55008 -2 K
. A I K 0N SUPP 4 BIT T0 ADER .. o
S5att
o
- A " SUPP B BIT TO ADDER_ o o
55015 gl
1 NEG
oc ~ A KO | LONE ADDER QUT_ .
o ,
56009 31 i 1MES
55028
- 1 —— Do
55029 ST A KO [-CEN-CBTUT sy
5oty S8 ocC g\
55019 220 1 MES
550,23 SSR-8




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets~Sheet 204
wew ot gus-c F1G.57  CR- CRI-E
20d.01 ! K 5701
‘ [—-5102
b TK K —
ooy SETCRID0Q) GJ o) -
20ci0z MEM QUT BUS-B = K |oRt-BGR) oo,
—~1GJ CR1-8 CF)
—60V, 6K gf B K 5705
Zyvv» IK K 3
— GJ
20403 MEM OUT BUS-A ; K CRI-A(CF) 5706
=1 GJ L _
60V 6K B K |CRI-ACE) 5747
OV IK K —3
-6y |——
s [
CRI-B(CF)
60V, 6K B K 5709
1)—'\/\/‘. IK K 3
L6y —— ]
- -4
2005 MEM OUT BUS-4 — g L. (0 P
_Gov\ys'\(;\ 6J LTB K ‘Ms‘(ﬁ
v IK K )
-G ]
2006 MEM OUT BUS-2 ; K JR-26R o0,
—GJ L CRI-2(CF)
-0V~ 6K — B K 5713
o] 1K K ,
Wpy _HJL _
2007 MEM_OUT BUS-1 . : K |eRrien oo,
GJ i L CRI-1(CF)
- 60V~ 6K B K 5715
\)—'W\- IK K 3
Gy o]




Oct. 16, 1962 W. R. DEMMER
TRANSFER INSTRUCTION
Filed Dec. 31, 1958

FIG.58 CRi RIGHT PLATE OUTPUTS

SHEET 1 of 2
CRI-C(CF [ ] CRI-C

~—

3,059,222

382 Sheets-Sheet 205

5301
5802

9703 3K

5803

CR1-G WRITE BUS 5804

 JAKJ[ ]

CR1-B(CF

P

=

5108

l CR1-B

5805
5806
58,07
—- 58.08
9809

5810

5811
5812

5813

o

!
UL

4KJ

5814
5815
58.18
5817

519, 5818

58.20
58.21

CR1-B WRITE BUS

CRI-A(CF

~

[T

5707 6K

L]

CRI-A

5822
58.23
58.24
58.25

58.26

58.27
—e 58.28

5829

58.30
58.31

5832

58.33
58.34

5835

CRi-A WRITE BUS _ g 36

=

CR1-8

U

5837
58.38

—=58.39

5709 SRCE) 1 4K

5840




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets~Sheet 206

FIG.58 CR{ RIGHT PLATE OUTPUTS
SHEET 20f 2 F:4Kdﬂ CR1-8 WRITE BUS 5341
s CRI-4(CF) CRI1-4 802
2K | | 58.43
5844
5845
4Ky = CR1-4 WRITE BUS 346
5847

CR1-2(CF ) [ CRt-2
5713 [_.4 3K _J gg:g
58.50
— 5 GR1-2 WRITE BUS

e R !
- 5853
5854
5855

— 5 CRI-1 WRITE BUS
{:4de 58.56




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Shest 207

FIG.59 cri LerT pLATE ouTPUTS san

5903
5904
5905
- _ 5906
OR1-B (CF) 5K ORI-B 5907
59.08
59.09
5910
5911

5912
L 5913
5914
5915
5316
5917

5918

5919
59.20
5921
5922
5923
5924
5925
5926
r _ 5927
CR1-5 (CF) 3K CRI-3 5928
5929
5930
5931

- 5932

5790 CR1-4 CF) f 4K CR1-4 5933
59.34
5935
59386
CR1-2 CF) —r CRt-2 638
5938

59.39
5940
5941
5 T 5842
5714 GRI-TCF) 3K CRI-1 5943
5944
5945

5104

5706 CRI-A(CP) F—ak CR1-A

il

5108

5112




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 208

FIG.60 |nsTRuCTION CHECK cIRCUITS

6 * }} ORI CODE CHK(INSTR)
+140V9

-
A INK
1 MEG
CRI/MBR
7201 — ; =
OO0 CHEER 000 | ] 0 K | TN O NSTRGHK TeR_
[TINE
12430 =
AN 40R9 CKK
INSTR CHK | N4 +140v3
136602
1 A
OPERATION
200 o2
[ o]
12321 (E_)T"‘E;P:m A KO EDETME _ 6002
g CIAC 1MEG
¢k
2347 LL
A L
(R=40R9 |17 ]
T1b10 A
s0n01 AT TRNSTR o K L
23009
5933 R
s LALOF 1
A
231c0p LOAD ADDRESS A K
23110 MLOD ADRESS ;
ADD ADORESS T0
23107 (0 AOORESS 10

23po7 SN



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 209

FIG. 61
I TIME ROUTING CONTROLS

USE
105,08
A Jop | BOLTHE WS _ o
6102
AT ON — 61.03
1 A
oy R o) — 6104
. - - 61.05
~ ND T T (USEV/N
16,05 NN 2 o) GAF 3K 61.06
29 A K TRN ONTAT__ g1 g7
5827
KO |—_REn Ry _ ¢

KO BLOCK ADD TGR

61.09

K6 SET MACT TO MAR 6110

KO SET SAC TO SPC

~ B1.11

IAT OFF =] SET MASRTOIC _ 6112
121.09 A KO > 9
135611 ELONPCT REQUEST i N




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 210

FIG.62  sTORAGE SIGN TGRS. & CONTROLS

ACC STORAGE
K T SIGN TGR
SET STORAGE ]_"J L
a3y 11 SENEE)
$5R= 0000 A b6 DG |-
%‘;’;ﬂswm-wz I !
(BLOCKED M2)/
(DGE 3)
%n 12 AUX STORAGE
SET STORAG A F K T SIGN TGR
SIGN )P T L
1 a DG DG |
sagp SRA0NR)
! )
17 A
A I 2K STORAGE SNCY,
1 T -
N o 3K STORAGE. SIGNCH o3
A ] 62 .04
-6 05
L —2 06
53.28 CR"A
A -
SIONS ALIKE ., (-
L6208
CRI-B —~ = N
5817 = A 0 2K I 3K 62 10
5922 LRI-A SR
52 12
B
L 621
g CR-B A sigNG opp 02 B




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 211

F1G.63a
INTER REG CHECK ROUTING {

CHK CR1 TO ADDER

sap03 OUIPLT P
saee L A 1 [ CHAR RES NOT1__ o
93p06 %BEEC'{%UTTUPW {P) A J" ° J1K 0 MIK K6° /' 63002
755 R Py
grqp DESULT I INTER-REG BIT DIFF
|13 b
5937 M-t 1 : CHAR REG NOT 2 o0
I ° ~{ ¢ 0 b1k kO
7541 CR2-2 A E\MG
spg RESULT 2
93 A TI | CHAR REG NOT 4 Jesate
I O KT 7o0 Hik |4k
oy B2E | A %—\msc
RESULT 4

8ror



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 212

FIG.63b

INTER-REG CHECK ROUTING 2

CHK CRI TO ADDER

Bp0% FITRUTIR) A
(RI-8
5927
CHAR REGNOT 8~
OF+- K} 63b.01
K CR2 T0 ADDER
Be T outeur e A
750 SR8
KO
O - IK —
b5 RESULT 6 5
s A
501 RIA
CHAR REG NOT [A
0t~ K h 63b.02
CR2-A A 0
1o.12 7 FIG 63c
©o
0+ 1IK KO
RESULT A
19.04 gm
= A
o BB
CHAR REG NOT |8
0 I+ K | 636.03
- A
1505 B
: S WTER-REG
o 1k k- ko | 63b.04
BIT DIFF
1905 EUT B é'



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 213

1958

31,

Filed Dec.

10269

HOL NSNL NO NHNL

10291

—H19d RORL (G0 ZA-va/ey 7588
— (@) NO Ol NoNL
+—H MO

v onon o0

0198

A0 Tamm 8

4
@ 170 4300V 0L 28 W 0

60 9¢6

{d) INd1NO Y300V OL 1H) YHD
v 1 1ON 934 ¥vH)

£09c9

y 606l
209¢9

RELT

hV_T%a

(o) | 20

HOL MO3HD 93¥-Y¥3INI

|

v Y LON 934 BvH)

ﬁ .
T
a9

v 8 10N 34 4vHY

2¢9°914

goem  OVi8

pooe9
v b 10N 93Y ¥VH)

r ‘
yoem W48

20089
v ¢ JONI3 YvHD

A I
14
T

o W8




3,059,222

W. R. DEMMER

TRANSFER INSTRUCTION
382 Sheets—Sheet 214

Oct. 16, 1962

Filed Dec. 31, 1958

ADD ADDRESS TO MEMORY ROUTING CONTROLS
MEM READ-WRITE MODE

F1G.64a
ADD ADDRESS
23102 JO_MEMORY " o K5°
3y ETIME (P)
K6° CR1 TO ADDER
=] DIGIT ADDER OUT
KO
AAM -
I————-
K6° GEN C BIT QUT
oo STEP SAC +1
KO
AUX TGR 2 OFF (P) o]  STOR READ MODE
1381.44 A 1™ KO
138ty SMT OFF(P) %\
1 MEG
=>| TURN ON AUX TGR 1
TSN T6R ON (P) A = KO
1%\1 MEG
KO SUPP Z0NE CARRY IN

13621
ol AR

12405 ECC 1/2 0] |
1MEG




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 215
ADD ADDRESS TO MEMORY ROUTING CONTROLS
00 M1
136c.27 [RANSITION(P) A KO | T MACTTOMAR g,y
138,19 AUCTCR | 0N ) ? et
] == TURN ON AUX TGR 2
o L A KO 6402
76 2CR220 { S B BIT 10 T/
O |~ KO |———-640
a A %MEG
1384 1ALX TER 20N (P)
H- A
1331 15X T6R 2 OFF (P) A
B
15 0R2-4 A+ O | KO |—FREME g4149
79 17 LONE CARRY QUT % w
(R2-3 A
%iguo ZONE CARRY 0UT
] )
ROUTE ZONE CARRY N
3827 DEC CARRY IN (P) A KO 645,05
1NEG
I oo ABT 0TS eapog

. 1 MEG



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets—Sheet 216

ADD ADDRESS TO MEMORY ROUTING CONTROLS

F;?S' %ﬁc %1 NEG
1360 22 WS TRON (P
f4q0s AAM! A | NEG
=] STEP MAC 11
138 15 ALK TGR 1 OFFCP A KO 64c02
[

 MEG

KG |20 1 .

sgrp R1B A
K |41 8 8T "
THEG

TNSK TGR OFF (P)

13632 A <

2416 NOT ECC 1/2 0 KO ZONE ADDER OUT 64c.05
P A —

138120 AUX TGR 1ON(P) %1 NEG 0 KO TURN ON TNSN TGR 64c.06

§\1MEG

™ =>1BLOCK DEC CARRY INTO ADDER

30q05 WCLENDS W1/ A — KO 64c.07




W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 217

31, 1958

Filed Dec.

W9~ 3000 180 gans .o 0G99I
930}
0 S~ v nonanr .9 v (@) WO 9L WSwT 90 *9€!
60 S~z wor xav 11 v
SEW 120861
- @ 30 IS
0~ v w27 Vi
521661
0Gg = (d) 390 2 990 XV
R VT TR, N A vV
A T TER pmv_
S0°89=1n6maav 1910 O
trezl
. Wz v (@) INL 3
V0SS~ 5ow Trran-avae wan | O s v 80 162
£0789~1p
 00Q v 6
AL P T TS oX 971 NT SaN 1 vn 70 OF
az_m
. .
0SS~ T wsw o wanr | 2 0 N0z wo1 ¥ivan o0 1ed

$S34Aav AaVvOoINN



Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 : 382 Sheets-Shest 218
UNLOAD ADDRESS
65003 SAL
v A
gi25 AL TGR1OMP) ]
12 R0 A 0 |- KO ML 650,01
7535 (RZ2
INEG
NOT ECC 172
12421 A
2543215 CRI-B
AUX TGR10FF {(P) —
138122 A
1545 N2 oL
A }
A
1MEG =
ot KO [EHTABIT _ oo 02
s
65a.09 _ _
TNSN A Tko oM g, o
136¢ 27 TR OFF (P) 1 MEG
- O =
1529 CREA | A o KOEETHE g4
TG
KO [ETMCITONR oo\ 0
o TURN
TRANSITION () A KO [MAXTERY oop o5
136c.3 { MEC
=JoRI T0 ADDER
1 65007
ey WKTGR20N(P) | A K KO b
TLALLAX TN o




3,059,222

W. R. DEMMER

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 219

31, 1958

Filed Dec.

90 "9

A — 099914 81199
b799=— a0 98
A S — -
. K
99— _ @9 A o

oggm | 190 = v @) N0 ¢ 9L xny L0 VBl
12099 -
ue s | *H L (d) N1 1880 D30 on £} 88

. - ] _
N +H _,v_u& a8y — 0 V[T 1n0 Aewwd a3 on 2088
B e ] £AI |
livgs= _ A BRI e
. 1891 X 0
M_:Mw NOTSIAIG N1338 A v WIND LESLAMY copgy
bl 099 -]

K —
= i

. 60P9%I
01999 W ~
60799~ M A Xal

50 200

MRS I
30999 I @S0y TIO0TE) 2N vH/EY °

o v |~ INaiiond oz 3w0 agv 70 %°
5099 — c0es
b0°99 0 (d) 1n0 A¥¥¥9 930

040 [] £2rel
£0%99 . M —{xal L v [ zwwamawion !
2099 - Nd o106

NI LAIG

10°°99 _ b .

440 L Me STOHLNOD 9NILNOY 3AIAIQ




3,059,222

382 Sheets-Sheet 220

W. R. DEMMER
TRANSFER INSTRUCTION

31, 1958

Oct. 16, 1962

Filed Dec.

b¢ 199

£2999=— . 9Q 40699
NOISTAIG 30 ON3 °0.
22999 =—— Q99914 I - N UMV 230 4 NM
. 147 110 ABAY) 930 ON 00,
2199 =—— - ~—INJTL0MG 0L N0 00V ¢ww_,ww
02°999=— 1 ; St} NOILJ39400 WV4GB3N0 3L31dW0D
‘344
24 W= ThG b | X8l
T Ml
11999 N
9} 999 —=———
T S—
T — z 9a prYgc)
. I N0 B3 ORE 5, o5
£r99=——rq (d) NOILISNYY L
= e PYIE~—Xal X
40 $ O
11999
01999=——
60999=— 1 .
80999~ +—9d T Temnewamaom ¢ €O
, M- DU/
L19%=——" ." M 8599
vw——] [ ﬁ i
NI - A Xal
$0'999 T e>z_m
£0'999 A
0¥ M .
21981

No.._wo‘ll;‘l_
101999

(d) NO 491 NSNL 60 881

(7314 W3 40 0N

STOHINOD ONILNOYH 3dIAIQ

(13307 491 XV 20
(@) £ Agot "9



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets~Sheet 221

1958

31,

Filed Dec.

v
93N} J "
2099 oM W 0 v (d) 1302 491 xa <0 186!
w9 -—
n| TTEETTT Rhad
W AVHOHIA NI938
v
zz_w .
299914 v IR RTRAL
afw .
v @ s ngo 1
93H|
gfw v [ 10911
10299 oM 20 AN+ 199
S TINET 9 oI -
NG NN v (&) o TomL w0
a.:w @ ¢ ng et
[
v (@) 330 T 99r yav 0 "8E
sz_w .
v W@z g o099
8:@ J ,
v ws=zm o 3
W T A MWJWW
STOHLINOD O9NILNOY 3qQIAIQ (d) v M



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 222

Filed Dec. 31, 1958

azw v ORI oinel
8PS~ garavs aars A ° (d) T nig 0799
931
. v
P~y or s 135 | O 0 93H)
ANNN—O
10°78¢1
(@1 330 T8 vy L0
Y P~ \0iToT905 AVEGEIRD ILT4NOT b v @) $ no £1138
@ N0 ¥9: KGNL
axw Waf L
“"RQQ ‘)
O~y xav o wanr .9 20 v v (@) NoiLISKvgL 0% 98
3:_% @7 N ,oo_ﬂww
v0'P99 OM 0 v 07314 W3W 40 ON3
avW 0 1 ovw 135 | O G TT0 T v 18
931
. a ‘n
£ P99~ 331 0T vs 39w07 | O NoISIng wiozg O %9
az_m 809861
va N0 2 99 XV
COPSS =7 Wo wan 1% v 199
T
SEW
10°P99 o ) |

STTOHLNOD 9NILNOY

aalAila

P999I4



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 223

Filed Dec. 31, 1958

80298

10299
90099
60999
#0299
£0°389

20299

107299

AN} _

K]
v d v @ 330 9L WewT ¢ o8
NOTLJ34E03 WVHONIA0 Wio3g -0 199
D
a,:w | PR
¥300V 0L 1% N OLiivL ﬁ v (@) 10 Ins Y0 Peel
93N | 1_ @R e
N o k| wz v 330 %L gaw © 18
RECREL 0
o1
@ N0 T 591 XV mgﬂm__
AN ux_ (@) NOLLGHVEL o€ r o
INITIOA 01 3W0 0 ] (@ 430 1 8L ¥y o0
w0 o ninssy | O oLV ﬁ v ) 2 Ag e
‘l—
[
il v T s
WA 3000 T8 4as 9 a3 .
(d) ¥ Alg 0099
93 | _
W 10999
@ v L0
V0I5 0Vl oM v R L0

STOHLINOD ONILNOY 3AiAIQ

999914



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-~-Sheet 224

31, 1958

Filed Dec.

GEL

60799

£0'499

J00W Y34 WIN

OM

EIAT R

o

03N | W
O

¢ 4L XY NO Nunl

(d) £ Ajg %699

o

£0499

431 40V %3018

I
S
L

0
NOTSTAIG 30 GNg 20 %9

GEL )

F—AAO

L]

20

SNVt
93N | TR

GE[ ]

¢0499

-34S d31S

r4.

107499

b-0vS d3lS

STO0YLNOO ONILNONM 3QIAIQ

Waf

(@ ¥ 203 Ton e

(d) 300 TAS o Peel

I

20

CELN]

() NOTLISNVYL 1oy ' P98)

@ 9 g %

{d WO+ §aL Xy ‘b 'Ee

() NO ¢ w91 xav O i8el

v

(d) v Ajg 801998

2 hg & o8

W RELN

(47 330 ¢ WoL ¥y 0,168

ﬂ

(d) NOTLISNVAL °¢ 9%

v

(d) KO 14 0°88

(@) 1 Ag 0 0%

(@) 1993 Se €

399 914



3,059,222

382 Sheets-Sheet 225

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962
31, 1958

Filed Dec.

93 | 699914

927861
5 - 330 T 890 X
TP T O Y v
v
93H | 4 W0 T woL xay oMo
10°bgg OM 0 v .
ETTTRENNTE o s ORI R TRA
90899 v | N R PR T T AL
92} - ol
G0Bg9 AN ﬁ
P . | £2'999
AR TTT TN L A v (@) ¢ ng =
SZ_W W 4
9 | - .
90°8¢1
faam () NO"LWS
%0699~ s O 20 v - .
- 9 I, ‘ (d) 430 ¢ LWV e
W =l 1 —WSTAI % L%
6 (41 N0 ¢ 9L xv !}
0900w avaw wois o ° VI . (4) NoisNvyL Lo & P98
- . . ‘0
93 _W @i
10" B9 OM v v (T TI0 TG 90 P8
+ 0V dils S d 44 _
] (d) T Aig 90°%
T (@) 1303 Iow e

STOHINOD 9NILNOY 3AIAIQ



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets~Sheet 226

FIG.66h  DIVIDE ROUTING CONTROLS

™ END OF MEM FIELD _
P HTIAL) | 0 KO [1URM OFF AUK TGR 2y oy
' A
B 1MEG
AUX TGR 1 OFF (P)
138, 09
A TR IO TC oot
e J' — O KO 66h 02
g TETT)
D5 @) 1MES
66016
we | 0 KG | _CONPLEMENT__ . o0
g 0g0FF (P) A
‘ 1 MG
s AR A o K |ROUTE DEC CARRY I gy o4
) A
— A Lk 1A BEGIN OVERDRAW CORRECTION .. oo
6h 06
TURN ON_SIGN
13623 RASITIN () A KO [HE-TER B6h 07
5904 i\m&s
SIGNS ALIKE
620.08 _
s o7 22T OO 0 A i\ KO JSET STORAGE SICH(H)cey o
1 MES
Bl (
e Sl 09 1A & SET_STORAGE SO ) g9
138h 0
é\msc
- A K |SLPP CRR CODE CHkg
66609

>
51 MEG



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTIQN

Oct. 16, 1962

382 Sheets—Sheet 227

Filed Dec. 31, 1958

EW
. b2'999
60199731 wamy 430 wanL O o (49 kg
afw
. v1'88
80199300y o T3 O (d) NI AUEYD 030 ON
afw |
. $2°29€1
i
L0199~ [ v (d) NOILISNVAL
93N _W
o1g
: 4) 0+ 10dIN0 ¥300v L1910
0199 = ol vamy Ko wEnl O v (&)
, 3,:%
. 01999
60199 10 1§39 NI nmx 0 (d) ¥ MO
az_m
‘ 52099
$07199 oM @ ¢ MG
T00R 3L10A - :
TI09K - V3 8015 A TR
ME:W
A b0°88
0199~ [ v (d) 100 A4¥V) 930
93 _W
0198
20199 o v () 1N0 A8avD 230 oN O%
120 440 Nenl = INIII0AD 0L 3INO gav 90°98
93 _W
10199 oM v .
4300V OLNI Ay§v) 930 %0018 | O TR TR

STOHLNOD ONILNOY 3JAIAIQ

199 914



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 228

Filed Dec. 31, 1958

TR 7T P — )
[T Y PR— it —l
91949
oroggl
o -
L =V an ﬁ A 1 XL A 9a @) N0 INS
— BN
WL~ | X 0
§1°019 M
Jols 93M |
1oL h Mm
o 4 .
W e | X1 o0 @) W0 WL zwz&w“ww
Nd I (d) NO 2 491 Xnv
e L]
A R EAdH % !
AT P— :
107019 T
. ] .
90'°i9 e X1 A w 042961
(d) 2 AdN L] {d) NOLLISNVaL O
T 90 (@ 440 15 O'PE8
0o 2AdN M 7
0019~ 2N LON A , P00l
0009 =] (H90)(ZN/A3N0018) M- DU /EV
20719 T4 X1 90 0 ke 3045
0L~ T 1w N | T 2 NVN/(35N) 3INIL 1 ON3
AdN
STOHLNOD ONILNOY AldILINW 029914



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 229

31, 1958

Filed Dec.

10949

90199

G0'9.9

¥0 918

£0°9.9

20949

10929

20 ol s in 13 | O
szw 300 ST
oo oveess 135 | O v 170
.sz.w 0 IS
O TR e A Vi WO 170
35%
TN T N3 OX Vi
TN
@) WOIITSAVET
821 + 0V 4318 0 v @ 30 INS
.azw
@ 7T
3000 QV30 W3R OX 0]
N ) v (d) v AdN
N0 2 WL XV ¥ © AdW TWMB S Bl
VIS VA OM . 0 ) 1 AN
= @ ¢ T

TOHLNOD ONILNOH AdILINW

49,9914

ez

S0'y8el
60'229
01'yegl

H29¢l
0e'PBei

90049

Giel9
82748¢1
100)9
01 el9



Oct. 16, 1962 W. R. DEMMER
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382

3,059,222

Sheets-Sheet 230

FIG.67c MULTIPLY ROUTING CONTROLS
s7a02 "Y1
MPY4 ()
6la.16 l CR2 TG
3i2a AR A 0 KO 67c01
1007 WPL2P » ma:é
o o | R AT )
mmé L
T A @NCBTON _ o
7500 CR2 KO P—————t¢lc
- 0 KO [URR N THSN TR . o,
Hbgs SN nﬂ;§
AUXTR (1] A
13813 TZR%‘TP& A KO PR 167505
figcre Tl i\mec
A KO SE. 2128 e
msc/g
Ta 0 KO R NATRE 7 7
TNSN TGR ON '
13607 1 - § g\i MG
-8 A KO TURN ON SIGN CHK TR 67c.08
93.09 % MEG
A 0 KO | BITOADER _ 6709
} ¥EG
13626 msu ToR OFF i
KO [FRCESETOSTEE g7 49
§Ta11 MEL3(P) KO [ETMCITOMR o704




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 231

31, 1958

Filed Dec.

SIPLY

| NOTLISNVEL 10N/2Z hdN ‘
LA I T YT TS O J X g .
P9 914
P
R P d
W L @7 v aaw Lo
N_.Em BRI o v (d) _NOILISNVHL LON wwnwm
WP~ ¥ TR (d) 340 2 ¥91 XnY
Ok P L= 3009 240 &a_%x 2 W T
-L
60729 O L] v (d) 330 1 oL xay ' 88l
INS 790 NanL S
80P19 A
30V801S 01 1InS3d TRRTR TR ARy AL
LRI = ol ¥ov W0 Wil O~ —ox 0
e ¥ N TRETIES q
S0P =0 Gov yoog | O O | (4 ¢ kan oL
V0P = s O ]
W W 80019
£0PLY OM Vi (d) ¢ AdW .
120 30 WL o | (d) 0 % [A4IN0 300y L191g = L8
. 93 |
OIS~ T o
£/
1019 (o) | . v (d) } AdK .
170 N0 W¥nI - (d) 7 903 S

ST04LNOOD 9NILNOY AdILINW



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 232

FIG. 68a
ADD TO MEMORY ROUTING CONTROLS
END T TINE AOM1
4 pq USE/MANZ T 8001
A 2K H»i6 | 680.02
23g0g AL MEM | TBX 5K 68a.03
1 $—— 680 04
A3 /R4 - W2 (BLOCKED/ N2) T 8800
103b.03 0602 ~DG
¥ ]
—
L T
ADM 2(P)
—680.07
136019 JUSKTGR OR(P) ZF TBX 2KJf o0
$——=68a.
> DG —T =801t

F1G.68e

ADD TO MEMORY ROUTING CONTROLS

CRY TO ADDER

680,05 ADM 1 (P)

- Ks v A 68401

o] kO [SIERSACT o g5 02

~1CR2 TOT/C

~ KO R TV o gge 03

138K 47 AUX TGR 2 ON (P)

 FSET MAC 1 TOMAR o

{MEG

>
O-W4

138; 14 _MUX 1 TGR 1 OFF(P) s ke A -
2715 M ECC 172 A
136 ¢ 20 JNSN TGR ON (P) I: J—> oc
88 26 _DEC CARRY IN (P) L A Wi
1381 13 AUX TGR_20FF () A

TMEG

88 15 MODEC CARRY IN (P) 1

1 1 ¥

138, 18 AUX TGR { ON(P)

680 10 AOM 2 (P)

1 MEG

>
OW— O-W—

1 MEG

~| END E TIME 68 .05

{MEG



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 233

FI1G.68b ADD TO MEMORY ROUTING CONTROLS

ADM 1 (P)
68.02 hag DIGIT ADDER QUT
68 07ADM £l 0 1 MEG x0 o
o A K6 STOR READ MODE 85,03
§‘1 MEG
7 0 K6 STEP MAC 1-1 £86.04
o
%MEG
AH—-o KO [P _ eap 05
%MEG
58 09 -2 =] R1 TO T/C
620-BSIGNS PP A KO 68b.06

P ——t
1301 A LA CFD A T oc KO [ RERARTEMEE G, o
s IMES
SHT OFF (P) - % 5 %
(1)
ng‘gmx TRIND A VG ThEG
| a
o4 g0 V2 51 MG
s 15 A TR 2 0HC) Al e
5 07 M2 LK OF
A

136 ¢, 3 TSN TGR OFF (F) %1 NES



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 234

FIG.68¢ ADD TO MEMORY ROUTING CONTROLS
ECC1/2

12403
A
5o AN P) Ty
1 MEG oc kHKoO TG—R——%Lssc.m
[
45,15 NOLDEC CARRY INP) a 1 MEG
130 1 AL TER 2 OFF () A
5atR2=SH
f MEG
825 DEC CARRYIN (P) A
1330 3R ALCTER 2 0N (P) | MEGE
16, 09CRL NUM A ADM 2 A1 FE_gg. 00
13, 3 AL TR OFF(P) M E
A
1351 ALCTGR 1 OMEP) G
A
F : 1MEG/§
o AOM 2(P)
Rell A - K ROUTE OEC
= | cARRY IN
0 KO MY 68e03
20 14 SIGNS_OPP 1MEG
A )
56.0CR8 0 | KG [T BT g5e0s
L] A  MEG
A |
58,25°R|-A O
A A
KO HT AT e




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 235

FIG.68d  App 10 MEMORY ROUTING CONTROLS
62a15 SIGNS OPP

680,01 AOM 1
12404 ECC1/2 AC =1 TURN ON AUX TER2
13626 TRANSITION () 0 KO [RVMAX THRZ 5.4 o1
)
58,11 §1 MEG
ae 10 HLOUE) A KO |_STEPMgt e oo
51 NEG
KO [P ARER CABRY 64,1 03
KO [RUTHEE ORI ¢ o
=5 TSP G CODE CHk
saur AXTER 20FFP) A KO 8a03
: 1 MES
g AXTRIONP -
-
6804 AMI ) ' 0 KO [PENDERWT o0 06
| e
. — A
5905 A8
A ]
o KO RN TR o
g?nfc
—
680y MR




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets~Sheet 236

SIGN,NO OR, RECEIVE & STOP

FiG.69a ROUTING CONTROLS
PATY I I SION 1
2B TME () ALK el

KO |RLTDADER _ go.p

b3
SUPPADDER CARRY eo 13

K5° TURN ON TNSN TR _ 6904

KO | ENCBITOUT _ g6 s

= )
TRANSITION (P A KO |UN NAKTR o, 06
K| B STORKE _ 9,07
A TER 1 ONP) L 1 MEG
ot ONOT TRANSTON (P
oR1-K — =1 ol
L] A | STORABE SOHO_ g,
- %ufc

KO |FEMTBBT  _ con09

_- ] o A
o ‘ A K&y | SET SORAGE SN (e o
.30 (1A °

1 MEG
KO | ETABT oy




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 237

31, 1958

Filed Dec.

369 WHD 3000 28D 4dns N
01969 170 330 NUNL OX i o
50969 oM |- v NS/7dRV 7dhH7 Ta-1g9 0 ° W
18 1IN3 -
Wa:_ =)
‘ I3t v 60011
80969 TR E T REI .mv_ . ] WS/dNY/dAH/ T8¢ 149
az_m b0'9 52
969 ~ . v 3015
10969 i (82 -
90°969 93N} .
: 1 W T35 00
0969 ~— T T T2 I LIS | . Vi
93N I3 .
. 10° 92
v0°969 WL 3 ON3 nmx 0 do O 81 '99¢}
m ] (d) NOILISNV YL
: RELL ] (d) 330 + 891 xpy_ ¢ 8¢
€0°969 Toon 30rn-avas aw .9 V]
¢01969 T9VH01S 01 1738 O
, NO T 891 Xy ‘Eee
107969 R TPET OM 1V ta) W0 .
L b 9IS
STOHLNOD 9NILNOY dOLS 8 IFAIIIIN 4O ON NIOIS

q69 914



Oct. 16, 1962

Filed Dec. 31, 1958

FiG.70a

W. R. DEMMER
TRANSFER INSTRUCTION

382

3,059,222

Sheets-Shest 238

LOAD ADDRESS ROUTING CONTROLS

123 30 ECC 1 P)

LOAD ADDRESS

23%.06

123 4gECC 2(P)

(R1-B

801

123.09ETIME (P)

139, MX TER 1 OFF (P)

5o
g LT S
%’ MEG KO SET STORACE SN0
_ TURN ON AUX
KO TR0 o
? NEG
+a
2K kS JENCaTonm o
LDAT T0a06
A KO [MHEMREAD NODE___ 74, 7
mscé
__ STOR READ-
| O [HRITE MO0 70, o5
o
| [ KSR T0M0ER o oo
L K6° STEP MAC 1-1 _, 10010
A U OFE 0ET

87_ZGDIGIT ADDER QUTPUT#0 (P)

§1 MEG



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 239

FI1G.70b LOAD ADDRESS ROUTING CONTROLS

 JAUX TGR | ON (P) e .
138"‘4w“ A K KOITE S 1y o
100.06
K O LEAD STORAGE oo,
- REsw
’K O [T STORAGE _ o
4 & | TURN ON TNSH TGR 7o), 0a
10 p MAC 1ENDS A KO 100
% v ors 1 MEG
2 TTURN ON AUX TGR
10605
3615 TISLICR V) A /% KO
1 ME
1364.3 NOT_TRANSITKN| (P) |
__T A 0 KO |DGT ADDER OUT_7y, e
e AUX TGR10FF
18 1 1 MEG
=S |1 BIT TOADDER
- A KO 70607
56.24 (R1-A
1 MEG
_— oo R
5308 CR1-B A KO 2 BIT 10 ADGE 0008
— =M BT TOADDER
g8ty AU TGR 2N (P) A KO 10609
1 MEG
— ~1END £ TINE
TRANSITION (P) A KO 70b30
B6c25 Hﬁcé



W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 240

31, 1958

Filed Dec.

o gy W8S
O s s | I A= 9oV
0201 ~———
D
o |~ WaVR dnowo <149
9o N v
won o] VANOO743d- 140 oo
g TR Y g Es
40l) Ty %8s
A0} WO S ID " NI A 4v9 0
. o bES
1ol S " L AT
mwwm wSranv| e AT Wa.:
oy 1dAH/ 8% 149 g £98S
by 9H | _
9004} WET (] NI A v v 32 v _ [ETH mmmn
%001, — g 8
814 -_ /m T s
4004, TR oM g
€001 ——— = T 6068
° ¥
wwom _ WS/dNV/dAn/ 18+140 .
NOILINSOD3Y 14D S VAOIE



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 241

31, 1958

Filed Dec.

HOLL

. VEIH
R TR v s
e A
20 |
gy 86
BV WN02/ 0437 7 14 |
w1
B M AT A v 8 s
L
81
N T TV RES O
in v 199
ovaiL ST I (] rI A 0]
| 095
v R
| T
60GH.
80QI ~———— 4
I T — | Fm
904 IEITH AP p.| APT A2 v FETH 2485
goai i g SO
Y — 4VHD 035 # 140
b | NN =180
] / NOILIN90D3Y 189 qi2 94




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 242

31, 1958

Filed Dec.

R
ouzw

N

-5 €098

l_ 0¢'8S

mm 0
vV g %68

Al

v Vi e

T o

v Yo SC8s

gy e

GELE

02
g.sH_
202l

S 8s
b-l
v 114 Gb'65

v T 0986

0_ 666

v 8 e

iS58

07 (00 J3H3 3000 14D
waL

J

™

(00 XY 3000 ¥aW /M)

]

A2 mgmw_l

1]
w0y 1O

AI3HD 3000 14D

v | om e 0%




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 243

31, 1958

Filed Dec.

bVEL 00T v Tmmo, Ly Gl
:E\SO: A1 xJ 0 - |
85% ST 7] N
WEL [ ne j..Em 0 N SL
. = n —— j: WOY4
€8 914 011 )
PR
0rgL = N 0 v
TR, i
o s v —Jag
608L =350 A 8-¢¥) 2zal
- L 0728 o
@ o zw
806l =+ N A -1
S N300V 0L 190 v vy
105) = xm; 1 P ! |
o) R0 0L 180 g : @ o 3
_ T8y &S
(NSOEL a0y or TaD e~ v (d) W30V 0L 10 %“Mm
Y300V 0L 1@ _&avﬁ#, DR
2 DOEL |5y o Twd xm;! V- AT m“mm
‘08 S914 0L 4 ¥300Y 01 Li8 b ddnS MB _ﬁw 1580
@S (ST M2 v [ V30V 0L 118 ¢ 4as W () 90198
T 0- 0z 1w/ 1% 0
_ MY b A
@0 ryovor 1w A v gorgy L8
o v - % vopes
0L 4 oI N v Y300V 0L 118§ 3d1s Qo _Agv o

ONIHOLIMS LNdNI ¥3aav

€l 914



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—-Sheet 244

31, 1958

Filed Dec.

g1epl
ahepl
Hepl
oreyl
604l
g0eyl

eyl
s0ey)
S0y,
Hepl
£0epl
c0epl

10°ebL

[
[

Xgli

{d) 2 "8ns/aqy

MAE

2 ans/aayv

Nd

..Lﬁ..

9a

(d) NO 2 'HIL Xnv

¢ W91 AnS/aay NO N¥nL

v {d) NI R4HYD 30 ON

NOILIOOV 30 QN3

1

(dy 1T7ans / qav

MiY

Xg.1

b 8ns/aaQv

Nd
L8NS/ QQY

9d

(14 30) (SW/Q3N2018) oM~ Y/ ¢y

¢ 'NVW (350) 3WIL | ON3

‘ans

0 aay

‘ans -

aav -y

STOHLNOD 9NILNOY 8NS-aav ‘ans 13s3Y ‘aav 13S3y

Dyl "OId

1018l

v0 Bp1

81788
§0"9pL

Go-qsoi

A

v0"uee
Huee
v01ee
101¢¢



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 245
FIG.74b
RESET ADD,RESET SUB,ADD-SUB ROUTING CONTROLS
o R-ADD
23 02 -
R-SUB 0 KO TURM ON SMT_ 74104
23;05 Sk
CRHB 1MEG
59.06
E61/2 L A
11?,’2%7 S A 2K
' NEG
A 2k R-ADDA TRAKSITON 75,1
R-SUBL TRANM 14b 03
5829 RI-A A
1 MEG
O—’V(/\r-‘
s o} A — 0C |+ KO LET STRAE 70100
5918 ER) :
14002 MUSUB1(P) 6| | ] 1¥ES
TNSH TGR ONCP)
el T A L3k END OF ADDITIN _ 71,05
NOT ECC 172 !
124% § NEG 74006
38c13 ML ON(P) ! Mp07
g NODECCARRY I (P) - I— T
g1 ALTER 20FF (P A
' {MEC | | 1 MEG
oMA— A0
yaanog L
A
0EC CARRY IN (P)
ggfgz AUXTGR 2 N (P) A
STORAGE SIGN (- A-

62a02



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER

TRANSFER INSTRUCTION

3,059,222

382 Sheets—Sheet 246

1 MEG

o7 CRI-E FIG.74c
R-SUB & TRANSITION A RESET ADD,RESET SUB,
1913 i eSO ADD-SUB ROUTING CONTROLS
02 toi°K
5919 rp A
584
— SET STORAGE
" A 0 KO PELEL _ngcn
58.30 %mm
END OF ADDITION
4606
g DECCARRY N (P
‘63230“6%3 STORAGE SIGN (+) AC
2y AU TER 2 ON (P
ADD/SUB 2 (P)
40,08
Bh 02 él%?« 0PP = =
8010 20T A 0 KO [COMPLEMENT _ 20
124.08 7]
1 MEG
SUB
g;g? SIGNS_ALIKE A
. SSYSTEP MAC 1
KO 14c03
gt ADD/SUB 1
A
. __ ROUTE DEC
o O JCARRY N, o
B %\1 NG
TRANSITION (P) A
136¢.08 L. =S| URN OFF AUX TGR 2
KO e

05



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 247

31, 1958

Filed Dec.

30°PyL

GOPbL

bOPYL

{iag 7}

0Pyl

H'PHL

18
ﬁ (70 + L0410 §300V 191G
170 330 WANL oM 0 v
93N}
3:% i 0
3 0L 289 Ox 0 o 773 60
og
3.:% 9Pes)
I §300V 11970 ox 20 v (d) 340 WS
W Pv.L Old
93H
OM vl
W91 WAD TIA0 N0 NEAL \
= Ws.: (@ 2 gy 0o
afw
IR ®188
§300V 0L T80 O 0 v Wi %3
NOTLIGOY 30 ON3
R
z.:w @) 730 WL WeNL 7o o
QoL
OM v (d)rans/oay =
WK GV38 IR 0 e O
ST0HLNOD 9NILNOY 8NS-AaVv‘ans 133y ‘aqv 13S3y



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 248

FIG.74e

RESET ADD,RESET SUB, ADD-SUB
ROUTING CONTROLS

ADD/SUB & ECC 172

71004 ADD/SUB 1 () The O
' a
oapp EE Y2 A K A KO [TURN OKDZT 74 .o
6q05 NOT_TRANSITION (P) i %\, NES
CR2= SM =
7615 A
pgizy AULTER T ONTP) §\1HEG
g2 NODEC CARRY WY | =1 o
é\mec
ety AOD/SUB 2 (P) = mg: ?(?R
R 2-8 A oc KO T4e 03
75.01
NEG | | [ 1MEG
A
i\wec
(38K 24 AUXTGR 2 ON (P
A
%\mm
AUX TGR 1 OFF(P) =]
138;.19
Aigs CB1 £NUN

1 MEG

>
-V



Oct. 16, 1962

TRANSFER INSTRUCTION

Filed Dec. 31, 1958

FIG.74f

ADD/SUB 1 (P)

W. R. DEMMER

3,059,222

382 Sheets-Sheet 249

RESET ADD,RESET SuB, ADD-SUB

ROUTING CONTROLS

74005
gty AD/SUB 2 (P) 0 A KO- JSTOR READ-WRITE MODE 7, o
g0 AUXTOR 1 OFF (P J %mzs
7 SMT_OFF () 0
360,09 TRANSITION (P) K6° CHK CRf TO ADDER QUTPUT 1402
sapy N0 DEC CARRY W) o
< WX TGR 2 OFF (P) =
8L ot g 2 AC KO [CRLCBTOT 74£03
12419
SMT ON (P) 1MEC
AT
b0?
L Bo
325 M TOR 2 ON (P) A KO [SENCBIT T _opeis
88,31 DEC CARRY IN(P) 0
: 1 MEG
= oo
o T T D A KO JIRN N AUX TER 1 _ 74 0
: 1ch/§
~1TURN ON SIGN CHK TGR
ray S22 A KO 74£06
59,08 1MEG
A KO FLURN OFF AV TGR 2 _ 740
mec/i



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 250

31, 1958

Filed Dec.

L0O) -

J3nt

1WS 410 N¥RI

WSE

R R TR TS

GodyL <

oQ

Wﬁz_

by 914

410 170

{d) 410 WS

¢/F 993 _LON

Wauz_

Ae

o)

i1

(d} LNO A¥Yv) 930 ON

(d) 0+

1hdino ¥300v 11910

(d)NO 2 491 XNV

118 9 LIw3

OX

JINE

0%y,

€00,

¢ ¥IL BNS/00v NO N¥NL

Jmt

IWIL 3 0N

Ox

o9

W 9}

L)
[ i T T TR

20

omEW
ﬁfw

(d) NI AHYYD 230

NOLLIOOY 40 ONT

JANt

RELT W

(d) NI A¥¥¥2 230 ON

(d}440 ¢ WL X0V

{d) ¢ 8ns/aqy

(d) NO HOL NSNL

10°Bp)

{d) 440 491 NSNI

(d) NO LWS

JOVHOLS Qv3y

ST0YLNOD ONILNOY 8NS-QAVY ‘BNS 13S34 ‘aav 13834

oM

v

(d) NOT H3L XnY

(d) + Ans/acy

b0ugel

84°Pgg)
02°vZ}
ch8g

ol

92H 8gl
2888

80941
88

[
oropl
G0°89¢+

62298}
i8¢l

€21 0¢
90°ehL



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 251

FIG.75 CR-2 OUTPUTS E—
48.05 CR2-BCF) % 2K

CR-B 1503

b 7504

-

—————— 7505
1506
7507
7508
———— 1509
1007 CRLACH) 3K OR2-A 7540

5.4
4505 CRO-ACE) 2Kk [ Ip CR2-A

1542
CR2-BEH 4K ch2-8

cRBCH) [ CR2-8
] 3K

48.04

15.13
1544
79.45
1546
(631
75.18
1319
1520
.2
152
1523
15.24
5.5
15.26
1521
15.28
5.9
15X
75.31
75.32

- -
R —_—
———
fr—————————~
e
— -
e ———
e
————
—
-
——
e ———md
e ———r
-
- -
s ]
-
—_— -
—
e
-
P
e
—_—
-
e ———
-
A —
—_
e
— -
.
S ———

48.09

ag.0p CRZ-BCR) 3K CRo-8

(R2 -4(cF) 3K CR2-4

48.14

ReACH 1 4K (R2-4

48.10

7534
753
7536
7531
5.3
5.3
- 1540
15.44
15.42
75.43
7544
1545
1946
7547
7548
7549
15.50
7554
1552
7553
1954

g SR2AH T4k CR2-2

CR2-24CP) 3K CR2-2

48.12

CRAGE) 1 4k CR2-1

48.15

45.44 CRICE) { ek | R




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

- 382 Sheets-Sheet 252

31, 1958

Filed Dec.

Mw”m Jo=2

u

M2

rI

29 0+ 28
e
eIl
tal
il

4v9

28t
02-9L
6191
89 =
19 ~—
9h°9L ~—
Sl =
bl ~—

YW 5= 2D
YYHO dS+ U0

M

(|

A 4]

-c8)

API

(B

4v9

€9 -

NS/dWY/dAH/ 8=

4.1

ahal
9L =
0191 -—
609, -~

WS=2¥)

g.g
104 TSR

914

Ml

MY

¢-¢¥)

V-2u)

-

T

N

V-24)

}-¢Hd

T

(]

APT

M

4v9

0oL

b0-9L
2091 L
209

18=249

™2

-2

¢y

9, - NSRRVIGRH T + 280

ArT

Ae

v

§-28)

86l

el

6¢°SL

b 6L
-8k
L0°6L
0k°GL
£5°GL
§GL

144
7]

9,914

NOILIN9OD3NH - 2H9D

-8

64°SL



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 253

31, 1958

Filed Dec.

HELL

At

9IN |

0-24)

o) AT OM

8-240

8-24)

£

V-8

824

It

y-aH)

8-24)

GELT}

REL N

boLL
201 M
L

[Z4K]

20

i

I3k

¢-¢¥)

LK)

1ol

-¢
-cHl
¢

1-¢4)

000 ¥93HD 3000 24D
FRDIE

A2

vod

OX

AD3HD 3009 240

WHYW 3OVHO0LS =YD

SNLYLS 1531 W3NW

08y

w0sL
£2'SL

L

806L
{341
616L

8esL
a6l

AY]

besl
WL
0661

60°9!
WEH



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets—Shest 254

MULTIPLE REGISTER & DECODER

FIG.78
K
1
Joeld Tpe A |2k PRIy,
: : ” T0 FiG 82
—T- ] A ok |sEems
A A
T R — ! I 0
15.48 gTZI;LREGTO
PBedl T L~ 2K
R (P TX-L 10 o 1 K eeessot g
| %
1538 A
[
A K
— l:—
0 TXH+ K 0 F
5.0 gﬁg% T C
76.29 : DGL—T LDG’I [_. K -
F T
A A TX 2K HELEL 1506
3 B4
-4 ||t -
75.26 ] F T _J
AS/RAHD
10497 rockent 11 KS D,G DIG
A A
0
5.2 ‘c":;'ﬁo
#
Rl G




3,059,222

382 Sheets-Sheet 255

W. R. DEMMER
TRANSFER INSTRUCTION

31, 1958

Oct. 16, 1962

Filed Dec.

(¢)] v
W@:
0 4300 0L &%
N
@I,E.s 80P
M- 1V
P _ . o O
I} (¥)9'6L Y
/_ -
1O~ O
O 4 MI 4 % 4-3&_ oM |- v
SO6L O-AAA— ) % ;
geﬂ 33} v o - 1Y g T
, v-an
W6l QA X —{4vor O Tgvim 0°%
‘ v
COBL =gV IS ow\ag, mm_:
W8~ rasaow o A2 Vo 0 | | e o vy 04
2100 133MS 0 . V 4300V 0L 10 %_wm
mﬁd—m >ow-0|mm/m~(1 YG1 A9- NLANNYD INOZ e
T :Egma

430dv 3INOzZ



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 256

31, 1958

Filed Dec.

G'6l
bI6L
161

6l
6L
0reL

606L
2061
1061

9061,

(0)]
ﬁs:e
59061
HH* o [y 5
100 A48V INOZ ON A2 OM |- I
M
] OM 4| MI | M2 ..,zamiov_ — v 0
” 93M |
T AV WO -
__ v ]8R
g 0B
o 93N | - 9036
| oliw ST w I v . §-0/1
] . 9300V 0L 1) 80 €
TR mx”_ A o 0 i ] "Evaes £0%6
FCERE]
2497 L3NS
PR I D MR . - .
H3aav 3INOZ 64914



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER

TRANSFER INSTRUCTION

3,059,222

MULTIPLICAND DOUBLER & QUADRUPLER

382 Sheets-Sheet 257

F16.80 2 MPL CARRY TGR _
SHEET 1of2
—TX 2K
for09 O(04)A0D GJ o T 4 NPL CARRY
: GJ
— GJ —
! Lo K '
A
— O K
1A 4/|_.NOZMPL CARRY
T2 WL CARRY 2K I
CRITO_ A
ADDER 1
7306 B
0 GA oK |_2Mr2
CRI TO » NPL-T
ADDER 1 A | [ §\1MEG
7305
A S
FRON
FIG.73
CRY TO — TN
A 0 GA 2K
7343 | ADDER 2 _ — |
L 1 MEG '
A
AbDER 4
7304 _
A 2 WL
o) GA oK MPL-8 i
el N |
1
1302 { ‘
A




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 258

MULTIPLICAND DOUBLER & QUADRUPLER

'ﬁ!a%z 4 MPL CARRY T6R
TX K 4 NPL- 80.01
_—
] L G!J
u—_
2WPL-
| /
' A 1
0 K [ 1 2K
A 1
2 WPL-1
W2 gg%%
ZWPLg_ | 3008
2 WPL-4
' 7 WPL CARRY 8005
- A
' 0 K AMPL2 _ g006
! A
10
FI682
A [
I ‘{‘ 4 NPL-4
| A o} K 8007
A
h A 0 K 4 upL-8 Jao.oa
A




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 259

31, 1958

Filed Dec.

18 Ol4d y¥3dNLNIND oo
ro
LA NS 1 m .
50’18 NI v 190 Ll s X1 * I 2 ¥300v 0L 14D
L-1dN G e WAL LAWYV TaWS
AN TINS
A
0]
. T U300V 0L T 9
{v]
b Y300Y 0L 189
ro
B0'18 =5~ 'v__llT 0 Lo e
e s 7 NUUVD TdNG
[ ]
v
A x.r_ I b ¥4300v 01 189
LAY ¥OL 2 AMBV) TdW §
NS | ! 00V (7 00) OR
508 TS Ao ro ro
8N S F
018 ~garg V_NT I oMy vl pon L -
T AN B ¥300v 0L 14D

NS YIL b AYHYD 1dW §

£0°€L

10¢L
50°¢

119

80 101

a0el



Oct. 16, 1962

Filed Dec. 31, 1958

WwW. R. DEMMER
TRANSFER INSTRUCTION

MULTIPLE SELECTION

3,059,222

382 Sheets-Sheet 260

TR, F16.82
73.030) :
7308 GBI T ADER-4
73.008) SR T‘; PALDDER 8
o L : : ‘
AllA]IA]lA
INEG e
wp FELSML l
(5 MPL8 A 0 g | v | .
8102 WTEG 2
5 MPL-4  ~ ! N
By |swy A 5 WS;AF »
FROM OANT‘ al
FIG. 81 . s e E lam
8.04 : - MPHF)L
SNPL-1 A O [--GAF|H2K -4
8.05 =
A A ! A A
pes SEL4WPLE ! ! -
RO |
8007 4MPL:4 |
mor AL
78.06 SEL 4 MPL A ? : ‘ I
1 MEG
MLBA, |
nos SEL2ZNPL vl m
sos (LML A O«NTLMEG MPL-llnL
i 0 |+GAF[H2K [~/ .06
s005 | ML~ A e i)
o 7 O +GAF[- 2K Z»&zm
F15.80
o L¥PL2 A ey )
A 0 'LGAF*ZK L_az‘oa
- A
oz A




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 261
F1G.83
TRUE/COMP CONTROL
G307 COMPLEMENT () I (2K b 8301
870 1/0
1308 [
’ 0] IK 4 K
i\ AL
1 MEG 0 |dGAF|H2K T‘ssoz
A §\1MEG /-8
A HIK K
B0 |
470 Tlcg\mgc
FR0M4 1=
FI6.73 0] ~ A g\ KO >r%£|c,
s [ J1/2]
A KO 7647
g‘ma;
m i -2 15304
T/0-2
- 1A
3 | 101/ 1
0 GAF“-ZK)'JSB.OS
A il IMEC  T/6-1
sy | 1101




Oct. 16, 1962

Filed Dec. 31, 1958

93f.01
85.07

82.08

8204

8201

8203

8206

8202

8205

8201

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 262

FIG.84

MULTIPLE ADDER
1BIT T0 ADDER
MPL CARRY N §/1 MEG
0 =) | Ji72 NPL 1
A KO ear 2K T ok
MPL 1A |
0 O |
A KO |- KO I KO
- gmé ‘l " %mm
w| | A ‘ 0
| A g\ KO
BINARY MPL 1 CARRY 5 1MEG By
A oK M2 ga03
MPL-2A %« NEG C
0 g 172
ol Pygind G Al pu R p i
1MEG\% = || M =
WPL-28 | A KO A Ko
T3
BINARY MPL-2 Ly IS
MPL-4A CARRY :
. 0 A ok [BARYWPLA
I %/1 MEG C
=1 [1/2 0
A RO Tear] X 7L [37KO
%/1 WEG 1MEG
A KO
MPL-48 A KO- §\1MEG
BINARY MPL-4 CARRY [ _
o oK [Py M8, o
- BINARY MPL-8 CARRY 8406
Y A f+-Kkol=HKoO
a%\m&;
WPL-8B A
%\mee



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 263
FIG 85 DECIMAL CORRECTION CKTS
BINARY MPL -2
803 *‘{ l *{ K 1oy wpL 2
LA
0 KO |-ligar 2 k L2 gs
A e 502
g3r0 2B TO ADDER
all|
4BIT TOADDER
85603 o uARY WPL 4
o A | 0 friKo |-Hoad 2K [t s
8504
1MEG
A
g3 g BB TOADDER
A
<~ MPL 8
0 KO {ZK I——vasvos
85.06
A THEG
sgs BN MPLS
A
5106 BMRY NPLS CARRY o hdearl-| k
was  MPLREGH 04 A msc%
- MPL CARRY 0UT
|| NO HPLCARRY OUT | 5 e ‘{ I
WLOHRRY (TR T X |~ K [ MPLCARRYIV o
o110 #0004 ADD JGJ
]




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 264
FIG.86 e DIGIT ADDER
sgoy DEC CARRY gf
0N BLock | A KO
33e06 ge R wTo 0 A K ST gg01
ADDER
8401 e [
WPLT 0 - 72
- A KO Tear X T
g\mm _
= J A KO
70 A KO {‘ %\
8305 IMEG
93,00 ROUTE DEC CAR {P)
—= 1 KO
WAL 2 0 A oK BINARY SUM 2 8502
8501 [ L 3603
0 A .
e KO |- KO
§1MEG W 1MES
_ A -
B304 162 BINARY SUM 2 GARRY, A |3+ KO -
L mm——g_ -
gs03 MPLY 51, 0 I KO |-
1. A 2K . 8604
BINARY SUN 47 |
e [ 8605
™ ~ I/2
A KO 16ar| 7 K I
<1 1A ko H LIK KO
oy 1o g\ 0 %‘\
1 MEG 1MEG
A KO
—§1MEG ARY SUM 8
MPL 8 1MES BIN
8505 0 2K T 8606
- 7
gz 8 0 L B0
A ZKO‘] BINARY SUM 8 CARRY
= ( 8608
A |S42KO0 86,09
INEG




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 265

31, 1958

Filed Dec.

£
¢i8

N
0¢'!8
6118
8i 18

L L8470 7 IndIno 4300V 1530

9 (8

Mt

d4v9

M1

Gh1g

v L8~ ey

O

o

& i8~rnermeTy 1

oV S~y ne
18
0V 18

i

S,W
4vo

o 1098

@7 10 43aav Do 06

60 L8~ i3y

80°18=

"

30" 18~ Ting

E\D)
REL M

END)

8

WG g 0098
(d) 10

ww) Jj0 0N 1098

AYYV) §

1200 ]
£0°28

S0 L8~y TG

JIM I

W

o0 187 sy

4v9

NG g 8098

gL} L] <

s o 0%

W' 18 <57 T

v

A

0

T 30 <088

43aQv Li91a SLINJHID NOILO3HHOD TTVINIOEA

18914



Oct. 16, 1962

Filed Dec. 31, 1958

I
E

SHEET

8609 88upfd
BINARY SUM 4 [—i .
8605 —
0 AF KdJ 1'
s e |
gg‘g?‘ BINARY SUM §
bops  ONARYSUM 2
» NO DEC CARRY W
DEC CARRY TGR '
BX K
]
A3/R4-w2)
(BLOCKED
10409 SDUGKED)
67005 NOTMPYL) A KS '
04
TRANSITION (P) f\mec DG HH D6
4715 NP2/ NOT TRANSITION : w
GJ D+ GJ
oty H0(004)A0D
33010 10N SUPP ZONE CAR I

791

93d.03
7915

.8
1 of

B
DEC

BINARY SUM 8 CARRY

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 266

CARRY CIRCUITS & ZONE CARRY TGR

ZONE CAR OUT

SUPP_ZONE CARRY IN

NO ZONE CARRY OUT




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER

TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 267

FIG.88
SHEET 2 of 2
DEC CARRY CIRCUITS & ZONE CARRY TGR
8801
8802
8803
+————8804
i : DEC CARRY OUT (P) 3405
| 8806
. B80T
———~8808
8809
4K NO DEC | G—T Y/
TJK K CARRY 0UT (P) 88141
8812
NO DEC GARRY IN (P) 813
4KJ t———— 8814
———=B8815
+———=8816
: 8817
8818
4KJ 8819
8820
=882
. 0EC cﬁm—m—’ggg
ZONE RRY (P '
CARRY TGR DEC CARRY(P) _ g o4
55 8825
. TX KO L e
=828
. ———— 8829
— = ——— 8830
GJ 0 t——=8831
L8832
! 2ONE CARRYIN _ oo
GJ
| LT 46y

A3/R4-W2(BLOCKED) TNSN

88.34




Oct. 16, 1962 W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 19568 382 Sheets~Sheet 268
FiG.89a
oy __  RESULT REGISTER MEM/STORAGE IN BUS
09 —s K 1JK ZK%&’“O'
REUT o O?NJ 89002
2601 = o o
A Jpro e
%MEG |
K KO
TR
2.0 —
m — 8% "Gy 1K |-2KJ :‘,‘E';U’g’gﬂ 89005
22600 FEUL - 89006
| A KO R ggg a1
894
gmes
K KO
TR
®B —
ne —| o LG |—o— — 1K %89&%
[ -8 89010
2210 LML, = P
A I'KO o Bell
gm — 89012
K KO
TR
004 — » -
MEN/
| sy {6 [ 1JKh-2KJNw_ 85053
’ 89014
2611 "BUE < ‘ N
wowy|| A "KO RS ;399:-1‘3
f3an Gohd %1 = ‘ _
KO

10147 GJ I+




Oct. 16, 1962

Filed Dec. 31, 1958

FIG.89b

9206 —

79.03 —
2212 RESUTA

wW. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 262

RESULT REGISTER-MEM/STORAGE IN BUS

6% A

oo

-60

92.06 —

7907 ——
2613 TEUITB

=
TMEG

6K A

o

-60

9207 —

00 ——
22b14 SESUIG

=
1 MEG

62l | A

g

-60
R2-AVWO!
103a.15 Yy

10118 R4 (D0.4)USE

[KO
1MEG

GJ

1UK [2KJ [aeg 89 0
89b.02
BRA__ o603
: RRA . gop04
RESULT
K A TGR lKO
=
3
- Gy ot IJK——ZKJW%W
89b.06
RRB__go 07
RR8__gon 08
ﬁRESULT
K| ® |KO
=B
- GJ 4>+—] LJK|-2KJ ms'%“ssb.os
L——89b10
RRC 5011
RESULT
¢t KO
TR



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—-Sheet 270

31, 1958

Filed Dec.

1006

~09-

4v9 WA T Cowd 1001183280
7 TISH OA ~—iz/r 119 M 0 v G 5m
oM v v fz«os-so 118 0-M)
Jm\m_o = \W Gl 9-1)
o OM v (d)¢ LIS
ﬁ m/a_: IR
—{ OM I ——OM v
] Al
NI v 93 | "
° 0
N om v (dy TIN5
W/gz ! (d)8 1S3
(v [InS3y
93N | 152 I o v —
N NI v ] =
v ]
L o] l_ W/wmz_.
oM v 0
= M v -
93N | 0
@8 1S
100 118 9
o) ETE

4OIVH3N3I9 1189 2

(d) 1n0 118 9 N3d

904G¢6

08y
209g6

1085
1048

chig

G018
ehie
06l

906!
10P9§
G0og6

£00%6

06914



3,059,222

WwW. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 271

31, 1958

Filed Dec.

¥H) 3000 93 [INS3Y ddM6 MO ()

b )

N

(0 IM

= open N
HOMF—{ M1 oqud‘

—a

8-4Y4

PImIO

bE |

o] i

ol
AUy

v-4y

g-44

'

¥4y

8-y

e TG

140 W {01

WH) 3003 ¥y

9 | I

AOA T V oy V
7.2,)10 _

J-4Y

A2

Ik

|-44

e

2L

i)

L3 WILNI

Y

Y

L]

L
(d

JVHOLS 0L IS
o IS Ol

(T NIN0L LIS

)T WINOL [1S3Y

H39914L HOMH3 - 0I3HD 3000 YALSIOZY 1INSH

16 9ld

J-y

a6
29

10968

9168
£0'968

80968
0968
Giogg

81901

11968
11068

#0068

10968

G 90
IR
80068
£0°68
9028}
w018

08
11968



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958 382 Sheets-Sheet 272
FIG.92
MEMORY TEST-CHARACTER SELECTOR
TEST SWITCH-4 .
. 0" INT | = .
waop CAMCTER SELECTC) (=5 KO |-BET-1__| 499
! ]
%1 MEG
3 INT ]
TEST SWITCH-2 % S KO U2 | gorp
% MEG L T0 Fi
8%
) INT
= -4
TEST SWITCH-4 %o e KO FEY | 03
%1 NES
2 NT =
TEST SWITCH-8 % ° A KO T8t oy na
%m&c
% INT = )
TEST SWITCH-A ﬁo A KO FEATA ) 605
%1 NEG
¢ 9206
INT =] pesull- 0 FI6.
TEST SWITCH-B V; o A Ko eS8/ 5 T
% MEG
B INT =
TEST SWITCH-C e KO |EUTC _ | g547
1 MEG

O—An—



Oct. 16, 1962

Filed Dec. 31, 1958

FIG.93a

135b15

-60

6k

READ

127a07 STORATE
36010 —
67b) ———
T4g0t
69007
66e01
0002 ——
T —

0307 £ TIME(P

0599 UE |

£)ON BREAK N
ROUTING:READ STORAGE:READ MEMORY

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets—Sheet 273

]

50e04
Rlalt —
138002
12802 ————
132004 ———
34b04
126b.12 ——
118.03

GAF
%1 MEG

READ STORAGEWG) 93001

3 [READ STORAGER) o o

READ MEMORY (ALY

READ LT
MEMORY A
“‘T“L—

AF

fIMEG

T

KO

2K

G

6108 b 8K
m@eo

135b.01 READ MEMORY(PCT)

49108 MASR 40,000

{ 93a.03
93a04

49.10 MR 40000

oKJ READ MEMORY 1 %005

READ
K 2KJ *R’Euomt 93a06
I 93al7



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 274

FIG. 93b
CHARACTER REGISTERS TO ADDER ROUTING

66e.08
129b.05
704.09

68e.01 . 17
64a.02 CR 1 TO ADDER GAF 2K CR1 TO ADDER {P) 93b. 0!

74d.02
67¢.09
65b.07
694,02

1404.09
127b.03

322.0033 GRI ¢ BIT OUT

93b.02

(27b.02 Pv 1B
63 05 GRI TO T/ c‘;//:u% 3K |CRLTOTE B g5y 0
66h.02

125¢.04
1264.08
68¢.03
64c.03
1304.05 PN 98

(R2 M 1/6_ _[172 (R_2 T T/C (P)
744.05 GAF[13K 93b 04

650.07 b

1294.16
1344.04

1400.04
1294.04 CR.2 BIT OUT 93b.06
134b.05

125b.03
1254.09
1262.09




Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 275

FIG. 93¢
ADDER OUT ROUTING

66e.07
125¢.05
0b.06
asb"gs oot aooee our _{ 172] 3¢

- GAF
64a.03
130¢.02
744.04
67c.02
654.05
1294.03
340,01
695.08
125,09
50e. 06

5608.05

DIGIT ADDER QUT (P) 93c.01

1294.02
:23;:: 866 I0NE_ADDER OUT 93¢.02
126b.11
684.06
64¢.05
127b.04
56b.09

14e.04
67¢.03
654.06
692.05

66i.05
GEN CBITouT | 172 K |SNCBIT OUT (P o

125b.09
702.05 GAF

126b.07
68b.02
64a.06
130¢.09
56b.10
50e.08




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 276

31, 1958

Filed Dec.

90°PE6

S0'Pe8

b0°PS6
£0°PE6

20°PEd

W0°Pe6

| »2 4v9
(d) INININdWOD 2/1 ININTTdN0D
94
9IN Y
O 4v9
Ni AGYVY 3N0Z oy 2/\ NI AY§YD INOZ 31N0Y
bH
‘9N }  E—
oM 4v9
(d) NIXYY¥YD 030 3in0¥ |2 /) A09- NI A94vD 030 31noY
%9
—
Y300v 0L 119 8 ddnS NO () A Al ¥30QY 0L 119 8 d4dNS
£09-
¥9
NI A¥Y¥) INOZ ddnS NO (-) A Al NI RYdvd INOZ 'ddnS
M09~
%9
ABUYO Y300Y ddNS NO(-) "2 Al AHHYD 4300V ddns

ONILNOY AHYVD H3AQV
PE6 "9Id

—

G0 00w
90'989
£0°499
¢09%L

£0°00p
60949
v0°P89

902 0bt
#0789
#0499
b0l

80996
0904t

01049

207096
§0°9.2}
£0°069
500G}
90°PE2)

£0°PEY
100921
807062



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 277

31, 1958

Filed Dec.

A09-

)

. ] |
90°°% ~—y30av o wava 030 ol W | Al ¥300V OINI A%uvD 930 YouTa
e e —
v0'2¢6 8 1IN

‘@
£0°26 18 8 LINJ

'
¢02¢6 1ig v 1K3

) 49
1079 __
07°%8 () 240 ol 928 Taw 135 | A€ 2/ 280 0L 939 1N I35

 n, |

ONILNOY 938 TdW ANV Y3L11IW3 ¥3aqv

°9¢6 ‘914

107949
107199
10°8H
60°969
60°92¢)
£0'82)
p0'a92)
90605
60095
60969
10°959
20°PL9
s0Byy
50249
60°289
50992
20962
60°bog
01096
10°249
$0°989
10962
TR
20969
807949



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 278

31, 1958

Filed Dec.

90°5¢6

§0°3¢6

1036

£0°486

20°J€6

10°3¢6

4v9

V=9/1 oA 2/) 577 0L 18 @ 330
4v9

V-7l ox 2/\ 971 0L 18V SHID

y300v oL 11§ 9

4aay oL 118 ¢

yiaav oL 118 2

§30ay 0L g |

ONILNOY ¥3aQV oL 1li9

}€6 914

£0°9%9

S0'9¢9

$0'Bog
$0°995

107208}
60°90
¢0-bog
£0°99¢

8090.
20605
20996

p0"20¢)
10 90,
80199
10-P0g
10 '99¢



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 279

1958

31,

Filed Dec.

6
0be8 BTN
g0-b¢ge !
moﬂmmlrr\ AOS
10°Bgp
s.wg %9
c0b¢s

b n_<01[ L -
b0>E8 @ V-1 0N 43I =12/ Vi bt oW 4l

T _

. 17100,

50 Beg T+ T R 4I5
M9-

bes %9
2
10-Be _ VI 1L PV B I AT

@ T T WA 4I5S
M _m\ A TOWN 4315 YO0 WO O
T Ji
#1004 ONILNOY |+ F | "OVW d3LS

bce 914

80P O
v gh
209621
50821
£0-969
yO'PL9
£0241
90°°0¢1
207949
0°989
907092}
0reol
10°6e
20299

109424

b0 81
0°9v¢l
£0°92¢1
20 P89
10°9921

10°99¢}



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 280

31, 1958

Filed Dec.

G0'Y¢o
o | N 4v9 [
(d) S+2 "QVWN d31S e/l G+2¢ QYW 43IS
x\\Sv
£0°ueh _ =TT)
DUEs (d) G+ QYN d31S A 2/1 G+ OYN 4315
#7004
10°4¢6 - 4v9
(d) -2 OVW 4318 A 2/ b+2 YW 4315

G+2 OVN d3LS “S+} OVWN d31s ‘1 +2 OVN d3LS

yeé 914

01 "82!
(1oLl

0reLel

80°82}
£072481
107205
10922



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 281

Filed Dec. 31, 1958

. 4v9 |
50166 wewmas | 2 e B2+ 0¥ 4l
|
N 14315 0L VS 30003
#7100}
109
9N ¥9
0166 Ih
. 4v9
8076~ T73vs 4315 A —Z 1o v b+ NS 43l
- 109-
t,] |
s M| Y9 ~
20756
0" }6 ~— =g &zJ Ae ..mc.\m_v 0% v 70 43l
j = NS 4315 W08 NO ()
. !
L F=d3IS 0L 9vS 30803
144000

ONILNOY JVS dalLs
€6 914

80°P 93
%0429

01219
£0°P99
80°99¢}
£1°912)
01°°0bt
8081
10°969
2062
20969
£02084
10049
20989
092}
10°90L
20°952)
10Bgg

107499
bI'PLY
60°99¢}
09621
0iegz



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 282

31, 1958

Filed Dec.

q 3v9
4 s ey M Al A /1L WO 15 Y O 155
H-les ,
e [ (@) wn ol 135 931 153
lop o 4v9o
606 (d) WVN 0L "10VN 135 X 2/ TN 0L TOVN 13
{ 4v9
80°¢8 @) 08 0L 9% 13 A 2/ 45 0L 0% 13
#7001
n 4vo
g% @ I+ JIS A 2/ 821+ 045 43S
9016 ~———— Mmmﬁmﬂ;
noi.ﬂmm V9
b076 =— @ 1-0% dils A2/ T- 345 daIs
g0 g .mw*T._
001
Nouwmm - FTT)
1075 @ T+ 415 Ae 2/ RIS
#4000

ONLLNOY HILNNOD NOILINHLISNI ANV AHOW3IW ‘I9VY40LS

fee 914

60205
$0°90¢
10'P62l
0419
60959
319
10°9%9
50289
¥0°P99
TR
90°PL9
90°bpy
10°P99

80699
90219

20499
207962
¢h'PLY

10°20¢)
£0bgg
607229



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets-Sheet 283

FIG. 93k
AUXILIARY TRIG!S ROUTING

66d.05
10b.05

684.07 ‘
644.09 100 uu f

130¢.10 15"‘1

50¢.03
TURN O Aux. | 1/2f |\ | TURN ON AUX. _ o5,

74.05
674.07 T6R. 1§ GAF TGR. t (P)

65b.06
123b. 06
132b.10
133.01

694.06
134f.06
107.01

100 uuf
50£.03 ’5 i
1

TURN OFF AUX. [1/2 | TURN OFF AUX.

66107 [k
1304.09 TGR. 1 GAF TeR. 1 (P)

129015
501.07

T4c.05 1000
67c.07
654.10 ﬁﬁ—‘

129b.07
68e07 TURN ON AUX. _[1/2] | K| TURN ON AUX.

126b.02 TeR. 2 GAF TGR. 2 (P)
684. 01
64b. 02
304.10
1274.02
50¢.03
50b.03 1000

1
14e 07 ;

67d.1 TURN OFF Aux._|1/2 K [TURN OFF AUX. _

129410
86,01 T6R. 2 GAF TGR. 2 (P)

130b.01
127a.03

93k.02

93k.03

93k.04




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 284

31, 1958

Filed Dec.

90°1¢6

S0°1¢6

v0°1¢8

£0°1¢6

¢0°1¢6

0 1¢6

3 4VO
(d) 491 HOWY 30 N§AL 2/ §9 YOWY 330 NYnL
T
27001
y Vol
(d)'S¥OL 01 TH 39V¥0LS 430 NunL K SYIL 017 1H J9YH0IS 340 NunL
=
700}
N 49
(d) "¥9L TH 39VHOIS 330 NuNL 2/1 W91 TH 39VH0LS 430 NEAL
5 4vo
(d) 3L TH 39VY0IS NO NuNL 2/| 3L TH 3I9VHO0LS NO NEAL
3 |39 |
(& ©M) 2 9L XAV NO NGl 2/1 (M) ¢ §31 XNV NO NuAL
¥ 4v9
(d) ©M) T 831 KNV NO NanL 2/1 (°M) + 491 XNV KO NYNL
ONLLNOY ‘D11 "MAWYH ANV “9181 'IH ‘HMOLS '9I¥l XNnv

1€6 '9I1d

60199

1 e0b

$020b1

20°20b!

b0 P0L

¢020h



Oct. 16, 1962

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958

664.01
T4g.07
674.09
129b.05

664.02
1254.13
70a.02
130¢.02
T4e 02
674.01

129b.01

66i.02
125¢.01
70a.12
130b.04
144.06
67d.06
1294.05
68b.10

66¢.01
125¢.06
10b.06
126b.09
68¢.01
64c.06
1305.02
14¢.03
67c.04
£5a.01
1294 14
694.04
113.04
63c.01

382 Sheets-Sheet 285

FIG.93m
SMT. DZT. AND TNSN TRIG. ROUTING
100,f
TURN OFF | 1/2 ' TURN OFF ST (P)
100f
TuRN o | 1/ TURN ON DIT (P)
02T, |GAF 33m.02
TURN OFF | 1/2 TURN OFF D2T. (P)
027 GAF 93m.03
TURN ON_[1/2 TURN ON_TNSN. TGR. (P)_ g5 s
TNSN. T6R. |GAF '




Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTION

382 Sheets-Sheet 286

FIG.93n SIGN CHK TGR OVFL CHK TRIG
AND STOR SIGN TRIG ROUTING
100

T ] TURN ON Sich i )

o708 CHK TR [iend] 2 | 1URN ON SIGN CHE TER(P)_ o
93n02
93n.03

100
TURN OFF SIGN CHK TGR [g = TURN OFF SIGN CHK TGR(P)
504.06 LGAF] K 93n04
2 - [——— 83n05
100

74403 TURN ON OVFL l =

T4403 CHK TGR Lead] oy |TURM ON OVFL CHK TGR (B) o, o

130b.03 2 { 93n.07

‘"— = 93n.08
100
TURN OFF OVFL CHK TGR _[; TURN OFF OVFL CHK TGR ()
50405 1GAF 93n.09
ZG K L————- 93n.10
100

74b.04 ’ I_]?-

129e D4 ?

1280 SET STOR SGMe)t - K| SET_STORAGE SIGNGH(P)_ (.

[250.13 2

70003 ——m——¢

66h.08 —————¢

130007 100

sonos SEL STIRAGESING) - ] K [PELSTORAGE SIHEI®) _ o,

e, | 2

69008 — 1



Oct. 16, 1962

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958

FI1G.930

382 Sheets-Sheet 287

R/W CHK TGR RECORD CHK TGR AND
INSTR CHK TGR ROUTING

100
132008
Hior [ N
a0t TURN ON R/W CHK TGL?G& 2 | TURHON R CHe TR (p) o0
Q.
0 —
TURN OFF R/W CHK TGR Iy ‘[ TURN OFF R/W CHK TGR(P)
50003 LGAF K 93004
el 0 %3005
132006 =
3303 :
HEIS TURN ON RECORD GHKTGR) AF K |TURN ON RECORD HE TGR(P) ;o
IZ 93007
50q04 JURN OFF RECORD CHK TGR A K |URN OFF RECORD CHK TGRP) o,
93009
100
iy LoAF 2 K |TURN O INST oK ToR ()
| 93011
1MEG ———= 930,12

£0.01 TURN ON INST CHK TGR

35b.12 {-)ON PCT REQUEST

TURN OFF INSTR CHK TGR

TURN OFF INSTR CHK TGR(P)93O‘13

50d.01

N—-
2

L.

93014



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION

Filed Dec. 31, 1958

382 Sheets-Sheet 288

MEMORY CONTROL ROUTING

127508

5%3‘0023

136b,

RESULT T MEMORY Iy RESULT T0 MEMORY (P)

126005 L 93p01

12906 ~— ] TJ2GAF K P

1320.08

134502 E

11805

660.03

7000

ot RESULT T0 STORAGE [y GAF K |RESULT o STORAGE (cF) 3002

g0 ———— 2

61308 ——

o

a0y — |

GHK CR1 TO ADDER QUTPUT . CHK CR1 TO ADDER OUTPUT (P)
127510 L 93p05
w55 CHK CR2_TO ADDER ouTeuT 1GAH oK JeK cR2 To ADDER ourPuT(p) oot
p.

9p08

Rlo0s ERASE_MEMORY i K NOT ERASE MEMORY 5008
93p10

oK JL NOT ERASE MEMORY (F) -




Oct. 16, 1962

Filed Dec. 31, 1958

FIG.93q

MEM REA

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTION

382 Sheets-Sheet 289

MODE CONTROL ROUTING

MODE

MEM_READ MODE (P)

74d.01
674.02
6605
125ai1
70007
140007
50002

MEM REA

LI

D-WRITE MODE

e

2K

93q.01

MEM READ-WRITE MODE (P)

65004
69b.03
125b07
126005
88b.07
64a.01
56004

]
=]
=
-
m
2

1]

D MODE

n

3K

STOR READ MODE (P)

66g.02
125¢.03
125001

130a.03
67d.13
65008
129alt

L

STOR READ-WRITE

EGAF K

93,04

STOR_READ-WRI

127
56a.01

500,02
50e.10

1714
118.40
14g.03

il

I

i

MODE

140a 12

™ M13.05
L67b.05

' END E TIME

2K

N~

FIG.93r
ROUTING :END E TIME

E MODE (PYALU) 9305
93q.06

3K STOR READ-WRITE MODE (P) 93q 07

[_nioﬂrrf
AF|

2K

1
1320.05

134010
69b04
66907

10610
126b.03

64b04

133,08

L 125010

;/1300.08

60.0?

1
L

END E TIME (P)  F———=\§3703




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 290

Filed Dec. 31, 1958

POSE RS O T BSVA TS 4“33“.!4
— O 153n038 104
£0'S86 | ~—rrod | it PI [
0L ¥SVH 135 0 03-
fyYy
[ 4+ A
Pq6t
$913 01
1 OM
z.:w :w
— fet—
o ~1 ~ 3V 01 9SVN 135
S |~ VW 0L WSV I3 el M o [ VI~
[ - TSIN038 134 W0 (9
R— pt—
s£6 L= (d1 0¥ 0L USVA 13 H__.xvf A shbd]l 91 0L ¥svK I35
po—

ONIHOLIMS L1NdNI ¥SVW

S€6°914

v 0'0GE}

10306
LY
¢haLel
b0°8¢H
20948}
Erage;

¢Hig



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 291

31, 1958

Filed Dec.

10718

v1992

8499¢
EHL)

91°649¢
S04pel

60°PEC
92°¢dl

20Phe)
08'99¢

£04be

mep o 2
056 > Ty avawor Tevama P4 A Yo " FENETREETFERF
60736 .
80'3£6 M - 'EAS
W =13 awngosia | YT 19 09- 3SNO4STY JL1HN
/3SNOJSTY ILIHm 7
N Mz Nl
60°1¢6 ﬂ 3 <
PO E8 =15y Iswodsay ave| Vo= . ISN0dSI VY
— ox v [ d31S JTVH 303 TIV5 W90
= B 09-
CELT! :.L”
O = v [© TTINNOIST0 ILTER
(T910) 103NN0OSTA 10d
/
£0°3¢6 M| 4vod oM v T4 1D
~ 10INNDJSIO 1419 ~h oo (d) INIL 3
93N} _ o
93N} B h
ren < v | bO/T
S8 =13y onmoasta avay| X e n D V213 103INNOJSIO QV3Y
3
|
(d) L3INNOISIO 13d
. - ol
07356 (d) /¥ QN3 _3.« A VO3 M/4 N3

TOHLNOD ONILNOY 3IONINDIS O/1

1€6914d

80°0pEl
60 "£¢

60028



3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets-Sheet 292

31, 1958

Filed Dec.

B0'NEE ==

GONER =

v000g

20'P0s

e0qeel

¢0'9¢£9
30044
b9 L2t

£0°99¢)

PLL

B 2
T 891 TVN9TS ANV 30 wanl | A 4VO3 W91 TVNBIS ANV 130 NEAL
. an
J00es 411004 _
nep _ o
e~ (@850 wwa novw 30 nanL | A D A Y51 WAD HOVA 330 NEnl
$9700,
2
(4015 01nv O UL YH) movW RO NanL| X < HV9% (4015 01NV ON) Y91 WAD WIVA NO WU L
¥9L WK HOVA NO NGA1
b0°ngp 91K}
g.aguH* . B
ONEE e YA WovR o RaaT] e ] VO3 mv. - v A._ (d)NOTLISNVY L
T | H v [0t s e 10t
14000 ~—000 Y9 3000 267
en - z -
0086 <y | ¥ —favodr—{ox <% ko Iz
0L0Y NO NYNL

ONILNOY 91HL 9IS ANV B 9141

MYHO HOVIN ‘9OIHL NSNL 01NV

nee6'9ld

HIL NSNL 0.nv NO N¥nL

v [“VAT 3000 780 dans No() L0 €6
<000 ¥#7 3007 1g3 €0 ¢

§0°q9¢)
930021



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 382 Sheets~Sheet 293

105.23 ———— FIG.93v

23118
118. 4 —™ ¢
61,09 ————4 BLOCK ADD TGR, SUPP CODE CHECKING
67d.05 {

1320.01
1295.03
128.01
133.01
66103
126006
130a.1
50e.05

6K

560.08 -60 (-)ON SUPP RESULT
13642 SUPP RESULT REG CODE CHK IK K REG CODE GHK oz 0o

140b.04 6K

57b.09 -
g5af ———— ¢

29407 4 60
6602 — 1
125b.08

126b10

68dﬂ5——————————4-SUPPCR 0 (-)ON SUPP
1304.04 { CODE CHK ] IK = K CRY CODE CHK > 931,03

231145 8K

231.04 ]
500.03 —————¢ -

1270.04 b 60
67d.10 ——————
129¢.03
69b.1t

66D - .
10001 | SUPP CR2 GODE CHK G t0E W
138¢.20 IK K |-CRZCODE CHR oz 04

6K

-60



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
382 Sheets-Sheet 294

FIG.93W TYPE CYCLE NEONS, PAR I/0 CHK
NEON, CODE CHK NEONS 101 neon
240,07 —ADD/SUB 1 (P) _ I—————@———mmov
e i
§60.07 > 0C == IN
ADM 1 (P)
680.06 >
134401 — 10 INEG
T2 NEON
ADD/SUB 2(P) o
3 140V
ST L7
670,09 — L2
66a.15 : ocC IN
69011 —ADM 2 (P)
134008 —LL0-2 {MEG T6 3 NEON
40V
67013 _MPYIP) - -
660,26 — 2V 3 (7) TC4 NEON
INEC | -ap o +140V
67q. 15 MPYA(P) - -
sob.1f — V4 () PCT DATA CHK NEON
1MEG|,___@———<>+14OV
500,05 —PCT CK(P) N
PCT ADR CHK NEON
Fam)
r \137 —0 +{4 0V
(0,43 —PCT ADR_CHK IN
GRY CODE CHK 0DD NEON
[———@———mmov
15 05 —CR1 CODE CHECK 00D
A > IN
Tt
IMEG
(385 05 MACH CH TGH ON -
-
115, g2 1URN ON GODE CHA NEOKD CR2 CODE CHK 0DD NEON
r @ o +140V
. |
A IN
17 07 —CR2_CODE CHK 00D _




Oct. 16, 1962

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

Filed Dec. 31, 1958 382 Sheeis-Sheet 295
FIG 94 P.C.T. CABLE - CONNECTOR RECEPTACLE
. SHOWN FROM WIRING SIDE
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PULSE GENERATOR (D3 & D4 PULSES)

PN
TB A 4Ky {WI-RO)(P)
9502 001 ) K'_j %5
ogos “MOD 4 (WI-RO)
PN
_ (WO-W3)(P)
w0 5k |TB A 4KJ
9803
— 1; 15
PN
95,09 R0 \ - Ls
PN
WP
15
R2(01)
ggyp R2OD___ )
- A
goor BN
o703 AOCOD e
103a 33
0320 CL WO BOK__J 3K (BLOCKED)
1051
FiG.104

104,01

10402
10403

10404

104.05

10406

10407

10408

10479

10410



Oct. 16, 1962 W. R. DEMMER 3,059,222
TRANSFER INSTRUCTION
Filed Dec. 31, 1958 282 Sheets-Sheet 306

WAVE FORM GEN. USE / MANUAL STATUS CNTL. 105,01
MANUAL 10502

105.03
PN

TRIGGER F
K T K L_4KJ USE _ 10509

L L 10505
———10506
——— 10507
10508
HALT (P), USE (¢F) “}8%?3
1052
10511
00 ey i
10514
b 10515
10516
T —— 10517

| 10518
106549
" 10520
USE(EL 5529

109.14

-t

DG 3KJ

115.01 L s
START,

1712
SINGLE USE

CYCLE TGR
B
Tu KO KO BLOCK ADD TGR

105.23

% AT
1030.23 AR AU P E L {0 HALT_ 105 24

FOR SI :
108.03 CALL FOR SINGLE USE CYCLE i

FIG.105



Oct. 16, 1962

W. R. DEMMER

3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 1958

FIG.106

382 Sheets—Sheet 307

MANUAL RESET KEYS

+48V (R13-1P)

106.01
0C ON
[ iohes
FAOM = Rig- 1 OPERATE RELAYS, .,
Sey OC ON LAMP |
DG ON
O IN -
it [
A% - R20-1 0Py06 03
+48V :L: ‘/R23-3
108.01 22426 0C O
106,04
STOP
{30 +48 LANP SUPPLY, o o
NC PANEL \R20-5
RESET KEY 106.06
- ,
w8 1 KO RESET 1007
CONSOLE I MEG
RESET KEY KO
R20, | T
CONSOLE F
T8 1-2 +140 '-—-‘{ RESET SS RESET S5
10K R20-4 SSE K 106.08
$TOP % 106.09
T MEG +140V (RRD)_ 0 o
INITIAL INITIAL RESET (+10-30)
RESET 55 |SSE 2K 106.11
% (+) 10612
10K l_}
o " 10613
ngj KEY (+48V) TC 10614
ol o 10615
r3-f A 106.16
10p 02 JOL0 PATH ¢ ET T R34 HOLD PATH (RM-20) (.o
' LB RS RECISTER

R23  CHK RESET SW T

RR CODE CHK MAN_OFF TERMINAL ,ne,q

1




3,059,222

W. R. DEMMER
TRANSFER INSTRUCTION

Oct. 16, 1962

382 Sheets—Sheet 308

Filed Dec. 31, 1958

e H-901
(05~ 01 9113538 TVILINI
w» 80°901
| S 55 13579
._. od W) om-varey ‘0Pe
S0 ] I} @ v oS
WL =~ v i 1
Nd
WOL ANONIN
¥¥3
L0} =~ WVT 7 ToN _ A
20101
Y098
35S W3 #.als.
‘93N | $S 39VH0LS ¥VI19
10°20¢ 1851 XAV N0 NanL O v W

H399IWL AYOWIW HV3I1D

201 '9id



Oct. 16, 1962

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

Filed Dec. 31, 1958 382 Sheets-Sheet 309
”:'02 GND ON HALF/MULT STEP R24 R24 '
02-CToPKEY CONSOLE_ MAN STOP F‘_—V‘ F’j NAN STOP
STORE ¢ P H
_L———?"._F-'Ra's RC 16-6 RG16-7 L ipfd
= Ra’-L-J —AAA~ i 1y ——3%-]
[INSTRUCT_ B R R
Y fyRo-8 Roaad LA L FYR20-8
» P s MAN STOP° sTop
siop key [ DISPLAY  LRog- , ,,rms
W/o PR ] SIRTHET WMEY '*“5 her]  RA-4 o
:T_IT L |u /C PANEL i AUTO START
! Al

114.01 550K RALF/MOLT/STEP

|

N —_
t } t
|

|M

L
o8 J

2A

) ]
|
| S
%NGLE Us
ICYOLE xevq. HOLD PATH T0 CLEAR MEMORY
' | 10802
Al
23 STOP L X i CALL _FOR SINGLE
mem*—"“’_m——’ I ol e 108.03
A0V RR6 g0
R24.,:M ?mﬂ LIGYE i K MANUAL STOP, . o
L anmnv— 7 joa
10K LT MAN STOP 1MEG
T
f0g 09 RESET S5 0 HIK [+ K 10806
USE
105,05
MANUAL OP TGR 10807
4y ~L PN 0
T K 10808
sT0P
R20
10K _
B P AL
20K
10503 MANUAL AA— RD
22010‘“40\/ RZZ"P
R20}-1 @AUTOMAT!C LAWP
+48v Ro0-50p  STOP MC PANEL
106.03 = MANUAL LAMP@ O PRNEL
] -
FIG.108

MC PANEL
GND BUS



Oct. 16, 1962

W. R. DEMMER 3,059,222

TRANSFER INSTRUCTION

Filed Dec. 31, 19958 382 Sheets—Sheet 310
STOP CONTROLS
006 MANUAL START
: A K PCT ADDR CHK RESET _ 00
26008 FCTAOR CHK -
a3 140V +40 V (RS54 _ oo
T 3.9K [ | MACHINE STOP (PCT) _ 5
STOP KEY -0
109.43
— 1094
10908
b 0907
{0908
. —
Arzo 4 {0011
N}
L 1092
g3r0f ENDE TIME (P) s
.05 MANUAL §T0P oA KO
Pty M'I‘IE
ggjgg Wl ——oc - 1K K
PN
5. g E14HS WAL A ead - 2K HALTP) oo 4y
Fi6L7 2 .
07 1035
105.24 “?“ b 006
119,04 EITO! S Y
AUTO START STORE  INSTRUGT  MEM TEST  DISPLAY
Rid-2 R8-2  R5-2 RH-2
g oo prn ~ N T Y N\ * R28-2
X —I_ ‘, { i 'r ’; ’,):—"E
R4-+- | j B S ;f HOLD DISPLAY RELAY oo .
STORE  INSTRWCT  DISPLAY  MEM TEST
|
TRB- RSN |Resg R31-1
{ RS Lj R2g--- | a31——{‘f\/a MEM. TESTRELAY _ o0 o
MEM TEST msgémg INSTRUCT STORE '
FIG109 gy N s s
I r
I Rs——:_;' R8-~t :LHOLD STORE RELAY 0 o
MEM’;EST DIS'PLAY STORE INSTRUCT :
\i_i R4~ ) 94
T R84 T ™ 3
Rt | [ 1R [ I8t il oL T ELAY o



Oct. 16, 1962

Filed Dec. 31, 1958

W. R. DEMMER
TRANSFER INSTRUCTION

3,059,222

382 Sheets-Sheet 311

MANUAL STORE CONTROLS
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MANUAL DISPLAY CONTROLS
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LOAD,UNLOAD & STORE ROUTING CONTROLS
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FIG. 133
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This invention relates to electronic apparatus and more
particularly to apparatus which is especially useful in the
operation of electronic data processing systems when it
is desired to leave the usual sequence of programmed
operations for another and then return to the usual se-
quence of operations at the point of departure.

The apparatus of the invention, as described herein,
employs an array of magnetic cores as principal storage
designated Core Memory. It also employs an array of
magnetic cores as temporary storage designaied Core
Storage, the latter being divided into two sections, ome
section comprising Accumulator Storage and another com-
prising Auxiliary Storage.

Characters, each of seven bits (C, B, A, 8, 4, 2, 1) with
the numeric bits being coded in the binary coded decimal
notation and each character in an addressable location, are
combined to form words or fields whose address in Core
Memory or Storage is usually designated by addressing
the least significant character of the particular word or
field. In Storage, the end of a field is identified by storing
a Storage Mark (SM) character adjacent the most sig-
nificant character in the field. In Core Memory, the sign
of the field is indicated by special zoning in the A and B
positions of the least significant digit. This special coding
of a character in one field also serves to demarcate the
length of an adjacent field or word stored at a preceding
address.

The electronic data processing system provided herein
is controlled by a program of instructions stored in Core
Memory which prescribe the operations to be performed
and the locations of data in Core Memory, which data
is to be manipulated in accordance with these instruc-
tions. Instructions comprise five characters and are ex-
tracted from Core Memory and decoded to control circuits
which carry out the execution of the instruction originally
obtained from Core Memory before selecting another in-
struction. Programs may be entered into Core Memory
in a number of ways. For example, the instruction may
be punched in cards in the “IBM” code and read into
Memory by means of a card reader or they may be re-
corded on tape and entered in Memory therefrom.

The Computer per se comprises Storage, arithmetic cir-
cuits and various registers which, under control of the
instruction, are employed to process data which may be
words, fields or portions of instructions whereby charac-
ters are added, subtracted, multiplied, revised and so
forth and act on portions of instructions as if they were
data. The characters may be numeric, non-numeric or
mixed. Since the binary coded decimal (BCD) notation
is employed for numerical information, the result of arith-
metic operations on two characters may require correc-
tion which is automatic when such correction is required.
It is to be noted that many of the basic elements of the
Data Processing System assume one or the other of two
stable states as described later and are therefore particu-
larly well snited for the binary system of notation where
one specified state is indicative of a binary *“one” and
the other state is indicative of a binary “zero.”

An Instruction cycle, which is the time required to
obtain a word from Core Memory and prepare for the
operation specified by the instruction, has a duration of
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thirteen microseconds. For the Instruction cycle, the
Read and Write portions of the basic cycle are used and
an additional four microseconds is inserted to provide
a total duration of thirteen microseconds.

The stored program mentioned above contains as many
Instructions as necessary to perform the intended data
processing operation. The five characters of the Instruc-
tion consist of four characters designating the Address,
called the Address portion, and one character designating
the Operation, called the Operations portion. In the
stored program computers of the present invention, the
computer has no way of distinguishing between Instruc-
tions and Data except by the time of occurrence, either
during Instruction (I) or Execute (E) time when it reads
the information. If the computer is in Instruction time,
then the information received from Core Memory is an
Instruction; if it is Execute time, then the information
is data to be operated upon. Upon completion of read-
out of an Instruction, the apparatus proceeds to Execute
time which consists of a number of Execution cycles, the
number depending upon the length of the particular field
being processed and the particular Instruction being ex-
ecuted.

Recent advances in Data Processing Systems have led
to integrated systems wherein Input/Output operations
are carried on, for the most part, simultaneously with
arithmetic operations and a general storage device such
as Core Memory is shared among Input/Output units
and the Central Processing Unit, Either the CPU or
one of the 1/0 devices make reference to general storage
when possible while the other is performing a function
not requiring reference to general storage. Input/Output
units are controlled by Data Synchronizers such as those
described and claimed in application Serial No. 705,447,
Data Synchronizer, Christiansen et al., filed December
26, 1957. Such Data Synchronizers are provided with
initial instructions and operate thereafter on their own
stored programs, usually until additional instructions are
required. Although this invention is not limited to use
with Data Synchronizers it is especially useful when oper-
ating therewith by providing a DSU with further instruc-
tions as soon as possible after they are required. The
Transfer 01 Instruction may be inserted frequently in the
program to effect a transfer to a sub-routine where DSU
instructions may be furnished. Further the Transfer
instruction affords a simple means for returning to the
usual sequence of operations, i.e., the main or principal
program, upon completion of the sub-routine. Of course,
the Transfer 01 Instruction provides a convenient way
to enter any desired sub-routine and return to the main
program,

Briefly, the Transfer 01 Instruction may be inserted
in the program following a Receive Instruction and pre-
ceding a Normal Transfer instruction. As described in
“IBM” Electronic Data Machines, Type 705, Preliminary
Manual of Operation, Form No. 22-6627-4, the Receive
instruction contains an address which is placed in MAC 2,
which advances five addresses after each five transmitted.

The Transfer 01 instruction causes the contents of the
Instruction Counter to be stored as an address at the
Memory Address specified by MAC 2. However, the
Instruction Counter is permitted to step to the next ad-
dress from the address of the Transfer 01 instruction.
The Instruction Counter is then reset and subsequently
set to the address contained in the Transfer 01 instruction
which is the address of the sub-routine. The last instruc-
tion of the sub-routine is a normal Transfer 00 located
at the address formerly specified by MAC 2, and this
instruction now contains the former contents of the In-
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struction Counter which refers to the next step in the
main program. The format may be as follows:

Location Memory
[} Operation Address Function
Instruction Code contained in
Instruction

1999 ... Receive._... 1001 | Set MAC 2 to 2959,

2004 ... Transfer 01_. 2934 | IC is at 2004, step IC-5,
stored 2009 at address 2959
and refer to Memory
address 2034 (specified by
Transfer 01).

29134 ________ Subroutine_ i ... ...

2959 - cuune Transfer 00.. 2009 { Transfer to Memory 2009 and
proceed.

It is pointed out that in the example above, the opera-
tion code for Transfer 00 was previously placed in char-
acter 0 of 2955-2959 and remained unmodified although
a Memory address was supplied from MAC 2 and stored
in characters 1 through 4. Actually, the Operation code
may be any one desired by the programmer and the
Transfer 00 is merely used for purposes of illustration.

It is an object of this invention to provide means re-
sponsive to a Transfer instruction for storing the address
of the instruction which would be performed next at a
predetermined address, for referring to the instructions
determined from the address of the Transfer instruction,
for subsequently referring to the predetermined address,
and for then referring to the address of the instruction
which would normally have been performed in the ab-
sence of the Transfer instruction.

Another object is to provide apparatus responsive to a
first Instruction for supplying a desired address to an
operation code located at a predetermined address and
referring to a second instruction at an address specified
by the first instruction.

A further object of this invention is to furnish appa-
ratus for inserting a secondary program within a primary
program in response to an instruction which refers to the
secondary program, records the starting point for resum-
ing the primary program at a predetermined location,
and upon referring to the predetermined location resumes
the primary program.

Other objects of the invention will be pointed out in
the following description and claims and illustrated in
the accompanying drawings, which disclose, by way of
example, 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 components comprising the data processing
system and their interconnections.

FIGS. 2a through 2hhh form the logical block dia-
grams of the principal data portions of the data processing
system.

FIG. 2iii illustrates how FIGS. 2 through 2hhh in-
clusive, may be placed to form a composite block diagram
of the major data portions of the data processing system.

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

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

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

FIG. 3d illustrates the Mem. 6 X 8 Decoder.

FIG. 3¢ illustrates the Mem. 4 X5 Decoder.

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

FIG. 5a illustrates the 4 X 10 Decoder Output Inverters.

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

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

FIG. 54 illustrates the Memory Write Gate & Memory
Inhibit Gate.

15

20

25

35

40

45

50

55

60

65

4

FIG. 5f illustrates the Memory Read Bias Gate &
Mem./P.C.T. Sample Control.

FIG. 5e illustrates the Memory Read Gates & P.W.D.
Control.

FIG. 5g illustrates the Memory Gate Powering &
M.B.R. Reset.

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

FIG. 5i illustrates the Storage Sample Pulse Generator.

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

FIG. 7a illustrates the 6 X 8 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 illustrates the Y Switch Core Matrix.

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

FIG. 10 illustrates the Mem. Input Select.

FIG. 1la illustrates the Mem. Input Switch Char. 4,
3, 2.

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

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

FIG. 12b illustrates the Mem. Inhibit Driver Circuits
Char, 0 & 1.

FIG. 13 illustrates the Memory Core Plane To Termi-
nating Resistors.

FIG. 14a illustrates the Memory Buffer Register Char.
4,3&2.

FIG. 145 illustrates the Memory Buffer Register Char.
0&1.

FIG. 15a illustrates the Upper Sense Amplifier Circuits
(Typical of all Char. 4, 3 & 2 Sense Amp.).

FIG. 155 illustrates the Lower Sense Amplifier Circuits
(Typical of all Char. 0 & 1 Sense Amp.).

FiG. 16q illustrates the Storage Select Register.

FIG. 16b illustrates the Storage Selector.

FIG. 17a illustrates the 1st Order of MAR.

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

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

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

FIG. 17e illustrates the 5th Order of MAR.

FIG. 17f illustrates the Memory Address Register Con-
trols.

FIG.
3&2.

FIG.
& 0.

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

FIG. 20g illustrates the Memory Output Select.

FIG. 204 illustrates the Qutput Switch Char. 1 & 0.

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

FIG. 204 illustrates the QOutput Switch Char. 2 &
Memory Out Bus.

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

FIG. Zla illustrates the Operation Register 1, 2, 4, 8
Ters.

FIG. 21b illustrates the Operation Register A, B, C

184 illustrates the P.C.T. Write Busses Char. 4,

185 illustrates the P.C.T. Write Busses Char. 1

70 Triggers.

75

FIG. 224 illustrates the Manual Keyboard.

FIG. 225 illustrates the Keyboard Qutputs.

FIG. 22c illustrates the Keyboard Restore Controls.
FIG. 22d illustrates the Key Depressed Trigger.
FIG. 23a illustrates the Operation Zone Decoder.
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FIG. 23b illustrates the Operation Decoder No Op,
Stop, Tr, Send.

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

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

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

FIG. 23k illustrates the Operation Decoder LDA, BLM,
TZB.

FIG.
SB.

FIG.

23] iltustrates the Operation Decoder ULA, AAM,

24 illustrates the Operation Check Circuits.

FIG. 25a illustrates the Memory Address Selector Keys.

FIG. 25b illustrates the Memory Address Selector Key
Qutputs.

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

FIG. 265 illustrates I/0O Signal Cable Connector Lay-
out SP Connector Receptable—Wiring Side.

FIG. 27 illustrates the Control Address Decoder.

FIG. 28 illustrates the SMAC Checking.

FIG. 29a illustrates the MASR/MAR To DSU Pow-
ering.

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

FiG. 30a illustrates the 1st Order of MAC 1.

FIG. 305 illustrates the 2nd Order of MAC 1.

FIG. 30c illustrates the 3rd Order of MAC 1.

FIG. 30d illustrates the 4th Order of MAC 1.

FIG. 30¢ illustrates the 5th Order of MAC 1.

FIG. 30f illustrates MAC 1 Controls.

FIG. 30g illustrates the MAC 1=0/5, 4/9, 1/6, MAC
| =End of Memory.

FIG. 31aillustrates 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. 31d illustrates the 4th Order of MAC 2.

FI1G. 31eillustrates the 5th Order of MAC 2.

FIG. 31f illustrates the MAC 2 Controls.

FIG. 32a illustrates the Instruction Counter Controls
&4,9of IC.

FIG. 325 illustrates the 2nd Order of IC.

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

FIG. 324 illustrates the 4th Order of IC.

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

FIG. 33« illustrates the 1st 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. 33¢illustrates the Select Register Controls.

FIG. 33f illustrates the ALU Sel Reg Decoder.

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

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

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

FIG. 34c illustrates the Storage 2X4 Decoder 8, 16.

FIG. 344 illustrates the Storage 3 X 8 Decoder.

FIG. 35 illustrates X Switch Core Read Drivers.

FIG. 36a illustrates the 2 x4 Decoder Output Inverters.

FIG. 36b illustrates the Y Switch Core Write Drivers.

FIG. 37 illustrates the Y Switch Core Read Drivers.

FIG. 38« illustrates the 3 X 8 Decoder Output Inverters.

FiG. 38b illustrates the Stor. X Switch Core Write
Drivers.
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FIG. 38¢ illustrates the Storage X Switch Core Write
Drivers.
FIG. 39 illustrates the “Y” Switch Core Matrix.
FIG. 40 illustrates the “X” Switch Core Matrix 48
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 & Switch
Ckts.
FIG.
FIG,
FIG.
FIG.
FIG.
FIG.
FiG.
cuits.
FIG.
FIG.
FIG.
FIG.
cuits.
FIG.
FiG.
cuits,
FIG.
FIG.
FIG.
F1G.
FiG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

44 illustrates the Storage Inhibit Drivers.

45 illustrates the Storage Array.

46 illusirates the Sense Amplifier (Storage).

47 illustrates the Buffer Register (Storage).

48 illustrates the CR 2.

49¢ illustrates the 1st Order of MASR.

49p illustrates the 1st Order of MASR Set Cir-

49c iilustrates the 2nd Order of MASR.
494 illustrates the 2nd Order of MASR Circuits.
49¢ illustrates the 3rd Order of MASR.
49f illustrates the 3rd Order of MASR Set Cir-

49¢ illustrates the 4th Order of MASR.
494 illustrates the 4th Order of MASR Set Cir-

49} illustrates the 5th Order of MASR.

49j iltustrates the 5th Order MASR Set Circuits.

50a illustrates the Transfer Routing Controls.

506 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 GI.

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.

524 illustrates the Stages 1-4 of SAC.

524 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. 53¢ illustrates the Storage Address Select Regis-

ter Stages 1-4.
FIG. 535 illustrates the Storage Address Select Register

Stages 5-8.
FIG. 54 illustrates the Storage Select Register Decod-

ing.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

55a illustrates the SSR Decoder 1-8.
55b illustrates the SSR Decoder 9-15.
56a illustrates the Set Bit Routing Controls.
56b illustrates the Set Bit Routing Controls.
57 illustrates the CR 1.
58 illustrates the CR 1 Right Plate Outputs.
59 illustrates the CR 1 Left Plate Outputs.
60 illustrates the Instruction Check Circuits.
61 illustrates the I Time Routing Controls.
62 illustrates the Storage Sign Tgrs. & Controls.
63a illustrates the Inter-Reg Check Routing 1.
635 illustrates the Inter-Reg Check Routing 2.
FIG. 63c illustrates the Inter-Reg Check Tgr.
FIG. 64q illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 64b illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 64c illustrates the Add Address To Memory Rout-
ing Controls.
FIG. 65¢ illustrates the Unload Address.
FIG. 65b illustrates the Unload Address.
F1G. 66aq illustrates the Divide Routing Controls.
FIG. 66b illustrates the Divide Routing Controls.
FIG. 66c¢ illustrates the Divide Routing Controls.
FIG. 66d illustrates the Divide Routing Controls.
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66¢ illustrates the Divide Routing Controls.
66f illustrates the Divide Routing Controls.
66g illustrates the Divide Routing Controls,
664 illustrates the Divide Routing Controls.
66i illustrates the Divide Routing Controls.
67a illustrates the Multiply Routing Controls.
67b illustrates the Multiply Routing Controls.
67¢ illustrates the Multiply Routing Controls.
67d illustrates the Multiply Routing Controls.
68a illustrates the Add To Memory Routing Con-

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.
trols.

FIG. 685 illustrates the Add To Memory Routing Con-
trols.

FIG. 68c illustrates the Add To Memory Routing Con-
trols.

FIG. 684 illustrates the Add To Memory Routing Con-
trols.

FIG. 68e illustrates the Add To Memory Routing
Controls.

FIG. 694 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 Con-
trols.

FIG. 70b illustrates the Load Address Routing Con-
trols.

FIG. 71a illustrates the CR 1 Recognition.

FIG. 71b illustrates the CR 1 Recognition.

FIG. 72 illustrates the CR 1 Code Check.

FIG. 73 illustrates the Adder Input Switching.

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

FIG. 74b illustrates the Reset Add, Reset Sub, Add-Sub
Routing Controls.

FIG. 74c illustrates the Reset Add, Reset Sub, Add-Sub
Routing Controls.

FIG. 744 illustrates the Reset Add, Reset Sub, Add-Sub
Routing Controls.

FIG. 74e illustrates the Reset Add, Reset Sub, Add-Sub
Routing Controls.

FIG. 74f illustrates the Reset Add, Reset Sub, Add-Sub
Routing Controls.

FIG. 74g illustrates the Reset Add, Reset Sub, Add-
Sub Routing Controls.

FIG. 75 illustrates the CR 2 Outputs.

FIG. 76 illustrates the CR 2—Recognition.

FIG. 77 illustrates the CR 2 Code Check.

FIG. 78 illustrates the Multiple Register and Decoder.

FIG. 79 illustrates the Zone Adder.

FIG. 80 illustrates the Muitiplicand Doubler & Quad-
rupler.

FIG. 81 illustrates the Quintupler.

FIG. 82 illustrates the Multiple Selection.

FIG. 83 illustrates the True/Comp Control.

FIG. 84 illustrates the Multiple Adder.

FIG. 85 illustrates the Decimal Correction Ckts.

FIG. 86 illustrates the Digit Adder.

FIG. 87 illustrates the Decimal Correction Circuits
Digit Adder.

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

FIG. 89a illustrates the Result Register Mem/Storage
In Bus.

FIG. 895 illustrates the Result Register—Mem/Storage
In Bus.

FIG. 90 illustrates the C Bit Generator.

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

FIG. 92 illustrates Memory Test-Character Selector.

FIG. 934 illustrates the Routing: Read, Storage: Read
Memory.

FIG. 93b illustrates the Character Registers To Adder
Routing.

FIG. 93c illustrates the Adder Out Routing.

FIG. 93d illustrates the Adder Carry Routing,
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FIG. 93e illustrates the Adder Emitter and Mpl Reg.
Routing.

FIG. 93f illustrates the Bit To Adder Routing.

FIG. 93g illustrates the Step MAC 141 Routing.

FIG. 93h illustrates the Step MAC 241, Step MAC
145, Step MAC 24-5.

FIG. 93i illustrates the Step SAC Routing.

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

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

FIG. 931 illustrates the Aux. Trig. Stor. High. Trig.,
And Rmdr. Trig. Routing.

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

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

FIG. 93¢ illustrates the R/W Chk Tgr Record Chk
Tegr and Instr Chk Tgr. Routing.

FIG. 93p illustrates the Memory Control Routing.

FIG. 93¢ illustrates the Mode Control Routing.

FIG. 93r illustrates the Routing: End E Time.

FIG. 93s illustrates the Masr Input Switching.

FIG. 93¢ illustrates the I/0 Sequence Routing Control.

FIG. 93u 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 1/0
Chk Neon, Code Chk Neons,

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

FIG. 95 illustrates the IMC Drive Pulse Generator.

FIG. 96 illustrates the Clock Read Section of Ring.

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

FIG. 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 (DO0. 4
Pulses).

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

FIG. 103a illustrates the Pulse Generator (D3 Pulses).

FIG. 1035 illustrates the C.F. Pulse Power.

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

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

FIG. 106 illustrates the Manual Reset Keys.

FIG. 107 illustrates the Clear Memory Trigger.

FIG. 108 illustrates 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 Controls.

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 Switches.

FIG. 120a illustrates the Alterations Switches.

FIG. 1205 illustrates the Audible Signal Indication.

FIG. 121 illustrates the I/E and 1A Tgrs.

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

FIG. 123 illustrates the I/E Timer Qutputs.

FIG. 124 illustrates the I1/E Timer Outputs.

FIG. 123q illustrates the Load, Unload, & Store Rout-
ing Controls.

FIG. 1255 illustrates the Load, Unload & Store Rout-
ing Controls.

FIG. 125¢ illustrates the Load, Unload, & Store Rout-
ing Controls.
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FIG. 126a illustrates the Store For Print Routing Con-
trols.

II:IG. 1265 illustrates the Store For Print Routing Con-
trols.

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

FIG. 1276 illustrates the TSMT/Send Routing Controls.

FIG. 128 illustrates the Blank Memory.

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

FIG, 1295 illustrates the Set Left, Leng & Norm TR
Routing Controls.

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

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

FIG. 130q illustrates the Shorten Right/Round Rout-
ing Controls.

FIG. 1305 illustrates the Shorten Right/Round Rout-
ing Controls.

FIG. 130c illustrates the Shorten Right/Round Rout- &

ing Controls,

FIG. 131 illustrates the R/W and Read Routing Con-
trols.

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

FIG. 1325 illustrates the Write-WR ER Routing Con-
trols.

FIG. 133 illustrates the Select & Control Routing Con-
trols.

FIG, 134q illustrates the I/O Sequence 1 & 2 Tgrs.

FIG. 1345 illustrates the 170 Sequence Routing.

FIG. 134c illustrates the I/0 Sequence Routing,

FIG. 1344 illustrates the 1/O Sequence—Read Service
Call, Read Request Tgrs.

FIG. 134e illustrates the 1/0O Sequence—Write Service
Call, Request Tgrs.

FIG. 134 illustrates the Trc Pull Down Pulse; I/O Sync
Pulse.

FIG. 135a illustrates the Pct Request, Chk Smas To
MAR & MASR/MAR Gate Tgrs.

FIG. 1355 illustrates the Pct Request Execution Con-
trols.

FIG. 1364 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 Tgr Pow-
ering.

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

FIG. 1384 illustrates the Storage Hi and Lo Triggers.

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

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

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

FIG. 138¢ illustrates the Write Call, No Read, WR Re-
sponse Tgrs.

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

FIG. 138g illustrates the Record, Ovfl. & Sign—Chk.
Tars.

FIG. 138} illustrates the Digit Zero Tgrs. & Remainder
Ter.

FIG. 138i 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. 139a illustrates the Resets.

FIG. 1394 illustrates the Instruction Reset Machine
Reset.
FIG. 139¢ illustrates the Result Reg. MAC 2, IC,

Initial Select Reg. & MAR Resets.
FIG. 1394 illustrates the —12 Clamps.
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139¢ illustrates the — 12 Clamps,

1404 illustrates the Compare Routing Controls.

1405 illustrates the Compare Routing Controls.

140c¢ illustrates the Compare Routing Controls.

141 illustrates the Auto Load Control.

1424 illustrates the Reference Voltage Regulator.
FIG. 142p 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.

FIGURE 146 is a flow chart of the Transfer 01 Instruc-
tion.

The Data Processing System or Central Processing Unit
(CPU) shown in FIG. 1 includes a pair of core storage de-
vices designated as Core Memory 1.10 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 Mem-
ory. On a Read Memory operation, the contents of a
spccified location in Memory Comprising five characters
are placed in a Memory Buffer Register 1.16 and are re-
tained 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 of CR 1
(8, 4, 2, 1) are sent either through Multiply circuits
1.20 by way of CR 1 to Adder controls 1.22, or
through the Digit Adder True Complement controls 1.24,
via CR 1 to True Complement control 1.26 to a Digit
Adder 1.30. Single characters are read from Core Stor-
age 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 either comple-
mented or passed unmodified to the Digit Adder 1.30 un-
der control of Complement controls 1.43. The numeri-
cal portion of the contents of CR 1 (1.18) are multiplied
by the contents of the Multiply register 1.4¢ 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 Cor-
rection circuits 1.44 unless such correction is intentionally
suppressed. The zone portion (B, A) of characters con-
tained in CR 2 are either complemented or passed un-
modified 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 zone 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

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
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In control 1.56. Likewise, the contents of this Result
Register 1.52 may be placed in storage by way of Storage
In controls 1.58. If 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 employed by Overlap Mode Control is
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 de-
scribed 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 lo-
cation 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 Qut controls 1.17. The characters are
transferred serially from CR 1 (1.18) to the Result Regis-
ter 1.52 by way of CR 1 to 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 II.—ADD

Considering now that a factor has been entered in
Storage as described above, an Add instruction adds a
numerical field from Core Memory 1.10 to the factor in
Core Storage 1.12. The address part of the Add instruc-
tion specifies the locations in Memory and the Core
Storage 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 Stor-
age and placed in CR 1 (1.18) and CR 2 (1.36), respec-
tively. The numeric bits of the characters in CR 1 and
CR 2 are transferred unmodified 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 contents of the Result Register represents the sum
of corresponding 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, occur 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 abtain the next characters to be operated upon. Dur-

10

20

25

30

35

40

12

ing the Write portion of the second cycle, when addition
of the characters 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.
Overlapping 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 III.—STORE

A numerical field in Core Storage 1.12 is placed in
Core Memory 1.1¢ by a Store instruction having an
address 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) successively 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
previously, 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:

Numerle

84,21

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 CB A R4 2 1.
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 Jabeled 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 processing 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. Alpha-
betic and symbolic characters are represented by com-
binations of Zone and Numeric bits. The following
chart shows the bit configuration for each character and
symbol.
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Chart 1
Alphabetic . Numerical
Char C BA 8421 Char C BA 8421
I
A 1 11 0001 i1 1 00 0001
B 1 11 0010 2 1 00 0010
8] ] 11 0011 3 ] 00 0011
D 1 11 0100 4 1 00 0100
E 0 11 0101 b 1] 00 0101
F 0 11 0110 6 0 00 0110
G 1 11 0111 7 1 00 0111
H 1 11 1000 8 1 00 1000
1 0 11 1001 9 0 00 1001
J 0 10 0001
K 0 10 0010 Numerieal zero
L 1 10 0011
M Q 10 0100 0 I 0 ‘ 00 1510
N 1 10 0101
[0 1 10 0110
P 0 10 0111 Special char.
Q Q 10 1000
R 1 10 1001
E) 0 01 010 B 1 11 1011
T 1 01 0011 O Q 11 1100
U 0 01 0100 3 0 10 1011
v 1 01 0101 * 1 10 1100
W 1 01 0110 , 0 01 1011
X 0 01 0111 % 1 01 1100
Y 0 01 1000 # 1 00 1011
Z 1 01 1001 @ 0 00 1160
& 0 11 0000
- 1 10 0000
Blank 1 (% Q000
/ 0 01 0001
Char C BA 8421
Acc.and Drum Mark .. Q 00 0000
Plus Zero__. - 0 0 11 1010
Minus Zero. ] 1 10 1010
Record Mark. ... oo daonos 1 01 1010
Group Mark.. S DS 0 11 1111
Tape Mark .o oo ameaaaee 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 oper-
ation. 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 ob-
tained from Core Memory, the Operation code is recog-
nized, various registers and controls are set, and the five
characters 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 num-
ber of Execution Character Cycles varies according to
the length of the fields involved, although at least one
Execution Character Cycle (ECC 1) is always required.
The first Execute Cycle, namely, Execution Character
Cycle 1 (ECC 1), is characterized by certain special func-
tions to prepare for succeeding operations. For example,
in arithmetic 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
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 primarry 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 as are necessary to complete the operation
called for by the Instruction.

DESCRIPTION OF FIG. 2

Reference is made to FIGS. 2a through 2khh 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 diagrams is as follows: from left to right,
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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
particular output line (these are usually numbered ac-
cording 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 trigger is shown as an example of one bit
position in a register of several character capacity, the
output lines 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 figure in numerical order), the next two
numbers refer to the character number, and the last or
right-hand number refers to the bit. For example, line
X.01.04(B) originates in FIG. 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 sev-
eral points and, thus, several lines may bear the same
number. Each input line in the diagrams bears the num-
ber derived from its point of origin.

Tn the composite drawings of FIG. 2, data flows gen-

5 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
logical block diagrams, a chart herein which follows the
index facilitates location of the destination of lines leaving
a diagram by giving a figure number for the destination.

FIG. 2a illustrates the Memory Control 1.13 of FIG.
1 and comprises Memory Decoders, FIGS. 3a through
3¢, Y and X Switch Core Write and Read Drivers, FIGS.
4, S5a, 5b, 5S¢, 6, 7a, 7b and 7c¢ (controls comprising
FIGS. 54, Se, 5f, 5g, 5h, 7d and 7e not shown in FIG.
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. 2b and comprise Input Select control, FIG. 10,
Input Switch, FIGS. 114 and b, and Memory Inhibit cir-
cuits, FIGS. 124, b and ¢. The Core Memory 1.10 of
FIG. 1 is shown in FIG. 2b and in detail in FIG. 13.
Additionally, FIG. 2bx illustrates the Instruction format,
and FIG. 2by illustrates diagrammatically windings on
one of the cores of FIG. 13, The Memory Buffer Reg-
ister (MBR) 1.16 of FIG. 1 is shown in FIGS. 2¢ through
2e as having five orders for storing five characters com-
prising 35 bits. The details of sample orders of the MBR
are shown in FIG. 14. The Sense Amplifiers of FIG.
2¢ are shown in detail in FIGS. 154 and b 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 155.01.00(C through 1) are con-
nected from the Sense Amplifiers to Character 0 position

5 of the MBR, lines 155.01.01(C through 1) are connected

to Character 1 position of the MBR, lines 154.01.02(C
through 1) are connected to Character 2 position of
MBR, lines 154.0.1.03(C through 1) are connected to
Character 3 position of MBR, and lines 154.01.04(C
through 1) are connected to Character 4 position of
MBR. Output lines 145.61.00(C through 1), 145.01.-
01(T through 1), 144.01.02(T through 1), 144.01.03(C
through 1) and 144.01.04(T through 1) are connected
via cable to the Input Switch, FIG. 2b. Output lines

2 14a.02.02(A), 144.02.02(B), 144.02.03(A) and 14a.02.-

03(B) are provided to the Storage Select Register, FIG.
2p (FIGS. 16a through 16d) for Auxiliary Storage ad-
dressing. Numeric lines 144.02.03(8), 14a.02.03(4),
144.02.03(2), 144.02.03(1), 144.02.02(8), 144.02.02(4),
144.02.92(2), 142.02.02(1), 145.02.01(8), 145.02.01(4),
145.62.01(2) and 145.02.01(1) are furnished from
Character 1, 2 and 3 positions of MBR to the thousands,
hundreds and tens order of FIGS. 2s and 2t of the
Memory Address Register, FIGS. 2r through 2¢ (FIGS.
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17a through 17¢). Numeric lines 144.02.03(2), 14a.-
02.03(8), 14a.02.02(2), 144.02.02(8), 145.02.01(2) and
145.02.01(8) are connected to Memory Address Register
Controls of FIG. 2& (FIG. 17f). Zone lines 145.02.-
01(A), 145.02.01(B) and 142.02.04(B) are connected
to the ten thousands order of MBR of FIG. 2¢ (FIG.
17¢). Lines 145.04.06(C through 1), 1456.04.01(C
through 1), 144.04.02(C through 1), 145.04.03(C through
1) and 144.05.04(C through 1) are connected as inputs
to the Parallel Character Transmission Write Bus, FIG.
2f (FIGS 18a and b). Lines 145.04.00(C through 1),
145.05.01(C through 1), 14a.05.02(C through 1),
144.05.63(C through 1) and 144.05.04(C through 1) are
coupled to the MBR Code Check of FIG. 2f (FIGS.
19a and b). Code Check Odd lines 194.01 and 195.01
are connected to MBR Code Check outputs 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),
144.06.03(C through 1) and 144.06.04(C through 1)
are coupled to Memory Out of FiG. 2g (FIGS. 20a, b,
¢ and d). Output lines 145.02.00(C through 1) from
Character O position of the MBR are connected to the
Operation Register of FIG. 2v (FIGS. 21a and b).

From the Keyboard of FIG. 2v (FIGS. 22a through
¢), output lines 225.07(C), 22b.66(B), 22b.05(A),
22b.04(8), 225.03(4), 22b.02(2) and 22b.061(1) are
connected to corresponding bit positions of the Operation
Register of FIG. 2v (FIGS. 21ag 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. 27, receives numeric
input lines 204.04(8), 204.05(4), 204.06(2) and
204.07(1) from Character 4 position of the MBR via
Memory Out controls, FIG. 2¢g (FIGS. 204 through 20d).
The Memory Address Selector including manually oper-
able keys, FIG. 29 (FIGS. 23a and b), provide numeric
inputs to all orders of MAR via lines 255.01 through
255.19. Input lines 26a.126, 264.135, 264.133, 26a.130,
26a.128, 26a.144, 26a.142, 26a.140, 264.138, 26a.154,
26a.151, 264.149, 264.147, 264.156, 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
a connector shown in FIG. 26a of a pair of connectors
of FIGS. 26« and b.

Output lines 17a.07, 17a.02, 17.416, 174.10, 17a.23,
17a.18, 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 174.27, 174.19, 17a.13, 17a.03, 175.27,
17519, 17b.11, 175.04, 17c.31, 17¢.22, 17c.13, 17¢.05,
174.31, 174.22, 17d4.13, 174.05, 17¢.04, 17¢10 and
17e.17, are coupied to the Synchronizer Memory Address
Counter Checking, FIG. 2ii (FIG. 28). OQutput lines
17412, 17b26, 175.18, 175610, 175.03, 17c.30,
17¢.21, 17c.12, 17¢.04, 17430, 17d.21, 174.12, 174.04,
17e.03, 17¢.09 and 17¢.16 from the first through fifth
order of MAR are directed to Memory Address Select
Register or Memory Address Register to Data Synchro-
nizer Unit (MASR/MAR to DSU), FIG. 2u (FIGS. 29a
and b). Output lines 174.01, 174.05, 174.08, 172.14,
17a.17, 17a.21, 17a.25, and 17429 from the units posi-
tion of MAR are connected as inputs to the units position
of MAC 1, FIG. 2gg (FIG. 30a). From the tens posi-
tion of MAR, lines 175.02, 17505, 17b.09, 17b.12,
17b.17, 175.20, 175.25, and 175.28 enter the tens posi-
tion of MAC 1 (FIG. 30b4). Lines 17c¢.03, 17c.06,
17¢.10, 17¢.19, 17¢.23, 17¢.28, and 17¢.32 from the hun-
dreds position of MAR are connected to the hundreds
order of MAC 1 (FIG. 30c). Lines 174.03, 174.06,
17d4.11,17d.14,174.20, 174.23, 174.29 and 17d.32 from the
thousands order of MAR are connected to the thousands
order of MAC 1 (FIG. 30d). Lines 17¢.02, 17e.05,
17e.08, 17¢.11, 17¢.15, 17¢.18 from the ten thousands
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order of MAR are coupled to the ten thousands order
of MAC 1 (FIG. 30e¢). Decoding circuits are provided
for MAC 1 in FIG. 2gg (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 172.04, 17a.11, 174.20,
17a.28, 17b.06, 175.13, 175.21, 175.29, 17¢.07, 17c.15,
17c.24, 17¢.33, 174.07, 17415, 174.24, 17d.33, 17¢.06,
17e.12, and 17¢.19. 1In order to obtain instructions for
operation in response to the stored program, outputs are
provided from MAR to an Instruction Counter, FIG.
2ii (FIGS. 32a through ¢) on the lines 174.09, 17a.07,
17b.14, 17b.22, 17530, 17¢.08, 17c.16, 17¢.25, 17¢.34,
174d.08, 17d.16, 17d.25, 174.34, 17¢.07, 17¢.13 and 17¢.20.
Outputs from the first through fourth orders of MAR
are provided to the Select Register, FIG. 2jj (FIGS. 33a
through d) on the lines 174.06, 174.15, 17a.22, 17a.30,
170068, 175.15, 175.23, 17631, 17¢.09, 17¢.17, 17¢.26,
17¢.35, 17d4.09, 174.17, 174.26 and 174.35 for selecting
Input-Output units. Select Register Conirols are shown
in FIG. 33e and ALU Select Register Decoder is shown
in FIGS. 33f and g. Output lines 17¢.20, 17¢.11, 17¢.29,
17¢.62, 174.28, 174.19, 174.10 and 174.02 from the third
and fourth orders of MAR are used in MAR Controls,
FIG. 2u (FIG. 17f) to provide Block Call for Half Step
signals.

The Storage Controls 1.32 of FIG. 1 are shown in
FIG. 21t connected as shown and comprising Decoders,
FIGS. 34a through d; X Switch Core Read Drivers, FIG.
35; Y Switch Core Write Drivers, FIGS. 36ag 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; and Odd-Even Gating
Circuits, FIG. 42.

The Storage In Controls 1.58 of FIG. 1 are shown in
FIG. 2uu 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.
2ur and in detail in FIG. 45. Sensing outputs of the
Storage Array, FIG. 2uu, are passed 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
46.07(1). Logical circuits of the Storage Buffer Register
are shown in FIG. 47. Outputs of the Storage Buffer
Register are provided by cable to the Storage In Select
and Switching circuits, FIG. 2uu, on the lines 47.01(C),
47.02(T3), 47.03(A), 47.04(8), 47.05(4), 47.06(2) and
and 47.07(1). Another set of outputs are provided by
cable from the Storage Bufier 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), 47.11(8),
47.12(4), 47.13(2) and 47.14(1). Details of CR 2 are
shown in FIG. 48.

Signals from the Memory Address Counter 1, FIG.
2gg, are provided by cable to a Memory Address Select
Register (MASR), FIGS. 2ww through 2yy (FIGS. 494
through j)} on the lines 304.03, 30a.07, 302.10, 304.13,
300.02, 305.05, 305.06, 305.07, 30c.02, 30c.05, 30c.06,
30c.07, 304.02, 304.05, 304.06, 304.07, 30e.01, 30e.03
and 30e.05. Also, signals from the Memory Address
Counter 2, FIG. 2hh, are provided by cable to the MASR,
FIGS. 2ww through 2yy, on the lines 312.01, 314.03,
314.04, 314.05, 315.01, 315.03, 315.04, 315.05, 31c.01,
31¢.03, 31c¢.04, 31c.05, 314.01, 314.03, 314.04, 314.05,
31e.01, 31¢.02 and 312.03.

Signals from the Instruction Counter, FIG. 2i (FIGS.
32a through 32¢) are provided by cable (broken) to
Transfer Routing Controls, FIG. 2aa (FIGS. 50a through
50¢) on the lines 32a.02, 32a.05, 325.03, 325.05, 325.07,
326.09, 32¢.03, 32c.05, 32c.07, 32c.09, 324.03, 324.05,
324.07, 324.09, 32¢.02, 32¢.04 and 32¢.06. Another set
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of outputs is provided on the lines 324.16, 324.01, 324.03,
320.01, 325.04, 325.06, 325.08, 32c.01, 32c.04, 32c.06,
32c.08, 324.01, 32d4.64, 324.06, 324.08, 32¢.01, 32¢.03
and 32¢.05 by cable to the Memory Address Select Reg-
ister, FIGS. 2ww to 2yy.

Signals from the Starting Point Counter, FIG. 24,
(FIGS. 51a through 51c) are provided by cable on lines
51¢.04, 51c.03, 51c.02, 51c.01, 515.06, 515.05, 515.04,
515.63, 515.02, 510.01, 514.06, 51a4.05, 514.04, 514.03,
514.02 and 514.01, to all orders of the Storage Address
Counter, FiG. 2ff (FIGS. 52a through d). SAC con-
trols (not shown in FIG. 2) are iilustrated 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 164.66, 164.02, 16a.09, 16a.13, 16a.16,
16a4.290, 164.23 and 16a.27.

Output from all stages of SAC, FIG, 2ff, are furnished
by cable as inputs to a Storage Address Select Register,
FIG. 2ee (FIGS. 53a and b) on the lines 52¢.09, 52¢.08,
52¢.07, 52¢.06, 52c.05, 52¢.04, 52¢.03, 52¢.02, 52a.08,
52a.07, 52a.06, 52a.05, 52a.04, 520.03, 524.02 and 524.01.
In turn, SASR of FIG. 2ee, provides outputs on the lines
535.08, 535.07, 535.06, 53b.05, 535.04, 535.03, 53b.02,
53b.01, 53a4.08, 53a.97, 534.06, 53a.05, 53a2.04, 534.03,
534.02 and 53a.01 to the Storage Address Decoders of
FIG. 2#.

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. 554 and b). SSR lines
164.03, 164.10, 16a.17 and 16a.24 are connected to SSR
Decoding and lines 1642.06, 164.02, 164.07, 164.08, 16a.11,
16a.12, 16a.14, 16a.15, 16a.18, 16a4.19, 16a.21, 16a.22,
16a.25 and 16a.26 are connected to SSR Decoders. SSR
Decoding of FIG. 2ee (FIG. 54) furnishes outputs to the
2% 4 Storage Decoder of FIG. 2st. Outputs of the SSR
Decoders of FIG. 2p (FIGS. 55a¢ and b) are fur-
nished by cable (broken) to Set Bit Routing Controls,
FIG. 2x (FIGS. 56a and b) on lines 55a.02, 554.08,
55aq.11, 554.15, 55a4.18, 554.19, 554.22, 554.23, 55a.27,
55228, 55b.01, 55b.03, 55b.04, 55b.06, 55b.08, 555.09,
55h.11 and 55b.12. Also, SSR Decoder outputs are pro-
vided to Transfer Routing Controls, FIG. 2qa (FIGS.
50a through 50g) on the lines 554.03, 554.04, 554.05,
554.06, 55a.09, 554.10, 554.12, 554.13, 55a.14, 55a.16,
535a.17, 55a.20, 55a.21, 554.24, 554.25, 55a.26, 55b.02,
5§5b.05, 55b.07, 555.10, 55b.13 and 55b.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. 20q through d) provide
outputs to CR 1, FIG. 24, on the lines 204.01(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 57.63(C), 57.05(B),
57.07(A), 57.09(8), 57.11(4), 57.13(2) and 57.15(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(F), 57.06(1), 57.08(8),
57.10(7), 57.12(2), and 57.14(1I). Outputs from C of
Character Register 1 are provided on line 57.02(C) to
Transfer Routing Controls, FIG. 2aa (FIGS. 50a through
g) and on line 57.01(C) te Set Bit Controls, FIG. 2x
(FIGS. 562 and b). A line 58.33(A) from the Right
Plate Distributor Circuits, FIG. 2/ (FIG. 58) is sent to
Instruction Time Check, FIG. 2kb (FIG, 60)}. A line
5921(A) from the Left Plate Distributor Circuits, FIG.
2i and line 58.27(A) from the right Plate Distributor Cir-
cuits, FIG. 2! goes to Instruction Time Routing Control,
FIG. 26b (FIG. 61). Lines 59.22(X) and 59.83(T3) from
Left Plate Out, FIG. 2i, and lines 58.28(A) and 58.17(B)
from Right Plate Out, FIGS. 2k and I, are connected as
inputs to Storage Sign Trigger controls, FIG. 2aa (FIG.

[

10

15

25

30

40

S
(13

55

60

65

70

75

18
62). The NOT lines from code bit position of CR 1 Left
Plate Outputs of FIGS. 2i and j 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 Mem-
ory 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 1B Left Plate Out, FIG.
2i, and goes to FIG. 2y, Divide Routing Controls, FIG.
66h. Line 539.09(B) from FIG. 2i, CR 1 Left Plate Out-
put, 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 Oufputs, FIG. 2k, and lines
59.05(13) and 59.17(A) 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(A)
from FIGS. 2k, [ and i are connected as inputs to Set
Bit Routing Controls, FIG. 2x (FIGS. 56a and b). Lines
59.10(B) and 59.20(4) from FIG. 2i 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. 2k 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 posi-
tion of CR 1, Right Plate Outputs, FIGS. 2%, I and m,
and NOT lines 59.11(B), 59.23(A), 59.28(58), 59.33(1),
59.38(2) and 59.43(1) from CR 1 Left Plate Outputs,
FIGS. 2i and j, are provided to CR 1 Recognition Cir-
cuits, 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

5 Right Plate Outputs and lines 59.12(B), 59.24(R),

59.29(8), 59.34(4), 59.39(2) and 59.44(1) from CR 1
Left Plate Qutputs are directed to CR 1 Recognition Cir-
cuits, 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 Qutputs, FIGS. 2k, ! and »1, and
59.13(B), 59.25(A), 59.30(8), 59.35(2), 59.40(2) and
59.45(1) from CR 1 Left Plate Outputs, 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),

5 58.32(4), 58.47(2) and 58.25(1) from CR 1 Right Plate

Outputs, FIGS. 2k, ! and m, are connected by cable to
inputs of Adder Input Switching, FIG. 2qqg (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 Outputs
are directed to the I/0 Parallel Character Transfer Cable
(broken), FIG. 2m (FIG. 265).

Output lines 59.01(B), 59.15(X), 59.26(8), 59.31(1),
59.36(2) and 59.41(1) from CR 1 Left Plate Outputs
(FIGS. 2i, k and I) are connected by cable to Transfer
Routing Controls, FIG. 2aa (FIGS. 50a through g). Out-
put lines 59.07(B), 59.06(B), 59.08(B), 58.13(B),
58.14(B), 59.18(3), 59.19(1), 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. 74b, ¢, ¢, and f).
Output lines 59.02(B), 59.16(X), 59.27(8), 59.32(4),
59.37(2) and 59.42(1) from CR 1 Left Plate Outputs are
provided by cable as inputs to Inter Register Check Rout-
ing, FIG. 2z, (FIGS. 634, b and c).

In FIG. 2kk, pairs of complementary oufput 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).

Output lines from CR 2 Distribution Circuits, FIGS. 211,
mm and nn, comprising 75.07(B), 75.10(A), 75.14(1),
75.18(8), 75.22(8), 75.27(4), 75.33(1), 75.39(2),
75.43(2), 75.49(1) and 75.53(1) are sent by cable to
CR 2 Recognition, FIG. 20¢ (FIG. 76). Output lines
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from CR 2 Distribution Circuits, FIG. 2II, mm and nn,
comprising 75.04(B) 75.08(B), 75.11(A), 75.15(A),
75.19(8), 75.23(8), 75.28(4), 75.34(3), 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 (FIG. 77). Output
lines from CR 2 Distribution Circuits, FIGS. 2mm and
2nn, comprising 75.17(8), 75.21(8), 75.32(4), 75.26(4),
75.38(2), 75.42(2), 75.52(1) and 75.48(1), representing
the numeric bit configuration and the complement thereof
of the character in CR 2, are sent by cable to Multiplier
Register and Decoder, FIG. 2khh (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. 2qg, are fur-
nished 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 Multiplicand Doubler and Quad-

rupler of FIG. 2dd (FIG. 80) from Adder Input Switch- ~

ing, FIG. 2g9q. The numeric portion of the Multiplicand
character is also provided to the Quintupler, FIG. 2¢cc
(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 character is fur-
nished 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 Switching., Also, the numeric portion
of the Multiplicand character, FIG. 2qq, is directed to
True/Complement Control, FIG. 2fff (FIG. 83), by the
lines 73.09(8), 73.16(4), 73.11(2), 73.12(1) and
73.13(1).

The Multiple Selector receives five times the multi-
plicand character value from the Quintupler, FIG. 2cc,
via lines 81.01 through 81.05, two times the value on
the lines 80.02 through 8$0.04 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 one 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 F1G. 2rr from the Multiplier Register and
Decoder of FIG. 2hhh,

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

The Decimal Correction circuits of FIG. 2ggg (FIG.
85) furnish output lines 85.02(2), 85.04(4) and 85.06(8)
to Set Bit Routing Controls of FIG. 2x (FIG. 564), and
output lines 85.01(2), 85.03(4) and 85.05(8) by cable
to the Digit Adder, FIG. 2eee (FIG. 86).

The Digit Adder has two sets of output lines. One set
comprising lines 86.08(8) Carry, 86.06(8), 86.04(4),
86.02(2) and 86.01(1) goes to Decimal Correction Cir-
cuits, Digit Adder, FIG. 2cce (FIG. 87), while the other
set, comprising 8$6.09(8), 86.07(8), 86.05(4) and
86.03(2) goes to Decimal Carry Circuits and Zone Carry
Trigger, FIG. 2ddd (FI1G. 88).

In FIG. 2ccc, output lines 87.09(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, 2aqa
(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), 87.63(2), 87.04(2), 87.18(1) and 87.11(1) are
directed by cable to Inter Register Check, FIG. 2z (FIGS.
63a, b and ¢).

In FIG, 21] (FIG. 75), output lines 75.03(B}, 75.86(1),
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75.09(A), and 75.13(A) from CR 2 Distribution Circuits,
provide the zone bits and complements to the True/Com-
plement 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 Zone 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. 634, 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. 2qaa (FIGS. 89q and b); and the third
set of lines 79.06(B) and 79.02(A) go to the zone posi-
tions of the C Bit Generator of FIG. 26bb (FIG. 90).
The C Bit Generator also has inputs (not previously men-
tioned) 58.61(C) from CR 1 Right Plate Out, FIG. 2k
(FIG. 58), and 48.03(C) from CR 2, FIG. 2kk (FIG.
48). Output line $0.01(C) from C Bit Generator is con-
nected to the C position of the Result Register, FIG. 2aaa
(FIGS. 89g 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. 2ccc.
The third set comprising lines 225.14(C), 225.13(B),
220.12(A), 226.11(8), 22h16(4), 22b.09(2) and
225.08(1) is connected by cable from the Keyboard of
FIG. 2v. The fourth set is from the Memory Test Con-
trols, FIG. 2zz, and consists of lines 92.01 through 92.07.

The Result Register of FIG. 2aaa provides output lines
§95.11(C), 890.07(B), 895.08(B), 895.03(A),
895.04(1), 894:15(8), 894.16(%), 894.11(4), 892.12(9),
894.07(2), 894.08(2), 8942.03(1) and 894.04(1) to the
Result Register Code Check, FIG. 2zz (FIG. 91). An-
other set of output lines 89a.09(C), 892.05(B),
895.01(A), 892.13(8), 894.09(), 894.05(2) and
894.01(1) are directed by cable to Memory Input Switch,
FIG. 2b (FIG. 11). Finally a set of output lines
895.10(C), 895.06(B), 895.02(X), 894.14(8), 894.10(2),
894.06(2) and 894.02(1) are furnished by cable to Stor-
age 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 entry into Memory.

As mentioned previously, a stored program is a series
of coded operational 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 instruction, 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 (Character 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 Character 4, specifies the location
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
Character 4 is given a value of 40,000. The second por-
tion of the Address part is the Storage Address part
located in the Zone portion of Characters 2 and 3, and
designates the address in Core Storage to be used during
the execution of the instruction. For some instructions,
the presence of bits in the Storage Address portion indi-
cates a special instruction or an address not associated
with 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-
monic codes are merely the shorthand designations of
the instructions and it is the operations part which is



contained in Character 0 of the instruction.
and To columns refer to the movement of data when
appropriate and the Remarks and Limiting Factor briefly
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expand on the instruction title.

are given.

When necessary to the
description of the invention, details of the imstructions

Chart I
Mne- Oper.
Instruction raonlic Part From To Remarks Limiting Factor
Code
Add. .. ADD G Mem.______ Ace.fAS_. .| Result in accumulator or Aux. Stor- .. ... Non-num, char, in mem.
or Storage Mark in Stor-
age, whichever is last.
Add Mem.___.._... ADM 6 Acc.fAS..| Mem.__.__. Signed Mem, firld-algebrale addition_. .. oo Non-num, char. in mem.
Unsigned Mem, field—non-algebraic and zone addition_| Ace/Aux. Stor. mark.

Add Address Mem._; AAM @ Acc.fAS.__| Mem__._._ Add 5 digits in Acc/AS to the Mem. field interpreted | 5 characters in Acc/AS; 4
as addr, part of an instrue. char. in Memory.

Blank Memory..... BLM : J PR Mem....... Puts Blank charactersIn Mem. . ... Address of Instruction.

Compare. .m.emueea- CMP.__| 4 e Accumulator or sux. stor. with Memory. .. ......... Ace./Aux. Stor. mark.

Ctr1 0000 .. ... IOF 2 SRS PSP Turn off input-output Indicator. ...

Ctrl 0001 e WTM |3 e Record tape Mark... oo cccccmmeem e

Ctrl 0002 commeeeee RWD 2 VOO BRI Rewind tapeunit. ... iaiian

Ctrl 0003 e ION  J O DR Turn ON input-output indicator ... ...

Ctrl 0004 - oo B3P S PP DI, Back space tape one record e oo

Ctrl 0005. sSUP : J IR U Prevent printing or punching one eyele.... ...

Divide.oecrooaae DIV s/ P PO, Dividend in ace. 00; divisor in Mem. Quotient In Acc. | Non-num. char. in Mem.
00. and Stor, Mark in Ace.

00.

Lengthen . oo LNG D et Ada reros to right (Acc. 00) oo om ol Address of Instruction.

Load..ccccecaaeaan LOD 8 Mem_ .. .| Ace./AS___| Loads zones as well as numbers. .. ._....ccoceccaao- Ace./Aux. Stor, Mark.

Load Address..__.. LDA # Mem.....o Acc./AS...| Loads Address Earton of an Instruction as a five-digit | 4 char. of Mem.
field in Acc./AS.

Multiply e MPY Vo i Multiplier Ace. 00; multiplcand meim; product Ace.00.{ Nou-num char in Mem and

Stor. Mark in Storage.

No Opereecuemrnn- NOP A | NOOPErBtION 1 et e e e

Norm Trecr e NTR D GO SRS SO Left-hand zero in accum, or aux. stor. causes transfer.

Zero deleted except last zero.

Read. cemmamamanes RD Y Input.__.. Merooou.- From tape to Mem 24"’ inter-record gap.

From card reader to Mem.__ Record Storage mark.
From drum to Mem, (Ete.) Drum mark (By lnput
device).

Read-Write.._.._... BWW |8 i) Alert reading tape unit to operate simultaneously
with next write instruct.

Recelve .oooooaeuos RCY U Sets MAC 2 to Addr. of Instruetion ... ...

RAAA v RAD 21 Mem.__... Ace./AS__.| Resets accum, or aux. stor.; adds from Mem______...__ Non-num, char. in Mem.

RS8Uboeecmaen RSU Q Mem...... Ace.fAS__.| Resets accum or aux. stor.; Substracts Mem. field | Non-num, char. in Mem.
from & zero in Acc./AS.

Round. .. RND ) O B Drop positions from right and 14 adjust (accum. 00) | Address of Instr.

Zero balance is plus,

[2131 Vs D, SND 1 Mem.__._. Mem ... Use with RCV for transmitting data 5 char. at a time | If RWW Tgr. off Stor,
from Mem. to Mem, If RWW tgr. is of. I RWW Mark in Aux. 1If RWW
tegr. 1s on, Ferform redundancy chk of Mem., begin- Tgr. on End of Mem.
ning with instruet. addr.

8elect. oo SEL 2 (O Y Select Input unit, Output unit, Alter Sw, or check
indicator.

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

Set Left ... SET B Ace./AS.__| Place storage mark to left of field in indicated storage | Address of Instruction
addr. (00-15). Insert zeros if Instr. Addr. is greater
than field length in Ace./AS.

Shorten.c.oocoooonea SHR C s Drolp positions from right (Ace. 00). Zero balance is | Address of Instruction.
plus.

[37 1+ 1 I, 8GN T Mem. ... Acc./AS___| Remove zone 11, 10 or 01 from Mem.,, place & or mlnus
sign in Accum. or Aux. Stor.

17 70] « SR HLT | J DR P Stop machine. .o

3170 S, sT F Acc.fAS...| Mem._..... Store num, field in Mem . eeeee Ace./Aux, Stor. mark.

8t Print_____.... SPR 5 Ace.fAS.__.| Mem. ....| Store field for printiu%. Skips decimals, prints com- | Acec./Aux. Stor. mark.
mas. Remowesleft-hand zeros and commas

Subtraet ..o sSUB P Merm....—_ Acc./AS...| Bubtract in Mem, fleld from Stor. fleld. Resultin ace. | Non-num. cbar, in Mem.
Or aux. storage or Stor. markin Acc.fAS.,

whichever {s last.

Transfer I TR 1 1 — Uncondlitional transfer. o - ooccoocrecmmccmammmnen




3,059,222

Chart II—Continued
Mne- Oper.
Instruction %oréiu Part From To Remarks Limiting Factor
ode
Tr ADY caercmecaean TRA A PR DU Trans. if condition or llne specified by ASU code (00~
06) is up.
TRE ) PEE U S Transfer if Equal Tgr. 48 ON . oo iamaiacarae
TRH )2 <G I Transfer if High Ter. is ON_ . .
TRP M . Transfer if deslgnated Acc. or Aux Stor. sign ls plus_...
TRS [ 2 IR, Transfer if selected I 10 indicator ON (ASU 00) or line
{ndicated by ASU Coding is ON (ASU 01-15).
Tr 200 cccaccmmcan TRZ N feerccccmeea]emarcmamaas Transfer 1f designaated Diglt Zero Tgr. s ON.__..__..
Tr on Zero Bit______ TZB | .  |ecceccmcem|emmciceas Tests the Bit specified by ASU coding in the char. at
the MAC 2 address.
Transmit. ... TMT 9 Mem...... Mem...... Us}:a{ with RCV for Transmitting data from Mem. to
Code 00, 5 char, group transmission Code 01-15; single | R/M in Mem. pos. ending
char, transmission, In 4 or 9 or Aux. stor.
mark.
Unload..cocaocaaann UNL 7 Ace.fAS_..| Mem_.____ Unload zones and numbers. ... ... Ace./Aux, Stor, mark.
Unload Address..... ULA * Acc.fAS_..| Mem...... Unlead a 5 digit flield from Ace./AS. into the Addrs.
portion of designated instr, in Merm.
Write 000 cmveeaeeenn WR R Mem...... Output...| From Mem, to tape_ ... ____.... Uroup mark.
From Mem, to card punch or printer__ Group mark.
From Mem., todrum.__.__...______.__._ Group mark.
(6017, 2 (Group mark.)
Write 01, ... WR Mem... ... Output...| From Mem. to card, printer, tape, dram____.....__.._ 20,000t Mem. pos.
Wr Erase 00....__.. WRE Z Mem.__... Qutput...| Replace each char. in Mem. with blank_._ -
0 PO e e e -| Group mark,
To card punch or printer.._ Group mark.
TO QrMas e aecee e ccieaee _! Group mark.
[ D0 ) (Group mark.)
Write Erase 0l...... WRE /2 SO PR, Bame 83 BD0Ve. ¢ .o e cmaeaan Limited by end of 20,000
Mem. biock,

As mentioned previously, the first address portion of
the instruction may refer to any location in a number of
storage devices such as Memory or to Input-Output de-

in a character. The Adder Input Switching, FIG. 24q, is
effective to gate the numeric portion of the character in
Character Register 1, FIG. 2A, or the character in Char-

vices. Adresses of such units are given below. 40 acter Register 2, FIG. 2kk, by way of True Complement
Chart 11 Controls, FIG.. 2fff, to the Digits Adder, FIG. 2ece; to

gate the numeric portion of a character in Character Reg-

MeIROFY oo oo oenee %gﬁg’ggg or ister 1, directly, to the Multiple Selection Circuits of
s . 8%3&8%33 FIGS. 2rr and 2ss, and indirectly, to the Multiple Selec-
ape Units. - .. .- . tion Circuits of FIGS. 2rr and 2ss, by way of the Multipli-
10%51";55“?3‘“ Fves 45 cand Doubler and Quadrupler, FIG. 2dd, and the Quin-

Typewriter__ .
Tape Record Coordinator Tape Units

.- 0600
Drum Sectlons._..... ~w-- 1000-9699

tupler, FIG. 2cc. The Multiplicand Doubler and Quad-
rupler and the Quintupler, shown in detail in FIGS. 80

Alteration SwiteheS. . e eeameea—en—— 0911-0919 : .

B PO b Trdfetor s 0900 and 81, respectively, are effective to double, quadruple
Mac(%)i‘%e Chgc}ll( Iﬂdlicgtor ____________ ggg% 50 and quintuple values of the input numbers, and thus the
Read-Write Check Indieator.__.. o i i 1 i ; . i
Read Writo Ohock andleator.... o0s Multiple Selection Circuits, FIGS. 2rr and 2ss, receive
Overffow Check Indicator_.___ 0904 inputs of 1, 2, 4 and 5 times the numeric value of the
8ign Check Indicator 0805 character, in Character Register 1. The Multiple Selec-

Referring to the composite of FIGS. 2a through 2hhh,
information is read out of Memory, FIG. 25, into Memory
Buffer Register, FIGS. 2¢ through 2e. Then one of the
characters of the Memory Buffer Register is selected by
means of Memory Out Switches, FIG. 2g, and placed in
placed in Character Register 1, FIG. 2h. At the same
time, information may be read out of Storage, FIG. 2uu,
into the Storage Buffer Register, FIG. 2vv, and then into
Character Register 2, FIG. 2kk. Character Register 1,
FIG. 2k, has associated therewith, Character Register 1
Recognition Circuits, FIG. 2o, for recognizing the pres-
ence of certain characters or classes of characters in CR 1.
Furthermore, a check for accuracy of information trans-
fer is made each time a character is entered in the Char-
acter 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 number of binary “ones” in the seven bits of the
character and the C bit is always selected so as to provide
(for correct operation) this even number of binary “ones”

60
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75

tion Circuits under control of Select 1, 2, 4 and 5 multiples
from the Multiplier Register and Decoding, FIG. 2hhh,
provide the proper multiples to the Multiple Adder, FIG.
2hhh, during a Multiply operation. However, for most
operations the one’s multiple is gated. The sum output
of the Multiple Adder, FIG. 2hhh, being the sum of
binary coded decimal numbers, may require 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. 2eee, 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. 2ece. 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. 2hhh, to provide a binary coded
decimal sum. This sum may also require correction, the
correction being provided by the Decimal Correction Cir-
cuits for Digit Adder, FIG. 2ccc. The output of the Deci-
mal Correction Circuits, Digit Adder, FIG. 2ccc, which
is the corrected sum, is emitted to the Result Register,
FIG. 2aaa, to the C Bit Generator, FIG. 2bbb, and the
Inter-Register Check Routing Circuits, FIG. 2z.
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While addition or multiplication of the numeric por-
tion of the character is accomplished in the circuits just
described, 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. 2qg, 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. 2bbb, serves to
generate a new check bit (C) for the corrected character,
and sends it to the Result Register, FIG. 2aaa. The deci-
mally 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 thou-
sand 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 80X 1000 rectangular Matrix, which
acts as a single block of storage having addresses num-
bered continuously from 0C000 to 39,999, where each ad-
dress corresponds to a particular 7-bit character. Groups
of five characters (35 bits in all) are read simultaneously
from the 35 core planes. For example, five characters lo-
cated at the beginning of Memory would have addresses
00000 through 00004, but all five characters would be read
from Memory simultaneously, regardless of whether the
given address was 0000, 00001, 00002, 00003, 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 Cere Memory and placed in the Mem-
ory Buffer Register. However, since address 00000 was
given, only character 0 is selected from the MBR by
Memory Out, FIG. 2g.

During the Read and Write portions of an Instruction
or Execution Character cycle, the Memory Decoders,
FIG. 2a, receive an address by way of the Memory
Address Select Circuits, FIGS. 2ww through 2vv, the
latter receiving 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
Register and the Memory Address Register.

Referring now to FIG. 2uu, the Core Storage Array
comprises seven planes, each plane arranged in a 16332
matrix for the storage of 512 bits, the seven planes
storing 512 characters. The addresses, then, for each
character in Core Storage are 0 to 511. TIndividual 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
Accumulator Decoders of FYG. 2# (FIGS. 34a through
d). The Storage Address Select Register receives ad-
dresses from the Storage Address Counter, FIG. 2ff,
the latter having inputs from both the Storage Select
Register, FIG. 2p, and the Starting Point Counter, FIG.
2g. The Starting Point Counter keeps track of the ad-
dress 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 Starting 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
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positions 16, 32, 64 and 128 only. The upper limit of
the word stored in the Core Storage is noted and recog-
nized 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 Starting Point Counter can count 000
through 255 and can be stepped either +1, —1 or +128.
When the Counter passes 255, it starts off again at 0.
The contents of addresses in the Core Storage less than
256 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 Accumu-
lator Storage and the other as Auxiliary Storage. Aux-
iliary Storage has addresses 0 through 255 and Accumu-
lator 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 di-
rectly to the Storage Decoders, FIG. 2tf, which perform
the function of determining whether Auxiliary 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. 2fz, 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 Address is 16 for Auxiliary
Storage Unit 01, Address 32 for Auxiliary Storage Unit
2, etc. up to Storage Address 240 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 Start-
ing 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 Address of the Accumulator
its only other function is to remember the location of
the Starting Point in the Accumulator for reference
purposes, and to change this starting point while ex-
ecuting 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
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 cambined 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 all figures following FIG. 2, the digits
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after the dash to the right of output line numbers indicate
the figure to which the line goes.

BASIC ROUTING LINES

In FIG. 934, Read Memory lines 934.63 through 934.07
condition circuits for reading five characters out of Core
Memory where addresses are determined by MASR. Read
Memory (ALU) line 934.03 is used in combination with
timing lines to set CR 1 to the contents of one of the
character positions of MBR, Read Memory line 934.04
is used for PCT Request Execution Controls. Read
Memory 1 line 934.05 goes to Memory Read Gate of FIG.
Se to bring up Memory X Read Gate line 5¢.02 and
Memory Y Read Gate line 5¢.065 to Memory Gate Pow-
ering of FIG, 5¢. The signal on Read Memory 1 line
5e.09, derived from line 934.05, goes to Memory Sam-
ple Pulse Generator, FIG. 20e, to control the MBR
Sample pulse on the lines 20¢.01 and 28¢.02. The lines
just mentioned are up during Use time as determined 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 934.01 conditions
circuits for setting CR 2 to the contents of SBR. Read
Storage line 934.02 conditions circuits found in FIG. 74
to provide Storage Read Bias Gate signals on lines 74.¢1
and 74.02 to FIGS. 42 and 365, respectively, Storage Read
Gate signals on lines 74.03 and 74.04 to FIGS. 37 and 42,
respectively, Storage Inhibit Gate signals on line 74.05 to
FIG. 44, and Storage Write Gate signals on lines 74.06,
7d.07 and 74.08 (one line) to FIGS. 38b and c.

In FIG. 935, CR 1 to Adder (P) line 935.01 conditions
circuits found in Character Registers to 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 out-
puts of CR 1 to the Zone Adder of FIG. 79. CR 1 C Bit
Out line 935.02 goes to the C Bit Generator, FIG. 90,
where it gates Result C line 99.01 to the Result Register,
FIG. 89b, according to the redundancy of the combined
zone and numeric portions of the result character. This
permits the character in the Result Register to retain its
original bit structure during a Load, Store or Transmit by
1 operation wherein the bit structure is not to be altered.

In FIG. 93b, CR 1 to T/C line 935.03 directs the charac-
ter 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. 685, when the Memory Field is to
be recomplemented. As shown in FIG. 73, the line
935.03 causes the numerical outputs of the charncter in

CR 1 to be transmitted to the complement circuits of the !

True Complement Controls, FIG. 83, where the Comple-
ment line 934.07 gates the Complement to the Digit Adder
of FIG. 86.

In FIG. 935, CR 2 to T/C lines 935.04 and 935.05
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 represent
the character in CR 2, to the Digit Adder True Comple-
ment circuits of FIG. 83. In the Zone Adder of FIG. 79
(Sheet 1), the line 935.05 gates the zone portion of the
character in CR 2 to the Zone Adder True Complement
circuits of that figure (Sheets 1 and 2).

In FIG. 935, CR 2 C Bit Out line 935.66 causes the C
bit from the character in CR 2, if any, to be transferred to
the Result Register, 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
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operation where the bit structure of the character 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 48.63
onto the Result C line 90.61 te the Result Register of FIG.
896b.

In FIG. 93¢, Adder Out Routing, a Digit Adder Gut line
93c¢.01 routes the output of the Digit Adder Decimal Cor-
rection circuits to both 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 Cor-
rection 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 Bii Out line
23¢.03 conditions the C Bit Generator for generating of a
check bit to the Result Register when the zone and nu-
meric portions of the character entering the Result Regis-
ter contain an odd number of bits, This line is shown en-
tering the C Bit Generator, FiG. 90, where it is used to
generate a positive signal on the Result C line 92.01 when
the circuits of the C Bit Generator indicate 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 per-
mit special characters to be sent directly through the Digit
Adder Decimal Correction circuits, FIG. 87, without cor-
rection. On the upper portion of FIG. 88 (Sheet 1) the
Minus on Suppress Adder Carry line 934.01 prevents a
carry out resulting from an 8, 4 bit combination, an §, 2
bit combination, and a Binary Sum 8 Carry. In FIG. 93d
the Minus on Suppress Zone Carry In line 934.02 goes to
FIG. &8 (Sheet 2) via Sheet 1 of FIG, 88 to suppress set-
ting 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” complement. This line
goes to the Digit Adder, FIG. 86, where it gates a 1 into
the “carry in” of the C units position 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 address
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 Complement cir-
cuits for complementing the numerical outputs of the char-
acter in either CR 1 or CR 2 to effect subtraction by addi-
tion in the well known manner.

In FIG. 93¢, Set Multiple Register to CR 2 line 93¢.01
is made positive to put a digit of the multinlier in the
Multiple reeister of FIG. 78 during Multiply 1. As
shown in FIG. 78, the numerical outputs of CR 2 are gated
ta set the Multiple Register trigeers.  (The Multiple Res-
ister is reset to “unitv”’ when the machine is not executing
the Multiply instruction.)

Bits can be originated for various reasons and distributed
via Adder Emitter lines of FI(G. 93¢ and Bit to Adder

.. Routing lines of FIG. 93f. The only character emitted

is the Blank under control of the lines 93¢.04 and 93..85.
The details of operation of the foregoing lines will not be
described except when incidental 1o the examples of ma-
chine operations which illustrate the principles of the
invention as later described.

FIG. 93g is concerned with routing controls for MAC
1, MAC 2, SAC and SPC. Signals are passed on output
lines 932.01 through 935.10 to MAC 1, FIGS, 30« through
f, and te Overlap Mode Execution Controls to step MAC

1 plus 1 and mirus 1. In FIG. 93/, routing lines are
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provided to MAC 2, FIGS. 314 through f, to step MAC 2
minus 1 via line 93/4.01, to step MAC 1 plus § via lines
23/.02 and 934.03, and to step MAC 2 plus 5 via lines
$34.04 and 934.05. In FIG. 93i, routing lines are pro-
vided to FIG. 52 to step SAC minus ! via lines 93i.01 and
93;.02, plus 1 via lines 93i.03 and %3..04, and plus 128
via line 93i.05. In FIG. 93j, Storage, Memory and in.
struction Counter Routing, output lines provide signals
to step the Starting Point Counter plus 1 via lines 93/.01
through 93j.03, minus 1 via lines 93;.04 through 93;.86,
and plus 128 via line 937.07. The line 93/.08 is used in
FIG. 352¢ to set SAC to the contents of the Starting Point
Counter and the line 93/.09 is used in FIG. 30f to set
MAC 1 to MAR. Lines 9310 and 93/.11 to FIGS. i39a
and 32a, 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 1304.20 serve in FIG. 32«
to step the IC plus 5 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 Mem-
ory and Result to Storage. The former is used in the
Memory Input Select Switching of FIG. 10 to control
the Input Switch of FIGS. 10z 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 Stor-
age 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 conduct-
ing. 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
erid 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 con-
nection 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

Tn 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 dif-
ferent 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 Remainder trizger.
tn 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 trig-
ger used in Overlap Mode Control. FIG. 93n illustrates
routing lines for turning On and Off the Sign Check trig-
ger, turning On and Off the Overflow Check trigger and
setting the Siorage 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 Rec-
ord Check trigger and turn On and turn OF the Ipstrue-
tien 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. 93gq illustrates Mode Control routing lines compris-
ing Memory Read Mode, Memory Read/Write Mode,
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Storage Read Mode and Storage Read/Write Mode for
Mode Contro] as previously mentioned. FIG. 33r shows
End E Time routing lines which indicate the final Execuie
cycle of an operation. In FIG. 935, MASR Input Swiich-
ing, routing lines are shown to set MASR to the Instruc-
tion Counter, set MASR to MAC 2, set MASR to MAC 1
and set MASR to SMAC. FIG. 93: illustrates routing
lines for controlling the Input/Output sequence of opera-
tions. FIG. 93u shows routing lines to turn On the Auto
Transition trigger used in Overlap Mode Control, turn
Cn 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, rout-
ing lines are provided for Minus on Block Add trigger,
Minus on Suppress 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-
This is the terminal
for those cables shown in composite FIG. 2 and in the
logical block diagrams for communicating with input/
output 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

5 oscillator, the cutput of which is taken from the cathode

resistor. Feedback is employed to keep the oscillator
running which results in positive spikes each microsecond.
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 inverted
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 volis from
4140 volts to +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 Ry R and
R;. Only one trigger in the clock ring should be On at
any one time. Assume, for example, that the R, trigger
of FIG. 96 is On. The right plate will then be up, con-
ditioning its associated diode gates and upon the fall of
the next 1 megacycle drive pulse on the line $5.01 the
R; trigger is turned Off and the R, trigger is turned On.
With the R, trigger On the right hand plate conditions
its diode gate circuits for the next fall of the 1 megacycle
drive pulse which turns Off the R, trigger and turns On
the R, trigger. This operation continues until the Ry trig-
ger 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 section of the
ring of FIG. 97 is turned On. During an Instruction
cycle, which is of 13 microsecond duration as explained
previously, the output of the Ry trigger on the line 96.16
conditions the diode gate for the Aq 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, trigger On. The
Clock Add section of the ring then provides Ay, Aj, Ag
and Aj pulses in sequence. The right hand plate of the
Aj trigger conditions the diode gate associated with the
W, trigger of the Clock Write section 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
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is turned On. This and the W;, Wy and W; triggers in
sequence generate Wy, W, Wy and W; pulses.  Therefore,
it is pointed out that on Instruction 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 Clock Add section of the ring
is not used, and instead, the output of the R4 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 99.82 is up due
to the Clock Read/Write and Read/Add/Write switching
of FIG. 99. It will be observed in FIG. 99 that when
the I time line 124.34 is down the Read/Write line 99.62
is up to condition the diode gate in combination with the
R, line 96.17 of FIG. 98 so that the fall of the | mega-
cycle drive pulse on the line 95.03 turns On the W, trig-
ger. After this, the W,;, W, and W; triggers are turned
On in sequence. Then the output from the Wj trigger is
taken from the W; (D1) line 98.11 to the Clock Read
section of the ring, FIG. 96, where it conditions the R,
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 Ry, Rj, Rg, Rj, Ry, Wi
Wi, Wa, W3 except during an Instruction cycle when the
Add portion of the ring is introduced to prolong the cycle
to 13 microseconds. The Clock Reset of the lower por-
tion 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
microseconds, the fall of the line 106.14 is used to turn
On the Clock Reset trigger which in turn is turned Off
by the next 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 Ry 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 lasts for 2
microseconds, the description would be W3 (D2). In the
case of longer pulses, index points are used correspond-
ing 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—Rjz. All pulses are considered positive unless other-
wise indicated. A negative 1 microsecond W; pulse
would be described as a Minus (—) W; (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
2 and 3 microsecond pulses of FIGS. 102 and 103« usc
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
puises 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. 103b shows powering for certain of the pulses gen-
erated in FIG. 1034, and, in one instance, a pulse is com-
bined with Use line 165.10. 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 necessary to carry
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out the reading and execution of Instructions in the stored
program, When the machine is stopped and operated
under control of the Operator’s Console, it is in the Man-
ual status, and the Use trigger is Off. However, Man-
val operations can generate one or more Use cycle 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 re-
sets 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 bits) and sets all of the
Core Memory to Blanks (a C and an A bit). The
Clear Memory trigger associated with the Clear Mem-
ory key of FIG. 106 is shown in FIG. 107 along with
the Clear Storage Single Shot. FIG. 108 illustrates 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 In-
dicator. Each of the Stop keys, when depressed, places
the system in Manual status at the end of E time of the
Instruction which is then being performed. The Single
Use cycle key causes one cycle of an operation to be exe-
cuted for each key depression. FIG. 109 illustrates the
Stop controls. Depression of the Machine Stop key
places the system in Manual status immediately and does
not wait until the end of E time as the Manual Stop key
does. The Manual Store key and controls are shown in
FIG. 110. The Store key permits the operator to enter
characters into Core Memory manual (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 performed. The
Memory Address Selector must be set, then upon depres-
sion of a key on the Console Character Keyboard, the
character entered in the Character Keyboard is thereby
stored in Memory.

FIG. 111 illustrates the Manual Instruction controls
to permit the operator to manually instruct the Data
Processing 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
depressed and will cause that instruction to be executed.

Manual display controls are illustrated in FIG. 112.
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 contents of the Core Memory and
of the Core Storage units. Memory is shown in the
Memory Display of CR 1, the Storage unit selected by
Storage Selector keys is shown in Storage Display CR 2
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 machine
wherein depression of the Half Multiple Step key causes
the computer to perform either the I 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 enough to exe-
cute one half of an I or E cycle and then after a delay of
about 0.75 second, procceds to successively execute I
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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 Half 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 together,
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 positive
to place the machine in the Manual status for corrective
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 set-
table and each Alteration switch has a specific address as
indicated in Chart III. If a switch is On when interro-
gated by the program, a transfer is made; if a switch is
off, no action takes place, except that the machine pro-
ceeds to the next Instruction.

AUDIBLE SIGNAL INDICATION

Referring to FIG. 1205, the purpose of the Audible Sig-
nal Indication is to attract the attention of the operator to
the fact that the machine has stopped its processing be-
cause 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 Auto-
matic to the Manual status because of conditions above.
The operator may turn Off the tone by the Aubidble Sig-
nal Reset key, but the tone will sound on a subsequent
stop. The operator can made the device completely in-
operative during checking by use of the Audible Signal
switch.

FIG. 121 shows the I/E trigger which is used 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 Instruction
Address, and the Turn On IAT line 61.07 is up from I
time routing controls of FIG. 61 due to coincidence be-
tween 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 1 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
the 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 ouputs which are distributed
from FIGS. 61, 121 and 122.

LOAD, UNLOAD AND STORE ROUTING
CONTROLS

FIGS. 125a through 125c¢ 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
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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
positicns 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
numeric field of Storage in Memory as illustrated by ex-
ample previously.

STORE FOR PRINTING

FIGS. 126a and b illustrate the logical circuits for pro-
viding signals on routing lines for carrying out the Store
for Print instruction, which is normally used to transfer
a numetic field from Storage to Memory where it may be
used subsequently for writing by a printer. When the
sign of the specified Storage umit is plus, a blank is stored
in the Memory location designated by the address part of
the Instruction. When the sign of the Storage unit is
Minus, a dash is stored in the Memory location designated
by the address part of the Instruction. The numeric Stor-
age field is stored in the Memory locations directly to the
left of the sign position until a Storage Mark is encoun-
tered which sets the left-hand limit of the field stored.

TRANSMIT AND SEND

FIGS. 1274 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 fro m one portion of
Memory to another.

A Send instruction is similar to the Transmit instruction
in that it causes high-speed movement of data from one
location in Memory to another 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 controlled by the length of a preset Storage unit.
More specifically, if the RWW frigger is Off, data are
removed, five characters at a time, starting at the address
of the Instruction to a receiving location determined by
the setting of MAC 2. One group of five characters is
moved for each character contained in the Accumulator
or designated Auxiliary Storage Unit. If the RWW trig-
ger 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 Receive
instruction is given which specifies a starting address 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 starting 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 Instruction is coded
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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. 129q 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 designated
field, a Storage Mark is inserted to the left of the high
order chtaracter 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 posi-
tions specified by the address part of the Imstruction.
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 130¢ illustrate circuits for providing
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
portion of the Instruction. Thus, the field remaining is
defined 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. If a Carry is generated out of
the highest order position, the field is extended one posi-
tion to the left to include the Carry.

READ/WRITE SELECT AND CONTROL ROUTING
CONTROLS AND INPUT/QUTPUT CONTROLS

FIGS. 131, 132a and 1325 disclose circuits for provid-
ing routing signals for Reading and Writing operations
of Input/Output devices. FIG. 133 illustrates the rout-
ing lines for Select and Control operations. FIGS. 134a
through 134f disclose 1/0 Sequence triggers and controls
for 1/0 operations and FIGS. 1354 and 1354 iilustrate
Parallel Charcater Transfer Request and other operations
directed to paralilel transmission for Input/Output de-
vices.

OVERLAP CONTROL

FIG. 136a illustrates the Overlap Control triggers,
namely, the Transition trigger, Auto Transition trigger,
Add trigger and Mode Control trigger; FIG. 1365 shows
additional controls for the Execution of Overlap opera-
tions; FIG. 136¢ is
Transition lini:; FIG. 1364 is Powering for the Not Tran-
sition line and the Add Trigger; and FIG. 136e
shows Powering for Transition trigger and the Mode
Control Trigger. These triggers just recited are those
which control the Overlap Modes of operation. Briefly,
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the Transition triggers define certain cycles during
which complete overlapping of Memory and/or Stor-
age operations and Arithmetic operations is not performed;
the Add trigger defines the portion of Execute time when
computation may be performed in the ALU; and the
Mode Control trigger defines Overlap and Transition cy-
cles 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. 1384 illustrates the Storage Low trigger and the
Storage High trigger; FIG. 1386 the Simultaneous
Read/Write trigger and the Read Call trigger for 1/0
operations; FIG. 138¢ the Storage Mark trigger and the
MAC 1=0 trigger; FIG. 1384 the Any Signal trigger
and Powering the Storage Mark trigger Off line; FIG.
138e the Write Call trigger, No Write Response trigger
and the No Read Response trigger for I/Q operations;

5 FIG. 138f the Instruction Check trigger, Machine Check

trigger, Read/Write Check trigger for storing indications
of error conditions; FIG. 138¢ the Record Check trigger,
Overflow Check trigger, the Sign Check trigger for stor-
ing indications of error conditions; FIG. 1384 the Digit
Zero trigger (DZT) and the Remainder trigger; FIG.
138/ the Auxiliary Trigger 1; FIG. 138; the Auxiliary 1
Off Powering; FIG. 138! the Auxiliary Trigger 2 Off
Powering and FIG. 138k the Auxiliary Trigger 2.

RESETS AND CLAMPS

FIG. 139a 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 triggers automatically in preparation for subse-
quent 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 to minus 12
volts. For those tubes without electrornic 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-
lower (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 + 10 volts, its output
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 ex-
ample, in FIG. 17a, 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 1394.01 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. 1395 where it
is powered by cathode followers and distributed as (X)
resets to the Storage Select Register, FIG. 164, on the line
1395.01; the Operation Register, FIGS. 214 and b, on
lines 1395.02 and 1395.03; the triggers of FIGS. 1395
through % on the lines 1395.04 through 1395.09; the Reset
Add, Reset Subtract, Add-Subtract Routing Controls of
FIG. 74a on the line 1395.10; the Multiple Routing Con-
trols of FIG. 67a on the line 1395.11; the Select and
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Control Routing Controls of FIG. 133 on the line 1395.12;
the 1/O Controls of FIGS. 134a, d and ¢, on the lines
1395.13 through 1395.15; e 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. 136a 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 139523 and 1325.24; and the Add to Memory
Routing Controls of FIG. 68a on the line 1395.25.

Machine Reset line 13942.02 of FIG. 139a goes to
FIG. 139b for powering and distribution on the lines
1395.26 through 1395.35. In FIG. 139, Instruction
Counter Reset, Select Register Reset, and MAC 2 Resct
signals are provided on the lines 1394.64 through 1394.06
to powering and distribution of FIG. 139¢. To reset the
Memory Buffer Register in preparation for receiving five
characters from Memory, the line 1394.07 is positive dur-
ing 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 7d.10 to provide signals on the lines
5213 and 5g.14, the latter being connected to MBR
triggers of FIGS. 14a and b as (Z) resets.

In FIG. 139¢, the lines 139¢.01 and 139¢.02 are posi-
tive at W, (D2) during Use time to provide (R) resets to
the Result Register at W3 time after its contents are 1o
longer required for use. The Intial Resct 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 2, IC, Select Register
and MAR.

FIGS. 1394 and e disclose —12 volt supplies as men-
tioned previcusly for use in clamping the grids of triggers.
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 compari-
son are made available to program interrogation (Trans-
fer instructions) by means of High and Low triggers,
FIG. 138, which may be turned On for high or low com-
parison depending on whether the contents of Storage are
higher or lower than the specified contents of Memory.
In addition, any unequal condition turns On Auxiliary 1
trigger of FIG. 138i. If at the end of execution 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 subsequent
comparison in the program and are not changed by inter-
rogation.

MISCELLANEOUS

FIG. 141 discloses the circuits for the Auto Load con-
trol.

The Auto Load key, FIG. 141, when depressed, causes
the following sequence of operations: Selects the In-
put/Quiput unit addressed by the keys of the Memory
‘Address 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. 1424 illustrates circuits for the Reference Voltage
Regulator and the D.C. Alarm. FIG. 143 discloses Open
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Filament Detection circuits for giving an indication 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 follows:
(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 trigger 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 indica-
tion. Therefore, means to rset all triggers to the Off
condition before setting is not required since those triggers
which are On and should be set On are unchanged, 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 arid of
one of the tubes of a trigger as indicated by “W.” The
clamp voltage is changed to O volts at reset time and
the right side of the trigger goes into conduction indi-
cating 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 deci-
mal values of 0 through 9 with outputs of 8, 4, 2 and 1
as shown in the first order of MAC 1 in FIG. 30a. Stor-
age Address counters comprise eight stage binary counters
consisting of eight triggers arranged in tandem to repre-
sent 0 through 253, such as the Storage Address Counter
of FIGS. 52a through 4.

All the counters except the Instruction Counter of FIG.
32 can step up onc count. FIG. 30« illustrates a group
of four ftriggers in the modified binary arrangement.
Assuming that all triggers are initially Off, one pulse on
the MAC 1-+1 or +35 line 30f.01 to the 1 trigger would
turn the trigger On causing the right plate to rise. The
positive shift on the right plate lines 30a.13 and 30a.14
has no effect on the following trigger (2 trigger) 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 occurrence 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
to 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 binary
counter can count from 0 to 15, but such a counter modi-
fied to count only from 0 to 9 must restore to 0 when a
count of 9 is reached. To achieve this result the nega-
tive 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 trigger 8 are turned On
in like manner. Thus, for one instant, all triggers are On
and the counter has counted down from 0 to 15. But,
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turning On the 8 trigger prevents the counter from stay-
ing 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
turns 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. Accordingly, the counter now stands
at 7. The counter continues to count down in the binary
fashion.

The step plus 5 signal is introduced into the units
position of the counter which must sit at either 4 or 9.
Assume that the first order of MAC 1, FIG. 30q, is set
at 4 (the 4 trigger is On), The Step MAC 45 line
9341.02 conditions a diode gate connected in binary
fashion to the 4 trigger and the pulse on line 30f.06
turns Off the 4 trigger. The same pulse turns On the 1
trigger via the diode gate conditioned by the Step MAC
141 or 45 line 30f.61 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 307.01 and 93%4.92 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 nega-
tive 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«
through A, 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 decoded in four
Decoders of FIGS. 3a through 4 for X and Y selection
purposes. These are the 4 X 10 Decoder (thousands order,
FIG. 3a), the Memory 4 10 Decoder (tens order, FIG.
3k}, the Memory 4% 10 Decoder (hundreds order, FIG.
3c¢), 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 410 Decoder of FIG. 3b provides a signal on one ;

of the output lines to its output inverters, FIG. 5a,
the latter providing complementary outputs on the pair of
lines selected to the Switch Core Write Driver circuits
of FIGS. 56 and ¢. In FIG. 3a, 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 output lines except the one associ-
ated with the positive input signal, and the negative input
signals are inverted by Inverters IJK to provide positive
signals on all even numbered output lines (NOT lines)
except the one associated with the positive input signal.
The 68 Decoder, FIG. 3d, provides a signal on one
of its output lines to its output inverters, FIG. 74, the
latter providing complementary outputs to the Switch Core
Write Driver circuits of FIGS. 7b and ¢. In FIG. 7a,
the circuits function as explained with reference to FIG.
Sa. In FIGS. 7b and ¢ the outputs from the 68 De-
coder Output Inverters, FIG. 74, are mixed with Mem-
ory Read Bias Gate pulses on the lines 5g.11 and 5z.12
to provide an output down signal on one of the lines to
the X Switch Core Write Windings of FIG. 9. Signals
from the 4x 10 Decoder Output Inverters of FIG. 5a
are mixed with Memory Read Gate Bias pulses on the
lines 52.09 and 5g.18 in the Memory Y Switch Core Write
Drivers of FIGS. 56 and ¢. A single output line is there-
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by 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. 492 and e. A signal from the 4x10 Decoder,

IG. 3¢, and the signal from the 4x10 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 F1G. 8 when the Memory Y Read
Gate line 5¢.08 is up. Similarly, a signal on one of the
output lines of the Memory X Switch Core Read Drivers
of FIG. 6 is transferred to the X Switch Core Read Wind-
ings of FIG. 9 when an impulse is provided on Memory
X Read Gate line 52.07. 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 approximately one to one between any
of the windings. As an example, consider the switch
core at the intersection of the lines 8.10 and 8.11. The
Primary Read winding 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 8.1¢ line through the core. A secondary
or output winding is illustrated diagrammatically 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
ail cores in its row or column. As stated previously, all
of the Write inputs except one are supplied with Read
Bias current from the Y Switch Core Write Drivers,
F1GS. 5b 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 cur-
rent tends to reset the cores then the result of the Read
operation is to set a core in response to a signal on one
of the lines 8.11 through 8.20 in the absence of a sig-
nal 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 hundred 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. 756 and c,
and Read current supplied on one of the Read lines in
the Core Read Drivers of FIG. 6, causing 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

5 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 horizon-
tal row, one is a Y Address line (such as 10,915) for
each vertical column, another is a sense winding pass-
ing diagrammatically 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
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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 dur-
ing 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 planes 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 Wind-
ings which are amplified in the Sense Amplifiers of FIGS.
154 and b. The outputs of the Sense Amplifiers are

sampled at approximately R; time, and these sampled -

pulses turn On those ones of the Memory Buffer Regis-
ter triggers of FIGS. 14¢ and & 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 rewriting 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 ad-
dresses 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 Regis-
ter outputs are provided to six places: The PCT Write
Bus, FIGS. 18z and b; the Output Switch, FIGS. 20q,
b, ¢ and d; the Memory Address Register, FIGS. 2r, s
and r; the MBR Code Check, FIGS. 194 and b; the SSR,
FIGS. 16a, b, ¢ and d; and the Input Switch, FIG. 11.
Characters are processed in the ALU serially, and there-
fore one character must be selected from the five char-
acters retained in the Memory Buffer Register. The
output Switch chooses one character of the five for
processing (except 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 Switch-
ing Circuits decode the Memory Address Select Regis-
ter address and select the five character group that con-
tains the desired character. The final selection to obtain
a single character is determined by the units position
of the address via the Memory 45 Decoder, FIG. 3e,
sometimes called the Select Character Switch which de-
codes the units position of the address contained in the
Memory Address Select Register. In accordance with
the Core Plane to Memory Buffer Register relationship,
the following conditions must be met: if the units posi-
tion 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 410 De-
coder, line 3e.09 comes up if the units position of Mem-
ory Address Select Register contains a 4 or 9. This
gates the desired character 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 situation.
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The following table lists the units position of the ad-
dress and the corresponding select character lines:

TInits position of Scleet
Memory Address!  Character

Select Register Line

dorf 3e.00

dor8 3e.07

2or7 3e.06

lor6 3e.03

Qord 3e.01

Fach cycle using Core Memory is a complete oper-
ation with respect to Memory and Reading and Writing
are both performed in one cycle during the Read and
Write portions explained previously. For single char-
acter processing involving Core Memory, Memory Ad-
dress Counter 1 steps through the data field sequentially.
Because Core Memory reads and writes fire characters
simultaneously, 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 processing can start and stop anywhere in a five
character grotip because each cycle is a complete oper-
ation with regard to Core Memory. As the Memory
Address Select Register follows Memory Address Counter
1, the select character lines 3e.09, 3e.07, 3e.05, 3e.03
and 3e.01 are routed individually as determined by the
4% 5 Decoder of FIG. 3e. One of these select char-
acter lines 3e.01, 3e.03, 3¢.05, 3e.07, 3¢.09 remains up
for the entire cycle since the Memory Address Select
Register is set only at R,.

In Instruction cycles, all five characters of the Memory
Character 0 from the MBR
is placed in the Operation Register, Numeric portions
of Characters 1 through 4 A and B bits of Character 1,
and the B bit of Character 4 of the MBR are placed in
the Memory Address Register. Numeric portions of
Characters I, 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
Out Bus. This latter transfer is permissable as all In-
struction addresses must end in 4 or 9 which means that
Select Character 4 line 3¢.09 is always up on Instruction
cycles, thus gating position 4 or MBR through the
Output Switch. The Memory Out Bus feeds CR 1 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 CR 1 Code Check circuits of FIG. 72 provide 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 72.03 through
72.05 are positive to indicate an error. MBR Code
Checking is not desirable during single character oper-
ation because unused Memory characters may be in-
cluded in a five character group, and if any of the un-
used characters are redundant, needless error steps would
occur. Accordingly, it is only when five characters from
MBR are used simultaneously during Instruction cycles
and Transmit 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 Mem-
ory for writing five characters into those Memory posi-
tions which have been read from previously. Six char-
acters 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
are selected from among the Memory Buffer Register and
the Result Register. Either all five characters held in
the Memory Buffer Register can be written into Memory
or four characters held in the Memory Buffer Register
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and the one character in the Result Register can be writ-
ten 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.¢1 through 10.10 to the Input Switch of
FIGS. 11a and 4. The Result to Memory line 137.01
and all five Select Character lines 204.03, 204.02, 204.01,
204.08 and 204.10 are used to control the Input Switch.
The Result to Memory line, if down, causes five char-
acters held in the Memory Buffer Regster to be written
into Memory exactly as they were before reading. How-
ever, if Result to Memory line is up, the Result char-
acter is written into Memory replacing one of the five
characters contained in the Memory Buffer Register ac-
cording to the Select Character line conditioned in FIG.
10 during that cycle. As an example, if the units posi-
tion of the Address is 2, Select character 2 is up. Then,
Memory Buffer Register characters 0, 1, 3 and 4 are
written into the same cores in which they were read,
and the Result character from the Result 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, characters 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. 142 and b, are coupled to the Memory
Inhibit Driver Circuits of FIGS. 12a and b via the Input
Switch of FIGS. 11a and b. Also, the On sides of the
triggers of the Result Register, FIGS. 8%a and b, are
inverted and coupled to the Memory Inhibit Driver Cir-
cuits of FIGS. 124 and b via the Input Switch of FIGS.
1la 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 represent “zercs” have
positive signals. In FIGS. 12a and b, the lines from the
Input Switch mix with the Inhibit Gate on lines 52.01
and 5g.02, and when the Inhibit Gate rises, inhibit cur-
rent 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 6x8 Decoder outputs, FIG.
3d, in the Switch Core Write Driver circuits of FIGS.
5b, ¢ and 7b, c, 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 cur-
rent is provided on the same X and Y lines which were
pulsed for reading causing “ones” to be placed in all
Planes in which Inhibit current is not flowing

Because the ferrite core’s hysteresis loop is not precise-
ly rectangular, each half selected core induces a small
noise voltage in the Sense Winding having the same
polarity whether the core is storing a “one” or a “zero.”
Therefore, 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
outputs 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 Off
side outputs causing conduction in all 35 Inhibit Drivers.
In addition, resetting the Memory Buffer Register and
Result Register also prepares them for use on the follow-
ing cycle.

MEMORY ADDRESS REGISTER
MAR contains the address portion of the Instruction
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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 character
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 Execu-
tion. If the operation is a Transfer operation, the con-
tents of the Memory Address Register are transferred
to the Imstruction Counter during Execute time so that
the next Instruction will be obtained from the designated
address. However, if the operation is not a Transfer
operation the Memory Address Register holds the ad-
dress 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 transferred to the Memory Address
Counters 1 or 2. The outputs of MAR can be sent to
MAC 1, FIG. 2gg (FIGS. 30a through ¢), to MAC 2,
FIG. 2hh (FIG. 31a through ¢), to IC, FIG. 2ii (FIGS.
32a through e), or the Select Register, FIG. 2jj (FIGS.
33a 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
setting 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 17f.07 thereby preventing setting the 8, 4 and
and 2 bit triggers in the first order of MAR, FIG. 17a.

Referring to FIG. 174, a sample order of the Memory
Address Register is shown comprising four triggers which
are reset Off, that is, with the right side conducting, during
each Imstruction cycle at Ry (D2) time (FIG. 139q).
The digit portion of Character 4 from the Memory Buffer
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 cause lines 204.04, 264.05, 204.06 and 204.07 to
be positive and condition Diode Gates Gy as shown in
FIG. 17a. Then a positive signal occurs at A; (D0.4)
time on the line 101.19 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
triggers. Accordingly, for each binary “one” bit, a cor-
responding trigger in the units order of the Memory
Address Register is turned On. As explained above,
whenever 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 con-
ditions and consequently all of the triggers in that posi-
tion remain 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
Address Select Keys of FIG. 254 which cause positive and
negative signals representing binary “ones” and binary
“zeros” respectively on the MAS—8 line 255.16, MAS—4
line 256.17 MAS—2 line 255.18 and MAS—1 line 2554.19
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 17/.01 is effective to set binary
“ones” into the triggers according to the keys selected.
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MEMORY ADDRESS COUNTER 1 (MAC 1)

MAC 1, FIGS. 30ag 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 40K
Memory (00000 through 79,999 for an 80K Mem-
ory) which is received from the Instruction Counter or
Memory Address Register. An initial address is set into
MAC 1 from the Memory Address Register in each In-
struction cycle, and MAC 1 is also set to MAR during
some Execute cycles in the Multiply, Divide, and Add
to Memory instructions. During each Execute cycle of
certain parts of instructions such as Add, Subtract, Mul-
tiply, Compare and so forth, MAC 1 is stepped to con-
tain 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 needed to refer to Memory information and
is used to determine the number of cycles required for
the operation. MAC 1 can be stepped by three values:
plus one (-+1) by the line 932.01, minus one (—1) by
the line 932.07, and plus 5 (+5) by the line 934.02.
Both the stepping pulse gated by the foregoing lines and
the setting pulse, lines 30£.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 I/0O 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 is from high
order to low order of a field, and for all other instructions
{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, Transfer Plus,
Transfer Zero, Transfer Signal, Read While Writing,
Sign, Receive, Normalize Transfer, Transfer, Select and
Control.

If an automatic check stop occurs, MAC 1 is not set
or stepped but displays on the operator’s console the ad-
dress where the check stop occurred. At Ry, the con-
tents of MAC 1 are automatically set into MASR, FIGS.
49a through j, if MASR is not set to the contents of
either the IC, MAC 2, or SMAC (sece FIG. 93s5). 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 instruction, 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 Ry time,
MAC 1 reaches 00000 then 39,999 (for 40K Memory)
when the outputs are decoded to recognize MAC 1=0,
This indication may be used to complete or alter the
operation. Also, when MAC 1 reaches the address
39,999 (for 40K Memory), an End of Memory indica-
tion is given. During a Write 01 instruction, this indica-
tion causes completion of the operation.

FIGS. 30a through 30e are diagrams of the orders of
the Memory Address Counter 1. For the purpose of
explanation, the units order of FIG. 304 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-4 line 174.08, MAR-Z line 172.17 and MAR-T
line 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 174.05, MAR—4 line
174.14, MAR—2 line 174.21 and MAR—1 line 174.29,
which lines are positive if the respective bits of the corre-
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sponding order of the Memory Address Register contain
binary “ones.” These output lines from 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 30f.07 goes negative, a
signal is gated through the proper Diode Gate to cause
the required binary “ones” or “zeroes” 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 connected 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 ftrigger, 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 contents 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 -5 line
307.01 is positive, the Diode Gates (DG) are conditioned
for a negative A,/R3—W pulse on the line 307.06 to the
binary input of the 1 trigger which is effective to step
the counter one 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 output (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 con-
dition 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 signal on the line MAC 1—8 signi-
fying that the 8 trigger representing the 8 bit contains a
binary “zero.” A signal MAC 1—8 on line 304.04 feeds
to the succeding higher order of the Memory Address
Counter via a Diode Gate conditioned by Step MAC
141 or 4-5 line 30102 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
contents of the 4 and the 1 trigger by way of the Step
MAC 1435 line 934.02 combined with the Az/R3-W,
line 30f.06 which sets the 4 trigger to the opposite state,
and by the Step MAC 141 or +5 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 +35.

The Memory Address Counter must also be capable
of counting down as mentioned previously. This is
effected by a positive signal Step MAC 1—1 on the line
932.05 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
succeeding higher trigger is shifted from one condition
of stability to another. As any trigger shifts from an On
to an Off condition, the output signal to a Diode Gate
is positive and therefore has no effect on the succeeding
trigger. 1t 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 364.01. This carry signal
besides feeding the succeeding higher order, also operates
via 33 micromicrofarad condensers and a diode to shift
the 4 and 2 triggers Off. Briefly, the Step MAC 1—-1
line 932.05 conditions 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



3,059,222

47
lines being positive when the corresponding triggers con-
tain binary “zeros.” MAC 1 controls are shown in FIG.
30f and their operation will be easily understood when a
typical operation of the computer is described.
MEMORY ADDRESS COUNTER 2 (MAC 2)

MAC 2, FIGS. 314 through 3le 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
entered into Memory. This address is set into MAC 2
from the Memory Address Register at W, time of the
Execute cycle of the Receive (RCV) or Read-While-
Writing (RWW) instruction on the fall of the lines
317,02, 317.03, 317.04, 317.05 and 31£.06. The setting
of MAC 2 is preceded 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 131.84 and 69.06 in combination
with Ry (D2) Use line 102.12 (FIG. 13%q). MAC 2
can be stepped +1 via the line 31f.07 or 45 via the lines

934.04 and 31£.07 during Execute cycles so that the next :

character to be operated upon may be located. The out-
puts 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 93s5.02.

INSTRUCTION COUNTER

The Instruction Counter, FIGS, 32« through e, is stepped
five for each Imstruction cycle so as to contain the ad-
dress of the next instruction.
structions are referred to sequentially, five addresses re-
moved 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 Re-
set, Machine Reset and Clear Memory operations before
the Instruction Counter is set to the contents of the Mem-
ory Address Register. The Instruction Counter is a six-
teen trigger counter (for 80K Memory), and the units
position of the Instruction Cunter, FIG. 324, has only
one trigger which is Off for a 4 and On for a 9. The
Off 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. 324. If the %
line 174.09 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 Instruction Counter can receive an address from the
Memory Address Register or be stepped +5 at R; of
every ECC 1 cycle (except for Transfer operations) by
changing the state of the first order trigger with the fall
of a stepping —Ay/R3-W; pulse of the blocked type.

The Instruction adress in the IC is sent to the Memory
Address Select Register at R, time of each Instruction
cycle to obtain the five Instruction characters. When the
Instruction 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 aunto check stop
caused by an Instruction Check Error condition blocks
the —Ay/Rz-W,; stepping pulse so that the Instruction
Counter remains at the address of the Instruction Error.

More specifically, the IC triggers are reset to 00004
and then the contents of Memory Address Register are
emifted via output lines from MAR. Those particular
bits holding binary “ones” condition the Diode Gates, the
signals on the Set IC to MAR lines 324.06, 324.07, 322.08
and 324.09 are applied and the trailing edge is effective via
conditioned Diode Gates (DG) to turn On their respec-
tive triggers. In this manner, the contents of Memory
Address Register are transferred into the Instruction
Counter. -

In normal operations, In- :
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During the first Execute cycle after the Instruction cycle,
ECC 1 line 123.34 in FIG. 32a is positive and is com-
bined with NOT Manual 3 line 116.09, Minus on Block
Step IC line 93/.12 and Ay/Ry—W; (blocked) line 103a.20
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 be-
tween the stages of the counter are such that when one
trigger is turned Off it is eiffective to shift the condition
of the succeeding higher trigger, for example, IC-9 line
324.04 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 1C-10 line drops and turns Off the 80 trigger.
The fall of the 1IC-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, 1IC40 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
similarly, 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. 49a through 49j, is an eighteen trigger
register (for 80K 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 Rg. It is pointed out that MAC 1, MAC 2, the
Instruction Counter or the Memory Address Register
may change status during a machine cycle without effect-
ing the five characters being selected in Memory since
MASR is unchanged. The outputs of the Memory Ad-
dress Select Register, FIGS. 2ww through 2yy, are sent
to the X and Y Switching circuits, FIG. 24, to select five
characters from Core Memory as described previously.
Outputs in the first order triggers of the Memory Address
Selection Register, FIG. 2ww (FIGS. 49a and b) are also
sent to the Memory 4X5 Decoder, otherwise known as
the Character Select Switch, FIG. 3¢, to determine which
of the five characters is to be sent to CR 1, FIG. 2k, by
way of Memory Out, FIG. 2g (FIGS. 20q through d.)

Referring now to FIG. 494, the first order of the Mem-
ory Address Select Register is shown and its description
will serve as a description of the other orders. The Diode
Gates (Gj) serve to change the state of the trigger with
a positive shift when conditioned by positive signals on
lines representing binary “ones” or the complements there-
of. The set circuits for the first order of the Memory
Address Select Register are shown in FIG. 495 as having
inputs from Memory Address Counter 1, Memory Ad-
dress Counter 2, the Instruction Counier, and the SMAC
(line 17a.24). The set circuits are selection circuits for
selecting the contents of MAC 1, MAC 2, the Instruction
Counter, or the SMAC, in response to signals on the Set
MASR to MAC 1 line 935.02, Set MASR to MAC 2 line
935.03, Set MASR to IC line 935.01 and Set MASR to
SMAC line 935.04, which condition the AND circuits for
the passage of binary “one” values to the outputs of the
cathode followers. Positive 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 rep-
resented. When the last mentioned lines are down indi-
cating binary “zeros,” Inverters attached to each line
provide positive outputs on the § line 495.01, 4 line 495.03,
2 line 495.05 and T line 495.07. Each of the pairs of lines
are connected to input lines of the first order of MASR,
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FIG. 494, where the lines representing binary “one” values
are connected via Diode Gates to the On side of the trig-
gers and the complement lines representing binary “zeros™
having positive 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
required values regardless of their previous state. The
R, (D0.4) line 161.01 conditions the Diode Gates for the
passage 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. 164, consists
of four triggers that select a particular Storage unit by
way of the Storage Address Counter, FIGS. 52a through
d, and SSR Decoding, FIG. 54, or that identify a special
type of Instruction by way of SSR Decoders, FIGS. 55a
and . The SSR is Instruction reset by means of a line
1395.01 from Instruction Reset Controls of FIG. 139b,
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 144.02,
Memory Buffer Register character 2-A line 144.02, MBR
character 3-B line 144.02 and MBR character 3-A line
142.02 condition Diode Gates (Gjy), 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 corresponding 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. 1394, Keyed out-
puts indicative of binary “ones” are present on the S3—8
line 165.01, SS—4 line 165.02, SS—2 line 165.03 and
8§S—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 out-
puts of diode gates (Dg) sets to the On state those trig-
gers where binary “zeros” are desired. Lines 164.01,
164.04, 164.07, 16a.11, 16a.14, 164.18, 164.21 and 16a.25
go to Storage Select Register Decoder stages 1 through 8
of FIG. 554 and lines 164.05, 164.08, 16a.12, 16a.15,
164.19, 164.22 and 164.26 go to Storage Select Register
Decoder stages 9 through 15 of FIG. 556 to modify
certain instructions. The lines 162.03, 16a.16, 16a.17
and 16a4.24 go to Storage Select Register Decoding of
FIG. 54, for distinguishing Storage Addresses in the Ac-
cumulator from Storage Addresses in Auxiliary Storage.
The lines 164.02, 162.06, 164.69, 162.13, 164.16, 164.29,
162.23 and 164.27 go to stages 5 through 8 of the Storage
Address Counter, FIG. 52d, for setting stages 5 through
8 of SAC in FIG. 52¢ to the SSR bits 1, 2, 4 and 8, re-
spectively. Since there are no bits in the zone portions
of characters 2 and 3 of the Instruction when the Accumu-
lator 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 select the Accumulator
portion of Storage and in combination with the Storage
Address Counter address, which is set in the Storage
Address Sclect Register, locates a particular character.
The $SR=0000 lines allow SAC to be set to the Starting
Point Counter, conditions the Accumulator DZT and Ac-
cumulator Sign trigger, identifies Instructions which have
no bits in the zone portion of the second and third charac-
ters. When an Auxiliary Storage unit is used, one or
more of the SSR triggers would be On bringing up SASR
256 line 54.01 and the SSR=40000 lines, FIG. 54. SASR
256 line 54.01 selects the Auxiliary portion of Storage.
The SSR=<0000 lines allow the four high order positions
of the Storage Address Counter to be set by the Storage
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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
SSR=40000 lines of FIG. 54 also condition the Auxiliary
Storage DZT and Auxiliary Sign trigger and identify
Instructions with zone bits in the second and third order
positions of the Instruction.

STARTING POINT COUNTER (SPC)

The Starting Point Counter of FIGS. 51g, b and ¢, 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 address.
When the machine is turned On, SPC may contain any
numebr 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, aiso. The Starting Point
Counter determines the location of the units position of
the field in the Accumulator, the other limit being deter-
mined 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 prevent altering the
contents of SPC from the error position.

Referring to stages 1 through 3 of the Starting Point
Counter in FIG. 5ia, the SPC may be stepped up one
count by means of the line 93701 and down one count by
the Step SPC—T1 line 93/.03 which conditions diode gates
sampled at A, time by the —Ay/Ry-W, line 52e.02. If
the Starting Point Counter is to be stepped up, a signal
on the Step SPC+1 line 93791 goes positive to condition
the upper diode gate in each position. With the line 937.01
positive, a negative signal is provided on the line 52¢.02
which is passed to the binary input of the 1 trigger causing
the later to shift from one condition of stability to an-
other. As the 1 trigger shifts from an On to an Off con-
dition, 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 adjacent trigger,
the 2 trigger, thereby causing the latter to shift from one
condition to another. Likewise, succeeding bit triggers
of the counter receive inputs from the adjacent lower
order. Positive going outputs from the triggers have
no effect on succeeding stages.

To step the SPC down one count, the 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 negative signal emitted
and passed via the conditioned diode gate to provide a
binary input to the next adjacent trigger, the 2 trigger.
The same type of circuits and explanation applies to suc-
ceeding 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 93j.07 and sampling with an
As/Ro—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.
52a through 524, is an eight stage binary trigger counter
that designates the address of the Storage character to
be processed the next cycle. In FIGS. 525 and 52d, the
contents of the Starting Point Counter can be set into
SAC via the lines 524.01 through 52¢.08 in combination
with the Set SAC to SPC line 52¢.04 and the lines 515.03
through 515.66 and 51c.01 through 51¢.04 in combina-
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tion with the Set SAC to SPC line 52¢.05. Output lines
525.01 through 525.08 and 52d.01 through 524.08 are
connected as inputs to the SAC triggers of FIGS. 524 and
52c respectively. When the Storage Select 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. 52a and ¢, SAC can be stepped plus one by
a positive signal on the lines 93{.03 and 93/,.04 in combi-
nation with the fall of the —Ay/R;—W,; Blocked pulse on
the line 52¢.63, the latter being connected to the units
order diode gate. In FIG, 524, the line 93:.03 conditions
a diode gate (in the upper row of diode gates) for each
trigger, and, similarly, in FIG. 52c¢ the line 93i.64 con-
ditions 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 output of each
trigger is applied as an input to the diode gate of each
higher order trigger. Keeping in mind that it is the fall
of the pulse supplied to a conditioned diode gate that pro-
vides 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 higher order trigger when the
Step SAC <41 line is positive,
SAC is zero (all triggers Off) and that the diode gates
are conditioned by a positive pulse on the lines 3.3 and
93i.64. When the —A;/R3-W, pulse falls the 1 trigger
is turned On. The right-hand plate of the cne 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 irig-
ger being On and all others Off. When the Step SAC -1
lines 93i.03 and 93i.04 are positive during the next cycle
and the line 52¢.03 falls, the 1 trigger is turned Off and
the fall of the right-hand plate of the 1 trigger is passed
to the binary 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 trig-
ger 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 Cff. The count is now 3 as indicated by
the 1 and 2 triggers being On and the remaining triggers
being Off. 1In the fourth cycle, the fall of the Blocked
pulse on the line 52¢.03 turns Off the 1 trigger and the fall
of its right plate turns Off the 3 trigger. The fall of the
right plate of the 3 trigger turns On the 4 trigger. Thus,
the count is now 4 as indicated by the 4 trigger being On
and all other triggers being Off. Counting up continues
in the manner described. Although the example of opera-
tion was given starting from a count of zero, it will be
understood that SAC may be set to any value as previ-
ously described and then stepped up by one as required.

SAC can also be stepped minus one by the Step SAC—1
lines 93i.01 and 93i02 and the —A,/R;—W; Blocked
line. The Step SAC—1 lines condition the lower rows
of diode gates in FIGS, 524 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 highest order, are
connected as inputs to the lower row of diode gates. 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¢.63 turns On the 1 trigger, the fall of the
left plate of the 1 trigger turns On the 2 trigger, and the
fall of the left plate of the 2 trigger turns Off the 4 trig-
ger. Since the left plate of the 4 trigger rises, the 8 trigger
is not turned On and the remaining higher order triggers

For example, assume that
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are not affected. Of course, any value may be set into
SAC and then decreased in steps by one as desired.

SAC can also be stepped plus 128 by the Step
SACH-128 line 93i.05 and the A3/R3;~W,; (Blocked) line
52¢.09. 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 gate for the fall
of the pulse on line 52¢.09 which provides a negative sig-
nal to the binary input of the 128 trigger thereby revers-
ing its condition of stability to the opposite sense.

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

The output lines 52¢.02 through 52¢.09 and 524.01
through 524.08 are used to set Storage Address Select
Register, FIGS. 33a and b, at Ry time of every cycle.
Therefore, the address can be altered during each cycle in
preparation for the next cycle while the Storage Address
Select Register holds the location of the character being
processed. The output lines 524.11, 524.12, 524.13 and
52a.14 from FIG. 52a and the line 52¢.01 from FIG. 52¢
are used in the SAC controls of FIG. 52¢ to recognize
critical addresses by bringing up the output line 52e.01.
The output lines 524.09 and 522.10 from FIG. 524 to
FIG. 52c¢ 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 Ay/R;-W; pulse is gener-
ated, the Set SAC to SPC pulse is derived from A,/R-W,
line 1034.16, E time line 123.23, Set SAC to SPC line
93,08 and SSR=0000 line 54.10. The Set SAC to SSR
pulse is derived by combination of the Set SAC to SPC
line 93;.08, A,/R;—W; Use line 103.06, T time line 124.33
and Storage Select Register 40000 line 54.02, 1t is par-
ticularly pointed out that the Set SAC to SPC lines 52¢.04
and 52¢.05 are brought up during the Execute or Instruc-
tion cycle while the Set SAC to SSR line 52¢.06 is brought
up during Instruction 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 534.01 through 534.08 and 535.01 through
535.08 are decoded in the Decoders of FIGS. 344 through
34d 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
R, time by pairs of output lines from each position of
SAC which, when positive, condition plus diode gates
gated by the Ry (D0.4) lines 101.06 and 101.07 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 trigpers of FIG. 535 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 Ry to R, time allowing
SAC to obtain another address without affecting the char-
acter addressed in Storage.

SUMMARY OF SETTING COUNTERS AND
REGISTERS

At W, time of an End Execute cycle, the I/E trigger
changes to 1. The Memory Buffer Register resets at W;
time preparing to receive five new characters. At R, of
each Instruction cycle the Memory Address Select Regis-
ter 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 Select Register
and Operation Register are reset to receive new informa-
tion. The Read Memory operation begins at R,. A Read
Sample pulse conditions the Sense Amplifiers at approxi-
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mately R, 5 and sets the 35 triggers in the Memory Buffer
Register to the bit configuration of the five characters. At
A, time the Operation Register is set with character 0
from the Memory Buffer Register, the Storage Select Reg-
ister is set to the storage code of the Memory Buffer Reg-
ister, and Character Register 1 is set to Character 4 of the
Memory Buffer Register. The Memory Address Register
is set to certain bits of the Memory Buffer Register at A,
of an Instruction cycle and the Instruction Counter is
stepped at R time of ECC 1 to prepare for the next In-
struction. Writing the instruction characters back into
Memory is initiated by the Write Gate at W, At W,
time, MAC 1 is set to the Memory Address Register so
that the address of the data field is available from MAC 1
during the next machine cycle.

The first Execute cycle, ECC 1, begins at Wy when the
1/E trigger changes from I to E and the ECC 1 trigger is
turned On. At W, time, the MBR and SBR are reset to
prepare for receiving new characters. At Ry, the MASR
is set to MAC 1, MAC 2, IC or SMAC and the SASR is
set to SAC. At Ry of ECC 1, there is a conditional oper-
ation in which the IC is stepped plus five provided an
instruction Check Stop or a Transfer operation is not in-
dicated. If the Read Memory and Read Storage Routing
lines are brought up in this cycle, the Read Sample pulse
conditions the Sense Amplifiers and sets the triggers in the
MBR and SBR accordingly at Rz 5. At W time of ECC 1,
one character is set into each Character Register, CR 1
and CR 2. At W,, depending upon whether the SSR is

equal to zero or not, SAC is set to either the SPC or the

SSR. Also, at Wy, MAC 1 is set to MAR.
Summarizing Execute cycles generally, each cycle has
cyc]e pOiﬂtS Ry, Rl-, Rz, Rg. R4‘ WQ, Wi, Wz and W3,
where Ry to W, is Read time and W, to R is Write time
as previously described. At Ry MASR and SASR are
set to their respective counters, and R; is stepping time for
the counters. The Buffer Registers are set at about Ry 5
and R, 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 de-
fines an arithmetic cycle. W, is switching time for the
1/E trigger, Use trigger, ECC 1 trigger, Type Cycle trig-
gers, Transition triggers and Mode Control triggers among
others. W, is the switching time for the MAC 1 Equals
Zero trigeer and is reset time for the Result Register,
Memery 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
FIGS. 494 through 49j. Accordingly, the Memory Ad-
dress Select Register 8 lines 494.01 and 492.02 are up,
the Memory Address Select Register 4 lines 494.07 and
494.08 are up, the MASR 2 lines 492.10 and 494.11 are
up, and MASR 1 lines 494.16 and 49a.17 are up. In
FIG. 49¢, the MASR 80 line 49¢.01 is up, the line MASR
40 line 49¢.05 is up, the MASR 20 line 49¢.07 is up, and
the MASR 10 line 4%c.11 is up. In FIG. 49¢, MASR
800 line 490.02 is up, MASR 400 line 49¢.04 is up, MASR
200 line 49¢.07 is up, and MASR 100 line 49¢.11 is up.
In FIG. 49g, the MASR 8000 line 492.02 is up, the
MASR 30600 line 49¢.04 is up, the MASR 2000 line 495.66
is up, and the MASR 1000 line 495.10 is up. In FIG. 49/,
the MASR 10,000 line 49i.02 is up, the MASR 20,000
line 49i.04 is up, and the MASR 40,000 lines 49i.07 and
49i.08 are up. In FIG. 3b, the Memory 4 10 Decoder,
the lines 49704, 49¢.07 and 49c.05 from the Memory
Address Sclect Register, FIG. 49¢, are combined in an
AND circuit to provide an cutput on the 40 (P) line
35.05. The line 35.05 goes to the Y Switch Core Write
Drivers of FIG. 5a where it provides an output on the
40 (P) line 54.05 and brings down the 40 line 54.06 due
to the inverter in the latter line. All of the NOT output
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lines are up except 40 line 5¢.06 since the input line 35.05
is the only one up. In FIGS. 5b and ¢, these lines 00, 20,
69, 20, 20,000, 20,020, 206,040, 20,060 and 20,050 are com-
bined wiith Mcmory Read Bias Gates on lines 572.09 and
5¢.1% to provide ouiputs on the lines 5b.01, 5§5.02, 55.03,
55.64, 5b.05, 5¢.01, 5c.02, 5¢.03, 5¢.04 and 5¢.05 at Ry as
shown in the Memory Timing Chart of FIG. 144, An
output is not provided on the line 55.03 at this time since
the 40 (P) line 52.05 is up, but the line 52.83 is down.
The 40 line 54.06 is down so the pulse on line 52.09 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 column associated with
the 40 line 50.03.

In FIG. 34, Memory 68 Decoder, the 8 line 494.01,
the 2 line 494.1@, the 4 line 494.07, the 1 line 494.16,
the 10 line 49%c¢.11 and the 10,000 line 4%i.¢2 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
10,615-10,019 (P) line 7a.15 and bringing down the
10.015-10,019 line 7a.16. Since none of the other inputs
to the 68 decoder are up the 0—F line 74.02, the 5-0
line 7a.04, the T0-79 Jine 74.86, the T5-19 line 72.08, the
T0,600-T0.0003 line 74.10, the 10.605-10,009 line 74.12
and the T0.010-10.011 line 7a.14 are up. These lines go
to the X Switch Core Write Drivers of FIGS. 7h and ¢
where they are combined with the Memory Read Bias
Gate on lines 5¢.11 and 5g.12 to provide outputs on the
lines 75.01, 7b.02, 75.03, 75.04, 7¢.01, 7c.02 and 7c.03
at Rgy5 as shown in FIG. 144, The 10,015-10,019 line
Tc.04 is down since the 10,015-10,019 line 7a.16 and the
Memory Write Gate line 5g.06 are down. The output
lines from Memory X Switch Core Write Drivers, FIGS.
756 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 4X10
Decoder, FIG. 3a, where the lines 49¢2.04, 492.06, 492.02
and 492.10 are up. The only lines effective are the 8000
and 1000 lines 49g.02 and 492.10, respectively, which are
combined to provide an output on the 9000 (P) line
3a.19. The line 3a.19 goes to the Memory Y Switch Core
Read Drivers of FIG. 4 and when the Memory Y Read
Gate line 52.08 comes up at Ry as shown in FIG. 144, an
output is provided on the 9000 line 4.10. The line 4.10
goes to Y switch Core Matrix, FIG. 8, to drive the 9000
line through the upper row of switch cores, tending to
set the switch cores of the top row. Reset current is
flowing in zll of the columns except the one associated
with the 40 line 5§5.03 as explained previously. Accord-
ingly, the top row of switch cores have set and reset cur-
rent applied thereto except for the core at the intersection
of the 9000 line 4.10 and the 40 line 5§5.03. Accordingly,
this Switch Core 9040 is set and an output is provided
on the secondary coil 9040 which goes to the Core Array
of FIG. 13 to provide half select current of the line
9040,

In FIG. 3c, Memory 4X10 Decoder, the 200 line
49¢.04, the 200 line 49¢.07, the 800 line 49¢.02 and the
100 line 49¢.11, from the Memory Address Select Reg-
ister, FIG. 49¢, are up. The only two lines effective are
the 800 line 49¢.02 and the 100 line 49¢.11, which are
combined in an AND circuit to provide an output on
the 900 (P) line 3c.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 R, ; 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 FIG. 9. In FIG. 9, the X Switch Core
Maltrix, the line 6.10 passes from left to right through the
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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 10915-10919 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 to the Memory Core Array of FIG. 13
to provide hailf 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 equal to 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 F1G.
144, 1If the core contains a “0,” the reset current is of
no practical 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 arranged one above the other. The 9040 line
and the 10,915 line provide the half select current not
only to the Memory 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, which are directed to the Sense Amplifier
circuits of FIGS. 15a and . The outputs of the Amplifier
circuits are sampled at Rj g and if the core is changing
from a “1” to a “0” outputs are provided on the lines 14a
and b to the Memory Buffer Register of FIGS. 144 and b.
In an example to follow, it will be assumed that the con-
tents 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 coupled pentode stages (AMS) which feed a
cathode follower (K). The grid of the cathode follower
(K) is diode clamped to keep it from poing below a bias
voltage of approximately —27 volts on the line 5/1.65.

Sample positions of the Memory Buffer Register are
shown in FIGS. 14a and & for the characters 4, 3 and 2
and 0 and 1 respectively. The Memory Buffer Register
has thirty-five tricgers and is set to the outputs of the
sense amplifiers by the Memory Sample pulse at Rs 5 on
the lines 200.03 and 20¢.04. Information once set into
the Memory Buffer Register is held by the triggers until
W, of the character cycle. Thus, information in the
MBR is available either for processing or writing back
into Memory. The Memory Buffer Register output lines
are connected as best illustrated in FIGS. 2¢ through 2e
and furnish inputs to the Memory Buffer Register Code
Check circuits, FIGS. 1%g¢ and b, the Memory Address
Register, FIGS. 17« through e, the ¥nput Switch, FIG. 11,
and the Output Switch, FIGS. 20« through 4. On Instruc-
tion cycles character 0 position of MBR furnishes a char-
acter to the Operation Register, FIGS. 21ae and b; char-
acter positions 1, 2 and 3 provide numeric bits and char-
acter 1 provides B and A bits also to the Memory Ad-
dress Register, FIGS. 174 through e¢; and the MBR char-
acter 4 position passes numeric bits through the output
switch to the Memory Address Register but the B bit
character position 4 goes directly to MAR. As previously
mentioned, when it is desired to Write the information
contained in the Memory Buffer Register of FI1GS. 144
and b into the Core Array of FIG. 13, the half select
currents on the lines 9040 and 10,915 are reversed for
all thirty-five planes to set the cores to the “one” state.
However, in these core planes where it is desired to store
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“zeros” in a particular core according to the state of the
triggers in the Memory Buffer Register, inhibit current
is supplied which counteracts the set currents thereby
preventing the setting of the selected core in that plane
in the “one" state.

in FIG. 10, Memory Input Select, the Result to Mem-
ory 1 line 137.01 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.
Accordingly, all of the outputs of the AND circuits of
FIG. 10 are down, and the inverters cause the Buffer
Register to Memory output lines 10.01, 10.03, 10.05,
10.07 and 18.69 to be up. These signals are provided to
the Input Switches of FIGS. 11z and 4 and the NOT out-
puts on lines 144¢.01(N) and 140.02(N) of FIGS. 14a
and b, are supplied to FIGS. 11a and b, respectively, for
the characters 4, 3, 2, 1 and 0. Therefore, for each bit
position of the Memory Buffer Register containing a
“zero” the N output will be up. In FIGS. 1lg and b,
when the Buffer Register to Memory lines 10.09 and
10.01 are up, outputs will be provided on the lines to the
Inhibit Driver circuits of FIGS. 124 and b for each bit
position of the characters 0 through 4 which contain a
“zere.” Referring now to FIGS. 124 and b, the lines
from the input switch of FIGS. 11g and & are up accord-
ing to the “zero” bit configurations of the characters in
the Memory Buffer Register, and when the Memory In-
hibit Gate is applied on the lines 52.02 and 5g.01, be-
tween R, and W, as shown in FIG. 144, outputs are
provided from FIGS. 124 and b to the Inhibit windings
of FIG. 13 for those planes where it is desired to write
“zeros.” In FIG, 13, the inhibit current applied to each
selected plane where a “zero” is to be wrilten 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. 5b and ¢ on the lines 5g.63 and 52.04 respec-
tively, bringing up only the 40 line 55.¢3 which, as men-
tioned previously, was not energized during the Read
portion of the cycle. In FIG. 8, the only core in the set
condition prior to Writing is the core 9040 at the inter-
section of the 9000 line 4,10 and the 40 line 55.03, and
the 40 line 56.03 provides reset current to the core 9040
and provides feed buck current to the Y Switch Core
Write Drivers of FIG. 5h on the line 8.63. in FIG. 4,
Memory Y Switch Core Read Drivers, the Read Gate on
line 57.08 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 9000 line 4.19 is not driven and that
the 9040 core is reset from 1 to 0 thereby providing half
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 Switch 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 output line 7c.04 is up due
to Memory Write Gate line 52.06 which comes up at Wy.
Accordingly, in FIG. 9 only the 10,015-10,019 line 7¢.04
is carrying current tending 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
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 se-
lect 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
current is applied to those cores corresponding to MBR
positions which contain “zeros.”

It will be noted that although the Memory Address Se-
lect Register, FIG. 49, contained the address 19,955, for
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the operations just described, the characters were read
into the Memory Buffer Register corresponding to ad-
dresses 19,955 to 19,959 and the same characters would
have been read into the Memory Buffer Register for
addresses 19,956; 19,957; 19,958; and 19,959, However,
as mentioned previously, the hiemory Out of FIG. 20
selects the character from the Mecmory Buffer Register
for processing which corresponds to the units position
of the address in the Memory Address Select Register.
Accordingly, the address of 19,955 specifies character
“zero” to be read from the Memory Buffer Register.
In this regard, the Memory 45 Decoder of FIG. 3e
determines which of the characters shall be selected ac-

cording to the umits position of the Address. The 8
line 494.92, the 2 line 49a.11, the 4 line 494.08 and the

1 line 494.17 are up. These signals are decoded to pro-
vide an output on Select Character 0 line 3¢.01 which
goes to the Memory Output Select, FIG. 204. In FIG.
20g assume, for the present, that low character line

36h.04 and high character line 36506 are down, in =

which case the Normal line from the COR circuit, the
Inverter, and the two cathode followers is up which gates
the Select Character 0 line 3e.81 to provide an output
on Select Character ¢ Out line 204.04. The latter line
goes to Output Switch (Characters 1 and 0) of FIG. 205
where the character 0 lines 145.06 (C) through 145.06(1)
from FIG. 14b, are gated with the Select Character 0
Out line 2002.04 to provide outputs on the C bit line
205.01, B bit line 205.02, A bit line 205.63, 8 bit line
20h.04, 4 bit line 205.05, 2 bit line 205.06 and the 1
bit line 205.07, for those positions of character 0 con-
taining binary “ones.” The Memory Out Bus of FIG.
20d rteceives the character 0 signals which are passed
through on the lines 204.01 through 204.07 to CR 1,
FIG. 57, where they are gated to the triggers by the Set
CR 1 pulse (D0.4) on the line 100.02 to set the triggers
according to the bit configuration of the character 0.

What has been described in the example of Reading
from and Writing into Memory concerns a R/W cycle
of 9 microseconds, but it will be appreciated that a simi-
lar operation occurs during an Instruction cycle of 13
microseconds. In FIG. 145, the sequence of events will
be recognized as the one of FIG. 144 except that the
period A, through Az has been inserted between R, and
W, The time Ajs of FIG. 145 corresponds to Ras
of FIG. 144,

In the foregoing example where the address 19,955
was employed, it will be appreciated that the address is
improper for an Instruction since only character 0 was
addressed and all Instruction addresses must end in either
adorald.

GENERAL DESCRIPTION OF AUXILIARY AND
ACCUMULATOR STORAGE

As mentioned previously, Auxiliary and Accumulator
Storage provide 512 character positions of Storage, di-
vided into one 256 character capacity Accumulator unit,
fourteen 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 Stor-
age are 256 to 511 inclusive. Only one character posi-
tion in Accumulator or Auxiliary Storage can be addressed
during one cycle, and it follows that Auxiliary and
Accumulator 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. Each Storage core plane com-
prises a 16X 32 matrix (FIG. 45), interrogated by Y
inputs comprising 16 address lines and X inputs com-
prising 32 address lines, The Storage Address Select
Register, FIGS. 53a and b, is set only from the Storage
Address Counter, FIGS, 52a through d, with a pulse at
R, time that occurs at the same time that the Memory
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Address Register is set to the Memory Address Counter
1. The Address of the Storage Address Select Register is
immediately decoded in the four decoders, mamely, the
2% 4 Decoder, FIG. 34a; the 2 4 Decoder, FIG. 345b; the
2% 4 Decoder, FIG. 34c; and the 38 Decoder, FIG.
144. The decoder outputs 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 4X 4 array and the
X Matrix, FIG. 40, contains thirty-two switch cores in
two 434 arrays and on a Read operation, one X and
one Y switch core are selected from the X and Y Switch
Core Matrices respectively, These two matrices selec-
tively energize the sixteen 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 Am-
plifiess 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
connected to CR 2, FIG. 48, via the Storage Out Bus,
and another set of output lines is connected to the Storage
Tn Select and Switching Circuits, FIG. 43. Two possi-
bilities exist for writing a character into Accumulator
Storage: {1) The character retained in the Storage Buffer
Register 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
say be written into Storage. The line which selects one
or the other of the previously mentioned characters is
the Result to Storage line 137.05, and if Result 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;

« however, 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. 164, lines 16a.24, 164.17, 16a.16
and 164.03.

The Storage Select Register Triggers of FIG. 16a are
set during Instruction cycles according to the zoning over
the tens and hundreds position of characters 2 and 3 of
the Instruction. With no zoning present, the Accumu-
lator Storage is addressed, and, in this case, the four
Storage Select Register triggers of FIG. 16a are Off, and
the Storage Address Select Register 256 line 54.24 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 256 line 54.01 and the SSR=<0000 lines to
be up. If the 256 line is up, the Storage position ad-
dressed will be 256 plus the address in the Storage Address
Select Register, which addresses will be in Accumulator
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 Storage
Decoding System of FIG. 344, where they are mixed with
the Storage Address Select Register 128 line 535.08 and
the SASR 128 line 53b.07. The SSR=0000 lines of FIG.
54 allow SAC to be set to SPC, and identifies Instruc-
tions which have no bits in the zone portions of charac-
ters 2 and 3. SSR=£0000 allows the four high order
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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 selected. In FIG.
34a, if Auxiliary Storage is addressed either (00 line
34a.01 or 128 line 344.02 will be up, because 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 34a.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 generators 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 as that address in Storage.

STORAGE ARRAY

Seven core planes such as the cne shown diagrammati-
cally 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 indi-
vidually store. The dummy plane is used for connection
purposes only. The X and Y Address lings 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 char-
acter. Each of the thirty-two X Address lines and six-
teen Y Address lines form one closed loop including the
secondary winding of the appropriate switch core for
cach address line and the selected core is at the intersec-
tion of a driven X and a driven Y line as explained with
reference to operation of Memory. Since the Storage
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 inclu-
sive and assigning to Auxiliary Storage the Y lines from
0 to 224 inclusive (sce top of FIG. 45). Auxiliary Stor-
age Unit 1 uses positions 16 through 31 of the Y Address
line 0; Auxiliary Storage Unit 2 uses positions 0 through
15 of the Y Address line 32; Auxiliary Storage Unit 15
uses positions 16 through 32 of the Y Address line 224
and positions 0 through 15 of the Y Address line 0. The
operation of Accumulator Storage utilizing a particular
address follows.

OPERATION OF STORAGE

Normal operation of Storage is best illustrated by ex-
ample assuming a particular address such as Unit 6 of Aux-
iliary Storage which is addressed by a “one™ in the A bit
position of character 2 and a “one’ in the B bit position
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 14¢.02, MBR Character 3-B
line 142.02, and the A, (D0.4) 1 time line 101.24. With
this setting of the SSR triggers, the SSR--8 Off lines 164.01
and 164.02, the SSR—4 On lines 164.19 through 164.13,
the SSR—2 On lines 162.17 through 164.2¢ and the
SSR—1 Off lines 16a.21 through 164.23 are up. In FIG.
54, lines 16a.17 and 164.16 are up, so the SASR 256 line
54.01 and the SSR5£0000 lines 54.62 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 164.23, SSR—2
On line 164.20, SSR—4 On line 164.13 and SSR—8 Off
line 16a.02 are up. Upon the occurrence of a pulse
on the Set SAC to SSR line 52¢.06 at W, the Set

SAC—I6 line 524.01, Set SAC—32 line 52d.04, Set
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SAC-64 line 524.06 and Set SAC—T128 line 524.07 are
up to FIG. 32¢ where the SAC triggers 64 and 32 are
turned On and the SAC triggers 16 and 128 are turned
Cff if On previously. Since the SPC is not used when
addressing Auxiliary Stiorage, the four lower order posi-
tions of SAC are reset Off by the Set SAC to SSR line
52¢.67 from SAC controls of FIG. 52e, which results
from signals on the I time line 124.33, SSR=£0000 line
54.02, Ay;/Ry-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
character being processed. In FIG. 53q, all of the
SASK triggers are turned Off by the SAC—T, SAC—-2,
SAC—T and SAC—8 lines being up when the R, (D0.4)
pulse appears on the line 101.06. In stages 5-8 of SASR,
FI1G. 53b, the 32 and 64 triggers are turned On by the
SAC~—32 line 52¢.05 and the SAC—64 line 5256.07 at
Ry (D0.4). The 16 and 128 triggers are turned Off at the
same time via the SAC—1T6 line §2¢.02 and the SAC—T283
line 525.68.

In the 24 Decoder of FIG, 3454, the SASR—64 line
535.06 and the SASR—37 line 535.04 are up causing the
96 line 340.04 to be up. In FIG. 364, the signal on the
96 line 34504 is inverted to bring down the UG line
364.04. Since the 00 line 345.01, the 32 line 345.02, and
the 64 Jine 340.03 are down, the 00 line 364.01, 32
line 35¢.02 and the 61 line 364.03 are up. In FIG. 36b,
the last mentioned lines are combined with Storage Read
Bias Gate on line 74.92 to provide positive signals on the
output lines 360.81, 36,02 and 365.03 at R,. The 96
line 34h.04 is not gated at this time since the Storage
Write Gate on line 74.68 is down at this time. In FIG.
39, reset current flows through the columns linked by
the lines 360.01, 360.62 and 365.43 and is fed back to
FIG. 365 on the lines 39.04, 39.03 and 39.02.

In the 3x 8§ Decoder of FIG, 34d, the SASR % line
53¢.63, the SASR Z line 534.43 and the SASR T line
8534.01 are up providing a positive signal on the Decimal
t line 344,01 to FIG. 38a, where the output ¢ line 384.01
is brought dewn. The remaining output lines are up
because of Inverters since their inputs are down. The
output signals of FIG. 38a are provided to the Storage
X Switch Core Write Drivers of FIGS. 385 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 38¢.01
and 6 line 38¢.03. The Storage Read Bias Gate Even is
derived from Odd and Even Gating circuits of FIG, 42
where the SASR T line 344.10 and Storage Read Bias Gate
line 74.01 are combined. In FIG. 40, the X Switch Core
Matrix, the columns linked by the 6 line 38¢.03, the 4
linc 38¢.01 and the 2 line 384,03 are driven by reset cur-
rent which is fed back to FIGS. 386 and ¢ on the lines
40.07, 40.05 and 49.03.

In FIG. 344, the SASR T25 line 535.07 and SASR 256
line 54.01 are positive as previusly described bringing
up the 000 line 344.01, the latter going to the Y Switch
Core Read Drivers of FIG. 37. 1In FIG. 37, the Storage
Read Gate is provided on the line 74.03 at R; and, as a
result, the 400 output line 37.61 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 resct current is being applied on the 00
line 365.61, 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% 4 Decoder, the SASR 16 line
535.01 und the SASR ¥ line 534.07 are up providing a
positive signal on the 0 line 34¢.01 to the X Switch Core

A
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Read Drivers of FIG. 35. 1In the latter figure, the 0 Even
output line 35.01 is brought up at Ry 5 by the line 34c.01
and the Storage Read Gate Even line 42.04. In FIG.
40, the 0 Fven line 35.01 furnishes set current to the
cores linked thereby and feedback current to FIG. 35 on
the line 40.16. Since resct 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 caus-
ing 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
Register, FIG. 47, where signals indicating binary “ones”
are gated to turn On the corresponding triggers by the
Sample Pulse on line 5i.01 at Fys.

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 configu-
ration contained in the Storage Buffer Register of FIG.
47 is to be written into Auxiliary Storage unit 6 (loca-
tion 96) which is the same address read from previously.
In the same manner as explained with reference to Mem-
ory, 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 47.01
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 Ry 5
to FIG. 45 where the Inhibit winding of each plane in
which “zeros” are to be written is driven.

In FIGS. 36a, the lines 36a.01, 364.02, 362.03 are up
but cannot be pated 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 Stor-
age 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. 74,
the Storage Write Trigger has been turned On by Read
Storage line 93a2.02 and R; or Ay (W;) bringing up the
Storage Write Gate lines 74.06 through 74.08. Refer-
ring now to FIG. 38b, the O line 41.01 from FIG. 41 is
gated by lines 7e.04 and 74.06 to drive the 0 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 O core was set to “one” during Read time and
is now reset by the 38b.01 line providing an output sig-
nal 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
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selected core in each plane to a “one,” but, inhibit cur-
rent prevents such a setting in those planes where a “zero”
should be written according to the setting of the SBR as
described previously.

Assume now that it is desired to read from an address
in Accumulator Storage. The B and A bit positiens 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 example, 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 Accu-
mulator address coding and accordingly, in FIG. 54, the
SSR=0000 and SASR 256 lines are up since SSR—1
On line 164.24, SSR—2 On line 164.17, SSR—4 On line
164.16 and SSR—8 On line 164.03 are all down. Tt 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 O through 255 are in Aux-
iliary Storage). Therefore, the SPC contains a count of
100 which, in effect is added to 256 to address location
356 in Accumulator Storage.

The SPC of FIGS. 51a, b and ¢ contain a count of 100

5 so SPC—T line 5t¢.83, SPC—2 line 51¢.03, SPC—4 lines

514.06 through 51a.07, SPC—8 line 515.01, SPC—16
line 515.03, SPC—32 lines 5154.06 throngh 515.08,
SPC 64 line 51c.02 and SPC—128 line 51c.03 are up.
These signals are provided to SAC, FIGS. 52b and 52d,
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¢.65. 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 524.07,

® the SAC—18 line 52¢.02, the SAC—32 line 52¢.05, the

SAC—64 line 525.97 and the SAC—128 line 525.08 are
vp 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 pertaining
to Auxiliary Storage and will not be repeated. From the
description abeove, the differences of addressing Accumu-
lator and Auxiliary Storage are apparent.

CHARACTER REGISTERS

At Ay or Wy, a character read out of Memory is set
into Character Register 1 of FIG. 57 where it remains
until A, 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 W,, a character read out of Storage is set into
Character Register 2 of FIG. 48 where it remains until
W, 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 “one” 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 204.07 is positive to condi-
tion 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 284.07 is down, but the output
of an Inverter {IK) is up to condition a diode gate (GI)
for the right side of the 1 trigger. Thus, the Set CR 1
pulse on line 100.02 sets the 1 trigger to “zero,” and the

CR 1-T line 57.14 is made positive.
The 1 trigger, when On, provides a positive signal on
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the CR 1-1 line 57.15 to the Right Plate Outputs 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 Qutputs 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 -2 line 58.47, CR 1-4 line §8.42
and CR 1-1 line 58.52. For those bits in Character
Register 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 73.61 and 73.08 to the Zone Adder of

FIG. 79.

If the contents of CR 1 are not “zero” as signified by
the CR 140 line 715.11 being positive or the machine
i executing a Set Bit instruction as indicated by the Set
CR 1% line 23/.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) linre 73.64, CR 1 to Adder
(1) line 73.05 and CR 1 to Adder (B) line 73.68. The
Minus on Suppress 8 bit to Adder line 934.64, 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 re-
spective AND circuits. In those instances where it is
desired to suppress a bit, one of the lines just mentioned
is down, thereby prohibiting the passage of the signal
through one AND circuit to the output lines. When the
contents of CR 1 equals zero (CBA8421=0001010), pro-
vision is made for changing the 8 and 2 bits to “zero.”
The AND circuits controlling the 8 and 2 bits are condi-
tioned by the CRis£zero line 715.11, 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 making
all bits of the character “zero” for numeric processing
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 & bit to Adder line 934.04.

The lower portion of FIG. 73 illustrates circuits for
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 1540 line 715.12
are positive, the numeric contents of CR 1 are gated onio
the output lines 735.09 through 735.14, When CR 2 to
T/C line 93.5.04 and CR 2540 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. Ac-
cordingly, 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.

MULTIPLICATION

As mentioned previously, multiplication is accomplished
by means of a multiple generator shown generally in the
Multiply circuits 1.20 and Multiply Register 1.40, in FIG.
1. More specifically, the foregoing circuits are shown
in FIGS. 2cc, 2dd, 2sr, 2ss, 2ggg and 2hhh, comprising a
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Multiplicand Doubler and Quadrupler, FIG. 80, a Quin-
tupler, 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 Mul-
tiplicand, 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 Multiple Regis-
ter and Decoder of FIG. 82, the latter containing the
digits of the Multiplier derived from CR 2. After selec-
tion, the multiples of the digit are added in the Multiple
Adder of FIG. 84 and are then passed through Multiple
Adder Correction Circuits, FIG. 2ggg (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. 2c¢c and 2dd.
More specifically, in FIGS. 80 and 81, doubled, quad-
rupled and quintupled values of each digit gated from
Character Register 1, are generated whether or not mul-
tiplication is being performed. The Multiplier Control
circuits 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 multiple 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 80.05. The
Doubler emits signals representing the double valve of
the character input thereto which signals are emitted to
the Multiple Selection circuits of FIG. 82 and also the
Quadrupler circuits of Sheet 2 of FIG. 80. The Quad-
rupler is, in effect, another doubler, so that upon doubling
the doubled value a quadruple value is produced. Opera-
tion 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
circuits are shown consisting of switching circuits neces-
sary to generate a 9’s complement of the input thereto
and also to gate either the True of Complement repre-
sentation 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, and may represent characters from
either Memory or Storage.

The 9’s complement of a digit 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 73.10 are negative. When the Complement line
934.07 goes positive, the T/C—4 line 83.03 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
signals 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
(parallel by bit and serial by digit) from CR 2 via Adder
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Input Switching (FIG, 73) and True/Complement Con-
trols (FIG. 83) and from CR 1 via Adder Input Switch-
ing (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 obtained. A carry from each binary order is con-
nected to an input of the succeeding higher order except
for the “one” bit carry input which is a decimal carry
resulting from the previous addition of the succeeding
lower order of BCD digits. FEach 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 applied 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 simultaneous-
ly contain binary “ones,” the carry output only contains
a binary “one.” When all three inputs contain binary
“ones,” both sum and carry outpuis contain binary
“ones.” The full adder circuits are conventional and
their operation is so well 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 achieve the same result by com-
plementary addition. The True/Complement Control cir-
cuits 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. Consider
the following example:

The number 14 is to be subtracted from the number
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As stated previously, the character from Memory to
be added is passed unmodified through CR 1 (FIG. 2h),
Adder Input Switching (FIG. 2qg), Multiple Selection
Circuits (FIGS. 2rr—2ss), Multiple Adder (FIG. 2hhh)
and Muitiple Adder Decimal Correction Circuits (FIG.
2¢gg) 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 draw-
ing having is left side in conduction and the remaining
triggers 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 82.03,
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 Reg £0/1 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 Routing
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

Dec Sum of Input 011 (213{4|5]|6]718|9(10(11(12(13{14]{15]16(17]18(19
Bi8 Carry =>ji|1{141
glolaejofofolojojoi1j1,,i1;14{11l1i1103010]0

Output of Adder
4j0tatotojrj1y1itrjofojoioftytriif{1iolojojo
2{¢|0y1j1joi0j1y1jofol1i1i0loj1i1j010;141
1101010 j1j0}1|0l1i0(2tf0oj1]0}(1|0}1|0|1
Dee Carry Out 1111|131 ]1}1i1(1
g({1jo0jolojo|0j0ojol1{1|0i0|OjQjO|O{OjO}|1|1

Output of Correction Circuits

4/0joflojo|1i1jr|fr{ojoi0o 0j0j0j1j1{1{1i0l0Q
2/1|lof1y1|jo0i0}1ti1ie | 0f0j0j1f1:0:0{1:1]00
rio0j1j{0)y1to0:1j0fl1jo|rjo0j1jy0jri0j130(17041

48 which should give a result of 34. Accordingly, the ;

9’s complement of 14, which is 85, is added to 48.

48

85

33 (carry neglected)
Since the 10’s complement of a digit is the 9s comple-
ment plus 1, addition of 1 to 33 provides the required
answer of 34. Therefore, when subiracting, a decimal
carry is supplied 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 ¢ through 19.
A sum of 19 would result from the addition of digit 9
(lines 85.05 and 84.01 positive) and digit 9 (lines 83.02
and 83.03 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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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.¢1 for the present cycle when the Digit
Adder Out line 93¢.01 is made positive. Assume the
decimal sum of the Adder is 12 as signified by the inputs
on Binary Sum 8 line 86.66 and a Binary Sum 4 line
86.04 being positive and the Binary Sum 8 Carry line
86.08 being down. The Decimal Carry QOut line 88.02
to FIG. 87 is positive because in FiG. 88 the Binary Sum
4 line 86.05, Binary Sum 8 line 86.07 and (—) On Sup-
press Adder Carry line 934.01 are up. On Sheet 2 of
FI1G. 88 it will be observed that the positive signal on
Decimal Carry Out lines 88.01 through 88.05 is inverted
by ITX 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 88.07, while
the negative 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 cor-
rected to a 2 bit signal (see Chart IV). Of course, cor-
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rection of the value 12 requires that a carry be generated
and preserved for use in the mext 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 W, the line 101.11 goes positive and
places the left-hand side of the Decimal Carry trigger in
conduction. 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 $8.23
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
circuits 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 with-
out 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 QOut-
put =40 indication by a positive signal on the lines 87.17
through 87.23. When none of the inputs to the OR
circuit are positive, the last mentioned lines are negative,
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. Output 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 Circiuts are provided both for
CR 1, FIGS. 714 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 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 240,

The reference characters used to identify outputs of
the Character Recognition circuits, although abbreviated,
indicate the holding of the associated Character Registers.
In FIG. 76, lines 76.01 through 76.04, when positive,
signify 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
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and CR2+4BL line 76.06 signifies that CR 2 does not
contain a Blank., A signal on CR 2=8SM 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 Storage Mark. CR 2+£SP CHAR line
76.20 indicates by positive signal that CR 2 does not con-
tain a special character.

Referring to FIGS, 71a and b, CR 1 Recognition Cir-
cuits, output lines 71a.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
invalid character in Memory. Lines 71¢.05 and 714.06,
when positive, give an output indicating that the con-
tents of Character Register 1 are a Blank and that the
contents of Character Register 1 are not a Blank respec-
tively. Lines 714.07 through 714.10, when positive, sig-
nify that Character Register 1 contents are not a Blank,
Hyphen, Ampersand or Storage Mark. Line 71a.11 indi-
cates that the contents of the Zone bit positions of CR 1
are B and A. Lines 714.12 and 71a.13 indicate the con-
tents of CR 1 are not a special character. Lines 71a.15
and 714.16, when positive, indicate that the contents of
CR 1 to be either a period or a comma. Lines 71a.18
through 71a.20 are positive to indicate that the contents
of CR 1 represent a Group Mark and line 712.17 is the
complement of those lines, 714.18 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 ! is not a numeric character. The line 715.10
is positive to indicate those instances when CR 1 is not
equal to a 4 or 9. The line 715.11 is positive to indi-
cate that CR 140 or that the instruction is a Set Bit
The line 71b.12, when positive, indicates
CR 1540, the line 71£.13 indicates that CR 1-4zero or
a comma and CR 1==RM line 71a.14 signifies CR 1 con-
tains a Record Mark.

CODE CHECKING CIRCUITS

Referring now to the Memory Buffer Register Code
Check circuits for characters 4, 3, 2 of FIG. 19a, signals
for the 4, 2 and 1 bits of each character representing
binary “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 the AND circuits are posi-
tive. In an identical manner, signals representing bits
B, A and 8 are fed to AND circuits to provide a positive
output if an odd number of binary “ones” are contained
in the combination of bits of the B, A and 8 positions.
The remaining circuits in FIG, 19, are utilized to deter-
mine 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 devel-
oped on the line 194.01 but if an odd number of binary
“ones” are contained in a particular seven bits, the Char-
acter 4 Code Check Odd line 192.01 is made positive and
this positive signal is utilized to signify an error. Like
circuits are provided in FIG. 194 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.

ZONE ADDER

FIG. 79 (2 sheets) discloses circuits comprising the
Zone Adder and the Zone True/Complement Controls
shown in block form in FIGS. 2ccc and 2fff respectively.
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The Zone T/C Controls for the A bit comprises a pair
of AND circuits, FIG. 79 (Sheet 1), one AND circuit
having inputs on CR 2-A line 75.69, CR 2 to T/C line
935.05 and True line 83.01 and the other having inputs
on CR 2-A line 75.13, Complement line 934.08 and
CR 2 to T/C line 935.85. 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 cir-
cuits, FIG. 79 (Sheet 2), one AND circuit having inputs
on True line 83.01, CR 2 to T/C line 935.65 and CR 2-B
line 75.03 and the other having inputs on the CR 2 to
T/C line 935.05, Complement line 934.08, and CR 2-B
line 75.06. The outputs of these AND circuits feed an
OR circuit which supplies an output on line 79.17(B).
Under control of the Complement and True lines these
circuits either complement or pass unaltered the Zone bit
inputs of CR 2, The Zone bits of CR 1 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 CR 2 to T/C line 935.05 is
positive, the True line 83.01 is down thereby 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 CR 2 causes CR 2-B line 75.06 to be
positive for a binary “one” in the B bit position, and CR 2
to T/C line 93b6.05 and Complement line 93408 are posi-
tive 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 CR 2.

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 purpose
would be served by a detailed explanation. If suffices to
say that the Zone Adder receives two sets of inputs, an A
bit and B bit from CR 1 and/or an A bit and B bit in True
or Complement form from CR 2. 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 161.11 to turn On the Zone
Carry trigger. When the 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 934.01 for certain operations such
as Add to Memory, Add Address to Memory, and Com-
pare. Outputs on Result A line 79.03 and Result B line
79.07 are sent to the Zone Bit triggers of the Result Regis-
ter, FIG. 89b, and outputs on Result B line 79.66 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 received to rep-
resent a character, the machine may be stopped or an
error indicated. 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 char-
acter may be the result of addition of two digits by the
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Digit Adder and/or addition by the Zone Adder. Con-
sequently, a Check Bit Generator is provided in order
that a new check bit (C) or redundancy bit may be gen-
erated 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 CR 1 or CR 2 to the Result
Register of FIG. 895.

The Check Bit Generator receives inputs from the
Decimal Adder Correction circuits on the lines 87.13(8),
87.05(4), 87.01(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 CR 2 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
combines the B, A and 8 bits on the lines 79.06(B),
79.62(A) and 87.13(8) respectively, and another which
combines the 4, 2 and 1 bits on the lines 87.05(4),
87.01(2) and 87.12(1) respectively. The rules of addi-
tion, stated previously, apply, and the two adders deter-
mine whether or not the three particular inputs thereto
comprise an even sum (indicated by a binary “zero”)
or an odd sum (indicated by a binary “one”). When the
outputs of both adders agree, that is, both outputs are
positive or both outputs are negative, the redundancy
bit (C) should be negative signifying a binary “zero.”
When the outputs of the adders are unlike, a binary “one”
output or C bit is required. 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 CR 1 or CR 2 to the Result Register. A posi-
tive signal on the CR 1-C line 58.01, indicating a binary
“one” in the C bit position of CR 1, conditions one input
of an AND circnit and another line CR 1-C Bit Out,
when positive, gates the C bit onto the Result C line
90.01. Similarly, a positive signal on the CR 2-C Bit
Out line 935.06 gates the C bit, if any, from CR 2 onto
the Result C Output line. If the C bit position of either
CR 1 or CR 2 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
character through the arithmetic circuits is detected if
the original 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. 89a and b, circuits of the Result Register
are illustrated which comprise seven triggers, one for
each bit position of a character. The Result Register
provides 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, 892.05, 894.06, 894.09, 894.10, 8%4.13, 894.14
895.01, 895.02, 895.05, 895.06, 895.09 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
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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
inverted 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
example, RR~A line 895.03 and RR-A line 895.04, 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 ¢, the Digit Adder
Decimal Correction circuits 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 139¢.01 and 2

139¢.02. The input data lines are gated at R, by the lines
103a4.15 and 1034.14 which is late enough to allow time
for the input lines from the adders to become stable; how-
ever, the triggers are not set untii R, 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 Rj to R4 before the triggers are set. After
the triggers are set at R4 time, the triggers control the
output lines until reset time at W; and, since the input Re-
sult lines are no longer required after Ry time, they are
blocked by the fall of the Ry-Ay/W, lines 1034.15 and
1032.14. Thus blocked, any changes in the adders due
to changing the states of the Carry triggers at W, are
not reflected in the Result Register outputs. Those
triggers which are set to “ones” at R, are reset to
“zeros™ at Wy time, and those inhibit lines blocked from
R; to W3 become positive for the remainder of the In-
hibit 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. 1364, define the type of
Overlap Mode Control cycle in which the system is
operating and control communications between the
Arithmetic 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. If the Add trigger is On, then the ALU may gen-
erate results; if the Add trigger is Off, then no computa-
tion is permitted. Accordingly, the Add trigger provides
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. 63c, Low and High triggers,
FIG. 138a, Accumulator Digit Zero trigger, Auxiliary
Digit Zero trigger and Remainder trigger, FIG. 138h,
Auxiliary Trigger 1, FIG. 138/, and Auxiliary trigger 2,
FIG. 138k. 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 1364.02 to
be up thereby conditioning the Diode Gate for the fall
of the line 103023 at W;. If either the Transition
trigger 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
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Off, the Add trigger is prevented from being turned On

in some instances by the line Block Add trigger. In-

struction reset is provided from FIG. 1396b.

TRANSITION TRIGGER

The Transition trigger is used to define Transition
cycles caused by recognition of certain conditions de-
pending upen the type of operation being performed in
change in operation. The change required may be a
transition from one type of operation to another during
different operations 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 instruction. Usually, the end of a sequence of opera-
tions is recognized by a special character such as a
Storage Mark set in one of the character registers at Wy,
The Transition trigger is turned On at Wy in order that
the On condition of this trigger may provide for a Tran-
sition 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.

It 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
define Transition cycles when special conditions are
recognized which are independent of the instruction be-
ing executed and such cycles constitute delays in process-
ing. Some of these conditions are functions of either
the Storage Read/Write Mode or of the Memory Read/
Write Mode when MAC 1 or SAC is stepped to a “criti-
cal” address to be explained in detail later. Other con-
ditions 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 Transi-
tion cycle are present as enumerated above and addi-
tionally 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
1364.15, Turn On Transition trigger line 93:4.01, and
W, (D1) line 192.17. The trigger is turned Off by the
Add trigger Off line 1364.18 and the W, (DI1) line
102.17. When On, the trigger provides a positive signal
on the Transition line 1364.03 to FIG. 136¢ and line
1364.04 to FIG. 1364.

MODE CONTROL TRIGGER

The Mode Control trigger is turned On at the end of
a Start cycle when the machine is either in the Memory
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 934.01
or the Storage Read/Write Mode line 93¢.05 along with
Not Transition line 136d.02 conditions a Diode Gate
for the fall of the line 1035.67 1o turn On the trigger
at Wy, The trigger is turned Off by the Transition line
136¢.01 which conditions a Diode Gate for the fall of
the line 1035.67 to turn Off the trigger at W,.
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OVERLAP MODE CONTROL TRIGGERS

The following statements apply to the extent that
control is exerted among the triggers. The Add trigger
cannot 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 turnsd 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.

Computation normally begins in the first cycle of the
execution of an instruction, and the Add trigger 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 arithmetic operations,
a Transition cycle causes termination of the cperation,
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
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is blocked. This is not an EEC 1 or an ECC 2 cycle,
but rather Execute Cycle 3. Accordingly, with Auxiliary
Trigger 1 and Auxiliary Trigger 2 Off, Read Memory,
Result to Memory, Digit Adder Out, Generate C Bit
Out and Step MAC 241, Set MASR to MAC 2 and Turn
COn Auxiliary ‘Trigger 1 is specified. Then, bits are sent
to the Adder according to the hundreds order of the
Instruction Counter. During Execute cycle 4, SSR=01,
the Add trigger is blocked, it is not ECC 1 or ECC 2, the
Auxiliary Trigger is On and Read Memory, Result to
Memory, Digit Adder Out, Generate C Bit Out, Step
MAC 2-+1 and Set MASR to MAC 2 is specified. The
Auxiliary Trigger 2 is Off. Accordingly, Turn On Aux-
iliary Trigger 2 is specified. Thereafter, bits are sent to
the Adder according to the tens order of the Instruction
Counter. Execute cycle 5 a has SSR=01, the Add trigger
is blocked, it is not ECC1 or ECC 2, Auxiliary Trigger 1
is On and Auxiliary Trigger 2 is On. Turn On Auxiliary
Trigger 1 is specified and thereafter the units order of
the Instruction Counter controls the bits to the Adder.
During Execute cycle 6 SSR=01, the Add trigger is
blocked, it is not ECC 1 or ECC 2, Auxiliary Trigger 1

Transition trigger will be turned Off at the next W, time. is not Off, but Auxiliary Triggers 2 is On. And, there-
ChartV
OVERLAP MODE CONTROL TRIGGERS
Turned On
Trigger Function Turned Off By
By If
Add. .. Defines cyeles during which computation | First eycle of exeention of cach Both Trensition Either Transition trig-
takes place. instruction unless specifically | triggers are Of. ger being On.
blocked.
Transition . .__.._._ Clontrols Memory sequence during change in | Fecoenition by individoal in- | Add trigger is On...| Add trigger being Off.

type of operation being performed in ALU. struction of a need to ehunge.

Controls Memory serquence during automatic
processing of rednndancy checks or special
conditions which are functions of the Read/
Write modes.

Auto transition...__

Dofines those eyeles in which resnlts are placed
into Menory or Storage at the address read
from in the previons eycie.

Mode control_______

TFecognition '
check or speeinl conditions of
the Pead/Write modes,

First cycle of either the Storage
or Memory Read/Write Modde.

of redundaney | Add trigger is On-o .} AdQ trigger being Off.

Either Transition trig-
ger being On.

Both Transition
triggers are Off,

TRANSFER 01 INSTRUCTION

During the Instruction cycle of the Transfer 01 Instruc-
tion Instruction Counter contains the Memory Address
of the Transfer 01 Instruction and MAC 2 contains an
address previously set therein. During the first Execute
cycle the Instruction Counter is permitted to step to the
next address. Then the contents of the Instruction
Counter are stored at the Memory Address specified by
MAC 2. The address contained in MAC 2 ends in
either a 1 or a 6 and the thousands order of the Instruc-
tion Counter is stored at the address specified by MAC
2. The A and B bils for this address are formed from
the 10,000 and 20,000 triggers of the Instruction Counter.
The hundreds, tens and units orders of the Instruction
Counter are stored in successively higher Memory Ad-
dresses with the B bit of the units position being formed
by the state of the 40,000 trigger of the IC. Instruction

Counter is then reset and set to the address contained in Memory Address MBR Character  C B Ag421
the Transfer 01 Imstruction. This address should end in bLzst 9 I
a 4 or a 9. Referring now to the Transfer Flow Dia- 833% g 1 3 (11 g % 8 0

[ 2; : 1 1
gram of FIG. 146 the chart begins and ends at W, 41350 i 0801001

Therefore, the first step in the operation begins at W,
of the Imstruction cycle and ends at W, of ECC 1. With
SSR=01 the Add trigger is blocked and the Instruction
Counter is stepped +5. Beginning at W, of ECC 1 with
SSR=01 the Add irigger is again blocked and in ECC 2
the Read Memory, Digit Adder Out, Generate C Bit
Cut and Step MAC 241 and Set MASR to MAC 2 are
specified. Thereafter, biis are sent to the Adder accord-
ing to the setting of the thousands and ten-thousands
order of the Instruction Counter. Returning once again
to the top of the diagram with SSR=01, the Add trigger
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fore, the Instruction Counter is reset Set to MAR and
End E time is provided.

EXAMPLE OF TRANSFER 01

Assume that MAC 2 contains the address 2001 and that
the Instruction Counter contains the Memory Address
¢, 1,2, 3, 4. Located in Memory Address 0, 1, 2, 3, 4
is the Transfer 0! Imstruction which has an Operations
part of 1, ASU Coding 01 of 19,459. During this opera-
tion the Instruction Counter will be stepped +5 during
ECC 1 and the contents 0, 1, 2, 3, 9 will be stored
in the address specified by MAC 2:2001. Upon com-
pletion of the execution the Instruction Counter will be
set to the Memory Address specified by the Transfer 01
Instruction 19,459 and subsequent operations will pro-
ceed from this address. The format of the Transfer 01
Instruction will then be as follows:

MAC 2 contains address 02001, IC contains address
01234 which refers to the Transfer 01 Instruction above,
the IC is stepped -3 and its contents thereafter are stored
at address 02001, and the next instruction is taken from
Memory Address 19,459 as specified by the Transfer 01
Instruction.

At the beginning of the Instruction cycle MAC 2 con-
tains Memory Address 2001. Accordingly, in the first
order of MAC 2, the MAC 2-1 trigger is On making the
MAC 21 line 314.05 positive. The MAC 2—8, MAC
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2—4 and MAC 2—2 lines are down. In the second order
of MAC 2 of FIG. 315, all of the triggers are Off indicating
“zero.” In the third order of MAC 2 of FIG. 31g¢, all of
the triggers are Off indicating “zero.” In the fourth order
of MAC 2 of FIG. 31d, the MAC 2-20600 trigger is On
making the MAC 2-2000 line 314.04 positive, the MAC
2-8000, MAC 2-4000 and MAC 2-1000 lines are down.
In the fifth order of MAC 2 of FIG. 31e, all of the trig-
gers are Off. At the start of the Instruction cycle the
Instruction Counter contains 1234, In FIG. 32a, the
units order trigger is set to make the IC—4 lines 324.01
and 324.02 positive. In the second order of the Instruc-
tion Counter of FIG. 32q, the 20 and 10 triggers are On
making the IC-20 lines 324.06 and 325.07 and the IC-10
lines 325.08 and 325.09 positive to indicate 30. The 80
and 40 triggers are Off. In the third order of the Instruc-
tion Counter of FIG. 32¢, the 200 trigger is On making
the IC-200 lines 32¢.06 and 32c¢.07 positive. The 800,
400 and 100 triggers are Off, The fourth order of the

Instruction Counter, the 1000 trigger is On making the .

IC-1000 lines 324.08 and 32d4.09 positive. The 8009,
4000, and 2000 triggers are Off. In the fifth order of the
Instruction Counter of FIG. 32e¢, all of the triggers are
Off indicating “zero.” At Ry of the Instruction cycle the

contents of the Instruction Counter are placed in the ¢

Memory Address Select Register and in FIG. 494, the
IC—4 line 32a.01 is positive and the Set MASR to IC
line 93s5.01 is positive to being up the 4 line 495.04. The
8, 2 and T lines are positive via the Inverters. In FIG.
494, the 8, 4, 2 and T lines are positive and the pulse on
the Ry line 101.01 turns On the MASR 4 trigger making
the MASR—4 lines 494.07 and 49.08 positive. The re-
maining triggers of the first order of MASR are turned
Off, if On previously, to make the MASR-—38, the
MASR—2 and the MASR—1 lines positive. In the sec-
ond order of MASR of FIG. 494, the IC-20 line 325.06
and the IC~10 line 325.08 are positive and the set MASR
to IC line 93s5.01 makes the 20 line 495.06 and the 10
line 495.08 positive. The 80 and 40 lines are positive via
the Inverters. In FIG. 49¢, the S0, 40, 20 and 10 lines
are positive to condition diode gates for the pulse on
the Ry (D0.4) line 101.02 which turns On the 20 and 10
triggers and turns Off the 80 and 40 triggers, if On.

Therefore, the MASR-80, the MASR-30, the MASR-20 |

and MASR-10 lines are positive. In FIG. 49f, the
IC-200 line 32¢.06 is positive and the Set MASR to IC
line 93s5.01 is positive to bring up the 200 line 49/.06.
The 800, 400 and 100 lines are positive via the Inverters.
In FIG. 49¢, the 800, 200, 200 and 100 lines are positive
to condition gates for the Ry pulse on the line 101.03 o
turn on the 2 trigger and turn off the 8, 4 and 1 triggers, if
On. Therefore, the MASR-800, MASR~400, MASR-1G0
lines are positive and the MASR-200 line 49¢.08 is posi-
tive. In FIG, 49j, the IC-1000 line 324.08 is positive and
the Set MASR to IC line 93s5.01 is positive to make posi-
tive the 1000 line 494.08, the 8000, 4000, and 2000 are
positive. In FIG. 49g, the S000, 4000, 2000 and 1000
lines condition diode gates for the R, pulse on the line
101.04 to turn On the 1000 trigger and turn Off the 8000,
2000, and 4000 triggers, if On. In FIG. 49, none of
the input lines from the Instruction Counfer are posi-
tive. Accordingly, the 40,000, 20,000 and 10,000 lines
are positive via the Inverters. In FIG. 49, the 10,000,
20,000, 40,000 lines condition diode gates for the R, pulse
on the line 101.05 to turn Off the fifth order triggers
if On,

Begin with Reading from Memory during the Read
portion of the Instruction cycle. In FIG. 35, the 20,000
80, 40 and 20 lines are positive to bring up the 20 line
35.03. 1In FIG. 54, the 20 line 35.03 brings down the 20
line 54.04 and makes positive the 20 line 54.03. All of
the remaining NOT lines are up because of the Inverters.
In FIGS. 5b and Se all of the output lines except the 20
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line 55.02 are driven when the Memory Read Bias Gate
on the line 5.09 goes positive at Ry. In FIG. § all of
the columns of cores are driven with reset current except
the lines linked by the 20 line 5b.82. In FiG. 3d, the
10,000 8, 1, 2 are positive to make positive the 10-14
line 3d.65. In FIG. 74, the 10-14 line 34.05 brings
down the 10-11 line 74.06 and makes positive the 10—14
line 74.05. All of the remaining NOT lines are up be-
cause their inputs are down. In FIGS. 7b and 7¢, all of
the outputs are driven except the 10-14 line 75.03 when
the Memory Read Bias Gate on the line 5g.11 becomes
positive at Rps. In FIG. 9, all of the columns of cores
are driven with reset current except for the one linked by
the 10-14 line 75.03. In FIG. 3q, the 5000, 1000, 2000
and 1000 lines are positive. Therefore, the 1000 line
383 is positive. 1In FIG. 4, the {000 line 34.03 is posi-
tive and the Memory Y Read Bias Gate on the line 52.08
becomes positive at R; to drive the 1000 line 4.02. In
FI1G. 8, all of the columns of cores except the one linked
by the 20 line 55.02 are driven with reset current and the
1600 line 4.2 is driven with set current which sets the
1020 core to the “one” state and provides half-select reset
current on its secondary. In FIG. 3¢ the 800, 300, 200
and 100 are positive to make positive the 200 line 3c.05.
In FIG. 6, the 200 line 3¢.05 is positive and the Memory
X Read Gate on the line 5g.07 comes up at Ry 4 to drive
the 200 line 6.03. In FIG. 9, all of the columns of cores
except the one linked by the 10-14 line 75.03 are driven
with reset current. The 200 line 6.03 is driven with set
current and, therefore, the 210-214 core is set to the “one”
state and provides half-select reset current on its second-
ary to the Switch Core Array of FIG. 13. In the Core
Array the 1020 line and the 200 line provide reset current
to the thirty-five cores of Memory Addresses 1230 through
1234, thereby providing indications of binary “ones” on
the sense windings. At R; 5 the sense windings are sam-
pled and the triggers of the Memory Buffer Register are
set according to bit configuration of Memory Addresses
1230 through 1234. The Memory Buffer Register now
contains the Transfer 01 Instruction as previously de-
scribed.

At A, the Storage Select Register is set to the ASU
Coding of the Memory Buffer Register, CR 1 receives
the contents of character 4 position of MBR and at A,
the Memory Address contained in MBR is set into the
Memory Address Register. At A, the character 0 posi-
tion of MBR is set into the Operation Register, In FIG.
2la, the MBR character 0-1 line is up and the MBR
character 0-2 line, MBR character 0-4 line and the MBR
character 0-8 lines are down. In FIG. 215, the MBR
character 0—~A line and the MBR character 0-B line are
down. The MBR character 0—C line is up, and positive
signals on the Ay I Time Use lines 101.26 and 101.25
turn On the 1 and the C triggers to specify the operation
code of the Transfer 01 Instruction. In the Operation
Zone Decoder of FIG. 234, the Op Register A line 215.61
and the Op Register B line 215.03 are positive. There-
fore, the Minus Op Register—A, T lines 234.11 through
234.21 are nepative. In FIG. 23p, the Op Register 1
line 21a.01, Op Register—2 line 212.17, Op Register—4
line 214.28, Op Register—38 line 212.38 and Minus Op
Register—AB line 234.11 are negative. Accordingly, the

. Transfer outputs 235.11 through 235.13 are positive.

The line 23b.11 goes to Transfer Routing Controls of
FIG. 505 where it makes positive the Any Transfer In-
struction line £05.01. The line 235.12 goes to Transfer
01 Circuits of FIG. 50e¢ where it will be effective at Wy
of the Instruction cycle when the I time line becomes
positive.

In the storage Select Register of FIG. 164, the MBR
character 2-B line is down, MBR character 2-A line is
down, the MBR character 3-B line is down and the MBR
character 3—A line is positive. At Ay the A, (D04) I
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Time Use line 101.24 goes positive to turn On the SSR—1
trigger and brings up the SSR—1 On lines 164.24 through
164.27. The other SSR triggers remain Off and the Off
lines are positive. In FIG, 554, the SSR Decoder the
SSR-—1 On line 164.25, the SSR—2 On line 16a.14,
SSR—1 On line 162.07, the SSR—8 On line 164.01 are
positive to bring up the SSR—1 lines 554.01 through
552.06.

In FIG. 121 the End I time use line 61.03 is positive
to condition the diode gate for the fall of the A3/R,—W,
(Blocked) line 104.10 which switches the I/E trigger from
I to E and brings up the E time line 21.02 and brings
down the I time line 121.01. In FIG. 122 the End I time
Use line 61.04 is positive to condition the diode gate for
the fall of the A3/R;~W, (Blocked) line 121.03 which
turns on the ECC 1 trigger and brings up the ECC 1 line
121.03 and the ECC 1/2 line 122.05. These signals are
distributed via the IE Timer outputs of FIGS. 124 and
123, thus, a Wy of the Instruction cycle, the I/E trigger
specifies E time and the ECC 1 trigger specifies that the
first Execute cycle shall be ECC 1. During the Write
portion of the Instruction cycle the contents of the Mem-
ory Buffer Register are returned to Memory addresses
1230 through 1234 and at W3 the MBR is reset.

In FIG. 50e, the Transfer line 235.12, the SSR—1 line
554.06 and the E Time line 123.06 are positive to bring
up the Transfer 01 line 50¢.03, Block Add Trigger line
50¢.04, Read Memory line 50e.05, Digit Adder Out line
505.06, Set MASR to MAC 2 line 50e.07, Generate C
Bit Out line 50¢.08,

In FIG. 93s the line 50¢.07 is positive, the Minus on
PCT Request line 1355.13 is positive to bring up the Set
MASR to MAC 2 line 935.02, and make negative the Set
MASR to MAC 1 line 935.03. MAC 2 contains address
2001. Accordingly in FIG. 495, MAC 2—8 line 314.01,
MAC 2—4 line 314.03 and MAC 2—2 line 31a.04 are
negative. MAC 2—1 line 304.05 is positive and the Set
MASR to MAC 2 line 935.03 being positive brings up the
1 line 495.08. The 8, 4 and 2 lines are positive via the
inverters. In FIG. 49¢, the §, 4, 2 and 1 lines are posi-
tive to condition diode gates for the Ry (D0.4) pulse on
the line 101.01 to turn On the MASR 1 trigger and turn
Off the 8, 4 and 2 triggers, if On.

In FIG. 495, the MAC 2-80 line 315.01, MAC 2-40
line 315.03, MAC 2-20 line 315.04 and MAC 2-10 line
315.05 are negative, therefore, the 80, 40, 20 and 10
output lines are positive. In FIG. 49¢ the 80, 40, 20 and
10 lines condition diode gates for the R, pulse on the line
101.02 to turn Off any of the triggers which are On.
Therefore the 80, 40, 20 and 10 output lines are positive.

In FIG. 49¢, the 800 line 49£.01, 400 line 491.03, 200
line 491.05 and T00 line 49£.07 are positive since in FIG.
49f, the MAC 2-800 line 31c.01, the MAC 2-400 line
31¢.03, the MAC 2-200 line 31¢.04 and the MAC 1-100
line 30¢.07 are negative. Thus, in FIG. 49¢, the §00, 400
300 and 100 lines are positive.

In FIG. 49h, the MAC 2-8000 line 315.61, the MAC
2-4000 line 315.03 and the MAC 2-2000 line 305.06 are
positive and the Set MASR to MAC 2 line 935.02 pro-
vides an output on the 2000 line 494.06. The 8000,
3600 and 1000 lines are positive via the inverters.

In FIG. 49g, the 8000, 4000, 2000 and 1000 lines are
positive to condition diode gates for the Ry pulse on the
line 101.04 which turns On the 2000 trigger and turns
Gff the 8000, 4000 and 100¢ triggers, if On.

In FIG. 49j, the MAC 2-40,000 line 312.03, the MAC
2-20,000 line 31¢.02 and the MAC 2-10,000 line 31e.01
are down. Therefore, the 40,000, 20,000 and 10,000 out-
put lines are positive.

In FIG. 4%, the 10,000, 20,000 and 40,000 lines condi-
tion diode gates for the Ry pulse on the line 101.05 which
turns Off all of the triggers of the fifth order MASR, if
On. Therefore, the 16,000, 20,060 and 40,000 output lines
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are positive. Thus, at Ry of ECC 1, MASR contains the
Memory address 2001 which it obtained from MAC 2.
The Instruction Counter is not stepped until R; of ECC 1.
Therefore, ECC 1 is reserved for this operation and is
shown in the Transfer Flow Diagram of FiG. 146. No
other function is performed.

In FIG. 93j, the Reset IC and Set to MAR lines
1295.01, 500.04 and 59e.09 are down. Therefore, the
Minus On Block Step IC line 93;.12 is positive.

In FIG. 324, the NOT Manual 3 line 116.09, the
ECC 1 line 123.34, the Minus On Block Step IC line
937.12 and the Ay/R3—W; (Blocked) line 1034.20 provide
an output on the AND circuit which is inverted to pro-
vide a negative input to the units order trigger for the
Instruction Counter which switches it from 4 to 9 and
the IC-9 lines 322.03 through 324.05 are positive. Ac-
cordingly, the contents of the Instruction counter are
now 1239.

In FIG. 122, the right plate of the ECC 1 ftrigger
conditions the diode gate for the fall of the Az/R;—W,
line 121.83 which turns On the ECC 2 trigger and makes
positive the ECC 2 line 122.64 and the ECC 1/2 line
122.05. The right plate of the ECC 1 trigger also condi-
tions the diode gate for the fall of the line 121.03 which
turns Off the ECC 1 trigger.

Referring now to FIG. 50¢, Auxiliary Trigger 2 Off
line 138/.¢1 and TWCC T line 123.44 made positive the
Step MAC 241 line 590¢.01 and the Result Memory line
50¢.02. Although MAC 2 is stepped -1 during ECC 2
the contents of the Memory Address Select Register
remains set to 2001. Also positive are Transfer 01 Block
Add trigger, Read Memory, Digit Adder Out, Set MASR
to MAC 2 and Generate C Bit Qut.

In FIG. 50f, the Transfer 01 line 50¢.03 and the ECC
2 line 123.47 are positive to bring up the store thousands
order line 50f.01,

In FIG. 50g, the ICC-1000 line 324.09 is positive. The
Store Thousands Order line 50701 is positive to bring
up the 1 bit to Adder line 502.01.

In FIG. 93f, the 1 Dbit to Adder line 93f.01 is positive.
In the Multiple Adder of FIG. 84 as mentioned previously,
the Read Memory line 50¢.05 is positive during ECC 2.
During the Read portion of ECC 2 Memory addresses
2000 through 2004 are read from and placed in the Mem-
ory Buffer Register as in the previous cycle and therefore
the switch cores in the matrices of FIGS. 8 and 9 are set
to the thousands order of the Instruction Counter and the
state of the 10,000 and 20,000 triggers of the Instruction
Counter may be stored at address 2001. It is pointed
out that CR 1 to Adder has not been made positive.
Therefore at Adder input switching in the FIG. 73, the
contents of CR 1 are prohibited from passing there-
through. Accordingly, there are no signals present at the
inputs to the Multiple Adder except the 1 bit to Adder on
the line 937.01 which makes positive the Multiple 1 lines
84.01 and 84.02.

In FIG. 86, the Multiple 1 line 84.01 is positive.
Therefore the Digit Adder provides an output on the
Sum 1 line 86.01 in the Decimal Correction Circuits of
FIG. 87. In the Decimal Correction Circuits, the Digit
Adder Out line 93¢.01 is positive to gate the signal on the
Result 1 lines 87.09 through 87.12. The Result 1 line
87.09 gocs to the Result Register of FIG. 894 and the
Result 1 line 87.12 goes to the C Bit Generator of
FIG. 90.

In FIG, 3e, the 8, Z, T and the 1 lines are positive from
the Memory Address Select Register which brings up the
Select Character 1 lines 3e.03 and 3e.04. In FIG. 20q,
the Select Character 1 line 204.02 is positive and in FIG.
10 the Result to Memory line 137.01 and Select Char-
acter 1 line 204.62 make positive the Result 1 to Mem-
ory line 10.04. In the Result Register of FIGS. 894 and
b, the Memory Storage In Bus 2 line 894.05, the Memory

Storage In Bus 4 line 894.09, the Memory Storage In Bus
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§ line 894.13, the Memory Storage In Bus A line §95.01
and the Memory Storage In Bus T3 line 895.05 are positive
to indicate the complement of the “one” contained in
the Result Register. In FIG. 115, the B3, &, §, § and 2
lines from the Result Register are positive and the Re-
sult 1 to Memory line is positive making the character
1-C bit line 115.62, the character 0—A bit line 115.03,
the character 1-8 bit line 116.04, the character 1-4
bit line 115.05 and the character 0—2 bit line 115.06 posi-
tive. These lines go to the Inhibit Driver Circuits of
FIG. 125 where they provide inhibit current in those
planes where it is desired to write “zeros” in the Memory
Address 2001. In the Y Switch Core Matrix of FIG. 8§,
the 2000 core is in the set condition and in the X Switch
Core Matrix of FIG. 9 the 0—4 core is in the set condi-
tion. In FIG. 5b, the 00 line 54.01 is positive and
the Memory Write Gate on the line 52.63 becomes positive
at Wy to drive the 00 line 56.01. In FIG. 8, the column
of cores linked by the 00 line 5b.01 is driven with reset

current and the 2000 core is switched to the “zero” state -

providing half-select current on its secondary. In FIG.
7b, the 0—4 line 7a.01 is positive, the Memory Read Gate
on the line 5¢.05 comes up at W, to drive the 0—4 line

75.061. In FIG. 9, the column of cores linked by the 0-4

line 75.01 is driven with reset current which resets the
0-4 core to provide half-sclect set current on its sec-
ondary. In the Core Array the thirty-five core planes
at Memory addresses 2030 through 2004 are driven with

set current and inhibit current is provided from the Mem- .

ory Inhibit Driver Circuits of FIG. 125, and, accordingly,
the digit 1 is written into Memory address 2001.

In FIG. 122, the right plate of the ECC 2 trigger condi-
tions a diode gate for the fall of the A3/R+—W; line 121.03

which turns Off the ECC 2 trigger and makes positive the ..

FCC 1/Z line 122.61. During ECC 2, MAC 2 was
stepped to 2002 and at Ry of Execute cycle 3, the Mem-
ory Address Select Register is set to MAC. Therefore,
during Execute cycle 3 Memory addresses 2000 through
2004 will be referred to, but it will be Memory address
2002 in which the hundreds order of the Instruction
Counter will be stored. Tn FIG. 50¢, Auxiliary Trigger
2 Off line 138/.01, ECC T line 123.44, Transfer line
235.12, SSR—1 line 554.06 and E Time line 123.06
make positive the Step MAC 241 line 50¢.01 and the
Result to Memory line 50¢.02. Transfer 01, Block Add
trigger, Read Memory, Digit Adder Out, Set MASR to
MAC 2 and Generate C Bit Out lines remain positive.

In FIG. 50f, the ECC 1/% line 124.13, Auxiliary Trigger

1 Off line 138j.04 and Auxiliary Trigger 2 Off line 1381.02 .

make positive the Store Hundreds Order line 50f.02
and the Turn On Auxiliary Trigger 1 line 50f.03. In
FIG. 50g, the 1C-200 line 32¢.07 is positive, the Store
Hundreds Order line 50f.02 is positive to bring up the 2
bit to Adder line 50¢.82. In FIG. 93f, the signal is
passed onto the 2 bit to Adder line $3£.02 to the Decimal
Correction Circuits of FIG, 85. Therefore, the Multiple
2 lines 85.01 and 85.02 are positive. In FIG. 86, the Mul-
tiple 2 line 85.01 is positive and the Binary Sum 2 lines
86.02 and 86.03 are positive. In FIG. 87, the Digit Adder
Out line is positive, the Binary Sum 2 line $6.02 is positive
making the Result 2 lines 87.02 through 87.04 positive.
The line 87.02 goes to the Result Register of FIG. 89
where it is used to turn On the 2 trigger. The Result 2
line 87.01 goes to the C Bit Generator of FIG. 90 which
then provides a binary “one” for the C trigger of the Result
Register. In this instance Select Character 2 line 3e.05
is made positive in FIG. 3¢ due to the 2, 4, T and 2 lines
being positive from MASR. In FIG. 20a, the Select
Character 2 line 3¢.05 makes positive the Select Character
2 line 204.01 of FIG. 10. In the latter figure the Select
Character 2 line 204.01 and the Result to Memory 1 line
137.01 bring up the Result 2 to Memory line 10.06 and
in FIG. 11e the B, &, 8, 4 and T signals are gated onto
the output lines to furnish inhibit current as previously
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described. In FIGS. 8 and 9 the 2000 and 0—4 cores
respectively, are set to the “one” state during the Read
portion of the cycle and during the Write portion of the
cycle will be reset to furnish half-select set current to the
thirty-five cores of Memory addresses 2000 through 2004
and the digit 2 is stored in Memory address 2002.

In FIG. 138/ the left plate of Auxiliary Trigger 1 and
the Turn On Auxiliary Trigger 1 line 93%.01 condition
a diode gate for the fall of the Az/Ry—W,; line 1035.15 to
turn On the Auxiliary Trigger 1 and bring up the Auxil-
iary Trigger 1 On lines 138/.¢2 through 138:;.31. Thus,
the operations during Execute cycle 4 are defined by
Auxiliary Trigger 1 being On. In FIG. 50¢, the status
of the output lines remain unchanged, but in FIG. 50f,
the Transfer 01 line 50¢.83, Auxiliary Trigger 2 Off
line 138/.02 and Auxiliary Trigger 1 On line 139.07
provide positive level on the Store Tens Order line 50f.04
and Turn On Auxiliary Trigger 2 line 501.05. In FIG. 50g,
the 1C~10 line 325.09 and the IC-20 line 325.07 are
positive. The Store Tens Order line 50£.04 makes posi-
tive the 1 bit to Adder line 502.01 and the 2 bit to Adder
line 58g.62. The entry of these bits into the Result Regis-
ter will not be described. However, it is pointed out that
in this instance the 1 and the 2 triggers are turned On and
the remaining triggers are Off. No C bit is provided since
the sum of the 1 bits is even. Since the Memory Address
Select Register was set to 2003 at R, of Execute cycle 4,
the 8, 4, 2 and 1 lines in FIG. 3e¢ make positive the
Select Character 3 lines 3e.07 and 3¢.08. In FIGS. 8
and 9, the 2000 core and the 0—4 core were set during the
Read portion of Execute cycle 4 and will be reset during
the 'Write portion of Execute cycle 4 to store the con-
tents of the Result Register at Memory address 2003.
In FIG. 204, the Select Character 3 line 204.08 is positive
and in FIG. 10 the Select Character 3 line and the Result
to Memory line 137.01 make positive the Result 3 to
Memory line 10.08. In FIG. 1lg the C, B, A, 8 and 2
lines are positive and are gated by the Result 3 to Mem-
ory line to the Inhibit Driver circuits of FIG. 124 to
furnish inhibit current in those planes where it is desired
to write “zeros.” Thus, during the Write portion of
Execute cycle 4, the digit 3 is stored in Memory address
2003,

During Execute cycle 4, MAC 2 was stepped to 2004
and at Ry of Execute cycle 5 the MASR is set to the
contents of MAC 2 and remains at address 2004 through-
out the cycle. In FIG. 138k, Turn On Transition Trig-
ger 2 line 93%4.03 and the left plate of Auxiliary Trigger
2 condition a diode gate for the fall of the As/R,—~W,
line 1035.16 to turn On Auxiliary Trigger 2 and bring
up Auxiliary Trigger 2 on lines 138%.02 through 138%.32.
Therefore, operations during Execute cycle 5 are deter-
mined by Auxiliary Trigger 1 and Auxiliary Trigger 2
being On and it is during this cycle in which the units
order of the Instruction Counter and the 40,000 order
are stored at address 2004. In FIG. 50¢, the condition
of the lines remains unchanged, but in FIG. 50f, the
Transfer 01 line 50¢.03, Auxiliary Trigger 1 On line
138:.07 and Auxiliary Trigger 2 On line 138%.06 make
positive the Store Units Order line 50£.08 and the Turn
Off Auxiliary Trigger 1 line 50{£.07. In FIG. 50g the
IC-9 line 324.05 is positive and the Store Units Order
line 50/.086 is positive to bring up the 1 bit to Adder line
502.01 and the 8 bit to Adder line 502.04. These bits
are passed to the Result Register in the manner previously
described. In FIGS. 8 and 9, the 2000 switch core and
the 0—4 switch core were set during the Read portion of
the cycle and are reset during the Write portion of the
cycle to write the contents of the Result Register in the
Memory address 2004. In FIG. 3¢, the 8, 2, T and 4
lines are positive to bring up the Select Character 4
lines 3¢.09 and 3¢.10. The Select Character 4 signal gates
the complement of the digit in the Result Register to
the inhibit circuits of FIG. 124 and prevents the writing
of “ones” in those planes where “zeros” are desired.
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In FIG. 138i, the right plate of Auxiliary Trigger 1
and the Turn Off Auxiliary Trigger 1 line 93%.02 condi-
tion a diode gate for the fall of the Ay/RiW; line
1035.15 which tarns Off Auxiliary Trigger 1 at W, of
Execute cycle 5. Execute cycle 6 will have its operations
defined by Auxiliary Trigger 1 being Off and Augxiliary
Trizger 2 being On. Tn FIG. 50e, Auxiliary Trigger 1
On line 138:.06 is down and Auxiliary Trigger 2 Off line
138181 is down. Therefore, Step MAC 2+1 line 50e.01
and Result to Memory line 50¢.02 are negative. Transfer
line 23b.12, SSR—1 line 504.06, E Time line 123.06,
Auxiliary Trigger Off line 138,.63 and Auxiliary Trigger 2
On line 138%.05 make positive the reset Instruction
Counter and Set to MAR line 50¢.09 and End E Time
50e.10. Recall that the Memory Address Register con-
tains the Memory addresg of the Transfer 01 Instruction
19,459. It is this address to which the next reference
will be made for an Instruction. In FIG. 93j, the line
502.09 makes positive Reset IC and Set to MAR lines
©3;.10 and 93711, and brings down the Minus On Block
Step IC line 93j.12. The line 93;.10 goes to the Reset cir-
cuits of FIG. 139a where it is used to reset the Instruction
Counter to 0004. The lines 937.11 and 93j.12 go to FIG.
324. Tn FiG. 324, the MAR—1 line 174.09 is positive to
condition a diode gate for the fall of the output of the
AND circuit fed by Reset IC and Set to MAR line 93711
and the Ao/Ry—W, line 1034.20. This sets the Units Order
trigger to 9. The negative shift is also supplied on the lines
324.06 through 324.09. In FIG. 32b, the MAR-40 line
175.14, the MAR~-10 line 175.30 are positive to condition
diode gates for the fall of the line 324.06 to turn On the
40 and 10 triggers to specify 50 in the second order of
IC. In FIG. 32¢, the MAR-400 line 17¢.16 is positive
to condition a diode gate for the fall of the line 32a.07
to turn On the 400 trigger and thereby specify the value
400 in the third order of the Inmstruction Counter. In
FIG. 32d, the MAR—8000 line 174.08 and the MAR-1000
line 174.34 condition diode gates for the fall of the line
32,08 which turns On the 8000 and 1000 triggers to
specify 9000 in the fourth order of the Instruction
Counter. In FIG. 32¢, the MAR-10,000 line 17¢.07 is
positive to condition a diode gate for the fall of the line
324.09 to turn On the 10,000 trigger in the fifth order of
the Instruction Counter. Thus, the Instruction Counter
now contains the Memory address 19,459,

The End E Time line 50e.10 goes to FIG. 93r where
it makes positive the End E Time lines 93r.01 through
93-.06. In FIG. 121, the End E Time line 93r.06 condi-
tions a diode gate for the fall of the A;/R—W, line which
switches the I/E trigger from E to T and brings up the I
Time line 121.01. Therefore, the next cycle will be an
Instruction cycle and the instruction referred to will be
the one contained in the Instruction Counter as specified
by the Memory address portion of the Transfer Ot
Instruction.
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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

2 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.
Iis an inverter. IC is a clock inverter. IF, 1J, 171, UK
and 1K are inverters. IN and INK are neon inverters.
IPF is a pulse forming inverter. K is a standard cathode
follower. KB is a power cathode follower. KC is a



3,059,222

83

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 fol-
lower. 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. SSis a single
shot. SSE is a fast recovery single shot. T 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 the invention has been particularly shown and
described with references to preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention.

I claim:

1. In a data processing system controlled by manifes-
tations representative of instructions having an operation
portion and an address portion and operating in instruc-
tion and execution cycles which includes storage means
designated Memory having addressable locations for stor-
ing manifestations representative of characters; means
connected to said Memory including a memory address
counter for holding the address of character manifesta-
tions stored in Memory; means connected to said Mem-
ory, including an instruction counter operable to store
manifestations for indicating the address of a transfer
instruction, means connected to said instruction counter
initially operable during an instruction cycle for initiating
execution cycles and stepping the instruction counter to
another instruction address; execution means conmnected
to said Memory and to said instruction counter, controlled
by manifestations of said transfer instruction operation
portion, effective to store the contents of the instruction
counter at the Memory address contained in the memory
address counter and means connected to said execution
means operable to place the address contained in the
manifestations representative of the Transfer instruction
in the instruction counter and operable to initiate an in-
struction cycle.

2. In a data processing system controlled by manifes-
tations representative of instructions having an operation
portion and an address portion and operating in instruc-
tion and execution cycles which includes first storage
means designated Memory having addressable locations
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for storing manifestations representative of characters;
addressing means connected to said Memory for con-
trolling selection of storage locations in Memory; a mem-
ory address counter connected to said addressing means
for holding the address of character manifestations stored
in Memory; means, including an instruction counter con-
nected to said Memory operable to store manifestations
for indicating the address of a Transfer instruction; means
connected to said instruction counter initially operable
during an instruction cycle for initiating execution cycles
and altering the contents of the instruction counter in a
predetermined fashion; execution means connected to said
addressing means and to said instruction counter, con-
trolled by manifestations of said Transfer instruction, for
causing the addressing means to direct the storing of the
contents of the instruction counter at the address speci-
fied by said memory address counter; and means con-
nected to said execution means for causing the manifes-
tations representative of the address portion of the Trans-
fer instruction to be placed in the instruction counter and
for initiating an instruction cycle.

3. Apparatus for processing data in accordance with
instruction manifestations each including an address por-
tion and a number of other portions, having addressable
locations, and having manifestations of a first instruction
including a first address portion stored at a first location
comprising: storage means; addressing circuit means con-
nected to said storage means; a register connected to said
addressing circuits for holding manifestations representa-
tive of a second address portion: an instruction counter
connected to said addressing circuits for holding the
location of the first instruction and capable of being
modified by a predetermined amount; means connected
to said instruction counter, initially operable during an
instruction cycle for initiating execution time and for
changing the contents of the instruction counter; execution
means connected to said storage means and to said in-
struction counter, controlled by said other portions of
said instruction causing said storage means to store the
contents of the instruction counter, so changed, at the
second address specified by said register; and means con-
nected to said execution means operable to place said
first address portion contained in the first instruction
manifestations in the instruction counter.
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