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PREFACE

This manual contains the maintenance-oriented and recall diagrams refer-
enced in the companion 7201-02 Computing Element FETOM (Form
SFN-0201) and in the 7201-02 Computing Element FEMM (Form
SFN-0203).

The diagrams in this manual are arranged into six categories:

Category 1. Diagnostic Techniques

Category 2. Overall Data Flow

Category 3. Data Flow by Instruction Class

Category 4. Functional Units

Category 5. Operations :

Category 6. Manual Controls and Maintenance Facilities

All diagrams are in numerical order. The first digit of the diagfam :

number reflects the category; for example, Diagram 4-210 belongs to
Category 4, Functional Units. A category may be further subdivided into
functional groups; for example, in Category 4, the diagrams have been
grouped as follows: -

Group 1. Timing and Clock Control

Group 2. ROS

Group 3. Data and Control Registers
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© Copyright International Business Machines, 1970
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Group 4. Local Storage

Group 5. Serial and Parallel Adders
Group 6. Status and Control Triggers
Group 7. SCI

Prerequisite and companion manuals are:

Prerequisite Manuals
9020E System Introduction, Theory of Operation Manual, Form
SEN-0103
9020D System Introduction, Theory of Operation Manual, Form
SFN-0104

Companion Manuals ' :

7201-02 Computing Element, Theory of Operation Manual, Form
SFN-0201

7201-02 Computing Element, Maintenance Manual, Form SFN-0203

7201-02 Computing Element, Installation Manual, Form SFN-0204

7201-02 Parts Catalog, Form SFN-0205

9020 D/E Power Controls and Distribution, Theory of Operation
Manual, Form SFN-0105.




DIAGNOSTIC TECHNIQUES
Maintenance Strategy Diagram (2 Sheets)
ROS Test Flowchart (3 Sheets)

FLT Flowchart

OVERALL DATA FLOW
7201-02 Computing Element Data Flow

DATA FLOW BY INSTRUCTION CLASS
Fixed-Point Instruction Data Flow

Floating-Point Instruction Data Flow

Decimal and Logical Instruction Data Flow
Branching Instruction Data Flow

Status Switching Instruction Data Flow
Input/Output Instruction Data Flow

Multiple Computing Element Instruction Data Flow
Display Instruction Data Flow

FUNCTIONAL UNITS

Group 1: Timing and Clock Control
Clock Control Logic .o
Reference Oscillator

CE Clock Signal Generator

Group 2: ROS

ROSAR (0—5) Logic

ROSAR (6-9) Logic

ROSAR (10) Logic

ROSAR (11) Logic

ROS Addressing and Data Flow (2 Sheets)
Array Drivers .. .
ROS Data Register

Group 3: Data and Control Registers
Q-Register B-Field Transfer Controls
R-Register Transfer to LAL

E-Register Incrementer, Bits 14 and 15
E-Register Parity Prediction after Incrementing
Parity Adjustment for IC (21, 22) Steppmg
S-Register, Bits 15 and 16 .
AB Byte Counter

ST Byte Counter

Mark Trigger Logic

CCR Output Logic and Control Paths (3 Sheets)
LM to XY Reformatting via Mixer (2 Sheets)
XY Register Parity Prediction Logic

Select Register - Select Signal Generation and Response Reset

Group 4: Local Storage

Local Storage Read/Write Controls

9020 Out Bus to LS Data Bus Gating Logic
LS Bus Parity Generation or Check

Group 5: Serial and Parallel Adders

Serial Adder Input Bus Logic

Carry Lookahead Logic, SAL(0—-3)

Decimal Add 6 Logic .

Decimal Correction Logic for SAL(O 3)

Invalid Digit Logic .o .

Logical Functions, SAL(O)

Serial Adder Parity Predict Logic

Serial Adder Product-Quotient Bit Logic

Gate Control Triggers for ‘B+T’ Micro-order

Parallel Adder Bit-Position Logic (Bit 47)

Parallel Adder Carry Lookahead Logic

Parity Generation, PAL(48-55) . .
Parallel Adder Half-Sum Checking Logic, PA(48 55 )
Parallel Adder Full-Sum Checking Logic, PA(48-55)
Parallel Adder Excess 6 Logic .
Parallel Adder Set-Condition-Code Loglc

Group 6: Status and Control Triggers
STAT B Logic e ..

Group 7: SCI

SCI Request Sensing and Gating Loglc

Address Decode and Gating Logic

SCI Control Logic for CE Clock .

Invalid Address and Frame Stopped Loglc (2 Sheets)
Storage Timeout Logic .
Error Handling Logic

PSBAR Step Control Logic

PSBAR Operations .

Page Control Logic and Tlmmg

SAB Parity Conversion Logic

Detailed SCI Functional Sequence (2 Sheets)
Servicing of Storage Requests in Single-Cycle Mode

OPERATIONS

Group 1: I-Fetch

Operand Prefetching During End Op

Instruction Requests During End Op

Instruction Requests During Early End Op

Branch Requests . e
Selection of I-Fetch Sequence Ce e e e

RR I-Fetch .

One-Cycle RRIFetch e e e e e
Two-Cycle RR I-Fetch e e e e e En
RX I-Fetch R

.13

. 1-1

.21

. 31
. 32
. 34
. 35
. 36
. 37
. 3-8

. 4-1
. 42

43

. 4-101
. 4-102
. 4-103
. 4-104
. 4-105
. 4-106
. 4-107

. 4-201
- 4-202
. 4-203
. 4-204
. 4-205
. 4-206
. 4-207
.- 4-208
. 4-209
. 4-210
. 4-211
. 4-212
. 4-213

. 4-301
. 4-302
. 4-303

. 4401
. 4402
. 4403
. 4404
. 4-405
. 4-406
- 4407
. 4408
. 4409
. 4410
. 4411
. 4412
. 4413
. 4414
. 4415
. 4416

. 4-501

. 4-601
. 4-602
. 4-603
. 4-604
. 4-605
. 4-606
. 4607
. 4-608

4-609

. 4610
. 4611
. 4612

. 51
.52
. 53
. 54
. 55
. 56
. 57
. 58

CONTENTS

One-Cycle RX, RS, and SI I-Fetch . 5-10
Two-Cycle Indexed RX I-Fetch . 511
Two-Cycle Non-Indexed RX, RS, and SI I Fetch . 512
RS and SI I-Feich e e e . 5-13
SS I-Fetch (2 Sheets) . 5-14
I-Fetch Sequencers (2 Sheets) . 5-15
Block I-Fetch Trigger . 5-16
Timer Exceptional Condition . . 5-17
CPU Store in Progress Exceptional Condltlon . 5-18
Machine Check Interruption . 519
Non-Branch Setting of Interrupt Code Trlggers . 5-20
SPEC Y-Branch Setting of Interrupt Code Tnggers . 521
Program Interruption . 5-22
Supervisor Call Interruption . 5-23
External Interruption . 5-24
I/O Interruption (2 Sheets) . 5-25
Common Interruption Routine . . 5-26
Manual Control Exceptional Conditions . 527
Program Store Compare Exceptional Condition .. . . . . 528
Invalid Instruction Address Test Exceptional Condition (2 Sheets) ... . . 529
Test for Q-Register Refill Exceptional Condition 5-30
Group 2: Fixed-Point Instructions
Load, LR (18); Load, L (58) . 5-101
Load Halfword, LH (48) . 5-102
Load and Test, LTR (12) . 5-103
Load Complement, LCR (13) . 5-104
Load Positive, LPR (10) . 5-105
Load Negative, LNR (11) . 5-106
Load Multiple, LM (98) . . 5-107
Fixed-Point Add-Type Instructions (2 Sheets) . 5-108
Fixed-Point Multiply (3 Sheets) .o . 5-109
Fixed-Point Divide (6 Sheets) . 5-110
Convert to Binary, CVB (4F) (2 Sheets) . 5111
Convert to Decimal, CVD (4E) . 5-112
Store, ST (50) . . 5-113
Store Halfword, STH (40) . . 5-114
Store Multiple, STM (90) (2 Sheets) . . 5-115
Shift Left Single, SLA (8B) (2 Sheets) . 5-116
Shift Left Double, SLDA (8F) (4 Sheets) . 5-117
Shift Right Single, SRA (8A) (3 Sheets) . 5-118
Shift Right Double, SRDA (8E) (4 Sheets) . 5-119
Group 3: Floating-Point Instructions
Save Signs and Insert Sign Functions, and CC Setting .. . . 5201
Load, LER (38) — Short Operands; Load, LDR (28) — Long Operands .. . 5202
Load, LE (78) — Short Operands; Load, LD (68) — Long Operands .. . 5-203
Load Positive, LPER (30); Load Negative, LNER (31); Load and Test, LTER

(32); Load Complement, LCER (33) — Short Operands .. . 5-204
Load Positive, LPDR (20); Load Negative, LNDR (21); Load and Test LTDR

(22); Load Complement, LCDR (23) — Long Operands .. . . 5205
Floating-Point Add, Subtract, and Compare — Short Operands (5 Sheets) . . 5-206
Floating-Point Add, Subtract, and Compare — Long Operands (5 Sheets) .. 5207
Halve, HER (34) — Short Operands . .. . . . .5208
Halve, HDR (24) — Long Operands 5-209
Floating-Point Multiply Data Paths . 5-210
Floating-Point Multiply, Short Operands (4 Sheets) . 5-211
Floating-Point Multiply, Long Operands (4 Sheets) . §5-212
Floating-Point Divide Data Paths .. . 5-213
Floating-Point Divide, Short Operands (4 Sheets) . 5-214
Floating-Point Divide, Long Operands (5 Sheets) - . .. . . 5215
Store, STE (70) — Short Operands; Store, STD (60) — Long Operands . . . 5216
Group 4: Decimal Instructions
GIS for Decimal Add, Subtract, and Compare .. . 5301
True Add Sequence for Decimal Add, Subiract, and Compaxe (3 Sheets) .. L5302
Complement Add Sequence for Decimal Add, Subtract, and Compare (3

Sheets) .. .. e e e e e e e e . 5303
Zero and Add (4 Sheets) . 5-304
Decimal Multiply (7 Sheets) 5-305
Decimal Divide (9 Sheets) . . 5-306
GIS for Pack, Unpack, and Move With Offset 5-307
Pack, Not Word Overlap Sequence . 5-308
Pack, Word Overlap Sequence 5-309
Unpack, Not Word Overlap Sequence . 5310
Unpack, Word Overlap Sequence . . 5311
Move With Offset, Not Word Overlap Sequence . 5-312
Move With Offset, Word Overlap Sequence . 5-313
Group 5: Logical Instructions
GIS for Logical Instructions . 5401
Logical Move Instructions . 5402
Logical Compare Instructions . 5-403
Logical AND Instructions . 5404
Logical OR Instructions . . 5405
Logical Exclusive-OR Inst.tuctlons . 5406
Test Under Mask, T™M (91) .o . . 5407
Insert Character, IC (43); Store Cha.tacter, STC (42) . 5408
Load Address, LA (41) . . 5409
Translate, TR (DC); Translate and Test TRT (DD) . 5410
Edit, ED (DE); Edit and Mark, EDMK (DF) . 5411
Logical Shift Instructions . . 5412
Group 6: Branching Instructions
Branch On Condition, BCR (07); BC (47) (2 Sheets) 5-501
Branch and Link, BALR (05) (2 Sheets) . 5-502
Branch and Link, BAL (45) (2 Sheets) . . . . 5-503
Branch On Count, BCTR (06); BCT (46) (2 Sheets) . 5-504
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Branch on Index High, BXH (86); Branch on Index Low or Equal
BXLE (87) (3 Sheets) . .
Execute, EX (44) (2 Sheets)

Group 7: Status Switching Instructions
Load PSW, LPSW (82)

Set Program Mask, SPM (04)

Set System Mask, SSM (80)

Supervisor Call, SVC (0A)

Set Storage Key, SSK (08)

Insert Storage Key, ISK (09)

Write Direct, WRD (84)

Read Direct, RDD (85)

Diagnose (83) (3 Sheets)

- Group 8: 1/O Instructions
1/0 Instructions

Group 9: Multiple Computing Element Instructions
Load Identity, LI (0C)
Insert ATR, IATR (OE)
Delay, DLY (0B)
Store PSBAR, SPSB (A0)
Load PSBAR, LPSB (A1) ..
. Move Word, MVW (D8) (3 Sheets)
Start I/O Processor, SIOP (9A)

Set Address Translator, SATR (0D), Executlon in Issumg CE (6 Sheets)
Set Address Translator, SATR (0D), Execution in Recelvmg CE (3 Sheets)

Set Configuration, SCON (01) (6 Sheets)
Test and Set, TS (93) . .

Group 10: Display Instructions

Repack Symbols, Simplified Flow Chart

Repack Symbols, RPSB (0F) (21 Sheets) . .
Convert and Sort Symbols, CSS (02) (10 Sheets)
Convert Weather Lines, Simplified Flowchart
Convert Weather Lines, CVWL (03) (9 Sheets)
Load Chain, LC (52) .. .

MANUAL CONTROLS AND MAINTENANCE FEATURES
Group 1: 7201-02 CE Console Controls

CE Control Panel (2 Sheets)

CE Roller Switch Indicators (2 Sheets)

Pushbutton Signal Generation (2 Sheets)

Stop Loop Routine (2 Sheets)

Stop Loop Monitored Pushbutton Gatmg

Stop, Manual, Address Compare Tnggers, and Block Interrupt Latch

(2 Sheets)
CE Machine Reset and Force Address
System Operation: IPL or PSW Restart
Subsystem Operation: IPL or PSW Restart
Common Routine: IPL or PSW Restart (2 Sheets)

ABBREVIATIONS

ABC . AB register byte counter

ac alternating cumrent

ACR Automatic Carrier Return

adr address, addressed, addressing

ALD automated logic diagram

ALTN Alternate

amp ampere

APSA alternate preferential storage area

ASC : address store compare

ATC air traffic control

ATN alternate test number

ATR address translation register

Attn attention

Aux Auxiliary Magnet

BCD binary-coded decimal

BCU bus control unit (alternate terminology for SCI)
BL blink

BR brightness

BSM basic storage module

C capacitor

CAS control automation system

CAW channel address word

CB circuit breaker

CcC condition code, also Configuration Console
CCC Central Computer Complex

CCR configuration control register

CCwW channel command word

CE Computing Element

Charistic Characteristic

CLD control automation system logic diagram
Cmd command .
CPU Central Processing Unit (alternate terminology for CE)
CR diode or Carrier Return
CROS capacitive read-only storage
CSw channel status word

CT : conditional terminate

CTC channel-to-channel
CU Control Unit

CVG Character Vector Generator

v (1/70)

. 5-505

5-506

5-601

. 5-602
. 5-603
. 5604
. 5605

5-606

. 5607
. 5608

5-609

. 5-701

. 5-801
. 5-802
. 5-803
. 57804
. 5-805
. 5-806
. 5-807
. 5-808
. 5-809

5-810

. 5-811

. 5901
. 5-902

5-903

. 5-904

5-905
5-906

. 6-1
. 62

STORAGE SELECT Switch Gating .

DEFEAT INTERLEAVING Switch Gating

RATE Switch Logic Lo
Instruction Step Routine .
Single-Cycle and Smgle-Cycle-Inhxblt Routme
Repeat Instruction Switch Logic

Repeat Instruction Switch Routine . .

ROS TRANSFER and REPEAT ROS ADDRESS Sw1tch Gatmg
Storage Ripple Loop (Store and Dlsplay) Routine
Wait State Gating e
Wait State Microprogram Routme

Disable Interval Timer Logic

CE Check Control and Inhibit CE Hardstop Sw1tches Loglc and Error

Controls ..
Pulse Mode Controls
Pulse Mode Operation ..
LOG OUT Pushbutton Logic .
SCAN MODE, ROS/PROC/FLT Sw1tch Loglc
FLT BACKSPACE Pushbutton Logic and Flow
1052 Adapter Unit -
1052 Adapter Initial Selectlon — Read Wnte, Sense
1052 Adapter Data Transfer — Write .
1052 Adapter Data Transfer — Read
1052 Adapter Ending Sequence
1052 Adapter Sense and Status Bytes

Group 2: Maintenance Features

Scan Data and Control

Scan Clock

FLT Clock . .
Scan Counter Latches and Decrementer
Scan Storage Address Generator . . . . . . . . . . . .
FLT Counter Decrementing

Scan-Out Bus Data Flow

Logout Control Logic

Scan-Out Path For One Bit

Maintenance Mode Stop Clock Logic
Scan Control Triggers

Scan Control of ROS Mlcrobranchmg

CE Scan/IOCE Interface .
Logout Sequence (2 Sheets)

ROS Test Sequence (5 Sheets)

FLT Sequence (5 Sheets) .

CE Logword Formats (3 Sheets)

SE Logword Formats .

DE Logword Formats

Group 3: DE Wrap Operation
DE Wrap Bus Controls

INDEX

*Note: 1052 Adapter is used only with the 9020E configuration.

DA dash

DAR diagnose accessible register

DARM diagnose accessible register mask

DAU Data Adapter Unit

dc direct current

DCP Display Channel Processor

DE Display Element

dec decimal

dec div decimal divide

dec ovflo decimal overflow

DG Display Generator

Disc disconnect

dly delay

Dply display

dsbl disable

DX first byte in a series of destination bytes
DX+1 second byte in a series of destination bytes
DX+2 third byte in a series of destination bytes
ELC element check

end op end operation

EOB end of block

EOL End-of-Line

EPO emergency power off

ERSLT expected result

EXC Executive Control Program

exp ovilo exponent overflow

exp unflo exponent underflow

F fuse

FEMDM Field Engineering Maintenance Diagrams Manual
FEMI Field Engineering Manual of Instruction
FEMM Field Engineering Maintenance Manual
FETOM Field Engineering Theory of Operation Manual
fix-pt ovflo fixed-point overflow

FLT fault locating test

fit-pt div floating-point divide

FMTN Format New

FMTO Format Old

FMTW Format Weather

FPR Floating-point register

fract fraction

. 6-10
. 6-11
. 6-12
. 6-13
. 6-14
. 6-15
. 6-16
. 6-17
. 6-18
. 6-19
. 6-20
. 6-21

. 6-22
. 6-23
. 6-24
. 6-25
. 6-26
. 6-27
. 6-28%
. 6-29%

6-30*

. 6-31%
. 6-32%
. 6-33*

. 6-101
. 6-102
. 6-103
. 6-104
. 6-105
. 6-106
. 6-107
. 6-108
. 6-109
. 6110
. 6-111
. 6-112
. 6113
. 6-114
. 6-115
. 6-116
. 6-117
. 6-118
. 6119

. 6-201



GIS
GPR

hex
Hz

IC

ICR
IDES
I-Fetch
ILC
ILOS
Init
1/0
1I0CE
IPL

K
kHz

LAB
LADS
LAL
LAR
LC
LF
LOS
LS
LSWR

MACH
max
MC
MCW
mHz
MMSC
Mple
MPR
MPX

NDT
no op
NRM
NRMA
ns

OBS
oDT

op code
oper
opr
ORM
ORMA
OTC

PAA

PAB

PAL

PB

pf

PK

PP

PQ

priv oper
proc

prog
PROSAR A
PROSAR B
prot

PS

PSA

PSBA

general inijtialization sequence
general-purpose register

hexadecimal
Hertz

instruction counter

inhibit carrier return

inhibit display element stop
instruction fetching
instruction length code

inhibit logout stop

initial

input/output

Input/Output Control Element
initial program load

kiloi also relay
kilohertz

logical address bus

Logic Automation Documentation System
local storage address latches

local storage address register

lower case

line feed

logout stop

local store

local storage working register

maintenance and channel (storage)
maximum

machine check

maintenance control word
megahertz

maintenance mode stop clock
Multiple

multiplier

multiplex

millisecond

new descriptor tables

no operation

new refresh memory

new refresh memory address
nanosecond

on battery signal

old descriptor tables
operation code

operation

operand

old refresh memory

old refresh memory address
out of tolerance check

parity

parallel adder A-side

parallel adder B-side

parallel adder latch

pushbutton

picofarad

power contactor

partial product

partial quotient

privileged operation

process

program

previous read-only storage address register A
previous read-only storage address register B
protection

power supply

preferential storage address

preferential storage base address

PSBAR
PSW
PVD

R

RCU
reg
RKM
ROS
ROSAR
ROSBR
ROSDR
RST

SAA
SAB
SAL
SATR
SBA
SBB
SC
SCI
SCON
SCOPEX
SCR
SDBI
SDBO
SE

Sel
Serv
signif
SLT
SMMC
SMS
SOROS
spec
SRL
SSU
STAT
STC
stg

SU
sync

T

TC

TCU
T(DX)
T(DX+1)
TIC

N

T/R

TU

uc
uf
usec
uT

v

VFL
VER

o]

at

& A ATV IV

preferential storage base address register
program status word
Plan View Display

resistor

Reconfiguration Control Unit
register

Radar Keyboard Multiplexor
read-only storage

read-only storage address register
read-only storage backup register
read-only storage data register
Reset

serial adder A-side

storage address bus, also serial adder B-side
serial adder latch

set Address Translation Register
serial adder bus A

serial adder bus B

System Console

storage control interface

set Configuration Control Register
scoping index

silicon-controlled rectifier

storage data bus in

storage data bus out

Storage Element

select

service

significance

solid logic technology

system maintenance monitor console
standard modular system

scan out read-only storage
specification

Systems Reference Library

storage switching unit

status trigger

ST register byte counter

storage

switch unit

synchronizing

transformer

time clock (interval timer)
tape control unit

table byte specified by DX
table byte specified by DX+1
transfer in channel

test number

tilt/rotate

tape unit

upper case
microfarad

microsecond
unconditional terminate

volt
variable-field length
visual flight rules

translate

greater than or equal to
greater than or equal to
less than or equal to
less than or equal to
equal to

not equal to

and
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LOGIC DIAGRAMS

Name — A

Transfer into register.
- /lndicufes storageable device
0 | 31

AN

and input side.

Means register contents are
supplied to indicators.

ALD Group

T —I’_\ Register Size (32 Bits)
0 31 Transfer out of register.

L [T LT L1

A —— AND

OR

—4 OR

OE

——4 Exclusive-OR

O
o

0 7 0 7
| SAB SAA ) _
8-Data Bit (Plus Parity) Time Time
Serial Add
— erial Adder ™ [— ¢— bLY |—— Time Delay
SAL AS
0 7
Time
$—— SS |—— Singleshot
4 63 4 63/' 67,
/ Frequency
/ .
PAA PAB / §——— OSC —— Oscillator
// 60-Data Bit (Plus Parity)
/ Parallel Adder
— Negator (Inverter)
PAL AP :
4 63| 67
—— AR |——4 Amplifier
Upper half is
set (1) input. (Name)
T =smye—— Means output is supplied to indicator. ¢ ( l
Gat:
_ ‘———Type (Trigger, Latch, Flip-Latch). Y et ) ate |
. 8 fe—— Number of multiple circuits.
Lower half is AB123 @—— ALD Reference
reset (0) input. Indicates storageable device
and input side. ssme—— Bus
Name
@ Indicator i
In 2
e Multiple Line Transf
CT) Roller Switch Indicator vltiple Line Transter
1
2 Out
3
Parity Check Logic
Parity Generate Logic
§ 8 ——{ Multiple Line Transfer
0-7
1/0 IF Interfoce -7 |
Denotes interface between two units.
GENERAL I TIMING CHARTS Heavy bar indicates active state. Number(s)
On-Page Connector Off-Page Connector I ‘Mochine Cycles at beginning and end of the bar idcntify the
signal(s) (also on the same chart) that

Indicates connection
between two parts of
the same diagram.
Arrow feaving symbol
points (line of sight)
to correspondingly-
numbered symbol .

Indicates connection 3, 4, Not 6
between sheets of the :
same diagram.

Sheet 1 I

Sheet 2

i
|
”
|
i

e

preceding a number means that the
deactive signal conditions this line.

5 activate and deactivate this line. "Not" |

Waveshape
Heavy bar indicates active state.

FLOWCHARTS

QAI 23; 3
—7
CcLD
Reference

!
!

Diagram 5-10

Processing Block

Reference within
stripe specifies
detailed flowchart
of the process.

Annotation

Path Labels

Gives descripfive
comment or
explanatory note.

Branch Path Labels

;

Decision Block

Indicates point in
flowchart where
branch to alternate
paths is possible .
Diagram reference
within annotation
block connected to
stripe specifies
.detailed flowchart
of the decision.

Detail
‘ flow path
for each
major
objective.

General l
flow path
(shows
major
objectives).

-
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From
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LOCAL STORE

D Local
Store
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Sheet 2
E

)
g

v

SERIAL ADDER

8

SDBI MIXER

PARALLEL ADDER E-REGISTER

l 10CE BUS MULTIPLIER DECODE

Yes

-0

Load
FLTs.

©

No

q
od

Sheet 2

FLTs.

Fail

Yes

No

Load and
run
diagnostics.

Yes

No

Alter bias;
rerun FLTs.

L]

| Bias voltage
| v and

1 down,

Fail

Yes

Run
diagnostics
under bias.

V Yes

-t

N [
/
Perform
system '————
reset. In stop loop;
s manual light
logout | on; error Do mun'uul
available | lights off. store/display.
No .
a previous
logout available Any Yes
for comparison power check ‘ - Yes .
with this indications | Pt Fail
one., Isolate Run ROS
and 0'sand 1's No
repair. test. .
To ' Ripple
Do Sheet 2 Loi%l
the two Yes Store.
logouts Fail Pt
agree
To No
Sheet 2 Y ves
ek [ P
N quick analysis ‘ROS Tests No
acquire more of the logout
information. Load and
;V‘ run FLTs
Pt el for 9020
\ Yes Regs.
Check . I Ripple
voltages | through No
and tamps. I positions of Ves
| panel volt-
| meter and To
i Run Sheet 2 Y
' use lamp test. ROS Tests. No
Trouble l L l
localized to No Load and
general ron To
area. diagnostics. Sheet 2
. Yes /
Fail
No [
Whu:hI Isolate T Trouble may Fail Yes
genera and Y be in card,
orea i board, cable
' repair. j board, cable, o
Lor ROS plane. ’
( ros ) ( E-Reg ) ( SDBI Mixer ) Multiplier ) ’ e
7 "
< ripple local l Bial v:l(;ages
store. I up and down.
( 9020 Reg ) ( Parallel ) Serial ) ( IOCE Bus ) El'fiv”eiﬁ'giod
Adder Adder and failing
l 1 positions.
| Yes
[ Load and Failure Ne
J- run FLTs. Move
s Run diagnostics
- under bias.
To
Sheet 2 Isolate bad
To cord and
Sheet 2 replace it.
Yes
Fail
No
To To To
Sheet 2 Sheet 2 Sheet 2
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To
Sheet 2

Fail

To

Sheet 2

To
Sheet 2
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From From From From N From M |From
Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1
.
Check dll Isolate | Ref'err fo
voltages at ond I main | v v
_gates. repair. 1 ::“5“0 ! ~_
Try nomal
IPL.
\
Normal No Fail Yes "No trouble found.
readings al Return machine to
operational status.
Yes No Y
Isolate and
repair, v
using normal
IPL,
_ i
May be T Check Isolate and ]
deferred | adjustment repair, Try 4-card
until nomal | of panel using FLT fix.
maintenance. } meter. IPL.
/
Adiust “Trouble 1 ]
v[/er -may be in | Scope to
po | cards, cables,l .isolate.
supply. or boards 1
From +
\ Sheet 1
-
Repair
Verify
No Yes
Refer to
Program listings
isolate and
y \ repair.
Recheck error indications. Return machine to
Return to Sheet 1. Seek rational status
To assistance if needed. opera
Sheet 1

From
Sheet 1

Load and
run CPU
hard core test.

o Yes
No

[

Refer to
Load program
MDM. listings;
isolate and
repair.
Yes
Fail
No
Load and Refer to MDM
run diagnostic listing for
sections. hang or red-
light error.
Isolate and
repair.

LY

Alter bias;’ Refer to

load and program

run FLTs. tisting; Is:o|afe

and repair.
LY
o Yes
No

Load and ‘Refer to
run diagnostic program

sections under listing; isolate
bias. and repair.

Ly

SE RELATED

From
Sheet 1

~—°]

Do manual
store/display.

Fail

Ripple
Main
Store.

_—1
&
2

No

Load and
run FLTs.;

No

Load and
run
diagnostics.

Yes

No

Alter bias;
do store/
display.

ROS

_—y
-

—
-

(%)

Run
diagnostics
under bias.

To Sheet 1

From
Sheet 1
Run ROS
0'sand 1's
tests,
Yes
No
Load
ROS Tests.
Yes
O Y-
"Run
ROS Tests.
Yes
No
Alter bias;
rerun
ROS Tests.
Yes
No
Load and
run FLTs
under bias,
To
Sheet 1
Yes Fail
No
Load and

run diagnostics
under bias.

- No

Yes

9020 REG.

From
Sheet 1

Do manual
store /display
in failing
register.

Yes
No

Load and
run
diagnostics.

Yes
’ No

Load and
run
FLTs.

Alter bias;
do manual
store/display
in failing
‘register.

Run
diagnostics
under bias.

To Sheef 1



ROS parity check.

Start of ROS tests.
A (Csonerros )

Process
s .Save logout. Rerun Procedure on fogic | - Loop on
top : in stop mode. page A6503, if ! failing address.
’ ' - if time permits. running ROS tests. :
'3 ¥
- Scope a failing bit
A --—r . at the latch input.
Observe roller 2, | Refer to 7201-02 FEMM "
position 2 to | 4.3.1 for details on
determine failing | ROS parity check
group(s). ! indications. —_————
L See Figure 4-2, A, |
B in FEMM. I
) Sheet 2
Off Previous ROS address
in PROSAR B,
> Previous ROS address Was bit
in PROSAR A. Yes plc:z i:-‘s'
"‘ changed
Y
Check bits in
g arvp ol
c 2,3, and 4, pos 4).
A Yes o
3
. 4
’ Procedure on logic I Run ROS
page A6503. Refer | word tests. Rerun ROS tests. :
to FEMM 4.3.3for | No Bit
additional information. | missing
} .
Yes
Weck or Distorted \ 4
distorted
D
Y . Y
- " -
Repair ROS hardcore. : Refer fo.FEMM 4.3.4 Conhnue.f?sf fo. 1 Reie‘r to FEA{\M 4.3.5
for repair. locate failing bit(s). | for information on
L - hardware tests. Check and adjust
L - bit plane torque.
' Procedure in FEMM
Rerun ROS tests. at 4,13.3.
4
Failing
bit(s)
isolated
l Run under bias. I
’ Intermittent End of ROS tests.
E trouble
Rerun ROS tests. suspected Y
End of ROS tests. Loop on
adjacent addresses.

Y Sheet 2
See FEMM 4.3.6.3.1 : Check for noise
and 4.3.6.3.2 for ] and lcn.e ROS
noise and 4.3.6.3.3 I branching.
> for late ROS branching. | ‘ :—f

Loop on
original address.

Gather data from
logouts to establish

a pattemn of failures. i

Scope adjacent bit
at latch input.

A Yes Bit No
oK L
A
Probably low torque Remove,clean, and ‘f Procedure in
or contamination on replace bit plane. | FEMM, 4.13.
bit plane, See
Probably sense to
FEMM, 4.3.6.1. drive line short,
Both Extra bits See FEMM, 4.3.6.2. Rerun ROS fests.
or; both extra and
missing bits
More
G rrobobly mult driver than one bit
selection. See FEMM, failing
4.3.6.3.4. Possibly
ROS power supply —
irregularities. See Probably noise or late . Probably bad or
ROS branching. See ’ confaminated plane.
FEMM, Ch 5. FEMM, 4.3.6.3.1, . See FEMM, 4.3.6.1.
4,3.6.3.2 and Possibly low torque.
4.3.6.3.3. See FEMM 4,3.6.1.
Y 4
Diagram 1-2. ROS Test Flowchart (Sheet 1 of 3) ' v v
. Sheet 2 Sheet 2 Sheet 2

1-2,8n1 (7/70)



Sheet 1

O

See FEMM Figure 4-2,
C, for good input.

Check 1.2V d¢
reference.

Reference

OK

No

<Y<

Change reference card.

Rerun ROS tests.

Check and repair
yellow wire of
the twisted pair.

Rerun ROS tests.

—

Remove array driver
temporarily to check
for line loading.

Sheet 1

Y

Sheet 3

'A
y

Y

Scope array
drive output.

Ground

Scope array
drive inputs.

Check 1.2V dc

reference.

Reference
oK

More than one

Y

Change driver and
Scope outputs.

Scope all sefect
inputs on gate.

Number

Number of
consecutive failing
bits

Rerun ROS tests.

Scope latch inputs
back to sources.

Y

Y

of positive
inputs

Pt
‘ -
Scope a latch : See FEMM Appendix Table
output 1 B-4 for pin locations.
L
.Y
Y __

Check cables,
termination, driving
block, and timing.

Y
L Repair. l

Rerun ROS tests.

Scope other
latch inputs.

f

1
-

L

Strobe signal, reset
signal, timing.

[ ]

Rerun ROS tests.

Sheet 1

Loop on
adjacent addresses.

Yes Bit N>

¥
i See FEMM Appendix Table
:B—4 for pin locations.

OK

Diagram 1-2. ROS Test Flowchart (Sheet 2 of 3)

|

Change select bus
emitter drive card.

|

See logic page
AB004 for timing.
See service aid

in FEMM, 4.3.6.4.

No Inputs 77T
OK
Y Yes

I sce FEMM Figure 4-2,
D, for good output

and G and H for

bad output .

v Sheet 3

See FEMM Figure 4-2,
G, for good +6V dc
level and H for

bad level.

See FEMM Figure 4-2,
C, for good input.

See FEMM Figure 4-2,
D, for good output.

Rerun ROS tests.

One of the 8

select bus base driver
cards is bad. Change
cards one at a time
until trouble

is repaired.

Rerun ROS tests.

Sheet 1

&

[

See FEMM Appendix ch|e:
B-4 for pin locations. |

Scope latch output. J

Y

Strobe signal, reset
signal, timing.

Scope other
latch inputs.

Scope latch inputs
back to sources
and repair.

Rerun ROS Test

| Change latch card. I

!

Check cables
and termination.

See service aid
in FEMM, 4.3.6.4.

Y

| Repair.

Rerun ROS tests.

[ Scope latch output. I

Latch

Sheet 1

output
OK

Rerun ROS tests.

r
1See FEMM Appendix Table
:B-4 for pin locations.

7201-02 FEMDM  (7/70)

1-2,Sh 2



Sheet 2

| Turn CE power off. I

7

Sheet 2

| Turn CE power off.

Y

Possible open
sense line. More

1
'
t
information in :
(]

FEMM, 4.3.6.2,

Measure continuity
from sense amp

input pins to sense
line of failing bit.

Remove sense amp
for failing bit
and adjacent bits.

Y

\

Y

Measure resistance
between input pins
of failing bit.

Measure resistance
from input pins to
adjacent bit pins.

’

See chart
of resistance on
this page.

See text in
FEMM, 4.3.6.2, to
isolate and repair.

Rerun ROS tests.

Y

Reinstall sense amps. |

R}

Tum power on
and measure voltage
across each sense

tine resistor.

+0.8V de

Voltage

Possible open drive
line. More information
in FEMM, 4.3.6.2.

Isolate and repair.

Rerun ROS tests.

Measure
resistances .

r
1 See resistance chart
: on this page.

0 chms

land on drive

board

from output pin to

Open in yellow
wire or joint.

-——

0.8V dc indicates
drive line shorted
to ground,

0 ohms
from output pin to
land on resistor
board

Open in upper
or lower pressure
connector.

A

from land on resistor
board to +V de on
board

Open in
100-ohm resistor
connection.

|

Rerun ROS tests.

Less than
33 ohms from output
pin to
ground

Intermittent open.
Inspect for poor
connection.

Sheet 2

present

Scope select bus
emitter drive lines.

Number
of SBED lines
on

More than one

See FEMM, 4.3.6.3.4, !
for additional !
information J'

Trace faulty lines
to source and
repair,

Proper one

-
Vr

for additional
information.

See FEMM, 4.3.6.2,

Loosen torque on
pressure plates over
sense line one

by one until dc
drops to OV dc.

v

Procedure in
FEMM, 4.13.3.

Replace faulty
‘bit plane.

Remove, clean and
reinstall bit plane.

Procedure in
FEMM, 4.13.

.

Rerun ROS tests.

Resistance Readings

Rerun ROS tests.

Condition From Sense Amp Input to Resistance
Normal DC return. 16.5 ohms
Any other sense amp input. 33.0 ohms
Any drive/balance line. Open
Sense - sense line short DC return. 8.25 ohms
Input of sense amp to which it is shorted. 0 ohm
Any other sense amp input. 24.75 ohms
Any drive/balance line. Open
Sense - DC return short DC return. 0 ohm
. : Any other sense amp input. 16.5 ohms
Any drive/balance line. Open
Sense - drive/balance line short DC return. 16.5 ohms
Drive/balance line to which it is shorted. 0 ohm
Any drive/balance line in same or opposite
N e g s 200 ohms plus
plane, except line to which it is shorted. short resistance
Any d.rive/bulcnce line not in same or Open
opposite plane.

Diagram 1-2. ROS Test Flowchart (Sheet 3 of 3)

1-2,8h3  (7/70)

Rerun ROS tests.




Procedure on logic
page A6503.

Ist depression |
of LOAD PB.

v 3 v

1~ —" Load FLTs. ’
1
}

»

First

hardcore stop No

reached

A

Check roller 6,
position 4 for
type of error

Run ripple tests
(FEMM, Ch 4, 4.1)
and repair

A

Refer to procedure
in FEMM Ch 4,
4.4.1, failure 5.

Correct
indications after
Backspace twice
and load

A

Repair using
procedure in Ch 4
of FEMM, 4.4.1,

failure 4.

3rd depression
of LOAD PB.

Correct
indications after
load

Stop

on a failing
test

CHECK

CONTROL sw. N

to DSBL

Load

unit sw's set No

/

Correct wrong switch
setting and load again

L

correctly

1/0
ready and
on line

IOCE
SE and TAU
configured

Hang
with no

Correct wrong condition
and try again.

indicated error

on CE

Investigate
Storage error

Do next step on
maintenance

strategy diagram.

See One-Cycle
repair procedure in

FEMM, Ch 4, 4.4.4,

See Zero-Cycle
repair procedure in

FEMM, Ch 4, 4.4.3.

Diagram 1-3. FLT Flowchart

4

Check IOCE and
TAU for channel
or tape error.

7201-02 FEMDM (7/70) 1-3



SAB
Main Storage
63
0 63
SDBO
A
0 1 23 0 | 31
- -
D RD Local Storage LS E RE
0 23 0 31 0 15
0 23 0 ‘ 31 1415
| 1213 |
==
Y
0 [ 31 32 |
YYV Yy
9 [ 31 32 I 83 Decoding Decoding
32 ] 63 ]
ol 78 l1s &]gzml
- - -
s RS| T RTE——~ sTC  CS
0 31/32 63 0 2
0 78 1516 2324 31 32 63
0 3 0 7
-
F RF
o 7 0 ] 63
0 7
—_— 4 | &7
- ] -]
A RA| B 1 R8
0 3132 63! 67
4 67
0 7 ] (1/C) 7 %
0 AL 7 DVDLO T
DVDL1
SAB SAA (24
— Select 2 Bits Decoding
SAL AS .
o 7 Select 1 Bit '
0 7
-
IC cA
0 23
0-L1-T/C 0 23
32 63 ]
40 63
o | a2 | e 4 (0-12-T) 67
4 63 4 63,7 67
7/
7/
/
PAA PAB //
/
Vs
Vs
i -
PAL 1 arle M1, M2 Bits to PAL(64, 65)
4 &) e
4 67
32 63 6667
Llﬁ

Diagram 3-1. Fixed Point Instruction Data Flow

7201-02 FEMDM (7/70) 3-1



3-2 (7]70)

> 2 v 3 v 4 v 5 6
SDBI
0 | 6
Main Storage
0 63
[ 0 63
SDBO -
A Floating-point
Instruction Decoded
Force a 1 on micro-order when
0 4I addressing odd addresses
-
LAL (Read) LS
Q 4
-—————
LOCAL STORAGE -
> | | LAR (Write)LS
| | 0 4
P ' ]
i 8 Floating-Point Registers }
2
|2 :
! | . r
B o |
I 16 General-Purpose Registers |
| (Not used in floating=point I
I instructions) '
l 15 I
i I
» T ] |
I |
' 24 Working Register I
I (micro-order control)
| |
! | | R}
1 } > 1215
c b e -
E RE
0 15
<€ 1215
0 1 23 0 | 7 81
- - g
D RD F RF
0 23 0 7
' 0 ' 23 0 7
1215
40 l 63
E-Register
I ] Incrementer
0 31 32 63
- 1215
D |
32 | 83
078 [1516]23 24| 31 3239 o -
[ - -
S RS| T RTfm=— STC CS 8 3
0 31132 63 0 2
’ 0 7 32 39
_I: —l_ 4 31
32 63
l 0 31 32 63 64 )67
0 63
13
J Force 1 or 0 ABC CW A R-A B : R-B
0 31 32 63 ) 0 2 0 31{32 6364 67|
E q——’ 0 78 31 32 63 64 67
0 ' 32 0 <
. [ 7 0 7 0 )
0 ANV 7, ]
— 4 31
To STAT C ———————
’ SAB SAA 0
E(14,15) - -I-
_ Divide Select Multiple o1 Quotient Bits S AS To STAT F
A{d) =0
7
0 7
] OI
To STAT D
0-L1-T/C)
32 63 8 31 32 63
' 32 63
(T/C) (O-LZ) (O-LZ)
so-Ln] 31 4 | & 40-12)] 31 32 63 64] &7
7
4 63 4 63/ 67
/
/
PAA PAB /
//
G /
0-R4-L4
-
PAL AP
4 67
32 63 64 67
4
4 31
40 63
8 31
H » ;
Diagram 3-2. Floating-Point Instruction Data Flow



2 v 3 v 4 v 5 v 6
] SDBI
63
SAB >
SAB Main Storage @
-
D RD 63
0 23 SDBO
0 2,
1st Operand and |
Destination Address 8 1
1215
| e |
y -
E RE
0 | 31 32 ) 63 0 15
1215
o] 7 16 ] 23 32| 39 8| 55 8 11
8 |15 24 ] 31 40] 47 156 63 |
- 1st Operand ond Decrement
- . . - L ']
s Rs| T rrj Destination Bytes | - g0 s g
0 31]32 63 2
8 15 24 31 40 47 56 63
0 7 16 23 32 39 48 55
0 63
0 63
[
ABC CWF——— A RA|] B RB gn::l peran
0 0 3132 63 67| vies
8 15 24 31 40 47 56 63
0 7 16 23 32 39 48 55
GT |—
GT
0 7 0 7
0 7 0
‘SAB SAA
- -
SAL AS ic CA
7 0 23
0 7 0 20
I 2nd Operand
Address
7 53 (] a7 &
/
//
PAA PAB
/7
/
Ve
7/
7/
i - Paralle! Adder Used During
PAL | AP Operand Shifting
0 63, 67

Diagram 3-3. Decimal and Logical Instruction Data Flow

2701-02 FEMDM (7/70) 3-3



Diagram 3-4. Branching Instruction Data Flow

34 (7/70

Main Storage
0 63
0 . 63
SDBO
Y
0 I 31 0 63
rd -
Local Storage LS Q RQ
0 31 0 63
0 31 0 15 16 31 32 63
0 15
——
0 | 23 -
R RR
- 15
D RD 15
23 -_—1T
0 23
I 0 15
p——
-
E RE
0 15
0 [ 63
32 | 39
32 63 0 2 32 63
- - - - i -
T RTf———] STC cs ABC CwWl—-—< A RAl B | RB
32 63 0 2 0 2 Lo 31]32 63| 67
32 63 0 31 32 63
Y 0 l 23
-
PSW | RW -
0 15132 39 Ic cA
32 39 23
I 23
40 63 32 63
32 63 40 . | 63
V4
4 63 4 63 / 67
/7
/
PAA PAB /
/
7/
/
/
/
} -
PAL | AP
4 63 67
40 63
32 63
61 63




2 v 3 v 4 v 5 v 6

A A 4
Storage Storage Mark Key Key Storage
m;?f% ece Data Address Bus In Out Data
Bus Bus . Bus
In v y LOut
y
L
0 63
-
Q RQ
0 63
0 15 16 31 32 47 48 63
0 15
0 ] 3101 [ 4 R ®
0 15
-
Local Storage LS| LAL(Read) LS 0 15
0 31]0 4 D
0 31
1 0 15
9020 IN BUS y - -
LAR(Write) LS E RE
0 4 [¢] 15
8 11
0 23 8 15
L—b To Control Triggers and WRD
-
D RD
0 23
0 23
0 23
ROS
| 2123 T
Y
Operation Decode
0 e ] 63
32 | 63
Y Bytes 0-3
DIRECT
2 L £ o | 7 CONTROL
INTERFACE
: | o L. Comorts
, -
o [[78]1516[23 24]31 32]39 40[ 47 48] 55 56[¢3 0 2 F RF
0 7
- -~ os 0 4
S RS T RTf~—— STC CS
o aif32 63 0 2 __:I Data
0 78 1516 23 24 31 32 39 40 4748 5556 63 0 2 0 7 Bus (C:E;
| Y in ce
0 31 2 63 0 7 7 N
' l 2 Data
l 1 0. 7 0 7 Bus
32 63 Out
I SAB SAA »
0 63 :
j Decode | -
SAL AS
0 78 15 34 39 0 . 7 ROS
S I A
32 39 40 51 52 53 63 .
ROS Y il
‘L_I 0 6
o785 3¢ | 39 o I 7_‘30 0 7 0 2 0 [ 31
- - - .- - H -
PSW Rw| mcw KJ Mark  CT ABC  CW A ml s I
0 19332 39 0 7420 0 7 0 2 0 31}32 X | 63 ¢ 67,
0 7 0 78 1516 2324 3132 39 40 47 48 55 56 63
0 7
g L T T T T T T T
Y - 0 31 32 63
G RG l ! s
To To Scan 0 7 32_]__‘
ROSAR Countt .
ounters 0 7 3 — =
:——— -
Ic CA
0 23
40 I 63 32 63 0 23
32 63 40 | 63
4 &3 4 PV 2 El
7/ 1
/ -
KU|
Note: Data flow and functional units used / MCW
* PAA PAB 2 5
during |-Fetch and end-op are not shown. /
7/
/
7
[} -
PAL i AP
4 &l &7
40 63
32 63
6163

Diagram 3-5. Status Switching Instruction Data Flow

2701-02 FEMDM (7/70) 3-5



2 v 3 v 4 - 5
(Logical) Physical)
D - - -
RD PSBAR MA PSBAR MP
0 23 9 19 9 12
0 23 19. 9 12
40 63
B -
' RB’
32 63
32 39 40 47 48 55 56 63
9 19, 28]3 41 51 60 I‘»és
32 39 40 47 48 55 56 63
7 16 23 2
0 8 15 4 31 = — 3 0 7
S T -
RS RT
0 31 32 63
0 31 2 39 40 47 48 55 56 63
32 63
32 63
PAL  ‘ap
3263
-
RF
15
5 7
29 31
0 31
[ ]
External FE
0 31
0 31

Diagram 3-6. Input/Output Instruction Data Flow

3-6 (7/70)

External Bus )
To IOCEs




L€ (OL/L) WAWHATO-T0LT

2 v 3 v v v 6 v
0 31 31 32 I:- 63
Local o '
Storage Main Storage Area
. LS
0 31 63
0 { 31 32 |=' 63
0 ] 31 32 1 63
s ) K Rt
0 31132 63}
32 63
0 31 32 63
-
0 31 32 39
32 63
40 51 r—%
0 31
0 31 32 l 39
-
) - - Select FS
ATR1 FA] ATR2 FA 0 31
0 31132 39 0 31
Select Lines
91'_1? 8 11 1619 2427 3235 I = fo System
4 12 15|20 23 |28 31 | 36 39 0 31 Elements.
0 31 32 39 !
0 31
8 19 28 31
| d
Logical m P. Dar Mask FD
psgar MP PSBAR'l;A o 31
19) 28 31 0 31
8 19 28 31
0 | 31
-
9__7 External FE
0 31 31
0 31 External
T (Control)
—= Bus - To CEs,
8 19 26I29 0 31 IOCEs, PAMs,
':. l and TAUs.
0 J 3 CE2 External Bus
9020 CE3 External Bus
Out Bus BF 31
0 ELCs CE4 External Bus
0 31
J PSEUDO SCON 0
31 0 31
- -
DAR FD CCR FC
31 31
31 31

Diagram 3-7. Multiple Computing Element Instruction Data Flow




oL/L) s8¢

2 v 3 v 4 v 5 v v 7 8 v 9
o [ 2 o | 20
0o | =23 0 | 23
- -
IC CA D RD
0 23 0 23 0 31{32 63
0 23 5 2
—1_- T - -
X xx|Y XX
0 20 0 31]32 63
| 0 63
]
O 0 3132 63
0 63
Local ) Mixer XM
Storage 0 [ 78]1516]23 24 [31 32 [39 40 [47 48[55 56] 63 SESAR Main Storage - -
0 3132 83
0 3 32 | 63 0 63 |
— 40 50 o
0 I 31 32 ] 63 | 0 T 31 32 ] 63
0 31 [32 63 _ - 0 3132 63 0 63
- . - 32 ] 63 -
s RS |7 RT 0 3 32 63 A wale B Q -
0 31]32 63 — — 0 3z 63 0 63
32 63 L XL{M XL 0 31 32 63 0 15 16 31 2 4748 63
< o 9 31j32 63 | | L 1 l
0 - o 63 0 3132 63 0 7 8 1516 2324 3132 3940 4748 5556 63 0 15
| | { | D U U W R -
0 31 32 63 0 1516 31 32 47 48 63 R RR
I 3 { )| [ 8 [15 0 15
|
0 78 1516 2324 31 32 3940 47 48 5556 63 1 = " N}
0 511
C T L L L T T1 i —~ 7Tl
-
N XN -
56 | 63 0 f). ?g
40 I 63 0 7 8 8 15
v L T
o 32 | " 63 32 [ 63
0 ] 7 0 [
0 | 7
L PAL AP A"
SAL
32 63 25
' - 0
5 -t ' - - 0 T 63
56 63
- —r- — >
K “RK o | 7
0 3] R
0 31 F E
| 0 7
0 7

Diagram 3-8. Display Instruction Data Fiow




Backspace or Log CPU

active portion for the signal function.

*

START Pushbutton Pass Pulse
START Pushbutton (Pulse Mode S.S.) Force Address OR T
Switch 5.5 T
Power on Reset OR KW011
K\/041
K\/041
Sample Manual Lines (Clock} KC031 KCO031
BCU not Holding CPU Clock on
St ROS EXCEPT Micro-Order at End O
Sforoge Error 'op on compare Resef R l) 1CFY rcer af n P
A
A OR (Manucl Control Wait Priority T L
r—] ¥
ROS Test or FLT Latch . I_ I—' Osc Sample RX002
) ] Machine Reset
[
FLT Check Response . Y or RX002 RX002
N
Not Continue FLT Sequence
RX002 —
ROS Test Zero Latch A Block A Nf
FLT Clock Timing 2 Latch T
T
Not Switch S.S. (No PB Depressed) KW04. ) Stop_ or Interrupt
Stngle Cyel (or Time Clock Step o
gle Cycle Kwo41 TLogout k
Not Manual Tgr (Not in Stop Loop) A § 9 RX002
= RX002
Backspace Or Log CPU _l A (rNOf FLT or ROS Test Mode
START Pushbutton | Not Pass Pulse Tgr ~Wait State Block of ROS Clock Signals
ROS Transfer Pushbutton X Ko Pass Pulse Tor Unskewing,
Delay Logic
Kwo041 . ADJ A N
RATE Switch Not in SINGLE CYCLE STORAGE INIHIBIT Position VDLY -
Not Repeat ROS Address A RX003
CPU 2 Latch (SCI Cannot Process Storage Request Immediately)
" Stop Clock
Insert Key Trigger Or P MC271 ! .
T ADJ I::l +Special Reference Clock
DLY u T T
. Mc271 Stop Scan Clock
Master Reset ZA001 | |
BCU Cleanup Sel Successful oR l ezl M | |
Reset CPU Request Tgrs - /Sll?; Turn-r0n Reset ! | |
MC271 | | A I |
KK201 i | | |
ADJ |  Turn-Off Reset | !
oLy , |
N [
ROS Stop Clock Trigger Logic KK201 T |
. . Reset Forced by ROS OR Nt -Reset ROS Sense Latches
ROS Word Bit 45 Stop Clock ROS ( Test or Scan Operation T T
ROS Bit Cycles Clock (1 or 2 Cycle Duration) T | |
ROS Word Bit 46 45 | 46 is Stopped ! I
|
o|o 0 H |
ot 1 ADJ Turn-On Select |
1 0 2 DLY | | +Gate ROS Word Selects
1 i 0 i | OR
Koz Oy Ip—
: L] ADJ Turn-Off Select
Not ROS Test A DLY
D
Not FLT Block of Stop Clock Triggers - K207
-Gate Clocks to: Gate A Top
Gate A Bottom
Gate B Top
Gate B Bottom
glo:kl Basic Clock (See Diagram 4-1 or 4-2) Gate C Bottom
G‘z::raror f 200 ns —* ’ ) Gate E Bottom
| | Gate K +L
- B | J 1 I ! I ! =~ I " =~
| | | | I |
| | o I = fo
i | Oscillator Sample |
A ____Il N lr —+ T d — Notes:
|
! | 1. Assume, for this diagram, no delay in the
| R I logic blocks except for 10 ns in inverters.
|
| |I . Heavy portion of timing signals indicates the
|
| I
| |

N

Activated by switch or internal triggers, ALD KW081.

m ** To SCI request sensing logic (Diagram 4-601) and SCI

control logic for CE clock (Diagram 4-603).

|

|
+
| |
| |
| |
1 |
| |
| |
| |
] |
|
'S

T ST
| | t
M_I_ + Adjust time delay to provide 80-ns clock,
Oscillator B (To Block Trigger) ¢ . 120-ns not~clock to logic gates.
T T 1!
| | |
1 1 I

-BCU Oscillator (Symmetrical Clock) _
I 1 ?

Sample Latched Lines (Stop Controls)
{ Inverter block is part of logic block.

[ . __‘..__ —_—

|
N ey B e B

Oscillator D (Repeat, Single Cycle Rst Scan Drive Clock)
T

|

} : T T
| | | 1 |
! ; L B oy oy
! J -Oscillator E (Repeat Inst) ¢
T T T [ R4
| | | | |
| I | | !
| | N i !
| | A Somple Manual Lines (Force ROS Address)
| T T )
i I | ; |
! | ] L Mo
| Adjustable Dela);l ! ] A N Sample Singleshots (Pushbuttons) q
5 ! ! T r120 s r
| ! | ! P N
Clock . —"I 80 ns i
Notposs | lobbits | | g | e | T e T e T
Pulse Tgr ] Fixed, Gated Delay A -CPU Clock to BCU** (Unsymmetrical C|0c4k)‘
Stop Clock Tgr R : —> rl 20 ns j¢— T !
Inhibit Clock CE Check L] 1o ] 110 s Deloy ki |
Maint Mode Stop Clock L] [
_——_——Kcm 7 . A -Gate Clocks (Unsymmetrical Clock) ¥
Stop Clock ROS (1 or 2 Cycles)
Not Repeat ROS Address A
Not Singte Cycle Storage Inhibit
KCO11

Diagram 4-1. Clock Control Logic
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I DIVIDING LOGIC —I

I 0scC |
— |
| o
— OR
| o |
10.256 mHz I
I oscC 5 mHz or 5.128 mHz Crystal Freq Standard
I < (See Diagram 4-3)
I FREQ ALTER I
| (From Diagram) I

Free Running
Oscillators

Oscillator -JI oL J] L { L_‘{ L
1 | ! :
|
BC ] ] 1
_I I |
Clock =80 ﬁ——
|

]
!
BF  —
I

I
| —
8G _';__rli}’—ﬁ
| |
! I ! |
o SN S
Notes:

1. Heavy portion of timing signals indicates the
active portion for the signal function.

2. The two letter notation within the AND's is the
block serial number on ALD KC021.

tinverter block is part of logic block.

Diagram 4-2. Reference Oscillator
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€v (0L/L) WAWH4 20-10LT

Gated Oscillator

(Basic Clock Pulse)

2 v 3 v 4 v 5 6 v 7 v 8
Not Inhibit OSC, On Wrap, Or Logout
NS WrsNiode Y _ N 5.0-mHz OSCILLATOR’ 1
Tnhib Osc Sel Oufstanding KcIol NT | SYM |e—Adjust for symetrical |
+3Y de CTRL 100-ns/100-ns clock signal.
I " Adjust for 200~ns period l
5 : : A ] Inhibit clock signal (Null-Comparator)
3 Hardstop Inhibit OSC — N- A | 7
KCI0] Note 1 1 AMP I S t
. ——— o —— — s mme
5. OmFiz COMPARATOR CIRCUIT B N | I L S AMP AMP |—+—¢—o Gbservation
| al kelo) I l—J Driver | Point
I \ FREQUENCY ALTERATION SWITCH J l_ .
o Freq. KC101
I ~(PKO4T) A 1Al | A _E — kel
= kelol T 5. 128-mHz OSCILLATOR 7Y I
I l SYM fe——Adjust for symmetrical - | —]KC101
TEST SWITCH CTRL 97.5-ns/97.5-ns clock signal. ! _'—i
I (PKO041) | |
A ; fh Adj 5~ iod
I Test Latched | Test On Latched Fo=r I - lnh:bur7 _ f_-\fi'glits?;; :19. ns perio |
PX 30!
| e 1) | Note 1 AMP . | | symmery
—oro T [ Ame AMP }——4—o Observation
I . KCio01 Point
i State 0 + Test I I
l_ Frequency Alteration Circuit _l
— —— Freq. Alter. K l._ — — — — —— — —KC]
.2 usec -To Diagram 4-2 !
‘Machine reset ss .
If line is positive, oscillator output is 5. 0=mHz REFERI ] - T -
positive-and not running. When line goes mHz REF RENC_E r 5.0-mHz Comparator Circuit -I
negative, oscillator output goes negative (From crystal-con- I I
-and starts stable oscillation. trolled; same as . Eilter
is,h-ozw)1 npiegon | | L , 300-ttz| | appona || Nl
: Mixer —Low-Passk—5_ H Trapf T2 Observation
| Filter | Point
5-mHz . I
‘Reference Filter ‘A_ |
-Filter converts square wave

Diagram 4-3, CE Clock Signal Generator

L.. x| |

input toa s

ine wave.

—xcio|



ROSAR
Execute P4 Gate ROSLTH(47) = 1 o
Execute in Progress ij 4 Clock P3 I N I
Privileged Operation ¢ u A
Not Supervisor Mode A ||
Specific Err D + ST + E Reg — OR e Kl A . T RARK24 |, gR
A Invalid Op Code EXCEP K25 ¢
SCON or SA
D °R'DD TR ;"O": :"“ Exe FBlock ROSAR on Except Cond A N
RLLA e ] SOROS and Not ROS Test or FLT __|— FL
kM43l FLT Clock Time 2 R o
Addr = 14
FLT Clock Time 2 —
IPL or Restart A lor Inhibit Next Address IN l
’ R ROSA PB 10 and Sync Not ROS Test . I l
epeat FLT Clock Time 2 —
A SOROS and FLT
P2 Reset ROSAR(0-5) OR Addr Sea > 13 A
(Not) Machine Reset Not Logical FL > 9 ~
- A SOROS and FLT — ROSAR(i-4)
FL FLT Clock Time 2 - A Similar to
’_ RX901 Addr Seq< 14 ’ 0 unif
B State 1, or 0, or Test ‘:;_’ REAR Kf:: 239 007 —
ot A age Except Force
ROS Transfer PB Repeat ROS ||
Address RX001
i
Clock P3
Clock P2 R [NF
N 8 ] l Not ST Bus 40 A l_|
—FL L—JoR l:]
> RX90T CEKey 8 A 11l
>~ ROSAR(S
RX901 a ROSLTH(52) = 1
L A
$Exceptional Conditions > :E ey
2 T— K: 1
1. Timer A ?f
2. CPU Store in Progress Not ST Bus 45 m A
3. Stop, Wait, and Repect . |— OR N
4. Program Store Compare CE Key 13 A e A
5. Invalid Instruction Address Test A
6. Q-Register Refill
Rx911 RO
Diagram 4-101. ROSAR (0-5) Logic
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2 v v 4 v 5 v 6
Not Time Clock Step Inhibit Next Address 6,7 m
Prog Sto Comp Tgr u
Predecode LPSW A Clock P3 ﬂ_
Not Timer Clock Stop Pri A L ROSAR(6)
CPU Store in Progress KM831 ROSLTH(53) = 1
KM831 A
NEXT-INST * IC 197
L NEXT-INST * D sz [OF , [ 997 + 121 ErFRo0 -
EFFR(Q) = 1 |
Interrupt Priority © L A
Or Ds217
— £(02-07) + ROA 1103 }—f
CPU STOP E21 * los
EXCEPT ‘ o
I CPU Stop Except,  Scan Inhibit Next ROSA EXCEP K25 |
CPU Store in Progress { OrR Scan-MC Inhibit ‘N l
Ke3l Manual Controls Force Addr I l A
St ’
. STOP [_("P RXO0CT
Stop Trigger L
Not Time Clock Stop + Interrupt A A
OR EXCEP Set |
KM831
A
ROSAR(é) for |-Fetch
PSW Wait State Mask Bit WAIT (6) for 1-Fetc oy
A RX061
) RAR
L k24 Scan Set
KM831 Force ROSAR(6) A Jor
REPEAT ‘_
e s 211 Clock 3
ot Stat ROSAR(7;
A - ROSLTH(54) = 1 @
1
ST Bus 46 Kmes NEXT-INST * IC 197 A
Not Repeat ROS Address A NEXT-INST * D 3121 IOR A 197 + J121 EFF ROT -
. OR -
CE Address Key 14 N EFR() =1 R
R t ROS Add L
<pes d pS217 £(02-07) +ROA
RX9T1 Timer Clock Stop Priority - XE27 + XE47 1103 —
or |_ROSARD) EXCEP Set E@) 1
ROSAR(7) for 1-Fetch A
KM831
EXCEP K25 —
OR
FL
Not Scan MC Inhibit A
Not WRD, or RDD, or SIOP Spec Exc
SCC;N o.rfSEATR gorsi:iririonES:ec Exc SPEC 31—
Privileged Operation pocll v D27, or = Tes
- E t Invalid O OR
A e T T | ROSAR) SPEC Set A
Not Supervisor Mode OR
KM431 55 Format Specif Error PAL
Kmast Km431 Scan Set .A
Not Repeat ROS Address
T—+RAR K24 Clock P3
ST Bus 47 A o N i N
CE Address Key 15 . oT oree ¢ L
Scan Force ROSAR — OR
Repeat ROS Addr A Core ROSAR Seam o e A Inhibit Next Address 8,9 =l RX071
RXOT] ) o
DS211 Clock P3 E}_
ROSLTH(55) = 1
FLR 2120 Normal Set ROSAR()
OR
. A
Serial Carry DS365 A
DS365 E(04-07)— ROA Ji02 J102 or J103 and EO4 —
. L OR
£(02-07)—» ROA 1103 A [ A
E(04) =1 —
L J97 EFF RO1 —
DS217
NEXT-INST * IC 97 Not EFF R00
R(12-15) =0
EFFR(1) = 1 A A
DS217
Pseudo R(12-15) =0 1121 EFF RO} ]
OR OR
R(12-15) = 0 and Not Q to R ] FL
MC + PSC + INT A
CPU STO EXCEP Rx0s1
Stop
Pr A OR N
rog Sto Comp ROSAR(8) for I-Fetch EXCEP K25 p—
. | T
Not External Intrp Priority ] Vel EXCEP Set
KMm831 Power On Reset Not Scan MC Inhibit A
DECIMAL J98 or
£§(12-15) = 0 A Set ROSAR 8 Scan 1
J(58-63) J122 — RX081
A
PAL(58-61) = 0 A Clock P3 —
$AS 2,3, 4 J110 LOGIC-COMP 1107 A
Addr Seq 2 A N
EDIT 1104 ——OR SAL(-7)=0Q RX081
ABC Incr =111 A ' DS051
DREG(18-23) 396 ok Normal Set ROSAR(9)
D(18-21)=0 A
R =
R sivny B OSLTH(56) = 1 A
STAT C=STATF A DS365 N
5505 E(04-07) +ROA J102
OR A
Not 1C(21) E(02-07) —-ROA J103 A J102 or J103 and EO5
= =] * —
Not Q(16-19) = 0 A €5 =1 NEXT-INST * {C J97
Not 1C(22) - Not RR Format
Not IC(21) || DS217 .
Not Q(32-35) = 0 A
iIC22) Not D(21)
1C(21) — OR Not D(22) A NEXT-INST * D J121
Not 1C(22) A Not Q(16-19) =0 OR
Not Q(48-51) =0 Not D21) - FL
|| D(22 A
1C(21) 22) A
1C(22) A Not Q(32-35) =0
Not Q(0-3) = 0 o@n [ OR EXCEP K25 |—
0527 Not D@2) A Not Scan MC Inhibit
PU Sho Excoot Not Q(48-51) = 0 A
to Excepl b@n | 1
1S'fop lock S DE2) A S MC Set
i jort can o
imer ‘Clock Step Priority Not Q(0-3) =0 r e 1
Machine Check Int Priority A
External Int Priority OR Ds215 Page Exc Force Add 007 -
1/O Int Priority A
ROSA| - :
SAR(9) for I-Fetch .Clock P3 |
Prog Sto Comp A
KM831 RX091

Diagram 4-102. ROSAR (6-9) Logic
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2 v 3 v 5 v
Wi =1 K15
SAL(4-7) = 0001 A
E(23) =0 K16
Incr L (8-15) =0 A
E=0/ Kig ! K1
Incr L (8-15) =0 A A
WCRY K17 —OR E3=0/ K20 }—
Serial Carry A SIC=7 A
E3= 0/ K20 +— F1#1 K22 p—
Incr L (12-15) =0 A F(4-7) # 0001 A
E3=0 K19 INTRP k2! F—oR b—
Incr L (12-15) =0 A Prog=-Intp Tgr on INTRP A
- E=0/ K18
DS201 sTC=7 A
TRRe C K12 F179 K23
Ic@1) =1 A F(4-7) #1001 A
IC@22) = 1 DS201 —
TRReC K12 |—
Normal K Set
IC(21) =0 A [OF OR
IC(22) =0
MOVE K27 }— ROSDL 59-61 = 111 K8 -—|
MOVE A ROSDL 57-58 = 00 A -
Fi=1'& Mot PSW 58 [ ] Restart ROS Timer _l
ROS 59-61=100 K28 | o . DS171
ROS 57-58 = 11
"DS161
DSi61
D(21) Ké
DR =1 A
STAG K8 _
STAT G Bus A [OR
PSW39 K9 |— 252, m K10 N
ECIM
PSW(39) =1 A
STAE K11 or
DS205 STAT E Bus A
Wil=15 K13 |—
E3=15 K2 SAL(4-7) = 1111 A
Iner L (12-15) = 1's A D5205
£2=0/ K3 1 | _
STC = 000 Bus A [OR
©2-0/ o — 6<E23 K26 —
Incr L (8-15)>6 A
-11) = A
Incr L (8-11) =0 B 15 < — o
DS205 Incr L (8-11).= 1111 A
STAD K5 |
STAT D Bus A
D5205
DREG(18-23) J96 Normal J Set
D(22) =1 Al
DECIMAL __ J98 | . -
STC Incr =0 A |OR SPEC . K31
DECIMAL 198 — FLTP-UN, COMP  J105 — SPEC Block ROSAR and Set Bit 7| A
TmerL @1 =0 | A Unnomm Flt-Pt Op A EXCEP K25 Inhibit Next
—_ STAD, STAG 108 1 p Block ROSAR on Except Cond | A | (o]  Address (10,11) N
Ds061 STAT D Bus A T—»RAR K24
Al1=0,J5=0 J123 Scan Inhibit Next ROSA
1C(21-22) 199 AB(8-11) =0 A Man Controls Force Addr
—IC_(ZI_)__I—— A Page Exc Force Add 007
e =] DSO061 ||
STAE,FISGN +J101}— RX001
STAT E Bus A |OR ] PAL(32-39) #0
—_— W1 =(01-15) J100 E(7) =1
SAS2,3,4  J110— OR ROSAR(10
Address Seq 3 A SAL(4-7) = (1-4) or (01-15)] A PAL(40-63) £0 & (10)
Addressseqd 1§ - -
ALT, MS-TEST 124 or L E7) =1 —
Ds0é1 Fetch Alternate Test A Not PAL(32) Ex or Fix Pt Oflow [OR} A |— A
E(04-07)—=-ROA  J102 — £(7) =0 ' —1 ]
E(06) = 1 PAL(32-63) =0 or
J1=0,J17=0,J111 DS0aT PAL(32-63) Ex or Fix Pt Oflow A
PAL(8-15) = 0 A OR DS208 —
J7#0 Ki4
Ds365 NEXT-INST IC 197 T ser A
PAL 32-63 # 0 E6) = 1 OR
PAL Carry 32 _ ]
ROS 62 Zs 1111101 J125) A ;s:ﬂo;;\l > RIgA j19<:3 OR F
68 = —07)—>
— J97 and 1C(21) or J103 and E(6 FL
SAL1=1 L {OR £(02-07)—»ROA 1103 —{ A and 1C(21) or J103 and E(6) Ar
ROS 62-68 = 106} A 1)=1 —]
OS 62-68 = 1101010 J :Egl ; - OR ExCEp o ||
DS041 ) = 1 OR Not Scan MC Inhibit Cond
J58-63) N2 6) = D@0) A
PAL(62) =1 A DsS217
FLR J120— Page Exc Force Add 007 —
LR 120 .
Within Range 1-2 A ] OR 1-O Intmpt Pri . A
FLR J120 OR CPU Sto Excep Clock P3 I-N-l s
e ] Stop A
Within Range 3-4 A
DS065 Ext Intrpt Pri u
Ds06s LOGIC-COMP___ Ji07 Prog Intrpt Pri OR A
£DIT Jl04 SAL(0-7) = 0 ROSAR(10) for I-Fetch FL
Iner L (8-15)=0- | A ABC Incr =7 A Wait_ _ RX101
EDIT 04— LOGIC-COMP —___J107 }— Invalid Inst Addr Pri
STC Incr =7 AlOR SAL(0-7) # 0 A KM831
D(21) =1 —— Serial Cory OR
NEXT n2if A N=0/1,17=0 1109 }— T—=RAR K24 N
INST -*D l PAL(7-11) =0 A Force ROSAR(10) Scan + MC Set
Ds065 N =0/1,17=0 1109 Force CROS Addr Bit 10 — OR
PAL(6-11) = 1" A Man Ctrls Force CROS Addr A
ad = S
D500s DS208

Diagram 4-103. ROSAR (10) Logic
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2 v 3 v 5 v 6
E3 #3 nz STAF = C Jg4 ABC =0 J7
Incr L (14,15) #3 A STAT C =STATF A ABC =0 A
£2 = £3 33— STAA J8l W-CRY 32—
Incr L (8-11) = Incr L (02-15) A STAT A Bus A Serial Carry Bus A
HS MOVE 26— 1C3=3 13 |— T(32) 13
ABC =0 Bus IC@21) =1 A ST Bus 32 A |OR
STC =0 Bus A | ORb— 1C(22) = 1 OR JCRY 28 J4
Incr L (8-15) Greater Than 6 ISTAC J18 1 PAL Carry 28 A
ABC #3 I Not STAT C Bus A 1 J
ABC Incr #3 A 1F04e J14 — A
STC=7 J23 — F(04) = 0
STC=7 A PAL Carry 32 A bsii
DS121 DS113
STO-PB 121 DIS-PB J25 ABC =7 J39
Pushbutton Gate A Pushbutton Gate A © ABC = 111 A
Store Pushbutton Display PB STC#3 J55 —
IC-PB J31 — ROS-PB J85 STC Incr #011 A
* Pushbutton Gate A Pushbutton Gate A T/TeT 170 —
Set IC Pushbutton OR b— ROS Transfer PB Translate or Translate and Test A |OR
LS PB Js5_ SAS =13 J53 F— OR 3<STC J71
Local Stor Not Main Stor A Address Sequence = 13 A STC Greater Than 3 A
STT-PB J34 SAS =0 149 — W =0 J68 i
Pushbutton Gate Address Sequence =0 A SAL{0-7) =0 A
Start Pushbutton A TCS/ST 169 1
Timer Step or Stop Tgr or Interrupt A psiz1
DS122
DS122
BCNMQ Ji STAB J50 MCW04 N9
RR Format A STAT B Bus A MCW(4) A
£(12-15) =0 STAH J66 +— ERROR J3s5
BCNMQ J STAT H Bus A Input Error Detected A
Not Condition Met for Branch on Condition | A M/DVD 129 CONTIN 167 OR Z Set ROSAR 11 Normal
£(03) 122 Dec Divide A |OR— Continue Sequence A |OR
E(3) =1 A [or M/DVD 129 |— XECTGR J20 —
D(22) =1 J38 Dec Multiply A Execute in Progress Tgr A
D(22) =1 A Dec DIV J82 RCTR =0 183
D2=3 Ji5 Dec Divide A TIC or GAP and Not Repeat A
D(21) =1 Ds101
5@ 1 A DS131 DS131
DS141
PSW-PB J30 TE3eRR J24
Pushbutton Gate A RR Format A
Load PSW Pushbutton E(12-15) =0
SB-PB 137 E3F 1 Ji6 —
Main Storage Byte A Incr L (12-15) #1 A
UFLO J28 — E3 =255 J48
Inhibit Ingating Bus A Incr L (8-11) = 15 1IN
F(0) = 1 Incr L (12-15) =15
UFLO 128 |— E374 J32
__E A E(12-15) #0100 A
SAL(0) = 1 4< €3 Jod
HOLD 1/0 J36 — Incr L (12,13) 70 A
£(04-07) -+ROA J102 Direct Control Hold A DS14)
£(7) Bus A JCRY4 J86 —OR
£(02-07)-=ROA 103 PAL(4) Carry A
£(7) Bus A RELI/Q 452 LOGIC-COMP Ji07
FLR 1120 Rel CPU A
N niE :
DECIMAL 98— OR %=
ABC Iner =0 = IS SAS = 18 7| A LOGIC-COMP Jig7 D507
J(58~63) J122 ROS 62-65 = 0000 — A
PAL(63) = 1 A ROS 66-68 = 110 A STC=7
Al1=0, J5=0 123 —  TCS Jé DS075
PAL(#0-63) = 0 A ROS 62-65 = 0001 || J1=0,07=0 Jin
ROS 66-68 = 100 A PAL(7-31) = 0
Ds071 N LMT N2 PAL(32-39) =0 A L
PAL(40-63) =0
Ds151 N=0/1,07=0 1109 0 OR | Normal Fast Set ROSAR 11
PAL(7-31) =0
PAL(32-39) =0 A \‘®:
Stat G Bus PAL(40-63) = 0 D365
L DECIMAL 198 PAL(64-67) = 0
E(12-15) = 0 A
A W1 = (01-15) J100— ps075
E4) # 13 or "l—‘ A SAL(4-7) = (5-9) or (10-15) A
NEXT INST *D J121— DREG(18-23) 196
DS 161 D(22) = } A D(23) =1 A
NEXT INST *IC 197 }— EDIT J104 —
1C(22) = 1 A lor E7) =1 A
W (01-02) J106 EDMK Latch
A 1C(21-22) 399
147 = 0. OFLO J8 A SAL 251 _ 16(22) = 1 A
PAL (10-63) =0 ROS Lth 62-68 = 1111101 1125 }— STAE, F1 SGN + 1101 —
B\ 512 Cry J45 - PAL 32-63 # 0 A F(4-7) #1011 or 1101 A or
ROS 62-65 = 0101 A PAL Corry 32 SAS2,3,4 3110 — OR Normal Sfow Set ROSAR 11
ROS 66-¢8 = 101 DS101 Address Sequence 4 A
H7=1 J80 — STAD, STAG 1108 p— DS365
PAL(63) = 1 A STAT G Bus A
PAL(32-62)=0 FLTP-UN, COMP 105 —
1720 ELL | Compare A Not Inhibit Next
PAL(32-63) = 0 A ALT, MS-TEST J124 |— Address 10-11
J57=0 J9 1 Test in Storage A LROSAR“ D
PAL(40-64) = 0 A
ROS 62-65 = 0011 J27 — D5075 Clock P3 I A
SATR Sel Rec'd A 1| |
ROS 66-68 =011 OR
ROS 66-68 = 000 140 = — A
ST Bus 63 A —
ROS 62-65 = 0101 1.
ROS 66-68 = 001 I L — Er
WD JOCE OP A -
b1 — A
ROS 66-68 = 010 J42 —1 ROSAR 11 Fast Input :
Any IOCE Mck A T—*RAR K24 . I
Force ROSAR (11) A 1 A
11— Gate ROSAR Scan or MC —OR Set ROSAT 11 Scon or MC ——
an |
State 0, or Test 143 A . A Page Exc Force Add 007 | A
-1 ) DS 208 ]
Req Set PB Gated [~ A
ROS 66-68 = 100 J44 A | =
DS171

Diagram 4-104. ROSAR (11) Logic
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Diagram 4-105. ROS Addressing and Data Flow (Sheet 1 of 2)

2 v 3 v 4 v 5 v 6 v 7 v 8 v
A. ROS DRIVE LINE DECODE C. ROS SENSE AMPLIFIERS E. ROS SENSE LATCHES
45 ns Differential Sense Amplifiers
ROSAR Bit 0 Upper Word
™ T
1 Bit Position [0 | 1|23 |4 |5 R Gate C Planes 0,2,4,6 { e | e l
. pre ‘ BitState [O|1[1[1]0]0 0 o [T1[x Bit O Sense Lines
Clock P2 A Gate Drivers Fro01 . ROS Pos 0
—_— T Gate D Planes 9,11,13,15 { or | ar 8it 0 Upper —
65 ns - Bit 0 Sense Lines Bit 0 Upper Word A
/ EROOT Bit 0 Lower
4 1™ T Gate D Planes 8, 10,12, 14 ot | ar A IOR
Bit O Sense Lines FL
KK211 EFO01 N
First. Level Decode BiroL Word FL
K| it 0 Lower Wor
ROSAR(0) = 0 (krory | o plones0.2.4 : ‘ “EF001
= ate C Planes 0, [
ROSAR( = 1 A [ROSARO,1,2=011 Bit 0 Sense Lines { OF | AR ROS Pos 1
ROSAR(2) = 1 R | prvs | Bit 1 Upper
Decode Gate D Plones 9,11,13,15 { OR} AR A
¢ - Bit O Sense Lines . . -
ROSAR() = 1 o |oezrran I ‘ ] Bit 0 Lower Word L I . Bit 1 Lower 1o
ROSAR(4) = 0 A |ROSAR3,4,10= 101 ! garg SD P|erl|.e-s 8,10,12, 14( o | AR _J Strabe (PO + 160 ns) FL
ROSAR(10) = 1 l it 0 Sense Lines I Strobe Upper Word s
ROSARIO)=1 | pr pr ROSAR(I1) Lt | AL
___________________I___ e ' __I EEQOT EFOD1
B. ROS SELECT LINE DECODE D. ROS SENSE LINE AND DRIVER DISTRIBUTION I A [Strebe Lower Word
40 ns | ' I
i) EE00)
l I Reset Sense Latches (PO + 120 ns) [_N-l
KK201 L]
Clock P2 or |Gate Word Selects I Gate C (Inside) I Ll4d
60 ns Plane 7 _Plane 5 Plane 3 Plane 1 I Bit 99 Upper 1 1 ROS Pos 99
l Qz|arfao]  [es]aaifao A
™ I l Bit 99 Lower ——IOR
KK201 » | 1 :?'?Q;Sense A B
| l ;
FL
First Level I EF241
Decode Plane 7 Plane 1
KK101) Q Plane 1 Q Plane 0 |
ROSAR(7) =0 | 22 Drive Lines 22 Drive Lines
ROSAR®) = 0 A |ROSAR7.8,9- 000 PO P4 P8 P12 PI6 PO P4 P8 PI2 PI6 PO Pa
ROSAR(S) = 0 Drive 4 PO QPO
I Array Drivers l
ﬁg::x(g) f g Second Level | A Array Drivers .
6= 5 ROSAR 5,6 = 00C Decode N l Drive
ROSAR(S) - A A | Select 00 Gate C Planes 0-7 E0281 L
1¢ Select
— - I EDI5T
KK11
I A Strobe
i Select 00 Gate D Planes 8-15, I
ROSAR 5,6 = 00D A . = . | DT Seloct 01 Gate C ) A Sense Latch ,
ROSAR(0) = 1 A ( ¢ ¢ -
KK131 ED151 I
I ROSDR N
A J I N
ROSAR() = 1 I e T ROSDR Latch
ROSAR@) = 0 A |ROSAR7,8,9= 101 I
ROSAR() = 1 I ROS TIMING
ROSAR() = 0 I R |
ROsARE) - 1 ROSAR 5,6 = 10C ] I
ROsAR(e) =0 A - A | Select 21 Gete C Planes 0-7 | | ED281 ) A
A8
1 M | EDI51 '
KK151
] Select 21 Gate D Planes 8-15 l l
ROSAR 5,6 = 10D A 1
ROSAR(0) = 1 A | .
|| KK151 l



TUS‘S0T-+ (OL/L) WAWHA Z0-10TL

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
* w A B c o E F G H L NA K J M N P el a [r T » u v
0 1j2 5[6 9jlo nji2 1617 1942021 24 25 30]31 3536 243 4647 56 | 57 61]62 68|69 73| 74 77|78 so|sifs2  84|ss5|86{87 90|91 |92 9%6(97 99
100 42 43 68 69 73 74 77 78 80 81 82 84 85 86 99
Sense 2 -T' l
Latches -
(EF) 43 46 47 56 57 6] 86 87 90 92 96 97 99
2 2 & 73 74 77 78 | 80 | 82 | 84 L
- - -
ROSDR RY ROSDR AR ROSDR AP
2 ny . 35 36 42 Base Address
) of Next ROS 62 48
Word S ——. .
2 35 External
Conditions
ROSDR Latches
A A
Decoder Decoder
Decoder Pecoder Decoder Over= . Decoder Decoder Decoder Decoder
T Functional
riding Y-8ranch Branch Z-8ranch
Branch
Register Ingating Local Storage Main Storage Force New Serial Adder Parallel Adder Qutgate to Outgate to
Control Control Requests Address 0-11 Bus Control Bus Control Serial Adder Parallel Adder
10 11
3 H _E-
9 1 0 9 43 68,85 86 99
- - -
ROSAR Latches RX ROSAR RX ROSBR DR, DS ROSBR AP,RB
RQ,RT
0 11 0 Lk ‘ *
To Indicators To Indicators
0 | I 0 ! 1 0 4 5 s 10 1t
= = o T
PROSAR A RX PROSAR B RX To ROS Word Gate
L # Drive Select
. To Indi (;afed Line Line Legend:
To Indicators o Indicators ecode Decoder Decoder * = Spare
** = Parity
Address Decoder t ROSAR(11) set selects lower word

To Selected Drive Line

|

Diagram 4-105. ROS Addressing and Data Flow (Sheet 2 of 2)

F.

ROS DATA FLOW




Dr 63-Sel 0 P15-QP3

L aunl

Dr 63-Sel 1 P15-QP3

+Select 1

-Drive 63 P15-QP3

Dr 63-Sel 19 P15-QP3
-

2 v 3 v 4 v 5
Select O (0
R
A A A
- Dr 0-Sel 0 PO-QPO - Dr 1-Sel O PO-QP1
Lol »
ED151 —t ED161 ED461
- B
Select 1 (¢
e
A A A
Dr 0-Sel 1 PO-QPO Dr 1-Sel 1 PO-QP1
> >
L ED151 | ED161 ED461
Select 2 )
)
Array Drivers
3 through 18
Not Shown
Select 19 (C
)Y
A A A
Dr 0-Sel 19 PO-QPO * Dr 1-Sel 19 PO-QP1
Ll !
b1 ED151 —1{ ED161 p—{ ED461
Select 20 £
)Y
A A A
Dr 0-Sel 20 PO-QPO Dr 1-Sel 20 PO-QP1 o
ED151 b | ED161 | ED461
Select 21 (¢
) )
A - A A
Dr 0-Sel 21 PO-QPO Dr 1-Sel 21 PO-QP!} .
L ond L ant
r ED151 ED161 ED461
cs : cs Ccs
Drive 0 PO-QPO Drive 1 PO-QPI1 Drive 63 P15-QP3
ED101 ED101 ED141

Diagram 4-106. Array Drivers

4-106 (7/70)

Dr 63-Sel 20 P15-QP3
-

!

Dr 63-Sel 21 P15-QP3
— >




2 v 3 v 4 v 5 v 6

Clock PQ Forced

EOSDR (2-5)

ROSLTH (2-5 A
@-5) ,:‘—I OR | I Decode 2-5
L L N
Not Clock PO-1 | -~
RYO015 Not Decode 2-5
ROSLTH(6~36) N
RO SDR(6-36) ROSDR
Inhibit Ingating ¢ T Not Clock PO-1 Latches 6-36
OR Clock PO Forced A R A Not D 6
Disable or Scan Block Errors Not Clock PO-1 SL SLR ot Decode 6-36.
, A | ——JFL.
Not Parity Error Bits 6-42 OR FL
A TRY0ZI OR A RY021
RYON FL —9
N
Clock P0-2 Clock PO-2 { N I RY021

Decode 6-36

| ROSDR(38-42)

ROSLTH(38-42) INI A or [T]  Decode 38-42
N i# N
FL
RY141 Not Decode 38-42

Edit SBA(4-7) to Z(4-7)
Edit SBA(0-3) to SA Z(4~7)

.
Edit SBA(0-7) to SA(0-7)

ROSLTH(69-73) B___l_gosuk(w-n)

Not Inhibit Local Clock A
. A Clock P2 and Not ROS Chk R [W]__Decode 69-73
Clock PO Not Clock P1 and Not ROS Chk —FFL L
FL
AR301 Not Decode 69-73

ROSLTH(74-77) Il ROSDR(74-77)
A
or [\ ]__Decode 74-77
FL |
L L L
To To AR801 Not Decode 74-77
78-80 and  78-80 and

82-84 82-84

Clock P2 and Not ROS Chk

ROSDR(78-80)

L

‘ Note: Initially, ROSDR is set to all 1's;
OR l N I Decode 78-80 a 0 in a sense laich position resets the
I l corresponding ROSDR position.

ROSLTH(78-80) m

Not Clock P1 and Not ROS Chk | -

% Only vp during scan operations.
Not Decode 78-80

Clock P2 and Not ROS Chk

—l—ROSDR(82—84)
oR | N [ Decode 82-84
Ly

ROSLTH(82-84)

[n]
gy :
Not Clock P1 and Not ROS Chk |

Not Decode 82-84

Diagram 4-107. ROS Data Register
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2 v 3 v 4
o Branch End Op
o RD B-Field Q RQ
0 23 Select GT 0
21 22 gic 0 3 16 19 32 35 48 51
I RQ751- | I
781
Normal End
b B Field i O =
Select OR
Logic  j—
RQ751-
— 781
-
R RR
0 15
GT [ |
ROS l
t
[ S 55 Forma
Logic Not RR Format
RR181
|
1 4 ; 1|4
] | -
C LAL(Read) LS LAR(Write) LS
0 4 | o 4
T —— 1
-
IC CA
Local 0 z
Storage 21 22
LS
0 31

Diagram 4-201. Q-Register B-Field Transfer Controls

D
-
R RR
0 15
01 811215

RR _
RX
RS-S1
Precfecode ‘S‘g‘_‘_‘— RR GT
Logic
Not Branch

E Shift
CE= o 1 PP
RR181 ‘
L o
GT

RR
|
Branch

>
End Op RQ781

1 I 4 :'"'1""", 4
[ | e
- | -
F LAL(Read) LS| 1 LAR (Write) LS
0 4 : 0 .4

H J

Local Storage

LS
31

Diagram 4-202. R-Register Transfer to LAL

4-201, 202  (7/70)



E(8-11) + 1 to E(8-11)

E(8-11) - 1 to E(8-11)

CE%01

E(12-15) = 0000

1
E(8-15) - 1 to E(8-15) CE%

Ardp

E(12-15) - 1 to E(12-15)

OR

E(12-15) + | to E(12-15)

CE901

OR

CE901

Constant to E(12-15)

Not P1

D(18-21) to E(12-15)

h
L
8

CE901

Diagram 4-203. E-Register Incrementer, Bits 14 and 15

v 4 v v 6
Add 1 to E(8-11)
E(14)
Subtract 1 from E(8-11) A
A E(14)
INCR(14 — T
A L —OR
A
E(8-11) to E(8-11) Constant 14 |
A
D(20) RET41
CE141
I
E(14)
E(15) A
L_lor I l Not P2
_._EI._I_ A Gate INCR(12-15)
to E(12-15)
CE41
E(14)
A
=P
E(15) A
CE141
Add 1 to E(12-15) [Gate E(12-15) + 1 to E(12-15)]
Subtract 1 from E(12-15) [Gate E(12-15) - 1 to E(12-15)]
Gate Constant to INCR(12-15) To INCR(12, 13)
E(12-15) to INCR(12-15)
Gate D(18-21) to INCR(12-15)
E(15) AR
A »
N E(15)
INCR(15) — -
A L Of
A o
Constant 15 A H |
RE141
CE141
D(21) A _‘
Not P2
Gate INCR(12-15)
to E(12-15)

2701-02 FEMDM (7/70) 4203



v 3 v 4 v 5 v
Add 1 to E(12-15) Not E(8-15) Bits Even
Not E(15) A Change P(8-11) -
Not E(13) T : —
E(14) A
Change Parity of E(12-15) . _ — E(8-15)
Subtract 1 from E(12-15) =] OR ¢ A |—¢  INCR(8-15) Gate INCR(8-11) to E(8-11) — Parity
E(15) A Bits Even A OR T -
. ; B
E(13) A A Gate INCR(12-15) to E(12-15] A
Not E(14) l_
RE101 RE101
CEI7] Not Change P(8-11 Ceigl
A L
E(8-15) Bits Even
CE181
Diagram 4-204. E-Register Parity Prediction after Incrementing
Adjust
Parity
Not ROSDL(34) [Not Set IC(21)]
Not ROSDL(35) [Not Set 1C(22)]
A
ic@n) A ROSDL(34) [Set 1C(21)] -
N A N |LParity Adiust A IC P(16-23)
Set 1C(21,22)
or |—d Not Parity Adjust —tor m A
1C(22) . FL l_l Parity from PADDL
A ROSDL(35) [Set 1C(22)] A Gate PAL to IC A Ff
L _— Reset IC ]
; || A
F : :
A CA241
— N CA241
IC P(16-23) -
Clock PO FL
DR191
A
DR191
Diagram 4-205. Parity Adjustment for IC (21, 22) Stepping
PSW to ST Reg Bit 15
LS Bit 15 Gate PSW(8-15) to 5(8-15) A
] R LS Bus {15) —
_9020 Bus Bit15 | Gate LS Bus (8-15) to 5(8-15) A s(15) To SADDLY)
sD8O(15) —OR T DBI(15
Gate SDBO(8-15) fo S(8-15) A TT: SPAALJ;
z::: ;Z;DL(OJ) to 5(8-15) T . [ Torswas)
- RS141 [ To MPRBus(7)
RS141
Gate PSW(8-15) to S(8-15)
Gate LS Bus (8-15) to 5(8-15)
Gate SDBO(8-15) to S(8-15) or
Gate SADDL(0-7) to 5(8-15)
Not Data Key 15
Data Keys to $(8-15) A
PSW to ST Reg Bit 16
LS Bit 16 Gate PSW(16-23) to 5(16-23) A
- or LS Bus (16) ——
2020BusBit1s |} Gate LS Bus (16-23) to 5(16-23) A 516) T SADDLO)
SDBOQS). —°* T To SDBI(16)
Gate SDBO(16-23) to 5(16-23) A  EE———vvT
SADDL(0) — | o T
To MPR Bus (0)
ADDL(0-7) to 5(16-23 A
Gete S (-7 re 5t ) RS161 To PSW(16)
RS161
Gate PSW(16-23) to $(16-23)
Gate LS Bus (16-23) to S(16-23)
Gate SDBO(16-23) to 5(16-23) oR
Gate SADDL(0-7) to S(16-23)
Not Data Key(16)
Data Keys to S(16-23) A
Diagram 4-206. S-Register, Bits 15 and 16
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2 v 3 v 4
1 I -
ROSDR |  Control RY
Field F
| 1
25 30
Y E(13-15) to ABC |}
- t t
(-} ncrementer I—N‘l
1C(21-23) to ABC Incrementer u
ABC + 1 to ABC Incrementer m
ABC -1 to ABC Incrementer I I
Scan In Word 4 m
Decode PAL(61-63) to ABC I I
Logic Q3 l_—— A
U
Not [-Fetch Reset
Not 000 to ABC
Ccwot1
ABC to ABC Incrementer
ABC Incrementer to ABC
‘_ ABC
GT Incrementer
T(57-59) Bus ABC Latches 4
Incrementer
Decoding

PAL(61-63)
Bus

GT

OR [y

ABC

Triggers

E! 13-15! Bus and Control
Logic

1C(21-23) Bus

GT

T0

Reset {-P1 Clock)

Cwol1

T1 =}

CwW021

Cwo21

Reset (P2 Not Clock)

ABC
Incrementer
Output
Decoder

ABC Incrementer =0 )

CW032

Diagram 4-207. AB Byte Counter

>To AB
Transfer
Logic

7201-02 FEMDM (7/70) 4-207



-~ =
ROSDR l ontrol RY
| FieldF
25 30
y
E(13-15) to STC Incrementer m
D(21-23) to STC Incrementer I_I
STC + 1 to STC Incrementer N
STC - 1 to STC Incrementer L
IFzOIS Control | 011 to STC Incrementer I_N-I
ield F
Dlecoder 100 to STC Incrementer U I
Scan In Word 4 m A
PAL(61-63) to STC lf Not [-Fetch Reset
Not 000 to STC
N
DR . Cs031
STC to STC Incrementer
STC Incrementer to STC
L STC STC
GT Incrementer Incrementer STC
T(54-56) Bus Decoding Latches Incrementer STC Incrementer =(
and r— LO Output 1
Control Decoder
PAL(61-63) o1  or e E(13-15) Bus Logic cs z
Bus ‘ B S
sTC D(21-23) Bus - Coonl .
Triggers 4
0™ Cs L1 5
GT )
L :
Csol11 Cso051 .
2
n=- L2
Reset (P2 Not Clock)
Cs021 . Cs051
Bipolar
Latches 4
Reset (~P1 Clock) ]
Cs021 )
2y sTC STC=0
A L1 >k Qutput
Decoder 1
. ;
Cs021 2
5
1 ) I3
—
L2
* -
—{"H
A
Cs021

Set/Reset (P1 Not Clock)

Diagram 4-208. ST Byte Counter

4-208 (7/70)

To ST Byte
Transfer

Logic

To ST Byte
Input Logic




1
ROS Sense Latches | L : DR
143 46
43 46

l STC

ROS Control
Field-L

Decoder >

DR Set Marks

per STC p

I Set Marks per STC Decoder

IO
N

Mark 0
ORfj 7™

Set Marks (0-3)
Set Marks (4-7) OR
Set Marks per PAL(61) 1

CTO11

B
cTotl

Mark 1

OR

B

CTo11

Mark 2
T -

8

CT1021

Mark 3
OR

[

A . CT021

Not PAL(61)

cTom1 Mark 4
ORf 7™

PAL(61)

Bererererand
croar , o

Mark 5
ORf T™

RATE Switch
Late BCU Cleanup in SINGLE CYCLE crost
for CPU Request STORAGE INHIBIT Position

Store or Test and Set OR Reset Marks Mark 6 L
Clock Master Reset OR

MC711

N

Mark Mark Bus
PR

Bus

C1041

Mark 7
R T™

MB601 Y To Storage Unit

CT041 -

Store on D Request
D Request A

Store

Scan Request

MC171

MC171

Diagram 4-209. Mark Trigger Logic

7201-02 FEMDM (7/70) 4-209



©L/L) Tus‘O1T+¥

State O or Test

Not State 3 or Test

Force Interrupt

Gate Ext Bus to CCR

Diagram 4-210. CCR Output Logic and Control Paths (Sheet 1 of 3)

2 v 3 v 4 v 5 v
[ccr BITS 0-7]
Note:
The output of each latch in the CCR can be
: gated to the 9020 Out Bus (See Diagram 4-302.)
t on latched .
Test on latche I_N'I or |state 0 OR
CCR L |
Ext Bus 0 Register  CCR I
0
A I N I : OR State 0 or 1 or Test
— L J OR State 1
[N]
©) L) rest
Ext Bus 1 FC001 or |LState 2 § Latched «[’El——
A T I N I OR State 2 or 3 Not Test
- (To reset
360 mode latch)
OR State 3
| (1) OR State 3 or 0 or Test
Ext Bus 2 S CCR Par CK PX331 I—-— (Block Spec Exec on SCON or SATR)
A CCR2
- L or LGSR Scon 1 :
] CE-1 |-Face A Allow CE-1 Ext Signals
t Good & Not Test
@ N ;
i -
Ext Bus 3 , OR CCR Scon 2 »
A _CCR 3 CE 2 I-Face A Allow CE-2 Ext Signals
>— L L Goodand Test
y
(3) N A Not CCR ELCCE 1]
2-5
Ext Bus 4 ELC CE 2|
A
— L E— ELC CE 3
CCR 4
(4) OR CCR Scon 3 l ELC CE4
Ext Bus 5 - A Allow CE-3 Ext Signals
) m (CE 31-Face Good andNot Test
[ = A 1 ¢ |:| ! Test Switch Restore State
— CCR Scon 4
| OR ' Allow CE-4 Ext Signals
(5) CCRS (CE 41-Face Good andNot Test A
SBO Gat
FC371 Disable Check N afe Frame 1
Ext Bus 6 ‘ 360 Mode Allow Checks
< A ——-CCR¢ or CCR Bit 6 or ILOS OR
o
r—‘ MC411
© L
N A Error Gate N
IPL Status OR A fror G
rror Gate | -
MC923 SBO Gate
Ext Start Latch N Frame 10
A o1 Allow Inhibit
Alt Latch li
Reconfigure Sel. ':.I MP501
] 1 set Inhibit
. A N
First St
Ext Bus 7 REALL m L—
A — CerR7 L NAP501
- {Not used for
control in CE.)
Reset
ese 1 o

LOGOUT Stop Sent to SE

v 8 v 9
CE Console
Switch Gating
Defeat Interleave Sw A Defeat Interleave
— Test On
Test Switch On A N Test on Latched
Defeat Interleave & .
Reverse Storage A Defeat Interleave
& Rev. Storage
isable Ti —
Disable Timer Key A Discble Timer Key { or |.Set Rosor 11
Check Reset PB
CE Check Reset PB A —ROS 6265 = 0101~ | .
ROS 66-68 = 011 A
St E
Stop on CE Check Key A op on CE Check
Disable Check Key A Disable CE Check Sw
Inhibit CE Hardstop ] Inhibit CE Hardstop Key
Key A pP——
‘ Repeat Test K
FLT Repeat Test Key A opoal Test Rey
FLT Test Key A FLT Test Key
Ros or FLT Test Mode
OR
KW371
Ros Test Key A Ros Test Key
FLT Back
FLT Backspace PB A LT Backspace Gated
CE Logout PB
Allow CE Control A Logout PB Gated
KwW371
Ros Xfer PB
CE Ros Xfer PB A .
08 Ater Repeat Ros Adr A Repeat Ros Adr
360 Mode PB Allow Subsys. Reset
360 Modo P8 A Allow Subsys.
Reset or
_l A N Restart
A
Test on Latched OR N |
Allow SC OR A|I<?w CE Control
trol
CE Select A SELL ,
CE System ] I I Allow CE Sys IPL
Interlock Key On A or Restart
PX311



zus‘o1zv (OL/L) WAWHA TO-10TL

v 3 v 4 v 5 v 6 v 7 v 8 v
Ext Bus 8 ccr [Ccr BITS 8-23
A CCR Bit 8 SE 1 r
(Ié) Phys PSBAR 12 ' A Note: The output of each latch in the
Feor CCR can be gated to the 9020 Out Bus
(See Diagram 4-302). gza;ch Equal
Ext Bus 9 I Switch Decode SE 1
CCR Bit 9 SE 2 Search Compare A SE
A L ! Compare
) OR
Phys PSBAR 11 A MPOA1
Ext Bus 10 %ﬂﬁ;’e:“i':j i‘f d; — SE 1 Select Latch
CCR Bit 10 SE 3 2Add Al L e
A T - N H frome 1 Valid
10) |
Phys PSBAR 10 i
Ext Bus 11 A
A CCRBit 11 SE 4
L N — OR Any Frame Valid
an
Phys PSBAR 9 MPOO]
Ext Bus 12 o A
CCR Bit 12 SE 5
A (le) Set Inhibit 1af 1 W
N H = FAPOT1
Allow Inhibit
Ext Bus 13 MPOTT A
= CCR Bit 13 SE 6/DE 1 Inhibit Frame 1 SBO Gate Frame |
A L A —
- (13) A
= L
Ext Bus 14 A lor Step PSBAR Enable 1-5
A CCR Bit 14 SE 7/DE 2
L A —
(14) A
)_ ——
Ext Bus 15 A
CCR Bit 15 SE 8/DE 3
A L
(15) A A
Ext Bus 16 — X
A T CCR Bit 16 SE 9/DE 4 Select Pulse SE 10/DE 5 SE 10/DE_5 Select Latch ||
(16) Deloved lnv Add s B (Mceon) A lor Step PSBAR Enable 6-10
A E
Ext Bus 17 A
CCR Bit 17 SE 10/DE 5 =
A L Frame 10 Valid —
17
i SBO Gate Frame 10 A
A
Ext Bus 18 . MC925
N
A T ! — Set Inhibit LA T sw Search Equal SE 10/DE 5
(18) Not used for . MPO41 Se?rch Compare A
control in the Allow Inhibit Switch Decode SE 10]
computing
Ext Bus 19 | t, A MPO41
A T
9
|_- MPpooi Inhibit Frame 10
Ext Bus 20
A CCR Bit 20 CE 1 Hold WDD CE 1 WRD
L A |Sample WRD and RDD CE 1 [ SELYRD e ) WRD Int Tgr
(20) CEl I.F. Good and Not Test CE 1 WRD Sig In 1A T | A L[
Ext Bus 21
CCR Bit 21
A L A | Sample WRD and RDD CE 2 A A
@ CE2 I.F, Good and_Not Test
Ext Bus 22
CCR Bit 22
A L a |somple WRD and RDD CE3 Hold ROD CE | CETRDD_ CE 1 RDD Int Tgr
(@) CE3 I.F. Good and Not Test CE 1RDD Sig In |af T IA L
Ext Bus 23 CcR Bt 23 .
it
G A L Sample WRD and RDD CE 4 Jazil Jazn
ate Ext Bus to CE 23 A F—'B'——? Sample Ext Tgrs
23) CE4 ).F. Good and Not Test pl 9
FC221
Reset JAO71

Mool A ATA OOD Necbnnt T anin and Oantral Pathe (Sheet 2 of 3)

OR |

PSBAR Configered



©L/L) €us ‘01z

v 3 v v 5 v 6 v 7 v 8 v 9
Resp'onse 'OCE 1 Inhib“’ Response
Ext Bus 24 [CCR BITS 24-3I] AL N
xt Bus
Note:
A L {
(24) The output of each latch
FC241 in the CCR can be gated Release CPU Latch kX161 ___ Gate Response | A
. to the 9020 Out Bus Response 1OCE 2 A N IOCE Response
Ext Bus 25 ‘ (See Diagram 4-302). L Response TOCE 2 A |or Set Release /O
A , . — Gate Response 2 i
L { I/O Int Gate /O Int Re Reaponse IOCE 3
@25 | "CCR Bit 29 ' S Gate Resporse 3_| A
A T I/O Int Reg IOCE 1 p—
. 4 /O Int Req 1 & Response IOCE 3 A L N [
Ext Bus 26 ‘ Not Inhibit L kX161
Not used for
A L — ¥ control in the
(26) computing element. CCR Bit 30 KM311 _
u N T 1/O Int Reg IOCE 2 PIR
! “1/O Int Reg 2 & IOCE 1 Ext Int A T PIR 1
Ext Bus 27 Not Inhibit |
A L —
27) CCR Bit 31
1A T 1/O Int Reg IOCE 3
[ I/O Int Reg 3 & 1OCE 2 Ext Int PIR 2
Ext Bus 28 ‘ Not Inhibit AR Y
. Gate PIR to F
Hir— ' ]
(28)
Ext Bus 29 _ ' ' CCR Bit 29 IOCE MCK Int Reg AOCE 3 Ext Int A T |ER3
A L I A
29) Mach CK IntReg 1 & [ T
Not Inhibit [
. 4 MCK Int Priority IOCE 1 MCK Int Roa & P' :
Ext Bus 30 ‘ ) nt Reg & Priority
R CCR Bit 30 KM331 A
L Mach CK IntReg2 $~{Af T
(30) Not Inhibit [
A IOCE 2 MCK Int Reg & Priority
Ext Bus 31 |
A T CCR Bit 31
Gate Ext Bus 31) Mach CK Int Reg 3 A T A IOCE 3 MCK Int Reg & Priority
fo CCR FC301 Not Inhibit '
Reset ) Interrupt Priority
ese
OR Any IOCE MCK Reg
KM331

Diagram 4-210. CCR Output Logic and Control Paths (Sheet 3 of 3)




TUSTIZ¥ (OL/L) WAWHA T0-10TL

T1z-y weiserq

UTHEWIOFY XX 01 WT

BIA S

(T 30 T 199YS) OXIN

2 v 3 v 4 v 5 v v 7 v 8 v 9
RPSB Instruction
FMTO
INPUT TO MIXER — — — — — oo 1] o] ofsr|s2forefsu]s] Symbol | M | X1 ] X1 | v2 | X2 |Bin s | Symbol
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
FMTO-0 — — — — —— - FO FO FI FO FO 5 - T 3l — ——— 32 63
Mixer | ' ] ' ' | | | | | | g | i !
FMTO-1  —— — — — — — FO FO F1 FO FO FO 6 L 3—— — - — 32 63
Control : . ' | ) ! . | | [ | ) | !
Micro-orders | FMTO-2  — — — — — — FO FO F1 FO FO FO 6 FO Be—y L 31— —— — 32 - 63.
) ] J .
FMTO-4 — —— —— — —Fo F0 F1 FO FO 7 FO FO % 63 36 ) [ ——, SO :
1 1 . .
FMTO-5,6 ~ — — — — — — Fo FO FI FO FO FO FO FO 56=—t 63 36 N e 52 «———»55
A o [ ! ! |
Lo [ T T B R T | | I | |
N A I A A RN b ! | | L
TO XYREGISTER X l 0 I 0 | 1 | 0 I 0 |BR1| §2 |BR2|BU| S I Symbol I Y1 » X1 X1 l Y2 | X2 IaLzl s | Symbol
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
FMTN
INPUTTOMIXER'————'—L]O|S| Symbol |BL|BR|0|0| Y X J M[0|S| Symbol |BL!BR|0I0| Y l X I
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3] 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
FMIN-Q — — — — — — ——— — — 1 4|1 —— e — e ——— e — ———— ———— — - M 63 40 33<4—>3|9
1
Mixer FMIN-T — — — — — — FOFO FI FOCFO 9 El 41 8 | 7 12 27— — — Be—>23 4 &3 40 Be———————
Control FMIN-2 — ———— —F0 f0 Fl FO FO 9 £O FO 8 ] 7 12 97 — — ——28——>31 | Lo I |
Micro-orders EMTN-5 — — o — — _+ _: UL :_ _;_ _:_ Flo | I ; : | i : : ll ! ! i :
| ] :
FMIN-6 — — — — — -9 L | e — —_—
T D | | T | | 1|2 3|1 IB I< l7
FMIN-7 -————— FO FO F1 FO FO 41 FO FO 40 33 39 44 59 —— — 60 ——=63 | |
[ T e e O . ! ! o I | |
T T O A A ! ! ! L by |
bbb bbb n ! ' | |
. [ | ¥ t B B | \
MIXEROQUTPUT _____ _ _ x | 0 | 0 l 1 | 0 I 0 |BR1|52IBR2'BLI| S ! Symbol | Y1 | X1 , | | |
N TR ymbo X1 Y2 X2 BL2| S Symbol I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
CVWL Instruction
Input to Mixer for FMTW-0 — — — —— — — — — — — — — — — Note: L register does not supply input to —= — —m — — —— e — —— — — — — — — — 2| s | s IDA l DLl BL | BRI * ] | *1|s | Symbol | co | C'II P x x & % AYSIAXS X % % % x %
mixer during CYWL instruction.
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 55 56 57 58 63
Input to Mixer for FIMIW-] - — — — — — — — ™ —  — — — — — 0 — — — — — — — — —— —/— — — —— —— —— —— = — = — * * * * * * Y1 * * * * * * X1 J
32 37 38 47 48 53 54 63
Input to Mixer for FMTW-2 —— — — — c—r o oo o e — — —_——_—_——_— —_——————— —— — — — — — — —— —— —  — —= M| * * % * ok * avY?2 I* * * * * * ax2 l
32 37 38 47 48 53 54 63
Mixer FMTW-0 — — — — — — FO FO F1 F1 F1 37 34 35 36 4] e 47 o e e e e e ———— —— e+ — i — — —— — F0 FO F] 48 —m — e — e e e et et —— s e — — — — —— 56 57 FO 49
f;"'m'd FMTW-1 — — — — — — [ ] —1— —I—I——l—: — -3 47 54 59— — — — 60 D T B B (A
i o e B e B S B *.-—-__J_;_________..}_.T'______;___JI___4_1_:_J_+3@ _— @ ] L
[ |
i N | BN 3
| | ;! | | |
bbb oy v ov bbb (R (IR ¥ Y BRI N I N Y3 t 4oy ¥y
warorrs [ [ [ 1 [ oo s ] ome ] " [ ] L] SR
0 1 2 3 4 5 6 7 8 9 10 1N 12 '3 14 15 16 17 18 19 20 21 22 23 24 25 26 2/ 28 29 30 31 52 53 54 55 56 57 58 59 60 61 62 43

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5)

Notes:

1. To trace the origin of a mixer output bit: (1) select chart for specific
instruction, RPSB or CVWL; (2)if RPSB is selected, refer to FMTO or
FMTN portion of chart; (3) find bit to be traced in XY register and;
(4) follow the line up to the micro-order being issued. For example,
assume an RPSB instruction and an FMTN micro-order and assume bit
8 is to be traced, Refer to the RPSB instruction chart, FMTN portion,
XY register. Find bit 8 in the XY register and follow the line up to the
specific micro-order. If the specific micro~order is an FMTN-7, bit 8

originates from bit 40 of the LM~register. Note also that FMTN=0,
5, and 6 do not set bit 8 and that FMTN=1 and 2 set bit 8 from the

input bit 8 in the LM register,

2. Parity for all XY bytes is predicted from LM data parity and LM

parity bits,

w

or FMTW-0,

XY register is reset on receipt of either FMTO; FMIN-1, -2, =7;

Legend:
1. FO=1Dit forced to 0
2. F1=10itforced to 1

3. BR = Brightness bit AYS = Sign of &Y2

BL = Blink bit O XS = Sign of &X2

§ = Symbol size CO = Character at major position

DA = Dash C1 = Character at secondary position
DL = Dash length * = Not used




SROSDR v
92 9596

96\92 95
——(10001)

(10010)—
——(10011)

|

Format

Format '

Format

v 3 4
- | E RE
RY
0 15
13 15 LM Reg
SDBO 8 LM Reg Bit 8
Set LM Line B
y E(13-15) = 000 Reset LM Line B
Old A
p£03-19) = 001 N FMTO-0-1-2 Line A X111
1A |or
) E(13-15) =010 —
( A ~ Mixer
XMOOT
, E(13-15) = 001 L
New A
»_E(13-15) = 010 . 12 Line A A
( [ Alor FMTN-1-2 Line
— SDBO 36 LM Reg Bit 36 1
Set LM Line E A L
XMO0Z ST Bus 36 —iOR A
pE(14-15) = 00 Set LM Line F*T__| A —
Weather A "
L Reset
OR
—l FMTW=0 Line A XL371 A |or
J SbBO40 | LM Reg Bit 40 —
E13215) < 111 XMO004 Set LM Line G A -
Rl ST Bus 40 —OR A
4] Sef LM Line H*T | A
OR Reset .
_J—‘ FMTN=7 Line A XL401 A
XMoo4 SDBO 56
E(13-15) = 100 SDBOS6 | .
pEIE-19) A Set LM Line L A L | LM Reg Bit 56 XMO81
. E(13=15) = 101 L. ST Bus 56 —OR |
' Alor SetLine MFT | A
L
) E(13-15) = 110 - Reset
A
XM006 FMTO=-4-5-6 Line A XL381

Diagram 4-211. LM to XY Reformatting via Mixer (Sheet 2 of 2)

4-211,Sh 2

XY Reg
Bit 8

XX11

XY Reg to SDBI Bit 8




~ FMTO-0-1-2
LM Reg Bit P1 Is 1
FMTO=-4-5-6
LM Reg Bit P7 Is 1
FMTN-1-2
. XY
LM Reg Bit PO IS O Register
LM Reg Bit 0 Is 0 A A Set XY Byte 0 Parity to 1 0
LM Reg Bit 8 Is 1 A )] =
L A Byte
LM Reg Bit PO Is | A Y
LM Reg Bit O Is 1 Set XY Byte 1 Parity to 1 /4
or A lor 4 4 Pl
8
A .
LM Reg Bit 8 Is 0 ] A Bylte
A Set XY Byte 2 Parity fo 1 1
L1 A In 4 P2
XMO09 16
XMOO0? Byte
2
LM Reg Bit P4 Is 0 Set XY Bvte 3 P 1 23
e {{ ity t
LM Reg Bif 32 Is 0 N (s yle® oy o 73
LM Reg Bit 40 Is 1 : 24
LM Reg Bit 32 Is 1 Byte
LM Reg Bit P4 Is 1 A -3
Set XY Byte 4 Parity to 1 - |31
p—— oR - )L t4 y - P4
32
LM Reg Bit 40 Is O :
eg DI S A ) Byfe
4
Set XY Byte 5 Parity o 1 39 =
)
A 40
Byte
FMTN-7 XMoo? ~ ~ 3
' Set XY Byte 6 Parity to 1 47
FMTW=0 - Pé6
LM Reg Bit P5Is O 488 te
LM Reg Bit 36 Is 0 A );
p 55
— S : 2,
LM Reg Bit P5 IsAl ‘) Set XY Byte 7 Parity to 1 =
LM Reg Bit 36 Is 1 A 7
N Byte
7
OR
Al 63
A
XMO009
FMTO-4-5-6
FMTO-0-1-2 ,
LM Reg Bit P6 Is 1 A
FMTN-~0-1
LM Reg Bit P7 Is 1. TA
FMTN-6 :
LM Reg Bit P3 Is 1 » A
FMTW-2
LM Reg Bits 54-55 Even
LM Reg Bits 56-59 Even A
LM Reg Bits 46-47 Even
LM Reg Bits 46-47 Odd ) OR
LM Reg Bits 54-55 Odd A
A
LM Reg Bits 56-59 Odd
A
LM Reg Bits 46-47 Even
XM017

Diagram 4-212. XY Register Parity Prediction Logic

7201-02 FEMDM (7/70) 4-212



v
Clock P1 ST Bus (32) To 9020 Out Bus Bit (0)
Select .
Register Select
ROS (36-37)=00 Gate T (32-39) to Select (0-7) A L Timing Gate Trigger and Response PAM 1 or RCU 1
B Write Select Reg A — A
ROS (36-42) 0000011 A — I Reset Sel Reg 0-7 STAT G for Scon Select
DR171 ORY (0) Fx021 (True Multiplex Line)
| Fsoo1 |
Timing Gate Trigger rN—l | '
= |
Gate Select to T 1 Select Reg (0) Reset [ |
]N[ 1 | . from PAM 1 or RCU 1 j
Respanse PAM 1 or RCU 1
FS511 I 1
! ]
i |
20 i
Clock PI ST Bus (40) | ! To 9020 Out Bus Bit (8)
|
ROS (36-37) = 00 . A Gate T (40-47) to Select (8-15) _!L L Timing Gate Trigger Reconfigure Select SE T
A Write Select Reg STAT G for Scon Select A
ROS (36~42) = 0000011 TS50 Reset Sel Reg (8-15)
DRi71 O} @ ’
FS081
Timing Gate Trigger lN l |
Gate Select to T l N l l
u 1 Select Reg (8) Reset from SE 1 -
A Select to SE 1 via CE-to=SE P‘J
Recon Accept 1 Simplex Cable.

FS511

}
|
|
L

H Reset Response from SE 1 via
-| SE-to~CE Simplex Cable.

Diagram 4-213. Select Register - Select Signal Generation and Response Reset -

4-213 (7/70)




10¢-¥ (OL/L) WAWAA T0-10TL

L To ST

2 v 3 v 4 v v 6 v 7 v 8 v 9
LAL (Read)
F 5 1
| n |_LAL(0) Decode LS Reg 0 Gate LS Reg 0
| | Decode LS Reg 1
| ! LAL(Read)
l | Decoder
L580 | Decode LS Reg 24
l 1 | LAL(T) g
| L 1 LAR (Write
LS Address from Q I ! == -1|
f— > I I | 0 = 1 LAR(0) Write Decode Reg 0
LS Address from R > I 15507 | 1 T | Write Decode Reg 1 A Gate T to LS Reg 0
LS Address from E | 2 A { I | LAR (Write)
Gate Working Reg (24) to LAR OR — I L | I | Decoder Ls41
Force LAL(0) to 1(FIt-Pt) A ‘”: | i LS?S] : Write Decode Reg 24
HField  ROS(36-42) I | | =} LAR)
l ' | |
I 2 | LAL3) | I
| | I : Write
| | | LSgS 1 | Local Store.
| ] l | T - 1 LAR(2) T™
| rsem I
| | |
Not Clock | | Clock | LS851 : L5812
| | | 13 — | LAR@)
| [ | |
LS812
b | |
From Write Local Storage | | {
ROSDR | LSg8T I
. LAR(4)
' T™- b
' |
' |
PO PO 8 0 : I
P P
LS861 I
Clock 80ns 120ns I | | l f R |
-P1 Clock | J ] | l |
~
Set LAL Latches ——
——————— —— e e e e —— - ———
Set LAR (Write) Triggers ST Bus (32) ! Data gBit0 Bit 0 (Reg 0) |
' + PH i -
LAR (Write) Decoder Output ST Bus (33) 1 A _ 1
From I - | oR ‘LS Data Bus 0
Write LS Write-LS Trigger E———— T-Register | 1 Ctd | ] e |
Operation Gate T to LS R | L | _Bl_f()(ﬂZ_Q_‘
ate T to eg n
9 Il Minimum 40-ns ST Bus (63) | Data rmpﬂ-l— it 1 (Rog ) {
Dat —t win | coincidence j i eg
ST Bus Data _-O_—L\,_ _I__%./ required. : - A :
Set ST Bus Data into H | & Ctrl . i — OR M
. TN
o™ ' | L wn | | B G20 |
~ | Positions 2 through 30 are not shown. |
~ I -~
Set LAL Latches (— —— j| Data oBit3! !
N
LAL(Read) Decoder (— ~ Note: LS Registers 1-24 | PH A Bit 31 (Reg 0);
Read LS P GOWPL?R are similar to | — I —] LS Data Bus 3
Operation ate €9 n (e——— — register 0. | Ctrl | OR 228>y, J
e_____
Polarity-Hold Data ). S—) l LS REGISTER O LS311 | Bit 31 (Reg 24
Available ! LSRR e e ] Bt31Ree2d)
_ Set LS Bus Data into ST (170700007100000107

Diagram 4-301, Local Storage Read/Write Controls




‘CCRO BF501
Gate CCR to LS Bus (0-8) BF7al| A
ATR-10 BF501
Gate ATR-1 to LS Bus (0-8) BF721| A
ATR-2 0 BF501
Gate ATR=2 to LS Bus se7a1 | A
CHECK REG 0 BF501
GATE CK REG to LS BUS (0-7) Bf731| A
Ext Bus O BF501 N l__. D — — — — e —'
Gate Ext Bus to LS Bus (0-7) BF731 ' o
©sTBus 32) | Bit l
Ext Reg 0 BF501 K PH A |BitO Reg 0) \
; A l —
Gate Ext Reg to LS Bus (00-07) BF721 l ¢ LS Output Bus 0
oR Gate T to LSReg 0 Bit 0 (Reg 24) 7 OR
Select Reg 0 BF501 | 75007 |
Gate Sel Reg to LS Bys (0-7)  grz21| 2 Gate LS Reg 0 | Ls001
DAR 0 .. .BFS01 N - 9020 Out Bus Bit 0
Gate DAR to LS Bus (0-7)° BFza1 ] A l
i)t |
DAR 0 BF501 i I
A ST Bus (32) | Bit
Gate DAR Mask to LS Bus (0-7) BF72) T M PH A |Bit] (Reg0) |
l I ¢ — LS Output Bus 1
OR l Bit 2 (Reg 24) | OR
Lson
| l 15013
9020 Out Bus Bit 01 | N
! |
| T T
ST Bus (63) | Bit 31
i PH A Bit 31 (Reg 0) I :
1
CCR 31 BF591 BFOTI I o |LLS Output Bus 31
Bit 31 (Reg 24) 7
Gate CCR to LS Bus (24-31) Bzl A OR I L I — feo 29
ATR-1 31 BF591 _ | | s3n
A
Gate ATR-1 to LS Bus (24-31) _ BF701 9020 Out Bus Bit 31 | 1
1
ATR-2 31 . BF591
LS Register 0 I
Gate ATR-2 to LS Bus BF711| A -
Note: LS register 1-24
PSBAR 31 BF591 - : are similar to register 0.
Gate PSBAR to LS Bus srzo1| A BF3TI
G Reg Bit 7 BF601
" Gate G Req to LS Bus (24-31)  pe7ii] A
Ext Bus 31 BFS91

Gate Ext Reg to LS Bus (24-31) pe7il] A

Ext Reg 31 BF591

Gate Ext Bus fo LS Bus (24-31) sr701| A

Select Reg 31 BF591

Gate Sel Reg to LS Bus (24-31)  BF701

'DAR Moask 31 BF591

‘Gate DAR Mask fo LS Bus (24-31)8F701] A

Diagram 4-302. 9020 Out Bus to LS Data Bus Gating Logic

4-302 (7/70)



Error on LS Bus (0-7)

LS Bus P(0-7)

Error on LS Bus (8-15)

LS Bus P(8-15)

Error on LS Bus (16-23)

LS Bus P(16-23)

Error on LS Bus (24-31)

OR

LS Bus P(24-31)

2 v 4
S Ol
LS Bus O
LS Bus 1 IN l
LS Bus 2 L_I -
LS Bus 3 A or
LS Bus 4 OoDD A
LS Bus 5
LS Bus 6 BF401
LS Bus 7
BF401 .
Generating LS Bus Parity
1
A
f— OR!
LS Bus P(0-7) A
BF401
l N I
LS Bus 8 LJ I_I
LS Bus 9 N
LS Bus 10 l—l *— N
LS Bus 11 S PO
LS Bus 12 OoDD A ¥
LS Bus 13
LS Bus 14 BF411
LS Bus 15
BF411
=
A
beeed OR
LS Bus P(8-15) A
I_L BF411
: |
LS Bus 16
LS Bus 17 .___..__
LS Bus 18 +—
LS Bus 19 A OR
LS Bus 20 ODD A
LS Bus 21
LS Bus 22 BF421
LS Bus 23
BF421
A
— OR
LS Bus P(16-23) A
BF421
LS Bus 24 N
LS Bus 25 :
LS Bus 26 N }—
LS Bus 27 A
LS Bus 28 - ODD T OR
LS Bus 29
LS Bus 30 BF431
LS Bus 31
BF431
:
A
] OR
LS Bus P(24-31) A
BF431

Diagram 4-303. LS Bus Parity Generation or Check

Not Generating LS Bus Parity

BF441

Ingate LS to S or T Reg

(Not) Block I-Fetch

LS Bus Check
(Ck Reg Bit 17) LS Bus Parity Check

L

BF441

7201-02 FEMDM (7/70) 4-303



oL/t) 1o0v+

Gate F
to SBA

3 v 4 v 5 v
Serial Adder Bus A
r A )
Not 0 to SA(0) T
Tt " R SBA(0-3) to SA(0-3) T or T * 61
©) or SBA(0) A
~~ "RFOO1 Not ASCII Code Zone
RF801 T —
- AR001 N SAA(D)
£3) A SBA(0-3) to SA(0-3) Ct A lorp222?
e SBA(4-7) to SA(0-3)t 1
or SBA(4) A
1to SA(0) T —
-
Fid) A ARDAT Excess-b [
1 o ARQO1
. SAA(1-6)
.[ ~
A SBA(4~7) to SA4-7) Tor T+ 6%
F(7) A
aiva B or SBA(7)
RFO41 SBA(7) |
Gate A(0-7) ZROGT Not SBA(6) A
to.SBA Sign Correct SBA(4-7) 1
Tt ——I s
N Not SBA(S) A Jor[P2AD)
AD) Sign Correct SBA(4-7)
R8801 LTS N —
SBA(4-7) to SA(4-7) Ct A
-
AB) A oR SBA(3) —
SBA(0-3) to SA(4-7)1 A
RB735
AR021 AR061
-
Ai4) A
T ROS Micro-order
~~ RB735 11 Gate Control Triggers
AQ) A
Gate A(8-15) RB737
to SBA
J- T —
RBSOT
Gate B(56-63
to SBA
_I— Ttt '——I
B(56) A
RB803 ~ Re7AT
—i
B(59) A
RB743
-
B(60) A
& Re743 A-Side
B(63) A
RE745

2 v
ROS Sense
Latch 86 = 1 F to SBA
Clock
INi AB to SBA
Clock”
ABC = 000
-
ABC =001
ABC =111
Diagram 4-401. Serial Adder Input Bus Logic

—

6 7 v 8 v 9
Gate ROSDR Serial Adder Bus B
21-24 to Emit (0) N
_ROSDR 81 =1 sBB 0-3 Not 0 to 5B(0)
Clock m T SBB(0-3) to SB(0-3) A
SBB(O | sasq
Emit (3;]” OR U] OR )
L— 4 Sub 1 Lo Dig or + 64 e
or 9 00-03 A
, AR501 AR501
Gate N(0-7) N Bit (0)
ROSDR 12-15 = (1010) to SBB —
Clock =
- SAB(1-6)
N Bit (7) ~
Gate N(8-15) | ;4 (g) S8B(0-3) to SBB(4-7)
ROSDR 12-15 = (1110) to SBB ] OR | s88(3) A
Clock —] T 1
—
N_Bit 15
SBB(4-7) to SB(4-7) A lor|—528@)
s or |_s8807)
[{ e,
_E ST to SBB fcasgB 7 Sub 1 or + 1 Lo Dig B
Clock T 1 [—— or - to 04-07 A
STC = 000 5(0)
<
5(3)
S(4)
Gate S(8-15) -
to SBB
1 v
STC = 001 S(7)
- Gate T(56-63)
- to SBB
L | T
T(56) !
STC =111 -
—1
T(59)
-
T(60)
T(63)

B - Side




Serial Carry

Carry into SAL(0)

Carry into SAL(1)

Carry into SAL(2)

2 v v 4
SAA(0) .
A Bit Carry (0)
SAB(0)
ASO01 T oR
Developed Carry into (0)
OR Bit Transmit (0) AS081
AS001 Carry into Group 2 Bit 3
Bit Transmit (3)
Bit Transmit (2) A
SAAM Bit Transmit (1)
A Bit Carry (1)
SAB(1) — OR
ASON Bit Carry (3) A
| or Bit Transmit (1) Bit Carry (2) A
Bit Carry (1) ]
ASO11 | ]
AS001
SAA(2) Carry into Group 2 Bit 3
A Bit Carry (2) Bit Transmit (3) A
SAB(2) Bit Transmit (2)
AS021 L or
Bit Carry (3) A
] Bit Transmit (2) Bit Carry (2) —
or it Transmit ( it Carry
ASO11
AS021
Carry into Group 2 Bit 3
SAAQ3) Bit Transmit (3) A or
A Bit Carry (3) Bit Carry (3)
SAB(3) e
AS021
AS031
— Bit Transmit (3)
OR it Transmi
AS031

Carry out of Group 1

Carry into Group 2 Bit 3

Carry into SAL(3)

Diagram 4-402. Carry Lookahead Logic, SAL(0-3)

SBA(0) from AB or F

SAA(0)

SAA(1)

SAA(2)

SBA(0-3) to SA(0-3) Tor T + 6% Al
SBA(1) |
A |OR]
SBA(2) _—
A
AROOT
SBA(1) E ]
N A
SBA(2) L—{oR
A
AR001
SBA(2) I N ]
I—' A
ARO21
SBA(3)
A
—
AR021

1>ROS Micro-order

Diagram 4-403. Decimal Add 6 Logic

SAAQ3)

7201-02 FEMDM (7/70) 4-402, 403



4-404, 405 (7/70)

> 2 v 3 v 4 v 5
SAA(0)
A Bit Carry (0)
SAB(0)
AS001
OR Bit Trunysmif )
-
AS001
A Half Sum (0)
:
e
Carry In A
—H
No SADDL Carry Group 2 .
A Decimal Correction m r— A
pec cor (0-3)t L — e SAL(0)
AS031 ] L
Sum (1) A
Sum (2)
AS001
Half Sum (1) and No Carry In
Carry and No Half Sum (1) OR
Decimal Correction I
N
A
- SAL(1)
Carry into 1 OR "
24 Sum (2) L
Half Sum (1) A A
—OR
. I A ASO11
Clock P2 m
ASOT1 . L
Half Sum (2) and No Carry In
Carry In and No Half Sum (2) OR
Decimal Correction
IN |—| A
D Carry into 2 SAL(2)
—iOR ]
Half Sum (2) A L
A
AS021
Half Sum (3) and No Carry In SAL(3)
—
Carry In and No Half Sum (3) OR L
fROS Micro-order
AS031
Diagram 4-404. Decimal Correction Logic For SAL (0-3)
SBA(1)
SBA(0) _ A
T or|—
F SBA(2) A
AR101
SBA(5)
SBA(4) A
1 orf—— or Invalid Digit
SBA(6) A A Set STAT E
Decimal Correction .
ARTOT F—AR601 Force 1's to SAL
SBB(1) N Invalid Sign
SBB(0) A I
G L or—
SBB(2) A
AR601
SBB(5)
SBB(4) A
» I —a OR
SBB(6) A
AR601
Diagram 4-405. Invalid Digit Logic



SBA(0)
A Bit Carry {0)
SBB(0)
AS001
L Bit Transmit (0}
OR
AS001 Half Sum (0)
A
-
anpt A
L SAL(0)
OR
A OR L
ort -
AS001
oert A
tROS Micro-order
Diagram 4-406. Logical Functions, SAL (0)
Not Bit Transmit (1)
Bit Transmit (2)
Bit Carry (3) A
Not Bit Carry (2) Eight 4-Way AND's
L AS034
it 0-
Bit Carry (1) or K1 {0-3) 1 1 1 1 0 o o0 o0
A K2 (0-3) .
l 1T 10 0 1 1 0 O
) ) Half Sum (0) 1 ¢ 1 0 1 0o 10
Bit Transmit (1) A
Bit Carry (2) Odd Transmit Bits (1-3) 1 o 0 1 0 1 10
= EEERERER
OR
34
Not Bit Transmit (1) %
Bit Carry (3) or Eight 4-Way AND's AsO7S
Not Bit Transmit (3)
Even Parity Bits (0-3) i o 1 1 o o 1 o
o K2 €
- Parity Bits (4-7
or| A ©-3) ven Pority Bits (-7) 1T 0 0 0o 1 1 1 0
8it Carry (2) K3 (0-3)
L 1 1 1 0 1 0 0 0
K3 (4-7)
Bit Transmit (2) Or - ! 1o ! 0 ! o 0
Carry into Group 2 ] ¢ ¢ ¢ * i i T
Not Holf Sum (2) AS032 oR
l_ AS075
OR
Carry into (2)
Half Sum (2) OR
Not Hc.xlf Su;n (1) '_O; A Arithmetic Set Parity 'S,::?SL
Carry into (1) Not Logical Operation A (0-7)
OR Force SAL Ones Block Error ~ L__{OR L
Half Sum (1) |
Not Carry out of Group 2 _— AS075
Decimal Cosrection AS032 OE Functionf
A
OR Functiont -
-~
N OR Logical Set Parity
— A
SBA Parity OE Transmit Bits (0-7)
(Odd Number of Bits) L —
SBA Parity Adjust Ot OF OE Par A - Par B and Parity Adjust A
AR582 AND Functiont t
. ROS Micro-order
SBB Parity AS075 Note: Shaded area indicates additional
OF controls for decimal operations only.
SBB Parity Adjust )

AR582

Diagram 4-407. Serial Adder Parity Predict Logic

7201-02 FEMDM (7/70) 4-406, 407



Diagram 4-409. Gate Control Triggers for ‘B + T” Micro-order

4-408, 409 (7/70)

2 v 3 v 4 v 5
B(66)
B(66,67) to SAL(0-7) A
A(28) —
Dvd Sel L1 Ins L Alor N Prod Quot Bits to SAL(0,2,4, or 6)
Floating-Point A
Al4)
ASTIT " 1A Invert Predicted Parity
M1 Jox DN [Turn on K2(4-7)]
A
A
Dvd Sel LO Ins
Lo N Prod Quot Bifs to SAL(1,3,5, or 7)
A(28) A L
B(67) —
B B(66,67) to SAL(0-7) A
ASITI
Diagram 4-408. Serial Adder Product-Quotient Bit Logic
Roller 5
Position 4
; B(32) AB-PADDSB
ROS(87) Gate B(32-63) Bit 21 , A Bus 32
ROS(89) A to PADDB(32-63) B(32-39) - PADDB(32-39)
-
C ROS(50) T B(40-47) -~ PADDB(40-47) RB711
B(48-55) - PADDB(48-55)
P
B(56-63) - PADDB(56-63 AB-PADDB
RB813 { ) ( ) 1 Bus 33
8(33) A
RB711
A. T-Field Gate Control Trigger; =
'B' Micro-order (1011);
Dec-order T11; | AB-PADDB
Gate B(32-63) to Parallel A Bus 39
Adder B-Side (32-63). B(3%)
RB713
i Roller 5
Position 4 7(32) ST-PADDA
> ROS(92) Gate T(32-63) Bit 1 [ Bus 32
ROS(93) A to PADDA(32-63) T(32-39) - PADDA(32-39)
ROS(94) Te
_ T(40-47) - PADDA(40-47) RT715
T(48-55) - PADDA(48-55)
al T(56-63) - PADDA(56-63) ST-PADDA
RT807 - A Bus 33
T(33)
RT715
B. U-Field Gate Control Trigger;
'+T' Micro-order (1110); ST-PADDA
Dec-order U13; Bus 39
Gate T(32-63) to Parallel T(39) A
Adder A-side (32-63).
RT717



2 v 3 v v 5 v 6
4 63 4 63 g7
P rd
7~ - ’
P 7~
PAA PAB P ~
e
~
”~
~
~
Section 4 Section 3 Section 2 Section 1 r
|
Group '
15 14 13 12 1 10 9 7 6 5 3 2 1 l
|
4 718 11|12 15|16 19|20 23|24 27128 31|32 35{36 3940 43|44 47}48 51|52 5§56 59)60 63| |
4 Latch-Shifter Logic 3l 62|l
r___.________.__..__.__ —— " ——— —— ——
D Bus 47 | :
K Bus 47 1
ST Bus 47 HE RS |
|
. I RT727 OR A Operand I
All 1's to PAA oR Bit Transmit l Bit Transmit 47
l I To Carry
Lookahead Logic
AB to PAB(47) I Bit Carry I Bit Carry 47
I B Operand A I
IC to PAB(47) , | ©R
127 A | Half-Sum 47
| Not Bit Carry l
‘ Half-Adder Logic (Bit 47) '
i S |
Half-Sum 47
r .
Bit Carry 48 1 = | r—————_—_—_——___'-l
" - 1 |
Bit Transmit 48 % —1 l I Not Holf~Sum 47
Bit Carry 49 t A l ! I
H = | l Corry into Bit 47 A | Sum 47
Bit Transmit 49 L A I I oF I
Bit Carry 50 1
it Carry } og | Cary intoBit 47 | ! [ Not Carry into 8it 47 ]
B T L)
T
| I Half-Sum 47 A |
Bit Transmit 50 L A I | '
Bit Carry 51 T I |
Not Group 4 Carry —— I L Full-Sum Logic (Bit 47) J
Carry nto Groun STT é { —— - —— . —— —— — — i.______.__.___—_.__'
| I
AP471 I
ComviomonBitod? Lo | Zero shifth (—») HED |
[ Somyrinto B et ] Sum 51 i — |
Left-4 Shiftt (L—) i A PAL(47)
* A 'not group 4 carry’ signal indicates that on actual Sum 43 i —or l Latch~Shifter 47
carry from group 4 (positions 48, 49, 50, and 51) has n = = L |
not occurred, thus allowing a predicted carry (carry- Right-4 Shift { (R—s) 1 A
into-group=5) to enter bit position 47. The absence S Out 47 ' ——
of a "not group 4 carry' signal (indication an actual Sl { Exended Clock | |
carry) inhibits predicted carries from entering bit Scan Byposs [l A AP47 |
position 47. Sum 46 HE um
Right-1 Shift (& R1— \ A
ROS Micro-order. 2 ik d } Letehn_Shifrer 47 JI
L_ atch-Shifter

H Predicted Carry

Diagram 4-410. Parallel Adder Bit-Position Logic (Bit 47)
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4411 (7/70)

2 v 3 v 4 v 5 6
4 63 4 63 7. =
-~
-~
PAA PAB
-
7
-
Section 4 Section 3 Section 2 Section | lr
Group I
15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 |
|
11§12 15016 1920 23|24 27128 31[32 3536 39|40 43|44 47{48 51|52 5556 59)60 63 ]
. ; |
Latch=Shifter Logic eafes_e7)
Bit 63 T i
it “?mm” Hot Carry | AR Carry into Section 1
Bit 62 Transmit
Group t Transmit L_
Bit 61 Transmit A AP651
Bit 60 Tronemit Group 2 Transmit - .
Group 3 Transmit A Section 1 Transmit r
AP&37 i l A . X
Group 4 Transmit oR Carry into Section 2
AP641
Bit 48 Carry — S
AP65]
Bit 49 Carry r—
Bit 48 Transmit A
Bit 50 Carry —
Bit 49T it
> 1t 27 Tronsmi . A | ogl_ Grovp 4 Cary —
= ] Group 3 Carry
— Group 4 Transmit A
. . Gi — A
8it 50 Transmit A G"WP : :°">' Section 2 Transmit Carmyinto Section 3
" roup 3 Tronsmit arry ‘into Section
8it 51 Corry A oR Section 1 Carry —OR
AP&37 ou A
’ — Section 2 Carry —
Group 2 Transmit A —
AP651
Group 1 Carry
AP&41
A
Section 3 Transmit
or Carry into Section 4 ‘
A
A
Section 3 Carry —
AP661
8it Carry 32 ooy
Bit Carry 33 1
A
Bit Carry 34 —
A
i it 31 Full-S
Bit Transmit 32 [H—or Corry fnto Bit 3 L::gic @
Bit Transmit 33 ] Half-Sum Bit 31 I—
Bit Transmit 34 A A
Bit Carry 35 —JORr
Not Group 8 Carry  ~ —1 m A
. N
R Carry into Group 9 A I_'
A AP3TT
APITo AP3H
Group 9 Carry — Bit Carry 31 [
Carry into Group 10 { OR Carry into Bit 30 F"",'S""'
A OR _—s N A Logic (30)
Group 9 Transmit it Tronsmit 31 Holf-Sum Bit 30
L
A
AP319 AP301
—1 OR|
Group 10 Carry — I Nl A
| Bit Carry 30 — [ AP301
10 i A
’ Group 10 Transmit or Carry into Group 11 |
1 b it Transmit 30 A _—
A ok Carry into Bit 29 Full=Sum
I_chic (29)
A Half-Sum Bit 29
AP319 A
AP —OR
Group 11 Carry A
—] Bit Carry 29 — E
B — AP291
Group 11 Transmit A L]
[ A
A OR Carry into Group 12
J A Carry into Bit 28
- 17 Jer R4 Full=Sum
L] || : Logic (28)
Half-Sum Bit 28
A - | A
A —{or
Bit Transmit 29
AP319 [l A
AP281 1M}
PO P8 PO Ap28]
CPU Clock —_.J—! J
Bit Carry/Transmit —
Group Carry/Transmit —
Section Carry/Transmit ————
Carry into Section N —
Carry into Group ————
’ Carry into Bit ‘eo== L ——————
Full Sum Development ———————
* Timing for direct carry not requiring a
carry lookahead group carry.
Diagram 4-411. Parallel Adder Carry Lookahead Logic



Not Bits 48-51 Odd

m Bits 48-51 Odd

2 v 3 v
48 Half-Sum
Not 49 Bit Transmit OE
Not 50 Bit Transmit Odd m
Detect '_J
Not 51 Bit Transmit Logic
AP513
49 Half-Sum
50 Bit Carry A
51 Bit Car —
L oy or [N
Not 49 Half-Sum A U
50 Half-Sum
AP5I3
3 A
Carry into Group 4 I_ OR { NI
Not 51 Half=Sum A
-
A
1’Dup|icare logic is used for generating
parity~predict signals of opposite polarity L™
simultaneously (without use of additional
inversion function). ] A
—{OR
t
A
A
AP513

A. Parity Predict, PAL(48-51)

Right 4-Shift
Predict 44-47 Not Odd
Parity Right 4=Shift A
Predict
PAL(44-47) L {orl—.
Predict 44-47 Odd A
AP473 !
AP555
Zero Shift
Predict 48-51 Not Odd
Predict 52=55 Not Odd
A PAL(48-55)
Pari —— Parity
i Predict 48-51 Odd _{oRr '
PAL(52-55) Zero Shift
" 2 : A
Predict 52-55 Odd P2 Clock Extended
| S———
AP553 AP555 AP555
Left 4-Shift
Predict 56-59 Odd ] A
Pari -
pred?;f Left 4-Shift | ——] OR |—
PAL(56-59)
Predict 56-59 Not Odd A
AP593 AP555
Right-1 Shift
Not Sum 55 A
Right 1 Shift
Sum 55 |
A
-
A
1 —_—
A
B. Parity Latch-Shifter Logic, PAL(48-55) AP559

Diagram 4-412. Parity Generation, PAL (48-55)
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Half-Sum 55 r jl
Half-Sum 54 i |
Half-Sum 53 1 OE '
Half-Sum 52 I of |
I AP763
Half-Sum 51 I Half-Sum I Indicate
Precheck Error I Half-Sum
Half-Sum 50 ! A Precheck Error (48-55) X Error (48-55)
Half-Sum 49 || ©E  J_P3 Ext or no ERR E__ AR T !
Half-Sum 48 . AP761 P l
I
AP763 APBO1 OR l
: ' Half-Sum Error I
A-Side Parity Bit for 48-55 | AP761 |
B-Side Parity Bit for 48-55 ; I
1
I JiClock | P2 Clock or |
l P3 Clock ORr Half-Sum Error N '
I Half-Sum Error
| AP8O1 |
L Half-Sum Precheck (48-55) J
Half-Sum Error 48-55
> Half-Sum Error 48-55 . .
Half-Sum Error 56-67 H302|f;§um Error
Holf-Sum Error 40-47 ORr (32-67)
Half-Sum Error 32-39
APSOT  Not Left Shift |
A
C Half-Sum Error 24-31 || Half-Sum
Half-Sum Error 16-23 aqg;)sum Error — - Error Indicate Half-Sum Error
Half-Sum Error 8-15 OR A T
Half-Sum Error 4-7 Inhibit Clock on PA Half-Sum Error
' +P4 Extd —
AP801 A —
AP801 —
— o Error
— T
Odd Half-S S_
alf-Sum {
Errors PA(4-67)
- OF — KW081
D Half-Sum Error Trigger Set
Full-Sum Ei OR
AP801 Full=Sum ull-Sum Error
Error Logic
Error Reset Gate
o Not Clock
> : PO Clock B _
A I . Clock
Not Error
AP741
Diagram 4-413. Parallel Adder Half-Sum Checking Logic, PA (48-55)
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From 4-Bit Group
Parity Predict

Latched Sum 48

v

Bits 48-51 Odd/Even

Bits 52-55 Odd/Even

8-Bit Parity
Generation
Logic for

PAL(48-55)

Generated Parity for Full Sums 48-55

PAL(48-55) Parity

AP555

| Odd Detect Logic

Latched Sum 49

Latched Sum 50

Latched Sum 51

Latched Sums 48-55
Plus Generated Parity
Are Even

Fulf-Sum
Error (48-55)

Indicate PAL(48-55)
Full-Sum Error

Latched Sum 52 +P2 Extended 1KY B
Latched Sum 53
Latched Sum 54 Error Reset Gate
Latched Sum 55 oR AP555
AP554 PO Clock
Not Error A
AP741
M E
rror
E OR T
Full-Sum Error 65-67 —
Full-Sum Error 36-63 Inhibit CPU Clock ]
Full-Sum Error 40-47 KWo081
Fuli-Sum Error 32-3% OR Fuli-Sum Error Final
Full-Sum Error 24-31 or Error Error
Full-Sum Error 16-23 -P1 Clock L
Full-Sum Error 8-15
Full-Sum Error 4-7 +P0 Clock
AP801 AP801

Half-Sum

Half-Sum Error

Error Logic

AP801

Diagram 4-414. Parallel Adder Full-Sum Checking Logic, PA(48-55)

7201-02 FEMDM (7/70) 4-414



Diagram 4-416. Parallel Adder Set-Condition-Code Logic

4-415,416 (7/70)

» 2 v 3 v 4 v 5 v 6
A(28)
Gate Excess 6', A
] PAB Bus 29
A(29) = Propagate Sign OR PAB Input 29
A Gate Excess 6 to PAB(29,30)
A(30) OR
A . AP291
A PAB Input 30
A@31
Sl PAB Bus 30 OR
RB747 AP301
> |
| Gate excess 6 to PAB positions 33,34; 37, 38;
| 41,42; 45,46; 49,50; 53,54; 57,58
1 in a similar manner.
|
B(60)
Gate Excess 61 A
B e e PAB Bus 61
B(61) - Q, IC Bys 61 or PAB Input 61
A Gate Excess 6 to PAB(61,62)
B(62) OR
AP611
|
B(63) A PAB Bus 62 oR PAB Input 62
> Q, IC Bus 62
RB753 AP621
1RO$ Micro-order
Cc Diagram 4-415. Parallel Adder Excess 6 Logic
Result Sign Minus -
» (— , Set Cond
| Floating-Point A Code Bit 10
PALD)  paL) ¥s1AA if PAL(32-63) = 0 | ox STAT A
L PAL(8) PAL(32-63) = 0 T RW341
, S| PALe | Set Cond
Not PAL(7-31) =0 A Code Bit 01
D APO71 OR N KS021
PAL(29) Not PAL(32-39) = 0 1
PALG0) ] Not PAL(40-63) = 0 PAL(7-67) = 0 Rw341
PAL(31 — Not PAL(64-67) = 0
SN ot PAL (64-67) Overflow (STAT B)
L TSTAA if PAL(7-67) = 0
AP&81 A Set Cond
—— Code Bit 01
’ — OR #
Result Negative A
APO71 E(5) Fixed-Point
- Shift Double
Shift Instruction RW341
N
trOS Micro-order .
. Not A(0) to Cond Cod A : Set Cond
Note: This diagram illustrates how the ot A©) to Con ad [] Result Positive A Ceode B?t 10
condition codes are set; it is not intended — OR N OR ——
to be a detailed diagram. Not T(32) A L—l : T
Rw343 RW341
4

Based on

PAL(7-67)

\, Based on

PAL(32-63)



FLT Inhibit Clock

Clock

v 3 v 4 v 5 v 6
A STAT Clock PO
SCAN
1(55) A
: STAT Clock P1
b bLy |— oo Set STAB if SA(0-7) =0F —‘
SAL(0-7) = 0 A
sBDOVt (Decimal Overflow) ——]
Decimal Overflow A
PO + 140 ns
¢—4 T | 1
? set STAB if PAL 311 | —
PAL(31) STAT B
P2 + 140ns A
DLY DLY - y—
Gate Exp Ovflo to STAB A
Fixed-Point Overflow
- K031
Set STAB on Left Shift Overflow ! A
Left Shift Overflow Check
B 32 fo STAB and T 32 to STAGT A
B(32)
System Reset — Reset all STAT's
PO —1 or STAT Tar Reset l
or |
Reset (F1)1 A Reset STAB
Ks151
STAT Clock PO
A
STAT B Set STAB on Left Shift Overflow
L -
—
Gate Exp Ovflo to stast A
Not STAT B Latch OR
St N —
KS141 -
Set STAB if PAL 31 A t
B 32 to STAB and T 32 o STAGT — ROS Micro-order
G‘} PO + 140 ns A

Diagram 4-501. STAT B Logic
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©L/L) 109+
>

v

7 Suyen pue Sursusg 1sonboy DS 109+ Werderq

o180

2 v 3 v 4 v 5 v 9
- Storage Request from IC 3 Cycle Roller 3
Hardware IC Storage Request 3 Cycle OR Position 1 CPU Request Sync Latch
Generated ) Storage Request IC 4 Cycle Bit 0 .
. 1 CPU Request
Not FLT, Inhibit A T —
Clock OR
MC161
IC Reg. {(ROS Generated) IC $: 1C Request
= - T Not FLT Inhibit Reg T
oc 1 Storage Reg D3 Cycle A -i———l—
Clock (Hardware Generated) Rol!ef 3 ]
MC058 Not Inhibit Requests :?:I{Ion MC066
Clock A
Storage Reg D4 Cycle \
ROS Generated D Reg Storage XY Reg oR Not Clock
D Reg Storage
Rolier 3
D'Sync Position 1 D Request
: . Bit 2 .
Not Block D Sync N B ! ) - Clock Al 7 A
Clock 1 Scan Sync . —
’ Clock A L . L]
Clock MC062
MCO81 Not Clock . _ MCO61 ‘ ' ok | . et —| oR
MC068 4 | SAB(5-19)
Scan Reg Storage (ROS Generated) I N} ’ I |
A Scan Sync Not Page Scan Request GT LAB(0-11)
Clock T " . . T
T BCU Late Clean Up A Clock A .
Scan Storage Reg —_— ] Not CPU Reavest Gate PAL fo Dor IC Gate PADDL| g1 . Address
(Hardware Generated) reques A ) Not FLT Inhibit Af T Hebus Decode
Clock A ‘ IC Sync Lt — . Not FLT ohibit 4] _ Logical
MCo68 D Sync Trigger 3-Cycle Sync MC068 . Gate PAL to D (ROS) |OR
Clock A lock SAB(1-4)
Clock L \@ D Sync Lth — Clock 1
Storage Reg D3 Cycle Gate PAL to IC(ROS)|OR
(Hord G - IC Storage Reg 3 Cycle oR MC062
’ Roller3 | po—m————— o——————
scvel Storage. Reg IC3 Cycle r—@ position 1 rIC Sync Lih —= T DSyne ih 1l
3-Cycle Access (ROS Generated) ~Cycle Sync Not FLT Inhibit Requests A Bit 5 | Gate PALto IC ! | ‘Gate PAL to D |
Clock 1A T Clock 1 . ) b b -
Not Clock 3-Cycle
Clock . Reque?f ARQ-XY-STO*D XY Sync m N X
MCO71 . Not Rs Branch Reset 3-Cycle Reg N B |- To Diagram D Reg Storage XY Reg 1 B A L lil Ms)‘
Clock j | 4-603 - ‘;1
Clock Clock '
— ) MB163
Store On D Request (ROS Generated) MCO71
R
. Scan Req Trigger A o
Decode Test and Set Test and Set M
Clock 1Y B ]Nr T _— To
N D Req Trigger A 6 S . 3 . : T Storage
,I:gte BCU Cleanup | . A Store On D Req i - ; e 4
For €PU Request D Req Trigger ; RF
| . : -
MCT81 MC171 . ° .
Suppress Log Check ) Store Y e :
Roller 3 Not Diagnose Reverse A °8 T Y o ( i . 3§ : e
le Normal Op Scan Req Trigger L B e : e
;?:'?:'W‘] 3 - Not CPU 3 Trigger i Inhibit Gate Kev fo B
i Not CPU 2 Latch |A Storage Protect [ Gote Key foBus GT | In Key Bus
st K L_‘ o DR Normal Operation MG v | l A OR
Decode Set Key et Rey or Not Normal Op N
Clock . I k MC166 MB805 MB8O1
RS Format (E Reg 01 = 10)
€ Reg 23 = 01 A | Decode Op Codes:
Mcig 3 Rez B0l 94 (And), 96 (Or), 97 (Xor) Dbl Cycle  poyble Cycle to Mplx Bus Gate F Reg to Key Bus GT
=01. A
Roller 3 P I-Fetch Reset T Set Ke
Not 5, —_— e 4
Position 1 ot Compare Logical (Op Code 95) Not Block I-Fetch A -@
B_'f 4 Early Accept - Store”
Insert Key _—'r— - —
Decode Insert Key 6 D Request Tgr A MCI191 » Normal Operation
Clock 1LY B d -
— Master Reset OR . N . Double Cycle
Invalid Address : > J




709+ (OL/L) WAWAA TO-T0LT

2 v 4 v 5 v 6 v 7 v 8
BCU Osc Dlyd A SEI Ready
— OR SE1 Not Stopped A Select Pulse SE1
l DRepTgr o A l Select Timing Pulse |
CE sCl IC Reg Tor___ L L. Mc4an
Seun Reg Tor O] A b losve A Select Stg 2 Tor SE/DE 10 Ready T M2l | Select pulse
l i et Sefect Ouistanding Clock JAY T SE/DE 10 Nof Stopped N Y 3e/DE 10
| | Net Inhibit Storage Select L 1 .
: Llock ‘ CCR 8it 8 (SE1 Configured)
I MC706 N
| SE1 Decoded
I ey
| A SE1 Select Even -
| |
| |
| s, I SAB % g g 4! SE/DE Decode A SE1 Select Odd -
L 0] SEl b
. Must Always Be Zérs . ololo|1]| sE2
) CE Control Pnel Labeling | , y storage | | ojo[1}o| se3 ]
| for D and I€ Register Display 8 | 9 10 11 1213 14 15 W6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 LRI Mgy | alo|1]1]| se4 L '
- " I = ) o of1{o|o| ses Select
| CE Logié Line Labeling 1 5 3 445 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2 Pecodert | ol|1]o|1| se/bes T . Lines
Storage for Dand IC R | o|1}1{0| sE/DE7 T to
Address | OfT[1[1] SE/DE8 Storage
g Keys 31 SE/DE Select gﬁéﬁ’“ - | 1lojolo| se/pee oras
o | o 1/0l0]|1]| sE/DE10 A - SE/DE 10 Select Even
8 409 Bytes . - | - >
— | (One PSA Area) | CCR Bit 17 (SE/DE 10 (Configured)
et f | Chart 2. D and I€ Register - == 524 268 Bytes —— - MC351 j A
D arf . an 3 ]SE
Adr Keys to -' ot maelétion (1SE) 371 . | SE/DE 10 Select Odd
: SE/DE 10 Decoded A s
- ‘ - . 10 )
Chart 1. Range of Addresses
0 23 —— S
- ] 9020D N 9020E
) RT) l B From To Frdﬁi_m‘ To
0 23 L SE 000,000 524,287 000,000 524,287 — e o — ———— e S ———— —
0 23 —-_—— SE2 524,288 | 1,048,575 524,268 | 1,048,575 |
——r— | gga 1,048,576 | 1,572,863 | 1,048,576 | 1,572,863 [
o SE4 1,572,864 | 2,007,151 | 1,572,864 2,097,151
i T et SE5 2,097,152 | 2,621,439 | 2,097,162 |2.621 439 |
1 SE/DE6 | 2,621,440 | 3,145,727 | 2,621,446 |2,883,583
SE/DE7 | 3,145,728 3,670,005 | 3,145,728 |3,407,871
X | SE/DES | 3,670,016 | 4,194,303 | 3,670,016 | 3,932,159 | Defeat Interleave
Ic SE/DE? | 4,194,304 {4,718,501 | 4,194,304 |4,456,447 [ A ok Decode Even Address
9 23 | SE/DEI0 | 4,718,592 [5,242,879 | 4,718,592 |4,980,735
0 23 - -
. or of SAB (5-23) Internal | - SAB(6) Decode Odd Address
Q‘;ugE Reg | A
\ - ZAM‘&';!; Defeat Interleave Reverse
| LAB(0-11) %_1_1 1219 | MC701
— 20
| L —._ Gate PSBAR to $AB (LAB 0-11 = 0) | OR N
‘
\ | y | sas0)
t
| ATR Slot I N OR
PAm Decoder
4 PAL 67 J A
40 63 l MAQD -
- 231 L_ L_ Defeat Interleave Logic
| ot Decode ATR Slot | - T . /17 -
ATR ___Gate PAL | of
w]o| ATR(0-3) H
FA i r— ! OR
al . GT SAB(1-4)
| _ ] 4| || | Mg L | l oR
(6or20) o
_-.J,7 m l—— éiaa(g)or 0 A.ddress
8 l l Las| 1]2][3)4 ATR Slot Decode [ ot 1 SAB . — | Lines
5-11 SAB(7-11 to
L 1 I OR Storage
‘2| | olololo Slot 1 Bits 0-2 (Extemal
_hs | ool ofn Slot2  Bits 4-7 SAB)
" e | o{of1]o Slot 3 Bits 8-11 .
| | ofof 1] Siot4  Bits 12-15 Logical ™= SAB(12-19
] oj1lofo Slot 5 Blts 16=19 mp211 |psBar  MP
20 | l of1]o]|1 Slot 6 Bits 20-23 I 19
23 o1} 1|0 Slot7  Bits 24-27 13 19
=12 | | op1f1 Slot8  Bits 28-31 pa
l 10|00 Slot9  Bits 32-35
= o7 | 1]lojof1 Slot 10 Bits 36-3¢
B 23| |
Physical ™
31 y
- 32l || I MP11E- [PSBAR MIPZ
Decode ATR Slot 10
L — 35 I . GT 9 12
36 | ARG - T 61
asl |
FAQD1
551

Diagram 4-602, Address Decode and Gating Logic
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v

CPU Req cry2

3 v 4 v

CPU 2
!

6 v

v

OR

From Diagram 4-601-

CPU Clock Al T

MCi21

3-Cycle Tgr -

CPU Not Clock 1A t

MCI21

CPU 3

CPU Clock

MCI121
CPU 3

:'CPU 4

CPU Not Clock

Insert Key

D=Sync Lth

HSS Early Accept

Key Advance

MmC27

| MC271
A

CPU Clock

CPU 5 Lth

A

MC271
Mach Reset

Stop
Stop CPU Clock Clock

MC27

MC271

Stop CPU Clock trigger reset conditions
function in either of two ways:

1. Resetting the trigger (when set).

2. Preventing the trigger from setting.

OR

Not Insert Key

BCU Cleanup
Select Successful -

Not Inhibit Cleanup Successful

From Diagram 4-601

LNJ CPY Not Clock A

Store m
LJ

MCI21

Clock | A

MC141

CPU Clock

] OR L

CPU Not Clock

A CPU4

MC141 MC141

CPU Clock

MC71

CPUS

Insert Key

Diagram 4-603. SCI Control Logic for CE Clock

MC141

CPU Not Clock

MC14

MC27

Single Cycle

MCl141 -

Not
1.

MC271

es:

CPU Clock times are developed from 'CPU clock to BCU' signal (Diagram 4-1).

Sequence in which sequences are stepped varies with request being processed

(see ALDs M8211 and M8221): :

a: " 4~cycle fetch: "CPU 2" trigger, 'CPU 2' latch, 'CPU 3' trigger, 'CPU 3'
latch, 'CPU 4' trigger, 'CPU 4' latch, 'CPU 5' trigger, 'CPU 5' latch,

b. 3-cycle fetch: 'CPU 2* trigger, 'CPU 2' latch, "CPU 3' trigger, 'CPU 4'
latch, 'CPU 5" trigger, 'CPU 5' latch.

c. Store or setkey: 'CPU 2’ trigger, 'CPU 2' latch, 'CPU 3' trigger,

d. Insert key: 'CPU5' trigger, 'CPU 5' latch.

Conditions that stop CE clock are:

a. 'CPU2' latch is set.

b. Insert-key operation.

Switch SS Pulse

8CU Hold

on CPU

T Clock For Single Cycle
-

CPU Clock Go

Not Clock ) |

Clock y
| Reset CPU Clock

CPU5 A
‘ Go Tgr MC291

MCl41

MC141



TUS ‘%09 (0L/L) WAWHA TO-10TL

2 v 3 v
D Req Tgr r

1C Reg_ Tar JORY A

can Req Tgr_ 1

Inhibit Storage Select E____

Select Qutstanding I:]
MC706
O-=-
t
Accept SE1 A;cRep Tir Early Accept @“

1
!
|

Accept
SE/DE 10 | r—
- MC261

SE1 Stopped

Inhibit SE1

BCU Cleanup
r_lf‘a] Late BCU Cleanup
L]

- , Accept

Inhibit A

Issue a Select

Storage 2 Tgr

v

Inhibit

i

Clock B2 A

Clock B1

T

Storage Select

OR | _NorClock BL A} L

SE] Not Ready IOR

L

Issue a Select (Reset Se! Lth)

A

SE/DE10 Stopped

Select SE1 r':'] -Not Inhibited

! mcan

Select SE/DE10
Inhibit "~ Mot | A

MC706

-~

BCU Osc

Not Clock BO+B2

MC706

Gate PSBAR to SAB

A select Timing Pulse‘

PSA Request

OR

Set Inhibit Storage Select

Select Unsuccessful

|0RI T
A

—@®

Select Ourstand_ing (Select SucFessful)

MC431

MC161

MC385

To Inhibit Osc

Step o Alt PSBAR

To All SEs and DEs

_'I_'i for_Inv Adr Invalid Adr Tgr e BCU Cleanup To Diogram 4-605
L T i -
BCU Cleanup MC741 N A -
MC741 MC741
. (Select to SE/DE Not Ready) meast Step PSBAR to Alt
0
Storage Check, Step PSBAR OR 4 Not
l . . oR CCRBit 6 or ILOS:| A
Any S t Lat .
OR NT)); I:h?kfi'rel.g ¢ ___E_I—' SE/EQEHS:LOPPM Invalid Address (Progrom Interrupt)
| A L R Invalid Address Bus - Delayed Invalid Address Bus
MC741
SE/DE Stopped |
Tor or Cancel
{ 7 (Select to SE/DE Stopped) CPU Specification Error (R05)
. I A Select Timing Pulse MC743
Late BCU Cleanup E
.—_._____.__SE] Ready PSA in Frame 1
M7l SE1 Nof Stopped A |oSeloct Pulse SE7 A
b L

n | SE/DE 10 ibited
SE/DE10 Not Ready  |ORE L / E—""" e
.
T ’
MC421

SE 1 Decoded (See Diagram 4-602)

SE 1 Ready A

SE 1 Stopped L

{ OR Decoded SE/DE Stopped

SE/DE10 Decoded (See Diagram 4-602)

SE/DE10 Ready

SE/DE10 Stopped

X J_L
A MC381

Diagram 4-604. Invalid Address and Frame Stopped Logic (Sheet 1 of 2)

Select Timing Pulse

&

Late BCU Cleanup

Select Pulse SE1

Select SE1 Even )

- ' SEI Decoded

SE/DE10 Ready A
SE/DE10 Not Stopped
MC411

PSA in Frame 10

Late BCU Cleanup

Decode Even

SE1 Decoded

OR

Select E1 Odd

Decode Odd

To Storage

Select SE/DE 7 (Simplex

Lines)

Select Pulse
SE/DE 10

MCé01

ORr 10 Even

SE/DE 10 Decoded

Decode Even

SE/DE 10 Decoded

Select SE/DE 10 Odd

Decode Odd




r—— 7777/

SE

CE makes
storage
request
. |
\
SE No
Sl’opy
Yes
SE No
not ready +
Yes|
Issue select
to SE and enter
25 us timedown
Continve
normal
cycle
Yes SE No
d Stopped
» Yes
| y
Set program Set program
interrupt "SE interrupt
stopped and "Addressing"
reset timedown and reset
timedown
\ ]
Y

No

Issue pulsed
ELC and
Psendo
Accept

achin

check mask
bit on
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Check Stop
and set
alternate
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Alternate
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No
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|
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Diagram 4-604. Invalid Address and Frame Stopped Logic (Sheet 2 of 2)
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2

Select Outstanding

From

Latch 1

DI OR
4_'2(9)2‘"" Set Storage TO On Logout 1A L
T | Latch 2
—1A L Timeout Pulse Not Storage (used for Logout)
LN mcrss — A
LN merss
i of Storage Timeout Gate Selected
gl
60 Cycle Pulse A Storage Time Out Pulse
STG /0 Storage Timeout
—E
Error Reset
Select Outstanding [ :'
j— 16 Ms —
60 Cycle Pulse = ‘H——'s
—DI |><— 300 NS
Latch 1 I =
Notes: Latch 2 [ )

1. 'Storage timeout' is activated if 'select outstanding' remains

active through two '60-cycle pulses’.

2. 'Select outstanding' may come at any time; the
example shown is for the least amount of time necessary to

set ‘storage timeout'.

Storage Timeout Pulse

3. ‘'Select outstanding! is deactivated by ‘accept’ from storage.

Diagram 4-605. Storage Timeout Logic

Storage Timeout
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PSA Request

SS Inhibit CPU Request

Reset CPU Request Tgrs

SS inhibit CPU Request

Inhibit Cleanup Successful

Set Inhibit Storage Select
OR T

Rate Single Cycle Inhibit SW

Storage Check Step PSBAR

MC161

2 v 3 v 4 v 5 v 6 v
!
Log Address Check (Address Outside PSA)
&\ PSBAR ELC

PSA Lockout from IOCE (360 Mode)} Not Select Outstanding

SE St d 360 Mod.
From Storage Address Check oPpe! oce OR
SE/DE Log ROS Check —

. o
Log in Prog(ess _AJ Log Storage Check Set Hard Stop Hard Stop CE ELC {Lovol Eloment Check) Interface

From Stérage Data Check - A o Condition 1 Inhibit OSC (KC101)
SE/DE e L Allow Checks _Rem Step

Hard Stop Reset (Logout Signal 1 | FL
From in from Another CE) o 1 A
Diagram (ATR) Search Complete m
4-607 Kwo081
fgom é\n();rSioruge st::, Err Stop Err MC951

i rre e
4lzgrsum Storage Timeout OR T J = T Gut: E,__
2 Fetch Data Check Any SBO Gate A
¢ Reset (from SE/DE) . Not Storage T.O. A Error Gate
rror Rese N Not 1LOS
MC756 MC951 MC951 Not Fetch Data Check [ Not Disable Check
PSA in Frame 1
SBO Gate Frame 1 (from SE1) Or Step PSBAR Enable 1-10
MC925

| MC951

Inhibit Next Select (PSBAR Inhibit Select)

PSA in Frame 10 -

SBO Gate Frame 10 (from SE/DE10)

> 4 >

Stg Data Check

Storage Data Check (BF541)

Configuration Check (No Alt PSA Available)

SBO Gate Frame 1 (from SE1)

>

Alt Set PSBAR ELC (At Alt Gate Alt)

Set PSBAR Error

SBO Gate Frame 10
(from SE/DE 10)

>
s_..
.___-s s. -

>

OR

BCU Stop Clock On CPU Storage Check (KW081)

L -
Error Reset
MC756
Stg Addr Check Storage Address Check (BF541)
L™=
Frror Reset_ §
Mc7s Stg Error
OR T

Error Reset

MC756

Physical PSBAR Parity Error

Logical PSBAR Parity Error OR

PSBAR Counter Parity Error

Check Reg 1 (CE Reg Checks)

OR

Check Reg 2

LOS Pulse Frame |

LOS Pulse Frame 10

[

plit Log

PSBAR
Error
T 3
Error Reset
MP44]
Invalid Address Bus
Storage Timeout Pulse J OR
Log Trigger A
Select Outstanding
Scan In Word 12
A (ROS Error)
ST Bus 60 .
Error Reset
CK REG 1
SUMMARY

Inhibit Clock CE Check (Check Stop-KCO11)

CK REG 2
SUMMARY

SDBI Parity
sDBl 0-63 | SDBI Parity Error _ Check
Parity L= >
Check Local Store Bus Parity Check
IOCE Check Response T
MB253 - =g OR
263 Error Reset N SAB Parity Check
MB273 CCR Parity Check
SDBO Parity Error Fetch Data Check ATR Parity Check
Any SBO Gate | L Kwo81
Fetch J A
Early Accept I A L Advance A T
Error Reset
MC941
Rem Fetch Fetch Sync
MC941 MC941

Diagram 4-606. Error Handling Logic

orf T
Split Logout (BF581)

To Diagram 4-607

MC791
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2 v

3 v 4 v 5 v 6 v 7 v 8 v 9
Alternate Check
?‘\ (At Alternate, PSBAR -
Go to Alternate) Error 4)
i f 9 110 |11 112
Parity Check L :ull:system :)I;l‘.N o — Not Clock Lth 1 Tor 1 Gate New Count M Tgr 2 Logical PSBAR| 910 |11 |12 ATR Slot Decode PSBAR Counter
t ]
(Log, Phy, Ct) Losystem kil or | Search AR RE Cloe AL T Nof Clock_|A} * ] ol of o o stori Bis03 ofofofn
Configuration Check (No 1 Ext Start : OR ol of of 1| slot2 Bits4-7 olof1fo
PSA Available or Go to 7))y Ext Stert ] Not Clock ol of 1| o Slot3 sitss-11 ofol1]
Alternate and No Alternate MP441 Kw41l ol o] 1|1 Slot 4 Bits 12-15 ol110}o0
Available) Not End MP511 ol 1] o] o Slot 5 Bits 16-19 oj 1ol
| [ ) Latch or ELC of 1] 0] 1| Sloté Bits20-23 o110
b m ol 1] 170 Slot 7 Bits 24-27 of 11|17
) Error Reset 3 | of v| 1| 1| siots Bis28-31 11ofo]o
il ol ol O Slot 9 Bits 32-35 1{o)o| 1
PSA Request (Gate PSBAR To Al PSB 11 0 0f 1 Slot 10 Bits 36-39 ojo0]o0| O
SAB Or Select Unsuccessful )+ Select to a Stopped Step to Alt AR B
Not Select Outstanding or Not Ready SE or DE q)
Rem Alt A L - .
Not Issue A Select A Step PSBAR 1 r;‘ ?’“L l Step Control Timing
F R L Alternate Alt Laich _I I_A_ N |
D'i‘:;mm Storage Check, Step PSBAR o Neot 380 Mode. JAR L ™ Error Reset A Sample End BO (positive) H_h__h_n_h_h_h—b
4-606 Load PSBAR (ROS) ~ MC43 NI MP531 )
MP501 -B1 (negative) mﬁ_ﬁ_ﬂ_ﬁ_ﬂ_ﬂ_s
Ctrl Reset A (Reset PSBAR OR | ! I
d tl Reset A (Rese ) MP501 @ | p B7 (negative) ﬁ h h h H H H h ¢
f | 1 L ol 1 I
External Start from CE1 OR Hold Lths Nl 1 LI | S L S B
N Latch 1 | t | |
External Start from CE2 External ‘&@ PSBAR Error l_l ! | .
External Start from CE3 OR Start L__’_‘ MP511 Trigger 1 [ | |
External Start from CE4 ¢ . OR Search Available | m e m |
IFetch R W3l L Hard Stop Reset I Latch 2 - Vl | | r i l i —
efch Reset 2 Error Reset 3 m A | ]
OR [rom— o fr—
é PSBAR Error OR OR @ 4 Trigger 2 ] i } | ! % ! {
» KWa11 MP551 o OR’ndL'-'h Gate Logical e | I'-"lﬂ : = I 4I-J|'1__‘
to counter
A I — I ey
: Gate New CT | | | ' I, ' i | —
CE1 SCON Received (SCON from CE1), : N Main Sfort':ge Ist Step | | | ' f I
CE2 SCON Received (SCON from CE2) Dummy External ge'f:f Scwlfchl TG (inverted e ! | 1 1 | I
CE3 SCON Received (SCON from CE3) Start Y‘C m -onsole signal) | T 1 T )
E C | A
CE SCON Racotved (SCON from CE4)| O% [ | PoBAREwer —[A] L A e Decods SE1 Sample Edd = 5 R ! ——_
Manual Set CCR Register : 47 il switch 1 £oce | I | | I H——-s
N ; ' s '
Search Completel l Decoder] | End Latch . l
O:: MP551 7| FC331 Pecods SEI0 Load Physical e T = e (
Log Address Check (Address Outside PSA) Hard Stop
Condition
PSA Lockout from IOCE (360 Mode) Hard Stop Condition {Level ELC to Al CEs) _
SE Stopped (360 Mode) OR L ’ g I # To Inhibit OSC
Log ROS Check ' o T0 External
Log St Check Set Hard Sto - o By
og Storage Check Set Har P v I12 . ccr b i e - us
| | rame 1 Vali
Kwog! ' — s 17 (PSA in Frame 1) - Search Equal SE1
Error Reset Logical IMP 8 A
0 PSB 2
9PSBAR 19 2 17 Box |
9 12 Tag . ]
. — - MP201 91 | Decoder Frame 10 Valid -[ Search Equal or SE Compare
ATR FA d I v (PSA in Frame 10) A SE10 (ATR)
0 50 Reset PSBAR 12 ool Search Complete To Diagram
Q3 3639 2 22 7 — or " 4-606
T Atr o1 A or Any Frame Valid PSBAR MP501
Slot Gate New Count 1 Configured
—_————— Encorder 6
3_9. —"‘ Physical PSBAR| 2 [ 10 | T 12 CCR Box Tag Decode Main Storage Select Switch [ 4 | 516 | 7 Switch Decode
L 2 1?7 < - 2 of of of 1| Bits Frame 1 Valid 0o |0]1 | DecodeSEl
9l Slot 0 0 1 0 Bit 9 Frame 2 Valid 0lo0|1]0 Decode SE2
: Decoder PSBAR 0 0 1 1 Bit 10 Frame 3 Valid ofo 1|1 Decode SE3
—E—]ﬂ 12 Counter 0 1 0 0 Bit 11 Frame 4 Valid oj110]0 DEcode SE4
MP301 0 1 [ 1 Bit 12 Frame 5 Valid of1jof1 Decode SE5
0 1 1 0 Bit 13 Frame 6 Valid ojt1fv|o Decode SE/DE6
Decode ATR Slot 1 0 1 1 1 Bit 14 Frame 7 Valid of1 |1 Decode SE/DE7
coce ™ 1] of of of Bitis Frame 8 Valid 11000 | Decode SE/DES
ATR Slot 1 (Bits 0-3) GT T 1 0 0 1 Bit 16 Frame 9 Valid T{ofof1 Decode SE/DE9
I _L 1 0 1 0 Bit 17 Frame 10 Valid 1{of1|o Decode SE/DE10
Decode ATR Slot 10 T OR
1 i = l
ATR Slot 10 (Bits 36~39) GT 1 ATR Parity Error GT
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Diagram 4-607. PSBAR Step Control Logic
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oR Inhibit ATR t. BAR .
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Load Physical Reg
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2 v 3 v 4 v v 6
/
T Reset |} [ =T " T ] -
1.0-MS | Iesiet \ 3 usec ) i External Step to | Result of
subsystem | POSgB/:; machine Reset logical :( efrna alternote | storage check
reset. 9-19) reset. | PSBAR (9-19) start. PSA. | or select to a
&7, . | i stopped or
|Reset ATR 0-39. : not ready
Y ] | y PSA SE.
Set 'stop Inhibit
clock'tgr parity
and inhibit checks.
all storage Alternate
selects. latch
’ on
Yy Decode logical
RSBAR (9-12) /
Set 'first for ATR slot 1. [ Reset 1
step’ latch. logical ! I.Or-ms Set “"alternate"
pspaR | syste latch.
(9-19) reset
Gate contents
- B of ATR slot 1
to physical
PSBAR (9-12).
. Yes
Decode logical
PSBAR (9-12) /
for ATR slot. Decode No
physical
PSBAR (9-12) T
Y : to select SE1 Set 'Inhibit
Gate contents valid'latch
of ATR stot to Y for present
physical PSBAR PSA SE.
9-12).
{ ) Enable parity
\ checks . P J
Decode Y
physical ] Gate PSBAR | TPSBAR
?SBbA: (?-12) counter (9-12) | counter equals
or box tag. to logical logical
End. PSBAR (9-12) | PSBAR (9-12)
l plus 1.
Is
decoded Decode logical
box tag fora PSBAR (9-12)
configured for ATR slot.
SE
Yes Y
Gate contents
of ATR slot to
physical
PSBAR (9-12).
|
) Decode physicalf
PSBAR (9-12)
For box tag.
\
Box
tag compare: Yes Yes
with main storage bl Bl
select configured
SW | SE
Reset “stop
clock™ tgr
control tgrs
and latches.
Logical
\ PSBAR (9-12) N\, Mo
equal
1001
End.
1
Logical Yes i
PSBAR (9-12)
=1001
‘Remember
_____ nine'latch
Gate PSBAR TPSBAR counter set.
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to logical | PSBAR (9-12)
PSBAR (9-12). Set 'PSBAR

|plus 1.

» Diagram 4-608. PSBAR Operations

4-608 (7/70)
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End.
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Inhibit BCU Cleanup Successful

2 v 3 v 4 v 5 v 6
Any Stg Error Not INH
Page On Next D Request (ROS) Page/D D Request Tgr A .
—_— Page 1 — Page 2
512 C Samp! A Stg 2 Tgr
arry Sample L A OR| Early Accept
Page (Parallel Adder L P
Latch 512 Carry} A S:;fes:?: D
MC991 ] s C
MC991 MC995
Gate Page
—’®__ A Address to IC.
Page On Next IC Request Page/IC
(ROS) A L A
1C Request Tgr SDBO Sample Time Gate Page Addr
MC991
Rem Page | | Page Compl.
Error Reset — L
Invalid Address Bus oR
MC995
Force ROS Addr 007
Exception Sync
Page Exception Clock P2 _"_LA T
SDBO Bits (61-63) Not Zero IA T IN 1
MC997
MC997 I N I
| |
Normal Stg
Begin Time Ref 5 Select Cycle Begins End Time Ref
— ‘ I
+ Page/D Lth(MC991) —J i R -
| Y
+ D Request —s f—J | L
| | | Late BCU
ﬁ | mﬂ nup
+ Stg 2 Tor | l
+ Page 1 Lth(MC991) -+ L
| |
p—
+ Early Accept jl JF
|
|
+ Page 2 Lth(MC995) T— ' U
|
| [rem—
+ SDBO Sample Time (MC941) } |
| fr— I
.l ]
~ Page Complete(MC995) 1 I
' l
+ Gate Page Address(MC995) J, 1
l N ﬂ
+ Select Storage ‘f_—Fﬂ !
| |
1 f ———
T T

+ Remember Page(MC995)

Diagram 4-609. Page Control Logic and Timing
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> 2 v 3 v 4 v 5
SAB(0) Excl:sive OR
L AoR P(0,1)
— N L
IminrARRCE
SAB(0) SAB(1)
P(0,1)
A SAB(1) OF
SAB(2 -
2) of NI-PO-3)
SAB(3) O N
MAZ81
SAB(4)
SAB(5) OF of P(4-7) OF
MA275
SAB(6) T Dl or Dl and MA271
N — A lor Reverse Storage Address
OF N
P(6-12) Pp(A)
OE N
A to St
SAB(20) I l = OE % orage
N MAZ75
MA281
B Defeat Interleave .
SAB(13)
SAB(14) of —E—‘ P(13-15)
SAB(15) OF
MAZ71
MCW  BIT OE
5 4 Reverse P-Bytes
: 1 1and 2
re R P Byte 1
T o P Byte 2 OF
° 0 No Reverse MASS3
SABE21) Kuot PU16-20)
P(21,22) tabilizer
OE OE L
C 5AB(22) OF MAZ53
SAB(23) Any Select Latch
P(16-22)
SAB P(16-23) OF | MA253 o P(I3-19) p(®)
SAB(20) OE to Storage
MA275
ATR Slot Parity MA275
LAB(5) OE
A {OR
Logical PSBAR(I3 MA265
2 09 - : ] b |sABPa-5 P(1-5)
Physical PSBAR P OE N A Reverse SAB Tag Parity O » to Storage
Gate PSBAR to SAB { NI MAHIT  MAGO1
MAZ285
ok A TORL | A8 P(0-7) 1
A
ATR Parity Not MA265
Equal LAB Parity(1-4)
A |or
Logical PSBAR P(9-12) OE | | ] LAB P(8-15)
Logical PSBAR P(9~15) OE A
LAB P(0-7) OE —E—— MA245
LAB P(8-15) |
Logical PSBAR P(16-19) OF J| N [r'
’ MA245
Diagram 4-610. SAB Parity Conversion Logic



2 v 3 v 4 v 5 v 6
r CE REQUESTS \
3-Cycle IC Insert Key Set Key Test and Set Scon (FLT) )
|———-————— — —— — —— —— ———___l
I nenerated I
generated generated Set Set I
'scan sync' ‘D 'sync’ No
trigger. trigger. I
—
e . | D inhibit if
i 'Block |-Fetch'
trigs I . -
| trigger is set.
Scan -
mode or D
inhibit
| Set Set |
*scan=sync’ ‘D sync’
| latch. latch. '
| Set Set %
'3-cycle' "1C sync’ |
latch. latch. v _
| ‘ r |
I 'Test and
set' tgr - l
set
. |
| w \ Y Y ] ]
Set '3-cycle Set 'CPU Set Set Set Set Set 'D Set 'scan Set "IC I
request’ request’ 1 insert key' / ‘set key' ‘test and set" 'store’ request’ request’ request’
trigger. \ trigger. / trigger. / trigger. trigger / trigger. trigger. trigger. trigger. !
‘______.____\__ ’-_\.——74 — D m— / —— —— —— e e
\ 1
CPU SEQUENCERS AND 7 / _
CLOCK CONTROL LOGIC \ / e
s
\\ l / 7
\ | pd
Set 'CPU /
\ 2’ trigger. | /
\ Set 'data
/ gate' latch Gate D Gate scan Gate IC
\ ‘ to gate ST or address address address
\ [ / / XY to.SDBI. to SAB. to SAB. to SAB.
\ e R VA % ‘ i { { {
2" latch / Gate key Gate marks I Address
\ / from F - to ‘mark’ from CE
\ \ / / ’ to ‘key" bus. bus. | '
\ \ L ;
\ I / Senfi insert + \ ‘ AR SAB
‘cPU key' and
sff C ‘cancel’ sig- Send 'set Send 'test and Send 'store’
\ 3' trigger- nals to key' signal set' signal signal to (] 39] 8 31
\ / / ' storage. to storage. to storage. storage. 0 3 36 39 912 13 27

\

BCU-
clean up

'BCU cleanup
for CPU request’
or ‘advance’
signal

Reset 'CPU
stop clock'
trigger.

!

Set 'stop Stop CPU,

CPU clock’ clock on

trigger. following
cycle.

key' or 'store’
tgrs set

\ [ No further
\ sequencer

| stepping

\ L required.

3-cycle'
tgr set

Set 'CPU
3! latch.

Y

Set 'CPU
4* trigger.

\

)

Set 'CPU.
4" latch.

No

y

Set 'CPU
5' trigger.

Set
'CPU Cancel'
latch

[
Al

Set 'CPU
5' latch.

Diagram 4-611. Detailed SCI Functional Sequence (Sheet 1 of 2)

l 1OGIC
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STORAGE CONTROL
INTERFACE LOGIC

D, IC, orScan

I

o :]_ ]

request tgr. 1% 5
] . .
Set 'Storage SAB (1-19)
2' Tgr. to Storage
\
SE/DE
Yes /'_r Jor
+ not ready
Set program No
interrupt. *
Decode
SE/DE.
PSA *
reference . Issue select
. to decoded
SE/DE.
Force select Accept
PSA SE.
To PSA SE from SE/DE
Alternate
latch
on
Issue *BCU ] Reset
cleanup’ i 1. 'BCU busy' tgr.
signal. | 2. 'Stop CPU clock" tgr.
Hard stop. 1 3. ‘Select try' tgr.
Select to ‘
PSA SE -
. Set 'late I Resets:
’ BCU clean- 1. 'D-', 'IC-', and 'scan request® tgrs.
up' latch. | 2. 'Setkey’, 'insert key', and
Step to ] 'test and set* tgrs.
alternate and Machine | 3. 'CPU request' tgr.
turn alternate check i 4. 'Address valid' latch.
latch on. logout. i 5. ‘lnvalid address cancel' latch.
p 6 'cPU cancel' latch.

S S U

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
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TYPICAL CE REQUEST TIMING
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Diagram 4-611. Servicing of Storage Requests in Single-Cycle Mode (Sheet 2 of 2)
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2 v 3 v 4 v 5 v 6

CPU 2 Lth Stop Clock Tgr CPU Clock Go BCU Hold On CPU Clock (Allow Clock To Run)
T Statsw_JAf L
BCU Cleanup
MC271
Single Cycle SW Single Cycle Tor Inhibit CPU Request
I T —Jal L
l_l | —
Late BCY Cleanvp CPU Clock Signal ROS word
. Start ————— e e — ] specifying
T request.
Set appropriate
Note: IC, D, or scan+
: i
Storage requests issued by :();::h'rlgger/
CE 1-Fetch hardware are
services in the same manner
as microprogram requests:
the CPU clock must be 05 o
stepped automatically fo CPU Clock Signai stROS wol
effect ingating under the Start —_————— ————————— " following
control of 1-Fetch sequencers. request.,
Set 'CPU 2'
trigger/latch.
‘CPU Clock Signal 2nd ROS word
Start —— Py e —— —— —— —— —— —— — ¥ following
request.
‘ —
‘ Y
Set "CPU 3" | _ __|Set "Stop CPU
trigger. lelock " trigger
" | This trigger
\ ‘Sj;c‘(CP:J" | controls CPU
triggerg | clock after
No (Fetch) Lrestart,
Store
Yes
A

No - Yes ‘ ——______________r—_
Start No ROS word

I is accessed
because "stop

' CPU clock"
trigger is set.

. . . Tumn off "“in-
Set 'CPU 3' Set 'CPU 4' Set 'CPU 5 hibit storage
latch. latch, latch. select" latch.

3 3 !

Send "select"
signal to
storage.

Generate
V " "BCU cleanup"
lt:-Cy,::l e 3-Cycle Store signal .
etcl -_—
ch Fef:ll ] Set "request
#1 finishing"
trigger.
3rd Ros word
n " : " n Reset "CPU Set "Stop g
Set "CPU 4 CPU Clock Set "CPU 5 CPU Clock " CPU Clock " (specifies
trigger/latch. [+ ] trigger/latch. [ ————— ] :::Ck4?° [ = === gPU clock” t——— ——— SDBO=ingate,
gger ‘gger. 3-cycle fetch)
"CfU .clock No
go" trigger
set
Reset ™ + 1 i
Step CPU clock esel reques | Request
until ingating finishing completed
is effected. trigger. '.
4th ROS word
u (specifies
Set "CPU 5" Rlese; CPU CPU Clock Signal ) SDBO-ingate,
trigger/latch. glock go = — = T T e e I T T T T Pyl fetch);
rigger. ingates SDBO
on 3-cycle
fetch.
Reset "CPU . 5th ROS word
clock go" _______________________CiU_(lo.cgag_ntil______JL______—_ followi.ng re-
trigger quest (ingates
SDBO on
3=cycle fetch.

Diagram 4-612. Servicing of Storage Requests in Single-Cycle Mode
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’G* End Op —sfe—— |-Fetch

I L
—

Machine Cycles

R1 (or R2 if Branch) — LAR
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B——#LAR (NEOP or BEOP)

i i
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22 | |
rrfrF—————————————— —
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{ e =n OR  fump (Decode | oo l
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1]
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i DRO6I1 |
L RQ781 ]
Q st 2nd 3rd 4th g
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RRPRRYRS SRR i V3 Y
0.3 16 19 32 35 48 51 I !
| — Qs-51) |
B Field I et |
! |
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| Q(32-35)
. GT |
B Field | } OR ey )
| . i
| o |
Q(16-19)
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I I
! Q0-3) |
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I I
| ]
=] Effective R; Decoding is ! |
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15 e e e e e | 1
1 r ‘ _} i i
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I:‘ormczt i E | i B Field l
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b1 Rk GT
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A - v 1 ]
1215 D Branch | o1 izl : | |
. 8 |
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Diagram 5-1. - Operand Prefetching During End Op
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BEOP : A 3-Cycle Storage
I — | Request (Per IC)
» DRO61 | :
RR | |
/X RX A A T 1. Start I-Fetch
RS RS : Not$S Sequencers
sl Sl I 2. Request Q-Register
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0 15 16 31 32 47 48 63 | i
| ] ] | ! i
! |
0 15 | H
| |
-
> R RR ———
o 15 r :
01 , , IR, RS, or sI |
v
T Format | ] |
%1 Predecoder I ss A !
0 7 } A ————4— 4-Cycle Storage
c RROO1 : ¢ : Request (Per IC)
! I
! I
' |
! |
' |
Op-Code Bits > Branch |  Not Branch 1
| 2 Predecoder | € p A KD101 |
| xecute Not In Progress KD201
RR181 | }
|
D
D Diagram 5-2. Instruction Requests During End Op DIAGRAM 5-2.  INSTRUCTION REQUESTS DURING END OP
-
IC CA
0 23 '——-—___—_.__—_._..._-__——— -1
21 22 i |
_ 01 |
Bits | OR b— |
—
EEOP e1 2,2 | | | |
' e !
E ) |
| |
DRO6] | |
RR ] |
RX RX | |
, RS RS | 1
sl . S|
» Never : Never | . 1
] -
@@ | © | ao ay ra | A
0 | 1 ) 63 | —
0 15 16 3 32 47 48 63 |
L ] | | : :
F | |
|
| OR
I ek MINetre | A A 1. 4-Cycle Request (Per IC)
Format t L':'J — 2. Start I-Fetch Sequencers
_ | Decoder | - 3. Request Q-Register
> Refill Priority
! Not SS | 4. Block Request at End Op
L)
|
RROO! |
| |
Branch I |
Decoder (Not) Branch
G ——— ; :
| Execute Not In Progress A '
! |
RR181 | KD101 |
L KD201
Diagram 5-3. Instruction Requests During Early End Op

52,3 (7/70)



3-Cycle Request
Per 1C(0-20)

—— 3-Cycle Request
Per D(0-20)

-
R RR
0 15
01
0 15 —I
Format
Predecoder
0 15
— KD802
p———
e = =
R
1C(21,22) =01 0
0 15 C(21,22) orl L
0 71215 A
]— —_— - RESET (F1)
[ RR - (Not) Execute Trigger
01 IC21,22) =10 Alor (Q-Register Exhausted) A
(R2 Field = 0) -
1C(21,22) =00 or 11 A _—
Branch Format
Decoder Decoder KD201
DNOO1
DINOT1 RX
A (Unsuccessful RR Branch)
RR
or |—
DNOT1
BC or BCR (0X00 0111) (Branch on Condition) KD201
(Unsuccessful Branch
A on Condition) ) ‘
Condition Met for BC or BCR r;'l
L_'l KD201
m (Assume Successful Branch) OR .
J KD201 , RESET (F1) A
(Any Branch Instruction Except Execute)
' [ |OR
Execute Trigger
RX, RS, or SI A
D(21,22) =01 or 10
RR
OrR I N } (Not) Inhibit Operand Requests
1/O or Shift Instruction, STH, —]
STC, STM, LA, MVI, TS ——
KD201

Diagram 5-4. Branch Requests

7201-02 FEMDM (7/70) 5-4



- -
b RD IC CA
0 23 0 23
21 22 2122
l [ R — l
IC(22) or D(22) =1
IC(21)or D(21) = 1
r—————f+-F-—---- e — o ———
| IC(21,22) = 10 —!
B-Field = H
| NEXT-INST*IC GT o Solostion 1C(21,22) =01 [
| (Decode IC(21,22) =00 |
| Bits21,22) [ cor,22=11
! o ]
|  NEXT-INST*D GT |
| DRO61 ]
L e e e e e ——— e J
v ) M [
Q 1t 1 2nd | 3rd | 4h RrQ
Halfword 1 Holfword | Halfword | Halfword
9 1 1 1 63
03 16 19 32 35 48 51 r |
1 [
A Q(48-51) =0 A :
| I |
I . !
| [ b A Q(32-35) =0 N B |
(S 1T I
! OR :
| I
DN I A Q(16-19) =0 A - |
| | |
I |
| |
:N I I A Q(0-3)=0 A |
| - I
| RQ683 I
e e e e —— e -
- Effective R; decoding is done ey
R from SDBO if BEOP BField=0

A

X Field =0

Decode
R(0,1)

RX l RR141

Not RR

RROO!

Diagram 5-5. Selection of I-Fetch Sequence

5-5 (7170

Bits 0-5 Are Specified by End-Op Word as 001000

_-_l_V \

)—————»56 7 8 9 10 N
ROSAR

DS051
Ds161
RX081

Address
Decoder

ROS




2 v 3 v 4 v 5 v 6

e RR Format
—— e —
Diagram 5-30 | opcode /M| r2 |
: [ 78 12 15
Test for Q-refill
exceptional conditions. e Purpose:
1. For nonbranch instructions, load Ist operand into A, B, and D; load
2nd operand into Sond T.
2. For branch instructions, load 2nd operand into A, B, and D; load 1st
operand into S and T. Request new instructions if needed.
3. Set STC to 100 and ABC to 000.
No Branch .
+ instruction o Initial conditions if 1-Fetch is not blocked:
1. .Instruction is transferred to E.
Transfer 1st : 2. For nonbranch instructions, T contains 1st operand; for branch
o:’er:::(; frr::;m T instructions, T contains 2nd operand.
to A, B, and D.
Transfer 2nd
operand from T
to A, B, and D.
Branch Yes
on
Condition
Condition Yes
met
Request instructions
per D (3-cycle).
r Y
Address LS per Address LS per IC(21,22) No
Ist R2 to obtain R1 to obtain =10
I-Fetch 2nd operand. Ist operand.
Cycle
y y _ y
|
Transfer 2nd Transfer 1st Request instructions | Inhibited if Request instructions
operand from LS operand from LS A IC (3-cycle) | 'execute in progress' :‘D (3-cycle)
toSand T. toSand T. per cyelel. i trigger is set. pe yele).
) Y.
A -
|
Increment 1C(21,22) {  DependentonIC
by 1 d transf i at end op; see
Y |+ Gnd franster table on this page
1st halfword of | page.
next instruction to R. ’
\
y
RR [-Fetch Variables
Set STC to 100 IC Setti .
and ABC to 000. ot Em; gg Incremented IC Next Op-
[ Code Word
C Transferred
{ Refer to Diagram 5-30. Bit 21 Bit 22 Bit 21 Bit 22 to R From:
No Q-refill | Yes 0 0 0 1 Q(16-31)
priond 0 1 1 ] Q(32-47)
condition 1 0 1 1 Q(48-63)
1 1 0 0 Q(0-15)
Y - Note: These actions are inhibited when ‘execute in progress’ trigger is set.
Brur:’chffo Ist ':95 | SDBO is gated to Q during
sv::ue:c:’:zu ton | 2nd execution cycle if
, . | Q-Register refill was
Ef°2'°7)d_’ ROA requested 2 cycles before
micro~-order. | end op.
L
Y e ____..___.____._r.-————— —————— -—— - —— n —————
-Qro4t, RR I-Fetch Q-Refill
030 Exceptional Condition Cycle l
y Increment |
: i IC(20) by 1.
Branch to 1st ROS word i l
of execution sequence 1 l
per 'E(02-07) —» | —_——
ROA' micro-order. 1
l Issue ‘RASCR’ | Causes SDBO |
| micro-order | fo be gated to Q I
] - during 2nd I
l | execution cycle.
[
[ |
T |

S

Diagram 5-6. RR I-Fetch

2701-02 FEMDM (7/70) 56



2 v 3 4 4 v 5 v 6
. —@— Increment
” d 2 IC(21,22)
- - I I ! -
D RD Ic CA Q i | RQ
23 23 0 1 { 1 63
0 15 16 31 32 47
| ] |
Note: Numbers in circles refer
to timing chart below.
0 15
‘ l I -
I IRrP
R IRI1IR2
0 | |15
8 N
. Not Branch -]-12 15
{
1 ) Branch
\
1[4 A 0 15
Local __\
Storage LAL LS
0 4
LS 0 15
0 31 —
0 31 ] | RE
E RVjR2
0 15
8 11
Branch 12 15
2,3 —Q) Not Branch
31 32 63 0 { 3N 32 | 63
- - m | -
3 RS RT A RA| B RB
31|32 63 0 31132 67
32 63
©)
32 63
4 63\ 4 63 %7
/
PAA PAB /
/
/
Parallel 7/
Adder /
. ]
4 PAL 63! &7
32 63.
l G)
40 63 o/
(3)— l
>/
st
I‘_—'End Op '—.}'———I-Fefch * Execuﬁon _——q
Cycle
| X | | _ !
[ ’ ! | :
Clock || l I' I : {—Execution
R1 for R2 if Branch) to LAL | @ l @ | @ :
| |
[ ! ! !
LStoT | ee—— | !
| | ] |
T to PAA(32-63) | " . | :
. I 1
| | v | |
RtoE I \ : | [
’ | : ' '
R2 (or RY if Branch) o LAL | | ! '
LSto Sand T ! | I— :
| | 1 |
PAL(32-63) to A and B [ I ! '
| I ! - :
PAL(40-63) to D : : I'..__ ]
! | | ]
Increment 1C(21,22) ; | — |
| i |
Q to R (Next Instruction) I . l i
i | |

Diagram 5-7. One-Cycle RR I-Fetch

57 (7/70)




From SDBO
| : =
Q l : RR Inst } Next
(Now in R) Inst RQ
0 I I | 63

|"—End Op

|
|
|
l
Clock _l I

48 63
0 15
]
-
R RR
0 15
0 15
0 15
————
-
E RE
0 15
+ [-Fetch % Execution ’——?
| ] |
i Normal Additional I First |
] [-Fetch Word [-Fetch Word | Execution |
" { (See CLD QU041 | Word
ROS Block JF) | !
frm— i H H

| |
! SQ 1 Set SQ 1 Reset SQ1 Set
Storage Request per IC = NELBEOP' : SQ 2 Set : SQ 3 Set
Rto E I R —»E ;-— { I
! ! ' |
QtoR } | Qs7—»R Ih— :
IC +8 I I H
| ! | [
(IC + 8) to IC | | I [
I I | |
| | | |
1 | I |

SDBO to Q

Diagram 5-8. Two-Cycle RR I-Fetch

|
I
l
[
I
[
|
[
|
[
|
!
[

!

7201-02 FEMDM (7/70) 5-8



1st |-Fetch Cycle

Diagram 5-30

Test for Q-refill
exceptional
condition.

Q101

1

Y

increment 1C(21,22)
by 2, and transfer Q
to R if next
instruction is in Q.

Dependent on IC
at end op; see
Notes 1 and 2.

Yes {Nonindexed)

Transfer D2
from Q to D.

X2=0

No (Indexed)

Add D2 to base
address (in T) and
transfer to D.

Transfer D2
from Q to B.

Add D2 to base
address (in T) ond
transfer to B .

>l
V#‘

Transfer 1st
operand from LS
(per R1)to Sand T.

No

/

Q-register
refill exceptional
condition

]

[y
Vi‘

Tronsfer index
from LS (per X2)
to T.

[
|
i

Refer to Diagram 5-30.

Refer to Diagram 5-30.

Issue 3-cycle
storage request per D
for 2nd operand.

———— e e e

[

QT041
032

Q-Register Refill Exceptional
Condition Cycle

Conditional;
see Note 3.

Increment 1C(20)
by 1 (done by
I-Fetch sequencers).

No

QT041

Q-refill-
exceptional
condition

e o e o o — —— e e —= — e — —— — e o}

Performed by 'RASCR'
micro-order.

22

1C{20)
olready is
incremented.

v

Conditional;

see Note 3.
A -
| -
Issue 3-cycle 1 Conditional;
see Note 3.

storage request per D
for 2nd operand.

v

Issue 3-cycle
storage request per D
for 2nd operand.

Set |-Fetch

!
i
1
|
|
!
|
|
i
I
I
I
|
|
|
|
1
|
|
|
]
|
]
|
]

Performed by RASCR

Transfer D to

- QT041
7] 03A y
Set 1-Fetch

sequencers | and 3.

Y

Increment 1C{20)
by 1 (done by
I-Fetch sequencers).

QTO11

Add contents of T
and B (2nd operand

storage request per D
for 2nd operand.

v

(per R1)to Sand T.

sequencers 1 and 3. - micro-order; PAL for SPEC
see Note 4. test on next cycle.
e
| Index Cycle 1
| QT041
| address) and
I transfer to D.
| —
Conditional; ] Issue 3-cycle
I see Note 3. ]
| Transfer 1st
I operand from LS
R S |
l <

Branch to 1st ROS
word of execution
sequence per
'E(02-07) —ROA'
micro-order.

Diagram 5-9.

59 (7/70)

RXI-Fetch

Actions referred to
in Note 4 also
occur {one cycle
earlier) if request
for new instructions
was issued two

cycles before end op.

e e

e RX Format

OpCode | RI | X2 | 82 |

) 78 2

e Purpose:

15 18 19 20

1. Transfer 15t operand to S and T.
2. Compute address of 2nd operand and transfer to D.
3. Request 2nd operand from main storage (see Note 3).

e Initial conditions if [-Fetch is not blocked:

1. 1st halfword of instruction is transferred to E; 2nd halfword

isin Q.

2. Contents of LS register specified by B2 are transferred to T.

Next Op-Code Word
Transferred to R From:

Q(32-47)
Q(48-63)
Not Yet in Q

Q16-31)

Notes:
1. IC Incrementing and Q to R Transfer
Conditions at End Op
I ted
1C(21,22) Position 1C(21,22)
inQ
=
w [ EAH|
= =
ZhRll=
o tE = 1
=
oot EZ 0
B
]
fQ—register refill is requested by end-op word; Q-register refill
priority does not result if RX is indexed and request is issued
two cycles early.
2. Incrementing of IC, transfer of Q to R, and the refilling of Q are
inhibited if ‘execute in progress' trigger is set.
3. 'RESET' micro-order:
a. Inhibits setting of 'D sync' latch if LA, STC, STH, or unsuccessful BC.
b. Sets 'IC sync' latch if unsuccessful BC.
c. Resets STAT's, Edit controls, STC, and ABC.
d. Sets LAR(0) if floating-point instruction.
4.

|-Fetch sequencers 1 and 3 gate SDBO to Q during 2nd execution
cycle, and transfer Q(0-15) to R if IC(21,22) = 10 during previous end op.




2 v 3 v 4 v 5 v 6
{3) Increment
~ 1c(21,22)
23 2] 2 !
- - L]
D RD ic CA a : { | RG
03 1619 3235 4851
B Field 0 [ [ T ‘
NS 4 15 20 31 3647 52 63
0 15 16 31 32 47 48 63
Note: Numbers in circles refer to timing
chart below.
0 15
_-
R RR
0 15
0 15
JLIE S 2
Local —
Storage LAL L-S
0 4 0 15
Ls T 1 =
0 3 EfRI| RE
0 | ] 15
0 31 g 1 C
T 2)
o)
\
31 32 63
—
[ - - { m
s RS] T RT A RA B § RB
31§32 63 0 31132 1 67
32 63
®
D Field
32 63 52 63
" 4
4 63 4 63/ 67
//
PAA PAB
/
Parallel //
Adder /
4 PAL 63 167
40 63
() l
o/
0 '_L st
I"——End Op > I-Fetch T Execution —‘l
Cycle
Clock —l l II l - m———e I—» Execution
O, ® N O
B Field to LAL : I
| I
ISto T (— ' I
[ f— |
Rto E [—— l
I |
T to PAA(32-63) Only if B #0 } i
D Field to PAB(52-63) P i o
I |
E(8-11) to LAL | o
| |
LStoSand T l ' _
I I
PAL(40-63) to D | |——
' |
Increment 1C(21,22) | [——
| ’ |
Q to R (Next Instruction) ! P

Diagram 5-10. One-Cycle RX, RS, and SI I-Fetch
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» 2 v 3 v 4 v 5 v 6

\j‘3 ) Increment
1C(21,22)
0 23 212
) - - | 1 | -
D RD Ic CA Q I i | RQ
0 23 0 23 0 1 i i 3
A 0 3 1619 32 35 48 51
B2 Field ray [ | ' I |
U 4 15 20 31 36 47 52 63
0 15 16 31 32 47 48 63
Note: Numbers in circles - I l l |
refer to timing
» chart below.
0 15
_—
-
R RR
B 0 15
0 15
1 4
Local (————
- -
Storage LAL LS o 5
0 4 .
?‘
LS . -
4 31 : 1o oge
el R X2
3] " {i5
8 11
R1 Field fs\ l 1215
o/
X2 Field ~
c ® @D ®
0 31 32 63 _ 32 63
- - - ™
s RS T RT A RA B | r8
0 31132 63 0 31§32 i 67
> 32 63 ‘ 32 63
L I
o ©
D
D2 Field
52 I 63
32 63 32 63
4 63 &3 %67
/7
> PAA PAB i
/
Parallel 7/
Adder /
1
4 PAL 63! &7
E 32 63
| _(3)—
40 63 \\>
(Y
> Ist
. r—End Op —'I= - 1-Fetch T Execution ————.I
Cycle
Clock [re— m ﬁ
oc ’ I I l 1‘ » Execution
NO) | I
B2 Field to LAL | @ | @ | @ |
. |
F | ' ! '
LSto T I— I | |
| | I |
Rto E — . . I I I
| ! ! !
T to PAA(32-63) Only if B2 #0 } | : |
|
> . I | | |
D2 Field to PAB(52-63) L . |
r 1 I |
X2 Field to LAL I I i ¥
1 |
ST : ’ I_ : l
G | | | |
PAL(32-63) to B ) | — I |
| I | |
Increment 1C(21,22) . | — l I
| |
T o PAA(32-63) } ! 1 |
[ |
> B to PAB(32-63) : l | |
, | ] | |
R1 Field to LAL | | |
I l ! l
. PAL(40-63) to D | | l,_._ I
| | ' |
LSto Sand T | | |
]
Q to R (Next Instruction) | | | I
> Diagram 5-11. Two-Cycle Indexed RX I-Fetch

§-11 (7/70)



2 v 3 v 4 v 5 v 6

From SDBO From SDBO

Storage Request per D

a T Op-Code | 2nd [ Next a3 q r I Op-Code | 2nd
| Halfword | Halfword | Inst | Halfword | Halfword
0 | (NowinR) ¢ | 63 0 i | (Now inR) l 63
1619 20 31 48 63 0 15 48 51 52 63
B Field wg— | B Field fo LAL
to LAL
‘ 0 I 15 0 15
D Field to PAA T — —- D Field to PAA
R RR R RR
0 15 0 15
0 15 0 15
0 15 0 15
——— P—
- -
E RE E RE
0 15 0 15
(A) 1C(21,22) =01 ot End Op (8) IC(21,22) =10 at End Op
End O | [-Fetch ole Execution
P ** g
[ |
I | | | :
| | Normal Additional First
| I
| | I-Fetch I-Fetch Word | Execution |
I | Word | (see CLD QTO41) | Word |
| ‘ | | l
| : | ! |
— = S -
Clock | . [ )
SQ 1 Set SQ 1 Reset I SQ 1 Set
Storage Request per IC NEM I SQ 2 Set | SQ 3 Set |
| ! | '
Rto E R —oF | I| | :
QU8-63) to R if IC(21,22) = 11 ; Py S— : !
I flndexed RX instructions
B Field to LAL NEQE oL BEOR I I | require two additional
i | | | 1-Fetch words.
LSto T o T | | : !
I | [
T to PAA (if B #0) M I |
I | : I
D Field to PAB &7' | '
|
| | [
IcC+8 j——— |
I
(IC +8) to IC |— :
I
|
|

SDBO to Q

MS-REQ * D-3  |mmmmmen -
|
I
|

Q(0-15) to R if IC(21,22) =00

Diagram 5-12. Two-Cycle Non-Indexed RX, RS, and SI I-Fetch
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Diagram 5-30

Test for Q-register
refill exceptional
condition.

QT005 ‘

Increment 1C(21,22)
by 2 and transfer
QtoR.

Dependent on IC
ot end op; see
l Notes 1 and 2.

Yes

Transfer D field
from Q to D.

B field =0

e

No

Add D field to
base address (in T)
and transfer to D.

o

Transfer LS
per E(8-11)
to Sand T.

] Obtains 1st operand
I for RS instruction.
|  Not used by

No

Q-refill
exceptional
condition

RSP I —

l Sl execution.

| Refer to Diogram 5-30.

Yes

issue 3-cycle
storage request per D
for storage operand.

QTOo41
034

Conditional;
see Note 3.

(RS Format and Op Code =
Yes 1000-1XXX)

\

Increment 1C(20) by
1 (done by |-Fetch
sequencers).

v

Set |-Fetch
sequencers | and 3.

— — — —— — —— — — — — — —— — — —— ——— — — — — — — t—

r
|
|
|
|
|
| Increment 1C{20) by 1C(20)
1 1 (done by I-Fetch already is
| sequencers). incremented.
' Conditional; see Note 3. | Issue 3-cycle
' storage request
I per D.
I Y ¢
| Issue 3-cycle : Conditional; Note 3
storoge request 1 " mono> 7 see Note 3. Transfer D to
I per D. PAL for SPEC
: N ‘ test during next cycle.
| T
| Set [-Fetch | Perfsormed by
sequencers ‘RASCR' micro-order;
: 1and 3. ! see Note 4. 32‘3001
| I — Dty
le \
v, - I
l Performed by !
'RASCR' micro-order; |
I see Note 4. |
J
e I |
Y _

Branch to 1st ROS
word of execution
sequence per
*E(02-07)—s ROA'
micro-order.

If shift instruction has been fetched:
(1) actions referred to in Note 4 also
occur if request for new instructions
was iesued two cycles before end op,
and (2) first execution cycle branches
to second cycle per PAL(58-63).

—_

Diagram 5-13. RS and SI I-Fetch

5-13  (7/70)

First execution cycie branches
to second cycle per D(18-22).

Branch to 1st ROS
word of execution

q per
*£(04-07) —s= ROA'
micro-order.

Notes :

e RS Format:
[ Opcode [ ri | R3] 82 | D2
[ 78 oz 1516 1920 3
S| Format:
[OpCote | 12 [ m DI |
[ 78 1518 1920 3t
Purpose:
1. Transfer contents of LS register specified by E(8-11) to S and T.
(This is 1st operand for RS instructions only.)
2. Compute address of storage operand and transfer to D. (For RS
instructions, this is address of 2nd operand.)
3. Request operand from main storage (see Note 3).
Initial conditions if [-Fetch is not blocked:
1. First halfword of instruction is transferred to E; 2nd halfword is in Q.
2. Contents of LS register specified by B field are transferred to T.
1. IC Incrementing and Q to R Transfer:
Conditions at End Op
| d Next Op-Code Word
1C(21,22) Position IC(21,22) Transferred to R From:
inQ
Vit
00 ../ % 10 Q(32-47)
% 7
Y
N i .
10 . t / A 00 ot Yet in Q
r- 7
i ////// }
n L % o Q(16-31)
tQ-register refil! requested by end-op word; Q-register refill priority
does not result if shift instruction is being fetched ond request is
issued two cycles early.
2. Incrementing of IC, transferring of Q to R. and setting of 1-Fetch
sequencers are inhibited if 'execute in progress' trigger is set.
3. ‘RESET' micro-order:
a. Inhibits setting of 'D sync' trigger if fetching MV1, STM, TS, shift,
or 1/O instruction.
b. Resets '3-cycle request' trigger (causing 4-cycle request) if fetching
BXH or BXLE instruction.
c. Resets STAT's, Edit controls, STC, ond ABC.
4. |-Fetch sequencers 1 and 3 gate SDBO to Q during 2nd execution cycle,

and transfer Q(0-15) to R if 1C(21,22) = 10 during previous end op.




2 v 3

No Interruption
or Exceptional
Condition Pending

st |-Fetch Cycle

® SS Format:

QT1021 LL
"
o 22 by 5. [orcoe TuT ] e [for] w [}fo]
o 78 Wiz 1518 1w 32 383 a7

e Purpose:
: . 1. Transfer op-code halfword of next instruction to R; update
: IC and place into LSWR.
No Yes 2. Transfer computed address of Tst operand (destination) per
instruction class to D; request destination operand from
. main storage (gated into CPU during 2nd execution cycle):

a. Lowest destination address for logical instructions =
Set 'gate |-Fetch base address (per B1) + D1.
invalid address' . Highest destination address for decimal instructions =
trigger. base address (per B1) + D1 + L1.
3. Transfer computed address of 2nd operand (source) to IC
and 7. Lowest source address = base address (per B2) + D2.

Pr 4. Perform ASC test (and invalid instruction address test if
complete instruction is in Q).
o Initial conditions if |-Fetch is not blocked:
Yes No 1. Contents of Q per setting of 1C(21,22) during preceding
end of cycle:

Initiates testing
of address of b
next instruction.

LL
Transfer D1 Add D1 to base address ———y
in Qto D. (in T) and transfer
" result to . 00 Op liyl2|e| o1 [s2z| D2 7 Next
Code Instryction
L l 7EN 121516 1920 BEEED 748 &
- e . — = o o s s o — — — — — ——— e ——— o ———— — o
2nd Cycle 0] Code [LT|L2]B1] D1 B2 D2
0 1516 20242728 N2 3B 748 5152 63
Perform st step
of ASC test
(see Note). - ~r-—
I
10 Code LY jL2 |B1 D1 82! D2 |
° B L] rr i
n B1 D1 B1 D2 Next Instruction(s) /
034 1516 920 nn 6
End-Op Setting 10 n 00 01 -
P t Setting 01 0 1 .00
resent Se19 ! ’ . 2. First halfword of instruction is transferring to E.
‘ l 3. Base address (per B1) isin T.
4. Main storage request for more instructions was
generated per 1C during p ding end op if *
:ru-r:::; ?::;;word :;T:Z; ';:;;;word in progress’ trigger is not set and IC(21) =0 (4-cycle) or
f:)m QtoR from Q to R if 1C(21,22) =10 (3-cycle). (Branch end op tests D
i, : instead of IC.)
I_—JV
Transfer contents ;SFTQ;' BO’ s set
of LS per B2 to S. | N
y
e Yes (Decimal) E0-3) = 1111 No(Logfcal) e
3rd Cycle
Add E(8-11) Add E(8-15)
(L1 field)to D (LL field) to D
and transfer and transfer
result to T and D. result to T.
. |
‘ ——
Gate new : Inciudes last
instructions from | halfword of
SDBO to Q. M this instruction.
Note: Details of 1st step of ASC test:
Issve 4-cycle
request per D
for 1st operand.
T Transfer IC - D + 7
to PAL.
) No PAL(32) Yes(DS IC+7)
. carry

¥

Set 'PSC’ trigger.

|

B

Diagram 5-14. SS I-Fetch (Sheet 1 of 2)
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Yes (Decimal) No (Logical)

Yes (82 = 0) No (82 % 0)

4th Cycle
Add E(8-11) Add E(8-15) Perform last ste . "Add D2 to base
(L1 field) to D (LL field) to D o ASC tom ¥ Transfer D2in Q to B. address (in S) and
and transfer and transfer {see Note). transfer result to 8.
result to T ond D. result to T. J
J ) e
>
¢ Y : _ ‘
—
. Transfer ] STAT D is set Gate new
lssue 4-cycle contents of LS ) if82=0. instructions
request per D per 8210 S. from SDBO to Q.
for 1st operand. ‘
lssue 4-cycle
request per D
for 1st operand .
‘Program
[ . interrypt’ N ™M R (S
latch
Sth Cycle set
‘Execute’ 'Execute’ ~
trigger trigger 1c(21,22) = 00
set set now
Transfer next
] op-code halfword
Perform : i Increment Perform lost step Perform last step from Q to R.
no operation 1C(20) by 1 (done of ASC test of ASC test
this cycle. by micro-orders). (see Note). (see Note). [ -
. V“
>t
Perf
Transfer Transfer o: Aosr(r:n r‘::: step
contents of LS contents of LS (see Note)
per B2to S. per B2 to S. -
4

Transfer IC to
LSWR via parallel
adder and T.

'Execute’
trigger
set

_________ 4 ——_——_————— —— — T —_————_— L —— — ——

6th Cycle

A A
Transfer IC to Transfer IC plus 8 Transfer IC to Transfer IC plus 8
LSWR via parallel to LSWR via LSWR via parallel to LSWR via
adder and T. parrallel adder and T adder and T. paratlel adder and T.

I
|
° | | [ ) ]

‘ _ v
|
Stop CPU clock | Wait for BCU to Transfer next
for 1 cycle. ! become not busy. - op-code halfword
from Q to R.
______ e L Xes(g2=0) No B270) A
Last I-Fetch Cycle
QT041 ’
010 1 QT031 ¥ QTN { QT031 Y
" - -l ) -
Normal end o |  Program Transfer D2 Add D2 fo base Transfer partial
P | interruption inQtoT address (in 5) and source address
| performed next if its and IC. :w;s:‘;rfél’“ to T and IC.
priority is ° -
L' established. : L
A
Reset STC, ABC,
STAT D, and
Edit controls.
‘ Note: Details of last step of ASC test:
Branch to 1st ROS I
word of execution - )
sequence per : Subtract T from IC
E(.02-07)d—->ROA’ and shift right once.
micro-order,
No Yes

Reset 'PSC' trigger.

. |

Diagram 5-14. SS I-Fetch (Sheet 2 of 2)

5-14,Sh2  (7/70)



2 v 3 v 4 v 5 v 6
1C(0-20)
SAB
. GT Main Storage
4-Cycle Request Per IC
IC Sync l MAO0O1 -
3-Cycle Request Per IC OR L= MA201
MC066 0 SDBO 63
MC066
MS ——+ Q Micro-order GT
(Used Only for SS and Branch Instructions) 0 —l 63
OR J RQOOT-
T ¥ v
RGe01 Q ' 1 ! RQY
(Recovery Microprogram Forced by DRO3] 0 { : : 63
EXCEP Micro-order, if Necessary)
0 15
Force to 0 !
F R(1) I
orce 1C(21,22) = 00 at 1-Fetch
Formoti R(0) : .(_)—i__i. GT
A
c 0 15
Refer to Table in i A SQ 3and SQ 1 Set RROOT-
Diagram 5-30 z ] DRO71 RR141 -
Force to 1 Address | ROS DR921 R &R
Decoder } N 0 15
Force 0's X I
0 5 : |
\AA |
rp—— T
= | o
1 N -
Oe——+516,7,8,9 o)1 | L] A |5Q.1Set and SQ 3 Reset
1
RASCR KD201
- |
SQ 2 Set 0 23
-
KD101 Ic CA
0 23
0 23
OR |— Seq 1 Seq 2 q 3
(Diagram 5-30) Turn-on IF1 at EOP
KD101
KD101 KD111 KDT11
60
r-—_—— - - | 4 63
| 1
| i-Fetch I-Fetch | PAA
(Storage (Storage | Parallel
I Set Request) 1 Request) 1 | Adder
| g7 2N [
l Not Clock I
l Clock A | E PAL
l I 40 63
| i [ R
l | L et
Trigger [ roe— | | SQ 2 Set and SQ 1 Reset
I Timing Chart A
Representation | —E]— CA001-
’ Latch Not Pl m— Not P1 | DRO21 CAZI
| |
(I — J

Diagram 5-15. I-Fetch Sequences (Sheet 1 of 2)

A. Basic Control Provided by I-Fetch Sequencers
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Notes:

Diagram 5-15. I-Fetch Sequencers (Sheet 2 of 2)

5-15,Sh2 (7/70)

Y =
(D21,22 = 01 ® Predecode not RR.

1. X=12Z e Not IF2, where Z is defined in Note 3.
[:Nof (Predecode branch + Predecode SS + Execufejl

e b21,22=10+

2. Also, gate Q(0-15) to R(0-15) if IC(21,22) =00 (ALD DRO71).

le—— These actions are Inhibited by 'block I-Fetch' |

trigger.

3. Z= [Not (Predecode branch + Predecode SS +Execute]] o [IC21,22=10 +(IC 21,22 =01  Predecode not RR).

B. !1-Fetch Sequencer Timing Chart

2 v v 4 v 5 v 6
¢ Execution |-Fetch e Execution {
1 1 2 3
|
1 | 2 1 2
' |
Action ALD n-2 n-1 n 1 ! 2 ! 3 1
Typical Micro-Orders NEOP +BEOP EXCEP RASCR
Set IF1 Trigger KD101
6‘ IF Sequencer 1 (See Note 1) KD101 (X @ NEOP) + (Y @ BEOP) RASCR e IF2
'g L ] L ]
v IF Sequencer 2 KD111 IF1 o Not IF3
Cg) L]
‘; IF Sequencer 3 KDI IF2
E
5 Set 1-Fetch Request Tgr KD701
z
IC +8-—»PAL KD201
PAL—IC DRO21
MS —»Q (See Note 2) DRO31
Typical Micro-Orders EEOP NEOP EXCEP RASCR
Set IF1 Trigger KD101
o IF Sequencer 1 (See Note 3) KD101 Z ¢ EEOP RASCR e IF2
o ————————
2 | IF Sequencer 2 KD111 IF1 o Not IF3
> .
& | IF Sequencer 3 KD111 IF2
L ce—
]
>
Q Set |-Fetch Request Tgr KD701
IC +8 —»PAL KD201
PAL —»IC DR0O21
MS = Q (See Note 2) DRO31
Typical Micro-Orders EEOP NEOP EXCEP
Set IF1 Trigger KD101
IF Sequencer 1 {See Note 3) KD101 Z o EEOP IF3 @ Not IF1
on- L} L
E IF Sequencer 2 KD111 IF1 @ Not IF3
> ———
.,? IF Sequencer 3 KD111 IF2
o
©
‘? Set I-Fetch Request Tgr KD701
o~
IC +8 —=» PAL KD201
PAL —IC DRO21
MS ——&Q (See Note 2) DRO31



Time Clock Step Trigger

Machine Check Intr Trigger

(Not) PSW Wait Mask Bit

—1OR N

Block Irpts on Start

Execute in Progress

(Not) Block Int on Start + TCS +Mach Ck

KM811

NEOP or BEOP

Any 1/O Interrupt Reg Tgr

Ext Int Req ® Mask

Manual Cntl Repeat Priority

Machine Check Int Priority

Time Clock Step Priority

LPSW e Store In Progress

OR

Manual Cntl Stop Priority

Supervisor Call Int Priority

OR Exceptional Condition to [-Fetch

>I>r>

KM861

Manual Cntl Wait Priority

OR

Program Intertupt Tgr Lth

Program Store Compare Tgr

KM861

> |

KM861

NEOP or BEOP

Gate IL
Not Avail

Block IL Not Avail

—

Select Successful

T |————(Diagram 5-20)
A
M

. Block R-to-E Transfer

STATG

o

Diagram 5-16. Block I-Fetch Trigger

Block

|1-Fetch
NEOP or BEOP A1 7"
0—» STAT D F8

KD501

}IOUI#Q)N:—'

KM851

¢——— 2. Block Sequencers Gating PAL to IC (2 Cycles EEOP)

Reset I-Fetch Sequencers

Inhibit Updating of IC(21,22)

Block Q-to-R Transfer

Block Storage Requests During I-Fetch

Block PAL-to-T, D Transfer

Block Decoding of F1 through F7 Micro-orders
Block Invalid Instruction Address Test

7201-02 FEMDM (7/70) 5-16



1. Time Clock Step Signal to Timeout Logic

2. To Pulse Mode Controls

Timer format, location 50 (hex):

T

L]

o

2021222324

Bits 21 and 23 are decremented with 60 Hz fine frequency.
Bit O (sign)=0 if positive; 1 if negative (2's complement form)

Priorities

Inhibit Next ROS Address
Force ROSAR to 014 (hex)

Force D to 50 (hex)

Transfer A minus count
to T and LSWR via
parallel adder.

\

Transfer LSWR to S. J

4

Reset 'sample pulse’
and 'time clock
step’ triggers.

3y

Issue 4-cycle
request per D.

Y

Inhibit storage protect.

A

Set mark triggers
0-3.

Receive ATR
External Start T
300 ns me
t Sarlnple External Stop OR 2 Clock Stop ]
Input Power Line Pulse Pylse ] A M =
SS Moty P1 lA T (Not) NEOP + BEOP 2
KD911
KDé01
0 —-TIME-STEP (F28) -
1 EXCEP (K2 A 1.
60 Hz: 16 2/3 ms pulse period (K25) :
KMm831,
RX001-RX101
A
NEOP or BEOP
KM811
De!e;r External Detect positive line
Start/Stop or frequency. swing.
Receive ATR. = 4
DISABLE
N INTERVAL
TIMER switch
activated
Set s‘um?le Ces
pulse' trigger. N
| Decrement timer value.
> Ignore line frequency
swings.
Set ‘time clock
step' trigger.
Establish priority for
timer exceptional
condition-.
End-Op Cycle
A
Set *block |-Fetch’ Blocks most |~Fetch L
trigger. l actions.
Yy
L Store updated
timer value.
Force address 50
(hex) into D.
1st {-Fetch Cycle |
Force address 014
{hex) into ROSAR.
Timer Exceptional
Condition QT041 '
Microprogram 014
Reset ‘block 1-Fetch' Performed
trigger. by '0 —= STAT D'
' micro-order. 1
Test if timer
— e e—— e—e—— e — value is negative.
Hardware
Functions )
JA3N

Branch results from
Externa! Start/Stop'
and J27 micro-order
(ATRSEL).

Reset ends timer update
routine and forces stop
foop.

Perform Mach reset.

Y

Y

Retum to stop loop.

No

Yes

Diagram 5-601

Perform PSW restart.

Diagram 5-17. Timer Exceptional Condition

5-17° (7/70)

Receive
ATR Select
On
QT041

3A3

y

Fetch timer value
from storage.

Diagram 5-809

Receive ATR Routine.

Issue 3~cycle
request per D,

Y

Inhibit storage protect.

Clear F Reg
Gate in Clock.

B

I Gate SDBO to AB. |

A

. Set Block I-Fetch Trigger (Diogram 5-16)
. Block Interruption and Exceptional Condition

Diagram 5-803

Delay Instruction.

Set ‘time clock at
limit' trigger.

Refer to
Diagram 5-24.

Y.,

‘ l Normal end op. I




2 v 3

Store to
Main CPU
Storage Store

Processor Storage Select

Any Interruption Priority

Manual Cnti Stop

Manual Cntl Wait

Manual Cntl Repeat

OR

Program Store Compare Priority

Predecode LPSW
(Not) Timer Priority

Block Invalid Instruction Address Test Priority

b Block Q-Register Refill Priority

FL
Store A

HSS Advance

To Block I-Fetch Trigger (Diagram 5-16)
CPY
STO EXCEP

(Priority)

A

A |— 1. Inhibit Next ROS Address

PO

KM841 KM841

CPU store
progress e
condition

Establish priority for

in
xceptional

End-Op Cycle

Blocks most

trigger. I-Fetch actions.

- —

EXCEP (K25) I :;?g: -

1st [-Fetch Cycle

Force

to RO

02E (hex)

address

SAR.

CPU Store in Progress

Microprogram
® Quoot

02E A

for one

No micro-orders

Allows time to

cycle. receive possible

(]

protection check.

A

Normal end op.

Diagram 5-18. CPU Store In Progress Exceptional Condition

2. Force ROSAR to 02E (hex)

7201-02 FEMDM (7/70) 5-18



2 v 3 v 4 v v 6
Set Mach Chk and PSW 29
on RDD Timeout
RDD Timeout
Any IOCE Mck Req —_ Set PSW 29
OR Machine A
}—»MCH-CK-TRP_(SF6) Check Block Further Logouts MACH
A }__ Interrupt CK INT KN281
{Not) Console Logout Latch . T - (Priority)
. A
KU451 (Not) Time Clock Step Tgr R Set PSW 30 and 31 (IOCE Ident)
M A b ——-
0—+INT-TGR (F25) KM811 1OCE Mck Req
KM121 KIN301
1. Block Other Interruptions.and Exceptional Conditions
(Other Than Timer and CPU-Store-In-Progress)
- 2. Restart ROS Clock if Stopped (Wait State)
A |—1. Force D to 30 (Hex)
NEOP or BEOP 2. To Block I-Fetch Trigger (Diagram 5-16)
KM811 3. Gate Interrupt Priority Triggers. (Not Used)
Al H
EXCEP (K25) A Force ROSAR to 00C (Hex)
RX081-
RX101
A Force Interruption Code to All 0's
PSW — 523 (C2) on CE MCK only.
RS315
L Enter from D ss LOG OUT
IOCE Mcfh'ne CK Diagnose instruction Detect CE machine p:sir:utron.
RDD Timeout lag-on-count check
} subroutine.

y

Ll i 2

\ 4

Diagram 6-115

Logout
Microprogram.

L

Normal End-Op Cycle

First Machine Check
Microprogram Cycle

Diagram 5-19. Machine Check Interruption

5-19 (7/70)

Set ‘block
|-Fetch' trigger.

Inhibits most
|-Fetch actions.

Y _
I
Force address | Location of machine-
30 (hex) into D. ‘ check old PSW.
A

Force address 00C
(hex) into ROSAR.

\
QU001 o
00C A
] I
Reset 'block i Performed by
|-Fetch' trigger. § 0 —»STAD!
: micro-order.
Y _
Reset : Causes common interruption
STAT H. i microprogram fo recognize
i machine-check entry.
L
|

Gate interruption
code to S(16-31).

If CE Mach Ck

| Psw(16-31)

} set to all O's.

| If RDD timeout set 29 to 1.

A If IOCE 1, set 31 to 1.
' If IOCE 2, set 30to 1.
Diogram 5-26 : If fOCE 3, set 30 and 31 to 1's.
Common .
interruption
microprogram.




(Diagram 5-22)

(Diagram 5-22)

(Diagram 5-29)

Hold For Set Reset Gate

TON Pl Tgrs @ Not Block

(Diagram 5-29)

2 v 3 v 4 v 5
(Not) Inhibit Free Run OSC
(Not) Program Interrupt Latch Set
A
Free Running PO .
L'—' OR Set PIT 4 or 5 or 80
Protect Inter Code Not Set A
KMI181
SE Stopped Ith A A
OR
— KM181
or Invalid Operand Addr or Stor Prot
—
KM181
(Not) IFSR A Invalid Operand Address
Inv CPU Addr Latch
KM181
Protection
D Advance for CPU
STOR Protection Check Check to CPU
A L —
(Not) Block Prot Irpts
KM851
KM851
Inst Length
Not Avail

(Diagram 5-16)

Gate IL Not Available

Block ILC on Late Stor Prot

(Diagram 5-22)

(Diagram 5-29)

(Diagram 5-29)

Irpt Reset @ (Not) Pgm Irpt
—
KM851 3
1 ~ INV-OP-TGR (F19) A
Set Interrupt
1 — INTREQ-TQR (F20) O code 1 Trir;ger
Set Code 7 A
(Not) Supervisor Call A OR
KM141
KM121
Fixed Point Divide
Decimal Divide Set Code 9+ 11+ 15 Km141
Floating Point Divide OR
Exponent Underflow KMI71 Set Code 13
1 — IVSPEC (F16) A _Set Interrupt
IC(23)=1 A [~ Code 2 Trigger
9020 ] OR T
KM
Diagnose OR
L KM141
Decimal Overflow OR | SetCode 10+ 11+ 14+ 15
Significance A
Set Interrupt
KM171 ORI Code 4 Trigger
A
OR
de 12+ 13 + 14 +
OR Set Code 15 151
Exponent Overflow
KMI151
Edit KM171
Compare Decimal —oRr Set Code 5
E8-11)=1111 A Set Code 4
INV-ADR ~ TGR (G24) KMI91 OR
Branch [nv Addr Tgr e A A
1 [ OR KM151 —
Edit Digit Examine Lth A ~ Fixed=-Point Oflo
Fixed-Poi
AIoT (Not) Fixed-Point Compare A
FXPOFLO ~— STAB (G3) or | Set Interrupt
L . . Fixed-Point Oflo Mask Code 8 Trigger
Fixed-Point
A Overflow I ol
Protected Branch Addr
OR A
L A Left Shift Oflo Check
Ll — STAB * J26B2 (G14)
KM191
KMi51
PSA Lockout IOCE 3
Non-Branch Cause of Interrupt A gefdln:eérr.ltf;?t
Program Interruption Code Triggers Set ode rigger
128 64 32 16 8 4 2 1 KM156
Operation 0 0 0 0 0 0 0 1 PSA Lockout IOCE 2
Protection 0 0 0 0 0 1 0 0 A | Set Interrupt
Addressing 0 0 0 o] 0 1 0 1 Code 32 Trigger
Specification 0 0 0 0 0 1 1 0
Data o o 0o 0 0 1 1 1 KM156
Fixed=-point overflow 0 0 0 ] 1 0 0 0 PSA Lockout IOCE 1
Fixed-point divide 0 0 0 0 1 0 0 1 A Set Interrupt
Decimal overflow 0 0 0 0 1 0 1 0 Code 64 Trigger
Decimal divide 0 0 0 0 1 0 1 i
Exponent overflow 0 0 0 0 1 1 0 0 KM158
Exponent underflow 0 0 0 0 1 1 0 1
Significance 0 0 0 0 1 1 1 0 SE Stopped
Floating-point divide 0 0 0 0 1 1 1 1 A Set Interrupt
IOCE 3 PSA lockout 0 o 0 1 0 0 0 0 Code 128 Trigger
10CE 2 PSA lockout 0 0 1 0 0 0 0 0 K158
IOCE 1 PSA lockout 0 1 0 0 0 0 0 -0
Logout stop 1 0 0 0 0 0 0 0 <

Diagram 5-20. Non-Branch Setting of Interrupt Code Triggers

7201-02 FEMDM ' (7/70) 5-20

(Diagram 5-22)

(Diagram 5-21)

(Diagram 5-22)



From
’ E-Register
Decoder

Diagram 5-21. SPEC Y-Branch Setting of Interrupt Code Triggers

5-21 (7/70)

2 v 3 a M 5 v
D(21) =1
‘ A % inst A, B, C =111 for LPSW, Diognose, CVB, CVD, and
Tnst AT RX Floating-Point Long Instructions.
—-2?—_——‘ Inst A, B, C =011 for STM, LM, RX Fixed-Point Full Word, and
M__"_— RX Floating-Point Short Instructions ..
A Inst A, B, C =001 for EX and RX Fixed-Point Halfword Instructions.
Inst BY
D(23) =1 1
- A
Inst C§
PAL(61) =1 | Inhibit
A LS
Write
InstAY Clock P4 T =}——— 1. Inhibit LS Write Operation
|-Fetch 2 Latch (See Note) PAL(62) = 1 1 A 2. Set CPU Cancel Trigger
RX © X2 =0or Slor RS A N Y A Clock P3
KM426 PAL(63) =1 rj RX003
st CF A YIAS! Block D Sync Trigger
15K or SSK Instruction 1 orR Bronch
A A Force ROSAR to Normal End-Op Address
SPEC (K31 p
$(28-31) 70 &3y of 010 (hex)
E@B) =1 RX001
N 23
Floating-Point Instruction
E(1) =1 — A Spec + Priv Op +Exec *Inv Op
3 0] - A
Floating-Point, Shift, MR, M, DR, or D Inst KM43
E(12) =1 —1
—
. N
A Tum On Pl Tgrs e Not Block (Diagram 5-20) A Set 1 pt Code 1 Trigger
RR Floating-Point Inst
E(5) 21 | KM141
A }—
— A Set Interrupt Code 2 Trigger
SS Format Instruction — I N i
KM141
Privileged Instruction —
Problem State A —oe - f N ] A Set Interrupt Code 4 Trigger
KM421 W J
KM431 KM43)
Execute In Progress KM151
Execute Instruction A OR
Invalid Op Code ] N
v
Ma31 Note: Storage address is tested for specification violation off of

PAL unless Q is being refilled by end-op word other than

2-cycle EEOP.

SPEC Y-Branch Cause Interrupt Code
Triggers Set
16 8 4 2 1
Operation 0o 0 0 0 1
Privileged Operation 0 0 0 0
Execute 0o 0 0 1 1
Specification 0o 0 1 1 0

) (Diagram 5-22)




» 2 v 3 v 4 v 5 v 6

8 (Not) P1 Free Running XX0100 Protect interrupt Code Set ..
{Diogram 5-20)
Interrupt 1 A FL
Code 1
T = / | (Code 4) L |
3
(Codes 1,2, and 8) > KM161
A KM141
Interrupt
Code 2 8 OR ’ Program Interrupt Inhibit Reset of Inst Length Not Avail Trigger
T -
KM161 P INTRP (K21)
rogram Ene—
interrupt A Set ROSAR(10)
KMi41 A FL
’ Interrupt ’ (Not) P1 Free Running Ds201
Code 4 . X
- Enable Setting of Interrupt Code Triggers
T Reset KM161 Prog Int (Diagram 5-20)
— Rese 9
Supervisor Call (Priority)
2 I;.gager;m 5-23) R A 1. Block Lower Priority Interruptions and
KM151 lag {Not) Block Interruption on Start +TCS + MC Exceptional Conditions
4 Int R 2. Restart CPU Clock if Stopped (Wait State)
nterrup!
B Code 8
P and
A ’ 1. Force D to 28 (hex)
NEOP or BEOP 2. To Block I-Fetch Trigger (Diagram 5-16)
KM151 Priority 1
i L™ A Prog Int Priority
A (Not) Priority 2 PO
’ Interrupt — - A Program Reset
Code 16 | 0— INT-TGR_(F25) ) KN121 PSW—ST (C1) OR |— =0
T™ ]
KN121
(Diagram 5-20) Hold for Set Reset Gate { N l
1 A Force ROSAR to 00A (hex) KMz81 .
W56 EXCEP (K25) . OorR
; t t Availabl
RXO001- (Diagram 5-20) inst Length Not Available
c RX101 KM141-
KM158
Interrupt A
Code 32 . -
- /] 8 Pragram Interruption (P1) Code 5 A }—35 Transfer Interrupt Code Triggers to S
T . KN261-  PSW—=s23 (C2) 5
KN30} RS241-
RS301
KM156
» Interrupt
Code 64
O £ N
T
KM158
Interrupt
D Code 128
-
T
KM158
See Diagrams 5-20 and 5-21 for
» conditions that set 'interrupt code'
triggers
E
Program 1st I-Fetch Cycle
violation detected.
Diagram 5-29 { ¢
!nvalid. Force address 00A
’ instruction Set interrupt (hex) info ROSAR.
address test, code trigger(s).
4 S
g First Program
A/ Interruption
Microprogram
Set 'program Cycle
interrupt' latch. Quoo!
F ‘ 00A A L
F
Performed by
'block
Establish priority T?::c:-k;fa " : 10 —+STAD'
of program 9ger- 1 micro-order.
interruption.. *
oo
—_—————— e —_—— e Set STAT H. | Causes common
End-Op Cycle I m.terruphon
’ . ——— microprogram to
I | recognize non-machine-
Set 'block ] Inhibits most check entry.
I-Fetch' trigger. 1 |-Fetch actions. e
L
* A
Gate interrupt
Force address code triggers
28 (hex) into D. to S(16-31).
G ! v
Set 'priority Diogram 5-26
1" latch.
Common
interruption
_—e———_——_ e —_—— — — — T —— e ——— — microprogram.

Diagram 5-22. Program Interruption

7201-02 FEMDM (7/70) 5-22



2 v 3 v 4 v 5 v

Supervisor.Call Instruction Supetvisor
| —+INTREQ-TGR_(F20) A L ;
P2 T A PSW to ST Reg
E-Reg Bit X 8 sl A 8
Interrupt Code 4 Trigger i © o (8-15) KN241- oW 523 (C2), 8 (24_31)__ ;2;25_?; )5(8_15) *
ORr KM121. KNSt RS241-
0——INT-TGR (F25) SVC INT RS311
(Priority
(Not) Block interrupt i L .
on Start + TCS + MC A 1. Block lower priority interruptions and
- exceptional conditions.
KM811 | 2. Restart ROS clock if stopped (Wait state).
?—.
. A 1. Force D to 20 (hex)
NEOP or BEOP 2. To *block I-Fetch' trigger
KM8T1 (Diogram 5-16).
Priority 1
p— - Same as shown in Diagram 5-22 with all
AlFt ‘interrupt code' triggers reset. SVC
cannot cause program interruption.
_‘k
KN121

A b———— Force ROSAR to 008 (H.
EXCEP (K25) oree R to 008 (Hex)

RX001-
RX101
e RR Format:
oo |
) 78 15
o Conditions at start of execution:
1. Instruction is in E.
2. lst operand (not used) isin A, B, and D.
3. 2nd operand (not used) isin Sand T.
Diagram 5-6 st |-Fetch Cycle
RR |-Fetch. \
Force address 008
i : - (hex) into ROSAR.
Set 'supervisor I Resets if “late"
call' trigger. | protection check
is detected. ——— - > _— —
| s cetecte 1st Cycle of -
Supervisor Call
A Interruption
Microprogram
1 cycle early end op.
QU001
A 008 \
. - -
S?‘:E;::il:: :"fy Reset 'block I Performed by
call interruption. I-Fetch® trigger. | '0 —STAD*
| micro-order.
End-Op Cycle Set STAT H : Causes common
\ ST interruption
M | microprogram to
Set 'block | Inhibits most | recognize non-machine-
I-Fetch"trigger. | |-Fetch actions. L check entry.
\ B /
Force address Transfer E(8-15)
20 (hex) into D. to $(24-31).
. —— —— — — ——— ———— — ——— ——— —— ‘
Diagram 5-26
Common
interruption
microprogram.

Diagram 5-23. Supervisor Call Interruption

5-23 (7/70)



2 v 3 v 4 v 5 v 6

Gate =[(Not NEOP or Not BEOP) * Not Priority 2] + (Exfernul Priority + Not Priority 2) + [External Priority + (NEOP or BEOP)

PSW External Mask Force (DAR) Interrupt
. —12—
Time Clock OR
. at Limit )
Issued by Timer 1 —TCL-TGR_(F17) . —{ A Ext Int
Exceptional Condition 12 OR JA 201 (Priority)
Microprogram {Diagram 5-17 -
pi .g (Diag ) JA 201 (Noft) Block Irpts on Start + TCS + MC
(Not) Program Interrupt Priority A 1. Block Lower Priority
(Not) Supervisor Call Priority Interruptions and Ex-
ceptional Conditions
KM811 2. Restart CPU Clock if
Stopped (Wait State)
Console
INTERRUPT Pushbutton Latch Signal o _
R (Not) NEOP + BEOP R
Sample External Interrupt Triggers
‘ KMo NEOP or BEOP A i
OR
N —
JA 201 KM861
NEOP or BEOP A 1. Force D to 18 (Hex).
DAR 2. To Block 1-Fetch Trigger
Diagram 5-16
Hold DAR Latch ) Interrupt KM811 (Diag )
Ap 17
PSW ———St (CT)
A
JA 251 ‘ Priority 2
; Kmz81 Reset 'console’ and
PIR FL A ‘external signal’
Hold PIR Latch Interrupt (Not) Priority 1 Tgr latches
! A T - 0 —INT-TGR (F25) KN121
KN121 A
8
JA 251 12 KN241-
KN301
— | F ROSAR to 006 (h
I 'L — T 1 EXCEP (K25) A oree ° thex)
I CE RDD or I KM831
| WDD interrupt RX001-. [
CE RDD or WDD R — l RX101 A Transfer 'time
I Signal in o A T | PSW—-523 (C2) 8 clock at limit',
(Diagram 7-8) ° RS241- ‘console signal',
I RS301 and external signals
| N 8 ' 2-7 triggers to S.
JA211- I
Direct Control JA241
L owewl e
CE ELC
SCON Bit yYes
On
No
Yes State 3 DAR No
s or Test Mask Bit | IOCE External
No On Interruption
Yes
DD !
TEST Depross CrEVSD D
INTERRUPT. o Ignore
Yes Switch Restore Signal In interrupt
State Active -g
No + Yes y
- Set 'console 3;;325[3' Set DAR :Set iIR Hold Jgnore
ignal® Hold Latch ‘Late interrupt
Byposs PSW(7) = 1 | . signal' latch latch. old Late i P
Decision for l orce interruption
Force DAR 1m‘errupfl >*< L L J
> . s 1 I 1 d
Set 'time et "console’ an
lock at ‘external signal’
clock ai triggers per
limit' trigger. respective latches.
Ist |-Fetch Cycle
—
I External
Mask Bit. Force ROSAR
to 006 (hex).
n Ist Cycle of External
Es!'ab.ltlsh Keep external Interruption
priority . ; .
of external mfe(;n:uphon Microprogram. QUOOT
interruption. | pencing. 006 Y
l___ —_— Reset 'block ; Performed by
|-Fetch’ | "0— STAD"
—— e e e . — — — —_———— trigger. micro-order.
End-Op Cycle y gg+ —
Set 'block ! Blocks most ‘ T
|-Fetch' ' |-Fetch | Causes common interruption
trigger | actions. Set STAT H. routine to recognize non-
* L ) | machine~check entry.
L
Force D to
Transfer all
18 (hex). 12 triggers
to S(20-31)
——1= +
. egates
Set 'priority | 'console’ Diagram 5-26
2" latch. | and 'external
| signal* triggers. Common
‘ interruption
-t routine.

Diagram 5-24. External Interruption
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L/L) 1US‘ST-S

2 v 3 v 4 v 5 v 6 v 7
(Not) Set System Mask
(Not) NEOP or BEOP
(Not) FLT Inhibit Seq Tgrs
Not 1/O Int Priority A
P0-3 and (not P2) IOCE X
(Not) any I/O MCK Request /0
Interrupt 1/O Int
KM31 1/ Int Request (ériority)
Gate 3 — (Not) Block Irpt on Start + TCS + MC
CCR Bit (29,30, or 3l) (1-3) (Not) Program Irpt Priority 1. ‘Blook Lower Priority E Hona
- Y . o iority Exceptiona
1/0O Interrupt Req X & not inhibit (Not) Supervisor Call Priority A Congitions Y P
(Not) Extend Irpt Priority 2. Restart CE Clock if Stopped
(Wait State)
A KM32! VLT
Clock p 0
N—— 3 —— OR .
KM311
1. Force D to 38 (Hex)
NEOP or BEOP A 2. To Block I-Fetch Trigger (Diagram 5-16)
KM811
Priority 1
A T 1. Block Select IOCE X Signals while Timing Gate Trigger Is Set.
A 2. Block Direct Control Timing Signals Out while Timing Gate
Trigger is Set.
A Force ROSAR 1 ~
EXCEP (K25) to 00E (Hex) KN121
KM831 .
RX001- Priority 2
RX101 T
0 —s= INT - TGR (F25) 1/O Interrupt 1/0 Int Req
—— Priority IOCE X &
KN121 Priority Permit Interrupt IOCE X
A 1+—3 A [—3
3 —
Interrupt K31 Eﬁ:;]‘ -
1-#Intr-Gate (G10) Gaf; Int Gate Trigger
Inhibit
KX181 1/O Interrupt
Req X .

1/O Interrupt Req 1OCE X

Simplex {1OCE (X)

KM3l6

Diagram 5-25. 1/O Interruption (Sheet 1 of 2)




Receive
‘interrupt
request’ from
IOCE X.

Keep IOCE
waiting to
oo compl'efe
configured I;f:faléﬁf IO/fO
to this CE 'interrupt
CCR(29-31) request'.

Ignore request.

Set IOCE X
interrupt
request
trigger.

st 1-Fetch Cycle

1/O Interruption
Microprogram

No

| 946

Transfer IC
minus 8 to
(40-63) via,
parallel adder.

Establish
priority of
interrupt
request.

e S

Set 'block
1-fetch'
trigger.

'

Force D to
38 (hex).

!

Set 'priority 1'
and priority 2'
triggers.

\

Force ROSAR
to QOE.

| e B

Reset 'block Performed by
|-fetch' '0 —STAD
frigger. Micro~order.
Yes
Y o7
Transfer IC | See common
minus 16 to N .
T(40-63) via | interruption
parallel adder. (Diagram
| 5-26).
|

| 851

Gate physical
and logical
PSBAR to
S&T. Set
1—STAH
0~ ABC.

| A2

Gate T left
1 into A and
Byte 3 of S
(24-31) to F.

‘ BA3

Gate F4-7)
to §(24-27).

| BAs

Combine S
bits(24-27)
with bits
12-15 of
PSBAR from A
and store in S
(24-31).

Diagram 5-25. 1/O Interruption (Sheet 2 of 2)

BAS

Gate S to A
and shift
right 1.

B84

Gate A
(24-31) to
T(40-47).

Y e

Gate T to ~~
Ext reg. 01 ~-
to F reg. ~o

Reset T. ~

| IRE

. ~N
1 —Int gate ~N
trigger (turns Ny
on select) ~

sends permit N
int, ~

Store Timeout
Constant in B,

Interrupt Code
to S

PSW —=5(23).

1/0 error |
from 1OCE
with response.

(Is this a
MCH CK
int?)

Restart
timeout

Release 1/0O

1 The micro-
program has
substituted

I bits 9-12 of

| physical

This provides

the 10!

| the proper
| physical
Iaddress for

storing
inferry

|in the /0
lold PSW.

Sends

which
tiated

interrupt'

to IOCE

request.

| IS |

CE with

the
pt code

'permit

ini-
this

Pal (32-63)
=0

f 853

Response
received IC
to T. Turn
off select
0+1 toB.

No

IOCE Mck

JOCE MCH CK
MS Req *D.

Shift B left 2
(83267 —
B30-65).
PSW—- ST.
Set mark 0.

B87

\

| 882

Delay

todrop

Block to allow
‘int reg' tgrs

end-op.

1

before

i

Normal end-
op (QQ031),

Set marks 4-7.

B86

Issue 4-cycle
request per D.
(MS Reg*D-4).

78E

Set mark 1.
Store old 1/0O
PSW in loca-
tion 38 bits
0-15 and 32-
63 in PSA.

)

Diagram 5-26

Common
Interruption
Routine
(entry block
353).

B81

IMS Req

IOCE MCH CK|

*D.

A

(entry
B50).

Diagram 5-26

Common.
Interruption
Routine

block
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Diagram Interruption Cause
5-19 Machine check
5-22 Program
5-23 Supervisor- Call
5-24 External
QUOO! l
Complete assembly of e Conditions at starf of this routine:
old PSW in ST. 1. Address of old PSW isin D.
| 4 2. Interruption code is in S(16-31).
3. STAT H is not set if a machine check
interruption is in progress.
No Yes
350 y 351
Transfer IC minus 8 Transfer IC minus 16
to T(40-63) via to T(40-63) via
parallel adder. parallel adder.
Transfer PSW register l
to 5(0-15) and Calculate address
T(32-39) of new PSW.
| : \
| 4 ‘ Diagram 5-25 Set B(59) via parallel
adder (hex 10).
'A i/0 interruption
Shift B-register left
D Store old PSW. twice (hex 40).
\ 4
Issue 4-cycle Add B to D via
storage request parallel adder.
per D.
> ‘ (1/O interrupt) ¥
' Inhibit storage 353
protection.
Request new PSW.
r . B50
E Set mark Y
0-7 triggers.
Issue 3-cycle
storage request
per D.
\
Issue resets. Inhikit
- storage protection.
Y --—r l
Reset triggers | Performed by 'PSW ——o- -
that caused I ST', '0 —»STAG', ’
F this interruption. 1 'Q ~— BR-INV~ADR’,
| lF.-lNV——DTGR 4 Diagram 5-601
" micro-orders.
L Load PSW
Yes No od :
A 352
1
Wait 3 cycles. | Allows main storage
| to become quiescent.
| -
G A 783
|
Reset system. i Resets error friggers.
I Does not reset Mach
| CK Interrupt Tgr.
j .
Diagram 5-26. Common Interruption Routine
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2 v 3 v 4 v 5 v 6
STOP
Stop Trigger (Priority,
A 1. Block Invalid Instruction Address Test and Q-Register Refill Exceptional Conditions
2. Block Setting of ROSAR(8) by Wait, Repeat Inst., or PSC
KM831 Priority Signal
3. Restart CE Clock if Stopped (Wait State)
A To Block I-Fetch Trigger
r— (Diagram 5-16)
KM861
A Force ROSAR to 026 (Hex)
WAIT E h
it Tri Priority) I KM831
Wait Trigger [PSW(14]] RX001-RX101
A A Block CE Clock Pulses at Not Clock Time
- (Not) CPU Stor Prior of Next |-Fetch :
Kmas Km831
Block PSC Invalid Instruction Address Test
and Q-Register Refill Priority (Blocking of
Repeat Functions Not Needed).
(Not) Block Irpt on Start
+TCS + MC A To Block I-Fetch Trigger (Diagram 5-16)
KM861
REPEAT
Repeat Instruction (Priority) A Force ROSAR to 02A (Hex)
(Not) STAT G A Block PSC, Invalid Instruction Address Test
oc nvalid Instruction ress Tes!
(Not) (TCS or Intrpt) and Q-Reg’isfer refill Exceptional Conditions E)h(Aanal]-RXIOI
KM831
NEOP or BEOP. A To Block I-Fetch Trigger (Diagram 5-16)
KM861
EXCEP (K25) A Force ROSAR to 028 (Hex)
KM831
RX001-RX101

End-Op Cycle

Ist I-Fetch Cycle

Exceptional
Condition
Microprogram

Establish priority of
manual operation.

Yes

trigger
W

No

A

Set 'block
|-Fetch' trigger

‘Set "block
[-Fetch' trigger.

4

Force ROSAR

to 026 (hex).

Force ROSAR
to 02A (hex).

I ——

y

Diagram 8~4

Stop loop routine.

4

Stop CE clock
at not clock time.

\

Restart CE clock.

QY051
02A 4

Reset 'block
|-Fetch' trigger

Normal end op
(see Notes).

Diagram 5-27. Manual Control Exceptional Conditions

interruption,
or stop
pending

Repeat

instruction and
(not)

STAT G

Yes

A
Test for lower
Set 'block priority exceptional
I-Fetch" trigger. condition.

_—_-ﬁ._—____-—-——_ _________ — — — ——

\

Force ROSAR
to 028 (hex).

A
Diagram 8-16

Repeat
instruction
switch routine.

Notes: 1. Return to Wait state after timer exceptional
condition.
2. If interruption occurred, PSW(14) determines
Wait or Running state.
3. If stop is pending, stop loop.routine is entered.
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Issued During
I-Fetch of
SS-Format
Instructions

End-Op Cycle

Issued
by Q-refill

Exceptional”

Condition

1—>ASC*J57 =0 (F2%)

(Not) (TCS or Irpt)

v

PROG STO COMP
(Priority)

(Not) Wait Priority

(Not) Repeat Inst Priority

1. Block Invalid Instruction Address Test

Eff PAL(40-63) = 0 .P4

P4 P2

SASCR (F24)

Adder 32 Carry

RASCR (G15)

(Not) Eff PAL(40-63) =0 P3

(Not) Execute in Progress Tgr

P4 o P2

0 ——ASC, XEC (F27)

P2

Reset PSC on Sucessful Branch

A
L—— OR
A Progrom
Store
Compare
A ; KD501
or| |
A
—

ASC test.

KM831

A

EXCEP (K25)

KM831

and Q-Register refill Exceptional
Conditions
2. Block setting of ROSAR(3)

Force ROSAR to 004 (Hex)

RXO001-RX101

To Block I-Fetch trigger

gy

Set ‘PSC' trigger.

Establish priority.
of PSC exceptional
condition.

'Execute
in progress’
trigger
set

(Diagram 5-16)

NEOP or BEOP A
KM861
Diagram 5-506
Execute
instruction.
‘ — ———
i
Set 'block 1 Blocks most
|-Fetch® trigger. ' {-Fetch actions.
| E—

Ist I-Fetch Cycle

Force ROSAR
to 004 (hex).

— — p— — — — —— — —— —— —— — C— —— — — — — — — — — — — —— ——.

PSC Exceptional Condition Microprogram

5-28 (7/70)

QT041

004

Reset 'block
I-Fetch' trigger,

Yes

1C(21,22) No

4

Transfer IC minus 16
tolCand T.

=1

-

Transfer IC minus 8
tolCand T.

Diagram 5-28. Program Store Compare Exceptional Condition

Lt B

A 4

Issue 3-cycle
storage request
per IC.

y

Reset 'PSC* and
‘execute. in
progress' triggers.

v

Diagram 5-601

Load PSW.




Hardware Conditions
for SS Instruction
Completely in Q

Branch Instruction
Execution

1 - or 2-Haifword
Nonbranch Instruction

Branch- Instruction
1-Fetch

1- or 2-Halfword
Non=~Branch Instruction,
SS Instruction, or Any
Branch Except Branch
on Condition

Unsuccessful Branch:
on Condition

(BCR or BC) Is Not
Last Instruction

inQ

v

ROS Decode Branch EOP

D(21) =0

Predecode SS Format

Clock P2

Late BCU Clean Up

A
|-Fetch OR |_JESR_ Blocks Setting of
RCS Decode Normal EOP AlOR Request Interrupt Code 5
Ic(21)=0 A T= A Delayed IF (biegram 5-20)
S TMS*IC_3D - Stor Request Block Prof
=11 (L12) T Trpts
OR Blocks Setting of
D(21,22) =11 A _] _]_KD7OI o5 . Interrupt Code 4
Clock P2 OR Clock P2 | A or {Diagram 5-20}
KD701 KD721
Not) I-Fetch 3 T,
(Not) I-Fetch 3 Tor (Not) ROS Decode NEOP
I-Fetch 1 Tgr
A (Not) ROS Decode BEOP
(Not) Clock P1 A
D Register Store Delayed
Kkp701 (Not) Clock P1 Block
1 — > INST~ Block I-Fetch Tgr I-Fetch
MSREQ  (G22) | , Al 7
IF 1 TGR ® (Not) IF 3 M
KD701 1—INST-MSREQ _(G22) 0 —+ STAD (Clocked)
Predecode SS Format ORI N}~ KD721
8C or BCR redeco orma Jp—
‘ NEOP or BEOP | A "
Cond Not Met A 1 Protection Check (Pulse)
_ic@,m) =00 | kD721
KD701
. A
Invalid Address (Pulse)
l\ FFE'P‘:Z;"’ I-Fetch
Gate A Invalid
A Address
T L] OR =1
T
CPUS5 Lth | A (" o or sEOP
A _‘— KD721 (Not) P1 A
Clock P2 KD711 1,22 =00 )
. . Invalid
Test if Next Instruction ] Instruction
Has Valid Address L Address
OR ——
T
Gate A
I-Fetch 1IC(21,22) =1
Invalid
:c\i,:relss IB"G"‘I:.: Predecode Not RR Format —
nvali \ — KD711
T Address
Clock P2 A T !
Clock P1 L
2¢ (Diagram 5-20)
KD711
KD701
Protected
Branch
I-Fetch 1 Latch Al Address )
(Not) 1—»INST-MSREQ — Al T ’
IF-INV —=TGR_(F38) Alor (Diagram 5-20)
- LL—
( Ic(21,22) = 00 ko721
KD711 OR
KD711
Cond not met for BC or BCR
(Not) BC or BCR 0 —» BR-INV-ADR_(G23)
BC or BCR — o (Not) Clock PO-1 A
E(12-15) =0 KD701
RR Format
KD711
1IC(23) =1 Inv Inst Adr
(Priority)
D(23) =1 —i OR
BEOP A A Block Q-R Refill Priority
Km821

(Not) Man Cntl + TCS + PSC + Intrpt

(+ CPU Store) Priority

EXCEP (K25)

KM821
RX001-
RX101

Diagram 5-29. Invalid Instruction Address Test Exceptional Condition (Sheet 1 of 2)

A p———Force ROSAR to 002 (Hex)
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No. Interruption or Higher Priority
Exceptional Condition Pending

1st I-Fetch Cycle

BEOP
and D(23)
=1

'Invalid

) < Yes instruction address’
trigger
A set
Force ROSAR
to 002 thex).
A A -
Perform only 1st : Format Diagram Diogrom 5-30 . Entire |-Fetch
I-Fetch cycle RR 5-6 performed.
per formet. l RX 5-9 Test for Q-register L
| RS and SI 5-18 refill exceptional
I SS 5-14 condition.
Invalid Instruction Address F
Test Exceptional Condition
Microprogram
QT041
002 A -
Reset 'IF : Performed by
invalid addr' and | 'IF-INV—TGR*
‘invalid inst addr' \ micro-order.
triggers.
Yes No
A A
Decrement 1C Decrement IC
by 16 (hex) and by 8 (hex) and ‘Protection
transfer to D. transfer to D. check!
signal
A A
>t Set 'protection check Set 'invalid CPU
to CPU' latch. address* latch.
/
Reset 'branch invalid : Performed by Y y Y
addr' and ‘prot branch 1 ‘0 — BR-INV-ADR' - f
addr' triggers. 1 micro-order, Set 'interrupt | Performed by Set 'interrupt Set ‘interrupt
code -2' and '-4’ 1 ‘1 —w IVSPEC' code 4' trigger. code -1' and '-4'
\ triggers. \ micro-order. triggers.
Issue 3-cycle storoge y
request per D. <
A
Block setting of )
Set STC to 0. in.ferrupf code
triggers by all
micro-orders.
: Pt
Add 1 to STC. A
Diagram 5-22
. 1 Frogrom .
4-cycle wait for i interruption.
possible protection |
check signal . 1
i
]

Diagram 5-29. Invalid Instruction Address Test Exceptional Condition (Sheet 2 of 2)
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2 v 3 v 4 v 5 v 6

(Not) Inhibit NEOP Request

(Not) |-Fetch Sequencer 2 {Latch) .
(Not) Predecode Branch NEOP (D1) A
(Not) Predecode SS A OR IC Storage Request 3 Cycles Set IC Sync and 3-cycle
(Not) Execute Trigger ) Sync Latches
KD101
1C(21,22) =10 ’_T
—]
1C(21,22) =01 — orR A IC Storage Request 4 Cycles Set IC S Latch
e yne Latc
Predecode (Not) RR Format A EEOP (02)
EEOP
KD101 Request
D(21, =10 — — T
@.29=1 BEOP (D3) A -_|-Fetch Sequencer 3
L |or Block [-Fetch Trigger OR
= A
D(21,22) =01 KD101 KDB03
KD801
OR ’ Tum -On -Fetch | ot EOP Starts |-Fetch Sequencers
(Diagram 5-15)
I-Fetch Sequencer 2 (Latch) — 'I:dForced
For Predecode (Not) RR Format
2-Cycle " Predecode (Not) Shift Insts _l OR
Eurl; ) A |-Fetch Storage Request In Progress L], Q-Refill Priority
End Op Predecode (Not) RX Format 1 (Not) Invalid Inst Addr Test Priority A F ROSAR Tabl
g orce er Table
R(12-15) = 0 (Nonindex) OR (Not) Man Cntl +TCS + PSC + Intrpt (+ CPU Stor) Priority EXCEP (K25) o This Page P!
KD501 . Kme2 :)A(Ao%"i]_
RX101 ROSAR Bits Forced by Q-Register Refill Priority and EXCEP Micro-Order
Bit Setting Condition
0-5 0's {(unconditional )
6 1 (unconditional)
7 Not shift ® Not 2-cycle early end op
8 Not shift @ Not 2-cycle early end op ¢ indexed RX format
9 Not shift® R(0) =1 .
10 Not shifte R(1) =1
n - 0 (unconditional )

1st |-Fetch Cycle

No Interruption, Timer, CPU Store in Progress, Manual
Control, Program Store Compare, or Invalid Instruction,
Address Test Exceptional Condition Pending

No

format

format

Yes

RS or SI
format

No (SS Format)

Inhibit
Q-refill
request

IC(21,22) = No

01 or 10

1C(21,22) =
01 or 10,

Inhibit

-refi Y
forg;ORG?Sl;R Inhibit ?eqr:eﬁslrl =
o ex). "
Q-refill y (see Note)
request
* A (see Nofe)
Perform Q-refill Q-refill
exceptional exceptional
condition next condition
cycle. not needed. i
No (Indexed) Op code Yes (Shift)
A =1000 IXXX
A
Diagram 5-6 No 4 '
RR |-Fetch.

Force ROSAR Force ROSAR Force ROSAR Force ROSAR Force ROSAR Force ROSAR
to 032 (hex). to 022 (hex). to 03A (hex). to 034 (hex). to 024 (hex). to 020 (hex).
\ | e Y. |
> P ¢
4
Perform Q-refill Q-refill y ‘
exceptional exceptional
condition next condition Perform Q-refill Q-refill |
cycle. not needed. exceptional exceptional —
condition next condition Inhibit
\ cycle. not needed. Q-refill request
» (see Note).
\ l \ 4 ‘
>
Note: End-op word request for new instructions is Diagram 5-9 \ 4 Q-refill
inhibited when 'execute in progress' trigger is . exceptional
set or when branch or SS instruction is being fetched . RX |-Fetch. Diagram 5-13 condition
not needed.
RS and SI I-Fetch. ‘
Diogram 5-14
SS [-Fetch.

Diagram 5-30. Test for Q-Register Refill Exceptional Condition

7201-02 FEMDM (7/70) 5-30



I o RX format.

' X2 | B2 D2
18 [ R1 | R2 I e RR format. lo 2 7|a = nllz . lslle lolzo 3
[] 78 niz [

P : Load 2nd
\ o Purpose: Load 2nd operand (in GPR, per R2) \ ;) ® og::; n sm:ge) into
Fetch 2nd operand into Ist operand location (in GPR, per R1) I ' 1st operand location
from GPR per R2, (in GPR, per R1),

Fetch doubleword (containing

word-length 2nd operand)
Y from main storage.
Load 2nd operand info ’
GPR per R1. r

Select word-length 2nd operand
from doubleword per D(21).

v

Load 2nd operand into

A. Load, LR (18)

GPR per R1.
B. Lood, L (58)
Diagram 5-101. Load, LR (18); Load, L (58)
> e RX format: »
[ & [w|xe|s]|] o |
) 78 Wiz 1516 1920 3

e Purpose: Load halfword 2nd operand (in storage) into st operand
location (in GPR, per R1).

e Conditions at start of execution:
1. 1st 16 bits of instruction are in E.
2, st operand is in S and T (not used).
3. 2nd operand address is in D, )
4. Main storage request for 2nd operand has been issued per D.
Diagram 5-9
RX |-Fetch.
Specification test.
4
Set interruption code Place 1's into [
6 and 'program PAL(32-59). SDBO | FFFF FFFO
interrupt' latch. - ’
[ Shift left 8 and I Obtained by shifting |
Diagram 5-22 place into A, ! left 4 twice. A | FFFF FO00
Program interruption.
U Select word
! containing specified
! halfword.
E ———

Yes pE=1 No

v

v

Transfer A to PAL Tronsfer A to PAL
and shift left 4. and shift left 4. A | FFFF 0000
Place result into A, Place result into A.
4

Gate SDBO(32-63), Gate SDBO(0-31),
2nd operand, to T. 2nd operand, to T.

I

:Selecf specified halfword.

Yes \0(22)=1/ No
\ _ L _ |

Transfer T(48-63), ! Gate 1 to Transfer 1(32-47), [ Gate 1 o
halfword operand, to ! PAA(47) if halfword operand, to | PAA(47) if
PAA(48-63) . ! T(48)=0. PAA(48-63). ! T(32)=0.

5-101, 102 (7/70)

e

Transfer A to
PAB(32-63).

y
Add PAA and PAB,
and propagate T(48)
into PAL(32-47).

y

Transfer PAL(32-63) to T.
Transfer T to GPR per
E(8-11). :

Places 2nd operand
into 1st operand
location.

4
End op.

Diagram 5-102. Load Halfword, LH (48)



Diagram 5-6 e RR format:
R 12 R1 R2
RR I-Fetch. [ ] l I
] 78 2 15
QBO11 ' e Purpose: Load 2nd operand (in GPR, per R2) into 1st operand
A location (in GPR, per R1)} and set CC according to result.
Transfer T
(2nd operand) e Conditions at start of execution:
to PAA(32-63). 1. Instruction is in E.
2. 1st operand is in A, B, and D (not used).
y 3. 2nd operand isinSand T.
Set STATA ’
if PAL =0.
Transfer T to GPR
per E(8-11).
Yes & STAT A set S
Yes
(Result Negative) No (Result Positive)
A
Set CC 10 0. Set CCto 1. Set CC 1o 2.
y y 4
End op.
Diagram 5-103. Load and Test, LTR (12)
Diagram 5-6 e RR format:
13 | R | R |
RR |~Fetch.
[ 78 niz 15
QBO11 Y ®  Purpose: Load 2's complement of 2nd operand (in GPR, per R2) into

Ist operand location (in GPR, per R1) and set CC according to result.
Transfer 2's complement - .
of 2nd operand from T [ ?on;imons ?t sf-ort of execution:

¥ L(32-63) . « Instruction isin E. ‘

© PAL(32-63) 2. st operand is in A, B, and D (not used).
3. 2nd operand is in Sand T.

Y

Set STAT A if PAL=0.
Set STAT B if
fixed-point overflow .

Y
Transfer PAL(32-63)
toT.

Transfer T to GPR
per E(8-11).

Yes No

w
YW No
Yes (Result Negative) @) =1 No (Result Positive)
y y y
Set CC to 3. Set CCt0 0, Set CCto 1, Set CC to 2.
4 y y
End op.

Diagram 5-104. Load Complehent, LCR (13)

7201-02 FEMDM  (7/70)  5-103,104



2 v 3 v 4 v 5 v 6

Diagram 5-6 e  RR format:
RR I-Fefch. L0 &R
: ° 78 w1
QBO11 * o Purpose: Load 2nd operand (unchanged if positive, 2's complemented if negative; in
Tronsfer 2nd operand GPR, per R2) into Ist operand location (in GPR, per R1).
:?2“_‘_ 6T3)t o PAA e Conditions at start of execution:

1. Instruction is in E. :
‘ 2, st operand isin A, B, and D {not used).
3. 2nd operand isin Sand T,

Set STAT A if
PAL(32-63) = 0.

Y

Transfer 2nd opérand
from T to GPR per
E(8-11).
Yo N
‘ es @ o
Transfer 2's
complement
of 2nd operand
to PAA(32-63).
If overflow,
set STAT B.
Transfer PAL(32~63)
to T. Transfer T to
GPR per E(8-11).
Y. No
T STATBset D

Set CC to 3. Set CC to 0. if T(32) = 0, set CC to 2.

v v v

End op.

Diagram 5-105. Load Positive, LPR (10)

5-105 (7/70)



3
Diagram 5-6
RR |-Fetch.

QBOO1 A

Transfer 2nd operand
from T to PAA
(32-63).

Yy

Set STAT A if
PAL(32-63) =0.

/

Transfer 2nd operand
from T to GPR
per E(8-11).

No

)

T(32) = 1

Transfer 2's
complement
of 2nd operand
to PAA(32-63).

Transfer PAL(32-63) to T.
Transfer T to GPR per
E(8-11). )

4
Set CC to 0.

QAy

1£T(32) =1, set CCto 1.

End op.

~ Diagram 5-106. Load Negative, LNR (11)

v 5 v 6

RR format:

[ o BRI

o 78 ni2 15

Purpose: Load 2nd operand (unchanged if negative, 2's complemented

if positive; in GPR per R2) into 1st operand location (in GPR, per R1).

Conditions at start of execution:

1. Instruction is in E,

2. st operand is in A, B, and D (not used).
3. 2nd operand is in S and T.

7201-02 FEMDM

(7/70) 5-106



Diagram 5-13
RS I-Fetch.
QKO11 ‘
[ Gate ~64 1o F. J F

v

Set interruption code
6 and 'program
interrupt' latch;
force end op.

Specification test. |

Yes (1 Word)

E(8-11) =

v

Diagrom 5-22

Program interruption.

Yes (Right Word)

-———-

INTO LS

F=——-

I

Yes (2 Words)

4

o RS format:

I Rl l R3
noe

B2 | D2 |
1920 Ell

[
o 78

15 16

e Purpose: Load 2nd operand (as many words as required; in storage) into GPR's, in ascending order,

starting with Ist operand location (per R1) and ending with 3rd operand location fper R3).

¢ Conditions at start of execution:
1. 1st 16 bits of instruction are in E.
2. 1st operand is in S and T {not used) .
3. 2nd operand address is in D.
4. Main storage request for 2nd operand has been issued per D,

'No (More Then 1 Word)

W

INTO LS

¥

LOAD RIGHT WORD I

Gate SDBO(32-63)

toT

Transfer T to GPR per
E(8-11). Add.1 to
E(8-11).

Generate 3-cycle
storage request;

awgit doubleword
from main storage.

|
I
|
l
I
I
|

No (Left Word) Y |
[T 77T "1 toapterrworo _I
I INTO LS ]

A \ 4 l

L — ]

Gate SDBO(32-63)
toT.

Gate SDBO(0-31)
toT.

e e ——— ——

LOAD RIGHT WORD_I

2R

Transfer T to GPR per

|
R

Y

Subtract 1
from E(12-15).

\J

BASIC LOAD LOOP

I

Set F(0) to 0.
Add 8 to D.

FIOIOOIZOOq

Yes (Stort With Right Word)

D(21) = 1

E(8-11) =
£(12-15)

No (More Then 2 Words) Yes (2 Words) E(8-11) =

E(12-15)

LOAD RIGHT WORD
INTO LS

Gate SDBO(32-63)

-———

to T,

Transfer T to GPR per
E(8-11). Add 1 to
E(8-11).

Gate SDBO(0-31) to T.

Gate SDBO(0-63) to AB.

!

!

Transfer T to GPR per

Generate 3-cycle E(B-11). Add 1 fo

storage request.
Transpose F(0-3)

and F(4-7).

E(8-11).
!

storage request;
await doubleword
from main storage.

Y

Add 4 [F(4-7)] to D;
await doubleword

from main storage.

¥

Transfer B to T.

IR
I

.

{

Transfer T to GPR
per E(8-11).

|
I
I
I
|
|
I "Generate 3-cycle
I
I
|
|
|
I
|

E(8-11) = No (More Than 2 Words)

£(12-15)

L _

Yes' (2 Words)

Yes (1 Word)

INTO LS

[

No (Start With Left Word)

No (More Than 2 Words)

LOAD DOUBI.EWORD_—I
INTO LS AND FETCH
NEXT DOUBLEWORD
FROM MAIN STORAGE

—————— ]

No (More Than 1 Word)

34 7

I
I
I
|
|
I
I
I
I
I
|
|
I
I

I‘ Add 1 to £(8-11). I

Gate SDBO(0-31) to T.
Gate SDBO(0-63) to AB.

Add 1 to E(8-11). J

v

Transfer T to GPR per

Transfer B to T. l

!

Transfer T to GPR

|
|
|
|
|
' |
|
|
|
l

I
E(8-11). I
L] :
I £(8-11). Add | to
E(8-11}.
|
I
: per E(8-11).
I=
A
I ) End op.

Diagram 5-107. Load Multiple, LM (98)

5-107 (7/70)

I



2 v

e RR format: AR, ALR, SR, SLR, CR.

l?pCode | | e l

0 78 1na2 15

e Purpose:

1. AR, ALR, SR, SLR - Algebraically add
(subtract) 2nd operand (in GPR, per R2)
to (from) st operand (in GPR, per R1) and
place result into 1st operand location.

2. CR - Algebraically compare Ist operand
(in GPR, per R1) with 2nd operand (in GPR,
per R2) and set CC according to result.

e Conditions at start of execution:

1. Instruction is in E.

2. st operand isin A, B, and D.

3. 2nd operand isinSand T.

e Op codes:
1. Add, AR =1A.
2. Add Logical, ALR =1E.
3. Subtract, SR =1B.
4. Subtract Logical, SLR = 1F.
5. Compare, CR=19.

Diagram 5-6

RR I-Fetch,

v A v

e RX format: A, AH, AL, S, SH, 5L, C, CH.

lijode ] RI ]7x2 Tsz T D2
[] 7

8 112 1516 1920
e Purpose:

1. A, AL, S, SL - Algebraically add (subtract) 2nd
operand (in storage) to (from) 1st operand (in GPR,
per R1) and place result into 1st operand location.

2. AH, SH - Algebraically add (subtract) halfword 2nd
operand (in storage) to (from) Ist operand (in GPR, per
R1) and place result into 1st operand location.

3. C - Algebraically compare 1st operand (in GPR, per
R1) with 2nd operand (in storage) and set CC according
to result.

4. CH - Algebraically compare 1st operand (in GPR,
per R1) with halfword 2nd operand (in storage) and set
CC according to result.

o Conditions at start of execution:

1. st 16 bits of instruction are in E.

2. lstoperand isinSand T.

3. 2nd operand address is in D .

4. Main storage request for 2nd operand
has been issued per D.

e Op codes:
1. Add, A=5A.
. Add Halfword, AH = 4A.
. Add Logical, AL = 5E.
. Subtract, S = 58B.
. Subtract Halfword, SH = 48B.
. Subtract Logical, SL = 5F.
. Compare, C =59.
. Compare Halfword, CH =49."

OO A WN

Diagram 5-9

RX I~Fetch
{word),

3

A

Transfer 1st
operand from
Tto B.

Gate 1's to
PAL(32-59).

Set interruption

Shift PAL left 8
toA.

code 6 and
'program
interrupt' latch;
force end op.

No (Left Word)

Yes (Right Word)

Diagram 5-22
Program
interruption.
Transfer 1st . A
operand from
TtoB. Gate
SDBO(0-31)
toT.

D21y =1

No (Left Word)

Diagram 5-9

RX 1-Fetch
(halfword),

Specification test.

PAL(63) =0

4
Set interruption
code 6 and
'program
interrupt’ latch;
force end op.

/

Diagram 5-22

Program
interruption.

soaol FFFF FFFO |

Al FFFF FO00

Yes (Right Word)

Gate
SDBO(32-63)
toT.

A A

Shift PAL left 4
to A.

A| FFFF 0000

Gate T(48-63)
to PAL(48-63),

Propagate T(48)
into PAL(32-47),

Diagram 5-108. Fixed-Point Add-Type Instructions (Sheet 1 of 2)

A
Gate Gate
SDBO(32-63) SDBO(0-31)
to T, to T.
No (Left Halfword) D@2) =1 Yes (Right Halfword)
A

Gate T(32-47)

to PAL(48-63),

Propagate T(32)

into PAL(32-47),

‘ .
A!V!
Sheet 2

7201-02 FEMDM (7/70) 5-108,Sh 1



2 v 3 v
Sheet 1
QF001
Sub/Comp, Instruction "\ Add
class
y
Transfer 2's Transfer 2nd
complement| of operand from T
2nd operand in T to PAA(32-63),
to PAA(32-63).
Y y
Transfer 1st
operand in B
to PAB(32-63),
Add PAA and
! PAB, and place
result into
PAL(0-63).
Add/Sub/Col Add Log/Sub
/Sub/Comp Instruction d Sub Log
=
Set STAT B if | Used for setting Transfer
fixed-point | CC. See table. PAL(24-67) to
overflow. AB(24-67).

A

Set STAT A if |
PAL=0.

Transfer result
of addition in
PAL to T.

Yes Compare

No

| Used for setting
' CC. See table.

L

W

Transfer T to
GPR per E(8-11).

\

Set CC per
hardware

conditions.
See table.

End op.

Diagram 5-108. Fixed-Point Add-Type Instructions (Sheet 2 of 2)

5-108, Sh 2

/10

A v 5 v 6
Allows testing of
A(31) for setting of
CC. See table.
STAT TSh:te of
Instruction A | B |Bit Tested | CC Comments
Add/Subtract 1{of1(32)=0} 0 PAL equals zero.
0j0|T(32)=11] 1 PAL is less than zero.
0]0jT(32)=0] 2 PAL is greater than zero.
011 {T(32)=0}| 3 Overflow.
Add Logical 110 |A@31)=0] 0 | PAL equals zero and no carry from PAL(32).
0|0 |A@3I)=0] ! PAL does not equal zero and no carry from
) PAL(32).
110 {A@BI1)=1}] 2 | PAL equals zero and carry from PAL(32).
0jotA@E)=1] 3 PAL does not equal zero and carry from
’ PAL(32). 4
Subtract Logical {0 } 0 JA(31)=0] 1 Same as Add Logical.
1101A@GB)=1] 2 Same as Add Logical.
0jo|A@R) =1} 3 Same as Add Logical.
Compare 1j0(T(32)=0] 0 Operands are equal,
' 0l1iT(32)=0} 1 Ist operand is less than 2nd operand.
00 T(32)=1] 1 1st operand is lessthan 2nd operand.
0]0}T(32)=0f 2 Ist operand is greater than 2nd operand.
01 {T(32)=1} 2 st operand is greater than 2nd operand.




Multiply (MR) 1C

e RR format:

r 1C { R1 I R2 J
0 78 "z 13

@ Purpose: Multiply 1st operand {in GPR, per Rl +1) by
2nd operand (in GPR, per R2) and place 64-bit result
into 1st operand location (in GPR, per R1 and R1 +1).

e Conditions at start of execution:
1. Instruction isin E.
2. Contents of even-address GPR specified by R1 is
in A, B, and D (not used).
3. Multiplicand ( Ist operand) is in odd-address GPR
specified by R1 +1.
4. Multiplier (2nd operand) is in Sand T.

Diagram 5-6

RR [-Fetch.

{ Specification test. l

{
t
|

3 v 4

v 5

Multiply (M), 5C and Multiply Halfword (MH), 4C

o RX format:

[ scoec [ mi| x2[m ]

D2 |

0

78 nn 1518 19 20 kL)

o Purpose:

M - Muitiply 1st operand (in GPR, per R1 + 1) and
2nd operand (in storage) and place 64-bit result into
1st operand location (in GPR, per R1 and R1 + 1),

. MH - Multiply st operand (in GPR, per R1) and

halfword 2nd operand (in storage) and place low-order
32 bits of result into 1st operand location.

o Conditions at start of execution:

Set interruption Load 15 into
code 6 and E(12-15) ond
‘program

3 into STC(0-2).
interrupt’ latch; .
force end op.

Transfer
multiplicand
from GPR to T
per E(8-11) + 1.

Diagram 5-22

Program
interruption.

1. 1st 16 bits of instruction are in E.
2. Contents of even-address GPR specified by R1 is in
S and T for M instruction (not used).
. -~ 3. st operand for M instruction is in odd-address GPR "
Diagram 5-9 specified by RI + 1, Diagram 5-9
RX 1-Fetch 4. st operand for MH it\st.rucﬁon isinSand T. RX 1-Fetch
(word). 5. 2nd operand address is in D. (halfword).
6. Main storage request for 2nd operand has been issued per D.
Specification test.
PAL(63) = 0
Place 15 into
Place 15 into E(12-15) ond
E(12-15) and 3 into STC(0-2).
3 into STC(0-2).
Sets up conditions to Place 1's into
select first multiple. PAA(40-59) and
shift left 4 to
Transfer PAL(36-55).
multiplicand -
from GPR to S ‘
per E(8-11) +1.
Tronsfer PAL to
Aand A to
PAB(32-63).
Shift left 4 to
PAL(32-51).
Yes No Yes No
Gate Gate Gate Gate
SDBO(32-63), SDBO(0-31), SDBO(0-31), SDBO(32-63),
multiplier, multiplier, multiplier, multiplier,
to T, to T, to T, to T.
Transfer PAL
to Aand A to
PAB(32-63).
Shift left 4 to
PAL(28-47),
and transfer
PAL(32-63)
to A.
No Yes
Transfer A(32-47) Tronsfer A(32-47)

to PAB(32-47).

'

Transfer halfword
multiplier bits
from T(32-47) to
PAA(48-63).

L

to PAB(32-47).

!

Transfer halfword
multiplier bits
from T(48-63) to
PAA(48-63).

|

}

Add PAA and
PAB, and propa-
gate sign of half-
word operand into
PAL(32-47).

;

Transfer
PAL(32-63) to°
T.

9,

Sheet 2

Diagram 5-109. Fixed-Point Multiply (Sheet 1 of 3)

7201-02 FEMDM (7/70) 5-109,Sh 1



2 v 3 v 4 v 5 v 6

OB]ecﬁves:
Sheet 1 1. Select multiple (of T).
a. Select M1, M2 bits from S per E(12~15) (A of Sheet 3).
b. Select multiple (of T) per M1, M2 bits and 'TX" trigger
(Table 1, Sheet 3).
QB021 .
A =7 2. Develop partial product (PP) bit-pair.
Select M1, M2 bits. Select i Select 1st multiple (of T). a. Add multiple to PP in AB (shifted right 2) (B of Sheet 3).
multiple per M1,M2 bits and 'TX' b. Gate new PP to AB,
trigger, gate mullﬁp|e to PAA, Ir E(12-15) STC c. Gate PP bit-pair [B(66,67)] to SAL per E(14,15)
and decrement E(12-15). 'L IEER] 011 (C of Sheet 3).
3. Develop PP byte.
4 ——-7 Add SAL fo F.
Select multiple per M1, M2 bits Select 2nd multiple. .
and ‘TX' trigger, gate multiple to PAA I 4. Develop low-order PP in 3.
and decrement E1(12-15) . Sh?f? PAL ’ ! E(12-15) STC a. When PP. byte is complete, gate SAL to S per STC.
iaht 4 and gate to AB } . b. When S is full (4 bytes of PP has been loaded),
ne and gate to AB. ] 1mo on low=-order product is in S and high=order product is in PAL.
Y 5. Store product.
a. Store high-order product (in PAL) into GPR per R1
Y (even register).
=7 TR T—Ty b. Store low-order product (in S) into GPR per R1 + 1
. . elect ord, ’ ; an odd register) (per R1 for MH instruction).
Select moltiple, Gote t o A | multiple. Gate'lst, 5th, 9th (odd register) o )
:;\L rie;;te':e:nd gate fo .AB.' ! and 13th PP bit-pair to F.
Gate B(66,67) to SAL, gate F L £(12-15) sTC
¢ to serial adder, gate SAL to F,
and gate AB (shifted left 2) to PAB. | 1ol on
1 1001 010
I 0101 001
{ 0001 000
No ) Yes (Last Byte)
E(12,13) =0
A e y _
I Select 4th, 8th, and 12th : ! Select 16th multipl
. . 3 . ple.
Select ’j:"":"fé(ﬁ’;’_e‘ 3 e | moltiple. Gate 2nd, 6th and 10th | Select multiple, gate it to PAA, | Gate 14th PP bit-pair to F.
gnc cecreme y I pp bit=pair to F. and decrement E(12-15). Shift }
PAL right 4 and gate to AB. I PAL right 4 and gate to AB. | £(12-15) STC
» Gate B(66,67) to SAL, gate F | E12-15) sTC Gate B(66,67) to SAL, gate F r
to serial adder, gate SAL to F, i o0 on to serial adder, gate SAL to F, H 0000 000
and gate AB (shifted left 2) to PAB. b and gate AB (shifted left 2) to PAB.
i 1000 010 -
{ 0100 001
D 3 -- . i
: 1
. . Select 5th, 9th, and 13th Gate 15th PP bit-pair to F.
S:Le:t multlplfé(?;tﬁl;; ?OSl:i?tA" : multiple. Gate 3rd, 7th and 11th Decrement E(12-15). Shift :
ond decremen 2 PP bit~pair to F. PAL right 4 and gate to AB. L E(12-15) sTC
PAL right 4 and gate to AB. | Gate B(66,67) to SAL, gate F 1 nn 000
. ', ’
Gate .8(66’ 67) to SAL, gate F i E(12-15) sTC to serial adder, gate SAL to F, 1 :
to serial adder, gate SAL to F, i and gate AB (. hifted left 2) to PAB
and gate AB (shifted left 2) to PAB. 1 1011 o1l nc gare AB ishifted left 2) fo FAB.
| om 010 :
{
1 0011 001
Al L A e
| 1
. . Select 6th, 10th, and 14th . Gate 4th PP byte to S.
Select multiple, gate.it to PAA, I multiple. Gate 4th, 8th, and 12th | Gate B(66,67) to SAL, ! Gate 16th PP bit-pair
and dc.acremenf E(12-15). Shift | PP bit-pair to F, Gate Ist, 2nd, gate F to serial adder, ! to SAL.
PAL right 4 and gate to AB. l' and 3rd PP byte to $ per STC. gate SAL to S, and }
Gate B(66,67) to SAL, gate F (A _ gate AB (shifted left 2) to PAB. | E(12-15) STC
et A8 (e ot 2 1o BAB |___E2s T e iorliith Lo 000
Gate SAL to S per STC, and  ~ : 1010 on i
decrement STC. I 0110 010
: 0010 001
> » .
Yes Fullword No (Halfword)
E@ =1
! Gate S to PAA, PAL Gate S to PAA, PAL
toT, and T to GPR . toT, and T to GPR
per R1 +1. per R1.
4
End op.
Diagram 5-109. Fixed-Point Multiply (Sheet 2 of 3)

5-109,sh2 (7/70)



2 v 3 v 4 v v 6
A. Derivation of Multiple y
PP
8 | 15 24 | 31 Bit Pl " C. Derivation of Partial Product Byte
0 7 16 | 23 Decoder RB
> = S
S RS T RT
0 31§32 63 0 7 0 7
0 7 16 223
o 2 32 63 sAB SAA
8115 24 3 31
E SAL
14,15 Bits
2 I 31 6 I 7
1 ? g; of1 4is
1
> MP .
R Bus 00 4,5 SAL
DP 01 6,7 » 5
E S 0 7 9 e
12, 15 | Byte —
o0 0
01 1 )
10 2
11 3 0 7 32 63 0 7
- Mulﬁp‘le Multiple > Gate Control Triggers Place PP byte into S per STC F E
r Selection per 0XT, 1XT, -1XT, 2XT, when all 8 bits are present
M1, M2 Bits =2 XT RT 0 7
Select M1, M2 and 'TX' 32 63 0 7
bits per E(14,15) Trigger l ——,_
E 1415 | S bits 31 62
0 0] 0,1
0 1] 23
10 4,5
11 6,7
Propagate Sign to.28,29
Propagate Sign
' 25 | 30 31 62
- 0's to 66,67
TABLE 1. VALUE OF MULTIPLE DETERMINED BY MULTIPLE P X
SELECTION BITS ropagate Sign | 2829 66 l67
26 |31 32 63
Multiple Selection 6 E— &
i 7
Birs X T-Register Times | Set 'TX' 4 63 63,7 67
M1 M2 Trigger Value Indicated Trigger Vg
PAA PAB Pid
0 0 0 O0xT No (Right 4) 7
4
0 1 0 1xT No S
’/
1 0 0 2xT No L™
t PAL : AP
1 0 0 -2xT No 4 63) 67
1 1 0 -1 x T (2's Complement) Yes 24 67
0 0 1 IxT No
0 1 1 2xT No
1 0 1 -1 x T (2's Complement) Yes
1 1 1 OxT Yes 24 67
$ Used on last multiple selection if multiplicand is negative . - r—
A RA B RB|
0 31]32 67
66 67
32 67’

Diagram 5-109. Fixed-Point Multiply (Sheet 3 of 3)

B. Derivation of Partial Product Bit

7201-02 FEMDM  (7/70) 5-109,Sh 3



2
Diagram 5-6
RR i-Fetch.

e RR format - DR:

1D

[Rl[kz

[

o Purpose: Divide 1st operand (in GPR, per Rl and R1 + 1) by

78 2 15

5-110,Sh 1 (7/70)

‘Diagram 5-110. Fixed-Point Divide (Sheet 1 of 6)

[P 2nd operand (in GPR, per R2) and place result into 1st
:)::Z:nd slzet:;:cuhon operand location (remainder in GPR per R1; quotient
dividend divisor f in GPR per R1 + 1),
signs. ! Specification fest. j o Conditions at start of execution:
- 1. Instruction is in E,
Yes No 2. High-order half of dividend (st operand) is in A, B,
E(1T) =1 and D.
y \/ 1 3. Divisor {2nd operand) is in Sand T.
Z‘-‘;f::’;’r'::rﬁ:’n" code Set STAT B if B(32) = 1.
interrupt" latch; Set STAT G if T(3?) =1.
force end op.
4
Diagram 5-22
Program interruption.
y
.
Gate low=-order dividend
to S and high-order
dividend to B, in true form J
Gate divisor to T. A
Place 1's into A,
A -
Transfer GPR to T : Transfers low-order bits of
per E(8-11) +1. I dividend from LS.
y
Set STC to 000.
4
2's complement T
and transfer to LSWR,
Yes (Negative Dividend)
STAT B set
No (Positive Dividend)
i |
Transfer S to T. { Places divisor into T.
L
4 \ B
Transfer GPR to S : Transfers low-order bits of
Yes Carry from No per E(8-11) + 1. ' dividend from LS to S.
PAL(28)
\ \/ r
Set STAT D. Set STAT.D,
T : - - T
Transfer LSWR to S, 1 Places 2's com;.ylement Transfer LSWR to S. | Places 2's comelement
i of low-order bits of of low=order bits of
! dividend into 5. l dividend into S.
Y Y
Transfer Bto T, Tronsfer Bto T.
\ A e
: T
Transfer 2's complement : Places 2's complement 2's complement T and I { Obtains complement of high-order
of T ond B. | Zf I:n;gh;ofd'er g"s of transfer to PAA(32-63). i : bits of dividend.
L Ividend info B. Transfer A to PAB(32-63). 1
: |
|
: ' B E— 4
Add PAA and PAB,
and transfer result
to AB(24-67) .
4 ) I,
Transfer GPR to s .
P .
T per E(8-11). : laces divisor into T
y 4
Set E(12-15) to 0000.
’ y
l A l
Sheet 3 DR (ID) iInstruction initialization




Diagram 5-9

RX I-Fetch.

A

Perform specification test.

v

-

Set interruption code
6 and 'program
interrupt' latch;
force end op.

Diagram 5-22

Program interruption.

Specification test.

I
1
1

E(11) =0 and Yes

PAL(62,63) =0

4

Gate low-order dividend
to S and high-order
dividend to B in true
form, and retain signs.
Gate divisor to T.

Y

2's complement
T and transfer
to AB(24-67).

Transfer GPR (low-order
dividend) to T per
E(8-11) +.1.

v

RX format - D:

[ o T wm]lxe]e] D2 B

0 78 niz 1516 19 20 3

Purpose: Divide 1st operand (in GPR, per R1 and R1 - 1) by
2nd operand (in storage) and place result into Ist operand location
(remainder in GPR per R1; quotient in GPR per R1 - 1),

Conditions at start of execution:

1. Tst 16 bits of instruction are in E.

2. High~order half of dividend (st operand) is in S and T.
3. Divisor (2nd operand) address is in D,

4. Main storage request for divisor has been issued per D.

Set STAT C if
5(0) =1.

Retain dividend sign.

[

Set E(12-15)
to 0000.

2's complement T
(low~order dividend).

Transfer T to LSWR.

Yes (Negative Dividend)

No (Positive Dividend)

STAT C set

A

Transfer LSWR to S.
Set STAT D.

Carry from
PAL(28)

Transfer B minus
1 to B.

Correct high-order
dividend.

A 4

Transfer S to B.

/

Transfer GPR per
R1+1toS.

Transfer divisor from

SDBO(32-63) to T.

Transfer divisor from

SDBO(0-31) to T.

Set STAT B if B(32) = 1.
Set STAT G if T(32) = 1.

)
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Sheet 1, 2
1st reduction cycle.
{Develop 2nd muttiple
and attempt to overdraw
high-order dividend). QBO31 *
Select M1,M2 bits from I See B of Sheet 4.
S per E(12-15) and gate | Append bit-pair of low=-order
to PAL(64,65). Gate PAL I gividend (in $) to high-order
(24-67) to AB(24-67). : dividend in B.
| Increment E(12-15) by 1. ’ : E(12-15) is used to select M1,M2 bits
from S and to select location of
1 partial quotient (PQ) bit in SAL
N 1 and F.
A
Select PQ bit finverse of | See table in C of Sheet 4.
A(28)] and gate to SAL 1 First PQ bit is extraneous; it is not
(odd SAL) per E(14,15) | gated to F, and is replaced by o
and 'DVDLO’ micro-order y  valid PQbit 2 cycles later.
i E(12-15) PQ Bit To
| 0001 SAL(1)
Yes
(Negative Divisor) No (Pesitive Divisor)
F——————— e —— —
I : Attempt to overdraw high=order
A y i dividend (in B) by reduction
-67) left 2 t Gate AB(6-67) left 2 by doubling the divisor
S;;;}g'g;‘, f_m),:r ° to PAB(4-65), gate 2's (7 shifted loft 1).
(divisor) shifted left 1 complement of T .
to PAA(31-62), and (divisor) shifted left 1
propagate sign to PAA to PAA(M'.&)' ond
(26-31). Gate PAL propagate sign fo PAA
(24-67) to AB(24-67). (26-31). Gate PAL
¢ (24-67) to AB(24~67).
Select 2nd multiple {of i . J
divisor) per T{32), camy ! See table in A of Sheet 4.
from PAL(28), and
‘DVDLO’ micro-order .
Develop a byte of
quotient in SAL and
F and load into S. {
1
Select M1,M2 bits and | Add 2nd mu!fiple to partial remainder,
gate them to PAL(64,65), ] gate lst valid PQ bit to SAL and add
gate AB(6-67) to PAB 4 to F, and select next multiple.
(6-67), gate T(32-63) to ¥ - N
PAA p;r multiple select, { E(12-15) S1C PQ 8it To
propagate sign, and gate ] 0001 000 SAL(0)
PAL to AB. Gate PQ bit f
to even SAL per E(14,15) oo 001 SALO)
and 'DVDLI' micro-order, | 1001 010 SAL()
and add fo F. Select f Ti01 o SALO)
next multiple. L
s
QBO4] y ]
Gate AB(6-67) left.2 : E(12-15) STC PQ Bit To
to PAB(4-65), gate - -
T(32-63) to PAA per | XX01 0XX SAL(1)
multiple select, I xx10 OXX SAL()
propagate sign, and !
gate PAL to AB. Gate ! XX11 oxx SAL(5)
PQ bit to odd SAL per
E(14,15) and 'DVDLO"
micro=-order, and add to
F. Select next multiple.
Yes
(2 More PQ Bits
to Complete
Byte i N
yiein B E(14,15) = 11 ¢
i 1215 by 1 | EQ12-15) sTC PQ Bit To
i ncrement - .
stc=on Yes {Lost Quotient Byre) Seloet M1, M2 bifs ond 10 ox | SALD)
gate to PAL(64,65), f
gate AB{6-67) to PAB Lo OXX | . SAL4)
(6-67), gote T(32-63) to
Y PAA per multiple select,
T propagate sign, and gate
Increment E(12-15) by 1. | E(12-15) PQ Bit To PAL to AB. Gate PQ bit
Select M1,M2 bits and T to even SAL per E(14,15) ‘
gate to PAL(64,65), L XX%© SALE®) and 'DVDLI" micro-order,
gate AB(6-67) to PAB and add to F. Select
(6-67), gate T(32-63) to next multiple .
PAA per multiple select,
propagate sign, and gate
PAL to AB.'Gate PQ bit
to even SAL per E(14,15)
and 'DVDL1’ micro=-order,| r
“ond add to F.Select next T N
multiple. Set STAT C if Increme;(r E(12-15) by 1. D) sT¢ PQBit To
SO =1. Gate AB(6-67) to PAB I o000 0l SAL(6)
{6~67), gate T(32-63) L ©
} to PAA per multiple select,|
I prop sign, and gate
Gate AB(6-67) left 2 to | Store complete quotient byte into S PAL to AB. Gate PQ bit
PAB(4-65), gate T | to accumulate quotient. Update to even SAL per E(14,15)
(32-63) to PAA per L E(12-15) and STC for next byte. and 'DVDL1" micro=order,
multiple select, and add fo F. (Last
propagate signy and I Ez-15 | sic PQ Bit To o °°y=,g)‘f’
gote o AB. Gate ¥
PQ bit to odd SAL per | o100 000 SAL@Z) ‘
e(_u,ls)dand 'DZD:?!' | 1000 001 SALR) '
micro-order, ond a " "
to F. Gate gAL 05 ! 1100 010 SALE) S&r;)]?(?obsx;!{rg)e::rof L E(12~15) STC PQ Bit To
per STC. Select next £(14,15) = 00 and ! 0000 on SAL(Z)
multiple. Increment

E(12-15) and S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>