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FBOG = DBO6 DBRS —»{S | b—» FBOG6
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FOCD = FCCA FCCB FCCC FWEN QCPA

FCCD = DTS QCI’A + FMBD + DRES

Fect = (FCCA FOCR FCCT + DMWT) QCPA

FOCE = (T07 + D'F13) QUPA + DRES

FCCR = (FFCCA FCCB DTL3 + DMWL) QCPA

FOCE = FCCA 1PCOB QCPA + FMBD + DRES

FCCA = (FCCA + DMWT) QCPA

FCCA = FUCA QUPA + DRES

MEMORY
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FMBZ = DMST L'MBZ QCPC —5 i b—= FMBZ
MBZ

TMBZ = FMBD QCPC + DRES —»{R ob— miz

FMDA = TFCCB FCCC FCCD DAMR QUPB s ;L_> FMDA
MDA

FMDA = FCCA FCCB FCCC FCCD QCPB + DRES —»{R o}— oA

FRDX = DTOO QCPA — s i |—» FRDX
RDX

FRDX = DT07 FCMB + DTOO DRES — »IR 0| —» FRDX

FRDY = DTOl QCPB — wiS ) 2 FRDY
RDY

FRDY = ( D107 + DRES ) FCMB — R o b—» FRDY

MEMORY

FIG 34.
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FWEN = IMWR DTO7 FCCD QCPA ——{S | |—= FWEN
WEN

FWEN = FMBD 4+ DRES ——»R 0 —> FWEN

FWRA = (FCCA FCGCB FCCC FWEN + DRES) QCPB —— S | —» rura
WRA

FWRA = DTOO QCPB + DRES — R 0 }—>» FURA

FWRB = (FCCA FCCB FCCC FWEN + DRES) QCPA ——»{S | b—» FURB
WRB

VWRE = DT13 GQCPR + DRES —3»R O} — - FUWRB
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LOGICAL COMBINATION SIGNALS:

FARC DAMR FRDX = CSTR
FMBZ FIAR = DAMC
FIAR FMBD + DRES = DBRP
FCCA FCCB FCCG FCCD FRDY + FCCA FCCB FCCC FINH = DBRR
DBRR FARC FTAR = DBRS
FCCA FCCB FCCC FCCD FRDY = DCLM
DB12 + DBL3 + DBLl4 (4K SYSTEM) = DIAD
DB13 + DB14 (8K SYSTEM) = DIAD
DB14 (16K SYSTEM) = DIAD
NO INPUTS (DISABLED FOR 32K SYSTEM) = DIAD
FR12 FBL3 FINH = DINL
V812 FB13 FINH = DIN2
FB12 FRI3 FINH = DIN3
FR12 FBL3 FINH = DIN4
CSTR + FMDA = DMDA
FMRD + FMWR = DMRW
TMAT (DIAD 4 FIAR) (FMWR + FMRD) DAMC = DMST
FMWR FMRD DT00 =  DMWT
FCCA FCCB FCCC FWEN + DRES = DPO7
DICR = DRES
FCCA FCCB FCCC FCCD = DTOO
FCCA FGCB FCCC FCCD = DTO1
FCCA FGCB FCCC = DT07
FCCA FCCB FCCC FCCD = DIO08
FCCA FCCB FCCC FCCD = DTL3
MEMORY

FIG.36.
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E. W. HERRON

LOGICAL COMBINATION SIGNALS (Cont.):

bDB14

DB 14

(FCMA

(FUMA

FIAR

FIAR

FCMB

I'CMB

+ FE14 FIAR (Upper 16K)

+ I’B14 FIAR (Lower 16K)

+ FFCMA FCMB)

+ FCMA FCMB) FMBD

ADDRESS DECODE AND DRIVER INPUT SIGNALS:

'BOO
FROO
FBOO
¥B0OO
FBOO
FBOO

FBOO

FBO1
FBO 1
FBOL
FBOL
FBO1
FBOL

FROL

Sclect X-Line Signals - Read:

FBOZ FRDX
FBO2 FRDX
FBO2 FRDX
FBOZ FRDX
FBOZ FRDX
FBOZ FRDX

FBOZ FFRDX

3OO0

FBOO
800
BOO
BOO
FBOO
¥BOO

FBOO

FRO1

FBOL
IFBO1
¥BOL
FBO1
FBO

FBO1

FBOL1

FRO2 FRDX

Select X-Line Signals - Write:

302 FINH
FBO2 FINH
FB02 FINH
FBO2 FINH
FROZ FINH
FBOZ FINH

FBOZ2 FINH

FBOO

FBO1

FBOZ FINH

MEMORY
FIG37
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM
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ADDRESS DECODE AND DRIVER INPUT SIGNALS (Cont.):

Select X-Group Signals - Stacks #1 and #3:

FRO FRO4 FBOS FBL2 (FRDX + FWRA) + FRDX FINH = XxBl
TRO3 FRO4 FBOS FB12 (FRDX + FWRA) + FRDX FINH = XXB2
FRO3 TBO4 FBOS FB12 (FRDX + FWRA) + FRDX FINH = XXB3
TRO3 FBO4 FBOS FB12 (FRDX + FWRA) + FRDX FINH = XXB&4
FBOS FBO4 TROS FB12 (FRDX + FWRA) + FRDX FINH = XXB5
TEO3 FBO4 TBOS FB12 (FRDX + FWRA) + FRDX FINH = XXB6
FBO3 TBO4 FBO5 FBL2 (FRDX + FWRA) + FRDX FINH = XXB7
¥RO3 FBO4 FROS FB12 (FRDX + FWRA) + FRDX FINH = YXABS

Sclect X-Group Signals - Stacks #2 and #4:

FBO3 'BO4 FBOS FBLZ (FRDX + FWRA) + FRDX FINH = XXBl
TROS FBO4 FBOS TB12 (FRDX + FWRA) + FRDX FINH =  XXB2
¥BO3 TBO& FRUS TB12 (FRDX + FWRA) + FRDX FINH = XXB3
TBO3 FBO4 FBOS FB12 (FRDX + FWRA) + FRDX FINH = XXB4
FBO3 KFBO4 FBOS FBIZ (FRDX + FWRA) + FRDX FINH =  XXB5
TBO3 FBO4 FBOS FB12 (FRDX + FWRA) + FRDX FINH =  XXB6
FBO3 FRO4 FBO5 FBL2 (FRDX + FWRA) + FRDX FINH = XXB7
FBO3 TBOL FBO5 FB12 (FRDX + FWRA) + FRDX FINH = XXB8
MEMORY

FiG. 38
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ADDRESS DECODE AND DRIVER INPUT SIGNALS (Cont.):

"BO6
rBO6
FB06
FB06
F1B06
TB06
FBOG

TBO6

FBO6
106
FBO6
TBO6
FBO6
Ti06

FBO6

FBO7
FBO7
TBO7
¥BO7
FBO7
FBO7
¥RO7

FBO7

FBO7
FRO7
¥BO7
FBO7
107
FBO7

FBRO7

Select Y-Line Signals - Read:

FBOS&
F13O8
FBOB
FBO8
FBO8
¥BO8
TBO8

FROS

FRDY

FRDY

FRDY

FRDY

FRDY

FRDY

FRDY

FRDY

Sclect Y-Line Signals -~ Write:

FBO8
08
FBO8
FBOS
FBO8
FBOB

FBOS

306

FBO7

FBOS

FWRA

FWRA

FWRA

FWRA

FWRA

FWRA

FWRA

FWRA

MEMORY
FIG.39.

3,368,206

303 Sheets~Sheet 14

= XYO1
= XY02
= XY03
= XYO04
= XYO05
= XY06
=  XYO7

= XYO08

= XYOl
= XY02
= XY03
= XYO4
= XY05
= XY06
= XY07

= XYO8
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ADDRESS DECODE AND DRIVER INPUT SIGNALS (Cont.):

'BOY
¥B09
FBO9
¥BO9
FBOY
FBOY

809

FI3 L0
FELO
FB10
FB10
FB10

FB1O

FB10O

Select Y-Group Signals - Stacks #1 and #2:

IN A

E. W. HERRON ETAL

FB11 FB13 (FRDY + FWRB)
FB11 FB13 (FRDY + FWRB)
FB1l FB13 (FRDY + FWRB)
FR11 FB13 (FRDY + FWRB)
FB11 FB13 (FRDY + FWRB)
FB11 FB13 (FRDY + FWRB)

FEL1 £813 (FRDY + FWRB)

FB09

FBOS
809
FBOY
FBO9
£BO9
FBO9

I'B09

FB10O

FB10O
FB10
¥B10
FB10
FB10
FB10

IFB10

F8ll FB13 (FRDY + FWRB)

Select Y-Group Signals - Stacks #3 and #4:

+

+

+

+

-+

+

+

FRDX

FRDX

|

FRDX

|

FRDX
FRDX
FRDX
FRDX

FRDX

FINH
FINH
FINH
FINH
FINH

FINH

FB11 TFB13 (FRDY + FWRB)

FB11 FB13 (FRDY + FWRB)

FB11 FB13 (FRDY + FWRB)
FB11 FB13 (FRDY + FWRB)

FB11 FB13 (FRDY + FWRB)

FB11 FB13 (FRDY + FWRB)

FB1l FB13 (FRDY + FWRB)

FBO9

FBLO

FB11 FB13 (FRDY + FWRB)

CLOCK GENERATOR INPUT STGNALS:

QCPG

DMST

GATED CLOCK AMPLIFIKR INPUT SIGNALS:

DRES

I'MBD

FMBD

FMBZ DULS + QCPD

+

+

+

+

+

+

4+

+

QCPe
QCPG

QCPG

QCGA

QCGH

MEMORY

FIG.40.
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FRDX
FRDX
FRDX

FRDX

FINH
FINH
FINH
FINH
FINH
FINH
FINH

FINH
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XYB1
XYB2
XYB3
XYB4
XYBS
XYB6
XYB7

XYBS8

XYB1
XYB2
XYB3
XYB4
XYB5
XYB6
XYB7

XYB8

QCPD

QCPG

QCPA
QCPB

QCPC
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INIFORMAT[ON SHIFT

1965
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INHIBIT DRIVER INPUT S1GNALS:

MO0
o1
FMOZ
FMO4
TMOS

'MO6

DINL

DINI

DIN1

DIN1

DIN1

DINL

DINI

DINL

DINI

o
=
—
e 4]

|

3 ' %
e

2
%]
o

DINI

DINY

DINI

DIN]

DINL

DINL

DINT

DINL

DIN1

DIN1

DIN1

DINI

DINL

DINL

DINL

DINL

Stack #1:

100

72101

= 2102

= 2103

Z104

Z105

2106

£107

2108

4109

2110

Z111

= 2112

Z113

2114

Z115

z116

Z117

= Z118

Z119

7120

= 4121

4122
2123

7124

MEMORY
FIG. 41

APPARATUS IN A

DIN2

DIN2

DIN2Z

DINZ

DINZ

DINZ

DIN2

DIN2

DINZ2

DIN2

DIN2

DIN2

DINZ

DINZ

DIN2

DIN2

DINZ

DIN2

DIN2

DINZ

DIN2

DINZ2

DINZ

DINZ

DIN2

3,368,206

DATA PROCESSING SYSTEM

3635 Sheets—Sheet

Stack #2:

2200

2201

2202

Z203

2204

Z205

2206

z207

2208

2209

2210

Z211

Z212

Z213

z214

Z215

2216

2217

2218

Z219

Z220

221

2222

2223

Z2224



Feb. 6, 1968

Tiled April 14, 1965

INHIBIT DRIVER INPUT SIGNALS (Cont.):

INPORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

E. W. HERRON ETAL

DIN3

DTN

DTN

DIN3

DIN3

DTN3

DIN3

™Oo8
FMO9

FM10

DIN3

DIN3

DIN3

DIN3

DIN3

DIN3

DIN3

DING

DIN3

DIN3

DIN3

DIN3

DIN3

DINJ

DIN3

DIN3

DIN3

DIN3

Stack #3:

2300
Z301
7302
7303
2304
2305
2306
zZ307
2308
2309
2310
Z311
2312
2313
2314
z315
2316
2317
Z318
Z319
7320
z321
2322
2323

zZ324

MEMORY
FIG. 42.

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

DIN4

FM23

DIN4

DIN4

3,368,206

z¢% Sheets—-Sheet 2

Stack #4:

2400

2401

Z402

2403

2404

2405

2407

2408

2409

2410

Z411

2412

2413

2414

2415

2416

2417

2418

2419

72420

2421

24622

Z423

2424



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206
INFORMATION SHIFT ATPPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets-Sheet L0

DATA DRIVER INPUT S1GNALS:

(W100 + W200 + W300 + W400) CSTR = WD0O
(W101 + W201 + W301 + W401) CSIR = WDO1
(Wi102 + W202 + W302 + W4A02) CSIR = WDO2
(WI103 + W203 + W303 + wW403) CSTR = WDO03
(W104 + W204 + W304 + WA04) CSTR =  WDO4
(W105 + W205 + W30S + W405) CSTR = WDO5
(W06 + W206 + W306 + W406) CSTR = WDO6
(WLD7 + W207 + W307 + W407) CSTR = WDO7Y
(WI08 + W208 + W308 + WA4A08) CSTR = WDO&
(W109 + W209 + W309 + W409) CSTR = WD0OY
(WL110 + W210 + W310 + W410) CSTR = WDIO
(W11l + W21L + W31l + W4ll) CSTR = WD1ll
(W12 + W212 + W312 + W412) CSTR = WD12
(W1l3 + w2013 + W313 + W413) CSTR = WD13
(WLL4 + W214 + W31l4 + W4ld) CSTR = WD1l4
(WLL5 + W215 + W315 + W415) CSTR = WD15
(Wile + W216 + W3lH6 + W4l6) CSTR = WD1L6
(WLL7 + W217 + W317 + W417) CSTR = WD17
(W18 + W218 + W3i8 + W418) CSTR = WD18
(W19 + W219 + W319 + W419) CSTR =  WD19
(WiZ20 + W220 + W320 + W420) CSTR = WD20
(W121 + W221 + W321 + Wa421) CSTR = WD21
(W22 + W222 + W322 + W422) CSTR = WDh22
(WI23 + W223 + W323 + W423) CSTR = WD23
(W124 + W224 + W324 + W424) CSTR = WD24
MEMORY

FIG.43.



Feb. 6, 1968

[NIFORMATION SHIIT ATPARATUS IN A DATA PROCESSING SYSTOM

"iled April 14, 1965

FALL -

FAl3

FA12

FALZ

FALL

FE14 QEAX

= DCLA

- FEL3 QEAX

= DCLA

= FE12 QEAX

DCLA

FE11l QEAX

DCLA

E. W. HERRON ETAL

3,368,206

363 Sheets—Sheet 1}

Al4

| — FAl4

O —> FAl4

Al3

{ b—» ra13

Al2

| —» FAlZ

OfF—» Falz

All

| b—» FAll

o3 Fall

PROGRAM PROCESSOR
FIG44.



Feb. 6, 1968

Filed April 14, 1965

FA1O

FALD

I'AQ9

FAQY

FAOH

FAQT

FAO7

4

FELO QEAX

DCLA

FEOY QEAX

DCLA

1208 QIEAX

DCLA

FEO7 QEAX

DCLA

E. W. HERRON ETAL

3,368,206

[NFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

365 Sheets-Sheet 7

AlO

A0S

AO8

AO7

PROGRAM PROCESSOR

FIG 45

Fal0

FALD

FAQ9

FAQS

FAOSB

FAQS

FAO7



Feb. 6, 1968

Filed April 14, 1965

FAO6

FAOG

FAOS

FAOS

FAO4

FAQ4L

FAO3

FAQ3

=

FEOH QEAX

= DCLA

FEOS QLEAX

DCLA

FEO4 QEAX

DCLA

FEO3 QEAX

DCLA

PROGRAM PROCESSOR

E.W. HERRON ETAL

FIG46.

3,368,206

%03 Sheets-Sheet -

s ]
AO6

R o

S F——
AQS

R ———

S P
AD4

IR e

S —
AD3

R =

FAO6

FAOb

FAO5

FAQS

FAQ4L

FAQG4L

FAO3

FAO3



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING 5YsTHM

Filed April 14, 1965 365 Sheets-Sheet i
FAQ2 = FE02 QEAX —i S { —» FAO02
AQ2
FAO2 = DCLA —®» R O — TFA02
FrLz = (FIRL DILX + DDLX DD10) QTCK —p1 S | > FPL2
+ DEAP FEO1
PL2
FPL2 = (FIR1l DLLX + DDLX FD10Q) QTCK -—{R o}l— FPLZ
+ DEAP FEQ1

FPLY = FIRO DILX QTCK + DEAP FEOO + DDLX DD09 ——»~S§ | b—» FPL1

PLL

FPLL

]

FIRO DILX QTCK + DEAP FEOO + DDLX FDO9 ——R Of—» FPL1

PROGRAM PROCESSOR
FIG 47



Feb. 6, 1968

Filed April 14,

FD14

FD14

FDL3

Fp13

FD12

FD12

FD11

FD11

ENT'URMAT fON

(¥FD13)

(FD13)

(FD12)

(FD12)

(rpll)

(FD11)

(FD10)

(FD10)

DPSDT

DSDT

DSDT

DSDT

DSPT

bpspr

DSDT

DSDT

1965

FDl4 +

FDl4 +

FD13 +

FD13 +

FD12 +

FD12 +

FD11 +

PROGRAM PROCESSOR
FIG48

E. W. HERRON ETAL

QSDX

QSDX

QSDX

QSDX

QSDX

QSDX

QSDX

QSDX

SHIFT APPARATUS IN & DATA PROCESSING

MS14

M514

MS13

MS12

M512

MS11

MsS1il

3,368,206

STSTHN

D14

b13

D12

D11

365 Sheets—Sheet !

FDl4

FD14

FD13

FD13

FD12

FD12

FD11

FDI1



Feb. 6, 1968

Filed April 14,

FD10O

D10

1"DOY

FDOY

FDOR

FDO8g

D07

(FD09)

(FDOY)

(FDO8)

(FDOY)

(FDO7)

(rFpo7)

(FDO6)

(FD06)

DSDT

DSDT

DSDT

DSDT

DSDT

BSDT

DSDT

nsDT

E. W. HERRON ETAL

1965

FD10 + QSDX

FDLO + QSDX

D09 + QSDX

FDOY + QSDX

FDOS + QSDX

FDOB + QSDX

FDO7 + QSDX

PROGRAM PROCESSOR
FIG 49

MS10

MS10

MS09

MS09

MS08

MS08

MSO7

MSO07

D10

D09

D08

D07

3,368,206
INFORMATION SHIFT AUPARATUS IN A DATA PROCESSING SYSTUM

367 Sheets—Sheet 0

FD10

FD10

FDOS

FDO9

FDO8

FDOB

FDO7

FDO7



Feb.

filed

FDO6 =

FDO6 =

FDOS =

FDO4 =

D04 =

FDO3 =

FDO3 =

6, 1968

iNFORMATION

E. W. HERRON ETAL

April 14, 1965

(FDO5)

(FDO5)

(FDO4)

(FDO4)

(FDO3)

(FDO3)

(FDO2)

(FDO2)

DSpT

DSDT

bspT

DSDT

DSDT

[E5108

DSDT

bSDT

FDO6 + QSDX

FDO6 + QSDX

FDO5 + QSDX

FDO5 + QSDX

FDO4 + QSDX

FDO4 + QSDX

FDO3 + QSDX

FDO3 + QSDX

PROGRAM PROCESSOR
FIGS50.

MSO6

MS06

MS05

MS04

MS04

MSO3

3,368,206

SHIFT AT'PARATUS IN A DATA PROCESSING SYSTDHW

363 Sheets—Sheet 7

D06

| —= FDO6

o |—>» FD06

D05

| +—» FDO5

Op— FD05

D04

| —» FDO4

O} —» FDO4

D03

I }—» FDO3

o }—>» FDO03




Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA FROCESSING SYSTEM

E. W. HERRON ETAL

Filed April 14, 1965

FDO2 =

Fpo2 -

FDO1

FDO1

FDOO

FDOO

(FDOL)

(FDOL1)

(FDOO)

(FD0O)

(DDCD)

(DDED)

DSDT

DSDT

DSDT

DSDT

DSPT

DSDT

FD0O2 + QSDX MS02

FDO2 + QSDX MS02

FDO1 + QSDX MSO1

FDO1 + QSDX MSO1

FDOO + QSDX MS00

FDOO + QSDX MSO00

PROGRAM PROCESSOR

FIG.51.

3,368,206

D02

DO1

DOC

%63 Sheets—Sheet b

FDO2

FD02

FDO1

FDO1

FDOO

FDOO



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

[NIFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

Filed April 14, 1965 5C3 Sheets—Sheet hi
FE23 = DS73 QSEX + FE23 QCER + FE08 QEEX — S i — FE23
E23
FE23 = QSHE + DS73 QSEX + FE23 QCER + FEO8 QEEX—®™R O p—» FE23
FE22 = FE23 QSHE + DS72 QSEX + FE22 QCER — i g { b—> FE22
+ FEO7 QEEX
E22
FE22 = FE23 QSHE + DS72 QSEX + FE22 QCER — R olb—» FE22
+ FEQ7 QEEX
F21 = FE22 QSHE + MS71 QSEX + FE21 QCER e G | b— FE21
+ FEO6 QEEX
E21
FR21 = FE22 QSHE + MS71 QSEX + FE21 QCER —»R OF—s FE21
+ FEO6 QEEX
FE20 = FE21 QSHE + MS70 QSEX + FE20 QCER S | }—» FE20
+ FEO5 QEEX
E20
FE20 = FE21 QSHE + MS70 QSEX + FE20 QCER ——»R ob—» FE20
+ FEO5 QEEX

PROGRAM PROCESSOR
FIG52.



Feb.

filed

FELY

Fit19

Fli18

FE18

FEL7

FE16

FE16

il

]

1l

)

i

6, 1968 E. W. HERRON ETAL

April 14, 1965

FE20 QSHE + MS69 QSEX + FEL9 QCER —>

+ FE04 QEEX

FE20 QSHE + MS69 QSEX + FEL9 QCER »

+ FEO4 QEEX

FE19 QSHE + MS18 QSEX + FEL8 QCER —_—

+ FEO3 QEEX

FE19 QSHE + MS13 QSEX + FE18 QCER P —

+ FEO3 QEEX

FE18 QSHE + DS67 QSEX + FE17 QCER —

+ FEQ2 QEEX

FE18 QSHE + DS67 QSEX + FE17 QCER ——=

+ FE0Z QEEX

FEL7 QSHE + D566 QSEX + FE16 QGER
+ FEOL QEEX

FEL7 QSHE + DS66 QSEX + FE16 QCER B

+ FEOL QEEX

PROGRAM PROCESSOR
FIG53.

3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

E19

E18

E17

El6

FE19

FE19

FE18

FElé&

FE16



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206
INI'ORMAT [ON SHIPFT APPARATUS IN A DATA PROCESSING SYSTLM

Filed April 14, 1965 3¢3 Sheets-3Sheet o1

FELS = FE16 QSHE + MS65 QSEX + FE15 QCER — =5 | —= FE15
+ FEOO QEEX

E1l5

FEL5 = FE16 QSHE + MS65 QSEX + FE15 QCER —»R 0 —> TFELS
+ FEOO QEEX

FEL4 = FE15 QSHE + MS64 QSEX + FE14 QCER ——{s | —» FEL4
+ FAL4 DAEX

El4

FE14 = FE15 QSHE + MS64 QSEX + FE14 QCER ——IR o}— FEl4
+ FAl4 DAEX

FE13 = FE14 QSHE + MS63 QSEX + FE13 QCER R { l—» FE13
+ FAL3 DAEX

E13

FEl3 = FE14 QSHE + MS63 QSEX + FE13 QCER e R Of—» FEI3
+ FA13 DAEX

FE12 = FEL3 QSHE + MS12 QSEX + FE12 QCER ——m={ S | > FEl12
+ FA1Z DAEX

E12

FE12 = FEL3 QSHE + MS12 QSEX + FE12 QCER ——= R o }—» TE12
+ FA12 DAEX

PROGRAM PROCESSOR
FIG 54.



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATLION SHIFT AIPARATUS IN A DATA PROCESS1ING SYSTEM

Piled April 14, 1965 565 Sheets-Sheet ¥
FEll = FE12 QSHE + DS61 QSEX + FE11l QCER — S | b— FEll
+ FAll DAEX
Ell
FELL = TELZ QSHE + DS61 QSEX + FE1l QCER —»{R ob—> FEiL
+ FAll DAEX
FELO = FELl QSHE + DS60 QSEX + FELO QCER — S 1 }—> FE10
+ FALO DAEX
E10
FEI0 = FELL QSHE + DS60 QSEX + FEL0 QCER —»{R op— FEIO
+ FALQ DAEX
FEO9 = FE10 QSHE + MS59 QSEX + FE09 QCER — 15 | b—» FEO09
+ FA09 DAEX
EO9
FEO9 = FELO QSHE + MS$59 QSEX + FEO9 QCER —»R Of—» FE09
+ FA09 DAEX
FEO8 = FEQ9 QSHE + MSS8 QSEX + FEO8 QCER — S | }—» FE08
+ TAO8 DAEX
E08
FEO8 = FEO9 QSHE + MS58 QSEX + FEO8 QCER — — IR o FEO8
+ FAO08 DAEX

PROGRAM PROCESSOR
FIG.55.



Feb. 6, 1968 E. W. HERRON ETAL

INFPORMATLON SHIFT APPARATUS IN A

Piled April 14, 1965

FEQ7 = FEO8 QSHE + MS557 QSEX + FEO7 QCER
+ FAO7 DAEX

FEQ7 = FEO8 QSHE + MS57 QSEX + FEO7 QCER
+ FAO7 DAEX

FEO6 = FEO7 QSHE + MS06 QSEX + FEO6 QCER
+ FAO06 DAEX

FEO6 = FEO7 QSHE + MS06 QSEX + FEO6 QCER
+ FAO6 DAEX

FEO5 = FEQ6 QSHE + DS55 QSEX + FEOQ5 QCER

+ (DW11l FTL3 DMVL FMPL DBAC FLSN

+ FA05 DAEX)

FEO5 = FEO6 QSHE + DS55 QSEX + FEOS QCER
+ {DRE5 + FAO5 DAEX)

FEO4 = FEOS5 QSHE + DS54 QSEX + FEO4 QCER
+ FA04 DAEX

FFRO4 = FEO5 QSHE + DS54 QSEX + FEQ4 QCER
+ (DRES5 + FAO4 DAEX)

3,368,206

DATA PROCLESSING SYSTUM

267 Sheets—Sheet

EO7

+— FEO7

3 FEQ7

E06

—» FE06

L » FEO6

EO5

|—»= FEO5

| FEO5

EO4

—» FEO4

—= FEQ4

PROGRAM PROCESSOR

FIG 56



Feb. 6, 1968

LNFORMATION SHIFT APPARATUS

Filed April 14, 1965

FEO3

FEO3

FEO2

FEO2

FIROL

FEOO

FEOO

FEO4 QSHE + MS53 QSEX +
+ FAO3 DAEX

FEO4 QSHE + MS53 QSEX +
+ FAO03 DAEX

FEO3 QSHE + MS552 QSEX +
+ FA02 DAEX

FRO3 QSHE + MS52 QSEX +
+ FA02 DAEX

FEOZ2 QSHE + MS51 QSEX +
+ FPL2 DAEX

FEO2 QSHE + MS51 QSEX +
+ FPL2 DAEX

FEO1 QSHE + MS00 QSEX +
+ FPLL DAEX

FEOL QSHE + MS00 QSEX +
+ FPL1 DAEX

FEO3 QCER

FEO3 QCER

FEOZ QCER

FE02 QCER

FEOL QCER

FEO1 QCER

FEOO QCER

FEOO QCER

IN

E. W. HERRON ETAL

305 Sheets—-Sheet oo

3,368,206

A DATA PROCESSING SY5TEM

EO3

E02

EO1

EQO

PROGRAM PROCESSOR
FIG57

FEO3

FEO3

FEQ2

FEQ2

FEO1

FEO1

FEOO

FECO



Feb. 6, 1968 E. W. HERRON ETAL

Tiled April 14, 1965

FM23

FM23

FM22

FM21

FM21

FM20

3,368,206

[NFORMATION SHIFT APPARATUS IN A DATA PROCBSSING SYSTEM

WD23 + DS73 QSMC + DLSS QSHM + DGMM D105

DCMO + DS73 QSMC + DLSR QSHM P

wD22 + DS72 QSMC + FM23 QSHM + DGMM DIOGH—]

DCMO + DS72 QSMC + FM23 QSHM —

M22

WwD21 + MS71 QSMC + FM22 QSHM —
+ DGMM (DSSC FICW FPIT FPAD + DIO3)

DCMO + MS71 QSMC + FM22 QSHM —

WD20 + MS70 QSMC + FM21 QSHM —
+ DCMM (DSSC FPEF + DI0Z)

DCMO + MS70 QSMC + FM21 QSHM ——

M20

PROGRAM PROCESSOR
FIG58.

363 Sheets-Sheet 5

FM23

FM22

FM21

FM20



Feb. 6, 1968

Filed April 14, 1965

FM19

FM19 -

FM18

FM17

FM16

M6

WwD19 + MS69 QSMC
+ DGMM (DSSC

DCMO +

wWD18 +

DCMO +

WD17 +

DCM1 -+

WD1l6 +

DCM1 +

M518

MS18

D567

D567

Ds66

DS66

QSMC

QSMC

QSMC

QsSMC

QSMC

QSMC

QSMC

+

+

+

+

+

+

+

E. W. HERRON ETAL

%% Sheets—Sheet

FM20 QSHM — s
FMPI FPIT FPAD + DIO1)

M19
FM20 QSHM —»R
FM19 QSHM + DGMM DIOO——= S

M18
FM19 QSHM ——»R
FM18 QSHM + DGMM DI15—— pig

M17
FMI8 QSHM — »R
FM17 QSHM + DGMM DIl4— gl §

M16
FM17 QSHM — >R

PROGRAM PROCESSOR

FIG 59

3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

FM19

FM18

FM18

FM17

FM17

FM16

FMlé



Feb.

Miled

FMLS =

M14 =

FM14 =

FM13 =

FMI2 =

FM12 =

6, 1968

INVORMATION

April 14,

wD1hH

DCM1

WD14

DCML

WD13

DCM1

wD12

DCM1

+ MS65

+ MS565

+ MS64

+ MS64

+ MS63

+ MS63

+ MS12

+ MS12

1965

QSMC

QSMC

Q5MB

QSMB

QSMB

QSMB

QSMB

QSMB

E. W. HERRON ETAL

SHIFT ATPARATUS I[N A DATA PROCESSING

FM16 QSHM + DGMM DI13 ——

M16 QSHM —»

ML15

FM15 QSHM + DGMM DI12-————p

FM15 QSHM —-

Mi4

FM14 QSHM + DGMM DIll - e

FM14 QSHM B —

M13

FM13 QSHM + DGMM DI10 — e

FM13 QSHM —

M12

PROGRAM PROCESSOR

FIG 60.

3,368,206

768 Sheels—Sheatl 7

FM15

FM15

FM14

FM14

FM13

FM12

FM12



Feb. 6, 1968

Filed April 14, 1965

FM11

FM10

I'™M10

FMO9

FMOY =

FMO8

FMO8

WDL11

DCM2

wn1o -

DCM2

WwhO9Y

DEM2 -

W08

DCM2Z -

DS61 QSMB

DS61 QSMB

NS60 QSMB

DS60 QSMB

MS59 QSMB

MS59 QSMB

M558 QSMB

MS58 QSMB

+

+

E. W. HERRON ETAL

3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheef{s-Sheet o«

FM12 QSHM + DGMM DI25—™ S

FM12 QSHM —»R

M1l

FM11 QSHM + DGMM DI24——3' S

FM11 QSHM R

M10

FM10 QSHM + DGMM DI23——»- S

FMLO QSHM —>»R

MO9S

FMO9 QSHM + DGMM DI22—— S

FMO9 QSHM ———» R

MO8

PROGRAM PROCESSOR

FIG 6l

FML1

FM11

FM10

FM10

FMO9

FMO8



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets—-Sheet 0
I'MO7 = WDO7 + MS57 QSMB + FMO8 QSHM + DGMM DI2l———m{ S | — o7
MO7
FMO7 = DCM2 + MS57 QSMB + FMO8 QSHM ——»R 0 }—» FMO7
FMO6 = WD06 + MS06 QSMB + FMO7 QSHM + DGMM DI20———wt S i —» ™06
MO6
FMO6 = DCMZ + MS506 QSMB + FMO7 QSHM —»iR ol ™06
FMO5 = WDOS5 + DS55 QSMA + FMO6 QSHM —»S | —» ™05
+ DGMM (DSSC FTVO + DI35)
MOS
FMOS = DCM3 + DS55 QSMA + FMO6 QSHM —»R Ot—» FMO5
FMO4 = WDO4 + DS54 QSMA + FMO5 QSHM =S | » FMO4
+ DGMM (DSSC FFVO + DI34)
MO4
FMO4 = DCM3 + DS54 QSMA + FMO5 QSHM —— R O FMO4
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WDO3 + MSHh3 QSMA + FMO4 QSHM ————
+ DCMM (DGEN DW0O3 FBSY + DSSC FMPL
+ DI
MO3
- DUMI + MS5T QSMA 4+ FMO4 QSHM ——™R 0
. WDOZ 4+ MSH2 QSMA + ¥MO3 QSHM + DGMM DI32——»4S
MO2
DCM3 4 MS52 QSMA + FMO3 QSHM —»{R
WDOL1 + MS51 QSMA + FMOZ2 QSHM ——»15
+ DCMM (DSSC FGRE + DI31)
MO1
DCM3 + MS51 QSMA + FMO2 QSHM —»{R
WDOO + MSO0 QSMA + FMO1 QSHM —S
+ DGMM (DSSC FLES + DI30 + DPAN
+ DNES DGEN)
MOO
DCM3 -+ MSN0 QSMA + FMO1l QSHM —— R

PROGRAM PROCESSOR
FIG. &63.

FMO3

FM02

FMO1

FMOO

FMO0



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATLON SHIFMT APPARATUS IN & DATA PROCESSING S5YSTUM

Filed April 14, 1965 3¢5 Sheets—Sheet 1

¥Pl4 = (FPL3) DSPT FPl4 + QSPX MSe4 —3 | b—= rpPi4
Pl4

P14 = (¥FPi3) DSPT FPl4 + QSPX MS64 —»R o b—» FPl4

¢P13 = (FP12) DSPT FPI3 + QSPX MS63 — s i > FP13
P13

FP13 = (FP12) DSPT FP13 + QSPX MS63 — »R ol—» FP13

PP12 = (FPLL) DSPT FP12 + QSPX MS12 —5 { fb— 7r12
P12

FP1Z = (FP1Ll) DSPT FP12 + QSPX MS12 —R Ob—» FPi2

FPil = (FPLO) DSPT KrPL1+ QSPX MS1l —— =5 i |—» FP11
P11l

¥P11 = (FP10) DSPT FP1l + QSPX MSI1l —»R ol—» FP11
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FP10 = (FPOY) DSPT FP10 + QSPX MS10 > e
rio

FP1O = (FPO9) DSPT FP10 + QSIPX MS10 — -

FPO9 = (TPO8) DSPT FPOY + QSPX MS59 - -
PO9

FPOY = (FP0O8) DSPT FPOY + QSPX MS59 ————P] ———

FPO8 = (Fro7) DSPT FPO8 + QSPX MS58 = |
P08

I'PO8 = (IFPO7) DSPT FPOH + QSPX MS58 —— a—

FPO7 = (FPO6) DSPT FPO7 + QSPX MS57 E— ——
P07

P07 = (FPO6) DSPT FPO7 + QSPX MS57 —_—
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FPO6 = (FPO5) DSPT FPOG6
rpPo6 = (FPOS) DSPT FPO6
FPO5 = (FP0OL) DSPT FPO5
FPO5 = (FPO4) DSPT FPOS
P04 = (FPO3) DSPT FPO4
FPO4 = (Fr03) DSPT FPO4
FPO3 = (FPOZ) DSPT FPO3
FPO3 = (FPO2) DSPT FPO3
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DRIT (DWil FTLO + DW12 FTLO + DW12 FTL3) ——ot

FpO2 = (FPO1) DSPT FPO2Z + QSPX
FPO2 = (FPO1) DSPT FPO2 + QSPX
POl = (FPOO) DSPT FPO1 + QSPX
P01 = (FPOO) DSPT FPO1 + QSPX
FPOO = (DPCU) DSPT FPOO + QSPX
FPOO = (DPCU) DSPT FPOO + QSPX
FWRS
.QTCK
FWRS = QTRK
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FQ03

Q03

FQO2

FQO2 -

QO L

TQOT =

Qoo

Qo0

FFNO3 DWT9

DCLQ + FNO3 DWT9

FNO2 DWT9 + DAOX FSRI FQOO FQO1 FQO2
« QICK + FM17 DMQX

DCLQ + FNO2 DWT9 + DAOX FSRI FQOO0 FQO2
+ QTCK

FNOL DWTY9 + DAOX FSRI FQO0O FQOl Q02
- QICK + FM16 DMQX

DCLY + FNOL DWTY + DAOX FSRI FQUO FQO1
- QICK

FNOO DWIY9 + DAOX FSRI FQOO QTCK
+ FM15 DMQX

DCLG + FNOO DWT9 + DAOX FSRI FQOO QTCK
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I"IR1 =

FIRO =

FIRO

FAG2 =

AC2

IFAC1

OMIX FMLY

OMIX I'M19

QMIX FMI18

QMIX FM18

Qreo FAC2 DSGO DBBO_|DACY (DACU

+ DBYD DTPO) + DAC1 (DACD + DBYU DTPO)

+ DBUD]} + QTC2Z FAC2 DSGO DDBO
{DAC1 DCAU + DAC1 DCAD)

QTCO DAG2 (DWOO + DRUD + DAUQ
+ DTPO DADU) + QTC2 DAC2 (DTPQ_DAUD
+ DCAU DQDO DACL + DCAD DQDO DAC1)

QTCO DACL DSGO (DACU DTAT + DACD DTAF
+ DBYU DTPO FAC2 + DBYD_DTPO FAC2)
+ QTC2 DAC1 DbSGO (DCAD DTAF
+ DCAU DTAT)

= (TCO DACE DADU + QTC2 DACL DAUD
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FCCH = DSHA QSCA + FNO4 QNCX —»S | |—= Fcca
+ FCC4 DCTV DCAB QTCK DCCU
cey
FGCA = DCLC + DS54 QSCX + FNO4 QNCX —»R 0 |— TFccs
+ FCC4 DCTV DCAB QTCK DCCU
FCC = MS53 QSCX +_FNO3 QNCX — s | —= Fcc3
+ DCCU FCC3 FCC2 DCAB QTCK
cc3
FCC3 = DCLC + MS53 QSCX + FNO3 QNCX ——{R 0 f—» FCC3
+ DCCU DCTV DCAB QICK
FCC2 = MSH2 QSCX + FNO2 QNCX — S | F— FCC2
4+ DCCU FCC2 DCAB QTCK
oy
FCC2 = DCLC + MS52 QSCX + FNOZ QNCX —»R Ob— rCC2
+ DCCU FCC2 DCAB QTCK
I'CC1 = DCL4 QSCX + FNO1 QNCX — =S [ FCC1
+ DCCU FCCl FCCO QTCK + DW15 FTL1 DDVL
cCl
FCCT = DCLG 4 DOLA QSCX + FNOL QNCX = R ol Fcci
+ DCCU DCAB QICK
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| b— FCCO

O b—>» FCCO

| b—» FcL2

ob—» FCL2

FCCO = DS50 QSCX + FNOO QNCX + DCCU FCCO QTCK ——'§
+ DW15 FTL1 DDVL
CCO
FCCO = DCLC + D850 QSCX + FNOO QNCX ——»R
+ DCCU FCCO QTCK
FCL2 = DVRF DWO1 FTL3 FM21 + DWl4 FTL2 DVRB —Sg
CL2
FCL2 = DVRF DWOl FM21 FTL3 + DWTL —»iR
+ DW14 FTL2 DVRB
FCLL = FXS1 FXS2 DWOl FTL3 DNWX — S
+ DWl4 FTL2 DVRA
cLl
I'C1.L = FXSI FXS2 DWO1 DNWX FTL3 + DWT1 —»{R

+ DW14 FTL2 DVRA
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FNO4 = DWl4 FTLL DQDO_DAAC + FCC4 QCNX
+ QNCD DW02 FNO4 DNMF DNTS
+ DWil DAOX FTL3

+ QNCD (DNMF DNTS FNO&4 DWO2
+ FNO4 DNTS DWDN + DWDB)

FNO3 = (DNS2 + DNS8 + DNSL) + FCC3 QCNX

+ FQO3 QQNX + QNCD (DNMF DNTS DWO2

+ DNTS DWDN)

= (DNS4 + DNS6 + DNSO) + FCC3 QCNX

+ FQO3 QQNX + QNCD (DNMF DNAT

DW02
+ DNAT DWDN + DWDB)

FNO2 =

(DNS4 + DNS2) + FCC2 QCNX + FQO2Z QQNX
+ QNCD (DNMF FNO2 DWO2 + FNO2 DWDN)

FNO2

+ FQO2 QQNX + QNCD (DNMF FNO2 DWO2
+ FNO2 DWDN + DWNL)

FNOL

+ DIMP DW14 FTL3 DAAC DDAC

FNOT = DNRO + FCCLl QCNX + FQO1 QQNX
+ QNCD (FNOO FNO1 DWO2 + DWNL)
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FNOO = FCCO QCNX + FQOO QQNX + QNCD FNOO DW02 -—®§ | — TNOO
+ DWl4 FTL3 DAC1 DIMP
NOO
FNOO = DNRO + FCCO QCNX + FQO0O QQNX —»R 0 |—>» FNOO
+ QNCD (FNOO DW0O2 + DWNL)
FIBL = DBCU QTCK FIBO FTRBI —»{S { — TFTB1
TB1
FTB1 = DBCU FMOD FTB1 QICK + QTCK DRBG — R ol— FTB1
+ QTCK DBCU FMOD FTBO FTB1
FTBO = DRCU FTBO FMOD QTCK —»i3 { j—» FTBO
+ DBCU FTBO FTBL QTCK
TBO
FTBO = DBCU QTCK FTBO + QICK DRBG ———»|R Of—9» FTBO
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FILS = QILP FTL4 —_— S FTL5
TL5

FTLS = QTLP FTL4 + DMLR R FTLS

LA = QTLP FTL3 —_—{ S FTL4
TL4

FIL4 = QTLP FTL3 + DMLR —»{R FTL4

"I'L3 = QTLP FTL2 1 § FTL3
TL3

FTL3 = QTLP FTL2 + DMLR —»R FLT3

FILZ = QTLP FTL1 + QTCO DVGD + DMLR ——— S FTL2
TL2

FTLZ = QTLP FTL1 + QTC2 DVGC ———»{ R FTL2
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FILL = QULP FTLO ——rm—p § | +— FTLL
TL1

FTL1 = QTLP FTLO + DMLR —®R O—> FTL1

FTLO = QTLP FTL5 + QICZ DVGC — S ) ——» FTLO
TLO

FTLO = QTLP FTL5 + QTCO DVGD + DMLR —p R OFb—» FTLO

FSP2 = FTL4 MJEQ (DGPP + DW02 DLAO DIMP FSP2) ——»~S | —» FSP2

* QICK + (DVRC + DVRD + DWO2 DSRD
- DLFT FSP1 FTL1 + DW11l DLFT DSRD
- FSP1 FTL4) QICK Sp2

FSP2 = FTL3 (DGPP + DW1l DLFT DSRD) QTCK —— R O}l—» FSP2
+ (DVRE + DWT1 + DGE4) QTCK

FSPL = (DVRC + DVRE) QTCK S 1 b—» FsP1
+ DWO3 DLFT DSRD FTL4 MJEO QTCK
SP1
FSPL = (DVRD + DWI1) QICK ——R o b—>» FsPL

+ DWO3 DLFT DSRB FTL3 QTCK
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+ QTC2 DINP (DVSA + DVSK + DVSH)
+ FCSF FTL2

QIeo (DVSM + DVTE + DINP + DFDE + DVTJ —™R
+ DRW3) + QIC2 (DINP + DSRD DW15)

DSW2 DINP QTCO_ —»1 S

+ QIC2 DINP (DVSC + DVSF + DVVW)

Qrco (DVSM + DVTE + DFDE + DVTJ + DINP ———»{R
+ DRW2) + QTC2 (DVSK + DINP + DW06)

+ FCSF FTL2

QTCO DINP (DVSM + DSW1 + DHXM + DVSP) ~ ——3~§
+ QTC2 DINP [DVSH + DWO4 (DVSB + DMOV
+ DMVL + DASF FCOR)] + FCSF FTL2

(DVTA + DVTB + DRW1 + DINP + DVTJ) QTCO — R
+ QTCc2 (DWO6 + DVSF + DVZG + DINP

WR1

+ DWO2 DSRD DNEZ)

(DWO8 + DSWO + DFDE + DDNA + DVSM) S

DINP QTCO + [DVTL + DWO6 + DVSA
+ DWO4 (DSAS + DVTM + DVLR + DVSB
+ DMND) ] DINP QTC2

(DVTA + DWO9 + DWO3 + DHXM + DVTB + DINP————®~ R

+ DRWO) QTCO + QTC2 (DVSC + DVSF + DINP

+ DVSG) + FCSF FTL2
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| b—» FaEC

O > FAEC

i = raim

O—™ FAIM

| }—» Fao0I

Ol—»- FAOI

FAEC = (DRO% + DRRV + DRO0) FTLS —1 g
AEC
FAEC = DIMR —»R
FAIM = FMAT (DWOO + FMAN) + DIAM —p S
AIM
FAIM = DWOO FTL3 + DMLR —™IR
FAOI = QTC2 DWO4 DSRD —»iS
+ QTCO DVJS FM19 FM18 FAOI
AOT
FAOT = QTCO (DWO4 DSRD + DWOO + DWO1l DIMM) ——»{R
FARM = SACS —m= S
ARM
FARM = DACS FMNX —™R

| +—m FARM

o b—>» FArM
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|DNAI + DWO1 FTL3 DSBM DVCA + DMVF —» S

+ DWOS5 FTL1 FCRE + DCID + DWT7
+ DWO6 FTL3 (DASG DAAC + DDVL
+ DMVL FCRE DMOV)} QTCK + DVMA QCER

(DWI'l + DWIS + DWL3 + DWI3 + DMRC + DWT4&—™{R

CAY

+ DW03 FTL5) QTCK

QTCK (DW15 FTL3 DNEZ DCCZ FCOR DEDT —p1 S

+ DWO5 FTL5 FLSN DDCO DASG DLAO
+ DWOO DDVL FTL4) + QTCK DVJK DSTZ

QTCK [DWO6 FTL3 DASG DLAO DSGO —R

+ DW15 FTL3 DNEZ FCOR DEDT + DWT1

COR

+ DWO4 FTL3 (DASG DSGO
+ DDVL FAOL DAAC) ]

(DVEV + DWO2 MC23 DMOV + DMDC) QSEX — »l5
+ [DWO4 DDCO DASG + DMDC
+ DWLS (DMEC DIGE MC23 + DSBM MC23
+ DVLR DDCO)] QSMC CRE
(DWTLl + DWO6 FTL4 DMOV + DWTS — »R o]
+ DWOS FTL3 4+ FMOD FTBL FTRO)
DMLR — S

DMRC + FSRE —» R

CSF
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FCS3

FCS3

IFCS2

FDCE

FDCE

FDCW

DW11 F1L4 DMVI. DCAC

DWI3 + DMRC + DINP

bWO6 FTL3 DMVL + DVLR DWO3 FTLL

DWI9 + DMRC + DINP
+ DDVL FTL3 (DWO3 + DWO6)

DWO5 FTL1 (DASG + DVLR)
+ DWO6 FTL3 (DASG + DVLR + DMVL)
+ DWI9 + DWO9 FTL1 DCDA

DWI3 + DWI8 + DWL3 + DWT4 + DMRC
‘+ DINP + DWG3 DVLR FTL3

FLPM + SDMS

FDCW

DDMS FLPM FMNX
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FDSX = DNAT + DWO2 FTL5 (DMRM DBCL DIGB — S |
+ DBRZ FRNZ DLAO) + DWO3 FTL3
.+ (DVLR DDAC FFVO + DMOV)
+ DW15 FTL3 DMOV DSX
+ DWO4 FTL4 DAMG FCOR DLAO DSGO
I'DSX = DWL4 + DWL1 + DWTS + DWT1l + DWO2 ¥rLl — ™R opr—
+ DMRC
¢EMA = SERS = § | >
EMA
FEMA = SERS FMNX — »R ol——
FESX = QICK DSES ——» S |
+ QTCK (DWE7 + DMVF + DESS + DMVD)
ESX
FESX = QTCK (DVTS + DWTL + DWL1 + DWI5 + DMVE ——»{R O
+ DVTY + DWL3 + DMRC + DWT4 + DWT3
+ DVHZ + DW0O3 FTL4 DESA)
FFVO = DWO4 FTL4 FCRE FLSN DASG DLAO ——{S o
+ DWO7 DDVL DCEL DSGP + (FTIVO + FEQ1)
FMO5 DSCA FMO4 + DVHF 4 DW1S FTL5
DVLR FNOO FNO1 DNAT + FCRE DASB DW15 FVO
FTL4 + DWO2 FTL4 DVLR DDAC DSE9 DSTZ
FFVO = DSCZ IMO4 + DRCF + DMLR ~—» R or—>»
+ DDVL FMPL DW15 FTL1
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DVMR + FMO1 DSCA

DVYMC + DVMS + DSCZ FMO1 + DTSB

DWO3 FBSY DBYC FTL3

DRO3 FTL3 DDIB + DMLR

DW0O1 FTL3 DBRC DVCA + DMVF

DVEV FTL5 FCRE + DMRC + DWT4 + DINP
+ DWL1 + DIMR

Qrco DBL2 DINP

QICO (DROO DBLZ + DINP)
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Fisp

FISP

FRCK

FRCK

FLES

FLES

FLSN

FLSN

QTCK

QTSP FISP + DICR

QIRE

QTLP (FTL1 + FTL5) + DICR

DVMS + DSCA FMOO + DTSB FMOO

DVMC + DVMR + DSCZ FMOO + DTSB FMOO

(DWT1 + DWOS5 FTL1 DDVL) QTCK

DVYMA QCER + (DWO7 FTL2 FMPL_FSIN DMRM —®™R
+ DW07 FTL2 FMPL DMRM FSIN + FTL2 DWOS
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Filed April 14, 18965 563 Sheets—-Sheet 1]
FMAN = FSTP DEIN DW10 QTCO — 5 | ™ FMAN
+(FWJE + DMSE + DHSM + DIIP) QTCK + DICR
MAN
FMAN = FSTT FSSS FIL3 QICK —»IR O p—> FMAN
+ FSTE FSSS FTL3 QTCK
+ ¥FS$S8 FSIE FTL3 DW10
FMEM = SMSW FNBY ——s | — rFEM
MEM
FMEM = DMVR + DMLR + DREM — iR o}b— FMEM
FMNX = (FDCW + FPRM + FEMA + FARM) —»{S | }b—» FNX
- FNBY FMXS DMLR
MNX
FMNX = (DMLR + DREM) + DRO1 DCHO QTCO —— R Ol—» FMNX
FMOD = (DWO7 FTL2Z DNEZ DMVL S—] | —» FMOD
+ DDVL FFVO FMPL DWO7 FTL2) QTCK
MOD
FMOD = [DMRC + DMVL DNEl FTBO FIB1 — R o > FMOD
+ DWO7 DDVL FTBL FTBO DDAC DCE1l FMOD

+ DDVL FMPL FTB1 FTBO (DCAC DNE1
+ DDAC DNEZ FCRE + DCAC DNEZ)] QTCK + DINP
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FMPT

FMPI

FMPL

FMPL

FMRD

FMRD

FPIM FPMI

{DMIR + DMLR)

DW15 DBRC FCRE FTL3 + DCID + DSCA FMO3

+ DMLR

bW07 FTL1 DCAC DMVL + DSCZ FMO3
+ DWO7 DDVL FTB1 FTRBO FMOD
+ DWO2 DVLR FTL5 FFVO

{DWOO + DWOL + DW02 + DWO3 + DWO4
+ DWOS5 + DWO7_+ DWO8 + DCW9 + DW14

+ DROO DVEQ) FMRD FTL1
+ DW10 FCSF FTL2 QTCK

(DMBU + DMAI) (FTL2 + FSRE) + DMLR
+ DW10D FTL4

SMRS

FMRE

SMRS + FNBY
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FMRJ

FFMRJ

FMSX

FMSX

FMUJ

FMUJ

FMWR

FMWR

- FMRD DAMR FTL1 QTCK —= §
MRJ
DMLR + FTL1 QTCK —»R
DSMS QICK —_— s
MSX
(DMXR + DVTY + DR13 FTL5 + DWT6 —»R
+ DWT5 + DWL5 + DWL3 + DMRC

+ DWOO FTLS + DWT8 + DWT4) QTICK

DCM4 + DGEP QICK FTL2 —»R

MUJ

|DWOO + DWO1 (DIG4 DGCP +_DVCA) + DWOZ ———m= S

+ DWO3 + DW04 + DWOS DAAE + DWO7 DDVL
+ DWO8 + DCW9 +_DW15 + DRO5 + DRO4]
- QTCK FTL2 + (DVEQ DRO1 FRVO FTL4
+ DRO3 FRVO FTL4 + DRO2 FTL3) QTCK

DWEN DMBU (FSRE + FTLO) + DMLR —p R

+ QTCK FMWR FMAI + QTCK DWEN DMBU FMWR

PROGRAM PROCESSOR
FIG.86.

3,368,206
INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets—-Sheet >

FMRJ

FMSX

FMSX

FMUJ

FMUJ

FMWR

FMWR



Feb. 6, 1968 E. W. HERRON ETAL

INP'ORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965

3,368,206

365 Sheets-Sheet

FMXS = FMNX ——»S

MXS
FMXS = FDCW FPRM FEMA FARM + DMLR —>R
FNBY = DBRB FSTT FSTE DW10 + FSRE el §

NBY
FNBY = FSTT + FSTE ——»R
FNXF = DWOO FTLS DNWX DIG3 + (DVJQ + DVJV) QTCO—»S

NXF
FNXF = DWOO FTL1 + QTCO DWI10 ——»{R
FPEF = DIAM + FMAI DROO — =S

PEF
FPEF DRCF + DMLR + SPES —
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FPIA = (DEIO DRIl DEI2 DEI3 DPDC +_ DINP —»S | p—> FPIA
+ FAIM DROS5 DDIB) FPSA FPIT QTCO
+ DINP FPSA FPIT QTC2

PIA

FPIA = FCSF QIC2 + [DWO1l (FXS1 4+ FXS2 + DIMM) ——®R O p—» FPIA

+ DWO3 + DW15] FPIA DINP DIPR QICO

FPIM = SPIS ———— § | b— FPIM
PIM

FPIM = SPIS —»R opb—> FPIM

FPIT = DPSU + DSCA FMO2 —»S | pb—» FPIT
PIT

FPIT = DMLR + DSCZ FMOZ + SPIR FNBY —»R Ol FPIT

FPMI = FPIM FTLO S | b—» FPMI
PMI

FPMI = FPIM FTL3 —»R Of—» IPMI
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FPRI = DWO1 FPAD FPIA e { }—= FPRI
PRI

FPRI = DCEN DWO3 FTL5 —™R Op—> FPRI

FPRM = FLPM + SPMS ——i g i —» rFPrRM
PRM

FPRM = DPMS FLPM FMNX — R 0b—» FPRM

FPSA = DPSU — g { b—» FPSA
PSA

FPSA = DMLR + FPIT FTL5 DBCL DIGA ——»R O} FPsa

(DWOO DAMS + DWOLl DXIM)

FPSX = 1'DWLA + DMRC + DVHW + DVHF ——a={ § | L——P- FpsSX
+ FTL5 DWO3 DVLR FFVO
+ DWO6 DMOV FCRE FTLS + DWOO FTL5

- [DNWX + DIG5 + DBCB PSX
+ DAMS (DLAL + DBCT)] + DWO6 DSHG FTLS}
QTCK
FPSX = (DWT1 + DWT5 + DWT4) QTCK —»{R O™ Fpsx
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FRNZ = QTCK DW1l4 FCOR DQE5 FCL1 FSRI —{ S | +—» FRNZ
+ (DWO5 FTL5 + DW02 FTL3 DBRZ)

DSE4 QTCK
RNZ

FRNZ = QTCK DWOO ——»{R O > FRNZ

FSIN = (DW0O5 FTL2 DADC DAAC DMRM + DDVL DCAC B } b—» FSIN
DMRM DWO7 FTL3 FSIN + DWO5 FTL2 DSDG
DAAC DMRM + DW0O9 FTL2 DCDA DMRM DAAC)
- QTCK + (DW1l DMVL DDAC + DVLR DCAC DW0O2 SIN
+ DSMG DSIM DW0O4 + DW1l DSIG FLSN DSIL
DSHG) FTL2 DMRM QTCK

FSIN = (DWT1l + DDVL DCAC DMRM DW0O7 FTL3 FSIN) ——»R ol Fsin
« QTCK
FSRE = DIRM ——— S | b+ FSRE
SRE
FSRE = DMLR —»R O}——» FSRE
FSRI = QICK |DW1l FTL3 (DSRD DNEZ + DAQX) ————={ § | p—®= TFSRI

+ DW14 FTL2 (DEXP + DIMP DAAC + FCOR)
+ DW14 FTL4 FCOR DEDT + DW1l FTL4 DMVL]
SRT

FSRT = QTCK (DNE1 DQES DSRD DDES + DSBL) —®» R OpF—» FSRI
+ QICK (DVFW + DMRC) + DINP
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oy

S0
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FSTE FTL3 QICK + FSTT FTL3 QTCK ——l G
+ FSTE FS1E FSSS

FS8s

FS'TE

I°'STE

FSTP

FSTP

FSTT

FSTT

FSTLE FSTIT FTL5 QTCK + FSTE FSIE FSSS —®R

5SS

5878 —— {5

STE
58TS + DBRB FSIE —»{R
SSPS + FSTE — g

STP
DMLR + FSTT FSSS ——pR
S5SW ——wl S

STT
SSSW + DBRB — R
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QTCO DWO1l FCL2Z2 DIMM —{S

QTCO (DVJIQ + DVDF + DVJIV + DVJR + DVIJS ——»R

+ DW0O0)

QTCO (DWO1l DNWX DVEW + DVJIS + DWOO DFXW)~——»1 S

QTCO (DVJQ + DVJIR + DWO1 FCL2 DIMM —»R

+ DWOO DFXW)

DSCA FFMO5S S

DSCZ FMO5 + DMLR + DSSC FPIT DWO3 FTL4 ———3piR

FMRJ FTL1 MJEO DMAI QTCK —= S

SMPR QTCK + DMLR — R

|t
XS2
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—
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I
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

Piled April 14, 1965 %65 Sheets—-Sheet 1010

LOGICAL COMBINATION SIGNALS:

FACL FAC2

broo LFOL DKFOZ2 DKFO3 DF0O4 DFOS5 DFO6 DFO7 DFO8 DFO9 DF10
*DF11l DF12 DF13 DFl4

DMEC DIGE
DWO8 + DWl4 + DVJD
FACL
FAG2
DWO3 DVLR + DWO4 DVLR DAAC + DW15 (DVLR DDAC FCRE + DSLF)
SACS
DWO2 (DBRZ + DIMP) + DWO3 (DNE4 + DLSC + DSRD + DMVL)
+ DWO4 (DASG + DDNA + DMVL + DSHG DLFT DNL4) + DWO9
+ DW1l DMVL DDAC + DW14 DEXP_ o
+ DWL5 [DNE4 + DNZE + DSHG DLFT + DVLR (DDAC + FCRE) ]
DDLS MCZ1 + DDLS MS21 MS20 + DDLS MS21 MS19
DDLS DDC1
DDLS DDC2
DDLS DDC3
FIR5 FIR4 FIR3
DACU + DACD + DBYU DTPO + DBYD DTPO + DWOO
(DWO3 DSAL + DMVD + DRO1 FARM FMNX) FTL1
DSC1 DAAC + DDBI FAC2 + DTPI DDAC
FPL2 FPLL DAAC + FPL2 FPLI FAC2 + FPL2 FPL1 DDAC

DLFT DNkZ + FAOI DLFT

- (DNL4 + ¥NO4 FNO3 FNO2 DNMF DDES + DDES FNO4 DNAT DNMF)

DADC FIR2
DMEC DIGD
DW10 DIFP DVTL

(FM15 + FM16 + FM17) FPIA

PROGRAM PROCESSOR
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LOGICAL COMBINATION SIGNALS (Cont.):

DSHC DICE

DASG + DDVL

DANM + DRIM + DRXM

DASG DAMG

DABM + DSBM

DASG DSGO

DSDG + DADC

DCAU + DCAD

DACU DODO FACL + DAGD DQDO FACL

FDOO DDBX + FMOO DMBX + DABX FPL1 DMOV + DQBX FQOO
+ FAC1 DABX DMOV + DWOO DPIB + DRO3 (DROS5 + FRVO) DMRR

FDO1 DDBX + DMOV_DABX FPL2 + FMO1l DMBX + DPIB + DQBX FQO1
+ FACZ DABX DMOV

D02 DDBX + DQBX FQU2 + FMO2 DMBX + DABX FA02 + DPIB FPSO FPAD
+ (ZDPA + ZDPC + ZDPE + ZDPG) DMRR DDIB + FE1l DMRR DDIE

D03 DDBX + DABX FAO3 + FMO3 DMBX + DFBS + DPIB (FPS1 + FPAD)
+ (ZDPB + ZDPC + ZDPF + ZDPG) DMRR DDIB + FE12 DMRR DDIB

FDO4 DDBX + DABX FAO4 +_FMO4 DMBX + DPIB FPS2 FPAD
+ DB45 DMRR DDIB + FE13 DMRR DDIB

FDOS DDBX + DABX FAO5 + FMOS DMBX_+ FPS2 DPIB FPAD
+ DB45 DMRR DDIB + FEL13 DMRR DDIB

FDO6 DDBX + DABX FAD6 + FMO6 DMBX
FDO7 DDBX + DABX FA07 + FMO7 DMBX
FDO8 DDBX + DABX FAO8 + FMO8 DMBX
FDO9 DDBX + DABX FAQ9 + FMO9 DMBX
FD10 DDBX + DABX FA10 + FM10 DMBX
FD11 DDBX + DABX FA1ll + FM11 DMBX
FD12 DDBX + DABX FA12 + FM12 DMBX

FD13 DDBX + DABX FA13 + FM13 DMBX

PROGRAM PROCESSOR
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LOGICAL COMBINATION SIGNALS (Cont.):

FD14 DDBX + DABX FAl4 + FM14 DMBX = DBl4
ZDPD + ZDPE + ZDPF + ZDPG = DB45
FAC1 FACZ = DBAC
(FGRE + FLES) DBCL DIGD + DBCL DIGE FLES + FGRE DBCL DIGC =  DBCB
TIRS FIR4 FIR3 - DReT
DBRU + DBRF DBCH = DBCT
FMOD + DW14 FGOR DQE5 FCLL FSRI = DBCU

DVTL + DWO6 + DWL1 + DVZG + DW12 FWRS

+ DWO4 (DSAS + DVTM + DVLR + DMVL DCAC) + FMAT DINP DROO = DBLO
DWLL + DW12 + DVVP + DW10 FMAN = DBL2
UBCB FCLL = DBNX
DBCL DIGG = DBRC
DBCL DIGD = DBRE
DBRG + DBRL + DBRE = DBRF
DBCL DIGC = DBRG
DBCL DIGE = DBRL
DBCL DIGB =  DBRM
DWO1 FNXF DGEN FTL1 = DBRS
DBCL DIGA = DBRU
DBCL DIGF = DBRZ
DBCL FIR2 FIRL = DBSA
FPCA FPCB = DBTO
(DBYU + DBYD) DQDO = DBUD
DBCT DXIM =  DBXM
DWO4 DSRD DLFT =  DBYD
DWO4 DSHG DLFT DNL& =  DBYY
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LOGICAL COMBINATION SIGNALS (Cont.):

DMIS DIGD = DCAA
FCCO FCCL =  DCAB
FACL FAC2 = DCAC
DWO2 DSRD DLFT + DWO4 DSHG DLFT + DWL1S DSRD DLFT + DWO4 DMVL = DCAD
DSRD DLET DWO2 + DWO4 DSRD DLFT DNLG - DCAD

DWL1 FTLZ DMVL FCRE + DW14_FTL3 FCOR DVFB (FCL2 + FCLL + DEZ )
+ DW1l4 FCOR DQES FSRI _DCEL + FMOD FTB1 FTBO
(DMVL_FCRE + DVLR FMPL DCAC DNEZ FCRE

+ DVLR FMPL DDAC DNEZ + DVLR FMPL DDAC FCRE) = DCCU
FCCO FCCL1 FCC2 FCC3 FCC4 = DCCZ
DMIS DIGC = DCDA
FCC3 FCC2 FCCL FCCO = DCEL
DCDA + DCAA + DEDT + DBRZ + DEXP + DIMP = DCEE

DSGO FCCO PCCL_FCC2 + DDBO FCCO FCCL TFCC2 FCC3

+ DTPO FCCO FCCl DCTV + DQDO FCCO FCC1 FGC2 FOC3 FCC4 = DCEL
DVMA + DCES + DWO7 FTLO DDVL = DCER
DWO6 ITL3 DAOD + DWO8 FTL4 + DWOS FTL2 FLSN DAAC
+ DWO9 FTL1 DVIV + DWOZ2 FTL5 DSBM = DCES
DWO7 DDVL FTL1 FFVO = DCID
MS51 DS50 DCSL + MS51 (DCSL + DS50) = DCL&
(DTMV + DSMV) FTL3 + DICR + DWOO DLAL FMAN FTL&4 = DCLA
DWT9 + DW14 FTL3 FCOR DUSE DEEZ DVFB + DWTL = DCLC
DAOX DWLl FIL3 + DWTL + DWl4 FTL1 + DWO2 FTL1 FIRS FIR4 FIR3
FIR2 FIRL = DCLQ
DVJH + DVRM + DCMC + DW14 DSGP DIMP DDAC = DCMO
DV + DVRM + DCMC + DW14 DSGP DIMP DCAC = DCML
DVJH + DVRM + DCMC + DW14 DSGP DIMP DBAC = DCM2
DVJH + DCMC + DVRM + DW14 DSGP DIMP DAAC = DCM3
DVJH + DVRM + DCMC + DW02 FTL3 DIMP = DCM4
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LOGICAL COMPINATION SIGNALS (Cont.):

DROL FMNX FTLL (FDCW DRIT + FPRM DRIT DCHO)

+ DWO1 FTL3 DVCA (DGEN + FEOO FEOL DCPO) + DMBX FMAI TMRD = DOMC
DMLS DIGR -~ DMl
LMIS DICE = DCMM
DCAA + DCDA = DCPC
FIRS FIR4 FIR3 DIGH = DCPO
DSHG MS57 = DCSL
FEC2 FCC3 = DCTV
DWOY DCPG = DCWO
FDOO = DDOO
FDo | = DDO1
D02 = DDO2
FDO3 = DDO3
FIO4 =  DDO4
¥DOS = DDOS
FDO6 = DDOb
FNo7 = DDO7
FDO8 = DDOB
D09 =  DDOY
FD10 = DD1O
FD11 = DDLI
L2 = DD12
D3 = DDL3
DVLR DAAC = DDAA
FACL FAC2 = DDAC
FIRT FIRO = DDBI
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LOGICAL, COMBINATION SIGNALS (Cont.):

DDBL DLSM +_FPL2 FPL1 DVWA + DDBI FPL2 DARS

+ DD10 FDO9 DSHG + FDO9 DDES DSHG = DDRO
DDXB + DWO9 = DDBX
DADO + DDCS MC21 = DDCO
DDCS MC15 + DDLS MS1S MS14 + DDLS MS15 MS13 = DDCI
DDCS MCO9 + DDLS MS09 MSO8 + DDLS MSO9 MS07 = bhe?
DDCS MCO3 + DDLS MS03 MSO2 + DDLS MSO3 MSOL = DDC3
DVLR DCAC = DDCA

DWO3 FTLS DELS + DWO4 FTL5 DAMC DLAO + FTL1 DWO8 DAAC

+ FTLL DWO4 (DMAD + DDDA + DARS DAAC) + FTLL DW15 DDVL = DDCD
FDCE FAIC = DDCS
DVLR DDAC =  DDDA
FOL3 DSHG + DDVS = DDES
DWI1 FTL2 FWRS = DDEV
DDES DDO7 DSHG = DDFS
DDCS FLSN DCDA + DDCS DMVL = DDLS
DW15 FTLl DSHG DDLL FD13 = DDLX
DWO4 DVLR DAAC = DDNA
DMVL + DVLR = DDOM
FDSX FAEC = DDST
DDCS FLSN DMVL + DDCS DCDA =  DDUS
DSHC DIGG = DDVL
DDVL FCOR = DDVS
DWO7 DMVL + DWOS DAMC + DWO4 DAMG

+ DWIS (DMTA + DIG4 DFXW FPIA) -

+ DWO3 (DSTG + DMOV + DSAL + DGCP DFXW FPIA)

+ DWO2 (DLDG + DVLR_+ DVSL + DEDT + DEXP + DIMP)

+ DWOO FPIA + DWOl FPIA DVTX = DDXB
(LDSMV + DTMV) FTLS + DWOO DLAL FTLO = DEAP
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LOGICAL COMBINATION SIGNALS (Cont.):

(DSEG + DROO DDIB FLPM) FEl4

DSEG

DMI1S

DEDT

FBSY

DIGKF

+ DEXP + DIMP

FEOO
DW0O9
DRW1
DVTJ
DVTJ
DETO
DLDG
FEO4
SERS
DSAL
DRO1
DWO3

DWO3

+ DWO1 FTLZ DIMM (FNXF + DSPB DBRC DGCP)

DESC
DEXT
DSHC
FACL
FAC2
FAQ2
FAQTS

FACGHA

FI201 FEOZ FEO3 FEQ4 FEOS

+ DWO3 + DRWO + FWRO DROO DSWO
+ DVTJ + FWR1 DSWL DROO

+ DRWZ2 + FWRZ DROO DSWZ2

+ DRW3 + FWR3 DROO DSW3

DET] DEL2 DEI3 + DINP

+ DSTG + DEDT

FEOS

+ DEXP

FMNX (FEMA + FARM)

FPRT

L1 DESA + DW0O3 FTL3 DSRD

+ FESX FAEC
DLAO

DIGA

DDOO + FACL FDOO
DDO1 + FACZ2 FDO1
DDO2 + FAO02 FDOZ
DDO3 + FAG3 FDO3

DDO4 + FAO4 FDO4

PROGRAM PROCESSOR
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LOGICAL. COMBINATION SIGNALS (Cont.):

FAGS DDOS5S + FAOS [FDOS

YAOG DDO6 + FAO06 TFDO6
TAO7 DDOT7 + FAOT FDO7
TAOR DDOS + FAO8 FDOS
FAQY DDOY + FAGY FDOY
FAIO DDIO + FALO FDI1O
VALL DDIL + FALL FDIT
FALZ LDDI2 + FAL12 ¥DI12
VALY DDLY + FA13 FDL3

FALG T4 + FALG FD1A

DSRD DBWO2 -+ DWO3 DSHG DLIT DLAO + DWO4 DMOV + DW10
+ DWLS DMOV + DWO4 DSRD FAOI (DLAA + DLFT DLAQ DNL4)

"TB] ¥TBO DNZE FCOR DEDT FCL1 DW14
FQOO FQOZ + FQO1 TQO2Z + FQOO FQO1

DCPO + DOEN

DWO4

"DWO4

DWO4

FSP1

BSRD (DNEZ + DLFT + DNL4)
DDVL DAAC
DSRD DDAC + DWO4 DMVL DSRD + DWO3 DIMP DSLF

FCOR DCEL DW1l4 FTLZ DEDT DZCP

+ MJEO DWO2 DLAO DIMP FTL4 FSP2 + DW(2 DSRD DLFT FTLO

DMLS

DW15

DLTE

DWO4

DM1S

DWO L

DIGH

+ DGELl + DIML + DGE2 + DGE3 + DRO1 + DRO2 + DRO3 + DROS

DRIT FIL3 DMAI + DWO3 DGCP FTL2
DSRD DNL4 DLFT DNEZ + DW0O4 DMVL
DIGA

FT1.4 DXIM DHLT
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LOGICAL COMBINATION SIGNALS (Cont.):

DWOLT DXIM DHLT

DWOO I"TT4 DINY FMAN

FSRE DIRM

DWO3 DIMP DSAL DVLR + DRO1 DCHO FMNX FDCW DRIT
+ DRO2 DFTC DRIT + DROZ? DCHO DRIT

DMFM + DRSA + DCMI + DMTA + DCMM + DAOX + DASB
+ DMFT + DMOV + DGCP + DAMI

DMFM + DAMI + DSPB + DBRC + DMFI + DAOX + DASE
DRSA + DCMI + DMTA + DMF1 + DGCP + DAMI

DSCL VIRZ

DDBI FIRZ

TPT FIR2

DGD1 FIRZ2
DSCT FIR2
DDBRI FIR2
DTPT FIR2
DODT FIR2
FPIA DCEN DSPB FTL4 DWOO

DWOO FTLS DLDG + FTL3 DLAO DARS DWOS
(DDBI FPL1 FPL2 + DTPI DPNQ + DQDI)

DWO2 DIMP DLAO
DVEW FAOL + DVEW FMLI8 FMI9 + DVTX
DSHC DIGB

DWO2 DIMP DLAO

FAIM FPEF

FIRS FIR4 (FIR3 + FIR2 DCPO)

FEMA + FARM

PROGRAM PROCESSOR

FIG. 101
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DHXM

DIAM

DICR
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DIG4
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DIGA
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DIGF
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DI1P

DILX

DIML

DIMM

DIMP

DINL

DINP

DINV

DI0A
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets-Sheet 100

LOGICAL, COMBINATION SIGNALS (Cont.):

DWO2 DLAO DIMP + DWO4 DMVI, DDAC + DWO3 DSRD DLFT

+ DWO4 DSRD DNL4 DNEZ DLFT = DIPT
DWO4 + DVTL 4+ DWO3 DVLR 4+ DRSI + DCW9 + DVVW + DVSH = DIRK
DPSD ' = DIRM

(DRRV + DRO5 + DWOO + DWOl DVCA + DWO2 DLSC DMOV + DWO3 DIMP

+ DWO4 + DWSM + DWO8 + DWO9 + DWL0 + DWl4 DEXP + DW15) FIL4 = DIRS
DLI'E DAAC = DLAA
DMEGC DIGC = DLAL
DSGO + DDBO DBAC + DTPO DCAC + DQDO DDAC = DLAO
DWO1 DLAL DXIM = DLAX
DLSC FIR2 = DLDG
DDFS + DDVS = DLFT
DLFT DLAO = DLLA
DHLT = DLLI
DLET DSBE = DLSB
FIRS FIR4 FIR3 = DLSC
DLSC DLAO = DLSL
DLSC + DAMG = DLSM
DVGJ + (MO0 + FEOO) DANM + DRIM FMOO FEOO + DRXM DVUV =  DLSR
DVGH + FMOO FEOO DANM + (FMOO + FEQO) DRIM + DRXM DVVQ = DLSS
FMUJ DIPT + DGEP MJEQ DIPT = DM24
DMVL DDAC = DMAD
FMAT = DMAI
FMBU = DMBU
DWO7 DDCO = DMDC
FIRS FIR4 FIR3 = DMEC
DMEC DICH =  DMFI

PROGRAM PROCESSOR
FIG. 102.



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206
INF'ORMATION SHIFMT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 36% Sheets-Sheet |10

LOGICAL COMBINATION SICGNALS (Cont.):

DMEC DIGA = DMFM
DMOV DVCA = DMIC
DSSC DWOS FPAD FPIT FILG = DMIR
FIRS FIR4 FIR3 = DMIS
¥ISP FRCK FMAN FNBY FMRE = DMLR
pMVIL DDAT = DMND
(FMEM + IFMNX) FLPM = DMNS
SMPR = DMPR
DWOO PTL3 TPIA = DMQX
DW1O FILS = DMRC
MO%4 FMOS = DMRM
FAIM FPSA + DWOO FTL4 DHLT DAMS = DMSE

DWO8 FTLL + DWO6_FTL3 DDVL + DW0O6 FTL2 DMOV + DW04 DVHN FTL1
+ DWOZ FTLL DMOV (DSHG + F¥FD12) + DWO1 FTL2 (DVCA + DMTA)

+ DWO5 FTLL DARS DAGL = DMSS
DMEC DIGC = DMTA
DWL1l FTL2 DMVL DDAC = DMVC
DWLS DMOV ITi.1 = DMVD
DWO6 DMOV FTLZ =  DMVE
DWO2 DMOV IMTLL = DMVF
DSHC DIGH = DMVL
DCLM (DRO2Z + DRO4 + DTMV + DWOO + DWOL + DWO3 + DWOR) = DMWS

DWOLl FTL5 |DVEW DNWX + DXNW + DVDI + DRXM + DLAX + DVCD + DBNX
+ DVCA (DMFM + DGCP + DSPB + DMFI + DMOV) ] + DWO6 FTL3 DASG
+ DWOS FTL1 (DMTA + DAGL DAMC + DAGI DARS) + DWO6 FTL5 DMOV
+ DWO3 FTL1 DSAL + DWO4 FTL3 (DDVL + DAAC) + DWL5 FTL1

+ DWO1 FTLS5 DVCA DBRC FCRE = DMXR
DWO1 FTL5 FXS2Z FXS1 DNWX = DNAT
DMIS DIGG = DMOV

PROGRAM PROCESSOR
FIG. |03,
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Filed April 14, 1965 367 Sheets—-Sheet 117

LOGICAL COMBINATION SIGNALS (Cont.):

TNOZ FNO3 = DNAT

DWL5 FTL3 DVLR DDAC FCRE + FMOD FMPL DVLR FTIB1 FTBO (DCAC + FCRE)

+ DWLL FSRI DQES DSRD + DW1l FSRI DSHG DDES + DWl1l FSRI DAOX = DNCS
FNOO FNOL FNO2 FNO3 FNO4 = DNE1
DNMF DEDT (FNO2 + FNO3) = DNE4
FNOG TNOL FNOZ2 FNO3 FNO4 = DNEZ
DDES DNTS FNO& -+ DDES (FNO4 + FNO3) = DNL4
FNOO FNO1 = DNMF
DNS4 + DNS8 + DNS2 + DNS6 + DNSO + DNSL = DNRO
DW14 FIT2 D1MP = DNSO
DWI4 FTLL DIPO DAAC = DNS2
DW14 FTL1 DSGO = DNS4
DW14 FTL1 DODO DAAC = DNS6
DWL4 FTLL DDBO DAAC = DNS8
DW11 DAOX FTIL3 = DNSL
FNOZ FNO3 = DNTS
FM15 ¥M16 i¥M17 FPLA =  DNWX
DNEZ DEDT = DNZE
DWOO FTL3 FPTIA FMAN + DWOL FTL3 FXS1 FXS2 FPIA = DPCU
DPSC + FPAD =  DPDC
DSGI (FPLL + FPLZ2) DAMG + DDB1 FPL2 DAMG + DTPI FPLZ FPLI DAMG = DPGI
(RERX + RPTS) REBX = DPIO
FP1A (DWOO + DWOl + DWO3 + DWLS) = DPIB
$PMS = DPMS
FPLZ + FPLI = DPNQ
FPRI FTL4 DWO3 + DSCZ FPSA FMOZ = DPSP
FPSX DPSR = DPST

PROGRAM PROCESSOR
FIG. 104



Feb.

Filed April 14, 1965

6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

LOCICAL COMBINATION SIGNALS (Cont.):

FAEC
DWO 1
DVTX
FIR1

QDT

FQO2
DWT9
Nnssc
DWQO4
DW14
DSNC
DWO3
DWO3

DWI15

+ DROL FPRM DRIT FMNX
FPIA DRBCL DIGH
DWOL + DWQ3 DGCP DFXW + DWL15 DIG4 DFXW

F1RO

FGQOT #qoo

+ DWTL

DWO3 FILA

DSRD DSIG DSIM FLSN DNL4 + DWL1 DSKRD DSIG DSIL FLSN
FTL5 FCOR FRRNZ FCL1 FCL2 DEDT

DIGD

FTL4 FMO4 FPRI + FLPB

FTL4 FMO4 FPR1

(DIG4 + DMTA + DVTC + DMOV + DSRD + DEDT)

+ DWO5 (DSAS + DASF + DDCA) + DWO1 |DMIC + DXIM FNXF DVSL

+ DXIM (DBRM + DLSC + DSAS + DASK + DEXF + DIMP + DLAL + DCPG

+ DEDT + DBRZ + DBRU + DMVL) + DVVH]

DWOB

(DSAS + DASF + DSHG + DVSY) 4+ DW10 FMAN

+ DWI5 (DAOX + DSRD + DVTC + DVTD)

+ DWO2 [DBKM + DIML + DAOX 4+ DASB + DCMM + DMIM

+ DBRZ (FRNZ + DLAO)} + DWO3 (DSAL + DLSL + DVLR FFVO
+ DMVL + DVSY + DGCP + DSRD + DEXL + DDAA)

DWo6

(DMOV + DSHG) + DWO7 (DMVL + DDCA)

+ DWO4 (DSAS + DMAD + DVLR + DASF FCOR DLAO + DVVL + DSNZ)
+ DW15 (DAOX + DVID + DVLR DDAC FCRE)

DW15

(DVTD + DSRD + DMOV + DVLR +_DAOX) + DW1l DSMP + DWL0 FMAN

+ DW09 (DCMI + DCMM + DVBJ + FLSN)

DSHC

MS00

MS04

DIGYF

+ DDCS + DRE4 + DSS4 + DVLC + DMVC

PROGRAM PROCESSOR
FIG 105.
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DPSK
DPSU
DQBX

pQDI

nODO
DQES
DRBG
DRCF
DRE4
DRES
DRIM
DRPI

DRSP

DRWO

DRW1

DRW2

DRW3

DRXM
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets—Sheet 110

LOGICAL COMBINATION SICNALS (Cont.):

(DW04 + FCOR + FSIN + DASG + DAAC)

(BWO3 + DVLR F DAAC + FSIN) (DWO4 + _FCOR + FSIN + DASG + DAAC)

(DWO7 4 DCAC + DDV : FMOD + DMRM)

(DWLH + DVLR + DCAC + FEQ4 + FEO5)

(DWD4 + DSRD 4 DAAC + DSIG + FSIN + DALS)

(DDCS 4 MS05 + DRE4 + DSS4) = DS55
MS10 + DDCS = D560
MSIL + DDUS = DSo6lL
MS 16 + DDES = DS6b
MS17 + DDCS = DS67
MS22 4+ DDCS = DS§72
MS23 + DDCS = DS73
DMEC DIGH = DSAL
DASG DSGO = DSAS
DDUS MC2 ) = DSBO
bpuUs MCLS = DSB1
DDUS MCOY = DSR2
DDUS MCO 'S = DSB3
DBAC + DSGO = DSBG
DW11 DNE1 DSHG DDES FSRI + DAOX DW1l DNEL = DSBL
DMEC DICF = DSBM
DCPO DWOL FTLS FEOD DVCA =  DSCA
DCPO DWOL FTLS FEOL DVCA = DSCz
FIR5 FIR4 FIR3 FIRZ = DSDG

DWOO FTLO + DWGL FILO DVRF + DWOl FTL4 DVCA DMTA
+ DWO3 FTLS (DMOV + DDDA) + DWO4 FTLO DAMG FDSX
+ DWO6 FTL2 DMOV + DWOO FTL4 + DWO1 FTL5 DNAT {(DIG3 + DVCA)

DSDT

]

MS569 MS70 MS7L DS72 DS73 DSE9 = DSE4

PROGRAM PROCESSOR
FIG. 106.
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets—Sheet 114

LOGICAL COMBINATION SICGNALS (Cont.):

(DVLR + DS50 MS51 MS852 MS53 DS54 DS55)
MS06 MS57 MS58 MS59 DS60 DS61 MS12 MS63 MS64

MS6HH D566 DS6T7 MS18 DSES
DROG FNXF DCGEN

DVIC + DVJIB + DWIY + DWi6

FIRT FIROD

DSCGL DLSM + FPL2 FPLL DVWA + (I'DLO + DDES) DSHG DDO9
FISP TRCK + FSRE

DESH (DSHX -+ DRIIO)

DESH DWSG DWSL DDIB DRIHO

DESH (DWS1 DWsO DDTB DRHO + WCCS FGST DDIB DW12 + DSDF)

DESH (DWCS FGST DDIB DSCS + DWSO DWS1 DDIB DRHO
+ DCCS FGST DDIB DWL12)

FIRS IR FIR3

DDES FDL4 DSHG + DDVL FCOR FMPL

DLAA + DLAO DLEFT

DLSH + DLAO DLEFT

DSRD DLIT

DSRD DSIG DNL4 FLSN

DWO3 FTL2 DSAL + DWL5 FTL2 DEDT DAOX + DRO1 FMNX FARM FTL2
DSRD + DMVL

DMSS + DWI7 + DWIY + DVES + DMVE + DIMR + DWL6
DWO6  DMOV

DSHE DNEZ

DBCLL DIGH

DMK FISP FRCK DVRS FMWR DSGP

DSHC DIGC

PROGRAM PROCESSOR
FIG. 107
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 365 Sheets—Sheet il

LOGICAL COMBINATION SIGNALS (Cont.):

DWOO I'TT.0 FATM (DBRM + DBRZ 4+ DBRC + DSPB)
+ DROD FPRM DRIT FMNX FTL4 FWRT + DWO1 DXIM FTL5 DBCYT
+ DWOO FTL4 DAMS DBCT FMAN =

DSHG -+ DDVS =
DWO4 FCOR DASF + DWO4 DMVI, DCAC + DWO4 DSRD DNL4 =
DWO4 FTL2 DSRU DAAC DSIG DALS =
DCPO FEOO FEOL DWO3 =
DLSC FIR2 =
MSGY M5T0 MSTL =
DWOO MAN (DSRD + DSAL + DMOV + DIGS + DNWX DVSL + DAMS DVSL DPGI)

+ DWOZ (DLSC + DEPX + DCMM + DMFM + DINL + DAOX + DMOV + DVLR

+ DASB) + DWO6 DDOM + DWl4 (DEXP + DNE4 + DNZE) =
DWOO [FMAN + DVVB + DNWX (DCMM + DAOX + DMOV + DASR) ]

+ DWOS DSCO DASC FCOR + DWO4 {DVLR + DVVL)

+ DWOL |DVTF DXTIM + DVCA (DIG4 + DGCP + DMOV)
+ DXTM FNXIT (DMFM + DCMM + DAOX + DASB + DMOV) ] =

DWOO  (DVST + DAMS FMAN DVSS DPGI) + DWO1 (DVSV + DMIC + DVCH)

4 DWOZ {(DEDYT + DVLR) + DWO3 (DIMP + DVSW + DMVL + DSRD + DVSY)

+ DWILL (DMAD + DAOX) =
DWO2 DEDT + DWOO (FMAN + DVST + DAMS DVTG)

+ DWOL JDVYSY + DVTC DXIM + DVCA (DIG4 + DCMI + DCMM

+ DGEN #B8Y) ] + DWO6 DVLR + DWO3 (DVSW + DIMP) =
DTPO FACZ =
DTPO FFAC2 =
DWO2 DMOV =

I'IR1 FIRO =

DIPT DPNQ DARS + FPLZ FPL1 (DQDI DARS + DCEE)
+ DTPI DLSM + FDI10 DD0OY9 DDES DSHG =

DWO4 DDES DAAC 1DOE DSHC FTL3 FAQ1 =

FCLZ FCLI =

DCPC DLAO =

PROGRAM PROCESSOR
FIG. 108
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DATA PROCESSTING 57 3TEM

565 Sheets-Sheet 11,

FNXF DIMM = DVCA
DVEW DNWX FCL1 = DVCE
DVCB DIGS = DVeD
DVSS DXIM + DVCA DVTH = bveH
DWO1l FCL1 DNWX DVEW = DVDF
DWO7 DDVL FTBL FTBO FMOD (DNEZ + DDAC DDCO)

+ DWO4 FTL2 (DVLR + DCAC) + FTL2 DROL (FPRM + FEMA) FMNX DRTT

+ FMNX DR13 FTL4 = DVEF
DRO1 FMNX FDCW = DVEQ
DWO1 DBRC DVCA = DVEV
FXS1 + FXS2 = DVEW
FSP1 + FSP2 = DVFR
DWO6 FTLO +_DWQS5_FTLO + DWO7 FTLO DDVL + DWO6 FTL2 DAOD

+ DW1l DMVL DAOX FTL2 = DVFK
DWl4 FTL4 FCOR DUSE DEDT

+ DW14 FTL4 FCOR FRNZ DERM FCL1 FCL2 DEDT = DVFL
DQES (DWl4 FCOR DIMP + DWL1_DMVI, + DW14 FNOO FNOL .

+ DW14 DQE5 (DSGO DCAB FCCZ FCCH + DDEO DCAB IFCC2 FCC3

+ DTPO DCE1 + DQDO DCAB DCIV) + DW14 DQES DCEL = DYrY
DRSI + DBLO = DVGO
DRO4 + DDIE DBL2 DINP + FLCP DDIE (DRRY + DROS) =~ DVGD
FMOO DEEI + FEOO DSMP =DV
FMOU DEET + TEGO DSMP = VG
DWOO FTL5 DPGI = Dy
DARS DAGL FCOR + FMPL DMVL FAC2 = DVIIN

PROGRAM PROCESSOR

FIG. 109
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 36% Sheets—Sheet 117

LOCICAL COMBINATION SIGNALS (Cont.}):

DWOL FTLS (DBNX + DBXM + DVCD + DBCL DIGH DVCA + DLAX + DXNW
+ DVDF) + DWQ2 FTLS (DMI'M + DIML + DCMM + DAOX + DASB
+ DBCL DIGB DMRM + DBRZ [FRNZ) + DW0O3 FTLS (DEXL + DLSL
+ DECP + DSAL + DDAA)Y + DWO4 FTLS (DMAD + DSNZ
+ FCOR DASG DLAO) + DW0OY9 FTLS (FLSN + DVBJ + DCMM + DCMI)
+ DWIS FTLS (DBRC FGRE + DMFM + DAMI + DVTD + DMTA + DMFI
+ DAOX + DASB) = DVUW

DWES 1P DSRD 4 DWL4 PIL4 + DWOI_FTLS_(DBXM + DLAX + DBNX + DXNW)

+ DWO2 DMOV FTLI + DWO3 FITL1 DEXP DSAL + DWO8 FTLL = DVIIZ

DWl4 FPL2 FCOR MO FMO3 FMO4 FMOO FMO2 + DW1l FTL4 DMVL
+ BWLS FTLS DBCL DIGH + DW1S_FTLS DERC FCRE + DWO6 FTL3 DAOD
+ DWLA JTL2 FCOR FMOL FMO3 ©tMO4 I'MOZ I'MOS = DVJIB

I"TLY DWOS + DWO1 HTLS DVCA DBRC FCRE =  DVJC

Dw02 (IJSI(, + DPBERM + DBRZ + DMOV) I

DWO3 (DVLR + DLDT + DEXP + DIMP +_DLDG + DMND_+ DSRD DLLA)

DWO4 | DARS + DMVL + DVLR + DSRD (FAOI + DLFT DAAC

DLET DNL4) ] + DWO4 DSHG DLFT DLAO + DW0OS5 DAMG + DWO7 DVLR

DWLS (DEDT + DSRD + DVLR) = DVJID

+ + +

DCIM [DWOO + DWOL + DWOZ + DWO4 + DWO5 (DAAE + DMTA) + DWO7
+ DPWOB + DCWY + DWl4 + DROD

+ DWO3 (DIMP + DEXP + DSAL + DVLR) ) = DVJH
VRNZ FTL5 FSIN DSE9 DWO5 FLSN DASG DLAO = DVJK
DWOL DIG3 DIMM DUSE = DVJIQ
DWOL I'CLEI FCL2 DTMM = DVJR
DWOT DIMM DVIW = DVJS
DWOL DNWX FCILT DIC3 DVEW = DVJV
DMVL, FMOD 1"FB1 TTRO = DVKB
DWO2 FTLO DVLR DDAC = DVLC
DDVL FCOR = DVLR

DWOS FTLZ DADC DAAC DMRM DERM + DWOS FTL2 DADC DAAC DMRM DERM
+ DWO5 FTL2 DSDG DAAC DMRM DERM

+ DWO5 FTLZ DSDG DAAC DMRM DERM = DVMA
DWO9 FTLL (DCPG DAAC + DCMI + DCMM) = DVMC
FSIN DSE4 DDCO DCDA = DVMF

PROGRAM PROCESSOR
FIG.I10.
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Filed April 14, 1965

LOCICAL COMBINATION SIGNALS (Cont.):

FISN FSIN DDCO DCDA + MC23 DCAA

DCMI MCi4 DSES + DCMM MC23 DSE4

DSEA MCZ3 DCAA + FSIN DSESG DDCO DCDA

FLSN FSIN DDCO DCDA

DCMI MC14 + DBCMM MC23

DWOD FiL4 (DVME 4+ DVMG + FLSN FSIN + DVMI)

DWO9 FTL4A (DVML + DVMM + FLSN FSIN + DVMP)

'MOS FMO4 FMO3 FMO2 FMOL FMOO 4 FMO5 FMO4 FMO3 FMO1

I'MO5 I'MO4 FMO3 IFMO2 FMOL FMOO + FMOS5 FMO4 FMO3 FMO2 FMO1 FMOO

FMOS I™MO4 FMO3 FMO2 FMOL FMOO DW14 FTL2 FCOR DEDT

FMO5 FMO4 FMO3 FMO2Z FMOL1 FMOO DW14 FTL2 FCOR DEDT

FMOS TMO4 FFMO3 FMO2 FMO1 FMOO DWl4 FTL2 FCOR DEDT

IFXST FX82 + DVEW

DW1l FTL3 DAOX
DWO2 FTLL DVLR

DMBU + DMDA (DIRK + DSRK)
DMBU FTLO FLSD

FTL2 FISP (DMBU + DMDA DSRK)
DWO2 DSRD DNEZ

DSRD DNL4

DWO3 DVLR DAAC

DWIL DGEN FWRS

DW1S DSRD

DWOS DMTA

DWO4L  (DVSH + DMVL FACZ2)

DMI'M + DCMM + DAOX + DASH

PROGRAM PROCESSOR
FIG. Il
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DVMG

DVMJ
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DVSIE

DVSG

DVSH

DVSK

DVSL
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"iled April 14, 1965

LOGLCAL COMBTINATION SIGNALS (Cont.):

DWI2
DVLR
DSAS
DNWX
DXIM
DEXDP
hMOy
|
DWO7
VLR
DEDT
DW L4
DLSC
Derc
DMFM
DV
DWO2

DBASF

DCEN FWRS
DUAC DWOS

+ DASF + DMVL + DSRD

TMAN DMOV

FNXIT DMOV

DLAD

FCRE

DMVL, DDAC

VLR DCAC

(DDAC + P CRE)

FCOR DLAO

(DEXP + DIMP)

+ DEXP + DIMP + DSAL + DEDT + DBRM + DBRZ + DSRD
+ DSRD

+ DBSA -+ DMTA + DASR + DMFI + DAMT

DWL5

DIMP

IFCOR

(DMRM + FEOS5 + FEO4) (DMRM + FEO4 FEO5)

DWO1

DCMIL

FXS1

DWO3

DAMS

DBRF

FTL5 DVCA DMTA

+ DOMM

YXa2 DEXW

FIL2 DVLR DDAC

DVTF + DNWX DMEC DIGA

DXIM + FCLL DBCB DBRF

PROGRAM PROCESSOR
FIG. 112
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DVSM

DvsP

DVSS

DVST

DVsV

DVSW

DVSY

DVTA

DVTB

DVTC

DVTD

DVTE

DVTF

DVTG

DVTH

DvTJI

DVTL

DVTM

DVTR

DVTS

DVTV

DVTX

DVTY

DVVB

DVVH
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INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 363 Sheets-Sheet 170

LOGICAL COMBINATION SIGNALS (Cont.):

DSRD DNEZ DLET _DSBC 4+ _DSRD DNEZ DLFT DLAO DNL4
+ DSRD DNEZ DLIMI DNL4 (DSGO + DDBO DAAC + DTPO DBAC
+ DO DCAC) = DVVL

DWOL DVCA (DIG4 + DMOV + DCPO + DGEN FBSY) + DWO7 DDOM
+ DWOO I'MAN + DW14 (DIMP + DEDT) + DWOL DHLT DXIM
+ (DSAS + DASF + DVLR) (DWOS5 + DWO06)

+ DWO3 (DVSW + DIMP + DMVL + DSRD) = DVVP
MO0 TEOD 4+ TMOG FEQO = DVVQ
FMUOU FROO 4+ FMOD FEOO = DVVV
DWO2 DSRD = DVVW
DSGI DARS + DCEE =  DVWA
DWIS DSRD (DCCZ + DLET) = DVZG
FWR3 'WRZ FWR1 FWRO DROO = DWOO
FWR3 FWK2 FWRL FWRO DROO = DWOl
FWR3 FWR2Z IF'WR] FWRO DROC = DWO2
FWRY FWRZ FWR1 FWRO DROO = DWO3
FWR3 FWR2 FWR1 FWRO DROO = DWO4
FWRY FWR2 FWRL FWRO DROO = DWO5
TWR3 FWR2 FWR1 FWRO DROO = DW06
TWR3 FWKZ FWR1 FWRO DROO = DWO7Y
FWR3 FWRZ FWRL FWRO DROO = DWO8
FWR3 FWR2Z FWRL FWRO DROO = DWO9
FWRY FWRZ FWRL FWRO DROO = DW1O
FWR3 FWRZ FWR1 FWRO DROO = DWll
FWR3 FWR2Z FWRI FWRO DROO = DWI2
FWRY FWR2 FWR1 FWRO DROO = DWl4
FWR3 FWK2 FWR] FWRO DROO = DWLS
DWO2 DDES = DWDB

PROGRAM PROCESSOR
FIG.113.
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LOGLCAL COMBINATION SIGNALS (Cont.):
DWO2 DDES DNLA =  DWDN
FWEN = DWEN
DWGoH T L = DWL1
NWOS  FTLS = DWL3
DWO6H FTLI = DWL&4
DWO2 FrLs = DWLS
DWOO 17112 = DWLb
DWO2 DNLA = DWNL
DWL2 IILG FWRS = DWRR
DWO7 DMV, = DWSM
DWOO L = DWT1
DWO4 FTL3 = DWT3
DWL5 1TL3 = DWT4
DWO L FTLI = DWTS
DWOS 1TL4 =  DWT6
DWOY LY = DWT?
DWLL IPL3 = DWT8
DWO7 1L = DWTY
DIMM DUSE + FX$2 FXS1 DNWX FCL1 =  DXIM
FCILZ FCLL DIMM FNXF + DIGS DXTA = DXNW
FNXEF DIMM DUSE = DXTA
FMUJ + FMRJ FSP2_(DGE2 + DIML + DGEL + DWO3 DMVL

4+ DWO3I DSRD DLET) = [ZB2Z
FMOG FID1 FMO2 FMO3 FMO4 FMOS + FMOO FMOL1 FMO2 FMO3 FMO4 =  DZCP

PROGRAM PROCESSOR
FiG.114
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FULL ADDER INPUT STCNALS:

FMOO FMSX + DW14 FCOR FSP1 FSP2 + DWO4 DDST FCOR FIRO = DX0O
FMOT I'MSX 4 DWL4 FCOR FSP1 FSP2 + DWO4 DDST FCOR FIRL = DXO1
FMOZ FMSX 4+ DWL4 FCOR I'SP2 FSPL =  DX02
FMUG PMSX 4+ DWL4 FCOR FSP2 = DX03
FMO4 FMSX DDCS + DWL4 FCOR FCLZ FCL1 + DWl4 FCOR FSP1 FSP2 = DX04
FMOS FMSX DDCS + DWI4 FCOR FSP2 = DXO05
PMOG FMSX = DXO06
FMOT7 IPMSX = DXO07
MO8 FMSX = DX08
FMOY IPMSX = DX09
FMLO ¥MSX DDCS = DX10
PMEL FMSX DDCS = DX11
IMIZ2 FMSX = DXI12
FM1Y PMSX = DX13
FM14 FMSX = DX14
I'M15 FMSX DIWC + DROL DCC5 + DMOV FIRE = DX15
FMLA FMSX DDCS DIWC + DROL DCG6H = DXlé
I'M17 I'MSX DDCS = DX17
I'M18 I'MSX = DX18
IFM19 FMSX = DX19
FMP0 IPMSX = DX20
IFM21 IMSX = Dx21
"M22 FMSX DDCS = DX22
FM23 I'MSX DDCS = DX23

PROGRAM PROCESSOR
FIG. 115,
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FFULL ADDER INPUT SIGNALS (Cont.):

FEQO DEST 4 FDOO FDSX FAKC + FCCO FCS2 = DYOO
FEOL DEST & DU FDSX FAEC + FCCl FCS2 = DYOL
FEGZ DEST 4+ IPDO2 FDSX FAEC + FCC2 FCS2 = DY02
PO DEST + FDO3 DDST + FCC3 FCS2 = DYO3
FEQ4 DEST + FDO4 DDST + FPO4 DPST = DYD4
FEOS BEST + FDOS DDST + FPOS ppsT = DYO5
FEG6 DEST + FDO6 DDST + FPO6 DPST = DYO6
FEO7 DEST + FDO7 DDST + FPO7 DPST = DYO7
FEOS DEST + FPOS DDST + FPO8 DPST = DYOS
FIE0Y DEST + DDOY DDST + FPO9 DPST = DYO?
FETO DEST + DDIO DDST + FP1Q DPST = DY10
FELL DEST + FDL1 DDST + FP11 DPST = DYll
FE12 DEST + DD12Z DDST + FP12 DPST = DYI12
FELS DESYT 4 b3 DDST + FP13 DPST = DY13
FEL4 DEST + FD14 DDST 4+ FP14 DPST = DY14
FEL5 DEST + DCCS DROL FMNX + DRO3 FMEM + DMOV FIRE = DYL5
FELO DEST = DY16
K17 DEST + DCCS DRO1 FMNX DCC5 DCC6 = DY17
FEEIS DEST + FCCO FAEC FCS3 = DY18
FELY DEST + FCUL FAEG FCS3 = DY19
FIE20 DEST + IFCC2 FAEC FCS3 = DY20
FE2L DISST + IFCCY FAEC FCS3 = DY21
P22 DEST = DY22
FEZ3 DEST = DY23

PROGRAM PROCESSOR
FIG.116.
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FULL ADDER INPUT SIGNALS (Cont.):

DRCA + (FCAY FAERC) = DZ0O
MCOS 4+ DDCS = Dz06
MCIT + DDCZ = Dzl2
NMC17 + pnei = DZ18

CLOCK GENERATOR INPUT SIGNALS:

NUCK DSGP = QCCD

DSIG FMRIS FMRD + QCCD = QCCK

CATED ClOCK DISTRIBUTION DRIVER INPUT SIGNALS:

QUCK FRCK = QCLK

QUCK TRCK = QCKGC

CATIED CLOCK AMPLIFIER INPUT SIGNALS:

DCER QCLK = QCER
(DWL1 I"P1.3 DMVL DDAC + DWO4 FTLO DSRD + DWO3 FTL3 DSRD + DVRN)

QUIK = QCNX
DEAP QUILK = QEAX
QCIX (DVEV FTL5 FCRE) = QEEX
DWIG QCLK = QMIX
(PWO2 FTLO DSRD + DWl4 FSRI DQES + DNCS + DVKB) QCLK = QNCD
(DW02 FTLl DSRD + DWO3 FTLO DVLR DAAC) QCLK = QNCX
(DW11 FTL2 DMVL DBAC + DW15 FTL2 DVLR DDAC) QCLK = QQNX
(WVLE + DWOD FTL5 DSHG + DWOO FTL4 DSHG + DMVC) QCLK = Qscx
QCLK DSDT = QSDX

[DVEV MC23 FTL4 + DWO8 FTL3 + DHSM + DVFK
+ DWL1 DBAC DAOX DCAC FTL2 + DVKB
+ FTL4 (DWO1 DVEW + DLAX + DWOl DXNW + DWOO + DWO2 + DSMV) ]
- QLK = QSEX

PROGRAM PROCESSOR
FIG. 117
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CATED CLOCK AMPLIFTER INPUT SIGNALS (Cont.):

(F$RI DEDT + FGLL FSRL) QCLK = QSHE
FSRT QULK = QSHM
| DVEEF + DWI4 IPTL2 FCOR DZCP DCEL + DVYFL + DSML

4+ DWOS L2 (DDAA + DEXI) ] QCLK = QSMA
(DVEF + DSML) QULK = QSMB
[DVEF + DWL5 FTL2 (DVLR + DSRD + DMFM + DBRC + DASB)] QCLK = QSMC
DSPT QULK = QSPX
QCKC DVRV = QTCO
(CKC DVRW = QTC2
NCLK = QICK
QCLK (F1L5 + FSRI FMOD) = QTLP
QCKE FISP = QTRK
NCKG = QISP

PROGRAM PROCESSOR
FIG. 118.
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TRANSFER ADDRESS IN P-REGISTER THROUGH
ADDER TO D-REGISTER.
TRANSFER ADDRESS IN D-REGISTER THROUGH

B-GATES TO B-REGISTER.

!

READ INSTRUCTION WORD FROM MEMORY INTO
M- REGISTER,

[ RESTORE INSTRUCTION WORD TO MEMORY. J

Y

TRANSFER OPERATIQN CODE_FROM M-REGISTER
TO0 _I-REGISTER

[CHECK PARITY, |}
Y

GATE INSTRUCT!ON WORD FROM M-REGISTER
TO ADDER.

Y
TRANSFER ACF FROM M-REGISTER TO Q-REBISTER. |

[ADVANCE COUNT IN P-REGISTER.)
Y

TRANSFER ADDRESS FIELD THROUGH ADDER TO
D- REGISTER.

TRANSFER INSTRUCTION WORD THROUGH ADDER
TO E-REGISTER.

IF ACF= 001 -1l 0, IF ACF = 1il, DNWX
DFXW ISSUES, EMPLOY FMI7, FMI6 , FMI3 ISSUES, PROCEED WITH
FLIW. ADDRESS DEVELOPMENT,

WOl
SEQUENCE ©
TO DEVELOP
ADDRESS.

© ®
FLOW DIAGRAM

WOQO SE%QE O; ;MICRO-
RATI

FIG.120a
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IF DIG3, IF DIG3,
DIG3 INSTRUCTION 1S IF ACF = 000, INSTRUCTION 1S
SINGLE ADDRESS CHECK DIG3. NOT TWO-ADDRESS
INSTRUCTION. INSTRUCTION.
4 ‘ ) NO ADDRESS
:E s?'r?génom | wol IF DIG3, DEVELO;MENﬁ yd
S INSTRUCTION IS | PERFORM APPROPR
TWO-ADDRESS F«ESS%'%C% TWO-ADDRESS BLOCKS TO EXECUTE
INSTRUGTION. DEVELOP INSTRUCTION. INSTRUCTION.
ADDRESS.
1 4
[ seTnxr | [ st nxr. ]
y
IS INSTRUCTION PERFORM WO2
CMM,RIM,ANM, |YES|BLOCK, USING
RXM, MFM, ABM, FIRST ADDRESS y
SBM 2 T0 OBTA'S IS INSTRUCTION PERFORM WO2
OPERAND. CMM,RIM, ANM, |yEs |BLOCK USING
RXM.MFM, ABM FIRST ADDRESS TO
wol SBM’? OBTAIN OPERAND.
SEQUENCE
I- DFXW TO
DEVELOP SECOND Wi
NO ADDRESS, %%%Erécl:_gpo
NO SECOND ADDRESS.
Y
PERFORM W15 IS INSTRUCTION PERFORM WIS
IS INSTRUCTION ves| AND. WOBR vES| AND WOBR BLOCKS
o R L RS
R TAIN OBTAIN OPERAND.
OPERAND .
NO
WOl WOl
SEQUENCE I-DFXW ,ngogg‘gfopo
TO DEVELOP WOl e SECOND ADDRESS.,
SECOND ADDRESS. SEQUENCE NO
(-DFXW TO
DEVELOP SECOND
ADDRESS.
— WOI
SEQUENCE O
TO DEVELOP

SECOND ADDRESS.

FIG.120b
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FIG.122a
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SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

ENTER FROM WOO
BLOCK, W02 BLOCK, WO6R

0,1- ,2 OR3

i

TRANSFER ADDRESS

IN P—REGISTER THROUGH

ADDER _TO D-REGISTER.

TRANSFER ADDRESE IN
D-REGISTER THROUGH

B GATES TO B-REGISTER.

Y
READ P-SEQUENCE AMS
WORD OR P-SEQUENCE
SAS WORD FROM MEMORY
INTO M-REGISTER.

Il

RESTORE AUXILIARY
WORD TO MEMORY.

GATE AUXILIARY WORD
FROM M-REGISTER TO

ADDER.

{

{

\_

RESTORE AUXILIARY
WORD TO MEMORY.

.o

IF FMI9, FMI8 =0,0
AUXILIARY WORD IS
INDEX OR OPERAND.

GATE AUXILIARY
WORD FROM M-
REGISTER TO ADDER.

'

{ NXF

IF FMI19, FMI8=0,l
AUXILIARY WORD
1S POINTER.

|
FM19, FMi8 )—'CL* FIELD OF AUXILIARY

3,368,206

%6% Sheets-Sheet 134

ROM SEQUENCES

—

RESTORE AUXILIARY
WORD TO MEMORY.

Y

GATE AUXILIARY
WORD FROM M-
REGISTER TO ADDER.

!

IF FMI9, FMI8= 10
AUXILIARY WORD
IS LINK.

TRANSFER ADDRESS

WORD FROM ADDER
TO D-REGISTER.

WOl
SEQUENCE |- DFXW
TO DEVELOP INDEX
OR OPERAND.

N
Da

!

RESTORE AUXILIARY
WORD TO MEMORY.

¥

IF FNXF, AUXILIARY
WORD 1S OPERAND.

TRANSFER ADDRESS

FIELD OF AUXILIARY

WORD FROM ADDER TO
- REGISTER.

TRANSFER DEPENDENT
UPON PARTICULAR

SET AOQIL

wol
SEQUENCE |~DFXW
TO DEVELOP INDEX
OR OPERAND.

GATE AUXILIARY
WORD FROM M-REGISTER
TO ADDER.

INSTRUCTION.

L

Y
IF FNXF, AUXILIARY

COMPLETED. PERFORM

WORD 1S INDEX,

!

APPROPRIATE BLOCKS

TO EXECUTE INSTRUCTION.

TRANSFER INSTRUCTION WORD

IN E-REGISTER TO AD

INDE X_ADDED TO TENTATIVE

ADDRESS OF INSTRUCTION

ADDRESS DEVELOPMENT

‘ IF DNWX, SET CLi

__{ IF DNWX, RESET CLL
(:D.:w;j——r



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206
INFORMATION SHIVT APPARATUS IN A DATA PROCESSING SYSTUM

#iled April 14, 1965 363 Sheets~Sheet 130

@ \F FM21, SET CL2
M21i }————4- [
IF FM2!, RESET CLZ2.

' : )
ADVANCE  COUNT IF FCL 2, DEVELOPED
IN_P— REGISTER. ADDRESS IS EFFECTIVE
Y ADDRESS AND 1S USED

TO OBTAIN INDIRECT
cLZ2 ADDRESS WORD.

¥
TRANSFER EFFECTIVE
ADDRESS FROM ADDER jWO!
TO D - REGISTER. SEQUENCE 2 TO
[ DEVELOP NEW EFFECTIVE
———— ADDRESS, ANOTHER
TENTATIVE ADDRESS

IF FCL |, INDEXING
S ’ OR A FINAL ADDRESS
IF FCLZ, CHECK CLL. CONTINUED WITH NEXT | THROUGH INDIRECT
P - SEQUENCE AMS ADDRESSING .
L WORD .
S Y
IF FCLI, NO TRANSFER DEVELOPED
CONTINUATION OF ADDRESS FROM
INDEXING . ADDER TO E- REGISTER]
( pI63 )— TRANSFER ADDRESS
IN P — REGISTER WOl
] TO ADDER.
IF DIG 3, INSTRUCTION | ?:5%%%%’3 gevTe?_op
IS TWO - ADDRESS ADDRESS.
INSTRUCTION. —
IF DIG3, INSTRUCTION
TRANSFER FINAL FIiRST — 1S SINSLE
TR SR N Ao ADDRESS INSTRUCTION,
TO E - REGISTER.

ADDRESS FROM ADDER (ADDRESS DEVELOPMENT
TO D - REGISTER. COMPLETED. PERFORM

SET NXF.

t TRANSFER FINAL

[RESE APPROPRIATE BLOCKS
RESET AOL ‘ T0 EXECUTE
™ INSTRUCTION.
IS INSTRUCTION PERFORM WO 2 BLOCK
CMM, RIM, ANM, RxM,I_YES _| ysING FIRST ADDRESS | WO
MFM, ABM, OR SBM ? TO OBTAIN OPERAND. [~ SEQUENCE O TO
DEVELOP SECOND
NO ADDRESS.
IS INSTRUCTION PERFORM W (5 AND wo |
YES | WO6R BLOCKS USING | , SEQUENCE O TO
MOV ? FIRST ADDRESS TO DEVELOP SECOND
OBTAIN OPERAND. ADDRESS.
NO
WOl
SEQUENCE O

TO DEVELOP
SECOND ADDRESS. FIG 122b



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTLM

Filed April 14, 1965

ENTER FROM WOO

BLOCK, W02 BLOCK
OR WO 6R BLOCK.

\
TRANSFER ACF [N

Q- REGISTER THROUGH
B- GATES TO B- REGISTER.

1

"READ FIXED LOCATION INDE
WORD FROM MEMORY INTO
M - REGISTER.

y

RESTORE FIXED LOCATION
INDEX WORD TO MEMORY.

GATE FIXED LOCATION
INDEX WORD FROM
M- REGISTER TO ADDER.

363 Sheets-Sheet 133

NXF

IF FNXF, INSTRUCTION

IS TWO - ADDRESS
INSTRUCTION AND FIXED
LOCATION INDEX WORD
IS OPERAND.

'

ADDRESS DEVELOPMENT
COMPLETED, PERFORM
APPROPRIATE BLOCKS
TO EXECUTE INSTRUCTION.

FIG. 123
FLOW DIAGRAM
SEQUENCE _I-DFXW
OF WOl BLOCK

IF FNXF, INSTRUCTION
IS SINGLE — ADDRESS
INSTRUCTION AND FIXED
LOCATION INDEX WORD

15 INDEX.
¥

TRANSFER INSTRUCTION
WORD IN E- REGISTER TO
ADDER; INDEX ADDED TO
TENTATIVE ADDRESS OF
INSTRUCTION WORD TO
FOKM FINZL ADDRESS.

¥
TRANGFER FINAL
ADDKRESS FROM ADDER
TO D - REGISTER.

|

ADDRESS DEVELOPMENT
COMPLETED ; PERFORM
APPROPRIATE BLOCKS
TO EXECUTE INSTRUCTION.



Feb. 6, 1968

E. W. HERRON ETAL

3,368,206

INFORMATION SHIFT APPARATUS I[N A DATA PROCESSING STSTEM

Filed April 14, 1965

FIG 124 a
FLOW DIAGRAM

SEQUENCE |- DFXW
QF _WOI BLOCK

ENTER FROM__
SEQUENCES 0,i-DFXW
OR 3.

465 Sheets—Shest 157

TRANSFER ADDRESS IN
D~REGISTER THROUGH

B— GATES TO B-REGISTER.

1

FROM MEMORY INTO
M— REGISTER.

RESTORE AUXILIARY
WORD TO MEMORY.

!

RESTORE AUXILIARY
WORD TO MEMORY.

GATE AUXILIARY WORD | | ¥ Emio FMI18=1,0

FROM M-REGISTER TO
ADDER.

GATE AUXILIARY WORD
FROM M-REGISTER
TO ADDER.

Y

REMOTE AMS OR SAS

IF FAOQL, AUXILIARY
WORD IS INDEX
OR OPERAND.

]

AOI
23

e

IF FMI9, FMIB= 0,0,
REMOTE AMS OR
SAS WORD IS INDEX
OR OPERAND.

IF FAOI, AUXILIARY
WORD IS REMOTE AMS
OR SAS WORD.

IF FMI9,FMIB=0l
REMOTE AMS OR SAS
WORD IS POINTER.

3
{F FNXF, AUXILIARY
WORD IS OPERAND.

RESTORE AUXILIARY WORD
TO MEMORY.

Y
GATE AUXILIARY WORD
FROM M- REGISTER TO
ADDE

Y
IF FNXF, AUXILIARY
WORD IS INDEX.

Y
TRANSFER INSTRUCTION
WORD IN E-REGISTER TO
ADDER;, INDEX ADDED TO
TENTATIVE _ADDRESS.

WORD IS LINK.

'

TRANSFER ADORESS
FIELD OF AUXILIARY
WORD FROM ADDER TO
D-REGISTER.

1
WO! SEQUENCE {-DFXW
TO DEVELOP INDEX OR
OPERAND,

[RESTORE AUXILIARY
WORD TO MEMORY.

1

FATE AUXILIARY WORD
F

ROM M-REGISTER TC

TRANSFER DEPENDENT
UPON PARTICULAR

ADDER:
]

TRANSFER ADDRESS

INSTRUCTION.

FIELD OF AUXILIARY

ADDRESS DEVELOPMENT

COMPLETED. PERFORM
APPROPRIATE BLOCKS

WORD FROM ADDER TO
D~ REGISTER.

SET _AOL

TO EXECUTE INSTRUCTION. WOI SEQUENCE I-DFXW

TO OBTAIN INDEX OR
OPERAND.

IF FCL2,DEVELOPED

ADDRESS.

ADDRESS IS EFFECTIVE TRANSFER EFFECTIVE 4-1

ADDRESS FROM ADDER

TO D-REGISTER.

WO! SEQUENCE2 TO DEVELOP NLW =

EFFECTIVE

ADDRESS,ANOTHER TENTATIVE

ADDRESS CR FINAL ADDRESS THROUGH
INDIRECT ADDRESSING.



Feb. 6, 1968 E. W. HERRON ETAL

ENI'ORMATION SHIFT APPARATUS IN

itled April 14, 1965

?

3,368,206

A DATA PRUOCESSING STSTEM

363 Sheets—Sheet 10

Q: FCLZ, CHECK CLI }——'>

IF FCL I, INDEXING
CONTINUED WITH NEXT
P - SEQUENCE AMS WORD.

{

Y

IF FCLI, NO TRANSFER DEVELOPED)
CONTINUATION OF ADDRESS FROM ADDER
INDEXING. TO E- REGISTER.
¥
TRANSFER ADDRESS
IN P - REGISTER
\
10 ADDER. WO! SEQUENCE
DIG3 - o —————~0TO FURTHER
J DEVELOP
I IF DIG3, INSTRUCTION | AQDRESS BY
IS NOT TWO- ADDRESS
IF_DIG3, INSTRUCTION INSTRUCT ION. INDEXING.
IS TWO -’ADDRESS
INSTRUCTION . ¥

i

! TRANSFER  FINAL

TRANSFER FINAL
ADDRESS FROM ADDER
TO D- REGISTER.

FIRST ADDRESS FROM
ADDER TO E- REGISTER.

Y

[ SET NXF. ]

Y

[ RESET AOI. |

y

L_,_ ADDRESS DEVELOPMENT
COMPLETED. PERFORM
APPROPRIATE BLOCKS
TO EXECUTE
INSTRUCTION.

IS INSTRUCTION
CMM, RIM, ANM, RXM, YES
MFM, ABM, OR SBM ?

PERFORM WO2 BLOCK
USING FIRST ADDRESS
TO OBTAIN OPERAND,

WOl
»-SEQUENCE O
TO DEVELOP

NO

SECOND ADDRESS,

IS INSTRUCTION | ves
MOV ?

PERFORM Wi5 AND WO6R
BLOCKS USING FIRST

ADDRESS TO OBTAIN
OPERAND.

|, WOl

SEQUENCE ©
TO DEVELOP

NO

WO SEQUENCE O TO
DEVELOP SECOND ADORESS.

FIG. 124 b

SECOND ADDRESS,



Feb. 6, 1968 E.W. HERRON ETAL 3,368,206
INVORMATION SHIFT APPARATUS IN A DATA TROCESSING SYSTEM

Tiled April 14, 1965 563 Sheets-Sheet 10w

FLOW DIAGRAM

SEQUENCES O, |-DFXW %G?—E_GCR
OR‘ 3. FIG 125
TRANFER ADDRESS IN D - »
REGISTER THROUGH B - 1
GATES TO B - REGISTER. IF ACF = 111,DNWX ISSUES:
I INDIRECT ADDRESSING _
READ INDIRECT ADDRESS A oD, WITH INDIRECT
WORD FROM MEMORY 2 -
INTO M - REGISTER. TRANSFER ADDRESS IN
Y D- REGISTER TO ADDER .
RESTORE INDIRECT
ADDRESS WORD TO MEMORY, |
Y SET CAY 70 ADD | TC
GATE INDIRECT ADDRESS ADDRESS IN ADDER.
WORD FROM M —
REGISTER T;) ADDER . WOl SEQUENCE
o
TRANSFER INDIRECT 3 70 FURTHER
ADDRESS WORD FROM DEVELOP ADDRESS.
ADDER TO_E - REGISTER,
¥
QM"" FM'G-FM'5} IF_FCLI, INDEXING

CONTINUED WITH NEXT
P-SEQUENCE AMS WORD,

IF ACF ¥ 7, NO

4
CONTINUATION OF TRANSFER ADDRESS IN
INDIRECT ADDRESSING. P-REGISTER TO ADDER.

4
C cLl ) TRANSFER ADDRESS

+ FROM ADDER 7O

—— D - REGISTER. WO! SEQUENCE
IF FCLI,NO CONTINUATION T—————5"0 TO FURTHER
OF _INDEXING. DEVELOP
IF DIG3, INSTRUCTION |ADDRESS BY
( DIG3 IS SINGLE ADDRESS INDEXING.
INSTRUCTION.
Y
IF DIG 3,INSTRUCTION 1S TRANSFR FINAL ADDRESS
TWO -ADDRESS FRON([ ADDER TO D -
INSTRUCTION. REGISTER. i
1 . ADDRESS DEVELOPMENT
TRANSFER FINAL FIRST OMNEETED . PERFORM
ADDRESS FROM ADDER APPROPRIATE BLOCKS
TO E - REGISTER. TO EXECUTE
INSTRUCTION.
[ SET NXFE ] PERFORM W02 BLOCK WOl
¥ —~|USING FIRST ADDRESS TO}»SEQUENCE 0
[ RESET AOI. ] OBTAIN OPERAND. 7O DEVELOP
! SR
M AN M, Mrm [YES] [PERFORM WIS ANDWO SR ] 0"
AEM OR ‘seM 7 ~BLOCKS USING FIRST |- WOl _
WO | SEQUENCEAEM, SEQUENCE O
0 TO DEVELOP T NO yes| |ADDRESS TO OBTAIN TO DEVELOP
SECOND {1S INSTRUCTION MoV ? 1= : SE COND

ADDRESS. —_ NO__ ) ADDRESS.



Feb. 6, 1968

E. W. HERRON ETAL

3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965

ENTER FROM
SEQUENCE 2.

y
TRANSFER ADDRESS
IN D- REGISTER

THROUGH B- GATES TO
B — REGISTER.

!

READ INDIRECT AMS
WORD FROM MEMORY
INTO M- REGISTER.

1

RESTORE INDIRECTY
AMS WORD TO
MEMORY.

{

GATE INDIRECT AMS
WORD FROM

M-REGISTER TO ADDER.

1]
IF FMI19, FMi8= 0,1
AUXILIARY WORD
IS POINTER.

]
fFMIQ,

1=

% Sheets-Sheet 140

FM|8\
\. J

Y

iF

AUXILIARY WORD IS
LINK.

FMI9,FM1I8= i,0

Y

TRANSFER ADDRESS
FIELD OF AUXILIARY
WORD FROM ADDER
TO D-REGISTER.

Y
SET AOI

'

WOl
SEQUENCE

TC DERIVE
INDEX OR OPERAND,

i- DFXW

SEQUENCE 3 OF WOQI BLOCK

IF FMi9, FMIB=0,0
AUXILIARY WORD
IS INDEX.

1

¥

TRANSFER ADDRESS
FIELD OF AUXILIARY
WORD FROM ADDER
TO D-REGISTER.

TRANSFER INSTRUCTION

WORD IN E- REGISTER

TO ADDER: INDEX ADDED
TO TENTATIVE ADDRESS
OF INSTRUCTION WORD.

C

M2i

FIG (264

FLOW DIAGRAM

wol
SEQUENCE |- DFXW
TO DEVELOP
INDEX OR OPERAND.

)_,

IF

IF FM2], RESET CL2.

FM21, SET CL2




Feb. 6, 1968

E.

wW. HERRON ETAL

INIPORMATION SHIFT APPARATUS IN A DATA PROCESSING

Filed April 14, 1965

¢
(

cL2

i
G FCL2, CHECK CLL)-—"

\

IF FCLI,NO
CONTINUATION OF
INDEXING.

A

DIG3

C

IF DIG3, INSTRUCTION
IS TWO-ADDRESS
INSTRUCTION.
Y

TRAN SFER FINAL
FIRST ADDRESS

SET NXF.
[ e
[ RESET AOL__|
-
IS INSTRUCTION CMM,RIM,

}_.

)__.

YES

> USING FIRST ADDRESS

863

iF DEVELOPED ADDRESS
IS EFFEéTIVE ADDRESS AND IS
USED TO OBTAIN INDIRECT
ADDRESS WORD.

3,368,206

S

(STEM

Sheets-Sheet 141

WOl SEQUENCE 2

TRANSFER EFFECTIVE
ADDRESS FROM ADDER
TO D- REGISTER.

TO DEVELOP NEW

EFFECTIVE ADDRESS
ANOTHER TENTATIVE

.

ADDRESS OR FINAL
ADDRESS THROUGH

INDIRECT
If FCLI, INDEXING CONTINUED
WITH NEXT P- SEQUENCE ADDRESSING.
AMS WORD.
i
TRANSFER DEVELOPED
ADDRESS FROM ADDER
TO E- REGISTER.
Y
TRANSFER ADDRESS IN WOl SEQUENCE 0
P- REGISTER TO ADDER. TO FURTHER

DEVELOP ADDRESS.

%

.

IF DIG 3 INSTRUCTION IS
NOT TwWO- ADDRESS
INSTRUCTION.

ADDRESS

]

DEVELOPMENT

TRANSFER FINAL ADDRESS
FROM ADDER TO D-REGISTER.

COMPLETED.
PERFORM

APPROPRIATE

PERFORM W02 BLOCK

ANM.RXM.MFMEABM OR

{8 INSTRUCTION

YES

TO OBTAIN OPERAND.

PERFORM WIS AND WO&R
BLOCKS USING FIRST ADDRESS

MOVP

NO Wl

SEQUENCE O

TO DEVELOP
SECOND ADDRESS.

TO OBTAIN OPERAND.

FiIG.126 b

BLOCKS TO EXECUTE
INSTRUCTION.

WO! SEQUENCE 0
TO DEVELOP

~—*~ SECOND ADDRESS.

WOl SEQUENCE O

L, TO DEVELOP

SECOND ADDRESS.



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

M

iy
I

STa

PROCESSING 57

DATA

SHIFT APPARATUS 1IN A

INI"ORMATION

140

o

7 Sheets—Sheeat

36

"
o

1965

iled April 14,

- Lzowal 01 puexado
2101891 01 uworjeisdo 2atam 238IITUL

"I0lexsusy
3201) 105830017 WeIZCag 14€3S

©103839UdH O0TH I0SS3201d
mex8oxg 3IBIS 03 V(NG 103 1TBM 711
*I03EBIIU3Y)
jqoo19 aossavoig weidoig deag MY
Xs3
MDIO
£HOa
~103s138y~{ 18910 | ZHDQ ‘TWDA ‘OWDQ
X8a T
+faomsy ul uworiexado peax 93EBIITUL @l NoLD
“¥20Tq ZOM @XTius Fuiaap jussaxd
sT Xgaq -Axoway o3 sssippe pueiadp Xdad 01l 08
(121 "314)
‘paxinbax
Jusmdolarap
sseippe 11
Tom
(pa3eoTpur
‘ya3usT 3UIN¥IOM IcleInInCoE se jdaoxe
105 031 T1d ‘g1 sdopr-diiz <2 oul 617 '313
‘191 sdolz-dTiI o S3U2IUSD AIISUBLL 114 6L 00M
SIMAL 13534 13S
N0IIVuY1dxd . ; {11 A0014
NOTLvxvidid 91907 ONTNEOM $d014-d113 | $d0Td-dI1d T

a1y @t

Tlaam) Tk

“{sq1) 07 SNOIIDIMISN

oTT
TLGL

D

- WWMOVIQ ONIWIL



3,368,206
147

FROCBSSING SYSTLM
Sheets~Sheet

363

E. W. HERRON ETAL

SHIT APPARATUS I[N A DATA

[NIFORMAT ION
1965

*AI0WBl UL UOTIEDO]

I0)ETNUMDOE PISSIIPPE IBITD 03
Azowsly ut uorjexado pesl 23BTITUT T 0Id
cLiowd 031 12315189y

I33unon 103BTNWNODY pug 1a1s1Zay-vy
WOIJ SS9IppE IOIBTOWNIDE 13FSUBI]T xava

*Mo0Tq COM @aTius 3utanp
juasaid ST WWYQ ‘3I231ST33¥-W 03
Aiowayy moxj picm JO I3Fsueil ITqryul MY A 01L oM

cAxowdy woll ATWAd
7eU8TS FuUTZTUOAYOUAS UO 103IBIAUIDH

2070 108se001d weiBoxd 1aelg NOYH | YHID
*AO0Tq ¢oM 03 ©D 0¥M | 001D
..... B e e L R L L el ot Rl kb bttt skttt oL
*Teudts Zurziuoayouds
Kxowaw 103 3Iem DUB I03EBI2UIH
¥o0Tn 10ssanoxg ueideag doasg MO
XSH 101D
T T N T G1IL
p:eshlo]
.................. e N R A 1L
A01D
||||||| Y e N A £1L
NOLLVRVIdXS 51507 DRTON S40T 14113 ) Sa0reeaTTe L A0

"iled April 14,

Feb. 6, 1968

(r3u0n) TOTIY ot ONw (Z@iy ¢f T @aTy 1% “(sC01) ofF SNOTLDI¥ISKI -~ WV¥OVIQ DNIWIL

QLT Tl



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

[NIORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEOM

144

703 Sheets-Sheet

iled April 14, 1965

*1eu81s Furzruoayouis
Kiowaw I0J 3TeBM pUB J10)BI8ULH
M201) 1ossavoxg weidoig dojg A5d
‘a8ppy 03
19351894 ~d WOXJ SS2IppE UOTIONIISUT
Ixau aaysueal ‘(1714 ‘71d = 10V
‘Zov) uoTaeaedo xojelnunooe isel J1I XSAVOVIaQ | 151D
"PISTF 3O pIOM IX2U SS3IPPE 031 BUO
£q _1835T89M-(] UT SS3Ippe aseaidaq anaa ¢TI
AId
%1l
AL
£1L
"Aiowel UT UOTIERDO]
103e]nNUNOo® passaIppe Ul pueiado
3103s 01 uworllerado 83Tam 33BTITUT MM | DI
*I103BID2ULY
ND01D) I08S900ag weiBoxg 3aeig MO¥ | N4ID
'101BIDUIH ADOT)H I0S88003g
WeI50Ig 2ABIS ©3 VMO I0T 1TEM 7L
'ICIRIIUIY
901D 10ssadorg weacag doxg 0¥
XS4 piiahye
e mmmmme— e e e cmemma o bommm e mmammmeam B mmmm e PR S
"IPISTEIY- UT p3acis ST pueaadg HOa
"123sT3ay-K g0 BuTaEalo 3TATYUI | ‘ZHOG CTROA TGO | 111
- SIAL 1383y NACE)
N N X — \ 01
NOLLVNVIAXS 01907 ONTNMOM $4014-d114 | Sd0T4-d1714 DL 00T
("2ued) (OQTY €% AKXV (ZQ1) 2% (aaDy 17 “(STT) 0F SNOTIJTiieRT = WVIOVIQ DNIWIL

2.TT AT



STSTEM

3,368,206

DATA PROUCESSTING

IN A

APPARATUS

E. W. HERRON ETAL

SHIET

[NPORMAT JON

Feb. 6, 1968

-

*AIowWaly WoIir ATNd
TeudTs BurzIuolyouls U0 10]BIZUH
3¥001) 10Ss@001g wWeiZoig 13IEIS MO¥ | OXMALO

*I03JBTNUNJDY UT paca 3xau
ss2IppE 031 AUO AQ IISTI8Y I31UNC)H

ICIBTNWAIIY UT IJUNOD 3DUBADY nova
2 *3o0Tq TOM O3 uIniaa
o ‘uctieaado zojEINUNDOE 3SBY 10U II C¥M Y OVId
o ‘MUO‘TM OD{ o2 IaAnisd |
— ‘uctjexado 1012TRWN0DE 1SE] 1| (0¥M ‘T¥M)TOYVIQ 001d
P e e e ——— s e mmm. e E e m e — - mm——m— —mm————— R bttt Dl b
i 011
< SAL 1353 13S

N N il i . { A001d

g NOLLVRV1dXS | 91007 ONINOM $4014-4112 | 54014-d114 ILL 2
—
Eey (*1u09) THTD) €5 Gav (Z@1) ¢7 (aCD) 1F " (S@T) 0F SNOIIDIEISXI - WV¥OVId INIWIL

i

D.TT 913



T4

SYSTEM

3,368,206

G

ESSTN
% Sheets-Sheet

SCNH

4
)

IN A DATA THO

APFARATUS

E. W. HERRON ETAL

SHLMT

[MPORMAT LON
1965

iled April 14,

Feb. 6, 1968

Tt Tttt ettt Tttt T Tttt R B T TTTTTITTTTT s
DL
e ——— e mmmmmm———— = e | e ecemmem—mmcmmmmmmbeam e e IR L

s AI0WA 01 PIOA I0JETNURDDR
5103891 01 uotrieiadc 23TaIM 21BTITUT wmil MOLD

||||||||||||||| PR Sy SRR S ittt il it

EEGEER ENED)
3001 10888d01d WEIFCIJ 2IBIS MY LD

||||| R e it sttt Dbttty R

*AIOWd)] WOIT
Yaug TeusTs GuizTUOIOULS IOF 1ITEN 711

*1031BI2U2H
¥DOTH 108882014 nzaxicag deag oY

XS4 NOLD

191sT88y-w 18310 | ‘7HOQ ‘TIWOQ fOWOQ T1L

-£yowmsjy ur ucoTaeiedo peax 238T2TUT | ool NOLD
EEe AT l|!UHH|I1!Tll||||llll0||l|llll

“ND0Tq 7OM @iTal2 ILIAND

I
qussaad ST wgvQg CAJICTRK 01 IADISTEBY
o0 15713

Is3iune) ICjRTNUNSDY pur I3 sTEay-v
oI §52XDOE ICJETNINDDE I3TTUTIT Xavg 01l

St 77598 745
(0TLYKYIX TWIL
ROLIFRYIXA 91907 ONIEOM Sd01i-4174 | Sd0Ti-dI1d

]
A
g
n
-
Z
7
o
o
“
-
1=t
b
iFal
2
O

TTF(CIOYE T (G1S)-F SNOITOMMISNI - WY¥IVIQ ONIWIL



!

SYSTEM

3,368,206

Sheets—Sheet 14

M)

DATA PROCESSING

A

IN

APPARATUS

E. W. HERRON ETAL

SHLPT

19

£

INFORMATIGON
“iled April 14, 196

Feb. 6, 1968

'
i

*U0T1eY0] lI0WDW DISSAJAppE UL PIOM
91035 03 uorjeaado @3Tam 93BIITUL MW IDID
R b L e L i e T
M20T) 105$9201g WERIT01g 1IBIS MOY | EID
TTTTTTTTTTTIBIeIBUs) WOOTN 1088adoxg | TTTTTTTTTITTTTTTTTTT ST TTTTTrITTCT
weadoxd 1aBIS 03 YA 0T ITBM Z11
EEGRCEERED)
Y0010 Iossadoag weadoig doag Y
SN S S SRS <X § SO B B: o}
"1338185y-R
utr st uo131ed0T A1ousuw passaappe
UT pax03s ag 03 paIoMm IOoIpTnundoy MJZUQ
1938730y~ TO BuTaEOYO ITQIUUT | “ZHOQ ‘TWOA " OWOa T1L
"UCT1BO0] AJIOUSW DOSSe1DpE AE9]D OF
Axowsly ut uorzeasado pesx 23BTITUL T | Mo1d
P fete - R A R e N
1935739y~ WCII SSIIPpE ISISUBIL X4aqaq
"MP0Tq oM 23TIus SuTanp
juasoxd ST MNVQ CI93ISITSY~[ O3
AI0WSl WOIY DIOM JO ISISURII ITQIYUT YWVa 011 COM
»LI0Wa WCAT QGNa
Teu21s 3UTZIUCIYDOUAS UO i0312Iinusy
®00T) Iessa20Ig WRIZECIJ 13B3IS AY | MAID
PR Sl 03 A = S RS S S eeoboooo....0¥M_L00ID
011
‘TBRUZTIS ZUTZTULCIYOUAS
Lxoman Z01 2TeX DUR I0leiaua)
MTCT0 I0ssadcxg meiscig deoacg i MO¥
e — e R E —————m 1 ol
¢II
T SWYEL 1383Y 138
NOIIVNYTISYE i
Vld i DI20T ONIHOM Sd0TI-d1Td Sd0T1d-dIT4 WALL 0018
(rawen) (hro)i- aXy (Z19)2% T{aIs)cy T(SIS)%% SNOILDIMISNI - WYaIVIQ INIHIL

9871 211



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

SYSTEM

[NI'ORMATION SHIFT APPARATUS IN A DATA PROCESSING

t43

2% Sheets—Sheetl

5
o

1965

Filed April 14,

*Azowdl wWoll (YHd
1eu8Ts BUTZIUOIYDUAS UO I0IRIIUDY
¥00T) Iossadoid weidolg 1Ie1S

*103BTNUWNDOY UT
pIom 1Xau ssaippe 01 auo Ag 1215189y
I93UNOY I03BIMENDOY UT JUNOD 3DUBADY

*q00TQ ZOM 01 uInlal
‘uorieasdo I03eTNWNDOE 1se] J0U T

*M20Tq (QOM ©3 uInlal
‘uotiexado zojzeTnuwndde 3ISBT JIT

novda

M OVId

(oaM ‘TaM)TOvId

ADE

p:iARe}

011

c1eusts SUIzZTUOIYDUAS
Axowsm I0F 1T©9M PUB Iojeiaus
F AT F B
¥o0Tn 20ssadoxg weidoig doag

- 13ppy 01

12915189y~ J WCII SS8IppE UOTIONIISUL
axsu aegsuerl ‘(114 ‘714 = 1OV

70v) uotiezado zojelnunode 3se] II

pT3T3 JO pIOM IXdU SSBIPPE 01 U0
Lq 1915139Y-@ UT SS2IppPEB 25EPRIVA(

A0Y

XSdTOVId

MOID

S1L

NOILVNVIAXE

SKYdL
2ID07T DNIMNIOM

RACECE. |

Sd0T4-d1Td

13S

$d0T13-d114

h:tolopi:i

(-3uen)

(D1S)ir ONY (1IS)or

F{ars)ct

(SIS)w%
237

i

SNOILDMIMLSNT

l'J

fe

- WY¥OVIQ ONXIKIL



K}

s1931s139y-7
03 1sppy yBnoayz pupiado zajysuea] XASH NiehTe

IIIIIIIIIIII DRy YU ——————— Y M e R TR R R R R R R oK

1L

eIl

SYSTEM

3,368,206

Sheets-Sheet

SING
83

v
A

.

- Azowa ©3 puexado
31031881 03 uorlexado 23Tam 33BTITUT MR | DID

*1031BI2U3H
¥o0Tn a0ssadorg weidoad 11e3g Mo¥ YLD

*103BI5U9H YDO0TH A0SS59001J
weidoag 1IRIS 03 YOWJ I0J I1em 711

E. W. HERRON ETAL

HIFT APPARATUS IN A DATA TROCES

o
2

* 103BIBUBY)
Moo aossasoxg weadoag dois 0%

XSd

*193s189%-W
ul paio3s puexado usym IIppy O3
123s189y-K woaz pueasdo Iasuel] XSK | YOLD

~1s1s18ey-W 18210 | ‘ZWHOQ ‘TWDAQ ‘OWOd
Xsa 111

*AIOWS UI uoljeiado peaI 93BRTITUL 6p:134 MD1D

THO0Tq ZOM
2173ua Butanp jussaid ST Xd4ad

-L{xowmel 03 sseappe puerado 38IT3 Xgaa 0Ly 708

1965

[NI'URMAT LON

(171 '313)
'paatnbax ssaappe

1SITI JC Jusm
LdoTeasp IT - TOM

(61T "31d) 00

SWHa1 13sayd 13s

J
DTD0T ONINOM $4014-d11d | Sd0T4-dT1d L 078

NOIIVNVIAXT

iled April 14,

Feb. 6, 1968

A
i

RIW) 0f NOTIDNWISNI - WVMOVICQ INIWIL



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

STEM

\
I

[NFORMATION SHIFT APPARATUS IN A DATA PROCESSING SY

0O

Sheets—-Sheet ;

363

Filed April 14, 1965

*20Tq SSIM 03 09

0015

011

‘P UTBRIqOo UOTIEBD0] Liowaw
puQ©das JO $S9Ippe ULUYM YXSW 1953y

ALO

1L

TI9ppYy 03
133s182y¥~g ur pueasdo idIsueiy
‘pauTRIqO SS2IpPPE pUODIS JT

*pauTBIQoO UOTIEDO0] AIowam
pUOD2sS JO $S3Ippe uaym puezado
pucO3s JO UOT1EBIO0ISII ITQIYUT

XSdv
d02q-0494d-
9dSA-WHId

MOLD

1L

(pe3eoTpuUT

se 3desoxe

171 813
SS3Ippe puovds
doteassp o
oM

*L1owRly TOAI NgWa Teudis SurzTu
-oayouds uc I03EISULBH DOTH 2IABIS

*ssaippe
puooas dcysasp 01 o0Tg QM 03 09

*1eu8Ts 3UTzZTUOIYDUAS
L1owsm I0J 1TBM PUB JIOJBIBUAY
¥007n Jossadoxg weidoag doag

*ssaippe puooas doTaasap
03 pasn pIopM ¢ys 2ouanbag-g ST
STUL "19pDY¥ 02 191ST39y-4 wWoal
piom sousnbas-g 1xau JO SS2IPPY

ADY
XSH

NOILVNV1dXE

SWEAL
OID0T ONIYIOM

MACECE. S
Sd01d-d1T4

138
Sd0T4-d114

ADOTd

(*3uc)d) (LIW) 0F NOILDNEISNI - WY¥OVIQ ONIWIL

YA

‘01i



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

]

Sheets—Sheet 1!

it
b

36

Filed April 14, 1965

cAxowsy wWoxI NgWd
1eu8TS SUIZTUOIYOUAS UO I0IBIBUDYH
}o01) 10ssev01d weadoag 11e3§

"HPOTq O0M 03 0D

1BUSTS  BUTZTO0IYOUAS AZ0mdW” 103 31BM

ADY

X410

001D

*1031RI8UBYH
qo01n 1osssedoig weaBoag doag

I8ppy 03
UOTIONIISUT 1X3U JO SSIIPPER IJISURIT

A0

S1L

1L

*1931S189Y-K
01 19ppy y2noayy puezado zsFsueig,

*uoT3IEed0]
Liowsw pucoss o3 puezado IaIsueil o)
Lzowajy uT uotirrado 23TIM 23IBRTITUT

-SUR1) SSPIAPPER UOTIBDIO] XOPUT pPOxRII
‘g-1 = pIom uOTIONIISUT JO JOV IT

-Lzoway 03 293s18ey-q WOIF paRaIIa]
-SUBI1} UOTIRDO] pUCIAS IO SS3Ippe
‘9-1 # PI0M UOT3IONIISUT IO IOV FI

Xgda~MxiIa

X4aavmxaa

1L

SETM

NOILVNVIdX3

SH43L
JIDOT ONIMYOM

13834
$d014-4174

13s
Sd013-d114

INIL

ADOTIH

(3uop) (UOd) 0f NOILDMNISNI - Wva9vid ONIWLIL

2671

D1z



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

a

363 Sheets—Sheet 157

"iled April 14, 1965

*1238139Y-W 021 Iappy Y3noayy
(#1-0 $3Tq) ssaippe is3ysueij WS ‘VHSD
*U0T3IEDO]
puooa3s 03 S§Saappe I2IsuUBI) 03
Azowsl utr uorjexado @3TiM BIETIITUT MR L MOID
T TiXiowsy o7 1378180y-d woay paazay | ClTTTTTTTTTTTTTTTTTTTTTTTIT T
-SURI} SS3IPPP UOTIBOO] X9pul pPaxI]
f9-T = pIoM UOTIDNIISUT JO 4OV FI Xa0avMxaa
*Azoway 03 x931s189Y-( WOIJ pPaIIIF
-SUBI} UOTIBOOT pUOD3S JO SSaIppe
f9~1 # pIom WOTIONIISUT JO JOV JI X4aavAxda 1L SSTIM
71l TTHEM
"MP0Tq SGTM 03 09 011 ‘ZdM ‘M | 00D
T 5 N A 0LL
‘pautelqo uorledo] Axowdw
pPuOd3s JO SS3IPpE U3aym XS 1953y XSHVVOAQ ADID
|||||||||||||||||||||||||||| e e e 1
*19ppy 01 Xsav
1935189y~ WOII POIIDISURII SSIIPpE 3994 - 2¥9q -
15173 ‘paUTBIQO SSIIPpE puodIs II ddSa-WHIA
(pe31EDIpPUT SE
*POUIRIQO UOTIEBOO] PUCDIS JO §sS3Ippe :
usyM pueiado JO UOTIBIOISAI 3TQIYUT WMTYOAG | MOID 3deoxe 171 " 81a)
S A S N [ S —— S$S21ppe puoOAs
711 dorsasp oL - T0M
(121 *313)
paxinbax ssaappe
31$ITI I0 Judw
rdoTaa2p IT - 10M
(611 '3Td) 00M
SHWYdL 13sTd 13s
NOLLVNV1dXd 21907 ONIIOM Sd013-d11d $4014~-d114 AL Aod

(IaW) T€ NOIIDNUISNI - WVEOVIQ ONIRIL

BRCT

‘014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

£ T
SRS

363 Sheets—Sheet 1

Filed April 14, 1965

*Axowey woal NgHQ
Teudis BurzTuoiyouks uo I101RI2UBY

A20TD 10Ss9doag weafoig 1IBIG M¥od | WHID
()21}
M20Tq QOM 03 ©0H TEM ‘7M eumM 0010
---:----;----|a---|--u|||-|aqmmmwmm- ........................................................
3uTzTuoayouks Aiowow 10y ITeM 01L
* 103BI9UBY
¥007D 108535018 meafoxg doig 0"
Ta9ppy 03
UOTIONIISUT IX3U JO SSBIPPR IDFSUBIL Xsd | Mo1d
............................................................................................. 1L
p:leh o)
............................................................................................. -
AVD
‘XSd ‘XSW ‘xs3 p:tohiel
.................................... ) I < R
SWY4L 13534 RACEY
NOLIVNY1dXd 0IDOT ONINHOM $40T4-dT1d | Sd0LA-dITd L Aootd

(*3uop) (TAW) T€ NOLIDNMISNI - WVEOVId ONINII

q0¢T

‘D14



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

4

3]

363 Sheets-Sheet 1

Filed April 14, 1965

01L

-1915T188y¥-g 03 I23sT8ey-3

woay uoT3leso] Alowsw 3SATF

J0 ssoippe FJO I9jsueil ITQLYUT
fpoUTR1qO SSIIPPE PUOIIS UAYY

T +asppy 03
191s189y¥~-KW wWoIl UOTIEDO] PuUCIIS
wmoxj peaa piom pueaado isysueil

‘pauTEl1qo SSIAPPE PUODIS UM

XSdVYdAd

¢l

*1935189y¥~Q 031 UOTIEDO]
Aiowaw 31SATI JO Ss2Ippe 1dJsuea)
‘pautTe3}qo SS9IpPE PUODAS USBYM

- 1appy 03 1935I8@y-H4 UT UOTIBDOL
Axowsw 3SATI JO SS3IpPPE I3ISUBRI]
fpaUIBRIqO SS8IPPE pUCDAS UBYM

‘uoTledc] LArcwmew
puoo3s IO S]1U2JUOD 2101831 03
faowap ur uorjeiado 81TIM SIEBTITUL

*pauTe1qo
SSoIppe puUOddS usyM ‘palITqIYuT IdPpPY
01 133s189y-| WOIJ UOTIBDO] pucdas
woxl peax piom puelado jo I2ISUBIY

X853V
d20d-044d-
ddsd-WWId

MDD

b o ———— - b we -

1L

(p@3EOTIpPUT SE
1dedxa 1z1 “8TA)
*$821ppE pUOOIS
dolaaap 05 - TOM

(121 "313)
rpaartnbax ssaappe

38I1F JO JuULW
LdoToa2p II - TOM

(611 "BTd) 00M

NOILVNVIdXE

SW AL
21907 ONIHIOM

13sdd
Sd073~dI'1d

L3S
Sd01I-d1T4

IHIL

. roont:l

(VIR) 7€ NOILDMMISNI - WVYDVIQ ONIWIL

BICT

‘014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Lo

8% Sheets—Sheet

7
g

Filed April 14, 1965

*193sT89yg~-W 03
18ppy Y3noayl (yi-0 $31q) pIom
pueiado JO pI21J sSs3Appe Iaysueil aWsdh VWSO
*Lxowsl utr uoriexado B3TaM 83IRTITUL UMW | MOID
..... R e i L O N A A
EOHUNOO._” Axowam 1SITI FO SS=2aApPPY Xq9ad CLL mmHB
32019 SCTH o3 09 M ‘€M | ZOID
............. B 7 - =) - I el e H
}o0T1) A0S8s9d0xg weadoag 1ae3ag Mo¥ | HId
TTTTTTTTTTTIoiRIsUs)y {D01H 108833013 [ T T TTTTT T fToTTTTTITETIEET R
weidoxg 3IBIS 03 YAWJ I0F ITepm 711
*103BIDUDY
qo01n, I0s8sdd01g weidoxg doalg MY
‘XSK 3989y XSH
*19ppy 03 193sI89y-9
woa3 piom pueiado zajsueij, ¥ST { MIId
..... o S Y R A
1235780y~ 1B9TD | “ZWOA ‘TWOG ‘OWDU T1L
*1235T88y-7 03 IBPPY
y3nocays uoTIEd0T AIowdm puUOOISS
woxJ peax piom pueiado 1sysuel] XASH
*£I0WBy WOXJ UOT]
~-B00T Axowew 3SITI JO S3IUSUCO pBII
031 Aiocmey ur uorieasdo pesl 23BIITUT @I MO
e oA tots R & 2= - 2 2 S Y I
guranp juessiad ST YXUaq ~AIocway
031 UOT3EDO0T AIoWsW ISITJ JO SSBAPPY Xeaa 011 qsom
SWIEL 13S3Y 13S
NOILIVNV1dXd 01907 ONINOM $4074-d11d | Sd0T4-dTTd L AO0TE

(*3uc)) (VIH) ¢t NOILDNUISNI - WVMOVIQ ONIWIL

aret

‘214



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

38% Sheets-Shest 15

iled April 14, 1965

- fr0WB WOIT [1EWA
1eUZTIS BurzTuoayouks U0 I0JBIdUIY

N001) 108582013 wei80ag 111G Do) MIID
gam ‘TM
32019 Q0M ©3 ©D ‘zam ‘edm | 001D
ﬂmmwmm-mmmmmmmwmmmwm-wmmmmm-mmw-mmmm ....................................................... 011
*I03EBI9U3H
yoo1p I0ssevolg wWeadoid doag 0¥
*13ppy ©1 uoll
-DNI]SUT 3¥Xau JO SSIIPPE IIFSUBILL Xsd MO1D
....................................................................... [ IR < £
ADLD
........................................................................................... 711
AVD
‘xsd ‘XSH ‘Xs3 MLD
................................................................ 1 A NN e
! SWAL 13sHd 135
NOTIVNVIdXE 01907 DNINOM $401d-d11d | $d01d-dT1d L A00TE

(*3uop) (VIK) <t NOIIDAMISNI - WWVMOVIQ ONIWIL

21ET

‘D13



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

SYSTEM

INFORMATION SHII'T APPARATUS IN A DATA PROCESSING

¢

363 Sheets-Sheet 1.

1965

Filed April 14,

*123s5T139Y-W
01 I9ppy WOIJ I03IBTNEWNIDY FO
yi8usa BuIdIOoM pUBR SSIIPPE IIISURIJ,

.Aamuuov

0T UO0TAEd07 p3axIJ UT I103B8]NWNIOY

Jo y3Bua] BuIlx®IOM pUE SSAIPPE 2101S
03 Aaowsl ur uorierado 33ITIM 23IBPTITUT

*I103BI3UBYH
¥00T) a0ssadoag weaBoag 1i1eas
03 AIowwy WOIJ VWG TPUSIS X0 ITEM

gHSD VRSO

1L

' 103BI9UBY
Y0010 1osseovoirg weadoxg doig

' A9PPY
01 I931sT39y-4 WOXJ X02ETNUNDIY JO
y3j8ua1 3uUTHMIOM pUEB SS52IPPE ISISUBI]

A0Y
XSKH

XSsH

MOId

T1L

$giq -Axomey uil (IE3ID0) Q] UOTIBOCT
paxIy ss2ippe 01 €09 21eH-g olqeuy

O1L

CTM

(121 "313)
Fpaxtnbax ssaippe

1SITI 30 Juaw
~doTaasp IT - TOM

(611 “31d) 0OM

NOIIVNVIdXd

SWIAL
JI00T ININIOM

LAsTd

Sd0T4-d1'14

L3S
Sd014-d1IT4

INIL

Ad07Tg

{AOW) 90 NOTIIDAYISRI - WV¥JOVIQ ONIWIL

BT

‘D014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

SYSTEM

APPARATUS IN A DATA PROCESSING

[NFORMATION SHIFT

Sheets-Sheet 11

30638

Filed April 14, 1963

‘x03BI2UDH ¥OOTNH JIelsg M| RID
R E ek £ o VR T N A TTTIICTaM fzam| 011 " 0¥M[ 201D
103815055 {5015 31818 67 TRTowsR Moy [T T T T T TR R I A

Vaua Teu8Ts Surzruoayouds 103 ITeM 1L
*I03EBI3U3Y
M207n Iossadoig weidoig doag oY
TA9pPY 03 pIOM
gy oouanbog-g Jo SS3IppE Iajsuel] XSsdl MoId
e mcmmm————m————— N D PUNPS EREp R eamcrmmm—m—— I
Xsa 118
"191s51809-3
03 I9ppy WOIJ SS8Ippe IdISUBI] XASH Mo10
..................................................................... TTTTTTTTTTTTTTITTTT ooz q90M
s Kxowely WOIT FNA
TeudTs U0 I031EBIBUIY N2OTH 1IBIG MOM| IO
*300Tq YeOM 01 09 0¥M UM 0010
-1ea37s 8uTZT00Igo0AS TRIGLAT I8 T1Ten | T SEmTEEEEmeT S FTTTT O o1
*I03BI2UdY
H20Tn I0ssadoxg weiasoxg doig MY MOI1D
..................... [ A e 1L
A01Y
..................................... e N B v
AVD ‘Xsd ‘xs% MOLD
- e e e e e . —— e e e e e e e e e - e o ———— - — b = -
ada ‘FNI
*19ppy ©3 J33SII2Y-g WOII (SSIIDTpE
02) PTA8TI £10T9wm 215ITI IC paor
2UedTITUSTS-150T IC SSaIPPR IBISUBIL ¥sq €11
[ SIAL RACEICE. ] 138
NOIIWNVIdY 8 ADOT1E
NOLIVRVIdRd DI90T ONINHOM $4073-d11d | Sd0T1d-dI1d L 2

(rauc)) (AOK) 90 NOTILOAMISNI - WV¥OVIQ ONIWIL

el

caT I



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

STYSTEM

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING

g

1

363 Sheets-Sheet

Filed April 14, 1965

$103B13U3Y
ool 1ossadoirg werBoxg doig NOY
-193s1d9y
103e0TpUT y3iBua] A01BINUENDIDY O3
pIoM [oI3u0d JO 1 ‘(Q S3ITQ IaFsuelp avaa
*1218189Y-vV 01
pIom TOIIUCD JO HI-g SITQ I2ISUBIL xvad
XSH A0LD
................................................... e R R <
©1915180y-7 03 piom TOIJUOD IIFSURI] YIS0 YOI
|||||||||||||||||||||||||||||||||||||||||||||||||| B A A N L 6
ADIO
T TTTTTTTTTTTTTTTTIIRISIRAgIVIesTA [T T TTTTT viag Tttt Y R €11
*1318I83¥-q 023 12pPpy woig
sseappe p19TJ Axowsmw 1ISATT IITSUBRIT Xasd
X&4
*I9ppy 031 I81SsTBay-|y
moII pAOM TOIIUOD I3ISUBIT XS | ¥01D
TToTTETTTTTTTTTTTITTmmmmmm T R e ot TTTTTITTTTT 1L So0M
1L
"0014 S90M 03 @D 071 C0dM ‘T¥M fguM | 001D
e N I Tt [ 01L
*219ppY 03
piom TOI2U00 IO I3FSUBAY JTQTIHUT XSWTVOAd ADIO
IIIIIIIIIIIIIII - e o e o o W WG E e MR EE e e — . ———— m - Em e m - — = — .- mlHH
*X9ppy 01 123s5188y-3 WO (peaEaTpuUl SE
i - ToxXI
- . e < - , . B jdaoxs 177 *2131)
ss21poe pleTy Aiowdw 35Ty A1ddy XSATINIA | ¥DID - €§31ppE pPU0IDS
|||||||| 3 ittt S H 0T 7711 | doteasp oL - TOM
. SWEAT 135834 13s
. \ . I 1
NOTLVNVIAXS OJID0T ONINIOM Sd0T3-d11d Sd01d-411d PLL A0018
(rauey) (30W) 90 NOTIDIYISNT - RV¥OVIQ ONINIL
S St



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA FROCESSTING SYSTEM

Sheets-Sheet 160

G5

3

Filed April 14, 1965

£1L

‘paoM 9X03831 03
Lzowey ut uotlexade 531Tam a1BTITUT

VQWd TeuBTs Sutziuoxyouks 103 1TeM

AL

MLO

*103lEBI8UDY

¥001) 108533013 weaBoig doag

"paom

TOI13U02 3O paTJ SS8IPpPE 03 SUO ppv
*PTI2TJ JUNOD JUdWRIDUT

03 I3ppy 03 pPIOM TOIJUOO I2ISUBILJ

*1815T39y~ 19T

*I123sT38Y¥-7 ur
DPT2TII Junod o3 auo Juippe ‘1appy
031 ¢1xq Indut spracad o1 ¥l 129

AN

*S{xcwey ul uotiezsde pEax 21BTITUT

1215752y 103807pul Y33UeT I0IETNWNOOY
PUE I3315T32Y-V WOII DPI2TI Lxomou
pucoas IO pIom JO §S2IPPE I3ISUBI]

Xqva

Kiode}

011

40}

.muoﬁmzaouw
TEUSTS UC I01BIBUR2Y Y20[) 1IB1g

"¥20Tq zoM 03 09

LD
001D

01

NOIIVNVIdXE

SIY3L

1353y

2ID00T ONIMNHOM

Sd0Td-d11d

138
Sd0Td=-dI1d

INIL AD0Td

(raue))

(AOK) 90 NOT1IoMISN

o
jall ER AN S

taT oz

I - WVEOFICQ ONIKIL



3,368,206

DATA PROCESSING SYSTLM

E. W. HERRON ETAL

Feb. 6, 1968

APPARATUS IN A

INFORMATION SHIFT

Sheets—Sheet 161

S63

Filed April 14, 1965

BECEEEEDED)
NooTn xossavoxg weidoxg doig

1L

‘U0TI3BDOT KI0WaW PISSVIAPPE 1S O3
Lxoway ut uoriexado peax B3EIITUL

........ Futanp

quesaad ST WWVQ ~I91ST3Y-N
07 uOT1ED0T AAOWSW PISSIIPpPE
Ul piIoM JO IA9ISUBAD 1TATYUL

rL1owmsy 03 pIOTI Kaowaw
18IT] JO pIom JO SS2IPPE IDISUBIL

AWVA

Xdad

0L

£0M

+A30WLY] WOIT NGWA
TeudtTs U0 I03BIBUWLYH }OO0TDH 3IBIS

"300Tq £OM ©3 0D

-7eu8T5 307zTU53050X5 Xidowam 107 1TeM

heemecmemmerme e ———— A e .

YILD
001D

e ————— b—_————

011

*101BIBUIY
Mo01) xosssooig meagoag doag

r1338189y
103e9Tpul YisusT I0IBTNWNIDY puUB
183s18ey-v 01 PI2TJ AI0WaT DUODIS
IO pIom 3IX8U IO SSIIAPPE IITSUBRIL

aviaa ‘xXvad

A0¥
XSW

MOID

lllllllllll fo o - -

*0I9Z 03 IBA0 STIOX piIom
10x3uco Jo pIall 2WN0D Uaym 185 M)

*1328189y-7 01
SpT21I SS2IPPE DPUEB 1UNCD P3ludTaIoul
yiT® paosm 10ajuod pajepdn zaFsupiay

- m e m - — - ———— - mmmmm = -

“3I338T39y-¥ IE3[D

Td07

NOILVXYIdXE

WIEL
01907 IONINIOM

13s3y
Sd014-d171d

13s

Sd0T13-d114

ADOIE

(7u0)

(A0K) 90 NOILDQ¥ISNT

- ¥EOVIQ ONINIT



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

365 Sheets—Sheet 189

Filed April 14, 1965

CAzomal weIl AgHa
1eudTs Uc I03BIAULH MOOTH IIEIG WHIO
90TG ~Op 01 08 ‘0 = pIelF Junod 3T (0dM “T¥M) TTADA TAMTIDA
T 5300Tq
£OM PuE zoM 1eadaa pue 7om 02 uinlel
‘0 # piom TOIN0D FO PTaTF UNOD I QMO 001D
Y & 051 =) < o [ r--TTTTT TTTTTTTT A
woxy TeulTs SUuTIzTUOIYSULS 103 ITEM 01l
*103BIBUBY
N201) Iossavoxg wexdoxg doig N Rr!
AVD
*1938T39Y4-(Q
C} S$$2IpPpPR PI1USWAIOUT ISJSUBI] Xasd A0Ld
||||||||||||||||||||||||||||||||||| N e e C1L
pitoNTe
||||||||||||||||||||||||||| OO (SO pNDY (U N -
p:tolKo)
................................. 17 2 e I A A
Ag $$21ppE SIULWRIOUT “MD0Tq ZQOM
2uTanp 335 ‘XyD  C3Ippy 01 plely
£3C=22 33aTJ IO SS8IPpR I2ISUBRI] ¥sa 1L
*pI21J Axowaw 3ISITI JO
UCTI1BDC] DAsSaIpPpP 03UT I33stoy-N UL
PT12I7 £ICT2T PUCISS IO PIOM 8I0IS 03
Azomey; uy ucraeaado 931TIM B3BTITU] UMW | MDID
R T T R = oo e Yol T - ¥ e e S o9 | waId
2 4 R (s o A ToTEEEETTIemT B [TTTTTTTTTTTTT T
V@NC 12u37s 3uTzIuoayouss I0J ITeMm 1L
SWdaL 1383y 138§
{ N AD01d
NOLIVAVIZXE 01907 ONINOM S40Td-d11d | $d0Td-d11d INLL

(*3uocn) (AOW) 90 NOIIDOTYLSNI - WvdovId INIWIL

e
o
Tl

21

[t



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-Sheet 163

Filed April 14, 1965

‘1238189y¥-9 03 yaduer
pue UOTIIED0T JIOJRTNUNDDE IDISUBIL XASH AD1O
|||||||||||||||||||||||||||||||| B g PGS USSR S -
MDD
= S TS - = e = e Yo R R £1L
¥SH
*13ppy 03 y3sual
pPUE UOTIEDOT I03ETNUMDDE I19JSURIJ, XSK | d01d
ToTTTTTTTTTTTEEmmmmmmmnmm o mmmmmemTm Tt TToTTTeTEmes N R I R 1L S90M
*o0Tq S90M 03 0H TdM | 201D
IR S E FEX i B ook £ W =S - i Hiie TTTITTTTTTTTTRoR [ uId
||||||| Y € 3¢ 5 A gl s - 2 it Bttt Aeinieieteieiteietitiel ittty
VaWg Teults BurzTuoayouds IOJ ITepM 1L
* 103BRI9USY
q201H aossed0ig meiBoxg doig MM
Xsd
*18ppy 03 YyaBus] pur UOIIED0] I03B]
-NwWNode paxols LA[snolasad Isgsuex], XSH | ID1D
e mr e mma e m————m———— cm——— . Mo E et S Rt ———-
"A23STIBY-W I1BATD | ‘THOA ‘TWOA ‘OWDA
ic2:08
Xsa 111
*Azowol ur uorieisdo pEAI B3BTITUT TR | M21D
T¥501q ¥ROM 2aT3us 3ulinp IwssaidTsT T 2 e
ggdq - 4Lxomel ul (T1€3I00) (O UOIIBRIOY
paXTI $s2ippe 01 ¢(Qg 23IBH-g a[qeuy 594Q 011 q70M
SYIL LAs3y L3S M001g
NOLIVNVIdXd 01907 ONINIOM S401-dT1d | $d0Td-d11d L

("3ueg) (AOW) 90 NOILDMUISNI - Wvadvid HONIWIL

2761

‘o144



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

3¢3 Sheets~Sheet 164

Filed April 14, 1965

* A10Wa] WOLF
Aguag TeuSIs uo I031BADUIH {I0TD 3IB3IS
'3207Tq Q0M ©3 ©3

TEalTs 80I2zT00Iuduks AI0WSW 10T ITEM

* 103 BI2UBYH
yo01n 1ossadoxg meadoxad doig

‘Kysaracedsaa 174 ‘¢1d
sdo77-dT17 pue I935T88y-y 01 Y3Bual
pup UOT3IBDO] I0IBTNUWNRDOE IBFSUBIL

TA19PPY O3
UOTJONIISUT IXAU JO SSIIpPPR IIFSUBIL]

KSW

XSd7dd04

NOILIVNVIdXA

SWHAL

JI00T ONINIOM

13S3d
Sd014-d1T4

RACH
Sd0Td~-d1IT4d

ADOIE

A. UCOUV

(AOW) 90 NOILONYLSNI - Wvaovid ONIWIL

Erant

‘O14



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-Sheet 1vu

Filed April 14, 1965

cas3sTdey-q 031 puexado Isysuea]

AOLD

1L

AOLY

£1L

*10]1B18U35 D0 108521017
weI8o1g 3IB3IS 03 VOHA I0F ITEM

MoLD

IO

¢1L

*I01BIDUSY
o019 10ssadoig weidoxg doig

*a1235T39y-W
Ul psx03ls ST pueisdo usym Iappy
01 19318189y~ woxy pueaado zaysueay

* 19315189y~ IBITH

*1335189Y-d IB9I)

pie): |
Xs3

€WDa

b1oa

TIL

*Azomey utr uorjerado peax 93BIITUT

Z0M @xT13us Futanp jussaiad sT YXgaq
*AIoway 03 ssaippe pueaado 1sJsuBil

MO1D

b= -

011

[40%

(171 "914)
‘paatnbazx

jusmdoysaap
SS8Ipp® J1 - 10M

(611 '31d) oom

NOIIVNVIdX3

SHYIL 13S3¥

JID0T ONINHOM Sd0Td-d114

L3S
Sd014-d114

INIL

ADO1L

{d¥%) 07 NOIIDNMISNI - Wv¥OVIQ ONIWIL

BECT "DI3



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

SYSTEM

INFFORMATION SHIFT APPARATUS IN A DATA PROCESSING

3€3 Sheets~Sheet 1€5

Filed April 14, 1965

TIC1BNUNJOY possodppE UL ¢-( $119
2103s ©1 uotjeaado 23TIM BIBTITUT ¥MH
*I91ST29Y-N
03 Iappy WOXJ G- SITq ADFSUBIL VWSO ADLD
TTTTTTTTTTTTTTRIO0IRiIAUSS ¥oOTH 3aBAS [T TTTTTTTyTTTTTTTTTmTTETTamTTTTTeT T Id
............ 0 = A< X4 0 e A E
VWG TeUSTS Burziuoiyduds 107 JTIBM 711
*101BIDUY
Mo0T) a0ssadoxg wexfoag doig oY
*a9ppy 031 pueiedo I3aIsuBIl X84 | MO1d
||||||||||||||||||||| R B R et S I
"asastHoy-W 1e9TD | ‘ZWOQ ‘THOUQ ‘OWDQ 111
‘uoT3IEO0]
pIOM I0}BP]NWNDOE PISSBIPPE IBITD
03 Lxowsy ut uclleiado pesr s1eIITUT TEd | YDLD
TTTTTTY507q goM 8aTius Bulanp jusssad | T T T TTTTTTTOpTTTTTTTTTTTTTTopTTTTTTTTTTITTITTTT
ST ¥MWVQ ~I23STB9Y-[ 03 pIom I03e]
-NUNOOE pPOSSVIPPER JO 19JSUBI) ITQTIYUT TWYa
* AI0TAY
01 SSaIppe pIOM IOIBTNUNDDE I3TSUBIT Xava 01L oM
*A1omap woI¥
NEHa Teu8Is uo I0leIIUIH NOOTT 1IBIS o9 | WIID
TM20Tq ¢OM ©3 ©°) 0¥M | 001D
.......................................................................... T o
‘1eu8Ts SurzIuoIyouds
Lxowaw 103 1TEM puUB I1031BI9U3H
¥o0T1n aossavoig weadoag doiag MO
XSH] J01d
|||||||||||||||||||||||||||||||||||| e S 11
. SI¥AL 1ds3¥ 13s
NOILVNVId J
Xd 21007 ONINMOM Sd0T4-d174 Sd01A~d1T4d WL A0Te

(ru0d) (dX3) 07 NOILOMYISNI -

206t

514

KYYOVIA ONIKWIL



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A& DATA PROCESSING SYSTLM

i
i

363 Sheets-Sheet 1+

Filed April 14, 1965

suerplrsed 31q auc I
3BT poAITYS 1235TS0y-5 3O §1U23u0y HSD
*0M1 01 PIDUBAPE 1D]1SISay-p UT 1UNoy 000 100 [ NO1D
||||||||||||||||||||||||||||||||||||| D T e e e T T T R T e e M e wr n T T e e e e wW\HLH
-uoTaised 319 2uo
YT paiJTysS I938TBay-3 7O S3udjuc) JHSD
*3U0 01 padUBApPE I21SIBay~) Ul Junocn 000 | MOId
CTTTTTTTTTTTTTTTmm e I T I R R ¥4
"dorz-dITF TM§ 335 I¥S | M0Id
TTTTTTTTTTTTTTTTTTTTTTTTmmmmmmn N IR TTTTTTTTTTTT 1L SHIx
s Rxoweyy well N
TEUSTIS U0 I03IBIAIUSYH MNO0TD) Iieag oMY | MID
NPT Q0M Q3
08 ‘uorjeaado zojeInuMoOE 3sel JI (UM ‘T¥M) TOov1a
3P0Tq SHIM 03 0F [ €4 A AR
‘uorieiado zolE[nENIOE 3ISBT 30U I (011 “0¥M)TOVIQ]  CEMM)TOVIA | 00ID
uuuuuuuuuuuuuuuuuuuu e e 0L
*TBUSTS BuTziuoIYouis
Licmelw ICI 1TEM DUE I01RBIDUID
¥ocT) Icssaocag wmeaBoxag dosg NOYH
‘uorieasdc IciBTRWNDDE 1SE] IT A8pPY
01 UCTIONIISUT 1IXAU IC SS2IpPpY ! ¥sdTovIa | MOLD
TTTTTTTTTTTTmTmmT T mmmmm A m o e Tttt ¢||-:|'nn| |||||||||||||||||| R €11
NOID
TTTTTTTTTTooTTTTmTTemt e Jromemm e (R =11
! 01D
................... e e €1x
SIKYdL ; 1353% 138
NOIITXYIdxa B ; . - WIL A00149
- AYIX JID0T ONIMMOM | 5d0TI-dI14 5d0T3-d1774 il A
{3ucD) (dNF) O¢ NOIIDIMISNT - wwwovid ONINIL

I Satake



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-3Sheet 10d

o

Filed April 14, 1965

cAxowsp woll QUWd
TeuBTS U0 I0JBIBUAD }I0TD I1BIS O | WHLD
‘auo KAg I193ST3I9Y 131UN0H
103BTNWRDDY UT 1UN0D ADURADY nova
*}50Tq £OM 03 09 i oM QUM | DDID
........... Dt EEEE S Sttt e N N 18/
~1eu8ts BuTzTIUOIYIULS
AIowsw I0I 1TBM pUE ICIBIDUSYH
¥001D I0883201g mpadoxg deas Rert 991D
R EL L b 2 4 R CE T R TThTThTT pi S Iggl™ Tt T
‘uot3tsod 119 Quo
1y8Tx po3IJIYsS I2ISTEIY-F JO $3ULU0D THSD
*0I2Z 01 PIDUBAPE 1315I89Y-0 UT 3IUNOD 700 ‘000 NO10
.............. -----qmmmmmwmm-wmm-mmm-----------------|-------------,;|---‘,‘-un--n----------
Jy3Ta pe3jTys 193sT8ay-3 IC SIUBIUCD THSD
*9ATI O3 paduBApE 19318188y¥~) UT 1unod 00d | MDID
mmmmmmmemsTTToTTIRATITSSATITqRGE [T TTmmTeTT rooTTTTTTTTTTTTT oo
14311 pe3ITYS 1235T32y¥-g JO §IUIIUOD THSD
-anoj o3 peoueape I23stEey-d Ul 0D 00b ‘100 ZOb | MOID
JHSD
00d
a1ib 1884 MO1ID
IIIIIIIIIIIIIIIIIIIIIIIIIIII ’.I||Illl|IIIIIII||I|IIrIII|
<1l
Sddl 139594 13S TRIL
21907 ONINHOM Sd0Ti-d17Td §d0714-41714

AD01d

Wva9ovIg ONIKIL



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-Sheet 163

Filed April 14, 19865

*103BI9URY
Mo aossasoag weasdcag doig MY
XS3 ADLD
e i oo T G A
"1231815ay-W 1BIT) fZWOQ CTWOQ OWDQ T1L
cAxowdy uTl uoTlexsdo peal 23BIITUT T MO0
Rt Ak I = """
SS2IppE PIOM JOIBTNWNDOER I2ISuel] ¥ava 011 oM
TM20TG €0M ©3 0D 711 0L ‘oMM 7010
CTTTTTTTTTTTTTYIojeasusy yoo1H 3aeyg [T T TR [cTTTTTTTTT T 177" I T A I SN
R de b R R £ ST N Eo o5t M I FoTTTTTTmTmees |
1ae3s 03 KI0WRK WOIT VN XO0I 1ITEM 1L
TI0JRI3UIY
%2010 I0ssadvoxrg weidoig doag NN
XSq MOLd
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIl|I_.||IIIIIIII|I|MIAWAIH; b B
*193sT8ey-h 181D dT1oa
CHOa
"123ST8ay-W 12T | ‘ZHOG TTWOU ‘OWDA 111
*AZ0WR UT ucTiexaddo pesl 81TITUT QN M01d
< 7 X = A e
Z0M @aTiua Butanp jussaiad ST Xgqd
*Axowd 01 ssaiappe pueiado IIISUBIAL Xgaa 011 qZ0M
(121
’ *814) pairnbax
auauwdoTaaap
§saappe IT - TOM
(677 'STd) - OOM
SWYAL IESTY 13s
LT TR -
NOLIVAVIdRE 01907 ONINEOM $407d-d11d | SA0Td-dI1d L A00TH

(3NT) 17 NOIIDNELSNT - WVMOvIQ ONINIL

ENI

taT



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING STSTEM

363 Sheets-Sheet 170

Filed April 14, 1965

XS4 p:takio]
TemTTTTTTTTTTTTTT mms-smmmooomroomosmopooTTITTITTTITTOTTTT poTTTTTTTTTTTTTT 1T I 1L
A010
............................... St Selnieiieh it A S
¥O1D
|||||||||||||||||||||||||| B S s St S I 4 SHYTM
-Kaoway woII NEWA
TeUSIS UC X03@IAUBY YDOT) 3IIVIS you | YYID
1L
"yo0Tq SHTIM ©3 ©D 011 ‘08M ‘Z¥M ‘€M | 001D
i b (e TTTyTTTTTT T oo
*1eudls FUTZTUOIYDOUAS
Azowew I0J JTEM DUE 101RISUSYH
M20T) 105882014 wea8oig doasg b oYt
AV0 MOLD
e wmm———— cecmmmm - ——————— PR B I cm———- JSO NI em———— bomemm e s shis Dy
XOLD
||||||||||||||||||||| n||||-|-|||u|a|||||||||»|||||||n|||||s|||||u|||||»s|.|||||||:||||||»u||| 71L
01O
.................................................. s R N g
“Xioway uf uotierado @3Tam 23BTITU] MR | MOLO
ek F - P T Lt f S T R I ottt rttTTTT 308 T Id
............. moTmTTTTTTTIRIGmAR WOIT ] GRS L bt I B
vag Teulis Furziuoayduds 10T 1TEM 711
NOILVN¥1dXd 21907 ONTOA saoriogT Sa0a-aTLd ARLL A00TE

(+2u0p) TaRI) 1¢ NOTIOMMISNT - Wv¥OVIA ONIWLL

aveT "91d



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Sheets-Sheet 171

363

Filed April 14, 1965

‘uotieoo] Axowsw Jo uorirsod
1Tq Yagz UT 2I01S pue zd4s JO P3IE3IS
pue 1232BIBYD 1SE] U0 paseq &rtaed

a1eiaual ‘uorjiexsado 1ojpTnUNO2E

3sel up s, Lxeurq 10 Iaqunu ppo
suIRluUOD 123deleyd awijl ysea paduryd
Zds Jo 23eas ‘uorlexado 1ojeinundoe

3se] j0u FT CAJOWSK 03IUT u@3ITam ST CdSTOdrn- ZdSTOdMK -
1930EaBYD UydEd d1032q A3taed ydayp Zdsd-ovId 2dsd - 0ov'ld MOLD
||||||||||| 2 A
iiohXe)
|||||||||||| 2 6 17
-Axowsy Ul uoljexado 231Tam 21BIITU] UMW | NOIO
TTRiomaR o1 ssaippe pueiado iarsvexr [ xqaqg { T T TTTyTTTTTTTTTTTTT R 71 S7TOM
T AZOWR WOI3 ]
Teu3Ts uC I0JRIDUDLY NOOTS MY MALO
TNO0Tq §TON 01 0D 011 ‘zdm ‘€um 711
CABTETEON -
jo g¢-9 suerarsod 3To 3@RT) TROA “TROO OHOa 001D
TTTTTTTTTTToTmTTTmITT TTrTTThTTTTTTr 5 S I Tttt T o
cTeUZTS BUIZTUCIYOUASR
I0T 31es pue ICIEIINDY
10ss2d0ag weisdcag doag MO MOID
................................................................... R D D
SHMAL 14S3y 14s
‘,a r< { WHm
NOLLVAV1dXd 01007 DNIMIOM Sd0TI-d11d Sd0T4-d 114 NIL A0

(*uen) (INT) 1¢ NOIIDMNISNT - WVNOVIA ONIRTL

EAAS

oL



3,368,206

363 Sheets—Sheel 1%

E. W. HERRON ETAL

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965

Feb. 6, 1968

~uoT311sod 31q 2uUO IYFTa 19151899 -K
Jo sjua3u0d 1ITUYS ABRTNIITH

-ou0 031 paduBApe 1915Id9y-DH UT IUNOYH

"§3JTYS I912BIABYD
JO Isqunu 1991109 103 1235189y%-N 19§

00NTOVad
TONTOVDA
(Ton

¢ OON) TOVEa

“T4s 19§ ‘y pIom IojeTaunode 300 F]

T¥s~OvVvd

SHiM

+191sT83Y~-H
03UT pE®I PIOM IOJBRTNUNDDE JXIN

(3a0qe o0Tq £OM
se aweg) - COM

‘auo Lq 1935189y
137uUnoy) 103B[NWADOY UT JUNOD IDUBAPY

s AIoWdy woll HWd
TeUSTS U0 I01BIUSY HIOTD I18IS

‘uorleiado 103BTNUWNODE

3sel 30U JT COM 20T1Q 03 ©3
‘uotaeaado

10jeTnunooe 1SBT JT O0M 32014 ©3 ©3

o¥MTov1d

ALY

-1eufts FurzTuCIYyduLS
Krowaw 103 3TeM pup 1031e13U3)
HO0TH 108822014 weadoxg doas

-uotaeaado
zoyeTnmnooe 3se] IT “IBPPVY O3
U0T1o0I1SUT 1IXBU JO SSRIPPE ASISUBIL

Xsd~ovid

b o - ———————

NOIIVNVIdX4

SWY3dl

21907 ONINEOM

§d013-d11d

138

§4074-d114

A2071d

(*2ued) (aRD) 12

- WYNOVIQ ONINWIL



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965

363 Sheets-Sheet 173

1931s189y-bH UT Junoo 3IrY3] SWI] Yoes
auo Aq paonpax 123ST89y¥-N UT juno)

JO S3U23U0D IFTYS IBTNDITYH

ety
03 padurApE I33ST3I9Y-D UT Junoy

J0 $3uUs3lU0D IJTYS JABINDITH

*anog
03 padueape 191S188y-) UTI Junon

JO $3U23U0D 1ITYS IBTNIITYH

MCER SR

03 padupape 193sTIay-H UT IUnoyH
*I1283UNnon -y,

3o @oueape pue JIIb SITAIYUT TY¥SJ

00b

¢1L

"uot3tsod 31q suo 3y8Ta 1835189Y-K
JO S3uB3U0D 3IITYS IBINIITH

‘oM] 03 padueape 133sT8ay-H Ul unon

ADID

1L

NOLLYNVIdXI

SWYEL
JID0T ONINMOM

LASHY
Sd01d-d1T4

L3S
Sd0Td~-d1Td

HWIL

A0071d

(*3u0)) (dWI) T¢ NOILDNULSNI - HY¥OVIQ ONIWIL

o%eT

‘014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets—Sheet 174

Filed April 14, 1965

* (anoge
#2079 570M
Se PWEg) - STOM

" Axowal WoxJ NgHd
1puSTs uo 10]1BIBUSYH H20TH 1FEIS

"H20Tq S7oM ©3 0D

*1215189y9-W JO (1-0 suolarsod
3Tq IE8[o ‘g PIOM I03BTNUNDOE JI
s18315189Y~|

Jo €g-87 pue 11-0 suor3irsod

1Tq IB3T1O ‘) paom IojpTnundoe JIT
©193ST39Y-W

jo €z-gI pue ¢-Q suorirsod

311q Ie3aTo ‘g pIom J0JRTNUWNIOE JT

(EWDa
‘ZWOa ‘TWOQ)wovaa

(£WOa
fZROA “ OWDA) vOVId

(eWoa
“IWD0 fOWDA) Tovada

011 ‘zam ‘gum

AN
1L

MALD

001D

0L

s1eu81s BurzZTuOIYOULS
Aiowew I10] ITEM pUB IO0JIRIDUDY
j}po1n 10ssed01g weidoag doas

o uotitsod za3oexeys a3jetadoadde
ojutr Surytam 103 uorirsod 3081100
Ul 9q TTIM I231SIZay-W UT paom
I03RTNWNDDE JO JI2]IDBIEBYD SwWll 3yl
Iy "0 = I@31sIBay-N UT Junod yIaun
BuTIITYS 3IYSTX IRINOITO INUIFUOY

-uotaTsod 11q 2uo 1y3Ta I9ISTIAY-W
JO $3U23U0D 1JTYS ABTNIAT)

“019%
03 pauiniax 183sT8ay-dH UT JunoH

WHSO

7Z0d ‘00d

s
TONJ - OONJ

MO1d

NOILVYNVIdXA

SIWNAL
0ID0T ONIIOM

Las3y
Sd0TA-dT1d

13S
SJd0T4-d1T14

HWIL

ADOTIH

(r2ue)) (aWI) 17 NOTLDMMLSNI ~ WVIOVIQ ONINIL

Inel

"OI4



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

i

Sheets-Sheet 175

363

Filed April 14, 1965

mmmmmmmommmmosomooTTSTTTTI535T839SD
01 pIOoM UOTIDNIISUT JO JDV I2Jsueiy YOWA
+dn 123187894-4 IUN0) 12da 7 NYKHA £1L
L o= paos XMNA
ueTionaIsSUT JO 4DV FT $INSST XMNA LTRA-9THA - ST
"[-1 = piom SWYA™
woT312NIISUT JO OV JT $90SST SHVA (LTRI+ITRAHSTHI)
*1231sT89y-1
03 apod uolileiado IIJSUBIL XIWD
- 19ppy 03 pIOM UOTIONAISUT A1ddy XSK
- L1owep UT uotlexado 93TaM BIBIITUL | - o e '.I---|----MB@--MMWW
R i S Y-S )T N
001D 108835014 wexBoxg 3xe3s | . e | I MMM--MMM@
..... e PR R e S
yQWua 1euldts FuizTuoayouds 10J 1TEN 41
EECPEEEIED)
MD01) 10852201Jd we18oxg doig MY
¥sd ‘NIS ‘141
‘041 “AVD ‘7dS
e ccmmm————— e eem e r-uwmm-anQMMMmm.---- .......... oM
......... XSa MO
CAXN ‘710 ‘TTID
10 ‘D10 Feroa
-s1038182%-0) PUB -b ‘-W 18210 | ‘7ZWOd ‘TIKOA ‘ OWOd 111
12151394~
031 $S2IppE UOTIONIISUT I2FSUBIL] Xash 7NN
- {zcwmep ut uotieaado pEax BIETITUL | L _____. e oo L@@ | MI1D
....... -----qummm-@@w-mmmMmm guianp |
quasaxd ST YEGQ ~SI0WAK 03 paoA
BOT1DoNIISUT JC SS2IPPE ISISUBIL xXgaa 01L 00oM
SWEAL 1dS3¥ 13s
\ N L M001d
NOTLVAV'1dXd HI90T OKINIOM §d01i-aT1d | Sd0T1d-d11d ™l

TORS) 27 NOILOMEISNI - WY¥dvid ONINIL

BCCT

914



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

2
[

3

363 Sheets-Sheet 1

.
e

Filed April 14, 1965

(1z1 3id)
paxinbal jusuw

-doTanap PI@IJ
ssaappe JI - T0M

s KIowel] WOII NYWJ
1eu81s U0 I01BAIUIYH YDOTD JIEBIG

2019 WGTIM 03 08
‘paarnbax jou piom UOTIDNIISUT

Jo $T-0 S3Tq Jo judwdolaaap II

00Tq TOM
01 08 ‘poarnbax piom uorloONIISUT

JOo $I1-0 $1Tq Jo judwdolassap JI

* (1038130%-D

woxy TeudTrs SuTzruoayouds 103 2ATEM

(ZSX ‘1SX)vMxid
10V 7OV ‘10V

A0¥
(oM

‘TIM “ZuM

‘ C¥M) VSWVa

OYMVSHVA

1SXvMXad

MALD

0'LL

EFCFEFENED)
2010 xossaooxd weiBoag dolg

*paxinbal piom UOTIONIISUT JO H=()
$31q jo jusudoyansp JT JI2ppy O3 piom
8ousnbas-4 JXoU JO $$8IpPpE_IIISUBIL
*L # JOV pue

UOTIONAISUT SSIIAPPE-OMI JT JXN 319§

ADd
XSH

XSdVXMNG

XMNG - £21d

G111

*I91STdey~-0 03 piom
uotlIOdNIISUT JO H[-0 SITQ IdFSuBI]

+1935189y%-9) 031 piom
UOTIONAISUT JO H-0 $1ITQ IDISUBI]

* 19185139y~
03] pIOM UOTIDINIISUT IdJSUBRI]

NOILVNVIdXd

SWIEL
01907 ONINIOM

13534
5d014-d1T4

NACH)
Sd0T14-d114

Ad0714

(*3u0)) (9HS) ¢Z NOLIOMILSNI - WVHOVIA ONIWIL

q6¢€1

‘014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-Sheet 177

Filed April 14, 1965

*I103BI2UAY
A20TH x0ssevoag weaBoxrg doig

*a9ppy 03

G111

Y1L

1L

1L

S90M

0019 ¥yhoM 03 08 ‘0 # aeasTIey-9pn
ut junod JT 10 3FTYs IYBTI I1

2019 S90M 03 08 *Q = 1235189y-D)
JO $3usjuod pue 3IITYS IS FI
TTmmoTTTemmomsees TTTTTTTIIEIEISsRG
Jo 01 pue g suoritsod 3Tq uTl
pat13Toads se ‘a3Tys £q pajosije piom
A03BTNUWNIOE I19pa0-1S9YBIY s83iIppe

03 18318139y 193UN0) I0IBTNWADIY

utr junoo afueyd ‘1ITYS 3Ia8T] II

*I103BI8UIYH OO 3IARIG

VIAQ Teults SuTZTUOIYIULS 10F ITIBM

avoavidida

(Z2DU+LATA)

(oum ‘gam)v
2294 - 1414

1L

TI01BIDUDY
MO01) a0ssavdoxg weadoxg doag

lllll Rt Rl bt L LTS TP B s ottt T

“(T1d “271d ©2 60a T01Q)

‘PR33TIys aq 03 yaduey aojlejnuUNIOE
01 yrFusy xojzeynunaoe JuTMIOM

3198 ‘1 Aaeutq B St T uotrarsod
3TqQ JT pue 33jTYs Laeulq jou Iy

11

011

q451M

NOILVNVIdXH

SWYEL

JID0T ONIYNOM

NAcEICE. |

L3S

Sd0TA-d11d

Sd0Td=-dTTd

AD01d

(*3uo)) (9HS) 77 NOILDMMISNI - WvuOVId ONIWIL

2661

‘D14



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

&

r
i

363 Sheets-Sheet 1

Filed April 14, 1965

“I91ST89Y4~-N

07 193s180Y¥-90) UT JUNCD Iajsueday,
+Lioway uT uolieasdo peai @1BTITUT
qussaad sT ¥gvg -uotaeasdo xojernu
-nooe 31SeT 30U pue 1ITYs YySIx JI x0
13Tys Axeurq JT 4z - 10 IJTUS Axeuiq
-uou JT 4 » I2ISTISY-N UT 2unod

pue 33Tys IyS81x 3T ‘passaippe Buraq
J0U ¥ pIOM XOJEBTNWNOOE PUEB 3I1YS
3397 ¥T f39s8a1 IoV 3T Aiocwsy 03

piOM I03BTNWNDIE JO SS2Ippe l1djsuel]

*3001q 40M 9ITius 3uTranp

jussaid ST #Yyq -uorieiado piom 103
-ppnunooe afulis 10 passaippe Furaq
g piom IOJPTRENODE PUB 1JTYS 33I9T 10
uorieisdo xojeTnUWNODE 3SEB] pUB 1J1IYS
Jy8ta a8YITO puR ¢ - 1931STFIY-N UT
junod ‘338 NST ‘2ITys TeWTO8p JT Q
Kaeutq 03 uBt1s jussaadasx YoTym £6Sa
pue ¢ggq s1eudrs indino iappe 22107

‘20149

7OM 2aT3us Suranp Jussaad sT S9AQ
"33T4s AIBUTq IT €7 < 10 2ITYs Lieuiq
-uou JT € < I8151839Y¥-N U junod pue
uor3easdo rojeynmndde 3sel “3ITYsS
3y81a 1o pesseooxd Jureq y paom
1ojeTnunOOE pue 3JTYS 13IIa] I8ylts IT
pue 125 Qv JT (1€320) (T UOTIIEBOOT
Axowaw ssaippe 031 ¢0d 2183 2TqerUy

XAvav(Ovia-
LATA+7ING - TATA+
IVVA - LATA+I0V)

7TEavVYING -
NSTA-WISQ-2158d

sgaav
(%7INd - OV'10 * 14T+
VvV 1I10) 10V4

01L

Hh0M

TAIOWRl] WwoXI (dWd
1BUBIS U0 101BIIUSYH MO0T)H IIBIS

“MROT9 Q0M 31 ©9

1eudis JUTzZIUOIYDUAS 10T ITEBM

NOILVNV1dXH

SWHAL
J190T ONINXYOM

1353y
Sd0Ta-411d

L3S
Sd014-d1Td

Ad01d

(-3u0d) (9HS) 7 NOLLDMMISNI - WWMIVIQ ONIWIL

PCet

"014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

63 Sheets-Sheet 179

3

Filed April 14, 1965

UT UOTIEDOT ¥ PIAOM I0IRIDUNDOE
ut paiois Suraq udis JT 0 ALxeurq
01 vggg Teudrs jndano I3ppe 80104

*2724D 81038

1se] iojelnunode JT pue snuTw sem
1JTys Tewioap 21038¢ IOJRTNUNDDE JO
u8Ts JT UOTIEOO] V PIOM 101BTMINDDE
ur uBTs snurw 1IISUT 0 S2anSST G6S(J

7Ssav
SIVQ-918a- OVVad

cE8avsivag:
NISJI-91s80-2vVVa

rA

SH70M

noumummwm|xu0Ho FETRTS
-u0D asTMIAYIQ “MO0Tq mHHB 03 o8
‘371ys Aaeurq 3T 47 > 10 IFTYs AIeurq
-uou JIT ¥ > 193ST89Y~-N UT Junod JI

-guo Aq z93s180Yy

umuc:ou I03BTNWADDY UL JUNOD

soueape ‘33Tys Laepulq JT €7 -« FI pue
23TYys Lapurg-uou JIT m < 193s5130y-N
uT junod 3T pue “3FITYs 239T 3T

‘suc £g 1935188y 193UNnO) I0IBRTNUWNIIY
ur juncd aonpal ‘3IFTYS y3Tta 11

“j00Tq WOM 10 ShOM Fuenbasqns
Suranp_ggdq_2T9EU2 03 _10V_33S

NVOQVuyYING - LATA

avoavidid

e e e . - -

TIMV7ING

(0UM ‘T¥M
€ CuM) vHING

“I101BI2U39
3}207) 108§3201g weidoid doag

*1appy 03
pmumawmmnz UT piom I0]ETNWNDOE Apddy

* 19381394~ 131D

EWOa
‘ZHDA ‘IWOd ‘0WDda

NOILVNV1dXH

SWddL
319071 ONINAOM

ARCEICE.S
Sd0TJd-dITd

13s
SJ0Td-dI1d

A00TH

(*3u07) OHS) ¢C NOILONYLSNI - WVNIVIA ONIWIL

acel

914



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets—-Sheel 180

Filed April 14, 1965

EETE
£xeutq JT €Z-1 0 €3ITys AIEUTG-UOH

IT ‘g-T = 1918T89y-~-N UT 3unod pue
quesaxd QIrW ‘3IITUS I4STX JT TS 3I°S

2dsv
0ALW-ZINd -

14714 - 7ING

MOLD
711

-37TYs [eEWIOPp SUTINP NIS UT pPaI01S
useq sey uSTs 238OTPUT 01 NST 3383

*231ys £xeurq yr €Z-1 = 10 ‘371Ys
Azeurg-uou 3T ‘C-1 = 1838T89¥-N UT
qunod pue 3ITYS IY3TL FT TdS I2SY

‘Yo 1959Y

- uoT3TPUOD
,Jenba  23e0IpuT 031 1 Kaeutq ST OOW
IT SUOTITPUOD dAOQR Idpun SHT 1989y

-q8s gy pue passaippe SuIaq y pios
zoje(nmnode ‘Q KieuTq ST OOW 1
Laeutq sT (319 38°23) 8 uotatsod

31q 33Tys LaeuTq JT UOTITIpUOD
,ueyy ssa,, 83eOTPUT 03 gA1 318§

AvD XSd “XSKH

NSTV
H NG - WISa.918d

¢dsv
ZANg- 14710 - 7INd

TIIVIOVA -
80aq-ovvd- S3dd

SATVOOHI - TOVd -
80dq-dvvd- s3dd

MDID

SATVOOWS -
10v4-30aa-

ovva- sadd

€1

“uotjexado I03RTAWNDDE

jse1 pue 3J1ys 3ydra 10 passavoad
Juroq g piom 103e[NWNOOE puB 31ITYS
1327 22Yy3Te JT pue ‘g < I23ISTINA-N
uT junod JT ‘snulw ST 123181899 ~-W Ul
¥ piom I03BTOWNODE JO ug1s IT 3IFTYS
Tewtoap Jutanp ug81s 21031s 03 NIS @8

-1938T82y¥-K ©3 sandino I9ppe aajysueay

- Kzowsy uT uorzeiado 23Tam 23ETITUI

INSH “gWSD fYHSD

NISVIIRA -
NS4 YINd-

9150-WISd

UMK

MOID

NOIIVNV'IdXd

SWHAL

13asdd

21007 ONINHOM

13s

Sd0T14-d1714d

Sdo14-d171d

INIL

AD01H

(*3uon) TOHS) ¢¢ NOIIDMUISNI - WviIVIQ HNIWIL

et

"OI1d



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets-Sheet 1581

Filed April 14, 1965

*AIows WwoiI NINd
Teu8Is U0 J03]EBILUSY YDOTH 3IAEIS

*q00Tq H0omM 2eadax “3201q
¥ZOM ITou QOM IdYaTau y1  "NO0Iq
¥zZoM ©3 08 ‘aojeTnunooe 3Isel JII

*}o0Tdq QoM ©3
03 foxaz ST A91sT82Y¥-N Ul Junod 3II1

*171ys 3y8t1a 3T omy £q dn
I93sT89y I2juno) I0IBTNUNDOY JUNO)

*17TYs 1397 JT omd £q umop
1335189y I91UNn0)H IOIBTNWNOOY JUNOYH

TIFTUS

Lxeutq IT ‘47 > 10 “13TUus LIpurq-uou
JI ‘f > I238T89Y¥-N UT 3unod pue
331ys 3y81a JT 193S5I89y I2IUNO)
103BTTMINDJY UT JUNOD 3DUBAPPY

woxy TeulTs BurzTuoIyouks 10I ITEM

nOVavvING - L4710

CIMVIAAG

CAMVZING
10V

NAGAVYING - LATA

Qr4avisia

Add

TIMVIAACQ

pie:hrel

01L

ECFEEERED]
j¥201) I0ssadoig weiloag doag

a8ppy 03 UOTIONIISUT IXAU JO SS3IAPPE
0 = 193STBIAY-N UT JUNOD IT

oY

XSdVZANd

NOILVNVIdXd

SWI AL
21907 ONIXIOM

RACECE.!
Sd0Td-d11d

Las
840T4-d1714

0014

(-3uc9) (OHS) ¢¢ NOILIDNMISNI - WVdOVIAQ ONIWIL

Kl

"OId



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Sheets~Sheet 182

363

Ffiled April 14, 1965

'Y picm 103]1BINWNDOE
Burssaippe ‘018z JjUNOd I2pU2l 0)

auo Aq 133S5T88Y 123UN0nH I0IBTNWNDDY
ur Junod ddueApE ‘33TYS 13I9T JI nvoavidia
*1JTUYSs AQ pa109JJe pIom JA0JEB[NUWNDIIE
15px0-359y31Yy S$S2Ippe 03 JUO
Aq 1235732y I123UN0H 103IEBTNWNDDY
ur Junod BdNpal ‘IFTyYs IYSTIX 31 avoavraia 701d
TToTTETTTTTTTTTTTTTEmm R S g T b I B I e
vaWa 1eudts BurzIuoayouks x0J ITeM 711
*aA03BID2UIH
q2071) aAossadoxg weiloag doag A0d
XS
*1935189Y¥-99
031 1931sT89Y~N UT IUNOD IDFSUBRI] XONO
Zdsv
zdS 3@s ‘1d4Sd pue 23TYs 3397 JII TdS4- 1410
*I9pPY 031 1931ST3OY-W JO
saueauoo Ardde 3rys 2eIn0ITO 9T | . ] XSWYZ1dd | X1
................ R ¢ T
EWDd
“183s189y-W IEID ‘ZHDA ‘THOQ f OWDa 111
*ZdS 218591 T1ITUS 17391 JI 7dSTLATA
*anoj
Aq umop 193sT30y-N JUNOD ‘13ITYS
Axeutq JT ‘€z <« X0 ‘313Tys KLaeulq
-uou JT ‘¢ « A831STZIY-N UT IJUNOD I
*0x9z 03] I91SI8Bay¥-N Junod “1JIYs
Laeurq IJT ‘Hz - 30 ‘37TYs Kaeulq
-uou 3T ‘ » A918TFoyY-N UT IUNOD JT aoND
*Laowsy ul uotieiado pesx @3eIITUT T | MDLD
....... I £ 7-F s W R tor 1501 A ity i St S
Axowsw ssaippe 031 g0y 2318 aTqeuy sq94d 011 Z0M
SIWYAL 1353y 13s
NOLLVNV1dXd DI90T ONINOM $d014-d114 | $d0T4-dI1d LL 4018

(*3uop) (9HS) ¢7 NOILOMALSNI - WvHMOvIiQ ONIWIL

beeT

‘014



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

3

363 Sheets-Sheet 1s

Filed April 14, 1965

TAIomap woxI NINg

TeuU8IS U0 10]1BIAUIYH HOOTH 2IBIG MY | MMID
*9901q ¥hOM 03 09 0amM ‘TuM “oum
*auo £g umop 1931sTI9Y ISIUNOY
I0jeTNUNDDY JUNOD ‘3FTYs 3BT JI asvaviaia
‘ouo Aq I931sTB9Y I193UNO) IOIBTNUNDIDY
uT JUnoCY ddoueApE ‘3ITYS IYBTI JI NOVavLi1a 021D
.............. v A S S Y I
woxy Teudts Julzrucayouds 103 ITeM 01L
*I0JEIDUBYH
Ad01p_a0ssavoag weaforg doag | e b0} B | 121D
.............................. ¢1L
.............. e | ¥0ID
........................ Y11
AVD
............. e L IXSAUTXSROTXSTL L [WIR
............... £1L
EERERY:-EX T
03 syeulTs andano 19ppe IaJsupiy, OHSD “9WSh VHSD
*Lxowaly ul uotrieasdo 23Tam ejeratvul | o mem;rmew
TTTTTTTTTTTTITTI T T TN R Iowd 01 paoa”
J0JEBThUND2E JO SS2IPPE IDISUBI] Xava 1L SCIM
ceoo-_A03BIBUSY ADOTD 3XEIS | SN E NI SN _AD¥ [ WYL
o 390719 §STM (odm “7am
031 08 ‘g # 1235I83y~-N UT Junod JI CCUM) TZANA
THP0T9 SHOM (-3u0))
03 02 ‘0 = 2228TIOY-N UT 2uUnoo jJI THMTZANd TIMYZANG | 701D
SIWHAL 13s3y 1dS
INIL Ad0714
NOILYNVIdXd 51907 HNINHOM Sd0Ti-d11d | $d014-d114

("auon) (9HS) 77 NOTIOAMISNI - WVNOVIQ ONIWIL

T6ET

TOI4A



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

SYSTEM

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING

363 Sheets-Sheet 184

Filed April 14, 1965

'ZdS 3@sa1 ‘1ITUS 17971 JII
‘passaappe

fureq uwOTIEDOT V pPIOM JI03BTNUNDOE
pue 1ITUs 31357 10 uorlieasado zojel
-nunode 1SeT pue 3ITYS IY8ta aoyale
pue ‘3yTys TeBWIDSp IT NST 1253y
*p233Iys 2q o3 sao3stdoy-q

pue -l JO S3U3IUOD ITYRUD

01 ‘Q # I931sT8aY-N UT UNOD JI

*191ST39y¥-~-| IE9T)

*I8931sT8ay~d Ie91D

EWDa

‘ZHDA “TWOA “OKDa
D10a

XSH
¢dSvIATA

NSTVIISO-2Isd

T4SVZANG

€11

ECRFERY-ER R
03 pIOM J03BTNUNDDE I3JSuel],

*NIS 128 ‘passsappe

Butaq UOTIED0] V PIoM I03BTOUWNIOE
pue 33TYs 3Js1 10 uorzeaado 1o3el
-nunooe 31se pue 1ITYS Y311 IoyiTe
JT pue ‘33s NST “IJTYs Tewlaap
‘snuTw ST ¥ pIoM JOJRTNUNOOE JT
juasead ST HyYq - peossaippe JuTlaq
UO0T1B20T V¥ PIOM I0)BINWNIDE pue
33TYS 1397 10 uorirexsdo 103BTNAWNIOE
3SeT pue 33Tys IYy3Ta 13YyiTa pue Ias
NST ‘ITUs TeWIoep JT 0192 01 HGSQ
pue ¢Gsq sTeul3rs indino Iappe adI0]

PHIqTNSTA - TISA- 91 SA

XASD

NISV
NST4-T1ISA-
918d - WINd

1L

STIM

NOILVNVIdX3

SWJAL
JID0T ONINMOM

LISHA
Sd0TA-dITd

1as
Sd01d-d1Td

INIL

A00Td

("3uon) (9HS) TZ NOTIDMULSNI - WvaOvId

foet

'O14

ONINIL



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING STYSTEM

o

363 Sheets-Sheet 1u

Filed April 14, 1965

EEGRERERED)
MO0T) Iossavoxg wealoag doag

‘018z 01 I923ST88y¥-H UT JUNOD

pue 012z 031 1831sIg8Y~-N UT JUNOD
Butonpal ‘3ITYys axow auo s3Twidd TYS
doyz-dY1¥ ur 4AET5q -33Tys Lieulq 31
‘auo ST a83sTZ9Y¥-N UT IUNCD UBYM IO
“33TYs Aavurq-uou JT ‘4[oar3oedsax
IATF puR SUC 21 SIBISIBIY-D

pue -N UT S]UN0OD UsYM TYS 1289y

TIITYS

Axeutq Yyoea I0J 10 ‘3JTUS AaeUlq
-uou JT ‘S3JTYS XIS Yoea I0J auo £q
paonpsl ST I831sI8ay-N UT Junod ayj

“MOLd TeusTs
Y2072 YoB® I0J padueApe 1931SI39y¥-d

aoNdv(s3da-
TYSA+GADA- THSA)

ADATIUSA

T¥ST
(s9aq- TING+
SHUU - CHOA- TANA)

UT_JUnoo 2Ul pue SnsST gHSD PU® WHSO | b .. S | AL
TTTT3338185YK 03UT 1335783y-7 33Tus EZWT0041
‘uor3Tsoed 37q suo 3YITa $19315T8oy-7
puB -]{ UT SPIOM I01BTNUNDOE 3IFJTUS | (FHSD ‘WHSD)VI¥SA
"OM] 0] padueApe 1215T88y-) ul Junon 00DTI¥SA T00VIYS
*193Unod-L
Jo @oueape pue JILh SITQTYUT TYSA dTIDVIESA MOLY
.......................................................................................... S1L
TSU0 0] PadURApPER 19]15T8oy-p UL IUNO) 000~ T4SA
zdasv
©ZdS 395 ‘1ds4 pue 1JTYys 339 JI T1dSd- 1410
1123STBaY-K 031Ul 193sT39Y-7 IITYS £TWv00ad
‘uoritsod 11q suo Y311 siaisi8ay-3
- _PUE_W UT_SpIom 103pTnundo® 33TuS | (AHSO_IWHSD). TS | |l ... | 210
711
SHYEL 13534 13s
.
NOLLVNv1dX3 DI0T ONIMMOM $4014-d11d | $d074-d11d THIL A00TH

(*3uod) (9HS) ¢ NOILONULSNI - WvuOvId ONIWLL

HeeT

o074



3,368,206

E. W. HERRON ETAL

Feb. 6, 1968

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

363 Sheets—Sheet 159

Filed April 14, 1965

“AIowd] WwoIy NN
17eudTs U0 I03BIDUSL NOOTH IALIG

SA20Tq_Sv0Om_©3 oD

FUTZTUOIYDULS AIoWaW I0F 3JTepM

MULD

011

EEGRERENED)
}001) I10ssavoig weaBoaxg doig

STL

*s, T AIeuTq JO xequnu
ppo sutrejuoo uorjeiado a1Tam Zuranp
pa103s pIom IojBTNUNOOE JT TdS 298

Tdsv
Q4L W: LATA

1L

" A18]ST33Y-N
031 19315130¥-HH UT UNOD IIISUBRIL

"1dS 39821 “3ITUS 3J9T II

TA9ppy 03
1938T39y¥-7 UT paom IojreTnumdoe A1ddy

1871470

1L

JO ssaappe Iaysuexal ‘uorieaado
1ojenunddoe 1SBT PU®R 3JTUYS 3Iy8TI IT

‘uorjeasdo I0o3ETNWNOOE
ISBY 10U IT I0 2JTIYs 31727 JT Lxowsy
0] SS2IppE pIOM JI0JBTNUNIDR I3JSUBRIL],

S94avOVTa- L41a

X4vav (OVIa+141a)

¢'1L

SEOM

s AJowal] WoIJ NEWd
1euU8TS UO J0lBIBUDH NDO[D 11EIS

30019 _SEOM_©3 09

SurzTuoaysuks Axowsw I0J 1TeM

MLD

O'1L

NOILVNVIdXE

SWHHL
31007 ONINJOM

LAS3Y
SdO0Td-d1Td

Las
S§d0Td=-d 174

HWIL

A001d

("3u0)) (DHS) 7¢ NOILDNMISNI - WVYOVIQ ONIWIL

TSET "O14



Feb. 6, 1968

E. W. HERRON ETAL

3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965

FIG 136 a
FLOW_ DIAGRAM

INSTRUCTION 22(SHG)

READ INSTRUCTION WORD
FROM MEMORY INTO
M — REGISTER.

TRANSFER INSTRUCTION
OPERATION CODE TO
I— REGISTER.

TRANSFER INSTRUCTION
ADDRESS FIELD TO

D~ REGISTER'.

TRANSFER BITS O-4 OF
ADDRESS FIELD TO €C-
REGISTER. {F LEFT SHIFT
TRANSFER 4 MINUS COUNT
IN BITS OAND| TO BIT
POSITIONS O AND| OF
CC- REGISTER.
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¥
IF NOT BINARY SHIFT{FDI3)

AND IF FDII,SET ACCUMULATOR

LENGTH TO BE SHIFTED

(D10, DO9) INTO ACCUMULATOR
LENGTH INDICATOR REGISTER.

¥

TRANSFER COUNT IN CC-

REGISTER INTO N-REGISTER.

\ LEFT(DLFT)

DIRECTION OF SHlFT?J

RIGHT _{ (DLFT)

®

3

READ ACCUMULATOR WORD
A FROM MEMORY INTO
M - REGISTER.

DNL4 ISSUES IF

N>3( ALPHA OR DECIMAL
SHIFT)ORIF N>23{ BINARY
SHIFT).

\

F@)UNT IN N'REGISTE@

DNL4 ISSUES IF N<4
(ALPHA OR DECIMAL SHIFT)

OR IF N=<24( BINARY
SHIFT),

@UNT IN C'(;o:- REGISTE}—w

ZERO l( DCCZ)

EXECUTE
NEXT
INSTRUCTION.

CNOTZERO
{occz)
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FIG 136 b TRANSFER ACCUMULATOR WORD
A,LESS SIGN BITS |F DECIMAL SHIFT,
FROM M- REGISTER TO E -
REGISTER AND CLEAR M-
REGISTER. STORE SIGN IF
DECIMAL SHIFT.

Y
SHIFT M-AND E - REGISTERS
RIGHT.SHIFT BIT IN LEAST -
SIGNIFICANT POSITION OF E-
REGISTER INTO MOST—
SIGNIFICANT POSITION OF
M- REGISTER.

REDUCE COUNT IN N-REGISTER
BY ONE FOR EACH SIX BIT
POSITIONS SHIFTED,IF DECIMAL
OR ALPHA SHIFT. OR FOR
EACH BIT POSITION SHIFTED,
IF BINARY SHIFT.

Y
STOP SHIFTING WHEN N=0.

v

STORE CONTENTS OF M- REGISTER
IN MEMORY LOCATION 10 (OCTAL),

Y

TRANSFER COUNT IN CC-
REGISTER TO N- REGISTER.

STORE CONTENTS OF E -
REGISTER IN ACCUMULATOR
WORD A LOCATION IN MEMORY.

INSERT SIGN IF DECIMAL SHIFT.

Y

IS ACCUMULATOR LENGTH YES
AFFECTED BY SHIFT GREATER
THAN SINGLE ?

TS

" READ CONTENTS OF MEMORY
LOCATION 10 {OCTAL) INTO

M- RE(;ISTER.
CIRCULAR OR OPEN CIRCULAR
SHIFT p
} OPEN
[_CLEAR M- REGISTER __]

STORE CONTENTS OF M-
REGISTER IN ACCUMULATOR
WORD A LOCATION IN
MEMORY.

EXECUTE NEXT

INSTRUCTION IN
P - SEQUENCE.



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206
INFORMATION SHIFT APPARATUS IN A DATA PROCESSING STYSTEM

Filed April 14, 1965 363 Sheets-Sheet 1u2

C? FIG 136 ¢
READ ACCUMULATOR WORD B
FROM _MEMORY INTO M-REGISTE

y

TRANSFER ACCUMULATOR WORD B
FROM M-REGISTER TO E~REGISTER
AND CLEAR M-REGISTER.

SHIFT M- AND E- REGISTERS RIGHT.

SHIFT BIT IN LEAST-SIGNIFICANT

POSITION OF E-REGISTER INTO

MOST-SIGNIFICANT PQSITION OF
M- REGISTER.

y

REDUCE COUNT IN N-REGISTER BY
ONE FOREACH SIX BIT POSITIONS
SHIFTED, IF DECIMAL OR ALPHA
SHIFT, OR FOR EACH BIT POSITION
SHIFTED, IF BINARY SHIFT.

Y
LSTOP SHIFTING WHEN N=0. 1

STORE CONTENTS OF M-REGISTER
IN ACCUMULATOR WORD A LOCATION,

{

STORE CONTENTS OF E-REGISTER
IN ACCUMULATOR WORD B LOCATION.

IS ANOTHER ACCUMULATOR \ ygs| REPEAT (3) FOR ACCUMULATOR
WORD TO BE SHIFTED ? WORD € OR ACCUMULATOR

WORDS CAND D .
{NO

READ CONTENTS OF MEMORY
LOCATION I0(OCTAD INTO M-

REGISTER.
1
CIRCULA
QIRCULAR OR OPEN SHIFT ? >J R
OPEN
i CLEAR M-REGISTER. |
r
STORE CONTENTS OF M-REGISTER
IN ACCUMUL ATOK WORD A LOCATION
IN_MEMORY,

EXECUTE NEXT
INSTRUCTION IN

P~ SEQUENCE.
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STORE ACCUMULATOR WORDA
IN MEMORY LOCATION IO(OCTAL),
STORE SIGN |F DECIMAL

SHIFT.

IS ACCUMULATOR LENGTH YES
AFFECTED BY SHIFT GREATER

THAN SINGLE ?

fNo

READ ACCUMULATOR WORD A FROM
MEMORY LOCATION I0(OCTAL INTO
M-REGISTER.REDUCE COUNT IN
N-REGISTER BY 4.

Y
@RCULAR OR OPEN SHIFTP)CIRCULAR

JOPEN

CLEAR M - REGISTER,

e

Y
STORE CONTENTS OF M-REGISTER
IN ACCUMULATOR WORD A
LOCATION IN MEMORY. STORE
SIGN |F DECIMAL SHIFT

QOUNT IN N- REGISTER 2 }no1 2ERO

ZERO

EXECUTE NEXT
INSTRUCTION IN
P— SEQUENCE.

FIG 136d
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¢

READ ACCUMULATOR WORD B
FROM MEMORY INTO M-REGISTER,

¥

STORE ACCUMULATOR WORD IN

ACCUMULATOR WORD A LOCATION
INMEMORY. INSERT SIGN IF DECIMAL
SHIFT AND COUNT IN N-REGISTER=4,

363 Sheets-Sheet 121

IS ANOTHER ACCUMULATOR\ YES
WORD TOBE SHIFTED ?

rNO

READ CONTENTS OF MEMORY

LOCATION I{OCTAL) INTO
M-REGISTER .

REDUCE COUNaTylzJ N-REGISTER

{

(cIRcuLAR OR OPEN SHIFT 7 )CIRCULAR

JOPEN
| CLEAR M- REGISTER. |

REPEAT (4) FOR ACCUMULATOR
WORD C OR ACCUMULATOR WORDS
C AND D.

|

STORE CONTENTS OF M~REGISTER

IN HIGHEST-ORDER ACCUMULATOR

WORD LOCATION AFFECTED 8Y
SHIF T.

j O\ NOT ZERO
( COUNT IN N-REGISTER ?J @

ZERO

[
EXECUTE NEXT
INSTRUCTION
IN P-SEQUENCE .

FIG. 136e
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¢

READ CONTENTS OF HIGHEST-ORDER
ACCUMUL ATOR WORD LOCATION AFFECTED
BY SHIFT INTO M-REGISTER. STORE SIGN

FIG |36 f IF ACCUMULATOR WORD A AND DECIMAL SHIFT,
Y
(' COUNT IN N-REGISTER Daama O,
yONLA

TRANSFER CONTENTS OF M-REGISTER
TO E-REGISTER AND CLEAR M-REGISTER.

¢

SHIFT M-AND E-REGISTERS RIGHT. SHIFT
BIT IN LEAST- SIGNIFICANT POSITION OF
E-REGISTER INTO MOST-SIGNIFICANT
POSITICN OF M- REGISTER.

REDUCE COUNT IN N-REGISTER BY ONE
FOR EACH SIX BIT POSITIONS SHIFTED.

{

[ STOP SHIFTING WHEN N=0. ]

STORE CONTENTS OF M—REGISTER IN
HIGHEST-ORDER ACCUMULATOR WORD.
LOCATION AFFECTED BY SHIFT.

TRANSFER COUNT IN CC- REGISTER TO
N- REGISTER.

{

STORE CONTENTS OF E-REGISTERIN
MEMORY LOCATION [0 (OCTAL),

1
WAS WORD SHIFTED ACCUMULATOR NO
WORD A ?
f YES

READ CONTENTS OF MEMORY LOCATION
10 (OCTAL) INTO M-—REGISTER.

(CIRCULAR OR OPEN SHIFT ? JCIRCULAR
¥ OPEN
CLEAR M- REGISTER.

STORE CONTENTS OF M-REGISTER IN
ACCUMULATOR WORD A LOCATION IN
MEMORY. INSERT SIGN IF DECIMAL SHIFT.

'

EXECUTE NEXT INSTRUCTION
IN P-SEQUENCE .
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¢

READ CONTENTS OF NEXT LOWER-ORDER
ACCUMULATOR WORD LOCATION INTO
M-REGISTER. STORE SIGN IF ACCUMULATOR
WORD A AND DECIMYAL SHIFT.

TRANSFER CONTENTS OF-M-REGISTER
TO E-REGISTER AND CLEAR M-
REGISTER.

y

SHIFT M-AND E-REGISTERS RIGHT.
SHIFT BIT IN LEAST- SIGNIFICANT
POSITION OF E-REGISTER INTO MOST -
SIGNIFICANT POSITION OF M-REGISTER.

!

REDUCE COUNT IN N-REGISTER BY ONE
FOR EACH SIX BIT POSITIONS SHIFTED,

| STOP SHIFTINGWHEN N=0. |

STORE CONTENTS OF M-REGISTER
IN NEXT LOWER - ORDER
ACCUMULATOR WORD LOCATION,

STORE CONTENTS OF E-REGISTER
IN NEXT HIGHER-ORDER

ACCUMULATOR WORD LOCATION.

WAS WORD SHIFTED NO REPEAT@ FOR REMAINING
ACCUMULATOR WORD A ? ACCUMULATOR WORDS,

J YES

READ CONTENTS OF MEMORY
LOCATION 10(OCTAL) INTO M-REGISTER]

f

CCIRCULAR OR OPEN SHIFT ? )C'RCULAR

} OPEN
CLEAR M-REGISTER

| —

'
STORE CONTENTS OF M-REGISTER IN
ACCUMULATOR WORD A LOCATION

IN MEMORY. INSE:.SRHTFSTIGN IF DECIMAL

#

EXECUTE NEXT
INSTRUCTION IN

P-SEQUENCE. FIG 136¢
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STORE CONTENTS OF M- REGISTER IN
MEMORY LOCATION I0(OCTAL). STORE
SIGN IF ACCUMULATOR WORD A AND
DECIMAL SHIFT. -

IS WORD STORED IN MEMORY NO -~

LOCATION 10 (OCTAL) ACCUMULATOR _—*’@>
WORD A ?

} YES

FEAD ACCUMULATOR WORD A FROM

MEMORY LOCATION 10(OCTAL) INTO

M- REGISTER. REDUCE COUNT IN
N - REGISTER BY 4.

\
g CIRCULAR
CIRCULAR OR OPEN SHIFT ?

j oPEN
[ CLEAR M- REGISTER. |

-

[

STORE CONTENTS OF M- REGISTER
IN ACCUMULATOR WORD A LOCATION
IN MEMORY. INSERT SIGN IF

L DECIMAL SHIFT.

COUNT N N-—REGISTER ?
{ZERO

EXECUTE NEXT
INSTRUCTION [N
P- SEQUENCE.,

FIGI36h
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READ CONTENTS OF NEXT LOWER-
ORDER ACCUMULATOR WORD
LOCATION INTO M-REGISTER. IF
ACCUMULATOR WORD A AND

DECIMAL SHIFT, STORE SIGN.

Y
STORE CONTENTS OF M-REGISTER
IN NEXT HIGHER-OQORDER
ACCUMULATOR WORD LOCATION
AFFECTED BY SHIFT.

§
IS WORD STORED IN NEXT No REPEATFOR REMAINING
HIGHER - ORDER ACCUMULATOR ACCUMULATOR WORDS
WORD LOCA\LIC())RNDAEC?UMULATOR :

JYES

READ ACCUMULATOR WORD
FROM MEMORY LOCATION IO

(OCTAY INTO M- REGISTER,
REDUCE COUNT IN N-REGISTER

BY 4
Y
QIRCULAR OR OPEN SHIFT p }E’RCULAR
JOPEN

| CLEAR M-REGISTER. |

STORE CONTENTS OF M~
REGISTER IN ACCUMULATOR
WORD A LOCATICON IN MEMORY.
INSERT SIGN IF DECIMAL
SHIFT AND COUNT IN N—

REGISTER = 0.
1
™\ NOT ZERO
( COUNT IN N-REGISTER? ) =®
lZERO

EXECUTE NEXT
INSTRUCTION IN
P— SEQUENCE ,

FIGI36i
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FLOW DIAGRAM
INSTRUCTION 26(VLD)

FIG.16la

"\ FMP
C MPL ) L

{ FMPL \
DECIMAL SHIFT ACCUMULATOR ALPHA SHIFT
LEFT ONE CHARACTER. ACCUMULATOR LEFT
i ONE  CHARACTER.
TRANSFER MOST - SIGNIFICANT DIVIDEND 7
CHARACTER ( CHARACTER 3 OF ACCUMULATOR
WORD D) TO CC - REGISTER. L RESETl Fvo. ]
1
READ MOST — SIGNIFICANT DIVISOR
WORD FROM MEMORY AND STORE IN

E- REGISTER.RESTORE TO MEMORY.
[]

Ccs DIVISOR 2. 100,000 ? } NO

¥ YES
READ MOST-SIGNIFICANT DIVIDEND WORD
FROM MEMORY AND STORE IN M-REGISTER]

t
FORM COMPLEMENT OF MOST SIGNIFICANT
DIVISOR WORD IN E- REGISTER. SET

CAY TO ADD ONE TO COMPLEMENT IN
ADDER. EXECUTE

¥ NEXT
TRANSFER MOST-SIGNIFICANT DIVIDEND INSTRUCTION
CHARACTER TO N - AND Q - REGISTERS. IN
CLEAR CC — REGISTER. P~ SEQUENCE.

-y

|
APPLY CONTENTS OF M—AND € -
REGISTERS TO ADDER TO SUBTRACT
MOST— SIGNIFICANT DIVISOR WORD
FROM CONTENTS OF M- REGISTER.

Y
E—Q CARRY?? )

f O

Cs COUNT IN N- REGISTER:= O ? )ﬁs—..@
I NO

| REDUCE COUNT IN N- REGISTER BY oNe |

-

>
B)VANCE COUNT IN CC- REGISTER
BY ONE.

SET FVO.

TRANSFER ADDER OQUTPUT TO M-
REGISTER.

1

Qs COUNT IN CC - REGISTER = I ?wss

NO SET FVO.
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7

STORE MOST-SIGNIFICANT REMAINDER WORD
IN ACCUMULATOR WORD D LOCATION iN MEMORY.

{

TRANSFER TRIAL QUOTIENT IN CC- REGISTER
TO N - REGISTER.

READ LEAST- SIGNIFICANT DIVISOR WORD FROM
MEMORY AND STORE IN E-REGISTER.
RESTORE TO MEMORY.

STORE SIGN OF DIVISOR IN FLIP-FLOP
SIN.

READ LEAST-SIGNIFICANT DIVIDEND WORD
FROM MEMORY AND STORE IN M-REGISTER.

STORE SIGN OF QUOTIENT IN FLIP- FLOP
SIN.

DIVISOR WORD IN E-REGISTER.SET CAY TO
ADD ONE TO COMPLEMENT IN ADDER.

(FORM COMPLEMENT OF LEAST- SIGNIFICANT

TRANSFER TRIAL QUOTIENT IN N-REGISTER
TO Q- REGISTER. CLEAR CC - REGISTER.

-

|
PPLY CONTENTS OF M -REGISTER AND
E -REGISTER TO ADDER TO SUBTRACT
LEAST - SIGNIFICANT DIVISOR WORD FROM
CONTENTS OF M — REGISTER.

.

IS COUNT IN N- REGISTER = 0 ? YES
y NO
[REDUCE COUNT IN_N -REG:STER BY ONE.]
TRANSFER  ADDER OUTPUT TO M-
REGISTEF .
~ ' ]
( CARRY 7 Y
y NO

| ADVANCE COUNT IN CC - REGISTER
__BY ONE ( BORROW ).

L

g

FIG 161b
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STORE LEAST-SIGNIFICANT REMAINDER
WORD IN ACCUMULATOR WORDC LOCATION
IN MEMORY.

¥
READ MOST-SIGNIFICANT REMAINDER WORD
FROM MEMORY AND STORE IN M-REGISTER.

1

TRANSFER BORROW COUNT IN CC-REGISTER
TO E-REGISTER.

Y
FORM COMPLEMENT OF BORROW COUNT IN
E-REGISTER.SET CAY TO ADD ONE TO
COMPLEMENT IN ADDER.

1]
APPLY CONTENTS OF M-AND E£-REGISTERS TO
ADDER TO SUBTRACT BORROW COUNT FROM
MOST-SIGNIFICANT REMAINDER WORD.

LTRANSFER ADDER OUTPUT TO M-REGISTER. l

TRANSFER TRIAL QUOTIENT FROM Q-
REGISTER TO N-REGISTER.

!

STORE MODIFIED MOST- SIGNIFICANT
REMAINDER WORD IN ACCUMULATOR WORD D
LOCATION IN MEMORY.

[

C CARRY ? M

§ YES
READ ACCUMULATOR WORD A FROM MEMORY
AND STORE IN M-REGISTER.

TRANSFER QUOTIENT IN N-REGISTER
TO CC- REGISTER.

TRANSFER QUOTIENT IN CC-REGISTER AND
SIGN OF QUOTIENT IN FLIP-FLOP SIN TO FLIP
-FLOPS MOO-MO5 OF M-REGISTER.

STORE CONTENTS OF M-REGISTER IN
ACCUMULATOR WORD A LOCATION IN MEMORY.

4

EXECUTE NEXT
INSTRUCTION IN
P~ SEQUENCE.

FIG. 161c
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S

rF?ED%CEE TRIAL QUOTIENT IN N- REGISTER
NE.

BY
i 2
IS QUOTIENT IN N - REGISTER = |0 ,?/l YES 7'
 No
READ LEAST-SIGNIFICANT REMAINDER SET FvO.
WORD FROM MEMORY AND STORE IN
E - REGISTER . l
¥
READ LEAST-SIGNIFICANT DIVISOR WORD
FROM MEMORY AND STORE IN M — EXECUTE NEXT
REGISTER. RESTORE* TO MEMORY, INSTRUCTION I
APPLY CONTENTS OF M-AND E-REGISTERS P — SEQUENCE,
TO ADDER TO ADD LEAST- SIGNIFICANT
DIVISOR WORD TO LEAST-SIGNIFICANT
REMAINDER WORD.

| 4
TRANSFER SUM FROM ADDER TO M-
REGISTER AND REMEMBER CARRY, IF ANY,

STORE CORRECTED LEAST-SIGNIFICANT
REMAINDER WORD IN ACCUMULATOR WORD
C LOCATION IN MEMORY.

¥
READ MOST-SIGNIFICANT REMAINDER
WORD FROM MEMORY AND STORE IN
E - REGISTER.

1

READ MOST-SIGNIFICANT DIVISOR WORD
FROM MEMORY AND STORE IN M-
REGISTER. RESTORE TO MEMORY.

¥
APPLY CONTENTS OF M- AND E —
REGISTERS TO ADDER TO ADD MOST -
SIGNIFICANT DIVISOR WORD TO MOST-
SIGNIFICANT REMAINDER WORD. ALSO
ADD CARRY , IF_ANY.

TRANSFER SUM FR(;M ADDER TO
M - REGISTER.

17
STORE CORRECTED MOST- SIGNIFICANT
REMAINDER WORD IN ACCUMULATOR
WORD D LOCATION IN_MEMORY.

1
READ ACCUMULATOR WORD A FROM
MEMORY AND STORE IN M- REGISTER.

Y
TRANSFER QUOTIENT IN N-
REGISTER TO CC - REGISTER.

r
TRANSFER QUOTIENT IN CC - REGISTER
AND SIGN OF QUOTIENT IN FLIP- FLOP
SIN TO FLIP-FLOPS MOO-MO5 OF M-REGISTER)

[
STORE CONTENTS OF M- REGISTER IN
ACCUMULATOR WORD A LOCATION IN

MEMORY
EXECUTE NEXT FIG 16ld.

INSTRUCTION IN
P - SEQUENCE .
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IS CHANNEL /
PERIPHERAL SUB-
SYSTEM BUSY
OR OFF-LINE ?

YES

STORE STATUS( 1000 IF SEND DEVICE CODE
BUSY, OR 00! IFOF F-LINE) AND COMMAND CODE
AT MEMORY LOCATION TO THE PERIPHERAL
SPECIFIED BY THE SUBRSYSTEM ON THE
SECOND ADDRESS OF SELECTED CHANNEL.
THE GEN. INSTRUCTION.

OBTAIN STATUS FROM
THE PERIPHERAL SUB-
SYSTEM ON THE
SELECTED CHANNEL
AND STORE AT THE
MEMORY LOCATION
SPECIFIED BY THE
SECOND ADDRESS OF THE
EN. INSTRUCTION,

DOES MAJOR STATUS™
NO _/INDICATE SUESYSTEM
EXECUTE THE READY (OU0O } ¢

NEXT INSTRUCTION __y YES

IN THE PROGRAM. NO IS PERIPHERAL
SUBSYSTEM PREPARED
TO TRANSFER DATA ?

} YES

READ THE LPW FOR THE
SELECTED CHANNEL .

!

ADD ONE TO THE COUNT FIELD OF
THE LPW FOR THE SELECTED
CHANNEL AND RESTORE THE LPW.

USE ADDRESS FIELD OF THE LPW |
TO OBTAIN FIRST WORD OF DATA
CONTROL LIST. PLACE LIST WORDIN
CHANNEL _DCW LOCATION.

Y ‘
TRANSFER BITS 16 - 15 OF THE

DCW TO FLIP-FLOPS CKI, CKO.

ISET FIRST TIME FLIP — FLOP FTT. |

FLOW DIAGRAM
INSTRUCTION O7 (GEN)

FIG. 168
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RESUME
INSTRUCTION
PROCESSING.

ROQO, CHECK FOR DATA
INTERRUPT REQUEST (FIRT)j

Y
DATA INTERRUPT (DJOR

INPUT/OUTPUT (I/0)DCW NO
RETRIEVAL REQUEST PRESENT |

(DDIE)?

—w§ YES ~
READ DCW FROM FIXED
MEMORY LOCATION INTO

M-REGISTER APPLY DCW
TO ADDER INPUTS.

[
>

©

Y
170 DI OR I/0 DCW

\ RETRIEVAL ?

§ o1
STORE Mi5 AND MI6
INTO CKOAND CKI.

n€

T &55'@

TRANSFERR

®~

TRANSFER CKO AND CK|
TO SELECTED CHANNEL..

¥
CHARACTER

YES
CHANNEL 2

Do

NO_(roU

FORCE BITS IS AND I6 IN THE

ADDER EQUAL TO NUMBER OF
CHARACTERS IN CHANNEL .

ADD FOUR TO COUNT FIELD
AND FORCE BITS I5 AND 16
TO ZEROS IN ADDER.

!

ADD ONE TO COUNT
FIELD IN ADDER,

SET RVO.

!

' IN  ADDER,

ADD ONE TO

THE ADDRESS

| —

YES DCW CHARACTER \
COUNT OVERFLOW ? /

TRANSFER ADDRESS FROM
ADDER TO M-REGISTER
AND INHIBIT MWR.

DCW FIXED LOCATION

CLEARED FOR STORAGE
OF NEW DCW

-

1

TRANSFER UPDATED DCW
FROM ADDER TO M-
REGISTER AND WRITE TO
DCW FIXED MEMORY
LOCATION,

FLOW DIAGRAM
R- SEQUENCE

FIG I73a
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READ FROM THE MEMORY
LOCATION SPECIFIED BY THE
DCW IN THE M-REGISTER.

f

YES(wWRITE OPERATION(DRIT)D—NO—

TRANSFER DATA FROM M-
REGISTER TO CHANNEL.;
PER CKO AND CKI IF
CHARACTER CHANNEL,
FULL WORD FOR WORD
CHANNEL.

1

TRANSFER DATA FROM
CHANNEL TO M-REGISTER,PER
CKO AND CKI IF CHARACTER
CHANNEL, FULL WORD FOR

WORD CHANNEL.

L

WRITE TO THE MEMORY
LOCATION SPECIFIED BY DCW.

y

SEND DATA RELEASE AND
FIRST TIME THRU FF RESET
SIGNAL TO THE SELECTED

CHANNEL.

)

. YES :

RVO SET 2

D

‘NO

CHECK FOR DI REQUEST.

(FIRT)

f

~TI ORI/O DCW

{ RETRIE VAL REQUEST
. PRESENT (DDIE)?

FIG. I73b
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RO4

ADD ONE TO ADDRESS
i FIELD IN ADDER.

L

RESET RVO.

READ LPW FROM FIXED MEMORY
LOCATION INTO M-REGISTER.
APPLY LPW TC ADDER AND

ADD ONE TO WORD COUNT
IN ADDER.

!

1790
o OI OR I/0 DCW RETRIEVAL ? »—

SET RVO.

YES

TRANSFER ADDRESS FPOM
ADDER TO M-REGCIST

REMAINS CLEARED F
STORACE OF NEW LFP

ER
AND INHIEIT MWR, L(O)CATION

=

LPW WORD COUNT OVERF

Low? NO

SEND END DATA TRANSFER
SIGNAL TO THE SELECTED

3

TRANSFER UPDATED LPW FROM
ADDER TO M-REGISTER AND
WRITE TO LPW FIXED MEMORY

LOCATION,
]

E__

]

V° | TRANSFER CKO AND CK|
_TO SELECTED CHANNEL.

CHANNEL . i
READ FROM_ THE MEMORY LOCATION
T R VR
REGISTER.
Y
WRITE TO MEMORY LOCATION
SPECIFIED BY THE LPW.
_ ¥ WRITE 70 THE DCW
[WRITE 70 ThE LPW FIXED] ves NO |FIXED MEMORY
MEMORY LOCATION AND RVO SET? N9 .| ACATION. SEND
i AT
T KA N S TE2AN
- CHANNECS PHST TME
v THROUGH FLIP-FLOP
STORE MI5 AND Mi6 INTO | L—— 1
CKO AND CKI.
Y
NO - YES
; —( CHARACTER CHANNELP )

PR

CHECK FOR DI REQUESTS

(FIRT),

O YES < D:

REQUEST PRESENT (DDIE)?

1 OR I/C DCW RETRIEVAL : NO :

FIG. I73c
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i ]
TRANSFER NEXT
INSTRUCTION IN P-SEQUENCE
TO PROGRAM PROCESSOR.

®

[ExECUTE INSTRUCTION. |

IS FLIP-FLOP YES
PSA SET ? —- ‘—J
yNo USE P _REGISTER 10
ARE THERE
NO PRORAM INTERRUPT INSTRUCTION.
REQUESTS ?
{ YES IS IT A SET

STATUS INSTRUCTION
{CPO) TO RESET
PIT ?

TAKE NEXT INSTRUCTION
FROM PIW OF NEXT
CHANNEL GRANTED
PROGRAM INTERRUPT

R foReosTer
ADVANCE, [__ReseT pIT. |

f

IS IT A BRU

_____

SET PSA AND PIT
TO INHIBIT FURTHER
PROGRAM INTERRUPTS.

RESET PSA TO ALLOW
FUTURE PROGRAM
INTERRUPTS .

o

el

EXECUTE PIW
INSTRUCTION (SPB OR
GEN).

v 5
ERROR

COMPUTER HALTS,
CONTROL WORD ALERT
INDICATOR FLIP-FLOP
ICW IS SET

FLOW DIAGRAM
PROGRAM INTERRUPT

FIG 177
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FRR2 = DRO3 QTCO —»S | = FRR2
RR2
FRR2 = DR05S QTCO + FCSF QTC2 —®»R Op—> FRrRR2
FRR1 = DRO1 FMNX QTCO + DRO1 DDIB QTC2 —p § | FRR1
RR1
FRR1 = {DRRV + DRO3) QTCO + FCSF QTC2 - R O}—>» FRR1
FRRC = [DROO DDIE + DROZ (FRVO + DDIE) — S | ——» FRRO
+ DRO4] QTCO
RRO
FRRO = (DRO1 + DRO3 + DRO5 DDIE) QTCO —»IR O}—+» TRRO

+ FCSF QTC2

INPUTOQUTPUT CONTROL UNIT
FIG 178
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FDSH -

FDSG

FDSG

FDSF

FDSF

FDSE

FDSE

ZDSH FIRT

DRDI

ZDSG FIRT

DRDI

ZDSF FIRT

DRDI

ZDSE FIRT

DRDI
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DSH

—»S

DSG

DSF

DSE

INPUTOUTPUT CONTROL UNIT

FIGI79
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FDSH

FDSG

FD5G

FDSF

FSDF

FDSE

FDSE
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FDSD = ZDSD FIRT —® § | /™ FDSD
DSD

FDSD = DRDI —»R O [— FDSD

FDSC = ZDSC FIRT ——— § j b—» FDSC
DSC

FDSC = DRDI —»R Oy —» FDSC

FDSB = ZDSB FIRT —»S | b FDSB
DSB

FDSB = DRDI ——»R O}—» FDSB

FDSA = ZDSA FIRT ——»= S I b—® FDSA
DSA

FDSA = DRDI — R O F—» FDSA

INPUT-OUTPUT CONTROL UNIT
FIG 180



Feb. 6, 1968 E. W. HERRON ETAL 3,368,206

INFORMATION SHIFT APPARATUS IN A DATA PROCESSING SYSTEM

Filed April 14, 1965 763 Sheets—Sheet 34s

FIRT = DIRS QTLP —id S | 4——» FIRT
IRT

FIRT = FIRT QTLP R Q —» FIRT

FKLK = DCCE QICK — S { —» FKILK
KLK

FKIK = DCCE QTCK —»R 0 }—» FKIX

FLPB = FLPM DPRC — § | b—» FLPR
LPB

FLPB = DMLR + FSTT + FSTE —{ R O}——» TFLPR

FLPFM = SLPS FNBY —— = S | —» FLPM
LPM

FLPM = DMLR + FSTT + FSTE — R O F—» FLPM

INPUT/OUTPUT CONTROL UNIT
FIG. 181
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FPS2 = FPS1 FPS2 — S FPS2
PS2

FPS2 = FPS1 FPS2 + DPSP + DMLR R FPS2

FPS1 = FPSO FPS1 —» S FPS1
PS1

FPS1 = FPSO FPS1 + DPSP + DMLR R FPS1

FPSO = FPIT FPSQO DNPSC FKLK + DPSP —»S FPSO
PSC

FPSO = FPIT FPSO DPSC FKLK + DMLR R FPSO

INPUTOUTPUT CONTROL UNIT
FIG 182
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FCK1 = FCKO FCKL + FM16 DCTC D3GS — i f—= ¥cr1
CK1

FORT = FCKO FCK1 + DMLR + DCKR FMNX ——{R O |— FCK1

FCKO = FCKO DCKO + FM15 DCTC DSCS —dg } f—» FCKO
CKO

FURD « FCKO DCKU + UMLE + DCKR FRNK e O p—#~ FCKO

—

FAKT = DHTD el § 1 b—s- FABT
ABT

FABT = DMLR ——— R O} —» TABT

FBSY = DIBC DBRS ——» S I b—® gy
BSY

FRSY = DWOO £7T1.5 = R o b—> FBSY

INPUT/OUTPUT CONTROL UNIT
FIG 183
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FDFE

FDFE

FETT

FFTT

FGST

FGST

FICW

FICW

DIOD

DMLR + FGST

DSFT ZCNO

DRWR ZCNO + DMLR

DFUN FGST

DMLR + DREL

DIAC + DIIP

DMIR + DMLR + SIWR
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DFE

FTT

GST

ICW

INPUT/QUTPUT CONTROL UNIT

FIG. 184

FDFE

FDFE

FFTT

FFTT

FGST

FGST

FICW

FICW
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FPAD = FPIA FPSA (FMPI + FTVO FFVO + FAIM) ——ig FPAD
PAD

FPAD = DMLR + FMPI FFVO FPEF FICW FTLS —»R FPAD

FPCA = FPCB FKLK K FPCA
PCA

FPCA = FPCB FKLK + DMLR ——»{R FPCA

FPCB = FPCA FLKL ——lg FPCB
PCB

FPCB = FPCA FKLK 4+ DMLR — »IR FPCB

FPER = DSPE ZCNO ——» 5 FPER
PER

FPER = DIOI ZCNO + DMLR — R FPER

INPUT/OUTPUT CONTROL UNIT
FIG 185
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FRCA

FRCA

FRVO

FRYO

FWRT

FWRT
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DRO3 DDIB FTL2 FMEM QTCK ____ = ——mi§
+ (FM15 FM16 FTL2Z DRO1 FMNX DFTC) QTCK

RCA
FTL5 QTCK —»R
DR13 FTL3 MC23 FMNX DDIB —— s

RVO
DIAC + DMVR + DMLR + DRO3 FTL1 — iR
DSWR FTL1 — s

WRT
DSWR FTL1 + DMLR —»{R

INPUT/OUTPUT CONTROL UNIT
FIG 186
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FRCA

FRCA

FRVO

FRVO

FWRT
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1.OGICAL COMBINATION SIGNALS:

DME3
DME2
DME1
DMEO
FEBX
FPCA
FPCA
FPCA
DBTS
FPCA
DCBC
REBX
DGEN
ZCNO

FCK1

DDTE FTL4 FWRT
DDTE FTL4 FWRT
DDTE FTL4 FWRT

DDTE FTL4 FWRT

FPCB

FPCB

FPCB

FABT

FPCB + FPCA FPCB

FEO5 (FEOO + FEO1 + FE02 + FEO3)
ZCNO

(FTLO + FTL2 + FTL4) + DGEN FKLK

FCKO

FMNX
DRL2
ZPCO
DCCS
FIRT
FM15

FM16

+ DCCS + DDTC

+ DIRT

MEVP DDFR
FLPM
DCTC

DCTC

(DRO1 + DROS) FMNX FTL3

FWRT

REWX

+ FDFE

DLLI + REAT DLLI

INPUTQUTPUT CONTROL UNIT

FIG. 187
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= DBRO
= DBR1
= DBR2
= DER3
= DBRE
= DBT1
= DBT2
= DBT3
= DBTE
= DBTS
= DBYC
= DCBC
= DCCE
= DCCS
= DCHO
= DCKO
= DCKR
= DCNO
= DCPR
= DCSE
= DCTC
= DCT1
= DCTC
= DDFR

= DDIO
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TOGICAL COMBINATION SIGNALS (Cont.):

DDID + FDSE + FDSF + FDSG + FDSH =
FDSA + FDSB + FDSC + FDSD =
DDIB + FIOR =
FDSA =

FDSA FDSB =

FDSA FDSB FDSC =

FDSA FDSB FDSC FDSD =

DDID FDSE =

DDID FDSE FDSF =

DDID FDSE FDSF FDSG =

DDID FDSE FDSF FDSG FDSH =
FTL4 DDIE =
DRO1 FMNX + DRO2 =
FEO6 DEME ‘ =
FEO7 DEME =
FEO8 DEME =
FEO9 DEME =
FE10 DEME =
DRO4 FRVO + DIAC =
DECH FELl FEI2 FE13 =
DECH FE1l FE12 FEI3 =
DECH FEL1 FE12 FE13 =
DECH FEll FE12 FEL3 =
DECH FELl FE1Z FEL3 =

DECH FE1l1l FE12 FE13 =

INPUT /OUTPUT CONTROL UNIT
FlG. 188

DDIB

DDID

DDIE

DDPA

DDPB

DDPC

DDFD

DDPE

DDPF

DDPG

DDPH

DDTC

DDTE

DDVO

DDV1

DDV2

DDV3

DDV4

DEDX

DELO

DEL1

DEL2

DEL3

DEL4

DELS
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LOUGICAL COMBINATION SIGNALS (Cont,):

DECH FEI1 FE12 FE13 = DEL6
DECH FE1l FE12 FE13 = DEL7
DEDF FGST = DEME
DNBS DPEC DPAN = DESH
FEGO DEME = DFNO
FEO1 DEME = DFN1
FEO2 DEME = DFN2
FEO3 DEME = DFN3
FEO4 DEME = DFN4
FEQS DEME = DFN5
DCNO FFTIT = DFTC
DW12 FTL2 FWRS = DFUN
FMOO DGDM = DGOO
FMO1 DGDM = DEO1
FMO2 DGDM = DGO2
FMO3 DGDM = DGO3
FMO4 DGDM = DGO4
FMO5 DGDM = DGOS
FMO6 DGDM = DGO6
FMO7 DGDM = DGO7
FMO8 DGDM = DGOS
FMO9 DGDM = DGOY
FM10 DGDM = DGO
FM11 DGDM = DG11
FM12 DGDM = DG12

INPUT/OUTPUT CONTROL UNIT
FIG. 189
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FM13
FM14
FM15
FM16
FM17
FM18
FM1S
FM20
FM21
FM22
™23
REBX
DDIB
DMEOQ
DMEQ
DMEQ
DMEQ
DMEQ
DMEOQ
DME1
DME1
DME1
DME 1
DME1

DMEL

DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
DGDM
ZCNO FGST
DRIT
(DJOO DSHO
(DJO1 DSHO
(DJO2 DSHO
(DJO3 DSHO
(DJO4 DSHO
(DJOS DSHO
(DJOO DSH1
(DJO1 DSH1
(DJO2 DSH1
(DJO3 DSH1
(DJO4 DSH1

(DJO5 DSH1

DJ10

DJ11

DJ12

DJ13

DJ14

DJ15

DJ10

DJ11

DJ12

DJ13

DJ14

DJ15

DSH1

DSH1

DSH1

DSH1

DSH1

DSH1

DSHO

DSHO

DSHO

DSHO

DSHO

DSHO

+

+

+

+

<+

+

DJ20
DJ21
DJ22
DJ23
DJ24
DJ25
DJ30
DJ31
DJ32
DJ33
DJ34

DJ35

DSH2
DSH2
DSH2
DSH2
DSH2
DSH2
DSH2)
DSH2)
DSH2)
DSH2)
DSHZ)

DSH2)

+

+

+

+

+

+

DJ30
DJ31
DJ32
DJ33
DJ34

DJ35

3,368,206

363 Sheets-Sheet Jav

DSH3)
DSH3)
DSH3)
DSH3)
DSH3)

DSH3)

INPUT/OUTPUT CONTROL UNIT
FIG. 190

= DG13
= DG14
=  DG15
= DGlé
= DGL7
= DG18
= DG19
= DG20
= DGZ1
= DG22
= DG23
= DGCS
= DGDM
= DIOO
= DIO1
= DI02
= DIO3
= DI04
= DIOS
= DI10
= DI1l1
= DI12
= DI13
= DIl4

= DI15
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DME2

DME2

DME2

DME2

DME2

DME2

DME3

DME3

DME3

DME3

DME3

DME3

DMBX

DCBC

DRO2

DR13

FTL3

FTL4

FDFE

DPDC

(DJOO DSH2 + DJ10 DSHl + DJ20 DSHO)

(DJO1 DSH2 + DJ11 DSH1 + DJ21 DSHO)

(DJO2 DSH2 + DJ12 DSH1 + DJ22 DSHO)

(DJO3 DSH2 + DJ13 DSH1 + DJ23 DSHO)

(DJO4 DSH2Z + DJ14 DSH1 + DJ24 DSHO)

(DJO5 DSH2 + DJ15 DSHL + DJ25 DSHO)

(DJOO DSH3 + DJ10 DSH2 + DJ20 DSH1 + DJ30 DSHO)

(DJO1 DSH3 + DJ11 DSH2 + DJ21 DSH1 + DJ31 DSHO + DPEC)
(DJO2 DSH3 + DJ12 DSH2 + DJ22 DSH1 + DJ32 DSHO)

(DJO3 DSH3 + DJ13 DSH2 + DJ23 DSH1 + DJ33 DSHO + DPEC)
(DJO4 DSH3 + DJ14 DSH2 + DJ24 DSH1 + DJ34 DSHO)

(DJO5 DSH3 + DJ15 DSH2 + DJ25 DSHL + DJ35 DSHO)

FMAT

+ DNBS + DPAN + FPRI DPRC

FTL3 + DRO1 FTL3 FMNX + DW1l FTL1 FWRS + DW12 FTL1 FWRS
FTL1

DGEN FBSY DWO1 DIMM FNXF

DWO3 DGEN FBSY

+ DREL + FGST DDIB

DEIN DGEN

DDIB
DCCs
DKOO
DKO1

DK02

FDFE FLPM DIBC + DDTE
DRO1 FMNX

+ DG18

+ DG19

+ DG20

INPUT~OUTPUT CONTROL UNIT
FlG. 191
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D120
D121
D122
DIZ3
DI24
D125
DI30
DI31
D132
DI33
DI34
DI35
DIAC
DIBC
DIDS
DIMR
DIOD
DIOI
DIOZ
DIPR
DISH
DIWC
DJOO
DJO1

DJO2
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DKO3 + DG21

DKO4
DKG5
DK10
DK11
DK12
DK13
DK14
DK15
DK20
DK21
DK22
DK23
DK24
DK25
DK30
DK31
DK32
DK33
DK34
DK35
REXO
REX1

REX2

4

+

+

+

+

DG22
DG23
DG12
DG13
DG14
DG15
DG16
DG17
DGO&
DGO7?
DGCS
DGO9
DG10O
DG11
DGO
DGO1
DGO2
DGO3
DGO4

DGO5

DRDE

DRDE

DRDE

DRDE

DDVO

DDV1

DDV2

DDV3

DDV4

DFNO

DFN1

DFN2

DFN3

DFN4

DFN5

INPUT ~OUTPUT CONTROL UNIT

FIG. 192
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D303
DI04
DJO5
DJ10
DJil
bDJ12
DJ13
DJ14
DJ15
DJ20
DJ21
DJjz22
DJ23
Diz4
DJ25
DJ30
DJ31
DJ32
DJ33
DJ34
DJ35
DKOO
DKOL
DKO2

DKO3
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REX4
REXS5
ZCNO
ZCNO
DGCS
RPTS
FLPM
DRO2Z
DDIB
DMEX
DDIB
DDIB
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ABSTRACT OF THE DISCLOSURE

In order to reposition small or large amounts of in-
formation held in a stored multi-word, accumulator with-
out the necessity for providing multi-word discrete regis-
ters or separate left shift logic, control circuiiry is pro-
vided to manipulate data among: two single-word oper-
ating registers; the affected word or words of the multi-
word, stored accumulator; and a reserved single-word
storage location, The character of shift realized is ef-
fected by controlling the sequence of manipulations.
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GENERAL DESCRIPTION

This invention relates to data processing systems and,
in particular, to shift apparatus for shifting information
in data processing systems.

During data processing operations in a data processing
system, it is often necessary to alter the positions of binary
digits in a word or other unit of information. Such al-
teration of position is effected by shifting the word or
unit of information in a component of the data process-
ing system. The performance of multiplication and divi-
sion operations in the data processing system normally re-
quires that the operands be shifted. Shifting of informa-
tion, for example, the contents of the accumulator in the
arithmetic unit of the data processing system, may also
be necessary during other data processing operations.

Prior art data processing systems have employed spe-
cial shift registers to shift information. These special shift
registers have been of sufficient storage capacity to ac-
commodate the entire quantity to be shifted. In data proc-
essing systems where it is desirable to shift large units of
information, for example, units of information compris-
ing several words, such special shift registers and the ac-
companying logic increase significantly the cost and com-
plexity of the data processing systems. It is often desir-
able to shift information either right or left. In the shift
registers of prior art data processing systems, special logic,
in addition to that required for right shift operations, is
necessary to effect left shifts, This special logic increases
the cost of the shift register. Accordingly, it is desirable
to provide an arrangement for shifting information in a
data processing system which does not require special shift
registers and which provides common logic for controlling
either a right or a left shift.

It is therefore an object of this invention to provide im-
proved shift apparatus in a data processing system.

It is another object of this invention to provide a shift
arrangement in a data processing system which minimizes
the required hardware and logic.

It is another object of this invention to provide shift
apparatus in a data processing system which employs com-
mon Jogic to control hoth left and right shifts.

It is a further object of this invention to provide a shift
arrangement in a data processing system which employs
the operating registers of the system and does not re-
quire special registers.

It is a further object of this invention (o provide an ar-
rangement in a data processing system for shifting large
units of information while employing a minimum amount
of hardware and Jogic.

The foregoing objects are achieved, in the illustrated
embodiment of the invention, by scparately processing
each accumulator word to be shifted during a shift opera-
tion. Shifting is accomplished in the program processor
by employing two 24-bit operating registers, the E- and
M-Registers. The N-Register is employed to store the
count indicating the number of character or bit positions
through which the accumulator is to be shifted, During a
left shift when the number of character or bit positions
through which the accumulator is to be shifted is less than
the length of a word, the N-Register contains a count of
the equivalent number of positions (hrough which each
accumulator word mwust be right shifted in the E- and M-
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Registers. Each accumulator word affected by the shift is
transferred from memory to the program processor and
subsequently stored into an appropriate accumulator word
location or locations in memory prior to transferring the
next higher-order or lower-order accumulator word af-
fected by the shift to the program processor. During a right
shift, the least-significant accumulator word is processed
first, the remaining accumulator words to be shifted be-
ing processed in the order of successively increasing sig-
nificance. During a left shift, the most-significant accumu-
lator word affected by the shift is processed first, the re-
maining accumulator words to be shifled being processed
in the order of successively decreasing significance.

If the number of bit or character positions through
which the accumulator is to be shifted is greater than the
length of a word, the M-Register is employed to shift en-
tire accumulator words, one at a time. The first accumu-
lator word to be shifted is transferred to a temporary
memory location. Remaining accumulator words to be
shifted are transferred between accumulator word loca-
tions. During a right shift, an accumulator word is trans-
ferred to the next lower-order accumulator word location
whereas during a left shift, an accumulator word is trans-
ferred to the next higher-order accumulator word loca-
tion. If the shift is a cicular shift, the accumulator word
in the temporary memory location is transferred to the
empty accumulator word location after all affected ac-
cumulator words have been shifted. This sequence is re-
peated until the number of character or bit posilions
through which the accumulator is to be shifted is either
zero or less than the length of a word.

If the number of character or bit positions through
which the accumulator is to be shifted is less than the
length of a word, both the E- and M-Registers of the pro-
gram processor are employed to shift each accumulator
word through the required number of bit or character posi-
tions. Each accumulator word is initially transferred to
the E-Register, a portion of the accumulator word in the
E-Register being shifted into the M-Register, in accord-
ance with the count in the N-Register, The direction of
shift in the E- and M-Registers is right for either a right
or a left shift of the accumulator. The order of process-
ing the accumulator words is the same as for the case
when the distance to be shifted is greater than the length
of a word. During processing of the first accumulator
word, the partial word in the E- or M-Register, during
a left or a right shift respectively, is stored in the tem-
porary memory location. The remaining partial words in
the M- and E-Registers are selectively stored in predeter-
mined accumulator word Jocations during the shift, with
the information in the temporary memory location being
subsequently transferred to the empty bit positions of a
predetermined accumulator word location, if the shift is
circular.

This application is one of several applications covering
an entire computer system. Portions of the apparatus
herein disclosed are inventions of the following:

Thomas J. Beatson, David E. Keefer, Richard M.
Rojko, and John E. Wilhite, as defined by the claims of
their application Ser. No. 446,067, filed Apr. 6, 19653

Thomas J. Beatson, Frank J. Boyle, Byron F. Burch,
Jr., Robert D. Hunter, and Daniel W. Scott, as defined by
the claims of their application Ser. No. 448,194, filed
Apr. 14, 1965;
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Richard A. Boennighausen and Byron F. Burch, Jr,, Ser.
No. 448.195, filed Apr. 14, 1965;

Robert D. Hunter, Robert A. Perrine, and John E. Wil-
hite, as defined by the claims of their application, Ser.
No. 448,196, filed Apr. 14, 1965;

Frank J. Boyle and John E. Wilhite, as defined by the
claims of their application, Ser. No. 448,537, filed Apr.
15, 1965;

Edwin W. Herron, Robert D. Hunter, and David E.
Keefer, as defined by the claims of their application,
Ser. No. 448,538, filed Apr. 15, 1965;

Edwin W. Herron, Robert D. Hunter, and David E,
Keefer, as defined by the claims of their application,
Ser. No. 448,539, filed Apr. 15, 1965;

Robert D. Hunter, David E. Keefer, and John E. Wilhite,
as defined by the claims of their application, Ser. No.
448,540, filed Apr. 15, 1965; and

David E. Keefer, as defined by the claims of his applica-
tion, Ser. No. 448,541, filed Apr. 15, 1965.

All of the above applications are assigned to the
assignee of the present application.

DESCRIPTION OF DRAWINGS

The subject matter of the invention is particularly
pointed out and distinctly claimed in the concluding por-
tion of the specification. The invention, however, both
as to organization and method of operation may best be
understcod by reference to the following description
taken in connection with the accompanying drawings, in
which:

FIGURE 1 is a block diagram of the data processing
system to which the instant invention is applicable;

FIGURES 2a-20 are symbolic diagrams illustrating
the organization of the various types of words employed
in the system of FIGURE 1;

FIGURES 3a-3b comprise a circuit diagram of a clock
generator employed in the system of FIGURE [;

FIGURE 4 is a circuit diagram of a gated clock dis-
tribution driver employed in the system of FIGURE I
and illustrates a symbol employed to represent the gated
clock distribution driver;

FIGURE 5 is a circuit diagram of a gated clock ampli-
fier employed in the system of FIGURE 1, and illus-
trates a symbol employed to represeat the gated clock
amplifier;

FIGURE 6 is a circuit diagram of a flip-flop employed
in the system of FIGURE 1, and illusirates a symbol em-
ployed to represent the flip-flop;

FIGURE 7 is a circuit diagram of a pulse pedestal
flip-flop employed in the system of FIGURE 1;

FIGURE 8 is a circuit diagram of a NAND-gate em-
ployed in the system of FIGURE 1, and illustrates a sym-
bul employed to represent the NAND-gate;

FIGURE 9 is a circuit diagram of a NAND-supple-
ment circuit employed in the system of FIGURE 1, and
illustrates a symbol employed to represent the NAND-
supplement circuit;

FIGURE 10 is a circuit diagram of a logic driver
emploved in the system of FIGURE 1, and illustrates
a symbol employed to represent the logic driver;

FIGURE 11 is the circuit diagram of a full adder em-
ployed in the system of FIGURE 1, and illustrates a sym-
bol employed to represent the full adder;

FIGURE 12 is a block diagram of the data storage
elements, the data transfer paths between these elements
and the major control elements of the data processing
system of FIGURE 1;

FIGURE 13 is a block diagram of the circuits pro-
viding the input signals to a flip-flop of the system;

FIGURE 14 is a block diagram of a 16K memory unit;
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FIGURE 15 is a symbolic diagram illustrating row
selection in a memory plane of the 16K memory unit of
FIGURE 14;

FIGURE 16 is a symbolic diagram of the 4K memory
stacks of the 16K memory unit of FIGURE 14 and illus-
trates the addressing of the 4K stacks;

FIGURE 17 is a symbolic diagram of a 32K Memory
employed in the data processing system of FIGURE !
and illustrates the logic for selecting a 16K memory
unit of the 32K Memory;

FIGURE 18 is a block diagram illustrating the Memory
Timing and Control Logic of the 16K memory unit of
FIGURE 14;

FIGURES 19a and 195 comprise a timing diagram il-
lustrating the timing sequence of the Memory employed
in the data processing system of FIGURE 1;

FIGURES 20q, 205, 20c, 20d and 20¢ compri-e a block
diagram of the Central Processor illustrating the data
storage elements of the Program Processor, the data
transfer paths between these elements and the major
control elements of the Program Processor;

FIGURE 21 is a block diagram of the Timing Clock
Generator and the Start-Stop Clock Logic of the Central
Processor of FIGURE 20;

FIGURE 22 is a timing diagram illustrating the tim-
ing sequence of the Timing Clock Generator and TL-
Counter of the Central Processor of FIGURE 20;

FIGURE 23 is a symbolic diagram ijllusirating the
Parity Check and Generation Logic of the Central Proc-
essor of FIGURE 20;

FIGURE 24 is a symbolic diagram illustrating the
relocatable Accumulator in the Memory of the Central
Processor of FIGURE 20;

FIGURES 25a and 25b are symbolic diagrams illus-
trating the Adder of the Central Processor of FIG-
URE 20;

FIGURE 26 is a symbolic diagram of the console
switches of the Central Processor of FIGURE 20;

FIGURES 27-35 illustrate logica] schematic diagrams
of the logical circuits providing input signals to the flip-
flops of the Memory;

FIGURES 36-43 illustrate logical schematic diagrams
of the logical circuits providing logical combination sig-
nals, address decode and driver input signals, clock gen-
erator input signals, gated clock amplifier input signals,
inhibit driver input signals and data driver input signals
in the Memory;

FIGURES 44--92 illustrate logical schematic diagrams
of the logical circuits providing input signals to the flip-
flops of the Program Processor;

FIGURES 93-114 illustrate logical schematic diagrams
of the logical circuits providing logical combination sig-
nals in the Program Processor;

FIGURES 115 and 116 illustrate logical schematic dia-
grams of the logical circuits providing full adder input
signals in the Program Processor;

FIGURES 117 and 118 illustrate logical schematic dia-
grams of the logical circuits providing clock generator in-
put signals, gated clock distribution driver input signals
and gated clock amplifier input signals in the Program
Processor;

FIGURES 1194 and 119bh comprise a t'ming diagram
useful in explaining the operation of the system in execut-
ing the “instruction fetch™ portion of the initial routine,
preparatory to address development, if any, and execu-
tion of the instruction;

FIGURES 120« and 1206 comprise a flow diagram use-
ful in illustrating the operation of the system in executing
the “instruction fetch” portion of the initial routine;

FIGURES 121a, 1215, 121¢ and 121d comprise a tim-
ing diagram useful in explaining the operation of the
system in executing the “address development” portion of
the initial routine, preparatory to instruction execution;

FIGURES 122a, 1225, 123, 1244, 124b, 125, 1264 and
1265 comprise flow diagrams useful in illustrating the
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operation of the system in executing the “address develop-
ment” portion of the initial routine;

FIGURES 127a-127d, 128a—-128c, 12%a-129¢, 130a—
1308, 131a-131c, 132a-132, 133a-133d, 134a-134f and
135a-135/ are timing diagrams useful in explaining the
operation of the data processing system in executing cer-
tain of the programmable instructions of the system;

FIGURES 136a-136/ comprise a flow diagram useful
in illustrating the operation of the system in executing
Instruction 22, Shift (SHG);

FIGURES 137a-137¢, 138a-138¢, 13%a-139¢, 140a—
140f, 141a-141f, 142a-142f, 143a-143d, 144a-144D,
145a-145d, 146a-146d, 147a-147c, 148a—-148b, 149,
150a-150c, 151, 152a-152b, 153¢-153b and 154a-154c
are timing diagrams useful in explaining the operation of
the data processing system in executing certain program-
mable instructions of the system;

FIGURE 155 is a flow diagram useful in illustrating
the operation of the system in executing Instruction 16,
Branch on Count (BRC);

FIGURES 156a-156¢, 157, 158a—158b, 159a-159r and
160a-160q are timing diagrams useful in explaining the
operation of the data processing system in executing cer-
tain programmable instructions of the system;

FIGURES 161a-161d is a flow diagram useful in illus-
trating the operation of the system in executing Instruc-
tion 26, Variable Length Divide (VLD);

FIGURE 162 is a table illustrating the “edit mode”
portion of the operation of the system in executing In-
struction 05, Edit (EDT);

FIGURES 163a-163; comprise a timing diagram useful
in explaining the operation of the system in executing In-
struction 05, Edit (EDT);

FIGURES 164¢-164¢ comprise a flow diagram useful
in illustrating the operation of the system in executing
Instruction 05, Edit (EDT):

FIGURES 165a¢-165¢, 166 and 167a-167f are timing
diagrams useful in explaining the operation of the data
processing system in executing certain programmable in-
structions of the system;

FIGURE 168 is a flow diagram useful in illustrating
the operation of the system in executing Instruction 07,
General (GEN);

FIGURE 169 is a table illustrating the alert conditions
which occur in the Central Processor and the events re-
sulting from these alert conditions;

FIGURE 170 is a block diagram of the Input/Output
Control Unit of the data processing system of FIGURE 1;

FIGURE 171 is a block diagram illustrating data trans-
fer in the Input/Output Control Unit of FIGURE 170;

FIGURE 172 is a block diagram illustrating the logic
which controls data interrupt operations in the Input/
Output Control Unit of FIGURE 170;

FIGURES 173a, 1736 and 173¢ comprise a flow dia-
gram useful in illustrating the operation of the system
during an R-sequence;

FIGURE 174 is a block diagram illustrating the logic
which controls program interrupt operations in the Input/
Output Control Unit of FIGURE 170;

FIGURE 175 is a timing diagram useful in explaining
the operation of the system in executing the W00 block
of the initial routine during a program interrupt;

FIGURE 176 is a timing diagram useful in explaining
the operation of the system in exccuting the W01 block
of the initial routine during a program interrupt;

FIGURE 177 is a flow diagram useful in illustrating
the operation of the system during a program interrupt;

FIGURES 178-186 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Input/Output Cantrol Unit; and

FIGURES 187-196 illustrate logical schematic dia-
grams of the logical circuits providing logical combi-
nation signals in the Input/Output Control Unit.
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DATA PROCESSING SYSTEM—GENERAL

With reference to FIG. 1, the illustrated data processing
system comprises a Central Processor and a plurality of
peripheral subsystems. The major units of the Central
Processor are Memory 10, Arithmetic Unit 11, Central
Processor Control Unit 12, Input/Output Control Unit
13 and Console 14. In the description, the term Program
Processor is applied to the portion of the Central Proces-
sor consisting of the Arithmetic Unit 11, the Central
Processor Control Unit 12 and the Console 14. The
peripheral subsystems which are used with the Central
Processor to process data include Typewriter 15 which is
associated with Console 14, Documeznt Handler 16, Card
Reader 17, Card Punch 18, Perforated Tape Reader/
Punch Unit 19, Printer 20, Magnetic Tape Controller 21
and Disc Storage Controller 22. Magnetic Tape Con-
troller 21 can control a plurality of Magnetic Tape Units
23 and Disc Storage Controller 22 can control a plurality
of Disc Storage Units 24. Any combination of these
peripheral subsystems may be employed with the Central
Processor to perform a desired data processing function.
The lines interconnecting the various components illus-
trated in FIG. 1 represent symbolically paths of data and
control signals.

The Central Processor responds to a plurality of dis-
tinct instructions which are supplied in the sequential
order necessary to perform a particular data processing
cperation, Memory 10 stores data words which are to
be processed, data words which are the result of proc-
essing, instruction words and auxiliary words for address-
ing and control. The Accumulator of the Central Processor
is also located in Memory 10.

Arithmetic Unit 11 performs binary and decimal arith-
metic operations. Central Processor Control Unit 12 con-
trols the sequence of events required for instruction execu-
tion in the Central Processor. Arithmetic Unit 11 and
Central Processor Control Unit 12, which together com-
prise the Program Processor, contain the logical elements
necessary to access Memory 10 and to perform all opera-
tions required for instruction execution. Arithmetic Unit
11 and Central Processor Control Unit 12 communicate
with Memory 10 to obtain instruction words, auxiliary
words, data words on which operations are to be per-
formed and control signals for synchronizing the Program
Processor timing with operations in Memory 10.

Input/Qutput Control Unit 13 provides for orderly
sequencing of data transfers between Memory 10 and the
plurality of peripheral subsystems and serves to transmit
instructions from the Central Processor to the peripheral
subsystems. The Input/Output Conirol Unit also moni-
tors peripheral subsystem operating conditions. Commu-
nication between the Central Processor and the various
peripheral subsystems occurs through a plurality of chan-
nels which are included in the Input/Output Control Unit
13, each channel being associated with one peripheral
subsystem.

Console 14, in conjunction with Typewriter 15, permits
operator control and communication with the Central
Processor. The Console includes switches for controlling
Central Processor power and program loading, for iniiat-
ing and halting Central Processor operation and for re-
setting alert conditions.

DATA REPRESENTATION

The data processing system of FIG. 1 processes data
items represented by the binary code. In the binary code,
each element of information is represented by a binary
digit, sometimes termed a “bit,” each binary digit being
cither a 1 or a 0. In the data processing system here de-
scribed, a binary I is represented by a positive electrical
signal in the order of 3.8 velts and a binary 0 is rep-
resented by an electrical signal in the order of 0.2 volt.

The fundamental urit of data employed in processing
and communication in the system is the word. A word

comprises 24 binary digits. A 25th binary digit for parity
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checking is employed when the word appears in Memory
10. The first binary digit of the data word is termed the
most-significant digit (MSD) and the last binary digit
is termed the least-significant digit (LSD) of the word.
The binary digits between the MSD and the LSD are
accorded successively decreasing orders of significance.

Three general categories of words are employed in the
data processing system of FIG. 1: (1) data words, (2)
instruction words, (3) auxiliary words for addressing and
control, Two types of data words are processed, viz.
alphanumeric data words and binary data words, Auxil-
iary words are of the following types:

(a) Fixed Location Index Word.
(b) P-Sequence AMS Word.
(c) Remote AMS Word.
(d) Indirect Address Word.
(e) Indirect AMS Word.

(f) P-Sequence SAS Word.
(g) Remote SAS Word.

(h) Control Word.

(i) Status Word.

(i) List Pointer Word.

(k) Data Control Word.

The organization of each category and type of word is
illustrated in FIGS. 2a-2o0.

Data words

An alphanumeric data word represents four characters,
each character comprising six binary digits, as shown in
FIG. 2a. The six binary digits of each character of an
alphanumeric data word include two zone biis BA and
four binary-coded-decimal (BCD) bits, The four char-
acters of an alphanumeric data word are designated char-
acters 0-3 from left to right, as illustrated. Character 0
is accorded the most significance and character 3 the least
significance. Characters 1 and 2 are accorded successively
decreasing orders of significance in accordance with their
positions within the alphanumeric data word.

The six binary digits of each character of an alpha-
numeric data word permit 64 unique bit combinations
which are employed to represent the decimal numerals
0-9, the letters of the alphabet A-Z, and certain other
special symbols such as punctuation marks, etc. The fol-
lowing table illustrates the various combinations of zone
and BCD bits and the corresponding alphanumeric char-
acters.

ALPUANUMERIC CHARACTER CODE

Zone | BCD Zone BCD
Bils Bits Character Bits Bits Character
BA BA
00 0000 0 10 4000 1
00 0001 1 10 0001 J
00 0010 2 10 0010 K
00 0011 3 10 011 L
00 01060 4 10 0100 M
Q0 0101 5 10 0101 N
Q0 0110 ] 10 0110 O
a0 ot11 7 10 0111 r
00 1600 8 10 1000 Q
G0 1061 o 10 1001 R
a0 10410 ~ 10 1010 —{dash or
minus)
00 1011 # 10 1011
00 1100 @ 10 1100 *
00 1101 : 10 1101 )
00 1110 > 10 1110 :
00 1111 s 10 1111 *(apostrophe)
01 4000 A(space) 11 0000 -+
oL 0001 A 11 0001 /
i1} 0010 B 11 0010 8
0l 00L1 C 11 0011 T
0t 0100 D 11 0100 U
0t 0101 E 11 0101 Vv
01 0110 r 11 0110 hid
13} 11831 G 11 4111 X
01 1000 I 11 1000 Y
01 1001 I 11 1001 Z
01 1010 o 11 1010 —
01 1011 (period) 11 1011 ,(comma)
01 1100 1 11 1100 %
01 1101 ( i1 1101 =
01 1110 < 11 1110 ¢
ot 1111 1 11 1111 A
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In a characler representing a decimal numeral, the zone
bits BA are each a binary 0 and the four BCD bits repre-
sent the decimal numeral. For example, the character com-
prising the binary digits 000100 represents the decimal
numeral 4. In decimal arithmetic operations, algebraic
sign information is contained in the zone bits of character
3, the least-significant character of the alphanumeric data
word. The zone bits of characters 0-2 are ignored. The
zone bits of character 3 indicate the sign (=) of the
entire alphanumeric data word. The zone bits of char-
acter 3 are interpreted as follows:

BA Sign
00 +
01 +
10 —
11 +

Thus, a minus alphanumeric data word is indicated by
the binary configuration 10 in the zone bits of character
3, any other configuration of zone bits being interpreted as
plus. In arithmetic results, the zone bits of character 3
will be set to 00 if the result is plus.

If a decimai data field is longer than one alphanumeric
data word, the sign of the entire field is contained in chat-
acter 3 of the least-significant word of the field. Zone bits
of all other characters of the ficld are ignored.

A binary data word represents a single number, the
entire twenty-four bits being treated as a single unit of
information without separation into characters as in alpha-
numeric data words. The organization of a binary data
word is illustrated in FIG. 2b. Binary digit 23 is the MSD
and binary digit 0 is the LSD of the binary data word.
Binary digit 0 of the binary data word thus represents 2°
and is equal to the decimal number 1, if binary digit 0
is a binary 1. Binary digit 1 represents 2! and is equal
to the decimal number 2, if binary digit 1 is a binary 1.
Binary digit 5, represents 25 and is equal to the decimal
mumber 32, if binary digit 5 is a binary 1. Thus, in general,
the (#)th binary digit of the binary data word tepresents
2t if the (i)th binary digit is a binary 1. The (i)th binary
digit represents O if the digit is a binary 0. The 24 bit
binary data word thus provides for decimal number values
ranging from 0-16,777,215, Binary words are automati-
cally treated as positive guantities and no provision is
made for indicating sign information.

Instruction words

Operations for effecting data processing are performed
in the system under the control of a series of instruction
words which are stored in Memory 10 and executed one at
a time. The sequence in which instructions are executed is
called the P-sequence or program sequence and is con-
trolled by a counter.

The organization of an instruction word is illustrated
in FIG. 2c. The operation code of the instruction word
(bits 18-23) identifies the operation or program step to
be performed and indicates whether the instruction is a
single-address or a two-address instruction. The address
field (bits 0-14) is a numerical representation identifying
a tentative, effective or final location in Memory 10 from
which a data item is to be extracted for processing or in
which a processed data item is to be stored, in the in-
struction to be executed. If the address is tentative, address
development is performed to make the address final, so
that the instruction can be executed. Each storage location
in Memory is identified by a different address. The address
control field or ACF (bits 15-17), in conjunction with the
operation code, determines the type of address develop-
ment, if any, to be performed. In certain instructions, the
instruction address ficld contains information other than
a memory address.
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Auxiliary words

The data processing system permits extensive address
manipulation, modification and development to materially
reduce total processing time and program memory require-
ments. The instruction repertoire of the data processing
system includes both single-address and two-address in-
structions. Single-address instructions specify a single oper-
and in Memory 10, while two-address instructions involve
two operands. During instruction processing, the Central
Processor follows this general sequence:

(1) The instruction word is obtained from memory.

(2) Any address development specified by the address
control fizld of the instruction word is performed.
(3) If the operation code identifies the instruction as a

two-address instruction, the second address is developed.
(4) The instruction is executed.

The address development accomplished in step 2 of the
above sequence and the development of the second address
accomplished in step 3 of the above sequence are effected
in the Central Processor by the use of one or more auxil-
iary words. Auxiliary words are stored in Memory 10 in
the same manner as data words and instruction words,
The Fixed Location Index Word (FLIW) is a type of

auxiliary word which is used in addressing and address %

development. The organization of the Fixed Location In-
dex Word is illustrated in FIG. 24. In address development
employing a Fixed Location Index Word, the address field
(bits 0—14) of the Fixed Location Index Word is added
to the address field of the instruction word, The instruc-
tion is then executed using the modified address. If the
operation code of the instruction identifies it as a two-
address instruction, the location of the Fixed Location
Index Word will be used on the second address of the
instruction.

In addition to the development of an instruction address
by means of a Fixed Location Index Word, address devel-
opment is accomplished in the Central Processor by em-
ploying a P-Sequence AMS Word. The organization of a
P-Sequence AMS Word is illustrated in FIG. 2e. A P-
Sequence AMS Word is a word in the P-sequence whose
purpose is to modify the address of the instruction which
it follows in the program sequence.

Bits 18 and 19 of the P-Sequence AMS Word define
the class of the word as follows:

Bils 18, 19 Class
00 Index
01 Index Pointer
10 Index Link

If the P-Sequence AMS Word is identified as an index,
the address field (bits 0-14) is added to the address field
or tentative address of the instruction to be executed. If
the class bits of the P-Sequence AMS Word identify it as
an index pointer, its address field specifies the location,
outside the P-sequence, of an indexing quantity which is
to be added to the address field or tentative address of
the instruction. If the P-Sequence AMS Word is classed
as an index link, its address field specifies a location out-
side the P-sequence which contains a Remote AMS Word.

Bit position 21 of the P-Sequence AMS Word is used
to control address development by means of indirect ad-
dressing. A binary 1 in bit position 21 of the P-Sequence
AMS Word specifies that the address being developed is
an effective address which will be employed, not as the
address of the operand, but to obtain an Indirect Ad-
dress Word from Memory 10. The address field of the
Indirect Address Word is then used as a tentative address
or as a final address in executing the instruction.
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Bit positions 15~17 of the P-Sequence AMS Word are
employed to specify continuation or non-continuation of
indexing. If bit positions 15-17 contain binary 1’s, in-
dexing is continued. After development of the address to
the extent called for by the present P-Sequence AMS
Word, another P-Sequence AMS Word is obtained from
Memory and employed to further develop the address
field of the instruction. Any other binary configuration
in bit positions 15-17 indicates that another P-Sequence
AMS Word is not to be used for further address develop-
ment. The P-Sequence AMS Word is the only AMS
word that is examined for continuation of indexing. Bit
positions 20, 22 and 23 are ignored.

A Remote AMS Word is an AMS word outside the
P-sequence. A Remote AMS Word is addressed by a
P-Sequence AMS Word which is an index link, by another
Remote AMS Word which is an index link or by an In-
direct AMS Word which is an index link. The Remote
AMS Word organization, shown in FIG, 2f, is similar
to that of the P-Sequence AMS Word except that bit po-
sitions 15-17 and 20-23 are ignored, since a Remote
AMS Word is only examined for class. If the class bits of
a Remote AMS Word classify it as an index, its address
field is added to the tentative address to develop an effec-
tive address, if indirect addressing is called for, or a final
address. If the Remote AMS Word is an index pointer, it
is used to derive, from Memory 10, a word containing
an indexing quantity. If the class bits indicate the Remote
AMS Word to be an index link, the address field of the
Remote AMS Word is used to address another Remote
AMS Word,

A P-Sequence AMS Word, as described above, causes
an index to be obtained for modifying the address field
of the instruction word. The P-Sequence AMS Word is
then examined in bit position 21 where the presence of
a binary 1 indicates that the developed address of the
instruction word is an effective address which is to be
employed to obtain an Indirect Address Word. The in-
direct address specifies a location which contains an In-
direct Address Word. The organization of the Indirect
Address Word, shown in FIG, 2g, is the same as that of
a P-Sequence AMS Word except that the binary digits
in bit positions 18-23 are ignored. The address field of
the Indirect Address Word replaces the address previ-
ously developed for the instruction being executed., The
indirect addressing system and apparatus described here-
in includes the invention of Messrs, Frank J. Boyle and
John E. Wilhite,

The address control field of the Indirect Address Word
can call for further address development by means of an
Indirect AMS Word. The Indirect AMS Word is a special
form of Remote AMS Word and the organization, shown
in FIG. 2k, is the same except for bit position 21, which
may be employed to specify further indirect addressing.
The Indirect AMS Word may be classified as an index,
an index pointer or an index link. As an index link, it is
employed to obtain a Remote AMS Word to further de-
velop the address. The indirect addressing sequence con-
tinues until either the ACF of an Indirect Address Word
does not call for an Indirect AMS Word or until an In-
direct AMS Word does not specify further indirect ad-
dressing. At the conclusion of an indirect addressing se-
quence, control returns to the P-Sequence AMS Word
which initiated the indirect address sequence.

In those instructions which require a second address
(other than that of a Fixed Location Index Word), a
second address sequence (SAS) is initiated following the
development, if any, of the first address. The second ad-
dress sequence is initiated by extracting the next word in
the P-sequence from Memory. This word is a P-Sequence
SAS Word and is organized as illustrated in FIG. 2i. The
P-Sequence SAS Word is examined for class only, as de-
fined by the binary digits in bit positions 18 and 19. Bit
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positions 15-17 and 20-23 are ignored. The class of the
P-Sequence SAS Word is defined as follows:

Bits 19, 18 Class
00 Operand
01 Operand Pointer
10 or11 Operand Link.

If the P-Sequence SAS Word is defined by the class bits
as an operand, the second address of the instruction is
the address of the P-Sequence SAS Word. An operand
terminates the second address sequence by its self-identi-
fication. Classification of the P-Sequence SAS Word as
an operand pointer indicates that the address field of the
operand pointer contains the second address of the two-
address instruction. If the class bits of the P-Sequence
SAS Word identify it as an operand link, the address field
is used to obtain a Remote SAS Word which is used to
further develop the second address. Since the ACF bit
positions 15-17 of the P-Sequence SAS Word are ignored,
only one P-Sequence SAS Word is employed to develop
the second address.

The organization of a Remote SAS Word, shown in
FIG. 2j, is identical to that of a Remote AMS Word. The
Remote SAS Word is a SAS word outside the P-sequence
and is examined for class only. Any desired number of
Remote SAS Words may be employed to develop the sec-
ond address of a two-address instruction.

The above-described auxiliary words in the data proc-
essing system are thus employed, in conjunction with the
address fields of instruction words, to develop the addresses
of the operands upon which the operations called for by
the operation codes of the instruction words are per-
formed. Thus, each instruction employs one instruction
word which may refer to a Fixed Location Index Word
or which may be followed by one or more P-Sequence
AMS Words, and when appropriate, by one P-Sequence
SAS Word. Each P-Sequence AMS Word may refer to
an Indirect Address Word, which may be followed by
an Indirect AMS Word. Each Indirect AMS Word may
refer to another Indirect Address Word. P-Sequence AMS
and P-Sequence SAS Words can also refer to Remote
AMS and Rempte SAS Words respectively located in
Memory 10 but outside the P-sequence in order to deter-
mine the address modifier or the second address of the
instruction.

FIG. 2k illustrates another type of auxiliary word, viz.
a control word employed in executing the instruction de-
scribed in the section “Instruction 06: Move (MOV).”
Bits 0-14 of the control word contain an address while
bits 15-23 contain a count. FIG. 21 also illustrates a con-
trol word which is used during execution of the instruc-
tion described in the section “Instruction 16: Branch on
Count (BRC).” Bit positions 0--8 and bit positions 15-23
each contain a count. Bit positions 9-14 of the control
word are not used.

Another type of auxiliary word, a status word, is em-
ployed in executing the instruction described in the sec-
tion “Instruction 67: Central Processor Operations
(CPO).” As illustrated in FIG. 2m, bit positions 0-5
and 19-21 of the status word contain information on the
states of predetermined indicator flip-flops. Bit positions
618, 22 and 23 of the status word are not used.

Control of input/output operations in the data proc-
essing system is effected by the auxiliary words illustrated
in FIGS. 2n and 20. The List Pointer Word of FIG. 2n
contains an address field in bit positions 0-14 and a
count in bit positions 15-23. Bit positions 0-14 of the
Data Control Word of FIG. 20 contain an address field
while bit positions 15-23 contain a count. The List Point-
er Word and Data Control Word provide memory ad-
dresses to be used for data transfer between Memory and
a peripheral subsystem.

(=

1¢

20

30

40

45

60

70

14
SYSTEM CIRCUIT ELEMENTS

Circuits useful as elements of the data processing sys-
tem of FIG. 1 will now be described. The system wiil
function with these elements or with other similar ele-
ments well known in the art; therefore, this invention is
not to be considered as limited to the employment of the
specific circuits shown and described.

The following circuits find general employment in the
system: clock generator, gated clock distribution driver,
gated clock amplifier, flip-flop, NAND-gate, NAND-sup-
plement, logic driver, AND-gate, OR-gate and full adder.
Tllustrated with the respective drawings of the circuit ele-
ments are symbols representing these circuits. These sym-
bols are employed in the description of the invention to
follow.

Clock Generator

The Clock Generator of FIG, 3 provides the basic
clock pulse employed in the data processing system. In-
dependent clock generators are provided in the Memory
and in the Program Processor of the system. The Clock
Generator of the Program Processor provides clock
pulses at a repetition rate of approximately 2.85 mega-
cycles. The Clock Generator of the Memory provides
memory clock pulses at a repetition rate of approximately
57 megacycles. The generation of clock pulses by the
Clock Generator is initiated by Start-Stop Clock Logic
and maintained by a feedback loop within the Clock Gen-
eratcr. Termination of clock pulse generation by the
Clock Generator is effected by the Start-Stop Clock Logic
through interruption of the feedback loop.

The Clock Generator comprises input gates, a pulsc
shaper and a feedback delay circuit. Input terminals 30,
31, 32 and 33 are connected to diode AND-gate 34. The
signals applied to terminals 30-33 are derived from the
Start-Stop Clock Logic of the Program Processor or the
Memory and serve to initiate pulse generation by the
Clock Generator., With AND-gate 34 enabled, the gate
output signal is applied to amplifying transistor 36 and to
a differentiating circuit comprising capacitor 37 and re-
sistor 38. The resulting pulse is applied through diode
OR-gate 40 to amplifying transistor 41 of the pulse
shaper. A second input to diode OR-gate 40 and tran-
sistor 41 is provided, after initiation of central clock pulse
generation, by feedback pulses from the feedback delay
circuit on line 42.

The pulse shaper portion of the circuit controls the
pulse width, the puise amplitude and the rise time. The
amplified pulse output of transistor 41 is applied to the
base of transistor 45 and simultaneously applied to the in-
put of delay line 46. The pulse in the delay line is re-
flected from the end of the delay line and returns to can-
cel the signal at the base of transistor 45, Delay line 46,
which may be of any suitable type, thus determines the
duration of the input signal at the base of transistor 45
and the approximate width of the output pulse of the
Clock Generator, the pulse width being two times the de-
lay of delay line 46.

Transistors 45 and 47 form a current mode switch
which controls the direction of current flow in line 50.
Transistor 52 in conjunction with resistor 53 comprises a
constant current source for the current mode switch. A
reference potential, established by voltage divider 49, is
applied to the base of transistor 47. This reference po-
tential serves as a fine control on the width of the control
clock pulses produced by the Clock Generator.

In the current mode switch, the current provided by
the constant current source is switched through either
transistor 45 or transistor 47, depending upon the po-
tential difference between the bases of transistors 45 and
47. If the base potential of transistor 45 is below the
reference potential applied to the base of transistor 47,
transistor 47 conducts. Conversely, if the base potential
of transistor 45 is greater than the reference potential ap-
plied to the base of transistor 47, transistor 45 conducts.
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The direction of current flow through the emitter-col-
lector junctions of transistors 45 and 47 is indicated by
arrows in FIG. 3.

The network including transistors 54 and 55 changes
the effective direction of current flow through transistor
45, as seen by line 50. Resistor 86 contrcls the rise time
of the pulse. The direction of current flow through the
emitter-collector junction of transistor 55 is indicated by
an arrow in FIG. 3. Thus, if transistor 45 conducts, a
constant current flows into line S0 whereas, if transistor
47 conducts, a constant current flows out of line 50.

Line 50 connects the current mode switch to a ca-
pacitive load comprising the base-collector capacities of
transistors 57 and 58 and the base-emitter capacities of
transistors 60 and 61. Transistors 57 and 58 serve as out-
put amplifiers, transistor §7 amplifying a negative cur-
rent pulse on line 50 and transistor 58 amplifying a posi-
tive current pulse on line 50. The amplifier output clock
pulse appears at terminal 63. An approximate waveshape
of the output signal from terminal 63 for the Clock
Generator of the Program Processor is illustrated in the
waveform immediately below output terminal 63,

The network, including transistors 60 and 61, serves
to control the central clock pulse amplitude by clamp-
ing the voltage at the bases of transistors 57 and 58.
The voltage dividing network 64 permits adjustment of
the height of the pulse top relative to the reference po-
tential established at the base of transistor 47.

Transistor 41 must remain conductive until the pulse
at the base of transistor 45 has been formed through the
action of delay line 46. A feedback network comprising
line 65 and amplifying transistor 66 renders transistor
45 conductive until the clock pulse has been generated.

After clock pulse generation is initiated in the pulse
shaper, the output clock pulse is circulated in a delay
line and fed back to the input of the pulse shaper, caus-
ing the Clock Generator to continue generation of clock
pulses. The pulse repetition rate of the Clock Generator
is determined by the time delay in the delay line of the
feedback delay circuit. The feedback delay circuit in-
cludes an AND-gate 69 having a plurality of input termi-
nals, one input to AND-gate 69 being the central clock
pulse generated in the clock pulse shaper. One or more
logic signals are also applied to AND-gate 69, the logic
signals being used to stop the generation of clock pulses
at appropriate times. Transistor 70 serves to amplify the
clock pulse. Delay line 71, which may be of any suitable
type, delays the pulse approximately 320 nanoseconds
in the Clock Generator of the Program Processor and
approximately 145 nanoseconds in the Clock Generator
of the Memory before applying it to amplifying transistor
72. Voltage divider 73 permits adjustment of the delay
time of delay line 71. The delay pulse is divided through
line 42 to OR-gate 40 for application to the pulse shaper.

The Clock Generator circuit permits precise control
of pulse width, pulse amplitude and rise time. The gen-
erated pulse is made symmetrical with respect to a
reference potential and pulse width is adjusted by adjust-
ing the reference potential. The circuit is self-compensat-
ing with regard to power supply voltage variations, tem-
perature, etc, The start-stop signals at the input terminals
of the Clock Generator and the signals at the output
terminal, as designated in the Program Processor and
Memory, are identified in FIG. 3. In FIG. 3, an asterisk
(*) is used to identify the signals in the Clock Generator
of the Program Processor while the symbol (#) is used
to identify the signals in the Clock Generator of the
Memory.

The symbol 75, shown in FIG. 3, is employed to rep-
resent the Clock Generator in the description of the
Central Processor. The lines entering the right side of
symbol represent the input signals to the Clock Gen-
erator while the line leaving the right side indicates the
control clock pulse output.
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Gated Clock Distribution Driver

The Gated Clock Distribution Driver of FIG. 4 ampli-
fies the clock pulses provided by the Clock Generator
of the Program Processor and serves as an intermediate
driver between the Clock Generator and the Gated Clock
Amplifiers, The Gated Clock Distribution Driver com-
prises an AND-gate and iwo stages of amplification.
An output pulse is produced by the Gated Clock Distri-
bution Driver whenever a clock pulse is provided by
the Clock Generator, if the AND-gate is enabled by an
appropriate logic input signal,

The AND-gate portion of the Gated Clock Distri-
bution Driver includes transistors 77 and 78 and diodes
80, 81 and 82, Resistors 84 and 85, in conjunction with
inductors 86 and 87 respectively and the associated volt-
age sources, serve as current sources for the AND-gate.
The input to the base of transistor 77 comprises the
clock pulses at terminal 76 produced by the Clock Gen-
crator. A logic input signal at terminal 79, which brackets
the clock pulse input, is applied to the base of transistor
78. The simultaneous application of the logic input and
clock input signals to the AND-gate causes the clock
pulse to appear on line 89 for application to amplifying
transistor 90. Transistor 91 provides a second stage of
amplification. Resistors 23 and 94, in conjunction with
inductors 95 and 96 and with the associated potential
sources, serve as current sources for the amplifying tran-
sistors, Diodes 97 and 98 function as a voltage clamp to
prevent transistor 91 from operating in the region of sat-
uration. The output drive pulses appear at terminals 99,

The symbol 100, shown in FIG. 4, is employed to
represent the Gated Clock Distribution Driver. The clock
input and logic input signals are applied to terminals
101 and 102 respectively and the amplified drive pulses
are derived at terminal 103,

Gated Clock Amplifier

The Gated Clock Amplifier of FIG. 5 amplifies the
drive pulse output of the Gated Clock Distribution Driver
and serves as a final driver between the Gated Clock
Distribution Driver and the flip-flop loading. The Gated
Clock Amplifier is similar to a Gated Clock Distribution
Driver but includes a transmission line and matching
section and a third stage of amplification, The third stage
of amplification renders the waveform of the clock signal
output of the Gated Clock Amplifier independent of the
load.

The drive pulses produced by the Gated Clock Dis-
tribution Driver are transmitted to the Gated Clock Am-
plifier via a coaxial cable 107. The cable is terminated
in its characteristic impedance provided by resistors 108
and 109.

The AND-gate portion of the Gated Clock Amplifier
includes transistors 111 and 112 and diodes 113, 114 and
115. Resistors 116 and 117, in conjunction with con-
ductors 118 and 119 respectively and the associated volt-
age sources, serve as current sources for the AND-gate,
The drive pulse output of the Gated Clock Distribution
Driver is applied to the base of transistor 111. A logic
input signal which brackets the drive pulse is applied to
the base of transistor 112, The simultaneous application
of the logic input and drive input signals to the AND-gate
causes the drive pulse to appear on line 121 for applica-
tion to amplifying transistor 123.

Transistor 124 provides the second stage of amplifica-
tion. Resistors 125 and 126, in conjunction with inductors
127 and 128 and the associated potential sources, serve as
current sources for the amplifying transistors. Diodes 130
and 131 function as a voltage clamp to prevent transistor
124 from operating in the region of saturation. Transistor
124 is coupled through capacitor 134 to the bases of tran-
sistors 136 and 137. Transistors 136 and 137 form a com-
plementary pair, transistor 136 amplifying the positive-
going portion of the pulse and transistor 137 amplifying
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the negative-going portion of the pulse. Tnductor 139, re-
sistor 140 and the associated voltage source form a cur-
rent source.

The clock signals appearing at output terminals 142
serve as control and working clock signals in the Central
Processor. These control and working clock signals are
employed to drive flip-flops in the Central Processor.

The symbol 143, shown in FIG. 5, represents a Gated
Clock Amplifier, The drive and logic input signals are ap-
plied to terminals 144 and 145 respectively while the clock
signal output is derived from terminal 146.

Flip-flop

The flip-flop of FIG. 6 provides temporary storage of a
data word bit or provides temporary storage of a control
signal. Generally, when a flip-flop is employed to store a
data bit, it comprises one of an array of flip-flops which is
called a register. For example, in a register adapted to pro-
vide temporary storage for a complete data word, 24 flip-
flops are employed, one for each bit of a data word.

The flip-flop circuit is adapted to operate in either one
of two stable states and to transfer from the stable state
in which it is operating to the other stable state upon ap-
plication of a trigger signal thereto. In one state of oper-
ation (the 1-state) the flip-flop represents a binary 1 and
in the other state of operation (the O-state) the flip-flop
represents a binary 0. When the flip-flop is in the 1-state, it
is said to be “set.” When the flip-flop is in the O-state, it is
said to be “reset.”

The flip-flop circuit, shown in FIG. 6, includes a pair
of collector-coupled transistor amplifiers comprising tran-
sistors 154 and 155 respectively, The coupled transistor
amplifier pair is connected to a pair of grounded-emitter
transistor output amplifiers comprising transistors 158 and
159 respectively. The output of the amplifier including

transistor 158 represents the 1-state of the flip-flop while ©

the output of the output amplifier comprising transistor
159 represents the O-state of the flip-flop.

The flip-flop is adapted to receive two input signals, a
trigger signal for triggering the flip-flop to its 1-state and
a trigger signal for triggering the flip-flop to its O-state.
The trigger signal for triggering the flip-flop fo its 1-state
is applied to “set” input terminal 160. The trigger signal
for triggering the flip-flop to its O-state is applied to “reset”
input terminal 161. The trigger signals are supplied by
logical gating structures, employing conventional diode
AND-gates and OR-gates, which are enabled by clock and
logic input signals. Typical diode AND-gate and OR-gate
circuits, and their corresponding symbols, are shown in
FIG. 11 as part of the input gating structure of the full
adder circuit.

The flip-flop output signal representing the 1-state of
the flip-flop is delivered at output terminal 164 and the
flip-flop output signal representing the O-state of the flip-
flop is delivered at output terminal 165. Thus, when the
flip-flop is in the 1-state, the signal at output terminal 164
is high and the signal at output terminal 165 is low. When
the flip-flop is in the O-state, the signal at output terminal
164 is low and the signal at output terminal 185 is high.

In both of the stable states of the flip-flop, one of the
transistors 154 and 155 is conducting and the other is non-
conducting. Assuming that transistor 154 is conducting,
current flows from the -+12 volt source through resistor
167, the emitter-collector junction of transistor 154 and
resistor 168 to the — 12 volt source. The potential at the
collector of transistor 154 is coupled through inductor
169 to the base of output amplifier transistor 158 to render
transistor 158 conductive. Base current flows through in-
ductor 169 and into the base of transistor 158. Diode 170
is back-biased and does not conduct.

The potential at the collector of transistor 154 is cou-
pled through resistor 171 to the base of transistor 155 and
maintains transistor 155 in a state of non-conduction.
Transistor 159 is also non-conductive. Current flows from
ground through diode 172, inductor 173 and resistor 174
to the —12 volt source. In the condition as described, the
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flip-flop is in its O-state with the signals at terminals 164
and 165 being low and high respectively.

When the clock and logic input signals to the logic
gates connected to set input terminal 160 provides a trig-
ger signal at terminal 160, the base of transistor 154 ex-
periences a positive voltage swing, reducing the conductiv-
ity of the transistor, The resulting decrease in current flow
through inductor 169 induces a poteatial across the in-
ductor terminals, the collector of transistor 154 experienc-
ing a negative voltage swing as a result of this induced
potential. This negative voltage swing at the collector of
transistor 154 biases transistor 155 into conduction, there-
by diverting part of the current flowing through resistor
167 into the emitter-collector junction of transistor 155
and inductor 173. Inductor 173 opposes the change in cur-
rent flow by an induced voltage across its terminals which
drives the collector of transistor 155 more positive. The
more positive potential at the collector of transistor 155
is coupled through resistor 175 to the base of transistor
154 further reducing conductivity. Inductors 169 and 173
therefore introduce a regenerative action into the flip-flop,
increasing the speed with which transistors 154 and 155
change between a conductive and non-conductive state.

With transistor 154 non-conductive and transistor 15§
conductive, output amplifying trapsistor 158 is rendered
non-conductive while output amplifying transistor 159 is
rendered conductive. The signal at output terminal 164 is
therefore high while the signal at output terminal 165 is
low, indicating that the flip-flop is in its 1-state.

The output signals at terminal 164 and 165 of the flip-
flop circuit of FIG. 6 are delayed with respect to the
clock and logic input signals which produce the trigger
signals at terminal 16@ or 161, The delay results from
the storage of currents in inductors 169 and 173, since out-
put amplifying transistors 158 and 159 do not change state
until reversal of current flow in inductors 169 and 173 is
effected. The switching of transistors 158 and 159 is then
delayed with respect to the switching of transistors 154
and 155. Flip-flop circuits of the type illustrated in FIG. 6
are employed in the system as general purpose flip-flops to
provide synchronous logic.

Flip-flops are identified in accordance with the function
they perform, For example, a typical flip-flop employed in
the Central Processor for control is designated the RCK
flip-flop. The RCK designation stands for “Run Clock”
and the RCK flip-flop, when in the 1-state, permits the
Clock Generator to generate working clock signals. A
typical flip-flop employed in the Central Processor for
temporary storage of data is the A14 flip-flop. The symbol
177, shown in FIG. 6, is employed to represent a flip-flop.
Symbol 177, in this instance, represents the A14 flip-flop.

The A14 flip-flop is employed to temporarily store the
15th bit in the A-Register. The two leads entering the left-
hand side of the flip-flop symbol represent the two input
terminals. The upper input lead receives the signal which
trigeers the flip-flop to its 1-state while the lower lead
receives the signal which triggers the flip-flop to its O-state.
The notation FA14=FE14 QEAX indicates the logical
gate structure employed to generate the “set” trigger sig-
nal. Similarly, the notation FA14=DCLA indicates the
logical gate structure employed to generate the “reset”
trigeer signal for the Al4 flip-flop.

The two leads leaving the right-hand side of the symbol
177 represent the two output terminals. The upper output
lead delivers the I-output signal of the Al4 flip-flop, as
indicated by the notation FA14. The lower output lead
delivers the Q-output signal of the Al4 flip-flop, as indi-
cated by the notation TAT4. Thus, the notation A14 iden-
tifies the A14 flip-flop and, when used with the prefix “F”
which indicates that the signal source is a flip-flop, iden-
tifies the output signals of the flip-flop.

Tn the description of the data processing system, a flip-
flop in its 1-state is also said to be in the “set” state or in
the “on” state. Conversely, a flip-flop in its 0-state is also
said to be in the “reset” state or in the “off” state. When a
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flip-flop is transferred to its 1-state, it is said to be “set’
or to be “turned on.” Conversely, when a flip-flop is trans-
ferred to its O-state, it is said to be “reset” or to be “turned
off.”

The flip-flop illustrated in FIG. 7 is a conventional
flip-flop but employs pulse pedestal triggering which
enables the flip-flop to change state in synchronism with
the clock signals applied to the logical input gates. The
logical gate structure employed to attain pulse pedestal
triggering is shown connected to set input terminal 186 in
FIG. 7. A trigger signal applied to termiinal 180 causes
the flip-flop to assume the 1-state.

The logical gate structure includes a two-input AND-
gate 182 and a three-input AND-gate 183 and an OR-gate
184. The gating structure shown in FIG. 7 permits one of
two trigger signals to trigger the flip-flop to the 1-state.
Any number of gates may be employed to trigger the flip-
flop, depending upon the logic requirements. A similar
gating structure is connected to reset input terminal 186.

AND-gate 182 includes terminal 187 for receiving a
clock signal input, terminal 188 for receiving a logic signal
input and a resistive-capacitive network comprising ca-
pacitor 189 and resistor 190. A constant current source
comprising inductor 191, resistor 192 and a potential
source is connected to a terminal of capacitor 189. When
the logic input signal applied to terminal 188 is a binary 0,
i.e. in the order of +0.2 voli, the potential on line 194 is
approximately —2.6 volts. Capacitor 189 assumes a
charge of approximately 3 volis with the left-hand ter-
minal of the capacitor being positive with respect to the
right-hand terminal of the capacitor. Upon application of
a clock signal to terminal 187, the level of the clock signal
is shifted by virtue of the charpe on capacitor 189 and
the resultant potential on line 194 is not of sufficient posi-
tive potential to trigger the flip-flop.

When the logic input signal applied to terminal 188 is a
binary 1, i.e. in the order of 3.8 volts, the potential on
line 194 is in the order of 0.1 volt and the charge on
capacitor 189 is dissipated through diode 195. The dissipa-
tion of the charge on capacitor 189 occurs in a period of
approximately 300 nanoseconds. Consequently, the logic
input signal must be applied t0 AND-gate 182 approxi-
mately 300 nanoseconds prior to application of the clock
signal. Upon application of the clock signal to terminal
187, no level shift occurs since the charge on capacitor
189 is approximately 0 volt and the resultant potential on
line 194 is sufficient to trigger the flip-flop AND-gate 183
is similar to AND-gate 182 but is a three-input AND-gate.

The flip-flop circuit of FIG. 7 includes a pair of col-
lector-coupled transistor amplifiers comprising transistors
197 and 198 respectively, The collectors of transistors 197
and 198 are connected to output terminals 200 and 201
respectively, the signal at output terminal 200 represent-
ing the 1-state of the flip-flop and the output signal at
terminal 231 representing the O-state of the flip-flop. The
flip-flop is adapted to receive trigger signals at input ter-
minals 180 and 186, the trigger signals being developed
by the pulse pedestal gating structure previously described.

Assuming that transistor 197 is non-conductive and that
transistor 198 is conductive, the collector of transistor 198
and output terminal! 200 are near ground potential. Cur-
rent flow from the -+12 volt source through resistor 202
and diode 203 causes the potential at output terminal 201
to be approximately +-3.8 volts. The voltage divider com-
prising resistors 205 and 206 maintains the base of tran-
sistor 198 at a positive potential to maintain transistor 198
in a conductive state.

Upon application of a triggering signal to set input
terminal 185, transistor 197 is biased to conduction. The
resultant drop in potential at the collector of transistor
197 is coupled through capacitor 267 to the base of tran-
sistor 198, reducing its conductivity with a resaltant in-
crease in the potential at the collector of transistor 198.
This increuse ic potential ut the cotlector of transisior 198
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is coupled through capacitor 208 to the base of transistor
197 further increasing its conductivity, This regenerative
action rapidly switches transistor 197 into a highly con-
ductive state and transistor 198 into a state of non-con-
duction. Simultaneously, the potential at output terminal
260 is increased to approximately 3.8 volts while the
potential at output terminal 201 decreases to approxi-
mately 4-0.2 volt.

The pulse pedestal flip-flop and the logic gating struc-
ture of FIG. 7 thus provides for a delay between the ap-
plication of the logic input signal to the gating structure
and the change in state of the flip-flop. The change in state
of the flip-flop occurs simultancously with the application
of a clock signal to the gating structure. The pulse pedestal
type flip-flop illustrated in FIG. 7 is employed in the count-
ers of the data processing system, viz. in the P-Register
and in the D-Register.

The symbol employed to represent a pulse-pedestal type
flip-flop is the same as that shown for the flip-flop of
FIG. 6.

NAND-gate

The NAND-gate of FIG. 8 provides the logical NAND
function for input logic signals applied to iis input ter-
minals, In the system, a binary 1 is represented by a signal
of approximately 4-3.8 volts and a binary 0 is represented
by a signal of approximately 40.2 volt. Therefore, the
NAND-gate provides an output signal of approximately
-+0.2 volt when all of the input signals applied to its input
terminals represent binary 1's. Conversely, the NAND-
gate provides an output signal of approximately --3.8
volts when one or all of the input signals applied thereto
represent binary 0’s.

The NAND-guote of FIG. 8 is illustrated, by way of ex-
ample, as having two input terminals 217 and 218. The
NAND-gates employed in the system are not limited to
two input terminals, but may have a greater number of
input terminals as required.

Diodes 220 and 221, in conjunction with resistor 222
and the positive voltage source, comprise a conventional
AND-gate. The signal on line 223 resulting from the con-
junctive operation in the AND-gate is applied to the base
of transistor 225. Resistor 226 serves to limit current flow
while capacitor 227 permits transient overdrive of tran-
sistor 225 to permit the transistor to turn on faster. Tran-
sistor 225 amplifies and inverts the signal on line 223.
Thus, a NCT AND or NAND relationship exists between
the output signal at terminal 228 and the input signals at
terminals 217 and 218.

A symbol 230, shown in FIG. 8, is employed to rep-
resent the NAND-gate, Symbol 23¢ represents a NAND-
gate having two input terminals. The two input signals to
the NAND-gate are represented by A and B. The output

signal of the NAND-gate is therefore A-B or A-+B.

The expression A B or A-+B is a logic expression for
the NOT AND or NAND combination of the individual
input signals A and B. This form of expression is used in
logical equations, which are also known as Boolean equa-
tions. Equations of this type will be used to describe the
data processing system. The conjunctive operation on sig-
nals, such as C and D, is indicated by writing the signals
terms adjacent each other with no operative notation there-
between (CD), or with the operator notation (-) be-
tween the terms (C-D). The disjuncture operation on
signals, such as C and D, is indicated by writing the signal
terms adjacent each other with the operator notation (-)
between the terms (C4-D),

NAND-supplement

The NAND-supplement circuit is employed with the
NAND-gate of FIG. 8 in the data processing system to
effectively provide OR logic. The NAND-supplement cir-
cuit, shown in FIG. 9, is identical to the NAND-gate of
FIG. 8 but does not include a pull-up resistor or a clamp-
ing diode. When using a NAND-supplement civcuit with a
NAND-gate, the collector of the NAND-supplement am-



3,368,206

21
plifying transistor is connected to the collector of the
NAND amplifying transistor. The NAND-supplement cir-
cuit thus employs the pull-up resistor of the NAND-gate
to develop an output potential. A plurality of NAND-
supplement circuits may be employed with a single
NAND-gate.

The symbol employed for the NAND-supplement cir-
cuit is the same as that for the NAND-gate, with the out-
put lines of the NAND-supplement circuits being tied to-
gether to the output terminal of the NAND-gate, as
shown at 235 in FIG. 9. With input signals A and B ap-
plied to the NAND-gate and input signals C, D and E, F
applied to the first and second NAND-supplements respec-

tively, the logic expression 4-B+C-D-E"F indicates the
logic output signal of the gates. The logic output signal
may also be written as (A4+B) (C+D) (E+F), indi-
cating that the output is a binary 1 if one or more inputs

are binary 0.
Logic driver

The logic driver circuit is employed in the system to
perform the logical operation of conjunction for positive
logic signals applied thereto and to provide amplification
of the result of the conjunctive operation. The logic driver
comprises an AND-gate and a 2-stage transistor ampli-
fier. The AND-gate comprises diodes 238 and 239 and
resistor 240. The input signals to the AND-gate are ap-
plied to terminals 241 and 242. If both input signals are
binary 1’s, a positive signal representing a binary 1 is ap-
plied to the base of amplifying transistor 244 through RC
network 245. The output of amplifying transistor 244,
developed across resistor 246, is applied to the base of
amplifying transistor 248. Inductor 250 in the collector cir-
cuit of transistor 248 increases the speed of the logic
driver. The output of the logic driver appears at terminal
251.

The logic driver circuit of FIG. 10 thus performs an
AND logic function and amplifies the result of the AND
logic function in a non-inverting amplifier. The output of
the logic driver circuit is employed in the system to drive
flip-flops and other components.

The symbol 233, shown in FIG. 10, is employed to
represent the logic driver. The input signals A, B to the
logic driver are applied to terminals 254 and 255 and the
output signal A-B is derived at terminal 256. Although
two input terminals are shown, the logic driver may in-
corporate AND-gates accommodating a larger number of
input signals.

Full adder

The full adder circuit, illustrated in FIG. 11, is em-
ployed in the dala processing system to check and gen-
erate parity and to perform binary and decimal arith-
metic operations. The full adder circuit includes a carry
circuit 255, a sum circuit 256 and various logic circuits
providing inputs to the carry and sum circuits.

Carry circuit 255 comprises output transistors 258 and
259 and phase-inverting transistor 260. Transistors 258
and 259 provide the complementary output signals C
and C respectively, while phase-inverting transistor 260
provides complementary drive signals for transistors 258
and 259. The input signals to carry circuit 255 are pro-
vided by three 2-input AND-gates 261, 262 and 263 and
a 3-input OR-gate 264. The input signals to AND-gates
261, 262 and 263 are XY, XZ and YZ respectively. The
three inputs to OR-gate 264 are the output signals of
AND-gates 261, 262 and 263. Symbol 265 is employed
in the description of the data processing system to repre-
sent a conventional diode AND-gate, such as AND-gate
261. Symbol 266 is similarly employed in the system de-
scription to represent a conventional diode OR-gate, such
as OR-gate 264.

Sum circuit 256 comprises output transistors 267 and
268 and phase-inverting transistor 269. Transistors 267
and 268 provide the complementary output signals S
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and § respectively while phase-inverting transistor 269
provides complementary drive signals for transistors 267
and 268. The input signals to sum circuit 256 are pro-
vided bv a 3-input OR-gate 271, a 3-input AND-gate 272,
a 2-input AND-zate 273 and a 2-input OR-gate 274, The
input signals to OR-gate 271 and AND-gate 272 are XYZ.
The inputs to AND-gate 273 are C and the ontput signal
of OR-gate 271. The inputs to OR-cate 274 are the out-
put siznals of AND-gates 272 and 273.

In operation, with each of input signals X, Y and Z
representing binary s, transistor 260 is conductive in
the linear region of its characteristics. Transistor 260
biases transistor 258 to saturation and biases transistor
259 to a non-conductive state. The output signal C at
terminal 277 is therefore in the order of +0.2 volt while
the signal T at output terminal 278 is in the order of 3.8
volts. A similar condition exists in sum circnit 256 with
the output signals S and § at terminals 280 and 281 being
+40.2 volt and +3.8 volts respectively.

Assuming one of the inputs X, Y and Z to be a binary
1 and the remainder of the inputs to be binary 0’s, none
of the AND-gates 261, 262 or 263 is enabled and carry
circuit 255 remains in the same condition as when inputs
X, Y and Z were all binary ¢’s. Considering sum circuit
256, OR-gate 271 is enabled by the binary 1 input signal
and the output signal of OR-gate 271 in conjunction with
the signal T enables AND-gate 273. The outrut of
AND-gate 273 biases transistor 269 to saturation which
in turn biases transistor 267 {o a state of non-con-
duction and transistor 268 to saturation. The result-
ing output signal S at terminal 280 is in the order
of +3.8 volts while the resulting output signal §
at terminal 281 is in the order of +0.2 volt. Thus, with
one of the inputs X, Y and Z a binary 1, the outputs S
and T revresent binary 1’s and outputs § and C represent
binary (s,

Assuming that two of the three inputs X, Y and Z are
binarv 1’s, one of the AND-gates 261, 262 or 263 is
enabled. The resulting outnut signal from OR-gate 264
drives transistor 260 into saturation which in turn biases
transistor 258 to a state of non-conduction and transis-
tor 259 to saturation. The resulting output signals C and
C at terminals 277 and 278 are +-3.8 volts and 40.2 volt
resnectively.

Considering sum circnit 2586, AND-pate 273 is dis-
abled since the signal © at ferminal 278 is 0.2 volt.
Transistor 269 is accordingly biased to conduction in the
linear region of its characteristics, driving transistor 267
to saturation and transistor 268 to a state of non-conduc-
tion. The resulting output signals § and § at terminals
280 and 281 are --0.2 volt and +3.8 volts respectively.
Thus, with two of the input signals X, Y and Z being
binary 1%, output sienals C and § represent hinary 1's
while outont signals T and S represent hinary 0's.

With all three of the inputs X, Y and Z being binary
1’s, carry circuit 255 remains in the same state with out-
put signal C representing a binary 1 and output signal
T representing a binary 0. The three binary 1 input signals
enable AND-gate 272 to drive transistor 269 to satura-
tion. Transistor 262 in turn changes the state of transis-
tors 267 and 268, driving transistor 267 to a state of
non-conduction and transistor 268 to saturation. The
resulting ontput signal S and § at terminals 280 and 281
are 3.8 volts and +-0.2 volt respectively. Thus., with all
three of the inrut signals X, Y and Z being binary 1’s,
output signals S and C represent binary I’s while output
signals § and T represent binary 0’s,

Although the circuit has been described with the num-
ber of binary 1’s represented by input signals X, Y and
Z progressing from 0-3, the operation of the circuit is
not limited to this sequence since the binary 1’s repre-
sented by input signals X, Y and Z can change from a
given combination to any other combination. The rela-
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tionship between the input signals X, Y and Z and the
stale of output signals C, G, S and § Is indicated in the
following table:

‘ XYZ 88CC
0 040 0101
001 10401
010 1001
1 00 1001
0 11 0110

| 0t 0110

: 110 o110

J‘ 111 1010

The symbol 283, shown in FIG. 11, is employed to
represent the full adder circuit. The three input lines on
the left side of the symbol represent the three input sig-
nals X, Y and Z. The four lincs extending from the right
side of the symbol represent the output symbols S, §,
C and C.

Register

A register is adapted to provide temporary storage
of data being processed or data being transferred between
system components. The register comprises a plurality
of flip-flops, one flip-flop being provided in the register
for each bit of data to be stored in the register. Some
registers of the Central Processor store a four character
data word and, therefore, comprise 24 flip-flops. Other

registers of the system, e.g. the A-Register, store less than -

a data word and comprise a proportional number of flip-
flops.

The flip-flops of a register are identified according to
the register designation and the numerical significance of
the data bits stored therein. Thus, a particular register
flip-flop is designated as the “Mi” flip-flop, where “M”
identifies the M-Register and “i" identifies the order of
significance of the bit stored in the flip-flop. For example,
the M23 flip-flop stores the 24th or the most-significant
bit of the M-Register. The M06 flip-flop stores the least-
significant bit of character 2 in the M-Register. Data
movement between the registers of the Central Processor
is by parallel transfer of the bits stored in the flip-flops
of one register to the corresponding flip-flops of the re-
ceiving register.

DATA PROCESSING SYSTEM—DETAILS

The data processing system is shown symbolically in
FIG. 12 to illustrate the elements of the system which
store data, the paths of data transfer between these ele-
ments, and major control elements of the system.

Instruction words for data processing, auxiliary words
for addressing and control, data words which are to be
processed and data words which are the result of process-
ing are stored in Memory 10 during data processing op-
erations. Temporary storage of data words is provided,
during data processing operations, in the various registers
of the system. Transfer of data between registers and
other elements of the system, as indicated by the inter-
connecting lines of FIG. 12, is effected by the parallel
transfer of binary digits from the source register to the
receiving register or element.

Memory 10 operates asynchronously with the other ele-
ments of the Central Processor and contains its own timing
logic, control logic and address register. Memory 10 com-
municates with the other elements of the Central Proces-
sor, viz. the Program Processor and the Input/Output Con-
trol Unit, to obtain binary coded addresses, to receive and
furnish data words, instruction words and auxiliary words,
and to receive and provide control signals which enable
synchronization of memory timing with the timing of the
remainder of the Central Processor. Address information
is transmitted to Memory 10 through B-Gates 317,

I-Register 313 stores the operation code comprising
bits 18-23 of the instruction word. The operation code

(>4

10

20

40

45

50

60

65

70

5

24

in I-Register 313 controls the type of operation to be ex-
ecuted by the system. The address control field of the in-
struction word, comprising bits 15-17, is stored in Q-
Register 306, The address control field in Q-Register 306
controls the development of the instruction address field
and may control the development of the second address
of a two-address instruction. The address field of the in-
struction word comprising bits 0-14 is normally stored,
after development if required, in D-Register 311 but may,
during the execution of certain instructions, be stored in
E-Register 303. The instruction address field stored in
the D-Register or the E-Register indicates the memory
location from which an operand word is to be read or into
which a word is to be stored. The address in Memory of
the next instruction to be executed by the Program Pro-
cessor is stored in P-Register 310. As execution of an
instruction is nearing completion, the next instruction ad-
dress stored in P-Register 310 is applied to Adder 302,
enabling the Central Processor to obtain the next instruc-
tion from Memory 10.

All words read from Memory 10 or transferred to
Memory 10 must pass through M-Register 301. Therefore,
when an instruction is to be obtained from Memory 10,
the address in the P-Register 310 is transferred, by way
of Adder 302 and D-Register 311, through B-Gates 317
and the instruction word is read from the addressed
memory location into the M-Register. The operation code,
the address control field and the address field of the in-
struction word in the M-Register are then transferred to
I-Register 313, Q-Register 306 and either D-Register 311
or E-Register 303 respectively, and the instruction is then
executed. Operand words employed during instruction
execution are obtained from Memory 10 by the same
process, i.e. by initially transferring the operand word to
the M-Register.

When a word is transferred from Memory 10 to M-
Register 301, the 25th or parity bit is transmitted to
Parity Check and Generation Logic 316. Parity Check
and Generation Logic 316 samples the word in the M-
Register and, employing the parity bit received from
Memory 10, determines whether or not a parity error
exists in the word transferred from Memory 10. Similar-
ly, when a word is temporarily stored in M-Register 301
and is to be transferred to Memory 1@, Parity Check and
Generation Logic 316 samples the word in the M-Register
301 and generates the correct parity bit which is trans-
ferred to Memory 10 as the 25th bit of the word.

Arithmetic operations, shift operations, compare opera-
tions, logic operations, etc. on operand words are per-
formed primarily by employing M-Register 301, Adder
302 and E-Register 303. Adder 302 is adapted to perform
the operation of addition on information received simul-
taneously from M-Register 301 and E-Register 303, Adder
302 also performs the operation of addition on informa-
tion received simultaneously from M-Register 301 and
from P-Register 310, D-Register 311 or CC-Register 304.
The output of Adder 302 may be transferred to E-Register
303, M-Register 301, D-Register 311, P-Register 310 or
CC-Register 304, as illustrated by the data transfer paths
in FIG. 12. CC-Register 304, N-Register 305 and Q-
Register 306 serve as counters or temporary storage
registers during execution of predetermined instructions.

Control of operations in the Central Processor is accom-
plished primarily by Operations Control Unit 318, Timing
Control Unit 319, I-Register 313, P-Register 310,
D-Register 311, and A-Register 312. The contents of
I-Register 313 is decoded by Operations Control Unit 318,
which directs appropriate control logic during execution
of the instruction by the Central Processor. Operations
Control Unit 318 includes a register for selecting blocks
of micro-operations, control logic, and decode logic for
I-Register 313 and for the selector register. Timing Con-
trol Unit 319 controls the internal timing of the Central
Processor and enables synchromization of the Program
Processor and the Input/Output Control Unit 318 with
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Memory 10. Timing Control Unit 319 includes a generator
for providing clock pulses to the Central Processor, logic
for controlling clock pulse generation, and a counter for
defining time periods in the Central Processor.

A-Register 312 is employed to store the address of the
most-significant word of the four-word Accumulator in
Memory 10. Accumulator Length Indicator Register 314,
comprising flip-flops PL2 and PL1, contains a count indi-
cating the number of words in the working Accumulator.
The contents of registers 312 and 314 form the address
of the most-significant word of the working Accumulator.
Accumulator Counter Register 315 comprising flip-flops
AC2 and AC1 is employed, in conjunction with A-Regis-
ter 312, to successively address each word of the working
Accumulator.

D-Register 311 is employed primarily as an address
register for transmitting address information through
B-Gates 317 to Memory 10. P-Register 310 is a counter
which is periodically advanced to form the address of
the next word, which may be either an instruction word
or an auxiliary word, in the P-sequence.

Input/Output Control Unit 13 includes a plurality of
channels, each peripheral subsystem used with the Central
Processor being connected to one of the input/output
channels. Each input/output channel permits the trans-
mission of instructions from the Central Processor to the
peripheral subsystem conpected to the channel, the trans-
fer of data between Memory 10 and the peripheral sub-
system connected to the channel, and the transmission of
information indicative of the peripheral subsystem and
channel operating conditions to the Central Processor.

The Central Processor receives data through Input/
Output Control Unit 13 from the typewriter, document
handler, card reader, perforated tape reader, magnetic
tape controller and disc storage controller, as indicated
symbolically by line 323 in FIG. 12. The Central Proces-
sor may transmit data, through Input/Output Control
Unit 13 to the typewriter, cardpunch, perforated tape
punch, printer, magnetic tape controller and the disc
storage controller, as indicated symbolically by line 324.

A description of the system operation is provided in
a succeeding section entitled “Instructions” and in the
sections following this section. Details of the system struc-
ture and of the components of the system are provided in
FIGS. 14, 16-18, 20, 21, 23, 25-118, 170-172, 174 and
178-196.

Data processing operations

The operation code of an instruction word may have
any one of 53 bit configurations, each configuration repre-
senting a different one of 53 instruction codes. Each in-
struction code directs a fundamentally different data
processing operation of the system. The system executes
the instruction codes of a succession of instruction words
to process data. This succession of instruction words is
termed a “program.” In any program, some or all of the
53 fundamental operations may be executed one or more
times to process data. The numeral assigned to each in-
struction is the binary operation code of the instruction
expressed in octal notation.

The instruction repertoire of the Central Processor in-
cludes both single-address and two-address instructions.
Single-address instructions employ a single operand ad-
dress. Two-address instructions employ two operand ad-
dresses to execute the operation called for by the opera-
tion code of the inmstruction.

The fundamental data processing operations which the
data processing system executes may be grouped by func-
tion as indicated below. In the description of the opera-
tions, location Y is the memory location corresponding
to the address contained in the instruction address field,
after development, if any, of the instruction address field.

A. Data Movement Operations—
Instruction 40, Load Single (LDS), single-address:
The accumulator working length is set to single
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and the contents of location Y replace the contents
of the single Accumulator. The contents of Jocation
Y are not changed.

Instruction 41, Load Double (LDD), single-address:
The accumulator working length is set to double
and the contents of locations Y-1 and Y replace
the contents of the double Accumulator. The con-
tents of location Y~1 and Y are not changed.

Instruction 42, Load Triple (LDT), single-address:
The accumulator working length is set to triple and
the contents of locations Y-2, Y-1 and Y replace
the contents of the triple Accumulator. The con-
tents of the memory field are not changed.

Instruction 43, Load Quadruple (LDQ), single-ad-
dress: The accumulator working length is set to
quadruple and the contents of locations Y-3, Y-2,
Y-1 and Y replace the contents of the quadruple
Accumnulator. The contents of the memory field
are not changed.

Instruction 44, Store Single (STS), single-address:
The contents of location Y are replaced by the
conlents of the single Accumulator, regardless of
the accumulaior working length setiing. The ac-
cumulator working length and contents are not
changed.

Instruction 435, Store Double (STD), single-address:
The contents of Jocations Y-1 and Y are replaced
by the double Accumulator, regardiess of the ac-
cumulator working length setting. The accumu-
laior working length and contents are not changed.

Instruction 46, Store Triple (STT), single-address:
The contents of locations Y-2, Y-1 and Y are
replaced by the contents of the triple Accumulator,
regardless of the accumulator working length set-
ting, The accumulator working length and con-
tents are not changed.

Instruction 47, Store Quadruple (STQ), single-ad-
dress: The contents of locations Y-3, Y-2, Y-1
and Y are replaced by the contents of the quad-
ruple Accumulator, regardless of the accumulator
working length setting. The accumulator working
length and contents are not changed.

Instruction 30, Move From First Memory (MFM),
two-address: The contents of location Y are
moved to a second location, leaving the contents
of location Y unchanged. The second location is
defined by the address of a Fixed Location Index
Word or by a second address sequence.,

Instruction 31, Move From Immediate (MFT), two-
address: The address field Y of the ins{ruction
word is moved to the address field of a second lo-
cation. The operation code field and address con-
trol field of the second location are not changed.
The second location is defined by the address of
a Fixed Location Index Word or by a second ad-
dress sequence.

Instruction 32, Move to First Address Field (MTA),
two-address: The address field of location Y is re-
placed by the address field of a second location.
The contents of the second location are not
changed. The second location is defined by the
address of a Fixed Location Index Word or by a
second address sequence.

Instruction 06, Move (MOV), two-address: The con-
tents of a memory field whose most-significant
word 1s at locaticn Y are replaced by words moved
from a second memory field, The second memory
field is not changed. The location of the most-
significant word of the second memory field is de-
fined in a control word which also determines the
number of words to be moved. The location of the
control word is defined by the address of a Fixed
Tocation Tndex Word or by a second address se-
quence.



3,368,206

27

Instruction 20, Explode (EXP), single-address: The
working Accumulator is cleared to zero. One to
four characters from location Y are distributed
to the working Accumulator, one character to the
characier 3 position of each accumulator word.
Accumulator words outside the working Accumu-
lator and the contents of location Y are not
changed.

Instruction 21, Implode (IMP), single-address: The
least-significant character (character 3) of each
working accumulator word is gathered into loca-
tion Y, the character from the least-significant ac-
cumulator word being placed in the least-significant
character position of location Y with characters
from successively more-significant accumulator
words being placed in correspondingly more-sig-
nificant character positions of lecation Y. If any
accumulator words are excluded because of a
working accumulator length less than quadruple,
corresponding character positions in location Y
are cleared to zero. The accumulator contents and
length are not changed.

B. Shift Operations—

Instruction 22, Shift (SHG): The Shift instruction
provides a variety of capabilities involving the Ac-
cumulator, The type of shift, the length of the Ac-
cumulator affected, the direction of shift, and the
number of positions t0 be shifted are determined
by the address field of the Shift instruction which,
in this case, does not refer to a memory location,

C. Arithmetic Operations—

Instruction 50, Add Decimal Single (ADS), single-
address: The contenis of location Y are added to
the contents of the working Accumulator. The re-
sult is placed in the Accumulator and the con-
tents of Jocation Y are not changed. The sign of
the result is placed in the zone bits of the least-
significant result character; the remaining zone bits
of the working Accumulator are set to zero. The
accumulator length is not affected by this instruc-
tion.

Instruction 60, Subtract Decimal Single (SDS), sin-
gle-address: The contents of location Y are sub-
tracted from the contents of the working Accumu-
lator. The results are placed in the Accumulator
and the contents of location Y are not changed.
The sign of the result is placed in the zone bits of
the least-significant result character; the remain-
ing zone bits of the working Accumulator are set
to zero. The accumulator length is not affected by
this instruction.

Instruction 51, Add Decimal Double (ADD), single-
address: The contents of locations Y-1 and Y are
added to the contents of the working Accumulator.,
The result is placed in the Accumulator and the
memory field is not changed. The sign of the re-
suit is placed in the zone bits of the least-sig-
nificant result character; the remaining zone bits
of the working Accumulator are set to zero, If the
working Accumulator is double, triple or quad-
ruple, the length is not changed. If the working
Accumulator is single, the length is set to double
and the added working accumulator word is
cleared to zero before addition occurs.

Instruction 61, Subtract Decimal Double (SDD),
single-address: The contents of locations Y-1 and
Y are subtracted from the contents of the working
Accumulator. The result is placed in the Accumu-
lator and the memory field is not changed. The sign
of the result is placed in the zone bits of the lcast-
significant result character; the remaining zone bits
of the working Accumulator are set to zero. If the

working Accumulator is double, triple or quad-

ruple, the length is not changed. Tf the working
Accumulutor is single, the length is set to double
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and the added working accumulator word is
cleared to zeros before subtraction occurs.

Instruction 52, Add Decimal Triple (ADT), single-

address: The contents of locations Y-2, Y-1 and
Y are added to the contents of the working Accu-
mulator. The result is placed in the Accumulator
and the memory field is not changed. The sign of
the result is placed in the zone bits of the least-
significant result character; the remaining zone bits
of the working Accumulator are set to zero. 1f the
working Accumulator is triple or quadruple, the
length is not changed. If the working Accumulator
is double or single, the length is set to triple and
the one or two added working accumulator words
are cleared to zeros before addition occurs.

Instruction 62, Subtract Decimal Triple (SDT),

single-address: The contents of locations Y--2,
Y-1 and Y are subtracted from the contents of the
working Accumulator. The result is placed in the
Accumulator and the memory field is not changed.
The sign of the result is placed in the zone bits of
the least-significant result character; the remaining
zone bits of the working Accumulator are set to
zero. If the working Accumulator is a triple or
quadruple, the length is not changed. If the work-
ing Accumulator is double or single, the length is
set to triple and the one or two added working
accumulator words are cleared fo zercs before
subtraction occurs.

Instruction 53, Add Decimal Quadruple (ADQ),

single-address: The contents of locations Y--3,
Y-2, Y-1 and Y are added to the contcnts of the
working Accumulator. The result is placed in the
Accumulator and the memory field is not changed.
The sign of the result is placed in the zone bits
of the least-significant result character; the remain-
ing zone bits of the Accumulator are set to zero.
If the working Accumulator is quadruple, the
length is not changed. If the working Accumulator
is triple, double or single, the length is set to quad-
ruple and the one, two or three added working
accumulator words are cleared to zeros before
addition occurs.

Instruction 63, Subtract Decimal Quadruple (SDQ),

single-address: The contents of locations Y--3,
Y-2, Y-1 and Y are subtracted from the contents
of the working Accumulator. The result is placed
in the Accumulator and the memory field is not
changed. The sign of the result is placed in the
zone bits of the least-significant result character;
the remaining zone bits of the Accumulator are set
to zero. If the working Accumulater is quadruple,
the length is not changed. If the working Accu-
mulator is triple, double or single, the length is
set to quadruple and the one, two or three added
working accumulator words are cleared to zeros
before subtraction occurs.

Instruction 54, Add to Memory Single (AMS),

single-address: If the working Accumulator is
single, its contents are added to the contents of
location Y and the result is slored in location Y.
The Accumlulator contents and length are not
changed. The sign of the result is placed in the
zone bits of the least-significant character of loca-
tion Y; zone bits of all other characters in location
Y are set to zero. If the accumulator length is
double, triple or quadruple, the contents of loca-
tion Y are not changed and the Overflow flip-flop
is set to the 1-state.

Instruction 55, Add to Memory Double (AMD),

single-address: 1f the working Accumulator is
single or double, its contents are added to the con-
tents of locaiions Y1 and Y and the result is stored
in locations Y—1 and Y. The accumulator contents
and length are not changed. The sign of the result
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is placed in the least-significant character position
of location Y; zone bits of all other characters in lo-
cations Y-1 and Y are set to zeros. If the accumu-
lator working length is triple or quadruple, the
contents of locations Y—1 and Y are not changed
and the Overflow flip-flop is set to the 1-state.
Instruction 56, Add to Memory Triple (AMT), sin-
gle-address: If the working Accumulater is single,
double or triple, its contents are added to the con-
tents of locations Y-2, Y-1 and Y and the result
is stored in thesc locations. The accumulator con-
tents and length are nct changed. The sign of the
result is placed in the least-significant character
position of location Y; zone bits of all other char-
acters of the result are set to zero. If the accumu-
lator working length is quadruple, the contents of
locations Y-2, Y-1 and Y are not changed and
the Overflew flip-flop is set to the 1-state.

Instruction 57, Add to Memory Quadruple (AMQ),

single-address: The contenis of the working Ac-
cimulator are added to the four-word memory
field in locations Y-3, Y-2, Y-1 and Y, and the
result is stored in these locations. The accumulator
conteats and working length are not changed. The
sign of the result is placed in the lcast-significant
character position of location Y; zone bits of all
other characters of the result are set to zero.
Instruction 34, Add Binary to Memory (ABM), two-
address: The contents of location Y are added ab-
solutely, in binary, to the contenis of a second
location. The result is placed in the second loca-
tion. The contents of location Y are not changed.
The second location is defined by the address of a
Fixed Location Index Word or by a second address
sequence.

Instruction 35, Subtract Binary From Memory
(SBM), two-address: The contents of location Y
are subtracted absolutely, in binary, from the
contents of a second location, The result is placed
in the second location. The contents of location
Y are not changed. The second location is de-
fined by the address of a Fixed Location Index
Word or by a second address segnence.
Instruction 33, Add Immediate to Memory (AMI),
two-address: The address field Y of the instruc-
tion word is added in binary to the address field
of a second location. The result is placed in the
address field of the second location. The oper-
ation code field and the address conirol field of
the second location are not changed. The second
location is defined by the address of a Fixed In-
dex Word or by a second address sequence.
Instruction 27, Variable Length Multiply (VLM),
single-address: The contents of locations Y—1 and
Y, which constitute an eight-character multipli-
cand, are multiplied by the least-significant char-
acter in the Accumnlator. The generated nine-
character product is placed in the nine most-
significant character positions of the Accumulator.
The multiplier character from the Accumulator is
lost during each VLM execution. The multipli-
cand field in locations Y-1 and Y is not changed.
The accumulator working length is not changed.
The VLM instruction must be executed once for
each muitiplier digit. The sign of the product ap-
pears in the zone bits of the least-significant char-
acter of the product; the zone bits of all other
product digits are set to zero.

Instruction 26, Variable Lengih Divide (VLD), sin-
gle-address: The eight-character memory field in
locations Y-1 and Y is divided into the contents
of the nine most-significant character positions
of the Accumulator. The quotient is placed in the
least-significant position of the Accumulator. The
contents of the memory field in locations Y-1 and
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Y and the accumulator working length setting are
not changed. To form the quoticnt of a divisor
in Memory and a dividend in the Accumulator,
the VLD must be repeated as many times as the
number of desired quotient digits.

D. Compare Operations—

Instruction 03, Compare Alphanumeric Accuinulutor
to Memory (CAA), single-address: The contents
of the working Accumulator are compared with
the contents of a memory field whose least-sig-
nificant location is Y and whose length corre-
sponds to the length of the working Accumulator.
Comparison is based upon the absolute binary con-
tents of the two fields, although the fields can
be either binary or alphanumeric. The result of
the comparison (Accumulator less, equal, or
greater) is placed in the comparison indicators.
The accumulator contents and length and the
memory field contents are not changed.

Instruction 02, Compare Decimal Accumulator to
Memory (CDA), single-address: The contents of
the working Accumulator are compared alge-
braically with the contents of a memory field
whose least-significant location is Y and whase
length corresponds to the length of the working
Accumulator, The only zone bits considered in
the comparison are the signs of the memory and
accumulator fields. When the signs are compared,
a minus sign (10 in the zone bits) is less than
all three plus sign configurations (00, 01 or 11).
The result of the decimal comparison (accumu-
lator field less, equal, or greater) is placed in the
comparison indicators. The accumulator contents
and length and the memory field contents are not
changed.

Instruction 04, Compare Second to First Memory
(CMM), two-address: The contents of location
Y and the contents of a second location are com-
pared. Compariscn is based upon the absolute
binary contents of the two fields, although the
fields can be either binary or alphanumeric. The
result of the comparison (second location less,
equal or greater) is placed in the comparison in-
dicators. The contents of the compared locations
are not changed. The second location is defined
by the address of a Fixed Location Index Word
or by a second address sequence.

Instruction 01, Compare Memory to Immediate
(CMT1), two-address: Address field Y of the in-
struction word and the address field of a second lo-
cation are compared absolutely. The result of the
comparison (second location address field less,
equal or greater) is placed in the comparison in-
dicators, The instruction word and the contents
of the second location are unchanged. The second
location is defined by the address of a Fixed Lo-
cation Index Word or by a second address se-
quence.

E. Branch Operations—

Instruction 18, Branch Unconditionally (BRU),
single-address: The contents of the P-Register are
replaced by the instruction address field Y, caus-
ing a program branch to location Y.

Instruction 17, Store Program Counter and Branch
(SPB), two-address: The contents of the P-Reg-
ister (the address of the word following the SAS
word in the P-sequence) are stored in Memory,
and the instruction address field Y is placed in
the P-Register, effecting a branch to location Y.
The location in which the contents of the P-Reg-
ister are stored is defined by the address of a
Fixed Location Index Word or by a second ad-
dress sequence. In any location in which the con-
tents of the P-Register are stored, only the ad-
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dress field is affected. The other bit positions re-
main unchanged.

Instruction 13, Branch if Equal (BRE), single-ad-
dress: If the specified condition exists in the com-
parison indicators, the contents of the P-Register
are replaced by the instruction address field Y,
causing a program branch to location Y. If the
specified condition does not exist, the branch is
not made and the next instruction is executed in
normal sequence. Execution of the BRE instruc-
tion does not affect the comparison indicators.

Instruction 14, Branch if Less (BRL), single-address:
If the specified condition exists in the comparison
indicators, the contents of the P-Register are re-
placed by the instruction address field Y, caus-
ing a program branch to location Y. If the speci-
fied condition does not exist, the branch is not
made and the next instruction is executed in nor-
mal sequence. Execution of the BRL instruction
does not affect the comparison indicators.

Instruction 12, Branch if Greater (BRG), single-
address: If the specified condilion exists in the
comparison indicators, the contents of the P-Reg-
ister are replaced by the instruction address field
Y, causing a program branch to location Y. If the
specified condition does not exist, the branch is
not made and the next instruction is executed in
normal sequence. Execution of the BRG instruc-
tion does not affect the comparison indicators.

Instruciion 15, Branch if Zero (BRZ), single-address:
A test is made of the working accumulator bits. 1f
all accumulator bits are zero, the contents of the
P-Register are replaced by address field Y, causing
a prozram branch to location Y. If any working
accumulator bits are not zero, the next instruction
is executed in normal sequence.

Instruction 11, Branch if Minus (BRM), single-ad-
dress: The sign of the Accumulator, contained in
the least-significant character of the Accumulator,
is tested. If the sign is minus (10 in the zone bits),
the contents of the P-Register are replaced by in-
struction address field Y, causing a program
branch to location Y. If the sign is not minus, the
next instruction is executed in normal sequence.

Instruction 16, Branch on Count (BRC), two-ad-
dress: This instruction executes a branch for a
specified number of times and employs a counter
to contro! the number of executions, The branch
address is contained in the instruction word ad-
dress field Y. A second location contains the con-
trol word which serves as a counter. The location
of the control word is defined by the address of a
Fixed Location Index Word or by a second address
sequence.

F. Logic Operations—

Instruction 24, AND to Memory (ANM), twe-ad-
dress: The contents of location Y are used to
modify the contents of a second location, The re-
sult is placed in the second locaticn, leaving the
contents of location Y unchanged. The modifica-
tion is as follows: for each bit position of location
Y that contains a zero, the corresponding bit posi-
tion of the second location is set to zero; for ecach
bit position of location Y that contains a one, the
corresponding bit position of the second location
is left unchanged. The second location is defined
by the address of a Fixed Location Index Word or
by a second address sequence.

Instruction 23, OR-Inclusive in Memory (RIM), two-
address: The contents of location Y are used to
modify the contents of a second location. The re-
sult is placed in the second location, leaving the
contents of location Y unchanged. The modifica-
tion is as follows: for each bit position in location
Y that contains a one, the corresponding bit posi-
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tion of the second location is set to one; for each
bit position of location Y that contains a zero, the
corresponding bit position of the second location
is left unchanged. The second location is defined
by the address of a Fixed Location Index Word or
by a second address sequence.

Instruction 25, OR-Exclusive to Memory (RXM),

two-address: The contents of location Y are used
to modify the contents of a second location. The
result is placed in the second location, leaving the
contents of location Y unchanged. The modifica-
tion is as follows: for each bit position of location
Y that contains a one, the corresponding bit posi-
tion of the second location is inverted (zero be-
comes one, one becomes zero); for each bit posi-
tion of location Y that contains a zero, the corre-
sponding bit position of the second location is left
unchanged. The second location is defined by the
address of a Fixed Location Index Word or by a
second address sequence.

G. Accumulator Operations-—
Instruction 36, Load Accumulator Location and

Length (LAL), single-address: The accumulator
location and length are established as specified by
the instruction address field Y. The most-significant
13 bits of address field Y, logether with the two
assumed least-significant zeros, define the location
of the most-significant word of the four-word Ac-
cumulator. The most-significant word of the four-
word Accumulator is therefore always at a zero,
modulo 4 location. Bits 1 and 0 of address field Y
establish the length of the Accumulator as follows:

00 Quadruple
01 Triple

10 Double

11 Single

Address field Y can also be interpreted as specify-
ing the location of the most-significant word of
the working Accumulator. In relocating the Accu-
mulator, the contents of both the old and new
locations are unchanged.

Instruction 37, Store Accumulator Location and

Length (SAL), single-address: The current accu-
mulator location and lenzth are stored in the ad-
dress field of location Y. The operation code field
and the address control field of the contents of the
location Y are not changed. The most-significant
13 bits stored in the address ficld of location Y,
together with two assumed least-significant zeros,
indicate the location of the most-significant word
of the four-word Accumulator, Bits 1 and 0
stored in the address field of locaticn Y indicate
the working length of the Accumulator as follows:

00 Quadruple
01 Triple

10 Double

11 Single

The 15-bit field stored in location Y can also be
interpreted as specifying the location of the most-
significant word on the working Accumulator. In
executing the instruction, the actual accumulator
location, conlents and length are not changed.

H. Special Purpose Operations—
Instruction 05, Edit (EDT), single-address: The

contents of the memory field whose least-signifi-
cant word is at location Y are processed from
right to left under control of four, eight, twelve
or sixteen format characters in the working Ac-
cumulator. For each format character, a single
character is placed or retained in the working Ac-
cumulator. The number of result characters equals
the number of format characters. The memory field
and the accumulator working length are not
changed.
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Tnstruction 67, Central Processor Operations (CPO),
two-address: The central processor operations in-
structions permit the status of specific indicators
to be stored in Memory or permit status to be set
in these indicators. The second location is de-
fined by the address of a Fixed Location Index
Word or by a second address sequence,

Instruction 00, Halt (HLT), single-address: This
instruction causes the Central Processor to cease
processing instructions. The Halt instruction estab-
lishes control conditions which inhibit the honor-
ing of requests for program interrupts, but which
allow data transfer sequences to occur if any
peripheral subsystems have not terminated opera-
tions. Actuation of the RUN switch on the Con-
sole causes continuous instruction processing to
be resumed, starting with the next instruction in
the P-sequence.

Instruction 07, General (GEN), two-address: The
General instruction is used to execute one of the
following operations:

(1) A peripheral subsystem input/output oper-
ation or a control operation is initiated, re-
settable status is reset and the remaining pe-
ripheral status is stored in a second location,

(2) Any existing resettable status in the ad-
dressed peripheral subsystem is reset and the
remaining peripheral status is stored in a sec-
ond location.

(3) The existing peripheral status is stored in
a second location. The second location re-
quired in the execution of the above opera-
tions is defined by the address of a Fixed Lo-
cation Index Word or by a second address
sequence.

GLOSSARY AND INDEX OF SIGNALS

The signals provided by the system circuit elements
are tabulated below. The major element of the Central
Processor, e.g. Memory, Program Processor or Input/Cut-
put Control Unit, in which the signal originates is indi-
cated. The portion of the description which illustrates or
describes the respective source elements for each of the
signals is also identified.

CSTR, Memory, FIG. 36: A signal which gates the sense
amplifier output signals representing the bits of a
word read from a memory location to the Data Drivers.

DAAC, Program Processor, FIG. 93: A signal which is-
sues when the contents of the Accumulator Counter
Register are 0, 0. This state of the Accumulator Count-
er Register, in conjunction with the contents of the
A-Register, forms the address of the accumulator word
A location,

DAAE, Program Processor, FIG. 93: A signal which is-
sues when the address in the D-Register is the same as
the address stored in the A-Rezister and the Accumu-
lator Counter Register. This signal inhibits the clear-
ing of the M-Register and the restoration of the oper-
and word to Memory during execution of one of the
Instructions 50-57 and 60-63.

DABM, Program Processor, FIG. 93: A signal which Is-
sues when the operation code in the I-Register has a
bit configuration corresponding to Instruction 34, Add
Binary to Memory (ABM).

DABX, Program Processor, FIG. 93: A signal which is-
sues during particular blocks of micro-operations and
during the execution of predetermined instructions to
transfer the accumulator address in the A-Register and
the Accumulator Counter Register through the B-
Gates to the B-Register of Memory.

DAC1, Program Processor, FIG. 93: A signal which is-
sues when flip-flop AC1 of the Accumulator Counter
Register is set to the 1-state.
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DAC2, Program Processor, FIG. 93: A signal which is-
sues when flip-flop AC2 of the Accumulator Counter
Register is set to the 1-state.

DACD, Program Processor, FIG. 93: A signal which
issues at predetermined times during the execution of
predetermined instructions to reduce the count in the
Accumulator Counter Register by one, If the Accumu-
lator Counter Register and the A-Register contain the
address of the accumulator word A location, signal
DACD modifies the contents of the Accumulator
Counter Register to form the address of the most-
significant word of the working accumulator.

DACS, Program Processor, FIG. 93: A signal which
issues upon actuation of the appropriate console switch
to set flip-flop ARM to the 1-state, causing the type-
writer to type out the contents of the A-Register.

DACU, Program Processor, FIG. 93: A signal which
causes the count in the Accumulator Counter Register
to be advanced by one. If the state of the Accumulator
Counter Register, in conjunction with the contents of
the A-Register, addresses the most-significant word of
the working Accumulator, signal DACU reduces the
count in the Accumulator Counter Register to zero.

DADY, Program Processor, FIG. 93: A signal which
issues during a decimal addition of two words in the
Adder to cause six to be added to character 0 of the
result to correct the result.

DADI1, Program Processor, FIG. 93: A signal
issues during a decimal addition of two words
Adder to cause six to be added to character 1
result to correct the result.

DAD?2, Program Processor, FIG. 93: A signal
issues during a decimal addition of two words
Adder to cause six to be added to character 2
result to correct the result.

DAD3, Central Processor, FIG. 93: A signal which issues
during a decimal addition of two words in the Adder
to cause six to be added to character 3 of the result
to correct the result.

DADC, Program Processor, FIG. 93: A signal which in-
dicates that an instruction of the Add Decimal Class,
which includes Instructions 50-57, is being executed
by the Central Processor.

DADU, Program Processor, FIG. 93: A signal which
causes flip-flops AC1 and AC2 of the Accumulator
Counter Register to be reset to the 0-state.

DAEX, Program Processor, FIG. 93: A signal which
gates the accumulator word address in the A-Register
and the Accumulator Length Indicator Register to the
E-Register.

DAGI, Program Processor, FIG. 93: A signa! which
issues when the addressed accumulator word is outside
the accumulator length specified by certain instruc-
tions; e.g. if the address in the A-Register and the Ac-
cumulator Counter Register is the address of accumu-
lator word B and the Program Processor is executing
Instruction 50, Add Decimal Single (ADS).

DAGL, Program Processor, FIG. 93: A signal which in-
dicates that the A-Register and the Accumulator
Counter Register contain the address of an accumulator
word outside the working accumulator, as defined by
the Accumulator Length Indicator Register.

DALS, Program Processor, FIG. 93: A signal which
issues during the execution of Instruction 22, Shift
(SHG), to indicate that the Accumulator is being
shifted for the last time prior to completion of execu-
tion of the instruction.

DAMC, Memory, FIG. 36: A signal which prevents one
16K memory unit of a 32K memory from initiating a
memory cycle before the other 16K memory unit hus
completed a memory cycle,

DAMG, Program Processor, FIG. 93: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
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tions in the Add to Memory group, viz. Instructions
54-57.

DAMI, Program Processor, FIG. 93: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 33,
Add Immediate to Memory (AMI).

DAMR, Program Processor 93: A signal which is gen-
erated in the Program Processor and transmitted to
Memory to enable a word to be read from Memory
into the M-Register of the Program Processor; signal
DAMR distinguishes a read/restore memory cycle from
a clear/write memory cycle.

DAMS, Program Processor, FIG. 93: A signal which
issues when the address control field of an instruction
word has a value greater than 0, indicating that the
address field of the instruction word is to be developed,
if the instruction is a single-address instruction or if
the instruction is a two-address instruction and the
value of the address control field is 7, or that the second
address of the instruction is the address of a Fixed
Location Index Word, if the instruction is a two-
address instruction and the value of the address control
field is in the range of 1-6.

DANM, Program Processor, FIG. 94: A signal which
issucs when the operation code in the I-Register has a
bit configuration corresponding to Instruction 24, AND
to Memory (ANM).

DAOD, Program Processor, FIG. 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of the Add Decimal Class, viz. Instructions 50-
57, one of the instructions of the Subtract Decimal
Group, viz. Instructions 60-63, or Instruction 26.

DAOX, Program Processor, FIG. 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Instruc-
tions 23-25.

DARS, Program Processor, FIG., 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Instruc-
tions 50-53 and 60-63.

DASB, Program Processor, FIG. 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to either Instruction
34 or Instruction 35.

DASF, Program Processor, FIG. 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Instruc-
tions 51-53, 55-57 and 61-63.

DASG, Program Processor, FIG. 94: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of the Add Decimal Class, viz. Instructions 50—
57, or one of the instructions of the Subtract Decimal
Group, viz. Instructions 60-63.

DAUD, Program Processor, F1G. 94: A signal which
resets flip-flop AC1 of the Accumulator Counter Regis-
ter to the O-state and also resets flip-flop AC2 to the
O-state during the execution of predetermined instruc-
tions employing a three-word Accumulator.

DAUQ, Program Processor, FIG. 94: A signal which
issues during the execution of predetermined instruc-
tions to reset flip-flop AC2 of the Accumulator Counter
Register to the O-state.

DB00-DB14, Program Processor, FIGS. 94-95: Address
signals provided by the B-Gates for application to the
B-Register of Memory to define the memory location
from which a word is to be read or in which a word
is to be stored.

DB43, Program Processor, FIG. 95: A signal which issues
in response to a data interrupt in the Input/Output Con-
trol Unit to enable gate BOS of the B-Gates.

DBAC, Program Processor, FIG. 95: A signal which
issues when the contents of the Accumulator Counter
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Register are 0, 1. This state of the Accumulator
Counter Register, in conjunction with the contents of
the A-Register, forms the address of the accumulator
word B location.

DBCB, Program Processor, FIG. 95: A signal which
issues during the execution of one of the Instructions
1214 when the branch condition is not satisfied.

DBCL, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has a
bit confignration corresponding to one of the instruc-
tions of the Branch Class, viz Instructions 10-17.

DBCT, Program Processor, F1G. 95: A signal which
issnes during the execution of Instruction 10, or during
the execution of one of the Instructions 12-14 when
the branch condition is satisfied. This signal causes
working clock signal QSPX to issue, transferring the
branch address to the P-Register.

DBCU, Program Processor, FIG. 95: A signal which
advances the count in the TB-Counter during the execu-
tion of predetermined instructions, e.g. Instruction 26,
Variable Length Divide (VLD).

DBLO, Program Processor, FIG. 95: A signal which
issues at predetermined times and during the execution
of predetermined instructions to change the state of the
TL-Counter from TL2 to TLO.

DBL2, Program Processor, FIG. 95: A signal which
issues at predetermined times and during the execution
of predetermined instructions to change the state of
the TL-Counter from TLO to TL2,

DBNX, Program Processor, FIG. 95: A signal which
issues during the execution of one of the Instructions
12-14 when the branch condition is not satisfied and
development of the address field of the instruction word
is completed. This signal causes flip-flops ESX and
MSX to be reset to the O-state.

DBRC, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 16,
Branch on Count (BRC).

DBRE, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 13,
Branch if Equal (BRE).

DBRF, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the Instruc-
tions 12-14.

DBRG, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 12,
Branch if Greater {BRG).

DBRL, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 14,
Branch if Less (BRL).

DBRM, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 11,
Branch if Minus (BRM).

DBRP, Memory, FIG. 36: A signal which resets the flip-
flops of the B-Repister to the 0-state upon completion
of a memory cycle and during the initial clearing of
the Central Processor.

DBRR, Memory, FIG. 36: A signal which issues during
time period TO1 of a read operation and during time
period TO7 of a write operation.

DBRS, Memory, FIG. 36: A signal which controls the
transfer of an address from the B-Gates of the Pro-
gram Processor to the B-Register of a 16K memory
unit at the beginning of a memory cycle.

DBRS, Program Processor, FIG. 95: A signal which
issues in block W01 during development of the second
address of Instruction 07, General (GEN), to check
the busy stutus of the addressed channel.



3,368,206

37

DBRU, Program Processor, FIG. 95: A signal which
issues when the operation code of the I-Register has
a bit configuration corresponding to Instruction 10,
Branch Unconditionally (BRU).

DBRZ, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 15,
Branch if Zero (BRZ).

DBSA, Program Processor, FIG. 95: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to either Instruction
16, Branch on Count (BRC), or Instruction 17, Store
Program Counter and Branch (SPB).

DBUD, Program Processor, FIG. 95: A signal which
issues during the execution of predetermined instruc-
tions involving a four-word Accumulator and which
causes flip-flop AC2 of the Accumulator Counter Regis-
ter to be reset to the O-state,

DBXM, Program Processor, FIG. 95: A signal which
issues when an index has been obtained for addition to
the instruction address field during the execution of
Instruction 10 or during the execution of one of the
Instructions 12—14, if the branch condition is satisfied.
This signal causes flip-flop MSX to be reset to the 0-
state.

DBYD, Program Processor, FIG. 95: A signal which
issues during the performance of a shift operation to
set flip-flop AC1 of the Accumulator Counter Register
to the 1-state, if the operation involves the triple Ac-
cumulator, and to also set flip-flop AC2 to the 1-state,
if the operation involves the triple or quadruple Ac-
cumulator, reducing the count in the Accumulator
Counter Register by two.

DBYU, Program Processor, FIG. 95: A signal which
issues during a right shift when the accumulator length
affected by the shift is triple to set flip-flop AC2 of the
Accumulator Counter Register to the 1-state, advancing
the count in the Accumulator Counter Register by two.

DCAA, Program Processor, FIG. 96: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to Instruction 03, Com-
pare Alphanumeric Accumulator to Memory (CAA).

DCAB, Program Processor, FIG. 96: A signal which
issues when flip-flops CC1 and CCO of the CC-Register
are set to the 1-state,

DCAC, Program Processor, FIG. 26: A signal which
issues when the contents of the Accumulator Counter
Register are 1, 0. This state of the Accumulator Counter
Register, in conjunction with the contents of the A-
Register, forms the address of the accumulator word
C location.

DCAD, Program Processor, FIG. 96: A signal which
changes the states of the flip-flops of the Accumulator
Counter Register to reduce the count by one. If the
count in the Accumulator Counter Register is 0, signal
DCAD changes the count so that the contents of the
Accumulator Counter Register, in conjunction with the
contents of the A-Register, forms the address of the
most-significant accumulator word affected by the in-
struction.

DCAU, Program Processor, FIG. 96: A signal which
changes the states of the flip-flops of the Accumulator
Counter Register to advance the count by one. If the
count in the Accumulator Counter Register, in con-
junction with the contents of the A-Register, forms
the address of the most-significant accumulator word
affected by the instruction, DCAU reduces the count
in the Accumulator Counter Register to zero.

DCCU, Program Processor, FIG. 96: A signal which
issues at predetermined times and during the execution
of predetermined instructions to advance the count in
the CC-Register by one.

DCCZ, Program Processor, FIG. 96: A signal which in-
dicates that all the flip-flops of the CC-Register are
reset to the O-state.
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DCDA, Program Processor, FIG. 96: A signal which
issues when the opcration code in the I-Register has a
bit configuration corresponding to Instruction 02, Com-
pare Decimal Accumulator to Memory (CDA).

DCE1, Program Processor, FIG. 96: A signal which
issues when the count in the CC-Register is 11,

DCEE, Program Processor, FIG. 96: A signal which
issues when the operation code in I-Register has a bit
configuration corresponding to one of the Instructions
02, 03, 05, 15, 20 and 21.

DCEL, Program Processor, FIG. 96: A signal which
issues during the execution of predetermined instruc-
tions to indicate that the count in the CC-Register is
equal to the number of character positions of the Ac-
cumulator affected by the instruction, i.e. when the
count in the CC-Register is four times the number of
accumulator words affected by the instruction.

DCER, Program Processor, FIG. 96: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause working clock
signal QCER to issue, complementing the contents of
the E-Register,

DCES, Program Processor, FIG. 96: A signal which
issues at predetermined times during the execution of
predetermined instructions to cause working clock sig-
nal QCER to issue, forming the complement of the
word in the E-Register.

DCID, Program Processor, FIG. 96: A signal which
issues during execution of Instruction 26, Variable
Length Divide (VLD), to cause flip-flop MPL to be
set to the 1-state.

DCL4, Program Processor, FIG. 96: A signal which
issues during the execution of Imstruction 22, Shift
(SHG), when the direction of shift is left and when
the number of character positions through which the
Accumulator is to be shifted is less than four. This
signal establishes a count of four minus N in the CC-
Register, where N is the number of character positions
through which the Accumulator is to be left shifted.
The count in the CC-Register then indicates the number
of character positions through which each accumulator
word must be right shifted in the M- and E-Registers
to be equivalent to a left shift through the number of
character positions required by the instruction.

DCLA, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution of
predctermined instructions to cause the flip-flops of the
A-Register to be reset to the 0-state.

DCLC, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause the flip-flops of
the CC-Register 1o be reset to the O-state.

DCLM, Memory, FIG. 36: A signal which issues during
time period T02 of a read operation to reset the flip-
flops of the M-Register to the 0-state.

DCLQ, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause the flip-flops of
the Q-Register to be reset to the O-state.

DCMDO, Program Processor, FIG. 96:A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause flip-flops M18-
M23 of the M-Register to be reset to the O-state.

DCM]1, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause flip-flops M12—
M17 of the M-Register to be reset to the 0-state.

DCM2, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause flip-flops M06—
M11 of the M-Register to be reset to the O-state.

DCM3, Program Processor, FIG, 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause flip-flops MOO—
MOS5 of the M-Register to be reset to the O-state,
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DCM4, Program Processor, FIG. 96: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause Memory Output
Parity flip-flop MUTJ to be reset to the O-state.

DCMC, Program Processor, FIG. 97: A signal which is-
sues at predetermined times and during the execution
of either Instruction 67 or Instruction 07 to cause the
flip-flops of the M-Register to be reset to the O-state.

DCMI, Program Processor, FIG. 97: A signal which is-
sues when the operation code in the I-Register has the
bit configuration corresponding to Instruction 01, Com-
pare Memory to Immediate (CMI).

DCMM, Program Processor, FIG. 97: A signal which is-
sues when the operation code in the I-Register has the
bit configuration corresponding to Instruction 04, Com-
pare Second to First Memory (CMM).

DCPG, Program Processor, FIG. 97: A signal which is-
sues when the operation code in the I-Register has
a bit configuration corresponding to either Instruction
03 or Instruction 02.

DCPO, Program Processor, FIG. 97: A signal which is-
sues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 67,
Central Processor Operations (CPO).

DCSL, Program Processor, FIG. 97: A signal which is-
sues during the execution of Instruction 22, Shift
(SHG), if the direction of shift is left.

DCTYV, Program Processor, FIG. 97: A signal which is-
sues when the count in the CC-Counter is 12 or greater.

DCW9, Program Processor, FIG, 97: A signal which is-
sues during the execution of either Instruction 02 or
Instruction 03, if the Program Processor is performing
the micro-operations of block W09.

DD00-DD13, Program Processor, FIG. 97: Signals which
issue when the corresponding flip-flops D00-D13 re-
spectively of the D-Register are set to the 1-state.

DDAA, Program Processor, FIG. 97: A signal which is-
sues during the divide operation of Instruction 26, Vari-
able Length Divide (VLD), when the A-Register and
the Accumulator Counter Register contain the address
of accumulator word A.

DDAC, Program Processor, FIG. 97: A signal which is-
sues when the contents of the Accumulator Counter
Register are 1, 1. This state of the Accumnulator Count-
er Register, in conjunction with the contents of the
A-Register, forms the address of the accumulator word
D location.

DDBI, Program Processor, FIG. 97: A signal which is-
sues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of the group comprising Instructions 01, 05, 11,
15, 21, 25, 31, 35, 41, 45, 51, 55 and 61.

DDBO, Program Processor, FIG. 28: A signal which is-
sues during the execution of predetermined instruc-
tions employing the two least-significant accumulator
words.

DDBX, Program Processor, FIG. 98: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to cause the contents of
the D-Register to be applied to the B-Gates.

DDCO0, Program Processor, FIG. 98: A signal which is-
sues to indicate a carry from character 0 of the adder
output and which sets Carry Remember flip-flop CRE
to the 1-state during the execution of predetermined in-
structions.

DDC1, Program Processor, FIG. 98: A signal which
issues during a decimal operation in the Adder indi-
cating a carry from character 1 of the adder output.

DDC2, Program Processor, FIG. 98: A signal which
issues during a decimal operation in the Adder which
indicates a carry from character 2 of the adder output.

DDC3, Program Processor, FIG. 98: A signal which
issues during a decimal operation in the Adder which
indicates a carry from character 3 of the adder output.
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DDCA, Program Processor, FIG. 98: A signal which
issues during execution of Imstruction 26, Variable
Length Divide (VLD), when the A-Register and the
the Accumulator Counter Register do not contain the
address of accumulator word C.

DDCD, Program Processor, FIG. 98: A signal which
issues at predetermined times and during the execu-
tion of predetermined instructions to reduce the count
in the D-Register by one.

DDCS, Program Processor, FIG. 98: A signal which
issues during a decimal operation to enable the decimal
correction circuits of the Adder.

DDDA, Program Processor, FIG. 98: A signal which
issues during performance of the divide operation of
Instruction 26, Variable Length Divide (VLD), when
the A-Register and Accumulator Counter Register con-
tain the address of accumulator word D.

DDES, Program Processor, FIG, 98: A signal which
issues during the execution of Inmstruction 22, Shift
(SHG), to identify an alpha or a decimal shift or
during the performance of the shift operation of In-
struction 26, Variable Length Divide (VLD).

DDEV, Program Processor, FIG. 98: A signal which
issues during execution of Instruction 07, General
(GEN), during block W11 to define the time during
which the device code is transmitted from the E-Regis-
ter to the Input/Output Control Unit to select the
peripheral device, for example, to select one of several
tape units connected to the selected channel.

DDFS, Program Processor, FIG. 98: A signal which
issues during the execution of Instruction 22, Shift
(SHG), if the direction of shift is left and if the shift
is a decimal or alpha shift.

DDLS, Program Processor, FIG. 98: A signal which
issues during a decimal add operation when the signs
of the operand words are the same or during a decimal
subtract operation when the signs of the operand words
are different, to enable the decimal correction circuits
of the Adder.

DDLX, Program Processor, FIG. 98: A signal which
issues during execution of Instruction 22, Shift (SHG),
to cause the length of the Accumulator affected by the
shift, as specified by the instruction word, to be set
into the Accumulator ELength Indicator Register flip-
flops.

DDNA, Program Processor, FIG. 98: A signal which
issues during performance of the divide operation of
Instruction 26, Variable Length Divide (VLD), to
indicate that the A-Register and the Accumulator
Counter Register contain an accumulator word address
other than that of accumulator word A.

DDOM, Program Processor, FIG. 98: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 26,
Variable Length Divide (VLD), or Instruction 27,
Variable Length Multiply (VLM).

DDST, Program Processor, FIG. 98: A signal which
issues to gate the contents of the D-Register to the
Y-input terminals of the first rank of full adders.

DDUS, Program Processor, FIG. 98: A signal which
issues during a decimal add operation when the signs
of the operand words are different or during a decimal
subtract operation when the signs of the operand words
are the same, to enable the decimal correction circuits
of the Adder.

DDVL, Program Processor, FIG. 98: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 26,
Variable Length Divide (VLD).

DDVS, Program Processor, FIG. 98: A signal which
issues during execution of Instruction 26, Variable
Length Divide (VL.D), to indicate that the Program
Processor is performing the shift operation of the
instruction.
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DDXB, Program Processor, FIG. 98: A signal which
issues at predetermined times and during the execu-
tion of predetermined instructions to cause the address
in the D-Register to be applied to the B-Gates of
Memory.

DEAP, Program Processor, FIG. 98: A signal which
issues at predetermined times during the execution of
either Instruction 06, Move (MOV), or Instruction 36,
Load Accumulator Location and Length (LAL), to
cause working clock signal QEAX to issue, transferring
the contents of flip-flops E02-E14 of the E-Register to
the A-Register and transferring the contents of flip-
flops EQ0 and EO1 to the Accumulator Length Indica-
tor Register flip-flops PL1 and PL2.

DECH, Program Processor, FIG. 99: A signal which
issues during an input/output operation to select one
of eight channels in the Input/Output Control Unit.

DEDF, Program Processor, FIG. 99: A signal which
issues during execution of Instruction 07, General
(GEN), when development, if any, of the first address
is complete and the selected channel is not busy.

DEDT, Program Processor, FIG. 99: A signal which
issues when the operation code in the I-Register has the
bit configuration corresponding to Instruction 05, Edit
(EDT).

DEEI, Program Processor, FIG. 99: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the Instruc-
tions 05, 20 or 21.

DEEZ, Program Processor, FIG. 99: A signal which
issues when flip-flops EOO—E05 of the E-Register are all
reset to the O-state, indicating that character 3 of the
word in the E-Register is a zero.

DEIO, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execution
of predetermined instructions to indicate that flip-flop
WRO of the W-Selector Register will be reset to the
0-state.

DEIl, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execution
of predetermined instructions to indicate that flip-flop
WR1 of the W-Selector Register will be reset to the
0-state.

DEI2, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execution
of predetermined instructions to indicate that flip-flop
WR2 of the W-Selector Register will be reset to the
0-state.

DEI3, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execution
of predetermined instructions to indicate that flip-flop
WR3 of the W-Selector Register will be reset to the
O-state.

DEIN, Program Processor, FIG. 99: A signal which
issues when all the flip-flops of the W-Selector Register
are reset to the O-state or when an invalid instruction
has been transferred to Memory, to indicate that the
Program Processor is to next perform the micro-
operations of block W00.

DELS, Program Processor, FIG. 99: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to Instruction 05,
Edit (EDT), or one of the instructions in the Load
and Store Class, viz. Instructions 40-47.

DERM, Program Processor, FIG. 99: A signal which in-
dicates that the sign of the word in the E-Register is
minus.

DERS, Program Processor, FIG. 99: A signal which
issues upon actuation of an appropriate console switch
during the manual mode to cause the typewriter to
type out the contents of the E-Register.

DESA, Program Processor, FIG. 99: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to either Instruction 37,
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Store Accumulator Location and Length (SAL), or
Instruction 20, Explode (EXP).

DESC, Program Processor, FIG. 99: A signal which
causes the contents of the E-Register to be applied to
the Adder when the contents of either the A-Register
or the E-Register are to be typed out by the type-
writer during the manual mode of operation.

DESP, Program Processor, FIG. 99: A signal which
issues in block W03 during a program interrupt to one
of the channels of the Input/Output Control Unit.

DESS, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execution
of predetermined instructions to set flip-flop ESX to the
1-state, applying the contents of the E-Register to the
adder inputs.

DEST, Program Processor, FIG. 99: A signal which
issues at predetermined times and during the execu-
tion of predetermined instructions to gate the con-
tents of the E-Register to the Y-input terminals of the
first rank of full adders.

DEXL, Program Processor, FIG. 99: A signal which
issues during the execution of Instruction 20, Explode
(EXP), when the last accumulator word is being
processed during execution of the instruction. Signal
DEXL sets flip-flop PSX to the I-state to apply the
address of the next instruction in the P-sequence to
the Adder.

DEXP, Program Processor, FIG. 99: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 20,
Explode (EXP).

DF00-DF14, Program Processor, FIGS. 99-100: Signals
which issue when the respective states of flip-flops
D00-D14 of the D-Register are the same as the states
of the corresponding flip-flops AC1 and AC2 of the
Accumulator Counter Register and flip-flops A02-A14
of the A-Register.

DFBS, Program Processor, FIG. 100: A signal which
issues at predetermined times and during execution of
predetermined instructions to enable gate B0O3 of the
B-Gates, addressing memory location 10 (octal).

DFDE, Program Processor, FIG. 100: A signal which
issues during execution of Instruction 05, Edit (EDT),
during the edit mode when the last character of the
data word in the E-Register has been processed but
additional format characters remain to be processed.
Signal DFDE causes the Program Processor to per-
form the micro-operations of the W03S block upon
completion of the W14S block.

DFXW, Program Processor, FIG. 100: A signal which
issues when the address control field of the instruction
word has a value in the range of 1-6, indicating that
Fixed Location Index Word is to be used to modify the
instruction address field, if the instruction is a single-
address instruction, or that the second address of the
instruction is the address of a Fixed Location Index
Word, if the instruction is a two-address instruction.

DGCP, Program Processor, FIG. 100: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to Instruction 67, Cen-
tral Processor Operations (CPO), or Instruction 07,
General Instruction (GEN).

DGE1, Program Processor, FIG. 100: A signal which
issues during execution of Instruction 22, Shift (SHG),
or during the shift operation of Instruction 26, Variable
Length Divide (VLD), to cause the Parity Check and
Generation Logic to generate parity for the contents of
the M-Register.

DGE2, Program Processor, FIG. 100: A signal which
issues during the execution of Instruction 26, Variable
Length Divide (VLD), to cause the Parity Check and
Generation Logic to generate parity for the contents
of the M-Register.

DGE3, Program Processor, FIG. 100: A signal which
causes parity to be generated in the Parity Adder in
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blocks W03 and W04 during the execulion of prede-
termined instructions.

DGE4, Program Processor, FIG. 100: A signal which
issues during execution of Instruction 05, Edit (EDT),
Instruction 21, Implode (IMP), and during a left shift
operation to reset flip-flop SP2 to the O-state.

DGEN, Program Processor, FIG. 100: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 07,
General Instruction (GEN).

DGEP, Program Processor, FIG. 100: A signal which
issues at predetermined times and during the execution
of predetermined instructicns to cause the Parity Check
and Generation Logic to generate the correct parity
bit for a word in the M-Register.

DGMM, Program Processor, FIG, 100: A signal which
issues at predetermined times during execution of pre-
determined instructions to transfer data from the input/
output matrix to the M-Register or to transfer signals
representative of the states of predetermined indicator
flip-flops to the M-Register during execution of Instruc-
tion 67, Central Processor Operations (CPO).

DGPP, Program Processor, FIG. 100: A signal which
issues at predetermined times during the execution of
one of the Instructions 22, 26 or 27 to permit partial
parity for the partial word in the M-Register to be
stored in flip-flop SP2.

DHLT, Program Processor, FIG. 100: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 00,
Halt (HLT).

DHSM, Program Processor, FIG. 100: A signal which
issues during the execution of Instruction 00, Halt
(HLT), when an index has been obtained during time
period TL4 of block W01 for developing the instruction
address field. Signal DHSM causes working clock signal
QSEX to issue.

DHXM, Program Processor, FIG. 101: A signal gener-
ated during development of the address field of In-
struction 00, Halt (HLT), in block W01, when an
index has been obtained for developing the instruction
address field.

DIAD, Memory, FIG. 36: A signal which issues in re-
sponse to an address iransferred from the B-Gates
which exceeds the memory capacity. This signal does
not issue in a system with a 32K memory.

DIAM, Program Processor, FIG. 101: A signal which
issues when an instruction word contains an invalid
operation code.

DICR, Program Processor, FIG. 101: A signal which
issues upon actuation of the console Power-On switch
to initially reset certain control flip-flops, e.g. RCK,
ISP, to the O-state.

DIFP, Program Processor, FIG. 101: A signal which is-
sues in block W03 during the execution of predeter-
mined instructions and under predetermined conditions
during an input/output operation to inhibit signal
DAMR, preventing the transfer of the contents of the
addressed memory location into the M-Register.

DIG3, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions of Instruction Group 3, viz. 01, 04, 06, 07, 16, 17,
23, 24, 25, 30-35 and 67.

DIG4, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of Instruction Group 4, viz. Instructions 16, 17,
23-25, 30, 31, 33,34 and 35.

DIGS5, Program Processor, FIG. 101: A signal which is-
sues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of Instruction Group 5, viz. Instructions 01, 07,
16, 17,31-33 and 67.
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DIGA, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions in Instruction Group A, viz. Instructions 00, 10,
20, 30, 40, 50 and 60.

DIGB, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions in Instruction Group B, viz. Instructions 01, 11,
21,31, 41,51 and 61.

DIGC, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions in Instruction Group C, viz. Instructions 02, 12,
22,32,42,52 and 62.

DIGD, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Regis‘er has
a bit configuration corresponding to one of the instruc-
tions in Instruction Group D, viz. Instructions 03, 13,
23, 33,43, 53 and 63.

DIGE, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
a bit configuration which corresponds to one of the
instructions in Instruction Group E, viz. Instructions
04, 14, 24, 34, 44 and 54,

DIGF, Program Processor, FIG. 101: A signal which
issues when the cperation code in the I-Register has
a bit configuration which corresponds to one of the
instructions in Instruction Group F, viz. Instructions
05, 15, 25, 35, 45 and 55.

DIGG, Program Processor, FIG. 101: A signal which
isstes when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions in Instruction Group G, viz. Instructions 06, 16,
26, 36, 46 and 56.

DIGH, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions in Instruction Group H, viz. Insiructions 07, 17,
27,37,47, 57 and 67.

DIIP, Program Processor, FIG. 101: A signal which
indicates an illegal instruction in a Program Interrupt
Word (PIW). Signal DIIP sets Manual flip-flop MAN
to the 1-state.

DILX, Program Processor, FIG. 101: A signal which
issues at predetermined times and during the execution
of one of several predetermined instructions to trans-
fer the accumulator length specified by the instruction
to the flip-flops of the Accumulator Length Indicator
Register, establishing a new accumulator working
length.

DIML, Program Processor, FIG. 101: A signal which
issues during the execution of Instruction 21, Implode
(IMP), when the last accumulator word is being proc-
essed.

DIMM, Program Processor, FIG. 101: A signal which
issues during address field development in block W01
when an index word is obtained for modifying the in-
struction address field.

DIMP, Program Processor, FIG. 101: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 21,
Implode (IMP).

DINI1, Memory, FIG. 36: A signal which issues during
a write operation to activate the set of Inhibit Drivers
associated with the lower 4K stack of the lower 8K
unit of a 16K memory unit.

DIN2, Memory, FIG. 36: A signal which issues during
a write operation to activate the set of Inhibit Drivers
associated with the upper 4K stack of the lower 8K
unit of a 16K memory unit.

DIN3, Memory, FIG. 36: A signal which issues during
a write operation to activate the set of Inhibit Drivers
associated with the lower 4K stack of the upper 8K
unit of a 16K memory unit,
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DIN4, Memory, FIG. 36: A signal which issunes during
a write operation lo activate the set of Inhibit Drivers
associated with the upper 4K stack of the upper 8K
unit of a 16K memory unit.

DINL, Program Processor, FIG. 10i: A signal which
issues during execution of Instruction 21, Implode
(IMP), when the accumulator word being addressed
is other than the last accumulator word t¢ be processed
by the instruction.

DINP, Program Processor, FIG. 101: A signal which
issues when either an invalid operation code is trans-
ferred to the I-Register or an invalid address is trans-
ferred to Memory.

DINV, Program Processor, FIG. 101: A signal which
issues when an invalid operation code is transferred to
the I-Register.

DIOA, Program Processor, FIG. 101: A signal which
issues during the manual mode of operation to cause
the contents of the A-Register or the E-Register to be
typed out by the typewriter when appropriate console
switches are actuated.

DIPT, Program Processor, FIG. 102: A signal which
issues at predetermined times and during the execution
of predetermined instructions to inhibit the transfer of
parity signal DM24 to Memory.

DIRK, Program Processor, FIG. 102: A signal which
issues at predetermined times and during the execution
of predetermined instructions to inhibit the starting of
the Program Processor Clock Generator by Memory
Data Available signal DMDA from Memory.

DIRM, Program Processor, FIG. 102: A signal which
issues upon actuation of the console Power-On switch
to set the System Reset flip-flop SRE to the 1-state.

DIRS, Program Processor, FIG. 102: A signal which
issues at predetermined times during instruction execu-
tion to indicate that the M-Register does not contain
significant information and is available for data trans-
fer with the channels of the Input/Qutput Control Unit.
Signal DIRS defines the points at which the W-sequence
can be interrupted.

DLAA, Program Processor, FIG. 102: A signal which
issues during execution of Instruction 22, Shift (SHG),
to indicate that the shift is a left shift and that ac-
cumulator word A is being addressed.

DLAL, Program Processor, FIG. 102: A signal which |

issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 36,
Load Accumulator Location and Length (LAL).

DLAO, Program Processor, FIG. 102: A signal which
is generated when the accumulator word correspond-
ing to the highest-order accumulator word affected
by the instruction is being addressed.

DLAX, Program Processor, FIG. 102: A signal which
issues during development of the address field of In-
struction 36, Load Accumulator Location and Length
(LAL), when an index has been obtained.

DLDG, Program Processor, FIG. 102: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the in-
structions of the Load Group, viz. Instructions 40, 41,
42 and 43.

DLFT, Program Processor, FIG. 102: A signal which
is generated in the Program Processor during execu-
tion of Instruction 22, Shift (SHG), when the shift
is an alpha or a decimal shift and when the direction
of shift is left or during the shift operation of In-
struction 26, Variable Length Divide (VLD).

DLLA, Program Processor, FIG. 102: A signal which
issues during execution of Instruction 22, Shift (SHG),
when the direction of shift is left and when the last
accumulator word to be processed is being addressed.

DLLI, Program Processor, FIG. 102: A signal which
causes a double-word channcel with eight characters
in the buffer to gain a higher data interrupt priorily.
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DLSB, Program Processor, FIG. 102: A signal which
issues when the direction of shift is left during the
execution of Instruction 22, Shift (SHG), or during
performance of the shift operation of Instruction 26,
Variable Length Divide (VLD), when the length of
the accumulator affected by the shift is single, in the
case of Instruction 22, or when accumulator word B
is being addressed, in the case of either Instruction 22
or Instruction 26.

DLSC, Program Processor, FIG. 102: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the in-
structions in the Load and Store Class, viz. Instruc-
tions 40-47.

DLSL, Program Processor, FIG. 102: A signal which
issues during the execution of one of the Instructions
40-47, when the last accumulator word affected by
the instruction is being processed.

DLSM, Program Processor, FIG. 102: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the in-
structions of the Load and Store Class, viz Instruc-
tions 40-47, or one of the instructions of the Add
to Memory Group, viz Instructions 44-47.

DLSR, Program Processor, FIG. 102: A signal which
issues during the execution of predetermined instruc-
tions to control the resetting of flip-flop M23 of the
M-Register to the O-state in accordance with the states
of flip-flops EOQ of the E-Register and/or MO0 of the
M-Register.

DLSS, Program Processor, FIG. 102: A signal which
issues during the execution of predetermined instruc-
tions to control the setting of flip-flop M23 of the M-
Register to the 1-state in accordance with the states
of flip-flops EGO of the E-Register and/or MO0 of the
M-Register.

DM?24, Program Processor, FIG. 102: A signal repre-
senting the parity bit generated for the word in the
M-Register which is transmitted to the Memory In-
hibit Drivers along with the word in the M-Register,

DMAD, Program Processor, FIG. 102: A signal which
issues during execution of Imstruction 27, Variable
Length Divide (VLD), when the A-Register and the
Accumulator Counter Register contain the address of
accumulator word D,

DMAIL Program Processor, FIG. 102: A signal which
issues when Memory Address Invalid flip-flop MAI is
set to the 1-state to indicate that the address trans-
mitted to Memory exceeds the memory capacity.

DMBU, Program Processor, FIG. 102: A signal which
issues when the Memory Busy Level flip-flop MBU in
memory is set to the 1-state to indicate that the Mem-
ory is performing a read, clear, write or restore op-
eration,

DMDA, Memory, FIG. 36: A signal which issues during
a read operation to indicate to the Program Processor
that the word read from Mentory is available.

DMDC, Program Processor, FIG. 102: A signal which
is generated during the performance of the micro-
operations of block W07 if a carry is generated from
character 0 of the adder output.

DMEC, Program Processor, FIG. 102: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the in-
structions of the Move Class, viz. Instructions 30-37.

DMFI, Program Processor, FIG. 102: A signal which
issues when the operation code in the I-Rcgister has
the bit configuration corresponding to Instruction 31,
Move From Immediate (MF1).

DMFM, Program Processor, FIG. 103: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 30,
Move From First Memory (MFM).
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DMIC, Program Processor, FIG. 103: A signal which is
generated in the Program Processor wpon completion
of development of the second address of Instruction
06, Move (MOV).

DMIR, Program Processor, FIG. 103: A signal which
issues during the execution of Imstruction 67, Central
Processor Operations (CPO), if a “request status of
processor” operation is being performed, to reset flip-
flops ICW and MPI to the O-state.

DMIS, Program Processor, FIG. 103: A signal which
issues when the operation code in the 1-Register has a
bit configuration corresponding to one of the instruc
tions of the Miscellanecus Class which includes Instruc:
tions 00-07.

DMLR, Program Proces:or, FIG. 103: A signal which
issues when Manual Reset flip-flop MRE is set to the
1-state to preset the TL-Counter to TL2 and to reset
certain flip-flops of the Program Processor to the 0-
state.

DMND, Program Processor, FIG. 103: A signal which
issues during the execution of Instruction 27, Variable
Length Multiply (VLM), when the address in the A-
Register and the Accumulator Counter Register is that
of accumulator word A, B, or C.

DMNS, Program Processor, FIG. 103: A signal which
initiates operation of the typewriter during the man-
val mode when an appropriale console switch is ac-
tuated.

DMOV, Program Processor, FIG. 103: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 06,
Move (MOV).

DMPR, Program Processor, FIG. 103: A signal which
issucs upon actuation of the control console Memory
Parity Alert switch to reset Word Parity Error flip-
flop WJE to the O-state.

DMQX, Program Processor, FIG. 103: A signal which
issues during time period TL3 of the W00 block of
micro-operations to cause the contents of flip-flops
MI15-M17 of the M-Register to be transferred to the
Q-Register.

DMRC, Program Processor, FIG. 103: A signal which
issues in block W10S to reset predetermined flip-flops
of the Program Processor during execution of Instruc-
tion 00, Halt (HLT), or when an invalid address is
transmitied to Memory during an input/output opera-
tion, to set Manual flip-flop MAN to the 1-state.

DMRM, Program Processor, FIG. 103: A signal which
indicates that the sign of the word in the M-Register
is minus.

DMRW, Memory, FIG. 36: A signal which issues in re-
sponse to a read or a write command from the Pro-
gram Processor.

DMSE, Program Processor, FIG. 103: The signal which
issues at predetermined times to set Manual flip-flop
MAN to the 1-state.

DMSS, Program Processor, FIG. 103: A signal which
issues at predetermined times and during the execu-
tion of predetermined instructions to cause flip-flop
MSX to be set to the 1-state, applying the contents
of the M-Register to the adder inputs.

DMST, Memory, F1G. 36: A signal which issues in re-
sponse to a read or a write command from the Pro-
gram Processor and which initiates the generation of
memory clock pulses by the Clock Generator of the
selected 16K memory unit.

DMTA, Program Processor, FIG. 103: A signal which
issues when the operation code in the I-Register has the
bit configuration corresponding to Instruction 32,
Move To First Address Field (MTA).

DMVC, Program Processor, FIG. 103: A signal which
issues during execution of Instruction 27, Variable
Length Multiply (VLM), when the address in the
A-Register and the Accumulator Counter Register con-
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tain the address of accumulator word D. Signal DMVC
causcs working clock signal QSCX to issue.

DMVD, Program Processor, FIG. 103: A signal which
issues during time period TL1 of block W15 during
execution of Instruction 06, Move (MOV).

DMVE, Program Proce:sor, FIG. 103: A signal which
issues during time period TL2 of block W06 during
execution of Instruction 06, Move (MOV).

DMVF, Program Processor, FIG. 103: A signal which
issues during time period TL1 of block W02 during
execution of Instruction 06, Move (MOV).

DMVL, Program Processor, FIG. 103: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 27,
Variable Length Multiply (VLM).

DMWS, Program Processor, FIG. 103: A signal which
issues during predetermined blocks of micro-operations
to set the Inhibit Address Register flip-flop IAR in
Memory, inhibiting resetling of the B-Register flip-flops
to the O-state at the end of a read cycle and inhibiting
the transfer of a new address into the B-Register at
the start of the write cycle which follows,

DMWT, Memory, FIG. 36: A signal which issues in re-
sponse to the write command from the Program Proc-
essor to initiate a write-only cycle.

DMXR, Program Processor, FIG. 103: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause flip-flop MSX to
be reset to the O-state, inhibiting the transfer of in-
formation from the M-Register to the adder inputs.

DNAI, Program Processor, FIG. 103: A signal which
issues during development of the instruction address
field to indicate that the next word to be read from
Memory is an Indirect AMS Word.

DNAT, Program Processor, FIG. 104: A signal which
issues to indicate that the count in the N-Register is at
least 8.

DNCS, Program Processor, FIG. 104: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause working clock
signal QNCD to issue, reducing the count in the N-
Register by 1.

DNEIL, Program Processor, FIG. 104: A signal which
issues to indicate that the count in the N-Register is 1.

DNE4, Program Processor, FIG. 104: A signal which
issues during the execution of Instruction 05, Edit
(EDT), when the count in the N-Register is 4, 8 or 12,

DNEZ, Program Processor, FIG. 104: A signal which
issues when the count in the N-Register is 0.

DNL4, Program Processor, FIG. 104: A signal which is-
sues during execution of Instruction 22, Shift (SHG),
when the count in the N-Register is less than 4, if a deci-
mal or alpha shift, or is less than 24, if a binary shift.

DNMF, Program Processor, FIG. 104: A signal which
issues when flip-flops NOQ and NO1 of the N-Register
are reset to the O-state.

DNRO, Program Processor, FIG. 104: A signal which is
generated in the Program Processor to reset flip-flops
NOO and NO1 of the N-Register to the 0-state.

DNSO, Program Processor, FIG. 104: A signal which
issues during execution of Instruction 21, Implode
(IMP), which causes all of the flip-flops of the N-Reg-
ister to be reset to the O-state.

DNS2, Program Processor, FIG. 104: A signal which
issues during execution of predetermined instructions
employing the three least-significant accumulator words
when the A-Register and the Accumulator Counter
Register contain the address of accumulator word A.
Signal DNS2 presets the N-Register to a count of 12.

DNS4, Program Processor, FIG. 104: A signal which
issues during the execution of predetermined instruc-
tions employing only accumulator word A which causes
the N-Register to be preset to a count of 4.

DNS6, Program Processor, FIG, 104: A signal which
issues during the execution of predetermined instruec-
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tions employing the full Accumulator when the A-
Register and the Accumulator Counter Register con-
tain the address of accumulator word A, causing the
N-Register to be preset to a count of 16.

DNS8, Program Processor, FIG. 104: A signal which
issues during the execution of predetermined instruc-
tions employing the 2 least-significant accumulator
words when the A-Register and the Accumulator
Counter Register contain the address of accumulator
word A, presetting the N-Register to a count of 8.

DNSL, Program Processor, FIG. 104: A signal which is
generated during execution of one of the Instructions
23-25 to preset the flip-flops of the N-Register to a
count of 24.

DNTS, Program Processor, FIG. 104: A signal which
issues when flip-flops N02 and NO3 of the N-Register
are reset to the O-state.

DNWX, Program Processor, FIG. 104: A signal gen-
erated by the Program Processor when the value of
the address control field of an instruction word is 7,
indicating that the address field of the instruction word
is to be developed by employing a P-Sequence AMS
Word.

DNZE, Program Processor, FIG. 104: A signal which
issues during execution of Instruction 05, Edit (EDT),
when the count in the N-Register is 0.

DP07, Memory, FIG. 36: A signal which issues during
time period TO7 at the beginming of a write operation
or in response to an initial clear signal from the Pro-
gram Processor,

DPCU, Program Processor, FIG. 104: A signal which
issues at predetermined times during performance of
the initial routine to advance the count to the P-Register
by 1, forming the address of the next word in the
P-Sequence.

DPDC, Program Processor, FIG. 104: A signal which in-
dicates that a program interrupt request has been trans-
mitted by either the Input/Output Control Unit or the
Program Processor,

DPGI, Program Processor, FIG. 104: A signal which
issues during execution of one of the instructions of
the Add to Memory Group, viz. Instructions 54-57,
when the working length of the Accumulator, as speci-
fied by the Accumulator Length Indicator Register, is
greater than the accumulator length specified by the
instruction.

DPIO, Program Processor, FIG. 104: A signal which in-
dicates that a normal program interrupt request has
been transmitted by one of the channels of the Input/
Cutput Control Unit,

DPIB, Program Processor, FIG. 104: A signal which is-
sues during a program interrupt to address a predeter-
mined memory location to obtain a Program Interrupt
Word (PIW).

DPMS, Program Processor, FIG. 104: A signal which
issues upon actuation of an appropriate console switch
to enable information exchange between the typewriter
and the P-Register,

DPNQ, Program Processor, FIG, 104: A signal which
issues when the working accumulator length stored in
the Accumulator Length Indicator Register is less than
quadruple.

DPSP, Program Processor, FIG. 104: A signal which is-
sues upon completion of a program interrupt to pre-
set the flip-flops of the program interrupt scanner (flip-
flops FPS0-FPS2) to a count of one.

DPSR, Program Processor, FIG. 105: A signal which is-
sues during either instruction execution or an input/out-
put operation to enable the contents of the P-Register
to be applied to the Adder.

DPST, Program Processor, FIG. 104: A signal which is-
sues at predetermined times and during the execution
of predetermined instructions to apply the contents of
the P-Register to the adder inputs,
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DPSU, Program Processor, FIG. 105: A signal which is-
sues while the Program Processor is executing Instruc-
tion 17, Store Program Counter and Branch (SPB),
during a program interrupt to set flip-flops PIT and
PSA to the 1-state.

DQBX, Program Processor, FIG. 105: A signal which
issues during operations employing a Fixed Location
Index Word for transferring the contents of flip-flops
Q00-Q02 of the Q-Register through the B-Gates to the
B-Register of Memory.

DQDI, Program Processor, FIG. 105: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Quadruple
Accumulator instructions, viz. Instructions 03, 13, 23,
33, 43, 53, 63, 07, 17, 27, 37, 47, 57 and 67.

DQDO, Program Processor, FIG. 105: A signal which
indicates that the instruction being performed requires
that the working length of the Accumulator be quad-
ruple. Signal DQDO issues during the execution of In-
structions 43, 47, 53, 57, 63, 22, 26, 27 and during the
execution of Instructions 02, 03, 05, 15, 20, 21, 50-53
and 60-63, when the working length of the Accumu-
lator is set to quadruple.

DQES, Program Processor, FIG. 105: A signal which
issues when the count in the Q-Register is equal to 5.

DRO0-DRO3, Input/Cutput Control Unit, FIG. 194: Sig-
nals which represent 6 of the 8 possible states of the
R-Selector Register to define the corresponding blocks
of input/output micro-operations.

DR13, Input/Cutput Control Unit, FIG. 194: A signal
which issues when the flip-flops of the R-Selector Regis-
ter are preset to define either block R0O1 or R03.

DRBG, Program Processor, FIG. 105: A signal which
issues at predetermined times to reset the flip-flops of
the TB-Counter to the O-state.

DRCF, Program Processor, FIG. 105: A signal which
issues during the execution of Instruction 67, Central
Processor Operations (CPQO), if a “request status of
processor” operation is being performed, to reset con-
trol flip-flop PEF to the O-state.

DRE4, Program Processor, FIG. 105: A signal which
issues during execution of one of the Instructions 22,
Shift (SHG), or 26, Variable Length Divide (VLD),

to cause adder output signals DS55 and DS54 to be
binary 0s, presetting the zone bits of character 3 of
the adder output to binary 0s.

DRES, Program Processor, FIG. 105: A signal which
issues during execution of Instruction 05, Edit (EDT),
to reset flip-flops E04 and E05 of the E-Register to
the 0- -state, presetting the zone bits of character 3 of
the word in the E-Register to binary 0's.

DRES, Memory, FIG. 36: A signal which issues in re-
sponse to an initinl clear signal from the Program
Processor to reset certain memory flip-flops to the
0O-state.

DRIM, Program Processor, FIG. 105: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 23,
OR Inclusive To Memory (RIM).

DRPI, Program Processor, FIG. 105: A signal which is
transmitted to a selected channel to resct the program
interrupt receiver of the selected channel.

DRSP, Program Processor, FIG. 105: A signal which
is transmitted to a selected channel upon completion
of a program interrupt to reset the special program in-
terrupt receiver of the selected channel.

DRWO, Program Processor, FIG. 105: A signal which
issues at predetermined times and during the execution
of predetermined instructions to reset flip-flop WRO
of the W-Selector Register to the O-state.

DRWI, Program Processor, FIG. 105: A signal which
issues at predetermined times and during the execution
of predetermined instructions to reset flip-flop WR1
of the W-Selector Register to the O-state.
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DRW?2, Program Processor, FIG. 105: A signal which
issucs at predetermined times and during the cxecution
of predetermined instructions to reset flip-flop WR2
of the W-Selector Register to the O-state.

DRW3, Program Processor, FIG. 105: A signal which
issues at predetermined times during the execution of
predetermined instructions to reset flip-flop WR3 of
the W-Selector Register to the (-state.

DRXM, Program Processor, FIG. 105: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 25,
OR Exclusive To Memory (RXM).

DRG0, Program Processor, FIG. 105: A signal which
represents the output of full adder S00.

DS54, DS55, Program Processor, FIGS. 105, 106: Sig-
nals which represent the zone bits of character 3 of
the adder output.

DS60, Program Processor, FIG. 106: A signal which
represents the fifth bit of character 2 in the output
of the Adder; this signal is always a binary 0 during
a decimal operation in the Adder.

DSG61, Program Processor, FIG. 106: A signal which
represents the sixth bit of character 2 in the output
of the Adder; this signal is always a binary 0 during
a decimal operation in the Adder.

DS66, Program Processor, FIG. 106: A signal which
represents the fifth bit of character 1 in the output of
the Adder; this signal is always a binary 0 during a
decimal operation in the Adder.

D867, Program Processor, FIG. 106: A signal which
represents the sixth bit of character 1 in the output
of the Adder; this signal is always a binary 0 during
a decimal operation in the Adder.

D72, Program Processor, FIG. 106: A signal which
represents the fifth bit of character 0 in the output of
the Adder; this signal is always a binary 0 during a
decimal operation in the Adder.

DS73, Program Processor, FIG. 106: A signal which
represents the sixth bit of character 0 in the output
of the Adder; this signal is always a binary 0 during
a decimal operation in the Adder.

DSAL, Program Processor, FIG. 106: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 37,
Store Accumulator Location and Length (SAL).

DSAS, Program Processor, FIG. 106: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the In-
structions 50, 54 or 60.

DSB0, Program Processor, FIG. 106: A signal which
issues during an unlike-signs addition in the Adder
to cause six to be subtracted from character G of the
result, if the result is not greater than nine, in order
to correct the result.

DSBI1, Program Processor, FIG. 106: A signal which
issues during an unlike-signs addition in the Adder
to cause six to be subtracted from character 1 of the
result, if character 1 is not greater than nine, to cor-
rect the result.

DSB2, Program Processor, FIG. 106: A signal which
issnes during an unlike-signs addition in the Adder
to cause six to be subtracted from character 2 of the
result, if character 2 is not greater than nine, in order
to correct the result.

DSB3, Program Processor, FIG. 106: A signal which
issues during an unlike-signs addition in the Adder to
cause six to be subtracted from character 3 of the
result, if character 3 is not greater than nine, in order
to correct the resuit.

DSBC, Program Processor, FIG. 106: A signal which
issues when the A-Register and the Accumulator Count-
er Register contain the address of accumulator word
B or when the accumulator length employed by pre-
determined instructions is single.
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DSBL, Program Processor, FIG. 106: A signal which
issucs at predetermined times during the execution of
one of the Instructions 22-25.

DSBM, Program Processor, FIG. 106: A signal which
issues. when the operation code in the I-Register has
the bit configuration corresponding to Instruction 35,
Subtract Binary From Memory (SBM).

DSCA, Program Processor, FIG. 106: A signal which
issues during execution of Instruction 67, Central Proc-
essor QOperations (CPO), if bit position 0 of the in-
struction word contains a binary 1. Signal DSCA
causes predetermined indicator flip-flops to be sct to
the 1-state if corresponding bit positions of the status
word contain binary 1s.

DSCZ, Program Processor, FIG. 106: A signal which
issues during execution of Instruction 67, Central Proc-
essor Operations (CPQ), if bit position 1 of the in-
struction word contains a binary 1. Signal DSCZ causes
predetermined indicator flip-flops to be reset to the
O-state if corresponding bit positions of the status word
contain binary (s,

DSDG, Program Processor, FIG. 106: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instrac-
tions of the Subtract Decimal Group, viz. Instruc-
tions 60-63.

DSDT, Program Processor, FIG. 106: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause working clock
signal QSDX to issue, transferring the adder output
to the D-Register.

DSE4, Program Processor, FIG. 106: A signal which
issues when each of the adder output signals is a
binary 0.

DSES, Program Processor, FIG. 107: A signal which
issues when each of the adder output signals represent-
ing bits 0-14 is a binary 0.

DSE9, Program Processor, FIG. 107: A signal which
issues when each of the adder output signals represent-
ing bits 0-18 is a binary 0.

DSEG, Program Processor, FIG. 107: A signal which
issues during execution of Instruction 07, General
(GEN), to enable the channel specified by the instruc-
tion word to be selected.

DSES, Program Processor, FIG, 107: A signal which
issues at predetermined times during execution of pre-
determined instructions to set flip-flop ESX to the 1-
state, applying the contents of the E-Register to the
Adder.

DSGI, Program Processor, FIG. 107: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Single
Accumulator instructions, viz. Instructions 00, 10, 20,
30, 40, 50, 60, 04, 14, 24, 34, 44 and 54.

DSGO, Program Processor, FIG. 107: A signal which
indicates that the instruction being performed requires
that the working length of the Accumulator be single.
Signal DSGO issues during the execution of Instruc-
tions 22, 40, 44 and 54, and during the execution of
Instructions 02, 03, 05, 15, 20, 21, 54 and 60, when
the working length of the Accumulator is set to single.

DSGP, Program Processor, FIG. 107: A signal generated
by the Start-Stop Clock Logic. Signal DSGT is em-
ployed to inhibit circulation of pulses in the Clock
Generator.

DSH3-DSHO, Program Processor, FIG. 107: Signals
which issue during data transfer between the M-Regis-
ter and the channels of the Input/Qutput Control Unit
to control the flow of data through the input/output
matrix.

DSHC, Program Processor, FIG. 107: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the instruc-
tions of the Shift Class, viz. Instructions 20-27,

DSHG, Program Processor, FIG. 107: A signal which
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issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 22,
Shift (SHG).

DSIG, Program Processor, FIG. 107: A signal which
issues during the execution of Instruction 22, Shift
(SHG), when the shift is a decimal shift or during
the shift operation of Instruction 26, Variable Length
Divide (VLD), during the first execution of Instruc-
tion 26. Signal DSIG causes the sign of the Accumu-
lator to be preserved.

DSIL, Program Processor, FIG. 167: A signal which
issues during a left shift when the A-Register and the
Accumulator Cecunter Register contain the address of
accumulator word A or during a right shift when the
last accumulator word is being processed.

DSIM, Program Processor, FIG. 107: A signal which
issues during a left shift when the A-Register and the
Accumulator Counter Register contain the address of
accumulator word B or during a right shift when the
last accumulator word is being processed.

DSLF, Program Processor, FIG. 107: A signal which
issues during the execution of Instruction 22, Shift
(SHG), when the direction of shift is left, or during
the shift operation of Instruction 26, Variable Length
Divide (VLD).

DSMG, Program Processor, FIG. 107: A signal which
issues during the execution of Instruction 22, Shift
(S8HG), when the shift is a decimal shift and the sign
of the Accumulator is being stored. Signal DSMG
resets flip-flop LSN to the O-state.

DSML, Program Processor, FIG, 107: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause working clock
signals QSMA and QSMB to issue, transferring bits
0-14 of the adder output to flip-lops MOO-M14 re-
spectively of the M-Register.

DSMP, Program Processor, FIG. 107: A signal which
issues when one of the Instructions 22, Shift (SHG),
or 27, Variable Length Multiply (VLM), is being
executed.

DSMS, Program Processor, FIG. 107: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause flip-flop MSX
to be set to the I-state, applying the contents of the
M-Register to the adder inputs.

DSMYV, Program Processor, FIG. 107: A signal which
issues during execution of Instruction 06, Move
(MOV), while the micro-operations of block W06 are
being performed.

DSNZ, Program Processor, FIG. 107: A signal which
issues during the execution of Instruction 22, Shift
(SHG), when the count in the N-Register is 0.

DSPB, Program Processor, FIG. 107: A signal which
issues when the operation code in the I-Register has
the bit configuration corresponding to Instruction 17,
Store Program Counter and Branch (SPB).

DSPG, Program Processor, FIG. 107: A signal generated
by the Start-Stop Clock Logic to initiate the generation
of clock pulses by the Program Processor Clock
Generator.

DSPT, Program Processor, FIG. 108: A signal which
issues at predetermined times and during the execution
of predetermined instructions to cause working clock
signal QSPX to issue, transferring the adder output to
the P-Register.

DSRD, Program Processor, FIG. 108: A signal which
issnes during execution of Instruction 22, Shift (SHG),
or during the execution of the shift operation of
Instruction 26, Variable Length Divide (VLD).

DSRK, Program Processor, FIG. 108: A signal indicating
the satisfaction of certain conditons during the execu-
tion of predetermined instructions. Signal DSRX
permits the Memory Data Available signal DMDA
from Memory to start generation of clock pulses in
the Program Processor Clock Generator.
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DSS4, Program Processor, FIG. 108: A signal which
issues during execution of Instruction 22, Shift (SHG),
when the sign is being inserted in the Accumulator
upon completion of the shift. Signal DSS4 forces the
zone bit in bit position 4 of the adder output to a
binary 0.

DSSC, Program Processor, FIG. 108: A signal which
issues during execution of Imstruction 67, Central
Processor Operations (CPO), to indicate that bit
positions 0 and 1 of the instruction word contain binary
0’s. During execution of Instruction 67, signal DSSC
causes signals representing the states of predetermined
indicator flip-flops to be stored in corresponding flip-
flops of the M-Register. The status word in the M-
Register is then stored in a specified memory location.

DSTG, Program Processor, FIG. 108: A signal which
issues when the operation code in the I-Register has
a bit configuration corresponding to one of the instruc-
tions of the Store Group, viz. Instructions 44-47.

DSTZ, Program Processor, FIG. 108: A signal which
issues when each adder output signal in bit positions
21-23 is a binary 0.

DSW0, Program Processor, FIG, 108: A signal which
issues at predetermined times and during the execution
of predetermined instructions to set flip-flop WRO of
the W-Selector Register to the 1-state.

DSW1, Program Processor, FIG. 108: A signal which
issues at predetermined times and during the execution
of predetermined instructions to set flip-flop WR1 of
the W-Selector Register to the 1-state.

DSW2, Program Processor, FIG. 108: A signal which
issues at predetermined times and during the exccution
of predetermined instructions to set flip-flop WR2 of
the W-Selector Register to the 1-state.

DSW3, Program Processor, FIG. 108: A signal which
issues at predetermined times and during the execution
of predetermined instructions to set flip-flop WR3
of the W-Selector Register to the 1-state.

DT00, Memory, FIG. 36: A signal which issues during
time period TO0O0.

DTO01, Memory, FIG. 36: A signal which issues during
time pericd TOL of a memory cycle.

DT07, Memory, FIG. 36: A signal which issues during
time period T07 of a memory cycle.

DTO08, Memory, FIG. 36: A signal which issues during
time period T08 of a memory cycle.

DT13, Memory, FIG. 36: A signal which issues during
time period T13 of a memory cycle.

DTAF, Program Processor, FIG. 108: A signal which
issues during execution of an instruction employing
accumulator words A, B and C when the A-Regisier
and the Accumulator Counter Regisier contain the
address of either accumulator word A or B.

DTAT, Program Processor, FIG. 108: A signa! which
isues duiing execution of an instruction employing
accumulator words A, B and C when the A-Register
and the Accumulator Counter Register contain the
address of accumulator word C.

DTMYV, Program Processor, FIG. 108: A signal which
issues during exccution of Instruction 06, Move
(MOV), while the micro-operations of block W02 are
being performed.

DTPI, Program Processor, FIG. 108: A signal which
issues when the operation code in the I-Register has a
bit configuration corresponding to one of the Triple
Accumulator instructions, viz. Instructions 02, 12, 22,
32, 42, 52, 62, 06, 16, 26, 36, 46 and 56.

DTPO, Program Processor, FIG. 108: A signal which
indicates that the instruction being executed requires
that the working length of the Accumulator be triple.
Signal DTPO issues during the execution of Iastruc-
tions 42, 46 or 56 and during the executicn of Instruc-
tions 50, 52, 53, 60, 62, 63, 02, 03, 05, 15, 20 and 21,
when the working length of the Accumalator is set
to triple.
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DTSB, Program Processor, IIG. 108: A signal which
issues during execution of Instruction 22, Shift (SHG),
when the state of the signal in the least-significant bit
position of the Accumulator is to be tested after the
shift is completed.

DULS, Memory, FIG. 36: A signal which issues in
response to the 15th bit of the address to select either
the upper or the lower 16K memory unit of a 32K
memory.

DUSE, Program Processor, FIG. 108: A signal which
issues during the initial routing when both flip-flops
CL1 and CL2 are reset to the (-state, indicating that
address development is not to be continued with either
a P-Sequence AMS Word or an Indirect Address Word,
or during execution of Instruction 06, Edit (EDT), 1o
indicate that the format character requires the data
character to be used in the result.

DVBJ, Program Processor, FIG. 108: A signal which
issues when the last accumulator word is being proc-

essed during execution of one of the Instructions 02, ¢

Compare Decimal Accumulator to Memory (CDA),
or (3, Compare Alphanumeric Accumulator to Mem-
ory {(CAA).

DVCA, Program Processor, FIG. 109: A signal which
issues when development of the second address of a
two-address instruction has been completed.

DVCB, Program Processor, FIG. 109: A signal which
issues during address development in sequence 2 of
block W01 to indicate that address development is not
to be continued with either a P-Sequence AMS Word
or an Indirect AMS Word, ie., when address devel-
opment is completed.

DVCD, Program Processor, FIG. 109: A signal gen-
erated in the Program Processor when signal DVCB
issues during execution of one of the instructions of
Instruction Group Five, viz. Instructions 01, 07, 16,
17, 31, 32, 33 and 67.

DVCH, Program Processor, FIG, 109: A signal which
issues during the execution of predetermined instruc-
tions to indicate that development of either the first
address or second address, if the instruction is a two-
address instruction, is complete.

DVDF, Program Processor, FIG. 109: A signal which
issues while address development is occurring during
sequence 2 of block W01 to indicate that address de-
velopment is to be continued with a P-Sequence AMS
Word,

DVEF, Program Processor, FIG. 109: Sce equation.
DVEQ, Program Processor, F1G. 109: See equation.

DVEYVY, Program Processor, FIG. 109: A signal which ¢

issues during execution of Instruction 16, Branch on
Count (BRC), when development of the second address
is completed.

DVEW, Program Processor, FIG. 109: A signal which
issues during address development in block W01 when
the Program Processor is performing sequence 0,
sequence 1-DFXW, sequence 1-DFXW or sequence 3.

DVFEB, Program Processor, FIG. 109: A signal which
issues during execution of Instruction 05, Edit (EDT),
to indicate that a suppression format character has
been processed during the edit mode.

DVFK, Program Processor, FIG. 109: See equalion.

DVFL, Program Processor, FIG. 109: See equation,

DVEFW, Program Processor, FIG. 109: See equation.

WGC, Program Processor, FIG. 109: See equation.

DVGD, Program Processor, FIG. 109: See equation.

DVGH, Program Processor, FIG. 109: A signal which
issues when flip-flop MO0 of the M-Register is set to
the 1-state during execution of one of the Instructions
05, 20 or 21 or which issues when flip-flop EO0 of the
E-Register is set to the 1-state during execution of
either Instruction 26 or Instruction 27.

DVGI, Program Processor, FI1G. 109: A signal which is-
sues during execution of one of the Instructions 05, 20
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or 21 when flip-flop MO0 of the M-Register is reset to
the O-state or which issues during execution of Instruc-
tion 22, 26 or 27 when flip-flop E00 of the E-Register
is reset to the O-state.

DVHF, Program Processor, FIG. 109: A signal which
issues during block W00 of the initial routine when the
accumulator working length specified by the Accumu-
lator Length Indicator Register is greater than the
length specified by predetermined instructions.

DVHN, Program Processor, FIG. 109: See equation.

DVHW, Program Processor, FIG. 110: See equation.

DVHZ, Program Processor, FIG. 110: See equation.

DV]JB, Program Processor, FIG. 110: See equation.

DVIC, Program Processor, FIG. 110: See equation.

DVID, Program Processor, FIG. 110: See equation.

DVIJH, Program Processor, FIG. 110: See equation.

DVIK, Program Processor, FIG. 110: A signal which
issues during execution of one of the Imstructions
50-57 and 60-63 to set flip-flop COR to the 1-state
when the result of an arithmetic operation is minus 0.

DVIQ, Program Processor, FIG. 110: A signal which
indicates that development of the first address of a
two-address instruction is completed.

DVIR, Program Processor, FIG. 110: A signal which
indicates that address development is to be continued
with another P-Sequence AMS Word and that indirect
addressing is not to be used in developing the address.

DVIS, Program Processor, FIG. 110: A signal which
issues during sequences 0, 1-DFXW, 1-DFXW or 3
when an index or operand has not yet been obtained
during address development.

DVIV, Program Processor, FIG. 110: See equation.

DVKB, Program Processor, FIG. 110: See equation.

DVLC, Program Processor, FIG. 110: See equation.

DVLR, Program Processor, FIG. 110: A signal which
issues during the divide operation of Instruction 26,
Variable Length Divide (VLD).

DVMA, Program Processor, FIG. 110: See

DVMC, Program Processor, FIG. 110: See

DVMEF, Program Processor, FIG. 110: See

DVMG, Program Processor, FIG. 111: See

DVM]J, Program Processor, FIG. 111: See

DVML, Program Processor, FIG, 111: See

DVMM, Program Processor, FIG., 111: See equation.

DVMP, Program Processor, FIG. 111: See equation.

DVMR, Program Processor, FIG. 111: See equation.

DVMS, Program Processor, FIG. 111: Sece equation.

DVRA, Program Processor, FIG. 111: A signal which
issues during execution of Instruction 05, Edit (EDT),
to identify a format character of the use class.

DVRB, Program Processor, FIG. 111: A signal which
is used during execution of Instruction 05, Edit (EDT),
to identify a format character of either the ignore or
sign classes.

DVRC, Program Processor, FIG. 111: A signal which
issues during execution of Instruction 05, Edit (EDT),
to indicate a “suppress and float $” format character.

DVRD, Program Processor, FIG. 111: A signal which
issues during execution of Instruction 05, Edit (EDT),
to identify a “suppress and * protect” format char-
acter.

DVRE, Program Processor, FIG. 111: A signal which
issues during execution of Instruction 05, Edit (EDT),
to identify a “simple suppress” format character.

DVRF, Program Processor, FIG. 111: A signal which
issues during address development in block W01 to
designate either sequence 1-DFXW, 1-DFXW or 2.

DVFM, Program Processor, FIG. 111: A signal which
issues during time period TL3 of block W11 when the
instruction being executed is Instruction 23, 24 or 25.

DVRN, Program Processor, FIG. 111: A signal which
issues during time period TL1 of biock W02 when the
divide operation of tmstruction 26, Variable Length
Divide (VLD), is being performed.

equation,
equation.
equation,
equation.
equation.
equation.



3,368,206

57

DVRS, Program Processor, FIG. 111: A signal Whi‘Ch
indicates that one of the memory synchromizing sig-
nals DMBU or DMDA has issued. DVRS is one of
the several signals required to start generation of clock
pulses in the Program Processor Clock Generator.

DVRY, Program Processor, FIG. 111: See equation.

DVRW, Program Processor, FIG. 111: See equation,

DVSA, Program Processor, FIG. 111: A signal which is-
sues during block W02 while one of the Instructions
22 or 26 is being executed and the count in the N-
Register is greater than zero.

DVSB, Program Processor, FIG. 111: A signal which
issues during execution of one of the Instructions 22
or 26 when the count in the N-Register is less than
four, if an alpha or decimal shift, or less than 24, if
a binary shift,

DVSC, Program Processor, FIG. 111: A signal which
issues during block W03 when the divide operation of
Instruction 26, Variable Length Divide (VLD), is being
performed and the accumulator word A location is
not being addressed.

DVSF, Program Processor, FIG, 111: A signal which
issues during execution of Instruction 07, General
(GEN), to indicate that flip-flop WRS has been set
to the 1-state.

DVSG, Program Processor, FIG. 111: A signal which
issues during block W15 when either Instruction 22 or
Instruction 26 is being executed.

DVSH, Pregram Processor, FIG. 111: A signal which
issues during block W05 when Instruction 32, Move
to First Address Field (MTA), is being executed.

DVSK, Program Processor, FIG. 111: See equation.

DVSL, Program Processor, FIG. 111: A signal which
issues when one of the Instructions 04, 23-25, 30, 34
or 35 is being executed.

DVSM, Program Processor, FIG, 112: A signal which
issues during block W12 when Instruction 07, General
(GEN), is being executed and flip-flop WRS is set to
the 1-state,

DVSP, Program Processor, FIG. 112: A signal which
issues during the divide operation of Instruction 26,
Variable Length Divide (VLD), when the accumulator
word C location is being addressed.

DVSS, Program Processor, FIG. 112: A signal which
issues during execution of one of the Instructions 22,
26, 27, 50-57 and 60-63.

DVST, Program Processor, FIG. 112: A signal which
issues during execution of Instruction 06, Move
(MOV), when the address control field of the instruc-
tion word has a value other than seven.

DVSV, Program Processor, FIG. 112: A signal which
issucs during execution of Instruction 06, Move
(MOV), when development of the address field of the
instruction word is complete.

DVSW, Program Processor, FIG. 112: A signal which
issues during execution of Instruction 20, Explode
(EXP), when the accumulator word being processed is
not the last accumulator word.

DVSY, Program Processor, FIG, 112: A signal which
issues during execution of Instruction 06, MOVE
(MOV), when Carry Remember flip-flop CRE is set
to the 1-state.

DVTA, Program Processor, FIG. 112: A signal which
issues in block W11 during execution of Instruction 27,
Variable Length Multiply (VLM), when the accumula-
tor word D location is being addressed.

DVTB, Program Processor, FIG. 112: A signal which
issues during the divide operation of Instruction 26,
Variable Length Divide (VLD), when accumulator
word C is being addressed.

DVTC, Program Processor, FIG. 112: A signal which
issues during the divide operation of Instruction 26,
Variable Length Divide (VLD), when an accumulator
word location other than the accumulator word D lo-
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cation is being addressed or when Carry Remember
fiip-flop CRE is reset to the O-state.

DVTD, Program Processor, FIG. 112: A signal which
issues during execution of Instruction 05, Edit (EDT),
when the last accumulator word is being processed dur-
ing the edit mode.

DVTE, Program Processor, FIG. 112: A signal which
issues in block W14 during execution of either Instruc-
tion 20, Explode (EXP), or 21, Implode (IMP).

DVTEF, Program Processor, FIG. 112: A signal which
issues during execution of predetermined instructions
(see equation).

DVTG, Program Processor, FIG. 112: A signal which
issues during execution of one of the Instructions 02,
03, 22 and 26,

DVTH, Program Processor, FIG. 112: A signal which
issues during execution of predetermined instructions
(see equation).

DVTI], Program Processor, FIG. 112: A signal which
issues in block W15 during execution of predetermined
instructions.

DVTL, Program Processor, FIG. 112: A signal which
issues in block W02 during execution of Instruction 21,
Implode (IMP).

DVTM, Program Processor, FIG, 112: A signal which
issues during execution of one of the Instructions 50—
57 and 60-63 if Decimal Correction flip-flop COR is
reset to the O-state.

DVTR, Program Processor, FIG. 112: See equation.

DVTS, Program Processor, FIG. 112: A signal which
issues in block W01 during execution of Instruction 32,
Move to First Address Field (MTA), when develop-
ment of the second address is complete,

DVTV, Program Processor, FIG. 112: A signal which
issues during execution of either Instruction 01, Com-
pare Memory to Immediate (CMI), or 04, Compare Sec-
ond to First Memory (CMM).

DVTX, Program Processor, FIG. 112: A signal which
identifies sequence 1-DFXW of block WO01.

DVTY, Program Processor, FIG. 112: A signal which
issues in block W03 during the divide operation of In-
struction 26, Variable Length Divide (VLD).

DVVE, Program Processor, FIG. 112: See equation.

DVVH, Program Processor, FIG. 112: See equation.

DVVL, Program Processor, FIG. 113: Sec equation.

DVVP, Program Processor, FIG. 113: See equation.

DVVQ, Program Processor, FIG. 113: A signal which
indicates that the states of flip-flops MO0 and EQO of
the M-Register and the E-Register respectively are
different.

DVVV, Program Processor, FIG. 113: A signal which in-
dicates that the states of flip-flops M00 and E0O of the
M-Register and E-Register respectively are identical.

DVVW, Program Proccssor, FIG. 113: A signal which
issuies in block W02 during exccution of Instruction 22,
Shift (SHG), or during the shift operation of Instruc-
tion 26, Variable Length Divide (VLD).

DVWA, Program Processor, FIG. 113: See equation.

DVZG, Program Processor, FIG. 113: A signal which
issues in block W15 during execution of Instruction 22,
Shift (SHG), or during the shift operation of Instruc-
tion 26, Variable Length Divide (VLD), during either
a left shift when the count in the CC-Register is greater
than zero or during a right shift.

DWO00-DW12, DW14, DW15, Program Processor, FIG.
113: Signals which represent 15 of the 16 possible states
of the W-Selector Register to define the corresponding
blocks of micro-operations.

DWDB, Program Processar, FIG. 113: A signal which
issues during the performance of the micro-operations
of block W02 when the operation being performed is
not a decimal operation during the execution of one of
the Instructions 22 and 26.

DWDN, Program Processor, FIG. 114: A signal which
issues during exevution of Instruction 22, Shift (SHG),
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when the shift is a decimai shift and when the Accum-
ulator is being shifted through a number of characier
positions greater than 3.

DWEN, Program Processor, FIG, 114: The signal which
issues when the Write Enable flip-flop WEN in Mem-
ory is set to the l-state to cause the Memory-Write
flip-lop MWR in the Program Processor to be reset 1o
the O-state.

DWL1, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL1 during
the W04 block of micro-operaticns.

DWL3, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL5 during the
W09 block of micro-operations.

DWL4, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL1 during the
W6 block of micro-operations.

DWL.5, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL5 during
the W02 block of micro-operations.

DWL6, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL2 during the
W00 block of micro-cperations.

DWNL, Program Processor, FIG. 114: A signal which

issues during execution of Instruction 22, Shift (SHG), 2

while the micro-operations of block W02 are being per-
formed and when the Accumulator is shifted through a
number of bit or character positions less than the length
of a word.

DWRR, Program Processor, FIG. 114: A signal wiich ¢

issues in block W12 when flip-lop WRS is set to the
1-state.

DWSM, Program Processor, FIG. 114: A signal which
issues during execution of Instruction 27, Variable
Length Multiply (VLM), while the micro-operations
of block W07 are being performzd.

DWT1, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL1 during the
W00 block of micro-operations.

DWT3, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL3 during the
W04 block of micro-operations.

DWT4, Program Processor, F1G. 114: A timing signal
which issues when the TL-Counter is at TL3 during the
W13 block of micro-operations.

DWTS5, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL.1 doring the
W01 block of micro-operations.

DWT6, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL4 during the
W08 block of micro-operations.

DWT?7, Program Processor, FIG. 114: A timing signal
whizh issues when the TL-Counter is at TL1 during the
W09 block of micro-eperations.

DWTS, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL3 during the
W11 block of micro-operations.

DWT9, Program Processor, FIG. 114: A timing signal
which issues when the TL-Counter is at TL1 during the
W07 block of micro-operations.

DX00-DX23, Program Processor, FIG. 115: Signals
which provide the X-inputs to the first rank full adders
S00-S23 of the Adder.

DXIM, Program Processor, FIG. 114: A signal which
issues during address development in block W01 when
an index is obtained.

DXNW, Program Processor, FIG. 114: A signal which
issues during address development in block W01 to
indicate that address development is to be continued
with a P-Sequence AMS Word.

DXTA, Program Processor, FIG. 114: A signal which
issues during address development in block WO1 te
indicate that development of the first address is com-
pleted and that development of the second aldress of
& two-address instruction is to be commenced.
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DY0-DY23, Program Frocessor, FIG. 116: Signals
vihich provide the ¥ inputs to the first rank full adders
$00-823 of the Adder.

DZG0, DZ06, DZ12, DZ18, Program Processor, FIG. 117:
Signals which provide the Z-inputs to the first rank fuil
adders S00, S06, S12 and S$18 raspectively of the Adder.

DZB2, Program Processer, FiG. 114: A signal which
provides the Z-input to second rank full adder JB2
of the Parity Check and Generation Logic.

DZCP, Programn Processor, FI1G. 114: A signal which
issues during excention of Iastruction 05, Edit (EDT),
when the churacter in flip-flops MO3-MOO cf the M-
Register is a zero, a comma or a period.

FA14-FAQ2, Program Processor, FIGS. 44-47: The I-
output signals of the 13 #ip-flops of the A-Register,
which stores the address in Memory of the most-signifi-
cant word of the Accumulator.

FAC2, FACY, Program Proccseor, FIG. 70: The 1-output
signals of Accumulator Counter Register flip-flops AC2
and ACI which provide the two low-order bits to ad-
dress, ia conjunciion with the contents of the A-Reg-
ister, the appropriatc word of the Accumulator.

FAEC, Program Processor, FIG. 78: The l-output sig-
nals of a controj flip-flop which, when =et to the 1-state,
enibles the Y-inputs to full adders S00-S823 and the
Z-input to foll adder SO0 of the Adder.

FAIM, Program Processor, FIG. 78: The 1-output signal
of a control flip-flop which is st to the I-state, in
response to either an invalid address or invalid opera-
tion code, to terminate instruction processing and to
initiute a Program Interrupt to the processor channel

FAQI, Program Processor, F1G. 78: The l-output sig-
nal of a control flip-fop which, when set ¢o the 1-state,
indicates that the next word to be read frem Memory
is an index or an operand.

FARC, Memory, FIG. 32: The 1-cutput signal of a con-
trol flip-flop which is set to the 1-state at the beginning
of time period T02 of a memory cycle and which sets
and triggers th: geverator providing the CSTR signal.

FARM, Program Processor, FIG. 78: The 1-output sig-
nal of a control flip-flop which, when set to the 1-state,
causes the contents of the A-Register to be typed out
by the typowriter.

FBGO-FB14, Memory, FIGS. 27-30: The l-output sig-
nals of the 15 {lip-flops of the B-Register which store the
address of the memory location into which a word i3
stored or from which a word is extracted during each
memory cycie.

FCAY, I'rogram Processor, FIG, 79: The 1-output sig-
nal of a control flip-flop which, when set to the 1-state,
causcs the Z-input {o first rank full adder 800 to be
energized, adding one to the adder output.

FCC4-FCCO, Program Processor, FIGS. 71-72: The 1-
output signals of the 5 flin-flops of the CC-Register
which serves as a counter during execution of Instruc-
tions 05, 22, 26 and 27.

FCCD, FCCC, FCCB, FCCA, Memory, FIG. 31: The 1-
output signals of the flip-flops of the CC-Counter which
define the time periods of the memory cycles.

FCL1, Program Processor, FIG. 72: The l-output signal
of a coatrol flip-flop which, when set to the I-state,
indicates that indexing is {o be continued with a P-
Sequence AMS Word. The state of flip-flop CL1 also
indicates the class of a format character during execu-
tion of Instruction 035, Edit {EDT).

FCL2, Program Processor, FIG. 72: The l-output signal
of a control flip-flop which, when set to the Il-state,
indicates that address development is to be continued
with an Indirect Address Word. The state of flip-flop
C1.2 also indicates the class of a format character dur-
ing execution of Instruction 05, Edit (EDT).

FCMA Memory, FIG. 32: The l-output signal of a con-
trol flip-flop which is set to the 1-state and resct to the
O-state by conseentive QUPA clock pulses to define the
first phase of 1thz two phuse Clock Generator.,
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FCMB, Memory, FIG. 32: The 1-output signal of a con-
trol flip-flop which is set to the 1-state and reset to the
0-slate by consecutive QCPB clock pulses to define the
second phase of the two-phase Clock Generator.

FCOR, Program Processor, FIG. 79: The 1-output signal
of a control flip-flop which, when set to the 1-state,
causes the result of an unlike-signs addition in the
Adder to be corrected. Signal FCOR causes the result
of the unlike-signs addition to be complemented to ob-
tain the correct result. Flip-flop COR is also employed
during execution of Instructions 26 and 05.

FCRE, Program Processor, FIG. 79: The l-output sig-
nal of a control flip-flop which is set to the 1-state to
store a carry out of the most-significant character of
the Adder.

FCS2, Program Processor, FIG. 80: The l-output signal
of a control flipflop which, when set to the 1-state,
causes the contents of flip-flops CCO-CC3 of the CC-
Register to be gated to the Y-input terminals of first
rank full adders S00-S03 respectively.

FCS3, Program Processor, FIG. 80: The 1-output signal
of a control fiip-flop which, when set to the 1-state,
causes the contents of flip-flops CC3-CCO of the CC-
Register to be gated to the Y-input terminals of first
rank full adders S21-S18 respectively.

FCSF, Program Processor, FIG. 79: The l-output sig-
nal of a contro! flip-flop which is set to the I-state to
cause predetermined flip-flops to be reset to the 0-
state, when the Reset Computer switch of the Con-
sole is actuated.

FD14-FD{0, Program Processor, FIGS. 48-51: The 1-
output signals of the 15 flip-flops of the D-Register
which stores data, index and instruction addresses
and which stores shift information during execution
of Instruction 22.

FDCE, Program Processor, FIG. 80: The 1-output sig-
nal of a contro} flip-flop which is set to the 1-state to
enable the Adder to perform a decimal operation.

FDCW, Program Processor, FIG. 80: The l-output sig-
nal of a contrel flip-flop which, when set to the 1-state,
enables data transfer between the typewriter and the
memory location containing the Data Control Word
(DCW) for the typewriter.

FDSX, Program Processor, FIG. 81: The l-output sig-
nal of a control flip-flop which, when set to the 1-state,
causes the contents of the D-Register to be applied to
first rank full adders S00-S14.

FE23-FEG0, Program Processor, FIGS. 52-57: The 1-
output signals of the 24 flip-flops of the E-Register
which serves as an operating register during address
development and instruction execution and which stores
command and channel information during execution
of Instruction 07.

FEMA, Program Processor, FIG. 81: The 1-output signal
of a control flip-flop which, when set to the 1-state, en-
ables the contents of the E-Register to be typed out in
response to actuation of the appropriate console switch.

FESX, Program Processor, FIG. 81: The l-output sig-
nal of a control flip-flop which, when set to the 1-state,
causes the contents of the E-Register to be transferred
to the first rank full adder circuits of the Adder.

FFVO, Program Processor, FIG. 81: The l-output sig-
nal of a control flip-flop which is set to the 1-state if a
carry is generated by the Adder during the last ac-
cumulator operation of a decimal instruction or if a
carry occurs at the end of a binary addition or sub-
traction.

FGRE, Program Processor, FIG. 82: The I-output sig-
nal of a control flip-flop which, when set to the I-state,
indicates the “greater than™ condition during execution
of one of the Instructions 01-04, or which, when reset
to the O-state along with flip-flop LES, indicates the
“equal to” condition.

FIAR, Memory, FIG. 32: The l-output signal of a con-
trol flip-flop which is set to the 1-state during a read/
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delay/write cycle to inhibit the resetting of the B-
Register flip-flops to the O-state at the end of the read
operation and to inhibit the insertion of a new address
into the B-Register at the start of the write operation.

FINH, Memory, FIG. 33: The 1-output signal of a con-
trol flip-flop which is set to the 1-stale during time
period T07 to control the write operation.

FIOR, Program Processor, FIG. 82: The l-output signal
of a contro! flip-flop which, when set to the I-state,
causes the first Data Control Word (DCW) in the list
to be placed in the DCW memory location related to
the selected channel.

FIR5-FIRO0, Program Processor, FIGS. 69-70; The 1-
output signals of the six flip-flops of the I-Register
which stores the operation code of an instruction word.

FIRE, Program Processor, FIG. 82: The 1-output signal
of a control flip-flop which is set to the 1-state during
execution of Instructions 06, Move (MOV) and 16,
Branch on Count (BRC), and which serves to incre-
ment the count field of the control words employed in
executing the instructions.

FISP, Program Processor, FIG. 83: The 1-output signal
of a control flip-flop of the Start-Stop Clock Logic
which inhibits a new start pulse to the Program Proc-
essor Clock Generator until the previous circulating
clock pulse has been stopped.

FLCP, Program Processor, FIG. 82: The I-output sig-
nal of a control flip-fiop which, when set to the 1-state,
causes the TL-Counter to be preset to TL2 upon termi-
nation of a data interrupt.

FLES, Program Processor, FIG. 83: The 1-oulput sig-
nal of a control flip-flop which, when set to the 1-state,
indicates the “less than” condition during execution
of one of the compare Instructions 01—-04. When reset
to the O-state, the O-output signal of flip-flop LES in
conjunction with the Q-output signal of flip-flop GRE,
indicates the “equal to” condition.

FLSN, Program Processor, FIG. 83: The 1-output signal
of a control flip-flop which is reset to the 0-state during
an unlike-signs addition, i.e. during an add operation
with the signs of the operand words different, or a sub-
tract operation with the signs of the operand words
the same.

FM23-FMO00, Program Processor, FIGS. 58-63: The
1-cutput signals of the 24 flip-flops of the M-Register
which serves as an operating register during instruction
execution and input/output operations and as a path
for data being stored in or extracted from Memory.

FMAI, Memory, FIG. 33: The 1-output signal of a con-
trol flip-flop which, when set to the 1-state, indicates
that a memory address in excess of memory capacity
has been transmitted to the B-Register, This flip-flop
is not employed in a system having a 32K memory.

FMAN, Program Processor, FIG. 84: The 1-output sig-
nal of a control flip-flop which, when set to the 1-state,
defines the manual mode of operation of the data proc-
essing system, during which instruction processing is
halted.

FMBD, Memory, FIG. 33: The 1-output signal of a con-
trol flip-flop which is set to the 1-state during the time
period TOO at the end of a memory cycle to control
the termination of the memory cycle.

FMBU, Memory, FIG. 33: The 1-output signal of a con-
trol flip-flop which, when set to the 1-state, indicates
that the Memory is busy. The flip-flop is reset to the
O-state a predetermined period before the end of a
memory cycle to indicate to the Program Processor
that the memory cycle is near completion,

FMBZ, Memory, FIG. 34: The 1-output signal of a con-
trol flip-flop which is set to the 1-state at the beginning
of a memory cycle to indicate that the Memory is
busy and which is reset to the O-state at the end of
a memory cycle to terminate generation of clock pulses
by the memory Clock Generator.

75 FMDA, Mecmory, FIG. 34: The 1-output signal of a con-
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trol flipflop which is set to the 1-state to indicate that
the word being read from Memory is available to the
Data Drivers during a read operation.

FMEM, Program Processor, FIG, 84: The 1-oufput sig-
nal of a control flip-flop which, when set to the 1-state,
enables the transfer of information between the type-
writer and a selected memory location when flip-flop
MAN is set to the 1-state.

FMNX, Program Processor, FIG. 84: The Il-output sig-
nal of a control flipflop which is employed during
the manual mode of operation.

FMOD, Program Processor, FIG. 84: The 1-output sig-
nal of a control flip-flop, which is set to the 1-state
during execution of Instructions 26, Variable Length
Divide (VLD), and 27, Variable Length Multiply
(VLM), to initiate division by multiple subtractions
or multiplication by multiple additions.

FMPI, Program Processor, FIG. 85: The 1-output sig-
nal of a control flip-flop which causes a program in-
terrupt to the processor channel upon actuation of the
console Request Control switch,

FMPL, Program Processor, FIG. 85: The 1-output sig-
nal of a contro! flip-flop which, when set to the 1-state,
indicates that Instruction 27, Variable Length Divide
(VLD), is being executed for the first time for a given
dividend and divisor or that Instruction 27, Variable
Length Multiply (VLM), is being executed for the
first time for a given multiplicand and multiplier.

FMRD, Program Processor, FIG. 85: The I-output sig-
nal of a control flip-flop which, when set to the 1-state,
ciauses the Memory to initiate a read or clear opera-
tion.

FMRE, Program Processor, FIG. 85: The 1-output sig-
nal of a control flip-flop which is set to the 1-state
in response to the actnation of the Reset Computer
console switch and which presets the TL-Counter to
TL2, resets certain flip-flops to the O-state and initiates
an Idling cycle in the Central Processor.

FMRI, Program Processor, FIG. 86: The l-output sig-
nal of a control flip-flop which is set to the 1-state
during a read operation in Memory to permit a parity
check on the word extracted from Memory.

FMSX, Program Processor, FIG. 86: The 1-output sig-
nal of a control flip-flop which, when set to the 1-state,
gates the contents of the M-Register flip-flops to the
X-inputs of the corresponding first rank full adder
circuits of the Adder.

FMUIJ, Program Processor, FIG. 86: The 1-output sig-
nal of Memory Output Parity flip-flop MUJ which
stores the parity bit of a word extracted from Memory.

FMWR, Program Processor, FIG. 86: The 1-output sig-
nal of a control flip-flop which, when set to the 1-state,
initiates a write operation in Memory.

FMXS, Program Processor, FIG. 87: The 1-output sig- .

nal of a control flip-flop which is employed during the
manual mode of operation.

FNQ4-FNOO, Program Processor, FIGS. 73-74: The
1-output signals of the five flip-flops of the N-Register
which serves as a counter during execution of Instruc-
tions 05, 22, 26 and 27,

FNBY, Program Processor, FIG. 87: The 1l-ocutput sig-
nal of a control flip-flop which is set to the 1-state
during the manual mode of operation when data trans-
fer between the Input/Output Control Uit and the
Program Processor are terminated.

FNXF, Program Processor, FIG. 87: The 1-output signal
of a control flip-flop which, when set to the 1-state, indi-
cates that the instruction is a two-address instruction
and that the second address is being developed.

FP14-FP00, Program Processor, FIGS. 64-67: The 1-
output signals of the 15 flip-flops of the P-Register which
stores the address of the next instruction or word in the
P-scquence.

FPEF, Program Processor, FIG. 87: The 1-output signal
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of a control flip-flop which is set to the I-state in re-
sponse to either an invalid operation code or an invalid
memory address.

FPIA, Program Processor, FIG. 88: The l-output signal
of a control flip-flop which, when set to the I-state,
causes a program interrupt subroutine to commence
upon granting of a program interrupt request.

FPIM, Program Processor, FIG. 88: The l-output signal
of a control fiip-flop which is set to the Il-state in re-
sponse to the actuation of the Request Control console
switch and which causes a program interrupt to the
processor channel.

FPIT, Program Processor, FIG. 88: The 1-output signal
of a control flip-flop which is set to the 1-state when a
program interrupt subroutine is being executed by the
Central Processor.

FPL2, FPLI1, Program Processor, FIG. 47: The I-output
signals of the 2 flip-flops of the Accumulator Length
Indicator Register which stores the working length of
the Accumulator and which, in conjunction with the
contents of the A-Register, provides the address of an
accumulator word.

FPM]I, Program Processor, FIG. 88: The l-output signal
of a control flip-flop which, when set to the O-siate, per-
mits a program interrupt to the processor channel upon
actuation of the Reset Control console switch.

FPRI, Program Processor, FIG. 89: The l-output signal
of a control flip-flop which is employed to detect cxecu-
tion of the first Instruction 07, General (GEN), during
a program interrupt subroutine.

FPRM, Program Processor, FIG. 89: The 1-output signal
of a control flip-flop which, when set to the 1-state, en-
ables data transfers to occur between the typewriter and
the P-Register during the manual mode of operation.

FPSA, Program Processor, FIG. 89: The l-output signal
of a control flip-flop which is set to the 1-state during
execution of a program interrupt subroutine.

FPSX, Program Processor, FIG. 89: The l-output signal
of a control flip-flop which, when set to the 1-state,
causes the contents of the P-Register to be applied fo
the adder inputs.

FQ03-FQ00, Program Processor, FIG. 68: The 1-output
signals of the four flip-flops of the Q-Register which
serves as a counter during the execution of Instructions
05, 22, 26 and 27.

FRCK, Program Processor, FIG. 83: The 1-output signal
of a contro! flip-flop of the Start-Stop Clock Logic
which, when set to the O-state, causes the generation of
clock pulses by the Clock Generator to terminate and
which, when set to either the I-state or the O-state, en-
ables corresponding Gated Clock Distribution Drivers.

FRDX, Memory, FIG. 34: The 1-output signal of a con-
trol flip-flop which, when set to the 1-state, enables the
X-Axis Address Decode and Driver Circuits to provide
X-Axis read current through a selected row of cores in
each plane of a stack.

FRDY, Memory, FIG. 34: The 1-output signal of the con-
trol flip-flop which, when set to the 1-state, enables the
Y-Axis Address Decode and Driver Circuits to provide
Y-Axis read current through a selected column of cores
in each plane of a stack.

FRNZ, Program Processor, FIG. 90: The 1-output signal
of a control flip-flop which, when set to the 1-state, indi-
cates that at least one of the output signals from the
Adder is a binary 1 during execution of Instructions
15, 50-57 and 60-63. Flip-flop RNZ also serves as a
control flip-flop during execution of Imstruction 05,
Edit (EDT).

FRR2-FRRO, Input/Output Control Unit, FIG. 178: The
1-output signals of the three flip-flops of the R-Selector
Register which define the blocks of micro-operations
performed to control data transfers during an input/
output operation.

FSIN, Program Processor, FIG. 90: The 1-output signal
of a control flip-flop which is sct to the 1-state when the
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sign of the word in the M-Register is minus and which
is reset to the O-state when the sign of the word in the
M-Register is plus.

FSP1, FSP2, Program Processor, FIG. 76: The 1-output
signals of control flip-flops SP1 and SP2 which are em-
ployed during execution of Instruction 05, Edit (EDT),
and during certain shift operations. During execution of
Instruction 05, the states of flip-flops SP1 and SP2 indi-
cate the type of suppression format character that was
last processed. During shift operations, flip-flops SP1
and SP2 store partial parity information.

FSRE, Program Processor, FIG. 90: The l-output signal
of a control flip-flop which is set to the 1-state upon
actuation of the Power On console switch to preset
certain flip-flops in the Central Processor, preparing
the Central Processor for the execution of instructions.

FSRI, Program Processor, FIG. 90: The 1l-output signal
of a control flip-flop which, when set to the I-state,
initiates a right shift in the M- and E-Registers during
execution of predetermined instructions.

FSSS, Program Processor, FIG. 91: The 1-output signal
of a control flip-flop which is set to the 1-state upon
actuation of the Run or Single Instruction console
switches to permit execution of instructions by the
Central Processor.

FSTE, Program Processor, FIG. 91: The 1l-output
signal of a control flip-flop which is set to the 1-state
in response to the actuation of the Single Instruction
console switch,

FSTP, Program Processor, FIG. 91: The 1-output signal
of a control flip-flop which is set to the 1-state upon
actuation of the Manual console switch.

FSTT, Program Processor, FIG. 91: The l-output signal
of a control flip-flop which is set to the 1-state in re-
sponse to the actuation of the Run console switch.

FTBIL, FTBO, Program Processor, FIG. 74: The 1-output
signals of the two flip-flops of the TB-Counter. The
TB-Counter controls the timing of the repeated sub-
tractions and additions during execution of Instruc-
tions 26, Variable Length Divide (VLD), 27, Variable
Length Multiply (VLM), respectively and the timing
of Instruction 05, Edit (EDT).

FTL5-FTLOQ, Program Processor, FIGS. 75-76: The 1-
output signals of the six flip-flops of the TL-Counter
which defines six time pericds during the performance
of a block of micro-operations.

FTVO, Program Processor, FIG. 92: The l-output signal
of a control flip-flop which, when set to the I-state,
enables a program interrupt to occur when flip-flop
FVO is set to the 1-state.

FWEN, Memory, FIG. 35: The l-output signa! of a con-
trol flip-flop which is set to the I-state to control a
write operation.

FWIE, Program Processor, FIG. 92: The 1-output signal
of Word Parity Error flip-flop WJE which is set to
the 1-state in response to the detection of a parity
error in a word extracted from Memory.

FWR3-FWRO0, Program Processor, FIG. 77: The 1-out-
put signals of the four flip-flops of the W-Selector
Register which defines the block of micro-operations
to be performed by the Central Processor.

FWRA, Memory, FIG. 35: The 1-output signal of a con-
trol flip-flop which, when set to the 1-state, enables the
X-Axis Address Decode and Driver Circuits to provide
X-Axis write currents through a selected row of cores
in each plane of a stack,

FWRB, Memory, FIG. 35: The 1-output signal of a
contro! flip-flop which, when set to the 1-state, enables
the Y-Axis Address Decode and Driver Circuits to
provide Y-Axis write currents through a selected
column of cores in each plane of a stack.

FWRS, Program Processor, FIG. 67: The 1-output state
of a control flip-flop which serves to synchronize opera-
tions during an input/output operation if the selected
channel is not busy.
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FXS2, FXSI1, Program Processor, FIG. 92: The I-output
signals of two control flip-flops which indicate the one
of the four available address development sequences
of the W01 block that is being performed.

5 JPOX, Input/Cutput Control Unit: A signal transmitted
from a peripheral subsystem to its corresponding chan-
nel to indicate that the peripheral subsystem is operable.
Signal JPOX enables the circuits of the channel.

MEVP, Input/Output Control Unit: A parity signal em-
ployed in checking and generating parity in a channel.
In generating parity for a character to be transmitted
to a peripheral subsystem, MEVP is a binary 1 if the
character contains an even number of binary I’s, pro-
viding an odd number of binary 1’s for transmission
to the peripheral subsystem. In checking parity, signal
MEVP is a binary 0 if the character and parity signals
received from the peripheral subsystem contain an odd
number of binary 1%, indicating correct parity.

QCCD, Program Processor, FIG. 117: The feedback clock
pulse in the Central Processor Clock Generator which
maintains generation of clock pulses after initiation by
the Central Processor Start-Stop Clock Logic.

QCCK, Program Processor, FIG. 117: The clock pulse
output of the Central Processor Clock Generator which
is applied to the Central Processor Gated Clock Dis-
tribution Drivers.

QCER, Program Processor, FIG. 117: A working clock
signal provided by a Gated Clock Amplifier which
causes the complement of the contents of the E-Register
to be formed in the E-Register.

QCGA, Memory, FIG. 37: A signal which controls the
generation of the first phase QCPA clock pulses by the
two-phase memory timing clock generator.

QCGB, Memory, FIG. 37: A signal which controls the
generation of second phase QCPB clock pulses by the
two-phase memory timing clock generator.

QCKC, Program Processor, FIG. 117: The output signal
of a Gated Clock Distribution Driver which is gated
with the Q-output signal of flip-flop RCK.

40 QCLK, Program Processor, FIG. 117: The output signals
of five Gated Clock Distribution Drivers of the Timing
Clock Generator which are gated with the l-output
signal of flip-flop RCK.

QCNX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Cleck Amplifier
to effect the parallel transfer of the contents of the
CC-Register to the N-Register.

QCPA, Memory, FIG. 40: The first-phase clock pulses
which are delivered by a Gated Ciock Amplifier and
which are employed to control the timing of operations
in a memory cycle.

QCPB, Memory, FIG. 40: The second-phase clock pulses
which are delivered by a Gated Clock Amplifier and
which are employed to control the timing of operations
in a memory cycle.

QCPC, Memory, FIG, 40: The clock pulses which are
delivered by a Gated Clock Amplifier and which are
employed, in conjunction with the phase one and phase
two clock pulses, to control operations in a memory
cycle.

QCPD, Memory, FIG. 40: The feedback clock pulse in
the memory Clock Generator which maintains genera-
tion of clock pulses after initiation by the Memory
Start-Stop Clock Logic.

65 QCPG, Memory, FIG. 40: The clock pulses which are
delivered by the memory Clock Generator and which
are applied to Gated Clock Amplifiers.

QEAX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to effect the parallel transfer of the contents of the
E14-E02 flipflops of the E-Register to the correspond-
ing flip-flops of the A-Register.

QEEX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to effect the parallel transfer of the contents of the
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E08-EQ0 flip-flops of the E-Register to the E23-E15
flip-flops respectively of the E-Register.

QMIX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to effect the parallel transfer of the operaticn code
field of an instruction word from the M23-M18 flip-
flops of the M-Register to the IRS-IRO flip-flops of the
I-Register.

QNCD, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to cause the N-Register to change count at predeter-
mined times during the execution of certain instruc-
tions.

QNCX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to effect the parallel transfer of the contents of the
N-Register to the CC-Register.

QQNX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier

to effect the parallel transfer of the contents of the :

Q03-QQ0 flipflops of the Q-Register to the N0O3-NOO
flip-flops respectively of the N-Register.

QSCX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier

to gate the five least-significant bits in the output of ¢

the Adder to the corresponding flip-fleps of the CC-
Register.

QSDX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to gate the 15 least-significant output bils of the Adder
to the corresponding flip-flops of the B-Register.

QSEX, Program Processor, FIG. 117: A working clock
signal which is delivered by a Gated Clock Amplifier
to gate the output bits of the Adder to the correspond-
ing flip-flops of the E-Register.

QSHE, Program Processor, FIG. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to cause open or circular shifting of the contents of
the E-Register during the execution of Instruction 22,
Shift (SHG).

QSHM, Program Processor, FIG. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to cause the contents of the M-Register to be shifted
right.

QSMA, Program Processor, FIG. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to gate ihe output bils 0-5 of the Adder to the corre-
sponding flip-flops M00-MOS5 of the M-Register.

QSMB, Program Processor, FIG. 118: A working clock

signal which is delivered by a Gated Clock Amplifier 5

to gate the output bits 6-14 from the Adder to the
corresponding flip-flops M06-M14 of the M-Register.

QSMC, Program Processor, F1G. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to gate the output bits 15-23 from the Adder to flip-
flops M15-M23 of the M-Register.

QSPX, Program Processor, FIG. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to gate the 15 least-significant output bits of the Adder
to the corresponding flip-flops of the P-Register.

QTCO, Program Processor, FIG. 118: A control clock
signal which is delivered by a Gated Clock Amplifier
to change the states of the W-Selector Register and
the R-Selector Register; signal QTCO also changes the
state of the TL-Counter from TLO to TL2 during a
split sequence.

QTC2, Program Processor, FIG. 118: A control clock
signal which is delivered by a Gated Clock Amplifier
to change the states of the W-Selector Register and the
R-Selector Register; signal QTC2 also changes the state
of the TL-Counter from TL2 to TLO during a split
sequence.

QTCK, Program Processor, FIG. 118: A working clock
signal which is delivered by a Gated Clock Amplifier
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and which, along with the TL-Counter, controls the
timing of the micro-operations of a block.

QTLP, Program Processor, FIG, 118: A working clock
signal which is delivered by a Gated Clock Amplifier
to cause a change in the state of the TL-Counter.

QTRK, Program Processor, FIG. 118: A control clock
signal which is delivered by a Gated Clock Amplifier
to cause Run Clock flip-flop RCK to be set to the
1-state, preparatory to initiating generation of clock
pulses in the Clock Generator,

QTSP, Program Processor, FIG. 118: A control clock
signal which is delivered by a Gated Clock Amplifier to
cause Inhibit Start Pulse flip-flop ISP to be set to the
O-state, preparatory to initiating clock pulse generation
in the Clock Generator.

REAT, Input/Output Control Unit: A signal transmitted
from a peripheral subsystem to its corresponding chan-
nel to indicate that the peripheral subsystem has sent a
character to the channel during a read operation.

REBX, Input/Output Control Unit: A signal which is
transmitted by a peripheral subsystem to its correspond-
ing channel when the peripheral subsystem is busy and
is not accessible for execution of Instruction 07 (GEN).

REPX, Input/Output Control Unit: A parity signal trans-
mitted from the peripheral subsystem to its correspond-
ing channel along with data signals REX0-REXS.

RERX, Input/Output Control Unit: A signal transmitted
by a peripheral subsystem which precedes termination
of the busy status of the peripheral subsystem.

REWX, Input/Output Control Unit: A signal which is
transmitted from a peripheral subsystem to its corre-
sponding channel, during execution of Instruction 07
(GEN), requesting the channel to transmit device,
function and release information to the peripheral sub-
system. The peripheral subsystem cannot start trans-
mission of data interrupt requests to channel until after
the device, function and release requests are satisfied.
Signal REWX also serves to request a character from
the channel during a write operation.

RMX0-RMX2, Input/Output Control Unit: Signals
transmitted by a peripheral subsystem to its correspond-
ing channel to indicate the major status of the periph-
eral subsystem.

RPTS, Input/Qutput Control Unit: A special interrupt
signal which issues in channel #0,

W100-W124, Memory: The signals which represent the
25 bits of a word read from stack No. 1 of a 16K
memory unit during a read operation and which are
applied to the associated set of Sense Amplifiers.

W200-W224, Memory: The signals which represent the
25 bits of a word read from stack No. 2 of a 16K
memory unit during a read operation and which are
applied to the asscciated set of Sense Amplifiers.

W300-W324, Memory: The signals which represent the
25 bits of a word read from stack No. 3 of a 16K
memory unit during a read operation and which are
applied to the associated set of Sense Amplifiers.

W400-W424, Memory: The signals which represent the
25 bits of a word read from stack No. 4 of a 16K
memory unit during a read operation and which are
applied to the associated set of Sense Amplifiers.

WD00-WD24, Memory, FIG. 43: Signals representing
the 25 bits of a word read from Memory and delivered
by the Data Drivers for transfer to the M-Register and
the MUJ flip-flop of the Program Processor.

XX01-XX08, Memory, FIG. 37: The select X line-read
output signals of the X-Axis Address Decode and
Driver Circuits which effect selection of an X line dur-
ing a read operation.

XX01-XX08, Memory, FIG, 37: The select X line-write
output signals of the X-Axis Address Decode and
Driver Circuits which effect selection of an X line dur-
ing a write operation.
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NXXRB1-XXDBS8, Memory, FIG. 38: The select X group
output signals of the X-Axis Address Decode and
Driver Circuits which effect selection of an X group in
stacks No. 1 and No. 3 of a 16K memory unit during
a memory cycle.

XXB1-XXB8, Memory, FIG. 38: The select X group
output signals of the X-Axis Address Decode and
Driver Circuits which effect selection of an X group in
stacks No. 2 and No, 4 of a 16K memory unit during
a memory cycle.

XY01-X Y08, Memory, FIG. 39: The select Y line-write
output signals of the Y-Axis Address Decode and
Driver Circuits which effects selection of a Y-line dur-
ing a write operation.

XY01-XY08, Memory, FIG. 39: The select Y line-read
output signals of the Y-Axis Address Decode and
Driver Circuits which effect selection of a Y-line during
a read operation.

XYBI-XYBS8, Memory, FIG. 40: The select Y group
output signals of the Y-Axis Address Decode and
Driver Circuits which effect selection of a Y group in
stacks No. 1 and No. 2 of a 16K memory unit during
a memory cycle.

XYB1-XYBS, Memory, FIG. 40: The select Y group out-
put signals of the Y-Axis Address Decode and Driver
Circuits which effect selection of a Y group in stacks
No. 3 and No. 4 of a 16K memory unit during a mem-
ory cycle.

Z100-Z124, Memory, FIG. 41: The output signals of the
set of Inhibit Drivers associated with stack No. 1 of a
16K memory unit,

Z200--Z2224, Memory, FIG. 41: The output signals of the
set of Inhibit Drivers associated with stack No. 2 of a
16K memory unit.

Z300-Z324, Memory, FIG. 42: The output signals of the
set of Inhibit Drivers associated with stack No. 3 of a
16K memory unit.

Z7400-Z424, Memory, FIG. 42: The output signals of the
set of Inhibit Drivers associated with stack No. 4 of a
16K memory unit.

DCC6, DCCS5, Program Processor: Signals representing
the number of characters, less than four, in a single-
or double-word channel at termination of a data inter-
rupt. Signals DCC5 and DCC6 are applied to the X-
input terminals of adder circuits 815 and S16 respec-
tively to force this count into bit positions 15 and 16
of the channel Data Control Word.

DDII-DDI0, Input/Output Control Unit, FIG. 172:
Data interrupt request signals transmitted by channels
#1-#0 respectively to a plugboard of the data inter-
rupt logic.

DDPA-DDPH, Input/Output Control Unit, FIG. 172:
The output signals of the data interrupt priority gates
of the data interrupt logic, only one of which issues at
a time. The signal which issues indicates the highest-
priority data interrupt flip-flop set to the 1-state, in re-
sponse to data interrupt requests from the correspond-
ing channels.

DEL1-DELO, Input/Output Control Unit, FIG. 172:
Signals representing the channel code in bit positions
11-14 of the E-Register during execution of Instruction
07, General (GEN), which are applied to gates in the
data interrupt logic to effect selection of a channel.

DGO00-DG23, Input/Output Control Unit, FIG. 171:
Signals transmitted from the M-Register to the input/
output matrix of the Input/Output Control Unit to ef-
fect transfer of data from Memory to a selected periph-
eral subsystem during a write operation.

DI00-DI0S, DI10-DI15, DI20-DI25, DI30-DI35, Input/
Output Control Unit, FIG, 171: The output signals of
the input/output matrix of the Input/Output Control
Unit which represent data being transmitted to either
the chanrel or to the M-Register during a data transfer
between Memory and a peripheral subsystem.

5

10

20

30

40

60

70

DJ00-DJ05, DI10-DJ15, DI20-DI25, DI30-DI3S, In-
put/Output Control Unit, FIG. 171: The input signals
to the input/output matrix of the Input/Output Con-
trol Unit which may represent data being transmitted
to the input/output matrix from either the channel or
the M-Register, or which may represent device and
function information being transmitted from the E-
Register to the input/output matrix during execution
of Instruction 07, General (GEN).

DKO00-DKO0S5, DK10-DK15, DK20-DK25, DK30-DK35,
Input/Output Control Unit, FIG. 171: Signals repre-
senting data being transmitted from a channel of the
Input/Output Control Unit for application to the input/
output matrix during a read operation.

DPC1-DPCQ, Input/Qutput Control Unit, FIG. 172: The
output signals of gates of the data interrupt logic, only
one of which issues at a given time. The signal which
issues is applied to a plugboard to select a channel.

DPI1-DPIO, Input/Output Control Unit, FIG. 174: Sig-
nals representing program interrupt requests transmitted
from the respective channels # 1-#0 to a plugboard of
the program interrupt logic.

DPSC, Input/Output Control Unit, FIG. 174: A signal
which issues to set flip-flop PIA, initiating a program
interrupt, upon coincidence of a program interrupt re-
quest signal from a channel and the count in the pro-
gram interrupt scanner of the program interrupt logic.

FDSA-FDSH, Input/Output Control Unit, FIG. 172:
The 1-output signals of the data interrupt priority flip-
flops which are set to the 1-state upon application of
data interrupt request signals from the corresponding
channels # 1-#0.

JEAX, Input/Output Control Unit, FIG. 172: A read
clock signal transmitted from a peripheral subsystem
to its corresponding channel when the peripheral sub-
system is ready to transmit a character to the channel
during a read operation.

JEWX, Input/Output Control Unit, FIG. 172: A write
clock signal which is transmitted from a peripheral sub-
system to its corresponding channel to indicate that the
peripheral subsystem is ready to receive another char-
acter from the channel during a write operation, or to
request device, function and release signals during ex-
ecution of Instruction 07 (GEN).

RCX0-RCXS, Input/Output Control Unit, FIG. 171;
Signals representing a data character transmitted from
a chanpel of the Input/Output Control Unit to the
a.ssociated peripheral subsystem during a write opera-
tion.

REXO0-REXS5, Input/Output Control Unit, FIG. 171:
Signals representing a character transmitted from a
peripheral subsystem to its corresponding channel of the
Input/Output Control Unit during a read operation.

ZCNI-ZCNO, Input/Output Control Unit, FIG. 172:
The channel select output signals of a plugboard of the
data interrupt logic, only one of which issues at a time.
The signal which issues is effective to select a channel.

ZDPA-ZDPH, Input/Output Control Unit. FIG. 172:
The output signals of a plugboard of the data interrupt
logic, only one of which issues to address the appropri-
ate DCW and LPW memory locations for the channel
being granted a data interrupt, The signal which issues
also causes generation of an appropriate channel select
signal in gates of the data interrupt logic.

ZDSA-ZDSH, Input/Output Control Unit, FIG. 172:
The output signals of a plugboard of the data interrupt
logic which represent data interrupt requests trans-
mitted from the channels through the plugboard to the
data interrupt priority flip-flops.

ZPI1-ZPI0, Input/Output Control Unit, FIG. 174: The
output signals of a plugboard of the program interrupt
logic which represent program interrupt requests trans-
mitted from the channels through the plugboard to
gates which detect coincidence of program interrupt
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requests and the count in the program interrupt

scanner.
COMPONENT DETAILS AND OPERATION

The internal circuit structure of the components of
the system, the circuit configurations interconnecting the
components and a description of the operation of the
system follow. The details of the circuit structure of the
components and of the circuit configurations intercon-
necting the components are provided in FIGS. 14, 16-18,
20, 21, 23, 25-118, 170-172, 174 and 178-196. These
component structures and interconnecting configurations
comprise novel assemblages of the previously described
clock generator, gated clock distribution driver, gated
clock amplifier, flip-flops, NAND-gate, NAND-supple-
ment, logic driver, full adder, AND-gate and OR-gate
to perform the function of the data processing system.
The connective relationship between these circuit ele-
ments can usually be described by logic expressions of
the type illustrated in the foregoing sections “NAND-
Gate,” “NAND-Supplement” and “Logic Driver.”

The logical schematic diagram

Generally, two or more output signals from flip-flops
and gated clock amplifiers and the signals provided by
certain console switches and push buttons are combined
logically by NAND-gates, NAND-supplements, logic
drivers, full adder circuits, AND-gates and OR-gates to
provide input signals to other flip-flops, and to provide
gating signals for gated clock amplifiers. Thus, the two
trigger signals to a flip-flop (FIGS. 6 and 7) are usually
the output signals of respective logical chains of NAND-
gates, NAND-supplements, logic drivers, AND-gates and
OR-gates, which receive oulput signals provided by other
flip-flops and by gated clock amplifiers and certain con-
sole switches and push buttons. These logical chains may
be described and illustrated by logical expressions which
are actually logical schematic diagrams representing the
logical and structural interconnection of the chain pro-
viding these two trigger signals to the flip-flop; e.g., see
FIG. 27. Thus, the circuits providing the trigger input
signals for a flip-flop may be illustrated by two logical
schematic diagrams for each flip-flop, as shown in FIG.
27. The flip-flop representations of FIG. 27 and the
associated logical schematic diagrams to the left of each
flip-flop symbol are termed “Flip-Flop Input” diagrams.
The circuits providing the input signals to a full adder
circuit may also be illustrated by logical schematic dia-
grams. The logical schematic diagrams of the logical
circuits providing input signals to the full adder circuits
are illustrated in the drawings under the heading “Full
Adder Input Signals”; e.g., see FIG. 115.

In a similar manner, the logical circuits providing in-
put signals to the clock generator, to the gated clock
distribution drivers and to the gated clock amplifiers may
be illustrated by logical schematic diagrams. The logical
schematic diagrams of the logical circuits providing input
signals to the clock generators are illustrated in the draw-
ings under the heading “Clock Generator Input Signals”
(see FIG. 117). The logical schematic diagrams of the
logical circuits providing input signals to the gated clock
distribution drivers are illustrated in the drawings under
the heading “Gated Clock Distribution Driver Input Sig-
nals” (see FIG. 117). Similarly, the logical schematic
diagrams of the logical circuits providing input signals
to the gated clock amplifiers are illustrated in the draw-
ings under the heading “Gated Clock Amplifier Input
Signals” (see FIGS. 117-118).

The five types of logical schematic diagrams, namely,
“Flip-Flop Input” diagrams, “Full Adder Input Signal”
diagrams, “Clock Generator Input Signal” diagrams,
“Gated Clock Distribution Driver Input Signal” diagrams
and “Gated Clock Amplifier Input Signal” diagrams are
employed in FIGS. 27-35, 40, 44-92, 115-118 and 178-
186 1o illustrate the internal circuit structure of the vom-
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ponents and the interconnecting circuit configurations
between the components of the data processing system.
In addition to the five types of logical schematic dia-
grams described above, a sixth type of logical schematic
5 diagram, termed the “Logical Combination Signal” dia-
gram, is employed in FIGS. 36-43, 93-114 and 187-
196. Logical combination signals are generated within
logical chains. Such signals are, therefore, the output
signals of a first logical chain and are employed as input
signals to one or more additional logical chains. For
example, the DVRB signal (FIG. 111) is employed as
an input signal to a logical chain whose output signal
is applied to the set input terminal of flip-flop CL2 to
trigger flip-flop CL2 to its l-state. The DVRB signal is
the output signal of the logical chain which receives
input signals from the M00, MO1, MO02, M03, M04, and
MO5 flip-flops of the M-Register. The inverted form of
the DVRB signal, viz. DVRB is applied as an input signal
to a logical chain whose output signal is applied to the
o reset input terminal of the CL2 flip-flop to set it to its
0O-state. Thus, the DVRID logical combination signal is
applied as an input signal to a plurality of logical chains
whose output signals are applied to the input terminals
of the CL2 flip-flop.

In the logical circuits illustrated by the following types
of logical schematic diagrams, the logical functions of
conjunction are implemented by AND-gates and logic
drivers, the disjunctive functions are implemented by OR-
gates, and the NAND functions are implemented by
NAND-gates and NAND-supplements:

(a) Flip-flop Input diagrams,

(b) Full Adder Input Signal diagrams,

(c) Clock Generator Input Signal diagrams,

(d) Gated Clock Distribution Driver Input Signal dia-
grams,

(e) Gated Clock Amplifier Input Signal diagrams, and

(f) Logical Combination Signal diagrams.
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The employment of a 1-input NAND-gate in series with a
NAND-gate is the logical equivalent of an AND-gate. A
NAND-gate with each input term inverted is the logical
equivalent of an OR-gate with the same input terms in
their non-inverted form. Conversely, an OR-gate with each
input term in its inverted form is the logical equivalent of
a NAND-gate with the same input terms in their non-in-
 verted form.

It is convenient to note in the description of the data
processing system that the first alphanumeric character of
a signal designation indicates the type of circuit which gen-
erates the signal. Alphanumeric character D in the first
character position of a signal designation indicates that
the signal is generated by a NAND-Gate, a NAND-Sup-
plement, a Logic Driver, an AND-Gate or an OR-Gate,
e.g. logical combination signal DW14 (FIG. 113). The
alphanumeric character F indicates that the signal is gen-
erated by a flip-flop circuit, e.g. signal FM23 (FIG. 58).
Full adder output signals are identified by the letter M,
e.g. signal MS06 (FIG. 25). The alphanumeric character
Q identifies a clock related signal, e.g. control clock signal
QTRK (FIG. 118). Signals originating in jumper boards
employ the alphanumeric character Z. Character R iden-
tifies signals originating in the transmitter and receiver
circuits of the Input/Output Control Unit.

The following example demonstrates the significance of
g5 the logical schematic diagram and its employment to illus-

trate the interconnection of flip-flops, the clock generator,
gated clock distribution drivers, gated clock amplifiers,
NAND-gates, NAND-supplements, logic drivers, AND-
gates, OR-gates and full-adder circuits. It particularly illus-
rq trates that this notation, couched in terms of signal
designations in associaiive and combinatorial arrange-
ments, completely defines the block and schematic circuit
element arrangements, once these basic building blocks
have been determined, as has been done in FIGS. 3--11,
75 23 and 25.
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FIGURE 13 is a block diagram of the circuits providing
the two trigger signals to the CL2 flip-flop. This figure is
the block diagram equivalent of the logical schematic
diagram of FIG. 72 which defines the FCL2 and FCL2
trigger signals, the logical schematic diagrams of FIG. 111
which define the DVRB and DVRF logical combination
signals, the logical schematic diagrams of FIG. 113 which
define the DW00, DWO01 and DW14 logical combination
signals, the logical schematic diagram of FIG. 109 which
defines the DVEW logical combination signal, the logical
schematic diagram of FIG. 114 which defines the DWT1
logical combination signal, and the logical schematic
diagram of FIG. 194 which defines the DRO0O logical com-
bination signal,

The DROO logical combination signal is the output sig-
nal of Logic Driver 330. Logic Driver 330 receives the
FRRO output signal of the RRO flip-flop, the FRR1 output
signal of the RR1 flip-flop and the FRR2Z output signal of
the RR2 flip-flop. The output signal of Logic Driver 330
is represented by:

DRO0O=FRR0O FRR1 FRR2

where FRRO FRRI FRR2Z represents the logical oper-
ation of conjunction of the three input signals applied to
Logic Driver 330 and is also a direct representation of the
circuit generating DROQ. Therefore, the logical schematic
diagram FRRO FRR1 FRR2 may also be employed to
illustrate the logical circuit which generates the DROO
signal.

The DWO00 logical combination signal is generated by
the logical circuit comprising Logic Driver 331. Logic
Driver 331 receives the DROO output signal of Logic
Driver 330, the TWRS output signal of flip-flop WR3, the
FWR2 output signal of flip-flop WR2, the FTWR1 output
signal of flip-flop WR1 and the FWRO output signal of
flip-flop WRO. The output signal of Logic Driver 331 is
represented by:

DW00=DRO0 FWR3 FWR2 FWR1 FWR0
Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates the DWO00 signal.

The logical combination signal DWT1 is the output
signal of AND-gate 332, AND-gate 332 receives the
DWOO0 output signal of Logic Driver 331 and the FTL1
output signal of flip-flop TL1. The output signal of AND-
gate 332 is represented by:

DWT1=DWO00 FTL1

Therefore, the above logical schematic diagram also illus-
trates the logic circuit which generates the DWT1 signal.
The logical combination signal DVREB is generated by
the logical circuit comprising NAND-gate 335 and NAND-
supplement 336. NAND-gate 335 receives the FMOG out-
put signal of flip-flop MOS, the FM04 output signal of
flip-flop M04, the FMO03 output signal of flip-flop MO03,
the FMO2 output signal of flip-flop M02, the FM01 output
signal of flip-flop MO1 and the FMOO output signal of
flip-flop M00. NAND-supplement 336 receives the FMO0S5
output signal of flip-flop MO0S, the FM04 output signal of
flip-flop MO4, the FMO3 output signal of fiip-flop MO03,
the FMO2 output signal of flip-flop M02, the FMO01 output
signal of flip-flop MOt and the FMO0 output signal of
flip-flop M0O. The output signal of NAND-gate 335 and
NAND-supplement 336 is represented by:

DVRE=TF305 FAI04 FM03 FMO02 FMO01 FMO00-+FMO5
FII04 FM03 FI0Z FMO1 FIT00

The above logical schematic diagram therefore also illus-
trates the logical circuit which generates the DVRS signal.

The DW14 logical combination signal is generated in a
similar manner by Logic Driver 337. The DWO01 logical
combination signal is generated by Logic Driver 338 and
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the DVRYF logical combination signal is generated by
NAND-gate 340 and NAND-supplement 341.

The trigger signal applied to the reset input terminal
of flip-flop CL2, i.e., the trigger signal which triggers flip-
flop CL2 to its O-state, is generated by the logical circuit
comprising OR-gate 342, AND gate 343 and AND gate
344. AND gate 343 receives the logical combination sig-
nals DWO01 and DVRF, and the FTL3 and FM2I output
signals of flip-flops TL3 and M21 respectively. The out-
put signal of AND-gate 343 is represented by:

DVRF DW01 FM21 FTL3

AND-gate 344 receives the logical combination signals
DW14 and DVRB and the FTL2 output signal of flip-flop
TL2. The output signal of AND-gate 344 is repre-
sented by:

DW14 FTL2 DVRB

OR-gate 342 receives the logical combination signal
DWT1 and the output signals of AND-gate 343 and AND-
gate 344. The output signal of OR-gate 342, which is the
trigger signal to the reset input terminal of the CL2 flip-
flop, is therefore represented by:

FCL2=DTVRF DW0l Fi21l FTL3
+DWT1

+DW14 FTL2 DVRE

Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates the trigger sig-
nal which sets the CL2 flip-flop to its 0O-state.

In a similar manner, the logical schematic diagram

FCL2=DVRF DWO01 FTL3 FM21
+DW14 FTL2 DVRB

illustrates the logical circuit which generates a trigger
signal which triggers the CL2 flip-flop to its 1-state.

The preceding example demonstrates how the logical
schematic diagrams of FIGS. 27-118 and 178-196 pro-
vide simple, compact and readily analyzed and related
illustrations of the circuit structure of the components
and of the circuit configurations interconnecting the com-
ponents. This has been done by using signal designations
in associations and combinations serving not only to iden-
tify the signal relationship, but also to define the circuit
elements and their circuit relationships.

Memory

Memory 10, illustrated diagrammatically in FIGS. 1
and 12, stores words which are to be processed, words
which have resulted from processing, instruction words
to direct data processing and auxiliary words for address-
ing and control. Memory 10 of the data processing system
is adapted to store up to 32,768 words of 25 bits each.
Of the men.ory locations provided for storage of informa-
tion, forty-one are reserved for special purposes as indi-
cated in the following table:

RESERVED MEMORY LOCATIONS

Memory Loceations Use

(Decimal)

1-6 Storage of index words for addressing and

address modification.

8 Working storage during executlon of in-
structions 06 and 22,

10,11 Storage of processor chanmel program

interrupt words.

16-47 Storage of inputfoutput channel control
words which are used to control mem-
ory access during data transfor opora-
tions and to service program interrupt
requests by the input/output channels.
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The location of the control words associated with each of
the eight channels of the Input/QOutput Control Circuit
are as shown in the following table:

INPUT/OUTPUT CHANNEL CONTROL WORDS
Deeimal Location of—
Channel
Number List Data Program Program
Pointer Control Interrupt Interrupt
Wor Word Word (P1W) Second
(LPW) (DCW) Word (PSW)
[} 16 17 18 19
1 20 21 22 23
2 24 25 26 27
3 28 29 30 31
4 32 33 34 35
5 36 37 38 39
6 40 41 42 43
7 44 45 46 47

The 32K memory of the data processing system com-
prises two 16K memory units. Each 16K memory unit
comprises a storage element, a memory address register
for storing the address of the memory location from which
a word is to be extracted or in which a word is to be
stored, address decode and driver circuits, inhibit driv-
ers which control the writing of information into the ad-
dressed memory location, sense amplifiers through which
information is read from the addressed memory location,
data drivers for amplifying the output signals of these sense
amplifiers, and memory timing and control logic circuits.
FIG. 14 illustrates symbolically the elements of a 16K
memory unit, the paths of data transfer between these
elements and the paths of control signals. Details of the

structure of the Memory are provided in FIGS. 15-18 :

and 27-43.

Core Memory 350 of FIG. 14 constitutes the storage
element of a 16K memory unit and is of the coincident-
current magnetic core type, which is well-known in the
art. The structure and operation of such a storage ele-
ment is described, for example, in the publication by C.
V. L. Smith, “Flectronic Digital Computers,” chapter 12,
McGraw-Hill Book Company, Inc., New York, 1959,

Core Memory 350 is adapted to store up to 16,384
words of 25 bits each, each bit being stored in a corre-
sponding magnetic core. Core Memory 350 comprises an
upper 8K unit and a lower 8K unit, each 8K memory unit
comprising an upper 4K stack and a lower 4K stack, as
shown in FIG. 16. The basic 4K stack comprises 25 planes,
each plane having 4,096 magnetic cores. Each plane stores
the corresponding bit for the 4,096 words stored in the
4K stack. The core plane comprises a matrix of magnetic
cores arranged in 64 rows extending along the X-axis of
the plane and 64 columns extending along the Y-axis of

the plane. The location of the magnetic core in a matrix ;

row and column is the address of the core and is identified
by a number. Corresponding cores in all 25 planes are
identified by the same number and store the 25 bits of a
word. Therefore, Core Memory 350 may contain up to
16,384 addressable locations (00000-16,383) for storing
up to 16,384 words.

Memory address information is received from B-Gates
317 of the Program Processor and is stored in B-Register
352 which is the memory address register. B-Register 352
comprises flip-flops BO0-B14. The address is stored in
B-Register 352 in 1’s complement form, ie., an address
of 000005 is represented by flip-flops BO0O-B14 being in
the 1 state. The logical schematic diagrams for the B-
Register flip-flops are illustrated in FIGS. 27-30. B-Regis-
ter 352 (FIG. 14) is adapted to receive the output signals
of B-Gates 317 of the Program Processor upon applica-
tion of the DBRS signal to logical gates connecting the
output terminals of B-Gates 317 to corresponding input
terminals of the B-Register flip-flops. Since the DBRS
signal occurs at the beginning of a memory cycle, B-
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Register 352 has its contents updated at the start of each
memory cycle. The flip-flops of B-Register 352 are reset
to the O-state by signal DBRP when power is initially ap-
plied to the data processing system and at the end of each
memory cycle.

The stacks of Core Memory 350 are driven through
arrays 355 and 356 of isolation diodes by Y-Axis and
X-Axis Address Decode and Driver Circuits 357 and 358
respectively. The Y-Axis Address Decode and Driver
Circuits 357 decode certain bits of the address in B-
Register 352 and drive one of 64 column drive lines in
the Y-axis of the selected 4K stack of Core Memory 359.
Similarly, X-Axis Address Decode and Driver Circuits
358 decode certain other bits of the address in B-Register
352 and drive one of 64 row drive lines in the X-axis of
the selected 4K stack of Core Memory 350. X-Axis and
Y-Axis Address Decode and Driver Circuits 357 and 358
are enabled by signals FRDX, FRDY, FWRA, FWRB
and FINH. Coincidence of current flow in these two drive
lines in each plane of the selected 4K stack effects selec-
tion of a 25-bit storage location in Core Memory 350 in
which a word is to be stored or from which a word is to
be read. The logical schematic diagrams for the Y-Axis
and X-Axis Address Decode and Driver Circuits are illus-
trated in FIGS. 37-40. A precharge voltage is applied
to the stacks of Core Memory 350 through Address De-
code and Driver Circuits 357 and 358 just prior to every
read operation. This precharge voltage brings all lines
through the selected stack to the same potential and
minimizes the effect of stray capacitance. The precharge
voltage is supplied by precharge circuit 359 under con-
trol of Memory Timing and Control Logic 368.

M-Register 301 of the Program Processor temporarily
stores a 24-bit word that is to be stored in Core Memory
350 or temporarily stores a 24-bit word that is read from
Core Memory 350. The 25th or parity bit WD24 of a
word read from Core Memory 350 is applied through line
360 to Parity Check and Generation Logic 316 of the
Program Processor while the parity bit DM24 of a word
to be stored in Core Memory 350 is provided on line 361
by Parity Check and Generation Logic 316. The flip-
flops of M-Register 301 are cleared to the O-state by sig-
nal DCLM. The logical schematic diagrams for M-Regis-
ter 301 are illustrated in FIGS. 58-63.

Inhibit Drivers 362 control the storage of the 25-bit
word from M-Register 301 and Parity Check and Gen-
eration Logic 316 in the addressed location of Core
Memory 350. A separate set of Inhibit Drivers is used
for each 4K stack. The bits stored in flip-flops B12 and
B13 of B-register 352 determine which set of Inhibit
Drivers is enabled by the signal FINH. The twenty-four
bits of the word in M-Register 301 and the parity bit from
Parity Check and Generation Logic 316 determine whether
a “1” or “0” is stored in the corresponding cores of the
addressed memory location. The logical schematic dia-
grams for the Inhibit Drivers 362 are illustrated in FIGS.
41 and 42.

Sense Amplifiers 364, when enabled by signal CSTR
from generator 365, amplify the signals representing the
25 bits read from the addressed memory location and
apply the signals to Data Drivers 367. Data Drivers 367
serve to further amplify the signals representing the bits
of the word read from Core Memory 350. After ampli-
fication in Data Drivers 367, the twenty-four bits of the
extracted word are stored in M-Register 301 and the
parity bit WD24 is applied on line 360 to flip-flop MUJ
of Parity Check and Generation Logic 316 in the Pro-
gram Processor. Each 4K stack of Core Memory 350
has a separate set of Sense Amplifiers. The output signals
of each set of Sense Amplifiers are applied to an OR-gate
prior to application to Data Drivers 367. The logical sche-
matic diagrams for the Data Drivers 367 are illustrated
in FIG. 43.

Memory Timing and Control Logic 368 includes a two-
phase memory timing clock generator, a 4-bit counter and
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various memory command and control flip-flops. Memory
Timing and Control Logic 368 directs, through the signal
paths indicated in FIG. 14, the timing sequence of the
16K memory unit for reading words from and for stor-
ing words in Core Memory 350. The 16K memory unit
is enabled by Memory Timing and Control Logic 368 to
perform five types of memory cycles, viz. read/restore,
clear/write, read-only, write-only and read/delay/write.
Memory Timing and Control Logic 368 also serves to
provide control signal communication between the Pro-
gram Processor and the Memory and to synchronize the
timing sequence of the 16K memory unit with that of
the Program Processor and the Input/Output Control
Unit. This control signal communication and synchroniza-
tion of timing is effected by signals DICR, DAMR,
DMWS, FMRD and FMWR provided by the Program
Processor on lines 369, 370, 371, 372 and 373 respec-
tively and by signals FWEN, FMAI FMB U, DMDA and
DCLM provided by the Memory on lines 374, 375, 376,
377 and 378 respectively. Details of Memory Timing and
Control Logic 368 are described in the following sub-
section entitled “Timing and Control.”

CORE MEMORY ADDRESSING

FIG. 15 shows a portion of a memory plane and illus-
trates how the X-Axis Address Decode and Driver Cir-
cuits select a row of cores. A similar arrangement (not
shown) is employed in the Y-axis of the plane to select
a column of cores. The core at the intersection of the se-
lected row and column is the addressed core of the plane.
Twenty-four corresponding cores in the remaining 24
planes of the 4K stack are similarly selected, With ref-
erence to FIG. 15, the X-Axis Address Decode and Driv-
er Circuits provide one of the signals XX01, XX02 , . .
XX08 if a word is to be read from Core Memory 350 or
one of the signals XX01, XX02 . . . XX08 if a word is
to be stored in Core Memory 350. This “select X-line” sig-
nal selects eight of the 64 rows in the plane, as illustrated.
Similarly, the X-Axis Address Decode and Driver Circuits
provide one of the signals XXBI-XXDB&. This “select
X-group” signal sclects one of the eight rows selected
by the “select X-line” signal to energize one row of the
plane. The Y-Axis Address Decode and Driver Circuits
similarly select a column of the plane. The action of the
X-Axis and Y-Axis Address Decode and Driver Circuits
thus drives one core of each plane to address a memory
word.

FIG. 16 illustrates dirgrammatically the relationship
of the Address Decode and Driver Input Signals of FIGS.
37-40 to the 4K stacks of a 16K memory unit. 4K stack
400 is designated stack #1 or the lower 4K of the lower
8K while stack 401 is designated stack #2 or the upper
4K of the lower 8K. Stack 402 is designated stack #3
or the lower 4K of the upper 8K while stack 403 is
designated stack #4 or the upper 4K of the upper 8K.
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The selection of the upper 16K memory unit or the
lower 16K memory unit is effected by the illustrated
logical gating circuits which provide the signal DULS
to one of the 16K memory units in response to the state
of flip-flop B14 of the B-Register of the selected memory
unit or in response to the 15th bit provided by B-Gates
317 of the Program Processor. The signal DULS starts
the clock generator of the selected 16K memory unit.
The 15th bit provided by B-Gates 317 serves to generate
the DULS signal at the beginning of a memory cycle
while the output of flip-flop B14 generates the DULS
signal during a split cycle, e.g. a read/delay/write cycle.

The following table illustrates the relationship of the
address in B-Register 352 to the line, group and stack
selection signals and the function of each B-register flip-
flop in selecting the addressed location of the 32K mem-
ory:

MEMCRY ADDRESSING FROM B-REGISTER

B-Register Function

Flip-Flops
B00
B01
B02
B03
Bo4
B05
B06
BO7
BOS
B
B10
BI11

B12

Cause a particular “select X-line” signal to issue.

Cause a particular “select X-group' slgnal to issue.

Cause a particular “select Y-line” signal to issue.

Cause a particular “select Y-group’’ signal to issue.

Selects upper or lower 4K stack of upper or lower
K unit.

B13 Selects upper or lower SK unit of upper or lower

16K memory unit.

Bi4 Selects upper or lower 16K memory unit of 32K

mMemory.

The following table, in conjunction with FIGS. 16 and
17, shows the function of flip-flops B12-B14 in selecting
one of the eight 4K stacks in the 32K memory:

STACK SELECTION FROM B-REGISTER

Address Bits Selected Stack

DB14
FB14

FBi3 FB12 Upper 16K

Memory Unit

Lower 168
Memory Unlt

#
#3

As illustrated, the “select X-line” signals XX01-XX08
and XX01-XX08 are applied to stacks 460-403. Simi-
larly, the “select Y-line” signals XY01-XYO08 and XY01-
XY08 are applied to stacks 400-403. The “select X-group”
signals XXBI1-XXB8§ are applied to stacks 400 and 402
while the “select X-group” signals XXBi-XXB8 are ap-
plied to stacks 401 and 403. The “sclect Y-group” sig-
nals XYBI-XYBS are applied to stacks 400 and 401
while the “select Y-group” signals XYBI—XYBS are ap-
plied to stacks 402 and 403. The issuance of predeter-
mined ones of the above line and group signals in re-
sponse to a given address in B-Register 352 selects the
corresponding 25 bit memory storage location during
a memory read or write operation,

FIG. 17 illustrates diagrammatically the entire 32K
memory comprising an upper 16K memory unit 416 and
a lower 16K memory unit 411. The connection of mem-
ory units 410 and 411 with the Program Processor is
indicated symbolically by lines 412 and 413 respectively.
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Since Memory 18 of the data processing system com-
prises modular 4K stacks, the data processing system may
be provided with memory capacities of 4K, 8K, 16K or
32K. In the event a memory capacity of less than 32K is
employed, the Memory Address Invalid signal FMALI is
employed to indicate to the Program Processor when a
memory address exceeds the capacity of the Memory. The
presence of the FMAI signal prevents the starting of the
memory cycle. The MAI flip-flop (FIG. 33) is reset at
the beginning of the next memory cycle in which a valid
address is received by the Memory.
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TIMING AND CONTROL

FIG. 18 illustrates diagrammatically in greater detail
the Memory Timing and Control Logic of a 16K memory
unit, as identified by reference numeral 368 in FIG. 14.
The Memory Timing and Control Logic comprises Clock
Generator 380, Gated Clock Amplifiers 384, 385 and 390,
CC-Counter 394 and Command and Control flip-flops 397.
The generation of memory clock pulses QCPG by Clock
Generator 380 is controlled by the memory start-stop
clock logic signals on input lines 381. The memory clock
pulses QCPG provided by Clock Generator 389 occur at
a repetition rate of approximately 5.7 megacycles. The
circuit of Clock Generator 380 is illustrated in FIG. 3.

Gated Clock Amplifiers 384 and 385 provide, in re-
sponse to clock pulse QCPG and the gated clock ampli-
fier input signals on input lines 387 and 388 respectively,
clock pulses QCPA and QCPB which are out-of-phase by
175 nanoseconds. Clock pulses QCPC, provided by Gated
Clock Amplifier 390 in response to memory clock pulse
QCPG and the gated clock amplifier input signal on line
391, occur in synchronism with memory clock pulse
QCPG. The two-phase clock signals are used in the Mem-
ory to obtain finer timing of the 16K memory unit com-
mand flip-flops and other logic. The circuit of Gated Clock
Amplifiers 384, 385 and 390 is illustrated in FIG. 5. The
logical schematic diagrams for memory Clock Generator
380 and memory Gated Clock Amplifiers 384, 385 and
390 are illustrated in FIG. 40.

Operation of the 16K memory unit is divided into four-
teen time periods, T00-T13. These time periods are de-
fined by the four-stage CC-Counter 394 which comprises
flip-flops CCA, CCB, CCC and CCD. The state of CC-
Counter 394 is controlled by clock pulse QCPA and the
logic input signals on line 395. The logical schematic dia-
grams for the CC-Counter flip-flops are illustrated in FIG.
31. The relationship between the states of the flip-flops
of CC-Counter 394 and the time periods of the 16K mem-
ory unit is illustrated in the following table:

MEMORY TIME PERIODS

CC~Counter Flip-Flops

Time

Puriod FCOCD FCCC FCCB FCCA

T00

To1
Ta62
T03
T04
Tos5

T06
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T07
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The Command and Control flip-flops employed in the
Memory Timing and Control Logic are indicated in biock
397 of FIG. 18. Flip-flop ARC (FIG. 32) is set to the 1-
state during time period T02 to indicate that the address
has been set in the B-Register 352. The l-output signal of
flip-flop ARC sets and triggers the generator which pro-
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vides the signal CSTR (FIG. 36). Flip-flop CMA (FIG.
32) is alternately set and reset by successive clock pulses
QCPA to define one phase of two-phase Clock Generator
380. Flip-flop CMB (FIG. 32) is alternately set and reset
by successive clock pulses QCPB to define the second
phase of two-phase Clock Generator 38¢. Flip-flop IAR
(FIG. 32) is set to the 1-state during a read/delay/write
cycle to inhibit the resetting of the B-Register flip-flops
at the end of the read cycle and to inhibit the setting of a
new address into B-Register 352 at the start of the follow-
ing write cycle. Flip-flop INH (FIG. 33) is sct to the 1-
state during time period TO7 to enable the set of Inhibit
Drivers associated with the selected 4K stack. Flip-flop
MALI (FIG. 33) is employed in a system having a memory
capacity less than 32K and is set to the 1-state in response
to the receipt by the 16K memory unit of an address
greater than the memory capacity.

Flip-flop MBD (FIG. 33} is set to the 1-state during
time period TOO to terminate a memory cycle. Flip-flop
MBU (FIG. 33) is set to the 1-state at the beginning of a
memory cycle to indicate to the Program Processor that
the 16K memory unit is busy and is reset to the 0-state
a predetermined time period before the end of the mem-
ory cycle to indicate to the Program Processor that the
16K memory unit is approaching the end of the cycle.
Flip-flop MBZ (FIG. 34) is set to the 1-state in response
to the receipt of a Memory Read or a Memory Write
command from the Program Processor and remains set
to the 1-state during the period that the 16K memory unit
is busy. Memory Data Available flip-flop MDA (FIG. 34)
is set to the 1-state during time period T04 to indicate to
the Program Processor that a word being read from the
16K memory unit is available to M-Register 301. Flip-
flops RDX and RDY (FIG. 34) are set to the 1-state dur-
ing time periods T00 and TO1 respectively to enable the
X-Axis and Y-Axis Address Decode and Driver Circuits
during a read operation. Flip-flops WRA and WRB (FIG.
35) are set to the l-state during time period T07 to en-
able the X-Axis and Y-Axis Address Decode and Driver
Circuits during a write operation. Write Enable flip-flop
WEN (FIG. 35) is set to the l-state in response to a
Memory Write Command from the Program Processor
and permits the appropriate Inhibit Drivers to be ener-
gized. The logical schematic diagrams for these Com-
mand and Control flip-flops are illustrated in FIGS. 32-35.
The logical schematic diagrams of the logical combination
signals employed in Memory Timing and Control Logic
368 and elsewhere in a 16K memory unit are illustrated
in FIGS. 36 and 37.

GENERAL OPERATION AND TIMING

During the read/restore cycle, a word is read from the
16K memory unit, made available to the Program Proc-
essor and restored to its original location in the 16K
memory unit. In a clear/write cycle, a word is read from
the 16K memory unit, clearing the memory location, but
is not made available to the Program Processor. A new
word is then written into that location in the 16K memory
unit. A read-only cycle causes a word to be read from the
16K memory unit and made available to the Program
Processor, leaving the location from which the word was
extracted cleared to zeros. During a write-only cycle, a
word is written into a predetermined location. A read/
delay/write cycle is similar to the basic read/restore cycle
except that the word is modified in the Program Processor
prior to returning it to its original location in the 16K
memory unit.

FIG. 19 is a timing diagram which illustrates the timing
of the 16K memory unit during a read/restore cycle. The
read/restore cycle is initiated by a Memory Read com-
mand FMRED from the Program Processor. The leading
edge of the FMRD signal starts the memory Clock Gen-
erator 380 which begins to generate 2-phase clock pulses
QCPA and QCPB and clock pulse QCPC. The time at
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which CC-Counter 394 flip-flops CCA-CCD change state
is controlled by clock pulse QCPA. Flip-flops CMA and
CMB define the phases of the Clock Generator 380. The
first clock pulse QCPA starts the 4-bit CC-Counter 394 by
setting flip-flop CCA to the 1-state to define time period
TO01. The Memory Busy flip-flop MBZ and the Memory
Busy Level flip-flop MBU are simultaneously set. During
time period TO1, the address on the address lines from
B-Gates 317 of the Program Processor is set into B-Regis-
ter 352 by signal DBRS. Signal FMBU resets flip-flop
MRD in the Program Processor. The X-Axis and Y-Axis
Address Decode and Driver Circuits 357 and 358 are
enabled by flip-flops RDX and RDY, which are set to the
1-state during time T01, to provide read drive currents to
the cores of the selected 4K stack. Allow Memory Read
signal DAMR is provided by the Program Processor.

The second clock pulse QCPA advances the
CC-Counter 324 by one to define time period T02. Signal
DCLM is provided by Memory Timing and Control Logic
368 at this time to clear the M-Register of the Program
Processor preparatory to receiving the word being read
from the 16K memory unit. During time period T02, the
Address Received flip-flop ARC is set. The signal FARC
sets and triggers the Generator 365 which provides the
signal CSTR. A predetermined delay exists between the
time when the Generator 365 is triggered and the genera-
tion of the signal CSTR, which will occur during time
period TO03 or T04 depending upon the delay setting.
During time period T04, the signal FMDA is transmitted
from Memory Timing and Control Logic 368 to the Pro-
gram Processor to indicate to the Program Processor that
the word is now available from the 16K memory unit.
The FMDA signal from the 16K memory unit initiates
the generation of clock pulses in the Timing Clock Gen-
erator in the Program Processor which then processes the
extracted word. The MDA flip-flop is reset to the 0-state
during time period TO06.

Prior to the beginning of time period T07, the 16K
memory unit has received the Memory Write command
FMWR from the Program Processor. The Write Enable
flip-flop WEN is then set. At the beginning of time period
T07, the RDX and RDY flip-flops are reset to the O-state
to turn off the read currents. The Write Enable flip-flop
WEN causes the Inhibit flip-flop INH to set and the set
of Inhibit Drivers corresponding to the 4K stack in which
the word is to be written is energized. The WRA and
WRB flip-flops are also set during time period TO7 to
cause the current flow in the selected cores of the stack to
reverse. During time periods T08-T12, the word is re-
stored into the addressed memory location. At the begin-
ning of time period T13, the Memory Busy Level flip-flop
MBU is reset to the O-state to indicate to the Program
Processor that the 16K memory unit is completing its
cycle. During time period T13, the Inhibit flip-flop INH
is reset to the O-state to de-energize the Inhibit Drivers.
Flip-flop WRB is also reset during time period T13.

At the end of time period T13, CC-Counter 394 reverts
to a count of zero to define time period T00. During time
period T00, the End Memory Cycle flip-flop MBD is set
to prevent additional QCPA clock pulses from being gen-
erated. The WRA, ARC, WEN and MBZ flip-flops are
reset to the O-state during time period T00. The 0-output
signal FMBZ of flip-flops MBZ stops the memory Clock
Generator 380. The DBRP signal is generated to reset the
B-Register flip-flops to the O-state, The MBD flip-flop is
then reset to the 0-state to complete the read/restore cycle.

The timing sequence of the clear/write cycle is the
same as that of the read/restore cycle except that the sig-
nal CSTR is not generated since the Program Processor
does not furnish an Allow Memory Read signal DAMR
to the 16K memory unit. The word in the addressed mem-
ory location is therefore not transmitted through Data
Drivers 367 to M-Register 301. The portion of the cycle
between time periods TO7 and T13 is identical to the
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read/restore cycle, a new word in M-Register 301 being
written into the cleared memory location.

The read-only cycle is identical to the read/restore
cycle during time periods T01-T07. The read-only cycle
is terminated at the end of time period TO7 in the same
manner that the read/restore cycle is terminated at the
end of time period T13. When the Program Processor
calls for a write-only cycle, CC-Counter 394 is imme-
diately set to define time period T07 and the sequence
from TO07-T13 is identical to that of the read/restore
cycle.

During a read/delay/write cycle, the Program Proc-
essor transmits the Memory Write Special signal DMWS
to Memory Timing and Control Logic 368. The DMWS
signal sets the Inhibit Address Register flip-flop IAR to
inhibit the resetting to the 0O-state of the B-Register flip-
flops at the end of the read cycle. The IAR flip-flop also
inhibits the setting of a new address into the B-Register
352 at the start of the write cycle which follows, Thus,
during a read/delay/write cycle, a word is read from a
given storage location in the 16K memory unit and trans-
mitted to M-Register 301 of the Program Processor. The
memory cycle then terminates without clearing B-Register
352. The extracted word is processed in the Program
Processor and a write cycle is then initiated in memory
by a Memory Write Command FMWR sent from the Pro-
gram Processor. At the beginning of the write cycle, the
address in B-Register 352 is retained and the word result-
ing from the processing is written into the same storage
location from which the original word was extracted. The
Inhibit Address Register flip-flop TAR is reset to the O-state
during time period TO8.

Program Processor

The Program Processor exercises operational control
over the data processing system and responds to a plural-
ity of distinct instructions which are supplied thereto in
the sequential order necessary to perform a particular
data processing operation. The data which is processed
in the Program Processor is supplied primarily from the
Memory. This data is usually transferred into and out of
the Memory under control of the Proaram Processor.

The Program Processor comprises the Central Processor
Control Unit, the Arithmetic Unit and the Console. The
Central Processor Control Unit and the Arithmetic Unsit
each comprise registers for temporarily storing data, logic
circuits for transferring data through and beiween reg-
isters and flip-flops employed as control signal sources,
The Central Processor Control Unit further includes a
timing control unit for controlling the timing of the Pro-
gram Processor. FIGURE 20 illustrates diagrammatically
the elements of the Program Pracessor which store data,
the paths of dala transfer between these elements and
certain control elements.

Central Processor Control Unit

The Central Processor Control Unit comprises the fol-
lowing registers, shown in FIG. 20: P-Register 310, D-
Register 311, A-Reugister 312, T-Register 313, Accumulator
Length Indicator Register 314, Accumulator Counter Reg-
ister 315 and W-Selector Register 470. The Central Proces-
sor Control Unit also includes B-Gates 317, I-Register De-
code Logic 480, W-Selector Decode Logic 482. Central
Processor Control Logic 499, Parity Adder 472, Memory
Output Parity flip-flop 474 and Word Parity Error flip-flop
476. W-Sclector Register 470, T-Register Decode Logic
480, Central Processor Control Logic 490 and W-Selector
Decode Logic 482 comprise the Operations Control Unit
318 of FIG. 12, Parity Adder 472, Memory Output Parity
flip-flop 474 and Word Parity Error flip-flop 476 comprise
Parity Check and Generation Logic 316 of FIG. 12. The
timing of the data processing system is controlled by the
Central Processor Control Unit through Start-Stop Clack
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Logic 484, Timing Clock Generator 486 and TL-Counter
488 which comprise Timing Control Unit 319 of the block
diagram of FIG. 12. The details of the circuit structure of
the Central Processor Control Unit are provided in FIG.
21, which illustrates the Timing Clock Generator and
Start-Stop Clock Logic; FIG. 23, which illustrates the
Parity Check and Generation Logic; FIGS. 45-51, 6467,
69, 70 and 74-92 which are the flip-flop input logical
schematic diagrams of Program Processor Control Unit
flip-flops employed in registers, counters and as control
signal sources; FIGS. 93—114, which are lovical combina-
tion signal diagrams; and FIGS. 117 and 118, which con-
tain clock generator input signal diagrams, gated clock
distribution driver input signal diagrams, and gated clock
amplifier input signal diagrams.

As described in the preceding section “Data Processing
System—Details,” the operation code which directs the
system operation in executing an instruction is stored in
I-Register 313. I-Register 313 is a six-bit register for stor-
ing bits 18-23 of the instruction word which is to be ex-
ecuted by the Central Processor. The preceding section
“Data Processing Operations” describes the operation code
of the instruction word as having any one of 33 bit configu-
rations, each configuration directing a fundameatally dif-
ferent data processing operation of the system. These op-
erations were described generally in the preceding section,
but are also described in detail in a following section en-
titled “Instructions.” In the “Instructions” section, and in
the sections immediately following thereafter, there is pro-
vided a detailed description of the operation of the Cen-
tral Processor in performing each of iis possible functions.

I-Register 313 is adapted to receive, by parallel trans-
fer, the contents of flip-flops M18-M23 of the M-Register,
upon application of working clock signal QMIX to the in-

put gates which connect the output ferminals of the M18— 35

M23 flip-flops to corresponding input terminals of the
IRQ-IR5 flip-flops. The contents of I-Register 313 are
applied to I-Register Dacode Logic 480. The logical sche-
matic diagrams of the I-Register are illustrated in FIGS.
69 and 70.

The operation code in I-Register 313 is decoded by I-
Register Decode TLogic 480 which provides a different
output signal for each of the 53 possible kit configurations
of the operation code in T-Register 313. The output sig-
nals of I-Register Decode Logic 480 are applicd to the in-
put gates of W-Selector Register 470. W-Selector Register
47¢ comprises flip-flops WRO-WR3, the states of which
are determincd by the output signals of I-Register Decode
Logic 489 and by the previous contents of the register.
The time at which the flip-flops of the W-Sclector Register
470 change state is determined by clock signals received
from Timing Clock Generator 486. The contenis of W-
Selector Register 470 are applied to W-Selector Decode
Logic 482. The logical schematic diagrams of the W-
Selector Register are iflustrated in FIG. 77.

The confents of the W-Selcctor Register 470 are de-
coded by W-Selector Decode Logic 482 to provide an in-
put to Central Processor Control Logic 490. W-Selector
Decode Logic 482 akso transfers signals indicative of the
states of the W-Selector Register flip-flops 476 to TL-
Counter 488.

Start-Stop Clock Lozic 484 controls the initiation and
termination of clock pulse gemeration by Timing Clock
Generator 486. Start-Stop Clock Logic 484 rcceives syn-
chronizing signals from Memory which enable the Start-
Stop Clock Logic 484 to synchronize the operations of
the Program Processor with the operations of Memory.
Start-Stop Clock Logic 484 also receives at ifs input ter-
minals signals indicative of the state of TL-Counter 488.
The logical schematic diagrams of the flip-flops RCK and
ISP of Start-Stop Clock Logic 484 are iliustrated in
FIG. 83.

Timing Clock Generator 486 gencrales clock signals
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which are employed to control the timing of the Program
Processor and the Input/Output Contrel Unit of the Cen-
tral Processor. The oniput siznals of Timing Clock Gen-
erator 486 are transmitted to W-Selecior Register 470,
TL-Counter 488 and Input/Gutput Control Unit 13, A
schematic diagram of Timing Clock Generator 486 is il-
lustrated in FIG. 21.

TL-Counter 488 comprises flip-flops TLO-TL5 and
serves as a six-bit ring counter in the Central Processor
to control the timing within the blocks of micro-opera-
tions defined by the W-Selector Register 478 and the
R-Selector Register of Input/Quiput Control Unit 13.
TL-Counter 488 receives inputs from W-Selector Decode
Logic 482 and Timing Clock Generator 436. The output
signals of TL-Counter 488 are transmitted to Input/
Output Control Unit 13, Start-Stop Clock Logic 484
and Central Processor Control Logic 498. The logical
schematic diagrams of the TL-Counter {flip-flops are
given in FIGS, 75 and 76.

Central Processor Control Logic 490 comprises all
logic necessary to the control of data transfers and other
operations within the Central Processor. Central Proces-
sor Control Logic 490 receives inputs from W-Selector
Decode Logic 482, TL-Counter 488 and Timing Clock
Generator 486. The flip-flops of Central Processor Con-
trol Logic 490 which serve as control signal sources are
tisted in block 492 of FIG. 20. The logical schematic di-
agrams for these flip-flops are given in FIGS. 78-92.

P-Register 310 is a 15-bit counter, comprising flip-
flops POO-P14. The sequence in which successive instruc-
tions are executed is controlled by P-Register 310, which
serves as the program counter in the Program Processor.
The count in P-Register 310 is incremented by one in re-
sponse to signal DPCU, each time that a P-sequence word
is employed in the Program Processor. The count in
P-Register 310 is used to provide the address of one
of the following types of words in Memory:

(a) Instruction Word,
(b) P-Sequence AMS Word,
(c) P-Sequence SAS Word.

The instruction word or auxiliary word address in P-Reg-
ister 310 is transferred through Adder 302 to D-Register
311, Memory 10 is addressed from D-Register 311 to
extract the instruction word or the auxiliary word from
Memory.

P-Register 310 is adapted to receive, by parallel trans-
fer, the bit position 0—14 adder output signals, upon ap-
plication of working clock signal QSPX to the input gates
which connect the appropriate adder output terminals to
the corresponding input terminals of the P00-P14 flip-
Hops. The program can alter the contents of P-Register
310 by making use of one of the eight branch instruc-
tions (BRU, SPB, BRE, BRL, BRG, BRC, BRZ and
BRM). The contents of P-Register 310 are not affected
by any other operation in the Central Processor, except
as described above. The logical schematic diagrams of
P-Register 310 are given by FIGS. 64-67. The P-Register
flip-flops are of the pulse-pedestal type. The parenthetical
terms in the logical schematic diagrams of flip-flops
POO—P14 serve as the clock signal inputs to the respec-
tive flip-flops, The parenthetical terms in the logical
schematic diagrams of flip-flops P01-P14 indicate that
each of the flip-flops changes state only when the next
lower-order flip-flop is reset to the O-state.

D-Register 311 is a 15-bit register, comprising flip-
flops D00-D14, which normally contains the address of
a data word, an auxiliary word or an instruction word.
D-Register 311 is adapted to receive, by parallel transfer,
the bit position 0-14 adder output signals, upon applica-
tion of working clock signal QSDX to the input gates
which connect the appropriate adder oufput terminals to
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the corresponding input terminals of the D0O0-D14 flip-
flops. During the execution of instructions employing a
double, triple or quadruple length Accumulator, D-Regis-
ter 311 is employed so that operand data words are ac-
cessed in the proper sequence to match the accumulator
words. The address in D-Register 311 is decremented by
one, in response to signal DDCD, to provide successive
operand word addresses. D-Register 311 also contains
shift control information during execution of Instruction
22, Shift (SHG). The contents of D-Register 311 may
be applied to either B-Gates 317 or Adder 302. The
logical schematic diagrams of the D-Register are given
by FIGS. 48-51. The D-Register flip-flops are of the
pulse-pedestal type. The parenthetical terms in the logical
schematic diagrams of flip-flops D00-D14 serve as the
clock signal inputs to the respective flip-flops. The par-
enthetical terms in the logical schematic diagrams of
flip-flops DO01-D14 indicate that each of the flip-flops
change state only when the next lower-order flip-flop is
set to the 1-state,

A-Register 312 is a 13-bit register comprising flip-flops
A02-A14. A-Register 312 is employed to store the present
address of the 4-word Accumulator in Memory. The
actual address contained in A-Register 312 is the address
of the most-significant word of the Accumulator. Infor-
mation is transferred to A-Register 312 from E-Register
303 upon application of working clock signal QEAX to
the input gates connecting the appropriate adder output
terminals to corresponding input terminals of the
A14-A02 flip-flops. The information in A-Register 312
is transferred either to B-Gates 317 or to E-Register 303.
The flip-flops of A-Register 312 may be reset to the 0-state
by signal DCLA, clearing A-Register 312. The logical
schematic diagrams of A-Register 312 are given by
FIGS. 44-47,

Accumulator Length Indicator Register 314, compris-
ing flip-flops PL2 and PLI, stores the working length of
the Accumulator which may be 1, 2, 3 or 4 words. The
relationship between the contents of Accumulator Length
Indicator Register 314 and the accumulator working
length are indicated in the following table:

Accamulator FPL2 | FPL1

Working Longth

Triple.c.._______
Double__.

Quardruple_.__.._.____. j
Single_.______L__LL10

[ ===
S

The contents of Accumulator Length Indicator Register
314, in conjunction with the contents of A-Register 312,
form a full 15-bit address which is the address of the
most-significant word of the working Accumulator, Flip-
flops PL2 and PL1 are adapted to receive, by parallel
transfer, the contents of either flip-flops IR1 and IR0Q
of I-Registers 313, flip-flops EO1 and EGO of E-Register
303 or flip-flops D10 and D09 of D-Register 311 upon
application of the appropriate signal DILX, DEAP or
DDLX to the input gates to Accumulator Length Indica-
tor Register 314. The logical schematic diagrams of Ac-
cumulator Length Indicator Register 314 are given in
FIG. 47,

Accumulator Counter Register 315, comprising flip-
flops AC2 and AC], supplements the address in A-Regis-
ter 312 to form the address of one of the four words of
the Accumulator, The relationship between the contents
of Accumulator Counter Register 315 and the accumula-
tor word addressed by the combined contents of Accumu-
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lator Counter Register 315 and A-Regisler 312 is given
in the following table:

Accurmulator FAC2 | FACL
Word Addressed
Accumulator Word A______ 0 ]
Accumulator Word B._____ ] 1
Aceumulator Word C______ 1 0
Accumulator Word D______ 1 1

The count in Accumulator Counter Register 315 is incre-
mented or decremented during execution of certain in-
structions by the Central Processor to address predeter-
mined words of the Accumulator. The logical schematic
diagrams of the Accumulator Counter Register 315 are
given in FIG. 70.

Parity Adder 472, Memory Qutput Parity flip-flop 474
and Word Parity Error flip-flop 476 comprise the Parity
Check and Gencration Logic of the Program Processor.
Parity Adder 472 comprises three ranks of full adders,
the first rank comprising adders JAO-JA7, the second
rank comprising adders JB0O-JB2 and the third rank com-
prising adder JEQ. Parity Adder 472 samples the contents
of the M-Register to either check or generate parity.
Flip-flop MUJ, identified by reference numeral 474,
stores the 25th or parity bit, represented by signal WD24
on line 360, of a word read from Memory. The output
of flip-flop MUJ is applied to adder JB2 of the second
rank during the parity check of a word read from Mem-
ory. Flip-flop WIJE, identified by reference numeral 476,
is set to the l-state by the output of third rank adder
JEO if a parity error is detected. When the word in the
M-Register is to be stored in Memory, Parity Adder 472
generates the correct parity bit, represented by signal
DM?24 on line 361, and transmits the parity signal DM?24
to the Memory Inhibit Drivers. Signal DM24 is stored
as the 25th bit of the word in the addressed memory loca-
tion. The schematic diagram for the Parity Check and
Generation Logic is given in FIG. 23.

B-Gates 317 transmit addresses from the Program Pro-
cessor and the Input/Output Control Unit to the B-Regis-
ter of Memory. B-Gates 317 receive inputs from D-Regis-
ter 311, A-Register 312, Accumulator Length Indicator
Register 314, Accumulator Counter Register 315, M-
Register 301, Q-Register 306 and the Input/Qutput Con-
trol Unit 13. Address information is applied to B-Gates
317 by Input/Output Control Unit 13 during data inter-
rupts and program interrupts. Gating signals DDBX,
DMBX, DABX and DQBX are applied to the B-Gates
317 to enable the appropriate address to be transmitted
to the B-Register. The logical schematic diagrams of B-
Gates 317 are given in FIGS. 94 and 95.

TB-Counter 494, comprising flip-flops TB2 and TBI,
serves as a counter during execution of certain instruc-
tions by the Central Processor. The logical schematic
diagrams of TB-Counter 494 are given in FIG. 74.

INSTRUCTION DECODE

Data processing operations in the Central Processor
are performed under the control of instruction words.
The operation code of each instruction word which di-
rects the system operation is stored in I-Register 313 of
FIG. 20. The operation code comprises bits 18-23 of the
instruction word and these bits are stored in flip-flops
IRO-IR5 respectively of I-Register 313. The operation
code in I-Register 313 controls the type of operation to
be executed by the Central Processor. The address field
of the instruction word may be modified in the Arithmetic
Unit and is normally transmitted to D-Register 311
preparatory to instruction execution.

The operation code of an instruction word may have
any one of 53 bit configurations, each configuration rep-
resenting a different one of 53 instruction codes. Each






