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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 
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Group 4. Local Storage 
Group 5. Serial and Parallel Adders 
Group 6. Status and Control Triggers 
Group 7. SCI 
Prerequisite and companion manuals are: 

Prerequisite Manuals 
9020E System Introduction, Theory of Operation Manual, Form 

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 
7201-02 Computing Element, Maintenance Manual, Form SFN-0203 
7201-02 Computing Element, Installation Manual, Form SFN-0204 
7201-02 Parts Catalog, Form SFN-0205 
9020 D/E Power Controls and Distribution, Theory of Operation 

Manual, Form SFN-0105. 



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

OVERALL DATA FLOW 

1-1 
1-2 
1-3 

7201-02 Computing Element Data Flow . . . . . . . . . . . . . . 2-1 

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 Oock 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) Stepping 
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(0-3) 
Invalid Digit Logic . . . . . 
Logical Functions, SAL(O) . . . . . 
Serial Adder Parity Predict Logic . . . 
Serial Adder Product-Quotient Bit Logic 
Gate Control Triggers for 'B+T' Micro-order 
Parallel Adder Bit-Position Logic (Bit 47) 
Parallel Adder Carry Lookahead Logic 
Parity Generation, PAL(48-55) 
Parallel Adder Half-Sum Checking Logic, PA(48-55) 
Parallel Adder Full-Sum Checking Logic, PA(48-55) 
Parallel Adder Excess 6 Logic 
Parallel Adder Set-Condition-Code Logic . . . . 

Group 6: Status and Control Triggers 

3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
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. 4-401 

. 4-402 
4-403 
4-404 
4-405 
4-406 

. 4-407 

. 4-408 

. 4-409 

. 4-410 
.. 4-411 
. 4-412 
. 4-413 
. 4-414 

4-415 
. 4-416 

STAT B Logic . . . . . . . . . . . . . . . . . . . . . . . 4-501 

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 Logic (2 Sheets) 
Storage Timeout Logic 
Error Handling Logic 
PSBAR Step Control Logic 
PSBAR Operations . . . 
Page Control Logic and Timing 
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 . . . . . 
Selection of I-Fetch Sequence ...• ~, . 
RR I-Fetch 
One-Cycle RR I-Fetch 
Two-Cycle RR I-Fetch ,_.~ . 
RX I-Fetch 

. 4-601 
4-602 

. 4-603 

. 4-604 

. 4-605 

. 4-606 

. 4-607 

. 4-608 

. 4-609 

. 4-610 

. 4-611 
4-612 

5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 

CONTENTS 

One-Cycle RX, RS, and SI I-Fetch . . . . . 
Two-Cycle Indexed RX I-Fetch . . . . . 
Two-Cycle Non-Indexed RX, RS, and SI I-Fetch 
RS and SI I-Fetch 
SS I-Fetch (2 Sheets) 
I-Fetch Sequencers (2 Sheets) 
Block I-Fetch Trigger 
Timer Exceptional Condition 
CPU Store in Progress Exceptional Condition 
Machine Check Interruption . . . . . 
Non-Branch Setting of Interrupt Code Triggers 
SPEC Y-Branch Setting of Interrupt Code Triggers 
Program Interruption 
Supervisor Call Interruption 
External Interruption 
1/0 Interruption (2 Sheets) 
Common Interruption Routine 
Manual Control Exceptional Conditions 
Program Store Compare Exceptional Condition 
Invalid Instruction Address Test Exceptional Condition (2 Sheets) 
Test for Q-Register Refill Exceptional Condition . . . . ·. . 

Group 2: Fixed-Point Instructions 
Load, LR (18); Load, L (58) 
Load Halfword, LH (48) . . 
Load and Test, LTR (12) 
Load Complement, LCR (13) 
Load Positive, LPR (10) 
Load Negative, LNR (11) 
Load Multiple, LM (98) 
Fixed-Point Add-Type Instructions (2 Sheets) 
Fixed-Point Multiply (3 Sheets) 
Fixed-Point Divide (6 Sheets) 
Convert to Binary, CYB (4F) (2 Sheets) 
Convert to Decimal, CVD (4E) 
Store, ST (50) . . . . . . . 
Store Halfword, STH (40) 
Store Multiple, STM (90) (2 Sheets) 
Shift Left Single, SLA (8B) (2 Sheets) 
Shift Left Double, SLDA (8F) (4 Sheets) 
Shift Right Single, SRA (8A) (3 Sheets) 
Shift Right Double, SRDA (8E) (4 Sheets) 

Group 3: Flaa ting-Point Instructions 
Save Signs and Insert Sign Functions, and CC Setting . . . . . . . 
Load, LER (38) - Short Operands; Load, LDR (28) - Long Operands 
Load, LE (78) - Short Op.erands; Load, LD (68) - Long Operands 
Load Positive, LPER (30); Load Negative, LNER (31); Load and Test, LTER 

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

(22); Load Complement, LCDR (23) - Long Operand:> . . . . . 
Floating-Point Add, Subtract, and Compare - Short Operands (5 Sheets) 
Floating-Point Add, Subtract, and Compare - Long Operands (5 Sheets) 
Halve, HER (34) - Short Operands 
Halve, HDR (24) - Long Operands . . . . . . 
Floating-Point Multiply Data Paths . . . . . . 
Floating-Point Multiply, Short Operands ·c 4 Sheets) 
Floating-Point Multiply, Long Operands (4 Sheets) 
Floating-Point Divide Data Paths . . . . . . 
Floating-Point Divide, Short Operands (4 Sheets) 
Floating-Point Divide, Long Operands (5 Sheets) 
Store, STE (70) - Short Operands; Store, STD (60) - Long Operands 

Group 4: Decimal Instructions 
GIS for Decimal Add, Subtract, and Compare . . . . . . . . . 
True Add Sequence for Decimal Add, Subtract, and Compare (3 Sheets) 
Complement Add Sequence for Decimal Add, Subtract, and Compare (3 

Sheets) . . . . . . 
Zero and Add (4 Sheets) . 
Decimal Multiply (7 Sheets) 
Decimal Divide (9 Sheets) 
GIS for Pack, Unpack, and Move With Offset 
Pack, Not Word Overlap Sequence 
Pack, Word Overlap Sequence 
Unpack, Not Word Overlap Sequence 
Unpack, Word Overlap Sequence 
Move With Offset, Not Word Overlap Sequence 
Move With Offset, Word Overlap Sequence 

Group 5: Logical Instructions 
GIS for Logical Instructions 
Logical Move Instructions 
Logical Compare Instructions 
Logical AND Instructions 
Logical OR Instructions 
Logical Exclusive-OR Instructions 
Test Under Mask, TM (91) 
Insert Character, IC (43); Store Character, STC (42) 
Load Address, LA (41) . . . . . . . . . 
Translate, TR (DC); Translate and Test, TRT (DD) 
Edit, ED (DE); Edit and Mark, EDMK (DF) 
Logical Shift Instructions . . . . . . 

Group 6: Branching Instructions 
Branch On Condition, BCR (07); BC (47) (2 Sheets) 
Branch and Link, BALR (05) (2 Sheets) 
Branch and Link, BAL (45) (2 Sheets) . . . . . 
Branch On Count, BCTR (06); BCT (46) (2 Sheets) 
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5-309 
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5-501 
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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 (OA) 
Set Storage Key, SSK (08) 
Insert Storage Key, ISK (09) 
Write Direct, WRD (84) 
Read Direct, RDD (85) 
Diagnose (83) (3 Sheets) 

5-505 
5-506 

5-601 
5-602 
5-603 
5-604 
5-605 
5-606 
5-607 
5-608 
5-609 

Group 8: I/O Instructions 
I/O Instructions . . . . . . . . . . 5-701 

Group 9: Multiple Computing Element Instructions 
Load Identity, LI (OC) 
Insert ATR, IATR (OE) 
Delay, DLY (OB) 
Store PSBAR, SPSB (AO) 
Load PSBAR, LPSB (Al) 
Move Word, MVW (D8) (3 Sheets) 
Start I/O Processor, SIOP (9A) 
Set Address Translator, SATR (OD), Execution in Issuing CE (6 Sheets) 
Set Address Translator, SATR (OD), Execution in Receiving 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 (OF) (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 Gating 
Stop, Manual, Address Compare Triggers, 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 
ac 
ACR 
adr 
ALD 
ALTN 
amp 
APSA 
ASC 
ATC 
ATN 
ATR 
Attn 
Aux 

BCD 
BCU 
BL 
BR 
BSM 

c 
CAS 
CAW 
CB 
cc 
CCC 
CCR 
ccw 
CE 
Charistic 
CLD 
Cmd 
CPU 
CR 
CROS 
csw 
CT 
CTC 
cu 
CVG 
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AB register byte counter 
alternating current 
Automatic Carrier Return 
address, addressed, addressing 
automated logic diagram 
Alternate 
ampere 
alternate preferential storage area 
address store compare 
air traffic control 
alternate test number 
address translation register 
attention 
Auxiliary Magnet 

binary-coded decimal 
bus control unit (alternate terminology for SCI) 
blink 
brightness . 
basic storage module 

capacitor 
control automation system 
channel address word 
circuit breaker 
condition code, also Configuration Console 
Central Computer Complex 
configuration control register 
channel command word 
Computing Element 
Characteristic 
control automation system logic diagram 
command 
Central Processing Unit (alternate terminology for CE) 
diode or Carrier Return 
capacitive read-only storage 
channel status word 
conditional terminate 
channel-to-channel 
Control Unit 
Character Vector Generator 

5-801 
5-802 
5-803 
5~804 

5-805 
5-806 
5-807 
5-808 
5-809 
5-810 
5-811 

5-901 
5-902 
5-903 
5-904 
5-905 
5-906 

6-1 
6-2 
6-3 
6-4 
6-5 

6-6 
6-7 
6-8A 
6-8B 
6-9 

STORAGE SELECT Switch Gating 
DEFEAT INTERLEAVING Switch Gating 
RATE Switch Logic . . . . . . . . 
Instruction Step Routine . . . . . . . 
Single-Cycle and Single-Cycle-Inhibit Routine 
Repeat Instruction Switch Logic . . . . . 
Repeat Instruction Switch Routine 
ROS TRANSFER and REPEAT ROS ADDRESS Switch Gating 
Storage Ripple Loop (Store and Display) Routine 
Wait State Gating . . . . . 
Wait State Microprogram Routine . . . . . 
Disable Interval Timer Logic . . . . . 
CE Check Control and Inhibit CE Hardstop Switches, Logic and Error 

Controls 
Pulse Mode Controls 
Pulse Mode Operation 
LOG OUT Pushbutton Logic 
SCAN MODE, ROS/PROC/FLT Switch Logic 
FLT BACKSPACE Pushbutton Logic and Flow 
1052 Adapter Unit . . . . . . . . . . 
1052 Adapter Initial Selection - Read, Write, Sense 
1052 Adapter Data Transfer - Write 
1052 Adapter Data Transfer - Read 
105 2 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 Oock Logic 
Scan Control Triggers . . . . . 
Scan Control of ROS Micro branching 
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 
DAR 
DARM 
DAU 
de 
DCP 
DE 
dee 
dee div 
dee ovflo 
PG 
Disc 
dly 
Dply 
dsbl 
DX 
DX+l 
DX+2 

ELC 
end op 
EOB 
EOL 
EPO 
ERSLT 
EXC 
exp ovflo 
exp unflo 

F 
FEMDM 
FEMI 
FEMM 
FETOM 
fix-pt ovflo 
FLT 
flt-pt div 
FMTN 
FMTO 
FMTW 
FPR 
fract 

dash 
diagnose accessible register 
diagnose accessible register mask 
Data Adapter Unit 
direct current 
Display Channel Processor 
Display Element 
decimal 
decimal divide 
decimal overflow 
Display Generator 
disconnect 
delay 
display 
disable 
first byte in a series of destination bytes 
second byte in a series of destination bytes 
third byte in a series of destination bytes 

element check 
end operation 
end of block 
End-of-Line 
emergency power off 
expected result 
Executive Control Program 
exponent overflow 
exponent underflow 

fuse 
Field Engineering Maintenance Diagrams Manual 
Field Engineering Manual of Instruction 
Field Engineering Maintenance Manual 
Field Engineering Theory of Operation Manual 
fixed-point overflow 
fault locating test 
floating-point divide 
Format New 
Format Old 
Format Weather 
Floating-point register 
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 
q-113 
6-114 
6-115 
6-116 
6-117 
6-118 
6-119 

. 6-201 

. X-1 



GIS general initialization sequence PS BAR preferential storage base address register 
GPR general-purpose register PSW program status word 

PVD Plan View Display 
hex hexadecimal 
Hz Hertz R resistor 

RCU Reconfiguration Control Unit 
IC instruction counter reg register 
ICR inhibit carrier return RKM Radar Keyboard Multiplexor 
IDES inhibit display element stop ROS read-only storage 
I-Fetch instruction fetching ROS AR read-only storage address register 
ILC instruction length code ROS BR read-only storage backup register 
ILOS inhibit logout stop ROS DR read-only storage data register 
Init initial RST Reset 
I/O input/output 
IOCE Input/Output Control Element SAA serial adder A-side 
IPL initial program load SAB storage address bus, also serial adder B-side 

SAL serial adder latch 
K kilo; also relay SATR set Address Translation Register 
kHz kilohertz SBA serial adder bus A 

SBB serial adder bus B 
LAB logical address bus SC System Console 
LADS Logic Automation Documentation System SCI storage control interface 
LAL local storage address latches SCON set Configuration Control Register 
LAR local storage address register SCOPEX scoping index 
LC lower case SCR silicon-controlled rectifier 
LF line feed SDBI storage data bus in 
LOS logout stop SDBO storage data bus out 

LS local store SE Storage Element 

LSWR local storage working register Sel select 
Serv service 

MACH maintenance and channel (storage) signif significance 

max maximum SLT solid logic technology 
MC machine check SMMC system maintenance monitor console 
MCW maintenance control word SMS standard modular system 
mHz megahertz SOROS scan out read-only storage 
MMSC maintenance mode stop clock spec specification 

Mp le Multiple SRL Systems Reference Library 

MPR multiplier ssu storage switching unit 
MPX multiplex STAT status trigger 
ms millisecond STC ST register byte counter 

stg storage 
NDT new descriptor tables SU switch unit 
no op no operation sync synchronizing 
NRM new refresh memory 
NRMA new refresh memory address T transformer 
ns nanosecond TC time clock (interval timer) 

TCU tape control unit 
OBS on battery signal T(DX) table byte specified by DX 

QDT old descriptor tables T(DX+l) table byte specified by DX+ 1 
op code operation code TIC transfer in channel 

op er operation TN test number 

opr operand T/R tilt/rotate 

ORM old refresh memory TU tape unit 

ORMA old refresh memory address 
OTC out of tolerance check UC upper case 

uf microfarad 
p parity usec microsecond 

PAA parallel adder A-side ut uncondit~onal terminate 

PAB parallel adder B-side 
PAL parallel adder latch v volt 

PB pushbutton VFL variable-field length 

pf picofarad VFR visual flight rules 

PK power contactor 
pp partial product Xlat translate 

PQ partial quotient 
priv oper privileged operation ~ greater than or equal to 
proc process ~ greater than or equal to 
prog program < less than or equal to PROSARA previous read-only storage address register A 
PROSAR B previous read-only storage address register B ~ less than or equal to 

prot protection equal to 
PS power supply 

=!= not equal to 
PSA preferential storage address 
PSBA preferential storage base address 

& and 
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~GIC DI~-$-------- --- --------Transfer into reg is~ ---------------------.------, 

.
1
...----- ':ll/ /Indicates storcgecble device 

0 . 31 end input side. 

Name p . ." RA supplied to indicators. -t ~
Means register contents ere 

4 

~~ 31 
O 

7 8 15 
ALO Group 

7 

SAB 

SAL 
0 

63 

PAA 

PAL 

Register Size (32 Bits) 

Transfer out of register. 

8-Data Bit (Plus Parity) 
Serial Adder 

60-Data Bit (Plus Parity) 
Parallel Adder 

Upper half is 

set ( 1) input. J~-----t~(N-cm-e)..J-T - Means output is supplied to indicator. 

--+--Type (Trigger, Latch, Flip-Latch). 

8 Number of multiple circuits. 

Lower half is AB 123 .....__ALO Reference 

reset (0) input. '-------Indicates storageable device 
and input side. 

Name 

Indicator 

Name 

<? Roller Switch Indicator 

~ Parity Check Logic 

Parity Generate Logic 

~Interface 

~AND 

~OR 

Time Time 

~~nmeOelay 

Frequency 

~o~illoto• 

~ Negator (Inverter) 

~AmpHfic 

~Gote 

Bus 

1 

In 2 

3 

Multiple Line Transfer 

I 

2 Out 

3 

8 --------1.Multiple Line Transfer 
(0-7) 

~ Denotes interface between two units· I 

I
I GENE;;--------------------------------i~~R~--------- Hecvy::i==e~:;-1 

On-Page Connector Off-Page Connector I I Machine I Cycles at beginning and end of the bar iok ntify the I 
I (j} I I signal(s) (also on the same chart) that 

~ Indicates connection Indicates connection I 3, 4, Not 6 5 activate and deactivate this line. "Not" I 
between two parts of between sheets of the preceding a number means that the I ~ ~r~os~~=c~i~~:;~bol s

6
ame diagram. I deactive signal conditions this line. I 

I U points (line of sight) Sheet 1 I 
to correspondingly- A y _J L I 

I 
numbered symbol . A I Waveshcpe 

Heavy bar indicates active state. 

~--------s~-~---- I I FLOWCHARTS 

~QA123 

CLO 
Reference 

Diagram 5-10 

Processing Block 

Reference within 
stripe specifies 
detailed flowchart 
of the process. 

Annotation 

Gives descript'ive 
comment or 
explanatory note. 

Branch Path Labels Decision Block 

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

.detailed flowchart 
of the decision. 

General 
flow path 
(shows 
major 
objectives). 

Detail 
flow poth 
for each 
major 
objective. 

L------------------------~ 

LEGEND 
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A 

B 

c 

D 

E 

Power 

To 
Sheet 2 

2 

SE 
Related 

Make a quick 
check to 
acquire more 
information. 

To 
Sheet 2 

ROS 

Yes 

3 

Make a 
quick analysis 
of the logout 

No 

• 4 

To 
Sheet2 

-----...... - - - - - ..... -----.. 
Check 
voltages 
and lamps. 

No 

Parallel 
Adder 

E-Reg 

Ripple 
through 
positions of 

I panel volt-
1 meter and 
· use lamp test. 

SDBI Mixer 

Isolate 
and 
repair. 

To 
Sheet 2 

IOCE Bus 

No 

Multiplier 
Decode 

5 

From 
Sheet 2 

Perform 
system 
reset. 

Run ROS 
O'sand l's 
test. 

IPL 
. ROS Tests 

Run 
ROS Tests. 

No 

Load and 
run FLTs. 

In stop loop; 
manual light 
on; error 
lights off. 

To 
Sheet 2 

Isolate 
and 
repair. 

To 
Sheet 2 

6 
From Sh!"et 2 

R Q 

. Trouble may I be in card, 

1 board, cable, 
or ROS plane. 

Swap cards 
between good 
and failing 
positions. 

card and 
replace it. 

LOCAL STORE 

Yes 

Do manual 
store/display. 

Ripple 
Local 
Store. 

Load and 1 

run FL Ts 
for 9020 
Regs. 

Load and 
run 
diagnostics. 

Alter bias; 
ripple local 
store. 

Run diagnostics 
under bias. 

7 

Yes 

To 
Sheet 2 

Biol voltages 
up and down. 

... 8 ... 

PARALLEL ADDER E-REGISTER 
SERIAL ADDER SDBI MIXER 
IOCE BUS MULTIPLIER DECODE 

To 
Sheet 2 

Yes 

Yes 

To 
Sheet 2 

Load 
FL Ts. 

FL Ts. 

Load and 
run 
diagnostics. 

Alter bias; 
rerun FLTs. 

Run 
diagnostics 
under bias. 

No 

Yes 

Yes 

To 
Sheet 2 

Bias voltage 
up and 
down. 

To 
Sheet 2 
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May e 
deferred 
until nonnal 
maintenance. 

2 

From 
Sheet 1 

Check all 
voltages at 
gates. 

Yes 

Check 
adjustment 
of panel 
meter. 

To 

Adjust 
power 
supply. 

Sheet 1 

From 
Sheet l 

Isolate 
and 
repair. 

3 

From 
Sheet 1 

Refer to 
ma int 
manual, 
ch 5. 

Try nonnal 
IPL. 

No 

Isolate and 
repair, 

4 

using nannal 
IP 

From 
Sheet 1 

From 
Sheet 1 

·No trouble found. 
Return machine to 
operational status. 

Isolate and 
repair, 
using FLT 
IPL. 

Try 4-card. 
fix. 

Yes 

Verify 

Recheck error indicatio~s. 
Return to Sheet 1. Seek 
assistance if needed. 

No 

Trouble 
:maybe in I 
cards, cables, I 
or boards 

5 

From 
Sheet 1 

From 
Sheet l 

Load and 
run CPU 
hard core test. 

Sca"pe to 
isolate. 

Repair 

Refer to 
Program I istings 
isolate and 
repair. 

Load 
MDM. 

Load and 
run diagnostic 
sections. 

Alter bias;· 
load and 
run FL Ts. 

run diagnostic 
sections under 
bias. 

Yes 

Yes 

Yes 

Yes 

6 

Refer to 
program 
I istings; 
isolate and 
repair. 

Refer to MOM 
listing for 
hang or red-
light error. 
Isolate and 
repair. 

Refe1 to 
program 
I isting; isolate 
and repair. 

Refer to 
program 
I isting; isolate 
and repair • 

7 

SE RELATED 

Yes 

To Sheet 1 

From 
Sheet l 

Do manual 
store/display. 

Ripple 
Main 
Store. 

Load and 
run FLTs.; 

Load and 
run 
diagnostics. 

Alter bias; 
do store/ 
display. 

Run 
diagnostics 
under bias. 

Yes 

ROS 

8 

From 
Sheet l 

Yes 

Run ROS 
O's and I's 
tests. 

Load 
ROS Tests. 

·Run 
ROS Tests. 

Alter bias; 
rerun 
ROS Tests. 

·Load and 
: run diagnostics 
under bias. 

9 

9020 REG. 

To Sheet 1 

From 
Sheet l 

Do manual 
stare/display 
in failing 
register. 

Load and 
run 
diagnostics. 

Load and 
run 
FL Ts. 

Run 
diagnostics 
under bias. 

No 

Yes 
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Procedure on logic 
page A6503. Refer 
to FEMM 4. 3. 3 for 
additional information. I 

Repair ROS hardcore. 

Rerun ROS tests. 

Run under bias. 

Rerun ROS tests. 

Probably low torque 
or cont om i no ti on on 
bit plane. See 
FEMM, 4.3.6.1. 

r-robobly mult driver 
selection. See FEMM, 
4.3.6.3.4. Possibly 
ROS power supply 
irregularities. See 

FEMM, Ch 5. 

Both 

No 

Start of ROS tests. 

Run ROS 
word tests. 

Yes 

Refer to FEMM 4.3.4 
. for repair. 

No Yes 

End of ROS tests. 

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

No 

Diagram 1-2 .. ROS Test Flowchart (Sheet 1of3) 

H 

1-2, Sh 1 (7/70) 

3 

ROS parity check. 

Process 

Observe roller 2, 
position 2 to 
determine foiling 
group(s). · 

Previous ROS address 
in PROSAR A. 

Check bits in 

On 

failing group (Roi lers 
2, 3, end 4, pos 4). 

No Yes 

Continue test to 
locate foiling bit(s) . 

No Yes 

See FEMM 4.3.6.3.1 
~nd 4.3.6.3.2 for 
noise end 4. 3.6.3. 3 
for late ROS branching. 

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

Yes 

4 

Save logout. Rerun 
in stop mode 
if time permits. 

Refer to 7201-02 FEMM' 
4.3. 1 for detai Is on 
ROS parity check 
indications. 

Previous ROS address 
in PROSAR B. 

Refer to FEMM 4.3.5 
for information on 
hardware tests. 

Check for noise 
end late ROS 
branching. 

Gather data from 
logouts to establish 
a pattern of failures. 

No 

No 

Yes 

Probably bad ~r 
contaminated plane. 
See FEMM, 4.3.6.1. 
Possibly low torque. 
See FEMM4.3.6.1. 

Yes 

Procedure an logic 
page A6503, if 
running ROS tests. 

See Figure 4-2, A, 
in FEMM. 

5 

Loop on 
failing address. 

Scope a failing bit 
at the latch input. 

Change sense omp. 

Scope latch input. 

No 

Rerun ROS tests. 

Loop on 
adjacent addresses. 

No 

Remove,clean, and 
replace bit plane. 

Rerun ROS tests. 

Yes 

Check and adjust 
bit plane torque. 
Procedure in FEMM 
at 4.13.3. 

Distorted 

No 

End of ROS tests. 

Loop on 
original address. 

Scope adjacent bit 
ct latch input. 

Yes 

Procedure in 
FEMM, 4.13. 

No 

G 

Sheet 2 

6 

No 

Yes 

c 

Sheet 2 Sheet 2 
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Sheet I 

Scope a latch 
output 

Change latch cord. 

Rerun ROS tests. 

No 

Scope latch inputs 
back to sources. 

Repair. 

Rerun ROS tests. 

Sheet 1 

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

Yes 

Check I .2V de 
reference. 

Change reference cord. 

Rerun ROS tests. 

1 See FEMM Appendix Tobie 
I B-4 for pin locations. 

No 

Yes 

Scope other 
I atch inputs. 

Scope latch outputs. 

Loop on 
adjacent addresses. 

No 

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

3 

No 

Check I .2V de 
reference. 

No 

Yes 

More thon one 

I 
. I 

Check cables, 
termination, driving 
block, and timing. 

Repair. 

Rerun ROS tests. 

Strobe signal, reset 
signal, timing. 

I See FEMM Appendix Tobie 
I B-4 for pin locations. 

Change select bus 
emitter drive card. 

4 

Sheet 1 

Scope array 
drive output. 

Change driver and 
Scope outputs. 

Scope oll select 
inputs on gate. 

See logic poge 
A8004 for timing. 
See service aid 
in FEMM, 4.3.6.4. 

Strobe signal, reset 
signal, timing. 

Scope latch inputs 
back to sources 
and repair. 

Rerun ROS Test 

Sheet 1 

One 

Sheet 3 

See FEMM Figure 4-2, 
D, for good output 
and G and H for 
bad output. 

Sheet 3 

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

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

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

Rerun ROS tests. 

One of the 8 
select bus base driver 
cards is bad. Change 
cords one at a time 
until trouble 
is repaired. 

Rerun ROS tests. 

Scope other 
latch inputs. 

No 

Change latch card. 

Scope latch output. 

No 

Rerun ROS tests. 

5 

See FEMM Appendix Toble
1 

B-4 for pin locations. I 

See service aid 
in FEMM, 4.3.6.4. 

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

No 

6 

Sheet 1 

c 

Scope latch output. 

Check cables 
and termination. 

Repair. 

Rerun RO 5 tests . 
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Possible open 
sense line. More 
information in 
FEMM, 4.3.6.2. 

Remove sense amp 
for failing bit 
ond adjacent bits. 

Measure resistance 
between input pins 
of foiling bit. 

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

Rerun ROS tests. 

See FEMM, 4.3.6.3.4, 
for additional 
information 

Resistance Readings 

Condition 

Normal 

Sense - sense Ii ne short 

Sense - DC return short 

No 

Sense - drive/balance line short 

Sheet 2 

Turn CE power off. 

Measure continuity 
from sense amp 
input pins to sense 
line of failing bit. 

Yes 

Measure resistance 
from input pins to 
adjacent bit pins. 

See chart 
of resistance on 
this page. 

Reinstall sense amps. 

Tum power on 
and measure vo I toge 
across each sense 
line resistor. 

Scope select bus 
emitter drive lines. 

Trace faulty I ines 
to source and 
repair. 

Rerun ROS tests. 

3 

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

Isolate and repair. 

Rerun ROS tests. 

0.8V de indicates 
drive line shorted 
to ground. 

Remove, clean and 
reinstall bit plane. 

Rerun ROS tests. 

From Sense Amp Input to 

DC return. 
Any other sense amp input. 
Any drive/balance line. 

DC return. 
Input of sense amp to which it is shorted. 
Any other sense amp input. 
Any drive/balance line. 

DC return. 
Any other sense amp input. 
Any drive/balance line. 

DC r~turn. 
Drive/balance line to which it is shorted. 
Any drive/balance line in some or opposite 
plane, except line to which it is shorted. 

Any drive/balance line not in same or 
opposite plane. 

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

H 

1-2, Sh3 (7/70) 

4 

Sheet 2 

Turn CE power off. 

Measure 
resistances. 

Open in yellow 
wire or joint. 

Repair. 

Rerun ROS tests. 

Procedure in 
FEMM, 4.13. 

Resistance 

16.5 ohms 
33.0 ohms 
Open 

8.25 ohms 
0 ohm 
24.75 ohms 
Open 

Oohm 
16.5 ohms 
Open 

16.5 ohms 
O ohm 

200 ohms pl us 
short resistance 

Open 

Yes 

See resistance chart 
on this page. 

Open in upper 
or lower pressure 
connector. 

See FEMM, 4.3.6.2, 
for additional 
information. 

Procedure in 
FEMM, 4.13.3. 

5 

Yes 

Loosen torque on 
pressure plates over 
sense I ine one 
by one until de 
drops to OV de. 

Replace foully 
'bit plane. 

Rerun ROS tests. 

Yes, 

6 

Intermittent open. 
Inspect for poor 
connection. 

Sheet 2 
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Procedure on logic 
page A6503. 

1st depression 
of LOAD PB. 

Check roller 6, 
position 4 for 
type of error 

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

Refer to procedure 
in FEMM Ch 4, 
4.4.1, failure5. 

Yes 

See One-Cycle 
repair pcocedure in 
FEMM, Ch 4, 4.4.4. 

Diagram 1-3. FLT Flowchart 

Load FLTs. 

No 

See Zero-Cycle 
repair procedure in 
FEMM, Ch 4, 4.4.3. 

3 

No 

No 

Repair using 
procedure in Ch 4 
of FEMM, 4.4. 1, 
failure 4. 

3rd depression 
of LOAD PB. 

Do next step on 
maintenance 
strategy diagram. 

4 

Investigate 
Storage error 

5 

Correct wrong switch 
setting and load again 

Correct wrong condition 
and try again. 

Check IOCE and 
TAU for channel 
or tape error. 

6 
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BCU not Holding CPU Clock on -

LEXCEPT Micro-Order at End Op Stop on ROS compare ,.---
~St~or~o~g~e~E~rr~ori:.._ __ ~======:i===~~;::::============:j- ~ 

A LJ ~UF, OR 11..--..J 
:rM_a_n_ua_l_C_o_n_tr_o_l_W_a_it_P_ri_o_ri~ty ____ --l]L-A~lL....----T-...,_ ____ .~-L-~1---
1 

A 

ROS Test or FLT Latch RX002 

FLT Check Response 
[ 

I Osc Sample 

'--L--------1. A L-i..............--------------. -----------------------L._ __ ~ 
Not Continue FLT Sequence 

r------i 

ROS Test Zero Latch 
FLT Clock Timing 2 Latch 

l Machine Reset 

----~-r~~ 
~X002 

} 
-----"~ 

RX002 

~n--
T -

~ 

KW041 Not Switch S.S. (No PB Depressed) 

Single Cycle 

Not Manual Tgr (Not in Stop loop) 

~. 

Au~ 
----'---"---------1-~ A f--< rl.__J Bockspoce Or Log CPU ,----, _ 

START Pushbutton c'----1 Not Poss Pulse Tgr 
. OR KW041 '--------Po-ss-Pu-ls_e_T_g_r_.:::--i~• 

ROS T ronsfer Pushbutton 

RATE Switch Not in SINGLE CYCLE STORAGE INlllBIT Position 

Not Repeat ROS Address 
A 

CPU 2 Latch (SCI Cannot Process Storage Request Immediately) 

Stop or Interrupt 

lro_r_T_im_e_C_lo_c_k_S_te_P ____ -+-----1]] OR rl----------11__......J 

~- ~2 
T RX002 
L Not FLT or ROS Test Mode 
J 

-Wait State Block of ROS Clock Signals 

Unskewing, [L _ .--...... -
Delay Logic ~A~ 

~~. _:._:. I 
Stop Clock MC2'7T 
~ LJ;;;JJ_ ~ 1 ~t--~---tNl---~~~-----~_:__~T-~--T-~ 

Insert Key Trigger 
--------------------------------------------------------------1 OR 

ZAOOl I I 
Stop Scan Clock MC271 

Master Reset -
~I 

H;!D '"T ~00• ; 1~ i 

~: 
v~-

_B_c_u_c_1_ea_n_u_p_S_e_l_Su_c_c_es_sfu __ I ____________________ ~ OR ~ 
Reset CPU Request Tgrs 

MC271 

1 

KK201 [ l,.j 

J OR 

ROS Stop Clock Trigger Logic 

ROS Word Bit 45 

ROS Word Bit 46 
- .. 

ROS Bit 

45 46 
Cycles Clock 
is Stopped 

Stop Clock ROS 
(1 or 2 Cycle Duration) 

Reset Forced by ROS 
lTest ar Scan Operation 
r 

Nfi-----~~e-se_t_R_o_s_s_e_n_se_~_tc_h_e_s ____ _ 

I I 
I I 

__j[____rt_ L..._ L..._ 0 
1 
0 
1 

Turn-OnSelect I ~ 
Y l----.--l-------------'1---------------------------t"-O-R-,1--------+G_ot_e_R_O_s_w_or_d_Se_le~c~ts ___ ~ 

KK201 I I 
KC021 ~ LS Turn-Off Select 

KK:l 

Not ROS Test 

Not Fl T Block of Stop Clock Triggers 

I :Clock ~ Signal 
Generntor 

Basic Clock (See Diagram 4-1 or 4-2) 

14"-- 200 ns --+j 

I I - I I I I I I 

r;:;i l~ f:'lN TDt 1-1 I I ~ ~ I A I N1--~-~l1--~~~~------0-s~c-_ol_la_to_r_S_am~pl_e~1------'-IJ.4 
I __J I I T T 1' 
I- I I I I 
I II : I I I 

I I I 
I I I I I I 

KCOll : : : . : : I 

Not Pass 
Pulse Tgr 

I I I I I I 
N I I I I 

A N .___..-+---tJ+---1 --+:-' __ ' _ __,'--------;-,-+I ---1-......;j...o..I ---"---' __.:.:..._.,....-\! L., , I 1 J Sample Latched Lines (Stop Controls) .1 

I 
I I I I -1 

I I I I 
111 ~ 

8 Nl--+--+~-+l~~~~~l~~~~-4-l~----1~~~~~~~.:.;;.:.;.:.=..:~~-=.:.::~.:..:.:..2~'--~__i. -1. I 
1 

Os~llator B (To Bio~ Trigger) I-', 

: I I I I I 

~1--~+--+-------1: __________ : _______ ~~:~----+---------------------~------B_~~'u_o __ sc_i_lla_t_1r-'-(S~ym~:-me_1 t_ri_c_al_C_:_o_ck~)-i_.1~ 
~ I I I I 1 1' 

I I I I 

~ ~ ~~·~...--+---'l'------i+------:--+--+--O-sc_i_lla_t_or_D~(-Re~p-e_ot~,-~~in~g~le_C~yc_l_e_R_st_S~~-an_D_ri_ve __ C_lo_c_k)~~......-1.~ 
LJ I I I I I I 

E Nt-·~~--+:--~--t-;-:~~----+-:-+-t--~~~~--!"-1~, -~-'-'---,I~'~~'~'~ ~ -Oscillator E (Repeat Inst) J. 

I 
I 1 T' 

Clock 
Inhibits 

I I I 
I I I I I I I I ____ ____.~~ 

I I Sample Manual lines (Force ROS Address) 

I l.......+-------iA T T T' 
I I I I I 

~ ~~ 
I Adjustable Dela} I A N Sample Singleshots (Pushbuttons) J. 

I ~ I - - T --j Tl 20 ns t4"- 1 -i 
~80ns~ ,+-

-CPU Clock to BCU** (Unsymmetrical Clock).1 

Stop Clock Tgr 
OR 

~F"ixed, Ga· ted DeJlay I 1-~ : : i ~ I ~ O 

Inhibit Clock CE Check 

Moint Mode Stop Clock 

Stop Clock ROS {l or 2 Cycles) 

Not Repeat ROS Address ] l 
Not Single Cycle Storage lnhibi~ A JI----------' 

KCOll 

Diagram 4-1. Clock Control Logic 

-Gate Clocks to: Gate A Top 

Notes: 

1. Assume, for this diagram, no delay in the 
logic blocks except for 10 ns in inverters. 

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

* Activated by switch or internal triggers, ALO KW081. 

** To SCI request sensing logic (Diagram 4-601) and SCI 
control logic for CE clock (Diagram 4-603). 

f Inverter block is part of logic block. 

t Adjust time delay to provide 80-ns clock, 
120-ns not-clock to logic gates. 

Gate A Bottom 

Gate B Top 

Gate B Bottom 

Gate C Bottom 

Gate E Bottom 

GoteK+L 

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



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

1-10;;--,------
I osc I 
I f 

I 
I 
I 
I 
I 
I 
I 
I 

10. 256 mHz 

FREQ ALTER 

(From Diagram) 
4-3 

Osei I lators 

A 

BG 

A 

BH 

4 

DIVIDING LOGIC 

A A 

BC BD 

A 

BE 

5 

A 

BF 

---1 
l 
I 
I 
I 
I 
I 

5 mHz or 5. 128 mHz Crystal Freq Standard 

(See Diagram 4-3) 

L Free Running L 
-- -- ---- -- --- --- -- -- --- --

__ Kc~ 

Diagram 4-2. Reference Oscillator 

4-2 (7/70) 

Ideal Waveform At Output Of Each AND After Inversion: 

Oscillator 

BC 

Clock--BD 

BE 

BF 

BG 

BH 

Notes: 

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

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

tJnverter block is part of logic block. 

L 

6 



A 

B 

c 

D 

N 
.....:i 
0 ..... 
6 
N 
"?j 
t!1 

~ 
~ E 

'::J -.....:i .s 

t 

2 3 4 

Not Inhibit OSC, On Wrap, Or Logout 

+3V de 
9 

Nof Wrap Mode A L..0.._ 
..,._ln""'ili]"""'fu_,.......,,O,...s-c"""S,...e .... _Q ......... u-ts-ta-na-.IT."'"in-g----1KC

101 
~ 

5 6 7 

,-- - 5.o:;;-HzOSCILWoR~ -- -- --, 

I 1 SYM ,..__Adjust for symetrical 
CTRL 100-ns/100-ns clock signal. 

I l Adjust for 200 .. ns period I 
~ 
~ 

Hardstop Inhibit OSC A N . .._.--...... ...,_....,.r-;:- .--- _t \ 

8 

I __:::it7,J: I \clock signal (Null-Comparator)I 

-------------+--1 KC101 1--._N .... o_,te,_l_-+--+.J.--1 AMP L...:........I ...-- l 
I ~ TD Symmetry r -~ -- S._Q_~ COMPARATOR CiRCUIT -- - ·ji, A 1-- . 1---' TD 1--1 AMP AMP-.----~'° Observation I N t--+--...... -+---_.-1KClOl '---' Driver Point 

I FREQUENCY ALTERATION SWITCH u_ - I C~ _______ -____ ---__ __, ~ I 
I 

_r l>-----(-PK-0-41_)_----l~ ..... I __ l~_q __ ,.. I M'"A~........+-~-+-- L - - - - - - - - - ..!f12!1 *LJ ~ 
1 

.-
1 

- - ~128-mHz.OSC"iLLATOR - - -1 
I SYM .,__Adjust for symmetrical . I 

TEST SWITCH I CTRL 97.5-ns/97.5-ns clock signal. , 

I L(PKA041) I . I 
I Test Latched Test On Latched _O_R_r--i I ,______,,--;:- r clock signal. 

OR 
..--- KClOl 

· 1 lnhibitZL I 
1 

Adjust for 195-ns period 

1 

I 
r-- PX301 State Zero Note l l r--"--

_..-....,....._.-.... ........ _..,. PX331 I T AMP t...o.... TD, l Symmetry 
A .,..._ D. 1--1 TD, 1--1 AMP AMP-.. --.---~'° Observation 

I . ..._..,.,-+---.... ---------tKClOl I c river ...__ ~ ....___ I Point 
State 0 +Test 

L _ Frequency Al~o:_::cu~ -- -- -- __ j Freq. Alter. -1 L -- ___________ ~Cl~ 
1.2 usec . To Diagram 4-2 ' 

·Machine reset J --------t SS 
If line is positive, oscillator output is 
positive and not running. When line goes 
negative, oscillator output goes negative 

·and starts stable oscillation. 

L , 5.0-mHzREmENCEi r - -5.Q:;HzComparatorCh:ui-t - -- -1 

I 
(Fro

11
mdcrystal-con- I I . I 

9 

Gated Osei I la tor 
. (Basic Clock Pulse) 

tro e ; same as . 

1 1 
~ Filter h . 

shown in Diagram I w~ . I II 
300-kHz AMP and Nu 

I · 4-2.) I I \ Mixer ~.Lo':"-Passr--1i::_mHz Traph----<>I O~servation r---1 \ Filter ""'. Point 

I 5-mHz -'- Filter I 
·Reference I I - \ 

~Fi I ter converts square wave 

L ___ K~!J L __ input to a sine wave. 

Diagram 4-3. CE Clock Signal Generator 



2 3 4 5 6 

Execute -.-- P4 Gate 1_ROSLTH(47) = l 
~A~) 

Execute in Progress A 

Privileged Operation 1--
1_ Clock P3 

N 
r 

A 

Nat Supervisor Mode A 1--

A 
Specific Err D +ST+ E Reg 1...- OR 

,.........,-

Invalid Op Cade 
SPEC K31 A , T--. RAR K24 

OR 

SCON ar SA TR Cand Spec Exe 
EXCEP K25 1--

r A FL t----..---

WRD or ROD or SIOP Exec 
f Block ROSAR on Except Cond A 

Ir--

.___ SOROS and Not ROS Test or FLT 1--
A 

KM431 FLT Clock Time 2 L FL 

Addr - 14 
A 

'--L--
RX021 

FLT Clock Time 2 1--

I PL or Restart Inhibit Next Address 

Repeat ROSA PB 
10 and Sync Not ROS Test 

A OR N 

.----- FLT Clock Time 2 ~ 

P2 Reset ROSAR(0-5) 
A SOROS and FLT 

OR A 

(Not) Machine Reset Not Logical r FL 1--
Addr S~ >13 

r-~L-
SOROS and FLT 1-- -
FLT Clock Time 2 A 

ROSAR(l-4) 8 ~~I 
Addr Seq< 14 

Similar to 

State 1, or O, or Test 
T-RAR K24 

0 and 5 
.__ -

ROS Transfer PB 
Page Except Force Add 007 

Repeat ROS 
Address 

'-

RXOOl 

B 

1--..--...-
Clock P3 A 

Clock P2 lr-~R~ ~ 

A FL Not ST Bus 40 A 

[FL 7x~ 
~ OR N 

CE Key 8 A 

~ 
~;: !: ::::: 

l ROSLTH(52) = 1 ~~) 

A 

f Exceptional Conditions ~ ~ 
1. Timer 

,..........,..- 1_ T-RAR K24 1--

2. CPU Store in Progress Not ST Bus 45 A ~~~ A 

3. Stop, Wait, and Repeat 
4. Program Store Compare 

~ OR N 

5. Invalid Instruction Address Test 
CE Key 13 A 

Ir-

6. Q-Register Refill 
L..-.'--

A 

RX911 c~ 5 

Diagram 4-101. ROSAR (0--5) Logic 

D 

E 

F 

G 

H 

4-101 (7/70) 



2 3 4 5 6 
I k S Not Time C oc tep ....--- Inhibit Next Address 6,7 

N Prog Sto Comp T gr 

Predecode LPSW 
A Clock P3 8-Not Timer Clock Stop Pri 

Ah ~~ ROSAR(6) 

CPU Store in Progress ROSLTH{53) = 1 ,........,,......, 
KM831 

KMBfi 

t- A ~ 
NEXT-INST* IC J97~ 

OR J97 + J 121 EFFROO 
.....-+-------

NEXT-INST• D J 121 A 1--A 
~ 

Eff R(O) = 1 
Interrupt Priority ~ A 

~ 

OR t--' 
DS217 

E(02-07) + ROA 
~ 

J103 1--

E(2) = 1 
~ 

CPU STOP f--L___ A 
OR 

EXCEPT 
~ FL r--..-

CPU Stop Excep'.J Scan Inhibit Next ROSA EXCEP K25 1--
A 

CPU Store in Progress Scan-MC Inhibit 

Manual Controls Force Addr 
OR N 

KM831 A 

STOP c RxOoi' 
Stop Trigger ~ 

~ 
1--

A Not Time Clock Stop + Interrupt lo-+-- A 
OR 

EXCEP Set 
KM831 r-

[~061 PSW Wait State Mask Bit 
WAIT ROSAR(6) For I-Fetch 

0-
...___... 

T-RAR K24 
Scan Set 

B 

KM831 Force ROSAR(6) A OR 

Repeat Instr REPEAT 
DS 211 Clock P3 

A l Not Stot G ROSAR{7) 

q;J ROSLTH(54) = 1 ;--,--., 

NEXT-INST * IC J 97 __r--r--i 
.....----, A 

ST Bus 46 ,....--,--, 

Not Repeat ROS Address A OR J97 + J121 EFF ROI -)----
NEXT-INST* D J 121 r--

OR A 
CE Address Key 14 1-- -Eff R(l) = 1 

A ....---- A Repeat ROS Addr ~ 

.....___.___. DS217 E(02-07) -ROA ~ I--

RX911 
Timer Clock Stop Priority XE27 + XE47 J103 t--

OR 
ROSAR(7) EXCEP Set E(3) = 1 

ROSAR(7) for 1-Fetch .A 

c 

.______, 
KM831 

~ 
EXCEP K25 1--

'OR 
i--.---FL 

Not Scan MC Inhibit A 
Not WRD, or RDD, or SIOP Spec Exe .....-

D 

SCON or SATR Condition Spec Exe ~ 
SPEC K31 1--

Specif Error D,ST, or E Reg 
Privileged Operation 

f l ~ 
Execute or Invalid Op OR n ROSAR(7) SPEC Set A 

Not Supervisor Mode 

KM431 
SS Format .____J Specif Error PAL ~ 

KM431 
....____. t--
KM431 

.___ 

Not Repeat ROS Address 
Scan Set A ...----,--

A T-RAR 

"'~ 
Clock P3 r-

ST Bus 47 
Force ROSAR(7) A 

CE Address Key 15 1-- OR 

[FL Scan Force ROSAR 1---1 OR .__.___ 
Repeat ROS Addr A Inhibit Next Address 8, 9 RX071 

Rx9i1 
Gote .ROSAR Scan or MC A N 

.......... ........... 
DS211 Clock P3 

N 
ROSLTH(55) = 1 

ROSAR(S) 
FLR Jl20 Normal Set 

OR 

A 
Serial Carry DS365 

DS365 E(04-07)- ROA J102 J102 or Jl03 and E04 

E(02-07)- ROA J103 A 

E(04) = 1 
J97 EFF RO I 

E DS217 
NEXT -INST ., IC J97 Not EFF ROO 

A 
R(12-15) =0 

A 
Eff R(l) = l 

DS217 
Pseudo R(12-15) = 0 

Jl21 EFF ROI 

OR OR 
R(l2~15) = 0 and Not 0 to R FL 

MC+ PSC +INT A 
CPU STO EXCEP RX081 

Stop 

Prog Sta Comp A OR 
ROSAR(8) for I-Fetch EXCEP 

Not External lntrp Priority 
KM831 EXCEP Set 

KM831 'Power On Reset Not Scan MC Inhibit A 
DECIMAL J98 

OR 
E(12-15) = 0 Set ROSAR 8 Scan 

F J(58-63) Jl22 RX081 

PAL(58-61) = 0 Clack P3 
A 

SAS 2,3,4 JI 10 LOGIC-COMP Jl07 
Addr Seq 2 

EDIT JI04 SAL(0-7) = 0 

ABClncr=lll 

DREG(18-23) J96 Normal Set 
D(18-.2l) = 0 OR 

ROSLTH(56) = 1 
FLR Jl20 

STAT C =STAT F 
DS365 

E (04-07) _.ROA Jl02 

Not IC(21) E (02-07) - ROA Jl03 Jl02 or J103 and E05 

Not 0(16-19) = 0 E(5) = 1 
NEXT-INST * IC J97 

G A 
Not IC{22) Not RR Format 

Not IC{21) DS217 
A 

Not 0(32-35) = 0 
A 

IC(22) Not D(21) 

IC(21) OR Not D(22) NEXT-INST* D A 
Nat IC{22) 

A 
Not 0(16-19) =o 

·FL 
Nat 0(48-51) = 0 Not D(21) 

D(22) A 
IC{21) A 
IC(22) Not 0(32-35) = 0 

A 
Not 0(0-3) = 0 D(21l OR EXCEP 

Not D(22) 
Not Scan MC Inhibit DS215 A 

CPU Sto Except 
Not 0(48-51) = 0 

A 
D(21) 

Stop 
D(22) 

H Scan or MC Set Timer Clock Step Priority A 

Machine Check Int Priority 
Not 0(0-3) = 0 

A 

Extern a I fnt Priority OR DS215 Page Exe Force Add 007 

1/0 Int Priority A 
ROSAR{9) for I-Fetch 

Clock P3 
Prog Sto Comp 

~ KM831 

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

· 2701-02 FEMDM (7/70) 4-102 



2 3 4 5 6 

WI = Kl5 ..---~ 
SAL(4-7) = 0001 A 

E(23) = 0 Kl6 1--

Iner L (8-15) = 0 A 

E = 0/ Kl8 1---i I Kl ~ 

Iner L (8-15) = 0 A A 

WCRY Kl7 
.__, OR E3 = O/ K20 1----1 

A 

Serial Corry A STC = 7 A 

E3 = 0/ K20 1-- Fl I l K22 1--

Iner LJ12-15j = 0 A F(4-7) I 0001 A 

E3 = 0 Kl9 ~ INTRP K21 1---i OR I--

Iner L (12-15) = 0 A Prog-lntrp Tgr on INTRP A 
i.......:_i__ E = 0/ K18 t--

OS201 STC = 7 A 

lRReC Kl2 .---,_......, Fl 19 K23 1--

IC(2l) = l A 
F(4-7) I l 001 A 

.....----. 
IC(22) = l '-'---l L--

DS201 
lRReC Kl2 1--

IC(21) =O OR OR 
Normal K Set 

IC(22) = 0 
A 

:-U MOVE K27 1-- ROSOL 59-61 = 111 KS 

MOVE A 
ROSOL 57-58 = 00 ....---

Ff= 1 . & Not PSW 38 ~ 
Restart ROS Time~ 

i.........-

. ~OS 59-61 = 100 K2S A ~1 

B 

R·os 57-sa = 11 

~ 

DSl61 

c 0(21) K6 ....--.,--, 

D(2U =I A 

STAG KS 1--

STAT G Bus A OR 
r---

PSW39 K9 ~ 
DEC KIO r----1 

PSW139l= I A DECIMAL A 

....__.,_ STAE Kll 1-- OR f---1 
DS205 STATE Bus A 

WI= 15 K13 1--

E3 = 15 K2 r--r-- SAIJ.4:.Zl. = 1111 A 
L--i.........i 

Iner L (12-15) =l's A DS205 

D 

E2=Ql K3 1--1 

STC = 000 Bus A OR 
r--

E2 =O/ K3 1-- 6< E23 K26 .....--

Iner L (8-11) =O A 
Iner L (B-15)> 6 A 

'----1....-J 
E2 = 15 K4 1--1 

OR 
OS205 Iner L (8-11).= 1111 A 

STAO KS I--
STAT D Bus A ......_.__ 

DS205 

DREG(IS-23) J96 Normal J Set 

D(22) = 1 A 

DECIMAL J98 I-

OR 
- ..-- SPEC K31· r-r--

STC Iner= 0 A 

DECIMAL J98 1--1 
FLTP-UN, COMP Jl05 ......- SPEC Block ROSAR and Set Bit 7 A 

Iner L (8-11) = 0 A 
Unnorm Flt-Pt Op A EXCEP K25 1-- Inhibit Next 

STAD, STAG JJOB 1--1 Block ROSAR on Except Cond · A Address (10, 11) & OR 1--- OR 
DS061 STAT D Bus A T-RAR K24 1...-

E 

Al= 0, JS= 0 J123 1--1 Scan Inhibit Next ROSA 

IC(21-22) J99 
AB(8-11) = 0 A lvbn Controls Force Addr 

IC(21) =I 
~ Page Exe Force Add 007 

A DS061 
STAE,FISGN +JIOl 1--! RxOOJ 

STATE Bus A OR 
r-- PAL(32-39) I 0 r--r---

SAS2,3,4 JI l_Q 1--1 
WI = (01-15) JlOO ~ E(7) = l 

OR 

A SAL14:Z2_ = JJ-~ or 101-15 A PALl_40-63lt_O ~~O) 
Address S~3 

ALT I MS-TEST J124 1-- E(7) = l I--
OR 1--

L--

05061 Fetch Alternate Test A Not PAL(32) Ex or Fix Pt Oflow OR A t-- A 

E(04-07)- ROA J102 1-- E(7) = 0 I- ~ 

1--F 
~06J. =I A r-----1 

L......J PAL(32-63) = 0 
.....__ t--

JI =0,J17=0,Jlll L......-L- PAL(32-63) Ex or Fix Pt Oflow 
OR 

A 
DS061 '---

PAL(B-1~ = 0 A OR f--
~ ~ 

DS208 1--

OS365 
.-----i J47f0 K14 

NEXT-INST IC -r---l J97 
F~st K Set A 

PAL 32-63 :/ 0 ~ r--1 E(6) =I OR 

PAL Carry 32 
...._ 

NEXT-INST IC J97 f--l ~ 

ROS 62-68 = l 111101 J125 
A 1-- OR 

E(02-07)-ROA J103 OR 
J97 and I c_(21j_ or JI 03. and Ei.6) FL 

t--

SAL I= I 1-- OR t-- ~ A E(02-07)-ROA JI03 A 

ROS 62-68;,, 1101010 J106 A IC(21) =I OR ~ 
EXCEP K25 1--

L-.1.---' IC(21) =I 
DS041 

1--1 
Not Scan MC Inhibit Cond 

J(58-63) Jl22 
E(6) =I OR 

.D(20) A 
~ 

G 
PAl.{_621_ = I A DS217 

FLR Jl20 1--1 Page Exe Force Add 007 
.,.___.... 

1--

rr 1-0 lntrpt Pri .~ 
Within Ra...!!9_e 1-2 A OR A 

FLR Jl20 I--- CPU Sto Exeei>_ Clock P3 
......._, 
~ 

Within Range 3-4 A Stq:> N 

DS065 
A 

Ext ln!!e_t Pri ...---
"A 05065 

LOGIC-COMP ,...__,_.._ P~ lntrpt Pri OR 1---
J107 

.EDIT J104 SAIJO-l) = 0 
ROSAR(I 0) for I-Fetch 

[ FL 
Iner L (8-15) = 0 A ABC Iner= 7 A Wait 

1....-L..-
RX101 

EDIT Jl04 I- LOGIC-COMP JI07 1-- Invalid Inst Addr Pri 
1.-...-

STC Iner= 7 A OR I-- SAL(0-7) I 0 
A KMB31 

0(21) = 1 1--1 Serial Col"{}'_ OR 

11~~ A 
Jl =O/I, J17=0 JI09 1--1 

T-RAR K24 ~ 

NEXT-
PAL(7-11) = 0 Force RO SAR( I 0) A 

INST *0 
A 

05065 
Scan+ MC Set 

Jl = 0/1, JJ7= 0 J109 1-- Force CROS Addr Bit l 0 1-- OR 

PAL(6-l 1l = 1 's A 
Man Ctrls Force CROS Addr A 

H 

L---L-- 05208 
05065 

Diagram 4-103. ROSAR (10) Logic 

4-103 (7/70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

E3 ;i3 Jl7 .---r--
---------------1 
_l_nc_r_L_(_l4--',_l~S)--'~-3---------1 A 
E2 : E3 J33 r---1 

_l_nc_r_L_(_8-_l_l~)-_-_1n_c_r_L_I0_2_-_1s_) ____ -1 A 

HS MOYE J26 t--1 

ABC = 0 Bus 

STC = 0 Bus A ORt--

Iner L (8-1 S) Greater Thon 6 

ABC/ 3 J6S t--
_A_B_C_l_n_cr~/_3 _________ ---1 A 

STC = 7 J23 r---1 

STC "'7 A ---------------t ....___.____ 

DSl21 

_ST~O_-_P_B __________ J2_1--I~ 

_P_u_sh_b_u_tt_on_G_ot_e ________ --1 A 

Store Pushbutton 

IC-PB J31 f--

Pushbutton Gate ----------------1 A 
Set IC Pushbutton OR t--

LS PB JS t--
_L--'o_ca_l...;S_to~r_N_o~t_M_a_in-'-St~o-r _____ --1 A 
STT-PB J34 t--

Pushbutton Gate 
----------------i A 

Start Pushbutton 
.......__.__ 

DS122 

E(l 2-lS) = 0 

BCNMQ Jll t--
Not Condition Met for Branch on Condition A 

E(03) J22 r---1 
_E_(3_)_=_1 ___________ -1 A OR t--
D(22) = 1 J38 r---1 

_D--'(_22~)_=_1 __________ __, A 

D2 = 3 JlS t--1 

D(21) = 1 
-----~----------! A D(22) = 1 

3 

STAF = C J84 r-r-1 ---------------1 
~AfC=~ATF A ---------------1 
STAA J81 t--

_S_T_A_T_A_B_u_s _________ --t A 

IC3 = 3 Jl3 t--

_l_C~(2_l~)_=_l __________ --; A 

IC(22) = l OR I--

15TAC Jl8 t--

Not STAT C Bus A ---------------1 
1F04• Jl4 t--

_F_(0_4_)_=_0 __________ _, A 
PAL Carry 32 

~ 

DSl 13 

DIS-PB J2S .--r-----------------1 
Pushbutton Gate 
-----------------.A 

Display PB 

ROS-PB JBS t--

Pushbutton Gate ----------------<A 
ROS Transfer PB 

_S_A_S_=_l3 _________ ~J5~3-it-- OR1--

_A_d_d_re_ss_S_e--'q_ue_n_ce_=_1_3 ______ -1 A 

SAS = 0 J49 t--
_A_d_d_re_ss_S_e_q_ue_n_ce_=_0 ______ --1 A 

TCS/ST J69 t--

_Ti_m_er_S_t""""'ep_or_S_top~T~g~r_o_r _ln_te_rr_u~pt __ --1 A 
.___.__ 

DS122 

_s_r_A_s _______ ,~ ____ J5_o_,,---,--
~Af BB~ A 
---------------1 

STAH J66 r-
STAT H Bus A ----------------; 
M/DVD J29 t--
Dec Divide A OR 1--

M/DVD J29 t--

_D_e_c_M_u_l_tip~!x._~----------1 A 
Dec DIV J82 I--

Dec Divide A ---------------1 ....__.__ 
05131 

PSW-PB J30 r--r--1 ---------------1 
_P_u_sh_b_ut_to_n_G_a_t_e ________ -1A 

Load ·PSW Pushbutton 

SB-PB J37 t--

_M_oi_n_S_to_ro~g~e_B~y_te _______ --1 A 

UFLO J28 t--

_ln_hi_b_it_l--'ng~a_ti_ng~Bu_s _______ -..--------------------; A 
F(O) = 1 

UFLO J28 t--

N~-----1 A 
SA'=!.Ql = l 
HOLD 1/0 J36 r----1 

4 5 

ABC = 0 J7 r--r------------------1 
ABC = 0 A ---------------! 
W-CRY J2 f--

_S_e_ri_a_l C_a_r~ry_B_u_s ________ --1 A 

T_(_32) J3 t--

_;S:...;T...;B:..:u.:.S ..::.32=----------------l A OR 1--------~ 
JCRY 28 J4 t--

~P'-'A~L~C~o~r'-'--'~-2~8'------------1 A 
l Jl f--

A ........_,,_ 
DSl 11 

ABC = 7 J39 ,.....-,--
----------------l 
- ABC= 111 A 

STC / 3 JSS f--

~S~T~C~l~n~cr-'l~Ol'-'1-----------l A 
T/T • T J70 f--

Tronslate or Translate and Test A ORi-----~ 

3 < STC J71 f--

STC Greater Thon 3 A 
w =o J68 t--

SAL(0-7) = 0 A 
.___.__ 

DS121 

_M_CW_0_4 __________ J_l9__,r-r--

_M_C_W~(4~)------------; A 
ERROR J35 l--

_ln~p_ut_E_rr_o_r _D_et_e_ct_ed _______ -1 A 

CONTIN J67 t--
_C_a_n_ti_n_ue_S_e_;q_ue_n_c_e _______ --1 A ORt-----------1 

XECTGR J20 f--

_E_x_e~cu~t_e _in_P_r...;og~r_es_s~Tg~r--------1 A 
RCTR = 0 J83 t--

_T_l_C_o_r --'G_A_P_a_n_d _N_o_t _Re_,_'e<_e_at ____ --t A 

1E3e RR 

"---'---"' 
DS131 

J24 r--r--1 ----------------! 
_R_R_F_o_rm_a_t __________ --1 A 

E(l2-15)=0 

E3 / 1 Jl6 f--

_ln_cr_L--'-(1_2_-1_5~)~1_1 _______ --1 A 

E3 = 255 J48 t--
_ln_cr_L--'-(8_-_11_,_)_=_l_S _______ ---< A ORi------

lncr L (12-lS) = 15 

E3 f 4 

E(12-l 5) j 0100 

4< E3 

Iner L (12, 13) I 0 

J32 t-
A 

J64 t-

A 
.....__.____. 

6 

OR 
Z Set ROSAR 11 Normol 

_E...;.(0_4_-_07)-'----R_O_A ________ J_l0_2--l.----r-- Direct Control Hold A 
_E~(~7)~B-'u~s __________ _,....., A _J_C_R_Y_4 ___________ J_86-1t--OR1-----------------------------' 

li02-@-ROA J103 t-- PAL(4) Ca~ A 

DS141 

-;_,_~_,_j_B_us __________ J_12_0___,~ _:_:_~-~-~_u __________ J-52_,~ 
_S_A_L-(0---7)_=_0 _________ ____, A ROS 62-65 = 0101 t--

DECIMAL J9B t-- OR ~ ROS 66-68 = 110 
_A_B_C-ln-cr_=_o-----------< A ,_,._i:::..._s_A_s_=_10 __ -'-______ J_46-1 

A 

J(58-63) Jl22 t--

_P_A_L~(6_3~) =_l _________ --I A 

Al = 0, JS= 0 Jl23 t--

~RO_S_6_2-_6_5_=_00_0_0 _____ ~-----1t--
_R_O_S_66_-_68_=_l l_0 _______ --1 A 

r::::... res J6 

_P_A_L(~4_0-_6_3)~=_0 _________ ~ A 
~ 

ROS 62-65 = 0001 t--
~RO_S __ 66 ___ 68 __ =_l~00..,......---------------1 A 

OS071 l::::..LMT J12 

Stat G Bus 

~:;:~ 
E(4-7)"fl3orl~ A 

DECIMAL J98 ,...........----------------, 
E(12-15)=0 A 

-W~l-=--(0~1--1-S)----------------Jl--tOot--

_S_A!J~4_::21~= J~5--~~o_rJ.~1_0-_J 2l_~----i A 
NEXT INST *D Jl21 t--......._.____. 

DS 161 
_D~(2_2~) _=_J __________________ -;A 

NEXT INST *IC J97 t--

L~ 
_J4_7_=_o_. _O_F_L_O ______ J_8 __ --I A 

IC(22) =I A ORf--

t:::.. W j\ll-02) J106t---1 

----------------------t A 
SAL 2=1 

PAL (10-63) = 0 ROS Lth 62-68 = 1111101 Jl25 t--1 
_i:::..._s_12_c~~--------J-45 __ --1i-- _P_A_L_3_2_-6_3~f __ O ___________ ~A 
_R_o_s_6_2-_6_5_=_0_1_0_1 ______________ -t A PAL Corry 32 

ROS 66-68 = 101 ...._..____. 
J47 =I 180 DSlOJ 

_PA_L_(_63_)_=_1 __________________ ---1 A 
PAL(32-62)=0 

J47 ~ 0 JlO t--
""PA--L(""32,...._-6-,3),_=--0------------------t A 

_J5_7_= __ o _________________ J_9 ____ --it--

PAL (40-64) = 0 A 
-----------------! 
ROS 62-65 = 0011 J27 1-----------------------------t _SA_T_R_S~e~l _R_ec_'d _________ -1 A 

ROS 66-68 = 011 ORI-----------------------------------, 

~R~O~S..::66~-...:6..o.8_=_0'-'00-"--------J_4_0_-t-tt--
_S_T_Bu_s_6_3 ____________________ -t-t A 
ROS 62-65 = 0101 

ROS 66-68 = 001 J41 t--
~------------;~ 
~W-D;...;.;IO~C~E;;...;;O:...;P ________________ -+-+-tA 

ROS 66-68 = 010 J42 It+ t--
_A_n_v_l_O_C_E_M_c_k __________ -;~ A 

t
t+t--

_s_ta_te_O_, __ ar_T_e_st ____________ J_43 __ -t-t-1 A 

Req Set PB Gated .... t--

_R_o_s_66 __ -6_8_=~1oo ____________ J_4_4 __ .........-i A 

..._ .____ 
DS171 

Diagram 4-104. ROSAR (11) Logic 

T-RAR K24 r--r-
~-------------------------1 Farce ROSAR (I I) A 
~------------------------! Gate ROSAR Scan or MC r-- OR 
~--------------------------t A 

.............__ 
DS 208 

LOGIC-COMP J107~ 

E(8-15) =O 
A 11----, 

_J 

JI07~ 
-

LOGIC-COMP 

STC =7 

DS075 
~J_1=_0'-,_;_17_=_o _______ J_1_11-1.---r-

PAL(7-31) = 0 

PAL(32-39) = 0 A 

PAL(40-63} = 0 ~ 

_J1_=_0;_1..:...,_J_1_7_=_o __________ J_10_9-11--- 0 R1-------1 OR Normal Fast Set ROSAR 11 

PAL(7-31) = 0 

_P_A_~~3_2-_3~~~=_0 ________________ , A 

PAL(40-63) = 0 

PAL(64-67) = 0 
....___.___ 

DS075 

...:D~R~E~G~(1~8~-~23~) _______ ---"J_96~,....---,----, 
_D~(_23~)_=_1 __________ -IA 

EDIT J104 t--1 

-'E_{;=l)__,__=...:...l _________ -1 A 

EDMK Latch 

IC(2 l -22) J99 1--

_,_IC.:::.iJ.:.::.:2?1::.J_=...:...l -----------1 A 
STAE, Fl SGN + JIOl ~ 

"-""©---
.--....___ 

DS365 

F(4-7)/1011orl101 A 

...;S_A...;.S_2,'--3..:...,4 __________ J_l _10--lt--A OR rl OR L Normal Slow Set RO SAR 11 

Address S~uence 4 I L_J 
...;S:...;T.;....A;o..D.:..., ..;;.S..:...TA..:...G::._ ________ J_I 0_8--11--- OS365 

-'S'-'T'--'A..:...T..::G~Bu'-"s-----------t A 
FLTP-UN, COMP JI05 t--

_C_o_"'E!..._ar_e __________ --t A 

ALT, MS-TEST Jl24 t--

_T.:..ce..;;.st~i..:...n..::S..:...to~ro~:J91~e-----------i A .___.___ 
DS075 

Not Inhibit Next 
Address 10-11 

Clack P3 
------; N t---+--+--t---; 

t-
t-t--

,..._A OR 
FL r--..--

ROSAR 11 Fast Input 

Set ROSAT 11 Scan or MC 

'--+-t--

,._A 

i-
p-- A 

t-
Page Exe Force Add o'07"' A 

r--
~---------"""1 A 

CR><m-
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A 

B, 

c 

D 

~ 

E 

Clock P2 

ROSAR(O) = 0 

ROSAR(l) = 1 

ROSAR(2) = 1 

ROSAR(3) = 1 

ROSAR(4) = 0 

ROSAR(lO) = 1 

Clock P2 

ROSAR(7) = 0 
ROSAR(8) = 0 
R0SAR(9) = 0 

ROSAR(O) = 0 
ROSAR(5) = 0 

ROSAR(6) = 0 

ROSAR(O) = 1 

ROSAR(l) = 1 
ROSAR(8) = 0 
ROSAR(9) = 1 

ROSAR(O) = 0 
ROSAR(5) = 1 
ROSAR(6) = 0 

2 3 
A. ROS DRIVE LINE DECODE 

45 ns 

KK211 
first Level Decode 

(KK011) 

Gate Drivers 

ROSAR 0, 1,2 = 011 

Second Level 
Decode 

Drive 29 P7 QPl 

I 

B. ROS SELECT LINE DECODE -+
I 40 ns 

I 
Gate Word Selects I 

KK201 

First Level 
Decode 
(KK101) 

ROSAR 7,8,9 = 000 

A 
ROSAR 5,6 = OOC 

ROSAR 5,6 =COD 

ROSAR 7,8,9= 101 

A 
ROSAR 5,6 = ICC 

ROSAR 5,6 = 100 

I 
I 
I 
I 
I 

Second Leve I 
Decode 

I 
I 

KKll 1 

KK131 

Select 00 Gate C Planes 0-7 

I 
Select 00 Gate D Planes 8-15 I 

I 
I 
I 
I 

Select 21 Gate C Planes 0-7 I 
I 

Select 21 Gate D Planes B-1 I 
KK151 I 

_____ J_ 

Diagram 4-105. ROS Addressing and Data Flow (Sheet 1of2) 

4 

ROSAR 

5 6 
C, ROS SENSE AMPLIFIERS 

Differential Sense Amplifiers 
Bit 0 Upper Word 

Gate C Planes 0,2,.4,6 { 
Bit 0 Sense Lines ---------1 
Gate D Planes 9, 11, 13, 15 { 
Bit 0 Sense Lines 

Gate D Planes 8, 10, 12, 14 { 
Bit 0 Sense Lines ----+--+-----1 

EFOOl 

Bit 0 Lower Word 

Gate C Planes0,2,4,6 { 
Bit 0 Sense Lines ----+--+--+.....---i 

Gate D Planes 9, 11, 13, 15 { 
Bit 0 Sense Lines 

Gate D Planes 8, 10, 12, 14 { 
Bit 0 Sense Lines ----+-+ __ ..._-4 

EFOOl 

D. ROS SENSE LINE AND DRIVER DISTRIBUTION 

I' 
I 

--,-_J 

Gate C (Inside) 

Plane 7 Plane 5 Plane 3 

} 
400 Sense 
Lines 

Select 01 Gate C 

7 8 
E. ROS SENSE LATCHES 

ROS Pas 0 
Sit 0 Upper 

Sit 0 Lower 

ROS Pos 1 
Bit 1 Upper 

Bit 1 Lower 

Strobe (PO + 160 ns) 

ROSAR(ll) 
Strobe Upper Word 

Strobe Lower Word 

EEOC! 
_R~ese_tS_e_n_se_L_o_tc_h_es-'-(P0_+_1_20_ns~)---------1Nt--+--+-<1 

Bit 99 Upper ROS Pos 99 

Bit 99 Lower 

PO P4 PB P12 P16 PO P4 PB P12 P16 PO P4 

Drive 

Select 

Strobe 

Sense Latch,._ 
1 
___ ... _

1111 _) 

ROSDR 

ROSDR Latch 

ROS TIMING 

______________ L ________________ _ 

9 



B 

c 

D 

.....i 
N 
0 
~ 

6 
N 
'Tl 
trJ 
IS:: 
0 
IS:: 

,-.. 
.....i -.....i 8 E 

f" 
~ 
0 
~Ul 
Cf.) 
i:r' 
N 

ROSDR Latches 

11 

-PROSAR A RX 

i 
To lndi co tors 

I 
Decoder 

-. 
Register Ingoting 
Control 

ROSAR Latches 

To Selected Drive Line 

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

35 

J 

11 

RX I 
11 

PROS AR 

i 
To lndi caters 

Decoder 

l 
Loco I Storage 
Control 

11 

42 

42 

42 

RYI 
42 

5 

43 46 47 

43 

43 46 47 

Decoder 

Main Storage 
Requests 

RO SAR 

Gate 
Decode 

4 

'Y 

NA 

Base Address 
of Next ROS 
Word 

6 'Y 7 'Y 8 'Y 9 

K M N E Q u v 
56 57 61 62 68 69 73 74 77 78 80 81 82 84 85 86 87 90 91 92 96 97 99 

68 69 73 74 77 78 80 81 82 84 85 86 99 

56 57 61 II III 86 87 90 92 

62 68 

External 
Conditions 

Decoder 

Over
riding 
Branch 

Force New 
Address 0-11 

Y-Branch 

Decoder 

Functional 
Branch 

Z-Branch 

ROS DR 

Decoder 

Serial Adder 
Bus Control 

-AR ROS DR 

Decoder 

Para I I el Adder 
Bus Control 

-AP 

Decoder 

Outgote to 
Serial Adder 

Decoder 

Outgate to 
Parol lel Adder 

_4_3 __________________________ _._ _________________________________ 6_0 ..... ,as _0_6 ______________ _._ _______________ 9_9 

ROS BR 

11 

To Indicators 

DR,~ I ~l~_R_o_s_s_R~~~~~~~~~~~~-~-~R-~~I 
t 

To Indicators 
10 11t 

----T~~~~~~~~-- To ROS Word Gate 

Legend: 
* =Spare 
** =Parity 

Address Decoder t ROSAR(l 1) set selects lower word 

F. ROS DATA FLOW 



2 

Select 0 

A 

Select l 

B 

Select 2 

c 

Select 19 

D 

Select 20 

E Select 21 

cs 
Drive 0 PO-QPO 

F ED101 

Diagram 4-106. Array Drivers 

G 

H 

4-106 (7 /70) 

CJ 

A 

A 

ED151 

3 

Dr 0-Sel 0 PO-QPO 

Dr 0-Sel 1 PO-QPO 

Array Drivers 
3 through 18 
Not Shown 

Dr 0-Sel 19 PO-QPO 

Dr 0-Sel 20 PO-QPO 

Dr 0-Sel 21 PO-QPO 

cs 
Drive I PO-QPI 

ED101 

4 5 6 

A 
Dr 1-Sel 0 PO-QPl Dr 63-Sel 0 Pl 5-QP3 

Dr 1-Sel 1 PO-QPI 

1 
+Select 1 

D D 
-Drive 63 P15-QP3 

·Dr 1-Sel 19 PO-QPI Dr 63-Sel 19 P15-QP3 

Dr 1-Sel 20 PO-QPI Dr 63-Sel 20 P15-QP3 

Dr 1-Sel 21 PO-QPI Dr 63-Sel 21 P15-QP3 

cs 
Drive 63 Pl5-QP3 

ED141 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Inhibit ln9atin9 t 

Disable or Scan Block Errors 

Not Parity Error Bits 6-42 

Clock P0-2 

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) 

Not Inhibit Local Clock 

Clock PO 

.. 

To 
78-80 and 
82-84 

Diagram 4~107. ROS Data Register 

3 

Clock PO Forced 

ROSL TH (2-5) 

Not Clock P0-1 

ROSLTH(6-36) 

Clock PO Forced 

Not Clock P0-1 

ROSLTH(3B-42) 

ROSLTH(69-73) 

Clock P2 ond Not ROS Chk 

Not Clock Pl ond Not ROS Chk 

ROSLTH(74-77) 

To 
78-80 and 
82-84 

Clock P2 and Not ROS Chk 

RO SL TH(78-80) 

Clock P2 and Not ROS Chk 

ROSLTH(B2-84) 

4 

Clock P0-2 

De.code 2-5 

Not Decode 2-5 

Not Clock P0-1 

Decode 38-42 

Not Decode 38-42 

Decode 69-73 

Not Decode 69-73 

Decode 74-77 

Not Decode 74-77 

Decode 78-80 

Not Decode 78-.80 

Decode 82-84 

Not Decode 82-84 

5 

ROSDR 
Latches 6-36 

Not Decode 6-36. 

RY021 

Decode 6-36 

Note: Initially, ROSDR is set to all I's; 
a O in a sense loich position resets the 
corresponding R()SDR position. 

f Only t.p during scan operations. 

6 
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A 

B 

c 

2 

I, , 
21 

r----1 
4 I 1 I 

I 
• I LAL(Read) LS LAR(Write) 

0 4 I 0 __ __J 

0 

Local 
Storage 

~I 
22 

4 

LS 
31 

3 

B-Field 
Select 

gic 

RQ751-
781 

B-Field 
Select 
Logic 

RQ751-
781 

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

D 

E 

F 

G 

H 

0 

4 

• 
LS 

4 

r------, 4 I _1 ___ _ 

I 
I 
I 
I 
I 

• 
LAR (Write) LS 

0 4 

L------J 

Local Storage 

LS 
31 

Diagram 4-202. R-Register Transfer to LAL 

4-201, 202 (7 /70) 

4 

Branch End Op 

GT 

Norma I End Op 

OR 

ROS 

I, IC ~I 

RR 

Branch 

End Op 

5 

Q 

r:---;i 
L_ill 
0 1 

SS Format 

6 

Predecode i-------------. 
Logic Not RR Format 

RR181 

1.:1 
~ 
0 I 8 111215 

~I 



2 3 

E(S-11) + 1 to E(B-11) 

A 

E(B-11) - 1 to E(B-11) 

E(12-15) = 0000 

E(B-15) - 1 to E(B-15) 

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

CE901 

E(12-15) + 1 to E(l2-15) 

Nat Pl A 

B 

Constant to E(12-15) 

Ni--------1 
A 

0(18-21) to E(12-15) 

c 

D 

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

E 

F 

G 

H 

4 

Add l to E(B-11 ) 

Subtract 1 from E{B-11) 

E(B-11) to E(B-11) 

E{l4} 

E{15) 

E{l4) 

E{15) 

5 

E{14) 

Constant 14 

0(20) 

NotP2 

Gate INCR(12-15) 
to E(12-15) 

6 

Subtract 1 from E{12-15) [Gate E(l2-15} - 1 to E(12-15)] } 

Gate Constant to INCR{l2-15) 
'---~E(i'i"12?.:_:115;;):-to~IN~C:;;R7;(1:;-2_=;1:;5):-=--~---------H~H~,_J-------- To INCR{l2, 13) 

Gate 0 18-21) to INCR{l2-15) 

E(15) 

Constant 15 

0(21) 

Not P2 

Gate INCR(l2-15) 
to E(12-15) 

E{15) 

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



A 

B 

E 

F 

G 

H 

3 

Add I to E(12-15) Not E(B-15) Bits Even 
Not E(l 5) Chan e P 8-11 ) 

Not E{l3) 
~~~~~~~~---t A 
E 14 

Subtract l from E(l2-15 

~E~l_S~>~~~~~-+-~ A 

OR Change Parity of E(l2-15) 

E(l3) 
~~~~~~~~---t A 
Not E(l4) 

CE171 
Not Change P(B-11 

E(B-15) Bits Even 

Diagram 4-204. £-Register Parity Prediction after Incrementing 

Diagram 4-205. Parity Adjustment for IC (21, 22) Stepping 

PSW to ST Reg Bit 15 

LS Bit 15 Gate PSW(S-15) to S(S-15) 

OR 
LS Bus (15) 

9020 Bus Bit 15 Gate LS Bus (8-15) to S(S-15) 

SDBO 15 
Gate SDBO(S-15) to S(S-15) 

SADDL(7) 

Gate SADDL(0-7) to S(8-15) 

Gate PSW(S-15) to S(S-15) 

Gate LS Bus (S-15) to S(8-15) 

Gate SDBO 8-15) to S(B-15) 

Gate SADDL(0-7) to S(B-15) 

Not Data Ke 15 

Data Keys to S(B-15) 

PSW to ST Reg Bit 16 

LS Bit 16 Gate PSW(l6-23) to S(l6-23) 

OR 
LS Bus (16) 

9020 Bus Bit 16 

Gate PSW 16-23) to 5(16-23) 

Gate LS Bus (16-23) to S(16-23) 

Gate SDBO 16-23 to S 16-23 

Gate SADDL 0-7) to 5(16-23) 

Not Data Key(l6) 

Data Keys to 5(16-23) 

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

4-204-206 (7 /70) 

4 5 6 

E(B-15) 
Gate I NCR(B-11) to E(B-11) 

OR 

Gate INCR(l2-15) to E(l2-15 A 

RE101 RE101 
CE181 

CE-181 

To SADDL<n 

To SDBl(15) 

To PAA(47) 

To PSW(15) 

RS141 
To MPR Bus(7) 

RS14J 

OR 

To SADDL(O) 

To SDBl(16) 

To PAA(48) 

To MPR Bus (0) 

RS161 To PSW(16) 

RS161 

OR 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 

;I ROS DR Control 
Field F 

25 30 

l E(l 3-15) to ABC lncrementer 

IC(21-23) to ABC lncrementer l---"-------------4Eh 
ABC + 1 to ABC lncrementer 

ABC - 1 to ABC lncrementer 

Scan In Word 4 

Decode PAL(61-63) to ABC 

Logic 

La--
ABC lncrementer to ABC 

T_(_57-5~ Bus ~ 
-~-~-sL(•6•1-.63•)~--llllllj]LG-T .JJ-3 OR h ABC 

Triggers 

:Jf 

Reset (-P 1 Clock) 

Diagram 4-207. AB Byte Counter 

~ -TO 

r---1 t---i ,______ 

CWOll 

4 

..-- 2 
............., Tl •t--

H i---- ,______ 

CW021 
r-----=' l 

...___., T2 •t--

.....__ 
CW021 

--+-------1 Ni-----. 

l__=~ 
--+--+-----1N----~ 

---+--+--t Nt-------------1 
A t--

W3-l~Bus 

IC(21-23}_ Bus 

Not I-Fetch Reset 

Not 000 to ABC 

ABC to ABC lncrementer 

~ 

CWOll 

ABC 
lncrementer 

ABC 
lncrementer 
Decoding 
and Control 
Logic 

L~4 .... 
,__.___. LO t--.-~ 

............., LI r--

..__ 

CW032 
_1 

L2 

Reset (P2 Not Clock) ,____ 
CW032 

6 

ABC 
lncrementer ABC lncrementer =O 
Output ,_ .......... r-----

1 
Decoder 

2 

3 

4 

5 

6 

7 

To AB 
Transfer 
Logic 

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



A 

B 

c 

D 

E 

F 

G 

H 

ROS DR 

T_i54-56l Bus 

2 3 4 

Control 
Field F ;yl 

25 30 

E(13-15) to STC lncrementer -B-
~-------+--------1 N 

D(21-23) to STC lncrementer 

I 
STC + 1 to STC lncrementer 

STC - I to STC lncrementer 

ROS Control 011 to. STC lncrementer 
Field F 
Decoder 100 to STC I ncrementer 

Scan In Word 4 

DR 

PAL(61-63) to I& 
STC lncrementer to STC 

I 

._-1----1------1 N 1------

A---1-------' N t----.., 

~~ 

--1--~-1---1N1--------------1 

Not I-Fetch.Reset 

Not 000 to STC 

STC to STC lncrementer 

STC 
lncrementer 
Decoding 
and 

......___. 
CS031 

STC 
lncrementer 

La~ 4 
LO 

-~-~s-L(.61_-.63·)~1i---]LG_T_J8 OR h· 
STC 

E(l3-l 5) Bus 

D(21-23) Bus -

Control 
Logic 

--------CS041 

=:]~ 
Tri rs 4 

i-- ro -1-...... -------.iL.-____ c_s..J 

- ..--.....-...___ 

Reset (-Pl Clock) 

Set/Reset (P 1 Not Clock) 

Diagram 4-208. ST Byte Counter 

CSOll 
.....--= 2 

i-- n-~ 

CS021 
.....-- I 

.....___ T2-~ 

.__ 
CS021 

H3 

43 

Reset (P2 Not Clock) 

STC 
Bipolar 
Latches 4 

]A LO -]A 
CSOll 

~,1r 
lA Ll 

~ 

] A 
CS021 

]A L2 
~ 

-'""1 

]A 
CS021 

r--- 2 
~ Ll t--

-CS051 

4-208 (7/70) 

5 

.... 

~ 

STC 
lncrementer 
Output 
Decoder 

cs 

STC 
Output 
Decoder 

cs 

STC lncrementer = O 

2 

3 

4 
5 

6 

7 

STC =O 

1 

2 

3 

4 

5 

6 

7 

6 

To ST Byte 
Transfer 
Logic 

To ST Byte 
Input Logic 



A 

2 

ROS Sense Latches ll 

43 

43 46 

ROS Control 
Field-L 
D.ecoder 

DR 

T Set Marks per STC 

Set Marks (0-3) 

Set Marksi_4-~ 

Set Marks per PAL(6 I) 

3 4 

~1 

0 2 

Set Marks 
perSTC ~ 
Decoder 

Mork 0 

-------CTOl I 

B Mark 1 
1-;]~0R:y--T~.=i...~~~~~ 

c 

0 

E 

F 

G 

H 

-

----CTOll 

Mark 2 

]oR 

~ 

CT021 

Mork 3 

]oR T• - ...... ....,___. 

L--

CT021 
~ Not PAL(61) 

11.:.f CTOll Mark 4 

-

_..;,:.;,._,__ ___ _._ _____ J-1___A_Jlj~--1.]_o_R...Jl1-----~,._.-]-L:.1~~R T • 
PAL(61) 

CT031 

RATE Switch 
Late BCU Cleanup in SINGLE CYCLE 

STORAGE INHIBIT Position for CPU Request _ 

Store or Test and Set ] A l ] OR l Reset Marks 

-c_!_o=-k---~J~~rl-----------11 J Moster Reset 

MC711 

Diagram 4-209. Mark Trigger Logic 

Mark 5 

)OR T • 1--p-..---__. 

----CT031 

Mark 6 

~DoR T .i--. -
._____. 
CT041 

Mark 7 

:::JOR T • 

CT041 

Store on D Request 

D Request 

Scan Request A 

MCl71 

5 

Mark 
Bus 

MB601 

MCl71 

6 

Mark Bus 

To Storage Unh 

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

B 

c 

D 

E 

2 

Test on latched 

Ext Bus 0 

Ext Bus I 

Ext Bus 2 

Ext Bus 3 

Ext Bus 4 

Ext Bus 5 

Ext Bus 6 

Ext Bus 7 

Reset 

Gate Ext Bus to CCR· 

CCR 

3 

I PL Status 

Ext Start Latch 

Reconfigure Sel. 

First Step 

CCR 7 
(Not used for 
control in CE.) 

FC371 

State 0 

State I 

State 2 

State 3 

CCR Scon 1 

CCR Scon 2 

Not CCR 
2-5 

CCR Scon 3 

4 

CE-I I-Face 
Good & Not Test 

CE 2 I-Face 
Good and Test 

CE 31-FaceGood andNotTest 

CCR Scon 4 

CE 41-FaceGood andNotTest 

Disable Check 

Allow Checks 

CCR Bit 6 or ILOS 

Error Gate 

Alt Latch 

MP501 

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

5 • 6 

I CCR BITS 0-71 
Note: 

The output of each latch in the CCR can be 
gated to the 9020 Out Bus (See Diagram 4-302.) 

(To reset 
360 mode latch) 

State 3 or 0 or Test 

(Block Spec Exec on SCON or SATR) 

Al low CE- I Ext Signals 

Allow CE-2 Ext Signals 

ELC CE 1 

ELC CE 2 

ELC CE 3 A 

ELC CE 4 

Allow CE-3 Ext Signals 

Test Switch Restore State 

Allow CE,..4 Ext Signals 

SBO Gate Frame 1 

State 0 or Test 

A 
Force Interrupt 

ORt--L_O~G_O_U_T~St_o_p_S_e_nt~t_o_S_E~~~ 

Error Gate 

Allow Inhibit 

Set Inhibit 

SBO Gate 
Frame 10 

A 

7 • 
CE Console 
Switch Gating 

Defeat Interleave Sw 

Defeat Interleave & 
Reverse Storage 

Disable Timer Key 

CE Check Reset PB 

Stop on CE Check Key 

Disable Check Key 

Inhibit CE Hardstop 
Key 

FLT Repeat Test Key 

FLT Test Key 

Ros Test Key 

FLT Backspace PB 

CE Logout PB 

Al low CE Control 

CE Ros Xfer PB 

360 Mode PB 

Test on Latched 

CE Select 

CE System 
Interlock Key On 

PX311 

8 • 

Defeat Interleave 

Test Switch On 

Defeat Interleave 
& Rev. Storage 

Disable Timer Key 

Check Reset PB 
ROS 62-65 = 0101 
ROS 66-68 = 011 

Stop on CE Check 

Disable CE Check Sw 

Inhibit CE Hardstop Key 

Repeat Test Key 

FLT Test Key 

FLT Backspace Gated 

Logout PB Gated 

Ros Xfer PB 

Repeat Ros Adr 

9 

Test on Latched 

Set Rosar 11 

Ros or FLT Test Mode 

Repeat Ros Adr. 

Al low CE Sys I PL 
or Restart 



A 

B 

c 

D 

E 

Ext Bus 8 

Ext Bus 9 

Ext Bus 10 

Ext Bus 11 

Ext Bus 12 

Ext Bus 13 

Ext Bus 14 

Ext Bus 15 

Ext Bus 16 

Ext Bus 17 

Ext Bus 18 

Ext Bus 19 

Ext Bus 20 

Ext Bus 21 

Ext Bus 22 

2 

A 

FC071 

L 
(8) 

.-...__ 

--L 
(9) 

3 

CCR Bit 8 SE l 
Phys PSBAR 12 

CCR Bit 9 SE 2 

4 • 
-_J 

A 

.---

CL...-. 
L -

A 

t-L...-. 

Phys PSBAR 11 ..____._____ 4l 
- CCR Bit 10 SE 3 

A~~L1---~~~~l N~ 
(10) 

A 

(12) 

..___ ___ 
--L 

(13) 

L 
(14) 

Phys PSBAR 10 

CCR Bit 11 SE 4 

Phys PSBAR 9 

CCR Bit 12 SE 5 

CCR Bit 13 SE 6/DE 1 

CCR Bit 14 SE 7/DE 2 

CCR Bit 15 SE 8/DE 3 

r---r-:-i ~.----;--,_ __________ __;:C~C~R~B~it:...:.:16~S~E~9~/~D~E~4-~ 
~ (l~) 

.___ 

n Ah---
t-L-J (1~) 

,_T ~} 
(18) Not used for 

control in the 
computing 

~...._ element. 

t-~r---l 
(19) 

CCR Bit 17 SE 10/DE 5 

f----f"":'"l :==--:--l-----------__;:C~C~R~B~i~t~20:'....--------1 
~ (20) jA CEl I. F. Good and Not Test 

-.,___ +--.....__ 
A 

-~L...--

-
A 

·~....___ 

-
t-~ 

A .....__ 
t-~ -

A 

t.__ 

-
A 

t--L--
-

A 

t-.___ -...___ 

A 

t--
.---

A 

So'!!E.le WRD and RDD CE 1 
CE 1 WRD Sig In 

f----f"":'"l :==--:--1-----------__;C~C~R~B~i~t~2~1------1 
~ (21) J A Sal!ll'.le WRD and RDD CE 2 1 

CE2 I. F. Good and Not Test __f \ 

:=.~L----,-,-._ __________ ......::.CC~R:.:...::;Bi~t~22;__ ____ --I 

L J A Sample WRD and RDD CE 3 1 

5 

I---

I CCR BITS 8-23 l 
Note: The output of each latch in the 
CCR can be gated to the 9020 Out Bus 
(See Diagram 4-302). 

6 

~Se~l~ec:!t..!P:!!,u!_!lse=-=.SE~l--------i"T----iSE 1 Select Latch 
D __ el_a'-ye_d_i_nv_._A_d_d._B_us _____ __,l A L (MCSl l) 
Frame 1 Valid J 

~S~e~t~ln~h~ib~it'------------llA -,___ 

Allow Inhibit 

Inhibit Frame l 

Select Pulse SE lQL.DE 5 
~ed Inv Add Bus ] A 

] 

rl;,JL----1-G-
M 11 

SE 10/DE 5 Select Latch 
L (MC601) 

7 

Switch Decode SE 1 
Search Compare 

-

8 

Search Equa I 
SE 1 

A 

OR 

MP041 

9 

SE 
Com pore 

..----. 

J OR 

I lPSBAR Configered 
1--~A_n~y_Fr_am_e_Va_l_id ______ ___J~ OR 

L---~.---.-

SBO Gate Frame I A 

I-

A 

1--1 
A ORl---i-:.;St~ep!:...,;,.PS~B~A~R~E~na~b~le,;:....;.l-~5'--

1--

A 

I--

A 

1----+-

A 

I--

A 

I-
A ORl--~St~e~p~P~SB~A~R~E~n~ob~l~e~6~-~10:..... 

I

A 

.-----~Fr~a~m~e~l~O~V .... a~lid::..._ __ ._ __________________ _.. ______ ~1--

Set lnhibi t 

Allow Inhibit 

CE 1 Hold WDD 
f 

JA T 

Hold RDDCE 1 

T 

r---8-& 
MP041 

Inhibit Frome 10 

CE l WRD CE 1 WRD Int Tgr 

I A L ...----i.__ 

CE 1 RDD CE 1 RDD Int Tgr 

L 

SBOGate Frame 10 
A 

MCm 
.__ ____ se_a~rc_h_Eq..,ual SE 10/DES 

Search Compare l 
Switch Decode SE 10] A 

(22) CE3 I. F. Good and Not Test J CE 1 RDD Sig In I 
...___. ~__;.;.:.:;.::...:;,;,sr...~-------~ I lA ]A ...._ -

Ext Bus 23 

Reset 

8-~~1------------~C~C~R~B~it~2~3------1 
.;:G""a""te'"'E""x"'"t.,,.Bu,.,,s..,t""o_.C .... E-+---1 J A Sa~e WRD and RDD CE 4 _j 

FC22 I (23) CE4 I. F. Good and Not Test J 1 

1A07i 

~ JA2i"i 
Sample Ext Tgrs 



f" 
N • ..... 
Vo 2 3 • 5 6 7 8 9 4 
tl.l 
::I" w 

,...., 
....:i -....:i s 

A 

Response fO CE 1 Inhibit Response 

B 

I CCR BITS 24-31 I JA l r--B Ext Bus 24 ,...-- . rt.:. 
A \ Note: 

l ~ . 
r--- (24) The output of each latch 

...._ 

Fa4T in the CCR can be gated Release CPU Latch 
KX161 <7ate Re~nse 1 A 

,._ to the 9020 Out Bus :Response IOCE 2 ]A r--B I-- IOCE Response 

Ext Bus 25 ~ (See Diagram 4-302). :::J L l<esponse !QCE 2 Set Rel ease 1/0 
A O.R -- """Gate Res_e_onse 2 

A j 1/0 lrit <7ate 
~ 

L -i 1/0 Int Reg ~eaponse IOCE 3 i--- (25) . CCR Bit 29 Gate Re~onse 3 

~ 
1/0 Int Reg IOCE 1 A 

T H3 .....__ 1/0 Int Req 1 & r 
Response IOCE 3 

IA l _r KX161 
Ext Bus 26 ,...-- Not Inhibit l 

Not used for -
A L 

_} 
) control in the "l 

~ (26) computing element. CCR Bit 30 KM311 ...__ 

f3.: T 
1/0 Int Reg IOCE 2 PIR 

t-- · 1/0 Int Reg 2 & r IOCE 1 Ext Int ]A PIR 1 
Ext Bus 27 .----- Not Inhibit rt:.. 

T 

} A L ""( 

~ (27) ...__ CCR Bit 31 

~ T 
1/0 Int Reg IOCE 3 ......_ 1/0 Int Reg 3 & IOCE 2 Ext Int ]A PIR 2 

Ext Bus 28 ,...-- Not Inhibit T ] 

A 
_). Gate PIR to F N -L l: ...__ 

(28) ----
.__ 

CIA 
PIR 3 Ext Bus 29 .----- IOCE MCK Int Reg . IOCE 3 Ext Int T 

CCR Bit 29 
A 

...... 
....._ L 

Mach CK Int Reg l &rFt- T ...__ (29) Not Inhibit · 

c 

t-- MCK Int Priority --Ext Bus 30 ,...--
KM331 

IOCE 1 MCK Int Reg ~Priority 

CCR Bit 30 A 
A L Fl: ......_ 

(30) 
Mach CK Int Reg 2 4 T 

...__ - Not Inhibit r --~ IOCE 2 MCK Int Reg & Priority 
t-- A 

Ext Bus 31 ,...-- ~ 
CCR Bit 31 

A .-
L g: ---

Gate Ext Bus ~ ~ (31) Mach CK Int Reg 3 ~ T 
~ IOCE 3 MCK Int Reg & Priority 

A 
to CCR FC301 Not Inhibit 

D 

Reset ~ 
Interrupt Priority -....--

OR 
Any IOCE MCK Reg 

......__ 
KM33J 

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

B 

c 

D 

E 

.2 3 4 5 • 6 7 8 9 

RPSB Instruction 

FMTO 
INPUT TO MIXER- - - - - LI Symbol Yl Xl M Xl Y2 X2 I BL2 I Symbol 

4 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 

Mixer FMT0-1 - - - - - -- FO FO Fl FO FO FO .--:----:------------l~------------------------31-- - --32 ------------------------------------------------+-63 {
™ro~ ----~ ~ ~ ~ ~ ~-----~----------~-----------------------~~----~---------------------------------------------------~ 

~:~~= ™ro4 -------~ ~ ~1 ~ ~ k ~ ~ ~-----------~~-.-----------------------~-----n ~
FMT0-4 -------i:'o i:'o ~1 Fo F'o ~ ~o ~o 56----------~63 36----------------------... 31-------52------55 

FMT0-5,6---- --- ~o ~o Fl ~o ~o ~o ~o FO .56---------__.,..63 36-------------------------31-----52 55 

I I I I I I I I I I I I 
I I 1 I I I I I I I I 1 I 

**** ttttit t t t I BL2 I ~6x~~~~~~~~R--- - - x ~' _o_.___~l_1____._l_o___.l_o_Jl~s-R_1._I _s2_.__IB_R_2~IB_L_1~l_s___.l ____ sy_m_b_o1 ___ ___. ________ Y_1 ______ ~__. _____ x_1 ____ ~ Symbol Y2 X2 y Xl 

4 10 11 12 13 14 15 16 17 18 19 20 11 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 

FMTN 

Symbol y x 
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 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 

- - -- - - ~l 411 -- -- -- - -- -- -- -- -- -- -- -- - -- - -- -- - --- - - 44----------------------------63 40 33 ... ______ _...39 

Mixer FMTN-1 

[ 

FMTN-0 

---------- 7 12 ------------------------27 - - - 28 ... -----31 44----------------------------6
1
3 4

1

0 J3 3~ 
- -- - - - ~o ~o ~1 ~o. ~o i ~1 il I I ' 2'1 - - -- 2'8--31 I I I I I 

Control FMTN-2 - - - -- - FO FO Fl FO FO 9 ~o ~o 1 ~ 12 I I I 
Micro-orders FMTN-5 _______ _l.___!__1_!____1__1_~0 

1 
1 1 1 

1 1 1 1 1 

-----+-+i~-1-~~11-+-i-----1-:-------------~- -:---i-1k 3
11 8 ~ FMTN-6 

FMTN-7 

MIXER OUTPUT _____ X 
TO XY REGISTER 

FO FO F 1 FO FO 41 FO FO 40 33 ---------39 44 ...-------------------------; .... 59 -- 60 --63 I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I 1 I I I I I 1 1 I I I I 

I I I I 1 I 
~+'--r-lt---.--Lt--r-1-!-r-'-t-r-1-t-r-'-t-,--1--tr.~trt'--r--------'--t-,-4-t---------r--------'---it ,_1---•--~+~t,__ _______ ~----------'-~t'--r-~t-____ __.__,t 

I I I IBR1is21BR21BL11 Symbol Yl Xl Y Xl Y2 X2 IBL2j s I Symbol I 

4 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 . 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

CVWL Instruction 

Input to Mixer for FMTW-0 - - - - - - - - - - - - - - Note: L register does not supply input to - - - - - - - - - -
mixer during CVNL instruction. 

M ----------- DA DL BL BR Symbol 

32 33 34 35 36 37 38 39 40 41 42 43 44 45 

CO Cl * 6.YS XS 

46 47 48 49 50 55 56 57 58 63 

lnputtoMixerforFMTW-1- - -- - -- -- ---- - - - ----·-- - - - - - - --;-- -- - - - - - - - - --,--M 1...l_· ________ ·_.__l _______ Y_l _______ __J,l__:_: ________ •____._l ________ x_1 _______ __, 

n v ~ a ~ ~ ~ 63 

Input to Mixer for FMTW-2 -- - - - -- - - -- - - - -- - - - - - - - --~ - - - - - - - - - - - - - M ._I _• ________ ·_,_I ______ ._~_Y_2 _______ _.l_• ________ *__.l _______ ~_x2 _______ ~ 
32 37 38 47 48 53 54 63 

Mixer { FMTW-0 ------FO FOFl Fl Fl 37 3435 36 41 47------------------------FO FO Fl 48-__:_--------------------56 57 FO 49 
Control 
Micro-orders 

FMTW-1 ------l_l_l_l-1-1-1-1-1-1--------1-38 47 54 59----60---63 I I I I I I I I 

FMTW-2 ______ ,_,_1_1-,'-:-:-: -,:---;, ______ j_
1 

_

11

1 __________ ,r-T,1 
_ _ -+- __ +- __ t-:-+-+ 7 3

1

8 ----------4r 5~ 6
1
3 :, : ,: 

I I I I I I I 1 I I I I 
I I I I I I I I I I I I 1 

' ' t * t t t t t t t r-'------'t'--r-_._t -r--'--.-"t-.--'!'--r-_._t _________ ___._ ......... + _________ ___,,t-.--'t'--r-.._t -,--"---,--"'--, 
MIXER OUTPUT ____ - -X 
TO XY REGISTER 

j 1 I l jsRIDAjDLlsLj Symbol Yl Xl Y Xl jcoj Ll.Y2 Ll.X2 jLl.YSfxsl jc1j 
2 5 6 7 8 10 11 12 ,, 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ,__32 __ 3_3_3_,1_3_5_,_3_6_._3_7_.__38__,__3_9_._4_0_4_1_4_2_4_3 __ 44 __ 4_5_46 __ 4_7_4_8_4_9_.__50--5-1 -52--5-3--54__...5_5_5_6--57--5-8_5_9_._6_0_._6_1_,_6_2_._6_3__, 

Notes: 
1. To trace the origin of a mixer autput bit: (1) select chart for specific 

instruction, RPSB or CWJL; (2) if RPSB is selected, refer to FMTO or 
FMTN portion of chart; (3) find bit to be traced in XY register and; 
(4) follow the line up to the micro-order being issued, For example, 
assume an RPSB instruction and an FMTN micro-order and assume bit 
8 is to be traced, Refer to the RPSB instruction chart, FMTN portion, 
XY register. Find bit Bin the XY register and follow the line up to the 
specific micro-order. If the specific micro-order is an FMTN-7, bit 8 

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

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

3. XY register is reset on receipt of either FMTO; FMTN-1, -2, -7; 
or FMTW-0, 

Legend: 
1. FO =Bit forced to 0 
2. Fl= Bit forced to 1 
3, BR= Brightness bit 

BL= Blink bit 
S =Symbol size 
DA= Dash 
D L = Dash length 

~YS =Sign of 6Y2 
C. XS = Sign of 6X2 
CO= Character at major position 
Cl =Character at secondary position 
* =Not used 



2 • 3 • 4 5 6 

- 1~ ~,I RY 

13 15 LM Reg 

l 
=r- LM Reg Bit 8 SDBO 8 

A Set LM Line B 

(10011) E(l3-15) = 000 Reset LM Line B 
Fonnat Old 

E(13-15) = 001 
FMT0-0-1-2 Line A Xllll 

E(13-15) = 010 

Mixer 

E(13-15) = 001 
XMOOl 

Fonnat New 
E(13-15) = 010 A 

FMTN-1-2 Line A 

SDBO 36 LM _Re9 Bit 36 

Set LM Line E 
XY Reg 

B XM004 ST Bus 36 A 
E(14-15) = 00 

Bit 8 XY Reg ta SDBI Bit 8 
Set LM Line F*T 

Fonnat Weather T 
Reset 

OR A OR 
FMTW-0 Line A XL371 

XXlll 
SDBO 40 LM Reg Bit 40 

XM004 Set LM Line G 
E(l3-15) = 111 

ST Bus 40 A 
Set LM Line H*T 

Reset 

FMTN-7 Line A XL401 A 

c XM004 SDBO 56 E(l3-15) = 100 
Set LM Line L 

LM Reg Bit 56 XM081 

E(13-15) = 101 ST Bus 56 
Set Line M*T 

E(l3-15) = 110 Reset 

XM006 FMT0-4-5-6 Line A XL581 

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

4-211, Sh 2 



2 3 4 5 6 

- FMT0-0-1-2 

LM Reg Bit Pl Is 1 

FMT0-4-5-6 
LM Reg Bit P7 Is 1 

A FMTN-1-2 

XY 
LM Reg Bit PO IS 0 Register 

LM Reg Bit 0 Is 0 L...- l Set XY Byte 0 Parity to 1 
A A PO ) 

LM Reg Bit 8 Is 1 
t-- 0 

L t-- Byte A 
LM Reg Bit PO Is 1 0 

A t--
7 LM Reg Bit 0 Is 1 Set XY Byte 1 Parify to 1 A OR Pl I t- OR 

L--t-- t-- 8 
A A Byte LM Reg Bit 8 Is 0 

1 t--

B 

t-
15 A l Set XY Byte 2 Parity to 1 

L-- A P2 ) 

.....___ XM009 16 

XM009 Byte 
2 

LM Reg Bit P4 Is 0 
t Set XY Byte 3 Parity to 1 23 

LM Reg Bit 32 Is 0 P3 
A ) 

LM Reg Bit 40 Is 1 24 

LM Reg Bit 32 Is 1 t- Byte 

LM Reg Bit P4 Is 1 3 
A 

L Set XY Byte 4 Parity to l 31 
~ P4 T 

t-- OR 32 

c 

LM Reg Bit 40 Is 0 
A Byte 

4 ---t--
39 t---1 l Set XY Byte 5 Parity to l 

i>5 
A l 

40 
Byte 

XM009 5 
FMTN-7 

Set'XY Byte 6 Parity to l 147 
FMTW-0 P6 

D 

LM Reg Bit P5 Is 0 148 
Byte 

LM Reg Bit 36 Is_ 0 
A 6 

~ l Set XY Byte 7 Parity to l 55 
LM Reg Bit P5 Is 1 t-- P7 ) 

LM Reg Bit 36 Is 1 A 56 

t- Byte - 7 
OR 

E 
A 63 
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A --
XM009 

FMT0-4-5-6 -FMT0-0-1-2 -LM Reg Bit P6 Is 1 A 

F FMTN-0-1 t--i 
LM Reg Bit P7 Is 1. A 

FMTN-6 t---1 

LM Reg Bit P3 Is l A 

FMTW-2 ~ 

LM Reg Bits 54-55 Even 

LM Reg Bits 56-59 Even A 

LM Reg Bits 46-47 Even 

I--

LM Reg Bi ts 46-47 Odd OR ~ 

G LM Reg Bits 54-55 Odd A 

..,__ .....__ 

A 
LM Reg ~its 56-59 Odd 

t--
~ 
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LM Reg Bits 46-47 Even 

H 
.......__.. 

XM017 

Diagram 4-212. XY Register Parity Prediction Logic 
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ROS (36-42) =0000011 
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Timing Gate Trigger 
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ROS (36-37) ~ 00 

ROS (36-42) = 000001 l 

B Timing Gate Trigger 
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+ 
I 
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DR17l 

DR17l 
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SE-to-CE Simplex Cable. 

FS51 l 

3 

ST Bus (32) 
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Select Reg (0) Reset 
from PAM l or RCU l 

ST Bus (40) 

A 

4 

Select 
Register 

OR (0) 

I FSOOl 

I 
I I 
I I 
L--J 

n 

5 

To 9020 Out Bus Bit (O) 

Timing Gate Trigger 
A 

STAT G for Scon Select 

FX021 
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Gate T (40-47) to Select (8-15) L---1.A""'i---:"-,_.J.. _________ _,..---, 
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Reset Sel Reg (8-15) 
OR (8) 

FS081 
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A 

Select to SE l via CE-to-SE 
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c Diagram 4-213. Select Register - Select Signal Generation and Response Reset 
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I 
I 
I 

1-J 

6 



,-. 
....;i -....;i 
9 

A 

B 

c 

D 
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LS Address from E 

Gate Workin Reg (24) to LAR 

Force LAL(O) to l(Flt-Pt) 

H Field ROS(36-42) 

Not Clock 

From 
ROS DR 

Write Local Storage 

Clock 
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Set LAL Latches 

Set LAR (Write) Triggers 

LAR (Write) Decoder Outpu 

Write LS Write-LS Trigger 

Operation 
Gate T to LS Reg n 

ST Bus Data 

Set ST Bus Dato into 
LS Reg n Polarity-
Hold Latches 

Set LAL Latches 

LAL(Read) Decoder 

Read LS Output 

Operation Gate LS Regn 

Polarity-Hold Doto 
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Set LS Bus Data into ST 
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3 4 

LAL(3) 
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J l J 1 J 
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ll 
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Diagram 4-301. Local Storage Read/Write Controls 
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1 
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LS851 
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T• 

LSB51 
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LSB61 
4 
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I 

LAR(O) 
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7 
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___ __..,.. LAR (Write) 
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I LAR(4) 
T • t-----t----'"-'--------' 
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I 

LSS61 I 
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PH 

Ctrl 

L 
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PH 
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I 
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I LSOl 1 

I Positions 2 through 30 ore not shown. 
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J 
I Doto Bit 31 
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LS Registers 1-24 
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Decode LS Re 0 

Decode LS Reg I 
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--------, 
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I 
I 
I 
I 
I 
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I 
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I 
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L---~------------------J 

8 9 
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LS411 
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To ST 
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c 

D 

F 

G 
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·ccR o BF501 

Gate CCR ta LS Bus (0-8) BF731 

ATR-1 0 BF501 

Gate ATR-1 to LS Bus (0-8) BF721 

ATR-2 O 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 
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DAR 0 .. Bf501 
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DAR 0 BF501 
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CCR 31 
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ATR-1 31 

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

ATR-2 31 

Gate ATR-2 to LS Bus 

PSBAR 31 

Gote PSBAR to LS Bus 
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· Gate G Req ta LS Bus (24-31) 
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Ext Reg 31 BF591 

Gate Ext Bus ta LS Bus (24-31) BF701 

Select Reg 31 

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

DAR Mask 3°1 BF591 

Gate DAR Mask to LS Bus (24-31)BF701 

3 

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

4-302 (7 /70) 
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Bit 2 (Reg 24) 
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9020 Out Bus Bit 01 
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Bit 31 

Bit 31 (Reg 0) 

LS Output Bus 31 
Bit 31 (Reg 24) 

LS3i' 

9020 Out Bus Bit 31 

~egister 0 __ -- -- -- -- _J 
Note: LS register 1-24 
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r---8 
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LS Bus I 
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LS Bus 4 ODD A 
LS Bus 5 
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~ OR 

LS Bus P(0-7) A 

BF4ol 
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1-- ~ 
LS Bus 12 ODD 
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LS Bus 14 
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iB 
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LS Bus 16 
OR rrr_ L 
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• LS Bus 17 r--

LS Bus 18 ~r--r---i BF441 

LS Bus 19 t--1 A Error on LS Bus (16-23) BF44l 1-- OR 
LS Bus 20 ODD 
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LS Bus 21 BF42i LS Bus 22 

D LS Bus 23 

BF421 

Lai .____~ 

L--- A LS Bus P(16-23) 
~ OR 

• LS Bus P(16-23) A 

~ 

LS Bus 24 N 
r---

LS Bus 25 

~ LS Bus 26 ~~ 
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LS Bus 28 ODD ~ OR 
A 
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A LS Bus P(24-31) .._____, 
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F BF431 
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Diagram 4-303. LS Bus Parity Generation or Check 
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E 

ROS Sense 
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F to SBA 

Clock 

N 1-'A-"B;...;t~o..;;.S;;;;.BA""----i 
Clock 

ABC= 000 

ABC= 001 

ABC= 111 

Diagram 4-401. Serial Adder Input Bus Logic 
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AR041 
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AR021 

RB737 
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Not 0 to SA(O) t 
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SBA(O) 
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SAA]-6) 

_N_o_t_S_BA-'('-""5)'----------t A OR SAA(?) 

Sign Correct SBA(4-7) 

N 1-------------t 
SBA(4-7) to SA(4-7) C.t 

SBA(3) 

SBA(0-3) to SA(4-7) t 
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ttGate Control Triggers 

AR061 

A-Side 

6 
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Clock 

ROSDR 12-15 = (1010) 

Clock 

ROSDR 12-15 = (1110) 

Cl~ck 

N ST to SBB 

Clock 
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STC = 001 
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B - Side 

• 7 • 8 

Serial Adder Bus B 

OR 

AR501 

OR 

OR 

T(60) 

T(63) 

9 

Not 0 to SB(O) 

SBB(0-3) to SB(0-3) 
A 

SBB(O) 
OR 

SAB(O) 
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or 9 00-03 A 

AR501 

SA~-6) 

SBB\0-3) to SBB(4-7) 
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A 

SBB(4-7) to SB(4-7) 
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SAB(7) 

SBB(07) 

Sub 1 or ~ I Lo Dig 
or - to 04-07 A 
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SAA(O) 

Sit Carry (O) 

SAS(O) 

ASOOl 
Serial Carry 

Developed Carry into (0) 

A Sit Transmit (0) AS081 

ASOOl Carry into Group 2 Sit 3 ..--..--
Sit Transmit (3) 

Sit Transmit (2) A 
SAA(l) - Bit Transmit (1) I l A 1 Sit Carry (1) L 1--
SAS(l) .__J 

OR 
Carry into SAL(O) 

ASOll 
Sit Carry (3) 

~ A 

B 

LJ OR } Sit Transmit (1) 

1--' 

Sit Carry (2) 
.______, 

A 

Sit Carry (1) 
....___, 

.......__. 
ASOll L..-..,j 

ASOOl 

SAA(2) - Carry into Group 2 Sit 3 
~ l 1 Sit Carry (2) Sit Transmit (3) 

A SAB(2) A r Sit Transmit (2) .___, 
Carry into SAL(l) 

AS021 u ~ OR 

Sit Carry (3) A LE SH Tro"~a (2) Sit Carry (2) '--1 
R .....__. 

AS011 
AS021 

c Carry into Group 2 Sit 3 r 

SAA(3) 
Sit Transmit (3) A Carry into SAL(2) 

~ 
OR 

l A 

Sit Carry (3) Sit Carry (3) 

SAS(3) ~ 

AS021 
AS031 

-LJ OR } Sit Transmit (3) 

----AS031 

Carry out of Group 1 Carry into Group 2 Sit 3 Carry into SAL(3) 

D 

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

SSA(O) from AS or F 

SSA (0-3) to SA (0-3) T or T + 6 f A 

SSA(l) 
SAA(O) 

OR A 

E SSA(2) 

A 

AROOl 

SBA(l) N 

A 

SAA(l) 
SSA(2) 

A 

F AROOl 

SBA(2) N SAA(2) 

AR021 

SSA(3) 
SAA(3) 

( 
AR021 

f ROS Micro-order 

Diagram 4-403. Decimal Add 6 Logic 

.. 

H 
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SAA(O) 

SAB(O) 

A 

No SADDL Carry Group 2 

B 
DEC COR (0-3)f 

c 
Carry into l 

Half Sum (I) 

D Carry into 2 

Half Sum (2) 

f ROS Micro-order 

E 

ASOOl 

ASOOl 

A 

AS021 

3 

Bit Carry (O) 

Bit Transmit (0) 

Half Sum (O) 

Carry In 

De'cimal Correction 

Sum l 

Sum (2) 

Half Sum (1) and No Carry In 

Carry and No Half Sum (1) 

Decimal Correction 

Sum (2) 

Clock P2 

Half Sum (2) and No Carry In 

Carry In and No Half Sum (2) 

Decimal Correction 

Half Sum (3) and No Carry In 

Carry In and No Half Sum (3) 

Diagram 4-404. Decimal Correction Logic For SAL (0-3) 
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SBA(O) A 

OR 
F SBA(2) A 

ARlOl 
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SBA(4) 

OR Invalid Digit 

SBA(6) A 

Decimal Correction 
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SBB(l) 
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S8B(5) 

SBB(4) 
OR 
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Diagram 4-405. Invalid Digit Logic 
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SBA(O) 

SBB(O) 
A 

ASOOl 

A 

ASOOl 

B 

OERf 

fROS Micro-order 

~ Diagram 4-406. Logical Functions, SAL (0) 

Not Bit Transmit (1) 

c Bit Transmit ( 2) 

Bit Carry (3) A 

Nat Bit Carry (2) 

Bit Carry (1) 
OR 

Bit Transmit (1) 
A 

Bit Carry (2) 

AS032 

Nat Bit Transmit (1) 

D _B_i_t_C_ar_ry'--(3_)~~~~~~~~~~.....----tOR 
Nat Bit Transmit (3) 

Bit Carry (2) 

Bit Transmit (2) 

Carry into Group 2 

Not Half Sum (2) 

E 
Carry into (2) 

Half Sum (2) 

Not Half Sum (1) 

Carry into (1) 

Half Sum (1) 
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Decimal C.Orrection 

F 
SBA Parity 
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SBB Parity 

SBB Parity Adjust 

AR582 

3 ... 

Bit Carry (0) 

Bit Transmit (0) 

Half Sum (0) 

SAL(O) 

ASOOl 

Kl (0-3) 

K2 (0-3) 

Half Sum (0) 

Odd Transmit Bits (l-3) 

K2 (0-3) 

OE Functionf 

OR Function f 

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

OE Par A - Par Band Parity Adjust 

AND Function f 

Diagram 4-407. Serial Adder Parity Predict Logic 
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K3 (0-3) 
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5 6 
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Not Logical Operation 
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0 
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0 

AS075 
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OR 
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A(4) 

ASlll 
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A(28) A 

B 67 
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Diagram 4-408. Serial Adder Product-Quotient Bit Logic 
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Dec-order Tl I; 
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ROS(93) 
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A 
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'+T' Micro-order (1110); 
Dec-order U 13; 
Gate T(32-63) to Parallel 
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Gate B(32-63) 
to PADDB(32-63) 
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Pl 

RB813 

Gate T(32-63) 
to PADDA(32-63) 

Pl 

RT807 
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Bit 21 

Roller 5 

4 

Prod Quot Bits to SAL(0,2,4, or 6) 
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B(32) 
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B(56-63) - PADDB(56-63 

B(33) 

B(39) 
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Bit I ~C-....:.---r---, 

T(32-39) - PADDA(32-39) 

T(40-47) - PADDA(40-47) 

T(48-55) - PADDA(48-55) 

T(56-63) - PADDA(56-63) 

T(33) 

T(39) 

RT715 

RT715 

RT717 

Diagram 4-409. Gate Control Triggers for 'B + T' Micro-order 
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H 
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D Bus 47 

K Bus 47 
ST Bus 47 

All l's to PAA 

AB to PAB(47) 

IC to PAB(47) 

3 4 

63 

PAA 

Section 4 Section 3 Section 2 
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,-----------------------~ 

I 
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L-

A Operand 
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Bit Corry 
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N Not Bit Carry 
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4 

Bit Carry 48 I I 1 ------------t---t I 
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-------------1 
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Not Half-Sum 47 I 
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Bit Transmit 49 

Bit Corry 50 
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I ~~ry~ I 
Not Group 4 Carry 
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I I 
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Wo-group-5) to enter bit position 47. The absence 
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f ROS Micro-order. 

ff Predicted Corry 

Diagram 4-410. Parallel Adder Bit-Position Logic (Bit 47) 
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Diagram 4-411. Parallel Adder Carry Lookahead Logic 
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2nd operand into S and T. 
2. For branch instructions, load 2nd operand into A, B, and D; load 1st 

operand into S and T. Request new instructions if needed. 
3. Set STC to 100 and ABC to 000. 

• lniti~I conditions if I-Fetch is not blocked: 
1 •. Instruction is transferred to E . 
2. For nonbranch instructions, T contains 1st operand; for branch 

instructions, T contains 2nd operand. 

Yes 

No 

6 

Request instructions 
per IC (3-cycle). 

Inhibited if 
'execute in progress' 
trigger is set. 

Request in~tr uctions 
per D (3-cycle). 

Dependent on IC 
at end op; see 
table on this page. 

Refer to. Diagram 5-30. 

RR I-Fetch Variables 

IC Setting 
Incremented IC Next Op-at End Op 

Code Word 
Transferred 

Bit 21 Bit 22 Bit 21 Bit 22 to R From: 

0 0 0 1 0(16-31) 
0 1 1 0 0(32-47) 
1 0 1 1 0(48-63) 
1 1 0 0 0(0-15) 

Note: These actions are inhibited when 'execute in progress' trigger is set .. 

----- -- - --- -·-~--~- ro'To4i,-- --
030 

- - - - - ; ;:;::-tch ~i:fj;- - - - --, 

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

Increment 
IC(20) by 1. 

Issue 'RASCR' 
micro-order • 

Exceptional C.ondition Cycle 

Causes SOSO 
to be gated to 0 
during 2nd 
execution cycle. 

I 
I 
I 
I 
I 
I 
I 

I 
I 

L - -- --- ----------------- J 

G Diagram 5-6. RR I-Fetch 

H 

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



2 3 4 5 6 

0 23 

~Increment 
2 

IC(21,22) 

I. D ~1 1. IC ~1 I, Q ~1 
A 0 15 16 31 32 47 

D 

32 63 

63 

PM PAB 

Parallel 
Adder 

PAL 

E 32 

40 63 
3 

3 

I· End Op 

I 
F I 

Clock _J I 
I 0 Rl (or R2 if Branch) to LAL I 

1st 
I-Fetch Execution •I 

Cycle 
I 
I 

I I 
l ~Execution 

0 © 
I 

LS to T I 
I 

T to PAA(32-63) 
I 

R to E 

R2 (or Rl if Branch) to LAL 

G 
LS to S ond T 

PAL(32-63) to A and 'B 

PAL(40-63) to D 

Increment IC(21, 22) 

Q to R (Next Instruction) 

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

S-7 (7/70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

0 

Clock 

Storage Request per IC 

R to E 

Q to R 

IC +8 

(IC+ 8) to IC 

SDBO to Q 

Q 

3 

From SDBO 

RR Inst 
(Now in R) 

0 15 

D 5 

0 15 

0 15 

r:-71 
~ 

4 

-I Next 
Inst RQ 

63 

48 63 

f.--End Op ---.i•l••----1-Fetch ----...... ------Execution __ ____, 

I I 
I I 
I I 
I I 
I I 

I 
NEOP or BEOP 1 

I 

Normal 
I-Fetch Word 

SQ 1 Set 

R-E~ 

I 
I 
I 
I 
I 
I 
I 

Additional 
I-Fetch Word 
(See CLD QT041 
ROS Block JF) 

SQ 1 Reset 
SQ 2 Set 

I 
I Q67_RL....-

I 
I I 
I 
I 
I 
I 
I 
I 
I 

First 
Execution 
Word 

SQ 1 Set 
SQ 3 Set 

I 
i.-... 
1 
I 
I r---

1 

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

5 6 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

r----------- ------ ....,.....------------ - --- -- ---, 

I 
l 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1st I-Fetch Cycle · 

Yes (Nonindexed) 

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

Diagram 5-30 

Test for Q-refi 11 
exceptional 
condition. 

01011 

Increment IC(21, 22) 
by 2, and transfer Q 
to R if next 
instruction is in Q. 

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

Transfer index 
from LS (per X2) 
to T. 

Refer to Diagram 5-30. Refer to Diagram 5-30. 

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

Yes 

Conditional; 
see Note 3. 

Yes No 

L ___ _ 

r-------------
Q-Register Refill Exceptional 
Condition Cycle Performed by 'RASCR' 

mi ere-order. 

-----, 
No Yes 

Set I-Fetch 
sequencers l and 3. 

I 

I 
I 

QT041 
032 

Increment !C(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. · 

L ___ _ 

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) 

Conditional; 
see Note 3. 

Conditional; 
see Note 3. 

Performed by RASCR 
micro-order; 
see Note 4. 

Actions referred to 
- in Note 4 also 

occur (one cycle 
earlier) if request 
for new instructions 
was issued two 
cycles before end op. 

QT041 
022 

IC(20) 
already is 
incremented. 

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

Transfer D to 
PAL for SPEC 
test an next cycle. 

r-----------
lndex Cycle 

01041 

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

_ _______ J 

----, 
...... ------------. I 

I 

Conditional; 
see Note 3. 

Add contents of T 
and B (2nd operand 
address) and 
transf~r to D. 

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

Transfer !st 
operand from LS 
(per Rl) to S and T. 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

L-----------------~-----~ 

Notes: 

• RX Format 

Op Code R 1 I X2 I 82 D2 

7 8 1112 

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

• Initial conditions if I-Fetch is not blocked: 
1. 1st halfword of instruction is transferred to E; 2nd halfword 

is in 0. 
2. Contents of LS register specified by 82 ore transferred to T. 

1 . IC Incrementing and 0 to R T rcnsfer: 

Conditions at End Op 

31 

Incremented Next Op-Code Word 
IC(21,22) Position IC(21,22) Transferred to R From: 

in 0 

00 I : ~ 10 0(32-47) 

t ~ 
I 

~ 01 I 11 Q{48-63) 
I 

10 t ~ : I 00 Not Yet inO 

11 i-1 
L_ ~ 01 0(16-31) 

f 0-register refill is requested by end-op word; 0-register refill 
priority does not result if RX is indexed end request is issued 
two cycles early. 

2. Incrementing of IC, transfer of 0 to R, end the refilling cf 0 are 
inhibited if 'execute in progress' trigger is set. 

3. 'RESET' micro-order: 
Inhibits setting of 'D sync' latch if LA, STC, STH, or unsuccessful BC. 

b. Sets 'IC sync' latch if unsuccessful BC. 
Resets STAT's, Edit controls, STC, and ABC. 

d. Sets LAR{O) if floating-point instruction. 

4. I-Fetch sequencers l end 3 gate SDBO to Q during 2nd execution 
cycle, end transfer 0(0-15) ta R if IC(2l ,22) ~ 10 during previous end op. 



2 

0 23 

I, D ~I I, IC 

A 

B 

Local 
Storage 

0 

LS 
0 31 

0 31 

c 
0 

1, -1 RS T 
3132 

32 

I· 
Clock J 

F B Field to LAL 

LS to T 

R to E 

T to PAA(32-63) Only if B 10 

D Field to PAB(52-63) 

E(S-11) to LAL 

G LS to Sand T 

PAL(40-63) to D 

Increment IC(21, 22) 

Q to R (Next Instruction) 

Diagram 5-10. One-Cycle RX, RS, and SI I-Fetch 

H 

3 

21 l22 

f,I 
B Field 

1 4 

LAL ~l 

63 

• 4 

0 Increment 
IC(21, 22) 

Note: Numbers in circles refer to timing 
chart below. 

5 

I, Q 

0 3 1619 

4 15 20 

0 15 16 

6 

~1 
32 35 48 51 

31 36 47 52 63 

31 32 47 48 63 

0 T 1'. 

Ll 5 

0 15 

I -E I RI I RE 
0 15 

B 11 
2 

~I -, RA B 
31 32 

End Op 
1st 

------;M-----1-Fetch -----t+---__;_-- Execution ---••I 
Cycle 

I 
I 
I 
I 
I 
I 
I 

i '-· -------1/ ~Execution 
© 
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2 3 

0 23 

1, D ~1 1, IC 

A 

B 

Local 
Storage 

0 

LS 
0 31 

0 31 

c 
0 31 32 

,, s ~132 T 

32 

D 

E 

1~•----End Op 

Clock 
--------~ 

B2 Field to LAL 

F 
LS to T 

R to E 

T to PAA(32-63) Only if B2 ¢ 0 

02 Field to PAB(52-63) 

X2 Field to LAL 

LS to T 

G PAL(32-63) to B 

Increment IC(21, 22) 

T to PAA(32-63) 

B to PAB(32-63) 

Rl Field to LAL 

· PAL(40-63) to D 

LS to Sand T 

Q to R (Next Instruction) 

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

5-11 (7/70) 

T 4 5 6 

~l"o~m""' 
2 IC(21, 22) 

~11 ,, Q ~~1 
0 3 16 19 32 35 48 51 

B2 Field 

4 15 20 31 36 47 52 63 

0 15 16 31 32 47 48 63 
Note: Numbers in circles 

refer to timing 

T 
chart below. 

0 15 

D 5 

0 15 
4 

I LAL g] 
I 1: 

E I Rl I X2 
15 

Rl Field 

X2 Field 

63 32 63 

nl I, A ·~132 B ~1 
63 32 63 

D2 Field 

32 63 32 

63 

PM PAB 

Parallel 
Adder 

4 
PAL 

32 63 

40 63 
3 

I-Fetch 
1st 

----------.,...----Execution ----•1 

I. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

C0 I 
I 
I 
I 
I 
I 
I 

Cycle 

0 
'-------~~Execution 

0 

2 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

From SDBO 

Q 
Op-Code 2nd Next 
Halfword Halfword Inst 

-RQ 

0 (Now in R) 63 

4 

Q 

0 

0 15 

From SDBO 

Op-Code 
Halfword 
(Now in R) 

5 

2nd RQ 
Halfword 

63 

4851 52 63 1619 20 31 _48 ____ 6_3_ 

B Field .,.~ _________ T_. 
'------B_,F,...ie-ld_to....,LAL ... ~11---T_. T to LAL 

D Field to PAA 

0 15 

1.:1 
L_iiJ 
0 15 

0 15 

D 
(A) IC(21 , 22) = 01 at End Op 

Clock 

Storage Request per IC 

R to E 

Q(48-63) to R if IC(21, 22) = 11 

B Field to LAL 

LS to T 

T to PAA (if B t 0) 

D Field to PAB 

IC+ B 

(IC +B) to IC 

Storage Request per D 

SDBO to Q 

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

0 15 

r:--:1 
L2J 
0 15 

0 15 

CJ] 

D Field to PAA 

(B) IC(21, 22) = 10 at End Op 

r--End Op ---•*!•------ I-Fetch ____ ,.._ ________ Execution 

I I 
I Normal 

1

1 
Additional I First 

j I-Fetch I-Fetch Word f I Execution 
I Word I (See CLO QT041) I Word 

I I I 
I I I 
I ! I 

I 
NEOPor BEOP 

SQ 1 Set 

R-E 
I 
t---
1 

I 
I 
I 
I 
I 
I 

SQ 1 Reset 
SQ 2 Set 

I 
I 

Q67-RI---

NEOPor BEOP 

I 
_r i---

1 
I +T 

I 
Q5 or Q7 

MS-REQ * D-3 

SQ 1 Set 
SQ 3 Set 

I 
~ 
I 
I-
I 
I 
I 

. I 

II f 1ndexed RX instructions 
require two additional 

I I-Fetch words. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i--
1 

1--

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

6 
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A 

B 

c 

• 

D 

E 

F 

G 

H 

2 3 ... 4 

I ~st7-F:c-;;-c-:::1::--- - - - - --- - --- __. - -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------ -- ---, 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Transfer D field 
from Q to D. 

Diagram 5-30 

Test for 0-reg ister 
refil I exceptional 
condition. 

QT005 

Yes 

No 

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

Transfer LS 
per E(S-11) 
toSandT. 

No 

Yes 

.-----.....L------.- - - --.----------
Issue 3-cycle 
storage request per D 
for storage operand. 

Conditional; 
see Note 3. 

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

Add D field to 
bose oddre.ss (in T) 
and transfer to D. 

Obtains 1st operand 
for RS i.nstruction. 
Not used by 
SI execution. 

Refer to Diagram 5-30. 

L ____ --------------------- _____ J 

(RS Format and Op Code = 

....-------N_a_~ Yes 1000-IXXX) 

QT041 
034 

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

ls<ue 3-cycle 
storage request 
per D. 

Set I-Fetch 
sequencers 
1 and 3. 

No Yes 

Conditional; see Note 3. 

I Conditional; see Note 3. 

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

L ____ _ -----------, 

QT041 
024 

IC(20) 
already is 
incremented. 

Issue 3-cycle 
storage request 
per D. 

Transfer D to 
PAL for SPEC 
test during next cycle. 

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

QJOOI 
020 

Increment IC(20) by 
I (done by I-Fetch 
sequencers). 

Set I-Fetch 
sequencers I and 3. 

t 
I 
I 
I 
I 

L_ ______________ _ ____ _J 

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

Diagram 5-13. RS and SI I-Fetch 

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

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

Branch to 1st ROS 
word of execution 
sequence per 
'E(04-07)- ROA' 
micro-order. 

5-13 (7/70) 

. 
5 6 

RS Format: 

Op Code I RI I R3 I 82 D2 I 
78 1112 IS 16 19 20 31 

SI Format: 

I Op Code I I2 I Bl I DI I 
7 e 1516 19 20 31 

Purpose: 
1. Transfer contents of LS register specified by E(S-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 storage (see Note 3). 

Initial conditions if I-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 ore transferred to T. 

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

Conditions ot End Op 
Incremented Next Op-Code Wqrd 

IC(21,22) Position 1C(2J. 22) Transferred to R F~m: 
in Q 

00 I : - 10 0(32-47) 

01 t~ ! ~ 11 Q(48-63} 

10 t- ! I 00 Not Yet in Q 

11 c-1 ~ 01 0(16-31) 

f O-register refill requested by end-op word; 0-register refill priority 
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 I-Fetch 
sequencers are inhibited if 'execute in progress' trigger is set. 

3. 'RESET' micro-order: 
a. Inhibits.setting of 'D sync' trigger if fetching MVI, STM, TS, shift, 

or 1/0 instruction. 
b. Resets '3-cycle request' trigger (causing 4-cycle request) if fetching 

BXH or BXLE instruction. 
Resets STA T's, Edit controls, STC, and ABC. 

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



A 

B 

c 

D 

E 

F 

G 

H 

2 

1st I-Fetch Cycle 
No Interruption 
or Exceptional 
Condi ti on Pending 

QT021 

No 

Yes 

Increment 
IC(21, 22) by 3. 

Yes 

No 

3 

Set 'gate I-Fetch 
invalid address' 
trigger. 

Transfer 01 
in Q to 0. 

Add 01 to base address 
(in T) and transfer 
result to 0. 

2nd Cycle 

Perform 1st step 
of ASC test 
(see Note). 

End-Op Setting 10 01 
Present Set,...ti_n~g_O_l _________________________ oo....., 

Transfer next 
op-code halfword 
from Q to R. 

Transfer next 
op-code halfword 
from Q to R. 

Yes (Decimal) 
- - -- -- - - - - --.----'----'---< 

3rd Cycle 

Includes last 
halfword of 

Add E(S-11) 
(Ll field) to 0 
and transfer 
result to T ond 0. 

Gate new 
instructions from 
SOSO to Q. this instruction. 

A 

Diagram S-14. SS I-Fetch (Sheet 1of2) 

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

Yes 

Transfer contents 
of LS per B2 to S. 

4 

Initiates testing 
of address of 
next instruction. 

STAT 0 is set 
if B2 =O. 

No (logical) 
>----'------.- - - -- --

No 

Add E(B-15) 
(LL field) ta D 
and transfer · 
result to T. 

c 

5 6 

• SS Format: 

I Op Code 

0 

1 l1 1 L2 1 81 m 01 1 B2 m::§J 
7 8 . 11 12 15 16 19 20 31 32 35 36 "' 

• Purpose: 
1. Transfer op-code halfword of next instruction to R; update 

IC and place into LSWR. 
2. Transfer computed address of 1st operand (destination) per 

instruction class ta D; request destination operand from 
main storage (gated into CPU during 2nd execution cycle): 

Lowest destination address for logical instructions = 
base address (per B 1) + D 1 • 

b. Highest destination address for decimal instructions = 
base address (per Bl)+ 01 + L 1. 

3. Transfer computed address of 2nd operand (source) to IC 
and T. Lowest source address =base address (per B2) + 02. 

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

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

end of cycle: 

00 

01 

LL 
~ 

C~~e Ll L2 Bl 

7 8 11 12 IS 16 19 20 

01 

~c~~e1l11L2,B11 01 
IB2 I 

0 IS 16 23 242728 31 J2 3536 4748 SI SZ 

10 ~C~e1L1,L2,B11 
0 3132 3940434'47'8 s1s2 

11 DI 181 I 02 

0 3 ' 1516 1920 

2. First halfword of instruction is transferring to E. 
3. Base address (per Bl) is in 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 IC(21, 22) = 10 (3-cycle). (Branch end op tests D 
instead of IC.) 

Note: Details of 1st step of ASC test: 

Transfer IC - D + 7 
to PAL. 

02 I 
63 

r---, 
DI 

IB2 ~~2-J 
63 0 3 • 15 

No Yes (D !£ IC + 7 ) 

Set 'PSC' trigger. 

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



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes (Decimal) 
- --------- -...--------~~ 

4th Cycle 

Perform 

Add E(B-11) 
(LT field) to D 
and transfer 
result to T and D. 

Yes 

Increment 

3 

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

4 

No (Logical) 
>-----'---~-------- --

No 

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

Perform lost step 
of ASC test 
(see Note). 

Transfer 
contents of LS 
per B2 to S. 

5 

Yes (82 = O) 

Transfer D2 in Q to 8. 

STAT Dis set 
if 82 = 0. 

Gate new 
instructions 
from SD80 to Q. 

Issue 4-cyc le 
request per D 
far 1st operand . 

6 

No (B2 "O) 
>----'--~---,.- - - - -- --

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

Yes No 
.....--------< >--------. 

Transfer next 
op-code halfword 
from Q to R. 

no operation 
this cycle. 

IC (20) by 1 (done 
by micro-orders). 

Perform lost step 
of ASC test 
(see Note). 

Perform I est step 
of ASC test 
(see Note). 

6th Cycle 

Stop CPU clock 
far 1 cycle. 

Last I-Fetch Cycle 

QT041 
010 

Normal end op. 

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

Transfer 
contents of LS 
per 82 to S. 

Transfer 
contents of LS 
per 82 to S. 

T ronsfer IC to 
LSWR via parallel 
odder and T. 

Yes 

Perform I est step 
of ASC test 
(see Note). 

No ------------- ------< 

T ronsfer IC to 
LSWR via p~rall el 
adder and T. 

Wait for BCU to 
become not busy. · 

Transfer next 
op-code halfword 
from Q to R. 

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

Yes (82 = 0) 

QT031 

Pr09ram 
interruption 
perfonmed next if its 
priority is 
established. 

Transfer D2 
in Q to T 
and IC. 

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

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

Transfer IC to 
LSWR via parallel 
adder and T. 

T ronsfer IC pl us 8 
to LSWR via 
parallel odder and T. 

No (82 f 0) __________________ --- __________ _ 

QT031 

Add D2 to base 
address Gn SJ and 
transfer result 
to T and IC. 

QT031 

T ronsfer partial 
source address 
to T and IC. 

Note: Details of last step of ASC test: 

No 

Subtract T from IC 
and shift right once. 

Yes· 

Reset 'PSC' trigger. 

5-14, Sh 2 (7/70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

IC(0-20) 

4-Cycle Request Per IC 

3-Cycle Request Per IC 

(Recovery Microprogrom Forced by 
EXCEP Micro-order, if Necessary) 

Force to 0 

MC066 

MC066 

~:~~:t 1-:~~~~~----------------. 
Refer to Tobie in )· 
Diagram 5-30 'L------------, 
Force to 1 

Force O's 

0 

ROS AR 

3 

MA001-
MA201 

Ms- Q Micro-order 

4 

Main Storage 

SDBO 

(Used Only for SS and Branch Instructions) 

Address 
Decoder I 

ROS DR921 

63 

0 

DR031 

0 

IC(21,22) = 00 at I-Fetch 

SQ 3 and SQ 1 Set 

5 

0 15 

~ 
~ 

6 

63 

I I I I I I 

o----5 1 6 17 1 8 19 •10
1
11 ._+-------f Nl--------r---, 

(Diagram 5-30) 

RAS CR 

SQ 2 Set 
A 

KD101 

Sequencer 1 
Turn-on IF 1 at EO P 

,------,------------L1 
Set 

Clack 

Trigger 

I-Fetch 
(Storage 

P2 ____ P1 

I-Fetch 
(Storage 

. .;.:.;c....::.:..:c::..;_-4#~-AA-.Request) 1[ 

~otClock ~ • 

Timing Chart 
Representation 

Latch Not Pl----- Not Pl 

L_ __ ---- ---------- _____ ,__ __ _J 

KD101 

Sequencer 2 

KD111 

A 

N t----t.---1 
DR021 

A. Basic Control Provided by I-Fetch Sequencers 

Diagram 5-15. I-Fetch Sequences (Sheet 1of2) 

A SQ 1 Set and SQ 3 Reset 

KD20l 

Sequencer 3 

KD111 

60 

63 

PAA 

4 

0 

0 

CA701 
RQ701-
RQ721 

40 

23 

~I 
23 

63 

40 63 

SQ 2 Set and SQ 1 Reset 
GT 

CA001-
CA211 

7201-02 FEMDM (7/70) 5-15, Sh 1 



2 3 4 5 6 

l Execution I-Fetch _I Execution ) 

1 l 2 3 

I 
1 I 2 l 2 

I I 

A Action ALD n-2 n-1 n 1 I 2 I 3 1 I 

Typical Micro-Orders NEOP +BEOP EXCEP RASCR 

Set IFl Trigger KD101 

c.. IF Sequencer 1 (See Note 1) KD101 (X • NEOP) + ('( • BEOP) RASCR • IF2 0 ,, 
c 

w IF Sequencer 2 KD111 IFl •Not IF3 ..s::. 
u 
c 

£ 
IF Sequencer 3 KD111 IF2 

l5 
Ci 

B 
E 

Set I-Fetch Request T gr KD701 l5 z 
IC +8-PAL KD201 

PAL-IC DR021 --
MS --+Q (See Note 2) DR031 -

I 
Typical Micro-Orders EEOP NEOP EXCEP RAS CR 

c 
Set IFl Trigger KD101 

IF Sequencer 1 (See Note 3) KD101 Z • EEOP RASCR • IF2 
c.. 

0 ,, 
IF Sequencer 2 KD111 IFl •Not IF3 c 

w 
>. 

1j 
IF Sequencer 3 ";' KD111 IF2 

GI 
u 
>. u Set I-Fetch Request Tgr KD701 
.! 

IC +8-PAL KD201 

D 
PAL-IC DR021 ----
MS - Q (See Note 2) DR031 -

I 

Typical Micro-Orders EEOP NEOP EXCEP 

Set IFl Trigger KDlOl 

E 
IF Sequencer 1 (See Note 3) KD101 Z • EEOP IF3 •Not IFl 

F 

G 

H 

c.. 
0 ,, 

IF Sequencer 2 KD111 IFl •Not IF3 c 
w 
2-
0 IF Sequencer 3 KD111 IF2 w 
I 
Cl> 
u 
>. Set I-Fetch Request Tgr KD701 u 
I 

N 

IC +8-PAL KD201 

PAL-IC DR021 .._ 

MS -a (See Note 2) DR031 

Notes: 1. X = Z • Not IF2, where Z is defined in Note 3. 
Y = [Not (Predecode branch + Predecode SS + Execute] 
(021,22 =OJ• Predecode not RRll. 

1. 
• [921 ' 22 = 1 0 + 

2. Also, gate Q(0-15) to R(0-15) if IC(21,22) = 00 (ALD DR071). 

3. Z = [!-rot (Predecode branch + Predecode SS +Execute}] • 0C21, 22 = 10 +(IC 21, 22 = 01 • Predecode not RR). 

B. I-Fetch Sequencer Timing Chart 

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

5-15, Sh 2 (7/70) 

-
These actions are Inhibited by 'block I-Fetch' ------•~I 
trigger. 



2 

Time Clock Ste Trig er 

Machine Check lntr Trigger 

(Not) PSW Wait Mask Bit 

Block lrpts on Start 

A KM811 

B 

c 

Execute in Progress 

STAT G 

Diagram 5-16. Block I-Fetch Trigger 

D 

E 

F 

G 

H 

3 4 5 

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

NEOP or BEOP 
A 

Any 1/0 Interrupt Reg T gr 

Ext Int Req •Mask 
A 

Manual Cntl Repeat Priority 

Machine Check Int Priarit 
Exceptional Condition ta I-Fetch 

Time Clock Step Priority 
-----~--~-----~ OR 

LPSW • Store In Progress 

Manual Cntl Stop Priority A 

KM861 
Supervisor Call Int Priority 

A 
Manual Cntl Wait Priority 

KM861 
OR 

Program Interrupt Tgr Lth 

Program Store Compare T gr 
KM861 

Gate IL 
NEOP or BEOP Not Avail 

_-=...._.::..:_:.....:_:.....:_ ________________ -;-T-:;T-1------fDiogram 5-20) 

Block IL Not Avail 

Select Successful 

KM851 

---- 1. Block R-to-E Transfer 

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

Block 
I-Fetch 

1---------~-T-T-:_:-i------ I. Reset I-Fetch Sequencers 
NEOP or BEOP 2. Inhibit Updating of IC(21,22) 

3. Block Q-to-R Transfer 
4. Block Storage Requests During I-Fetch 
5. Block PAL-to-T, D Transfer 

o-sTAT o FS 

KD501 6. Block Decoding of Fl through F7 Micro-orders 
7. Block Invalid 'Instruction Address Test 

6 
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A 

8 

c 

D 

E 

F 

G 

H 

2 

300 ns 

Input Power Line 
SS 

KD911 

0 -TIME-STEP (F2B) 

3 

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

Sample 
Pulse 

KD601 

Receive ATR 

Externa I Start 

Externa I Stop 

f6o Hz: 16 2/3 ms pulse period 

Detect Extema I 
Start/Stop or 
Receive A TR. 

End-Op Cycle 

1st I-Fetch Cycle 

Set 'sample 
pulse' trigger. 

Set 'time clock 
step' trigger. 

Establish priority for 
timer exceptional 
condition. 

Set !block I-Fetch' 
trigger. 

Force address 50 
(hex) into D. 

Force address 014 
(hex) into ROSAR. 

N 

Detect positive line 
frequency. swing. 

Ignore line frequency 
swings. 

Blocks most I-Fetch 
actions. 

. . --- --- ---- --·-- ---
Timer Exceptional 
Condition 
Mi croprogrom 

n-
ordwore 
unctions 
A311 

·1 Branch results from 
'External Start/Stop' 
and J27 mi era-order 
(ATRSEL). 

QT041 
014 

Reset 'block I-Fetch' 
trigger. 

Yes 

I 

I 
I 

...._ _______ ___._ - - -

I 

I 

I 

Reset ends ti mer update 
routine and forces stop 
loop. 

Perform Mach reset. 

Return to stop laop. 

No 

Diagram 5-601 

No 

I 
I 
I 
I 
I 
I 
I I 

L 
Perform PSW restart. 

----~ 

Diagram 5-17. Timer Exceptional Condition 

5-17 (7/70) 

Performed 
by ·o--sTAT D' 
micro-order. 

Diagram 5-809 

Receive ATR Routine. 

No 

4 

P2 

(Not) NEOP + BEOP 

Fetch timer value 
from stor~ge. 

Clear F Reg 
Gate in Clock. 

A 

5 6 

• Timer format, location 50 (hex): 

11 1111 
20 212223 2, 31 

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

Time 
Clock Stop 

T• 

EXCEP (K25) 

NEOP or BEOP 

1. Set Block I-Fetch Trigger (Diagram 5-16) 
2. Block Interruption and Exceptional Condition 

Priorities 

1. Inhibit Next ROS Address 
2. Force ROSAR to 014 (hex) 

KMB31, 
RX001-RX101 

Force D ta 50 (hex) 

KM811 

Decre~ent timer value. 

Store updated 
timer value. 

Test if timer 
value is negative. 

Normal end ap. 

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

Transfer LSWR to S. 

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

Issue 4-cycle 
request per D. 

Inhibit storage protect. 

Set mark triggers 
0-3. 

No 

Yes 

Set 'time clack at 
limit' trigger. 

Diagram 5-803 

Delay Instruction. 

Refer ta 
Diagram 5-24. 

Gate SDBO to AB .. 



A 

B 

c 

D 

E 

F 

G 

H 

2 .. 3 4 .. 5 

Any Interruption Priority 

Manual Cntl Stop 

Manual Cntl Wait 

Manual Cntl Repeat OR Block Invalid Instruction Address Test Priority 

Program Store Compare Priority 

Block Q-Register Refil I Priority 

Predecode LPSW 

(Not) Timer Priori! t-....._-----1-----------To Block I-Fetch Trigger (Diagram 5-16) 

Processor Storage Sel eel 

Store 

HSS Advance 

End-Op Cycle 

1st I-Fetch Cycle 

CPU Store in Progress 
Microprogram 

Store to 

FL 

KM841 

Establish priority for 
CPU store in 
progress exceptional 
condition. 

Set 'block 
I-Fetch' trigger. 

QUOOl 
02E 

Force address 
02E (hex) 
to ROSAR. 

No micro-orders 
for one cycle. 

Normal end op. 

CPU 
Store 

KM841 

Blocks most 
I-Fetch actions. 

Allows time to 
receive possible 
protection check. 

Diagram 5-18. CPU Store In Progress Exceptional Condition 

EXCEP (K25) 

CPU 
STO EXCEP 
(Priority) 

1. Inhibit Next ROS Address 

2. Force ROSAR to 02E (hex) 

6 
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A 

B 

c 

D 

E 

F 

2 

Set Mach Chk and PSW 29 
on RDD Timeout 

Any IOCE Mck Req 

1-MCH-CK-TRP (SF6) 

(Not) Console Logout Latch 

KU451 

o-INT-TGR (F25) 

IOCE Machine CK 
ar 

ROD Timeout 

Enter from 
Diagnose instruction 
log-on-count 
subroutine. 

Normal End-Op Cycle 

First I-Fetch Cycle 

First Machine Check 
Microprogram Cycle 

G Diagram 5-19. Machine Check Interruption 

H 

5-19 (7/70) 

3 

Machine 
Check 

4 

Block Further Logouts 

(Not) Time Clock Step Tgr 

KMBll 

MACH 
CK INT 
(Priority) 

5 

IOCE Mck 

6 

Set PSW 29 

Set PSW 30 and 31 (IOCE ldent) 

KM121 KN301 

NEOP or BEOP 

EXCEP (K25) 

KMBll 

RX081-
RX101 

PSW - S23 (C2) 

Detect CE machine 
check 

Diagram 6-115 

Logout 
Microprogram. 

Set 'block 
I-Fetch' trigger. 

Force address 
30 (hex) into D. 

Force address OOC 
(hex) into ROSAR. 

QUOOl 
ooc 

Reset 'block 
I-Fetch' trigger. 

Reset 
STAT H. 

Gate interruption 
code to '5(16-31 ). 

Diagram 5-26 

Common 
interruption 
microprogram. 

Depress LOG OUT 
pushbutton. 

Inhibits most 
I-Fetch actions. 

Location of machine
check old PSW. 

Performed by 
'O--.STAD' 
micro-order. 

RS315 

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. 
If IOCE 2, set 30 to 1. 
If IOCE 3, set 30 ond 31 to l's. 

l. Block Other Interruptions.and Exceptional Conditions 
(Other Than Timer and CPU-Store-In-Progress) 

2. Restart ROS Clock if Stopped (Wait State) 

l . Force D to 30 (Hex) 
2. To Block I-Fetch Trigger (Diogrom 5-16) 
3. Gate Interrupt Priority Triggers (Nat Used) 

Force ROSAR to OOC (Hex) 

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



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

~(N"'7"""ot~)~l~n-hi_b_it_F~r-e_e_R_u_n_O-:-SC-:--:------------------------------------------------J~ 
(Not) Program Interrupt Latch Set 

(Diagram 5-22) ----------------------------------------------------~ 
Free Running PO 

A 

5 6 

Hold For Set Reset Gate 
.----------------- (Diagram 5-22) 

Set PIT 4 or 5 or 80 L ~ OR..,_---1,__ _______ __, 

(Diagram 5_22) Protect Inter Code Not Set A 

,...-l ......_____. 
KM181 r--t~..,_ _________ ---lr----1 

SE Stopped Ith LJ A r ----'----------------+-+--L _ _J r------1 OR ..,..._ __ ~ N 1----------4 
A 

TON Pl Tgrs e Not Block 
I-----+--+-----'----------- (Diagram 5-21) 

(Not) IFSR 
(Diagram 5-29)----------....... ---1 

Inv CPU Addr Latch 
A 

,___ 
KM181 

S TOR >-A_d_v_an_c_e_fo_r_C_P-'U'---------1~ 
Protection Check 

A 
(Not) Block Prot lrpts 

(Diagram 5-29) ------'----------1.__ 

Gate IL Not A~ilable 
(Diagram 5-16) 

lrpt Reset• (Not) Pgm lrpt 

KM851 

l - INTREQ-TQR (F20) 

(Not) Supervisor Call 

Fixed Point Divide 

Decimal Divide 
Floating Point Divide 

Exponent Underflow 

1 - IVSPEC (F16) 

...___ 
KM851 

Inst Length 
Not Avail 

T• 

~ 

KM851 

A 

KM121 

OR 

KM171 

A IC(23)=1 --,_ 

_90_2_0 ___ ~ OR 1-+-+-+--4 
Diagnose 

...._-

,......., KM181 
"--

n OR ~ lnval id Operand Addr or Stor Prot 
~t--~~~~~~~~~~~~-

K M 18 l 

Invalid Operand Address 

Block I LC on Late Stor Prot 

c (Diagram 5-22) 

_1_-__ 1N_v_-_o_P_-~TG~R__;_(F_l9~)------lr----

Set Code 7 

SetCode9+ 11+15 

Set Code 13 

OR 

,...._, 
'--
KM141 

OR 

A 
lo-- OR 1--Set Interrupt 
~ A Code 1 Trigger 

1-----11---+--+--I .__.__.. 
KM141 

~--+--r-:-i Set Interrupt 

1------1---+--+~___,1 Code 2 Trigge 

KMl41 .....___ 
KM141 

Decimal Overflow 
~ OR Set Code 10+ 11+14+ 15 

._~ 

A Significance 

KMi7i 
....._..-

L-----
OR 

Set Code 12 + 13 + 14 + 15 

Exponent Overflow 

Edit r--i 

Compare Decimal _r-1 OR L_Q_ 
E (8- 11) = 1111 jA I D I 

Set Code 5 

Set Code 4 
~ r--r--i 

INV-ADR-TGR (G24) KM191 ~ 
----~----~~--------i.-~A 1-------J 

(Diagram 5_29) __ Br_a_nc_h __ I n_v_A __ dd_r_T_g_r-------------1---..--4---~~ OR 

Edit Digit Examine Lth 

(Diagram 5-29) 
Protected Branch Addr 

Non-Branch Cause of 
Program Interruption 

Operation 
Protection 
Addressing 
Specification 
Data 
Fixed-point overflow 
Fixed-point divide 
Decimal overflow 
Decimal divide 
Exponent overflow 
Exponent underflow 
Significance 
Floating-point divide 
IOCE 3 PSA lockout 
IOCE 2 PSA lockout 
IOCE 1 PSA lockout 
Logout stop 

Tl---4----..I 
A 

...____,.-
'--------!A 

128 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

ci--OR 

A 

~ 

KM191 

64 32 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
1 0 
0 0 

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

Fixed-Point 
Overflow ~ 

Interrupt 
Code Triggers Set 

16 8 4 2 

0 0 0 0 
0 0 1 0 
0 0 1 0 
0 0 1 1 
0 0 1 1 
0 1 0 0 
0 1 0 0 
0 1 0 l 
0 1 0 1 
0 1 l 0 
0 1 1 0 
0 1 1 1 
0 1 1 1 
1 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

OR 

lo-- Set Interrupt 
ORt- Code 4 Trigger 

~A 

~ 

OR 
.---.---, 

1-------+--+--I 

I' Fixed-Point Oflo 

L...-
KM151 

A 

(_N_o_t....;)_F_ix_e_d_-_Po_i_n_t_C_o_m~p_ar_e _________ +--+--1 A 

FXPOFLO - STAB (G3) 

Fixed-Point Oflo Mask 

T 
Left Shift Oflo Check 

1 - STAB* J26B2 (G14) 

PS.A Lockout IOCE 3 

1 

1 PSA Lockout IOCE 2 
0 
1 
0 
1 
0 PS.A Lockout JOCE 1 
1 
0 
1 
0 
1 
0 SE Stopped 

1 
0 
0 
0 
0 

_Set Interrupt 
OR Code 8 Trigger 

1--

~A 

~ Set Interrupt 
~ Code 16 Trigger 

KM156 

~Set Interrupt 
~Code 32 Trigge 

KM156 

~Set Interrupt 
~--Code 64 Trigge 

KM158 

1--D Set Interrupt 
~Code 128 Trigger 

KM158 

(Diagram 5-22) 
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A 

B 

c 

c 

From 
E-Register 
Decoder 

2 

I-Fetch 2 Latch (See Note) 

RX • X2 = 0 or SI or RS 

KM426 

ISK or SSK Instruction 

5(28-31) t-0 

E(8) = 1 

Floating-Point Instruction 

E(l 1) = 1 

Floating-Point, Shift, MR, M, DR, or D Inst 

E(12) = 1 

RR Floating-Point Inst 

E(15) '= 1 

SS Format Instruction 

Privileged Instruction 

Problem State 

Execute In Progress 

Execute Instruction 

lnval id 0 Cade 

3 

D(21)°= 1 

Inst At 

D(22) = 1 

Inst Bf 

D(23) = 1 

Inst Ct 

PAL(61) = 1 

Inst At 

PAL(62) = 1 

Inst Bt 

PAL(63) = 1 

Inst Ct 

KM431 

KM431 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

OR 

KM421 
KM431 

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

E 

F 

G 

H 

5-21 (7/70) 

4 5 

f Inst A, B, C = 111 for LPSW, Diagnose. CYB, CVD, and 
RX Floating-Point Long Instructions. 

Inst A, 8, C = 011 for STM, LM, RX Fixed-Point Full Word, and 
RX Floating-Point Short Instructions,. 

Inst A, B, C = 001 for EX and RX Fixed-Point Halfword Instructions. 

YIASI 
Branch 

RXOOl 
RX003 

KM431 

Inhibit 
LS 
Write 

RX003 

Block D Sync Trigger 

1. Inhibit LS Write Operation 
2. Set CPU Cancel Trigger 

1---+-------------Force ROSAR to Normal End-Op Addre" 
of 010 (hex) 

Tum On Pl Tgrs • Not Block (Diagram 5-20) 
Set Interrupt Cade 1 Trigger 

Set Interrupt Code 2 Trigger 

KMl.41 

Set Interrupt Code 4 Trigger 

KM151 

Nate: Storage address is tested for specification violation off of 
PAL unless Q is being refilled by end-op word other than 
2-cycle EEOP. 

SPEC Y-Branch Cause Interrupt Code 
Triggers Set 

16 8 4 2 1 

Operation 0 0 0 0 1 
Privileged Operation 0 0 0 1 0 
Execute 0 0 0 1 1 
Specification 0 0 1 1 0 

6 

(Diagram 5-22) 



A 

B 

c 

D 

E 

'F 

G 

H 

2 

KM141 

Interrupt 
Code 2 

KM141 

Interrupt 
Code 4 

KM151 

Interrupt 
Code 16 

T• 

Interrupt 
Code 32 

- Reset 
Supervisor Call 
Trigger 
(Diagram 5-23) 

3 4 5 

XXOlOO 
Protect Interrupt Code Set (Diagram 5_20) 

1-....------------------P_r....:og::...r_am_ln_l_er_ru....:p_I Inhibit Reset of Inst Length Not Avail Trigger 

KM161 

(Not) Pl Free Running 
A 

Program 
Interrupt 

FL 

INTRP (K21) 

A 
Set ROSAR(lO) 

DS201 

r--L--J--i---""------------ Enable Setting of Interrupt Code Triggers 
(Diagram 5-20) KM161 Prog Int 

(Priority) 

(Not) Block Interruption on Start + TCS + MC 
1------------- 1. Block Lower Priority Interruptions and 

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

1-...-----------------------1. Force D lo 28 (hex) 
NEOPor BEOP 

0-INT-TGR (F25) 

EXCEP (K25) 

RXOOl
RX101 

Priority 1 

FL-
(Not) Priority 2 

KN121 

Force ROSAR to OOA (hex) 

KN121 

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

Prag Int Priority 

PO 

Psw-sT (Cl) 

(Diagram 5_20) Hold for Set Reset Gate 

) 
Inst Length .Not Available 

(Diagram 5-20 
KM141-
KM158 

6 

Program Interruption (Pl) Code 

PSW-523 (C2) 
- Transfer Interrupt Code Triggers to S 

KM156 

Interrupt 
Code 64 

KM158 

Interrupt 
Code 128 

KM158 

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

Diagram 5-29 

Invalid 
instruction 
address test. 

End-Op Cycle 

Program 
violation detected. 

Set interrupt 
code trigger(s). 

Set 'program 
interrupt' latch. 

Establish priority 
of program 
i nterrupfion. 

Set 'block 
I-Fetch' trigger. 

Force address 
28 (hex) into D. 

Set 'priority 
l' latch. 

Diagram 5-22. Program Interruption 

Inhibits most 
I-Fetch actions. 

KN261-
KN301 

1st I-Fetch Cycle 

First Program 
Interruption 
Microprogram 
Cycle 

Force addreS. OOA 
(hex) into ROSAR. 

QU001 
OOA 

Reset 'block 
I-Fetch' trigger. 

Set STAT H. 

Gate interrupt 
code triggers 
to S(16-31). 

Diagram 5-26 

Common 
interruption 
m icropr'\)gram. 

RS241-
RS301 

Performed by 
·o-sTAD' 
micro-order. 

Causes common 
interruption 
microprogram to 
recognize non-machine
chec k entry. 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Supervisor .Call Instruction 

1-INTREQ-TGR (F20) 

P2 

lnterru t Code 4 Trigger 

o-INT-TGR (F25) 

_E_-_Re...::g::..._Bi_t_x __ 8 

(B-15) 

SVC INT 
) 

4 

RS241-
RS311 

5 

----Transfer E(B-15) to 
S(24-31) 

(Not) Block Interrupt 
on Start + TCS +MC 1-.....--------------- 1. Block lower priority interruptions and 

Diagram 5-6 

RR I-Fetch. 

Set 'supervisor 
cal I' trigger. 

1 cycle early end op. 

End-Op Cycle 

Establish priority 
of supervisor 
call interruption. 

Set 'block 
I-Fetch' trigger. 

Force address 
20 (hex) into D. 

KM811 

NEOP or BEOP 

KM811 

EXCEP (K25) 

• RR Format: 

OA 
78 15 

• Conditions at start of execution: 
I . Instruction is in E. 
2. l st operand (not used) is in A, B, and D. 
3. 2nd operand (not used) is in S and T. 

Resets if "late" 
protection check 
is detected. 

lnh ibits most 
I-Fetch actions. 

Diagram 5-23. Supervisor Call Interruption 

5-23 (7/70) 

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

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

(Diagram 5-16). 

Some as shown in Diagram 5-22 with all 
'interrupt code' triggers reset. SVC 
cannot cause program interruption. 

KN121 

t------ Force ROSAR to 008 (Hex) 

RX001-
RX101 

1st I-Fetch Cycle 

Force address 008 
(hex) into ROSAR. 

1st Cycle of 
Supervisor Coll 
Interruption 
Microprogram 

QUOOl 
008 

Reset 'block 
I-Fetch' trigger. 

Set STAT H. 

Trahsfer E(B-15) 
to 5(24-31). 

Diagram 5-26 

Common 
interruption 
microprogram. 

Performed by 
·o-sTAD' 
micro-order. 

Causes common 
interruption 
microprogram to 
recognize non-machine
check entry. 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Issued by Timer 1 -TCL-TGR (FJ 7 ) 
Exceptional Condition 
Microprogram (Diagram 5-17~ 

INTERRUPT Pushbutton Latch 

Hold DAR Latch 

Hold Pl R Latch 

,-----
1 

I CE RDD or WDD 

I Signal in 

(Diagram 7-8) 

I 
L Direct Control 

____,,, ___ -----

3 

Time Clock 
at Limit -T 

Console 
Signal 

A T 

DAR 
Interrupt 

A 

PIR 
Interrupt 

A T 

-----, 
CE RDD or 
WDD Interrupt -T 

8 

I 
I 
I 
I 

JA211- I 
JA241 ______ _J 

Depress 
lNTERRUPT. 

Set 'console 
signal' latch 

Bypass PSW (7) = l I 
Decision for I 
Force DAR interrupt 

Force interruption 

End-Op Cycle 

Diagram ~-24. External Interruption 

Set 'time 
clock at 
limit' trigger~ 

priority 
of external 
interruption. 

Set 'block 
I-Fetch' 
trigger 

Force D to 
18 (hex). 

Set 'priority 
2' latch. 

12 

4 5 6 

Gate= [(Not NEOP or Not BEOP) • Not Priority 2] + (External Priority • Not Priority 2) + [External Priority · (NEOP or BEOP) 

PSW External Mask 

JA 201 

(Not) NEOP + BEOP 

KM861 

NEOP or BEOP 

KMBll 

Priority 2 

FL 

o-INT-TGR (F2.5) 

KNl21 

12---------1--~ 

EXCEP (K25) 

CE RDD 
orWDD 
Signal In 

...,,... 
8 

Yes 

Set RDD or 
WDD hold 
latch. 

Set 'console' and 
'external sigr:10l 1 

triggers pe.r 
respective latches. 

External 
Mask Bit. 

Keep external 
interruption 
pending. 

Blocks most 
I-Fetch 
actions. 

Degates 
'console' 
and 'external 
signal' triggers. 

KM831 
RXOOl
RXlOl 

Force (DAR) Interrupt 

(Not) Block lrpts on Start+ TCS + MC 

(Not) Program Interrupt Priority 

(Not) Supervisor Cal I Priority 

KM811 

NEOP or BEOP 

I. Force D to 18 (Hex) 
2. To Block I-Fetch Trigger 

(Diagram 5-16) 

PSW-St(CT) 

(Not) Priority l Tgr 

Force ROSAR to 006 (hex) 

PSW-S23 (C2) 

Set DAR 
Hold Latch 

No 

Ignore 
interrupt 

1st 1.-Fetch Cycle 

KM861 

Force ROSAR 
to 006 (hex). 

1st Cycle of External 
Interruption 
Microprogram. 

QUOOl 
006 

Reset 'block 
I-Fetch' 
trigger. 

Set STAT H. 

Trans fer al I 
12 triggers 
to 5(20-31) 

Diagram 5-26 

Common 
interruption 
routine. 

1. Block Lower Priority 
Interruptions and Ex
ceptional Conditions 

2. Restart CPU Clock if 
Stopped (Wait State) 

Sample External Interrupt Trigg~rs 

KN241-
KN301 

RS241-
. RS301 

Reset 'console' and 
'external signal' 
latches 

. Transfer 'time 
clock at limit', 
'console signal', 
and external signals 
2-7 triggers to S. 

IOCE External 
Interruption 

T 
3 

: Set PIR Hold 
·Latch 

No 

Ignore 
interrupt 

Performed by 
"O-STAD" 
micro-order. 

Causes common interruption 
routine to recognize non
machine-check entry. 

7201-02 FEMDM (7 /70) 5-24 



Ut 

N 
VUt 

V':l 
=' 
I-" 

':J -....:i s 

• 

A 

B 

2 3 
(Not) Set System Mask 

(Not) NEOP or BEOP 

(Not) FLT Inhibit Seq Tgrs 

Not 1/0 Int Priority A 

P0-3 and (not P2) 

(Not) any 1/0 MCK Request 

KM311 

CCR Bit (29 ,30, or 31) 

1/0 Int 
Gate 

1/0 Interrupt Req X & not inhibit 

A 

Clock p .P 

• 

IOCE X 
1/0 
Interrupt 
Request 

T 

KM311-
KM321 

3 
(1-3) 

4 5 

(Not) Block lrpt on Start + TCS + MC 

(Not) Program lrpt Priority 

(Not) Supervisor Cal I Priority 

(Not) Extend lrpt Priority 

3 

KM311 

1/0 Int 
(Priority) 

A 

KMBll 

6 

1. BloCJk Lower Priority Exceptional 
Conditions 

2. Restart CE Clock if Stopped 
(Wait State) 

7 

1. Force D to 38 (Hex) 
r----- 2. To Block I-Fetch Trigger(Diagram 5-16) NEOP or BEOP 

EXCEP (K25) 

c 

0 __.,. INT - TGR (F25 

D 

E Diagram 5-25. 1/0 Interruption (Sheet 1 of 2) 

KMBll 

KMB31 
RXOOl
RXlOl 

Force ROSAR 
to OOE (Hex) 

Priority 1 

KN121 

Priority 2 

KN121 

l~lntr-Gate (GlO) 

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

1/0 Interrupt 
Priority 

3 
KM311 

Interrupt 
Gate Int Gate Trigger 

KX181 

Trigger is Set. 

1/0 Int Req 
IOCE X & 

Permit Interrupt IOCE X 3 ________ .;..,_ __ _ 

KXll 1-

KX121 

Inhibit 
1/0 Interrupt 
Req X 

Simplex §ID--- 3 
1/0 Interrupt Req IOCE X L 3 

3 

8 9 



A 

B 

c 

D 

E 

F 

G 

H 

END-Op 
Cycle 

lst I-Fetch Cycle 

946 
Transfer IC 
minus 8 to 
(40-63) via. 
porol lel odder. 

2 

Receive 
'interrupt 
request' from 
IOCE X. 

851 

Gate physical 
and logical 
PSBAR to 
S&T. Set 
1 -STAH 
O-ABC. 

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

3 

Keep IOCE 
waiting to 
complete 
handling of 
previous 1/0 

'interrupt 
request'. 

Ignore request. 

Performed by 
'0-STAD 
Micro-order. 

947 
Transfer IC 
minus 16 to 
T(40-63) via 
para I lei adder. 

Yes 

See common 
interruption 
routine 
(Diagram 
5-26). 

Diagram 5-25. 1/0 Interruption (Sheet 2 of 2) 

4 

No 

..---....;_ ___ - - --
1/0 error : 

:f;h ~~!nse. I 

(Is this a 
MCH CK 
int?) 

..--......_--'8'"-'4.;.,F ...._ 

885 

1-lntgate 
trigger (turns 
on select) 
sends permit 
int. 

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

Shift 8 left 2 
(832-67-
830-65). 
PSW-ST. 
Set mark 0. 

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

Di?gram 5-26 

Common 
lnterrupti on 
Routine 
(entry block 
353). 

' 

...... ._ 

' ' 

Yes 

Yes 

5 

....................... "- ...... 
............. 

J The micro
! program hos 

I substituted 
bits 9-12 of 

I physical 
I PS8AR for 

I ro-g1i~alfPSBAR • 

6 

.............................. ,...... ____ .. 

' ' ' ' ' ' ' ' ' ' ' ' 

Interrupt Code 
to S. 

I This provides 

I 
the IOCE with 
the proper 

I physical 
I address for 

storing the 
I interrupt code 
I in the 1/0 
old PSW. 

I Sends 'permit 
I inte[rupt' 
I to IOCE 
I which ini-
1 tiated this 
I request. 

No 

Delay 1 
882 

Block to al low 
1int reg 1 tgrs 
to drop before 
end-op. 

881 

IOCE MCH CK 
MS Req *D. 

Diagram 5-26 

Common 
Interruption 
Routine 
(entry block 
850). 

Yes 

7201-02 FEMDM (7/70) 5-25, Sh 2 



A 

B 

c 

D 

E 

F 

2 3 4 

Diagram Interruption Cause 

5-19 
5-22 
5-23 
5-24 

Machine check 
Program 
Supervisor· Call 
External 

QUOOl 

Complete assembly of 
old PSW in ST. 

Store old PSW. 

Issue resets. 

No 

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

351 

Transfer IC minus 16 
to T(4.0-63) via 
parallel adder. 

Yes 

Transfer PSW register 
to S(O- I 5) and 
T(32-39) 

Issue 4-cycle 
stomge request 
per D. 

Inhibit storage 
protection. 

Set mark 
0-7 triggers. 

Reset triggers 
that caused 
this interruption. 

B50 

Diagram 5-25 

1/0 Interruption 

Performed by 'PSW ~ 
ST', ·o-sTAG', 
'0--+BR-INV-ADR', 
'IF-INV-TGR', 
micro-orders. 

No 

Wait 3 cycles. Allows main storage 
to become quiescent. 

G m 
Reset system. Resets error triggers. 

Does not reset Moch 
CK Interrupt Tgr. 

Diagram 5-26. Common Interruption Routine 

H 

5-26 (7/70) 

5 

• Conditions at start of this routine: 
1. Address of old PSW is in D. 
2. Interruption code is in S(l6-31). 
3. STAT His not set if a machine check 

interruption is in progress. 

Calculate address 
of new PSW. 

( va· interrupt) 

Request new PSW. 

Diagram 5-601 

Load PSW. 

353 

6 

Set 8(59) via parallel 
adder (hex 10). 

Shift B-register left 
twi.ce (hex 40). 

Add B to D via 
parallel adder. 

Issue 3-cycle 
storage request 
per D. 

Inhibit 
storage protection. 



A 

B 

c 

0 

E 

F 

G 

H 

2 

Stop Trigger 

Wait Trigger [i>SW(l4fl 

(Not) Block lrpt on Start 
+res+ MC 

Repeat Instruction 

(Not) STAT G 

(Not) (TCS or lntrpt) 

NEOP or BEOP. 

End-Op Cycle 

lst I-Fetch Cycle 

Exceptional 
Condition 
Microprogram 

STOP 
(Priority) 

3 4 5 6 

!---+-------- l. Block Invalid Instruction Address Test and Q-Register Refill Exceptional Conditions 

KM83l 

WAIT 

KM831 

REPEAT 

KM831 

2. Block Setting of ROSAR(S) by Wait, Repeat Inst., or PSC 
Priority Signal 

KM861 

3. Restart CE Clock if Stopped (Wait State) 

To Block I-Fetch Trigger 
(Diagra~ 5-16) 

l<M831 
RXOOl-RXIOI 

Force ROSAR to 026 (Hex) 

t-------------1------ Block CE Clock Pulses at Not Clock Time 
(Not) CPU Star Prior 

KM831 

--------- 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) 

l<M861 

!---+--+------ Block PSC, Invalid Instruction Address Test, 
and Q-Register refill Exceptional ConditioM 

To Block 1-F etch Trigger (Diagram 5-16) 

KM861 

Yes 

Set 'block 
I-Fetch' trigger 

Force ROSAR 
to 026 (hex). 

Diagram 8-4 

Establish priority of 
manual operation. 

No 

Set 'block 
I-Fetch' trigger. 

Force ROSAR 
to 02A (hex) . 

Stop CE clock 
at not dock time. 

Stop loop routine. 

Restart CE clock. 

QY051 
02A 

Reset 'block 
I-Fetch' trigger 

Normal end op 
(see Notes) . 

Yes 

KM831 
RXOOJ-RXl OJ 

KM831 
RXOOl-RXlOl 

of Next I-Fetch 

Force ROSAR to 02A (Hex) 

Force ROSAR to 028 (Hex) 

Yes 

Set 'block 
I-Fetch' trl gger. 

Force ROSAR 
to 028 (hex). 

Diagram 8-16 

Repeat 
instruction 
switch routine. 

No 

Test for lower 
priority exceptional 
condition. 

Notes: l • Return to Wait state after timer exceptional 
condition. 

2. If interruption occurred, PSW(l4) determines 
Wait or Running state. 

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

Diagram 5-27. Manual Control Exceptional Conditions 

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



2 

A 

Issued During 
I-Fetch of 
SS-Format 
Instructions 

B 

c 

D 

E 
End-Op Cycle 

1st I-Fetch Cycle 

3 

1-ASC* JS7 = 0 (F2-6) 

Eff PAL(40-63) = 0 • P4 

P4 • P2 

SASCR (F24) 

Adder 32 Corry 

I 
RASCR (Gl5} 

Issued 
by Q-refill (Not) Eff PAL(40-63) = 0 • P3 

Exceptional' (Not) Execute in Progress Tgr 
Condition 

P4 • P2 

o-ASC, XEC (F27) 

P2 

Reset PSC on Sucessful Branch 

ASC test. 

Yes 

Set 'PSC' trigger. 

Establish priority 
of PSC exceptional 
condition. 

F PSC Exceptional Condition Microprogram 

G 

H 

Transfer IC minus 16 
to IC and T. 

• Diagram 5-28. Program Store Compare Exceptional Condition 

5-28 (7/70) 

4 

(Not) (TCS or lrpt) 

(Not) Wait Priority 

(Not) Repeat Inst Priority 

A 

OR 

A 

A 

OR 

A 

NEOP or BEOP 

Diagram 5-506 

Execute 
instruction . 

No 

Set 'block 
I-Fetch' trigger. 

Force ROSAR 
to 004 (hex) . 

QT041 
004 

Yes 

Reset 'block 
I-Fetch' trigger. 

Issue 3-cycle 
storage request 
per IC. 

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

Diagram 5-601 

Load PSW. 

Program 
Store 

No 

• 5 

PROG STO COMP 

KM831 

EXCEP 

KM831 
RX001-RX101 

KM861 

Blocks most 
I-Fetch actions. 

Transfer IC minus 8 
to IC and T. 

6 

1. Block Invalid Instruction Address Test 
and Q-Register refill Exceptional 
Conditions 

2. Block setting of ROSAR<81 

Force ROSAR to 004 (Hex) 

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



A 

B 

c 

D 

..... 

E 

F 

G 

H 

Hordware Conditions 
for SS Instruction 
Completely in Q 

2 3 4 5 

_R_O_S_D_e_c_od_e_Br_on_c_h_E_O_P ___ --1....--r--

D(21) = 0 

Late BCU Clean Up 
-'-Pr~e_de~c~o~d~e~S~S~F~or~m~a~t ___ _.--IA 

Clock P2 

rr~ ~~1~~~~.....----.~ 
ROS Decode Normal EOP A OR1---~---------+------r--1 

11 I A Jl--rl ~-=-/-e!ll---+------l Delayed IF IC(21) = 0 

6 

IFSR Blocks S.etting of 
Interrupt Code 5 
(Diagram 5-20) 

Branch Instruction 
Execution 

L_ .----. I-Fetch ~ OR 

~ Stor Request .....----. Block Prat 
'--r--::T-f-...-+-J.r-O-R., lrpts 

~:~: ~F'Konl ~ 

MS*IC-3*D 

{ 

=ll (Ll2) EPfr= 
D(21, 22) = 11 

-C~lo-c~k-P~2-'-'--~ ....__ KD701 
OR 

Blocks Setting of 
Interrupt Code 4 
(Diagram 5-20) 

1 - or 2-Halfword 
Nonbranch Instruction { 

KD701 
(Not) I-Fetch 3 Tgr~ 

I-Fetch 1 :!E_r CU 
(Not) Clock Pl Q 

I KD701 

1 -INST-t__...r--, 

-
(Not) ROS Decode NEOP ,....----., 

(Not) ROS Decode BEOP 

D Register Store A 1----------,------+---+------' Delayed 

Branch Instruction 
I-Fetch 

1- or 2-Halfward { 
Non-Branch Instruction, 

SSlo<.,~Hoo, O< A,,y { 
Branch Except Branch 
on Condition 

Unsuccessful Bronc h· 
on Condition 
(BCR or BC) Is Not 
Last Instruction 
in Q 

MSREQ (G22:_] A r 
l Ko7oi 

BCorBCR ~ 
Cond Not Met ] A N 

IC(21, 22) ~ 00 j 
KD701 

(Not) Clock Pl 

~IF....:....l~TG.::..;,:.R_•~(N~o~t~)~IF_3:__ __ ---I,........., 

1-INST-MSREQ (G22) H3' 
_P_re_d_ec_o_d_e_S_S_F_o_rm_a_t __ --1.-- OR N >-------------<>--' 

NEOP or BEOP A 

Delayed 
IF Prot 

~ 
KD721 

I-Fetch 
~A Invalid 

Block I-Fetch Tgr 

{Not) N + BEOP 

Block 
I-Fetch 

o-STAD (Clocke~ 
' - __I--+--, 

KD721 t-8 
Protection Check {Pulse) ~ -
Invalid Address (Pulse) Il 

A 1---...... ~-at_e_...,,_ __ --<l--+---l--+---1 Address 
T ~OR1---.....---::T----.-ot--------------------------, 

.---------1.-~-~ ~-+-+---t r t--r--r--
--+--+--+---t A 

CPU 5 Lth 

-
-------fps-A KD721 f--i Clock P2 -L.:_J IC(21, 22) = 00 

NEOP or BEOP 

(Not) Pl A 

·Invalid 
Test if Next lnstruc lion 
Has Vol id Address 

1-- Instruction 

Clock P2 

Clock Pl 

I-Fetch 1 Latch 

(Not) 1-INST-MSREQ 

IF-INV-TGR (F38) 

IC(21, 22) = 00 

~ 

A 

t--1 

A 
OR 

D t--1 

A 

Gate 
I-Fetch 
Invalid 
Address 

t--

'----t---1----1 A 

Branch 
Invalid 
Address 

T -

...-----1_ 

"--8A 
-

KD701 

Protected 
Branch 
Address 

IC(21, 22) = 11 

Predecode Not RR Format 

L (Diagram 5-20) 

c (Diagram 5-20) 

'-- Address 
'---- OR i--- i-;:--r-

'----A 

,--'.__ 

KD711 

L KD711 Q:J-1-----------------------' 
KD711 

Cond not met for BC or BCR .---
(Not) BC or BCR 

BC or BCR s-1 OR 
E(l 2-15) = 0 

I--

_,_o ---'-B_R_-_1N_v_-_A_D_R _(_G_2_3)--1~ I 
(Not) Clock P0-1 -W 

KD701 
A 

RR Format 
L.......L-... 

KD711 

IC(23) = 1 Inv Inst Adr 
(Priority) 

D(23) = 1 _r- OR1------J-f-A-i ----<]A BEOP 1--------.-------Block 0-Register Refill Priority 

...__.___. --
KM821 

(Not) Man Cntl + TCS + PSC + lntrpt 
(+CPU Store) Priority EXCEP (K25) E--Force ROSAR to 002 (Hex) 

KM821 
RX001-
RX101 

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

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



2 3 4 5 6 

-- --- ---- -- -- --- --- --- --- --- -- --- --- --- -- -- -- -- -·-- --. -- --.- -- -- -- -- -- --- -- --

A 

B 

c 

D 

E 

F 

G 

H 

1st I-Fetch Cycle No Interruption or Higher Priority 
Exceptional Condition Pending 

Yes No 

Force ROSAR 
to 002 (hex). 

Perform only 1st 
I-Fetch cycle 
per format. 

Invalid Instruction Address 
Test Exceptional Condition 
Microprogram 

QT041 
002 

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

Reset 'IF 
invalid addr' and 
'invalid inst oddr' 
triggers. 

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

4-cycle wait for 
possible protection 
check signal. 

Yes 

Issue 3-cycle storage 
request per D. 

Set STC to 0. 

Add 1 to STC. 

Format 
RR--

RX 
RS and SI 
SS 

Performed by 
'IF-INV-TGR' 
mi era-order. 

Decrement IC 
by 8 (hex) and 
transfer to D . 

No 

Performed by 
'O - BR-INV-ADR' 
micro-order. 

Diagram 
~ 

5-9 
5-13 
5-14 

Set 'interrupt 
code -2' and '-4' 
triggers. 

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

5-29, Sh 2 (7/70) 

Diagram 5-30 

Test for Q-register 
refi II exceptional 
condition. 

No 

Performed by 
'1 ~IVSPEC' 
micro-order. 

Diagram '5-22 

Program 
interruption. 

Entire I-Fetch 
performed. 

No. 

Yes 

Set 'protection check 
to CPU' latch. 

Set 'interrupt 
code 4' trigger. 

Block setting of 
interrupt code 
triggers by all 
micro-orders. 

Yes 

Set 'invalid CPU 
address' latch. 

Set 'interrupt 
code -1' and '-4' 
triggers. 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

(Not) Inhibit NEOP Request 

(Not) I-Fetch Se uencer 2 (Latch) 

(Not) Predecode Branch NEOP (Dl) 
A 

(Not) Predecode SS 

(Not) Execute Tri ger 
t--------'...;;C_S_to_r_og"-e_Re_q,_u.;;.es_t_3_C""-'c--I e:..:.s_ Set IC Sync and 3-cyc le 

Sync Lotches 

KD!Ol 

IC(21, 22) = 10 

IC(21, 22) = 01 
t-+-+-~------------'l-=C--'S-'-to:..:r.;:;og"'e:....:.ccRe:..:qL:cu.::.:es_t_4_C=.;;c.:.:le:..:.•_ Set IC Sync Lotch 

EEOP (D2} 
Predecode (Not) RR Format 

D(21, 22) = 10 
BEOP (D3) 

D(21, 22) = 01 KD!Ol 

KDBOl 

! 
I-Fetch Sequencer 2 (Latch) 

For Predecode (Not) RR Format 

2-Cycle Predecode (Not) Shift lnsts 
Early 

Predecode (Not} RX Formot End Op 

R(l 2-15) = 0 (Nonindex) 

I-Fetch Storoge Request In Progress 

(Not) Invalid Inst Addr Test Priority 

(Not) Man Cntl +TCS + PSC +Int 

KDSOl 

1st I-Fetch Cycle 

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

Force ROSAR 
to 030 (hex). 

Perform 0-refill 
exceptional 
condition next 
cycle. 

Diagram 5-6 

RR I-Fetch. 

Yes 

0-refill 
exceptional 
condition 
not needed. 

No 

No 

No 

Yes 

I-Fetch Se uencer 3 

Block I-Fetch Trigger 

KMB21 

Yes 

Force ROSAR 
to 032 (hex) . 

Force ROSAR 
to 022 (hex). 

Force ROSAR 
to 03A (hex). 

Perform 0-refil I 
exceptional 
condition next 
cycle. 

Note: End-op word request for new instructions is 
inhibited when 'execute in progress 1 trigger is 
set or when bronch or SS instruction is being fetched. 

Diagram 5-30. Test for Q-Register Ref"tll Exceptional Condition 

0-refill 
exceptional 
condition 
not needed. 

Diagram 5-9 

RX I-Fetch. 

EEOP 

Tum -On I-Fetch 1 at EOP 
Starts I-Fetch Sequencers 
(Diagram 5-15) 

0-Refill Priority 

EXCEP (K25) 

KM831 
RXOOl
RXJOi 

Yes 

Force ROSAR per Table 
on This Page 

ROSAR Bits Forced by 0-Register Refill Priority and EXCEP Micro-Order 

Bit Setting Condition 

0-5 O's (unconditional) 
6 1 (unconditional) 
7 Not shift• Not 2-cycle early end op 
8 Not shift• Not 2-cycle early end op• indexed RX format 
9 Not shift• R(O) = 1 

10 Not shift• R(l) = 1 
11 0 (unconditional) 

Force ROSAR 
to 034 (hex). 

Force ROSAR 
to 024 (hex). 

Force ROSAR 
to 020 (hex). 

Perform 0-refi 11 
exceptional 
condition next 
cycle. 

0-refill 
exceptional 
condition 
not needed. 

Diagram 5-13 

RS and SI I-Fetch. 

Inhibit 
0-refil I request 
(see Note}. 

Q-refill 
exceptional 
condition 
riot needed. 

Diagram 5-14 

SS I-Fetch. 

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



A 

18 
78 

2 

Rl R2 
11 12 15 

Fetch 2nd operand 
from GPR per R2. 

Load 2nd operand into 
GPR per Rl. 

A. Load, LR (18) 

3 

• RR format. 

• Purpose: load 2nd operand (in GPR, per R2) 
into 1st operand location (in GPR, per RI) 

4 

58 

5 

I RI X2 I 82 02 
78 1112. 1516 1920 

Fetch doubleword (containing 
word-length 2nd operand) 
from main storage.· 

Select word-length 2nd operand 
from doubleword per 0(21). 

Load 2nd operand into 
GPR per R1. 

31 

6 

• RX format. 

• Purpose: load 2nd 
operand (in storage) into 
1st operand location 
(in GPR, per RI). 

B. Load, L (58) 

B Diagram 5-101. Load, LR (18); Load, L ( 58) 

c 

D 

E 

F 

G 

H 

Set interruption code 
6 and 'program 
interrupt' lotch. 

Diagram 5-22 

Program interruption. 

Transfer A to PAL 
and shift left 4. 
Ploce result into A. 

Gate SDB0(32-63), 
2nd operand, to T. 

Transfer T(4B-63), 
halfword operand, t.o 
PAA(4B-63). 

Yes 

Diagram 5-9 

RX I-Fetch. 

Specification test. 

No 

Place 1 's into 
PAL(32-59). 

Shift left 8 and 
place into A, 

Yes 

Yes No 

Gate 1 to 
PAA(47) if 
T(4B)=O. 

T ronsfer A to 
PAB(32-63). 

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

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

End op. 

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

5-101, 102 (7/70) 

No 

Obtained by shifting 
left 4 twice. 

Select word 
containing specified 
halfword. 

Transfer A to PAL 
and shift left 4. 
Ploce result into A. 

Gate SDB0(0-31), 
2nd operand, to T. 

I Select specified halfword. 

Transfer T(32-47), 
halfword operand, to 
PAA(48-63). 

Places 2nd operand 
into 1st operand 
location. 

• RX format: 

48 Rl I X2 I 82 I 02 

78 11 12 15 16 19 20 31 

• Purpose: Load halfword 2nd operand On storage) into 1st operand 
location (in GPR, per RI). 

• Conditions at start of execution: 

SDBO I 

A I 

Al 

1. 1st 16 bits of instruction are in E. 
2. 1st operand is in S and T (not used). 
3. 2nd operand address is in D. . 
4. Main storage request for 2nd operand has been issued per D. 

FFFF FFFO 

FFFF FOOO 

FFFF 0000 

Gate 1 to 
PAA(47) if 
T{32)=0. 
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Diagram 5-6 

RR I-Fetch. 

QB011 

Yes 

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

Set STAT A 
if PAL= 0. 

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

3 

No 

Yes 
(Result Negative) 

Set CC to 0. Set CC to l. 

End op. 

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

Set CC to 3. 

Diagram 5-6 

RR I-Fetch. 

QB011 

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) 
to T. 

Yes 

Transfer T to GPR 
per E(S-11}. 

Set CC to O. 

No 

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

Yes 

4 

Set CC to 1. 

End op. 

.. 5 6 

• RR format: 

12 Rl R2 
78 II 12 15 

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

• 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 Sand T. 

No (Result Positive) 

Set CC to 2. 

• RR format: 

13 Rl R2 I 
7 8 11.12 15 

• Purpose: load 2's complement of 2nd operand (in GPR, per R2) into 
1st operand location (in GPR, per R 1) and set CC according to result. 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 1st operand is in A, B, and D (riot used). 
3. 2nd operand is in S and T. 

No 

Yes (Result Negative) No (Result Positive} 

Set CC to 2. 

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



2 3 

Diagram 5-6 

RR I-Fetch. 

QBOll 
A 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(S-11). 

B 

Yes 

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

If overflow, 

c set STAT 8. 

Transfer PAL(32-63) 
to T. Transfer T to 
GPR per E(8-l 1). 

Yes 

0 

Set CC to 3. Set CC to O. 

End op. 

E 

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

F 

G 

H 

5-105 (7/70) 

4 

No 

No 

Yes 

5 6 

• RR format: 

I 10 I Rl I R2 I 
0 78 11 12 15 

• Purpose: Load 2nd operand (unchanged if positive, 2's complemented if negative; in 
GPR, per R2) into 1st operand location (in GPR, per Rl). 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 1st operand is in A, 8, and D {not used). 
3. 2nd operand is in S and T. 

No 

If T(32) = 0, set CC to 2. 



A 

B 

c 

D 

E 

F 

G 
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Set CC to 0. 

3 

Diagram 5-6 

RR I-Fetch. 

QBOOl 

Yes 

Yes 

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- l 1). 

End op. 

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

No 

No 

4 

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). 

If T(32) = 1, set CC to l . 

5 6 

• RR format: 

11 Rl I R2 I 
7 8 11 12 IS 

• Purpose: Load 2nd operand (unchanged if negative, 2's complemented 
if positive; in GPR per R2) into 1st operand location (in GPR, per Rl). 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 1st operand is in A, B, and D (not used). 
3. 2nd operand is in Sand T. 

7201-02 FEMDM (7/70) 5-106 
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2 ... 3 4 5 6 

RS formal: 

I 98 I RI I R3 I B2 I 02 I 
0 78 1112 1S 16 19 20 31 

Diagram 5-13 
Purpose: Load 2nd operand (as many words as required; in storage) into GPR's, in ascending order, 
starting with 1st operand location (per RI) and ending with 3rd operand location (per R3i. 

_RS I-Fetch .. Conditions ot start of execution: 
1. 1st 16 bits of instruction are in E. 

QKOll 
2. 1st operand is in S ond T (not used). 
3. 2nd operand address is in D. 

Gote -64 to F • Fl110ojooo~ 4. Main storage request for 2nd operand hos been issued per D. 

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

Diagram 5-22 

Program interruption. 

No 

3 • 

Specification test. 

Yes 

Yes (1 Ward) 'No (More Thon 1 Word) 

Subtract 1 
from E(12-15). 

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

BASIC LOAD LOOP 

Yes (Start With Right Word) 

Yes (Right Word) 

Yes (2 Words) 

r---
1 

WA;-Rl~T-;0-;;;;- -, 
INTO LS I 

L---
No (More Thon 2 Words) 

I 
I 
I 
I 
I 
I 
I 

Gate SDB0(32-63) 
to T. 

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

Generate 3-cycle 
storage request; 
owcit doubleword 
from main storage . 

1 

I 
I 
I 
I 
I 
I L __ _ 

---~--1 
No (Left Word) I 

____ J 
LOAD LEFT WORD 
INTO LS I 

- - - ~AD RIGH;;ORD I 
Gate. SDB0(32-63) 
to T. 

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

Generate 3-cycle 
storage request . 
Transpose F(0-3) 
and F(4-7). 

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

INTO LS I 

3 • 

D(21) = o. 

I 
I 
I 
I 
I 

r--
1 

I 
I 

Gate SDB0(0-31) 
to T. 

from main storage. 

I 
I 
1 
I 
I 
I 
I I 

l---- _______ __J 

L __ _ ___ _J 
No (More Thon 2 Words) 

r--- L~D-;G~W~D I 
Yes'(2 Words) I INTO.LS I 

I 
Gate SDB0(32-63) I 

I to T. I 
I I 
I I 
I Transfer T to GPR per I 
I E(B-11). 

I L __ ____ _J 

End op. 

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

r---- - - LOA-;;-DOUBLEWO-;;;i 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Gate SDB0(0-31) to T. 
Gate SDB0(0-63) to AB. 

Trans fer T to G PR per 
E(B-11). Add l to 
E(B-11). 

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

INTO LS_ I 

I 
I 
I 
I 
I 
I 
I 
I 
I L __ _ ______ _J 

r - - - - - - WA;;O~E;oRDl 
INTO LS AND FETCH 

I NEXT DOUBLEWORD 
Gate SDB0(0-31) to T · FROM MAIN STORAGE I Gate SDB0(0-63) to AB. · 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

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

Generate 3-cycle 
storage request; 
await doubleword 
from main storage. 

Trans fer B to T. 

T r~nsfer T to G PR 
per E(B-11). 

_ ______ _J 

Add 1 to E(B-11) • 

5-107 (7/70) 
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• RR format: AR, ALR, SR, SLR, CR. 

I Op Code Rl I R2 I 
7 8 11 12 IS 

• Purpose: 
I. AR, ALR, SR, SLR - Algebraically add 

(subtract) 2nd operand (in G PR, per R2) 
ta (from) 1st operand (in GPR, per RI) and 
place result into 1st ~perand location. 

2. CR - Algebraically compare 1st operand 
(in GPR, per RI) with 2nd operand (in GPR, 
per R2) a"nd set CC according to result. 

• Conditions at start of exe.cution: 
I . Instruction is in E. 
2. I st operand is in A, 8, and D. 
3. 2nd operand is in S and T. 

• Op codes: 
1. Add,AR=IA. 
2. Add Logical, ALR = I E. 
3. Subtract, SR= 18. 
4. Subtract Logical, SLR= lF. 
5. Compare, CR= 19. 

Diagram 5-6 

RR I-Fetch. 

Yes (Right Word) 

Gate 
SD80(32-63) 
to T. 

--

3 4 

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

I Op Code Rl I X2 I 82 I D2 

78 II 12 15 16 19 20 

• Purpose: 
I. A, AL, S, SL - Algebraically add (subtract) 2nd 

operand (in storage) to (from) 1st operand (in GPR, 
per RI) and place result into 1st operand location. 

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

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

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

• Conditions at start of execution: 
I. 1st 16 bits of instruction are in E. 
2. I st ape rand is in S and T. 
3. 2nd operand address is in D. 
4. Main storage request for 2nd operand 

has been issued per D. 
• Op codes: 

Transfer 1st 
operand from 
T to B. 

, 

0(21) = 1 

l. Add, A= 5A. 
2. Add Halfword, AH = 4A. 
3. Add Logical, AL= 5E. 
4. Subtract, S = 58. 
5. Subtract Halfword, SH = 48. 
6. Subtract Logical, SL= 5F. 
7. Compare, C = 59. 
8. Compare Halfword, CH = 49. 

Diagram 5-9 

RX I-Fetch 
(word). 

QBOOI! ~~-S_pe_c_i_fi_c_a_ti_o_n_te_s_t_.__JI 
Yes PAL(62,63) 

=O 

No 

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

Diagram 5-22 

Program 
interruption. 

No {Left Word) 

Gate 
SDB0(0-31) 
to T. 

.. 

.. 
Gate 
SDB0(0-31) 
ta T. 

No (left Word) 

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 1of2) 

31 

5 

j 

Transfer 1st 
operand from 
T to 8. 

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

Shift PAL left 8 
to A. 

,, 

0(21) = 1 

Shift PAL left 4 
to A. 

,, 

0(22) = 1 

Diagram 5-9 

RX I-Fetch 
(halfword). 

6 

08001 1 ~ 
r 
I 

Specification test. 

Yes No 
PAL(63) = O 

so8ol FFFF FFFO I 

A I FFFF FOOO I 

Yes (Right Word) 

Gate 
SD80(32-63) 
tor. 

A I FFFF 0000 I 

Yes (Right Halfword) 

Gate T( 48-63) 
to PAL(48-63) • 

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

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

Diagram 5-22 

Program 
interruption. 

7201-02 FEMDM (7/70) 5-108, Sh 1 
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·Transfer 2's 
complement\ of 
2nd operand in T 
to PAA{32-63). 

Sub/Comp. 

Add/Sub/Comp 

Set STAT B if 
fixed-point 
overHow. 

Yes 

Sheet 1 

A 

Transfer 1st 
operand in B 
to PAB(32-63), 

Add PAA and 
PAB, and place 
result into 
PAL(0-63). 

Used for setting 
CC. See table. 

Set STAT A if 
PAL=O. 

Transfer result 
of addition in 
PAL to T. 

Set CC per 
hard wore 
c~itions. 
See tabl~. 

End op. 

3 

Acid 

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

Acid Log/Sub Log 

No 

Transfer 
PAL(24-67) to 
AB(24-67). 

I Used for setting 
I CC. See table. 

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

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

5-108, Sh 2 (7/70) 

4 

I Allows testing of 

I A(31) for setting of 
CC. See table. 

Instruction 

Acid/Subtract 

Add Logical 

Subtract Logical 

Compare 

5 6 

STAT 
State of ~ 

A B Bit Tested cc Comments 

1 0 T(32) = 0 0 PAL equals zero. 
0 0 T(32) = 1 1 PAL is less than zero. 
0 0 T(32) = 0 2 PAL is greater than zero. 
0 J T(32) = Q 3 Overflow. 

1 0 A(31) = 0 0 PAL equals zero and no carry from PAL(32). 
0 0 A(31) = 0 l PAL does not equal zero and no carry from 

PAL(32). 
1 0 A(31) =I 2 PAL equals zero and carry from PAL(32). 
0 0 A(31)=1 3 PAL does not equal zero and carry from 

PAL(32). 

0 0 A(31) = 0 I Same as Add Logical. 
1 0 A(31) = 1 2 Same as Add Logical. 
0 0 A(31) = 1 3 Saine as Add Logical • 

1 0 T(32) = 0 0 Operands ere equal. 
0 1 T(32) = 0 1 1st operand is less than 2nd operand. 
0 0 T(32) =I 1 1st operand is less than 2nd operand. 
0 0 T(32) = 0 2 1st operand is greater than 2nd operand. 
0 1 T(32) =I 2 1st operand is greater than 2nd operand. 
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Multiply (MR) IC 

• RR format: 

I lC I R l I R2 I 
0 78 1112 lS 

• Purpose: Multiply 1st operand (in GPR, per Rl + l) by 
2nd operand (in GPR, per R2) and place 64-bit result 
into 1st operand location (in G PR, per R 1 and R 1 + l ) . 

• Conditions at >tort of execution: 
1. Instruction is in E. 
2. Contents of even-address GPR specified by Rl is 

in A, 8, end D (not used). 
3. Multiplicand (1st operand) is in odd-address GPR 

specified by Rl + l. 
4. Multiplier (2nd operand) is in Sand T. 

Diagram 5-6 

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

Diagram 5-22 

Program 

interruption. 

RR I-Fetch. 

Specification test. 

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

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

3 

Diagram 5-9 

RX I-Fetch 
(word). 

Sets up conditions to 
select first multiple. 

Gate 
SD80(32-63), 
multiplier, 
to T. 

Diagram 5-109. Fixed-Point Multiply (Sheet 1of3) 

4 5 

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

Spec ifi co ti on test . 

Yes 

Yes 

Place 15 into 
E(l2-15) and 
3 into STC(0-2). 

Transfer 
multiplicand 
from GPR to S 
per E(8-1 l) + l. 

Sheet 2 

• RX format: 

SC, 4C Rl I X2 I 62 I D2 

7 8 1112 lS 16 19 20 31 

• Purpose: 
1. M - Multiply 1st operand (in GPR, per RI + 1) and 

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

2. MH - Multiply 1st operand (in GPR, per R l) and 
halfword 2nd operand (in storage) and place low-order 
32 bits of result into !st operand location. 

• Conditions at start of execution: 
1. 1st T6 bits of instruction are in E. 
2. Contents of even-address GPR specified by RI is in 

Sand T for M instruction (not used). 
3. 1st operand for M instruction is in odd-address GPR 

specified by RI + l. 
4. 1st operand for MH instruction is in Sand T. 
5. 2nd operand address is in D. 
6. Mein storage request for 2nd operand has been issued per D. 

No 

Gate 
SD80(0-3T), 
multiplier, 
to T. 

Yes 

Gate 
SDB0(0-3T), 
multiplier, 
to T. 

Transfer A(32-47) 
to PA8(32-47). 

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

No 

Place 15 into 
E(l2-15) and 
3 into STC(0-2). 

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

Transfer PAL to 
A and A to 
PAB(32-63). 
Shift left 4 to 
PA L(32-5 l). 

Transfer PAL 
toAondAto 
PA8(32-63). 
Shift left 4 to 
PAL(28-47), 
end transfer 
PAL(32-63) 
to A. 

Add PAA and 
PA8, and propa· 
gate sign of ha If
word operand into 
PAL(32-47). 

Transfer 
PAL(32-63) to 
T. 

No 

(es 

Diagram 5-9 

RX I-Fetch 
(halfword). 

Gate 
SD80(32-63), 
multiplier, 
to T. 

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

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

6 

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



2 3 4 

Sheet 1 

A T QB021 

Select MI ,M2 bits. Select I Select 1st multiple (of T). 
multiple per M1,M2 bits and 'TX' 
trigger, gate multiple to PAA, ~ E(12-15) STC 

and decrement E( 12-15) . i 1111 011 

Select multiple per Ml,M2 bits I Select 2nd multiple. 
and 'TX' trigger, gate multiple to PAA, I E(l2-15) STC and decrement E(12-15). Shift PAL L 

right 4 and gate to AB. [ 1110 011 

_ .. 1~ .. 
B • 

r Select multiple, gate it to PAA, 
Select 3rd, 7th, 11th, and 15th 
multiple. Gate 1st, 5th, 9th 

and decrement E( 12-15). Shift I and 13th PP bit-pair to F. 
PAL right 4 and gate to AB. L 
Gate B(66,67) to SAL, gate F L 

E(12-15) STC 
' to serial adder, gate SAL to F, 

and gate AB (shifted left 2) to PAB. I 1101 011 

I 1001 010 

t 0101 001 

l 0001 000 

No A y., (L~t Byte) 
E(12, 13) = 0 

c 

' Select multiple, gate it to PAA, r Select 4th, 8th, and 12th 
multiple. Gate 2nd, 6th and 10th and decrement E(12-15). Shift I PP bit-pair to F. PAL right 4 and gate to AB. L 

Gate 8(66,67) to SAL, gate F 
I 

E(12-15) STC I 
to serial adder, gate SAL to F, I 1100 011 and gate AB (shifted left 2) to PAB. L 

i 1000 010. 

t 0100 001 

1r -, 
Select 5th, 9th, and 13th 

Select multiple, gate it to PAA, I multiple. Gate 3rd, 7th and 11th 
and decrement E(12-15). Shift I PP bit-pair to F. PAL right 4 and gate to AB. L 

D 

Gate 8(66,67} to SAL, gate F I E( 12-15) STC 
to serial adder, gate SAL ta F, 

l 1011 011 and gate AB (shifted left 2) to PAB. 
.-

0111 010 I 

[ 0011 001 

,, " 
I Select 6th, 10th, and 14th 

Select multiple, gate. it to PAA, I multiple. Gate 4th, 8th, and 12th 
and decrement E(12-15). Shift I PP bit-pair to F, Gate 1st, 2nd, 
PAL right 4 and gate to AB. I 
Gate B(66, 67) to SAL, gate F L 

and 3rd PP byte to S per STC. . 
to serial adder, gate SAL to F,. I E(12-15) STC 
and gate AB (shifted left 2) to PAB. 

~ Gate SAL to S per STC, and 1010 011 

E 

decrement STC. .. 
0110 010 I 

~ 0010 001 

Gate S to PAA, PAL 
to T, and T to GPR 
per RI + 1. 

F 

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

G 

H 

5-109, Sh 2 (7/70) 

5 6 

Objectives: 

1. Select multiple (of T). 
a. Select Ml,M2 bits from S per E(l2-15) 
b. Select multiple (of T) per M1,M2 bits a 

(A of Sheet 3). 
nd 'TX' trigger 

(Table 1, Sheet 3). 

2. Develop partial product (PP) bit-pair. 
a. Add multiple to PP in AB (shifted right 2) (8 of Sheet 3). 
b. Gate new PP to AB. 
c. Gate PP bit-pair [B(66,67)] to SAL pe rE(14,15} 

(C of Sheet 3). 

3. Develop PP byte. 
Add SAL to F. 

4. Develop low-order PP in S. 
a. When PP byte is complete, gate SAL to S per STC. 

oaded), b. When S is full (4 bytes of PP hos been I 
low-order product is in S and high-orde r product is in PAL. 

5. Store product. 
a • Store high-order product (in PAL) into GPR per Rl 

(even register). 
b. Store low-order product (in S) into GPR per RI +I 

n}. (odd register) (per RI for MH instructio 

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

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

t 
I 

Decrement E( 12-15) • Shi ft 
PAL right 4 and gate to AB. ~ 
Gate B(66, 67) to SAL, gate F I 
to serial adder, g9te SAL to F, L 
and gate AB (shifted left 2) to PAB. 

,, 
I 

Gate 8(66,67) to SAL, I 
gate F to serial adder, I 
gate SAL ta S, and L 

gate AB (shifted left 2) to PAB. i 
Gate PAL to T and T to t GPR per Rl. 

Select 16th multiple. 
Gate 14th P P bit-pair to F • 

E( 12-15) STC 

0000 000 

Gate 15th P P bit-pair to F. 

E(12-15) 

1111 

Gate 4th 
Gate 16t 
to SAL. 

E(12-15) 

1110 

STC 

000 

PP byte to S. 
h PP bit-pair 

STC 

000 

v .. L 
(E(3) = 1] 

No (Halfword) 

l 
Gate S to PAA, PAL 
to T, and T to GPR 
per RI. 

_.;, ..._ J ,.. -
l End op. J 
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A. Derivation of Multiple 

8 15 

0 7 16 23 

s 

0 0 7 16 223 

a l 15 24 3 

MPR Bus 

DP 

E 0 7 
12, 15 Byte 

0 0 0 

0 

0 2 

3 0 7 

~132 T 

32 

31 

32 

4 

~I 
63 

63 

E SAL 
14, 15 Bits 

I 0 
I I 
0 0 
0 I 

0,1 
2,3 
4,5 
6,7 

5 6 

pp 

Bit Placement C. Derivation of Partial Product Byte 

Decoder RB 

0 7 

SAL 

0 7 

0 7 

.. Multiple Multiple ... J Gate Control Triggers 
2 x r.] Place PP byte into S per STC I, F ~I - Selection per 

Ml, M2 Bits 
Select MI, M2 and 'TX' 
bits per E(l4, 15) Trigger 

E 14 15 S bits 

0 0 0, I 
0 1 2,3 
I 0 4,5 
I 1 6,7 

TABLE 1. VALUE OF MULTIPLE DETERMINED BY MULTIPLE 
SELECTION BITS 

Multiple Selection 
Bits 

'TX' T-Register Times Set 'TX' 
Ml M2 Trigger Value Indicated Trigger 

0 0 0 OxT No 

0 1 0 1 x T No 

I 0 0 2xT No 

I 0 0 -2 x T Nof 

I 1 0 -1 x T (2's Complement) Yes 

0 0 l Ix T No 

0 1 1 2xT No 

I 0 1 -1 x T (2's Complement) Yes 

l l l OxT Yes 

f Used on last multiple selection if m':lltiplicand is negative. 

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

1oxT, IXT, -lXT, 
-2 X T RT 

when al I 8 bits are present 

32 63 

31 62 

Propagate Sign 

ili _3_1 _....__ __ 6_2 

Propagate Sign 

iili.!. 3_2 __ ""-__ 6_3 

63 

PAl 

4 
24 

24 

32 

B. Derivation of Partial Product Bit 

0 

28 29 

30 

7 

Propagate Sign to.28,29 

63,. , 
..... 

O's to 66,67 

6J? 
65 

PAB ,""' 
(Right 4) ~/ 

,/ 
..... , -I AP 

I 
63 67 

67 

67 

~I 
6667 
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A 

B 

c 

0 

E 

F 

G 

H 

2 .. 
Diagram_ 5-6 

RR I-Fetch. 

Perform specification 
test and retain 
dividend divisor 
signs. 

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

Diagram 5-22 

Program interruption. 

Gate low-order dividend 
to S ~md high-order 
dividend to 8, in true form 
Gate divisor to T. 

Sheet 3 

Set STAT D. 

Transfer LSWR to S. 

Transfer B to T . 

Transfer 2's complement 
of T and 8. 

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

5-110, Sh 1 (7/70) 

3 

Yes 

Yes 

No 

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

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

No 

4 5 6 

• RR format - DR: 

lD Rl I R2 I 
7 8 II 12 15 

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

Specification test. • Conditions at start of execution: 

Set STAT 8 if 8(32) = 1. 
Set STAT G if T(32) = 1. 

Place l 's into A. 

Transfer GPR to T 
per E(B-11) +I. 

Set STC to 000. 

2's complement T 

1. Instruction is in E. 
2. High-order half of dividend (1st operand) is in A, 8, 

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

Transfers low-order bits of 
dividend from LS. 

and transfer to LSWR. 

Yes (Negative Dividend) 

SetSTATD. 

Transfer LSWR to S. 

Transfer B ta T. 

Transfer S to T. 

Transfer GPR to S 
per E(B-11) +I. 

Places divisor into T. 

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

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

-~---,--......-----------! I Obtains complement of high-order 
2's complement T and 
transfer to PAA(32-63). 
Transfer A to PA8(32-63). 

I I bits of dividend. 
I '--~~~~~~~~~~~_. 

I 
I 

r--__ __,.__ __ __,r-- - - - - - _J 
Add PAA and PAB, 
and transfer re'su It 
to AB(24-67) • 

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

Set E(12-15} to 0000. 

DR (ID) Instruction initialization 

Places divisor into T. 



A 

B 

c 

D 

E 

F 

G 

I-

2 

Diagram 5-9 

RX I-Fetch. 

Perform specification test. 

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

Sheet 3 

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

Diagram 5-22 

Program interruption. 

Transfer B minus 
l to B. 

No 

No 

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

3 

Yes 

4 

Specification test. 

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

Transfer GPR (low-order 
dividend) to T per 
E(S-11) + l. 

Set STAT C if 
S(O) =I. 

Set E(l2-15) 
to 0000. 

2 's c9mpl ement T 
(low-order dividend). 

Transfer T to LSWR. 

5 6 

• RX Format - D: 

50 I RI I X2 82 D2 

7 8 11 12 15 16 19 20 31 

• Purpose: Divide 1st operand (in GPR, per RI and Rl • 1) by 
2nd operand (in storage) and place result into lst operand locotior. 
(remainder in GPR per RI; quotient in GPR per R1 · 1), 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. High-order half of dividend (Isl operand) is in 5 ond T. 
3. Divisor (2nd operand) address is in D. 
4. Main storage request for divisor hos been issued per D. 

Retain dividend sign. 

Yes (Negative Dividend) No (Positive Dividend) 

Transfer LSWR to S. 
Set STAT D. 

Yes 

Correct high-order 
d.ividend. 

Transfer divisor from 
SDB0(-32-63) to T. 

Yes No 

Set STAT 8 if 8(32) = l. 
Set STAT G if T(32) = l. 

D (5D) Instruction Initialization 

Transfer divisor from 
SDB0(0-31) to T. 

Transfer S to 8. 

Transfer GPR per 
Rl + l to S. 

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



A 

B 

c 

.... 
l 

0 

E 

2 

Sheet 1, 2 

3 

Select Ml ,M2 bits from 
S per E(12-15) and gate 
to PAL(64,65). Gate PAL 
(24-67) to AB(24-67). 

1 
Increment E(12-15) by 1. 

See B of Sheet 4. 
Append bit-pair of low-order 
dividend (in S) to high-order 
dividend in B. 

1 E(l2-15) is used to select Ml,M2 bits 
from S and to select location af l partial quotient (PQ) bit in SAL 

i and F. 

I 
Select PQ bit((inverse of : See table in C of Sheet 4. 
A(2B)] and gate to SAL I First PQ bit is extraneous; it is not 
(odd SAL) per E(14, 15) goted to F, cind is replaced by" 

v.. ""2=" f ~~~:"' ,,,, .. ~:~:," 
(Negative Divisor) STAT G set No (Positive Divisor) 

r-------------~----r 

4 

I f 
~~~~~~~~~ 

r 
I 

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

1 r-
Develop a byte of 

Gate AB(6-67) left 2 to 
PAB(4-65), gate T 
(divisor) shifted left l 
to PAA(31-62), and 
propagate sign to PAA 
(26-31). Gate PAL 
(24-67) to AB(24-67). 

l quotient in SAL and 

J F and load into S. 

I 
Select 2nd multiple (of 
divisor) per T(32), carry 
from PAL(28), and 
'DVDL0 1 micro-order. 

to Complete 

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

l 
by doubling the divisor 
{T shifted left 1). 

See table in A of Sheet 4. 

Select Ml,M2 bits and 
gate them to PAL(64,65), 
gate AB(6-67) to PAB 
(6-67), gale T(32-63) to 
PAA per multiple select, 
propagate sign, and gate 
PAL to AB. Gate PQ bit 
to even SAL per E(l4, 15) 
and 1DVDL

0

l 1 micro-order, 
and add to F. Select 
next multiple. 

QB041 f 
Gate A 8( 6-67) I eft. 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(l4, 15) and 'DVDLO' 
micro-order, and odd to 
F. Select next multiple. 

-

f Add 2nd multiple to partial remainder, 
I gate "1st valid PQ bit to SAL and add 
L to F, and select next multiple. 

l E(12-15) STC PQ Bit To 

I 0001 ooo SAL(O) 

t 0101 001 SAL(O) 

I 1001 010 SAL(O) 

t 1101 011 SAL(O) 

~ E(l2-15) STC PQ BitTo 

I XXOl oxx SAL(!) 

f XXlO OXX SAL(:l) 

I XXll oxx SAL(S) 

~·~orePQBitsE 
Byte in F) E(l4, 15) = 11 >--N-"------------------1,. 

,_ ____ N_o L..._ STC = Oll Yes (Last Quotient Byte) 

F 

G 

H 

... 

No Quotient 
complete 

Yes 

cG 
Sheet 5 

Increment E(12-15) by 1. 
Select Ml ,M2 bits and 
gate to PAL(64,65), 
gate AB(6-67) to PAB 
(6-67), gate T(32-63) to 
PAA per multiple sel eel, 
propagate sign, and gate 
PAL to AB.·Gate PQ bit 
to even SAL per E(14, 15) 
ond 1DVDL 11 micro-order, 

·and add to F. Sel eel next 
multiple. Set STAT C if 
S(O) = 1. 

l 
Gate AB(6-67) left 2 to 
PAB(4-65), gate T 
(32-63) to PAA per 
multiple select, 
propogote sign, and 
gate PAL to AB. Gate 
PQ bit to odd S.t>,L per 
E(l4, 15) and 'DVDLO' 
micro-order, and add 
to F. Gate SALto S 
per STC . Sel eel next 
multiple. Increment 
E(12-15) and STC by 1. 

--

PQ Bit To 

t xxoo l SAL(6) 

: Store complete quotient byte into S 
to accumulate quotient. Update 

l E(12-15) ond.STC for next byte. 

I E(12-1.S) STC PQ Bit To 

I 0100 000 SAL(7) 

t 1000 001 SAL(l) 

t 1100 010 SAL(7) 

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

5-110, Sh 3 (7/70) 

Increment E(12-15) by 1. 
Gate AB(6-67) to PAS 
(6-67), gate T(32-63) 
to PAA per multiple select, 
propagate sign, and gate 
PAL to AB. Gate PQ bit 
to even SAL per E(14, 15) 
and 1DVDL 11 micro-order, 
and add to F • (Last 
reduction cycle). 

1 
Gate PQ bit[inverse of 
A(28)] ta SAL(l) per 
E(14, 15) = 00 and 
'DVDLO' micro-order. 
(Last PQ bit of last 
quotient byte.) 

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

Common Divide Routine 

---r E(l2-15) 

I 0000 

-r E(12-15) 

I 0000 

Increment E(12-15) by 1. 
Sel eel Ml ,M2 bits and 
gale to PAL(64,65), 
gate AB(6-67) ta PAB 
(6-67), gate T(32-63) to 
PM per multiple select, 
propagate sign, and gate 
PAL to AB. Gate PQ bit 
to even SAL per E(14, 15) 
and 'DVDL 1' micro-order, 
and odd to F. Select 
next multiple. 

STC 

011 

STC 

011 

l 
l PQ Bit To 

l SAL(6) 

1
1 

PQBitTo 

SAL(l) 

5 

-- , E(12-15) 

~ XXlO 

I XXll 

STC 

oxx 
oxx 

PQ Bit To 

SAL(2) 

SAL(4) 

6 



2 3 

A 

B 

c 

D 

DVDLO DVDLl 

PAL(28) Mult PAL(28 
Corry T(32) Sel arry T(32) 

0 0 TLO 0 o. 

TLO 

0 TCLO 0 

E 0 TCLO 0 

I . , 
. 0 0 7 16 2 23 

a I 15 24 3 31 

4 

Propagate Sign 

Mult 
Sel 

Tll 

Tll 

TCLl 

TCLl 

5 6 

24 67 

I, A ~1,, ' ~I 
28 

6 67 

6 67 

Shift Left 0 or Left 2 Gating 

6 

8 

-, RS T 
3132 

32 

32 

Gate Control Triggers 
no, TLI, TCLO, TCLl 

32 

32 

31 62 

26 ! 31 32 63 

63 

PAA 

4 
24 

~I 
63 

63 

RT 

63 

63 

4 

4 

PAL 

28 

RB 

67 

63 

8 63 

65 

PAS 

00 to Bits 66 and 67; 
MI ,M2 to Bits 
64 and 65. 

67 

A) Derivation of Divisor Multiple 

0 7 

7 

SAB 

Quotient 
Bit DecodingRA 0 

SAL 

0 7 

0 7 

DVD LO DVDLl r--:i 
~ E SAL E 

14, 15 Bitt 14, 15 

0 1 0 I 

1 0 3 I 0 

1 1 5 1 1 

f Set if A(28) = 0 
Reset if A(28) = l 

SAL 
Bitf 

0 

2 

4 

6 
Place PQ byte into S 
per STC when all 8 bits 
are present in SAL 

0 7 

C) Derivation of Quotient Bits 

7201-02 FEMDM (7/70) 5-110, Sh 4 



A 

B 

c 

2 

Sheet 3 

Establish proper 
sign and format 
for quotient 
and remainder, 
and store. 

3 

Yes 
(2's Complement 
Quotient) 

Transfer 8 to PAB 
(32-63). Transfer 2's 
complement of T 
to PAA(32-63). 

--r
' I I 
I 
I 
I ___________ _J 

Add PAA and PAB. 
Transfer result to B. 

Reset STAT G. 

4 

Yes (Negative Divisor) 

No (True Quotient) 

Sheet 6 

Addition to correct resultant 
remainder from last reduction cycle. 

Yes 
(Negative 
Dividend) 

5 

No {Positive Divisor) 

Yes 
(2's Complement) 
Quotient) 

6 

No (True Quotient) 

Sheet 6 

---------.---.,.---.-------------...., 
Transfer 8(32-63) to 
PAB(32-63). Transfer 
T(32-63) to PAA(32-63). 

I 
I 
I 
I 
I 
I ____________ ...J 

Add PAA and PAB. 
Transfer result to T. 

Reset STAT G. 

Addition to correct resultant 
remainder from last reduction cycle. 

No {Positive Dividend) 

r----------.,------------.;...- -----------------2's complements remainder 2's complement T and 
transfer to 8. to correct value. 

No Positive Dividend) 

E 

F End op. 

Transfer T to GPR 
per E(S-11) + 1. 

Transfer B to T, 
Transfer T to GPR 
per E(S-11). 

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

G 

H 

5-110, Sh 5 

Transfer S to T. 

r-----..... ----r------------- -------------------
2's complement L 

Yes No 

Store quotient. 

Store remainder. 

Termination, Quotient in 2's Complement Form 

Set interruption 
code 9 and 
'program interrupt' 
latch. 

1-cycle early 
end op. 

Diagram. 5-22 

Program interruption. 

2's complements quotient 
to correct value. 

Fixed-point . 
divide ·check. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes 
(Negative Dividend) 

2's complement T and 
transfer result to GPR 
per E(S-11). 

Negative Divisor 

Sheet 5 

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

Add PAA and PAB. 
Transfer resu It to T. 

3 

Places remainder into LS. 

No (Positive Dividend) 

Transfer S to T. 

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

Addition to correct 
resultant remainder 
from last reduction cycle. 

4 

Yes 
(Negative Dividend) 

2's complement T. 
·Transfer result to 
GPR per E(S-11). 

Transfer S to T. 

5 

Positive Divisor 

Sheet 5 

--, 
I 
I 
I 
I 
I 
I 

6 

___________ .... _______________ .. 

Transfer T to G PR 
per E(S-11). 

Add PAA and PAB. 
Transfer result to T. 

Addition to correct 
resu I tent remainder 
from last reduction cycle. 

-- .. ! ___ P_l_ac_e_s_re_m_a_ind_e_r_in_t_o_L_s. __ _, 

No (Positive Dividend) 

Transfer S to T. 
Transfer T to G PR 
per E(S-11) + 1. 

Places quotient into LS. 

2's complement 
T and transfer 
result to GPR per 
E(S-11} + 1. 

Places quotient into LS. 

Reset STAT G. 

End op. 

Terminat.ion, Quotient in True Form 

7201-02 FEMDM (7/70) 5-110, Sh 6 
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Diagram 5-9 

RX I-Fetch. 

Fetch doubl eword 
2nd operand and 
save low-order word 

for later use 

3 

Specification test. 

Diagram 5-22 

Gate SDB0(0-63) 
to ST(0-63). 

Program interruption. Transfer T to LSWR. 

Select left digit 
of high-order 
byte of high-order 
word for conversion. 

Double previous result 
{not applicable for 
first digit selected), 
odd selected digit, and 
multiply sum by 5. 

Select right digit 
for conversion. 

Set STATE. 

Yes 

Clear D, T, and A. 

T ronsfer 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). 

Trans fer OT to 
PAA(7-62) •. 

No 

Add PAA and PAB, and 
transfer. PAL{S-63) to DT. 

Transfer PAL(32-63). 
to B • 

.--~---1.~~~--r-
Transfer OT to I 
PAA{S-63). 

I 
I 

..--------,-- --t 
Transfer AB(6-67) to I 
PAB{4-65). I 

I 
.--~~--~~~-r-_J 

Add PAA and PAB, and 
transfer PAL{S-63) to OT. 

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 1of2) 

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

In effect, multiplies sum by 5. 

5-111, Sh 1 (7/70) 

4 

No 

5 6 

• RX format: 

4F Rl I X2 I 82 I 02 
78 ll 12 15 16 l9 20 31 

Purpose: Convert radix of 2nd operand {in storage) from decimal to binary 
and place result ·jnto lst operand location (in GPR, per RI). 

• Conditions at start of execution: 
1. lst 16 bits of instruction are in E. 
2. lst operand is in Sand T (not used). 
3. 2nd operand address is in D. 
4. Main storage request for 2nd operand hos been issued per D. 

Sheet 2 

c 

Double previous 
result, odd selected 
digit, and multiply 
sum by 5. 

Select left digit of 
next byte for 
conversion~ 

Set STATE. 

Yes 

Yes 

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

T ronsfer DT to 
PAA(7-62). 

No 

Add PAA and PAB, 
and transfer result to DT . 

Transfer PAL{32-63) 
to B. 

.---~~~~....,...--r--

Tran•fer DT{S-63) to I 
PAA(S-63). . I 

I 
I ....----'----..---, 

Transfer AB{6-67) I 
to PAB{4-65). I 

I 
.-----'----T""-_J 

Add PAA and PAB, 
and transfer result 
to DT{S-63). 

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

Transfer SAL ta F. 

No 

Sheet 2 

In effect, multiplies result by 2. 

Adds converted digit to 
selected decimal (BCD) digit. 

In effect, multiplies sum by 5. 

Sheet 2 



A 

B 

c 

•• 

D 

E 

F 

G 

H 

2 

Sheet l 

Double previous result, 
odd se! ected digit, and 
multiply sum by 5. 

Select right digit for 
conversion and 
transfer I ow-order 
ward to S. 

Sheet l 

QE02l 

SetSTATD. 

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

Transfer DT(S-63) to 
PAA(7-62). 

No 

Add PAA end PAB, and 
transfer result to 
DT(B-63). 

Transfer PAL(32-63) 
to B(32-63). 

Transfer DT 
to PAA(B-63). 

3 4 

Sheet I 

QE021 

Doubles previous 
result. 

Double previous result, 
odd selected digit (lost 
digit of low-order word). 

Present sign and 
test for validity·: 

--t- --.----------. 
I Ir. effect, multiplies 
I sum by 5. 

I 
.....-~~__._~~~~--~ 

Trans fer AB(6-67) 
to PAB(4-65). 

I 
I 
I 
I ,..... ___ ......_ ____ .,.... __ ...J 

Add PAA ond PAB, 
and transfer result 
to DT(B-63). 

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

Transfer SBB(0-7) 
to F. 

Set STC to 000. 

Trans fer LSWR to S • 

If digits and sign are 
valid, store result in 
proper form according 
to sign. 

Test for overflow. 

End op. 

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

Yes 

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

Transfer DT to 
PAA(7-62). 

Add PAA end 
PAB, and transfer 
resul·t to DT. 

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

Transfer SAL to F • 

5 

No 

No 

Doubles previous 
result. 

No 

Transfer 2's complement 
of T to GPR per E(B-11). 

Set STAT G to 
value of T (32). 

Set interruption code 
9 and 'program 
interrupt' latch. 

End op. 

6 

1-cycle early 
end op. 

Diagram 5-22 

Program 
interruption. 

F(4-7) and STAT Gare 
tested to see if 
maximum number 
is exceeded. 

Yes 

7201-02 FEMDM (7/70) 5-111, Sh 2 
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Diagran 5-9 

RX I-Fetch. 

I 
Perform specification 
lest and address 
store compare 
lest. Retain sign. 

3 

Gate IC to PAB, gate 
2 's complement of D + 
7 lo PAA, and shift 
right 4 to PAL(B-67). 
Set PSC trigger if 
PAL(40-63) = O, or 

Set interruption code 
6 and 'progran 
interrupt' I at ch; 
force end op. 

J_ ..... 

if IC(2 l ,22) = 11 and 
PAL(40-62) = 0. 

T 
Gote PAL(32-63) 
te A and B. 
Set STAT C if 
S(O) = 1 . Set STC 
to O. 

T 
Transfer 1st operand, in 
true form, te S, and 
gate high-order byte 
of S te F (per STC) 
for conver5ion. 

Select high-order bit 
of byte in F and 
decimal correct. 

Yes (Complement 
Integer) 

Gate 2's complement 
ofTtoS. 

Gate D left 4 to T, 
transfer T to LSWR, 
and cl ear D • Gate 
1st byte of S (per 
STC) to F via SAL 
and set ABC to 0 . 

I 

Gate O's to PAA and 
PAB, and a hot 
carry to PAA (63) 

T(32) = 1 

if SAL(O) = 1 • 
Gate PAL to AB 
and OT. 

Add byte of S "(per fl 

STC) to F, and gate 

Diogran 5-22 

Pragran 
Interruption. 

No (True 
Integer) 

Shifts contents of 
SAL, F, and byte 
of S left 1. SAL to F and S t 

(per STC). '"--------' 

Select next bit of 
byte in F and 
decimal. correct. 

.... 

Select next bit of 
byte in F and 
decimal correct. 

...... 

.<§>'· 
Increment ABC by l • l 

l 

Gate 6 to each 
half-byte of PAB 
for which the value of 
the corresponding 
half-byte of AB 
exceeds 4. Gate a hot 
carry to PAA(63) 
if SAL(O) = 1 • 
Shift OT left 1 to 
PAA. Gate PAL 
to AB and OT. 

j_ 
Add byte of S (per 
STC) to F, and gate 
SAL to F and S 
(per STC). 

Same as "Block CD ". 

1 
Same as "Bio.ck @ ". 

] 
Increment ABC by 1 • 

.._BLOCK{]) 

+-BLOCK@ 

Dia.gram 5-112. Convert to Decimal, CVD (4E) 

5-112 (7/70) 

4 5 

• RX format: 

4E I Rl I X2 I B2 I 02 

71 "12 15 16 19 20 31 

• Convert radix of 1st operand (in GPR, per RI) from binary to decimal 
and place result into 2nd operand location (in storage). 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. 1st operand is In S and T. 
3. 2nd operand acldress is In D. 
4. Main storage request for 2nd operand has been Issued per D (not used). 

l 
Select 6th bit of b 
byte in F and 
decimal correct. 

Some as "Black (D". 

I 
Sarne as "Block @ 11

• 

~ 
Yes J.Last (Low-Order) By'!} 

Select 7th bit of 
byte In F and 
decimal correct. 

Select 8th bit of 
byte In F and 
decimal correct. 
Gate next byte 
ofStoF. 

..... 

b 
Seine as "Block © ". 

I 
Same as "Block @ ". 

·1 
Increment STC by 1. 

1----

Sane as "Block (D ". 

Same as "Block @ " . 
[ Gcte next byte of S 
(per STC) to F via SAL; 
gale F(4-7) to SAA(0-3); 
gale 0000 to SAA(4-7). 
SAA equals all O's.] 

1 
Set ABC to O. 

l 
Select 7th bit of 
byte in F and 
decimal carrect. 

..-

Select 8th bit af 
byte in F and 
decimal correct. 
Set sign per 
STAT C. 

l=i 
Same as "Block (D ". 

T 
Sane as "Block @ ". 

T 
Increment STC by 1 • 

T 
f 2nd operand address 1

1 to S. j 

1 
I 
I 
I 

Sarne as "Black © ". : 

..--+~-------·---J 
Gate LSWR to s. 

No (Positiv0_5Yes (Negative 
Integer) STAT C Integer) f set 

Add byte of S (per STC) 
to F, gate plus sign to 
SA8(4-7}, and gate 
SAL to F. 

Add byte of S (per STC) 
to F, gate minus sign to 
SAB(4-7}, and gate 
SAL to F. 

J 

Select ls! (high-order) 
bit af byte in F and 1----
deeimal correct. 

Restore 2nd operand 
address to D, ·insert 
sign, and store result 
into main storage per D. 1 

t 
Same as "Block (D ". 

Same as 11 Block @ 11 

.... 

[ End op. 

Gate F(4-7) to 
PA8(60-63) and 
S(0-31) to PAA(32-63), 
shift right 4 to 
PAL(8-67). Gote 
PAL(64-67) to 8(64-67); 
gate PAL(40-63) to 
D(0-23) • 

l 
Gate A8(4-67) to 
PAB(4-67), shift 
left 4 to PAL(4-63), 
and gate PAL(8-63) 
to AB(B-63). 

Gate A(0-31) lo 
T and transfer T 
to LSWR. Initiate 
main storage 
request per D • 

I 
Gate B(32:63) to 
T, gate LSWR 
le S. set marks 
(0-7) , and store 
result into main 
storage per D. 

T 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 

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

Diagram 5-22 

Prag rem 
interruption. 

Set 'PSC' trigger. 

Set mark triggers 
4-7 and gate 
operand into right 
half of main 
storage word . 

Set interruption code 
4 and 'program 
interrupt' I etch 
during I-Fetch of 
next instruction. 

Diagram 5-22 

Program 
interruption . 

No 

Yes 

Yes 

Diagram 5-113. Store, ST (50) 

Diagram 5-9 

RX I-Fetch. 

End op. 

Yes 

Yes 

Yes 

3 

Specification test. 

Transfer 2 's complement 
of D to PAA(40-63) and 
7 to PAA(6 l-63). 

Transfer IC to 
PAB(40-63). 

Add PAA and PAB. 
Shift right 4 into PAL. 

No 

No 

Set mark triggers 
0-3 and gate 
operand into I eft 
half of main 
storage word . 

Main storage 
accepts dcta. 

Late protection program 
interruption occurs ofter 
execution of next instruction. 

4 

No 

5 

• RX format: 

50 I R1 I X2 I B2 02 

7 8 II 12 15 16 19 20 

• Purpose: Store 1st operand (in GPR, per R1) into 2nd operand 
location (in storage). 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. 1st operand is in Sand T. 
3. 2nd operand address is in D. 

6 

31 

4. Main storage request for 2nd operand hes been issued per D (not used). 

No 

7201-02 FEMDM (7/70) 5-113 



B 

c 

D 

E 

F 

G 

H 

5-114 

2 

RX I-Fetch. 

Perform specification 
test. 

Determine location 
of halfword. 

Perform address stare 
compare test. 

Store halfword into 
main storage. 

End op. 

Simplified Flow Chart 

.. 

Diagram 5-22 

Program 
interruption. 

3 

D·i cg rem 5-9 

RX I-Fetch. 

TronsFer D(21-23) 
to STC. 

Transfer operand 
from T to B(32-63). 

Load ABC to 6. 

Set mark triggers 
per STC. 

Transfer AB(48-55) 
to SAL per ABC. 

Transfer SAL to 
ST per STC. 

Issue 3-cycl e 
storage request. 

Add I to ABC 
and STC. 

4 

STC positions halfword into 
main storage doubleword. 

Mork triggers gate data to main 
storage when storage request is 
accepted. 

L-~---- ----------------------~ 
r~~~~~~~;o~------ -----------------------, 

Set interruption code 4 
and 'program interrupt' 
latch during I-Fetch of 
next instruction. 

Diagram 5-22 

Program 
interruption . 

COMPARE TEST 

L-----

Late protection program 
interruption occurs after 
execution of next instruction. 

Diagram 5-114. Store Halfword, STH (40) 

(7/70) 

Yes 

Transfer 2's 
complement of D 
to PAA(40-63); 
gate 7 to PAA(6 I -63). 
Transfer IC to 
PAB(40-63). 

Add PAA and PAB, 
and shift result right 
4 into PAL. 

No 

No 

____________ _. 

r------ ------~~;~i:Fwo~~T'"o---, 

I 
I 
I 

Yes 

Transfer 8(56-63) 
to SAL per ABC. 

Transfer SAL to 
ST per STC. 

Set mark triggers per 
S TC and gate data 
into storage per 
mark triggers. 

End op. 

No 

MAIN STORAGE 

L------ ----------------~ 

Mein storage 
accepts data. 

5 6 

RX format: 

40 RI I X2 I 82 I D2 

78 11 12 IS 16 19 20 

• Purpose: Store halfword 1st operand (in GPR, per RI) into 2nd 
operand location (in storage). 

• Conditions at start of execution: 
I . I st I 6 bits of instruction are in E. 
2. I st operand is in S and T. 
3. 2nd operand address is in D . 
4. Main storage request for 2nd operand has been issued per 

D (not used). 

31 



A 

B 

c 

E 

F 

G 

H 

2 

Prepare to store 
right word. 

Yes 

Perform address store 
compare test. 

Store into 
main storage. 

End op. 

3 

Yes 

No (Left Word) 

Prepare to store 
I eft word. 

Diagram 5-115. Store Multiple, STM (90) (Sheet 1of2) 

4 

Diagram 5-13 

RS I-Fetch. 

Perform specification 
test. Issue main 
storage request. 

Yes 

5 

• RS format: 

90 RI I R3 B2 D2 

0 7 8 11 12 15 16 19 20 

• Purpose: Store into 2nd operand location (as many words 
as required; in storage) contents of GPR's, in ascending 
order, starting with 1st operand location (per RI) and 
ending with 3rd operand location (oer R3). 

No (More Than l Word) 

Prepare to store 
doubleword. 

No 

Perform address store 
compare test. 

Store into 
main storage. 

Refill S, update 
main storage 
address, and 
issue main 
storage request. 

Yes 

Prepare to store 
right word. 

6 

31 

2701-02 FEMDM (7/70) 5-115, Sh 1 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

Diagram 5-13 

RS I-Fetch. 

- - - - - - --- - -----, r
1 

-;;R;O;M-;-~;1~;0-;:;~;.--- - ------- -

ISSUE MAIN STORAGE REQUEST. 
I Specification test. 

Yes 

5 

• RS format: 

90 Rl I R3 I B2 I D2 

78 l112 1S 16 I~ 20 31 

• Purpose: Store into 2nd operand location (as many words as required; 
in storage) contents of GPR's, in ascending order, starting 
with 1st operand location (per Rll and ending with 3rd 
operand location lper R3l. 

• Conditions at start of execution: 
I.· 1st 16 bits of instruction are in E. 
2. ht operand is in Sand T. 
3. 2nd operand address is in D . 

6 

I 
I 
I 
I 
I 
I 
I 

4. Main storage request for 2nd operand has been issued per D (not used). 

I 

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

L _____ _ 

Diagram 5-22 

Program 
interruption. 

Yes 
(Right Word) 

:;;;;,;;E-;C~;;;;- -----.., 
I RIGHT WOl\D 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Add I to EtB-1 I). 

Set mark triggers 4-7 
per PAL(61) = 1 
[some as D(21 )] . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'--------- ______ ...J 

Issue 3-cycle storage 
request per D. 

No 
LeftW,,rd 

Yes (Store 
1 Word 

r1 p;;;R;-To 5To"RE-- ----.., 
1 LEFT WORD 

I 
I 
I 
I 
I 
I 
I 
I 

Add 1 to E(S-11). 

Set mark 
triggers 0-3. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I L _______ _ _______ .J 

------------, 

No (Store More 
Than 1 Word) 

No (Start 
With Left Word 

rpREP;R~ ro -- -----1 
STORE 
DOUBLEWORD 

Add 1 to E(S-11 ). 

Transfer operand 
from GPR to T per 
E(S-11). 

Set mark 
triggers 0-7. 

L---------

Yes (Lost Word) No 

Yes (Start With 
Right W<>rd) 

r.
1 
P~P-;_:R-;W--;T~R;- ------1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

RIGHT WORD 

Add 1 to E(B-11 ). 

Set mark triggers 4-7 
per PAL(61) = 1 
(some as D(21) J . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L--------- ______ ...... 

Transfer 2's 
complement of D 
to PAA(40-63); 

f 7e;o-;M-;:;;R7s;;~;----- - __ ....;._ - - - --- --, 

Yes 

L _____ _ 

gate 7 to PAA(61-63). 
Transfer IC to 
PAA(40-63). 

Add PAA end PAB. 
Shift result right 4 
to PAL. 

Na 

_ _____ .J 

r------ ------------------------, 
STORE INTO MAIN STORAGE I 1 

I 
I 
I 
I 
I 
I 
I 

Gate ST to main 
storage per mark 
triggers and D. 

If a protection check exists when 
date is gated to storage, the 
data is not stored. 

I 
I 
I 
I 
I 
I 
I 
I L _____ _ 

------------------------~ 

I 
COMPARE TEST ____ ..._ _ _.__..., 

Transfer 2's 
l complement of D 

to PAA(40-63); 

Set 'PSC' trigger. 

'-------

Gate ST to main 
storage per mark 
triggers and D . 

Yes 

gate 7 to PAA{61-63). 
Transfer IC to 
PAA(40-63). 

.Add PAA and PAii. 
Shift result right 4 
to PAL. 

No 

______ .J 

If a protection check exists when 
data is gated to storage, the 
data is not stored. 

End op. 
rR;;;:~~~~;E~:;:i~;-0-;~~------- .... , No 

ADDRESS, AND ISSUE MAIN .. ------~I _""t" ....... _..;,,;m.(' 
Yes 

STORAGE REQUEST. 

Add 1 to E(S-11 ). 
Add8toD. 

Transfer G PR ta S 
per E(B-11). 

Issue 3-cycle 
storage request. 

I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 

L------------ ______ _J 

Yes (last Word) No 

Diagram 5-115. Store Multiple, STM (90) (Sheet 2 of 2) 

5-115, Sh 2 

Set interruption code 
4 and 'program 
interrupt 1 I etch. 

L---------------- ----------------J 



A 

B 

c 

0 

E 

F 

G 

H 

2 

00 

A) Simplified Flow Chart 

00 01 

3 

Yes (Shift 
Left 3 or Less) 

Diagram 5-13 

RS I-Fetch. 

4 5 

• RS format: 

88 I Rl 02 I 02 
71 11 12 

• Purpose: Shift 1st operand (in GPR, per Rl) left number of bit 
positions specified by low-order 6 bits of 2nd operand address. 

• Conditions ot start of execution: 

Set STAT C if first 
operand is negative. 

1. 1st 16 bits of instruction are in E. 
2. lst operand is in Sand T. 
3. Amount of shift is in D and PAL. 

II 

Diagram 5-13 

RS I-Fetch. 

Set STAT C 
if S(O) =I 

No (Shift 
Left 4 or More) 

OD 

Shift left 4. 

r~ITTLm«oo;---------- --------, 

Decrement E(I 2-15), 
shift left 4. 

No 

L--------------------------j 

No {Shift 
Left 4 or More) 

10 II 

II 

Shift left 4, and 
check for overflow. 

A 

Set CC per 
hardware 
conditions. 

End op. 

Sheet 2 

r-------- ---sHlm.mlcAN'Di.m2>------, 

js~F°TL;r1--

1 

------------------, Clear 8{64-67). 

I 
I 
I 
I 
I 
I 
I 
I 

Transfer T to 
PAL(31-62). 

Propagate T(32) 
into PAL(26-3 I). 

Operand shifted 
left I. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

i~7H-;;;---
_J ____ ,_ -------------,----L- -- ------------sH-wn;-T21 

I 
I 
I 
I 

T ionsfer T to 
PAL(32-63). 

Set STAT A 
if PAL= 0. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer T to 
PAL(32-63). 
Propagate sig.n bit 
into PAL(24-67). 

I 
I 
I 
I 
I 
I 
I 
I 

.. 
__ T_ra_n_.sfe..-r _T_to __ .. -- i __ o_pe_ra_nd_sh-if_ted _ _.. PAL(31-62). • left I. 

Propagate T(32) into 
PAL(26-31). 

Set STAT 8 if 
PAL(26-32) is not all 
l's or all O's. 

Transfer PAL(24-67) 
to A8(24-67). I 

I 
I 
I I 

T ronsfer PAL(24-67) 
to AB(24-67). r--------

L------
______ .J 

1 

I 
Transfer AB(6-67) Operand shifted I 
to PAL(4-65). left 2. I 

I 
Sheet 2 

L------ ------------------~ 

B) Detailed Flow Chart (Continued on Sheet 2) Sheet 2 

Diagram 5-116. Shift Left Single, SLA (8B) (Sheet 1of2) 

6 

2701-02 FEMDM (7/70) 5-116, Sh 1 



A 

B 

c 

D 

E 

F 

G 

H 

2 

00 

3 

Sheet l 

01 

rs~~;~-- ----------------, 
Transfer 0(18-21) 
to E( 12-1 5). 

Transfer T to 
PAA(31-62). 

Propagate T(32) 
into PAL(26-31). 

Operand shifted 
left l. 

10 

4 5 6 

11 

,------ -----------------, SH /FT LEFT l AND LEFT 4 I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 

,..-~~~~~~--. I 
Transfer 0(18-21) I 
toE(12-15). I 

Clear B(64-67). 

I 
I 

i N-; -;H-;;- - - --L---1-_;, - - - - - - -- - - - -,-- - __ L_ 
SHIFT LEFT 2 

______________________ , Transfer T(32-63) 
to PAA(31-62). 

Operand shifted 
left 1. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer D(l 8-21) 
to E(l.2-15). 

Transfer T to 
PAA(32-63). 

Propagate T(32) 
into PAL(26-31). 

'------- -------' 

Transfer D(l 8-21) 
to E(l2-15). 

Transfer T to 
PAL(32-63); 
propagate sign bit 
into PAL(26-31). 

Transfer PAL(24-67) 
to AB(24-67). 

Propagate T(32) 
into PA L(26-31). 

Transfer porollel 
adder (8-67) I eft 
4 to PAL(4-63). 

Set STAT B if 
PAL(26-32) is not al I 
l's or all O's. . 

0 perand shifted 
left 4. 

Transfer AB(6-67) 
to PAB(4-65). 

Operand shifted 
left 2. 

Transfer PAL(24-67) 
to A B(24-67). 

L ______ ------------------ _ _r-------

is;~lli~-- ------------------1 
f Transfer parallel Operand shifted I 
I adder ( 8-67) to [ eft 4. I 
I PAL(4-63). I 
I I 

r;l;;~F-;~O~P-------------L ________ r _______________ J 

Na 

Subtract l from 
E(12-15). 

Transfer T to 
PAA(32-63). 

r ransfer para/ lei 
adder (8-67) 
to PAL(4-63). 

Set STAT B if 
PAL(26-32) is not 
all 1 's or all O's. 

Set STAT A 
if PAL= 0. 

Transfer PAL(32-63) 
to T. 

Transfer T(33-63) to 
GPR per E(8-11). 

Transfer STAT C 
to sign position 
of GPR per 
E(8-11). 

Yes 

Operand shifted 
left 4. 

Subtract I from 
E(12-15). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L--------------------- _________ J 

Diagram 5-116. Shift Left Single, SLA (8B) (Sheet 2 of 2) 

No (Shift 
Left 6) 

Yes (Shift 
Left 2) 

roE"c"REM'EN"T- -
I 

------, 
I 
I 
I 
I 

I 
I 
I 

Subtract l from 
E(12-15). 

I L _____ _ _______ J 

Sheet 1 

r.-----------------
1 SHIFT LEFT 2 

-------, 
I 
I 
I 
I 
I 
I 
I 

In effect, shift 
left 2. 

Subtract l from 
E(12-15). 

Transfer AB(6-67) 
to PAB(4-65). 

I 
I 
I 
I 
I 
I 
I 
I L _________________ _ _ _____ J 

Sheet 1 

c 

Set STAT B if 
PAL(26-32) is not ell 
1 's or all O's. 

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

T rcnsfer PAL to T. 

Transfer T(33-63) to 
GPR per E(B-11). 

Transfer STAT C 
to sign position 
of GPR per 
E(8-11). 

L _____________ ...J 

r------ ------------------, 
1 

Sat CC per 
hardware conditions. 

End op. 

Result is zero (STAT A set): CC 'O. 
Result is minus [T(32) ·• 1): CC = 1. 
Result is plus [T(32) · 0): CC = 2. 
Overflow (STAT B set): CC = 3. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I I L--------------- ---- ___________ _J 

5-116, Sh 2 (7/70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes 
(No Shift) 

Test low-order 
word for zeros. 
Transfer high
order word to T. 

Test high-order word 
for zeros. 

3 4 

00 

No (Shift left 4, 
Left 8, and So On) 

Store low-order word 
into GPR per Rl + 1, 
and test for zeros . 

Shi~ law-order 
word left 4; gate 
overflow bits to 
8(64-67); transfer 
high-order word 
to T. 

Yes 

Diagram 5-13 

RS I-Fetch. 

Specificotion 
program 
interruption. 

Yes 

Yes (Shift 
Left 1) 

Shift low-order word 
left 1; gate overflow 
bit to 8( 64-67); store 
low-order word into 
GPR per Rl + 1. 

Shift overflow bit 
I eft 4, and transfer 
high-order word to T . 

Shift high-order word 
I eft 1, add overflow 
bit, test for overfl~w 
from high-order word, 
end test for zeros. 

Shift high-order word 
and overflow bits I eft 
4, insert sign per STAT 
C, test for overflow 
from high-order word, 
test for zeros, and 
store high-order word 
into GPR per Rl . 

No 

No 

01 

Shift I ow-order 
word left 4, gate 
overflow bits to 
8( 64-67), and 
decrement I eft 4 
count. 

Set STAT C if first 
operand is negative. 
Transfer low-order 
word to S and T . 

No (Shift left 5, 
left 9, and So On) 

Shift low-order word 
left 1; gate overflow 
bit to 8(64-67); 
store I ow-order 
word into GPR 
per Rl + 1. 

Shift overflow bit 
left 4, and 
transfer high-order 
word to T. 

Shift high-order 
word left 1, add 
overflow bit, and 
test for overflow 
from high-order word. 

Transfer I ow-order 
word to S. 

L----------------------------

r---- ---., 
I I 
I I I Set CC. I 
I I 
I I 
I I 
I End op. I 

l ~ 
L---------------~ 

Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 1of4) 

5 6 

• RS format: 

I Rl • 82 I D2 I 
'-----7-'8--1-'1 12 15~16~~19...,20-:----------'31 

BF 

• Purpose: Shift Isl operand (in GPR, per RI and RI + l) left 
number of bit positions specified by low-order 6 bits 
of 2nd operand address. 

10 

(Shift left 2, left 6, 
and So On) 

Shift low-order word 
left 2; gate overflow 
bits to 8(64-67); 
stare low-order 
word into G PR 
per Rl + 1. 

Shift overflow 
bits left 2. 

Trans fer high-order 
word to T. 

Transfer I ow-order 
word to S. 

No 

Shift low-order word 
left 4; gate overflow 
bi ts to 8( 64-67) • 

Shift high-order word 
and overflow bits left 
2; test for overflow 
from high-order word 
and test for zeros. 

11 

(Shift left 3, left 
7, and So On) 

Shift low-order 
word left 1. 

Shift low-order word 
left 2; gate overflow 
bits to 8(64-67); 
store I ow-order 
word into GPR 
per RI+ 1. 

Transfer high-order 
word to T. 

Shift high-order word 
I eft 1, shift overflow 
bits I eft 2, and transfer 
low-order word to S. 

7201-02 FEMDM (7/70) 5-117, Sh 1 



A 

B 

c 

D 

2 

Diagram 5-13 

RS I-Fetch. 

No 

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

Diagram 5-22 

Program 
interrupti or.. 

Yes (No Shift) 

00 

Transfer T to 
PAA(32-63). 

Transfer PAA(32-63) 
to PAL(2B-59) • 

Transfer PAL(32-63) 
to 8. 

Transfer PAL(28-31) 
to 8(64-67) • 

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

Yes 

3 

Specification test. 

Set STAT C 
if S(O) = 1. 

T ronsfer G PR 
per E(S-11) + l 
ta Sand T. 

Transfer D(l 8-21) 
to E(12-15). 

Shifts law-order 
half of operand 
left 4. 

Transfers high-order 
half of operand to T. 

4 

Places sign of operand 
into STAT C. 

Transfers low order half 
of operand to S and T . 

01 

5 6 

e RS formal: 

SF I Rl ,_ 82 I D2 
7 8 11 12 15 16 19 2Q 31 

• Purpose: Shift 1st operand (in GPR, per RI ond Rl +I) left number of 
bit positions specified by low-order 6 bits of 2nd operand address. 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. High-order word of 1st operand is in S one' T. 
3. Amount of shift is in D and PAL. 

10 11 

No _(Shift left 5, Left 9, and Sa On) 

Yes (Shift Left 1) 

Transfer T to 
PAL(3l-62). 

Set STAT A 
ifPAL=O. 

Transfer PAL(32-63) 
ta T. 

T~ansfer PAL(28-31) 
to 8(64-67. 

Shift operand 
left 1. 

Pl aces high-order 
bi ts of I aw-order 
half of operand into 
high-order half 
of operand. 

Sheet 3 

Transfer T to 
PAL(31-62). 

Transfer PAL(32-63) 
to T. 

Transfer PAL(28-3l) 
to 8(64-67). 

Transfer T to GPR 
per E(8- l l) + l • 

Sheet 3 

Shifts low-order 
half of operand 
left 1. 

T ronsfers law-order 
half of operand 
to LS. 

1------- -----------------~ 
1 SHIFT OVERFLOW BIT LEFT 4 

----------------~ Transfer T to G PR 
per E(B-11) + 1. 

Transfers low-order I 
I 

E 

F 

G 

H 

Sheet 4 

r------

Transfer T to 
PAL(32-63). 

Set STAT A 
if PAL= O. 

Transfer G PR per 
E(S-11) to T. 

Transfers high-order 
half of operand to T. 

r------ --;;;~-;-G;_;;;;;;-W~;;;~;~;;----1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r---T-ra-ns~fe-rT_t_o _ __, I 

PAL(32-63). I 

Reset STAT A if 
PAL(32-63) does 
net equal zero. 

I 
I 

L------

I 
I 
I 
I 
I ________________ J 

Sheet 4 

Diagram 5-117. Shift Left Double, SLDA (~F) (Sheet 2 of 4) 

5-117, Sh 2 (7/70) 

ha If of operand to LS • 

I 

Transfer 8(64-67) 
to PA8(64-67) 

I 
I 
I r------- -------------------~ 

SHIFT OVERFLOW BIT LEFT 4 

Transfer 8(64-67) 
to PA8(64-67) . 

Transfer PA8 left 
4 to PAL. 

Transfer PA L(24-67) 
to AB(24-67). 

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

Transfers high-order 
half of operand to T. 

1-
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer PAB(64-67) 
to PAL(60-64). 

Transfer PAL(2.4-67) 
to AB(24-67). 

Transfer G PR per 
E(B-11) to T. 

r-------
1 
I 
I 
I 

Transfers high-order 
half of operand to T . 

r------ ----~---------------i 
SHIFT HIGH-ORDER WORD LEFT.I 

Transfer T to 
PAA(31-62). 

Shifts operand 
left I. 

I 
I 
I 
I 
I 
I 
I 

-----''------..--, 
Transfer T to I 
PAL(31-62). I 

I 
.-----''------.--L·~------~ 

I Propagate T (32) into 
PAL(28-31). I 

I 

r------'-------r--J 
Transfer 8(64-67) 
to PAL(64-67). 

Transfer PAL(32-63) 
to T. 

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

Set STAT B if 
fixed-point overflow. 

Places shifted bit from 
I ow-order half of 
operand into high-order 
ha! f of operand. 

Transfer B to 
PA8(32-63). 

Propagate T(32) 
into PAL(26-31). 

Add PAA and PAB; 
place result 
into PAL. 

Set STAT B if 
fixed-point overflow. 

Transfer PAL(38-63) 
to T. 

1-------
1 

Places high-order bits 
of low-order half of 
operand into 
high-order half 
of operand. 

I 
I 
I 
I ._ _____ _ 

------------------- ...J 

-~;~~~;~~~~;;~~---1 
r---T-ra-n-sf-er_G_PR_pe_r _ _, I 

Sheet 4 

I 
I 
I 

E(B-11) + l to S . I 
I 

L------ ___________________ J 

D 

Sheet 4 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 2 

(Shift Left 2, Left 6, and So On) 

Transfer T to 
PAL\32-63). 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer AB(6-67) 
to PAL(4-65). 

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

Transfer PAL(32-63) 
to T. 

Transfer PAL(28-3l) 
to B( 64-67) . 

Transfer T to GPR 
per E(8-ll) +I. 

Shifts I ow-order half of 
operand left 2. 

Places high-order bits of low-order 
half of operand into high-order 
half of operand. 

Transfers I ow-order half 
of operand to LS. 

J 
I 
I 
I 
I 
I 
I 
I 
I 
I _ _____________________ , L _____ _ 

I 
I 
I 
I 
I 
I 
I 

SHIFT OVERFLOW BITS LEFT 2 I 

Transfer AB(6-67) 
to PAL(4-65). 

Shifts high-order bits 
of low-order half of 
operand left 2. 

I 
I 
I 
I 
I 
I ·------ -----------------------1 

TRANSFER HIGH-ORDER WORD TO T I 

' I Transfer PAL(64-67) 
to B{64-67). 

Transfer GPR per 
E(8-l I) to T. 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
~------

________________________ J 

Transfer B( 64-67) 
to PAL(64-67). 

Transfer T to 
PAL(32-63). 

Pr0pagate T(32) 
into PAL{26-31 ). 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer GPR p~r 
E(8-ll) + 1 to S. 

L _____ _ 

TRANSFER LOW-ORDER WORD TO S 

Places high-order half 
of operand into B. 

Transfers I ow-order half 
of operand to S . 

4 5 

Sheet 2 

(Shift Left 3, Left 7, and So On) 

r------ --;~F~Low-OR'D~RWORD li°FT 1-------- --, 
1 
I 
I 
I 
I 

Transfer T to 
PAL(31-62). 

I 
I 
I 
I 

r------- ----------------------~ SHIFT LOW-ORDER WORD LEFT 2 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer AB(6-67) 
to PAL(4-65). 

Set STAT A if 
PAL{38-63) = O. 

Transfer PAL(28-31) 
to 8(64-67). 

Transfer PAL(32-63) 
to T. 

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

Shift operand left 2. 

Places high-order bits of low-order 
half of operand into high-order 
half of operand. 

Transfers low-order half 
of operand to LS. 

~------- -------------------------~ TRANSFER HIGH-ORDER WORD TO T I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer PAL(S-63) 
to AB(S-63). 

Tran·sfer GPR per 
E(B-11) to T. 

Clears AB(S-63) 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L------- ----------------------~ 

Transfer T to 
PAL(31-62). 

Propagate T(32) 
into PAL(28-31). 

Transfer .AB{6-67) 
to PAL(4-65). 

Transfer PAL(24-67) 
to AB(24-67). 

"set STAT B if 
fixed-point overflow. 

Transfer GPR per 
E{S-11) + 1 to S. 

SHIFT HIGH-ORDER WORD LEFT I AND OVERFLOW I 
BITS LEFT 2 I 

Shifts high-order 
operand left 1. 

Shifts high-order bits of 
I ow-order operand I eft 2. 

Transfers low-order half 
of operand to S. 

I 
I 
I 
I 
I 

L------ -------------------------' 

6 

----------------------, 

Sheet 4 

Transfer AB{6-67) 
to PAL{4-65). 

Reset STAT A if 
PAL(32-63) does 
not equal zero. 

Set STAT B if 
fixed-point overflow. 

Transfer PAL{32-63) 
to T. 

L..------

No 

Diagram 5-117. Shift Left.Double, SLDA (SF) (Sheet 3 of 4) 

Yes 

SHIFT HIGH-ORDER WORD LEFT 2 

Shifts high-order 
operand I eft 2. 

Sheet 4 

7201-02 FEMDM (7/70) 5-117, Sh 3 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 2, 
Sheet 3 

3 

r----- ----------------------, 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STORE HIGH-ORDER WORD I 

Transfer T ta GPR 
per E(S-11). 

Transfer STAT C 
to sign position of 
GPR per E(S-11). 

Places high-order half 
of operand into LS. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L------
____________________ J 

Subtract 1 from 
E(12-15). 

Transfer B to 
PAL(32-63). 

Reset STAT A if 
PAL(32-63) does 
not equal zero. 

Transfer PAL(32-63) 
to T. 

Transfer T to GPR 
per E(S-11) + I . L______ _ ___________ J 

Sheet 2 

4 

Sheet 2, 
Sheet 3 

5 6 

r------ -5Hwnow-0R~R'Wowu~4----------, 
QJ021 

Transfer S to 
PAA(32-63). 

Transfer PAA(32-63). 
to PAL(28-59). 

Transfer PAL(32-63) 
to B. 

Transfer PAL(28-3 I) 
to 8(64-67). 

Shift low-order half 
of operand left 4. 

L______ -----------~-------------J 

r-------
SHIFT LEFT 4 LOOP 

I 

Transfer T to 
P AA(32-63) . 

Propagate T(32) 
into PAL(26-31 ). 

Transfer 8(64-67) 
to PAB(64-67). 

Transfer PAB and PM 
left 4 to PAL(28-63). 

Set STAT B if 
fixed-point overflow. 

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

Transfer PAL(32-63) 
to T. 

Transfers high-order 'half 
of operand to PAA. 

Places high-order bits of low•order 
half of operand into high-order 
half of operand. 

Shifts high-order half 
of operand left 4. 

Transfer T to GPR -- ! .. ___ T_ra_ns-fe_r_s _op_e_ra_n_d_t_a_L_s_. ---
per E(S-11). . 

.._----...----~ 

Yes 

Transfer STAT C to 
sign position of GPR 
per E(S-11). 

Sheet 2 

B 

r--- ------------------------~ 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Set CC pe.r 
hardware 
conditions. 

End op. 

Result is zero (STAT A set): CC= O. 
Result is minus [A(O) = 1]: CC = 1. 
Result is plus [A(O) = O]: CC = 2. 
Overflow (STAT B set): CC= 3. 

I 
I 
I 
I 
I 
I 
I 
I 

I I 
L------------------------------~ 

No (Shift Left in 
Multiples of Four) 

Subtract 1 from 
E(12-15). 

Transfer B to 
PAB(32-63). 

Transfer PAB(32-63) 
to PAL(28-59). 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer PAL(28-31) 
to 8(64-67). 

Places low-order half 
of operand into P AB . 

Shift low-order 
operand left 4. 

L-------------------------------
Diagram 5-117. Shift Left Double, SLDA (8F) (Sheet 4 of 4) 
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2 

A 

00 01 

3 

Yes (Shift 
Right 3 or Less) 

10 

4 

Diagram 5-13 

RS I-Fetch. 

Test for all O's. 

No !Shift 
Right 4 or More I 

11 00 

5 

• RS format: 

SA I Rlm s2 I D2 

7 8 II 12 15 16 19 20 31 

• Purpose: Shift 1st operand (in GPR, per RI J right number of bit positions specified 
by low-order 6 bits of 2nd operand address. 

01 10 

6 

11 

B Shift Right 1 No Shift Shift Right 2 Shift Right 3 Shift Right 4, Shift Right 5, Shift Right 7, 
Right 11, and So On 

Shift Right 6, 

No shift. 

c 

D 

E 

Shift operand left 1 
and right 4. 

Shift operand 
left 2. 

Test result for all 
0 1s and store into 
GPR per Rl. 

r---
1 
I 
I 
I conditions. 

I 
I 

Shift operand left 2 
and right 4. 

----, 
I 
I 
I 
I 
I 
I 

I I I End op. I 
I I 
L---------------~ 

F Diagram 5-118. Shift Right Single, SRA (8A) (Sheet 1of3) 

G 

H 

Right 8, and So On Right 9, and So On Right 10, and So On 

Shift operand left 1 
and right 4. 

Shift operand left 1 
and right 4. 

Shift operand left 2 
and right 4. 

Shift operand left 2 
and right 4. 

Yes 

Shift operand 
right 4. 

Test result for all O's and 
store into GPR per RI. 
Decrement right 4 
count. 

No 

,----

Decrement 
right 4 count. 

L------

Shi ft operand right 4, 
decrement right 4 count / 
test result for O's, 
and stare into GPR 
per Rl. 

N~ 

Shift operand right 4, 
test result for 0, 
and store into GPR 
per Rl. 

Yes 

Shift operand 
right 4. 

Decrement 
right 4 count. 

Shift ooerand left 1 
and ri~ht 4. 

_...J 

7201-02 FEMDM (7 /70) 5-118, Sh 1 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

00 01 

No Shift 

Diagram 5-13 

RS I-Fetch. 

QJOOl 

Transfer D(l 8-21) 
to E(l2-15). Set 
STAT A if 
PAL(32-63) = 0. 

4 

No (Shift 
Right 4 or More) 

Sheet 3 

10 

Shift Right 2 

5 

• RS format: 

I BA I Rl ~ 02 I D2 
7 8 11 12 1.5 16 19 20 31 

• Purpose: Shift I st operand {in GPR, per Rl) right number of bit 
positions specified by low-order 6 bits of 2nd operond address. 

• Conditions at start of execution: 
1 . 1st 16 bits of instruction are in E. 

, 2. lst operand is in Sand T. 
3. Amount of shift is in D and PAL. 

11 

Shift Right 3 

6 

r------ ---.,...----r------
No SHIFT 

1 
- SH ITT OPERAND _T _ - - - - - - SHIFT OPERAND i:Ei=T2 ANDRiGHT 4 - - - -, 

1 
I 
I 
I 
I 
I 
I 

Transfer T to 
PAA(32-63), and 
propagate T(32) to 
PAA(26-31). 

Transfer PAL(24-67) 
to AB(24-67). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LEFT l AND RIGHT 4 

Transfer T to 
PAA(32-63), and 
propagate T{32) 
to PAA(26-31). 

T ronsfer PAL(24-67) 
to AB(24-67) • 

T ronsfer T to 
PAA(32-63), 
propagate T(32) 
to PAA(26-3l J. 

Tronsfer PAL(24-67) 
to AB(24-67). 

I 
I 
I 
I 
L.------

_______ _J 
...-------....... ------~--~------------------~ Transfer T to 

PAA(31-62). 

Propagate T(32) 
into PAA(26-31). 

Transfer paral lei 
odder (4-63) to . 
PAL(B-67). 

Transfer AB(6-67) I In effect, shifts 
to PAB(4-65). I operand right 2. 

I 
----------'-------~--J 

Transfer PAB(4-63) 
to PAL(S-67). 

L _____ _ 
-----~---------r---~-I -

I 1 

I 
I 

r------ --------1 
SHIFT OPERAND I 

I 
I 
I 
I 
I 
I 

Transfer T to 
PAA(32-63), and 
propagate T(32) 
to P AA(26-3l). 

1 
I 
I 
I 
I 
I 
I 
I 
I 

LEFT 2 I 
...-----___... ______ ..., I 

Transfer PAL(24-67) I 
to AB(24-67). I 

Transfer AB(6-67) 
to PAL(4-65). 

I 
I 
I 
I 
I 

I 
I 

Transfer PAL(24-67) 
to AB(24-67). 

..--------......---,.------------------
Transfer T to 
PAA(31-62). 

1 In effect, shifts 
I operand right 3. 

I 
L _____ _ ________ ..J ___ _____._ _____ ., 

Propagate T(32) I 

Sheet 3 

Diagram 5-118. Shift Right Single, SRA (8A) (Sheet 2 of 3) 

to PAA(26-3l ). I 

I ________ ...._ ______ ~ __ J 

r---

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

Transfer PAL(32-63) 
to T. 

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

Transfers shifted 
operand to LS . 

Trans fer poral I el 
adder ( 4-63) to 
PAL(S-67). 

L------ ----------~-----------J 

L------ ---------~------..J -

r---- -------------------, 
I I 
: Set CC per Result is zero (STAT A set): CC= O. I 
I hardware Result is minus [T(32) = l): CC = 1. I 
I conditions· Result is pl us [T(32) = O]: CC = 2. I 

I I 
I I I End op. I 
I I 
L---~---------------------------J 

5-118, Sh 2 (7 /70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 2 

00 

Shift Right 4, Right 8, and Sa On 

4 

10 

Shift Right 6, Right 10, and Sa On 

5 

11 

6 

Shift Right 7, Right 11, 
and So On 

-------r----- ------~~~~~~~~~-----, 

Transfer T to 
PAA(32-63), and 
propagate T(32} 
to PAA(26-31). 

Tr-.,sfer PAL(24-67) 
to AB(24-67) . 

Tran sf er T to 
PAA(31-62). 

Prnpagate T(32) into 
PAA(26-31). 

Transfer T to 
PAA(32-63), ond 
propagate T( 32) 
to PAA(26-31). 

Transfer PAL(24-67) 
to AB(24-67). 

Tran sf er AB( 6-67) 
to PAB( 4-65). 

AND RIGHT 4 

--r-
1 

I 
I 

In effect, shifts 
aperand right 2. 

~---...._ ______ J 
Transfer PAB(4-63) 
to PAL(S-67). 

Transfer PAL(32-63) 
to T. 

Transfer parallel adder 
(4-63) to PAL(S-67). 

t------- --------------------~ 
1 

I 
1------------ _______ J 

SHIFT OPERAND LEFT 2 
AND RIGHT 4 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer AB(6-67) 
to PAB(4-65). 

Transfer PAB(4-63) 

to PAL(S-67). 

r------
________ 1 ________ ,_ 

SHIFT OPERAND RIGHT 4 

Transfer T ta 
PAA(32-63), and 
propagate T(32) 
to PAA(26-31). 

Transfer PAL(24-67) 
to AB{24-67). 

Trans fer T to 
PAA(32-63). 

Propagate T(32) inta 
PAA(26-31). 

Transfer parall el adder 
(4-63) to PAL(S-67). 

Shifts operand 
right 4. 

L _____ _ 
-----------------~ 

Yes 

r---------------------- --------, 
SHIFT OPERAND LEFT 1 AND RIGHT «4 

In effect, shifts 
aperand right 3. 

-i-
i 
I 
I 

Trans fer T to 
PAA(32-63), and 
propagate T(32) 

to PAA(26-31). 

Transfer PAL(24-67) 
to AB(24-67). 

T ronsfer T to 
PAA(31-62). 

+-------------.... 
I 
I 
I 

Propagate T(32) into 
PAA(26-31). 

--------~--------1 
SHIFT OPERAND RIGHT 4 I 

L __ ,.... ___ ...._ ___ ~ 

Trans fer para Iii.I adder 
(4-63) to PAL(B-67). 

Trans fer T to· 
PAA(32-63). 

Propagate T(32) into 
PAA(26-31). 

Trans fer parallel adder · 
(4-63) to PAL(S-67). 

Transfer PAL(32-63) 
to T( 32-63). 

Shifts operand 
right 4. 

I 
I 
I 
I 
I 
I 

Transfer PAL(32-63) 
to T. 

r---------------
1 SHIFT RIGHT 4 LOOP 

--------~ 

I 
I 
I 
I 
I 
I 
I 

Transfer T ta 
PAA(32-63). 

~------ --------,---~----~ 
Propagate T(32) into 
PAA(26-31). 

r----- ----------------, 
STORE RESULT I 

I 
I 
I 
I 

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

L _____ _ _ __________________ J 

Transfer PAL(32-63) 
ta T. 

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

Transfers shifted 
operand to LS. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---------------~-, 

Subtract 1 from 
E(12-15). 

Trans fer T ta 
PAA(32-63). 

Prapogate T(32) into 
PAA(26-31). 

Transfer parallel adder 
(4-63) to PAL(B-67). 

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

Transfer PAL(32-63) 
to T. 

Trans fer T to G PR 
per E(B-11). 

SHIFT OPERAND RIGHT 4 

Shifts operand 
right 4. 

Transfers shifted 
operand to LS. 

Shifts operand 
right 4. 

Transfers shifted 
operand to LS. 

Subtract I from 
E(12-15). 

Transfer parallel odder 
(4-63) ,,, PAL(B-67). 

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

Transfer PAL(32-63) 
to T. 

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

Subtract I from 
E(12-15). 

L ______ ------------------L-------- -----------------------~ 

Sheet 2 

Diagram 5-118. Shift Right Single, SRA (SA) (Sheet 3 of 3) 
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A 

B 00 

2 

01 

Specification 
program 
interruption. 

3 

Yes 

Yes (Shift 
Righ.t 3 or Less) 

10 

Diagram 5-13 

RS I-Fetch. 

Test high-order word 
for all O's. 

4 

No (Shift 
Right 4 or More) 

11 00 

5 

• RS format: 

~1~8-E~_._l_R_l~~~-B-2~'~~-D-2~~-' 
0 7 8 11 11 1!5 16 19 20 

• Purpose: Shift 1st operand (in GPR, per Rl end Rl "' 1) right n~mber 
of bit positions specified by low-order 6 bits of 2nd operand address. 

01 10 

No Shift Shift Right 1 Shift Right 2 Shift Right 3 Shift Right 4, Shift Right 5, Shift Right 6, 

c 

D 

E 

F 

G 

H 

Test low-order word 
for all O's. 

Shift high-order 
word left 1 and 
right 4, and gate 
underflow bits 
to B(64-67). 

Shift high-order word 
left 2, test result for 
zero, and store into 
GPR per Rl. 

Transfer I ow-order 
word from GPR 
per Rl + 1. 

Shift low-order word 
left 1, and shift low
order word pl us under
flow bits right 4. 

Shift high-order word 
right 4, and gate 
underflow bits to 
B(64-67). 

Shift high-order word 
left 2, test result for 
zero, and store into 
GPR per Rl .. 

Shift low-order word 
left 2, test result 

Shift low-order word 
plus underflow bits 
right 4. 

for zero, and store 
into GPR per Rl + 1. 

Yes 

Shift low-order word 
I eft 2, test result for 
zero, and store into 
GPR per Rl + 1. 

Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 1of4) 

5-119, Sh 1 (7/70) 

Right 8, and So On Right 9, and So On 

Shift high-order word 
left 1 and right 4, and 
gate underflow bits 
to B(64-67). 

Transfer low-order 
word from GPR per 
Rl + 1. 

Shi ft I ow-order 
word left 1, and shift 
low-order word plus 
underflow bits 
right 4. 

Test result for :zero, 
and store low-order 
word into GPR 
per Rl + 1. 

Store high-order word 
into GPR per Rl. 

Shift high-order word 
left 1 and right 4, and 
gate underflow bits 
to B(64-67). 

Shift high-order 
word left 2. 

Transfer I ow-order 

word from GPR 
per Rl + 1. 

Shi ft I ow-order word 
left 1, and shift 
I ow-order word plus 
underflow bits 
right 4. 

Shift low-order 
word left 2. 

Shift high-order word 
right 4, and gate 
underflow bits to 

Yes 

8(64-67). 

Shift low-order word 
p I us underflow bits 
right 4. 

No 

No 

Decrement right 4 count, 
shift high-order word 
right 4, gate underflow 
bits to B(64-67), and 
test resu It for zero • 

Shift low-order word 
plus underflow bits 
right 4, and test 
result for zero. 

No 

Yes 

Right 10, and So On 

Shift high-order word 
right 4, and gate 
underflow bits to 
B(64-67). 

Shift low-order 
word left 2. 

Shift high-order word 
right 4, test result 
for zero, store into 
GPR per Rl, and 
gate underflow bits 
to 8(64-67). 

Shift low-order word 
plus underflow bits 
right 4, and test 
result for zero. 

---------, 

Yes 

~----------------------------

Store low-order 
word into GPR 
per RI + 1. 

Set CC per 
hardware 
conditions. 

End op. 

6 

11 

Shift Right 7, 
Right 11, ond So On 

Shift high-order word 
I eft 1 and right 4, and 
gate underflow bits 
to 8(64-67). 

Transfer low-order 
word from GPR 
per Rl + 1. 

Shift low-order 
word I eft 1, and 
shift low-order word 
pl us underflow bits 
right 4. 



A 

B 

c 

D 

E 

F 

G 

H 

00 

2 

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

Diagram 5-22 

Program interruption. 

No 

01 

3 

Diagram 5-13 

RS I-Fetch. 

Specification test. 

Yes 

No Shift Shift Right I 

r----- --------;;;~~;H~~~;~;-1 
------"------,.---, LEFT 1 AND RIGHT 4 

Trans fer T to I 
PAA(31-62). I 

I 
~-----"----........ --+ 

Propagate T (32) into 
PAA(26-3l). 

I 
I 
I 

....-___ .__ ___ .... _ _j_ --.----------. 

Transfer paral I el adder 
( 4-63) to PAL( 8-67). 

Transfer PAL(24-67) 
to AB(24-67). 

In effect, shifts 
high-order bits of 
operand right 3 • 

L ___ _ 
- SHIFT-;G-;::;=ORDER WOR.D - -I 

LEFT 2 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer AB( 6-67} 
to PAL(4-65}. 

Set STAT A 
if PAL; 0. 

Transfer PAL(32-63) 
to T. 

Transfer T to GPR 
perE{B-11). 

Transfers high-order 
half of operand to LS. 

I 
1----- ------------~ 
1 

I T ronsfer GPR per 
E{8-1 l) + l to T. 

OBTAIN LOW-ORDER WORD I 
I 
I I 

~---- ---------------:-1 
~~~~Tl Lf :D~I~~~ :ORD I 

Transfer T to 
PAA(31-62). 

Transfer B{64-67) 
to PAB{28-31). 

Transfer parallel 
adder {4-63) to 
PAL(B-67). 

Transfer PAL(24-67) 
to AB{24-67). 

Transfers I ow-order bits 
of high-order half of 
operand to low-
order half of operand. 

In effect, shifts 
low-order bits of 
operand right 3. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ___ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----------------, 
SHIFT LOW-ORDER WORD 

Transfer AB(6-67) 
to PAL{ 4-65). 

LffT2 I 

I 

Reset STAT A if 
PAL(32-63) does 
not equal zero. 

Transfer PAL(32-63) 
to T. 

Transfer T to GPR 
per E(B-11) + 1. 

Transfers I ow-order bi ts 
of operand to LS . 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L ___ _ ______________ J 

r---- - - - - -T~ ~;:-O;E;i 

1 

I 
I 
I 
I 
I 

Transfer S to 
PAA(32-63). 

Reset STAT A if 
PAL(32-63) does not 
not equal z.ero. 

WORD FOR ZERO I 
I 
I 
I 
I 
I L ___ _ ________ _J 

Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 2 of 4) 

Yes 

4 

,----- ----r~~~;~;~ 
.------'------.WORD FOR ZERO 

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

Transfer D(l8-21) 
to E(l2-15}. 

Transfer GPR to S 
per E(B-11) + l. 

----------- _J 

5 6 

RS format: 

BE I Rl m B2 l D2 

7 8 ll 12 15 16 19 20 31 

Purpose: Shift 1st operand (in GPR, per Rl and Rl + 1) right number 
of bit positions specified by low-order 6 bits of 2nd operand address. 

• · Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. High-order word of 1st operand is in S and T. 
3. Amount of shift is in D and PAL. 

(Shift Right 3 
or Less) No (Shift Right 4 or More) 

Sheet 3 

10 

Shift Right 2 

r-----

Transfer T to 
PAA{32-63). 

Propagate 
T(32) into 
PAA(28-31}. 

Transfer paral I el odder 
(4-63) to PAL(8-67). 

1------- ----------------~ 

Transfer PAL(24-67} 
to AB(24-67). 

SHIFT HIGH-ORDER WORD 
LEFT 2 

I 
I 
I 
I 
I 
I 

11 

Shift Right 3 

------~~;~;~~~~;--1 
..---Tr-a-ns-fe._r_T_t_

0 
__ .,.... _I LEFT 1 AND RIGHT 4 

PAA(31-62). I 
I 
I ..--------....----, 

Propagate T(32) into I 
PAA{26-31). I 

I 
--------....-- ... - -.---------.. 

Transfer poroll el adder 
( 4-63) to PAL( 8-67) . 

Set STAT A 
ifPAL;O. 

Transfer PAL(24-67) 
to AB(24-67). 

In effect, shifts 
high-order bits of 
operand right 3. 

1------- ------------------1 
Transfer AB( 6-67) 
to PAL(4-65). 

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

Transfer PAL(32-63) 
to T. 

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

Transfers high-order 
bits to LS after 
shifting left 2. 

1 
I 
I 
I 
I 

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

r-------
1 
I 
I 
I 
I 
I 
I 

Transfer B( 64-67} 
to PAB(28-31). 

OBTAIN LOW-ORDER WORD I 

SHIFT LOW-ORDER WORD 
LEFT l AND RIGHT 4 

T ransfors low-order bits 
of high-order half of 
operand to low-order 
half of operand. 

I 
I 

I 
I 

...-------------..--r-

~------
__________________ J 1 I 

I I 
I 

In effect, shifts 
law-order bits of 
operand right 3. l 

I 
I 
I 
I 
I 
I 

Trans fer B( 64-67) 
to PAB(28-31). 

SHIFT LOW-ORDER WORD 
Rl<:;HT 4 

Transfers low-order 
bits of high-order 
half of operand to 

I 
I 
I 
I 
I 
I 

.-----~----r- _J 

Transfer parallel adder 
(4-63) to PAL(8-67}. 

,------I ow-order ha If of 
operand. 

--~----------------i 
Trans fer S to 
PAA(32-63). 

Transfer parallel adder 
(4-63) to PAL(8-67}. 

Transfer PAL(24-67) 
to AB(24-67). 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------~ 
I 

Reset STA:r A if 
PAL(32-63) does 
not equal zero .. 

Transfer PAL(32-63} 
to T. 

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

STORE LOW-ORDER WORD 

Transfers low-orde~ bits 
of operand to LS after 
shifting right 3. 

r----- -------------------~ 

No {Shift Right 4) 1 
I 
I 
I 

Yes I 

Transfer B to T. 

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

STORE HIGH-ORDER WORD I 
I 
I 
I 

-----------~:t~---__ J 
I 

r-----

Transfers high-order bits 
of operand .to LS after 
shifting right 3. 

I 
I 
I 

Transfer AB(6-67) 
to PAL(4-65). 

Reset STAT A if 
PAL(32-63) does 
not equal zero. 

Transfer PAL(32-63) 
to T. 

Transfer T ta GPR 
per E(S-11) + 1. 

SHIFT LOW-ORDER WORD 
LEFT 2 

Transfers law-order bits 
of operand to LS after 
shifting right 2. 

L _____ _ 
I 
I 
I 
I 
I 
I 

·1 
I 
I 
I 
I 
I 
I 
I L _____ _ 

------------------~ 

Sheet 4 

I _ __________________ J 
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A 

B 

c 

D 

E 

F 

2 3 4 5 6 

Sheet 2 

00 01 10 11 

Shift Right 4, Right B, and So On Shift Right 5, Right 9, 
and So On 

Shift Right 6, Right 10, Shift Right 7, Right 11, and So On 
and So On 

-----------------,-----
SHIFT HIGH-ORDER I 

r------ -------------------1 r----- -------------------, 

Tran sf er T to 
PAA(32-63). 

Set STAT A 
if PAL =O. 

Transfer PAL(32-63) 
toAandB. 

T ronsfer T to 
PAA (32-63). 

Propagate T (32) into 
PAA (26-31). 

T ronsfer parallel odder 
(4-63) to PAL (8-67). 

Transfer PAL (32-63) 
to T. 

Transfer PAL (64-67) 
to B {64-67). 

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

SHIFT HIGH-ORDER WORD 
WORD RIGHT 4 I 

Transfer T to 
-1 

I 
LEFT 1 AND RIGHT 4 

Shifts operand 
right 4. 

Transfer high-order half 
of operand to LS. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAA(31-62). I 
I ..-----------r--+ Propagate T(32) to 

PAA(26-31). I 
I 

-----'--------.r-- .... -- ....---------. 
Transfer parallel odder 
( 4-63) to PAL( 8-67) • 

Transfer PAL(24-67) 
to AB(24-67) . 

I 
I 

In effect, shifts 
high-order bits of 
operand right 3. 

r------ --------------------i 
1 
I 
I 
I 
I 
I 

Transfer AB(6-67) 
to PAL(4-65). 

Transfer PAL(32-63) 
to A. 

SHIFT HIGH-ORDER I 
WORD LEFT 2 I 

I 
I 
I 
I 
I 
I 

I 
I 
I r------ --------------------~ 
1 
I 
I 
I 

Transf,er GPR per 
E(8-ll) + l to T. 

OBTAIN LOW-ORDER WORD I 
I 
I 
I 
I L _____ _ 

I 
I 

--------------------~ 

I 

SHIFT LOW-ORDER WORD 
LEFT 1 AND RIGHT 4 

Trans fer T to 
PAA(Jl-62). 

-, 
I 
I 
I ____ ......_ ___ .... _ _. 

Propagate T (32) into 
PAA(26-31). 

I 
I 
I 
I 

SHIFT HIGH-ORDER WORD 
LEFT 1 AND RIGHT 4 

...... ----'----...... ------..--------.., 
Transfer parallel odder 
( 4-63) to PAL(B-67). 

Transfer PAL(24-67) 
to AB(24-67). 

Transfer PAL(32-63) 
to T. 

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

In effect, shifts 
high-order bits of 
operand right 3. 

Transfers high-order half 
of operand to LS. 

L _____ _ ---------------------, I 
I 
I 
I 
I 
I 

Transfer GPR per 
E(8-ll) + 1 to T. 

OBTAIN LOW-ORDER WORD I 
I 
I 
I 
I 

t------- --------------------~ 

T ronsfer T to 
PAA(31-62). 

SHIFT LOW-ORDER WORD 
LEFT 1 AND RIGHT 4 

r------- ---------------~--J Trans fer B( 64-67) 
to PAB(28-31). 

Transfers low-order 
bits of high-order 
half of operand to 
low-order hol f of 
operand. 

T ronsfer B (64-67) 
to PAB (28-31). 

Trans fer S to 
PAA(32-63). 

Trans fer para I I el odder 
(4-63) to PAL (8-67). 

Reset STAT A if 
PAL(32-63) does 
not equal zero. 

T rcnsfer PAL(32-63) 
to B. 

SHIFT LOW-ORDER 
WORD RIGHT 4 

Transfers low-order 
bits of high-order 
half of operand 
to low-order half 
of operand. 

--~___..-~~....,...--, 
Transfer T to I 
PAA(31-62). I 

I ...,.. ___ ....._ ______ __._ __________ ... 
Trans fer parallel adder 
( 4-63) to PAL( 8-67) . 

Transfer PAL(32-63) 
to B. 

In effect, shifts 
operand right 3. 

'------..;.... -------------~-r--~-~ 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer AB(6-67) 
to PAL(4-65). 

Transfer PAL( 32-63) 
to B. 

SHIFT LOW-ORDER I 
WORD LEFT 2 I 

I 
I 
I L _____ _ 
I 

Transfer 8(64-67) to 
PAB(28-31). 

Transfer parol lel odder 
(4-63) to PAL(8-67). 

Transfer PAL(32-63) 
to B. 

Transfer GPR per 
E(B-11) + 1 to T. 

Transfers low-order 
bits of high-order 
half of operand to 
low-order half of 
operand. 

In effect, shifts 
low-order bits of 
operand right 3. 

Transfers high-order 
half of operand to T . 

L _____ _ ____________________ J 

------------------1 

------------------~ I 
Transfer T to 
PAA(32-63). 

SHIFT HIGH-ORDER WORD 
RIGHT 4 

No 

Sheef 4 She .. t 4 

I 
I 
I 

Transfer A to T. 
I 
I 
I 

L------ ---------------~ I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Propagate T(32) to 
PAA(26-31). 

Transfer paral lei adder 
( 4-63) to PAL( 8-67) • 

Transfer PAL(24-67) 
to AB(24-67). 

Shifts high-order 
half of operand 
right 4. 

L _____ _ 
------------------~ 

Sheet 2 

Sheet 4 

G Diagram 5-119. Shift Right Double, SRDA (SE) (Sheet 3 of 4) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

Sheet 2 

c 

r-------
1 QJOll 

------------------, 
SHIFT LOW-ORDER I 

Sheet 3 

I .---T-ro-n-sf-er_A_B(-6--6-7)--~ 
I to PAL(4-65). 

I 
I 
I 
I 
I 

Transfer PAL to B. 

WORD LEFT 2 

I 
I 
I 
I 
I 
I 
I L _____ _ 

------------------~ 

r--- -------~------~--, 

Trans fer T to 
PAA(32-63). 

Propagate T{32) into 
PAA(26-3l). 

Transfer poral I el odder 
(4-63) to PAL(8-67). 

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

Transfer PAL(64-67) 
to AB(64-67). 

Transfer PAL(32-63) 
to T. 

T ronsfer T to GPR 
per E(8- ll). 

SHIFT HIGH-ORDER 
WORD RIGHT 4 

Shifts operand 
right 4. 

I Transfers high-order half 
of operand to LS . 

-----------------, 
Tran sf er B to 
PAB(32-63). 

Trans fer B( 64-67) 
to PAB(28-31). 

T ronsfer porol I el odder 
(4-63) to PAL{S-67). 

Reset STAT A if 
PAL(32-63) does 
not equal zero . 

Transfer PAL{32-63) 
to B. 

SHIFT LOW-ORDER 
WORD RIGHT 4 

Transfers low-order bits 
of high-order half of 
operand to low-order 
half of operand. 

Shifts low-order half 
of operand right 4. 

Sheet 3 

D 
L------ ------------------J 

Yes No {Shift Right 4) 

r--- ------------------, 
STORE LOW-ORDER WORD I 

Subtract 1 from 
E(12-15). 

Transfer B to T. 

Transfer T to GPR 
per E(B-11) + 1. 

Transfers low-order 
half of operand to LS. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----- ___________________ J 
Sheet 2 

B 

r---- ---------------------1 
I I 
I Set CC per Result is zero (STAT A set): CC= 0. I 
I hardware Result is minus[A(O) = 1): CC = 1 . I 
I conditions. Result is plus [A(O) =a]: cc= 2. I 
I I 
I I 
I I 
I End op. 

I I 
I I 
L.. ---------~ ------ - - - _____________ J 

Diagram 5-119. Shift Right Double, SRDA (8E) (Sheet 4 of 4) 

Yes 

5 6 

---------------------, 
SHIFT RIGHT 4 LOOP I 

Subtract l from 
E(l2-l5). 

T ronsfer T to 
PAA(32-63). 

Propagate T(32) into 
PAA{26-31). 

Transfer parallel odder 
{4-63) to P!'L(8-67). 

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

Transfer PAL(64-67) 
to B( 64-67) • 

Transfer PAL(32-63) 
to T. 

Transfer T to GPR 
per E{8-ll). 

T ronsfer B to 
PAB(32-63). 

Transfer 8(64-67) 
to PAB(28-31). 

Transfer poroll el adder 
(4-63) to PAL(B-67). 

Reset STAT.A if 
PAL(32-63) does 
not equal zero. 

Transfer PAL(32-63) 
to B. 

Shifts high-order 
half of operand 
right 4. 

I Places high-order half of 
operand into LS. 

Transfers low-order bits 
of high-order half of· 
operand to low-order 
half of operand. 

Shifts low-order half 
of operand right 4. 

No (Shift Right in Multiples of 4) 

I 
I 
I 
I 
I 
I 
I 
I 

L----------------------------~ 

DIAGRAM 5-119. SHIFT RIGHT DOUBLE, SRDA (SE) (SHEET 4 OF 4) 
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A 

B 

c 

D 

E 

2 

Subtract or Compare 

From ST _S_B_B(~O~)-----------t 
per STC 

(Not) Subtract or Compare 

From ST (Not) SBB(O) 

per STC 

hos Micro-order 

3 

SAVE SIGNSt 

KS171 Floatin -Point 

Clock. 

Floating-Point 

From A _A_(O_) ______ -+----t 

Clock 

FP Multi 

Clock 

Diagram 5-201. Save Signs and Insert Sign Functions, and CC Setting 

F 

G 

H 

5-201 (7 /70) 

STAT C 

KS041 

STAT F 

KS071 

STAT D 

KS051 

From 
A 

From 
A 

4 

(Not) E(O) 

Multiply or Divide 

(Not) E(O) 

Multiply or Divide 

Load Complement 

E(4-6) = 010 

Floating-Paint RR 

Load or Test 

A(7) 

Add or Subtract or Compare 

(Not)A(7) 

Add or Sub~ract or Compare 

Load.Negative 

RSLT-SIGN-Lst 

Clock 

(Not) Inhibit Sign on Log Shift 

Clock 

Error Reset or Log Out 

5 

Set CR Micro-order 

Not Clock Pl 

Not Block CR 

Floating-Point Instruction 

Not STAT A 

RW341 

DN101 

DN101 

A 

DN101 

A 

DN101 

DN101 

DNTOT 

Result Sign Minus 

RT321 

RT321 

6 

r ~o:d;;io:-c~;J 
Register I 

I 
I 
I 
I 

RW351 I 
I 
I 
I 

I RW351 I L ____ _J 

OR 
T (32) to LS 9us 



A 

B 

c 

D 

E 

F 

G 

H 

2 • 3 

QTOOI 

Diagram 5-6 

RR.I-Fetch. 

Yes No 

Set interrupt code 
triggers and force 
end-op. 

Diagram 5-22 

Program 
interruption . 

LER 

4 

Transfer low-order 
fraction of 2nd 
operand from FPR 
per E(l2-15) +I 
to T. 

--1 
I 
I 
I 
I 
I 

-----L-----_j. 
Load low-order 
fraction from T into FPR 
per E(B-11) + 1. 

Transfer sign, charistic, 
and high-order fraction 
from S to T via 
parallel adder. 

toad sign1 charistic, 
and high-order fraction 
from T into FPR 
perE(B-11). 

QC051 

End op. 

Diagram 5-202. Load, LER (38) - Short Operands; Load, LDR (28) - Long Operands 

5 

• LER 
RR Format - Short Operands 

38 Rl I R2 

7 8 II 12 15 

• Purpose: Load 2nd operand (in FPR, per R2) into 1st 
operand location (in FPR, per Rl). 

• Conditions at start of execution: 
1 • Instruction is in E. 

6 

2. 1st operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in S and T. 

• LDR 
RR Format - Long Operands 

28 Rl R2 I 
7 8 II 12 15 

• Purpose: Load 2nd operand (in FPR, per R2 and R2 + 1) into 1st 
operand location (in FPR, per R1 and RI+ I). 

• Conditions at start of execution: 
1 • Instruction is in E. 
2. 32 bits of 1st operand are in A, B, and D (24-bit fraction only) 
3. 32 bits of 2nd operand are in S and T. 
4. Low-order fractions of 1st and 2nd operands are in LS. 

Long operand low-order 
fetching and loading. LAI (0) is 
forced to a 1 to address 
FPR's. 

Prepare to load sign, charistic, 
and high-order fraction. 
Data is parity-checked in 
parallel adder. · 

1. Long operands: FPR specified by 
RI and Rl + 1 now contains data 
from FPR specified by R2 and R2 + I • 

2. Short operands: FPR specified by 
RI now contains data from FPR 
specified by R2. 

LAL(O) is forced to a I to address 
FPR's. 

7201-02 FEMDM (7/70) 5-202 



A 

B 

c 

D 

E 

F 

2 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

3 4 

QT011 

Diagram 5-9 

RX I-Fetch. 

Yes No 

No (LD) Yes (LE) 

No 

5 6 

• LE 
RX Format - Short Operands 

78 R1 I X2 B2 D2 

7 8 11 12 15 16 19 20 31 

• Purpose: Load 2nd operand (in storage) into 1st operand location (in FPR, per R1). 

• Conditions at start of execution: 
l. 1st 16 bits of instruction ore in E. 
2. lst operand is in S and T. 
3. Main storage request for 2nd operand hos been issued per D. 

• LD 
RX Format - Long Operands 

68 I Rl I X2 B2 D2 

7 8 11 12 15 16 19 20 31 

• Purpose: Load 2nd operand (in storage) into lst operand location (in FPR, per 
R 1 and R 1 + 1) • 

• Conditions at start of execution: 
1. lst 16 bits of instruction are in E. 
2. 32 bits of 1st operand are in S and T. 
3. Low-order fraction of 1st operand is in LS. 
4. Main storage request for 2nd operand has been issued per D. 

----------..... -----
Gate 2nd operand 
from SDS0(0-31) 
and place into T. 

-------, 
I 

I 
I 

r----------.- -1-
Gate 2nd operand 
from SDB0(32-63) 
and place into T. 

Load sign, charistic, 
and fraction from 
T into FPR per 
E(S-11). 

Doto is fetched from main storage on 
doubleword boundary. D(2l) 
determines which word is gated from 
SDBO to T. 

_____ ...... ____ _,_ - - -- - - - - -- - --------- - -------------------
Gate 2nd operand 
from SDB0(0-63) 
and place into ST. 

Load I ow-order 
Fraction from T into 
FPR per E(S-11) 
+ l. 

----1 
I 
I 

I 
I 

---------...----+-----
Transfer S (sign, 
charistic, and high
order fraction) to T via 
para 11 el odder. 

Load sign, choristi c, 
and high-order 
fraction from T into 
F PR per E(S-11 ) . 

QC05l 

! 
I 
I 
I 

_J. ___ _ 

End op. 

Doubleword operand is gated 
from SDBO to SL 

Data is parity-checked in parallel odder. 

FPR specified by R 1 and R l + 1 now contoi ns 
data from main storage location specified by 
effective addrt:ss. LAL(O) ·is forced to a 1 
to address F PR' s. 

Diagram 5-203. Load, LE (78) - Short Operands; Load, LD (68) - Long Operands 

G 

H 

5-203 (7 /70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Objectives: 

l • Fetch operand . 

2. Insert sign. 

3. Store 2nd operand 
into 1st operand 
location. 

4. Test for zero result. 

Set interrupt code 
triggers and force 
end op. 

_Diagram 5-22 

Program 
interruption. 

QTOOl 

Diagram 5-6 

RR I-Fetch. 

Yes 

3 

operand fraction 
from T to D. 

4 

Save sign of 
2nd operand 
inSTATC. 

5 6 

• RR Format - Short Operands 

Op Code Rl R2 

7 8 II 12 15 

• Purpose: Load 2nd operand (in FPR, per R2) into lst operand 
location (in FPR, per Rl): LTER, with original sign; LCER, with 
sign complemented; LNER, wtth sign made minus; LPER, with 
sign made plus. 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 1st operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in S and T. 

• Op codes: 
I. LCER = 33. 
2. LNER = 31. 
3. LPER = 30. 
4. LTER = 32. 

Insert sign on LS bus 
per instruction 

--1--
1. LPER: Plus sign to LS. 

and STAT C. 
I I 2. LNER: Minus sign to LS. 
I I 3. LTER: Original sign to LS. 

I 
I 4. LCER: Complement of original 
I sign to LS. 

I .._ __ s_e_e_D_ia_s_ra_m_5_-_2_01_. ____ ...;.,_ __ ~ 

I ..-------------.- - - - - - l__ L--,.-~~~~~---,.~~~~~--. 
Store charistic and 
fraction from T into 
FPR per E(B-11) .. 

I lst operand location now contains 2nd 
operand (specified by R2) with correct 

I sign. Sign is loaded from LS bus. LAL(O) 
is forced to 1 to address FPR 's • 

..------------,- - - - - - - -- -- - - - - -- - - - ---.------------------.. 

Objectives: 

l • Set CC per hardware conditions. 

2. End op. 

Set CC to 0 
(fraction = 0). 

LPER 

Set CC to 2 
(2nd operand > O). 

End op. 

Transfer. fraction 
from D to PAL. 

Set STAT A if 
fraction= 0 
(PAL= O). 

Yes 

No 

LTER 

No 

Set CC to 1 
(2nd operand< 0). 

LCER 

Prepare to test for zero fraction. 
Data is parity-checked 
in parallel adder. 

LNER 

Yes 

Diagram 5-204. Load Positive, LPER (30); Load Negative, LNER (31); Load and Test, LTER (32); Load Complement, LCER (33) - Short Operand 

7201-02 FEMDM (7/70) 5-204 



A 

B 

c 

D 

E 

F 

G 

2 

Objectives: 

l • Fetch operands. 

2. Insert sign. 

3. Store 2nd operand into 
lst operand location. 

4. Test for zero result. 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

Objectives: 

I . Set CC per hardware conditions. 

2. End op. 

Set CC to 0 
(fraction = 0). 

3 

QTOOl 

Diagram 5-6 

RR I-Fetch. 

Transfer sign, 
charistic, and 
high-order fraction 
from T to A. 

No 

4 5 

• RR Format - Long Operands 

Op Code I RI I R2 I 
7 8 11 12 15 

• Purpose: Load 2nd operand (in FPR, per R2 and R2 + I) into lst operand 
locotion (in FPR, per RI and Rl + l); LTDR, with original sign; LCDR, 
with sign complemented; LN DR, with sign made minus; LPDR, with sign 
made plus. 

• Conditions at start of execution: 
l • Instruction is in E. 
2. 32 bits of 1st operand are in A, B, and D (24-bit fraction only). 
3. 32 bits of 2nd operand are in S and T. 
4. Low-order fractions of 1st and 2nd operands are in LS. 

• Op codes: 
l. LCDR = 23. 
2. LNDR = 21. 
3. LPDR = 20. 
4. LTDR = 22. 

6 

,..--------------.--, .-- - - -
Fetch low-order fraction 

- - - - - - - - -------------------. 
LAL(O) is forced to a I 
to address F PR 's . from FPR per E(l2-15) + I 

I (R2 + I) and I 
place into S. I 

I 

Save sign of 2nd 
operand in STAT C. ,-

1 

I I =,-1 --1 
Insert sign on LS bus 

I I per instruction and I 
Load charistic and 

I. LPDR:. Plus sign to LS. 
2. LNDR: Minus sign to LS. 
3. LTDR: Original sign to LS. 
4. LCDR: Complement of 

original sign to LS. 
See Diagram 5-201 • high-order fraction 

from T into FPR per 
E(S-11). 

I I STAT c. I 

L ~ - ~ - -------- -- _:-_:--..----ln_s_e-rt_e_d_s-ig-n-is-s-to_r_e_d_a_t_s_a_m_e ___ __, 

I I· time as charistic and high-o.rder 
I fraction. 

I -----------.--------- -------t- -------- - - - ------------------
Transfer fraction 
from A and S to 
OT (via PAL). 

Set STAT A if 
fraction= 0. 

_____ ...._ ____ ..... - - - - - - -

Yes 

Load low-order 
fraction from T 
into FPR per 
E(S-11)+1. 

LPDR 

No 

LTDR 

i 
I 
I 
I 
I 
I 
I 

Prepare to make zero test of 
fraction and to store low-order 
fraction into FPR per RI + I . 
Data is parity-checked 
in parallel adder. 

-----.!..- - - --------- - ---------------.... 

I 
I 

LCDR 

I st operand location now contains 
2nd operand (specified by R2) 
with correct sign. 

LNDR ,-.------------....------------(;,. 

Yes No Yes 

Set CC to 2 Set CC to I 
(2nd operand >0). (2nd operand< 0). 

End op. 

Diagram 5-205. Load Positive, LPDR (20); Load Negative, LNDR (21); Load and Test, LTDR (22); Load Complement, LCDR (23) - Long Operands 

H 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Diagram 5-9 

RX I-Fetch. 

Set interrupt code 
triggers and force 
end ap. 

Diagram 5-22 

Program 
interruption. 

Na 

Charistic Difference > 7 
(Charistics Not Within Range) 

2nd Operand I st Operand 
Charistic Smaller Charistic Smaller 

Prepare to store 
1st operand. 

Unnormalized 

Prepare ta store 
2nd operand. 

Normalized 

Normalize result. 

Yes 

Perform overflow/ 
underflow routine. 

No 

Yes 

3 

Gate 1st operand to A. 
Fetch 2nd operand 
from storage end 
piece into T. 

Save signs in STAT's. 

Determine charistic 
difference. 

Place 2nd operand 
into D and S. 

Store result into 
FPR per R1. 

4 

Diagram 5-6 

RR I-Fetch. 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

·Program 
interruption . 

Signs Alike 
2nd Operand 1st Operand 
Choristic Smaller Charistic Smaller 

Equalize chcristics 
by shifting 2nd 
operand fraction 
right. 

Set STAT D. 

Equalize chari~tics 
by shifting 1st 
operand fraction 
right. 

Add fractions; 
place charistic 
into F. 

Compare 

5 

• RR instructions: AER, AUR, SER, SUR, CER. 

I Op Code RI I R2 I 
18 1112 15 

• Purpose: 
1. AER, AUR, SER, SUR - Algebraically add (subtract) 2nd operand 

(in FPR, per R2) to (from) 1st operand (in FPR, per R1) and place 
normalized result (unnormalized result for AUR and SUR) into 1st 
operand location. 

2. CER - Algebraically compare 1st operand (in FPR, per R1) with 2nd 
operand (in FPR, per R2); CC indicates results. 

• RX instructions: AE, AU, SE, SU, CE. 

Op Code RI I X2 I B2 I D2 

18 11 12 15 16 19 20 

• Purpose: 
1. AE, AU, SE, SU - Algebraically add (subtract) 2nd operand 

(in storage) to (from) 1st operand (in FPR, per R1) and piece 
normalized result (unnormalized result for AU and SU) into 
1st operand I ocation. 

2. CE -Algebraically compare 1st operand (in FPR, per Rl) with 
2nd operand (in storage); CC indicates result. 

Charistic Difference :'! 7 

Signs Uni ike 

6 

Charistics 
Equal 

2nd Operand 1st Operand 
Charistic Smaller Chcristic Smeller 

Equalize chcristics 
by shifting 2nd . 

.operand fraction 
right. 

Set STAT D. 

Equalize charistics 
by shifting lst 
operand fraction 
right. 

Subtract 2nd operand 
fraction from 1st 
operand fraction; 
pl ace charisti c 
into F. 

If fraction overflows, 
shift fraction R1 

If fraction overflows, 
shift fraction R1 

If fraction overflows, 
complement result. 

If fraction overflows, 
complement result. 

digit and adjust 
choristic. 

No 

No 

No 

digit and adjust 
charistic. 

Result f 0 end 
Fraction Normalized 

Check guard digit 
for significant 
bits. 

I ost significance 
routine. 

Result f 0 and 
Fraction Not Normalized 

Normalize result. 

Restore resu It 
high-order digit 
(shift out by 
normalizing) and 
store into LS. 

Charistics 
Equal 

Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 1 of 5) 

7201-02 FEMDM (7/70) 5-206, Sh 1 



A 

B 

c 

D 

E 

F 

... 

2 

Set interrupt code 
triggers end force 
end op. 

D iag<am 5-22 

Program 
interruption. 

Yes 

3 

QTOOI 

Diagram 5-9 

RX I-Fetch. 

No 

,-------- - ---------1 
Objectives: 

l. Place 1st 
operand into A. 

2. Fetch 2nd operand 
and piece into T. 

Fetch 2nd 
operand from 

No 

· SDB0(0-31) 
per effective 
address and 
place into T. 

Transfer 1st .;percnd 
sign, charisti c, 
and fraction 
from T to A. 

Yes 

Fetch 2nd 
operand from 
SDB0(32-63) 
per effective 
address and 
place into T. 

1---- ------- ----------~ 
Objective: 

Save signs in 
STA T's. 

Add 

Place sign of 
2nd operand into 
STAT C. 

Place sign of 
1st operand into 
STATF. 

Subtract or 
Compare 

Place complement 
of 2nd operand 
sign into STAT C. 

~-------------- ----~ 
I Objective: I 
I Determine charistic Subtract 1st operand I 
I ·difference. charisti c from 2nd I 

operand charistic 
I and place difference I 
I into F. I 

~---~---------- ----~ 
I Objective: I 

I Place 2nd operand Transfer 2nd operand I 
I into D end S • fraction from I 
I T to S and D . f 

I I 

: ··~"~"" I 
L _____________________ j 

Charistics Not Within Range (Difference> 7) 

0000 or 0100 1000 or 1100 

2nd Operand 
Charistic Smaller 

To Sheet 3 

1st Operand 
Charistic Smeller 

,----
1 

4 

0110 

Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operancs (Sheet 2 of 5) 

G 

'H 

5-206, Sh 2 (7 /70) 

QT001 

Diagram 5-6 

RR I-Fetch. 

Set interrupt code 
triggers and 
force end op. 

Diagram 5-22 

Program 
interruption. 

t • ' ROS AR 

See table on 
this page. 

8 

0 

0 

O· 

0 

I 

1 

1 

l 

1 

1 

9 10 

0 0 

0 l 

l 0 

I I 

0 0 

0 1 

0 I 

1 0 

l 1 

1 I 

Signs Alike 

2nd Operand 
Charistic 
Smaller 

1110 

To Sheet 3 

lst Operand 
Charistic 
Smaller 

5 

• RR Format - Short Operands 

Op Code RT I R2 I 
7 8 1112 l!i 

• Conditions at start of execution: 
l. Instruction is in E. 

6 

2. 1st operand is in A, B, and D (24-bit fraction only). 
3. 2nd operand is in Sand T. 
4. STC = 4 ('RESET' micro-order during I-Fetch). 

• Op Code: 
I. AER=3A. 
2. AUR = 3E. 
3. SER = 38. 
4. SUR= 3F. 
5.CER=39. 

• RX Format - Short Operands 

I Op Code I R l I X2 I B2 I 
0 7 8 11 12 15 16 19 20 

• Conditions at stort of execution: 
l. 1st 16 bits of instruction ore in E. 
2. 1st operand is in Sand T. 
3. Effective address of 2nd operand is in D. 
4. 2nd operand is in main storage. 
5. STC = 4 ('RESET' micro-order during I-Fetch). 

• Op Codes: 
l. AE =7A. 
2. AU= 7E. 
3. SE = 7B. 
4. SU = 7F. 
5.CE=79. 

D2 

31 

- l "f I . I dd a seno a er carry occurre d (2 d n ope ran d h •. > c ar1shc_ 
I st operand chcristic). 

1 if signs are alike (odd fractions). 

- 1 if charistics ore within range (charistic difference :S 7): 
a. Serial adder carry and SAL(0-4) = 0. 
b. No serial adder carry and SAL(0-4) = F (hex). r-" 1 H SAL "0 (<'=;"; o •q~I). 

0 peration Performed 

11 

0 Store 1st operand. 

0 Preshift 2nd 'Operand and subtract 2nd operand from 1st operand. 

0 Store 1st operand. 

0 Preshift 2nd operand and add 2nd operand to 1st operand. 

0 Store 2nd operand. 

0 Preshift I st operand and subtract 2nd operand from I st operand. 

l Subtract 2nd operand from 1st operand (charistics equal). 

0 Store 2nd· operand. 

0 Preshift l st operand end add 2nd operand to 1st operand. 

1 Add 2nd operand to 1st operand (charistics equal). 

Chcristics Within Range (Difference S 7) 

1111 

Charistics 
Equal 

I 
I 

0010 

Signs Uni ike 

2nd Operand 
Charistic 
S~aller 

1010 

1st Operand 
Charistic 
Smaller 

To Sheet 5 

1011 

Choristics 
Equal 



A 

B 

c 

D 

E 

F 

G 

2 3 4 5 6 

Sheet 2 Sheet 2 Sheet 2 Sheet 2 

A D 

,-------- ____ T ___ _ -- -- - -----r- ---------
Objective: I Objective: 

--- -,-----------
I Objective: I 
I Transfer plus sign I 

Prepare to store to F(O) and 
I 1st operand. chari stic from I 
I A(l-7)toF(l-7). I 

I I 
I Tran.fer fraction from I 
I ABtoDTandAB. I 
I I 
I Set ST AT A if I 
I fraction equals 0. I 
I [ PAL(7-67J = o] I 

L __ ------------~ 

I 
I 
I 

Transfer plus sign to F(O) 
and charisti c from 
S(l-7) to F(l-7). 

Transfer STAT C 
toSTATF. 

Transfer fraction from 
DT to AB and DT. 

Set STAT A if 
fraction equals 0 
[ PAL(7-67) = 0 ] . 

L ____ _ 

Prepare to store 

2nd operand . 
I Equalize choristi cs 

by shifting 2nd 
I operand fraction right. 

I 
I L-----, 

Place 2nd operand 
sign into STAT F. 

--1 
I 

I 
I 
I 

Shift 2nd operand 
fraction in DT R4 
and place into DT 
and B( 64-67) . 

Add 1 to F. 

Shift D R4 and 
place into DT. 

Add 1 to F. 

' Objective: 

I 
r 
I 
I 
I 
I 
I 

Equalize charistics 
by shifting 1st 
operand fraction 
right. 

L ___ l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Yes 

Shift !st operand in 
AB R4 and place 
into AB(7-67). 

Subtract 1 from F. 

Shift A R4 and 
place into AB. 

Subtract 1 from F. 

Unnormalized Compare L _______ _ _J _____________ _J 

Sheet 5 

0 

Sheet 4 

Sheet 4 

,-----------------
' Objective: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

If fraction overflows, shift 
fraction R 1 digit and 
adjust chari stic. 

Shift AB R4 
and place fraction 
into DT. 

Add 1 to F. 

L _______ _ 

Sheet 4 

Yes 

Yes 

No 

No 

..----------~----.- -- - - ....---------..., 
SetSTATD. Indicates that 

equalizing was 
necessary. 

r:--------
Objectives: 

------, 
I 
I 

1. Add fractions. 

I 2. ~~;:~ ~haristic 

I 
I 
I 
I 
I 
I 
i 
I 
I 
I 

Add DT to AB and 
place sum into 
AB and DT. 

Transfer charisti c 
to F(l-7) 
[ F(O) is reset]. 

Set STAT A if 
fraction equals 0 
[ PAL(7-67) = 0 J. 

I 
I 
I· 
I 

I 
I --r 
I 
I 
I 
I 
I 

If 1st operand 
charistic was greater, 
A(l -7) is sent 
lo F; if 2nd 
operand charistic was 
greater, S(l-7) is 
sent ta F . Larger 
charistic becomes 
.charistic of result. 

L ________ _ I _ ___ ___J 

Unnormalized 

Shift AB R4 
and place fraction 
into OT. 

Sheet 4,5 

N 

AddltoF. 

Yes 

Result i 0 and 
Fraction Normalized 

Compare 

--------1 

No 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Result ,I 0 and Fraction 
Not Normalized 

Sheet 4 

,------- -, 
I 
I 
I 
I 
I 
I 

Sheet 4 

' Objective: 

I Store result into 

I LS per Rl. 

I 
I 
I 
I 
I 
I 
I 

Insert sign on LS 
bus, and transfer 
charistic from F 
to T(32-39) and 
fraction from D 
to T(40-63). 

·Store sign, choristic, 
and fraction into FPR 

per E(B-11). 

I 
I 
I 
I 
I 

L _________ _ 
---- _ __J 

Sheet 4 

Sheet 4 

Sheet 2 

H Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 3 of 5) 
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A 

B 

L ___ _ 

c 

D 

E 

F 

G 

2 3 4 

Sheet 3 

Sheet 3 

SAL(O) or F(O) = I. 

No 

------------, 
Objectives: I 

1. If overflow or underflow and I 
PSW(38) = 1 ·, initiate I 

I 
No (Overflow) 

interruption request. 

Yes 

2. If underflow and PSW(38) = ~ 
0, store O's into FPR per Rl. 

No 

Store 0 1s into 
FPR per E(B-11). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I _ ___________________ __J 

Yes 

r---------- -----:--, 
1 Objective: 

I Check guard digit 
I for significant bits. 

I 
I 
I 
I 
I 

I 
I 
I 
I 

Transfer D to 
DT via PAL 

Reset STAT D. 

Set STAT A if 
fraction egual s 0 
[ PAL(7-67) =OJ. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----------
I 
I 

_____ J 

Yes 

No 

Result /0 and 
Fraction Normalized 

Sheet 3 

r------------ ----------------~ 

I 

Objective: 

Perform zerO frocti on/ 
lost significance 
routine. 

T ronsfer charisti c 
from F to T(32-39) 
and O's to 
T(40-63). 

Store pl us sign, 
choristic, and zero 
fraction into FPR 
per E(S-11). 

Set 'divide check/ 
lost significance' 
trigger. 

Yes 

Store O's into 
FPR per E(B-11). 

Interruption 
executed. 

No 

Store T into FPR 
per E(S-11) (O's 
are stored). 

Add 1 to F. 

Reset STAT D. 

I 

L------ ---- ------------------- ------ _ _J 

H Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 4 of 5) 

5-206, Sh 4 (7 /70) 

5 

Sheet 3 

M 

,-----
1 
I 
I 
I 
I 
I 
I 
I 

Shift DT and 
B(64-67) L4 
and place fraction 
into DT and AB. 

Subtract 1 from F. 

Result 

6 

------1 

Objective: 

Normalize result. 

Result ,i"O and 
Fraction Not Normalized 

Shift DT L4 
and place 
fraction into DT. 

Subtract 1 from F • 

I 
I 
I 
I 
I 
I 

I 
L -- --------------------J 

Sheet 3,5 

End op. 

Sheet 3 5 

K 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 2 

r----------- - - ------ --------, 
objective: 

Equalize choristics by 
shifting 2nd operand 
fraction right. 

No 

Shift 2nd operand in 
DT R4 and 
place into DT and 
0(64-67). 

Add l to F. 

Yes 

Guard digit saved 
in 0(64-67). 

One more shift 
occurs after branch . 

4 

Sheet 2 

H 

-5 6 

Sheet 2 

G 

,----------- -------------1 
Objective: 

Equalize charistics by 
shifting lst operand 
fraction right. 

Yes 

Shi ft l st operand 
in A R4 and 
place into AB. 

Subtract l from F. 

No 

Guard digit saved 
in 0(64-67). 

Shift A R4 and 

1-----1-- [ 
Shift D R4 and 
place into DT. _l_ __ ---- ---, 

place into AB. 

I Objectives: I _ _ 
I l. Subtract 2nd operand I Set STAT D. I 
I fraction from lst I L____ .J I I operand fraction. L_ ____ =....J 

Addltof. 

I 2. Place choristic into F. ----~ 

------------ _ __J Subtract DT from AB 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

and place difference 
into AB ond DT. 

Transfer charistic 
to F(l-7) 
[F(O) is reset J. 

Set STAT A if 
fraction equ.al s 0. 

Indicates equalizing 
was necessary. 

If 1st operand charistic 
was greater, A(l-7) is 
sent to F( 1-7); 
if 2nd operand charisti c 
was greater, S(l-7) 
is sent to F(l-7). 
Larger charistic 
becomes chari sti c 

_of result. 

I 
I 
I 
I 

Subtract l from F. 

I I 
~---------------~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

L--------- __________ J 

Unnormalized Compare 

Sheet 4 

-------, r-----------------------
Objective: 

.I 

If 2nd operand fraction is 
I arger than 1st operand 
fraction, result is in 
complement form; change 
to true form • 

Complement DT 
and place 
fraction into DT. 

L..-------------

Sheet 3 

No 

Result ol 0 and 
Fraction Normalized 

N 

Sheet 3 

Complement DT and 
0(64-67) and place 
fraction into DT and 
0(64-67). Transfer 
charisti c from 
F to S(0-7). 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_____ J 

Result=O 

Result -I 0 and 
Fraction Not 
Normalized 

Sheet 4 

Diagram 5-206. Floating-Point Add, Subtract, and Compare - Short Operands (Sheet 5 of 5) 

,-------------- -------1 
Objective: 

Normalize result. 

Shift AB L4 
and place into 
AB and T. 

Subtract l from F . 

Shift DT and 
8(64-67) L4 and 
place fraction 
into T and AB. 

Subtract l from F. 

I 

L ----- ____ __J 

Result iO 
and Fraction 
Not Normalized 

Res~I t I 0 and 
Fraction Normalized 

Sheet 3 

r-----------
1 Objective: 

I Restore fraction result 

I from D ~nd store into LS 

I ~~~c~;s" s~~;~!~ ::; 1: ooo 1 

I 
I 
I 
I 
I 
I 
I 

Insert sign on 
LS bus; transfer 
choristi c from 
S(0-7J to Tl32-39J 
and fraction 
from D to T140-63l. 

Store sign, choristic, 
and fraction from 
T into FPR 
per E( 8- 1 l) • 

I 
I 
I 

·I 
I 
I 
I 

L.__ ________ _ ____ _J 

K 

Sheet 4 
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2 

A 

B 

Set interrupt code 
triggers and 
force end-op. 

Diagram 5-22 

Program 
interruption. 

Yes 

3 

Diagram 5-6, 5-9 

RR or RX I-Fetch. 

No 

4 

Fetch operands. 

Sove signs 
inSTAT's. 

Subtract charistics 
to determine 
charistic difference. 

5 6 

• RR instructions: ADR, AWR, SDR, SWR, CDR 

I 0 p Code R l I R2 I 
1112 15 

• Purpose: 
l. ADR, AWR, SDR, SWR - Algebraically add {subtract) 2nd operand {in FPR, per R2 and 

R2 + l) to {from) lst operand {in FPR, per Rl and Rl + 1) and place normalized result 
{unnormalized result for AWR and SWR) into lst operand location. 

2. CDR -Algebraically compare lst operand {in FPR, per Rl and RI+ ll with 2nd operand 
{in FPR, per R2 and R2 + l ); CC indicates result. 

• RX instructions: AD, AW, SD, SW, CD 

I Op Code R 1 I . X2 I B2 I D2 

78 

• Purpose: 
l. AD, AW, SD, SW - Algebraically odd (subtract) 2nd operand {in storage) to {from) lst 

operand {in FPR, per Rl and Rl + l) and place normalized result {unnormalized result 
for AW and SW) into 1st operand location. 

2. CD - Algebraically compare lst operand (in FPR, per Rl and Rl + l) with 2nd 
operand {in storage); CC indicates result. 

Choristic Difference > 15 Charistic Difference S 15 and Signs Alike Charistic Difference S 15 and Signs Unlike 

c 

D 

E 

F 

2nd Operand 1st Operand 
Charistic Smaller Charistic Smaller 

Prepare to store 
l st operand. 

Perform 
overflow/ 
underflow 
routine. 

Prepare to store 
2nd operand. 

Normalized 

2nd Operand lst Operand 
Choristic Smaller Choristic Smaller 

Equalize charistics 
by shifting 2nd 
operand fraction 
right. 

Unnormalized 

1f fraction overflowed, 
shift sum fraction 
Rl and adjust 
charistic. 

Result I 0 and 
Fraction Normalized 

Equalize charisti cs 
by shifting l st 
operand fraction 

right. 

Add fractions. 

Result =O 

Perform zero fraction/ 
lost significance routine. 

Set CC per 
hardware 
conditions. 

End op. 

G 
Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 1 of 5) 

H 

5-207, Sh 1 (7/70) 

Charistics 
Equal 

Normalized 

If fraction 
overflowed, shift 
sum fraction Rl 
digit and adjust 
choristic. 

Result I 0 
and Fraction 
Nat Normalized 

Normalize 
fraction. 

Result I 0 
and Fraction 
Normalized 

2nd Operand l st Operand Chari sties 
Equal Charistic Smaller Choristic Smaller 

Unnormalized 

If fraction 
overflowed, 
complement result. 

Equalize charistics 
by shifting ht 
operond fraction 
right. 

Subtract 2nd 
operand fraction 
from ls! 
operand fraction . 

Result I 0 
and Fraction 
Not Normalized 

Normalize result. 

Yes 

overflowed, 
complement result. 

Store I ow-order 
fraction into FPR 
per Rl + l. 

Restore fraction and 
store into FPR per Rl 
and Rl + 1 (fraction 
resu It was . 000 l and 
was shifted out. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

QTOll 

Diagram 5-22 

Program 
interruption. 

Diagram 5-9 

RX I-Fetch. 

,-----------
Objectives: 

l . Fetch operands. 

2. Save signs in STAT's. 

3. Determine choristic 
difference. 

Add 

Transfer l st operand 
sign, charistic, and 
high-order fraction 
from T to A. 

Fetch I ow-order 
fraction of lst 
ape rand from F PR 
per E(S-11) + 1 
and place into T. 

Transfer low-order 
fraction of I st 
operand from 
T ta B. 

Fetch 2nd operand 
from SDB0(0-63) 
and place 
into ST. 

Place sign of . 
1st operand 
into STAT F. 

3 

Diagram 5-22 

Program 
interruption. 

QTOOl 

Diagram 5-6 

RR I-Fetch. 

Fetch I ow-order 
fraction of l st 
operand from FPR 
per E(8-1 l) + 1 
and place into T. 

4 

Transfer 

---, 
I 

high-order fraction 
of 2nd operand 
fromStoD. 

I 
I 
I 

Place sign of 
1st operand 
into STAT F. 

-,-r--
1Save-signs1 

mi era-order. 

I 
I 
I 

1 I I ,___ ___ ___, 

I 
I 

I 
I 

Subtract or Compare 

.-----'"-----.--1--...---.._ _ __, 

-1 
I 
I 

Place sign of 
2nd operand 
into STAT C. 

r---.-------~ 

I I ;i0c::=~~:5r
1

• I •.___ ____ __, 
I Subtract or Compare 

I 

Complement sign of 
2nd operand and place 
into STAT C. 

Subtract 1st operand 
charistic from 2nd 
operand charisti c 
and place difference 
into F. 

I 
I 
I 

.-----------,-- - - - - - - - -- ----l.- -.-----..... -----. 

Transfer low-order 
fraction of lst 
operond from T ta B. 

Place sign of 
2nd operand 
into STAT C. 

Subtract 1st operand 
chari sti c from 2nd 
operand charistic 
and place difference 
into F. 

Transfer high-order 
fraction of 2nd 
operand from S to D. 

L ________ _ 

Charistic Difference > 15 
2nd Operand 1st Operand 

Complement sign of 
2nd operand arid 
plac<: into STAT C. 

See table on this page. 

Fetch low-order fraction 
of 2nd operand from 
FPR per E( 12- 15) + l 
and place into T. 

-----~ 

Charistic Difference $15 and Signs Alike 
2nd Operand 1st Operand 

• 
8 

0 

0 

0 

0 

l 

l 

l 

l 

1 

I 

Charistic Smol ler Charlstic Smaller Charistic Smaller Charistic Smaller Charistics Equal 
0000 or 0100 1000 or 1100 0110 1110 1111 

Sheet 3 

Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 2 of 5) 
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• RR Format - Long 0 perands 

Op Code Rl I R2 I 
11 12 15 

• Conditions at start of execution: 
I. Instruction is in E. 
2. 32 bits of 1st operand are in A, B, and D (24-bit 

fraction only). 
3. 32 bits of 2nd operand are in S ond T. 
4. Low-order fraction of 1st and 2nd operand is in LS .. 
5.STC=4. 

• Op Codes: 
l. ADR = 2A. 
2. AWR = 2E. 
3. SDR=2B. 
4. SWR = 2F. 
5. CDR = 29. 

• RX Format - Long Operands 

Op Code I RI I X2 B2 D2 

• Conditions at stort of execution: 
l. lst 16 bits of instruction are in E. 
2. 32 bits of lst operand are in S and T. 
3. Law-order fraction of 1st operand is in LS. 
4. Effective address of 2nd operand is in D -
5. 2nd operand is in main storage .. 

• Op Codes: 

... 

l. AD =6A. 
2. AW =6L 
3.SD=6B. 
4. SW= 6F. 
5.CD=69. 

= 1 if a serial odder carry > 2nd operand _ 
1st operand). 

= l if signs are alike (add fractions). 

= l if preshifting is necessary ( = 0 if charistics 
are not within range): 
a. Serial adder carry and SAL(0-3) = 0. 
b. No serial adder carry and SAL(0-3) = l . 

• 
c = l if SAL= 0 (charistics equal). 

RO SAR 
Operation Performed 

9 10 11 

0 0 0 Store lst operand. 

0 l 0 Preshift 2nd operand and subtract 
2nd operand from l st operand. 

l 0 0 Store 1st operand. 

l 1 0 Presh i ft 2nd operand and add 
2nd operand to lst operand. 

0 0 0 Store 2nd operand. 

0 1 0 Pre shift l st operand and subtract 
2nd operand from lot operand. 

0 l 1 Subtract 2nd operand from lst operand. 

1 0 0 Store 2nd operand. 

1 l 0 Pre sh if~ lst operand and add 
2nd operand to I st operand. 

I l l Add 2nd operand to l st operand . 

Charistic Differe'lce S 15 and Signs Unlike 
2nd Operand lst Operand 
Chari.tic Smaller Charistics Equal Charistic Smaller 
0010 1011 1010 

Sheet 5 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 2 

A 

r------
Objective: 

---,----
Objective: 

Prepare to 
store lst 
operand. 

Transfer plus sign 
to F(O) and charistic 
from A(l -7) to 
F(l-7). 

Transfer fraction 
from AB to DT 
and AB. 

Set STAT A if 
fraction equals 
0 [PAL(7-67) 
= O] 

L ______ _ ____ _J 
I 
I 

Prepare to 
store 2nd 
operand. 

Sheet 2 

Transfer pl us sign 
to F(O) and choristic 
from S(l -7) to 
F(l-7). 

T ronsfer STAT 
CtoSTATF. 

T ronsfer fraction 
from DT to AB 
and OT. 

Set STAT A if 
fraction equals 
0 (.i>AL(7-67) 
= o] . 

L ______ _ - -- -""""1 
I 
I 
I 
I Unnormalized Compare 

4 

Equalize 
chori sti cs by 
shifting 2nd 
operand fraction 
right. 

Sheet 2 

c 

-----1 
Shift 2nd operand 
in OT R4 and 
place into DT 
and B(64-67). 

Add l to F. 

Shift DT R4 
and place into 
OT and 8(64-67). 

Add l to F. 

I 
1· 

I 
I 
I 
I 
I 
I 
I 

Yes I 

I 
I 
I 
I 
I 
I 
I 

5 

Sheet 2 Sheet 2 

,----
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I Yes 

I 
I 
I 

I 
I 
I 
I 
I 
I 

Shift lst operand 
in AB R4 and 
place into 
AB(B-67). 

Subtract I from F. 

Shift AB R4 and 
place into AB. 

Subtract l from F. 

6 

E:qualize 
choristi cs by 
shifting 1st 
operand fraction 
right. 

I . I L _____________ J L __________ _J 

Sheet 5 

Sheet 4 

Sheet 4 

r-:------------
Objective: .:) Yes 

I . (Fraction 

!U;;~~;:~r~~;ir!~a;~d, Overflow) 

and adjust choristic. 

Shift AB R4 
and place fraction 
into OT. 

Add l ta F. 

No 

j Obje~e=- - - - -I ,____. ___ _.____.__~ 

I 
l. Add fractions. Add DT to AB and 

place sum into 

1 
2. ~~~:~ ~haristi c AB and OT. 

I 
I 
I 
I 
I 
I 
I 
I 

Transfer plus sign to 
F(O) and charistic 
to F(l-7). 

Set STAT A if 
fraction equals 0 
( PAL(7-67) 
= o]. 

L__ _______ _ ___ _J 

Unnormalized 

and place fraction 
into DT. 

AddltoF . 

Compare 

.-L _____ _ 
I Objective: 

--T~------

Sheet 4,5 

I Stare result and 
I check for zero. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Insert sign .on LS bus, 
and transfer choristic 
from F to T(32-39) and' 
high-order fraction 
from 0 to T( 40-63). 

Store sign, charistic, 
ond high-order 
fraction into FPR 
per E(S-11) . 

_ ...... s ..... tor-e -law._--ord_,er.___ I 

No 

fraction from T I 
into F PR per· 
E(B-11)+1. I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I L __ _ __________ __J 

Sheet 4 

Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 3 of 5) 

Store I ow-order 
fraction from T 
into FPR per 
E(lHl)+ 1. 

Result ;l 0 and 
Fraction Not Normalized 

Sheet 4 

Sheet 4 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

Sheet 3 Sheet 3 Sheet 3 

N 

,----- --------------------1 
No 

r----------

I 
I 
I 
L ___ _ 

No (Overflow) 

Yes 

Yes 

Store O's into FPR 
per E(B-11 ) + l . 

Set STAT A. 

l. If overflow, set .'program 
interrupt 1 trigger. 

2. If underflow, set 'program 
interrupt' trigger and/or 
store positive zero per 
mask bits. 

No 

Store O's into 
FPR per E(B-11). 

_ ___ _J 

Sheet 3,5 

1 

I 
I 
I 
I 
I 
I 

No 

Result= 0 

Shift DT and 
B(64-67) L4 and 
place fraction into 
DT and AB. 

Subtract 1 from F . 

Store low-order 
fraction from T into 
FPR per E(B-11) + 1. 

Objective: 

Normalize result and store low-order fraction. 

Yes 

Shift DT L4 
and place fraction 
into DT. 

Subtract 1 from F. 

Result f 0 and Fraction 
Not Normalized 

Shift DT L4 
and place fraction 
into DT. 

lobjecfue:- - ------

1 

_ __J_, ___ _ 
--------1 I 

I 
Perform zero fraction/ 
ost significance rou.tine. Store T into FPR 

per E(B-11) (O's 
are stored). 

No 

L--~------

Set CC 
per hardware 
conditions. 

End-op. 

Reset STAT D. 

Store T into FPR 
per E(B-11) (O's 
are stored). 

AddltoF. 

Yes 

Transfer chari sti c from 
F to T(32-39) and O's 
to T(40-63). 

Store plus sign, charistic, 
and zero fraction into 
FPR per E(B-11). 

Set 'divide-check/ 
lost-significance 1 

trigger. 

______ J 

Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 4 of 5) 

Sheet 3 

I 
I 
I 
I 
I 

Subtract I from F. 

Store I ow-order 
fraction from T into FPR 
per E(S-11 ) + I . 

I 
I 
I 
I 

I I 
L_ ______________ J 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

,- ------------
Objective: 

Equalize charistic; by 
shifting 2nd operand fraction 
right. 

No 

3 

Sheet 2 

-- ---1 
Shift 2nd operand 
in DT R4 and place 
into DT and 
B(64-67). 

Add 1 to F. 

Yes 

I 
I 
I 
I 
I 
I 
I 
I 

4 

Sheet 2 

G 

5 

Sheet 2 

H 

6 

,--------- -------------1 
Objective: 

1 

I 
I 
I 
I 

Yes 

Shift I st operand 
in AB R4 and 
place into AB. 

Subtract 1 from F. 

No 

Equalize choristics by 
shifting 1st operand 
fraction right. 

I 

QC071 

Shift AB R4 and ~----- -~ 
Shift DT R4 
and place into 
DT and 8(64-67). 

Add 1 to F. 

1 Objective: 

I Subtract 2nd operand 

I 
fraction from 1st 
operand fraction. 

Subtract DT from 
AB and place 
difference into 
AB and DT. 

I 
I 
I 
I 
I 

place into AB. 

Subtract 1 from F. I 
I 
I L ____________________ ~ 

Transfer plus sign 
to F(O) and 
choristic to F(l-7). 

I I- _______________________ J 

r-- ---------- ----
' Objective: 

I 
I 
I 
1. 

I 
I 
I 
I 

If 2nd operand fraction 
is larger than 1st 
operand fraction, result 
is in complement form; 
change to true form . 

Yes 

Complement DT 
and place fraction 
into DT. 

L _________ _ 

Sheet 3 

Sheet 3· 

I 
I 
I 
I 

Set STAT A if 
fraction equals 0 
lPAL(7-67) = O]. 

L-------------

Unnormol i zed 

Complement DT and 
B(64-67) and place 
fraction into DT and 
B( 64-67). Transfer 
choristi c from 
F to S(0-7). 

I 
I 
I 
I 
I 

_J 

_ ________ _J 

Result ;I 0 and 
Fraction Normalized 

Store low-order 
frocti on from T 
into FPR per 
E(S-11) + 1. 

Result= 0 

Result -I 0 and 
Fraction Not 
N~rmalized 

Sheet 4 

Diagram 5-207. Floating-Point Add, Subtract, and Compare - Long Operands (Sheet 5 of 5) 

Sheet 4 

r-- -- ---- ------------, 
Objective: 

Normalize result. 

No 

Shift DT and 
B(64-67) L4 and 
place fraction 
into T and AB. 

Subtract 1 from F 

Shift AB L4 and 
place into AB and T. 

Subtract 1 from F. 

Store low-order 
fraction from 
T into F PR per 
E(S-11) + 1. 

I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I L __________ _ ______ J 

Sheet 3 

Result ;I 0 and 
Fraction Normalized 

Result= 0 

Result I 0 and Fraction 
Not Normalized 

r---------- I 
I Objective: j 

I Restore fraction result Insert sign on LS bus; j 
from D and store into LS transfer charistic from I (fraction result was S(0-7) to T(32-39) and I 
.0001 and was shifted high-order fraction 

I out). from D to T(40-63). I 
I I 
I I 
I Store sign, charistic, I 

and high-order 
I fraction from T I 

into FPR per I 
I E(S-11). I 
I I L ______ __:_ _______ --1 

K 

Sheet 4 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

Store 0 's into 
FPR per RI. 

End op. 

.. 
QTOOl 

Yes 

Fraction= 0 

3 

Diagram 5-6 

RR I-Fetch. 

No 

Shift fraction RI and 
gate to D (via PAL). 

Gate cnaristic and 
fraction to T and 
store into FPR per RI . 
Set sign per STAT C. 

No 

Set 'program 
interrupt' trigger. 

Diagram 5-208. Halve, HER (34) - Short Operands 

Yes 

Gate 2nd operand 
fraction from T ta D. 

RI shift accomplished 
by R3 shift to AB 
followed by L2 shift 
to D. Guard digit 
is retained in B(64-67). 

Unnormalized 

Yes 

4 

No 

5 

• RR Format - Short Operands 

34 I Rl I R2 
7 8 II 12 15 

• Purpose: Divide 2nd operand 
(in FPR, per R2) by 2 and 
place normalized quotient 
into 1st operand location (in 
FPR, per Rl). 

• Conditions of start of execution: 
l. Instruction is in E. 
2. 1st operand is in A, B, and D. 
3. 2nd operand is in Sand T. 

Sove charistic in F. 

Shift fraction L4 to D 
(includes guard digit). 

Subtract l from 
charistic in F. 

Store 0 rs into 
FPR per R1. 

Gate sign to STAT C. 

6 

'Save signs' micro-order 
(see Diagram 5-201). 

7201-02 FEMDM (7 /70) 5-208 



2 

A 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

B Program 
interruption. 

c 

D 

E 

F 

.. 3 

OTOOi 

Diagram 5-6 

RR I-Fetch. 

Yes No 

Save choristic in F. 

Fraction= 0 

Store O's into FPR 
per Rl and R1 + 1. 

. Gate high-order fraction 
of 2nd operand from T 
to D (via PAL). 

Fetch low-order fraction 
from FPR per RI +I 
and gate. to T • 

Shift DT R1. 

Store low-order fraction 
into FPR per R1 + l. 

Gate high-order fraction 
and charistic to T, and 
store into FPR per R1 + 1. 
Set sign per STAT C. 

No 

QT051 

Store O's into FPR 
per R l and R l + l . 

Yes 

QC051 

End op. 

Diagram 5-209. Halve, HDR (24) - Long Operands 

G 

H 

5-209 (7 /70) 

4 5 

• RR Format - Long Operands 

24 R1 I R2 I 
7 a II 12 

• Purpose: Divide 2nd operand 
(in FPR, per R2 and R2 + 1) 
by 2 and place· normalized 
quotient into 1st operand 
location (in FPR, per R1 and 
R1 + 1). 

15 

•Conditions of start of execution: 
Instruction is in E. 
32 bits of 1st operand are in A, B, and D. 
32 bits of 2nd operand are in S and T. 

Rl shift accomplished 
by R3 shift to AB 
fol I owed by L2 shift 
to DT. Guard digit 
retained in 8(64-67). 

Save sign in STAT C. 

Unnormalized 

Store low-order froi::tion 
into FPR per R1 + 1. 

Shift DT L4 [includes 
guard digit from 
8(64-67)]. 

No 

Subtract 1 from 
charistic in F. 

Yes 

QT051 

Set 'program 
interrupt'. trigger. 

6 

'Save signs' 
micro-order (see 
Diagram 5-201). 



A 

B 

c 

D 

E 

F 

G 

H 

2nd Operand 
Sign (Long 
Operands) 

2 

0 2nd Operand 

2nd Operond Sign 
(Short Operands) I Charistic (Long) 

~ 
Sign to STAT C 
(See Diagram 5-201) 

3 

2nd Operand 
Charisti c (Short) 

-64, or -1 Gates--------~ 

lo 

E(l2, l3) 

00 
01 
10 
II 

(2's Complement) 

T 
0 

ST AT D ~ Charisti c Add Carry 

(See Diagram 5-201) 

A. Sign and Characteristic Data Paths. 

1,, -RE 
15 

14 

12 13 

,----
S Byte 

0 
I 
2 
3 

lo 
15 0 7 

Multiplier 

16 

MPR 
Bus 

23 

0 7 

24 

I 
I - - - - _......._ ______ " 

Multiple 
Bit 
Selection I 

~1 
31 

4 

0 

Sign 1st Operand I 
7 

Sign to STAT F 
(See Diagram 
5-201) 

0 7 

[C 

1st Operand 
Charistic 

7 

I F :'7FI 
0 . 

Charistic 
Sum 

7 

Multiplicand 

lo 
D ~ 1,, T 

0 23 32 

0 23 32 

5 6 

Notes: 

1. In 2065 floating-point multiply operations, roles of 
1st ond 2nd operands are reversed from roles defined in 
System/360 Principles of Operation, SRL, Form A22-6821-6 
That is, 2nd operand is multiplicand and lst operand 
is multiplier. (Interchanging operand roles does not 
affect product. Result, however, still replaces lst 
operand.) 

2. For an RX instruction with normalized 1st 
operand, the 1st operand charistic and sign 
are in Sor T and the 2nd operand charistic 
and sign are in A. 

~1 
63 

63 

Select MI, M2 
Bits per E(l4, 15) 

MI, M2 Multiple Selection Decoding 

E(l4, 15) Ml, M2 

00 0 I 
01 2 3 
10 4 5 
11 6 7 

f pp Developed in AB(6-67). 
Final Product in AB(S-63). 

B. Fraction Data Path. 

Diagram 5-210. Floating-Point Multiply Data Paths 

OXDT, l XDT, -1 XDT, 2XDT 

8 ~ 

I, 

1 's if 
Not DT 

(True, Complement, or L1 Shift) 

~ _a~~.i...~~~-6_3_ 4 

63 

PAA 

R4 Shift Decoder 

PAL 
4 

4 

4 

A 

6 

6 

l2 Shift Decoder 

4 

67 

67 

~I 
67 

67 

65 

65 

Partial and 
Fina! Products f 

7201-02 FEMDM (7/70) 5-210 



A 

B 

c 

D 

E 

F 

G 

2 

Set interrupt code 
triggers end force 
end op. 

Diaq~am 5-22 

Program 
interruption. 

Yes 

Na 

Diagram 5-9 

RX I-Fetch. 

Fetch 2nd operand 
and piece into D. 

Save signs in STAT's 
and add chori sti cs . 

Begin multiply 
algorithm. Gate 
1st PP to AB per 
selected multiple. 

No 

Yes 

1st Normo Ii zed 
2nd Normalized 

Subtract 64 
from charistic. 

Multiply fractions. 

Normolize product, 
if necessary. 

Store result into FPR · 
per R1 end R1 + 1. 

Set 'program 
interrupt' trigger 
or store true zero . 

No 

Yes 

3 

Save 1st 
operand in A. 

Pl aee constant 
into multiply counter. 

Restore constant 

in multiplier counter. 

No 

1st Normalized 
2nd Unnormalized 

Normalize 2nd operand. 

Yes 

Diagram 5-211. Floating-Point Multiply, Short Operands (Sheet 1 of 4) 

H 

5-211, Sh 1 (7 /70) 

4 

Fetch 2nd operand 
end piece into T. 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 

interruption. 

No 

Store true zero. 

End op. 

Dia!'Jram 5-6 

RR I-Fetch. 

"Place 1st and 2nd 
operands into S and 
D, respectively. 

Save signs in STAT's. 
Add charistics. 
Place constant inta 
multiply counter. 

5 

• RR instruction: MER 

3C I R l R2 I 
7 8 11 12 15 

•Purpose: Multiply 2nd operand 
(in FPR, per R2) by 1st operand 
(in FPR, per R1) and place 
normalized product into 1st 
oper9nd location (in FPR, 
per R1 end R1 + 1). 

•RX instruction: ME 

7C I RI I X2 I 82 

6 

D2 

78 11 12 15 10 19 20 

•Purpose: Multiply 2nd operand 
(in storage) by 1st operond 
(in FPR, per R1) and place 
normalized product into 1st 
operand location (in FPR, 
per R1 and R1 + 1). 

1st Unnormalized 
2nd Normalized 

Normalize l st operand. 

·Yes 

Restore 1st 
operand to S. 

1st Unnormo Ii zed 
2nd Unnormalized 

Normalize 2nd operand. 

No 



A 

B 

c 

D 

E 

F 

G 

H 

2 

This transfer is necessary for 
charistic addition and to save signs. 

3 

Transfer. l st operand 
sign, charistic, and 
fraction from T to A. 

,......----------------- - _____ __. ____ _ 
Number of repetitive operations 
necessary to multiply fractions. 

fQbj~e-;- -

I Fetch 2nd operand 

1 
and place into T. 

Fetch sign, 
charistic, and 
fraction of 2nd 
operand and pl ace 
into T~DB0(0-31)] • 

No 

No 

Place constant 15 into E 
(12-15) and 4 into STC. 

Yes 

--------, 

Yes 

Fetch 2nd operand 
from main storage 
and place into T 
[SDB0(32-63)] • 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L 
____________ J 

4 

QTOll 

Diagram 5-9 

RX I-Fetch. 

No Yes 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

,---------

Transfer 2nd operand 
from A to D. 

Fetch 2nd operand from 
main storage and pl ace 
into AB (64 bits). 

Reset T and STC. 

No 

l st operand is in S. 
2nd operand is in 
A and D. 

Yes 

5 6 

• See Note l on Diagram 5-210. 

• RX Format: ME 

7C RI I X2 I B2 I 
78 II 12 15 16 19 20 

• Purpose: Multiply 2nd operand 
(in srorage) by l st operand 
(in FPR, per Rl) and place 
normalized product into lst 
operand location (in FPR, 
per Rl and Rl +I). 

• Conditions at start of execution: 
I. lst 16 bits of instruction are in E. 
2. lst operand is in Sand T. 
3. Effective address of 2nd operand is in D. 
4. 2nd operand _is in main storage. 

• RR Format: MER 

3C I RI I R2 I 
1 a 11 12 1s 

• Purpose: Multiply 2nd operand (in FPR, 
per R2) by Isl operand (in FPR, per R l) 
and place normalized product into lst 
operand location (in FPR, per RI and R l + l). 

• Conditions at start of execution: 
I . Instruction is in E. 
2. 1st operand is in A, B, and D 

(24-bit fraction only). 
3. 2nd operand is in Sand T. 

02 

31 

-------, 
Objective: 

Fetch 2nd operand 
and place into D. 

T ronsfer 2nd operand 
from B to A and D. 

l st operand is in S. 
2nd operand is in 
B, A, and D. 

L---------~---~-- ----- ____ _J 

Save signs. I st operand 
sign to STAT F; 2nd 
operand sign to STAT C. 

Add choristics. Save 
carry in STAT D 
[SAL(O) to STAT DJ. 

QTOOl 

Diagram 5-6 

RR I-Fetch. 

No Yes 

---------1 

Transfer fraction of 2nd 
operand from T to D. 

QC031 

Reset B and T. 

Fetch sign, charistic; 
and fraction of 
I st operand from 
FPR and place into S. 

Pl ace constant 15 into 
E (12- 15). Reset STC. 

Objectives: 

l. Place 2nd operand into .D. 

2. Place Isl operand into S. 

3. Save signs in STAT's. 

4. Add charistics. 

5. Gate count (15) to multiply 
counter [E{l2-15)]. 

Number of repetitive 
Operations necessary 
to multiply fractions. 

L _________ _ 
- --- ---- __ _J 

A 

Sheet 3 

Diagram 5-211. Floating-Point Multiply, Short Operands (Sheet 2 of 4) 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

Pl ace constant 
15 into E(12-l5). 

Sheet 3 

Save signs. I st operand 
sign to STAT C; 2nd 
operand sig~ to STAT F. 

Add charistics. Save 
carry in STAT D [SAL 
(0) to STAT D]. 

Save signs in STAT's. 
(See Diagram 5-201.) 

,---------------
! 
I 
I 
I 
I 
I 
I 

Select multiple aer E 
(12-15) and S bits. 
Subtract I fro~ Et 12-1 5). 

Gate multiple 
to AB (R4 shift). 

Objective: 

Begin multiply algorithm. 
Gate Isl PP to AB per 
selected multiple. 

L _____________ _ 

Yes 

Because multiply will 
not be completed 
right away, constant 
is restored to E(l 2-15). 

No 

Branch test is made 
I cycle before 
branching. Multiply 
Olgorithm assumes 
that 2nd operand i' 
normalized. 

Sheet 4 

-1 
I 
I 
I 
I 
I 
I 

J 

7201-02 FEMDM (7/70) 5-211, Sh 2 



A 

B 

c 

D 

E 

F 

ls! Normalized 
2nd Normalized 

2 

Sheet 2 

r-=----
Objective: 

I Normalize 2nd I operand. 

I 
I 
I 
I 
I 
I 
L __ 

Result I 0 end Fraction 
Not Normalized 

Shift 2nd operand 
froction in DT l4 
and place into DT. 

Subtroct l from 
charistic sum. 

Sheet 4 

r---- ----, 
I 
I 

1 Objective: 

I Store true zero. 

I 
I 
I 
I 
I 
I 

L 

Store O's into FPR 
per E(S-11) + 1. 

Store O's into FPR 
per E(S-11). 

End op. 

I 
I 
I 
I 
I 
I 

_J 

3 

-1 
I 
I 
I 
I 
I 
I 
I 
I 

_J 

Result= 0 

Sheet 2 

Store low-order 
fraction into FPR 
per E(S-11). 

4 

lst Unnormalized 
2nd Normalized 

,----

I 

Objective: 

Normalize !st operand. 

Yes 

Tronsfer !st operand 
from S to B. 

Sove contents of T 
in LSWR (O's 
For short operands). 

QC031 

Shift fraction of l st 
operand L4 and 
place into A. Reset B. 

Subtree! l from 
choristi c sum .. 

---, 
I 

No 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L 

5 

!st Unnormalized 
2nd Unnormalized 

6 

,--
1 

- --;bjective:I 

I 
I 
I 
I 
I 
I 

Shift 2nd operand 
fraction in DT L4 
and place into DT. 

Subtract l from 
chori sti c sum .. 

Normalize 2nd' 
operand. 

I 
I 
I 
I 
I 
I 

I 
L _____ _J 

Result I 0 
and Fraction 
Normalized 

l st operand is in 
S and A. 
2nd operand is in D. 

Shift fraction in AB 
L4. Place fraction 
into AB ond low-order 
fraction into T. 

I 
I 
I 
I 

.-------------+--
Store I ow-order 
fraction into FPR 
per E(S-11). 

! 
I 

Result I 0 and 
Fraction Not Normalized 

--i- --....--------
1 
I 
I 
I 
I 
I 

I 
I 

0 1s ore stored 
into FPR on short 
operand instructions. 

--i----------- ------------------ --------1-- _ _J 

1 

I 
L_ 

Result 1·oand 
Fraction Normalized 

Subtract l from 
charistic sum. 1 

I 
___ J 

,.... ___ ........ __ ..._ _ _,_ - - - - -.,.....--------..., 

G 

H 

lobjec=: 

Transfer low-order 
fraction of l st 
operond (normalized) 
from FPR per E (8-11) to S. 

I Restore l st operand to S. 

I 
I 
I 
I 
I 
I 
I 
I 

Transfer fraction of 
l st operand from A 
to FPR per E(S-11) 
(via PAL and T). 

Reset AB. 

L _____ _ 

~ Diagram 5-211. Floating-Point, Short Operands (Sheet 3 of 4) 

5-211, Sh 3 (7 /70) 

O's are in FPR 
and S for short. 
Operand instructions. 

Result= 0 

I 
I 

..------------~------.....----------. 
T ransFer Fraction of 
l st operand from FPR 
to S per E(B-11). 

Reset T. 

D 

Sheet 4 

I 
I 
I 
I 
I 
I 
I 
I 

_J 

Normalized 
multiplicand 
is placed into S. 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

Sheet 2 ~heel J 

D 

____ ........ ______ - - - - - - - -----, 
Subtract 64 from 
choristic sum. 

r----------------I Objective: 

Multiply fractions. 

I Steps of multiply algorithm: 

1 . Place constant F (hex) I into E(12-15). 

2. Usi~g value in E(12-15), select 

I 2 multiplier bits from S. (See 
Table on Diagram 5-210.) 

1

3. Using value of Ml, M2 (multiplier 
bits), in conjunction with 'TX' trigger, 
gate correct multiple value of 
multiplicand to PAA. See Tobie 

I on this page. 

4. Reduce E(12-15) by 1. 

15. Determine, by count in E(l2-15), 
whether all bits of multiplier 
fraction have been used to select 
multiple. If not, repeat steps 2-4. 

6. After decoding last S bit, check 'TX' 
trigger. If set, one additional 

· mu I ti ply cycle is necessary. 

Add PP (AB) to 
multiplicpnd (DT). 

Shih AB(4-67) L2 
to PAB(4-65). 

Add multiple t6 AB 
and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67j. 

Select last multiple 
per E(12-15), 5 bits, 
and 'TX' trigger. 

Shift AB(4-67) L2 
to PAB(4-65). 

So;lect multiple 
per E(12-15) and S 
bits. Subtract 1 
from E(12-15). 

Shift AB(6-67) L2 
to PAB(4-65). 

Add multiple to 
AB and shift R4. 
Transfer PP to 
AB(4-67). 

Select multiple 
per E(12-15) and S 
bits. Subtract 1 
from E (12-15}. 

Shift AB(4-67) L2 
to PAB(4-65). 

Add multiple to 
AB and.shift sum 
R4 to PAL. Transfer 
PP to AB(4-67). 

Select multiple per 
E(l2-15) and S bits. 
Subtract 1 from 
E(12-15). 

Shift AB L2. 

..-----~-----.- - _J 

Subtract 64 from 
choristic sum. 

Reset AB. 

L ____ - --- - ---- - ----- - -- _____ _J 

Note: See Note 1 on. Diagram 5-210. 

Trans fer product 
from PAL to DT 
and AB. 

Diagram 5-211. Floating-Point Multiply, Short Operands (Sheet 4 of 4) 

5 

Restores choristic 
sum to excess 64 • 

Yes 

Transfer low-order 
fraction of product 
from T to FPR per 
E(S-11) • 1. 

No 

6 

,--
1 

Obj~v:-1 

I 
I 
I 
I 
I 
I 

Normalize 
product. 

Shift product fraction 
L4 and place into DT. 

Subtract 1 from 
charistic sum. 

I 
I 
I 
I 
I 
I 
I 

L _______ J 

l O~ective:-
1 Store result into 

I FPR per Rl. 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Insert sign on LS bus, 
transfer charistic from 
F to T(32-39), and 
transfer high-order 
fraction from D to 
T(40-63). 

Store sign, charistic, 
and high-order 
fra.cti on into FPR per 
E(S-11). 

I 
I 
I 
I 

L __ _ 
I 

___ J 

Ml 

0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

M2 TX 

0 

I,------, 
Objective: 

I Set 'program interTupt' 
I trigg..::r or store true zero. 

No 

Set 'program 
interrupt' trigger. 

_J 

Yes 

Yes 

Store O's into 
LS per E(S-11) 
and ·E(S-11) + 1. 

__ _J 

End op. 

Operation Multiplicand 

Partial product shifted R2. XO 

Multiplicand added to PP and result shifted x 1 
R2. 

Multiplicand shifted L2 and added to PP; 
result shifted R2. 

x 2 

2's complement of multiplicand added to X3 
partial product, 'TX' trigger set, and result IX -l 
shifted R2. and 'TX') 

Multiplicand added to PP and result shifted 
XI 

R2. 

Multiplicand shifted L2 and added to PP; X2 
result shifted R2. 

2's complement of multiplicand added to PP, 
X3 
(X -I 

'TX' trigger set, and result shifted R2. and 'TX') 

Partial product shifted R2 and 'TX' trigger set XO 
and 'TX' 

7201-02 FEMDM (7/70) 5-211, Sh 4 



A 

B 

c 

D 

E 

F 

G 

2 

Yes 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption . 

Fetch 2nd operand 
and place into 
ST and DT. 

Save signs in 
STAT'sand 
add charistics. 

Begin multiply 
algorithm. Gate 
1st PP ta AB per 
selected multiple. 

Yes 

1st Normalized 
2nd Normalized 

Correct charistic 
sum for excess 64 . 

Yes 

Multiply 2nd operand 
fraction by low-order 
fraction of 1st operand. 
Transfer PP to AB. 

Multiply 2nd 
operand fraction 
by high-order 
fraction of lst 
operand. Add 
result to PP in AB 
and place into AB 
and DT. 

Diagram 5-9 

RX I-Fetch. 

Place 1st operand 
into AB. 

Place constant 
into E(l2-15). 

3 

No 

1st Normalized 
2nd Unnormalized 

No 

Prenormo Ii ze 
2nd operand . 

Yes 

End op. 

No 

Diagram 5-6 

RR I-Fetch. 

No 

Fetch 2nd operand 
and place into OT. 

Save signs in 
STA T's and 
odd choristics. 

Place low-order 
fraction of 1st 
operand into S. 

·Store true zero. 

End op. 

Normalize product. 

Store product 
into FPR per R 1 • 
and RI + 1. 

Diagram 5-212. Floating-Point Multiply, Long Operands (Sheet 1of4) 

H 

5-212, Sh 1 (7 /70) 

Yes 

4 

Yes 

Yes 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

1st Unnormalized 
2nd Normalized 

Prenormolize 
1st op1>rond. 

No 

Store 0 's into FPR per 

R1 and R1 + 1. 

No 

•RR instruction: MOR 

2C Rl I R2 I ,. 1112 15 

•Purpose: Multiply 2nd operand 
(in FPR, per R2 and R2 + 1) 
by lst operand (in FPR, per R1 
and Rl + 1) and place normalized 
product into 1st operand location. 

• RX instruction: MD 

6C I R1 I R3 I 
7 8 11 12 15 16 

•Purpose: Multiply 2nd operand 
(in storage) by I st operand 
(in FPR, per R1 and R1 + 1) 
and place normalized product 
into 1st operand location. 

1st Unnormalized 
2nd Unnarmali ~ed 

Prenormalize 
2nd operand . 

Yes 

Restore operands tq 

their proper registers. 

6 

B2 I 02 

19 20 31 



A 

8 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

•See Note 1 on Diagram 5-210. 

QTOll •RX Format: MD 

Diagram 5-9 6C I RI X2 B2 D2 

7 8 11 12 15 lo 31 

RX I-Fetch. 

lobjectiv=- - - --

1 1 . Place 1st operand into AB. 

--------------, 

• Purpose: Multiply 2nd operand 
(in storage) by 1st operand . 
(in FPR, per R1 and Rl ~ l) 
and place normalized product 
into 1st operand location. 

I 2. Fetch 2nd operond and 
place into ST and DT. 

Transfer low-order 
fraction of 1st 
operand from S to B . 

Fetch 2nd operand 
from main storage 
and place into ST. 

Reset STC. 

Transfer sign, 
charistic, and 
high-order fraction 
of 1st operand 
from T to A. 

Fetch low-order 
fraction of 1st 
operand from FPR 
per E(B-11) + 1 
and place into S. 

Place constant 
15 into E(12-15) 
and 4 into STC. 

,---
1 

I 
I 
I 
I 
I 
I 

No 

____ ___._~---------------------+--
Transfer high-order 
fraction of 2nd 
operand from S to D • 

I 
I L __ _________ J 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

QTOOl 

Yes 

Diagram 5-6 

RR I-Fetch. 

No 

Transfer high-order 
fraction of 2nd 
operand from T to D. 

Fetch low-order 
fraction of 2nd 
operand from FPR 
and place into T. 

QC031 

Fetch low-order 
fraction of 1st 
operand from FPR 
and piece into S. 

Place constant 15 into 
E(12-15). Reset STC. 

1st operond is in AB. 
2nd operand is in 
ST and DT. 

Save signs. 1st 
operand sign to STAT F; 
2nd operand sign to 
STAT C. 

Add choristics and gate 

sum to F. Save carry 

in STAT D (SAL(O) to 
STAT DJ. 

l. 

2. 

3. 

4. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J 

No 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

•Conditions at start of execution: 
l. lst 16 bits of instruction ore in E. 
2. 32 bits cf l st operand are in S and T. 
3. Low-order fraction of lst operand is in LS. 
4. Effective address of 2nd operand is in D. 
5. 2nd operand is in main storage. 

• RR Format: MDR 

I 2C I Rl I R2 I 
78 

•Purpose: Multiply 2nd operand 
(in FPR, per R2 and R2 + 1) by 
lst operand (in FPR, per Rl and 
Rl + l) and place normalized 
product into 1st operand 
location. 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 32 bits cf lst operand are in A, Band D (24-bit fraction only). 
3. 32 bi ts of 2nd operand are in S and T. 
4. Low-order fractions of 1st and 2nd operands are in LS. 
5. STC = 4. 

Yes 

,- - - ------- --- -- - --Object==--1 

l • Fetch 2nd operand 
and place into DT. 

Fetch 2nd operand 
from main storage 
and place into AB. 

Save signs. 1st 
operand sign to 

2. Save signs. 

3. Add charistics. 

STAT C; 2nd operand 
sign to STAT F. 

Add choristics. Save 
carry in STAT D 
(SAL(O) to STAT DJ. 

,--
~~~L-~~---l __ _ 

Transfer 2nd operand 
fraction from AS ta DT. 

L __ _ 

I 
I 
I 

__J 

~bjectiv;- -
----, 

I 
I 
I 
I 

Begin multiply. 

Select ls! multiple 
per E(12-15) and S 
bits. Subtract 1 
from E(l2-15). 

I 
I 
I 
I 
I 

I .....------'-"--....----t 
I 
I 
L 

Gate lst multiple 
ta AB (R4 shift). I 

I 
J 

I 
__ _J 

1st operand is in S and T. Low-order 
fraction is in S, and sign, charistic, 
and high-order fraction are in T. 2nd 
operand is in AB and DT. . 

Begins multiply algorithm. 1st 
PP to AB per selected multiple. 
Not necessary ta reset AB. 

.,.,,,,,,~----------..-------------~ 

Branch test is made 1 cycle 
before branching. Multiply 
algorithm ossumes that 2nd 
operand is normalized. 

Fetch 2nd operand 
and place in DT. 

Save signs. 

Add choristics. 

Place law-order 
fraction of lst 
operand in S. 

Yes 

Sheet 4 

Place constant 15 
into· E( 12-15). 

Sheet 3 

L __ _ ____________ _J 

c 

Sheet 3 

Diagram 5-212. Floating-Point Multiply, Long Operands (Sheet 2 of 4) 
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A 

B 

1st Normalized 
2nd Norma Ii zed 

2 

r---
1 Objective: 

J Prenorma [ i ze 
2nd operand. 

I 
I 
I 
I 
I 
I 
I 
L__ 

Result/- 0 and Fraction 
Not Normalized 

Sheet 2 

A 

1st Normalized 
2nd Unnormo Ii zed 

Shi ft 2nd operand 
fracti an in OT L4 
and place into OT. 

Subtract 1 from 
choristic sum. 

I 
I 
I 
I 
I 
I 
I 
I 

J 

3 

Sheet 2 

Result= 0 

4 

1st Unnormalized 
2nd Normalized 

r-----
1 Objective: 

I Prenormolize 
1st operand. 

I 
I 
I 
I 
I 
I 

. I 
I 
I 
I 

Trans fer low-order 
fraction of 1st 
operand or 1st operand 
from S to B. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,-
1 

I 
I 
I 
I 
I 
I 
I 

5 

I st Un norm a Ii zed 
2nd Unnorma Ii zed 

Shi ft 2nd operand 
fraction in DT L4 
and place into DT. 

Subtract 1 from 
charistic sum. 

Objective: l 
Prenormali ze I 
2nd operand. 

I 
I 
I 
I 
I 
I 

L __ _ ____ J 

Result fO and 
Fraction 
Normalized 

Result I 0 and Fraction 
Nat Normalized 

6 

Result i 0 and Fraction Normalized 

c 
I 
I 
I 

.----........_ _ __, __ L ___________ _ Result = 0 

-----....... ---------------

D 

E 
lobjecti::- - -

Restore operands to 
their proper registers. 

Yes 

Store low-order 
fraction into FPR 
per E(8-ll). 

No 

I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
.I 

Save contents of T 
in LSWR (low-order' 
fraction of 2nd operand). 

QC031 

Shift fraction ·of 1st 
aper and L4 and p I ace 
into AB. Place shifted 
low-order fraction into T. 

Subtract I from 
charistic. 

Shift fraction in AB 
· L4. Place fraction 

into AB and law-order 
fraction i nta T • 

Store law-order 
fraction into FPR 
per E(B-11) .. 

Subtract 1 from 
choristic sum. 

I 
I 
I 

I 
I 
I 

I 
L_ _ __ J 

F 

I 
G I 

I 
I 
I 
I 
I 
L 

H 

I 

Result I 0 and 
Fraction 
Normalized 

.....---------'---.- -t----------
Transfer low-order 
fraction of 1st 
operbnd (norma Ii zed) 
from FPR to S p<!r E(8-ll). 

Transfer high-order 
fraction of I st 
operand from A 
to FPR per E(B-11) 
(via PAL and T). 

T ronsfer low-order 
fraction in· LSWR to 
T (2nd operand). 

Sheet 4 

1 

I 
I 
I 
I 
I 
I 
I 
I 

_J 

Low-order fraction 
is in LS and S. 

• Diagram 5-212. Floating-Point Multiply, Long Operands (Sheet 3 of 4) 

5-212, Sh 3 (7 /70) 

Result I 0 and 
Fraction Not 
Normalized 

,--
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1st operand is in S, A, and B. 
. 2nd operand is in DT and LSWR. 

Store O's into FPR 
per E(S-11) + I • 

Store O's into FPR 
per E(8-11). 

End op. 

------, 
Objective: 

Store true zero. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L _______ _ J 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 2 

,--
Objective: 

' I 
I 

QC031 

Subtract 64 from 
charistic sum. 

Correct charistic 
sum for excess 64. 

L __ 
,------ ---- --- --0-bj-ec-tiv_e_:_ -- - -1 

..----------. Multiply 2nd operand fraction 
Select 2nd multiple by low-order fraction of 1st I 
per E(12-15) and S operand. Transfer PP to AB. 
bits. Subtract 1 I 
from E(12-15). 

Shift AB(6-67) 
L2 to PAB(4-65). 

I 
I 

4 

Sheet 3 

D 

-----, 
QC031 

Subtract 64 from 
charistic sum. 

I 
I 
I 

__ J 

Reset AB. 

L __ -_-, 

5 

Yes 

6 

No 

,--
1 

-- --Objecti:;---, 

Normalize producd 

I 
I 
I 
I 
I 

Shift product 
fraction L4 
and place into DT. 

Subtract 1 from 
charistic sum. 

I 
I 
I 
I 
I 
I 
I 
I 
I Add multiple to 

AB and shift R4. 
Transfer PP to 
AB(4-67). lobject=-------- ---, L ________ _J 

.-----------.---- ----------~ 
Select 3rd multiple 
per E(12-15) and 
S bits. Subtract 
1 from E(12-15). 

Continue 
multiply algorithm. 

Shift AB(4-67) 
L2 to PAB(4-65). 

Add multiple to AB 
·and shift sum R4 to 
PAL. Transfer PP 
to AB( 4-67). 

Select multiple per 
E(l2-15) and S bits. 
Subtract 1 from 
E(12-15). 

Select 1st multiple 
per E(12-15) and S 
bi ts. Subtract 1 
from E(12-15). 

Stare product into FPR 
per Rl and Rl + 1. 

Transfer law-order 
fraction of product 
from T to FPR per 
E(S-11) + l. 

Insert sign on 
LS bus, transfer 
chari stic from 
F to T(32-39), 
and transfer 
high-order 
fraction from 
D to T(40-63). 

Store sign, choristic, 
and high-order 
fraction into FPR 
per E(S-11). 

L ___ _ L _____ _ __ . _ _J 

No 

1r----------
Objective: 

I Multiply 2nd operand fraction by high-order fraction of 1st operand. 
Add result to PP in AB and place in AB and DT. 

I Steps of multiply algorithm: 

1 • Place canstont F (hex) 
into E( 12-15). 

2. Using value in E(12-15), select 
2 multiplier bits from S. (See 
table in Diagram 5-210.) 

3. Using value of Ml, M2 (multiplier bits), 
in conjunction with 'TX' trigger, gate 
correct multiple value of multiplicand 
to PAA. See table on this page. 

4. Reduce E (12-15) by 1. 

5. Determine, by count in E(12-15), 
whether oil bits of multiplier fraction 
hove been used to select multiplicand 
multiple. If not, repeat steps 2-4. 

6. After decoding last S bit, check 'TX' 
trigger. If 'TX-' trigger is set, one 
additional multiply cycle is necessary. 

Shift AB(4-67) L2 
to PAB(4-65). 

Add multiple to AB 
and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67). 

Select last multiple 
per E(l2-15), S bits, 
.and 'TX' trigger. 

Shift AB(4-67) L2 
to PAB(4-65). 

Yes 

No 

Add PP (AB) to 
multiplicand (DT). 

Transfer product 
from PAL to DT 
and AB. 

,~-------, 

I 
I 
I 
I 

_J 

Transfer high-order 
fraction of 1st 
operand in FPR to 
S per E(S-11). 

Shift AB(4-67) L2 
to PAB(4-65). 

Add multiple to AB 
and shift sum R4 to 
PAL. Transfer PP 
to AB(4-67). 

Select multiple per 
E(12-15)'and S bits. 
Subtract l from 
E(12-15). 

Yes 

Shift AB L2. 

No 

L ____ ------- ___________ _J 

Diagram 5-212. Floating-Point Multiply, Long Opemads (Sheet 4 of 4) 

No Yes 

No {Overflow) Yes 

Set 'program 
interrupt' trigger. 

End op. 

Ml M2 TX 

0 0 0 

0 1 0 

1 0 0 

I 1 0 

0 0 I 

0 1 1 

1 0 1 

1 1 1 

Yes 

Operand 

Partial product shifted R2. 

Multiplicand added to PP ond result 
shifted R2. 

Multiplicand shifted L2 and added to 
PP, result shifted R2. 

Store 0 's into 
FPR per E(B-11) 
and E(S-11) + l_ 

Multiplicand 

XO 

Xl 

X2 

2's complement of multiplicand added X3 
to partial product, 'TX' trigger set, (X -1 
and result sh i fled R2. and 'TX') 

Multiplicand added to PP and result x l 
shifted R2. 

Multiplicand shifted L2 and added to X2 
PP, result shifted R2. 

2 's comp I ement of multiplicand added X3 
to PP, 'TX' trigger set, and result (X -1 
shifted R2. and 'TX') 

Partial product shifted R2 and 'TX' XO 
trigger set. and 'TX' 

Note: See Note 1 on Diagram 5_-210. 

7201-02 FEMDM (7/70) 5-212, Sh 4 



A 

B 

c 

D 

E 

F 

G 

H 

2 • 3 

Quotient Charistic 

0 7 

I, :: , ,, T 

7 33 39 

Divisor Charisti c 32 Divisor Charistic 
(Long Operands) (Short Operands) 

Sign to STAT C 
(See Diagram 5-201) 

To STAT D 
(See Diagram 5-20~ 

A. Sign and"Characteristic Data Paths 

r-
1 r 

Divisor 

0 

0 

23 32 

J, 
Divide Multiple Selection Decoder 
DTLO, DTLI, DTCLO, DTCLI 

~I 
63 

63 

I I -4~-8~~~~--~~~~~~-6-3 
I I 
: L ____ , 

4 

DVD LO DVDLl 

PAL{4) Mult PAL(4) Mult 
Carry Sel Carry Sel 

No DTLO No DTLl 

Yes DTCLO Yes DTCLl 4 Carry 

DT =OT-Register 
C = 2's Complement 
LO= No Shift 
Ll = L1 Shift 

Quotient 

,, ~I 
0 31 

l 
To LS Per 
E(S-11) 

,-----------
1 
I 

..L 

DVD LO 

,-----
J_ 

DVDLI 

0 

Quotient Bit 
Decoding 

7 
E{l4, 15) SAL E(l4, 15) SAL 

Bit Bit I 01 I 10 11 I oo I 

0 

0 

0 

J 
0 

,, 
0 

4 

4 

01 I 
10 3 
11 5 

01 
10 
II 

0 
2 
4 

Order of Quotient Insertion 
in SAL Per E(l4, 15) 

00 7 00 6 

B. Fraction Data Path 

Diagram 5-213. Floating-Point Divide Data Paths 

5-213 (7 /70) 

4 5 6 

I ~'--A ________ ;_~~'L..-32_B ________ :_:~~~--~-~_;_=_ ....... 
7 

7 

0 Dividend Choristi c 

I 
Sign to STAT F 
(See Diagram 
5-201) 

Complement or 
True Gates 

7 

Charistic 
Difference 

7 

~I 
7 

Dividend 
4 

I, A 

4 

4 

4 

6 

6 

I l Shift LO or L2 Decoder 

4 6 

63 4 67 

63 

67 

Remainder 

Divide Constant 

I ... '----------~ .... H E 1 ........ .. 

14 15 

0 7 

Place PQ Byte in S Per STC When 
Al I 8 Bits Are Present 

0 7 

r.--m 
~ 

0 7 

Partial 
Quotient 

67 

67 

67 

67 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Gate 1st operand 
from T to A. 

1st Unnormalized 
2nd Unnormalized 

Suppress division, 

No 

Yes 

Diagram 5-9 

RX I-Fetch, 

1st Normalized 
2nd Unnormalized 

Prenormalize 2nd 
operand (divisor), 

3 

Yes 

No 

Yes 

Set interrupt code 
triggers and 
force end op. 

Diagram 5-22 

Program 
interruption. 

Fetch 2nd operand 
(RX) and place 
into D. 

Subtract 1st operand 
charistic from 2nd 
operand charistic. 

Save signs in STAT's. 

Adjust charistic 
difference 
to excess 64 . 

Yes 

Store true zero. 

End op. 

Diagram 5-214. Floating-Point Divide, Short Operands (Sheet 1of4) 

4 

Diagram 5-6 

RR I-Fetch. 

Yes 

No 

5 

• RR instruction: DER 

3D I R1 R2 I 
7 8 11 12 15 

• Purpose: Divide 1st operand (in FPR, per Rl) 
by 2nd operand (in FPR, per R2) and place 
normalized quotient into 1st operand location. 

• RX instruction: DE 

70 R1 I 
78 II 12 15 16 19 20 

• Purpose: Divide 1st operand (in FPR, per RI) 
by 2nd operand (in storage) and place normalized 
quotient into 1st operand location. 

6 

D2 

1st Unnormalized 
2nd Normalized 

1st Normalized 
2nd Normalized 

Yes 

Prenormalize 1st 
operand (dividend). 

No 

31 

Store positive zero. 

If 1st operand is 
greater than 2nd 
0perand, make 
2nd operand larger. 

No 

Divide dividend 
fraction by 
divisor fraction. 

Store quotient into 
FPR per Rl. 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

QTOll 

Diagram 5-9 

RX I-Fetch. 

No 

4 

QTOOl 

Yes Yes 

Set interrupt code 
triggers and 
force end op. 

Diagram 5-22 

Program 
interruption. 

Diagram 5-6 

RR I-Fetch. 

No 

5 6 

• RX Format: DE 

70 RI I X2 I s2 I 
7 8 II 12 15 16 19 20 

•Purpose: Divide lst operand (in FPR, per RI) 
by 2nd operand (in storage) and place normalized 
quotient into 1st operand location, 

• Conditions at start of execution: 
1. lst 16 bits of instruction ore in E. 
2. 1st operand is in S and T. 
3, Effective address of 2nd operand is in D. 
4. 2nd operand is in main sforoge. 

• RR Format: DER 

30 I R 1 I R2 

7 e ll 12 15 

• Purpose: Divide lst operand (in FPR, per Rl) 
by 2nd operand (in FPR, per R2) and place 
normalized quotient into 1st operand location. 

•Conditions at start of execution: 
I . Instruction is in E. 

02 

2. 1st operand is in A, B, and 0 (24-bit fraction only). 

Gate lst operand 
from T to A. 

Set STC to 4. 

~bjecti:- -- -- -- -- -- -- --

Fetch 2nd operand and place into D. 

Fetch 2nd operand 
from SDB0(0-31) 
and place into T. 

No Yes 

Selects charistic, 
T(32-39), when 
subtracting charistics. 

Fetch 2nd operand 
from SOB0(32-63) 
and place into T. 

QC041 

Transfer 2nd 
operand fraction 
from T to 0. 

1 
1· 

I 
I 
I 
I 
I 
I 
I 
I 
I 

3. 2nd operand is in S and T. 
4. ~TC= 4. 

L _______________ _ _J 

I 
l 
I 
I 
I 
I 

I 
I 
I 

I 

L 

...-----------.- - - - -r------------. 
Subtract charistics. 
Save SAL(O) 
in STAT 0. 

Save signs; sign of 1st 
operand in STAT F, 
sign of 2nd operand 
in STAT C. 

1st operand 
charistic is 
subtracted· from 
2nd operand 
charistic. 

r------..... -----.- - - ------------..... 
Subtract 64 from 
charisti c difference. 

Adjust choristic 
to excess 64. 
After subtraction, 
the charistic 
difference is 
excess 128. 

1 . Subtract I st operand 
charisti c from 2nd 
operand chari sti c . 

2.· Save signs in STAT's. 

3. Adjust charistics. 

- - - - -------- - - __ _J 

Reset ABC, 
T, and B. 

Sheet 3 

Figure 5-214. Floating-Point Divide, Short Operands (Sheet 2 of 4) 

5-214, Sh 2 (7 /70) 
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A 

B 

c 

D 

E 

F 

G 

H 

1st Unnormalized 
2nd Unnormalized 

2 

Sheet 2 

,---
1 

-----1 
Objective: I 

I 
I 
I 
I 
I 
I 
I 
L 

Prenormo! ize 2nd operand. J 

.--~----'-----. I 
Shift 2nd operand 
fraction in OT L4 I 
and pl ace into D T. 

Subtract I from 
charistic difference. 

I 
I 
I 
I 
I 

_ _J 

3 

Result I 0 and Fraction 
Not Normalized 

Result I 0 and 
Fraction Normalized 

Result=O 

lobjecti= - - - -, 
I 
I 

I Su?press division. 

I 
I 
I 
I 
I 
I 
I L __ _ 

Reset F. 

Set 'divide check 
condition' trigger. 

-1 
I 
I 
I 

I 
_J 

Divide-check 
condition (dividend 
divided by 0). 
Suppress divide 
operation. 

---, 
Store positive zero. 

I 
I 

QC051 

End op. 

I 
L 

Store 0 's into F PR 
per E(B-11) + l. 

QC05l 

Store O's into FPR 
perE(B-11). 

--r 
I 
I 
I 
I 
I 
I 

_________ _J 

4 

l st Unnorma Ii zed 
2nd Normolized 

---, 

5 

1st Normalized 
2nd Normalized 

Prenormalize 1st operand. I 

I 
I 
I 
I 
I 
I 
I 
I 
L_ 

Result I 0 and Fraction 
Not Normalized 

True zero result (0 
divided by divisor). 

If lst operand is greater them 
2nd operand, make 2nd operand 
larger. 

Restore l st operand 
to original value 
(add AB to DT). 

Shift l st operand R4 
to make divisor 
greeter than dividend. 

Add 1 to choristic 
and place into F 
and into S(0-7). 

L __ _ 

Sheet 4 

Shift 1st operand 
fraction in AB L4 

and place into AB. 

Add 1 to 
charistic d)fference. 

Shift 1st operand 
fraction in AB L4 
end place into AB. 

Add ·1 to 
choi-isti c difference. 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

Yes 

__ J 

Result= 0 

Result I 0 and 
Fraction Normalized 

--, 

No 

....--------- -t- - -.--------..... 

Yes 

Subtract 2nd operand 
fraction from 1st 
operand fraction end 
piece difference 
into AB. 

QC041 

Piece 2's complement 
of F into F and into 
S(0-7). 

Pl ace constant 
5 into E(12-15). 

Divides dividend 
by 16. Add 1 to 
charistic to 
compensate 
for shift. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No I 

_J 

Subtract ta 
determine whether 
1st operand (dividend) 
is greater than 2nd 
operand (divisor). 

6 

... Diagram 5-214. Floating-Point Divide, Short Operands (Sheet 3 of 4) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

No 

rob;;i.:- - -

I Store true zero. 

QC051 

I Set 'overflow 

I underflow' trigger, 

I 
I 

Store O's into FPR 
per E(S-11 ). 

I 
I Store O's into FPR 

I per E(S-11) + 1. 

I 
L_ ----

End op. 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J 

I 
I 
I 
I 
I 
I 
I 
I 

,---- - ___ _J 

ABC = 3 indicates 
F contains 1 
byte of PQ. 

Transfer AB to PAL 
and odd or subtract 
DT (LO) per PAL(4); 
transfer carry to AB. 

Transfer quotient bit 
to F via SAL per A(4). 

Add I to ABC. 

Select divide multiple 
(Ll) per PAL(4) carry. 

3 

Sheet 3 

Shift DT L 1 ard odd 
to AB shifted L2. 

Set ABC to I. 
Set STC to I. 

Select divide multiple 
(LO) per PAL( 4) carry. 

Transfer AB to PAL 
and odd or subtract 
DT (LO) per selected 
divide multiple . 

4 

Begins 1st cycle of divide algorithm. 

l . ABC keeps track of number 
of PQ bits in F. 

2. STCgatesPQintoS. 

Select multiple for next machine cycle. 

Partial remainder is placed into AB(4-67). 

5 6 

Objective: 
Divide dividend fraction by divisor fraction. 

Steps of divide algorithm: 

1. Shift dividend L2 and gate to parallel adder. 

2. Shift divisor L 1 and add to dividend shifted L2. 

3. If result of steps 1 and 2 is in true form, a 0-quotient 
bit is developed; if result is in complement form, a 
1-quotient bit is developed. 

4. If result of steps 1 and 2 is in true form, 2's complement 
of divisor is added to dividend (no shift occurs); if result 
is in complement form, true divisor is added to dividend. 

5. Quotient bit is developed as in step 3. 

6. Operation is repeated until entire quotient is developed. 

--, 
I 
I 
I 
I 
I 
I 

..... ___ ..... _____ - - - -----------------. 
Transfer quotient bit 
to F vie SAL per A(4). 

Reset STAT D. 

1st quotient bit to F(O). If A(4) = 
0, quotient bit is 1. If A(4) = 1, 
quotient bit is 0 per DVD(Ll ). 

...----..-.----~----...-----------------. 

Sele.ct divide muitiple 
(Ll) per PAL(4) carry. 

Shift AB L2 and 
odd or subtract DT 
L1 per selected 
divide multiple. 

Transfer quotient bit 
to F via SAL per A(4). 

Add 1 to E(12-15). 

Select divide multiple 
(LO) per PAL( 4) carry. 

----
No Yes 

Shift AB L2 and add 
or subtract DT LI 
per selected divide 
multiple and transfer 
result to AB. 

Transfer quotient bit 
to SAL(7), and F 
to SAL( 0-7). 

Transfer quotient 
byte to S per STC. 

Add 1 to STC. 

Add l to E(l 2-15). 

Select divide multiple 
tLO) per PAL(4) carry. 

Select divide multiple determines 
next addition or subtraction. 
Also gates quotient bit to SAL 
per A(4) and E(12-15). 

Transfer AB to PAL 
and odd or subtract 
DT (LO) per PAL(4); 
transfer carry to AB. 

Transfer quotient bit 
to F via SAL per A(4). 

Reset ABC. 

Select divide multiple 
(Ll 1 per PAL(4) carry. 

,---- __ _.;... ____ - -- _______ _J 

1 No Yes 

r--- --Objec'ti:;:--1 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Store quotient into I 
.----...... ---~FPRperRl. 

1 

Store low-order 
fraction of 2nd 
operand into LSWR. 

Select dividl, multiple 
(L 0) per PAL( 4) carry. 

Place sign on LS bus 
and store quotient 
into FPR per E(S-11). 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L ___ _ _____ _J 

QC051 

End op. 

,----Objec:-e: ___ l 
Perform "last divide algorithm. I 

Shift AB L2 and odd or 
subtract DT (Ll) per 
selected di vi de 
multiple and transfer 
result to AB. 

Transfer quotient bit 
to SAL(7), and F 
to SAL(0-7). 

Transfer quotient 
byte to S per STC. 

Reset STC. 

Add 1 to E(12-15). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L __ _ ______ _J 

L-------------------~ 

Diagram 5-214. Floating-Point Divide, Short Operands (Sheet 4 of 4) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Place I st 
operand into AB. 

Fetch 2nd operand 
and place into DT. 

Subtract charisti cs 
and save signs 
in STAT's. 

1st Unnormalized 
2nd Unnormalized 

Suppress division. 

No 

Yes 

3 

Diagram 5-9 Diagram 5-6 

RX I-Fetch. RR I-Fetch. 

Set interrupt code 
triggers and 
force end op . 

lst Normalized 
2nd Unn:irmalized 

Prenormalize 2nd 
operand (divisor). 

Store true zero. 

End op. 

Diagram 5-22. 

Program 
interruption. 

No 

Yes 

No 

Yes 

If dividend (1st operand) 
fraction is greater than 
divisor (2nd operand) 
fraction, reduce 
divisor fraction by 
shifting R4 and adding 
I to charisti c. 

Start divide algorithm. 

Store low-order 
half of quotient 
into FPR per 
RI+ I. 

Diagram 5-215. Floating-Point Divide, Long Operands (Sheet 1 of 5) 

No 

4 

Place 1st 
operand into AB. 

Fetch 2nd operand 
and place into DT. 

Subtract charistics 
and save signs 
in STAT's. 

5 

• RR instruction: DDR 

2D RI R2 

7 8 II 12 15 

• Purpose: Divide lst operand (in PPR, per RI and RI+ I) 
by 2nd operand (in FPR, per R2 and R2 + I) and place 
normalized quotient into I st operand location. 

• RX instruction: DD 

6D RI X2 B2 D2 

7 8 11 12 15 16 19 20 

• Purpose: Divide 1st operand (in FPR, per RI and Rl + l) 
by 2nd operand (in storage) and place normalized 
quotient into I st operand I ocation. 

6 

1st Unnormalized 
2nd Normalized 

1st Normalized 
2nd Normalized 

Yes 

Perform divide 
algorithm to derive 
I byte of quotient. 

Perform divide 
alga,rithm for last 
2 bits of each byte. 

Perform last 
divide'algorith~ 
of divisor in S. 

Store last byte of 
this half of quotient 
and update ·counters. 

Prenormalize lst 
operand (dividend). 

No 

Store true zero. 

No 

No 

Accumulate aytes 
of quotient in S 
and update counter 
for next byte . 

Start divide 
algorithm 
for next byte . 

Store high-order 
half of quotient 
into LS per RI . 

Pre pare to start 
divide for low-order 
half of divisor. 

31 
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2 4 

QTOll QT001 

Diagram 5-9 Diagram 5-6 

RX I-Fetch. RR I-Fetch. 

A 
QGOOl QC041 

5 

• RX Format: DD 

60 I RI I X2 I B2 
7 8 11 12 15 16 19 20 

• Purpose: Divide 1st operand (in FPR, per R1 
and R1 + 1) by 2nd operand (in storage) and place 
normalized quotient into 1st operand location. 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 

6 

02 

31 

Specification 
check 

Yes _________ Y_e_s-c Specification 
check 

2. 32 bits of 1st operand are in Sand T. 
3. Low-order fraction of 1st operand is in LS. 

. 4. Effective address of 2nd operand is in D. 
5. 2nd operand is in main storage. 

8 

c 

D 

E 

F 

G 

H 

No 

r,::------ ---. I Objective: I 

I Place 1st operand into AB. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T ronsfer sign, 
charistic, and high
order fraction of 1st 
operand from T to A • 

Transfer low-order 
fraction of 1st 
operand from FPR per 
E(S-11 ) + 1 to T. 

I 
Transfer low-order 
fraction of 1st 
operand from T to B. 

L _____ -+- - _J 

lobject;:-
- - -+-·- - --, 

1 Fetch 2nd operand and I place into DT. 

Reset ABC. 
Set STAT G. 

I 
I 

- -1--, 
I I 
I I 

,, 
Set interrupt code 
triggers and 
force end op. 

Diagram 5-22 

Program 
interruption. 

STAT G indicates divide 
necessary because 
divide uses portion 
of add microprogram, 

I 
I 
I Fetch 2nd operand 

from main storage 
and place into ST. 

I l -----------J 
I 
I 
I 
I 
L __ 

Transfer high-order 
fraction of 2nd 
operand from S to D. 

I 
I 
I 
I 
I 
I 

--1----J 

'Objectiv;- --
- _, 1--- --, 

I I 
Subtract charistics and 
save signs .in STAT 's. L_-0 I • 

Subtract charisti cs. I . 
I 

Save SAL(O) in 

I STAT D. 

I l I 
I Save signs; sign of I 

1st operand in STAT 

I F, sign of 2nd I operand in STAT C. 

I I I 1--0 I Subtract 64 from I 
I 

charistic difference. 

I 

I l I 

I 
Reset STAT G. I 

I L __ 
-- --1 

_ __ _J 

Sheet 3 

Diagram 5-215. Floating-Point Divide, Long Operands (Sheet 2 of 5) 
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No 

r---- fo----

Objectives: 

1. Place 1st o 

• RR Format: DOR 

2D RI I R2 I 
78 II 12 15 

• Purpose: Divide 1st operand (in FPR, per R1 and 
R1+1) by 2nd operand (in FPR, per R2 and R2 + 1) 
and place normalized quotient into 1st operand location. 

•Conditions at start of execution: 
1. Instruction is in E. 
2. 32 bits of 1st operand are in A, B, and 0(24-bit fraction only). 
3. 32 bits of 2nd operand ore in S ond T. 
4. Low-order fractions of 1st and 2nd operands are in LS. 
5. STC =4. 

perand into AB. 

2. Fetch 2nd operand and 
·place into OT. 

3. Subtract c horistics. 

• 4. Save signs in STAT's. 

Transfer high-order 
fraction of 2nd 
operand from T to D. 

Transfer low-order 
fraction of 1st 
operar:od from FPR per 
E(S-11) + 1 to T. 

~ 
_ ___,_i...___ ______ -- --L -f --.-----------. 

Subtract choristics. 
Save SAL(O) in 
STAT 0, 

I 
Save signs; sign of 
1st operand in STAT 
F, sign of 2nd 
operand in STAT C. 

I 
I 
I 
I 
I 

f? I 
....---1...___. __ LJ 

Subtract 64 from 
charistic difference. 

Transfer low-order 
fraction of 1st 
operand from T to 8. 

Transfer low-order 
fraction of 2nd 
operand from FPR per 
E(l2-15) +I to T. 

Reset ABC. 

L---+----

I 
I 
I 

I 
I 
I 

_J 

1st operand charisti c is .subtracted 
from 2nd operand charisti c. 

Adjust charistic to excess 64. 
After subtraction, the charistic 
difference is excess 128. 



A 

B 

c 

D 

E 

F 

G 

H 

I 

ht Unnormalized 
2nd Unnormalized 

2 3 

ht Normalized 
2nd Unnormalized 

Prenormal i ze 2nd operand. I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
L_ 

Fraction Not 
Normalized 

Shift 2nd operand 
fraction in DT L4 
and place into DT. 

Subtract 1 from 
charisti c difference. 

Result = 0 

I 
I 
I 

_ _J 

Result I 0 and 
Fraction Normalized 

I 
Suppress division. I 

....--___..__-~- -t-
Reset F. 

Set 'divide check 
condition' trigger. 

i 
I 
I 
I 
I 

Divide-check 
condition (dividend 
divided by 0). 
Suppress divide 
operation~ 

4 

Sheet 2 

,-
1 

I 
I 
I 
I 

,---- __ _J 

I 
I 

Shift 1st operand 
fraction in AB l4 
and place into AB. 

Add l 'to 
charistic difference. 

L __ 

Fraction Not 
Normalized 

Result= 0 

Yes 

1st Unnormalized 
2nd Normalized 

5 

~je~e:- - - , 

Prenormol ize 1st operand. 

Shift 1st operand 
fraction in AB l4 
and place into AB. 

Add 1 to 
charistic difference. 

No 

_____ J 

1st Normalized 
2nd Normalized 

6 

L __ _ ___ _J 

,~- - Obj:;;ve~ l 
I Store true zero. I 
I 

___ _;+-
Store D's into FPR 

I per E{S-11} + 1. I 
I QCDSl I 
I Store 0 1s info I 
I FPR per E{S-11 ). I 
I I 

I 
I 

True zero result (D 
divided by divisor). 

,--
1 

I 
I 
I 

-Objecti:: -- -- - - - - -1 
If dividend (1st operand) fraction is greater 
than divisor (2nd operand} fraction, reduce 
divisor fraction by shifting R4 and addi

0

ng 
1 to charistic. 

I 
I 
I 
I 

L-- _J I 
I 

____ ....._ ___ ~_ ------ - ----------- -,.------------------, - ----

I 
I 

Subtract 2nd operand 
fraction frorri lst 
operand fraction and 
place difference 
into AB. 

QCOSl 

l _______ _J 

QCD41 

End op. 

Restore 1st operand 
to original value 
(add AB to DT). 

Shift 1st operand R4 
to make divisor 
greater than dividend. 

Yes 

---r 
I 
I 
I 

r----~~----.---_J 
Add 1 to charistic 
and place into F 
and into S{0-7). 

L __ 

Diagram 5-215. Floating-Point Divide, Long Operands (Sheet 3 of 5) 

Place 2's complement 
of F into F and into 
S(0-7). 

Place constant 5 
into E(12-15). 

Sheet 4 

No 

D;vides dividend by 16. 
Add I to charistic to 
compensate for ~hi ft. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_ ___ J 

Subtract to determine whether 
lst operand (dividend) is greater 
than 2nd operand (divisor). 

7201-02 FEMDM (7/70) 5-215, Sh 3 



A 

B 

c 

D 

E 

F 

G 

H 

2 

No 

r--
1 

3 

Sheet 3 

B 

4 5 

Objective_:_ -- , 

Start divide algorithm. I 
I 
I 

___ ......... ____________ -- --+- ------....-------------. 

I 
I 
I 
I 
I 
I 
I 
I 

Shift DT L1 and 
add to AB shifted L2. 

Add 1 to ABC. 
Add 1 to STC. 

I 
I 

Begins 1st cycle of divide algorithm. 

-------- -------- --------------------. 
I 
I 
I 

I. ABC= 3 indicates F 
contains 1 byte of PQ. 

2. STC gates PQ into S. 

------.-------------+------------
Select divide 
multiple (LO) per 
PAL(4) carry. 

! I 

I 

Select multiple for next machine cycle. 

L __ _ _______ J 

Yes No 

Yes 

,--- -- -- Obje~e:- - - l 
I Perform divide algorithm to 

derive one byte of quotient. I 

6 

I Store true zero. ..o_c_o_s_i __ _._ ____ ..., I 
I 

~----"------,---- -- --------+-----------
I 
I 
I 
I 
I 
I 
I 
I 

Set 'overflow 
underflow' trigger. 

Store O's into 
FPR per E(S-11). 

Store O's into FPR 
per E(S-11) + 1. 

I 
I 
I 
I 
I 
I 
I 

L _____ _ __ _J 

End op. 
Sheet 5 

Diagram 5-215. Floating-Point Divide, Long Operands (Sheet 4 of 5) 

Transfer AB to PAL 
and add or subtract 
DT (LO) per selected 
divide multiple. 

1 

I 

Partial remainder is placed into AB(4-67). 

....----------.-------------1-------
Transfer quotient 
bit to F via 
SAL per A(4). 

Reset STAT D. 

Select divide multiple 
(L 1) per PAL(4) carry. 

Shift AB L2 and 
add or subtract DT 
L 1 per selected 
divide multiple. 

Transfer quotient bit 
to F via SAL per A(4). 

Add 1 to E{l2-15). 

Select divide multiple 
(LO) per PAL(4) carry. 

1 

I 
I 
I 
I -·--------------r--
1 : 

I I 

J 

Transfer I st quotient bit to F(O). If 
A(4) = 0, quotient bit is 1. If A(4) = 
1, quotient bit is 0 per DVD(Ll). 

Select divide multiple determines 
next addition or subtraction. 
Also gates quotient bit to SAL 

. per A(4) and E{l2-15). 

L ___ I 

Transfer AB to PAL 
and odd or s·ubtract 
DT (LO) per PAL(4); 
transfer carry to AB. 

Transfer quotient bit 
to F via SAL per.A{4). 

Add 1 to ABC. 

Select divide multiple 
(L l) per PAL(4) carry. 

I. 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

No 

Sheet 5 

' ' 

Sheet 5 

' ' ' 

ABC = 3 indicates 
F contains 1 
byte of quotient. 

L __ ...,...._. ------.---_J 

'\. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5-215, Sh 4 (7 /70) 



A 

B 

c 

0 

E 

F 

G 

H 

2 3 4 

r---- --- ------Obi;;i;.;,- ----, 
I Perform divide algorithm for I 
I lost 2 bits of each byte. I 

Sheet 4 

c 
I 
I 
I 
I 

r----- ____ J 

Transfer AB to PAL and 
add or subtract DT (LO) 
per PAL{4); transfer 
carry to AB. 

Transfer quotient 
bit to F via 
SAL per A(4). 

Shift.AB L2 and add 
or subtract DT (Ll) 
per selected divide 
multiple and transfer 

. result to AB. 

Transfer quotient 
bit to SAL{7), 
and F to SAL{0-7). 

,------ __________ _J 

Reset ABC. 

Select divide multiple 
(Ll) per PAL{4) carry. 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I L ___________ - __ _J 

' ----------------, 
Objective: 

Transfer quotient 
byte to S per STC. 

Add l to STC. 

Add l to E(l2-15). 

Accumulate bytes of 
quotient in S and update 
counters for next byte. 

I 
I L ____ _ _ ___________ J 

r------- -------:--- --------:-----, 
Objective: 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

....-------~-+-.----~~--...., 

ABC = 1 • Prepare 
F to· receive PQ 
bits of next byte. 

Store low-order 
hol f of quotient. 

I 
I 
I 
I 

Add l to ABC. 
Reset F. 

Stare low-order 
fraction of quotient 

Select divide multiple 
(LO) per PAL (4) carry. 

Transfer AB to PAL 
and add or subtract 
DT (LO) per PAL(4); 
transfer carry ·to AB. 

Transfer quotient bit 
to F via SAL per A(4). 

Select divide multiple 
{LI) per PAL(4) carry. 

Start divi-de.algorithm 
for next byte. 

. ___________ _J 

D 

Sheet 4 

5 

No 

Yes 

r----- ------------1 
Objective: 

Shift AB L2 and odd 
or subtract DT (L 1) 
per selected divide 
multiple and transfer 
result to AB. 

Transfer quotient 
bit to SAL(7), 
and F to SAL(0-7). 

Perform last divide 
algorithm of divisor in S. 

L ___ _ ___________ J 

r-----
1 
I 

Transfer quotient 
byte to S per STC • 

Reset STC. 

Add 1 to E(l2-15). 

Store last byte of this half of 
quotient and update counters. 

L----- ____________ _J 

6 

---------,.......,- ---------- ,....-----------------. 
Store low-order 
fraction of 2nd 
operand into LSWR • 

Select divide multiple 
(LO) per PAL{4) carry. 

If this is first poss, low-order 
half of dividend must be placed 
into T to complete divide operation. 

STAT D being set indicates that divide 
operation had been performed for both 
high- and low-order fractions. 

,,------------

Yes 

/ ,, 
No 

Place sign ui LS 
bus, and store choristic 
and high-order 

Store high-order 
half of quotient. 

into FPR per E(B-11) + 1 
(transfer from S to FPR 
via PAL and T). r------------------------------, 

Objective: I 

fraction with sign into 
FPR per E(S-11 ). 

End op. 

I 
PAL{4) carry indicates I 
that remainder is in true 
(not complement) form. I 

Set STAT D. 

Transfer low-order 
fraction of 
2nd operand 
from LSWR to T. 

No Yes 

Prepare ta start divide for I 
low-Order half of divisor. I 

Set STAT D. 

Transfer LSWR to T. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r-------- --------i- ----r------
1 

,.------....,------J --L----J I 
I I 

Add AB to DT and 
place remainder 
into AB. 

Subtract DT from AB 
and place remainder 
into AB. 

I 
I 
I 
I L ____ _ 

-------------- _____ _J 

Sheet 4 

Diagram 5-215. Floating-Point Divide, Long Operands (Sheet 5 of 5) 

Begin algorithm to generate low
order fraction of long quotient • 

7201-02 FEMDM (7/70) 5-215, Sh 5 



A 

B 

c 

D 

F 

F 

G 

H 

Set mark 
triggers 0-3. 

2 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

Yes 

3 

QT011 

Diagram 5-9 

RX I-Fetch. 

No 

4 5 

• RX Format - Long Operands: STD 

60 I R 1 I X2 I 82 D2 

7 8 11 12 15 16 

• Purpose: Store ]st operand (in FPR, per Rl 
and Rl + 1) into 2nd operand location (in storage). 

• Condition at start of execution: 
1. 1st 16 bits of instruction ore in E. 
2. High-order 32 bits of ]st operand are in Sand T. 
3. Low-order 32 bits of 1st operand are in LS. 
4. Storage request has been issued for 2nd operand 

per effective address in D. 

• RX Format - Sharl Operands: STE 

70 I R 1 I X2 I 82 I D2 

• Purpose: Store 1st operand (in FPR, per RI) into 2nd operand 
locotion (in storoge). 

• Conditions at start of execution: 
1. ls! 16 bits of instruction are in E. 
2, lst operand is in S and T. . 
3. Storage request has been issued for 2nd operand 

per effective oddress in D, 

31 

STE (Short Operands) STD (Long Operands) 

Set mark 
triggers 4-7. 

Yes 

Effective address is 
computed during RX 
I-Fetch. PAL (61) is 
checked to determine 
which mark triggers 
are to be set. 

Operond wi 11 be 
transferred to 
SDBl(32-63) and 
stored in specified 
effective address. 

Operana will be 
transferred to 
SDBI (0-31) and 
stored in specified 
effective address. 

Subtract D from IC 
[placing l's in PAA 
(61-63)] , and shift 
R4 to PAL. 

--r 
I 
I 
I 
I 
I 

No I 

I 
I 

....---"'------.-- - ----_,__ __ _J 
Set 'program store 
compare' trigger. 

QC05l 

End op. 

Transfer FPR to T 
per E(S-11) + 1. 

Set mark 
triggers 0-7; 

lndi cotes that a 
64-bit operand 
is to be stored 
in main storage. 

I Difference between D 
and IC must be 16 or 

I greater. If less than 
I 16, an exceptional 

I condition exists and 
instructions ore 

I ref etched. 

Diagram 5-216. Store, STE (70) - Short Operands; Store, STD (60) - Long Operands 

5-216 (7 /70) 
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A 

B 

c 

D 

-.J 
N 

8 
6 
N 
'Tj 
t1'.I :s: 
0 :s: 

E .--
~ 
-.J 

8 
(Ji 

w 
0 

""" 

Reduce D address 
by 8. Set ST AT G • 

2 

Diagram 5-14 

SS I-Fetch. 

QT031 

Yes 

Gate 1st operand 
from SDBO to ST. 

Add L2 ta IC and 
request 2nd operand. 
Transfer D to STC. 

Transfer L1 field from 
E(8~11) to F(0-3). 

Set STAT F if 1st 
operand sign is 
minus(-). 

Set STAT E if 1st 
operand sign is invalid. 

Load plus(+) 
into ST per STC. 

No 

Decimal Add Instruction 

Sign of Sign of STAT C 
1st 2nd STAT F at 
Operand Operand 1st Test 

+ + 0 0 

+ - 0 0 

- + 1 0 

- - 1 0 

Decimal Subtract Instruction 

Sign of Sign of STAT C 
1st 2nd STAT F at 
Operand Operand 1st Test 

+ + 0 0 

+ - 0 0 

- + 1 0 

- - 1 0 

3 

Sove L1 field in case 
recompiementotion 
is necessary. 

Yes 

Gate 2nd operand 
from SDBO to AB. 

Gate IC(21-23) 
to ABC. 

STAT F 
Set Sign 

Equals of Result 
STAT C 

Yes + 

Yes + 

No -
No -

STAT F 
Equals Set Sign 

STAT C of.Result 

Yes + 

Yes + 

No -
No -

Diagram 5-301. GIS for Decimal Add, Subtract, and Compare 

No 

STAT C 
at 

'2nd Test 

0 

1 

0 

1 

STAT C 
at 
2nd Test 

1 

0 

1 

0 

4 

STAT C was reset 
during I-Fetch, 
and is still reset 
when tested. 

Load minus(-) 
into ST per STC. 

STAT F 
Form of 1st 

Equals 
STAT C 

OP.erond to SAB 

Yes True 

No True 

No True 

Yes True 

STAT F 
Equals >'orm of 1st 

STAT C Operand to SAB 

No True 

Yes True 

Yes True 

No True 

Set result sign to 
sign of 1st operand. 

Form of 2nd 
Operand to SAA 

True +6 

2's complement 

2's complement 

True +6 

Form of 2nd 
Operand to SAA 

2's complement 

True +6 

True +6 

2's complement 

5 

Yes. 

Diagram 5-302 

True add sequence. 

Form of Result t Form of Resu It 
1st Operand 1st Operand 
~ 2nd Operand < 2nd Operand 

True True 

True lO's complement* 

True. lO's complement* 

True True 

Form of Resultt Form of Result 
1st Operand 1st Operand 
~ 2nd Operand < 2nd Operand 

True lO's co!!!f!ement* 

True True 

True True 

True lO's complement* 

6 

No (Subtract or Compare) 

Set STAT C if 
2nd operand sign 
is plus(+) •. 

N 

'No 

Set STAT E if 
2nd operand sign 
is invalid. 

Diagram 5-303 

Complement odd 
sequence. 

7 

Yes 

Yes 

• 

Set STAT C if 
2nd operand sign 
is minus(-). 

Restore IC from LSWR 
and reset STAT G. 

Set program interruption 
code 7 and 'program 
interrupt' latch. 

End op. 

8 9 

• SS Format: 

I Op Code I u I L2 I Bl m_D~1 l_s2 ~' ~G 
7 8 1112 15 16 19 20 31 32 3~ 36 47 

Op Code: 
1. Add Decimal (AP) - FA. 
2. Subtract Decimal (SP) - FB. 
3. Compare Decimal (CP) - F9. 

• Purpose: 
I. Add Decimal, Subtract Decimal - Algebraically add 

(subtract) 2nd operand (in storage) to (from) 1st operand 
(in storage) and place result into 1st operand location. 

2. Compare Decimal -•Algebraically compare 1st operand 
(in storage) with 2nd operand (in storage) and set CC 
according to result. 

• Conditions at end of I-Fetch: 
I. Main storage request for doubleword containing low-order 

byte of 1st operand (destination) has been issued per D. 
2. D contains low-order byte address (contents of GPR 

addressed by B 1, + D 1 + L 1) of 1st operand. 
3. IC contains high-order byte address (contents of GPR 

addressed by 82, + D2) of 2nd operand. 

If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 

tResult sign set to plus for zero result. 

*Result recomplemented and sign inverted. 



!.(i 
l.>J 
0 
J'J 
en 
:::r 
>-' 

,-. 
-...) --...) 
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A 

B 

c 

D 

E 

2 • 
Diagram 5-301 

GIS 
(STAT C =STAT F), 

True add digits 
in sign byte. 

No 

True add loop. 

3 

Yes 

• 

A 

2nd operand 
runout. 

4 

2nd operand 
fetch. 

5 

A. STCandLljO, L2=0. 
B. STCandlllO, L2IO,ABC=O. 
C. STC or L 1 = 0, L2 I 0, ABC= 0. 
D. STCor L1 =O, L2jO, ABCjO. 
E. STC or L 1 = 0, L2 = 0. 

c 

Destination 
store. 

Yes 

Contains 1st Operand Address I D r'
2
D
3 
I 

and Destination Address 0 

'-----------~ 

.. 1 o_'c ________ ¥_3_1 Contains 2nd Operand Address 

D F(0-3) Contains L 1. 
F(4-7) Rec,ards Number of 
Times Dis Decremented 

Contains 1st Operand 
and Final Result 

Digit 
Detection 

Invalid 
Digit 
Detection 

Serial Adder Used for Addition of 
Operands 0 ne Byte at a Time 

Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 1 of 3) 

63 

D 

Destination 
store .. 

6 

Contains 2nd 
Operand 

1st operand 
fetch. 

End op. 

No 

No 

No 

Destination 
store. 

Overflow test. 

7 

Yes 

Na 

No Yes 

Restore initial 
destination address, 

8 

Store plus (+) 
into destination, 

9 



A 

B 

c 

D 

-.:i 
N 
0 .... 
6 
N 
'T1 
tTJ 
a= 
t:! 
a= 
..-., 
-.:i --.:i E 9 
U1 
w 
0 
$" 
tll 

=-
N 

2 

Diagram 5-301 

GIS 
(STAT C =STAT F). 

3 

Operand signs alike for 
Add, unlike for Subtract 
and Compare, 

r;:e:~i:-:--- ------------, 

I 
I 
I 
I 

in Sign Byte 
(QSOOll 

I 
L 

Set STATE if AB 
or ST digit is invalid, 

Add ST digit (true) to 
AB digit (true 1 6). 

Gate resu(t to 
ST (per STC). 

Set STAT H if carry 
to next digit. 

Set mark trigger per 
STC. Reduce L 1, 
L2, ABC, and STC. 

- ----- .;..... _ _J 

Yes 

No (L 1, L2, STC 
andABCr'O) 

4 

Yes 

----- __ .;.;..._--, 

Add ST byte (true to 
AB byte (true + 6), 

Gate. result to 
ST (per STC). 

Set STAT H if 
carry to next.byte, 

Set mark trigger per 
STC, Reduce L1, 
L2, ABC, and STC. 

Set STATE if AB or 
ST digit(s) is invalid. 

t 
I 
I 
I 
I 
I 
I 
I _ _J 

Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 2 of 3) 

5 

A. STCand Ll IO, L2=0. 
B, STCand Ll IO, L2/0, ABC =O. 
C. STC5r Ll =O, L2IO, ABC=O. 
D. STCor L1 =O, L2IO, ABC/0. 
E. STC or L l = 0, L2 = 0. 

A 

r-
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

6 

"'indOp=nd 1 
Fetch I 
(QSOOl) 

Request 2nd operand 
per IC. Reduce IC 
address by 8, 

Gate 2nd operand 
from SDBO to AB. 

I 
I 
I 
I 
I 
I 
I 
I 
I l ____ _ ____ _J 

Yes 

Yes 

c 

Issue storage 
request per D. 

7 

r-----
-;n;;p::n;;- - 1 

,----- - -----, 
1st Operand 
Runout (QSOl l) 

Yes 

Runaut (QSOOl) 

Clear AB and ABC. 

Add AB byte to ST 
byte and gate to 
ST. Set mark 
trigger. Reduce 
L land STC. 

Issue storage 
request per D, 

No 

L------ ______ J 

Yes 

Clear ST. 

Check AB for nonzero 
digits one byte at a 
time. Reduce L2 and 
ABC. 

No 

________ __J 

Yes 

A 

Sheet 3 

Yes 

D 

Issue storage 
request per D. 

No 

,--------
1 

I 

Reduce D address by 8. 

Request 1st operand 
per D address. 

Increment F by I to 
record that D has 
been decremented. 

8 

No 

Noc 

9 

Issue storage 
request per D. 

Yes 

-------------, 
1st Operand 
Fetch (QSOOll 

Yes (Compare} 

Reduce D addre1s by 8. 

Gate 1st operand 
from SDBO to ST, 

L.__ - -- -- - -- --- -- ---
___ _J 

Yes No 

No 



<f' w • 0 
JV 
tll 

=-w 

----..J --..J 

8 

A 

B 

c 

D 

E 

r---
End Op 
Sequence 
(05011) 

2 

Set 'invalid data' 
or 'overflow' trigger, 
as applicable. 

• 3 

Restore instruction 
address from LSWR 
to IC. 

Yes 

If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 

No 

4 

r----
stare Plus (+) 
into Destination 
(qS021) 

Place plus (+) 
into ST per STC. 

Set mark trigger 
per STC. 

Issue storage 
request per D. 

5 6 
Sheet 2 

A 

r------- ----1 
I 
I 

1 Overflow 
Test 

I (QSOll) 

I 
I 
I 
I 
I 
I 
L 

---, 

Clear AB and ABC. 

Set STAT B if 
decimal overflow. 

Yes Com are N 

I 
I 
I 
I 
I 
I 

_ _j 

Yes 

r----
Restore Initial 
Destination Address 
(QSOl 1) 

Add 16. to D address. 

7 8 

No (Result= 0) 

--- ---------, 

Set STC per D(21-23). 
Gate F(4-7) to 
parallel adder. 

Add 8 to D address. 

0 

L _________ _ 

L __ . ______ j 
Set CC per Yes (Overflow) 
hardware conditions. 

End op. 

L _ - ---------- - .....;. _ _J 

Diagram 5-302. True Add Sequence for Decimal Add, Subtract, and Compare (Sheet 3 of 3) 

9 



A 

8 

c 

D 

" N 
0 

"""' b 
N 
"'!'j 
t'rj 

is: 
\:I 
~ 

,-.. 

~ 

" E 9 

Y' 
w 
0 
~ 
tll 

=-
"""' 

2 

Complement 
add loop. 

Note: See Diagram 5-302 for 
genera I data path. 

No 

3 

Diagram 5-301 

GIS 
(STAT CF STAT F). 

Complement add 
digits in sign byte. 

Yes A 

2nd operand 
runout. 

Yes 

4 

End op. 

Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet I of 3) 

5 

B 

2nd operand fetch. 

Yes. 

Yes No 

No 

6 

A. STC and L1I0, L2 = 0. 
B. STC and L 1 f 0, L2 f 0, ABC = O. 
C. STC or L1 = 0, L2 f 0, ABC= 0. 
D. STCor L1 "'O, L2/0, ABC/O. 
E. ~TCorL1=0,L2=0. 

c 

Destination store. 

Yes 

l st operand runout. 

No (ABC= 0) 

Overflow test. 

No 

Yes 

Yes 

Restore initial 
destination address. 

D 

Destination store. 

7 • 

No 

1st operand fetch. 

Yes 

No 

Yes No 

8 

Destination store. 

No 

Store plus (+) 
into destination 
(zero result). 

Yes (Recomplement) 

Yes 

Recomp lemen t 
sequence. 

9 



A 

B 

c 

D 

E 

2 

r-----
1 Complement Add 

I 
Digits in Sign Byte 
{QSOOI) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

Set STATE if AB 
or ST digit is invalid. 

Diagram 5-301 

GIS 
[STAT C 7"STAT F). 

------, 

Add ST digit {true) 
to AS digit 
(complement). 

Decimal correct. 
Gote result to 
ST {per STC). 

Set STAT H if carry 
to next digit. 

Yes 

I 
I 
I 
I 
I 
I 
I 
I 
I Set mark trigger per 

STC. Reduce LI, 
L2, ABC, and STC. 

I 
____ _J 

3 

Operand signs 
unlike for Add, 
alike for Subtract 
and Compare. 

r----
1 

Na 

4 

Yes 

- - --., 
Complem.,,nt Add Loop I 
(QSOOI) 

I 
I 

--------~ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Yes 

Add ST byte {true) 
to AB byte 
(complement). 

Decimal correct. 
Gate result to 
ST pee STC. 

Set STAT .H if carry 
to next byte . 

Set mark trigger per 
STC. Reduce LI, 
L2, ASC, and STC. 

Set STAT E if AB 
or ST digit(s) 
is invalid. 

No 

Set STAT A. 

I 
I 
I 
I 
I 
I 

L ____ _ ________ J 

Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet 2 of 3) 

5 

A 

r----

6 

A. STCandLllO,L2;.0, 
B. STC and LI I 0, L2 t"O, ABC = 0. 
C. STC or LI = 0, L2 I O, ABC = 0. 
D. STC or LI = 0, L210, ABC r'O. 
E. STCorLl=O,L2=0. 

B 

Gn~Opero;;;,e~ -
I (QSOOl) 

----1 
I 

I 
I 
I 
I 
I 
I 
I 
I 
L 

Request 2nd operand 
per IC. Reduce IC 
address by 8. 

Gate 2nd operand 
from SDBO to AB. 

I 
I 
I 
I 
I 
I 
I 
I __ J 

Yes 

Yes 

c 

Issue storage 
request per D. 

7 

2nd Operand 
Runout (QSOOI) 

------, 
~t~;:n~u::t - - - - - - l 

(QSOOl) ____ .__ __ ___, 

Yes 

Clear AB and ABC. 

Add AB byte (true) 
to ST byte 
(complement, all l's) 
and gate· to ST. 

Set mark trigger. 
Reduce Ll and STC. 

Issue storage 
request per D. 

No 

L ___ _ _ __ _J 

Yes 

L __ _ 

Yes 

Clear ST byte 
per STC. 

Set STAT D. 

Check AB byte for O's. 
Reset STAT D. 

Reduce L2 and A BC. 

No 

------ __ _J 

Yes 

A 

Sheet 3 

Yes 

8 

D 

Issue storage 
request per D. · 

No No 

9 

Issue storage 
request per D. 

Yes 

Gst~peran-;;-;e;:;,- - -

(QSOOl) 

--------1 

Sheet 3 

Yes {Compare) 

Reduce D 
address by 8. 

Request l st operand 
per D address. 

Increment F by l 
to record that D 
has been 
decremented. 

Gate Isl operand from 
SDBO to ST {and to 
AB if in recomplement 
sequence). 

Reduce D 
address by 8. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L _______ _ _________ _J 

No 

Wraparound of ABC 
initiated on same 
cycle that ABC = 0 
was detected. 

Sheet 3 



A 

B 

c 

D 

E 

End op 
Sequence 
(QSOl 1) 

2 

Set 'invalid data' or 
'overflow' trigger 
as applicable. 

3 

---:------, 

Yes 

Restore instruction 
address from LSWR 
to IC. 

No 

If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 

Set CC per 
hardware conditions. 

End op. 

L-------------- - _ _J 

Yes (Com are 

4 5 
Sheet 2 

;overflowT:---- -·--1 
I (QSOOI) Clear AB and ABC. I 
I I 
I I 
I Set STAT B if 
I decimal overflow. 1. 
I I L___ _J 

No 

rR::r::t;;---- -

Destination 
Address (QSOll) Sei STC per 0(21-23). 

Gate F(4-7) to 
para lie.I adder, 

Add"l6 to 
D address. 

Add 8 to 
D address. 

L _________ _ 
--- - _ _J 

No Yes 

Yes No (Zero Result) 

Diagram 5-303. Complement Add Sequence for Decimal Add, Subtract, and Compare (Sheet 3 of 3) 

6 7 

,----
Recomplement 
Sequence 
(QS021) 

rs:e-;u:(+)- ----1 
into Destination 
(05011) 

Place plus (+) 
into ST per STC. 

Set mark trigger 
per STC. 

Issue storage 
request per D. 

I 
I 
I 
I 
I 
I 
I 
I 
1----
1 

L----~ 
____ _j 

8 9 

---------- - - - - - - - -- -1 
l55ue D request to 
ref etch destination. 

Set E (8-11) to 0000. 
Restore L 1 count from 
F(0-3) to E(12-15). 

Yes 

Reduce E(B-11) by 1 
to provide exit to 
recomplement in 
destination fetch. 

Gate SDBO to AB. 
Clear ST. 

Complement digit 
in sign byte and 
gate to ST, 

Set mark trigger. 
Reduce ABC, STC, 
and E(12-15), 

c 

Sheet. 2 

No 

·Set result sign 
to algebraic sign 
of 2nd operand 
(invert result sign). 

I 
I 
I 
I 
I 
I 

_J 

Sheet 2 



!.(' 
w 

" 0 _..,. 
00 
::r' 
I-' 

,-... 

~ 
-.J 

8 

A 

B 

E 

2 

Zero and add loop. 

Note: See Diagram 5-302 for 
general data path. 

Process sign byte. 

No 

Diagram 5-304. Zero and Add (Sheet 1 of 4) 

3 4 

GIS 

No Yes 

Interruption. 

Yes A 

2nd operand runout. 

5 6 

A. STC and Ll f O, L2 =O. 
B .. STC and Ll !-O, L2 l-0, ABC =0. 
C. STC or Ll =O, L2 #0, ABC =0. 
D. STC or Ll =0, L2 IO, ABC I 0. 
E • STC or L 1 = 1>, L2 = 0. 

2nd operand fetch. 

c 

7 8 

• SS format: 

'--~Fs~_.__L_1~'---L2__.__B_1~l~.~~-01~l~B2--J..llH~ 
7 8 11 12 15 16 19 20 31 32 35 36 47 

• Purpose: Place 2nd operand (in storage) into lst operand 
location (in storage). 

D 

Destination store. Des ti nation store. 

Yes No (Zero Result) 

Store plus (+) 
into destination. 

9 

Des ti nation store. 



A 

B 

c 

D 

E 

2 3 

Diagram 5-14 

SS I-Fetch. 

,---------
G.1te 1st operand 
frc>m SDBO to ST. 

Add L2 to IC and 
request 2nd operand. 
Transfer D to STC. 

Subtract D from IC. 

4 

--------, 
General 
Initialization 
Sequence (QS031) 

D contains: contents of GPR addressed 
by BI , + DI + L 1. 

IC contains: contents of GPR addressed 
byB2, +D2+L2. 

No Yes (Possible Word Overlap) 

I 
I 
L 

Gate SDBO to 
AB. SetABC 
per IC(21-23). 

A 

Sheet 3 

Diagram 5-304. Zero and Add (Sheet 2 of 4) 

Subtract L2 from 2nd 
operand address. 

Subtract 
(GPR per B2, + 02) from 
(GPR per Bl,+ DI+ Ll). 

No Yes 

Yes 

No (WorcIJ 
Overlap) 

I 
I 
I 
I ____ _J 

5 6 7 

• SS Format 

F8 L 1 1 L2 1 B 1 m Dl 1 B2 1 JG 
'------7~8---11•1-2--15•1-6--l-9-.J~'--~3~13~2--3~5~U ~7 

• Purpose: Place 2nd operand (in storage) into 1st operand location 
(in storage). 

• Conditions at end of I-Fetch: 
1. Main storage request for doubleword containing low-order 

byte of 1st operand (destination) has been issued per D. 
2. D contains low-order byte address (contents of GPR addressed 

by B 1, + D I + L 1) of 1st ope rand • 
3. IC contains high-order byte address (contents of GPR 

addressed by B2, + 02) of 2nd operand. 

8 

,------ ------- -- -- - - - ---.., 

' I I 
I 
I 
I 
I 

Return instruction 
address to IC • 

Set 'invalid data' 
trigger. 

Interruption 
(QS031) 

If no higher-priority interruption, 
execute program interruption 
(Diagram 5-22). 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L----------- -- - _______ _J 

9 



A 

B 

c 

D 

E 

2 

Sheet 2 

A 

.----- -------1 
Process Sign Byte 
(QS031) 

Set STAT E if sign or 
digit is involid, 

Gote AB byte (bits 0-3), 
per ABC, to S_AA(0-3); 
gate correct sign to 
SAA(4-7); gate O's to 
SAB. Gate SAL ta ST 
per STC. 

No 

Yes 

Set mark trigger 
per STC. 

Reduce L1, L2, 
ABC, and STC. 

Yes 

No 

Set STAT C. 

Set STAT A. 

L ____ _ ---- - __ _J 

Diagram 5-304. Zero and Add (Sheet 3 of 4) 

3 4 ... 

No Yes 

r-----
1 

I 

-- - - - - -- ---;e:::- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Yes 

Gate AB byte per ABC 
to SAA(0-7); gate O's 
to SAB. Gate SAL to 
ST per STC. 

Set mark trigger 
per STC. 

Reduce L1, L2, 
ABC, and STC. 

No 

Add Loop I 
(aso31) I 

Set STATE if 
digit(s) is invalid. 

Set STAT A,· 

I 
I 
I 
I 
I 
t
i 
I 
I 
I 
I 
I 
I 
I 
I 

L ___ _ ------- ,--_1 
I 

5 

A 

6 ... 
A. STC and L1 IO, L2 = O. 
B. STC and L1 I 0, L2 f 0, ABC= 0. 
C. STCorL1=0,L2fO,ABC=O. 
D. STCor Ll =O, L2f0, ABCfO. 
E. STCor Ll =O, L2=0. 

r-----
1 

-;;,d Op::;-i 
Fetch (QS031) f 

I 
I 
I 
I 
I 
I 
I 

Request 2nd operand 
per IC. Reduce IC 
address by B. 

Gate 2nd operand 
from SDBO to AB. 

L ____ _ 

------, 
2nd 0 perond I 
Runoul (QS031) I 

I 
I 
I 
I 
I 
I 

_J 

_ ___.____ I 
Clear AB and ABC. 

Yes No 

I 
I 

I 
I 
I 
I 

Issue D request 
to store ST. 

L __ _ ---- ____ __J 

Sheet 4 

7 ... 

c 

Issue D request 
to store ST. 

Yes 

rov:;;;-o:7es;-
(QS011) 

Gate 2nd operand 
from SDBO to AB. 

Clear ST. 

Check AB byte for 
nonzero digits. 
Reduce A BC and L2 
by 1 count. 

8 

D 

Issue D request 
to store ST. 

Yes 

------, 

Set STAT F if 
STAT C is set. 

No 

L ___ _ ___________ J 

Issue D request 
lo store ST. 

Set STAT F if 
STATCisset. 

9 



-...} 

N 
0 -6 
N 
'Tj 
t:r:I 
~ 
ti 
~ 

,...._ 
-...} ---...} 

8 

Y' 
w 
0 
:!>-
Ul 
::r' 
.;:.. 

A 

B 

c 

2 

lend Op ------

Sequence 
(05011) 

Set 'invalid data' or 
'overflow' trigger, 
as applicable. 

Yes 

3 

Restore instruction 
address from LSWR 
to IC. 

No 

If no higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 

Set CC per 
hardware conditions. 

End op. 

L ___ - - - -- - - -- - - - - - _J 

D Diagram 5-304. Zero and Add (Sheet 4 of 4) 

.. 

E 

4 

Yes (Compare) 

.. 5 6 
Sheet 3 

No (Result = 0 

r;::r:;:it;;- -
-----..., 

Destination Address 
(QSOll) 

Add 16 to D address. 

Set STC per 0(21-23). 
Gate F(4-7) to 
para II e I adder. 

Add 8 to D address. 

L---------

Yes (Overflow) 

0 

No (Zero Result) 

7 

rsto:- p-;: (:) - - -
I into Destination I (QS021) 

I 
I 
I 
I 
I 
I 
I 
I 

Place plus (+) 
into ST per STC. 

Set mark trigger 
per STC. 

Issue storage 
request per D. 

8 

L _____ _ ____ J 

9 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Incorrect 
specification 
(interruption). 

No 

L2 
restoration. 

Diagram 5-14 

SS I-Fetch. 

GIS. 

Specification 
test. 

) 

Multiplier 
left-adjust 
s·equence, 

Sign 
handling. 

Yes 

Multiplier 
right-4 shift 
to drop sign. 

3 

lnvalid·data 
(interruption). 

4 

Multiplicand zero 
test and partial 
product store. 

A) Overall Flow Chart 

Yes 

Yes 

Yes 

5 

• SS Format: 

• Purpose: Multiply 1st operand (in storage) by 2nd 
operand (in storage) and place result into lst 
operand I ocati on. 

Basic multiply add 
or subtract sequence 
for le~ digit, 

Product 
byte store. 

Multiplicand 
request. 

End op. 

No 

No 

Complete multi
plicand byte fetch. 

Basic multiply add 

Partial product 
right-4 shift to 
drop digit. 

or subtract sequence 
for right digit, and 
shift right-4 sequence. 

Contains Multiplicand Address I -1 
and Final Product Address ... o __ D---------~--'D I 

-, Contains Multiplier Address 

.. 
_i_c ________ c!.A~ 
0 -

Contains Partial Product 
(Left-Adjustea) 

Invalid Digit 
Detection 

Diagram 5-305. Decimal Multiply (Sheet 1 of 7) 

0 

I 

• 1 Contains 2 Digits 

~-O-F ____ R_; of Multiplicand 

T 
Controls 
Number of 
Additions or 
Subtractions 

I. A 

0 7 

8 15 

Serio I adder usecl for 
addition or subtraction 

16 

of multiplier from. partial 
product, one byte at a time. 

Parallel adder used to 
manipulate data and 
to perform right-4 shifts. 
PAL is also used as an 
aux i I iary register. 

B ) General Data Path 

63 

PAA 

4 

23 

Contains Multiplier 
(Left-Adjusted) 

~132 8 

32 

24 31 

Invalid Digit 
Detection 

39 

40 

63 !64 ::! 
48 55 64 67 

47 56 63 

5-305, Sh 1 (7 /70) 

6 



A 

B 

c 

D 

E 

F 

G 

H 

.. 

2 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

3 4 

D iogram 5-14 

SS I-Fetch. 

-- -------r- -- -------1 
moo1 I 

Gate 1st operand 
(multiplicand) from I 
SDBO to ST. 

Add L2 to IC and 
Request 2nd operand 
(multiplier). Transfer 
D to STC. 

.---------.----,!---------, 
I E to B and th en to F . 
I ABC set to 111 to 

Transfer L1 and L2 
from E(B-15) to 
F(0-7). 

Reduce IC by 8 to 
address next daub I e -
word of multiplier. 

I select B byte. 

L 

F 
LI 

0 

I 

I 
I 
I 

l~No_(_M_ult_ip_ly_)_~~>-~-s _____ 

1 
Diagram 5-306 

I 
I· 

I 

I 
I 
I 
I 
I 
I 
I 
I 

l 
Set STAT .F if multi
plicand (destination) 
sign is minus. 

l 
Set STAT E if multi-
plicand (destination) 
sign is invalid. 

Gate multiplier 
from SDBO to AB. 

Set ABC per 
IC(21-23). 

, 
Transfer I ow-order 
multiplicand digit 
from ST to F(0-3). 

Transfer instruction 
address from LSWR 
to S. 

Divide 
operation. 

GIS 
(QT031 and QS041) 

Obiectives: 

1. Place multiplier into AB. I 
2. Initiate sign hand[ ing. 
3. Save low-order digit of multiplicand in F. I 

I 
I 
I 
I 

I 

I 

I 
L ____________ _J 

5 

• SS Format: 

FC I LI I L2 I Bl I~~ DI I B2 JH:~ 
78 1112 15 16 19 20 31 32 J.S 36 -47 

• Purpose: Multiply 1st operand (in storage) by 2nd 
operand (in storage) and place result into 1st operand location. 

• Conditions at end of I-Fetch: 
1 . Main storage request For doubleword containing 

low-order byte of 1st operand (multiplicand) hos 
been issued per D. 

2. D contoins low"order byte address (contents of 
GPR addressed by Bl, + Dl T Ll) of 1st operand. 

3. IC contains high-order byte address (contents of 
G PR addressed by B2, + D2) of 2nd operand 
(multiplier). 

I 
I 
------------1 

1 SPECIFICATION I 

I 

I 

I 
I 
I 
I 
I 

Place E(12-15) into 
T (60-63) and gate 
T complement to PAA. 

l 
Subtract 
L2fromll. 

Gate E{B-11) 
to PAB. 

J 

No U~...,.,Yems------~ .. -------._~s~a~ 
than L1 

TEST (QS041) 

Obiective: I 
Verify that L2 is less than 8 
bytes end smaller then L1. I 

I 
I 
I 
I 
I 
I I 

L _ ____________ _J 

~-- --- -~- -- -- -- ----, 
ORRECT 

I IFICATION 
(QS041) 

I Objective: 
Gate instruction 

I address from S 
to JC. 

I 
I Restore instruction address to IC and 

force interruption. 

I Set interrupt code I 
I 

triggers and 

I force end op. 

I I 
A 

Sheet 

I Diagram 5-22 I 
I Program I 

inferruption. 

I I L ___________ J 

Diagram 5-305. Decimal Multiply (Sheet 2 of 7) 

6 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

------
UL TIPLIER LEFT

ADJUST SEQUENCE 

3 4 

Sheet 2 

--~--
I (QS041) 

I Objective: 

Transfer instruction 
address from S to 
PAL, and hold. 

I 
I 
L 

During left-adjust sequence, 
instruction address is held in 
PAL by 'HOLD' micro-order. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

Fetch full multiplier from storage and transfer 
to ST. High-order multiplier digit must occupy 
leftmost byte (byte 0) in ST. 

l 
Gate L2 from 
E to STC. 

Move multiplier 
sign byte from AB 
to ST (per ST C). 

Set STAT C if 
multiplier sign is 
minus. Set STATE 
if multiplier sign or 
units digit is invalid. 

I 
I 
I 
l 

STC i.s set to where the right
most byte of multiplier will be 
placed afJer left adjustment. 

l I Transfer performed 
I via serial adder. 

L 

.------N_o~~>-Y~e~s-----------, 
..-------.._N-..0<6>-Y_es _____ ., ""''°!.ABC, 
1 

Reduce L2, ABC, and 
STC by 1 count. 

Move next multiplier 
byte from AB to ST. 

Set STAT A if 
multiplier digit(s) 
is not zero. 

l 
Set STATE if 
multiplier digit(s) 
is invalid. 

l and STC by 1 count. 

Issue IC request for 
additional multiplier 
bytes. 

1 
Stop CPU clock 
for two cycles, 
then gate multi
plier from SDBO 
to A5. 

J 

Gate instruction 
address from PAL 
to IC. 

5 

I 

6 

----1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Full multiplier has been 
I 
I 
I 

I fetched . lnstructi on address 
I is restored to IC. 

L 

I 
I 
I 
I 

~-------------------- ___ J 

L 

--=-~___.._-=-=- -r - - - - - -1 
Add lto 
E(l2-15). 

Set STC 
to 111. 

Gate F(4-7) to 
S(28-31) per 
STC. 

I: L2inE(l2-15)was I 
reduced I below 
zero. It is now 
restored to zero. 

l I 
r, -,I T 0 perform correct I 

gating of L2 from 
I I F to S. 

: l I 
~ I 

L2 RESTORATION (QS041) 

Objective: I 
L2 count must be restored to E (12-15) before 

..----....... ----.-- - I 

entering the multiply add or subtract loop. I 
Add 5(28-31) to 
E(l2-15) (in 
parallel adder). 

Gate L2 from PAL 
to E(12-15). 

I 
I 
I 
L 

5(28-31) contains I 
L2. E(l2-15) is 
zero. 

I 
I 
I 
I 

________ _J 

Sheet 4 

Diagram 5-305. Decimal Multiply (Sheet 3 of 7) 

,--· -=-· ~~~ --MULTIPLIER RIGHT-4 SHIFT T0--1 
DROP SIGN (QS041) 

Objective: Gate high-order multi
plier bytes from S to 
PAA and shift right 4. Shift multiplier right 4 to eliminate 

sign and transfer to AB. 

l 
Hold PAL to save last 
high-order multiplier 
digit. 

Transfer shifted 
result from PAL 
to A. 

l J 
1 ____ .._ ______ - - -

Transfer last high
order multiplier 
digit from PAL 
(64-67) to 8(64-67) • 

1 
Gate low-order multi
plier bytes from T to 
PAA and shift right 4. 

Gate 8(64-67) to 
PAB(28-31) and 
shift right 4. 

1 . 

Transfer shifted resu It 
from PAL to B. 

J 

A(4-31) contains high
order multiplier digits 
excluding last digit. 

8(64-67) serves as 
temporary storage 
during right-4 shift. 

L_ ___ _ _____ J 

5-305, Sh 3 (7 /70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

I 
I 
I 

I 

I 
I 
I 
I 

I 

Sheet 71 

~I 
I 

I 

1 
Set STAT G to re
cord zero mu I ti
pl ier condition. 

l 

3 

No 

Sheet 3 

STAT A 
set 

......... 

4 

Yes (Multiplier F 0) 

~~Y•• j_r---------< alike --------1..., 

Place minus sign 
into F(4-7). 

Set ABC and 
STC per L2. 

J 
1 

Cross-gate F 
ta SAL and 
gate SAL to F. 

Place plus sign 
into F(4-7). 

5 

-----, 
SIGN HANDLING (05041) I 
Objective: 

Test STAT F and STAT C to 
es tab I ish sign of product. 

F. 
Digit : Sign 

0 ~4 7 

F Digit : Sign J · 
0 314 7 

x 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I fF Sign : Digit J 

lo 3-J..4 7 

_J 

6 

--------------------, 

I. 

I 
I 
I 
I 

I 

I 

I 

Digit Is 
Invalid 

Set program interruption 
code 7 and 'program 
interrupt' latch. If no 
higher-priority 
interruption, execute 
program interruption 
(Diagram 5-22). 

Reset 
STAT G. 

End op. 

BAS IC MULTIPLY 
AD D OR SUBTRACT 
SEQ UENCE FOR 
LEF T DIGIT (QS041 
AN D 05071) 

Ob jectives: 

1. If multiplicand digit is 4 or less. 
multiplier is added to partial 
product number of times spec-
ified by multiplicand digit. 

2. 

Digit Is 
Zero 

Piece 0 into 
AB(64-67). 

Test 
digit in 

SAL(4-7) 

l 
Reduce ABC and 
STC by 1 count. 

J 

No 

Yes 

Digit 1.s 
4 or Less 

, -, 
Place 0 into 
B(64-67). 

Add AB byte (true) 
to ST byte (true) 
and place result 
in.to ST. 

ABC= 0 

Reduce ABC and 
STC by 1 count. 

Reduce multiplicand 
digit in F(4-7) by 1 
count. 

Set ABC and 
STC per L2. 

Digit in 
F(4-7) = 1 

Yes 

No 

I 
I To extend true number 
(on subsequent right 
14 shift. 
L 

Digit is 5 
or Greater 

j_ 
Set 
STATD. 

I 
Set 
STAT H. 

1 
Place 9 into 
B(64-67). 

l 
T 

Add AB byte (com
plement) to ST byte 
(true) and place 
result into ST. 

- : 
I 
I 
L 

-r 
I 
I 
I 

: 
I 
l 

Adds l to the next 
multiplicand 
(destination) digit. 

Generates hot carry to 
gate multiplier (source) 
digit 2's complement. 

To extend 10'< 
complement on 

subsequent right 
4 shift. 

.---N~o~.,__Ye_s --, 

+ 
Reduce ABC and 
STC b.y 1 count. 

t 

Reduce ABC and 
STC by 1 count. 

Set 
STAT H. 

Increase multi
plicand digit in 
F(4-7) by I count. 

Set ABC and 
STC per L2. 

Generates hot · 
carry to next 
byte. 

: . I To record 1 complete 

I 
L 

-; 

subtraction. 

I To prepare for next 
I subtraction. 

l 

I 
I 
I 
I 
I 

I 
I 

I 

I 

I 
I 
I 

I 

I 

If multiplicand digit is 5 or greater, 

I 
multiplier is subtracted from partial 
product number of times speci-
fied by 10 minus value of multi-

I 
plicond digit. 

3. If multiplicand digit is zero, no 
'~lf--------------------------------~--------Y_e....._'~>--N_o'----------~ 

addition or subtraction cycles 

L 
are required. 

-- -- -- -- -
_J 

c 

Sheet 5 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 4 

c 

,-----L.--=--T- - -1 
I Set D(21-23) : To designate product I I per STC. l byte for store operation, 

I I 
I Transfer low-order I 

partial product 
digit from ST to F !Product I 

I F(4-7). Sign :Digit 
0 ~4 7 

I I I 
To indicate that I I 

I Reduce Ll by I byte has been 
I count. I i ,,.00""". I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Issue D request to 
store low-order 
partial product 
byte. 

Cross-gate F through 
serial adder and gate 
to ST per STC. 

Set Mork trig
ger per STC. 

Place 0000 0001 
into F. 

PRODUCT BYTE STORE 
(QS071) 

·Objective: I 
Store low-order partial product 
byte into main storage . I 

1 ·r 

F Product 
Sign IDigit 

'X' 
F T 
Productl Sign 
Digit I 
0 t4 7 
Selected ST byte 

I I Subtract l from 

I I
I multiplicand 

address in D. 

I 
I 
I 
I 
I 
I 

I 
I 

_J 

I I...._ ___ __, 

-----"'--~ 

I 
I 
I 
l 
I 
I 

Add F to D (com
plement) in par
allel adder. 

I 
I 
I ______ ,_J I 

I 
I 

Complement result 
and gate to D. 

Request multiplicand 
per D address • 

Set STC per 
0(21-23). 

MULTIPLICAND REQUEST 
(QS071) 

Objectives: I 
l . Reduce D address by 1 and 

request multiplicand from 
storage, I 

2. Set STC to point at new 
multiplicand byte. I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gate S(0-31) to 
PAB(32-63). 

T 

4 

Transfer low-order 
half of partial prod
uct from T to LSWR. 

........ 

Shift parallel adder 
right 4 to PAL(32-67). 

Gate PAL(64-67) 
to 8(64-67). · 

Hold PAL to save 
high-order partial 
product from S. 

5 6 

--PAR~ODUCT RI~ l 

1 
Gate 8(64-67) 
to PAA(28-31). 

r 
I 

I 
J 

-r 
I 
I 
I 
L 

T 

PAL(32".'35) is 
extended with 
0 or 9. 

I To·save low-order 
I digit of partial 
I product from S . 

L 

SHIFT TO DROP DIGIT (QS071) I 
Objective: 

Shift partial product right 4 (to drop I 
low-order digit) and place into ST. 

8(64-67) wds set to 
0 if partial product is true, 
or to 9 if complement. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I 
I NoAv .. o~u•o;,;,«s;,,1 ...._.,--_..... .~ ~ 

I Sheet 4 

Transfer high-order 
partial product from 
PAL to T. 

Transfer law-order 
partial product from 
LSWR to S. 

T 

I Original S contents 
I excluding low-order I digit. 

-r 

I 
I 
I 

Original 
T contents. 

J_ I: L~-0"" "'~ H;gh-0"" 
Yes (Multiplicand =o)/sT~T ~No '""----------

set t 

.... --

Gate S(0-31) to PAA 
(32-63) and 8(64-67) 
to PAB(28-31). 

Shift parallel adder 
right 4 to PAL. 

Transfer high-order 
half of partial prod
uct from T to LSWR • 

r 
T 

I B contains original 
I low-order digit 
: from S. 

t r 
I I Low-order digit 
I I from S inserted 

into T. 

I I...___----'----' 
I 

.---__;L------.,,-J 

S and T contents 
must be interchanged. 

,J 

I 
I 
I 
I 
I 
I 
I 
I 

Trans fer high-order 
partial pro~uct from 
LSWR to S. 

,.._lllllilllllllll_ .. _ ............... 1 

I ·s High-Order I T Low-Order I 
._9 ________ 3132 631 

I 
L _____ _j~L-------~ _J 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

1-------

Transfer partial product 
from ST to AB. 

Set ABC per L2 
to sel eel 1st 
partial product byte. 

Gate multiplicand 
from SDBO to ST. 

Reset ST AT G. 

r.._ 

Gate multiplicand 
byte from ST to 
serial adder and 
test for zero. 

Reduce ABC, STC, 
and Ll by 1 count. 

End op. 

l 
Issue D request 
to store partial 
product. 

Na 

3 4 5 6 

Sheet 5 

Yes 
L1 = L2 

No 

STAT 
D 

set 

Yes 

'I 
I I 
I I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

Reset STAT H. 

Set ABC and 
STC per L2. 

Add AB byte (true) 
to ST byte (true) 
and place result 
into ST. 

f 
I 

l 

Multiplier must be 
added to partial prod
uct one more time. 

MULTIPLICAND 2.ERO TEST 
AND PARTIAL PRODUCT 
STORE (QSOBl) 

Objective: 

All significant multiplicand digits have been 
processed.and partial product is stored as 
product into main storage. If L 1 field is not 
zero, the remaining multiplicand digits are 
tested for zero. 

~~v~ 
J~0/i>-----.l 

Reduce ABC and Reduce ABC and 
STC by 1 count. STC by 1 count. 

J 

l 
Tronsfer partial prod
uct byte from AB 
to ST. 

Set mark trig
ger per STC. 

Reduce D address by 
8 and request adQi
tional multiplicand. 

Gate SDBO 
to ST. 

I 
Request multiplicand 
per D address. 

I 
Set STC per 
0(21-23). 

l 
Reduce ABC, 
STC, and Ll 
by 1 count. 

t 

J 

r Remaining multi-
( plicand digits.must l be tested for zero. 

T 
I 
I 
l 

Designates first 
multiplicand byte 
for zero test. 

I I 
I I 
I I 

: I 
I I 
I I 
I I 
I I 
I I 

·1 I 

I I 
I. I 
I I 
I I 
I I 
I I 
I l 
I I 
l I 
I I 
I I 

Transfer low-order 
partial product from 
T to LSWR. 

-r 
I Tempororily vacate T 

I 
to gate in new multi

plicand. 

L 

.----'-N~o<~>-Y_e_s __ ~ 
..-----Ga-te~l~--.~..---Go-te~~~ 

SDB0(0-31) 5080(32-63) 
to T. to T. 

l 
Set STC to correct 
T byte by fore ing 1 to 
STC(O). 

L 

Y ~ N r---"~es~~~ST~ 0 T ~ >--0---~ l set 

Add 1 to digit in next 
mu I tiplicand byte and 
gate to F. 

1 

Set STATE if 
digit(s) is invalid. 

Trans fer I ow-order 
partial product 
from LSWR to T. 

Gate next multi
plicand byte from 
ST to F. 

rF Digit I Digit J 
~ 3

1
4 7 

I Remaining multi-

' 

plicand in T is 
destroyed. 

L 

I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Set ABC and STC 
per L2. 

COMPLETE MULTIPLICAND I 
BYTE FETCH (QS071) I 
Objective: 

Gate 8 bytes of multi- I 

1L 
.plicand from SDBO to T. 
Select next byte of multi I 
plicand in T and transfer J 
to F. 

-- -- --

I 
I 
I Sheet 7 

I 

I 
I 
I 
I 
I 
I 
I 
I 
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2 3 

,--
A 

Digit= 10 or Greater Digit= 0 

1 
Place 9 into Place 0 into 
B(64-67). B(64-67). 

Set STAT 
D. 

B 
t.. t._ 
..... ~ , 

Transfer low-order 
partial product c Next 1 Partial~ digit from ST to 
F(4-7). Digit I Product 

~ 7 

STAT 
No D Yes 

set j_ 
c 

Add I to next 
digit in F(0-3). 

J 
l 

Transfer low-order l "Initiate right partia I product I 4 shift. from T to LSWR. I 
L 

D Gate S(0-31) ta PAA 
(32-63) cind B(64-67) 
to PAB(28-31). 

Shift parallel adder 
f High-order partial 
I 

right 4 to PAL(32-67). prOduct is extended 
I with 0 or 9. 

L 

Transfer PAL(32-63) 
to T and PAL(64-67) 

E to B. 

Transfer low-order 
partial product from 
LSWR to S. 

Transfer high-order 
partial product from 
T to LSWR. 

F 

---------
I STAT 

No (Multiplier ~ 0) Yes G I 
set l L 

Gate S(0-31) to PAA I 
(32-63) and 8(64-67) l to PAB(28-31). 

1 
G 

Shift parallel adder 
right 4 and gate PAL 
(32-63) to T. 

l 
I: Transfer high-order 

partial product from 
LSWR to S. 

I l __ ....;.___ _ _...,_3 

4 

Sheet 6 

Test Digit= 4 or Less 
digit in 
SAL(4-7) 1 

Reset ST Al's 
D and H. 

Place 0 into 
B(64-67). 

.... 
t 

Add AB byte (true) 
to ST byte (true) 
and place result 
into ST. 

No ABC=O 

--

Reduce ABC and 
STC by 1 count. 

... J 
~ 

Reduce ABC and 
STC by 1 count. 

Decrease multi-
plicand digit in 
F(4-7) by 1 count. 

Set ABC and 
STC per L2. 

1 

No 
Digit 

in F(4-7) 
= 1 

If multiplier is zero, 
S and T contents need 
not be interchanged. 

B contains original 
low-order digit 
from S. 

High-Order 3I Low-Order 

5 

-- -- -- --·- --- --- ---

Digit = 5 or Greater 

j_ 

Set STAT's D 
and H, 

Place 9 into 
B(64-67). 

t... 
t 

Add AB byte (com-
plement) to ST byte 
(true) and place 
resu It into ST. 

Yes Yes No ABC=O 

1 
Reduce ABC and 
STC by I count. 

1 
Reduce ABC and 
STC by I count, 

I Generates hot 
Set STAT H I carry to next 

l byte. 

Increase multi- r To record I com-
plicand digit in I plete subtraction. 
F(4-7) by 1 count. 

t 

Set ABC and STC 
-r 

To prepare for 
per L2. I next subtraction • 

I 
L 

v~~~ Yes__.. -. . ~ 
=9 

BASIC MULTIPLY ADD OR SUBTRACT SEQUENCE FOR 
RIGHT DIGIT, AND SHIFT RIGHT 4 SEQUENCE (QS071 
ANDQS081) 

Objectives: 

6 

I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

1. If multiplicand digit is 4 or less, multiplier is added to partial product 
number of times specified by multiplicand digit. 

2. If multiplicand digit is 5 or greater, multiplier is subtracted from partial 
product number of times specified by 10 minus value of murtiplicand 
digit. 

3. If multiplicand digit is 0, no addition or subtraction cycles are required 

4. After exit from add or subtract loop, low-order partial product digit is 
saved in F(4-7) for subsequent store. Partial product in ST is shifted 
right 4 to drop low-order digit, and a branch is made to left-digit 
sequence. 

.,I 

L...: ____ -Ch- -- -- -- -- --- --- --- --- --- --- --- --- ___ _J 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Incorrect 
specification 
(interruption). 

Restore L1 and 
L2 to E. 

Initiate dividend 
left-4 shift. 

Complete 
dividend 
left-4 shift. 

s 

Invalid Digit 
Detection 

I, D 

T 

No 

No 

3 

Diagram 5-14 

SS I-Fetch. 

GIS. 

Specification 
test. 

Trial sub
traction. 

Fetch next dividend 
byte and complete 
left-4 shift. 

~I 
21 23 

B 2 

7 

7 

SAL 

Diagram 5-306. Decimal Divide (Sheet 1 of 9) 

Yes 

Yes 

Divisor left-
ad just seguence • 

Dividend fetch and 
left-adjust seguence. 

Assemble divisor 
in AB and divi
dend in ST. 

4 5 

•SS Format: 

I FD LI I L2 Bl I ~ ~L-D__.1 l_B_2 ......,I ~ [§] 
0 7 8 11 12 15 16 19 20 31 32 35 36 47 

•Purpose: Divide 1st operand (in storage) 
by 2nd operand (in storage) and place 
result into 1st operand location (guotient 
is I eftmost in 1st operand I ocati on; 
remainder is rightmost). 

Yes 

Generate 
guotient 
.seguence. 

Right digit 
seguence, 

No 

Right Left 

Left digit 
seguence. 

Interruption. 
Correct low-order 
remainder byte. 

Yes 

A) Overall Flow 

Contains Dividend Address 
and Quotien·t Address 

Chart 

Process guotient 
sign byte. 

Store remainder. 

Yes 

I -1 Contains Divisor 
""o:;.... __ 1c _______ c2_~,_. Address 

6 

Designates D Dividend 
Byte in ST 7 

Contains 
Quotient 

~ 
~ 

Designates Divisor 
Byte in AB 

0 

Contains Dividend 
(Left-Adjusted) 

7 

Serial adder is used 
for subtraction of 
divisor from dividend 
one byte at a time. 

7 

lo 
A 

! -1 Contains Divisor 

&..:...---------=...a.;;=--------.....;6;.;;3_.:_64.....;~"-'~ (Left-Adjusted) 

Invalid Digit 
Detection 

PAA 

63 

Parallet adder is used 
to manipulate data and 
to perform shift operations. 
PAL is also used as an 
auxiliary register. 

B) General Data Path 4 

7201-02 FEMDM (7/70) 5-306, Sh 1 



A 

B 

c 

D 

E 

F 

H 

2 

j ~s(a~3-;- -
AND QS041) 

Objectives: 

I . Place divisor into AB and set ABC 
to the low-order divisor byte. 
Save Ll and L2 in F. 

2. Test dividend sign for validity. 

Gate divisor from · 
SDBO to AB. 
Set.STATE if 
dividend sign is 

· invalid; set STAT 
F if minus. 

Subtract LI from 
D to set adress of 
high-order byte. 
Reset STAT F. 

Gate L2 from 
E to STC. 

Yes 

Yes 

L 

3 

Diagram 5-·14 

SS I-Fetch. 

QT031 

Gate 1st operand 
(dividend) from 
SDBO to ST. 

Add L2 to IC and 
request 2nd operand 
(divisor). Transfer 
DtoSTC. 

Transfer L1 and L2 
from E(S-15) to 
F(0-7). 

Reduce IC by 8 to 
address next double
word of divisor. 

STC set to where 
rightmost divisor 
byte is placed ofter 
left adjustment. 

Set STAT G to 
record that 
divisor is 5 bytes 
o_r greater. 

Transfer instruction 
address from LSWR 
to S. 

A 

Sheet 3 

Diagram 5-306. Decimal Divide (Sheet 2 of 9) 

5-306, Sh 2 (7 /70) 

No 

E to B and then 
to F. ABC set 
to 111 to select 
B byte. 

4 

I 
I 
I 

F LI : L2 
0 3 4 7 

Diagram 5-305 

Multiply operation. 

I 
I 
I 
I 
I 
I 

_J 

5 

•SS Format: 

I FD I Ll I L2 I Bl m_o_1_l _e2_IJ~ 
"'o------1"-a--1-, .... ,-2---1s"'1-6--· -,9"'20.J 31 32 35 36 c_ 

•Purpose: Divide 1st operand lin storage) 
by 2nd operand (in storage) and place 
result into 1st operand location (quotient 
is leftmost in I st operand location; 
remainder is rightmost). 

•Conditions at end of I-Fetch: 
1. Main storage request for doubleword 

containing low-order byte of 1st 
opemnd (div ide..,r! • lies been issued per D. 

2. D contains low-order byte address 
(contents of G PR addressed by BI, 
+ D 1 + L1) of 1st operand. 

3. IC contains high-order byte address 
(contents of GPR addressed by B2, 
+ D2) of 2nd operand (divisor). 

6 



A 

B 

c 

D 

E 

F 

G 

h 

2 

Reset 
STAT G. 

Gate instruction 
address from S 
to IC. 

Set interrupt code 
triggers and force 
end op. 

Diagram 5-22 

Program 
interruption. 

3 

-----~ 
INCORRECT SPECIFICATION(QS041)1 

Objective: 

Restore instruction address to 
IC and force interruption. 

___________ J 

Diagram 5-306. Decimal Divide (Sheet 3 of 9) 

4 

Sheet 2 

A 

5 6 

----~ 

I 
,--
1 

I 
I 
I 

Place E(12-15) + 1 
into T(60-63) and 
gate T complement 
to PAA. 

Gate E(S-11) 
to PAB. 

I 
I 

I SPECIFICATION TEST (QS041) 

Subtract 
L2 from LL 

I 
I 
I 
I I Objective: 

I 
Verify that divisor is less than 8 bytes 
and smaller than dividend. I 

I 
I I 

L __ . -

No Yes 

------------ -· _ _J 

,---·· -- -- -- -- -- -- --DIVISOR LEFT----, 

ADJUST SEQUENCE I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer instruc
tion address From 
S to.PAL, and 
hold. 

Move divisor sign 
byte from AB (per 
ABC} to ST (per 
SJC}. 

Set STAT C if 
divisor sign is 
minus; set STAT 
E if invalid. 

(Divisor 
Fetch 

Yes Complete) 

Reduce L2, 
ABC, and 
STC by I 
count. 

Gate instruction 
address from PAL 
to IC. 

Add 1 to L2 count 
in E(12-15). 

- - During left-adjust (QS04l) I 
sequence, instruc-

tion address is held Objective: I 
in PAL by 'HOLD' 

micro-order. Fetch entire divisor 

from storage and I 
T ronsfer performed 
via serial adder. 

Issue IC request 
for additional 
divisor bytes. 

Gate divisor from 
SDBO to AB. 

I L2 restored to zero 
I to perform subsequent 
I branch on L1 count. 

Set STAT E if 
divisor digit(s) 
is invalid. 

T 

transfer to ST. 
High-order divisor I 
byte must occupy 
leftmost byte in ST. 

1 

Reduce L2, 
ABC, and 
STC by I 

. count. 

Move next divisor 
byte from AB to ST, 

Set STAT A if 
divisor digit(s) 
is not zero. 

I 
I 

L_ HO 
Divisor 

LO 
Divisor 

______ _J 

Sheet 4 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

Sheet 3 

I DIVIDEND FETCH AN=T
ADJUST SEQUENCE (QS041 
AND QSOSl) 

------:bjective:--------------------------------------------------~ 

Hold PAL to save 
last high-order 
divisor digit. 

Gate high-order 
divisor from S to 
PAA and shift 
right 4 to PAL. 

Divisor is shifted right 4 and held in PAL and LSWR. Sufficient 
number of dividend bytes is fetched to perform trial subtraction 
(at most, two dividend fetches are required). Dividend bytes are 
placed into ST, where high-order byte occupies leftmost position. 
Original D address is restored to D to reflect quotient address. 

Transfer shifted 
divisor from PAL 
to A. 

A(4-31) contains 
high-order divisor 
digits excluding 
last digit. 

____ ....... ___ _,.-------....... ---------. 
Transfer last high
order divisor digit 
from PAL(64-67) 
to B(64-67). 

Gate low-order divisor 
from T to PAA and shift 
right 4 to PAL. 

Gate 8(64-67) to 
PAB(28-31) and 
shift right 4 to PAL. 

Transfer shifted 
divisor from 
PAL to T. 

B( 64-67) serves as 
temporary storage 
during right 4 shift. 

Original low-order 
S digit has become 
high-order T digit. 

Gate dividend byte 
from AB (per ABC) 
to ST (per STC). 

This branch senses 
E(S-15). Because 
L2 is zero, test is 
for Ll only. 

Reduce L l by 1 count 
and increase ABC and 
STC by l count. 

Reduce L1 by 1 count 
and increase STC by 
1 count. 

Transfer shifted 
low-order divisor· 
from T to LSWR. 

Increase ABC 
by l count. 

Transfer high-order 
divisor from PAL to A. 

To free parallel 
adder for D 
incrementing. 

Request dividend 
per D address. 

Set STC to 000 to 
select I eftmost 
byte in ST. 

Gate L1 from E(B-11) 
to PAB(60-63) and 
shift right 4 to PAL. 

Set STAT D to 
record that 
dividend is less 
than 8 bytes. 

I Dividend in ST was 
I displac~ by divisor 

and must be refetched. 

Where high-order 
dividend byte 
will be placed. 

To place high-order 
L l bit in PAL(64) for 
subsequent branch. 

____ ....... ___ __, ________________ ., 
Transfer high-order 
divisor from A to 
PAL, and hold. 

Gate dividend from 
SDBO to AB and set 
ABC per 0(21-23). 

During dividend left 
adjust sequence, 
high-order divisor 
is held in PAL. 

Increase D by 8 and 
request dividend per 
D address. 

Gate D to B. 

I 
I 
I 
I 
I 

..-------...,..--1 
Gate B to parallel 
adder and subtract 8. 

I 
I 
I 
I __ __.....___ ___ _J 

Gate PAL to D. 

Transfer high-order 
divisor from A to PAL, 
and hold. 

Gate dividend from 
SDBO to AB. 

Restore D address 
for subsequent 
quotient store. 

L ___________________________ _ 
c 

Sheet 5 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

I -- -- -- -- -- ----- --
1 RESTORE Ll AND L2 TOE (QS051) 

-------1 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Objective: 

Left adjustment of 1st and 2nd operands has 
destroyed original L1 and L2 counts in E. 
These counts are restored to E. 

No 

Transfer L2 count 
from F(4-7) to 
8(64-67). 

Cross-gate F 
through serial 
adder and gate 
to F. 

Transfer L1 count 
from F(4-7) to 
E(l2-15). 

STAT 
G 
set 

.. 

Yes 

Gate L1 from 
E(l 2-15) to 
PAB(60-63). 

l --

Shift left 4 to 

PAL and gate 
PAL(56-63) to 
E(B-15). 

I 

: F(4-7) to PAB(60-63). 
Shift right 4 to PAL. 

I Gate PAL(64-67) to B. 
I 
L 

I 

I 
I 
I 
l 

F(4-7) to PAB 
(60-63) • Gate 
PAL(56-63) ta 
E(S-15). 

(Divisor is 5 Bytes or Greater) 

1 
Gate L2 from 
8(64-67) to 
PAB(64-67). 

J 

F T 
LI I L2 

9,. 314 7 

t i 
I L2 

63j64 67 

F I L2 LI 
0 314 7 

z 
F i L2 LI 

0 314 7 

(

E ! 
0000 I LI 

7 B 1 d12 15 

(' 7 8 

I 
I 
I 
I 
I 
I 
I 
I 

I 
L ____ · _______ J 

, 
D 

Sheet 6 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5 6 

Sheet 4 

c 

,- -- -- --- -- -- ASSEMllDIVISORiN AB -- -----, 

AND DIVIDEND IN ST (QS051) I 

I 
I 
I 
I 
I 
I 
l 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L___ 

Transfer high-order 
divisor from PAL 
to A. 

Reset 
STAT G. 

Transfer low-order 
dividend From T 
to B. 

Transfer high-order 
dividend from S to T. 

Transfer low-order 
divisor From LSWR to S. 

Transfer high-order 
dividend from T to 
LSWR. 

t 

Transfer low-order 
dividend from B to T. 

Transfer low-order 
divisor from S to B. 

Transfer high-order 
dividend from LSWR 
to S. 

Objectives: I 
High-order divisor is transferred 
trom PAL to A. If divisor exceeds 
4 bytes (ST AT G set), I ow-order 
divisor is in LSWR and must be 
transferred to B. 

A 

I' 

s 

HO 
Divisor 

LO 
Divisor 

I
S LO 

. Divisor 

s 
LO 
Divisor 

A 
HO 
Divisor 

s 
HO 
Dividend 

LO 
Dividend 

I
T HO 

. Dividend 

T 

IT 

T 

T 

HO 
Dividend 

LO 
Dividend 

LO 
Divisor 

LO 
Dividend 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_____ _J 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

Sheet 5 

D 

~MTRACTION(Qsos-1----~~~~~----~~= ... --------1 l.ii:No-Qs061) ... 
IObjecH~' 

Subtract divisor from dividend to verify 
that quotient and remainder will fit into 
destination field. 

Set STAT H to 
generate hot 
carry for trial 
subtraction. 

Set ABC and 
STC per L2. 

Add AB byte (com
plement) to ST byte 
(true) and gate 
result to SAL. 

Set STAT A if 
result is not zero. 
Set STATE if 
result is invalid. 

Reduce ABC and 
STC by 1 count. 

Reduce ABC and 
STC by 1 count. 

L _______ _ 

Yes 

Sheets 7, 8, 9 

F 

r.--------- ---, 
I 1NTfRRUPTION (QS061) I 

Objective: 

Set appropriate interrupt trigger to 
force interruption. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Set 'divide 
check' trigger. 

L ____ _ 

Reset STAT G. 

End op. 

Reset 
STAT G. 

Set 'invalid 
data' trigger. 

-------4 

Set appropriate interruption 
code and 1pr0gram interrupt' 
latch. If rio higher-priority 
interruption, execute program 
interruption (Diagram 5-22). 

L_ _________________ _J 

Diagram 5-306. Decimal Divide (Sheet 6 of 9) 

5-306, Sh 6 (7 /70) 

__ J 
No 

riNiTIATE DIVIDEND "LEFT 4 SHITT -·- -- -- -- - - - - - - - - - - ---, 

I (G}So61> I 
Objective: 

Shift high-order dividend 
portion left 4. 

Gate high-order 
dividend from S 
to PAA(32-63). 

Transfer high-order 
T digit from T(32-35) 
to 8(64-67). 

Tran5Fer low-order 
dividend from 
T to LSWR. 

Gate dividend 
digit from 8(64-67) 
to PAB(64-67). 

------------ - - ----..,....--------------. 

Transfer low-order 
dividend from 
LSWR to S. 

Shift parallel 
adder left 4 
to PAL. 

L _____ _ 

E 

Sheet 7 

Gate high-order 
dividend from 
PAL to T. 

s LO 

Original· high-order T 
digit becomes low-order 
s digit. 

THO 
Dividend 
(Not Shifted) 

Dividend 
(Shifted Left 4) 

____ J 



2 3 4 5 6 

Sheet 6 

D 

E r I STAT D set if divi- ~P~VIDEND LEFT 4 SHIFT (QS06-1)-- --- I 
Sheet 8 I J dend is less than 8 I Objective: I 

J I ! ~:t':~·an~e~e1i~~~~; ,1 Al I dividend bytes have been fetched from storage. I 
L sequence (Sheet 4). Shift low-order dividend (in S) left 4, and swap Sand T 

contents. 
Na STAT D Yes I 

set 

1 ------·-t---------- --- ------- ~~IVIDEND~N-D-- --------1 I 
COMPLETE LEFT 4 SHIFT (QS061) I 

Increase D address I Tran;;fer high-order I 
I 

by 8 and request dividend from T 
next dividend bytes. Objectives: to LSWR. 

I 
1 Increment dividend address (in D) by 8 and obtain 8 I l I 

Transfer high-order ii Se.e Note 1. I ~f~7~eo:/~;;:e;,~~r~7,~i:~~o~:~sfers;:e;~ r~~~~~ Reduce Ll by 1 ·r uFseisdsutobsreqecuoerdntly 
dividend from T next digit from F(0-3) and insert as low-order digit I 

I 
to LSWR. of dividend or partial ~mainder (as applicoble) in count and clear F, L: number of sub- I 

T. Transfer digit from F(4-7) to 8(64-67) and save troctions. 
until next left 4 shift. 

I ;~~r.· I ;:~~~ ~.~ I 

I c0 Y~(O··r I ~~ ... ,. .. , i 

I Gate 
10

_.tw-order ~6 Note 1: When this sequence is entered for the first I j_ Sh:et 6 I 
I 

time (from entrance E), ST contains dividend. G I T" -r 
f S Thereafter (entrance J), ST contains pa'tial I /'.: 0;;orde~ I I I 

~~v~!~~ s~~f7 remainder. I t~v~A~, s~~f7 JI: LI ~~~~l~~~ft~ividend I 
I 

left 4 to PAL, and left 4 to PAL, 
gote PAL to T. and gote PAL to T. 

I 
.------lL------r- - - - - - - . .,.. !,------- Trans'elr d1"g"1t from "Tl F is subsequently I Transfer~gh-order Sheet 8 

Transfer high-order I Dividend left 4 ,, d t d cp I 
;~v~~end from LSWR I shift completed. =~~-~1:lr ~~64-67) ii ~~:b; :~cs:'b- I ~~v~~end :om LSWR H 

I ~ tractions. .J_ 

I 
.---A-d_d_D_a_~ ... r-es-s-~-om--.....,·- --- - -,·-ln-it-~-te-r-es-to_ra_t_io-n~ i ....................................... ~I~-----------..................... I 
~~;~:!Ui° ! ~~d II ;! 'bu.otient address ls ~~idend lT ~?vidend J ls ~~idend T ~~idend 

1 (Shifted)~::_ _____ ------·-r J_ __ ---- _:te~ =d-) --' 

1

1 

~:~~;~ L1 by 1 !;~~~TE QUOTIENT SEQUENCE 1

1 
I w~~ 

I ,---T-ra-n-sf-er-~.Law---o-rd_e_r .....,- - - - - --
1~j-Req-ue-st-ed_d_i-vi-de_n_d ~ I :u:i:::::::ire divisor from high-order dividend STC ~ L2. I 

dividend from T I bytes (at 5080) are until no-carry condition results from SAL(O). This _f _i_ 

I 
to LSWR. J placed into T. condition indi cotes that partial remainder has -r

1 gone negative. Quotient digit is developed in Set STAT H to Transfer high-order I 
I 

F(4-7) by incrementing F once for each complete generate hot dividend from S to J See Note 2. 
~r ~b~ 

I 
=o~a::o~~en this sequence is tract.Jsequence. PAL, and hold. l I 

Na Y~s I entered for the first .... 
0(21) = l time, ST contai~s I. 

I 
dividend. Thereafter, _t 
ST will contain partial I 
remainder. Add AB byte (com-

1 

plemenl) to ST byte 

I 
Gate SDBO Gate SDBO Note 3: This action occurs (true) · 
(0-31) to T. (32-63) to T. simultaneously with . 

transfer of low-order .__ ___ _i..---~ I 
I 

partial remainder byte. j_ _i , 

I 
;~e:;er1::~;i~e;:,~:, Set STAT A ii re- .------.L---.,----- -- -;

1 

I 
Set STC to correct T low-order dividend :t:d=r;:! r;;L suit is not zero. Set ~~~~~~e;dl~:~o~der I 
byte by forcing 1 to I byte in Tis replaced STAT E if result is 

I 
STC(O). by low-order partial lo ST (per STC). invalid. lo LSWR · 

remainder byte and J I 
...a .... must be corrected at I 

I ~~~;,;, I ~}'." "••<-Shoo< Y• "~:' No I So• No••' i I 

'1 ~;~i:7;'' - -r~·;"'::.:'!'::,'r;:.:':::' '1 ,. v-~-r..o No 11 I 
(per STC) to F. J destroyed and later refetched Sheet 

6 l~ne at a time. 

A 

B 

c 

E 

F 

I ... ~ ~--"" I '"AOC ••• ~'"°' AOC °'' I 
I t~;;-:~~ I '" ~· " "'"~ <O""' I 

I 
.-----~---,- - -- ---r·------~ I Add AS byte (com-

Gate D to parallel I Complete restoration Add l to F to record plement) to ST byte 
adder, complement, I of quotient address one complete sub- (true) and gate re- I 
and gate PAL lo D. J to D. traction. suit to ST . 

I ..----1 ....... __ , __ - - - - -~...-----------. I ~ i I 
Gate LI from E(S-11) ITo place high-order I 

I 
to PA8(60-63) and JU digit in PAL(64) Yes Carry No 

•• ;. "'" .. ML r· ............... ~ "''""'"''' I 

I ~ W~)·O Y• I I 

I '" 5'A>O. ~·· : "";""~";.;..,., I I 

I 
that dividend is less I fetch not required. I I 
than 8 bytes. I (see Sheet 8). 

L 

G 

I ,=·-~·;...... ---- 1 ~·:.-:.:::.:::::. I I 

I •to-3J•'<"'-"' l ;:::..::;:;;'.:'. L __ -- --- ----- --- --- --- r----- --- --- -- -- J 
l_ _____ l---------~ Sh:t8 

H 
Diagram 5-306. Decimal Divide (Sheet 7 of 9) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

~T-;;~CE (QSOS;:;:;;-QS061) ----------] 

I ~ 

I 
Gate h!-order -r Continue to hold Objectives: T 
partial remainder I high-order partial I 
from PAL to T. ! remainder in PAL. Subtract 1 Fram quotient in 

I 
L F(4-7) to obtain correct 

dend {or partial remainder) T quatient digit. Shift divi- I 
r left 4 and insert next low-

1 

Reduce quotient I Divisor was subtracted order dividend digit into I 
digit in F(4-7) I From dividend once low-order position of ST. 

I :2~, lt[

00

0

, .. m.JQ.uotien~ I 
I through serial ~3 4 Digit 7 I 

adder and gate 
back to f. 

I I ~~:d~ I 
I Transfer low-order rs""CT)ll"artiJ JT t!Ol'Grticifj 

partial remainder Remainder Remainder I I from LSWR to S · (Not Shifted) (Shifted) 

ir0Y• f 
I SetST~Oto 
I 

select high-order 
byte in S. 

I Transfer ~digit 
of I ow-order partial 

I 
remainder from S(0-3) 
to F(4-7). 

GoteT to PAA 
(32-63) and F 
(4-7) to PAB 
(6Q-63). 

Goie PAL to T and 
reset STAT G to 
enter right digit 
sequence. 

1 

T 
I 

I 

Continue left 4 
shift initiated 
during quotient 
generation. 

Transfer high-order 
partial remainder 
from T to LSWR. 

- --, High-order digit from 
I low-order remainder 
I becomes low-order 
I digit of high-order 
Lremainder. 

.----~~L---~--~--------~ T 8 {64-67) contains 
I next low-order 

Gate low-order partial 
remainder from S to 
PAA(32-63). Gate 
8(64-67) to PAB 
{64-67\ 

Shift parallel odder 
left 4 to PAL and 
gate PAL to T. 

I dividend digit. 

L 

-r-
1 : 
I I 

Left 4 shift 
completed. 

I L T l ~-----' 
____ t.._ ____ ..1 

I 
I 
I 
I 
I 

Transfer high-order 

/ 

partial remainder 
from LSW~ to S. 

I r""s-~-~-:·i~~-ia-,'T""T--~-~m-=f·~~-ior .. I 

I 
l (Shifted) I (Shifted) 

. No Yes 
L1 = L2 

I 
L ___ H --- I ___ J 

Sheet 7 Sheet9 I 

Sheet 7 

G 

STAT 
G 
set 

Reset 
STAT H. 

I 
Transfer low-order 
partial remainder 
From LSWR to T. 

I 
Gate L2 to STC 
to select low-order 
partial remainder 
byte in T. 

Add AB byte <Per 
ABC) to T byte 
(per STC) and 
gate result to T. 

Transfer corrected 
low-order partial 
remainder from T 
to LSWR. 

I 
Gate high-order 
partial remafoder 
from PAL to T. 

I 
Transfer low-order 
portiol remainder 
from LSWR to S . 

T 

4 5 

RIGHT DIGIT SEQUENCE . --, L -------------No (QS051 and QS061) I 

1 
I 

I 
I 

I 
I 
I 
I 
I 

I 

1. 
Objectives: 

Continue to hold 
partial remainder 
in PAL. 

Store quotient byte per D address. Shift dividend 

I 
(or partial remainder) left 4. If dividend fetch is not 
required (STAT D set), proceed to generate next 
quotient byte, 

Reduce quotient 
digit in F(4-7) 
by 1 .count. 

T Divisor wos sub-
1 tracted from divi-
1 dend once too 
l often. F Quotient QuotienJ 

o Digit 3 4 Digit ~ 

Set STC per D(21-23) Set STC per D(21-23) Transfer high-order 
to designate ST byte to designate ST byte partial remainder 
for quotient transfer. for quotient transfer. from T to LSWR. r STAT D set if 

1 I 
I dividend fetch 
I is not required 

--- L (see Sheet 7). 
Transfer quotient Transfer quotient 
byte ftom F to ST byte from f to ST 
(per STC). (per STC), Yes STAT D No 

set 

T I 
Set mark trigger Set mark trigger J 

per STC and store per STC and store l 
ST per D address . ST per D address. Sheet 7 

Clear F and set 

T I STAT G to enter 
left digit sequence, 

Gate high-order l parti~I remainder 
from PAL to T. 

Remainder Remainder partial remoinder 
(Not Shifted) (Shifted) From LSWR to S. 

Reduce L1 by 1 
count and increase 
D address by 1 
count. 

i
i[ HO "."'"' JT HO ParlialJ Transfe~w-order 
I ~ I 

I ~r:.T.~~- I :;;'.:-:;..:::. · r<7l I 
byte in S. during quotient I 

I
. I L generation. t I 

Transfer first digit 

remainder from S(0-3) F l I 
of low-order partial 

to F(4-7). l I 
I 

I 
Sheet 6 Gate S to parallel T 

adder. Shift par- I I 
.----...... ---,---rHigh-order digit From allel adder left 4 I I ~::P~:~!'. 

g;~) ~n=AA I low-order remainder :: ~~L. Gate PAL I I I 
I· ~Jt~)~ PAB ::gci~:~·~i~~=~;~:; J J 

I [!emoinder. L Transfer high-order I 
I ls HO Partial1T LO Partio~ partial remainder 

GoMALH ~h:"~7 ~-~] ... ~ ••• ,. I 
I T L_ __________ l--____ :__J 

- -, To allow addition 
I of low-order divisor 
I and pcrtial remainder 
I bytes. 

Objective: 

CORRECT LOW-ORDER I 
REMAINDER BYTE 
(QS051 AND QS061) 

Add low-order divisor byte once to the 
low-order remainder (or dividend) byte 
to obtain correct data in ST. See Note 3 
on Sheet 7. 

- !Correct Tow-order 
I partial remainder 
I byte by adding 
I low-order divisor 
l byte once. 

[

S LO Partial JT HO Partial 
Remainder Remainder 
(Not Shifted) (Shifted) 

Sheet 7 

Return to left or 
right digit se
quence, asap
plicable. 

1 ~ l .,,. T 
'--- ------------------------------

Diagram 5-306. Decimal Divide (Sheet 8 of 9) 

5~306, Sh 8 (7 /70) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 8 

~
--------

CESS QUOTIENT SIGN BYTE 
(QSOSI) 

------, 

4 

,-----
1 STORE REMAINDER ROUTINE 

(QS051 AND QS061) 

5 6 

~je::. - -- -- --- I 
Transfer remainder from AB to ST and store at I 
low-order destination address; remainder sign 
must be same as that of dividend. I 

I Objective: 

I Establish sign for last byte of quotient I and store byte per D address. 

I 
I 
I .----------- - - - - - -- -----r-------. I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Set STAT E if 
dividend sign 
is invalid. 

Set ABC and 
STC per L2. 

Gate dividend 
sign byte per 
STC to serial 
adder bus B. 

Set STC per 
0(21-23). 

No (Signs Not Alike) 

Gate minus (-) 
to F(4-7). 

Quotient I 
o Digit 314 

Sign 

Transfer remainder 
from ST to AB via 
parallel adder. 

Set STAT F if 
dividend sign 
is negative . 

See Note 4. 

To test for 
dividend sign. 

To designate where 
quotient sign byte 
is to be placed. 

See Note 5. 

Yes (Signs Alike) 

7 

Gate plus (+) 
to F(4-7). 

I 
I Transfer quotient byte 

from F to ST per STC. 

I Note4: 
STC is set lo select dividend I sign byte in ST. Remaining 
high-order bytes in ST contain 
final remainder. 

I Nate 5: 

Set Mark trigger 
per STC and store 
ST per D address. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I STAT C is set if divisor is 

I negative. See Divisor 
L Left-Adjust Sequ:: (Shee~. __ _ 

,--------
_______ _J I 
________ _J 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 

Increase STC 
by 1 count. 

Increase D by 
1 to reflect 
remainder address. 

I To designate where 
I high-order remainder 
I byte is to be placed. 

'----------------

Diagram 5-306. Decimal Divide (Sheet 9 of 9) 

No 

Increase ABC and 
STC by 1 count. 
Reduce l2 by 1 
count. 

Transfer remainder 
sign byte from AB 
(per ABC) to F • 

Set ABC to 000 to 
select high-order 
remainder byte . 

Transfer AB byte 
(per ABC) to ST 
byte (per ST C) . 

Set Mark trigger 
per STC. 

Store ST per D 
address. 

Increase D by 8 
to obtain next 
storage address 
for remainder. 

Correct remainder 
sign, if neceuary. 

Yes 

Yes 

Sheet 6 

Increase ABC and 
STC by 1 count. 
Reduce l2 by 1 
count. 

Reduce STC by 1 
count lo designate 
remainder sign. byte 

Transfer remainder 
sign byte from F 
to ST and store per D. 

End op. 

ABC was set 
per l2. 

Remainder sign 
must be same 
as dividend sign. 

STC has been 
incremented 
once too often . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

___________ _J 
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2 3 4 5 6 

Diagram 5-14 · 

SS I-Fetch. 

• SS Format: 

I Op Code I LI I L2 I Bl I ~S-~_1_l _s2_I J@J 
...0 _____ 7 ...... 8 --11"",-2--15 .... 1_6 __ 1_9 .... 20 31 32 3.5 36 47 

• Op Code: 

A QT031 
1. Pack (PACK) - F2. 
2. Unpack (UNPK) - F3. 

B 

c 

D 

E 

Pack 

F 

Diagram 5-308 

Pack. 

Gate SDBO to 
AB and set ABC 
per IC(21-23). 

Diagram 5-310 

Unpack. 

No (Not Word Overlap) 

Move With Offset 

Diagram 5-312 

Move With Offset. 

Diagram 5-307. GIS for Pack, Unpack, and Move With Offset 

G 

H 

5-307 (7/70) 

Gate 1st 
operand from 
SDBO to ST. 

Add L2 to IC and 
request 2nd 
operand. Transfer 
D to STC. 

Subtract D from 
IC and shift right 
4toPAL. 

3. Move With Offset (MVO) - Fl. 

• Purpose: 
1. Pock - Convert format of 2nd operand (in storage) 

from zoned to pocked and place result into 1st 
operand location (in storage). 

2. Unpack - Convert format of 2nd operand (in storage) 
from pocked to zoned and place result into 1st 
operand location (in storage). 

3. Move with Offset - Store 2nd operand (in storage) 
to left of and adjacent to low-order 4 bits of 1st 
operand (in storage). 

• Conditions at end of I-Fetch: 
1. Main storage request for doubleword containing 

low-order byte of 1st operand (destination) hos 
been issued per D. 

2. D contains low-order byte address (contents of GPR 
addressed by 81, + Dl + Ll) of 1st operand, 

3. IC contains high-order byte address (contents of GPR 
addressed by 82, + 02) of 2nd operand. 

Yes (Word Overlap Possible) 

Subtract D from IC 
and gate result to 
PAL. 

Pack or Move 
With Offset 

Yes (Not Word Overlap) 

Pack 

Diagram 5-309 

Pack. 

Gate SDBO to 
AB and set ABC 
per IC(21-23). 

Diagram 5-311 

Unpack. 

Unpack 

Generate hot carry 
to PAA(60). 

No (Word Overlap) 

Move With Offset 

Diagram 5-313 

Move With Offset. 



A 

B 

c 

D 

E 

F 

G 

H 

AB Byte 

~ 
ciili 

ST Byte 

QSIOI 

2 

Cross-gate 
AB sign 
byte to ST. 

Set mark trig
ger per STC. 

Reduce L1, L2, 
ABC, and STC 
by I count. 

ReUore instruction 
address from LSWR 
to IC. 

Reset STAT G. 

End op. 

Yes 

No 

No 

Store ST 
per D 
address. 

Set STAT D. 

Reduce IC 
address by 8. 

3 

Diagram 5-307 

GIS. 

Yes 

Set STAT H. 

Store ST per D 
address and 
set STAT H. 

Reduce D 
address 
bys. 

Yes 

No 

Yes 

GENERAL OPS*(QS091) 

*Same end-op and source fetch 
routines ere used for Peick and 
Move with Offset instructions. 

Gate 
SDBO 
to AB. 

Diagram 5-308. Pack, Not Word Overlap Sequence 

4 

Diagram 5-309 

Word overlap 
sequence. 

Set STAT D. 

No 

Gate O's to ST 
byte per STC. 

Set mark trig
ger per STC. 

Reduce L1 and 
STC by I count. 

No 

Set mark trig
ger per STC. 

Reduce L1 and 
STC by 1 count. 

Move With 
Offset. 

Yes 

Transfer right digit 
from AB to ST • 

Yes 

Reduce L2 
and ABC. 

No 

Request 2nd oper
and per IC. 

Reduce IC 
address by 8. 

Set STAT's 
D·and G, 

Subtract D from 
IC and shift 
right 4 to PAL. 

5 

No 

,--
1 

I 
I 
I 
I 

L 

AB byte to SAB(0-7). 
SAB(4-7) to SAL. 
SAL to ST. 

Transfer left digit 
from AB to ST. 

Set mark trig
ger per STC. 

Reduce L1 , L2, 
ABC, and STC 
by l count. 

AB byte to SAS(0-7). 
SAB(0-3) to SAL 
SAL to ST. 

Transfer 

S to A. 

Word overlap 
sequence. 

6 

7201-02 FEMDM (7/70) 5-308 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Request 2nd 
operand 
per IC. 

Reduce IC ad
dress by 8. 

Restore in
struction ad
dress from 
LSWR to IC. 

Reset 
STAT G. 

End op. 

Yes 

Stare ST per 
D address. 

Reduce Dad
dress by 8. 

Trcinsfer ST 
byte to F 
per STC. 

Gate SDBO 
to AB and 
ST. 

Reset 
STAT G. 

Transfer· F to 
ST per STC. 

*Same end-op and source fetch routines 
are used for Pack and Move With Offset 
instructions. 

Yes 

Diagram 5-309. Pack, Word Overlap Sequence 

5-309 (7 /70) 

3 4 

Diagram 5-307 

GIS. 

No 

Diagram 5-308 

Set 
STAT H. 

Not word 
overlap 
sequence. 

Transfer 
S to A. 

No 

Yes 

QSIOl 

Cross-gate AB 
sign byte to ST. 

Set mark 
trigger 
per STC. 

Reduce Ll, L2, 
ABC, and STC 
by I count. 

Set 
STAT D. 

Store ST per D 
·address and 
set STAT H. 

Gate O's ta ST 
byte per STC • 

GENERAL OPS* 
(QS091) 

Store ST per 
Oaddress. 

Request destin
ation from 
storage per D 
address. 

Yes 

No 

Set mark 
trigger 
per STC. 

Gate SDBO 
to AB and 
ST. 

Set mark 
trigger 
per STC. 

Reduce Ll and 
STC by 1 coun 

Diagram 5-313 

Move With 
Offset. 

Transfer 
T to B. 

5 

ABByte~ 

STBytec±J 

,..--...a..---.- - - - - - ...-------. 

Yes 

Yes 

Transfer right 
digit from 
AB to ST. 

Reduce L2 
and ABC. 

Reduce IC 
address by 8. 

Set STAT's 
Dand G. 

Subtract D 
from IC and 
shift right 
4 to PAL. 

No 

No 

AB byte to 
SAB(0-7). 
SAB(4-7) 
to SAL. 
SAL ta ST. 

Transfer 
S to A. 

Diagram 5-308 

Not word 
overlap 
sequence. 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Diagram 5-307 

GIS. 

No 

QSl 11 

Cross-gate AB 
sign byte to ST. 

AB~ 

ST~ 
Set mark trig
ger per STC. 

Reduce L1, L2, 
ABC, and STC 
by l count. 

Clear AB and 
set STAT H. 

Transfer L2 to ABC 
(ABC is set to 7). 

Yes 

Diagram 5-311 

Word over

lap sequence. 

Store ST per 
D address. 

SetSTAT Dto 
enter source 
fetch. 

No 

Yes 

Subtract D from 
IC and shift 
right 4 to PAL. 

Request destination 
per D address. 

Reset 
STAT G. 

Yes 

Diagram 5-310. Unpack, Not Word Overlap Sequence 

Yes 

Yes 

4 

Diagram 5-311 

Word overlap 
sequence. 

No 

Clear AB and 
set STAT H. 

Trans fer L2 to ABC 
(ABC is set to 7). 

Gate zero to 
ST right digit. 
Insert zone. 

Set mark trig
ger per STC. 

Reduce L l and 
STC by 1 count. 

Yes 

Yes 

Reduce D 
address by8. 

No 

Set STAT G, 

Yes 

Store ST per 
D address. 

5 

Yes 

Request 2nd oper
and per IC • 

Reduce IC 
addressby8. 

Yes 

l _G_E_N-ERA_L_O-PS- --- ---

1 (QS091) ..-----'------. 

Transfer 
S to A. 

Gate SDBO 
to AB. 

No 

No 

Subtract D from 
IC and shift 
right 4 to PAL . 

Yes 

Transfer right 
digit from AB 
to ST • Insert 
zone. 

Set mark trig
ger per STC. 

6 

Reduce L l and 
STC by l count. 

Transfer left digit 
from AB to ST. 
Insert zone. 

-, 
Restore instruction 
address from 
LSWR to IC. 

Reset 
STAT G. 

End op. 

Diagram 5-31 l 

Word over-

I 
I 

I 
I 

I 
I 
I 

I 
lap sequence. _____ J 

7201-02 FEMDM (7/70) 5-310 



A 

B 

c 

D 

E 

F 

G 

H 

5-311 

Clear AB and 
set STAT H. 

Transfer 
l2 to ABC 
(ABC is set 
to 7). 

2 

Yes 

Reset 
STAT G. 

Diagram 5-310 

Not word 
overlap 

1

sequence. 

Tn:msfer 
T to B. 

Set mark trig-
ger per STC. 

Reduce Ll, l2, 
ABC, and STC. 

Store ST per 
D address. 

Yes 

No 

Diagram 5-307 

GIS. 

Cross-gate AB 
sign byte to ST. 

Tronsfer 
S to A. 

Set STAT D to 
enter source 
fetch. 

Yes 

Gate SDBO 
to ST. 

No 

Diagram 5-311. Unpack, Word Overlap Sequence 

(7/70) 

3 

No 

4 

ABByte~ 

ST Byte~ 

Clear AB 
and •et 
STAT H. 

Tronsfer 
l2 to ABC 
(ABC is set 
to 7). 

Gate zero to ST 
right dig!t. 
Insert zone. 

Set mark trig-
ger per STC. 

Reduce LI and 
ST C by I count 

No 

R~uce D 
address by 8 • 

Ye• 

Store ST per 
Daddress. 

No 

Yes 

No 

Yes 

Transfer 
S to A. 

5 

Set mark trig
ger per STC. 

Reduce LI and 
STC by I count. 

Request 2nd 
operand per IC • 

Reduce IC ad
dress by 8. 

,- ----.GENERAL~--- ----, 
Subtract D from IC 
and shift right 4 
to PAL. 

Request destination 
per D address , 

Not word 
overlap 
sequence. 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Restore instruction 
address from IC 
to LSWR. 

Reset 
STAT G. 

End op. 

Transfer 
T to 8. 

Yes 

(QS091) 

Transfer 
StoA. 

No 

No 

.---------..... I 
Subtract D from For subsequent 
IC and shift word overlap 
right 4 to PAL • branch. I 

Diagram 5-310 

Not word 
overlap 
sequence .. 

Yes 

No 

Gate SDBO to 
AB and ST. 

I 
I 
I 
I 
I 

L ____ . -------

I 
I 
I 
I 
I 

_J 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

QSl21 QSl2J 

Gate ST digit in 
(4-7) to SAL(4-7). 

Shift AB digit in 
(4-7) left 4 to 
SAL(0-3). 

Restore instruc-

Store ST per 
D address. 

Shift AB digit ill 
(0-3) right 4 to 
SAL(4-7). Gate 
O's to SAL(0-3). 

Gate SAL to ST, 
Reduce L2 and 
ABC by I count, 

t ion address from 
LSWR to IC. 

End op . 

Yes 

No 

No 

Gate SAL to 
ST per STC. 

Set mark trigger 
per STC. Reduce 
LI and STC by 
1 count. 

Reduce D 
address by 8 . 

GENERAL OPS* 
(QS091) 

No 

*Same end-op and source fetch routines 
ore used for Move With Offset and Pack 
instructions. 

Gate SDBO 
to AB. 

No 

Diagram 5-312. Move With Offset, Not Word Overlap Sequence 

Diagram 5-307 

No 

GIS. 

ST Byte 

Set STAT H. 
Set mark trig
ger per STC. 

Reduce LI and 
STC by I count • 

Gate O's to ST 
byte per STC. 

Set mark trigger 
per STC. Reduce 
Ll and STC • 

Yes 

4 

Yes 

Diagram 5-313 

Word over
lap sequence. 

AB Byte 

Shift AB digit in 
(0-3) right 4 to 
SAL(4-7). Gate 
O's to SAL(0-3). 

Gate SAL to ST, 
Reduce L2 and 
ABC by I count. 

No 

Request 2nd oper
and per IC. 

Reduce IC 
address by 8. 

......... _____ _ J 

Yes 

Diagram 5-308 

Pack 
instruction, 

Subtract D from 
IC and shift 
right 4 to PAL. 

5 

Yes 

Transfer 
S to A. 

Word over
lap sequence • 

6 

7201-02 FEMDM (7/70) 5-312 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 

Diagram 5-307 

GIS. 

No Yes 

QSl21 QSl21 

Yes 

Restore i nstruc
tion address 
fram LSWR to IC. 

End op. 

Diagram 5-312 

Not word over
lap sequence. 

Transfer 
S to A. 

Store ST per 
D address. 

Reduce D 
address by 8. 

Shift AB digit in (0-3) 
right 4 to SAL(4-7). 
Gate O's to SAL(0-3). 

Gate SAL to ST. 
Reduce L2 and 
ABC by 1 count. 

Yes 

SetSTATH. Set 
mark trigger per STC. 

Reduce L1 and 
STC by 1 count. 

Gate O's to ST 
byte per STC. 

Set mark trigger 
per STC. Reduce 
L1 and STC •. 

GENERAL OPS* 
(QS091) 

*Same end-op and source fetch routines 
ore used for Move With Offset and Pack 
instructions. 

Transfer 
T to 8. 

No 

Diagram 5-313. Move With Offset, Word Overlap Sequence 

5-313 (7/70) 

Yes 

Gate ST digit 
in (4-7) to 
SAL(4-7). 

Yes 

Shift AB digit 
i'n (4-7) left 4 
to SAL(0-3). 

Gate SAL to 
ST per STC. 

Set mark trigger 
per STC. Reduce 
L1 and STC by 
1 count, 

Transfer T to B. 
Reduce L2 and 
ABC. 

No 

Yes 

No 

Shift AB digit in (0-3) 
right 4 to SAL(4-7). 
Gate O's to SAL(0-3). 

Gate SAL to 
ST per STC. 

No 

Yes 

Diagram 5-309 

Pack 
instruction 

Request 2nd 
operand per IC. 

Reduce IC 
address by 8. 

Subtract D fram 
IC and shift 
right 4 to PAL. 

No 

0 

ST Byte 

ST Bytes 

AB2 ABI STI 

Transfer 
S to A. 

Yes 

Trander 
S to A. 

Not word over
lap sequence • 

6 

AB Byte 

AB Byte 



2 3 

Diagram 5-14 

SS I-Fetch 

(All other SS 

A No Logical Instructions) 

Transfer IC to 
PAB(40-63). 

Transfer complement 
of D to PAA(40-63) 
and aqd hot 7. 

-----
Shift sum right 4. Word overlap 

if PAL(40-64) = 0. 

Gate SDB0(0-63) 

B to ST. 

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

Transfer 0(21-23) 
to STC. 

Transfer IC ta 
PAB(40-63). 

Transfer D ta 

c PAA(40-63) 
and complement. 

------
Shift sum right 4. Byte overlap 

if PAL(40-64) =O. 

Transfer IC to ABC. 

-----
Enable I-Fetch · Tests validity 
invalid address of 2nd operand 
test circuits. address in IC. 

Set appropriate Inhibited when Edit or 

D interruption code (5 or 6) Edit and Mark 

and 'program interrupt' instruction is being 

latch if 2nd operand performed. 

address is invalid, 

Branch on MVC 
instruction, 
ward overlap, 
byte aver I op. 

MVC Na No Yes 
Word Overlap No Yes Yes 
Byte Overlap Yes Na 

E Gate SOSO Gate SDBO 
to AB. to AB. 

Branch to execution Branch to execution 

sequence per E(4-7). sequence per E(2-7). 

F Diagram 5-401. GIS for Logical Instructions 

G 

H 

4 

Yes 

Gate SDB0(0-63) to 
AB and ST. 

Transfer 0(21-23) 
to STC. 

Transfer first byte of 
1st operand to F 
vi a seria I adder. 

Transfer 011 to STC. 

Branch to execution 
sequence per E(4-7). 

Yes 
No 

QPOOl 

Continue with 
execution sequence. 

5 6 

High speed move. 

7201-02 FEMDM (7/70) 5-401 



A 

B 

c 

D 

E 

F 

G 

H 

2 

92 12 81 

7 8 15 16 19 20 

Store immediate operand 
(in E) into destination 
per 1st operand address. 

A. Move, MVI (92) 

3 

01 

31 

.__ __ 02 __ __. __ ___,.LL __ _...._·_s1_._ILS~.o-1.l_s_2-LJIJ~ 
7 8 15 16 19 20 31 32 35 36 47 

Fetch LL number of bytes from 
source per 2nd operand add~ess. 

Store into destination per 
1st operand address. 

B. Move, MVC (02) 

Diagram 5-402. Logical Move Instructions 

15 Rl 

11 12 

·Fetch 1st operand 
from GPR per Rl. 

R2 

15 

Fetch 2nd operand· 
from GPR per R2. 

Compare 1st operand with 2nd operand. 

Equal 1st Is High 

Set CC to 0. Set CC to 1. Set CC to 2. 

A. Compare Logical, CLR (15) 

55 R1 X2 82 02 

II 12 15 16 19 20 

Fetch 1st operand 
from GPR per R 1 • 

Fetch 2nd operand 
from main storage. 

Compare 1st operand with 2nd operand. 

Equal 1st Is High 

Set CC to O. Set CC to 1. Set CC to 2. 

B. Compare Logical, CL (55) 

Diagram 5-403. Logical Compare Instructions 

31 

5-402; 5-403 (7 /70) 

• ·s1 format. 

• Purpose: Place immediate 
operand (12 of instruction) 
into 1st operond location 
(in storage). 

• SS format. 

• Purpose: Place 2nd operand 
·(in storage) into 1st 
operand location 
(in storage). 

• RR format. 

• Purpose: Binarily compare 
1st operand (in GPR, per 
Rl) with 2nd operand (in 
GPR, per ~2) and set CC 
accofding to result. 

• RX format. 

• Purpose: Binarily compare 
1st operand (in GPR, per 
Rl) with 2nd operand On 
sterage) and set CC 
according to result. 

4 5 

.__ __ 0_1 ------L~L _____ s_1~~~-01~j __ s2__,_,IJ~ 
7 8 15 16 19 20 31 32 35 36 47 

Fetch LL number of bytes from 
source per 2nd operand address. 

Extract numerics. 

Store .numerics into destination 
per 1st operand address. 

C. Move Numerics, MVN (Dl) 

D3 LL Bl s 01 I 82 I J~ 
7 8 15 16 19 20 31 32 35 36 47 

Fetch LL number of bytes from 
source per 2nd operand address. 

Extract zones. 

Store zones into destination 
per I st operand address. 

0. Move Zones, MVZ (03) 

95 

78 

Obtain immediate 
operand from.E. 

12 Bl 

15 16 19 20 

01 

Fetch 1st operand 
from main storage. 

Compare 1st operand with 2nd operand~ 

Equal 1st Is High 

Set CC to O. Set CC to 1. Set CC to 2. 

C. Compare Logical, CLI (95) 

31 

1 05 1 LL 1 81 m Dl 1 82 H~ 
~o-----------1·a-----------15•1-6----19•20J 1,___3~1~32--.....,,35~» 47 

Fetch 1st operand 
from main storage. 

Fetch 2nd operand 
from main storage. 

Compare 1st operand with 2nd operand. 

Equal 1st Is High 

Set CC too:. Set CC to 1. Set CC to 2. 

0. Compare Logical, CLC (05) 

6 

• SS format. 

• Purpose: Place numeric 
portion (low-o;der 4 bits) 
of each byte of 2nd operand 
(in storage) into low-order 
4 bits of corresponding byte 
of 1st operand (in storage). 

• SS format . 

• Purpose: Place zone portion 
(high-order 4 bits) of each 
byte of 2nd operond (in 
storage) into high-order 
4 bits of corresponding byte 
of 1st operand (in storage). 

• SI format. 

• Purpose: Binarily compare 
1st operand (in storage) with 
immediate operand (12 of 
instruction) and set CC 
according to result. 

• SS format • 

• Purpose: Binarily compare 
1st operand (in storage) with 
2nd operand On storage) and 
set CC according to result. 



A 

B 

2 

14 RI 

11 12 

Fetch I st operand 
from GPR per RI. 

R2 

15 

AND. 

Fetch 2nd operand 
from GPR per R2. 

Store result into GPR 
per RI and set CC. 

A. AND, NR (14) 

54 RI X2 82 D2 

1112 1516 1920 

Fetch 1st operand 
from GPR per Rl. 

AND. 

Fetch 2nd operand 
from main storage. 

C Store result into GPR 
per RI and set CC. 

3 

31 

• RR format. 

• Purpose: AND 1st operand 
(in GPR, per RI) with 2nd 
operand (in GPR, per R2) 
and place result into 1st 
operand location. 

• RX format • 

• Purpose: AND 1st operand 
{in GPR, per Rl) with 2nd 
operand (in storage) and 
place result.into 1st operand 
location. 

4 

94 

78 

Obtain immediate 
operand from E. 

12 

5 

81 
15 16 

AND. 

19 20 

Dl 

Fetch 1st operand 
from main storage. 

Store result into main storage per 
1st operand address and set CC. 

·c. AND, NI {94) 

;n 

D4 LL I 81 I ~S_D_1 1_8_2 --' H~ 
7 B 

Fetch 1st operand 
from main storage. 

15 16 19 20 31 32 35 36 47 

AND. 

Fetch 2nd operand 
from main storage. 

Store result into main storage per 

6 

• SI format. 

• Purpose: AND immediate 
operand (12 of instruction) 
with 1st operand (in storage) 
and place result into 1st 
operand location. 

• SS format • 

• Purpose: AND 1st operand 
(in storage) with 2nd 
operand (in storage) and 
place result into 1st 
operand location. 

B. AND, N (54) 1st operand address and set CC. 

D 

E 

F 

G 

H 

Diagram 5-404. Logical AND Instructions 

16 R1 R2 

11 12 15 

Fetch 1st operand 
from GPR per R1. 

Fetch 2nd operand 

A. OR, OR (16) 

56 

from GPR per R2. 

OR. 

Store result into GPR 
per R1 and set CC. 

R1 X2 82 

11 12 IS 16 19 20 

02 

Fetch 1st operand 
from GPR per R1. 

Fetch 2nd operand 
from main storage • 

B. OR, 0 (56) 

OR. 

Store result into GPR 
per R1 and set CC. 

'Diagram 5-405. Logical OR Instructions 

31° 

• RR format. 

• Purpose: OR 1st operand 

/"' (in GPR, per Rl) with 2nd 
operand (in GPR, per R2) 
and place result into 1st 
operand location. 

• RX format. 

• Purpose: OR 1st operand 
(in GPR, per R1) with 2nd 
operand (in storage) and 
place result into 1st 
operand location. 

D. AND, NC (D4) 

96 !2 Bl Dl 

7 8 15 16 19 20 

Obtain immediate Fetch 1st operand 
operand from E. from main storage. 

OR. 

Store result into main storage per 
1st operand address and set CC. 

C. OR, 01 {96) 

31 

...___D6 ____ L_L __ l _8_1 .... l ~.S ... _D1 ..... l _8_2 ~I ~G 
78 

Fetch 1st operand 
from main storage. 

15 16 19 20 3132 3536 47 

OR. 

Fetch 2nd operand 
from main storage. 

Stare result into main storage per 
1st operand address and set CC. 

D. OR, OC (D6) 

• SI format • 

• Purpose: OR immediate 
operand (12 of instruction) 
with 1st operand (in storage) 
and place result into 1st 
operand location. 

• SS format. 

• Purpose: OR 1st operand 
(in storage} with 2nd 
operand (in storage) and 
place result into 1st 
operand location. 

7201-02 FEMDM (7/70) 5-404, 5-405 



A 

B 

c 

D 

E 

F 

2 

17 Rl R2 

11 12 15 

Fetch 1st pperand 
from GPR per Rl. 

Fetch 2nd operand 
from G PR per R2. 

Exclusive OR. 

Store result into GPR per 
Rl and set CC. 

A. Exclusive-OR, XR (17) 

57 Rl X2 B2 

11 12 15 16 19 20 

02 

3 

Fetch 1st operand 
from GPR per Rl. 

Fetch 2nd operand 
from main storage. 

Exclusive OR. 

Store result into GPR per 
Rl and set CC. 

B. Exel usive-OR, X (57) 

Diagram 5-406. Logical Exclusive-OR instructions 

91 12 Bl 01 

78 15 16 19 20 

Obtain. immediate 
operond from E 
and use as mask. 

Fetch 1st operand 
from main storage. 

Select bits of 1st operand 
only when mask bits are 1 's. 

Set CC. 

Diagram 5-407. Test Under Mask, TM (91) 

43 

7-8 

Rl I X2 I 82 02 
II 12 15 16 19 20 

Fetch doubleword (containing 8-bit 
character) from main storage. 

Insert character into bits 
24-31 of GPR per RI. 

A. Insert Character, IC (43) 

31 

31 

31 

• RR format. 

• Purpose: Exclusive-OR 1st 
operand (in GPR, per Rt) 
with 2nd operand (in GPR, 
per R2) and place result into 
lst operand location. 

• RX format. 

• Purpose: Exclusive-OR 1st 
operand (in GPR, per Rt) 
with 2nd operand (in storage) 
and place result into lst 
operand location. 

• SI format. 

• Purpose: Set CC according 
to state. of 1st operand bits 
(in storage) selected by 
mask bits (12 of instruction). 

• RX format • 

• Purpose: Insert 2nd operand 
(byte; in storage) into bits 
24-31 of 1st operand 
location (in GPR, per Rl). 

Diagram 5-408. I~sert Character, IC (43); Store Character, STC (42) 

G 

41 I RI 
7 8 

I X2 I B2 I 02 
11 12 15 16 19 20 

Insert 2nd operand address into 
bits 8-31 of GPR per RI • 

Diagram 5-409. Load Address, LA (41) 

H 

5-406-5-409 (7 /70) 

I • RX format • 
31 

• Purpose: Insert 2nd operand 
address into bits 8-31 of 
GPR specified by RI. 

4 5 

97 12 Bl 01 

7 8 15 16 19 20 

Obtain immediate 
operand from E. 

Fetch 1st operand 
from main storage. 

Exclusive OR. 

Store result into main storage per 
1st operand address and set CC. 

C. Exclusive-OR, XI (97) 

07 LL 

31 

6 

• SI format. 

• Purpose: Exclusive-OR . 
immediate operand (12 of 
instruction) with 1st operand 
(in storage) and place result 
into 1st operand location. 

I . 8t I ~s 01 I 
15 16 19 20 31 32 

B2 I J[§J 
3536 .., .• 71 

SS format. 

Fetch 1st operand 
from main storage. 

Exclusive OR. 

Fetch 2nd operand 
from main storage. 

Store result into main storage per 
1st operand address and set CC. 

D. Exclusive-OR, XC (07) 

42 RI X2 B2 
78 II 12 15 16 19 20 

Fetch character from bits 
24-31 of GPR per RI. 

Stare character into main storage 
per 2nd operand address. 

B. Store Character, STC (42) 

02 

31 

• Purpose: Exclusive-OR 1st 
operand (in storage) with 
2nd operand (in storage) and 
place result into 1st 1?P9rond 
location. 

• RX format. 

• Purpose: Store bits 24-31 of 
1st operand (in GPR, per RI) 
into 2nd operand location 
(in storage) • 



A 

B 

c 

D 

E 

F 

G 

H 

DC 

2 

7 8 

3 

LL Bl J ~ ~-0__.1 J_s_2 _._.I ~ [§] 
15 16 19 20 31 32 35 36 47 

Fetch doubleword (containing 1st 
argument byte) from main storage 
per 1st operand address. 

Select argument byte. 

Add argument byte to base 
address of function byte 
(2nd operand address). 

Fetch function byte per 
result address. 

Store function byte into 
argument byte location. 

Na Yes 

Translate next 
argument byte. 

End op. 

A. Translate, TR (DC) 

• SS format. 

• Purpose: Add 1st operand 
byte (argument; in storage) 
to 2nd operand address, use 
result as storage address, and 
place function byte from 
resulting storage address 
into corresponding I st 
operand byte I ocation. 

Diagram 5-410. Translate, TR (DC); T!anslate and Test, TRT (DD) 

4 5 

..__o_o _______ LL ____ s_1~m.._o....,..1..,_I _s2--*JI J[§J 
7 8 15 16 19 20 31 32 35 36 47 

Fetch doubleword (containing 1st 
argument byte) from main storage 
per 1st operand address. 

Yes 

T ronslate next 
argument byte. 

Select argument byte. 

Add argument byte ta base 
address of function byte 
(2nd operand address). 

Fetch function byte per 
result address. 

6 

• SS format • 

• Purpose: Add 1st operand 
byte (argument; in storage) 
to 2nd operand address. 
use result as storage address, 
end test function byte from 
resulting storage address. 
If zero, translate and test 
next argument byte; if 
nonzero, complete operation 
by inserting related argument 
address into GPR1 and 
function byte into GPR2. 

Store address of argument 
byte into GPR1. 

End op; set CC. 

B. Translate and Test, TRT (DD} 

7201-02 FEMDM (7/70) 5-410 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Reset 'right digit' 
trigger and 
increase ABC 
by 1. 

Reset 'S' trigger 
if source sign 
is plus(+). 

zane. 

Digit Select (20) or 
Significant Start (21) 

Examine source 
digit and gate 
AB byte to SAB 

Store D 
contents into 
GP!!.1. 

3 

Appropriate interruption code 
(5 or 6) and 'program interrupt' 
latch are set now if 2nd 
operand address is invalid. 

Set 'right digit' 
trigger to 
examine right 
digit. 

Yes 

digit to ST 
and insert 
zone. 

Set mark 
trigger per 
STC. Reduce 
LL by 1. 

Address of 
last result 
byte in ST. 

Diagram 5-411. Edit, ED (DE); Edit an.d Mark, EDMK (DF) 

5-411 (7 /70) 

Diagram 5-401 

Logical GIS. 

Store 1st 
pattern char
acter (fill) 
into F. 

QP041 

Gate pattern 
character 
to SBB. 

Set 'S' trigger 
and STAT A. 

4 

Set i~terruption 
code 7 and 
'program 
interrupt' latch. 

Set CCond 
take end op. 

Yes 

Yes 

Store ST 
per D address. 

l CC setting: 1 if 

5 6 

• SS format: 

• 

• 

.... I _o_p_cod_e_t_,_l __ LL _ _._I _B1~I ~S 01 I 82 I JG 
0 7 8 15 16 19 20 31 » 35 36 '7 

f DE for Edit 
OF for Edit and Mark 

Purpose: 

I. Edit: ciiange format of source (2nd operand; in storage) from 
packed to zoned, edit source under control of pattern {1st 
operand; in storage), and place result into 1st operand location 

2. Edit and Mark: same as Edit, but, in addition, place 
location of each 1st significant digit into GPRl. 

Conditions at end of GIS: 

1. Pattern {destination operand) is in ST. 
2. Pattern address is in D. 
3 .,1 Source address (contents of GPR per 82, + 02) is in IC. 
4. 1st 16 bits of instruction are in E. 

Field 
Separator (22) 

Reset 'S' 
. trigger and 
STAT A. 

Insert fill 
character into 
ST. Set mark 
trigger per STC. 

Increase STC 
and D by 1. 
Reduce LL 
by 1. 

Other 
Character 

No 

Yes 

Leave pattern 
character in 
ST. Set mark 
trigger per STC. 

Na 

Yes No 

I STAT A and 'S' trigger 
I set; 2. if STAT A 
I set and 'S' trigger 
1 reset. 

Fetch new 
pattern to 
ST. 

Yes 

increase IC by 8 
and fetch new 
source to AB. 



2 3 4 5 6 

89 R1 82 02 
RS format • 88 Rl 82 02 • • RS format • 78 II 12 19 20 31 78 19 20 31 

• Purpose: Shift 1st operand • Purpose: Shift 1st operand 
Fetch 1st operand from (in GPR, per Rl) left Fetch 1st operand from (in GPR, per Rl) right 
GPR per R1. number of bit positions GPR per Rl. number of bit positions 

A 
specified by low-order specified by low-order 6 
6 bits of 2nd operand bits of 2nd operand address. 
address. 

Shift 1st operand left number Shift 1st operand right number 
of bit positions specified by of bit posit i ans speci fled by 
low-order 6 bits of 2nd low-order 6 bits of 2nd 
operand address. operand address. 

Store result into GPR per R1. Store result into GPR per R1. 

A. Shift Left Single, SLL (89) c. Shift Right Single, SRL (88) 

B 

BD R1 82 02 SC Rl 82 02 
• RS format. • RS format: 

7 8 II 12 15 16 19 20 31 78 II 12 15 16 19 20 31 

• Purpose: Shift 1st operand • Purpose: Shift 1st operand 
Fetch 1st operand from GPR (in GPR, per Rl and Rl + 1) Fetch 1st operand from GPR (in GPR, per Rl and Rl +I) 
per Rl and Rl + 1. left number of bit positions per R1 and R1 + 1. right number of bit positions 

specified by I ow-order 6 specified by low-order 6 
bits of 2nd operand address. bits of 2nd operand address. 

Shift 64-bit 1st operand Shift 64-bit 1st operand 
left number of bit positions right number of bit positions 
specified by low-order 6 specified by low-order 6 • 
bits of 2nd operand address. bits of 2nd operand address. 

c 
Store result into GPR per Store result into GPR per 
R1 and R1 + 1. Rl and R1 + 1. 

B • Shift Left Double, SLDL (SD) O. Shift Right Double, SRDL (SC) 

... Diagram 5-412. Logical Shift Instructions 

D 

E 

F 

G 

H 

7201-02 FEMDM (7/70) 5-412 



A 

B 

c 

D 

2 

Update JC and place 
value into IC and D, 
refill Q, and transfer 
First halfword of Q to R. 

No 
(Unsuccessful) 
Branch) 

(Correct 
Halfword 
in R). 

Update IC and place 
value into IC and D, 
and refill Q. 

._ _______ __. __ -- - -

Update IC (subtract 8) 
ta obtain correct IC 
value. 

No 

3 

Diagram 5-6 

RR I-Fetch. 

Yes 

Yes (Successful Branch) 

IF yes, next instructian to be 
executed is located in last 
halfword of doubleword from main 
storage that canto ins branch 
instruction. If IC(21,22)=00, next 
instruction to be executed is to come 
from 1st halfword oF daubleword 
requested during I-Fetch. 

Doto gated into Q was requested during 
I-Fetch of branch instru~tion. 

Branch instruction was subject of on 
Execute instruction and present IC value 
is incorrect because IC was increased 
by 8 during this instruction. Next 
instruction format is decoded from R. 

Diagram 5-501. Branch On Condition, BCR (07); BC (47) (Sheet 1of2) 

E 

F 

G 

H 

5-501, Sh 1 (7 /70) 

4 5 

Diagram 5-9 

RX I-Fetch. 

No 

6 

RR format: BCR 

I 07 I Ml I R2 I 
7 I 11 12 IS 

• Purpose: Branch to location specified by GPR 
(addressed by R2) if state of CC is as specified by Ml. 

. RX format: BC 

I 47 I Ml I X2 I 82 I 02. 
0 71 11 12 15 16 19 20 

• Purpose: Branch to location specified by 2nd operand 
address if state of CC is as specified by Ml, 

No (Unsuccessful Branch) 

Update IC to fetch 
next doubleword. 

....------------- - - - - - - - - -

Normal end op. 

Issue 3-cycl e 
storage request, refill Q, 
transfer Q ta R per 
0(21,22) update 
IC, and refill Q, 

Branch 'end op, 

f Condition Met: 

Branch Successf.l(I = [(BC) • (O)] + [(BCR) • 
(Q) • (R2;IO)J 

Bran,s:h Unsuccessful= [CBC) •(not n>J + 
L(BCR) • (not Q) • (R2 ;10)] 

Q = [(EOS) • (not PSW 34) • (not PSW 35)) + 
[(E09) • (not PSW 34) • (PSW 35)] + 
[(ElO) • (PSW 34) •(not PSW 35)] + 
((E) l) • (PSW 34) • (PSW 35)] 

If no, next instruction to be executed 
is contained in 1st, 2nd, or 3rd 
halfword of Q when Q is refilled. 

Data gated into Q was 
requested during I-Fetch 
aF the branch instruction. 

Q is refilled with data requested 
during I-Fetch of the branch-to 
instruction. Second Q refill is 
with data requested during execution 
of the branch instruction. 

I 
31 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 5 6 

RR format: BCR 

Diagram 5-6 Diagram 5-9 I 07 I Ml I R2 I 

No 
IC(21,22)=00 

RR I-Fetch. 

r----------------------
1 Objective: QE04l 

-------, 
I Determine if branch is successful. ,--~--S-et-1in-'s'-tr-uc-t-io_n __ 

I I storage fetch' 
f J trigger. 

I I 
I ~ - - -----'---~ 
I ;~-;n~~l~~n0~a~::s:~;~e::~:;!~g=~~s set 

I 
I 
I 
I 

storage request has been given per IC. 
'Branch invalid oddress' trigger is 
set if invalid address and storage 
request has been given per D . 

Set 'I-Fetch in vol id 
address' trigger or 
'branch invalid 
address' trigger. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L--------~--------------
_____ J 

Yes No 

No (Unsuccessful Branch) 

Yes 
(Correct Holfword in R) 

Yes (Successfu I Branch) 

r----- ~--------------------, 
Objectives: 

.----------T"""-.., 
Transfer IC to 
PAB(40-63). 

I 1 • Update IC . 
I 2. Refill Q. 

I ---------_..._ _____________ _ 
Add 8 to PAB and 
transfer result 
to IC and D. 

Reset 'branch invalid 
address' trigger if set. 

Gate SDBO 
(0-63) to Q. 

Updates IC to fetch 
next doubleword. 

New doubleword of 
inst~uction to Q. 
See Diagram 5-4. 

L ______ ---------------------_J 

r----- ----------------------, 
Objectives: 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-------...--..., I 
Transfer IC to I 1. Update IC. 
PAB{40-63). I 2. Refill Q and R. 

I 
.------"'---...--.l.--.--------------~ 

Add 8 to PAS and 
transfer result to 
IC and D. 

Updates IC to fetch 
next doubleword. 

I 
I 
I 
I 
I 
I 

Reset 'branch invalid 
r-------------_J 

address 1 trigger if set. 

Gate SBDO 
(0-63) ta Q. 

Transfer Q 
(0-15) to R. 

I 
I 
I 
I 
I 
I 

Yes 

L ____ _ 

I 
I 
I _ ____ _J 

Yes 
(Decoder,--- -----Ob~t°i:e~---- I 
off R) 

Update IC to al low for 
ASC refetch. 

....----'----''----. 
Transfer IC to 
PAS( 40-63) . 

Subtract 8 from 
PAB and transfer 
result ta IC. 

Reset 'I-Fetch invalid 
address' trigger. 

_________ _J 

Diagram 5-501. Branch On Condition, BCR (07); BC (47) (Sheet 2 of 2) 

0 78 1112 IS 

RX I-Fetch. 
Purpose: Branch ta location specified by GPR (addressed 
by R2) if state of CC is as ~pecified by Ml. 

Conditions at start of execution: 
1. Branch address is in D. 
2. 3-cycle storage request· for branch-to instruction 

has been issued per D, if branch is successful. 
3, Instruction is in E. 

If branch is unsuccessful, 3-cycle storage request 
ta refi 11 Q wi II be issued per IC, if required. 

RX format: BC 

47 X2 I B2 I 
78 1112 1.5 16 19 20 

D2 

Purpose: Branch to location specified by 2nd operand 
address if state of CC is as specified by Ml. 

Conditions at start of execution. 
1. Branch address is in D. 
2. 3-cycle storage request for branch-to instruction 

has been issued per D if branch is successful. 
3. 1st 16 bits of instruction are in E. 

• If branch is unsuccessful, 3-cycle storage request 
ta refill Q will be issued per IC if required. 

Yes (Successful Branch) 

31 

No (Unsuccessful Branch} 

End· op. 

r--- ------------------1 
Reset 'address store 
compare' and 'execute 1 

triggers. 

Transfer D ta 
PAA(40-63). 

--1 
I 
I 
I 

Objective: 

Update JC. 

,..... ___ ..._ ___ ~ _ _. __________ _ 
Add 8 ta PAA and 
transfer resu It to 
IC. 

Updates D to fetch 
next doubleword. 

___________________ _J 

Yes No 

r----- ---------------r-----Objectives: I Objective: 
------, 

1. Issue 3-cycl e storage request. 
2. RefiJIOandR. 

I Refill Q and R. 
I 

3. Update IC. 
4. Refill Q. 

Issue storage 
request per IC. 

Gate SDB0(0-63) 
toO. 

Request next 
doubleward. 

I 
I 
I 
I 
I 

r---------_J 
I 
I 

.---Tr-cn-sf ..... er_O_t_a_R -,---,------- ---..,..--

per D(21,22). I 1 

Reset 'I-Fetch invalid 
address' trigger. 

I 
I 
I 
I 
I 

Places branch-to 
instructi"an into R. 

Gate SDB0(0-63) 
to Q. 

Transfer Q to R 
per D(21,22). 

Reset 'I-Fetch invalid 
address' trigger. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'
I 
I 
I 
I 
I 
I 
I 
I 

Transfer IC to 
PAB(40-63). 

L---------------- _____ _J 

Add 8 to PAB and 
transfer result 
to IC. 

1 
I 
I 
I 
I 
I 
I 

Branch end op. 

L---------------1 
.-----------.-- - - -....------------------..., I 

I 
I 

Gate SDB0(0-63) 
toQ. 

Daubleword requested during 
execution of branch instruction. 

I L ___ _ 
---------------------~ 

7201-02 FEMDM (7 /70) 5-,501, Sh 2 



A 

B 

c 

D 

E 

F 

G 

H 

2 

No 

3 

Diagram 5-6 

RR I-Fetch. 

Determine address af 
instruction (link address) 
following BALR 
instruction. 

Yes (Q-Refill Required) 

Yes (R2;o<O) 

,_ ___ ...... ____ T"" __ - -- --__,.... 
Stare link date 
into LS. 

Normal end op. 

Stare link date into LS 
ond obtain next 
sequential doubleword 
per the IC. · 

Update IC. 

Determine value of 
IC(21,22): 
If equal"to 11, gate 
SDBO to Q. If not 
equal to 11, gate 
SDBO to Q and 
first halfword to R. 

I 

Next instruction to be executed 
is the instruction that 
sequentially fol lows the 
BALR instruction. 

If the 'execute' trigger is 
set, the link address will 
be the address that fallows 
the Execute instruction. 

Allows selection cf next 
sequential doubleword 
after the one just requested. 

Diagram 5-502. Branch and Link, BALR (05) (Sheet 1 of 2) 

5-502, Sh 1 (7 /70) 

4 5 

RR formal 

05 I RI I R2 I 
1 8 11 12 15 

Purpose: Store PSW(32-63), link information, 
into GPR (addressed by Rl) and branch to 
location specified by GPR (addressed by R2). 

• Link information stored per R 1: 

Store link data into 
LS, add 8 to D and 
gate SDBO ta Q, 
transfer D to IC, and 
generate 3-cycl e 
storage request per IC. 

Refill Q with a new 
doubleword to allow 
continous operation. 
Update the IC. 

l~H=I ""''-
0 1 2 3 4 1 8 

Store link data into 
LS, gate SDBO to 
Q, ond update 
IC for next 
sequential doubleword 
from storage. 

Branch end op. 

31 

Date gated into Q is the 
doubleword requested during 
I-Fetch per the 3-cycle 
D request. The 3-cycl e IC 
request selects the next 
sequential doubleword. 

SDBO contains the 
branch-to instruction 
(requested during I-Fetch 
of the branch instruction). 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 

r-----

3 4 

Diagram 5-6 

RR I-Fetch. 

r------------------------- ------., 
Objective: 

Determine address to be 
stored as Ii nk address. 

Transfer IC to 
PAB(40-63). 

Subtract 16 from 
PAB(40-63). 

Transfer PAL to T. 

Yes 

Set 1 instruction 
storage fetch' 
trigger. 

No 

QE031 

Yes 

Transfer IC to 
PAB(40-63). 

Subtract 8 from 
PAB( 40-63). 

Transfer PAL to T. 

L------------- ----------------~ 

No (R2/0) 

Yes 

-------------------. 
Objectives: 

5 

RR format: 

05 I Rl I R2 I 
7 8 11 12 15 

Purpose: Store PSW(32-63), I ink information, into GPR 
(addressed by Rl) and branch to location specified by 
GPR (addressed by R2). 

Conditions at start of execution: 
1. 2nd operand is in A, B, and D. 
2. 3-cycle storage request has been 

issued per D for branch-to instruction. 
3. Instruction is in E. 

No 

Yes (Q-Refill Required) 
1. Store link data into LS. 
2. Refill Q. r----- -------------------. 

Objectives: 
T ronsfer PSW(32-39) 
to T(32-39). 

Gate SDB0(0-63) 
to Q. 

Transfer Q to R 
per D(21,22). 

3. Update IC. 
4. Generate 3-cycle storage 

request. 

Gates branch-
to instruction to Q. 

....------'----------,---..----------. 
Trans fer D ta I I Updates IC for 
PAA(40-63). I I next sequential 

I doubleword. 
____ _.. ____ '9"' __ .J 

Transfer PSW(32-39} 
to T(32-39}. 

Transfer T to G PR 
per E(S-11). 

QE041 

Issue 3-cycl e storage 
request per IC • 

Set 1 instruction 
storage fetch' trigger. 

1. Store link data into LS. 
2. Obtain next sequential doubleword. 

Places link information 
into LS. 

6 

Add 8 to PAA and 
transfer result to IC. Set 'I-Fetch invalid 

r--------------1-
1 Objective: 

-------, 

Issue 3-cycle storage 

re~uest per IC. 

Set 'I-Fetch invalid 
address' trigger. 

Places link 
information into LS. 

address' trigger if 
invalid address. 

Reset 'branch invalid 
address' trigger if set. 

I 
I 
I 
I 
I 
I 

-----~ I 

Store link data into LS. 

Places link information 
into LS. 

Transfer PSW( 32-39) 
to T( 32-39) . 

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

I 
I 
I 
I 
I 
I 
I 
I 
I 

r---------L--------------1 L--------------- _____ _J 

Reset 'I-Fetch invalid 
address' trigger. 

I 

I 
I 
I ____ _.. ___ ___, __ __J 

Transfer T to G PR 
per E(B-11 ) . 

I Objectives: 
I I 
I 1 . Store link data into LS. Transfer PSW(32-39) f 

I 
2. Refill Q. to T(32-39). I 
3. Update IC. 

I I 
I Gates branch-to Gate SDB0(0:-63) I 
I instruction to Q. to Q. I 

Yes 

No 
Reset '1-Fetah invalid 
address' trigger. 

r---- ------1 I 

I QE041 r-----------------------, 
Objectives: 

f Transfer IC to 
I PAB(40-63). 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Add 8 to PAB and 
transfer result to IC. 

Reset 1address store 
compare' ond 
'execute' triggers. 

-------, 1----
1 Objective: 

I Refill Q. 

I 
I 
I 
I 

QE031 

Gate SDB0(0-63) 
to Q. 

I 
I 
I 
I 
I 
I 
I 

.--------r---r--
Updates IC for next I 
sequential doubl eword. I 

I 

Trans fer Q to R 
per D(21,22). 

Transfer D to 
PAA( 40-63} . 

L---.------"------. 

Places link information f 
into LS. 

Add 8 to PAA and 
transfer resu It to IC. 

Reset 'I-Fetch invalid 
address', 1program store 
compare', and 
'execute 1 triggers. 

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

Transfer IC to 
PAB(40-63}. 

Add 8 to PAB and 
transfer result to 
IC and D. 

I • Update IC. 
2. Transfer IC value to D. 

r----- ----------------~-~ 
1 
I 
I 
I 
I 
I 
I 

No 

Objectives: 

1. Determine value of IC(21,22). 
2. Refill Q and/or R. 

L_ ----- ------- -----___ _J . L __ _ -----1 
Gate SDB0(0-63) 
to Q. 

Branch end op. 

Diagram 5-502. Branch and Link BALR (05) (Sheet 2 of 2) 

I 
I 
I 
I 

Gate SDB0(0-63) 
to Q. 

T ronsfer Q( 0- 15) 
to R. 

I 
L------------------------~ 

Normal end op. 

7201-02 FEMDM (7/70) 5-502, Sh 2 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Diagram 5-9 

RX I-Fetch. 

Determine address 
of instruction 
(link address) 
fol lowing BAL 
instruction. 

No 

No 

3 

If set, indicates that the 
branch instruction is the 
subject instruction of an 
Execute instruction. 

If yes, Execute instruction 
is located in the 2nd and 
3rd halfword. 

• 
• 

• 

• 

4 5 

RX format: 

45 I RI X2 82 02 

0 7 I 11 12 15 16 19 20 

Purpose: Store PSW(32-63), link information, into GPR 
(addressed by RI) and branch to location specified by 2nd 
operand address. 

Link information stored per RI: 

l~H~kl Link Address 

0 1 2 3 4 7 8 

No 

I 
31 

I 
31 

If yes, branch instruction being· 
executed was located in 3rd and 
4th halfwords of Q . 

-----""------------------------------.--------------
Store link data into 
LS, calculate address 
of next sequential 
doubleword following the 
Execute instruction, refill 
Q, and 'transfer Q to R 
per 0(21,22). 

Update IC and 
refill Q. 

No 

Store link data 
into LS, update 
IC (subtract 8), 
refill Q, and gate 
Q to R per 0(21,22). 

Normal end op. 

Diagram 5-503. Branch and Link, BAL (45) (Sheet 1 of 2) 

5-503, Sh 1 (7 /70) 

Determination of next 
sequential address 
requires subtract.ion 
of 16 from IC address. 

Update IC and 
refill Q. 

No 

1 Restore IC to its original 
value and store as 
link data. Gate SBDO 
to Q, and Q to R per 
0(21,22). 

Branch end op. 

Subtract 8 from 
IC and store as 
Ii nk data. Gate 
SBDO to Q, and 
Q to R per 0(21,22). 

Instruction format to be executed 
next is decoded off the SDBO, 
and instruction address is 
decoded from D. 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 

No 

Yes 

3 4 

Diogrom 5-9 

RX I-Fetch. 

r------ -----------------, 
Objective: 

oEo31 

Set 'instruction 
storoge fetch' 
t~igger. 

Tronsfer IC(2 l -23) 
to ABC. 

Transfer IC to 
PAB(40-63). 

Subtract 8 from 
PAB and transfer 
result to T( 40-63). 

De term i ne address to be 
stored as link address. 

Places link address 
into T. 

L ______ ----------------~ 
I If set, denotes that the branch instruction 

is the subject instruction of an Execute instruction. 

If yes, denotes thot the 
Execute instruction is 
located in the second 
halfword. 

Yes No 

r----------------------1 
Objectives: 

1. Stare link data into LS. 
2 . Update IC. 
3. Refill Q. 

Places ILC, CC, 
and program 
mask bits into T. 

Places link data 
into LS. 

T ronsfer PSW( 32-39) 
to T( 32-39) • 

Transfer T to G PR 
per E(B-11). 

No 

Yes 

5 .. 
RX formot: 

45 I Rl I X2 I B2 I D2 
7 8 • 1112 1516 19 20 

Purpose: Store PSW(32-63), link information, into GPR 
(addressed by Rl) and branch to location specified by 
2nd operand oddress. 

Conditions ot stort of execution: 
1. Branch oddress is in O. 
2. 3-cycl e storoge request has been issued 

per D for branch-to instruction. 
3. 1st 16 bits of instruction are in E. 

If yes, branch instruction 
being executed was 
located in 3rd and 4th 
halfwords of Q. 

6 

I 
31 

r----------------
1 Objectives: 

-------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 • Store I ink data into LS. 
2. Update IC. 
3. Refill Q. 

Place ILC, CC, 
and program 
mask bits into T. 

Places link 
data into LS. 

Transfer PSW(32-39) 
to T(32-39). 

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

r------
________ i ___________ , 

Objectives: Transfer D to 
PAA(40-63). 

r-----
1 

_______ i _________ , 
Objectives: Transfer D to 

PAA(40-63). 

Trans fer PSW(32-39) 
to T(32-39). 

Transfer D to 
PAA(40-63). 

Add 8 to PAA and 
transfer resu It to IC. 

Reset 'address store 
compare 1 and 'execute 1 

trigger's. 

Issue storage 
request per 
IC if D(21,22)=11. 

1 • Store I ink dot~ into LS. 
2. Calculate address of next 

sequential doubleword. 
3. Refill Q. 
4. Transfer last halfword to R. 

Places ILC, CC, 
end program 
mask bits into T. 

Add 8 to PAA and 
transfer result to IC. 

Reset 'address store 
compare 1 and 'execute' 
triggers. 

Issue storage 
request per 
IC if D(21,22)=11. 

Gate SDB0(0-63) 
to Q. 

QE041 

Transfer Q to R 
per D(21,22) 

Reset 'I-Fetch invalid 
address' trigger. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer PSW(32-39) 
to T(32-39) • 

Transfer D to 
PAA( 40-63). 

Add 8 to 
PAA(40-63). 

Transfer PAL(40-63) 
to IC(0-23). 

Issue storage 
request per 
IC if D(21,22)=11. 

1. Store fink data into LS. 
2. Calculate address of next 

sequential doubleword. 
3. Refill Q. 
4. Transfer last halfword to R. 

Places ILC, CC, 
and program 
mask bits into i. 

---------.---r- -----------. 
Transfer T to I Obtains correct 
PAA(32-63). I li~k address. 

Add 8 to 
PAA(40-63). 

Transfer PAL(40-63) 
to IC. 

Issue storage 
request per 
IC if D(21,22)=11. 

Gate SDB0(0-63) 
to Q. 

Transfer Q to R 
per D(21,22). 

Reset 'I-Fetch invalid 
address' trigger. 

1------- ______ _J 

Gate SDB0(0-63) 
to Q. r------ ------., I 

.-----------.---_J 

Transfer Q to R 
per 0(21,22). 

Reset 'I-Fetch invalid 
address' trigger. 

Transfer T to 
PAA(32-63). 

--r
' I 

.----~---.....--J 
Subtract 
8 from PAA. 

Transfer 
result to T. 

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

Obtains correct 
link address. 

Places link 
data into LS. 

------------------~ 

Yes 

No 

Normal end op. 

Diagram 5-503. Branch and Link, BAL (45) (Sheet 2 of 2) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Add 8 to PAA and 
transfer result to T. 

Gate SDB0(0-63) 
to Q. 

Transfer Q to R 
per 0(21,22). 

Reset 'I-Fetch invalid 
address' trigger. 

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

Places link 
data into LS. 

L ____ _ ---~-------------~ 

Yes No 

r------ ------------, 
Objectives: I 1 ~Q_E_04_1 __ .._ ___ ....., 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Transfer IC ta 
PAB(40-63). 

Add 8 to PAB and 
transfer result to IC. 

Gate SDB0(0....63) 
to Q. 

1 . Update IC. 
2. Refill Q. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L ____ _ ____________ _J 

Branch end op. 

7201-02 FEMDM (7/70) 5-503, Sh 2 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes (Unsuccessful 
Branch) 

Obtain next 
sequential doubleword 
from main storage 
per IC. 

Update IC and transfer 
result to D. 

Refi 11 Q and transfer 
correct halfword 
to R. 

Branch end op. 

3 

Diagram 5-6 

RR I-Fetch. 

Yes 

Yes (Unsuccessful 
Branch) 

If yes, branch instruction is 
the subject instruction of an 
Execute instruction. 

Update IC and transfer 
result to D. 

Next instruction is located in 
1st halfword of doubleword 
requested during execution 
phase of branch instruction. 

No 

Determine if branch 
is successfu I • 

Subtract 1 from 1st 
operand and store 
result into LS. 

Diagram 5-504. Branch On Count, BCTR (06); BCT (46) (Sheet 1of2) 

5-504, Sh 1 (7 (70) 

4 

Diagram 5-9 

RX I-Fetch. 

5 6 

e RR format: BCTR 

06 Rl I R2 I 
7 8 II 12 IS 

• Purpose: Subtract I from 1st operand (in GPR, per R1) and, 
if result -,!O, branch to location specified by GPR (addressed by R2). 

• RX format: BCT 

46 Rl I X2 I B2 D2 

78 11 12 15 16 19 20 31 

• Purpose: Subtract I from 1st operand (in GPR, per RI) and, if 
result IO, branch to locotion specified by 2nd operand address. 

No (Successful Branch) I If yes, the branch instruction is located 
I in the last halfword of the doubleword 
I ~equest~d during I-Fetch of the branch 

instruction. 

Yes 

No Data requested during I-Fetch 
is present at SDBO. 

Update IC, refill Q, 
and transfer Q to R 
per 0{21,22). 

I r---------------------------. 
I Update IC and 

refill Q. 

Doubleword contains the 
branch-to instruction. 

Data requested by the storage 
request given during the execution 
phase of the branch instruction 
is present at the SDBO and is 
gated into a. 

Issue 3-cycle 
storage request 
per IC, and 
update IC. 

Transfer into Q 
doub leword which 
sequentially follows 
the branch-to 
instruction. 

Normal end op. 



A 

B 

c 

D 

E 

F 

G 

_/ 

H 

2 3 4 5 6 

Diagram 5-6 Diagram 5-9 
RR format: BCTR 

RR I-Fetch. RX I-Fetch. 06 I Rl R2 I 
78 1112 IS 

r------ -----------------1 Purpose: Subtract 1 from 1st operand (in GPR, per RI) and, if result 
,!O, branch to location specified by GPR (addressed by R2). 

I 
I 

oEo41 

Set 'instruction 
storage fetch' 
trigger. 

Transfer T to B. 

No 

Places 1st operand 
into B. 

If E(12-15) equals any value 
other than zero, branching 
occurs unconditionally. 

Yes (Unsuccessful Branch) 

OE041 

Set 'instruction 
storage fetch' 
trigger. 

Transfer T to B. 

Objective: 

Determine if branch is successful. 

Places 1st operand 
into B. 

Conditions at start of execution: 
1. Branch address is in D. 
2. 3-cycle storage request has been issued per D for branch-to 

instruction. 
3. 1st operand is in Sand T. 
4. Instruction is in E. 

RX format: BCT 

46 1 R 1 I X2 I 82 I D2 

76 II 12 l!i 1.!> 19 20 31 

Purpose: Subtract I from 1st operand (in GPR, per Rl) and, if result 
;iO, branch to location specified by 2nd operand a)ldress. 

Conditions at start of execution: 
r------ --'----------..l.----1 

Objectives: 1. Branch address is in D. 

...----....... ----...... --,-- -.---------....., 
Transfer B to PAB(32-63). I Subtracts 1 from 

....--------....,.--, 
1. Modify 1st operand. 

2. 3-cycl e storage request hos been issued per D for branch-to. 
instruction • 

Gate all 1 's (-1) to I 1st operand. 
Transfer B to PAB(32-63). I 

2. Store result into LS. 
3. 1st 16 bits of instruction ore in E. 

PAA(32-63). I 

I 
.------L----...-- ...J 

Add PAA and PAB, 
and transfer result 
to T. 

Trans fer T to GPR 
per E(B-11). 

L _____ _ 

Yes 

No 

address' trigger if set. 

Gateoll l's(-l)to I 
PAA(32-63). I 

I 
....----.,.--~---_,-- - --!- - -.-----------. 

Add PAA and PAB, 
and transfer result 
to T. 

Transfer T· to GPR 
per E(B-11). 

Subtracts 1 from 
1st operand. 

Yes (Unsuccessful 
Branch) No (Successful Branch) 

Yes 
(Unsuccessful 
Branch) 

No Yes 

r------ -------------------, Objectives: I 

Transfer D to 
PAA(40-63). 

-1 1. Update IC. I 
I 2. Refill Q. I 
J 3. TronsferQtoRperD(21,22). I 
I I 

r------"----r- -+- I 
Add 8 to PAA and Updates IC to select 

r------ ---------------, transfer result to IC. next doub leword. I 
I 
I 

Issue 3-cycl e 
storage request 
per IC. 

Set 1instruction 
storage fetch' 
trigger. 

Requests next sequential 
instruction following 
branch. 

Objective: 

I 
I 
I 
I 
I 

Reset 'I-Fetch invalid 
address• trigger. 

Transfer SDB0(0-63) 
ta Q. 

I 
r--------r----.L..-
1 
I 
I 
I 

____ ....... _____ - I 

Transfer D to I 
PAA( 40-63). I 

I 

1 • Update IC. 
2. Refill Q. 
3. Transfer Q to R per D(21, 22). 

Obtain next sequential 
daubleword. 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

____ _._ ___ ....,.... --+-- -,----------, 

Reset 'branch invalid 
address' trigger. 

Set 'I-Fetch invalid 
address' trigger 
if invalid address 
is detected. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T ronsfer Q to R 
per D(21,22). 

L------ ______ J -

'-------- -----------------~ 

Transfer IC to 
PAB(40-63). 

Gate 8 to 
PAA(40-63). 

Yes 

No 

Reset 'I-Fetch invalid 
address' trigger. 

-------------, 
Objectives: I 

~~;s!~~!~ to 1 . Update IC. I 
( ) · 2. Transfer result to D. I 

Gate B to 
PAA(40-63). 

I 

Add 8 to PAA and 
transfer result to IC. 

Reset 'I-Fetch invalid 
address' trigger. 

Trans fer SDB0(0-63) 
to Q. 

Transfer Q to R 
per D(21,22). 

Updates IC to select 
next doubleword. 

t------- ------------------· Objectives: 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Issue 3-cycle 
storage request 
per IC. 

Set 'I-Fetch invalid 
address' trigger. 

Transfer IC to 
PAB(40-63). 

Gate 8 to 
PAA(40-63). 

Add PAA and PAS, and 
transfer result to IC. 

1. Issue 3-cycle storage 
Request per IC. 

2 . Update IC. 

Transfer PAL(40-63) 
to IC end D. 

Transfer PAL(40-63) 
to IC and D. 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 1...------

___________________ ...J 

L------ ----T------ --------------1 
1 
I 
I 
I 
I 

Gate SDB0(0-63) 
to Q. 

Transfer Q(0-15) 
to R. 

Objectives: 

1. Refill Q. 
2 • Transfer correct 

halfword to R. 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
L----- _____________ J 

Branch end op. 

Diagram 5-504. Branch On Count, BCTR (06); BCT (46) (Sheet 2 of 2) 

r---- -----------------· 
1 

Trans fer SDB0(0-63) 
to Q. 

Objective: 

Refill 0. 

I 
I 
I 
I 

I 
I 
I 
I L..-------

__________________ _J 

Normal end op. 

7201-02 FEMDM (7 /70) 5-504, Sh 2 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes 

Determines if next instruction 
to be executed is contained in 
last halfword of doubleword 
requested during I-Fetch of 
the branch instruction. 

No (Branch Unsuccessfu I) 

3 

Diagram 5-13 

RS I-Fetch. 

Obtain 3rd operand, 
comparand, from LS, 
and determine 
success of branch. 

I 

Determines location in doubleword 
of next instruction. 

No 

Determines if branch 
is successful. 

4 

-~---------------------
! 
I 
I 

No (Branch U11successfu I) 

•• 5 6 

RS format: 

I 86,87 I R1 I R3 I B2 I D2 I 
0 7 B 11 12 1516 •• 20 31 

Purpose: 

1. BXH -Add increment (3rd operand; in GPR, per R3) to 1st operand 
(in GPR, per Rl), algebraically compare result (index) with camparand 
(in odd-address GPR specified by R3 or R3 + 1), and, if index is greater 
than camporand, branch to location specified by 2nd operand address. 

2. BXLE -Add increment (3rd operand; in GPR, per RJ) to 1st operand 
(in GPR, per Rl), algebraically compare result (index~with camparand 
(in odd-address GPR specified by R3 or R3 ~ 1), ond, if index is equal 
to or less than comporand, branch to location specified by 2nd operand 
address. 

No (Branch Unsuccessful) No (Branch Unsuccessfu I) 

Yes (Branch Successful) Yes (Branch Successful) Yes (Branch Successful) Yes (Branch Successful) 

Doubleword requested during 
I-Fetch is present at SDBO. 
Halfword transferred to R 
contains next instruction. 

Update IC. 

Branch end op. 

Because the branch instruction is 
unsuccessful and the contents of R 
hove not been changed, R still 
contains the instruction that is 
located in the halfword 
following the last halfword of the 
branch instruction. Next 
instruction is decoded off R. 

No 

Transfer index to 
GPR per E(B-11}, 
refill Q, and 
transfer Q to R 
per 0(21,22). 

Update IC, issue 
3-cycle storage 
request per IC, 
update IC, and 
refill a. 

Doto requested when it 
was found that the 

Allows selection of next 
doubleword in main storage. 
Data requested during execution 
phase of the branch instruction 
is present at SDBO. 

During the end-op cycle 
the next instruction ta be 
executed is decoded off R. 

Update IC and 
refill Q. 

branch that was unsuccessful 
is present at SDBO. 

Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sh.eet 1 of 3) 

5-505, Sh 1 (7 /70) 

No 

Yes 

Yes 

Issue 3-cycle 
storage request 
per-IC. 

Update IC; 
refill Q, and 
transfer first 
halfword to R. 

IC contains address of 
doubleword that sequentially 
follows the doubleword 
containing the branch instruction. 

If yes, next instruction 
occupies the lost halfword of 
the doubleword in which the 
branch instruction is located 
and is presently in R. If no, 
data to be executed is 
I aeated in the lst ha I fword 
of the doubleword requested 
during the execution of the 
branch when the branch 
instruction was found to be 
unsuccessful. 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 4 

Diagram 5-13 

RS I-Fetch. 

,------ -----obie~v;:=----------, 
QE031 

Set 'instruction I. Obtain 3rd operand. 

storage fetch' 2. Obtain comparand. 

trigger. 3. Determine success of branch. 

Transfer T to B. Places 1st operand 
into B. 

Transfer GPR to T Places 3rd operand 
per E(12-15). into T. 

Transfer T to --r--
Adds 1st and 3rd 

PAA(32-63). I 
I operands to 

I determine index. 

--1 Transfer B to 
PAB(32-63). I 

I 
I 

__ J 

Add PAA and PAB, 
and transfer 
result to B. 

Tran sf er G PR to T Places comparand 
per E(12-15) + 1. into T. 

Transfer complement 
--,-

Subtracts comparand I of T to PAA(32-63). I from index to 

I determine successful 

I branch. 

Tran sf er B to 
--1 

PAB(32-63). I 
I 
I __ J 

Add PAA and PAB 
with result left 
in PAL(32-63). 

L ______ 
-------------------~ 

No (Unsuccessful Branch) 

Yes (Successful Branch) 

r----- -------------, 

Transfer B to T. 

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

Gate SOBO (0-63) 
to Q. 

Reset 'PSC' and 
'execute' triggers. 

Transfer Q to R 
per 0(21,22). 

Objectives: 

1. Transfer index to GPR 
per E(8- ll). 

2. Refill Q. 
3. Transfer Q to R per 

0(21,22). 

~------ ---------------~ 

Sheet 3 Sheet 3 

No (Unsuccessful Branch) 

5 6 

• RS format: 

I 86,87 I R1 I R3 I 82 I 02 
0 78 11 12 15 16 19 20 31 

• Purpose: 

• 

1. BXH-Add increment (3rd operand; in GPR, per R3) to 1st operand (in GPR, per R1), 
algebraically compare result (index) with camparand (in odd-address GPR specified 
by R3 or R3 + 1), and, if index is greater than comparand, branch to location 
specified by 2nd operand address. 

2. BXLE -Add Jncrement (3rd operand; in GPR, per R3) to 1st operand (in GPR, per R1), 
algebraically compare result (index) with comparand (in odd-address GPR specified 
by R3 or R3 + 1), and,. if index is equal to or less than comparand, branch to location 
specified by 2nd operand address. 

Conditions at start of execution: 

1. 1st operand is in S and T. 

2. Branch address is in 0. 

3. 3-cycle storage request has been issued per D for the branch-to instruction. 

4. 1st 16 bits of instruction a~e in E. 

Yes No 

No (Unsuccessful Branch) 

r----

Transfer B to T. 

Transfer T to G PR 
per E(B-11). 

Reset 'branch invalid 
address' trigger if set. 

Yes (Successfu I Branch) 

Na (Unsuccessfu I Branch) 

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

L-------
_______________ J 

c 

Sheet 3 

Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sheet 2 of 3) 

7201-02 FEMDM (7/70) 5-505, Sh 2 



A 

B 

c 

2 3 4 

Sheet 2 Sheet 2 

A 

r---------, 
I Objective: 

r------ -Obj~t~e;;-------------,- - - - .J 
Issue 3-cycl e storage 
request per IC , 

1 • Update IC. 
2. Issue 3-cycle storage request per IC. 

QE031 

3. Update IC . 
4. Refill Q. 

Transfer D to 
PAA(40-63). 

Add 8 to PAA ond 
transfer result to IC. 

Issue 3-cycle storage 
request per IC. 

QE041 

Set 'instruction 
storoge fetch' 
trigger. 

Set 'invalid 
I-Fetch address' 
trigger if invalid 
address is detected. 

Transfer IC to PAB. 

Add 8 to PAB, and 
transfer result ta IC 
and D. 

Reset 'PSC' and 
'execute' triggers. 

Gate SDB0(0-63) 
to Q. 

Updates D to obtain 
address of next 
daub leword. 

Fills Q with next 
daubleward. 

QE031 

Issue 3-cycle storage 
request per IC. 

Set 'instruction storage 
fetch' trigger. 

QE041 

Set 'invalid I-Fetch 
address' trigger if 
invalid address is 
detected. 

Reset 'branch 
invalid address' 
trigger if set. 

r------
_______________ J 

Reset 'in val id 
I-Fetch address' 
trigger if set. 

No 

D L------ ------------------_J 

Yes No IC(21,22)=00 

Normal end op. 

5 6 

Sheet 2 

r-------------
1 Objective: QE03l 

-------, 
I Update IC• ----T-ra_n.,sf""e-r _D_to __ ,.. 

I PAA{40-63). 

I 
I 
I 
I 
I 
I 

Add 8 to PAA, 
and transfer 
result to IC. 

I 
I 
I 
I 
I 
I 
I 
I 

L-------------
______ J 

r------ -------------------r-----Objectives: I --------~~~~---~----, 

E 

F 

G 

H 

Transfer IC to 
PAB(40-63). 

-.., 
I 1. Update IC. I 
I 2. Refill Q. 

I 

Transfer IC 
to PAB. 

--, 
I 
I 
I 

1. Update IC. 
2. Refill Q. 
3. Transfer-first halfword to R. 

------...&..--------!---------------- .---------r--+'--.,.--------
Add 8 to PAB, and 
transfer resu It to 
IC and D. 

Gate SDB0(0-63) 
to Q. 

Updates IC for 
doubleword. 

Fills Q with next 
doubleword. 

Add 8 to PAB, and 
transfer result ta 
IC and D, 

Gate SDB0(0-63) 
to Q, 

'-------- --------------------1 Transfer Q(0-15) 
to R. I 

I 
L------

Branch end op. 

Diagram 5-505. Branch on Index High, BXH (86); Branch on Index Low or Equal, BXLE (87) (Sheet 3 of 3) 

5-505, Sh 3 (7 /70) 

1 
Updates IC for 
doubleword. 

Fills Q with next 
doubleword. 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Yes 

Diagram 5-22 

Program interruption. 

Diagram 5-9 

RX I-Fetch. 

Prepare to modify 
subject instruction 
and ta update D. 

Determine format 
of subject 
instruction. 

No 

4 

Updating of D allows 
selection of doubleword 
fol lowing subject instruction 
of Execute instruction. 
PAL(61-63) is used 
by the ABC to select 
correct byte of subject 
instruction for modification. 

If yes, subject instruction is in 
last halfword. If no, in some 
other halfword. 

Determines if subject instruction 
is to be modified. 

5 6 

RX formot: 

44 R 1 I X2 I 82 D2 

78 11 12 15 16 19 2() 31 

Purpose: Execute subject instruction al location specified by 2nd operand 
address. Subject instruction may be modified by 1st operand (in GPR, per Rl) 
if E(S-11 J is not equal to zero. 

Yes (No Modification) No (Modify Instruction) 

Determines if subject instruction 
hos on RR format. 

No (Not RR Format) .No (Modify Instruction) 

Transfer lost AB byte ta 
T per ABC ond STC, 
generate 3-cycl e 
storage request per D, 
and refill 0. Yes (RR Format) 

Modify subject 
instruction, generate 
3-cycle storage 
request per D, 

Test for pending 
interruption and 
set STAT G. 

and refill Q. 

No (Not RR Format) 

Modify subject 
instruction and 
transfer to R 1 

and set 'PSC' 
trigger. 

Refill Q and AB, 
transfer Q to R per 
D(21, 22), and add 
1 to ABC. 

I Setting of the 'PSC' trigger and STAT G 
ensures the re-insertion of the 

I original Q-data back into 
I Q after completion of the subject 
I instruction. 

Issue a 4-cycle. 
D request i r the 
subject instruction is 
in the SS format 

Execute Instruction 

I-Fetch Execution Execution 

and D(21,22)= 10. 

~ 
Branch end op. 

I-Fetch 

EXCEP 

'PSC' trigger 

ASC 
micro
program 

BEOP 

Decrement 
IC, refill 
Qfrom 
original 
instruction 
flow 

I-Fetch 

NEOP 

Yes (No Modification) 

Refill Q and AB, and 
transfer Q to R per 
D(21,22). 

Subject Instruction 

Execution Execution 

I-Fetch of 
instruction 
following 
Exec.;te 
instruction 

NEOP 

Diagram 5-506. Execute, EX (44) (Sheet 1of2) 

7201-02 FEMDM (7/70) 5-506, Sh 1 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Yes 
(RR Format, No 
Modification) 

Diagram 5-22 

Program interruption. 

3 

Yes 

4 

Diagram 5-9 

RX I-Fetch. 

- - - - - Obj;ti:,; - - - t 
I 

Load STC to 111. 

Transfer D to 
PAA(40-63). 

Add 8 to PAA, and 
transfer result to D. 

Transfer PAL(6l-63) 
ta ABC. 

1 • Prepare subject I 
instruction for I 
modification. l 

2. Update D. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ____________ J 

No 

Yes 

5 • 6 

RX format: 

44 RI I X2 I B2 D2 
7 8 11 12 l!i 16 19 20 31 

Purpose: Execute subject instruction ot location specified by 2nd operand address. 
Subject instruction may b!' modified by 1st operand {in GPR; per RI) if E(B-11) 
is not equal to z:ero. 

Conditions at start of execution: 

1. ist operand is in S and T. 

2. Address af subject instruction is ·in D. 

3. 3- cycle storage request for subject instruction has been issued per D. 

4. 1st 16 bits of instruction are in E. 

Yes (No Modification) 

r------ -------~~~~------------, 

I 

Yes 

No 
(Not RR Format, 
No Modification) 

Gate SDB0(0-63) Determine instruction formot, I 
toOandAB. I No (Modify Instruction) 

L- - ---- -Ob~t~.;7;'---r------ -m,;c-;;v~ - --1 
Transfer last 
halfword of 
Q to R. 

T ronsfer byte of AB 
to serial adder 
per ABC. 

Logically AND 
1100 0000 ( -64) 
with serial adder. 

Add I to ABC. 

Places subject instruction into R. 

Places op code of subject instruction 
into serial adder. 

I . Refill 0 and R. 
2. Transfer Q to R 

per D(21, 22). 
3. Add I to ABC. 

Gate SDB0(0-63) 
to Q and AB. 

Transfer 0 to R 
per D(21,22). 

Add I to ABC. 

I. Refill Q and AB. 
2. Transfer Q to R 

per 0(21,22). 

Gate SDB0(0-63) 
to Q and AB. 

Transfer Q to R 
per D(21,22). 

Set 'PSC' and 
'execute 1 triggers .. 

I 

______________________ L ______ _______ 1 ______ ------~ 

No 

No 
(Not RR Format, 
Modify Instruction) 

r- - - - - --- - ---obie7ti-:-:- - -r - - - - - - - - --obiecti~s:- - -T-- - -- -----a~~~--,------ ----objectiv7s,-- -1 

T ronsfer AB byte 
to serial adder 
per ABC. 

Transfer serial adder 
to T per STC. 

Set 'PSC' trigger. 

Transfer T to R. 

Transfer last AB byte 
to R per ABC and 
STC. 

I 

L------ -----------1 

Transfer AB byte 
to serial adder 
per ABC. 

Transfer serial adder 
to T per STC. 

Set 'PSC' trigger. 

Issue 3-cycl e 
storage request 
per 0, 

I. Transfer last AB 
byte to T per 
ABC and STC, 

2. Generate 3-
cycle storage 
request per D. 

3. Refill Q. 

Transfer AB byte 
ta serial adder 
per ABC. 

Logically OR 
serial adder with last 
byte of ST. 

Transfer result to 
ST per STC. 

Set 'PSC' trigger. 

1. Modify subject I 
instruction and I 
transfer result I 
to R. I 

12. Set 'PSC' trigger 

Transfer AB byte 
to serial odder 
per ABC. 

Logically OR 
serial adder with last 
byte af ST. 

Tran sf er resu It to 
ST per STC, 

Set 'PSC' trigger. 

1. Modify subject 
instruction. 

2. Generate 3-
cyd e storage 
request per D . 

3. Refill Q. 

I 
I 
I 
I 
I 
I 
I 
I 

Wait 2 ~-------------------~ 
Transfer T to R. 

I 

storage cycles. 

Gate SDB0(0-63) 
to Q. 

I 
I 
I 
I 
I 
I 

I I 
L--------------------~ 

I 
I 
I 
I 
I 
I 

Set 'execute' trigger, 

I 
r----------L------ ----------- ....t ..... __ ..., 

Objectives: I 

Perform 
interruption. 

Yes 

Inhibits interruptions that may occur 
between the Execute instruction 
and the subject instruction, 

1. Test for pending interruption. 
2. Set STAT G. 

No 

Transfer R to E, 

Set STAT G. 

~---------------------------

Branch end op, 

.... Diagram s~S06. Execute, EX ( 44) (Sheet 2 of 2) 

5-506, Sh 2 (7 /70) 



A 

B 

c 

D 

E 

F 

G 

H 

QJ031 
082 

Diagram 5-13 

SI I-Fetch. 

lniti~lize. 

Assemble 
new PSW. 

Process address 
of next 
instruction. 

2 

Yes (Problem State) 

Diagram 5-22 

Program 
interrupt ion • 

Gate SDBO 
to SL 

3 
Diagram 5-17 

External Start; 
Timer Exceptional 
Condition. 

Privileged operation test. 

4 

Depress PSW 
RESTART 
pushbutton. 

• 5 
Diagram 8-8 

IPL 
'operation. 

No (Supervisor State) 

Spec i fie at ion test. 

No Yes 

Diagram 5-26 

Common 
interruption 
routine. 

QJ031 
634 

Enable I-Fetch 
invalid address 
test circuits. 

PSW FORMAT 

l--
1 

System Interruption Code l--1 
I Ll -~M~o~sk:_____J~K~ey~A~M:.:.:..:_:W~PllitEIT[[lillIT][[TI][[[][]JJ I 
I 7 8 11 12 15 16 31 I 

I I 
____ __._ ____ ~--- - -- - --L- Next Instruction Address I fits cc Prag I Transfer S(0-19) 

and T(34-39) ta 
PSW-register. 3233343536~a3:~940 o3 I I 

Note: ILC is changed when I I 
____ __._ ____ ~-----------~PSW ~sembled. ________ _J I 

I 
I 
I 

Transfer T(40-63) 
to JC via para II el 
adder. 

I 
-----'----~-------------------------__J 

Reset 'machine check' 
1supervisor col I 1, and 
'priority interruption 1 

triggers for I PL. 

Set 'I-Fetch request' 
trigger. 

lssu e 3-cycl e 
storage reque~t 
per re. 

Transfer T lo D 
vie parallel 
adder. 

Reset ' PSC' and 
1execute 1 triggers. 

Add 8 to IC 
via parallel 
adder. 

Reset 'I Pl status' 
and 'hold maintenence 
console I PL' triggers. 

Reset 'instruction I ength 
noi available' trigger if 
no program interruption. 

Diagram 5-28 

Program store compare 
exceptional condition. 

_O_E0_4_1 _~----------------·---~-----------. 
Enable I-Fetch 
invalid address 
test circuits. Gate next 

instruction 
to R. 

Refill Q, 
if necessary. 

Branch 
end-op. 

No 

Gate SDBO 
toQ. 

Transfer Q to R 
per D(21,22). 

Add 8 lo D, using the 
parallel adder, end 
transfer sum to IC. 

Diagram 5-601. Load PSW, LPSW (82) 

Yes 

Operation from this point an 
is the same as for the Branch 
On Count instruction following 
a successful branch. 

Issue 3-cycle 
storage request 
per IC. 

Add 8 to JC 
via parallel 
adder. 

Reset 'PSC' and 
'execute 1 triggers. 

QE031 

Gate SDBO 
to Q. 

Normal 
end-op. 

• 6 . SI Format: 

82 ~ Bl I Dl I 
0 1 a 1516 19 20 31 . Load doubleword storage operand 
(designated by storage operand address) 
into CE, thus replacing current PSW, 
and branch to new instruction sequence. . Conditions at start of execution: 

1. 1st 16 bits of instruction ore in E. 
2. Storage operand address is in D. 
3. Storage request has been issued per D. . New PSW is fetched from main storage address 

0 when PSW RESTART or LOAD pushbutton is depressed. 

I Invalid instruction address 
I exceptional condition handled 

during next I-Fetch. 

2701-02 FEMDM (7/70) S-601 
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QJ031 
184 

2 

Diagram 5-6 

RR I-Fetch. 

T ronsfer B to 
T and D via 
parallel odder. 

Issue early end op 
2 cycles early. 

Transfer T{34-39) to 
PSW-register. 

Normal end op. 

Sets new CC and 
program mask into 
current PSW. 

Diagram 5-602. Set Program Mask, SPM (04) 

5-602 (7 /70) 

3 4 

• RR Format: 

~ 
0 71 1112 15 

• Replace CC and program mask (bits 34-39) of 
current PSW with bits 2.-7 of 1st operand 
(in GPR, per Rl). 

• Conditions at start of execution: 
1 • Instruction is in E. 
2. 1st operand is in A, B, and D. 
3. 2nd operand is not used. 

• Bits 2-7 of 1st operand may have been 
loaded from PSW-register by a previous 
Branch and Link instruction . 

• Program mask format (set mask bit permits 
interruption): 
Bit 36 - Fixed-point overflow mask. 
Bit 37 - Decimal overflow mask. 
Bit 38 - Exponent underflow (floating-point} 
mask. 
Bit 39 - Significance {floating-point) mask. 

5 6 
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G 

H 

2 

Diagram 5-13 

SI I-Fetch 

QJ031 

Na 

Yes 

3 

Diagram 5-22 

rogram 
Interruption 

,..-------'--------.---- -------------
Set ABC to value of 
0(21-23) via parallel 
adder. 

Gate SDBO to AB. 

Gate first byte of new sys
tem mask from AB (thru 
serial adder) into ST (0-7). 

Yes 

No 

Gate second byte of new 
system mask from AB (thru 
serial adder) into ST (16-23). 

ABC will gate new system 
mask from input doubleword. 

Request next doubleword 
(D + 8) from storage. 

Gate SDBO into AB. 

Bits 16-19 of this byte con
tain PSW data. Bits 20-23 
are ignored. 

,.... _____ _,_ ________________________ ....,, 
Gate S (0-7) to PSW (0-7) 
and 5(16-19) to PSW (16-19). 

End Op 

Diagram 5-603. Set System Mask, SSM (80) 

Sets new system mask into PSW. 

4 5 

• 'SJ Format 

Bl 

0 78 1516 19 20 

• Purpose: Replace system mask (bits 0-7 
and 16-19) of current PSW with byte 
designated by storage operand address 
and bits 0-3 of the following byte. 

• Conditions at start of execution: 
1. First 16 bits of instruction are in E. 
2. Storage operand address is in D. 
3. Storage request has been issued 

per D. 
• System mask format: 

0 - Multiplexer channel A mask bit 
1 - Selector channel lA mask bit 
2 - Selector channel 2A mask bit 
3 - Selector channel 3A mask bit 
4 - Multiplexer channel B mask bit 
5 - Selector channel lB mask bit 
6 - Selector channel 2B mask bit 
7 - External mask bit 

16 - Selector channel 3B mask bit 
17 - Multiplexer channel C mask bit 
18 - Selector channel 1 C mask bit 
19 - Selector channel 2C mask bit 

6 

Dl 

31 

7201-02 FEMDM (7/70) 5-603 
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QJ031 
18A 
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Diagram 5-6 

RR 1-Fetc;h. 

Set 'supervisor 
ca II' trigger. 

Issue early end-op 
1 cycle before 
normal end-op. 

Diagram 5-23 

Supervisor call 
interruption. 

Requests superviscir 
call interruption. 

Diagram 5-604. Supervisor Call, SVC (OA) 

5-604 (7/70) 

3 4 

• RR Format: 

OA ·I 
78 15 

• Cause supervisor call interruption; replace old
PSW(24-31} with I-field (bits 8-15) of instruction, 
providing interruption code. 

• Conditions at start of execution: 
I • Instruction is in E • 
2. E(S-15) contains interruption code. 

5 6 
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Diagram 5-6 

RR I-Fetch. 

Initialize. 

Set key into 
even address. 

Decrement ABC 
and STC. 

3 

ABC selects key in 
byte 7; 
STC is set to 3. 

4 

..----_..JL------,-- - - .-----------, 
Transfer S to A via 
para II el adder. Transfer 
A minus 8 to D via 
para II el adder. 

Allows construction 
of STAT D loop. 

f Privileged operation test. 

Yes (Probl_em State) 

Specification test. 

No 

Yes Diagram 5-22 

Prag ram 
interruption • 

.--------'....._-----.----..----------, 
Transfer byte 7 of AB 
per ABC to F via 
serial adder. 

Places new key 
into F. 

--------------, 

Add 8 to D via 
parallel adder. 

Issue 4-cycl e storage 
request per D. 

Set 'set key' and 
mark 0-7 triggers; 
set STAT D; gate F(0-4) 
to 'key in' bus. 

.-----.....1.-----. ----·r------------, 
Set 'PSC' 
trigger. 

Forces Q refill because 
protection key of next 
instruction(s) may be changed. 

I 
I 
I 
I 
I 

..-----------.------------------------------, I 
I 
I 

Set key into 
odd address. 

Test if key has been 
set for the last time. 

Normal 
end-op. 

Yes 

Diagram 5-605. Set Storage Key, SSK (08) 

Repetition of above operation is made necessary by 
the defeat interleave maintenance aid. 

I 
I 
I 

No ____ --1 I 
, __ _t_ __ , I 
I Set I I 
I STATD. I 
L_ __ , _ _J I 

L ______ _J 

5 6 

• RR Format: 

I 08 Rl I R2 I 
0 78 1112 15 

• Set storage key (bits 24-28 of 1st GPR, per Rl) 
for 2048-byte storage block (addressed by 
bits 8-20 of 2nd operand, in GPR per R2) 
into storage protection logic in main storage. 

• Conditions at start of execution: 
1. Instruction is in E, 
2, lstaperand is in A,B. and D. 
3. 2nd operand is in Sand T. 
4. STC = 4 and ABC = 0. 

• Format of key in 1st operand: 

Match Bits---f"F 
24 

I FR F = 'fetch protect' bit 

2728 29 31 

• Bits 8-20 of 2nd operand designate 
which block of 2048 bytes in main 
storage is to have its key set. 

e 'Set key' trigger: ALO MClBI; 
STAT D: ALO KS051. 

7201-02 FEMDM (7/70) 5-605 
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c 

D 

E 

F 

G 

H 

Fetch key from 
even address. 

Fetch key from 
odd address. 

Test if last 
fetch was made. 

Privileged operation test. 

Insert O's into F and 
T(56-63) by loading 
with SAL. 

Yes (Problem State) 

Specification test. 

No 

Diagram 5-22 

Program· 
interruption. 

5 6 

• RR Format: 

09 R1 I R2 I 
78 11 12 15 

• Insert storage protection key for 2048-byte storage 
block, addressed by bits 8-20 of 2nd operand 
(in GPR, per R2), into bits 24-28 of 1st operand 
(in GPR, per Rl). 

• Conditions at start of execution: 
1. Instruction is in E. 
2. 1st operand is in A, 8, and D. 
3. 2nd operand is in Sand T. 
4. STC= 4 and ABC= 0. 

• Bits 0-23 of 1st operand are not changed; 
storage protection key from block of 
addressed storage is inserted into bits 24-28; 
bits 29-31 are set to O's. 

• Bits 8-20 of 2nd operand designate which 
block of 2048 bytes in main storage is to 
have its key inserted into 1st operand. 

• 'Insert key' trigger: ALO MC 181; 
STAT D: ALO KS051. 

---------------------------------! 

OR F into T(56-63) 
via serial adder. 

Add 8 to D via parallel 
adder, and issue 3-cycle 
storage request per D. 

Set 'insert key' trigger 
and STAT D. 

Gate 'key out' bus to 
F(P,0-4), and restart 
CE clock. 

I Repetition of previous 
I operation made necessary 
I by defeat interleave 
I maintenance aid. 

No ,-
1 

r---'---1 
I Set STAT D. I 
L_, __ _J 

r ' I Fetch key 1
1 L twice more, 

-,--_J 
I 

Allows construction of 
STAT D loop. 

'Insert key' signal is sent 
.to storage, and CE 
clock is stopped. 

Yes 

OR F into T(56-63) 
via serial adder. 

Transfer T ta GPR 
per E(B-11). 

T(56-63) contains odd 
and even keys OR'ed 
together. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I
I Normal 

1 
end-op. 

L________ _J 
-------------------

Diagram 5-606. Insert Storage Key, ISK (09) 

5-606 (7/70) 
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Diagram 5- 13 

SI - I-Fetch 

Objectives: 

Determine CE 
or IOCE 
operation. 
Gate doto ta 
direct control 
bus (via G) 
an CE ta CE 
data transfer. 

End Op 

2 

Yes 

Na 

See table 
below for 
CE select. 

~---1- - - - -----
1 Simplex line 
I developed 
I from 12 oper-
1 ation field 

I ;:t:;t!~ CE 
I via 

hardware. 

Diagram 5-607. Write Direct, WRD (84) 

3 

Objectives: 

Turn on 
'timing gate' 
trigger to 
develop 'hald
in1 for 
selected IOCE. 
Gate PSBAR 
to External 
register. 
Wait for 
response and 
condition 
code from 
selected 
IOCE. 

Develop PSBAR 
for IOCE in 
External 
register as for 
1/0 i nstruc
tion. 

End Op 

4 

By decoding 
E(B-15), the 
proper IOCE 
is selected 
and a simplex 
line is 
developed to 
inform the 
IOCE of the 
operation it 
is to perform. 
See table 
below for 
possible- de
codes of 
E(B-15). 

5 

SI Format 

84 12 Dl 

Purpose: CE-to-CE operation gates data byte or simplex 
control line ta CE selected per 12 field. CE-ta-IOCE 
operation gates simplex control line ta IOCE selected 
per 12 field and sets condition code to value received 
from selected IOCE. 

Conditions at stort of execution: 
1. lst 16 bits of instruction are in E. 
2. Sta rage operand address in D. 
3. Storage request has been issued per D. 

Write Direct - 12 Field - E(B-15) Decade 

Operation Element Selected 

Operation 10 11 12 13 14 

CE-to-CE CE CE CE 
data transfer 1 2 3 

CE CE CE CE 
external start l 2 3 

CE CE CE CE 
logout 0 0 1 2 3 

IOCE IOCE IOCE IOCE 
logout 0 0 l 2 3 

CE CE CE CE 
external stop 0 1 2 3 

IOCE IOCE IOCE IOCE 
processor start 0 l 2 3 

IOCE IOCE IOCE IOCE 
processor stop 1 2 3 

IOCE IOCE IOCE IOCE 
processor interrupt 1 2 3 

Note: 
12 field decoding is done by hardware, and the select ta the proper element 
is also hardware-developed. 

6 

15 

CE 
4 

CE 
4 

CE 
4 

CE 
4 

0 

7201-02 FEMDM (7/70) 5-607 
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Diagram 5-13. 

SI I-Fetch 

Objectives: 

Gate data 
byte from 
direct control 
bus via F to 
Bl+ Dl 
location in 
storage. 

QJ041 
Set STC to 
address of 
read direct 
data byte. 

Perform 
address store 
compare test. 

Gate direct 
control bus 
to F. 

Gate read 
direct data 
byte (F) to 
ST per STC. 

Store read 
direct data 
byte per D. 

Turn on 
'timing
gate' 
trigger, 

QY041 

QT04l 

Turn off 
'timing
gate' 
trigger. 

End-op 

2 

Yes 

No 

Delay 1.4 
usec to 
allow hold
in line to 
drop. 

Interrupts CE 
that sent 
data. 

Diagram 5-608. Read Direct, RDD (85) 

G 

H 

5-608 (7/70) 

3 4 

• SI Format 

I 85 12 I " 
• Purpose: Gates a data byte from the 

control bus to the byte location 
(specified by the Bl, Dl fields) in 
storage. 

• Conditions at start of execution: 
1. 1st 16 bits of instruction are in E. 
2. Storage operand address is in D. 
3. Storage request has been issued 

per D. 

Yes (Read direct timeout) 

Set PSW bit 
29 (interrupt 
code 4) and 
turn on 
machine check. 

• 5 6 

Dl 
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Diagram 5-13. 

SJ I-Fetch 

Objectives: 

Determine if 
this is an 
operational 
kernel or a 
diagnostic 
kernal. 

Load FF (Hex) 
in F. 

F - 1-F 
(FE hex in F). 

F- 1- F 
(FD hex in F). 
Gate - SDBO 
(0-31) to S 
and SDBO 
(0-63) to AB. 

B29 
Exclusive or 
Contents of F 
and Contents 
of S (byte 1) 
FD ¥FD=O 

B13 

S (0-3 I) to T. 
Set scan 
mode. 

No 

Yes 

Yes 

3 

Diagram 5-22 

Program· 
lnterruptiory.; 

B2B' 

• Set scan 
mode. Gate 
SDBO (0-31) 
to T and 
SDBO (0-63) 
to AB. 

4 5 6 

.S l Format 

0 

83 

Defeat 
Interleave 

No Rev Rev 
8 9 

78 

Diag 
Flt 

10 

Operational MCW Format 

12 Bl Dl 

1516 0 

•~~ ROS address -
~~---F----D--..--(X-)-.-~~ 

0 78 19 31 

I Storage Unused ~ Unused 
encode. e 

t 
32 35 50 

L Define Storage Frame L_ Reset Check Rags 

Storage D. G. 
encode Select 

32 35 36 39 40 

(X) 

CVG 
select 

ROS address 1~1 COUNT (X) (X) 

192021 31 

Lrnsable timer 

'-------Reset Check Regs 

'--------- Invert Ext Reg Parity 
---------Set Diagnose SEl 

'----------- Force D. G. Request 
"-----------Diagnose Reverse 

normal op. 

r--------r- - - - - - - - - - -r ..... ------------,,..... 
When the CE is in state 3, 
2, or 1, the 12 field of 
the diagnose instruction 
ond ol I MCW bits 

Res~t scan 
mode. Set 
spec error. 

Diagram 5-22 

·Program 
Interruption. 

Set scan 
counter 
control. Gate 
T and B to 
MCW, 12 to 
control 
triggers. 

-----''----~ - - - - - ....... ---------.., 

MCW(S-19) 

Reset 'scan 
counter 
control' 
trigger and 
latch. 

Reset 'scan 
mode'. Gate 
T(40-5l) to 
ROSAR (0-11 ). 

Branch to 
forced ROS 
address. 

Sheet 2 

No 

B 

Sheet 3 

Diagram 5-609. Diagnose (83) (Sheet 1 of 3) 

Hardware Blocks Reset 
of Scan Counter Control 

· Trigger and Late h if 
MCW (6) = 1. 

T(32-39,52) to MCW (0-7,20). 
I T(53-57) to Add seq. T(58-61) 
I to FLT Ctr. T(62-63) to 
I FLT Ctr. B(32-51) to 
I MCW (32-51). E(8, 9) to 

I interleave control. E(lO) 
to diagnose Flt tgr. 

except 32-35, 50 and the 
address bits (8-19) are 
degated and have no effect. 

7201-02 FEMDM (7/70) 5-609, Sh 1 
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B 
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E 

F 

G 
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A 

2 

Sheet 
1 

Branch on 
ROS 

Address 
(See note J) 

11 FDO {hex) 

QQ171 

3 T 

Table J 

E Req STAT 
11-J5 H 

J6-23 Off 

00-15 Off 

OJ On 

01 On 

OJ On 

01 On 

01 On 

00 On 

00 On 

4 

STAT STAT Register 
D G Logged Out 

Off Off FLT Point 

Off Off Gen Purpose 

Off Off CCR 

Off Off DAR Mask 

Off On Ext Req 

On Off Check Req 

On On ATR I 

Off Off ATR2 

Off On DAR 

E3 = 0 and STAT H off mean logout complete. 

•1 FD! (hex) 

QQ171i 

Reset checks. 1-----, ... 
1' FD2 (hex) 

QQ18lj_ 

Log LS 
registers. 

'' FD3 {hex) 

QQ181i 

'' FD4 (hex) 

QQ181 

Store DAR. 

•1 FD5 (hex) 

QQ181 

Define 
storage. 

tr FD6 (hex) 

QQ181 

Store Pro
cessor 
Interrupt 
register. 

QQ181 ti FD7 (hex) 

logout 
registers. 
01 to E 
Reg 11-15 

Set STAT H. 
Gate 13 to 
Add. seq 

I 
Gate PIR ta F. 

Normal 
end-op. 

Gate PIR 
to F. 

r 

,, 
Gate storage 
definition to 
F. 

... 
Store F in 
byte 3 of word 
following 
MCW. 

Store DAR 
with good 
parity to 
MCW + 8. 

• 

Fetch DAR 
mask from 
D+8 
(MCW +8). 

·~ 

,, 
Normal 
end-op. 

Store F in 
byte 3 of 

--------... 
fl 

word fol lowing 
MCW. 

Gate CCR to 
s. 

:k<I 
No 

11 

Gate ATR 2 
to S. Turn 
on STAT G. 

STAT 
G 

Yes 

Gate DAR 
ta S. 
Turn off 
STAT G, H 

l -
Diagram 5-609. Diagnose (83) (Sheet 2 of 3) 

10_ I.r 
Normal 
end-op. 

11 

f 
ATR 1 to S 
turn off 
STAT D. 

Branch on 
E3=0 and STAT H 

'1 

JO __ 

f 

00 to E Jl-15 

Check reg 2 
to S. Turn on 
STAT G. 

l_ L 

! 
See table J 
above. 

_01 

l 
Turn off 
STAT G. 

Branch on 
STAT D and 

STAT G 

01_ 

External reg 
to S. Turn 
on STAT D. 

I 

' Set 24 to E 
Reg (11-15). 

f _ 
_I 

Decrement E 
Reg (11-15) 
By 1 

f 
Read LS Reg 

.per E(ll-15) 
to S. Update 
store address. 

~J -. 
Turn on Scan 
mode. 

I 
Scan left 
word L/S 
Reg to LSWR 
(parity bits). 

I 
Scan out S. 

I 
Store LS 
register and 
parity bits. 

Set marks 
turn off 
Scan mode. 

J 

00 

DAR mask to 
S. Turn on 
STAT G. 

J 

5-609, Sh 2 (7 /7 0) 

5 

STC='7 
(six words 

stored) 

Yes 

6 

No 

- --ir---~----. 

f
1 

Hardware sends 
logout comp! ete 

f to SE/DE. 

·~ 
Set marks 
turn off 
Scan mode. 

---

Note 1. 

00 

Normal 
end-op 

The Diagnose instruction may branch to any 
ROS address; only the most Frequently usea 
are shown here. 

i 
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2 3 

Sheet 1 

B 

- - - - - --.------------...... I If MCW (6) is set, then 
I hardware decrements the 

Branch on ROS 
address 

(See Note l) 

000 (hex) 

010 (hex) 

5BO (hex) 

6BO (hex) 

6B7 (hex) 

t 7CE (hex) 

7CF (hex) 

ADI (hex) 

AD2 (hex) 

AD3 (hex) 

QQ171 

Wrap DE. 

cycle counter by 1 (one) 
I for each ROS word executed. 
I When the cycle counter 

I equals 0, SOROS trigger 
is turned on and a logout is 

I taken. 
l 

QY05l 

Force machine 
check (see 
Note 3). 

QT04l 

Normal 
end-op. 

Store DTA 
switches. 

QYOll 

Partial 
scan in 

QJ031 

Force parallel 
adder full
sum parity 
check. 

Ripple read 
from LS. 

QY051 

Ripple write 
into LS. 

QQ041 

QYOll 

Full 
scan in. 

-, -. • 
Gate first 
word wrap 
data to 
LSWR. 

Gate first 
word wrap 
data to S. 

Gate second word 
wrap data to T. 
Store wrap data. 

STAT D 
Yes 

No (First 
boubleword 

Turn on 
STAT D. 

Diagram 5-609. Diagnose (83) (Sheet 3 of 3) 

Set 'error' 
trigger. 

Diagram 5-19 

Machine check 
interruption. 

• , 
Diagram 8-19. 

Storage 
ripple I oop 
(see Note 2). 

4 5 

Notes: 

1. The Diagnose instruction may branch to any 
ROS address; only the most frequently use<r 

·are shown here. 

2. Log-on-count bit of the CE's MCW may be 
used to branch from this loop. 

3. ROS word 000 purposely contains even 
(incorrect) parity. Therefore, use of 
Diagnose instruction without specifying 
ROS address in the fetched MCW 
results in a machine check interruption. 

Load ls into 
ST. 

Reset ST per 
de-active 
DATA 
switches. 

Issue 3-cycle 
storage 
request per 
D (MCW+ 8). 

6 

...------------ - - - - - ·- . ....., _________ _ 
j Objective: 

Normal 
end-op. 

[ 
Turn off 
Stat D 

(Second 
doubl eword) 

Normal 
end-op. 

Set 13 to address 
sequencers. Turn 
on Scan mode. 

Scan out S 
reg parity. 
Save in 
LSWR. 

Scan out S 
register to T. 

Issue main 
store request. 
Set marks. 
Store word. 

,_ 
-

~ 

Decrement 
address 
sequencers. 

Scan out left 
word to T. 
Save in 
LSWR • 

Scan out 
right word 
to T. Left 
word to S. 

Make storage 
request. Set 
marks. Store 
word. 

Address 
Sequencers 

=O 

Yes 

Turn off 
Scan mode. 

Normal 
end-op. 

No 

I To duplicate machine 
I ogout from word 13 

I thru word 0, putting 
I data in storage fol lowing 
I MCW, then going to 
I end-op without taking 

a machine check interrupt !.._ _______________ _ 

7201-02 FEMDM (7/70) 5-609, Sh 3 
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Diagram 5-13 

SI I-Fetch 

Objectives: 

Assemble all clota required 
for IOCE into o one-word 
format and gate it to 
External register. 

QK021 

Gate D (channel and unit 
addresses) to 8. 

Gate logical and physical 
PSBARs to Sand T. 

Gate unit address (856-63) 
to S(O - 7). 

Re"place logical PSBAR bits 
9-12 (T41-44) with physical 
PSBAR to build the PSBA 
for IOCE. 

Gate channel address from 
8(48-55) to S{16-23). 

Save T (40-47) (PSBA bits 
9-15) in F. 

Gate S to T. 

Gate F bock to T(40-47). 

...,. ____ 

3 4 5 

T I I 
24 31 

Phy 

7 

I 
I 

~ 
I 
I Shift 

I left 
one 

I 
I 
I 44 47 0 3 

I 
I 
I 

'T =r-
o oo o ----ili-o~ 3 l L !...LL,...-1---0000 

I 
L__ - ---- -- -- -- -- -- -- --

D 

E 

F 

G 

H 

Gate T to External register. 

Gate E(5-7) to External 
register bits 29-31. 

Objectives: 

Issue a select to t e correct 
IOCE. 
Gate External register to 
control bus. 
Wait for condition code to 
return fram IOCE. 

Turn on 'timing gate' 
trigger and STAT B. 

Set timeout constant in B. 

Set condition code 
to value received 
from IOCE 

Turn off 'Timing 
Gate' trigger 

No 

Diagram 5~701. 1/0 Instructions 

5-701 (7/70) 

External 

Unit fi'iil 
address lial 

7 9 

PSBA 1m 1 
19 20 23 29 31 

The correct IOCE select is I developed by decoding the 
contents of D, bypassing the 

I Select register. 'Timing Gate' 
trigger and STAT B gate Ex
ternal register to control bus. 

Yes 

Set condition 
code to 3 

Op code is set into external 
register by hardware. Lost 
three· bits of op code ore 
sent to IOCE for decoding. 

Decrement B by 1 

Shift 
right 
one 

• SI Format 

T 

34 63 

~ 
~ 

• Purpose: Assembles data required for 
IOCE to execute the 1/0 instructions 
into a one-word format and gates it 
to the proper IOCE via the control 
bus. 

• Instructions 

·op 
Code Mnemonic Zero 

Operation 
9C 510 initiated 

9D TIO Available 

Interrupt 
9E HlO pending 

9F TCH Available 

Not 
98 SPCI working 

Condition Code 

One Two 

csw Channel 
stored busy 

csw Channel 
stored busy 

Burst 
csw operation 
Stored terminated 

Interrupt Channel in 
pending burst mode 

csw PCI 
stored flag set 

• - Not operational or invalid_ 1/0 address format 

e Conditions at start of execution: 
1. !st 16 bits of instruction ore 

in E. 
2. Operand address (address of 

channels and 1/0 unit) is in D. 

6 

. r-:--OOOO 
_!_l_1_ 

Three 

. 
* 

. 

. 
Invalid 1/0 
address format 
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A Diagram 5-9 

RR I-Fetch 

QQ101 

B 

,, 
Objectives: 
Gate identity to F(4-7). 
Transfer identity to T. 
Store identity in a 
GPR (28-31). 

c 

Diagram 5-801. Load Identity, LI (OC) 

D 

E 

F 

G 

H 

3 

Giit 

CE Identity. 
(Machine Wlrl1"41) 

4 

ldenHty in 28-31 

5 

• RR Format: L l 

loc Rl I R2 

78 11 12 15 

• Purpose: Loads identity of CE executing instruction 
into bits 28-31 of GPR specified by Rl field. 

6 

7201-02 FEMDM (7/70) 5-801 
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A 
Diagram 5-9 

RR I-Fetch 

QQlOl 

Objectives: 
Gate ATR2 ta T (0-07). 

Store ATR2 in GPR 
B specified by R2 field. 

' 
Gate E (8-15) 
to A (24-31) to 
save Rl value • 

• 
Shift E(8-15) 
left 4 to move 

c 
R2 to Rl position. 

+ 
Stare ATR2 
in local store 
R2 in E (8- 11). 

D 

+ 

Objectives: 

E Gate ATRl to T(32-63). 

Store ATRl in GPR 
specified by R 1 

• 
Restore R 1 fie Id 
in E(S-11). 

F ' Store ATRl in 
loco I store per 
Rl in E (8-11) . 

• c End Op. ) 

Diagram 5-802. Insert ATR, IATR (OE) 

G 

H 

5-802 (7/70) 

3 

T '\ s-7~ 
I PAL I 

ci 

4 

56 63 

ili 

:u 31 

~ 
~'\ S7 

I PAL I 
~ 

5 6 

• RR Format 

OE Rl I R2 I 
78 11 12 15 

• Purpose: Places contents of ATR 1 and ATR2 into 
two GPR's specified by Rl and R2 fields. 
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Stop-1 ond Stop-2 
micro-orders stop CE 
clock for 5 cycles. 

E Diagram 5-803. Delay, DLY (OB) 

F 

G 

H 

No 

3 

Diagram 5-9 

RR I-Fetch 

00101 

Reset F register 
to zeros. 

Delay 1 usec 

Add l to F register. 

Yes 

Yes 

Subtract l from E(S-15). 

4 5 6 

• RR Format 

OB N 
7 9 15 

• Purpose: Provides a vorioble delay (256 usec x N) 
dependent on the value of N. 

•Conditions at the beginning of execution: 
Instruction and Nore in E. 

Save count in 
K register. 

Turn on STAT A. 

Execute timer 
update microprogram. 

Yes 

Normal timer update 
microprogram End Op. 

End Op. 

7201-02 FEMDM (7/70) 5-803 
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Diagram 5-13 

SI I-Fetch 

QQ041 

Objectives: 
Combine logical and 
physical PSBAR in S 
and T. 

Store Sor T in main 
storage word location 
specified by 1st 
operand address. 

3 4 

Lo;icol 

I ~BAR 
19 

Gate logical and physical ~ ___ .- __ 
PSBAR into S(9-19) and Zeros 

z. .... 

T(41-51), and S(28-31) l 
and T(60-63) respectively. 

0 8 9 

===~ 
19 20 32 40 41 51 52 59 6 63 

Yes 

No 

Bui Id operand address 
in D by combining 
the base register 

.__Is ___ I ~'T __ __. 

Specification !!rror. 
Force ROS address-010. 

This was done 
during SI 
I-Fetch 

31 

Specification error occurs if: 
1. The operand address is 

not on a word boundary. 

and displacement • ...... ~~~--~~~---' ..... -
Store PSBAR 's in 
main storage per D 
(operand address). 

Make address store 
compare test. 

No 

End Op. 

---- 32 63 ~ -....___ ~ ~ 

----'-s:; S7 
I PAL I 

"° 63 =r 

D EJ 
0 23 0 23 "'""' .... ~ I 

_____________ ....... _ ~ "° 63 

~-~· .. -s7 
PAL 40-63 = 0 or 
lC 21, 22 = 11 and 
PAL 40-62 = O. 

compare trigger. 

Carry'° 63 I 
PAL , 

Diagram 5-804. Store PSBAR, SPSB (AO) 

5-804 (7/70) 

5 6 

• SI Format 

AO Bl I 01 

7 8 15 16 19 20 

• Purpose: Store" contents of logical and physical 
PSBAR in bit positions 9 - 19 and 28 - 31, respectively, 
at the word location in main storage (specified by 
1st operand address). 

• Conditions at the beginning of execution: 
1. 1st 16 bits of instruction are in E. 
2. Operand address (address to store PSBA) is 

in D. 

31 
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Diagram 5-13 

SI I-Fetch 

00041 

Objectives: 
Check for specification errors. 
Read new PSBA to T. 
Correct T (byte 6). 

Yes 

Main storage request 
per D(new PSBA to T). 

Set T(52-55) to zeros 
(possible extraneous 
bits), and correct 
byte 6 parity. 

Objectives: 
Check that new PSBA is 
a valid address.· 
load logical and physical 
PSBAR. 

Make a main storage 
request per D (check 
for valid address). 

No 

load logical PSBAR 
from T(41-5l) and 
physical PSBAR from 
appropriate ATR slot. 

End Op. 

Yes 

3 

Specification error. 
Force ROS address-010 

Privileged 
operation error. 

4 

Specification error occurs if: 
l. The operand address 

specifies other than 
a word boundary. 

:r:.!..LL~-7-----0000 

- - ----·-------SY 
-- SAL 

48 55 

STC outgates and ingates 
the proper ST byte. 

The new PSBA must be: 
1. Within an SE which is 

currently specified in ATR. 
2. Within a properly 

configured SE. 

140 51 

40 63 

--r= t 

Specification error. 
Force ROS Address-010. 

, 
I 
I 
I 

I Bits 9-12 of logical PSBAR select 
1.an ATR position. The contents of 
I that slot are set into physical ' 

PSBAR (9-12). 

I 
41 51 

9 I 19 

LOGICAL 
PS BAR 

9 12 

I ATR ~I L - - - - - - - - - - - - - __ .......__..._____._~-~-...__~ 
LIE 

PHYSICAL 
PS BAR 

Diagram 5-805. Load PSBAR, LPSB (Al) 

5 6 

• SI Format 

Al ~Bl 01 

78 15 16 19 20 31 

• Purpose: load logical PSBAR from a storage location pointed to 
by the operand. load physi ca I PS BAR from an ATR slot (selected 
by bits 9-12 of the newly fetched logical PSBA). 

• Conditions at beginning of execution: 
1. 1st 16 bits of instruction are in E. 
2. Operand address (address of new PSBA) is in 0. 

7201-02 FEMDM (7/70) 5-805 
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Objectives: 
Make word overlap test. 

Make address boundary test. 

QQ071 

Save next instruction 
address in K. 

Request 1st doubleword 
of source (B2, D2) per 
lC. 

Gate the 3 low-order 
bits of destination 
address to STC. 

1 
I 
I 
I 

____ __....._ ____ _J 

Gate the 3 low
order bits of source 
address to ABC . 

Update the source 
address by S-. 

3 

Note: 
Normally, SS instructions save 
the instruction address in LSWR. 
However, the MVW instruction 
may require use of LSWR for 
operand a I ignment. 

ABC and STC are used to 
check for boundary error. 
The addresses must be on word 
or doubleword boundaries. 

4 5 6 

• SS Format 

• Purpose: M6ves up to 256 words from one storage location 
(B2, D2) to another storage location (Bl, Dl). The number 
of words to be moved is specified by the L-fie Id. 

• Conditions at the beginning of execution: 
, 1. Source address is in IC and T. 
2. Destination address is in D. 
3. Updated IC is in LSWR. 

I 
I 

- - - - - - - - - ---------------------------------------------. 
Gate 1st doubleword 
of source into S and T. 

Subtract the destination 
address from the source 
address + 8 to test for 
doubleword overlap. 

Store right source 
ward (T) into LSWR. 

Subtract 1 from 
STC and ABC. 

Yes 

I 
I 

A constant (4) in T is subtracted 
from this result to test for single 
word overlap. 

Set STAT A 

May be required for 
subsequent operand alignment. 

ABC and STC values wi II be 
4 or 0 if the addresses are on 
word or dbl-word boundaries. 
Subtracting 1 makes the values 
of 3 and 7 the correct ones. 

Word Overlap Test: 

Word Overlap exists if starting address of destination field is one or two words higher than starting 
address of source field. This condition propagates the first source word (or doubleword) through 
storage for the number of words specified in the L-field. Once the word or doubleword of source 
data has been fetched by the CPU, further fetches are not necessary, and repeated stores can be 
mace per the destination address. 
Because both fields must start on a word or o doubleword boundary, four possible word overlap 
conditions can occur, These ore: 

Overlap conditions when: 

l. Source is on a doubleword boundary. 
Des ti nation is on a word boundary. 

2. Source is on o word boundary. 
Destination is on a doubleword boundary.I 

I 

I 3. Source is on o doubleword boundary 
Destination is on o doubleword boundary I 

4. Source is on a word boundary 
Destination is on o word boundary, 

L-------, 

I 
I 
I 
I 

I 

Source Fie Id 

Source Field 

Source Field 

I 

Source Field 

Destination Field 

I 

Destination Field 

Destination Field 

Destination Field 

No (Source address not on correct bounder . ) I 
Note: If the source and destination addresses differ 
by one word, that word is propagated throughout the 
destination field. If the difference is· a doubleword, 
that doub leword is propagated. 

Yes 

Source and destination are 
both on doubleword 
boundaries. 

No 

Source is on a 
doubleword boundary 
and destination is on 
single word boundary. 

Yes 

Source and destination 
are both on single 
word boundaries. 

Source is on a 
sing leword boundary 
and destination is on a 
doub leword boundary. 

Sheet 2 Sheet 2 Sheet 3 Sheet 3 

Diagram 5-806. Move Word, MVW (D8) (Sheet 1 of 3) 

5-806, Sh 1 (7 /70) 

Specification error 

End Op 
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Sheet l 

Source = Db lwd 

Objectives: 
Check the word count; if 
zero store l word; if not 
zero, store 2 words. 

Check for source/ des ti nation 
field ·overlap, which will 
allow high-speed moving. 

Set marks 0-7 
and store S and T. 

Subtract l from 
the word count. 

Yes 

Yes 

3 

A word count of zero 
causes l word to be moved. 

Set marks 0-3 
and store S. 

STAT A is a function of 
previous word over lap test. 

4 

No (Normal move doing both fetch and store c cles) 

(Word overlap - only store eye les required.) 

Objectives: 
Make l source fetch if both 
addresses are on word boundaries. 
Store source data contained in S 
and Tin destination field. End
op when the word count equa Is 
zero. 

Subtract l from 
word count. 

Fetch next source 
double-word into Sand T. 

No 

Update destination 
address + 8. 

Subtract l from 
word count. 

Set marks 0-7 and 
store S and T. 

Subtract l from 
word count. 

Yes 

Yes 

STAT Don if both 
source and destination 
are on word boundaries. 

No more source fetches are 
required if both addresses are 
on double-word boundaries 

Set marks 0-3 
and store S. 

Gate K to IC. (Next 
instruction address). 

Make a storage 
request to refi II Q. 

End Op 

Diagram 5-806. Move Word, MVW (D8) (Sheet 2 of 3) 

Sheet l 

B 

Source = Word Dest. = Word 

Objectives: 
Store the lst word and check 
for a word count of zero. 
If not zero, check for source/ 
destination field overlap, 
which will allow high-speed 
moving of words. 

Yes 

Set marks 4-7 
and store T. 

Subtract l from 
the word count. 

Turn on STAT B. 

Objectives: 
Fetch from source field and 
store in destination field 
unti I word count equals zero. 

No 

Make a storage request 
per IC and gate the 
data to S and T. 

Subtract l from 
word count. 

Update the destination 
address + 8. 

Yes 

Set marks 0-7 and 
store S and T . 

Update source 
address + 8. 

Subtract 1 from 
word count. 

Address store compare 
is always assumed. 

5 

A word count of zero causes 
1 word to be moved . 

Set marks 0-3 
and store S. 

6 

7201-02 FEMDM (7 /70) 5-806, Sh 2 
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Sheet 1 

Objectives: 
Gate source word 1 to S and T. 
Store 1 word if the count field 
is zero. 
Check for source/destination 
field overlap, which will allow 
high-s"peed moving of words. 
Store source word 1 to align 
destination field to doubleword 
boundary. 

Gate S to T. (S 
and T now contain 
source word 1 ) • 

Yes 

Set marks 4-7 
and store T. 

Subtract 1 from 
the word count . 

Objectives: 
Gate source word 1 to S and T. 
Store 1 word if the count field 
is zero. 
Check for source/destination 
field overlap, which will allow 
high-speed moving of words. 
Store source word 1 to alig·n 
destination field to doubleword 
boundary. 

No 

Update destination 
address +8 

Make a storage 
request per IC 
source data. 

Gate new source 
data to S and T • 

Update source 
address +8. 

Gate new left source 
word to PAL. 

Gate previously 
saved source word 
from LSWR to S. 

Gate new right 
source word (T) 
into LSWR to save. 

Subtract 1 from 
the ward count. 

Gate PAL (new left 
source word) into T. 

Set marks 0-7 and 
store S and T • 

Subtract 1 from 
the word count. 

Yes 

Yes 

3 

Set marks 0-4 
and store T. 

STAT A was set if a word 
overlap condition existed. 
(See sheet 1 • ) 

Diagram 5-806. Move Word, MVW (D8) (Sheet 3 of 3) 

5-806, Sh 3 (7 /70) 

No 

Yes 

Read LSWR to S . 

Subtract 1 from 
word count. 

Set marks 0-3 
and store S. 

4 

No 

STAT A was set if a word 
overlap condition existed. 
(See sheet 1 • ) 

(It was zero at the start
store on ly 1 word • ) 

5 

Gate next instruction 
address (in K) to IC. 

Make a storage 
request to refi 11 Q. 

End Op. 

6 

Sheet 1 

Objectives: 
Check for source/destination 
field overlap, which will 
allow high-speed moving. 
Gate source word l to S and 
T, and enter the high-speed 
move routine if STAT A is on, 
Enter the normal move routine 
if high-speed is not possible. 

Make a storage 
request per IC 
for source data. 

(Word overlap-only store cycles required.) 

Objectives: 
Repetitively store the 
contents of S and T in 
the destination field. 
End Op when word count 
equals zero. 

Update destination 
address+ 8. 

Subtract 1 from 
word count. 

Set marks 0-7 and 
store S and T • 

Subtract 1 from 
word count. 

Yes 

No 
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Objectives: 
Align key and address 
in external register. 
(Key in bits 0-3 and 
address in bits 4-27 .) 

Gate key from 
E(S-11) to B(60-63). 

Gate D(0-23) 
to T(36-59). 

Gate B(60-63) 
to T(32-35). 

Gate T to 
externo I register. 

Objectives: 
Gate IOCE select 
bits to select register. 
Issue select to IOCE. 

Gate E ( 12-15) 
to T (60-63). 

Gate T to 
select register. 

Turn on STAT Band 
'timing gate' trigger. 

Objectives: 
Wait for condition code 
to return from LOCE. 

Set timeout 
constant in B. 

Decrement B by 1 . 

Set condition code: 
per value received 
from IOCE. 

Turn off 'timing 
gate' trigger. 

End Op. 

No 

3 

~ 
I 

12 15 

T 

Activate select to IOCE 

--- ---

Gote B to PAL to 
check for timeout. 

Storage Key 
> 

---, 
I 

I 
I 
I 
I 

_N_o ___ \ 

\ 

Set condition code to 3. 

\ 
\ 

Diagram 5-807. Start 1/0 Processor, SIOP (9A) 

4 

29 31 

o" 
24 25 

IOCE 
Select Bits 

~ Key 

60 63 

T 

63 

5 6 

• SI Format: 

9A I Key fsel bits I Bl I 01 
7 8 15 16 19 20 31 

• Purpose: Transfers storage key and PSW address to selected IOCE. 
The IOCE fetches the new PSW and proceeds with the operation 
designated by the PSW. 

Decremrnted valu@ 
back to B. 

7201-02 FEMDM (7/70) 5-807 
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Diagram 5-6 

RR I Fetch 

Objectives: 
Check select mask for O's. 
Check ATR slots 1-5 for a 
valid SE frame specified. 

Gate ATR word 
2 (S) to B 
(slots 9 and 10). 

Gate select mask 
from S(24-31) to SAL • 

/ 

./ 
/ 

32 

---

3 

Yes (No elements selected) 

Set condition 
code to 3. 

4 

63 

5 6 

• RR Format 

0 D Rl R2 

• Purpose: Loads the address translation register: 
(0-31) from the G PR specified by Rl, and (32-39) 
from byte 0 of the G PR specified by R2. Byte 3 of 
the G PR specified by R2 is the selection mask, ·and 
the response bits are set into byte 2. 

• Format of G PR specified by: 
1. Rl 

SE I SE I SE I SE I SE I SE or 
DE* 

SE or 
DE* 

SE or 
DE* 

2. R2 

SE or I SE or I Ignored 
DE * DE * 

* =9020 E on.2'.:. 
** = Response Selection 

Bits Mask 
16 24 
17 25 
18 26 
19 27 
20 28 
21 29 
22 30 
23 31 

Response 
Bits ** 

CE or IOCE 
Designated 
CE 1 
CE 2 
CE 3 
CE 4 
not used 
IOCE 1 
IOCE 2 
IOCE 3 

• Conditions at the start of execution: 
1 • Instruction is in E. 
2. ATR word 1 is in A end B 
3. ATR word 2 is in Sand T. 

Selection 
Mask ** 

Gate ATR slot (per 
ABC) from A to F 
for validity check. 

Gate ATR slot 
from F to decode 
and checking logic 

Upon entry: ABC= 0, 
STC = 3. ABC gates two 
ATR slots to serial adder 
bus. Micro'"orders gate 
the correct ATR slot thru 
the adder, position 0-3. 

------------------ ~o 1s 1516 2' 

------- ----§ 

0 3~Z.ros 

D 

E Set STAT C 

F 

Step STC + 1. 

G 

' ' ......... 

' ......... 

Reset STAT C 

' ' ' ' ' ' ' ' ......... 

' ' ' 

I: 

......... - - - - -----------, ' ' 

Yes (Slots 1-5 checked) 

Sheet 2 

Yes 

Step STC and ABC + 1 

I This latch prevents setting 

1of STAT C after en invalid 
1condition is detected. 

Not Freme 6-l 0 

F(0-3) Not z.,. 

...;1-..;..F•;:;.;•<:::.h...o'""';..;..'-----1 N Rst Hold Invalid latch 

F(0-31 Not Zero 

(Not) Second Half Block Set 

t Sample Valid Gate (Activated by 'somplet::::..volu@' 
micro-order to sample eoeh ATR slot's contents.) 

Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 1 of 6) 

H 

5-808, Sh 1 (7 /70) 

Jumpered if 
on system 

:iF 

One circuit for each 
,,,,,./rome in system 

/I 
.,,.,"" : 

Frame decoded ond not in system 

\ 
I 
I 
I 
I 

STAT C i; checked 
later. If off, o 
specification enor 
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Sheet 1 

Objectives: 
Check ATR slots 6-10 for 
a valid frame specified. 
Check for specification error. 

Gate zeros (working 
register) to S. 

Set STC to 3. (set up, 
for counting slots 6-10) 

Tum on STAT A (to check 
slots 6-10 for DE's 
specified). 

Gate ATR slot (per 
ABC) from A (B for 
slots 9 and 10) to F. 

Gate ATR slot from 
F to decode and 
checking circuits. 

No 

3 

On a 90200 slats 6-10 
are SE. On a 9020E slots 
6-10 must specify OEs. 

Reset S for subsequent 
transfer of selection ma~k. 

On a 90200, STAT A is 
turned on but the check for 
DEs is degated by 'CCC 
system' being active. A 
jumper activates 'CCC system' . 

Upon entry, ABC= 0, STC = 3. 
ABC gates two A TR slots to 
serial adder bus. Micro orders 
gate the correct ATR slot thru 
the serial adder, positions 0-3. 

On a 90200, the valid frame 
is an SE. On a 9020E, the 
valid frame is a DE. 

Reset ST AT C and set 
'hold-invalid' latch 

4 

--

Not Freme 1-5 Not Valid 

Yes 

Set STAT C. 

Yes 

Yes 

Step STC + 1. 

Step STC and ABC + 1 • 

This latch prevents setting 
of STAT C after an invalid 
condition is detected. 

I-Fetch Reset 

F(0-3) Not Zero 

Not Fro me 6-10 

F(0-3) Not Zero 

Hold 
Invalid 

Sample Valid Gate (Activated by somple~vc-lue 
micro-order to sample each ATR slot's contents.) 

---------Set ABC to 7. ..-
_. _. .-- .-----.A-

Yes 

Set specification error. 

Sheet 3 End Op. 

Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 2 of 6) 

--

/;::-;." 

-----

5 

One circuit for eoch 
frame in the system. 

STAT C 

-----

6 

7201-02 FEMDM (7/70) 5-808, Sh 2 
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Sheet 2 

Objectives: 
Gate CE and IOCE select 
bits into proper select 
register bit positions. 
Issue 1st SATR select 
to elements. 

Set ABC to 7 
and STC to 3. 

Gate CE select 
bits to F(4-7). 

Gate IOCE select 
bits to S(29-31). 

Decrement STC to 2. 

Gate CE select 
to S (20-23). 

Gate S to select 
register (via T). 

3 

--

ABC and STC are serial 
adder bus gates for A, 
B, S, and T registers. 

4 5 

Select Register Bit Position Assignments 

Note: 

Only the CE (bits 20-23) and IOCE (bits 29-31) 
positions are used on SATR. 

I .... s ______ 1 ... /CEb;1s 

F 
0 

I'-e ______ r-... IOCE bhs 

61 63 ·--iABC = 71 
Zeros ----:-1 _ l 

2..1..l !..L.z. 

~ ............ 
'---~~~--.-~~~~.... """ 

No 

Put 1st select time 
constant (CO) in F. 

Turn on 'timing 
gate' trigger. 

Add 1 to F. 

Deloy 1 cycle. 

Turn off 'timing 
gate' trigger. 

Sheet 4 

• I 
I 
I 

............ 
............ 

""" """ ............ 

""" ........... ---------------"-......... 
Issues 1st SATR select to .........__ I elements. A selected element 

I that does not hove the issuing 
CEs scon bit on wi 11 not respond._ 

s 
0 

-T 

Select 

luuing CE 

L __ ------ ---~------~ 

This delay loop holds 
SATR select active for 
approximately 25.6 usec. 

IOCE 1 Select Bit 

STAT A 

Timi GoteTri er 

A SATR select to IOCE 1 

Incremented 
Volue Back 
to F 

Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 3 of 6) 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 3 

Objectives: 
Check for a II responses 
to 1st SATR select. 
Send ATR Slots 1-8 to 
selected elements. 
Load own ATR if select 
mask specifies this CE. 

After a 3-cycle delay 
gate the select register 
to T with good parity. 

Gote select reg to 
T, and T to PAL to 
check responses. 

-

3 

The de I ay a I lows the select 
register bit positions to reset. 

-------------

4 

Timing Gote Trigger 

--- - - - - - Select 

---

(ATR Slot• 1-8) 

No 
(Some element did 
not respond) 

"""SJ r--S-e-t -co_n_d_i-ti_o._n_c_o-de-to-1-...... I PAL I 

Gate ATR slots 1-8 
to externa I register. 

S to select register. 

...... ----------~-, 
Tum on 'timing 
gate' trigger. 

Delay 2 cycles 

L 

Sheet 6 

I S contains the select 
I bits formatted for 
L the select register . 

Issues the 2nd SATR 
select to send slots 
1-8 to elements. 

32 63 - - - - ..-... ....... ----

...... ---------~. -------------------

No 

Decrement ABC 
counter by 1 • 

Turn off 'timing 
gate' trigger. 

Upon entry ABC = 7. This delay 
I loop holds the 2nd SATR select 
I active for approximately 4.4 

usec • No response is expected. 

5 

Issuing CE I IOCE 
I 
I 

Read ATR slots 1-8 
into S and slots 9 
and 10 into T {0-7) 

....... 
.......... 

.......... 
............. 

.......... 
.......... 

............. 
............. 

............. 
Yes · ' 

'- ...._ (ATR Sloh 141) 

9 
""" S/ I PAL I 

Sheet 5 

Gate S {0-31) 
and T (0-7) 
to ATR (00-39). 

GP!t 

()() 

Diagram 5-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 4 of 6) 

~ 
32 ';w 

31J; 

6 
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B 

c 

D 

E 

F 

G 

H 

2 

Sheet 4 

Objectives: 
Send ATR slots 9 and 10 
to selected elements. 
Check for a response from 
all selected elements. 

Set time 
constant in A. 

Gate ATR slots 9 and 10 
into external register. 

Turn on 'timing 
gate' trigger. 

Delay 2 cycles 

Add 1 to A. 

3 

HotOne•--i 

~ 

(ATR Sloto 9 ond 10) 

- -4 ..... r ___ ___, 

32 63 

31 

I Extocnol 

Issues the 3rd SATR 
select to send slots 
9 and 10 to elements. 

This delay loop holds the 
3rd SATR select active 
for approximately 9.6 usec. 

4 

A 

No --------------~~~L 
Turn off 'timing 
gate' trigger. 

After a 3-cycle delay, 
gate select register 
with good parity to T. 

Reset issuing CE's 
input latch if its 
own ATR was set. 

Responses reset select .register 
bits as before (sheet 4) 

Each selected elements 
ATR has been set with no 
errors if PAL equals zero. 

Yes (All units res nded .) 

~-
--~ 

Set condition code to 0. 

Set condition code to 2. 

Sheet 6 

'\ 
'\ 

'\ 

' '\ 

32 

Select 

' 

Diagram S-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 5 of 6) 

63 
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Incremented 
Value Bock 
to A 

5 6 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 5 

r 
Objectives: 
Gate response bits from 
Select register. 
Arrange the response bits 
in the response byte format 
and store in G PR per R2 . 

Select 

• 
Gate select register 
to T (via 9020 and .. 
local store out buses). 

• 60 63 C-:1 
0000 T ._ - --E.:..] 

~.!.l.z 
Gate IOCE bits from 1-
T(60-63) to F(4-7). -- .... _ 

,, 
Combine IOCE bits and 
CE bits in T(48-55). 'tt-

\ 

• 
Store response bits 
in GPR specified 
in R2 field. 

~ 
\ ,, 

c End Op. ) 

Note: 
A CE receiving a SATR select signal from another CE must 
execute a microprogram to ingate the new ATR information. 
Refer to Diagram 9, MOM for explanation of the SATR 
instruction in the receiving CE. 

4 

Diagram S-808. Set Address Translator, SATR (OD), Execution in Issuing CE (Sheet 6 of 6) 

5 6 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Objectives: 
Receive SATR select for 
the lst time. 
Turn on 'time clock step' 
trigger and wait for select 
to drop. 
Send response and wait for 
2nd SATR select. 

Set CE l, 2, 3, 
or 4 input latch. 

3 

The CE input latch is 
turned on by SATR select. 

-----..... -----.----r---------------. 

Yes 

No 

Turn on 'time 
clock step' trigger. 

Turn on 'interrupt
gate' trigger. 

Set delay constant in F. 

Add 1 to F. 

No 

Turn off 'interrupt 
gate' trigger. 

Yes 

Set delay constant in F. 

AddltoF. 

Yes 

No 

Sheet 2 

This trigger forces ROS 
address 014, to enter 
receive ATR microprogram. 

This trigger gates the response 
line to the issuing CE. 

Timeout before select 
drops is an error. 

Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 

End Op. 

Timeout before select 
comes back is an error. 

Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 

End Op. 

4 

Bog I ming 
Value of 
F •22. 

5 6 

Note: 
The CE receiving a SATR select signal responds to the issuing CE and 
executes a microprogram to i ngate the new ATR information from the 
externa I bus. This diagram shows the functions performed by the 
receiving CE. 

Incremented 
Value Back 
to F 

Receive SATR Timings - Related to Issuing 7201s SATR Select 

SATR Select (Issuing CE) 25.6 usec 4.8 usec 9 .6 usec 

Response (Receiving CE) 

Gate External Bus to S. 

Gate Externa I Bus to T. 

Gate Sand T to ATR. 

-
(ATR Slots 1-8) • -

(ATR Slots 9-10) 

• -
Diagram 5-809. Set Address Translator, SATR (OD), Execution in Receiving CE (Sheet 1 of 3) 
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A 

B 

c 

D 

E 

F 

G 

H 

No 

2 

Sheet 2 

Objectives: 
Receive 2nd SATR select. 
Gate ATR slots 1-8 to S. 
Wait for 3rd SATR select. 

Gate external bus 
(ATR slots 1-8) to S. 

No 

No 

Sheet 3 

3 

------

Yes (Machine Check) 

Execute machine 
check. 

Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 

End Op. 

4 

Externo1 Bus 

--·---

Diagram 5-809. Set Address Translator, SATR (OD), Execution in Receiving CE (Sheet 2 of 3) 

Incremented 
Value 8ack 
10 F 

5 6 
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B 

c 

D 

E 

F 

G 

Yes 

2 

Sheet 2 

Objectives: 
Receive 3rd SATR select. 
Gate ATR slots 9-10 to T. 
Gate Sand T to ATR. 

Gate external bus 
(ATR slots 9-10) to T. 

Gate S(0-31) to ATR 
(0-31) and T(32-39) 
to ATR(32-39). 

Turn on 'interrupt 
gate trigger. 

Set delay constant in F. 

AddltoF. 

Turn off 'interrupt 
gate' trigger. 

Set delay constant in F. 

Add lto F. 

No 

Reset ATR select; CE 
input latch, and 'time 
clock step' trigger. 

End Op. 

3 

~------- -1 

I 
I 
I 

4 

Extema! Bus 

Yes (Machine Check) 
L-------------

Execute machine 
check. 

00 ~ ~ ~ -+----- ----...---· T 
------ 00 31~ 

- -- - --
Timeout before select 
drops is an error. 

Reset ATR select; CE 
input latch, 'interrupt 
gate', trigger, and 'time 
clock step' trigger. 

End Op. 

This delay already 

-

existed and was a 
convenient way of ending. 

I ATR 

-- ----
Beginning 
value in F 
F = EO 

---
Beginning 
value in 
F = 22. 

........__ ________ ---- ----

Incremented 
Value Bock 
lof 

Incremented 
Value Bock 
1o F 

Diagram 5-809. Set Address Translator, SATR (OD), Execution in Receiving CE (Sheet 3 of 3) 
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A 

B 

c 

D 

E 

F 

• 

G 

H 

2 3 4 5 

• RR Format 

01 Rl R2 

7 8 11 12 15 

• Purpose: To transfer configuration mask to CCR of element(s) specified by selection mask. 

• Conditions ct the end ,of I-Fetch: 
l. A-reg has lst word of conf[gurotion mask (contents of 

GPR specified by.Rl). 
2. T-reg has selection mask (contents of GPR specified by 

R2). 

• Configuration end selection mciSk for.mats: 
1 . 90200 System 

State Sc on 

lst Word 

SE 

Sl S2 23-:i:*l 2345678-

Configuration 
Mask 

0 2 5 6 7 8 

2nd Word 

17181920 

(Not Used) 

0 

PAM TCU SE 

6 

CE IOCE 

2 3 * l 2 3 

23 24 28 29 31 

31 

CE IOCE Selection 
Mask 1. 2 3 2 3 2 3 4 5 6 7 8 - * l 2 3 2 3 

D;.agram 5-6 

RR I-Fetch 

QQOOl 

Objectives: 
Gcte select mask from T 
to :seil-e.ct ;reg .• 
G.a.te lst word of co.nfigurDtJon 
mask to external reg. 

,, 
A 

Sheet 2 

:2. 9020E System 

Configuration 
Mask 

Selection 
Mask 

~ S7 
1 ~1 

T 
32 

:Exter.nol 
0 

63 

31 

Diagram s..:810 • .Set Configuration, SCON (01) (Sheet 1of6) 

0 2 3 5 6 7 8 17 18 19 20 

lst Word 

State Sc on SE DE 

Sl S2 2 3 - * * 2 3 4 2 3 4 

0 2 5 6 7 8 12 13 17 18 19 20 

2nd Word 

DG 

l A l B 2B 2C 3C 3D 4D 4A SA SB 6B 6C 7C 7D SD SA 

{) 

RCU TCU 

2 * 2 

0 2 3 

15 16 

SE DE 

234-1234 

5 .6 7 s l2 13 

Legend: 
* Spare Bit 

Reserved Bit 
:F Inhibit Logout Stop Bit 
;t; Inhibit DE Stop Bit 

17 18 19 20 

23 24 28 29 31 

CE IOCE 

2 3 *****123 

23 24 28 29 31 

(Not Used) 

31 

CE IOCE 

2 3 2 

23 24 2S 29 31 

7201-02 FEMDM (7/70) 5-810, Sh 1 
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B 

c 

D 

E 

F 

G 

H 

2 

Sheet 1 

A 

Objectives: 
Check for specification and 
privileged operation errors. 

Develop constant 3C 
to test Scan field of 
configuration mask. 

3 

Hardware checks that 
(1) own SCON bit is 
on in CCR and, (2) at 
least 1 valid SCON bit 
is on in configuration 
mask KR101. 

'',',,, d 

4 

All l's inF 

AND constant 3C · 
with Scan field 

' 32 63 Selection Mmk Note: 

in serial adder. 
......... I Ar this point, the IOCE '., ~ I T ••lection bi""'° trnn<lwed 

......-------.... ' 32 63 ._ ______ _. to F for ~ubst!quent tut. 

""" s;z~""" ~ 
\ 
.\ 

I PAL I \ 
\ 
\ 
\ 
\ 
.!.-....._ ~ Configuration Menk 

......... ....._ 

(Scan field 
all Os) 

.............. 

Specification error. 
Force Ros: address 010. 

No Privileged operation 
error. Force 
address OOA . 

Objectives: 

......... ........... --- -- ....._ 

Specification error occurs if: 
1. CE is in state 1or2. 
2. CE's scan bit is off. 
3. No valid CE specified in 

configuration mask. 
4. Rl field specifies an 

odd GPR. 

8-1 
Check if any IOC:Es 
are selected. 

Develop mask Q7 to 
test IOCE select field. 

-~....___~_____,~( 
AND mask 07 with 
IOCE mask field. 

Yes 

' ' '--------
No (One or more IOCE selected) 

(No IOCE selected) 

Sheet 4 Sheet 3 

J·. r::: .1 

-- ----

Diagram 5-810. Set Configuration, SCON (01) (Sheet 2 of 6) 

AND Function 

F 
0 

5-810, Sh 2 (7/70) 
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A 

8 

c 

D 

E 

F 

G 

H 

3 4 

Sheet 2 

Objectives: 
Check that only one CE 
communication bit is set 
in configuration mask. 

'\ s/., 
- ----1 PAL I 

AND mask 01 with 
CE mask field 
in serial adder. 

To test if CE4 communication 
bit is on. (Meaningful 

Shift T left one to 
develop mask 02. 

AND mask 02 with 
CE mask field 
in serial adder. 

No 

......... -

only for a 4-CE system.} 

CE 4 bit on. Check 
CE 3, 2, and 1. 

To test CE 3 
communication bit. 

---- --------
No (CE 3 bit on} 

Shift T left one to 
develop mask 04 

AND mask 04 with CE 
field in.serial adder. 

No 

No (CE 2 bit on} 

Shift T I eft one to 
develop mask 08. 

AND mask 08 with CE 
field in serial adder. 

No 

No CE 1 bit on 

No 

Sheet 4 

Yes 

To test CE 2 
communication bit; Use 
same data" path as above. 

Yes 

To test CE 1 
communication bit. Use 
same data path as above. 

Yes 

-

Diagram 5-810. Set Configuration, SCON (01) (Sheet 3 of 6) 

I oo I oo I 01 

-- ---- -..... 
--- --

Set spec ifi ca ti on error. 

End Op 

5 6 

Conf'iguration Mask 

16 23 
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A 

B 

c 

2 

Sheet 3 

c 

Objectives: 
Set count of 19 (hex) in B for 
'select timeout' (5.0 µsec). 
Set count of 19 in D for 
'response timeout' (S.O µsec). 

3 

""" I 

4 

s) 
PAL I 

""" I 
S/Z-~, 
PAL I 

""" I 32 63 
-r== 

D 

E 

F 

G 

H 

Sheet 5 

Diagram 5-810. Set Configuration, SCON (01) (Sheet 4 of 6) 

5-810, Sh 4 (7 /70) 

00 00 19 
R9'ponse Timeout Constont in 0 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 4 

Place configuration 
mask in T and S for 
gating to SEs and DEs. 

GPR 

GPR 

...... -----"------.·-- - - -
Move CE mask bits 
to T (56-59) for 
SE and DE ingoting. 

Activate 'reconfigure select' 
to elements for 5.0 usec. 

3 

Reod per Rl 

ReodperR1 +-1 

2nd H~lf of 
Configuration 

Mmk {Oh Only) '----------' 

Configuration mask is gated 
to SEs and DEs via SDBI. 

-----------.. --- - - - --------------
Turn on STAT G and 
'timing gate' triggers. 

5.0 usec Timeout Loop 

To issue 'reconfigure 
selects' per select 
register contents. See 
example on Sheet 6. 

Decrement timeout 
constant in B by 1. 

... - ------ - --

Turn off 'timing 
gate' trigger 
and STAT G. 

Set timeout 

No 

constant (19) in B. ...._ - - -

To allow responses from 
elements to reset bits 
in select reg • See 
example on sheet 6. 

4 

1st Holf of 
Configi..rotion ..._ ______ __,Mook 

Starting Value in B = 19 8
00 00 00 19 

... 32 _ _,__..._;,;,_...._;.;......J63 

Timeout loop 

------ Responses f'rom elements 
reMt corresponding bits 
in select reg during 
5.0-usec timeout. 

5 

...__ 

------- --Timeout Loop 

--~ S/ 
--- ...__I _PA-L ~I Decrement timeout 

constant in B by 1 • 

Yes 

Sheet 6 

No 

Diagram 5-810. Set Configuration, SCON (01) (Sheet 5 of 6) 

32 ,63 

~ 
I 

32 

B 
00 

32 

63 

OD OD 

32 63 

Tim@Out loop 

6 

19 

63 

7201-02 FEMDM (7/70) 5-810, Sh 5 
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E 

F 

G 

H 
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Sheet 5 

E 

Store responses in 
GPR specified by Rl. 
Set condition code. 

3 

GPlt 

--- --

Yes 

Set CC to 0 

End op 

The example below shows the basic 
logic active during the select and 
response timeouts. CE 1 is executing 
the SCON instruction, and CE2 is 
receiving the 'scon select'. Similar 
select and response logic is used for 
all elements in the system. 

Set CC to 2 

CE 1 

STAT G 

Timing Gate Tgr 

Select 

20 22 

22 

21 

20 

31 

Not Timing Gate Tgr 

Not Select Reg to T 

Reset Select Bit 21 

Reconfigure Select CE 3 

Reconfigure Select CE 2 

Reconfigure Select CE 1 

External 

4 

S.lectR•spo~ 

I 
I 
I 

Not System Reset 

CE 2 Not in Test 

CE 1 Scon bit 

5 

CE2 

Response to CE 1 

External Bus to CCR (ingate) 

(Circuit 
Delay) 

(Enable Response) 

6 

Inhibits response unti I 
scon select drops. 

~o~~~~--~~~~3~1 I 
Configuration Mask 

i---x----------....-.----~1i----------------x 
IO

CCR ~ I Not CCR Error 
Block Response CCR ~-~~~~~~3~1' ~ ~ 0 31 

I 
I 

- ________ l._ - - - - --------- - ___ , __ -

Diagram 5-810. Set Configuration, SCON (01) (Sheet 6 of 6) 
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B 

c 

D 

E 

F 

G 

H 

Diagram 5-13. 

QK021 

093 

SI I-Fetch. 

2 

Issue 1test and set' 
signal to main storage. 

Perform ASC lest • 

Test high-order bit. 

End-op 2 
cycles early. 

No 

No 

3 

Set 'test end set' 
trigger. 

Transfer D(2 l-23) to 
STC directly end to 
ABC via poral lel odder. 

Set mark bit per STC. 

Issue 3-cycle storage 
reciuest per D, gating 
out 'test and set' signal 
and one mark bit. 

Add -D + 7 to IC and 
shift right 4 bits. 

Yes (See Note 1 ) 

·ves (See Note 2) 

Set 'PSC' trigger. 

Set STC to 4. 

Gate SDBO to AB. 

Issue early end-op 
2 cycles early. 

Transfer AB per ABC 
ta ST per STC, via 
serial adder. 

Set CC to 1 
during NEOP. 

Diagram 5-811. Test and Set, TS (93) 

4 

Enable.s resetting of 
mark register after 
late BCU cleanup. 

Storage wi 11 fetch doubl eword, load SDBO, and 
regenerate doubleword back into core array, 
setting al I 1 's into marked byte. 

Notes: 
1. Because PAL(64-67) is ignored but may be equal 

to 0 through ?(decimal), 
051C - D + 7S.7; therefore, 

IC+ 7 ~ D~IC. 

D pointing to one of these 8 bytes 

2. Because PAL{64-67) is ignored but may be equal 
to 0 through 15 {decimal), 
0 ~ IC - D + 7 5 15. Therefore, 
IC + 7 ~ D ~ IC - 8. 

5 6 

• SI Format: 

':--9-3~~~'"""'"'"~'"""'""-"-"-Bl_._l~~-Dl~~--'r 
1 a 1s 16 19 20 31 

• Test high-order bit (bit 0) of storage operand 
byte (in storage), set CC according to state of 
tested bit, and set addressed byte bock into 
storage as al I l 's. 

• Conditions at start of execution: 
l. lst 16 bits of instruction are in E. 
2 • Storage ope rand address is in D • 
3. Storage request per D is blocked during I-Fetch 

('D sync' latch blocked) because data byte could 
change before executing this instruction. 

• 'Test and set' trigger: ALD MC181. 

... 1,>-----------• I D pointing to one of these 16 bytes 

Causes PSC exceptional condition 
during next I-Fetch, refilling Q. 

Selects testing location 
in ST. 

Unmodified byte. 

7201-02 FEMDM (7/70) 5-811 
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D 

E 

F 

G 

H 

2 3 4 5 6 

Di ogrom 5- 6' • RR Format 

RR I-Fetch 
OF Rl R2 

0 7 8 11 12 15 

Objectives: 
Determine entry type. 
(Initial entry or re
entry ofter on inter
rupt or ofter o page 
overflow.) 

No 

Entry is o return ofter on 
interrupt. Re-entry is bock 
to the routine exited from. 

- - - - -· ...... ---D-e-le_t_e_s_d_e_s-cr_i_p-to_r_s_f-ro_m_t_h_e ___ [0_ 

Note: 

All six blocks shown below represent 
blocks of storage whose sizes are 

Perform delete 
descriptors routine. 

ODT by incrementing the ~ - -
ODT address without incre- - - - _ 

~el::-0 menting the NDT address. 

--- - ---------f;\ 
Moves history descriptors from \.::..) Move history descriptors. the ODT to the NDT. 

No (data is single symbol) 

---- 0 Perform modify routine. 
Moves descriptors from the 
ODT (current in ODT) to 
the NDT; in the process, 
changes them to history 
descriptors. 

---- 0 Moves current descriptors Move current descriptors. from the ODT to the NDT. 

r--P-e-rf-o-rm_i_n_s-ert_d_e_s_c-ri-p-to_r_s.....,.-- - - -- -.-C-a-1 c-u-la_t_e_s_t_h_e_n_u_m_b_e_r __ o_f -sy_m_b_o_l_s_t_o _ __, 0 
routine. · be inserted by this insert order and 

builds a descriptor (batch No. and 
symbol count) and stores it in the 
NDT os port of the current descriptors. 

Set hi story count to zero. 
Single symbol data has 
no history data. 

--
Move history symbols. 

- - - - ____ M_o_v_e_s-sy_m_b_o_l_s_f-ro_m_o_l_d_r_e_fr_e_s_h---. Gr- -
memory to new refresh memory, 

-

ODT* NDT** 

Move history 

Modify current 

Move current 

Sort bin 
Descriptor tables 
contain descriptors 
in this format. 

Batch Symbol 
number count 

0 7 8 

--- '-.... 

............. 
Old ............_ New 

15 

resetting al I brightness bits. Refresh memory '8 Refresh memory 

Move current symbols. 
-------------o 

Moves symbols from old refresh 
memory to new refresh memory, 
leaving brightness bits as is. 

_____ _..___ ___ - - --------------. 0 
Insert new symbols routine. Moves symbols from a sort bin 

to new refresh memory, 
reformatting them if necessary. 

Prepare ta process next 
class type. 

No 

Yes 

Diagram 5-901. Repack Symbols, Simplified Flow Chart 

lnval id sequence -
specification check. 

Set condition code to 0. 

End-op 

Move history symbols 

Sort bin 

Note: 

Refresh memories contain data to 
be sent to the PVD. The data con 
be in one of two doubleword 
formats: Q) the outeut format of 
repack symbols or @ the output 
format of convert weather lines. 

* - Old descriptor table 
** - New descriptor table 

5-901 (7 /70) 
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2 

Diagram 5-6 

RR I - Fetch 

Objectives: 

Determine entry type whether initial 
entry or re-entry after an interrupt. 

Prepare to enter the delete descriptors 
mutine. 

00401 DSF 

Gate next WCT address !GPR 71 
to A (via S). 

Gate INTRPT ID (bits 4-7) and 
bin number (GPR 8) to S. 

Save 360 IC by gating ta LS'.VR 
!via n. 

Add the WCTA rA1 and r2X bin no. I 
and gate result to IC. 

Gate INTRPT ID 
to F. 

Gate DP bits rGPR l l l to T. 

Make storage request for bin 
displacement address from WCT. 

Gate F(4-71 ONTRPT ID) to 
PAL for test. 

Rearrange I NTRPT ID - bits 4-7 to 
F(0-3) and bits 0-3 to F(4-7) . 

3 

Sheet 
EIE 21 

rRe-entry from 
interrupt routine.) 

Each bin displacement value is two 
bytes long. Adding two times the 
bin number increments the WCTA 
to the correct bin displacement 
value. 

..--------'-------..- - - - - - - -...-------------. 
Clear K register. 

Gate next WCT !GPR 71 
address to S. 

Initial 
Entry 

Reset DP bits in GPR 11. 

F88 

Used to accumulate symbol 
count throughout RPSB 
execution. 

(INTRPT ID (4-7) not zero indicates a re-entry ofter an interrupt.) 

(This is re-entry after a page overflow.) 

..--------------ir- - - - -
Gate first WCT order address 
to T and D and GPR 7. 

Gate SDBO (bin disp address) 
ta AB. 

Clear T register. 

Gate old descriptor table 
(ODT) address to S. 

Make memory request per IC 
for ODT doubleward. 

Store bin displacement 
address (T) in GPR 9. 

FBD 

Gate SDBO (ODT doubleword) 
to L, Mand O. 

Adding 32 to the first.WCTA 
increments it past the 
halfword bin displacements 
ta the first order. 

..--------'-------....- - ~ - - _ __,,~-----~-----~ 
Compute sort bin address and 
store it in GPR 6. 

Sheet 4 

This address will be used in 
calculating the symbol count 
when a new descriptor is con
structed in the insert descriptors 
routine. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 1 of 21) 

4 ~ 5 

. RR Format 

I OF I Rl R2 I I 
0 7 8 11 12 15 

• Purpose: Assembles a new updated display image 
(refresh memory) for l_.'16 of a PVD's area It 
accomplishes this by deleting, from the old dis
play image, all information which is no longer 
to be displayed, by moving (and modifying, if 
necessary) the data remaining in old refresh 
memory !ORM! to new refresh memory !NRM), 
and by adding new data to be displayed by 
inserting data from a sort bin !created by CSS 
execution) into NRM. 

• RPSB moves two types of data, descriptors 

Batch Number Symbol Count 

and display words, 

Symbol 

0 I 2 7 8 9 12 

and is logically divided into two sections. The 
first builds a new descriptor table by using the 
applicable previous descriptors (from the ODTI 
and by generating new descriptors for the new 
input data (from CSS execution(s)) located in 
a sort bin. This section operates only in SEs. 
The second section builds a new display image 
for a sort bin !cal led new refresh memory, 
NRM), using the symbol counts accumulated 
while building the new descriptor table !NDTl 
which actually describes NRM. This section 
operates in both SEs and DEs as shown below. 

F87 

Reset DP bits in GPR 11. 

Sheet 3 

* 3-letter designations identify 
actual I ine edge connectors on 
CAS page. 

6 

y x 

21 22 31 

CFE Sheet 2 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 1 

Objectives: 

Determine the point at which 
to re-enter execution by ex
oming INTRPT ID. 

QQSOl 

Gate ODT address (GPR 2) 
to S. 

Gate WCT address to D. 

3 

F86 

INTRPT ID (bits 0-3) will be 
9 if the instruction was inter
rupted while operating in the 
section which moves or inserts 
symbols. 

4 

- - - - - -- ___,...._ ___________ _ 
Yes 

(descriptors 
routines) E82 

Gate new descriptor table 
(NOT) address to T. (from 
GPR3). . 

Gate S (ODT address) to IC. 

Make memory request for 
WCT doubleword per D. 

Yes 

No 

Reset F(4-7) to 0. 

Gate new descriptor table 
(NOT) address (T) to D. 

Gate INTRPT ID (F0-3) to SAL. 

Make memory request for 
ODT doubleword. 

Gate history count (GPR 0) 
to K (via S). 

Gate WCT doubleword (SDBO) 
to AB. 

Gate current count (GPR 1) 
to T. 

E84 

(Move 
history) OO (INTRPT ID= OOOX) 

E88 

Turn on STAT G. 

Gate SDBO (ODT data) to 
Q and to L, M. 

Gate ODT descriptor from 
L, M to N and from Q to R. 

Gate next WCT order (AB) 
to F(0-3). 

Gate R (ODT descriptor) to E. 

Gate old refresh memory address 
to T. 

Gate ODT descriptor (NJ 
to SAL. 

Sheet 7 

(Symbols routines) 

-- - - - --,-------------. 
INTRPT ID (bits 0-3) will be 
0 or 1 if the instruction was 
interrupted wh ii e operoti ng 
in the section which deletes 
or mores descriptors. 

Save code 1 by keeping F(4-7) 
equal to one. 

F(4-7) equal to 0 indicates 
on even delete symbol count 
or an odd delete symbol count 
adjusted. 

Indicates later an odd 
delete symbol count not 
adjusted. 

* .3-letter designations identify 
actual Ii ne edge connectors on 
CAS page. 

(Modify) 

01 

(INTRPT ID 
= 001X) E89 

Gate SDBO (ODT data) 
to Q and to L, M. 

Gate N.DT address (GPR 3) 
to T. 

Gate next WCT order to 
F(0-3). 

Gate WCT address to S. 

Gate ODT descriptor from L, 
M to N and from Q to R. 

(Move 
current) 

10 

(INTRPT ID 
,;OlOX) E8A 

Gate ODT descriptor (SDBO) 
to Q and L, M. 

Set F (bit I) off if WCT 
order is modify. 

Gate history symbol count to 
B (from K). 

Gate ODT descriptor from L, 
MtoNondfromOtoR. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 2 of 21) 

5-902, Sh 2 (7 /70) 

5 

QQSOl EBO 

Gate new refresh memory (NRM) 
address (GPR 5) to IC (via S). 

Set constant 4 into A. 

Set F(4-7) to zeros. 

Gate insert symbol count (FPR 2) 
into K (via S). 

Gate old refresh memory (ORM) 
address to S. T. 

Exclusive or INTRPT ID (F0-3) 
with constant (1100) and gate 
result to SAL. 

6 

INTRPT ID (bits 4-7) will be 0 
I or 1 if the instruction was inter-
1 rupted while operating in the 
I section which deletes or mores 

descriptors. 

(Initialize move 

(Re-entry to beg in 
processing next 

>-Y~e_s_~ _______ o_RM__,toNRM) 

class type) No 

Gate DP bits (GPR 11) to S. 

Gate DP bits to SAL for 
check. 

Gate WCT address (GRP 7) to S. 

(Insert 
descriptor) 

'11 

(INTRPT ID 

Ell 

= OllX) ESB 

Set F(0-3) to zero if WCT 
order is EOCT. 

Gate current symbol count 
(F) to K. 

Reset F(4-7). 

* GIE Sheet 11 

ElO 

Gate ORM address to FPR O. 

*NEE Sheet 13 



A 

B 

c 

D 

E 

F 

G 

H 
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Determine if there is more dote 
to process or if the instruction 
execution is to be terminoted. 

QQ521 E36 

Gate WCT address (S) to D. 

Moke memory request for next 
WCT orders. 

Yes 

E27 

Reset K to zeros. 

Gate ODTA (GPR 2) to T. 

Gote SDBO (WCT orders) to AB. 

Update ODT address (T) +2 
result to IC. 

Set paging latch if 512 carry 
on IC update. 

Make memory request per IC 
(for ODT data). 

Update WCT address +2. 

Set condition code to 0, 

Yes 

E38 

Gate SDBO (ODT dato) to 
Q and LM. 

Gate LM to N ond Q to R. 

Gate R (ODT entry) to E. 

Set FPR 2 to O. 

*NHE Sheet 4 

3 

---------~-----------
This re-entry is after o 
complete class type has 
been processed. 

Gote WCT address (D) to T. 

Set condition code to 2. 

Turn on STAT G. 

Store updated ODT 
address in GPR 2. 

QGE Sheet 21 

E26 

E39 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 3 of 21) 

4 

QQ521 F89 

* 3-letter designations identify 
actual Ii ne edge connectors on 
CAS page. 

Gate WCT address to D. 

Make memory request for WCT 
orders (per D). 

5 6 

7201-02 FEMDM (7 /70) 5-902, Sh 3 



A 

B 

NHE Sheet 3 

c 

D 

Sheet 6 

2 3 

Sheet l 

Objectives: ---------------11---- - - --------------Both descriptor tables (ODT and 
NDT) and the WCT are physically 
located in SEs. 

Examine WCT order and branch to 
proper delete routine or to move 
history routine. 

QQ401 FSA 

Make memory request for WCT 
doubleword. 

Gate GPR 4 to T. 

No 

Gate ODT descriptor to N and R. 

Specification check. 

-------------...-- - - - ........ -------------
Clear FPR 2. I Used later in insert symbols routine. 

Gate first ODT descriptor to E. 

Gate WCT doubleword to AB. 

F95 -------------.----- --------------
Gate constant 4 ta FPR 4. 

Store current WCT address 
in GPR 7. 

Gate WCT order to SAL for testing. 

I Used later in insert symbols routine. 

4 5 6 

- --- - ----- - - -- -- -- - - - -----------------... 

E 

F 

G 

H 

Sheet 6 

Save contents of B (WCT orders) 
in FPR l. 

Yes 

Gate batch numbers from N (ODT) 
and A (WCT) to SAL for compare. 

Not 
o .. lete 
Order 

Yes 

F50 

Gate symbol count to B (from K). 

NDE Sheet 5 

Sheet 5 

NFE Sheet 

_______ _.. ________ - -- - ....... ------------.... 

Read GPR 4 (old refresh memory 
address) to T. 

For delete symbol update. 

-------------- - - - - --------------
Add B (symbol count) x4 to 
ORM address (T). 

Gate FPR l (WCT orders) back 
to B (via S). 

Gate GPR 3 (NDT address) to S. 

This deletes the symbols from 
ORM. 

.-------a.------~- - -- ---.------------~ 
Turn on STAT G. 

Indicates to move routine that 
entry is from delete routine. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 4 of 21) 

5-902, Sh 4 (7 /70) 

There are three types of deletes: 

Delete N2 - Deletes all descriptors up to 
and including the first null (all zeros) 
descriptor encountered. 
Delete Nl - Deletes all descriptors up to 
but not including the first null descriptor 
encountered. 
Delete - Deletes only the descriptors with 
the same botch number os the botch number 
in the delete order. 

F47 

Gate current WCT order to F(0-3). 

Gate NOT address (S) to D. 

Gate next ORM address to GPR 4. 

F4C 

Gate next ODT descriptor (N0-3) 
to SAL for test. 

Yes 

No 

. 
NDE Sheet 7 

If delete symbol count is odd, the symbol 
count wil I be increased by one when the 
first descriptor is moved from ODT to NOT 
and the associated history or current symbol 
count will be increased by one. The move 
symbols routines will insert a corresponding 
null symbol in NRM. 

NOE Sheet 21 

Set F(4-7) to 1. 

• 3-letter designations identify 
actual I ine edge connectors on 
CAS page • 



A 

B 

c 

D 

E 

F 

G 

H 

2 

DE Sheet 4 

Objectives: 

Delete oil descriptors from ODT 
up to but not including the first 
nul I descriptor. 

00411 F9D 

Add K (Symbol count) to E(S-15) 
result to K. 

Gote descriptor (N0-3) to SAL. 

Yes 

Step ODT address to next 
descriptor. 

F52 

Set paging lotch if 512 corry on 
ODT address update. 

Set STAT G. 

Yes 

Gote next descriptor from LM 
to N ond from 0 to R. 

Turn off STAT G. 

Gate descriptor from R to E. 

F54 

Yes 

Yes 

No 

Add this delete order symbol count 
(E) to the occumuloted symbol 
count (K). 

3 

To update the count of the 
deleted symbols. 

To check it for o null. 

Make memory request per IC. 

No 

Gate SDBO to Q ond LM. 

Step ODT address to next 
descriptor. 

F41 

Yes 

No 

(Delete N2 routine 
is complete) 

*EEE Sheet 6 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 5 of 21) 

4 

NEE Sheet 4 

Objectives: 

Delete all descriptors from ODT 
up to ond including the first null 
descriptor. 

QQ411 F9F 

Turn on STAT D. 

Add K (symbol count) to E(S-15) 
result to K. 

Gote descriptor (N0-3) to SAL 

(Delete N2 routine is complete) 

*GBE Sheet 6 

Deletes null descriptor. 

5 

No 

Step WCT address (D) +2 to 
point to next WCT order. 

(Delete Nl routine 
is complete) 

*JEF Sheet 6 

6 

Leaves the null descriptor 
in the ODT. 

7201-02 FEMDM (7 /70) 5-902, Sh 5 
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D 
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F 
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Objectives: 

Delete descriptors from ODT which 
have same batch number as the 
delete order in WCT. 

QQ421 

Turn on STAT O. 

No 

Update OOT address to next 
descriptor. 

F51 

Set paging latch if 512 carry on 
0 OT address update. 

Yes 

Add WCT order symbol count 
(EB-15) to K. 

QQ421 F44 

Gate next descriptor from LM to 
N and from Q to R. 

Update WCT address (0) +2 to 
next WCT order. 

Yes 

QQ421 F36 

Gate next descriptor from R to E. 

Gate 1 to SAL. 

QQ401 

Store current WCT address 
in GPR 7. 

Save contents of B (WCT orders) 
in FPR 1. 

Gate batch numbers from N 
(ODT) and A (WCT) to SAL 
for compare. 

3 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 6 of 21) 

5-902, Sh 6 (7 /70) 

4 

Add WCT order symbol count 
(EB-15) to K. 

Make memory request per IC (for 
new ODT doubleword), 

QQ421 F48 

Gate SDBO to Q and LM. 

QQ421 F37 

Make memory request per 0 (for 

new NOT doubleword). 

5 

Sheet 5 *GBE Sheet 5 *EEE. Sheet 5 *JEF 

--------'-------.----------------------. 
Gate 1 to SAL. 

Gate next descriptor from 
R to E. 

Gate SOBO (new NOT 
doubleword) to AB. 

If STAT 0 on, last WCT order 
was de~ete or delete Nl. 

QQ401 

Store current WCT address 
in GPR 7. 

B Sheet 4 

F98 

Setting up for branch if last WCT 
order was delete N2. 

*3-letter designations identify 
actual line edge connection on 
CAS page. 

6 



A 

B 

c 

D 

E 

F 

G 

H 
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Sheet 2, 4 

Objectives: 

Move history descriptors from 
the old descriptor table (ODT) 
to the new descriptor toble (NDT). 

00441 

Reset K to zeros. 

Gate next ORM address 
to FPR 0. 

Yes 

F04 

Move first byte of descriptor (N0-7) 
to ST. thru SAL. 

00441 

Update ODT address +2. 

Set paging latch if 512 carry 
on ODT address update. 

Subtract 1 from E(S-15). 

Update NDT address +2 
result to A. 

Move second byte of descripto1 
from N(B-15) to ST. 

Yes 

No 

F06 

3 

.(Not lost old descriptor 
doubleword position and 
delete symbol count odd) 10 

4 

G Sheet 10 

Sheet 11 

(Not lost old descriptor 
doubleword position and OO 
delete symbol count even) 

5 

(last old descriptor double
word position and delete 
symbol count odd) 

11 

(Lost old descriptor double
word position and delete 
symbol count even) 

Subtract 1 from E(B-15). 

Fetch next 001 doubleword. 

Move second byte of descriptor 
to ST. 

No 

Store ST (NDT doubleword). 

Update NOT address +2 
result to A. 

6 

01 

Store ST per Din NDT. Gate SDBO (ODT doubleword) 
to LM and Q. 

Gate next ODT entry from 
LM to N and Q to F. 

Add 1 to E(B-15). 

QQ441 

Gate updated N DT address 
(A) to D. 

Add symbol count E(B-15) to 
K (accumulated count). 

Gate next descriptor (R) to E. 

No 

Fl6 

No (Current) 

No 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 7 of 21) 

Yes 

Sheet 11 

• 3-letter designations identify 
actual I ine edge connection on 
CAS poge. 

QQ441 F15 

Add 1 to E(S-15). 

QQ431 EB! 

Gate GPR 11 (New NDT address) 
ta T. 

Store new NDT page address 
at end af old NDT page. 

Gate next ODT descriptor 
from LM to N and Q to R. 

00441 

Set DP bits in GPR 11. 

EBB 

Sheet 10 H 

7201-02 FEMDM (7/70) 5-902, Sh 7 



2 

0 jectives: 

A Check work control table (WCT) 
orders for modify orders and 
compare ODT and WCT botch 
numbers. 

QQ431 FOB 

3 

------------- - - - -- - - -.------------.. 

B 

c 

Store NOT doubleward. 

Gate next WCT order 
(F) to SAL for check, 

Yes 

Gate current NOT 
address (O) to T. 

Gate WCT address (GPR 7) 
to S. 

No (Single symbol data) 

Contains lost history 
descriptor. 

CBE Sheet 21 

4 5 6 

*CHE Sheet 2 

>----------------------------------------------------

D 

E 

F 

G 

H 

Gate current NOT 
address to GPR 3 •. 

Gate WCT address (S) to O. 

Make memory request for 
next WCT doubleword. 

F29 

Yes 

Update OOT address +2. 

Gate SOBO (WCT double
word) into A. B. 

Gate LM to N and Q to R. 

Gate F (WCT order) to 
SAL for check, 

QQ431 

Compare N(0-7) with WCT 
botch in AB thru SAL. 

ECO 

No 

Update WCT address +2 and 
gate result to T, O. 

Store updated WCT address 
inGPR7. ' 

Gate R to E. Next old descriptor 

* 3-letter designations identify 
actual line edge connection on 
CAS page. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 8 of 21) 

5-902, Sh 8 (7 /70) 

QQ431 

Set B to zeros. 

Set 1 in F(0-3) if was O. 

Set F (4-7) to zeros. 

Update OOT address +2. 

Set paging latch if 512 
carry on OOT update. 

Make memory request per 
IC for next OOT data. 

Gate SOBO {WCT data) to 
AB. 

Gate SOBO (OOT doto) to 
LMand Q. 

Gate LM ta N and Q to R. 

Gate F (WCT order) to SAL 
for check. 

F2B 

QQ431 

The absence of a modify order 
in~he WCT indicates that this 
class type is single symbol data. 
Single symbol data cannot be 
history, so the hi story count is 
set to zero. 

Sheet 9 
EC2 

Gate next WCT entry thru 
SAL for check. 

No 

QQ431 

Make memory request for 
next WCT doubleword. 

Gate S DBO to AB. 

Gate next WCT entry 
thru SAL for check. 

ECl 

Sheet 9 
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B 

c 

D 

E 

F 

G 

H 
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Sheet 
8 

Objectives: 

Move old descriptor from 
ODT to new descriptor 
toble NDT. 

QQ43l 

Update IC (ODT address) 
+2. 

Set paging latch if 512 
carry on ODT update. 

Gate NDT address 
(GPR 3) to S. 

Gate NDT address (S) to 
D. 

Move first byte of ODT 
entry N (0-7) to ST. 

Add 1 to symbol count if 
odd delete symbol count. 

Move second byte of ODT 
entry N (8-15) to ST. 

Store NDT entry·in 
NDT (per D). 

Update N DT address 
+2 result ta T. 

Add symbol count (ES-15) 
fo accumulated history 
symbol count (K). 

Gate GPR 7 to S. 

Gate (next ODT descriptor) 
LM ta N and Q to R. 

Gote WCT address (S) to D. 

Store next NDT address 
in GPR 3. 

Gate next WCT entry 
thru SAL far check. 

EC3 

Yes 

EC4 

EC7 

Yes 

ECF 

Yes 

Sheet 
8 

3 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 9 of 21) 

Make memory request for 
ODT daubleword. 

Gate NDT address ($)to D. 

Move first byte of ODT 
entry N (0-7) to ST. 

Add 1 to symbol count if 
odd delete symbol count. 

Move second byte of ODT 
entry N (8-15) to ST. 

Store NDT entry in 
NDT (per D). 

Gate SDBO {ODT data) 
ta LM and Q. 

4 

EBl, EB2 

Gate GPR 11 (new NDT 
address) to T. 

Store new NDT page 
address at end of old 
NDT page. 

Gate next ODT descriptor 
from LM to.N and Q to R. 

Set DP bits in GPR 11. 

EB9 

5 6 

7201-02 FEMDM (7/70) 5-902, Sh 9 
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End of modify descriptors 
store nul I description in 
NOT to seporate history 
from current descriptors. 

QQ441 

Gate history symbol 
count (K) to B. 

Gate NOT address 
(GPR 3) to 0 (via S). 

3 

E06 

______ ._ _____ ..,.... _ - - - - -- ...... -----------..... 
Set all zeros (null) 
descriptor in next 
NOT slot. 

Yes 

QQ441 FIC 

Set K to al I zeros. 

Gate next OOT entry N(0-7) 
to SAL for check. 

No 

QQ441 

Update NOT address +2 
to check for page overflow. 

Gate R to E. 

FIF 

Store null descriptor in NOT. 

QQ441 

Gate N(0-7) to SAL 
for check. 

No 

Store new NOT address 
at end of old NOT page. 

Set DP bits in GPR 11. 

H Sheet 7 

F23 QQ441 

Zeros in next 
slot in ST. 

Update.NOT address +2 
result to D. 

Turn off STAT G. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 10 of 21) 

5-902, Sh 10 (7 /70) 

F22 

4 5 

EIE Sheet 2 

Update NOT address (0) +2. 

Tum off STAT G. 

Gate R to E. 

FIE 

* 3-letter designations identify 
actual line edge connection on 
CAS page. 

6 

Sheet 11 CHE 
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CHE 

Objectives: 

Sheet 
7, 10 

3 4 

-----------~---- - - - - - - - - - - ----

*GIE Sheet 
2 

Determine that WCT order 
is an insert order. 
Compute the symbol count 
to be inserted in the NDT. 

00461 

Store last old descriptor 
in NDT. 

Set F (4-7) to zeros. 

Yes 

Ffi{9 

00461 F3A 

Gate B (symbol count) to T. 

Store T in GPR O. 

Gate.next WCT order to 
SAL for check. 

00461 

Gote K to B. 

Read WCT Address (GPR 7) 
ta s. 

F39 

Yes (end of class type) 

Gate ODT address (IC) 
to T. 

No (II legal sequence) 

Gate WCT address to IC. 

Gate bin number (GPR 8) 
to 5. 

Reset K ta zeros. 

Store ODT address in 
GPR 2. 

F3F 

..--------L------.-- - - -- -
Multiply current count by 
4 and gate into GPR 1. 

Make memory request for 
WCT order. 

Sove current count 
in FPR 6. 

Gate NDT address to B. 

Add 2 to bin number and 
gate result to T. 

Add WCT address to bin 
number (IC+T) result to D. 

F2F 

Make memory request (per D) 
for next cl ass types sort bin 
start address (stop address). 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 11of21) 

*EBE Sheet 
21 

Saves the accumulated 
history count. 

Set F ta zeros. 

Set condition code to 3. 

Turn on STAT G. 

Sheet 
21 

Converts the count 
from words to bytes. 

5 

Work Control Table (WCT) 

Bin 0 displcmnt Bin 1 displcmnt 
Bin 2 displcmnt Bin 3 di~cmnt 
Bin 4 displcmnt Bin 5 displcmnt 
Bin 6 dispJ:cmnt Bin 7 dise_l_cmnt 
Bin 8 displcmnt Bin 9 displcmnt 
Bin 10 displcmnt Bin 11 displcmnt 
Bin~ disPfcmnt Bin 13 displcmnt 

/ Bin 14 dis@.:cmnt Bin 15 displcmnt 
Delete Batch # Delete Batch # 
Delete Batch# Modi!r_ Batch# 
Modify BotC!l # Modify Batch# 
Modify Bat<:!i._# Insert Bat~ # 
Bin 0 displcmnt Bin 1 diSJ>lcmnt 
Bin 2 displcmnt Bin 3 di~cmnt 
Bin 4 displcmnt Bin 5 displcmnt > 
Bin 6 dispTcmnt Bin 7 displcmnt 
Bin 8 disei:cmnt Bin 9 displcmnt 
Bin 10 dis~cmnt Bin 11 displcmnt 
Bin 12 displcmnt Bin 13 displ cmnt L-
Bin 14 disPfcmnt Bin 15 displcmnt II 

EOCT 
Delete Batch # Delete Batch# 
Delete Botch # Delete Batch It 
Modify Batch# Modify Batch# 

::-

Gate symbol count (BJ 
into GPR 1. 

Save current count 
in FPR 6. 

Clear K register. 

Sheet 
13 

Gate Soit Bin Start 
Address (GPR 9) to T. 

F80 

Gate SDBO (WCT order) 
into LM. 

Gate next WCT order from 
LM to N and Q to R. 

00461 DAT, D9A 

Gate two's complement of 
sort bin start address to A. 

Gate SDBO (new bin address -
stop address) to T. 

6 

_ -? The proper bin displacement from here 
- / is used by the insert order to indicate 

the address of the first symbol in the 

/ 
/ 

/ 

/ sort bin that is to be inserted into new 
/ refresh memory (NRM). 

1The proper bin displacement from here 
/ is used by this insert order to indicate 

/ / the stop address of this batch of 
/ symbols (in this case it's the end af 

/ / the class type also). A displacement 
/ ~ram h~re is _also used by the next 

/ insert order on the WCT ta indicate its 
first symbol (as the displacement 
above was used). First 

Closs 
Type 

I 
I 

I 

Note: 

The symbol count for an insert order 
is calculated (to build a descriptor) 
by subtracting the start address from 
the stop address. 

Sheet 
12 

*CHE 

______ ..._ _____ ..-- - - - - - ......---------------. 
Subtract sort bin start address 
(A) from sort bin stop address 
(T) - result to B. 

This determines the insert 
order symbol count4 

r-_____ ..._ _____ -r-- - - - - --.--------------. 

Update IC (WCT address) 
+32. 

*LIE 
Sheet 

12 

The next order in the WCT to be 
accessed will be taken from the 
18th halfword position from the 
given insert order. Every insert 
order wil I lie on a halfword 
boundary and is immediately 
followed by its own table at 16 
bin displacement values. 

*3-letter designations identify 
actual line edge connection on 
CAS page. 

7201-02 FEMDM (7/70) 5-902, Sh 11 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Obiectives: 

Determine the correct insert 
symbol count. Assemble the 
new descriptor (batch number 
ond symbol (count) and store 
it in the NDT. 

QQ471 

Add B (insert symbol count) 
to K (accumulated current 
symbol count). 

DAS 

3 

(Symbols to insert) 

Sort bin stop address 
> sort bin start address 

01 

4 

(Symbols to insert 
contoined in two 
pages) 

Sort bin stop oddress 
<sort bin stort oddress 

10 

DA6-DOF 

Add 504 to symbol count 
in B. 

,.... _____ ...._ ______ - - - -.......-------------
Divide symbol count by 4. 

Insert 

Gate WCT order batch 
number to ST byte. 

Gate insert symbol count (B) 
to ST byte to Form new 
descriptor. 

---, 
I 
I 
I 

This converts From count 
in bytes to count in words. 

...-------"--------~ - - --.--------------. 
Store new descriptor in NDT. 

Update WCT address (IC) + 2. 

Update NDT address (D) + 2. 

Make memory request for 
next WCT order. 

Update WCT address+ 2. 

Gate WCT order from L,M 
to N and Q to R. 

Read GPR 11 (new NDT 
page address) to T. 

Store new NDT address at 
end of old page. 

Gate new NDT page 
address to D. 

Store DP (page) bits in 
GPR 11. 

No 

The new descriptor must con
tain a batch number and a 
symbol count. 

Gate next WCT order from 
LM to N and Q to R. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 12 of 21) 
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5 

(No symbols to insert) 

Sqrt bin stop address 
=sort bin start address 

00 

Gate aid bin address 
(GPR 9) to T. 

Make memory request for 
next WCT order. 

6 

DA4 

DA7 .-------L------..- - - - - - ,..------------.... 
Gate insert symbol count 
from K to FPR 2. 

Gate GPR 8 (bin number) 
to S. 

Gate D (NDT address) 
to B. 

Add 2 to bin number 
(S), result to T. 

Add WCT address (IC) 
to bin number (T) -
result to .P. 

Gate sort bin start 
address (GPR 9) to T. 

Make memory request For 
new bin stop address. 

Sheet 
11 

(Invalid 
sequence) 

Store IC 0NCT address) 
in GPR 7. 

Set condition code 3. 

Turn on STAT G. 

Sheet 
21 

No 

Yes 

DAC 

DB2 

For use in interrupt 
routine. 

(End of class type) 

No 

*CDE Sheet 
13 

Reset A and B. 

Update NOT address 
(D) + 2. 

Gate null byte to S, T 
(next byte gated will 
also be a null). 

DAE 

*3-letter designations identify 
actual Ii ne edge connectors on 
CAS page. 



A 

B 

c 

D 

E 

F 

G 

H 

Sheet 
*NEE 2 

2 

QQ531 

Obiectives: 

Sheet 
11 

Store a nul I (all zeros) 
descriptor in the NDT 
as an end of class type 
separator. 

Gate 
ODTA to GPR 2 

Updote WCT address +2 
and gate result to IC, 
T, andGPR7. 

Gate first byte of EOCT 
separator (zeros) into ST. 

Gate second byte of EOCT 
separator (zeros) in ST. 

3 

DCS 

QQ531 

Update WCT address (IC) 
+2, and gate result to 
GPR 7 ond T. 

4 

DA9 

----~-~-------- - ----~---~--~~--~ Store EOCT sepcrator in the 
new descriptor table (NDT). 

Obiectives: 

Next symbols are to be moved 
from ORM to NRM. Initialize 
to begin the move of history 
symbols. 

QQ531 

Gate new refresh memory 
address ( GPR 5) into S. 

Gate new refresh memory 
address (NRM A) from S 
to IC. 

Update the NDT address +2 
and store it in GPR 3. 

Yes 

Gate old refresh memory 
address (ORM A) from 
GPR 4 into S. 

DCC 

I Up to this point, only descriptors 
hove been moved. It is now nec-

1 essary to move the symbol data 
from old refresh memory (ORM) to 

I new refresh memory (NRM). 

_____ __...._ _______ - --- ....... ...------------.. 
Set 9 into F(4-7) (INTRPT ID). 

Yes 

QQ531 

Subtract 8 from NRM A 
result to D. 

Gate history count 
(GPR 0) into T. 

For use in interrupt 
routines. 

Sheet 
*NCE 2l 

-------''"-------..---------.-------------. 
Reset STAT D. 

Gate ORMA (S) to IC, E. 

Make memory request for the 
first ORM doubleword. 

Gate history count (T) to B. 

Gate NRMA (GPR 5) to T. 

STAT D used to differentiate 
between history and current 
symbols. Off for history. 

-----....1------~- - - --- ........ -------------
Store NRMA (T) in FPR 3. 

Subtract 8 from history 
count result to Band T. 

For interrupt 
routine use~ 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 13 of 21) 

5 

Entry by this path indicates 
that the previous WCT 
order executed was an 
insert order. 

Gate GPR 11 (new NDT 
address) to T. 

Store new NDT page 
address at end of old 
NDT page. 

Gate next ODT description 
from LM to N, and Qt~ R. 

Set OP bits in GPR 11. 

6 

------------.-- - --- - -------------
Set E(l2-15) to 2. 

Align ORMA on an even 
word boundary. 

Add 8 to the adjusted 
ORMA, result to IC. 

Gate current count 
(GPR 1) to S. 

Gate SDBO (ORM 
data) to LM. 

No 

DD7 

*3-letter designations identify 
actuo I Ii ne edge connectors on 
CAS page. 

Preparing to issue an 
FMTO micro-order to 
gate data thru the mixer. 

Sheet 
*NHE .15 
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A 

B 

c 

D 

E 

F 

G 

Sheet 
15 

2 

Sheet 
13 

Move data words containing 
history symbols ar current 
symbols from old refresh 
memory into new refresh 
memory by gating them 
into LM, thru the mixer 
into XY and back to 
store e. 

00491 DDS 

Add B to N RMA and 
gate result to D. 

Make memory request for 
next ORM doubleword. 

QQ491 

Subtract B from ORMA 
(IC) result to GPR 4 
(via T). 

Issue 'FMTO• 513-15' 
micro-order to gate 
ORM data to XY. 

E4B 

Yes 

Store NRMA (D) in 
GPR 5. 

Store XY data in 
NRM per D. 

Gate SDBO (ORM double
word) into LM. 

Subtract B from count (B). 

Gate current count (GPR 1} 
to S. 

E57 

Yes 

EAB 

Update ORM A (IC) +B 
result to IC and GPR 4. 

Set E12-15 to 2. 

No 

E55 

Update NRMA (D) +B. 

E55 

Moke memory request for 
next ORM doubleword. 

3 

Old refresh memory (ORM} 
and new refresh memory 
(NRM) are both physically 
located in DEs. 

When processing history data 
E13-15 equals 2 at this time 
ond causes the BR bits in 
each word to be reset as the 
data is gated thru the mixer 
(ensuring history data}. 

Two symbols have now been 
moved From ORM to NRM. 

Gate current count (S) to B. 

Sheet 
15 

Count is checked 
for this decision. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 14 of 21) 
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E54 

(Moving 
current) 

4 

Sheet 
*GDE 15 

QQ491 E49 

NRMA +8 result to D. 

Make memory request for 
next ORM data. 

Turn on STAT D. 

When processing current data 
E13-15 equals 0 ct this time 
and causes the two words (LM} 
to be gated thru the mixer 
with no changes. 

Yes Na 

EAA 

Update ORM A (ICJ +8 
result to IC and GPR 4. 

No 

E3D 

Update NRMA (D) +8 
result to D. 

Make memory request for 
next ORM doubleword. 

E4B 

Reset E12-15 to zero. 

K 

5 

NRMA +8 result to D. 

Make memory request for 
next ORM data. 

Add history count to current 
count result to B. 

Subtract 1 from E12-15. 

Yes 

Turn on STAT D. 

Gate next sort bin 
address (GPR 6) to S. 

Issue 'FMTO* E13-l5' 
to gate ORM data to XY. 

E56 

6 

Count is checked 
for this decision. 

(One data word in XY) 

Sheet 
15 

*3-1 etter designations identify 
actual line edge connectors on 
CAS page. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 
13 

Determine if there are any 
symbols (history, or current) 
left to move from old re-
fresh memory and branch to 
the proper rauti ne. 

Yes 

Subtract 1 from E 12-15. 

Turn on STAT D. 

Add istory count -8 to 
current count result 
to Band T. 

Gate GPR 6 to S. 

Gate ORMA (IC) to GPR 4. 

Turn off STAT D. 

Issue 'FMTO* E13-15' 
micro-order to gate ORM 
data to XY. 

Subtract 1 from E12-15. 

Add 8 to current count 
result to PAL for check. 

DD6 

E40 

Yes 

E4l 

.. 3 

(Two history symbols left) 

QQ491 

Gate NRMA +8 to D. 

Make memory request for 
ORM data. 

Turn on STAT D. 

Sheet 

(One or no 
symbols to move) 

10 

(One data 
word in 
XY) 

14 

Sheet 
*GDE 17 

(More than two 
symbols to move) 

01 

(One or no 
symbols to move) 

10 

Sheet 
14 

(One 
symbol 
to 
move) E46 

Gate ORMA to GPR 4. 

Turn off STAT D 

Issue 'FMTO* E13-15' to 
gate ORM data to XY. 

(One 
data
word 
in XY) Sheet 

17 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 15 of 21) 

E3A 

4 

DD4 

Add history count to current 
count result to B. 

Gate ORMA (GPR 4) to S. 

E4E 

No Yes 

5 

Sheet 
14 

QQ481 

(Two 
symbols 
to 
move) 

(Two data wo~ds in XY) 

Issue FMTO* E13-15 
to gate ORM data 
toXY. 

Gate ORMA (GPR 4) to S. 

Gate NRMA +8 to E and D. 

Store ORM data in 
NRM from XY. 

Tum off STAT D 

E3B 

E48 

Yes 

(More than 
two symbols 
to move) 

01 

Sheet 
14 

(No 
symbols 
to move) 

(No data in XY) 

Sheet 
*CEE 16 

00 

Gote next sort bin 
address (GPR 6) to S. 

(No datawords 
in XY) 

*LIE 
Sheet 

16 

(Two symbols 
to move) 

00 

Gate ORMA to GPR 4 

Issue 'FMTO* E13-15' to 
gate ORM data to XY. 

Reset S to zeros. 

*3-letter designaHons identify 
actual I ine edge connectors on 
CAS page. 

E4C 

E44 

6 

Sheet 
14 

QQ481 E3C 

Gate ORM A(IC) to GPR 4. 

Moves last 
two symbols 
into NRM. 

Sheet 
*LHE 19 

Issue FMTO* E13-15 to 
gate ORM dota to XY. 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Objectives: 

Sheet 
15 

Insert symbols from o sort bin 
into NRM when both addresses 
ore an even (doubleword) 
boundaries. Maves a dauble
word at a time. 

QQ451 E43 

Gate insert byte count to B. 

Gate bin address (S) ta IC. 

3 

Sheet 
15 

All of old refresh memory that is 
I stil I to be displayed has now been 
I moved to NRM. New display 

data (furnished by CSS output) is 
I now moved from its sort bin loco-
1 lion into NRM. The new display 

data (sort bin) is physically lo-
1 coted in an SE and new refresh 
I memory is physically located in a 

DE. 

4 

*LHE Sheet 
18 

.---------ll....------.- - - - - - - - ------------
Reset STAT B. 

Gate constant (4) to ST. 

Make memory request 
far sort bin data. 

Set El2-15 to l. 

Reset STAT D. 

Subtract 8 from the 
symbol byte count (B). 

Gate SDBO (sort bin data) 
into LM. 

Gate sort bin address 
(GPR 6) ta ST. 

Yes 

EOO 

(Bin address on odd 
boundary, na data in XY) 

EA3 

Sheet 
18 

QQ451 

For interrupt routine. 

Subtract 8 from insert 
symbol count (BJ • 

E08 

Update NRMA +8 result 
to GPR 5. 

Sheet 
M 17 

EOl 

....--------------- - - - - - - - .------------.... 
Store XY (bin data) in NRM. 

Save sort bin address in 
GPR 6. 

Gate SDBO (sort bin data) 
into LM. 

QQ451 

(More then two 
symbols to 
niove) 

El3 

EDS 

Inserts one doubl eword 
into new refresh 
memory. 

.-------------- - - -- - ------------------. 
Issue 'FMTN* E13-15' micro
order to gate LM (sort 
bin dote) to XY. 

Update bin address (IC) 
+8. 

Set paging latch if 512 
carry on address update. 

Make memory request far 
next sort bin data • 

FMTN I - gates L ta X 
end M to Y. 

.---------lL....-----·-- - - - - - - - ....-------------
Save NRMA in GPR 5. 

Update NRMA (D) +8. 

Set El2-15 to 1. 

El4 

For interrupt 
routine. 

No 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 16 of 21) 
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5 

Q 

6 

Sheet 
17 

(Lost symbol 
in L) 

{Last two symbols 
in LM) 

00 

Sheet 
N 17 

*3-letter designations identify 
actual line edge connectors on 
CAS page. 

10 

Sheet 
17 



A 

B 

c 

0 

E 

F 

G 

H 

Sheet 
18 

*CEE 

2 

Sheet 
16 

Objectives: 

Perform last inserts into 
NRM on proper boundaries 
by different gating thru the 
mixer. 

00451 

Adjust sort bin address 
(T) +4. 

Step E 12-15 +1 to 2. 

Issue 'FMTN* E13-15' 
micro-order to gate 
sort bin data (L) to X. 

00451 

Reset E, T to zeros. 

Reset M to zero. 

E06 

E93 

EBB-E31 

Issue FMTN micro-orders 
to gate M to X and to 
reset P2 bit in XY. 

Update NRM A (D) +8. 

Stare last NRM data 
from XY. 

EA6 

Yes 

Update NRMA +8 - result 
ta GPR 5. 

3 

Sheet 
19 

4 

Sheet Sheet 
M 16 N 16 

00451 

Update sort bin address 
+ 8 (IC). 

Set paging latch if 512 
carry on IC update. 

Issue 'FMTN* E13-15' micra
order to gate sort bin data 
(L,M) to XY. 

Make memory request for 
next sort bin data to 
allow paging. 

E04 

(Right word blank in XY) 

Gate sort bin base address 
(GPR 10) to T. 

E16 

_____ ...... _____ E-17 __ --- __ ------------. 

Subtract sort bin base 
address from the bin 
address (IC) result to 
GPR 9. 

Gate next bin address 
(IC) ta T. 

Gate DP bits into 
s (0-7). 

Gate next WCT 
address into S. 

Yes 

This is the displacement 
for the next class type. 

Sheet 
*LIE 20 

Diagram 5-902. Repack Symbols, RPSB (OF) {Sheet 17 of 21) 

QQ521 

Update NRMA +8. 

Turn on STAT D. 

Set E13-15 to 7. 

*QG Sheet 
18 

EOD 

5 

Sheets 
14,15 

00451 

Reset E (13-15) ta zeros and 
gate NRMA (D) ta T. 

Yes 

Gate insert symbol byte 
count (K) to B. 

Gate sort bin address (S) 
to IC. 

6 

E4A 

.-------------E-IC __ ----------.. 

Yes 

Tum off STAT D. 

Gate FPR 4 to T. 

Make memory request 
for sort bin data 
per IC. 

No 

Subtract 4 from insert 
symbol count result lo 
B. 

Subtract 4 from sort bin 
address (IC) result to IC. 

Gate sort bin address 
(GPR 6) to S, T. 

Gate SDBO (sort bin 
data) to LM. 

Sheet 
16 

EOC 

El'l. 

STAT D used in 
interrupt routine. 

Constant 4. 

This adjusts the sort bin 
address lo a doubl eword 
boundary. 

*3-letter designations identify 
actual I ine edge connectors on 
CAS page. 
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A 

B 

c 

D 

E 

F 

G 

H 

,. ·Sheet 
QGE 17 

2 

Obiectives: 

Sheet 
16 

Insert symbols from a sort 
bin into NRM when the 
sort bin address is on an 
add boundary. Aligns the 
data on an even boundory 
before storing it. 

00521 

3 

E02 -------------..-- - - - - ..... ------------. 
Subtract 4 from sort 
bin address (IC). 

Subtract 8 from the 
symbol byte count (B). 

Adjust the sort bin address 
to an even boundary. 

-------------or-- --- --.-------------. 
Turn on STAT D. 

Add 4 to B (symbol 
byte count). 

Set EI3-15 to 7. 

Gote SDBO (sort bin 
dota) into LM. 

Indication for 
interrupt routine. 

To check for zero 
byte count. 

10 (Symbol count is minus) 

Add 4 to sort bin address. 

Set paging latch if 512 
carry on address update. 

E23 .------..... ------.,...----- ....... ------------, 
Issue 'FMTN* E13-15' micro
order to gate bin data in M 
to X. 

Make memory request For 
next sort bin data. 

. Update NRMA +8. 

Gate SDBO (sort bin data) 
into LM. 

Set E13-15 to 6. 

E2B 

This moves the second word in 
the doubleword into the first 
word position. 

---------------------...... ------------. 
Issue 'FMTN* E13-l5' micro
order to gate bin data in L ta Y. 

Update insert count - 8 . 

This moves the first ward in the 
doubleword into the second word 
position. 

.------..... ------..------- -r------------. 
Inserts the rearranged double-Store bin data (XY) into 

New Refresh memory. 

SetE13-15 to7. 

Save sort bin address (IC) 
in GPR 6. 

Update sort bin address 
+4 and store it in 
GPR 6. 

Sheet 
16 

00 

Symbol 
count 
equals 0 

00 
E2A 

word into new refresh 
memory. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 18 of 21) 
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4 

EAF 

Store lost bin address in GPR 6. 

Turn on STAT G. 

Sheet 
20 

Update symbol count 
(IC) +4. 

Set paging latch if 512 
carry on update. 

E22 

5 

00521 

Yes 

Turn off STAT G. 

Update NRMA +8. 

Gat~ SDBO (sort bin 
data) to LM. 

Set E13-15 to 6. 

6 

Issue 'FMTN* E13-15' to gate 
last bin data from L into Y. 

Sheet 
19 

E25 

EAD 

______ ..._ _____ __,.,.._ - -- --------------
Issue FMTN* E13-15 micro
order to gate bin data in M 
to X. 

.Make memory request per IC. 

Update sort bin address 
+8. 

Set paging latch if 512 
carry on update. 

Issue 'FMTN* E13-l5' micro
order ta gate sort bin data 
in M to X. 

Make memory request for 
next sort bin doto. 

E29 

E28 

Update sort bin address +8. 

Set paging latch if 512 carry 
on BINAD update. 

Issue 'FMTN* E13-15' micro
arder ta gate last bin data 
from M to X. 

Make memory request 
per IC. 

Th is moves the second word 
in the doubl eword into the 
first word position, 

This moves the second 
word in the doubleword 
into the first word position. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Objectives: 

There i5 on interrupt oendinq. 
Set the I NTRPT ID codes 
and prepare to te

0

rminote 
execution to ollow the 
interrupt. 

00541 

No 

Set I NTRPT ID code of 
4 in Ff0-3). 

Yes 

Reset E to zeros 

Store last data in NRM 
from XY. 

Turn off STAT G. 

Set E(B-15) ta 4 or 6. 

Turn on STAT G. 

Gate NRMA +8 to 
GPR 5 and B. 

Yes 

Gate NRM address ta 
GPR 5 and B. 

Turn off STAT G. 

Gate 1C (ORMA or bin 
address) to GPR 4 or 
GPR 6 (per E(l l-15). 

Subtract 1 from F(0-3) 
(INTRPT ID). 

E53 

t9C 

EAO 

EA5 

EA7 

3 

0054! 

Set INTRPT ID code of 
2 in F (0-3). 

Interrupt address. 

Current NRM address. 

ESl 

4 

Set INTRPT ID code 
of 6 in F(0-3). 

E4D 

00541 

Set IN TRPT ID code of E. 

Store sort bin address 
in GPR 6. 

Gate NRM interrupt 
address (GPR 5) to T. 

Turn on STAT G. 

QQ541 

Gate T(NRM address) 
to B. 

EOF 

Yes 

E9F 

E9E 

EB7 

5 

Turn off SJAT G. 

6 

00541 E09 

Set INTRPT ID code of A. 

No 

QQ541 

Set E8- l 5 to 2. 

Store last NRM data 
formatted. 

E9D 

....------------....-- - -- - - -- -- - -- - - - - - - - - -----------------------. 

Sheet 
20 

Gate starting NRMA 
(FPR 3) to T. 

Subtract starting NRMA 
from current NRMA and 
gate result to B. 

Gate starting ORMA (FPR-
0) to ST. 

No 

E9B 

Gate starting NRMA (FPR 3) 
to GPR 5. 

Q0541 

Set 9 into F(4-7). 

'NIE Sheet 
21 

CD0' 

B now equa Is the 
count of the bytes 
moved. 

Status code. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 19 of 21) 

Sheet 
20 

When the instruction is interrupted while operating in 
the section which does the actual moving of symbols, the 
INTRPT ID codes are set as diagnostic aids. Before 
allowing the interrupt, the number af symbols which 
have been moved is used ta determine where the in
struction is in its operation, and the symbol counts ore 
set accordingly. For example, if 25 symbols have been 
moved and the beginning history and current counts 
were 10 and 20, respectively, the history count would 
be set to 0 and the current count to 5. By doing this, 
all re-entries (after the instruction has been inter
rupted while moving symbols) can be to the routine 
which initiates the old refresh to new refresh move, 
and execution can continue as if it had been intial 
entry. 

•3-letter designations identify 
actual line edge connectors on 
CAS page. 
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8 

c 

D 

E 

F 

G 

H 

2 

Sheet 
19 

Objectives: 

Compute the numb;··r of symbols 
which are still to be moved and 
set the counts to the proper 
volues so that re-entry will 
be!=!in where execution was 
interrupted. 

QQ541 

Gate starting ORMA (S) 
to A. 

E9A 

Yes 

Gate history count (GPR 0) 
to T. 

Subtract history count from 
count-moved result to A, D. 

Gate starting ORMA (GPR 4) 
to S. 

Set history count 
(G PR 0) to zero. 

Gate current count 
(GPR 1) to T. 

Subtract current count from 
the number of bytes of 
current data moved, result 
ta A,D. 

Set current count (GPR 1) to 
zero. 

Subtract insert count moved 
(D) from total count moved 
(B) result to B. 

Add resulting count (B from 
previous block) to starting 
ORMA, result to IC. 
(Gives current ORMA) 

FAl 

F9B 

EB5 

No 

Adjust current ORMA to 
point to next doubl eword 
(add 4 to it). 

Gate number of insert 
bytes moved (A) to T. 

Gate original insert count 
(FPR 2) to B. 

Yes 

01 

3 

Subtract 4 from ORMA 
result to GPR 4. 

This results in the number of 
current symbols moved. 

Moving 
curre~t or 
insert 

01 

This results in the 
number of insert 
bytes moved. 

Branch 
on above 

subtraction 
result 

Add 4 to sort bin address 
(GPR 6) )to adjust). 

Store current ORMA 
in GPR 4. 

Add 4 to original insert 
count (to adjust). 

Subtract number of insert 
bytes moved (T) from · 
original insert count (Bl, 
result to FPR 2. 

C94 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 20 of 21) 
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EB4 

Yes 

4 

QQ541 

Gate NRM interrupt 
address (D) to G PR 5. 

(Histcry and 
current 
moved) 

Turn on STAT G. 

EB6 

Sheet 
19 

Set E (8-1) to 1. 

I ~::~r1: ~~1:~i~£;:;: 
move. 

EBF 

All history 
not moved 

10 

5 

Yes 

QQ541 

(All history moved) 
00 

FA2-Ci8 

Store remaining history on 
current count in G PR 0 or 
GPR I. 

FAO 

6 

Sheet 
17 

Set INTRPT ID code af C 
into F(0-3). 

Subtract 1 from F(0-3) 
(INTRPT ID). 

Turn off STAT G. 

Set E(S-15) to zero. 

Add count moved to start
ing ORMA, result to GPR4. 

This is the 
current ORMA. 

*3-letter designotions identify 
actual I ine edge connectors on 
CAS page. 

Sheet 
19 

E37 

EBD 



A 

B 

c 

D 

E 

F 

G 

H 

2 

*CDE s~c,et 

Objectives: 

Terminate the instruction 
execution. 
R PSS performs a ti me cl eek 
update if one is cal led for 
rather than al lowing that 
type of interrupt. 

QQ511 

Set INTRPT ID code 4 into 
F(0-3). 

Store nul I descriptor 
in NDT. 

Save history symbol 
count (K) in GPR 0 

Save ODT address (IC) 
in GPR 2. 

Save NDT address (D) 
in GPR 3. 

QQSll 

Gate 360 IC (LSWR) ta 
IC (via S). 

Reset K. 

FlD 

E3F 

EAB 

EAC 

Gate INTRPT iD (F0-7) into 

GPR 8. 

Turn off STAT G. 

Make memory request 
per IC to restore Q, 
R, and E. 

Update IC + 8. 

End op 

No 

E9D 

3 ~ 

*CBE Sheet 
8 

QQ511 F27 

Set INTRPT ID code of 2 into 
F (0-3). 

To separate history and 
current descriptors. 

Save history symbol 
count (K) in GPR 0 

No 

Subtract 2 from 360 IC. 

(IC now adjusted back to 
this RPSB instruction) 

*3-letter designations identify 
actual I ine edge connectors on 
CAS page. 

Diagram 5-902. Repack Symbols, RPSB (OF) (Sheet 21 of 21) 

4 ~ 

*EBE Sheet 
11 

F3B 

Set INTRPT ID code of 6 into 
F(0-3). 

Save current symbol count 
in GPR 1. 

Divide history symbol count • 
by 4 to convert it to bytes 
from words, result to GPR O 

Turn off STAT D. 

Turn on timeclock at 
limit trigger. 

Sheet 
1 

Yes 

CC6 

5 

Sheet 
4 

NDE 

QQSll 

Set INTRPT ID code of l into 
F(0-3). 

FOS 

Save ODT address (IC) in GPR 2. 

CCl 

Fetch timeclock value (address 
50) per D and gate it to B. 

. Yes 

Yes 

Yes 

Update timeclock value. 

Store updated timeclock 
value at address 50 • 

Microprogram branches back 
to instruction which entered 
the timeclock step routine 
CSS or CVWL. 

6 

Sheet Sheets • 
13 NCE 

3, 11 
12, 19 

QQSll 

Set INTRPT ID code of 1 
into F (0-3). 

7201-02 FEMDM (7/70) 5-902, Sh 21 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Diagram 5-6 

RR I - Fetch 

Objectives: 

Read double
word from in
put stream in
to AB. Set up 
to begin pro
cessing input. 

I R2 fie Id must 

I 
always equal 
9. 

If no output, 
CC equals 
o. 

3 4 

• RR Format 

02 Rl I R2 I 
7 8 11 12 l5 

Purpose: Submits on input stream of either Radar or Beacon 
co-ordinates to one PVD's geographic ond sterile area 
filters; converts the co-ordinates from system scale to PVD 
scale if all filters ore passed; assembles on output word end 
stores it in the proper sort bin location. 

>N_o----------~-----------

Gate GPR 12 
ta S and 
GPR J.3 to T. 

Turn on 
STAT A. 

--....... ---- - - - --...... ----~ 
· GPRs 12 and 

1
.13 to be used 
as working I regs during 

I 
execution1 

will restore 
ct end. 

No (Beacon input) 

Yes 

I This area used 
I by CSS to save 
I previous 

I ~:~~:.'otion. 

-----..------. 
Restore old 
header. 

Sheet 
5 

Right word 
indicator 
(RW) is off. 

Gate K 
(input stream 
address) to 
D. 

Gate con
stant (OC) 
to F. 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 1 of 10) 

5-903, Sh 1 (7 /70) 

5 6 



A 

B 

c 

D 

E 

F 

G 

\H 

2 

G Sheet 

Prepare to 
process the 
right ward af 
the input 
daubleword. 

Gate bright
ness control 
bit (R) to F. 
(S(O) thru SAL 
to F). 

Store T bock 
in GPR 8. 

3 

F(4-7); 9 
SAL; 0 

(Dataword) C4J 

Gate input 
stream address 
(K) to D. 

11 

(RW off) 

No 

3 

F(4-7); 9 
SAL t- 0 

Initial 
entry 

(Header) 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 2 of 10) 

4 5 

- - -- - - -------

Objectives: 

Prepare to 
process the 
left word of 
the input 
doub I eword. 

No 

header ward. 
AND A (0-7) 
with 80 and 
store result in 
F. 

C4E 

Objectives: 

Determine if 
this .is initial 
entry or re
entry to this 
input streom 
and if the in
put word is a 
header or a 
data word. 

Sheet 
3 

Re-entry 

I Instruction 

I execution 
just beginning. 

I Moves BL, BR 
bits to T(44-I 45) on initial 
entry-left 

I data word ta 
ITonre

entry. 

F(4-7} t- 9 
SAL t-0 

Used later 
for initial 
.entry flag. 

01 

(Header) 

Sheet 
9 

Check for 
header word. 
AND A (0-3) 
with 8 and 
store resu It in 

F(0-3). 

F( 4-7) t- 9 
SAL; 0 

(Dataword) 

Sheet 
4 

Sheet 
9 

6 

7201-02 FEMDM (7/70) 5-903, Sh 2 



2 

A 

B 

Objectives: 

Sheet 
2 

Take new 
heoder infor
mation from 
i npul word ond 
replace old 
heoder in for
mation with 
it. 

3 4 

New symbol 
to A(0-7) 

-----....----------------------------. 
S contoins 

Gote S to B. 

I brightess con
trol bit (R) 
from GPR 11. 

5 6 

-~-or-1(s-~ .. _1J1-63_r_.> __________ - -- - - - - - -- --.1-~-;-~a-~-:;-~-bl-ed ... - --------- - - - --- I' I ~ I~ I ~"'°' I 
~3_2 _______ 4_3~44 ...... _45~46 ______ ~5~5..._5_6 ______ ~63 

c 

D 

E 

F 

G 

H 

Sheets 
4,9, 10 

Word count 
(S) to B. 

Input streom 
address (D) 
+8 and back 
to D. 

-------------------------------
Set D carry 
latch if input 
address up
date gove 512 
carry. 

Make memory 
request for 
new input 
doubleword. 

Set STRAT H 
if R bit 
(GPR II bit 
!ii) in F is 
off. 

No 

G Sheet 
2 

I lndi cotes the 
end of page. 

Replaces old 
header infor-

1 ·motion with 
new. 

H Sheet 
7 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 3 of 10) 

5-903, Sh 3 (7 /70) 

QQ251 C47 
Reset Tand 
store in 
GPR 10 to 
reset count to 
o. 

8 
Sheet 

5 



A 

B 

c 

D 

E 

F 

G 

H 

Sheets 
5, 9' 10 

2 

Sheet 
2 

Perform geo
graphic filter 
to determine 
if the input 
target is with
in the geo
graphic 
boundaries of 
the PVD. 

STAT G-ON 

3 

Geographic 
origin. 

Geographic 
origin from 
input paint. 

F value now 
OB. 

Geographic 
limit. 

Geographic 
limit from 
input point. 

Sterile areo 
l or 2 origin. 

r-----;::--:--:-:1-im_i_t _la.,.tc_h_-O_FF __ _,,,-:----+ STAT G-OFF 
{To sterile (To next limit latch-ON 

Objectives: 

Perform sterile 
area filters to 
determine if 
the input tar
get is within 
any of the 
sterile areas. 

QQ221 

Set limit 
latch if above 
resu It is not 
positive. 

area 1 sterile 
filter) area filter) 

Sterile area 
origin. 

Will be set if 
I target is out-
1 side sterile 

area. 

Diagram 5-903. Convert and Sort Symbols, CSS (0:2) (Sheet 4or°10) 

4 

STAT G-OFF 
I imit latch-OFF 

(Sterile 
area l 
ar 2 

5 

Step F(4-7) 
+ l and gate 
result thru 
SAL back ta 
F(4-7). 

No 

(Sterile 
area 
3 failure) 

Results are 
saved for 

I diagnostic 
program use. 

(To conversion routine) 

STAT G-on 
limit latch - ON 

(Geographic 
filter failure) 

Sheet 
5 

6 

failure) ..._--------~--------• 

Sheet 
8 

(Input 
target Na 
rejected) ~------< 

Objectives: 

Prepare to 
read in a new 
input double
word. 

Yes 

Sheet 
6 

{Left word 
rejected
prepare to 
process right 
word.) 

Sheet 
5 

7201-02 FEMDM (7/70) 5-903, Sh 4 



A 

B 

c 

D 

E 

F 

G 

H 

Sheet 
7,9 

T 

Sheet 
8 

v 

2 

Prepare to 
check the 

No (Enter geographic filter) 

Input stream 
has been 
processed. 
Prepare to 
end op and 
set proper 
condition code. 

QQ211 COB 

Update input 
data address 
(D) + 8 end 
gate to B. 

0 
Sheet 

4 

Sort bin base 
address ta D. 

S(4-S) ore DS 
I bits, if on 
I SAL will be 

o. 

I Resets RW and 

· I ~SP~i~~ in 

CBS 
Make mem-
ory request 
(per D) to 
store header 
ond diog-
nostic data in 
sort bin base 
work area. 

Sheet 
10 

3 

I ~~~s:ss cc 
I to be set lo I. 

Memory re-
I quest is 
I issued before 

I ~~~~~ 5into 
s T. 

Sheet 
4 

4 

Mu I ti ply routine - used by both 
CSS and CVWL. 

Multiplies 
both X and Y 
co-ordinates 
by the six bit 
conversion 
constant. 

-----....----- - --.-----~ Checking 

Multiply X 
ond Y co
ordinates by 
first two bits 
of the con
version con
stant. 

Multiply X 
and Y co
ordi notes by 
second two 
bits of the 
conversion 
constant. 

Multiply X 
end Y co
ordinates by 
lost two bi ts 
of conversion 
constant. 

Divide the 
mul tip Ii cation 
result by 16 
and gate the 
result to B 
and T. 

(Conversion 
is complete) 

Move con
verted Y co
ordinates 
(T32-47) to 
A(l6-31) and 
8(48-63). 

AND (T(48-
55) with 
F(0-7) thru 
serial odder 
and gate bock 
to T (48-55). 

Gate T(48-63) 
thru PAL and 
PAL(32-63) 
to T{32-63) 
and A(00-31). 

Store X co-
ordinate m 
in GPR 13. 

Sheet 
N 6 

scaling con
trol constant 
(bits 24-25) 
to determine 
which scale. 

No (Lorge or Smell Scale) 

Multiply B(X 
end Y co
ordinotes) 
by 4. Gate 
result to T. 

I Checking bits 

I ;:e 0ifdt~i~ :~ 
I lorge-sc;ole 

conversion. 

No (Mid or small scale) 

Mu tip y X 
and Y co
ordi no !es by 
last two bits 
of con
version 

to t 

---------...... 

Yes 

----

32 

I This leaves X 
co-ordinates 

I in T (48.-63). 

I ~~~ 5 ::~;~:~us 
I bits from 

I ~~~~;d~~~ t;. 
I Also checks 

I !:'Je~i~hbits 
I for oo 

value. 

(CVWL) 

I This removes 
they co-

I ordinate 

I f :~~i~~ the 

I ~~:~;d~~~t;. 

x 

4748 
converted x ca-ordinat.e 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 5 of 10) 

5-903, Sh 5 (7 /70) 

5 6 

y 

converted Y co-ordinate 

STAT Don 
indi cotes that 
this routine 
was entered 
from the 
CVWL in-
struction. The 
microprogram 
branches back 
ta CWIL now. 

63 



A 

B 

c 

2 

Perform corner 
filters. 
(Corners can
not be dis
played on 
PVD face.) 

No 

No 

If tgt is in 
I corner bin., 

l itwillbebin 
4 or 16. 

I Complementing 

I ~~~;1~;~h ich 
I checks bins 1 
and 13 (0 to 

1256) to check 
I bins 4 and 16 

(644 to 900). 

3 

x co-
l ordinate high-
1 order bits = 10 
I or 01. Not in 

corner bin. 

y co-
l ordinate high
order bits = 10 

lor OJ. Not in 
A corner bit. 

Target is not 
in a corner 
bin. Begin 
output for
matting for 
output word. 

4 

1023- -

11 

767- -

10 

511--

01 

255- -

00 

o--
t 

Two 
high-
order 
bits 
of Y. 

5 

yy 

y 
co-ordinate 

yyyyyyyy xx 

x 
co-ordinate 

xxxxxxxx 

0 

6 

7 

yy xx 
I I I 
I I I I 
I I I I 
I I I I 

~S7 
I SAL I 

·;ooo 

0100 

Sort Bin 
Selection 

I I I I 
I I I I 

14 
1001 

10 
0101 

6 
0001 

I I 
01 

I I 

1010 

0110 

0010 

I 10 

I 
2ss1 511 

256 

\ 

11 

7 

The target is rejected if there 
is no carry out of bit 0 or if 
SAL is all zeros or any com
bination of the two. 

12 
Olll 

Two 
,_high-
I order 

767 1023 bits 
of X. 

Point of target rejection. If the 
result of the addition of the X and 
Y co-ordinates is 256 or greater 

_ - - (carry out of SAL), the target is 

Adds co-ordinates 
together. Result is 
in SAL. 

Add the eight 
low-order X 
co-ordinate 
bits (true or 
complemented) 
to the eight 
low-order Y 
co-ordi note 
bits thru 
SAL. 

_ -- - not in the corner (shaded area) and 
_ - - will be displayed. 

D 

E 

F 

G 

H 

Combine Y 
and X co
ordinates in 
GPR 13 
(Y-31-21, 
X-23-31). 

Gate header 
info (T) to 
B shifted 
right four 
places. 

No 

Sheet 
7 

Actual Conditions 
(Four-way branch) 

...----

Target 
accepted 

Yes 

F(4-7) 
(YYXX) is 
the bin num
ber in which 
the target is 
located. 

Sheet 
7 

-----
00, 01 or 11 

I If the bright
ness control 

!bit (R) is an 
(STAT Hoff), I the brightness 

I bit in the out
put word must 

I be set to zero. 

_. Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 6 of 10) 

---
Target rejected 

Read GPR 10 
(word count) 
to S. 

Gate K 
(next in
put address) 
to D. 

Q Sheet 
4 
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A 

B 

c 

D 

E 

F 

G 

2 .. 
Sheet Sheet 

6 6 

CA2 CA3 

Objectives: 

Assemble the 

CA2, CA3 

--- Y and X co-
I ordinates in 
I T far assembly 

of output word 
I (Y-45-53, 

X-55-63). 

CB2 -----
Gate F(4-7) 

8(64-67) will (bin number) 
be O's if an to E(12-15) 
even bin. end 8(64-67) 

shifted right 
one. 

Gate Bl and Br 

bits to F(4-7) 
and bin number 
to F(0-3). 

-----
I Assembling the 
I output word in 

T. 

__ ....... ___ - - - ---------
Gate F(4-7) 
(BL and BR) 
to T(44-45). 

Gate com-
pleted output 
word to 
GPR 13. 

Gate sort bin 
base address 
(S) to A. 

Update bin 
displacement 
T(48-63) + 4 
and gate it 
to B. 

Read GPR 9 
(next input 
address) 
into S. 

Add sort bin 
base (A) to 
sort bin dis-
placement (T) 
and gate re-
suit to D. 

Gate updated 
bin displace-
ment (in B) 
back ta T. 

00251 C50 

Store updated 
bin displace-
ment in cppra-
priate GPR 
(per E12-15). 

Output word 
completed. 

-----a I F = 04 
I 

----
I ~~::s-~~~ ~~~-:_ 
I ber end bin 
I ?isplacement 

I ;~~d'7nto T. 

Yes (Even bin) 

Update bin 
displacement 
T(32-47) + 4 
and gate it 
to B. 

Set marks 
0-3 or 4-7 
to store out-
put word. 

Sheet 
8 

3 

Diagram 5-903. ·convert and Sort Symbols, CSS (02) (Sheet 7 of 10) 

5-903, Sh 7 (7 /70) 

4 

Sheet 
3 

Objectives: 

Prepare to 
honor the 
pending 
interrupt. 

00211 C28 

Read GPR 8 
(sort bin base 
address and 
indicators) 
to S and T. 

Update input 
address (D) 
+ 8 and gate 
result to 8. 

Set 
STAT B. 

Store Tin 
GPR 9. 

Gate OS 
indicator 
bits to T 
(32-39) 
from 
GPR 8). 

Make mem-
ory request 
per D for dote 
to restore 
GPR's 12 and 
13. 

Update D +8. 

Sheet 
10 

No 

No 

Sheet 
5 

5 6 



A 

Gate S (next 
input address) 
to K. 

Turn on 
STAT B. 

2 3 

-- - -- - - --- f On causes 

I condition 
I code l to be 
l set. 

____ _t __ -r-_ - - - - -- - -- ------. 

: Checking for 
I bin page 

Add4toD 
and gate to 
PAL. L overflow. 

4 

~~N.,_o ________________ C_ln_p_u_t_ta_r_g_et_ha_s_b_e_e_n_p_ro_c_e_ss_e_d_) ________________ __, 

~ ObjooH'~' B 

c 

Objectives: 

Save oil re
quired infor
mation, set 
proper con
dition code, 
and prepare 
to end op 
to allow exe
cutive program 
to furnish a 
new sort bin. 

QQ25l_i C3B 

Gate K (next 
input address) 
+ 8 to D. 

I 
Gate GPR 10 
(word count) 
to S. 

----r 
I 
l 

Bin 
poge 
overflow 

~>---s --l 

D 

,, 
Turn off 
STAT D. 

I 
Fetch input 
doto per D 
to allow 
paging. 

I 
Set B to 
all ones. 

I 
Gate S 

E (word count) 
- l to T. 

I 
Store updated 
word count 
(T) in 
GPR 10. 

~ I 
Gate bin 
number into 
F(4-7). 

Turn off 
STAT A. 

J 

(Next input is left word 

F 
s A ~o~------------o_r_Beo_c_o_n_~...,oto) 

Gate D (up

Prepare to 
read in a 
new input 
doubleword. 

QQ251 C3A 

Gate K 
(next input 
address) to 
D 

Gote GPR 10 
(word count) 
to S. 

r 
u 

Sheet 
4 

5 6 

Gate K (next 
input odd ress ) 
to T. 

dated input 
address) to 
T. 

J 
_.......l ____ - - - - - - - - - ...,..---_____, 

II Condition 

G 

H 

•-
Gate sort bin 
base address 
(GPR 8) to S. 

_f 
Set condition 
code to 2. 

1 
Gate constant 
(C) to F(0-3). 

I C52 

Gate S (sort 
bin base 
address) to D. 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 8 of 10) 

Reset 
STAT B. 

1 
Store bin 
number in 
GPR 9 
(4-7). 

I 
Make 
memory 
request 
per D. 

Set RW 
(right word) 
bit on in 
GPR 8. 

1 

code must 
be 2 when l end op. 

• Set DS 
(dote stored) 
bit an in 
GPR 8. 

; 
Sheet V 

5 
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A 

B 

c 

D 

E 

F 

G 

H 

,...,. 

2 

Sheet 
2 

Save header 
information 
from this input 
data block. 

Cl! 

Yes 

I RW indicator 

I ~~~~;nd d0:ta. 

I To check for 
I proper header 

word format. 

•.•O•b•je""ci.ti•ve•s•: ..-- - - -- __,_A_n_o_lt-itu_d_e __ 

!match indi-

~l~~t~~:or an l~~:;;/~5e 0it~~t 
match. l~~:!t~t"o trsot 

00201 ClE 
Gate VFR, R, 
N, and SB 
bits from 
header word 
(A) into. 
F(0-3). 

monitoring. 

3 

(Not an altitude match) 

Prepare to 
submit input 
target to 
filters for 
display. 

Yes 

Brightness 
control bit 
(R) to F 
(bitO). 

To address 
word 5 of 
dote block. 

Geographic 
origin to T 

I ~~;:d~~t:~ x 
I to be checked 

into A. 

c Sheet 
2 

Gate F(0-3) 
(header bits) 
to SAL. 

Objectives: 

Check input 
bits for sel
ected Beacon 
(SB) bit on. 

00201 

C2C 

Gate PRO 
index (PVD 
address) from 
S(l-7) to 
F(l-7). 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 9 of 10) 

5-903, Sh 9 (7 /70) 

4 5 

Objectives: 

Prepare to 
end op and 
set proper 
condition 
code. 

QQ211 ClF 

Sheet 
5 

(Not selected Beacon data -
no type bits on - dote 
block rejected. ) 

C20 
Update input 
address (D) 
.;. 8 and 
store in T. 

,..-----~ - - - - - ------.... 
Update T 
+ 8 and gate 
bock to D. 

Set the D 
carry latch 
if 512 carry 
on last 
update. 

Make mem
ory request 
per D (for 
next header 
word). 

Sheet 
3 

Dis now 
addressing 
the next 
header 
ward. 

For pcge 
overflow. 

6 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Check the 
index bit !in 
inf,ut word 
2,3, or 41 
for this PVD. 
If the bit is 
a one, the 
selected 
Beacon data 

Sheet 
9 

is to be dis
ployed on this 
PVD.) 

Make mem-
ory request for 
second double
word of input 
data block. 

Gate words 
3 and 4 of 
input data 
block into 
S, T. 

Check PVD 
index bits 0 
and l to choose 
the correct 
index word. 

3 

Word 2 is in 
B. 

4 

PVD index 
(GPR 11, 
l-7) 
(address) 

1234567 

Byte Bit 

-------- --- --- _..J ------

5 

Sheet 
5, 7 

7 and store 
sit (header 
and diagnostic 
data) per D. 

Gcte A to 
GPR 12 (via 
PAL and T) 
to restore 
GPR 12 
contents. 

Gate B to 
GPR 13 (via 
PAL and T) 
to restore 
GPR 13 
contents. 

Set con di ti on 

C86 

No 

00 >----11 ..... ----------.ll code to I. 

(This 
PVD 

Yes 

Decode 
F(5-7) to 
select one bit 
from the byte 
gated by ABC. 

Gate the 
selected bit 
to SAL with 
zeros for 
other 7 bits. 

No 

Yes 

selected•)-----• 
Objectives: 

Prepare to 
submit the 
input target to 
the fi I ters for 
display. 

QQ201 

(Invalid 
Reset A, B to condition) 
zeros. 

Turn on 
STAT H. 

(This input data block rejected) 

Sheet 
3 

Diagram 5-903. Convert and Sort Symbols, CSS (02) (Sheet 10 of 10) 

End-op 

QQ201 

Gate words 
5 and 6 of 
input data 
block into 
A,8. 

Gate S (input 
count) to 8. 

At sort bin 
base address 
+ 8. 

I Y and X co
l· ordinate in A. 

Geographic 
origin. 

6 
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A 

B 

c 

D 

2 

RR Format 

03 

0 15 

QQ291 

Read an input-doubleward into AB (from the 
storage address in GPR9). 

Update the input address end store it back 
in GRP9. 

Yes 

Decrement word count. 

No 

Save the header information {needed for 
output doubleword). 

QQ261 

3 

End-Op 

Check XY co-ordinates in left input 
word (A) to see if that end of the 
weather line is within the PVD 
geographic boundaries. 

Yes 

Turn on STAT G {word one needs 
truncation). 

4 

(Input weather line has been reiected) 

QQ261 

Check XY co-ordinates in right input 
word (Bl to see if that end of the 
weather line is within the PVD 
geographic boundaries. 

QQ271 

QQ261 

Yes 

Yes 

(Truncate right word) 

Truncate the weather line until the 
co-ordinates in the right word are 
within the PVD geographic area (in 
the outer one-tenth of the area. 

Check the co-ordinates to see if 
that end of the weather line is 
within any (of 3) sterile areas. 

(Both ends of the weather line are within the PVD area) 

E 

F 

G 

H 

QQ231 

Convert the two accepted sets of 
co-ordinates from system scale to 
PVD scale (multiply by a conversion 
constant). 

QQ281 

Compute the delta ( /:!.) co-ordinates. (Actual 
co-ordinates for one end of the line, and!:!:.. 
co-ordinates, for the other end of the I ine, 
appear in the output doubleword.) 

Assemble data (header info) for output 
doubleword in T and gate it to M (as 
format word 0). 

Gate format word 0 (M) thru 
mixer into XY. 

Assemble data (/:!.co-ordinates for output 
doubleword in T and gate it to M (as format 
word 2). 

Gate format word 2 (M) thru 
mixer into XY. 

Assemble data (maior co-ordinates) for 
output doubleword in T and gate it to 
M (as format word 1 ). 

Gate format word 1 (M) thru 
mixer into XY. 

Store XY (output doubleword) in 
refresh memory. 

QQ291 

No 

Diagram 5-904. Convert Weather Lines, Simplified Flowchart 

5-904 (7 /70) 

QQ291 

Save all data required to continue 
processing input stream after the 
interrupt has been handled. 

Yes 

No 

There has been a program 
error. 

End Op 

5 

(Truncate left word) 

QQ271 

Truncate the weather line until the 
.co-ordinates in the left word are 
within the PVD geographic area (in 
the outer one-tenth of the area. 

Reset STAT G. 

(No more input 
to process) 

End Op 

(External interrupt) 

Branch to the interrupt-hand Ii ng 
routine. 

6 
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B 

c 

D 

E 

F 
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H 
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Objectives: 

Gate the first doubleword from the 
input streom into A and B. 

Test to see if the doubleword contains 
heoder informotion or weother line 
co-ord i notes .. 

Gate oddress of ncext input word 
to D. 

Ga le cons tan I (80) to F. 

.. 3 

GPR 9 contains this address. The R2 
field in the instruction must always 
contoin the value 9. / 

/ 

4 5 

RR Formot 

I 03 I R 1 

I 
R2 I 

0 78 1112 15 

• Purpose: Submits an input stream of weather line co-ordinates 
to a particular PVD's geographic and sterile area filters; 
shortens the line, if necessory, to make both ends foll within 
the PVD boundaries; converts the co-ordinates from system 
scole to PVD scale if all filters were passed; ossembles the 
converted co-ordinates, the symbol, and the control bits 
into on output doubleword, and stores that doubleword in 
the PVD's refresh memory. 

Input doubleword (heoderl 

Input doubleword (data) 

6 

/ 
/ 

/--- ---iol YS lal 
XS 

lal 
YS 

lol 
XS I 

Make a memory request for 
the first input word. 

Gate IC (address of the next 
instruction) to the LSWR (via T). 

Gate GPR 10 (input word count) 
to S. 

Gate first input word into A and B. 

Update the input word address. 

Gate S (word count) to IC. 

Gate constant (80) into S (byte 0). 

Clear T and GPR 4. 

/ 
/ 

/ 

/ 

/ 
/ 

/ 

Yes (No input to process.} 

Subtract 1 from word count (IC). 

..--~~~~~~ ...... ~~~~~~------ - ~~~~,.,....,.,--.,.-~~-,-.,........,...~,....~--t 
If the input word is a header, 

ANDS (byte 0) with A (byte 0). SAL will contain 80 as a re
sult of this AND. 

Yes (Input word not a header) 

Subtract 1 from the word 
count (IC). 

Store the updated word count 
in GPR 10. 

No 

Yes 

(Input doubleword 
is a header) 

Sheet 2 

Subtract I from the word count (IC). 

Gate B {second input word) into K. 

Turn on STAT D. 

Store the word count (in IC) into 
GPR 10. 

Gate the address of the next input 
word to IC (from D). 

Sheet 3 

(No data words after the header) 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 1 of 9) 

0 151617 313233 474849 

Output doubleword 

Symbol Yl Xl ~Y2 

1516 25 26 35 383940 

Notes: 
Multiple data blocks ore accepted for input. 
(X 1, Yl) is origin of weather I ine. 
( ~X2, ~Y2) ore X and Y increments from origin 
for weather line. 
Xl, Yl, ~X2, ~Y2ore 10-bitvalues. 

Legend: 
DA 
DL 
BL 
BR 
s 

Dash 
Dash Length 
Blink 
Brightness 
Symbol Size 

lndicotes that the first word 
of the input doubleword is 
being processed. 

~YS 
~XS 

co 
Cl 

Sign of ~Y2 

Sign of ~X2 
Character at Major position 
Character at Final position 

Gate LSWR (next instruction 
address) to IC. 

Store the address of the next input 
word (DJ into GPR 9. 

End op 

63 

~X2 

7201-02 FEMDM (7 /70) 5-905, Sh 1 
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Objective: 

Save the header information for use 
later (to build on output doubleword). 

QQ291 

Gote header information (control 
bits} from A (byte 1) to T (byte 0). 

Moke o memory request for the next 
input doubleword. 

Update the input word address. 

Gate header information (symbol) 
from B (byte 0) to T (byte 1 ) • 

Store T in GPR 8 (saves the header 
information). 

Objectives: 

Gate next input doubleword into AB. 

Test to see if the daubleword contains 
header information or weather line 
co-ordinates. 

QQ291 

Gate the new input doubleword 
into A and B. 

Gate constant (80) ta S. 

Gate A (second ca-ordinates) to K. 

Gate the input word count to 
IC (via T). 

ANDS (byte 0) with a (byte 0). 

No 

Turn on STAT D. 

Gate the next input doubleword 
address to IC. 

Sheet 3 

3 4 

Input doubleword (header 

A 

01 910 12 14 
11 13 

Control bits 
8 15 

32 39 40 47 ___ ....__ --~--

Input doubleword ·(data) 

5 

31 

A B 

6 

39 

----------------~~~~~~U~x~s ~U~~~~L~I ~~~I 
0 1 15 17 31 33 47 49 63 

: If the input word is a header, SAL will 
I cont~in 80 as a result of this AND. 

(Input doubleword is a header) 

STAT D indicates that word 1 of 
the input doubleword is being 
processed. 

16 32 48 

Decrement the input word count (IC). 

Store the updated word count in 
GPR 10. 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 2 of 9) 

F 

G 

H 

5-905, Sh 2 (7 /7 0) 
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Objectives: 

Perform the geographic filter 
(determine if the input point 
is within the PVD geogrophic 
area). 
Perform the first and second 
sterile area filters (determine 

if the input point is within a 
sterile area on the PVD screen). 

3 4 5 6 

o"'-'~"'----L-------.-- - - -- - - - - - - -- - -- - - - - - -- ---- - - - - - ..----------------------------------------. 
Gate the PVD geographic 
origin ca-ordinates (in FPRO) 
to T. 

....-------''--------- - - - - - - - If the co-ordinates do not 
require truncation, this 
result becomes the major 
or secondary position. 

Subtract T (origin) from the 
first input co-ordinates (in A) 
and put the result in B. 

Set the Limit Latch if the 
subtraction result is not 
positive. 

Gate the PVD geographic 
Limit (FPRl) to T. 

Subtract the geographic Limit 
(in T) from the first ca-ordinates 
(in A). 

Set the Limit Latch if the 
subtraction result is not 
minus. 

Yes 

(Sterile 

(This point foiled•geagraphic filter) 

.--------'--------.- - - - - - - - -·,.....,l"'"f-e'"'ith'""e_r_e_n""d-o"'"f_o_w_e-ot""h_e_r '"'li-ne--. 

Gate the first sterile oreo origin 
(FPR 2) to T. 

Subtract T (origin) from the first 
input co-ordinates (in A). 

Set the limit latch if 
the subtraction 
result is not positive. 

(original or truncated point) is 
within o sterile area, the I ine is 
rejected. 

Two sets of co-ordinates ore used to describe the geographic boundaries 
of o PVD. Two sets ore also used to describe each sterile area within 
o PVD's geographic boundaries. The set of co-ordinates which describe 
the lowest left point of an oreo will be referred to as the geographic 
origin. The other set, describing the uppermost right point of on area, 
will be called the geographic limit. 

y 

---,---------------------Geographic 
limit· 

I-Sterile 
area 

Geographic 
area 

------------.. --- --- - ---·..-------------. 
Set 2 into GPR 4 • 

Objectives: 

No 

(Input word 1 is 
being processed.) 

Save the first word values (for 
possible truncation later). 
Set up to gate the second word 
co-ordinates thru the filters. 

QQ261 

Indicates to later routine that 
truncation hos been performed. 

(Word two is being processed 
and has failed the geographic filter.) 

D 

Sheet 4 ---------------- - - - --.------------.. 
Gate the first sterile area limit 
(FPR 3) to T. 

Subtract T (Limit) from the first 
input co-ordinates (in A). 

Set the Limit latch if 

the subtraction 
result is not minus. 

Yes 

(Sterile 

Gate the second sterile area 
origin (FPR 4) to T. 

Subtract T (origin) from the 
first input co-ordinates (in A). 

Set the Limit latch if the 
subtraction result is not 
positive. 

Gate the second sterile area 
Limit (FPR 5) to T. 

Subtract T (Limit) from the input 
co-ordinates (in A). 

Set the Limit latch if the 
subtraction 
result is not minus. 

Sheet 4 

STAT G indicates that input word 
1 foiled the geographic filter and 
requires truncation. 

(This point foiled the first sterile area filter.) 

Sheet 4 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 3 of 9) 

Reset STAT D and turn on 
STAT G. 

Store first input co-ordinates 
in GRP O. 

Store the first subtraction 
result (in B) in GPR 1. 

Gate K (second word of input 
doubleword) to A. 

7201-02 FEMDM (7/70) 5-905, Sh 3 
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(This point foiled the 
Yes second sterile area filter.) 

Objectives: 

Perform third sterile area filter 
(determine if the input point is 
within a sterile area on the 
PVD screen). 
Determine and assign the major 
position. 
Assign the secondary position. 

Steri e oreo 
filter) 00261 

Gate the third sterile area 
origin (FPR 6) ta T. 

Subtract T (origin) from the 
input ca-ordinates (in A). 

Set the Lim it latch if the 
subtraction result is not 
positive. 

Gate the third sterile area 
Limit (FPR 7) to T. 

Subtract T (Limit) from the 
input co-ordinates (in A). 

Set the Limit latch if the 
subtraction result is not minus. 

(This point foiled the 
Yes third sterile area filter.) 

Yes 

(Input w?rd two passed all filters; 
Yes input word one must be truncated.) 

No 

(Both input words 
passed al I filters) 

3 

(Input ward I is 
being processed) Gate constant (40) to F. 

4 

Sheet 3 

----------1 

Save input c"-ordinates by 
gating A to GPR O. 

Gate major position (in GPR 1) 
to B. 

Gate secondary position (in B) 
to GPR 1 .• 

Gate conversion constant 
. (in GPR 11) to S. 

Turn on STAT D. 

Sheet 6 

When both ends of the weather 
line poss all filters, the second 
ca-ordinates to pass are referred 
to as the secondary position. 

A multiply routine used by both 
I CVWL and CSS is entered next, 
I STAT D indicates ta the multiply 

routine that entry was from CVWL. 

------------..- - - - - - - - - _________________ .,.. 
Gate B {major position) to 
GPR 1. 

Gate K (second word of 
input doubleword) to A. 

Reset STAT D. 

A Sheet 3 

The major position is the set of co-ordinates 
obtained by subtracting the origin 
co-ordinates from the input co-ordinates. 
It can be either end of the weather I ine; it 
will be the end whose co-ordinates pass al I 
·previous filters first. 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 4 of 9) 

/ 
/ 

/ 

5-905, Sh 4 (7 /70) 

5 

Sheet 3 

Reset STAT D. 

Gate constant (OA) to F. 

Gate GPR 0 (input word one 
co-ordinates) to T. 

No 

Objectives: 

The line described by the 
current input doubleword 
has been rejected. 

Prepare to read in a new 
input doubleword. 

Prepare to honor any 
pending interrupt. 

00261 

Gate IC (next input dauble
word address) to D. 

Gate GPR 10 (word count) 
to S. 

Reset STAT G 

Gate constant (80) ta F. 

Make a storage request 
per D. 

Gate LSWR (address of 
next instruction) to S. 

Gate S to IC. 

G Sheet 9 

Gate B (major position) to 
GPR 1. 

Gate first word of input 
doubleword to A (via S). 

Gate GPR 1 (major 
position) to S. 

Gate constant (QA) to F. 

Sheet 5 

6 

(Input word one passed all filters; 
input word two must be truncated.) 

Gate major position (GPR 1) 
to S. 
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Sheet 4 

Obiectives: 

One end of the weather Ii ne has 
failed the geographic filter and 
must be truncated. T run cote the 
secondary point (maximum of 9 
times) until it is within the PVDs 
geographic area. 

00261 

Add T(mojor position) to A 
(secondary position) and divide 
the sum by 2. Gate the result 
(truncated point) to B. 

Gate FPR 0 (PVD geographic 
origin) to T. 

3 

00271 
.-------'L-----~- - - - ----.-------------. 

Subtract T (geographic orig;n) 
from B (truncated point). 

Set Limit latch if the subtraction 
result is not plus. 

Gate FPR 1 (PVD geographic 
limit) to T. 

Subtract T (geographic limit) 
from B (truncated paint). 

Set Limit latch if the subtraction 
result is not minus. 

Decrement F (truncation 
attempts count) by 1. 

Gate F (decremented) ta PAL. 

The geographic filter is 
being performed on the 
truncated point. 

Yes (t~ncated nine times - reject line) 

Sheet 4 

Yes (Truncated point failed geographic filter; truncate again.) 

Make sure the truncated 
end of the I ine is within 
the • 9 border area of the 
PVD's geographic area. 

00271 

Gate GPR 6 (. 9 geographic origin) 
to T. 

...-------1'---------- - - ---.-------------
Subtract T from B (truncated 
point). 

Set Limit latch if subtraction 
result is plus. 

Gate GPR 7 (0. 9 geographic limit) 
to T. 

Subtract T from B (truncated 
point). 

Set Limit latch if subtraction 
result is minus. 

Another geographic filter, this 
time using the 0. 9 border 
co-ordi notes. 

4 

Objectives: 

Compute the secondary position 
\from the truncated point) and 
save it. 

Prepare to enter the routine 
to convert this position to the 
PVD scale. 

00271 

Gate T (truncated point) to A. 

Gate FPR 0 (geographic origin) 
to T. 

Subtract T (geographic origin) 
from B (truncated paint). 
Gate resu It to T. 

5 

,...... _____ ..__ _______ - - -----

Store T in GPR 1. 

Gate S (major position) to B. 

Gate GPR 11 (conversion 
constant) to S. 

Gate constant (40) to F. 

.------..L...-------------
Turn on STAT D. 

Sheet 6 

Gate B (truncated paint) 
to A. . 

Gate GPR 0 (major position) 
to T. 

No (Truncated point not within outer • 9 of PVD geographical area; truncate again.) 

Yes 

When the truncated point 
passed the geographic filter 
and fails the 0.9 filter, it 
is in the desired area. 

Diagram 5-905. Convert Weathe'." Lines, CVWL (03) (Sheet 5 of 9) 

6 

The subtraction result 
is known as the secondary 
position. The major position 
hos been saved in GPR 0. 

A multiply routine used by 
both CVWL and CSS is 
entered next. STAT D 
indicates to the multiply 
routine that entry was 
from CVWL. 

Secondary position which 
failed geographic filter is 
still in A. Truncation will 
not be outward. 

Gate B (truncated point) to 
T and GPR 0 • 

7201-02 FEMDM (7/70) 5-905, Sh S 
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Objectives: 

Multiply routine, used by both 
CVWL and CSS. 

Multiplies both X and Y 
co-ordinotes by the six
bit conversion constant. 

3 

_Q_o_2_3_1_.__ ___ ___, ___ --------------:---i 

4 

Conversion Constant 
AND 5(24-27) with F(0-3) thru 
the serial adder. 

Checking scaling control 
constant (bits 24-25) to 
determine which scale. 

~ -- - - - - Scale Multiplier 

5(24-28) (conversion constant} 
to F. 

Gate B (X and Y co-ordinates} 
ta T. 

Multiply X and Y co-ordinates 
by first two bits of the con
version constant. 

Multiply X and Y co-ordinates 
by second two bits of the 
conversion constant. 

Large or small scale conversion 

Multiply B(X and Y 
co-ordinates) by 4. 
Gate result to T. 

____ ...._ ____ __,- - - - - - ---C-h-ec-k-in_g_b-its_2_4_a-.n-d_2_5-to--i 

And CO with F thru the see if this is large-scale 
serial adder. conversion 

No 

Large scale conversion 

Multiply X and Y co-ordinates 
by last two bits of the 
conversion constant • 

. Divide the multiplication 
result by 16 and gate the 
result to B and T. · 

Conversion is Complete· 

Move converted Y co-ordinates 
(T 32-47) to A (16-31) and 
B (48-63). 

Set F (0-3) to zeros, 

Mid or small scale conversion 

Multiply X and Y 
co-ordinates by last two bits 
of the conversion constant. 

-"'lA"l'N"'D-.T~"'°"--:!5iioo5l""w~itro:F~0::--"!:7;;")"""'1- - - - - - --- .--Th_i_s_re_m-ov_e_s_t_h_e_e_x_t-ra_n_e_o-us--w 

thru the serial adder and bits from converted X 
gate back to T {48-55). co-ordinate. 

(CVWL) Yes 

QQ281 

No 

No 

(CSS) 

STAT Doff indicates that 
this routine was entered 
from the CSS instruction. 
The microprogram branches 
back to CSS now. 

>-----..... --- --·..------------.., 
STAT Hoff indicates that 

Sheet 7 

the second set of co-ordinates 
must be converted. 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 6 of 9) 

~,~, 
Ml M2. M3 

5-905, Sh 6 (7 /70) 
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Sheet 6 

Objectives: 

Compute delta X and delta Y values for 
the output doubleward. 

Save tl.e signs of delta X and Y for 
the output doubleward. 
Decide if the symbol is to be displayed 
al bath ends of the weather I ine and 
set the CO and Cl bits accordingly. 

00281 

Gate T (secondary X co-ordinate) to 
B. Secondary Y co-ord inote is 
already in A. 

Gate GPR 2 (major X co-ordinate) 
ta T. 

Subtract T (major X) from 
B (secondary X). 

No 

Gate result of the obove 
sub traction (delta X) 
to B. 

Gate GPR 3 (major Y 
co-ordinate) ta T. 

(Delta X is negative) 

Subtract T (major Y co-ordinate) 
from A (secondary Y co-ordinate). 

No (Delta Y is negative) 

Yes 

3 

Set F {bit I) to one. Will become 
AXS bit in output doubleward. 
(A XS = I, indicates that delta 
X is negative value.) 

Delta X saved in B until 
output format ward 2 is 
assembled in T. 

Set F (bit 0) to one. Will become 
A YS bit in output doubleword. 
( AYS = 1, indicates that delta Y 
is negative value.) 

..-------....... ---------.- - - - ...... ------------. 
Delta Y saved in A until 
output format word 2 is 
assembled in T. 

Gate result of the above sub
traction {delta Y) to A. 

Gate GPR 8 {header info) to T. 

Gate F to T (56-63). 

Gate GPR 4 (truncation 
flog) to S. 

Gate S to PAL. 

Set the AXS and A YS 
bits into T for output 
formottirig. 

4 

Sheet 6 

Objective: 

Gate the secondary co-ordinates to the 
appropriate register in preparation for 
re-entering the multiply routine. 

00281 

Turn on STAT H. 

Gate major position X co-ordinate 
(converted) to GPR 2 (22-31). 

Gate major position Y co-ordinate 
{converted) to GPR 3 (22-31 ). 

Gate secondary pas i ti on 
co-ordinates {in GPR 1) to 
s. 

Gate S (secondary position) 
to B. 

Gate conversion constant 
(GPR 11) to S. 

Tum on STAT D (if off). 

Sheet 6 

.._ _____ ......... ______ _._ - - - ------- - - - - - - - --- ......-----------------.. 

No 

(Line was 
truncated) 

Yes 

Set F (bit 0) to one. Will 
become CO bit in output 
doubleword. 

Gate T (byte 5) to serial odder. 

{No truncation - display symbol 
at both ends of line.) 

: Bit CO {in output word) = 1, causes symbol to be 
I displayed at major position of weather line. 
I Bit Cl {in output word)= 1, causes symbol to be 
I. displayed at secondary position of weather I ine. 

Set F {bits 0 and 1) to one. Will 
become CO and Cl bits in output 
doubleword. 

I The symbol, from the header informotio_n, 
is needed now for the next decision. The 

I header information remains in T and is the 
f beginning of format word 0 which is assem

bled in T for input to the mixer. 

Format word 0 

-------~1~1~1: 
32 34 35 36 37 

Yes (No symbol in header.) 

0 Sheet 8 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 7 of 9) 

SI Symbol 

41 42 

5 6 
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Objectives: 

Assemble data ta appear in output doubleword 
in T.Gote this data, in the form of format 
words 0, 2, and 1, to M. 
Assemble output doubleword in XY by gating 
the format words (one ot a time) from M thru 
mixer into XY. 
Store output doubleword into refresh memory. 

QQ281 

Reset E(B-15). 

Reset CO and Cl bits in F (no symbol 
to display). 

Gate T (format word 0) to M. 

3. 

Preparing to issue first "FMTW* 
E 14-15" micro-order. 

'--------~--------~-----..---------------~ Assembly of format word 0 is 

Gate 8 (AX) to T. (AX is in 
T (48-63). 

Gate A(16-23) to T(32-39) thru SAL. 

complete. 

Gates first part of AY ta T. 

._ __ G_a_te-A-(2_4_-_3_1 )-t-o"'T-(40---47_l_t_h_•u_s_A_L_. __ .. - - - - - .. i __ Ga_1e_s_s_ec_o_n_d_pa_r1_o_f_A_Y_t_o_T_ • .-

Gate M (format word 0) thru mixer 
to X and Y 

Gate T (format word 2) to M. 

FM.TW* E14-15" puts format ward 0 
into the correct XY bit positions for 
the output doubleword. 

'---------...----------'------------------
Add one to E(12-15). 

Gate GPR 2 (major X) to T 
(via Sand B). 

Add one to E(12-15). 

Gate GPR 3 (major Y) to A 
(via S and B). 

Gate A(l6-23) thru SAL to 
T(32-39). 

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

Gate M (format word 2) thru mixer 
to X and Y. 

Gate T (format word 1) to M. 

I Assembly of format word 2 is complete. 

- ...... --.., 
I 
I 
I 
I 
I 

Preparing to issue second "FMTW* 
E14-15" micro-order. 

Gates first part of AY to T. 

Gates second part of AY to T. 

"FMTW* E14-15" puts format word 
2 into the correct XY bit positions 
for the output doubleword. 

'--------...----------'-----..-------------... 

Subtract one from E(12-15). 

Gate GPR 5 {Refresh memory address) 
to D (via B). 

Refresh mer.1ary address +8 to T 
(via B). 

Store T in GPR 5. 

Assembly of format word 1 is 
complete. 

4 

N Sheet 7 

Reset E (8-15). 

5 

Preparing to issue first "FMTW* 
E 14-15" micro-order. 

....--------------.------.--------------. 
Gate F (CO and C 1 bits) to T (48-55). 

\. 

/ 

' ' \. ' Format word 0 in M. 
'\. 

/ 
/ 32 

/ 
/ 

/ 
/ 

/ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ Format word 2 in M. 
\ 

\ 
\ 
\ 

\ 
\ 

I 
I 

I 
I 

\ 
\ 

I 
I 

\ 
\ 

I 
I 

I 

Format word 1 in M. 

Symbol 

41 42 / 

AY2 

Major Y (YI) 

Sets CO and Cl bits into T for 
output formatting. 

CO Cl 

47 48 49 

AX2 

63 

Major X (Xl) 

47 54 63 

,,_ _________ ...... _______________ ,.... ______________ ~ 
Gate M (format word 1) thru mixer 
to X and Y. · 

Make memory request per D (ta 
store in Refresh.memory). 

Set marks 0-7 

Gate GPR 10 (input doubleword 
count) to S. 

Store XY into Refresh memory (per 0). 

Reset STAT Hand STAT G. 

Sheet 9 

"FMTW* E14-15" puts format word 
.1 into the correct XY bit eositions 
for the output doubleword. 

__________ Output 

doubleword· 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 8 of 9) 

5-905, Sh 8 (7 /70) 

32 

Mixer 

0 

y 

YI Xl AY2 AX2 

2S 26 49$0 

6 

63 

63 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 8 

Obiective: 

Honor any pending interrupts; if 
none, continue to process the 
input stream. 

QQ281 

Gate LSWR (address of next 
instruction) to S. 

Gate S to IC. 

QQ291 

Gate IC (next input doubleword 
address) to D. 

Make a memory request per D. 

3 

No (Continue processing input' stream.) 

Yes 

·Gate D (next input doub.leword 
address) into GPR 9. 

Gate S (input count) to PAL. 

Yes (No more input to process) 

No (Program interrupt error) 

One input weather I ine has been completely 
processed and stored in refresh memory. All 
information required to begin processing the 
next input weather I ine upon reentry has been 
saved. The pending interrupt is now honored 
by branching to the interrupt handling rout.ine. 

Diagram 5-905. Convert Weather Lines, CVWL (03) (Sheet 9 of 9) 

4 

G Sheet 4 

Gate new input data doubleword 
into A and B. 

Update input doubleword address 
+8 (in D). 

5 6 

Sheet I 

_____ ...,._ - - - - - - - - - - - - - --------------.., 
End op IThis instruction does not have to be 

Ire-entered, 

------.•. ,- - - - - - - - - - - - _______________ , 
End op IThere has been a program error -

tterminate the instruction execution. 

7201-02 FEMDM (7 /70) 5-905, Sh 9 



A 

• 

B 

c 

D 

2 

Objectives: 

Move the first operand to 
the third operand location. 

11 

Gate first operand (GPR 
specified by Rl field) to T. 

., 
Store first operand (T) into 
third operand location (GPR 
specified by Rl field+ l). 

Objectives: 

Move the second op~rond to 
the first operand location. 

Gate doubleword containing the 
second operand (SDBO) into ST . 

T 

--- I 
I 
I 
L 

---
1 
I 
L 

....... _ ........ 

-, 

3 T 

Rl field must specify on even 
register. 

Third operand location is the 
odd register of on even/odd 
pair specified by Rl field. 

............................. 

........ 
................ 

4 5 

• RX Format 

52 Rl X2 82 

0 78 11 12 15 16 

• Purpose: Moves first operand to third 
operand location and second operand 
to first operand location. 

• Conditions at beginning of execution: 
l. First operand in S and T. 
2. Second operand address in D. 
3 . Request for second operand issued 

GRP per D. 

- -, 
I 
I Rl field L_ 

-6' 
.... .... .... T 

GPR Rl field + 1 

Second 
open;md 

in 

No 
................ 

E 

F 

H 

T. 

Yes 

,. 
-

Store second operand (T) 
into first operand location 
(GPR specified by RI field). 

•• 
Objectives: 

Set the proper condition 
code. 

, 

~----

Gcite S to T (via PAL). 

-----

T(63) No 
equal to ~;..;..;;~---------------------, 

zero 

Yes 

,, 
Set condition code to 3. 

Set c:ondition code to l. 

, --

( End op ) 

Diagram S-906. Load Chain, LC (52) 

5-906 (7 /70) 

................ 
.......... 

----

'I L----------M-o-i-ns-to_r_o_ge _________ __ 

0 63 

63 

S T 

------------ -- --_____ ..... ____ ...,._ 
GPR 

6 

02 

19 20 31 

Rl field 



2 3 4 5 
PANEL A 

-'1 
\ 

MARGIN POWER STATUS 

A POWER 
ACTIVE LOCATE MAIN LINE ON OBS THERMAL CHECK 

0 0 0 0 0 0 
MARGIN/METER SEL 

B METER 
GATE C . 

GATE B ~GATE E 
GATE A D :::"AND L 

c 

B 

10 15 20 25 30 

~ E r J 
D 000000000000000000 

[ J I I STATE 

c 

000000000000000000 
CH3 0 0 [ill E 

I J TEST 

F 000000000000000000 

D r J 
G 000000000000000000 

r J 
H 000000000000000000 

f J 

000000000000000000 J 

-1- _j_ ...... - T 

E 

PANEL D PANEL E 

6 

+6M K AND l GTS 

~ 
LOWERO RAISE 

+6MA GT 

~ 

LOWERO.RAISE 

r 

• PANEL B 
\ 

\ 

+6M B GT 

~ 

LOWERO.RAISE 

35 

7 8 

ROS 

~ 

LOWERO RAISE 

+6M C GT +6M E GT 

~ 

LOWERO RAISE 

~ 
LOWERO RAISE 

40 45 

000000000000000000 

f 

000000000000000000 

f 

000000000000000000 

[ 

000000000000000000 

[ 
000000000000000000 

[ 

000000000000000000 

• PANEL C 
_\ 
\ 

ELEMENT 
MPO 
PULL 

50 

1 CE SEL SATR, GREG, ATR 2 

2 FREG,OREG 

l 
3 S REGISTER 0-31 

4 ROSAR, PROSAR A a B 

5 SELECT REG 

6 L REG OR M REG 

1 ATR 1 
2 CHECK REG 1 

J 
3 T REGISTER 32- 63 

4 ROSOR 0-35 

5 X REGISTER 0-31 

6 K REGISTER 0-31 

1 STOR REG, MAN CTRLS FLT 
CONTROLS 

2 Q REGISTER 0-31 

l 3 A REGISTER 0-31 

4 ROSDR 36-38 

5 IOCE CTLS, NREG 0-15 

6 Y REGISTER 32- 63 

1 PSW 

2 Q REGISTER 32- 63 

3 B REGISTER 32- 63 

4 ROSDR 69-99,EDIT 

9 

l > STATUS, INSN FETCH, EXTERNAL 
INTERRUPTS 

6 EXTERNAL REGISTER 0-31 

1 PSBAR, SVS MASK, INTERRUPTS 

2 NC\i 8 FLT CONTROL 

3 R REG, E REG 

4 GATE CONTROL TGRS 

5 CCR 

G DAR MASK 

1 PADOL 32- 63 

2 MARK, LAR, B REG 

J 
ABC, PADOL, STC 

3 SADDL, IC 

4 DAR 

5 CHECK REG 2 

6 MCW 32- &1 

::::::r 

b 
e 

~ 

• 
• 



• 

A 

~ 

B 

c 

N 

D Q 

E 

2 • 
PANEL D 

SCAN MODE 
DEFEAT 

INTERLEAVING 

~ r r REV 

PROC PROC 

FLT REV 

REPEAT 

FREG'UENCY ALTERATION 

DISABLE u-ENABLE 

PANEL F 

~ 
INHIBIT 

CE HARD 
STOP 

K 

3 

PANEL E 
• 4 

BYTE 0 

BYTE 4 

32 33 34 35 36 37 38 39 

MUM§§ 
STATE 

LOCAL STORE 
M FP 

WORKING REGISTER 

10 15 

STORAGE ADDRESS 
SELECT 

f" ~ 
BYTE 

MAIN 

LOCAL 
DISABLE 

INTERVAL 
TIMER 

REGISTER SELECT 

PROCESS 

AIR~PSBAR 

VCCR 

COMPARE 

f' PROC 

STOP 

SCON ILOS 

27 211 29-31 

0 REGISTERS 0-15 

l 0 l REG I STE RS 16-23 

l 1 I REGISTER 24 

20 

CHECK PULSE 
CONTROL MODE 

~STOf ~::: PROC 

DSBl COUNT 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
A 1 0 1 0 
B 1 0 1 1 
c 1 1 1 0 
D 1 1 0 1 
E 1 1 1 0 
F 1 1 1 1 

5 6 

DATA 0-31 

BYTE I 

DATA 32-63 

BYTE 5 BYTE 6 

ROS ADDRESS COMPARE 

ADDRESS 
8 9 10 11 12 13 14 15 

§§§§§§§§ 
MAIN STOR ADDRESS COMPARE 

REPEAT 
INSN 

~ MfLE 
PROC 

SINGLE 

25 

ROS 
ADDRESS r· PROC 

RPT 

RATE 
PROCESS 

IND 
RLR 1 

§:G 
REG 

INDICATE RLR 
1 POSITION 6 

INSN '6 SINGLE 
~EP CYCU 

0 SINGLE 
CYCLE 
STORAGF 
INHIBIT 

START 

30 35 

SYSTEM LAMP TEST CHECK 
RESET ALLOW IND RESET 

PSW REGISTER R.0.S. 
RESTART SET TRANSFER 

0 c G I DISfLAY I 

@] STOP BACKSPACE 
FLT T 

7 8 

BYTE 7 

56 57 58 59 60 61 62 63 

§§§§§W 
IOCE 

128 64 32 16 4 
COUNT 

40 45 

SYSTEM INTERLOCK 

ON @ POWER 

OFF 

MAIN STORAGE SELECT LOAD UNIT 

[INTERRUPT J 
SYSTEM MANUAL WAIT TEST LOAD 

00000 

PANEL G 

50 

CK REG 1 
SUMMARY 

CK REG 2 
SUMMARY 

POWER 
SEQUENCE 
COMPLETE 

B 

9 



A 

B 

c 

D 

E 

6* 

6* 

p 

0-7 

p 

0-7 

p 
0-7 

p 
32-39 

p 
0-7 

E REG 
PTY 

p 

32-39 

2 

CE SEL ATR 

PAM/RCU 

.o 

32 33 

re 
STEP 

F REGISTER (READ DIRECT) 

3 

READ ONLY STORAGE ADDRESS REGISTER 

TCU 

34 35 36 37 38 39 

p 

8-15 

p 
8-15 

p 
8-15 

p 

8-15 

p 
40-47 

p 
8-15 

~---------PADD FULL SUM----------.i 

4-7 

32 

8-15 16-23 24-31 32-39 40-47 48-55 56-63 64-67 

33 34 35 36 

w 
37 

A 

38 39 

p 

40-47 

4 

10 11 12 13 

10 11 12 13 

10 11 

SE 

10 11 12 13 

40 41 42 43 44 45 

10 11 12 13 

40 41 42 43 44 45 

B c 

14 

14 

DISPLAY NO. 1 

p 
0-7 

p 

15 16-23 

S REGISTER 

15 
p 

16-23 

5 

16 

16 

ROS PREV10US ADDRESS REGISTER A 

14 

46 

SELECT REGISTER 

SE/DE p 
8 16-23 9· 

L REGISTER 

p 
15 16-23 

M REGISTER 

47 

p 
48-55 

DISPLAY NO. 2 

16 

48 

ADDRESS TRANSLATION REGISTER 1 

p 
14 15 16-23 16 

G REGISTER (WRITE DIRECT) 

D REGISTER 

17 18 19 20 21 

17 18 19 20 21 

10 11 

CE 

10 

17 18 19 20 21 

49 50 51 52 53 

17 18 19 20 21 

6 

22 23 

22 23 

22 23 

54 55 

22 23 

p 

32-39 

p 

24-31 

p 
24-31 

p 

24-31 

p 
24-31 

p 
56-68 

p 

24-31 

7 

ATR-2 

32 33 34 35 36 

24 25 26 27 28 

24 25 26 27 28 

ROS PREVIOUS ADDRESS REGISTER B 

24 25 26 27 28 

56 57 58 59 60 

24 25 26 27 28 

37 38 39 

29 30 31 

29 30 31 

10 11 

IOCE 

29 30 31 

61 62 63 

29 30 31 

MLPR r------------PADD HALF-SUM---------. ,--ROS PTY----, 'HAL~DDFULI:1 
EC ODE ERROR 
PTY 4-7 8-15 16-23 24-31 32-39 40-47 48-55 56-67 TGR 2-42 43-68 69-99 SUM SUM 

T REGISTER 

p p 

46 47 48-55 48 49 50 51 52 53 54 55 56-63 56 57 58 59 61 62 63 

D F INGT AND EOP E EMIT F MISC CONTROL PART 2 G MISC CONTROL PART 1 
FAA CONTROLS AB, IC INGATES LS-T LS-S ST, D, Q, G, PSWINGATES FLT A FIELD SD ,--E,.R INGATES-----,1....-------FLT B FIELD----_,.,SF--.1....------FLTC FIELD----"S""G:..-.1 

p 
0-7 

p ,.} 
0-7 0 

STORAGE REQUEST 

IC 

p 
0-7 

p 
0-7 

HW 

36 

D 

H 
EXTD 

37 

PERMIT IOCE 

p 

32-39 32 

FLT 

38 

33 

SET 
KEY 

INSERT 3 PAGE 1 
KEY CYCLE LTH 

LS LAR CONTROL 

39 40 41 42 

IOCE MACH CHK 

34 35 36 37 

p 
8-15 

p 
8-15 

10 II 12 

10 

10 

,-RPT INSTR-, r-PULSE MODE "'1 

13 

11 

11 

ADJ INIT ADJ INIT STOP 

p 
8-15 

p 
8-15 

STOR REQ SET MARK 

43 

SEL IOCE 

2 

38 

44 

39 

45 46 

IOCE 

INTRPT MC 
REQ REQ 

p 
40-47 40 

NA,AD 

47 

INTRPT 
GATE 

. TGR 

41 

10 

10 

48 

42 

11 

11 

49 

43 

Diagram 6-2. CE Roller Switch Indicators (Sheet 1 of 2) 

14 15 16 

12 13 14 

12 13 14 

MANUAL CONTROLS 

17 18 

X REGISTER 

15 

p 
16-23 

K REGISTER 

p 
15 16-23 

DISPLAY NO. 3 

19 

16 

16 

p 
6-42 

17 

17 

21 

18 

1-S 

PASS BLOCK FORCE . INSTR SINGLE CHK INHIB 
BLOCK PULSE INTRPT ADDR STEP CYCLE SUMM CLOCK 

12 

12 

50 

13 14 

13 14 

Q REGISTER 

15 

p 
16-23 

A REGISTER 

15 

p 
16-23 

NEXT ROS BASE ADDRESS 

51 52 

45 

53 54 

p 

0-7 

Y REGISTER 

47 

p 
48-55 

16 17 18 

16 17 18 

K 

55 56 57 

48 49 50 

22 

19 

19 

RPT 
TEST 

19 

19 

58 

51 

23 

20 

20 

FLT 
TEST 

20 

20 

Y BRANCH 

59 

52 

24 

21 

21 

ROS 
TEST 

21 

21 

53 

25 

22 

22 

sec 

22 

22 

61 

54 

26 

23 

23 

27 

p 
24-31 

p 
24-31 

28 29 

24 25 

24 25 

FLT CONTROLS 

r-DEFEA T I NTL V-, BACK 

SYNC NO REV REV SPACE 

23 

23 

p 
24-31 

p 
24-31 

24 25 

24 25 

30 31 

26 27 

26 27 

CNSL 
LOG ·soROS 

26 27 

26 27 

XOR Z BRANCH 

62 63 

N REGISTER 

55 

p 
8-15 

p 
56-63 

64 65 

56 57 

66 67 

10 II 

58 59 

32 33 

28 29 

28 29 

DIAG 
DIAG RELEASE 

28 29 

28 29 

68 

12 13 

61 

34 

30 

30 

TIC 

30 

30 

PREY 
ADRA 

14 

62 

35 

31 

31 

GAP 

31 

31 

FLT 
MODE 

15 

63 

8 
DISPLAY 1 

1 CE SEL SATR, GREG, ATR-2 

2 F REG, D R.EG 

3 S REG (0-31) 

4 ROSAR, PROSAR A AND B 

5 SELECT REG 

6 L REG* 

6 M REG• 

*Selecled via INDICATE ON 
ROLLER 1 POSITION 6 switch. 

DISPLAY 2 

1 ATR 1 

2 CHECK REG 1 

3 T REG (32-63) 

4 ROSDR (0-35) 

5 X REG (0-31) 

6 K REG (0-31) 

DISPLAY 3 

1 
STOR REQ, MAN ens, 
FLT ens 

2 Q REG (0-31) 

3. A REG (0-31) 

4 ROSDR (36-68) 

5 IOCE ens, N REG (0-15) 

6 Y REG (32-63) 

9 

i 
I 



A 

B 

c 

D 

E 

2 3 4 5 6 7 

DISPLAY NO. 4 

PROGRAM STATUS WORD PSW PROGRAM MASK 

SYSTEM MASK IC 
IN 

LSWR 

COND CODE FXP DEC EXP LOST 
SIG 
39 

MACH SUPV PROGRAM INTRPT INTRPT PRI 
p 

0-7 

p 
32-39 

p 

32-39 

M 

32 

32 

33 34 

33 34 

35 36 37 38 

35 36 37 38 

N 

EXT 
7 

39 

39 

p 
8-15 

p 

40-47 

p 
40-47 

40 

40 

10 

41 42 

41 42 

11 

43 

43 

Q 

ASCII 
12 

44 

MC 
13 

45 

44 45 

WAIT 
14 

46 

46 

PROB 
15 

NO 
RETRY 

Q REGISTER 

47 
p 

48-55 

B REGISTER 

47 
p 

48-55 

2 1 
34 35 

48 49 50 

48 49 50 

OVFLW OVFLW UNFLW 
36 37 38 

51 52 53 54 

51 52 53 54 

u 

CHK CALL 
I NTRPT I NTRPT 

55 

55 

p 
56-63 

p 

56-63 

v 

56 57 58 59 

56 57 58 59 

A SIDE CTL SERIAL ADDER ·B SIDE CTL SERIAL ADDER PADOL CONTROL .EW 
EXTD 

81 

GATE ONES PA 
R 
AB-F AB, IC, F--PB ST, DA-PA E, Q-Pa 

·2 

69 

A 

p 
0-7 

70 71 

c 

72 73 

STATUS TRIGGERS 

D 

74 75 76 

G H 

77 

BLOCK 

78 

p 

8-15 

PHYSICAL PSBAR rSBAR COUNTER 

p 
9-12 10 
REV REV 

SABTP LCMPR SAFSP 

CE TEST ADDR 

p 
0-7 

s 0-31 

32-63 

p 
0-7 

T32-63 

32-63 

c 

STATE 

P ,,/OCE 
0-7 1 

p 
32-39 

p 
0-7 

p 

0-7 

p 

0-7 

32 

IOCE l 

33 

b 

11 
REV 

MRKP 

12 
p 

9-12 
REV REV 

SARPA SARPB 
LOG 
CNT. 

LFTHF UNCT CONDT 

10 

ERSLT 

T32-63 T32-47 T48-63 K00-31 

31-62 48-63 48-63 32-63 

ill 

IOCE 
2 

34 

Cll 

SCON 

35 

MARKS 

IOCE 
3 

36 

SERIAL ADDER LA TC HES 

37 

IOCE 2 IOCE 3 

b b 

ILOS 

38 

STOR UNIT CHECK ID SE 
STOP 
360 

p 

32-39 

LOGOUT OR WRAP 
SELECTED STG ID 

360 TEST 
MODE MODE 

DG SELECTED 

11 

DSBL 
TMR 

12 

R REGISTER 

p 
8-15 

39 

08-31 

8-31 

c 

p 
8-15 

p 

8-15 

p 

40-47 

ST 
PTY 

. 32-39 

p 

8-15 
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SE 

79 80 82 83 84 
p 

43-68 86 87 88 89 90 
p 

69-99 92 93 94 95 96 97 98 99 

INSTRUCTION FETCH CONTROLS EXTERNAL INTERRUPTS 

EXEC 

10 11 

p 
9-15 10 11 

ADDR SEQUENCE 

TU 

40 

SAB 
PTY 
CHK 

10 11 

08-31 DB-31 

7-30 40-63 

CLl c 

SE 

41 42 43 

LS ADDRESS REGISTER 

10 

SE/DE ELC 

4 

SDBI 
PTY STG 
CHK T 0 

11 

STG 
ADDR 
CHK 

CVG SELECTED 

PS 
CMPR 

12 

12 

12 

BR 
IN STOR INVLD INVLD 

CE l 

FETCH ADDR ADDR 

IL 
NOT 

AVAIL WD RD 

13 14 

EXTERNAL REGISTER 

15 
p 

16-23 

DISPLAY NO. 5 

16 

LOGICAL PSBAR 

13 14 15 

FLT COUNTER 

.3 

13 14 15 

p 
16-19 16 

FLT CHK 

p 
0-7 

17 

17 

CE 2 
TC AT CONS 

CE 3 

WD RD LIMIT SIG WD 

18 19 20 21 22 

ALT 
18 19 PSBA 

ROS TEST SEQ 

RD 

23 

CE 4 

WD 

p 
24-31 

E REGISTER 

p 
8-15 

RD 

24 

16 

PIR DAR 

25 26 

SYSTEM MASK 

17 ·18 

PASS FAIL 

10 

IOCE 
l 

27 

19 

11 

FMTO FMTN FMTW IC A0-31 A4-7 A8-31 B32-63 B64-67 A6-31 B32-67 B64-67 EXCS-6 F4-7 HOT 1 E8-11 El2-l5 F8-ll 

PA 

44 

12 

STG 
DATA 
CHK 

PB 40-63 32-63 4-7 8-31 32-63 64-67 4-29 30-65 28-31 28-63 60-63 60 56-59 60-63 

SE/DE 

45 

CONFIGURATION CONTROL REGISTER 

SE/DE p 
16-23 10 

DIAGNOSE ACCESSIBLE REGISTER MASK 

10 
p 

16-23 

DISPLAY NO. 6 

PARALlEL ADDER LATCHES 

46 47 

INHIB 

p 
48-55 48 49 

B REG 

L2 

PAM/RCU 

50 51 52 

LS STORE TX p 
64-67 WRITE WRITE TGR 64 65 66 67 

13 

FETCH 
CHK 

INSTRUCTION COUNTER 

14 15 

p 

16-23 16 

DIAGNOSE ACCESSIBLE REGISTER 

LOS 
SENT 

10 
p 

16-23 

IOCE 
CHK 
RESP 

17 18 

CHECK REG! STER 2 

LS CCR 
BUS PTY 
CHK CHK 

MAINTENANCE CONTROL WORD 
REV FORCE INV 

19 20 

PAM/RCU ELC 

i 
ATR PSBAR 
PTY PTY 
CHK CHK 

NORM DG P DIAG EXT RST WRAP 
OP REO 48-55 SE 1 PTY CH KS DE 

L2 

53 

21 

PS BAR 
NOT 

CONF 

CE 

TCU 

54 55 

ABC 

22 23 

TCU ELC 

PSA · SPLIT 
ALT LOGOU 

p 
24-31 

P CE OWN 
24-31 OTC OBS 

p 

56-63 

p 
64-67 

p 

24-31 

p 
24-31 

56 57 58 

PADOL 

64 65 66 

24 25 

CE OWN 

OTC OBS 

LOG LOG 
ROS ADDR 
CHK CHK 

26 

CE 
LOG 
REQ 

59 

67 

27 

RDD 
TO 

60 

60 

RT 
DIG 

PIR 

IOCE 
2 

28 

SE 
STOP 

FLT 
STG 
ERR 

12 

61 

61 

IOCE 
3 

29 

62 

62 

EDIT 

LEAVE 

30 

63 

63 

STEP 
ABC 

TIME 
GATE 
iGR 

31 

PROGRAM I NTRPT 

PSA LOCKOUT 

BFR 
MMSC 1 

13 14 15 

Q4-15 Q20-31 036-47 052-63 

52-63 

60 

LS 
SIGN 

28 

CE 

61 

29 

CE ELC 

52-63 

IOCE 

62 63 

STC 

30 31 

8 9 

DISPLAY 4 

l PSW 

2 Q REG (32-63) 

3 B REG (32-63) 

4 ROSDR (69-99), EDIT 

5 STATUS, INSN FETCH, 
EXTERNAL INTERRUPTS 

6 EXTERNAL REG 0-31 

DISPLAY 5 

1 PS BAR, SYS MASK, INTRPTS 

2 MCW AND FLT CONTROL 

3 R REG, E REG 

4 GATE CONTROL TGRS 

5 CCR 

6 DAR MASK 

DISPLAY 6 

1 PADOL (32-63) 

2 
MARK, LAR, B REG, 
ABC, PADOL, STC 

3 SADDL, IC 

4 DAR 

5 CHECK REG 2 

6 MCW (32-51) 



2 3 4 5 6 

Not Test Al low SC reel Control 
] A 

Allow SC (CCl Control 
CE Select 

Cfh 
A 

PX311 

A 
N 

_::] 
A 

CE System· lntlk Key IJ OR 1 Allow Subsystem Reset 
8 

State 1 or 0 or Test l _J 

~ 
PX311 

Allow CE Subsystem IPL or PSW Restart c 
Allow CE System IPL or PSW Restart 

D 

360 Mode Pb 

360 Mode Pb A 

B KW301 

ROS Transfer Pb 
ROS Transfer Pb A 

KW361 
Stele 0 or Test 

Check Reset Pb 
Check Reset Pb A 

KW371 
r---

'--

Test - ......._ 
Reg Set Pb 

Reg Set Pb A 1 
.____ 

KW361 Begin Reset 
ROS or FLT Test Mede - FLT Subsystem Reset Backspace (Any pushbutton) 

A or Log CPU E Backspace OR OR c 
KW371 

LJ. ..--
CE Logout Pb 

Sheet 2 
KW371 

gsa~.,c~ 
,........., 

f--'---
KWOll 

SC (CC) Set IC 

F 
1 

H 
CE Set IC Pb A 

KW341 
L 

Sheet 2 

gsaSw•~ SC (CC) Start 

1 

........, 
CE Start Pb 

A 

KW341 

D 

,..--

E 

OR 
Gated Common Pushbuttons 

G 
CE Leed Pb 

CE PSW Restart Pb 

CE Reset Pb 

.....___. 
H 

J 

F IC 

SC (CC) Display A Display Pb 
OR 

KW331 

~ 

CE Display Pb A 

KW331 

SC (CC) Stop A Stop Pb 
OR 

KW341 

G ~ 

CE Stop Pb A 

KW341 

SC (CC) Store LJ. OR 
Store Pb 

KW331 

-
CE Store Pb 

A 

KW331 

--,_ -
SC (CC) Interrupt ~lora~p•~ R 

1 

CE Interrupt Pb A --

H 

KW331 

Diagram 6-3. Pushbutton Signal Generation (Sheet 1 of 2) 

6-3, Sh 1 (7 /70) 
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B 
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D 

E 

F 

G 

H 

Sheet l 

2 3 

CE Load Pb 

Allow CE System IPL or PSW Restort 

A 
Al low SC (CC) Control 

SC (CC) Load 

J 

c 

CE PSW Restart Pb 

Al low CE Subsystem I PL 
. or PSW Restart 

SC (CC) Subsystem Load·· 

Allow Subsystem Reset 

CE Reset Pb 

Inhibit Oscillator (Mai.n Storage Access) 

G 

F 

Gated Common Pushbuttons 

FLT Subsystem Reset 

External (System) Reset 

External Start Gated 

. External Stop Gated 

.Power on Reset Gated 

Sample SS 

(Only first 'sample SS' signal after depression of a 
pushbutton fires singleshot) 

Any Pushbutton 
E 

(Pushbutton Logic - PK041/51) 

Switch SS 

Delayed SS 

Short SS 

Diagram 6-3. Pushbutton Signal Generation (Sheet 2 of 2) 

4 5 6 

KW321 

System IPL 

KW321 

System PSW Restart 

KW321 
Subsystem PSW Restart 

OR 

External (System) Reset 

External Start 

KW321 External Stop 
Begin Reset 

Manual A 

Hardstop OR 

KW321 

.Subsystem IPL KC031 

KW321 

Subsystem Reset 

KW311 

Sheet 2 

KW005· 

Allow Switch SS 

Switch SS 

Delayed SS 

KWOll KWOll 
Short SS 

_r ___ 3 ""'µ5c--f ___ ._I 

~~ -125ns--

7201-02 FEMDM (7/70) 6-3, Sh 2 



;c • tf.l ::r 
..... 
,-.. 
...:i -...:i 
8 

A 

B 

c 

D 

E 

Store T Into LS 
per E(ll-15). 

A 

2 

G 

Load l's into 
D and T. 

Load LSWR with 
l'sfromT. 

Transfer LSWR to S. 

Pia"" contents of 
ADDRESS switches 
intoD. 

3 

Dia-ram 6-8 

System or Sub-
system IPL or 
PSW Restart 

KW031 QY041, 003 

Set 'manual 1 

trigger. 

Reset STAT D and 'block 
I-Fetch' tri9ger. 

Yes 

Transfer E(S-15) ---! Save contents of E. 
to 8(56-63). . 

~~~--,.--~~---

Place contents of DATA 
•witches into S and T. 

Transfer D(l6•23) 
to E(B-15). 

Transfer D(21 ·23) 
to STC. 

Load 1 's into F. 

LOCAL 
MAIN or 
MAIN BYTE 

Set 'program store 
compare' trigger 
per addreu store 
compare test. 

Diagram 6-4. Stop Loop Routine (Sheet 1of2) 

• 
Diagram 6-7 

CE Machine 
Reset and 
Force Address 

Disables interval 
timer and RA TE 
switch. 

Load I's into D . 

Place contents of 
ADDRESS switches 
into D. 

Transfer E(B-15) to 
8(56-63). 

Transfer D(l6-23) 
to E(B-15). 

Load 1 's into F. 

T ronsfer dota from 
LS to T per E(l 1-15). 

Restore original 
contents of E(B-15) 
[A(56-63) to E(S-15)]. 

4 

Yes 

---: Save contents of E. 

MAIN or 
MAIN BYTE 

Inhibit storage 
protect. 

Issue 3-cycle main 
storage request (per 
address in DJ. 

Pia"" dota from 
main storage 
into ST and AB. 

Re1tore orig i nol 
contents of 
E(S-15) [A(56-63) 
to E(S-15)). 

No 

Load 1 's into D. 

Reset 'branch invalid 
addreH' trigger. 

Place contents of 
ADDRESS switches 
intoD .• 

Set 'gate I-Fetch 
invalid adclreu' 
trigger. 

Set 'Instruction 
storage fetch' 
trigger. 

Add 8 to addreH in 
D and place into IC. 

Load 1 's Into F. 

5 

No 

STOP LOOP 

Yes 

KW031 

Reset 'stop' and 
'manual' triggers. 

End op. 

No 

Yes 

6 

Load 1 's into D. 

Place contents of 
ADDRESS switches 
into D. 

QY061 

Tran sf er address 
from D to T. 

Reset 'stop' ond 
'manual' triggers. 

Transfer T(40·51) 
to ROSAR. 

Lood 1 's into T. 

QT041 

End op. 

7 

No 

Yes No 

Yes 

Diagram 6-8 

System or Subsys
tem IPL or 
PSW Restart 

No 

Yes 

Diogrom 5-809 
Set Address 
Translator, 
Received by a 
7201-02 

8 

No 

Yes 

D i ndi cotes address 
of next instruction. 

r-
1 
I 
I 
I 
I 

I 
I 

Subtract 8 from IC 
and display 
address in D. 

No 

L--·..-~~..._~~ ...... 

9 



A 

B 

c 

D 

-.l 
N 
0 ..... 
6 
N 

'TJ 
tr.I 
~ 
Cl 
~ 

,-., 
-.l 

E -'1 

8 

O'\ 
}:. 
Vl 
::i" 
N 

2 

A 

Restore original 
contents of E (8-15) 
(A(56-63) to E (8-15)]. 

Set mark trigger 
per STC. 

Restore original 
contents of 
E(8-15) [A (56-63) 
to E(8-15)]. 

Store data per 
address in D 
and mark triggers. 

MAIN BYTE 

Diagram 6-4. Stop Loop Routine (Sheet 2 of 2) 

3 

Inhibit storage protect. 

Issue 4-cycle main 
storage request (per 
address in D). 

Set mark triggers 0-7. 

4 

c 

lco~;-H- - - - -
DELAY 
ROUTINE 

Subtree t 1 from F . 

Reset STAT D and 
'black I-Fetch' trigger. 

Yes No 

5 

STOP pushbutton, address compare 
stop, instruction step, External stop, 
Logout PB Lth (after scanout is 
completed). 

L ______________ J 

D 

Fetch instructions 
from main storage 
and place into Q. 

Transfer instructions 
from Q to R per 
0(21,22). 

Fetch instructions from 
main storage per IC ond 
place into Q. 

Set 'gate in val id 
address' trigger. 

6 

Fetch instructions 
from main storage 
and place into Q. 

Transfer instruct ions 
from Q ta R per 
D(21,22). 

IC equals contents 
of ADDRESS 
switches plus 8. 

7 

,.... ___ __,...._ ____ - -- - - -----,...----------, 
Add 8 ta IC. 

Set 'stop' trigger. 

QY041 
026 

Set 'manual' trigger. 

Load l's into F. 

Forces address 026 
(hex) into ROSAR 
at end op. 

Stops usage meter 
and disables 
interval timer. 

IC equals contents 
of ADDRESS 
switches plus 16. 

Gate l's to T and D. 

Gate l's to LSWR 
(24) end S reg. 

Gate DA TA keys to 
Send T Regs. 

Gate T (32-63) to 
external reg. 

Gate 1 's to F reg. 

Lead CCR, A TR, 
or PSBAR per 
REGISTER 
SELECT switch. 

8 

Depress POWER 
ON pushbutton. 

Execute power-on 
sequence. 

Power on reset. 

Force address OOB 
to power-on-reset 
microprogram. 

QY041 
OOB 

Set 'manual' trigger. 

Gate O's to G, F, T, K 
and IC registers. 

No 

Set E(8-15) to 1 's. 

Reset IC to T. 

Store O's from T into 
LS per E(l 1-15). 

Subtract 1 from 
E(l 1-15). 

9 
----, 

Stops usage meter 
and disables 
interval timer. 

---~l ___ c_ie_a_r_L_s_. __ __, 

L ____________ -- --- _J 
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Pushbutton Gate 

STORE 
PK041 

A 

_:/'h 
A 

ROS Bits 62-65 ~ 0010 JI 
ROS Bits 66-68 Eq 101 Dsi22 

DISPLAY 
PK041 -__:;/" ~ 

A I----
ROS Bits 62-65 Eq 0011 

r--

ROS Bits 66-68 Eq 001 J 05122 ROSAR(ll) - Roller I 

SET IC .____,..--.,-., Position 4 
Bit 11 

PK041 

__:;/" A 'Z Set ROSAR 11 Normal 
OR ~ 

Not Inhibit Next Address 10-11 A 
ROS Bits 66-68 Eq Ill J 05122 Not Clock P3 Blocked 

B 

~ 
RXlll 

r--i..____. 

START ....!,I 

PK041 

1
0

ROSAR ~I __:;/,. -- A 1---' 
ROS Bits 62-65 Eq 0100 _J -
ROS Bits 66-68 E_q 010 J Dsi22 

ROS TRANSFER 
PK041 -Yo REGISTER SET 

A t-----J -Yo r--....___ 
c 

ROS Bits 62-65 Eq 1010 Test On 

Dsi2'2 ROS Bits 62-65 Eq 0101 
A ..,_. 

IPL or 
ROS Bits 66-68E_q_100 

PSW RESTART 
PK041 - OS171 

__:;/,. - A 

ROS Bits 62-65 Eq 0011 J:J 
ROS Bits 66-68 E_q_ 110 J Dsi5i 

Diagram 6-5. Stop Loop Monitored Pushbutton Gating 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Console Logout Latch (TON Stop Tgr) 

External Stop 

Sample SS 

_N_ot_En_d_Op.:..-T~g_r _____ ,.._ ___ --t---f A 

_Re_s_e_t_ln_t_er_r~up~t_T~g~r_s ____ -+-----+--t A 

Instruction Step 

IF Reset 

Switch SS 

Stop 

~o-PK_0_4_1~--------+--' 
Not Osc A Sampled Latched Lines 

Set Stop Loop Tgr (1-Stop Loop in Order) 

Delayed Singleshot 

Initial Program Load Status 

Restart or Log CPU 

Rst Stop Loop Tgrs 

(Not) Osc A Sample Latched Lines 

Reset (Fl) 

Reset Manual Controls 

Sta Addr Comp Sync to A and B and C and D 

System 
Console 
ADDRESS 

COMPARE STOP 

l------o---to PR OC 

Allow SC 

Compute 
Element 
ADDRESS 

LOOP 

COMPARE STOP 

KWOOl 

0-----+--IL_ _ _J 
PROC 

~ 
LOOP 

Allow CE 

KWOOl 

Storage Address Compare Sync to ABCD 

Machine Reset 

A 

A 

3 

KW031 

4 

STOP 

-

5 

Exceptional 
Condition to I-Fetch Set Block 

1------------- I-Fetch Tgr 

6 

Roller 3 
Position 1 
Bit 13 

(Diagram 5-16) 

Not Time Clock Step or Interrupt 

Manualf -

KM831 

1. Force ROSAR (6,9, 10). 
2. Branch to ROS Address 026 (Hex) 

to Stop Loop Microprogram. 

.--------:;-,_ ____ ....._ __ ,._ ____ CPU Clock Stopped 

Set Block Tgr 

Di so bl e Interval Ti mer 

Set Repeat Instruction Adjust Tgr 

Reset Repeat Instruction Initialization Latch 

Set or Reset Pulse Mode Adjust Tgr 

Manual or Not Pass Pulse 

Not Pass Pulse Tgr 

Reset Stop T grs 

Interrupts 

KW021 

KWOll 

-

Block Interrupts 
on Start 

Roi ler 3 
Position 1 
Bit 14 

Block 
Interrupt 

Address Keys to D 

(Address 
Compare) 

A T 

Gate Address Keys to D(in Set IC Micro Program) 

Address Keys 

to D (0-23) 

Data Keys (40-63) 

Loop 

KWOOl A 

Loop 
Branch 

T 

KWOOl 

PX241 

Data Keys 
to D (0-23) 

Loop Trigger 
(Pushbutton Gate) 

Loop Trigger 
(Set IC Pb) 

Loop Branch T gr 
(Start Pb) 

t . 
Indicates also on the SC or CC control Panel 

Diagram 6-6. Stop, Manual, Address Compare Triggers, and Block Interrupt Latch (Sheet 1 of 2) 
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A 

B 

c 

D 

2 

ADDRESS COMPARE 
switch set to 
STOP or LOOP. 

CE completes exe-
cution of last in-
struction and fetches 
new instruction. 

Set 'stop' 
trigger. 

Complete execution 
of current 
instruction and 
enter stop loop. 

LOOP 

Set 'loop' 
trigger. 

• 

STOP 

3 

For STOP function: ADDRESS 
switches 8-28 set to desired 
stop address. For LOOP function: 
ADDRESS switches 8-28 set to 
branch address; DATA switches 
40-60 set to restart address. 

New instruction address' at SCI 
is compared with address in 
ADDRESS switches 8-28. 

Stay in the 
stop loop. 

Gate DATA switches 40-60 to 
D. Bring up 'pushbutton gate' 
and 'set IC' lines. 

4 

Diagram 6-6: Stop, Manual, Address Compare Triggers, and Block Interrupt Latch (Sheet 2 of 2) 

E 

F 

G 

H 

6-6, Sh 2 (7 /70) 

Branch from stop 
loop into set IC 
micro program. 

Execute SET IC 
and return to 
stop loop. 

Set 'loop 
branch' trigger. 

Take START PB 
branch from 
stop loop. 

5 6 

Diagram 6-4, Stop Loop. 

'Gate DATA switches to D-reg' 
(brought up by 'loop' trigger) 
overrides 'Gate address switches 
to D' (brought up by SET IC 
microprogram). Therefore, IC 
is loaded from the DATA 
switches via D-reg. 

Results from 'gate address 
switches' line brought up 
by 'SET IC' microprogram. 
Brings up 'Start Pb' I ine. 

Fetch the instruction at 
the location specified 
by IC. 
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System or Subsystem I PL ·r--i 

A 

System or Subsys PSW Restart OR 
Switch SS _r--o---o 

Begin Reset J External (System) Reset A ,..---

J J 
JOR L 

Reset Manual Controls 
External Start Scan Machine OR 
External Stop ............ Power on Reset SS 

_,....., Reset to MC 
}A 

Manual Sample Manual Line JJ 1---8--t KC031 ~ 

Hards top Nat Switch SS Reset Gates A and B 
KWOOs ;....--1-- OR 

KW311 
Force ROSAR 10 

1-----1 

[~ ~ 
Reset Gates D and E 

Pulse Mode Tgr ,.....--- ;....--1-- OR 1 Machine Reset Switch SS 
A 

PM Initial izotion T gr 
A 

Sample Manual Lines Pulse Mode SS 1--
,__OR n_ Fmco ~ ~ 

........... Address KC031 OR 
Machine Reset Not Log Reset BCU 

Pulse Mode SS A r----;;" t---r-
~ FL 

1----- ,...._ 
Not Switch SS ]A Machine Reset Not Log Reset 
Not Pulse Mode SS J OR 8 

KC03l 

~ 
1--

Notes: Check Reset Pb ~ 
l. Power on Re.set: Force ROSAR to:i Not Delayed Switch ssj A ~ t-- Error Reset Gates A and C 

OOB (bits 8, 10, 11, Clear local 
OR 

Switch SS l OR ....__ 
stare-enter stop loop, QY041). .__ 

2. Other Resets: Force ROSAR to FTL Check Reset 1--
003 (bits 10, 11 - Stop Loop -

~l 
ft-

QY041). L..-t-- OR Error Reset 

I Error Reset Gates B and E 

KC031 

ROSAR Bit JO 

c Mon Ctls Force CROS Address (KC031) Set ROSAR 11 Scan +MC (DS208) . ROSAR Bit 11 

Power On Reset SS (KW31 l) Power On Reset Gated (RX003) ROSAR Bit 8 

Diagram 6-7. CE Machine Reset and Force Address 

D 

E 

F 

G 

H 
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A 

B 

c 

D 

E 

F 

G 

H 

, 

2 3 4 5 6 

Functions 
performed by 

IPL PSW 
Restart CC/SC Tcu• ...... --... -------..... ---1-------_____ ... ____ ----------------------

Reset any other system element not in 
-,.--S-ys_te_m_R_es_e_t __ +-oe:---...... --------11-..,....--1---------1-....... .----ll-~test (CEs, IOCEs, SEs, TCUs, PAMs, 

RCUs). 

SCON 
.--""t"--------11r----o...---1t--------+.......,,-----1---------lh...---.a-.-. SCON any other system element with 

SATR 

SATR Response 

SATR 

SATR 

SA TR Response 

issuing CE's SCON bit on ond not in 
test. 

1-... 1.._ • .._ ______ -
IPL 

I 
I 
I 
I 
I 
I 

J_ 

Read 

PSW 0 

Dato 

Legend: 
• CE selected by CC/SC if IPL is initiated at. CC/SC. 

CE at which IPL or PSW Restart is initiated, 

Summary of System Operations: IPL or PSW Restart A IOCE and TCU selected by SC/CC or CE LOAD UNIT 
switches, SE selected by SC/CC or CE MAIN 
STORAGE SELECT switch. 

e Signal origin 
O Signol destination 

---------------------------r---·--

CONFIGURATION OR SYSTEM CONSOLE 

• CE SELECT switch set, 'CE Sel (X)' . 
• MAIN STORAGE SELECT switch set, 'Load Store Sel (X)' 

.. -• LOAD UNIT select switches set. 'Load Chan Sel (X)' --_.. • SYSTEM INTERLOCK key on, 
• ENABLE SYSTEM IPL pushbutton 'Load Unit Addr (X)' 

.. 
_... 

held depressed (CC only). 'System Load' 
• LOAD pushbutton depressed. 

COMPUTING ELEMENT 
PK041 

e MAIN STORAGE SELECT switch set, 
• LOAD UNIT select.switches set, 
e SYSTEM INTERLOCK key on, 

.. . 

'1/ 
y 
I 
I 
I 
I 

• LOAD or PSW RESTART pushbutton depressed, I 
I 
I 
I 

• (Not selected by CC/SC with its 
SYSTEM INTERLOCK key on,) 

KWOOS 

KW401 

KW401 

Begin reset, 

1000-usec 
system reset. 

Set 2500-usec SS. 
(Allow time for 
IOCE to reset,) 

KW411 

Reset own DAR mask, 
PSBAR, A TR and CCR 
(all SCON bits on), 

Set own A TR slot 1 and 
PSBAR equal to SE 
selected by MAIN 
STORAGE SELECT switch, 
Set own CCR per LOAD 
UNIT switches. 

CE performs 
IPL function for 
SC/CC using 
SC/CC inputs. 

___ J 

ANY. SYSTEM ELEMENT 
(Not in test) 

Reset element, 
Turn on all SCON bits, 

Diagram 6-8A. System Operation: IPL or PSW Restart 

6-8A (7/70) 

1 

I 
I 
I 
I I KW401 

I Set STAT G, 

I KW401 

I Set S_TAT A, 

I KC031 
DS208 QY041 

Force ROSAR to 003. 

KW411 

Enable IPL-PSW branch, 

QY041,B88 

Branch from the 
stop loop, 

QY061,B90 

Put all 1 's into 
Select register, 

QY061,B94 

COMPUTING ELEMENT 

STAT G and the 'timing gate' 
trigger develop SCON, 

STAT A and the 'timing gate' 
trigger develop SATR, STAT G 
overrides STAT A when both are on, 

CE entry to the stop loop 
(Diagram 6-4, Stop Loop Routine), 
Begin ROS control, 

All elements not in test will be 
selected to receive SCON, 

Sample Configuration Mask: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

From own CCR gate 
Configuration Mask into 
ST for SE; into Externa I 
register (on Control Bus) 
for other elements. 

State 

0 1 

xx 

SCON 

1 2 3 

x 

SE CE 

"'"' ~H~, 2 3 1 2 

x x x x I 3 

x 

Mask 
KX091 QY061,B94 ____ ....... __ _.._.,. 'SCON Select IOCE (X)' 
Issue SCON. Configure 
minimum subsystem per 
MAIN STORAGE SELECT 
and LOAD UNIT switches 
(Configuration Mask), 
Send the same Configura
tion Mask to all Elements, 

ANY SYSTEM ELEMENT 
'Reconfigure Sel SE (X)' 

'Se I +Response TAU (X)' * 
'Reconfigure Sel CE (X)' 

(Not in test and having 
issuing CE's SCON bit 
on) 

'Sel+Response PAM (X)' * ~ >------. 

Receive Configuration 
Mask and SCON Select, 
Set Mask into own CCR. 
Return Response, 
(Hardware functions,) 

'Sel +Re•porae RCU (X)' I 
---------- __ 'SCO_N_Response' ---<..___ ____ __, 

Ignore response. ~ 

Diagram 6-9 

Common Routine: 
I PL or PSW Restart. 

Legend: 
* True multiplex lines, 



A 

B 

c 

D 

E 

F 

G 

H 

Functions 
performed by 

IPL 
PSW 

Restart 

2 3 

cc 

4 5 6 

IOCE6 SEA 
----..----r- -,,..---.---- -- - - -----.--

(IPL only) ~~--Su_b_~~s-~_m_R_m_e_t~~~--~-S_u_b~~-d_e_m_R_e_re_t_~~~-~~------~~---~~~Reretanyo~~~demeleme~ 
configured to the issuing CE. 

SATR 
'-ll--R_es_;_e_;_t ____ -11-----t---------t---..:::-----t-~ Reset any 1/0 configured to or 

---
I 
I 
I 
I 
I 

1 ---

---

SA TR Response 

SATR 

SATR 

SA TR Response 

IPL 

Read 

PsW_O_ --==i 
Data I 

L __ _J 

Summary of Subsystem Operations: IPL or PSW Restart. 

KW005 

KW401 

• 
• 
• 
• 
• 

CONFIGURATION CONSOLE 

I Es I (X)' c e 
CE SELECT switch set. 

'Load Store Sel (X)' 
MAIN STORAGE SELECT switch set. 

'Load Chan Sel (X)' 
LOAD UNIT switches set. 

'Load Unit Sel (X)' SYSTEM INTERLOCK key on. 

LOAD pushbutton depressed. 'Subsystem Load' 

COMPUTING ELEMENT 

e MAIN STORAGE SELECT switch set. 
• LOAD UNIT select switches set. 
• SYSTEM INTERLOCK key off. 
• LOAD pushbutton depressed, 

CE performs 
I PL function 
for CC using 
CC inputs. 

Begin reset, 

_. -.... 
~ 

_. -
;a 
~ 

_. _. 

.'\V 
v 

I 
I 
I 
I 
I 

__ _J 

1000-usec 
subsystem r.eset. 

'Subsystem Reset' --,--- ----, 
I 1 

I 
'1/ ... ------ ·----~ SE ./ 

(Configured to 
the issuing CE) 

+ 

l Machine reset. ] 

I 
'1/ ... ------ ~-----.... IOCE 

(Configured to 
the issuing CE) 

Machine reset. 
Propagate reset 
to configured 1/0. 

Diagram 6-8B. Subsystem Operation: IPL or PSW Restart 

I 
I 
I 
I 
I 
I 

KW401 

Set 2500-usec reset 
SS. (Al low time for 
IOCE to reset.) 

Reset own DAR 
Mask and PS BAR. 

KW401 

KC031 
DS208 

Set STAT A. 

QY041 

Force ROSAR to 003. 

KW411 

Enable IPL-PSW branch. 

QY041,B88 

Branch from stop loop. 

Diagram 6-9 

Common Routine: 
IPL or PSW Restart. 

Data 

switched to this IOCE. 

Legend: 
• CE which is selected by CC if IPL is initiated 

at the CC. 
CE at which IPL or PSW Restart is initiated. 

6 IOCE and TCU selected by CC or CE 
LOAD UNIT switches and SE selected by 
CC or CE MAIN STORAGE SELECT switch. 

e Signal origin 
O Signal destination 

COMPUTING ELEMENT 

I Stat A and 'timing gate' trigger 
develop SATR. . 

I CE entry to the stop loop 
I (Diagram 6-4, Stop Loop 
I Routine), 

Begin ROS control • 

7201-02 FEMDM (7/70) 6-8B 
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B 

c 

D 

E 

F 

G 

H 

2 3 

COMPUTING ELEMENT 

Diagram 6-BA 

System Operation: 
IPL or PSW Restart. 

QY061,B99 

Set STAT D for 
I PL branching. 

Set IOCE bit in 
select register.-

Yes 

KX132 QQ021,A48 

Issue l st SA TR. 

Set ATR 1 bits in 
externa I register. 

KX132 QQ021,AC2 

Set IOCE bit in 
select reg. 
Issue 2nd SATR. 

QQ021,ABC 

Set ATR 2 bits in 
external register. 

KX132 QQ031,ABE 

Diagram 6-BB 

Subsystem Operation: 
I PL or PSW Restart. 

Diagram 5-601 

Execute Load 
PSW Routine 
(Load PSW from 
location O) 

'SATR Select IOCE (X)' ~ ----------------7 

'SATR Select IOCE (X)' 
lssue3rdSATR. ----------------) 

4 

FS531 QQ031,AC4 'SCON •• .,,.,~.. I 
~---------~-------<~~~ 

Response N 
before timeout r-0

--------------. 

KS031 

Set STAT B. 
Set IOCE bit in 
the select register. 

KX129 QY061,89F 

QY061,B?A 

Hang: 89A. 

Stat Band the 'timing gate' trigger 
develop IPL. 

5 

110 CONTROL ELEMENT 

ROAR is forced to 048 

When 2nd SATR falls, 
check pority of data 
for ATR 1, 

Check parity of data 
for ATR 2. Load 
both ATR 1 and 2. 
Return response. 

Normal breakout. 
Return to the halt 
loop. 

(Halt loop) 

Set unit channel 
and PSBAbits in 
external reg (on the 
Control Bus) and 
issue IPL. 

'IPL IOCE (X)' -----------------) )>---""-----

Sheet 2 

Diagram 6-9. Common Routine: IPL or PSW Restart (Sheet 1of2) 

6-9, Sh 1 (7/70) 

Set Control Bus bits 
into PSBAR. 

No 

QKB00,62A 

Set up CCWs from 
Control Bus data~ .Take 
PSBAR to SAR. 

QKBOO,B19 

Issue IPL SIO and 
TIO to channel. 

Sheet 2 

6 

Go to halt loop. 

Go to halt loop. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 

A 

3 

STORAGE ELEMENT 

.--------- ---<f--
1 Loe I I (hex) Doto 

I -{ IPLPSWO }--, 

L IPL CCW 1 }- - - - - ~ >- -
10 IPL ccw 2 }- , I l 

r------
......... -

I 
I 
I 
L 

X2 
CCWs and/or 

program 

I 

I I 
I I 
I I 
I I 

-t-, - - -(If. -

I I 
~"---~....__~ _] L. t - - ~ >-._ _________________________ ..,.... _______ ~ 

Fetch PSW 
from location O. 

Di ogrom 5-601 

Execute Load 
PSW Routine. 

COMPUTING 
ELEMENT 

IPL hang: BAO. 

y 

- ----<~-

' I 
I 
I _______ __J 

Legend: Heavy dashed lines indicate data flow. 

Diagram 6-9. Common Routine: IPL or PSW Restart (Sheet 2 of 2) 

ROS Bits 62-65 Eq 0100 

ROS Bits 66-68 E 101 

STORAGE 
SELECT 
PK041 MAIN BYTE 

--O--.OMAlN 

.LOCAL 

ROS Bits 62-65 Eq 0000 

Not Inhibit Next Addr 10-11 

Z Set ROSAR(l l) Normal 

Clock P3 Blocked . 

DS122 

Diagram 6-10. STORAGE SELECT Switch Gating 

4 5 

I/O CONTROL ELEMENT 
Sheet 

Force hardware 
IPL CCW into 
channel registers 
ond execute. 

Fetch and 
execute IPL 
CCW 1 from 
location B. 

Fetch and execute 
IPL CCW 2 from 
PSA loc 10 (hex). 

Fetch and execute 
the CCW ot the 
specified address. 

No 

No 

Continue fetching and 
executing CCWs unti I one 
is fetched which specifies 
neither TIC nor chaining. 

Test channel status. 

QKBOl,BOF 

Prepare unit and chonne I 
addresses for the inter
ruption code in PSW O. 

QU801,BBC 

Store unit and channel 
addresses in PSW O. 

BB047 QU801,BCD 

Send response 
to the CE. 

QT200 

Return to the 
halt loop. 

ROSAR(ll) 

RXlll 

Roller l 
Position 4 
Bit 11 

1 From input unit store IPL PSW 0, IPL 
1 CCW 1 and IPL CCW 2 (total of 24 
I bytes) into the PSA. 

1Store N bytes starting at location Xo 
l(N end Xo are specified by IPL Ctw ll. 

Fetch and execute CCW 
3 from PSA location 18 
(hex). x0 equols 18in 
this instance. 

11 

~I 

6 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

E Reg Bit 8 

Gt 12 Field to MCW 

Machine Reset Diag 12 Field 

Not Pulse Mode Ad"ust Tgr 

E Re Bit 9. 

Reset Diag I2 Field Tgrs 

DEFEAT INTERLEAVING 
PK051 

NO REV 

~PROC-

REV 

3 

Diagram 6-11 DEFEAT INTERLEA YING Switch Gating 

6-11 (7/70) 

Disable lntlv 

4 

DEFEAT INVLG 
NO REV -

TEST 

K_UOOI 

Roller 3 
Position 1 
Bit 27 

DEFEAT INVLG 
REV 

Roller 3 
- Position 1 

Bit 28 

MC462 

MC462 

5 

Defeat Interleaving 

Defeat Interleaving 
and Reverse Addressing 

6 

To Even/Odd Decoder 
(Diagram 4-602) 
and 
Parity Conversion Circuit 
(Diagram 4-610) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Manual or Not Pass Pulse Tgr 

RATE 
PK041 

INSN STEP 

--o--+o PROCESS 

3 4 

Instruction 
Step 

L• 

KW021 

o-S_IN_G __ L_E_C_Y_C_L_E ____ ....---1N1-----t--N_o_t_R_a_te_S_i_n_gl_e_C_y_c_l __ e~_os_i_ti_on ________ ....,.. __ ~~--. 

SINGLE CYCLE 
STORAGE INHIBIT 

Pass Pulse Tgr 

Osc D 

Not Manual Tgr 

Backspace FLT or 
Log CPU 

ROST ransfer 

Osc B 

Not Switch Singleshot 

START 
PK041 

~ 

Force Address Tgr 

Switch SS 

Osc Sample 

Not BCU Hold on CPU Clock 

Reset Pass Pulse Tgr 

ROS Address Compare Stop 

Diagram 6-12. RATE Switch Logic 

A 

A 

Single 
Cycle 

L-

KW021 

Block 

T-

Pass Pulse 

r• 

KW041 

5 

INSN STEP 

• Roller 3 
Position 1 
Bit 18 

TEST 

6 

Instruction Step 

Single Cycle or Inst Step 

Single Cycle Storage Inhibit (to BCU) 

Rate Single Cycle Inhibit Switch (to BCU) 

SINGLE CYCLE 

Roller 3 
Position 1 
Bit 19 

Reset Single Cycle Mode 

Single Cycle (to SCI) 

BLOCK -Roller 3 
Position 1 
Bit 14 

PASS PULSE -Roller 3 
Position 1 
Bit 15 

Pass Pulse Tgr 

7201-02 FEMDM (7/70) 6-12 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Depress STOP pushbutton 
or SYSTEM RESET 
pushbutton. 

3 

Place RA TE switch in 
INSN STEP position. 

No Yes 

Inhibit stepping interval 
timer and pulse mode 
operation when PULSE 
MODE switch is in TIME 
position. 

Diagram 6-13. Instruction Step Routine 

6-13 (7/70) 

Set 'instruction 
step' trigger. 

Diagram 6-4 

Stop loop. 

Depress ST ART 
pushbutton. 

4 

Reset 'stop' and 'manual' 
triggers (ROS control). 

End op. 

Set 'stop' trigger during 
I-Fetch of instruction. 

Execute instruction. 

End op. 

No 

All interruptions are 
executed \if not masked 
off) before entering 
stop loop. 

Execute interruption 
routine. 

Set 'stop' trigger 
during interruption 
(micro-order). 

End op. 

5 6 



A 

.... 

B 

c 

D 

E 

F 

G 

H 

2 ~ 3 

Place RATE switch 
in SINGLE CYCLE 
or SINGLE CYCLE 
STORAGE INHIBIT 
position. 

No 

Depress STOP or 
SYSTEM RESET. 

Inhibit stepping 
interval timer ond 
pulse mode operation 
when PULSE MODE 
switch is in TIME 
position. 

Set 'single cycle' 
trigger. 

Depress ST ART. 

Set 'pass 
pulse' trigger. 

Set 'block' trigger. 

4 

Subsequent functions 
are activated by 
depressing START. 

Gates 1 CPU clock 
pulse and is then reset 
by 'block' trigger. 

Resets 'pass 
pulse' trigger. 

5 6 

SINGLE CYCLE STORAGE INHIBIT SINGLE CYCLE 

Diagram 6-14. Single-Cycle and Single-Cycle-Inhibit Routine 

Manual Tgr 

TEST 

REPEAT 
INSN MPLE 
PK051 O-----+-+--r-1 

~PROC 

SINGLE 

A 

RPT INSN 
ADJUST 

No 

• Roller 3 

Repeat 
Instruction 
Adjust 

KW051 

Position 1 
Bit 9 

Not Stat G 

Not Time Clk or lntrpt 

Stop Tgr 

NEOP or BEOP 

Repeat 
Instruction 

Initialization 

Service request. 

Not Program Store Compare 

Not External Interrupt Priority 

Interrupt Priority 

Repeat 

KMB31 

RPT INSN 
INIT 

Roller 3 
Position 1 
Bit 10 

A 
OR 

--4-------+----- Blocks Lower-Priority 

A 

Exceptional Conditions 

1--------~. To Block I-Fetch Tgr 
(Diagram 5-16) 

lo ROSAR ~I 
Stat G 

L---r1r-L-:_=i.__,,___.J_ _____ Blocks Loading Q 

from SDBO 

Force ROSAR(6, 8). Branch to 
ROS Address 028 (Hex) (Repeat 
Instruction). 

Not Osc E 

Reset Manual Controls 

KW051 

Not Repeat Instruction Initialization Disable Time Clock 
A 

KW041 

Diagram 6-15. Repeat Instruction Switch Logic 

7201-02 FEMDM (7/70) 6-14, 6-15 



A 

B 

c 

D 

E 

F 

Continue present 
operation. 

Normal position. 

2 

Remain in stop loop until 
manual intervention 

• 3 

No Diagram 6-4. 

PROC 

.....----_._ ____ , ___ ---.------------. 
Set 'repeat instruction Causes I-Fetch 
adjust' trigger (roller 3, exceptional condition. 
position 1, bit 9). 

Depress START. 

Reset 1stop 1 and 
'manual' triggers. 

____ ..... ____ .,_ - ---------------. 
End op. 

Force address 028 (hex) 
into ROSAR during 
I-Fetch. 

QY051 

Reset STAT D, 'program 
store compare•, and 
1execute 1 triggers, D, 
and IC(21, 22). 

Set l's into 
ST and LSWR. 

Fetch contents of main 
storage location 0 and 
place into AB. 

Transfer contents of 
DA TA switches to ST. 

Set mark triggers 
0-7 and store ST 
into mo in storage 
location 0. 

Trans fer AB to ST. 

load instruction 
halfwords.from main 
storage into Q. 

Gate 1st instruction 
halfword from Q 
to R. 

Restore original contents 
of main storage location 
0 from ST. 

--,--
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

--t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I __ _J 

-----

Set 'block 
I-Fetch' trigger. 

Diagram 5-27 

Manual control 
exceptional condition. 

Save original 
contents of main 
storage location 0. 

Prevents retuming to repeat instruction 

4 

Repeat instruction 
microprogram end op. 

Execute instruction 
beginning with lst 
halfword in Q. 

Instruction end op. 

Set STAT G microprogram at microprogram end op time. 

-----
i 

Set 'repeat instruction 
Blocks loading of Q from SDBO. initialization' latch 

(roller 3, position 1; 
bit 10). 

Diagram 6-16. Repeat Instruction Switch Routine 

G 

H 

6-16 (7/70) 

Yes 

5 

Repeat instruction 
microprogram end op. 

Execute instruction 
halfwords in Q per 
IC(21,22). 

Instruction end op. 

Process interruption. 

6 

Prevents returning to 

repeat instruction 
microprogram. 

Executes maximum 
of 4 halfwords. 
Cycles·through Q. 



ROS 
TRANSFER 

PK041 

2 

____:/.:>---~ 
A State 0, or l, or Test 

B 

c 

D 

REPEAT ROS 
ADDRESS 

PK051 
0 ~ 

(Down) 

TEST 
KW361 

P2 Reset R OSAR Lth 0-5 

Machine Reset Not Logical 

Not Clock P3 

Nat Clock P2 

ROSAR 

0 

0 

ADDRESS 8 
PK031 

~o 

(Down) 

ADDRESS 19 
PK031 

~o 
1 

(Dowr:) 

11 

STOP ON 
ROS ADDRESS (up) 

3 

(ROS Transfer 
and Repeat 

· Address) 

A T 

RX901 

ADDRESS Keys 9-10 
Similar to 8 and 19 

Address Keys 8-19 

(ROS Transfer 
and Repeat 
Address) 

A 

RX901 

4 

ROS Address 
Compare Sync 
(Test Point) 

0 

Diagram 6-17. ROS TRANSFER and REPEAT ROS ADDRESS Switch Gating 

E 

F 

G 

H 

A 

5 

ROS TRANSFER PB 
(Branch from Stop Loop 
Diagram 6-4) 

Repeat ROS Address 

lnh Sta Req on Repeat ROS Add 

Force YIASC on Repeat ROS Add 

A 

Pass 
Pulse 

KW041 

Farce ROSAR 0 

Force ROSAR 1-10 
Similar to ROSAR 
0 and 11. 

Force ROSAR 1 l 

Pass Pulse Trigger 

6 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Place ROS address 
into ADDRESS switches 
for storage ripple store 
or display routine. 

QY041 

Depress ROS 
TRANSFER. 

Perform ROS 
transfer routine. 

QY051 

T ra.nsfer ROS address 
from D to JC and B. 

3 

Set 'scan 
mode' trigger. 

Reset E(B-15). 

Reset A, B, 
and E. 

T ronsfer contents of 
DATA switches to ST. 

Seen system reset. 

4 

I. Set 800000 in ADDRESS switches for 
storage-ripple-display routine. 

2. Set 800006 in ADDRESS switches for 
storage-ripple-store routine. 

Must be in stop loop before 
pushbutton action occurs. 

See Diagram 8-4. Trans fer contents of 
ADDRESS switches to D; D to T; T(40-
51) to ROSAR. load T(32-63) with l's. 

Mein 

Yes 

f Reset 'scan 
mode' trigger. 

Set mark 
triggers 0-7. 

Shift F left 4. 

Set key, per 
address in D, and 
data, per F(0-3l. 

Issue 4-cyde 
main storage request 
(per address in D). 

Set mark 
triggers 0-7. 

Transfer contents af 
DATA switches to ST. 

5 

No (Read) 

Fetch data from 
main storage per 
address in D and 
place into AB and ST. 

Add Band S, and 
place result into PAL. 

Dia ram 5-608. f Reset 'scan 
made' trigger. 

Diagram 5-608. 

ROS address 7CF. 

Yes (Write) 

fsubtract l 
from E(8-15). 

ROS address 7CE. 

Subtract l 
from E(8-l 5). 

Issue 3-cycle 
main storage request 
(per address in D). 

Add 8 to 
address in D. 

Loadl'sintoF. 

Inhibit storage protect. 

Note: Manual intervention (e.g., system reset or load) is 
required to get out of storage ripple loop. 

f Following this block, on FLT-2, -3, or -4 microprogram is executed. 
These microprograms ere inserted ct this point to exercise circuits; they 
do not affect the storage ripple t~st ~ 

Diagram 6-18. Storage Ripple Loop (Store and Display) Routine 

ST Bus 14 

Gate ST to PSW 8 to 15 

Diagram 6-19. Wait State Gating 

WAIT 14 
Roller 4 
Position 1 
Bit 16 

WAITf 

Request Priority for Manual 
Control Wait Exceptional Condition 
(DiagrCITI 5-27) 

PSW to ST Reg Bit 14 

PSW Bit 14 to Odd Parity 

PSW Wait Mask Bit 

6-18, 6-19 (7/70) 
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A 

B 

c 

D 

E 

2 3 

Load PSW. 

End Op Cycle 

Continue in Running 
stote. PSW(l4) is 
checked during 
end op or branch 
end op. 

I-Fetch Cycle 

No 

Manual Control Wait Microprogram. 

Notes: l. Return to Wait state after 
stepping time clock. 

2. If an interruption occurred, PSW(l4) 
determines the Wait or Running state. 

3. Return to Wait state if PSW is not 
modified and ST ART is depressed • 

Diagram 6-20. Wait State Microprogram Routine 

Scan bisable nmer (MCW Bit 20) 

F Single Cycle er Inst Step 

Not Pass Pulse Tgr OR 

G 

ROS or FLT Test 

PM Initialization Tgr 

PULSE MODE 
P~051 

TIME 

·~PROC 

OCOUNT 

DISABLE INTERVAL 
TIMER 
PK051 

TEST 

PK051 

Yes 

4 

.PSW is I oaded by: 
l. Load PSW instruction. 
2. IPL. 
3. PSW RESTART pushbutton. 
4. Interruption. 
Q and R are refilled per the 

instruction address in the new 
PSW. 

Set 'woit state' 
and 'block 1-
Fetch' triggers. 

------------.--- - - -----------

No 

Force address -02A 
(hex) of next 
micro-instruction 
into ROSAR. 

Stop ROS clock at 
not-clock time. 

Yes 

Performed by 
'EXCEP' 
micro-order 
during I-Fetch. 

Restart CPU clock. 

Reset 'block 
I-Fetch' trigger. 

End op. 

See Notes 

J~----+--------tA 1------ (Disable Interval Timer Decremeter Logic) 

H 

(Down) 

Repeat Inst Initialization 

REPEAT INSN 
PK051 
./'PROC 

-----<:f' 10-:S~IN~G~L~E;__ _____ "-________ __. 

Manual Tgr 

Diagram 6-21. Disable Interval Timer Logic 

KW041 

5 

Performed by 
·o-sTAD' 
micro-order, 
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A 

B 

c 

D 

E 

2 

STOP 
CHECK 
CONTROL 
PK051 

0 
PROC 

DSBL 

I PL Status 

Mach Ck Interrupt Tgr 

Scan Mode Lth or T gr 

Not Match Ck Mask T gr 

Scan Disable Errors 

ROS Err to Block CPU Clock 

S Reg MPR Parity Check 

Inhibit Clock PADD FS Error 

SADDER Half Sum Error 

Parity Error E 00- 15 

SADDER Ful I Sum Err 

Inhibit Clock PADD Half Sum Err 

Not Power on Reset 

BCU Stop Clock on CPU Stg Ck 

Local Store Bus Parity Ck 

IOCE Check Response Tgr 

SAB Check in CE 

SDB I Parity Check 

CCR Parity Check 

A TR Pori ty Error 

PSBAR ELC 

IOCE PSA Lockout .360 Mode 
Log ROS Check 

Log Storage Check 

Logout Address Check 

360 Mode SE Stopped 

INHIBIT 
CE HARD 

KW091 

KW091 

KW091 

OR 

KWOBl 

OR 

KWOBl 

OR 

KWOBl 

~o-~~~--+~~~~--; 

3 

KW081 

KWOBl 

4 

Reset 

KW091 

KW091 

Stop on Check 

Disable Errors 

Not Logout T gr 

FLT or ROS Test 

Scan Mode T gr 

Power on Reset 

Ck Reg 1 or 2 Err 

KW091 

rlord Stop Condition 

Not ROS or FLT Test 

Check Reg 1 
Summary (K53) 

Check Summary 
Roller 3 
Position 1 
Bit 17 

Check Reg 2 
Summary (M53) 

A 

Diagram 6-22. CE Check Control and Inhibit CE Hardstop Switches, Logic and Error Controls 

F 

G 

H 

6-22 (7/70) 

KW091 

5 

Error Log Required (Logout) 

Block Storage Select 

Inhibit Clock CE Ck 

KW095 

Check Reg l Error 

Chee!< Summary 

Che& Reg 2 Error 

Hord Stop Inhibit OSC 
(Stop Clocks) 

'HS Reset Logout Tgr 

CE ELC 
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A 

B 

c 

D 

E 

F 

G 

H 

2 

Time Clock Step SS 

Not Single Cycle or Inst Step 

PULSE MODE 
PK04l 

TIME 

------0--+0 PR OC 

COUNT 

Manual Tgr 

C cle Ctr E 0 Lth 

Not Reset Stop T grs 

Al law Pulse Mode 

TEST 

Diagram 6-23. Pulse Mode Controls 

3 

Sample SS 

START 
PK041 

4 

PULSE MODE 
ADJUST 

Pulse Mode 
Adjust 

KW061 

- Roller 3 
Position I 
Bit 11 

~l>---~~ 

Not Load or Reset 

Reset Manual Controls 

5 

PULSE MODE 
INIT - Roller 3 

Position l 
Bit 12 

Farced Adr 

KC031 

9 II 

lo ROSAR 

Force ROSAR(9, 11); 
Branch to ROS Address 005 
(Pulse Mode). 

6 

To System Reset 

Pulse Mode SS 

To Disable 
Interleaving 

To Diagnose FLT 

To System Reset 
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A 

B 

c 

D 

E 

F 

2 

Depress STOP or 
SYSTEM RESET, end 
piece REPEAT INSN 
switch in PROC 
position. 

3 

PROC 

Set 'pulse mode adjust' 
trigger (roller 3, 
position 1, bit 11 ). 

Diogrom 8-4 

Stop loop. 

Depress START. 

Set 'pulse mode 
initiolization' trigger. 

End op. 

Force address (005, 
hex) into ROSAR to 
hegin microprogram 
tor pulse mode. 

QY051 

Reset STAT D end 
'block I-Fetch' trigger. 

r:-----------
1 

FETCH COUNT 
FROM DATA 

-------, 
I SWITCHES 

I 
I 
I 
I 
I 
I 
I 

Load l's into 
S, T, and LSWR. 

Reset 'stop' end 
'manual' triggers. 
Reset D. 

T ronsfer contents of 
DATA switches to ST. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I 
L_ ----------

____ .J 

r;RA~S~ ~~;- - -- -
------, 

TO COUNT 
REGISTER 
(DIAG. 8-ICI) 

Set 'scan mode' 
trigger. 

Transfer T(32-38) and 
T (54-63) to MCW. 

Reset 'scan mode' 
trigger and set 'scan 
counter control' 

trigger. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L---------- _____ __J 

~~~;~~-----------, 
I ADDRESS OF I 
I INSTRUCTION TO Fetch contents of 

1 BE PROCESSED location 0 of mo in 

I (PSW RESTART) ~~~:01~~nd place I 
I I 

I Transfer beginning I 
I address from B to I 
I IC, T, and D. I 

L __________ ----~ 

G 
Diagram 6-24 .. Pulse Mode Operation 

H 

6-24 (7/70) 

Continue operation .. 

Continue 
instruction 
execution. 

4 

Yes 

Notes: *In time mode, operation is 
from end of clock step time 
to end of next clock step. 

f Reduce FLT counter on 
each. machine cycle. 

I 
I 
I 
I 
I 
I 
I 
I 

5 

~p-;------ ----~~]-
MICROPROGRAM ____ ....... ___ _ 

Fetch next instruction 
doubleword from main 
storage per IC and 
place into Q. 

Add 8 ta IC. 

QE031 

End op. 

Add 8 to IC. 

Reset interrupt triggers. 

Reset 'program store 
compare 1 and 
'execute' trigger. 

QE041 

Yes 

Fetch instruction From 
main storage per 

address in D end piece 
into Q. 

Transfer Q to R 
per D(21,22). 

Add 8 to D and 
place into IC. 

Branch end op. 

L ____________ _J 

See Contents 

I-Fetch. 

Begin instruction 
execution. 

CE Machine reset 

Set 'pulse mode 
adjust' trigger. 

Yes 

COUNT 

fcontinue 
instruction 
execution. 

6 

Load Q from 
main storage 
per IC(0-20). 

Add 8 to IC. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Short SS Pulse 

Scan Reset A 

System Reset 

Manual or Not Pass Pulse 

End 0 Tgr Bus 

Not Clock P0-1 

S nc T r 

Not Clock PO 

Scan Set Mach Chk Trap ROS 

Diagram 6-25. LOG OUT Pushbutton Logic 

Clock PO 

Sync Latch 

.FLT Clock Time 1 Latch. 

System Reset 

Diagnose and SOROS Tgrs 

Manual or Nat Pass Pulse 

SCAN MODE, 

PK041 
ROS 

ROS/PROC/FL T 
~PROC 

FLT 

3 

ROS Test 

T-

PK041 

FLT Test 

T • 

Diagram 6-26. SCAN MODE, ROS/PROC/FLT Switch Logic 

4 

SOROS 

CNSL LOG 
Roi ler 3 - Position 1 
Bit 30 

KU451 

ROS TEST -

TEST 

FLT TEST 

Roller 3 
Position 1 
Bit 24 

Roller 3 
Position 1 
Bit 23 

- Roller3 
Position 1 
Bit 31 

Start 
ROS Test 

5 6 

SOROS Tgr 

Console Logout and Sync 

TON Stop Tgr 

Set Mach Ck Trap Scan to PSW 

ROS Test Latch 

Block Scan Mode Tgr 

ROS Test or FLT Latch 

ROS Test or FLT or Diagnose 

ROS Test or FLT Latch 

FLT Test 
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A 

B 

c 

D 

E 

F 

2 3 4 .. 
COMPUTING ELEMENT 

Diagram 6-115 

ROS Test sequence. 

KW371 

CE in FLT or ROS test 
mode and FLT 
BACKSPACE depressed. 

KW371 

Reset the 'manual' and 
'pass pulse' triggers. 

KU291 

Subsystem Reset. 

FE321 

Set Unit Channel and 
PSBA bits in the 
external register (on 
the Control Bus). 

Enter stop loop. Wait 
for further operator 
action. 

Diagram 6-115 

ROS Test sequence. 

Diagram 6-116 

FLT Sequence 

Diagram 6-116 

FLT sequence. 

Start CE clock. 

'Subsystem Reset' 
- - ------ --- --- -- --

No 
KU311 

KU311 

Set 'FLT backspace' 
trigger. 

KX131 

Set the Rewind Latch. 

,--j 

Send 'FLT backspace' to 
IOCE specified by the 
LOAD UNIT switches. 

'FLT Backspace IOCE (X)' _j ---- -- -- --

---, 
I 

KU311 

No ,KU311 

Keep 'FLT backspace 
IOCE(X)' up until LOAD 
or RESET pb is depressed. 

Reset the FLT Backspace 
trigger. Drop 'FLT 
backspace IOCE(X)'. 

I 
I 
I 
L __ -< 

G 
Diagram 6-27. FLT BACKSPACE Pushbutton Logic and Flow 

H 

6-27 (7/70) 

5 

SEs and IOCEs 

(Configured to the issuing CE). 

").-----~: Machine reset. ( IOCEs 
propagate reset to 1/0 
units configured or 
switched to them.) 

I/O CONTROL ELEMENT 
(Selected by LOAD UNIT switches) 

Machine reset. 
Propagate reset to 1/0 
units configured or 
switched to this IOCE. 
Enter halt loop. 

Yes 

KS117 QT200,2B4 

Set Stats 0 and 1 to 
cause IPL branch from 
the halt loop. 

BA317,487 QK907,BOE 

Take Control Bus data 
to PSBAR and to the 
CCW for backspace. 

QK800,B19 

Issue IPL SIO, and 
TIO ta channel. 

Backspace FLT tape 
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(SOROS and Not ROS Test) or FLT I 

FLT Time 1 

_!:<2_GQU..!.~£!:.T _________ J 

f Ros micro-order 

0 l 2 3 4 

Log rt 80 0 0 0 0 0 

Logout F8 0 0 0 0 0 
Logout 100 0 0 0 0 0 

* 
0 0 0 0 0 Logout 138 

Buffer l: 

FLTf 100 0 0 0 0 0 

FLT'.s 180 0 0 0 0 0 

Buffer 2: 
FLT's 200 0 0 0 0 0 

FL Tts 280 0 0 0 0 0 

5 

0 

0 
0 

0 

0 

0 

0 

0 

Diagram 6-105. Scan Storage Address Generator 

6 

0 

0 
0 

0 

0 

0 

0 

0 

3 

Scan Gate Mask RDD to SAB 

Rem Buffer 1 

A 
ROS Test Latch 

OR 
Invert Buffer Trigger 

Initialize at Start of Record 

,----
MS-REQ* 
SCAN 4f 

SCAN S to Request 

Moster Reset 
Not Clock Pl 

Scan 
Sync 

4 5 

Not Address Sequence 0 

Buffer 1 

T • 

ROS or FLT Latch 

Not Clock Pl A 

Not Clock PO or P2 

P0-2 

Moster Reset 

SC 
1 

Reset Request T grs 

SCI 

Scan 
Sync 

L • 

MC068 Scan 
Request 

MC068 

4 

SAB{17-20)_ 

SAB(16) 

KU551 

A 
SAB 15 

SAB 14 

6 

------1 

A 

MA081, 
MA151-
MA201 

SAB Bus 

L _____________ ------------- -- -- -- - --- ---

I 
I 
I 
I 

_J 

SAS 

7 8 9 10 11 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

12 13 14 15 16 17 18 19 20 21 22 23 

0 0 0~1 0 0 0 0 0 0 0 

0 0 0 0 l l l 1 l 0 0 0 
0 0 0 l 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 1 1 1 0 0 0 

t f t 
Not Address {Address Sequencer 
Sequence 0 

0 0 0 1 0 0 0 0 0 0 0 0 

0 0 0 l 1 0 0 0 0 0 0 0 

0 0 1 0 0 0 ·O 0 0 0 0 0 

0 0 1 0 l 0 0 0 0 0 0 0 

0 0 
F N Address 

~- Sequencer 

Buffer l 
Trigger 

Note: Scan-generated main storage addresses 
start with the highest value required and ore 
decremented to the lowest value required. 

7201-02 FEMDM (7/70) 6-105 



2 

A 

KUlll 

KU121 

2 

T -

B 
KU131 

KU141 

3 

Not Clock Pl 

Not Clock Pl 

Not Clock Pl 

Not Clock Pl 

lo Scan 
Counter Latches 
for Decrementing 

,----A---.. 

4 

Not Clock 
P0-2 

KU231 

Clock PO 

_N_o_t_FL_T_T_i_m_e_2:___-1---lA 

Not FLT Time 3 

FLT Clock 0 ~--------------------' 

Not Clock Pl 

_N_~_t _FL_T_T_i_m_e_l ___ --1 A 

Not FLT Time 3 

c 
KU271 

Clock PO 

1-cTR CTL TGRf 

Not Pulse Mode 

Fl T Time 2 

ROS Test Sequencer = 2 

MCW(l) 

Addre» Compare to Scan 

D 
KU331, KUOl l, KU021 

Machine Reset 

Not SOROS and Sync L 

SOROS and Sync L 

Clock PO 

FLT Time 2 

NotMCW(6) 
Not Clock P0-1 

Diagnose 

E 
Diagram 6-106. FLT Counter Decrementing 

F 

G 

H 

6-106 (7 /70) 

A 

FLT Time 
0 

KU271 

Scan 
Cou_nter 
Control 

T • 

KU331 

Reset 

Not SOROS and Sync latch 

Note: 

Scan 
Counter 
Control 

KU331 

All clock and not-clock 
signals are from scan clock. 

f ROS micra-order. 

Clock P0-2 

A 

KU411 

5 

Gate Scan Counter 
latch to Fl T Counter 

6 



A 

B 

c 

D 

-..:i 
N 
0 .... 
6 
N 
'Tj 
t'rj 
:s: 
Cl :s: 
,-.. E 
-..:i --..:i 0 
'-' 

9' .... 
0 
-..:i 

2 

Address Sequencer Decoder tt 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

S(O) 

DAR Mask(O) DAR Mask(31) 

0 D 
FP(0-7) § -

Nat 
----- Used Q .. Holf of 5000 w,.o 

(32 Bits) 

Notes: 
•'Black indicators switches' signal is delayed 'scan bypass' signal. 

0 Not al I indicatable triggers can be scanned out. 
t Position 6 on rollers is not used on scan-out operations. 

tt There is no direct correlation betweE:n scan-out addresses and 

3 4 

Not Block Indicator Switches• 

Addr Seq Eq 10 111 

Scan Out Left 

Roller Switch 6 Position 3 

Not Block Indicator Switches• 
Addr Se Ew 01 001 

Scan Out Ri ht 

KT601 

KT641 

!'') __ --063

• Scan Word 23 (64 Bits) 

I 
I 
I 
I 
I 

I 
I 

IC(23) 

I I 
Sel P(0-7) @ 

---- _ Not 
• Used D-Ro,ho Holf of 5<00 

Word (32 Bits) 

Scan Word 9 
(64 Bits) 

Seen Word 0 
(64 Bits) 

roller positions. Refer to ALO M3011 For scan-out address assignments. 

Diagram 6-107. Scan-Out Bus Data Flow 

5 

Scan Out + Roi ler 1 5-6 

Ind Bit 01 

Ind ST Bit 00 

Word lOR +Roller 1 Position 2 

Ind F Reg 00 

Word 2L +Roller 1 Position 1 

Ind SA TR + SCON from CE 2 

Scan Out+ Roller 1 Position 5-6 

Ind Bit 35 

Word 18R +Rolle• 1 Position 4 

PROSAB(ll) 

Word 23L +Roller 1 Position 3 

Ind ST Bit 31 

Word lOR +Roller 1 Position 2 

KTOOl 

A 

Ind D Bit 23 as D Bit 31 A 
Word 2R +Roller 1 Position 1 

Ind ATR Bit 39 A 

Scan Out 5L +Roller 6 Position 5 

Ind Stg Elmt ID 00 

Scan Out +Roller 6 Position 4-6 

Ind Bit 01 
Word 9R +Roller 6 Position 3 

KT061 

Ind SADDL 00 A 

Word 6R + Roller 6 Position 2 

Mork· 0 

Roller 6 Position 1 
PADDL(32) 

KT501 

Word 5L +Roller 6 Position 5 
A 

Scan Out+ Roller 6 Position 4-6 

Word 9R +Roller 6 Position 3 

Ind IC 23 as IC 31 
Word 6R +Roller 6 Position 2 

STC 2 

Roi ler 6 Position 1 

PADOL 62 

KT561 

Roller 1 
Bit 1 

Roller 1 Bit 0 

Roller 1 
Bit 35 

Roll•• 2-S { 

Roller 6 
Bit 1 

Roller 6 Bit 0 

Roller 6 
Bit 35 

6 

KTBOl --300R's --
KT901 

7 8 9 

63 

PAA 

Enable Bus 



~ ...... • 2 • 0 
00 

3 4 
Logout Pb Gated 

.-, 
-....) --....) 
8 

Ext CE Logout Request 

A Error Log Required (Diagram 8-22) 
KU351 

Mach Not Log Reset 

Scan or Hardstop Reset 

• tWhen the Diagnose instruction 
specifies a log on count, the cycle 
counter decrements each c~cl e 
until it reaches zero, at w ich 

KU371 

time the 'SOROS' trigger is set 
to initiate a logout. 

B 
Release (TIC or Gap Lth) 

Not Sync 
Not Pass Pulse Tgr 

Stop Clock Tgr 

lnhib Clock CE Check (Diagram 8-22) 
KU251 Stop Clock ROS 

R~lease and Sync Not Single Cycle 

• FLT Clock Time 1 Lth Not Repeat ROS Addrs 

KCOIJ 
SOROS and Sync Lth 

ROS or FLT or Addrs Seq Eq 14 

c 

D Diagram 6-108. Logout Control Logic 

E 

5 

Block Roller 
Switches 

Reduce Address Sequencer by I 

Set Address Sequencer to 23 

(Stop CE Clock) 
(Diagram 4-1) 

6 

FLT Clock 
Address Sequencer = 23 

FLT Clock 

Not Addr Seq = 22 to 14 

Address Sequencer= 14 

7 8 9 

Set Marks S and T 

Scan Clock 
Reset SCAN Controls 

Enable Scan Bypass 

Scan Out Right Halfword 

Gate PAL to T 

Set Marks for T 

KU531 

Force Address 019 into ROSAR 

I ~OSAR 
Scan 
Mode 

DR211 

-RX 
11 ROS 

DR211 

r ----------SCANS~;;c;t:i (SC~---------1 

MC068 

CPU 
Request 

MC068 

MC068 

Scan 
Request 

MC068 

Scan Clock 

Gate Address to SAB, 
Marks to Mork Bus 

Reset Scan Storage 
Controls 

I 
I 

L---------------------------~ 

Scan words 13 through 
0 ore scanned under 
ROS control. 

Gate ROS Fields 



A 

B 

c 

D 

E 

F 

G 

H 

.. 

2 3 4 5 

Address Sequencer = I 0 RD211 

(SOROS and Not ROS Test) or FLT Roller 1 Position 2 

FLT Time I or Latch A 

Not Address Sequencer = 23 
Not Ind 0(14) as 0(22) 

Roller l 
Position I 

L----. Scan-Out Word lOr 

OR 
or Roi ler 1 Position 2 

Not MCW(4) 

FLT Time ar Latch A KT64l 
SOROS and ROS Test) or FLT SCAN OUT-RTWDt 

OR 

KT751 

Roller 1 Position 3 

SCAN OUT-SREGt 

Scan Out S Re 
Scan Out Sand T (ROS Testing) 

Scan Out S and T 

KT751 

Scan Out TReg 

SCAN OUT-TREGt 

Bit 25 Roller 1 S(22)] 

Scan Out S and T 

Bit 25 Roller 2 T(54) 

...;;S_to~r,;;.;ag::.;e;....;;,;Er,;_ror;.;__ _____ ~--. Storage Check 
Scan Out S and T 

Addr Se = 23 

MCW(4) 

Not Address Se uencer = 23 

(SOROS and ROS Test) or FLT 

Not Address Sequencer = 22 

FLT Time I or Latch 8 

(SOROS·cind Not 
ROS Test or FLT 

Not Address Se uencer = 23 

tROS Micro-order 

Diagram 6-109. Scan-Out Path For One Bit 

Release 

A 
Scan 8 ass 

KU581 

KU491 

Ext CE Logout Request 

Sync Tgr 

Error Log Required 

Console Logout Tgr 

KU311 

Scan Clock 
Clock Pl 

CPU Clock 
Oscillator Sample 

SCAN 
Release Storage 

Not Clock P3 

ROS Test I or 4 

OR 
(Words 21-14) 

SCAN BYPAsst(Words 13-0) 

Not Clock P0-1 

OR 

KU251 

KU25l 

ROS Gate PADDL(48-55) 
to T 48-55) 

Not Sync Latch 

Pulsed Split Log 

Cycle Ctr Eq 0 Lth 

Not Ind ST(22) 

A 

OR 

AP821 

A 

A 

Roller I 
Position 5 

Roller 1 
Position 4 

Scan Out Bus (54) 

T(54) 

L-

RT451 

System Reset 

FLT Time I 

Release 

FLT Time I 

Address Sequencer = 14 SOROS and Sync 

ROS Test or FLT Latch 

KU251 

Diagram 6-110. Maintenance Mode Stop Clock Logic 

6 

Roller l 
Bit 25 

Not Bit 25 Roller I 

Not Bi.t 25 Roi ler 2 

Not Bit 25 Roller 3 

Not Bit 25 Roller 4 

Not Bit 25 Roller 5 

Not Bit 25 Roi ler 6 

Not Bit 18 Roller 6 

OR 

AP541 

KCOll 

KU251 

Clock 
Inhibits 

7201-02 FEMDM (7/70) 6-109, 6-110 



2 3 

1 - PASS/FAIL f 

FLT Time 2 Set Pass Fal I T gr 

ROS Test I 

KU45l 

A 

ROS Test Latch 

Not Start ROS Test Latch 

FLTTime3 

B Fetch Next Test 

ROS Test 4 

c 

FLT Time 3 

ROS Test 4 

PAL(32-63) = 0 

MON(7) PAL 

0 =O 
0 lo 
l =o 
l lo 

f ROS micro-order. 

*Expected Result 

KU39l Clock PO 

PAL (32-63) = 0 

o-PASS/FAILf 

KU391 
KU451 

KU45l 

Trigger Set 

Fail 
Pass 
Pass 
Fail 

Diagram 6-111. Scan Control Triggers 

D 

Not Repeat Latch . 

Unconditional Termination [MCW (5)] 

GAP 

MCW(7)* 

FLT Initialize ROS 

Machine Reset and Not Log Reset 

Not MCW(7)* 

Zero Result 

Clock PO 

MCW(7)* 

Zero Result 

Not MCW(7)* 

4 5 

Initialize at Start of Record 

KU431 

KU391 

KU391 

Pass 

T • 

KU391 

KU391 

Not Conditional Termination 

(MCW6) 

A 
RU21 l _T_IC..;;...__-L.._...J 

KU211 DS131 

E KU291 

Transfer in Channel (Diagram 6-l 13)f TIC (Test in Storage) Set ROSAR(ll) 
L• 

FLT Clock Ttme 2 Tgr 

ROS Test 5 Latch 

Machine Reset 
DS075 

Scan Reset TIC and GAP ROS ff 

ALT, MS-TESTtf 

F 
MCW(6) (CT) 

Fetch Alt Test 

Set ROSAR(lO) 

DS061 

Fetch Next Test 

FLT Time 2 

ROS Test 0 Lth Reset Pass Pulse T gr (Stop) 

--+------t A 

Pass 

. T • 
----i A OR 

Continue 

G 
KU391 Set ROSAR(l l) (Continue) 

Diagram 6-111 
Fail 

KU391 CONTJNff 

DS131 

KU391 

ROS Test Lth 

f IOCE - originated 
ff ROS micro-order (J-field) 

Repeat 

H Diagram 6-112. Scan Control of ROS Microbranching 

6-111, 6-112 (7/70) 

6 

Fetch Next Test 

Fetch Alternate Test 
A 

KU391 



A 

B 

c 

D 

E 

F 

G 

H 

From 
IOCE 

2 

SCAN 
MODE 

State 0 KW371 

Test 

PX311 

BACKSPACE 
FLT 

;-Y 

CHECK 

RESET 

t-Y 

Reset Deloy 2500 µsec SS 

LOAD 

KW321 

TIC 

GAP 

FLT Complete 

(Set GAP Lot<h) cf 
FLT Check Response 

Storage Error 

ROSTestO 

FLT Clock Time 2 

Not Continue 

Diagram 6-113. CEScan/IOCE Interface 

3 4 

ROS Test or FLT Mode 

KW371 

A 

KU311 

A 

KW501 

(Reset Pass Pulse) 

KU471 
Stop Scan ROS 

Set Pass or Fai I 

Repeat Latch 

5 

(Glitch Prevention) 

OR 

KU291 

N 

(30-ns 
dly) 

FE321 

KW401 

FLT 
Backspace 

KU31l 

Rewind 

OR 

KU311 

FLT Decode IOCE (X) 
(Load Unit Switches) 

FLT IPL 

OR 

KW501 

KU291 

(Reset IPL) 

6 

Gate Load Unit Switches -to Ext 

KU311 

KU31 l 

t 
TIC 

KU291 

t 

KU311 

A 

KX129 

Subsystem Reset 

FLT Backspace 
IOCE (X) 

IPL IOCE (X} 

(Set Release) 
{Test in Storage) 

TIC latch is set only by the 
rise of the TIC pulse. 

To 
IOCE 

7201-02 FEMDM (7/70) 6-113 



A 

B 

c 

D 

E 

F 

G 

2 

Initiate a logout. 

Right halves of logout 
words 23-14 under 
hardware control. 

Sheet 2 

3 

Diagnose and 
MCN(6) and 
cycle counter= 0. 

Machine check and 
CHECK CONTROL 
switch in PROC 
position and 
machine check 
mask= 1. External CE 

Logout Request 
via WOO. 

Set External 
Logout Latch 

Log Words 22-14 - 31 32 

Note: Left halves of logout words 
22-18 are scanned out and stored 
under ROS control (17-14 left 
halves not used). 

Set 'error' trigger. 
Stop CE clock 
at following 
not clock time. 

Send ELC to all 
CE's. 

Logout Information 

63 

Diagram 6~114. Logout Sequence (Sheet 1 of 2) 

H 

6-114, Sh 1 · (7/70) 

4 

Depress 
LOG OUT 
pushbutton . 

Set 'console logout' 
latch. 

Set 'pass 
pulse'trigger 
(pushbutton only). 

Set 'SOROS' 
trigger. 

Set 'sync' trigger 
(at FLT time 3). 

5 

Allows generation 
of clock pulses . 

Inhibit D and IC 
storage requests. 
Block setting marks 
from ROS per STC 
control. 

Set address 
sequencer to 23. 

6 

Set 'MMSC' 
trigger. 

Keep CE clock 
stopped. 

Set marks for ST. 

Store ST. 

Decrement 
address 
sequencer. 

Scan out right-half 
word to T. 

Set marks 
and store T. 

This is word 23 
of sequence. 

Block roller switches 
with 'enable SCAN 
bypass' signal for 
words 21-14. 

Set 'scan 

Contents of S 
a re not stored • 

mode' trigger. 
Force 19 to ROSAR. 
Reset 'MMSC' 
trigger. 

Decrement address 
sequencer. 

Starting address 
for mi ere-program. 
Start CE clock. 

Note: LAO's 6521-6561 ond 
Diagram 6-117 identify 
contents of each logout word. 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 1 

Logout words 13-0 
under ROS control. 

Correct ST parity. 

Logout left half 
of words 22-18. 

3 

Enter ROS Control When Address Sequencer = 13 

T ronsfer LSWR 
to S. 

Scan out 
right-holf 
word to T. 

Swap contents 
of Sand T. 

Set marks and 
store ST. 

Decrement 
address sequencer. 
Seen out left-half 
word to T. 

Tronsfer T to LSWR. 
Scan out right-half 
word to T. 

T ronsfer LSWR to S. 
Set marks and 
store ST. 

Set oddress 
sequencer to 23. 
Issue storage request. 

Transfer SDBO to AB. 
Set address sequencer to 7. 

S con out AB to 
ST via PAL. 

Set address 
sequencer ta 23. 
Set marks and 
store ST. 

Decrement address 
sequencer. Scan out 
I eft half word to T. 

Transfer T ta LSWR 
LSWR to S. Store S. 

Diagram 6-114. Logout Sequence (Sheet 2 of 2) 

The LSWR is I ogged out 
because it may contain 
the IC contents 
during execution of 
certain instructions. 

This request is 
to recall original 
ST contents. 

Points to AB. 

Assigns correct 
parity to original 
contents of ST. 

Return ST contents 
with correct parity 
to main storage. 

4 

Log Word 13 

I Right-Half Word 

Log Words (12-0) 

I Left-Half Ward 

3132 

3132 

LSWR 

Right-Half Word 

Store originol ST 
pority 

.Initiate Scan-5)'stem 
reset. 

5 

Resets scan controls 
and CPE data paths. 

Set oddress 
sequencer to 7. 

Address sequencer 
steps to 0. 

Scan out right
half word to T 
and store. 

Yes 

No 

Set 'machine check 
interrupt' trigger. 

Diagram 5-19 

Machine check 
interruption. 

6 

r It is set to 7 because 
I no micro-order exists 

to set it to O. Therefore, 
I it is allowed to step to 0. 

Original parity of 
ST. 

Set 'stop' trigger. 

7201-02 FEMDM (7/70) 6-114, Sh 2 



D 

E 

F 

G 

H 

No 

No 

ROS state 3: 
fetch word I 
(ma~k and MCW). 

ROS state 2: gate MCW 
into ST and distribute to 
MCW register / address 
sequencer, ROSAR, FLT 
counter, and FLT clock. 
Cycle ROS until FLT 
counter equals O; then 
stop CE clock and scan 
out ROSDR to T. 

No 

No 

ROS state l: 
set 'pass' or 
'fail' trigger; test 
for TIC or gap. 

ROS state 0: gate 
TN/ A TN from storage 
to ST. Stop or cont
inue per UT bit, CT 
bit, and 'pass' and 
'fai I' triggers. 

Yes (Start next test) 

Yes (Restart last test) 

Yes 

Diagram 6-115. ROS Test Sequence (Sheet 1of5) 

6-115, Sh 1 (7/70) 

TIC 



A 

B 

c 

D 

E 

F 

2 

CE Clock: 
Unsymmetrical (80 ns + 120 ns). 
Controlled by 'maintenance mode stop 
clock' trigger or by 'Pass Pu I se' trigger 
during ROS Tests. 

Scan Clack: 
Symmetrical (100 ns + JOO ns). 
Control led by the 'Pass Pulse 1 trigger. 

3 4 

'"""'I •r----One.Machine Cycle (200 ns) ----+-1~-- One Machine Cycle (200 ns) 

5 

I 
0 

0 50 50 100 150 (200) ns 
....... -.-..--,--~,...,.......,.....,......,....l"""'T"-r-l"""'T'-r-r-T"-r-T"""T--r-T"""T--r-~1-r-r-r1-r-:1r-r-r-1r-r1~1-r-T"""T1~1 

Note: The rise of PO of the Scan Clock always 
coincides with the rise of PO of the CE Clock 
when both are running. 

ROS Test 
State 

FLT Clock Times 

ROS 
State 

7 

2 

3 I!· 
FLT Clock Times 

0 

Four Machine Cycles 

FLT Clock Time 3 

I 
I 
I 
I. 

3 ~ ~ I '-· ---------"""" I 
o !__J I 
~ I 

2 

I 
I 
I 
I 
I 
I 
I 
I 

I I 

./ 
./ 

./ 
/ 

/ 
./ 

./ 

./ 
/ 

/ 
/ 

/ 

I y 
,) 

/ 
/ 

/ 
/ 

I 
I 
( 
I 
I 

r 
I 
I 

4 I 

./ 
/ 

/ 

3 3 3 

ROS Test State is always decremented at Scan Clock PO 
time of FLT Clock Time 3 except when in State 6. 
State 6 requires PO of FLT Clock 3 plus TIC latch on. 

7 

G Decrementing 

H 

Set Up ROS 
Test 1 

Diagram 6-115. ROS Test Sequence (Sheet 2 of 5) 

Test l Test 1 Test 1 Test I TIC 
Sensed 

Set Up Next 
ROS Test 

Test 2 

6 

ROS Test Data 

..----r----i-B_fr_l _B_fr_2 

ATN 100 200 

MCW 108 208 

3 

Test 2 

7201-02 FEMDM (7/70) 6-115, Sh 2 



A 

B 

c 

0 

E 

F 

G 

H 

2 3 

I M-A-N-UA_L_O-PE-R-AT-IO_N_S _ -, 
I ---·---------------------------
! 
I 
I 
I 
I 
I 
I 

• Configure a maintenance subsystem (CE to be tested / SE, 
IOCE and TCU) in State O. 

• Mount ROS Test tape. 
• Set LOAD UNIT switches to select IOCE, channel, and 

tape unit. 
• Set MAIN STORAGE SELECT switch to the number of the 

configured SE. 
• Set the TEST switch on (down). 
• Set the SCAN MODE, ROS/PROC/FLT switch to ROS. 

r 
Depress SYSTEM I 

I 
I 
I 
I 
I 
I 
I 

I 
L 

RESET pushbutton. 

a....-----------------1---------------------------_____ _J 

Set the ROS Test 
Latch. 

KU431 

'Initialize at 
start of record'. 

rMANUAL --
1 OPERATIONS 

----1 

I 
I 
I 
I 
I 

• Set CE CHECK 
CONTROL switch 
to DSBL. 

• Depress LOAD 
pushbutton. 

I 
I 
I 
I 
I 

Force CE into the stop loop, 
'manual' trigger on. 

Reset 'Sccin Counter Control' 
trigger and latch / 'Buffer 11 

trigger and a 11 of the MCW. 

Diagram 8-27 

BACKSPACE FLT 
Pushbutton flow. 

Sheet 5 

,-------
(Halt loop) 

Read 24 bytes into SE 
starting at PSA 0 
(location 0 of the 
selected SE). 

L.-
____ J 

---.-----~ 
Objective: Read record 1 (for first IPL} or restart IPL 

Execute CCW at 
location 8: No-op 
and chain command. 

Sheet 5 

E 

No 

KW401 

Initiate subsystem 
reset (includes· CE 
machine reset), 

KX129 

Set FLT IPL latch. 

Set 'release' trigger. 

KU251 

Set 'Maintenance 
Mode Stop Clock' 
{MMSC) trigger. 

KU371 

Set 'Sync' trigger 
and latch, 

KU451 

Set 'Scan Counter' 
latches to 7 ('set 
ROS test seq to max'). 

KUSll 

Reset the ROS 
sense latches. 

KU251 

Reset 'MMSC '. 

KU331 

Set 'Start ROS Test' 
latch, 

record (for 'GAP' and 'continue'); then 
read IOCE channel program into SE. 

FE321 

Reset SE, IOCE (and TCU}; Gate 
LOAD UNIT switches and MAIN 
STORAGE SELECT switch data to 
external Reg (on Control Bus). 

Send 'IPL IOCE (X)' to the 
selected IOCE. 

Initiate IOCE 
operations. 

Loading of Buffer 1 by IOCE is 
completed. (The TIC latch is 
tested again in ROS State 6. 
It is not reset unti I ROS State 5.) 

Stop CE clock (to prevent ROS 
cycles). 

Reset ROS M field. Inhibit: 
register ingoting·, 'Stat' trigger 
clock, 'ROS ·Error Sample', 'Set 
Address Sample', 'LS.Clock', 
and 'Sequence 1 Triggers. 

--.. ! ___ R_o_sA_R_i_s _re_se_t _to_o_. -----

Allow CE clock to run to 
allow ROS cycles. 

Degate 'initialize at start of record'. 
Gate the Scan Counter latches to the 
ROS Test latches (State 7). 

Diagram 6-115. ROS Test Sequence (Sheet 3 of 5) 

6-115, Sh 3 (7/70) 

Execute CCW at 
location 10: No-op 
and chain command. 

Execute CCW at loc 
18: read 8 bytes into 
loc 0, Chain data. 

(Loader loop) 

No 

Execute CCW at 
location 20: read 88 
bytes (hex) into buffer 
1 (location 100}. 
Chain data, 

Execute CCW at 
location 28: TIC to 
location 30, 

Execute CCW at · 
location 30: read 88 
bytes (hex) into buffer 
2 (location 200). 
Chain data. 

Execute CCW at 
location 38: TIC to 
location 20. 

Send GAP to CE. 

Return to the halt 
loop (received subsystem 
reset from CE). 

L _____ . 

5 6 

Objective: Set up subsystem to run ROS Tests. \ 

Objectives: 
A·. First IPL: 

1. Initiate IPL to read record I from ROS tape. 
2. Record I is IOCE channel program which reads 

record 2. 
3. Record 2· is IOCE channel program (loader loop) 

which loads buffers l and 2. 
B. Subsequent IPLs: 

l • Read restart record. 
2. Restart record t.akes IOCE channel into the 

loader loop. 

Execute CCW at 
location 8: read the 
first eight byte~ of 
record 2 (Loader loop) 
into PSAO. Chain data, 

Execute CCW at location 
10: read balance of 
record 2 (28 bytes) into 
locations 18-38 (hex). 
Chain commands, 

I 
I 

Command-chaining bit in the 
CCW prevents sending of GAP to 
the CE at the end of the record. 

TIC releases CE to execute 
test in buff er 1 • 

TIC releases CE to execute 
test in buffer 2. 

FLT Clock Time 3 



A 

B 

c 

D 

E 

F 

G 

H 

2 

ROS STATE 7 
Sheet 5 

Invert the 
Buffer trigger, 

ROS STATE 6 

ROS STATE 5 

Sheet 3 

Invert the 
Buffer trigger. 

KU451 

Scan reset. 

KU431 

Decrement ROS 
test Sequencer. 

3 

---, 
I 
I 
I 

Reset: 'Logout' trigger, 'Release' 
latch, 'SOROS', 'Sync' trigger 
and latch. 

Places Scan Controls. into ROS 
State 6. 

4 

-------------'-----~ 
Objectives: 
l • Fetch word 0 (TN/ A TN) of test. 

KU551 2, Wait until test is in buffer, 
KU531 

Gate Address of TN/ 
ATN to SAB, Initiate 
Scan Storage Request. 

Subtract l from ROS 
test sequencer. 

No 

Places Scan Controls into ROS 
State 5, 

----------.-.-----t 
KU531 

Gate SDBO to S(0-31). 

KU291 

Reset 'TIC' and 'GAP' 
Latches. 

KU121,KU141 

Subtract l from ROS 
test sequencer. 

Objective: Gate TN to S. I 

Places Scan C~ntrols into ROS 
State 4, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

ROS STATE4______ KU
4
;-- Objecti~---------1 

1. Compare TN in S with ATN of last test in T. I 

ROS STATE 3 

Sheet 5 

c 

Perform Scan-out S 2. If TN and ATN are equal, Continue ROS test. I 
and T function. 3, If TN and ATN are not equal, revert to 

Reset 'pass 1 and 'fai I' 
triggers. 

Subtract l from ROS 
test sequencer. 

No 

state 7 to read in next test. I 
PAL=O if TN and ATN are equal. 

No 

Set ROS test 
sequencer to 7. 

Places Scan Controls into ROS 
State 3. 

---------------~ 
Objective: Fetch word l (mask and MCW). I 

Gate word 1 address to 
SAB and initiate Scan 
Storage request. 

Subtract 1 from ROS 
tesf. sequencer. 

Places Scan Controls into ROS 
State 2. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• Diagram 6-115. ROS Test Sequence (Sheet 4 of 5) 

5 

ROS STATE 2 

Gate SD BO to ST. 

KU101-KU141 

Reset address 
sequencer and 
FLT counter, 

Gate T(32-39 ,52) to 
MCW register, 
T(40-51) to ROSAR, 
T(53-57) to address 
sequencer, and 
T(58-63) to FLT 
counter and FLT clock. 

KU331 

Set 'scan counter 
control' trigger & latch. 

KU331 

6 

Objectives: 
1, Gate MCW to ST and distribut.e to MCW register, 

address sequencer, ROSAR, and FLT counter. 
2, Cycle ROS until FLT counter= O. 
3, When FLT counter= 0, CPU clock is stopped and 

result in ROSDR is scanned out to T. 

Bit 
T Plane 

Mask to S and MCW to T. 

.--------Fetch left half of logword, 

..-------Unconditional terminate. 

....-----Conditional terminate, 

Cycle· 
count 

32 35 36 37 38 39 40 51 52 53 57 58 63 

Removes inhibit from ROS sense 
latch outputs. 

Allow CE clock to 
cycle ROS. ---... l ___ 2_cy_c_l_es_fo_r_a_1_1 _Ro_s_t_e_st_s_. ---

No 

Set 'MMSC' trigger to 
stop CE clock.-

KU371 

Set 'SOROS' and 
'sync 1 triggers and 
'sync' latch. 

KU511 

Reset Ros· sense 
latches and inhibit 
ingoting. 

KU251 

KU111-KU141 

Subtract l from 
FLT counter. 

ROSAR is set to 000, 

Reset 'MMSC' trigger.· ---: Allow ROS to cycle (continuously 
I fetches ROS word 000 which 

KT751 

Scan-out right word 
per address sequence 
and MCW bit 4 to PAL. 

RT901-RT917 

Gate PAL to T. 

KU331,KU371 

Reset 'scan counter 
control', 'SOROS', 
and 'sync' triggers. 

KU121-KU141 

Subtract 1 from ROS 
test sequencer. 

Sheet 5 

I contains all zeros). 

Places scan controls into ROS 
state 1. 

7201-02 FEMDM (7/70) 6-115, Sh 4 



2 

ROS STATE l 

A 

B 

3 

--- ---Objectives-: -- --- ------, 

1, Test results set 'pass' or 'fail' I Sheet 4 

KT751 

Perform scan out 
S and T function. 

MC068 

Issue s~oroge request 
for TN/A TN. 

KW041 

Set 'pass' or 'fail' 
trigger depending 
on result in PAL 
and on ERSLT bit. I 

I 

trigger. 
2. If 'TIC' pulse is not present and 

no input error is detected, repeat 
test; otherwise, continue, 

Mask in S isolates bit tested, PAL 
will; 0 if tested bit; I; PAL/ 
0 if bit; o. 

Needed if a 'TIC' pulse has been 
received and 'fail' trigger is set. 

Expected resu It, 

PAL 
ERSLT · 'Pass• 1Fail 1 

Bit Tgr Tgr 

;Q 1 Set 
fo 0 Set 
;Q 0 Set 
fO 1 Set 

4 

Sheet 3 

I 

5 

I 
I 
I 
I 
I 
I 
I 

_ _J 

KW041 

No I 
..--S-et-,-P-as-s~P-u-lre-,---. 

trigger. 

c 

D 

E 

F 

G 

H 

Subtract l from the 
ROS .test sequencer. 

ROS STATE 0 

Gate SDBO to ST. 

Reset the 'FLT 
IPL' latch. 

KU291 

Drop 'IPL IOCE (X)' line to the 
IOCE. 

Reset the IOCE bock to the 
halt loop, 

I 
I 
I 
I 
I 

sequencer to 3, 

KU291,KU451 

The Ii nes 'seq to max ' and 'seq to 
zero' cause sequencer to go to 3, 

• Depress FLT -t 
BACKSPACE, 

Sheet 4 

Place scan controls in ROS 
state 0, · 

Places TN/ATN into ST. 

~----Unconditional terminate bit. 

Conditional terminate bit, 

CT 'Poss' 'Fail' 
MCW6 tgr tgr 

GAP 

off on 

on off 

off on 

on off 

KU331 

Reset 'Start ROS 
Test' latch, 

Continue 

yes 

no 

yes 

no 

no 

KU431 

L _:button Mic:_~ 

Diagram 6-27 

FLT BACKSPACE -- L _:button flow, 

Objectives: --i 
1. Gate TN/ATN from storage ·1 

to ST. 
2, Terminate on failing test 

or UCT. 
3. Continue if passing test and CT. 

Enable 'initialize at start 
of record'. 

Set ROS test sequencer 
to 7 (max), KU291 

KU331 

Reset the Start ROS 
Test latch, 

KU471 

Enable 'reset IPL'. 

KU471 

Reset 'Pass Pulse' 
trigger, 

Sheet 4 
KU431 

Initiate subsystem 
reset, 

Sheet 3 

Enable 'initialize at start of 
record'. 

KU291 

Reset FLT IPL latch (drop 'IPL' to 
I IOCE) and initiate a subsystem reset 
j (force the IOCE into the halt loop), 

Stop the CE scan clock, 
Await operator oction. 

Diagram 6-115. ROS Test Sequence (Sheet 5 of 5) 

Force IOCE to the halt loop, 
(FLT IPL is not reset: lOCE 
re-IPLs). 

6-115,ShS (7/70) 

Set ROS test 
sequencer to 3. 

Sheet 4 

Start the scan clock. 

KU291,KU451 

'Sequencer to max' and 'seq 
to O' cause the sequencer to 
go to 3, 

Backspace the ROS test tape to 'the 
front of a restart I PL record (a restart 
IPL record precedes each tests record), 

6 



A 

B 

2 

Set up subsystem to run 
FL Ts. 

Initiate IPL, and pass 
contro I to the I OCE • 

IOCE channel loads 
record l or 4 into storage, 
reads in record 2, and 
releases CE. 

ROS-controlled 
operations; set up CE 
to run FLTs. 

Non-ROS-control led 
operations: set up CE to 
run FLT microprograms. 

ROS operations: test for 
input error from IOCE. 
Set address sequencer to 
16. Determine if test is 
in storage (TIC pulse). 
Determine if alternate 

C test is to be fetched by 
comparing ATN with 
next TN. 

D 

E 

F 

G 

No 

Yes 

Scan in: address sequencer 
is decremented from 15 to 
O; test words are placed 
into S, T, or Q, and the 
data is distributed 
throughout the CE under 
microprogram control, 

Test cycle: CE cycles 
unti I the FLT counter 
equals 0 ('exit' trigger 
state is changed). 

Scan Out: the exit 
trigger condition is 
scanned out to T. 

Result comparison: perform 
scan-out S and T, set 
'pass' and 'fai I' triggers 
per PAL and ERSLT bit. 

Terminate or continue: 
stop or continue per UT 
or CT bits and 'pass' 
and 'f'!il' triggers. 

No 

3 

Note: This is a summary flow chart. 

Yes 

For detailed FLT sequence 
refer to sheets 2 - 5. 

IOCE loads buffers I and 
2 with FL Ts and sends TIC 
pulses to CE. 

Continue 

H 

Enter stop and 
restart routines. 

Diagram 6-116. FLT Sequence (Sheet 1 of 5) 

4 5 6 

7201-02 FEMDM (7/70) 6-116, Sh 1 



A 

B 

c 

D 

E 

F 

G 

H 

2 

r --· ....... -- ---- - --, 
MANUAL OPERATIONS 

I • Configure a maintenance subsystem (CE to .1 

I 
be tested, SE, IOCE and TCU) in state O. I 

• Mount FLT Test tape. 

I • Set LOAD UNIT switches to select IOCE, I 
channel, end tape unit. I 

I • Set the MAIN STORAGE SELECT switch to 

I 
the number of the configured SE. II 

• Set the TEST switch on {down). 

I • Set the SCAN MODE, ROS/PROC/FLT I 
switch to FLT. 

I I 

3 

Diagram 6-27 

BACKSPACE FLT 
pushbutton flow. 

4 5 6 

Objective: Set up subsystem to run FLTs. 

I r ___ _J 

I --1-r----------------, 
----------, 
'Objectives: ,----.-

IOCE 
Depress SYSTEM Force the CE into the stop loop; 

j RESET pushbutton. I 'manual' trigger on. 

L _i 

Set the 'FLT Test' 
trigger. 

No 

r ;;N~L ---; 
OPERATIONS I 

I 
I 
I 

e Set CE CHECK CON
TROL switch to DSBL. 

e Depress LOAD 
pushbutton. 

L __ 

I 
I 
I 

_ _J 

-------------1 Objective: Read record 1 {for first IPL) or 

KW401 

Initiate subsystem reset 
(includes CE machine 
reset). 

KX129 

Set FLT IPL latch. 

KW041 

Set 'Pass Pulse' 
trigger. 

KW411 

Enable the IPL 
PSW branch. 

QY041,B88 

Branch from the 
stop loop. 

Sheet 3 

restart IPL record (for 'GAP' and 
'continue'); then read IOCE 
channel program into the SE. 

Reset SE, IOCE (and TCU); 
gate LOAD UNIT switches end 
MAIN STORAGE SELECT switch 

FE321 

data to External Reg (on Control Bus). 

Send 'IPL IOCE (X)' to the 
selected IOCE. 

Initiate IOCE operations. 

{Halt loop) 

No 

Read 24 bytes into SE 
starting at PSA 0 
(location 0 of the 
selected SE). 

Execute CCW at 
location 8: no-op and 
chain command. 

Execute CCW at 
location 10: no-op and 
chain commands. 

Execute CCW at loc 
18: read 8 bytes into 
loc O. Chain data. 

(Loader loop) 

Execute CCW at location 
20: read 88 bytes (hex) 
into buffer 1 (location 
100). Chain data. 

Execute CCW at 
location 28: TIC to 
location 30. 

Execute CCW at location 
30: read 88 bytes (hex) 
into buffer 2 (location 
200). ·Chain data. 

No 

Execute CCW at 
location 38: TIC to 
location 20. 

Send GAP to CE. 

Return to the halt loop 
{received subsystem 
reset from CE) • 

A. First IPL 
1. Initiate IPL to read record 1 from FLT tape. 
2. Record I is IOCE channel program which reads 

record 2. 
3. Record 2 is IOCE channel program (loader loop) 

which loads buffers I and 2. 
B. Subsequent IPLs 

1 • Read restart record. · 
2. Restart record takes IOCE channel into the 

.loader loop. 

Yes 

Read 24 bytes into 
SE starting at PSA O. 

Execute CCW at 
location 8: read the 
first eight bytes of 
record 2 (Loader loop) 
into PSAO. Chain data. 

Execute CCW at location 
10: read balance of 
record 2 (28 bytes) into 
locations I 8'-38 (hex). 
Chain commands. 

TJC releases CE to execute 
test in buffer 1. 

TIC releases CE to execute 
test in buffer 2. 

FLT Clock Time 3 

Command-chaining bit in 
the CCW prevents sending 
of GAP to the CE at the end 
of the record;. 

1· 

I 
I 

L - - - - - - - - - - - - - - -· .. -_J 

Diagram 6-116. FLT Sequence (Sheet 2 of 5) 

6-116, Sh 2 (7/70) 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 5 

Sheet 5 

3 

--Sheet 2 and_5 __ -- Objective: ___ ---- --- ---1 
l. Wait for •test in storage' from IOCE. 

A 2. Determine if new TN matches ATN in T 

Set the 'Scan 
Mode' trigger. 

Initiate machine reset. 
Reset the 'Stop' and 
1Manuo I 1 triggers. 

QYOl l ,706 

Set the address 
sequencer to 16. 

Set address sequencer to 
15, Invert 'Buffer' 
trigger. Reset 'TIC' 
and 'GAP' Latches. 

QY011,€1F 

Machine reset plus 
reset 'Pass' and 'Fai I ' 
triggers. 

QY015,327 

Gate O's to IC 

QY015,9A8 

Decrement address 
sequencer. 

QY015,9A9 

Fetch word 15 ta LM. 

QYOlS,326 

Gate O's to· E. 
Gate LM(0-15) to N. 

QY015,9A8 

Decrement address 
sequencer. 

QY015,9A9 

Fetch word 14 to LM. 

QYOlS,325 

Gate LM to XY. 

lif ATN search was required). 
3. Prepare to scan FLT into CE hardware. 

(A TN search loop) 

16 points to the address in the buffer 
which contains TN/ATN. 

ATN search results from.'poss' 
trigger on; 'foil' trigger off and 
MCW CT bit off. 

QY011,2D3 

Invert 'Buffer' trigger. 
Fetch word 16 
(TN/A TN) into ST. 

QYOll,8B3 

Reset 'Tl C 1 and 
'GAP' latches. 

QYOll,733 

Compare A TN of last 
test with TN of next 
test 1 using scan out S 
and T function. 

Yes 

Objective: 

Perform ROS-controlled scan in 
of FLT (from buffer) into CE 
hardware. 

Address sequencer equa Is 15. 

Address sequencer equals 14. 

Address sequencer equals 13. 

_J 

Diagram 6-116. FLT Sequence (Sheet 3 of 5) 

4 

Decrement address 

sequencer. 

QY015,9A9 

Fetch word 13 to LM. 

QY015,9BE 

Decrement address 
sequencer. 

QY015,9BF 

Fetch word 12 to ST. 

OYOlS,323 

Scan into DAR 
register and 
miscellaneous triggers. 

QY015,98E 

Dec re me nt address 

sequencer. 

QY015,98F 

Fetch word 11 to ST. 

QY015,3l0 

Gate T to DAR mask. 
Decrement address 
sequencer. 

QY015,98F 

Fetch word 10 to ST. 

QY015,707 

Gate T to Externa I reg. 
Scan into miscellaneous 
triggers. Decrement 
address sequencer. 

QY015,9BF 

Fetch word 9 to ST. 

QY015,64D 

Gate T to Select reg. 
Scan in miscellaneous 
triggers. Decrement 
address sequencer. 

QY015, 151 

Fetch word B to ST. 

QY015,1D1 

Gate S to K. 
Scan into mi scel loneous 
triggers. 

OY021,847 

Fetch word 7 to ST. 
Gate O's to ABC. 

QY021,703 

Decrement address 
sequencer. 

QY021,64C 

Fetch word 7 to Q. 

Sheet 4 

5 6 

Address sequencer ec;uals 12. 

Address sequencer equa Is 11 • 

Address sequencer equals 10. 

Address sequencer equals 9. 

Address sequencer equals 8. 

Address sequencer equals 7. 

Address sequencer equals 6. 

7201-02 FEMDM (7/70) 6-116, Sh 3 



A 

B 

c 

D 

E 

F 

G 

H 

2 

Sheet 3 

Gate PAL parity to 
STC. Gate Q(0-15) 
to R. 

QY021, ID2 

Decrement address 
sequencer. 

. QY021., IDO 

Fetch word 6 to ST. 

QY021,845 

Gate T to IC. Scan 
in miscellaneous 
triggers. Gate R to E. 
Gate ST to PSW. 

QY021, ID2 

Decrement address 
sequencer. 

QY021, IDO 

Fetch word 5 to ST. 

QY021,844 

Gate S to D. Scan 
into miscellaneous 
triggers. Gate 
0(16-31) to R. 

QY021, 1D2 

Decrement address 
sequencer. 

QY021, 1DO 

3 

Address sequencer equals 5. 

Address sequencer equals 4. 

~-F-e-tc_h_w_o_rd~4-to_s_T_._~ -- l~ ___ A_d_d_r_es_s_s_eq_u_e_n_c_e_r_e_qu_a_l_s_3_. __ _, 

QY021,843 

Gate S to B. Scan 
into miscellaneous 
triggers. 

QY021,1D2 

Decrement address 
sequencer. 

QY021, lDO 

Fetch word 3 to ST. - - !~ __ A_d_d_re_s_s_s_eq_u_e_n_c_er--eq_u_a_l_s _2_. ___ _, 

QY021,842 

Gate S to A. Scan 
into miscellaneous 
triggers. 

QY021,703 

Decrement address 
sequencer. 

QY021,64C 

Fetch word 2 to Q. - - !~ __ A_d_d_re_s_s_s_eq_u_e_n_c_er--eq_u_a_ls_l_. ___ _, 

QY021, l D2 

Decrement address 
sequencer. 

Diagram 6-116. FLT Sequence (Sheet 4 of 5) 

6-116, Sh 4 (7/70) 

4 

Fetch word l to ST, 

QY021,840 

Gate: 
T(32-37 ,52) to MCW, 
T(40-51) to ROSAR, 
T(53-57) to address 

sequencer, 
T(58-65) to FLT 
counter and clock, 

QY021,64F 

Set 'scan counter 
control' trigger, 

QY021, 150 

Fetch word 0 to ST. 
Reset 'scan mode' 
trigger. 

~----

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_ _J 

No 

KU411 

Allow CE one ROS 
cycle. Decrement 
FLT counter. 

Set the 'maintenance 
mode stop clock 
(MMSC)' trigger. 

KU351 

Set 'scan out ROS 
(SOROS) 1 trigger. 

KU371 

Set the 'sync' trigger 
and latch. 

Sheet 5 

5 6 

Objectives: 
1. Move MCW from FLT (in buffer) into CE to 

control ROS cycling. 
2. Fetch bits (to set up ST for test) into ST. 

Functions of T bits in MCW; 
(32-35) not used. 
(36) on specifies left half of logword 

is to be scanned out. 
(37-39) UT, CT,ERSLT. 
(40-51) ROS address at which ROS 

wi II be started. · 
(52) indicates a program intended stop, 
(53-57) points to logword to be 

scanned out. 
(58-63) number of ROS cycles to be 

executed. 

Objective: Cycle ROS the number of cycles and 
from the address· specified by the MCW, 



A 

B 

c 

D 

E 

F 

G 

H 

2 3 

Sheet 4 

less than 14 
(ROS-contra I led scan-out) 

greater than 14 
{hardware-contro I led scan-out) 

KU51 l 

Force ROSAR to 009 
(bits 8 ond 11 on). 

KU251 

Reset MMSC trigger. 

Bit 11 is forced by 'scan 
inhibit next ROSA'. 

Allow ROS to cycle. --i·· ..... ~~~ ...... ~~~---' ..... ~~~~~~~~~~~~--' 
QY031,009 

I ni tiote main storage 
request for mask. 

QY031, 929 ,3A4 

Scan-out left or 
right half of 
l~gword. 

Repeat Test 

Sheet 3 

l 's to T. Data keys 
ta ST. NextTNinT. 

Notes: 

KU551 

Address specified by address 
sequencer (MCW). 

.,...~~~~~~~~~~~~~~ 

Yes 

MCW{53-57) (address sequencer) 
specifies logword; bit 4 specifies 
which half of logword. 

QY021, 1D3 

Gate mask to S. 
16 to address sequencer. 

QY021,601 

QY021,602 

Set address sequencers to 
15, Set pass or foi I 
triggers per PAL and 
ERSLT bit. 

QY021,802 

Scan 'store request'. 

QY031,8C6 

Set address sequencers to 
15. Set UT Bit. Stop 
Scan, Reset IPL and 
reset FLT IPL Lth. 
(Note 1). 

Yes 

Yes No 

1. To restart after a step, depress FLT BACKSPACE twice, then the LOAD 
Pushbutton once. This will bring in the next test and run it {Diagram 6-27). 

2. To loop on foiling test, operator must place SCAN MODE REPEAT Switch 
down before depressing START pushbutton. 

Diagram 6-116. FLT Sequence (Sheet 5 of 5) 

PAL 

=O 
fo 
=O 
fO 

Na 

Stop 

KU511 

Force ROS AR to 011 
(bits 7 and 11 on). 

KU491 

Scan-out via PADOL 
to T per MCW, 

KU251 

Reset MMSC trigger. 

QY031,0l l 

Initiate main storage 
request for mask per 
MCW. 

ERSLT 1Pass 1 

Bit Tgr 

Set 
Set 

TN/ATN to ST. 

Sheet 3 

'Feil' 
Tgr 

Set 
S_et 

4 5 

Objectives: 
1. Scan-out the half logword which includes the trigger being tested 

{specified by the MCW address sequencer), 
2, Fetch mask from storage. 

Indicators to PADOL gated by 
'enable scan bypass'. 

Allow ROS toi cycle. 

When 'GAP' is received from the 
I IOCE, the CE issues 'subsystem reset' 
I to the IOCE, The IOCE is reset out of 
I the loader loop into the halt loop, 

'IPL IOCE (X)' is still active (FLT IPL 
I latch in the CE was not reset) which 

causes the IOCE to re-IPL. 

Display Number of Test 
Just Completed. 

TMCW(5) MCW(6) 1Poss 1 

I UT CT Tgr 

~ 
0 0 1 

I 0 0 0 

I 0 1 Set 

I 0 l -
L 

l - -

1Fail 1 

Tgr 

0 
1 

Reset 
Set 
-

Action 

Continue {A TN Search) 
Continue (next test) 
Continue (next test) 
Stop 
Stop 

6 

7201-02 FEMDM (7/70) 6-116, Sh 5 



A 

B 

c 

D 

E 

LOG PSA 
WORD LOC-
NO. ATION 

0 

128 
(BO) 

132 

2 

PSA 
WORD 
NO. 

32 

33 

0 

F 
REG 
p 

0-7 
p 

B-15 

DREG 

p p 
16-23 24-31 

3 

4 5 6 7 

4 

p 
0-7 

9 

p 
B-15 

10 

p 
16-23 

11 12 

Q REGISTER 

p p 
24-31 32-39 

SELECT REG ST REGISTER 

5 

13 

p 

40-47 

6 

BIT POSITIONS IN MAIN STORAGE 

14 15 

p p 
48-55 56-63 

16 

p 
0-7 

17 lB 

DAR MASK 

p p 
B-15 16-23 

CCR 

p p pp p p p p p p p p p p p 
0-7 B-15 16-23 24-31 0-7 B-15 16-23 24-31 32-39 40-47 48-55 56-63 0-7 B-15 16-23 

19 

p 

24-31 

p 
24-31 

20 21 

~~-+-~~-+-~~-+-~~-'-~~__.~~-'-~~-'-~~~~~~~~~~~~~~--''--~--''--~--''--~~.1----~~'--~~-'-~~-L-~~-L-~~-L-~~-'---

2 

136 
(BB) 

140 

144 
(90) 

34 

35 

36 

C E G ATR IL EXT 
SEL REG IC RPT INSTR DISABLE STAT I FETCH NOT INTRPT 

SATR p p p p p REQ INSTR STEP INTER- TGR 1 AVAIL CE4 WO 
1 0-7 32-39 0-7 8-15 16-23 24-31 ADJ TGR LEAVE A TGR 2B 

EXTERNAL TRIGGERS AB REGISTER 

PERMIT IOCE 

2 3 

CE"SEL SATR 

2 3 4 

LOGOUT IOCE 

TIME 
CLOCK 
STEP 

SELECT IOCE 

2 

p 
0-7 

IOCE 
MC 
REQ 

p 

B-15 

INTRPT 
GATE 
TGR 

p p p p p 

48-55 16-23 24-31 32-39 40-47 

p 
0-7 

EXTERNAL REG 

p p 
B-15 16-23 

p 
56-63 

p 
24-31 

MCW 
RTP 
0 

p 

0-7 

0 

SELECT REGISTER 

ADDR 
SEQ 

0 

p 
B-15 

FLT 
CLOCK 

0 

p 

0-7 

p 

B-15. 

MARK 
p 

0-7 

G REG {WRITE DIRECT) 

ST 
REG 

p 
32-39 

2 4 5 

7 

22 

AB 
REG 

p 
64-67 

6 

~3 

PADOL 
p 

64-67 

7 

8 

24 25 26 

32 33 34 

14B 37 PAM/RCl) SE/DE CE 

3 

4 

5 

6 

7 

152 
(9B) 

156 

160 
(AO) 

164 

168 
(AB) 

172 

176 
(BO) 

lBO 

184 
(BB) 

18B 

3B 

39 

40 

41 

42 

43 

44 

45 

46 

47 

1/1 2/2 3/ 2 

0 2 3 4 

STAT TRIGGERS 

0 

D 
REQ 

0 

LACMP 

1 

0 

0 

32 

c 

SCAN 
REQ 

D 

2 

SET 
KEY 

STORAGE CHECK 
ADDRESS REGISTER 

RSA 
FSP 
2 

33 

'2 

RMP 

2 

2 

2 

34 

SYSTEM MASK 

4 

INSERT 3 
KEY CYCLE 

REQ 

360 
MODE 

MCW REGISTER 
RSARP 

4 5 

3 4 

MARKS 

3 4 

4 

35 36 

Diagram 6-117. CE Logword Formats (Sheet 1 of 3) 

3 

5 

G 

5 

PAGE 
1 

LTH 

TEST 
MODE 

LOC 

6 

5 

5 

37 

6 7 1/ 2/ 3/ 4/ 

6 7 B 9 10 11 

BLOCK I FETCH I FETCH EXEC IN 
I 2 3 PROG 

FETCH TGR TGR TGR 
H 

PROGRAM STATUS WORD 

6, 

SE STPD 
IN 360 
MODE 

7 

6 

6 

6 

38 

7 

DT 

20 

7 

7 

7 

39 

8 

RPT 
INSTR 
INIT 

SAB 
CHK 

KEY 

9 

PULSE 
MODE 

ADJ 

SDBI 
CHK 

10 

PULSE 
MODE 
INIT 

11 

STOP 
TGR 

SE/DE . SE/DE 
T/0 ADDR 

CHK 

SCAN ADDRESS SEQUENCER 

4 

8 9 10 11 

B 9 10 11 

·40 41 42 43 

5/ 6/1 7/2 B/3 9/4 10/5 18 19 3 4 24 25 26 

ADDRESS TRANSLATION REGISTER (ATR-1) 

12 13 14 15 16 17 lB 19 20 21 22 23 24 25 26 

PROG 
STORE 
COMP 

I FETCH BR INV I FETCH EXTERNAL INTERRUPT REGISTER 
REQ ADDR INV 
TGR TGR ADDR 

TGR 

CEl 
woo 
20 

CEl 
ROD 
21 

CE2 
woo 

22 

CE2 
RDD 
23 

TIMER 

24 

PB 

25 

IC 
IN 

LSWR 

PROGRAM STATUS WORD 

A 
12 

M 
13 

BLOCK PASS 

w 
14 

p 

15 

COND CODE 

34 35 

BLOCK FORCE SINGLE CHECK CLOCK 

36 

TGR PULSE INTRPT ADDR CYCLE SUM INHIBIT 
RPT 
TEST 

SE/DE 
DATA 
CHK 

0 

12 

12 

44 

TGR 

CHECK REGISTER 2 
LOS 

FETCH TO 
CHK SE/DE 

SCAN CYCLE COUNTER 

2 

TGR TGR 

3 

IOCE 
BUS 
CHK 

FLT 
CLOCK 

l 

EXTERNAL REGISTER 

13 14 

13 14 

45 46 

15 

TX 
TGR 

16 

64 

AB REGISTER 

15 16 

AB REGISTER 

47 48 

LOCAL 
STORE 

BUS 
CHK 

17 

CCR 
PTY 
CHK 

0 

18 

AB REG 

65 66 

17 18 

49 50 

ATR 
PTY 
CHK 

ROS TEST 
SEQUENCER 

19 

67 

19 

51 

PROGRAM MASK 

37 

FLT 
TEST 

PSBAR 
PTY 
CHK 

2 

20 

20 

52 

3B 

ROS 
TEST 
TGR 

PS BAR 
NOT 
CONF 

21 

0 

21 

53 

CE3 CE3 
WDD ROD 
26 27 

39 

MC 
INTRPT 

CE4 
ROD 
29 

DISABLE 

PIR DAR 

30 

sec 
TGR 

SYNC INTER- FLT 

PS BAR 
ALT 
CHK 

22 

ABC 

22 

54 

TGR R~~~~~R BKSP 

SPLIT 
LOG 
OUT 

23 

2 

23 

55 

ADDR 

LOG 
ROS 
CHK 

24 

64 

24 

56 

LOG 
ADDR 
CHK 

FLT 
PASS 

25 

CE 
LOG 
REQ 

FLT 
FAIL 

26 

PADOL 

65 66 

25 26 

57 58 

27 2B 

ATR-2 

35 36 

27 2B 

27 2B 

PIR 

2 

PROGRAM 
INTERRUPT CODE 

4 2 

DIAG 
SOROS TGR 

ROD 
T/O 

27 

67 

27 

59 

FLT 
STG 
ERR 

2B 

INSERT 
LOCAL 
STORE 
SIGN 

28 

60 

29 

37 

29 

FLT 
REL 

29 

0 

29 

61 

30 

3B 

IOCE 

30 

31 

39 

3 

31 

TIMING 
GT 

TGR 

INTERRUPT 
PRIORITY 

2 

TIC GAP 

MAINT 
MODE SCAN 
STOP BUFFER 

CLOCK l 

30 31 

STC 

30 31 

62 63 

COMMENTS 

PARITY FOR 
F,D,QAND 

DAR MASK 

PARITY FOR 
SR, K, ST AND 

CCR 

GREG, 
ATR-2 

SELECT 
REG 

ATR-1 

PSW 

CR2 

EXTERNAL 
REG 

AB REG 
(0-31) 

AB REG 
(32-63) 



,-. 
-...J --...J 2 

• 

A 

B 

c 

D 

E 

LOG 
WORD 
NO. 

8 

10 

11 

12 

13 

14 

15 

PSA 
LOC

ATION 

192 
(CO) 

196 

200 
(CB) 

204 

208 
(DO) 

212 

216 
(D8) 

220 

224 
(EO) 

228 

232 
(EB) 

236 

240 

2 

PSA 
WORD 
NO. 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

(FO) 60 

244 

248 
(F8) 

61 

62 

252 63 

3 

0 3 

PHYSICAL PSBAR 

9 10 11 12 

4 

p 

9-12 

• 
5 6 

PSBAR COUNTER 

9 10 

STATE SCON !LOS 

6 So S1 2 3 4 

SPARE 

0 

32 33 

IOCE 

SPARE 3 SPARE 

SERIAL ADDER LATCHES (SADDL) 

2 4 5 

R REGISTER 

2 3 4 5 

F REGISTER (READ DIRECT) 

2 3 4 5 

2 3 4 5 

34 35 36 37 

l/ 

6 

6 

6 

6 

38 

IOCEl IOCE2 IOCE3 

A 

4-7 

p 

0-7 

0 

A A I/ 

PARALLEL ADDER FULL SUM-CHECK 

8-15 16-23 24-31 32-39 40-47 48-55 

LSWR 

p p 

8-15 16-23 

T32-63 TO PADDA 

32-63 31-62 

p 
24-31 

3 

E REG 
PTY 
0-7 

4 

T 
32-47 

31-62 PA1~A 

CHECK REG 1 

PADD 
ULLSU 
.64-67 

5 6 

T K 
48-63 0-31 

TO TO 
PADDA PADDA 

32-63 COMP L1 C-Ll 48-63 48-63 32-63 

70 71 72 73 74 75 76 

Diagram 6-117. CE Logword Formats (Sheet 2 of 3) 

7 

11 

2/ 

7 

7 

7 

7 

39 

2/ 

7 

8-31 

77 

4 

8 

p 
9-15 

1/ 

3/ 

8 

8 

8 

8 

40 

3/ 

9 

9 

2/ 

4/ 

9 

9 

9 

9 

41 

4/ 

EXT TGRS 
PERMIT IOCE 

IOCE INTRPT 
1 REQ 

8 9 

DB-31 TO PADDA 

7-30 7-30 

10 11 

10 11 

3/ 4/ 

SE/DE 

5/ 6/1 

10 11 

10 11 

10 11 

10 11 

42 43 

SE/DE ELC 

5/ 6/1 

N REG 

p p 

0-7 8-15 

10 11 

L 1 C-L 1 40-63 
40-63 
COMP 

79 80 81 82 

5 6 

BIT POSITIONS IN MAIN STORAGE 

12 13 14 15 16 17 

LOGICAL PSBAR 

12 13 14 15 16 17 

18 19 

18 19 

20 

ALT 
PS BAR 

CONFIGURATION CONTROL REGISTER (CCR) 
SE/DE 

5/ 6/1 7/2 8/3 9/4 10/5 18 19 

DIAGNOSE ACCESSIBLE REGISTER MASK 

SPARE SPARE 
PAM/RCU 

7/2 8/3 9/4 10/5 16 17 1/1 2/2 3/ 

INSTRUCTION COUNTER (IC) 

12 13 14 15 16 17 18 19 20 

21 

CE 

21 

7 

22 23 

3 4 

TCU 

3 

22 23 

E REGISTER 

8 

24 25 26 27 

PROGRAM STATUS WORD 
SYSTEM MASK 

16 17 

24 25 

CE OWN 

OTC OBS 

24 25 

18 

26 

SPARE 
26 

26 

19 

27 

27 

D 

28 

SE 
STPD 

24 

28 

28 

CE 

29 

l 

25 

29 

9 

_;30 31 

PSA LOCKOUT 

2 3 

26 27 

IOCE 

4 

30 

3 

SPARE 
31 

31 

12 13 14 15 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

12 13 14 15 16 17 

Q REGISTER 

12 13 14 15 16 17 

Q REGISTER 

44 45 46 47 48 49 

DIAGNOSE ACCESSIBLE REGISTER (DAR) 

SPARE SPARE 
7/2 8/3 9/4 10/5 16 17 

CHECK REGISTER l 

D REGISTER 

18 19 20 

18 19 20 

50 51 52 

PAM/RCU ELC 

1/1 2/2 3/ 

21 

21 

53 

22 

22 

54 

TCU ELC 

2 

23 

23 

55 

3 

. PARALLEL ADDER HALF-SUM CHECK 

16-23 24-31 32-39 40-47 48-55 56-67 

PSW REG 

p p 

0-7 8-15 

NO 
RETRY 

PHYS PSBAR LOGICAL 
SVC PSBAR CNTR PSBAR 

INTRPT PTY PTY 
9-12 12 16-19 

LOCAL STORAGE WORK! NG REG! STER (LSWR) 

12 

FMTO 

83 

13 14 15 16 

IC AB 
8-31 4-7 

FMTM FMTW TO TO 
PADDB PADDB 
40-63 4-7 

17 

AB 
8-31 
TO 

PAD DB 
8-31 

18 

AB 
32-63 

TO 
PADDB 
32-63 

READ ONLY STORAGE DATA REGISTER (ROSDR) 

p 

84 43-68 86 88 89 90 

19 

AB 
64-67 

TO 
PADDB 
64-67 

p 
69-99 

SADDL 
p 

0-7 

20 

p 
8-15 

21 

AB AB 
6-31 32-67 
TO TO 

PADDB PADDB 
4-29L2 30-65L2 

92 93 

IC REG 

p 

16-23 

22 

p 
24-31 

23 

6f-~7 EX 6 
TO TO 

PADDB PADDB 
28-31 28-63 

94 95 

24 25 

24 25 

56 57 

CE OWN 

OTC OBS 

24 

HOT 
ONE TO 
PAD DB 

60 

97 

25 

E 
8-11 
TO 

PAD DB 
56-59 

98 

26' 

26 

58 

SPARE 
26 

26 

E 
12-15 

TO 
PADDB 
60-63 

99 

27 28 29 

27 28 29 

59 60 61 

CE ELC 

3 

ROS PARITY CHEC,K 

2-42 43-68 69-99 

27 

E 
8-11 
TO 

PAD DB 
60-63 

28 

Q 
4-15 
TO 

PAD DB 
52-63 

RIGHT 
DIGIT 
TGR 

29 

Q 
20-31 

TO 
PAD DB 
52-63 

s 
TGR 

30 

30 

62 

4 

SADD 
HALF 
SUM 
CHK 

30 

31 

31 

63 

SPARE 
31 

SADD 
FULL 
SUM 
CHK 

31 

Q Q 
36-47 52-63 

TO TO 
PADDB PADDB 
52-63 52-63 

LEAVE 
TGR 

STEP 
ABC 
TGR 

COMMENTS 

PS BAR 

CCR 

DAR MASK 

SADDL, IC 

R REG, 
E REG 

DREG, 
F REG 

Q REG 

Q REG 

DAR 

CRl 

LSWR 

ROS DR 



A 

B 

c 

D 

E 

LOG 
WORD 
NO. 

16 

17 

18 

PSA 
LOC

ATION 

2 

PSA 
·woRD 
NO. 

256 64 
(100) 

260 65 

264 66 
(108) 

268 

272 
(110) 

67 

68 

0 

37 

p 
0-7 

38 

2 

p 
8-15 

3 

39 40 

.3 4 

L REG 

p p 

16-23 24-31 

4 

41 

5 

p 
0-7 

5 6 7 

42 43 

6 7 8 

K REG 

p p p 

8-15 16-23 24-31 

4 

8 9 10 11 12 

46 47 48 49 50 

10 11 12 13 14 

READ ONLY STORAGE ADDRESS REGISTER (ROSAR) 

19 

20 

21 

22 

23 

276 

280 
(118) 

284 

288 
(120) 

292 

296 
(128) 

300 

304 
. (130) 

308 

312 
(138) 

316 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

2 3 4 

M REG 

p p p p 
32-39 40-47 48-55 56-63 

0 

0 

32 

0 

32 

0 

32 

0 

32 

ROSAR 

9 

DE/SE 
33 

33 

33 

33 

PROSA 

A6 83 

2 3 

SELECT 
34 35 

3 

34 35 

3 

34 35 

2 3 

34 35 

Diagram 6-117. CE Logword Formats (Sheet 3 of 3) 

5 

p 
0-7 

0 

4 

36 

4 

36 

4 

36 

4 

36 

6 7 

X REG 

p p 

8-15 16-23 

9 18 

5 6 

DG SELECT 
37 38 

5 6 

37 38 

5 6 

37 38 

5 6 

37 38 

8 

p 
24-31 

10 11 0 

Y REG 

p p p 
32-39 40-47 48-55 56-63 

READ ONLY STORAGE DATA REGISTER (ROSDR) 

27 

7 

39 

7 

39 

7 

39 

7 

39 

36 45 54 63 

8 9 10 11 

MAINTENANCE CONTROL WORD (MCW) 

CVG SELECT 
40 41 42 43 

8 9 10 11 

40 41 42 43 

8 9 10 11 

40 41 42 43 

8 9 10 11 

40 41 42 43 

69 

12 

44 

12 

44 

12 

44 

12 

44 

5 6 

BIT POSITIONS IN MAIN STORAGE 

13 - 14 15 16 17 18 19 

READ ONLY STORAGE DATA REGISTER {ROSDR) 

51 52 53 55 56 57 58 

READ ONLY STORAGE DATA REGISTER (ROSDR) 

15 

78 

13 

45 

13 

45 

13 

45 

13 

45 

16 17 19 

PREVIOUS ROS ADDRESS (A) 

4 

87 

RNOP 

46 

14 

46 

14 

46 

14 

46 

5 

96 

7 

0 

s 
0-31 
TO 

PAD DA 
32-63 

K REGISTER 

15 

FDGR 

47 

16 

DSE 1 

48 

LM REGISTER 

15 16 

LM REGISTER 

47 48 

XY REGISTER 

15 16 

XY REGISTER 

47 48 

ST REGISTER 

15 16 

ST REGISTER 

47 48 

p 
2-42 

8 

21 

9 

2 

22 

10 

3 

D AB.. F 
8-31 0-31 4-7 
TO TO TO 

PADDA PADDB PADDB 
8-31 c 32-63 60-63 

17 

RERP 

49 

17 

49. 

17 

49 

17 

49 

18 

RC 

50 

18 

50 

18 

50 

18 

50 

19 

WRAP 
DE 

51 

19 

51 

19 

51 

19 

51 

7 

20 21 

59 60 

23 24 

11 0 

4 5 

20 21 

20 21 

52 53 

20 21 

52 53 

21 

52 53 

8 

22 23 24 25 26 27 

61 62 64 65 66 67 

25 . 26 28 29 30 31 

PREVIOUS ROS ADDRESS (B) 

2 4 6 7 

N REGISTER 

6 7 8 9 10 11 

LOCAL STORAGE ADDRESS REG 

0 2 3 

22 23 24 25 26 27 

22 23 24 25 26 27 

54 55 56 57 58 59 

22 23 24 25 26 27 

54 55 56 57 58 59 

22 23 24 25 26 27 

54 55 56 57 58 59 

9 

28 29 30 31 

INHIBIT PROSA 
LS A FLT 

68 WRITE LAST MODE 

32 

8 

12 

4 

28 

28 

60 

28 

60 

28 

60 

33 

9 

13 

WR 
LOCAL 
STORE 

29 

29 

61 

29 

61 

29 

61 

34 35 

10 11 

14 15 

30 31 

30 31 

62 63 

30 31 

62 63 

30 31 

62 63 

COMMENTS 

ROS DR 

ROS DR 

ROSAR, 
PROSA, 
PROSB 

N REG 

ROSAR, 
LSAR 

K REG 

MCW 

LM REG 

LM REG 

XYREG 

XY REG 

ST REG 

ST REG 



2 3 4 5 6 7 8 9 

WORD 
BIT POSITIONS IN MAIN STORAGE 

COMMENTS NO. 

l l 2 l l l l 6 l 7 l l 9 I l l l l 14 l l 16 l l l l l l l l l l l l l l l 0 I 3 4 5 8 10 11 12 13 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

SESDR (EVEN) (or IOCE SBO) I I SES DR 0 

0 I 1 l 2 l 3 l 4 l 5 l 6 l 7 l 8 l 9 l 10 I 11 I 12 l 13 l 14 l 15 l 16 l 17 l 18 _l 19 l 20 l 21 l 22 l 23 l 24 l J l l 
(EVEN) 

l 25 l 26 27 28 29 l 30 31 

A SESDR (EVEN) r I SES DR 
1 

l l 34 l l 36 l 37 l I 42 I I 44 l l l 48 l 49 l 50 l l 52 l 53 l 54 l 55 l l l l 59 J l 61 l 62 l (EVEN) 
32 33 35 38 l 39 40· 41 43 45 j 46 47 51 56 57 58 60 63 

MARKS (EVEN) IOCE SAB (EVEN) MARKS I I I r I 
2 r TAG (EVEN) 

4 l HI/LO . r SESAR 1-14 (EVEN) 

'1' l 
IOCE SAB I SE SAR 

0-7 l 8-15 l 16-23 l 24-31 l 32-39 j 40-47 l 48-53 l 54-63 l j 2 J 3 j 5 l 6 7 8 j 9 J 10 l 11 J 12 l 13 l 14 15 16 _l 17 l 18 l 19 20 21 l 22 23 (EVEN) 

CCR(0-7) REQUEST (EVEN) RESPONSE (EVEN) CCR (8-15) CCR, REQUEST ·1 I I' I [I IOCE~ 
r I 

3 I CE 

4' 1 f 
IOCE---, 1 CE 1 r--- IOCE I I' 

CE 

4'1~ 
r- STATE---,,r SCON 

4 '1 14 

AND RESPONSE 

I J 2 l 3 l I l 2 l 3 1 2 l 3 I 4 I 1 2 l 3 1 l 2 3 l 2 3 So J S1 j 1 l 2 3 15 LATCHES (EVEN) 

SE ID OPERATION r-OPERATION (EVEN) SuPPl BLK SEL LATCH SCON BACK UP LATCHES r-ADDR PARITY--, r I MARK TYPE OF OP 4 

J I I ISK SSK T & S l STORE l FETCH l ~~~ EVEN l ODD l 2 I J 
PARITY 1-5 l 6-12 J 13-19 (EVEN) 

1 2 3 4 1 3 4 (EVEN) .0-7 8.:.15 16-23 

CHECK CONDITION (EVEN) CHECK CONDITIONS (COMMON) CCR PARITY SESDR PARITY (EVEN) CHECKS 
rMARK NORMAL I I 

5 ADDR DATA SP TAG r SBO (IOCE) I (EVEN AND 
PARITY l PARITY l PARITY l PARITY J KEY 

l 
OP CCR l PARITY _1 TAG I SAB I SBO 

OBS OTC 

j 0-7 J 8-15 l .16-23 J 24-31 l 32-39 j 40-47 j 48-551 56-63 
COMMON), 

CHK CHK CHK CHK CHK CHK (IOCE) (IOCE) THERMAL 0-7 8-15 SESDR (EVEN) 

B 

SESDR (ODD) r I SES DR 6 

_I J l l l l j 27 J j J J (ODD) 
0 l 1 j 2 J 3 j 4 l 5 l 6 l 7 l 8 j 9 I 10 j 11 l 12 13 j 14 I 15 j 16 l 17 l 18 19 l 20 j 21 J 22 23 24 25 26 28 29 30 31 

SESDR (ODD) r I 
SES DR 7 

J 33 l 34 j j 42 1 43 j 44 j j 49 j 50 j 52 l 53 j 54 1 I I I J j j j 
(ODD) 

32 35 j 36 l 37 l 38 l 39 40 41 45 j 46 l 47 l 48 51 l 55 56 57 58 59 60 61 62 63 

MARKS (ODD) IOCE SAB (ODD) I I r --. MARKS I 

8 I TAG (ODD)----, HI/LO 1 SESAR 1-14 (ODD) --. SESAR 

0-7 l 8-15 l _16-231 24-31 l 32-39 l 40-47 l 48-55 l 56-63 1 l 2 l 3 l 4 l 5 l 6 7 8 l 9 1 10 1 11 l 12 l 13 l 14 15 l 16 l 17 l 18 l 19 l l l (ODD) 

REQUEST (ODD) RESPONSE (ODD) REQUEST I 

IOCE---1 I~ IOCE~l 9 I CE 

4 '1' I' 
CE 

'1' 
AND RESPONSE 

1 l 2 l 3 l 1 l 2 3 I l 2 3 l 4 1 l 2 3 
LATCHES (ODD) 

c 

SPIKR SPOKR r-OPERATION (ODD) --:-:::1 r---ADDR PARITY--, 
SPIKR, SPOKR, I l I l SUPP MARK 

10 p p 

l T & S l STORE l FETCH l ~~~ PARITY 1-5 l 6-12 113-19 TYPE OF OP 
0-4 l 0 l 1 l 2 l 3 l 4 0-4 l 0 I 1 2 l 3 I 4 (ODD) 0-7 8-15 16-23 (ODD) 

1
MARK 

CHECK CONDITION (ODD) 
NORMA~ SPAR SESDR PARITY (ODD) CHECKS (ODD) I ADDR DATA SP I r I 

11 
PARITY l PARITY l PARITY l PARITY l KEY l OP l I I I I l J _l l 8-15 l 16-23 l 24-31 J 32-39 J 40-47 l 48-55 l 56-63 

SPAR, 

CHK CHK CHK CHK CHK p x l y 2 3 4 5 6 7 0-7 SESDR (ODD) 

Diagram 6-118. SE Logword Formats 

D 

'1 
N 
0 ...... 
6 
N 
'Tj 
tr.I 
=::: 
t::i 
=::: 
,-.. E 
'1 -'1 

8 

Cf' ...... ...... 
00 



A 

B 

c 

D 

E 

2 .. 3 .. 4 5 • 6 .. 7 'f' 8 

WORD 1..--------------------------------------------BITPOSITIONSINMAINSTORAGE--------------------------------------------. 

NO. 

0 

3 

4 

6 

7 

10 

11 

0 · 1 4 7 

0 4 5 6 7 

32 33 34 35 36 37 38 39 

r----------MARKS (EVEN)-----------, 

0-7 

MARK 
PARITY 

8-15 

T & S 

16-23 24-31 32-39 40-47 48-55 56-63 

STORE FETCH 
DATA 
CHK 

ADDR 
CHK 

MARK 
PARITY CANCEL 
CHK LATCH 

9 10 11 ·12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

40 41 42 43 44 45 46 47 

r---------DESDR PARITY (EVEN)---------. 

0-7 8-15 16-23 24-31 32-39 40-47 48-55 56-63 

1..--------SPIKR--------. 

p 
0-4 0 4 

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

.----------------------DESAR 1-14 (EVEN)--------------------~ 

p 
6-12 6 7 10 

.---------SPOKR·--------. 

p 
0-4 4 

11 12 13-19 . 13 14 15 

OPERATION 

ISK SK 

SP 
ADDR 
CHK 

CHECK CONDITION (COMMON) 
SP KEY 

KEY MIS-
C HK MATCH OBS 

16 17 18 19 

OTC 

r-----------------------------------------------DESDR(ODD)------------------11----------------~~-------------~ 

0 4 5 6 9 10 11 12 13 14 . 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

,-----------------------------------------------DESDR(ODD)-----------------------------------------------. 

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 

1.----------MARKS (ODD)----------. .---------DESDR PARITY (ODD)---------. .-------------..,------------DESAR1-14(0DD)----------------------. 

p 

0-7 8-15 16-23 24-31 32-39 40-47 48-55 56-63 0-7 8-15 16-23 24-31 32-39 40-47 48-55 56-63 6-12 6 9 10 11 12 13-19 13 14 15 16 17 18 19 

MARK 
MARK DATA ADDR PARITY CANCEL 

PARITY T & S STORE FETCH CHK CHK CHK LATCH 

.------------------------------------------------CCR------------------------------------------------. 

.---p--------------------~DG----p----------------------------p~ r-STATE---, .------SCON----~ r------CE-------, 

0-7 IA 18 28 2C 3C 3D 4D 4A 8-15 SA . SB 6B 6C 7C 7D 8D SA 16-23 So S1 4 IDES 

----------------------------------------RESPONSE---------------------------------------~ 

CE CVG -----------------------------------------..... 
,.---,-------A -----------, .--------- .---------c-------~ .--------- D 

- 2 4 6 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

CCR 
INVALID 

r--ADDRESS REG ---...., 

A c D 

.---------DG REGISTER CHECK---------. CHECK CONDITIONS (COMMON) r----------------------DG ADDRESS REGISTER---------------------, 1 

4 6 

TAG 
PARITY 
CHK 

CCR LS REFRESH 
PARITY MULTI PARITY NORMAL PARITY 

TAG CHK ACCEPT CHECK OP CHECK 
p 

1-7 4 6 

p 

7 8-14 9 10 11 12 13 14 

.---------TAG-------~• .------DE ID-----. HALFWORD COUNTER 1.------------------------DG DATA REGISTER-------------------------.1 

p 

1-5 4 5 4 4 

p 

0-7 0 4 

p 

6 8-15 10 11 12 13 14 15 

Diagram 6-119. DE Logword Formats 
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COMMENTS 

DES DR 
(EVEN) 

DES DR 
(EVEN) 

MARKS 
DESDR, DESAR 

(EVEN) 

CHECKS (EVEN 
AND COMMON), 

SPIKE, SPOKE 

DESDR 
(ODD) 

DESDR 
(EVEN) 

MARKS 
DESDR, DESAR 

(ODD) 

CHECKS 
(ODD) 

CCR 

RESPONSE 
LATCHES, 
DG ADDR 

REG ID 

CHECKS 
DG ADDR 

REG 

DG 
DATA 
REG 



~ 
~ 
!» 
3 
°' N 
0 
!'""" 

t:i A tT1 

$ 
~ 
OJ 
~ 

"' \.l 
0 
i:l 
i:j • 0 
~ 

B 

c 

D 

-.) 
N 
0 

'""' 6 
N 
'Tj 
tT1 
a:: 
t:i 
a:: 

~ 
E --.l 8 

0\ 
N 
0 

'""' 

2 3 4 5 6 7 
DE 
Wrap Bus MCW bits 40-45 (6 lines) 

Start 
MCW bit 51 Wrap Wait Between 

Sample 

~ 
Async for Two Sample Words J A l Good Address t--l Doto jA L 

4 J ~ l 
Addr 0 -...---- Address 1 .--

~ WOci1 L Address 2 
DT041 Data 

Address 3 

411 J-1 DTo4i"""" latch 
Address A 

lOR .----! Address 4 l Decode ......_ 
Address 5 

}--'.;:;Wm~ Address 6 

r-B Addr 1 

.--_ 
4J ~ DT041 A ~ 

~ 
A 

l 
Sync 

~ 

L--- -I_ (Wrap Inhibit Osc)* 

43r:} Set Sample Counter MCW bit 51 J A j ]OR l 

Addr 2 a -
~ l }A 

R Step Zero Sample 

4J~ 
~y 

One Sample Sample 
Dly ......_ 

Sample Counter J 

Counter Two Sample Addr 

RST Three Sample Parity 

4Jl-

N 
~ ~ I--L 

B Address 

DT021 

~ Good Parity : 

___...; 
A l Sample Odd 

N 
Sample Even 

Sample _r 
DE Wrap Bus (Bits 00-15) 

Setup Address Dato Dato Setup 

f-4-900ns-

-~ .225~ 
Information on DE Wrap Bus (00-15) - f+-- 112 .5 ns 

~~HW2 1~ ~~HW21~ 
Address p ...2....!..,_;_ ....!... ~ ~ ..!... -
Sample - - - - - - - - - - - - - - - - - - - -
Sync - - - - -

ro··' - - ~ - ~ - - - - -
Sample 

Hold 1 - --I- ~ -I- ~ _. - -+ - ~ 
Counter Counter·2 Cntr 2 Cntr 2 

Hold 2 Hold 2 Hold 2 

Sample Even - - - - - - - - -
Sample Odd - - - - - - - - - -

rro~~l· - ..2.. ..\l. .2.. -
CE One Sample - .J.. .J.. .J.. -Sample 
Pulses Two Sample - .J. .J. 2 - -Three Sample - .J.. ~ .J.. -Wait for Dato latch Wait for Data 

Between Words latch Betwffn Words 

Data latch Data 
_l 

Gate Wrap 

i A } Data (0-15) to K (0-15) 

J 
A J 

Gate Wrap 
Dato ( 16-31) to K (16-31) 

J 

Note: 
The chart at the left shows the timing for 
transferring one quadword of data to the CE 
via the DE Wrap Bus. The Diagnose instruction 
controls the total number transferred by setting 
the quadword count in the MCW. 

1--

• 8 

* The output of this latch stops the CE 
clock to compensate for the difference 
in timing between the CE clock and the 
sample pulses received from the DE. 
One CE clock cycle is 200 ns while one 
sample pulse is 225 ns. Note that the 
CE clack is not allowed to run until the 
Dato latch turns on . 
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A-Register (see AB-Register) 
AB-Register: 

Data Flow 2-1 
Usage: 

Add, Subtract, and Compare Decimal 5-302 (Sheet 1) 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
1/0 Instructions 3-6 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RX I-Fetch, One-Cycle 5-7 
RX I-Fetch, Two-Cycle Indexed 5-11 
Status Switching Instructions 3-5 

AB-Register Byte Counter ~ABC) 
ABC: 

Data Flow 2-1 
Incrementer Latches 4-207 
Positive Logic Diagram 4-207 
Triggers 4-207 
Usage: 

Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 

Accept Trigger 4-604 (Sheet 1) 
Add, A (SA); Fix Pt, RX 5-108 
Add, AP (FA); Dec, SS: 

Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Add, AR (lA); Fix Pt, RR 5-108 
Add Halfword, AH (4A); Fix Pt, RX 5-108 
Add Logical, AL (SE); Fix Pt, RX 5-108 
Add Logical, ALR (lE); Fix Pt, RR 5-108 
Add Normalized, AD (6A); Fl Pt, RX (Long) 5-207 
Add Normalized, ADR (2A); Fl Pt, RR (Long) 5-207 
Add Normalized, AE (7 A); Fl Pt, RX (Short) 5-206 
Add Normalized, AER (3.t\.); Fl Pt, RR (Short) 5-206 
Add Unnormalized, AU (7E); Fl Pt, RX (Short) 5-206 
Add Unnormalized, AUR (3E); Fl Pt, RR (Short) 5-206 
Add Unnormalized, AW (6E); Fl Pt, RX (Long) 5-207 
Add Unnormalized, AWR (2E); Fl Pt, RR (Long) 5-207 
Address Compare Trigger 6-6 
Address Decode Logic, SCI 4-602 
Address Gating Logic, SCI 4-602 
Address Gating, SCI 4-602 
Address Generator, Storage; Scan 6-105 
Addressing, ROS 4-105 (Sheet 1) 
Adjust Parity Flip-Latch· 4-205 
And, N (54); Logic, RX 5-404 
And, NC (D4); Logic, SS 5-404 
And, NI (94); Logic, SI 5-404 
And, NR (14); Logic, RR 5-404 
AND Function, SAL(O) 4-406 
Any Storage Error Trigger 4-606 
Array Drivers, ROS 4-106 
ATR: 

Data Flow 2-1 
Usage: 

Insert A TR 5-802 
Load PSBAR 5-805 
Set ATR (In issuing CE) 5-808 
Set A TR (In receiving CE) 5-809 

B-Field Transfer to LAL 4-301 
B-Register (see AB-Register) 
Bit Position Logic, Bit 47; Parallel Adder 4-410 
Block I-Fetch Trigger 5-16 
Block Trigger 4-1, 6-12, 6-102 
Branch and Link, BAL (45); Br, RX 5-503 
Branch and Link, BALR (05); Br, RR 5-502 
Branch Invalid Address Trigger 5-29 (Sheet 1) 
Branch on Condition, BC (47); Br, RX 5-501 
Branch on Condition, BCR (07); Br, RR 5-501 
Branch on Count, BCT (46); Br, RX 5-504 
Branch on Count, BCTR (06); Br, RR 5-504 
Branch.on Index High, BXH (86); Br, RS 5-505 
Branch on Index Low or Equal, BXLE (87); Br, RS 5-505 
Branch Requests 5-4 
Branching Instructions: 

Branch and Link, BAL (45); RX 5-503 
Branch and Link, BALR (05); RR 5-502 
Branch on Condition, BC (47); RX 5-501 
Branch on Condition, BCR (07); RR 5-501 
Branch on Count, BCT (46); RX 5-504 
Branch on Count, BCTR (06); RR 5-504 
Branch on Index High, BXH (86); RS 5-505 

Branch on Index Low or Equal, BXLE (87); RS 5-505 
Data Flow 3-4 
Execute, EX (44); RX 5-506 

Buffer 1 Trigger and Latch 6-105 

Carry Lookahead Logic: 
Parallel Adder 4-411 
SAL(0-3) 4-402 

CC Logic, Parallel Adder 4-416 
CCR: 

Data Flow 2-1 
Usage: 

CE: 

CE Control 4-210 
Psuedo-SCON (IPL or PSW Restart) 6-8A 
SCON 5-810 

CHECK Switch Logic 6-22 
Control Panel 6-1 
Data Flow 2-1 
Force Address 6-7 
IPL 6-8 
MACHINE RESET & FORCE ADDRESS 6-7 
PSW RESTART 6-8 
Request: 

Sensing Logic, SCI 4-601 
Timing, Typical 4-611 

Roller Sw Indicators 6-2 
TEST Switch 4-3 

Characteristic Data Path: 
Floating-Point Divide 5-213 
Floating-Point Multiply 5-210 

Check Registers: 
Inputs 6-22 
Roller Display 6-2 

Check Reset 6-7 
Clock: 

Control Logic 4-3 
Control Logic Functional Sequence, SCI 4-603 
FLT 6-103 
Scan 6-102 
Signal Generator 4-3 

Compare C (59); Fix Pt, RX 5-108 
Compare, CD (69); Fl Pt, RX (Long) 5-207 
Compare, c;DR (2~); Fl Pt, RR (Long) 5-207 
Compare, CE (79); Fl Pt, RX (Short) 5-206 
Compare, CER (39); Fl Pt, RR (Short) 5-206 
Compare, CL (55); Logic, RX 5~403 
Compare, CLC (D5); Logic~ SS 5-403 
Compare, CLI (95); Logic, SI 5-403 
Compare,_ CLR (15); Logic, RR 5-403 
Compare CP (F9); Dec, SS: . 

Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Compare, CR (19); Fix Pt, RR ~ 5-108 
Compare, Halfword, CH (49); Fix Pt, RX 5-108 
Console Logout Latch 6-25 
Console Signal Trigger 5-24 
Convert to Binary, CVB (4F); Fix Pt, RX 5-111 
Convert to Decimal, CVD (4E); Fix Pt, RX 5-112 
CPU Clock Go Trigger 6-102, 4-603 
CPU 5 Trigger and Latch 4-603 
CPU 4 Trigger and Latch 4-603 
CPU Request Latch 6-108 
CPU Sequencers 4-603 
CPU Store in Progress Exceptional Condition 5-18 
CPU Store Trigger 5-18 
CPU 3 Trigger and Latch 4-603 
CPU 2 Trigger and Latch 4-603 

D-Register: 
Address Gating, BCU 4-602 
Data Flow 2-1 
Usage: 

Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Instruction Requests During End Op 5-2 
I/O Instructions 3-6 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Floating-Point 5-210 
Operand Prefetching During End Op 5-1 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 

D Request Trigger 4-601 
D Sync Trigger and Latch 4-601 

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



·.DAR: 
Data Flow 2-1 
Usage (Diagnose) 5-609 

DAR MASK: 
Data Flow 2-1 . 
Usage (Diagnose) 5-609 

Data Flow: 
Branching Instructions 3-4 
CE 2-1 
Decimal Instructions 3-3 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
I/0 Instructions 3-6 
Logical Instructions 3-3 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
ROS 4-105 (Sheet 2) 
Scan 6-101 
Status Switching Instructions 3-5 

DE Wrap: 
Bus Controls 6-201 
Data Flow 2-1 

Decimal Add 6 Logic, Serial Adder 4-403 
Decimal Correction Logic, SAL(0-3) 4-404 
Decimal Instructions: 

Add, AP (FA); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Compare, CP (F9); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Data Flow 3-3 
Divide, DP (FD); SS 5-306 
Move With Offset, MVO (Fl); SS: 

GIS 5-307 
Not Word Overlap Sequence 5-312 
Word Overlap Sequence 5-313 

Multiply, MP (FC); SS 5-305 
Pack, PACK (F2); SS: 

GIS 5-307 
Not Word Overlap Sequence 5-308 
Word Overlap Sequence 5-309 

Subtract, SP (FB); SS: 
Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Unpack, UNPK (F3); SS: 
GIS 5-307 
Not Word Overlap Sequence 5-310 
Word Overlap Sequence 5-311 

Zero and Add, ZAP (F8); SS 5-304 
DEFEAT INTERLEA YING Switch Gating 6-11 
Delayed Block I-Fetch Trigger 5-29 (Sheet 1) 
Delayed I-Fetch Protection Gate Trigger 5-29 (Sheet 1) 
Delayed I-Fetch Storage Request Trigger 5-29 (Sheet 1) 
Diagnose (83); Stat Sw, SI 5-609 
Direct Control Operation: 

Data Flow 5-607 
Direct Control Interface 3-5 
Read Direct, RDD (85); Stat Sw, SI 5-608 
Write Direct, WRD (84); Stat Sw, SI 5-607 

Disable Interleaving and Reverse Storage Address Trigger 6-11 
Disable Interleaving Trigger 6-11 
Disable Interval Timer Logic 6-21 
Display Instructions: 

Convert and Start Symbols, CSS (02); DSPY, RR 5-903 
Convert Weather Lines, CVWL (03); DSPY, RR 5-905 
Load Chain, LC (51); DSPY, RX 5-906 
Repack Symbols, RPSB (OF); DSPY, RR 5-902 

Divide, D (SD); Fix Pt, RX 5-110 (Sheet 2) 
Divide, DD (6D); Fl Pt, RX (Long) 5-215 
Divide, DDR (2D); Fl Pt, RR (Long) 5-215 
Divide, DE (7D); Fl Pt, RR (Long) 5-215 
Divide, DER (3D); Fl Pt, RR (Short) 5-214 
Divide, DP (FD); Dec, SS 5-306 
Divide, DR (lD); Fix Pt, RX 5-110 (Sheet 1) 
Divide, Fixed-Point: 

Algorithm 5-110 (Sheet 3) 
Data Flow 5-110 (Sheet 4) 
Initialization 5-110 (Sheets 1 and 2) 
Termination 5-110 (Sheets 5 and 6) 

Divide, Floating-Point; Data Flow 5-213 
Dividend Bits, Transfer of Low-Order; Fixed-Point 5-110 (Sheet 4) 
Divisor Multiple, Derivation of; Fixed-Point 5-110 (Sheet 4) 
Drive Line Decode, ROS 4-105 (Sheet 1) 

E-Register: 
Data Flow 2-1 
Incrementer, Bits 14 and 15 4-203 
Parity Prediction After Incrementing 4-204 
Usage: 

X-2 (7/70) 

Branch Requests 5-4 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Direct Control Operation 5-607 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 

1/0 Instructions 3-7 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RR I-Fetch, Two-Cycle 5-8 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle 5-12 
RX I-Fetch, Two-Cycle Indexed 5-11 
RX I-Fetch, Two-Cycle Nonindexed 5-12 
SI I-Fetch, One-Cycle 5-10 
SI I-Fetch, Two-Cycle 5-12 
Status Switching Instructions 3-5 

E-Register Incrementer: 
Bits 14 and 15, Positive Logic Diagram 4-203 
Parity Prediction After Incrementing 4-204 

Early End Op, Instruction Requests 5-3 
Edit, ED (DE); Logic, SS 5-411 
Edit and Mark, EDMK (DF); Logic, SS 5-411 
EEOP Request Trigger 5-30 
E(8-15) Parity Trigger 4-204 
End Op: 

Instruction Requests 5-2 
Operand Prefetching 5-1 

Error Controls 6-22 
Error Trigger 4-606, 4-413, 4-414, 6-22, 6-108 
Exceptional Conditions: 

CPU Store In Progress 5-18 
Invalid Instruction Address Test 5-29 
Manual Control 5-27 
Program Store Compare 5-28 
Q-Register Refill 5-30 
Timer 5-17 

Excess-6 Logic, Parallel Adder 4-415 
Exclusive-OR Function, SAL(O) 4-406 
Exclusive-OR, X (57); Logic, RX 5-406 
Exclusive-OR, XC (D7); Logic, SS 5-406 
Exclusive-OR, XI (97); Logic, SI 5-406 
Exclusive-OR, XR (17); Logic, RR 5-406 
Execute, EX(44); Br, RX 5-506 
External Interruptions• 5-24 
External Register: 

Data Flow 2-1 
Usage: 

SATR 5-808, 809 
SCON 5-810 
SIOP 5-807 

External Signal Flip-Latches 5-607 
External Signal Trigger· 5-24 

F-Register: 
Data Flow 2-1 
Usage: 

Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructio,ns 3-2 
Multiply, Decimal 5-305 (Sheet l) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 

Fail Trigger 6-111, 6-112 
Fault Locating Test (see FLT) 
Final Error Latch 4-413, 4-414 
Fixed-Point Instructions: 

Add, A (SA); RX 5-108 
Add, AR {lA); RR 5-108 
Add Halfword, AH (4A); RX 5-108 
Add Logical, AL (SE); RX 5-108 
Add Logical, ALR (lE); RR 5-108 
Compare, C (59); RX 5-108 
Compare, CR (19); RR 5-108 
Compare Halfword, CH (49); RX 5-108 
Convert to Binary, CVB (4F); RX 5-111 
Convert to Decimal, CVD (4E); RX 5-112 
Data Flow 3-1 
Divide: 

Algorithm 5-110 (Sheet 3) 
Data Flow 5-110 (Sheet 4) 
Initialization 5-110 (Sheets 1 and 2) 
Termination 5-110 (Sheet 2) 

Divide, D (SD); RX 5-110 (Sheet 2) 
Divide, DR (lD); RR 5-110 (Sheet 1) 
Load, L (58); RX 5-101 
Load, LR (18); RR 5-101 
Load and Test, LTR {12); RR 5-103 
Load Complement, LCR (13); RR 5-104 
Load Halfword, LH (48); RX 5-102 
Load Multiple, LM (98); RS 5-107 
Load Negative, LNR (11); RR 5-106 
Load Positive, LPR (10); RR 5-105 
Multiply: 

Algorithm 5-109 (Sheet 2) 
Data Flow 5-109 (Sheet 3) 
Initialization 5-109 (Sheet 1) 

Multiply, M (SC); RX 5-109 
Multiply, MR (lC); RR 5-109 
Multiply Halfword, MH (4C); RX 5-109 
Shift Left Double, SLDA (8F); RS 5-117 
Shift Left Single, SLA (8B); RS 5-116 
Shift Right Double, SRDA (8E); RS 5-119 



Shift Right Single, SRA (8A); RS S-118 
Store Halfword, STH (40); RX S-114 
Store Multiple, STM (90); RS S-llS 
Store, ST (50); RX S-113 
Subtract Halfword, SH (4B); RX 5-108 
Subtract Logical, SL (SF); RX . S-108 
Subtract Logical, SLR (IF); RR S-108 
Subtract, S (SB); RX S-108 
Subtract, SR (IB); RR S-108 

Floating-Point Instructions: 
Add Normalized, AD (6A); RX (Long) S-207 
Add Normalized, ADR (2A); RR (Long) S-207 
Add Normalized, AE (7A); RX (Short) S-206 
Add Normalized, AER (3A); RR (Short) S-206 
Add Unnormalized, AU (7E); RX (Short) S-206 
Add Unnormalized, AUR (3E); RR (Short) S-206 
Add Unnormalized, AW (6E); RX (Long) S-207 
Add Unnormalized, AWR (2E); RR (Long) S-207 
CC Setting S-201 
Compare, CD (69); RX (Long) S-207 
Compare, CDR (29); RR (Long) S-207 
Compare, CE (79); RX (Short) S-206 
Compare, CER (39); RR (Short) S-206 
Data Flow 2-1 
Divide, Data Flow S-213 
Divide, DD (GD); RX (Long) S-215 . 
Divide, DDR (2D); RR (Long) 5-215 
Divide, DE (7D); RX (Short) S-214 
Divide, DER (3D); RR (Short) S-214 
Halve, HDR (24); RR (Long) S-209 
Halve, HER (34); RR (Short) S-208 
Load and Test, LTDR (22); RR (Long) S-20S 
Load and Test, LTER (32); RR (Short) S-204 
Load Complement, LCDR (23); RR (Long) S-20S 
Load Complement, LCER (33); RR (Short) S-204 
Load, LD (68); RX (Long) 5-203 
Load, LDR (28); RR (Long) 5-202 
Load, LE (78); RX (Short) 5-203 
Load, LER (38); RR (Short) 5-202 
Load Negative, LNDR (21); RR (Long) S-205 
Load Negative, LNER (31); RR (Short) 5-204 
Load Positive, LPDR (20); RR (Long) 5-205 
Load Positive, LPER (30); RR (Short) 5-204 
Multiply, Data Flow 5-210 
Multiply, MD (6C); RX (Long) · 5-212 
Multiply, MDR (2C); RR (Long) 5-212 
Multiply, ME (7C); RX (Short) 5-211 
Multiply, MER (3C); RR (Short) 5-211 
Save Signs and Insert Sign Function 5-201 
Store, STD (60); RX (Long) 5-216 
Store, STE (70); RX (Short) 5-216 
Subtract Normalized, SD (6B); RX (Long) 5-207 
Subtract Normalized,. SE (7B); RX (Short) 5-206 
Subtract Normalized, SER (3B); RR (Short) 5-206 
Subtract Unnormalized, SU (7F); RX (Short) 5-206 
Subtract Unnormalized, SUR (3F); RR (Short) 5-206 
Subtract Unnormalized, SW (6F); RX (Long) 5-207 
Subtract Unnormalized, SWR (2F); RR (Long) 5-207 

FLT: 
Backspace Pb 6-27 
Clock 6-103 
Counter, Decrementing 6-106 
Sequence 6-116 

FLT Counter= 0 Latch 6-106 
FLT Test Trigger 6-26, 6-111 
Force Address Latch 4-1, 6-7 
Fraction Data Path: 

Floating-Point Divide 5-213 
Floating-Point Multiply 5-210 

FREQUENCY ALTERATION Switch, Clock Signal Generator 4-3 
Full-Sum Checking Logic, PA(48-55) 4-Sl4 
Full Sum Error (48-55) Trigger 4-514 
Functional Units (see Specific Unit) 

G-Register: 
Data Flow 2-1 
Usage: 

Direct Control Operation 5-607 
Status Switching Instructions 3-5 

GAP Latch 6-113 
Gate A(8-1S) to SBA Trigger 4-401 
Gate A(O-7) to SBA Trigger 4-401 
Gate B(56-63) to SBA Trigger 4-401 
Gate Control Triggers for 'B + T' Micro-order 4-409 
Gate F to SBA Trigger 4-401 
Gate I-Fetch Invalid Address Trigger 5-29 (Sheet 1) 
Gate IL Not Available Trigger 5-16 
General Initialization Sequence (see GIS) 
GIS: -

Add, AP (FA); Dec, SS 5-301 
Compare, CP (F9); Dec, SS 5-301 
Logical Instructions 5-401 
Move With Offset, MVO (Fl); Dec, SS 5-307 
Pack, PACK (F2); Dec, SS 5-307 
Subtract, SP (FB); Dec, SS 5-301 
Unpack, UNPK (F3); Dec, SS 5-307 

Half-Sum Checking Logic, PA(48-55) 4-413 
Half-Sum Error Trigger 4-413 
Half-Sum Precheck Error (48-55) Trigger 4-413 
Halt 1/0, HIO (9E); 1/0, SI 5-703 
Halve, HDR (24); Fl Pt, RR (Long) 5-209 

Halve, HER (34); Fl Pt, RR (Short) S-208 
Hold In Flip-Latch S-607 (Sheet 2) 
Hold MC IPL Latch 6-9 

I-Fetch: 
Block I-Fetch Trigger 5-16 
Branch Requests S-4 
Common Interruption Routine 5-26 
CPU Store in Progress Exceptional Condition S-18 
External Interruptions 5-24 
Instruction Requests During Early End Op S-3 
Instruction Requests During End Op' S-2 
Interrupt Code Triggers: 

Nonbranch Setting of S-20 
Program Interruption Code 5-22 
Spec Y-Branch Setting of 5-21 

Invalid Instruction Address Test Exceptional Condition 5-29 
1/0 Interruption S-2S 
Machine Check Interruption S-19 
Manual Control Exceptional Conditions 5-27 
Operand Prefetching During End Op S-1 
Program Interruptions S-22 
Program Store Compare Exceptional Condition S-28 
Q-Register Refill Exceptional Condition S-30 
RR, Flowchart 5-6 
RR, One-Cycle S-7 
RR, Two-Cycle S-8 
RS, Flowchart 5-13 
RS, One-Cycle 5-10 
RS, Two-Cycle 5-12 
RX, Flowchart S-9 
RX, One-Cycle S-10 
RX, Two-Cycle Indexed S-11 
RX, Two-Cycle Nonindexed 5-12 
Sequence, Selection of S-S 
Sequencers S-lS 
SI, Flowchart 5-13 
SI, One-Cycle S-10 
SI, Two-Cycle S-12 
SS, Flowchart 5-i4 
Supervisor Call Interruption 5-23 
Timer Exceptional Condition 5-17 

I-Fetch Invalid Address Trigger 5-29 (Sheet 1) 
I-Fetch Request Trigger S-29 (Sheet 1) 
IC: 

Address Gating, BCU 4-60'.7. 
Data Flow 2-1 
Parity Adjustment 4-205 
Usage: 

Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Fixed-Point Instructions 3-1 
I-Fetch Sequencer Control 5-lS 
Instruction Requests During Early End Op 5-3 
Instruction Requests During End Op 5-2 
Logical Instructions 3-'.i 
Multiply, Decimal 5-30S (Sheet 1) 
Operand Prefetching During End Op 5-1 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed S-11 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 

IC P(16-23) Flip-Latch 4-20S 
IC Request Trigger 4-601 
IC Sync Latch 4-601, 5-15 (Sheet 1) 
IC Sync Trigger 4-601 
Inhibit LS Write Trigger 5-21 
Initial Program Load (See IPL) 
Input/Output (see 1/0-) -
Insert Character, IC(43); Logic, RX 5-408 
Insert Key Trigger 4-601 
Insert Storage Key, ISK (09); Stat Sw, RR 5-606 
Instruction: 

Requests: 
During Early End Op 5-3 
During End Op 5-2 

Step Routine 6-13 
Instruction Counter (see IC) 
Instruction Fetching (see I-Fetch) 
Instruction Length Not Available Trigger 5-20 
Instruction Step Latch 6-12 
Instructions (~ Specific Instruction or Class) 
Interrupt Code Triggers 5-20, 5-21, 5-22 
Interruptions: 

Common Routine 5-26 
External 5-24 
Gating, Block 6-6 
Interrupt Code Triggers 5-20, 5-21, 5-22 
I/O 5-25 
Machine Check 5-19 
Program 5-22 
Supervisor Call 5-23 

Interrupts Latch 6-6 
Invalid Address Logic, SCI 4-604 
Invalid Digit Logic, Serial Adder 4-405 
Invalid Instruction Address Test Exceptional Condition 5-29 
Invalid Instruction Address Trigger 5-29 (Sheet 1) 
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1/0: 
Instructions: 

Data Flow 3-6 
Halt 1/0, HIO (9E); SI 5-703 
Start I/O, SIO (9C); SI 5-701 
Test Channel, TCH (9F); SI 5-704 
Test I/O, TIO (9D); SI 5-702 

Interruption 5-25 
System Data Flow 2-1 

IPL: 
Gating 6-9 
Operation 6-8 

IPL Status Latch 6-9 

K-Register: 
Data Flow 2-1 
Usage: 

Convert and Sort Symbols 5-903 
Convert Weather Lines 5-905 
Delay 5-803 
DE Wrap 6-201 
Mode Word 5-806 
Repack Symbols 5-902 

Late BCU Cleanup Latch 4-208 
LM-Register: 

Data Flow 2-1 
Usage: 

Convert Weather Lines 5-905 
LM to XY Formatting 4-211 
Repack Symbols 5-902 

Load Address, LA (41); Logic, RX 5-409 
Load and Test, LTDR (22); Fl Pt, RR (Long) 5-205 
Load and Test, LTER (32); Fl Pt, RR (Short) 5-204 
Load and Test, LTR (12); Fix Pt, RR 5-103 
Load Complement, LCDR (23); Fl Pt, RR (Long) 5-205 
Load Complement, LCER (33); Fl Pt, RR (Short) 5-204 
Load Complement, LCR (13); Fix Pt, RR 5-104 
Load Halfword, LH (48); Fix Pt, RX 5-102 
Load, L (58); Fix Pt, RX 5-101 
Load, LD (68); Fl Pt, RX (Long) 5-203 
Load, LDR (28); Fl Pt, RR (Long) 5-202 
Load, LE (78); Fl Pt, RX (Short) 5-203 
Load, LER (38); Fl Pt, RR (Short) 5-202 
Load, LR (18); Fix Pt, RR 5-101 
Load Multiple, LM (98); Fix Pt, RS 5-107 
Load Negative, LNDR (21); Fl Pt, RR (Long) 5-205 
Load Negative, LNER (31); Fl Pt, RR (Short) 5-204 
Load Negative, LNR (11); Fix Pt, RR 5-106 
Load Positive, LPDR (20); Fl Pt, RR (Long) 5-205 
Load Positive, LPER (30); Fl Pt, RR (Short) 5-204 
Load Positive, LPR (10); Fix Pt, RR 5-105 
Load PSW, LPSW (82); Stat Sw, SI 5-601 
Local Storage: 

Data Flow 2-1 
Read/Write Controls 4-301 
Usage: 

B-Field Transfer to LAL 4-201 
Branching Instructions 3-4 
Fixed-Point Instructions 3-1 
Floating-Point Instructions · 3-2 
Operand Prefetching During End.Op 5-1 
R(8-11) or R(12-15) Transfer to LAL 4~202 
RR I-Fetch, One-Cycle 5-f - --
RSI-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX 1-F etch, Two-Cycle Indexed 5-11 
Scan 6-101 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 

LOG OUT Pushbutton Logic 6-25 
Logical Function, SAL(O) 4-406 
Logical Instructions: 

AND, N (54); RX 5-404 
AND, NC (D4); SS 5-404 
AND, NI (94); SI 5-404 
AND, NR (14); RR 5-404 
Compare, SL (55); RX 5-403 
Compare, CLC (D5); SS 5-403 
Compare, CLI (95); SI 5-403 
Compare, CLR (15); RR 5-403 
Data Flow 3-3 
Edit, ED (DE); SS 5-411 
Edit and Mark, EDMK (DF); SS 5-411 
Exclusive-OR, X (57); RX 5-406 
Exclusive-OR, XC (D7); SS 5-406 

. Exclusive-OR, XI (97); SI 5-406 
Exclusive-OR, XR (17); RR 5-406 
GIS 5~401 

Insert Character, IC (43); RX 5-408 
Load Address, LA (41); RX 5-409 
Move, MVC (D2); SS 5-402 
Move, MVI (92); SI 5-402 · 
Move Numerics, MVN (Dl); SS 5-402 
Move Zones, MVZ (D3); SS 5-402 
OR, 0(56); RX 5-405 

. OR, OC(D6); SS 5-405 
OR, 01 (96); SI 5-405 
OR, OR (16); RR 5-405 
Shift Left Double, SLDL (8D); RS 5-412 
Shift Left Single, SLL (89); RS 5-412 
Shift Right Double, SRDL (8C); RS 5-412 
Shift Right Single, SRL (88); RS 5-412 

X-4 (7/70) 

Store Character, STC (42); RX 5-408 
Test Under Mask, TM (91); SI 5-407 
Translate and Test, TRT (DD); SS 5-410 
Translate, TR (DC); SS 5-410 

Logout: 
Control Logic 6-108 
Sequence 6-114 

Logout Trigger 6-108 
LS ~Local Storage) 

Machine Check Interrupt Trigger 5-19 
Machine Check Interruption 5-19 
Main Storage, Data Flow: 

1/0 Instructions 3-6 
System 2-1 

Maintenance Control Word ~ MCW) 
Maintenance Features: 

Diagnose (83); Stat Sw 5-609 
MCW 5-609 (Sheet 1) 

Maintenance Mode Stop Clock (see MMSC) 
Manual Control Exceptional Cotiditions 5-27 
Manual Trigger 6-6 
Mark Triggers: 

Data Flow 2-1 
Positive Logic Diagram 4-209 
Usage, Scan 6-101 

MCW 5-609 (Sheet 1) 
MCW-Register: 

Data Flow 2-1 
Usage: 

Scan 6-101 
Status Switching Instructions 3-5 

Mixer: 
Data Flow 2-1 
Usage: 

Convert Weather Lines 5-905 
LM to XY Reformatting 4-211 
Repack Symbols 5-902 
XY Parity Prediction 4-212 

MMSC Logic 6-110 
MMSC Trigger 6-108, 6-110 
Move, MVC (D2); Logic, SS 5-402 
Move, MVI (92); Logic, SI 5-402 
Move Numerics, MVN (Dl); Logic, SS 5-402 
Move With Offset, MVO (Fl); Dec, SS: 

GIS 5-307 
Not Word Overlap Sequence 5-312 
Word Overlap Sequence 5-313 

Move Zones, MVZ (D3); Logic,· SS 5-402 
Multiple Computing Element Instructions: 

Delay, DLY(OB); Mple, RR 5-803 
Insert ATR, IATR (OE); Mple, RR 5-802 
Load ID, Ll(OC); Mple, RR 5-801 
Load PS Base Address (Preferential Storage), LPSB (Al); Mple, SI 5-805 
Move Word, MVW (D8)"; Mple, SS 5-806 
Set Address Translator, SATR (OD); Mple, RR Receiving 5,.sos 
Set Configuration SCON (01); Mple, RR 5-810 
Start I/O Processor, SIOP (2A); Mple, SI 5-807 
Store PS Base Address (Preferential Storage), SPSB (AO); Mple, SI 5-804 
Test & Set, TS (93) Mple, SI 5-811 . 

Multiple, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 
Multiply, Fixed-Point: 

Algorithm 5-109 (Sheet 2) 
Data Flow 5-109 (Sheet 3) 
Initialization 5-109 (Sheet 1) 

Multiply Floating Point, Data Flow 5-210 
Multiply Halfword, MH (4C); Fix Pt, RX 5-109 
Multiply, M (SC); Fix Pt, RX 5-109 
Multiply, MD (6C); Fl Pt, RX (Long) 5-212 
Multiply, MDR (2C); Fl Pt, RR (Long) 5-212 
Multiply, ME (7C); Fl Pt, RX (Short) 5-211 
Multiply, MER (3C); Fl Pt, RR (Short) 5-211 
Multiply, MP (FC); Dec, SS 5-305 
Multiply, MR (lC); Fix Pt, RR 5-109 

N-Register: 
Data Flow 2-1 
Usage (Repack Symbols) 5-902 

Operand Prefetching During End Op 5-1 
OR Function, SAL(O) 4-406 
OR, 0 (56); Logic, RX 5-405 
OR, OC (D6}; Logic, SS 5-405 
OR, OI (96); Logic, SI 5-405 
OR, OR (16); Logic, RR 5-405 

Pack, PACK (F2); Dec, SS: 
GIS 5-307 
Not Word Overlap Sequence 5-308 
Word Overlap Sequence 5-309 

PAL(48....:55) Parity Latch 4-412 
Parallel Adder: 

Address Gating, SCI 4-602 
Bit-Position Logic, Bit 4 7 4-510 
Carry Lookahead Logic · 4-511 
Data Flow 2-1 
Excess-6 Logic 4-415 
Full-Sum Checking Logic, PA(48-55) 4-414 
Gate Control Triggers for 'B + T' Micro-order 4-409 
Half-Sum Checking Logic, PA(48-55) 4-413 
Parity Generation, PAL(48-5S) 4-412 
Set CC Logic 4-416 



Usage: 

Parity: 

Branching Instructions 3-4 
Decimal Instructions 3-3 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
I-Fetch Sequencer Control 5-15 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RR I-Fetch, One-Cycle 5-7 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Scan 6-101 
Scan-Out Path 6-107 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 

Generation, PAL(48-55) 4-412 
IC, Adjustment for Stepping 4-205 
Predict Logic, Serial Adder 4-407 
Prediction, after Incrementing £-Register Incrementer 4-204 

Partial Product Bit, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 
Partial Product Byte, Derivation of; Fixed-Point Multiply 5-109 (Sheet 3) 
Pass Pulse Trigger 4-1, 6-12, 6-102 
Pass Trigger 6-112, 6-113 
PIR: 

Data Flow 2-1 
Usage (Diagnose) 5-609 

Power-on Reset 6-7 
Product/Quotient Bit Logic, Serial Adder 4-408 
Program Interrupt Flip-Latch 5-22 
Program Interruptions 5-22 
Program Status Word (see PSW) 
Program Store Compare Exceptional Condition 5-28 
PROSAR A, Data Flow 4-105 (Sheet 2) 
PROSAR B, Data Flow 4-105 (Sheet 2) 
Protected Branch Address Trigger 5-29 (Sheet 1) 
Protection Check to CPU Latch 5-20 
PSA Access Error 4-608 
PSBAR (Preferential Storage Base Add Reg): 

Counter 4-608 
Logical: 

Data Flow 2-1 
Usage: 

Physical: 

Address Decode & Gating Logic 4-602 
Load PSBAR 5-805 
Store PSBAR 5-804 

Data Flow 2-1 
Usage: 

Load PSBAR 5-805 
Store PSBAR 5-804 

PSW Register: 
Data Flow 2-1 
Usage: 

Branching Instructions 3-4 
Status Switching Instructions 3-5 

Pulse Mode: 
Controls 6-23 
Operation 6-24 

Pulse Mode Adjust Trigger 6-23 
Pulse Mode Initialization Trigger 6-23 
Pulse Mode Setup Latch 6-23 
Pushbutton: 

Gating, Stop Loop 6-5 
Signal Generation 6-3 

Q-Register: 
Data Flow 2-1 
Usage: 

B-Field Transfer to LAL 4~201 

Branching Instructions 3-4 
I-Fetch Sequencer Control 5-15 
Instruction Requests During Early End Op 
Instruction Requests During End Op 5-2 
Operand Prefetching during End Op 5-1 
RR I-Fetch, One-Cycle 5-7 
RR I-Fetch, Two-Cycle 5-8 
RS I-Fetch, One-Cycle 5-10 
RS I-Fetch, Two-Cycle 5-12 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
RX I-Fetch, Two-Cycle Nonindexed 5-12 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
SI I-Fetch, Two-Cycle 5-12 
Status Switching Instructions 3-5 

Q-Register Refill Exceptional Condition 5-30 

5-3 

Quotient Bits, Derivation of; Fixed-Point Divide 5-110 (Sheet 4) 

R-Register: 
Data Flow 2-1 
Usage: 

B-Field Transfer to LAL 4-201 
Branch Requests 5-4 
Branching Instructions 3-4 
I-Fetch Sequencer Control 5-15 
Instruction Requests During Early End Op 5-3 

Instruction Requests During End Op 5-2 
Operand Prefetching During End Op 5-1 
R(8-11) or R(12-15) Transfer to LAL 4-202 
RR I-Fetch, One-Cycle 5-i 
RR I-Fetch, Two-Cycle 5-8 
RS I-Fetch, One-Cycle 5-10 
RS I-Fetch, Two-Cycle 5-12 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
RX I-Fetch, Two-Cycle Nonindexed 5-12 
Selection of I-Fetch Sequence 5-5 
SI I-Fetch, One-Cycle 5-10 
SI I-Fetch, Two-Cycle 5-12 
Status Switching Instructions 3-7 

RA TE Switch Logic 6-12 
·Read Direct, RDD (85) 5-607 
Read-Only Storage (~ROS) 
Read-Only Storage Address Register (see ROSAR) 
Read-Only Storage Backup Register ~ ROSBR) 
Read-Only Storage Data Register(~ ROSDR) 
Read-Only Storage Previous Address Register A and B ~ PROSAR A and 
PROSAR B) 

Read/Write Controls, Local Storage 4-301 
R(8-11) or R(12-15) Transfer to LAL 4-202 
REPEAT INSN Switch: 

Logic 6-15 
Routine 6-16 

Repeat Instruction Adjust Trigger 6-15 
Repeat Instruction Initialization Latch 6-15 
Repeat ROS Address Flip-Latch 4-101 
REPEAT ROS ADDRESS Switch Gating 6-17 
Request Sensing Logic 4-601 
Reset: 

Machine 6-7 
RESTART FLT 1/0 Pushbutton Logic 6-27 
Ripple Storage, Loop Routine 6-18 
Roller Switches 6-2 
ROS: 

Addressing: 
Drive Line Dec.ode 4-105 (Sheet 1) 
Select Line Decode 4-105 (Sheet 1) 
Sense Amplifiers 4-105 (Sheet 1) 
Sense Latches 4-105 (Sheet 1) 
Sense Line and Driver Distribution 4-105 (Sheet 1) 

Array Drivers 4-106 
Data Flow 4-105 (Sheet 2) 
ROSAR(0-5) Logic 4-101 
ROSAR(6-9) Logic 4-102 
ROSAR(lO) Logic 4-103 
ROSAR(ll) Logic 4-104 
Timing 4-105 (Sheet 1) 

ROS Microbranching, Scan Control 6-112 
ROS Test Initiate Trigger 6-26 
ROS Test Latch 6-26 
ROS Test Sequence 6-15 
ROS Test Trigger 6-112 
ROS Transfer and Repeat Address Trigger and Latch 6-17 
ROS TRANSFER Switch Gating 6-1 7 
ROSAR: 

Data Flow 4-105 (Sheet 2) 
ROSAR(0-5) Logic 4-101 
ROSAR(6-9) Logic 4-102 
ROSAR(lO) Logic 4-103 
ROSAR(ll) Logic 4-104 
Seiection of I-Fetch Sequence 5-5 
Usage: 

I-Fetch Sequencer Control 5-15 
Scan 6-101 

ROSAR Latches, Data Flow 4-105 (Sheet 2) 
ROSBR, Data Flow 4-1 OS (Sheet 2) 
ROSDR: 

Data Flow 4-105 (Sheet 2) 
Logic 4-107 

RO~DR Latches, Data Flow 4-105 (Sheet 2) 
RR I-Fetch: 

Flowchart 5-6 
One-Cycle 5-7 
Two-Cycle 5-8 

RS I-Fetch: 
Flowchart 5-13 
One-Cycle 5-10 
Two-Cycle 5-12 

RX I-Fetch: 
Flowchart 5-9 
One-Cycle 5-10 
Two-Cycle Indexed 5-11 
Two-Cycle Nonindexed 5-12 

S-Register (see ST-Register) 
SAB Parity Conversion Logic, SCI 6-10 
SADDL Parity (0-7) Latch 4-407 
Sample Pulse Trigger 5-17 
Scan Clock 6-102 
Scan Control Triggers 6-111 
Scan Counter Control Trigger and Latch 6-106 
Scan Counter Latches and Decrementer 6-104 
Scan/IOCE Interface 6-113 
Scan Logic: 

Control Triggers 6-111 
Data Flow 6-101 
FLT Clock 6-103 
FLT Counter, Decrementing 6-106 
Logout Control Logic 6-108 
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MMSC Logic 6-110 
ROS Microbranching, Control 6-112 
Scan Clock 6-102 
Scan Counter Latches and Decrementer 6-104 
Scan/IOCE Interface 6-113 
Scan-Out Bus, Data Flow 6-107 
Scan-Out Path 6-109 
Scan Storage Address Generator 6-105 

Scan MODE ROS/PROC/FLT Switch Logic 6-26 
Scan Mode Trigger and Latch 6-108 
Scan-Out Bus, Data Flow 6-107 
Scan-Out Path 6-109 
Scan-Out ROS ~SOROS) 
Scan Request Trigger 4-601, 6-105, 6-108 
Scan Storage Address Generator 6-105 
Scan Sync Trigger and Latch 4-601, 6-105, 6-108 
SCI: 

Address Decode Logic, Basic System 4-602 
Address Gating Logic 4-602 . 
CE Request Timing, Typical 4-601 
Clock Control Loiic 4-603 
CPU Sequencers 4-603 
Data Flow 2-1 
Invalid Address Logic 4-604 
Request Sensing Logic 4-601 
SAB Parity Conversion Logic 4-610. 

··Single-Cycle Mode, Servicing of Requests 4-612 
Storage Error Logic 4-606 

Segmented Clock Inhibit Latch 4-2 
Segmented Clock Storage Selected Latch 4-2 
Select Line Decode, ROS 4-105 (Sheet 1) 

· Select Register: 
Data Flow 2-1 
Usage: 

SATR 5-808, 809 
SCON 5-810 

Sense Amplifier, ROS 4-105 (Sheet 1) 
Sense Latches, ROS: 

Addressing 4-105 (Sheet 1) 
Data Flow 4-105 (Sheet 2) 

Sense Line and Driver Distribution, ROS 4-105 (Sheet 1) 
Serial Adder: 

AND Function, SLA(O) 4-406 
Carry Lookahead Logic, SAL(0-3) 4-402 
Data Flow 2-1 
Decimal Add 6 Logic 4-403 
Decimal Correction Logic, SAL(0-3) 4-403 
Exclusive-OR Function, SAL(O) 4-406 
Input Bu~ Logic 4-401 
Invalid Digit Logic 4-405 
Logical Function, SAL(O) 4-406 
OR Function, SAL(O) 4-406 
Parity Predict Logic 4-407 
Product/Quotient Bit Logic 4-408 
Usage: 

Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
Decimal Instructions 2-1 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Decimal 5~305 (Sheet 1) 
Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 

Set Program Mask, SPM (04); Stat Sw, RR 5~602 
Set Storage Key, SSK. (08); StatSw, .RR 5-605;. . 
Set System Mask, SSM (80); Stat Sw, SI 5-603 
Shift Left Double~ SLDA (8F); Fix Pt, RS 5-117 
Shift Left Double, SLDL (8D); Logic, RS 5-412 
Shift Left Single, SLA (SB); Fix Pt, RS 5-116 
Shift Left Single, SLL(89); Logic, RS 5-412 
Shift Right Double, SRDA (SE); Fix Pt, RS 5-119 
Shift Right Double, SRDL (8C); Logic, RS 5-412 
Shift Right Single, SRA (8A); Fix Pt, RX 5-118 
Shift Right Single, SRL (88); Logic, RS 5-412 
SI I-Fetch: 

Flowchart 5-13 
One-Cycle 5-10 
Two-Cycle 5-12 

Sign Data Path: 
Floating-Point Divide 5-213 
Floating-Point Multiply 5-210 

Single~Cycle Inhibit Routine 6-14 
Single Cycle Latch 6-12 
Single-Cycle Mode, Servicing of Requests by SCI 4-612 
Single-Cycle Routine 6-14 
SOROS Trigger 6-25, 6-108 
SS I-Fetch, FlOwchart 5-14 
ST Register: 

Bits 15 and 16 4-306 
Data Flow 2-1 
Usage: 

x~6 (7/70) 

Add, Subtract, and Compare, Decimal 5-302 (Sheet 1) 
Branching Instructions 3-4 
Decimal Instructions 3-3 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Fixed-Point 5-110 (Sheet 4) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 

1/0 ·Instructions 3-7 
Logical Instructions 3-3 
Multiply, Decimal 5-305 (Sheet 1) 

· Multiply, Fixed-Point 5-109 (Sheet 3) 
Multiply, Floating-Point 5-210 
RS I-Fetch, One-Cycle 5-10 
RX I-Fetch, One-Cycle 5-10 
RX I-Fetch, Two-Cycle Indexed 5-11 
Scan 6-101 
SI I-Fetch, One-Cycle 5-10 
Status Switching Instructions 3-5 

ST-Register Byte Counter (see STC) 
Start I/O, SIO (9C); 1/0, SI-5-701 
ST AT A, Set CC; Parallel Adder 4-416 
ST AT B, Positive Logic Diagram 4-501 
STAT C, Save Signs and Insert Sign; Floating-Point 5-201 
STAT D, Save Signs and Insert Sign; Floating-Point 5-201 
STAT F, Save Signs and Insert Sign; Floating-Point 5-201 
Status Switching Instructions: 

Data Flow 3-5 
Diagnose (83); SI 5-609 
Insert Storage Key, ISK (09); RR 5-606 
Load PSW, LPSW (82); SI 5-601 
Read Direct, RDD (85); SI 5-607 
Set Program Mask, SPM (04); RR 5-602 
Set Storage Key, SSK (08); RR 5-605 
Set System Mask, SSM (80); SI 5-603 
Supervisor Call, SVC (OA); RR 5-604 
Test and Set, TS (93); SI 5-609 
Write Direct, WRD (84); SI 5-607 

STC: 
Bipolar Latches 4~208 

Data Flow 2-1 
Incrementer Latches 4-208 
Positive Logic Diagram 4-208 
Triggers 4-208 
Usage: 

Decimal Instructions 3-3 
Direct Control Operation 5-607 (Sheet 2) 
Divide, Decimal 5-306 (Sheet 1) 
Divide, Floating-Point 5-213 
Fixed-Point Instructions 3-1 
Floating-Point Instructions 3-2 
Logical Instructions 3-3 
Multiply, Floating-Point 5-210 
Status Switching Instructions 3-5 

Stop Clock Trigger 4-1 
Stop Loop: 

Pushbutton Gating 6-5 
Routine 6-4 

Stop Trigger 6-6 
Storage Error Logic, SCI 4-606 
Storage Ripple Loop Routine 6-18 
STORAGE SELECT Switch Gating 6-10 

·Store Character, STC (42); Logic, RX 5-408 
Store Halfword, STH (40); Fix Pt, RX 5-114 
Store Latch 4-209 
Store Multiple, STM (90); Fix Pt, RS 5-115 
Store, ST (50); Fix Pt, RX 5-113 
Store, STD (60); Fl Pt, RX (Long) 5-216 
Store, STE (70); Fl Pt, RX (Short) 5·216 
Store to LCS Flip-Latch 5-18 
Store to Main Storage Flip-Latch 5-18 
Subtract Halfword, SH (4B); Fix Pt, RX 5-108 
Subtract Logical, SL (SF); Fix Pt, RX 5-108 
Subtract Logical, SLR (lF); Fix Pt, RR 5-108 
Subtract Normalized, SD (6B); Fl Pt, RX (Long) 5·207 
Subtract Normalized, SDR (2B); Fl Pt, RR (Long) 5-207 
Subtract Noirrialized, SE (7B); Fl Pt, RX (Short) 5-206 
Subtract Normalized, SER (3B); Fl Pt, RR (Short) 5-206 
Subtract, S (SB); Fix Pt, RX 5-108 
Subtract, SP (FB); Dec, SS: 

Complement Add Sequence 5-303 
GIS 5-301 
True Add Sequence 5-302 

Subtract, SR (lB); Fix Pt, RR 5-108 
Subtract Unnormalized, SU (7F); Fl Pt, RX (Short) 5-206 
Subtract Unnormalized, SUR (3F); Fl Pt, RR (Short) 5-206 
Subtract Unnormalized, SW (6F); Fl Pt, RX (Long) 5-207 
Subtract Unnormalized, SWR (2F); Fl Pt, RR (Long) 5-207 
Supervisor Call, SVC (OA); Stat Sw, RR 5-604 
Supervisor Call Interruption 5·23 
Supervisor Call Trigger 5-23 
Sync Latch 6-108, 6-111 
Sync Trigger 6-27, 6-108, 6-111 

T-Register ~ST-Register) 
1052 Adapter (9020E Only): 

Block Diagram 6-28 
Data Transfer-Read 6-31 
Data Transfer-Write 6-30 
Ending Sequence 6-32 
Initial Selection-Read, Write, Sense 6-29 
Sense and Status Bytes 6-33 

Test and Set, TS (93); Stat Sw, SI 5-811 
Test Under Mask, TM (91); Logic, SI 5-407 
TIC Latch 6-112, 6-113 
Time Clock at Limit Trigger 5-24 
Time Clock Step Trigger 5-17 
Timer Exceptibnal Condition 5-17 
Timing Gate Trigger 3-6, 5-607 (Sheet 2) 
Transfer In Channel (~TIC) 
Translate, TR (DC); Logic, SS 5-410 



Unpack, UNPK (F3); Dec, SS: 
GIS 5-307 
Not Word Overlap Sequence 5-310 
Word Overlap Sequence 5-311 

Wait State Gating and Microprogram 6-20 
Wait State Trigger 6-20 
Word Overlap Sequence: 

Move With Offset, MVO (Fl); Dec, SS 5-313 
Pack, PACK (F2); Dec, SS 5-309 
Unpack, UNPK (F3); Dec, SS 5-311 

Write Direct, WRD (84); Stat Sw, SI 5-607 
Write Local Store Trigger 4-301 

XV-Register: 
Data Flow 2-1 
Usage: 

Convert Weather Lines 5-905 
LM to XY Formatting 4-211 
Repack Symbols 5-902 
XY Parity Prediction 4-212 

Zero and Add, ZAP (F8); Dec, SS 5-304 

7201-02 FEMDM (7/70) X-7 
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