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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 diagram
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

First Edition (July, 1970)
This manual has been prepared by IBM Product Publications, Kingston, N.Y.

©Copyright International Business Machines, 1970

i (7/70) .

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
SFN-0103
9020D System Introduction, Theory of Operation Manual, Form
SFN-0104

Companion Manuals ' -

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

720102 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 .
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 P
Logical Functions, SAL(0)

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 Logrc

Group 6: Status and Control Triggers
STAT B Logic e

Group 7: SCI

SCI Request Sensing and Gating Logic

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 T1m1ng

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 . Coe .
Selection of I-Fetch Sequence Ce e e e
RR I-Fetch .

One-Cycle RR I- Fetch F
Two-Cycle RR I-Fetch o R
RX I-Fetch

. 3-8

. 54
.55
. 56
. 57
. 58
. 59

.11
.12
. 13

.21

. 31
. 32
.33
. 34
. 35
. 36

. 4-1
. 42
. 4-3

. 4-101
. 4-102
. 4103
. 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

. 4-401
. 4-402
. 4-403
. 4-404
. 4-405
. 4-406
. 4-407
. 4-408
. 4409
. 4410
. 4411
. 4412
. 4413
. 4414
. 4415
. 4416

. 4-501

. 4-601
. 4-602
. 4-603
. 4-604
. 4-605
. 4-606
. 4-607
. 4-608
. 4-609
. 4610
. 4611
. 4612

.51
.52

5-3

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 . 5-12
RS and SI I-Fetch e 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 . 5-19
Non-Branch Setting of Interrupt Code Trrggers . 5-20
SPEC Y-Branch Setting of Interrupt Code Trrggers . 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 . 5-27
Program Store Compare Exceptional Condition .. . . . 528
Invalid Instruction Address Test Exceptional Condition (2 Sheets) .. . . .52
Test for Q-Register Refill Exceptional Condition e e e 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) . 5-109
Fixed-Point Divide (6 Sheets) . . 5-11¢
Convert to Binary, CVB (4F) (2 Sheets) . 5-111
Convert to Decimal, CVD (4E) . 5112
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) . . 5206
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) . 5211
Floating-Point Multiply, Long Operands (4 Sheets) . 5212
Floating-Point Divide Data Paths . . . . 5-213
Floating-Point Divide, Short Operands (4 Sheets) . 5214
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, Subtract, and Compare (3 Sheets) .. .5-302
Complement Add Sequence for Decimal Add, Subtract, and Compare (3

Sheets) ... e e e e e e e . 5-303
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 Wlth 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 . 5403
Logical AND Instructions . 5404
Logical OR Instructions . . . 5405
Logical Exclusive-OR Instructxons . 5406
Test Under Mask, TM (91) . . . 5407
Insert Character, IC (43); Store Character, 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: I/O Instructions
1/0 Instructions

Group 9: Multiple Computing Element Instructions
Load Identity, LI (0C) ..
Insert ATR, IATR (0E)
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 Recervmg 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 current

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

CCW 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

CcSw channel status word

CT . conditional terminate

CTC channel-to-channel

CU Control Unit

CVG Character Vector Generator

v (770

. 5-505
. 5-506

5-601

. 5-602
. 5-603
. 5604
. 5605
. 5-606
. 5607

5-608

. 5609
. 5-701

. 5-801
. 5-802
©. 5-803
. 5804
. 5-805
. 5-806
. 5-807
. 5-808
. 5-809

5-810

. 5-811

. 5-901

5-902
5-903

. 5904
. 5905

5-906

. 6-1
. 62
. 6-3
. 6-4
. 6-5

. 6-6
. 6-8A

. 6-8B
. 69

STORAGE SELECT Switch Gating .

DEFEAT INTERLEAVING Switch Gating

RATE Switch Logic e
Instruction Step Routine .

Single-Cycle and Smgle—Cycle-Inhxblt Routme
Repeat Instruction Switch Logic

Repeat Instruction Switch Routine

ROS TRANSFER and REPEAT ROS ADDRESS Swrtch Gatmg
Storage Ripple Loop (Store and Dlsplay) Routine
Wait State Gating e 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 Swrtch LOglC
FLT BACKSPACE Pushbutton Logic and Flow
1052 Adapter Unit
1052 Adapter Initial Selectlon - Read Wr1te, 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 M1crobranch1ng
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
. 6-110
. 6-111
. 6-112
. 6-113
. 6-114
. 6-115
. 6-116
. 6-117
. 6-118
. 6-119

. 6-201



GIS
GPR

hex
Hz

iC

ICR
IDES
I-Fetch
ILC
ILOS
Init
I/0
10CE
IPL

K
kHz

LAB
LADS
LAL
LAR
LC
LF
LOS
LS
LSWR

MACH
max
MC
MCW
mHz
MMSC
Mple
MPR
MPX
ms

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 initialization 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

kilo; 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

Xilat

e+ A ALV 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
Iess than or equal to
less than or equal to
equal to

not equal to

and
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I LOGIC DIAGRAMS Transfer into register. l
I - /lndicctes storageable device |
0 l 31 /and input side.
I " - Means register contents are |
Name —» A’ RA \supplied to indicators. —
0 31 A |
l o ALD Group L ( AND |
0 78 15 —
I _l__ \ Register Size (32 Bits) |
I 0 J 31 Transfer out of register. . {
OR [—— OR
| —
S___.
5 > OE —S Exclusive-OR
7 0 {
| SAB SAA _ )
8~Data Bit (Plus Parity) Time Time
Serial Add
= erial Adder { ™ (¢ DLY |—— Time Delay
0 7
Time
§ SS { Singleshot
¢ 63 4 63,” 67
/ Frequency
/ .
PAA PAB / {—— OSC }——4 Oscillator
// 60-Data Bit (Plus Parity)
/ Parallel Adder
— & II NII { Negator (Inverter)
PAL AP :
4 63] 67
—— AR —— Amplifier
Upper half is
set (1) input . (Name)
T =mie—— Means output is supplied to indicator. O ( I
Gat:
__ Y1 Type (Trigger, Latch, Flip-Latch). y . ) vare I
A 8 Jo— Number of multiple circuits.
Lower half is AB123 «—— ALD Reference |
reset (0) input. Indicates storageable device
and input side. st Bus
Name
@ Indicator .
In 2
3
Mere Multiple Line Transf
@ Roller Switch Indicator vlitiple Line Transter
i
. 2 Out
3
Parity Check Logic
Parity Generate Logic
| § 8 ——4 Multiple Line Transfer
0-7.
/O IF Interface ©-7) | :
Denotes interface between two units.
TIMING CHARTS Heavy bar indicates active state . Number(s)

I GENERAL

On-=-Page Connector

®\‘ Indicates connection

between two parts of

the same diagram.
Arrow leaving symbol
points (line of sight)
to correspondingly-
numbered symbol .

Off-Page Connector
Indicates connection

between sheets of the
same diagram.

Sheet 1

Sheet 2

I

|

| |

3, 4, Not & v $
|

1

lMc.!cl'ﬁne Cycles at beginning and end of the bar idcntify the
signal(s) (also on the same chart) that i

activate and deactivate this {ine. "Not" |

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

w

m WaveShape

Heavy bar indicates active state.

FLOWCHARTS

QAlzai y
/
co

Reference

Processing Block /

‘ Branch Path Lobels
Reference within
stripe specifies
detailed flowchart
i of the process.
Diagram 5-10

Detail l
' flow path
for each
major
3 objective.

Decision Block

indicates point in General &
flowchart where flow path

branch to alternate (shows

paths is possible . major

Diagram reference

objectives). I

within annotation
block connected to

T | Annotation

| Gives descripfive

Path Labels

comment or
explanatory note.

stripe specifies
.detailed flowchart
of the decision.

-
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To
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 From
Sheet 2
4
4
Perform
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reset. In stop loop;
manual light

| on; error

| lights off.

6
From Sheet 2
R Q

v 7

LOCAL STORE

20

Do manual
store/display.

N
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| PARALLEL ADDER E-REGISTER
SERIAL ADDER SDBI MIXER
l |0CE BUS MULTIPLIER DECODE

-0

Load
FLTs.

Yes

) -

To
Sheet 2

©

FLTs.

Fail Yes

No

Load and
run
diagnostics.

Yes

No

Alter bias;
rerun FLTs,

]
I Bias voltage
up and

Iiown .

Fail

Run
diagnostics
under bias.

l v Yes

Fail

logout available Any Yes
for comparison power check ‘ R C R
with this indications | L Fail
one. Isolate Run ROS
and 0'sand 1's No
repair. test.
\ To ' Ripple
Do Sheet 2 Local
the two Store.
logouts Fail Yes Pppereatl-
agree
To No
Sheet 2 Y Ve
Make a quick Make ;: 1PL
checlf to quick analysis ‘ROS Tests No
acquire more of the logout
information. Load and
‘VA run FLTs
Pt el for 9020
Y Yes Regs.
Check . T Ripple
voltages | through No
and lamps. I positions of Yes
| panel volt- To
| meter and Run Sheet 2 v
I use lamp test. ROS Tests. No
Trouble L
localized to No Load and
general fun To
area. ! diagnostics. Sheet 2
Fail Yes
y
. No ——
WhlchI Isolate Trouble may Fail Yes
g:ee;a and ( be in card,
. repair. i board, cable, No
o Lo ROS plane.
~ . ultiplier -
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Parallel Serial . Swap cards
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i
Load and Failure
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Run diagnostics
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Sheet 2 Isolate bad
To card and
Sheet 2 replace it.
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TUST-T (OL/L) WAWAA 20-10TL

(Z 30 T 199YS) weider(q A3a1eN)g S0URUIUIRN “I-T wexderq

TN
N
|

From
[ M ]Sheef 1

Y

From
Sheet 1

Load and
run CPU
hard core test.

0 Yes
No
' Y

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

LY

.isolate.

Sco-pe to

Y

Repair

Sheet 1

assistance if needed.

Refer to

isolate and
repair.

Program listings|

Alter bias;’ Refer fo

load and program

ron FLTs. listing; |?olafe

and repair.
o Yes
No

Load and ‘Refer to
run diagnostic program
sections under listing; isolate
bias. and repair.

From From K From From N From
Sheet 1 Sheet 1 Sheet 1 Sheet 1 Sheet 1
T
Check dl Isolate | Ref-err to
voltages at and I main | ‘ ’
_gates, repair. 1 rcn:nsua ’ '~
Y
Try nomal
1PL.
B Yes "No trouble found.’
Fail Return machine to
operational status.
No
Isolate and
repair, ‘
using normal
1PL,
May be T~ Check Isolate and
deferred | adjustment repair, Try 4~card
until nomal | of panel using FLT fix.
maintenance. ) meter. IPL.
Successful No
Yes
Adiust ATroulz:e ] 1
-may be in |
powelr cards, cables,l
supply. or boards 1
From
‘ Sheet 1
g
3
o \ .
L Lt L
Verify
No Yes
\ Recheck error indications. Return machine to
» 1o Return to Sheet 1. Seek operational status.

—]

-

Q

To Sheet 1

Yes

Yes

SE RELATED

From
Sheet 1

~—°]

Do manual
store/display.

Ripple
Main
Store.

No

Load and
run FLTs.;

Yes

No

Load and
run
diagnostics.

Yes

No

Alter bias;
do store/
display.

Yes

Run
diagnostics
under bias.

No

.Yes

i ROS
From
Sheet 1
I Run ROS
0'sand 1's
tests,
| Yes
No
Load
ROS Tests.
Yes
O_¥*
" Run
ROS Tests.
| ‘ Yes
| - No
Alfer bias;
rerun
ROS Tests.
‘ Yes
| No
Load and
run FLTs
under bias.
l R 10
Sheet 1
4
- Yes Fail
[ No
5
 Load and
run diagnostics
under bias.
- No Yes

Q

TN

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.

Yes

No

Run
diagnostics
under bios.

Yes
Fail
No

To Sheet 1

e



A ( Start of ROS tests. ’

4

Run ROS
word tests.

’ Procedure on logic
page A6503. Refer
to FEMM 4.3.3 for
additional information.

Yes

ROS parity check.

Stop

A

Save logout. Rerun
in stop mode
if time permits.

*

Y

Observe roller 2,
position 2 to
determine failing
group(s). ~

| Refer to 7201-02 FEMM "
| 4.3.1 for details on

| ROS parity check

: indications.

Off

Previous ROS address
in PROSAR A.

Ye

Previous ROS address
in PROSAR B,

Y

Check bits in
failing group (Rollers
2,3, and 4, pos 4).

D
Y _ Y
H . i
Repair ROS hardcore. : Refer fo.FEMM 4.3.4 Conhnue.f.esf fo. i Refe.r to FEA{\M 4.3.5
H for repair. locate failing bit(s). | for information on
L hardware tests.

Rerun ROS tests.

[ Run under bias. ]

E
Rerun ROS tests.

End of ROS tests.

Intermittent
trouble
suspected

Failing
bit(s)
isolated

v

Procedure on logic 1
page A6503, if |
running ROS tests. :

See Figure 4-2, A, 1
in FEMM. |

Loop on
failing address.

Y

Scope a failing bit
at the latch input.

Sheet 2

Yes Was bit

Rerun ROS tests.

plane just
changed

Change sense amp.
Scope latch input.

Bit

Y

Loop on
adjacent addresses.

_ A
See FEMM 4,3.6.3.1 : Check for noise
and 4.3.6.3.2 for 1 and lut'e ROS
noise and 4.3.6.3.3 i branching.

for late ROS branching.

v

Gather data from
logouts to establish
a pattem of failures.

Probably low torque
or contamination on
bit plane, See
FEMM, 4.3.6.1.

Extra bits
or; both extra and
missing bits

Both

G rrobably mult driver
selection. See FEMM,
4.3.6.3.4. Possibly
ROS power supply
imegularities. See

FEMM, Ch 5.

Probably noise or late
ROS branching. See
FEMM, 4.3.6.3.1,
4.3.6.3.2 and
4.3.6.3.3.

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

1-2,Sh1 (7/70)

Probably sense to
drive line short.
See FEMM, 4.3.6.2.

Weoak or
distorfed

Distorted

Check and adjust
bit plane torque.
Procedure in FEMM
at 4,13.3.

End of ROS tests.

Sheet 2

[}
r¢~

Loop on
original address.

y

Scope adjacent bit
at latch input,

Probably bad or
contaminated plane.
See FEMM, 4.3.6.1.
Possibly low torque.
See FEMM 4,3.6.1.

\ Yes Bit No
oK g
\
Remove, clean, and { Procedure in
replace bit plane. I FEMM, 4.13.
Rerun ROS tests.
More
than one bit
failing
A ‘r
G C
Sheet 2 Sheet 2 Sheet 2



St

Sheet 1

Sheet 1 Sheet 3 Sheet 1
Nl 8

[ ] G C |

\

<

N Y.

A -
Scope ooy I See FEMM Figure 4-2,
, put- D, for good output

and G and H for
I bad output .

N ’ Check and repair v Sheet 3
yellow wire of

the twisted pair.

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

bad level.

Rerun ROS tests.

! Scope array

i B drive inputs.

Remove array driver

temporarily to check
' for line loading. N Ihouts ST T T I

. o nputs
) See FEMM Figure 4-2, CF;K | See FEMM Figure 4-2,
t C, for good input. ! C, for good input.
Yes L

N "

' Y
Check 1.2V de Change driver and
reference . Scope outputs.

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

Reference
OK

Check 1.2V dc
reference.

No

Rerun ROS tests.

<Y

Reference
oK

! Change reference card.

Scope all select
inputs on gate.

Rerun ROS tests.

Number
of positive
inputs

- More than one

Y

Scope a latch : See FEMM Appendix Table
output | B4 for pin locations.
L

One of the 8

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

] is repaired.

Y

Check cables,
termination, driving
block, and timing.

Number of +

consecutive failing

bits L Repair. l

See logic page
AB004 for timing.
See service aid

in FEMM, 4.3.6.4.

Rerun ROS tests.

Rerun ROS tests.

Change latch card.

[ /
N L

4 See FEMM Apper.-dm Tuble| r Scope latch output. J

Scope other B-4 for pin locations. 1

latch inputs,

A\

Strobe signal, reset !
signal, timing.

T
)
1
[

Rerun ROS tests.

Y

Scope other
latch inputs.

Strobe signal, reset
signal, timing.

Scope latch inputs
back to sources.

Check cables

and termination.

v
l Repair. J

Rerun ROS tests.

See service aid
in FEMM, 4.3.6.4.

See FEMM Appendix Table

} l Scope latch outputs.
B~4 for pin locations.

[ Repair. I

T
1
1
L

Loop on Scope latch inputs
adjacent addresses. back to sources
and repair.

Rerun ROS tests.

l Change latch card. |

Yes Bit N> - *
oK Rerun ROS Test - =
. ‘ [ Scope latch output. I 1See FEMM Appendix Table

:8-4 for pin locations.

G Change select bus

emitter drive card.

Sheet 1

> Sheet 1

Rerun ROS fests.

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

| Tum CE power off. J

Sheet 2

| Turn CE power off.

Y

Possible open H
sense line. More !
information in I
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

A

Y

Measure resistance
between input pins
of failing bit.

Measure resistance
from input pins to
adjacent bit pins.

Y.

All

-
i See chart
: of resistance on
1

this page.

33 ohms

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

Rerun ROS tests.

| Reinstall sense amps. I

Tum power on

and measure voltage
across each sense
line resistor.

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

I}

tsolate and repair. I

Rerun ROS tests.

Measure
resistances.

See resistance chart
on this page .

0 ohms

land on drive
board

from output pin to

Open in yellow
wire or joint.

0 ohms
from output pin to
fand on resistor

board

Open in upper
or lower pressure
connector.

|

from land on resistor
board to 8V dec on
board

Less than

Y
33 ohms from output
- Open in pin to
100-ohm resistor ground
connection.
\
-t
A Intermittent open.
Inspect for poor
p
Repair. connection.
Rerun ROS tests.
Sheet 2
b 0.8V dc indicates
| drive line shorted
: fo ground.
+0.8V de F

Voltage

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

|
1
t
3

Trace faulty lines
to source and
repair.

Resistance Readings

Rerun ROS tests.

Proper one

Remove, clean and
reinstall bit plane.

: Procedure in
' FEMM, 4.13.
L

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 PRI 200 ohms plus
plane, except line to which it is shorted. short resistance
Any d_rive/bulunce line not in same or Open
opposite plane.

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

1:2,Sh3  (7/70)

See FEMM, 4.3.6.2,
for additional
information.

Loosen torque on
pressure plates over
sense line one

by one until dc
drops to OV dc.

!

Procedure in

FEMM, 4.13.3.

Replace fauity
‘bit plane.

Rerun ROS tests.




Procedure on logic
page A6503.

v 3

»]

Check roller 6,
position 4 for
type of error

A

Run ripple tests
(FEMM, Ch 4, 4.1)

and repair

Y

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

— | — — —
1st depression |
of LOAD PB. | First No
hardcore stop
reached
Yes
\

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.

to DSBL

Load

/

Correct wrong switch
setting and load again

L

unit sw's set
correctly

/0
ready and
on line

10CE
SE and TAU
configured

Hang

with no

Correct wrong condition
and try again.

indicated error

on CE

Investigate
Storage error

Do next step on
mainfenance
strategy diagram.

See One-Cycle
repair ptocedure 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 1OCE and
TAU for channel
or tape error.

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



2 v 3 v 4 v 5 v 6
SAB
1  Main Storage
0 63
0 63
SDBO
\
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
Y
0 [ 31 32 ] 63
Yyy R
0 [ 31 32 r 83 Decoding Decoding
32 ] 63 J
0 | 78 I1516l2324l31
- - -
s RS| T RTE—— stc cs
0 31]32 63 0 2
0 78 1516 2324 31 32 &3
\
0 31 o 17
-
RF
o 7 0 ] 63
0 7
T 4 [ 67
- ] [
A RA| B 1 Rr8
0 31|32 63} &7
4 67
0 7 0 (1/C) 7 2%
0 AL 7 DVDLO J
DVDL1
SAB SAA YYYY
= Select 2 Bits Decoding
SAL AS Select 1 Bit 4‘
o 7|
0 7
-
Ic CA
0 23
©-L1-T/C) 0 23
32 63 ]
40 63
0o | a3z | e 4 (0-12-T) 67
4 63 4 63,7 67
7/
7/
/
PAA PAB //
/
Vs
7
[ -
PAL 1 arle M1, M2 Bits to PAL(64, 65)
4 &) &7
4 67
32 63 6667
40 63

Diagram 3-1. Fixed Point Instruction Data Flow

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



3-2 (7/70)

> 2 v v 4 v 5 v 6
SDBI
0 63
Main Storage
0 63
[ 0 63
SDBO -
A Floating=point
Instruction Decoded
Force a 1 on micro-order when
4 addressing odd addresses
-
LAL (Read) LS
0 4
l_____——"'—___']
LOCAL STORAGE | —
> | LAR (Write)LS
| I 0 4
| 16 I J
| 8 Floating-Point Registers }
23 |
' |
! ' > ,
B I :
I 16 General-Purpose Registers I
| (Not used in floating-point I
I instructions) '
l 15 I
i |
> —[———! |
| |
' 24 Working Register II
I (micro-order control) l
' |
| L | »Y 1215
c R =
0 15
-t 1215
0 _] 23 [ 7 8 11
- -
D RD F RF
> 0 23 0 7
0 ] 23 0 7
12j15
40 l 63
E-Register
- Incrementer
0 31 32 ] 63 1215
D
32 | 83
o[ 78 [1516]23 24| 31 3239 0 6
- - -
H RS| T RTf——— STC CS 8 3
0 31132 63 0 2
’ 0 7 32 39 ‘ =
32 63
] 0 31 32 63 64 | 67
0 63
J - - H -
Force 1.0r 0 ABC  CW A RA{ B Y
0 31 32 63 0 2 0 31 {32 63164 67
E .—] 0 78 31 32 63 64 67
0 32 0 <
. S 4 0 U 0 31
0 7 0 7,
4 31
To STATC —— e
’ SAB SAA 0
E(14,15) = -l-
Divide Select Multiple o1 Quotient Bits — .éS_J To STAT F
A@ =0 o ;
0 7
- o;l-
To STAT D
©-L1-T/C)
32 63 8 31 32 63
’ 32 &3
(1/C) (0-12) (0-12)
so-Ly| 31 4 ] e3 40-12)] 31 32 63 64| &7
7
4 63 4 63 3, 67
/
//
PAA PAB 7
//
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
0 63
SAB
" Main Storage
228_plo 63
-
D RD 0 63
0 23 SDBO
0 20,
1st Operand and |
Destination Address 8
1215
e ————
y -
RE
0 [ 31 32 { 63 0 15
1215
o] 7 16 ] 23 32 39 48| 55 8 N
g8 |15 24 | 31 40| 47 56 |63 B
1st Operand and Decrement
- - . - - Logi
s Rs| T Rrf DestinationBytes | e s _ o9t
0 31132 63 0 2
8 15 24 31 40 47 56 63
0 7 16 23 32 39 48 55
0 63
0 63
[ —
- -
ABC  cwl——— A Ra| B p| 2nd Operond
0 2 0 3132 63 67} r'es
8 15 24 40 47 56 63
0 7 16 23 3239 48 55
GT [ | | BE
|
GT
0 7 0 [ 7
0 7 0 7
‘SAB SAA
- -
SAL AS IC CA
23
0 7 20
| 2nd Operand
Address
4 63 4 63,/ 67
4
//
PAA PAB /7
/7
/
/
/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

3-4 (7/70

Main Storage
0 63
0 . 63
SDBO
Y
0 | 31 0 63
\—' —
Local Storage LS Q RQ
0 31 63
0 31 0 15 16 31 32 47 48 63
0 15
0 23 -
J R RR
- 15
D RD 15
B 0 23 —_—
0 23
I 0 15
-
E RE
0 15
0 [ 63
32 | 39
2 63 0 2 32 | 63
- - - - i
T RTp——— STC cs ABC CW —_—— A RA 1
32 63 0 2 o 2 1o 3132 63|
32 63 0 31 32 63
Y - 0 l 23
PSW | RW -
D 0 15132 39 i A
32 39 0 23
0 23
40 63 32 63
32 63 40 . I 63
7/
4 63 4 &, 67
/
s/
PAA PAB Ve
/
7/
/
/
/
: -
PAL | AP
4 631 67
40 63
32 63
61 63




> 2 v 3 v 4 v 5 v 6

A A
_ Storage Storage Mark Key Key Storage
ISr:?::fgoE::e Data Address Bus In Out Data
Bus Bus Bus
In ‘ y ¥0ut
-
A
y
0 63
-
> Q RQ
0 63
0 15 16 31 32 47 48 63
0 15
0 1 3 1 4 R =
e B 0 15
-
Local Storage LS| LAL(Read) LS 0 15
31}o 4 SO
0 31
Y 0 15
9020 IN BUS y — -
LAR(Write) LS E RE
0 4 0 15
» 8 11
0 ] 2 g8 15
D——b To Control Triggers and WRD
-
D RD
0 23
0 23
¢ |
~ 0 23
ROS
| 2123 -
Y .
Operation Decode
0 BED ] 63
» 32 | 63
A Bytes 0-3
DIRECT
32 ] 3 0 ] ~ CONTROL
INTERFACE
- 4
0 | 63 0 4
N ’ -
s D 0 [7 8151623 24]31 2239 40 47 48] 55 56]¢3 0 2 F RF
0 7
- - -
3 RS T RT—— STC CS ___oj'—4
. o 31132 63 0 2 Data e
- 0 7 B,
0 78 1516 2324 31 32 39 40 4748 55 56 63 0 2 __r_ Bus &
T T 1 1 CE3
< < s— CE4
0 31 32 63 0 | 7 0 7
i Data
- > L | 0 7 ) 7 Bus
32 63 Out
I SAB SAA >
0 63 )
j Decode -
SAL AS
0 78 15 3439 0 - 7 ROS
" A
E 32 39 40 51 52 53 63 )
- ROS y <
\ 0 [ 63
017815 34 | 39 0 | 7_Lo 0 7 0 2 o [ 31
- - - - - N -
> PSW rw| [mcw KJ Mark CT ABC CW A rAl B : RB
0 19432 39 o 7420 0 7 0 2 0 31432 634 67
e : 9 7 0 78 1516 2324 3132 39 40 47 48 55 56 63
g 0 z I
Y = 0 31 32 63
G RG { 1 5
S To To Scan 0 7 _SZﬁ__
E ROSAR Counters 0 7 o — 3
-
. 1Ic CA
. o 23
40 l 63 32 63 0 23
- 32 &3 40 I 63
> 4 a\/ 4 &, & 2 3t
7/ 1
/ -
/ KU
Note: Data flow and functional units used PAA PAB // 3QACW
- during |-Fetch and end-op are not shown. / | £
/
/
/
: -
PAL AP
G 4 &l &
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 v 6
(Logical) Physical)
D - - -
RD PSBAR MA PSBAR MP
0 23 9 19 9 12
0 23 9 19. 9 12
40 63
B -
' RB’
32 s3]
32 39 40 47 - 48 55 56 63
9 19, 2831 4 51 60 ] 63
_ 32 39 40 47 48 55 56 63
1 2
0 7 8 15 16 3 24 31 = — o o .
——— ]
F
S RS T RT RF
0 31 32 63 0 Z
0 31 32 . 39 40 47 48 55 56 63 0_'__7
32 63 h 9_[__3
32 63 ﬂ_34_l:7__|
0 7 o | 7
]
PAL AP SAL AS
3263 o7
-
E RF
0 15
5 7
29| 31
0 31
External FE
0 31
0 31
External Bus
) To IOCEs
Diagram 3-6. Input/Output Instruction Data Flow

36 (7/70)




L€ (L/L) WAWHATO0-T0LT

v 3 v v v 6 v
0 31 31 32 I 63
Local Main Si A
.Sforage s Aain Storage Area
0 31 63
0 { 31 32 [ 63
0 ] 31 32 ] 63
s RS |t 54
0 31 |32 63}
32 63
0 31 32 63
0 31 32 39
32 63
40 51
0 I 31
0 31 32 l 39
-
- - Select FS
ATR1 FAJATR2 FA 0 31
0 31132 39 0 31
Select Lines
97_:'; 8 11 1619 2427 3235 l— = to System
4_I_Z ]2T15 20j_23 28 31 %‘2 0 31 Elements.
0 31 32 39
0 31
8 19 28 31
-
] Dar Mask FD
Logical m P. - ar Mas
pspaR MP PSBAR'I;A 0 3
19) 28 31 0 31
8 19 28 31 L—_—I
0 I 31
-
0o 7 External FE
'o . 31
31 - External
T (Control)
—= Bus - To CEs,
8 1 19 26]29 0 31 ) IOCEs, PAMs,
L T and TAUs.
0 l 31 CE2 External Bus
9020 8 CE3 External Bus
0 Out Bus 31
ELCs CE4 External Bus
0 31
l -PSEUDO SCON 0
31 0 31
- -
DAR FD CCR FC
31 0 31
31 0 31

Diagram 3-7. Multiple Computing Element Instruction Data Flow



©L/L) 8¢

2 v 3 v 4 v 5 v . g v o
0 I 20 0 |< 20
o | 23 [ |
et -
Ic CA D RD
0 23 0 z 0 3132 3
0 23 5 20
I T =T -
X XX XX
—--I—0 20 0 31]a2 P
0 63
]
r = 0 33 63
0 63
Local . Mixer XM
Storage 0 | 78115 16123 24131 32139 40 | 47 48]55 56] 63 SESAR Main Storage
0 3132 63
0 3 32 | 63 0 53 T
I 40 50 o
- Loz | “ — T | R T ] o
0 31 [32 &3 — -t 0 31{32 63 0 63
- p— 32 | 63
s RS |T RT 0 31 32 53 R a A ,R_B " =
0 31 |32 63 - - A AfS k8 Q =
32 63 L XLIM XL 0 31 32 63 0 5 16 31 32 47 48 3
< v g 31j32 63 | | L | l
0 - o 63 0 31 32 63 0 78 1516 2324 3132 3940 4748 5556 63 0 15
] | t 1 | -
0 31 32 63 0 1516 31 32 47 48 63 ] =
i ] l ! l 8|15 o 15
]
0 78 1516 2324 31 32 3940 47 48 5556 63. { - . 0 15
| 0 3115
| | T T < |
- h———
N XN -
£
56 63 0 4 $§
= | 2 et |] g 15
-— L e 2 s s T
0 1 7 [
0 | 7
PAL AP \
SAL
32 63 AS
32 7 63 ;
0 . ' — 31 0 w 63
56 63
- -y -
K ‘RK | - - ,
0 31 o |
0 31 —=
| 0 7
|

Diagram 3-8. Display Instruction Data Flow'




Backspace or Log CPU

START Pyshbutton X Pass Pulse
START Pushbutton (Pulse Mode S.S.) Force Address OR T
Switch 5.5. l T
Power on Reset OR K\o11
KWw041
Kv/041
Sample Manual Lines (Clock) KC031 KCO031
BCU not Holding CPU Clock on
Stop on ROS compare EXCEPT Micro-Order at End Op
Storage Error Reset . ¢
l A A
A OR : (lMunual Control Wait Priority T L
ROS Test or FLT Latch ‘—‘ - Ose Sample RX002
FLT Check R A [  Machine Reset
eck Response . 7 RX002 RX002
ORr
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
- or Time Clock Step
Single Cycle I KW041 (JL OR
Not Manual Tgr (Not in Stop Loop) A IS ogout RX002
A RX002
Backspace Or Log CPU _l Not FLT or ROS Test Mode
¥
START Pushbutton Not Pass Pulse Tgr -Wait State Block of ROS Clock Signals
: R KWo41 Pass Pulse Tgr
ROS Transfer Pushbutton o g Unskewing,
Delay Logic
Kwo41 A N
: ADJ
RATE Switch Not in SINGLE CYCLE STORAGE INIIBIT Position DLY .
Not Repeat ROS Address A RX003
CPU 2 Latch (SCI Cannot Process Storage Request Immediately)
Insert Key Trigger ox Stop Clock MC271 1 \ [ B
T ADJ rr:l +Special Reference Clock
DLY
) Mc271 Stop Scan Clock Ul T T
Master Reset ZA001 ! |
BCU Cleanup Sel Successful OR l MC271 m | |
Reset CPU Request Tgrs + /;'[.) ; Turn;On Reset f | |
MC271 | | A | |
KK201 | | | |
ADJ | Turn-OFff Reset |
oLy i |
—_— Il
ROS Stop Clock Trigger Logic KK201 - |
. o Reset Forced by ROS t -Reset ROS Sense Latches
ROS Word Bit 45 > Stop Clock ROS ( Test or Scan Operation OR IN t il
ROS Bit Cycles Clock (1 or 2 Cycle Duration) 7 ] |
ROS Word Bit 46 45 | 46 is Stopped : |l
>
0 0 0 I
0 1 1 ADJ Turn-On Select |
1 0 2 DLY I | +Gate ROS Word Selects
1 0 i Or
KK201 |
Kcoz! ip— I p—
: L] ADJ Turn-Off Select
Not ROS Test A DLY
D
Not FLT Block of Stop Clock Triggers KK207
KCO021
-Gate Clocks to: Gate A Top
Gate A Bottom
Gate B Top
Gate B Bottom
g.'“k‘ Basic Clock (See Diagram 4-1 or 4-2) Gate C Bottom
Glg::rc?or 200 ns —* ) Gate E Bottom
1 Gate K +L
- e 1 L 1 | I g| ~
’ 1 [ |
FEIF <l Oscillotor Somple | I
scillotor Sample |
A | N ' T + — Notes:

1. Assume, for this diagram, no delay in the

logic blocks except for 10 ns in inverters.
L_{ ot
2. Heavy portion of timing signals indicates the
Kcon active portion for the signal function.

g

[
|
|
|
!
|
|
|
|
|
|

|
.|
I
!
|
|
I
I
|
|
|
|
| * Activated by switch or internal triggers, ALD KW081.

|
|
I
|
|
|
|
|

|
|
|
|
|
|
|
|

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

|
1
|
|
|
|
|
|
Sa Sl control logic for CE clock (Diagram 4-603).

|

mple Latched Lines (Stop Controls) ¢
T T 1
| |

t laverter block is port of logic block.

|
1 ' | | | ¥ Adjust time delay to provide 80-ns clock,

Oscillator B (To Block Trigger) ¢ : 120-ns not~clock to logic gates.
T T T
| | |

1 I
-BCU Oscillator (Symmetrical Clock)
T )

—_ — 4
-—|l--==-—-— 7t
N _T__—L

|
|

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

T )

| | |
L S
-Oscillator E (Repeat Inst) (
T T )

! I
|

|
1~ L
Sample Manual Lines (Force ROS Address)
A T T
' |'
|
A I !

mSample Singleshots (Pushbuttons)

A
Ll T -FIZO ns ?
. 80::“1—
i |

T
|
1
I

—_—— e — e e - -

.

Adjustable Dela:

—_ e - - e - —

|
l
|

Clock
Not Pass Inhibits f | I LL‘ W
Pulse Tgr Fixed, Gated Delay A -CPU Clock to BCU** (Unsymmetrical C|ock)[

]

Stop Clock Tgr oR : — []20 ns
Inhibit Clock CE Check 110 ns Deloy —+]80 ns fot—

Maint Mode Stop Clock

_‘__

-+

KCoTT . A -Gate Clocks (Unsymmetrical Clock)

Stop Clock ROS (1 or 2 Cycles)
Not Repeat ROS Address
Not Single Cycle Storage Inhibit|

A

KCO1

Diagram 4-1. Clock Control Logic

2701-02 FEMDM (7/70) 4-1



»
I_ 10 mHz I . —l
DIVIDING LOGIC
l osc | |
A l A A l
OR N Nt |
I | BC BF I
[ 10.256 mHz I I
OsC 5 mHz or 5.128 mHz Crystal Freq Standard
l ‘ I (See Diagram 4-3) |
B . I FREQ ALTER l A , I
I (From Diagram) I N l
= BH
Free Running KCo021
Oscillators I
> Ideal Waveform At Output Of Each AND After Inversion:
Oscillator -JI 1 Jl L |[ L_.._.JI LN
1 | | |
BC ' '
. l A |
_] ‘i
C Clock —=BD | | | '
| | I |
BE | I | l
i | |
BF —f '
;  — |r —
| | S—
5G _,__I—w
» | . !
R R B
| |
BH '
i e i ]
D 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 KCO021.
> tinverter block is part of logic block.
Diagram 4-2. Reference Oscillator
E
>
F
>
G
4
H
| 4

42 (7/70)



€¥ (OL/L) WAWEL T0-T0LT

v
—

2 v 3 v v 6 v 7 v 8 v 9
Not Inhibit OSC, On Wrap, Or Logout
— N 5.0-mHz OSCILLATOR ]
of Wrap Mode
Inhib Osc Sel Outstanding | :I | <—Adiusf;?rocs)ymefrlica‘i - I
+3V dc 100-ns, -ns clock signal.
<
| . Adjust for 200~ns period I
< K : Inhibit clock signal (Null-Comparator)
S Hardstop Inhibit OSC [N | 7
> i
. 1 |
' — e Note + 1 AMP ™ I Symmetry |
5,0mHz COMPARATOR CIRCUIT E ‘ : Driverl D |—1 AMP AMP } 0 Observation
I Point
I FREQUENCY ALTERATION SWITCH I—J |
° = Freq L KC101
| (PKO41) Alt | N b -
KC101 — ~ ‘ '
—E, | : t‘j 5. 128-mHz OSCILLATOR 7 L Gated Oscillator
: . ‘ (Basic Clock Pulse) '
I ) a@——Adjust for symmetrical | —dKC101 N
| TES(TPEX\QJ)CH CTRL 97. 5-ns/97. 5=ns clock signal. | |
A . e just for 195+ iod
| Test Latched] Test On Latched OR lnh'b'f7 ] ﬁﬂ,‘:ﬁ si;rnal. e perte |
PX 301
| tate Zeror 1 b33 Note ] AMP , l Symmetry
Dr‘{\?er D, AMP AMP } o Observation
l : Point
. State 0 + Test I I
Frequency Alteration Circuit
L — — — — — _] Freq. Alter. '._ —_—— — KC10]
1.2 usec -To Diagram 4-2 L
‘Machine reset
If line is positive, oscillator output is [5.0-mHz REFERENCEY T |~ Y -
positive and not running. When line goes mhe 5.0-mHz Comparator Circuit
negative, oscillator output goes negative (From crystal-con- l
‘and starts stable oscillation. trolled; same as . Filter
i";“")‘ in Diagram | | . 300kHz]| | AMP and Null
AL, Mixer Low=Pass;—{5_r- 1, Trap © Observation
l I [ Filter Point
. Resf:eTel.:Tce Filter VA_
:Filter converts square wave

Diagram 4-3. CE Clock Signal Generator

L__ x| |

input to a sine wave.




ROSAR(0)
Execute P4 Gate eROSLTHW) =1
Execute in Progress A 4 Clock P3 m
Privileged Operation ¢ J A
Not Supervisor Mode A -
Specific Err D + ST + E Reg L—OR . T FRA OR
A —» RAR K24
A Invalid Op Code E;ECCE:::(]ZS ¢ A FL
SCON
b °|;DS:TR §I°O": :p" Exe FBlock ROSAR on Except Cond A n
o e xee SOROS and Not ROS Test or FLT _ |—1 FL
KM431 FLT Clock Time 2 A | RX021
Addr = 14
FLT Clock Time 2 | —i
IPL or Restart A |og |—tnhibit Next Address 1:[
» R ROSA PB 10 and Sync Not ROS Test :
epeat FLT Clock Time 2 —
A SOROS and FLT
P2 Reset ROSAR(0-5) OR Addr Sea > 13 A
(Not) Machine Reset Not Logical —3FL 3 ~
- A SOROS and FLT — ROSAR(i-4)
FL FLT Clock Time 2 A Similar to
r RX901 Addr Seq< 14 : 0 uni'S
B State 1, or 0, or Test .:;—’REAR KZT: ~dd 007 —
— 'age Except Force
ROS Transfer PB A Repeat ROS _‘
Address RX001
A
Clock P3
Clock P2 R I'-N—L -
AJFL I I Not ST Bus 40 A
—FL l— OR N
4 RX901 CEKey 8 A | I 111
== H(52) = ROSAR(S
RX901 T pROSLTHE) =1 |
A
$ Exceptional Conditions ¥ = YTy
> -
1. Timer .[: N — ?f
2. CPU Store in Progress Not ST Bus 45 I_L A
3. Stop, Wait, and Repeat . |— ORr N
4. Program Store Compare CE Key 13 A —I—’ A
5. Invalid Instruction Address Test A
6. Q-Register Refill
RX911
. RX051
Diagram 4-101. ROSAR (0-5) Logic
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iR

2 v v 4 v 5 v 6
Not Time Clock Step Inhibit Next Address 6,7 <1
Prog Sto Comp Tgr I l
Predecode LPSW A Clock P3 ﬂ—
Not Timer Clock Stop Pri AL ROSAR (6)
CPU Store in Progress KM831 ROSLTH(53) = 1
KM831 A
NEXT-INST * IC J97
L NEXT-INST * D 121 OR A J97 + J121 EFFROO _—
EFFR(O) = 1 ]
Interrupt Priority L ) A
DS217
OR [ £(02-07) + ROA 1103 |—
CPU STOP Ea=1 o
EXCEPT L
I N CPU Stop Except,  Scan Inhibit Next ROSA EXCEP K25 —
CPU Store in Progress { oR Scan-MC Inhibit ‘N l
ka3l Manual Controls Force Addr l l A
St
. STOP op RX001
Stop Trigger l
A
Not Time Clock Stop + Int t A
ot Time Clock Stop + Interrup o EXCEP Set
Km831 T
ROSAR(6) for I-Fetch FL
PSW Wait State Mask Bit WAIT (©) for |-Fetc
RX061
A T RAR K24
—
Scan Set
KM831 Force ROSAR(6) A lOR
REPEAT |—
:Epe:f '"SG" Ds 21 Clock P3
ot Stat
ROSAR
A - ROSLTH(54) = 1 @
KM831 . A
ST Bus 46 NEXT-INST * IC 197
Not Repeat ROS Address A NEXT-INST * D 21 |OR A 197 + J121 EFF ROT -
Ki 4 L OR —
CE Address Key 1 R =1 A
Repeat ROS Addr A —
05217 E(02-07) —»ROA
RXOT1 Timer Clock Stop Priority XE27 + XE47 1103
R ROSAR(7) EXCEP Set E@ =1
ROSAR(7) for 1-Fetch ° N
Km831
EXCEP K25
OR
FL
Not Scan MC Inhibit A
Not WRD, or RDD, or SIOP Spec Exc
SCON or SATR Condition Spec Exc SPEC 31—
.. . Specif Error D,ST, or E Reg
Privileged Operation
- E t Invalid O OR
A rece f e ® | ROSAR() SPEC Set A
Not Supervisor Mode OR
Km431 5S Format Specif Error PAL
KM431 —1
KM431 Scan Set A
Not Repeat ROS Address
A T-—RAR K24 Clock P3 —
ST Bus 47 : ROSAR A A
CE Address Key 15 Lok orce @) : A
R + ROS Add A Scan Force ROSAR —— OR
epea r " - RX
Gote ROSAR Scan or MC A Inhibit Next Address 8,9 I Nl 071
RX911 LJ
Ds211 Clock P3 E—
ROSLTH(55) = 1
FLR 4120 Normal Set ROSAR(®)
OR
. A A
Serial Carry DS365
Ds365 E(04-07)—% ROA J102 J102 or J103 and E04 |
OR
E(02-07)—» ROA J103 A [ A
E(04) = 1 —
J97 EFF RO1 —
DS217
NEXT-INST * IC 197 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 RX081
Stop
A OR .
Prog Sto Comp ROSAR(8) for I-Fetch EXCEP K25 —
Not E: I Intrp Priori
ot External Intrp Priority ' ket EXCEP Set
KM831 Power On Reset : Not Scan MC lnhibit A
DECIMAL 198 Or
E(12-15)= 0 A Set ROSAR 8 Scan ]
1(58-63) J122 —~ RX081
A
PAL(58-61) = 0 A Clock P3
SAS 2,3,4 J110 LOGIC-COMP J107 AL
Addr Seq 2 A F
; 104 —{or SAL(-7) =0 A RX081
ABC Incr = 111 A ' DS051
DREG(18-23) 396 +— Normal Set ROSAR(9)
D(18-21) = 0 A OR
R T =1
FLR 4120 — OSLTH(E) A
STAT C=STATF A DS365 | ]
55051 E(04-07) +ROA J102
Not 1C(21) E(02-07) —~ROA J103 |OR A J102 or J103 and EO5 A
Not Q(16-19) = 0 EG) = NEXT-INST * IC J97
A $)=1
Not 1C(22) L Not RR Format
Not 1C(21) — DS217 A
Not Q(32-35) = 0 A
IC(22) Not D(21)
IC(21) — OR Not D(22) A NEXT-INST * D J121
Not 1€(22) A Not Q(16-19) =0 OrR
Not Q(48-51) =0 Not D(21) - FL
ic@h — D(22) A A
1C(22) A Not Q(32-35) =0
Not Q(0-3) = 0 b@n —1OR EXCEP K25 }—
S5ons Not D(22) A Not Scan MC Inhibit
CPU Sto E Not Q(48-51) =0 A
to Except o@) | 1
:fop Clock Step Priorit b@ A S or MC Set
can or e
imer Clocl ep Friority Not Q(0-3) = 0 [~
Machine Check Int Priority A
External tnt Priority OR Ds215 Page Exc Force Add 007 -
1/O Int Priority -_I A
ROSAR(9) for I-Fetch Clock P3 —
Prog Sto Comp A
KM831 RX091

Diagram 4-102. ROSAR (6-9) Logic

-2701-02 FEMDM (7/70) 4-102



2 v 3 v 4 v 5 v 6

. wi=1 K15
SAL(4-7) = 0001 A
E(23) =0 K16 |
fncr L (8-15) =0 A
E=0/ Kig | i K1
Incr L (8-15) =0 A A
WCRY Ki7 [—{OR E3=0/ K20 —
Serial Carry A STC =7 A
E3= 0/ K20 — F1#1 K22 |
Incr L (12-15) =0 A F(4-7) # 0001 A
E3=0 K19 t+— INTRP K21 PF=—OR t—
Incr L (12-15) =0 A Prog=-intp Tgr on INTRP A
E=0/ Kig —
Ds201 sTC=7 A
TRRe C K12 F17#9 K23
IC(21) = 1 A | : F(4-7) # 1001 A
1C(22) =1 L]
'IR(Ro)C K12 |— _ ps201
IC(21) =0 A OR oR Normal K Set
1C(22) =0
MOVE K27 —— ROSDL 59-61 = 111 K8 —|
MOVE A ROSDL 57—58.= 00 A -
FT =1 & Not PSW 38 L Restart ROS Timer _J
.ROS 59-61 = 100 K28 | A i DS171
ROS 57-58 = 11
"DS161
DS161
D(21) Ké
DR =1 A
STAG k8 — -
STAT G Bus A |OR S 3 __ﬂ
PSW39 K9 —
PSW(9) = 1 A DECIMAL A
STAE K11 —orl__]
DS205 STAT E Bus A
. wi=15 K13 |
E3 =15 K2 SAL(4-7) = 1111 A
Incr L (12-15) = 1's A DS205
£2=0/ K3 |1 | .
STC = 000 Bus A |OR
£2-0/ 71— 6<E23 K26
Iner L (8-11) = 0 A IncrL (8-15)>6 A
E2=15 K4 |l or
DS205 Iner L (8-11).= 1111 A
STAD K5 |
STAT D Bus A
DS205
DREG(18-23) J96 Normal J Set
D(22) =1 A
DECIMAL __ J98 |- e e ca
“—"—SDTECC:,;:L_ g 198 _A_ oF FLTP-UN, COMP  J105 r— SPEC Block ROSAR and Set Bit 7} A
ner L (8-11)=0 | A Unnorm Flt-Pt Op A EXCEP K25 Inhibit Next
—_—— ] STAD, STAG .J108 OR Block ROSAR on Except Cond "} A OR Address (10, 11) @T
DS061 STAT D Bus A T—»RAR . K24
Al =0, J5=0 Ji23 Scan Inhibit Next ROSA
IC@21-22) 199 AB(8-11) =0 A Man Controls Force Addr
Page Exc Force Add 007
> 1€(21) =1 A DS061 ]
STAE,FISGN +J101}— RX001
STAT E Bus A {OR — . PAL(32-39) 70
SAS2,3,4 10— W1 = (01-15) J100 E2) =1 OR
“Addressead | A SAL(4-7) = (1-4) or (01-15)] A | ~ PAL(40-63) # 0 ROSAR(10)
e | ALT, MS-TEST n24 or b E7) =1 - L]
Dso61 Fetch Alternate Test A Not PAL(32) Ex or Fix Pt Oflow |OR{ A b— A
£(04-07)—»ROA 1102 | E7)=0 | ’ . 1
£(06) = | A L PAL(32-63) = 0 oR ‘
21=20,J17=0,J111 DS08T PAL(32-63) Ex or Fix Pt Oflow _ A
PALB-15=0 | A _ OR [— D208 ]
Ds365 . NEXT-INST IC 97 J4770 Ki4 N
PAL 32-63 # 0 ] £6) = 1 OR Fast K Set
PAL Carry 32 A NEXT-INST IC 957 i
ROS 62-68 = 1111101 J125 £(02-07)—-ROA 2103 Jor FL
SAL1=1 | _Jor — £(02-07)—ROA 10— A |27 and IC(21) or 4103 and E(8) A
ROS 62-68 = 1101010 J106] A Ic(n =1 OR ExCEP ?EL—
DsS041 e =1 | Not Scan MC Inhibit Cond
)58-63) U122 E6) =] OR D(20) A
PAL(62) =1 A . DS217
FLR _ J120~] Page Exc Force Add 007 1
Within Range 1-2 A JOR 1-O Intipt Pri . . A
FLR 1120 OR CPU Sto Excep Clock P3 rN‘l
egt s N A Stop
Within Range 3-4 | . Dooe | o || A
Dsoés LOGIC-COMP____ J107 ' ' Prog Intpt Pri OR A
EDIT 1104 SAL(0-7) = 0 ROSAR(10) for I-Fetch FL
Incr L (8-15)=0| A ABC Incr =7 A Wait : RX101
EDIT J104}— LOGIC-COMP 107 — Invalid Inst Addr Pri
STC Incr=7 AlORr SAL(0-7) # 0 1A ) Kmgal
Df21) =1 —— Serial Carry OR
N2l A N =0/1,17=0 3109 T—*RAR K24
INST o PALZ- =0 A Forcs ROSAK(IO)_ 2] ] seamrmcse
J1=0/1, J17=0 1109 orce r Bit 10 OR
PAL(6-11) =1's A Man Ctrls Force CROS Addr A
> v . . D300 DS208

Diagram 4-103. ROSAR (10) Logic

4-103 (7/70)




Diagram 4-104. ROSAR (11) Logic

201-02 FEMDM (7/70) 4-104

2 v 3 v 5 v 6
E3 #3 N7 STAF =C Js4 ABC =0 J7
Incr L (14,15) £3 A STAT C =STATF A ABC =0 A
E2=E3 J33 STAA 81— W-CRY J2
fner L {8=11} = Incr L (02-15) A STAT A Bus A Serial Carry Bus A
HS MOVE 26— 1C3=3 N3 T(32) J3
ABC =0 Bus IC(21) =1 A ST Bus 32 A |OR
STC =0 Bus A | ORI IC(22) =1 OR JCRY 28 J4
fncr L (8-15) Greater Thon 6 1STAC J18 1 PAL Carry 28 A
ABC #3 J6s — Not STAT C Bus A 1 J
ABC Incr #3 A 1F04e Ji4 —— A
STC=7 J23 — F(04) =0 A P
sTC=7 A PAL Carry 32
DSi21 DS113
STO-PB J21 DIS-PB J25 ABC =7 J39
Pushbutton Gate A Pushbutton Gate A - ABC =111 A
Store Pushbutton Display PB STC #3 J55 p——
IC-PB J31 ROS-PB J85s STC Iner #Z 011 A
Pushbutton Gate A Pushbutton Gate A T/TeT 170 —
Set |C Pushbutton oRl— ROS Transfer PB Translate or Translate and Test A |OR
LS PB J5_ SAS = 13 Js3 — OR 3<sTC 71—
Local Stor Not Main Stor A Address Sequence = 13 A STC Greater Than 3 A
STT-PB J34  —d SAS =0 149 +— W =0 J68 —
Pushbutton Gate Address Sequence =0 A SAL(0-7) =0 A
Start Pushbutton A TCS/ST J69 1
Timer Step or Stop Tgr or Interrupt A ps121
DS122
DS122
BCNMQ Ji STAB J50 MCW04 J19
RR Format A STAT B Bus ) A MCW(4) A
E(12-15) =0 STAH J66 ERROR J35
BCNMQ Jit STAT H Bus i A Input Error Detected A
Not Condition Met for Branch on Condition| A M/DVD 129 CONTIN J67 1 OR Z Set ROSAR 11 Normel
E(03) 22— Dec Divide A |OR— Continue Sequence A |OR
EQ3) =1 A |OR M/DVD J29 — XECTGR J20 —
D(22) =1 J38 Dec Multiply A Execute in Progress‘Tgr A
D(22) =1 A Dec DIV 82— RCTR =0 183
D2=3 J15 Dec Divide A TIC or GAP and Not Repeat A
D@D = 1 A DS131 DS$131 ps1an
D(22) = 1
DS141
PSW-PB J30 TE3eRR 124
Pushbutton Gate A RR Format A
Load PSW Puyshbutton E(12-15) =0
SB-PB J37 o E3#1 J16
Main Storage Byte A Iner L (12-15) # 1 A
UFLO J28 +—— E3 =255 J48
Inhibit Ingating Bus A Incr L (8-11) =15 N
F(0) =1 Incr L (12-15) =15
UFLO J28 — E3 74 432
__E; A E(12-15) #0100 A
SAL(0) =1 4<E3 J64
HOLD 1/0 J36 — Incr L (12,13) #0 A
E(04-07)-»ROA J102 Direct Control Hold A
DS141
E(7) Bus A JCRY4 J86 —OR
£(02-07)+ROA J103 1 PAL(4) Carry A
57) Bus A RELI/O 52 LOGIC-COMP Jo7
FLR 120 Rel CPU A
SAL(0-7) = 0 A ROS 62-65 = 0101 — E(B-15) = 0 A
DECIMAL 98 —4OR _& ROS 66-68 =110 A Py
'ABC Incr =0 A I\ SAS =18 J46 LOGIC-COMP J107
J(58-63) 1122 — ROS 62-65 = 0000 — A
PAL(63) = A ROS 66-68 = 110 A STC=7
Al =0, J5=0 J123 & TCS J6 DS075
PAL(40-63) =0 A ROS 62-65 = 0001 J1=0, N17=0 an
ROS 66-68 = 100 A PAL(7-31) =0
DsS071 D LMT 12 PAL(32-39) =0 A L
PAL(40-63) = 0
DS151 =01, 0N7=0 109 +— OR OR Normal Fast Set ROSAR 11
PAL(7-31) =0 \A®
PAL(32-39) =0
Stat G Bus PAL(40-63) = 0 A
DS365
L DECIMAL J98 PAL(64-67) =0
N 5(12_-15) =0 A Py
W1 =(01-15) J100—
E@) # 13 0r ”r SAL(4-7) = (5-9) or (10-15) A
NEXT INST *D J121 DREG(18-23) 196
D(22) =1 A D(23) =1 A
NEXT INST *IC 197 +— EDIT J104 —
1C(22) = 1 A lor £7) =1 A
& W (01-02) J106 EDMK Latch
A 1C(21-22) J99
147 = 0. OFLO 8 A SAL 2=1 1C(22) = 1 A
PAL (10-63) =0 ROS Lth 62-68 = 1111101 1125 t—d STAE, F1 SGN + J101 —
B 512 Cry J45 - PAL 32-63 # 0 A F(4-7) #1011 or 1101 A or
ROS 62-65 = 0101 A PAL Carry 32 SAS2,3,4 J110 — OR Normal Slow Set ROSAR 11
§407S:6?-68 =101 Te0 ] DS101 Address Sequence 4 A
STAD, STAG J108 DS365
PAL(63) = 1 A STAT G Bus A
PAL(32-62)=0 FLTP-UN, COMP 105 —
;‘ZL;;_&) = 10 _A— Compare A Not Inhibit Next
ALT, MS-TEST J124 — Address 10-11
57 =0 29 1 Test in Storage A ROSAR(Y)
PAL(40-64) = 0 A ]
ROS 62-65 = 0011 127 — Ds075 Clock 73 ! A
SATR Sel Rec'd A ]—Nr |
ROS 66-68 = 011 OR
ROS 66-68 = 000 140 — 14
ST Bus 63 A o—
ROS 62-65 = 0101 .
ROS 66-68 = 001 141 — EF
WD 10CE OP —
A
—1— —{ A
ROS 66-68 = 010 J42 ] ROSAR 11 Fast Input
Any IOCE Mck A T—=RAR K24 . |
Force ROSAR (11) A | A
T — Gate ROSAR Scan or MC F—OR Set ROSAT 11 Scan or MC ]
1 |
State 0, or Test J43 A A Page Exc Force Add 007 | A
— DS 208 ]
Req Set PB Gated 1 A
ROS 66-68 = 100 J44 A I
. RX111
DS171
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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 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 Wors
Bit Position |0 |1 [2 ]3[4 ]|5([6]7 8 on Gate C Planes 0,2,4, 6 o l ar
KK211 . Bit State of[1|1{1jofofofo0 01X Bit O Sense Lines
Clock P2 A Gate Drivers EFO0T ROS Pos 0
. Gate D Plenes 9,11,13,15 8it 0 Upper ¥
65 ns T Bit O Sense Lines OR | AR A
l / ; _l Bit O Upper Word
™ T ] Gate D Planes 8,10, 12, 14 © ot ar EROOI Bit O Lower on
Bit O Sense Lines A FL
KK211 EFO01
First Level Decode :;-
KKO1
ROSAR() = 0 (KKO11) | Bit 0 Lower Word 00T
ROSAR(I) = 1 A |ROsARO,1,2=011 Su'e C Planes 0,2, 4,6 o | ar |:___
it O Sense Lines
ROSAR(2) = 1 ROS Pos 1
Second Level EFO01 Bit 1 Upper
. Decode Gate D Plones 9,11,13,15 { OR] AR A
ROSAR@) = 1 ] A |Piezeran l Bit @ Sonce Lines | Bit 0 Lower Word ["‘ — Bit 1 Lower n™
= - T A
ROSAR(4) = 0 A |ROSAR3,4,10 = 107 Gate D Planes 8, 10,12, 14{ OF | AR Strobe (PO + 160 ns) fL
ROSAR(10) = 1 Bit 0 Sense Lines
KK031 A |Strobe Upper Word A
EF001 ROSAR(11) ] FL
._.__._..______________I___ — — — — — — — — — a4 EECO1 EFO01
B. ROS SELECT LINE DECODE D. ROS SENSE LINE AND DRIVER DISTRIBUTION I 7 Strobe Lower Word
40 ns | l -
L} I EE0O1
I Reset Sense Latches (PO + 120 ns) m
KK201 LJ
Clock P2 or Gate Word Selects I Gate C (Inside) l f % B
w -
60 ns l Plane 7 Plane 5 ~ Plane 3 Plane 1 I Bit 99 Upper W T’ ’1 ROS Pos 99
» Q3|Q2|QllQ Q3jQzQt|qo Q2| QY QO Q3 ]Q2]Q11Q0] A
d I Bit 99 Lower ﬁ
400 Sense ;
KK201 : Ade
Lines l
| A
| I FL
First Level
EF241
Decode | Plane 7 Plane 1
(KK101) Q Plane 1 Q Plane 0
ROSAR(7) =0 22 Drive Lines 22 Drive Lines
ROSAR(S) = 0 A |ROSAR7,8,9 = 000 ummm”lm”
ROSAR(3) = 0 Drive 4 PO1 QPO I PO P4 P8 P12 P& PO P4 P8 P12 Pl6 PO P4
I Array Drivers I
oo Vi |
ROSAR(6) = 0 ROSAR 5,6 = 00C e — Drive
©-= A A | Select 00 Gate C Planes 0-7 1— €0281 )y A
i Select
| [ ele
Tl ED15! I
A
N I r'— Strobe
A Select 00 Gate D Planes 8-15 l ED281 |
ROSAR() = 1 A |ROARS,6 200D i ! I : Selact 01 Gate C 0 A Sense Latch ,
KK131 ED151 I
| ROSDR )
bt | '
ROSAR() = 1 I T T I ROSDR Latch
ROSAR(8) = 0 A ROSAR 7,8,9 = 101 l
ROSAR(?) = 1 | ROS TIMING
ROSAR(0) = 0 | I
A
ROSAR(5) = 1
- ROSAR 5,6 = 10C | -
) ROSAR() =0 A Select 21 Gate C Planes 0-7 I ED28 )y A I
— A ¢
[ I EDI151
KK151
ROSAR 5,6 = 10D ] A | Select 21 Gate D Planes 8-1§ l l
ROSAR(0) = 1 A L A I ’v
L KK151 l



TUS‘SOTv (0L/L) WAWHL TO-10TL

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
._‘ * w A B c SR E F G H L NA K J M N p el o [+]r T *x u v
0 1)2 5]¢6 ?jl0 112 16117 1942021 24} 25 30|31 35136 2|8 46|47 56 | 57 61|62 68|69 73] 74 77|78 so|sifs2  84]85|8687 90|91 |92 96197 99
100 42 43 68 69 73 74 77 78 80 81 82 84 85 86 99
Sense 2 T L
Latche
(;F;: ) 43 46 47 56 57 61 86 87 90 92 96 97 99
2 42 & 73 74 77 78 | 80 | 82 | s4 |
- - -
ROSDR RY ROSDR AR ROSDR AP
2 35 36 42 Base Address
of Next ROS 62 68
Word T S ——. -
2 35 External
Conditions
ROSDR Latches
A y
Decoder Decoder
Decoder Decoder Decoder Over- 3 . Decoder Decoder Decoder Decoder
1 unctional
riding Y-Branch Branch Z-Branch
rancl
Branch
Register Ingating Local Storage Main Storage Force New Serial Adder Parallel Adder Outgate to Outgoate to
Control Control Requests Address 0-11 Bus Control Bus Control Serial Adder Parallel Adder
10 1
. N L
0 1 0 ? 43 68,85 86 99
- - -
ROSAR Latches RX ROSAR RX ROSBR DR,DS ROSBR AP,RB
RQ,RT
0 1 0 1 ‘
To Indicators To Indicators
0 [ L 0 | 1 0 4 5 9 10 it
PROSAR A RX PROSAR B RX To ROS Word Gate
L L Drive Select
N To Indi gmed Line Line Legend:
To Indicators o Indicators ecode Decoder Decoder * = Spare
** = parity
Address Decoder ROSAR(11) set selects lower word
L To Selected Drive Line [
-«

Diagram 4-105. ROS Addressing and Data Flow (Sheet 2 of 2)
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Dr 63-5el 0 P15-QP3

L ol

Dr 63-Sel 1 P15-QP3

Ll

+Select 1

~Drive 63 P15-QP3

Dr 63-Sel 19 P15-QP3

Dr 63-Sel 20 P15-QP3
-

v 3 v 4 v 5
Select O (e
)R]
A A A
- Dr 0-Sel 0 PO-QPO - Dr 1-Sel 0 PO-QP1
> -
F— ED151 —y ED161 ED461
Select 1 (¢
)Y
A A A
Dr 0-Sel 1 PO~-QPO . Dr 1-Sel 1 PO-QP1
L ep15t L | eD161 | ED461
Select 2 )
)
Array Drivers
3 through 18
Not Shown
Select 19 (C
¥
A A A
Dr 0-Sel 19 PO-QPO ' Dr 1-Sel 19 PO-QP1
> -
b ED151 }—1 ED161 | ED461
Select 20 e
13}
A A A
Dr 0-Sel 20 PO-QPO - Dr 1-Sel 20 PO-QP1 o
L »
ED151 b | ED161 b—{ ED461
Select 21 (e
)
A . A A
Dr 0-Sel 21 PO-QPO - Dr 1-Sel 21 PO-QP1 o
Lond Lol
[—. 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

4106 (7/70)

Dr 63-Sel 21 P15-QP3
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Not Decode 6-36.

Decode 6-36

v
Clock_PQ Forced ROSDR (2-5)
- A
ROSLTH (2-5) B__ o [—|N Decode 2-5
—RI" L
Not Clock PO-1 FL
RYO15 Not Decode 2-5
ROSLTH(6-36) W]
LJ I ROSDR(6-36) EOSER -3
- . ¥ ¢ "
Inhibit Ingating ¢ Not Clock PO-1 atches
Clock PO Forced
) OR OR A JOR
Disable or Scan Block Errors Not Clock PO-1 N I . P
Not Parity Error Bits 6-42 OR A FL
- RY02 OR A | | Rvo2
RYON n FL
Clock P0-2 Clock P0O-2 ﬂ_ l: RY021
l ROSDR(38-42)
ROSLTHES-42) —N In] *or [ Decode 38-42
N
s JFL lf
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) { N I ROSDR(69-73)
Not Inhibit Local Clock A
A Clock P2 and Not ROS Chk or [W]__Decode 69-73
Clock PO a8 1 I
Not Clock P1 and Not ROS Chk -
FL
AR301 Not Decode 69-73
ROSLTH(74-77) [NJT ROSDR(74-77)
A
OR ] N | Decode 74-77
FL |
-4 ~ FL
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)
ROSLTH(78-80) l ' Note: Initially, ROSDR is set to all 1's;
I NI OR I N l Decode 78-80 a 0in a sense laich position resets the
J corresponding ROSDR position.

Diagram 4-107. ROS Data Register

Not Clock P1 and Not ROS Chk | -

Clock P2 and Not ROS Chk

Not Decode 78-80

—l_kosog(sz-u)
ROSLTH(82-84) M1 A
N OR
Not Clock P1 and Not ROS Chk I

Decode 82-84

]
L

Not Decode 82-84

t Only up during scan operations.

2701-02 FEMDM (7/70) 4-107



> 2 v 3 v 4 v 5 v 6
| H -
D D e B-Ficld Branch End Op Q [ | RQ
2 z Select 61 L- 0 ' H 6
21 22 gic 0 3 16 19 32 35 48
RQ751- | l
A 781
End
] 8. Fic1d Normal End Op e
Select Oor
Logic -
RQ751-
> — 781
[}
R RR
[} 15
GT 0 1
ROS - l
B [ —L— 55 Format
Logic Not RR Format
RR18! 1
»
——
1 4 ; 1| 4
] | [
C LAL(Read) LS LAR(Write) LS
0 4 | o 4
C——
-
IC CA
Local 0 23
Storage 21 2
LS
0 31
Diagram 4-201. Q-Register B-Field Transfer Controls
D
A
-
R RR
0 15
01 81]215
> T
RR .
RX
RS-S1
Pre%ecode ss RR GT
Logic
E Shift Not Branch
Branch N End Op RQ781
RR181 -
L -
RR GT
» Branch
End Op RQ781
1 I 4 lf_""l""’, 4
[ | PR,
- | -
F LAL(Read) LS | LAR (Write) LS
0 4 : 0 4
I J
Local Storage
LS
0 31
Diagram 4-202. R-Register Transfer to LAL
G
| 4
H

4-201,202 (7/70)




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

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

E(12-15) = 0000

_J—— CE901

A

1

E(8-15) - 1 to E(8-15) CE0
E(12-15) - 1 to E(12-15) OR
CE901

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

Constant to E(12-15)

Not P1

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

i
L
8

A

CES01

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) AN
AN E(14)
INCR(14 T
A L — R
E(8-11) to E(8-11) Constant 14 A
A
D(20) RE141
CEl4l
A
E(14)
E(15) A
L _lor I I Not P2
__E._J— A Gate INCR(12-15)
to E(12-15)
CEl41
"]
£(14) _
A
—
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) . A }_
»
LE] A £15)
1 INCR(15) .
A L OR|
A O
Constant 15 A H }
RE141
CEl4l
D(21) A J
Not P2
Gate INCR(12-15)
to E(12-15)

2701-02 FEMDM (7/70) 4-203



Not Data Key(16)

Data Keys to S(16-23)

4-204-206 (7/70)

Diagram 4-206. S-Register, Bits 15 and 16

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) A b
Not E(13) | : —
14 A
EQ4) Change Parity of E(12-15) . , — E(8-15)
Subtract 1 from E(12-15) F—]OR A T 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) I_
RE101 RE101
CEI71 Not Change P(8-11 Py
A B
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@1) A ROSDL(34) [Set IC(21)] -
N A | Parity Adjust A IC P(16-23)
Set 1C(21,22)
OR | Not Parity Adjust —%or m A
1C(22) - FL I_l Parity from PADDL
A ROSDL(35) [Set 1C(22)] A Gate PAL to IC A Ff
L_ Reset IC |
—— A
A CA241
—N CA241
IC P(16-23) -
Clock PO FL
DR191
:
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 S(815) A
OR LS Bus {15) -
9020 Bus Bit 15 Gate LS Bus (8-15) to 5(8-15) A 505 o SADDLE)
SDEOU3) —* T To SDBI(15)
Gate SDBO(8-15) to 5(8-15) A A
SADDL(7) —
To PSW(15)
Gate SADDL(0-7) fo 5(8-15) A o owCs)
RS141 To MPR Bus(7)
RS141
Gate PSW(8-15) to 5(8-15)
Gate LS Bus (8-15) to S(8-15)
Gate SDBO(8-15) to S(8-15) or
Gate SADDL(0-7) to $(8-15)
Not Data Key 15 I
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) ——
020 BusBitls | Gote LS Bus (16-23) to 5(16-23) A 506) o SADDLO)
sDBowie). —°* T To SDBI(16)
Gate SDBO(16-23) to S(16-23) A A
SADDL(0) -— | o TAMH
To MPR Bus (0)
ADDL(0-7) to 5(16-23 A
Gate S (0-7) to S( ) = P08
RS161
Gate PSW(16-23) to S(16-23)
Gate LS Bus (16-23) to 5(16-23)
Gate SDBO(16-23) to 5(16-23) or
Gate SADDL(0-7) to S(16-23)




1 I -
ROSDR | Control ) RY
Field F
| 1
25 30
y E(13-1 ABC
-15) to ABC | t
( ) ncrementer m
1C(21-23) to ABC Incrementer
ABC + 1 to ABC Incrementer ’ N'
ABC - 1 to ABC Incrementer L
Scan In Word 4 I Nl
Decode PAL(61-63) to ABC uJ |
Logic
'] '
» Not [-Fetch Reset
Not 000 to ABC
cwoll
ABC to ABC Incrementer

ABC Incrementer to ABC

B
Incrementer
- ABC
T(57-59) Bus ABC Latches _ 4 _a | [Incrementer ABC Incrementer =0 |
Incrementer Output
De;:cgolng | Decoder 1
N £(13-15) Bus and Contro 2
:ﬁ\:_(él 63) GT OR * Logic 3
ABC 1C(21-23) Bus A > To AB
Triggers 4 2 4 | Transfer
T()- > 5 | Logic
GT 6
—
J
cwoll
2 !
Tl =
Reset (P2 Not Clock)
cwozl CW032
1
T2 ™
Reset (-P1 Clock)
Cwo021

Diagram 4-207. AB Byte Counter
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4-208 (7/70)

— =
ROSDR | Contro RY
| FieldF
25 30
A y
E(13-15) to STC Incrementer r‘]N
D(21-23) to STC Incrementer I_l
STC + 1 to STC Incrementer m
STC - 1 to STC Incrementer U
ROIS Control | 011 to STC Incrementer m
Field F
> Dlecoder 100 to STC Incrementer j_l I
Scan In Word 4 m A
PAL(61-63) to STC L Not i-Fetch Reset
Not 000 to STC
N
B o
DR
B STC to STC Incrementer
STC Incrementer to STC l_
l_ STC STC
3 o7 Incrementer Incrementer sTC
T(54-56) Bus Decoding Latches 4 Incrementer STC Incrementer =(
and LO Output ]
Control Decoder P
- E(13-15) Bus Logic cs
:st(él 63) oT l OR 3
D(21-23) Bus > Coonl .
2
Cc > Cs L1 5
GT 6
7
CS051 .
1
L2
>
Reset (P2 Not Clock)
Be—
CS051
STC
Bipolar
Latches 4
D Reset (-P1 Clock) N BT
Cs021 .
. N ;
(
csoli
> 2 sTC STC=0
A L1 L Ovutput
Decoder 1
[ 3
CS021 P
E 5
6
7
> Set/Reset (P1 Not Clock)
Diagram 4-208. ST Byte Counter

? To ST Byte
Transfer
Logic

} To ST Byte
Input Logic




1

ROS Sense Latches | L I DR
143 46)
A3

STC

I

IO

ROS Control
Field-L
Decoder

DR Set Marks
per STC o
Set Marks per STC Decoder

Mark 0
ORf 7™

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

CTOo11

e
CTon

Mark 1

OR

[ s

CT011

Mark 2

CT021

Mark 3
orRj T™

|

A cTo21

Not PAL(61)

CT0Ti Mark 4
ORj 7™

PAL(61)

|

CT031 ‘ ) CTo31

Mark 5
OrRf T ™

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

 SE——
CT031

Store or Test and Set A OR Reset Marks Mark 6 L

Clock Master Reset OR

MC711

Mark Mark Bus )
PSRN
CTo41 Boe

Mark 7
R T™

MB601 & To Storage Unit

CT041 -

Store on D Request

D Request A Store
—JOR

Scan Request

MC171

MCI71

Diagram 4-209. Mark Trigger Logic
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OL/L) Tus‘OITH

v
2 3 v 4 v 5 v v v v 9
CCR BITS O- I CE Console
Note L 0-7 Switch Gating
The output of each latch in the CCR can be Defeat Interleave Sw A Defeat Interleave
gated to the 9020 Out Bus (See Diagram 4-302.) — Test On
Test on latched E or |_stete 0 OR . State 0 or Test Test Switch On AT T Test on Latched
C(.:R Defeat Interleave &
Ext Bus 0 [ Register C((]:R r— Reverse Storage A Defeat Interleave
A N OR State O or 1 or Test & Rev. Storage
— L | OR State 1
I l Not State 3 or Test . . Disable Timer Key — Set R 11
o) I:‘J — A . Disable Timer Key A ¢ OR |28f Rosar
Ext Bus 1 FCO0T on |Stete 2 { Latched ‘E]_ Chok Resor 7
State 2 or 3 Not Test | _Check Reset PB
| A L E_J — OR o veset CE Check Reset PB A ROS 62-65 = 0101 A
Srote 3 360 mode latch) ROS 66-68 = 011
ate Stop on CE Check
) OR OR State 3 or O or Test Stop on CE Check Key A : -
Ext Bus 2 { CCR Par CK PX331 (Block Spec Exec on SCON or SATR)
o CCR2 | i
- A 1 L OR CCR Scon 1 . Disable Check Key A M
| CE-1 I-Face A Allow CE-1 Ext Signals
@ { Good & Not Test Inhibit CE Hardstop ) Inhibit CE Hardstop Key
i ‘ Key A b
-
Ext Bus 3 , OR CCR Scon 2
o _CCR3 CE 2 [-Face Alfow CE-2 Ext Signals ) ¢
s .—l | (— Goodand Test A FLT Repeat Test Key p [t Tt Key
16 N A Not CCR ELCCET}A FLT Test Key | o et Key
2-5 -
Ext Bus 4 - ELC CE2 i o Force Interrupt or Ros or FLT Test Mode
A T N KW371
\am ELCCE3] A —
o) ] Ros Test Key A Ros Test Keyl
@ orR | CCRScon 3 l ELCCE4|A
Ext Bus 5 A Allow CE-3 Ext Signals
I: (CE 31-Face Good andNot Test FLT Back PB FLT Backspace Gated
T A L I_ ’ Test Switch Restore State ackspace A
] or CCR Scon 4 | CE Logout PB
' Allow CE-4 Ext Signals L t PB Gated
—4 () CCRS (CE 41-Face Good andNot Test A Allow CE Control A e m o
FC371 ] BO Gat
Disable Check lI:N:l 38O Cate Frame 1 N KW371
Allow Checks
Ext Bus 6 360 Mode — CE Ros Xfer PB A Ros Xfer PB
CCR6 CCR Bit 6 or ILOS OR o0s Xfer Repeat Ros Adr.
W L OR ORl—LOGOUT Stop Sent to SE Repeat Ros Adr | A
MC4N :
Allow Subsys. Reset
[ ’ 360 Mode PB A [0 Mode PB BTt
- | ‘ | | T{W ;1 sys.
N Error Gate o eser or
IPL Status OR | A N A _l A l_NJ A Restart
A Error Gate TR —___,_ Test on Latched OR N ]
- SBO Gat A
Ext Start Latch N _ Frame ]c:oe Allow SIC OR A||9w CE Control
Alt Latch A N Allow Inhibit CE Select A confro = v
Reconfigure Sel. [ N | MP501 CE System ‘—'." Allow CE Sys IPL
[ - - o Interlock Key On A or Restart
Set Inhibit
N A N
Ext Bus 7 First Step m - - PX3n
| T CCR7 L MP501
p—] (Not used for
control in CE.)
Reset %)

Gate Ext Bus to CCR"

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



Tus‘01zv (OL/L) WANWHATO-10TL

v 3 v 4 v v 6 v 7 v 8 v
Ext bus 8 R [CCR BITS 8-23
A CCR Bit 8 SE | r
(;) Phys PSBAR 12 ' A Note: The output of each latch in the
Feon CCR can be gated to the 9020 Out Bus
(See Diagram 4-302). geEa;ch Equal
Ext Bus 9 Switch Decode SE 1
A CCR Bit 9 SE 2 Search Compare A ZE
L 1 or ompare
9)
Phys PSBAR 11 A MPO41
Ext 8us 10 gﬂm’e:“:’ii SAFd; — SE 1 Select Latch
CCR Bit 10 SE 3 Halll Al L |G
A L : N e_ Frame 1 Valid
(10 |
Phys PSBAR 10 X
Ext Bus 11 A
A CCRBit 11 SE 4
L N Ju- oR Any Frame Valid
an
M
Phys PSBAR 9 P01
Ext Bus 12 o A
A CCR Bit 12 SE 5 | sw
L Set Inhibit AR T
12) N H ay RAPOTT
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
+H -
Ext Bus 14 A lor Step PSBAR Enable 1-5
A CCR Bit 14 SE 7/DE 2
L A —]
4 A
e_ —
Ext Bus 15 A
CCR Bit 15 SE 8/DE 3
A T
(15) A A
Ext Bus 16 }_ A
A T CCR Bit 16 SE 9/DE 4 Select Pulse SE 10/DE 5 SE 10/DE 5 Select Latch ||
(16) —z——__—_‘Dem edlnv AddBu: A f L [(MCEOD A lor Step PSBAR Enable 6-10
A .
Ext Bus 17 *
CCR Bit 17 SE 10/DE 5 o
A L Frame 10 Valid —
17
a SBO Gate Frame 10 A
A
Ext Bus 18 . MC925
A T — Set Inhibit B E sw N Search Equal SE 10/DE 5
]
(18) Not used for - MP041 Sea.rch Compare A
control in the Allow Inhibit Switch Decode SE 10
computing
Ext Bus 19 choman A MPOAT
A L
19
I__ MPoOT Inhibit Frome 10
Ext Bus 20
A CCR Bit 20 CE 1 Hold WDD CE 1 WRD
2" Sample WRD and RDD CE 1 _ g~ CE 1 WRD Int Tgr
(20) CE1 I.F. Good and Not Test CE 1 WRD Sig In T L B
Ext Bus 21
CCR Bit 21
A L Sample WRD and RDD CE 2 Jazm JAZIN
(1) CE2 |.F, Good and Not Test
Ext Bys 22
CCR Bit 22
A L Somple WRD and RDD CE3 Hold RODCE 1 SETRDD  CE 1 RDD Int Tor
@) CE3 I.F. Good and Not Test CE 1RDD Sigln | T IA L
Ext Bus 23 CCR Bir 23
it
Gate E A L Sample WRD and RDD CE 4 Az Ja2n
ate Ext Bus fo CE 23 Sample Ext Tgrs
a7 23) CE4 1.F. Good and Not Test ! P 9

Reset

Diagram 4-210. CCR Output Logic and Control Paths (Sheet 2 of 3)
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1/O Int Reg IOCE 1

1/0 Int Reg IOCE 2

1/0O int Reg IOCE 3

v 3 v v 5 v
e 24 [CCR BITS 24-3I|
xt Bus .
Note:
A L —
(24) 1 The output of each latch
FC241 : in the CCR can be gated
: to the 9020 Out Bus
Ext Bus 25 ‘ (See Diagram 4-302).
A L M/ 1/O Int Gate /O It R
: . e
(25) "CCR Bit 29 n s
) ’ 1/O Int Req 1 & al T
Ext Bus 26 ‘ Not Inhibit
Not used for
A L i control in the
(26) computing element. CCR Bit 30 KM3U
- Vomreg2sa JAAL T
Ext Bus 27 Not Inhibit |
A "
@7) CCR Bit 31
1 A
I/O Int Reg 3 & T
Ext Bus 28 ‘ . Not Inhibit [
A t —
(28)
Ext Bus 29 ' CCR Bit 29 IOCE MCK Int Reg
A L ' R
29) Mach CK IntReg 1 & [ T
Not Inhibit [
Ext Bus 30 v ‘
A - CCR Bit 30 KM331
Mach CK Int Reg 2 $=1 A | T
(30) Not Inhibit [
Ext Bus 31
CCR Bit 31
A L N
Gate Ext Bus (31) Mach CK Int Reg 3 lam T
to CCR FC301 Not Inhibit |
Roer ) Interrupt Priority
ese

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

v v 8 v 9
Response [OCE 1 Inhibit Response
A L | N
Release CPU Latch KX1é1 — Gate Response | A IOCE R
Response 1OCE 2 esponse
A L N Response IOCE 2 A lor Set Release 1/O
~ . Gate Response 2 :
Reaponse |OCE 3
Gate Response 3 A
Response IOCE 3 N
A L N M KX161
L
PIR
IOCE 1 Ext Int A T PIR 1
1OCE 2 Ext Int ALl 71 PIR 2
Gate PIR to F| : I |
' PIR 3
|OCE 3 Ext Int AR T
MCK Int Priority . o
A 1OCE 1 MCK Int Reg & Priority
A IOCE 2 MCK Int Reg & Priority
A IOCE 3 MCK Int Reg & Priority
Any IOCE M
OR ny |IOCE MCK Reg
KM331



TUSTIZY (OL/L) WAWAA 20-T0TL

NEWIONRY XX 01 WT "TT¢- weiderq

®IA Sur

(¢ 30 1 199YS) WOXIN

2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
RPSB Instruction
FMTO
INPUT TO MIXER — — — — — L F) [ 0 ' 1 | 0 l 0 Iam I s2 Imlaul s | Symbol I oy | X1 | M I X1 | Y2 l X2 |BL2| $ l Symbol
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1% 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 F1 FO FO 5 - : ) B 32 63
Mixer ! ! ! ! ! ! ! | [ ! | ' ! ' !
FMTO-1  — — — — — — — FO FO F1 FO FO FO 6 L 3—— - —— 32 63
Control - . ' | | . | i | g | 1
Micro-orders FMTO-2 — — — — FO FO F1 FO FO FIO (IS FIO - E : 31— ———— 32 | 63
) ] !
FMTO-4 ————— — _FIO FIO Fll FIO F:O ? EiO FIO 56 63 36 3] ————— -5 «——»55 :
| | | ' [
FMTO-5, 6 ~ — — — — — — FO FO F1 FO FO FO FO FO 56 63 36 3N-———— 52 «——» 55 |
[ I N N N . | I I
[
Pl Loy o | | I |
I A AR ! { : ! P
MIXER OUTPUT _ _ .
TO XY REGISTER 0|0 1 0 | O [BR1|S2{BR2|BL1| S Symbol Y1 . X1 Y | X1 Y2 | X2 | BLZI S | Symbol
0o 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 3N 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
INPUT TO MIXER — — — — L l 0 ‘ S | Symbol IBL |BR| 0 | 0 | Y X J M IO | S | Symbol |BL! BR| 0 [ 0 | Y X l
0 1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 % 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 3B 39 40 41 42 43 44 45 4 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
FMIN-Q — — — — — — ———— — — Fl 4|1 — e e — e ———— — — — — — - 44 63 40 BVaw— 39
1
Mixer FMTN-1 — —— — — — FO liO Fl] FIO - FO ? FII 4|1 IB } T 1|2 2|7 _——— 2]8-—'- 31 411 613 4|0 PB+—— 39
Control FMIN-2 — ——-—— — f0 FO F1 FO FO 9 FO FO 8 | 7 12 27 — ———2+—>31 | b !
Micro-orders | gMTN-5 @ — — —— — — L v _t 0 1 _1_ Flo i . | | ! ! i t ' | i I
| | , |
FMIN-  — —— — — ] l—l—l—F'I9-'———L—————I—-'———-————-————-——-—-—-———__-_I—————--—-:——-——{—lz N B e ey
T [ T I I ! | ¥ A I
FMIN-7 -———— — FO FO F1 FO FO 41 FO FO 40 33 39 44 59 —— —— 60 —63 l |
e r e b o ! ! o Lo |
IR R A R A | | i L o |
R I ' ! ' I |
. Yoy ¥ ¥ B S ¥
MIXER OUTPUT —-—-——_—x‘o|o|1 |o| olax1|sz|au2|su| s! Symbol | Y1 | Y| 1 | : | | [
TO XY REGISTER ymbo X1 Y X Y2 X2 BL2| 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 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 — —  — oo — — — — — — — — — — Note: L register does not supply input to — — om — — — — — — —_— — — — — — — — — — — M | * |+ IpA I DLI BL | BRl * =+ |5 I Symbol | o | c1 | *  x * x % % AYS‘AXS x  x x % P
mixer during CVWL 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 FMTW=] — — — —— — — — — —— — — —— ——— —— ——— ——— —— = e e e e e —— —— —— e M 2 %k *I Y1 o ok k% % X1 J
32 37 38 47 48 53 54 63
Input to Mixer for FMTW-2 —wr — — —— — o — e  — —— ——  —— — e — — —— — — = — M| * * * ok k| av2 I* * * * * AX2 I
32 37 38 47 48 53 54 63
Mixer FMW-0 — — — — —— FO FO F1 F1 F1 37 34 35 3 4le-——----—--» 47 — — o — —— - — - - — — —- — — — — — F0 F0 F] 48 — — — — — - — — —— —— — —— — —— — — — — —— 56 57 F0 49
Control ] FMIWAl — — — — — — N Y Y S [ -—I—{—[——i —_—— el 7 s 59— — — — 60 s 111 A
i mwe —— I o T e L T Ll o s o |1
l I I [ Lo A | [
| | l | | | | I | | | | | | | | 1 | | | I
I Loy ! I | Lo | | Lo b | Loy ,
I T T R B R P4 v 4 P Y b4y o4 by t 4 b4y 4oy
R O Y N N CYC X Y " N R NI Y K1 EN ) e o]
0 v 2 3 4 5 6 7 8 9 0.1 12 M4 15 I 17 18 19 20 21 22 23 24 252 27 2829 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
Notes: Legend:
1. To trace the origin of a mixer output bit: (1) select chart for specific originates from bit 40 of the LMregister, Note also that FMTN=0, 1. FO = Bit forced to 0
instruction, RPSB or CYWL; (2) if RPSB is selected, refer to FMTO or 5, and é do not set bit 8 and that FMTN-1 and 2 set bit 8 from the 2. F1=1Bit forced to 1
FMTN portion of chart; (3) find bit to be traced in XY register and; input bit 8 in the LM register, 3. BR = Brightness bit AYS = Sign of &Y2
(4) follow the line up to the micro-order being issued. For example, 2. Parity for all XY bytes is predicted from LM date parity and LM BL = Blink bit O XS = Sign of &X2
assume an RPSB instruction and an FMTN micro-order and assume bit parity bits. $ = Symbol size CO = Character at major position
8 is to be traced. Refer to the RPSB instruction chart, FMTN portion, 3. XY register is reset on receipt of either FMTO; FMTIN-1, =2, -7; DA = Dash C1 = Character at secondary position

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

or FMTW-0,

DL = Dash length

* = Not used




SROSDR U
92 9596

96\92 95

—— (10001)
(10010)—

——(10011)

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

4-211,8h 2

v 3 v v
; | E RE
0 15
13 15 LM Reg
SDBO 8 LM Reg Bit 8
l Set LM Line B L
y E(13-15) =000 Reset LM Line B
Format ' Old A
p£03-19) = oon ] OR|_FMTO=0-1-2 Line A X111
) E(13-15 =010 |
{ A ~ Mixer
XMOO1
, E(13-15)= 001
fomet e T A
L 7 EMTN=1-2 Line A
! ] Ajor
— SDBO 36 LM Reg Bit 36 -
SetLM Line E___| L
E(14-15) = 00 XMOOZ ST Bus 36 OR A
) -15) = Set LM Line F*T
Format * _Weather A - |
L Reset
OR
—l FMTW=0 Line A XL371 A |or
SDBO 40 LM Reg Bit 40 ]
E(13-15) = 111 XM004 Set LM Line G L -
pEIE1) - ST Bus 40 OR [ A
_A_ Set LM Line H*T
OR Reset ]
_l FMTN=7 Line A XL401 A
XMO04 DB
L E13:15) = 100 —————zef (L)Mstine - L | LM Reg Bit 56 XoaT
A SetiMlinel |
) E(13=15) = 101 iy ST Bus 56 OR|—
( L ia OR Set Line M*T
L E(13-15) = 110 - Reset
1A
XMOO0G FMTO=4-5-6 Line A XL581

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 O A A Set XY Byte 0 Parity to 1 70
M Reg Bif 8 15 1 ! 5
L A Byte
LM Reg Bit PO Is 1 A 0
LM Reg Bif O Is 1 Set XY Byte 1 Parify to 1 7
oR A lor 4 Y Pl
8
A : A
LM Reg Bit 8 Is 0 A
A Set XY Byte 2 Parity to 1 15
L1 A I P2
XMO009 16
XMO009 Byte
2
LM Reg Bit P4 Is 0
Set XY Byte 3 Parity to 1 23
LM Reg Bit 32 Is O A 'n Y Y P3
LM Reg Bit 40 Is 1 : 24
LM Reg Bit 32 Is 1 yte
LM Reg Bit P4 Is 1 A -3
Set XY Byte 4 Parity to 1 - |30
— oR ) )L 4 Y - P4
32
LM Reg Bit 40 Is O :
eg Bi s A Byte
4
; 39
Set XY Byte 5 Parity to 1 -
- yt ity o5
A 40
Byte
EMTN7 XM009 5
. ' ‘ Set XY Byte 6 Parity to 1 47
FMTW-0 P6
LM Reg Bit P5is 0 8
. Byte
LM Reg Bit 36 Is 0 R p
, 55
. p— Set XY Byte 7 Parity to 1 -
LM Reg Bit P5 Is 1 [ Y L b7
LM Reg Bit 36 Is 1 A 56
Byte
L 7
OR
A 163
A
XM009
EMTO-4-5-6
FMTO-0-1-2 )
LM Reg Bit P6 Is 1 A
FMTN-0-1 -
LM Reg Bit P7 Is 1. 1A
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
XMO17

Diagram 4-212. XY Register Parity Prediction Logic
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2 v 3 v v 5 v

4
Clock P1 ST Bus (32) To 9020 Out Bus Bit (0)
N 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
Write Select Reg A —1 A
ROS (36-42) =0000011 A = I Reset Sel Reg 0-7 STAT G for Scon Select
DRI71 Fs OR Y (0) FX021 (True Multiplex Line)
| Fscot |
Timing Gate Trigger IN l ) I |
| i
Gate Select to T l I Select Reg (0) Reset | i
1 1 o from PAM 1 or RCU 1 ]
Respcnse PAM 1 or RCU |
FS511 | 1
H I
} I
9020 B i
Clock P1 ST Bus (40) i { To 9020 Ovut Bus Bit (8)
I |
ROS (3¢-37) = 00 W Sel A Gate T (40-47) to Select (8-15) l A L Timing Gate Trigger A Reconfigure Select SE T
rite Select Reg 7
ROS (36-42) = 0000011 A I Reset Sel Reg (8-15) STAT G for Scon Select
FS501 orl ®
pRI7! FS081 +
Timing Gate Trigger IN l I
Gote Select to T l N I I_ - I
l l Select Reg (8) Reset from SE 1
L A [Petoct Reo () Reset fom Select to SE 1 via CE-to-SE J
Recon Accept 1 Simplex Cable.
FS511

= — ——

Reset Response from SE 1 via
1 SE«to-CE Simplex Cable.

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

4-213 (7/70)



10€-¥ (0L/L) WAWHA T0-10TL

Lro ST

2 v v 4 v v 6 v 7 v 8 v 9
LAL (Read)
o 1
| - | LAL(0) Decode LS Reg 0 Gate LS Reg 0
| | Decode LS Reg 1
| | LAL(Read)
l | Decoder
| LS80 : AL Decode LS Reg 24
N LAk i)
LS Address from Q N I I r 0 i
e —— > I | — | LARQ) Write Decode Reg 0
= Address. from - > I ST l = T | Write Decode Reg 1 A Gate T to LS Reg 0
ress rrom 2 }
> : N : LAL(2) 1 : L LAR (Write) —
Gate Working Reg (24) to LAR OR — Decoder LS411
g A ‘~| I | | .
Force LAL(0) to 1(Flt-Pt) ! | LS?5] I Write Decode Reg 24
HField  ROS(36-42) I | ' | = AR
| | | |
I 2 | LAL@3) I |
| | | = Write
| | | LS%S'I | (AR Local Store.
| | | T - 1 R(2) T™
|  Ls8m |
| e ‘: | LAL(4) GT L’: :
| | |
Not Clock | | Clock | LS851 I Ls812
| | I ? — | LAR@)
I Ten | | ]
b | |
From Write Local Storage | |
ROSDR | L5867 :
. LAR(4)
N |
| |
PO PO 8 0 ' I
P P |
LS861 |
Clock 80ns 120ns | | I—]—__J—__ —— e )
-P1 Clock | | | I L |
pu
Set LAL Latches An—
e = |- -7 - -""-""-=-"
Set LAR (Write) Triggers ST Bus (32) ! Data Bit 0 Bit 0 (Reg 0) |
T PH |
LAR (Write) Decoder Output ST Bus (33) i A _ B
. From I - | oR LS Data Bus 0
Write LS Write~LS Trigger EE——— T-Register ! _ Cirl : B‘tm_
Operation | T BitO(Reg24) |
Gate T to LS Reg n
— Minimum 40-ns ST Bus (63) | Doto "JU“I:,H Bit 1 Reg 0) =
ST Bus Dat R Ea— wpe | coincidence it 1 (Reg 0
vs Fata 0 - L _%_/ required. : » - A I
Set ST Bus Data into A I L cm _ : E | ow LS Data Bus 1
LS Reg n Polarity- IITITITIIIIT ] )
L Hold Latches I ~ Lson .J | Bit1(Reg24) |
| Positions 2 through 30 are not shown. |
~ ( T T '
Set LAL Latches It——— ——————— : Data Bit 31 |
' K
d) De cod — PH Bit 31 (Reg 0)|
Read LS L'g“fk,::t ) Decoder ———) Note: LS Registers 1-24 : A t
ed — are similar to — —
Operation < Gate LS Reg n ¢ _-Q register 0. | Ctl : ‘ OR LS Data Bus 31 J
Pczsziiflya:::w Data ) ——— LL_s_ REGISTERO 53_1_1 e _} Bit 31 (Reg 24)
L Set LS Bus Data into ST (77270272770027011 ]

Diagram 4-301. Local Storage Read/Write Controls




2
‘CCRO BF501
Gate CCR to LS Bus (0-8) BF731
ATR-1 0 BF501
Gate ATR-1 fo LS Bus (0-8) BF721
ATR-2 0 BF501
Gate ATR-2 to LS Bus BF731
CHECK REG 0 BF501

GATE CK REG to LS BUS (0-7) BF731

Ext Bus 0 BF501

Gate Ext Bus to LS Bus (0-7) BF731

Ext Reg 0 BF501

Gate Ext Reg to LS Bus (00-07) BF721

Select Reg 0 BF501

Gate Sel Reg to LS Bys (0-7) BF721

DAR O .. +BF501
Gate DAR to LS Bus (0-7)" BF731
DAR O BF501

Gate DAR Mask to LS Bus (0-7) BF72)

CCR 31 BF591

Gate CCR to LS Bus (24-31) BF711

ATR-1 31 _ BFS91

Gate ATR-1 to LS Bus (24-31) BF701

ATR-2 31 BF591
Gate ATR-2 to LS Bus BF711
PSBAR 31 BF591
Gate PSBAR to LS Bus 8F701
G Reg Bit 7 BF601

' Gate G Req to LS Bus (24-31) BF711

Ext Bus 31 BF591

Gate Ext Reg to LS Bus (24-31) BF711

Ext Reg 31 BF591

‘Gate Ext Bus to LS Bus (24-31)  BF701

Select Reg 31 BF591

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

DAR Mask 31 BF591

‘Gate DAR Mask fo LS Bus (24-31)BF701

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

4-302 (7/70)

v v v 6
4
sThus @2) | Sit l
i PH Bit 0 (Reg 0) L
l § LS O
‘ utput Bus 0
— Gate Tho LSReg 0 Bit 0 (Reg 24) OR
| 75001 |
Gate LS Reg 0 | LS001
' I
9020 Out Bus Bif 0
ST 8us 32) | B:H' I
N Bit 1 (Reg 0
BFO0T I it 1 (Reg 0 i
f ; oR LS Qutput Bus 1
OR l I Bit 2 (Reg 24) ¥ ‘
- From ° Lso11
Bit of I LS011
Logic
9020 Out Bus Bit 01 | M
| I
| 7 T |
ST Bus (63) | Bit 31
\ t PH Bit 31 (Reg 0) I
I
BFOT l . ¢ — or LS Output Bus 31
OR l l Bit 31 (Reg 24) T
Ls31" :
l I LS311
9020 Out Bus Bit 31 | ‘IL
T
LS Register 0 I
Note: LS register 1-24
are similar to register 0.
BF311



Error on LS Bus (0-7)

LS Bus P(0-7)

Error on LS Bus (8-15)

LS Bus P(8-15)

OR

BF441

Error on LS Bus (16-23)

LS Bus P(16-23)

Error on LS Bus (24-31)

2 v 4
1
LS Bus 0
LS Bus 1 m-‘
LS Bus 2 U b
LS Bus 3 A o
LS Bus 4 OoDD A
LS Bus 5
LS Bus 6 BF401
LS Bus 7
BF401 -
Generating LS Bus Parity
—
A
— OR
LS Bus P(0-7) A
BF401
!
LS Bus 8 L_[
LS Bus ¢ L_‘IN'
LS Bus 10 *— N
LS Bus 11 e
LS Bus 12 OoDD N ~
LS Bus 13
LS Bus 14 BF411
LS Bus 15
BF411
=
A
fed OR
LS Bus P(8-15) A
M BF411
: I
LS Bus 16
LS Bus 17 -_N-l
S 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 —A- 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

LS Bus P(24-31)

Not Generating LS Bus Parity

Ingate LS to S or T Reg

(Not) Block I-Fefch

LS Bus Check

(Ck Reg Bit 17) LS Bus Parity Check

L

BF441

7201-02 FEMDM

(7/70) 4-303



oL/e) tov+

2 3 v 4 v 5 v
Gate F Serial Adier Bus A
ROS Sense to SBA r -~
Latch 86 =1 F to SBA Not 0 to SA(0) ¥
A -
Clock it R SBA(0-3) to SA0-3) T or T + 61
(0
0 ok SBA) A
~~ "RFOO1 Not ASCII Code Zone
RF801 T <701 N -
- A |opl52A@)
F3) A SBA(0-3) to SA(0-3) Ct -
e SBA(4-7) to SA(0-3)1 1
or SBA(4) A
1to SAQ) T —
o A Excess-b
F(4) ARO41 [
4. RFo41 ARQO1
T__ ‘ SAA(I-6)
~
A SBA(4-7) to SA(4-7) Tor T + 61
F() o SBA(7) A
RFO41 SBA(7) |
Gate A(0-7) ARG Not SBA(6) A
: to.SBA -
—E AB to SBA T Sign Correct SBA(4-7) T -
Clock A il L Not SBA(5) or| AR
ABC = 000 Al0) A - A
Sign Correct SBA(4-7) g
R8801 ~ "Re733 N -
| } SBA(4-7) to SA(4-7) Ct A
s
AQ) A OR SBA(3) ]
SBA(0-3) to SA(4=7)1 A
k735 AR021 AR061
>—1
A4) A
N T ROS Micro-order
7~ RB735 11 Gate Control Triggers
AQ) A
Gate A(8-15) RB737
to SBA
- ™
A
ABC = 001
J RBSOT
- Gate B(56-63
to SBA
l THt
N I
ABC =111 B(56) A
RE8803 ~ RN
—1
B(59) A
RB743
-
B(60) A
<~ Re743 A-Side
B(63) A
RB745

Diagram 4-401. Serial Adder Input Bus Logic

ROSDR 81 =1

——

Clock

ROSDR 12-15 = (1010)
Clock

ROSDR 12-15 = (1110)
Clock

-—IN!smsaa

Clock
STC =000
-
STC = 001
SIC =111

B - Side

7 v 8 v 9
Gate ROSDR Serial Adder Bus B
21-24 to Emit (0) M
$88.0-3 Not 0 to SB(0)
7 I SBB(0-3) to SB(0-3) A
SBB(0) SAB(0
Emit (3) OR OR )
4 Sub 1 Lo Dig or + 64 1
or 9 00-03 A
s AR501 AR501
Gate N(0-7) .
to SBB NBit©O) |
— T
> SAB(1-6)
N Bit (7) ~
Gate N(8-15) N Bit (8) SBB(0-3) to SBB(4-7)
to SBB — OR SBB(3) A
NN 1
—|
N_Bit 15
SBB(4-7) to SB(4-7) A logl—s22)
Gete 5(0-7) OR SBB(07)
\{ -
h:uS:B Sub 1 or + 1 Lo Dig -
T [ r— or - to 04-07 A
S(0)
ol
S(3)
5(4)
Gate 5(8-15) -
to SBB
1 v
S
s@)
Gate T(56-63)
to SBB
B T
1(56) !
-
T(59)
-
T(60)
J-
T(63)




v 2 v 3 v 4 v 5 v 6

= SAA(0)
A Bit Carry (0)
SAB(0)
_ ASOO1 N Or Serial Carry
Developed Carry into (0)
A 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 _(l)
SAB(1) — oR Carry into SAL(0)
- ASO11
S0 Bit Carry (3) A
S — _
or Bit Transmit (1) Bit Carry (2) A
B T Bit Carry (1) —
AS001
SAA(2) Carry into Group 2 Bit 3
A Bit Carry (2) Bit Transmit (3) A
" SAB(2) Bit Transmit (2)
» AS021 L_— R Carry into SAL(1)
Bit Carry (3) A
| or Bit Transmit (2) Bit Carry (2) —
25021 ASO11
C Carry into Group 2 Bit 3
SAA(3) Bit Transmit (3) A or Carry into SAL(2)
A Bit Carry (3) Bit Carry (3)
SAB(3) ._l
o) AS021
>
_ L
OR Bit Transmit (3)
AS031
i Carry out of Group 1 : Carry into Group 2 Bit 3 Carry into SAL(3)
D
Diagram 4-402. Carry Lookahead Logic, SAL(0-3)
gr
> .
SBA(0) from AB or F
- SBA(0-3) to SA(0-3) Tor T + 61 A
SBA(1) 1
SAA ()
L |a OR
- E SBA(2) —
A
F_ AROO1
SBA(1) E I
»
N A
SAA(1)
SBA(2) T F—or (
A
-
F AROOT
SBA(2)
] N SAA(Q)
A
» AR021
SBA(3)
’ SAA(S
A @)
C AR021
tROS Micro-order
Diagram 4-403. Decimal Add 6 Logic
»
- H
| 4

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



SAA(0)
A Bit Carry (0)
SAB(0)
AS001
OR . Bit Transmit (0)
-
AS001
A Half Sum (0)
[
4 L OR|—
Carry In A

No SADDL Carry Group 2 ) -
B } A Decimal Correction IN I A
DEC COR (0-3) | l — SAL(0)
AS031 — |°® L
Sum (1) A
Sum (2)
AS001
Half Sum (1) and No Carry in
OR

Carry and No Half Sum (1)

: Decimal Correction
N '—'
c A
SAL(1)

Carry into 1 OR |
v Sum (2) L
Half Sum (1) A A
}—1tOR
<
A ASOT1

[=]

. Clock P2
’ ASO11 -
Half Sum (2) and No Carry In
OR

Carry In and No Half Sum (2)

Decimal Correction
N A
D Carry into 2 SAL(2)

Half Sum (2) A

> |
g
| ,l

AS021
| 4
Half Sum (3) and No Carry In SAL@)
—
Carry In and No Half Sum (3) OR L
fROS Micro-order
E AS031
Diagram 4-404. Decimal Correction Logic For SAL (0-3)
>
SBA(1) ‘
SBA(0) A
L or|—
F SBAQ) [ A
AR101
SBA(5)
SBAW) n
| —-1 OR Invalid Digit
> SBA(6) A R Set STAT E
‘ Decimal Correction A
ARIOT "_AAR601 Force 1's to SAL
SBB(1) ‘ N Invalid Sign
SBB(0) A I
G — OR[—
SBB(2) A
AR601
SBB(5)
SBB(4) A
» l —a OR
SBB(6) A
AR601
Diagram 4-405. Invalid Digit Logic
H
>

4-404, 405 (7/70)



) v 3 v v 5 v 6
SBA(0)
A Bit Carry {0)
SBB(0)
AS001
L Bit Transmit (0)
OR
AS001 Half Sum (0)
A
P—
Anot A
L SAL(0)
OR
A ORg L
ort L
AS001
oert A
fROS 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
[ AS034
Bit Carry (1) OR K1 (0-3) 1 1 0 0 0o 0
A K2 (0-3) '
. 1 0 1 1 (V]
. 1 Half Sum (0)
1 1
Bit Transmit (1) A o 0 be
Bit Carry (2) Odd Transmit Bits (1-3) 0 o 0 1 10
= YYYVYYvy
OR
Not Bit Transmit (1) Asoss
it Carry (3) xR Eight 4-Way AND's AsO7S
Not Bit Ti it (3]
ot Bit Transmit (3) Even Parity Bits (0-3)
- 1 o 1 0 1 0
K2 (0- E Parity Bits (4~
. or| A ©-3) ven Parity Bits (4-7) 1 0 0 0o 1 10
Bit Carry (2) K3 (0-3)
L > 1 1 1 0 1 0 0
K3 (4-7)
Bit Transmit (2) Or v ! 1o 0 0o 0
Carry into Group 2 | l i ; ¢ T
Not Holf Sum (2) AS032 Or
I— AS075
OR
Carry into (2)
Half Sum (2) OR
f 1
Not Half Sum (1) Arithmetic Set Parity SA.DDL
Carry into (1) OR| A - Parity
. Not Logical Operation A (0-7)
oR Force SAL Ones Block Error ~ — L
Half Sum (1) ]
Not Carry out of Group 2 — AS075
Decimal Correction As032 OE Funtiont

OR Eunctiont

OE Transmit Bits (0-7)
(Odd Number of Bits)

Logical Set Parity

SBA Parity
SBA Parity Adjust Ot
AR582
SBB Parity J
SBB Parity Adjust ©OF

AR582

OE Par A - Par B and Parity Adjust

OE

AND Functiont

Diagram 4-407. Serial Adder Parity Predict Logic

AS075

iROS Micro-order

Note: Shaded area indicates additional
controls for decimal operations only.

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



> 2 v v 4 v 5
B(66)
B(66,67) to SAL(0-7) A
A(28) —
Dvd Sel L1 ins Al or N Prod Quot Bits to SAL(0,2,4, or 6)
A — L
Floating-Point A
A4)
AST A Invert Predicted Parity
L 1ok | NI [Turn on K2(4-7)]
A
4
A
Dvd Sel LO Ins
Lo N Prod Quot Bits to SAL(1,3,5, or 7)
A(28) A L]
B(67) —
B B(66,67) to SAL(0-7) A
ASTT1
Diagram 4-408. Serial Adder Product-Quotient Bit Logic
4
Roller 5
Position 4
€ B(32) AB-PADDB
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)
P1
B(56-63) - PADDB(56-63) AB-PADDSB
RB813 Bus 33
B(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 (32-43). B(39) ‘
RB713
D
. Roller 5
Position 4 1(32) ST-PADDA
4 ROS(92) Gate T(32-63) Bit 1 - 1. Bus 32
ROS (93) A to PADDA(32-63) T(32-39) - PADDA(32-39)
ROS(94) T A7) - )
. T(40-47) - PADDA(40-47) RT715
T(48-55) - PADDA(48-55)
d T(56-63) - PADDA(56-63) ST_PADDA
RT807 A Bus 33
E 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 Parallsl 1(39) A
Adder A-side (32-63).
RT717
Diagram 4-409. Gate Control Triggers for ‘B + T’ Micro-order
F
>
G
»
H
p
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4 63 4 63 P 7~
~
7~
-~
-~
7~
Ve
PAA PAB _ -~
-~
rd
”~
”~
~
Section 4 Section 3 Section 2 Section 1 r
|
Group '
15 14 13 12 1 10 9 8 7 6 5 3 2 1 |
|
4 718 11]12 15016 19[20 23j24 27128 31|32 35136 39|40 43|44 47]48 51|52 5356 59|60 63 1
4 Latch-Shifter Logic 63les 62‘]
[———_——_————'_-—___'————_——__'\
l
D Bus 47 | |
K Bus 47
ST Bus 47 1 OR I
RT727 OR A Operand '
All 1's to PAA I oR Bit Transmit ! Bit Transmit 47
' | To Carry
Lookahead Logic
AB to PAB(47) I Bit Carry I Bit Carry 47
I B Operand A Y I
IC to PAB(47) , | R
l AP471 A l Half-Sum 47
| Half-Adder Logic (Bit 47) l
L e e ——— e — ——
Half-Sum 47
——_———_————
i oy 46 | | FEm—————————— =1
" " 1
Bit Transmit 48 { 1 ' ' Not Half-Sum 47
Bit Carry 49 4 A l I 1 N |
1 l Corry into Bit 47 OR I Sum 47
Bit Transmit 49 : A I l I
Bit Carry 50 1 .
dA. L 4 L lor Carry into Bit 47 { :, | Nl Not Carry info Bit 47 i
T
A
} I l Half-Sum 47
Bit Transmit 50 L ]a | ] |
Bit Carry 51 T l l |
Not Group 4 Carry —— L Full-Sum Logic (Bit 47) J
Carry into Group 51 Q l - - - "=""7"""""""-"= mr =
| AP471 I } |
Camini Bited7 Logi I Zero Shiftt (—») | A l
LSomyime siarioste sum 3 1 |
Left-4 Shift} (L—») L 1A PAL(47) .
* A 'not group 4 cu;rz; signal ir:isicct;s that on 0;:;\)1\':}: Sum 43 : 1ok - l Latch=Shifter 47
carry from group ositions 49, 50, and as " " T I
not occurred, thus allowing a pr’edicfed carry (carry- Right-4 shift t (R—s-) i A
into-group=5) to enter bit position 47. The absence Scan Out 47 : — Extended Clock |
of a 'not group 4 carry' signal (indication an actual { A e o 3
carry) inhibits predicted carries from entering bit Scan Bypass } ._J AP47| l
position 47. Sum 46 L |
Right-1 Shift (& R1—) H A
tROS Micro-order. 9 } .
L Latch-Shifter 47

1 Predicted Carry

Diagram 4-410. Parallel Adder Bit-Position Logic (Bit 47)
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2 5 3 v 4 5
4 63 4
PAA PAB
-~
~
e
Section 4 Section 3 Section 2 Section 1 Ir
Group I
15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 |
: !
4 7|8 112 1516 19120 23|24 27]28 31[32 35|36 39[40 43|44 47{48 51|52 5556 59)60 63 | -
~Shi ;i |
4 Latch=Shifter Logic c3fes_s7)
Bit 63 Tn?nuﬂlf Hot Carry | AR Carry into Section |
Bit 62 Transmit
Group 1 Transmit L
Bit 61 Transmit A I AP651
N Group 2 Transmit
Bit 60 Transmit : .
Group 3 Tramsmit A Section 1 Transmit r
AP637 J A . "
Group 4 Transmit OR Carry into Section 2
AP&41
Bit 48 Car — —
L4 AP651
Bit 49 Carry —
Bit 48 Transmit A
Bit 50 Carry -
Bit 49 Transmit
A )
or Group 4 Carry
1] Group 3 Carry
— Group 4 Transmit A
8it 50 Transmit A Group ; :WY . Section 2 Transmit A Carry"into Section 3
N Group 3 Transmit arry into Section
8it 51 Carry A or Section 1 Carry —{OR
AP&37 1| A
! — Section 2 Carry —
Group 2 Transmit A APéSI_
Group 1 Carry
AP641
A
Section 3 Transmit
or Carry into Section 4 )
A
A
Section 3 Carry —
AP661
Bit Carry 32 —
Bit Carry 33 r—
A
Bit Carry 34 —
A
Corry into Bit 31 Full-$
Bit Transmit 32 r_— OR oy L:gic g‘?)
Bit Tronsmit 33 I Half=Sum Bit 31 I—
Bit Transmit 34 A A
Bit Carry 35 —{OR
Not Group 8 Carry  ~ —1 A
Corry into Group 9 A E
AR AP311
SFITS AP311
Group 9 Carry I Bit Carry 31 —
< ) Carry into Bit 30 Full-Sum
— {
L_1 R OorR Carry into Group 105 ] ) A OR - Logic (30)
Group 9 Transmit Bit Transmit 31 Half-Sum Bit 30
A
AP319 AP301
—1 OR
Group 10 Carry — _l_]JN[ A
— Bit Carry 30 ) AP301
10 i A —
Group 10 Transmit or Carry into Group 11
— 1 b 8t Transmit 30 A ko Bit 29
A L lor Carry into Bit 2! Foll-Sum
Logic (29)
A Half-Sum Bit 29
AP319 A
AP23T
Group 11 Carry A
— Bit Carry 29 — El
. — AP29]
Group 11 Transmit A L]
- A
A OR Carry into Group 12
A Carry into Bit 28
- or 4 Full-Sum
L I . Logic (28)
Half-Sum Bit 28
A A
A [—OR
Bit Transmit 29
AP3I9 [l A
AP281
l_l AP281
) P8 PO
CPU Clock ___J—I f
Bit Carry/Transmit —
Group Carry/Transmit o ———
Section Carry/Transmit —
Carry into Section N ————
Carry into Group ——————
: *
Carry into Bit D S ene——————
Full Sum Development ————

* Timing for direct carry not requiring o
carry lookahead group carry.

Diagram 4-411. Parallel Adder Carry Lookahead Logic
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Not Bits 48-51 Odd

2 v 3 v
48 Half-Sum
Not 49 Bit Transmit OE
Not 50 Bit Transmit Odd [~]
- - Detect |__|
Not 51 Bit Transmit Logic
AP513
49 Half-Sum
50 Bit Carry A
51 Bit Car —
iz OR [n]
Not 49 Half-Sum A L.-I
50 Half=Sum
AP513
. A
Carry into Group 4 ]— OR { NI
Not 51 Half-Sum A
-
A
tDuplicare logic is used for generating
parity~predict signals of opposite polarity B
simultaneously (without use of additional
inversion function). A
l—qOR
1
A
A
AP513

A. Parity Predict, PAL(48-51)

{Nﬂ Bits 48-51 Odd

Right 4=Shift
Predict 44-47 Not Odd
Parity Right 4-Shift A
Predict
PAL(44-47) — OR}—
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 _{OR B
PAL(52-55) Zero Shift
Predict 52-550dd A P2 Clock Extended
L
AP553 AP555 AP555
Left 4-Shift
Predict 56-59 Odd T A
Pari :
p,e:f;yc, Left 4-Shift I ] OR | —
PAL(56-59)
Predict 5659 Not Odd A
AP593 AP555
Right-1 Shift
Not Sum 55 A
Right 1 Shiff
Sum 55 1
A
]
— OR }—
A
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 j
Half-Sum 54 | }
Half-Sum 53 1 OE |
Half-Sum 52 |
| oF |
AP763
Half-Sum 51 | Half=Sum | Indicate
Precheck Error ' Half-Sum
Half-Sum 50 | R Precheck Error (48-55) X Error (48-55)
Half-Sum 49 g Ot N P3 Ext or no ERR I NI A T T
Half-~Sum 48 ; L AP761 L |
I
AP763 APEO1 OR I
. ' Half-Sum Error I
A-Side Parity Bit for 48-55 | AP761
B-Side Parity Bit for 48-55 | :
1
| _LCIL P2 Clock or I
I P3 Clock oR Half-Sum Error N
| Half-Sum Error |
I AP801 |
L Half-Sum Precheck (48-55) J
Half-Sum Error 48-55
Half-Sum Error 48-55 .
Half-Sum Error 56-67 Half-Sum Error
Holf-Sum Error 40-47 OR (32-67)
Half-Sum Error 32-39
APSDT  Not Left Shift |
A
Half-Sum Error 24-31 | Half-Sum
Half-Sum Error 16-23 aolg)Sum Error — R Error Indicate Half-Sum Error
Half-Sum Error 8-15 OR A T _
Half-Sum Error 4-7 ) +04 Extd Inhibit Clock on PA Half-Sum Error
X —
AP801 A S_
AP801 S_ ]
— o r;or
s_
Odd Half-Sum
) Errors PA(4-67) §
OF — KW081
D : Half-Sum Error Trigger Set
OR
AP801 Full=Sum Full-Sum Error
Error Logic Final
Error
Error Reset Gate
or Not Clock L
> ' PO Clock [
) A I . Clock
Not Error APBO1
AP741
Diagram 4-413. Parallel Adder Half-Sum Checking Logic, PA (48-55)
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2 v . 3 v 4 v 5 v 6

Bits 48-51 Odd/Even
8-Bit Parity
From 4-Bit Group Looe,:,er?:ion Generated Parity for Full Sums 48-55  PAL(48-55) Parity
. 3 ic r
Parity Predict Bits 52-55 Odd/Even PAL(48.55)
AP555

| Odd Detect Logic

Latched Sum 48
tched 49
Latched Sum Latched Sums 48-55
Latched Sum 50 Plus Generated Parity Fulf-Sum ‘Indicate PAL(48-55)
Latched Sum 51 OF % Are Even Error (48-55) Full-Sum Error
Latched Sum 52 +P2 Extended ] A T
Latched Sum 53
Latched Sum 54 Error Reset Gate
Latched Sum 55 AP555
atc| um or
AP554 PO Clock
Not Error A
AP741
M E
rror
] OR
— T
Full-Sum Error 65-67 —
Full-Sum Error 56-63 Inhibit CPU Clock S—T
Full-Sum Error 40-47 KWO081
Fuli-Sum Error 32-3% OR Fuii-Sum Error Final
Full-Sum Error 24-31 OR Error Error
I Al L N
Full-Sum Error- 16-23 -P1 Clock
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)
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2 v
A(28)
Gate Excess 6t A
A(29) o
(29) A
A(30) » OR
A
A@31)
RB747
I
|
I
|
|
B(60)
Gate Excess st A
B(61 |
(61) A
B(62) OR
-
A
B(63)
RB753

1RO$ Micro-order

Diagram 4-415. Parallel Adder Excess 6 Logic

PAL(7)

tROS Micro-order

Note: This diagram illustrates how the

PAL()
L PAL(E)
PAL(9)
D APO71 l OR
PAL(29)
. PAL(30)
PALGY  paL@Y)
L
AP6B1
APO71

condition codes are set; it is not intended
to be a detailed diagram.

3 4
PAB Bus 29
Propagate Sign OR PAB Input 29
Gate Excess 6 to PAB(29,30)
AP291
PAB Input 30
PAB Bus 30 OR
AP301
Gate excess 6 to PAB positions 33,34; 37,38;
41,42; 45,46; 49,50; 53,54; 57,58
in a similar manner.
PAB Bus 61
Q, 1C Bus 61 oRr PAB Input 61
Gate Excess 6 to PAB(61,62)
AP611
PAB Bus 62 oR PAB Input 62
Q, IC Bus 62
AP621
¥sTAA if PAL(32-63) = 0 S_S__ or STAT A
PAL(32-63) = 0 T
Not PAL(7-31) = 0
KS021
Not PAL(32-39) =0
Not PAL(40-63) =0 PAL(7-67) =0
Not PAL(64-67) = 0
FSTAA if PAL(7-67) = 0
E(5)
- Shift Double
Shift Instruction
Not A(0) to Cond Code A
—— OR
Not T(32) A
RW343

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

4-415,416 (7/70)

5 6
Result Sign Minus -
) Set Cond
Floating-Point A Code Bit 10
RW341
Set Cond
A Code Bit 01
RW341
Overflow (STAT B)
A Set Cond ~
—or Code Bit 01
Result Negative A
Fixed-Point
RW341
: A Set Cond
m Result Positive or Code Bit 10 y
A
RW341

Based on
PAL(7-67)

\, Based on

PAL(32-63)



FLT Inhibit Clock

Clock

Diagram 4-501. STAT B Logic

3 v 4 v 5 v 6
STAT Clock PO
SCAN
T(55) A
STAT Clock P1
—1 by 2 Set STAB if SA(0-7) =0 —1
SAL(0-7) =0 A
Loy STAT Clock P2
s8DOV t (Decimal Overflow) —
Decimal Overflow
+ 140 ns A
| ™ il ] -
set STAB if PAL 31F —
PAL(31) STAT B
P2 + 140ns A
DLY pLY - 7=
. ]
Gate Exp Ovflo to STAB A
Fixed-Point Overflow
- Ks031
Set STAB on Left Shift Overflow t A
Left Shift Overflow Check
B 32 to STAB and T 32 to STAGT A
8(32)
System Reset — Reset all STAT's
PO —1 Or STAT Tgr Reset l
A orR ||
Reset (F1)} Reset STAB
K151
STAT Clock PO
A
STATB Set STAB on Left Shift Overflow T
L -
i
Gate Exp Ovflo to STABT A
Not STAT B Latch OR
1 : -
KS141 L
Set STAB if PAL 31} A t
B 32 to STAB and T 32 to STAGT — ROS Micro-order
1 PO +140ns A
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v

lF

ORr

SAB(5-19)

LAB(0-11)

Address
Decode
Logical

| SAB(1-4)

OR
A SDBI (0-63)
— p—
A
MB163

r ;:oroge

In Key Bus

Store

Normal Operation

Double Cycle

R’

2 v
3 v 4 v 5 v
- 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
N : 1 CPU Request
Not FLT, Inhibit A IC Sync c __
Clock O
L= —
. MC161
IC Reg. (ROS Generated) IC Sync
! Not FLT Inhibit Reg 1C Request
Clock A T
Storage Reg D3 Cycle A Clock Al T
Clock (Hardware Generated) Roller 3
Not Inhibit Request: P«:.:sirion !
Mcose Rhdads Bit 1 MC086
Clock A
Storage Reg D4 Cycle
y
D Reg Storage XY Reg
ROS Generated
D Reg Storage OR Not Clock
b's Roller 3
nc it
Not Block D Sync .: posision | D Request
A
Clock 1 Scan Sync Clock A T A
Clock Clock |A L
MC062
Mcoé1 Not Clock MCO61 ‘
. R | Gr
MC068 7 °
Scan Reg Storage (ROS Generated) —-E—
Scan Sync
S Re t
Clock A T Not Page . can 1-eques ot
Scan Storage Reg BCU Late Clean Up A Clock | A .
(Hardware Generated) A N Not CPU Request _ Gate PAL to Dor IC GafreBPADm Gr |
Clock J . IC Syne Lih A NotFLT Inhibit ___|AF T =4
MCO068 D Sync Trigger 3-Cycle Syn o]
Clock A yee oyne Mcoes : Gate PAL to D (ROS) |OR
Clock T 1
D Sync Lth 1 Clock
Storage Reg D3 Cycle ‘
ICS Reg 3 Cycl Gate PAL to IC(ROS){O% MC063
(Hardware Generated) € Storage Reg 5 Lyce | OR MC062
Storage Reg IC3 Cycle . Roller 3 om——————— — m——————
3-Cycle Access (ROS Generated) 3-Cycle Sync Not FLT Inhibit Requests ’_—6 Position 1 : lé: SYnCALH" : % D Sync Lth [k
A Bit 5 ate PAL to IC Gate PALto D |
Cllock 1) B Clock . | I [ S
Clock Not Clock 3-Cycle
Not RS Bronch Reset 3-Cyel Request ARQ-XY=STO*D XY Sync . XYSync M
MCO71 ot R\ ranch Reset 3-Cycle Reg | A T |- To Diagram D Reg Storage XY Reg J A T A L N
Clock ] 4-603 J
Clock Clock
Store On D Request (ROS Generated) MCO071 MB285°
. Scan Req Trigger OR
Decode Test and Set Test and Set A 1
Clock 1A T ] N I L_ l_.IN
. "—— . " » " s
Late BCU Cleanup D Req Trigger A 6 .M s
For CPU Request A Store On D Req L
D Req Trigger o - i
Suppress Log Check mcigl MC171 . . .
Roller 3 Not Diagnose Reverse A ol ‘ '\g, T .
Position 1 Normal Op 3 Scan Req Trigger s -
Bit 3 Not CPU 3 Trigger Inhibit
. Not CPU 2 Latch " Storage Protect [ Gate Key to Bus
oF DR Normal Operation NVTeiFd] N GT
Delcode Set Key Set Key of Not Normal Op 1 L_] A OR
Clock I A T .
MC166 N
MB80S MB8O1
RS Format (E Reg 01 = 10} .
Meisl E Reg 23 = 01 A | Decode Op Codes:
FRog 4501 94 (And), 96 (Or), 97 (Xor) Dbl Cycle  poyble Cycle to Mplx Bus Gate F Reg to Key Bus GT
Roller 3 - n |-Fetch Reset T | A
o Not Compare Logical (Op Code 95 —_— Ks
:?:l:lcn 1 gical (Op Code 95) Not Block |-Fetch St ey
1 e e} ]
A Early Accept
Decode Insert Key Insert Key D R: est 1") r A
Clock B 6 e MC191 ;
Master Reset OR
Invalid Address A




709y (OL/L) WAWHA TO-10LT

2 v 3 v 4 v 5 v 6 v 7 v 8 v
BCU Osc Dlyd A SEI Ready
— OR SE1 Not Stopped A Select Pulse SE1
A Select Timing Pulse
CE | sCl BCU Osc wean |
I ' _ __ Issue A Select Stg 2 Tgr SE/DE 10 Ready T Mg | $elac? Pulse
}r Tlock AT T SE/DE 10 Nof Stopped A Y SE/0E 10
I Llock - . ) Ll
m \ CCR 8it 8 (SE1 Configured)
l MC706 A
' SE1 Decoded
| et
| SE1 Select Even -
.
| |
I |
| s | sAB | 1921314] SE/DE Decode SE1 Select Odd -
Must Always Be Zers l_ 8 ore 0 gg -
) CE Contro'f@nd Labeling | N Storage | olo|1]o| st5 L—
| for D and [€ Register Display 8 19 10 11 1213 14 U6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 LU Mgl ‘ alof117| ses L o
P N T K ) o 01{0|0| SE5 elect
. I CELogic Line Labeling o 11 3 3 45 6 8 910 1 12 13 14 15 16 17 18 19 20 21 22 23 Pecoder] | ol1oli] seroee T T Lines
orage an 0]1i1{0| SE/DE7 to
Address | ’ | of1{1{1| sE/pes Storage
g Keys 31 SE/DE Select gjié‘x" | | 1lofolo| se/oes °rs
8 31 I e | 1]ojo|i| se/pelo A L SE/DE 10 Select Even
- 4096 Bytes — v
i I (Ore PSA Area) > | CCR Bit 17 (SE/DE 10 (Configured) —
X _ o 524 288 Byt -
Adr Keys to D o1 ‘1 I Chart 2. D and 1€ Register (1SE) yies MC351 A .
D ]  and T e 371
Bit tratigléfion 7 SE/DE 10 Decoded A SE/DE 10 Select Odd
_ , ] }_' )
0 23 | Chart 1. Range of Addresses s .
- ) 9020D 9020€
o R-D I B From To Frdﬁ'l o To
0 23 L SE1 000,000 524,287 000,060 524,287 — e e ——— . Sl — —— —— ——— — L_
23 et | SE2 524,288 | 1,048,575 524,288 | 1,048,575 [ i
| Egs 1,048,576 | 1,572,863 | 1,048,576 11,572,863 | saBo) e —
o SE4 1,572,864 | 2,097,151 | 1,572,864 |2,097,151
o i g — GT SE5 2,097,152 | 2,621,439 | 2,097,152 12,621,439 I e
i SE/DE6 | 2,621,440 | 3,145,727 | 2,621,440 |2,883,583 . —
SE/DE7 3,145,728 13,870,015 | 3,145,728 13,407,871 Defeat |
= | SE/DES | 3,670,016 | 4,194,303 | 3,670,006 | 3,932,159 | feat Injerleave - -
Ic 7 SE/DE9 4,194,304 14,718,591 | 4,194,304 |4,456,447 | oR Decode Even Address
2 2 | SE/DEI0 | 4,718,592 | 5,242,879 | 4,718,592 4,980,735 |
[ - — <33 Oof SA8 IR sl ‘ts) SAB(6) Decode Odd Address
— Gate IC Reg Y |
L gAB (5-23) In'ern;l3| Defeat Interleave Reverse
| LAB(0-11) %_1_1 1219 MC701
— 20
I L . A Gate PSBAR 1o SAB (LAB 0-11 = 0) ‘l‘ | OR N
L .
I T oL | saseo
t
\ - MA247 |
l ATR Slot N
PAm Decoder
4 PAL 67 A
40 83 l MADDY +—
—_— 231 L— L— Defeat Interleave Logic
) | of Decode ATR Slot 1 —_——— —_———— — -_
ATR __Gate PAL | ot
- o) X ATR(0-3) g [
| | —L_— < y SAB(1-4)
p— i | I‘ | MAOT OR (
501
L, ; -
B| I l was [ 1l 2] 3] 4 ATR Slot Decode o1 Fad ) o | Lines
- SAB(7-11) o
- = N | OR Storage
12‘ | o|lolo}o Slot 1 Bits 0-2 - (Extemnal
s l ojoflofn Slot2  Bits 4=7 SAB)
[~ e | olo|l1]o Slot3  Bits 8-11 g
| | 0101 111 Slot 4 Bits 12+15 Logical ™= SAB(12-19
L. Q19 oj1]o]o Slot 5 Bits 16-19 Mp211 |PSBAR  MP
20 | | of1]ofn Slot 6 Bits 20-23 9 19
23 ofyt1]o0 Slot 7 Bits 24-27 13 19 ——
- =124 | | of1{ 11 slets8  Bits 28-31 P
l 1{oflo]o Slot9  Bits 32-35
| _ 477 l tlojof Slot 10 Bits 36~3¢
2al |
Physical "=
31 y
= 32‘ = I MP1IT };SBAR Me
Decode ATR Slot 10 |
L o I . GT 9 12
36| ¥ ATR(36-39) | o
3ol |
FAGO)
551

Diagram 4-602, Address Decode and Gating Logic
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" 2 Y ’ M 4 v 5 v 6 v 7 v 8 v 9
' CPU 2
From Diagram 4-601- CPU Req CPU 2

{
CPU Clock | CPU Not Clock l A t
Not Insert Key T —

. Insert Key l MC271
: A
D~ H
TR Sync Lth
MCIZ1 .

Stop
Va Stop CPU Clock Clock
CPU Clock A
A

>
-

MC27

Key Advance

CPU S Lth A
M7

Mach Reset

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

MC271

CPY3 HSS Early Accept
T .M
CPU Clock ol I

Not Insert Key
BCU Cleanup
Select Successful

Not Inhibit Cleanup Successful A
! MC7N
MCI121
. : CP!
B cPu3 T 22 CPU Not Clock
From Diagram 4-601 3-Cycle Tor. 2 l l

Not
1.
N L Clock I A T A
J CPU Not Clock A _____E:

MC27

es:
. CPU Clock times are developed from 'CPU clock to BCU' signal (Diagram 4-1).
2. Sequence in which sequences are stepped varies with request being processed
CPU Clock CPU 4 . (see ALDs M8211 and M8221):
L . a; " 4-cycle fetch: 'CPU2' trigger, 'CPU 2* latch, 'CPU 3' trigger, 'CPU 3'
] A b !;N:hll .C;’PU}-:“ friggezr, 'CPU 4' latch, 'CPU 5' trigger, 'CPU 5' latch.
Y&y « 3-cycle fetch: "CPU 2' trigger, 'CPU 2' latch, 'CPU 3' trigger, 'CPU 4"
Store Nl ] latch, 'CPU 5' trigger, 'CPU 5 latch.
L] ::‘ ?fure z':r set k(e:);: '5(::PU 2' trigger, 'CPU 2' latch, 'CPU 3' trigger.
) . Insert key: 'CPUS5' trigger, '"CPU §' latch. .
: MC121 MCT41 MCI14] 3. Conditions that sfﬁp CE clock urt’e:
. a. 'CPU2' latch is set.
’ CPU Not Clock b. Insert-key operation.

. A
CPU Clock CPUS Switch SS Pulse
L_—°r T

- Insert Key -

CPU Clock Go 8CU Hold
on CPU
MC141 .
C .

T Clock For Single Cycle

MCi4) | A
X

Clock Mot Clogk 4

A 1 A [Reset CPU Clock
CPU Not Clock CPUS

I l—q OR| L Go Tgr MC291
A MCI4]

Single Cycle

>

MCl141 -

MCI41
Diagram'4-603. SCI Control Logic for CE Clock
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2 v 3 v 4 v 5 v 6 v 7 v 8 v 9
o
D Req Tgr r Inhibit Gate PSBAR to SAB
sIC Reaju]r_ EOR A Storage Select A
can Rea Tgr. )
Inhibit Storage Select N T Issue a Select  Storoge 2 Ter OR |, _Not Clock BL A L i@ BCU Osc _l OR Set Inhibit Storage Select
A T A .. PSA Request
Select Outstandin _C:I"_Csz.«_l_‘ Select Timing Pulse
= & — Not Clock 80+82 ORg T
MC161
mc706 Clogk B] MC706 _[ I__ . —=(2) A
" NC706 v Select Unsuccessful
: MC431
Select Outstanding (Select |Successful)
Accept Tgr /V@ A - ' ’ To Inhibit Osc
Accept SE1 ] Early Accept Test for Inv Adr Invalid Adr Tgr Y BCU Cleanup To Diagram 4-605
1 OFg T 8 — N or —
i | BCU Cleanup ? f A T ’
| A
Accept : r.‘r“'D"] Late BCU Cleanup BCU Cleanup __E_-—‘ MC741 N i)
SE/DE 10 =
SE/! MC261 . Accept MC741 28] T
! (Select to SE/DE Not Ready) or Step PSBAR fo Alt
Storage Check, Step PSBAR Nor .
Select SE1 . or CCRBit6or ILOS.| A | Stepto Alt PSBAR
is Inhibit Any Select Latch SE/DE St d . .
SE1 Stopped (Bl SEL select SE1 [ Not Inhibited | 4 [T or | Not Inhibited B |:| /DE Stoppe Invalid Address (Program Inferrupt)
SE] Not Ready IOR t | L Invalid Address Bus Delayed Invalid Address Bus
— ' MC385 4 OR ™
Issue a Select (Reset Sel Lth) l
.I- é MC411 Select SE/DEI0_ YN
SE/DE10 Stopped [nhibit Not A
— SE/DE 10 ibi
SE/DE10 Not Ready losg b £ [N ohibited SE/! DTng*"PPed — 5 Concel To All SEs and DEs
1 f T (Select to SE/DE Stopped) CPU Specification Error (R05) R
T"‘—"‘"““ X I A Select Timing Pulse MC743
MC421 _’ : I_
Late BCU Cleanup SE1 Ready
i 4-602 —_—— e PSA in_F 1
25 1 Decoded (See Diagram ) O SE1 Not Stomned R Selecr; Pl;ﬁsees - A L N
SE 1 Ready A ) —T—-—T— . — A Select SE1 Even
SE 1 Stopped L] 6 Select Timing Pulse Late BCU Cleanup Select Pulse SEI R |——
| OR Decoded SE/DE Stopped - - 1
I I | Mcs1 - SE1 Decoded
SE/DE10 Decoded (See Diagrom 4-602) . §. | . )
SE/DE10 Ready A MC381 I Decode Even
SE/DE10 Stopped * — L]
PSA in Frome 10 T SE1 Decoded A Select E1 Odd
SE/DE 10 Ready A Decode Odd To Storage
SE/DE10 Not Stopped Late BCU Cleanup — - Select sE/0E  (* (Simplex
EEE— A 10 Even
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Diagram 4-604. Invalid Address and Frame Stopped Logic (Sheet 1 of 2)

Decode Odd

A J




CE makes
storage
request

SE No
not ready I
Yes|

Issue select

to SE and enter
25 us timedown

Continue
normal
cycle

Yes SE No

- Stopped

Yes SE No
not ready
Y Y N4
Set program Set program
interrupt "SE interrupt
stopped and "Addressing" T
reset timedown and reset
timedown
' Issue puised
ELC and
] Psendo
Accept

'

Continue
processing

Alternate

!

Check Stop
and set
alternate
Set PSBAR check
Alternate
Issue
static ELC
ILOS on I _
No

No (25 us timeout)

'_PgB,AT. Advance

——————t e —Troe

his select is

§ | generated so
that the re-
sponse from the

| psa SE will

} complete the
operation
previously
started and

| cause the SCI

| to be reset.
No data will be
transferred since

| the cancel tine

L is active.

Force
select to
PSA SE

Step PSBAR
to next
configured SE

Set PSBAR
Configuration
Check bit

y

Check stop
and issue
static ELC
to other CE.

r—— 77771

I
|
I
I
I
I
I
I
I
I
|
L

As the next
configured SE
}is set into
PSBAR a select
to that element
is generated
because the
Isfcruge request
" s still active.
| SRS

Set
Split-logout

Start
machine
check logout

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

4-604, Sh 2




2 v 3 v 4 v 5 v 6

Select Ou ding .
Fr.om OR Latch 1
E_‘Zg";m Set Storage TO On Logout 1A L
— l . Latch 2
1 A L Timeout Pulse Not Storage (used for Logout)
—l N B MC753 = A
N BMC753
i oT Storage Timeout Gate Selected
N
[
60 Cycle Pulse A Storage Time Out Pulse
STG 7/0 Storage Timeout
g
Error Reset
Select Outstanding f 4

fre—— 16 MS —

60 Cycle Pulse N e I f-‘__.g
—] J— 300 NS

Latch 1 | y
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 Storage Timeout Pulse [r— (

set 'storage timeout'.
3. ‘Select outstanding' is deactivated by ‘accept' from storage.

Storage Timeout J———-‘
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Diagram 4-608. PSBAR Operations
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Diagram 4-611. Detailed SCI Functional Sequence (Sheet 1 of 2)
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Diagram 4-612. Servicing of Storage Requests in Single-Cycle Mode
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$S SS SS Never | | Refill Priority
' | l - l |
B Qoo 1 @y 1+ o + an R | |
0 63 ' |
0 15 16 31 32 47 48 63 | l
0 15 | .
l
— |
> R RR —— |
0 15 [ |
01 ' RX, RS, or SI | i
Format } '
Predecoder | ss A '
0 7 . A 4-Cycle Storage
C | RROO1 | . | Request (Per IC)
! I
' |
: !
' |
' |
.
Op-Code Bits Branch Not Branch l
> Predecogler | i . KD10} '
l xXecure n rrogress KD201
RR181 | :
l
L — e e e e e
D Diagram 5-2. Instruction Requests During End Op DIAGRAM 5-2. INSTRUCTION REQUESTS DURING END OP
o1 | ' |
E

DRO61

T _
| I
I
I
|
|- _
. | |
I |
F 0 15 :
l _
' o
. -

RR
RX RX
RS RS

> Never Sl - S| Never

o D any s
63

0 15 16 31 32 47 48 63

1. 4-Cycle Request (Per IC)
Format I 2. Start |-Fetch Sequencers
Decoder | 3. Request Q-Register
> Refill Priority
0 7 ' 4. Block Request at End Op
' ~—
RROO1 : l
| |
. Branch l '
G | | Decoder (Not) Branch |
| Execute Not In Progress | :
— | |
RR18T | KD101 |
|_ KD201 :
Diagram 5-3. Instruction Requests During Early End Op
H
>
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H“-..H_‘____H,-"f

0 1
0 15
0 15

0 7 12 15
0 1
Branch Format
Decoder Decoder

Diagram 5-4. Branch Requests

Format

Predecoder

1C(21,22) =01 or 10

IC(21,22) =10
(R2 Field = 0)
1C(21,22) =00 or 11

BC or BCR (0X00 0111)

Condition Met for BC or BCR

I /O or Shift Instruction, STH,
STC, STM, LA, MVI, TS

KD201

RESET (F1)

(Not) Execute Trigger
(Q-Register Exhausted)

RESET (F1)
t Execute)

Execute Trigger

RX, RS, or SI
D(21,22) =0T or 10

n (Not) Inhibit Operand Requests

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

3-Cycle Request
Per D(0-20)

7201-02 FEMDM (7/70)
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A | IC(22) or D(22) =1
IC(21) or D(21) =1

1C(21,22) = 10

B-Field

NEXT-INST*IC | Selection
(Decode
NEXT-INST*D

Bits 21, 22)

Q st | 2nd | 3rd ' 4th RE
0 Halfword !  Holfword 1 Halfword |  Halfword 63

0 3 16 19 32 35 48 51 e —————— ——

Q(48-51) = 0

" Q(32-35) =0

v
z] Lz
=

y i
Q(16-19) = 0
| |
|
Q(0-3) = 0
:
|

Effective R; decoding is done

from SDBO if BEOP
X Field=0 ’

Decode

RROO1

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

Diagram 5-5. Selection of I-Fetch Sequence

5-5 (7/70)



> 2 v 3 v 4 v 5 v 6

o e RR Format
—_—— ———————— ——— —_ | .
| | - 0 78 1 12 15

Test for Q-refill

exceptional conditions. e Purpose:

A 1. For nonbranch instructions, load 1st operand into A, B, and D; load
2nd operand into Sand T.
QT001 2. For branch instructions, load 2nd operand into A, B, and D; load 1st
- operand info S and T. Request new instructions if needed.
3. Set STC to 100 and ABC to 000.
No Branch _
instruction e Initial conditions if 1-Fetch is not blocked:
1. .Instruction is transferred to E.
> Transfer st 2. For nonbranch instructions, T contains 1st operand; for branch
operi::n 4 from T Yes instructions, T contains 2nd operand.
to A, B, and D.
Transfer 2nd
operand from T
to A, B, and D.
B

Branch " Yes

on

Condition
No
Condition Yes
’ mef
Request instructions
er D (3-cycle).
per D (3-cycle) o
Address LS per - Address LS per | No
C Ist R2 to obtain R1 to obtain
|-Fetch 2nd operand. | Ist operand.
Cycle
Transfer 2nd - Transfer 1st R . . Inhibited if . .
equest instructions ; . . Request instructions
operand from LS operand from LS IC (3-cycle) execute in progress D (3-cycle)
to Sand T. to Sand T. per AR trigger is set. pgr cyclel-
Increment 1C(21, 22) Dependent on IC
by 1, and transfer at end op; see
| o table on this page
| 1st halfword of Page.
D | next instruction to R.
o - - RR [-Fetch Variables N
Set STC to 100 1C Setti .
> | | and ABC to 000. | » at End gg Incremented IC Next Op-
- i ' Code Word
! | e Transferred
Refer to Diagram 5-30. m Bit 22 to R From:
No Q-refi' I Yes | Q16-31)
exceptional _ | Q(32-47)
- condition Q(48-63)
Q(0-15)
o Note: These actions are inhibited when 'execute in progress' trigger is set.
Branch to 1st ROS . .
word of execution : ngBO N ga-fed o ? c-I;srmg
sequence per c; Rex?iuttonf‘Trc e |
> 'E(02-07) — ROA’ l requsz::de; rjy::le:::fore
micro-order. | end op.
| .
RR I-Fetch Q-Refill
' Exceptional Condition Cycle '
F ' Increment | |
| IC(20) by 1.
Branch to 1st ROS word ' |
of execution sequence | |
per 'E(02-07) —» | |
ROA' micro-order. |
| lssve 'RASCR’ Causes SDBO
' micro-order to be gated to Q l
> me ] during 2nd |
l execution cycle.
! I
|

-
|
|
|
|
|
l
|
l
|
!
|
|
l
|
|
|
|
|
|
|
|
!
!
L

QG Diagram >-6. RR I-Fetch

2701-02 FEMDM (7/70) 5-6



> . 2 v 3 v 4 v 5 v 6

'J | Increment
0o 93 21 | 22 IC(21,22)

IC CA
0 23

A 0 15 16 31 32 47

Note: Numbers in circles refer
to timing chart below.

B | Not Branch
' o Branch
0 15
> 0 15
]
I i RE
E JRTpR2
C Branch
(3 (2,3) (2)  Not Branch
0 31 32 63 _ - 0 31 32 63
>
D
32 63
»
Parallel
Adder
E ' ' | | 32 63
40 63 | o
>
- Ist
f————End Op —————sfe————I-Fetch —————sfe——— Execution —————]
| Cycle
_ | _ | | | | |
: | | | :
Clock
oc | | I ' &—— Execution
R1 (or R2 if Branch) to LAL | @ l | @ ' @ : '
| o |
| | | I
LSto T ] j—— | I
> | | |
T to PAA(32-63) | ll . - | | | :
| | L | I
Rto E = — I |
| | ' | | |
R2 (or R1 if Branch) to LAL | | | :
: | | | |
|
G LSto Sand T ! | | :
| | | | |
PAL(32-63) to A and B | | | |
l | | - |
PAL(40-63) to D : : I— :
> ' | ' |
‘ Increment 1IC(21, 22) : | | |
| , )
Q to R (Next Instruction) : | ' i
: | |

H Diagram S5-7. One-Cycle RR I-Fetch
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e e N S

From SDBO

fe—End Op ——ske——— I_Fetch

: : Normal ; Additional
| ' [-Fetch Word ' [-Fetch Word

B e I o I o, H oy BN oo I
Clock | 2

SDBO to Q

| | |
| SQ 1 Set SQ 1 Reset
Storage Request per IC | QRUBEOP, | 5Q 2 sef :
Rto E : R —E ;_ : |
| | ' '
Q to R ; | Q67 —»R I_ :
IC +8 | { Iﬁ
| I |
(IC + 8) to IC I | |
| |
|
! |

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

RR Inst ' Next
(Now in R) Inst

+ |
|
|
|

First

Execution
Word

Execution

_?

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



1st |-Fetch Cycle

Yes J(_Non‘indexed)

Test for Q-refill
exceptional
condition.

Increment 1C(21, 22)
by 2, and transfer Q
to R if next

instruction is in Q.

No (Indexed)

Yes

No

Transfer D2

from Q to D.

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

Transfer 1st
operand from LS

(per R1)to Sand T.

l

Q-register
refill exceptional
condition

No

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

Q-Register Refill Exceptional
Condition Cycle

QT041 T
032

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

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

Set I-Fetch
sequencers 1 and 3. -

| Refer to Diagram 5-30. |

Yes

Dependent on IC

at end op; see
Notes 1 and 2.

Yes No

Transfer D2
from QQ to B.

transfer to B .

Yes

Conditional;
see Note 3.

I Refer to Diagram 5-30. |

Transfer index

from LS (per X2)
to T.

I

Q-refill-

No

Conditional;
see Note 3.

Conditional;
see Note 3.

Performed by RASCR

micro-order:
see Note 4.

Add D2 to base
address (in T) ond

exceptional
condition

Performed by 'RASCR’

micro-order.

Yes

1C(20)
already is
incremented.

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

Transfer D to

PAL for SPEC

test on next cycle.

Index Cycle

see Note 3.

|
|
l
|
|
|
: Conditional;
|
|
l
|
|
|

Set I-Fetch
sequencers | and 3.

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

Add contents of T
ond B (2nd operand
address) ond
transfer to D.

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

Transfer 1st
operand from LS

(perR1)to Sand T.

Branch to 1st ROS
word of execution

sequence per
'E(02-07) —=ROA'
micro-order.

Diagram 5-9. RX I-Fetch

5-9 (7/70)

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 -

T D Rl $zWEES—— TS WS ekisl, TS WS TEAE S Ak ShEees b

e RX Format

[-Op Code
0

e Purpose:
1. Transfer 1st operand to S and T.
2. Compute oddress of 2nd operand and transfer to D.
3. Request 2nd operond from main storage (see Note 3).

R l X2 ‘ B2 D2 —I

7 8 1 a2 15 1 19 20 31

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.

Notes:
1. IC Incrementing and Q to R Transfer:
~ - e
‘ Conditions at End Op
Incremented Next Op-Code Word
1IC(21, 22) Position IC(21,22) Transferred to R From:
‘ in Q
= '
o :
4 10 Q(32-47)
==
—— =
01 NI 11 Q(48-63)
=
10 i %A“ 00 Not Yet in Q
- W/
[
11 L . —— 01 QQ16-31)
fQ-register refill is requested by end-op word; Q-register refil!
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(Q) 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.

e e . . = a4 e e —_—- acww o —wwEaEe o oa -




2 v 3 Vv 4 v 5 | v 6
. Increment
21 122 | {C(21, 22)
IC Cz
.

B Field o

0 15 16 31 32 47 48 63

Note: Numbers in circles refer to timing

chart below. | o

0 15
an
R RR
' 15
0 15
Local
Storage
0 15

(3) 2 3

D Field

PAA

Parallel

Adder |

40 63

| | | ) Ist
|‘—End Op ———"I'—'—— {-Fetch -—-—+——- Execution _-I

Cycle

Clock m H Execution

B Field to LAL | — |
| |
(Sto T | | re—— | l
- | | N
RtoE _ I
T to PAA(32-63) Only if B 70 M
D Field to PAB(52-63) | M
| , - . - |
E(8-11) to LAL | —
| | |
]..S to 5 and T I —
' | N
' |
Increment 1C(21, 22) | —
| |'
Qto R (Nexr |nstructi’on) I —
| |

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

Increment
0 23 21 | 22 IC(21, 22)

A - 0 3 16 19 32 35 48 51
4 15 20 31 36 47 52 43
0 | 15 16 31 32 47 A8 63

"Note: Numbers in circles
refer to timing

> chart below.
0 15
-
R RR
R 0 15
0 15
Local
Storage
0 15
>
0 31
R Field o
| X2 Field
C o (23,4 2
0 31 32 63 32 63

| 4
D
| D2 Field
>
Parallel
Adder
E 32 63

40 63 o
’ | - | Ist
: l‘—End Op T_— -|-Fetch — . —.Io——-——— Execution
| | | Cycle
- Clock .
o 0 ®
B2 Field to LAL | - -

|
|
. |
LSto T — :
|
|

"RtoE e —

T to PAA(32-63) Only if 82 # 0 ﬁ

D2 Field to PAB(52-63)

X2 Field to LAL
Sto T

PAL(32-63) to B
Increment 1C(21, 22)

T to PAA(32-63)

> B to PAB(32-63)

R1 Field to LAL

: PAL(40-63) to D

LSto Sand T

Q to R (Next Instruction)

" L
"
___-—“_—_“_—__—-“-““—ﬂﬂu—_—ﬁ_ﬂ
n

> Diagram 5-11. Two-Cycle Indexed RX I-Fetch
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T

- m —— — o Bk W ik R A A - c-- S A ——r——
— . - " - e ——

> 2 v 3 B 4 4 v 5

From SDBO From SDBO

Op-Code
| Halfword
(Now in R)

A 161920 31 48 63 0 15

B Field 4______3-
to LAL
| D Field to PAA
15
>

Op-Code | 2nd o5

l Halfword | Halfword
(Now in R) 63

4851 52 63

<1

| Holfword

B Field to LAL

D Field to PAA

0 15
s
E RE
0 15
R (A) 1C(21,22) =01 at End Op () 1C(21,22) =10 at End Op
|¢—End Op —+— -Fefch ——+———— Execution
| |
| | |
| | Normal } Additional | First |
| | I-Fetch I-Fetch Word t | Execution |
> | |  Word | (See CLD QT041) | Word |
B - ' | '
| | | o |
| ' ! ' |
C'ock n——_h—lﬁ—_h—ﬁ—
- SQ 1 Set SQ 1 Reset SQ 1Set |
C Storage Request per IC NEm | SQ 2 Set : SQ 3 Set |
| |
| |
R to E R —pE joe— { | :
Q(48-63) to R if IC(21,22) = 11 = Q67— R jummm— | :
| | t
. NEOP or BEOP Indexed RX instructions
> B Field to LAL — | | | I require two additional
| I : | | 1-Fetch words.
LSto T —e T [ | : |
| | |
T to PAA (if B #0) — | |
| | : |
D D Field to PAB &Cﬂ_l | |
IC + 8 I |__|I ' |
| - | i
+-
(IC +8) to IC | | | — |
, | |
. Storage ReqUESf per D I ; MS-REQ * D-3 _ . :
l I
SDBO to Q N : | | |
| |
| | .

Il

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

E Diagram 5-12. Two-Cycle Non-Indexed RX, RS, and SI I-Fetch
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I_ 1st 1-Fetch Cycle _I e RS Formaot:
oo [l o w] 5]
0 T 78 — 12 15 16 19 20 3l

Test for Q-register
refill exceptional
condition.

e S| Format:

e [ [w ] o

o ’ 78 15 16 19 20 3

Increment 1C(21,22)
by 2 and transfer
Q to R.

Dependent on IC

e Purpose: -
1. Transfer contents of LS register specified by E(8-11)to Sand 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 storoge (see Note 3).

at end op; see
Notes 1 and 2.

Yes No

e 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.

B field =0

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

Transfer D field
from Q to D.

I Obtains 1st operand
for RS instruction.

Not used by

S| execution.

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

| Refer to Diogram 5-30. i

Q-refill
exceptional
condition

No Yes

|

Conditional;

Issue 3-cycle
see Note 3.

storage request per D
for storage operand.

T TS TS R ks T ey Tl ey Sk gy e . S S A kel ges ek SR FELERE A I Sl GaaEnea 0 wihSelt 0 dhmpiess cemmas 02 sy JEEEENY  GEEEEENN R

R ]

Q-Register Refill Exceptional Condition Cycle

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

]

QT041
034

1C(20)
already is
incremented.

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

Issue 3-cycle
storage request
per D.

Issue 3-cycle
storage request
per D,

Transfer D to
PAL for SPEC
test during next cycle.

Notes : 1. IC Incrementing and Q to R Transfer:

. T 1 ]
Conditions at End Op

— Incremented Next Op-Code Word
. _ 1C(21, 22) Position IC(21, 22) Transferred to R From:
in Q

I 00 V//A 10 | Q(32-47)

Set |-Fetch Performed by
sequencers [ 'RASCR' micro-order;
1 and 3. see Note 4.

|
|
I
|
|
|
I
|
!
I
i
(
|
> I
I
I
|
I
|
|
I
|
I
I
|
|

Increment [C(20) by

— _ :efud:er:i:rz)l--FetCh 01 t ,/Al.% 1 Q(48-63)
| | 10 | t %.. 00 Not Yet in Q

Performed by
'RASCR' micro-order;
see Note 4.

L [ .W o ae-a)

tQ-register refill requested by end-op word; Q-register refil!l priority
S — _| does not result if shift instruction is being fetched and request is
issued two cycles early.

2. Incrementing of IC, transferring of Q to R, and setting of |-Fetch

Branch to Tst ROS |
sequencers are inhibited if 'execute in progress' trigger is set.

I If shift instruction has been fetched:
sequence per | (1) actions referred to in Note 4 also
'£(02-07)—» ROA' I occur if request for new instructions

|

word of execution

3. 'RESET' micro-order:
a. Inhibits setting of 'D sync' trigger if fetching MVI1, STM, TS, shift,
or 1/O instruction.
b. Resets '3-cycle request' trigger (cousing 4-cycle request) if fetching
BXH or BXLE instruction.
c. Resets STAT's, Edit controls, STC, and ABC.

was iesued two cycles before end op,
and (2) first execution cycle branches

to second cycle per PAL(58-63).

micro-order.

4. |-Fetch sequencers 1 and 3 gate SDBO to Q during 2nd execution cycle,

I:i":f exe:uﬁo? CY‘-‘"’B?{;";;‘;“" zl::ic:;:x]es:uﬁgz and transfer Q(0-15) to R if 1C(21, 22) = 10 during previous end op.
o second cycle per -22).

sequence per -
‘E(04-07) —s» ROA

micro-order.

Diagram 5-13. RS and SI I-Feich
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1st [-Fetch Cycle

v 3 R 4 v

No Interruption
or Exceptional
Condition Pending

Increment

IC(21,22) by 3.

No -

Set 'gate |-Fetch
invalid address’
trigger.

Initiates testing

of address of
next instruction.

Yes

Transfer D1
in Q to D.

Add D1 to base address
(in T) and transfer

result to D.

2nd Cycle

End-Op Setting 10
Present Setting 01

Perform 1st step
of ASC test

(see Note).

A @ wEaeeey ek S EEEEEEE Sl il SaEEE 0 Tkl a0 OEEE——— 00 A 00 T I S———

3rd Cycle

Gate new
instructions from

SDBO to Q.

Transfter next

op-code halfword
from Q to R.

Transfer next
op-code halfword
from Q to R.

STAT D is set
if B2 =0.

Transfer contents
of LS per B2 to 5.

Yes (Decimal) ‘No (Logical)

Add E(8-15)
(LL field) to D
and transfer
result to T.

Add E(8-11)

(L1 field)to D
and transfer
result to T and D.

includes lost
halfword of

this instruction.

Issue 4-cycle
request per D
for 1st operand.

Diagram 5-14. SS I-Fetch (Sheet 1 of 2)

e SS Format:

LL
| r g N
| OpCode | L1 | L2 | &1 [)oi] B2 ]
0 78 ° 11 12 15 16 19 20 32 35 36 47
e Purpose:

1. Transfer op-code halfword of next instruction fo R; update
IC and place into LSWR.

2. Transfer computed address of st 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 =

base address (per B1) + D1.
b. Highest destination address for decimal instructions =
base address (per B1) + D1 + LI.

3. Transfer computed address of 2nd operand (source) to IC
and 7. Lowest source address = base address (per B2) + D2.

4. Perform ASC test (and invalid instruction address test if
complete instruction is in Q).

e Initial conditions if |-Fetch is not blocked:
1. Contents of Q per setting of IC(21,22) during preceding
end of cycle:

LL
e ey
1 T 1 ./
Op /
00 LY |L2 | B D1 B2 D2
Code 7
0 78 11 1215 16 19 20 31 32 35 36 47 48 83
.[ e _ _
0 15 16 23242728 3\ 32 35 36 4748 552 T 63
r-—
10 Op |11 fL2 |81 D1 82! D2 |
Code I
- | _ _—e e
0 3132 3940 43 44 4748 5} 52 630 3 4 15
7 -
11 B1 D1 B D2 Next Instruction(s) /
7
0 3 4 1516 19 20 3132 63

2. First halfword of instruction is transferring to E.
3. Base address (per 81)isin T.
4. Main storage request for more instructions was
generated per IC during preceding end op if 'execute
~in progress’ trigger is not set and IC(21) =0 (4-cycle) or
if 1C(21,22) =10 (3-cycle). (Branch end op tests D
instead of IC.)

Note: Details of Ist step of ASC test:

Transfer IC - D + 7
to PAL.

No Yes(DL IC+7)

Set 'PSC’ trigger.

7201-02 FEMDM (7/70) 5-14,8h 1



Yes (Decimal) No (Logical) Yes (B2 = 0) No (82 # 0)

A 4th Cycle

Add E(8-11)
(L1 field)to D

Add E(8-15)
(LL field) to D
and transfer
result to T.

"Add D2 to base
address (in S) ond
transfer result to B.

Perform last step
of ASC test
lsee Note).

and transfer
result to T and D.

Gate new

Transfer STAT D is set
contents of LS if B2 =0.
per B2 to S.

lssue 4-cycle
request per D
for 1st operand.

instructions

from SDBO to Q.

Issue 4-cycle
request per D
for 1st operand .

'Program
e _ _ Yes interrupt’ No i _
latch
5th Cycle cet
] | 1 1
Yes Execute Yes Execute Yes IC(21,22) = 00 No

trigger
set

trigger
set

now

Transfer next

op-code halfword
from Q to R.

Increment
IC(20) by 1 {done

by micro-orders).

Perform
no operation
this cycle..

Perform lost step

of ASC test
(see Note).

Perform last step

of ASC test
(see Note).

Perform last step
of ASC test

(see Note).

Transfer
contents of LS
per B2 to 5.

Transfer
contents of LS
per B2 to S.

Transfer IC to
LSWR via parallel
adderond T.

YES 'Execute'
trigger
set

Transfer IC to
LSWR via parallel
adder and T.

Transfer IC to
LSWR via paraliel
adder and T.

Transfer IC plus 8
to LSWR via
parralle! adder and T.

Transfer IC plus 8

to LSWR via
parallel adder and T.

Wait for BCU to
become not busy. -

Transfer next
op-code halfword
from Q to R.

_______________ L __ Yes(82=0) No(B2?{0)___________ I F
Last 1-Fetch Cycle
- E QT047 | ' .
010 QTO31

Add Dé to base
address (in S) ond
transfer result

Transfer D2
inQtoT
and IC.

Program
interruption
performed next if its
priority is
established.

Normal end op.

Transfer partial
source address

to T and IC. to T and IC.

Reset STC, ABC,
STAT D, and
Edit controls.

Note: Details of last step of ASC test:

Branch to 1st ROS

F | word of execution B
sequence per
E(02-07) —eROA'

micro-order,

Subtract T from IC
and shift right once.

Reset 'PSC' trigger.

Diagram 5-14. SS I-Fetch (Sheet 2 of 2)
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- 1C(0-20)

Main Storage
4-Cycle Request Per IC
IC Sync
3-Cycle Request Per IC L ™= - |
MC066 0 SDBO 63
MCO066
MS ——e» Q Micro-order GT
(Used Only for SS and Branch Instructions) 0 63
RQO01 -
RQ601 ’
(Recovery Microprogram Forced by DRO31
EXCEP Micro-order, if Necessary)
0 15
Force to O '
3
R(1) '
Force | l 1C(21,22) = 00 at 1-Fetch _
Format R(0) GT
| | SQ 3 and SQ 1 Set A 0 15
Refer to Table in | A an RROOT -
Diagram 5-30 — - DRO7) | RR141 " R-R
Force to 1} Address I ROS
DR921 0 15
Decoder | ' -~
Force O0's I
ROSAR_'_ll:'| N
| ! .
~5!6,718 9 hojn .SQ]SetundSQ3Reset
KD201
7

| , - ' Sequencer 1 } ‘Sequencer 2 Sequencer 3
|
(Diagram 5-30) Turn~on IF1 at EOP |

{-Fetch | I-Fetch
(Storage (Storage Parallel
Request) 1 Request) 1 Adder

Set

KD10t ~ KDIT KDI11

Clock

_l';\l_gf Clock

Trigger

Latch

S —

40 63

P2 wesssssessesss P1

Timing Chart
Representation

| | GT
$Q 2 Set and SQ 1 Reset |

CA001-
DRO2t | CA21}

Not P| s Not Pl

A. Basic Control Provided by |-Fetch Sequencers

Diagram J5-1J. I-Fétch Sequences (Sheet 1 of 2)
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Normal or Branch End Op

1-Cycle-Early End Op

J
-
c
Ll
>
=
o
LLJ
'
2
T
>
Y
o~

Action

Typical Micro-Orders

Set IF1 Trigger

IF Sequencer 1 (See Note 1)

IF Sequencer 2

IF Sequencer 3

Set I-Fetch Request Tgr

IC +8 —PAL

PAL —IC

MS — Q (See Note 2)

Typical Micro-Orders

Set IF1 Trigger

IF Sequencer 1 (See Note 3)

IF Sequencer 2

IF Sequencer 3

Set |-Fetch Request Tgr

IC +8 —»PAL
PAL —& |C

MS = QQ (See Note 2)

Typical Micro-Orders
Set IF1 Trigger

IF Sequencer 1 (See Note 3)

IF Sequencer 2
IF Sequencer 3

Set |-Fetch Request Tgr
IC +8 —» PAL
PAL —»[C

MS —Q (See Note 2)

Notes: 1.

ALD

KD101

KD101

KD111

KD

KD701

KD201

DRO21

DRO31

KD101

KD101
KD111
KD111

KD701

KD201

DRO21

DRO31

KD101
KD101

KD111
KD111

KD701

KD201

DRO23}

DRO31

v 5 v 6

3 v 4
S————— ——— Execution — »ie— |-Fetch —— o}t — ——— Execution
' ‘ 1 2 '
1 2 ]
n-2 n-1 n ] | 2 3
NEOP +BEOP EXCEP RASCR |
S
- (X @ NEOP) + (Y o BEOP) RASCR o IF2
o e— —(—
IF1 @ Not IF3 —
S
IF2 —— —
e
1 | _EE——
i ]
— - ——
A N
EEOP NEOP EXCEP RASCR
$ 1 T T
_
Z e EEOP RASCR ¢ IF2
— T ——
IF1 @ Not IF3 |
_ ]
2l .
]
_ EEE—
L S S .
h—
L ! , ——
EEOP | NEOP EXCEP
- |
Z o EEOP : IF30NotIFl| ||=:
IF1 @ Not IF3 | ,.
IF2
| AR
| I S —— 4
—r - ] {

X =2 ¢ Not IF2, where Z is defined in Note 3.

Y = [No’f (Predecode branch + Predecode SS + Execu’reil o [[)21 ,22=10 +
(D21,22 = 01 ® Predecode not RR}].

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

3. Z= E\qu (Predecode branch + Predecode SS + Execute)-_] L [ICZ'I ,22=10 +(IC 21,22 =01 ® Predecode not RR).

B. |-Fetch Sequencer Timing Chart

—_— These actions are Inhibited by 'block I-Fetch'_—_l
trigger. ._

Diagram 35-15. I-Fetch Sequencers (Sheet 2 of 2)
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Time Clock Step Trigger

Machine Check Intr Trigger
(Not) PSW Wait Mask Bit

Block lrpts on Start

Execute in Progress

STAT G

e A — e = r— ————

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

NEOP or BEOP
Any 1/O Interrupt Reg Tgr

KM811 - . - - —

Ext Int Req ® Mask |

Manual Cntl Repeat Priority

Machine Check Int Priorit
Time Clock Step Priority
LPSW e Store In Progress

Manual Cntl Stop Priority

KM861

Supervisor Call Int Priority

Manual Cntl Wait Priority
Program Interrupt Tgr Lth

KM861

Program Store Compare Tgr

NEOP or BEQOP

Block IL Not Avail

Select Successful

1. Block R-to-E Transfer

Exceptional Condition to |-Fetch

Gate IL
Not Avail

T
|

KM851

Diagram 5-20)

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

Block
|-Fetch
[
NEOP or BEQOP . T
:
00— STAT D
KD501

Diagram J3-16. Block I-Fetch Trigger

NOSOY BN —

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




Sample

Input Power Line Pulse

0 —»TIME-STEP (F28)

® Timer format, location 50 (hex):

‘ 1

0 20212223 24 3

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

1. Time Clock Step Signal to Timeout Logic
2. To Pulse Mode Controls

Receive ATR
Exfer_n_nl Stort

Time

1‘60 Hz: 16 2/3 ms pulse peried

Detect External
Start/Stop or

Receive ATR,

Set 'sample
pulse' trigger. |

. Set 'time clock
| step' frigger.

Establish priority for

timer exceptional
condition.

End-Op Cycle

Set !block |-Fetch®
trigger.

Force address 50
(hex) into D.

Ist |-Fetch Cycle

Timer Exceptional

Condition QTO41
Mi croprogram 014 —
| | Reset 'block 1-Fetch'
| frigger.
b Hardware
Functions
JA31]

Extemal
Start or Stop

'Branch results from

i Externa! Start/Stop
and J27 micro-order

“(ATRSEL).

Yes

Reset ends timer update Perform Mach reset

routine and forces stop
lcop.

No Extemal
Start

Y

es
Diagram 5-601
Perform PSW restart. I

Retumn to stop loop I

-
|
|

|
\
|

>

Diagram 5-17. Timer Exceptional Condition

517 (7/70)

mrp——— . e N g . r—r——y—————— -y -
T. LI T ' - : .

_ Blocks most |-Fetch
actions.

External Stop ——
P P2 Clock Stop 1. Set Block 1-Fetch Trigger (Dicgram 5-16)
(Not) NEOP + BEOP 2. Block Interruption and Exceptional Condition
Priorities
1. Inhibit Next ROS Address
EXCEP (K23) 2. Force ROSAR to 014 (hex)

KM831,
RX001-RX 101

. Force D to 50 (hex)
NEOP or BEOP

DISABLE
INTERVAL
TIMER switch
activated

Yes

Ignore line frequency
swings.

Decrement timer value.

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

Transfer LSWR to S.

; - Reset 'somple pulse’
| and ‘time clock
step’ triggers.

Store updated
timer value.

Issue 4-cycle
request per D.

Inhibit storage protect.

Set mark triggers
- 0-3.

Performed

by '0 —» STAT D'

micro-order.

Test if timer
value is negative.

@ Yes
No

Recejve
ATR Select
On

No .

QT041
3A3

Yes

Fetch timer value
from storage. .

Issue 3~cycle
request per D. .

Diacgram 5-809 |

Set ‘time clock at
. limit' trigger.
Receive ATR Routine. S

&

| Diagram 5-803
|

Refer to
Diagram 5-24.
|

Inhibit storage protect. '_

Normal end op.
Clear F Reg
Gate in Clock.

Gate SDBO to AB.

o WL




Processor Storage Select

v 3

Any Interruption Priority

Manual Cntl Stop

Manual Cntl Wait

Manual Cnt| Repeat

Program Store Compare Priority

Predecode LPSW

{Not) Timer Priority

Block Invalid Instruction Address Test Priority

$——— Block Q-Register Refill Priority

~ To Block |-Fetch Trigger (Diagram 5-16)

CPU
STO EXCEP

(Priority)

Store

HSS Advance

End-Op Cycle

st [-Fetch Cycle

CPU Store in Progress
Microprogram

Store to
Main CPU
Storage Store
T
PO
KM841

Establish priority for
CPU store in

progress exceptional
condition.

Set 'block

-Fetch' trigger.

Force address
02E (hex)
to ROSAR,

QU001

No micro-orders
for one cycle.

Normal end op.

EXCEP (K25)

2. Force ROSAR to 02E (hex)

A _
. 1. Inhibit Next ROS Address

RX001 -
RX101

Blocks most

|-Fetch actions.

Allows time to

receive possible
protection check.

Dijagram 5-18. CPU Store In Progress Exceptional Condition

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




> 2 v

Set Mach Chk and PSW 29
on RDD Timeout

Any IOCE Mck Req

|— MCH-CK-TRP_(SF6)

A ' A
(Not)_Conso|e Logout Latsb |

KU451
0 —INT-TGR (F25)

»
B
>
L Enter from
JOCE M:rchme CK Diagnose instruction
RDD Timeout log-on-count
C subroutine,
>
Normal End-Op Cycle
D
b |
First |-Fetch Cycle
E e — — — — —— — — — om—— — — a—
~ First Machine Check
Microprogram Cycle
P
F
P

G Diagram 5-19. Machine Check Interruption

5-19 (7/70)

KM121

RDD Timeout

4
Machine
Check Block Further Logouts MACH
Interrupt CK INT

- B

(Not) Time Clock Step Tgr.

KM811

NEOP or BEOP

EXCEP (K25)

PSW —» 523 (C2)

Depress LOG OUT

Detect CE machine pushbutton .

check

Force address
30 (hex) into D.

Gate interruption
code to S(16-31).

inhibits most
|-Fetch actions.

Set 'block
|-Fetch' trigger.

Location of machine-
check old PSW.

Fbrce address 00C
(hex) into ROSAR.

Reset 'block
|-Fetch' trigger.

Performed by
'Q ——»STAD'

m'i'cro-c_:rder.

Causes common interruption
microprogram to recognize
machine-check entry.

If CE Mach Ck
| PSW(16-31)
} set to all O's.
| If RDD timeout set 29 to 1.
| If IOCE 1, set 31 to 1.
. 1f IOCE 2, set 30to 1.
| if IOCE 3, set 30 and 31 to 1's.

Common ,
interruption
microprogram,

— R W Wt e 7 M o iF e —— — g ——-

(Priority)

| Set PSW 30 and 31 (IOCE Ident)
IOCE Mck Req| A

Set PSW 29

KN281

KIN301

1. Block Other Interruptions.and Exceptional Conditions
- (Other Than Timer and CPU-Store-In-Progress)
2. Restart ROS Clock if Stopped (Wait State)

1. Force D to 30 (Hex)
2. To Block I-Fetch Trigger (Diagram 5-16)
3. Gate Interrupt Priority Triggers. (Not Used)

Force ROSAR to 00C (Hex)

Force Interruption Code to All O's
on CE MCK only.




e N ' . i e . . l - . . - . - . ey .I

(Not) Inhibit Free Run OSC

(Not) Program Interrupt Latch Set
(Diagram 5-22)

A Hold For Set Reset Gate
Free Running PO

(Diagram 5-22)
Set PIT 4 or 5 or 80

(Diagram 5-22) rotect Inter Code Not Set A
A
Not Bl
SE Stopped Ith I H TN -PI Tors @ Mot Plock (Diagram 5-21)

KM181
> |
.ﬂ Invalid Operand Addr or Stor Prot
(Diagram 5-29) (Not) IFSR Invalid Operand Address
Inv CPU Addr Latch
B
KMI181
Advance for CPU Protection
STOR - Check to CPU
Protection Check A ]
. (Not) Block Prot Irpts |
(Diagram 5-29)
KM851
>
KM851
Inst Length
NOfTAVGII Block ILC on Late Stor Prof
Gate IL Not Availabl ] 2 -
(Diagram 5-16) " A
C | Irpt Reset @ (Not) Pgm Irpt (Diagram 5-22)
KM851
I — INV-OP-TGR (F19) .
Set Interrupt
1 — INTREQ-TQR (F20) l-. Code 1 Tri'z;ger
Set Code 7 —
(Not) Supervisor Call -- -. A :
> ' KM141
KM121
Fixed Point Divide
Decimal Divide Set Code 9 + 11 + 15
Floating Point Divide |
{
Exponent Underflow Set Code 13 |
D | 1 — [VSPEC (F16) Set Interrupt
IC(23) = 1 Code 2 Trigger
2020 .
Diagnose |
:
Decimal Overflow '
> Significance h

Set Interrupt
Code 4 Trigger

_ . > (Diagram 5-22)
Exponent Overflow .
E Edit KMI71
Compare Decimal | | Set Code 5 |
= @1 =T Set Code 4 - |
INV~-ADR =TGR (G24) KMI191 -

B (Diagram 5-29) _Branch Inv Addr Tgr R

Edit Digit Examine Lth L

KM15] e
-~ Fixed-Point Oflo -.
(Not) Fixed-Point Compare -. A
. FXPOFLO — STAB (G3) ] Set Interrupt
- £ ed-Point < Fixed-Point Oflo Mask -. Code 8 Trigger
Overflow |
F : Protected Branch Addr -..
(Diagram 5-29) -.
A
Left Shift Oflo Check BE
1 — STAB * J26B2 (G14) Be
\.
KM151
< I PSA Lockout |OCE 3 ot
terrupt
Non-Branch Cause of Interrupt . A et In P
Program Interruption Code Triggers Set -. Code 16 Trigger
128 64 32 16 8 4 2 ] KM156
Operation 0 0 0 0 0 0 0 ] PSA Lockout IOCE 2
Protection 0 0 0 0 0 ' 0 0 Set Interrupt
A
G Addressing 0 0 0 - 0 0 0 1 .. Code 32 Trigger
Specification 0 0 0 0 0 | 0
Data o o0 0 0 0 ! 1 KMI56
Fixed-point overflow 0 0 0 0 | 0 0 0 { PSA Lockout IOCE 1
Fixed-point divide 0 0 0 0 0 0 ] Set Interrupt
Decimal overflow 0 0 0 $ 0 ] 0 i . .. A Code 64 Trigger
Decimal divide 0 0 0 0 0 ] ]
Exponent overflow I 0 0 0 0 ] 0 0 KM158
> Exponent underflow 6o 0 0 0 1 0 !
Significance 0 0 0 0 ] | 0 SE Stopped
Floating-point divide 0 0 0 0 ] ] 1 . A Set Interrup’r-
| IOCE 3 PSA lockout 0 0 0 1 0 0 0 0 Code 128 Trigger
OCE 2 PSA lockout 0 0 ] 0 0 0 0 0 M 158
OCE 1 PSA lockout 0 ] 0 0 0 0 0 -0
Logout stop 1 0 0 0 0 0 0 0 ~
H
Diagram 5-20. Non-Branch Setting of Interrupt Code Triggers
>
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¥ Inst A, B, C =111 for LPSW, Diognose. CVB, CVD, and
RX Floating-Point Long Instructions.
Inst A, B, C =011 for STM, LM, RX Fixed-Point Full Word, and
RX Floating-Point Short [nstructions .
Inst A, B, C =001 for EX and RX Fixed-Point Halfword §nstructions.

A
Inhibit
LS
Write
Clock P4 1. Inhibit LS Write Operation
_!:Fetch 2 Latch (See Note) 2. Set CPU Cancel Trigger
> RX © X2 =0or Sl or RS Clock P3
RX003
YIASI Block D Sync Trigger
ISK of SSE Instruction Branch
A} Force ROSAR to Normal End-Op Address
$(28-31) ¥ 0 ' of 010 (hex)
B E@) =1 - RX001
RX003
Flooting-Point Instruction
E(_l_l) = 1 Spec + Priv Op +Exec +Inv Op
Floating-Point, Shift, MR, M, DR, or D Inst KM431

E(12) =1
’ Tum On Pl Tgrs e Not Block (Diagram 5-20) . A Set Interrupt Code 1 Trigger
~ RR Floating-Point Inst - .. |
E(15) =1 l K141
. A Set Interrupt Code‘ 2 Trigger D; 5.922
SS Format Instruction .- (Diagram 5-22)
KM141
C Privileged Instruction

Problem State A ' Set Interrupt Code 4 Trigger

Execute In Progress

Execute Instruction

Invalid Op Code

From
' E-Register
Decoder Note: Storoge 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
L Operation o 0 0 0 1
Privileged Operation o 0 0 1 0
Execute 0o o0 O 1 ]
Specification 0 0 1 1 0

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

5-21 (7]70)



Interrupt
Code 1

T-

KM141

Interrupt

Code 2

Interrupt

Code 8

KM151

Interrupt
Code 16

Interrupt

Code 32

- -
-

KM156

. Interrupt
Code 64

-l
T

KM158

Interrupt
Code 128

|
| T

KMI158

~ {Diagram 5-20)

Inhibit Reset of Inst Length Not Avail Trigger

— Enable Setting of Interrupt Code Triggers

(Diogram 5-20)

v 3 v " \
8 (Not) P1 Free Running XX0100 Protect Interrupt Code Set
N\ 1 Al FL
(Code 4)
Nt
(Codes 1, 2, and 8) 3 o KM161
\ g Program Interrupt
KM161 INTRP (K21)
r;ff;i";t A Set ROSAR(10)
L 4
(Not) P1 Free Running DS201
Reset Prog int
Supervisor Call (Priority)
Trigger

(Diagram 5-23)

(Not) Block Interruption on Start + TCS + MC

- 1. Block Lower Priority Interruptions and

L
A
NEOP or BE

Y

Priority 1

0— INT-TGR (F25)

A
e | A

RX00T1 -
RX101

KN121

See Diagrams 5-20 and 5-21 for
conditions that set 'interrupt code'

triggers

Invalid

instruction
address test.

Exceptional Conditions
2. Restart CPU Clock if Stopped (Wait State)

]
ll

. Force D to 28 (hex)

Force ROSAR to 00A (hex)

Program Interruption (Pl) Code

2. To Block I-Fetch Trigger (Diagram 5-16)

Prog Int Priority

(Not) Priority 2

KN121

A

Program
violation detected.

Set interrupt
code trigger(s).

Set 'program
interrupt’ latch.

Establish priority

of program

interrupfion.

End-Op Cycle

Set 'block

I-Fetch' trigger.

Inhibits most
|-Fetch actions.

Force address
28 (hex) into D.

Set 'priority

1' latch.

KN
KN

A TN s s sk

st [~Fetch Cycle

(Diagram 5-20)

(Diagram 5-20)

PO
PSW——=ST (C1)

Hold for Set Reset Gate

Inst Length Not Available

Program Reset

6

5

261-
301

| A 5
PSW—=523 (C2) | 5

RS241 -
RS301

KM141-
KM158

Transfer Interrupt Code Triggers to S

First Program
Interruption
Microprogram
Cycle

QU001
00A

Diagram 5-22. Program Interruption

Force address 00A
(hex) into ROSAR.

Reset 'block
|-Fetch' trigger.

- Set STAT H.

Performed by
' ' —STAD'
micro-order.

Causes common
interruption
microprogram to

| recognize non-machine-
check entry.

Gate interrupt
code triggers

to S(16-31).

Diagram 5-26

Common
interruption
microprogram,

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



Supervisor.Call Instruction Supervisor

1 —INTREQ-TGR (F20) Call
P2

| A  PSW to ST Rec
E-Reg Bit X g | gl |
| | A 8. 8 ———— Tronsfer E(8-15) to

! e PSW—= 523 (C2). |
(8-15) - KN241- (€2 (24-31) S(24-31)
KN311 RS241-

SVC INT ' RS31T
(Priority) |

Interrupt Code 4 Trigger

A 0 ——eINT-TGR (F25)

H -

(Not) Block Interrupt

on Start + TCS + MC 1. Block lower priority interruptions and

exceptional conditions.
2. Restart ROS clock if stopped (Wait state).

1. Force D to 20 (hex)
2. To 'block I-Fetch' trigger
(Diagram 5-16).

NEOP or BEOP

| Priority 1
[ ! - — Same as shown in Diagram 5-22 with all
‘ Al FL | ‘interrupt code’' triggers reset. SVC
| cannot cause program interruption.

B e

' KN12t

A ] _ Force ROSAR to 008 (Hex)
EXCEP (K25) |
> RX001 -
- RX101

C

e RR Format:

o |
’ | 0 78 | 15
e Conditions at start of execution:
1. InstructionisinE.
2. lst operand (not used) is in A, B, and D.

3. 2nd operand (not used) isinSand T.

Force address 008
(hex) into ROSAR. |

RR [-Fetch
st Cyclé of
Supervisor Call

| Set 'supervisor l Resets if “late”
call' trigger. ' protection check
is detected.
' Interruption
| | Microprogram
1 cycle early end op.

QU001
008

E Establish priority | ' B Reset ‘block
! of supervisor |-Fetch' trigger.
call interruption. _

End-Op Cycle | ' — - — _
’ p 4 Sef STAT H. | S:auses C?mmon
L | interruption

microprogram to
Set 'block Inhibits most | recognize non-machine-
|-Fetch' trigger. |-Fetch actions. check entry. |

Performed by
‘0—=STAD'

micro-order.

F Force address Trahsfer E(8-15)
| 20 (hex) into D. | to S(24-31).

| | . Diagram 5-26

Common

4 | interruption
| microprogram.

Diagram 5-23. Supervisor Call Interruption
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> 2 v 3 v 4 v 5 v 6

Gate =[(Not NEOP or Not BEOP) » Not Priority 2] + (Exfernc:l Priority « Not Priority 2) + [Exferﬁal Priority = (NEOP or BEOP)

| PSW External Mask Force (DAR) Interrupt
_ 12
Time Clock n
| at Limit
Issued by Timer | = TCL-TGR (F17) _ AT , Ext Int
Exceptional Condition —12 ﬁ JA 201 (Priority)
A Microprogram {(Diagram 5-17) '
! JA 201 (Not) 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)
> INTERRUPT Pushbutton Latch

(Not) NEOP + BEOP H
KM86 1 | NEOP or BEQP m A Sample External In+terrupf Triggers

KM861
NEOP or BEOP A 1. Force D to 18 (Hex)
B ' DAR 2. To Block 1-Feich Trigger

KM811 (Diagram 5-16)

Hold DAR Latch

PSW ———— St (CT)

.

Priority 2 |
g ' KM28] Reset 'console'’ and
A ‘external signal’
Hold PIR Latch ' - latches
0 ——>INT-TGR (F25)
NIz
8
C . KN241-
12— | KN301
I— e e e _| EXCEP (K25) Force ROSAR to 006 (hex)
| | KM83]1
l l RX001-. |
CE RDD or WDD RX101 ~ A Transfer 'time
‘ Sign?_l_in | PSW—523 (C2) clock at limit',
(Diagram 7-8) RS241- 'console signal’,
| I RS301 and external signals
8 | 2-7 triggers to S.
JA211- | |
L Direct Conirol JA241
—_— e — — e —_— ] |
CE ELC
D
SCON Bit N\ _Tes
On
State 3
> or Test DAR N No
Mask Bit | |OCE External
No On | Interruption
Yes T
3
E TEST Depress CE\;DD
Yes _ TN TERRUPT. or DD lghore
Switch Restore Signal In interrupt
State Active -~
8
No
_ Set 'console ﬁégiDlzr Set DAR :Set PIR Hold Ignore
. 1 O : .
> Bypass PSW(7) =1 | signal ' latch latch. Hold Latch Laich interrupt
Decision for Force interruption
Force DAR 'r'r'l’rerrt.lpf|
Set "time Set 'console' and
lock ot 'external signal’
'Ic_ oc ' ar triggers per
= Imit" frigger. respective latches.
| External .
| Mask Bit. Force ROSAR
> to 006 (hex).
Yes
Fstab il st Cycle. of External
o Keep external Interruption
priority interruption Microprogram.
of external J4; QU001
G inferruption. pending. 006
Reset 'block Performed by
|-Fetch' "0— STAD"
frigger. m ?CI’O -Order.
Set 'block Blocks most - -
- | -Fetch' I~Fetch | Causes common interruption
| | trigger actions. Set STAT H. routine fo recognize non-
| machine~check entry.
I]:Zr?lf D)fo Transfer all
€x/. 12 triggers
to S(20-31)
H —_——
L Degates
Slei‘ priority I 'console’ Diagram 5-26
2" latch. | and 'external - _
signal’ triggers. Common
e interruption
- T routine.

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

E

. I 4

(Not) Set System Mask
)

(Not) NEOP or BEOP
(Not) FLT Inhibit Seq Tgrs

PO-3 and (not P2)

(Not) cm)) 1/O MCK Request

EXCEP (K25)

0 —& INT - TGR (F25

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

__ Not /O Int Priority ' A

CCR Bit (29,30, or 3!)
/O Interrupt Req X & not inhibit

|OCE X
/O

interrupt
Request

l
A

KM3II-
KM32|

/O Int
Gate

.

Force ROSAR
to 00E (Hex)

3
(1-3)

1. Force D to 38 (Hex)
2. To Block |-Fetch Trigger (Diagram 5~16)

/O Int
(Priority)
(Not) Block Irpt on Start + TCS + MC -

(Not) Program lIrpt Priority
(Not) Supervisor Call Priority
(Not) Extend lrpt Priority

KM311

KM8I1

Priority |

1. Bloak Lower Priority Exceptional

Conditions
2. Restart CE Clock if Stopped
(Wait State)

1. Block Select IOCE X Signals while Timing Gate Trigger Is Set.
2. Block Direct Control Timing Signals Out while Timing Gate

Trigger is Set.

~ 1/O Interrupt /O Int Req
- . Priority IOCE X &
KN12] Priority Permit lnterrupt IOCE X
| A 3 A 3
3 | |
]
Interrupt KM3T KX11:-
Gate | . KX121
1o=|ntr~-Gate (G10) T Int Gate Trigger
| Inhibit
KX181 I/O Interrupt
Req X -
/O Interrupt Req 1OCE X 3 m
Simplex | IOCE (X) 3 3

u KM316



.\«M_ L

Receive
‘interrupt

request’ from

IOCE X.

Inhibit latch No
of f

Yes

1OCE
configured

to this CE
CCR(29-31)

B Yes

No

Ignore request.

Set IOCE X
interrupt

request
trigger.

Keep IOCE
waiting to
complete
handling of
previous |/O
'interrupt
requesi’.,

BAS

Gate S to A
and shift

right 1.

B84

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

B4F

Gate T to
Ext reg. 01
to F reg.
Reset T.

] —Int gate
trigger (turns
on select)
sends permit
int.

BS/

Store Timeout
Constant in B.

| The micro-
program has
substituted

| bits 9=12 of

| physical

| PSBAR for

|9-12 of
logical PSBAR.

| This provides
the 1OCE with

| the proper

| physical

Iaddress for
storing the

I inferrupt code

|in the 1/O

old PSW,

| Sends 'permit

P Establish _I_ : infngCPEt'
staplis S — To
priority of ' | which ini-
interrupt PSW —=5(23), | tiated this
request. | request.
END-Op ‘
Cycle _ ——e
Set 'block B52
l-fetch' L. -
trigger. Restart Yes
C tHimeout
N
° Release | /O No
Force D to
38 (hEX). Yes
Pal (32-63) SHYeS -
=0
| No
’ Set 'priority 1 B5S
| and priority 2 |
triggers. Release | /O j Yes
(Response)
T;'JZF;C?E;J; S o ] - Yes N
J o)
B53
| forggEROSAR Response
© y received IC
D fc;fT- ITU”’* JOCE MCH CK
/3 Intorruption 0+ 1 toB. MS Req *D.
Microprogram |
Reset 'block Performed by
|-fetch' '0 —STAD
trigger. Micro-order.
_____ Yes _ J
/O error
’ from |OCE No |
No Yes with response.
| - B82
Delay 1
—— Yes Block to allow
(Is this o 'int reg' tgrs
: todrop before
MCH CK
g No end-op.
int?)
Transfer |C T':ﬂn‘r’fﬁ;l? See common BEO I
E minus 8 to minus ° interruption Shift B left 2
40-63) vi T(40-63) via . e,
;guralle)l :I;aer parallel adder. ?gfhne (832-67 |
. Iagrom B30—65). Normul end- I

BS1

Gate physical
and logical
PSBAR to

S&T. Set
1 — STAH
0 — ABC.

BA2

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

BA3

Gate F(4-7)
to S(24-27).

BA4

Combine S

bits(24-27)
G with bits

12-15 of

PSBAR from A
and store in S

(24~31).

> O

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

5-26).

PSW— ST.

Set mark O.

B8/

Set marks 4-7.

B86

Issue 4=cycle

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

/8E

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

Diagram 5-26

Common
Interruption
Routine
(entry block

353).

op (QQO31),

B8

|IOCE MCH CK
MS Req *D.

Diagram 5-26

Common
Interruption
Routine
(entry block

B50).

7201-02 FEMDM (7/70) 5-25,Sh2




> 2 v 3

Interruption Cause

Machine check

Program
Supervisor- Call
A External
QU001
Complete assembly of
old PSW in ST.
> _
No
B Transfer IC minus 8

to T(40-63) via
parallel adder.

- 1OCE
Mch Ck

Error

No

Yes

Transfer IC minus 16
to T(40-63) via
parallel adder.

Yes

Transfer PSW register

to S(0-15) and

T(32-39)

| ld PSW.
D

Issue 4-cycle
storage request
per D.

>
Inhibit storage
protection.
B5O
E

Set mark
0-7 triggers.
| |
Issue resets.

Reset triggers

that caused
this interruption.

G
>
Diagram 5-26. Common Interruption Routine
H
p

5-26  (7/70)-

Diagram 5-25

1/O interruption

10CE
Machine
Check

No

Yes

Performed by 'PSW ——p»
ST', '0 —STAG/,
'0 —# BR-INV-ADR',
"IF=INV —TGR',

micro-orders.

Wait 3 cycles. |
_ |

Allows main storage
to become quiescent.

Resets error triggers.
Does not reset Mach

CK Interrupt Tgr.

e Conditions at start of this routine:
1. Address of old PSW is in D.
2. Interruption code is in $(16-31).
3. STAT H is not set if a machine check
interruption is in progress.

Calculote address
of new PSW.

(1/0 interrupt)

353

" Request new PSW,

Diagram 5-601

Load PSW. |

Set B(59) via parallel
adder (hex 10).

Shift B-register left

twice (hex 40).

Add B to D via
paraliel adder.

Issue 3-cycle
storage request

per D.

Inhibit
storage protection.



e A —— v ——— — = — —

e

2 v 3 v 4 v 5 v 6
STOP
Stop Trigger (Priority)
. 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)

| To Block I-Fetch Trigger
(Diagram 5-16)

WAIT I

i g G| Py | = L
D

(Not) CPU Stor Prior
KM831

(Not) Block Irpt on Start l

+ TCS + MC ] A

Repeat Instruction (Priority)
(Not) STAT G R

(Not) (TCS or Intrpt) B
KM831

ll

NEOP or BEOP.

KM831

EXCEP (K25)

Block PSC Invalid Instruction Address Test
and Q-Register Refill Priority (Blocking of

Repeat Functions Not Needed).

To Block I-Fetch Trigger (Diagram 5-16)
-
KM861

Block PSC, Invalid Instruction Address Test,
and Q~Register refill Exceptional Conditions

To Block I-Fetch Trigger (Diagram 5-16)

Establish priority of

manual operation.

End-Op Cycle

Yes

| Set 'block
|-Fetch' trigger

Ist I-Fetch Cycle

Force ROSAR
to 026 (hex).

Exceptional
Condition

Microprogram | Diagram 8-4

Stop loop routine.

Restart CE clock.

QYO05I
02A

Reset 'block
|-Fetch' trigger

Normal end op
(see Notes).

Diagram 35-27. Manual Control Exceptional Conditions

KM831

RX001-RX101

Force ROSAR+fo 026 (Hex)

Block CE Clock Pulses at Not Clock Time
of Next |-Fetch +

. Force ROSAR to 02A (Hex)

KM831

RX001~-RX101

l Force ROSAR to 028 (Hex)

KM831

RX001-RX101

Yes

No

Yes

.Sef 'block

[-Fetch' trigger.

Force ROSAR
to 02A (hex).
Stop CE clock
at not clock time.

or stop
pending

+*

TCS,
interruption,

Set 'block -

Repeat
instruction and
(not)
STAT G

Yes No

Test for lower

| priority exceptional
|-Fetch' trigger. | | condition.

Force ROSAR
to 028 (hex).

Diagram 8-16

Repeat

instruction

switch routine.

|

Notes:

1.

2.

3.

Return to Wait state after timer exceptional
condition.

If interruption occurred, PSW(14) determines
Wait or Running state.

If stop is pending, stop loop.routine is entered.

7201-02 FEMDM (7/70) 5-27



» 2
A
> .
Issued During
|-Fetch of
SS-Format
Instructions

I1st I-Fetch Cycle

Issued

by Q-refill

Exceptional’
Condition

] —>ASC*J57 =0 (F26)
Eff PAL(40-63) = 0 *.P4
P4 o 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

(Not) (TCS or Irpt)
(Not) Wait Priority
(Not) Repeat Inst Priority

NEOP or BEOP

| Transfer 1C minus 16
~ tolCandT.

Execute
tnstruction.

| Set ‘PSC' trigger.

Establish priority

of PSC exceptional

condition.

'Execute
in progress’
trigger

PSC Exceptional Condition Microprogram

b Diagram 5-28. Program Store Compare Exceptional Condition

5-28 (7/70)

No

 Set 'block
: |-Fetch® trigger.

| Force ROSAR |
| to 004 (hex).

QT041

004

7 Reset 'block
I-Fet;h' trigger,

Issue 3-cycle
- storage request
per IC.

Reset 'PSC' and

'execute. in
progress' triggers.

Diagram 5-601

Load PSW. |

Yes @ No

v 5

PROG STO COMP
(Priori ty)

EXCEP_(K25) |

KM83}

RX001-RX101

KM861

Blocks most
|-Fetch actions.

f Transfer 1C minus 8
| tolCand T, ;

. Block Invalid Instruction Address Test

and Q-Register refill Exceptional
Conditions

. Block setting of ROSAR(3,)

Force ROSAR to 004 (Hex)

" To Block 1-Fetch trigger
(Diagram 5-16)



Hardware Conditions
for SS Instruction
Completely in Q

Branch Instruction
Execution
' 1 - or 2-Halfword
Nonbranch Instruction
B
Branch Instruction
{~Fetch
1- or 2-Halfword
Non=~Branch Instruction,
5SS Instruction, or Any
Branch Except Branch
’ on Condition

Unsuccessful Branch
E on Condition

(BCR or BC) Is Not

Last Instruction

in Q

f

<

3

v

ROS Decode Branch EQP
D(21) =0

Predecode SS Format

Clock P2

ROS Decode Normal EQP

IC{21) =0
M3I*IC-3*D
=11 (L12)

Late BCU Clean Up

I-Fetch

D(21,22) =1 A
Clock P2

(Not) I-Fetch 3 Tgr

|-Fetch 1 igr A |
(Not) Clock P1

KD701

] —» |NST-~
MSREQ (G22) A

- Request

T _ Delayed IF
Stor Request

CPU 5 Lth

(Not) ROS Decode NEQP

(Not) ROS Decode BEQP

D Register Store A
(Not) Clock P1

IF 1 TGR ® (Not) IF 3

Clock P2

Delayed
Block
Block I-Fetch Tgr |-Fefch
. i —

Protection Check (Pulse)

—?

IF SR Blocks Setting of
Interrupt Code 5
(Diagram 5-20)
Block Prot
Irpts

Invalid Address (Pulse)

Blocks Setting of

Interrupt Code 4
(Diagram 5-20)

| -Fetch
Invalid
Address
7 -
o
NEOP or BEQP
(Not) P1
KD711

IC(21,22) = 00

Test if Next Instruction

KD701 1 —»INST-MSREQ (G22)
Predecode SS Format
BC or BCR
or R NEOP or BEOP
Cond Not Met A
1C(21,22) =00
KD70]
P
+ ®
Delayed
|F Prot
Gate
A 1
$
»
CPU 5 Lth
Clock P2
Gate
|-Fetch
Invalid
Address
&
Clock P2
Clock P1

I-Fetch 1 Latch

(Not) 1 —» INST-MSREQ

IF-INV —»TGR (F38)

Branch

Invalid
Address

KD701

—e Has Valid Address

1C(21,22) = 11

Predecode Not RR Format

.

{nvalid

Instruction
Address

T

KD711

(Diagram 5-20)

Protected

Branch
Address

T
(Diagram 5-20)

IC(21, 22) = 00 KD721

KD711
Cond not met for BC or BCR
(Not) BC or BCR 0 —= BR-INV-ADR (G23)
BC or BCR (Not) Clock PO-1
E(12-15) =0 A KD70T1
RR Format

KD711
1C(23) =1 Inv inst Adr
(Priority)
D(23) =1 |
EOP ’ —Block Q-Register Refill Priority

B .

KMB21

(Not) Man Cntl + TCS + PSC + Intrpt
(+ CPU Store) Priority

KM821
RX001-

RX101

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

Force ROSAR to 002 (Hex)

7201-02 FEMDM (7/70) 5-29,Sh 1




I TSy 2 IIEEEEEEEEEReEE T LI B B I I L] alessseseniiie NSl L M Al e
l—r AR LA I T S L L N ] . | . ) .

No. Interruption or Higher Priority
Exceptional Condition Pending

I1st 1-Fetch Cycle

Yes

BEOP
and D(23)
=1

Yes No

'Invalid
instruction address'
trigger
set

Yes

Force ROSAR
to 002 (hex).

Enti ré I-Fetch

Perform only 1st Format Diagrom )
|-Fetch cycle RR 5-6 _- performed.
per format. RX 5-9 Test for Q-register

RS and Sl 5-13 refill exceptional

SS 5-14 condition.

Invalid Instruction Address
Test Exceptional Condition
Microprogram

QT041

Reset 'IF Performed by
'"IF-INV —» TGR'

micro-order.

invalid addr' and
‘invalid inst addr'
triggers.

‘Invalid
address’

signal

No Yes

Yes

Decrement IC
by 16 (hex) and
transfer to D.

Decrement [C
by 8 (hex) and
transfer to D.

Performed by
'0 —» BR-INV-ADR'
micro-order.

Reset 'branch invalid
addr’ and ‘prot branch
addr' triggers.

Set 'interrupt
code ~2' and ‘-4’
triggers.

Issue 3-cycle storoge
request per D.
Set STC to 0.

_ Add 1 to STC.

4-cycle wait for l
possible protection |
check signal . l

l )
3
Yes No

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

5-29,Sh 2 (7/70)

" 'Protection
check"’
signal

Performed by
‘1 —» [VSPEC'
micro-order.

Diagrom 5-22

Program
interruption.

Yes

Set 'protection check
to CPU' latch.
Set 'interrupt
code 4' trigger.

| Set 'tnvalid CPU
address' latch.

Set ‘'interrupt
code ~1' and '-4'

triggers.

Block setting of
interrupt code

triggers by all
micro-orders.




2 v 3 v 4 v 5 v B

(Not) Inhibit NEQOP Request

—
(Not) |-Fetch Sequencer 2 {Latch)
(Not) Predecode Branch NEOP (D'I-) A
| - .
(Not) Predecode SS | A IC Storage Request 3 Cycles Set IC Sync and 3-cycle
(Not) Execute Trigger . Sync Latches
KD101
1C(21,22) =10
1C(21, 22) = 01 | || A | 1 . _ IC Storage Request 4 Cycles
. EEOP (D2) ' Set IC Sync Latch
Predecode (Not) RR Format A !
EEOP
KD101 . Request
D(21,22) =10 I T
- BEOP (D3) A . |-Fetch Sequencer 3
Block [-Fetch Trigger H
= A KD10
D(21,22) = 0) 191 KD803
KD8M
Tum -On {-Fetch 1 ot
”"_’ h efch 1 ot EOP Starts |-Fetch Sequencers
- | (Diagram 5-15)
|-Fetch Sequencer 2 (Latch) :dForced
For Predecode (Not) RR Format |
2-Cycle " Predecode (Not) Shift Insts _ |
Early < A I Fgfch Storage Request In Progress Q-Refill Priority
End Op Predecode (Not) RX Format (Not) Invalid Inst Addr Test Priority T A o8
— Force ROSAR per Table
L. R(12-15) = 0 (Nonindex) H (Not) Man Cntl +TCS +PSC + Intrpt (+ CFil_J_Stor) Priority EXCEP_(K25) - on This Page
KM831
KD501 . KmB2i RX001 -
RX101 ROSAR Bits Forced by Q-Register Refill Priority and EXCEP Micro-Order
.r -
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
Q Not shifte R(0) =1 |
10 Not shift e R(1) =1 |
11 - 0 (unconditional)
st |-Fetch Cycle
No Interruption, Timer, CPU Store in Progress, Manual
Control, Program Store Compare, or Invalid Instruction
Address Test Exceptional Condition Pending
Yes RR No
format
No No — — _— — —_—
v Yes
€3 RS or Si No (SS Format)
format ) T T

Inhibit
Q-refill

request

Yes J ' Yes

IC(21,22) = No

0l or 10

No

IC(21, 22) =
01 or 10

Yes J

Yes r

No Yes
- Inhibit
Force ROSAR ' ot Q-refill Yes !
' Q-refill Yes _J (seeqNofe \
request
(see Note)

Perform Q-refill Q-refill No

exceptional exceptiongal - | No
condition next condition

cycle. not needed.
No

Op code Yes (Shift)

Yes No (Indexed)
- = 1000 IXXX

Diagram 5-6

RR I-Fetch.
Yes
Force ROSAR Force ROSAR
to 032 (hex). to 022 (hex).

RJ

Perform Q-refill

No

Force ROSAR Force ROSAR Force ROSAR Force ROSAR
to 03A (hex). to 034 (hex). to 024 (hex). to 020 (hex).

Q-refill
exceptional
condition
not needed.

exceptional
condition next
cycle.

Q-refill
exceptional
condition
not needed.

Perform Q-refill
exceptional
condition next
cycle.

Inhibit
Q-refill request
(see Note).

Diagram 5-9

Note: End-op word request for new instructions is

Q-refill
exceptional
condition

not needed.

Diogram 5-14 -

SS [-Fetch.

inhibited when 'execute in progress' trigger is
set or when branch or SS instruction is being fetched. RX [-Fetch.

Diogrom 5-13

RS and S| |-Fetch.

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

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




5-101, 102 (7/70)

| s [ R xe|B ] 02 |, R fomen
® RR format. 0 78 112 ¢ 1516 19 20 31
| | . e Purpose: Load 2nd
| o Purpose: Load 2nd oPefond.(ln GPR, per R2) operand (in storage) into
Fetch 2nd operand into 1st operand location (in GPR, per R1) . Ist operand location
i from GPR per R2. Fetch doubleword (containing (in GPR, per R1).
A | : word-length 2nd operand)
| from main storage.
Load 2nd operand into
GPR per R1. . | |
Select word-length 2nd operand
from doubleword per D(21).
A. Load, LR (18) rom doubleword per D21
Load 2nd operand into
GPR per R1.
B. Lood, L (58)
B Diagram 5-101. Load, LR (18); Load, L (58)
e RX format:
p | | |
w [mxe|wm| 02
0 78 12 15 16 19 20 3l
@ Purpose: Load halfword 2nd operand (in storage) into 1st operand
location (in GPR, per R1).
C e Conditions at start of execution:
1. 1st 16 bits of instruction are in E.
2. lst 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.
> | RX |=-Fetch.
QBO11 ! Spe_cifical'iori test.
D Yes No
Set interruption code Place 1's into ~ | -
6 and 'program PAL(32-59). SDBO | FFFF FFFO
“interrupt’® latch. '
> _ ' Shift left 8 and Obtained by shifting
- - Diagram 5-22 ~ place into A, left 4 twice. A m
Select word
l containing specified
l halfword.
E e S eE— — —
Yes No
Transfer A to PAL Transfer A to PAL SR
and shift left 4. and shift left 4, Al FFFF 0000
Place result into A, - Place result into A, -
> _
| Gate SDBO(32-63), Gate SDBO(0-31),
2nd operand, to T. 2nd operand, to T.
=
ISelect specified halfword.
Yes
p
Transfer T(48-63), Gate 1 to Transfer T(32-47), Gate 1 to
halfword operand, to PAA (47) if halfword operand, to PAA (47) if
PAA(48-63). T(48)=0. PAA(48-63). - T(@32)=0.
G
Transfer A to
PAB(32-63).
B Add PAA and PAB,
and propagate T(48)
into PAL(32-47)f
Transfer PAL(32-63) to T. Places 2nd operand
Transfer T to GPR per into 1st operand
H E(8-11). location.
B Diagram 5-102. Load Halfword, LH (48)



>

v

RR |-Fetch.

QBO11

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

- Set STAT A
if PAL =0.

Transfer T to GPR '
per E(8-11).

Yes 6 No

Yes

e RR formaf:.

0

78

11 12

15

® Purpose: Load 2nd operand (in GPR, per R2) into 1st operand
location (in GPR, per R1) and set CC according to result.

e Conditions at start of execution:

1. Instruction is in E.
2. lst operand is in A, B, and D (not used).

3. 2nd operand is in S and T,

| setccioo.

(Result Negative)

No (Result Positive)

Set CCto 1.

Diagram 5-103. Load and Test, LTR (12)

Set CC to 2.

Set CC to 3.

RR I-Fetch.

QBO11 '

Transfer 2's complement
of 2nd operand from T
to PAL(32-63).

Set STAT A if PAL =0.
Set STAT B if

fixed-point overflow.

Transfer PAL(32-63)
toT. -

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

Yes 7 STAT B set \1©

Set CCto 0,

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

e RR forn_'laf:

0

78 11.12

13

® 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.

® Conditions at start of execution:

l. Instruction isin E.

2.

Yes (Result Negaﬁve)

Set CC to 1. '

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

No (Result Positive)

- 7201-02 FEMDM

Set CC to 2.

(7/70)

5'103 9 104




> 2 \ 4 3 v 4 | 4 5 v 6
RR I-Fefch | nm
o 78 W s
. QBO11 -- e Purpose: Load 2nd operand (unchanged if positive, 2's complemented if negative; m
A Transfer 2nd a i GPR, per R2) into st operand location (in GPR, per R1).
| :3“2'_'_ JS; o PAA e Conditions at start of execuﬂon-
— 1. Instruction is in E.
2. lIstoperand isin A, B, and D (not used)
3. 2nd operand is mSund'l' |
Set STAT A if
> . _ PAL(32-63) = 0.
Transfer 2nd 'operand '
from T to GPR per
E(8~11).
B

No

Trsfer 2's
> | complement

of 2nd operand
to PAA(32-63).

| If overflow, ' |
C | set STAT B.

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

Yes . No

STAT, B set

_ Yes No

R : Set CC to 3. ;  SetCCto0. ' ' If T(32) =0, set CC to 2.

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

- §5-105 (7/70)



Set CC to 0. ,

RR |-Fetch. '

QBOO1

Transfer 2nd operand
from T to PAA

(32-63).

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

Transfer 2nd operand
from T to GPR

per E(8-11).

Yes

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

No.

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).

1f T(32) =1, set CC to 1.

v

RR format:

0 [olw

0

7 8

1 12

15

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

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

Conditions at start of execution:

1.
2,

Instruction is in E.

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

7201-02 FEMDM

(7/70) 5-106



> 2 v -3 A 4 4 v 5 v 6

e RS format:

[ w Jolwlw] =
0 78

1N 12 15 & 19 20 ' Kk |

e Purpose: Load 2nd operand (as many words as required; in storage) into GPR's, in ascending order,
starting with 1st operand location (per R1) and ending with 3rd operand location {per R3).

chgram 5-13
RS |-Fetch.

A e Conditions at start of execution:
1. 1st 16 bits of instruction are in E.
| 2. lst operand is in S ond T {not used)
3. 2nd operond address is in D,
Gate -64 to F . . Mm ' 4. Muain storage request for 2nd operand has been issued per D.
0 34 7
| Specification test, i

No Yes

PAL(62,63) = 0

Set interruption code
6 and 'program

interrupt' latch; Yes {1 Word)
force end op. I

. ' ] o . |
Diagram 5-22 r - - from E(12-15)
Program interruption, - | S ————————————

'No (More Than 1 Word)

|
Set FO)to 0., ]
448 100. " orocpooc
; | Yes (Start With Right Word) o
| : | - No {Start With Left Word) |
C _ Yes (2 Words) |
| | LOAD RIGHT WORD I N |
{_ INTO LS ' No (More Than 2 Words) Yes (2 Words) @
| o SDRO(E2-63) ] LOAD RIGHT WORD (2) [No (More Than 2 Words)
> ' ' l - A _ INTOLS | |
| | I |  Gate SDBO(32-63) "——
I \ ‘ to T, l
Fer Tt G2 | T - T T Tous somewo |
_ Transfer T to GPR per | I Gate SDBO(0-31) to T NEXT DOUBLEWORD
- | ate SDB - FROM MAIN STORAGE
| Eg H; Add 1 to | Gote SDBO(0-63) to AB. . - |
- Generate 3-cycle ' . I
D I storage request; I I
awgit doubleword ' | | | - . ,
from main storage. l Generate 3-cycle ' | I Transfer T to GPR per I
| | | storage request. I { | E(8-11). Add 1 to I
I__ _ Transpose F(0-3) E(8-11).
——— 1 — - and F(4-7). | | - - |
No (Left Word) I I 'Generate 3-cycle I
F I storage request;
. I owait doubleword I
_l ‘ I I from main storage. I
. _—-— -] = T mm— == T _ e . - _ y
Yes (Right Word) [— r LOAD LEFT WORD Add 4 [F(4-7)] to D; 1 Bi21) = I
INTO LS l await doubleword iz =9 l ' I I
from main storage . | ' I ‘ Transfer B to T. o I
E I | Tr;:.nsfer Tto GPRR '
| | l per E(8-11).
No (More Then 2 Words) L " | I _.I
[ " LOAD RIGHT WORD | _
l INTO LS l Yes (2 WOI'dS)
. l No (More Than 1 Word)
| Gate SDBO(32-63) | | m——
| | | N _
I - | . Yes (1 Word) Add 1to E(B‘fl 1).
| | | L LOAD DOUBLEWORD
I . - INTO LS I brrmereranarsnre
I Transfer T to GPR per I Gate SDBO(0-31) to T. Add 1 to E{8~11).
= l E(8~11). | Gate SDB8O(0-63) to AB. | e — .
I I Transfer T to GPR per I
| I E(8-11). Add 1 to
E(8-11). |
I I I
’ I ~ Transfer B to T. |
t : |
I Transfer T to GPR I
I' per E(8-11). l
G J
| Disgram 5-107. Load Multiple, LM (98
H

5-107 (7/70)
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2 v

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

EENEIE

0 78 112 15

e Purpose:

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

2. CR - Algebraically compare 1st 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. lst operandisin A, B, and D.

3. 2nd operand isinSand T.

e Op codes:

. Add, AR =1A.

. Add Logical, ALR = 1E.

. Subtract, SR = 1B.

. Subtract Logical, SLR = IF.
. Compare, CR =19,

O B WON —

Diagram 5-6

Yes (Right Word)

Gate
SDBO(32-63)

i | to T.

v o . v

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

oo [wm]w] w
0 7

8 11 12 15 16 19 20 31

e Purpose:

1. A, AL, S, SL - Algebraically add (subtract) 2nd
operand (in storage) to (from) st 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
RT) 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.

e 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:

. Add, A =5A.

. Add Halfword, AH = 4A.

. Add Logical, AL = 5E.

. Subtract, S = 5B.

. Subtract Halfword, SH = 4B.

. Subtract Logical, SL = 5F.

. Compare, C = 59.

. Compare Halfword, CH = 49.

RX I~Fetch

(word),
QBRO01 | Specification test. I

Yes /PAL(62,63)
: — 0
No

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

OO A WN —~

No (Left Word)
Diagram 5-22

Program |
interruption. -

Gate

Transfer st

operand from

T to B.
SDBO(0-31)

to T.

No (Left Word)

Shift PAL left 4

to A.

Gate

SDBO(0-31)
to T.

No (Left Halfword)

Gate T(32-47)
to PAL(48-63),

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

Sheet 2

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

Shift PAL left 8
to A.

- A m kA —a A . - .

RX 1-Fetch
(halfword),
: Specification test. I
l

No

QBOO1

Yes
PAL(63) =0

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

Transfer 1st
operand from

T to B.

Diagram 5-22

Program
interruption.

Gate 1's to

SDBO| FFFF FFFO

PAL(32-59).

Al FFFF F000

Yes (Right Word)

Gate

SDBO(32-63)
to T.

Al FFFF 0000

Yes (Right Halfword)

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

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

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




Sheet |

A
QFO001
Sub/Comp. Instruction "\ Add
| class
- 4
| Transfer 2's Transfer 2nd
| complement]of operand from T |
| 2nd operand in T to PAA(32-63).
to PAA(32-63).
B
P Transfer 1st
operand in B
to PAB(32-63),
C )
| Add PAA and
! PAB, and place
| result into
PAL(0-63).
P
Add/Sub/Comp | Add Log/Sub Log
D
. | o Allows testing of
Set STAT B if Used for setting Transfer | )
fixed-point CC. See table. PAL(24-67) to | A831) for setting of
overfiow. AB(24-67). ) )
>
E Set STAT A if | Used for setting
PAL = 0. | CC. See table.
»
Transfer result
of addition in
PAL to T.
=
Yes / Compare No
instruction
>
Transfer T to |
GPR per E(8-11). |
STAT State of |
-n Bit Tested | CC Comments
PAL equals zero.
G PAL is less than zero.

PAL is greater than zero.
Overflow.

PAL equals zero and no carry from PAL(32).

PAL does not equal zero and no carry from
PAL(32).

PAL equals zero and carry from PAL(32).

Add/Subtract T(32) =0
| T(32) = 1
T(32) =0
T(32) =0
Add Logical =
Set CC per |
| hardware | ,
» conditions. PAL does not equal zero and carry from
_ | See table. PAL(32).

.| Subtract Logical A(31) =0 | Same as Add Logical.
A(31) =1 Same as Add Logical.
A(31) =1 ~ Same as Add Logical.

Operands are equal.
1st operand is less than 2nd operand.

Ist operand is lessthan 2nd operand.
Ist operand is greater than Znd operand.
Ist operand is greater than 2nd operand.

OO0 —
—_OO =0

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

5-108,Sh 2 (7/770)
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Multiply (MR) 1C

e RR format:

I:_IC

0 7 8 THE 15 | - —L=
e Purpose: Multiply 1st operand (in GPR, per Rl + 1) by . ® Purpose:
2nd operand (in GPR, per R2) and place 64-bit result 1.

e —————— e — ——— L

ERKS

v 3 v 4

v

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

e RX format:

into 1st operand location (in GPR, per R1 and R1 + 1),

e Conditions ot start of execution:

1. Instruction is in 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 _ e Conditions at start of execution:

Ist 16 bits of instruction are in E.
Contents of even-address GPR specified by R1 is in
S and T for M instruction (not used).
Ist operand for M instruction is in odd-address GPR

specified by R1 +1. 1.

4. Multiplier (2nd operand) isin Sand T, | 2.
| 4

RX 1-Fetch .

o rereh. ‘.

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

Diagram 5-22

Program
interruption.

| Specification test. !

l
I
|

I Specification test. l
PAL(62,63)

=0 and ‘E(Il)

Place 15 into
E(12-15) and
3 into STC(0-2).

Load 15 into
E(12-15) ond
3 into STC(0-2).

Sets up conditions to
select first multiple.

Transfer
multiplicand

from GPR to S
per E(8-11) +1,

Transfer
multiplicand

from GPRto T
per E(8=11) + 1.

5C, 4C
0 7

e [w

15 18 19 20

a1

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

2. MH - Multiply 1st operand (in GPR, per R1) and

halfword 2nd operand (in storage) and place low-order

specified by R1 + 1,

Ist operand for MH instruction is in S and T.

32 bits of result into Ist operand location.

2nd operand address is in D.

SDBO(0-31),

Yes

Gate
SDBO{(0-31),

multiplier,
to T,

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

Yes

Place 15 into
E(12-15) ond
3 into STC(0-2),

Place 1's into
PAA(40-59) and
shift left 4 to
PAL(36-55).

Transfer PAL %o
A and A to
PAB(32-63).
Shift left 4 to
PAL{(32-51),

Diagram 5-9

RX 1-Fetch
(halfword).

PAL(&3) =0

Transfer A(32-47)
to PAB(32-47).

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

Gate

SDBO(32-63),
multiplier,
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.

Transfer A(32-47)
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,

No
l Gate Gate
SDBO(32-63),
multiplier, multiplier,
to T. | to T,
P —
Sheet 2

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

Specification test.

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

QB021

Select M1, M2 bits. Select |
multiple per M1, M2 bits and 'TX’
trigger, gate multiple to PAA,
and decrement E(12-15).

| Select multiple per M1, M2 bits

and 'TX' trigger, gate multiple to PAA,
and decrement E(12-15). Shift PAL

right 4 and gate to AB,

Select multiple, gate it to PAA,
and decrement E(12-15). Shift
PAL right 4 and gate to AB.
Gate B(66,67) to SAL, gate F

Ob;j

1.

Select 1st mulfi'ple (of T). >
E(12-15) STC
3

Select 2nd multiple.

E(12-15) STC
1110

Select 3rd, 7th, 11th, and 15th
multiple. Gate 1st, Sth, Sth
and 13th PP bit-pair to F.

E(12-15) STC

5 \ 4 6

ectives:

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). |

Develop partial product (PP) bit-pair.

a. Add multiple to PP in AB (shifted right 2) (B of Sheet 3).

b. Gate new PP to AB.

c. Gate PP bit-pair [B(66,67)] to SAL per E(14,15)
(C of Sheet 3).

. Develop PP byte.

Add SAL to F.

Develop low-order PP in S.

a. When PP byte is complete, gate SAL to S per STC.
b. When S is full (4 bytes of PP has been loaded),

low=order product is in S and high-order product is in PAL.

Store product,

a. Store high-order product (in PAL) into GPR per R]
(even register).

b. Store low-order product (in S) into GPR per Rl + 1
(odd register) (per R1 for MH instruction).

No

Select multiple, gate it to PAA,
and decrement E(12-15). Shift

PAL right 4 and gate to AB.

Gate B(66,67) to SAL, gate F

to serial adder, gate SAL to F,

and gate AB (shifted left 2) to PAB.

Select multiple, gate it to PAA,
and decrement E(12-15). Shift
PAL right 4 and gate to AB.

Gate B(66,67) to SAL, gate F
to serial adder, gate SAL to F,

and gate AB (shifted left 2) to PAB.

Select multiple, gate it to PAA,
and decrement E(12-15). Shift
PAL right 4 and gate to AB.
Gate B(66,67) to SAL, gate F

to serial adder, gate SAL to F,
and gate AB (shifted leff 2) to PAB.
Gate SAL to S per STC, and
decrement STC,

to serial adder, gate SAL to F, |
and gate AB (shifted left 2) to PAB.

| 1101
1001

0101
l 0001

Yes (Last Byte)

Select 4th, 8th, and 12th
multiple. Gate 2nd, 6th and 10th

PP bit-pair to F.

£(12-15) STC
o | on |
w | o0

Select 5th, 9th, and 13th
multiple. Gate 3rd, 7th and 11th

PP bit-pair to F.

2

0011

Select 6th, 10th, and 14th
multiple. Gate 4th, 8th, and 12th
PP bit-pair to F, Gate Ist, 2nd,
and 3rd PP byte to S per STC,

E(12-15) STC
I

Select multiple, gate it to PAA,
and decrement E(12-15). Shift
PAL right 4 and gate to AB.
Gate B(66,67) to SAL, gate F
to serial adder, gate SAL to F,

and gate AB (shifted left 2) to PAB.

Decrement E(12-15). Shift

PAL right 4 and gate to AB.
Gate B(66,67) to SAL, gate F
to serial adder, gate SAL to F,

and gate AB (shifted left 2) to PAB.

Gate B(66,67) to SAL,
gate F to serial adder,
gate SAL to S, and

gate AB (shifted left 2) to PAB.
Gate PALto Tand T to
GPR per R1.

' Select 16th multiple.
Gate 14th PP bit-pair to F.

| E(12-15)
0000

STC

| Gate 15th PP bit-pair to F.

E(12-15)
| 1111

STC

Gate 4th PP byte to S.

I Gate 16th PP bit-pair
! to SAL.
| E(12-15) STC

Yes No (Halfword)

Gate S to PAA, PAL
toT, and T to GPR

per R1 + 1.

Gate S to PAA, PAL
toT, and T to GPR
per R1.

Diagram 5-109. Fixed-Point Multiply (Sheet 2 of 3)

5-109,Sh 2 (7/70)




‘A. Derivation of Multiple

PP

Bit Placement
Decoder

C. Derivation of Partial Product Byte

RB

o | 7 1623

00 7 16 2 23 32 63
g8 115 24 3 31

E SAL
14, 15 | Bits

1 0 0,1
MP 1 1 2,3
R Bus 0 0O 4,5
| DP 0 1 6,7
E S 0 7
12, 15 | Byte
0 4 0 7
Mulﬁp.le Multiple | Gate Control Triggers Place PP byte into S per STC F E
Selection per OXT, 1XT, -1XT, 2XT, when all 8 bits are present
M1, M2 Bits -2 X T RT 0
and 'TX'’ 32 63 ' 0 7

Trigger

31 62

Propagate Sign to.28,29

~ Propagate Sign

25 I 30 31

TABLE 1. VALUE OF MULTIPLE DETERMINED BY MULTIPLE :
Propagate Sign

SELECTION BITS
26 |3I 32

'TX! T-Register Times Set 'TX'
Trigger Value Indicated Trigger

OxT
I xT
2xT

-2xT

-1 x T (2's Complement)

1 xT
2xT

-1 x T (2's Complement)

OxT

¥ Used on last multiple selection if multiplicand is negative.

66 67

32 ) 67

B. Derivation of Partial Product Bit

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

7201-02 FEMDM  (7/70) 5-109, Sh 3
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RR I-Fetch.

Perform specification
test and retain

dividend divisor
signs.

QBO31

Yes No

Set interruption code
6 and 'program

interrupt' latch;
force end op.

B Diagram 5-22

Program interruption.

Gate low-~order dividend
to S and high-order

dividend to B, in true form
Gate divisorto T.

No

Yes Carry from

PAL(28)

Set STAT D.

Places 2's complement
of low=-order bits of
dividend into S,

Transfer LSWR to S..

Transfer B to T.

Places 2's complement
of high-order bits of
dividend into B.

Transfer 2's complement
of T and B.

K

Sheet 3

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

5-110,Sh 1 (7/70)

! Specification test. | | °

e RR format - DR:

o || R

0 78 12 15

e Purpose: Divide Ist operand (in GPR, per R1 and R1 + 1) by
2nd operand (in GPR, per R2) and place result into 1st
operand location (remainder in GPR per R1; quotient

in GPR per R1 + 1),

Conditions at start of execution:

1. Instruction is in E.
2. High-order half of dividend (1st operand) is in A, B,

and D,
3. Divisor (2nd operand) is in S and T.

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

Place 1's into A.

Transfers low-order bits of
dividend from LS,

" Transfer GPR to T !
per E(8-11) +1. |

Set STC to 000.

2's complement T
and transfer to LSWR,

Yes (Negative Dividend)
STAT B set

No (Positive Dividend)

! Places divisor into T. l

Transfers low-order bits of
dividend from LS to S.

Transfer Sto T.

Transfer GPR to 5 |
| per E(8-11) + 1.

Set STAT D,

Places 2's complement
of -low-order bits of
dividend into S.

2's complement T and

transfer to PAA(32-63).
Transfer A to PAB(32-63).

Add PAA and PAB,
and transfer result

to AB(24-67).
| Trcnsfef GPR “.to
T per E(8-11).

© Set E(12-15) to 0000.

DR (ID) Instruction initialization



— - ——— ———

® RX format - D:

2

0 78 1112 15 16 19 20 31

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

QBO31 — e Conditions at start of execution:
| | Specification test, 1. Ist 16 bits of instruction are in E.
- 2, High-order half of dividend (1st operand) is in S and T.

E(11) =0 and Yes 3. Divisor (2nd operand) address is in D.
PAL(62,63) = 0 4. Main storage request for divisor has been issued per D.

No

Set interruption code
6 and 'program |
interrupt' latch;

force end op.

Diagram 5-22

Program interruption.

Gate low-order dividend
to S and high-order
dividend to B in true -

form, and retain signs.
Gate divisor to T.

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

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

Set STAT C if —_: I
_ *5(30) A | Retain dividend sign.

Set E(12-15) .
D | | to 0000.

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

Transfer T to LSWR.

Yes (Negative Dividend) No (Positive Dividend)

Transfer LSWR to S. Transfer S to B.
Set STAT D. |
Transfer GPR per
R1+1toS.

Carry from
PAL(28)

| Correct high-order
} dividend.

Transfer B minus
F | I to B,

> ,. | Yes .No

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.

v D (5D) Instruction Initialization

Sheet 3

Diagram 5-110. Fixed-Point Divide (Sheet 2 of 6)

7201-02 FEMDM (7/70) 5-110,Sh 2



> 2 v 3 v 4 M 5 v

Sheet 1, 2

st reduction cycle.
(Develop 2nd muttiple

| and attempt to overdraw
A high-order dividend).

Select M1,M2 bits from
S per E(12-15) and gate
to PAL(64,65). Gate PAL

See B of Sheet 4.
Append bit-pair of low=-order
dividend (in S) 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
l from S and to select location of
| partial quotient (PQ} bit in SAL

and F.

Select PQ bit[(inverse of
A(28)] and gate to SAL
(odd SAL) per E(14,15)
and 'OVDLO’ micro-order

See table in C of Sheet 4,

First PQ bit is extraneous; it is not
gated to F, and is replaced by «
valid PQ bit 2 cycles later.

E(12-15) PQ Bit To
0001 SAL(1)

B ' Yes

(Negative Divisor) No (Positive Divisor)

r— == === """""—T—""

Gate AB(6-67) left 2
to PAB(4-65), gate 2's
complement of T
(divisor) shifted left 1
to PAA(31-62), and
propagate sign to PAA
(26-31). Gate PAL
(24-67) to AB(24-67).

Attempt to overdraw high-order
dividend (in B) by reduction

by doubling the divisor
| (T shifted left 1).

’ '- Gate AB(6-67) left 2 to
PAB(4-653), gate T
{divisor) shifted left 1
to PAA(31-62), and
propagate sign to PAA
(26~31) . Gate PAL
(24-67) to AB(24-67).

Select 2nd multiple (of
divisor) per T(32), carry
from PAL(28), and

'DVDLO! micro-order.

’ | Develop a byte of
quotient in SAL ond S— —
F and load into S.

Select M1,M2 bits and Add 2nd mulfiple to partial remainder,.

gate them to PAL(64,65), ' gate Ist valid PQ bit to SAL and add
gate AB(6-67) to PAB to F, and select next multiple.
(6-67), gote T(32-63) to | |

PAA per multiple select, I_E(].? ~15) I .........STC F:Q Blt- To
D propagate sign, and gate j 0001 000 SAL(0)
- ' PAL to AB. Gate PQ bit i ' | )
| to even SAL per E(14, 15) LA SALE)
and 'DVDL1' micro-order, | 1001 010 SAL(0)
and add to F. Select i ol

next multiple.

QBO41]

Gate AB(6=67) left. 2
to PAB(4-65), gate
T(32-63) to PAA per
multiple select,
propagate sign, and
gate PAL to AB. Gate
PQ bit to odd SAL per
E(14,15) and 'DVDLO’
micro=~order, and add to
F. Select next multiple.

E : | -Yes
‘ : (2 More PQ Bits
to Complete

Byte in F) Nb

Increment E(12-15) by 1.
Select M1,M2 bits and
gate to PAL(64,65),
gate AB(6-67) to PAB
(6=67), gote T(32-63) to
PAA per multiple select,
propogate sign, and gote
PAL to AB. Gate PQ} bit
to even SAL per E(14,15)
and ‘'DVDL1' micro-order,
and add to F. Select

next multiple.

No Yes (Last Quotient Byte)

Increment E(12-15) by 1.
Select M1,M2 bits and
gate to PAL(64,65),
gate AB(6-67) to PAB
(6-67), gate T(32-63) to

E(12-15)

PQ Bit To

SAL(6)

| ._ PAA per multiple select,
F propagate sign, and gate
PAL to AB. Gate PQ bit
to even SAL per E(14,15)
~and 'DVDLY’ micro=-order,
"ond add to F.Select next

multiple. Set STAT C if
S(0) =1.

Increment E(12~15) by 1.

Gate AB{(6-67) to PAB

(6-67), gate T(32-63)

to PAA per multiple select,

- ' propagate sign, and gate

Store complete quotient byte into S PAL to AB. Gate PQ bit
to accumulate quotient. Update to even SAL per E(14,15)
E(12-15) and STC for next byte. and 'DVDL1" micro~order,

) and add to F. (Last
PQ Bit To reduction cycle).
-~ SAL(7)

B r Gate AB(6-67) left 2 to
b | ; PAB(4-65), gate T
(32-63) to PAA per
multiple select,
propagate sign, and
gate PAL to AB. Gate
PQ bit to odd SAL per
E(14,15) and 'DVDLO’
micro-order, and add
to F. Gate SAL to S
- .- per STC. Select next
G ) multiple . Increment

E(12-15) and STC by 1.

SAL(7)
SAL(7)

Gate PQ bit]inverse of
A(28)] to SAL(7) per
E(14,15) = 00 and
'ODVDLO’ micro -order.
(Last PQ bit of last
quotient byte.)

Gate SAL to S per STC.
(Lead last quotient
byte.)

Quotient
complete

No

i Yes

u Common Divide Routine

Sheet 5

Diagram 5-110. Fixed-Point Divide (Sheet 3 of 6)

5-110,Sh 3 (7/70)
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32 63

Gate Control Triggers
TLO, TL1, TCLO, TCLI

32 63
31 62

Propagate Sign | |
Pas S 26|3| 32

T

63
63

00 to Bits 66 and 67; '

M1,M2 to Bits
64 and 65.

00 7 16 2 23

g | 15 24 3 37

MPR Bus
DP

s e

00 |
01

10

11 |

Bit Select

E Bit
14,15] Pair

SAL

M1, M2
Bit Selection
DP

Place PQ byte into S
per STC when all 8 bits
are present in SAL

00
0 1 t$Set if A(28) =0

Reset if A(28) =1 |
10

B) Transfer of Low-Order Dividend Bits C) Derivation of Quotient Bits

Diagram 5-110. Fixed-Point Divide (Sheet 4 of 6)
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Sheet 3

Establish proper
sign and format
for quotient

and remainder,
and store.

Yes (Negative Divisor)

Yes

(2's Complement
Quotient)

No (True Quotient)

Sheet 6

Transfer B to PAB
(32-63) . Transfer 2's

complement of T

to PAA(32-63).

Addition to correct resultant
} remainder from last reduction cycle.

Add PAA and PAB,
Transfer result to B,

Reset STAT G.

-Yes
(Negative
Dividend)

2's complement T and

transfer to B,

No (Positive Dividend)

Transfer Sto T,

Yes (Negative Dividend)

- o 2's complement T,
’ | |

Yes

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

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

5-110, Sh 5

e e T A e ————— - E——————— .- —
. L I . [ . . -

— -‘

Transfer T to GPR | | Store quotient, . I
per E(8-11) + 1. _ _ _
! Store remainder. l

Termination, Quotient in 2's Complement Form

No (Positive Divisor)

Yes

(2's Complement)

Quotient) No (True Quotient)

Sheet 6
_ ———-
Transfer B{(32-63) to | Addition to correct resultant
| PAB(32-63). Transfer | remainder from last reduction cycle.
T(32-63) to PAA(32-63). :
' |
|
—

'Add PAA and PAB.
Transfer result to T,

Reset STAT G.

No (Positive Dividend)

2's complements remainder
to correct value..

! 2's complements quotient
| to correct value.

No

Fixed=-point
| divide ‘check.

Set interruption
code 9 and

‘program interrupt’
latch,

| lécycle early
end op.

N Diagram 5-22

Program interruption.



Negative Divisor

Sheet 5

QBO41

No (Complement Remainder)

Carry from

Yes (True Remainder)
| PAL(28)

Transfer Bto T.

Transfer 2's complement
of T to PAA(32-63).
Transfer B to PAB
(36-63).

Add PAA and PAB, Addition to correct
Tronsfer result to T. : resultant remainder

Yes

2's complement T and Transfer S to T.
transfer result to GPR

per E(8-11).

2's complement
T and transfer

result to GPR per
E(8-11) + 1.

from last reduction cycle.

Transfer T to GPR ! Places remainder into LS.
per E{(8-11).

(Negative Dividend) No {Positive Dividend)

| | Reset STAT G. - '

Positive Divisor

Sheet 5

- QBO41

Yes (True Remainder)

Transfer B to T.

Carry from
PAL(28)

Transfer T to
PAA(32-63).
Transfer B to

PAB(32-63).

- Add PAA and PAB. -
Transfer result to T,

No (Complement Remainder)

| C—

Addition to correct
resultant remainder
from last reduction cycle.

Transfer T to GPR ! Places remainder into LS.
per E(8-11).

Yes
(Negative Dividend)

2's complement T.
' Transfer result to

GPR per E(8-11).

Transfer Sto T,

| Places quotient into LS. |

Termination, Quotient in True Form

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

*

No (Positive Dividend)

Transfer Sto T.
Transfer T to GPR

per E(8-11) + 1.

| Places quotient into LS. I

7201-02 FEMDM (7/70) 5-110, Sh 6



Diagram 5-9

Fetch doubleword
A 2nd operand and

2
RX [=-Fetch.

save low=-order word

for later use

Select left digit
of high~order

(not applicable for

multiply sum by 5.

| Set STAT E,

Select right digit
for converston,

byte of high-order
word for conversion.

Double previous result

first digit selected),
add selected digit,

No

Set interruption
code 6 and 'program

interrupt’ latch;
force end op.

Diagram 35-22

Program interruption.

and

QEO021

PAL(61-63) =0

invalid digit

| ] Specification test, |

Yes

Set STC to 000. |

Gate SDBO({0-63)
to ST(0-63).

Transfer T to LSWR,

Clear D, T, and A.
Transfer S to
SBB(0-7) per STC.

Transfer SBB(0-3) to
SAL(0-3) and
SAL(4-7).

Transfer SAL to F.

Transfer F(4-7) to
PAB(60-63).

Transfer DT to i

PAA(7-62) .

Add PAA and PAB, ond

| transfer PAL(8-63) to DT.

Transfer PAL(32-63).
to B.

-

PAB(4-65).

Transfer DT to - r .I | o
PAA(8-63). | I In effect, multiplies sum by 5. |

Transfer AB(6~67) to

Add PAA and PAB, ond

transfer PAL(8-63) to DT.

Transfer SBB(0-7) to
SAL per STC.

Transfer SAL to F.
Add 1 to STC,

Diagram 5-111. Convert to Binary, CVB (4F) (Sheet 1 of 2)

5-111,Sh 1 (7/70)

Doubles value of previous
result (zero for high-order digit
of high-order word).

No

4 v 5 v 6

e RX format:

v [wlmlw] %

0 78 112 15 16 19 20 31

e Purpose: Convert radix of 2nd operand (in storage) from decimal to binary
and place result into 1st operand location (in GPR, per R1),

e Conditions at start of execution:
| 1. 1st 16 bits of instruction are in E.
2. st operand isin S ond T (not used).
3. 2nd operand address is in D,
4, Main storage request for 2nd operand has been iss