Honeywell

SERIES 16

H316 GENERAL PURPOSE DIGITAL COMPUTER
INSTRUCTIONS AND LOGIC BLOCK DIAGRAMS
~ Doc. No. 70130072174AC  Order No. M-493 |

June 1974




COPYRIGHT © 1969, 1970, HONEYWELL INC.

COPYRIGHT © 1971, 1972, 1973, 1974, HONEYWELL INFORMATION SYSTEMS INC.

The information contained herein is the exclusive property of Honeywell Information Systems
Inc., except as otherwise indicated, and shall not be disclosed or reproduced, in whole or in

part, without explicit writien authorization from the company.
outside the company may occur only as authorized.

Printed in the United States of America

REVISION HISTORY

The distribution of this material

All rights reserved

P . umper an ew - . - P umper an ew
Revision Change No. Effective Date Revision Level of Pages Af.xe.cted ie“’j‘slwrt‘E Change No. Effective Date ‘Revision Level of Pages Af.fe‘cted
Level of Affected D ; by Revision evel o Affected D : by Revision
Manual cte: raWID.gS Manual ecte rawings
B 7275 Sept. 1969 70024526A 3-44 Q 9645A Tuly 1971 70030115B 3.40
, 70024527A 3-45 , 70030116B 3-42
700245284 3-46 R 9726 Oct. 1971 C70024276S 3-2
c 7414 Sept. 1969 700245228 3-40 C70024502B 3.20
D 7227A Oct. 1969 70024276C 3.2 €70024503C 3-21
: C70024504B 3.22
700245178 3-35 o oaani a2
70024523B 3-41 4 ! -29
C70024513C 3.31
E 7496 Oct. 1969 70024276D 3.2 C70024517E 3.35
F 7350A Oct. 1969 70024276E 3-2 s 10228 Apr. 1972 - iii, iv
G 7748 Feb. 1970 700242767 3-2 C70024503E 3-21
LR SCeel 32 C70024504C 3-22
dozaas> AR C70024514C 3-32
€ roug C70024517F 3-35
700245198 3-37
C70030115B 3-39
70024522C 340
C70030116C 3-40
700245248 3-42
C70024523D 3-41, 3-42
700245258 3-43 :
C70024524D . 3-43
700245278 345
700245298 3-47 - 3-44 deleted
C70032515A 345
H 8302 May 1970 70024276M 3-2 T 10229 Apr. 1972 C70024525E 3-44
70024486C 3.4
- 3-45, 3-46, 3-47,
70024488C 3-6 348 549 ana 3750
- 70024527C 3-45 -x% o-%7 and S5-
: deleted
A 8654 Oct. 1970 70024503C 3-21
L oranoac 32 U 20049 May 1972 C70024503E 3-21
70024513C 3-31 v 20593 Oct. 1972 C70024514D 3-32
LRSS > W 20706 Feb. 1973 C70024276T 3-2
C70024512D 3-30
K -
8666 Oct. 1970 70024523C 3-41 X 20519 Sept. 1972 C70024276U 3.2
L 9086 April 1971 70024276N 3.2
T oaageren SR Y 20783 March 1973 C70024517G 3-35
M 93654 May 1971 70024518D 3-36 z 30014 April 1973 -- iii through vi,
70024524D 3-44 1-1 through 1-5,
2-1, 2-3, 2-4, 2-5,
N 9505 TJune 1971 70024509C 3-27 2-7 through 2-46,
70024512C 3-30 2-59, 2260 and 2-61
70024517E 3.35 . added, 3-1, 421, &
70024519C 3-37 " through 4-49 added ~
;gggigggg ;:ié AA 30189 June 1973 C70024493C. 3-11 '
C70024519D 337
P 9689 July 1971 -- iv C70030116D 3-40
-- v C70024525F 3-45
- 1-1°
o o AB 30216 Nov. 1973 - 2-6, 2-11
,uogﬁusA ;:i? C70030116E 3-40, 4-42
Chmee | s
-- 3-43 through 3-49 -4l




REVISION HISTORY (Cont)

R N.e\x.z ‘Number and New P Affected
Lev151101; Change No. | Effective Date Revision Level of ;ge; . ecte
evel o Affected Drawings ¥ Revision
Manual
AC 40528 June 1974 C700245268B 3-46
C70024527D 3-47




CONTENTS

SECTION 1 INTRODUCTION
Signai Mnemonics
Table 1-1 Symbols and Definitions
. Table 1-2 Function Index
SECTION I FLOW CHARTS/INSTRUCTION ANALYSES
F-Cycle
I-Cycle -

Memory Reference

ADD “Add

ANA Logical AND -

CAS Compare

ERA Exclusive OR

IMA Interchange Memory and A
IRS Increment, Replace, and Skip
JMP Unconditional Jump

JST Jump and Store Location
LDA Load A

LDX Load Index Register

STA Store A

STX Store Index Register

SUB Subtract

Generic
ACA AddCto A
AOA. AddONEto A
CAL .  Clear Left Half
CAR  Clear Right Half
CHS. Complement A Sign
CMA Complement A
CRA Clear A-Register A
CSA Copy Sign and Set Sign Plus
ENB Enable Program Interrupt
HLT Halt
IAB Interchange A and B
ICA Interchange Halves
ICL Interchange and Clear Left Half

2-1
22
2-3

24

2-4
2-5
2-6
2-8

2-10
2-11
2-12
2-13

2-14

2-15
2-16
2-17

2-18
2-18
2-19
2-20
221
2-22
2-23
2-24
2-25
226
2-27
2-28
2-29
2-30

iii

CONTENTS (Cont)

ICR Interchange and Clear Right Half

INH Inhibit Program Interrupt

INK Input Keys

NGP No Operation
OTK Output Keys
RCB Reset C to ZERO

SCB Set C to ONE
COMMON S TP

NoNSAYEIYEN I L AR AL

SSM Set Sign Minus
SSP Set Sign Plus

. )
TCA Two’s Complement A

Input-Output

Shift

INA  Inputto A

OCP Output Control Pulse
OTA/SMK  Output from A/Set Mask
SKS Skip if Sense Line Set

COMMON SHIFT ENTRY
ALR Left Logical Rotate

- ALS Arithmetic Left Shift

ARR  Logical Right Rotate

ARS Arithmetic Right Shift
LGL Logical Left Shift

LGR Logical-Right Shift

LLL Long Left Logical Shift
LLR Long Left Rotate

LLS Long Arithmetic Left Shift
LRL Long Right Logical Shift
LRR Long Right Rotate

LRS Long Arithmetic Right Shift
COMMON SHIFT EXIT

Table 2-1  Generating OPGJS+ for Specific Skip Instructions

Memory Expansion

EXA Enable Extended Addressing
DXA Disable Extended Addressing
Memory Parity

RMP Reset Memory Parity Error

Page

2-31
2-32
2-33
2-34
2-35
2-36
2-37
2-38
2-39
2-40 .
2-4]

2-42
242
2-43
2-44

245

2-46
246
247
248
249
2-50
251
252
253
254
255
2-56
2-57
2-58
2-59

2-59
2-60

2-60
2-60

2-61
2-61



SECTION I1I

LBD No.
100
101
102
103
104

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
132
133
134

135 -

138
139
140
141
142
143
147
148
150

CONTENTS (Cont)

TYPES 316-01 and 316-0100 LOGIC BLOCK DIAGRAMS

TITLE
H316 M.F. PAC Comp/Alloc (70024276)
H316 Column No. 1 (70024425)
H316 Column No. 2 (70024486)
H316 Column No. 3 (70024487)

H316 Column No. 4 (700244388)

H316 Column No. 5 {70024439)
H316 Column No. 6 (70024490)

aliimn N A4AQ 1Y
Hglé C\J}uuul NU. 7 {79@2"!"!’/ Ly

H316Column No. 8 (70024492)
H316 Column No. 9 (70024493)

H316 Column No. 10 (70024494)

H316 Column No. 11 (70024495)
H316 Column No. 12 (70024496)
H316 Column No. 13 (70024497)
H316 Column No. 14 (70024498)
H316 Column No. 15 (70024499)
H316 Column No. 16 (70024500)
H316 Carry Network (70024501)
H316 TLG & Clock (70024502)
H316 Phase Register (70024503)

F Register and Op Decode (70024504)
H316 Shift Counter (70024505)
H316 Control Logic A (70024506)
H316 Control Logic B (70024507)
H316 Control Logic C (70024508)
H316 Control Logic D/E (70024509)
H316 Control Logic H (70024510)
H316 Control Logic (70024511)

- H316 Control Logic MX (70024512)

H316 Control Logic PY (70024513)

. H316 Control Logic PY (70024514)

H316 Lamp Driver 1-8 (70024515)

H316 Lamp Driver 9-16 (70024516)

H316 Control Logic 1/O (70024517)

H316 Interrupt Address Encoding (70024518)
H316 Output Buses (70024519)

H316 Algorithms (70024520)

H316-0/00 Control Panel (70030115)
H316-0/00 Control Panel Switches (70030116)
H316 Console and I/O Connectors (70024523)
H316 Console and I/O Conneciors (70024523)
H316-12 Real Time Clock (70024524)

H316 Power Supply and Power Distribution (70024525)
H316 Timing and Control (70024529)

Page
3-1

33
34
3-5
3-6

3-7

39
3-10
3-11

3-12

- 3-13

3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26
3-27
3-28
3-29
3-30
3-31
332
333
3-34
3-35
3-36
3-37

338

3-39
340
341
342
343
344
345

340
341
342

SECTION 1V

LBD NO.

100
101
102

1An

103
104
105
i06
107
108
109
110
111

112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127

128

129
130
132
133
134
135
136
137
138
139
140

CONTENTS (Cont)

H316 ASR-33/35 Control (70024526)

H316-56 Buffer Register ASR-33/35 (70024527)
H316 Address and SKS-33/35 (70024528)

TYPE 316-0110 LOGIC BLOCK DIAGRAMS

N

TITLE
H316-0110 M.F. PAC Comp/Alloc (70032793)
H316 Column No. 1 (70024485)
H316 Columu No. 2 (70033044)
1316 Column-No. 3 (70024487)
H316 Column No. 4 (70024488)
H316 Column No. 5 (70024489)
H316 Column No. 6 (70024490)
H316 Column No. 7 (70024491)
H316 Column No. 8 (70024497)
H316 Column No. 9 (70024493)
H316 Column No. 10 (70024494)
H316 Column No. 11 (70024495)
H316 Column No. 12 (70024496)
H316 Column No. 13 (70024497)
H316 Column No. 14 (70024498)
H316 Column No. 15 (70024499)
H316 Column No. 16 (70024500)
H316 Carry Network (70024501)
H316 TLG & Clock (70024502)
H316 Phase Register (70024503)
F Register and Op Decode (70032801)
H316 Shift Counter (70024505) '
H316 Control Logic A (70032802)
H316 Control Logic B (70024507)
H316 Control Logic C (70032803)
H316 Control Logic D/E (70032804)
H316 Control Logic H (70032805)
H316 Control Logic (70032806)

_H316 Control Logic MX (70032807)

H316 Control Logic PY (70032770)

H316 Control Logic PY (70024514)

H316 Lamp Driver 1-8 (70024515)

H316 Lamp Driver 9-16 (70024516)

H316 Control Logic I/O (70024517)

H316 Interrupt Address Encoding (70024518)

H316 Memory Expansion Control Logic (70032796)

H316 Memory Parity Logic (70032798)
H316 Outpuf Buses (70032794) ’
H316 Algorithms (70024520)

H316 Control Panel (70030115)

Page
346
347
348

4-2

4-4
45
4-6
4-7

49
4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25
4-26
4-27-
4-28
4-29
4-30
4-31
4-32
4-33
4-34
4-35
4-36
4-37
7-38
4-39
440
441



LBD No.

141
142
147
148
150
340
341
342

CONTENTS (Cont)

TITLE

- H316 Control Panel Switches (70030116)

H316 Console and 1/O Connectors (70032797)

H316-12 Real Time Clock (70024524)

H316 Power Supply and Power Distribution (70024525)
H316 Timing and Control (70032795)

ASR-33/35 Control (70024526)

H316-56 Buffer Register ASR-33/35 (70024527)

H316 Address and SKS ASR-33/35 (70024528)



S APA AR AR ARR WAR 8

3100 makis 433 M 8

71-0035A

Type 316-01 : Types 316-0100 and 316-0110

H316 General Purpose Computer



SECTION I
INTRODUCTION

This volume contains flow charts and analyses of all H316 instructions and the logic block diagrams
for Types 316-01, 316-0100, and 316-0110. These types differ primarily in mechanical design and
configuration. Type 316-0110 contains the improved memory moduie. Separate coverage is provided
for the memory reference fetch cycle. The instructions are presented in groups (i.e., load and store,
arithmetic, logical, etc.). For convenient reference, the mnemonic, number of cycles, and op code
appear on each page. Symbols and abbreviations used in the flow charts are defined in Table 1-1. A
function index is provided as an aid in determining function sources and definitions (Table 1-2). -

Signal Mnemonics
The electrical characteristics of the computer circuits are called: passive (+6 vdc) and active (0 vdc).

The logical functions are true (logic ONE) and false (logic ZERO). In general, there are two ways of
relating the electrical characteristic and logical function for each signal mnemonic: :

a.  An assertion signal (for example, AO1FF+) is logically true when it is at +6 vdc and is
logically false when it is at O vdc.

b. A negation signal (for example, AO1FF-) is logically true when it is at 0 vdc and is
logically false when it is at +6 vdc. '

A particular signal mnemonic can be labeled assertion or negation arbitrarily. The signal mnemonic
convention uses the sixth character to specify assertion or negation.

1-1

TABLE 1-1.

SYMBOLS AND DEFINITIONS

Definition

Logical AND

Logical OR

Exclusive OR

Replaces

Is exchanged with

Is discarded

Contents of a hardware register

Contents of a core location specified by the
effective operand address

A register

Address bus

B register

~ Carry flip-flop (CB1TF)

E register

Effective operand address; the address from
which the operand is obtained

Flag (indirect address indicator) or F register

Input bus

Instruction word

M register

Two’s complement of number of shifts to
be performed .

Output bus

P register

X register



TABLE 1-2.

FUNCTION INDEX

LBD No.
Mnemonic (Signal Source) Definition
OxxPA 101—-116-05 Adder input OR gates (G&H), bits 1 through 16
OCPLS 134—K11 Output control pulse
OCPRC 147—-F3 Output control pulse, real-time clock
OPGOO 120—-F5 Op group 00
OPG3C 120—P5 Op group for three cycle instructions
{JSTviRSvCASvIMAvLDXvV
DOUBLE PRECISION)
OPGAA 127—-G9 Op group, A-cycle utilization of A register
OPGDP 124—E9 Op group, double precision arithmetic
: operation {ADD v SUB v LDA v STA)
OPGJS 129-P11 Op group, jump or skip (JMP v JST v IRS v
(SKIP ENABLED))
OPGMD 123—-B7 Op group, multiply or divide (MPY v DIV)
OPGNS 125—A12 Op group, negative sum. Control ENSHL/
ENSLL for subtractive process (SUB v IRS
v CASAM)
OPGSM 128—A12 Op group, sum to M register control
) {STAvIMA v LDX v STX)
OPGWR 126—G8 Op group, write/read control (STAvIMA Y
LDX vSTX vIRS v JST)
OTBxx 138—XX Qutput bus, bits 1 through 16
OTPMA 240—H6 Output transfer pulse, DMA option
IOGRP 120—P3 Op group, 1/0 group
IADG1 135—F2 Interrupt address 61 (RTC location 00061)
1AD63 135—F7 Interrupt address 63 (Standard interrupt
location 00063)
1ADX2 135—-F5 Interrupt address, location 00X X1 through
00XX7
ICYEF 119-G8 l-cycle early flip-flop {Indirect address)
ICYLF 119—N8 I-cycle late flip-flop (Indirect address)
ICYS1 263—E7 - I-cycle and sector zero not selected
1Gxxx 200—XX Interrupt address greater than 063 or 067
or 077 or 107 or 117 or 127 or 137
(as applicable)
IMAOP 120—-J2 IMA op code
INBxx 101-116—F4 Input bus, bits 1 through 16
INCSC 126—P5 Increment shift counter if not 00g
INDxx 132—-XX Console indicator lamp drivers, bits 1 through 16
INHPF - 135—K1 Inhibit power failure interrupt
INKOP 122—-P9 INK op code
INSTR 241-12 Input strobe, DMA option
IRSOP 120-M3 IRS op code
1YBxx 223—-XX, Input-to-Y bus, bits 2 through 16. DMC option,
135—XX and program interrupt
AxxFF 101-116—M5 A register flip-flops, bits 1 through 16
AOQOFF 124-P5 AO0O flip-flop
AOQM1 12418 AOOFF equals MO1FF
A10QA2 126—-B4 AOQ1FF equals AO2FF, normalize signal
ACKAx_ 241-B4 Acknowledge for DMA channels 1 through 4
ACKPF 135—F1 Acknowledge for power failure interrupt
ACKRC 135—-F4 Acknowledge for real-time clock
ACTxx 244—XX DMA address count bits 1 through 16
ACYEF 119-G5 A-cycle early flip-flop
ACYLF: 119—-N6 A-cycle late flip-flop
ACYNX 129—-F1 A-cycle is next main frame cycle
ADBxx 138-XX Address bus, bits 7 through 16

TABLE 1-2. (CONT)
FUNCTION INDEX

. LBD No.

Mnemonic {Signal Source) Definition

ADDGP 120-F7 ADD op code

ANAOP 120-F2 ANA (logical AND to A) op code

AZERO 126—P9 A register equals zero, bits 1 through 16

AZZZZ 126—-E7 A general control flip-fiop

BxxFF 101-116—M1 B register flip-flop, bits 1 through 16

BANKXx 138—A12 Memory bank select A, B, C,or D

BRICY 134—A8 BREAK and i-cycie

BREAK 134—-G2 BREAK flip-flop. Set by program mterrupt RTC,

. memory increment, or DMC operation, etc.

BRREQ 134-D1 BREAK request {sync-in to BREAK operation)

CASOP 12004 CAS op code \compare A and SKIiP)

CASAM 126—-P6 AO1FF equals MO1FF in CAS instruction

CBITF 124—P2 C-bit flip-flop (arithmetic overflow, etc.)

CHENx 241-B9 Channel enable for DMA option {channels 1
through 4)

CHSLx 241-D3 Channel select for DMA option {channels 1
through 4)

CLAIL 130—K11 Clear A register bit 1 {clock level)

CLAMP 141-M7 Clear A register with manual pushbutton
switch

CLATL 122—-G6 Clear A register, total {clock-level)

CLATR 122—K8 Clear A register, total {clock-reset)

CLBMP 141-K7 Clear B register with manual pushbutton
switch

CLBTR 123-M6 Clear B register, total (clock-reset)

CLCHS 241-J5 Clear DMA channel select flip-flops
(clock-reset)

CLDTR 125—K5 Clear D register to ONEs, total (clock-reset)

CLETR 125—K2 Clear E register to ONEs, total {clock-reset)

CLFTL 125—K8 Clear F register, total {clock-level}

CLLTR 241-L10 Clear L register, DMA option, total
{clock-reset)

CLMMP 141-C7 Clear M register with manual pushbutton switch

CLMTR 128—-P9 Clear M register, total (clock-reset)

CLPIL 134-P6 Clear program interrupt and memory increment
request lines

CLPMP 141-E7 Clear P and Y registers with manual push-
button switch »

CLPTR 129-M10 Clear P register, total (clock-reset)

CLRDR 126—-L1 Clear D register when master clock oscillator

. has stopped

CLRF5 134-G8 Clear hit 5 of F register on program interrupt

CLSEX 134—P8 Clear single execute (program interrupt and
memory increment) request flip-flops

CLSZR 262—H9 Clear sector zero relocation

CLXTR 128—M8 Clear X register, total (clock-reset)

CLYTR 129-P3 Clear Y register, total {clock-reset)

CLZTL 241-L5 Clear Z register (DMA option) total (clock-level)

CMEXT 136-HM Clear extended addressing mode

CMKO09 122—-P8 Clear mask flip-flops for OTK instruction

CMKXX 134-G10 Clear mask, 1/0 control pulse

COXXX 150-D2 Memory cycle initiate flip-flop

DO0ODJ 130-D1 Fictitious DOO bit to take care of right shift
end effects

DOOFF 130—-K8 DOO control flip-flop, extension of D register

DxxEF 101-116—-G11 D register flip=flops, bits 1 through 16




TABLE 1-2. (CONT)

FUNCTION INDEX

LBD No.
Mnemonic (Signal Source) Definition
DOGFF 124—P9 Divide termination control flip-flop for arith-
metic option
D17DJ ‘130-G4 Fictitious D17 bit {end effect) of left shift
DILAX 245—F8 Device interrupt line, DMA channels 1 through 4
DIQAZ 123-B3 DO1FF equals AZZZZ flip-flop
DIVOP 120-J6 DIV op code
DALEN 224~ DMC address line enable
DCY2X 221-D10 DMC cycle 2
DCY3X 221-K5b DMC cycle 3
DCYXX 221-B10 DMC cycle 1, 2,and 3 .
DGONE 126-D9 D register equals zero, bits 1 through 16
DMAIN 259—-XX DMA input mode
DMACY 241-L7 DMA cycle
DMARQ 241-B5 DMA request :
DMAWR 241-G9 DMA write/read control
DMCCY 138—-B11 DMCcycle 1,2, 3,and 4
DMCRQ 220-F6 DMC request
DMCRR 221-F2 DMC reset ready line
DMCWR 221-1L2 DMC write/read control
DPOLX 124—-P12 Double precision or LDX op code
DPMOD 124—B10 Double precision mode flip-fiop
DRFLP 126—-E10 Data ready flip-flop
DRLIN 342— Device ready line
DSPLO 141-G4 Display operating indicators
DSPLA 141-M4 Display A register
DSPLB 141-K4 Display B register
DSPLM 141-C4 Display M register
DSPLX 141-K7 Display X register
DSPLY 141-E4 Display Y register
ExxFF 101-116—P2 E register flip-flops, bits 1 through 16
EOINS 119-G2 End of instruction
EOADJ 130—-E10 Fictitious E register bit for shift end effect
EOBDJ 130-H1 Fictitious E register bit for shift end effect
EOCDJ 130-D8 Fictitious E register bit for shift end effect -
EODDJ 130-D11 Fictitious E register bit for shift end effect
EOY16 124—L9 Enable zero to Y-register, bit 16
EICHL 125-H10 Enable ONE to shift counter bit 11 {clock-level)
EICTS 125—-K9 Enable ONEs to shift counter, total {clock-set)
EIDTS 125—-P6 Enable input bus to D register, bits 1 through
: 16 (clock-set)
EIK17 127-P5 Enable 1 carry-in from fictitious bit 17 {end
inject carry)
EIYHS 129-P6 Enable 1YB, bits 2 through 9, to Y register
{clock-set) ’
EIYLS 129-P5 Enable 1YB, bits 10 through 16, to Y register
(clock-set)
E40SC 121-C2 Enable 40 (octal) to shift counter. Setup for
"NRM instruction A
EB7SC 124—-J3 Enable 57 (octal) to shift counter. Setup for
DIV instruction
E70SC 124—H3 Enable 70 (octal} to shift counter. Setup for
_ MPY instruction
EASTL 127-P1 Enable A register to sum network, bits 1 through
16 {clock-level)
- EBETS 125—-M1 Enable B register to E register, bits 1 through
16 (clock-set)
ECETS 125-M3 Enable shift counter to E register, bits 11

through 16 (clock-set)

1-3

TABLE 1-2. {CONT)

FUNCTION INDEX
LBD No.

Mnemonic {Signai Source} Definition

EDAIL 130—K10 Enable D register to A register, bit 1 {clock-
level)

EDAHS 122—-P1 Enable D register to A register, bits 1 through
8 (clock-set) .

EDALS 122—-P3 Enable D register to A register, bits 9 through
16 (clock-set) ]

EDBTS 123-P2 Enable D register to B register, bits 1 through

_ 16 {clock-set)
EDMxx 101-116—-K8 Enable D register to M register, bits 1 through
16 (DJs with ESM - gates).

EDMAY 241—-L.3 Enable DMA bus (address count or Z register) to
Y register, bits 1 through 16 {(clock-set)

EDMTS 128—K12 Enable D register to M register, bits 1 through
16 (clock-set)

EDPTR 1290—J9 Enable D register to P register (clock-level)

EDPTS 129-P9 Enable D register to P register, bits 1 through
16 (clock-set)

EDYTS 129-P1 Enable D register to Y register, bits 1 through
16 {clock-set)

EEALS 122—K5 Enable E register to A register, bits 11
through 16 {clock-set)

EEATS 122—-P4 Enable E register to A register, bits 1 through
10 {clock-set)

EMCxx 121-X11 Enable M register to shift counter, bits 11
through 16, respectively.

EMCTL 126—P12 Enable M register to shift counter, bits 11
through 16 {clock-level)

EMFTL 128—P4 Enable M register to F register, bits 3 through
6 {clock-level) .

EMSHL 127-P9 Enable M register to sum network; bits 1
through 7 {clock-level)

EMSLL 127—-P11 Enable M register to sum network, bits 8 through

: 16 (clock-level)

EMXTS | 128-P7 Enable M register to X register, bits 1 through
16 (clock-set)

ENSHL 127—-P8 Enable M register (negation) to sum network,
bits 1 through 7 {(clock-level) ‘

ENSKI 150—K2,3 Selection Sink Enable Pulse

ENSLL 127-P7 Enable M register (negation) to sum network,
bits 8 through 16 (clock-level)

ENTRA 141-M2 Enter A register {manual console op}

ENTRB 141—K2 Enter B register (manual console op)

ENTRM 141-B2 Enter M register (manual console op)

ENTRP 141-E2 Enter P register {manual console op)

ENYSW 150—K4.,5 Digit Selection Switch Enable Pulse

EPARB 133-D3 Memory parity error strobe

EPSLL 128—K4 Enable P register to sum network, bits 3 through
16 and enable M register bits 1 and 2 to sum
network (clock-level)

EPYTS 129-P4 Enable P register to Y register, bits 1 through
16 (clock-set)

ERAOP 120-P1 ERA op code (exclusive OR to A)

ERLAX 259—-XX End of range for DMA

ERLXX 222—-L1 End of range line for DMC

ESDTS 125-M4 Enable adder sum to D register, bits 1 through
16 (clock-set)

ESMTS 128—G11 Enable sum network input to M register, bits 1

through 16 (clock-set)




TABLE 1-2. (CONT)

TABLE 1-2.
FUNCTION INDEX LE 1-2. (CONT)

FUNCTION INDEX

LBD No. LBD No.
Mnemonic {Signal Source) Definition Mnemonic (Signal Source) Definition
ETAHS 122-P6 Enable transposed D register, bits 9 through MADEE 124-p7 Multiply and divide controi flip-fiop
16 into A register, bits 1 through 8 ;’"g‘gf }gé‘gg 'I‘E"eém‘{vmacm. store mode
(clock-set} — nd of Memory Busy pulse
ETALS 122-P7 Enable transposed D register, bits 1 through MCRST 118-G2 Master clock, reset phase
- 8 into A register, bits 9 through 16 MCSET 118-K3 Master clock, set phase
(clock set) ’ MEIE& 31§—P2 Master clock, timing level generator phase
. 1L 4 N2 RADNSITNILYS 2l A i TN e ]
EXSTL 128—P5 Enable X register to sum network, bits 1 through Ritdeanih PEITRSS “’;;i‘nft :;r; ZP“U"r ATYyhe, i L2, CONUTE
EXTMD | 136-H1 Exeiod sciretsing mode flip-flop MDA2C | 123-G10 MPY/DIV option, A-cycle, TL2, control
i H minterm
EYSHL 128—P3 E;a;t‘)::zc\l'( l;g;slt)er 1o sum network, bits 1 through MDG2E 123-D2 MPY/DIV option, timing level 2, control
' e : minterm E
EYSLL 128-P2 E;xgb(lcek;ﬁgelvs;ﬁr to sum network, bits 8 through MDG4D 123—-G7 MPY/DIV option, timing level 4, control
. i . : minterm D
EYZTL 241-16 E?g“}ﬁ:c'ﬁgeﬁﬁr to Z register, bits 1 through MDO1X to 153 to 161 Memory data output signals
i . . MD17X C4,5
EZYTL 241-J7 Enable Z register to Y register via ACT - + - ’ . . N
lines, bits 1 through 16 (clock-level) Mooha | 1aTes MPY/DIV option, shift left A register
FOICY 119—A8 F or | cycle control flip-flops are set ~ /DIV option, shift right A register
FOXFF 120-CX Function register, bits 3 through 6 MELOV. | 262-K3 - Memory lockout violation flip-flop
FCX00 134-D12 Function control indicating address bus lines 141-Hs Memory access mode control
08, 09, 10, and 14 are all zero MEMCI 126-K12 Memory cycle initiate
FCYEF 119-G10 F-cycle early flip-flop m'l;GZE :35—312 , Main frame, general cycle, TL2, minterm E
FCYLF 119—-N10 F-cycle late flip-flop XXX - 142-XX Memory to M register data bits 1 through 16,
FCYM2 136—F4 F-cycle/MO2FF (tag store flip-flop for fromb_meir:[:ory bank A through D and
extended addressing mode) combinations .
FCYSO 127-G10 F-cycle sector zero specified in memory MPAFF 13343 Memory parity mask flip-flop
reference instruction addressing MPEFF 133-J7 Memory parity error flip-flop
GxxDJ 101—116—C5 | Adder network input {A v X), bits 1 through 16, MPYOP 120-F5 . MPY op code
- respectively MSTCL 141-C11 Master clear (overall initialization)
GENOA 120-P11 Generic operation, class A NxxPA 101-116-D9 | Adder network input AND gates (G a H), bits 1
GENOB 120-P9 Generic operation, class B through 16, respectively
GENOP 120—J11 Generic operation NOSTO 262—-D3 No store. Protected memory area is being
HxxDJ 101-116—C9 Adder network input (MvPv Y vM —), bits 1 accessed.
. through 16, respectively NRMOP 128-D1 NRM op code
HOLDM -128—M9 Hold M register contents (inhibit CLMTR—) PxxFF 101-116—M11 | P register flip-flops, bits 1 through 16
 JAMKN 127-G4 Jam carry network (suppress carries) P028BS 136-D5 P02 stn%rage flip-flop for bank control
JMPOP 120-M1 JMP op code ‘ extended addressi
JSTOP 120—M2 JST 0[? gode PILOO 133-L6 Program interrupt l?r?e 00 (standard)
LDAOP 120—E3 LDA op code PIREQ 143—XX Program interrupt request
LMPRN 132—C3 Lamp, run indicator PISEX 134-B1 Program interrupt or single execute request
LMRxx 153-161— Selection Switch Discharge Resistor Line PAGEO 133-A2 Parity generator output
E5, 11 PAMEO 133-A3 Parity memory bit output
LSXOP 120—P2 Load/store X register op code PARCK 143-B4 Parity check indicator from 170
LXACY 263-D9 Load X register/A-cycle PERMI 134—-G4 Permit interrupt flip-flop
MxxFF 101-116—M8 M register, bits 1 through 16 PFINT 135-H11 Power failure interrupt signal
MO1TML 262—K7 | MO1 control from memory lockout PFHLT 141-K8 Power failure halt mode control
M02D.J 136—H5 MO2 DJ gates for extended addressing PMIND 136—K1 Previous mode indicator flip-flop for
M17FF 133-K10 Parity bit flip-flop of memory parity option extended-addressing mode
M5G4G 123—-G2 Minterm control in DP and IAB instructions PROT 264—XX Accessing protected sector 0 through 3
MACYL 128—-D2 Multiply control in A-cycle 00—07 or 4047
10—-17 or 50-57
20—-27 or 60—-67
30—-37 or 7077
RxxPA 101-116-D7 Adder network or gates (G v H—), bits 1 through
16, respectively
READY 141-L10 Prestart signal from console pushbutton switch
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" FUNCTION INDEX

LBD Neo.

Mnemonic {Signal Source} Definition

REMOK 123—-B2 Remainder OK to terminate divide

RESTR 262—F5 Restricted mode flip-flop for memory
lockout option

RPTT2 126—G5 Repeat TL2 timing level

RRCXX 126—P8 Read-regenerate cycle control to memory

RRLIN 134-M10 Reset ready line signal to 1/0 device

RSKA1 150—-E2 Selection sink read-command timing pulse

RTCAD 147—-F9 Real-time clock address decoder

RTCLK 147—H2 . Real-time clock service request

RUNFF 126—M3 RUN control flip-flop

RUNMD 141-E11 RUN mode console switch control

SxxCx 117-XX Sum network outputs from carry gating, bits 1
through 16, respectively

SCxxF 121-X7 Shift counter flip-flops, bits 11 through 16

SCQ70 121-M2 - Shift counter equals octal 70

SCQ77 - . 121-M3 Shift counter equals octal 77

SCZRO 121-M4 Shift counter equals zero

SCZR1 121-P3 Shift counter equals zero or minus one {77)

SDARS 123—P10 Shift (double) A register, right shift (clock-set)

SDBRS 123-P9 Shift (double) B register, right shift {clock-set)

SDBxx 130—AXX End effects for SDBRS to B register, bits 1 and 2

SPRxx 140-X7 Set data register, bits 1 through 16, from console
pushbutton switches

SECxx 272-xx Sector (00-77) is unprotected in memory lockout
option

SENSx ~ 140-X10 Sense switches on console, 1 through 4,
respectively

SETAO 125—-C10 Set AOOFF control signal

SETAZ 125—-M7 Set AZZZZ control sigrial

SETF5 134-G7 Set bit 5 of register for memory increment

SEXO00 135-D10 Standard interrupt priority network flip-flop

SEXLV 135-D7 Memory lockout violation interrupt priority
network flip-flop

SEXPF 135-D1 Power failure interrupt priority network flip-flop

SEXRC 135-D4 Real-time clock service request priority network
flip-flop :

SEXRQ 200-XX Single execute memory increment request

SEXTF 136-G2 Extended addressing mode flip-flop

SHAOP 120-P8 Shift A register op code

SHASC 120-P7 Shift A register and shift counter do not equal zero

SKGRP 120-P6 Skip group op code

SLATS 122-P11 Shift left to A register (clock-set)

SLBTS 123-P4 Shift left to B register {clock-set)

SMKO1 134-K12 Set mask group No. 1 {(standard devices)

SMKO09 122-M10 Set mask group No. 9 {(OTK instruction)

SMKXX 134-D9 Set mask general output strobe

SMPIL 135—-H2 Sample program interrupt lines

SPMOD 135-M1 Single pulse mode control {service jumper)

SRATS 122—-P12 Shift right to A register (clock-set)

SRBTS 123-P8 Shift right to B register {ciock-set}

SRSTL 128—K1 Shift right from A register to sum network
{clock-level)

STAOP 120-F9 STA op code

START 141-L9 Start pushbutton switch release

STEPP 141-G10 Step P register in MEMAC mode

STEXT 136—H9 Set extended addressing mode

SUBOP 120—-F6 SUP op code '

SWO1 to

SW17 {Core stack) Sense amplifier core stack sense winding inputs

1-5
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Mnemonic {Signai Sourcej Definition
TL13F 118-D5 Timing level mid-TL1 through mid-TL3
TL1FF 118—K11 Timing level TL1
TL23F 118-D8 Timing level mid-TL2 through mid-TL3
TL24F 118-D10 Timing level mid-TL2 through mid-TL4
TL2FF 118—Kg Timing level TL2
TL3FF 118—K7 Timing level TL3
TLAFF 118-K5 Timing level TL4
TLATE 118—-A8 Timing level, late, TL2 and TL3 inclusive
VACO0 148—ES O vac, transformer center tap
VACO03 148—E9 3 vac, PF1 transformer
VvDC06 -6 vdc
WRINH 126—-G10 Write inhibit
YxxFF 101-116—-P11 Y register flip-flops, bits 1 through 16
Y04XX to
Y16XX 104—-116—-L10 Double rail memory address signals




SECTION I
FLOW CHARTS/INSTRUCTION ANALYSES

The instruction analyses are detailed presentations of some key signals generated within the Central
Processor unit (CPU) from the time an instruction operation code is recognized until the execution

is complete and the next instruction’s fetch cycle is initiated. The instruction fetch cycle and I-cycle
are covered on pages 2-2 and 2-3. Included in an analysis are the source, destination, and operational
- description of the signal. The location of the logic making up the signal is also given. Within each
instruction class, the definitions of Instruction Analyses are presented in alphabetical order of their

mnemonic code as follows:

CODE INSTRUCTION CODE INSTRUCTION
Generic Memory Reference

ACA AddCto A ADD Add

AQA AddONE t0o A ANA Logicai AND

CAL Clear Left Half CAS Compare

CAR Clear Right Half ERA Exclusive OR

CHS Complement A Sign IMA interchange memory and A
CMA * Complement A IRS Increment, Replace, and Skip

CRA Clear A register Jve Unconditional Jump
CSA Copy Sign and Set Sign Plus JST Jump and Store Location
ENB Enable Program Interrupt LDA Load A
HLT Halt LDX Load Index Register
1AB Interchange A and B STA Store A
ICA Interchange Halves STX Store Index Register
ICL Interchange and Clear Left Half sus Subtract
ICR interchange and Clear Right Half
INH Inhibit Program Interrupt Extended Addressing
INK Input Keys
NOP No Operation - EXA Enable Extended Addressing
OTK Output Keys DXA Disable Extended Addressing
RCB Reset C to ZERO
SCB Set C to.ONE .
s- (Skip Group) Memory Parity
gg‘ g: g:gz 'I;I:Lr;us RMP Reset Memory Parity
TCA Two's Complement A :
Input-Output Shift
ALR Logical Left Rotate
INA Input fo A ALS Arithmetic Left Shift
OTA  Output from A ARS Arithmetic Right Shift
SMK SetMask LGL Logical Left Shift
SKS Skip if Sense Line Set LGR Logical Right Shift
LLL Long Left Logical Shift
LLR Long Left Rotate
LLS Long Arithmetic Left Shift
LRL iong Right iLogicai Shift
LRR Long Right Rotate
LRS Long Arithmetic Right Shift

The flow charts summarize the sequence of events that occur within the CPU during the execution of
each instruction. The flow charts are easy to use if the reader applies the following general analysis.

With reference to the Clear A (CRA) flow chart, note that to the left of each box is an alphanumeric
(such as T1) and columns of letter codes (such as R, L, S). The alphanumeric is the time during which
operations within the horizontal dashed lines occur. The ietter codes specify whether the functions in
the same horizontal plane are levels (L), controlled by the reset clock MCRST (R), or controlled by
the set clock MCSET (S). '

The information within a box is in abbreviated text form, that is to say that certain key phrases have
been replaced with symbology. An example is 0 > (M), which means that the contents of the M
register is replaced with zeros (cleared). Another method of clearing registers used in the H3 16 is

1’s - (D). Rather than replacing the contents of the D register with zeros, the contents are replaced
with 1%s. This method only applies to the D, E, and X registers. All other registers are cleared to all
ZEros. :

The mnemonics to the right of the box are the signals that implement the operation described in the
box. In the case of 0 = (M), it is clear M register totally on reset clock (CLMTR—) which causes the
register to be cleared. -

In some cases, mnemonics are deliberately omitted from the flow chart for simplicity. In these cases, '
reference to the analyses of instructions is required.



ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

FCYEF+

0 ~(M), 1's - (D)

it L| (®)+1 ~ADDER, 0 - (F)
s ADDER ~(D)
STROBE [ea] ~(w)
- R 0~
s (D) -P)

- "

-

12

M3 ~ P36

CLMTR-, CLDTR-
EPSLL+, E1K17-, CLFTL~ (SEE NOTE)
ESDTS+

MMnnF-
CLPTR-
EDPTS+

NOTE: MISSING SIGNALS CAN BE

FOUND IN F-CYCLE ANALYSIS

3 !
13
YES SECTOR ZERO? NO
(TLATE) ( TOR ZER }__
3 1
YES INDEXING? NO INDEXING? NO
(M02=1) (MO2=1)
Xz )=
NO _
‘ (Mg_14+ (X)y_14 ~ (D) VIA ADDER ‘ )y (Mg 14+ );_ys - @) VIA ADDER
~ ADDER XS .
& BXSTLY L (X) - ADDER EXSTL+
(M),_; ~ ADDER EMSHL+
7 L (Y), - - ADDER EYSHL+
(M)g_14 ~ ADDER EMSLL+ . ™ 1-7 ODER o
- +
(M)-,_, ~ ADDER ENSHL+ 8-16
0~ @)y
(M)g15 = (Dlg_;4VIA ADDER ()17, | Mg 15 ~ () VIA ADDER
A 1 .
N (Wy_7 ~ ADDER iM;'l“ L (V);.; ~ ADDER EYSHL+
(g1 ~ ADDER ML (M)g_14 ~ ADDER EMSLL+
L (M)-,_; ~ ADDER ENSHL+
1
1
3 R|- 1's ~ (D) CLDTR-
s ADDER - (D) ESDTS+
0~ (V) CLYTR-
T4 D) ~ (V) EDYTS+
{EA] -t YEs INDIRECT ADDRESS? NO (EAISINY)
AS SPECIFIED (Mot =1) :
BY Y
|CY ACY

MEMORY REFERENCE
F-CYCLE
(EXCLUDING JMP)

Memory Reference F-Cycle (excluding JVP)

Instruction: F S ,|= ! J,‘ }\DDJ%ES%
Op Code: Type: 1 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: Execution Time {us):
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F | TLATE L (FCYEF+(TLATE-) 128-G3 | 101—-116—A9 Enable P register to
adder
EIK17- 127-P5 F | TLATE L {TLATE+) 127-K6 | 116—F7/F9 Force carry to adder
117-A1
CLMTR- | 128-P8 F TL1 R | {(MCRST+{HOLDM-}{TL1FF+)} 128-P2 | 101-116-L9 Clear M register
CLDTR- | 125-K5b F | TL1 R | (ICYEF-)}{ACYEF-MTL1FF+) 126—-A6 | 101—-116—F11 { Clear D register to
{MCRST+} ONEs
CLFTL- | 125-K8 F | TL1 L | (ICYEF-Y{ACYEF-)(TL1FF+) 1256—-A6 | 120-A1 Clear F register
121—A5 Clear shift counter
125-D8 Clear AZZZZ FF
124-N6 Clear MAD FF
124—N8 Clear DOG FF
ESDTS+ | 125-M4 F | TL1 S (ICYEF-}{ACYEF-HTL1FF+) 125—-A5 | 101-116—F5- | Enable adder sum to
{MCSET+) F9 | D register
CLSEX+ | 134-P8 F |'TL1 L {TL1FF+){ICYEF-) 134-18 | 135-G8 Clear single execute FF
MMonF- | 142 {(SWnn+){STRB-) 80.04 101-116—H8 Memory data set into
M register
CLPTR- | 120-M10! F | TL2 R {EDPTR+){MCRST+} 129—-L10 | 101-116—-L12 | Clear P register
EDPTS+ | 129-P9 F | TL2 S {EDPTR+){MCSET+) 129-L9 |101-116—J11 | Enable D register into
P register
- EMFTL+ | 128—P4 F | TLATE L {MO7FF-)(MEMAC-}{FCYLF+) 127—F10 | 120--A2 Enable M{3-6} into F(3-6)
(TLATE+){GENOP-) or 136-B4 Bank switching control
{MO7FF+}{MEMAC-){FCYLF+) 128—K3 |136-D3
{TLATE+){GENOP-} . .
EMFTL- | 128-K3 -F TLATE L | See EMFTL+ 128-J3 127-19 Generate EMSLL+
EXSTL+ | 128—P5 F | TLATE L (FOICY+H{TLATE+){MO2FF+) 128—K6 |101-116—A5 Enable X register to
{GENOP-}{MEMAC-) adder
{MO3FF+ or MO4FF+or
. MOS5FF- or MOGFF+)
EMSHL+ | 127—P9 F | TLATE L {MO7FF-}(MEMAC-){FCYLF+) 127—-F10 | 101-107-A9 Enable M(1-7) to adder
. (TLATE+){GENOP-)
EMSLL+ | 127-P11 F | TLATE L (EMFTL-) ) 128—K3 {108—116—A9 Enable M(8-16) to adder
ENSHL+ | 127-P8 F | TLATE L {MO7 FF-}{MEMAC-){FCYLF+) 127-F9 | 101—107—A10 | Enabie M-{1-7) to adder
{TLATE+)}{GENOP-) )
EYSHL+ | 128—P3 F TLATE L | (FCYLF+}{TLATE+){GENOP+) 128-J3 101-107—A12 | Enable Y register (1-7)
: {MEMAC-}{MO7FF+) to adder
CLDTR- | 126—K5 F | TL3 R | {ANAOP-}{TL3FF+){MCRST+} or 125-B7 | 101—116—F11 | Clear D register to ONEs
. (ACYLF-)}{TL3FF+){MCRST+) 125-B6 .
ESDTS+ | 125—-M4 F | TL3 S {IOGRP-){TL3FF+) 12585/ | 101—116—F5- | Enable adder sum to
H5 F9 D register
CLYTR- | 129-P3 F | TL4 R | (ACYLF-)(TLAFF+) 129—-E1, [101-116—N12 | Clear Y register
(MCRST+}) ’ H3,N3
EDYTS+ | 129-P1 F TL4 S (ACYNX-){(MCSET+}{TL4FF+} 129-M1 | 101-116—J10 | Enable D register into
) (BRREQ-)(PISEX+) Y register
MEMCI+ | 126—K12 | F | TL1 L {TL1FF+) (IGACY+) (SPMOD-) 126—-F12 | 150—-A2 Enable start memory
2-2




ENTER FROM F-CYCLE OR PREVIOUS

1-CYCLE OR EOI AND BREAK REQUEST © | ICYEF+
0 - M | cumre-
™\ YEs
: BREAK 2
C )
NO
S 77 - (sC) EICTS-
n ;
NO YES
—-( I NTERRUPT? )———-—
(IRS) {Jst)
L 12 - (F) | SETF5-,BRICY~ 10 < (F) | CLRF5-,
1 1 BRICY-
2 STROBE [EA] ~ (M) MMnnF-
7]
& *—NO< INDEXING? )YES—
rLATe) M0z=1) :
) M) ~ ADDER EMSHL+, EMSLL+
L ~ A : j ’
(M) ~ ADDER EMSHL+, EMSLL L {X) - ADDER EXSTL+
‘ !
- R s - (D) CLDTR-
s ADDER - (D) ESDTS+
YES
——— IRS AND BREAK? )
_ NO
R 0~ CLYTR-
S ) ~(Y) EDYTS+
T4
YES INDIRECT ADDRESS
(MO1 = 1)
NO
C P )Yts*
NO R 0 - ® CLPTR-
s D) - @) EDPTS+
REMAIN IN
1-CYQLE A-CYCLE F-CYCLE

STANDARD |-CYCLE

Standard |-Cycle With Breaks

Instruction: I l
OP Code: Type: 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: Execution Time (us):

Signal Origin | Cyc Tim ck Signal Component - Grigin Destination Operation
EMSHL+ | 127—P9 (ICYEF-) 127—N11 |101-107-A9 Enable M(1-7) to adder
EMSLL+ | 127—P11 {ICYEF-) 127—-N10 |{108—116—-A9 Enable M({8-16) to adder
EIK17- 127-P5 | TLATE L (TLATE-) ‘ 127—-K6 116-F7/F9 Force carry to adder
CLRF5+ | 134-G8 | TL1 L [{SEXRQ-) V(IG063~)]A 134—A7/ |134-F4 Reset PERMI FF

[{1ADB1-}{RREAK+) cg 120-C2 Clear F register bit 5
(ICYEF+)(TL1FF+)]
SETF5- 134-G7 i TL1 L [{SEXRQ+)(1G063+H)V 134-C8, |120-C5 Set F register bit 5
(IAD61-}] A[{BREAK+) F7,A7 .
(ICYEF+}{TL1FF+)]
BRICY- 134—-A8 1 TL1 L {BREAK+MICYEF+HTL1FFL) 134—-A8 [120-B1--BS Force F register to
JSTOP- or IRSGP-
. depending on FO5
CLMTR- | 128-P9 i TL1 R | (MCRST+{ACYEF-)}{TL1FF+) 128—-N9 {101-116—L9 | Clear M register
EICTS- 125-K9 1 TL1 S {BRICY+{{MCSET+)}{AZZZZ-) 125—-H9 |[126—F5 Generate RPTT2+ {Don‘t
care)
126—-F10 Set WRINH FF
. 121-A8 Set shift counter to 773
MMnnF- | 142 {SWnn+ )}(STRB-) 80.04 101-116—H8 | Memory data set into
: M register
EXSTL+ | 128—P5 1 TLATE L (ICYLF+)}{FOICY+}{TLATE+) 128-J6 101-116—-A5 Enable X register to
_ {MO2FF+){GENOP-){MEMAC-) adder
CLDTR- | 125-K5 | TL3 R | (ACYLF-NTL3FF+)(MCRST+) 1256-B6 {101-116—F11 | Clear D register to
ONEs
ESDTS+ | 1256-M4 | TL3 S (TL3FF+)(IOGRP-}H{MCSET+) 125—-B5 101-116—F5- | Enable adder sum to
F9 D register
CLPTR 129-M10 | | TL4 R (OPGJSH)(EOQINS+){TL4FF+) 129—E8 101-116—L12 |Clear P register
{MCRST+)
CLYTR- | 129-P3 i TL4 R {ACYNX-NTLAFF+}{MCRST+}) 129—-G1/ |101—-116—N12 |Clear Y register™
. H1
EDPTS+ | 129-P9 1 TL4 S {OPGJS+){EOINS+)(TLAFF+) 129-E8 101-116-J11 Enable D register into
{MCSET+) P register
EDYTS+ | 120-P1 I TL4 S [(MCSET+){TL4FF+) 129—-L1/ |101-116-J10 |Enable D register into
(ACYNX-N A[(BRREQ-)V D5 Y register
: (DCYXX-){EOINS-}] '
EIYLS+ 129-P5 1 TL4 S (TLAFF+}(BRREQ+}A 129-D5/ |110—-116—N12 |Enable 1YB(10-16) into
[(DCYXX~-HEOINS-)]~-A F5 Y(10-16)
{MCSET+)
MEMCI+ | 126—K12 | | TL1 L (IGACY+) (SPMOD-}TL1FF+) 126—F11 |150—-A2 Enable memory cycie

™Y register changed except when [(FOICY+) (BREAK+) (BREAK+) {IRSOP+)] is TRU




T4

FETCH OR LAST INDIRECT ADDRESS CYCLE ACYEF+
L |DEVELOP START MEMORY LEVEL MEMCH+
R 0 - (W CLMTR-
‘ : —————— -
STROBE EAl ~ (M) MManF-
L (A) - ADDER EASTL+
L (M),_; ~ ADDER EMSHL#
L (Mg ;5 ~ ADDER EMSLL+
R 1's= (D) CLDTR-
S ADDER ~ (D) ESDTS+
R 0~ (A CLATR-
s ©O)_g = B¢ EDAHS+
S D15 =~ W16 EDALS+
ERFLOW? NO
( RALAI CLEAR C-BIT
YES
SET C-BIT
R 0. M CLYTR-
S e - M EPYTS+
L SET F~-CYCLE ENTRY F-F FCYEF+

ENTER-A-CYCLE FROM INSTRUCTION WORD

J

NEXT INSTRUCTION
FETCH CYCLE

—— —— — — —

—— — —— a—

ADD

2 CYCLES
OP CODE 06

0 )
Instruction: Add (ADD) FIT S|AJA A]A[A\A\A \A A
OP Code: 06 Type: MR, 2 cycles 1 2 3 5 6 7 8 9 i0 11 12 13 14 15 16
Description: ({A) + [EA
escription B\}F _[,E(C] ~A Execution Time {us): 3.2
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
CLMTR- | 128-P9 *{ A |TLI R | (MCRST+{HOLDM-}{TLIFF+} 128—K8 1101-116-19 Clear M register
MMnnF- | 142 {SWnnx){STRB-) 80.04 101-116—A4 | Memory data'set into
M register
EASTL+ | 127-P1 A | TLATE L {ADDOP+{ACYLF+} 127—-A1/ 1101—116—A4 | Enable A register to
(TLATEH) C1 adder
EMSHL+ | 127-P9 A | TLATE L | (ACXLF+)(TLATE+){SUBCP-} 127-K9 |101—107—A9 | Enable M register {1-7}
{OPGAATt) to adder
EMSLL+ | 127-P11 A | TLATE L | (ACYLF+}{TLATE+){SUBOP-} 127—K8 (108—-118-A8 Enable M{8-16} to adder
(OPGAA+)
CLDTR- | 125—-K5 A | TL3 R | (ANAOP-)(TL3FF+} 125-87 [101-116—F11 |Clear D register to
ONEs
ESDTS+ | 125—-M4 A | TL3 S {IOGRP-HTL3FF+) 125-B5 |101-116—F5- | Enable adder sum to
F9 D register
CLATR- | 122-K8 A |TL4 R (ACYLF+){OPGAA+|{TLAFF+) 122-C2 {101-116-L6 Clear A register
EDAHS+ | 122-P1 A | TL4 S (ACYLF+){OPGAA+)(TLAFF+) 122-C2 101-108—-J7 Enable D register to
A(1-8) )
EDALS+ | 122-P3 A | TL4 S {ACYLF+){OPGAA+}(TLAFF+) 122-C2  |109-116-J7 Enable D register to A{8-16)
CB1TF+ 124—P2 A |TL4 S (ADDOP+)(D00#D01) 124—-A3 |124-P2 Set CB1TF
CB1TF- 124-P1 A |TL4A R (ADDOP+}{DIVOP=){TLAFF+) 124-A1 |124-L1 Reset CB1TF
(MCRST)
CLYTR- | 129-P3 A | TL4 R {SCZRO+)(TLAFF+)(MCRST+) 129-E1/ [101—116—N12 |Ciear Y register
H3
EPYTS+ | 129-P4 A | TLA S (PISEX-)}{EOQINS+){OPGJS-) 129-D4 |101—-116—L10 |Enable P register to
: Y register
MEMCI+ | 126—K12 | A | TL1 L {TL1FF+){SPMOD-}{IGACY+) 126—F12 |150—-A2 Enable memory cycle
‘ J12
COXXX+| 1560-D2 F | TL1 L (MEMCI+)(MBSY X-) 150—A2 |150-D2 Start memory cycle

2-4




ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE

ACYEF+

T

13

L |DEVELOP START MEMORY LEVEL
R 0 - (M)

R 1's - (D)

L (A) -~ ADDER

S

MEMCI+
CLMTR-
CLDTR-

EASTL+,

conwe

f P00

EIK17-

B i S S ———

T4

0 ~-() 0-()
©h_g ~ Ahg
®g_1s ~. Aoy
) ® - (V)

SET F-CYCLE ENTRY F-f

NEXT INSTRUCTION
FETCH CYCLE

ANA
2 CYCLES
OP CODE 03

Instruction: Logical AND (ANA)

OP Code: 03

Type: MR, 2 cycles

Description: {A} A [EA] = {A)

A A

ATAAAAAA

5 6

7

8

8 10 11 12 13 14 15 16

Execution Time {usj: 3.2

Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EIK17+ 127—P5 A | TL1 L | (TLATE-) 127—K6 | 116—-F7/F9 Force carry-in to bit 16
CLMTR- | 128-P9 A | TL1 R | {MCRST+}{HOLDM-){TL1FF+) 128—-N9 | 101-116—L9 | Clear M register
CLDTR- | 125-K5 Al TL R | (ACYEF+N{TL1FF+}{JSTOP-) 126—B4 | 101-116—F11 { Clear D reqister to
{IRSOP-}{IMAOP-) ONEs

EASTL+ | 127-P1 A | TL1 L | (ACYEF+)(TLATE-){CASOP-) 127-K1° | 101—116—A4 | Enable A register to
{LSXOP-}{1OGRP-) adder

ESDTS+ | 125—-M4 A | TL1 S (ACYEF+)(TL1FF+)(JSTOP-) 126-B4 | 101-116—F5- | Enable adder to D regis-
{IRSOP-) {IMAQP-) Fo ter

MMnnF- | 142 {SWnn1)}{STRB-) 80.04 101-116—H8 | Memory data set into

M register

EMSHL+ | 127-P9 A | TLATE L | (ACYLF+}{TLATE+}(SUBOP-) 127-K9 | 101-107—A9 | Enable M(1-7) to adder
{OPGAAL)

EMSLL+ | 127—P11 A | TLATE L | {ACYLF+){TLATE+){SUBOP-) 127—K9 |108-116—A9 | Enable M(8-16) to adder
(OPGAA+) .

ESDTS+ | 125-M4 A | TL3 S {TL3FF+){IOGRP-){MCSET+) 125-B5/ | 101-116—F5- | Enable adder sum to

Js F9 D register

CLATR- | 122-K8 A | TLA R | (ACYLF+){TLAFF+)(OPGAA%) 122-C2 {101-116—L6 | Clear A register
(IMAOP-) :

EDAHS+ | 122-P1 A | TL4 S (ACYLF+)(TLAFF+}(OPGAA+) 122—C2 | 101-108—-J7 | Enable D register to

: {(IMAOP-) A(1-8)

EDALS+ | 122—-P3 A [ TL4 S (ACYLF+){TLAFF+){OPGAA+) 122-C2 |109-116—-J47 Enable D register to
(IMAOP-) A{9-16)

CLYTR- | 120-P3 A | TLa R | (SCZR0-) 129—-A1 |101-116—E1 Clear Y register

EPYTS+ | 129-P4 A JTLA S {PISEX-)(EOINS+){TL4FF+) 129-D4 | 101-116—K11 | Enable P register to
(OPGJS-}) Yregister

MEMCI+ | 126-K12 | A | TL1 L | {(TL1FF+(SPMOD-){IGACY+) 126—-F12/ | 150—A2 Enable memory cycle

J12
COXXX+ ] 150-D2 TL1 S | (MEMCI+)}{MBSYX-) 150—-A2 {150-D2 Start memory cycle




ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE

JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY EICTS-
] ‘ -
T R 0 -~ (M) CLMTR-
12 STROBE EAl - (M) MMnnF-
4
YES AO1 = MO17? NO
(CASAM-)
2
&
T3 (A) + (M)- +1 ~ (D) VIA ADDER (A) - (D) VIA ADDER
(TLATE)
L (A) ~ ADDER EASTL+ .t (Ay ~ ADDER EASTL+
L (M),_; ~ ADDER ENSHL+
L (Mg 14 ~ ADDER ENSLL+, EIK17-
1 °
R I's = (D CLDTR-
3 = O SC# 0
S ADDER ~ (D) ESDTS+
R 0 ~ (V) CLYTR-
s ©) - EDYTS+
¥
AO1 = MO1?
(CASAM-)
YES
3
( ©) = 02 ) .
4 (DG ONE-}
YES NO
DOl =12 a) > EA
YES
(A) = [EA] v (A< [EA
L 1 - AZZZZ FF SETAZ+ | e
L (S0 +1 ~ (5C) INCSCH () +1 = (5Q)
-~ _
1 y

2-6

“7
YES
_( o1 <12 )L_
v v
() < EAl w= [A
|
L {)+2 - ADDER EPSLL+, G16DJ-, L +1 ~ ADDER EPSLLY,
l EIK17- ¥ l EIK17- (SC=0)
[
R 's ~(D) CLDTR-
s ADDER ~(D) ESDTS+
4
R 0 ~ () CLPTR-
T2 s ©) - @ EDPTS+
13
R 0~ (M CLYTR-
T4 s ®) -~ {Y) EPYTS+
L |DEVELOP START MEMORY LEVEL MEMCI+
S| SET F-CYCLE ENTRY F-F FCYEF+
e : . o
NEXT INSTRUCTION CAS
rencras S




Instruction: Compare (CAS)
OP Code: 11 Type: - F AlAJAJAJA|A]A AjA
Description: 1f: (A)> [EA] = Nooperation 1 3 5 6 7 8 9 10 11 12 13 14 15 16
(A)= [EA] = Skip nextinstruction
{A) < [EA] = Skip two instructions Execution Time (us): 4.8
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
CASAM- | 126—P6 {CASCP+)A [{ADIFF-{MO1FF) 126—N6 125-A12 MO1 = AG1
V(AD1FF+){MO1FF+)] .
ACYEF+ | 119-G4 F TL4 L (TLAFF+)(EOINS-){FOICY+) 119-C5 119-J5 Set Acycle
. [(MO1FF-) at 119—AS5] } o -
EICTS- 125—K9 F TiL4 S {FCYLF+H{TL4FF+){OPG3C+} 125-A7 }121-A8 ONEs to shift counter
CLMTR- | 128—P9 A | TL1 R {MCRST+{HOLDM-}{TL1FF+) 128—N9 101-116—-L9 Clear M register
MMnnF- | 142 . {SWnn.1)(STRB-) 80.04 101-116-H8 Memory data set into
M register
EASTL+ | 127-P1 A | TLATE L {ACYLF+{{TLATE+){CASOP~)~ 127-C1 101-116—-A4 Enable A register to
. - adder
ENSHL+ | 127—P8 A | TLATE L (ACYLF+{TLATE+)}{OPGNS+) 127—C12 }101-107—-A10 | Enable M-(1-7) to adder
. (IRSOP-)
ENSLL+ | 127—P7 A | TLATE L {ACYLF+){TLATE+)(OPGNS+) 127—-C12 {108—116—A10 | Enable M~(8-16) to adder
{IRSOP-} i
EIK17- 127-P5 A | TLATE L {CASOP+)(ACYLF+) 127—-A8/ |{116—F7-F9 Force carry to adder
F8 _ [SC#0
CLDTR- | 125—K5 A | TL3 R {ANAOP-}{TL3FF+}{MCRST+) 125—-B7 101-116—F11 | ONEs to D register
ESDTS+ | 125—-M4 A |TL3 S {TL3FF+){IOGRP-){MCSET+) 125-B5 101-116—F5- | Enable adder sum to
i F9 D register
CLYTR- j 120-P3 A | TL4 R {CASOP+)(TL4FF+)(MCRST+) 129-E1/ [101-116—N12 ] Clear Y register
H3
EDYTS+ | 120—P1 A | TL4 S {BRREQ-){EOINS-){CASOP+) 129-D5/ 1101-116—-J10 | Enable D register to
(MCSET+)(TLAFF+) F1/F5 Y register
DGONE- | 126—-D9 {DO1FF-) through (D16FF-) 126—-A9 {125-B12 D register equals
ZERO
SETAZ+ | 126—M7 A |TL4 L {ACYLF+)(TLAFF+){CASOPHA 1256—-A11 |126-D7 SET AZZZZ F-F
{DGONE+)V{(DO1FF+) 125-B12 <!
-
INCSC+ 126—P5 A |TL4 L {ACYLF+)}(TLAFFH* 126—-L6 121-A4 Increment shift counter
G16DJ- 116—C6 A I TL? L (TLATE-}(ACYEF+)}{CASOP+) 116—-A2 |{116-F7 If (A} < [EA], force
(YO1FF+) : 117—AS8 additional carry to adder
EPSLL+ | 128—-K4 A 1TL L {CASOP+}{TLATE-) 128—-F4 |[101-116—-A9 Enable P register to
- adder
EIK17- 127—P5 A | TLATE L (TLATE-) 127-K6 |116—F7—F9 Force carry to adder
CLDTR- | 125—K5 A | TL1 R (ACYEF+TL1FF+)(JSTOP-) 126-B4 101-116—F11 | Clear D register to
(IRSOP-)(IMAOP-){MCRST+}) - ONEs
ESDTS+ | 125-M4 A | TL1 S {ACYEF+){TL1FF+){JSTOP-) 125-B4 101—-116-D4. | Enable adder sum to
{IRSOP-}{IMAOP-){MCSET+) D8 D register
CLPTR- | 129-M10 | A | TL2 R {ACYEF+}{TL2FF+){(CASOP+) 129-E9 [101-116—L12 | Clear P register
] (AZZZZ+)(MCRST+)
_ SC=0
EDPTS+ | 129-P9 A | TL2 S {ACYEF+{TL2FF+)(CASOP+) 129-E9 {101-116-J11 |Enable D register to
. (AZZZZ+}{MCSET+) P register
CLYTR- | 129-P3 A |TLA R {CASOP+}{TLAFF+)(MCRST+) 129-E1/ ]101-116—N12 | Clear Y register
H3
EPYTS+ | 129-P4 A |TL4 S {PISEX-}{EOINS+)}{TL4FF+) 129-D4 {101-116—L10 |Enable P register to
. {(OPGJS-){MCSET+) Y register
MEMCI+ | 126—K12 | A TL1 L {TL1FF+}{SPMOD-) (IGACY+) 126—F11/ {150- A2 Enable memory cycle
C H11
COXXX+ | 150—-D2 F |TL1 L | (MEMCI4){MBSYX-) 150-A2 150- D2 Start memory cycle
<
*{SC} = 1 from previous F-cycle)
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FETCH OR LAST INDIRECT ADDRESS CYCLE ACYEF+
n L | DEVELOP START MEMORY LEVEL MEMCI+
R 0~ (M) CLMTR —
T2 STROBE EAl - (M) MMnnF-
12 L (A) -~ ADDER EASTL-
T% L JAM CARRY NETWORK 3AMKN-
L M ~ ADDER EMSHL-
(TLATE) ( )1-7
L (Mg ~ ADDER EMSLL-
- R I's~ D) CLDTR-
S ADDER -~ (D) ESDTS+
R 0 ~(A), 0 ~(Y) CLATR-, CLYTR-
S (D)]_g - (A)]-8 EDAHS+
T4 S Plg_16 ~ Ag_14 EDALS+
s| - e - EPYTS+
L SET F-CYCLE ENTRY F-F FCYEF+

ENTER A-CYCLE FROM INSTRUCTION WORD

—— —— — . S, ] i S, S

v

NEXT INSTRUCTION
FETCH CYCLE

ERA

— ——— — — ———— — A S ——— — — — S S . &

2 CYCLES

OP CODE 05

Instruction: Exclusive OR {(ERA)
OP Code: 05

Description:

Type: MR, 2 cycle

{A) v [EA] ~ (A)

AlA

A‘A

AlA

AIA

A

7 8

Execution Time (us): 3.2

9 10 11 12 13 14 15 16

Signal Origin ' Cyc Tim Cik Signal Component Origin Destination Operation
CLMTR- | 128—-P9 A | TLT R {MCRST+}{HOLDM-}{TL1FF+)} 128—-P9 101-116—-L9 Clear M register
P MMnnF- | 142 {SWnn+){STRB-) 80.04 101-116—H8 | Memory data set into
o M register
EASTL+ | 127-P1 A | TLATE L {ERAOP+}{TLATEH) 1127-Ct1 101—-116—A4 | Enable A register to
: {ACYLF+}) adder
JAMKN- | 127—-L4 A | TLATE L {ACYEF+}{ERAOP+) 127-C4 {101-116—C9 | Jam carry network
EMSHL+ | 127—P9 A | TLATE L {ACYLF+{TLATE+}{SUBOP-} 127—K$ (10i—107—A8 | Enabie M({1-7} to adder
: {OPGAA+)
EMSLL+ | 127—P11 A | TLATE L {ACYLF+){TLATE+){SUBOP-) 127—K9 {108—116—A9 | Enable M{8-16)} to adder
{OPGAAT) .
CLDTR- | 126—K5 A | TL3 R | {(ANAOP-}{TL3FF+}{MCRST+) 126—-87 |[101-116—F11 | Clear D register to
: . ONEs
ESDTS+ | 125—-M4 A | TL3 S (TL3FF+){IOGRP-){MCSET+) 1256—B5 |101-116—Fb- | Enable adder sum to
F9 D register
CLATR- | 122—K8 A | TL4 R (ACYLF+)}(TLAFF+){OPGAA+) 122-C2 |101-116-L6 Clear A register
(IMAOP-)
EDAHS+ | 122—-P1 A |TLA S (ACYLF+){TLAFF+)}(OPGAA+) 122—C2 |101-108-J7 Enable D register to
{(IMAOP-}) A register {1-8)
EDALS+ | 122-P3 A | TL4 S (ACYLFH){TLAFF+}{OPGAA+) 122—-C2 |109-116—J7 Enable D register to
{IMAOP-) A[9-16)
CLYTR~- | 129-P3 A | TL4 R | {SCZRO+}{TLAFF+}{MCRST+) 129—E1/ |[101—116—N12 |Clear Y register
. ) H3 :
EPYTS+ | 129-P4 A | TL4 S | {PISEX-}{EOINS+{{TLAFF+} 120-D4 |[101-116—L10 | Enable P register to
{OPGJS-) Y register
MEMCH+ | 126-K12 | A | TL1 L | {TL1FF+}{SPMOD-}{IGACY+} 126—F12/ | 150— A2 Enable memory cycie
Ji12
COXXX+| 150-D2 F TL1 L | (MEMCI+){MBSYX-) 150—A2 |150—-D2 Start memory cycle




ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE.

9

L |DEVELOP START MEMORY LEVEL|
T R 0~ (M)
T2 STROBE [EA] -~ (M)

I
T2&713 L (M) - ADDER
(TLATE+)
1% .. D)

T s ADDER _. (D)
T LAND DURING SC=0) | ENABLE MEMORY WRITE

s (SC) +1 ..{5C)

L |DEVELOP START MEMORY LEVEL

R 0. (M
T L (A) - ADDER
‘ s ADDER . (M)

R 0. (A
12 ©) -(A)
3

————————————————————— e — — e ——— e e e e e — —
0~(Y)
)~ (Y)

T4

L SET F~CYCLE ENTRY F-F

NEXT iNSTRUCTION
FETCH CYCLE

(RRCXX+)-
INCSC+

CLYTR-
EPYTS+

FCYEF+

IMA
3 CYCLES
OP CODE 13

Instruction: Interchange Memory and A {IMA)

F A|JlA|A|A|JAJA]A|ALA
OP Code: 13 Type: MR, 3 cycle 1 2 3 6 7 8 9 10 11 12 13 14 15 16
Description: (EA) = (A) Execution Time {us): 4.8
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 119-G4 F TLS L (TLAFF+)(EOINS-){FOICY+) 119—-C5 119-J5 Set Acycle at next TL1
[{(MO1FF-)@119—-A5]
EICTS- 125—-P9 F TLA S (FCYLF+)(TLAFF+){OPG3CH™ 125—-A7 | 121-A8 Jam shift counter to
: ONEs
CLMTR- | 128--PS A | TL1 (MCRST+){HOLDM-){TL1FF+) 128—-N9 |101-116—-L9 Reset M register
MMnnF- | 142 {SWnn+)}{STRB-) 80.04 101-116—H8 | Memory data set into
M register
EMSHL+ | 127-P9 A | TLATE [(ACYLF+){TLATE+)(SUBOP—) -I 127-K9 ]101-107-A9 Enable M(1-8) to adder
CEMSLLS 1 127_DP11 A | TLATE {OPGAA+} J | 127-K8 |108-116-A9 Enabie M{9-16) to adder
CLDTR- | 125—K5 A | TL3 R {ANAOP-}{TL3FF+) 12587 101-116—F11 | Clear D register to
ONEs
ESDTS+ | 125-M4 A | TL3 S (TL3FF+)}{IOGRP-) 125-B5 | 101-116—F5- | Enable adder sum to
F9 D register
MEMCi+ | 126-K12| A | TL4 L (MEMCI-) 126—-G12 | 150—-A2 Enable memory cycle
INCSC+ 126—P5 A | T4 L {(ACYLF+){TLAFF+) 126—-L6 121-A4 Enable step shift counter
COXXX+} 150—D2 TL4 S {(MEMCI+){MBSYX-) 150—-A2 150-D2 Start memory cycle
[SCSTP+]| 121—C4 A | TL4 S (INCSC+)(SCZRO-)}{MCSET+) 121-A4 | 121-X6 Step shift counter to
ZERO
RRCXX-| 126—-N8 A*| TLA L~ | (ACYEF+){OPGWR+{WRINH-} 126-G8 | 150-D6 Block STRB1+ to enable
As*| TL3 L . | memory write cycle
CLMTR- | 128—P9 As | TL1 R {(MCRST+{HOLDM-}{TL1FF+) 128—-P9 101-116-L9 Reset M register
EASTL+ | 127-P1 As | TL1 L (ACYEF+)(TLATE-{CASOP-) 127—K1 101-116-A4 Enable A register to
{LSXOP-}{IOGRP-) adder
ESMTS+ | 128—-G11 | As | TL1 S (RRCXX-}{MASTO- HOPGSM+) 128-C11 1 101-116—-J9 Enable adder RnnPA+
(TL1FF+){MCSET+) . output into M register
CLATR- | 122—K8 As | TL2 R {CLATL+){MCRST+* 122-G6 |101-116-L6 Reset A register
EDAHS+ | 122—P1 As { TL2 S [(EO INS+{{TL2FF+){OPGAA+) 122—-A3 |101-108-J7 Enable D{1-8) into A(1-8)
EDALS+ | 122—-P3 As | TL2 S OPGSM+) 122-A3 | 109-116-J7 Enable D{9-16} into A(9-16)
CLYTR- | 129—-P3 As | TL4 R (TLAFF+)(ACYNX-)* 129-H3 | 101-116—-N12 | Reset Y register
FCYEF+ | 119-G10| As | TL4 L (Set: (TLAFF+)}{EOINS+)) 119-C10 | 119-K10 Enable set FCYLF+at
) - next TL1FF+
EPYTS+ | 129-P4 As | TL4 S (PISEX-}{EQINS+){TLAFF+) 129-D4 | 101-116—-L10 | Enable P register into
{OPGJS-) ) Y register
MEMCI+ | 126—K12| As | TL1 L {TL1FF+) (SPMOD-) (IGACY+) 126—G12 | 150—-A2 Enable memory cycle
COXXX+| 150-D2 TL4 S (MEMCH+)}{MBSYX-) 150—-A2 | 150-D2 Start memory cycle

*OPG3C+ @ 120—N4 = (IMAOP-), etc.
*A/TLA/L — As/TL3/L= (ACYLF+}{TLAFF+) (SCZR0O-) V {ACYEF+){SCZRO+)
*A/ = Acycle + SC# 0, As/ = Acycle + SC=0

*{CLATL+) = (EOINS+)(TL2FF+){OPGAA+){OPGSM+) @ 122—A3
*(ACYNX=) = ((ACYLF+){LSXOP-){CASOP-){SCZR0-} @ 129—E1




n

T2

—_———————

R

-

T3

(%)

T4

JAM SHIFT COUNTER TO ONE'S PRIOR TO ENTRY EICTS-
—————
L |DEVELOP START MEMORY LEVEL] MEMCH+
T R 0 - M CLMTR-
Y
7 STROBE EAl -~ (M) MMnnF-
1
L {*4) -~ ADDER EMSHL+, EMSLL+
L FORCE CARRY TO ADDER EIK17-
© R 1's -~ (D) CLDTR- o o
S ADDER - (D) ESDTS+
F
L BLOCK STROBE (RRCXX-)
L INCREMENT SHIFT CTR INCSC+
T4 {DGONE+)
L D)=0
) NO
YES ’
A
L SET AZZZZ F-F SETAZ+
<
¥ e
DEVELOP START MEMORY LEVEL] MEMCI+ L {DEVELOP START MEMORY LEVEL] MEMCI+
0 -~ (™) CLMIR- R 0~ (M CLMTR-
D) - EDMTS+ s ) - M EDMTS+
4
sC=0
' : _
I's -~ (D) CLDTR- R s ~ D) CLDTR-
(P)+1 ~ ADDER EPSLL+, L (P) - ADDER EPSLL+
ADDER - (D) EIK17- 5 ADDER ESDTS+
L ESDTS+ ©)
R 0 - P CLPTR-
S ©) ~ ) EDPTS+
R 0 - (V) CLYTR-
s () ~(Y) EDYTS+
s SET F-CYCLE ENTRY F-F FCYEF+
e Vi, -
NEXT INSTRUCTION
IRS
FETCH CYCLE 3 CYCLES
OP CODE 12

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE

Instruction: Increment, Replace, and Skip (IRS) F AlA| A | A ] AlAlA]A]A
OP Code: 12 Type: MR, 3 cycles 1 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: [EA] + 1 [EA] Execution Time (us): 4.8
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 119-G5 F Ti4 L {TL4FF+){EOINS-} 119-A6 1119—K5 Set A-cycie FF at next
(MOTML-Y{FCYLF+) ) TL1
EICTS- 125-K9 TL4 S {FCYLF+}{{TL4FF+){OPG3CH) 125-A7/ | 121-A8 Jam shift counter to
{MCSET+HAZZZZ-) J9 ONEs
CLMTR- | 128—P9 A 1 TLY R {(MCRST+}{HOLDM-)}(TL1FF+) 128-N9 | 101-116—-L9 Clear M register
MMnnF- | 142 (SWnnt){STRB-) 80.04 101—-116—H8 Memory data set into
M register
EMSHLY § 127-P8 A 1 TL3 i {ACYEF+}{iRSOP+}{SCZRG-} 127—F11 101—107—AS | Enabile M{1-7} tc adder
EMSLL+ | 127—-P11 A | TL3 L (ACYEF+)}{IRSOP+){SCZR0-} 127—-F11 | 108—116—A9 Enable M{8-16) to adder
EIK17- 127-P5 A | TL3 L {ACYEF+}{IRSOP+)}{SCZR0-) 127 F11 | 116—-F7—F9 Force carry to adder
CLDTR- | 125-K5 A | TL3 R | (ANAOP-)(TL3FF+) 126 87 |101-116—F11 | Clear D register to
ONEs
ESDTS+ | 125—M4 | A | TL3 S | (TL3FF+}{IOGRP-){MCSET+} 125—-B5/ | 101—116~F5- | Enabie adder sum to
J5 F9 D register
MEMCI+ | 126-K12 | A | TL4 L (TL1FF+){SPMOD-) (IGACY+) 126—F12/ | 150—C1 Enable set RCYF1+
. ' J12
INCSC+ 126—P5 A | TLA L (ACYLF+)(TLAFF+) 126—-L6 121-A4 Increment shift counter
COXXX+| 150-D2 F  TU L | (MEMCH){MBSYX~) 150—-A2 | 150-D2 Start memory cycle
SCSTP+ | 121-C4 A | TL4 S (INCSC+){SCZR0O-)(MCSET+) 121-A4 {121-X6 Step shift counter to
ZERO
RRCXX- | 126—N8 A | TLA L (ACYEF+}{OPGWR+){(WRINH-) 126-G8 |150-D6 Block STRB1+ to enable
‘memory write cyclé
DGONE+ | 126-D9 A | TLA L {DO1FF-) through (D16FF-} 126—-A9 |125-B12 D register 1-16 equals
. ZERO
SETAZ+ | 126—-M7 A | TL4 L {OPGNSH{ACYLF+}{DGONE+) 125-B12 |{126-D7 Set AZZZZ+ FF
CLMTR- | 128-P9 A | TL1 R | (MCRST+){HOLDM-}TL1FF+) 128—N9 | 101-116—-L9 | Clear M register
EDMTS+ | 128-K12 | A | TL1 S {RRCXX-}(OPGSM-)}{TL1FF+) 128—-F12 {101-116—J8 Enable D register to
’ M register
EIK17- 127-P5 A | TL3- L {ACYEF+){IRSOP+}{AZZZZ+) 127-F6 116-F7—F9 Force carry to adder
EPSLL+ 128-K4 A | TL3 L {EOINS+){IRSOP+) 128-C4 101-116—-A9 Enable P register to
adder
CLDTR- | 125-K5 A | TL3 R {ANAOP-}{TL3FF+){MCRST+} 125—-B7 101-116—F11 | Clear D register to
ONEs
ESDTS+ | 125-M4 A | TL3 S {TL3FF+){10GRP-)}{MCSET+) 125-B5 101—116—F5- | Enable adder sum to
] . F9 D register
CLPTR- { 129-M10| A | TL4 R (OPGJS+{EQINS+}{TLAFF+) 129-E8 101-116—-E8 Clear P register
EDPTS+ | 129-L9 A | TL4 S {OPGJSH+{EOINS+)}{TLAFF+) 129—E8 101-116—J11 | Enable D register into
P register
CLYTR- | 129-P3 A | TL4 R {ACYNX-}TL4FF+){MCRST+) 129—-H3/ | 101—-116—N12 | Clear Y register
N3
EDYTS+ | 129-P1 A | TLA S {MCSETH)(TL4FF+)(SCZR0O-) 129—-E1 101—-116—J10 | Enable D register into
{EQINS-}{OPGJS-) D4 Y register
MEMCI+ | 126-K12 | A TL1 L (TL1FF+}{SPMOD-) {IGACY+) 126—F12/{ 150—C1 Enable memory cycle
Ji12
COXXX+ | 150-D2 F | TL1 L | {MEMCHIH){MBSYX-) 150—-A2 | 160-D2 Start memory cycle
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ENTER FROM PREVIOUS OPERATION

T4

Y

STANDARD
I-CYCLE

DIRECT ADDRESS ?
(M01=1)

NO ([EA] 1S INY)

R 0~(Y), 0 - CLYTR-,
st ©) - EDYTS+
S © -® EDPTS+
S| SETF-CYCLEENTRY F-f | FCYEF+

v

NEXT INSTRUCTION
FETCH CYCLE

CLPTR-

JMP
1 CYCLE
OP CODE 01

EYSHL+
EMSLLt

(FETCH CYCLE ENTRY ENABLE) FCYEF:
R
L [DEVELOP START MEMORY LEVEL MEMCH
n R 0 ~{M), 1's -~ (D) CLMTR-, CLDTR~-
L} P)+1 - ADDER, 0 ~ {F) EPSLL+, EIK17-, CLFTL- (SEE NOTE)
s ADDER ~ (D) ESDTS+ .
e _______i________,_____ e
STROBE EA - ™) MMonF-
2 R 0~ @ CLPTR-
s ) EDPTS+
B
L (M)3-6 - (F)3—6 EMFTL+
2
&
2
YES SECTOR ZERO? NO ‘
YES INDEXING? “\No YES{ INDEXING? NO
(M02=1) ) U (M02 = 1)
YES YES
1DX? } ‘NI(.)DX? }
NO
(Mg_15+ (¥ 15 ~ (O) VIA ADDER ()y_yr Mgy + (X)_y ~ (@) VIA ADDER
L X) - ADDER EXSTL+ . .
L (M),_; ~ ADDER EMSHL+ . X) - ADD:R XzTH'-*
L| (Mg, -~ ADDER EMSLL . M7~ ADDei EvSHL
t{  (W-;_, - ADDRR ENSHL+ Mig_j = ADD EMSLL
0~ 0y,
(M)g_16 ~ (D)g_y4 VIA ADDER| ()70 M)g_y4 ~ (D) VIA ADDER
L -
L :AM)” ﬁﬁ: EMS:':+ L ),_, - ADDER
Mg 16 ~ EMSLL+ L (M)g_;s ~ ADDER
L {M)-;_, ~ ADDER ENSHL+ 8-16
R
R s ~ D) CLDTR-
T3 s ADDER - (D) ESDTS+
(FROM MEMORY REFERENCE F-CYCLE
OR I-CYCLE. Page 2-2 or 2-3)
A
0 —{Y)
(D) —={¥)
YES e

Instruction: Unconditional Jump (JMP) F Alatatalalalajatla
OP Code: 01 Type: MR, 1 cycle 1 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: EA > (P) Execution Time {us): 1.6
" Signal Origin | Cyc| Tim | Clk Signal Component Origin Destination Operation
EPSLL+ | 128-K4 | F | TLATE | L | {FCYEF+{TLATE-) 128—F3 |101—116~A9 | Enable P register to
—_ : | adder
EIK17- | 127-P5 | F | TLATE | L | (TLATE-) 127-K6 |116—F7—-F9 | Force carry to adder
CLMTR- § 128-P8 | F | Tit R | {MCRST+/{HOLDM-HTLIFF+ i28—N9 |301—116—i9 | Clear M register
CLDTR- | 125-K5 | F | TL1 R | (ICYEF-}{ACYEF-NTL1FF+) 125-A6 |101—116—F11 | Clear D register to
~ (MCRST+ ONEs
CLFTL- | 125-K8 | F | TL1 R | (ICYEF-){ACYEF-NTL1FF+) 125—A6 | 120—A1 Clear F register
) {MCRST+} 121--A5 1 Clear shift counter
S 125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 | F | TL1 S | (ICYEF-JACYEF-NTL1FF+) 125—-A6 | 101-116-D4- | Enable adder sum to
{MCSET+) F9 D register L
MManF- | 142 {SWnnt}{STRB-) 80.04 101—116—H8 | Memory data set into
’ M register
CLPTR- | 12-M10| F | TL2 R | (EDPTR+}{MCRST+) 129-L10 {101—116—L12 | Clear P register . ..
EDPTS+ | 120-P9 | F | TL2 S | (EDPTR+){MCSET+) 120-L9 |101—116—J11 | Enable D register into
EMFTL+ | 128-P4 | F | TLATE | L | [(MOZFFHV(MO7FF-)]A 128-J4  |120-A2 Enable M{3-6) into F{3-6)
[(FCYLF+)(TLATE+}{GENOP-) ' e P
(MEMAC-}] ' ife
EMFTL- | 128-K3 | F | TLATE | L | See EMFTL+{MO7FF+) 128-G4 |127-19. Generate EMSHL+and
- ENSHL+
EXSTL+ | 128-P5 | F |TLATE | L | (FOICY+}{MEMAC-}{MO2FF+) 128-H6 |101-116—A5_ | Enable X register to
(GENOP-}{EXSTR+) ' | adder S
EMSHL+ | 127-P9 | F |TLATE | L | (FCYSO-) 127-G10 [101-107—A9 | Enable M{1-7) to adder
ENSHL+ | 127-P8 | F |TLATE | L | (FCYSO-) 127—G10 {101=-107—-A10 | Enable M-(1-7} to adder
EMSLL+ | 127—P11 | F | TLATE | L | (FCYSO-) 127-G10 |108—116—A9 | Enable M(8-16} to adder
EYSHL+ | 128-P3 | F |TLATE | L | (FCYLF+)(TLATE+{GENOP-) 128-J3  |101-107—A12 | Enable Y(1-7) to adder
. (MEMAC-)(MO7FF+) o e
CLDTR- | 125-K5 | F | TL3 R | (ACYLF-){TL3FF+){MCRST+) 126-B6 |101-116—F11 | Clear D register to.
. ) - » - | ONEs =~ |
ESDTS+ | 125-M4 | F | TL3 S | (IOGRP-)}{TL3FF+)}{MCSET+) 125-B5 |101-116—F5- |Enable adder sum to
: F8 * | D register:
CLYTR- [ 129-P3 | F |TL4 R | (ACYNX-)(TL4FF+){MCRST+ 129-H3/ |101-116-N12 |Clear Y register
N3
CLPTR- | 129-M10 | F |TL4 R | (OPGJS+|{EOQINS+{TLAFF+) 129-E8/ |101-116—L12 | Clear P register
, {MCRSTH L10 , ,
EDPTS+ [ 120-P9 | F |TL4 S | (OPGJS+)EOINS+{TLAFF+) 120-E8/ |101-116—J11 | Enable D register into
{MCSET+) ) L9 P register
EDYTS+ | 129—P1 F |TL4 S | (ACYNX~){MCSET+){TLAFF+) 129-L1 [101-116—J10 | Enable D register into
{BREQ-)(OPGJS-) Y register '
MEMCI+ | 126-K12 | £ | TL1 L | (TLIFF+)(SPMOD-) {IGACY+) 126—F12/ | 150-A2 Enable memory cycle
: J12
COXXX+ | 150-D2 | F |TL1 L | (MEMCI+){(MBSYX-) 150—-A2 | 150-D2 Start memory cycle
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T4

m

T3

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE.

EICTS-

t IDEVELOP START MEMORY LEVEL

0 - (M)

_—— e ———— e — ——— -

s ~ (D)
) - ADDER
ADDER - (D)

(SC) +1 -(5C)

-L |DEVELOP. START MEMORY LEVELY

0 - (M
) -~ M)

(Y),, ~ ADDER
(V)g_14 ~ ADDER
1's -~ (D)

ADDER - (D)

SET F-CYCLE ENTRY F-F

0-(V), 0-PF)
© ~®
© -M

NEXT INSTRUCTION
FETCH CYCLE

NOTE: FLAG AND TAG BITS ARE PRESERVED BY HO2DJ+, 136-F6

FOR EXTENDED ADDRESSING

MEMCIHH+
CLMIR-

CLDTR~
EPSLLt
ESDTS+

MEMCI+, RCYF1+

(RRCXX-)
INCSC+

MEMCH
CLMTR-

EDMTS+

EYSHL+
EYSLL+, EIK17-
CLDTR-
ESDTS+

CLYTR-, CLPTR-
EDPTS+
EDYTS+
FCYEF+

JST

3 CYCLES
Op CODE 10

Instruction: Jump and Store Location (JST)

OP Code:

10

Description: (P)3—16 - [EA] 3-16

[EA] + 1 (P)

Type: MR, 3 cycles

AlA

A‘AIAAAAA

5 6

7 8

9 10 11 12 13 14 15 16

Execution Time (us): 4.8

Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 119-G5 F TL4 L (TLAFF4)(EOINS-}{FOICY+) 119-D5 [119—K5 Set A-cycle at next TL1
[{(MO1FF) at 119—A5]
EICTS- 125—K9 F | TL4 S | (FCYLF+){TLAFF+){OPG3C+) 125-A7 [121-L9 ONEs to shift counter
CLMTR~ | 128-P9 A | TLI R {MCRST+){HOLDM-)}{TL1FF+) 1286—Ng [101-116—iHS Clear M register
MMnnF- | 142 (SWnn)(STRB-} - 80.04 101—-116—H8 | Memory data set into
M register
CLDTR~- | 125-K5 A I TL3 R {ANAOP-){TL3FF+}{MCRST+} 125—-B7 101-116—F11 | Clear D register to
ONEs
I SC#0
EPSLL+ | 128—-K4 A | TL3 L | {ACYEFH)(JSTOP+}{SCZR0O-) 128—F5 |[101—116—-A9 | Enable P register
to adder
ESDTS+ | 125-M4 A | TL3 S | (TL3FF+){IOGRP-}{MCSET+) 125-B5 |101-116—F5- | Enable adder sum to
. F9 D register
INCSC+ 126-P5. A | TL4 L {ACYLF+)(TLAFF+) 126—-L6 |121-A4 Enable step shift
counter
SCSTA- | 121-A4 | A | TL4 S | (INCSC+){SCZRO-)(MCSET+) 121-A4 |121-A4 Shift counter to ZEROsg—
MEMCI+ | 126—K12 | A | TL1 L | (TL1FF+) (SPMOD-) (IGACY+) 126—-G12 | 150—C1 Enable memory cycle
COXXX+! 150-D2 F TL1 L {MEMCIH){MBSYX-) 150—-A2 150-D2 Start memory cycle
RRCXX- | 126—-P8 A | TL4 L {(ACYEF+)(OPGWR+}(WRINH-) 126-J8 150-D6 Biock STRB1+and
enable MWC*
CLMTR- | 128—-P9 A | TLT R | (See CLMTR- above)
EDMTS+ | 128-K12 | A | TL1 S | {(RRCXX~-H{OPGSM-)}{MASTO-) 128—-F12 | 101-116—J8 Enable D register into
: {TL1FF+){MCSET+) M register
EYSHL+ | 128-P3 A | TL3 L | (ACYEF+){JSTOP+){SCZRO+) 128—-L2 |101-107—A12 | Y{1-7) to adder
EYSLL# | 128-P2 A | TL3 L | (ACYEF+NHJSTOP+){SCZRO+) 128-L2 1{108—116—A12 | Y(8-16) to adder
EIK17- 127-P5 A | TL3 L |- (EYSLL-) 127-K6 |116—F7 Force carry to adder
CLDTR- | 1256—K5 A | TL3 R | (ANAOP-HTL3FF+}{(MCRST+} 125-B7 |[101-116—F11 ClearEI;) register to
; _ ON
ESDTS+ | 125—M4 A | TL3 S | (TL3FF+}{IOGRP-}{(MCSET+) 125—-B5 | 101—116—F5- | Enable adder sum to
. F9 D register
CLYTR- | 129-P3 A | TL4 R | (ACYNX-)TLAFF+}{MCRST+) 129—H3/ |101—-116—N12 | Clear Y register
N3 SC=0
CLPTR- | 129-M10| A | TL4 R | (OPGJS+)(EOINS+}{TLAFF+) 129—£8/ |101—-116—L12 | Clear P register
{MCRST+) L9
EDPTS+ | 129-P9 A | TL4 S | (OPGJS+}{EOINS+)(TLAFF+) 129—E8/ |101—116—J11 | Enable D register into
| (MCSET+) L9 P register
EDYTS+ | 129-P1 A | TL4 S | (ACYNX-HMCSET+|{TL4FF+) 129-L1/ | 101-116—J10 | Enable D register into
{BRREQ-){OPGJS-) D4/F5 Y register
MEMCI+ | 126—K12| A | TL1 L | (TL1FF+){SPMOD-) {IGACY+) 126—F12/ | 150-A2 Enable memory cycle
J12
COXXX+| 150-D2 F | TL1 L | {MEMCI+}{MBSYX-) 150—-A2 | 150-D2 Start memory cycle
*MWC = Memory write cycle . o
NOTE: Bit 02 of the P-register is stored when the memory expansion option is present and the computer is in the extended mode.
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE

L |DEVELOP START MEMORY LEVEL MEMCl+
n 1's - () CLDTR-
R 0. (M) CLMTR-
12 STROBE T EA. MMnnF-
3
EMSHL+
T2 AND T3 L (M) ~ADDER EMSLLs
(TLATEH)
y
3 s ADDER ~ {D) ESDTS+
h 4 ‘
R 0+ (A), 0+ (Y) CLATR-, CLYTR-
) ~A), P) - EDAHS+, EDALS+, EPYTS+
™ L [__SET F-CYCLE ENTRY F-F FCYEFR+

NEXT INSTRUCTION
FETCH CYCLE

LDA
2 CYCLES
OP CODE 02

Instruction: Load A (LDA)

AlA

AIAAAAAA

OP Code: 02 Type: MR, 2 cycles 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: {EA) > {A) Execution Time (us): 3.2
Signal  Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ { 119-G5 F | TL4 L | (TLAFF+)(EOQINS-}{FOICY+) 119-C5 |[119-J5 Set A-cycle at next TL1
[(MO1FF-) @ 119-A5]
CLOTR- | 125-K5 A P TLS R | (ACYEF+}{TL1FF+)(JSTOP-) 126—B4 |[101-116—F11 | Clear D register to
(IRSOP-)}{IMAOP-) ONEs
CLMTR- | 128—P9 A | TL1 R | (MCRST+)(HOLDM+){TL1FF+) 128—K8 |101-116~H9 | Reset M register
MMnnF- | 142 {SWnn+}{STRB-) : 80.04 101-116—H8 | Memory data set into
- — M register
EMSHL+ | 127—P9 A | TLATE (ACYLF+)(TLATE+) 127—-K9 [101-107—A9 | Enable M(1-7) to adder
EMSLL+ | 127—P11 A | TLATE (SUBOP-}{OPGAA+) 127-B5 |108-116—A9 | Enable M{8-16) to adder - .
ESDTS+ | 125-M4 A [ TL3 S (TL3FF+}{1OGRP-) 125-B5 |101-116—F5- | Enable adder sum to
) F9 D register .
CLATR- { 122—K8 A |TL4 R | (CLATL+}{MCRST+* 12248 101-116-L6 Reset A register
CLYTR- | 129-P3 A | TL4 R | (TLAFF+}{ACYNX-)** 129-H3 |101-116—N12 | Reset Y register -
EDAHS+ | 122—P1 A | TL4 S EACYLH) {TLAFF+) 122-C2 [101-108-J7 Enable D{1-8) into A{1-8) _
EDALS+ | 122—P3 A | TL4 S (OPGAA+){IMAOP- 122—-12 |109-116-J7 Enable D{9-16) into A{9-16})
EPYTS+ | 129-P4 A | TL4 S | (PISEX~)}(EOINS+)(TL4FF+) 129-D4 |101-116—J11 | Enable P register into
. {OPGJS-) ) Y register
FCYEF+ | 119-G10 |} A | TL4 L [Set: {TLAFF+}{EOINS+) 119-D10 |119—C10 Enable set FCYLF+ at
. (DMCRQ-}{PISEX~)} next TL1FF+
MEMCI+ | 126-K12 | A | TL1 L | (TL1FF+) (SPMOD—) {IGACY+) 126—G12 | 150—-A2 Enable memory cycle
COXXX+ | 150-D2 F | TL1 L | (MEMCH+) (MBSYX—) 150-A2 {150-D2 Start memory cycle

**{ACYNX-) @ 129-F

*(CLATLY) @ 122-G6 = (

1={{ACYLF+)

ACYLF+)(TLAFF+){OPGAA+)(IMAOP-} @ 122—C2
{LSXOP-){CASOP-}{SCZR0-)) — @ 129—E1
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T

3

T

T4

JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY | EICTS-
______ H

L  |DEVELOP START MEMORY LEVEL MEMCH+
R 0~ (M) CLMTR-

STROBE [EA]l ~ (M) MMnnF-
R 's ~ (X) CLXTR-
S M) - (X) EMXTS+

3z .
L(AND DURING 5C = 0) ENABLE MEMORY WRITE (RRCXX-)
s (SC) + 1 »(SC) INCSC+
R 0 ~(Y) CLYTR-
L |DEVELOP START MEMORY LEVEL] MEMCI +
R 0= (M), s - (D CLMTR-, CLDTR-
LS (X} -~ ADDER . (D) EXSTL+, ESDTS+
S ADDER — (M) ESMTS+
3

R,S I's ~ (X), (M) ~ (X) CLXTR-, EMXTS+
R,S I's ~ (), (M) - (X) CLXTR-, EMXTS+
R 0 - (V) - CLYTR~
S ®) - M EPYTS+
L SET F-CYCLE ENIRY F-F FCYEF+

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
OR LAST INDIRECT ADDRESS CYCLE

—_—_———,e—eeeee e e —_—— ————

NEXT INSTRUCTION
FETCH CYCLE

LDX
3 CYCLES
OP CODE 15
aw), =1

Instruction:

Tala

T
A‘A!A!A}A

H H

Load Index Régister (LDX) la.a!
OP Code: 15 Type: MR, 3 cycles 1 2 3 5 6 7 8 9 10 11 12 13 14 15 15
Description: (EA) - X Note: Bit 2 of IW must be set Execution Time (us): 4.8
X~ {0} -
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 1185-C5 F | Tid L | {(TLAFF+){ECINS-}{FOICY+} 119-L5 | 1i9—H3 Set A-cycie at next TL1
[{MD1FF-} @ 119—-A5] '
EICTS- 125—K9 F | TL4 {(FCYLF+}{TLAFF+}{OPG3C+)* 126—-A7 | 121-A8 . Jam shift counter to
ONEs
CLMTR- | 128-P9 A | TL1 {(MCRST+H{HOLDM~){TL1FF+} 128—-P9 | 101-116-L9 Reset M register
MMnnF- | 142 {SWnn+){STRB-} 80.04 101-116—-H8 Memory data set into
M register
CLXTR- | 128~-M8 A | TL1 R | (ACYLFH(TL3FF+){LSXOP+} 128—-F8 |101-116--N8 | Clear X register to
: ONEs
EMXTS+ | 128—P7 A | TL3 S (ACYLF+}{TL3FF+}{LSXOP+} 128—F8 |101-116—N9 | Enable M register into
X register
INCSC- 126—-M5 A TL4 L {ACYLF+} (TL4FF+} 126—-L6 126—N5 Reset WRINH+ FF
INCSC+ 126—P5 A | TL4 L {INCSC-) 126—N5 |121-A4 Enable step shift counter
from all ONEs to
ZEROs )
MEMCI+ | 126-K12 | A | TL4 L | (MEMCi-) 126—-G12 | 150—C1 Enable set RCYF1+
COXXX+| 150-D2 F I TL1 L {MEMCI+)(MBSYX-) 150—-A2 _ {150-D2 Start memory cycle
RRCXX- | 126-—M8 A x L | (ACYEF+}{OPGWR+){WRINH-) 126—-J8 150-D6 Block STRB1+ to enable
. memory write cycle
CLYTR- | 129-P3 A | TL4 R | (ACYNX-}{TL4FF+)*** 129—H3 [101-116—N12 | Reset Y register (ad-
dress location ZERO
in memory)
EXSTL+ | 128-P5 A | TL1 L | (ACYEF+)(TLATE-){LSXOP+) 128—J5 -{101-116—A5 | Enable X register to
adder
CLMTR- | 128—P9 A | TL1 R | {MCRST+}{HOLDM-){TL1FF+) 128-P9 | 101-116—-L9 Reset M register
CLDTR- | 126—K5 A {TL1 R | (ACYEF+){TL1FF+}{JSTOP-) 125—-B4 | 101—116—F11 | Clear D register to
{IRSOP-}{IMAOP-) ONEs
ESDTS+ | 125—M4 A | TLI S (ACYEF+H{TL1FF+)}{JSTOP-) 125-B4 | 101-116—F5- | Enable adder sum to
(IRSOP-)}{IMAOP-) F9 D register
ESMTS+ | 128-G11 | A | TL1 S (RRCXX-){(MASTO-){OPGSM+) 128-D11 {101-116—-J9 Enable adder RnnPA+
. (TL1FF+){(MCSET+} output into M register
CLXTR- | 128—M8 A | TL3 R | (ACYLF+{TL3FF+){LSXOP+} 128-F8 |101—116—N8 | Clear X register to
) ] ONEs
EMXTSt | 128—P7 A | TS S {ACYLF+){TL3FF+}{LSXOP+) 128—-F8 |101—116—N9 | Enable M register into
X register
CLYTR- | 129-P3 A | TLA R | (TLAFF+){ACYNX~)*** 120-N3 {101—-116—N12 | Reset Y register
FCYEF+ | 119-G10 | A | TL4 L | (Set: {TLAFF+){EOINS+) 119-D10 {119-K10 Enable set FCYLF+ at
next TL1FF+
EPYTS+ | 120-P4 A |TL4 S (PISEX-}(EOINS+){TL4FF+) 129-D4 |101—-116—L10 | Enable P register into
(OPGJS-) Y register
MEMCI+ | 126—K12 | A | TL1 L | (TL1IFF+) {(SPMOD-) {IGACY+) 126-G12 | 160—A2 Enable memory cycle
COXXX+ | 150-D2 F |TL1 L (MEMCH+) (MBSY X~} 150—A2 | 150-D2 Start memory cycle
*(OPG3C+) @ 120—P4 = (DPOLX-), etc.
(DPOLX-) = (LSXOP+){MO2FF+) @ 124—N12
**See WRINH Set and reset timing
***{ACYNX—) = ({ACYLF+){LSXOP-}{CASOP-}{SCZRO-)} — @ 1290—E1
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F-CYCLE T4 THROUGH
A-CYCLE T3

T

ENTER A~CYCLE FROM INSTRUCTION WORD FETCH]
OR LAST INDIRECT ADDRESS CYCLE

ENABLE MEMORY WRITE CYCLE

DEVELOP START MEMORY LEVEL]
0~ M
{A) ~ ADDER
ADDER ~ (M)

0~
®) -
SET F~CYCLE ENTRY F-F

NEXT INSTRUCTION
FETCH CYCLE

CLYTR-
EPYTS+
FCYEF+

STA
2 CYCLES
OP CODE 04

Instruction: Store A (STA) F Alalalalalafalala
OP Code: 04 Type: MR, 2 cycles 1 2 3 5 6 7 8 9-10 11 12 13 14 15 16
Description: {A) - (EA} Execution Time {us): 3.2
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 119-G5 F TL4 L {TLAFF+){EOINS-}{FOICY+) 119-C5 119-J5 Set A-cycle at next TL1
. [{MO1FF-) @ 119—AS5]
RRCXX- | 125-M8 F i Thdthru; L {(ACYEF+}{OPGWRHH{WRINH-) 126—48 | 150-D6 Block STRE- to enable
A TL3 L memory write cycle
CLMTR- | 128-P9 A | TL1 R | {(MCRST+{HOLDM-}{TL1FF+) 128—-N9 |101-116—L9 | Reset M register
EASTL+ | 127-P1 A1 TL1 L | (ACYEF+}{TLATE-)}{CASOP-) 127-K1 |101-116—-A4 | Enable A register to
{LSXOP-}{(IOGRP-) adder
ESMTS+ | 128—Gii | A | TiLi S | {RRCXX-}{MASTO~-}{OPGSN+) 128—Ci11 [101—116—G9 | Enabie adder RnnPA+
(TL1FF+){MCSET+) output into M register
A | TL2 L
A | TL3 L
CLYTR- | 129-P3 A | TLA R | (TL4AFF+){ACYNX-)* 129—L1 |101-116—-N12 | Reset Y register
EPYTS+ | 129-P4 A | TL4 S | (PISEX~)}{EOINS+)(TLAFF+) 120-D4 |101-116—-L10 | Enable P register into
{OPGJS-) Y register
FCYEF+ | 119-G10 | A | TL4 L | (Set: {TL4FF+)(EOQINS+)) 119-C10 |119-J10 Enable set FCYLF+at
next TL1FF+
MEMCI+ | 126-K12 | A | TL1 L {TL1FF+) (SPMOD-) (IGACY-) 126-G12 | 160—-A2 Enable memory cycle
COXXX+ | 150-D2 F |TL1 L | {(MEMCI+)(MBSYX-) 150—-A2 | 150-D2 Start memory cycle

*{ACYNX-) = ((ACYLF+)(LSXOP-)(CASOP-)(SCZRO—)) — @ 129—E1




F-CYCLE T4 THROUGH
A-CYCLE T3

mn

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH

OR LAST INDIRECT ADDRESS CYCLE

ENABLE MEMORY WRITE CYCLE

L |DEVELOP START MEMORY LEVEL
R 0 ~{M)

L (X) ~ADDER

s ADDER (M)

R 0~ (Y)
s ) -~
L ENABLE SET F-CYCLE

ENTER FETCH CYCLE FOR NEXT
INSTRUCTION WORD ACCESS

MEMCI+
CLMTR-
EXSTL+
ESMTS+

STX
2 CYCLES

OP CODE 15

W)z =0

Instruction:  Store Index Register (STX)

A A‘AIAIA ATA

F A A
OP Code: 15 Type: MR, 2 cycles 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: {X) > (EA) Note: Bit 2 of IW must con Ti
Execution Time {us): 3.2
be reset -
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
ACYEF+ | 119—Gb F | TL4 L | {TLAFF+}{EOINS-)}{FOICYH i19—C5 |119—-J5 Set A-cycie at next TiL1
[{MO1FF-) @ 119—-A5] -
RRCXX- | 126—M8 F | TL4 L- | {ACYEF+){OPGWR+)(WRINH-) 126—J8 150-D6 Block STRB- to enable
A | TL3 L . memory write cycle
EXSTL+ | 128—P5 A | TL L | (ACYEF+}(TLATE-}{LSXOP+) 128—-J5 101-116—A5 | Enable X register to
. adder
CLMTR- | 128—P9 A | TU1 R | (MCRST+}{HOLDM-){TL1FF+) 121-N9 | 101-116—-L9 Reset M register
ESMTS+ | 128-G11 ] A | TL1 S {(RRCXX-}{MASTO-){OPGSM+) 128—C11 | 101-116—-J9 Enable adder RnnPA+
{TL1FF+)}{MCSET+) output into M register
CLXTR- | 128-M8 |- A | TL3 R | (ACYLF+){TL3FF+){LSXOP+) 128—F8 |101—-116—N8 | Clear X register to
ONEs
EMXTS+ | 128—P7 A 1 TL3 S (ACYLF+H{TL3FF+}{LSXOP+) 128—F8 |101—116—N9 | Enable M register into
X register
CLYTR- | 129-P3 A | TL4 R | (TLAFF+HACYNX-)* 129-H3 [101-116—N12 | Reset Y register
FCYEF+ | 119-G10 ] A | TiL4 L | (Set: (TLAFF+}{EGINS+)} 119—C10 {119-J10 Enable set FCYLF+
at next TL1FF+
EPYTS+ | 129-P4 A | TLA S {PISEX-}(ECINS+}{TL4FF+) 129-D4 | 101-116—L10 | Enable P register into
{OPGJS-) Y register
MEMCI+ | 126—K12 | A | TL1 L | (TL1FF+) (SPMOD-) (IGACY+) 126—G12 | 150—-A2 Enable memory cycle
COXXX+| 150-D2 F | TLY L | (MEMCHH}{MBSYX-) 150—A2 | 150-D2 Start memory cycle

*{ACYNX™) = ({ACY LF+){LSXOP-){CASOP-}HSCZRO-)) — @ 129-E1
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‘T4

ENTER A-CYCLE FROM INSTRUCTION WORD

" NEXT INSTRUCTION
FETCH CYCLE

FETCH OR LAST INDIRECT ADDRESS CYCLE ACYEF+
L {DEVELOP START MEMORY LEVEY MEMCH
0 - (M) CLMTR-
v
STROBE EA - MMnnF-
L (A} - ADDER EASTL+
L (M)-;_; ~ ADDER ENSHL+
L (M)-g_j4 ~ ADDER ENSLL+
L] FORCE CARRY TO ADDER EIK17-
4
R 1's~ (D) CLDTR-
S ADDER -~ (D) ESDTS+
3
R 0~ (A CLATR-
s D)yg ~ Mg EDAHS+
3 Dlg_16 = Wo_1g EDALS+
2
( OVERFLOW? )——N;O—— CLEAR C-BIT
‘ YES
k 4
SET C-BIT
0. M CLYTR-
® - M A EPYTS+
L SET F-CYCLE ENTRY F-F FCYEF+

SuUB
2 CYCLES
OP CODE 07

Instruction: ~Subtract (SUB) F Ajalala|a|Aa|Aa]a]aA
OP Code: 07 Type: MR, 2 cycles 1 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: (A) — (EA) >(A) = . " .
OVF ~ (Ci Execution Time {us): 3.2
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
CLMTR- | 128—-P9 A | TL1 R | (MCRST+)(HOLDM-){TL1FF+) 128—P9 101-116—-L9 Clear M register
MMnnF- | 142 {SWnnt){STRB-) 80.04 101-116—H8 | Memory data set into
M register
EASTL+ | 127-P1 A | TLATE L [{SUBOP-)]-(ACYLF1) 127—-A1/ |101-116—-A4 Enable A register to
(TLATE+) c1 adder
ENSHL+ | 127-P8 A | TLATE L {ACYLF+){OPGNS+)(IRSOP-) 127—-C12 |101—-107—A10 | Enable M-{1-7) to adder
ENSLL+ | 127-P7 A | TLATE L (ACYLF+){OPGNS+){IRSOP-) 127—-C12 1108—116—A10 | Enable M~(8-16) to adder
EIK17-- | 127-P5 A | TLATE L (EIK174) 127—-L6 116—-F7-F9 Force carry to adder
- 117—-A1
CLDTR- | 125—K5 A | TL3 R (ANAOP-){TL3FF+)}{MCRST+) 125-B7 101-116—F11 | Clear D register to
ONEs
ESDTS+ 125—-M4 A | TL3 S {TL3FF+}{IOGRP-)}{(MCSET+) 125—-B5 101—-116—F5- | Enable adder sum to
: F9 D register
CLATR- | 122—K8 A TLS4 R (ACYLF+){OPGAA+)(TLAFF+) 122-C2 101-116—-L6 Clear A register
EDAHS+" | 122--P1 A | TL4 S (ACYLF+){OPGAA+)(TLAFF+) 122—-C2 101-108--J7 Enable D register to
Al1-8)
EDALS+ | 122—P3 A | TL4 S {ACYLF+)(OPGAA+)(TL4FF+) 122—-C2 109-116—-J37 Enable D register to
Al{9-16)
CB1TF+ | 124—P2 A | TL4 S (SUBOP+){TL4FF+)(D00 = DO1) 124—-A4 |124-P2 Set CB1TF
{MCSET+}
CB1TF- 124-P1 A | TL4 1.R (SUBOP+){DIVOP-}TLAFF+) 124-A1 124—P1 Reset CB1TF
(MCRST+)
CLYTR- | 120—-P3 A 1TL4 R (SCZRO+){TLAFF+){MCRST+) 129-H3/ [101-116-N12 |Clear Y register
' . N3
EPYTS+ | 129-P4 A |TL4 S {PISEX-}{ECINS+){OPGJS-) 129-D4 {101-116—L10 | Enable P register to
Y register
MEMCI+ | 126—K12 | A |TL1 L {TL1FF+){SPMOD-)}{IGACY+) 126—-G12 | 1560—A2 Enable memory cycle
K12
COXXX+ | 150-D2 F TL1 L (MEMCI+){MBSYX-) 150—A2 | 150-D2 Start memory cycle
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

T S

T

T2

ﬁC CBIT=1?

12

T3
(TLATE)

T3

T4

!

DEVELOP START MEMORY LEVEL]
0 ~{M), 1's - D)
{P)+1 ~ADDER, 0 = (F)
ADDER (D)

[eA] ~ow)
0~ )

() - )

(AY+1 - ADDER

MEMCH

CLMTR-, CLDTR-

EPSLL+, EIK17-, CLFTL-

ESDTSt

MMnnF-
CLPTR-
EDPTS-

A

w

SET CBITF

EASTL+, ETK17- (A) ~ ADDER
{SEE NOTE) :
4
R 1% ~ (D) CLDTR-
s ADDER ~(D) ESDTS+
R 0 - (&) CLATR-
S (D)]-B - (A)l-8 EDAHSH
s Olg_1g ~ Ag_14 EDALS+
YES OVERFLOW? NO
i (D00 5 DOT)
MCSET+ R RESET CBITF
(SEE NOTE)
R g -~ V) CLYTR-
S P -~ M EPYTS+
L|  SET F-CYCLE ENIRY F-F FCYEF+

NOTE: MISSING SIGNALS CAN BE
FOUND N ACA ANALYSIS

NEXT INSTRUCTION
FETCH CYCLE

EASTL+ (SEE NOTE)

MCRST+
(SEE NOTE)

ACA
1 CYCLE
OP CODE 141216

Instruction: Add C to A (ACA)

OP Code: 141216

Description: (A} + {C) > (A)

Type: G, 1cycle

01l

°l0|0i1]1‘1» 0

5 6 7 8

9 10 11 12 13 14 15 16

OVF ~ (C) Execution Time (us): 1.6
Signal Origin Cyc Tim Clk Signal Componeni Origin Destination Operation
EPSLLT | 128—K4 F § TLATE L {FCYEF+}{TLATE-} 1128—G3 [101—116—A8 | Enable P register to
—_ adder
EIK17- 127—-P5 F | TLATE L {TLATE-) 127-K6 |116—F7/F9 Force carry to adder
CLMTR- | 128-P9 F 1TL R | {MCRST+}{HOLDM-}{TL1FF+) 128—P2 101-116—-L9 | Clear M register
CLDTR- | 125—-K5 F | TL1 R | (ICYEF-HACYEF-}{TL1FF+) 126—A6 |101-116—F11 |Clear D register to
T ONEs
CLFTL- | 125-K8 F | TLY L | (ICYEF-}{ACYEF-}TL1FF+) 125—-A6 |120-A1 Clear F register
121-A5 Clear shift counter
) 125-D8 Clear AZZZZ FF
ESDTS+ | 1256—-M4 F 1T {ICYEF-){ACYEF-)}{TL1FF+) 126—A6 |101-116—F9 Enable adder sum to
D register
CLPTR~- | 129-M10| F | TL2 R | (FCYEF+}{TL2FF+){SCZR0+) 120—-E7 |101-116—L12 |Clear P register
(MEMAC-)(MCRST+)
EIK17- 127--P5 F | TLATE L | (CBITF+{GENOP+){MO1FF+) 127—C11/ | 116—F7/F9 Force carry to adder
(M15FF+) F5 117-A1
MMnnF- | 142 (SWnn1){STRB-) 80.04 101—116—H8 | Memory data set into
M register
EDPTS+ | 129-P9 F | TL2 S (FCYEFH){TL2FF+){SCZR0+t) 129—C7 |101-116—J11 | Enable adder sum to
{MEMAC-}{MCSET+} D register
EASTL+ | 127-P1 F | TLATE L | (GENOP+}{TLATE+}{MO2FF+) 127-K12 [101-116—A4 | Enable A register to
adder
EMSHL+ | 127-P9 F | TLATE L | (GENOP+){TLATE+H{MO2FF+) 127-K12 [101—-107—A9 | Enable M{1-7) to adder
ENSHL+ | 127-P8 ' | F | TLATE L | (GENOP+H{TLATE+)(MO2FF+) 127—-K12 |101-107—-A10 | Enable M-{1-7) to adder
EMSLL+ | 127-P11 F | TLATE L | (GENOP+){TLATE+}{MO2FF+) 127—K12 |108—116—A9 | Enable M(8-16) to adder
ENSLL+ | 127-P7 F | TLATE L | (GENOP+){TLATE+){MO2FF+) 127-K12 |108—-116—A10 |Enable M-(8-16) to adder
CLDTR- | 125—K5 F |TL3 R | (TL3FF+}{ACYLF)}(MCRST+) 126—B6 |101—116—F11 |Clear D register to
: ONEs
ESDTS+ | 125-M4 F |TL3 S (TL3FF+){IOGRP-){(MCSET+) 126—B5 1101—-116—F5- | Enable adder sum to
{1 F9 D register
CLATR- | 122K8 F |TL4 R | (M15FF+{{GENCA+)(TLAFF+) 122—-A2 }101-116—L6 Clear A register
EDAHS+ | 122—L1 -F | TL4 S {M15FF+{GENOA+)}{TLAFF+) 122—-A2 |101-108-J7 Enable D register to
) A{1-8}
EDALS+ | 122-P3 F {TL4 S {(M15FF+}{GENOA+H{TLAFF+) 122-A2 {109-116—J7 Enable D) register to
- A{9-16
CB1TF- | 124-P1 F |TL4 R | {TLAFF+}{DIVOP-){GENOA+) 124—-A1/ |124-11 Clear CB1TF at TL4
(MO9FF+)(M11FF-}{MCRST+)} A2 with reset clock
CB1TF+ | 124-P2 F | TL4 S (D00 # DOIMTLAFF+) 124—-A1/ |124—-L2 Set CB1TF when
(GENOA+}{MOSFF+)(M11FF-) A2 ) D00 # DO1
i (MCSET+) . i
CLYTR- | 129-P3 F |TL4 R | (SCZRO+)(TLAFF+){(MCRST+) 129—E1/ |101—116—-N12 | Clear Y register
H3 .
EPYTS+ | 120-P4 F {TL4 S (PISEX-)}{EOINS+){TL4FF+) 129-D4 |101-116—L10 |Enable P register to
) {OPGJS-){MCSET+) - Y register
MEMCHH+ | 126-K12 | F | TL1 L | (TL1FF+){SPMOD-) (IGACY+) 126—F12/ |150—A2 Enable memory cycle
J12
COXXX+ | 150-D2 F |TL1 L | (MEMCIH){MBSYX-) 150—-A2 |150-D2 Start memory cycle
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED}

{
“v o~ m

T2 ) R

[DEVELOP START MEMORY LEVEL
0 ~(M), 1's =~ (D)
{P)+1 ~ADDER, 0 -~ (F)
ADDER (D)

[EA] -
0~ @
() ~(P)

T3

w

T4

I's < (D)
ADDER (D)

S SET CBITF

FCYEF+

MEMCl+
CLMTR-, CLDTR~

EPSLL+, EIKI7-, CLFTL-
ESDTS+

MManF-
CLPTR-
EDPTS-

EASTL+, EIK17-
{SEE NOTE)

CLATR-
EDAHSH
EDALSH

YES OVERFLOW? NO
{D00 # DO1)
1
MCSET+ R RESET CBITF MCRST+
(SEE NOTE) : (SEE NOTE)
1
R 0 ~ (V) CLYTR-
s ®) -~ EPYTS-
L| SETF-CYCLEENTRY F-F | FCYEF+
NEXT INSTRUCTION
FETCH CYCLE AOA
1 CYCLE

NOTE: MISSING SIGNALS CAN BE
FOUND IN ADA ANALYSIS

OP CODE 141206

Instruction: Add ONE to A {AOA)
OP Code: 141206

Type:

G, 1 cycle

1]0|1{0

olojoj1]1}]o0

1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: +1-> (A
ftion (A())VF - fc,l Execution Time {us): 1.8
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ 128-K4 F TLATE L (FCYEF+){TLATE-) 128-G3 | 101-116—-A9 Enable P register to
adder
EIK17- 127-P5 F TLATE L {TLATE-) 127-Ké6 [ 116-F7/F9 Force carry to adder
’ 117-A1
CLMTR- | 128-P9 F | TL1 R | (MCRST+){HOLDM-}{TL1FF+) 128-P9 | 101-116—-L9 | Clear M register
CLDTR- | 125-K5 F TL1 R {ICYEF-)}{(ACYEF-){TL1FF+) 126—-A6 | 101-116—F11 | Clear D register to
ONEs
CLFTL- | 1256-K8 F 1TLY L | ICYEF-J{ACYEFNTL1FF+) 125—-A6 | 120—-A1 Clear F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125—M4 F | TL1 S | (ICYEF-HACYEF-NTL1FF+) 1256—A6 |101-116—F5- | Enable adder sum to
I F9 D register
MMnnF- | 142 {SWnnsHSTRB-} 80.04 101-116—-H8 Memory data set into
] M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+}{TL2FF+){SCZR0+) 129—-E7 |101~116—L12 | Clear P register
{MEMAC-){MCRST+}
EDPTS+ | 129-P9 F TL2 S (FCYEF+{{TL2FF+)(SCZR0O+) 129—-E7 101-116—-J11 Enable D register to
{MEMAC-)}{MCSET+) : P register
EASTL+ | 127-P1 F TLATE L (GENOP+}({TLATE+){MO2FF+) 127-K12 | 101-116—-A4 Enable A register to
adder
EMSHL+ | 127-P9 F TLATE L {GENOP+)(TLATE+)(MO2FF+) 127—K12 | 101-107-A9 Enable M(1-7) to adder
ENSHL+ | 127—-P8 F { TLATE L {GENOP+){TLATE+}{MO2FF+) 127—K12 | 101—-107—-A10 | Enable M-(1-7) to adder
EMSLL+ | 127-P11 F TLATE L {GENOP+){TLATE+)}{MO2FF+) 127-K12 | 108—-116—A9 Enable M(8-16) to adder
ENSLL+ | 127-P7 F | TLATE | L | (GENOP+)(TLATE+){MO2FF+) 127-K12 | 108—116—A10 | Enable M-(8-16) to adder
EIK17- 127-P5 F TLATE L (M13FF-}{GENOP+}{MO1FF+) 127-C11 | 116—F7/F9 Force carry to adder
{M15FF+) F5- 7 1117-A1 '
CLDTR- | 125-K5 F TL3 R (TL3FF+H{ACYLF){MCRST+) 125—-B6 101—-116—F11 | Clear D register to
: : ONEs
ESDTS+ { 125—M4 F TL3 S (TL3FF+)}{IOGRP-}{MCSET+) 126—-B5 101—-116—F5- | Enable adder sum to
N F9 D register
CLATR- | 122—-K8 £ TL4 R {M15FF+){GENOA+){TLAFF+) 122—-A2 |101-116-L6 Clear A register
EDAHS+H | 122—-P1 F TLA S {M15FF+}{GENOA+HTL4FF+) 122—-A2 | 101-108-J7 Enable D register to
A(1-8)
EDALS+ | 122-P3 F | TL4 S {M15FF+}{GENOA+)(TLAFF+) 122--A2 | 109-116-J7 Enable D register to
A(9-16)
CB1TF- | 124—P1 F | TLA R | (TLAFF+}{DIVOP-)}{GENOA+)- 124—A2 |124—-L1 Clear C-bit with reset
. {MOSFF+)(M11FF-) clock
{MCRST+)
CBITF+ | 124—P2 F | TL4 S {DO0 # DO1)(GENOA+) 124—-A1 12412 Set C-bit when D00 #
{MOOFF+)(M11FF-}TLAFF+) A2 DO1
{MCSET+) .
CLYTR- | 120-P3 F | TL4 R | (SCZRO+){TLAFF+)(MCRST+) 129—-E1/ | 101—116—N12 | Clear Y register
H3 :
EPYTS+ | 120-P4 F TL4 S (PISEX-)(EOINS+)(TL4F F+) 129-D4 | 101—-116—L10 | Enable P register to
) {OPGJS-){MCSET+) Y register
MEMCI+ | 126-K12 | F TL1 L (TL1FF+){SPMOD~) {IGACY+) 126—F2/ | 150-A2 Enable memory cycle
J12
COXXX+ | 150-D2 F TL1 L {MEMCI+)}{MBSYX-} 150—-A2 |150-D2 Start memory cycle
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T

12

T3

T4

NOTE:

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

L [DEVELOP START MEMORY LEVEL]
R 0 «(M), I's ~ (D)
1| (P)+1 ~ADDER, 0 - (F)
$ ADDER ~(D)
STROBE [EA] ~w)
R 0P
s (D) ~P)
L (A) ~ADDER
's « (D)
s ADDER (D)
R 0~ (A) 0~V
s Dot = Ag_1
s ®) -
L|  SET F-CYCLE ENTRY FF

NEXT INSTRUCTION
FETCH CYCLE

MISSING SIGNALS CAN BE
FOUND IN CAL ANALYSIS

FCYEF+

MEMCH
CLMTR-, CLDTR-

EPSLL+, EIK17-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

CLATR-, CLYTR-
EDALS+
EPYTS+
FCYEF+

CAL
1 CYCLE
OP CODE 141050

Instruction: Clear Left Half (CAL)

OP Code:

141050

Type: G, 1cycle

Description: 0~ (A)q_g

0|0

0‘1‘0 11010¢.0

5 6

7 8

9 10 11 12 13 14 15 16

Execution Time (us): 1.6 -

Signal Origin Cyc Tim Cik Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F | TLATE | L | (FCYEF+HTLATE-) 128—-G3 }101—116—A9 | Enable P register to
—_— adder
EIK17- 127-P5 F | TLATE | L | {TLATE~) 127-K6 | 116—F7-F9 Force carry to adder
CLMTR- | 128-P9 F .| TLt R | (MCRST+}{HOLDM-}{TLiFF+} 128—P3 | 10i—116—L9 | Ciear M register
CLDTR- | 125—K5 F | TL1 R | (ICYEF-}{ACYEF-){TL1FF+) 125—-A6 |101—116—F11 | Clear D register to
ONEs
CLFTL- | 125—K8 F 1TL1 L | {ICYEF-HACYEF-MTL1FF+) 125—-A8 | 120-A1 Clear F register
121-A5 Clear Shift Counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S (ICYEF-)J{ACYEF-}{TL1FF+}, 125—A6 |101—-116—F5- | Enable adder sum to
F9 D register
MManF- | 142 {SWnn+){STRB-} 80.04 101-116—H8 | Memory data set into
M register
CLPTR- | 129-M10}| F | TL2 R | (EDPTR+}{MCRST+) 129—19 |101-116—L12 | Clear P register
EDPTS- | 129-P9 F | TL2 S | (EDPTR+}{MCSET+) 129—-L9 |[101—-116—J11 | Enable D register into
P register
EASTL+ | 127-P1 F | TLATE | L | {(GENOP+){TLATE+}{MO2FF+) 127—-K12 {1061—116—A4 | Enable A register to
. adder
EMSHL+ | 127—P9 F | TLATE | L | {GENOP+}{TLATE+)(MO2FF+) 127-K12 [101-107—-A9 | Enable M{1-7) to adder
ENSHL+ | 127—-P8 F | TLATE | L | (GENOP+}{TLATE+}{MO2FF+) 127—-K12 }101—-107—A10 | Enable M~(1-7) to adder
EMSLL+ | 127—-P11 F | TLATE | L | (GENOP+){TLATE+}{MO2FF+} 127—-K12 [108—116—A9 | Enable M(8-16) to adder
ENSLL+ | 127-P7 F | TLATE | L | {(GENOP+){TLATE+}{MO2FF+) 127—-K12 {108—116—A10 | Enable M~({8-16) to adder
JAMKN- | 127—L5 F | TLATE | L | (GENOP+){MO1FF+){MO2FF+) 127-L3 |101-116—C9 Force carry network 1o
ZERO
CLDTR- | 127—K5 F | TL3 R | (TL3FF+}{ACYLF-) 125—-B6 {101—116—F11 | Clear D register to
ONEs
ESDTS+ | 125—M4 F |TL3 S | (TL3FF+}{IOGRP-) 125-B5 |[101—-116—F5- | Enable adder sum to
F9 D register
CLATR- | 122—K8 F | TL4 R | (GENOA+(M11FF+)(TL4FF+) 122—-C4 [101-116—L6 | Clear A register
CLYTR- | 129-P3 F |TL4 R | {(ACYNX-}{TL4FF+}{MCRST+) 129—-H3 {101-116—N12 | Clear Y register
EDALS+ | 122—P3 F |TL4 S | (GENCA+)(MT1FF+H{M13FF+) 129-D5/ |109-116—J7 Enable D register to
H2 A{9-16)
EPYTS+ | 129-P4 F {TL4 S | (PISEX-)(EOINS+}{OPGJS-) 129-D4 |101—116—L10 | Enable P register to
Y register
AMEMCI+ | 126-K12 | F | TL1 L | (TL1IFF+){SPMOD~){1GACY+) 126—F2/ |150—A2 Enable memory cycle
. J12
COXXX+ | 150-D2 F [TL1 L | (MEMCH}MBSYX-) 150-A2 {150-D2 Start memory cycle
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ENTER FROM PREVIOUS OPERATION

(FETCH CYCLE ENTRY ENABLED)
L |DEVELOP START MEMORY LEVEL]
T1 R 0-Mm), 1's - (D)
L] ®)+1 ~ADDER, 0~ (F)
s ADDER (D)
STROBE [eA] -
2 R )
s D) -
T2 1
&
L (A) ~ADDER
T3
—— fmA®y
1's - (D)
i s ADDER - (D)
R 0~(A),0-(M
T4 s D) _g ~ A)_g
S ®) -
L|  SETEF-CYCLE ENTRY FF

T TS TN S e e i e s s, e, sty et | e, s, e, s, s, s, e e, ettt . e e e,

N NEXT INSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE
FOUND IN CAR ANALYSIS

FCYER+

MEMCH+
CLMTR-, CLDTR-
EPSLL+, EIK17-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

CLATR-, CLYTR-
EDAHS+

EPYTS+

FCYEF+

CAR
1 CrakE
OP CODE 141044

Instruction: Clear Right Half (CAR) 1 00011 0joj1]0
OP Code: 141044  Type: G, 1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15
Description: 0~ {Alg_46 Execution Time {us): 1.6
Signal Origin Cyc Tim Clk Signal Component: Origin Destination Operation
EPSLL+ 128—-K4 F TLATE L (FCYEF+HTLATE-) 128-G3 101-116-A9 Enable P register to
. —_ adder ’
EIK17- 127—-P5 F TLATE L (TLATE-) 127—K6 116-F7-Fa Force carry o adder
CLMTR- | 128—PS F TL1 R {(MCRST+}{HOLDM-}TL1FF+) 128-P9 101—-116-L9 Clear M register
CLDTR- | 125-K5 F TL1 R (ICYEF-J{ACYEF-){TL1FF+) 125—-A6 101-116—F11 { Clear D register to
' ONEs ]
CLFTL- | 125—K8 F TL1 L {(ICYEF-HACYEF-){(TL1FF+) 125-A6 |120-B1 Clear F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ 125-M4 F TL1 S {(ICYEF-}{ACYEF-){TL1FF+) 125—A6 |101-116—F5- | Enable adder sum to
F9 ~ D register
MMnnF- | 142 {SWnn)(STRB-) 80.04 101-116—H8 | Memory data set into
C M register
CLPTR- | 129-M10| F TL2 R {EDPTR+){MCRST+) 129-110 | 101-116—L12 | Clear P register
EDPTS- 129-P9 F TL2 .S (EDPTR+){MCSET+) 129—L9 101-116-J11 Enable D register into
P register .
EASTL+ | 127—P1 F TLATE L (GENOP+)(TLATE+){MO2FF+) 129—K12 | 101-116—-A4 Enable A register to adder
EMSHL+ | 127-P9 F TLATE L (GENOP+){TLATE+){MO2FF+) 127—K12 }101-107—A9 | Enable M(1-7) to adder
ENSHL+ | 127-P8 F TLATE L (GENOP+){TLATE+}H{MO2FF+) 127—-K12 | 101-107—-A10 | Enable M~{1-7) to adder
EMSLL+ { 127—P11 F TLATE L (GENOP+){TLATE+){MO2FF+) 127-K12 | 108—116—A9 Enable M{8-16) to adder
ENSLL+ | 127-P7 F TLATE L (GENOP+){TLATE+){MO2FF+) 127—-K12 |108—116—A10 | Enable M-(8-16) to adder
JAMKN- | 127—-L5 F TLATE L (GENGOP+){MO1FF+){MO2FF+} 127—-L3 101-116—C9 Force carry network to
, 117-C1-C4-K5 ZERO
CLDTR~ | 127-K5 F TL3 R (TL3FF+){ACYLF-) 125-B6 101-116—F11 | Clear D register to
; ONEs
ESDTS+ | 125—-M4 F TL3 S (TL3FF+)}{IOGRP-) 125—B5 101-116—F5- | Enable adder sum to
: F9 D register
CLATR- | 122—-K8 F TL4 R {GENOA+){M11FF+)}{TL4FF+) 1122—C4 101-116—-L6 Clear A register
CLYTR- | 129-P3 F TL4 R (ACYNX~-HTLAFF+){MCRST+) 129—H3 101—116—-N12 | Clear Y register
EDAHS+ | 122—P1 F TL4 S (GENOA+}{M11FF+){M14FF+) 122-C4/ 1101-108—J7 Enable D register to
J2 A register 1-8
EPYTS+ | 120--P4 F TL4 S (PISEX-)(EOINS+}{OPGJS-} 129-D4 }101-116—-L10 | Enable P register to
Y register
MEMCi+ | 126—-K12 | F TL1 L {TL1FF+){SPMOD-) {IGACY+) 126—F2/ [150—A2 Enable memory cycle
, J12
COXXX+ | 150-D2 F |TUL L | (MEMCI+){MBSYX-) 150—A2 |150-D2 Start memory cycle
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L |DEVELOP START MEMORY LEVEL
n H] G -(M), 1's - (D)
L| @) +1 ~ADDER, 0 ~ (F)
s ADDER (D)
STROBE {EA] ~(M)
T2 R 0-®
S (D) -(P)
T2 1
& .
L (A) ~ADDER
T3
(AT
R s - (D)
T3 s ADDER (D)
L 0~ (A),
L ®), ~ @)
T4 R 0~ (¥)
s @ -
S|  SET F-CYCLE ENTRY F-F

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

NEXT INSTRUCTION
FETCH CYCLE

FCYEF+

MEMCH+

CLMTR-, CLDTR-
EPSLL+, EIK]Z-, CLFTL-
ESDTS+

MMnnF-

© CLPTR-

EDPTS-

CLAR+
EDAIL+
CLYTR-

EPYTS+
FCYEF+

— e e e | . e — —— —— —— — — — — — — — e i e

CHS
1 CYCLE

OP CODE 14w24

olo

1|o 1|o

Instruction: Complement A Sign (CHS) 1 ol 0 0
Op Code: 140024 Type: G, 1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: ONE’s complement of (A1) - (A1) Execution Time: {us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F | TLATE L | {(FCYEF+)(TLATE-} 128—G3 |101—-116—A9 | Enable P register to
: adder
EIK17- 127-P5 F | TLATE |-L (TLATE-) 127-K6 | 116—-F7/F9 Force carry 1o adder
CLMTR- | 128-P9 F | TL1 R | (MCRST+){HOLDM-}{TL1FF+) 128-P9 }101-116-19 Clear M register
CLDTR- | 125-K5 F | TL1 R | {ICYEF-}{ACYEF-NTL1FF+) 126—A6 |101-116—F11 | Clear D register to
ONE
CLFTL~ ; 125-K8 F o3 TLY L {CYER-HACYER-HTLIFRY 125-A8 [120-A1 Clear é register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F |'TL1 S (ICYEF-)}{ACYEF-WTL1FF+) 125—A6 |101-116—F5- | Enable adder sum to
F9 D register
pMMnnF- | 142 {SWnnxj{(STRB-) 80.04 101-116—H8 Memory data set into
M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+H{TL2FF+){SCZR0O+} 129—-E7/ |101—-116—L12 | Clear P register
{MEMAC-){MCRST+) L10
EDPTS+ | 129-P9 F | TL2 S (FCYEF+)(TL2FF+}{SCZR0+) 129—-E7/ |101-116-111 | Enable D register to
{(MEMAC-}(MCSET+) L9 P register
EASTL+ | 127-P1 F | TLATE L (EASAL-) 127-D3 | 101-116-A4 Enable A register to
adder
JAMKN- | 127-L5 F | TLATE L | (EASAL-) 127-D3 |101-116—C9 | Jam carry network
117—-C1-C4-K5
CLDTR- | 126—K5.| F | TL3 R | (TL3FF+){ACYLF-}{(MCRST+) 126—-B6 |101-116—F11 | Clear D register to
1 ONEs
ESDTS+ | 125—-M4 F | TL3 S {TL3FF+){(IOGRP-)}{MCSET+) 125-B5 |[101-116—F5- | Enable adder sum to
F9 D register
CLAIL+ | 130-K11 ]| F | TL4 L | (GENOA+HTLAFF+){M14FF+) 130-F9 |101-L4 Clear A register bit 1
EDAIL+ | 130-K10] F | TL4 L | (GENOA+NTLAFF+}{M14FF+} 130-F9 {101-L7 Enable D register bit 1
: into A register bit 1
CLYTR- | 129-P3 F TLA R | {(SCZRO+}{TLAFF+){MCRST+) 129—E1- | 101—116—N12 | Clear Y register
) . H3-N5
EPYTS+ | 120-P4 F | TL4 S {PISEX~-Y{EOINS+}{TLAFF+) 120-D4/ | 101—116—L10 | Enable P register to
{OPGJS-)(MCSET+) L4 Y register
MEMCI+ | 126—-K12 | F | TL1 L | (TL1FF+) (SPMOD-) {IGACY+) 126—F2/ | 150—A2 Enable memory cycle
- J12 : ‘
150—-D2 F TL1 L 150-A2 | 150-D2 Start memory cycle

COXXX+

{(MEMCI+}{MBSYX-}
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n

12

— — —— . — — —— — . — — — — —

T3

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

w

DEVELOP START MEMORY LEVEL]
0 -(M), 1's - (D)
{Py+1 ~ ADDER, 0 ~ {F)

" ADDER "~ (D}

's -~ (D)

FCYEF+

MEMCH

CLMTR-, C1DTR-
EPSLL+, EiKi7-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS-

T4

w o n o n =

0~ (A
(O);_g ~ A)_g, Clg_1s, Wg16
0 -

®) - ()
SET F-CYCLE ENTRY F-F

NEXT INSTRUCTION
FETCH CYCLE

CLATR-
EDAHS+, EDALS+
CLYTR-
EPYTS+

FCYEF+

1 CYCLE
OP CODE 140401

instruction: Complement A (CMA)

OP Code:

140401

Type: G, 1cycle

Description: ONE’s complement of {A} — {A)

5 6

0] 11 0

0'0!0 0j]0]0

7 8 9 10 1

12 13 14 15

Execution Time (us): 1.6

16

Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ ‘ 128—-K4 F | TLATE L (FCYEF+)(TLATE-) 128—G3 |101-116—A9 | Enable P register to
adder -
EIK17- 127-P5 F | TLATE L {TLATE-} 127-K8 | 116-F7-FQ Force carry 10 adder
CLMTR- | 128-P9 F | TL1 R | (MCRST+)(HOLDM-}{TL1FF+) 128—-P9 | 101-116-L9 Clear M register
CLDTR- | 125-K5 F T R | (ICYEF-}{ACYEF-){TL1FF+) 125—-A6 |101-116—F11 | Clear D register to
. ONEs
CLFTL- | 125—K8 F | TL1 L {(ICYEF-)}{ACYEF-}{TL1FF+) 125-A6 |120-A1 Clear,F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S {ICYEF-){ACYEF-)}{TL1FF+}) 125—-A6 |101-116—F5- | Enable adder sum to
Fo D register
- MMnnF- | 142 {SWnn+)(STRB-) 80.04 101-116—H8 Memory data set into
. M register
CLPTR- | 129-M10{ F | TL2 R (FCYEF+)(TL2FF+)(SCZR0+) 128—E7/ }101-116—-L12 | Clear P register
(MEMAC-){MCRST+) ) L10
EDPTS+ | 129-P9 F | TL2 S {(FCYEF+{TL2FF1)}{SCZR0+} 120-E7/ |101—116-J11 | Enable D register to
(MEMAC-){MCSET+) L10 P register
EASTL+ | 127-P1 F | TLATE L {EASAL-) 127-D3 |101-116—A4 | Enable A register to
. adder
JAMKN- | 127-L5 F | TLATE L (EASAL-) 127-D3 {101-116-C9 Jam carry network
. 117—C1-C4K5
CLDTR- | 125—K5 F T3 R (TL3FF+){ACYLF-){MCRST+} 125-B6 |[101-116—F11 | Clear D register to
) ONEs
ESDTS+ | 125—-M4 F | TL3 S {TL3FF+){IOGRP-){MCSET+} 125-B5 |101-116—F5- | Enable adder sum to
F9 D register
CLATR- | 122-K8 F | TL4 R | {(M16FF+}{GENOA+}{TLAFF+) 122--A1/ {101-116-L6 Clear A register
(MCRST+) Jg :
EDAHS+ | 122—P1 F | TL4 S {M16FF+){GENOA+)(TLAFF+} 122—A1/ |101-108-J7 Enable D register to
. {MCSET+) J A(1-8) ,
EDALS+ | 122—-P3 F | TL4 S (M16FF+){GENOA+)(TLAFF+) 122—-A2 |108-116-J7 Enable D register to
{MCSET+) A(9-16)
CLYTR- | 129-P3 F | TL4 R {SCZRO+){TL4FF+){MCRST+) 129—-E1- | 101-116-N12 | Clear Y register
: H3-N3
EPYTS+ | 120-P4 F | TL4 S (PISEX-)(EOINS+(TL4FF+) 129-D4/ | 101—116—L10 | Enable P register to
(OPGJS-}{MCSET+) L4 Y register
MEMCI+ | 126-K12 | F TL1 L (TL1FF+) (SPMOD-} (IGACY+) 126—F2 |150—-A2 Enable memoery cycle
J12
COXXX+ | 150-D2 F | Tu F {MEMCI+)(MBSY X+) 150—A2 |150-D2. Start memory cycle
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T

T2

T4

L | DEVELOP START MEMORY LEVEL
R 0 ~(M), 1's - (D)
L| ®)+1 ~ADDER, 0 ~ (F)
< ANNED Fia}t
2 AW Sl
4
STROBE [eA] ~m
R 0~@)
S (D) -(P)
R 1's ~ (D)
R 0~ (A), 0-(Y)
S ®) -(v)
L SET F-CYCLE ENTRY FF

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

NEXT INSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE
FOUND IN CRA ANALYSIS.

FCYEF+

MEMCH+
CLMTR-, CLDTR-

EPSLL+, EIKI7-, CLFTL-

ESDTS:
e Y

MMnnF-
CLPTR-
EDPTS-

CLATR-, CLYTR-
EPYTS+
FCYEF+

CRA
1 CYCQLE
OP CODE 140040

Instruction: Clear A-register (CRA)

oJ 11 oro

olo

1 ololo 0
OP Code: 140040  Type: Generic, 1 cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 0s > (A)g_4 Execution Time: {us): 1.6
Signal Origin Cyc Tim Clk Signai Component Origin Destination Operation
EPSLL+ | 128-K4 | F | TLATE | L. | (FCYEF+)(TLATE-) 128-G3 | 101-116—A9 | Enable P register to
adder
EIK17+ | 127-P5 F | TLATE | L | (TLATE-) 127-K6 | 116—F7/F9 Force carry-in to bit 16
CLMTR- | 128-P9 | F | TL1 R | {MCRST+(HOLDM-){TL1FF+) 128—P9 | 101-116—L9 | Reset M register
CLDTR- | 125-K&6 | F | TL1 R | (ICYEF-)(ACYEF-){TL1FF+) 125—A6 | 101—116—F11 | Clear D register to
‘ ONEs
cLFTL- 125 k8 | F | TL1 L | (ICYEF-)ACYEF-}TL1FF+) 125—A6 | 120—A1 Reset F register
121-A5 Reset shift counter
125-D8 Reset AZZZ2+
ESDTS+ | 125-M4 | F | TL1 S | (ICYEF-MACYEF-NTL1FF+) 125-A5 | 101—116—F5- | Enable adder sum to
F9 - D register
MMnnF- | 142 {SWnn:}{STRB-} 85.04 101-116-H8 | Memory data set into
M register
CLPTR- | 120-M10| F | TL2 R | (EDPTRH* 129-J9 | 101—116—L12 | Reset P register
EDPTS+ | 129-P9 F | T2 S | (EDPTRH)* 129-J9 | 101-116—J11 | Enable D register into
P register
CLDTR- | 126-K5 | F | TL3 R | (TL3FF+){ACYLF-) 125-C6 , | 101—116—F11 | Clear D register to
: ‘ ONEs
CLATR- | 122-K8 | F | TL4 R | (CLATL+)(MCRST+** 122-J8  {101-116—-L6 | Reset A register
CLYTR- | 120-P3 | F | TL4 R | (ACYNX-HTLAFF+){MCRST+ 129-H3/ {101—116—N12 | Reset Y register
: N3
EPYTS+ | 120-P4 | F | TL4 S | (PISEX-)(EOINS+)(TL4FF+) 129-D4/ | 101—116—L10 | Enable P register into
(OPGJS-) L4 Y register
MEMCH+ | 126-K12 | F | TL1 L | (MEMCI-)*** 126-G11 | 150— A2 Enable memory cycle
COXXX+| 150-D2 | F | TL1 L | (MEMCIH){MBSYX-} 150-A2 | 150-D2 Start memory cycle:
FCYEF+ | 119-F10 | F | TL4 L | {Set: (TLAFF+)(EOINS+) 119-D10 | 119—H9 Enable set FCYLF+ at
next TL1FF+

*(EDPTL+) @ 129-J9 = {(FCYEF+){TL2FF+){(SCZRO+)(MEMAC-) @ 129—-E7
**(CLATL+) @ 122—G6 = (GENOA+)(M11FF+)(TLAFF+) @ 122—C4
***(MEMCI-) @ 126—G2 = {TL1FF+)(SPMOD-) ({IOGRP+){FCYLF+)-) @ 126—F12/C12
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m

T4

ENTER FROM PREVIOUS OPERATION

{ EETCH CYCLE ENTRY ENABLED )
[
R 0~ (M), 1% (D)
il @y+1 ~ADDER, & L )
s ADDER ~ (D)
STROBE EA] -~ W
R 20 - P
S 0 - @
L SET INTERRUPT
R 0 - (Y)
S P) - ()
L |DEVELOP START MEMORY LEVEL
s

SET F-CYCLE ENTRY F-F

NEXT INSTRUCTION
mcri CYCLE

FCYEF+ OF NEXT
INSTRUCTION SETS
INTERRUPT FLIP-FLOP

MEMCHH
CLMTR-, CLDTR-

EPSLL:, EIK17-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS+

ENB
1 CYCLE

PERMH

2-2S MissING

OP CODE 000401

Instruction: Enable Program Interrupt (ENB) 0 110} 0 l 0 [ 0 ‘ 0 l 0 l 011
OP Code: 000401  Type: G.1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: Set machine status to permit interrupt Execution Time (us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128—-K4 F | TLATE L (FCYEF+){TLATE-) 128—-G3 | 101-116—A9 | Enable P register to
—_—— adder
EIK17- 127-P5 | F | TLATE L | (TLATE-) 1127—K6 |116—F7-F9 Force carry to adder
CLMTR- | 128—P9 F | TL1 R | (MCRST+)(HOLDM-)}{TL1FF+} 128-P9 101-116—L9 | Clear M register
CLDTR- | 125—K5 F | TL1 R | (ICYEF-}{ACYEF-TL1FF+) 125—-A6 |101—-116—F11 | Clear D register to
. : ONEs
CLFTL 126—K8 F 1T L ! [ICYEF-MACYEF-)TL1FF+) 126—-A8 | 120-A1 Clear F register
121-Ab Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S (ICYEF-}{ACYEF-){(TL1FF+) 125—A6 |{101-116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnnt)}{STRB-) 80.04 101-115-H8 | Memory data setinto
M register
CLPTR- | 120-M10| F | TL2 R | (FCYEF+){TL2FF+)(SCZRO+) 129—-E7/ |101-116—L12 | Clear P register .
{(MEMAC-){MCRST+) L10
EDPTS+ | 129-P9 F | TL2 S (FCYEF+){TL2FF+}{(SCZROC+) 129-E7/ |101-116—J11 | Enable D register to
(MEMAC-)}{MCSET+) L10 P register
PEMIL- | 134—-A4 F | TL4 L | (GENOB+)(TLAFF+)(MOSFF+) 134—-A4 |134-C4 Permit interrupt
CLYTR- | 129-P3 F | TL4 R | (SCZRO+){TLAFF+}{MCRST+) 120-E1/ |101—-116—N12 | Clear Y register
. H3
EPYTS+ | 129—P4 F | TL4 S {PISEX~HEOINS+}{TLAFF+) 129-D4 |101-116—L10 | Enable P register to
{OPGJS-)}{MCSET+) Y register
MEMCI+ | 126—K12 | F | TL1 L | (TL1FF+}{SPMOD-} (IGACY+) 126—-F12/ | 150-A2 Enable memory cycle
J12
COXXX+| 150-D2 F | TL1 L {MCSET+}{MEMCI+}{MBSY X-) 150—-A2 |150-D2 Start memory cycle
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128713
(TLATE)

ENTER FROM PREVIOUS OPERATION

R

T4

{FETCH CYCLE ENTRY ENABLED) FCYEF+
.
—————————————————— ‘ e . — — . ————— — — —
L [DEVELOP START MEMORY LEVEL MEMCH+
R 0~(M), 1I's~@D) CLMIR-, CLDTR-
t| ()+1 < ADDER, 0 - (F) €psLL+, EIK17-, CLFTL-
3 ADDER ~ (D) ESDTS+
T ) ) ¥
STROBE [EA] - (M) MMnnF-
R 0~ CLPTR-
s ©) -~ @} EDPTS+
R CLEAR RUNFF SCZRO-
s (SC) +1 ~{SC) INCSC+
HALT
PRESS
L SET RUNFF ol
L (A) - ADDER EASTL+
(SEE NOTE)
1's « (D) CLDTR-
ADDER ~ (D) ESDTS+
REPEAT T2 JRPTTZ—
( AZZZZ e
= D, 1
NO S 1's - SC EICTS-
L SET AZZZZ SETAZ+
L
A
ENTER T4 RPTT2-
0 - (V) CLYTR-
$ )~ EPYTSH
L {SET F~-CYCLE ENTRY F-F FCYEF+
¥
NEXT INSTRUCTION T
FETCH CYQE OP CODE 000 000

NOTE:

wn X

MISSING SIGNALS CAN BE
FOUND IN HLT ANALYSIS

Instruction: Halt (HLT) 0 ojojojojojo0jo|o0]
OP Code: 000000 Type: G, 1.5cycles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Description:  Set machine to halt mede Execution Time {us): 2.4
Signal Origin Cyc Tim cik Signal Component Origin Destination Operation
EPSLL+ | 128—K4 F | TLATE | L | (FCYEF+{TLATE-) 128-G3 |[101-116—-A9 Enablé P register to
EIK17- 127-P5 2 TLATE L {TLATE-} 127-K& 116-F7/FS Foroe carry 1o adder
CLMTR- | 128—P9 F TL1 R {MCRST+)(HOLDM-)}(TL1FF+) 128—-P9 101-116-1L9 Clear M register
CLDTR- | 125-K5 F | TL1 R | (ICYEF-HACYEF-){TL1FF+) 125—-A6 |101—-116—F11 | Clear D register to
- ONEs
CLFTL- | 125—-K8 F TL1 L {(ICYEF-}{ACYEF-}{TL1FF+) 125—-A6 |121-A5 Clear shift counter
1206—-A1 Ciear F register
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S {ICYEF~)(ACYEF-){TL1FF+} 126—A6 |101—-116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnn#){(STRB-} 80.04 101-116—-H8 Memory data set into
. M register
CLPTR- | 129-M10| F | TL2 R | (EDPTR+}{MCRST+) 129-J9 101—-116—-L12 | Clear P register
EDPTS+ | 129-P9 F TL2 S (EDPTR+)(MCSET+) 129—-J9 101-116—J11 | Enable D register to
P register
EASTL+ | 127-P1 F TLATE L {GENOP+{TLATE+{MO1FF-) 127-C3 101-116—-A4 Enable A register to
EMSHL+ | 127-P9 F | TLATE | L | {GENOP+}{TLATE+{MO1FF-) 127-K10 |101—107—A9 | Enable M{1-7} to adder
ENSHL+ | 127-P8 F | TLATE | L | (GENOP+){TLATE+HMO1FF-) 127—K10 | 101—-107—A10 | Enable M~(1-7) to adder
EMSLL+ | 127-P11 F | TLATE | L | (GENOP+}{TLATE+}{MO1FF) 127—K10 |[108—116—A9 | Enable M(8-16) to adder
ENSLL+ | 127-P7 F TLATE L {(GENOP+HTLATE+)(MO1FF-) 127—-K10 {108—116—A10 | Enable M~(8-16) to adder
CLDTR- | 125—K5 F TL3 R (TL3FF+HACYLF){MCRST+) 125--B6/ |101—-116—F11 | Clear D register to
J5 ONEs
ESDTS+ | 125-M4 F TL3 S {TL3FF+}{IOGRP-HMCSET+) 125—-B5/ |{101—-116—F5- | Enable adder sum to
J4 F9 D register
EICTS- 126—K9 F | TL3 S (GENOB+){TL3FF+)}{M16FF-) 125-B9/ | 121-A8 Set shift counter to alt
(MCSET+H{AZZZZ-) J9 ONEs
) : 126-F10 Repeat TL2 (RPTT2+4)
SETAZ+ | 125—-M7 F | TL3 L | (GENOB+)(TL3FF+}{M16FF-) 125-B9 |125—-L8 Set AZZZZ FF
RUNFF- | 126—M2 F | TL2 R | (MCRST+){TL2FF+}{GENOB+) 126—-J3 126—N2 Reset RUNFF
; {M16FF-){SCZRO-)}{RESTR-) ;
INCSC+ | 126—P5 F | TL2 L | (FCYEF+{TL2FF+) : 126—-L5 {121-A4 Enable increment shift
counter
" Depress and release START button
RUNFF+ | 126—M3 {RDYFF-){START-) 126-D3 |126-L3 Set RUNFF
Repeat TLATE and TL3 with entry to TL4 (SCZRO+}{RPTT2-)
CLYTR- | 129-P3 F | TL4 R | {ACYNX-}{TLAFF+){MCRST+) 129—H3/N3| 101 ;—1 16—N12 1 Clear Y register
EPYTS+ | 129-P4 F | TL4 S {PISEX~-)}{EQINS+){OPGJS-) 129-D4 | 101—-116—L10 | Enable P register to
) Y register
MEMCIH+ | 126—K12 | F TL1 L {TL1FF+){SPMOD-}{IGACY+) 126—F2/ | 150-A2 | Enable memary cycle
J12
COXXX+; 150-D2 F | TL1 L | (MEMCI+}{{MBSYX-} 150-A2 |150-D2 Start memory cycle
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Ti

T2

T3

T4

L [DEVELOP START MEMORY LEVEL]
R 0 ~(M), 1's ~ D)
L| (®)+1 ~ADDER, 0~ (F)
s ADDER (D)
STROBE [EA] -~
R 0-@)
s ) ~®
!
L (A) ~ADDER
R s~ D), I's ~ ()
S| ADDER - (D), (8) ~ (E),

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

R{0~(Y), 0~(a), 0~ ®)

S{E) ~ (A), @) - B), P)~(V)
L]  SET F-CYCLE ENIRY FF

NEXT INSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE
FOUND IN IAB ANALYSIS

FCYEF+

MEMCH+

CLMTR-, CLDTR-
EPSLL+, EIK17-, CLFTL~
ESDTS+

MManF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

CLDTR-, CLETR-
ESDTS+, EBETS+

CLYTR-, CLATR~, CLBTR-

EEATS+, EEALS+, EDBTS+, EPYTS+

FCYEF+

1AB
1 CYQLE
OP CODE 000201

Instruction:

OP Code: 000201

Interchange A and B {1AB)

Type: Generic, 1cycle

011 0[010|0

0!01

5 &

7 8 9 10 11 12 13 14 15 16

Description: {A) = (B) Execution Time {us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F TLATE L (FCYEF+)(TLATE-) 128—-G3 | 101-116—-A9 Enable P register to
adder
EIK17- 127—-P5 F | TLATE i {TLATE-} 127-K6 | 116-F7/F9 Force carry-in to bit 18
CLMTR- | 128—P9 F | TL1 R | (MCRST+)}{HOLDM-)}{TL1FF+) 128-P9 101-116—-L9 Reset M register
CLDTR- { 125—K5 F | TL1 R | (ICYEF-}{ACYEF-}TL1FF+) 125—A6 | 101-116—F11 | Clear D register to
ONEs
CLFTL- | 125—K8 F | TL L | (ICYEF-HACYEF-}{TL1FF+) 125—-A6 | 120—-A1 Reset F register
121-Ab Reset shift counter
125-D8 Reset AZZZZ+ FF
ESDTS+ | 125—-M4 F | TLATE | S (ICYEF-J{ACYEF-){TL1FF+} 1256—A6 | 101—116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnnt){STRB-) 80.04 101—-116—H8 | Memory data set into
M register )
CLPTR- | 129-M10} F | TL2 R | (EDPTRH)* 12949 101—116—L12 | Reset P register
EDPTS+ | 129-P9 F | TL2 S (EDPTRH)* 12949 101—-116—J11 | Enable D register into
P register
EASTL+ | 127-P1 F | TLATE*® (GENOP+){TLATE+HMO1FF-) 127—-C3 | 101—-116—A4 | Enable A register to
adder
EMSLL+ | 127—-P11 F | TLATE" (GENOP+)(TLATE+){MO1FF-}) 127-K10 { 108—116—A9 | Enable M(8-16) to adder
EMSHL+ | 127—P9 F | TLATE* {GENOP+{{TLATE+}{MO1FF-) 127—-K10 | 101-107—A9 | Enable M{1-7) to adder
ENSLL+ | 127-P7 F | TLATE® (GENOP+){TLATE+){MO1FF-) 127—K10 | 108—116—A10 | Enable M-(8-16) to adder
ENSHL+ | 127—P8 F | TLATE* {(GENOP+)(TLATE+}{MO1FF-) 127-10 | 101-107—A10 | Enable M—(1-7} to adder
CLDTR- | 125—K5 F | TL3 "R | (TL3FF+M{ACYLF-) 1256—-B6 | 101—116—F11 | Clear D register to
ONEs
CLETR- | 125—K2 F | TL3 R | (TL3FF+){GENOP+)(MO1FF-) 125-81/ | 101—-116—N2 Reset E register
{MOSFF+) Al
ESDTS+ | 125—-M4 F | TL3 S {TL3FFH}{IOGRP-} . 125—-B5 | 101—116—F5- | Enable adder sum into
: F9 . D register
EBETS+ | 125—M1 F | TL3 S (TL3FF+)}{GENOP+H{MO1FF-) 12581 101-116—-L3 Enable B register into
[{MO9FF+) @ 125—-A1] E register
CLYTR- | 129-P3 F | TLA R | (ACYNX-HTL4FF+){MCRST+) 129-H3/ | 101—116—N12 | Reset Y register
N3
CLATR- | 122—K8 F | TL4 R (CLATLH)™™™ 122-G6 | 101-116—-L6 Reset A register
CLBTR- | 123-M6 F | TL4 R | (M5GAG-)*** 122-G2 | 101—116—-L2- | Reset B register
EEATS+ | 122-P4 F | TL4 S (M5G4G-)*** 122-G2 | 101-110-J4 Enable E{(1-10} into
- Al1-10}
EEALS+ | 122—K5 F | TL4 S {M5G4G-)*** 122-G2 | 111-116-J4 Enable E(11-16) into
A(11-16)
EDBTS+ | 123-P2 F | TL4 S (M5G4G-)*** 123-G2 | 101-116—-J3 Enable D register into
B register
FCYEF+ | 119-G10| F | TL4 L | (Set: (TLAFF+)(EOINS+}) 119—-C10 | 119-J10 Enable set FCYLF+at
~ next TL1FF+
EPYTS+ | 129—P4 F | TL4 S (PISEX-}EOINS+)(TLAFF+) 129-D4 | 101—116—L10 | Enable P register into
) {OPGJS-) Y register
MEMCI+ | 126—K12| F | TL1 L (TL1FF+) (SPMOD—) (IGACY+) 126-G11 | 160—A2 Enable set RCYF1+
COXXX+| 150-D2 F 1T L {MEMCI+}{MBSYX-} 150--A2 | 150—D2 Start memory cycle
*EDPTR+ @ 129—J9 = (FCYEF+){TL2FF+){SCZRO+)(MEMAC-) @ 129-E7
**TLATE+ = ((TL2FF-} V(TL3FF-)) @ 118—-B7
**20) ATL+ @ 122—F7 = (M5G4G-) @ 122—F6 = (GENOB+)(TL4FF+)(MO9FF+} @ 123-F2
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)
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DEVELOP START MEMORY LEVEL

0 -(M), 1's - D)

B N ey
~ADDER, G . (F)

ADDER -{D)

1% -~y

0~ (a), 0~ (V)
O)g ~ W4
Olg 16 ~ ) g

P) -(v)
SET F-CYCLE ENTRY FE

NEXT INSTRUCTION
FETCH CYCLE -

NOTE: MISSING SIGNALS CAN BE
FOUND IN ICA ANALYSIS

Instruction: Interchange Halves (ICA)

FCYEF+ OP Code: 141340  Type: G,1cyde 1 ojrjrjrjojojojojo
Description: (A) _g > (Alg_16 1 2 3 5 6.7 8 9 10 1 12 13 14 15 16
Al g 45~ 1Ay g , Execution Time {#s): 1.6
- - Signal Origin | Cye | Tim | Cik Signal Component Origin Destination Operation
MEMCH EPSLL+ | 128—K4 | F | TLATE | L | (FCYEF+)(TLATE-) 128-G3 | 101-116—-A9 | Enable P register to
— : adder
f::‘ .n.z-’ﬁim' o EIK17- | 127-P5 F | TLATE | L | (TLATE-) 127-K6 |118_F7/F0 Force carry to adder
EPSLL+, EIKIF-, CLFTL- CLMTR- | 128—P9 F | TL1 R | (MCRST+)(HOLDM-)(TL1FF+) 128-P9 | 101—116—L9 | Clear M register
ESDTS+ CLDTR- [ 125-K56 | F | TL1 R | (ICYEF-){ACYEF-)(TL1FF+) 125-A6 |101-116—F11 | Clear D register to
. ONEs .
JAMKN- | 127-L56 | F | TL1 L | [{TLATE+){ACYEF+H]- 127-C3- }|127-N5 Implement EIK17-
—_—_— e — CLFTL- | 125-k8 | F | TL1 L | ICYEF-}{ACYEF-MTL1FE+}) 125-A8 | 121-A5 Clear shift couniter
120-A1 -Clear F register
: 125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 | F | TL1 S | (ICYEF-NACYEF-){TL1FF+) 125-A6 |101-116—F5 | Enable adder sum to
MMnnF- F9 D register
CLPTR- MMnnF- | 142 . {SWnn+}{STRB~} 80.04 101—-116—H8 Memory data set into
EDPTS- ' M register
} CLPTR- | 120-M10| F | TL2 R | (EDPTR+){MCRST+ 12949/ |101—116—L12 | Clear P register
M10
- — — EDPTS~ | 129-P9 F | TL2 S | (EDPTR+)(MCSET+) 129-J9/ |101-116—J11 | Enable D register into
: M9 P register
EASTL+ EASTL+ | 127—P1 F | TLATE | L | {GENOP+}{TLATE+){MO2FF+) 129-C3 {101-116—A4 | Enable A register to
adder
(SEE NOTE) CLDTR~ | 125—K5 F | TL3 R | (TL3FF+H{ACYLF-) 125-P6 | 101—116—F11 { Clear D register to
—_—— e ——— , ONEs
ESDTS+ { 125-M4 | F | TL3 S | (TL3FF+}{IOGRP-) 125-B5 |101—116—F5- | Enable adder sum to
Fg D register
CLDTR- EMSHL+ | 127-P9 | F | TLATE+| L | (GENOP+)}{TLATE+)(MO2FF+) 127—-K10 [ 101-108—A9 | Enable M(1-7) to adder
ESDTS+ ENSHL+ | 127-P8 F | TLATE+] L | (GENOP+)(TLATE+)}{MO2FF+) 127—K10 | 101—108—A10 | Enable M-{1-7) to adder
EMSLL+ | 127-P11 | F | TLATE+| L | (GENOP+)}(TLATE+){MO2FF+H 127-K10 | 109-116—A9 | Enable M(8-16) to adder
ENSLL+ | 127-P7 F | TLATE+| L | (GENOP+}{TLATE+)(MO2FF+) 127-K10 |109—116—A10 | Enable M~{8-16) to adder
JAMKN- | 127-15 | F | TLATE+| L | (GENOP+}{MO1FF+){MO2FF+) 12713 |101-116—C9 | Force carry network to
117—-C1-C4K5 | ZERO
—_—_,—— e — CLATR- | 122-K8 | F | TL4 R | (GENOA+HM11FF+{TLAFF+) 122-C4 {101—116—L6 | Clear A register
CLYTR- | 120-P3 F | TLa R | (ACYNX-)(TLAFF+){MCRST+) 120-H3 {101—116—N12 | Clear Y register
ETALS+ | 122-P7 F | TLa S | (GENOA+)(M10FF+}{M11FF+) 122—-C4/ |109-116—J7 | Enable D{1-8) into
: _ J7 A(9-16)
CLATR-, CLYTR- ETAHS+ | 122-P6 F | TL4 S | (GENOA+){MO9FF+){M11FF+) 122—C4/ |101-108—J7 | Enable D{9-16} into
. . _ J6 . A(1-8)
ETALS EPYTS+ | 129-P4 | F | TL4 S | (PISEX~){EOINS+)(OPGJS-) 129-D4 | 101—116—-L10 | Enabie P register to
ETAHS+ Y register
EPYTS+ MEMCI+ | 126-K12 | F | TL1 L | (TLAFF+}{SPMOD-) (IGACY+) 126—F2/ |150- A2 Enable memory cycle
FCYEF+ i 512
COXXX+| 150-D2 | F | TL1 L | (MEMCI+){MBSYX-) 150-A2 |150-D2 Start memory cycle
ICA
1 CYCLE
OP CODE 141340
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NOTE:

ENTER FROM PREVIOUS OPERATION
(FETGH CYCLE ENTRY ENABLED)

wr e
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[

[DEVELOP START MEMORY LEVEL]
0 ~(M), 1's ~ (D)
)+ 1 ~ADDER, 0 ~ (F)
ADDER ~(D)

A

[eA] -
0-®
D) -(P)

1's = (D)

0+ (A), 0~ (Y)
D)yg ~ Wg_16
P) -V
SET F-CYCLE ENTRY FF

NEXT INSTRUCTION
FETCH CYCLE

MISSING SIGNALS CAN BE
FOUND IN ICL ANALYSIS

FCYEF+

MEMCIH+

CLMTR-, CLDTR-
EPSLL+, EIK17-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

CLATR-, CLYTR-
ETALS+
EPYTS+
FCYER+

ICL
1 CYQLE
OP CODE 141140

Instruction: Interchange and Clear Left Half ticL)

1|1I0|0 60j 0} 0

OP Code: 141140  Type: G,1cycle 1 R
Description: {(Aly_g—> (A)9—16 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
0> (Alyg Execution Time {us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F | TLATE | L | (FCYEF+HTLATE) 128—G3 1101-116-AQ | Enable P register to
. adder
EIK17- 127-P5 F | TLATE | L | (TLATE-) 127—-K6 | 116—F7-F9 Force carry to adder
CLMTR- | 128-PS F oy T R | {(MCRST+}{HOLDM-}{TL1FF+) 128-P9 [101-116—L9 | Clear M register
CLDTR~ | 125—K5 F | TL1 R | (ICYEF-){ACYEF-NTL1FF+) 125—A6 - | 101—116—F11 | Clear D register to ONEs
CLFTL- | 125-K8 F | TL1 L | (ICYEF-{ACYEF)(TL1FF+) 125—-A6 | 120—A1 Clear F register
121-A5 Clear shift counter
125-08 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S (ICYEF-)(ACYEF-)(TL1FF+) 125—-A6 |101-116—F5- | Enable adder sum to
} F9 D register
MMnnF- | 142 {SWnnt)(STRB-) 80,04 101—116—H8 | Memory data set into
) M register
CLPTR- { 129-M10| F | TL2 R | (EDPTR+){MCRST+) 129-J9/ |101-116—L12 | Clear P register
M10
EDPTS- | 129-P9 F JTL2 S | (EDPTR+}{MCSET+) 129-J9/ |101-116—J411 | Enable D register inta
M9 P register
ESDTS+ | 125-M4 F | TL3 S | (TL3FF+}{IOGRP-} 125-B5 |101-116—F5- | Enable adder sum to
F9 D register
EMSHL+ | 127-P9 F | TLATE | L | (GENOP+){TLATE+)}{MO2FF+) 127—K10 | 101—108—A9 | Enable M(1-7) to adder
ENSHL+ | 127-P8 F | TLATE | L | (GENOP+)(TLATE+)}(MO2FF+) 127—K10 {101—108—A10 | Enable M~(1-7) to adder
EMSLL+ | 127-P11 F | TLATE | L | (GENOP+){TLATE+){(MO2FF+) 127—-K10 {109—116—A9 | Enable M(8-16) to adder
ENSLL+ | 127—P7 | F | TLATE | L | (GENOP+){TLATE+)(MO2FF+) 127—K10 | 109—116—A10 | Enable M~(8-16) to adder
JAMKN- | 127—-L5 F | TLATE | L | (GENOP+)(MO1FF+){MO2FF+) 127-L3 |101-116—C9 Force carry network to
117—C1-C4K5 | ZERO
EASTL+ | 127-P1 F | TLATE | L | (GENOP+}{TLATE+)(MO2FF+) 120-L3 1{101-116—A4 | Enable A register to
adder
CLDTR- | 127-K5 F | TL3 R | (TL3FF+){ACYLF-) 125-P6 | 101—116—F11 | Clear D register to ONEs
CLATR- | 122-K8 F | TLA R | (GENOAH)(M11FF+){TL4FF+) 122—C4 | 101-116—L6 | Clear A register
CLYTR~- | 120-P3 F | TL4 R | (ACYNX-NTLAFF+}(MCRST+) 120-H3 {101-116—N12 | Clear Y register .
ETALS+ | 122-P7 F | TL4 S | (GENOA+)}{M10FF+{M11FF+) 122—-C4/ |109-116—-J7 Enable D register (1-8)
J7 ) into A register (9-16)
EPYTS+ | 129-P4 F | TLA S | (PISEX-)}{EOINS+}{OPGJS-} 120-D4 | 101—-116—L10 | Enable P register to
Y register
MEMCI+ | 126—J11 F | TL1 L | (TLAFF+){SPMOD-} (IGACY+) 126—F2/ |150-A2 Enable memory cycle
. J12
COXXX+| 150-D2 | F T L | (MEMCIH}{MBSYX-) 150-A2 | 150-D2 Start memory cycle
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T2

T3

T4

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

-

~ un un

DEVELOP START MEMORY LEVEL

0 (M), 1's ~ (D)
" (P)+1 ~ADDER, 0 ~ (F)
ADDER (D)

[e] -
0~
(®) ()

1's = (D)
ADDER ~ (D)

0. (A),0~(Y)
©@)g16 ~ P_g
®) ~(Y)
SET F-CYCLE ENTRY FF

NEXT INSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE

FOUND IN ICR ANALYSIS

FCYEF+

MEMCI+
CLMTR-, CLDTR~

EPSLL+, EIK17-, CLFTL-
ESDTS+

MMnnF -
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

CLATR-, CLYTR-
ETAHS+
EPYTS+
FCYEF+

ICR
1 CYCLE

OP CODE 141240

Instruction:

Interchange and Clear Right Half (ICR}

| i
OP Code: 141240  Type: G, 1cycle o|{1j0y1j]0j0j0f3]0
Description: (A)9_16—>(A)1_3 1 2 3 5 6 7° 8 9 10 11 12 13 14 15 16
0— {a)
'9-16 Execution Time {fs): 1.6
Signal | Origin | Cyc| Tim | Ck Signal Component Origin | Destination Operation |
EPSLL+ 128-K4 F TLATE L {(FCYEFH){TLATE-) 128-G3- | 101—-116—-A9 Enable P register to
adder
EiK17- 12795 F TLATE L {TLATE-) 127—-K6 | 116—F7/F9 Force carry to adder
CLFTL- | 125—K8 F TL1 L {(ICYEF-){ACYEF-}{TL1FF+) 125—-A6 | 120-A1 Clear F register
. 121-Ab Clear shift counter
125-D8 Clear AZZZZ FF
CLMTR- | 128—-P9 F TL1 R {MCRST+){HOLDM-){TL1FF+) 128-P9 101-116-L9 Clear M register
CLDTR- | 125—K5 r TLi R {iCYEF-}{ACYEF-}{TL1FFY} 126—-A8 | 101-116—F11 | Clear D register to
: ONEs
ESDTS+ | 125-M4 F TL1 S (ICYEF-H{ACYEF-)}(TL1FF+) 126—A6 | 101—116—F5- | Enable adder sum to
‘ F9 D register
MMnnF- | 142 {SWnnx}(STRB-) 86.04 101-116—H8 | Memory data set into
M register
CLPTR- | 129-M10| F TL2 R (EDPTR+}(MCRST+) 129—-J9/ | 101-116—L12 | Ciear P register
- M10
EDPTS- 129-P9 F TL2 S (EDPTR+}{MCSET+) 12039/ |101-116—J11 | Enable D register into
: M10 P register
EASTL+ | 127--P1 F TLATE L (GENOP+)(TLATE+}{MO2FF+) 127-K12 | 101-116—-A4 Enable A register to
{MOOFF+) adder
EMSHL+ | 127—-P9 F TLATE L {GENOP+}{{TLATE+){MO2FF+) 127—-K12 | 101—-108—-A9 Enable M(1-7} to adder
{MOOFF+)
ENSHL+ | 127-P8 F TLATE L {GENOP+)(TLATE+)}{MO2FF+) 127—K12 | 101—108—A10 | Enable M—{1-7) to adder
{MOSFF+) .
EMSLL+ | 127-P11 F TLATE L {GENOP+){TLATE+){MO2FF+} 127-K12 | 109—116—-A9 Enable M(8-16) to adder
(MO9FF+)
ENSLL+ | 127-P7 F TLATE L {GENOP+){TLATE+)(MO2FF+) 127—K12 | 109—116—A10 | Enable M-{8-16} to adder
. {MO9FF+)
CLDTR- | 127—K5 F TL3 R (TL3FF+){ACYLF-) 125-B6 101—-116—F11 | Clear D register to
ONEs
ESDTS+ | 125—-M4 F TL3 S {TO3FF+) (1I0GRP-} 126—B5 | 101-116—F5- | Enable adder sum to
L N F9 D register
CLATR- | 122—K8 F TL4 R (GENOA+H) (M11FF+}{TLAFF+} 122-C4 | 101-116—-L6 Clear A register
ETAHS+ | 122—-P6 F TL4 S {GENOA+)(MO9FF+}{M11FF+) 122-C4/ {101-108—J7 Enable D(9-16) into
J6 A(1-8)
CLYTR- | 129-P3 F TL4 R {ACYNX-){TLAFF+){(MCRST+) 129-H3 | 101—116—N12 | Clear Y register
EPYTS+ | 129-P4 F TiL4 S {PISEX~){EOINS+}{OPGJS-) 129-D4 | 101-116—L10 | Enable P register to
: Y register
MEMCI+ | 126—K12 | F TL1 L {TL1FF+){SPMOD-){IGACY+) 126—F2/ | 150-A2 Enable memory cycle
- J12
COXXX+| 150-D2 F | TL1 L | (MEMCI+){MBSYX-} 150—A2 | 150-D2 Start memory cycle
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nstruction: _Inhibit Program Interrupt (INH) 0 ololo L 0 ‘ 0 l 0 | 0 [ 0ol 1
OP Code: 001001 Type: G, 1 cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: Set machine status to inhibit interrupt Execution Time (us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ | 128—K4 F [ TLATE | L | (FCYEF+{TLATE-} 128—G3 |101—-116—A9 | Enabie P register o
. adder
EIK17- 127-P5 F | TLATE | L | (TLATE-) 127-Ké |116—F7/F9 Force carry to adder
CLMTR- | 128-PS F TR R | (MCRSTH{HOLDM~-)}{TL1FF+} 128—-P8 | 101-116-L9 Clear M register
CLDTR- | 125—K5 F | TL1 R | (ICYEF-){ACYEF-}TL1FF+) 126—-A6 | 101-116—F11 | Clear D register to
: ONEs )
CLFTL- | 125-K8 F | TL1 L | (ICYEF-}{ACYEF-){TL1FF+) 125—-A6 |120-A1 Clear F register
) 121-Ab Cliear shift counter
. : 125-D8 Clear AZZZZ FF
ESDTS+ | 125—M4 F 1 TLY S {(ICYEF-MACYEF-)}{TL1FF+} 125-A6 |101-116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnnt)(STRB-) 80.04 101-116—H8 | Memory data set into
M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+HTL2FF+){SCZRO+) 129—E7/ |[101-116—L12 | Clear P register
{(MEMAC-)}{(MCRST+) ) L10
EDPTS+ | 129-P9 F | TL2 S {FCYEF+){TL2FF+){SCZRO+) 129—E7/ ]101-116—J11 | Enable D register to
{MEMAC-){MCSET+) L9 P register
CLPMI 134—A5 F | TL3 S (GENOB+){MO7FF+){TL3FF+) 134—-A5 |134-F5 Inhibit interrupt
{MCSET+) .
CLYTR- | 129-P3 F | TL4 R | (SCZRO-}{TLAFF+}{MCRST+) 129—E1- [101-116—N12 | Clear Y register
. ) H3-N3
EPYTS+ | 120-P4 F {TL4 S (PISEX~){EOINS+){TLAFF+) 129-D4 | 101-116—L10 | Enable P register to
(OPGJS-}{MCSET+) Y register
MEMCI+ | 126—K12 | F | TL1 L | {TL1IFF+){SPMOD~) (IGACY+) 126—F2/ {150-A2 Enable memory cycle
J12
‘COXXX+| 150-D2 F | TL1 L 150—A2 [150-D2 Start memory cycle

{MEMCI+){(MBSY X~}
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Instruction: Input Keys (INK)

Gjo0ojy0 0[1‘0 O]OT.‘I

FCYEF+ OP Code: 000043  Type: G, 1cycle
Description: (C) > Ay PM1) > Ag 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
————————————— {DP Mode) > A 0> (A)y 44 - PN
MEMCH "2 shift count > (Al12-16 Execution Time {us): 1.6
CLMTR-, CLDTR- Signal Origin | Cyc| Tim | Ck Signal Component Origin Destination Operation
EPSLL+, EIK17-, CLFTL-
ESDTSH EPSLL+ | 128—K4 | F | TLATE-| L | (FCYEF+(TLATE-) 128-G3 |101-116—A9 | Enable P register to
adder
—————————————— EiK17- | 127-P5 F ITLATE-! L | (TLATE-) 127-K6 |116-F7/F9 Force carry to adder
CLFTL- | 125-K8 F TL1 L {ICYEF-){ACYEF-HTL1FF+) 125—-A6 |{120-A1. Reset F register
MMnaF- 121-A5 Reset shift counter
CLPTR- : X 125-D8 Reset AZZZZ FF
EDPTSt CLMTR- | 128—P9 F TL1 R {MCRST+{HOLDM-}{TL1FF+) 128—P8 101-116-L9 Reset M register
CLDTR- | 125-K5 F TLY R {ICYEF-}{ACYEFNTL1FFY} 126—-A8 1101-118-F11 ! Clear D register to
(MCRST+} ) ONEs
—————————————— ESDTS+ | 125—-M4 F [T S | {(ICYEF-}ACYEF-}TL1FF+) 125—A6 [101-116—F5- | Enable adder sum to
’ ‘| {MCSETH F9 D register
EASTL+ (SEE NOTE) MMnnF~ 142 {SWnn*)(STRB-) 80.04 101-116—-HS8 M&mot_ys'tdata set into
register
______________ CLPTR- | 129-M10{ F | TL2 R | (FCYEF+}{TL2FF+){SCZRO+) 129—E7/ {101-116—L12 | Clear P register
’ {MEMAC-){MCRST+) ‘L10
EDPTS+ | 129-P9 F TL2 S {(FCYEF+){TL2FF+){SCZRO+) 129—-E7/ 1101—116—J11 | Enable D register into
CLDTR- {MEMAC-){MCSET+) " L10 P register
ESDTS+ EASTL+ | 127-P1 F TLATE L (GENOP+)(TLATE+){MO1FF-) 127—-K10 {101-116—-A4 Enable A register to
adder
o e EMSHL+ { 127-P9 F TLATE L (GENOP+)(TLATE+}{MO1FF-) 127—-K10 |101-107-A9 Enabte M{1-7} to adder
ENSHL+ | 127-P8 F TLATE L (GENOP+) (TLATE+){MO1FF-) 127—-K10 | 101-107—A10 | Enable M-({1-7} to adder
INKOP+ EMSLL+ | 127—P11 F TLATE L {GENOP+}{TLATE+}{MO1FF-) 127-K10 |107-116—A9 Enable M(8-16} to adder
ENSLL+ | 127-P7 F TLATE L (GENOP+){TLATE+){MO1FF-) 127—K10 | 108—-116—A10 | Enable M-(8-16) to adder
EEALS+ CLDTR- | 125—K5 F TL3 R (TL3FF+}{ACYLF-HMCRST+) 125-B6 101—-116—F11 | Clear D register to
CLATR-, CLYTR- i . : ONEs .
EPYTSH ESDTS+ | 125-M4 | F | TL3 S | (ESDTB-)}{MCSET+) 125-C5/ |101-116—F5- | Enable adder sum to
Ja F9 D register
INKOP+ | 122—P9 F | TW4 L | (GENOB+){M11FF+}{M15FF+) 122-J9 |101-103-N6 | CB1TFinto A,
_ {TLAFF4) DPMOD into A,
——_————————— —— PMIND into A3 *
. EEALS+*7] 122—K5 A | TL4 L (GENOB+)(M11FF+){TL4FF+) 122-Cb 111-116-J4 Enable E(11-16} into
N A(11-16)
CLATR-* 122—K8 A | TL4 R {(GENOB+}{M11FF+)}{TL4FF+} 122-C5/ | 101-116-L6 Clear A register
(MCRST+) J8 124—-N4
CLYTR- | 129-P3 F TLA R (ACYNX-HTL4AFF+)(MCRST+) 128—H3 | 101-116—N12 | Clear Y register
EPYTS+ | 120-P4 F TL4 S {PISEX-)}{EOINS+){OPGJS-) 129—-D4/ | 101—-116—L10 | Enable P register to
{(MCSET+) L4 Y register
MEMCI+ | 126-K12 | F | TL1 L | (TLIFF+}{SPMOD-){IGACY—} 126—F2/ |{150-C1 Enable set RCYF1+
J12 .
COXXX+ | 150-D2 3 TL1 L (MEMCIH)(MBSYX-) 150—A2 150-D2 Start memory cycle
INK *Applicable only when computer is equipped with Memory Expansion Option.
E) ;:\(/:g_ge ** Applicable only when computer is equipped with high speed Arithmetic Unit Option.
000043
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Instruction: No Operation (NOP) 0
OP Code: 101000  Type: G, 1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: No operation Execution Time (us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Li+ 128-K4 F TLATE L {FCYEFH{TLATE-} 128—-G3 101-116-A0 Enable P register to
adder
EIK17- 127-P5 F TLATE L (TLATE-) 127-K6 | 116—F7-F9 Force carry to adder
CLMTR- | 128-P9 F TL1 R {(MCRST+{HOLDM~-YTL1FF+) 128—P8 101-116—-L9 Clear M register
CLDTR- | 125—K5 F TL1 R (ICYEF-}{ACYEF~-)}(TL1FF+) 125—A6 |101-116—F11 | Clear D register to
ONEs
CLFTL- | 125-K8 F TL1 L (ICYEF-)}{ACYEF)(TL1FF+) 125—-A6 | 120-A1 Clear F register
' ’ 121-A5 Ciear shift counter
125-D8 Clear AZZZZ FF
ESDTSt+ | 1256—-M4 F TL1 S (ICYEF-{ACYEF-){TL1FF+) 125—A6 |101—116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnnx)(STRB-} 80.04 101—116—H8 | Memory data set into -
M register
CLPTR- | 129-M10| F TL2 R (FCYEF+){TL2FF+)(SCZRO+) 120—-E7/ | 101-116—L12 | Clear P register
{MEMAC-)(MCRST+) L10
EDPTS+ | 129-P9 F TL2 (FCYEF+)}(TL2FF+)(SCZRO+) 120—E7/ |101—-116—J11 | Enable D register to
(MEMAC-){MCSET+) L10 P register
EPSLL+ 128—-K4 (SKGRP+) 128—-J4 101-116—A9 Enable P register to
: adder
EIK17- 127-P5 . {SKGRP+) 127—-K6 |116—F7-F9 Force carry to adder
CLDTR- | 125—Kb F TL3 R (TL3FFH){ACYLF~){MCRST+)} 125-B6 101-116—F11 | Clear D register to
ONEs
ESDTS+ | 125—M4 F TL3 S {IOGRP-}{TL3FF+){MCSET+) 125—-B5/ |101—116—F5- | Enable adder sum to
J5 F9 D register
CLYTR- | 129-P3 F TL4 R {ACYLF-){TLAFF+}{MCRST+) 129—E1/ |101-116—N12 j Clear Y register
. N3
EPYTS+ | 1290-P4 F TL4 S (PISEX-){EOINS+){TLAFF+) 129-D4/ {101—-116—L10 | Enable P register o
(OPGJS-)(MCSET+) - L4 Y register
MEMCI+ | 126-K12 | F TL1 L (TL1FF+){SPMOD-) {IGACY+) 126—F2/ | 150—A2 Enable memory cycle
J12
COXXX+ | 150-D2 F T L (MEMCI+){MBSYX-} 150—A2 |150-D2 Start memory cycle

2-34




Ti

W

-

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH

ACYEF+
INHIBIT 0 ~ (M) HOLDM-
M1 = ADB; 44 ADB; 16
I's = D), I's - () CLDTR-, CLETR-
®)+1 - ADDER EPSLI+, EIKI7-
0 ~ B Bhiiis =~ ®yoie SMK09+,
A ~ CBITF, A, ~DPMOD, A, — EXTMODE CMK09-
ADDER — (D) ESDTS+
1 - AZZZZ FF SETAZ+
0 - CLYTR-
P - EPYTS+
NEXT INSTRUCTION
FETCH CYCLE
oTK
2 CYCLES

OP CODE 171020

Instruction: Qutput Keys {OTK)
OP Code: 171020  Type: 1/0, 2 cycles 1 1{0}o0 0‘ 0 [1 olojolo
N Az ~> (Ext mode) :
Description:  Aq > (C) e 12 3 5 6 7 8 9 10 11 12 13 14 15 16
Ay~ (DP Mode) -n
{A)§1_15 = Shift count > (E)g4_s5 Execution Time (us): 1.8
Signal Origin Cyc Tim Cik Signal Component Origin Destination” Operation
ADBO07-16 138—11 (DMCCY-}(M__ FF+) 138—11 (See main frame wire list.)
OTBO1-16| 138—B/F {AO1FF+) through (A16FF+) 138-C/J {See main frame wire list.)
EPSLL+ | 128—K4 (IOGRP+) 128—A5 |101—116—A8 | Enable P register to
adder
SMKO09+ | 122-M10 {SMKXX+} (FCX00+){ADB07+) 122-J10 |122-N8 Enable generate CMK09-
. 111-P4 Reset E register bit 11
112—116—P4 | Enable A{11-16) into
E(11-16)
124—F2 Enable reset CB1TF
136-K10/11 Set/Reset SEXTF*
HOLDM- | 128—M9 {I0GRP+){ACYEF+) 128-19 |128—N9 Inhibit M register clear
CLDTR- | 1256—K5 | A | TL1 R | (ACYEF+}{TL1FF+){JSTOP-) 125-B4/ {101—116—F11 | Clear D register to
{IROSP-}{IMAOP-)(MCRST+) J5 ONEs
EIK17- | 127-P5 | A | TL1 L | (ACYLF+}{SUBOP-} 127—-A6/ | 116—F7-F9 Force carry to adder
F7 117-A1
CMKOg- | 122-P8 | A | TL1 L | (SMKOS+HTL1EF+) 122-N8 | 124-G2 Enable set CB1TF
125—-G2 Enable generate CLETR~
ESDTS+ | 125-M4 | A | TL1 S | (ACYEF+){TL1FF+){JSTOP-) 125—B4/ |101-116—F5- | Enable adder sum to
{IRSOP-}{IMAOP-){MCSET+) M F9 D register
SETAZ+ | 125-M7 | A | TL1 L | (SMKXX~) 12617 |125-D7 Set AZZZZ on trailing
edge of MCSET
CLYTR- [ 129-P3 | A |[TL4 R | (ACYNX-}{TLAFF+)(MCRST+) 120-H3 | 101-116—N11 | Clear Y register
(EPYTS+ | 120-P4 | A |TL4 S | (PISEX~)(EOINS+)(TLAFF+) 129-D4/ {101—116—L10 | Enable P register into
{OPGJS-)(MCSET+)(DMCRQ-) L4 Y register
MEMCI+ | 126K12 | F | TL1 L | (TL1FF+) {SPMOD-) (IGACY+) 126.K12 | 150K12 Enable Memory Cycle

*Applicable only when

computer is equipped with memory expansion option.
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Ti

T2

T3

T4

ENTER FROM PREVIOUS OPERATION

{FETCH CYCLE ENTRY ENABLED)

L [DEVELOP START MEMORY LEVEL
R 0 ~(M), 1's = (D)
L (P)+1 -~ ADDER, 0 -~ (F)
s ADDER ~(D)
y
STROBE [Ea] ~m)
R 0-®
s (D) ~(P)

,..
z
¢
b
(<]
Q
3

R 's ~ (D)

w wn ™ x

0 -~ CBITF
0 - (1
®) -
SET F~CYCLE ENTRY F-F_

NEXT iNSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE

FOUND IN RCB ANALYSIS

MEMCH

CLMTR-, CLDTR-
EPSLL+, EIK17-, CLFTL-
ESDTS+

MMnnF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

{SEE NOTE)
CLYTR-
EPYTS+
FCYEF+

RCB -
1 CYCLE
OP CODE 140200

Instruction: Reset C to ZERO (RCB) 1 oj0}| 1] 0 ] 0 l o] 0 l 0 l of( o0
OP Code: 140200  Type: G, 1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 0~ (C) Execution Time {us): 1.6
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
EPSLL+ 128—K4 F TLATE L {(FCYEF+){TLATE-) 128—-G3 101-116--A9 Enable P register to
) adder
EIK17- 127-P5 F | TLATE L {TLATE-) : 127-K6 | 116—F7-F9 Force carry to adder
CLMTR- | 128—P9 F | TL1 R | (MCRST+}{HOLDM-)}(TL1FF+) 128—-P8 | 101—116—-L9 Clear M register
CLDTR- | 125—K5 F | TL1 R | {(ICYEF-HACYEF-){TL1FF+) 125-A6 | 101—116—F11 | Clear D register to
ONEs
CLFTL- 125—-K8 F TLI L {iCYEF-J{ACYEF-)}{TL1FF+) 125—A86 120—A1 Ciear F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F | TL1 S (ICYEF-){ACYEF-){TL1FF+) 125—-A6 | 101-116—F5- | Enable adder sum to
F9 D register
MMnnF- | 142 {SWnnx){STRB-) 80.04 101-116—-H8 | Memory data set into
. . M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+){TL2FF+){SCZRO+) 129—E7/ {101—118—L12 | Clear P register
(MEMAC-}{MCRST+) L10
EDPTS+ | 129-P9 F I TL2 S (FCYEF+){TL2FF+){SCZRO+) 129—-E7/ 1 101-116--J11 | Enable D register to
{MEMAC-){MCSET+) L10 P register
EASTL+ | 127-P1 F | TLATE L (GENOP+){TLATE+){MO2FF+) 127—-K12 | 101—116—-A4 | Enable A register to
{MO9FF+) adder
JAMKN- | 127-14 F | TLATE L (GENOP+){TLATE+){MO2FF+) 127—G12/{ 101-116—-C9 Jam carry network
. (MO9FF+) K12 117-D/K :
EMSHL+ | 127—P9 F | TLATE L (GENOP+){TLATE+){MO2FF+) 127—-G12/{101-107—A3 | Enable M{1-7) to adder
{MO9SFF+) K12
ENSHL+ | 127—P8 F | TLATE L {(GENOP+){TLATE+){MO2FF+} 127—G12/{ 101—107—A10 | Enable M-{1-7) to adder
{MO9FF+) K12 :
EMSLL+ | 127—-P11 F | TLATE L | (GENOP+){TLATE+){MO2FF+) 127—G12/{ 108--116—A9 | Enable M(8-16} to adder
. (MO9FF+) K12
ENSLL+ | 127—-P7 F | TLATE L (GENOP+){TLATE+)(MO2FF+) 127—G12/} 108—116—A10 | Enable M—(8-16) to adder
) {MO9FF+) K12
CLDTR- | 1256—K5 F | TL3 R { {TL3FF+}{ACYLF-){MCRST+) 125-B6 | 101—116—F11 | Clear D register to
ONEs
ESDTS+ | 125—-M4 F | TL3 S {TL3FF+){IOGRP-}{MCSET+) 126—B5 | 101—116—F5- | Enable adder sum to
F9 D register
CBITF 124—P2 F | TL4 R | (GENOA+){MO9FF+}(M11FF-) 124—-A3 | 124-P1 Reset CBITF
(TLAFF+){DIVOP-}{MCRST+) .
CLYTR- | 129-P3 F | TL4 R | (SCZRO+)(TLAFF+)(MCRST+) 129-E1, | 101—116—N12 | Clear Y register
H3
EPYTS+ | 129-P4 F | TL4 S (PISEX~HEOINS+)(TL4FF+) 129-D4/ | 101—116—L.10 | Enable P register to
{OPGJS—) (MCSET+) L4 Y register
MEMCI+ | 126—K12 | F | TL1 L | (TL1FF+){(SPMOD-) {IGACY+) 126—F2/ | 150-A2 Enable memory cycle
J12 .
COXXX+ | 150—-D2 F | TL1 L (MEMCI+){MBSYX-) 150-A2 | 150-D2 Start memory cycle
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

¢ —— . ————— —— — — — — — —

m

—— s s t— — — — a— — —

T2 R

o — e s —— — e . ittt . s

T3

T4

wv »n X wn

L
R 0 ~(M), 1's - (D)
L
S

DEVELOP START MEMORY LEVEL

(P)+1 ~ADDER, 0 - (F)

TR,

ADDER (D}

1% - (D)

1 ~ CBITF
0 -
) -~

SET F-CYCLE ENTRY F-F

NEXT INSTRUCTION
FETCH CYCLE

NOTE: MISSING SIGNALS CAN BE
FOUND IN SCB ANALYSIS

FCYEF+

MEMCH
CLMTR-, CLDTR-
EPSLLs, EIKI7-,

ESDTS+

MMnnF-
CLPTR-
EDPTS-

EASTL+
(SEE NOTE)

(SEE NOTE)
CLYTR-
EPYTS+
FCYEF+

T e e | e e e . —— — — — — — o, e, sttt s, s

T e e e s e . s s s, . et .

—___.—-——_—-————_——————.——————._—_—_

5CB
1 CYCLE
OP CODE 140600

Instruction: Set C to ONE (SCB)

OP Code: 140600

Type: G, 1cycle

6|J0jojof{o]o

1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 1—>
iption: 1= {C) Execution Time {us}: 1.6
Signal Origin Cyc "Tim Cik Signal Component Origin Destination Operation
EPSLL+ | 128—K4 F | TLATE | L | (FCYEF+){TLATE-) 128—-G3 | 101-116—A9 | Enable P register to
— adder
EIK17- 127-P5 - F | TLATE | L | (TLATE-) 127-K& [ 116-F7-FS Foree carmy 1o adder |
CLMTR- | 128-P9 F | TL1 R | (MCRST+)(HOLDM-)}{TL1FF+) 128-P8 |101-116—L9 Clear M register
CLDTR- | 125—K5 F | TL1 R | (ICYEF-}(ACYEF-NTL1FF+) 126—A6 | 101-116—F11 | Clear D register to
ONEs
CLFTL- | 126—K8 F {TL1 L | (ICYEF-}{ACYEF}{TL1FF+) 125-A6 | 120--At1 Clear F register
i2i—-Ab Ciear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 126~M4 F | TL1 S (ICYEF-)}{ACYEF-NTL1FF+) 125—-A6 |101—116—F5- | Enable adder sum to
_ ! . " F9 D register
MMnnF- | 142 {SWnn){STRB-) 80.04 101-116—-H8 | Memory data set into
M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+)(TL2FF+){SCZRO+) 129-E7/ | 101—116—L12 | Clear P register
. {MEMAC-){MCRST+) L10
EDPTS+ | 129-P9 F {TL2 S (FCYEF+){TL2FF+){SCZRO+) 1290—E7/ |101—-116—J11 | Enable D register to
{(MEMAC-){MCSET+) L10 P register
EASTL+ | 127—P1 F | TLATE { L | (GENOP+}{TLATE+){MO2FF+) 127-K12 | 101—116—A4 | Enable A register to
{MO9FF+) adder
JAMKN- | 127-L4 F | TLATE L (GENOP+NTLATE+}(MO2FF+) 127—-G12/| 101—116—C9 | Jam carty network
{MO9FF4+) . K12 117-D/K ) .
EMSHL+ | 127-P9 F | TLATE | L | (GENOP+){TLATE+){MO2FF+) 127—G12/| 101-107—A9 | Enable M{1-7) to adder
{MOSFF+) K12
ENSHL+ | 127-P8 F | TLATE | L | (GENOP+{TLATE+){MO2FF+) 127—G12/| 101—107—A10 | Enable M~(1-7) to adder
(MOSFF+) K12 :
EMSLL+ | 127-D11 | F | TLATE L | (GENOP+){TLATE+}{MO2FF+) 127—G12/| 108—116—A9 | Enable M{8-16) to adder
{MO9FF+) K12 )
ENSLL+ | 127—P7 F I TLATE | L | (GENOP+}{TLATE+)(MO2FF+) 127—-G12/| 108—116—A10 | Enable M~{8-16) to adder
) . {MO9FF+) K12
-CLDTR- | 125—K5 F | TL1 R | (TL3FF+){ACYLF-){MCRST+) 125-B6 | 101-116—F11 | Clear D register to .
ONEs
ESDTS+ | 125—-M4 F | TL3 S {TL3FF+)}{IOGRP-}{MCSET+} 1256—-B5 | 101—-116—F5- | Enable adder sum to
F9 D register
CBITF 124-P2 F | TL4 S (MCSET+/{GENOA+)}{TL4FF+) 124-D6 | 124—-P1 Set CB1TF
(MO8FF+}{MO9FF+)
CLYTR- | 120-P3 F | TL4 R | {SCZRO+){TLAFF+)(MCRST+) 129—E1/ {101—116—N12 | Clear Y register
. : H3
EPYTS+ | 129-P4 F | TL4 S {PISEX~}{EOINS+|{TLAFF+) 129-D4 | 101-116—L.10 | Enable P register to
{OPGJS-}(MCSET+) Y register
MEMCI+ | 126—-K12{ F | TL1 L | (TL1FF+}SPMOD-) (IGACY+) 126—-F2/ | 150—A2 Enable memory cycle
J12 )
COXXX+ | 150-D2 F | TL1 L | (MEMCH){MBSYX+) 150-A2 | 150-D2 Start memory cycle
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Common Entry and Exit for Skip lnstructions

NOTE:

NEXT INSTRUCTION
FETCH CYCLE

REFER TO SKIP INSTRUCTION ANALYSES

FOR SPECIFIC CONDITIONS

COMMON SKIP INSTRUCTION
FLOWGRAM
GENERIC, 1 CYCLE (0.96 pS)

ENTER FROM PREVIOUS OPERATION . :
FCYEFR+ Instruction: 1 I I J J
(FETCH CYCLE ENTRY ENABLED) 0P Code: ; XXX X|X{X|X}|X
e ype: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Description: - .
Execution Time {us):
Signal Origin Cye Tim Clk Signal Component Origin Destination Operation
L PEVELOP START MEMORY LEVEL MEMCl+ EPSLL+ | 128-K4 {SKGRP-)V(TLATE-} 128—F3/ {101-116—A9 | Enable P register to
T R 0 ~(M), 1's - D) CLMTR-, CLDTR- (FCYEF+) Ja ! adder
L{ (®)+1 ~ADDER, 0 - (F) EPSLL+, EIK17-, CLFTL- EiK17- | 127-P5 {SKGRP-}V(TLATE~) 127-K6 |116—F7-F9 Force carry to adder
s ADDER (D) ESDTS+ CLFTL- | 125-K8 | F | TL1 L | (ICYEF-}{ACYEF-)(TL1FF+) 125—A6 | 120—A1 Clear F register
’ 121-Ab Clear shift counter
— e : , 125-D8 Clear AZZZZ FF
R - - CLMTR- | 128-P9 F | TL1 R | (MCRST+){HOLDM-){TL1FF+) 128—P8 | 101—116—L9 | Clear M register
‘ CLDTR- | 125-K5 | F | TL1 R | (ICYEF-)(ACYEF~){TL1FF+) 125-A86 |101—116—F11 | Clear D register to
ONEs
STROBE [eA] -~ MManF- ESDTS+ | 125-M4 | F | TL1 S | (ICYEF-)(ACYEF-){TL1FF+} 125—A6 12; —116—F5- Egart:g i:td;ier sum to
12 R . 0.0 CLPTR- MMnnF- | 142 {SWnn){STRB-) 80.04 101-116—H8 | Memory data set into
S () ~®) EDPTS- . M register
CLPTR- | 129-M10| F | TL2 R | (FCYEF+)(TL2FF+){SCZRO+) 129—-E7/ |101—-116-J10 | Clear P register
. (MEMAC-){MCRST+) L10 :
EDPTSt+ | 129-PS F | TL2 S | (FCYEF+}{TL2FF+)(SCZRO+) 129-E7/ |101-116—J11 | Enable D register to
{MEMAGC-){MCSET+) L10 P register
—_———— - ———— CLDTR- | 125-K6 | F | TL3 R | (TL3FF+){ACYLF){MCRST+) 125-B6 |{101—116—~F11 | Clear D register to
. ONEs
ESDTS+ | 125-M4 | F | TL3 S | (IOGRP-){TL3FF+){MCSET+) 125-85 |101—116—F5- | Enable adder sum to
. F9 D register
R ) CLDTR OPGJS+ | 128-M11 {See Table 2-1 for conditions) 129-D4-D8 Condition satisfied?
e - ©) i CLPTR- | 129-M10| F | TL4 R | (OPGJS+)(EOINSH)(TLAEFH) 129_€8/ | 101—116—L12 | Clear P register
13 L (Py+1 - ADDER EPSLL+, EIKI7- (MCRST+) L10
s ADDER - (D) ESDTS+ EDPTS+ | 129—P9 F | TL4 S | (OPGJS+)(EOINS+}{TLAFF+) 129—E8/ |101—116—J11 | Enable D register into
i , {MCSET+) L9 P register
CLYTR- | 1290-P3 F | TL4 R | (ACYLF+)-({TL4FF+){MCRST+) 129-E1/ | 101—-116—N12 | Clear Y register
H3
2 EDYTS+ | 129—P1 F | T4 S | (ACYNX-){MCSET+)(TLAFF+) 129-G1/ | 101—-116—J10 | Enable D register into
| (BRREO-)(OPGJS-) D4/F5 Y register
EPYTS+ | 129-P4 F | TL4 S | (PISEX-}EOCINS+H{TLAFF+) 129—-E1/ |101—116—L10 | Enable P register to
(OPGJIS-}{MCSET+) H3 Y register
s MEMCI+ | 126-J11 | F | TL1 L | (TLIFF+){SPMOD-) {IGACY+) 126-F2/ | 150—A2 Enable merhory cycle
J12
N HON COXXX+ | 150-D2 | F | TL1 L | (MEMCIH)(MBSYX-) 150-A2 {150-D2 Start memory cycle
T4 (OPGISH) .
(SEE NOTE)
0~ CLYTR- R 0 -f), 0-(Y) CLPTR-, CLYTR-
®) - EPYTS+ s ®) ~ @), ©) - (¥) EDPTS+, EDYTS+
L [ SET F-CYCLE ENTRY FF FCYER+
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n

T2

T3

T4

E

NTER FROM PREVIOUS OPERATION

(FETCH CYCLE ENTRY ENABLED)

~ v o~

DEVELOP START MEMORY LEVEL
0« M 15 - (D

Moy A0 n
(L8 B B ADDER, & - (F)

ADDER ~ (D)

[V (A!)
©); - &),
@ -
SET F-CYCLE ENTRY FF

NEXT INSTRUCTION
FETCH CYCLE

FCYEF+

MEMCH
CLMTR-, CLDTR-
EPSLL+, EIK17-, CLFTL-

[ R Ay

ESDTS+

MMnnF -
CLPTR-
EDPTS-

CLAIL+
EDAIL+
EPYTS+
FCYEF+

SSM

Instruction: Set Sign Minus (SSM) ’ 1

110 "I!OIO]O 0'0

OP Code: 140500 Type: G,1cycle
Description: 1-> (A),

1 2 3 4 5 6

7 8 9 10 11 12 13 14 15

Execution Time (s): 1.6

16

Signal Origin Signal Component Origin

1 CYCLE
OP CODE 140500

Cyc | Tim Clk Destination Operation
EPSLL+ | 128-K4 F | TLATE | L | (FCYEF+){TLATE-) 128—G3 |101-116—-A9 | Enable P register to
adder )
EIK17- 127-P5 F TLATE L {TLATE-) 127—-K6 |116—F7/F9 Force carry to adder
CLMTR- | 128—-P9 F 1T R | (MCRST+}{HOLDM-){TL1FF+) 128—P9 |101-116—L9 | Clear M register
cLDTR- | 126-K5 F TL R | [ICYEF-YACYEF-MTL1FF+} 126—A6 |101—-116—F11 | Clear D register to
: ONEs
CLFTL~ | 125—-K8 F T L (ICYEF-)}{ACYEF-)}(TL1FF+) 125—-A6 |120-A1 Clear F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125-M4 F W S NOYEFR-MACYEFR-}TL1FF+) 126—-A8 1101-116—F5- | Enable adder sum to
] F9 D register
MMnnF- | 142 {SWnn+}{STRB-) 80.04 101-116—H8 | Memory data set into
: M register
CLPTR- | 129-M10 | F TL2 R {FCYEF+){TL2FF+){SCZRO+) 129-E7/ }101—116—L12 | Clear P register
: {MEMAC-)}{MCRST+) L10
EDPTS+ | 129-P9 F TL2 S (FCYEF+){TL2FF+}{SCZRO+) 129-E7/ |101-116—J11 | Enable D register to
{MEMAC-)}(MCSET+} L9 ) P register
CLDTR- | 125—K5 F | TL3 R | (TL3FF+){ACYLF-}{MCRST+) 125—-B6/ |101-116—F11 | Clear D register to
J5 ONEs
ESDTS+ | 125-M4 F |]TL3 S | (TL3FF+){IOGRP~-){MCSET+) 125—-B5/ |101—116—F5- . | Enable adder sum to
. Ja F9 D register
CLAIL+ 130-K11 F TL4 L (GENOA+HTLAFF+}{(M10FF+) 130-F11 |101-L4 Clear A register bit 1
EDAIL+ | 130-K10 | F TL4 L (GENOA+)(TLAFF+){MO8BFF+) 130-F10 {101-L7 Enable D register bit 1
(M10FF+) , 10 A register bit 1
CLYTR- | 129-P3 F TL4 R (SCZRO+H{TLAFF+){MCRST+} 120—E1/. | 101-116—N12 } Clear Y register
: H3
EPYTS+ | 120-P4 F TLA S {PISEX~)(EOINS+){TLAFF+) 129—D4/ 1101—116-L10 | Enable P register to
(OPGJS-)(MCSET+) L4 Y register
MEMCI+ | 126-K12 | F TH L {TL1FF+){SPMOD-) (IGACY+) 126—-F12/ {150— A2 Enable memory cycle
J12
COXXX+ | 1560-D2 F | TL1 L | (MEMCIH}{MBSYX-) 150—-A2 |150-D2 Start memory cycle
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T

- ——— ——— — —— — e e e e —

T2

T3

T4

ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

L |DEVELOP START MEMORY LEVEL
R 0~ (M), 1's - (D)
L] (P)+1 -~ ADDER, 0 - (F)
s ADDER - (D)
STROBE [EA] -~ (W)
R 0 - @)
S o) -0
1
R 's -~ D)
S ADDER - (D)
L 0 - (A)
R 0~ (V)
s ® -
L SET F-CYCLE ENTRY FF

NEXT INSTRUCTION
FETCH CYCLE

FCYEF+

MEMCH
CLMTR-, CLDTR-

EPSLL+, EIK17-, CLFTL-
ESDTS+

MMoaF~
CLPTR-
EDPTS-

CLDTR-
ESDTS+

CLAIL-
CLYTR-
EPYTS+

FCYEF+

SSP

1 CYCu

£

Instruction:  Set Sign Plus {SSP) 111 0j0j0}1 ‘ 0 l 0] 0 l 0 l 0 l 0
OP Code: 140100  Type: G,1cycle 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 0~ (Al Execution Time {us): 1.6
Signal Origin Cyc Tim Cik Signal Component Origin Destination Operation
EPSLL+ | 128-K4 F | TLATE L {(FCYEF+H{TLATE-} 1 28~G:§ 101—-116—A9 - | Enable P register to
. adder )
EIK17- 127-P5 F TLATE L {TLATE-) ) 127-Ké |116—-F7-F9 Force carry to adder
CLMTR~ | 120-P9 F o TL R | (MCRST+)(HOLDM-){TL1FF+) 128—P9 101—-116—L9 | Clear M register
CLDTR- | 125-K5 F T R | (ICYEF-}{ACYEF-}{TL1FF+) 125—-A6 | 101-116—F11 | Clear D register to
ONEs
CLFTL 126-K8 E T [N HOYEF-MACYEF-)MTL1FF+) 126—-A86 120-A1 Clear F register
121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
ESDTS+ | 125—-M4 F | TL1 S ] {ICYEF-)}{ACYEF-}{TL1FF+) 126—-A6 |101—116—F5- | Enable adder sum to
F9 D register
MMnanF- | 142 {SWnnt}{STRB-} 80.04 101-116-H8 Momory data set into
’ M register i
CLPTR- | 129-M10 | F | TL2 R {FCYEFH)(TL2FF+)}{SCZRO+) 129-E7/ | 101—-116—L12 | Clear P register
{MEMAC-}{MCRST+) L10 ’
EDPTS+ | 128-—P9 F | TL2 S (FCYEF+){TL2FF+){SCZRO+) 129—-E7/ |101-116-J11 | Enable D register to
(MEMAC-}{MCSET+) L9 P register
CLAIL+ | 130—-K11 | F | TL4 L | (GENOA+)(TLAFF+)(M10FF+) 130—-F11 |101-L4 Clear A register bit 1
CLYTR- | 120-P3 F [TL4 R | (SCZRO+}{TLAFF+)(MCRST+} 129—-E1/ |101—-116—N12 | Clear Y register
H3
EPYTS+ | 129-P4 F |TL4 S {PISEX~){EOINS+)(TLAFF+) 129-D4/ {101-116—L10 | Enable P register to
{OPGJS-)(MCSET+) L4 Y register
MEMCI+ | 126—-K12 | F | TL1 L | {TL1FF+){SPMOD-) {IGACY+} 126—F12/ | 150—A2 Enable memory cycle
2
COXXX+ 1 160-D2 F L | (MEMCIH)}{MBSYX-) 150—-A2 |150-D2 1 Start memory cycle

OP CODE 140100

TL1

2-40




2-41

ENTER FROM PREVIOUS OPERATION FCYER Instruction: Two’s Complement of A {TCA} 1 : § 0 ] 1 l 0 | 0 l 0 l 0 J 0 l 1 l 1 l 1
(FETCH CYCLE ENTRY ENABLE) OP Code: 140407 T - G 15 tes S e
g ype: G4, 1.ocyc 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
e - Description: Two's Complement of (A) > (A} Execution Time (us): 2.4
L IDEVELOP START MEMORY LEVEL MEMCI+ . . . N A
R 0 ~ (M), I's ~ (D) CLMTR-. CLDTR Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
m ! ’ -
L (P)+1 -~ ADDER, 0 - (F) EPSLL+, EIK17-, CLFTL- . Iy gd
s ADDER - (D) EDTS: EPSLi+ | 128-K4 | F | TLATE | L | (FCYEF+}{TLATE-} 128—G3 | 101—116—A9 | Enable P register to
— adder
_— e —_—t—_——_—_—_—_————— — — — — EIK17- | 127-P5 F | TLATE | L | (TLATE-) 127-K6 |116—F7-F9 Force carry to adder
] CLMTR- | 128-P9 F | TLI R | (MCRST+MHOLDM-)(TL1FF+} 128—P§ |101-116—L9 | Ciear M register
STROBE EAl - W) MMnnF - CLDTR- | 125-K6 | F | TL1 R | {ICYEF-}{ACYEF-}TL1FF+) 125-A6 |101—116—F11 | Ciear D register to
R 0 <~ @) CLPTR- ONEs
s ©) ~ @ EDPTS: CLFTL- | 125-K8 | F | TL1 L | (ICYEF-){ACYEF-MTL1FF+) 125-A6 |120-A1 Clear F register
- : 121-A5 Clear shift counter
125-D8 Clear AZZZZ FF
' ESDTS+ | 125-M4 | F | TL1 S | ICYEF-}ACYEF-NTL1FF+) 125-A6 |101—116—F5- | Enable adder sum to
0-®W CLATR- F- | 142 (SWnn)(STRB-) 80 o il
. MMnnF- nnt - .04 101-116—-H8 Memory data set into
12 2 (é?)] -8 = (:)] -8 EDAHS+ M regtlystef
9-16 =~ W14 EDALS+ CLPTR- | 129-M10| F | TL2 R | {FCYEF+}(TL2FF+}{SCZRO+) 129-E7/ 1101—-116—L12 | Clear P register
{MEMAC-HMCRST+) L10
(sC=-n EDPTS+ | 129-P9 F | TL2 S | (FCYEF+HTL2EF+){SCZRO+) 120-E7/ |101—-116—J11 | Enable D register to
(MEMAC-)(MCSET+) L10 P register
L (5041 ~ (50) INCSCH EASTL+ | 127-P1 F | TLATE | L | (AZZZZ-)(TLATE+{GENOP+) 127—C3 |101—116—-A4 | Enable A register to
‘ {M16FF+)(MO2FF+){MO1FF+) adder
JAMKN- | 127-14 | F - | TLATE | L | (AZZZZ-)(TLATE+}(GENOP+) 127-C3 | 101—116—C9 | Jam carry network
SC -0 AZZZZ -1 (M16EF+){MO2FF+)(MO1FF+) 117 D/K .
5c=0 =N CLDTR- | 125-k5 | F | TL3 R | (TL3FF+){ACYLF-){(MCRST+) 125-B6 | 101—116—F11 | Clear D register to
e . ONEs
. e ESDTS+ | 125-M4 | F | TL3 S | (TL3FF+)(I0GRP-}{MCSET+) 125-85 |101—-116—F5- | Enable adder sum to
T2 _ : F9 D register
3 _______NO( AZZ7Z =07 )YES SETAZ+ | 125-M7 | F | TL3 L | (GENOA+){TL3FF+)(MOSFF+) 125-A8 |125-L8 Set AZZZZ FF
T3 _ . (M15FF+)
(TLATE) EICTS- [ 125-K9 | F | TL3 S | (GENOA+}{TL3FF+)(MOSFF+) 125-A9/ {121-A8 Set shift counter to all
{M15FF+){AZZZZ-}{MCSET+} Jg 126—F5 ONEs génerate RPTT2+
RPTT2+ | 126-G5 | F | TL3 s | EICTS- 126—G4 {126—G4 Repeat T2
- | 4 — — — i
L (A)+1 ~ ADDER ,(5 52?:6 TEE,;W_ . (A)- ~ ADDER EASTLY, JAMKN- CLATR- | 122-K8 | F | TL2 R u(shligggl ;TLZFF WAZZZZ+) 13'27 A5/ |101-116—L6 | Clear A register
: EDAHS+ | 122-P1 F | TL2 S v[(GENOA+) (TL2FF+)(AZZZZ+) 122—-A4/ |101-108—J7 | Enable D{1-8} into A{1-8)
S O E R I EDALS+ | 122-P3 F | TL2 S {MCSET+) J -1109-116—37 | Enable D{9-16) into
. A(9-16)
R s - (D) CLDTR- R s ~ ©) CLDTR- INCSC+ | 126-P5 F | TL2 L | (FCYEF+HTL2FF+) 126—J5 | 121-A4 Increment shift counter
s ADDER ~ (D) ESDTSH s ADDER ~ (D) ESDTS+ EASTL+ | 127-P1 F | TLATE | L | (GENOP+{TLATE+}{MO2FF+) 127-K10 {101-116—A4 | Enable A register to
ﬁ (AZZZZ+) ad :
EMSHL+ | 127—P9 | .F | TLATE | L | (GENOP+}{TLATE+){MO2FF+) 127-K10 | 101—107—A9 | Enable M(1-7) to adder
(AZZZZ+) .
s T - SC EICTS- ENSHL+ | 127-P8 F | TLATE | L | (GENOP+){TLATE+)(MO2FF+) 127-K10 | 101-107—A10 | Enable M~{1-7) to adder
L EN'I:ER T4 RPTT2- (AZZZZ+)
L SETAZZZZ FF SETAZ+ EMSLL+ | 127-P11 | F | TLATE | L | (GENOP+{TLATE+)/(MO2FF+) 127—K10 | 108-116—A9 | Enable M(8-16) to adder
_ (AZZZZ+)
ENSLL+ | 127-P7 F | TLATE | L | (GENOP+)(TLATE+){MO2FF+ 127-K10 | 108—~116—A10 | Enable M—{8-16} to adder
(AZZZZ7+)
T s REPEAT T2 RPTT2+ EIK17- | 127-P5 F | TLATE | L | (JAMKN-) 127-14 | 116—F7 Force carry to adder
CLATR- | 122-K8 | F | TL4 R | (GENOA+){M16FF+)(TL4FF+) 122-A2 |101-116—~L6 | Clear A register
EDAHS+ | 122—P1 F | TL4 S | (GENOA+){M16FF+}{TL4FF+) 122-A2 |101-108-J7 | Enable D{1-8) into A(1-8)
EDALS+ | 122-P3 F | TL4 S | (GENOA+){M16FF+)(TLAFF+) 122—-A2 |109-116—J7 | Enable D(9-16)} into
e A(9-16)
! CLYTR- | 129-P3 F | TL4 R | (SCZRO+MTL4FF+{MCRST+ 120—E1/ | 101-116—N12 | Clear Y register
H3
EPYTS+ | 128-P4 F | TLa S | (PISEX-)(EOINS+}{TL4FF+) 129-D4 | 101-116—L10 | Enable P register to
R 0~ (a), 0~ (V) CLATR-, CLYTR- {OPGJS-){MCSET+) Y register
T4 S ©)y_g ~ Ay _g Dlo_js =~ W15 EDAHS+, EDALS+ MEMCI+ | 126-K12 | F TL1 L | {TL1FF+}{SPMOD-} {IGACY+) 126—-F12/| 150— A2 Enable memory cycle
S ‘. : J12
. r F_C‘\ZLE E‘:’TRY . FFPC:T; coxxx+| 150-p2 | F | TL1 L | (MEMCI+)(MBSYX-) 150—-A2 | 150-D2 Start memory cycle
NEXT INSTRUCTION
FETCH CYCLE TCA
NOTE: MISSING SIGNALS CAN BE 1.5 CYCLES
FOUND IN TCA ANALYSIS OP CODE 140407




T1

13

ENTER A-CYCLE FROM INSTRUCTION WORD FETCH

T4

ACYEF+
L]  INHBITO - (M) HOLDM-
L M);_16 = ADB; 14 ADB; 14
R 1 ~ (D) CLDTR-
L (P)+1 - ADDER EPSLL+, EIKI7-
5 ADDER - (D) ESDTS+
(C DEvicEREADY? | NO
X {DRLIN-} - H
YES L SET DRFLP+ FF DRFLI-
R ) CLPTR-
3 ) ~ ¢ EDPTS+
R I's - ©O) CLDTR-
s (INB) -~ (D) EIDTS+
L|  RESET DEVICE READY RRLIN-
YES
MO7 =17
NO
0 -~ (A CLATR-
R 0~ () CLYTR-
S () ~ (Y) EPYTS+
{ DRFLP = 0% }NO
YES
s ©) V(@A) - (A) EDAHS+, EDALS+
3
sL SET F-CYCLE ENTRY F-F FCYEF+
NEXT INSTRUCTION |2 NCAY s
FETCH CYCLE OF CODE 54

Instruction:

Input to A (INA)

OP Code: 54
Description:  {INB) — (A}, (IW)5 =1

({INB) V (A) > (A), iw); =0

Type:

1/0, 2 eycles

A_AIAIA‘A AjAlA

5 6

7 8

9 10 11

12 13 14 15 16

Execution Time (us): 3.2

Signal Origin Cyc Tim Cik Signal Component Origin Destination Operation
MEMCI- | 126-G12 F TLA L ({OGRP+}{ACYEF+) 126—C12 { 126412 Block start memory
HOLDM-| 128—-M9 A (IOGRP+{{ACYEF+) 128—-L9 128—N9 Inhibit M register clear
ADB7-16 | 138—9/10} A {ADBST-}M__FF+}) 138—-A9 | 143—-XX {See main frame wire list}
CLDTR- | 125—K5 A | TL1 R | {ACYEF+}{TL1FF+)(JSTOP-) 125—-B4 { 101—-116—F11 | Clear D register to

{IRSOP-HIMAOP-}{MCRST+) ONEs
EPSLL+ | 128—K4 A L TLY L | (1OGRP+) 128—A5 | 101-116—A8 | Enable P register to
adder
EiK17- 127-P5 A 1T L | (TLATE-} 127-K6 1116—F7-F9 Force carry to adder
. 117-A1
ESDTS+ | 125-M4 A | TL1 S (ACYEF+}{TL1FF+}{JSTOP-) 125-B4 | 101—-116—F5 | Enable adder sum to
: {RISOP-}{(IMAOP-}{MCSET+) F9 . D register
DRLIN- | 143-B3 A Function of 10 option 1256-D10 Device ready line
DRFLP- | 126-E10; A | TL1 S {DRFL1-} 125—L11 | 125—-E1C Reset DRFLP+
DRFLP+ | 125-E9 Al Tu L | (SMKXX-) 134—G9 | 125-D9 Set DRFLP+
CLPTR- | 129-M10| A | TL2 R | (TL2FF+){IOGRP+){DRFLP-) 129—-E6 | 101—116—L12 | Clear P register
{OCPLS-}{MCRST+) .
EDPTS+ | 129-P9 A | TL2 S {TL2FF+){IOGRP+)(DRFLP-}) 129—-E6 | 101-116—J11 | Enable D register to
{OCPLS-}{MCSET+) P register
CLDTR- | 125—K5 A | TL3 R | (ANAOP-}{TL3FF+){MCRST+) 125—-B7 | 101-116—F11 | Clear D register to
. ONEs
EIDTS+ | 125-P6 A | TL3 S {MCSET+){RRLIN-) 125-L6 |101-116—F4 Enable INB1-_16 to
D register
RRLINt | 134-P10 { A | TL24 L | (MO1FF+}(TL24F+){DRFLP-}) 134-J10 | 143-D5 Reset ready to device
CLATR~- | 122—K8 A | TL4 R | (ACYLF+}{TLAFF+}{1OGRP+) 122—C6 | 101—116—L6 | Clear A register if
(DRFLP-){MO2FF-}{MO7FF+) 1w, =1
{MO1FF+}{MCRST+) .
EDAHS+ | 122—P1. A | TL4 S {ACYLF+{TL4FF+){IOGRP+}- +122—C1 | 101-108-J7 Enable D register to
{DRFLP-){MO1FF+)(MO2FF~) A(1-8)
{MCSET+)
EDALS+ | 122—P3 A | TL4 S (DRFLP-){MO1FF+}{MO2FF-) 122-C1 109—-116—J7 Enable D register to
(MCSET+{ACYLF+)(TL4FF+) : A{9-16})
-(IOGRP+)
CLYTR- | 129-P3 A | TL4 R | (ACYNX-}{TLAFF+)(MCRST+) 129-H3/ | 101—-116—N12 | Clear Y register
N3 :
EPYTS+ | 120-P4 A | TL4 S (PISEX-}{EOINS+}{TLAFF+) 129-D4/ | 101—-116—L10 | Enable P register to
{OPGJS-)}{MCSET+}{DMCRQ-) L4 Y register
MEMCI+ | 126-K12 | A | TL1 L {TL1FF+{SPMOD-){IGACY+) 126—F12/] 150- A2 Enable memory cycle
) . J12 .
COXXX+ | 150-D2 F | TL1 L | {(MEMCI+){(MBSYX-) 150—A2 | 150-D2 Start memory cycle
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ENTER A-CYCLE
FROM INSTRUCTION WORD
" FETCH

INHIBIT O ~ (M)
(M);_ ~ ADB7-16
GENERATE OCP

0~V
P -
s SET F-CYCLE ENTRY F-F

NEXT INSTRUCTION
FETCH CYCLE

ACYEF+

HOLDM-
ADB7-16
OCPLS-

ocp
2 CYCLES
OP CODE 14

Instruction: Output Controt Pulse (OCP)
1/0, 2 cycles

OP Code:

14 Type:
Description:  Set or reset function of specified device

A

4 —
00
1 2 3

A

A

A

A[A‘A‘A]AIA A

5 6

7

8

9 10 11 12 13 14 15 16
Execution Time {us): 3.2

Signal Origin Cyc Tim Clk Signal Component Origin_ Destination Operation
MEMCH- | 126—G12 .F TL4 L | {(IOGRP+H{ACYEF+} 126-C12 {126-J12 Biock start memory
HOLDM- | 128—M9 (IOGRP+)}{ACYEF+) 128-19 |128—N9 tnhibit M register clear
ADB7-16 | 138—-9/10 (ADBST-)}{M __ FF+) 138-9 : {See main frame wire list)
OCPLS- | 134—-N11 {RESTR-MACYEF-}{iOGRP+} 134-A11/{ 14384 Controi puise to device

{MO1FF-}{MO2FF-) F11
CLYTR~ | 129-P3 A | TLE R | (ACYNX-HTL4FF+)(MCRST+) - 129—H3/ [101—116—-N12 | Clear Y register
N3
EPYTS+ | 120—P4 A | TLA S (PISEX~-HEOINS+}{TLAFF+) 129-D4/ |101—116—L10 | Enable P register to
{OPGJS-}{MCSET+){DMCRQ-) L4 Y register
MEMCI+ | 126-K12 | A | TL1 L | (TL1FF+}{SPMOD-) {IGACY+) 126—F12/ | 150—-A2 Enable memory cycle
J12
COXXX+ | 150-D2 F TL1 L | (MEMCI+){MBSYX-) 150-A2 |150-D2 Start memory cycle
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH]

ACYEF+

mn

YES
_ y
L SET DRFLP+

3

0~ CLPTR-

©) - @) EDPTS+
A

RESET DEVICE READY RRLIN-
A

0~ () CLYTR-

Py - (V) EPYTS+

SET F-CYCLE ENTRY F-F FCYEF+

R
T2 s
T24 L
R
T4 s
S

_______“_;—__'l _____________________

INHIBITO ~ (M)

HOLDM-
M;_1g ~ ADBs 14 ADB; 14
s ~ (O} CLDTR-
®)+1 - ADDER EPSLL+, EIKI7-
ADDER - (D) ESDTS+
Wyyg =~ 081
ceer YYES
( ADB|| 1, =20 or 247 D
NO

| SET MASK IN PERIPHERALS

DEVICE READY?
(DRLIN-)

o

NEXT INSTRUCTION
FETCH CYCLE

SMK

DRFLI-

OTA/SMK
2 CYCLES
OP CODE 74

1
Instruction: Output from A (OTA) 1 olAa|AlA | A] A l A l A l Al A
OP Code: 74 Type:  1/0, 2 cycles 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: If ready: (A} - (OTB) and skip . . i
If not ready: No output and no skip Execution Time (us): 3.2
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation

MEMCI- | 126-G12 | F TL4 L (IOGRP+}{ACYEF+) 126-L12 | 126—K12 Block start memory

HOLDM-| 128-M9 | A {IOGRP+}{ACYEF+) 128—-19 128—-N9 Inhibit M register clear

EPSLL+ | 128-K4 (IOGRP+) 128—-A5 |[101-116—A9 Enable P register to

. adder
EIK17- 127-P5 A 1TL1 L (TLATE-) 127-K6 | 116—F7-F9 Force carry to adder
’ 117-A1
ADB7-16 | 138-9/101 A {ADBST-){M__FF+) 133-A9 {See main frame wire fist)
CLDTR- | 125—K5 A | TLY R (ACYEFH){TL1FF+)(JSTOP-) 125-B4 101-116—F11 | Clear D register to
(IRSOP-){IMAOP-)}{(MCRST+) ONEs
ESDTS+ | 125-M4 A | TL1 S {(ACYEF+{{TL1FF+){JSTOP-} 125-B4 |101—-116—F5- | Enable adder sum to
{(IRSOP-){IMAOP-)}{MCSET+) F9 D register
OTB01-16; 138-B/F | A {AQ1FF+} through {(A16FF+) 138-A/E {See main frame wire list}
SMKO1+ | 134—K12 ] A {SMKXX+){ADB0O7-)}{FCX00+) 134—-F12 {143-B5 ADB 7-16=00208
(Set mask)

DRLIN- | 143-B3 | A Function of 1/0 option 125-B11 Device ready line
DRFLP- | 125-E10| A | TL1 S {DRFL1-) 126—G11 | 125—-G10 Reset DRFLP+
DRFLP+ | 125—E9 A | TL1 L {SMK XX~} 125-G9 | 125-D9 Set DRFLP+

CLPTR- | 129-M10 | A | TL2 R (TL2FF+}{IOGRP+}{DRFLP-) 129-E6 101—-116—L12 | Clear P register

(OCPLS-}{MCRST+} .
EDPTS+ | 129-P9 A | TL2 S | (TL2FF+{10GRPH{DRFLP-) 129—E6 | 101—-116—-311 | Enable D register to
(OCPLS-){MCSET+) P register
RRLIN- | 134-P10 A | TL24 L {MO1FF+{{TL24F+}{DRFLP-) 134-J10 |143-D5 Reset ready to device
CLYTR- | 129-P3 A | TLA R {ACYNX-HTLAFF+){MCRST+) 129—H3/ {101—-116—N12 | Clear Y register
N3
EPYTS+ | 120-P4 A |TLA S {PISEX-){EOINS+}{TL4FF+)} 129-D4/ [101-116—L10 | Enable P register to
(OPGJS-)(MCSET+}{DMCRQ-) L4 Y register
MEMCI+ | 126-K12 | A | TL1 L {TL4FF+)(SPMOD-) {IGACY+) 126—F12/ |150—-A2 Enable memory cycle
- . J12
COXXX+ | 150-D2 F | TL1 L | {(MEMCIH){MBSYX-) 150-A2 |150-D2 Start memory cycle
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» ENTER A-CYCLE FROM INSTRUCTION WORD FETCH
—

w - o~

T3

ACYEF+
y
INHIBITO ~ (M) HOLDM-
M35 ~ ADB; 14 ADB; 14
s ~ (D) CLDTR-
(P)+1 -~ ADDER EPSLL+, EIK17-
ADDER - (D) ESDTS+
SENSE CONDITION? ~ \ NO
(DRLIN-) / 1
YES L SET  DRFLP+ DRFLI-
0 - (P) CLPTR-
©® - P EDPTS+
1
0 ~(Y) CLYTR-
®) -~ () EPYTS+
SET F-CYCLE ENTRY F-F FCYEF+
NEXT iNSTRUCTION
FETCH CYCLE
) SKS
2 CYCLES
OP CODE 34

Instruction:  Skip if Ready Line Set (SKS} ] AlA]A I A ‘ A ‘ AlA ‘ A A
OP Code: 34 Type: 1/0, 2 cycles 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: I f(device) is satisfied, device is ready A .
and next instruction is skipped. Execution Time (us): 3.2
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
HOLDM- | 128—-M9 A {(IORGP+}{ACYEF+) 128—-L9 128—N9g Inhibit M register ciear
ADB7-16 | 128-9/10] A (ADBST-}{(M__ FF+} 138—P9 (See main frame wire list.)
CLDTR- | 125—K5 A | TLY R (ACYEF+|{TL1FF+}{JSTOP-) 125—-B4 101-116—F11 | Clear D register to
{(iIRSOP-}{IMAGP-}{(MCRST+) ) ONEs
EPSLL+ 128—K4 A | T L (IOGRP+) 128—-A5 | 101-116—A9 Enable P register to
N adder
EIK17- 127-P5 A 1T L {ACYLF+) 127-K6 | 117-A1 Force carry to adder
{CASOP-){LSXOP-){SUBOP-)
ESDTS+ | 126—-M4 A | TL1 S {ACYEF+){TL1FF+}{JSTOP-) 125—-B4 | 101-116—D4- | Enable adder sum to
{(IRSOP-H{IMAOP-){MCSET+) D8 D register
DRLIN- | 143-B3 A Function of 1/0 option 125-D10 Device ready line
DRFLP-| 125-E10| A | TL1 S (DRFL1-) 125-G11 | 125-G10 Reset DRFLP+
DRFLP+ | 125—-E9 A | TL1 L {SMKXX~) 126-G9 | 125-D9 Set DRFLP+
CLPTR- | 120-M10| A | TL2 R {TL2FF+){(IOGRP+}{DRFLP-) 129-E6 101-116—-L12 | Clear P register
. (OCPLS-){MCRST+)
EDPTS+ | 1290-P9 A [ TL2 S | (TL1FF+H{IOGRP+}{DRFLP-) 129-E6 |101-116-J11 | Enable D register to
. {OCPLS-)(MCSET+) P register
CLYTR- | 120—-P3 A | TL4 R (ACYNX-)({TL4FF+){(MCRST+)} 120—-H3/ {101—116—N12 { Clear Y register
N3
EPYTS+ | 120-P4 A | TLA S {PISEX-Y{EQINS+}{TLAFF+) 129-D4/ [101—116—L10 | Enable P register to
{OPGJIS-){MCSET+)(DMCRQ-) L4 ) Y register
MEMCI+ | 126—-K12 | A | TL1 L (TL1FF+){SPMOD-) {IGACY+) 126—F12/ | 150-A2 Enable memory cycle
J12
COXXX+ | 150-D2 F TL1 L | (MEMCI+){MBSYX-) 150—A2 |[150-D2 Start memory cycle
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Common shift instruction entry

Function

Boolean Expression

Origin Cyc Tim Clk Origin Destination Operation Description
EPSLL+ | 128—K4 F TLATE L {FCYEF+H{TLATE-) 128—G3 |101-118-A9 Enable P registér to
- —— adder
EIK17- 127-P5 F | TLATE L (TLATE-) 127-Ké6 |116—-F7/F9 Force carry to adder
CLFTL- | 125-K8 F T L (ICYEF-){ACYEF-)}(TL1FF+) 125-A6 |121-A5 Clear shift counter
’ 120-A1 Clear F register
- 125-D8 Clear AZZZZ FF
CLMTR- | 128-P9 F TL1 R | (MCRST+)(HOLDM-}{TL1FF+) 128—-P9 101-116—L9 Clear M register
CLDTR~ | 1256—-K5 F 1T R (ICYEF-){ACYEF-){TL1FF+) 125—-A6 [101—-116—F11 | Clear D register to
ONEs
ESDTS+ | 125—-M4 F I TLY S {ICYEF-){ACYEF-HTL1FF+) 125-A6 {101-116—F5- | Enable adder sum to
F9 D register
MMnn F- | 142 {SWnnt){STRB-) 80.04 101-116—H8 Memory data set into
M register
CLPTR- | 128-M10{ F | TL2 R | (EDPTR+}{MCRST+} 129-J9 101—-116—L12 | Clear P register
EDPTSt+ | 129-P9 F | TL2 S (EDPTR+}{MCSET+) 129-J9 101—-116—-J11 | Enable D register to
. P register
EASTL+ | 127-P1 F | TLATE L {GENOP+H)(TLATE+){MO1FF-) 127-K10 {101-116—-A4 Enable A register to
] . adder
EMSHL+ | 127--P9 F | TLATE | L (GENOP+}(TLATE+}(MO1FF-) 127-K10 | 101-108—A9 Enable M(1-7) to adder
ENSHL+ { 127—P8 F ] TLATE L (GENOP+){TLATE+}{MO1FF-) 127-K10 {101-107—A10 | Enable M—(1-7) to adder
EMSLL+ | 127-P11 F | TLATE L (GENOP+{{TLATE+}{MO1FF) 127—-K10 | 108—116—A9 Enable M(8-16) to adder
ENSLL+ | 127—P7 F | TLATE L | {GENOP+){TLATE+)}{MO1FF-) 127—-K10 .{ 108—116—A10 | Enabie M-(8-16) to adder
SETAZ+ | 126—-M7 F | TL3 L (SHAOP+){TL3FF+}{AZZZZ-) 125412 [125-D7 Set AZZZZ FF
EMCTL+ | 126—P12 | F TL3 L | (SHAOP+){TL3FF+){AZZZ2Z-) 125-J12 | 121-A11 Enable M register to
shift counter
EMCTL- | 125-K12 | F | TL3 L (SHAOP+)(TL3FF+){AZZZZ-) 125412 {124-G1 Clear CB1TF
SCZRO~- | 121-M4 {SC16F-) through (SC11F) 121-X6 |126-C4 Shift counter equals
) ) ZERO
RPTT2+ | 126—G5 F | TL3 " L | NOR of EMC16 through 126—F7 |[118—-A4 Repeat TL2 timing level
) EMC11- .
CLDTR- | 125—K5 F {TL3 R | {TL3FF+}{ACYLF-){MCRSTH+) 12586/ |[101-116—F11 | Clear D register to
4 7 ONEs
CLETR- | 125—-K2 F TL3 R {TL3FF+){(GENOP+)(MO1FF-) 125-B1 101—-116—N2 ' | Clear E register.
(MO2FF+)}(MCRST+)
ESDTS+ | 126—-M4 F | TL3 S (TL3FF+}{IOGRP-)}{MCSET+) 125-B5/ {101-116—F5- | Enable adder sum to
J4 F9 - D regicter
EBETS+ | 125—-M1 F | TL3 S {TL3FF+)}{GENOP+)}{MO1FF-) 125-B1 101-116—-L3 Enable B register to

{MO2FF+){MCSET+)
See Page 2-59 fonl Common Shift Instruction Exit.

E register
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

FCYEF+ (SEE NOTE 1)

L {DEVELOP START MEMORY LEVEL MEMCH
. R S~ ), s~ D) CLMTR-, CLDTR-
L] ()+1 ~ ADDER, 0 - (F) EPSLL+, EIK17-, CLFTL-
s ADDER ~ (D) ESDTS+
STROBE EA - (M) MManF-
& 0@ CLPTR-
s ) EDPTS+
L D, -~ CBITFF SHASC+
R 0-@® CLATR-
12 s 16 ~ A5 SLATS+
L Dy ~ A DI7DH+
L {SC) +1 - (5C) INCSC+
12873
(TLATE) L (A) ~ ADDER EASTL+
(SEE NOTE 2)
e
R I's « 0), 1's = (F) CLDTR-, CLETR-
$ ADDER ~ (D) ESDTS+
3 ®) - ® EBETS+
L| REPEAT T2]RPTI’2+
T\ YEs -
A7777 =0 ) 1 , :
L T - AZZZZ SETAZ+
3 : No L M)y ~ (5O) EMCTL+
L 0 - CBITFF EMCTL-
_ \ NO 1
sC=0
J
YES
L ENTER T4 RPTT2-
R 0~ (Y) CLYTR-
T4 ® . EPYTS+
L |SET F-CYCLE ENTRY F-F FCYEF+
NEXT INSTRUCTION AR
FETCH CYQLE 1 +n/2 CYCLES
OP CODE 0416N
NOTES: 1. THIS INSTRUCTION IDENTICAL 2. MISSING SIGNALS CAN BE
TO LGL EXCEPT FOR STATE OF FOUND IN ALR ENTRY ANALYSIS

D17DJ

No. of shifts

A
Instruction: Logical Left Rotate {ALR) T —
OP Code: 0416N  Type: SH,1+n/2cycles _ [ afolnfw|n]nin]n
n = no. of shifts 12 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 1 A 16 Execution Time (is): 1.6 +0.8n
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry {See Common Entry for Shift Instructions, Page 2-46)
SHASC+ | 120-P7 F TL2 L {SHAOP+}{SCZRO~} 120—-L7 122-D11/D12 | Shift A register and
124—-D1/D3/D5 shift counter not equal
to ZERO
CBITF 124—-P1 F TL2 S (SHASC+}{TL2FF+)(MO7FF+) 124-D3 124-P2 Set D1 into CB1TF
{M1OFF-}{DO1FF+){MCSET+) ) )
CLATR- | 122—-K8 F TL2 R {SHASCH+)(TL2FF+)(MO7FF+) 122-C11/} 101—-116—-L6 Clear A register
(MCRST+} _ -J8
D17DJ+ 130—-G4 F TL2 L {SHAOP+)(MO9F F+H{MOSFF+) 130—-C3 116-J5 Left shift end effect
. (DO1FF+)
SLATS+ | 122—-P11 F TL2 S {SHASCH)(TL2FF+}{MO7FF+) 124-C11/{101-116-J5 Shift left A register
(MCSET+) J11 .
Common Exit {See Common Exit for Shift Instructions, Page 2-59)
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12

T3

(FETCH CYCLE ENTRY ENABLED) FCYEF+
L |DEVELOP START MEMORY LEVEL MEMCH
Rl o~ (w15 - @ CLMTR-, CLDTR-
L| ®)+1 ~ ADDER, 0 ~ (F) EPSLL+, EIK17-, CLFTL-
s ADDER . (D) ESDTS+
STROBE A~ (M) MMnnF-
R ) CLPTR-
s D) - ) EDPTS+
¥ .
R 0 (A CLATR-
s ©lpq6 ~ A5 SLATS+
L 0~ Ay DI7DJ-
"~ YES
Dy =Dy =
+ NO
L l 1. CBITE SHASCH
T {SEE NOTE)
L] SC)+1 - (SC ]-————
69 t Q) INCSC+
|
L (A) ~ ADDER CEASTL+
(SEE NOTE)
i
s = D), 1's - () CLDTR-, CLETR-
ADDER - (D) ESDTS+
® -6 EBETS+
‘ L| REPEAT T2JRPTT2+
) YES
AZZZZ =0 ) 3
L T -~ AZZ7Z SETAZ+
NO L M)y;_16 ~ 5O EMCTL+
\ L 0 . CBITF EMCTL-
YES
ENTER T4 RPTT2-
R 0~V aLYTR-
s ®) . EPYTS+
L | SET F-CYCLE ENTRY F-F FCYEF+
NEXT INSTRUCTION ALs
FETCH CY
1+ n/2 CYCLES
OP CODE 0415N

ENTER FROM PREVIOUS OPERATION

NOTE:  MISSING SIGNALS CAN BE
FOUND IN ALS ENTRY ANALYSIS

Instruction: Arithmetic Left Shift (ALS)

No. of shifts

-

r
1
OP Code: 0415N Type: SH, 1+n/2cycles 0 10 ~1>] N {N l Ni N IN N
n = no. of shifts - g
Description: m 0 1 2 5 6 7 8 9 10 11 12 13 14 15 -16
OVF — (C} Execution Time (#S’: 16 +0.8n -
Signal Origin- | Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry (See Common Entry for Shift Instructions, Page 2-46)
SHASC+ | 120-P7 F | TL2 L (SHAOP+)(SCZRO—) 120-L7 |122-D11/D12 | Shift A register and
124-D1/D3/ shift counter not equal
D5 to ZERO
CLATR- | 122- K8 E I TL2 B L ISHASCH{TL2FF+1{MO7FF+H) 122-C11/ 110111618 Clear A register
: {MCRST+) Jg
D17DJ- 130—-G4 F | TL2 L (MOSFF+) 130-C3 {116-J5 { Clear A register bit 16
SLATS+ | 122-P11 F | TL2 ) (SHASCH){TL2FF+)(MO7FF+) 122—-C11/ {101-116—-J5 Shift left A register
{MCSET+) Ji1
Di1#D2 | 124—€7 FoTR2 L | Secinpuis to gate CBITF— 124-E7 124-P2 Set CB17T Fwith SHASC+

Common Exit (See Common Exit for Shift Instructions, Page 2-59)
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ENTER FROM PREVIOUS OPERATION
{FETCH CYCLE ENTRY ENABLED)

FCYEF+ (SEE NOTE 1)

L JDEVELOP START MEMORY LEVEL MEMCIF
R 0~ (M), I's = D) “CLMTR~, CLDTR-
n L{ (P)+1 ~ ADDER, 0 ~ (F) ~ EPSLL+, EIK17-, CLFTL-
s ADDER ~ (D) ESDTS+
STROBE A ~ (W) MManF-
R 0~ ) CLPTR-
S ©) -~ () EDPTS+
L D, ~ CBITF SHASC+
R 0 ~ (A CLATR-
T2
sv D15 ~ Apge SRATS+
L Dyg ~ A DOODJ+
L (5C) +1 = (5C) INCSC+
h
}ﬁ_ﬁ‘g L (A) ~ ADDER EASTL+
(SEE NOTE 2)
—— e s i s —— —— ——— — i S — — s A . — —— — — —— ———— — o — o -
R Ps = D), 1's - () CLDTR-, CLETR-
s ADDER — (D) ESDTS+
s ®) - EBETS+ RPTT2+
L REPEAT T2
Y
) _YES
AZZZZ =0 ) 3
L 1 - AZZZZ SETAZ+
T3 No L Wy - 6O EMCTL+
L 0 - CBITF EMCTL-
sC=0 j—ﬂgl’ 1
YES
i
L ENTER T4 RPTT2-
R 0~ (Y) CLYTR-
4 s ® . EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER+
Y
NEXT INSTRUCTION ARR
FETCH CYCLE 1+ n/2 CYCLES
OP CODE 0406N

NOTES: 1.

I

THIS INSTRUCTION IDENTICAL
TO LGR EXCEPT FOR STATE OF
DOODJ

2. MISSING SIGNALS CAN BE
FOUND IN ARR ENTRY ANALYSIS

Instruction: Logical Right Rotate (ARR)
OP Code: 0406N

Type: SH, 1+ n/2cycles

n = no. of shifts 1 2 3

Description:
l:h A 18@40!
_—

No. of shifts
A

r

~

01111

OININlNINJN N

5 66 7 8 9 10 11 12 13 14 15 16

Execution Time {us): 1.6 +0.8n

Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry {See Common Entry for Shift Instructions, Page 2-46)
| SHASC+ | 120-P7 F §TL2 L | {(SHAOP+){SCZRO-) 120-L7 |[122-D11/D12 | Shift A register and
124-D1/D3/D5 | shift counter not equal
to ZERO
CB1TF 124—P1 F TL2 S {SHASC+)}{MO7FF~){(MO8FF+) 124—-D4 124-P2 Set D16 into CB1TF
. (TLZFF+j{D16FF+){MCSET+)
CLATR- | 122—K8 F | TL2 R | (SHASC+}{TL2FF+){MO7FF-) 122—-C11/{101-116—L6 Clear A register
{(MCRST+) Jg8
DOODJ+ | 130-D1 F | TL2 L | (SHAOP+){MOSFF+}{MO9FF+) 130-A2 (101-J6 Right shift end effect
{D16FF+)
SRATS+ | 122-P12 | F | TL2 S {SHASCH)(TL2FF+}(MO7FF-) 122—-C12/}101-116—-J6 Shift right A register
{MCSET+) J12
MFG2E- | 122-D12 | F | TL2 L | (SHASCH{TL2FF+}{MO7FF-) 122—Ci2 |124—-G1 Clear CB1TF

Common Exit {See Common Exit for Shift Instructions, Page 2-59)
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ENTER FROM PREVIOUS OPERATION

(FETCH CYCLE ENTRY ENABLED) FCYEF+
L [DEVELOP START MEMORY LEVEL MEMCH-
R 0~ (M), 1'% - D) CLMTR-, CLDTR-
n L] @) +1 ~ ADDER, O - {F) EPSLL+, EIK17-, CLFTL-
s ADDER - (D) ESDTS+
STROBE [EA] - (M) MMnnF-
R 0-@ CLPTR-
s D) - ®) EDPTS+
L Dy, - CBITF SHASC+
R 0~ (A CLATR-
2 O 15 ~ &)
s -
X s T e } SRATS+, DOODJ+
1 ~DPoo = A
(SEE NOTE)
4
L (SC) +1 = (SC) INCSC+
{?Lﬁfﬁ L (A) — ADDER EASTL+
(SEE NOTE)
R s~ (D), 1's ~ @® CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
s ® ~ ) EBETS+ RPTT2+
L]  REPEATT2
1
YES i
C AZZ77Z =0 } -
L T - AZZZZ SETAZ+
3 NO L M)3.16 = (5O) EMCTL+
1 L 0 ~ CBITE EMCTL-
C sC=0 ) No |
/1
YES
L ENTER T4 RPTT2-
R 0@ CLYTR-
T4 S P~ ) EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER:

NEXT INSTRUCTION
FETCH CYCLE

NOTE:  MISSING SIGNALS CAN BE

FOUND IN ARS ENTRY ANALYSIS

1+ n/2 CYCLES
OP CODE 0405N

No. of shifts

A,

Instruction: Arithmetic Right Shift (ARS) ] P T
n o|1j0}1 ‘ N ] N l NN l NI|N
OP Code: 0405N Type: Sh, 1+ n/2 cycles I : - -
.n=no. of shifts 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description:
Aq**i2_A 16 ‘f Execution Time (us): 1.6 +0.8n
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry (See Common Entry for Shift Instructions, Page:2-46)
SHASC+ | 120-P7 F TL2 L (SHAOP+){SCZRO-) 120-L7 122-D11/D12 | Shift A register and
124-D1/D3/D5 | shift counter not equal
to ZERO
CB1TF 124—P1 F TL2 S {(SHASC+){MO7FF}{{MOSFF+) 124-D4 {124-P2 Set D16 into CB1TF
(TL2FF+){D16FF+)(MCSET+)
MFG2E- { 122-D12 | F TL2 L {SHASCH{MO7FF-}{TL2FF+) 122—-C12 {124-G1 Clear CB1TF
CLATR- | 122—K8 F TL2 R {SHASCH+|{TL2FF+){MO7FF-) 122—-C11/1101-116—-L6 Clear A register
{MCRST+) J8
SRATS+ | 122—-P12 F TL2 S {SHASCH}(TL2FF+){(MO7FF) 122—C12/ {1 101-116-J6 Shift right A register
{MCSET+) J12
DOODJ+ 130-D1 F TL2 L | (M1OFF+)(DOOFF+) 122—-A1 101-J6 Maintain sign bit
DOOFF+ | 130—K8 F TL2 S {ESDTS+}{ROT1PA+){G0O1DJ-) 130—-F6 130—F6 Extension of D register
RO1PA+ | 101-D7 F TL2 L {HO1DJ-) 101-C7 101-D7 " | Adder network OR gate
GO1DJ- 101-C5 F TL2 L | {(EASTL+){AO1FF+) 101-A4 |101-C5 Adder network OR gate

Common Exit {See Common Exit for Shift Instructions, Page 2-59)
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

- FCYEF+ (SEE NOTE 1)

L| REPEAT T2 |RPTT2+

L IDEVELOP START MEMORY LEVEL MEMCH
R 0 -~ (M) 1's ~ (D) CLMTR-, CLDTR-
n L] (®)+1 - ADDER, 0~ (F) EPSLL+, EIKI7-, CLFTL-
5 ADDER - ) ESDTS+
stroee (™ A - MManf-
R ) CLPTR~- -
s o) - @) EDPTSH
T
K i
L D, - CBITF SHASC+
R 0 -~ (A CLATR-
12
5 ®ly 16 ~ A 15 SLATS+
L 0 ~ (A, DI7DJ-
L (SC) +1 = (5C) INCSC+
{ﬁi‘% L (A) ~ ADDER EASTL+
(SEE NOTE 2)
R 15~ ©) . 1% - &) CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
s ® - ® EBETS+
i ' YES
{ AZZZZ=0 - ) 1
- L 1 -~ AZZZZ SETAZ+
13 NO Ll ™M 4 = (5O EMCTL+
. _ : L 0 . CBITF EMCTL-
C . sC=0 _Dﬂ I )
YES "
L ENTER T4 RPTTZ- :
R 0~ (V) CLYTR-
T4 S ® - () EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER+

NEXT INSTRUCTION

FETCH CYCLE

NOTES: 1. THIS INSTRUCTION IDENTICAL
TO ALR EXCEPT FOR STATE OF

D17DJ

2. MISSING SIGNALS CAN BE
FOUND IN LGL ENTRY ANALYSIS

LGL
1+ n/2 CYCLES
OP CODE 0414N

Instruction:  Logical Left Shift (LGL)
OP Code: 0414N

Destigion:  [clo—{i & Tok—0

Type: SH. 1+n/2cycles

n = no. of shifts 1 2 3

No. of shifts

~

-~

11110 OlNINlN‘NlN N

5 6 7 8 9 10 11 12 13 14 15 16
Execution Time {us): 1.6 +0.8n

Origin

Common Exit {See Common Exit for Shift Instructi

(MCSET+)

Signal Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry (See Common Entry. for Shift Instructions, Page 2-46)
SHASC+ | 120-P7 F TL2 L {SHAOP+}{SCZRO~} | 120—-L7 1122-D11/D12 | Shift A register and
124-D1/D3/D5 | shift counter not equal
. to ZERO

CB1TF 124—P1 F TL2 S {SHASCH+)(TL2FF+}{MO7FF+) 124-D3 | 124-P2 Set D1 into CB1TF
{M10FF)}(DO1FF+){MCSET+)

CLATR- | 122 K8 F TL2 R | {SHASCH{TL2FF+){MQ7FF+) 122—-C11/1101-116—-L6 Clear A register
(MCRST+) Jg

D17DJ- 130—-G4 F TL2 L | {MOSFF+} . 130-C3 |117-J5 Clear A register bit 16

SLATS+ | 122-P11 F TL2 S {(SHASCH)(TL2FF+)(MO7FF+) 122—-C11/1101-116-J5 Shift left A register

J1

ons, Page 2-59)
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ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

L |DEVELOP START MEMORY LEVEL

MEMCI+

e — =

REPEAT T2]RPTT2+

R 0~ (M), I's~(D) CLMTR-, CLDTR-
T N
n L] ()+) ~ ADDER, 0 - (F) EPSLL+, EIK17-, CLFTL-
s ADDER ~ (D) ESDTS+
STROBE [EA] ~ (M) MManF
R 0~ () CLPTR-
s ) - ) EDPTS+
L Dyy ~ CBITF SHASC+
R 0 - (A CLATR-
T2
L 0~ (A) DOODJ-
L {5C) +1 ~ (5C) INCSC+
4
}ﬁjr?) L (A) - ADDER EASTL+
{SEE NOTE)
R I's = (@), 1 - () CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
s ®) ~ E) EBETS+
YES
( " A7ZZZ =0 } —
L 1 -~ AZZZZ SETAZ+
3 A2 L (M)17-16 ~ (SO EMCTL+
L 0 . CBITF EMCTL-
( -0 j_ﬁ@l 1
YES
L ENTER T4 RPTT2-
e
0~ (V) CLYTR-
T ®) - ) EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER+

NOTES: 1.

THIS INSTRUCTION IDENTICAL

NEXT INSTRUCTION
FETCH CYCLE

TO ARR EXCEPT FOR STATE OF

DOODJ

2. MISSING SIGNALS CAN BE

FOUND IN LGR ENTRY ANALYSIS

L
1

GR
+n/2 CYCLES

OP CODE 0404N

No. of shifts

A,

Instruction: Logical Right Shift (LGR) r —
o1 0] 0 | N I N l N l N J N |'N
OP Code: 0404N Type: Sh, 1+ n/2 cycles i 1
n = no. of shifts 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description:
PHORo—1_A 16 Execution Time (us): 1.6 +0.8n
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry {See Common Entry for Shift Instructions, Page 2-46)
SHASC+ | 120-P7 | F |TL2 L | (SHAOP+)(SCZRO-) 120-L7 {122-D11/D12 |Shift A register and
124-D1/D3/D5 | shift counter not equal
. to ZERO

CBiTF i24—Pi F TLZ S {SHASC+j{MO7FF}{MOBFF+} 12404 ji24-P2 Set D16 into CBiTF
{TL2FF+}{D16FF+){MCSET+)

CLATR- | 122—K8 F TL2 R {SHASCH){MO7FF-)(TL2FF+) 122—-C11/ |101-116—-L6 Clear A register
{MCRST+) Js

SRATS+ | 122-P12 F TL2 S {SHASC+H{TL2FF+){MO7FF-) 122—C12/ {101-116—-J6 Shift right A register
(MCSET+) J12

MFG2E- | 122-D12 | F TL2 L {SHASC+{TL2FF+){MO7FF-) 122-C12 |124-G1 Clear CB1TF

DOODJ- 130-D1 F TL2 L {M10FF-}{MO8FF+) 130-A2 {101-J6 Clear A register bit 1

Common Exit (See Common Exit for Shift {nstructions, Page 2-59)
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ENTER FROM PREVIOUS OPERATION

(FETCH CYCLE ENTRY ENABLED) FCYEF+
T e e e
R 0~(M), I'+@D) CLMTR-, CLDTR-
n Li ®)+1 - ADDER, 0~ (/) EPSLL+, EiK17-, CLFTL-
s ADDER - (D) ESDTS+ )
STROBE [EA]~ (W) MMnnf-
R 0@ CLPTR-
5 ©) ~ F#) EDPTS+
L D, - CBITF SHASC+
R| 0~ (&), 0~ ® CLATR-, CLBTR-
12 LS E = A D)y qg ~ (A5 DI7DJ+, SLATS+
LS| Ey~ By )34 ~ Bloys EOCDJ+, SLBTS+
L 0 - B 6 EODDJ-
L (SC) +1 = (5C) INCSC+
T(I?L:Ig L (A) - ADDER EASTL+
(SEE NOTE)
R Vs~ (D), I's - () CLDTR-, CLETR-
S| - ADDER - (D) ESDTS+
S @) - € EBETS+
"\ YES
( Azzz-o J 3
L 1 - AZZZZ SETAZ+
B Al Ll My~ 6O EMCTL+
- L 0 - CBITF EMCTL-
C = s '
YES
t ENTER T4 RPTT2-
R 0~ (Y) CLYTR-
14 § e .M EPYTS+
L | DEVELOP START MEMORY LEVEL MEMCH+
L | SET F-CYCLE ENTRY F-F FCYEF+

]

NEXT INSTRUCTION

FETCH CYCLE

. THIS IEISTRUCTION IDENTICAL

2, MISSING SIGNALS CAN BE
FOUND IN LLL ENTRY ANALYSIS

LLL

1+ n/2 CYCLES
OP CODE 0410N

Instruction: Long Left Logical Shift (LLL}

OP Code: 0410N Type: SH, 1+ n/2cycles

No. of shifts

A

N

oTo[o|nn]n]n

n = no. of shifts 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
Description: 1 A 1161 B 16/*0 Execution Time (s): 1.6 +0.8n
Signal Origin Cyc Tim Clk Signal Component Origin Destination Operation
Common Entry (See Common Entry for Shift Instructions, Page 2-46)
sHAsC+ | 1207 | F | TL2 L | (SHAOPH(SCZRO-) 120-L7 |122-D11/D12 | Shift A register and
iZ3-F4 shift counter not equal
124-D1/D3 to ZERO

CBITF | 124-P1 | F | TL2 S | (SHASCH(TL2FF+)(MO7FF+) 124-D3/ |124-P2 ‘Set D1 into CBI1TF
{(M10FF-){DO1FF+) {(MCSET+) K2

CLATR- | 122-k8 | F .| TL2 R | (SHASC+)(TL2FF+)(MO7FF+) 122-Ci2 [101-116—-L6 | Clear A register
{MCRST#) ,

CLBTR- | 123-M6 | F | TL2 R | (SHASC+(TL2FF+)(MO7FF+) 123—F4/ |101-116—L2 | Clear B register
{MOSFF-){MCRST+) L6 . -

D170+ | 130-G4 | F | TL2 L | (ACYLF-){MOSFF-}{M10FF-) 130-C4 |116-J5 Left shift end effect
(EOTFF+) ’

SLATS+ | 122-P11 | F | TL2 S | (SHASCH{TL2FF+(MO7EF+) 122-C11 |101-116—J6 | Shift left A register

EOCDJ+ | 130-E8 | F | TL2 L | (E02FF+) 130-E8 |101-J1 Set E2 into B1

SLBTS+ | 123P4 | F | TL2 S | (SHASCH|TL2FF+){MO7FF+) 123-F4/ |101-116-J1 | Shift left B register
(MOSFF-){MCSET+) L4 :

EODDJ+ | 130-D12| F | TL2 L | (MO9FF+)(DOTFF+) 130-A12 |116-J Set B16

Common Exit (See Common Exit for Shift Instructions, Page 2-59)
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No. of shifts
A

ENTER FROM PREVIOUS OPERATION

Instruction: Long Left Rotate {(LLR)

(FETCH CYCLE ENTRY ENABLED) FCYER+ l ‘ | I J l
OP Code: 0412N  Type: SH, 1+n/2cycles 0 1O 1] O NN/ NINJNN
n = no. of shifts
———————— _t e — - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
3 Description: 1 A 16H B ‘IGFI ) ] .
L {DEVELOP START MEMORY LEVEL MEMCI+ . Execution Time (us): 1.6 +0.8n -
R 0-M), s -D) CLMTR~, CLDTR- )
it L} (P)+1 -~ ADDER, 0 ~ (F) EPSLL+, EIK17-, CLFTL- Signal Origin_ Cyc Tim Clk Signal Component Origin Destination Operation
S ADDER - (D) ESDTS+ 1 5
________________ - " = ‘Common Entry (See Common Entry for Shift Instructions, Page 2-46)
STROBE EAl- ™) Mnnf- . )
R 0-p CLPTR- SHASC+ | 120-P7 | F |TL2 L | (SHAOP+)(SCZRO-) 120-L7 [122-D11/D12 |Shift A register and
- 123—F4 shift counter not equal
s o - ® EDPTS+ , 124-D1/D3 to ZERO
‘ CBITF | 124-P1 F T2 S | (SHASCH){TL2FF+){MO7FF+) 124-D3/ {124-P2 Set D1 into CB1TF
i {M10FF-j{DOTFF+}{MCSET+) K2
CLATR- | 122-K8 | F |TL2 R | (SHASCH)(TL2FF+}{MO7FF+) 122-C12 |101-116—L6 |Clear A register
L D, - GITF SHASC+ (MCRST4) ~+H(M
R © - &), 0 -6 CLATR-, CLBTR- CLBTR- | 123-M6 | F |TL2 R | (SHASCH(TL2FF+)(MO7FF+) 123—F4/ |101-116—L2 |Clear B register
12 Ls Ey Ay Dy ~ (A g5 DI7DJ+, SLATS+ (MOBFF-}{MCRST+) L6 ) ,
LS Ey =By g - Blys EOCDJ+, SLBTS+ D17DJ+ |130-G4 | F |TL2 L (?é:(;ﬁ;))(mosw—nmorﬁl:—) 130-C4 |116-J5 Left shift end effect
L Dy~ By EODDJ+ - ©|sLATS+ |122-P11 | F | TL2 S | (SHASCH){TL2FF+}{MO7FF+) 122-C11 |101-116-J5  |Shift left A register
{MCSET+}
EOCDJ+ | 130-E8 | F |TL2 L | (EO2FF+) 130-E8  [101-J1 Set E2 and B1
SLBTS+ |123-P4 | F |TL2 S | (SHASCH){TL2FF+)(MO7FF+) 123—F4/ [101-116—J1  |Shift left B register
L {5C) +1 « (5C) INCSC+ (MOSFF~)(MCSET+) L4 .
] : EODDJ+ | 130-D12 | £ |TL2 L | (SHAOP+){MOSFF+){DO1FF+) 130—-A12 [116=J1 °  |SetD1intoB16
—_————— —— _f; Common Exit (See Common Exit for Sﬁift Instructions, Page 2-59)
gt v (A) - ADDER EASTL+ ' -
{SEE NOTE)
R s~ O), 1's - () CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
. s L @6 EBETS+
L| REPEAT T2 [RPTT2+
T\ YES
AZZZZ =0 J [ )
' L 1 ~ AZZZZ SETAZ+
3 Mo L M)11-16 ~ (5O EMCTL+
L 0 - CBITF EMCTL-
sC=0 XNO ]
YES
L ENTER T4 RPTT2-
R 0~ (Y) CLYTR-
T4 s @) - 0Y) EPYTS+
L { SET F-CYCLE ENTRY F-F FCYER -
NEXT INSTRUCTION LR
FETCH CYQL W 2 cvaes
OP CODE 0412N
NOTES: 1. THIS INSTRUCTION IDENTICAL 2. MISSING SIGNALS CAN BE
TO LLL EXCEPT FOR STATE OF FOUND IN LLR ENTRY ANALYSIS
EODDJ
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No. of shifts
ENTER FROM PREVIOUS OPERATION .

(FETCH CYCLE ENTRY ENABLED) FCYER: Instruction: Long Arithmetic Left Shift (LLS) | | l ‘ l '
OP Code: 0411N  Type: SH,1+n/2cycles OjO|1T|N[NJNINJN|N
___________________ N _ ' n = no. of shifts
________________________ . 1 2 3 4 5 6 7 8 9 1 1 12 13 14 15 16
Description:  Jy A 1el[p]f2 B 18«0
LIDEVELOP START MEMORY LEVEL] MEMC+ _ y OVF - (C) Execution Time {jisi: 1.8 +0.8n
R 0-M), s <@ CLMTR-, CLDTR- ; iai i i iai inati Operation
n L] ®+1 - ADDER, 0 - (F) EPSLLs . EIKI7.. CLETL S Signal Origin Cyc Tim Clk Signal Component Crigin Destination peration
‘ S ADDER ~ (D) ESDTS+ ’ :
_________________ t______________________________ - Common Entry {See Common Entry for Shift Instructions, Page. 2-46)
STROBE EA - () MMnnF- SHASC+ | 120-P7 F | TL2 L | {SHAOP+{SCZRO-) 120-L7 [122-D11/D12 | Shift A register and
R 0-@) CLPTR- ' 123—-F4 shift counter.not equal-
S ©) - @) EDPTS+ 124-C1/D3 to ZERO
CLATR- | 122-K8 | ¥ | TL2 R | (SHASCH{TLZFF+(MO7FF+) 122—C12 |101—116—L6 | Clear A register
N 0-® CLATR-, CLSTR- CLBTR- | 123-M6 | F | 712 R (SEMCSRST)%QFF ) (MO7FF+) 123-F4 |101-11 B
. - — ASCH, 2FF+ : 123 101-116-1L.2 Clear B register
LS| E Alé, (D)2-16 - (/i\),_]5 DI7DJ+, SLATS+ (MOSFF-){BACRST+) L6
LS| g - B, (B35 ~Blyys EOCDJ+, SLBTS+ D17D3+ | 130-G4 | F |¥L2 L | (MOSFF-MM10FF+){EO2FF+) 130-C5 [116-35 Left shift end effect
1 L : 0 - B, EODDJ+ SLATS+ | 12211 ]| F [TL2 S | (SHASCHMTIL2FF+)(MO7FF+) 122-C11 |108-116—J5 | Shiftleft A register
(MCSETH} ‘
VES EOCDJ+ | 130—E8 { F | TL2 L | (ACYLF-MB110FF+){EQ1FF-) 130-C8 | ®1-N Set E1 into B1
(. o-=p L SLBTS+ | 123-P4 | F | TL2 S | (SHASCH{TL2FF+)(MOTFF+) 123-F4/ |M1-116-J1 | Shift left B register
s ) | (MOBFF-HMCSET+ L4
EODDJ+ | 130-D12{ £ | TL2 i | (MOIFF+#DO1FF+) 130-A12 11161 S B16
Ll 1~ CBITF 1 SHASGH . |D1%D2 | 124-E7 | F [TL2 L | Seeinpuisto gate CB1TF 126-£7 |I124-P2 Set CB1TF with SHASC+
T (SEE NOTE)
U s9+1~ 60 | Comamon Exit (See Common Exit for Shift Instructions, Fage22'59)
|
T INCSC+ )
JERAL L (A) ~ ADDER EASTL+
(SEE NOTE)
R I's~ (D), ' ~{F CLDTR-, CLETR-
S ADDER - (D) ESDTS+
s ® - ® EBETS+
L| REPEAT 12 [rPTT2
Coamre )= -
L 1 - AZZZZ SETAZ+
3 No L M)y1_16 ~ (50 EMCTL+
L 0 - CBITF EMCTL-
C sC=0 _NO I
/L
YES
L ENTER T4 RPTT2-
R 00N CLYTR-
T4 s ®) - (1) EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER+
NEXT INSTRUCTION : LLs
FETCH CYCLE T+ n/2 CYCLES
OP CODE 0411N
NOTE: MISSING SIGNALS CAN BE
FOUND IN LLS ENTRY ANALYSIS
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ENTER FROM PREVIOUS OPERATION

(FETCH CYCLE ENTRY ENABLED) FCYEF+ (SEE NOTE 1)

L [DEVELOP START MEMORY LEVEL MEMCI+
R 0~ (M), I's~(D) CLMTR-, CLDTR-
T L] (P)+1 ~ ADDER, 0 ~ (F) EPSLL+, EIK17-, CLFTL-
s ADDER ~ (D) ESDTS+
STROBE EA~ W) MManf-
R 0~ CLPTR-
s S ) EDPTS+
L E;g ~ CBITF SHASCH+
- R 0 - (A), 0~ (8 CLATR-, CLBTR-
LS| 0 ~A, @5 ~ By DOODJ-, SRATS+
LS Dyg =By B)yys = Blyyge EOADJ+, SRBTS+
L (SC) +1 -~ {5C) INCSC+
4
?&S L (A) ~ ADDER EASTL+
(SEE NOTE 2)
R 1's ~ @), I's ~ € CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
S 8) - () EBETS+
L] RePEAT T2 [RPTT2+
4
T\ YES
AZZZ7Z =0 ) 3
L T - AZZZZ SETAZ+
13 NO L ) 1-16 ~ (SC) EMCTL+
L 0 - CBITF EMCTL-
C e = '
S :
YES
L ENTER T4 RPTT2-
] R G- (V) CLYTR-
4 S ® -~ ) EPYTS+
L | SET F-CYCLE ENTRY F-F FCYER+
1
NEXT INSTRUCTION )
FETCH CYCLE LRL
1 +n/2 CYCLES
OP CODE 0400N

NOTES: 1. THIS INSTRUCTION IDENTICAL
TO LRR EXCEPT FOR STATE OF

Do0DJ

2. MISSING SIGNALS CAN BE
BE FOUND IN LRL ENTRY
ANALYSIS

Instruction:

Long Right Logical Shift (LRL)
OP Code: 0400N

Type: SH, 1+ n/2cycles

5 6

No. of shifts

A

0'0‘0

o n]w|w|n]nln

n = no. of shifts 1 2 3 7 8 9 10 11 12 13 14 15 16
Description: .
0~1 A 16}*1 B 16 Execution Time (is): 1.6 +0.8n
Signal Origin Cyc Tim | Ck 0 Signal Component Origin Destination Operation
Common Entry (See Common Entry for Shift instructions, Page 2-46)
SHASC+ | 120—P7 F | TL2 L | {SHACP+)}{SCZRO-) 120—L7 |122-D11/D12 | Shift A register and
123—E4 shift counter not equal
124-D1/D3 to ZERO
CB1TF 124-P1 F TL2 S (TL2FF+)}(SHASC+){MO7FF-) 124-D5 |[124—P2 Set E16 into CB1TF
{MOBFF-)}{E16FF+}{MCSET+}

MFG2E- | 122-D12| F | TL2 L | (SHASC+HTL2FF+){M07FF-) 122—C12 | 124—-G1 Clear CB1TF

CLATR- | 122—K8 F | TL2 R | (SHASC+WTL2FF+){MO7FF-) 122—C11/{101—116—L6 | Clear A register
{MCRST+) Jg

CLBTR- | 123—-M6 F TL2 R (SHASCH(TL2FF+}(MO7FF-} 123—-F6/ |101-116—-L2 Clear B register
(MOBFF-){MCRST+) L6

DOODJ- | 130-D1 F | TL2 L | {(M10FF-}{MO9FF-) 130-A2 |{101-J6 Clear A register bit 1

with SRATS+

SRATS+ | 122-P12 | F | TL2 S {SHASC+{{TL2FF+{MO7FF-} 122—-C12 |{101-116-J6 Shift right A register

(MCSET) :
EOADJ+ | 130-E10 | F | TL2 L | (M1OFF-)D16FF-) 130-C11 {101-J2 Set D16 into B1
SRBTS+ | 123-P8 F | TL2 S (SHASCH+WTL2FF+){MO7FF-}) 123-F6/ {101-116—-J2 Shift right B register
(MOSFF-)}{MCSET+) L8

Common Exit {See Common Exit for Shift Instructions, Page 2-59)
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: No. of shifts
ENTER FROM PREVIOUS OPERATION

P
(FETCH CYCLE ENTRY ENABLED) FCYEF+ instruction:  Long Right Rotate (LRR) ol1]loln ‘ N I N NJ NN
— , ' OP Code: 0402N  Type: SH,1+nf2cycles ]
SIS SIS EEE —_—————— e ————— ) _ n = no. of shifts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
3 ' Description: | o 16th HelEl i
{1 A 16+1 B _16leslC Execution Time {ys}: 1.6 +0.8
L [DEVELOP START MEMORY LEVEL] MEMCH - 1 _A 16 icl xecution Time {yis} n
R 0~ (M) 1 - ) - CLMTR-, CLDTR- -1 Signal Origin Cyec Tim Clk Signal Component ‘Origin Destination Operation
T L. (P)+1 - ADDER, 0 ~ (F) EPSLL+, EIK17-, CLFTL- -
S - -ADDER - {D) ESDTS+ ) . .
o e t_ — Common Entry {See Common Entry for Shift Instructions, Page 2-46)
STROBE EA- ™M) 1 - MMonf- SHASC+ | 120-P7 | F |TL2 L | (SHAOP+){SCZRO-) 120—-L7 {122-D11/D12 |Shift A register and
R 0 -P) o CLPTR- 123—-E4 shift counter not equal
; : , , : , 124-D1/D3 to ZERO
- O - - EDPTS+ CBITF | 124-P1 F | TL2 S | (TL2FF+){SHASCH)(MO7FF-) 124-D5 |124-P2 Set E16 into CB1TF
. : (MOSFF-}(E16FF~){MCSET+)
! - CLATR- | 122-k8 | F | TL2 R | (SHASCH(TL2FF+){MO7FF-) 122-C11/[101—116—L6 | Clear A register
N (MCRST+) J8
L Ejg - CBITF SHASC+ CLBTR- {123-M6 | F | TL2 R | (SHASCH(TL2FF+){MO7FF-} 123-F6/ |101—116—L2 | Clear B register
Rl 0 - @), 0 - (@ CLATR, CLBTR- : {MOSFF-}{MCRST+) L6 ) )
2 e N A 500D SRATSH DOODJ+ | 130-D1 | F | TL2 L | (SHAOP+)(MOSFF-)(MOSFF+) 130-A3 |[101-J6 Set E18 into A1 with
: LS| Eig = A O)p5 ~ W qe - . (E16FF4) ' SRATS+
LS| Dy ~ 8 B 5 ~ Bloyg EOADJ+, SRBTS+ ' SRATS+ | 122-P12 | F | TL2 S | (SHASCH(TL2FF+{MO7FF-) 122-C12 {101-116—J6 | Shift right A register
= (MCSETH) :
MFG2E- | 122-D12 | F | TL2 L | (SHASC+{(TL2FF+{MO7FF-) 122-C12 [124-G1 Clear CB1TF
EOADJ+ | 130-E10 | F | TL2 L | (M1OFF-)(D16FF-) 130—-C11 |101-J2 Set D16 into B1
. - SRBTS+ | 123-P8 | F | TL2 S | (SHASCH)(TL2FF+}{MO7FF-) 123-F6/ [101-116—J2 | Shift right B register
L (5C) +1 ~ () - , INCSC+ {MOSFF-){MCSET+) L8
J Common Exit {See Common Exit for Shift Instructions, Page 2-69)
Ry auiit s
}rZLf;TTS L (A) ~ ADDER EASTL+ )
(SEE NOTE)
R I's= (@), 1's ~ € CLDTR-, CLETR-
s ADDER ~ {D) ESDTSH
S B) - EBETS+
| REPEAT T2 [RPTT2
R
(s ) i
= - )
J L T 1 < AZZZZ SETAZ+
L 0 - CBITF -
C sC=0 ) Mo ]
/L
YES
L ENTER T4 RPTT2-
s
R 0~ (Y) CLYTR-
T $ ® . EPYTS+
L | SET F-CYCLE ENTRY F-F FCYEF+
'
NEXT INSTRUCTION .
FETCH CYCLE R
NOTES: 1. THIS INSTRUCTION IDENTICAL 2. MISSING SIGNALS CAN BE
B%OIL;TIL EXCEPT FOR STATE OF FOUND IN LRR ENTRY ANALYSIS
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ENTER FROM PREVIOUS OPERATION

{FETCH CYCLE ENTRY ENABLED}) FCYEF+
L [DEVELOP START MEMORY LEVEL MEMCH+
R 0~(M), 1 ~D) CLMTR-, CLDTR-
n L] ()+1 ~ ADDER, 0 - (F) EPSLL+, EIK17-, CLFTL-
S ADDER - (D) ESDTS+
STROBE EA~ (M) MMnaF-
R 0~ CLPTR-
S D) - @ EDPTS+
s E ¢ ~CBITF SHASC+
R 0-{A), 0-(8 CLATR-, CLBTR-
™ L s| A D00~ A, D) y5~ Ay DOOD}+, SRATS+
LS € B, By s~ Bl e EOADJ+, SRBTS+
L Dy~ 8, E0BD}+
L (SC) +1 - (sC) INCSC+
A
}rﬁ;{g L {A) ~ ADDER EASTL+
{SEE NOTE)
R s = @), 1 « () CLDTR-, CLETR-
s ADDER ~ (D) ESDTS+
s ®) - ® EBETS+
L| repEaT T2 [RPTT2+
YES
(wms ) ;
L T - AZZZZ SETAZ+
NO ’
3 L M)yy-16 = 5O EMCTL+
0 . CBITF EMCTL-
( sC=0 No 1
YES
A
L ENTER T4 RPTT2-
R 0~ () CLYTR-
“ 3 @) - ) EPYTS+
L | seT F-CYCLE ENTRY £-F FCYEFR+
A J
NEXT INSTRUCTION LRS
FETCH CYQLE 1+ /2 CYCLES
OP CODE 0401N

NOTE:’ MISSING SIGNALS CAN BE

- FOUND IN RS ENTRY ANALYSIS

Instruction: Long Arithmetic Right Shift (LRS)
OP Code: 0401N Type: SH, 1+n/2cycles

n = no. of shifts

Deseription: '—ll 2 A 12 B _ 19

No. of shifts

A

oj0j0j1

5 6

Execution Time (us): 1.

7 8 9 10

T wlnln]n
11 12 13 14 15 16
6+0.8n

Signal Origin Cyc Tim Cik Signal Component Origin Destination Operation
Common Entry {See Common Entry for Shift Instructions, Page 2-46)

SHASC+ | 120—P7 F |1 TL2 L | (SHAOP+){SCZR(O-) 120-L7 122-D11/D12 | Shift A register and
123—-E4 shift counter not equal
124-D1/D3 to ZERO

CB1TF 124-P1 F | TL2 S {TL2FF+}{SHASC+}{MO7FF-) 124-D5 [124--P2 . Set E16 into CB1TF

{MOBFF-J{E16FF+}{MCSETH)
CLATR- | 122—K8 F |TL2 R | (SHASCH){TL2FF+)}(MO7FF-) 122—C11/ |101-116—-L6 Clear A register
. {(MCRST+) J8
CLBTR- | 123—M6 F | TL2 R | (SHASCH}{TL2FF+){MO7FF-) 123—-F6/ |101-116—-L2 Clear B register
(MOBFF-){MCRST+) L6

DOODJ+ 130-D1 F TL2 L (M10FF+}{DOOFF+) 130—-A1 101-J6 Maintain sign bit

DOOFF+ | 130—K8 F | TL2 S {ESDTS+){RO1PA+}{GO1DJ}-} 130—F6 |130—-A1 Extension of D register

RO1PA+ | 101-D7 F | TL2 L | (HOLDJ-) 101—-C7 |101-D7 Adder network OR gate

GO1DJ | 101-C5 F | TL2 L | (EASTL+}AO1FF+) 101-A4 |101-C5 Adder network OR gate

SRATS+ | 122—P12 F TL2 S (SHASCH(TL2FF+){MO7FF) 122—C12/ {101-116—J6 - | Shift right A register

(MCSET+) 312

MFG2E- | 122-D12 | F | TL2 L | (SHASC+N{TL2FF+){MO7FF-) 122-C12 |124-G1 Clear CB1TF

EOADJ+ | 130—E10 | F |TL2 L | (MIOFF+}{EO1FF-) 130—-C11 {101-J2 Set E1 into B1

EOBDJ+ { 130—H1 F |TL2 L | (MIOFF+}{D16FF-} ) 130-F1 {102-J2 Set D16 into B2

SRBTS+ | 123-P8 F |TL2 S | (SHASCH+|{TL2FF+){MO7FF-) 123—-F6/ (101-116—J2 Shift right B register

{MOSFF-}{MCSET+) L8 :

2-58



Common shift instruction exit

Instruction:

Signal Origin | Cyc Tim Clic Signal Component Origin - Destination Operation
INCSC+ 126—-P% F TL2 L (FCYEF+){TL2FF+)* . 126—-L5 | 121-A4 Increment shift counter
CLYTR- | 129-P3 F | TL4 R | (ACYNX-HTLAFF+){MCRST+) 129—H3/ [ 101-116—N12 | Clear Y register

N3
EPYTS+ | 129-P4 F | TL4 S | {PISEX-J{EDINS+}{OPGJS-) 125—-D4 | 101—116—L10 | Enable P register to
Y register
MEMCI+ | 126—K12 | F | TL1 L | (TL1FF+}{SPMOD-) {(IGACY+) 126—F12/ | 150—A2 Enable memory cycle
) J12
COXXX+| 150-D2 F | TL1 L 1 §O—A2 150-D2

*Repeat T3 and T2 as required and enter T4.
See Page 2-46 for Common Shift Instruction Entry.

{MEMCI+}{MBSYX-)

Start memory cycle
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GENERATING OPGJS+ FOR SPECIFIC SKIP INST

Instruction
Skip If C Set (SSC)
Skip:If C reset {SRC) |
Skip If A1 = 1 (SLN)
Skip If Ats = 0 (SLZ)
Skip If A Minus (SMI)
Skip If A Plus (SPL)

Skip If A Not Zero
(SNZ)
Skip If A Zero (SZE)

Skip If Sense Switch
1 is Set {SS1)

Skip If Sense Switch
1 is Reset {SR1)

Skip If Sense Switch
2 is Set (SS2)

Skip If Sense Switch
2 is Reset (SR2)

Skip If Sense Switch
3 is Set (SS3)

Skip If Sense Switch
3 is Reset (SR3)

Skip If Sense Switch
4 is Set (SS4)

Skip If Sense Switch
4 is Reset (SR4)

Skip If Any Sense -
Switch Set (SSS)

Skip If Any Sense
Switch Reset (SSR)

Unconditional Skip
(SKP)

Skip If Memory
Parity Error {(SPS)
Skip If No Memory
Parity Error (SPN)

Op Code

101001
100001
101100
100100
101400
100400
101040
100040

101020

100020
101010
100010
101004
100004
101002
100002
101036

100036

100000

101200
100200

TABLE 2-1.

(_:onditions for SKGRP+
© (CB1TF+){M16FF+){(MEMAC-)

{SKGRP+)}{MO7FF+}

[{CB1TF+){M16FF+)]—-(MEMAC-)

(SKGRP+){MO7FF-)

(A16FF+}(M10FF+}(MEMAC-)

{SKGRP+j{MO7FF+)

[(A16FF+){M10FF+)]-(MEMAC-)

{(MO7FF-)

{AO1FF+){MOSFF+)(MEMAC-)
(SKGRP+)}{MO7FF+)
[{(AD1FF+){MO8FF+)]-(MEMAC-)

{(MQO7FF-)

(AZERO-Y{(M11FF+}(MEMAC-}

(SKGRP+)(MO7FF+)

[{AZERO-){(M11FF+)] - (MEMAC-)

(MO7FF-}

(SENS1+)(M12FF+)(MEMAC-)

(SKGRP+){MO7FF+)

[(SENS1+}{M12FF+)]-(MEMAC-)

MO7FF-)

(SENS2+)(M13FF+){MEMAC-) -

(SKGRP+}{MO7FF+)

[{SENS2+{M13FF+)]-(MEMAC-)

(MO7FF-)

(SENS3+)(M14FF+}{MEMAC-)

(SKGRP+){MO7FF+)

[(SENS3+){M14FF+}]-(MEMAC-)

(MO7FF-)

(SENS4+}(M15FF+){(MEMAC-)

(SKGRP+){MO7FF+)

[(SENS4+)(M15FF+}]-(MEMAC-)

{MO7FF-)

(SENS1+)(M12FF+)V(SENS2+)

RUCTIONS
Origin

 129—-A10/H10
129—-A10/H11
129-A4/H10
129—A4/H11
129-A12/H10
129-A12/H11
129-B9/H10
129-B9/H11
129-B5/H10
129-B5/H11
129-B6/H10
129-B6/H11
129-B7/H10
129-B7/H11
129-B8/H10
129-B8/H11
129-B6/B7/88/

(M13FF+) V(SENS3+)(M14FF+) H10
V(SENS4+)(M15FF+) A(MEMAC-)

(SKGRP+)(MO7FF+)

[{SENS1+){M12FF+)V(SENS2+)

129-B6/B7/B8/

{(M13FF+)V(SENS3+)~- (M14FF+) H11
V(SENS4+)(M15FF+)]1 A (MEMAC-)

(SKGRP+){MO7FF-)

{MOSFF—) through (M16FF—)
. (MEMAC-) (SKGRP+) (MO7FF-)
{MPEFF—) (MO9FF+) (MEMAC—)

{SKGRP+) (MO7FF+)

(MPEFF—) (MO9FF+) (MEMAC-)

(SKGRP+) (MO7FF—)

129—A3 through
A11/H11
129—-A1/A2/H10

129—-A1/A2/H11



ENTER FROM PREVIOUS OPERATION
(FETCH CYCLE ENTRY ENABLED)

FCYEF+

L | DEVELOP START MEMORY LEVEL
R 0——(M), 1's=(D)

L] (P + 1——ADDER, 0 —(F)

S ADDER —— (D)

T1

MEMCI+

CLMTR-~, CLDTR-
EPSLL+, EIK17-, CLFTL-
ESDTS+

[EA] —— (M)
T2 R 0—(P)
S (Dy——(P)

ENABLE EXTENDED MODE
DISABLE EXTENDED MODE
0 —(Y)
(Py—=(Y)
SET F-CYCLE ENTRY F-F

T4

RV I RV V)

NEXT INSTRUCTION
FETCH CYCLE

*APPLICABLE ONLY FOR EXA INSTRUCTION -
WHEN COMPUTER IS EQUIPPED WITH
MEMORY EXPANSION OPTION

**APPLICABLE ONLY FOR DXA INSTRUCTION
WHEN COMPUTER {S EQUIPPED WITH
MEMORY EXPANSION OPTION

MMnnF-
CLPTR-
EDPTS+

SEXTF+*
SEXTF-**
CLYTR-
EPYTS+
FCYEF+

EXA/DXA
1 CYCLE
OP CODES 000013/000011

Enable Extended Addressing {EXA)

Instruction: 7
Disable Extended Addressing {DXA) 0 l 0 | 0 l 04l 0 I 0 | 1 ] 0 l 1 -Tl
Op Code: 000013 (EXA) g
000011 (DxA) 1¥Pe G, 1 evcle olofolololol1]o]o]
Description: EXA places computer in extend mode. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
: DXA restores computer to normal mode.
Execution Time {(us): 1.6
Signal Origin Cye Time | Clk Signal Component Origin Destination Operation Description
EPSLL+ 128-K4 | F | TLATE—-| L | (FCYEF+}{TLATE~) |128—G3 | 101—116—A9 | Enable P-register to adder
EIK17— 127-D5 | F | TLATE—| L | {TLATE+) 127—K6 | 116—F7—F9 Force carry to adder
CLFTL— i26—K8 | F | TLi | L | {iCYEF—JACYEF—} [125—A6 | 120—A1 Ciear F-register
{TL1FF+) . 1121-A5 Clear shift counter
_+1125—-D8 Clear AZZZZ flip-flop
CLMTR— 128-D9 | F | TL1 R | {MCRST+}{HOLDM~—};128—P9 | 101—116—LS | Clear M-register
(TL1FF+)
CLDTR— 126—-K5 | F | TL1 R | (ICYEF-)(ACYEF+} [125—A6 | 101—116—F11 | Clear D-register to .
(TL1FF+}{MCRST+) ONEs
ESDTS+ 126-M4 | F | TL1 S | {ICYEF—}{ACYEF+) [1256—A5 | 101—116—F5/ | Enable adder sum to
: {TL1FF+){MCSET+) F9 D-register
MMnnF— 142 {SWnn#){STRB-) 80.04 101-116—-H8 | Memory data set into
M-register
CLPTR— 120-M101{ F TL2 R | (FCYEF+){TL2FF+) 1129—E7/ 1 101—116—L12 | Clear P-register
(SCZRO+)(MEMAC-) L10
(MCRST+} s
EDPTS+ 120—-Pg F {TL2 S | {FCYEF+}{TL2FF+) {129-E7/ { 101—116—J11 | Enable D-register to
{SCZRO+}{MEMAC-)| L10 P-register
{MCSET+}
SEXTF+* 136-G2 | F | TL4 S | (GENOB+){TL4FF+) |136—B3/ | 136—H2 Enable set EXTMD flip-
(M13FF+){M15FF+) | D4 flop at next TL1
(MCSET+) 136—-M2 Enable set PMIND flip-
. flop
SEXTF-** | 136-G2 | F | TL4 S | (GENOB+){TL4AFF+) {136—-B3/ | 136—H2 Enable reset EXTMD
{(M13FF+}{M15FF+) | D4 flip-flop when next
(MCSET+) JMP is executed
136—M2 Enable reset PMIND
. flip-flop
CLYTR~ 129-P3 F | T4 R | (SCZRO+|{TLAFF+) [129—E2 | 101—-116—N12 | Clear Y-register
: {MCRST+)
EPYTS+ 129-P4 F | TL4 S | (PISEX—)}{EOINS+) [129—E4 | 101—116—K11 | Enable P-register to
{TLAFF+){OPGJS—) Y-register
{MCSET+}
MEMC1+ 126-K12 | F | TL1 L | (TL1FF+){SPMOD-) [126—F12 | 150—-A2 Enable start memory
{IGACY—) cycle
COXXX+ 150-D2 | F | TL1 L { (MEMCI+}{MBSYX—)} -|150-A2 | 150-D2 Start memory cycle

* Applicable tor EXA instruction only
**Applicable for DXA instruction only
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Instruction: Reset Memory Parity Error (RMP)

olofofolof1folofol4]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Execution Time (us): 1.6

OP Code: 000021 Type: G, 1cycle

Description: Resets memory parity indicator

Signai Crigin Cyc Tim Cik Signat Component Origin Destinaticn © Operation
ENTER FROM PREVIOUS OPERATION — EPSLL+ | 128-K4 | F | TLATE | L | (FCYEF+}(TLATE-) 128—G3 | 101—116—A9 | Enable P register to
adder
(FETCH CYCLE ENTRY ENABLED) gIK17- | 127-ps | £ | TLATE | L | (TLATES) 127-K6 |116=F7-F9 | Force carry to adder
: CLMTR- | 128—P9 F | T R | (MCRST+{HOLDM-)(TL1FF+) 128-P9 | 101—-116—L9 | Clear M register
— e e e e e — cioTR- 1255 L oF ol 8 | (ICYEF-UACYEF-)MTL1FF+) 125-A6 |101-116-F11 | Clear D register to
. ]r ONEs
: . CLFTL | 125-K8 | F | TL1 L | (ICYEF-)(ACYEF-)(TL1FF+) 125-A6 | 120-A1 Clear F register
\ MEMCI+ ) 121-A5 Clear shift counter
0 — (M), I's = (D) CLMTR-. CLDTR- 125-D8 Clear AZZZZ FF
g Ll )+ 1-—ADDER, 0 — (F) ‘ ESDTS+ | i25-M4 | F | TLI S | (ICYEF-}{ACYEF-}TL1FF4) 125-A8 1101-116-F5 | Enzbie adder sum to
! EPSLL+, EIK17-, CLFTL- : F9 D register
ADDER — (D) MMarF- | 142 (SWnn+}{STRB-} 80.04 101—-116—H8 | Memory data set into
ESDTS+ : M register
e, Y Y AYPPTPPM(TF(IF(IIYTTYT(——/— CLPTR- | 129-M10| F | TL2 R | (FCYEF+)(TL2FF+){SCZRO+ 129-E7/ |101-116—L12 { Clear P register
- ‘ {MEMAC-}{MCRST+) L10
Y EDPTS+ | 120-P9 | F | TL2 S | (FCYEF+)(TL2FF+)(SCZRO+} | 120—E7/ |101-116—J11 | Enable D register to
j (MEMAC-)}{MCSET+) L10 P register
STROBE [EAl —(M) MMnnF- RPEFF+ | 133-E4 | F | TLa4 S | (GENOB+)(M12FF+)(TLAFF+) 133-D4  |133-G4 Reset memory parity
T2 R 0 —(P) CLPTR- (MCSET+) error flip-flop
s ©) — (P) EDPTS+ CLYTR- | 129-P3 F | TLa R | (SCZRO+)}{TLAFF+){MCRST+) 129—E1/ [101—116—N12 |Clear Y register
‘ H3
EPYTS+ | 129-P4 F | TLa S | (PISEX-)(EOINS+)(TLAFF+)~ 129-D4 |101-116—L10 | Enable P register to
—_—_,—e—e—e—— — —_— e —_— e ——— — — — —— —— — — — = {OPGJS-)(MCSET+) Y register
v : MEMCI+ | 126—K12 | F | TL1 L | (TL1FF+)(SPMOD-} (IGACY+) 126—F12/ | 150-A2 Enable memory cycle
312
COXXX+| 150-D2 | F | TL1 L | (MCSET+){MEMCI+}{MBSYX-) 150-A2 |150-D2 Start memory cycle
13 .
| |
S | 0— MEM. PARITY INDICATOR RPEFF+
14 R o — {Y) CLYTR-
S P) — (Y) EPYTS+
L | DEVELOP START MEMORY LEVEL MEMCH+
S SET F-CYCLE ENTRY F-F FCYEF+
NEXT INSTRUCTION
FETCH CYCLE
RMP -
1 CYCLE
OP CODE 000021
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SECTION IV
TYPE 316-0110 LOGIC BLOCK DIAGRAMS

This section containé all logic block diagrams for the Type 316-0110 central processor. These diagrams are
tabulated in the contents at the front of this manual.
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