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PREFACE 

This is one of five volumes of the IBM 2091 Processing Unit, Field Engineering 
Maintenance Diagrams Manual {FEMDM). The organization of the FEMDM, the 
general content of each volume, and the form numbers of the five volumes are: 

Title 
Volume 1 - Diagnostic Techniques, 
ECAD's (Form Y22-6671) 

Volume 2 - Data Flow; I, FXP, FLP, 
Functional Units (Form Y22-6672) 

Volume 3 - MSCE, PSCE, MC, 
Functional Units {Form Y22-6673) 

Volume 4 - I, FXP, FLP Operations 
{Form Y22-6674) 

Contents 
DIAGNOSTIC TECHNIQUES 
Diagrams 1-1 to 1-XX 

ERROR CONDITIONS 
Diagrams 2-1 to 2-XX 

DATA FLOW 
Diagram 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 

3-8 
3-9 
3-10 

System Data Flow 
I Unit Data Flow 
Fixed Point Data Flow 
Floating Point Data Flow 
MSCE Data Flow 
PSCE Data Flow 
MC Data Flow 

PSCE Storage Channel (SC) Data 
System Control Panel 
PSCE Control Panel 

FUNCTIONAL UNITS 
Diagrams 
4-1 to 4-XX 
4-100 to 4-lXX 
4-200 to 4-2XX 

I Unit 
Fixed Point Unit 
Floating Point Unit 

FUNCTIONAL UNITS (Cont'd) 
4-300 to 4-3XX MSCE 
4-400 to 4-4XX PSCE 
4-500 to 4-5XX MC 

OPERATIONS 
5-1 to 5-XX I Unit Operations 
5-100 to 5-lXX Fixed Point Operations 
5-200 to 5-2XX Floating Point Operations 

Volume 5 - MSCE, PSCE, MC OPERATIONS (Cont'd) 
Operations; Power {Form Y22-6675) 5-300 to 5-3XX MSCE Operations 

5-400 to 5-4XX PSCE Operations 
5-500 to 5-5XX MC Operations 

POWER SUPPLIES 
6-1 to 6-XX 

Diagrams contained in this manual are referenced from the seven 2091 Field 
Engineering Theory of Operation Manuals (FETOM' s). References to FEMDM dia
grams take the form "Diagram 5-103"; references to figures in a FETOM take the 
form "Figure 3-22." The seven 2091 FETOM' s are: 

IBM 2091 Processing Unit, FE Theory of Operation Manuals: 
System Introduction, Instruction Processor, Form Y22-6622 

Power Supplies and Control, Form Y22-6623 

Console and Maintenance Features, Form Y22-6624 

Fixed Point Execution Element, Form Y22-6625 

Main Storage Control Element, Form Y22-6626 

Peripheral Storage Control Element, Form Y22-6627 

Floating Point Execution Element, Form Y22-6628 

Other FE Manuals containing information pertinent to the 2091 are: 
2091 Processing Unit, FE Maintenance Manual, Form Y22-6659 

2091 Processing Unit, 2395 Processor Storage, FE Installation Manual, 
Form Y22-6634 

Advanced Solid Logic Technology Packaging, Tools, Wiring Change 
and Repair Procedures, FE Theory-Maintenance Manual, Form Y22-6620 

Solid Logic Technology, Packaging, Tools, Wiring Change Procedur~ 
FE Theory of Operation Manual, Form Y22-2800 

Component Circuits -- SLT (Solid Logic Technology), SLD (Solid Logic 
Dense), ASLT (Advanced Solid Logic Technology), FE Theory of 
Operation Manual, Form Z22-2798 -- IBM Confidential 

Power Supplies -- SLT (Solid Logic Technology), SLD (Solid Logic 
Dense), ASLT (Advanced Solid Logic Technology), FE Theory of 
Operation Manual, Form Y22-2799 

Second Edition (March 1968) 

This edition, Form Y22-6674-1, is a major revision of and obsoletes, Form Y22-6674-0 

and FES Y22-6681. Diagrams 5-36, 5-131, and 5-132 have been added. Major changes 

have been made to Diagrams 5-1, 5-2, 5-6, and 5-122 through 5-126. Timing charts 

have been added to Diagrams 5-101, 5-102, 5-108, 5-109, and 5-112. Minor changes 

have been made to most of the remaining diagrams. New or changed diagrams are 

indicated by a page date of 3/68 and by a vertical bar to the left of the diagram number 

on the Contents page. 

Changes are periodically made to the specifications herein; any such changes will 
be reported in subsequent revisions or FE Supplements. 

This manual has been prepared by the IBM Systems Development Division, Product Pub

lications, Dept, B95, PO Box 390, Poughkeepsie, N. Y. 12602. A form for readers' 

comments is provided at the back of this publication. If the form has been removed, 

comments may be sent to the above address. 

©Copyright International Business Machines Corporation 1967, 1968 



Diagram Title 

I UNIT OPERATIONS 

5-1 Instruction Fetch 

5-2 Instruction Fetch Return and Op Register lngate Controls 

5-3, Array Word Outgate, Fetch Protect Interrupt and Step AOC, 

5-4 

5-5 

5-6 

5-7 

5-8 

5-9 

5-10 

5-11 
5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

5-18 

5-19 

5-20 

5-21 

5-22 

5-23 

5-24 

5-25 

5-26 

5-27 

5-28 

5-29 
5-30 

5-31 

5-32 

5-33 

5-34 

5-35 

5-30 

Temp Fetch Bypass 

AOC Invalid Address, Valid Trigger Turn Off, and Turn 

Off Loop Mode 
Store into Array Interlock 

Pipeline 2 and 3 Control 

Decode Cycle (State 0) Basic Interlock Check 

Floating-Point Issue Sequence 

Fixed-Point Full Word Issue Sequence 

Fixed-Point Halfword and Insert and Store Character 
Issue Sequence 

Branch on Condition Sequence (5 sheets) 

Branch on Count Sequence (5 sheets) 

Branch on Index Sequence (6 sheets) 

Branch and Link Sequence (2 sheets) 

Execute Sequence (3 sheets) 

Load PSW Sequence 

Set Program Mask and Supervisor Call Sequence 
Set System Mask Sequence 

Insert Storage Key and Set Storage Key Sequences (2 sheets) 
Read, Write Direct Sequence 

Diagnose Sequence 

Insert Character, Store Character, and Test and Set Sequence 

Load Address Sequence 

Shift Sequence 

Convert Sequence 

Timer Update Sequence 

I/O Sequence (2 sheets) 

L~I, STM Sequence (3 sheets) 

TR, TRT Sequence (5 sheets) 

NOXCM Sequence (3 sheets) 

PUMO Sequence (3 sheets) 

ED, EDMK Sequence (4 sheets) 

Interrupt Signals (3 sheets) 

Interrupt Sequencing (2 sheets) 

MOP Definitions 

I-Unit Trigger List (3 sheets) 

FIX ED-POINT OPERA TIO NS 

5-100 

5-101 

5-102: 

5-103 

5-104 

5-105 
5-106 

Add and Subtract 

Multiply (3 sheets) 

Divide (4 sheets) 

Compare 

Loads 

AND, OR, and EXCLUSIVE OR 
Store, Store Halfword, and Store Character 

Diagram 

5-107 

5-108 

5-109 

5-110 

5-111 

5-112 

5-113 

5-114 

5-115 

5-116 

5-117 

5-118 

5-119 

5-120 

5-121 

5-122 
5-123 

5-124 

5-125· 

5-126' 

5-127 

5-128 

5-129 

5-130 

5-131 

5-132 

Title 

Insert 

Convert to Binary (2 sheets) 

Convert to Decimal (2 sheets) 
Load Multiple (2 sheets) 

Store Multiple 

Shift Instructions (3 sheets) 
NI, OI, and XI Instructions 

TM and CLI Instructions (2 sheets) 

MVI Instructions 

TS Instruction 

SSM Instruction 

RDD Instruction 

WRD Instruction 

Form Y22-6674-1 

FES Y22-6730 

CONTENTS 

NC, OC, XC, MVN and MVZ Instructions (8 sheets) 
CLC Instructicn (8 sheets) 

MVC Instruction (8 sheets) 

M VO Instruction (7 sheets) 

Pack and Unpack Instructions (7 sheets) 

ED and EDMK Instructions (8 sheets) 

TR and TR T Instructions (8 sheets) 
VFL Controls 

Block Operation 

Cancelled Operation Processing 
Timer Operation 

Address Exception Interrupt 

Fixed-Point Trigger List (3 sheets) 

FLOATING-POINT OPERATIONS 

5-200 

5-201 

5-202 

5-203 
5-204 

5-205 

5-206 

5-207 

5-208 

5-209 
5-210 

5-211 

5-212 

5-213 
5-214 
5-215 

5-216 

5-217. 

5-218 

5-219 

5-220 

5-221 
5-222 

Floating-Point Operation 

FLOS Controls 

FLOS OP Decode-Go Generation 

FLOS Rl and R2 Decode 

FLR Precision Match 

FLR Availability 

FLR Outgating 

FLBB Priority and FLB Outgating (2 sheets) 

Unit Selection 

Reservation Station Ingating 

FAU Execution -- Fraction and Exponent 

FAU Sign Control 

FAU and ZET Condition Code Control 

FMDU Unit First Selection 
FMDU Normalize Control 
Multiply Execution (2 sheets) 

Divide Execution (6 sheets) 

FMDU Sign Control 
FMDU Exponent Execution 

FMDU Post Decoding and Post Shifting 

Outgates to CDB (2 sheets) 

Multiply/Divide Error Checking 
FLP M/D Residue Checking (3 sheets) 



ABBREVIATIONS 

A 

AC 

Ace 

Acpt 

Acptng 

Addr 

Adr 

Adv 

AE 

ALO 

Altr 

Amt 

AOC 

AR 

Arg 

Arg Wd 

AS 

ASLT 

ATI 

Avail 

B 

BAB 

BAC 

BAL 

BALR 

BAR 

BB 

BC 

BCR 

BCQT 

BCT 

BCTR 

BCU 

BCUNCONT 

Bd 
Bdy 
Bfr 

BIA 

BIAT 

BOM 

Br 

BRT 

BSM 

Bsy 

BXH 
BXLE 

BXQT 

BZ 

BZTP 

BZTPSCE 

BZTR 

CAB 

CAR 

CAR 

CAW 

C BACKL8 T 

C BIA T 

CBR 

cc 
CCC 

CCW 

CD 

CDB 

CDBI 

COBO 

Ch 

Chan 

Ch Fr 
Chk 

Ck 

Chn 

Cln 

CLC 

Clk 
CM 

Cncl 

Cndl 

Cnt 

co 
Comp 

Cond 

COut 

CPA 
CPC 

CPE 

Cpr 

AND 

Address Check 

Access; Accumulator 

Accept 

Accepting 

Address 

Address 

Advance 

Address Exception 

Automated Logic Diagram 

Alteration 

Amount 

Array Out Counter 

Amplifier 

Argument 

Argument Doubleword 

Accept Stack 

Advanced Solid Logic Technology 

Auxiliary Tape Input 

Available 

Bit 

Byte Address Buffer 

Buffer Address Counter 

(Mnemonic)Branch and Link (RX) 

(Mnemonic) Branch and Link (RR) 

Byte Address Register 

Bank Bit 

(Mnemonic) Branch on Condition; Bus Control 

(Mnemonic) Branch on Condition (RR) 

Branch on Condition Quick Trigger 

(Mnemonic) Branch on Count (RX) 

(Mnemonic) Branch on Count (RR) 

Bus Control Unit 
Unconditional Branch Trigger 

Board 

Boundary 

Buffer 

Branch In Array 

Back in Array Trigger 

Basic Operating Memory 

Branch 

Branch Trigger 

Basic Storage Module 

Busy 

(Mnemonic) Branch on Index High (RS) 
(Mnemonic) Branch on Index Low or Equal (RS) 

Branch on Index Quick Trigger 

Busy 

Busy-to-Priority 

Busy-to-PSCE 

Busy-to-Request 

Channel Address Bus 

Console Address Register; 

Channel Address Register 

Channel Address Word 

Condition Back Less than Eight Trigger 

Conditional Back in Array Trigger 

Console Buffer Register 

Command Counter; Condition Code 

Common Channel Control 

Channel Command Word 

Chain Data 

Common Data Bus 

Console Data Bus In 

Console Data Bus Out 

Channel 

Channel 

Channel Frame 
Check 

Check 

Chain 

Carry In 

(Mnemonic) Compare Logical (SS) 

Clock 

Conditional Mode; Console Mode; Cripple Mode 
Cancel 

Conditional 

Count 

Conditional Op 

Compare; Comparator 

Condition 

Carry Out 

Carry Propagate Adder 

Cyclic Program Counter 

Central Processing Element 

Computer 

CPU 

C QUICK T 

CR 

Crip 
CSA 

csw 
Ctl 

Ctr 

Ctrl 

CV 

CVB 

CVD 

CXR 

D 

Dbl 

DC 

Dcd 

Dcdr 

Des 

Det 

DG 

Diag 

DIG 

Disp 

Dist 

Div 

Dly 

Dlyd 

DM 

DOG 

DPC 

Dsbl 

Dt 

ow 
owe 
DWCR 

EBA 

EBAR 

EBCDIC 

EC 

ECAD 

ED 

EDMK 

EMS 
Eq 

Err 

EX 

Excpn 

Exce 

Exp 

FAU 

FE 

FEMDM 

FE TOM 

FIFO 
Fir 

FIWADFO 

FIWAMFO 

FLA 

FLB 
FI.BB 

Fld 
FLEU 

FLIU 

FLOS 

FLP 

FLR 
FLRB 
FLU 

FMDU 

FP 

FPA 

Frm 
Frac 

FS 

FSB 

Fth 

Fwd 

FXA 

FXB 

FXEU 

FXIU 

FXOS 

FXP 

Central Processing Unit 

Conditional Quick Trigger 

Control Register 

Cripple 

Carry Save Adder 

Channel Status Word 

Control 

Counter 

Control 

Converter 

(Mnemonic) Convert to Binary (RX) 

(Mnemonic) Convert to Decimal (RF) 
Console Auxiliary Register 

Displacement 

Double 

Data Check; Display Check 
Decode 

Decoder 

Designation 

Detection; Detector 

Display Gate 
Diagnose 

Data lngate 

Displacement 

Distributor 

Divide 

Delay, Delayed 

Delayed 

Diagnostic Monitor 

Data Outgate 

Display Parity Check 

Disable 

Data 

Doubleword 

Doubleword Counter 

Doubleword Count Register 

Ending Byte Address 

Ending Byte Address Register 

Extended Binary Coded Decimal Interchange Code 
Engineering Change 

Error Check Analysis Diagram 

(Mnemonic) Edit (SS) 

(Mnemonic) Edit and Mark (SS) 

Extended Main Storage (Same as LCS) 
Equals 

Enor 

(Mnemonic) Execute (RX) 

Exception 

Execute 

Exponent 

Floating Point Add Unit 

Field Engineering 

Field Engineering Maintenance Diagram Manual 

Field Engineering Theory of Operation Manual 

First-In, First-Out 
First 

First-In-With-Available-Data, First-Out 

First-In-With-Available-Memory, First-Out 

Floating Point Area 

Floating Point Buffer 

Floating Point Buffer Bus 

Field 

Floating Point Execution Unit 

Floating Point Instruction Unit 

Floating Point Op Stack 

Floating Point 

Floating Point Register 
Floating' Point Register Bus 

Floating Point Unit 

Floating Point Multiply/Divide Unit 

Fetch Protect 

Floating Point Area 
Frame 
Fraction 

False Start 

Fixed Store Bus 

Fetch 

Forward; Forwarding 

Fixed Point/VFL Area 

Fixed Point Buffer 

Fixed Point Execution Unit 

Fixed Point Instruction Unit 

Fixed Point Op Stack 

Fixed Point 



*N ote: 

Instruction fetch 
attempted e very 
machine cycle 

MCW 24 wi l l hold 
off insn fe tch tgr 

Branch taken. U B 
AOC, IR, LB se t ' 
from temp reg . Thi s 
block all ows UB to 
step over temp fetches 
that have bee n made 

UBCTR to UB . Tof Temp 
Fet ch Trigger 

NN 224 

No 

Yes 

Yes 

Yes 

N o 

U BCTR DW fet ch tag refers to the I -array fe tch tag 
corresponding to the UBCTR. The AO C fet ch tag 
wh ich is ment ioned in later flow cha rts al so refers 
to the I-a rra y fe t ch tag corresponding to th e AO C. 

Start 

No 

Tof IMRT MSCE N ot Ac.cepting 
from O perand Ppln 

DIAG RAM 5-1 . IN STRUCTIO N FETC H 

N o 

No 

IMRT is a O ne Cycle 
Trigger (O n/ O ve r 
Off) Provided MSC E 
is A ccept ing 

Yes 

Yes 

N o 

Yes 

LBCTR - LB 

Force 0 to UBCTR 
NN 177 

UB Ctr to UB , 
Ton UB Ct r DW 
Fetch Tag , Ton 
IMRT , Tof Initial 
Fetch NN 224 

End of Cycle 

N o 

Yes 

NN 224 

Yes 

No 

Force 1 to UBC TR 
NN1 77 
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"' ' "' 

Al I ow Gate Temp 
Word to Array 

NNl91 

Yes 

ISR bits 2 - 5 f 0 

Outgote Temp l Word 
NN1 21 

Also active on logout 

Outgate Temp 2 Wocd 
NN211 

N o 

Diagram 5-3 

No 

Tof Temp Fetch 2 
NN21 3 

Yes 

No 

Ton AOC Protect Tag 

NN217 

A l so acti ve on logout 

No 

No 

T of Temp Fetch 1 
NN213 

Tof AOC Protect Tag 

NN21 5 

Gate SBO to Array 
NNl71, NNl 91 

Yes 

D iagram 5-3 

Some for temp 2 

IG Temp I 
Tof Temp 1 Fetch Tog 

lg Array Word X NN173 
N o 

T of Temp I Protect Tag 

Ton Temp 1 Protect Tag 

T of Array Protect Tog 0 
NNl61 

Yes 

Tof AOC Protect Tog 
NN 217 

Diagram 5-3 

Yes 

Yes 

Step AOC NN21 5 

Ton AOC Protect Tog 
T of Temp Fetch 2 

NN217 

lngate 

I This sec tion 
repeated for al I 

I eight array words 

I co-1> 
L -~~-

29,30 = 11 

Syllable 10 Ton 
Syllable 10 Vo l;d Tg' 

NN246, NP007 

Reset ISR 

29, 30 f 00 

Proceed to Next Cycl e 

DIAGRAM 5-2. INSTRUCTIO N FETCH RETURN AND O P REG ISTER IN GATE CO NTRO LS 

No 

Tof Fetch Tag 0 
NNl61 

Yes 

Ton Array Protect Tag 0 
NNl61 

I 
_ _ _J 

No 

Yes 

(0101 ) 
= Execute 1 

See 

SBO - Op Reg, Tof 
Exec 1 Fetch Tag 

NN21 7, NN203 

SBO - op Reg 

Ton al I Va l id Triggers 
NN241 

lngote to right 
of IR ctr 

All va l id tgrs off 

(0 111 ) 

From Exec 
Diagram 5-1 5 
(S heet 2) 

= Execute 2 

See 
Diagram 5-15 

s so - op Reg, Tof 
Exec 2 Fetch Tag 

Yes 

lg oil Op Reg Syllables 
NN203 

No 

Yes 

NN 21 7, NN207 

Yes 

Step AOC 

29,30 f ll 

lngate Sy llabl e 11 
Ton Syl loble 11 
Va lid Trigger 

NN247, NP007 

29, 30 = 00 29,30 f ll 

lngate Syll able 00 
Ton Syl lab I e 00 
Valid Tri gger 

NN244, NP003 

29,30 = 00 29,30 = 11 

No 

29 = I 

lngote Sy llabl e 0 1 
Ton Syll ab le 01 
Va lid Trigger 

29, 30 f 00 

NN245, NP003 

lngcte to 
left of IR 
ct' 

Yes 

Bl ock next decode 

Diagram 5-1 5 
(Sheet 2) 

Diagram 5-3 

Next Cycle 



Proceed to 
Next Cycle 

Diagram 5-2 

Yes 

Diagram 5-2 

Yes 

No Yes 

No Yes 

No 

Outgate Array Word 
0 NNI 75 

Outgate Array Word 
I 

Outgote Array Word 
2 NN 175 

Diagram 5-2 

Yes 

Yes 

Yes 

Diagram 5-2 Tof Temp Fetch 1 

SBO to Op Reg SBO to Op Reg 

T of Temp Fetch l 

Yes No 

Ton AOC Protect Tag 

T of AOC Protect Tag 

Diagram 5-2 

Yes 

No 

Outgate Array Word 
3 

Diagram 5-2 

Program to 
Next Cycle 

DIAGRAM 5-3. ARRAY WORD OUTGATE, FETCH PROTECT INTERRUPT AND STEP AOC, TEMP FETCH BYPASS 

Yes 

Start Objectives: 

I. Outgote array word per AOC. 

2. Generate the protect interrupt signal. 

4 

No 
Yes 

No Yes 

Outgote Array Word 
4 NN195 

Diagram 5-4 

Outgate Array Word 
5 

Not Stop State · 
SIT· XECA · 
XECB·XECC ·STAT 

Yes 

Yes No 

Ton Protect 
Interrupt T gr 

NN248 

No Yes 

Outgate Array Word 
6 NN195 

Outgote Array Word 
7 NNl95 

Step AOC 
NN215 

Diagram 5-2 
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Note: 

IRCTR = 00 

Og OOA 
Og 018 

IR= 00 

Op Reg Og Triggers 
(Always outgate two syllables) 

IR= 00 
IRCTR - IR= 11 · 
01 IRCTR = 

10 

Tof Syllable 00 Valid 
Trigger NN244 

Start 

No 

No 

Tof Loop Mode 
NN232 

Start Start 

LB 

Yes 
Yes 

AOC Invalid Address 

IRCTR = 01 IRCTR = 11 

IR= 01 IR= 10 IR= 11 

Og OlA 
Og 108 

IR=Ol IRCTR= 
10 

IR=oo· 
IRCTR = 

11 

Tof Syllable 01 Valid 
Trigger NN245 

Og lOA 
Og llB 

IR = 10 IRCTR = IR = 01 · 
11 IRCTR = 

00 

Tof Syllable 10 Valid 
Trigger NN246 

IRCTR to IR, Op Reg 
Length to PS W Length 

NN082 

To Diagram 5-3 

Og llA 
Og 008 

IR= 11 IRCTR = IR = 1 0 · 
00 IRCTR = 

01 

Tof Syllable 11 Valid 
Trigger NN247 

lnsn Inv Address 
Diagram 5..:33 

DIAGRAM 5-4. AOC INVALID ADDRESS, VALID TRIGGER TURN OFF AND TURN OFF LOOP MODE 

5-4 (:1/68) 

Objectives: 

1. Control the turn off of the op reg val id triggers 
by examining bits 29 and 30 of JR and JR counter. 

2. Test for AOC invalid address. 
3. Test for the turn off loop made conditions. 
4. Test for invalid instruction address. 

Inhibit Op Reg lngate 

No 



Start 

Signal S ll S 
o r Store A 

NN279 

Ton Store Inter
lock Tgr 
Tof Instruction 
Fetch T gr N N2Z9 

Holds up 
a ll op 
decode 

On SSK, bits 20- 3 
are blocked from 
compare 

Yes 

No 

Set Store lnsn 
Array Tgr, Tof 
lnsn Fetch Tgr 

NN231 

Yes 

l . T of Request GP Pri 
2. Ton Cancel GPR 
3. Set State 0 
4 . Set Op Reg Empty 
5 . Set IR - AOC 
6. Tof BXQ BCQ Br 

Ucndl 
7. Tof Rl Og lnh Tgr 

NN230 

-~- --~---='-- ~ - - --

Tof Loop 
Mode 

NN229 

Ton lnsn 
Fetch 

NN229 

Toff Str Inter
lock Tgr 

NN229 

Rtn to No rmal 
lnsn Fe tch 

Diagram 5 - 1 

Yes 

Store into i nsn 
that caused 
loop mode 

Yes 

DIAG RAM 5 - 5 . STORE IN TO ARRAY INTER LO C K 

Stil l in 
array 

3rd Pass 

l st and 3rd 

Pass 

l . Temp-IR, UB, LB, 
AOC 

2 . Tof Loop, SIAT, LB 
-Add, +l-Add2 

3. Ton Initial Fetch 
4 . Ton NIAT 
5. Set Op Reg Empty 

Ton lnsn 
Fetch 

NN229 

NN429 

l . Tof Str lntlk Tgr 
2. Initiate DW Fetch to 

lnsn Array Per WR 
3. Ton Fetc h Tag Per 

WR 
4. Ton lnsn Fetch Tgr 

NN228 

Yes 

Start lnsn 
Fetches 

No 

Yes 

No 

Objectives : 

1, Test for a store into array condi t ion, 

2. Set up to ref e tch the affected array word or to 
reinitia lize the array. 

In MOP 
or SSK 
sequence 

Tof lnsn 
Fetch Tgr 

NN229 

2nd Pass 

l st Pass 

l . Tof Ogs --Add 
2 . Gate LB -Add 
3 . Gate IR --Save IR 
4 . Gate Save IR--Add 

Ton +l -
Add25 

NM423 

Diagram 5- 505- 3 

Ton Man Store 
Ini tialize 

NM527 

Adder-Temp 
Ton Save IR- Add 
Hot l ' s Reset 

NN228 

Turns Off Hot One to 
Adder 25, 28 , 29 , 31 
Sets T/ C Gates True 
Turns Off LB Og -
Adder 

(3 / 68) 5- 5 



Pipeline l Controls 

Start 

Ye; 

Ye; 

No 

No 

Ppln Ready NL605 

Pipeline 2 Controls 

Inhibit Output of Fetch 
Tag in Ppln 2 

NP407 

T of Fetch 
Tag in Ppln 2 

Pipeline 3 Controls 

Start 

No 

WR Avail 

Ye; 

Ye; 

T of Fetch and Store 

Tog; ;n Ppln 3 (On/ 
Off) s;gnal MSCE 
Request to SAB 

DIAGRAM 5-6. PIPELINE 2 AND 3 CONTROL 

5-6 (3/68) 

No 

Ye; 

No 

Move Ppl n 2 to 
Ppln 3 
Gate Adr__..WR 

No 

Diagram 5-11 
(Sheet 4) 

Ye; 

Ye; 
Signal Band X Available 

Signal Rl Available 

,----
T of SAR Busy per SAR 
Tag in Ppln 2 

NP419 

Tof Store Tag in 
Ppln 2 

1 

I 

------- --- _J 

Ye; 

Ton Rl Invalid 
Tgr (one cycle tgr) 

Tof Cond Tag in 
Ppln 2 

Ye; 

Start 

No 

l . lngate New Address 
to SAR n 

1. Ton SAR n Valid Tgr 

End of Operation 

Ton Condition 
Tag in Ppln 2 

No 

Ye; 

No 

Ye; 

NP421 

Ye; 



No 

Yes 

Yes 

Diagram 5-26 

Yes 

Yes 

Stop decode fo 
condition mode 
recovery action 

Start 

DIAGRAM 5-7. DECODE CYCLE (STATE 0) BASIC INTERLOCK CHECK 

No 

Yes 

Objectives: 

1. Ta check basic interlocks during decode cycle (state 0) 

Generate 
Decode 
Go Signal 

Go to flowchart for 
insn being outgated 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

per og tgr (see index)) 

Diagram 
5-5 

Diagram 
5-33 

A 

Diagram 
5-33 
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Sto into array 

interlock ck 
Diagram 5 - 5 

RUA = 0 

If B ; 0000; 
there wi 11 be 
no B input to 
odder 

If X = 0000; 
there wi 11 be 
no X input to 
odder 

1. Ga t e G PR 
Specified by 
B to Adder 

NP341 

DIAG RAM 5-8. FLO ATIN G PO INT ISSUE SEQ UEN CE 

5- 8 (3/ 68) 

No 

No 

No 

Start 

No 

Yes 

l . Gate Op Disp 
(D) to D Bfr 

2 . Gate D Bfr to 
Adder 

NP34 1 

No 

l. Gate GPR 
Specified by 
X to Adder 

NP34 1 

1. G ate WR 
to Adder for 
B Input 

NP377 

Yes 

N o 

See Diagram 5-7 
for decode cycle 
basic interlock 
checks 

Has a store 
into the instruction 
stream possibil ity 
been signa I led 

Ppln is ready when 
there is no fetch or 

store in Ppln 2 op reg 
or when the WR is 
receiving the adder 
output 

Adder for 
X Input 

NP377 

L Set CC Bit 
in O p Stage 
Reg 

NP303 

Ob jectives: 

1. To decode a nd issue a floating point instruction . 

Is F LOS Cntr 
Less Thon 8 

l. Set Hi gh Pri FLB 
(a ) Bsy 
(b) To Ppln 2 Sk Addr 
(c ) To Op Sta ge Reg 

13-1 5 
2. Set Fetch Bit in Ppln 

2 Op Reg NP303 

Step IR 

NP319 

1. Set High Pri SAR 
(a ) Bsy 
(b) To Ppln 2 SAR 
(c) To Op Stage Reg 

14, 15 
2. Set Store Bit in Ppln 

2 Op Reg NP303 

l. Gate Op Fie ld to 
O p Stage Reg N P3 19 

2. Ga te Rl Field to 
Op Stage Reg NP387 

3 . Set FLP Va lid Bit in 
Op Stage Reg N P303 

Yes 

l . Ste p FLO S 
Ctr 

N o 

N P302 

1 FLIU in 
Proce ss of a 
decre ment 

N o Yes 

1. Set Dbl Bit 
in Ppln 2 
Op Reg 

N P307 

End of 
Operation 

Set Full Bit in 
Ppln 2 O p 
Reg 

NP307 

FLP req 
spec ific ation 
interrupt 

Temp fetch 2 tgr b locks 
the issue of any store 
type insn to ensure 

that a SllS will not be 
gated into the te mp 
2 bfr 



No 

Sto into array 
interlock chec 
(Diagram 5-5) 

Specified by 
X to Adder 

P341 

. Gate G PR 
Specified by 
B to Adder 

N P34 1 

Start 

No 

Adder for 
X Input 

See Diagram 
5 - 7 for decode 
cycle basic 
interlock chks 

FXO S Cntr 
less tha n 6 

NP 77 

Adde r for 
B Input 

N P377 

DIAGRAM 5-9. FIXED PO INT FULL WORD ISSUE SEQ UENCE 

Objectives: 

1. To decode and issue a FX P fu 11 word operation. 

No 

l . Tof Loop 
Mode 

N P325 

No 

l . Set High Priority FXB 
(a) Bsy 
(b) To Ppl n 2 Op Sk Adr 
(c) To Op Stage Reg 16- 18 

2 . Set Fetch Bit to Ppln 2 Op Reg 
3 

Yes 

Yes 

FXP reg 
specification 

1 interrupt 

A 

Dia gram 5-33 

Yes 

l . Set High Prio ri ty SAR 
(a) Bsy N P303 
(b) To Ppln 2 SAR NP413 
(c) To Op Stage Reg 19, 20 NP381 

2 . Set Store Bit lo Ppln 2 O p Reg 
NP303 

l. Step IR 
NP319 

l. Set Fu ll Bit in Ppln 2 Op Reg N P307 
NP319 2 . Gate Op Fie ld to O p Stage Reg 

3 . Gate Rl Field to Op Stage Re g NP387 

I 
4 . Set FXPVolid Bit in 0 Stage Reg N P303 

l . Set CC Bit 
in O p Stage 
Reg 

NP303 

l. Step FXOS 
Ctr 

NP303 

End of 
O peration 

Inhibits further instruc t ion 
decod ing after I-box issues 
next timer pseudo- instruction 
because a n interrupt might 
fo llow 

l. Gate R2 Fld 
to Op Sta ge 
Reg 12- 15 

p l 

l . Step RUM 
(XXXX) 

NP319 

l. Step RUA 
(XXXX) 

NP315 

l. Step RUA 
(XXX l) 

NP315 

l . Sto re into 
50 

NL579 

Diagra m 5 - 26 

(3/ 68) 5- 9 



No 

Sto into array 
interlock chec 
(Diagram 5-5) 

Specified by 
X to Adder 

41 

• Gate GPR 
Specified by 
B to Adder 

NP341 

2. 

Start 

No 

1. 

See Diagran 
5-7 for decode 
cycle basic 
interlock chks 

RUA" 0 

FXOS Cntr 
less than 6 

DIAGRAM 5-9. FIXED POINT FULL WORD ISSUE SEQUENCE 

Objectives: 

1. To decode and issue a FXP full word operation. 

No 

1. Tof Loop 
Mode 

NP325 

No 

Yes 

1. Set High Priority FXB 
(a) Bsy 

Na 

(b) To Ppln 2 Op Sk Adr 
(c) To Op Stage Reg 16-18 

2. Set Fetch Bit to Ppln 2 Op Reg 
3 

Yes 

Yes 

A 

FXP reg 
specification 

1 interrupt 

Diagram 5-33 

Yes 

1. Set High Priority SAR 
(a) Bsy N P303 
(b) To Ppln 2 SAR NP413 
(c) To Op Stage Reg 19, 20 NP381 

2. Set Store Bit ta Ppln 2 Op Reg 
NP303 

1. Step IR 
NP319 

1. Set Full Bit in Ppln 2 Op Reg NP307 
2, Gate Op Field to Op Stage Reg NP319 

3. Gate Rl Field to Op Stage Reg NP387 

i 
4. Set FXPVal id Bit in 0 Stage Reg NP303 

1. Set CC Bit 
in Op Stage 
Reg 

NP303 

1. Step FXOS 
Ctr 

NP303 

End of 
0 ration 

Inhibits further instruction 
decoding after I-box issues 
next timer pseudo-instruction 
because an interrupt might 
follow 

1. Gate R2 Fld 
to Op Stage 
Reg 12-15 

1 

I. Step RUM 
(XXXX) 

NP319 

1. Step RUA 
(XXXX) 

NP315 

I. Step RUA 
(XXXI) 

NP315 

1. Store into 
50 

NL579 

Diagram 5-26 

(3/ 68) 5-9 



A check for FXB A, B, C, D 
availability is made only for 
insert char insn. \A/hen a half-I 
word insn is decoded a check I 
for any FXB is performed. 

l. Set CC Bit in 
Op Stage Reg 

NP303 

1. Tof Loop 
Mode 

NP323 

1. Step FXOS 
Ctr 

NP303 

Yes 

No 

Sto into array 1 
interlock 
check 
Diagram 5-5 

1. Set Char Bit 
In Ppln 2 Op 
Reg 

NP307 

l. Set Hig 

Yes 

(a) Bsy NP303 
(b) To Ppln 2 Op Reg NP413 
(c) To Op Stage Reg 

16-18 NP3Bl 
. Set Fetch Bit in Ppln 

2 0 Re NP303 

l. Step IR 

NP319 

l. Gate Op Field to Op Stage 
Reg NP319 

. Gate Rl Field to Op Stage 
Reg NP387 

. Set Fix Valid Bit in Op 
Stage Reg NP303 

Yes 

Yes 

No 

No 

Yes 

No 

No 

No Yes 

1. Set High Priority SAR 
(a) Bsy NP303 
(b) To Ppln 2 SAR NP413 

(c) To Op Stage Reg 19,20 
NP38l 

2. Set Store Bit in Ppln 2 Op 
Reg NP303 

See Diagram 

~-7 for decode 
ycle basic 
nt~rlock check 

l. Set Ha If Bit 
In Ppln2 Op 
Reg 

NP307 

End of 
otion 

0\1',(;ll,AJ;.i-1,ll. rn1.rn ~OlNT HALFWORD AND INSERT AND STORE CHARACTER ISSUE SEQUENCE 

5-10 (3/68) 

Objectives: 

1. To decode and issue a fix point halfword instruction. 
2. To decode and i$$Ue a insert and store character instruction. 

l. Gate GPR 
Specified by X 
to Adder 

NP341 

l. Gate GPR 
Specified by B 
to Adder 

NP341 

No 

No 

l. Gate Op Reg 
Displacement 
(D) to D Bfr 

2. Gate D Bir to 
NP341 

Yes 

No 



Wait for 
re solution of 
branch on 
condition test 

I. Gate D to D Bfr 
2. Gate D Bfr to Adder 
3. Gate G PR Speci fi ed 

by B to Adde, 
NP341 

1. Gote G PR 
Spec ified by 
R2/ X to 
Adde,NP341 

Yes 

No 

No 

Cond Mode 
Tg,On(G IOI 

No 

I . Gote LB Reg 
ta Adder 

2. Go te IRCTR 

1. 

to Adder 
NP333 

1. Gote RI to CC 
Mosk Reg 

2. Tof IF Tg' (D70) 
3. Set Stote I (D I03) 

NP333 

Sheet 3 

Does RU A for 
th ;s GPR = 0 

l .Gate D to D Bfr 
2. Gate D Bfr to Adder 
3.Gote G PR Specifled 

by B to Adde' 

Did this BC 
Establ ish 
Loop Mode 

41 

No 

No 

Addr Gen New 
IC {used if no 
branc h) 

State 1 · 
BC cond 

DIAG RAM 5-11. BRA NCH O N CO NDITIO N SEQUENCE (SHEET I O F 5) 

format contains zero, 
the bra nch instruction 
is equivalent to a 
no- operation 

information currently 
in the temp bfrs 

Sta into array 
interlock ck 
Diagram 5-5 

Yes 

.Gote GPR 
Specified by 
R2/ X to Adde 

NP34 1 

I. Step IR 

NP333 

No 

No 

Yes 

1. Ton BC Uncond 
Tgr (E103) 

2. Tof IF Tgr (D70) 
3. Set Stote 2 (D102) 

N P333 

Shee t 2 

Yes 

No 

BC is target 
of Exec 

No Op 

Objectives: 

1. Decode and process a BC inst ruction. 
2. Check a ll interlocks which may cance l the execution 

of this instruct ion. 
3. Esta blish condi tion mode if the condition code is not 

immediate ly va lid. 
4. Establish on uncondi t iona l branch when the M 1 
(four bit mask) fie ld in the BC instruction format conta ins 
al l ones. 
5. If conditions permit, esta blish loop mode. 

No Op a nd Pipel ine Dra in 

Unconditional 
branch 

Sta te 2• 
no temp 
fetc hing 

No 

1. Gate D to D Bfr 
2. Gate D Bfr to Adder 
3. Gate GPR Specified 

by B to Adder 
N P341 

State l• 
temp 
fetch ing 

Yes 

Operation 

1. Ton BC Uncond 
Tgr (E 103) 

2 . Tof IF Tg' (0 70) 
3. Se t Stote I (D 103) 

N P333 

Sheet 2 

I. Gote SLT Reg to 
AOC 

2 . Set Op Reg Empty 
3 . Ga te SLT Reg to IR 

(This action a lso 
causes N IA T to turn 
on) N P333 

End of 
Operation 

(3/ 68) 5- 11 (1 of 5) 



Sheet 1 Sheet I 

--------------- --------~--- -----------~1----

No 

1. Gate Adder t(.I WR (Target) 
2 . Set T/ C Bit to Compl 
3. Ga te +1 to Adder 31 
4. G ate WR to Adder B Input 
5. Reset Og T grs to Adder (See 

Notes on Sheet 5) 

l. Gote -f-] to 
Adder 25 

No 

NfV\027 

NM027 

Fetch target -t l 
since target is 
outside of a rray 

1. Set Ppln 3 Op Dbl Bit (J 8 1) ond 
Fetch Bit (J 82) 

2. Gote Temp 2 Sink Adr to Ppln 3 
Op Reg (J79, 80) 

3. Ton Fetch Tog for Temp 2 Bfr (G74) 
4. Ton Temp Fetch Mode Tgr (FlOl) 

NMOOl 

Yes 

I. Ton Temp Fe tch Tgr (D72) 
2. Ton Temp Fetch 1 Tgr (F 102) 

No 

3. Ton Temp Fetch 2 T gr (F 103) 
4. Tof TFM Tgr (F10 1) 

I. Gote WR to UB, LB, AOC ond 
Back < 8 will not be set if; (Branch 

i nsn dbl wd adr = target dbl wd adr) . 
(Branch insn does not end on dbl wd 
boundary) 

5. Gote Temp Reg to LB, UB, AOC, 
and SL T Regs 

6. Set B < 8 per Adder 
7 . Set Stote 4 (DI 01) 

NfV\047 

SL T Regs 
2. Ton Initial Fetch Tgr (0 7 1) 
3 . Set Bock < 8 per Adder 
4. Set Stote 4 (DI 01) 

NfV\047 

Forward 
bronch 

Yes 

Sto into array 
interlock ck 
Diogrom 5 -5 

Br in Array Test 

No 

I. Ton BIA 
Tgr (F l06) 

NM001 

1. Ton Back< 8 
Tgr (F105) 

NNOOI 

Branch insn 
in history 
portion of array 

No 

1. Gate Adder to WR 
(Torget) 

2 . Reset Og T grs to 
Adder (See Notes 
on Sheet 5) NM003 

1. Gote Temp Reg to Adder B Input 
2. Set T/ C Bit to Compl 
3. Gote + l to Adder 31 

No 

1. Gate +l to 
Adder 25 

NM005 

I. Gote LB Reg to Adde 
2. Gote I RCTR to Adder 

l. Gate Adder to Temp Reg 
( Save Target) 

2. G ate WR to Adder (Target) 
3. G ate +l to Adder 28 
4. Ton Fetch Tag For Temp 1 Bfr (F74) 
5. Set Ppln 3 Op Dbl Bi t (J87) ond 
6. Fetch Bit (J82) 
7 . Gate Temp 1 Sink Adr to Ppl n 3 

Op Reg (J80) 
NMOOI 

For back 
<8 test 

3. Set Stole 3 (Dl02, 
103) 

Fetch target 
and generate 
address for 
target +1 

NM027 

l. Hot ls Reset 
(See Notes on 
Sheet 5) 

2. Ton IF Tgr (D70) 
NfV\045 

N o Yes 
~------------~ -~----

Yes 

I. Gote WR to IR o nd AOC Regs 
2. Set Op Reg Empty 
3. Br Tgr Reset (See N otes on Sheet 5 

for defini tion) 
4. Se t State 0 

NfV\047 

1. Gate WR to 
SLT Reg 

NM047 

1. Gate WR to 
LB Reg 

2. Ton Loop Tgr 
(El02) 

Initia lize to 
target in 
array 

1. Gate Temp Reg to IR and AOC Reg 
2 . Br T gr Reset (See Notes on Sheet 

5 for def inition) 
3. Set Op Reg Empty 
4 . Set State 0 

I. Gate Temp Reg 
to SLT 

N M045 

1. Gate Temp Reg to 
LB Reg 

2. Ton Loop Tgr 
(E l02) 

N M045 

NM045 

1. Ton loop Mode 
Tgr (E l02) 

NM047 

1. Reset SLCB Reg to 
0000 

2. Gote X to SLCX Reg 
3. Go te IR to SLC IR 

NfV\047 

Set LB to 
target addr 

1. Br Tgr Reset (See Notes on Sheet 5 
for definition) 

2. Se t O p Reg Empty 
3. Gate SLT to IR (This action a lso 

causes NIAT to turn on) 
4 . Tof Loop Mode Tgr (E l02) 
5. Set State 0 

NN043 

DIAG RAM 5- 11. BRANCH ON CON DITIO N SEQUENCE (SHEET 2 O F 5) 

5- 11 (2 of 5) (3/ 6 8) 

No 

I. Gote B to SLCB 
(Overrides 
Reset) 

NfV\045, 047 

Yes 

l. Decode and Issue 
Target lnsn 

End of 
O pera tion 

Cyc les are dependent upon storage access time 



Save address 
for backup 

l. Gate R2/ X to SLCX 
Reg 

2. G a te IR to SLCIR 
3. Reset SLCB Reg 

NM005 

No 

l. Gate B to 
Yes SLCB Reg 

(Overrides 
Reset} 

I, Set Ppl n 3 Op Dbl 
Bit (J8 I) and Fetch 
Bit (J82) 

2. Ton Fetch Tag for 
Temp l Bfr (F7 4) 

3. Gate Temp I Sink 
Addr to Ppl n 3 Op 
Reg (J BO) 

4. Ton TFM Tgr (F 10)) 
5 . Og Ppln 3 and 

WR to MSCE 
NM005 

NM005 

3, Temp I 
fetch (targe t) 

-- -- -- ---==~~==~ 

CB<8 will not be set i 
(Branch insn dbl wd = 
target dbl wd addr}. 
(Branch insn does not 
end on dbl wd 

bounder ) 

I. Se t C B< 8 
Per Adder 

NM027 

No 

No 

DIAG RAM 5- 11. BRANCH O N CO NDITI O N SEQUENCE (SHEET 3 OF 5) 

Sta into array 
interlock check 

, Diagram 5-5 

Sheet 1 

No 

1. Gate Adder to 
Temp Reg and WR 

2. Reset Og Tgrs to 
Adder (See Notes 
on Sh eel 5 for 
definition) NM005 

Save 11Wrong Guess 11 

address - New IC 
(N +I) if in loop mode 
target if not in loop 
mode 

No 

1. Gate +l to 
Adder 25 
(G 88) 

NM005 

Yes 

l • Gate WR to Adder 
2, Gate LB to Adder 
3. Gate IRCTRto Adder 
4. Set T/ C Bit to 

Comp l (GBO) 
5 . Gate +l to 

Adder 31 (G92) 
6. Set State 2 (D102) 

NM005 

No 

Yes 

No 

IC - target 
. (for back 

<8 test) 

L __ 

No 

Yes (Br in Array} 

Genera te target 
+ 1 address 

1 . Gate +I ta 
Adder 28 (G90} 

2, Ton Fetch Tag for 
Temp 2 Bfr (G74) 

3 . Gate Temp 2 Bfr 
Sink Address to 
Ppl n 2 O p Reg 
(J79 , 80) 

4. Se t Db l (H87) and 
Fe tch (H82) Bits 
into Ppln 2 Op Reg 

5. Gate WR to Adder 

NM027 

l. Ton Cand Mode Tgr 
(G lOI ) 

2 , Ton C Quick Tgr 
(J IOI ) 

3. Tan CBIA Tgr 
(JI03) 

4. Gate SLT Reg to 
AOC Reg 

5 . Gate SLT Reg to IR 
(Th is action also 
causes NI AT to 
Turn On ) 

6 . Se t Op Reg Empty 
7 , Se t State 0 

NM005 

Sheet 4 

I . Ton C BIA Tgr 
(Jl02) 

2 . Tof TFM Tgr 
(F lOI ) 

N M027 

l • Hot h Reset (See 
N otes on Sheet 5 
for defi n it ion} 

2 . Ton Cond Mode 
Tgr (G IOl ) 

3. Se t State 0 
4. Step IR 

NM027 

Sheet 4 

(3/ 68) 5- 11 (3 of 5) 



Wrong 
Guess 

Yes 

I. 

Inner loop; ou ter 
loop m1..st be 

BCT or BX 

End of 
Opera tion 

No 

Sheet 3 

I . Gate Adder to WR 
2. Set Ppln 3 Op Reg 

from Ppln 2 Op Re 
3. Og Ppln 3 Op to 

MS<:E NP405 

1. Decode Instructions a nd Issue to 
Appropriate Area Conditionally 

2. Som pl e CC with Marl< Reg Each 
Cycle to Determine Outcome of 
Branch 

3. Block Decode of Instructions 
when CC becomes Valid 

Yes 

Ppln 2 ond 
Ppln 3 control 

1. Decode down "no branch" FXJfh 
if not in loop mode 
Decode down branch path 
if in loop mode and IR= SLCIR 

0 
1 
2 10 
3 11 

No 

Wrong 

Guess 

l. Ton Ac t ivate 
Tgr (G103) 

2. C Tgr Rese t (See 
Note on Sheet 5) 

Wi ll turn off Cndl 
mode and a llow 
nor ma 1 process ing 

NM065 

1. Ton Temp Fetch Tgr 
(D72) 

2, Ton Temp Fetch 1 

No 

No 

Yes 

l. Tof l oop Tgr * 
(E 102) 

Cycles ore dependent upon the time it 
tokes for the CC to become va lid . 

•llJlll)~iijii-itii'l,C:.;_1 Tgr (F 102) 
3. Ton Temp Fetch 2 

1. Ton lnit · 
Fetch T9r 
(D71) .• ' 

NM06"3 

In itialize 
array 

Tgr (F103) 
4. Tof Initial Fetch 

Tgr (D71) NM063 

Sheet 5 * Note: l oop Tgr on over off. 

DIAGRAM 5- 11, BRANCH ON CO NDITIO N SEQUENCE (SHEET 4 OF 5) 

5- 11 (4 of 5) (3/ 68) 



Notes: 

l. Reset Og to Adder = G PR Reset and Hot ls Reset 
2. GPR Reset = (a) Tof R 1 Og Tgrs 

(b) Tof X/R2; B; D; Og Tgrs 
(c) Tof WR Og Tgrs 
(d) Tof Temp Reg Og T grs 

3. Hot is Reset = (a) Se t T/ C Tgr to T 
(b) Tof +1 to Adder 3 1; 29; 28; TAT; and 25 
(c) Tof SVIR Og Tgr 
(d) Tof LB Og Tgr 
(e) Tof I RCTR Og T gr 

4. Br T gr Reset = (a) Tof Br T gr 
(b) Tof BIA Tgr 
(c) Tof BIA 1 Tgr 
(d) Tof B<8 Tgr 
{e) Tof Exec T gr 
(f) Tof BCUNCON Tgr 

5. C Tgr Reset = (a) Tof Cond Tgr 
(b) Tof CBIA Tgr 
(c) Tof CB<8 Tgr 
(d) Tof C Quick Tgr 
(e) Tof TFM Tgr 

See 
Diagram 5-2 
and 5- 3 

Op reg 
valid 

DIAGRAM 5- 11. BRANCH O N CONDITIO N SEQUENCE (SHEET 5 OF 5) 

Sheet 4 

l. Ton Cance l Tgr (G104) 
2. Issue Cance l Signal to 

Execution and MSCE 
Areas for Cond it ionally 
Issued Instruct ions 

3. Generate Stop Decode 
for Ca ncel Signa l (See 
Diagram 5 -7) 

4. Set State 0 
5. Br T gr Reset (See 

Notes.) 
6 . Tof Rl Db l Sink Tgr 

(D 106) NM063 

1. Generate 
Inhibit AOC 
Step Signa l 

NM063 

l. Gate Temp Reg to IR and 
AOC Reg (Temp Reg to 
IR Transfer is not 
blocked by Sii Sor Store 
A Signal) 

2. Ton NIAT (E73) 
3. Set Op Reg Empty 
4. Tof BAL Tgr (E 104) 
5. Tof SVRl Og Tgr (H105) 
6. Tof Rl Og lnh Tgr (H106 
7. Ton IF Tgr (D70) 
8. C Tgr Reset (See Notes.) 

NM063 

1. Set Op Reg Og 
Tgr According 
to IR 

l. Decode Ta rget 
When It 
Becomes 
Available 

End of 
Operation 

Wrong guess; 
Cance l instructions 
issued to FXA, FLA 
since BC 

Diag ram 5-6 

- ---~~--------------

Because N IAT is 
on 

(3/ 68) 5-11 (5 of 5) 



1. Gate Rl to 
save Rl 

NP325 

Yes 

1. Tof Loop 
T gr (E 102) 

NP325 

No 

No 

1 . Gate D to D Bfr 
2 . Gate D Bfr to Adder 1. Gate Rl to Adder 
3 . Gate GPR Spec ified 

by B to Adde r 
NP341 

2. Set T/ C Tgr to Camp i 
3 . Tof IF Tgr (D70) 
4. Set State 2 (Dl02) 

1 • Gate G PR Specified by R2/ X to 
A~ITT NP~l 

2 . Tof IF Tgr (D70) NP331 
3. Set State 1 (Dl03) NP331 

Sheet 3 Shee t 2 

DIAGRAM 5- 12 . BRANCH ON COUNT SEQUENCE (SHEET 1 OF 5) 

Objectives: 

1. Decode and process a BCT instruction. 
2. Check a ll interlocks which may cancel the execution of this instruction. 
3 . Condition mode must be removed before processing of the BCT instruction con be comp le ted. 
4 . The BCT instruction con either break, estab lish, or retain a loop mode of operation . 

Wait for completion of data moves; 
from temp buffers to I array and op reg; 
this ensures that the pre-fetching to be 
accomplished wi ll not override valid 
information currently in the temp bfrs 

Yes 

NP341 
NP331 
NP331 
NP331 

Yes 

See Diagram 
, 5-7 for decode 

cycle basic 
interlock check 

Store into array 
interloc k check 
Diagram 5-5 

No 

1 . Gate R 1 to Adder 
2 . Set T/ C Tgr to Campi 
3. Ton BCQ Tgr (E 106) 
4 . Ton Req GP Priority Tgr 
5 . Set State 1 Dl03 

Sheet 2 

Yes 

Yes 

NP341 
NP33 1 
NP331 
N P331 
NP331 

Wait for reso
lution of branc h 
on condition 
test 

No 

Yes 

1. Gate Rl to Adder (Count) 
2. Set T/ C Tgr to Campi 
3. Ton Req G P Priori ty Tgr 
4 . Set State 3 (D102, D103) 

Sheet 2 

N P341 
NP331 
NP331 
NP331 

(3/ 68) 5-12 (1 of 5) 



Sheet I, 3 Sheet I 

--- --------------- --- - - --- -~-------------- ------------- ---------- -- - -----------

l . Gate D to D Bfr 
2 . Gate D Bfr to 

Adder 
3. Gate B to Adde r 

1. Gate Adde r to WR 
(Coont) 

2 . GPR Rese t 
3. Hot ls Reset 
4. Set Sr T gr per 

Adder NM029 

Yes 

1 • Gate Temp to Adder 
2 . Gate LS to Adder 
3 . Gate IRCTR to Adde< 
4. Set T/ C Bit to Campi 
5. Gate +l to Adder 31 
6 . Set State 5(0 I 01 , I 03) 

NM029 

See notes on 
Sheet 5 for 
definition of 
hot l s reset and 
GPR reset 

1. Gate WR to 
Adder 

2. Ton IF Tgr (070) 
3. Set State 6 

NM029 

-~----~--~---->-~--~-----~-

I. Tof Req G P Pri Tgr 
2 . Ton SVRI Inv Tgr 
3. Ton IF Tgr (0 70) 
4. Tof TFM Tgr (FIOI) 
5. Br T gr Reset 

Set State 0 
7. Step IR 

NM043 

End of 
O peration 

No 

See notes on 
Sheet 5 for 
definition of 
hot ls reset and 
GPR reset 

ee note on 
Sheet 5 for 
definition of 
br t r reset 

No 

Yes 

I. Gate RI to Adder 
2. Set T/ C BH to 

Com pl 
3. Ton IF Tgr (0 70) 
4. Set State 6 

(DIOI, 102) 

G 

NM04 l 

Sheet 5 

DIAGRAM 5- 12 . BRANCH O N CO UNT SEQUENCE (SHEET 2 OF 5) 

5- 12 (2 of 5) (3/ 68) 

Yes 

I. Gate Adder to WR 
2. Gate WR to Adder 
3 . Gate LB to Adder 
4. Gate I RCTR to 

Adder 
5. Set T/ C Bit to Compl 
6. Gate + l to Adder3 l 
7 . Set State 5 

(DIO I, 103) 

Sheet 4 

IC minus target 
address for bac k < 
check 

G 

Shee t 5 

1 . Gate Adder to WR 
2. GPR Reset 
3. Hot ls Reset 
4. Set Br Tgr per Adder 
5. Set Op Reg Empty 
6. Gate SLT to IR, 

AOC 
7 . Gate IRCTR toSVIR 
8. Set State 2 
9. Ton NIAT 

NM021 

I. T of Reg GP Priority 
Tgr 

2. Ton SVRl Inv Tgr 
(0105) 

3 . Ton IF Tgr (070) 
4 . Tof BCQ Tgr (El06) 
5. Br Tgr Reset 
6. Set State 0 

NM025 

Yes 

I. Set Op Reg Empty 
2 . Gate SVIR to IR, 

AOC 

NM025 

End of 
Operation 

Sto into a rray 
interlock check 
Diagram 5-5 

ee Notes on 
Sheet 5 for 
definition of 
Hot ls reset and 
GPR reset 

1. Inhibit 
AOC (Step 
and fill Op 
Reg)NM023 

ee no es on 
Sheet 5 for 
definition of 

Decode 
Targe t lnsn 

End of 
0 erotion 

Sheet I 

I . . Gate Adder to WR 
2. Tof Req GP 

Priority Tg r 
3. Ton SVR l Inv Tgr 

(0105) 
4 . Hot Is Rese t 
5. Set State 0 
6 . Step IR 

NM047 

End of 
Opera tion 

Sto into a rray 
interlock c hec 
Diagram 5-5 



- --- - --

. or 1 

. ore mo or 
ray interlock 
check 
Diagram 5-5 

Sheet 

Yes 

ray interlock 
check 
Diagram 5-5 

See Note on 
Sheet 5 for 
definition of 
G PR reset 

I. Gote X to SLCX Reg 
2. Reset SLCB Reg 
3. Gote IR to SLCIR 
4. Gote WR to SLT Reg 

NM02 1 

No 

I. Gote IRCTRto SVIR 
2. Set Op Reg Empty 
3. Gote WR to AOC, IR 
4. Set Stole 2 (D 102) 

5. Ton NIAT 
NM02 1 

Sheet 2 

1. Ton Req GP Prior ity Tgr 
NM003 

2. Ton BCQ Tg' (El06) 
NM003 

3. Gote RI to Adde, NMOO J 
4. Set T/ C B;t to Compl 

NMOO J 
5. GPR Rese t NMOO J 

I. Gote Adde' to WR 
2. Hot l s reset 
3. G PR reset 
4. Set Br Tgr per Adder 

NM02 1 

BCT • Loop· 
OuiCk · BIA 

Fetch target 

I. Tof BCQ Tg' (E 106) 
2. Gate Temp Reg to Adder 
3. Gote LB Reg to Addec 
4. Gote I RCTR to Adde' 
5. Set T/ C B;t to Compl 
6. Gate + 1 to Adder 3 1 
7. Set Stote 5 (D 10 I, 103) 

NM021 

~Lo~e .. : 
Quick· BIA 

Sheet 4 

DIAG RAM 5- 12. BRANCH O N COUNT SEQUE NCE (SHEET 3 OF 5) 

Yes 

l. Ton Fetch and Double Bits 
in Ppln 3 Op Reg 

2. Ton Temp 1 Buffer Fetch 
Tag (H74) 

3. Set Temp 1 Buffer Sink Adr 
;nto Ppln 3 Op Reg (J8 1) 

4 . Og Pp ln 3 Op Reg ond WR 
to MSCE 

5. Gate Adder to Temp Reg 
6 . Gate WR to Adder 
7. GPR Reset 
8. Gote + 1 to Adde' 28 

NMOO l 

Yes 

Fetch 
target + l 

l. Ton Fetch and Double Bits 
in Ppln 3 Op Reg 

2. Ton Temp 2 Buffer Fetch 
Tag (G74) 

3. Set Temp 2 Buffer Sink 
Addr into Ppln 3 Op Reg 

4. Ton Temp Fetch Mode 
Tg' (D72) 

See Notes on 
Sheet 5 fo' def 
r hot ls reset 

N MOOJ 

1. Hot ls Reset NM003 
2. GPR Reset NMOO I 
3. Set T/ C B;t to Compl 

NMOO I 
4. Outgote Rl to Adder 

NMOOI 
5. Set Stote 2 N M003 

Sheet 2 

(3/ 68) 5- 12 (3 of 5) 



fini t ion of br 
tgr reset 

1. Tof Req GP Pri Tgr 
2. Ton SVRI Inv Tgr 

(0105) 
3. Ton IF Tgr (D70) 
4 . Tof TFM Tgr 
5. Br T g r Reset 
6 . Set Sta te 0 
7. Step IR 

NM041 , 043 

See Notes on Sheet 5 
for definition of G PR 
reset ond hot ls reset 

1 . Gote R 1 to Adder 
2 . Set T/ C Bit to 

Comp! 

No 

3 . Ton IF Tgr (0 70) 
4 . Set Stole 6 (0101, 

102) 

NM041 

1 . GPR Reset 
2 . Hot ls 

~=~-=-=~~==~---.!------ - - - - -

End of 
O pe ration 

DIAG RAM 5-12. BRANCH O N COU NT SEQ UENC E (SHEET 4 OF 5) 

· 5 - 12 (4 of 5) (3/ 68) 

Sheet 5 

Yes 

Yes 

No 

1. Ton Temp Fet~h 
Tgr (D72) 

2. Ton Temp Fetch 1 
T gr (F74) 

3. Ton Temp Fetch 2 
Tgr (G74) 

4 . Tof TFM T gr 

1 . Ton Initial 
Fetch T gr 
(D7ll 

NM041 

1. Gote Temp 
Reg to UB, LB, 
SLT, a nd AOC 
Regs 

NM041 

NM04 1 

No 

1. Gate WR to UB, 
LB, SLT, a nd AOC 
Regs 

2. Ton Initial Fetch 

Tgr (D71) NM041 

l . Set back < 8 T gr 
per Adde r 

2 . G ate R 1 to Adde r 
3 . Se t T/ C Bit to 

Comp! 
4 . Ton IF Tg r (070) 
5. Set State 6 

NM041 

Yes 

1. Ton BIA 1 
Tgr (F107) 

NM041 

Back < 8 tg r wi I not 
be set if : (Bronch ins 
dbl wd adr = target 
dbl wd adr). (Bronch 
i nsn does not end on 
db.I wd boundo 

-~- - - - - -- -------- - - --



l. Ga te Adder to WR 
2. Tof Req GP Priority 

Tgr 
3 . Ton SVRl Inv Tgr 

(Dl05) 
4. Ton IF Tgr (D70} 
5. Tof TFM T gr 
6. Br T gr Reset 
7 . Step IR 
8 . Set State 0 

End of 
Ope ration 

a it for reso-
1 uti on of branch 
n condition 

test 

NM045 

NM043 

NM043 
NM043 
NM043 
NM043 
NM043 
NM043 

l . Ton Req GP 
Priori ty 
Tgr 

NM043 

See Notes for 
definition of 
br tgr reset 

Sheets 2, 4 

Yes 

No 

No 

l. Gate Adder to WR 
2 . Tof Req G P Priority T gr 
3. Ton SVR l Inv Tgr (D105} 
4. Tof Loop Tgr (El02) 
5 . Br T gr Reset 
6. Set Op Req Empty 
7, Se t State 0 

l. Gate WR 
to IR and 
AOC ~egs 

- NM045 

to LB and . 
SLT Regs 

NM04 

NM045 

-- ---- -- -- -- --- --- - -- ---- --- --- - - - ---
Notes : 

l . G PR Rese t = (a} Tof Rl Og Tgr (c ) Tof WR O g Tgr 
(b) Tof X/ R2; B;D Og (d) Tof Temp Reg Og Tgr 

Tgrs 

2 . Hot ls Reset = (a} Set T/ C Tgr to T (d) Tof IRCTR Og Tgr 
(b} Tof SVIR Og Tgrs {e) Tof + l to Adder 31, 29, 28, TAT, 25 
(c ) Tof LB Og Tgrs 

3 . Br Tgr Reset = (a) Tof Br Tg r 
(b) Tof BIA Tgr 
(c ) Tof BIAl Tgr 

{d} Tof Back<8 T gr 
(e) Tof Exec B Tgr 
(f) Tof BCUNCO NT 

4 . Minimum time from request to a ccept is 2 cyc les. 

5. C P request off and priority granted causes fixed point 
executi on unit to gate WR into G PR. 

DIAGRAM 5-12. BRANCH A ND COUNT SEQ UEN CE (SHEET 5 OF 5} 

Yes 

l . Decode and 
Issue Target 
lnsn 

Operation 

No 

l, Gate Temp 
Reg to IR, 
AOC Reg 

NM045 

1. Gate Temp Reg 
to LB ond SLT 
Regs 

NM045 

1. Ga te 0 to S LCB Reg 
2 . Gate X to SLCX Reg 
3. Gate IR SLCIR 
4. Ton Loop Tgr 

No 

l . Gate SLT 
to IR 

2. Ton NIAT 
NM045 

1. Gate B to 
SLCB Reg 

NM047 

-- -- - - -- ----

---- - - ~·--- ... ------

(3/ 68) 5-12 (5 of 5) 



Yes 

l. Tof Loop 
Tgr (E l02) 

NP324 

Yes 

l. Ton BXLE 
Tgr (El05) 

NP335 

l. Gate D to D Bfr 
2. Gate D Bfr to Adder 
3. Gate GPR Spec ified 

by B to Adder 
4. Tof IF T gr (D70) 
5. Set State l (D l 03) 

Start 

l. Gate Rl to 
Save Rl Reg 

NP325 

No 

NP34 1 
NP341 

NP34 l 
NP33 l 
NP33l 

No 

Ge nerate 
Target 
Address 

BX· Quic k · 
State l 

See Diagram 5- 7 
for decode eye le 
basic interlock 
check 

Wait for compl etion of data 
move . This ensures that the 
pre-fetching to be 
accomplished wi 11 not 
override valid information 
currently in the temp bfrs 

l. Tof BXLE 
Tgr (E 105) 

NP335 

l. ~te G PR Spec ified by R l 
to Adder N P34 l 

2. Gate GPR Spec ified by R3 
to Adder NP34 l 

3 . Tof IF Tgr (D70) NP33 l 
4 . Set State 2 NP33 l 

No 

Objectives: 

1. Decode and process a BX instruction. 
2. Check all inte rlocks which may cance l the execution of this instruction. 
3. Condition mode must be removed be fore processing of the BX instruction 
can be completed. 
4 . The BX instruction can either break, establish, or retain a loop mode of 
operation. 

Increment 
Rl 

BX · Loop· 
Sta te 2 

No 

Yes 

l. Gate G PR Specified by Rl 
to Adder NP34 l 

2. Gate G PR Spec ified by R3 
to Adder NP34 l 

3. Ton BXQ Tgr (E 107) NP33 l 
4. Ton Req GP Priority T gr 

N P33 1 
5. Set State l (D l03) NP33 l 

AL 

BX· Quick · Sl 

- ------------------- ---- - -------- ~ __ ..::_ __ 
A '· 

Shee t 2 

DIAG RAM 5- 13 . BRANCH O N INDEX SEQUEN CE (SHEET l OF 6) 

5- 13 (1 of (i) (3/ 68) 

c 

Sheet 2 Sheet 6 

N ote: 
R3 - Inc rement Register 
R3* - Comparand Registe r 



End of 
O perotion 

Sto into arroy 
inte rlock check 
Diagram 5-5 

1. Gate Adder 
into Temp 
Reg 

Sh~et 1 

1. Gate Adder 
into WR 

NM003 

NM003 

Inc rement R 1 1. Ton BXQ Tgr (E 107) N M003 
N M003 
NMOO l 
NMOOl 
N MOO l 

2. Req G P Pr iority 
3. Gate GPR Specified by Rl to Adder 
4. Gate G PR Spec ified by R3 to Adder 
5 . G PR Rese t (See Notes on Sheet 6 ) 

1. Reset SLCX Reg 
2. Gate B to SLC B Reg 
3. Gate IR to SLCIR 
4. Gate WR to SL T Reg 

NM021 

Yes 

Bx · Loop 
Mode . Not 
Qu ic k · State 1 

-- ~ ------J 

1. Gate IRCTR to SVIR 
2 . Gate WR to AOC Reg 

1. Ton Fetch (J82) and Dbl (J87) Bits in Ppln 3 Op 
Reg 

2 . Ton Temp 1 Buffer Fe tch Ta g (474 ) 
3. Set Temp 1 Sink Adr into Ppln 3 O p Reg (J80) 
4. Og Ppln 3 O p Reg a nd WR to MSCE 
5. Gate Adder lo Temp Reg 
6. Gate WR to Adder 
7. G PR Reset (See Notes on Sheet 6) 
8. Gate +1 to Adder 28 (G90) 

NMOOl 

Temp fetch 

target 

Yes 

Yes 

No 

1. Ton Fetch (J82) a nd Db l (J 87) 
Bits in Ppln 3 Op Reg 

Yes 

Inhibit 
IF 

1. Ton BIA Tgr 
(F106) 

NMOOl 

Temp Fetch 
ta rget+ 1 

2. Ton Temp2 Bfr Fetch Tag (G74) 

Target adr 
to WR 

1. Gate Adder to WR 

3. Set Temp 2 Bfr Sink Adr into 
Ppln 3 Op Reg (J79, 80) 

4. Ton TFM Tgr (FlOl ) 

1 . Hot 1 s Reset (See N otes on Sheet 6) 
2. Og GPR Spe cified by R 1 to Adder 
3. Og GPn Spec ified by R3 to Adder 
4. GPR Rese t (See Notes on Sheet 6) 
5 . Set State 2 (Dl 02 ) 

NM003 
NMOOl 
NMOOl 
NMOOl 
NM003 

2. G PR Reset (See Notes on Sheet 6 ) 

Compare 
Incremented 
Rl and R3 * 3. Gate R3 * to Adder 

4. Set T/ C Bit to Compl (G80) 
5. Gate WR to Adder NM021 

Yes 

1. Tof BXQ Tgr 
(E 107) 

2. Set State 3 
(D102, 103) 

NM02 1 

No 

1. Ton GP Prior ity 
Tg[ 

NM023 

NMOOl 

1. Ton Back < 8 
(F105) 

NMOOl 

No 

Increment Rl 

No 

BX · Not Loop 
Mode · State 2 

Sto into a rray 
interlock chec k 
Diagro m 5- 5 

3. Gate WR to IR (Thisact iona lsoturnsonN IAT) 
4. Set O p Reg Empty 
5. Se t Sta te 2 (D 102) 

NM02 1 
BXQ · Not 
Quick · S2 

Compare 
Incremented 
R 1 and R3 * 

-- --- - -

Sheet 6 
Bx . Not 
Quick · State 3 

1. G PR a nd Hot ls Reset (See N otes on Shee t 6) 
2 . Gate WR lo Adder 
3 . Ga te R3 * to Adder 
4. Set T/ C Bit to Compl (G80) 
5 . Gate Adder lo WR 
6. Set Stole 3 (D l 02, 103) 

Sheet 3 NM023 

DIAG RAM 5-13. BRANCH O N INDEX SEQUENCE (SHEET 2 OF 6) 

(3 / 68) 5-13 (2 of 6) 



No 

l. Tof Reg G P Priority 
Tgr 

2. Ton SVR l Inv Tg r 
(Dl05) 

3. Ton IF T gr (D70) 
4 . Tof TFM Tgr (FlOl ) 
5. Br T gr Reset (See 

Note on Sheet 6 ) 
6 . Set State 0 
7. Step IR 

NM043 

End of 
Operation 

l. Gate WR to Adder B 
2. Ton IF Tgr (D70) 
3. Set State 6 (DlOl, 

102) 
NM065 

BX· Not 
Loop · BIA· 
State 6 

Sheet 5 

Yes 

l. Gate GP R Specified 
by R 1 to Adder 

2. Ga te GPR Specified 
by R3 to Adder 

3 . Ton IF Tgr (D70) 
4 . Set State 6 (D 101, 

102) 
NM041 

l. Gate GPR 
specified by 
B to Adder 

Nlv\065 

BX · No Con 
Br · Sta te 6 

Sh eet 5 

DIAGRAM 5-13 . BRAN CH O N IN DEX SEQ UENCE (S HEET 3 OF 6) 

5-13 (3 of 6) (3/ 68) 

Sheet 2 

l. GPR and Hot ls 
Reset (See Notes on 
Sheet 6) 

2. Set Br T gr per Adder 

Nlv\065 

Yes 

Yes 

No 

Yes 
No 

No 

Ye s 

l. Gate D to D Bfr 
2. Gate D Bfr to Adder 
3. Set State 4 (DlOl) 

NM065 

l. GPR a nd Hot ls 
Reset (See Notes on 
Sheet 6.) 

NM043 

No Yes 

Ye s 

Yes 

No 

l. Ga te WR to Adder 

l. Gate + l to 
Adder 25 

NM067 

No 

No 

Yes l. Gate +l to 

l. Gate Temp Reg to 
Adder 

2. Gate LB Reg to 
Adder 

3. Gate I RCT R to Adder 
4 . Set T/ C Bit to 

Campi (G80) 
5. Gate + l to Adder 31 

(G92) 
6. Set State 5 (D 10 l , 

103) 
NM065 

Adder 25 
NM067 

2. Gate LB to Adder 
3. Gate IRCTR to Adder 

I I Back< 8 test 

4. Set T/ C Bit to 
Campi (G80) 

5. Gate + l to Adder 
31 (G92) 

6. Gate Adder to WR 
7. Set State 5 (DlOl, 

103) 
NM065 

BX· Sta te 5 

Sheet 4 



No 

1. Tof Req G P Pri Tgr 
2. Ton SVRl Inv Tgr 

(D1 05) 
3. Ton IF Tgr (D70) 
4. Tof TFM Tgr (F lOl ) 
5. Branch Tgr Reset 

(See Notes on 
Sheet 6) 

6. Set State 0 
7 . Step IR 

NN041;NM043 

End of 
O peration 

Yes 

1. Gate G PR Specified 
by R 1 to Adder 

2. Gate G PR Specified 
by R3 to Adder 

3. Ton IF Tgr (D70) 
4. Set State 6 

(DlOl, 102) 

NM041 

Sheet 3 

1. GPRand 
Hot ls See Notes 

on Sheet 6 

No 

1. Ton !nit Fetch Tgr 
(D71) 

No 

2. Gate WR to LB, SLT 
and AOC Regs 

3. Gate WR to UB 

NM041 

Yes 

No 

Yes 

1. Ton Temp Fetch T gr 
(D72) 
Ton Temp Fetch 1 
Tgr (F102) 

3. Ton Temp Fetch 2 
Tgr (F103) 

4. Tof TFM Tgr 

1. Set Back < 8 per 
Adder 

2. Gate G PR Spec ified 
by Rl to Adder 

3. Gate G PR Specified 
by R3 to Adder 

4. Ton IF Tgr (D70) 
5. Set Sta te 6 

(Dl01, 102) 
NM041 

Br in Array 
Test 

Yes 

NM041 

1. Ton BIA 1 
Tgr (F107) 

NM041 

- - - -----==-=--~---

Sheet 5 

DIAGRAM 5- 13. BRANCH O N INDEX SEQUENCE (SHEET 4 OF 6) 

Yes 

1. Gate Temp Reg to 
LB, SLT, and AOC 
Reg 

2. Gate Temp Reg to 
UB Reg 

NM041 

(3/ 68) 5-13 (4 of 6) 



l . Gate Adder to WR 
2 . Tof Req GP Priority Tgr 
3 . Ton SVR l Inv Tgr (Dl05) 
4 . Ton IF Tgr (D70) 
5. Tof TFM Tgr {F l Ol) 

Wait far 
reso lution of 
branch on 
cond ition test 

I. Ton Req GP 
Priority Tgr 

NM043 

6. Br T gr Reset (See Note on Sheet 6) 
7 . Set Stole 0 
B. Step IR 

End of 
Operation 

l . Ga te Adder to WR 
2 . Tof Req GP Priority Tgr 
3 . Ton SVR l Inv Tgr (Dl05) 
4. Tof Loop Mode T gr (E l 07) 
5. Br T gr Reset (See Notes on 

Sheet 6) 
6. Set Op Reg Empty 
7. Se t State 0 

NM043 , 045 

NM045 
NM043 
NM043 
NM045 

NM045 
NM045 
NM045 

----------, 

l . Decode 
Target 
lnsn 

End of 
era tion 

I 
I 
I 

I 

DIAG RAM 5-13. BRANCH O N IN DEX SEQUENCE (S HEET 5 OF 6) 

5- 13 (5 of 6) (3/ 68) 

Sheets 3, 4 

Yes 

No 

No 

Yes 

No 

Yes 

l. Gate WR to IR 
(Th is action a lso 
turns on NIA T) 

2 . Gate WR to 
AOC Reg 

NM045 

1. Gate WR to 
LB, SLT 
Regs 

f'I M045 

Yes No 

No 

l. Gate SLT Reg 
to IR (This 
a c tion a lso turns 
on NIAT) 

NM045 

Yes 

l . Gote 0 to SLCX Reg 
2. Gate B to SLCB Reg 
3 . Gate IR to SLCIR 
4. Ton Loop Tgr (El 02) 

NM047 

Yes 

l . Gate Temp Reg 
to IR (Th is 
action a lso 
turns on NIAT) 

2. Gate Temp Reg 
to AOC Reg 

NM045 

l . Gate Temp 
Reg to LB 
and SLT Regs 

NM045 



Sheet 2 

N otes : 

Store into array 
interloc k check 
Diagra m 5- 5 

Compare 
Inc remented 
R 1 and R3 * 

1. Inhibit AOC 
{Step and Fi ll 
Op Reg) 

1. Reset Og to Adder = G PR Reset and Hot ls Tgrs 

2 . GPR Reset = {a) Tof Rl Og Tgrs 
{b) Tof X/ R2; B; D Og Tgrs 
(c) Tof WR to Tgrs 
(d) Tof Temp Reg Og Tgrs 

3. Hot ls Rese t = 
{a) Set T/ C Tgr to T 
(b) Tof SVIR Og Tgr 
{c) Tof LB Og Tgr 
{d) Tof I RCTR Og T gr 

No 

1. Gate WR to Adder 
2. Gate GPR Spec ified by R3* 

to Adder 
3. Set T/ C Bit to Campi (G80) 
4. Gate Adder to WR 
5 . GPR Rese t (See N otes) 
6 . Gate SLT Reg to AOC Reg 
7. Gate, SLT Reg to IR {This a ction 

a lso turns on NIA T) 
8 . Gate IRCTR to SVIR 
9 . Set Op Reg Empty 

10 . Set State 2 (D l03) N M021 

No 

(e) Tof + l to Adder 3 1, 29, 28, TAT, 25 
4. Br Tgr Reset = 

{o) Tof Br Tgr 
{b) Tof BIA Tgr 
(c) Tof BIA l T gr 
{d) Tof Back <8 Tgr 
{e ) Tof Exec B Tgr 
(f) Tof BCUNCONT 

5 . Mini mum time from request to a ccept is 2 cyc les 
6 . C P request off and priority granted, causes 

fix ed point executi on unit t o gate WR into G PR 

DIAGRAM 5-1 3. BRANC H O N IND EX SEQUENCE {SHEET 6 O F 6) 

l . Tof Req GP Prior ity Tgr 
2. Se t Br Tgr per Adder 
3. Ton SVR l Inv Tgr {Dl05) 
4. Hot 1 s Reset (See N otes) 
5. Set Sta te 0 

NM025 

1. TofBXQTgr {El07 
2. Ton IF Tgr (D70) 
3. Br T gr Reset 

{See Notes) 
NM025 

Yes 

l . Set Op Reg Empty 
2. Gate SVIR to AO C Reg 
3. Gate SVIR to IR {Thi s a lso turns 

on NIAT) 
4. BX Recovery (Stop Decode) 
5. Inh ibi t AOC (Step and fill Op Reg) 

NM023 NM025 

1. Tof Loop Mode 
(E 102) 

NM025 

he BX recovery 
igna l is generate 

by (BXQ · Not Br) 
n ly 

-- -- -- --- ---- --!- - - - - - - - - - - --- --- --- --- -

l . Decode Targe t 
lnsn 

End of 
O pera tion 

(3/ 68) 5-13 (6 of 6) 



I. Tof Loop Tgr 
(E l 02) 

NP325 

Woit for comple tion of data 
move; this ensures that the pre
fetching to be accomplished will 
no t overr ide val id information 
curren tl y in the temp bfrs 

Does RUA = 0 

to into array 
interlock check 
Diagram 5- 5 

No 

No 

No 

I. Gote R2/ X F;eld to 
Adder NP341 

2. Tof IF Tgr 
N P333 

3. Set Stote I (D 103) 
NP333 

Yes 

Sto into array 
inter lock ck 
Diagram 5- 5 

I. Gote D to D Bfr 
2. Gate D Bfr to 

Adder 
3. Gate 8 to 

Adder 

No 

DIAGRAM 5- 14. BRANCH AN D LINK SEQUENCE (S HEET I OF 2) 

5- 14 (l of 2) (3/ 68) 

See Diagram 
5-7 for decode 
cyc le basic in 
te rlock checks 

Generate 
bronch target 
address 

Objectives: 

1. Decode and process a BAL instruction. 
2. Check a l l interlocks which may cance l the execut ion of the instruction. 
3. Set the rightmost 32 bits of the PSW, inc ludi ng the updated instruction address into the GPR stag ing a reo. 
4. Notify FXA to read li nk da ta into GPR specified by Rl. 

Yes 

R2=0000 
No 

Yes 

No Yes 

l. Gate Save IRto 
Adder 

2. Gate + l to Adder 
'19 

No 

1. Gate +l to 
Adder 25 

NM005 

No 

1. Gate LB to Adder I PR Reset = 
2. Gate Adder to WR 
3. GPR Reset 
4. Set State 2 

1. Gate WR to UB, LB, AOC and 
SLT (Setti ng IC to target address 
for insn fe tc h 

2. Ton Initial Fe tch Tgr (07 1) 
3 . Toi Loop Tgr (El07) 

NM02 7 

l. Gote Adder to WR (lnsn + 1) 
2. Ton BAL Tgr (E I04) 
3. Hot l Re.set 
4. Ton SVR l Og Tgr (H l 05) 
5. Ton Rl Og lnh Tgr H 106 
6 . G PR Reset 

7. Ton IF Tgr (D70) 
8. Set Sta te 6 (D 101 , 102) 

• s;gnol Gote ILC to PSW 
NM027 

Sheet 2 

l. Tof RI Og Tgr 
2. Tof X; R2; B; D Og 

Hot I reset = 
1. Set T/ C tgr to T 
2 , Tof +l to adder 31 , 29, 28, 

TAT*, 25 
3. Tof SVIR og tgr 
4 . Toi LB og tgr 
5 . Tof IRCTR og tgr 

Note : 
* TAT - Timer Adr Tgr 



ep insn c tr 
to next 
instruction 
(No branch) 

Wai t for reso
lution of branch 
on conditi on 
test 

Yes 

Yes 

No 

NM061 

Sheet 1 

No 

1. Ton Req GP 
Priority 
Tgr 

NM061 

From FXA 

1 . Gate SL T to IR 
(Ton NIAT) 

2. Set O p Reg 

Empty NM061 

1. Gate CC, PM, and I LC from 
PSW to WR 0-7 

2. Tof BAL Tgr (E 104) 
3. Tof Xec 8 Tgr (G 106) 
4. Tof SVR l Og Tgr (H 105) 
5. Tof Rl Og lnh Tgr (H 106) 
6 . Ton Rl Inv Tgr 
7. Tof Req G P Priority Tgr 
8. Set State 0 NM061 

End of 
0 eration 

DIAG RAM 5- 14. BRANCH AND LIN K SEQ UENCE (SH EET 2 OF 2) 

e t up op 
reg to 
receive 
target insn 

(3 / 68) 5-1 4 (2 of 2) 



Sto into array 
interlock check 
Diagram 5-5 

No 

Diagrom 5- 33 

Start 

No 

Yes 

DIAG RAM 5-15. EXECUTE SEQUENCE (SHEET I OF 3) 

5 - 15 (1 of 3) (3/ 68) 

See Diagra m 5- 7 
for decode eye I e 
basic interlock 
checks 

Wa it for reso
lution of branch 
on condit ion 
test 

Objective s: 

1. To permit execution of a n instruct ion that is not resid ing in the current instruction sequence. 
2. To check all exceptions that can occur during the processing of an execute instruction. 
3 . Once the subiect instruct ion is executed; update instruction counter, prepare op reg to 
recover to normal instruction processing, advance to next instruction, and resume instruct ion 
fetching. 

l . Gate GPR 
Specified by 
X to Adder 

NP341 

1. Gate GPR 
spec ified by 
B to Adder 

41 

I. Ton + I to Adder 28 
2. Gate Exec I Sk Adr to Ppln 3 Op Reg 
3. Set Dbl Bit In Ppln 3 Op Reg 
4. Set Fetch Tag In Ppln 3 Op Reg 
5. Ton Exec A Tgr (G 105) 
6. Ton Save RI Outgate T g r 
7. Ton Fetch Tag for Exec I 
8. Ton R l Outgate T gr 
9 . Toi Op Reg Outgate T grs 

l 0. Set Op Reg Empty 
I 1. Gate IR to Save IR 
12. Gate WR to Adder 
13. Reset a ll Adder O utgates 
14. Gate Adder to WR 
15. Set State 3 

I . Gate WR to 
IR 29-31 

NM1 77 

Sheet 2 

NM l 73 

No 

No 

1. Gate Op Reg 

Displaceme nt 
(D) to D Bfr 

2. Gate D Bfr to 
Adder NP341 

Generate 
address for 
ta rget + I and 
fetch target 

Yes 

Yes 

G enera te 
address for 
target insn 

No 

No 

1. Gate WR to 
Adder for 
X Input 

NP377 

l . Gate WR to 
Adder for 
X Input 

N P377 



DIAG RAM 5-15 . EXECUTE SEQ UENC E (SHEET 2 OF 3) 

1. on nv gr 
for Exec 1 
(J 107) 

NM177 

1. Set State 4 
(DlOl) 

NM177 

Sheet 1 

Yes 

No 

1. Gate Adder to WR 

Doubleword 
crossover possib il ity; 
fetch 2nd target 
Doubleword 

2. Gate Exec 2 Sk Ad r to Ppln 3 Op Reg 
3. Set Dbl Bit in Ppln 3 O p Reg 
4. Set Fetch Tag in Ppln 3 O p Reg 
5. Ton Fetch Tag for Exec 2 
6 . Set State 4 (D1 0 1) 

NM1 77 

Fetch target 
+1 

---- -------- -----------------

1. Ton Inv Tgr 
for Exec 2 
(JlOB) 

NM1 77 

1. Outgate Rl 
to Adder 

NM1 77 

Yes 

No 

1. 

2. 

3. 

Ton Exec B T gr 
(G 106) 
Reset a 11 Adder 
Outgates 
Set State 5 

NM 177 

-- - ------

- ------ - - ---- - - - ------- - ------ --- ------ -- ---

Diagram 5-2 

Sheet 3 

1. 

1. Gate Adder Into 
Exec OR Reg 

2. Tof Save Rl 
O utgate Tgr 

3 . Tof Rl O utgate lnh 
T r 

Diagram 5- 2 

--------- ---- -- --------------------------------- ---------~ ----

1. Ton Protec t Int 
Tgr 

2. Ton Prog B Int Tgr 
(N70) 

NM154 

Sheet 3 

ye es a re epen en 
upon the amount of 
t ime it takes for exec 
and exec 2 to return 
from storage 

(3 / 68) 5- 15 (2 of 3) 



l. Ton Prog B 
lntr Tgr 
(N70) 

NN250 

1. Ton Adr B 
lntr Tgr 
(L92) 

NN25 1 

Yes 

---~--

Sheet 2 

p Reg Empty b locks 
Ton o f Val id tgrs for 
step IR a bove 

DIAG RAM 5-15 . EXECUTE SEQUENCE (SHEET 3 OF 3) 

5- 15 (3 af 3) (3/68) 

No 

No 

Yes 

No 

l . T of Exec A T gr (G 105) 
2. Set State 0 
3. Set O p Reg Outgo tes pe r IR 
4 . Tof Exec lnval id Adr T grs and Fetch 

Protec t Togs 

l . Decode 
Target of 
Exec lnsn 

l. Step JR 

NM 141 

l. Gate Save JR to IR 
2. Force +2 to IRCTR 
3. Set Op Reg Empty 
4. Force 2 to PSW Length 

Code 
5 . Tof Exec B Tgr (G l06) 
6 . Ton Exec C Tgr (G 107) 
7 . Tof lnsn Fetch Tgr (D70) 

NM351 

l. Tof +2 to IRCTR 
2 . Gate IRCTR to AOC Reg 
3. Tof Exec C Tgr (G l07) 
4. Ton N IAT (E73) 

Number of cyc les required depends upon 
ty pe of instruction bei ng decoded 

5 . Set IRCTR to IR N N249 
No 

1. Step Op 
Reg Outgates 
pe r JR 

NN227 

End of 
erotion 

Yes 

1. Ton Prog B 
lntr Tgr 

NN250 
2 . Ton Protect 

Int Tgr 
NN248 

.sheets l , 2 



D 

See Diagram 5-
far decade c ycle 
basic interlock 
checks 

Sta into a rray 
interlock check 
Diagram 5-5 

Wa it for reso- I 
lution of branch I 
on condition I 

test 1 

Pr iv 
interrupt 

Diagram 5-33 

l. Gate Per B 
to Adder 

NP341 

Yes 

No 

No 

No 

l. 

l. 

2. 

DIAG RAM 5-16. LOAD PSW SEQUE NCE 

Start 

No 

Tof IF 

Gate WR to 
Adder far B 

NP377 

Set State l 
NP323 

Gate Op Reg D 
to D Bfr NP341 

Yes 

Objectives: 

l. PSW located at storage address specified by Bl a nd Dl field s. 
2. Operand address must have it s three low-order bits zero to designate a doub le word. 
3. CPE must be in supervisory sta te . 
4. Privileged opera tion inte rrupt wi ll occur if CPE is in probl em state . 
5. Load PSW is only instruct ion ava ilable for e ntering proble m or wa it states. 

No 

l . Gate SBO to UB, 
LB, AOC, IR 

2. To n NIAT 

NM427 

End of 
0 ration 

l. Gate IR to 
Save IR 

NM139 

l. Gate + l to 

Adder 25 

NM123 

l. Gate Temp l to Ppln 3 Op Sk Adr 

Address/ 
interrupt 

2. Ton Fetch Tag for Temp l 
3. Gate LB 8- 25 to Adder 
4. Gate Save IR to Adder 
5. Adder Reset 
6 . Gate Fetch to Ppl n 3 Op 
7. Gate Dbl to Ppln 3 Op 
8. Gate Adder to WR 
9. Set State 3 

Yes 

NM1 39 

Diagra m 5- 33 

Spec if 
interrupt 

Yes 

Diagram 5- 33 

1. Gate Adder to Te mp Reg iste r 
2 . Gate SBO to UB, LB, AOC, IR 

{IC from new PSW} 
3 . Set State 4 
4. Tof Loop 
5 . Tof Exe c B 
6 . Gate Tof + l to Adder 25 
7 . Gate Tof Save IR to Adder 
8 . Ga te Tof LB 8-25 to Adder 
9 . Ton IF 

l 0. Ton Initial Fetch 
NM139 

No 

l. Sig no I MSCE 
Gate Temp Key 

NM139 

l. Ton Protect 
Interrupt Tgr 

l . Gate Temp to PSW 0-39 (Status} 

Yes 

2. Inh ibit 1/0 a nd Externa l Inte rrupts 
3. Gate Set Op Reg to E 
4. Set State 0 
5. MSC E Act ivate New Key 
6. Ton NI AT 

End of 
0 era tion 

NM139 

l. 
2. 
3. 
4. 
5. 
6. 

l. Tof IF 

NM141 

l. Gate Op Reg to E 
2. Gate Temp to IR , 

LB, UB, ADC 
3. Activate New Key 

to MSCE 
NM141 

Set State 0 
Tof Loop 
Tof Exec B 
Gate Tof + l to Adder 25 
Gate Tof SVIR to Adder 
Gate Tof LB to Adder 

End of 
_O erat io n 

(3/ 68) 5-1 6 



Wo it for reso
lution of 
branch on 

. condition test 

SVC int 

1. Set New 
Mask and CC 
to PSW 
NM355,365 

No 

Store into 
array intlk 
check 
Dia ram 5-5 

Yes 

l. Wa it for Ex
ecution Ppln 
to Drain 

Start 

No 

See Diagram 5-7 
for decode cycle 
basic interlock 
che ck 

No 

l. Set WR PM to PSW 34- 39 

No 

2. Ton CC Bit in Op Stage Req (H92) 
3. Set State 0 
4. Step IR 

This a c t ion insures that 
the CC wi 11 not be affected 
shou ld the execution unit 
transmit a CC simulta neously 
with this operation 

No 

I. Inh ibit Any 
Change to 
CC Bits in 
PSW 

End of 
0 ration 

NM133 

DIAG RAM 5-17. SET PROGRAM MASK AND SUPERVISOR CALL SEQUENCE 

5- 17 (3/ 68) 

Object ives: 

1. Decode and issue a SPM or a SVC instruction. 
2. Che ck all interlocks tha t can deta in or cancel the execution of these instruct ions . 
3. SPM - If no interrupt, set new mask and CC to PSW 
4. SVC - When hardware into whic h the interrupt code is to be placed, become a vo ilable , 
generate preci se interrupt signa l. 
5 . Step instruct ion to next instruct ion. 

l. Gate G PR 
Spec ified by Rl 
to Adder NP341 

2 . Set State 1 
D103) NP323 

NM135 

Yes 

l. Tof lF Tgr 
(D70) 

NM141 

No 

l. Tof Loop Made (E 102) 
2 . Tof Exe c B Tgr (Gl06) 
3. Tof + 1 to Adder 25 ( G89) 

Yes 

4 . Tof Gate from SVI R to Adder ( G78) 
5. Tof Gate LB to Adder ( G79) 
6 . Set State 0 

NM141 

1. Gate SVIR 
to IR 

NM14 1 



D 

1 Sta into array 
interlock check 
Diagram ~5 

Wait for reso
luti on of branc h 
on condi ti on 

test 

Priv interrupt 

Yes 

Start 

No 

No 

Diagram 5- 33 

1. Ga te per B 
to Adde r 

NP341 

l . Gate WR to 
Adder for B 

N P377 · 

1. Set State 1 N P323 
2 . Gate Op Reg D to D 

Bfr N P341 
3. G ate D Bfr to Adder 

NP341 

DIAG RAM 5-18. SET SYSTEM MASK SEQUENCE 

ee 1ogram -
for decode eye I e 
basic interlock 
hecks 

l . Gate Adder to 
WR 

2. Set Sta te 3 

NM 133 

1 . Set Sta te 4 
2. Ste p Fix O p Stk Ctr 
3 . Ton Fix Va l id 
4 . Se t Hi Pri Fix Bfr Bsy 

Yes 

5. Ga te High Pri Fix Bfr bits 
to Op Stage 

6 . Ga te High Pri Fix Bfr bits 
to Ppln 3 O p 

7 . Gate Cha r bit to Ppln 3 O p 
8 . Gate Fetch bit to Ppln 3 Op 

NM133 

l. Se t State 5 
2 . Put Mask ... PSW 

via VFL By te Bus 
NM1 33 

1. True Step IR 
2. Set State 0 
3. lnh 1/0 and 

Ext lnts 
NM137 

End of 
O perat ion 

O bjectives : 

1. The byte located a t the Bl and Dl inst ruction 
fi e lds replaces system mask af current PSW. 
2 . VFLEU does byte se lection for storage operand. 
3 . Correct system mask is stored because 1/0 and 
externa l interrupts a re inhibited during instruct ion 
execution . 

Address interrupt 

Diagram ~33 

From Diagram 5 -117 ' 

(3/ 68) 5-1 8 



- --=---=- --

RR privi lege 
interrupt 

to into array 
interlock check 
Diagram 5-5 

Yes 

Wait for resolu
ti on of branch 
on condition 
test 

Diagram 5-33 

Start 

1. G ate G PR 
Spec ified by R2 to 
Adder NP341 

2 . Set State 1 (D 1 03) 
NP323 

See Diagram 5-7 
for decode cycle 
basic interlock 

I 

I 
I 

I 
I 

I 
I 
I 

I 
I 
I 
I 

_ J 

- - - - - -~~.....;:;-;;:-::;o-~-.---~----

DIAG RAM 5- 19 . IN SERT STO RAGE KEY AND SET STO RAGE KEY SEQ UE NCES (SHEET 1 OF 2) 

5- 19 (1 of 2) (3/ 68) 

'Objectives: 

1. To decode and iS1Ue a ISK or SSK instruction. 
2. Check all interlocks that can detain or cancel the 
execution of these instructions. 
3. ISK -Allocate buffers as appropriate; issue instruction 
to FXA; place address into MSCE interface and initiate 
storage fetch; establ ish sink interlock on GPR specified by Rl . 
4. SSK - Place data into MSCE interface; notify MSCE; delay 
one cycle. 
5. Step instruction counter to next instruction and set le ngth 
into PSW. 

1. Gate Adder to WR 
2 . Gate Rl to Adder 
3. Adder Reset 
4. Set State 3 (D102 , 

l03) NM1 77 

A 

Sheet 2 



Adr intr (SSK) : 

Specification 
intr {SSK) 

SSK 

1 Bit 28 can be ignored 
I in this decision under 
I diagnostic control 

with MCW bits 15 
I and 48 activ 

Diagram 5-33 

1. Gate Adder 24-28 to WR 
2. Set SPF (J92), Char 

(J84) and Store (J83) Bits 
in Ppln 3 Op Reg 

3. Set State 4 (DlOl) 
NM133 

Set 
State 5 
(DlOl, 
103) 

l. Set State 0 
2.SteplR 

NM13l 

End of 
Operation 

No 

1. Set MSCE 
not Acptng 

NW133 

Sheet 1 

DIAGRAM 5-19. INSERT STORAGE KEY AND SET STORAGE KEY SEQUENCES (SHEET 2 OF 2) 

Yes 
ISK 

Bit 8 can e ignored 
in this decision under 
diagnostic control 
with MCW bits 15 
and 4 ctiv 

1. Tof Loop 
Mode(El02) 

NW133 135 

Yes 

1. Step RUA Counter 
2. Step FXOS Counter 

No 

3. Ton Fix Vo lid Tgr (H93) 
4. Set High Priority FXB Busy 
5. Set FXB Sink Adr in Op Stage Reg 

: Adr intr {ISK) 

Diagram 5-33 

A 

f Specification 
f intr (ISK) 

Diagram 5-33 

6. Set FXB Sink Adr in Ppln 3 Op Reg 
7. Set SPF (J92), Chor {J84), and Fetch (J82) 

Bits in Ppln 3 Op Reg 
8. Set State 5 (DlOl, 103) 

l. Set State 0 
2. Step JR 

NM131 

End of 
Operation 

NM133 

(3/68) 5-19 (2 of 2) 



Form Y22-6674-l 
FES Y22-6730 

Sto into array 1 

interlock check I 
Diagram 5-5 : 

Wait for reso
lution of branch 
on condition 
test 

Pr iv 
interrupt 

l. Gate per B 
to Adder 

NP341 

Yes 

Start 

No 

1. Gate WR to 
Adder for B 

NP377 

1. Set State 1 
2. Gate Op Reg D to D Bfr 
3. Gate D Bfr to Adder 

DIAGRAM 5-20. READ, WRITE DIRECT SEQUENCE 

5-20 (G/68) 

See Diagram 
5-7 for decode 
cycle basic 
interlock checks 

NP323 
NP341 
NP341 

Address 
interrupt 
RDD 

Diagram 5-33 

Yes 

Objectives: 

1. Decode and issue a RDD or WRD instruction. 
2. Check all interlocks that can detain or cancel these instructions. 
3. ROD - Generate address and test for valid storage; check for FXOS and SAR 
availability; issue instruction to FXA; wait for FXA completion of this instruction 
before proceeding to decode cycle. 
4. WRD - Generate address and test for valid storage; check for'FXOS and FXB 
availability; issue instruction to FXA and proceed to decode cycle. 

1. Gate Adder 
to WR 

2. Set State 3 

1. Gate Set High 
Pr i SAR to Bsy 

2. Gate Store to 
Ppln 3 Op 

3. Set State 4 

No 

1. Gate High Pr i Fx ld Bfr to Bsy 
2. Gate High Pri Fx ld Bfr to Op Stg 
3. Gate High Pri Fx ld Bfr to Ppln 3 Op 
4. Gate Fetch to Ppln 3 Op 
5. Set State 5 

NM137 

Address 
interrupt 
WRD 

Diagram 5-33 

1. Step Fix Op Stack Ctr 
2. Ton Fix Val id 
3. Gate R2 to Op Stage 
4. Gate Char to Ppln 3 Op 
5. Gate Op and Rl to Op Stage 

No 

No 

1. Set State 5 

1. True Step IR 

1. Set State 0 

End of 
Operation 

NM137 

From Diag. 
5-118 



Ste into array 
interlock check 
Dia gram 5- 5 

Wait for 
resolution of 
branch on 

condi ti on test 

! Priv interrupt 

Diagram 5-33 

l . Gate per B 
to Adder 

NP341 

Yes 

No 

No 

No 

Start 

No 

l. Gate WR to 
Adder for B 

NP377 

l. Set State l 
2. Gate Op Reg D - D Bfr 
3. Gate D Bfr - Adder 

DIAG RAM 5- 2 1. DIAG NO SE SEQ UENCE 

NP323 
NP341 
NP341 

See Diagram 5-7 
for decode cycle 
basic interlock 
checks 

l. 12 fie ld to MC 
· Fetch MCW; se 

sink address 
equa l to MC 

l. Add - WR 
2 . Set State 3 

NM135 

l . Signal MCW Diagnose to MC 

Yes 

2. Gate Bit l to Ppln 3 Op Sk Adr 
3 . Gate Db l to Ppln 3 Op 
4. Gate Fetch to Ppl n 3 Op 
5 . Set State 5 NM135 

l . Set State 0 
2. True Step IR 

End of 
0 eration 

Ob jectives: 

1. Decode and issue diagnose instruction. 
2. Set _M_CW_ register which controls CPE a nd channel func tions. 
3. Verrf1cat1on of proper CPU equipment functions. 

Address 
interrupt 

Speci fi cation 
interrupt (Type 
B precise) 

Start MC 
stop sequence 

l. Tof IF 

NM14l 

l . Ga te SVIR 
to IR 

NM141 

l. Set State 0 
2 . Tof Loop 
3. Tof Exec B 
4. Gate Tof + l to Adder 25 
5 . Gate SVIR to Adder 
6. Gate Tof LB to Adder 

End of 
Opera tion 

NM141 

(3/ 68) 5-21 



Sto into array 
interlock check 
Diagram 5-5 

l. Gate GPR 
Specified by B 
to Adder 

NP341 

No 

Yes 

Start 

No 

l. Gate Disp(D)from 
Op Reg to D Bfr 

2. Gate D Bfr to 
Adder NP341 

No 

Yes 

Yes 

1 See Diagram 5-7 
I for decode cycle 
: basic interlock 
! check 

No 

1. Gate WR to 
Adder for 8 

NP377 

No 

DIAGRAM 5-22. INSERT CHARACTER, STORE CHARACTER, AND TEST AND SET SEQUENCE 

5-22 (3/68) 

Yes 

Weit for reso
lution of branch 
on condition 
test 

Objectives: 
1. Decode and issue a TS, IC, or STC instruction. 
2. Check all interlocks that can detain or cancel the execution 
of these instructions. 
3. Issue instruction to FXA. 
4. Allocate buffers as appropriate. 
5. Step instruction counter ta next instruction. 

1. Step FXOS Ctr 

NP303 

1. Set High Priority 
FXB Bsy 

2. Set High Priority 
FXB Tag to Op 
Stage 16-18 

3. Set Fetch Tag in 
Ppln 2 Op Reg 
(H82) 

4. Set High Priority 
FXB Tag in Ppln 
2 Op Reg 

NP307 

l. Set High Priority 
SAR Bsy NP303 

2. Set Store Tag in 
Ppln 2 Op Reg 
(H83) NP303 

3. Set High Priority 
SAR Tag in Ppln 
2 Op Reg NP413 

4. Set High Priority 
SAR Tag in Op 
Stage Reg 19-20 

NP38l 

l. Set CC Bit in Op 
Stage Reg (H92) 

NP303 
2. Set TS Bit in 

Ppln 2 Op Reg 
(H8l) 

NP307 

Yes 

Yes 

Yes 

Yes 

No 

No 

l. Set Char Bit in Ppln 
2 Op Reg N P307 

2. Gate Rl Field to 
Op Stage Reg 8- l l 

NP387 
3. Gate Op Field to 

Op Stage Reg 
NP319 

4. Set Fix Valid Bit in 
Op Stage Reg (H93) 

NP303 
5. Gate R2 Field to 

Op Stage Reg 12-15 
NP303 

6. Step IR NP327 

End of 
Operation 



l • Store into 
array interlock 
check 
Diagram 5-5 

Yes 

Wait for reso
lution of branch 
on condition 

test 

Start 

No 

See Diagram 5-7 
I for decode cycle 
f basic interlock 
checks 

1. Gate GPR 
Specified by 
X to Adder 

NP34l 

1. Gate GPR 
Specified by 
B to Adder 

NP341 

Objectives: 

l. Decode and issue a LA instruction to the FXA. 
2. Place the address into the staging area for transfer to the FXA. 
3. Notify the FXA to take the address. 
4. Move instruction counter to next instruction. 

l. Gate Op Reg 
Displacement 
(D) ta D Bfr 

I Generate address I to be stored in 

2. Gate D to Adder 
NP341 

I GPR specified by 
I Rl 

1. Gate WR to 
Adder for 
X Input 

NP377 

I. Gate WR to 
Adder for B 
Input 

NP377 

,-----
1. Gate Rl to save Rl I 
2. Req GPR Priority 
3. Set State l {Dl03) I 

NP325 ___________ J 

l. Inhibit Data 
to WR 0-7 

DIAGRAM 5-23. LOAD ADDRESS SEQUENCE 

l. Tof Loop 
Mode 

NM135 

1. Step IR 
2. Ton Rl Invalid Tgr 
3. Tof Req GPR Priority 

Tgr 
4. Gate Adder to WR 
5 Set State 0 

End of 
0 ration 

(3/68) 5-23 



Sto into array I 
interlock check I 
Diogram 5-5 I 

l , Gate per B to 
Adder 

NP341 

Start 

No 

No 

l, Tof Loop 

NP325 

No 

No 

No 

No 

l. Ton Rl Dbl Sk 
Trg 

NP323 

l . Gate WR to 
Adder for B 

NP377 

l. Set State l N P323 
2. Ga te Op Reg D to 

D Bfr 
3. Gate D Bfr to 

Adder NP341 

DIAG RAM 5- 24 . SHIFT SEQ UENCE 

5- 24 (3/ 68) 

See Diogrom 5-7 for 
decode cycle basic 
interlock checks 

Objectives: 

1, Integer port of operand shifted number of bits specified by second 
operand address, 
2. Second operand low-order six bits indicate number of bit positions 
to be shifted, 

No 

Yes 

No 

l. Tof Loop 

NM139 

l . Step RUA 
(XXXl) 

NM139 

l. Step FXOS 
Ctr 

l. Step RUA 
(XXXX) 

l. Set CC Bit in 
Op Stoge 

N P303 

l . Tof Rl Dbl Sk Tgr 
2, Se t Fix Valid Bit in Stage 
3 , Shift Amt to Stoge 
4. Gate Op Field to Stage 
5. Gate Op Reg Rl to Stage 
6, Set State 0 
7 . Step IR 

End of 
Operation 

Specification 
interrupt 

Diagram 5-33 

Yes 

No 

NP31 9 
NP387 

NM137 



Ste into array 
interlock check 
Diagram 5-5 

Wait for 
resolution of 
branch on 
condition test 

Yes 

(CVD) No 

1. Set High Pri 
SAR Bsy 

2. Set Ste Bit In 
Ppln 3 Op Reg 
(J83) NM139 

Start 

No 

No 

1, Set State 
One (Dl03) 

NP323 

1. Step FXOS 
Ctr 

NP303 

DIAGRAM 5-25. CONVERT SEQUENCE 

See Diagram 5-7 
for decode 
cycle basic 
interlock checks 

No 

Yes 

1. Tof Loop 
Mode 

NM135 

No 

1. Set Fetch Bit in Ppln 3 Op Reg (J82) 
2. Step Fix Point Bsy Ctr 
3. Set FXP Bfrs A,B,C,D Bsy 
4. Set High Priority FLB Bsy 
5. Set High Priority FLB Tag in 

Op Stage Reg (Bits 16-18) 
6. Set High Priorit FLB Sink Adr in Ppln 3 Op Reg 

1. Gate GPR 
Specified by 
X to Adder 

NP341 

1. Gate GPR 
Specified by 
B to Adder 

341 

Objectives: 
1. Decode and issue the CVB or CVD instnuction to the FXA 
2. Place the sink address into the MSCE interface hardware and 
establish control signals as appropriate for storage. 
3, Allocate FXP and FLP buffers as appropriate. 
4. Establish the sink interlock on the Rl specified GPR. 
5. Set length into the PSW. 
6. Move instruction counter to next instruction. 

1. Gate Op Reg 
Displacement (D) 
to D Bfr 

2. Gate D Bfr to Adder 
Generate 
operand 
address 

No 

No 

NP341 

1, Gate WR to 
Adder for 
X Input 

NP 377 

1. Step RUA 
(XXXX) 

NP315 

1. Step IR 
2. Set Dbl Bit In Ppln 3 Op Reg (J87) 
3. Ton Fix Valid Bit in Op Stage Reg (H93) 
4. Gate Adder to WR 
5. Set I-Box State 0 

End of 
0 ration 

NM139 

(3/68) 5-25 



Diagram 5-9 

Note: 

Timer issued leads to: 

Diagram 5-7 

Diagram 5-130 

Yes 

l. Ton Sta into 
50 or lntr 
Next Tgr 

NL569 

l. Ton Drain 
for Timer Tgr 

NL575 

Used as shown 
at right to 
block instruc
tion decoding 
after the next 
timer pseudo 
instruction 
is issued 

1. Set high pri fixed Id bfr bsy 
2. Set high pri ·sAR bsy 
3. Step FXOS ctr 
4. Gate zero to op fie Id in op stage 
5. Gate high pri fixed Id bfr tag to op stage 
6. Gate high pri SAR tag to op stage 
7. Set fix valid in op stage (H93) 
8. Ton fetch tag in ppl n 2 (H82) 
9. Ton store tag in ppln 2 (H83) 

10. Gate high pri fixed Id bfr SA to ppln 2 
11. Gate high pri SAR tag to ppln 2 
12. Set full tag in ppln 2 (H86) 
13. Ton timer adr tgr (H99) 

DIAGRAM 5-26. TIMER UPDATE SEQUENCE 

Start 

l. Update 
Timer 

NP309 

Block 
Decode 

No 

1. Foree I Step 
IR 

l . Ti mer Issued 
to FXA 

NP319 

1. Ton Timer 
Seq Tgr 

2. Tof Timer Go 
Tgr (H97) 

NP319 

Yes 

Wait for 
resolution of 
branch on 
condition test 

Diagram 5- l l, 
Sheet 4 

Fake step 

IR 

See 
Notes 

Objectives: 

1. Timer update treated as fixed·point operation. 
2. When I-box receives timer signal, it effectively 
initiates a fetch and sets up store for timer 
storage location. 
3. FXA completes timer update and store operation. 

Turned on 
as shown 
at left 

Turned on 
as shown 
at left 

l. Tof Sto into 
50 or lntr 
Next Tgr 

NL569 

l. Tof Drain 
for Timer T gr 

NL575 

l. Tof Timer Tl 
Seq T gr (H96) 

NM159 

l. Tof Timer 
T2 Seq Tgr 

NM159 

End of 
Operation 

(3/68) 5-26 



Sta rt 

No 

No 

Sto into a rray I 
interlock chec k I 
Diagram ~5 I 

..._ _ _ ___J 

No 

1. Gate Displacement 
(D) from O p Reg to 

D Bfr 
2 . Ga te D Bfr to· 

Adder 

No Yes 

1. 

1. Gate GPR 
specified by B 
to Adder 

N P34 1 

1. Tof IF Tgr (D70) 

NM1 4 1 

NM141 

1. Tof Loop Mode (E 102) 
2. Tof Exe c B Tgr (G 106) 
3. Tof + 1 to Adder 25 ( G89) 
4. Tof Gate from SVIR to Adder (G78) 
5. Tof Gate LB to Adder (G79) 
6 . Set Sta te 0 

End of 
O peration 

NM14 1 

DIAG RAM 5-27. 1/ 0 SEQUENC E (SHEET 1 OF 2) 

5-27 (1 o f 2) (3/ 68) 

No 

1. Gate WR to 
Adder for B 

NP377 

O bjective s: 

1. De cade and issue an 1/0 instruction. 
2. Check a ll interlocks that ca n deta in or cance l the execut ion of thi s 
instruction. 
3. Gate bits 16-33 of B1 and Dl fie ld (contained in WR) a nd a line 
specify ing one of the 1/0 insn, to a ll cha nne ls. 
4. Whe n se le cted channel re sponds, set cond ition code and terminate 

instruction . 

Yes 

Wait for reso
lution of branch 
on condition 
test 

No 

Priv ileged 
op interrupt 

No 

1 . Set Sta te 1 

N P323 

I 

Channel and unit : 
a ddress2 1- 31 · : 

Start 1/0 gated 
during State 4 

I 
I 

Diagram 5- 33 

1. Gate Adder to 
WR 

2. Se t State 3 

NM135 

1. Gate UABO to Cha nne I 
2. Gate 1/0 Instruction (Except Start 

1/0) to Cha nnel . (Th is a ction 
occurs during Not State 0 Time) 

NM1 71 

Sheet 2 



DIAGRAM 5-27. 1/0 SEQUENCE (SHEET 2 OF 2) 

1. Set 11 into Cond 
Code Mask Reg 

(H 103, H 104) 
2, Set State 5 

(D101, D103) 
NM179 

Yes 

Sheet 1 

I 

During an SIO insn, I 
the select signal : 
(insn start 1/0) is I 

gated by state 4 I 
I 

l. Set State 4 
(D101) 

NM179 

1. Gate Select 
Signal to 
PSCE 

NM171 

I 
I 

Yes 

l. Signal Manual Con
trols to Start Clock 
for 1/0 Operation 
Handling 

NM171 

L - -..--------....., 

No 
Gate select is the 
CCC ingate control 
for SIO channel 
and unit addresses 0 

1 . Set State 0 
2. Step IR 

NM131 

End of 
0 eration 

l. Gate Channel Can
ditian Code to 
PSWCC 

2. Tof a 11 1/0 Interrupt 
Tgrs (In I-box) 

NM135 

Yes 

(3/68) 5-27 (2 of 2) 



ait or res
olution of 
branch on 
condition test 

Store into 
array intlk 
check 
Diagram 5-5 

No 

Start 

1. Gate D to D 
Bfr 

2. Gate D Bfr 
to Adder 

NP34l 

Objectives: 

1. Decode and issue LM or STM instruction. 
2. Check all interlocks that might detain or cancel the instruction. 
3. LM - Fetch a doubleword; inform FXA of the FLB assigned for this fetch, the 
position of the data within the doubleword; and the GPR(s) that the data should fill. 
4. STM - Set up a store for a doubleword; inform FXA of the SAR assigned for 
this store, the position of the data within the doubleword, and the GPR(s) to be 
used os source(s) for the data. 

(Op Bits l, 3) 
(Op Bit l or 
LM or STM) 

No 

1. Gate GPR 
Specified by 
B to Adder 

NP34l 

l. Decode Go 
to MOP 

l . Reset DWCR 
2. Gate Op Reg to L -Reg 
3. Ton MOP Tgr {Ll05) 
4. Set MOP State l {LIOl) 
5. Tof lnsn Fetch Tgr (D70) 
6. Ton Rl Dbl Sk Tgr 
7. Ton Rl Og lnh Tgr 
8. Og B2-D2 Op Reg Fld 
9. Set State 7 (DlOl, 102, 103) 

l. Ton Rl to 
Rl-OR Og 

DIAGRAM 5-28. LM, STM SEQUENCE (SHEET 1 OF 3) 

5-28 (1 of 3) (3/66) 

1. Gate WR 
to Adder 
for B 

Previous MOP not 
complete if yes 

NM271 
NM271 
NM271 
NM271 
NP325 
NP325 
NM271 
NP325 
NP325 



Signal 11-2 

LM 
No 

1. Set Fetch Bit in 
Ppln 3 Op Reg 

2. Set Sup Trans 
Bit in Ppln 3 Op 
Reg NM263 

Yes 

1. Set Store Bit 
in Ppl n 3 Op 
Reg 
NM261 267 

I 
I Signa l 11-1 
I 
I 

1. Gene rate 
Adv Op 
Signal 

NM261 

--r- -------- 1. Generate 
Adv Op 
Signal 

1. Tof Loop 
Mode Tgr 

NM307 

Signal 11-1 8 

1. Signal 
11- 17A 

2. Signal 
11 - 17 

Signal 20- 6 

l . G ene rote 
E- Bit 

NM26 1 

1. 

Signal fro m 
Adder 29, 30, 
31 = 0 

No 

G enerate L-Bit I 1. 
NM307 I 

Signa l 
l l-1 5A 

2 . Set Full Word Bit I 2 . Signa l 
NM307 

l . G enerate R-Bit 
NM307 

2 . Set Fu ll Word 
Bit in Ppln 3 Op 
Re NM267 

r--- - -1--
1 Dia gram 5-35, :. 
I Item 11 I 
I I 
~ - - - - - J 

in Ppl n 3 O p Reg 
NM267 

l . G enerate 
E-Bit 

NM307 

l . G enerate 
S-Bit 
(Start) 

NM307 

1. Bl eek Og of 
Byte Adr from 
WR to Adder A 

NM265 

I 11-1 5 

Signal 11 -1 4 

l st pass 

I 
I Signa l 11-13 
I 
I 

Signal 11 -1 9 

DIAG RAM 5-28. LM, STM SEQUENCE (SHEET 2 OF 3) 

Signa l 11 - 5 

l . Set Doub le 
Word Bit in 
Ppln 3 Op Reg 

NM267 

NM307 

Signa l 11- 22 

1. G enerate 
Adv to WR 
Signa l 

NM265 

: Signe I 20- 5 

I 

l. Gate Adder to WR 
2. Tof Of Tgrs to Adder 
3. Ton WR to Adde r 

A Og Tgr 
4. Ton Hot 28 T gr 
5 . Ste p RUA per R l (L- Reg) 

N M307 

l. Tof lnh Adv to WR Tgr 
2. Gate Ste Op to Ppln 3 

O p Reg 
3 . Gate POSE (LRSE) to 

Op Stage Reg (12- 15) 
4 . Gate R 1 to Op Stage Reg 

(8- 11 ) 
5 . Step FXOS Ctr 
6 . Ton Fxd Vld Tgr in O p 

Stage Rell NM323 

Full Word 
No 

Yes 

Signa l 11-7 

Signa l 11 - 16 

Signal 11 - 12 

1. Step RUA 
per [ Rl 
(L- Reg) + l] 

NM307 

Sheet 3 

(3/ 68) 5-28 (2 of 3) 



Signal 11-21 

Signal 11-10 

Signal 12-1 

Sheet 2 

STM Yes 

l • Set Hi Pri SAR Busy l. Set Hi Pri FLB Busy 
2. Gate SAR Name Field 

to Op Stage Reg 
2. Gate FLB Name Field 

to Op Stage Reg 
(19-20) NM323 

Yes 

l. Set MOP 

l. Gate DWC 
ta DWCR 

NM307 

No 

Signal 11-9 

1. Tof T-C, Hot 
28, Hot 31 Tgrs 

2. Tof MOP Og 
Tgrs (to Tof 
Rl toRl-OR 
Og Tgrs) 

NM307 

l. Step IR 
2. Set State 0 
3. Ton lnsn Fetch T gr 
4. Tof Rl Og Inhibit 

Tgr 
5. Tof Rl Dbl Sk Tgr 
6. Set MOP State 0 
7. Reset SMAL Bit 
8. Tofall MOPT rs 

End of 
0 eration 

NP327 
NM085 
NM115 

NP019 
NM117 
NM305 
NM269 
NM303 

(16-18) NM323 

Signal 11-11 

No 

Yes 

1, Gate (Rl+2) 
to Rl 
(L-Reg) 

NM265 

DIAGRAM 5-28. LM, STM SEQUENCE (SHEET 3 OF 3) 

5-28 (3 of 3) (3/68) 

I 

l Signal 11-20 
I 

Signal 11-8 



Wait for reso
lution of branch 
on condition 

test 

Store into array j 
in terlock I 
check I 
Diagram 5- 5 I 

Start 

No 

No 

1. Gate D to D 

Bfr 
2. Gate D Bfr to 

Adde r N P341 

:See Diagram 
15 - 7 for decode 
:cyc le basic in
te rl ock check 

l(Op Bits 1,3) 
: (Op Sit l or 
1LM or STM) 

DIAGRAM 5- 29. TR, TRT SEQ UE NCE (S HEET l OF 5) 

Objectives: 

l. Decode and issue TR or TRT instruction. 
2. Check a l l in te rlocks that might detain or cance l the instruc t ion. 
3. TR- Fetch and set up store for argument double word (s), and inform FXA of the assigned 
FLB(s) and SAR(s); suppress MSCE multi-accessing; fetch table word(s), and inform FXA of 
the assigned FLB(s). 
4. TRT- Fetch argument double word(s), and inform FXA of the assigned FL B(s); fetch table 
word(s) and inform FXA of the assigned FLB(s); generate required argument byte address and 
save it in GPR 1. 

1. Gate GPR 
Specified by 
B to Adder 

NP34 l 

No 

Yes 

1. Gate WR to 
Adder for 8 

NP377 

-----~-----~ 

No 

l. Decode Go 
to MOP 
Sig nal 

NP341 

Yes 

l. Reset DWCR 
2. Gate Op Reg to L-Reg 
3. Ton MOP Tgr 
4. Set MOP State l 
5. Tof lnsn Fetch Tgr 
6. Ton Rl Dbl Sk Tgr 
7. Ton Rl Og lnh Tgr 
8. Og B2 - D2 Op Reg Fld 
9. Set State 7 

Yes 

l. Ton L-Reg Fu II 
Tgr 

2. Ton Opnd Acces 
Tgr 

NM271 
NM271 
NM271 
NM27 1 
N P325 
NP325 

NM271 
NP325 
N P325 

3. Ton L-L03 Og Tgr 
NM271 

If yes, prev ious 
MOP instruction 
not complete 

- - - ------

A 

Sheet 2 

- ---

(3 / 68) 5 - 29 (1 of 5) 



Generated as I 
shown on l 
Diagram 5-126 I 

Sheets 1, 5 

1. Ton Req Ptrn 
or Arg Tgr 

NM289 

1. Gate Fetch (J82), 
Dbl (J 87), and 
VFL (J93} Bits to 
Ppln 3 Op Reg 

NM263, 267, 269 

Signa l 20-6 

1 Generated a s 
I shown on 
: Diagram 5-126 

Signa l 13- 28 

Sig nal 13- 5 

1. Gate SMAL Bit to 
Ppln 3 Op Reg 

2. Generate MALS 
Data Not Needed 
Signal 

Signal 13- 4 

- ---r--------, 

Signa l 13-1 

I 

Signal 13- lA : 

1. Gate Byte Bus to 
Byte Bfr 

2. Tof Byte Bfr Va I id 
Tgr 

3. Ton Te rm Tgr 
NM287 

1. Ton Byte Bfr 
Va lid Tgr 

NM299 

DIAG RAM 5-29. TR, TRT SEQ UENCE (SHEET 2 OF 5) 

5- 29 (2 of 5) (3/ 68) 

1. Gate Store 
Bit to Ppln 
3 Op Reg 
NM261,267 

1. Generate 
Adv Op 
Sig nal 

NM26 1 

I I 
I Diagram 5- 35, : 
1 Item 12 1 
I I .... ________ .J 

Signa l 13-7 

Sig nal 20-6 

Sheet 3 

H 

1. Gate Suppress 
Transpose Bit 
to Pp ln 3 Op 
Reg 

First pass 

~-- -- -----,- - --- --
: Diagram 5- 35, I 
ptem 10 I 
I I 
L---------~ 

Signal 13- 11 

Signa I 13-10 

I 
I 
I ,----------

' I 
: Diagram 5-35, ; 
: Item 1 : 
I I 

L----- - ---J 

1. Tof MOP Og 
Tgrs (to Tof 
L- L030gTgr) 

NM289 

Yes 

Signal 13- 6 

Second pass 

Yes (End of O peration) 

1. Genera te 
Adv to WR 
Signa l 

NM265 

and Temp 

Signal 20- 5 

Conn 2 for 
TR St 1 

2. Tof Og T grs to 
Adder 

Signa l 13-13 

Yes 

No 

NM285 

1. Gate B2 and 
02 to 
Adder 

NM289 
I 
I 

---r--------, 

I 

I I 

I Diag ra m 5- 35, : 

l Item 2 : 
L __ _ _ _ ___ J 

: Signa l 13- 14 

I 

!;:; - - - - ----. 
1Diagra m 5- 35, 1 

1ltem 5 (Table : 
I wd. address I 

~=~e~a_!i.:'~ _ _ J 
Sheet 3 



Conn l fo r 
TR St l 

I 

Diagram 5 - 35, : 
Item 31 I 

/v\a rk tgr suppres - ' I - : 
ses turn on of SAR I 
va l id tg r as "SAR I 
pe r ppl n 3" SAR I 
fie ld is loaded 1 I 

l. Ton SAR Vol id 
Tgr per Op 
Stage SAR Field 

2 . Ton Mork Tgr 
NM287 289 

: Signal 13-1 9 
I 

No 

DIAG RAM 5-29. TR, TRT SEQUENCE (SHEET 3 OF 5) 

Sheet 2 

Yes 

Yes 

l. Toi Opnd 
Access Tgr 

2. Ton Fxd 
Valid Tgr in 
Op Stage 

3. Step FXOS Ctr 

NM289 

l. Step FXB 
Bsy Ctr ' 

2 .,Set FXBs A
Bsy NM285 

l. Generate 
S-Bit 

NM285 

l . Set CC 
Bit in Op 
Stage Reg 

NM285 

l. Ton Temp to 
Adder A Og T gr 

2. Ton Hot 28 
Tgr NM285 

l. G e nerate 
P-Bi t 

NM289 

Signa l 13- 17 

Signal 13- 31 

Signal 13- 15 

Signal 13- 16 

Signal 13-18 

: Signal 13-26 

I 

Signal 13 -20 

Sheet 2 

to Op Stage 
2. Set Hi Pri 

SAR Bsy 
NM289 

I 
I 
I Signal 13-23 
I 

l . Ton lnh Adv 
to WR Tg r 

l . Gate Sto Op to 
Ppln 3 Op Reg Signal 13 - 22 

NM28 

No 

Signal 13- 25 : 

I 

2. Gate POS E to Op 
Stage Reg (12-15) 

3 . Gate FLB to Op 
Stage Reg (16-1 8) 

4 . Set Hi Pri FLB Bsy 
5 . Tof lnh Adv to WR 

Tgr NM289 

l. Tof l More 
Sk Tgr 

NM289 

l . Gate DWC 
to DWCR 

NM289 

l. Ton l More 
Sr T gr (M 102) 

2 . Flip New Argu
ment Binary 
T r NM289 

1. Tof Hot 28 Tgr 
(G90) 

2 . Toi Hot 31 Tgr 
(G92) 

3. Set T-C Tgrto T 
4 . Ton Byte Bir to 

Adde r Og Tgr 
5. Set MOP State 2 

(Ll 02) NM289 

Sheet 4 

Signal 13-24 

Signal 13- 30 

I 
I Signal 13-27C 
I 

5-29 (3 of 5) 



No (TRT) 

Signal 
14-17 

Signal 20-7 

Signal 14-3 

No 

Yes 

Sheets 3, 5 

1. Generate 
P-Bit 

NM291 

1. Suppress 
Ton SAR 
Valid Tgr 

NM28 

1. Toi Mark 
Tgr 

NM285 

1. Generate 
Adv TR2 

Signal 14-19 

--r------1 
: Diagram 
1 5-35, Item 
I 31 I 
L-------...J 

I 
I Signal 14-18 
I 

No 

Signa~M265 

~---'---..-- -r- - - - - - - ..., 
1. Arg Byte 

Ac pt 
NM265 

I Diagram 5-35,: 
I Item 13 : 
L ________ J 

I Signal supplied to VF LEU 
J whenever argument bytes 
I are being accepted by I - Bax 
I (Diagram 5-126) 

DIAGRAM 5-29. TR, TRT SEQUENCE (SHEET 4 OF 5) 

5-29 (4 of 5) 

Signal 14-4 

Signal 
generated by 
VFLEU 

Signal 
14-4A 

No 

1. Gate Byte 

1. Ton Last 
Arg Byte 
Tgr (N103) 

NM289 

Bus to Byte Bfr 
2. Toi Byte 

Bfr Valid Tgr 
NM287 

1. Ton Byte 
Bfr Valid 

Tgr NM299 

Signal gen
erated by 
VF LEU 

Signal 14-16 

1. Gate 

1. Generate E-Bit 
2. Set MOP State 

3 NM287 

Sheet 5 

: Signal 14-15 

I 
NM287 

Sheet 5 

Signal 14-6 



Signal 14-2 

~- - -------, 
I I 
; Diagram 5-35, 1 

1 Items l, 2 I 
' I 

Signal 14-0 

No 

l. Tof Req 
Ptrn ar Arg 
Tgr 

l . Ton Temp to Adder A Og Tgr 
2 . Ton Hot 28 Tgr (G90) 
3 . Tof Og Tgrs to Adder 
4 . Tof MOP O g Tgrs (By te Bfr Og 

Tgr) 
5 . Set MO P Sta te l (LlO l) 

N M287 

Yes 

1. Ton SAR Va lid Tgr 
Per Op Stage SAR 
Fie ld 

NM287 

Na 

Sheet 4 

Yes 

Signal 14- 11 

Sig nal 14-1 

I.. - - - - - - - - .J_ -'--------.---------J --r-----, 
I I 
1 Diagram 5- 35 d 

Sig na l 14- 10 

Sheet 2 

Signal 14-12 

i Item 31 I 

L-------~ 
Sheet 4 

No 

l . Gate Rl -OR to Save Rl 
2 . Force LO Bit to "R l to Rl-O R" 

Bus (0001 for GPR lg and SLC 
Comp) 

NM287 

No 

I 
Signa l 14-13 I 

l. Tof Loop 
Mode Tgr 

NM291 

l. Ton Req G PR Pri 
Tgr 

2 . Taf Last Arg Byte 
Tgr 

3 . Og Bl - Dl Op Reg 
Fie ld NM287 

l . Tof Last Arg 
Byte Tgr 
(Nl03) 

N M287 

Signal 14- 14 
I (No non -zero 
I found by 

Yes No 

l . Tof Og Tgrs to 
Signal 14-7 Adder 

; -- ----- , -
' Diagram 5-35 , I 
1 Jtems2, 3, 4 I 
I I 
L-- - - -- --

2 . Gate Bl -Dl to 
Adder 

NM287 

l . Tof Req G PR Pri 
Tgr 

2 . Gate Adder to WR 
3 . Tof Byte Bfr Val id 

Tgr 
NM287 

DIAG RAM 5- 29. TR, TRT SEQ UENC E (SHEET 5 OF 5) 

No 

l. Ton Req G PR Pr i Tgr 
2 . Tof Last Arg Byte lg 
3. Og Bl -Dl Op Reg 

Fie ld 
4 . Set MOP Sta te 3 

NM287 

Signal 14 - 8 

This condition ind icates tha t a new 
I argument word has just been fe tched 
I and that anothe r tab le ward must be 

I fe tched ta comple te the curre nt op 
being formed . Note that the fe tch 

I address used for the table ward fe tch 
I may not hove used a va l id argument 

byte . 

Sheet 4 

l . Tof l more Sr Tgr 
2 . Gate Ste Op to Pp ln 3 
3 . Set Hi Pr i F LB Busy 
4 . Gate FLB to Op Stage (9-11 ) 
5. Ton Fxd Va lid Tgr in Op Stage 
6y Gate POSE to Op Stage 
7. Step FXOS Ctr 

Signal 14- 9 

NM287 

D 

Sheet 4 

l • T of Req Ptrn or Arg 
Tgr 

2 . Tof MOP Og Tgrs 
(To Tof Byte Bfr to 
Adder Og Tgr) 

NM291 

l . Step IR 
2 . Set State 0 
3. Ton \nsn Fetch Tgr 
4 . Tof Rl Og lnh Tgr 
5 . Tof Rl Db l Sk Tgr 
6 . Set MOP State 0 
7 . Tof SMAL Bit 
8. Tof all MOP Tgrs 

End of 
Operation 

Signal 14- 5 

NP327 
NM085 
NM11 5 
NP019 
NM117 
NM305 
NM269 
NM303 

5- 29 (5 of 5) 



End of 
Operation 

Yes 

No 

No 

Na 

Yes 

Wait far resolution 
of branch on 
condition test 

No 

Yes 

1 . Perform Store 
Into Array 
Interlock Check 
(Diagram 5-5) 

Start 

See Diagram 5-7 
far decode cycle 
basic interlock check 

No 

(Op Bits 1,3) 
(Op Bit l or LM or STM) 

No 

No 

1 . Gate 0 to 0 Bfr 
2. Gate D Bfr to Adder 

No 

1. Gate GPR Specified 
by B to Adder 

NP341 

No 

NP341 

Yes 

No 

1. Gate WR to 
Adder for B 

NP377 

Yes 

DIAGRAM 5-30. NOXCM SEQUENCE (SHEET 1 OF 3) 

5-30 (1 of 3) 

Objective: 

Decode and issue the fallowing instructions: 

NC, OC, XC, MVZ, MVN, and CLC Instructions (NOXCM Class) 

NC D4 

0 

oc D6 

xc D7 

MVZ D3 

MVN Dl 

CLC D5 

7 8 

L I Bl I 
15 16 19 20 

Bl 

L Bl 

L I Bl I 

L Bl 

I Bl I 

1. Decode Go 
to MOP Signal 

NP341 

1. Reset DWCR NM271 

01 

Dl 

Dl 

Dl 

Dl 

Dl 

2. Gate Op Reg to L-Reg NM271 
3. Ton MOP Tgr NM271 
4. Set MOP State 1 NM271 
5. Tof lnsn Fetch Tgr NP325 
6. Ton Rl Dbl Sk Tgr NP325 
7. Ton Rl Og lnh Tgr NM271 
8. Og 82-02 Op Reg Fld NP325 
9. Set State 7 NP325 

1. Ton L-Reg Full Tgr 
2. Ton Mark Tgr 
3. Ton Operand 

Access Tgr 
4. Ton L-L03 Og Tgr 

NM271 

Sheet 2 

I B2 I 
31 32 35 36 

B2 

B2 

B2 

B2 

I B2 I 

D2 

47 

D2 

D2 

D2 

02 

D2 



Sheet l 

Ton Terminate 

NC,OC,XC,CLC, 
MVC,MVZ,MVN 
(Op Bits 124) 

VFL Bit to ppln3 op 
suppress transpose to 
ppln3 op dbl wd (Length) 
to ppln3 op 

NM263 

~--S-ig-no_1_1_s_-2_2_~! 
I 

N o 

P-Bit to Op Stoge 

NM311 

Portiol 
Decode CLC 

(Sb7) 

N o 

Ton O vlp Tg r 
0-Bit to Op Stage 

NM31 1 

N o 

S ignol 15-21 

S ignol l 5-20 

Signol 15- 9 

,--------- - - - - ---
Cond I for 
N O XCM State 1 

Cond 3 for 
NOXCM Slote 1 

Signol 15-18A 

Signal 15- 14 

P- Bit to Op 
Stoge (Partial) 

NM31 3 

Signa l 20 -5 

Advance to WR 
MSCE occe,Jling 
ond not IMRT 
with no fetch or 
store in ppln3 

Ye• 

Step IR 

Set I-Stole O } 
Ton lnsn Fetch Tg r MOP 
Tof Rl Og Inhibit Cleanup 
Tof Rl Dbl Sk Tgr 
Set MOP State 0 
Tof SMA L Bits 
Reset al I MOP T g rs 

END 

L_ -------~--~ 
Ton Inhibi t Adva nce 
to WR Tgr 

N o 

Fetch to Ppln3 op 

No 

NOXCM 
I C lass F 

No 

N o 

~ Cond 2 for NOXCM Stote I 

Signal 15-1 0 

SN\AL Bit 
to Ppln3 op 

NM269 

Gote B2 and D2 to Adder 
Tof Outgotes lo Adder 

Signal 15- 5 

---Li ___ s_;g_n_o1_1_s_-7 _ _ _ 

Outgote Bl - D I Op Req 
Fields 
Tof Mork Tgr 

NM3 11 

Signal 17-6 

DIAGRAM 5- 30. N OXCM SEQUEN CE ( SHEET 2 OF 3) 

Gote "POSE" to Op Stg (12-15) 
Ton Fixed Valid Tgr in Op Stg 
Step FXOS Ctr 
T of Outgotes to Adder 

Signal 15-26 

Tof Hot 28P , Hot 31T , and Set T/ C to T Gt 

Ton OW Ctr to Adder Og 
Tof Mork Tgr 

S -B it to Op Stg 

Ton CC Sit in Op Stg 
NM3ll 

NM309 

NM313 

Signal 15-17 

Signal 15- 19 

Set MOP Stole 2 
NM313 

~--S-'g_n_o_I _1s_-_1s_s _ __J:- --

Gote Mem Op to Ppln3 
Gote FLB to Op Stg 
Set Hi-Pri FLB Bsy 
Gate "POSE" to Op Stg 
T of Inhib it Advance to 
WR Tgr NM313 

Ton Fixed Valid Tgr 
in Op Stg 
Step FXOS Ctr 

NM313 

Signal 15- 15 

l ost Op is SC Onl y 

Signal 15- 18 

Signol 15-16 

Gate Adder to WR 
T of Outgotes to Adder 
Gote Bl ond Dl to Adder 
Og B2-D2 Op Reg Fields 

NM31 I 

Gote Adder to Temp 
Step FXB Bsy Ctr 
Set FXB's A- 0 Bsy 

Ton I More Sink Tgr 

NM313 

r --- --

S ignol 15- 5A 

~--s_;_gn_o_1 _1 s_-_7A __ ~: - - -

N o 

Ton Block C LC 
NM315 

No 

Gate B2 o nd 02 

to Adder 
T o f Outgotes 
lo Adder 

NM3ll 

Outgote B 1- D 1 Op 
Reg Fields 
Tof Mork Tgr 

NM3ll 

Gate 8 1 and DI to Adde.r 

Set MOP Stole 2 
Ton Mark Tgr 

NM311 

S ignol J 5-25 

Signal 15- 30 

T of One More Source T gr 
NM311 

Signal 15-29 

Ye• 

Gote OW Ctr to 
OW C tr Reg 

NM3 JJ 

One 
More Sink 

Tgr On 

'---s-;9_no_1 _1_s-_2_s _ __J;-----~ ~-----
N o 

' 
O uit Condition I 
Quit I 1 (15-2~MJJJ I 

E- Bit to Op Stage 
Tof Mork Tgr 
T of One More Source T gr 
T of MOP O utgotes 
(to Tof OW Ctr to Adder Outgote) 
Set MOP Stole 3 

NM311 

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

1 
I 
I 

I 
I 

I 
J 
I 
I 
I 
I 
I 
I _ _____ ____ _] 

T of Overlap T gr 
Tof Hot 28 Tgr, 
Hot 31 Tgr ond 
Set T/ C to T 

NM309 

Signal 17-4 
Sheet 3 

(3/68) 5- 30 (2 of 3) 



MOP State 2 

Cl ass F 
Fetch to ppln 3 op 

S ignal N o 16-2 1 

Signa l 16- 10 

Gate Sink; SBA to 
Op Stage (16- 18) 

Sheet 2 

Advance Op 
NM261 

P-Bit to Op Stage 
R-Bit to O p Stage 

NM3 13 

Yes 

Gate Adder to WR 
NM3 11 

No 

NM3 13 

Yes 

: O utga tes Op Reg Fie lds 

I 

Yes 

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

G ate 82 a nd 02 to Adder 
Ton Bl - Dl Og Tgr 

NM31 1 

DIAGRAM 5-30 . N OXC M SEQ UEN CE (SHEET 3 O F 3) 

5-30 (3 of 3) 

C lass S 
Stare ta ppln 3 ap 

SMAL Bit to Ppln 3 Op 
NM269 

Tof Outgates to Adder 
Ton WR to Adde r A O •Jtgate T gr 
Ton Te mp to Adder B O utgate T gr 
Se t T/ C Tgr to C 
Ton Hot 3 1 Tgr 

Signal 16-4 

Yes 

Signal 16-6 

Signal 16 -5 

Tof MOP Outgates (to Tof L-L03 Og) 

No 

No 

No 

Signal 16- 12 

Ton Mark Tgr 
NM3 11 

Ton One More 
Sink Tgr 

NM3 13 

Yes 

Outgate Bl , Dl 
Op Reg Fields 

NM3 11 

NM31 1 

Signa l 16- 26 

Signa l 16- 14 

Signal 16- 18 

Signal 16-7 

G a te FLB to O p 
Stg (16-1 8) 
Set Hi-Pri FLB Bsy 

No 

Gate OW Count to 
DWCtr 

No 

Yes 

Set MOP State 1 
NM3 13 

I 
Yes 1 

Ton Mark Tgr 
NM3 13 

Sheet 2 

A 

Sheet 2 

Yes 

No 

Ton Inhibit 
Ad vance to WR T gr 

NM313 

No 

Ton FXD Valid in Op Stg 
Step FXOS Ctr 

NM323 

Gate Mem Op to Ppln 3 
Gate "POSE" to Op Stg 
Tof Inhibit Adv to WR 

No 

NM323 

Yes 

Gate SAR to Op Stg 
Set Hi-Pri SAR Bsy 

NM323 

Yes 

Yes 

Ouit 2B or 2H 

Sheet 2 

Tof Opera nd Access T gr 
NM3 13 

Yes 

Ton Hot 28 T gr 
NM313 

Set MO P State 1 
NM3 13 

Signal 16-25 



Wait for resolution 
of branch on 
condi tion test 

Ente r bock to 
this rou ti ne if 
conditionally 
issued insn 
becomes val id 

End of 
O pe ratio n 

Yes 

Start 

No 

Yes 

No 
Ppln Ready 

Yes 

No 

Yes 

No 
Dia gram 5- 11, Sheet 4 

Diagra m 5-11, Sheet 4 

No 

Yes 

l . Perform Store Into 
Array Inte rlock 
Check 
(Diagram 5-5) 

Na 

No 

1. Gate D to D 
Bfr 

2. Gate D Bfr to 
Adder NP34 l 

DIAG RAM 5 - 3 1. PUMO SEQUENCE (SHEET I OF 3) 

Objective: 

Decode a nd issue the fol lowing instructions : Pock, Unpac k, and Move With Ofse t 

Pock 0 

I 
Un pack 0 

I 
MVO 0 

I 

I See Diagram 5- 7 
I for decode cyc le I basic interlock check 
I 
I 

(Op Bits 1,3) 
{Op Bit l or 
LM or STM) 

F2 

F3 

Fl 

L 1 I L2 

78 11 12 

I L l I L2 

7 8 11 12 

I Ll I L2 

7 8 11 12 

I Bl Dl I B2 

15 16 19 20 31 32 35 36 

I Bl Dl I B2 I 
15 16 19 20 31 32 35 36 

I Bl I Dl I B2 

15 16 19 20 31 32 35 36 

No 

No 

1. Gate GPR 1. 
Speci fied by B 
to Adder 

1. 
2. 
3 . 
4 . 
5. 
6 . 

N P341 

No 

l. Decode Go to 
MOP Signa l 

NP341 

Reset DWCR 
Gate Op Reg to L-Reg 
Ton MOP Tgr 
Set MOP State l 
Tof I nsn Fetch T gr 
Ton Rl Dbl Sk T gr 

7. Ton Rl Og lnh Tgr 
8. Og B2- D2 O p Reg Fld 
9. Set State 7 

1. Ton L-Reg Fu ll 
Tgr 

2 . Ton Mork Tgr 
NM271 

D2 

47 

D2 

47 

D2 

47 

Yes 

Gate WR to 
Adder for B 

N P377 

NM271 
NM27 1 
NM27 1 
NM27 1 
N P325 
N P325 

NM271 
NP325 
NP325 

Sheet 2 

5-3l (l of3) 



Sheet l 

VFL Bit to Ppln3 Op 
Suppress Transpose to 
Ppln3 DBL WD 
(Length) to Ppln 3 
Op 

Gate 82 and 02 to 
Adder Tof Outgotes 
to Adder Ton L2 
Outgote 

NM273 

T of N\ork T gr OG 
Bl - Dl-Op Reg 
Fie ld 

NM273 

I 

Pock, unpack, 
or MVO op 
bits J ,2,4 

I PUMOI Closs F 
I 
I NM261 

Signa l 21 - 25 

Signal 21 - 8A 

Signal 21 - 9A 

c 
Sheet 3 

1 More 
Sink Tgr 

On 

No 

Ton Mork Tgr 

NM275 

Source Operand : 
in this Op I 

Signa l 2 1- 12 

No 

·--+--~-~-------~-
Cond 1 for 
PUMO 
State 1 

Signal 21-11 

DIAGRAM 5- 31. PUMO SEQUENCE !SHEET 2 OF 3) 

5-3 1 (2 of 3) 

Gate Adder to Temp Step 
FXB Bsy Ctr Set FXBs 
A-D Bsy 

NM273 

Tof Out Gate to Adder 
Gate S l and D l lo Add er 
Og B2-D2 to Op Reg Field 

No 

Ton Inhib it Adv 
to WR Tgr 

NM273 

Out Gate Bl-DI 
Op Reg Field 

Adv to WR MSCE 
accepting, not I MRT, 
and no fetch or 
store in Ppln 3 

NM265 

Signal 21-21 

Signal 21 - 20 

Signal 21 - 19 

Quit IH 
Lost Op is 
Sou rce Only 
Signal 21-20A 

Gate Mem Op to Ppln3 
Gate FLB to Op Stg (9- 11 ) 
Set Hi- Pri FLB Bsy 
Gate POSE to Op Stg ( 12- 15) 
Tof Inhibit Advance to WR Tgr 

Ton Fixed Valid 
in Op Stg 
Step FXOS Ctr 

NM273 

Tof MOP Outgotes (to Tof 
L 1 and L2 Outgotes) 
Set MOP Stole 3 
E- Bit to Op Stg 

NM273 

-------~----~ 

Gate POSE to Op Stg (12-15) 
Ton FXD Val id in Op Stg 
Step FXOS Ctr 
T of Out Got es to Adder 
Tof Hot 28 Tgr, Hot 3 1 Tgr 
and Set T- C to T 

NM275 

Tof Mark Tgr 
Gate OWC to OW 
Ctc 

S-Bit to Op Stg 
NM275 

0-Bit to Op Stg 

Outgote B2-D2 Op Reg 
Field Ton WR to Adder A 
Outgote Set MOP State 
3 P-Bit to Op Stg 

NM275 

No 

Signal 21-36A 

Signa l 21 - 24 

Gate S2 ond 02 to 
Adder 
Tof Outgotes to Adder 
Ton L2 Outgote 

NM275 

Signal 21- 14 

Gate L2 to Byte Bfr 
(Save "Old" L2 
for Pock or Unpack 
Over!Cip) 

T of SBA Carry T gr 
Tof MOP Outgates 
Ton Ll Outgote 
Set MOP State 2 

Sheet 3 

Gate 0000 to L2 

r-
NM283 

Ga te 1000 to L2 

NM 283 

c 

Sheer 3 

-------~----~ 

Set MOP Sto le 3 
Ton Operand Access T gr 
Ton SAR Val id per Op Stg 
SAR Field 

NM275 

Gate POSE to Op Stg (12-15) 
Ton FXD Valid in Op Stg 
Step FXOS Ctr 
Tof Outgotes to Adder 
Tof Hot 28 Tgr, Hot 31 Tgr 
and Set T-C to T 

Signal 21-8 

Signal 21-31 

NM275 

No 

1 More 
Sink Tgr 

On 

Signa I 21-35 

Signal 21 - 36 

No 

Quit 11 
first op is 
lost op 
Signal 21-32 

S ignol 21 -9B 

Tof SBA Corry Tgr 
Gate 81 and Dl to 
Adder 

Outgote Bl-Dl 
Op Reg Fie ld 

NM275 

Ton l I Outgo te 
Set MOP State 2 

NM275 

c 

Sheet 3 



Sheet 2 

Tof Out Gates lo Adder 
Gate B2 a nd D2 lo Adde r 
O ut Gate Bl - DJ Op Reg Fie ld 

Signal 22- 7 

NM277 

Signal 23-6 Tof Overl ap 
Jg, 

Signal 22 -6 

I 
I Signa l 22-5 
I 

Tor O utgotes to Adder 
Ton Temp to Adder A Outgole 
Ton WR to Adder B O utgote 
Set T-C Tgr to C 
Ton Hot 31 T 

i 

NM281 

Signal 22 - 10 : 

Gate Sink 
SBA to Op 
Stage (16-18) 

NM277 

DIAGRAM 5 -3 1. PUMO SEQUENCE (SHEET 3 OF 3) 

Yes 

I 
Signal 23-13A : 

Tof Overlap Tgr 
Tof I More Source 
Jg, 

NM279 

Gate Adder ta Temp 

Signal 23-20 

(Save Sink I Address Bl + Dl + Ll ) 
T of Out got es to Adder 

NM279 

Yes 

I Cond it ion 3 
for PUMO 

I State 3 

Yes 

I 

: Signa l 23-13B 

Gate Adder to WR 
T of Outgotes to Adder 
T of MOP Out gates 
Ton Temp to Adder A Outgote 
Ton WR lo Adder B Out gate 
Set T-C to C 
Ton Hot 31 Tgr 

No 

NM279 

Ton Inhibit 
Advance to 
WR NM281 

No 

Signal 23-8 

Signal 23- 9 

Step IR 

Set I-State 0 } MOP 
Ton Instr Fetch Tgr Clean 
Tof Rl Og Inhibit Up 
Tof Rl DBL Sink Tgr 
Set MOP State 0 
Tof SMAL Bits 
Reset All MOPTgrs 

End 

No 

Block Complement 28-31 and Force 
Sit 28 to Adder 
Suppress Adder Checking 

NM279 

I 
Signal 23-15 I 

Signal 23 - 16 

Condition 4 
for PUMO 
State 3 

Gate Adder to WR 
Gate Adder to Temp 
T of Outgotes to Adder 
Tof Hot 28T, Hot 31T, and Set T/ C 
to J 
Gate B2 and D2 to Adder 

NM279 

Gate Mem Op to Ppln3 
Gate SAR to Op Stg (19-20) 
Set H i - Pri SAR Ssy 
G ate POSE to Op Stg (12-15) 
Tof Inhibit Advance to WR 

Signal 23- 17 J 

Tof MOP Outgotes (to Tof 
LI Outgate) 

Signal 22-11 

Yes 

No 

Ton FXD Val id 
in Op Stg 
Step FXOS Ctr 

NM323 

To Sheet 2 o f 3 

NM323 

Gate Mem Op to Ppl n3 
Gate FLB to Op Stg (9-11) 
Set Hi-Pri FLB Bsy 
Tof Inhibit Advance to WR Tgr 
Se t MOP State 1 

Signal 23-11 

No 

NM28 1 

Gate Mem Op to Ppln3 
Gate SAR to Op Stg (19-20) 
Set Hi-Pri SAR Bsy 
Ton Mark Tgr 
Tof Terminate Tgr 
Tof Inhibit Advance to WR Tgr 

NM281 

No 

Signal 23-19 : 
Signal 23- 18 

I 

: Signal 23- 10 

Ton Byte Bfr 
to Adder 
Outgote 

Ton l More 
Sink Tgr 

NM277 

Gate 0000 
to LI 

NM281 

5- 31 (3 of 3) 



End of 
O pe ration 

Wait for res- : 
e lution of 
branch on 

I 
I 
I 

con di ti on test 1 

Store i nto 
array inte rl ock 
check 
Diagram 5-5 

N o 

Sta rt 

1. G ate D to 
D Bfr 

2 . Gate D Bfr 
to Adder 

NP34 1 

DIA GRAM 5-32 . ED, EDMK SEQ UENC E (SHE ET 1 OF 4) 

5- 32 (1 of 4) 

Yes 

I See iagram 
I 5 -7 for decode 
I cycle basic 
1 i nterlack c hk 

(Op Bits 1, 3) 
(Op Bit 1 o r 
LM or STM) 

Objectives: 

1. Decade and issue an ED or EDMK instruct ion. 
2 . Che ck all inter locks tha t may deta in or cance l the instruction. 
3 . Ini tia lly fe tch two pattern and source words for VFLEU. 
4 . After first pattern (or source ) ward is requested by VFLEU, a subsequent re ference for a pattern 
(or source) word is made eac h t ime the VFLEU fin ishes processing a pattern (or source) word . 
5. VFLEU steps off a n Op whe neve r it requests a pattern word, a nd the I- Bax issues an op whenever 
it re ferences a fXJ ttern word. 
6. EDMK - Record byte address for first sign ificant resu lt d igit by forming byte address and causing this 
byte address to be stored in GPR l. 

1. 
Spec ifi ed by 
BtaAdder 

NP341 

1. Decode 
Go to MOP 
Signa l 

NP341 

1 . Reset DWCR 
2 . Gate Op Reg to L - Reg 
3 . Ton MOP Tgr 
4. Set MO P State I 
5 . Tof lnsn Fetch Tgr 
6 . Ton RI Dbl Sk Tgr 
7. Ton Rl Og lnh Tg r 
8 . Og B2-D2 Op Reg Fld 
9 . Set State 7 

1. Gate WR 
to Adder 
for B 

NP377 

NM27 1 
NM27 1 
NM271 
NM271 
NP325 
NP325 
NM271 
NP325 
NP325 

1. Ton L-Reg Full Tgr 
2 . Ton Ma rk Tgr 
3 . Ton Opnd Ace Tgr 
4 . Ton L- L03 O g Tgr 

NM27 1 

Sheet 2 



Signal 18 - 14 

Signal 18-15 

Signa l 18 -16 

Signal 18-3 

Signal 20 -6 

l. Ton TERMT 
(Ml 07) 

NM297 

l. Ton Req 
Ptrn o r Arg 
Tgr 

NM297 

l . Ton Req ED 
Sr Tgr 

NM297 

Sheet l 

l. Generate 
Adv Op 
Signal 

NM261 

No 

No 

l. Gene rate Foll ow ing Signals fo r 
3 Op Reg: 
o . Fetch Bit (J82) 
b. Dbl Wd (J 87) 
c. Suppress Tra nspose (J94) 
d . VF L Bit (J 93) 
e . SMAL Bit (J 95) 

This signal 
generate d in the 

VF LEU 
Diagram 5 -1 25 

This signal 
gene rated in the 
VF LEU 
Dia ram 5-125 

Th is signal 
generated in the 

VFLEU 
Dia ram 5 - 125 

Ppl n 

NM263 

.... --- ---,- l. Gene rate lg 
Adr to G PR 
Signa l 

NM239 

1 I 
I Diagram 5 -35, I 
1 Item 12 I 
L _____ _ _. 

l. G enerate ED MK 
Byte Adr Acpt 
Sig na l 

Yes 

N o 

N M299 

I 
I 

L ------, 

Signa l l 8 - l3A 
This signal is issue d 
to the VF LEU 
Diagram 5-125 

I 
I 
I 
I 

l , Ton Byte Bus Val id 
Tgr (N l Ol ) 

2. G ate Byte Bus to 
Byte Bfr 

NM293 

DIAG RAM 5-32. ED, ED MK SEQUEN CE (SHEET 2 OF 4) 

This signal 
ge nerated in the 
VF LEU 
Diagram 5 - 125 

Signa l 18 - 13 

l . Gate B2 and D2 to Adder 
2 . Tof Og T grs to Adde r 
3 . Ton Req Ptrn o r Arg, Tgr (Nl02) 
4 . Tof MOP Og Tgr [to Tof L-L030g 

Tgr (Nl07)) 
NM293 

Sheet 3 

No 

Signal 18-7 

r- - - -- - --4 
I 

I Diagra m 5- 35, : 
~ I terns l, 3, 4 ; 
t_ _____ _J 

----,..-------- -, 
I Diag ram 5-35,, 

Yes 
j Item 10 : 
L- - - - ----" 

l . Ton l more 
Sk Tgr 
(Ml03) 

NM297 

N o 

l. Tof Mark Tgr 
(Ml04) 

2. Og Bl and Dl 
Fie lds from Op 
Reg 

Signal 18 -8 

297 

Signal 18 - l l 

Issue 11 Last11 

op with new 
Sr 

l . Ton FXA Va l id T gr in Op Stage 
Reg 

2 . Step FXOS Ctr 
3. Tof Req Ptrn or Arg T gr (N l 02) 
4. Set MOP Sta te 3(L103) 

l . Genera te 
Adv to WR 
Signal 

NM265 

Signal 20-5 

l. Gate Adder to WR 
and Temp Reg Signal 18-9 

2 . Gate Bl and Dl to 
Adder 

3 . Tof Og Tgrs to 
Adder NM295 

l . Set FXBs A - D Bsy 
(E93, E94 , E95, 
F93) 

2 . Step FXB Busy 
Ctr 

Yes 

l . Ton Inhibit 
Adv to WR 
Tgr 

NM297 

l. Gate Sto Op to Ppl n 3 Op Reg 
2 . Gate FLB to Op Stage Reg (9 -l l ) 
3 . Set High Priority FLB Bsy 
4 . Tof Hot 28 Tgr (G90) , H31 Tgr 

(G92) 
5 . Set T/ C Bit to T 
6. Tof lnh Adv to WR Tgr 
7 , Ton DWCR to Adder Og T gr 
8 . Tof Req ED Sr T gr (N 104) 

N o 

N M297 

Signal 18-10 

I Signal 18 -l lA 
I 

NM297 

State 2 
(Ll 02) 

NM297 

Sheet 3 

Sheet 4 

5-32 (2 of 4) 



l. Set MOP 
State l 
(L 101 ) 

NM293 

Sheet 2 

Signal 19-5 

l • Tof Og T grs to Adder 
2 . Ton Temp to Adder 

Og Tgr 
3 . Ton Hot 28 Tgr (G90) 
4. Tof MOPOgTgrs To 

Turn Off DWCR to 
Adder Og T gr) 

NM295 

Signal 19- 8 

Signal 20-6 

Yes 

Signa l 19-6 

Sheet 2 

l, Generate 
Adv Op 
Signal 

NM26l 

l . Ton CC Bit in Op 
Stg Reg (H92) 

2 . Ton Req Ptrn or kg 
Tgr 

3. Set MOP State l 
(Ll Ol) 

4. Generate S Bit Sig 
for Op Stg Reg 

N M297 

Sheet 2 

DIAG RAM 5-32 . ED, EDMK SEQUE NCE (SHEET 3 OF 4) 

5- 32 (3 of 4) 

No 

Signal 19-7 

1. Ton FXA Vo l id 
Tgr in Op Stage Reg 

2 , Tof Req Ptrn or Arg 
Tgr (Nl 02) 

3 . Step FXOS Ctr 
4. Se t MOP State 3 

(Ll 03) NM297 

Sheet 4 
l , Generate 

Adv to WR 
Signa l 

NM265 

Signal 20- 5 

l . Gate Adder 
to WR 

NM295 
Signa l 19- 3 

Yes 

l. Gate Sto Op to Pp ln 3 Op Reg 
2 . Gate F LB to Op Stage Reg 

(16-18) 
3 . Set High Prior ity FLB Bsy 
4. Gate SAR to O p Stage (19- 20) 
5 . Set High Priority SAR Bsy 
6. Gate Appropr iate POSE Bits to 

Op Stage Reg (12-15) 
7 . Ton FXA Va lid Tgr in Op Stage 

Reg (H93) 
8. Step FXOS Ctr 
9 . Tof Req Ptrn or kg Tgr (Nl02) 

10 . Tof lnh Adv to WR Tgr (Ml05) 
NM297 323 

l . Gate DWC 
to DWCR 

NM297 

l. Ton LostT gr 
(Nl03) 

2. Tof l More 
Sk Tgr(M 103) . 

M297 

l. Genera te E Bit Sig 
for Op S tg Reg 

2 . Tof Opnd Access 
Tgr (Ml Ol) 

NM297 

Signal 19- 9 

Signal 19-2 

Signal 19-1 2 

Signa l 19- 11 

l. Ton I nh Adv 
to WR 
Signal 

NM297 

Issue "Lost 11 

op wi th new 
Sr 



Signal 19-15 

I. Tof MOP Og Tgrs 
(To Tof DWCR and 
Byte Bfrs to Adder 
Og Tgrs) 

NM293 

l. Step IR NP327 
2. Set State 0 NM085 
3. Ton I nsn 

Fetch T gr NM115 
4. Tof RI Og 

Inhibit Tgr NM019 
5. Tof Rl Dbl 

Sk Tgr NM117 
6. Set MOP 

State 0 NM305 
7. Tof SMAL Bit NN269 
8. Tof all MOP 

Tgrs NM303 

End of 
0 eration 

1. Ton Req GPR 
Priority Tgr 

2. Ton Byte Buffer to 
Adder Og Tgr 

3. Tof MOP Og Tgrs 
4. Tof DWCR to Adder 

Og Tgr 

NM295 

Signal 19-19 

DIAGRAM 5-32. ED, EDMK SEQUENCE (SHEET 4 OF 4) 

Sheets 2, 3 

No 

No 

1. Force Low Order Bit on Bus to Rl -

OR (000 l for S LC Comp and In
gate to GPR) Signal 19-13 

2. Gate Rl-OR to Save Rl Reg 

No 

Signal 19-16 

l , Tof Loop Mode T gr 

NM295 

NM293 

Yes 

No 

l. Tof Req GPR 
Priority Tgr 

2. Tof Byte Buffer 
Valid Tgr 

3. Gate Adder to WR 
NM295 

5-32 (4 of 4) 



Precise Interrupt Signals {Program B) 

1. IR Specif Int 
2. Flt Reg Specif Int 
3. Fix Reg Specif Int 
4. SSK Specif Int 
5. ISK Specif Int 
6. Shift Specif Int 
7. ld PSW Specif Int 
8. Diag Specif Int 

1. RR Priv Int 
2. SI Priv Int 
3. RS Priv Int 

Diagrams 5-7,5-8,5-9 - 5-16, 
5-19 - 5-21, 5-24 

itl 

l. Ton Prog B Int 
Tgr (N70) 

NP303 

Diagrams 5-16, 5-18, 5-19 
5-20' 5-21, 5-27 

1. Ton Prog B Int 
Tgr (N70) 

NP303 

Yes 

1. Ton Specif 
B Int Tgr 
(L88) 

G 

Diagram 5-34 

1. Oper Int 

1. SSK Adr Int 
2. SSK Adr Int 
3. WRD Adr Int 
4. RDD Adr Int 
5. Ld PSW Adr Int 
6. Diag Adr Int 
7. SSM Adr Int 

1. Ton Priv Op Int 
Tgr (L89) 

NM387 

Diagram 5-34 

1. Gate Op 

No 

Diagram 5-7 

1. Ton Prag B Int 
Tgr (N70) 

NP303 

Diagrams 5-16,5-18 

Yes 

1. Tan Oper Int 
Tgr (L87) 

NM385 

G 

Diagram 5-34 

5- 19, 5-20, 5-21 Diagram 5-4 

1. Ton Prag B Int 
Tgr (N70) 

NP303 

1. Inst Inv Adr 

1. Ton Adr B Int 
Tgr (L91) 

NM389 

Diagram 5-34 

Yes 
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Program B (Precise), External, and 1/0 Interrupt Signaling and Priority 
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l. Tof MOP Og Tgrs - Th is I ine turns off the following outgote triggers: DWCR; Byte Buffer; R l to 
R l - OR; L l; L2; and L-L03. 

2. Tof Og Tgrs to Adder - This line turns off the following outgate triggers: all "B" and "X" outgate 
triggers; D-Bfr; Temp to Adder A; Temp to Adder B; WR to Adder A; WR to Adder B. 

3. Gate Bl (82) to Adder - This I ine turns on the B outgate trigger which is specified by a decode of 
the B-field outgated from the Instruction Register. 

4. Gate D l (D2) to Adder - This line turns on the D-Bfr ,;utgate trigger and ingates to the D-Bfr the 
D-Field which is outgated from the Instruction Register. 

5. Gate Bl (B2) and Dl (D2) to Adder - This line combines the functions of the lines described in 
items 3 and 4. 

6. Lf to Rt Olap - This signal is used in the NOXCM sequence to indicate an overlapping condition 
between the sink ond source o,eerand fields which requires special handling by the VFLEU. This 
I ine is conditioned by: 0 < LSink Starting Address (to byte level) - Source Starting Address (to 
byte level)] < 8; i.e., 0 < [(Bl+ Dl) - (B2 + D2)] < 8. 

7. MVO Olap - This signal is used in the PUMO sequence to indicate an overlapping condition be
tween the sink and source operand fields which requires special handling by the VFLEU. This line 
is conditioned by: 0 < D < 8, where D = [(B2 + D2 + L2) - (Bl + D 1 + L 1)] = (Source Starting 
Address - Sink Starting Address). 

8. Possible Olap in PACK or UNPK - This signal is used jn the PUMO sequence to indicate an over
lapping condition between the sink and source operand fields which moy require special handling 
by the VFLEU. (See also item 9.) This line is conditioned by the following logical relationship: 
(Decode UNPK) (-8.S D .$ 0) or (0 < D < 16). (D is defined in item 7.) This condition will prompt 
the PUMO sequence to go into a special "hand-in-hand" relationship with the VFLEU. 

9. PACK or UNPK Olap - This signal is used in the PUMO sequence to indicate that a particular 
source doubleword has the some address as a particular sink doubleword and that special handling 
of this pair of operands is required in the VFLEU. This line is conditioned when: (-8 ~ D < 8) 
(Sink Dbl Wd Adr Bit, Bit 28) =(Source Dbl Wd Adr Bit, Bit 28); i.e., Sink Double Word Address= 
Source Double Wd Address. (D is defined in item 7.) 

10. L03, B, D, L Carry - This signal is used as operand fetching is begun, to aid in determining haw 
many doublewords are involved in a particular operand stream. A three-bit sum is determined by 
the addition of the low-order three bits of the register specified by B to the low-order three bits 
of the D field. This sum is then added to the low-order three bits of the L-field; a carry out of the 
high-order position of th is three-bit add is known as an "L03, B, D, L Carry". 

11. Block Og of Byte Adr from WR to Adder A - When this line is conditioned, it suppresses the out
gating of bits 29-31 from the WR which would otherwise take place when the WR to Adder A Og 
Tgr is on. 

12. MALS Data Not Needed - This line signals the MSCE that the data for a fetch are not needed. 

13. Arg Byte Accp - This signal is generated by the MOP sequence for TR and TRT. Its presence 
indicates to the VFLEU that"any argument byte which is presently on the Byte Bus may be taken off. 
Note that this signal consists of two lines to the VFLEU - the signal is present only when both 
lines are negative. 

14. Blk End Cancel - This line is conditioned by the MOP logic whenever the Term Tgr is on. It is 
used in connection with the op concelling process. When the line is conditioned, it prevents the 
VFLEU from completing its cancelling process until the MOP sequence can guarantee that no more 
ops will be issued to the FXOS. 

15. Byte Bus Valid - This signal from the VFLEU indicates to the TR or TRT sequence that a valid 
argument byte is on the Byte Bus, or to the ED or EDMK sequence that a byte count is on the Byte 
Bus. 

16. CLC Complete - This signal is generated by the VFLEU when it finds that the operands in a CLC 
instruction are equal. The signal is used in the NOXCM sequence as part of the control for the 
Blk CLC Tgr. 

17. CLC Term - This signal is generated by the VFLEU based on the fact that a pair of CLC operand 
bytes are unequal. If the unequal byte pair is compared during cycle n, this signal is transmitted 
to the I-Box during cycle (n+l). CLC Term is used in the NOXCM sequence to prevent further 
operand accessing and as port of the control for the Blk CLC Tgr. 

DIAGRAM 5-35. MOP DEFINITIONS 
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18. EDMK Byte Adr Accp - This signal is generated by the MOP sequence for ED and EDMK. Its 
presence indicates that the byte count has been gated into the Byte Buffer. 

19. EDMK Complete - This signal is generated by the VFLEU and is transmitted to the I-Box in 
parallel with the transmission of the last pattern word to an SDB. It causes the ED or EDMK sequence 
to turn on the Term Tgr which will then lead to an exit from the sequence. This communication 
relative to the completion of EDMK execution is necessary since the I-Box must stand-by until 
there is no further chance that a byte address may have to be generated and stored in GPRl. 

20. End of Olap PACK or UNPK - This signal is generated by the VFLEU in connection with the 
special approach used for particular overlap situations in PACK and UNPK. It is transmitted to the 
I-Box in parallel with the transmission of the last sink word to an SDB and is used in the PUMO 
sequence to motivate an exit. 

21. End of Sr Wd - This signal, generated by the VFLEU, is used only in certain overlapped PACK or 
UNPK situations. It is transmitted to the I-Box during the cycle following the outgate of the lost 
byte from the source word and is used in the PUMO sequence to initiate the fetch for tfie next 
source word and the setting up of another store for the present sink word. 

22. End of Sk Wd - This signal, generated by the VFLEU, is used only in certain overlapped PACK or 
UNPK situations. It is transmitted to the I-Box during the cycle following the ingate of the lost 
byte into the sink word, and is used in the PUMO sequence to initiate a store for the next sink word. 

23. GPR Accept - This signal is the output of the GPR Accept Trigger which is a part of the GPR 
ingate priority scheme in the FXA. If the GPR Accept Tgr is turned on at the start of cycle n, data 
from the I-Box are gated into an addressed GPR at the start of cycle (n+2). 

24. lg Adr to GPR - This line is conditioned by the MOP logic whenever the MOP Tgr is on to block 
the ingate to the addressed GPR of the high-order eight bits from the I-Box. This covers the byte
address-soving situations which arise in TRT and EDMK, and requires the high-order eight bits of 
GPR 1 to remain unchanged. 

25. Last Arg Byte - This signal accompanies the last argument byte to be sent from the VFLEU to the 
I-Box in the course of a TR or TRT instruction. 

26. TRT Complete - This signal is generated by the VFLEU when there is no non-zero function byte in 
the course of a TRT instruction. It is transmitted to the I-Box during the cycle following the exam
ination of the last function byte and causes an exit from the TR or TRT sequence. 

27. TRT Term - This signal is generated by the VFLEU based on the fact that a non-zero function byte 
hos been found. It is transmitted to the I-Box during the cycle following the examination of the 
non-zero function byte, and in parallel with the transmission to the I-Box of the byte count 
necessary for the generation of the culprit argument byte address. TRT Term is recorded by the Term 
Tgr, and motivates argument byte address generation and storing into GPRl. It then leads to an 
exit from the TR or TRT sequence. 

28. VFLEU - This signal is sent to the I-Box from the FXA during the FXOS decode cycle for an SS 
instruction. Its presence will cause the L-Reg Full Tgr to be turned off. 

29. VFL Req ED Sr - This signal is sent to the 1-Box by the VFLEU whenever, in the course of an ED 
or EDMK, it makes o request for a source word from an FLB. VFL Req ED Sr is recorded by MOP 
in the Req ED Sr Tgr and motivates the fetch of the next source word. 

30. VFL Reg Ptrn or Arg Tgr - Th is signal is generated by the VF LEU in connection with pattern word 
requests in ED or EDMK and argument word requests in TR or TRT. The signal is recorded by Req 
Ptrn or Arg Tgr. The TR or TRT sequence is notified for oil argument word requests except the first; 
and the Reg Ptrn or Arg Tgr initiates the fetch of the next argument word. The ED or EDMK sequence 
receives this signal for all pattern word requests except the first (and in one case the end of the 
pattern word from the "END" Op); and the Req Ptrn or Arg Tgr initiates the fetch of the next 
pattern word. 

31. Ton SAR Valid Tgr - Associated with each of the three SARs is a valid trigger. A SAR is set 
"Valid" when a new address is set into the SAR. Once the SAR is vol id, its address is compared 
with all incoming addresses. Situations arise in the multiple op sequences for handling TR and 
PACK or UNPK in which an address may be set into a SAR before it is desirable to subject it to 
comparisons. In sucfi cases it becomes necessary to modify the general procedure for setting a 
SAR valid. The logic used to accomplish this modification makes use of the signals: Suppress Ton 
SAR Vol id Tgr, and Ton SAR Valid Tgr per Op Stage SAR Field. The flow chart below shows how 
these special signals interact with the general procedure for setting a SAR valid. 



Instruction Fetch Control Triggers 

Array Fetch Protect Tags (ArTay Words 0-7, Temp 1 and 2) - NN161-167, 181-187, 207 
Indicate when an instruction fetch has violated a protected block of storage. There are ten 
array protect tags corresponding to the 8 array doublewords and the two temp locations. 
Should an attempt be m~de to decode any portion of an array or a temp doubleword with a protect 
tag on, a.fetc~ protect 1nte.rr~pt results. The t.ags are turned on or off respectively, as a storage 
return which violates or sat1sf1es fetch protect IS gated to the associated array word. 

Array Fetch Tags (Array Words 0-7, Temp I and 2) - NN161-167, 181-187, 201 
Indicate when a fetch for the corresponding doubleword of instruction array has been made and the 
data has not yet returned from storage. There are ten fetch tags, corresponding to the 8 array 
doublewords and the two temp locations. The tags are turned on by the instruction fetch mechanism 
and turned off on the same cycle that the data from the memory bus is ingoted. 

Initial Fetch - NNl77 
Used to gate a zero into·the UBCTR, allowing an unmodified transfer of the UB register contents to 
the UBCTR output. This requirement is necessary because instruction fetching is initiated via the UB 
register even though the next instruction fetch address is always taken after UB is updated by the 
UBCTR output. The initial fetch trigger is used to gate a zero into the UBCTR. This allows an 
unmodified transfer of the UB register contents through the UBCTR and back to UB. 

Instruction Fetch Trigger (IFT) - NMI 15 
Master control trigger for instruction fetch logic. This trigger must be on for any fetches that take 
place using the UB register. 

Instruction From Memory Request Trigger (IMRT) - NN225 
Signals MSCE of an instruction fetch. This signal also inhibits operand fetching to give instruction 
fetching CPU priority to the address bus to storage. Initiating an instruction fetch turns IMRT on; 
MSCE accepting to the CPU turns IMRT off. 

ISR Protect Tag - NN249 
This trigger is turned on or off by the MSCE to indicate that the immediately following storage 
return to the I-Box has violated protected storage. It is used to turn on or off the appropriate array 
or execute protect tags. 

Store Interlock Trigger (SIT) - NN230 
Set on when it is detected that a store instruction in the ppln 3 op register has stored within the UB 
and LB boundaries. SIT effectively cancels the affected instruction array word by initiating a fetch 
to storage for the doubleword stored into. The trigger is turned off when the re-fetch has been 
initiated. 

Store Into Array Trigger (SIAT) - NN231 
On SS format store operation or a store multiple doubleword, if the store falls within UB and LB, 
multiple instruction array words may become in val id. SIAT simplifies the recovery control by 
initializing the whole array starting with the current instruction address. SIAT is turned on by the 
detection of a store between the UB and LB bounds when processing an SS store or a store multiple 
instruction. It goes off following the completion of the instruction and completion of the 
reinitialization. 

Temp Fetch Trigger - NN226 
This trigger is turned on when the instruction fetch area is initialized following a branch that did 
temp fetching. The trigger causes the updating of the UB without initiating storage fetches, thereby 
preventing re-fetching of branch targets already fetched to the temp I and temp 2 locations. The 
UBCTR output is then correctly positioned to fetch the instruction word after the doubleword fetched 
for temp 2. The temp fetch trigger goes off on completion of the UB update. 

Temp Fetch l and 2 - NN205 
Signify that the respective instruction array doubleword (temp I and temp 2) has been activated by a 
branch decision and is to be gated to the op register and also to the instruction array word designated 
by the AOC register. The triggers are turned on as a result of a successful branch that did temp · 
fetching. 

Pipeline Stage 1 (Instruction Decode) Control Triggers 

Fixed Buffer Busy Counter - NP 139 
A three-bit control register that properly sequences the releasing of fixed operand buffers when an 
instruction requiring more than one of these buffers is encountered. These instructions require the 
fetching of 64 bit operands and therefore utilize the floating buffers as well as the fixed buffers. 
The fixed buffer busy counter is required when these instructions are stacked. 

Fixed Buffer Busy Tags A-F (FXB-BSY) - NP343-353 
A set of six triggers, one for each 32 bit fixed storage operand buffer, utilized to control allocation 
of buffers to storage fetches initiated for fixed operations. A buffer is made busy by turning its tag 
on as a fetch to the buffer is initiated. The tag is turned off when the fixed area utilizes the buffer 
contents, whereupon the buffer becomes available for re-assignment. 

Fixed Operation Stack Count (FXOS) - NP131 
A three-bit control register interlock on issuing to the fixed area. As an instruction is issued to the 
fixed area, the FXOS counter is incremented; when an instruction is completed by fixed execution, 
the counter is decremented. A maximum of six operations con be outstanding prior to the interlock 
preventing more issuing. 

Floating Buffer Busy Tags 1-6 (FLB-BSY) - NP357-361 
A set of six triggers, one for each 64 bit floating storage operand buffer, identical in function to the 
fixed buffer busy tags, except applying to the floating buffers. 

Floating Operation Stack Count (FLOS) - NPl35 
A four-bit control register identical in function to the FXOS, except applying to the floating area. 
A maximum of eight operations can be outstanding prior to the interlock preventing more issuing. 

New Instruction Address Trigger (NIA T) - NN227 
Sets the op register outgate triggers according to the value in IR after a new instruction address has 
initialized the array counters and JR. 

Op Register Outgate Triggers (2 per halfword) - NP009-015 
Used to <;ontrol the outgating of the op register. 

Op Register Val id Triggers (one per halfword) - NN244-247 
Used to indicate which of the four halfwords of the op register are valid and available for dec;oding. 
A pQrticular val id trigger is turned on by ingoting new data to its associated op register halfword and 
turned off when the instruction processing has utilized that halfword. 

Register Unavailable For Addressing (RUA Tags) - NP! 45-285 Order is: UAO, 1; RUM 0, 1; 
RUA 2, 3; RUM 2, 3; etc. 
A set of sixteen (one for each GPR) 3-bit control tags used to guarantee logically correct address 
generation by the I-Box. As an operation is issued to the fixed area, any GPR altered by that 
operation (RI) has its RUA tag incremented. The fixed area will decrement the tag upon execution 
of the operation. A nonzero tag indicates to any subsequent decode that the associated GPR is 
unavailable as an address generating parameter. Three bits are required to cover the number of 
operations that can be outstanding in the fixed area. 

Register Unavailable For Modification (RUM Tags) - NP145-285 Order is: RUA 0, I; RUM 0, 1; 
RUA 2, 3; RUM 2, 3; etc. 
A set of sixteen (one for each GPR) 3-bit control tags used in conjunction with the RUA tags to 
guarantee the proper sequencing of I-Box results into the GPRs. As an operation is issued to the 
fixed area, any GPR required as a source parameter by that operation (R2) has its RUM tag 
incremented. The fixed area decrements the tag upon execution of the operation. A nonzero 
RUM or RUA indicates to any subsequent decode that the I-Box cannot change this register, as an 
outstanding operation requires the current contents. Three bits are required to cover the number of 

possible outstanding fixed area operations. 
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Rl Double Sink Trigger - NMl 17 
Set by the decoder during all MOP instructions. It is meaningful only for LM and STM, double 
length shifts, and multiply/divide. It is used to make the RI equal SLCX and RI equal SLCB 
comparator compare not only Rl but Rl plus one, if RI is even. 

State Triggers (3) - NM083 
General sequence control triggers. SO is the decode state of all instructions. 57 is entered at the 
start of a multi-op instruction. MOP logic uses its own state triggers. The interrupt sequences are 
executed in SO and have their own sequence triggers. 

Store Address Register Busy Tags (SAR-BSY) - NP369 

A set of three triggers, one for each store address buffer register. As a store is issued, one of the 
buffers is assigned to hold its address until executed. The buffer is freed following execution and 
becomes available for reassignment. 

SVRI Invalid Trigger (RI Invalid) - NMI 13 
Indicates, for one cycle, to the decoder that the GPR addressed by SVRI has just been changed by 
the I-Box. If the address generate following this decode cycle used this GPR, the SVRI invalid 
trigger substitutes the WR contents (WR contains the address parameter) for the GPR (which has not 
yet been updated). 

Pipeline Stage 2 - Adder and Execution Staging Control Triggers 

B Outgate Triggers - NP435-441 
Sixteen triggers, one for each value of B. Allows gating the associated 32-bit GPR quantity to the 
A adder input 0-31. 

D Outgate Trigger - NP473 
Enables gating the 12-bit D buffer quantity to the D adder input 0-11. 

Fixed Valid Trigger - NP385 
Notifies the fixed area that the staging register contains an instruction for the fixed area. The 
trigger is turned on when an instruction is set into the stage and remains on for one cycle. 

Floating Valid Trigger - NP385 
Notifies the floating area that the staging register contains a floating point instruction. The trigger 
is turned on when an instruction is set into the stage dnd remains on for one cycle. 

Hot Ones Triggers - NP467-481 
Four triggers that allow gating particular single bit entries to the adder. The entry positions are 
into the D adder input. 

1. Bit 31 
2. Bit 29 
3. Bit 28 
4. Bit 25 

IR Counter Outgate - NP471 
Gates the five IR counter bits (26-30) to D adder input positions 26-30. 

LB Outgate - NP471 
Gates LB 8-25 to A adder input positions 8-25. 

Set Condition Code Trigger - NP385 
Notifies the execution areas that a condition code affecting instruction has just been issued or 
handled by the I-Box. The signal inhibits any outstanding instructions from changing the code. It 
is a one-cycle signal. 

SVIR Outgate Trigger - NP479 
Gates the five SVIR bits to the A adder input positions 26-30. 

Temp Outgate Triggers - NP477 
Two triggers allowing the 24-bit temp quantity to be gated to either the A or Badder inputs 8-31. 

Timer Address Trigger (TAT) - NP483 
Forces the address of the timer storage location into the adder when a timer update is required. 
Feeds hot inputs to D input positions 25 and 27. 

True/Complement Trigger - NP467 
Enables complementing the data gated to the Badder input 0-3~. 

WR Outgate Triggers - NP469 
Two triggers allowing the 32-bit WR quantity to be gated to either the A or Badder inputs 0-31. 

X Outgate Triggers - NP447-457 
Sixteen triggers, one for each value of X. Allows gating the associated 32-bit GPR quantity to 

the Badder input 0-31. 

Pipeline Stage 3 - Interface with Storage Control Triggers 

MSCE Not Accepting - NL551 
Indicates that no CPU address will be taken on the following cycle. Controlled by the MSCE. 

Branch Control Triggers 

Activate Trigger - NM091 
Set for one cycle when test of CC shows branch condition guess is correct. It notifies both stacks 
to start processing conditional ops, i.e. / render them normal. 

Back Less Than Eight Trigger (BACKST) - NMI03 
Indicates that the target of the current branch is back less than 8 doublewords. It can be set in 
two ways: (1) When LB s_ WR ~ UB and WR s_ IR or (2) When the adder output indicates 
back less than 8 (LB plus IRCTR minus the target). 

BAL Trigger - NMI 11 
Indicates a BAL op has entered state 6. 

BCQ Trigger - NM 119 
Set during the decode of a quick loop BCT instruction (loop trigger on and IR equals SLCIR). 

Branch In Array Trigger (BIAT) - NM107 
Indicates the target of a branch (not BC) is in the array. It is set'by the LB :S WR :S UB 
comparator after the first temp fetch is mode. 

Branch In Array 1 Trigger (BIAlT) - NMI07 
Similar to BIAT but set when a temp fetch sequence has not been used. 

Branch Trigger (BRT) - NM 107 
Indicates whether the branch in process will be taken. It is set according to the adder output and 

the· op (BXLE, BXH, BCT). 

BXLE Trigger - NM103 
Turned on during the decode of a BXLE instruction, off by the decode of BXH. It tells the branch 
sequences how to interpret the adder output, i.e., whether a pl us or D sum indicates branch or 
whether a minus sum indicates branch. 
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BXQ Trigger - NMl 18 
Set during the decode of a quick loop BX instruction (loop trigger on and \R equals SLCIR). It is 
also used for BX ops in loop (but not quick) mode. 

Cancel GPR Request Trigger - NM109 
A store in the instruction stream may occur after the request GPR priority trigger has been turned 
on. The cancel GPR request trigger allows the request GPR priority trigger to be turned off 
without ingoting the GPRs. 

Cancel Trigger - NM091 
Set for one cycle when test of CC shows BC guess is wrong. It notifies both stacks, FXOS and 
FLOS, and MSCE to destroy all outstanding conditional ops. 

CC Val id - NM095 
Tells test sequence when CC is available for testing. It is a data trigger and is kept off by 
(l) any CC op outstanding in the FXA or FLA, (2) a CC bit on in the op stage and not conditional 
mode, and (3) by the turn on of the activate trigger for one cycle (set to on again if a CC bit was 
issued in conditional mode). 

Conditional BACKST - NM093 
On during conditional mode caused by a BC operation whose target is back I ess than 8 doublewords. 

Conditional BIAT - NM093 
On during conditional mode caused by a BC whose target is in the instruction array. 

Conditional Quick Trigger - NM089 
On during conditional mode caused by a BC closing a loop in the instruction array. 

Conditional Trigger - NM095 
Indicates machine is in conditional mode, i.e., the \-Box has processed a BC op but the test of the 
CC has not yet been made. 

Loop Trigger - NM087 
Indicates machine in loop mode. May be reset by decode of any fixed op that changes the GPR 
pointed to by SLCB or SLCX. 

Rl Outgate Inhibit Trigger - NP019 
Inhibits the op register R l fields from being outgated to the R l decoder when a substitute field is 
uti Ii zing the decode hardware. 

Request GPR Priority Trigger - NMl 17 
Requests the FXA to give the I-Box priority on ingoting into the GPRs. The turn off of this trigger 
causes the WR to be set into the GPR addressed by the SVRl register. 

SVRl Outgate Trigger - NM109 
Outgates SVRl to the RI OR. It is set and reset by the XEC and BAL sequences. 

Temp Fetch Made Trigger (TFMT) - NM089 
Indicates that two temp fetches have been made for the branch in process. (Target is out of 
instruction array.) 

Unconditional Branch Trigger (BCUNCONT) - NMl 18 
Set during the decode of a BC with an al I ones mask field to distinguish it from a conditional branch. 

Execute Control Triggers 

Execute A Trigger - NM 152 
Indicates that an execute instruction is being processed. Required because the op register will be 
changed by the target fetch during the processing. This trigger is reset after target returns from 
MSCE. 

Execute B Trigger - NM103 
Indicates that the op in process is the target of an XEC instruction. 

Execute C Trigger - NN249 
Controls housekeeping following the completion of an execute target that has not resulted in a 
branch being taken. It controls the adjusting of the AOC and IR register contents to point to the 
instruction subsequent to the execute instruction, and activates instruction fetching. It is turned on 
for one cycle as a result of the completion of the target. 

Execute Fetch Protect Tags - N N209 
Two execute fetch protect tags are turned on as a result of fetching the execute target from a 
protected array. An interrupt will result from an attempt to use any portion of a protected word. 
Turn on and off is identical to that of the array protect tags. 

Execute l and 2 Fetch Tags - NN203 
Indicate outstanding fetches for the execute target. When the data arrives, it will be routed only 
to the op register and not to any array location. Two fetches may be required because the XEC 
target may cross a doubl eword boundary. 

Execute l Invalid Trigger - NM 152 
Turned on when the fetch for an execute target is to an invalid address. 

Execute 2 lnval id - NM 155 
Indicates the second fetch for execute target is invalid. This fetch is made because the target 
instruction may cross a doubleword boundary. No action results from this indicator unless the 
fetch is utilized. 

Plus 2 To IRCTR Trigger - NN197 
Used to set the IRCTR to the correct value after an execute has been processed. The IR must be 
updated by two halfwords following the target completion irrespective of the target length. It is 
turned on for one cycle following the completion of the execute target. 

Interrupt Control Triggers 

Channel Release Trigger - NM383 
Captures the release signal from the channels to provide a timing base on which to terminate 1/0 
instructions and 1/0 interrupts. Trigger is off whenever there is no turn-on signal. 

External Identity Triggers 
Set of eight triggers used to indicate which of the external, interrupt key, and timer interrupts are 
currently being processed. 

Inhibit WR Address Trigger - NM551 
Blocks the output of the WR from the address bus to MSCE during interrupt sequencing. This action 
al lows the PSW addresses to be forced via the some bus. 

Interrupt Fetch/Store Trigger - NM 153 
Indicates and causes the PSW fetch or store address to be formed based on the interrupt class being 
sequenced. 

Interrupt Sequence B Trigger - NM 160 
Indicates a precise interrupt is currently being processed. Enables imprecise interrupts that occur 
during the process to usurp the control and cancel the precise interrupt. 

Interrupt Sequence land 2 Triggers - NM151 
Provide clocking for handling interrupt sequencing. 

1/0 Interrupt Taken Trigger - NM 158 
Signals the channels that an 1/0 interrupt has been honored and that status may be stored. 

1/0 Interrupt Triggers - NM391-397 
Set of seven triggers, one for each channel, turned on when the associated channel signals interrupt. 
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Pipeline Not Empty Trigger - NM158 
Used whenever logical correctness demands a pipeline drain. The requirements for pipeline 
empty are: 

l . FXOS and FLOS empty 
2. I-Box state zero 
3. All FXBs, FLBs, and SARs available 
4. Not step IR 
5. FLRs not busy 
6. No FXA execution in process 
7. Instruction fetch trigger on 
8. All SDBs empty 
9. Ppln empty from PSCE 

a. No CPE request in CPE buffer 
b. No active CPU request in any queue register. 

10. CC valid 

Program A Interrupt Triggers 
Set of triggers identifying the various imprecise interrupts. In order of priority the imprecise 
interrupts ore: 

l. Data - NM417 
2. Fixed Overflow - NM417 
3. Divide - NM407 
4. Exponent Overflow - NM407 
5. Exponent Underflow - NM409 
6. Significance - NM409 
7. Floating Divide - NM4 l l 

8. Protect - NM4 l l 
9. Specification A - NM413 

10. Address A - NM413 

Two additional triggers indicate imprecise interrupts on conditionally issued instructions. These 

triggers turn on the normal program A interrupt triggers if the conditional instructions ore activated. 

l. Conditional Specification A - NM415 
2. Conditional Address A - NM415 

Program B Interrupt Triggers 
Set of triggers identifying the various program exceptions and the supervisor call exception, all of 
which are precise. In order of priority: 

1. Operation - NM385 
2. Specification B - NM385 
3. Privileged Op - NM387 
4. Execute - NM387 
5. Address B - NM389 
6. Supervisor Call - NM389 

Program B Interrupt Trigger - NM154 
Indicates a precise interrupt condition has been signaled. Establishes correct timing platform on 
which to begin sequencing the interrupt. 

PSW Stored Trigger - NM 157 
Indicates that the PSW has been stored to prevent a second store for a single interrupt. 

Multiple Operation (MOP) and Timer Control Triggers 

Block CLC Trigger (BLK CLCT) - NM259 
Used to block the MOP sequence for CLC (the NOXCM sequence) in case a prior CLC has not yet 
been terminated or completed. It is turned on when a MOP sequence completes a CLC prior to its 
completion or termination by the VFLEU. It is turned off when the VFLEU signals completion or 
termination. 

Byte Buffer Outgate Trigger - NM319 
Outgates the 8 bits of the byte buffer to input B, bils 24-31 of the address adder. This outgate 
function is used in the TR or TRT, ED, EDMK and PUMO sequences. 

Byte Buffer Valid Trigger - NM301 
Turned on whenever the byte bus is gated into the byte buffer and the byte bus valid line from the 
VFLEU is conditioned. This trigger goes off whenever the data in the byte buffer has been used and 
no new data has been gated in. TR, TRT (in TR or TRT sequence) and EDMK (in ED, EDMK 
sequence) instructions make use of this trigger. 

DWCR To Adder Outgate Trigger - NM319 
Outgates the 5 bits of the doubleword count register to input B, bits 24-28 of the address adder. 
This outgate function is used in the NOXCM and ED, EDMK sequences. 

Inhibit Advance to Working Register Trigger - NM248 
Prevents ingoting the address adder sum to the working register (or temp). This trigger is turned on 
whenever an address is ingoted to the WR but the associated ppln op bits are not set into the ppln 3 
register. This condition occurs during operand accessing whenever advance to VVR. is present but 

advance is not. The trigger is turned off as the ppln op bits are set into the ppln 3 op register. 

Last or SBA Carry Trigger (LAST) - NM247 
Used in three contexts. It is used in the TR or TRT sequence to record the last argument byte 
signal which accompanies the last byte of the argument stream from the VFLEU to the I-Box. It 
is used in the ED, EDMK sequence to aid in sequencing and addressing the last pattern word fetch. 
It is used in the PUMO sequence to record the occurrence of a L03 B, D, L, carry to set the one 
more source trigger or the one more sink trigger correctly. 

L1 Outgate - NM319 
Outgates the Ll field from the L register (bits 0-3) to input B, bits 28-31 of the address adder, and 
also gates the low-order 3 bits of the Ll field to theL03 carry propagate logic (seel03, B, D, L, 
carry in the MOP definitions - Diagram 5-35, item 10). Thisoutgate function is used in the 
PUMO sequence (covering all MOP instructions which have two 4-bit L fields, Ll and L2). 

L2 Outgate - NM319 
Outgates the L2 field from the L register (bits 4-7) to input B, bits 28-31 of the address adder and 
also gates the low-order 3 bits of the L2 field to the L03 carry propagate logic (see L03, B, D, L, 
carry in the MOP definitions - Diagram 5-35, item 10). This outgate function is used in the 
PUMO sequence (covering all MOP instructions which have two 4-bit L fields, Ll and L2). 

L·L03 Outgate - NM201 
Outgates the low-crder 3 bits of the L register to the carry propagate logic (see L03, B, D, L, carry 
in the MOP definitions - Diagram 5-35, item 10). This outgate function is used in the TR or 
TRT, NOXCM and ED, EDMK sequences (covering all MOP instructions which have a single 8-bit 
L field). 

L Register Full Trigger - NM245 
Turned on when the L (or Ll-L2) field is set into the L register at the beginning of each MOP 
sequence except LM or STM. While on, it serves as an interlock to prevent the I-Box from 
beginning a subsequent MOP instruction. It is turned off on the cycle following the FXOS decode 
of the first op of the associated MOP instruction. 

Mark Trigger - NM243 
Provides on assortment of special functions in all MOP sequences except LM or STM. 

Multiple Op State Triggers - NM305 
Define the 3 major states used in the MOP (multiple op) sequences. There are five MOP sequences: 
LM or STM; TR or TRT; NOXCM which covers NC, OC, XC, CLC, MVC, MVZ and MVN; E.D' 
EDMK; and PUMO which covers PACK, UNPK, and MVO. Each of the sequences is entered in 
MOP state l and is completed in MOP state 3. 



l. MOP State 1 - This trigger defines state l for each MOP sequence. 

2. MOP State 2 - This trigger defines state 2 for all MOP sequences. (Note that the LM 
or STM sequence does not use state 2.) 

3. MOP State 3 - This trigger defines state 3 for all MOP sequences. 

Multiple Op Trigger - NM239 
Turned on as each MOP sequence is entered and is turned off as each MOP sequence is completed. 
While an, it: aids in control of ingoting to the op stage and ppln 3 op; modifies the handling of 
the store into instruction array situation; and cal Is for partial (24-bit address field only) GPR 
ingoting whenever required. 

New Argument Binary Trigger {NABT) - NM260 
Used in TRT to aid in the cancellation of an unused argument buffer in case the TRT instruction 
terminates rather than completes. The NABT is off as the I-Box TRT sequence initiates the first 
argument fetch and is then alternately turned on and off as succeeding argument doubleword 
fetches are initiated. When NABT is on, it forces a bit to op stage position 13 {in the POSE field). 

One More Sink Trigger - i'-IM253 
Used in all MOP sequences except LM or STM as an aid in counting the doublewords involved in 
the sink operand field. 

One More Source Trigger - NM251 
Used in NOXCM and PUMO sequences as an aid in counting the doublewords involved in the 
source operand field. This trigger is also used in the TR or TRT sequence as described on the TR 
and TRT flowchart (Diagram 5-126). 

Operand Access Trigger - NM241 
Used in al I MOP sequences except LM or STM. It derives its name from its use in the NOXCM 
and ED or EDMK sequences wherein it is used (in conjunction with one more source trigger and one 
more sink trigger) as a part of the operand doubleword fetching mechanism. In this context, the 

operand access trigger will be on as fetching is begun and will be turned off when operand accessing 
is almost complete. In the TR or TRT end PUMO sequences, this trigger provides general sequencing 
functions. 
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Overlap Trigger (OLAPT) - NM257 
Used as an aid to handle certain overlapping operand situations that may be discovered during the 
NOXCM and PUMO sequences. It is turned on whenever the operand fields overlap in such a way 
that special handling will be {or may be, in case of PACK and UNPK) necessary in the VF LEU. 

Request Edit Source Trigger - NM301 
Used in the ED, EDMK sequence to record that the VFLEU has requested a source word from an FLB. 
When on, it causes the ED, EDMK sequence to fetch the next source doubleword. 

Request Pattern or Argument Trigger - NM301 
Used in the TR or TRT sequence to record that the VFLEU has requested an argument word from an 
FLB. When on, it causes a fetch for the next argument word. This trigger is used in the ED, EDMK 
sequence to record that the VFLEU has requested a pattern word from an FLB; and then it causes the 
fetching of the next pattern doubleword, and the issuance of an associated op to the FXOS. 

Rl to Rl OR Outgate Trigger - NM201 
Used only in the LM or STM sequence. Gates the Rl field from the L register (bits 0-3) to the Rl 
OR. The decoded output of this 4-bit OR is used to step the appropriate RUA counter(s) when 
stepping is signaled by the LM or STM sequence. 

Terminate Trigger (TERMT) - NM255 
Used to record a termination {not to be confused with the architecturally defined termination) 
signal from the VFLEU. Termination of a TRT or a CLC instruction prevents further operand accessing. 
This trigger is also used to record an EDMK execution complete signal from the VFLEU in the ED, 
EDMK sequence; and for a special sequence function for handling PACK or UNPK overlap situations 
{in the PUMO sequence). 

Timer Go Trigger - NM157 
Turned on when basic interlocks for issuing the timer instruction are satisfied. When the trigger is 
on, it initiates the issuance of the instruction and the formation of the proper address. 

Timer Tl and T2 Triggers - NM158 
Indicates timer update signal has been received. (The two triggers guarantee only one update 
per signal . ) 

MOP Definitions and Control Lines Between MOP Sequences and Fixed Area 

Refer to MOP Definitions, Diagram 5-35. 
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3 

5 

7 

9 

I I 

13 

15 31 

J 0 - 31 

= 

63 

3 1 

3 ] 3J 

I: 31 

28 30 

2J;~ 1: 
30 32 

I' l M ui Dec] 

J I 
11 

63 

:: I I' 
63 1: 
63 

J 

5 

'I 

11 

!I 

'I 

!j 

'I 

ii 
I 

'I 
I 
'I 
I 

'I 

I 
I 

6 

The condition code remains unchanged during mul tiply ops 

IC MR MULTIP LY (RR ) 

IC r " ,r R2 

SCM MULTIPLY (RX) 
4C MH MULTIPLY HA LFWORD (RX ) 

0 7 8 11 12 IS 16 

SC, 4C RI 

Object ives: 

I. During MULTIPLY operations , in forma t ion from GP R' s or Storage (FXB' s) 
is multipl ied a nd t he product placed in a G PR . 

2 . The mult ipli ca nd is spec ified by the RI fie ld. 
3. The multi pl ie r is specified by the R2 fi e ld for RR mult iply a nd by the 

FXB fie ld for RX multiply or mu lt iply ha lfword. 
4. Actua l mult ipli cat ion is performed by the True/ Complemen t mu ltiply 

gates at the input of the carry save adder (CSA), Each he x d ig it o f 
the mu ltipl ie r is decoded in t urn. The decoded gates dete rmine the 
multipli ed va lue of the mult ipli cand e ntered into the pa rt ia l product 
during each iterat ion . 

5 . T/ C Mu lt. gates mu ltiply by shift ing t he mul t ipl icand 0 , 1, 2 or 3 
pos it ions as it is gated in to the CSA. By gat ing int o the CSA in t rue 
or complement form and shift ing the correct number of posi t ions, any 

va lue of mul t i pl icotion can be produced from 0 to 16 (the b ina ry va lue 
of the mul t ipl ie r hex dig it) . 

6. The pa rt ia l product is he ld in the left s ide o f the accumul a tor a nd 
shifted right 4 pos it ions for each ite ra tion. The final produc t 
occupies both the left and rig ht s ides o f th e accumulator. 

7 . At the end o f the multiply operat ion the f ina l product is tra nsfe rred 
to the GPR ' s. 

8 . M ultiply opera t ions can be performed in less than the normal 8 iterations 
( 11 cy cles) if the mu ltipl ie r h ig h order posit ions are a n unbroke n string 
of 9 or 17 zero bits or one bits. 

9. During t he last cy c le the product is shifted the correct number of bits 
to pos it ion it in the sink GPR's. 



l 4. Set the iteration 
counter to perform 

8 ""Ply iterot ions 

3. GPR Rl is the sink 
reg for fv\ply Ops 

Ye' 

( Decode 
Multiply '-----,-'-J ~ 

Block 
Op Condition 

(ESS) 

No 

Cycle 1 
Trigger 

No 

l. Turn On tv\ultiply Tgr 
(J49) 

2. Turn On FX in 
Process (E52) 

NK165 

NK361 
3. Set Rl to GPR Sk 

Registers (E56-63) 

4. Set J Ctr to 8 
(F61-66) 

NK 169 

NK237 

~ 5. Turn On Block B-Bus 
NKl65 I"------15· 8-Bus from the GPRs is 

not al lowed to enter the 
CPA B input during Mply 
CPA 8 input is from 

6. Reset Left Acc. 
to Zero 

NJ639 

Diogcom 5- 128 J 

1 
Hardware error, 
cycle 1 should be on 
during first cycle 

RR Format 2. Multiplier is in GPR R2 CSA sum output A 
[ 

RX format 4C or SC l ...,.,... ______ _. __ 
......... ..., .. ...,...,o§, .. ..,., .. ,. .. ..___ _____ __'CN~o--<' Decode >-Y_e_'--1------------------., I Op lC 

[ 
The multipl ier comes 

1 from storage via the 
assigned FXB 

Op Select FXB 
NK135 

RX Mply halfword ] 

1 . Multiplicand is 
in GPR Rl -.- 1 

Co 

>-Y_e_' __ _{~---~ 3. GPR R2 is no longer l needed for this op 

................ ---...... -~-;-, .~S:e,-;R;-;,-:.:-,;-t:::o-;B~B;:-u::-, I r-,-. _S_e_t R_ l_ t.Lo_B_B_u,--l"' ..... D.oc·,n·g· h·o ·lfw· o- ,d- m.pl·e-th. e .. 

[ 
l. Op SC RX Mply 

full word. t/icond NK269 NK165 multiplicand is in GPR Rl 
is in GPR Rl + l 2. Set 32 Sit Outgote 2. Turn On Halfword 

l 3. Sel FXB is no longer 
needed fof this Op 

NK235 Op Tgr (H49) 
3. Turn On GPR NK235 

Double Tgr. (E66) 3. Set 16 Bit Outgote 
NK235 NK235 

L { 

Ye' ~No J------~"-'-<~ct~,d ~>-~------1 
Full 

Outgate Sel FXB 
to Adder A Input 

N~6Q J , 
1. Outgote Sel fXB 

to Adder A Input 
NK601 

2. Se t Doto 
Available (H46) 

NK335 
3. Turn On FXB 

Signal Not Busy 
NK339 

16 bit outgote for 
halfword. 32 bit 

"outgote tor fu! I word 

l 
--
.. ~A·n•u•nd•e•te•,•m•in•,d.,... .... 

numb..!r of cycles may 
occur whil~ waiting 
for data from storage 

1 . SctRl+ltoBBus 
NK269 

2. Set R2 to A B~KlJS i-
3. Turn On RUM 

Response (F67) 
NKl67 

4. Turn On GPR 
Double Tgr. (E66) 

NK235 
5. Turn On Doto 

Available (H46) 
NK137 

---------_! ____ ~A~ .. ---------------
...................... ~ .......... _,_ ___ JL__~ Op IC 1 
I_ Op Code 4C or SC Turn Off FXB Outgote 

to Adder A Input 
NK335 

L 

Tum Off R2 GPR Outgote 
to Adder A Input 

NK339 

1 

l 
2. Mult iplier is ga ted l 1 Step Op 

toRAcc NK339 
'---iiiiiiiiiiiiiiO..,...,.iiill_ mjo 2. Gate Adder to R 

Ace (H60) 

• 3. Ace is gated I 
through shifter (R ight 
4) bock to the Ace 

NJ003 
3. Set Shift Gates 

to R4 (H63) 
NJ601 

4. Reset l Ace to Zero 
NJ639 

S. Turn On Begun 
Tgc. (H47) 

NJ603 

. Free the Op Stock to 
decode the next Op. 

...... 

~: i:~~eo t:~o~:e~t in;,°y I 

parallel with multiply 
iterations. 

s,t, 0-8 of R Ace ] ~~!t-----'-~B~it-' 0- -- ' _6 _o_f R-A~ce-.... 

~o' ""~~:~:0 '" 
furn On Skip 4/ Limit 4 

in the N~xt Cycle (L49) 
NJ587 ~ I Skop 4 multoply "ecoloon' 

lTurn On Skip 2/ l imit J. J Ski p 2 multiply iterotionsl 
in the Next Cycle (K49) :.J 

NJ587 

j_ 

____ Y_e'< 001 or 0~>-N_o___ Mple gate decode group 1 

In Next Cycle Tum J 2 .... ----•b•itP'.,30l'-.,
3
,.
2

•of.,R• A- ce• .--t 
On 1 True (G66) 

NHOOl Yes lOl or l~>-N_o __ ~ 

~-------ll-n~Next Cycle Tum On J l I 
1 Complement (G~~OOl Ye~l ~ No~ 

[ 
In Next Cycle Turn 
On 2 True (G64) Yes 

NHOOI r----<. 100 

In Next Cycle Turn On No 
2 Complement (G63) 

NHOOl 

~~~pg~~eB1t~code ~--N~o'-/'.:( 001 or 010 >-Y_e_'--~ 
28- 30 of R Ace l 

"'"" ____ ..,. ____ N•o.7,;;- ,"'0<"IC oc~>Y_e_'--, 
In Next Cycle Turn 
On 4 True (G61) 

NH007 

No ~>--Ye_, ~ 
~'>--Y_e'~ 

[ 
In Next Cycle Tum On ] 
4 Complement (G60) 

NH007 

No 

In Next Cycle Turn 
On 8 True (GS9) 

NH007 

l In Next Cycle Turn On 
8 Complement (GSB) 

NH007 

l 
------------=__:]_- --- -------------

1. Turn Off Adder to 
R Ace (H60) 

NJ631 

2. Turn On Shifter to 
Rand L Ace (H61) 

NJ629 

NAfo 
Ace doto is shifted and 
gated bock to Acc. 

r------~~ Iteration >-=--~::::::::::::::JJ ____ -l"'_'P _______ ..., 
,--------,.--.-...-=;~~"':'"':":--ti 

I ngate Adder to Left J 
Ace (H59) Partial product 

DIAGRAM 5-101. MULTIPLY (SHEET 2 OF 3) 

I 

J NJ633 

Turn On Limit Tgrs 
Decoded in the Lost Cycle 

NJ587 

I 

Limit tgrs determine if 
the Mply Op will end 
before the ful I 11 cycles 

Multiply decode triggers control the true/ 
complement multiply gates to the CSA . 
The T/ C mply gates determine how many 
posi tions the mcond value is shifted 
(Multiplied) for each iteration . 

l. Turn On mply 
Decode T grs Decoded. 
In Lost Cycle 

NH DOI NH007 
2. Step I Ctr Down 1 

NJ557 

Right 12 : 3 hex digits; 2 
for the skipped iterations 
-d for the last mply cycle 

Leading string of 
9 ==skip lost 2 
mply iterot:ons 

___ Y~e~'~< 1Ctr == 4 >'-'N=0--~ 
________ ____ Y~"~'~< limit N o No~r-Y•='----~ 

4Tgr ~ 

1. Mcond is gated from B 
Bus through T/ C mply 
gates into CSA ot some 
time as le ft Ace is 
gated through the 
shifter to CSA. 

r-~--~N=-<o i'T~': 

~Ye' ~Y•e'.., .... .., 
I ~ Enable Shiftec Gote' 

for Right 12 

l Lost iteration of 
multiply with no 
leodi !:!.9._ stri~ 

,... _______ ,._-1 1. Decode Tgrs Select T/C Enable Shifter Gates J 
for Right 4 

Mply Gates 
ll'"--------.--f2. left Ace wired (shifter) 

2. Portiol product in L 
Ace is added to mcond 
coming through T/ C 
mply gates 

ight 20 = 5 hex digits; 4 
or the skipped iterations 
1 for the lost mply cycle 

Right 4 into CSA 
3. Right Ace shifted (Shifter) l---------

Right 4 back to Ac e l 3. Prepare to decode 
4. CSA Output is input next hex digit for 

to CPA mple gates 

l Return for next 
mply iteration 

Halfword Yes 
(H49) .>-----

No Yes GPR 
Sk Reg. Odd 

(E64) 

Enable Shifter Gates J No 
for Right 20 

Enable Shifter Gates 
for left 12 

I. Turn On Shifter to 
GPR (H65) 

NJ615 
• 2. Reset FXP in 

Halfword mply op, sink 
GPR is left side of o 
pair. lmteod of shifting 
R20, do L12 to position 
the final product in the 
left GPR 

1. Final product is ga ted 
to the sink GPR 

I "i.. ree e 1xed area 
for next op 

' 

Process (E52) 
NK361 

3. Turn On RUA 
Response (E61) 

NK167 

------r_-----------
1. lngote Sink GPR 

(H51) 

2. Reset al I Mply 

Controls NG92l 

( Endof ) 
Operation 

_J _ 

T. Sink GPR (R l) accepts 
the firwl product 



With No Leading String 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Function 

Multiply Trigger 

Begun Trigger 

Multiplier is Gated to the 
Adder from GPR R2 or FXB 

GPR RI+ I to B Bus (Multiplicond) 

Shift Right 4 

Adder to Right Accumulator 

Adder to Left Accumulator 

Shifter to Right Accumulator 

Shifter Stage 0 

Final Product from Shifter to GPRs 

Cycles 

2 3 4 5 6 7 

1111111111 Cycle l 

Not 6 

8 9 10 II 12 13 

10 

10 

10 

10 

Note 2 
Not2111111111 

10 

10 

10 

Count 8 8 7 6 5 4 2 I 0 0 

I I. Step Iteration Counter 

I 2. lngate GPRs R 1 and R 1 + 1 11 

Leading String of 17 

Function Cycles 

I 2 3 4 5 6 7 8 9 10 II 12 13 

I. Multiply Trigger 11 

2. Begun Trigger l 11 

3. Multiplier is Gated to the 
Adder from GPR R2 or FXB 

I .... Cycle l 

4. GPR R l t l to B Bus (Mui tip I icand) ll 

5. Shift Right 4 I 11 

6. Adder to Right Accumulator 
Note l 

I 
Note 2 - 2 ! Not 2 ~ 

I 

7. Adder to left Accumulator 9 II 

B. limit 4 2 11 

9. Shifter to Right Accumulator Not 6 11 

10. Shifter Stage 0 I II 

T 
11. Final Product from Shifter to GPRs I 2 ...... II 

Count 8 8 7 6 5 4 0 

I 2. Step Iteration Counter 2_. 2 _J 2_._ 2 j 8 _J 

13. lngate GPRs Rl and Rl +I 12_1 

I. Depends on previous op. 

2. Depends on following op. 

DIAGRAM 5-101. MULTIPLY (SHEET 3 OF 3) 

LeQding String of 9 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

l l. 

12. 

I 3. 

Function 

Multiply Trigger 

Begun Trigger 

Multiplier is Gated to the 
Adder from GPR R2 or FXB 

GPR RI+ I to B Bus (Multiplicond) 

Shift Right 4 

Adder to Right Accumulator 

Adder to Left Accumulator 

limit 2 

Shifter to Right Accumulator 

Shifter Stage 0 

Final Product from Shifter to GPRs 

Step Iteration Counter 

lngote GPRs RI ond RI +I 

Cycles 

2 3 4 5 6 7 8 9 10 I I 12 13 

II 

II 

....,.cycle I 

II 

II 

Not2~e 2 

II 

II 

Not 6 II 

II 

12 .... II 

Count 8 8 7 6 5 4 3 2 

I~ 

(3/68) 5-101 (3 of 3) 



Objectives: 

1. During d iv ide operations the value in GPR Rl and Rl+l (Div idend) is div ided by the va lue (Divisor) in either GPR R2 (RR) or on assigned FXB (RX) . . The results are placed bock in 
G PR RI (Rema;nder ) and GPR Rl +l (QuoHent). 
2. Divis ion is performed by repetitively subtracting the di visor from the di vidend and at the same ti me shifting 1 bit position for each of 32 iterations, 
3. The quot ie nt is constructed bit by b it from the results of each subtraction, 
4. In the last iteration, subtract ion ma y ca use the remainder to go negative ( less tha n zero}. In this case the di visor must be added bock in once to correct the remainder. 
5. Remainder, Divisor and Div idend signs determine the ending sequence which ad iusts the results to conform to standard ma thematical sign rul es. 
6. During the ending seque nce the quot ient is transferred to GPR Rl + l and the remainder is transferred to G PR Rl. 
7 . Divide operat ions may be aborted if the factors exceed the capacity of mach ine circuits. 
8. A complete di v ide operation requ ires 36 or 37 machine cycles depending on how ma ny cycles a re required in the ending sequence. 

Condi tion Code Re mains Unchanged For Divide Opera t ions. 

1D DR D;v;de (RR) 

31 0 31 

I RR I 0 7 18 111 12 l S~ 
l D Rl R2 

FXB1s 

0 31 

SD D D;v;de (RX) 

lo 7 18 I RX SD Rl 
(Note 2) 

10 11 

12 13 

14 31 0 lS 31 

(Nate I) 
GPRs 

0 31 

Alo y 

31 llil 

Sheet l 

Sheet 2 

Sheet 3 

Ext 

A 

Note 3 

~o ~o 
Decode 
Div ide 

End 

Basic Flow of Divide Operations 

31 
31 

Accumula tor 
Left 31 O R;ght 

3 1 
31 

31 

31 : 32 Sh;her 
31 32 

32 

DIAG RAM S-102. DIVIDE (SHEET I OF 4) 

5- 102 (1 of 4) (3/ 68) 

3 1 32 Notes: 
3 1 
3 1 

3 1 

::1 
63 

--1-. Div idend and divisor for RR format. 
2. Div isor for RX format. 
3. Sh fft ed left 1. 

1. Turn On D;v;de Tgr (J47) NK 16S 
2. Turn On FX In Process (ES2) NK361 

5. l ow order half of 
the d ivide nd is 
ga ted to the adder 

3. Set ICTR to 34 (F6 l-66) NK237 
4. Set Rl to GPR S;nk Reg NK 169 
S. Set Rl + 1 to A Bus NKl35 
6 . Force RI Odd to GPR Sk 

RX format 
divisor must come 
from storage via 
an FXB 

or proper ope rot ion 
dividend must be 
positive. If negat ive 
convert to posit ive 
by complementing 

Adder overflowed 
whi le 
complementing 
the d iv idend 

High order half of 
d iv idend is gated 
to the odder 

Comp ement t e 
h igh order half 
of the dividend 
now on the A bus 

Reg (E64) NK309 

Na 

1. Turn On FXB 
Divisor (K47) 

NKl6S 
2. Set FXB No me Reg 

(F56-S8) NK 139 

Yes 

1. Gate Adder A lnpu 
Complement (J64) 

NH207 
2. Ga te Hot 1 to 

Adder NH209 

1 D Divisor is 
in GPR R2 

l . Set Rl to A Bus 
NG923 

2. Tum O n Adder to 
R Ace (H60) 

NJ631 

2 . Keep A Adder 
Input Complement 
(J64) NH207 

A 

No 

Sign of 
RI 

Yes 

2. l ow order half of 
dividend is now 
coming out of 
odder to the righ t 
a ccumula tor 

1. Reset Sign Save 
(M47) NH20S 

2. Gate A Adder 
Input True 

Sheet 2 

11~16 
FXB 

18 -

Na 

Turn On Data 
Ava ilab le 
(H46) 

NK137 

Gate Adder 
A Input 
True 

Divisor 

Hardware Error 
Cycle I Should 
be on for first cycle 
of each op 

I Vt e n IS 

a lready 
posit ive don ' t 
com lement 

from stora ge 
v ia FXB 

l. Set 32 Bit Outgate 
NG923 

2. Turn On Black 
Buffer A Bus T gr 
(HSS) NG923 

No Yes 

Examine Sign 
For Use At 
Beginning of 
Cycle 3 

Cycle 2 

Cycle 3 

Cycle I 

Cycle 2 



2. ICTR should 
step down 
to 33 

Sheet 1 

1 . Ton Adder to left 
Ace (H 59) NJ 633 

2. Step ICTR Down 1 
(F61-66) 

NJ 555-557-559 

High order half of 
divident is now 
coming out of adder 
to the left Ace 

------•-...--------N-=o~~C Decode Yes Op5D >---------~ 
Div isor 
in G PR R2 

Yes 

t Yes 

Set R2 GPR 
to A Bus 

NG923 

[VCTea 1visor 
from GPR R2 
onto A bus to. 
the adder 

1 
l . Turn On Data Ava il 

(H46) NK335 

Has 
Divisor 

Arrived In 
FXB 

['F'ree ihe op stack to 
dcd the next op. If it 
is a VFL op it may be 
oble to proceed in 
parallel with div ide 
iterations 

--
Step Op 

NG923 

2 

l. Turn On Shift Le ft l Tgr (H62) NJ601 

2 . Gate 'Ace Wired Left l Into Adder 
B Input NJ595 

3 . Turn On Adder to Left Ace (H59) 
NJ633 

Dividend wcs 
converted to positi ve 

in cyc les l and 2 but 
sign bit may be on 
in later iterations 

2 . Wait 1 Cycl e to 
Examine Sign 

J 
Turn Off Block 
Buffer to A Allow divisor from 

the FXB onto A bus 
to the adder 

Bus (H55) 

l 

NK545 

--"1 i9fl oiifeOiOlT OfTllea l vi'Oe iiCf' intli"e 
left ace is shifted left l into the adder 
B input at the same time as the divisor 
is on the A bus waiting to get into the 
A input v ia the true/ complement gates 

1-f the dividend is the highest 
negati ve number, it cannot 
be complemented into a positive 
number. If the dividend is 
minus on the first pass 
(I CTR = 33) then the conversion to 
a posit ive number was unsucc essful 

No 'face Yes 
.-------....c~>.-. ---------------

N o Yes !,--) ...______..v 

Divisor 
Negative 

No 

Di vidend 
positive 

Yes 

Dividend 
negati ve 

No Divisor 
N egative 

Yes 

ICTR = 33 

Dividend 

Dividend and 
divisor both 
posi tive 

and divisor 
both negative 

~----------+--------ob.,,,,,,..._ __ _, 

l . Git the Divisor into 
Adder complement 
(J64) NH207 

2 . Gate Hot l to 
Adder NH209 

'"Subtrac t 
the divisor 
from the 
dividend 

Gate 
Divisor 
Into Adder 
True 

. S~9n>"0'11!' 

different, gate 
divisor true 
to subtract 

signs are 
!alike , compl e 
rie nt the div iso 

o subtract 

Yes No A 
-----< Corry Out >--------L---, ['O'rig1 noT 

div idend 

On first 
poss only 

------j --

' 
Insert quotient 
bit of 0 in 
right Ace 3 1 

NJ137 

sign from 

No ICTR = 33 Yes sign save tgr 

y,. v .. ~~ Cndl 
Oflo 
On 

>-----... ....-------- 'nnd Divisor Sign _ _._ _ Alike 

No 

r-- --

Constru c t the quotie nt from the 
resu lts of the subtrac tion. Each cyc le 
the a ce is shifted left l until the 
quotie nt fi ll s the right a ce 

Div by 
zero or 
overfl ow No 

I-

Set Condit iona l 
Overfl ow Tgr 
(L47) 

NH867 

Insert quotient 
bit of 1 in 
right Ac e 3 1 

NJ137 

DIAG RAM 5-102. DIVID E (SHEET 2 O F 4) 

Divisor 
from storage 
Via an FXB 

No 

Cycle 3 

An undetermined 
number of cycles 
may occur while 
waiting for the 
divisor from storage 

- -- ----~~ ---------
Cycle 4 

On first 
poss o nly Set Abort 

Tgr (H48) 
NH86 1 

Divide cannot 
cont inue . Abort 
causes inte rrupt 
and e nds the 
opera t ion 

- ----=F= - - -
.-----N_o_-<~>-Y_e_s ____ _ 

Turn O n 
RUM Response 
(F67) 

NG921 

Turn On FX B 
Signa l Not 
Busy 

NG923 

RR fo nnot RX fonnat 

l. Reset FX In Process (E52) NK36 1 
2. Turn On RUA Response (E67) NG893 

3. Reset All Div ide Controls 

-I-
Reset Abort 
Tgr (H48) 

NH86 1 

End of 
Operation 

l. Step I CTR Down 1 (F6 1-66) 
NJ555- 557- 559 

2. Turn On Adder to L Ace (H59) 
NJ633 

3. Ingole Shifter to R Ace (H61) 
NJ629 

Return 
for next 
ite ration 

2 

Sheet 3 

On first 
poss on ly 

I 
I 

Cyc le 5 

ro uring the 
first poss the 
I CTR shou ld 
step down to 32 

lAf'er suOT"roCTion, wh a 
is left of the div idend 
is put back in the left 

f:i cc for the next 
iteration 

rm e quOfi eiif" IS 

sh ifted le ft l 
back into the 
riaht ace 

(3/ 68) 5-102 (2 of 4) 



Cycle 35 

Cyc le 36 

l. and 2. These two 
I ines were gated by 
ICTR = 2 in the 
previous iteration 

Sheet 2 

l. Outgote R Ace to Adder A Input 
(H57) NJ641 

2 . Block the Divisor at the A Bus (GPR 
or FXB) (H54-55) NJ64 l 

3. Set Shifter Gates for Right 32 
NJ521 

10 rigrnCT 
dividend sign 
in the sign 
save trJ...9.aer 

No Yes 

Complement Ifie 
quotient before it 
is placed in GPR 
Rl + l 

l. Gt A Adder Input 
Complement (J64) 

NH207 

Divisor 
and Dividen 

Signs Alike 

2. Gate Hot l to 
Adder NH209 

If the remainder is negative, too many 
subtractions were performed . Correct 

this condition by adding the divisor bod 
in once . Remainder shou ld then be 
positive again 

l. Ingole GPR from Adder (H51) 
NG905 

2. Ingole Shifter to R Ace (H6 l ) 
NJ629 

3. Step JCTR to 0 (F61 -66) 
NJ555-557- 559 

l. Quotient in the right ace is gated to 
odder A input and then to GPR 
Rl + l. This is done to a llow comp
lementi ng at the T/ C gates if needed 

l'lfemoiiider is Shifted 
right 32 from le ft ace 
through the shi fter to 
the right ace 

l 
Gate A Adder 
Input True 

J 

11. Quotient to 
GPR Rl + l 

2. Remainder 
to Race 

IGt the quotien 
;io GPR Rl+ l 
li n true form 

-r-No ~~;n~'>-------
_f 

Yes 

l. Allow the divisor 
to enter odder A 
input th rough the 
T/ C gates 

l. Gate A Adder 
Input Complement 
(J64) NH207 

2. Gate Hot l to 
Adder NH209 

l . Unblock Div isor 
on the A Bus 
(H54- 55) NK545 

2 . Outgote R Ace to 
Adder B Input 
(H58) NJ643 

! Add tile 
divisor to the 
remainder 

--------1--
l l'Ut lne 
corrected 
remainder back 
in the r!,s!it a~ 

I ngote Adder 
to R Ace 
(H60) 
NJ003 NJ63 1 

Negative 

2. Remainder 
to the 
odder 

Gate A 
Adder Input 
True 

Cycle 36 

T'---- ----Cxcl 7------~-=._-=._-=._-=._-=._-=._-=._-=._-=._-=._-=._j_ ______ 1_..,..,....,~ ........ ....,_.....,. ....... __ _....,.... 

Complement 
the remainder 

l. Outgote R Ace to A Input (H57) 
NJ64 l 

2. Turn On RUA Response (E67) 
N G893 

3. Turn Off FX In Process (E52) 
NK369 

l. Remai nder is gated to the T/ C gates. 
If dividend sign is negative the 
rema inder must be complemented 

No 

free in the 
next c cle 

Yes 

l . Gate A Adder 
In put Complement 
(J64) NH207 

2. Gate Hot l to 
Adder N H209 

Gate A 
Adder Input 
True 

Remainder 
stays in 
true form 

End Conditi on No Yes 

Rema inder Dividend Divisor 
Cose Sign Sign Sign 

+ + + 

2 + + 

3 + 

4 + + 

5 + + 

6 + 

7 

8 + 

DIAG RAM 5- 102. DIVI DE (SHEET 3 OF 4) 

5 - 102 (3 o f 4) (3 / 68) 

Ac tion 
Requi red 

N one required . 

Complement the quotient. 

Complement the rema inder. 

Complement the remainder and the 
quotient . 

Correct the remainder by adding the 
divisor to the remainder. 

Compl ement the quo ti ent and correct 
th e rema inder as in case 5. 

Correct the remainder {as in case 5) 
and complement the correc ted 
remainder. 

Correct the rema inder (as in ca se 5) 
and complement the quotient a nd the 
corrected remainder. 

Cycle 37 or 38 

Tum On RUM 
Response 
(F67) 

N G921 

Remainder 
is placed 
in GPR Rl 

l. Ingole GPR Rl 
from Adder (H5 l ) 

N G92 1 
2. Reset All Divide 

Controls 

End of 
Operation 

Turn O n FXB 
Signal Not 
Busy 

NG923 

or ma 
divisor came 
from storage 
v ia an FXB 



Di vide Tim ing 

Function Cycles 

2 3 4 5 6 7 8 9 10 l l 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

l. Divide Trigger 

2 . Begun Trigger f--l~ ............... "' .......... ~ ............. ~ ................ ~ ............................................................................ 11..Li~!.,!.-j__j__J__J 

3. G PR Rl + l to the A Bus (Odd Half of Di vidend ) ,.11111-i--t--t-~l--+--+--+-+-+-+--+---1--+---+--+-+-+-+--+--1---ll--!---+--+-+-+-+--+---l---l---+--+--+---l----l---l---+--+---l--ll--l--l 

4. G PR R l to the A Bus (Even Half of Di vidend) f------f-~2::_+-+-+--+--+-~f-----+--+--+-+-+--+--+--1--l--+--+-+-+--J--.+--+--1--l--+---1--+-+--l---+--.l--l--~-+--+---1--+--l----1---~ 
N ote I 

5. FX B or G PR R2 to the A Bus (Dvr from Stor or GPR R2) [ J 111 

6. Car~ Out f---/l.iiiiiii-N•o~te_3-+--+-+--+--+--+---l---+--+-+-+--+--+--+--l---+--+--+--+-+-+--+--+--l---+--+---l--+-+--J--+--.l--l---l--l.--+-_j__-_j__ _ _j_ _ _j 

7. Adder to Right Accumulator 

8. Adder to Left Accumulator 

9 . Shiftleftl 

10. Shifter to Right Accumulator 

11. Sign Save Trigger 

12 . Step Iteration Counter 

13 . Shifter Stag e 0 

14. Straight Out Right Accumulator to A 

15. Straight Out Righ t Accumulator to B 

16 . Adder to GPR Rl + 1 (Ingole Ouotient into Rl + 1) 

17. Adder to GPR Rl ( lngate Remainder into Rl) 

N otes: 

1. On only for coses 7 and 8. 

2 . On on ly for coses 1 to 4 . 

3 . On only if the re is a carry 
between ha lves of the di vi dend . 

4 . Depends on previous op . 

5. On only if dividend is negative 
(Not reset at end o f op.) 

6. On only for coses 5 to 8. 

7. Woit during this cyc le until 
data is ovoi I ab le . 

8 . Lost iteration into the accumu lator 
occurs at thi s cycle boundary . 

9. On only for coses 1 to 6. 

DIAGRAM 5-102. DI VIDE (SHE ET 4 OF 4) 

Note 4 
12 

7 

2 

12 

2 Note 5 

12 

Note l 
12--Not 2 

12 

12 

Count 34 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 I 0 9 8 7 6 5 4 3 2 l 0 0 

7 -*- 8 ... a _i_ 8 .... 8 t_ 8 -*- 8 -*- 8 • 8 • a • B • 8 • 8 • 8 • 8 • 8 L 8 _._ B-*- B _i_ 8 1 8 • 8 * 8 I 8 II 8 • 8 • 8 • 8 • 8 • B • B _i_ 8-*- 8 -*- S_a_ 

Cose Remainder 

:.i: Positive 
2 Positive 
3 ---P-os1t1 ve 

4 ~s1t1 v-e 

5 Neg_oti ve 
6 J:::l._egot1ve 

7 l'fego t1 ve 
Ir Negati ve 

CQ - Compleme nt Quotient 
CR - Complement Remai nder 
CC - Correcti on Cycl e 

Dividend 

]':ositive ·~ 

Positive 
N egative 
-w~at1 ve 

Positi ve -_;.:·~ : 

Tos1tive 
Negative 
Negati ve 

Divisor Action 

Positive None 
Neaotl ve ~ 

N egati ve ~ 
1'"os1tive - l,I~ 
Positi ve ~ 
~live l,I 

Negati ve CC£ 
Posi ti ve CQ CC CR 

' 

12 -.. 12 

T 
12 Note 6 .... 

Note 8 

Note 9 Note 1 
JlL .llL J_ 



I FX& ;A- FF I 

l 
0 0 31 0 1 

2 3 

4 5 

I o-31 6 7 

I 8 9 
[(Note 3) 

10 11 I 
I 12 13 

I 0 14 31 0 15 

I (Note 2) 
~ 

0-31 GPRs I 0-31 

(Note 1) 

0 A Bus 31 0 ls Bus 31 

1~F T:~ c~f~/m lo 
31 7 

0 31 

(Note 4) 

Notes: 

1. Rl Field Data (RR and RX Formats). 

2. R2 Field Data (RR Format Only). 

3. FXB Field Data (RX Format Only). 

4. Results set the CC but are not gated back to a GPR. 

Contents of I 
GPR Rl Go to 
B Input of I 
Adder 

Turn On FX 
Set CC Trg 

l .Set Rl To GPR 
Sink Reg. 

NK169 
2 .Set Rl 

No 

NK167 

Fixed Area Is 
Responsible or 
Condition Code 
for This Op 

No 

.. 

Yes 

.-----'----~ -- - - - - - - - -- --..--~---
Turn On 
Compare Logi

cal Tgr N Kl 73 

R2 Data Is 
Subtracted 
from Rl Data 
for Comparison I 

Data from GPR 
R2 Is Gated to 
the A Input of 
the Adder 

GPR R2 Is No 
Longer Needed! 
for This Op I 

GPR Rl Is No 
Longer Needed I 
for This Op I 

DIAGRAM 5- T03. COMPARE 

5-103 

ontro 
I Setting of 
I Condition 

Code 

Turn On 
Complement 

Trigger NK313 

1 .Set R2 to A Bus 
NK135 

2.Set Data Available 
Trigger (H46) N Kl 37 

3.Tum On RUM 
Response 
(F67) NK167 

No 

l .Turn On RUA Response 
(E67) NK167 

2 .Step Op 
NK339 

3.Turn On Op Reset 
(H52) 

End of 
Operation 

NK237 

Turn On 
Compare Ari th
meti c Tgr 

NK171 

Bot Operands 
I Are Ready 
I for Use 

Begin Decoding 
I Next Op 

I 

31 

31 

T5 

T9 

RR 

49 
55 
59 

RX 

0 

0 

CLR 

CR 

CH 
CL 
c 

T5, T9 

Compare Logical 

Compare 

7 8 

RT 

Compare Halfword 
Compare Logical 
Compare 

7 8 

49,55,59 RT 

TT T2 

R2 

TT T2 

15 T6 20 

~@ 

T5 16 T8 19 20 

Condition Code 

0 = Operands ore equa I 
T = First Operand is low 
2 = First operand is high 

T. Compare operations gate data from the GPR's or Storage (FXB) to the carry propagate odder. 

2. 

4. 

The value of R2 is subtracted from the value of RT and the results set the condition code. 

Operands are not changed by the compare operations. 

Logical compares treat the data as 32 bit values without signs. 

5. During halfword compare, 16 bits of data from the FXB are gated to the adder. The high order 
bits of the word are changed to agree with the halfword sign. 

6. Normal execution time for ops T5 and T9 isl machine cycle, 

7. Ops 49, 55 and 59 require an undetermined number of machine cycles because input data must 
come from storage via an FXB. 

Compare Op 

Hardware 
Error 

Op Codes 
49,55 or 
59 

Step Op 

NK339 

End of 
0 eration 

Block Turn On 
of Data Avai 1-
able 

NK135 

Assigned FXB 
Is Decoded 
from FXOS 
Bits 16- T8 

Op Select 
FXB 

NK135 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

T. Gate FXB to A Bus 
(F56-58) N K60 l 

2. Set Doto Avai I able 
Trigger (H46) 

NK335 
3. Turn On FXB Signal 

Not Busy 
NK337 

These Ops Use 
I FXB's and 
I Data from 

Stora e 

Set 16 Bit 
Outgate 

NK235 

High Order 
I Bits Are Set to 
I Agree with 

Sign Position 

Set 32 Bit 
Outgate 

NK235 

Gate FXB 32 
I Bits to Adder 
I 

Wait for Doto 
I from S toroge 
!Via MSCE 

Storage Data in 
I the FXB Is 
I Gated to Adder 
A In ut 

Both Operands 
I Are Ready 
I for Use 

- - ------''-------

Assigned FXB 
I ls No Longer 
I Needed for 
This 0 



~ 
I 
I 0 - 31 

I 
I 
I (Note 3) 

I 
I 

(Note 2 I 

0 l A Bus 31 

F A lQ T/C 3~ F A I 0 

0 CPA ~ 
F A _10 

0 

1 
~ates:_ 

1. R1 Field Do ta (RR and RX Formats), 

2. R2 Field Data (RR Format Only). 

3. FXB Fie IC Data (RX Format Only). 

Th;s Is A l Cyc 
Op Beg;n Decod- I 
ing the Next 
Pseudo-Op I 

Hardware 
Failure 

Gate from Adder 
to GPR Remains 
On till End of 
Cycle 

load I 
Complement I 

R2 GPR to the 
Adder Via the 
A Bus 

No 

Step Op 

NK339 

Turn On !ngate 
Rl GPR Trigger 
(H51 I 

NK235 

No 

1, Turn On Op Reset 
(H52) NK237 

2. Set RI to GPR Sk Reg 
(E56-63) NKl69 

~-----~ -- - 3, Gate R2 to A Bus 
NKl35 

GPR's Rl and R2 
Are No Longer 
Needed for This 
Operation 

4. Turn On RUA/RUM Resp 
(E/F67) NK167 

5. Set Doto Avon (H46) 

~ 

31 

31 

Yes 

Op Code 18 
Does Not Set L Condition 
Code 

Yes 

No 

0 

0 

0-31 

7 

I Op Codes l 0, l l , 
12, 13 and 18 Load 

I Doto from GPR 
ISpec;f;ed by FXOS 
12-15 (R2) 

l 
0 

2 

4 

6 

8 

10 

12 

14 

I 

..... 

Load 
Positive 

No 

Turn On Com
plement Tgr 
(J64) 

NK313 

Turn On FX 
Set CC Tgr 
(M55) N K469-

l67 

I Op Code l l 

I or 12 
Yes 

DIAGRAM 5-104. LOADS 

End of 
Operation 

Turn On CC 
Overflow Tgr 
(K56) 

NK17l 

1 
31 0 l 

3 

5 

7 

9 

11 

13 

31 0 15 

GP Rs J 

(Note 1) 

Load 
Negative 

Allow Setting 
I the Condition 
I Code from 
Adder Resu I ts 

Set Condition 
Icade to ll if 
I Overflow 
Occurs 

0- 31 

31 

31 

Gate Data 
from Adder 
to GPR Rl 

Begin 
Decoding 
Next Op 

10 LPR Load Positive 

ll LNR load Negative 

12 LTR Load and Test 

13 LCR Load Complement 

18 LR Load 

I RR I 0 10, 11, 12, 13, 18 
718 

Rl 
11112 

R2 15~ ~ /!l/Jm 
48 LH Load Halfword 

58 Load 

I Rx!° 
48, 58 T Rl 

ll~ ~16 /!$& FXB 
18~ 

For ops 18, 48 and 58 the CC remains unchanged. 

Ops 10, 11, 12 and 13 set the CC as follows: 

CC Adder Condition 

00 =Result is zero 
01 00 Resu It less than zero 
10 = Resu It greater than zero 
11 =Overflow 

1. Load operations place information in a GPR (Rl) from either another GPR (R2) or from storage via an FXB. 

2, I - unit initiates the storage fetch (ops 48 and 58 ) and assigns an FXB to accept the data from MSCE. 

3. All data is routed through the A input of the carry propagate adder to Rl to allow complementing when 
required (for ops 10, 11and13), 

4. Load operations (except LH ) move 32 bits of information in parallel into GPR Rl. 

5. LH moves 16 bits of information into the low order half of RI and propagates the sign bit through the high order 
half of Rl. 

6. Operations 10, 11, 12, 13 and 18 require 1 machine cycle, 

7. Operations 48 and 58 must wait for storage data and therefore require on undetermined number of machine 
cycles. 

~~~-~~ - - - --
Op Codes 48 
and 58 Load 
Doto from FXBI 
Specified by I 
FXOS 16-18 

Block Turn On 
of Data 
Available 

NKl35 

Th;s Op 
Uses FXB 1s 

Yes 

FXB Decoded 
from FXOS 
s;ts 16-18 

Yes 

l. Turn On lngate GPR Tgr 
(H5l) NK235 

2 .Step Op NK339 
3. Turn On FXB Signal Not 

Busy NK337 
4. Turn On Op Reset 

(H52) NK363 
5. Turn On RUA Response 

(E67) NK363 

Op Select 
FXB 

NKl35 

Yes 

Set Rl to GPR 
No Sink Register 

No 

No 

Selected FXB Is 
I No Longer 
I Needed for This 

Operation 

GPR Rl Is No 
I Longer Needed 
I for This Opera

tion 

(E56-63) 
NKl69 

Specifies Which 
IGPR(Rl) Is to 
I Be Loaded from 

FXB 

Should Be 
Off 

This Fune ti on Con 
I Occur Even Though 
I Op Codes 48 and 
15s Do Not Set the 
Condition Code 

Dato Avail Tgr 
loff wa;tfo, 

IDota from 
Storage 

Set 16 Bit Outgat 
NK235 

Turn On Halfwo:-d 
(H49) 

NK515 

5-104 



8 
l l 

0 0 31 0 1 

2 3 

4 5 
0-31 

I 6 7 

I 8 9 

I 10 11 I (Note 3) 
0 12 13 

I 0 14 31 0 15 

I 
(Note 2) 

0- 31 I GP Rs J .. 
0 A Bus 31 0 

0 ~~~~rJF &Jo 
F 

1z: 
0 

l 
Notes: 

1. Rl Field Data (RR and RX Formats ) 

2. R2 Field Data (RR Format Only ) 

3. FXB Field Data (RX Format Only) 

I Al low Setting 

I Condition 
Code (CC) 

Results Go to 
GPR Specified 
by Rl Field 

~------.----j 
A and B Buses 
Go to Con
nective Circuits 
in the CPA 

I 
I 

I 

No 

1 • Set R 1 to GPR 
Sink Rep (E56-63) 

NK169 
2 .Set Rl to B Bus 

NK165 

L_~ _ ___._ _ __, 

Both Operands I 
Are Ready for I 
Use 

GPR No Longer 
Needed by This 
Operation Can 
Be Turned On by I 
RX End Op N K363 

Set R2 to A 
Bus 

NK135 

1. Set Data Avail 
(H46) NK335 

2. Turn On lngate 
GPR Trigger 
(H51) NK235 

3. Turn On RUA 
Response 
(E67) NK167 

1. Step Op 
NK339 

2. Ton Op Reset 
(H52) NK237 

End of 
0 eration 

(No~ l)J 
JBBu~31 

317 
31 

Yes 

Turn On and 
Trigger (K60) 

NK165 

Yes 

Turn On XOR 
Trigger (K61) 

NK165 

I ,-
1 

I 

(Note 1) 
~ 

Set Up Controls for 
Connective Circuits 
AND and XOR Tgrs 
On Together Produce 
OR Condition 

Op Code 54, 
56 or 57 

No 

Gate Results 
I of Connective 
I Circuits to 

GPR Rl 

Begin 
Decoding 
Next 
Pseudo-0 

DIAGRAM 5-105. AND, OR, AND EXCLUSIVE OR 

5-105 

0-31 

31 

31 

Decode Op 14, 
16, 17,54,56,57 

14 

16 

17 

RR 

54 

56 

57 

RX 

0 

0 

NR 

OR 

XR 

14, 16, 17 

N 

0 

x 

54, 56, 57 

Condition Code 

CC = 0: Results Zero 

AND 

OR 

Exclusive OR 

7 8 

AND 

OR 

11 12 

Rl 

Exclusive OR 

7 8 11 12 

Rl 

CC = 1: Results Not Zero 

15 16 20 

R2 

15 16 

FXB 

1. AND, OR, and exclusive OR operations gate data from the GPR's or storage 
(FXB) to connective circuits in the carry propagate adder. 

2. The connective circuits perform all the AND, OR, and exclusive OR functions. 

3. Results are placed back in the Rl GPR. 

4. Normal execution time for ops 14, 16 and 17 (RR format) is 1 machine cycle. 

5. Ops 54, 56 and 57 (RX format) require an undertermined number of cycles because 
input data must come from storage via an FXB. 

No I 

Hardware 
Error 

Step Op 

NK339 

End of 
Operation 

Op Select 
FXB 

NK135 

Set 32 Bit 
Outgote 

No 

1. Gate FXB to A (F56-
58) N K601 

2. Turn On FXB Signal 
Not Busy 

NNK337 

This Op 
Uses FXB 

I Wait for Data 
I from Storage 

I Decoded from 

I FXOS Bits 16-
18 

Selected FXB 
I Will Be Free 
I During the 

Next Cycle 



0 

[o 

56 63 

48 55 

Store Bus 

3 1 32 

To Store Data Buffers 

A Bus 

B Bus 

63 

1 
(Note 2) 

(Note 1) 

/~ 48 

0-31 32 

Store Bus 
3 1 32 

1 
To Store Data Buffers 

f the Assigned SDB Is 
!No t Ava ilab le, an Un
l:ietermined Number of 
~ach i ne Cyc les May 
O ccur before Operation 
Can Proceed 

i 
63 

63] 

1 

0 

0 

B Bus 

0 

0 

STC Data Flow 

GP Rs 

0 31 0 1 31 

2 3 

4 5 

6 7 

8 9 

10 11 

12 13 
14 31 0 15 31 

24 31 

ST and STH Data Flow 

GP Rs 

0 31 0 

2 

4 

6 

8 

10 

12 

14 31 0 

1 

1 31 

3 

5 

7 

9 

11 

13 

15 31 

J 
Notes : 

1 . 

2 . 

ST inst ruction only . 

tructian only . STH ins 

( Decode Op 
40 ,42 , 50 

No 
FXOS 

SDB Pos ition 
Available 

NK363 

Begin 
' Decoding 
Next Op 

Turn On O utgate A 
and B Bus to SDB 
(H66) NK339 

NK463 

NK411 SDB Assigned Ts 
Decoded from FXOS 

19-20 
Yes 

1. Step Op NK339 
2. Turn On RUA Resp 

(E67) NK363 
3. Turn On RX End O p 

NK 363 

p utga tes Are 
~urned On 
Early in the 
~vc le 

Turn O ff O utgate A/ B 
Bus to SDB 
{H66) 

NK463 

Notify I- Unit That 
This GPR Is No 
Longe r Needed for 

Outgate GPR By te to 
SDB 
{1-167) N K339 

NK463 

Bi ts 24- 31 of GPR Rl 
Are Ga ted to SDB 
48-55 and 56-63 

I - Unit No tifies MSCE 
Where the Data Is in 
the SDB Positions 

- - - -- - - -- - - --+-- -- - - -- - I-- -- - - - - -- -- --

Da ta from the GPR is 
in the SDB • G PR 
O utga tes Are No 
Longe r Needed by 
Th is_,,Op 

Turn Off A and B Bus 
G ates from the G PR 's 

( 

N G929 

End of 
Operation 

DIAGRAM 5 - 106. STORE, STOR E HA LFWORD AND STO RE C HARACTER 

Trigger Is Reset "by 
C lock Timing- 05 D12 

(Late in Cyc le ) 

CC Remains Unc hanged 

40 STH Store Ha lfword 
42 STC Store Character 
50 ST Store {Word ) 

0 

RX 40, 42, 50 

1. .Data is transferred from the GPR , spec ified by Rl , to storage via 
the fixed area sto re bus and MSCE storage data buffers ( SDB ) . 

2. 
via 

During a store operation, all 32 bi ts of Rl a re placed in storage 
bus posit ions 0-31 and 32 - 63. 

3 . During a store halfword operation, bits 16- 31 of Rl ore p laced in 
storage via bus pos itions 48- 63. 

4. During a store c harac te r opera t ion, bits 24-31 of Rl ore placed in 
storage v ia bus pos itions 48- 55 and 56-63 . 

5. I- unit not ifies MSCE what portion of the SDB data is to be stored. 

6 . Normal exe cutio n time is 1 machine cycle. 

Code 40 or 
42 

Cycle 
1 Trigger 

(D53) 

No 

NK1 05 

Yes 

1 . Set SAR Name Register 
(F59-60) NK 139 

2 .Set Rl to GPR Sink 
Registe r {E56-63) 

N K1 69 
3 . Gate GPR (Rl) to the 

B Bus 
NK 165 

~ 
No 

Set G PR {Rl ) 
to the A Bus 

N K269 

Rl to A and Rl to 
B Remain on un ti I 
Data Is Gated into 
the SD B 

~ext Mac hine Cyc le--

[On [luring 
First Cycle 
On ly 

Set from 
FXOS 19- 20 

Gate the Rl 
G PR onto the 
B Bus 

ST Opera t ion Gates 
Rl GPR onto Both 
the A and B Buses 

(3/ 68) 5-106 



Result 
Bus 

0 

FC-FD 

7 

VFL Logic Unit 

0 3 4 7 -....,.-- --T'"--

Digit Shifter 

Block Al I GPR 
lngates Except 
Bits 24-31 

Outgate 
from FXB 

1 .Set Rl to GPR Sk Reg 
NK169 

2.Turn On Single Byte 
Tgr NK235 

3. Set FXB Name Reg 

0 

0 

0 

2 
4 

6 

8 

10 

12 

14 

Decode Op 
09 or 43 

1 .Op Select FXB 
NK135 

2. Turn On Byte 
Outgote N K333 

Yes 

R.,.ults Go 
to GPR Rl 

NK139 

FXB Con ta ins a 
5 Bit Key from 
SP Storage or a 
Byte from Sto 

Assigned FXB 
Is Decoded from 
FXOS Bits 
16- 18 

Dato Has Arrived 
from Storage. Op I 
Will Be Complete I 
at the End of 
This Cycle 

Assigned FXB 
Will Be Free in 
the Next Cycle 

IFXB Name 
I Reg A or B 

Gate Sk Bus 
through VFL Logic 
Unit 

NK409 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_J 

Yes 

Block Turn 
On of Data 
Available 

NK135 

No 

Set Data 
Avail Trigger 
(H46) 

NK335 

1 .Step Op NK339 
2. Turn On RUA Response 

(E67) NK363 
3.Turn On FXB Signal 

Not Busy N K337 
4. Turn On SI End Op 

NK409 

No 

Turn On IC/ 
!SK Trigger 

NK415 

GPR Rl Is No 
I Longer Needed 

I for This Op 
(After This Cycle) 

SI End Op Is Used 
Because Sing le 
Byte Circuits Are 
Used for Data 
Transfer 

Gate Sr Bus 
through VFL 
Logic Unit 

l---"TN'-"-"R3'-4.;.5__. ___ I ________ _ 

NK409 
NR345 

Output of FXB 
IA and B Go to 

the VFL "Sink" 
I Bus 

DIAGRAM 5-107. INSERT 

Both High Order 
and Low Ord er 
Digits Are 
Gated In 

l . Gate VFL Results to 
GPR Rl NK415 

2.lngate GPR Rl 
(Bits 24-31) NGnl 

3.Gate Early Clock 
for GPR 

NG921 

End of 
Operation 

Outputs of FXB 
C and D Go to 
the VFL "Source" I 
Bus 

31 0 

31 0 

GP Rs 

3 
5 

7 

9 

11 

13 

15 

This Op 
Uses FXB's 

Step Op 

NK339 

End of 
Operation 

Wait for 
I Data from 
I Storage 

31 

31 

09 !SK Insert Storage Key 

I I' 09 Rl 

* Special RR Format 

43 IC Insert Character 
0 7 8 

RX 43 Rl 

Condition Code 
Rema ins Unchanged 

1. Insert operations move a byte of information from storage into bits 24-31 
of GPR Rl. 

2. !SK obtains the information from storage protect memory (a 5 bit storage 
key). 

3. IC fetches a byte from a storage address. 

4. Dato path for the information is from storage through the FXB, VFL logic 
unit, digit shifter (straight through), and the result bus into GPR R l. 

5. Insert ops require an undetermined number of machine cycles because data 
must come from storage. 

Hardware 
Error 

5-107 



(VB Data Flaw 

32-63 ----------------------------~ 

FLBB 

0 - 31 

VFL Result Bus 

VFL SC Bus 

0 7 

Of34T7 
ili 4_h 

Note 2 

0 3 

31 31 

CVB Decoder 

r-----------1 
I I 29 31 
I I 

I 
28 

3 1 A 0 

0 0 31 0 

2 

4 

6 

8 

10 

12 

0 
14 

31 0 
GP Rs 

Hot 1 

30 

31 

l 31 

3 

5 

7 

9 

11 

13 

15 31 

The Condition Rema ins Unchanged for CVB 

4 F CVB Convert lo Binary 

l. Convert to Binary Processes o doub leword of packed decima l informat ion from storage and converts the 
information to Binary . 
2 . The doubleword from storage is he ld temporarily in a n FLB in the floating point unit before be ing transfe rred 
to FXB C and Din the fixed poin t unit . 
3 . Each digit (4 bits) of the doub leword is moved in turn into the h igh order 4 bits of FXB Conly 1decoded a nd 
added into the binary value in the accumu lator. 
4, A5 each digit is decoded and added in, the binary value is mu lt iplied by 101 0 to simulate sh ift ing I dec imal 
position . The h igh order digi t is decoded first so it will be mult ipl ied by 10 (or shifted 1) for each fo llowing 
iterat ion (ma ximum of 15). 
5. The largest number that con be held in pocked decimal form in o doubleword would produce o bina ry number 
larger than o 32 bit register can hold. An overflow detection c ircuit moni tors left accumulator posi t ions 0, l and 2 
to detec t this coodi tion . When resu lts ore too big to be stored in a G PR, FXP Divide Interrupt occurs. 
6. If ony "digit in the source doubleword (e xcept sign) contains o number higher than 9 (hexidecimo l A lo F) 
the operation will abort and cause on interrupt . 
7 . At the e nd of the operation the sign d igit of the double word is examined. If the sign dig it is a legitimate 
negative , the binary value is complemented too negative form . 
B. The resulting binary number is placed in the GPR specified by the RI field of the pseudo- op . 

Digit 
Value 

CPA A 
Bit Posi t ions 
29 30 31 

CVS Decoder Chart 

C PA B 
Bit Position 

31 

CPA B 
Hot 1 
Bit 31 

Digit values ore decoded and added into the b incry resu lt in the accumu lator during each iterot ioo 
of a CVB operation (objec t ive 3) . 

~ROUP 
GRotJP 
GQouP 

I 
~ 
3 

<. -----
7 
8 
9 TT Ext Accumulator 

Notes: 
I. Complement cycle for negative sign only . 
2 . Sh ifter capable of straight throogh transfer 
or transposition of h igh -order and low-order digits. 

A 0 31 

31 

L3 

A 0 31 

Ll 

31 32 

31 

I 

L ~a~~ - -- - - - - ---- - ------ - - - - _ _ J 

I . Turn ON CVB Tgr (J46) 
2 . Set FX in Process (E52) 
3. Set VFL in Process (E53) 

Diagram 5-128 

No 

Hardware error cycle 1 
tgr shou ld be an 

NK1 37 
N K361 
N K373 

5. G PR Rl is 
the sink GPR 
for this op 

4 . Request First Source Operand 
5. Se t Rl to GPRSk Reg (E56-63) NK1 69 
6. Set ICTR to 15 (F61- 66) N K237 
7 . Reset L. ACC. to 0 NJ639 

Wa it for 
data from 
storage 

Left l mu ltiplies the L Ac e value 
by 2. l e ft 3 multipl ies the l Ace 
value by 8 . Whe n combined in the 
odde r, the resu lt is equ iva lent to 
multiplication by 10 

No 

If Available the 
Source Operand 
Is Gated to F XBs 
C and D 

1. Step Op NK339 
2 . Set Doto 

Avail able (H46} 
NR206 

VF LEU utgotes 
the High Order 
Digit of FXB C to 
the CVB Decoder 

N G755 

VFLEU Gates The 
Next Dig it To Be 
Converted Through 
The VFL logic Unit 
And Digi t Shifter 
Into The High Orde r 
4 Bits of FXB C 

I . l Ace is Gate d 
Left I to The 
Adde r B Input 

NJ599 
2 . l Ace is Gate d 

l e ft 3 to The 
Adde r A Input 

NJ599 

Sheet 1 

DIAG RAM 5- 108. CONVERT TO BINARY (SHE ET I OF 2) 

5 - 108 ( I of 2) (3/ 68) 

Source operand is 
a doubleword o f 
packed decimal 
data fro m storage 

Prepare to 
decode the 
digit • . 

Cyc le l 

Cycle 2 

Cyc le 2 

Cycle 3 

The byte address registe r (BAR 
keeps track of whi ch byte is being 
gated out o f FXB C/ D 
l ow o rder digits of bytes are moved 
to the high orde r as the byte passes 
throogh the digit sh ifte r 
(LO D to HOD) 

Mu ltiplicat ion by 
10 is equ ivalent 
to shi fting 1 
dec imal digit le ft 

VFL Doto 
Int Tgr 

Digit is higher 
than 9 and ca n
not be converted . 
Abort the op 

N;x~C;cle ----~~ ----~-----

Set Abort 
Tg•(H48) 

NH861 

- --------------------- No 
Next Cyc le 

1. Send RUA Response (E67) NJ619 
2. Turn on FXB Signa l Not Busy N K505 
3. Rese t FX In Process (E52) N K369 
4. Reset VFL In Process (E5 3) NJ61 9 
5. Set VFL End (N63) N K505 

No 

lniect Hot I Into 
Adder B lnput 
Bit 31 

Not a 
legitimate 
sign digit 

Step ICTR To 0 
(F61- 66) 

N J555-559 

N G737 

1, Add 7 to Adder 
A Input Bits 
29-31 NG755 

2 . Add I to Adder 
B Input Bit 31 

Compleme nt the 
value in R Ace 
and put it ba ck 
in R Ace 

1 • Outgate R Ace To Adder A Input 
(H57) NJ641 

2. Gate A Adder Input Complement 
(J64) NH20 

3. lniec t Hot l NH209 
4. Turn O n Adder to R Ace 

H60 NJ631 

N o Adder 

No 

Add The Binary 
Value of the Digit 
to Adder A Input 
Bits29-31 

Examine Sign 
Digit N ow On 
The VFL Bus 
Going to F XB C 

Set CVB Sign 
Negat ive (L46) 

NJ645 

1 , Turn On Adder 
To R Ace (H60) 

NJ631 

r.---- -< Sign O utput 
Mox 
Number 
Check 

Final binary 
results to Rl 

(FXP Div Int) 

Ingole Adder to 
G PR RI (H5 1) 

NG921 

Rese t All CVB 
Controls 

N G92 1 NK365 

End of 
Opera tion 

Set 
Conditional 
Ove.flow (L47) 

N H863 

Binary ou tput 
is too big 

Set FXP 
Divide Interrupt 
(D63) 

NJ653 

Next 
Cyc le 

Accumulate b inary 
results of digit 

!decoding and mul
tipl ica tion by 10 
(l n both right and 
left a ccumula to r) 

Return for 
next itera tion 



CVB Timing, Sign Minus 

Function 

1. CVB Trigger 

2. Begun Trigger 

3. CVB Delayed 

4. Data Available 

5. Shift Left 3 

6. Shift Left l 

7. Adder to Left Accumulator 

8. Adder to Right Accumulator 

9. Straight Out Accumulator Right to A (Complement) 

10. lngate GPR 

11. Step Iteration Counter 

12. CVB Sign Negative 

13. Conditional Overflow 

14. Fixed Divide Interrupt 

15. FCIFD Characters to Digit Shifter 

16. Decoder Digit lngate 

CVB Timing, Sign Plus 

Function 

l. CVB Trigger 

2. Begun Trigger 

3. CVB Delayed 

4. Data Available 

5. Shift Left l 

6. Shift Left 3 

7. Adder to Left Accumulator 

8. Adder to Right Accumulator 

9. lngate GPR 

10. Step Iteration Counter 

11. FC/FD Characters to Digit Shifter 

12. Decoder Digit lngate 

1. These triggers are turned on during 
last possible case of a FXA divide 
interrupt (overflow situation). 

2. This operation occurs if data is available 
in the floating point buffer; if data is not 
available, second logical cycle continues 
indefinitely until data becomes available. 

3. Occurs only if operand is negative. 

4. Depends on previous op. 

5. Depends on following op. 

DIAGRAM 5-108. CONVERT TO BINARY (SHEET 2 OF 2) 

Count 

Cycles 

2 3 

11 

5 _!>__ -~-t~--9-j-1_0_-j-_11_-j-~12=-+-~13~1~1 ~14_'-+-~1~5+-"1~6+-1~7:_+~1~8--l-'.-1~9-l-"2~0-l-"2~1~2~2~2~3_J_~24~ 4 

4 I j 11 

Not 1 

~+-~_... ... i .............. l .......... , ....................... __ f----+---1--__J___, 

f--t---+-~4,.,_..,__,._,.~ .. .._._._ ... ,j+1
_. .. .._._.._~1~1 l-l--L_l_j~I 

5 

4 

Note 4 

15 15 15 15 

1 I 

l 
1 

Not5 

11 

Note 3 N t -1 
12~ 0 

Note 5 

, I ] ] . .!..Not 1 

14 13 12 1 l -10 9 -3 7 6 t-5::--t-4·;--l--:3:-+-:24 -=-1 -,1--:0~-+-l----------l----l---I ----+-- -+---+--i' +--- !---- .• 

1---+---+--+----L---! 1--r --+-- -1- -T+--+--1 - I -J--t+-, --1------+-~•ll!lllll(_N_o~tel--s -1 -anLd_3J__J___J 

j ~ 111 I l ' I l l Note j Not 11 j 

1---+---+--f----+i-+--' i- -- t---+-__j__ ---r--t-t----t---t---t-+-1-1 ~'"r-N'--"o:::_t ,::.3 ---l---1--___j 

I J_ I I j II No~s 1 and 3 t !3--Not 13 
j-~0 1 2 1 2 +-+ 4 6 6 8 t___fl_ _1_0 I l 0 1--J-2--t-J-2--t--J 4--t-l-4-1-----f-_,-mlli~'.....;.:::__j___ 

f---- -t-------t-1 3 3 5j 5 7 7 9 j 9 11 llj 13 13 15 15 

'--.r-1--~--'---,.--Lo _i_ 2 3 J 4 5 6 1 J 8 9 10J 11 12 13 14 LJ 
1 T First Cycle of Iteration [T L Complement Cycle 

I L Transfer Floating Point Buffer 
to FXB FC-FD (See Note 2) Last lterati on 

I L ~ Priority Cycle 

Request Floating Point Buffer 

Cycles 

1---1--l--_2_,_3--+-_4_____j_5-,-6-,-7 __ 8~-9---10--1-1---~2_-'j3T~1_6-+_1_1+-_18-+_1_9+-2_0-+_2_1--+-_2_2+ __ 23--+--2~4 

10 1 
4 10 

Not l 

I I I I 

~+-----,._ ................................ ,__. ............ __J_J~L1 __L__L_I 

4 10 

5 
Not 5 

J 
Note 4 

4 

I 

10 

.1 
Note 5 

I 

Count 15 15 15 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

0 2 2 4 4 6 

3 3 5 5 7 

0 2 3 4 5 

L First Cycle of Iteration 

'--- Transfer Floating Point Buffer 
to FXB FC-FD (See Note 2) 

Priority Cycle 

' - -- Request Floating Point Buffer 

6 

7 

6 

8 8 10 10 12 12 14 14 

9 9 11 11 13 13 15 15 

7 8 9 10 11 12 13 14 

Last Iteration Cycle 

(3/68) 5-108 (2 of 2) 



0 0 

2 

4 

6 

s 

10 

12 

0 
14 

As.,, 

3 1 

3 1 E A 0 3 1 
--~~~- ------'----

F A 0 31 
--~---

--+--~--3_1 =32=----1-----'- 6-"3 

31 3 1 A _ __,_ ___ _ 

Ext Accumulator 

A 0 Left 31 Right 31 32 

31 - 3 

31- 0 

D 31 31 

17 

D 3 1 0 17 

3 1 

6 ' s Generator 
leading 

(CVD) 
String 

D 3 1 Decoder 

31 

22 31 0 3 1 31 3 1 

lo 
Sto«: Bu, 

63 1 

D A 31 32 63 
Shifter (32 Posit ions Le ft o r Right) 

- 32 -1 31 32 63 3 1 32 

63 31 32 63 

SOB 
CVD Octa Flow 

GPIU 

3 1 0 l 

3 

5 

7 

9 

11 

13 

3 1 0 
15 

3 1 

3 1 

No 

Force EBCDIC 
Minus( llO l ) ln 
R Ace Sign 
Digit (28- 31) 

Decoded from 
the number of 
leading z eros 

SHIFT AMOUNTS IN CVD 

G PR RT is treated as 
sink G PR but 

it is actual ly the 
source. Storage 
is the sink 

4. Shift is not 
performed 
unti l next 
c cle 

1. Set FX In Process 
2 . Set RI to G PR Sink Reg 
3 . Se t SAR Name 
4 . Se t 1C TR to 28 
5. Se t Rl GPR lo A Bus 

I . Ton RUA Resp 
2 . Res L Ace to 0 
3. Set Adde r to R Ace 
4 . Enable Shftr G ts for l e ft 4 In N ext 

Cyc le 

ree e op sloe lo 
decode the nex t op. I 
it is a VFl op it may 
be able to proceed in 
poro l le l with CVD 

17 Cycles 

Turn O n Skip/ 
Limit 4 
Trigger 

NJ587 

21 Cyc les 

DIAG RAM 5- 109 . CO NVERT TO DECIMA L (SHEET I OF 2) 

5 - 109 (I of 2) (3/ 6 S) 

SHI FT STAGE 
AMO UNT WIRED I 

it must be changed 
to posit ive 

Remember 
tha t input 
wos negative 

25 Cycle s 

29 Cyc les 

~T~u,-n~O~n-S~k-ip-/~ ~~_.,,..J.~~ 

l imit 2 
'q-rigge r 

N J 587 

LI 
L4 
LS 
L1 2 
ll6 

Rl6 LI 
Rl6 0 
Rl6 v 
Rl6 0 
R16 0 

Cycle 1 

Cyc le 2 

Cycle 2 

Cycle 3 

Decoded from 
Race in 
lost cycle 

No Skip 
cond it ions 

(Shee t 1) 

STAGE STAGE STAG E 
2 3 4 

0 ll6 0 
L4 ll6 0 
0 0 L24 

L4 0 L24 
0 LS L24 

The Condi t ion Code Re mains Unchanged During CVD O perations 

4E CVD Convert to Decima l 

4E Rl 

Obiectives : 

11--19 20 
SAR 
Name 

1. A CVD operation converts the data in GPR Rl from binary to fXICked decimal and stores the results via 
the SOB. 
2. The address in the RI field is norma lly o sink GPR but for CVD it is used as a source. Storage is the sink 
for CVD. 
3. The sign of RI is stored in the sign save trigger. The sign digit of the converted data is se t to a gree with 
the sign save trigger and format specified by PSW 12 (PSW 12 ON for ASC II; OFF for EBCDIC) 
4. Conversion is done by decoding the output of the occurrula tor a nd inserting a 6 in the odde r for each digit 
posit ion that contains 5 or greater. The resu lt will be a 38 bit decimal output from the odder back to the 
o ccurrulotor. (with sign bits the result is 42 bits) 
5. The 42 bit rew lt is transferred to stora ge in o doubleword (64 bits) via the SO B. 
6 . Timing of CVD depends on the number of lead ing zeros in the high order of Rl os fol lows: 

Leading Zeros 

0-4 
5-S 
9-12 
13- 16 
17 orMore 

ye e ree 
with no 
lead ing string 

Re turn for 
next CVD 
ite ration 

Iterat ions Tota l Cycles 

No Sk ip = 28 32 
Skip4 = 24 29 
Ski p 8 = 20 25 
Ski p 12 = 16 2 1 
Ski p 16 = 12 17 

No Ye• 

Ye • 

1. Insert 6 In the A Adder Input for Ea ch 
Digit of the l Ace That Is 5 or Higher 

2 . Enabl e Shifter Gates for Le ft 1 
NJ595 

3. Gate R Ace Left 1 Boc k to R Ace 
4 . Gate l Ace l e ft l to Adde r B Input 

NJ595 

2 . Ingole Shifter to 
R Ace NJ629 

3. Ingole Adder to 
l Ac e N J633 

An undeterm ined 
number of cyc les 
ma y occur whi le 
wait ing for SOB 

An unde termined
number of cycles 
may occur wh ile 
wa it ing for priority 

c 
Force EBCDIC 
Plus ( 1100) In 
R Ace Sign 
Digit (28- 3 1) 

s genera or 
dec odes l a ce digits 
a nd inserts 6 's in the 
correct A adder digit 

Iteration Cyc le 
Boundary 

Cycle 3 

Cycl e 4 
(If leading String 
o f Ze ros) 

1xup eye e is use 
to gene ra te correct 
parity in the output 
do to 

Cycl e Boundary 

I . TurnonCVO 
Outgole N J649 

2. Outgate Ace to 
SOB 

3. Reset F X l n Process 
I 

Cycle Boundary 



Function 

l, CVD T• igger 

2. Btgun T1iggE>1 

3. Sign S«Je Trigge1 

4. Shift Left l 

11 . CVD Outgate 

Function 

l. CVD Trigger 

2. Begun Trigger 

3. Sign Save Trigger 

4. Skip 2 Trigger 

5. Shift Left 1 

6. 

7. 

8. 

9. 

10. Step the Iteration Counter 

11. CVD Fixup Cycle 

12. CVD Outgate 

Leading String of 17 

Function 

l. CVD Trigger 

2. Begun Trigger 

3. Sign Save Trigger 

7. 

8. 

9. 

l 0. Step the Iteration Counter 

11. CVD F1xup Cycle 

12. CVD Outgote 

DIAGRAM 5-109. CONVERT TO DECIMAL (SHEET 2 OF 2) 

Cycle; 

Cycles 

function 

CVD T1igge: 

2. Begun T1igger 

3. Sign Savt> Tiigge1 

4. Skip 1 T1igger 

5. Sbift Left 1 

Leading String of 13 

Function 

1. CVD Trigger 

2. Begun Trigger 

3. Sign Sove Trigge1 

I I I ! ' I 

4. Skip3T1igge' l2j J_ 1 !, : i I j I i JJ+! 
~It I .--, t-, -1 1' -I ' ' I I I i I 

5. S"iftloftl I I _l-4 I I I i 1 i j I l10i_I j-' 1' 
1 _:~-I,__. 

: I I ' I I I I I I I I I I I : t I I I ~ 
6. S' 1fte1 Stage J I l ~ I j 11 I I 1 I 1 , +-' J r-1 -l- 1 - - I 1-- 1 ' ' I +- I- t--· - ~-

, 1,, 1111111111, 111, I 1'1I1I,I1®111 
7. S 1fte toR1g,tAcrnmolotoc[ 1 _sj j I j I I j I jJGI_~ t ~ ! -1- , I 1 

j N~te i 4 j I I I l I ' ' I I l I I t I I t I ' I 

8. Adde1 to R1gn~ Accumulotor ~~- 1 ·+ ~-+-- -+-'. -j- 1-~-f J_1 _1 
+-: j- 1 l~t1--!- +- 1 +-~ 1 

~ : ' I I I I I I ' 'N t5 I 
1
1 ' I ' I I tT I ' 

9. Adder to Left Accumulator -f-- -t -+ 5 ° 1--+ -+ ++-+-i 1_ _ J_ _ ~ 
2s2~µs1~'.•14131~1~0J9 s(7,_6_:_5~_J3_J2 1 o 1: 'Ti I: j 1 I 1 I 

j 1 j I I j j Note12 I 1 I I I 'I. I 1 j I I I I I j I J I I 
10. orephelte,a11onCoonte1 ~+~rft~fffftfft'i-f7-f 1 i+-:ttntL4-i j--i H 
JI. CCVVDDOh"t'g'Pa•,~ycle ~1 'lr- 11- 1 +[' 11-+~: d:-!I i1!1_l~'33ll, r·l1ttt P-t:t~ 
12. e e _J_ _LJ _, J _ _j ; [_ ~-; l J -- _ _l___!___j_ j_ .l Le l_i_J 

1. Conditional upon the sign of t'°'e nurnbPr con'1ertc·d. Is turned on ordy 
for nte!jative nurnbe1 and is not 1eset at end of opcwtion. (Updating 
occurs only at beginning of cm operation. 1 

The numbers show the counter value for each cycle. The counter is 
alway-; initialized at 28. The first decremP.111" (off,•• st<"p JCT~ 'ioes c-n) 
decrements the counter to the starting value appropri~~f,;;the 
l0ading string of :zeros. All subequent decremer>h ore -l. 

3. The starting time for CVD fixup is a!war as shown, however, CVD 
fixup cannot turn off until one cyde after C'/D outgote i~ tu1ncd 
on. CVD outgote cannot turn on until al" least one cycle after CVD 
fixup turns on and until an SDB is available. Thl' •ep1e>entation of 
(VD fixup and(VD outgate shown here i> the o;::itimum case lSDB 
ovailab!e immediately). 

4, Depends on previous op. 

(3/68) 5-109(20! 2) 



0-31 

FLBs { X ---------- -----+------------10 - - I 
32-63 I I 

I Fetch I 
I Coun ter j 

,--1 
I I 
I GPR Sink f--1 ----1.,~ x .,. X 

x x - ------x .. I I 
12.. __ _J L_ __ J 

! Registe r I ~~ 

FA 

0 

x 

I oo 01 10 11 l 
I I 
I Process I 
L _'.:ount.:'.:._ _J 

First Pseudo 

Op Only 

No 

31 

FB 

0 

x 

Start 

Yes 

Se tup Circui ts 
and Request 
First Fetch 

31 

No 

FC 

0 

x 

After the 
First Pseudo 

Op 

31 

Request Nex t 
Fetch When 
Needed 

DIAG RAM 5 -1 10. LOAD MULTIPLE (SHEET l OF 2 ) 

5-110 (1 of 2) 

FD 

0 31 

x 

0 31 

A 0 

[[] 
31 
31 

98 

0 

31 

LM 

0 31 0 31 

0 0 31 0 l 3 1 

2 3 

4 5 

6 7 

8 9 
10 11 

12 13 

0 14 31 0 15 31 

GP Rs 

Load Multiple 

7 8 11 12 13 14 15 16 18 19 20 

CC Remains Unchonged RS 98 RI FLB 

No 

Gote FXB to 
GPR When 
Data !s 
Avai lab le 

l. Load mul tiple transmi ts data from storage through the floating point bu ffers, the fixed bu ffers, 
and the adder, to the G PRs. 

2 . Any number of GPR s, from l to 16 can be loaded with one LM opera tion. 

3 . I-unit issu es pseudo op to the f ixed area for each doublewo rd of data fetched from 
sto rage . 

4. Start (S ) or e nd (E) bits ind icate the first and last pseudo ops of the operat ion . 

5 . The firs t and last pseudo ops moy transmit only one word of data . In these cases the left (L) 
and the right (R) b its indicate which ha lf of the doub leword fe tch is to be used . 

6. FXB A- B and C-D are used as doub leword pairs to accept data from the speci fied FLB . FXB 
E and F are not used for LM. 

7. FXB ore ou tga ted, on e at a t ime, through the adder to each G PR in sequence. 



"' ' ~ 
0 

First Pseudo Op 
of LM Should I 
Hove A Start j 
Bit 

Set Address of 
Firs t GPR to 
Be Looded 

Request Double
word from I 
FLB 

l .Set Rl to GPR SK 
Reg (E56-63) 
NK169,NG881 

2.Turn OnFX in 
P,oces> (E52) 
NK361,NK367 

3.Set Fetch Counter 
to C/ D (L54) 
NK441,NK435 

4.Turn On l ood 
Mu ltiple Tgr 
(J52) N K437 

5.Request SK WO 
LM NK441,NR40.l 

Hordwore Error 
I Cycle I Should 
I Be on for 1st 

Cyc le of Each 
I Pseudo- Op 
I 

First Fetch G oes 
I to FXC A/ P. Next 
I Fetc h Goes to 

FXB C/ D 

Fetch Address Is 
Not on Doub leword l 
Boundary • Use Only I 
Righ t Half of the I 
Firs t Fetch 
( FXB-B) • I 

No Ye> 

Set Process 
Counter to A 
(K53 -54) 

NK433 

Outgote 
FXB A First 

Step Op 

NK339 

No 

Decode Next 
Pseudo Op 

I 
~-~----__J 

Ye> 

Se t Process 
Counter to B 
(K53- 54 ) 

NK453 

Tum On End 
Fetch Tgr 

(L52> N K443 

This ls the lost 
I Pseudo Op of 
I the LM Ope<0 

l ion 

Note: FXB outgale is no.v process ing the lost half of a doubleword. 
A new doubleword con be fe tched for that FXB pair in the nex t cyc le. 

DIAGRAM 5- 11 0 . LOAD MULTIPLE (SHEET 2 OF 2 ) 

1.Request Sink 
Word lM 

NK44l 
2. Step Fetc h C tr 

(L54) NK44l 
3. Turn Off 

Make Request 

Tg' 
(L5J) NK44l 

Fe tc h Needed 
I Bu t FXOS Doe> 
I Not Hove the 

FlB Add ress 

N K443 

I Re fe rence I ights 
I FL Bfr Ponel E 
S28- 29 

Request a Doub le 
I Word from the 
I FlB Spec ifi ed i n 

the Pseudo O p 

Update the Fetch 
I Ctr to the Next Pair 
I of FXB'> to Be 
I Loaded (E;the< A/B 
I 0 ' C/ D) 

Block Turn On 
of Da to Avoi I 
(H46) 

NK 135 

Ye> 

Wa it fo r Dato 
from Fl B 

lost Fetch 
Has Been 
Made 

Tg' 

Ye> 

y ., 

Turn On FXB 
Signal N ot 
Bu>y 

NK431 
NK441 

No 

N o 

No 

No 

Outgate the FXB 
(Specified by 
Proc C tr) to the 
Adde r A Input 

Ye> 

Decode o 

I This Func tion 
I O ccurs on Each 

I Cyc le Even though 
the Dato Moy N ot 

I Be loaded into a 
I GPR Eoch fime 

1 . Turn Off 
Fixe d in Proc 
(E52 ) NK439 

N ew Pseudo I 
Op in the Next I 
Cyc le 

2 . Dec rement FXB 
Bu>y Ct,(1 - Box) 

NK439 
3 .Step Op 

N K439 

Yes 

No 

N o 

I Proceed to 
End ing 

I Sequence 

I No R or l Bit 
Me a ns Both 

I Ho Ives of Fe tch 
Wi ll Be Used 

1. Step Process 
Counter 
(K53-54) 

N K439 

Ste p Outga te to 
I the Next FXB 
I to Be Gated 

Specifie d by 
I the GPR s;nk 
I Register 

2. Turn On RUA 
Response (E67) 

N K439 
3 . Turn O n l M 

Pree T r K52 

N K439 

to the GPR 

l . Tum O ff LM 
Tg' (J52) 

NK437 
2. Turn O ff End 

Tg, (L51) 
NK437 

3. Turn O ff End 
Fetch Tg, (L52) 

NK437 
4. Turn O ff FXB 

ABCD Bu>y 

NK437 

End of 
0 e ro tion 



0 

Stor~ Bus 
31 32 

0 

SDBs 

If the Specified 1 

SDB Is Not Avail 1 

An Undeterminedl 
Number of Mach 1 

Cycles Moy 
Occur before 
Proceeding 

SDB to Be Used 1 

Is Decodecl from 
FXOS Bits 19 
and 20 

I 
I 
I 

Yes 

Begin De
coding Next 
Pseudo-Op 

1. Step Op NK057 
NK339 

2. Turn On Outgate 
A/B Bus to SDB 

I Unit Has 
Notified MSCE I 
Which Half of thel 
Doubleword Is to I 
Be Stored I 

(H66) NK463 

Turn Off Out
gate A/B Bus to 
SDB (H66) 

NK463 

Turn Off A/B 
Bus Gates from 
GP R's 

NG929 

End of 
Operation 

DIAGRAM 5-111. STORE MULTIPLE 

5-111 

31 

63 

0 

0 

A Bus 

B Bus 

0 

2 

4 

6 

8 

10 

12 

14 

Decode 90 
STM 

GP Rs 

31 0 

31 0 

From FXOS 
19 and 20 

1 

3 

5 

7 

9 

11 

13 

15 

STM Store Multiple CC Remains Unchanged 

0 7 8 11 12 13 14 18 19 20 

31 
RS 90 Rl L R SAR 

NAME 

31 

1. A block of date is transferred from the GPR's to storage via the fixed area 
storage bus. 

2. The Rl field specifies the first GPR of the block to be stored. 

3. A pseudo-op will be issued, by the I-unit, for each doubleword of the data block. 

4, Singleword stores can occur during the first and last pseudo-ops. The L (left) and 
R (right) bits indicate which half of the doubleword is to be stored. 

5. During a singleword store two GPR's ore gated out to MSCE but only one is 
actually stored. I-unit notifies MSCE which half of the doubleword to store. 

6. Normal execution time is 1 machine cycle for each pseudo-op. 

1 On During 

1 First Cycle 
1 Only 
I 

l. Set Rl to GPR SK Reg I Gate the GPR's Specified 
by Rl and Rl + l onto the 

I A and B Buses 
(E56-63) NK169 

2. Set SAR Name Reg 
(F59-60) NK139 

3. Set Rl to A Bus 
4. Set Rl +l to B Bus NK269 

I Rl and Rl + l Gates Remain 
-- Active until the A and B 

I Buses Have Been Gated to 
I the SDB 

Turn On RUA 
Response 

1 Notify I-Unit That 
I This GPR Is No 

(E67) NK207 I Longer Needed by 
1 This Operation NK363 

10nly One 
'GPR to Be 
: Stored 
I 

Reset by 
: Clock Timing 
1 -05D12 
I 

Data from the 
I GPR's Is in the 
I SDB • GPR Out-
1 gates Are No 
I Longer Needed 
I 

Set Double 
Trigger 

(Eb6) NG897 

Two GPR's 
IS tored Notify I
I Unit That Both 
I GPR's Are No 
1 Longer Needed 

Next Machine Cycle 



A 

c 

D 

From Adder 0-31 

r---31_0_._ -=i 

Right 

31 

31 

... 767778 79 

... 77 78 79 

... 77 7B 79 

Stage 1 

Stage 2 

Stage 3 

Force Os in: 

Bits 7 4-79 on l6 
Bits 76-79 on l4 
Bits 78-79 on L2 

T/C 

-32 

Overflow 
Detector (32 Bits) 

~ 
B Bus ----

31 

31 A 0 31 
-·-1 

Carry Propagate Adder 

A 0 31 

31 

Ext Accumulator 
A left Right 31 0 31 32 

~---------'3~1 ~0 __________ 3_1 

H~----31-~d - --~N-1-;~ "1 
31 32 63 

0 

T 
DA 0 

Shifter {32 Positions left or Right) 1 

-I 31 32 63 

~----~----'3~1 ~3~2~---~----6~3-

16 31 63 
Stage 4 Force Os in bits 56-63 on l24 

J al-
_l --'( _N_o_t e~l )~~---'3-1 I Note I) 31 

To Accumulator or GPR's 

Left Shift 

Shift Stage Stage Stage Stage Shift Stage Stage Stage Stage 
Amount Wired 1 2 3 4 Amount Wired l 2 3 4 

0 
I 
2 
3 

Rl6 LO 
Rl6 LI 
Rl6 LO 
Rl6 LI 
Rl6 LO 
Rl6 LI 

6 Rl6 LO 
7 Rl6 LI 
8 Rl6 LO 
9 Rl6 LI 

10 Rl6 LO 
11 Rl6 L1 
12 Ri6 LO 
13 Rl6 L1 
14 Rl6 LO 

'--1-'5-''--R_l 6-'-Ll 

Shift Stage 
Amount Wired I 

0 Rl6 L2 
I Rl6 LI 
2 Rl6 LO 
3 Rl6 LI 
4 Ri6 LO 
5 Ri6 LI 
6 R16 LO 
7 Rl6 L1 
8 Rl6 L2 
9 Rl6 LI 

10 Ri6 LO 
II Rl6 LI 
12 Rl6 LO 
13 Rl6 LI 
14 Rl6 LO 
15 Ri6 LI 

LO 
LO 
L2 
L2 
L4 
L4 
L6 
L6 
LO 
LO 
L2 
L2 
L4 
L4 
L6 
L6 

Stage 
2 

L6 
L6 
L6 
L4 
L4 
L2 
L2 
LO 
L6 
L6 
L6 
L4 
L4 
L2 
L2 
LO 

I 

Ll6 LO 
L16 LO 
L16 LO 
Ll6 LO 
ll6 
L16 
Li6 
Ll6 
LO 
LO 
LO 
LO 

LO 

I ~4 
L24 
L24 

I L24 

~~ I ~~ 
LO L24 
LO L24 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Right Shift 

Stage Stage Shift 
3 4 Amount 

LB LO 16 
LB LO 17 
LB LO IB 
LB LO 19 
LB 

I 
LO 20 

LB LO 21 
LB LO 22 
LB LO 23 
LO LO 24 
LO LO 25 
LO LO 26 
LO LO 27 
LO LO 28 
LO LO 29 
LO LO 30 
LO l LO 31 

32 

DIAGRAM 5-112. SHIFT INSTRUCTIONS (SHEET I OF 3) 

I 
i 

I 

I 

I 

I 
l 

Ri6 
Rl6 
Ri6 
Rl6 
Rl6 
R16 
Rl6 
Rl6 
Rl6 
Rl6 
R16 
Rl6 
Rl6 
Rl6 
Rl6 
R16 
Rl6 

Wired 

R16 
Rl6 
Rl6 
Rl6 
Rl6 
Rl6 
Rl6 
Ri6 
Rl6 
Rl6 
Rl6 
Rl6 
Rl6 
Rl6 
Rl6 
Ri6 
Rl6 

LO 
LI 
LO 
L1 
LO 
LI 
LO 
L1 
LO 
LI 
LO 
L1 
lO 
LI 
LO 
L1 
L2 

Stage 
I 

L2 
LI 
LO 
LI 
LO 
L1 
LO 
LI 
L2 
LI 
LO 
LI 
LO 
LI 
LO 
LI 
LO 

LO 
LO 
L2 
L2 
L4 
L4 
L6 
L6 
LO 
LO 
L2 
L2 
L4 
L4 
L6 
L6 
L6 

Stage 
2 

L6 
L6 
L6 
L4 
L4 
L2 
L2 
LO 
L6 
L6 
L6 
L4 
L4 
L2 
L2 
LO 
LO 

LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
L16 
L16 
Ll6 
L16 
L16 
L16 
Ll6 

L16 l' 
Ll6 

Stage 
3 

LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LO 
LO 
LO 
LO 
LO 

! LO 
LO 

l LO 
LO 

L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 
L24 

Stage 
4 

Rl6 
R16 
Rl6 
Rl6 
Rl6 
R 16 
Rl6 
Rl6 
Rl6 
R 16 
R 16 
Rl6 
Rl6 
Rl6 
R 16 
R 16 
Rl6 

Notes: "-------'----'3c.:.I "0'--------'---~3~1 

Section I 

Section 2 

l. SLA and JRA 
instructions only. 

0 

2. For double shift of 
more than 32, ~-

1--

-···---

1--

Decode Shift and 
Set Up Circuits 

Gate GPR RI 
to the Adder 

Gate the Adder 
to the Accumulator 

Yes 

Decode Shift Amount 
and Send Dato through 
Shifter to GPR 

Decode Shift of 32 
and Send Data through 
Shifter Bock to ACC 

Decode Remaining Shift 
Amount and Send Data 
through Shifter to GPR 

-----------+-

lngate Results into GPRs 
and End the Ope rot ion 

0 

2 

4 

6 

8 

10 

12 

14 

1 

Yes 

31 0 
----- -------

GP Rs 

I 

3 

5 

7 

9 

Ii 

13 

15 

J 

31 

---

-----

-~ 

Decode Shift Amount 
and Send Doto through 
Shifter to GPR 

-----------~ 

7 

88 SRL 
B9 S LL 

Shift Right Single Logical 
Shift Left Single Logical 

BA 
BB 
BC 
SD 

SRA 
S LA 
SRDL 
SLDL 

Shift Right Single (Arithmetic) 
Shift left Single (Arithmetic) 
Shift Right Double logical 
Shift Left Double logical 

BE 
BF 

SRDA 
SLDA 

Shift Right Double (Arithmetic) 
Shift left Double (Arithmetic) 

RS BB, 89, BA, BB 
BC, SD, BE, BF 

RI 

Objectives: 

l. Doto in the GPR specified by Rl is shifted right or left 
the specified amount and replaced in the GPR. 

2. logical shifts move bits 0 to 31 as an unsigned value. 
3. Arithmetic shifts move bits 1 to 31 and treat position 

0 as o fixed sign. 
4. Single shifts move the data from a single GPR. 
5. Double shifts move the data from on even odd pair of 

GPRs as one value. 
6. Doto path for shift operations is from the GPRs through 

the carry propagate adder, the accumulator, and shifter 
back to the GPRs. 

7. The shift amount generates gates to control the shifter. 
8. Single shift operations ore completed in two machine 

cycles with some ending functions performed in the 
first cycle of the following operation (Cycle 3). 

9. Double shift operations are completed in three machine 
cycles if the shift amount is more than 32. Some ending 
functions ore performed in the first cycle of the 
following operotion (Cycles 4 or 5). 

Condition code remains unchanged for logical shift operations 

Condition code is set as follows for arithmetic shift operations: 

cc Condition 

Result is zero 
Result is less than zero 
Result is greater than zero 
Overflow* (SLA and SLDA only) 

* Overflow detection circuits are attached to the left 
end of the shifter. (See data flow) 

Shift Amount 

18 19 20 



l • Set up controls and 
gates for a shift op 

2.GPR name from Rl 
field is set into 
the GPR sink register. 

1. 

2. 

3. 

4. 

Decode Shift 
OP' BB to BF 

Yes 

Turn On Shift Trigger (J50) 

Set RI to GPR Sk. Reg. (E56-63) 

Turn On Data Available (H46) 

Set Rl to B Bus 

NKl67 

NKl69 

NK137 

No 

Hardware Error. 

Cycle l Trigger 
should be On for 
First Cycle of 
Each Operation 

NKl65 14. Value from the RI 5. Turn On FXP Process (E52) I GPR is gated through 

6.Shift amount is set 
into the I Ctr to 
generate shifter gates 

6. 
NK361 I the adder to the 

Set I Ctr from FXOS Bits 13-18 (F61-66) 
I accumulator 

NK237 

Op Yes 
Codes BC to '>----------., 

BF 

No 

Turn On Double 
Trigger (E66) 

,----------,- -- - -------
Single shift operations. 
Op codes 88, 89 

NK235 

BA or BB 

Double Shift Operations 

>'Y_:ec::_s ______ ,_ - - -- ----~----------, 

Arithmetic shift ops. 
Op codes BA, 88, 
BE or BF 

Tum On logical 
Tdgger (L50) 

NKl65 

Logical Shift Operations 

'>-Y_e_s ______ -,- _____ -.----------, 

Right shift operations. 
Op codes 88, BA 

BC or BE No '------------ - - -- - -- -

Turn On Left 
Trigger (K50) 

NK165 

Cycle I 

Cycle 2 

Single shift with 
odd GPR name 

Arithmetic shift operation : 

lngate Adder 
to Left and Right 
Accumulator (H59-60) 

NJOOl-035-037 

1. Turn On Begun 
Triggec (H47) 

NJ603 
2. Step Op 

NG923 

No 

Right shift 

2. Begin to decode 
next pseudo Op 

Single shift with 
even GPR name or 
all double shifts 

I ngate Adder to 
Right Accumulator (H60) 

NJ003-097-099-101 

DIAGRAM 5-112. SHIFT INSTRUCTIONS (SHEET 2 OF 3) 

Left shift operations 

I 1. Begun tgr not used 
I until following cycle 

lngote Adder to 
Left Accumulator (H59) 

NJ633 

J.GPR Rl is no 
longer needed for this 
op (after this cycle) 

2.After this cycle 
fixed area will be 
ready for a new op. 

No 

Set Right Accumulator 
to O's 

NJ369 

No 

I. Turn On RUA Response (E67) 
NJ619 

2. Turn Off FXP in Proc.;ess (E52) 
NK369 

3. Turn Off FXP Ovrlp Trigger (F52) 
NK369 

4. Block Turn On GPR Accept Tgr (G53) 

NG931 

Set Left Accumulator 
to O's 

NJ639 

Set Lefi Accumulator 

See decoding chart 

for active gates 

Single Shift Cycle 2 

to l's 
NU639 

------~~---____J 

Decode Shift Amount and 
Enable Shifter Gates 

Set Shifter to 
GPRs (H65) 

NJ615 

Set R l + l to the B Bus 
NK269 

Value from Rl .Ll 
GPR is gated through 
the adder to the 
accumulator 

1 
------- --------

-- - -- --Double Shifi"Cyili3 -~---::_----'------, 

I 

I 
I 
I 
I 

Decode Shift of 32 and 
Enable Shifter Gates 

/ngate Adder to Right 
Accumulator (H60) 

NJ003-097-099-101 

Yes No 

-----.,-~-

' 

Decode Shift Amount and 
Enable Shifter Gates 

~oubl;; Shi[;-C~4-- - -- -- --
See decoding chart 
for active gates 

1 

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

·1 

Return data to I 
accumulator for remainder I 
of shift amount 

Double Shift Cycle 4 
(Shift of more than 32) 

r-=- ---

lngate Shifter to 
Left and Right 
Accumulator (H6l) 

NJ629 

Step I Ctr Bit 32 
to 0 (F61) 

NJ557-559 

I Reduce shift Omount by 32 

..-----~----,- --- -..----------, 
Decode Remaining Shift See decoding chart 
Amount and Enable for active gates 
Shifter Gates 

t__--------~-----~-----~~-------, 

GPR Rl is no longer 
needed for this Op. 
(after this cycle) 

I-Box Direct 
Store into GPR 

I. lngate Results 
into GPRs (H51) 

NJ615 
2. Reset all Shift 

Controls 

End of 
Operation 

Set Shifter to 
GPRs (H65) 

NJ615 

l. Turn On RUA Response (E67) 

2. Turn Off FXP in Process (E52) 

3. Turn Off FXP Ovrlp Tgr (F52) 

NJ619 

NK369 

NK369 

(Shift of less than 33) 
Double shift cycle 3 

After this cycle 
fixed area will be 
ready for a new op. 

4. Block Turn On GPR Accept (G53) 
NG931 

Ending sequence occurs 
in the first part of the 
cycle in parallel 
with the next op. 

Double Shift Cycle 3 or 4 

Ending Sequence Occurs in: 

l. Cycle 3 for a single shift 
2. Cycle 4 for o double shift less than 33. 
3. Cycle 5 for a double shift more than 32. 



Single Shift Timing 

Function 

I. Shift Trigger 

2. Begun Trigger 

3. GPR Rl to B Bus 

4. N ote l Adder to Le ft Accumulator 

4. Note 2 Adder to Left Accumulator 

5 . N ote l Adder to Right Accumu lator 

5. N ote 3 Adder to Righ t Accumulator 

6. Shift er to G PR 

Doub le Shift Timing 

Function 

l . Note 6 Shift Trigger 

l. Note 7 Shi ft Trigger 

2 . Note 6 Beg un Tr igger 

2 . Note 7 Begun Trigger 

3. G PR Rl to B Bu s 

4. G PR RI + l to B Bus 

5 . Adder to Left Accumu lator 

6. Adder to Right Accumu lator 

7. N ote 7 Shifter to Righ t Accumulator 

8. N ote 6 Shifter to GPR 

8. N ote 7 Shifter to GPR ' . 

N otes: 

I . Add ress of sink GPR is even . 

2. Address of sink GPR is odd 
during an arithmetic left shift. 

3. Address of sink GPR is odd. 

4. De pends on previous op. 

5. Depends on following op . 

Cyc les 

2 3 4 5 

1..._ 2 

No~ l 2 Note 5 

I 
N ote 4 

~ I 

l Not l 
. ..... .l 

Cycles 

2 3 

I 
No te 5 

4 

8 

8 

No:.:....- 1 2 Note 5 

6 ...... Notl 

l Not l ..... 
1~ot l 

6. Shift amount is equal to or less than 32 . 

7. Sh ift amount is more than 32. 

DIAGRAM 5-112 . S HIFT INSTRUCT IONS (S HEET 3 O F 3) 

(3 /68) 5- 11 2 (3 o f 3) 



Data Flow 

Storage 
0-31 

Bus Out 

FXOS 
8-15 

r Immediate l 
0 Doto Reg 7 [o FA 

3J 
--r-- --r-- --r- --r--

Sk Bus 

Sr Bus 

0 7 0 7 

~ VFL L~c Unit/ 

Obiectives: 

AND, OR, Exclusive OR 
NI, 01, XI 

Io I 1 I 21314151617 Is I 9110! 11!12! 13! 14! 15! 16j 171 l8119120I 

~~~~1~s-'~'---9-4,_9_6_,9_7 ____ l.__ ___ '_F_ie-ld ____ l.__~-~-~_e__.l_~-~-~_,el 

[o 

1. Specified FXB byte is ANDed (94), ORed (96) 
or Exclusive ORed (97) with immediate data field 
in VFL Logic Unit. 
2. FXB data and immediate data ore gated to VFL 
Logic Unit over opposite buses (Sk or Sr). 
3. Results ore outgoted to specified SDB. 

FB 31~ ~o FC 
31J 

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

~63 ....._ 

Nl,01, or XI Condition Codes: 
0-Result is 0 
I-Result is not 0 
2-(Not applicable) 
3-(Not applicable) 

lo 
FD 

31J 
--.- --,.- --,-- -.--

HOD~~LOD 

631 

0 3 4 7 

lo 5'o'! ~' 
lDigit Shifter 

31 32 

0 7 

J 
To Store Data Buffers 

Result 
Bus 

Flow Chart 

Yes 

Decode Op 
94,96,97 

l. Op Se! FXB 
2. Ton FXB Outgote 
3. Set I DR 
4. Ton NOX Tgr (S63) 
5. Set FXB/FLB Name Reg 

NK135 
NK333 
NK165 
NK413 

I See Diagram 5-128 
I for possible block 

op conditions 

Selects FXB and 
SAR; gate data 
to !DR, FXB, and 
SAR specified by 
FXB/FLB and 

\ (F56-58) NK50l-503 SAR name regs 
6. Set SAR Name Reg 

(F59-60) 

No 

Yes 

1. Ton VFL Set 
CC (M56) 

NK467 

No 

1. Gen Result 
Parity 

NR410 

Yes 

·----·------_____ _.. __ .,. 
l . Outgcte I DR 

to Sr Bus (N59) 

NK507 

!DR data ore 
gcted to opposite 
bus (Sr or Sk) of 
FXB data 

DIAGRAMS-113. NI, 01, ANDXI INSTRUCTIONS 

, l . Outgcte I DR 
to Sk Bus (N58) 

NK507 

Decode Execute 

1. AND to VFL 
Logic Unit 

NK409 

No 

No 

1. OR to VFL 
Logic Unit 

NK409 

l. SI In Process 
NK405 

2 . Set Byte CC 
Data Reg 
(M59-60) 

NR421 

l . Set I DR from Result Bus NK409 
NK46l 
NK415 
NK337 
NK467 
NK339 

2. Outgote IDR to SDB(N60) 
3. Ton SI End Op (N64) 
4. Ton FXB SNB 
5. Ton VFL Set CC (M56) 
6. Step Op 

End of 
Operation 

Yes 

Yes 

l. XOR to VFL 
Logic Unit 

1. Gate data 
I straight through 
I VFL Logic Unit 
I without HOD 
I and LOO trans
l position 
I 2. Set CC reg to 

proper value 
I depending upon 
I results of op

eration 

I l • Set result bus data into I DR 
12. Outgate IDR to specified SOB 

on following cycle 
I 3. Defines lost cycle of instruction 
I 4. Turns off FXB bfr triggers (E93-
I 95 ' F93-95) NK343-353 
I 5. Permits setting of condition code 

to proper value 
I 6. Steps FXOS to next instruction 
I 

,5-113 



TM Data Flow 

Storage 
Bus 
Out 

FXOS 

0 

0-31 

8-15 

Sk 
Bus 

Immediate 

0 
Dato Reg 

7 

Sr 
Bus 

7 0 7 

c:: VFL L~c Unit/) 

CLI Dato FI ow 

Storage 0-31 

Objectives: 

Test Under Mask 
TM 

I o i 1 i 2 13 14 j s 16 17 i s 19 i 10 ! 11 j 12 i 13 I 14 I 1 s j 16 l 1711 s I 19 j 20 I 
;~~~t'~s_1_1~~~~9-1~~~~'~~~~1-F-i-el-d~~~'~~-:-~-e~~~~ 

1. State of bits in FXB byte selected by mask in 
immediate data field is used to set condition code. 
2. Mask bit of 1 indicateL corresponding FXB bit 
is to be tested; mask bit of 0 indicates corresponding 
bit is to be ignored. 
3. FXB data and immediate data are gated to VFL 
Logic Unit over opposite buses (Sk or Sr). 

Compare Logical 
CLI 

TM Condition Code: 
0 - Selected bits and mask are all 0 
1 - Selected bits are mixed 0 and 1 
2 - (Not applicable) 
3 - Selected bits ore all 1 

lo I 1 l21314ls16171s l911ol1il12l13l14j1sli61i711sli9l2ol 

~~~~t-'S-1~'~~~~9-5~~~~~'~~~~1-F-ie-ld~~~-'-~-:-~-e~~~~ 
1. Specified FXB byte is compared with immediate 
data field in VFL Logic Unit. 
2. FXB data and immediate data are gated to VFL 
Logic Unit over opposite buses (Sk or Sr). 
3. Results of operation are indicated in 
condition code. 

CLI Condition Code: 
0 - Operands are equal 
1 - FXB data is low 
2 - FXB data is high 
3 - (Not applicable) 

Bus ~~~~~~~~~~~~~~~~~~~~~~~~.-~~~~~~~~~~~~...-~~~~~~~~~~~~~~~~~...-~~~~~~~~~~~~-, 

Out 

FXOS 
8-15 

Sk 
Bus 

0 

Sr 
Bus 

7 

DIAGRAM 5-114. TM AND CLI INSTRUCTIONS (SHEET l OF 2) 

5-114 (1 of 2) 



Flow Chort 

FXB byte (data) and I 
I DR data (mask) are I 
ANDed together to 
determine which bits I 
are tested for o 0 or I 
1 condition 

1. Ton TM Tgr 
(S65) 

NK411 

1. AND to VFL 
Logic Unit 

NK409 

1 . Ton VFL Set 
CC (M56) 

NK467 

Yes 

Yes 

No 

Decode 
OP 91, 95 

1. Op Sel FXB 
NK135 

2. Ton FXB Out-
gate 

NK333 
3. Set IDR 

NK165 

1 • Ton SI EndOp 
(N64) NK415 

2. Step Op 
NK339 

3. Ton FXB SNS 
NK337 

1. Ton CLI Tgr 
(R67) 

NK413 

No 

Yes 

See Diagrom 5-128 
for possible block 
op conditions 

1 . Sample speci
fied FXB for 
ful I condition 

2. Turn on out
gote for 
selected FXB 

3. lngate mask 
byte to IDR 

1 . Defines last 
cycle of 
instruction 

2. Steps FXOS 
outr i ng coun
ter 

3. Turns off FXB 
busy triggers 
(E93-95, F93-
95) 

NP343-353 

.---..... ---.... --r-- - - - - -- - -- _, ___ __. ___ .., 

1. Outgate IDR 
to Sr Bus 
(N59) 

NK507 

IDR data are 
gated to opposite 
bus (Sk ar Sr) of 
FXB data 

1 . Outgate IDR 
to Sk Bus 
(N58) 

NK507 

___ .._ ___ .. _ ------------
1. SI In Process 

NK405 
2. Set Byte CC 

Data Reg 
(M59-60) 

NR421 

End Of 
0 eration' 

1. Gate data 
straight 
through VFL 
Logic Unit 
without HOD 
and LOD 
transposition 

2. Set CC reg 
to proper 
value de
pending upon 
results of 
operation 

OIAGlAM 5-11.t. TM AND CLI INSnUCTIONS (SHEET 2 OF 2) 
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Doto Flow 

FXOS 
8-15 

Immediate 
O Doto Reg 7 

Flow Chart 

DIAGRAM 5-115. MVI I NS TRUCTION 

5-115 

Decode 
Op 92,. 

l. Set IDR 
NK165 

2. Set SAR Nome 
Reg (F59 ,F60) 

NR410 

1. 

2. 

3. 

Ton IDR Outgate 
to SDB (M60) 

NK461 
Ton SI End Op 
(N64) 

NK337 
Step Op 

NK339 

End of 
Operation 

Objectives: 

Move 
MVI 

l. IDR data are moved to a specified SDB 
2. IDR data are gated onto store bus positions 
48 through 55 and 56 through 63. 

31 32 "t 
To Store Data Buffers 

----

See Diagram 5-128 
for possible block 
op conditions 

1. Outgotes IDR to 
specified SDB 

2. Indicates lost 
cycle of in-
struction 

3. Initiates decode 
of next in-
struction 

MVI Condition Code: 
Code remains unchanged 



Da ta Flow 

Sk Bus 

I Sr Bus 

_o~~-~~7 o.;._~ ...... ~~7 

c:: VFL ~ic Unit/ 

Flow Chart 

No 

Decode 
Op 93 

l. Op Se l FXB 
NK135 

2. Ton FXB Out-
gate NK333 

l . Ton SI End Op 
NK409 

2 . Ton FXB SNB 
NK337 

3. Set FXB/FLB 
Name Reg 
(F56-58) 

NK501-503 
4. Ton Test and 

Set T gr (S 64) 
NK41 l 

5 . Ste p Op NK339 

DIAGRAM 5- 116. TS INSTR UC TIO N 

See Diagram 5-128 
for possible block 
conditions 

Sample specified 
FXB for full 
condition and turn 
on byte outgote 
for se lected FXB 

l . Defines last cyc le 
of instruction 

2. Turns off FX B 
busy triggers 
(E93-95, F93- 95) 
NK343- 353 

3. Sets FXB sel
ec tion into FXB/ 
FLB name reg 

4. Turns on test and 
set trigger 

5 . Ini t iates decode 
of next instruction 

Decode 

Execute 

Objectives: 

Test and Set 
TS 

l . VF LEU only performs part of instruction. MSCE performs other part . 
MSCE outgates a word from storage and (1) sends it to VFLEU , and 
(2) sets specified byte of word to oil ls and places it back in storage. 
2 . Specified byte is gated from FX B to VFL Logic Unit where bit 0 of 
byte is tested for a 0 or l condition . Condition code is set according ly . 

TS Condition Code: 
0 - Bit 0 of specified byte is zero 
l - Bit l of specified by te is one 
2 - (Not applica ble) 
3 - (Not applicable ) 

Yes 

l . Ton VFL Set 
CC (M56) N o 

l • Gate Sk to VFL 
Log ic Unit 

N K409 

N K467 

FXB FA FB data 
gated on Sk bus; 
FC/ FD dota gated 
on Sr bus 

l. SI In Process 
N K405 

2. Set Byte CC Data 
Reg (M59-60) 

N R421 

End of 
O peration 

Yes 

l • Gate Sr to VFL 
Log ic Unit 

NK409 

Gate data straight 
through VF L Logic 
Unit without HOD 
and LOO trans
position, and set 
CC reg to proper" 
va lue depending 
upon results of 
operation 

5- 116 



Data Flow 

I Box~ Byte 
Bus 

~---~ 

OR 

Flow Chart 

Sk 
Bus 

Sr 
Bus 

Decode 

Execute 

DIAGRAM 5-117. SSM INSTRUCTION 

5-117 

Gate Sk Byte 
to I-Box 

NK409 

Decode Op 80 

1. Op Sel FXB 
NK135 

2. Ton FXB Out
gate NK333 

1. Ton FX 
Complete Tgr 
(N65) NK419 

Objective: 

Set System Mask 
SSM 

lo I 1!213141s16171819110!11!12!13!14'is!16!17118!19!20I 

~~,~~tLI s_1 ]L ____ 8_o ____ Fla~LL..c.£J.~LL.."-':L...<..£..c..'-"--F-~-a~-e~fl-'-'-''"'"""' 

Yes 

1. Byte .in specified FXB replaces system 
mask bits in current PSW. 
2. FXB byte is sent to I-Box via byte bus. 
3. FX complete signal is sent to I-Box 
causing current PSW to ingate new mask byte. 

See Diagram 5-128 
for possible block 
op conditions 

Sample specified 
FXB for full con
dition and turn on 
byte outgate for 
selected F XB 

Turn on FX com
plete trigger and 
send F X complete 
signal to I-Box 

SSM Condition Code: 
Code remains unchanged 

---,.------- ----
FXB FA/FB 
contains Sk byte; 
FXB FC/FD 
contains Sr byte 

1 • Ton SI End Op 
(N64) NK409 

2. Ton FXB SNB 
NK337 

3. Step Op 
NK339 

End of 
Operation 

Gate Sr Byte 
to I-Box 

NK409 

11 • Defines last cycle 
of operation 

I 2. Turns off FXB 
I 
I 
I 

busy triggers 
(E93-95,F93-95) 
NK343-353 

13. Initiates decode 
of next instruction 



Data Flow 

Flow Chart 

Set data into IDR, 
gate I DR data to 
single shots, turn 
on RDD sample 
trigger, and set 
SAR name register 

to specified SDB 

Transfer I DR data 
to signal-out 
singleshots 

Decode 

Execute 

Gate R DD do ta ta 
I DR via result bus 
and generate result 
bus parity 

Read 
Direct 
Bus 

Decode, 
Op 85 

No 

0-7 

I. Set IDR NK165 
2. Ton !DR to SS 

Tgr (N61) 
NK461 

3. Ton RDD Sample 
(N66) NK417 

4. Set SAR Name 
Reg (F 59-60) 

NR410 

1. Set RD Out 
SS 

NK407 

1 . RDD Data to 
Result Bus NK407 

2. Gen Res Parity 
NK409 

DIAGRAM 5-118. RDD INSTRUCTION 

No 

No 

Cycle 2 

Immediate 
Data Reg 

0 7 

Cycle 1 

r- --, 
I PSCE I 
L ___ _J 

See Diogrom 5-128 
for possible block 
op conditions 

1 . Turn on FXA I 
complete trigger I 
and send to I 
I-Box (Diag. 5-20) 

2. Gates IDR data I 
to selected SDB I 

3. Defines last cycle I 
of instruction I 

4. Initiates cycle I 
I of next I 
instruction 

Objectives: 

Read Direct 
RDD 

Form ¥22-6674-1 
FES Y22-n730 

lo j 1 l2 l3 141516 l1 ls l9 l10l11 l12l13l14l15l16l11l1sl19l20I 

~;~!t~'S-l~'-----8-5 ___ _._l ___ i_F_i_el_d---~~~"'"'"''"'-'-''--~A-:_m~J 

Cycle 2 

1 . I DR data are made available as signal-out 
timing signals; direct-in data are placed in IDR 
for subsequent transfer to specified SDB. 
2. I DR data are gated to singleshots and 
direct-in data are set into IDR via result bus 
after singleshots are activated. 
3. Direct-in data are transferred from I DR 
to specified SDB. 

31 32 "t 
To Store Data Buffers 

1 • Ton FX Comp I ete 
Tgr (N65)NK419 

2. Ton IDR Og 
to SDB (N60) 

NK461 
3. Ton SI End Op 

(N64) NK415 
4. Step Op NK339 

1. Set I DR from 
Result Bus 

NK407 
2. Tof RDD 

Sample Tgr 
NK407 

No 

1.ToflDRto 
SS Tgr (N61) 

NK461 

End of 
Operation 

RDD Condition Code: 
Code remains unchanged 

Gate RDD data 
from resu It bus 
into IDR and 
turn off RDD 
sample trigger 

(G/fiH) 5-118 



Da ta Fl ow 

0 

Immediate 
Data Reg 

0 

Sk Bus 

7 0 

VF L Logic Unit 
0 7 

Di git Sh ifter 

0 7 

Write Direct 
Reg 

0 7 

Sr Bus 

7 

r 1 
I PSCE I 
L ___ _J 

Flow Chart 

Decode 
0 84 

Na 

1 . Op Sel FXB 
NK135 

2. Ton FX B Out-
gate NK333 

3. Se t IDR 
NK165 

4 . Se t FX B/ FLB 
Name Reg 
(F56- 58} 

1 NK501-503 

Yes 

1. Ton IDR to 
SS Tgr (N61) 

N K461 

1 . Set WR Out 
SS 

N K407 

0 

See Diagram 5 -1 28 
for possible block 
op conditions 

1. Sampl e speci 
fied FXB for 
fu l I cond ition 

2. Turn on byte 
o utgate for 
se lected FXB 

3 . Set data into 
IDR 

4. Se t a ddress 
of spec ialized 
FXB into FXB/ 
FLB name reg 

Gak I DR data 
to singl e ~hots 

DIAGRAM 5-1 19 . WRD INSTRUCTION! 

FA 

O bjec t ives: 

Wri te Direct 
WRD 

lo I 1 I 2 J 3 J 41 s I 6 J 7 J 0 J 9 I 10 J 11 I 12 I13J , 4 J1s J 16 J 17 i 10 i 19J20 I 

:~r~!t ISi I 84 I I Field I ~:~e ~ 

1 . Defi nes last 
cyc le of 
instruction 

2 . Turn off FXB 
busy triggers 
{E93- 95, 
F93- 95} 

NK343-353 
3 . In itiate de

code of next 

instruct ion 

1. A byte in the specified FXB is made 
a va ilab le as a set of di rect ·out static signals 
and I DR data a re made a vai I able as 
sig nal-out timing signa ls. 
2 . Whe n instruction is decoded, IDR data 
are gated to singl eshots. 
3. Afte r ac t iva t ion of si ng leshots, FXB data 
are ga ted to wr ite direct regis ter. 

Defines wr ite 
direc t execution 
t ime 

1 . Gate Sk Bus 
to VFL Log ic 
Un it 

NK409 

No 

1 . Ton SI End 
O p (N64) 

,NK4 15 

2 . Ton FXB SNB 

N K337 

3. Step Op 

N K339 

End of 
0 era tion 

1. Ton WR D 
Tgr (S66) 

ata 
gated to Sk bus; 
FC/ FD da ta 
gate d to Sr bus 

WR D Condition Code: 
Code remains unchanged 

Yes 

Yes 

1 . Gate Sr Bus 
to VFL Logic 
Unit 

NK 409 

1 . Se t Direct 
Out Reg 

NR 165 

Set FXB data 
into wr ite direct 
register 

5-119 



Simplified Flow 

Objectives: 

AND, OR, Exclusive OR, Move Numerics, Move Zones 

NC, OC, XC, MVN, MVZ 

I o I I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 I 11 1 12 i 13 114115116 1171 18 119 120 I 
SS D4, D6, D7, Dl, D3 FL8 Source 0 FLB Sink 

SAR 
Name 

,---- - ---- - - - - ---------
\ 

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

Decode O p D l, 
D2, D3, D4, D6, D7 

l. Request First Sink 
and Source Operands 

2. In itialize Ingole 
Counter 

3. Prepare to Outgate 
First Sink and 
Source Bytes 

4. Determine Endi ng 
Byte Address 

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

L - - - - - - _ _ J 

1 - -
I I 

I 
\ No Opnds I 

Avai I for 
I Execution 

I Yes I 
I __ _J 
L-----

1 - -- ---, 
I I 
I l. Process Sink and 

I 
I Source Bytes I 
I 2. I ngate Processed I 
I Byte into Sink l Buffer 
I 3 . O utgate Next Sink I 
I ond Source Bytes I 
I I 
I ____ J L_ ___ 

, --
I I 
I No \ 

I 
I I 
I I 
I 

l. 
I 

I Source I Operand 

I I 
'---- _J 

,--- ----

I 
I No 

l I 
I I I I I I 
I l. Store Processed 

I Sink O perand 

I 2 . Request Next I 
I Sink O perand I 
I I 
I I 
L ___ _ __ __] 

, --- ----, 
1 

I 
No 

l. Store Lost Sink 
O perand 

2. Set Cond ition 
Code 

3. Reset Exe cut ion 
Controls 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L ___ _ ___ _ _j_ 

End of 
Operation 

I 

Decode and 
Start 

Sheet 3 

Data 
Availab le 

_?beet 4 

Execute 

Sheet 5 

Source 

Request 

Sheet 6 

Sink 
Request 
Sheet 7 

End of 
Operation 
Sheet 8 

I 

DIAGRA M 5-120 . NC, OC , XC, MVN, AND MVZ IN STRUCTI O N S (SHEET l OF 8) 

5- 120 (1 of 8) 

l. Sink and source doub lewords are gated from FLBs to FXBs FA/ FB and 
FC/ FD, respective ly . 
2. Sink and source bytes are gated to the VFL log ic unit and are processed 
as fo l lows: 
AND (NC ) - Logical product is obtained between the sink and source bytes. 
OR (OC) - Log ica l sum is obtained between the sink and source bytes. 
Exclusive OR (XC) - Modu le - two sum is obta ined between the sink and 
source bytes . 
Move Numerics (MVN ) - LOD of source byte is placed in LOD position of si nk byte. 
Move Zones (MVZ) - HOD of source byte is placed in HOD of sink byte. 
3. Resultant bytes a re placed in spec ified positions of sink FXB (FA/ FB). When 
FA/ FB a re f i lled wi th processed bytes, FA/ FB data are stored in a spec ified SD B. 



MVN and MVZ Data Flow 

I-Box 

7 
VFL Logic 
Unit 

HOD ili ili LOD 

EBA Compa1e 

NC, OC and X_c_;: Data Flow 

0 

I-Box 

0 

\/FL Logic Unit 
0 7 

Digit Shifter 

0 7 

EBA Compare 

BAR 
A-8 
Ctr 

BAR 
A-B 
Ctr 

Io 

DIAGRAM 5-120. NC,OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 2 OF 8) 

31 32 63 

Stor: Bu, 
31 32 631 

63 

SDB' 

63 

SDBs 

5-120 (2 of 8) 



Decode and Start 

--

Yes 

Yes FXOS 
~-------< Bit 13 

l. Ton Olap 
Tgr (K67) 

N R305 

N o 

______ Y_e_s__,, FXOS 
Bit 2 1 

l. Ton V FL 
Set CC 

N o 

Tgr (M56) 

NK46 7 

1 

l. Ton VFL In Process (E53) 
2. Ton VF L Star t (K6 2) 
3. Ton Instruction Tgr (P63-67) 
4 . Req Sk Word 
5. Ton BAB O g (L34 - 36 through R34 - 36) 
6. SS lnsn C ycle l VFL 
7. Set SAR Name Re g (F59-60) 
8 . V FLEU Acpt L- Fie ld 

N o 

l. Req Sr Word 

Cyc le 
2 Tgr On 

(D54) NKlOZ 

Yes 

2. Ton BAB Og (L34- 36 through 
R34 - 36) 

3 . Ton lg BAR A-B 
4. FXA Step FXB Busy C tr 

No 

l. Ton lg Bar C-D 
2. Ton Set EBAR 
3. Step FXOS 
4 . Ton Set lg Ctr 

Cyc le 
3 Tgr On 

(D55) NKl07 

Yes 

5. Ton Set Og Tgr (K64) 

(K64) 
~--y-<~~ 

~--.................... __ ~--1~-----, 
Turns on byte out- l. Ton FA/FB Og N o 

19ate triggers for Tgr N R366 - 36 7 
FXBs FA/ FB (s ink) 
and FC/ FD 2. Ton FC/ FD Og 
(sauc e)_ Tg r N R368- 369 

______ Y_ e s-< FXOS 
Bit 15 

Indicates th is is 

last op of current 

in struction 

l. Ton Last Op 
Tgr (N62) 

N R424 

No 

A 

She e t 4 

DIAG RAM 5- 120 . N C , OC, XC , MVN , A N D MVZ IN STRUCTI O N S (SHEET 3 O F 8 ) 

5- 120 (3 of 8) 

Check for 
overlap bit 

Check for 
condition 
c od e b it 

N K373 
N R322 

N R382- 383 
N R40 l 

NR02 l-026 
NR422 
N R4 l 0 
N R422 

NR389 

NR02 l - 026 
N R390 
NR388 

NR390 
NR390 
NR389 
NR390 
N R388 

1. De fines execut ion cy cle of VFl o ps TFlat requi re more 

than one eye le 

2. Defines cyc le between decode and first execute cycle 
3. Ind icates which instruction is be ing executed 

14. Requests first sink word from selec ted FLB 
5 . Turns on BAB outgate contro l tr iggers 
~ - lngates leng th field from I- Box 
'7. Sets FXOS bi ts 19 a nd 20 into SAR name re g 
8. Interlocks I - Box and current instruct ion. Prohibits 

I-Box from i ssuing anothe r multi - o p instruction 

until current one is f inished 

l. Requests f irst source word from se le cted FLB 

2 . Turns on BAB outga te control triggers 

3. Ingole BAB data into BAR A-B (sink) 
14. Decrement FXB counter in I - Box 

l. lnga te BAB data into BAR C - D (source ) 
2. Set locat ion of last sink byte into e nd ing byte address 

reg iste r 

3. Outgate next o p from FXOS 
4 . Set si nk starting byte address into ingate counter 
5 . De f ines cyc le that f irst sink a nd/ or source outga te 

triggers are turned on 

Check for 
e nd bit 



Doto Avo i loble Sheets 3 and 8 

l . Tol Sk WAT 
(N48) 

NR201 

l . Toi Sr WAT 
(N5 3) 

N R284 

Yes 

No 

No 

Yes 

DIAGRAM 5- 120. NC, OC, XC, MVN, AND MVZ IN STRUCTIONS (SHEET 4 OF 8) 

A 

Sheet 5 

l. Toi VFL Start Tgr 
(K 62) NR322 

2. Ton Sta rt Execu te 
Tgr (K63) NR326 

Yes 

Yes 

No 

FC/FD Yes 

Og Ctr;7 

No 

Yes 

Yes 

l . Ton Sk Req l. Indicates sink 
Tgr (N49) rec uest will be 

NR323 mode when FXOS 
2. Ton SkWAT goes empty 

Tgr (N48) 2. Indi cates that there 
NR201 is one more sink byte 

to be processed 

l. Ton Sr Req T gr 1. Indicates sou rce 
(N54) NR301 recuest will be 

2.TonSr WAT mode when FXOS 
Tgr (N53) goes empty 

NR284 2. Indicates that there 
is one more source 
byte to be processed 

5-120 (4 of 8) 



Execute 

Gate HOD of sink 
byte and LOD of 
source byte to 
digit sh ifter 

Gate HO D of 
source byte and 
LOD of s; nk byte 
to digit shifter 

l . Gate Sk 
HO D 

2. Gate Sr 
LO D NR345 

l . Gate Sr 
HOD 

2. Gate Sk 
LOD NR345 

l. Ton Non
zero Tgr 

(MM) N R30l 

Sheet 4 

Yes 

No 

Yes 

l. Gate HOD to HOD 
NR342 

2 . Gate LOD to LOD 
NR342 

3. Gen Res Parity 
NR343 

Yes 

Yes 

l. VFL Res lg FA/ FB 
NR282 

2 . Ste pOg-lg Ctrs 
NR284 

Shee t 6 

DIAG RAM 5- 120 . NC, OC, XC , MVN , AND MVZ INSTRUCTI O NS (SHEET 5 OF 8) 

5- 120 (5 of 8) 

ate a te t roug 
digit shif ter w ithout 

HOD and LOD trans
posit ion , and gen

erate resul t bus 

pari ty 

lngate resu l t bus 

into FA/F B and 
step outgate and 

ingate counters 



Sink Request 

equest new sin 
ord from spec ifie 
LB and turn off 

~ ink req uest 
r i er 

1. Req Sk Word 
NR286 

. Tof Sk Req 
(N49) NR323 

No 

No 

No 

Yes 

No 

Sheet 5 

l. Ton Sk WAT 
(N48) NR201 

2. Ton Sk Req 
N49 NR323 

l. Tof FC/ FD 
Data Avail 
(P46) 

NR321 

Sheet 7 

DIAGRAM 5- 120. NC, OC, XC, MVN, AND MVZ INSTRUCT IONS (S HEET 6 OF 8) 

No 

Yes 

No 

Outgote FA/ F 
to specified 
SDB 

1. Ton VFL Og 
to SDB 

NR426 

No 

No 

l. Ton Store 
Tgr (M65) 

NR325 

In icotes FA FB 
should be stored 

1 as soon as spec i -
' fied SDB become 
availa ble 

5-120 (6 of 8) 



Source Request 

No 

Yes 

Yes 

Yes 

1. Tof FA/f B 
Data Avail 
(P46) 

NR32 1 

Sheet 6 

No 

Sheet 8 

Yes 

Yes 

Ye s 

Yes 

No 

Yes 

1. Req Sr Word NR286 
2. Ton Sr Used 

(N55) NR324 
3 . Tof Sr Req 

(N54) NR301 

1. Ton Sr WAT 
(N48) 

NR201 

1. Ton Sr Req 
(N54) 

NR301 

eques new 
word from spec ified 
FLB, turn on source 
used t rigger, and turn 
off source request 
tri er 

DIAGRAM 5- 120 . NC, OC, XC, MVN, AND MVZ IN STRUCTI O N S (SHEET 7 OF 8) 

5-120 (7 of 8) 



End of Operation 

1. Set SAR Name 
Reg (F 5 9-60) 

NR410 
2. Ton Sk Used 

Tgr (NSO) 
NR324 

l. NOXC Set 
CCl 

NR285 

No Yes 

Yes 

Sheet 7 

1. Step FXOS 
NR284 

Yes 

1. Ton Last Op 
(N62) 

NR424 

1. Ton End Tgr 
(N63) 

NR363 

l. Ton VFL EndTgr 
(N63) NR363 

2. Tof VFC In 
Process (E53) 

NK339 

1. NOXC Set 
CC Vol id 

NR285 

End of 
erction 

No 

No 

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 8 OF 8) 

No 

No 

1. Ton VFL Og to 
SDB NR426 

2. Tof Store Tgr 
(M65) NR325 

Sheet 4 

5-120 (B of 8) 



Data Flow 

Objectives: 

Compa re Logica l 
C LC 

2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 / 12 / 13 / 14 / 1s I 16 / 11 I 1s / 19 / 20 I 
DS ~ FLB Source I I 0 I S I E I FLB Sink -

I . Bina ry compa rison is made betwe e n 
sink and sourc e bytes. 
2. Sink a nd sourc e words are ga te d 
from FLBs to FX Bs, FA/ FB and 
FC/ FD, respective ly. 
3 . By tes a re gated to VFL c ompa rison 
uni t where bits are bina rily com pa red . 
4. Resu lts of comparison are used to 
set condition code . 
5. An unequa l compare terminates 
instruction . 

CLC Conditi on Code : 
·o - O pe ra nds a re eq ua I 
1 - Sink operand is low 

2 - Sink operand is high 
3 - ( Not appl icable ) 

FLBB 
32 -36-------------------<>------------------------------~ 

0- 31---- ..-------------t----- - - - - - - - -------. 

FA FB 
0 31 0 31 

0 7 8 15 16 23 24 31 0 7 8 15 16 23 24 31 

I- Box 

EBA 
Compare 

VFL 
Log ical 
Compare 

Simpli fied Flow Cha rt 

Decode a nd 
Start 
Sheet 2 

Ca nce l 
Sheet 3 

_ T _ _ _ _____ _ __ I 

I Decode O p I 
I DS I 
I I 
I Yes I 
I 1. Req First Sk and Sr O pnds I 
I 2. Init iate Ingole Counter No 

1 I 3. Pre pare to O g Fi rst Sk and 

I Sr Bytes I 
4. Dete rmine EBA 

L ____ - --- - - -- _J 

- - - - - u. 2 
- i---- - ------- 1 

I y~ I 
I I 
J 1. Req Unused Sink and I 
I Sou rc e O pera nds No I 

2. Free- u p Busy FLBs I 3. Rese t Exe cution Contro ls I 
L __ _ _ _ _ ____ _ _ J 

Data 
Availa b le 
Sheet 4 

FC FD 
0 31 0 31 

0 7 8 15 16 23 24 31 0 7 8 15 16 23 24 31 

r;-- - -- - - -- - --- --r- -
1 I 
I Y~ I 

/ 1 . Request : 

I Next Sink I 
Operand 

I I 
L ____ _ _ ______ J 

I 
I 
I No 

Yes 

1. Request 
N ext 

I 
I 
I 
I 

L ___ _ 
Source I 
0 rand ....J 1 

- --- _ ___j 

1 ---- ------ ---, 
I 

1. Se t Condit ion 
Code 

2 . Reset 

I 
I 
( 

I 
I 

I Execution Ctl I 

, --------- --------, 
I l . Process Execute 

Sheet 5 

L _ ___ _ __ __ _ _J 

End of 
O peration Sink and I 

I Sourc e I 
Bytes 

I I 
I ~ ~ I 
I I 
I 1. Terminate Execution of 1. O utga te I 
I Instruction N ext Sink 1

1 2 . Ente r Canc e l Made a nd Sourc e 
3 . Se t Condition Code B tes 

I I 
L_ ___ ------ - ----- __ _J 

DIAG RAM 5- 12 1. C LC IN STRUCTIO N (SHEET 1 O F 8) 

5- 121 (1 of 8) 

Sink 
Request 
Sheet 6 

Source 
Request 
Sheet 7 

End of 
Opera tion 
Sheet 8 



Decode and Start 

l. Ton VFL 
Set CC 
Tgr (M56) 

NK467 

No 

No 

Yes 

Check for 
start bit 

Check for 
condition 
code bit 

~-------.!..._-------~ - - -- - -.----------,-".'"'."'.'...,--....,-----, 
1. Defines execution cycle of VFL ops that re-

Indicates this 
is last op of 
current insn 

l. Ton VFL In Process (E53) 
2. Ton VFL Start (K62) 
3. Ton CLC Tgr (064) 
4. Req Sk Word 
5. Ton BAB Og (L34-36 

through R34-36) 
6. SS lnsn Cycle 1 VFL 
7. Set SAR Name Reg (F59-60) 
8. VFLEU Acpt L-Field 

No 

1. Req Sr Word 
2. Ton BAB Og (L34-36 

through R34-36) 
3. Ton lg BAR A-B 

~X:~ FXB Busy Ctr 

No 

1. Ton lg BAR C-D 
2. Ton Set EBAR 
3. Step FXOS 
4. Ton Set lg Ctr 
5. Ton Set Og Tgr (K64) 

1. Ton Last Op 
Tgr (N62) 

NR424 

Yes 

A 

No 

Sheet 4 

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 2 OF 8) 

NK373 
NR322 
NR381 
NR401 

NR021-026 
NR422 
NR410 
NR422 

NR389 

NR021-026 
NR390 
NR388 

NR390 
NR390 
NR389 
NR390 
NR388 

Check for 
end bit 

l quire more than one cycle 
2. Defines cycle between decode and first 
I execute eye le 

j3. Indicates CLC instruction is being executed 

14. Requests first sink word from selected FLB 
5. Turns on BAB outgate control triggers 
~· lngates length field from I-Box 
7. Sets FXOS bits 19 and 20 into SAR name reg 
la. Interlocks I-Box and current instruction. 

Prohibits I-Box from issuing another 
multi-op instruction until current one is 
finished 

I 1. Requests first source word from selected FLB 
12. Turns on BAB outgate control triggers 
13. Ingole BAB data into BAR A-B (sink) 

14. Decrement FXB counter in I-Box 

1. Ingole BAB data into BAR C-D (source) 

12. Set location of last sink byte into ending byte 
address register 

13. Outgate next op from FXOS 
14. Set sink starting byte address into ingate 
I counter 
5. Defines cycle that first sink and/or source 

outgate triggers ore turned on 

5-121 (2 of 8) 



Yes 

l. Tof Cancel 
Tgr (542) 

NR304 

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 3 OF 8) 

5-121 (3 of 8) 

No 

Yes 

Sheets 2 and 8 

No 

l. Req Sr 
Word 

NR286 

l. Req Sk 
Word 

NR286 

No 

1. Step FXOS 
NR284 

2. Tof Sr Used (N55) 
NR324 

3. Tof Sk Used (N50) 
NR324 

Yes 

No 

Yes 

Yes 

No 

Yes 

A 

Sheet 4 



Data Available 

l. Tof Sk WAT 
(N48) 

NR201 

I. Tof Sr WAT 
(N53) 

NR284 

No 

No 

Yes 

Yes 

Sheet 5 

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 4 OF 8) 

Sheet 3 

Yes 

No 

Yes 

l. Tof VFL Start T gr 
(K62) NR322 

2. Ton Start Execute 
Tgr (K63) NR326 

Yes 

No 

No 

Yes 

l. Ton Sk Req Tgr 
(N49) 

NR323 
2. Ton Sk WAT Tgr 

(N48) 
NR201 

Yes 

1. Ton Sr Req Tgr 
(N54) NR301 

2. Tan Sr WAT Tgr 
(N53} NR284 

: 1. Indicates sink request 
: will be made when 
I FXOS goes empty 
12. Indicates that there 
: is one more sink byte 
I to be processed 

:1. Indicates source re
: quest will be made 
I when FXOS goes empty 
12. Indicates that there 
I is one more source 
I byte to be processed 

.5-121 (4 of 8) 



Execute 

I. NOXC Set 
CC I 

No 

Yes 

No 

NR285 

Indicates CLC instruction 
was terminated rather 
than completed (sk I sr) 
and data available 
triggers for sink and 

source buffers are turned 
off 

l. Ton Term Tgr (M66) 
NR432 

2. Tof FA/FB Data 
Avail (N46) NR305 

3. Tof FC/FD Data 
Avail P46 NR32l 

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 5 OF 8) 

5-121 (5 of 8) 

No 

A 

Sheet 6 

Sheet 4 

No 

___ __,_ ____ - - --------
l. Ton FA/FB Og 

T gr NR366-367 
2. Ton FC/FD Og 

Tgr NR368-369 

Yes 

1. Step Og-lg 
Ctrs 

NR284 

No 

Yes 

No 

Yes 

Yes 

Turns on byte 
I . f 
1 outgate triggers or 
I FXBs FA/FB (sink) 
I and F C/F D (source) 

I Step outgate 
I counter to next 
! byte position 
I 

l. NOXC Set 
cc 2 

NR285 

___ _._ ____ - - - ---------
l. Ton End Tgr 

(N63) NR363 
2. Ton Complete 

Tgr (M67) 
NR424 

l. Indicates last byte 
: has been processed 
I 2. Indicates CLC 
t instruction has been 
I completed 



Sink Request 

Sheet 5 

No 

Yes 

Yes No 

No 

Yes 

Yes 

No 

~----'----~ - - - - -
l . Indicates that there 

I is one more sink byte 
1. Ton Sk WAT 

(N48) 
NR201 

2. Ton Sk Req 
(N49) 

NR323 

Yes 

to be processed 
I 2. Indicates that 
I request for new sink 
I word should be made 

when FXOS goes not empty 

Indicates that F XB 
FA/FB dato is 
available for 
processing 

1. Ton FC/l'D 
Data Avail 
(P46) 

NR321 

~---.J.....---~ - - - - -
1 . Req Sk Word 
2. Ton Sk Used Tgr 

(N50) NR324 
3. Tof Sk Req Tgr 

(N49) NR323 

Sheet 7 

DIAGRAM 5-121. CLC INSTRUCTION (SH~ET 6 OF 8) 

: 1. Request new sink word 

1 2. Indicates that sink 

1 word has been used 

1 for processing 
I 3. Turns off sink request 

5-121 (6 of 8) 



Source Recuest 

Yes 

No 

N o 

1. Tof FA/F B 
Doto Avail 
(N46) 

NR305 

DIAGRAM 5- 12 1. C LC IN STRUCTION (SHEET 7 OF 8) 

5- 121 (7 of 8) 

Yes 

Yes 

No 

Sheet 6 

No 

1 . Req Sr Word 
N R286 

2 • Ton Sr Used T gr 
(N55) NR324 

3. Tof Sr Req Tgr 
(N54) NR301 

A 

Sheet 8 

No 

Indicates the re f 
is one more byte ( 
to be processed I 

Indicates that a 1 

request with : 
F C/F D sink address I 
shou ld be made I 
when F XOS goes I 
empty I 

1. Ton Sr WAT 
(N 48) 

N R284 

1. Ton Sr Req 
(N54) 

NR301 

I J. Request new source 
I word I 

: 2 . Indi cates that 
I source word has been 
I 

used for processing I :3. Turn off source 
I req uest t rigger 

Yes 

Yes 

No 

No 

Yes 

Yes 



End of Operation 

l. Step FXOS to next 
sequential position I 

2. Turn off source usedil 
trigger I 

3. Turn off sink used I 
trigger 

FXOS end 
bit on 

l. NOXC 
Valid CC 

NR285 

lndi cates that 
VFL aperati on 
is completed 

Sheet 7 

No 

No 

Yes 

l. Step F OS 
NR284 

2. Tof Sr Used (N55) 
NR324 

3. Tof Sk Used (N50) 
NR324 

Yes 

l. Ton Lost 
Op Tgr 
(N62) 

NR424 

No 

l. Tof VFL In 
Process Tgr 

NK373 

End of 
Operation 

No 

No 

Na 

Yes 

No 

I Indicates that last op I of current instruction 
I has been processed 

No 

FXOS P 
bit on 

If on indicates that 
instruction has been 
terminated 

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 8 OF 8) 

Term Tgr 
On(M66) 

No 

Na 

A 

Sheet 2 

Yes 

l. Tof Term Tgr 
NR432 

2. Ton VFL Cancel 
Tgr NR304 

3. Ton End Tgr (N63) 
NR363 

4. Ton Last Op (N62} 
NR424 

5. CLC Term to I-Box 
NR432 

Yes 

l. CLC Com
plete to 
I-box 

NR424 

1. Turns off terminate 
trigger 

12. Indicates that 
I unused operands 
I (fetched by I-box} 
I must be cancelled 

13. Indicates that last 
byte has been 

I processed 
j4. Indicates that last 
I op of current 
I instruction has 

been processed 
I 5 . Indicates to I -box 
I that CLC instruction 

has been terminated 

11ndicates that 
I CLC instruction 

1 has been com-
leted 

5-121 (8 of 8) . 



32-63 
FLBB ----·-- -- ----- -~--··-----

0- _) 1 

I-Box 

Notes: 
~ollel processing only 

Sheet layout 

Sheet 2 
Decode and 
Start 

Sheet 3 Parallel 
Data Trans.mission 

Start 

Decode MVC 02 

Set Up Circuits 
and Request Data 

Store Doubleword 
and Request Next 
Doubleword 

Reset VFL Circuits 

End of Paro II el Op 

No 

0-3 

0-3 

Decode the 

VFL Logic 
Unit 

Digit 
Shifter 

EBA 
Compare 

I 

I 

I 
Next Pseudo-Op I 

Sheets I 
3 1 6 and 

s I 

I 
I 

I 
I 
I 

-l 
I 

Sheet 2 

I 
I 

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 1 OF 8) 

5-122 (1 of 8) (3/68) 

SC 
Bus 

4-7 

4-7 

L_ 

Store Bus 

31 32 

SDBs 

-r--
Shee• 5 
Serial 
Processing 

Proces!> Bytes One at 
a Time from FXBs 
C-D through the 
VFLEU to FXBs A-B 

Objectives: 
Move Charocte1 
MVC 

Io i 1 i 2 i 314151617 Is I 91101111121131141151161171181191201 

SS 02 FLB 
Name 

p 0 s Starting SAR 
Byte Adr Name 

1. Specified FLB is gated to FA/FB and FC/FD during parallel operation 
(P bH = 1) ot FC/FD only dudng serial operation (P bit= 0). 
2. Data is moved one byte at a time from FC/FD to FA/FB during 
serial operation. 
3. When ell byte posinom of FA/FB ere filled, FA/FB dote is gated 
to specified SOB. 

31 

63 

-i:heet 6 -- -

I Serial Sink Store 

I 
I 
I 
I 
I 
I 
I 

Turn On Store 
"Remembering" Trigger 

No 

Store a Doubleword 
from FXBs A-B 

FD 
31 

_ _____ _l __ _l 
I 
I 

1-------
Sheet B 

J Serial Ending Sequence 

Yes 

Yes 

I 
I 
I 
I 
I 

L 

Return to 
Decode the 
Next Pseudo-Op 

-1 
I 
I 

Sheet 2 I 

Store the Last 
Sink Doubleword 

Reset VFL Circuits 

End of Operation 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_J 

I Shift to Parallel 
Data Transfer 

I Return to 

I Decode the 
Next 

I Pseudo-Op 

L __ 

llshe:-7 - -

Serial Overlap 
Mode 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L __ _ 

Sheet 2 

I 
I 

_J 

Turn Overlap Tags 
On or Off to 
Regulate Overlapped 
Byte Positions in 
the FXBs 

I 

I 
I 
I 
I 
I 

_J 



Decode a nd Start. 

I . Indicates that a VFL op, longe r than 
one cycle, is being execu ted 

2. Defines cycles between decode and 
first execute cycle (data avail ) 

3. Indicates that MVC is in process 
4. Starting byte address is set into BAR A-B 

(s ink byte address). 
5. First source word is requested 
6. Byte address is transferred from BAB 

to respective BAR 
7. Length field is ingoted 
8. FXOS bits 19 and 20 a re ingo ted into 

SAR name register 
9. Allows I-box to decode another MOP 

instruction 
10 . Byte addresses are counted left to right. 

Cycle Boundary 

Hardware Error. 
Cycle 2 Should 
Follow Cycle l 

I. Decrement FXB coun ter in I-box 
2. Set sink starti ng byte address into 

ingote counter 
3. lngote BAB data into BAR C-D (source) 
4. Outga te next op from FXOS 
5. Set location of last sink byte into ending 

byte address register 
6. Defines cycle that first sink and/ or source 

outgate triggers are turned on 
7. Allow outgoting of single source bytes 

Cycle Boundary 

Hardware Error VFL 
Star t .was Turned On 
in Cycle 1 

Source data hos arri ved. 
Begin processing. 

Block operation 
conditions are 
on Diagram 5-128 

The first pseudo-op only 

Hardware Error . Cycle l Should 
be On for this Instruction 

Start 

Decade MVC (D2) 

Yes 

Yes No 

Yes 

No 

Return to Decode 
the New Pseudo-Op 
After Step Op 

c Sh eets 
3, 6 a nd 8 

After the first pseudo-op 

N o 

Yes 

1. Ton VFL In-Process Tgr (E53) 
2. Ton VFL Stort T gr (K62) 
3. Ton MVC Tgr (P66) 

NK373 
NR322 

Sink and source 
fields do not overlap 

Ton Overlap Trigger 
(K67) NR305 

NR382 
4. Set BAR A-B (FXOS) (L42) 
5. Ton Req Sr Wd Tgr NR40l 
6. Ton BAB Og Tgrs (L34-36 

through R34-36) NR02l -026 
7. SS lnsn Cycle 1 VFL NR422 
8. Set SAR Nome Reg (F 59, 60) NR410 
9. VFLE U Acpt L-f;eld 

10. Set Plus Scan lngate 
and Outgote Counters 

No 

l . FXA Step FXB Busy Ctr 
2. Ton Set lg Ctr Tgr 
3. Ton lg BAR C-D Tgr 
4. Step FXOS 
5. Ton Set EBAR Tgr 
6 . Ton Set Og Tgr (K64) 
7. Ton FC/ FD Og T gr 

No 

An undetermined number 
of cycles may occur 
while waiting for da ta 
from FLBB 

l • Tof VFL Stort (K62) 
2. Ton Start Execute (K63) 

NR422 
NR203 
NR206 

Yes 

Check for end bit 

Check for P bit 

Parallel operation 
not poss ible 

Yes 

NR388 
NR390 
NR390 
NR389 
N R390 
NR388 
NR368 

Force lngote FA/ FB 
NR305 

No 

This is the first and last 
pseudo-operation of 
this instruction 

Yes 

Yes 

3. Ton A-B, C-D DA Tgr (N-P46) 

NR322 
NR326 
NR202 
NR32l 

A 

Sheet 3 

Yes 

I . Ton Lost Op Tgr 
(N62) NR424 

Yes 

No No Yes 

Put FLBB (source) doto in A-Band C-D in 
case of parallel operation 

No 

Last 
Op Tgr 

(N63) 

Yes 

No 

No 

Ton Block One Trigger 
(K65) NR203 

NR303 

Yes 

No 

y., 

I. Ind ica tes lost op of 
inst ruction is being 
used 

Byte addresses must be 
equal and I ength of 
data field must be 
greater than 7 to permit 
parallel data transfer 

l. Ton PTgr (K66) 
NR387 

Prevent step of ingate 
ctr during parallel 
operat ion 

Ton Sink Wraparound 
Tgr (Sk WAT) (N48) 

NR20l 

l . Ton Sr Req Tgr 
(N54) NR30l 

2. Ton Sr WAT 
(N53) NR284 

DIAGRAM 5-122 . MVC INSTRUCTI ON (SHE ET 2 OF B) 

Sink a nd source 
fields may overl ap 
during this instruc t ion 

P t gr remains on 
until the end of the 
instruction to 
indicate that para ll el 
transfer is possib le 

Source data from 
storage hos arri ved in 
A-B ond C-D vio the 
FLBB 

Sink byte address is 
lost position of a 
doubleword 

Source byte addr is 
lost position of o 
doubl eword. Request 
more source doto 

(3/ 68) 5- 122 ( 2 of 8) 



Para llel Doto Transmission 

Cycle Boundary __ _ 

SOB in MSCE must 
be ready to a ccept 
the double word to 
be stored 

Gote FA/ FB to the SDB 
to be stored 

last data byte has 
been processed 

operation 

N o 

N o 

Doto field is on 
o doub leword 
boundary. Transfer 
o full doubleword 

We i t for data from 
storage via FLBB 

1 • Ton VFL Outgote to SOB 

2. Tof C-0 Doto Avail (P46) 

I. Ton End Tgr (N 63) 

2 . Tof VFL in Process (E53) 

End of Para I I e l 
Operat ion 

DIAG RAM 5- 122 . MVC INSTRUCTI O N (SHEET 3 OF 8) 

5- 122 ( 3 of 8) (3/ 68) 

NR207 

N R321 

N a 

N R363 

NK373 

Sink e nd source byte 
addresses must be 
equa l and I ength > 7 

No 

Sheet 2 

Tof Start Execute 
(End of Cycl e) (K63) 

NR326 

Fi rst pseudo-op only 

Parallel operati on 
not possible 

No 

No 

N o 

Doto field ends on 
doubleword boundary. 
Tra nsfer a full 
doubleword Ser ial data transfer 

MVC P 
Tgr (K66) 

N o 

Error, 

lost doubl eword 
of para! I el op 

This Poth for 

wi 11 not t ra nsfer 
al I eight bytes . 
Use seria l mode 

Parol lel Operation Only 

C-0 lngate 
FLBB 

I. Tof Sr WAT (N 53) 
2. TonAllMark Bits 
3. FA/ FB Ingole FLBB 
4 . Ton FC/ FD Data Ava; I (P46) 
5 . Tof Sr Used Tgr (N 55) 

I. Set SAR Name (F59-60) 

2 . Step FXOS 

I . Request Sr Word 

2. Ton Sr Used Tgr (N 55) 

Return to Decode 
New Pseud o- Op 
Sheet 2 

All e ight bytes of 
the doubleword 
wi 11 be stored 

Wait for data 
from storage via FLSS 

NR2B4 ~-._ ______ _ 
C-0 lngare 

FLBB 

Na 

~~~~~ i.-..... ,..,. F•x• B•s•A•-•B•a•nd ... C•-•D .. m!lt 

N R321 ore both ingoted 
N R324 from the FLSs for 

parallel opera tion 

NR410 

NR202 

N o 

NR286 

N R324 

Yes 

2. See note l 

I. SAR name 
identifies the SDB 
to be used 

2 . Step FXOS resets 
the full bit in the 
present FXOS 
position 

Wait for next 
op stack position 

1. Use new FLB 
name for source 
req uest 

Ton last Op Tgr 
(N 62) NR424 

I . Taf Sr WAT (N o3) 
2 . Tof O lap Tags 
3 . Ton MVCS Tgr (162) 
4. Ton C-D Data A·1ailoble 

No 

Sou rc e 
Req1,cst 
She,, 4 

Notes: 

NR284 
NR087 
NR201 
NR321 

No 

I . Tof Sk WAT (N48) NR201 
2. Ton FA/ FS Data Available Tg r 

(N46) NR202 

Seria l 
Process 
Sheet 5 

Sink 
Store 
Sheet 6 

Overlap 
Sheet 7 

1. Byte positions with O lap togs on have been ingo ted 
from the VFL result bus in overl a p mode. Those 
posit ;ons must not be ingoted from the FLBB because 
the bytes in the FLB have been obsoleted by sink 
bytes stored from th is op. Instead of fetching the 
new bytes from storage, they ore forwa rded d irectly 
to the source word in C-D and protected by overlap 

N ew pseudo- op 
is the lost 
pseudo-op of 
the instruction 

tags. After FLBB ingoting, the Olap tags o re no t needed. 



Seria l Source Request 

Source req 
already pending 

N o furth er 
source· req needed 

Not all source bytes 
have been gated 
out of FC/ FD 

Yes 

No valid data in FXBs 

Last byte of 
source doub l eword 

Sheet 3 

Yes 

N o 

is be ing outgated Yes 
.................. ;_;;~.......Jl'------~...=-1 

Error . 

Si nk byte address in 
BAR A-B wraps around 
from 7 to 0 

Sink and source 
wraparound should 
not occur at the same 
time during serial 
operation 

No source requests 
in this cycle 

Serial onl y operat ion 

Yes 

During se rial only 
ope rati ons, source data 
can be put into C-D 
without disturbing sink 
bytes he ld in A-B 

1 . Request new source 
data from storage 
via the FLBB 

3 . Source i ngati ng 
information i n this 

pseudo- op is no 
I anger needed 

DIAG RAM 5-122. MVC INSTRUCTIO N (SHEET 4 OF 8) 

1 . Ton Sr Req Trigger (N54) 
2 . Ton Sr WAT (N53) 
3 . Tof C-D Data A vail Tgr 

(P46) 

N o 

1. Request Source Doubl eword 

2 . Tof Sr Req Tgr (N54) 
3. Ton Sr Used Tgr (N55) 

D 

Sheet 8 

No 

Yes 

N R301 
NR284 

N R205 

Yes 

NR301 
NR324 

Error. 
This Shee t for Seria l or 
Partia l Transfer Only 

Outgate counter 
is BAR C-D 

1 . Gate a request for 
a new source double
word from a n FLB 

2 . Source byte add ress 
wraps around from 7 

to 0 in BAR C- D 

P tgr on but a partial 
d oubleword is being 
moved in serial mod e 
at the beginning of 
the i n structi~n 

N o 
Wa it for SDB in MSCE 
to become a vail abl e 

Para llel transfer is 
a bout to begin . Da ta 
in A-B must be moved 
to an SDB before the 
next source doubl eword 

is gated directly to A- B 

(3/ 68) 5- 122 (4 of 8) 



Serial Processing 

Buffers A-B ha ve 
space for sink 
bytes from VFLEU 

Sou rce and sink buffers 
a re ready to perform 

serial processing 

1. All ow ingate counter to st ep 
2. Byte indicated by BAR C- D is 

outgated from C-D to the source bus 
3 . BAR C-D go remains a c tive throughout 

serial operations 

VFL resu lt bus is gated 
into A-B in the position 
indicated by the ingate 
ctr and the mark bit for 
that posit ion is turned on I 

When the i ngote counter 
reaches 7, a store is 
needed. When BAR C-D 
reaches 7, a source 
request is needed 

: 

DIAGRAM 5-122. MVC INSTRUCTI ON (S HEET 5 OF 8) 

5- 122 ~ 5 of 8) (3/ 68) 

Sheet 3 

B 

MVCS 
Tgr (L62) 

Yes 

A-B 
Data Ava ilabl e 

(N46) 

Yes 

C-D 
Data Available 

(P46) 

Yes 

1. Tof Block O ne Tg r (K65) 
2. Ton C-D O utgate Trigger 
3. Ton BAR C-D Go 

1. Gate Source HO D 
2. Gate Source LOD 

1. lngate VFL Resu lt Bus 
2. Ton Ma rk Bit 

No 

No 

N o 

NR303 
NR368 
NR364 

NR345 
NR345 

NR344 
NR082 

1. Step Ingole Ctr NR205 
2. Step C-D Outgate Ctr (BAR C-D) 

NR205 

D 

Sheet 8 

I 

1 
Error . 
Thi s Sheet for Seria l (or 
Partia l) Da ta Tra nsfer 

Source da ta ha s not 
arrived from storage 

via the FLBB 

Cycle Boundary 

Cyc le Bounda ry 
---------

Ton C- D Da ta Avail 
(P46) NR321 

Source bus is gated I 
HO D to HOD and 
LOO to LO O through , 
the dig it shifter to I 
the VFL result bus 

MVC process Ii ne 
on NR205 controls 
step to th e ingate ctr 

Step control remains 
a cti ve during seria l 

operation with data 
avai lable. Counters 
a re stepped each 
cycle by c lock pulses 

Buffers A-B ore 
fu ll of sink bytes. 
A store operation 
is pending 

Source da ta hos 
arri ved in C- D ] 



Serial Sink Store 

The last store operation 
is done on Sheet 7 

No va l id data in FXBs 

BAR A-B is about to 
wrap around from 7 to 0 

Store op not 
need ed in this cycle 

FXOS must be full 
to supply the SAR 
name for the store 

Store op cannot 
proceed in this cycle. 
Store tgr "remembers11 

that a store is needed 

Error . 

This Sheet is for Serial 
Operat ion or Se r i a IT rans
fer of a Partia l Doub le 
word at the Beginning 
of Para llel Operation 

Ton Sk WAT (N48) 

NR205 

Ton Store Tgr (M65) 
NR325 

Sheet 3 

Tof A- B Doto Avail 
(N46) NR205 

N o Yes 

1 .,Doubleword in A-B 
is gated out to the 
SDB enroute to stora ge 

1,2 . Sink store infor
mati on in thi s 
pseudo-op hos 
been used 

Cycle Boundary 

3. A-B hove bee n 
stored and now have 
spa ce for more data 

DIAGRAM 5 - 122 . MVC INSTRUCTI O N (SHEET 6 OF 8) 

l . Ton S k Used T gr (NSO) 
2. "Tof Sk WAT (N48) 
3. Ton A-B Dato Availabl e (N46) 

D 

Sheet 8 

NR324 
NR201 

N R305 

N o 

Sink buffers A-B a re 
fu ll . A store 
opera tion is required 

No 

Yes 

l. Ton VFL Outgate to 

2. Tof Store Tgr (M65) 

3. Tof Mo rk Bits 

Yes 

SDB 

4 . Set SAR Na me (F59-60) 

No 

l . Step FXOS 
2. Tof MVC Serial Trigger (L62) 

Return to Decode 
N ext Pseudo-Op 
Sheet 2 

Store op 
a lrea dy pending 

N R426 

NR325 

NR082 

NR41 0 

N R326 

NR201 

No 

2. Store Tgr may not 
be on 

Partial doubleword 
a t the beginning of 
a parall el op hos been 
completed. Start 
parall e l data transfer 
in the next pseudo-op 

(3 / 68) 5- 122 ( 6 of 8) 



Serial O verlap Mode 

1 . Both A-Band C-D are ingoted from the 
VFL result bus during overlap mode . 
Sink bytes from this op will be stored in 
the same d oubl eword that the source wa s 
fetched from . Bytes waiting in the 
FLBs may be obsolete. Instead of fetch 
ing again , gate the sink bytes d irect ly 
to the source in C - D to update the 
source while the sink data is being stored 

2. O lap tags 11 remember" which bytes in 
C-D have been ingoted from the VFL 
re su lt bus. FLB ingoting to these 
positi ons will be blocked during source 
requests 

O verlap trigger wa s 
turned on by the 0 
bit (bit 13) in the 
fi rst pseudo- op 

l . C-D lngate from YFL Result Bus N ROSl 
2. Ton Ola p Tag for Byte that Was 

Ingoted 

O lap tags for FD 
ca n be turned off 
if BAR C- D 

contains any number 
from 1 to 7 

N R087- 088 

Gate Tof to O la p 
Tags 4 - 7 N R364 

O lap tag is 
not necessa ri ly 
on a t th is time 

DI AGRAM 5 -122 . MYC INSTRUCTI O N (S HEET 7 O F 8) 

5- 122 ( 7 of 8) (3/68) 

Yes 

N o 

Sheet 3 

No 

N o 

Yes 

Source Outgate 
Counter = 0 

Yes 

Tof Ola p Tag 
lnd i coted by BAR C - D 

N R087 

Sheet 8 

N o 

Error . 
This Sheet is Used 
On ly if the Sink and 
Source Fie lds O ver lap 

lngate counter 
designa tes the byte 
position to be ga ted 
into A-B from th e 
YFL resu lt bus 

Decoded from 
BAR C-D 

G a te Tof to Ola p 
Tags 0- 3 NR364 

If a byte from the 
VFL result bus had been 
ga ted into C- D, i t has 
now been outgated 
a nd needs no further 
protectio n from FLB 
ingoti ng 

O lap ta gs for FC 
ca n be turned off 
if BAR C- D 
contains any number 

from 0 to 6 



Serial Ending Sequence 

Return for next 

serial i teration 

Serial 
Source Request 
Sheet 4 

Serial 
Processing 
Sheet 5 

Last Op 
Trigger (N 62) 

No 

B 

Serial 
Sink Store 
Sheet 6 

11 Remember11 that a 

store op is needed 

- - - - - - - r- - -

An undetermined 
number of cycles may 
occur while waiting 

for SDB a vailabl e 

DIAGRAM 5 - 122 . MVC INSTRUCTIO N (SHEET 8 OF 8) 

No 

No 

Yes 

No 

Seria l 
Source Request 
Sheet 4 

Yes 

Yes 

No 

Yes 

Serial 
Processing 
Sheet 5 

Yes 

No 

Ending byte address 
has been rea ched 

Serial 
Overlap Mode 
Sheet 7 

Ton Store Tgr (M65) 
NR325 

N o 

Doubleword in A-B is 
outgated to the SDB 

Yes 

1 
e n route to storage . 0 nl y 
positions with mark 
bits are a ctuall y stored 

Ton End Tgr (N63) 
NR 363 

N o Yes 

Toi Store Tgr (M65) 
NR325 

Ton VFL Outgate to SDB 
N R426 

Tof VF L in Process (E53) 
NR202 

End of Seria l Operation 

Serial 
Sink Store 
Sheet 6 

No 

Serial 
Overlap Mode 
Sheet 7 

Yes 

5 ink a nd source 
informat ion in 
th is pseudo- op 
has been used 

1 . Step FXOS NR202 , NR326 
2. Tof Sr Used Trigger (N 55) N R324 
3 . Tof Sk Used Trigg er (N 50) N R324 

Ton Last Op Trigger 
(N62) NR424 

VFL EU wi 11 be free to 
a ccept a new instruc
tion in the next cycle 

c 

Decode 
Next Pseudo-Op 
Sheet 2 

N ew pseudn- op 
is the last op of 
this instruction 

(3/ 68) 5- 122 (8 of 8) 



32-63 

I-Box 

Sheet Loy~~ 

1- Sheet 2 

1 
Decode and Start 

I 
I 
I 

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

Start 

Decode MVO Fl 

Set Up Circuits 
Request Sink 
and Source Dato 

Process First 
Sink and Source 
Data Bytes 

L __ 

No 

HOD 

VFL Logic 
Unit 

Digit Shifter 

HOD 

I 
I 
I 
I 

C Sheet 7 

I 
I 
I 

I 
I 
I 
I 
I 
I 

_J 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 1 OF 7) 

5-123 (1 of 7) (3/68) 

LOD 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

Request New 
Source Doubleword 
from Storage 

I 
L 

Objectives: 
Move with Offset 
MVO 

I o I 1 I 2 I 3141 s I 61 1 I s I 9 I 10 I 11 I 12 I 13 I 14 lis I 16 I 11 I 1s J 19 I 20 I 
l;sl Fl ~ ~L:m. lrlolslEI ~!me 1~~:.1 

I~~ I Fl ~ ~:me I P I O I S I E • ~~:. j 
1. Instruction offsets source word one digit position toward high-order-byte position. 

* First op only 
**Any op after first op 

2. First result byte: Low-order digit of sink byte is combined with high-order digit of source byte (digits retain same relative digit position). 
3. Subsequent result bytes: Low-order digit of source byte is combined with high-order digit of succeeding source byte. 
4. Bytes ore processed until sink and source fields are used; however, if sink is used first, resultant sink word is stored and cancel mode is initiated. 
If source word is used first, zeros are placed in remaining sink word byte positions and resultant sink word is stored. 
5. First op specifies sink and source operand; subsequent ops specify source operands only. 

T 
I 
I 
I 
I 
I 
I 
I 

__ r __ _ 

Process Bytes 
through the VFLEU 

Store Bus 
31 32 

SDBs 

T 
I 
I 
I 

I 
I 
I 

63 

Store the 
Sink Doubleword 
from FXBs A-B 

-,--
1 

I 
I 
I 
I 
I 
I 

Use Olop Togs 
to Protect 
Overlapped 
Byte Positions 

FD 
31 

I 
I 
I 
I 
I 
I 
I 
I 

J_ _J_ 
I 

____ l_ __ _J 

Reset VFL Circuits 

End of Operation 

Step the Op 
Stack to Decode 
the Next Pseudo-Op 

c 

Sheet 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_J 



Error. 
MVO Should Start 
with Cycle l 

Fixed buffers A, B, C 
and D must be 
available for an MVO 
i nstructian 

No 

~e~ndary __ --- _ --- _ 

Error. 
Cycle 2 Follows Cycle l 
During MVO Start 

Error. 

Yes 

Yes 

1. Ton Olop Tgr IK67) 
NR305 

Start 

Decode Op Fl 

No 

1. Ton Reg Sk Word Tgr NR401 
2. Set SAR Name Reg (F59, 60) NR410 
3. S/S lnsn Cycle 1 VFL NR422 
4. Ton VFL Start Tgr (K62) NR322 
5. Ton VFL in Process Tgr (E53) NK373 
6. Ton MVO Tgr (067) NR384 
7. Ton BAB Og Tgr (l34-36 thru R34-36) 

NR362, NR021-026 
8. VFLEU Acpt L-Field NR422 

1. Ton Req Sr Wan:I Tgr NR389, NR401 
2. Ton BAB Og Tgr (L34-36 thru R34-36) 

NR362, NR021-026 
3. Ton lg BAR A-B Tgr 
4. Step FXB Busy Ctr 
5. Ton Black One Tgr (K65) 

NR390 
NR388 
NR303 

C Sheet 7 

Check for overlap bit 

1. First sink word is requested 
2. FXOS bits 19 and 20 ore ingoted to 

SAR name register 
3. length field is ingoted 
4. Defines cycles between decode and 

first execute cycle 
5. Indicates that VFl op, longer than 

one cycle, is being executed 
6. Indicates that MVO is in-process 
7. Sink byte address is transferred 

from BAB to re spec ti ve BAR 
8. Interlocks I-box and current 

instruction. Allows issuance of 
another multi-op instruction from I-box 

1. First source word is requested 
2. Source byte address is transferred 

from BAB to respective BAR 
3. Starting sink byte address is ingoted 

to BAR A-B 
4. Decrement FXB counter in I-box 
5. Prevents minus scan of ingate 

counter 

Cycle 3 Follows Cycle l Yes 
During MVO Start 

Wait for sink request 
data from storage via 
an FlB 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 2 OF 7) 

Yes 

1. Ton last Op No 
Tgr IN62) 

I. Ton lg BAR C-D Tgr 
2. Step FXOS 
3. Ton Set lg Ctr Tgr 
4. Ton Set Og Tgr (K64) 

Na 

Ton A-B Data 
Available Tgr (N46) 

NR305 

Reset starting conditions 
and begin the first byte 
execution cycle 

Outgate A-B and 
C-D for first byte 
processing 

Source Request 
Sheet 3 

NR424 

Yes 

NR390 
NR389 
NR390 
NR388 

1. Tof VFL Start (K62) 

1. Starting source byte address 
is ingoted to BAR C-D 

2. Outgate next op from FXOS 
3. Set sink starting byte address 

into i ngate counter 
4. Defines cycle that first sink 

and/or source outgate triggers 
are turned on 

Yes 

Na 

Ton C-D Data 
Available Tgr (P46) 

NR321 

Yes 

2. Ton Start Execute (K63) 
NR322 
NR326 

Na 

-----'------- - - --~--------~ 

Minus Scan Outgate Ctr 
NR262 

l. Ton A-B Outgate Trigger 
NR366-367 

2. Ton C-D Outgate Trigger 
NR368-369 

1. MVO Gate Sink Byte ta VFLEU 

2. Skew Register lngate lOD 
3. Skew Outgate lOD to VFl 

Result Bus 
4. Tof Start Execute (K63) 

Byte Processing 
Sheet 4 

NR263 
NR265 

NR265 
NR326 

Sink Store 
Sheet 5 

Allow BAR C-D to 
count bytes from 
right to left 

low order 4 bits 
of first sink byte 
are sc;1Ved in the 
skew register 

Overlap 
Sheet 6 

Cycle Boundary 

Wait for source 
request data from 
storage via an FlB 

(3/68) 5-123 (2 of 7) 



Source Request 

Source request 
already pending 

Source outgote 
counter is BAR C-D 

C-D empty. A 
source data request 
is needed 

Vv'hen cancel mode is 

active / source request 
is used to free the 
reserved FLBs 

Request o doubleword 
of doto from storage 
via an FLB 

Sheet 2 

No 

No 

Yes 

Yes 

- - - - r------'----~ 
Tof C-D Data 
Available Tgr (P46) 

NR321 

No 

No space for sink 
bytes in A-B 

~-----'-------- - -
Tof Skew Reg 
Outgate to LOD 

NR265 

1. Tof C-D Data Available Tgr (P46) 

2. Ton Source End Trigger (N57) 

Source bytes sti II 
available in C-D 

NR321 

NR264 

End of source field 
was reached in 
previous cycles. Put 
zeros in the rest of 
the sink data field 

Source field length 
counter indicates the 
end of source 
information 

Remember that 
source data is 
needed but a 

No request cannot 
be made unti I 
FXOS is full 

1. Request Source Word from FLBs 
2. Ton Source Used Trigger (N55) 
3. Tof Source Request Trigger 

B 

Sheet 7 

NR401 
NR324 
NR301 

~-----'------- - - - -
Ton Source Request Tgr 

NR301 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 3 OF 7) 

5-123 (3 of 7) (3/68) 



Byte Processing 

No space for sink 
bytes in A-B 

No source data ready 

2. VFL logic unit LOD 
is goted to the 
result bus HOD. 
Result bus LOD is 
from skew register 
(source HOD from 
the previous 

iteration) 

3. C-D Og counter 
is BAR C-D 

l, 2. A-B byte and 
mork bit are 
specified by the 
ingate ctr 

5. Unblock to allow 
mi nus scan of i ngate 
counter. "Block 

one 11 tgr should 
remain off after 
first pass 

No 

No 

No 

Yes 

Sheet 2 

Data Available 
(P46) 

Yes 

>--------~ - - - - -

Yes 

l. Skew Reg Ingole Source HOD 
2. PUMO Gate LOD to HOD 
3. Step C-D Outgate Ctr 
4. Step L2 Ctr 

Source data is arriving 
Ton C-D Data Available 
(P46) 

NR321 

End of source 
field. Put zeros 
in remaining sink 
positions 

NR265 
NR265 
NR265 
NR265 

1. Source HOD is 
stored in the skew 
register to be gated 
to the VFL result 
bus LOD in the 
next iteration 

No 

MVO Gate Source Byte 
to VFL Logic Unit 

NR266 

Yes 

Tof Skew Register 
Outgate to LOD of 
VFL Result Bus 

NR266 

r--------------------------__J - - - - -

1. Ingole VFL Res Bus into A-B 
2. Ton Mark Bit 
3. Step Ingole Ctr 
4. Step L 1 Ctr 
5. Tof Block One Trigger (K65) 

Sheet 7 

NR265 
NR082-083 

NR265 
NR265 
NR265 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 4 OF 7) 

End of source data field 
hos been reached 

Place zeros in any 
remaining sink 
positions by leaving 
the VFL result bus 
blank eoch cycle 
after source end 

(3/68) 5-123 (4 of 7) 



Sink Store 

No 

Si nk end condition 

No Yes 

No source 
data in C-D 

A- B fu ll . Sink 
store is needed 

No 

Tof Skew Reg 
O utgate to LOD 

N R265 

Yes 

'------------'- - - - -

Sheet 7 

/ Store is not needed now 

Store is needed but 
there is no sink 
i nformat ion i n the 
FXOS SAR name 
fie ld 

Remember that store 
is needed bu t can not 
be done now 

Tof A-B Data 
Available Tgr {N46 ) 

N R305 

Yes 

No 

Ton Store Trigger {M65) 
NR325 

DIAGRAM 5 - 123 . MVO INSTRUCTIO N (SHEET 5 OF 7) 

5- 123 (5 of 7) (3 / 68) 

No 

No 

SDB in MSCE 
cannot accept 
the doubleword 
to be stored 

Lost sink store 
has been done 

A-B ready for 
more si nk da ta 

Sheet 2 

Yes 

Yes 

Yes 

Tof Skew Reg 
Outga te to LOD 

NR265 

Yes 

Yes 

A-B has space for 
more sink data 

No 

Store op 
alre ady pendi ng 

End of sink fi e ld 
has bee n reached 

- - - - - - - - L.-________ __J 

l . Ton Sink End Trigge r {N52) N R264 
2. Tof A-B Data Availabl e Tg r {N46 ) 

NR305 A-B might not be 
ful I but the A- B 
sink bytes must 
be stored a nyway 

- - - - - - - -'----------~ 

No 

l. Ton VF L O utgate to SDB 
2. Reset Mark Bi ts 
3. Tof Store Tgr {M65) 

Yes 

l . Set SAR Name (E59-60) 
2. Ton Sink Used Trigge r {N50) 

NR426 
NR082-083 

NR325 

NR4 10 
NR324 

3. Ton A-B Data Avail able Tgr ( N46 ) 
NR305 

Doubleword in A-B is 
sent to storage v ia an 

SDB in MSC E 

Pre pare for the 
next store opera ti on 



Overlap 

1. Overlapped bytes are gated into both 
A-Band C-D 

2. Olap tags "remember" which bytes in 
C-D have been ingoted from the VFL 
res bus and block FLBB ingoting to 
those bytes during source requests 

Sink bytes from this op will be stored in the 
same doubleword as the source bytes were 
fetched from. Instead of fetching again, 
gate the sink bytes directly to the source 
in C-D before they are stored. Ingoting 
from that FLBB byte is blocked because 
that byte position of the FLB data is now 
obsolete 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 6 OF 7) 

1. C-D Ingole VFL Result Bus 

Turned on by 
"O" bit in the 
first pseudo-op 

2. Ton Overlap Tag for the Ingoted 
Byte Position 

Source outgote count is 
decoded from BAR C-D 

Olap tags for FXB C 
can be turned off if 
BAR C-D contains 
any number from 
0 lo 6 

Byte that was i ngated 
from the VFL result bus 
has been gated out and 
needs no further 
protection from FLB 
ingoting 

Yes 

Sheet 2 

cp 

No 

Gate Tof Olap 
Togs 0-3 

NR364 

Gate Tof Olop 
Tags 4-7 

NR364 

Tof the Olap Tag 
Indicated by BAR C-D 

NR087 

Sheet 7 

Yes 

Error. 
This Sheet Is Used 
Only if the Source 
end Sink Fields 
Overlap 

Ingole counter 
specifies the ingoted 
byte position 

Olap tags for FXB D 
can be turned off if 
BAR C-D contains any 
number from 1 lo 7 

(3/68) 5-123 (6 of 7) 



Ending Sequence 

Sheet 3 
Source Request 

A 

Sheet 4 
Byte Processing 

End of sink 
data field has 
been reached 

This is the last 
pseudo-op of 
this instruction 

Sheet 3 
Source Request 

Yes 

No 

Yes 

Sheet 4 
Byte Processing 

Yes 

Olop bit should 
be on only in the 
first pseudo-op 

Sheet 5 
Sink Store 

Dato overlap 
is possible 

Sheet 6 
Overlap 

1. Request Source Word NR401 
NR304 2. Ton Cancel Trigger 

Store operation 

still pending 

Yes 

1. Ton End Tgr (N63) 

No 

2. Tof Source End Trigger (N57) 
3. Tof Sink End Trigger (N52) 
4. Tof VFL in Process 

End of Operation 

Sheet 5 
Sink Store 

Sheet 6 
Overlap 

NR363 
NR264 
NR264 
NR262 

Sink field is used 
up. Request unused 
source operands to 
free the busy F LBs 
(cance I mode) 

Proceed to the 
next pseudo-op 

New pseudo-op 
contains an end bit 

1. Step FXOS 
2. Tof Source Used Tgr (N55.1 
3. Tof Sink Used Tgr (N50) 

No 

Yes 

Ton Lost Op (N62) 
NR424 

c 

Return to 
Decode the 
Next Pseudo-Op 
Sheet 2 

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 7 OF 7) 

5-123 (7 of 7) (3/68) 

NR261 
NR324 
NR324 

Sink storing 
information in 
this pseudo-op 
has been used 

Source requesting 
information in 
this pseudo-op 
has been used 



Data Flow 

32-63 

I-Box 

Sheet Layout 

,----:--
1 

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

Start 

Decode a 
Pack or Unpack 
Pseudo-Op 

Set Up Circuits 
and Request 
Source Data 

Process the 
First Data Byte 

HOD 

Sheets 3, 5 and 7 

No 

----, 

I 
I 
I 
I I 

L_ Sheet 2 Decode and Start _J 

VFL Logic 
Unit 

Digit Shifter 

HOD 

LOO 

Request Source Doto 

Sheet 2 

L ____ _ 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

DIAGRAM 5-124. PACK AND UNPACK INSTRUCTIONS (SHEET l OF 7) 

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

.J_ 

No 

Objectives: 
Pack and Unpack 
PACK, UNPK 

I 0 I I I I 4 I 51 61 I s I 9110 I 11 I 12 I 13 I 14 I 15 I 16 I 11'l 1s I 19 I 20 I 
SS F2, F3 FLB 

Name 
0 

1. Source words are transferred from a specified FLB (FLB name) to source buffer (FC/FD). 
2. Bytes are processed one at o time. During overlap processing result bytes are placed in sink and source buffers. 
3. Processing is eis follows: 
Pack - The LOD from two adjacent bytes ore combined into a single, all digit result byte. 
HOD from these bytes (zone bits) ore dropped. 
Unpack - The HOD and LOO of a byte are separated and placed in the LOO positions of two result bytes. 
The HOD of the result bytes (zone bits) are supplied by circuits within the VFLEU. 
4. Processing continues until both fields (sink and source) are used. 

Process Bytes 
from C-D through 
VFLEU to A-B 

Yes 

Store Bus 
31 32 

SDBs 

Yes 

No 

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

l 
Sheet 2 

Yes 

Reset all 
Pack/Unpack Circuits 

End of Instruction 

63 

No 

Process Bytes 
According to 
Overlap Tags 

----, 

Step FXOS to the 
Next Pseudo-Op 

Sheet 2 

I 
I 
I 
I 

-, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_ _J 

Sheet 7 Ending Sequence 
______________ _J 
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1. Ton P Tgr (K66) 
NR387 

Error. 
Cycle 2 Should 
Occur after 1 
for Pack/Unpack 

Check for overlap bit 

1. 
2. 
3. 
4. 
5. 
6. 

7. 

8. 
9. 

Yes 

1. Ton Olap Tgr (K67) 
NR305 

Start 

Decade Pack 
or Unpack (F2/F3) 

No 

Ton Req Sr Word Tgr 
Set SAR Nome Reg (F59, 60) 
S/S lnsn Cycle l VFL 
Ton VFL Start Tgr (K62) 
Tan VF L in Process Tgr (E53) 
Ton BAB Og Tgr (L34-36 
through R34-36) 
Ton PK (065) or UNPK 
(066) Tgr 
Ton lg BAR A-B Tgr 
VFLEU Acpt L-Field 

No 

1. Ton Last Op 

No 

NR401 
NR410 
NR422 
NR322 
NK373 

NR021-026 

NR384 
NR390 
NR422 

Yes 

Check for start bit 

Error. 
Cycle Should Occur 
at the Beginning of 
Pack or Unpack 

Check for 
P (possible 
overlap) bit 

----

Yes 

No 

Return to Decode 
C the Next Pseudo-Op 

from Sheets 3, 5 and 7 

l. First source word is requested 
2. FXOS bits 19 and 20 are ingoted into 

SAR name reg 
3. Length field is ingoted 
4. Defines cycles between decode and first 

execute cycle 
5. Indicates that a VFL op, longer than one 

cycle, is being executed 
6. Starting source byte address is transferred 

from BAB to respective BAR 
7. Indicates that pack or unpack operation 

is in process 
8. Starting sink byte address is ingoted into 

BAR A-B 
9. Interlocks I-box and current instruction. 

Allows issuance of another multi-op 
instruction from I-box before current 
instruction is finished 

Check for end bit 

Tgr (N62) 
NR424 

1. Ton Set lg Ctr Tgr 
2. Ton lg BAR C-D Tgr 
3. Step FXB Busy Ctr 
4. Ton FA/FB Data Avail for (N46) 

5. Ton Block One Tgr (K65) 
6. Step FXOS 
7. Ton Set Og Tgr (K64) 

Yes No 

Na 

Yes No 

Yes 

1. Toi VFL Start Tgr (K62) 
2. Ton Start Execute Tgr (K63) 
3. Ton FC/FD Data Available 

(P46) 

Yes Na 

1 . Mi nus Scan Og Ctr 
NR262 

1. Ton FC/FD Og Tgr 
NR368, 369 

NR390 
NR390 
NR388 

NR305 
NR303 
NR389 
NR3B8 

NR322 
NR326 

NR321 

1. Set sink starting byte address into 

12. 
i ngate counter 
lngate starting source byte address 

I into BAR C-D 

i3" Decrement FXB counter in I-box 
4. Indicates that FA/FB (sink buffer) 

1 s. 
is ready for processing 
Prevents mi nus scan of i ngate 

I counter 

16. Outgate next op from FXOS 
7. Defines cycle that first sink and/or 

I source outgate triggers ore turned on 

1. T of VFL start trigger 
2. Defines first exec cycle 

1 . Mi nus Scan lg Ctr 
NR262 

1. Outgate first source 
byte from FC/FD 
to VFL logic unit 

~-------'---------,----..----------------, 1. Gate HOD to VFL logic unit to LOD of 1. PUMO Gate HOD to LOD 
2. PUMO Gate LOD to HOD 
3. Tan LOD Tgr 
4. Tof Start Execute for (K63) 
5. Tai Black One Tgr (K65) 
6. Step Ll Ctr 
7. Step L2 Ctr 
8. lg VFL Res PUMO 
9. PUMO Step FC/D Og Ctr 

NR263 
NR265 
NR302 
NR326 
NR303 
NR265 
NR265 
NR265 
NR265 

I result bus 

I 2. Gate LOD of VFL logic unit to HOD of 
result bus 

I 3. Indicates that LOO of source field is to be 
processed on next cycle 

14. Turn off start execute trigger. Indicates 
that execute eye I es subsequent to first 

I execute cycle are in process 
5. Turn off block one trigger. Permits 

I stepping of ingate counter 
6. Decrement L1 field counter by one (sink 

I field) 
7. Decrement L2 field counter by one (source 

I field) 

18. lngate result byte into sink buffer (FA/FB) 
9. Decrement FC/FD outgate counter 

Sheet 3 
Source Request 

Sheet 4 
Byte Processing 

Sheet 5 
Sink Store 

Sheet 6 
Overlap 
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Source Request 

Hand holding mode 

No 

Yes 

Source request 
al ready pending 

End of Source Word 
Signal to I-Box 

No 

Pending stores must be 
done before the next 
source request during 
hand holding mode 

With P tgr on (hand 
holding mode) the 
I-box must supply 
a new op after each 
sink store and source 
request 

No 

Sheets 2 and 7 

Yes 

No space for sink 
data in A-B 

If C-D DAT is not on either source 
request or source end condition 
shou Id be active 

No 

Low order 
digit remains 

to be processed 

Yes 
;_:_c:..:__---------------,- - - - - -

End of sr data. No 
further source 

requests ore needed 

No 

Outgate count 
is decoded 
from BAR C-D 

1. Ton Source End Tgr (N57) 
2. Tof C-0 Data Available (P46) 

3. Tof Skew Reg Outgate to LOO 

NR264 

NR321 

NR265 

Put zeros in rest of 
sink field by gating 
blanks from the VFL 
result bus into A-B 

Tof C-0 Data Avai I able 
(P46) NR321 

C-0 empty; source data 
request is needed 

No 

No 

1. Request Source Word 
2. Ton Source Used (N55) 
3. Tof Source Request Trigger (N54) 

No 

Yes 

NR401 
NR324 

NR301 

Yes >--------------------, - - - -

When cancel mode is 
active, source request 
is used to free al I the 
reserved FLBs 

Ton Source Request Tgr 
(N54) NR301 

B 

Hand holding mode 

Remember that source data is 
needed but request cannot 
be mode unti I FXOS is fu II 

In hand holding mode the source 
request trigger is used as a delay to 
make sure that each sink store is done 

before the next source request 

,__ ________ ___,_ - - - - - -

Sink and source 
fields actually 
overlap in storage 

1. Tof Olap Tgr (K67) 
2. Step FXOS 

Yes 

No 

Ton Olap Tgr (K67) 
NR305 

NR305 
NR389 

Ton Last Op (N62) 
NR424 

c 

Re tum to Sheet 2 
to Decode the New 
Pseudo-Op 

DIAGRAM 5-124. PACK AND UNPACK INSTRUCTIONS (SHEET 3 OF 7) 

New pseudo-op 
is the lost op 
of the current 
instruction 

Sheet 7 
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Byte Processing 

No space for sink 
data in A-B 

No source 
data in C-D 

Source field ended. 
Put zeros in the rest 
of the sink field 

1. Gate LOD of VFL logic unit to LOD 
of resu It bus 

2. Turn on HOD trigger to specify HOD 
processing on next cycle 

3. Ingole HOD of current byte into skew 
register 

4. Turn on skew register to LOD (result 
bus) outgate trigger so that HOD (just 
ingoted) can be outgated to result bus 
on next cycle 

5. Turn off LOD trigger to enable HOD 
processing on next cycle 

After source end, zeros are 

put in A-B by ingoting the 
blank VFL result bus 

1. Decrement L2 
(source field ctr) 

1. Tof LOD tgr to enable HOD 
processing on next cycle 

2. Ton HOD tgr to enable HOD 
processing on next cycle 

3. Ingole LOD into skew regs from 
VFC logic unit 

Yes 

1. PUMO Gate LOD to LOD 
2. Ton HOD Tgr (M62) 
3. Skew lg HOD 
4. Ton Skew Og to LOD Tgr 
5. Tof LOD Tgr (M63) 

1. Step L 1 Ctr 
2. lg VFL Res PUMO 
3. PUMO Step lg Ctr 
4. UNPK Gen Zone Bits 
5. Ton Mark Bit 

1. Step L2 Ctr 

1. Tof LOD Tgr (M63) 
2. Ton HOD Tgr (M62) 
3. Skew lg LOD 

No 

Sheets 2 and 7 

No 

No 

Ton C-D Data 
Available (P46) 

NR321 

Unpack 

LOD 

NR266 
NR302 
NR265 
NR141 
NR302 

HOD 

1. Tof HOD Tgr (M62) 
2. Ton LOD Tgr (M63) 
3. Tof Skew Og to LOD Tgr 
4. Step L2 Ctr 
5. PUMO Step FC/FD Og Ctr 

Yes 

No 

Pack 

NR302 
NR302 
NR141 
NR265 
NR265 

Yes 

Data available. 
Processing can proceed 

- - - - _. _________ _.j 

1. Tof HOD trigger to enable LOD 
processing on next cycle 

2. Ton LOD trigger to enable LOD 
processing on next cycle 

3. Tof skew reg outgate tgr to LOD 
of result bus 

4. Decrement L2 ctr (source field) 
5. Step FC/FD (source) outgate ctr 

NR265 1. Decrement L 1 (sink field) counter 
NR265 2. Ingole result byte into sink buffer 
NR265 3. Decrement ingate ctr 
NR266 4. Generate zone bits for HOD 
NR082 position of result bus 

1. Decrement L 1 (sink field) ctr 
2. Ingole result byte into sink bfr 
3. Decrement ingate ctr 

LOD HOD 

1 . Step L 1 Ctr 
2. lg VFL Res PUMO 

Yes 
NR265 

3. PUMO Step lg Ctr 
4. Ton Mark Bit 

Yes 
NR265 

1. Tof HOD Tgr (M62) 

4. Ton skew reg to LOD (result 
bus) outgate tgr so that LOD 
(just ingoted) can be outgated 
to result bus on next cycle 4. Ton Skew Og to LOD Tgr 

NR302 
NR302 
NR265 
NR141 2. PUMO Gate LOD to HOD 

NR302 
NR265 
NR302 
NR265 

B 

Sheet 7 
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3. Ton LOD Tgr (M63) 
4. Step L2 Ctr 

1. Tof HOD tgr to enable LOD 
processing on next cycle 

2. Gate LOD from VFL logic unit 
to HOD of result bus (skew 
register is gated to result bus 
LOD at same time) 

3. Turn on LOD tgr to enable LOD 
processing on next cycle 

4. Decrement L2 (source field) ctr 



Sink and Sto re 

Sink end cond ition 

Source data ne eded 

After source end put 
zeros in A-B by gati ng 
blanks to the VFL 
result bus 

LOD is now be ing 
processed . Wa it for 
HOD before performing 
a store operation 

Ton Store Tgr (M65) 
NR325 

No 

T of Skew O utgate 
to LOD 

N R265 

F2 Pock 

No 

No 

No 

I "Remember" that o store 
I operation is needed but 
I canno t be done at this 

time 

Yes 

Yes 

No 

No 

No 

Yes 

No 

Yes 

Tof A-B Doto 
Avo;loble (N46) 

NR305 

No 

No 

Sheets 2 and 7 

T of Skew Outgate 
to LOD 

Yes 

NR265 

A-B fu l I. Store 
operation is needed 

Yes 

Store operat ion 
al re ady pending 

Put zeros in A-B 

No source data in C-D 

End of sink 
data field 

No 

I. Ton s ;nk End Tdggec (N52) NR264 
2. Tof A-B Doto Avo;loble (N46) 

NR305 

>-Y_e_s ____________ ._! __ H_o_nd- ho_l_d_;n_s_m_o_d_e_...J 

No 

Yes 

Ton Sink Request (N49) 
NR323 

Outgote o doub lewo rd 
of sink bytes enroute to 
storage via on SDB in 
MSCE 

No 

1. VFL Outgote to SD8 
2. Tof Mo rk Bits 
3 . Tof Store Tgr (M65) 

No 

Yes 

NR426 
NR082-083 

NR325 

________ ._i __ H_o_nd_ h_ol_d_;n_s_m_od_ e _ _, 

End of Sink Word 
Signal to l-Box 

Not hand ho lding mode 
1. Set SAR Nome (F59- 60) N R410 No 

2. Ton A-8 Doto AvoHoble (N46) 

3. Ton s ;nk Used (NSO) 

Sheet 7 

DIAG RAM 5- 124 . PACK AND UNPACK IN STRUCTIO N S (SHEET 5 OF 7) 

NR305 
N R324 

5. During hand holding mode FXOS 
is stepped after sr requests and sk 
stores because each pseudo- op 
contains e ither sink or source 
information but not both 

1. Tof s;nk Request (N49) 
2. Tof O lop Tgr (K67) 
3. Set SAR Nome (F59- 60) 
4 . Ton A- 8 Doto AvoHoble (N46) 

New op is the 
last pseudo - op of 
the instruction 

5. Step FXOS 

Ton l ost Op (N62) 
NR424 

c 

Return to Sheet 2 
to Decode the New 
Pseudo-Op 

Yes 

No Yes 

NR323 
NR305 
NR410 
NR305 
NR389 

Sink and source 
doto fi e lds ove rlap 

Ton Olop Tdgger (K67) 
NR305 

(3/ 68) 5- 124 (5 of 7) 



l. Overlapped bytes are gated into both 
A-Band C-D 

2. Olap tags "remember" which bytes in 
C-D have been ingoted from the VFL 
res bus and block FLBB ingoting to those 
bytes during source requests 

Sink bytes from this op will be stored in 
the same doubleword as the source bytes 
were fetched from. Instead of fetching 
again, gate the sink bytes directly to the 
source in C-D before they are stored. 
Ingoting from that FLBB byte is blocked 
because that byte position of the FLB 
data is now obsolete 

Turned on by 0 bit 
in the pseudo-op 

l. C-D lngate VFL Result Bus 
2. Ton Overlap Tag for the Ingoted 

Byte Position 

Source outgate 
count is decoded 
from BAR C-D 

Olap tags for FXB C 
can be turned off if 
BAR C-D contains any 
number from 0 to 6 

Byte that was ingoted from the VFL result 
bus has been gated out and needs no 
further protection from FLB ingoting 

DIAGRAM 5-124. PACK AND UNPACK INSTRUCTIONS (SHEET 6 OF 7) 

5-124 (6 of 7) (3/68) 

Yes 

Sheet 2 

No 

Gate Tof Olap 
Tags 0-3 

Yes 

NR364 

Gate Tof Olap 
Tags 4-7 

NR364 

Tum Off the Olap Tag 
Indicated by BAR C-D 

NR087 

Sheet 7 

Error. 
This Sheet Is Used Only 
if the Source and Sink 
Fields Overlap 

lngate counter 
specifies the ingoted 
byte position 

Olap tqgs for FXB D 
can be turned off if 
BAR C-D contains any 
number from 1 to 7 



Ending Sequence 

Sheet 3· 
Sou rce Request 

Hand holding mode 

No 

Sto re lost sink data 

No 

last sink store 
op is completed 

Yes 

No 

1 . Ton End T gr (N63) 
2 . Tof Sink End (N52) 

No 

3 . Tof Source End (N5 7) 
4 . Tof VFL in Process (E53) 

Sheet 4 
Byte Processing 

End o f Inst ruc tion 

Sheet 5 
Sink Sto re 

Yes 

NR363 
NR264 
NR264 
NK373 

DIAGRAM 5-124 . PACK AND UNPACK INSTRUCTIONS (SHEET 7 OF 7) 

Yes 

1. All data hos 
been processed 

Yes 

No 

No 

Sheets 3 , 4, 5 and 6 

Yes 

No 

Yes 

Yes 

1 . Request Source Word 
2. Ton Cancel 

Yes 

NR401 
NR304 

~---------~- - - - - - - - ~--------------____, 
Sink field hos ended . 
Cancel mode is used 
to free a l I FLBs 
reserved for the rest 

of the source 

Sheet 6 
Overlap 

New pseudo- op is 
the lost op of th is 
instruction 

l . Step FXOS 
2 . Tof Sou rce Used (N55) 
3 . Tof Sink Used (NSO) 

Yes 

Ton Lost Op (N62) 
NR4 24 

c 

Return to Shee t 2 
to Decode the New 
Pseudo-Op 

NR261 
NR324 
NR324 
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32-63 
FLBB 0-31 

I-Box 
Note 2 

Notes: 
1. First pattern byte only 
2. EDMK instruction only 
3. Determined by PSW 

Sheet Layout 

Jsh::-2 Dec~an~to;-
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I No 

Decode 
ED N EDMK 

Set Up Edit Ci1cuits. 
Request Sink and 
Source Data 

Pattern 
Byte 
Decoder 

Note l 

Fill Reg 

I 
I 
I 
I 
I 
I 
I 
I I 

L ____ _J 

r----
1 

Sheet 8 
Ending Sequence 

I 
I 
I 
I 
I 

HOD 

VFL Logic 
Unit 

HOD 
r- -, 
I Source I 
I Z~n_e I 
L~''.___J 

Note 3 

LOD 

Di:git 
Shifter 

LOD 

Digit 
and Sign 
Decoder 

FA 

Store Bus 
31 32 

SDBs 

FB 

___ T ____ _ 
Sheet 4 I Source Dato 

Request 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Request Source Data 
and Send Request Edit 
Source Signal to 1-Box 

I Byte Processing Part I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Process Source 
Bytes According to 
Pattern Byte Data 

L 
Sheet 5 

____ l-,--

No 

Yes 

Byte Processing 
Port 2 

Put Results of 
Editing in FXBs A-B 

No 

Signal I-Box when a 
Significant Digit is 

Objectives: 
Edit, Edit and Mark 
ED, EDMK 

la! 121314151 !1lsl9!10l11!12l13l14l15l161l711al191201 

SS DE, DF 
FLB Name SAR 
(Sink) Nome 

l . Source data are changed from packed to zone format and ore edited under control of a 

pattern word (sink), 
2. Edit and mark sends byte address of first significant result digit to I-box. 
3. During editing process: 

Source digit is expended to zone format. 
b. Pattern byte is left unchanged. 

Fill character from fill register (first sink byte) is used. 

63 

- T Sheet-:- - -

Sink Store and 
Sink Dato Request 

I 
--l 

31 

I 
I 
I 
I 
I 
I 
I 
I 
I 

31 

-1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
Store the Sink Data 
from FXBs A-B 

I 
I 
I 
I 

Set the Condition Code 

I 
I 
I 
I 
I 
I 
I 
~ 

Request New Sink 
Dato from an FLB 

Send a VFL 
Request Edit Sink 
Signal to I-Box 

According to the 
Results of Processing 

1----
1 

I 
I 

__ _J 

I 
I 
I 

_J 

I 
I 
I 
I 

Found in the Source Data I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

Store the Sink Data 
from FXBs A-B 

Send EDMK Complete 
Signal to I-Box 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 1 OF 8) 
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L __ _ _J 

No 

Reset Edit Circuits 

End of ED or EDMK 

______ _J 



Decode and Start 

Decode ED 
or EDMK 

Yes N o 

No Yes 

Error . 
Cycle 1 Should Be O n 
at the Beginning of Each 
Edit or Edit and Mark 

Ton VFL Set CC (M56) 
NK467 

I. 
2. 

3. 

4. 

5. 
6. 

7. 
8. 

Request first sink word (pattern word) 
Byte addresses are transferred from 
BABs to respective si nk buffer B ARs 
Defines cycles between decode and 
first execute cycle 
Indicates that VFL op, longer than 
one cycle, is being executed 
Length field is ingoted 
FXOS bi ts 19 and 20 ere i ngated to 
SAR name register 
Ind icates that ED or EDM K is in process 

Interlocks I-box and current instruction . 
Al lows issuance of an other mu lt i-op 
instruction from I-box before current 
instruction is finished 

I 
__J 

Error . 
Cycl e 2 Should 
Fol low Cycle l 

1 . Request first source word 

1. 
2. 

3 . 
4. 
5 . 
6. 
7 . 
8. 

I. 
2. 

Yes 

No 

Ton Req Sk Wd Tgr 
Ton BAB Og Tgrs (L34-36 
through R34-36) 
Ton VFL Start T gr (K62) 
Ton VFL in Process Tgr (E53) 
S/ S lnsn Cyc le 1 VF L 
Set SAR Name Reg (F 59, 60) 
Ton ED (R63) or EDMK (R64) Tgr 
VFLEU Acpt L-Fie ld 

N o 

Yes 

Ton Req Sr Wd Tgr 
Ton BAB Og T grs (L34- 36 

NR401 

NR021-026 
NR322 
NR373 
NR422 
NR41 0 
NR 385 
N R422 

NR401 

2. Byte addresses are transfe rred to 
respecti ve source buffer BARs 

through R34-36) NR201-026 

3. Ingole starting sink byte add ress to BAR 
A-B 

4. Decrement FXB counter in I-box 
5 . Indicates that HO D is to be processed 

on the next cycl e 
6 . Prevents pl us scan of ingote counter 
7 . Rese t byte counter triggers 

Error . 
Cycle 3 Shou ld 
Foll ow Cycle 2 

l. Ton Last Op Tgr 

3 . Ton lg BAR A-B T gr 
4. FXA Step FXB Ctr 
5 . Ton HOD Tgr (M62) 
6. Ton Block O ne Tgr (K65) 
7. EDMK, TRT Set Zero 

No 

Yes 

(N62) N R424 
N o 

l. Ingole starting byte address into BAR 
C-D (source) 

2. Set sink starti ng byte address into 
i ngate counter 

3. Outgate next op from FXOS 
4 . Set computed ending byte address 

into EBAR 
5 . Defines cycle that first sink and/ or 

source outgate triggers ore turned on 

l. Ton lg BAR C-D Tgr 
2. Ton Set lg Ctr Tgr 
3 . Step FXOS 
4. Tan Set EBAR Tgr 
5 . Tan Set Og Tgr (K64) 

Yes 

l . Plus Scan lg Ctr 
NR262 

DIAGRAM 5 - 125. ED AND EDMK INSTRUCTIO N (SHEET 2 OF 8) 

NR390 
NR388 
NR302 
NR303 
NR389 

NR390 
NR390 
NR389 
N R390 
NR388 

No 

No 

Yes 

l. Tof VFL Sta rt Tgr (K62) 
2. Tan Sta rt Exec Tgr (K63) 

1. 
2. 
3. 

4. 
5 . 

Plus Scan O g Ctr 
Ton FA/FB Og Tgr 
Ton FC/ FD Og Tgr 

ED Tof Sta rt Execute T gr (K63) 
Ton lg Fi ll Reg Tgr 

A 

Sheet 3, 4 , 
6 and 7 

Yes 

NR322 
N R326 

NR262 
NR366, 367 
NR368 , 369 

NR322 
N R185 

No 

Yes 

l. Tof VFL sta rt tgr 
2. Define first exe cute 

cycl e 

, 4 . T of start execute tgr 
5. Ingole fi rst byte (sink) 

I into fi l l reg 

(3/ 68) 5- 125 (2 of 8) 



Source Data Request 

Ending byte address 
has been reached. 
No further source 
requests are needed 

Ending byte address 
has been reached. 
Source request not 
needed 

Yes 

Source data is needed 

but fetch cannot be 
done until FXOS can 
supply FLB address 

11 Remember 11 that source 
data is needed 

No Yes 

No 

No 

No 

Tof C-D Data Available 
NR368-369 

Ton Source Request T gr 
(N54) NR301 

VFL request edit 
source signal is sent to 
I-box (Diagram 5-32) 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION {SHEET 3 OF 8) 

5-125 (3 of 8) (3/68) 

Sheets 2 and 8 

Yes 

No Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Ton Source Notify Tgr 
(N56) NR304 

VFL request edit 
source signal is set to 
I-Box diagram 5-32 

1. Request Source Word 

Request is 
already pending 

No 

Yes 

Ton Source Notify Tgr 
(N56) NR304 

Tof Source Request Tgr 
(N54) NR301 

FXOS stil I does not 
have the FLB address 

2. Ton Source Used Tgr (N55) 
NR401 
NR324 

Source doubleword 
is moved from an 
FLB to FXBs C-D 

B 

Sheet 8 



Byte Process in~ Part 2 

Send data interrupt 
signal to I-box 
(Diagram 5-33) 

No 

Sheets 2 and 8 

Yes 

No 

Process the high-order 
digit of the source 

No 

No 

Ton Data Interrupt Tg r 
(064) NH861 

End of data field 

Ton S Trigger (L63) 
NR183 

c 

Sh eet 5 

N o 

Yes 

DIAGRAM 5-125 . ED AND EDMK INSTRUCTION (SHEET 4 OF 8) 

Yes 

Yes N o 

Yes 

Step Byte Ctr 

HO D Tgr 
- - - --~-----< 

Yes 

Gate HO D to LO O 
NR 342 

No Yes 

No 

N o 

Yes N o 

Sheet 8 

No 

Yes 

No 

1. Step Ingole C tr 
2. Step A-B Outgat e Coun ter 
3. Tof Bl ock O ne 

EDM K 

NR181 
ED 

LOO Tgr 

Yes 

Ga te LO O to LO O 
NR342 

Tof Nonzero Trigger 
NR301 

Yes 

Tof S Trigger (L63) 
NR183 

No 

Ton Fi 11 Reg Outgate 

NR365 
NR365 
NR303 

Yes 

(N67) NRl 84 

Data is ready 
for processi ng 

Process the I ow -
order digit of 
the source byte 

Ton Nonzero Tg r 
NR301 
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Byte Processing Part 2 

No 

2. If system PSW 12 
bit is on, gen zone 
0 and 2 also 

1. Ton HOD Tgr (M62} 

Sheet 4 

2. Step C-D Outgate Counter 

HOD Tgr 

Go condition 1 

~-G-o_c_o_nd-i-ti_o_n_6 __ _.i _____ _ LOD Tgr 

l. Step C-D Outgate Counter 
2. Ton HOD Trigger (N62) 

Yes 

NRl83 
NR302 

Yes 

1. A-8 lngate VFL Result 
2. Gen Zone l, 3 

LOD Tgr 

NR302 
NR183 

Step C-D Outgate 
Counter NR 183 

Ton Fill Reg Outgate 

Go condition 2 and 5 

NR181 
NR181 

HOD Tgr 

Step C-D Outgate 

I l . Put result byte 
I in FXBs A-B 

No Yes 

Counter NR 183 

Tof S Trigger (L63) 
NR183 

No Yes 

Yes 

No 

Yes Na 

Ton LOD Trigger (M63) 
NR302 

Go condition 4 

Go condition 3 

Outgate the pattern 
byte from the fi 11 reg 
to the result bus (block 
source byte gating) 

Tgr (N67) NR184 

~------------'--- - - --

Ton S Trigger (L63} NR 183 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 5 OF 8) 

5-125 (5 of 8) (3/68) 

1. A-B lngate VFL Result 
2. Gen Zone 1, 3 

ED 

1. Ton Byte Bus Valid Trigger (L65) 

NR181 
NR18l 

NR234 
2. Ton Byte Ctr Outgate NR002 

Sheet 8 

No LOD= 
Plus 

Yes 

2. If system PSW 12 bit is on, gen 
zone bits 0 and 2 also 

I, 2. When a significant digit is found 
during EDMK, the byte count is 
sent to I-box ta farm an address. 
See 1-bax (Diagram 5-32) 

Ton LOD Trigger (M63) 
NR302 



Sink Store and Sink Data Request 
Sheets 2 and 8 

Ending byte oddress 
has been reached 

Yes 
- - - - - -r--------../ 

A store operation will 
not be done in this cycle 

No 

Yes 

No 

Yes 

No 

Source request 
must be done first 

New sink word 
cannot be fetched 
unti I after sink store 

No 

Yes 

Yes 

1. Ton End Trigger (N63) 
2. Ton Store Trigger (M65) 

Store operation 
is needed in 
the next cycle 

NR363 
NR325 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 6 OF 8) 

No 

1. Request Sink Word 
2. Tof Sink Request (N 49) 

Yes 
No 

Yes 

No 

No 

No 

Yes 

NR401 
NR323 

Ton Sink Notify Tgr 
(N51) NR303 

No 

Yes 

1 . Ton VFL Outgate to SDB 
2. Tof Store Tgr (M65) 

Yes 

1. Set SAR Name (F59-60) 
2. Step FXOS 
3. Tof Source Used Trigger (N55) 

No 

VFL request edit 

Yes 

sink signal sent to 
I-box (Diagram 5-32) 

NR426 
NR325 

NR410 
NR389 
NR324 

Sink request 
already pending 

Doubleword in A-B 
is sent to storage 
via an SDB 

Prepare for 
next sink store 

Ton Last Op (N62) NR185 

Bit 15 indicates that 
the new op is the last 
op of the instruction 

1. Tof A-B Data Available (N46) NR305 
NR323 
NR323 

2, 3. Store op and sink request are 
both needed in the next cycle 

2. Ton Sink Request T gr (N49) 
3. Ton Store Trigger (M65) 

B 

Sheet 8 

(3/68) 5-125 (6 of 8) 



Set Condition Code 

Condition code is 
set at the end of 
ED/EDMK if VFL is 
responsible for the CC 

Result field =zero 

Result =more than zero 

Set Condition Code to 0 
NR182 

Set Condition Code to 2 
NR182 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 7 OF 8) 

5-125 (7 of 8) (3/68) 

Sheets 2 and 8 

Yes 

No 

Sheet 8 

VFLEU is respon
sible for setting the 
condition code 

Yes 

Set Condition Code to 1 
NR182 

Result = I ess than zero 



Ending Sequence 

Sheets 
3,4, 6 ond 
7 

EDMK complete 
signal is sent to I-box 
(Diagram 5-32) 

Yes 

Send EDMK Complete 
Signal to I-Box NRl 86 

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 8 OF 8) 

No 

EDMK 

Sheets 
3, 4, 6 and 7 

Yes 

No 

No 

ED 

1. Ton VFL Outgate to SOB 
2. Tof Store Tgr (M65) 
3. Tof VFL in Process (E53) 
4. Step FXOS 

End of ED/EDMK 
Instruction 

Yes 

l . Request Source Word 
2. Ton Source Used T gr 
3. Ton Cancel Tgr 

NR389 
NR324 
NR304 

Request is used to 

NR426 
NR325 
NK373 
NRl85 

cancel any reserved FLBs 

Store the last 
sink doubleword 

(3/68) 5-125 (8 of 8) 



32-43 (FL38) 

0-21 (FL38) 

Byte Address Buffers 

I-Box 

Notes· 
~Tonly 
2. TR only 

Sheet layout 

Sheet 2 
Decode and Start 

Note l 

Decode TR or TRT 

Set Up Circuits for 
TR or TR T. Request 
Sink and Source Dato 

Byte 
Counter 

Gate the First Sink 
(Argument) Byte to I-Box 

I 
I 
I 
I 
I 
I 
I 
I 
I 

State 2 

Gate the Next 
Sink (Argument) 
Byte to I-Box 

Send the 
"Byte Bus Volid 11 

Signal to I-Box 

Send the "last 
Argument Byte" 
Signal to I-Box 

__ J_ __ _ 

Sheets 3, 
4, 5and 6 

Reset Circuits 

End of Operation 

No 

Store the Lost 
Sink Doubleword 

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET l OF 8) 

5-126 (1 al 8) (3/68) 

Sheet 7 

Objectives: 

Translate, Translate and Test 

TR, TRT 

1 l I 2 I 3 I 4 I 5 I 6 I 7 I a I 9 I 10 111 I 12 i 13 I 141 15 116 I 17 I 181 19 I 20 

SS DC, DD 

SS DC, DD 
FLS Nome 
(Tobleword) 

*First op only **Subsequent ops ***P bit not present in end op 

l. Dato bytes from the argument word are used to reference data bytes in the tabl eword. 
2. TR operation replaces the original argument bytes with the tableword bytes. 
3. TRT operation checks tableword bytes for zero/nonzero condition. Nonzero coodition 
causes instruction to terminate. 
4. Basic operation is as follows: 

a. Argument bytes are sent to I-box to form address of tableword containing desired table bytes. 
b. Addressed tablewords are alternately gated to FC and FD. 
c. Desired table bytes are outgated from tablewords in FC and FD to VFL logic unit. 

in TR operation, these bytes replace the argument ward. In TRT operation, these bytes are 
checked and the condition code i~ set accordingly. 

Condition Code: 

TR - Code remains 
unchanged 

Note 2 

Store Bus 
31 32 

TRT - 0 All function bytes are zero 
l Nonzero function byte 

before the first operand is exhausted 
2 last function byte is ncnzero 

Note 2 

63 

VFL Log;c 
Unit 

Digit 
Shifter 

Tshe-:-: --

1 Sink Request 

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

Request a New 
Doubleword 
of Sink Doto 

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

Sheet 8 
Terminate and Cancel 

Gate the Function 
(Tableword) Byte 
through VFLEU 
to Sink (A-B) 

Increment Counters 

FLB Nome 
(Argument) 

FLB Name 
(Argument) 

~---
1 

J_ T: _ _J __ 
Sheet 6 

I ,-
~-~----------------, 

I 
Put the Nonzero 

I 
I 

I Tableword Request 

I 
I 

_ _J 

SAR Nome 
(TR Only) 

SAR Nome 
(TR Only) 

---1 

Ending Sequence 

I 
I 
I 
I 
I 
I 

TRT hos found a 
nonzero function 
byte from the table 

Function Byte in 
GPR2 and Send the 
Byte Count to I-Box I 

I 
I 
I 
I 
I 

Request Next Source 
Byte (Tobleword) 

I 
I 
I 
I 
I 
I 

Set Condition 
Code to 0 

I 
I 

Set the Condition 
Code to l and 
Ton VFL Cancel 

Request Sink and 
Source Data Unti I 
All Reserved 
Registers Ive Free 

No 

Set the Condition 
Code to 2 I 

I 

TRT 

Step the 
Fixed Op Stack 

Step the 
Tableword Counter 

I 
I 
I 
I 
I 
I 
I 
I 

~--------
____ _J 

Reset Circuits 

End of TRT 

' I 
I 
I 

________ J 



Decode and Stort 

Hardware Error. Cycle 
l Should Occur 
at the Beginning of 
Each Instruction 

No 

1. Ton P Tgr (K66) 
NR3B7 

l. Ton VFL Set CC Tgr 
(M56) NR467 

l. 

Decode TR or TRT 

Yes 

No 

Yes 

No 

Yes 

No 

Ton Req Sk Wd 

No 
>----------<A Sheets 3, 

4, 5 end 6 

Yes 

1. Set GPR Sk Reg to 2 
2. Ton Single Byte Tgr 

NR401 

NK169 
NG897 

Prepare to put the 
last function byte in 
GPR2 at the end of 
a TRT instruction 

2. Ton BAB Og T gr (L34-36 through 
J, Request first sink word (argument) 
2. Sink byte address is outgoted from BABs 

Error. 
BAB Og Was 
Turned On in the 
lost Action Block 

This condition should 
not occur during TR 
or TRT operation 

R34-36) 
3. Ton VFL Start Tgr (K62) 
4. Ton VFL in Process Tgr (E53) 
5. Ton TR (R65) cc TRT (R66) Tgr 
6. Set SAR Nome Reg (F59, 60) 
7. S/S lnsn Cycle VFL 
B. VFLEU Acpt L-Field 

No 

No - - - -~------< 

Hardware Error. 
Cycle 2 Should 
Follow Cycle l 

Hardware Error. 
Cycle 3 Should 
Follow Cycle 2 

No 

10. A-B byte position indicated by BAR. 
A-Bis gated to the byte bus while 
waiting for A-B data to arrive from 
storage 

NR021-026 3. Defines cycles between decode and first 
execute cycle NR322 

NR373 
NR381 
NR410 
NR422 
NR422 

4. Indicates that VFL op, longer than one 
cycle, is being executed 

5. Indicates that TR or TRT instructions ore 
in process 

6. FXOS bits 19 and 20 are ingoted to SAR 
name register 

7. length field is ingoted 
8. Interlocks I-box Cl'ld current instruction. 

Yes 
Allows issuance of another multi-op 
instruction from I-box befae current 
instruction is finished 

Yes 

Ye> 

l. lg BAR D from BAB 
NR423 

1. Ton lg BAR A-B Tg' 
2. Step FXB Busy Ctr 
3. EDMK, TRT Set Zero 

No 

I. Ton Set EBAR T 9' 
2. Ton Set lg Ctr Tgr 
3. Step FXOS 
4. Ton Set TW Ctr Tgr 
5. Ton Start Req FC Tgr 
6. Ton Stc::irt Req FD Tgr 
7. Ton Use FC Tgr (PSl} 
8. Ton FC Next Tgr (P49) 

I . lg BAR C-D frocn 
BAB NR423 

NR390 
NR388 
NR389 

NR390 
NR390 
NR389 
NR228 
NR425 
NR425 
NR241 
NR221 

9. Set FXB/FLB Reg (F56-58) NRSOl -503 
10. Ton FA/FB Og T gr NR366-367 

Yes No 

During TR end TRT 
FXBs C and D alter
nate accepting every 
other function byte 
fetched from the table 

Cycle Boundary 

I 3. Reset byte counter 

Cycle Boundary 

1. Set computed ending byte address into 
EBAR 

2. Set starting sink byte address into i ngote 
counter 

3. Outgote next op from FXOS 
4. Set starting sink byte address into TW 

counter 
5. 1 nd i cotes that o request for FC data 

must be made ofter start as soon as FXOS 
is not empty 

6. Indicates that a request for FD data must 
be made after start as soon as FXOS 
is not empty 

7. Indicates that next table byte should be 
processed from FC 

8. Indicates that next request is for FC 
9. Set address of FLB containing current 

argument word into FXB/FLB name 

l. Indicates that FA/FB are available for 
processing 

I. Ton FA/FB Dato Avail Tgr (N46) NR305 
NR243 
NR322 
NR326 

f register 
10. Ton outgotes for first argument bytes 

2. Notifies I-box that o valid byte is on 
byte bus 

3. Tof VFL start trigger 
4. Defines first execute cycf e 

2. Ton Byte Bus Vol id Tgr (L65) 
3. Tof VFL Start Tgr (K62) 
4. Ton Start Execute Tgr (K63) 

TR 

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 2 OF 8) ~ 

TRT 

I. Gate A-B Tags 
2. Tof Start Execute (K63) 

Sheet 3 

NR244 
NR326 

I (FA/FB) 

Cycle Boundary 

(3/68) 5-126 (2 of 8) 



Argument Byte Processing 

Sheets 2 and 7 

No 

No 

No data in A-8,Sink 
request is needed 

End of sink doubleword 

Yes 

Yes 

Sheet 2 

B 

Yes 

Sink data has been used. 
A-B can be stored after 
the sink bytes are replaced 
from table 

1. 

2. 

1. 

1. 

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 3 OF 8) 

5-126 (3 of 8) (3/68) 

Na 

Yes 

Ton Byte Bus Val id T gr (L65) NR243 

Ton FA/FB Data Avail Tgr (N46} NR305 

No 

Yes 

Byte Bus Val id NR243 

Yes No 

Lost Arg Byte NR227 

No Yes 

No 

1. 

2. 

I l. 

lndi cotes that a val id argument byte 
is on the byte bus 
Indicates that FA/FB data is available 
for processing 

Notifies I-box that a valid 
arg byte is on the byte bus 

This signal sent to I-box along with 
last argument byte in sink word (FA/FB) 

Yes 

"Phinal" pseudo-op 

I -box has accepted 
the argument byte on 
the byte bus 

End of Data Field 

1. Taf Val id T gr (L65) 
2. Tof A-B Data Available Tgr 

(N46} 

c 

Sheet 7 

NR243 

NR305 

Yes 

Step A-B Outgate Ctr 
NR228 



Sink Request 

This is the "phincl" 
op. No further sink 
requests ere needed 

I 

TRT 

Sheets 2 end 7 

Sink request 
clrecdy pending 

TR 

No 

This is the "phincl" 
op. No further 
sink requests ere 
needed 

Yes 

.___ ______ --,------Y_e_s< No 

Lest byte of sink 
dote in A-B hes 

been gcted out 

Request a new 
doubl eword of 
sink dote for A-B 

l. No dote is stored 
during TRT operation 

I 

Yes 

Yes 

No 

No 

Yes 

Ton Sink Request Tgr 
(N49) NR323 

No 

l . Request Sk Wd 
2. Set FXB/FLB Reg (F56-58) 
3. Tof Sk Request Tgr (N49) 

4. Ton Sk Notify 

NR40l 
NR50l -503 

NR323 

NR303 

5. VFL Request Pattern of Argument NR303 

No 

Ton P Trigger (K66) 
NR387 

c 

Sheet 7 

DIAGRAM 5-126. TR AND TRTINSTRUCTION (SHEET 4 OF 8) 

Lest byte of A-B 
is now being filled 

Yes 

No 

Yes 

No 

l. Ton VFL Outgcte to SOB 
2. Ton Sk Notify (N51) 
3. Ton Stcrt Request FC (P48) 
4. Ton Stcrt Request FD (048) 
5. Request Sk Wd (Argument) (N49) 
6. Tof Store Tgr (M65) 
7. VFL Request Pattern or 

Argument 

1. Set SAR Name (F59-60) 
2. Step FXOS 
3. Tof Block Step (L64) 

NR426 
NR303 
NR425 
NR425 
NR40l 
NR325 

NR303 

NR410 
NR389 
NR222 

Yes 

No 

Yes 

Yes 

Yes 

l . A-B gated out to en 
SOB in MSCE 
enroute to storage 

3, 4, end 5. 
I During TR operation 

both sk end sr requests 
can occur at the 
same time 

Cycle Boundary 

I 1. Prepare for next 
sink store 

No 

No source data 
being gcted out of 
C-D in this cycle 

Store operation cannot 
be done in this cycle. 
11 Remember 11 that a 
store is needed 

Ton Store Trigger (M65) 
NR325 

(3/68) 5-126 (4 of 8) 



Source Byte Processing 

No 

TRT 

Yes 

Proceed to 

TRT Terminate 
Sequence 
Sheet 8 

No 

TRT operation has 
found a nonzero 
byte in the table. 
Proceed to the 
terminate sequence 

FXBs C and D accept 
tablewords alternately 
by switching the C 
and D use tgrs 

No 

TR 

TRT 

No 

No 

Yes 

No 

No 

Sheets 2 and 7 

No 

TR 

Source byte 
must come from 
FXB C or D to 
VFLEU 

Tof Use Triggers C and 
D (P5l-Q5l) 

NR24l 

l . Gate HOD to HOD 
2. Gate LOO to LOO 

NR342 
NR342 

Set up VFLEU 
for straight 
through transfer 

Yes 

Gate Sink Bus HOD and LOO to VFLEU 

2. A-B Ingole VFL Result Bus 
3. Step A-8 Outgate Counter 
4. Toi Block One (K65) 

No 

Turn On Valid Tgr (L65) 
NR243 

NR345 
NR242 
NR228 
NR303 

l. Ton TW C or D Outgote Tgc NR242 
2, Tof C or D Data Available 

(P46-Q46) NR321-322 

1. Source byte is gated out of C-D to the 
sr bus enroute through the VFLEU to 
A-B 

Step lngate Ctr 
NR244 

No 

Tof C or D Outgate 
Tgc 

TR 

No 

NR106-108 

A-B lngate 
VFL Resu It Bus 

NR242 

Yes 

TRT 

l . Step Byte Ctc 
2. Step TW Ctr 

NR242 
NR242 

l. Set Og Tgr from BAR C-D 
2. Tof MALS Tgr (P52-Q52) 
3. Ton Olop Process (l66) 
4. Tof Valid Tgc (L65) 
5. Reverse C and 0 Active (Use Tgrs) 

(P5l-Q5l) 

Yes 

Tof Start Execute 
(K63) ---.. : __ F_irs_t_pa_"_on_l_Y __ _, 

NR326 

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 5 OF 8) 

5-126 (5 of 8) (3/68) 

Sheet 7 

Na 

Ton Block One (K65) 
NR303 

NR244 
NR427 
NR242 
NR243 

NR24l 

No 

Prepare to Test 
Next Function Byte 

Yes 

Source byte is in 
A-B (sink). Gate 
from A-B to VFLEU 
instead of normal 
source gate 

2. Set up A-B 
i ngate and wait 
for byte on VFL 
res bus 

Gate argument 
byte to I-box 



Tableword Request 

Sheets 2 end 7 

N o 

N o 

Yes 

FXOS stepping is 
blocked unti I c 
si nk store is done 

Request next tcble 
word from FLBB 

Ton Request Trigger C 

Yes 

Yes 

N o 

or D (?50-050) 
N R223- 224 

Yes 

New tc bl eword hes 
arr ived in FXB C 

Yes 

Yes 

Ton D Doto Ava ilabl e 
(046) NR244 

Ton Request Trigger C 
or D (P50-Q50) 

NR223- 224 

Yes 

This is the lest 
pseudo -op. N o 
further request s 
are needed 

N o 

N o 

DIAGRAM 5-126. TR AN D TRT INSTRUCTI O N (SHEET 6 OF 8) 

N o 

N ew tcbleword hes 
orri ved in FXB C 

Ton C-D Dote Ava il 
(P46) N R243 

N o 

Request next table
word from FLBB 

N o 

J 

1. Tof Stort Req {?48- 0 48) 
2 . Request TW C or D 
3. Ton BAB Ou tgc te 
4. Re ve rse Next T grs C ond D 

(P49- Q49) 
5. T of Request C or D 

(?50- 050) 

No 

Step FXOS NR389 

c 

Sheet 7 

No 

Yes 

No 

N R425 Request the next 
NR221-226 tc b l eword from 

NR021-026 storage via the FLBB 

N R221-226 

N R223-224 

Yes 

1 . Ton C or D End T gr (P 53- 053) 
2. Ton Last Op (N62) 
3. Step FXOS 

TR 

Step Tabl eword Ctr 
NR221 

No 

Ton Bl ock Step Tgr {L64) 
NR222 

End of doubl eword . 
Block step unt i l sink 
store op 

NR225 
NR424 
NR389 
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Ending Sequence 

Yes 

N o 

A 

Return for Next 
Iteration to Shee ts 
3, 4, Sand 6 

Proceed to TRT 
T:?rminate Sequence 
Sheet 8 

Set CC to 0 (TRT CC 
Val id) N R246 

TR 

No 

No 

Sheets 3, 

4, 5 and 6 

TRT 

Ton VFL End Tgr (N63) 
NR363 

Ton Complete Trigger 
(M67) NR424 

Yes 

N o 

Tof VF l in Process 
(E53) NR373 

End of TRT Instruc t ion 

DIAGRAM 5- 126 . TR AND TRT INSTRUCTI O N (S HEET 7 OF 8) 

5- 126 ( 7 of 8) (3/ 68) 

C or D end tgr is turned 
on when the fi na I C or 

D request is made 

Al I function bytes 
(ta ble bytes) of the 

No 

TRT operation were zero. 
Send a 11 complete 11 signal 
to I-box (Diag 5-29) 

Yes 

1. Ton VFL O utgate to SDB (N60) 
2 . Tof VFL in Process (E53) 

End of TR 
Instruction 

N o source data in C or D 

Yes 

N o 

NR245 
N R373 

Store the last 
sink word of the 
TR op from A-B 



Terminate and Cancel 

TRT has found a non-
zero function byte. 
Operation must be ter
minated and any reserved I 
FLBs must be canceled I 

Yes 

No 

1 . TRT Set CC = 2 

l. Initiate terminate condition 
2. Tof FC/FD outgate trigger 
3. Tof FC use trigger 
4. Tof FD use trigger 
5. Notify I-box that a valid byte (byte 

count) is on the byte bus 
6. Outgate byte count to byte bus 
7. Indicates terminate condition 
8. lngate nonzero byte into ID register 

from VFL result bus; outgate ID register 
to sr bus for transfer to GPR2 

NR246 

l. Terminate TRT 
2. Tof FC/FD Og Tgr TR 
3. Tof FC Use Tgr (P5l) 
4. Tof FD Use Tgr (051) 
5. Ton Byte Bus Valid Tgr (L65) 
6. Ton Byte Ctr Og T gr 
7. Ton Terminate Tgr (M66) 
8. lg Og Imm Data TRT 

No 
-------~-----"' 

TRT terminate and end 
tgr not on indicates 
that VF L cancel 
operation is needed 

l . Ton Cancel T gr 
NR304 Yes 

l. TRT Term l 
2. Tof Terminate Tgr (M66) 
3. Ton VFL End T gr (N63) 
4. Ton Last Op T gr (N62) 
5. Tof Byte Bus Vol id Tgr (L65) 
6. Ton lg GPR Tgr (H5l) 

Yes 

No 

No 

Yes 

No 

FXOS not ful I brings 
up the end cancel I ine 

I FXOS l 4 bit indicates 

1 . TRT Set CC = l 

NR246 
NR368 
NR24l 
NR24l 
NR243 
NR002 
NR423 
NR246 

NR423 
NR423 
NR363 
NR424 
NR243 
NR373 

No 

NR246 

I the first op of a new instr
( uction stop cancel I ing Tof Cancel 

Cancel al I reserved 
source FLBs 

Cancel al I reserved 
sink F LBs 

l. Request Source Word 
2. Step FXOS 

Yes 

l . Request Sink Word 

No 

2. Set FXB/FLB Name Register 
(F56-58) 

DIAGRAM 5-126. TR AND TRT.INSTRUCTION (SHEET 8 OF 8) 

NR40l 
NR389 

NR40l 

NR50l-503 

When FXB/F LB nom e 
reg changes, a double
word boundary has 
been crossed. A new 
sink request is needed 
to cancel the FLB 
reservation 

Canceling not needed 
for this instruction 

NR304 

Reserved FXBs, FLBs, 
and ops have a 11 
been canceled 

Tof VFL in Process (E53) 
NR373 

End of TRT Op 
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Cycle Control 

Yes 

Start 

l. Ton Cycle 
One Tgr 

NRI05 

I. Tof Cycle 3 

Block VFL 

! 

Yes 

1---
1 

DIAGPAM 5-127. VFL CONTROLS 

5-127 

No 

Start 

l. Ton Req Tgr X 
Set FLB Sk 
Addr = 0 

NR408 

I. Block Tof 
VFL in 
Process T gr 

NR406 

last Op Tgr 

Yes 

I. Block VFL 

NK267 

SOB Available 

Start 

l. FA/FB Request sequence is executed whenever a sink word request is generated. 
2. FC/FD Request sequence is executed whenever a source request or TWC/TWD (TRT instruction only) request is generated. 
3. Cycle Control sequence is executed each time FXOS is stepped. 
4. SOB Available sequence is used to determine which SOB is available for receiving data from the VFL area. 
5. ~L Reset sequence is executed to reset various VFL control triggers. 
6. filQfl._y£..!:. sequence prohibits VFL operations when certain conditions exist. 

FC/FO Request 

Ton FLB Req 
Tgr X 

2. Set FLB Sk 
Addr = 2 

NR408 

1. SOB Avail 

Start 

Tgr X 
2. Set FLB Sk 

Addr = I 
NR408 

I. Block Tof VFL 
in Process 
Tgr 

NR406 

NR410 

Yes 

Start 

I. VFL Res 

Yes 

I. Ton FLB Req 
Tgr X 

2. Set FLB Sk 
Addr = 3 

NR370 



Start 

No 

Yes 

No 
Yes 

VFL 
O lop On 

(F53) 

No 

Yes 

No 

This position of 
I the op stock ho 
I been cancelled 
or is invalid 

Na 

I These ops con 
I proceed if 
I FX o lop is on 

No 

No 

These o ps con 
: proceed if 
I VF L o lap is 
on 

No 

Yes 

Yes 

Yes 

I uni t needs 
that G PR 

Yes 

Yes 

FXP working 
with no 
o lop a llowed 

Yes 

I I un it now 
I hos priori ty 

Yes 

Yes 

DI AG RAM 5-128. BLOC K O PERAT ION 

No 

Obiectives: 

l. As each operation is decoded from the op stock, a sequence of conditions must be checked to see if the 
operation wi 11 proceed or be blocked. 

2. If no interfer ing conditions exist, the opera t ion con proceed with decoding and processing. 
3. If any block cond ition ex ists, the block op tr igger is turned on and the o peration must wa it until the block 
condit ion is cleared before proceeding. 

Yes 

No 

No 

Mu ltiply 
iterati ons in 
progress 

No 

No 

Yes 

No 

No 

Yes 

No 

End Cancel 
Signal to VF L 

N K267 

Signo I I Un it 

Yes 

Reset VFL 
unit controls 

No 

Yes 

Yes 

Does Rl 
equa l G PR 
sink reg 

Yes 

Yes 

Does R2 
equa l GPR 
si nk reg 

Yes 

Ton Block Op 
Condition 
(E55) 

NK27 1 

Proceed to 
Decode the Op 
and Process 
Doto 

Ope ra ti on Cannot 
Proceed Un ti I 
Block Condition 
Is Removed 

5-128 



Cancel led Operation Processing 

Reset al I 
controls 

Start 

1. Step Op 
NK273 

No 

No 

N o 

Proceed to 
Next 0 

Yes 

Objectives: 

1 . A pseudo op in the FXOS can be cancelled by rese tting the corresponding 
FXOS full bit. 
2. When an operation is cance ll ed, all circui ts set up for that operation 
must be restored or reset. 

3. Signa ls are sent to I unit that all FXB' s and GPR's reserved for the 

can ce lled opera ti on will no longer be needed by that operation . 
4 . FXOS steps to decode the nex t pseudo-op . 

1s pseu o-op 
may be e ith e r 
validated o r can 
'ce l led depending 
on data conditions 

Pseudo-op has 
been cance ll ed. 
Ci rcu fts set up 
must be reset 

No other ops 
are in process 
in the FXA 

Free the op stack 
to decode a new 

pseudo op in the 
next cyc le 

Ton FXB 
Signa l Not 

Notify I un it that 
the specified 
FXB1s are no 
longe r busy 

Busy NK 135 

Yes 

Yes 

Ton GPR Sink 
Double T gr 

NK235 

1. Set GPR Si nk 
Reg from 
Contents of Rl 
Field NK169 

Yes 

Ton RUA 
Response 

Yes 

NK167 

1. Set R2 to A 
N K135 

2. Ton RUM Resp 
NK167 

These ops use 
pa irs of G PR' s 
not ify I unit tha t 
both are fre e 

Prepa re to 
send RUA 
res ponse to I 
uni t 

Notify I unit that 
Rl G PR 's are no 
longer needed 
in this op 

Not ify I unit that 
R2 GPR 's are no 
longer needed 
in this op 
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0 

0 

FXBs 
FA-FF 

31 

31 

Note 1 

0 31 

~_:_1_c_A~1 o_0_A_3_~v_PA_E_ITJ_BA_' 0 ___ 31_:==3 

0 31 

0 

Ext 

F A 0 

0 

Note 2 

0 

l o 

Notes: 

1. Decrement va lue (bit positions 21 
and 23 for standard time r, or bit 
position 28 for high-resolution 
timer). 

2. Feedbac k path for decrementing 
count to see if next update will 

cause an interrupt. 

Timer word fetched 
from Storage location 
80 (hex 50) by I- unit 

I. Turn On Da ta Avail 
(H46) NK 135 

2. Step Op N K339 
3. Turn On FXB Signal Not 

Busy NK337 
4. Force l 's into Adder B 

Yes 

Input NJ605 

No 

Ton Timer Warning 
or lntr Tgr 

NH885 

1. Gate Adder to 
Le ft Ace (H59) 

NJ631 
2. Ga te Adder ta 

Right Ace (H60) 
NJ631 

No 

Yes 
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Left 

31 0 

Accumulator 

31 0 

31 0 

31 

Store: Bus 

31 32 

Decode 00 
Timer Op 

Right 

1. Set FXP in Process 
(E52) NK361 

2. Turn On Timer Tgr 
(J 5 1) NK167 

3. Set 32 Bit Ou tgate 
from FXB NK235 

4 . Set SAR Name Reg 
(F59-60) NK 139 

Yes 

Decode next 

operation 

Decrement value 
is gated to the adder 
B input (bit positions 
2 1 and 23 for sta ndard 
timer, or bit posi tion 
28 for high -resoluti on 
time r) 

Timer count 
has gone from 
posit ive to 
negative 

An undeterm ined 
number of cyc les may 
occur wh il e 
wait ing for SD B 
avai lable 

I-uni t 
has storage 
priority 

No 

31 

31 32 

31 

Timer pseudo- instruc 
tions are issued to 
the FXA at line 
frequency ( 60 Hz) fo1 
the standard timer, 
or at an osc i I la tor 
freq uency (96 kHz) 

I' fo'. the_high-resol 
uhon timer 

Timer Operation 

I 10 718 151 16 18119201 

I · I 
* Specie I RR Format 

Objectives: 

1. Timer operati on fe tches a timer count word from storage location 80 ( hexadecima l 50) , 
decrements the count by a specified amount, and stores the count word back in the 
same location. 

2. Timer pseudo instructions are issued to the FXA at a ra te of 60 per second (every 16 .7 ms) 
for the standard timer, or at a rate of 9 ,600 per second (every 104 usec) for the high
resolution timer . 

3 . When the decremented count becomes negative (has passed through zero) , a timer 
interrupt occurs to signal the program that a particular peri od of time has passed . 

4 . When the FXA detects that the next decrement wi II cause the count to become 
negative (pass through zero) , it sends a timer warning signal to the I- unit to 
instruction decoding after the I- unit issues the next timer pseudo-op . 

1. Set Timer Outgate (K51 ) 
NJ649 

2. Reset FX P in Process 
NK369 

3. Gate Left Ace to SDB 
NJ651 

4. Block FXB to Adder A 
N J641 

5 . Gate Rig ht Ace to 
Adder A 

NJ64 1 

Timer Interrupt 

to I- uni t 

Gate results to 
SDB to be put 
in storage 

I oca ti on 80 (hex 50) 

An undetermined 
number of eye I es N J65 l 

may occur whi le 
wa iting for data from 
storage 

Yes 

Inhibits furthe r instruction 
decoding after I-uni t issues 
next timer pseudo-instruction 
because a n interrupt wi II fo llow ' 

Reset All 
Timer Controls 

Ton Timer 
Warning or 

lntr Tgr 
N H855 

Timer Wa rning 

to I-unit 

NJ65 1 

-- - - - -·-+-------·-

A 

Diagram 5-26 

Tof Timer 
Warning or 
lntr Tg r 

NH855 

End of 
Timer Op 

Timer count wi ll go 

from positive to 
negative during 

next upda te 
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Cycl e 
Boundary 

N o 

N o 

Samp le tags signal 

To I-Box 

(Diagram 5- 33 
Sheet 3) 

Sta rt 

Exception Bit on 

FLBB 

Yes 

Ton th e Address 
Excepti on Lat ch 
for that FXB 

NK533-537-565 

FXA or N o 
VFL Attempt to Use 

that FXB 

Yes 

Send An Address 
Exception (D67) 
Signal to I- Box 
(Diagram 5 - 33 Sheet 3) 

NK541 to NM413 

T of the Address 
Except ion La tch 
for that FXB 

NK533-537- 565 

DIA GRA M 5-1 3 1 . ADDRESS EXCEPTION INTE RRUPT 

!'i - 1 :1 1 

When th e FLBB con tain s 
an AE bit the data 
on th e FLBB shou ld 
be zeros with parity 

Yes 

Yes 

FX B with the A E 
cond i tion was not used 

Cycle Boundary -- -- -

No 



A Bus Sign - NH857 
Defines the sign of the A bus into the adder. 

Abort - NH861 
Used to define an abort condition in divide or convert to binary. In divide, quotient has over
flowed; in convert to binary, the definition of the decimal digit processed is incorrect. 

Add Logical, Subtract Logical - NH853 
Defines conditions used to set the condition code on the cycle following the execution cycle. 

Add, Subtract, Logical - NK l 73 
Defines execution cycle of AL, ALR, SL, and SLR for CC setting. 

Adder Carry Out - NH855 
Defines a carry out of bit 0 in the adder. 

Adder Output All Zeros - NH859 
Set when the adder output is all zeros. Used for condition code setting. 

Adder Output Sign - NH863 
Defines the adder output sign. 

Adder Overflow - NH855 
Defines an overflow out of the adder. 

Adder to Accumulator, Left - NJ625 
Gates the adder output into the left accumulator. 

Adder to Accumulator, Right - NJ627 
Gates the adder output into the right accumulator. 

AE Interrupt - NK54l 
One cycle trigger to signal an AE interrupt to the I-Box. 

AND - NG927 
Defines the execution time of N, NR, 0, OR. 

AND, EXOR - NH85l 
Defines instructions that set condition code. 

BAR AB - NR06l, 063 
Byte address register AB initially contains the starting byte address of the sink operand, and 
thereafter holds the encoded value (0-7) of the sink byte position being used. BAR AB is a 
three-bit register. 

BARB-NRl25 
Byte address register Bis a two-bit register that contains the byte position of FB to be used in 
execution. 

BAR CD - NRl03, 105 
Byte address register CD initially contains the starting byte address of the source operand, and 
thereafter holds the encoded value (0-7) of the source byte position being used. It is a four-bit 
register, with the extra bit being added for the execution of TR. 

BAR D - NRl 26 
Byte address register Dis a three-position register that contains the byte position of FD to be used 
in execution. 

BAR E2 - NK643 
Byte address register, 2 bit of FXB E. 

BAR F2 - NK643 
Byte address register, 2 bit of FXB F. 

B Bus Sign - NH857 
Used to define the sign of the B bus input to the adder. 

Begun - N J603 
Defines second through last cycle of multicycle ops (i.e., divide, multiply, shift, CVB, CVD, 
and timer). 

Block B Bus - NK543 
Blocks the bus from GPRs to CPA B bus. 

Block Buffer A Bus - NK545 
Blocks the bus from FXBs to CPA A bus. 

Block GPR A Bus - NK545 
Blocks the bus from GPRs to CPA A bus. 

Block One Trigger - NR303 
Used to force the ingate counter from counting up or down. In particular, it is used for executing 
overlapping TR. 

Block Step Trigger - NR222 
Prevents the FXOS from stepping. 

Byte Address Buffers - NR021, 026 
The byte address buffers (BABs) are a group of six three-bit buffers. Each BAB is associated with a 
specific floating buffer, and holds the byte address associated with the data contained in that buffer. 

Byte Address Buffer Outgates - NR02l, 026 
Six triggers, one associated with each byte address buffer. These triggers control the autgating of 
one of six BABs to the byte address registers. 

Byte Counter - NR004, 007 
The byte counter is an eight-bit counter used for the execution of TRT and EDMK. It is initially 
set to zero and then incremented by one every time a result byte is processed. 

Byte Counter Outgate - NR002 
Outgates the byte counter to the byte bus. 

Carry Error Byte l - NH773 
Records a carry error in byte l . 

Carry Error Byte 2 - NH775 
Records a carry error in byte 2. 

Carry Error Byte 3 - NH777 
Records a carry error in byte 3. 

Carry Error Byte 4 - NH779 
Records a carry error in byte 4. 

CC Add Group 1 - NKl7l 
Defines execution cycle of LPR, lNR, LTR, LCR, A, AH, AR, S, SH, and SR for CC setting. 

CC Overflow Group l - NK 169 
Defines execution cycle of LPR, LCR, A, AH, AR, S, SH, and SR for CC setting. 

CL! - NK4l3 
Defines compare immediate execution time. 

Compare Arithmetic - NH853 
Defines instruction used to set condition code on the cycle following the execution cycle. 

Compare Logical - NH85l 
Defines instruction to set condition code on the cycle following the execution cycle. 
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Compare Arithmetic - NKl7l 
Defines execution cycle of C, CH, and CR for CC setting. 

Complement - NH203 
Used to complement the A input of the adder. 

Complement if Feedback Sign Negative - NH20l 
Used to complement the A input of the adder if the feedback from the adder on the previous cicle 
was negative. 

Complement if Feedback Sign Plus - NH20l 
Used to complement the A adder input if the feedback from the adder on the previous cycle was 
positive. 

Compare Logical - NK 173 
Defines execution cycle of CL and CLR for CC setting. 

Complete - NR424 
Notifies the I-Box of completion as opposed to termination of a VFL instruction. 

Conditional Overflow - NH867 
Used in divide and CVB to remember a conditional overflow whose ambiguity will be resolved on 
a later cycle. 

CVB - NJ61 l 
Defines duration of convert to binary. 

CVB Delayed - NH863 
Comes on one cycle after CVB is turned on and goes off one cycle after CVB goes off. Used in 
setting overflow interrupt for CVB. 

CVB Sign Negative - NJ645 
Remembers that the sign digit in CVB is negative. 

CVD - NJ607 
Defines duration of fixed point convert to decimal (CVD). 

CVD Fixup - NJ647 
Allows a cycle delay in CVD to fix up parity on result before sending the result to the store bus. 

CVD Outgate - NJ649 
Outgates left accumulator bits F-31 and right accumulator bits (0-3) to the store bus at the end 
of CVD. 

Cyclel -NKI05 
Defines the decode cycle of any op. 

Cycle2-NK107 
One-cycle trigger defining the cycle after the decode cycle provided there is no step op. 

Cycle 3 - NKl07 
One-cycle trigger defining the cycle after cycle 2 provided there is no step op. 

Data Available - NK335 
Defines that all operands are available for FXP and SI executions. 

Data Interrupt - NH867 
Used to define one cycle data interrupt signal to the I-Box. May be set by CVB and VFL 
operations. 

Double lngate - NG897 
Defines that an even-odd pair of GPRs are to be ingoted. 

Decoder Error - NH77l 
Used to record a multi ply decode error. 

Divide - NJ613 
Defines duration of fixed point divide. 

EBAR - NR064, 065 
The ending byte address register is a three-bit register that contains (in an encoded form) the 
position of the last sink byte to be processed. 

End Fetch - N K443 
Defines that the last memory operand has been fetched for LM. 

FA-FB Data Available Trigger - NR305 
Indicates the availability of registers FA-FB for processing. For instructions that fetch the sink 
word, it means that data is available. For instructions that do not fetch the sink word, it means 
that the register is not filied with result bytes. Therefore, processing of bytes may continue. 

FA-FB Request Out - NR407 
Indicates that there is an outstanding FLB request with a sink address of registers FA-FB. 

FC End Trigger (FD End Trigger) - NR225 
Indicates that the last table word will be in register FC (FD). 

FC-FD Data Available Trigger - NR321 
Indicates the availability of data in registers FC-FD for processing. When executing TR ar TRT, 
it indicates the availability of data in register FC. 

FC-FD Request Out - NR406 
Indicates that there is an outstanding FLB request with a sink address of registers FC-FD or 
register FC. 

FC Next (FD Next) - NR22l, 226 
Indicates the priority of table word requests. 

FD Data Availability Trigger - NR322 
Indicates the avoilabil ity of data in register FD. Used only when executing TR or TRT. 

FD Request Out - NR405 
Indicates an outstanding FLB request with a sink address of register FD. 

Feedback Sign - NH203 
Used to record the sign output of the adder on the previous cycle. 

fP.tch - NK435 
Defines which FXB pair (FA-FB or FC-FD) is next to receive data from the FLBs for LM. 

Fi II Register - NR042, 044 
The fill register is a nine-bit register (including parity) that saves the first byte of the sink field 
for ED and EDMK instructions. The contents of the fill register are outgated to the result bus 
when necessary. 

Fill Register Outgate Trigger - NRl84 
Outgates the fill register to the result bus. 

Fixed Divide Interrupt - NJ653 
A one-cycle trigger that signals an interrupt to I-Box if divide or CVB overflows. 

FlB Request Trigger - NR403, 404 
Six triggers, one associated with each FLB, used to notify the floating buffer controls ta outgote 
one of the six buffers to the VFLEU. 

FLB Sk Address Trigger - NR409 
Two triggers that hold (in an encoded form) the sink address information that accompanies the FLB 
request signal. 
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Fetch Protect Interrupt - NK541 
One-cycle trigger to signal a fetch protect interrupt to the I-box. 

FXA A CC - NK469 
One-cycle trigger (to I-Box) that sets the CC from the CC A bus. (For shift operations.) 

FXA B CC - NK467 
One-cycle trigger (to I-Box) that sets the CC from the CC B bus. (For all FXP operations, but not 
shift VFL operation. 

FXA In Process - NK379 
One-cycle trigger continually sampling 'FXP in process' and 'VFL in process.' Needed to extend 
'in process 1 condition by one cycle. 

FXB AE - NK533, 535, 565 
Three triggers (for FA, FC, FD) that indicate an address exception (AE) violation for the data 
currently in the FXB. Condition can only come from the FLB bus. 

FXB Divisor - NG933 
Defines RX divide execution time. 

FXB/FLB Register - NK50l, 503 
The FXB/FLB register is a three-bit register used for the execution of TRT. It holds the binary value 
signifying which floating buffer (l -6) the current argument word came from. 

FXB FP - NK53l, 575 
Six triggers (one per FXB) used to indicate a fetch protect (FP) violation for the data currently in 
the FXB. 

FXB Full - NK53l, 575 
Six triggers (one per FXB) that define when there is data in the FXB. 

FXB SN B - NK53l, 575 
Six triggers (one per FXB) called the 'signal not busy' triggers. Used to turn off the FXB busy trigger 
in the I-Box. 

FXP Error Generate - NK l 05 
One-cycle trigger used to invert parity of selected bytes of the CPA during RX load (5B). 

FXP In Process - NK367 
Defines when FXP op is being executed when execution is longer than one cycle. 

FXOS Conditional - NK07l, 083 
Six triggers (one per FXOS position) to define the status of that FXOS position. 

FXOS Decrement - NK l 09 
One-cycle trigger to decrement the FXOS counter in the I-Box. 

FXOS Ful I - NK07l, 083 
Six triggers (one per FXOS position) to define the status of that FXOS position. 

FXOS Outgate Ring - NK04l, 057 
Six triggers making an outgate ring to outgate the FXOS (one FXOS position at any one time). 

FXOS Parity Error - NK205 
Three triggers to hold parity error conditions from the FXOS. 

FXOS Set CC - NK04l, 057 
Six triggers (one per FXOS position) to define the set CC (condition code) ability of that op. 

FXP Complete - N K4 l 9 
A two-cycle signal to the I-Box at the end of SSM and RDD execution. 

FXP Overlap - NK37l 
Defines that portion of a multicycle FXP execution (MPY, DIV, SHIFT) during which a VFL op (not 
DD, DF) could be issued. 

FXP Set CC - NK469 
Defines that the FXP op in process is to set the CC. 

GPR Accept - NG931 
Signals the I-Box that it has been given control for ingates to the GPRs. 

GPR A Bus Outgates - NG801, 869 
Sixteen outgate triggers (one per GPR) to outgate bits 0-31 of the GPR to bit positions 0-31 of the 
A bus. 

GPR B Bus Outgates - NG801, 869 
Sixteen outgate triggers (one per GPR) to outgate bits 0-31 of the GPR to bit positions 0-31 of the 
B bus. 

GPR Sk Register - NG88l, 897 
Eight triggers that hold the address of the GPR pair (even-odd pair) that will be the sink of the 
current op in execution. 

Half-Sum Error Byte 0 - NH523 
Used to record a half-sum error in byte 0. 

Half-Sum Error Byte I - NH52l 
Used to record a half-sum error in byte l. 

Half-Sum Error Byte 2 - NH521 
Used to record a half-sum error in byte 2. 

Half-Sum Error Byte 3 - NH519 
Used to record a half-sum error in byte 3. 

Half-Sum Error Byte 4 - NH5 l 9 
Used to record a half-sum error in byte 4. 

Halfword Op - NK515 
Defines execution time of halfword ops. 

Hardstop - NH789 
Turned on (if not disabled) by a fixed point error. When on the trigger prevents starting the next 
cycle. 

HO Cross Outgates - NK601, 613 
Six outgate triggers (one per FXB) to outgate bits 0-15 of the FXB to bit positions !6-31 of the 
A bus. 

HOD Trigger - NR302 
Indicates that the high-order digit of the source field is being processed. 

HO Straight Outgates - NK60l, 613 
Six outgate triggers (one per FXB) to outgate bits 0-15 of the FXB to bit positions 0-15 of the A bus. 

I Counter Bit l - NJ653 
The 20bit of the iteration counter. 

I Counter Bit 2 - NJ55l 

The 2 1 bit of the iteration counter. 

I Counter Bit 4 - NJ553 

The 22 bit of the iteration counter. 

I Counter Bit 8 - NJ553 

The 23 bit of the iteration counter. 
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I Counter Bit 16 - N J555 

The 24 bit of the iteration counter. 

I Counter Bit 32 - NJ557 

The 25 bit of the iteration counter. 

IC-ISK - NK415 
Defines the cycle of IC or ISK execution that gates data to the GPRs. 

lngate Control - NR167, 169 
The ingate counter is a three-bit counter that points to the byte position to be ingated next. The 
counter is initially set with the sink starting byte address, and then decremented or incremented by 
one depending on the instruction. 

lngate GPR - NR373 
One-cycle trigger that causes a GPR ingate. 

I Priority - NG931 
One-cycle trigger continually sampling the GPR request line from the I-Box. 

Immediate Data Register - NROOl, 003 
The immediate data register holds the immediate field before an SI instruction is executed, and 
contains the result byte after processing of the instruction is completed. It is a nine-bit register 
(including parity) and has outgates to (1) the source bus, (2) the sink bus, (3) the store data bus, 
and (4) the singleshats. 

Instruction Triggers - NR38l, 385 
Fourteen triggers, one per instruction. These triggers indicate which SS instruction the VF LEU is 
currently executing. 

Last Op Trigger - NR424 
Indicates that the last op of the instruction currently being executed has been passed. 

Left - NG925 
Data trigger to define left shifts (off defines right shifts). 

LM End - NK437 
Defines the last two cycles of a LM execution. 

LM Process - N K439 
One-cycle trigger that defines the transfer of one FXB to a GPR for LM. 

Load Complement, Load Negative, Load and Test, Add, Subtract, Load Positive - NH853 
Defines specific operations used to set the condition code on the cycle following the execution 
cycle. 

Load Multiple - NK437 
Defines LM execution time. 

LOD Trigger - N R302 
Indicates that the low-order digit of the source field is being processed. 

Logical - NG925 
Data trigger to define logical shifts (off defines arithmetic shifts). 

LO Straight Outgates - NK601, 613 
Six outgate triggers (one per FXB) to outgate bits 16-31 of the FXB to bit positions 16-31 of the 
A bus. 

L Register - NR067, 068, 101, 102 
The L register is an eight-bit register and counter combination. The register is initially set with the 
length field, and for all the VFL instructions except for the double L type, the low-order three bits 
are used to determine the ending byte address. For the double L type instructions, the eight-bit 
unit is broken into two four-bit counters, one counter for the sink length field and the other for the 
source length field. The counters are decremented by one when necessary during execution. 

Make Request - NK443 
Remembers that an operand fetch (for LM) is required (happens if there is a break in the string 
of ops). 

MALS Trigger C (MALS Trigger D) - NR427 
Indicates that the table word in register FC (FD) is from the argument word currently being 
processed (overlapping TR). 

Mark Field - NR082, 084 
The mark field controls which bytes of the resulting sink doubleword are to be stored. The mark 
field is an eight-bit field, one trigger in control of each result byte. 

Multiply Decode af Zero, Group l/2 - NHOOl 
Used in checking multiply decode. 

Multiply Decode of Zero, Group 4/8 - NH013 
Used in checking multiply decode. 

Multiply Decode l Complement - NH003 
Used to record multiplier decode. 

Multiply Decode 1 True - NH003 
Used to record multiplier decode. 

Multiply Decode 2 Complement - NH005 
Used to record multiplier decode. 

Multiply Decode 2 True - NH005 
Used to record multiplier decode. 

Multiply Decode 4 Complement - NH009 
Used to record multiplier decode. 

Multiply Decode 4 True - NH009 
Used to record multiplier decode. 

Multiply Decode 8 Complement - NHOl 1 
Used to record multiplier decode. 

Multiply Decode 8 True - NHOl l 
Used to record multiplier decode. 

Multiply - NJ609 
Defines duration of fixed point multiply (MUL). 

MVC Serial Trigger - NR20l 
Indicates that MVC should be executed serially. 

Nonzero Trigger - NR30l 
Indicates that during the execution, a nonzero result byte (s) was generated. (Used to set the 
condition code.) 

NOX - NK413 
Defines execution time of NI, 01, XI. 

Odd - NG891 
Defines which GPR of the even-odd pair is to be ingated. 

Outgate A-B To SDB - NK463 
Outgates the A and B bus to the SD Bs. 

Outgate GPR Byte To.SDB - NK463 
Outgates B bus 24-31 to bit positions 48-55 and 56-63 of the SDBs. 



Outgate ID To Source - NK507 
Outgates ID register to the source bus. 

Outgate ID To SOB - NK461 
Outgates ID register to bit positions 48-55 and 56-63 of the SDBs. 

Outgate ID To Sink - NK507 
Outgates ID register to the sink bus. 

Outgate ID To SS - NK46l 
Outgates ID register to fire the signal out singleshots in the PSCE. 

Overlap Process Trigger - NR242 
Defines the cycle during which an overlapped byte is handled when executing TR. 

Overlap Tags - NR087, 088 

The o.verlap .tags facilitate the processing of overlap in VFL. There are eight tags (triggers), one 
associated with each source byte. An overlap tag on blocks the ingoting of its respective byte into 
FC-FD from the floating buffer bus. 

Overlap Trigger - NR305 
Indicates overlapping source and sink fields. 

Op Reset - NK367 
Defines the last cycle of most RR and RX ops. It also defines a cancel op cycle. 

Parity Error Byte 0 - NH787 
Used to record a parity error in byte 0. 

Parity Error Byte l - NH787 
Used to record a parity error in byte l . 

Parity Error Byte 2 - NH787 
Used to record a parity error in byte 2. 

Parity Error Byte 3 - NH787 
Used to record a parity error in byte 3. 

Parity Error Byte 4 - NH787 
Used to record a parity error in byte 4. 

Process Counter - NK433 
Two-position counter that identifies which FXB is being processed for LM execution. 

P Trigger - NR387 
Indicates that bit 12 in FXOS was on. 

RDD Sample - NK417 
Used to define a single cycle during which the 'direct in' lines are to be sampled. 

Request FC Trigger (FD Trigger) - NR223, 224 
Indicates that as soon as the FXOS goes not empty, a request with a sink address of FC (FD) should 
be made. 

Right Accumulator Bit 32 - NHOl 3 
Used to save one bit of the multiplier for decode overlap. 

RUA Response - NG893 
One-cycle trigger to condition RUA response lines. 

RUM Response - NG903 
One-cycle trigger to condition RUM response lines. 

SAR Name Register - NR410 
The SAR name register is a two-bit register that holds FXOS bits 19 and 20. 

SBO Fetch Protect - NK541 
One-cycle trigger continually sampling SBO fetch protect (FP) bit. (FP bit leads data by one 
cycle.) 

SBO Sink Bit - NK509 
Three-bit register (sink bits 3, 4, and 5) continually sampling SBO sink bus. (Sink address leads 
data by one cycle.) 

Set Outgate - NR388 
Defines the cycle during which the first source and/or sink outgate triggers are turned on. 

Shift - NJ625 
Defines duration of fixed point shift instruction. 

Shifter Output All Zeros - NJ483 
Defines the shifter output as all zeros on a shift instruction. 

Shifter Overflow - NJ485 
Defines a shifter overflow on a shift instruction. 

Shifter Sign Out - NJ483 
Defines the sign output of the shifter. 

Shifter Stage 0 - NJ599 
Used to define shift of zero in the first stage of the shifter. 

Shifter to Accumulator, Right - NJ627 
Gates the shifter output (bits 32-63) into the right accumulator. 

Shifter to GPR - NJ615 
Gates output of shifter (64 bits) to GPRs. 

Shift Left 1 - NJ595 
Gates the left accumulator, shifted left 1, into the B input of the adder. 

Shift Right 4 - NJ597 
Gates the I eft accumulator, shifted right 4, into the carry save adder. 

SI End Op - NK415 
Defines the last cycle of all SI executions. 

Sign-Save - NH205 
Used to remember the sign of the dividend in divide and the sign of the operand in CVD. 

Single Byte - NG897 
Defines that only bits 24-31 of the GPR are to be ingoted. 

Single Pulse Control - NH771 
Used in single pulse mode to force the hardstop trigger on and off to give single sample pulses. 

Sink Bus Outgates - NR121, 124 
Eight triggers, one associated with each sink byte, used to control the outgating of one of eight 
bytes from registers FA-FB to the execution unit. 

Sink End Trigger - NR264 
Indicates, that for a double Lop (PACK, UNPK, MVO), the L1 field is depleted. 

Sink Notify Trigger - NR303 
Notifies the I-Box that another pattern or argument word has been requested by the VFLEU while 
executing ED, EDMK, TR or TRT. 

Sink Request Trigger - NR323 
Indicates, that as soon as the FXOS goes not empty, a request should be made with sink address of 
FA-FB. 
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Sink Used Trigger - NR324 
Indicates that the sink doubleword and/or SAR name from the outgated op has been used. 

Sink Wraparound Trigger - NR201 
Indicates one more byte to be processed in the sink word in registers FA-FB. 

Skew Register - NR 151, 152 
The skew register is a four-bit register used for the execution of pack, unpack, and move with 
offset. It saves either the HOD or the LOO portion of the source byte for one cycle, and then 
outgates it onto the LOO portion of the result bus. 

Skew Register Outgate - NR141 
Outgates the skew register to the result bus. 

Skip l - NJ587 
Used in CVD to remember a leading string of 5 zeros (right accumulator bits 0-4). 

Skip 2/Limit Equals 2 - NJ589 
Used in CVD to remember a leading string of 9 zeros (right accumulator bits 0-8). Also used in 
multiply to remember a leading string of 9 zeros or 9 ones (right accumulator bits 0-8). 

Skip 3 - NJ591 
Used in CVD to remember a leading string of 13 zeros (right accumulator bits 0-12). 

Skip 4/Limit Equals 4 - NJ593 
Used in CVD to remember leading string of 17 zeros (right accumulator bits 0-16). 
Used in multiply to remember a leading string of 17 zeros or 17 ones (right accumulator bits 0-16). 

Source Bus Outgates - NR106, 108 
Eight triggers, one associated with each source byte. These triggers control the outgating of one 
of eight bytes from registers FC-FD to the execution unit. 

Source End Trigger - NR264 
Indicates, that for a double Lop (PACK, UNPK, MVO), the L2 field is depleted. 

Source Notify Trigger - NR304 
Notifies the I-Box that another source word has been requested by the VFLEU while executing ED 
or EDMK. 

Source Request Trigger - NR301 
Indicates, that as soon as the FXOS goes not empty, a request should be made with sink address of 
FC-FD. 

Source Used Trigger - NR324 
Indicates that the source doubleword from the outgated op has been used (requested). 

Source Wraparound Trigger - NR284 
Indicates one byte left to be processed in the source word in registers FC-FD. 

Start Execute Trigger - NR326 
Defines the first execution cycle. 

Start Request FC Trigger (FD Trigger) - NR425 
Indicates that a request must be made after start as soon as the FXOS goes not empty. 

S Trigger - NRl 83 
Defines start of significant data during edit operation. 

Store Trigger - NR325 
Indicates that registers FA-FB should be stored as soon as the SDB becomes available. 

Straight Out Accumulator, Right to A - NJ641 
Gates the right accumulator unshifted into the A adder input. 

Straight Out Accumulator, Right to B - NJ643 
Gates the right accumulator unshifted into the Badder input. 

Terminate Trigger - NR423 
Indicates the termination (as opposed to completion) of TRT and CLC. 

Timer - NJ605 
Defines duration of timer update. 

Timer Interrupt - NH855 
Defines timer interrupt signal (one cycle) to the I-Box. 

Timer Outgate - NJ651 
Outgates left accumulator (bits 0-31) to store bus at end of CVD. 

TM - NK41 l 
Defines test under mask execution time. 

Tof Overlap Tags - NR306 
Defines the cycle during which all 8 overlap tags are turned off. 

T and S - NK41 l 
Defines test and set execution time. 

TW Counter - NR085, 086 
The table word counter is a three-bit counter used in the execution of TR and TRT. It is initially 
set with the sink starting byte address, and then incremented by one when necessary during 

execution. 

Use FC Trigger (FD Trigger) - NR241 
Indicates that the next table byte should be processed from register FC (FD). 

Valid Trigger - NR243 
Notifies the I-Box that there is a val id byte on the byte bus. 

VFL Cancel Trigger - NR304 
Indicates that the I-Box fetched operands that have not been used during execution and must be 
canceled. (Associated FLB must be freed.) 

VFL End Trigger - NR363 
Indicates that the last byte has been processed. 

VFL In Process - NK373 
Defines when VFL op is being executed when execution is longer than 1 cycle. 

VFL Outgate To SDB - NR426 
Outgates registers FA-FB to the SOB. 

VFL Overlap - NK371 
Defines the last op portion of VFL ops (not DD, DF) during which some FXP ops can be issued. 

VFL Set CC - NK467 
Defines that the VFL op in process is to set the CC. 

VFL Start - NR322 
Defines the cycles between the decode cycle and the first execute cycle. 

WRD - NK419 
Defines write direct execution time. 

Write Direct Register - NRl 61, 162 
The write direct register is an eight-bit register that holds the direct-out static signals for the 
write direct instruction. 

XOR - NG927 
Defines the execution time of 0, OR, X, XR. 
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1. M/ D Unit 
Available 

NQ563 

See D iagram 
5-202 



See Diagram 
5-308 

Ton Unit (X) 
Sk Full Tg• 

No 

Reset Sk 
Full Tgr 

Ton SDB Busy 

Yes 

Yes 

No 

I. Gate FLR (X) 
Tag Reg to 
UCC Sk Tog 
Reg 

NQ517 th ,u 521 

I. Ton FLR (X) Bsy Tg, 
NQ591-592 

2. Gate Unit Address to 
FLR (X) Tag Reg;,,., 

NQ51 7 thru 520 

NA003,019,035 
NE l 02 ,122 

Yes 

Ton Un;t (X) 
Sk Full Tg• 

RI Sk Reg 
from CDB 

Reset Sk 
Fu ll Tg• 

D I AG~AM 5-209 . RES ER VA TI ON STATION ING ATING AND TAG FORWARD ING 

RI Sk Reg 
from FLR 

No 

Reset Sr 
Full Tg' 

Gate FLR (Y) Tog 
Reg to UCC Sr 
Tog Reg 

NQ517 thru 52 1 

Gate Sr FLR Tag 
Register to Sk 

FLR Tag Register 

Ton FLR (X) 
Busy Tgr 

End Op 

NA009,025,041 
NEI OS, 128 

Ton Un;t (X) 
s, Full Tg• 

l . Ton lg RS s, (X) 
from COB 

NA015,031,047 
NE 102- 134 

RI 5, Reg 
from COB 

FAU 

Turn On Unit (X) 
Full 

NAOOS,021, 037 
NE 104, 124 

No 

FMDU 

Ton Un;t (X) 
5, Ful l Tg, 

I . Tan lg RS s, (X) 
from FLR 

NA015 ,031,047 
NE 102-134 

Reset Sr 
Ful l Tg, 

Sr Full and 
Sk Full 

Diagram 5-210,2 11, 2 12 Diagram 5-2 13 

c 
Diagram 5-220 
Sheet 

Diagram 5- 212 

RI s, Reg 
from FLRB 

Yes 

I . Ton lg RS s, (X) 
from FLBB 

NAO IS,031,047 
NE 102- 134 

Rese t Sr 

Full Tg• 

Form ¥22-6674-1 
FES Y 22-6730 

End Op 

Ton Un;t (X) 
Sr Full Tgr 

RI s, Reg 
from FLBB 

(6/ 68) 5-209 



Form Y22-6674-l 
FES Y22-6730 

Ar ithmetic 
Diagram 5-208, 209 

1. Outgate Expo
nents to Exp 
Diff Adder 

1. Gate Sr Exp to Up
date Adder 

NA201 
2. Gate Sr Fraction to 

T/ C Gates 
NA767 

3. Gate Sk Frac tion to 
Pre-shifter 

NA767 

( or=) 

1. Gate Sk Exp to Up
date Adder 

NA201 
2. Gate Sk Fraction to 

T/ C Gates 
NA76 7 

3. Gate Sr Fraction to 
Pre-shifter 

NA76 7 

1. Shift Right N Diagram 

5- 211 
N = output of 
exponent differ 
ence Adder 

Digits 
NA73 1 

2. Compute Effec 
tive Sign 

1. Set T/ C Gates 
to Complement 

1. Set T/ C Gate s 
to True 

NA767 NA767 

1. Gate Fractions 

No 

1. Gate Adder Sum 
Complement to Past
sh i fter and Zero 
Dig it Det 

1 . Add Carry -out to 
/v\o in Adder Sum 
(End-around carry) 

Set N = Number 
of Leading Zero 
Dig its 

NB067-079 

NA9 55 

No 

No 

1. Force N = 0 

NA9 55 

1. Gate Adder Sum 
True to Post
sh ifter and Zero 
Dig it Det 

NA955 

Yes 

1. Force N = 1 

NB073 NB069 

1. Sh ift Left N Digits 
NBl 15- 153 

1. Sh ift Right N Dig its 
NBl 15-1 53 

Frac ti on 

overflow 

N represents 
output of 
zero dig it 
detector 

2. Subtract N from Exp 
in Exp Update 
Adder 

NB087 ,095,097 

2. Add N to Exp in Exp 
Update Adder 

NB087 , 095, 097 

CJ IAGRAM 5 - 2 10 . FAU EXE CUT IO N - FRACTI O N AN D EXPONE NT 

5-210 (6/68) 

No 

2. Reset Program Alarm 
Regs NA095 

3. Reset Pari ty Result 
Regs NA 113 

1. lg Re su lt Reg 
NA1 17 

2. lg Progra m Alarm 
Regs NA095 

3. lg Par ity Result 
Re s NA 111 

1. Og Cond ition 
Code 

1. Reset Active Tgr 
NA093 

2. Reset Va l id CC 
Tgr NA105 

NAlOl,009 

1. Ton Normal 
O utgate Tgr 

1. Ton Ha If O ut
gate Tgr 

NA093 

No 

1. Og Result Reg 
to C DB with 
Righ t Shift of 
O ne Bit 

NB1 55-169 

NA093 

1. Ton Inhibit 
Normal Outgate 
Tgr 

NB095 

1. Og Resu lt Reg 
to COB 

NB155- 169 

1. Og Exponent 
Update Adder 
resu lt to COB 

NB089 

End O p 



Sign Control Diagrams 5-208,209 

n si ng e-op instruc -
t ions, sr exp > sk exp 
and there is no count 
of mai n adder. Thus, 
sig n mod ify canno t be 
generated except by 
load complement 

DIAGRAM 5- 2 11 . FAU SIG N CONTRO L 

l. Sign 
Modify 

NAl Ol 

Yes 

Yes 

No 

NA055, 061 , 067 

Yes 

No 

Yes 

No 

l. Ton Effective 
Subtraction 
Tgr 

NA055, 06l , 067 

No 

NA055,061, 
067 

Yes 

Yes 

No 

No 

Yes 

Yes 

l. Sign Out - l . Sign O ut + 

NA 105 NA105 

End 
Sign Contro l 

Yes 

No 

No 

Form ¥22-6674-1 
F ES Y22 -G730 

(6/ 68) 5- 211 



Form Y22-6674-l 
FES Y22-6730 

Diogram 5-208, 209 

1. Ton ZET 1 
Bsy Tgr 

NQ553 

1. Ton ZET 2 
Bsy T gr 

NQ553 

Yes 

Yes 

No 

DIAGRAM 5-212. FAU AND ZET CONDITION CODE CONTROL 
5-212 (6/68) 

No 

No 

Yes 

Yes 

Does not Set 
Condition Code 

1. Ton CC to 
Adder Tgr 

NQ550 

No 

No 

1. Set FLP CC 
Bits 34-35 
to 00 

NQ550 

Yes 

1. Set FLP CC 
Bits 34-35 
to 01 

NQ550 

End Op 

1. Set FLP CC 
Bits 34-35 
to 10 

NQ550 



Un it 1 

No 

Yes 

Yes 

1 . Ton Unit 1 
First Tgr 

NE152 

2 . Tof Unit 2 
First Tgr 

NE148 

DIAGRAM 5-213 . FMDU UNIT FIRST SE LECTIO N 

Diagram 
5 - 209 

D iagram 
5 - 214 

Unit 2 

No 

1. 

2 . 

Yes 

Ton Uni t 2 
First Tgr 

NE148 

Tof Unit 1 
Fi rs t Tgr 

N E1 52 

5-213 



.. 
Gate Sk 2 
Hi Order 

NE202 

Normalize 
Sk 2 

Yes 

Yes 

Gote Sk 2 
Lo Order 

NE204 

Yes 

Yes 

Set Unit 2 
Execute 

NE162 

DIAGRAM 5-214. FMDU NORMALIZE CONTROL 

Gate Sr 2 
Hi Order 

NE212 

Normalize 
Sr 2 

Gote Sr 2 
Lo Order 

NE214 

Diagram 
5-215,217,218 

No 

Diagram 
5-213 

Mult 

Div 

Gate Sr 1 
Lo Order 

NE194 

Div 

D 

Gate Sr 1 
HI Order 

NE192 

Normalize 
Sr 1 

Diagram 
5-216,217,218 

Yes 

Yes 

Yes 

Set Unit I 
Execute 

NE168 

Gate Sk 1 
Lo Order 

NE184 

Form Y22-6674-1 
FES Y22-6730 

Gate Sk 1 
Hi Order 

NE182 

Normalize 
Sk I 

(6/68) 5-214 

'. 



Arithmetic Sequencing ond Resu lt Outgote Co ntrols 

SE LECT, DATA 2, o r 
NORMALIZ E C YCLE 

Diagram 5 -214 

SJ 
l 

Tof Stop Mply O sc Tgr 
NE300 

Start Mpl y Oscill ator 
NE302 

Tof Folse Start Reset Tgr 
NE300 

~~~~-t-~Y_es~~ 
be Set 

N o 

Ton Fo lse Start Reset Tgr 
NE300 

J 

Folse O ff 
Sta rt Rese t >-----------------

Tgr 

O n 

Sk RI Yes 
COB Gated 

N EI04 
No NE l24 

Sk RI Yes 
FLRB Gated 

EI04 

N o 
N E124 

Sk Yes 
on Shifter 

Bus 

NE410 

No 

Sel Mple Decode from 
Sk Reservation Stat ion 

N E142 
G ate Sk Re s Station Bits 
48- 60 to Mple Decode 

NC751 - 757 

Sel Mple Decode from COB 
NE 146 

Gate CDS bits 48- 60 to 
Multiplier Decoder 

NC751- 767 

Sel Mple Dcd from FLRB 
N E1 46 

Gate FLRB Bits 48- 60 to 
Mul tipl ier Decoder 

N C751 - 767 

Sel Mple Decode from 
Shi fter Bus 

NE1 42 
Gate Shifter Bus Bits 
48-60 to Mple Decode r 

N C751-767 

- - - - - ---- --- t-- ---- --- - ------ ------- ------ --- t--- - ------- ----- --

EXEC UTE 
CYC LE I 

Ton Unit Execute Tgrs 
NE226 

Ton Stop Mple Osc Tgr 
NE300 

Rese t Mple Gates, Mply 
Ring, and CSA (--Block 
CSA E a nd F 

N E300 

Gate Mply O sc Pulses to: 
NE302 

1. Step Mply Ring 
N E3 10 

2 . De loy Tra in 
NE330 

Sel Mply Iteration I 
NC751 

Execute T grs O n J Gt M..£!r Decoder N E308 

l 

EXECUTE 
CYCLE 2 

Cycle Ctr I Tgr On J 
N E436 

Ton Cycle Ctr 2 Tgr 
Tof Cycle Ctr 1 Tgr 

NE436 

Cycle Ctr 2 Tgr On J 

Ton M/D Unit 
COB Req Tgr 

N E430 

, ---- ----1 
I 

l 

[ 

[ 

Mply Ring J L,__J.~-----
IB • 3A 

Sel Mple Dcd from 
Sk Mply 2 

N E342 
Se l Mply lterution 2 

N C754 
G ates Bits 36- 48 from Sk 
Res Stat ion to Mple Dcd 

N C75 1- 778 

Mply Ring 11----T------~ 
2 B • 4A j I 

Sel Mple Dcd from 
Sk Mply 3 

N E342 
Se l Mply Iteration 3 

NC751 
G ate Bits 24-36 from Sk 
Re s Stat ion to Mple Dcd 

NC751- 758 

Mply Ring 1 
38 • 5A 1r---+1------. 

- -- ------------ - - -- - - - ---- --f----- ----~------r-----1 
Ton Cyc le Ctr 3 Tgr 
To f Cycle Ctr 2 Tgr 

NE436 

Un it COB Req Tgr On 

______ ...,_1------'-'N-'<'.o Prioroty to Un•t 

1 
I I I 

I Sel Mple Dcd from I 
: Sk Mply 4 NE342 I 
I Sel Mply Iterat ion 4 I 
I N C754 I 

l Mply Ring J-+ Gate Bits 12-24 from Sk 11 
48 Res Stat ion to Mp le Dcd 

I N C751- 778 I 

Mply O sci llator Pulses 
to Deloy Train 

NE330 

, --- - - --- 1 

[ Deloy J 

[ Deloy J 

[ Delay J 

I : l Deloy J 
I ~-"T""""-~ 

I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 

I FMDU Deloy Tra in 
1 N E330-344 I L __ _______ __ ...J 

lngate Multiplier 
Decoder--Decode ~h ift 

Controls to Mu ltiple 
Gates 1-6 

Gate MG Cds 
N E330- 332 

NC780-809 

1 
Gate Multipl icand through 
Multiple Gates to In put 
of Adders CSA A and B 

ND055-236 

Gt CSA C N E334 

l 
Gate CSA C Corry 
and Sum Latche s and 
CSA A Sum Deloy 

N D353-501 

Gt CSA E N E340 

l 
Gate CSA E Corry 
and Sum La tches 
and Sum Deloy 

N D595-757 

l 
Gate CSA F Corry 
and Sum Latches 
and Spil I Adder 

.~0595-757 11 
Wa it fo r COB priori ty l ~DB 

~---~----~ Req 

Cycle Ctr 3 Tgr On N QSOI 

L _________________________ _ 

~--------~ 

Ton Lost Cycle Tgr 
NE 424 

Yes 

, Ton Unit Req Lotch 
NQ501 

• 
- -~--~-----------i 

• 
Ton Unit COB 
Accept T gr 

N Q502 

EXECUTE 
CYC LE 3 

Last Cycle Tgr On 

1. Reset Mple Dcd 
Controls to MG 's 

2. Reset CSA C and E 
NE41 4 

3. Reset Mply Ring 
N E3 10 

Ton Cycle 4 Tgr 
N E422 

Cycle 4 Tgr On : 

l. Reset and RI Result 
Reg 

2. Reset and lg PSD 
N E360 

3 . Start Output Check 

I 

Unit CDS Accept Tgr On 
I . Gate Bus Tags 

NQ503 
2. Reset Unit Busy 

N E1 48 

L -1--- - - -

Ton COB Accept Tgr 
N E432 

Reset Execute T gr 
N E424 

Execute Tgr Off: 
l . Reset Cycle Ctr 

N E434 
2. Reset Lost Cycle Tgr 

N E424 

[ Mply Ring J 
SA o SB 

Mply Ring I 
L ___ -1.'.::E.:.1~~~ 

l 
Sel iVtple Dcd from 
Sk Mply 5 

N E342 
Sel Mply Iteration 5 

N C751 
G ote Bits 0-12 from Sk 
Res Station to lv\ple Dcd 

N C751- 778 End of Mply Iterations \ 

1. Ton Stop Mply ~--------~ 
Osc Tgr 

2. Hold Final Pro~~;oo 1l.., _ ________ "' 
in CSA F until Result I See Diogro m 4 - 234. j 
Reg RI 

. These functions may be delayed one or more cycles 
if COB requests from the FAU ore in process. 

4 . TonResultFullTgr r -------- ~---- -- ----~ 

----~-±----------- J 

C DB CYC LE 

Rese t CSA F 
N E374 

•1r---~------i 
COB Accept Tgr On : 

I . Ton RO Resu lt to COB 
N E410 

2 . Reset Cyde 4Tgr 
N E424 

3 . Reset Result Full Tgr 
N El 50 

c End Op ) 

- - -- - - --- - --- - ------ - -------------- -
DIAGRAM 5- 2 15 . MULTIPLY EXEC UTIO N (SHEET I OF 2) 

5- 2 15 (1 of 2) 



631 I Sk Res Sta (Mpier) I 
8 63 

Sr Res Sta ( Mcond) 

I 

Execute Cycle I Execute Cycle 2 

Gt Mpier Decoder 

Gt Ml thru M6 

I 

I 
_ _J 

I 

I 
I 

I 

I 
I 

I 
I 

I 
- - x 

Mcond OR 

,----------
/ 

I 
I 

I 

M6 

lth 

57 

67 0 

56 67 

I __ __, 

1 
I 

I 

r - --- -

63 
67 

CSA A 

Tre~---- - """--C"."o•oy""'!'L".'th ____ s•,•m•L•th---~-- - --- __ ,_ __ •5•~-0•'•10'---1 
Lth 67 

r----
1 Gt CSAC 

Gt CSAE 

G t CSAF 

~: Timing shown is approximate. 

Multiplier Bil'S Ingoted lo Mu ltiple Decoder 

herotion Cycle Sk Bits 

\ 
\ 
\ 
\ 1 

67 0 67 

CSA D 

c 

67 

P3 67 PJ 67 P3 67 

CSA E 48-60 (57-60 Are O's) 

36-48 
_,.. ______________ L----------1---•s•"m-Do•l.;oy---~ 

Carry Lth Sum Lth 1 
24 - 36 

12-24 

0-12 

Multiply Sequencing and Outgote Con trols 

Cycle 1 

+ 13 

_'-"_;_,_,,_,_,,_,._r,~;g~g•_, ______ N_E_22_6_1-----'J + \
5 +15 

J L Cycle Ctr Ctrl SW NE434 
- 21 

Step Cyc le Counter N E434 h h Clk Even 

Cycle Ctr I Trigger NE436 l 3• 5 

Cycle Ctr 2 Trigger NE436 3J 

Cycle Ctr 3 Trigger NE436 

Cyc le Ctr Reset NE434 

lth 

'!: 
~------------+-------+--------~ 

Rt Shift 12 

P3 67 P3 67 P3 67 
Rt Shift 12 

CSA F 
______ --'°'! ___________ .., 

Corry lth Sum lth 

Cycle 2 

-21 
i.2 Clk 

3• 5J 

P3 

1 

Odd 

l 6• 3 

68 P3 68 

P3 68 
Result Register Inserted for Negative Multiples 

Cyc le 3 

+43 
h Clk 

COB Cycle 

67 

_4,r-'i-----------..... -11 
_L_~_, _c~~-1._r,_;9_9,_, _______ N_E_4_24_+--------------+--- - - - ------6-•_C_lk_,J +o L~1~·~c~"+--o----------------t----~ 

+5 
Uiit Reset Triggel'" 8 • Clk lr--------------+""'ll i • Clk 
----~---------+---------------+----------------!' +16 '--------------+-----N E414 

10 Reset Mui Dec lngotes to MG and CSAC 

Reset CSAE 
11 

12 Reset Mpy Ring 

NE414 

NE414 

NE310 

+29 
9 • Clk 

+27 
8 • Clk 

~ ....... ~~~~--1~~ 
13 _c~y,_1_. _4_r_,;9~~-'--------N-E_4_n_l---------------+-------------6-•_C_lk-+-'J I L~2_9 ___________ __,I-----~ 

- 37 
13 • 2i • Clk NE140 RI Result Regi$ter 

14 -------------- +---------------+--------------!-------' 

NE360 I\ Reset PSO Oly = 1 
15 ~--------------+--+--------------+--------------+-----~ 

16 Reset Result Register NE360 Oly = 4 

17 _G_._ .. _,_~_,_,,_,_ •• _c 1_,~_ .. _l _____ N_E_360_-+-~>~o·_'~-'-~-;, _ ________ -+--------------+------~ Dly = 5 

18 _G_._ •• _ ._s_o _ _ ____ ___ N_E_360_ -+-+--------------+-- - -----------+--------' \ Oly = 6 

19 Gate PA lookahead NE360 _j_ Dly = 9 

20 Start Output Check NE140 

21 Resu lt Full Trigger NEl 40 
+46 

IJ • Clk 
1-1---.. +14 L 30 - 04,_ .... _____________ ...., + 02 

5 • Clk j 1~2_4_•_C_lk ___________ +---------------+----~ NE430 22 Uiit COB Request Trigger 

+27r-------+-------.... +27• 
L Clk 22 • Priority • Clk 23 Uiit Request Latch (Priority) NQ.501 

-09r-- to------------.. -· 
24 _c_o_s_a.._ ,.,_ , ,_._, _______ N_a_~_2-+-_C_G_o•_•_c_o_s_To_~_> _______ -+-------;;---23_._c_1_k~J ~~c-'-'-t--------------~r-----

25 Reset Sk oncl Sr Resid Augn NE"40 
+27 

24 • Clk 

+2 
26 -·-~_·•_'-"_H_~_._r _ _______ N_,_,_~-1---------------+-------\ r-------r----~2~4-·~C=lk 

27 M/D Unit COB Accept NE432 
-23r-----;---------.. -23 

;--- --- --+--------2•_•_C_l_k_,J L'-------t----~ 

28 _•_o_•_•_w_1t_•o_ c_o• _______ N_,_,_10_ 1---------------+----- --1 r------~1------------~27~·~c~"~+00--t~----------.-l~c_1~---+------
29 Reset Cycle 4 Trigger N E424 

+14 

30 _•_~_•'-'-~-"-''-~_1_1 _ ______ N_E_l_~__,l---------------+-------I r--------,1---------------+---'2~7-•~C~lk~ 
-20 

24 • 27• Clk 31 Reset Sk Fr 0 Trigger N E420 

32 -·-~_.,_s_,_,_, _o_r_rig_g_., _ ____ _ N_E_•_w__,1---------------+------~ r-------t--------------+-2~7-•~C~lk~ 

Note: The timing shONn is approximate . For each signol line, the originating clock timing is inclicoted ; 
howevel'", because of inherent circuit delays o given signal may occur severol oof'I05econck later. 

DIAGRAM 5 - 215. MULTIPLY EXEC LIT ION ( SHEET 2 OF 2) 
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Form Y22-6674-1 
FES Y22-6730 

No 

Ton Sr RO to Shifter 
Bus Tgr 

NEl62 
Gate Sr Fraction to 
Bit Shifter 

Ton LSO latch 
NC313 

Gate Sr Fraction 
through Bit Shifter 
with 0 Bit Shift 

Ton Unit Execute Tgr 
NE226 

Unit Execute Tgr On 

Gate Step Cycle Counter 
Ton Start Divide 
Osc Tgr 

NE304 
Gate Select 
Multiplicand Div l 
from Bit Shifter 

NE342 

Start Di vi de 
Oscillator Tgr On 

No 

Yes 

Ton LS l Latch 
NC313 

Shift Sr Fraction 
left 1 Bit Position 

lngate Multiple Decoder 
from TlU Div l 

NE342 
Forms First Reciprocal RO 

Gate Select Multiplicand 
from Bit Shifter Div 1 

NE354 
Sr is on Shifter Bus: Bit 
Shifter Bits 1-59 Are 
Gated to MG Bits 0-58 

No 

Ton LS2 latch 
NC313 

Shift Sr Fraction 
Left 2 Bit Positions 

Ton LS3 latch 
NC313 

Shift Sr Fraction 
left 3 Bit Positions 

\Ons Divide 
Oscillator Pulse 

Gate CSA C 

J NE334 

RO x DO from CSA A 

Divide Oscillator 
Pulses to: 

As Denominator DO Deloy 

/)_ 
lngate Product of 

~~-oo_d_B_(D_ll ___ ~ 

Execute 
Cycle 1 

Ton Cycle Counter 2 Tgr 
Tof Cycle Counter 1 Tgr 

NE436 

Execute 
Cycle 2 

Ton Cycle Counter 3 Tgr 
Tof Cycle Counter,.Tgr 

l. Step Divide Ring 
2. Delay Train 

,--- ----1 

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

IA 

IB 

I 
I 
I 
I 
I 
I 

Decoded Multiples from 
MG 1-6 Enter CSA A 
and B to Become Corry 
and Sum Inputs to CSA C 

Force Sk on Shifter Bus 
NEISO 

Block Sr RO to Shifter 
Su, 

Sk on Shifter Bus 

Off 

Gate Right Bit Shift 0 
NE313 

Gate Sk Fraction through 

Yes 

No 

Gate Right Bit Shift 0 

No 

Yes 

Gate Right Bit Shift 0 
NC313 NC313 

Yes 

Reset Psd 
NE360 

(Not Used) 

Reset Result Reg 
NE360 

Gate Result 
NE360 

Gate PA Output into 
Resu It Reg (00) 

Gate Right Bit Shift O 

Gate Sk Fraction through Bit 
Shifter with left 3 Shift 

NC313 

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

Bit Shifter with 0 Shift 
NC350-369 

Gate Sk Fraction through Bit 
Shifter with Left 1 Shift 

NC350-369 

Gate Sk Fraction through Bit 
Shifter with left 2 Shift 

NC350-369 NC350-369 

2A 

2B 

Gate RS4 
NC350 

Gate Sk Fraction through Bit 
Shifter with Right 3 Shift 

NC350-369 
Ton Right Shift Tgr 

NC314 

Gate RS4 
NC350 

Gate Sk Fraction through Bit 
Shifter with Right 2 Shift 

NC350-369 
Ton Right Shift Tgr 

NC314 

---+------ ---------------------- - - -
I 

I 
I 

l 
Gate Select Multiplicand from 
Bit Shifter Div 1 

lOns Divide 
Oscillator Pulse 

I Sk on Shifter Bus: Bit Shifter NE354 r - -~-__._-~--, 
I Bits 1-59 Are Gated to MG Bits \ Deloy I 
I 0-58 As Numerator NO I I 
I Gote MG 1-6 NEJ30 I 
I Decoded Multiples from MG 1-6 I 
I Enter CSA A ond B to Become 

Carry and Sum Inputs to CSA C I 
I I I L_____ I 

Delay 

I I Delay 

I I 
I I 
I I 
I I 

Delay 

Gate RS4 
NC350 

Gate Sk Fraction through Bit 
Shifter with Right l Shift 

NC350-369 
Ton Right Shift Tgr 

NC314 

.Gate CSA C 

Reset Psd 

(Not Used) 
NE360 

Reset Result Reg 
NE360 

Gate Result I 
j I I Gate PA Output i~t~360 
! ~~:_holo~~~ ~DJ f!J.., Result Reg (DI) 

-----r--- ----+--------------------------------------------------------
! 

Execute 
Cycle 3 

Ton Cycle Counter 4 Tgr 
Tof Cycle Counter Jlgr 

Sheet 2 

1 ~-3~A-~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~~~E!~ __ J 
Sheet 2 

DIAGRAM 5-216 DIVIDE EXECUTION (SHEET I OF 6) 

5-216 (1 of 6) (6/68) 

------------------

Deloy 

Gate Div Xl to MG6 

Gate Select Multiple Decode 
from PA Div 2 

NE342 
Gate Multiplier Decoder 

NC753-777 
lngote Complemented Result 
Register Bits 5-,,, (Rl) into 
Multiplier Decoder 

Gate Select Multiplicand Div 2 
NE354 

Gate Result Register Bits 0-57 to 
Multiple Gate Bits 5-62 (Dl) 

NE350 
Gate Result Register Content$ 
Xl into MG6 during Each Cycle 
that Fol lows 

lOns Divide 
Oscillator Pulse 

1-~--~--- -, 

Gate CSA C 
NE334 

lngate Product af 
R 1 x 01 from CSA A 
ood B (D2) 

I ~setPSD 
': I ~r-
j [ {Not Used) 

I ____ / ~---

NE360 

1 J I i ~ ... jj;l"J'----R-e,_•'_R_e-su_lt_R_e N_g _E3_60-' 

I I 
I I 
I I 
I 
I I 
L~e~~a:.~3~~~ 

Gate Result 
NE36 

Gate PA Output into 
Result Reg (Nl) 



Shee f 1 

r----' ~-~-, 

I 

IOns Divide 
O scillator Pulse 

- ---- - --- -1---------1--- ---r-- -- ------ - - --- -,-- - - """'.--T-- - - ----- ----------

E1eecute 
Cycle-' 

Ton Cycle Counter 
5 Tgr 
Tof Cycl e Counter 
4 Tgr 

N E436 

G a te Se lect Mul tiplicand Div 2 
NE342 

Gote MGl-6 . 
NE330 

Gale Re\ult Register Bih 0 - 57 
to MG2-5 PositiOlls 5-62 (N I) 
Decode Mult iples from MG l -6 
(R I 11 N I ) Enter CSA A ond 8 

~ r~~~~~~-

' I 
Gate CSA C ____.___.... . __ ,11 _ _fl/_ '1 

'1:_ Ingole P1oduct of P. I 11 N 1 
y - __, f1om CSA A and 8 fN2) , .. ~, 

NE334 

- - - --L_ __ 

I Reset PSD 
NE360 L_ (Not U><d) 

I I -----

11 -~~' -•• ,-., .-.,v..._lt R-,g;-,,.,~ 
. rJ ~ _!9 NE360 

L~elay-2_r~~E::~~J __...-r 

10 ns Divide 
O sci ll ator Pulse 

Gate Re~ult 

N(J60 
Gate PA O ul put into 
Result i.l:g i}ler (02) 

- - - - - - - - - - f- - - - - - - - - 1- - - ---i--------- --- ----- - --

Execute 
Cycle 5 

Ton Cycle Counter 
6 Tgr 
Tor Cycle Counter 
5 Tgr 

N E06 

58 

6A 

I 
I 

G a te Select Multiple Decode 
from PA Div J 

NE342 
Gate Multiple Decoder 

NC753-n7 
Gate Result Register Bi ts 
121'.IComplemented (R2) 
into Mult iple Decoder 

Gate Select Mult iplicand Div J 
NE354 

Gate MG l -6 
Gates Result Register Bits 0-50 fa 
MG 2- 5 Positions 12- 62 (D2) 
Result RegiHer Bits 0-67 Enter 
Adder Tree Posit ions 0-67 
through MG6 by Div XI Gate 

Gate Select Mult ipl icand Oivl 
NEJ54 

IOns Divide 
O sei Ila tor Pulse 

Gate CSA C 
NEJ34 

Ingole Product of R2 x D 2 
from CSA A a nd 8 (OJ) 

Gate Result 
NE360 

Gnte PA O utput into 
Re~ult Reg ister (N 2) 

I Gate MG 1-6 NEJJO 

I G ate Result Register Bih o;flto r - - - - - - --, -
MG 2-5 Bit Po\i t ions#l-62. Result _s.:r: I Register Bits 0-67 Are Gated to I De loy I 
Adder Tree through MG6 I 

II ~~~;,<~~d~~1~r~·~ :!? 8, N 2 
11 

': IJ~? Go•• CSA c- NE 334 
:J Ingole Product of R2 1e N2 

from CSA A ond 8 (N 3) 

-'--------- f------ __ .J. __ _ 
I 
I 
I 

---t-------- ---------- -------1-- - --- , -- -- - - - - - ---------

fx• cute 
Cycle 6 

I 
I 
I . 
I 

I 
I 
I 
I 
I 
I 
I 

~-68~~ I I De loy I 

7A 

I I I 
I 1 I 
I : I 
I 
t 

JOns Divide 
O scil la tor Puhe 

r--- --- -, 
1 ~-D.~lo-y~ I 

I 

Reset PSD 
NE360 

(Not U~d) 

Reset Result Register 
N E360 

G ote Result 
NE360 

Gote PA Output into 
Result R~g istu (D3) 

1 
Gate CSA C 

I 
I 
I 
I 
I 
I 
I 

Gate Select Multiple Decode 
rrom PA Div 4 

Gote Multipl e Decoder 
N E342 I 

I 
I 
I 
I 
I 
I 
I 

,__ __ \_ .. I Ingole Product of R~;~; 
~ _1_,o_m_c_s_A_A_o_nd_B_<D_•_l~ 

Ton Cycle Counter 
7 Tgr 
Tof C)'cl e Counte r 
6 Tgr 

N E0 7 

, I 
I 
I 
I 
I 
I I 
I I 
I I 
I 78 I 

NC753- m 
Se t Comple ment or Result Re9i5ter Bits 
21J~nto Mult iple Decode r (RJ) 

Ga te Select Multipl icand Div 4 
NE354 

Gate MG l -6 
NE330 

Result Register Bih 0-41 Are 
Gated to Positions 2 1-62 of MG2-5. 
Re~lt Register Bits 0 - 67 Are G a ted 
to Adder Tr ee through MG6. 
Se lected Mult iples of RJ x 03 
Enter Adders CSA A and 8 

I 
I 
I 

I 
I 

~~'~:'.:~334, .:60J 

I I 

____ ___ _ L_ __ .----_.__-_, - ~----------------------- ~-------------~- -

f1eec ute 
Cycle 7 

ShHt 3 

Ton Cycle Counter 
8 Tgr 
T of Cyc le Counter 
7 Tgr 

N E0 7 

Cycle Counter 8 Tgt O n 

y., N o 
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u 

Sheet 4 

BA 

BB 

v 

I 
I 

_ __ _J 

Sheet 3 or 4 

G ate Sele ct Multipli ca nd Div 4 
N EJ42 

Gate MG l -o 
N E330 

Result Register Bih 0- '41 (NJ) Are 
Gated to Pasit iom 2 1- 62 of MG2- 5 . 
Result R ~i~ter Bits 0- 67 Are Gated 
to Adder Tree through MG6. 
Se lected Multiples of R3 IC NJ 
Enter Adders CSA A ond 8 

IOns Divide 
Osci lla tor Pulse 

t£,, 

NE360 
(Not lhed) 

Reset Result Reghter 
N E360 

'-~~~-~~-~ 

Gate Result 
N E360 

Gate PA Output into 
Result Registe r (NJ) 

-.- ·---

Gate CSA C 
N E334 

Ingot• Product of RJ x N J 
from CSA A and B (N4) 

Reset PSD 
NE360 

(N at U•ed) 

d" Reset Result Register :e_., ~-N~EJ60 

Gote Result 
N E360 

Gate PA Output into 
Result Registe r (0 4) 

5- 216 (2 ol 6) 



Execute 
Cycle 7 

Sheet 2 

Ton COB Request T gr 
NE430 

Sheet 2 

v 

--------- ----------------------------------

Execute 
Cycle B 

Ton Cycle Counter 
9 Tgr 

COB Request Tgr On 

No 

Ton M/D Unit 
Request Lotch 

NQ50l 

M/ D Unit Req Lotch On 

Ton F LIU COB Accept 
NQ502 

9A 

9B 

Block Div X l to MG6 

NE350 

Gate Select Multiplicand Div 5 

NE354 
Gate MGl-6 

Last os~il lator pulse transfers the 

final quotient (N4) from CSA C 

lo the result register. R3 x 04 is 

latched in CSA C but not used 

.. 

Tof Cycle Counter 
B Tgr 

NE437 

All Di vide Ring Tgrs 
Remain On Until La st 
Cycle Reset 

Tof Start Divide Osc Tgr 
NE304 

Stops Divide Oscillator 

Cycle Counter .9 Tgr On 

Execute 
Cycle 9 

Cycle Counter I Tgr ls 
Reset On; All Others 
Reset Off 

Ton Lost Cycle Tgr 
NE422 

- -==-T--~-------
Last Cycle T gr On 

] 
Ton Unit Reset Tgr 

NE414 

l l 
Reset Unit Execute T gr Unit Reset Tgr On 

NCB61 

1 I Reset Multipl ier 

Reset Multiply Ring 
Decoder lngates and 
Multiple Gates 

NE310 NE414 
Reset Divide Ring 

T NE314 

Reset CSA C 

l Reset CSA E 
N E414 

Reset False Start Reset 
NE302 

Starts Multiply Oscillator 

1 
Unit Exec ute Tgr Off 

T 
--i 

Reset Cycle Counter 
NE434 

Ton Cycle 4 Tgr 
NE422 

Cycle 4 Trigger On 

Start Output Check 

Set Result Fu ll Tgr 
N El40 

Reset Short Op Di v. Tgr 
NEl40 

IOns D ivide 
Oscillator Pulse 

,-- --1 
Delay j 

Delay 

De loy 

Deloy 

Delay 

Delay 

FLIU COB Accept Tgr On 

Outgate Togs lo 
COB Tag Bus 

NQ503 

Reset Unit Busy 
N El4B 

Ton Unit COB 
Accept Tgr 

NE432 

Unit CDS Accept Tgr On 

Ton RO Fraction and 
RO Exponent T grs 

NE410 

~----------------·-~--------

COB Cycle 
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Read O ut Result Register 
and Exponent to COB 

Reset Cycle 4 Tgr 
NE422 

Reset Result Full Tgr 
N E140 

End of Operation 

Gate CSA C 

NE334 
Ingole Product of 
R3 x 04 Not Used 

Reset PSD 
NE 360 

Reset Result Reg ister 
NE360 

Gote Result 
N E360 

Gate Finol Quot ient 
(N 4) from PA O utput 
into Result Register 

Gate PSD 
N E360 

Sets PSD Latches to PA 
Lookahead Preparatory 
to Resul t RO to CDS 

Gate PA Lookohead 
NE360 

Gates PA Lookahead 
lo PSD Latches 

I 
~ 

. 4 
~ 



Sheet 2 Sheet 2 

u v 

---,-
1 

----, 
l 

Execute 
Cycle 8 

Toi Cycle Counter 8 Tgr 
Ton Cycle Counter 9 Tgr 

NE437 

ExecutP 
Cycle 9 

T 

l 
Ton Cycle Counter 10 Tgr 
Tof Cycle Counte1 9 Tgr 

NE437 

T 

I 
Cycle Counte1 10 Tgr On 

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 

9A 

SB and not 9A1--------

Delay;d 1 
I 
I 
I 
I 
I 
I 

Gate Sk Div 5 

Gate Result Register Bits 
30-64(D4) Complemented 
into Sk Reservation 
Register Bits 8-43 (RS) 

1 
Block Div Xl to MG6 

NE372 

NE354 
Terminate the Gating of the 
Result Register to MG6 

j 
Gate Select Multiplicand Div 5 

NE354 
This gate remains active through the end 
of the following multiply sequence; it 
gates the contents of the result register 
(N4) into the MGs as the multiplicand 

!------- -----
The lost divide oscillator pulse enters 
the delay train to transfer N4 from 
the CSA C latches through the PA 
into the result register 

I 
Ton Multiply Ring lA through 2B tgrs 

NE310 
Prepare to Start Mply Iteration 3 

i 6--r-1-----] 
! Divide Ring I NE314, 316 ! 
L -1--.:J Toi Start Divide Osc Tgr 

NE304 
Stop Divide Oscillator 

r 

Al I Divide Ring Tgrs 
Remain On Until Last 
Cycle Reset 

l 
Start Mply Oscillator 

NE302 

] 
Gate Mply Oscillator 
Pulses lo: 
1. Step Mply Ring 

NE310 
2. Delay Train 

NE330 

---+---
Mply Ring 
1A-2B Tgrs 
Set by 9A 
Divide 

-, 
I 
I 
I I 

l 
Toi Stop Mply Osc T gr 

NE302 

Stop Mply Osc Tgr Off 

Sel Mui Dec from Sk Mply 3 

Sel Mply Iteration 3 

Gate Bits 24-36 from Sk Res 
Reg to Mui Dec 

NE342 

NC751 

NC751-778 

Sel Mui Dec from Sk Mply 4 
NE342 

Sel Mply Iteration 4 
NC754 

Gate Bits 12-24 from Sk Res 
Reg to Mui Dec 

NC751-778 

NE342 

f J 
i ~ ~ul Dec from Sk Mply 5 

__ l ____ J I Sel Mply Iteration 5 

Ton M, 'D Unit 
CDB Req Tgr 

NE340 

I 
I 
I 
I 

NC751 
Gate Bits 0-12 from Sk Res 
Reg to Mui Dec 

NC751-778 

End of Mply Iterations: 
1. Ton Stop Maly Osc Tgr 

NE300 
2. Hold Final Quotient (N5) in 

CSA F Until Result Reg Read-In 

- ---~ ----------!--------- --- - ---- ----

v ctJ 
Sheet 5 

IJIAG!~AM 5-216, DIVIDE EXECUTION (SHEET 4 OF 6) 

r 
10-ns Divide 
Oscillator Pulse J ,-- ---, 
[ 

l 

l 

l 

Delay J I 
I 

Deloy J 

Deloy J 

Delay l 

I 
I 

I 
I 
+ 
I 
I 
+ 
I~ 
I~ 
I 

Multiply Oscillator 
Pulse 

l 
Gate CSA C 

Form Y22-6674-1 
FES Y22-6730 

NE334 
Ingole Product of 
R3 x D4 Nat Used 

l 
Reset PSD 

NE360 

l 
Reset Result Register 

NE360 

l 
Gate Result 

NE360 
Gate PA Output (N4) 
into Result Register 

Gt Mplr Decode~E308 

r--- ---, 
1 
~~~ 

Delay 

Delay 

Delay 

Delay 

I 
I 
I 

I 
I 
I 
I 
I 
I 

--r-
1 
I 
I 
I 
I 

I 
L ____ - --- _J 

Ingole Selected Mplr 
Bits into Mui Dec; 
Decode Shift Controls 
to MG 1-6 

NC780-809 

Gt MG Cds NE330-332 

Gate Multiplicand (NS) 
through Multiple Gates 
to Input of Adders 
CSA A and B 

ND055-236 

Gt CSA C NE334 

Gate CSA C Carry and 
Sum Latches and 
CSA A Sum Delay 

ND353-501 

Gt CSA E NE340 

Gate CSA E Cmry 
and SuM Latches 
and Sum Delay 

ND595-757 

Gt CSA F NE342 

Gate CSA F Carry 
and Sum Latches 
and Spil I Adder 

ND595-757 

(6/68) 5-216 (4 of 6) 



Exe cute 
Cycle 10 

Sheet 4 

w 

Ton Cy cle Counter 
11 Tgr 
Tof Cy cle Counter 
10 Tgr 

NE437 

Cycle Counter 
11 Tgr On 

Sheet 4 

Unit COB Request 
Tgr On 

N~0 LIU COB Priority 
NQSOI 

Yes 

Ton M/O Unit 
Request latch 

NQSOI 

M/D Unit Request 
latch On 

Ton FLIU CDB 
Accept Tgr 

NQ502 

Ton Lost Cy cle Tgr 
NE422 

-- - - - - -- ----------- -------- -- -- - - -- "-- -- - -- - - --- - ------- r--- -

Execute 
Cycl e 11 

Cy cl e Counter l Tgr Is 
Reset On; Al I Others 
Reset Off 

FLIU CDB 
Accept T gr On 

Outgote Tags onto 
CDB Tog Bus 

NQ503 

Reset Unit Busy 
NEl48 

Ton Unit COB 
Accept Tgr 

NE432 

Unit COB 
Accept Tgr On 

Ton RO Fraction and 
Exponent T grs 

NE410 

Ton Cycle 4 Tgr 
N E422 

Cycle 4 Tgr On 

~~ 
~-----------

Start Output Check 
NE140 

Ton Re sult Full Tgr 
NEl40 

Gate RI Resu lt 
Registe r 

, NEl40 

r---- - -- , 
De lay l l 

I 
_l 

I 

Del ay J l 

Delay J 

Delay J 

Delay J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 

~ 

l 
Reset PSD 

NE360 

l 
Reset Resu lt Register 

NE360 

l 
Gate Result Regi ster 
and Reset CSA F 

NE360 
Gate PA Output in to 
Result Reg ist er (N S) 

J 
Gote PSD 

NE360 

] 
Gate PA Lookahead 

NE360 
Sets PSD 

last Cycle Tgr On 

Ton Un;t Reset Tgr l 
NE414 I 

Reset Unit Execute Tgr 
NC861 

Reset Mu lti ply Ring 
NE310 

Reset Divide Ring 
NE314 

Reset Folse Start Reset 
NE302 

Starts Mply Oscillator 

un;t Execute Tgr Off J 
1 

Reset Cycle Counter Tgrs 
NE434 

l 
Unit Re se t Tgr O n 

] 
Reset Multiplier De coder 
lngates a nd Multipl e 
Gates 1-6 

NE414 

l 
Reset CSA C ond E 

NE41 4 

------------------+------------------------------------------ --------

CDB 
Cy cle 

Note: 

Reod Out Re su lt 
Reg to CDB 

Reset Cycle 4 Tgr 
NE432 

Reset Resu lt Fu ll Tgr 
NEl40 

] 
End of Operation ) 

Functions generated through the de lay train, shown in 
exe cute cycle 9, extend into execute cycl e 10. 
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See Diagram 5-2 19 
for post-shift decoding 
and post sh ift duri ng 
result read-out 



Line Title 

1 Unit Full 

2 Sk and s~ Normalized 

3 ROS· to SHfter Bus 

4 U·1it Execvte Tgr 

5 Start Div Osc T gr 

6 +Divide Osc Pul>e~ 

- Divide Osc Pulses 

-Divide 10 ns 

-Divide 17 .5 ns 

10 -DiVide Divider I 

11 Divide Ring 

12 Gt Bit Shift latch 

13 Sr on Shifter Bus 

14 Bit Shift latches {3) 

15 Force Sk on Shifter Bus 

16 Gt Right Shift Latch 

17 Right Shift latch 

18 Sel Mui Dec from TLU Div I 

19 Sel Mui Dec: from PA Div 2 

20 Sel Mui Dec from PA Div 3 

21 Sel Mui Dec from PA Div 4 

22 Gt Sk Div 5 

23 Gt Mul Decoder 

24 Gt Sel Mcand Div -I Bit Sh 

25 Gt Sel Mcand Div 2 

26 Gt Sel Mcond Div 3 

27 Gt Sel Mcand Div 4 

28 Gt Sel Mc:ond Div 5 

29 Gt Mui Gates (MG) 

30 Gt CSAC 

31 Reset PSD 

32 Reset Result Reg 

33 Gate Result (RI) 

34 Gate PSD 

35 Gate PA Lookahead 

36 Gate Tree to PA loop 

37 Gate Div X 1 to MG4-6 

38 Cycle Counter Sw 

39 Step Cycle Counter 

4D Cycle Counter Tgrs 

41 Lost Cycle Tgr 

42 Unit Reset Tgr 

43 Reset Div Ctr and Divider 

44 Reset FS Reset T gr 

45 Cycle 4 Tgr 

46 Result Full Tgr 

47 M/D COB Accept Tgr· 

48 Unit Req Latch 

49 FLIU COB Accept Tgr 

50 Reset Residue Assigned Tg~ 

51 Reset Unit Busy 

52 Outgate Sk Togs 

53 Unit COB Accept 

54 RO Fraction ond Exp Tgrs 

ALO 
Page 

NE162 

NE226 

NE304 

NE306 

NE306 

NE306 

NE306 

Select or Normalize Cycle Execute Cycle 1 Execute Cycle 2 Execute Cycle 3 Execute Cycle 4 Execute Cycle 5 Execute Cycle 6 Execute Cycle 7 Execute Cycle 8 Execute Cycle 9 

..... ---------------+-----------------+-----------------,...---------------+----------------+-----------------1-----------------1-----------------+-----------------1--------~ 
t----1 • 2 • Clk---... ------•4• Clk f-----------~1•2eClk ________ "'"' ___________ .... __________ .,. __________ "'"' ___________ .... __________ .,. __________ "'"' ___________ ..,._~.Sh0pDiveClk 

!----------------_________... 4 eC!k --------·----------.. ------------+-----------·-----------+-----------+-----------·--------98 Div Ring 

!----------
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-;+oo-----------+--------4• 9. 10-----+- __ 4. 9• ra _____ .,.. ____ 4. 9. 10 ____ 4. 9. w---------+-~------ ~ 
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NE364 \l+to----------"l"'---- lA Div Ring 

NC313 

NE180 

NE364 

NC314 

f---------3-------•15 f--------------... ,.;;~-et•i•f5m'•"•o'•'-•'o"•'•o•ot•a··'°'•hmigmh•-o•td•e•t•.•.ta•b•itm) ______________________ .. __________ -1' ________________________ "'" __________ -1' ____________ .. _____ 
42

.c
1
k 

l----------~----------1 JA Div Ring _______________ 28 Div Ring 

1-----------+------- lS Div Ring ___ .,. __ 2A Div Ring 

~-----------1-----------'--+-~-·-•o.omly•H•b•it•'•hf•ft•l~-'•h•i••o•o•o•od•S•k•fr•o'•'•'o•o•ov•e•tfl•~•'•)------+-----------... ----------'""'-----------+-----------... -----------1'------ 42 •Clk 

NE342 ;+oo-----------+------------!--2A Div Ring 
NE342 

NE342 

NE342 

NE372 

NC753-777 

NE354 

NE354 

NE354 

NE354 

NE354 

NE330 

NE364 

NE350 

f-------------+----------2A Div Ring---------+----------- 4A Div Ring 

f--------------+-----------t-------------------t-~------4A Div Ring -.-----------+--------6A Div Ring 

r------------~ ----~------------+-------------+-------------+---------- ----<---~ 

6A Div Ring ___ ,.. ___________ +----•8A Div Ring 

-----------+----------------t-----------t-------------t-------8A Div Ring _ .. ____ 9A Div Ring 
(RO) (RI) (R2) (R3) 

>-------------- 9 • 10 • 18 -(from TLU)_f----------- 9 • 10 • 19 -{from Result RegL----+-------9 • 10 • 20 --.... •------------+---9 • 10 • 21 -

1------------+-- 5 _._._._._._.,..._._._._._._._._ .. +-3A Ofv Riog 

l-------------+-----------+--------3A Div Ring 5A Div Ring 

-------+---~'--j --------+--------------j------- ----+-----SA Div Ring __ .., _________________ 7A Div Ring 

---------+-- 7A Div Ring ______ ., __________ ,.. ..... 9A Div Ring 

f------------t----------------1------------+---------------->------------- --+---------------i------------+-------------9A Div Ring _________ ..., ____ __ 
(Nl) (D2) (N2) (03) (N3) 

----------+-- 9 deloyed ~ 
f-------------t---- 8 delayed 

r-.-- ---- ----- ------------1-- 8 delayed 

f-- --------------+-- 31 delayed 

-
(NO) 

01 ---
f---------------t--- 32 delayed - -

(DI) 

Nl -
-

01 -
>------------+-- 33 delayed -----~1---------'--------+-----"-"""""-----

>------- -------+-- 34 delayed - -

02 

NJ 

N2 03 N3 04 N4 

-- --- 02 - N2 - 03 - N3 - 04 - N4 

- - - -

COB Cycle 

e-------------+--------"_0_'·_'_'"_'_·_·_·_·_•r·-·_·_·~---·_·_·_·_·_·_·_·_·_·_·3A-o·,.·,-i1~.-.·.,·a,· .• ·-.. ·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.~~--·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.~~--·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.~~·-·.·.·.·.·9·A·o·,.·,·,"·.----·r ljm----------.... ----------"l"'--•Even Count• Clk Odd Count• Clk--------·---Even Count• Clk Odd Count• Clk --------·---Even Count• Clk Odd Count• Clk ________ .,.. ___ Even Count• Clk Odd Count• Clk ________ .... __________ .., NE434 

Odd Even ~ Even Odd .,!;:.en Odd 

------C,-c-le_C-J-o-uo-te-,-,-------"1---f--Cy-,-,,-,-o-un-te-,-2-----'I--L-+-C-yc-le_Co_u-nt-_,-3----"J---f--C-y-cl-e-C-ou-nt-.-, .---•j_----l-c-::-,-,-le-,Co:--u-o-te-,-:--5---'j_~-'--l--C-::-y-,-c-,,-cC:--ou_o_te-,-.-----j_~--f--C-y-cl-e-C-ou--o-te-, 7-----'_J--L--+--,-,,-,.-Co-u-nt-.,-.--~•_J-- Cycle Counter 9 J. Cycle Counter I 

Even 
NE434 t------

NE436-437 

NE422 

NE414 

NE314 

NE302 

NE422 

NEl40 

NE430 

NQ501 

1,. _______ ..,._ ... ;;;.;~;;,;;;,,;,. _____ .... __ .joiiliitiiioiiiiiiiitiiio ... __ _. __ -+ ........... ____ .._ __ +-________ ... __ .,. .. __________ -1' .. -----------i-o-------""--"'"----------.. --1-------------~ ...................... -T4 
f------------+------------+------------+-----------+------------+-------------+-----------+-----------+-----~·ShOpDiv•Clk ... _________ 4.c1~ 

41 eCllk ----------"'"'•Clk 

l-------------+------------+-------------+-------------ic------------+------------t-------------1------------t------------t---42eClk ~ 

l--------------+-----------j-------------+------------+--------------j------------j------------t--------------t-----------t---42eClk ..... 

f------------+-----------+-----------+----------+-----------t-------------+----------+-------------j----------~•1blk _________________ .,.~53eClk 
l-------------+------------+-------------+----------~r--~---------+-------------r--------------1------------t------------t----~-~•Clk~,__53.c1k 

l--------------+-------------t---------~--+----------~t-------------+------------+--------------j--------'40eClk -+----l,jttttl-------~49oClk 

1----(~Fl~IU,_CocD,_,B'--'Pt-"i"~-"it")---+------------+-------------+------------r------------+-------------r-------------i----------- 47 e Priority eClk ------• IC'lk 

N0~2 l-------------+------------+-------~-----+-----------1------------+--------------t--------------ic-------------t-~------~·Clk .. .jo-------.... s3eClk 

NE148 

1--~---------+------------+-------------+---------~-+-------------+-----------+------------+-------------t----------~1----~·9 ....... 

f------------+------------+-------------t------------l------------+------------+-------------11------------+------------+-----49 ....... 

NQ503 f------------t------------t-------------t------------r---------------j---------------t--------------iC--------------j---------49 ..... __________ 49 

NU32 f------------+------------t-------------t-----------l--------------t------------+-------------ll------------+------------t----49•Clk 

NE410 f------------t------------t-------------t-----------+------------+-----------t------------+-------------+--------------+--------53eClk 

Note: Because of circuit delays, the timing shown is approximate. 
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End of Select Cycle 

Ingole Source or Sink 
Reservation Station from 
FLBB, FLRB, or CDB 

No 

= 0 (Positive Sign) 

= 1 (Negative Sign) 

Set Source or Sink 
Reservation Station 
Sign Latch 

NC890 

Compare Sink and 
Source Signs 

NC891 

Set the Unit (X) 
Result Sign Latch 
(Result Sign -) 

Yes 

NC891 

Multiply/Divide 
Execution Cycles 

Read Out Result to COB 
NE410 

End Result Sign 

DIAGRAM 5-217. FMDU SIGN CONTROL 

5-217 

Reset Source or Sink 
Reservation Station 
Sign Latch 

NCB90 

Reset the Unit (X) 
Result Sign Latch 
(Result Sign +) 

NC891 

Set When Unit (X) 
Has COB Priority 

l. Result Sign Transfers 
to COB as Bit 0 

2. Bit 0 = 0 if Result 
Sign is+ 

3. Bit 0 = 1 if Result 
Sign is -



Start Execute Cycles 
Ton Un it Execute Tgrs 

Unit Execute Tgrs On 

N o 

Ton Exponen t Execute T gr 
Ton Exponent Cyc le 2 Tgr 

NC862 

End of Select Cycle 

Yes 

s, 
Unnormol ized 

On 

No 

I . Reset Sk Unn T gr 
2. Execute Div by 

Zero Sequence 

Update Sk Exponent (Sk -SD ---+Sk) 
1. RO Sk Ex ponent to Exponent Adder 
2. lngote Complemented Contents of Sh ift 

Doto Reg into Exponent Adder Sr Side 
3 . Gate Ho t 1 to Exponent Adder 
4. lngot e Ex ponent Adder Sum into 

Sk Reservat ion Reg 
5. Tof Hot Shifter Bus Sk Tg r 

Yes 

No 

Sk Yes 

N ormol ize Sr Fra c tion 
l RO Sr Fract ion to Shifte r Bus 
2 . Shift Fraction left to Eliminate 

High- O rder Zero Dig its 
3 . lngote Normalized Fraction 

into Sr Reservation Register 
4 . T of Sr Unnormo l ized T gr 

Start Sr Exponent Update 
l. lngote Digit Amo unt into 

Shift Doto Register 
2. Ton Hot Shifter Bus Sr T r 

N o Funct ion 

Unnormal ized >----------~-------------~ 
Tgr On 

N o 

N orma lize Sk Froction 
I . RO Sk Fraction to Shifter Bus 
2. Shift Fract ion l eft fo Elimina te 

High-Order Zero Dig its 
3. lngote Normalized Fract ion 

into Sk Re servation Reg 
4. Tof Sk Unnormol ized Tgr 

Start Sk Exponent Update 
l. lngote Dig it Shirt Amount 

into Shift Dato Reg 
2. Ton Hot Shifter Bus Sk Tgr 

Update Sr Exponent (Sr - SD --..Sr) 
I . RO Sr Exponent to Exponent Adder 
2. lngote Complemented Contents of Shift 

Doto Reg into Exponent Adder Sk Sid e 
3. Gate Hot 1 to Exponent Adder 
4. lngote Exponent Adder Sum into 

Sr Rese rvation Rtg 
5. Tof Hot Shifter Bus Sr Tgr 

No Function 

Yes 

Yes 

Update Sk Exponent (Sk - SD - sk) 
1. RO Sk Exponent to Exponent Adder 
2. lngote Comple me nted Contents of Shift 

Doto Reg into Exponent Add e r Sr Side 
3. Gate Hot l to Exponent Adder 
4. lngote Exponent Adder Sum into 

Sk Reservat ion Reg 
5. Tof Hot Shifter Bus Sk Tgr 

Update Sr Exponent (Sr - SD -.Sr) 
I . RO Sr Exponent to Exponent Adder 
2 . lngote Complemented Contents of Shift 

Doto Reg into Expone nt Adder Sk Side 
3. Gate Hot 1 to Exponent Adder 
4. lngote Exponent Adder Sum into 

Sr Reservation Reg ister 
5. Tof Hot Sh ifter Bus Sr Tgr 

,-----~-----, ------------------ --- --- ---- - -----------------------------
Exponen t Cycle 2 T gr On 

Exponent 
Execute 
Cycle 2 

Gat e Sr Exponent True 
(Compute Sk +S,) 

Mply 

Gate Sk Exponent 
Reset Sr Exponent 
for Exponent PA 

Div 

Gate Exponent PA to Sr 
NC85 1- NC853 

Ton Exponent Cycle 3 Tgr 
Tof Exponent Cycle 2 Tgr 

N C862 

G ate Sr Exponent 
Complement 
(Compute Sk - s,) 

--------------~------------,-----~-----, ---------------------------------

Exponent 
Execute 
Cycle 3 

Comput e Sl - I --+ Sk used if product is 
post - norma l ized whe n outgated to COB . 

See N ot e 

' Gate Sr True 
NC851 

Reset Sk for Exponent PA 
Gate Ex1xment PA to Sk 

N C852 

Tof Exponent Cycle 3 Tgr 
NC 862 

End Exponen t Execute 

Exponent Cycle 3 Tgr On 

Mply Div 

Compute Sr + 0 

Gate Sink Block 
to Exponen t PA 

Gate Sr True 

Yes 

NC851 
Reset Sr for Exponent PA 
Gate Exponent PA to Sr 

N C851 - N C853 

Ton Exponent Cyc le 4 Tgr 
Tof Exponent Cycle 3 Tgr 

N C862 

Gate Hot I 
to Exponen t PA 
(Compute s , +I) 

,-----~----, ---- ---------- --------------------------------------~----------1--- ,--EGx-apo-te-ne-Sn-,t-T:-~.L..°-l e-4-Tg_'_O_n_,._ .. ___ ..,....,._ .,.. _ ___ ,..._...,...,"'I 

Compute Sr + 1-.. Sk used if product 

N ote : The absence of on active ingote or sink b lock contro l to the Sk 
side of the exponent odder causes on a ll 1 's str ing to ingote to the Sk 
side . The a ll l ' s st ring is th e 21s complement of + I . Therefore, during 
mult iply exponent exe cut e cycle 3, when g a te Sr true is the on ly active 
ingat e to the e xponent PA , the sum gated to the Sk exponent reservation 

reg ister is Sr- I . 
The a c tive st a tus of the b lock sink cont ro l suppresses the a ll l' s st ring 

and a llows the hot 1 to ente r as + l . 

DIAGRAM 5- 2 18 . FMDU EXPON EN1 EXECUTIO N 

Exponent 
Execute 
Cycle 4 

J_ __ 

Got e Hot 1 to is right shifted when o utgated to COB 
Exponent Adder 
Gate Sk Block 
Reset Sk for Exponent PA 
Gat e Exponent PA to Sk 

N C851- N C853 

Tof Exponent Cycle 4 Tgr 
N C862 

End Exponent Execute 

5- 2 18 



I. 
Indicates that the resu lt 
of a divide operat ion is 
greater than one and 
must be shifted r ight one 
dig it to return it to 2. 
fra ction form 

No 

'Read In Resu lt Reg ' Acti11ates a 
Deloy Train which: 
1. Resets PA Lookahead a nd 

Post-shift Decode Latc hes 

2. Ac t ivates lngotes to the 
Post-shift Decode latches 

NE360 

NE360 
3. Ga tes PA lookahead l ogic to 

Post-shift Decode latches 
NE360 

Yes 

Execution Cyc le 

Mply Div 

No 

1 . Post-shift Decode latc hes 
Rema in latched Un ti I Reset 

2. During COB Cycle , 'Read O ut 
Fra ction' G a tes the Dec oded 
Shift Signal to the Post Shifter 

3 . During the COB Cycle, 1Reod 
O ut Resu lt Exponent ' Gates 
De code latches to Select 
Correct Resu lt Exponent 

Off 

I . G a te Post - shift Decoder latches 
to Post Shifter and Exponent 
Outgate Contro ls 

2 . Exponent Selection and Shift Are 
Controlled by Resul t Register 
Bits 0 - 4 {via the PA lookohead) 

NE410, NC884, NC885 

= 1 (Di vide O ve rflow) 

=O 

Re sult Reg ister Conte nts Are I. Result Reg ister Contents Are 
Gated through Post Shifter, Gated through the Post Shifter 
Shifted Right O ne Digi t , and with a Ze ro Shift and Placed 
Placed on the COB on the COB 

NEOOO NE004 
Sk Exponent Register Contents 2. Sr Exponent Register Contents 
Are Ga ted to the COB Are Gated to the COB 

NC884- NC885 NC884- NC885 

End Post Shifting 

Doub I e (Long) 

No 

' Divide lOns• Pulse Act ivates a 
De lay Train which: 
I . Reset PA Looka head a nd 

Post-shift Decode latches 

2 . Activa tes lngotes to the 
Post-shift Decode Latches 

NE360 

NE360 
3. Gates PA l ookahead logic 

to Post-shift Decode latches 
NE360 

Multiply or Divide I. Result Register Contents Are 
Ga ted through the Post Shifter, 
Shifted left One Digit, a nd 
Placed on the COB 

NE002 
2. Sk Expone nt Registe r Contents 

Are Ga te d to the COB 
NC884- NC885 

Form Y22-6674-1 
F ES Y22-6730 

Con occur only on 
multiply operatiom 

Result 

Register ._,___.__.__,__.____,_-l.--'~'-'--'--'--'--'--'--l.--'--''--'-'--'--'--'---'--'--'---'~'--L--'--'--'---'--'--'---'~'--'--L-'--'--'---'--'--'-__JL-L-L_j__L_L__L_L__l_.l__JL-L_l_j__L_j__L_L......L__J~L-L_L_j__L_j__L_J 

Post 
Shifter 

In 

O ut 

DIAGRAM 5-219. FMDU POST- SHI FT DECODING AND POST SHIFTING 

See Note 

(6/ 68) 5-219 



D;ogroms 5-201, 5-202, 5-209 

No 

D;ogrom 5-216 
Sheet 2 

Yes 

1, Ton 
GWF CDB 
FLB 1 Tgr 

NQ625 

1 .Set CDB 
Tog to 0000 

NQ503 

End Op 

Yes 

1.Ton 
GWF COB 
FLB2 Tgr 

NQ625 

Yes 

1.FLB I CDB Req 
NQ631 

2. Ton CDB Acpt 
FLB I Tgr 

NQ507 

I . Block FLB 1 CDB Req 
NQ631 

2. Tof GWF CDB FLBI Tgr 
NQ625 

3. Tof F/E FLB I Tgr 
NQ627 

4. Toi Cone el FLB 1 Tgr 
NQ623 

5. Toi GWF FLBB FLBl Tgr 
NQ621 

6. Ton FLB 1 to CDB Tgr 
NQ507 

7.Ton FLBl Release Tgr 

NQ629 

8. Set COB Tog to 0001 

1. Toi COB 
Acpt FLB 1 

NQ505 

Tgr NQ507 

DIAGRAM 5 - 220. OUTGATES TO CDB (SHEET 1 OF 2) 

5-220 (1 of 2) 

Yes 

1. Ton 
GWF COB 
FLB3 Tgr 

N0625 

Yes 

I. FLB2 COB Req 
NQ631 

2. Ton COB Acpt 
FLB2 Tgr 

NQ507 

1, Block FLB2 CDB Req 
NQ631 

2. Tof GWF CDB FLB2 Tgr 

3.Tol F/E FLB2 Tgr 
NQ627 

4, Tof Concel FLB2 Tgr 
NQ623 

5. Tof GWF FLBB FLB2 Tgr 
NQ621 

6.Ton FLB2 to COB Tgr 
NQ507 

7. Tan FLB2 Releme Tgr 
NQ629 

8. Set CDB Tag to 0010 

NQ505 

Yes 

Yes 

1. Ton 1. Ton 
GWF COB 
FLB4 Tgr 

N0626 

GWF COB 
FLB5 Tgr 

NQ626 

Yes 

Yes 

I. FLB3 COB Req 1.FLB4 COB Req 
NQ631 NQ631 

2. Ton CDB Acpt 2. Ton COB Acpt 
FLB3 Tgr FLB4 Tgr 

NQ507 NQ506 

I .Block FLB3 CDB Req I. Block FLB4 CDB Req 
NQ631 NQ631 

2.Tof GWF CDB FLB3 Tgr 2. Tof GWF CDB FLB4 Tgr 
NQ626 

3.Tol F/E FLB3 Tgr 3.Tof F/E FLB4 Tgr 
NQ627 NQ628 

4. Tof Cancel FL83 Tgr 4. Toi Cancel FLB4 Tgr 
NQ623 NQ624 

5.Tol GWF FLBB FLB3 Tgr 5. Toi GWF FLBB FLB4 Tgr 
NQ621 NQ622 

6.Ton FLB3 to CDB Tgr 6. Ton FLB4 to COB Tgr 
NQ507 NQ506 

7.Ton FLB3 Releose Tgr 7. Ton FLB4 Release Tgr 
NQ629 NQ630 

a .Set COB Tag to 0011 a.Set COB Tag to 0100 

NQ505 NQ505 

End Op 

Yes 

1.FLB5 CDB Req 
NQ631 

2. Ton CDB Acpt 
FLB5 Tgr 

N0506 

I .Block FLB5 CDB Req 
NQ631 

2. Tof GWF CDB FLB5 Tgr 
NQ626 

3.Tol F/E FLB5 Tgr 
NQ628 

4, Toi Cancel FLB5 Tgr 
NQ624 

5. Tof GWF FLBB FLB5 Tgr 
NQ622 

6.Ton FLB5 to CDB Tgr 
NQ506 

7.Ton FLB5 Release Tgr 
NQ630 

a.Set COB Tog to 0101 

1,Tol COB 
Acpt FLB5 

NQ505 

Tgr NQ506 

1.FLB6 CDB Req 
NQ631 

2, Ton CDB Ac pt 
FLB6 Tgr 

NQ506 

I . Block FLB6 CDB Req 
NQ631 

2.Tof GWF CDB FLB6 Tgr 
NQ626 

3. Toi F/E FLB6 Tgr 
NQ628 

4.Tof Cancel FLB6 Tgr 
NQ624 

5.Tol GWF FLBB FLB6 Tgr 
N0622 

6. Ton FLB6 to CDB T gr 
NQ506 

7.Ton FLB6 Release Tgr 
NQ630 

a.Set CDBTag to 0110 

1.Tol CDB 
Acpt FLB6 

NQ505 

Tgr NQ506 



Diagram 5-216 Sheet 1 

l.FADCDB 
Req Unit 1 

NA085 

No 

I. FAD CDB 
Req Unit 2 

NA085 

1. Block COB Req A2 Unit 
N0501 

2. Block CDB Req A3 Unit 
N0501 

3. Ton CD Bus Acpt Al Tgr 
N0503 

4.Tof Al COB Req Tgr 
NA085 

5. Tof Al Busy Tgr (NI) 
NQ562 

l.SetCDS Tags to 1010 
NQ503 

2,Tof Al Busy Tgr (N3) 
NA003 

3. Ton Al Unit COB Acpt 
Tgr NA093 

4.Tof CD Bus Acpt Al Tgr 

NQ503 

I .RO Result to CDB 
NA129 

2.Tof Al CDS Acpt Tgr 

NA093 

DIAGRAM 5-220, OUTGATES TO COB (SHEET 2 OF 2) 

Yes 

I. FAD COB 
Req Unit 3 

NA085 

No 

1 .Block CDS Req Al Unit 
NQ501 

2 .Block CDS Req A3 Unit 
NQ501 

3.Ton CD Bus Acpt A2 Tgr 
NQ502 

4.Tof A2 CDB Req Tgr 
NA085 

5. Tof A2 Busy Tgr (Pl) 
NQ562 

I .Set COB Tags to 1011 
NQ503 

2. Tof A2 Busy Tgr (P3) 
NA019 

3.Ton A2 Unit CDB Acpt 
Tgr NA093 

4. Tof CD Bus Acpt A2 Tgr 
NQ502 

I .RO Result to CDS 
NA129 

2. Tof A2 CDS Ac pt Tgr 

NA093 

NE402 

Yes 

1.M/D Unit 1 
Req CDS 

NE430 

1.Block CDS Req Al Unit 
NQ501 

2. Block CDS Req A2 Unit 
NQ501 

3.Ton CD Bus Acpt A3 Tgr 
NQ502 

4. Tof A3 CDS Req Tgr 
NA085 

5. Tof A3 Busy Tgr (Ql) 
NQ562 

1.Set COB Togs to 1100 
NQ503 

2. Tof A3 Busy Tgr (Q3) 
NA035 

3.Ton A3 UnH CDB Acpt 
Tgr NA093 

4. Tof CD Bus Acpt A3 Tgr 

NQ502 

l . RO Resu It to CDS 
NA129 

2. Tof A3 COB Acpt Tgr 

NA093 

End Op 

Yes 

1. Block Unit 2 Req COB 
N0501 

2. Ton CD Bus Ac pt 
M/Dl Tgr NQ502 

3. Tof M/D I CDB Req Tgr 

NE430 
4,Tof M/D I Busy Tgr (Ll) 

NQ563 

1 .Set CDB Tags to 1000 
NQ503 

2 .Reset M/D I Unit Busy 
Tgr (L3) NEI02 

3. Ton M/D l Unit CDB 
Acpt Tgr NE432 

4. Tof CD Bus Ac pt M/D 1 
Tgr 

NQ502 

1 .RO Result to CDB 
NE410 

2.Tof M/DI Unit Acpt 
Tgr 

NE432 

Form Y22-6674-1 
FES Y22-6730 

1.M/D Unit 2 
Request CDB 

2. Ton M/02 CDS 
Req T 9• N E430 

l .Block Unit 

2,Ton CD Bus 
M/02 Tgr 

I Req COB 
NQ501 

Acpt 

NQ502 

3.Tof M/D2 CDB Req Tgr 

NE430 
4.Tof M/D 2 Busy Tgr (Ml) 

NQ563 

1 .Set CDB Togs to 1001 
NQ503 

2 .Reset WD 2 Unit Busy 
Tgr (M3) NE122 

3.Ton M/02 Unit CDS 

Acpt T gr N E432 

4.Tof CD Bus Acpt M/02 
Tgr 

NQ502 

1. RO Result to COB 
NE410 

2. Tof M/D 2 Unit Acpt 
Tgr 

NE432 

Yes 

(6/68) 5-220 (2 of 2) 



Form ¥22-6674-1 
FES Y22-6730 

Fraction Residue and Parity 

Bus 

Shift Data 

Source 1 
Register 

Shifter 

Multiple Gates~ X x 

Carry Save 
Adder Tree 

x 

Sink 1 
Register 

Multiplier 
Decode 

Table Look 
Up (Divide) 

Res 
Tree 

Sr 1 Parity 

(2) 

Combine OR 

0 2 

Parity 
Tree 

Sk 1 Parity 

(l} 

Input Parity 

Loop 

x x 

Mull Gate 
Spill Res 
(Divide 1) 

Spi II 
Adder 

(SA) 
Hdwr 
Error 

Multiplied 
Residues 

Output 
Residue Tree 

(5) 

Hdwr 
Error 

(7) 

Div X 1 

Pre Shift 
Residue 
Com re 

(8) 

Error 

Error 

Adiust for Spill (5) 

Exponent Error Checks 

In Bus 

Prop Adder 

RR 

Shifter 

Underflow and 
Overflow 

Parity Predict 

(14A) 

Output 
Parity 

Source 1 
Register 

Spi II 
Adder 
Error 

( 10) 

String Check 
(Divide) 

( 9) String Error 

Parity 
Predict 

(14A) 

Sink l 
Register 

Rslt 
Res id 
lnva I 

A 

Hdwr 
Error 

(7) 

( 

Sr l 
Parity 

Hdwr 
Error 

Rslt Resid 
lnval B 

(7) 

Sk 1 
Parity 

x x 
Common ._ __ .J.---------l------_...--1--------------+--+----------.... Data Bus 

Par Shift Data Register True- Comp 
Controls 

Parity 

Tree Exponent Adder 

( 13) 

Shift 
~--------1 .. Data 

Error 

DIAGRAM 5-221. MULTIPLY/DIVIDE ERROR CHECKING 

5-221 (6/68) 

Parity 
Tree 

( 12) 

~---------Adder Error 

( 14) 

'-------ii .. Exponent 
Output 
Parity Error 

x 

(5A) 



+565F -- G09 Q 
--JOB LJ 

+C66F -- G06 1.:1 
LJ NC620 

r:l B3D4 

+C65F -- J03 LJ 
+566F .-- J02 r:l 

--G02 LJ 
1l 

+567F==~~ G 
+C64f-- GlO G 
+C67f- Jll G 

NC623 
B3D4 

J13 

I 
G13 

Jo• I 

-------0 
_,__ _____ -1 

-f-f-------2 

MG Spill+ 

DIV Xl 
from sheet 3 

I 
I ._O Mplied 

+ l Res NC492 

Note 

Slow outputs 
NC495 

I I I ~I NC619 

- G12 LJ Note: Gote G03 i~ 2 I 006 G 
I 11 oosrnB3D

2 
Bl3 

+S64f -- '" LJ _, ''"' " ""' I ~ ' '" ~~~:~::~----_J'--+-

1 ~~ld -~ B02 Ga1!
1

1, 2 levels 

+C60F -- G06 AR I -l to latch 

NC608 \ BlO L Bl3 --

G B3C4 I 001103 -2 B09 

+C63F - J03 AR I ---Bll L 
14 ~---_L__- 007 

Fast outputs 
NC625 

I_____ " +l 010 _,__ ________ _J 

---"---- DOB 

DOB 012 --1-1--- 006 
D06 -0 -e----- 802 +2 D05 --1---------_J 

+S60F -- J02 Q 
-- G02 LJ 

Jl3 
B02 L B13 ----t---4----

ll 

NC495 

-'-GT 

-0 PA 
Gl3 ~ +GT -- D02 -1 DlO 

i;:~:rfil iii -- ::f·--~--r~ _ffi _ L~~---_-+-_J...;.---1 -
Res 0-67 

+S61F- G04Q 
--JOS LJ 

+C62F-GloG 

+C61F-Jll G 
NC611 
B3C4 

-2 

I 807 +O 
D05 L BOB f4-H:__::='3; Note: I 003 ~outputs 

I +GT- B05 +1 002 

I L 

~g; +2 DOB -----~ 
I B04 L 

-1 PA 
Reg 0-67 

-2 PA 

Res 0-67 
(Ungated) 
from Sheet 2 

+S62F - Gl 2 lo;l 
- Jl2LJ 

_____________________________ J 14 
NE017 
B3C2 

-G09LJ 
+559F _ JOS LJ 

+C56F -G06 G 
+C59F _ J03 G 
+S56F -- J02 ~ 

-G02LJ 

tS57F- G04LJ 
-J05LJ 

+C58F- GlOG 

+C57F- J11 G 
~S58F- G12Q 

- Jl2L'.J 

NC614 
8302 

NC617 
8302 

DIAGRAM 5-222. FLP M/D RESIDUE CHECKING (SHEET l OF 3) 

I 
I 
I 
I 

------t____j ::. ~ 
J04 ~ 

8302 
9361 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NC495 
A382 

-Spill Add 
Carry 67- M06 D 503 
Residue A 

-Gt Hot 1 -M04 P03 
Residue 

NC494 

g:~ ffio so2 J09 

Not Used-:~ll -l 813 --j-------------
+Qn Not 1 Carry J05 

Bl2 

-On Not 1 Carry Dl 2 -2 809 --1C------------- G04 
+GT G06 

+Reset M02 IL 

Nt'1 C2 

-0 0 2 

-1 I 0 

-2 2 I 

+Reset 

NC496 
A3B2 

Chk Lth B 

NC494 
A382 

Chk Latch A 

G12 
-+----013 

J07 

+GT -- - M05 
+Reset- M02 

Predicted Residue 

p A 1----+--l-+.--_J 
Ro, 

f---l----+-+--_J 

A38Z 
9354 

L "' Latched point 

002 
+ 16B 

Hardware 
Error 

BOl -rOutp~t 

Residue 
Error 

-'-16A 
P02 --

Hardware 
Error 

Note 1: Error=Ol2+6f:i+Ol+02+12 



r 
I 

5 r-
NC49l 

NC480-487 NC493 
A3D2 
9353 

U03 I _:~ =-=-------:=========~= 503 ----1 ~~:e~l) _"'_e._5_~1--+==============;-- ~K490 i I -502 ---o I PA'•• 0-67 IN01e 1' J l I 1 cc2c==---------- - -- .~~"~:ooR 'G1 - M10L.:J U02E ·--2 CN=o=le=~';~~~~~~~~~~~~~~~~~~~~~~~~~=~ :~B r---------=== - ~::~ OR 

-Gl----U02 

t- I 

NC460-466 
A3F2 
9355 

;; 
~t-

~ 

NC450-456 
A3E2 
9355 

NC480-487 
A302 
9353 

I 
~ 1!i ~ -.--=-=jll= :t::===--=~=~r==3=ut-=-~1--1JJ..-l_j_-:_+_-:,--_- ~ ,;.. r--_j__-=1-=-:it-=-=--'+-r------+1 _______ I ___ =_=_=~; :: 

l ___ ~o~-'"-'11 ~g; J l : 1,-~ I +- ~ 1.:..1 i I r ' - Si: ~ 
U04 - I ~ L-.+- P06 OR I 

o;, 

4 ~~ - ---+----+-, I -2 I ----+- ;:;,~s I l __ J_J_--f+--1-t-[].._ 
1
= ~g~ ~g: -----~ I L ~ J03 

- I JOB OR +2 -U08 I L ____ -t-t--;:-:: I 

Div 5 

Lower Residue Tree 
NC472 NC475 

Jl2 G05 

I I C09 G-J rt+--- ~:: -0 I PA p,, I JI 0 OR J Jlg - -1 Bio G-67 L :r Ill 

g16 -2 Ungcoted I~=-==±=±========~=====++:: J 

~~~~~±~~~~~~~+=r-~~~~fl!~~_J = f 1 ---:::ImH+-- J :u 
T 1-LU-l----=J J 

OR 

rn: 

NC491 

11 ~ 
'--I _____ , +O U05 

LI ==-----1---
_Gt Mplied Res -- so2 '1 POS 

I-Ir=.------] +2 J M09 

NC 491 3 

~ d FlNote 

f -0 c_._-1--+----, '----------J---!o---

-1 ~ Decode ~--=~t ------t--':-
M07 I I I O Exec + U02 - 2 1----------i 

2) - - 505 L -
+Gt==== U09 L_j 

+Reset 

Div 

.....__ 
-Gt Out Resid to Mca11d 

-Gt Out Resid to Mcand 

-Gt Out Resid to Mcand 

~T 
~',:~~ 
Div 4 

I IH +- - - ---.:r - ---= ·-------=--=----1~1 ------r---f-= rlU-=06-=~-l ----U-l~l -Gt Out Resid to Mcand Div 5 -------

-lA Div Ring 

-Even Shift to Input Res 

-Odd Shift to Input Res 

-O Bytes 1 _ 7 Latched 

_ 1 Bytes l _ 7 Latched 

_2 Bytes 1- 7 Latched 

9357 
A3M2 -0 
43Q-445 - l 

9357 
A.1N2 -O 

NC424- 433 =~ 

9357 
A3P2 -O 

NC412- 421 =~ 

J06 
OIO 
002 

J06 
010 
002 

Note 7 
9357 
A3Q2 -O 

NC400-409 =i 
J06 
010 
002 
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.._ U06 ----c=_ Ul2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-Gt Sk l 
+Reset 
Unit 1 

I ___ _,_ts09 +2 

I ,- ,-----t--s12 L u11 

I f-uo_6 fS'2l - -I .--+-f-s 10 .u_r-----
~~ 1 

L ______ I 
1 

,+---+-s 11 L 
L -GtOutSk 2 ResUll-8 ~ Fl 

--=-1111 llC@ I ' +-r,-:::LL---L ~ ;~' II< • I H '-'" I Ill 

---.---.t ;~; OR 
-

---L-++-::: C -O~ll ~ 0.<0.o 1.00 1 llllO I L~w-r 2 ------ ___ _ 
L__ +-- ----~ -GI - I U05 ,, ,.__ LJ06 l II L -~-+-1-+-t-l--r M" _J I 5 -GI $, l - 1 -f-- 512 L -GI 0"1 ' U08 n ! L___ 

~ , , ~ ~:;; [TI---=-~ --==-==-===-===-===-===========~==~~==~~==~~~~==-~==-~==-~~~~~~~~~=]~_J~r=-1 
l lW,_~~~~~-~====~~~~=-~---~~~~~~~======~~~======--tf:t -~ ---

-Gt Sk 2 
+Resef 
Unit 2 

508 

1- +------l-
1 

I 
I 
I 
I 

f--=-=-=-==-=------, 
' 06 Sk l I _______ un2 r;;;l t ~09 I --csi 

L '4-- 512 L Ull n 

I ._ U06 5,1 

t- U06 s;l2 l ________ u~_1, OR 
l_~;:~ L 

508 
U06 NC414 

OR 1 "----; Decode ~ L__ tt ~~1 +/ uos o 
' ~ ITl'------i__:J --

-===:i=.:--J--===--i_L __ ~:-~~~~~1~f~~~========--===~-----_----_-_-~~~~ 
+l Input 

MlO~ ------MOS~ 
-GI --

I 
I 
I 
I 
I 
I 
I 
I 
I 

'-

I 
I 

- - __ __J 

509 

Mplied Res 

(No;]) 

NC492 

[] U06 
frror 

Mplr 

Mplied !fos 

AJBZ 
9354 

Note 4 

Residue forced to zero for Gt. 

Div by 0 torces resid 2 into mcond latch. 

:: Error ""' Oi2 + 012 + 01 + 02 + 12 

Error = AB+ AB. t where noted. 
5. All out-puts I excep -

Resid for<.:t<J to zero f~r Gt;otches can be suppressed ;;iy 7. Gate to tret: ~:~~~u:plr and mcond hardware 

A3N2 
9 357 



+Ml Bit 69 

+Ml Bit 68 

+M2 Bit 69 

+M2 Bit 68 

+M3 Bit 69 

+M3 Bit 68 

+Ml Bit 71 

+Ml Bit 70 

+M2 Bit 71 

+M2 Bit 70 

+Ml Bit 73 

+Ml Bit 72 

+Inject FL 
MD Spill Res 

+Inject 2 

+Force Bit to 
MG Resid Tree 

+Not Used 

L = Latched Point 

G09 
JOB 

G06 

J03 

J02 
G02 

B 
B 
B 
[_:] 

lL 

G04 B 
GlO EJ 
Jll B 

G09 B JDS 

G06 B 
J03 B 
J02 

G 
G02 

G04G 

GlOB 

J 11 EJ 
G12B 

NC588 

NC591 

NC594 

NC597 

Note: Gate to G03 can be suppressed by error inject lines 
to force 16A and 168 hardware errors. 

+0 

+1 

+2 

lL 

-0 

-1 

-2 

-0 

-1 

-2 

-0 

- l 

-2 

1L 

+O 

+ l 

+2 

+Gt - G03 -lL 

-0 

-1 5 

-2 

-0 

- 1 

-2 

+Gt- G03 +lL 

-0 

-1 5 

-2 
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+Gt 

NC595 

Jl3 

-1 G13 

J04 

A4S2 
9361 

NC593 

DOS 
D06 +OL 
B02 

D02 +ll 

D09 
Dl3 +2L 
007 

7 
1 L 

-0 PA Res Gated 0 - 67 

A4S4 
9361 

D12 

DlO 

DOS 

+Gt 

-1 PA Res Gated 0-67----
-2 PA Res Gated 0-67-----

NC599 

DOS 
D06 -OL Dl2 = lMGS,nl< 
802 

D02 - ll DlO Div XI Res 

D09 
D07 -2L D05 -
D13 

9 
lL 
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Gen 

GP Acpt 

GPR 

Gr 

Gt 

Gtd 

GWFCDB 

GWFFLBB 

HIO 

HPMS 

HOD 

HS 

HSB 

HW 

I-Box 

IC 

!DR 

IF 

IFT 

lg 

!LC 

IMRT 

Iner 

Ind 

Inh 

!nit 

In Pri 

Insn 

Int 

Intr 

Inv 

I/O 

IOC 

IPL 

IR 

IRCTR 

!SK 

!SR 

IWC 

K 

L 

LA 

Last 

LB 

LBCTR 

L Cnt 

LCS 

Ld 

LM 

LO 

LOO 

LPSW 

LSN 

Lth 

MA 

MAC 

MALS 

Man 

MAR 

MAT 

MC 

Mc and 

MCW 

MID 
MOR 

ME 

Mem 

MG 
MOP 

Mplr 

Mple 

Mod 

Mply 

MS 

MSB 

MSC 

MSCE 

MSM 

MTBF 

Mul Dec 

MVC 

MVN 

MVO 

MVZ 

MWS 

General; Generate 

General Purpose Register Accept 

General Purpose Register 

Group 

Gate 

Gated 

Go When Full Common Data Bus 

Go When Full Floating Buffer Bus 

(Mnemonic) Halt 1/0 (SI) 

High Performance Main Storage 

High Order Digit 

Half Sum 

High Speed Bus 

Halfword 

Instruction 

Instruction Processor 

(Mnemonic)Insert Character (RX); Instruction Count 

Immediate Data Register 

Instruction Fetch 

Instruction Fetch Trigger 

Ing ate 

Instruction Length Code 

Instruction from Memory Request Trigger 

Increment 

Indication; Indicator 

Inhibit 

Initialize 

Input Priority 

Instruction 

Internal 

Interrupt 

Invalid 

Input/Output 

1/0 Channel 

Initial Program Load 

Instruction Register 

Instruction Register Counter 

(Mnemonic) Insert Storage Key (RR) 

Instruction Sink Register 

Indicator Word Counter 

Thousand 

Operand Length 

(Mnemonic) Load Address (RX) 
Last Trigger 

Lower Bound; Loop Block 

Lower Bound Counter 

Length Count 

Large Capacity Storage (Same as EMS) 

Load 

(Mnemonic) Load Multiple (RS) 

Low Order 

Low Order Digit 

(Mnemonic) Load PSW (SI) 

Load Multiple (LM), Store Multiple (STM), and 

NOXCM Instructions 

Latch 

Multi-Access 

Multi-Access Code 

Multi-Access Link Suppressed 

Manual 

Memory Address Register (Same as SAR) 

Multi-Access Trigger 

Maintenance Console; Megacycle; Marginal Checking 

Multiplicand 

Maintenance Control Word 

Multiply /Divide 

Memory Data Register (Same as SDR) 

Multiply (Short) 

Memory 
Motor Generator; Multiple Gate 

Multiple Operation 

Multiplier 

Multiple 
Modifier 

Muliply 

Main Storage (Same as MWS) 

Medium Speed Bus 

Monolithic Storage Cell 

Main Storage Control Element 

Main Storage Module 

Mean Time Between Failures 

Multiplier Decoder 

(Mnemonic) Move (SS) 

(Mnemonic) Move Numerics (SS) 

(Mnemonic) Move with Offset (SS) 

(Mnemonic) Move Zones (SS) 

Main Working Storage (Same as MS) 

N 
NC 

Neg 

NIAT 

No. 

NOp 

Norm 

NOXCM 

Ns 

NSI 

NUBAT 

oc 
Oflo 

Og 

Olap 

Op 

Opnd 

OR 

Out Pri 

Ord 

Osc 

Ovrd 

Ovrlp 

p 

PA 

PACK 

Par 

PAR 

PAW 

PC 

PDU 

PG 

PH 

PK 
PM 

Pos 

PPE 

PPln 

Pree 

Pred 

Pri 

Prob 

Prog 

Prop 

Prot 

PS 

PSCE 

PSW 

Ptrn 

Pty 

PUMO 

PV 

Pwd 

Q 
Qx 

R 
Rd 

ROD 

Rdy 

Rec 

Reg 

Rel 

Req 
Res 

Resd 
Resp 

Rgen 

RI 

R/L 

RO 

RR 
RS 

Rslt 

Rsrvtn 

Rt 

Rtn 

RUA 

RUM 

Inverter 

Mnemonic AND (SS) 

Negative 

New Instruction Address Trigger 

Number 

No Operation 

Normalize 

(Mnemonic) NC (AND) 

OC (OR) 

Nanosecond 

XC (Exclusive OR) 

CLC (Compare Logical) 

MVC (Move) 

MV7 (Move Zone) 

MVN (Move Numeric) 

Next Sequential Instruction 

New Upper Bound Address Trigger 

(Mnemonic) OR (SS) 

Overflow 

Outgate 

Overlap 

Operation 

Operand 

Outring (Line Name Only) 

Output Priority 

Order 

Oscillator 

Override 

Overlap 

Parity; Position; Priority 

Propagate Adder 

(Mnemonic) Pack (SS) 

Parity 

Position Address Register 

Position Address Word 

Parity Check 

Power Distribution Unit 

Parity Generate 

Polarity Hold 

Protection Key 

Form Y22-667 4-1 

FES Y22-6730 

Program Mask; Protect Memory (Same as PS) 

Position; Positive 

Peripheral Processor Element 

Pipeline 

Precision 

Predict 

Primary; Priority 

Problem 

Program 

Propagate 

Protect; Protection 

Protect Storage (Same as PM); Power Supply 

Peripheral Storage Control Element 

Program Status Word 

Pattern 

Parity 

(Mnemonic) PACK (Pack) 

UNPK (Unpack) 

MVO (Move with Offset) 

Protection Violation 

Powered 

Queue 

Queue (any number) 

Ready 

Read 

(Mnemonic) Read Direct (SI) 

Ready 

Record 

Register 

Release 
Request 

Reset; Residue 

Reserved 
Response 

Regenerate; Regeneration 

Read In 

Remote/Local 

Read but 

(Instruction Format) Both Operands from GPR's 

Request Stack; (Instruction Format) One Operand from 

a CPR, the Other from Storage 

Result 

Reservation 

Right 

Return 
Register Unavailable for Address Generation 

Register Unavailable for Modification 



RX 

so 
SA 

SAA 

SAB 

SAP 

SAR 

SB 

SBI 

SBO 

SC 

Sc 

SDB 
SDE 

SDR 

Sel 

SERR 

SEVA 

S/F 

Sh 

Shftr 

SI 

SIAT 

SIIS 

SIO 

SIT 

SK 

Sk 

S/L 

SLA 
SLCB 
SLC 

SL CIR 

SLDA 
SLCX 

SLI 

SLT 

SM 

SMAL 

Sng 

so 
SP 

SPAD 
SPAR 
SPC 

SPF 

SPM 

SP91 

Sr 

SRA 

SRDA 

SS 

S/S 
SSC 

SSK 
SSM 

ST 

Stat 

STC 

Stg 

Stk 

Sto 

STOOP 

Stor 

Stp 

STR 
Sup 
SVC 

(Instruction Format) One Operand from a GPR, 

the Other from an Indexed Storage Location 

State Zero 

Sink Address 

Storage Address Alteration 

Storage Address Bus 

Storage Address Protection 

Storage Address Register (Same as MAR); Store 

Address Register 

Sink Address Bus 

Storage Bus In 

Storage Bus Out 

Single-Cycle; Storage Channel; Sequence Complete 

Source 
Storage Data Buffer 
Storage Distribution Element 

Storage Data Register (Same as MAR) 

Select 

CPE Status Recording Program 

Systems Evaluation Program 

Store/Fetch 

Shift 

Shifter 

(Instruction Format) One Operand from Storage, the 

Other Is Immediate 

Store Into Array Trigger 

Store into Instruction Stream 

(Mnemonic) Start I/O (SI) 
Store Interlock Trigger 

Storage Key 

Sink 

Short/ Long Precision 

(Mnemonic) Shift Left Single (RS) 
Save Loop Close B Register 

Save Loop Close 

Save Loop Close Instruction Register 

(Mnemonic) Shift Left Double (RS) 
Save Loop Close - X Register 

Suppress-Length-Indication 

Save Loop Target; Solid Logic Technology 

Storage Module 

Suppress Multi-Access Link 

Single 

Storage Operand 

Storage Protect; Single Pulse 
Select Parity and Display Counter 
Storage Protect Address Register 
Storage Protect Check 

Storage Protect Feature 

(Mnemonic) Set Program Mask (RR); Storage Protect 

Memory 

Protect Storage for System/360 Model 91 

Source 

(Mnemonic) Shift Right Single (RS) 

(Mnemonic) Shift Right Double (RS) 

Snapshot Register; Storage-to-Storage; Stepping Switch 

Source/ Sink 

Selector Subchannel 

(Mnemonic) Set Storage Key (RR) 
(Mnemonic) Set System Mask (SI) 

(Mnemonic) Store (RX) 

Station 

(Mnemonic) Store Character (RX) 

Stage; Storage 

Stack 

Store; Storage 

Storage Operation 

Store; Storage 

Stop 

Source Tag Register 
Suppress 
(Mnemonic) Supervisor Call (RR) 

SVIR 

SVRi 

Sw 

SW 

Syl 

Sync 

Sys 

T 

TAT 

Tbl Wd 

TCH 

T/CT 

TD 

Temp 

TERMT 
TFMT 

Tgr 

Tl 

TIO 
TM 

Tof 

Ton 

Tot 
TR 

Trans 

Trnsps 

TRT 

TS 

T&S 

U1 
U2 

UB 

UABI 

UABO 

UBCTR 
ucc 
Ucndl 

Uncond 

UNPK 

Val 

Var 

VFL 

VFLEU 

Viol 

WAM 
WC 
Wd 

WdBdy 

WR 
WRD 

XC 

Xec 

XOR 

ZAP 
ZET 

1A2 

1B2 

1B3 
1B4 

1C2 

2A3 

2B3 

2B4 

2C3 

3Al 
3B4 
3Cl 

Save Instruction Register 

Save Rl Register 

Switch; Switch Enabled 

Single Word 

Syllable 

Synchronize 

System 

Time 

Time Address Trigger 
Table Word 

(Mnemonic) Test Channel (SI) 

True/Complement Trigger 
Time Delay 

Temporary 

Terminate Trigger 
Temporary Fetch Made Trigger 

Trigger 

Terminate Immediate 

(Mnemonic) Test I/O (SI) 

(Mnemonic) Test under Mask (SI) 

Turn Off 

Turn on 

Total 

(Mnemonic) Translate (SS) 
Transpose 

Transpose 

(Mnemonic) Translate and Test (SS) 

(Mnemonic) Test and Set (SI); Timing Stack 
Test and Set 

Unit 1 
Unit 2 

Upper Bound 

Unit Address Bus In 

Unit Address Bus Out 

Upper Bound Counter 

Unit Communications Control 
Unconditional 

Uncondition 

(Mnemonic) Unpack (SS) 

Valid 

Variable 

Variable Field Length 

Variable Field Length Execution Unit 
Violate; Violation 

With Available Memory 
Word Counter 
Word 

Word Boundary 

Working Register 

(Mnemonic) Write Direct (SI) 

(Mnemonic) Exclusive OR (SS) 

Execute 

Exclusive OR 

(Mnemonic) Zero and Add (SS) 
Zero Test Unit 

SAR 1 Loaded after SAR 2 

RS 1 Loaded before RS 2 

RS 1 Loaded before RS 3 

RS 1 Loaded before RS 4 

SAR 1 Address Compares with SAR 2 Address 

SAR 2 Loaded after SAR 3 

RS 2 Loaded before RS 3 

RS 2 Loaded before RS 4 

SAR 2 Address Compares with SAR 3 Address 

SAR 3 Loaded after SAR 1 
RS 3 Loaded before RS 4 
SAR 3 Address Compares with SAR 1 Address 



1 • Dato Flow Diagrams 

Register Name 
0 16 

0 3 
-r 

x 16 

J.. J.. 

I 
24 

17 

CAR 
8 (+3P) 

-NA301 

15 

I 
x 
I 28 

NY201 
31 

l 

Register, Counter 

Heavy line indicates input side of a functional 
unit that con store information. A partial trans
fer of contents isshown by numbered input/out
put lines. An input or output line connected 
directly to the register denotes o complete trans
fer of contents. An X placed in an input or an 
output line means that a gating condition is re
quired to activate the transfer path. A number 
in a transfer path denotes the number of lines. 
A bar in the upper right corner means that the 
status of register positions is show_n in indicator 
lights. An ALO page reference is given under 
the indicator bar. The bottom line withtn a 
register gives either the register position numbers 
or a single number indicating register size. 
Where register position numbert are given, a 
symbol such os (+3P) indicates that the register 
also contains 3 parity bin. 

0 

LEGEND 

Adder, lncrementer 

Notches across top divide logical inputs. T/C 
indicates that the associated input con be entered 
in either true or complement form. 

Functional or Switching OR 

Pcrity Generate, Pcrity Check 

Residue Generate, Residue Check 

------------------------------------------------------

2. Positive Logic Diagrams 

AND 
The output is active only when all inputs ore 
active. 

OR 
The output is active if one or more inputs is 
acti.,,.e. 

Exclusive OR 
The output is active only when one input i1 a 
active and the other is not. 

Even 
The output is acti ... e only when an even num
ber of inputs is active, 

Odd 
The output is active only when an odd number 
of inputs is active. 

Time 

~{~J-i ~ ~ Singleshot, Time Delay, Oscillator 

3. Simplified Logic Diagrams 

~ 
NN724 

~ 
~ 

Note: Additional SLD symbology used only 
on ECAD's is shown in Volume l. 

4. Flowcharts 

Inverter, or Negator 
The output is odive only when the input is 
not octi.,,.e. 

Amplifier, Signal f\.Acde Converter 

Input wedges mean that the more negative line 
level is required to activate the circuit; output 
wedges mean that the more negative line level 
is present when the circuit is activated. Lack 
of wedges indicate the more positive level. 
Blocks may have more then one output line. All 
line titles are preceded by + or - to indicate 
line level. 

Start ~ Terminol Block (Indicates Beginning or End) 

f,r=!e_!o~~L - - - - - - -

Al I actio~ between 
cyde boundaries are 
assumed to occur 
simultaneously 

Decision Block 

Ton, Tof, Set, or 
Reset indicat• a~ 
trigger or a latch 2. T of 

NR878 

Simultarieous Actions 
that are a result of the 

/some conditions are 'I/ listed in one block 

I Transfers 
: Second Data 
I Byte From Q to R 

Process block (Indicates action) 

fr~ ~u!!2o!:t _______________ - - - - - - - - - - - - - -

Wait Symbol 

Indicates that all prior con
di tio111 necessary to complete 
this operation will remain 
until Busy goes off. 

Nome 
Set~On 

Reset~Olf 
AC123 

Name 

Setrn:F On 

Complement 

Reset Off 

Da•arrH On 
Control 

(Release) 

Reset 

,---------

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I- -
I 
I 
I 

5, Timing Chorh 

Machine Cycles 

3,4, Not6 .... ;,.. ...... ...; ............. . 

6. General 

8-.. 
~ 

0 
Diagram 

4-401 

~ Diagram 
4-402 

Out 

Flip Latch 

Input side is denoted by thick line. Bmmeon~ 

that an indicator is connected to this latch. The 
number in the lower right corner means that this 
symbol represents 8 actual flip latches in the 
machine. An ALO page reference may be given 
below the block. A set input activates the on out

put and deactivates the off output; a reset input 
activates the off output and deactivates the on 
output. The device holds its outpuh between 
active inputs. Simultaneous set and reset inpub 
activdteboth on and off outputs until one input i~ 
deact i voted. 

Flip-Flop 

Some os Hip latch except that an active comple
ment input causes the device to switch to tht: op
posite state, Also, on and off outputs con never 
be active simultaneously: Simultaneous set and 
reset inputs are equivalent to a complement Input. 

Polarity Hold 

The PH output follow~ tbe data input when the con
trol (release) input is activated. Between control 
inputs, the PH holds the previously sampled state 
of the data line. The resetinput{when used) de
activates the output. 

Heavy bar indicates active state. Numbers at 
beginning and end of the bar identify thesignol(s) 
{olso on the some chart) that octivote and de
activate this line. "Not" preceding a number 
meansthatthe deactivesignal conditions this line. 

On-Poge Connector 

Indicates connection between two points on the 
some diagram. Arrow leaving symbol points to 
symbol with the same number. 

Off-Page Connector 

Indicates connection between two points. located 
on separate pages. V\lhere the connection is be
tween two pagesofa multipagediogrom, orefer
ence such as "Sheet 2" is given instead of a dia
gram number. 

Text Reference Point (Reference from FETOM) 

Multiple Line Transfer 



Add (FLA) 5-210 

Add Halfword Operation (FXA) 5-100 

Add Logical Operation (FXA) 5-100 

Add Operation (FXA) 5-100 

Address Exception Interrupt 5-131 

AND Operation 

FXP 5-105 

VFL 5-120 

SI 5-113 

AOC Invalid Address (I Unit) 5-4 
Array Protect Tag Turn Off 5-2 

Array Word Outgate 5.-3 

Availability, FLR 5-205 

Basic Interlock Check (I Unit) 5-7 

Block Operation (FXA) 5-128 
Branch and Link Sequence 5-14 

Branch On Condition Sequence 5-11 

Branch On Count Sequence 5-12 

Branch On Index Sequence 5-13 

Cancelled Operation Processing (FXA) 5-129 
CDB, Outgates to 5-220 

CDB Request 4-220 

Checking, Residue (FLP M/D) 5-222 

Compare (FLA) 5-210 

Compare Halfword Operation (FXA) 5-103 

Compare Logical Operations 

EXP 5-103 

VFL 5-121 

SI 5-114 

Compare Operations (FXA) 5-103 

Condition Code, FAU and ZET 5-212 
Condition Mode Controls (I Unit) 5-6 

Controls (VFL) 5-127 

Convert to Binary Operation (FXA) 5-108 

Convert to Decimal Operation (FXA) 5-109 

Convert Sequence (I Unit) 5-25 

Decode Branch on Condition 5-11 

Branch on Count 5-12 

Branch on Index 5-13 

Cycle State 0 (I Unit) 5-7 
FLOS-Op 5-202 

R1 and R2 (FLOS) 5-203 
Diagnose Sequence (I Unit) 5-21 

Divide Operations (FXA) . 5-102 

Edit and Mark 

Operation (VFL) 5-125 

Sequence (I Unit) 5-32 
Edit 

Operation (VFL) 5-125 

Sequence (I Unit) 5-32 

Error Checks 

FLA Multiply/Divide 5-221 

FMDU Fraction 5-221 

FMDU Exponent 5-221 
Execute Sequence (I Unit) 5-15 

Exclusive OR Operation 

FXP 5-105 

VFL 5-120 

SI 5-113 

Execution, FAU 5-210 

Execution, Multiply (FLA) 5-215 

Exponent Error Checks (FMDU) 5-221 

Exponent Execution (FMDU) 5-218 

FAU 
Condition Code Control 5-212 

Execution 5-210 

Sign Control 5-211 
Fetch Protect Interrupt (I Unit) 5-3 
Fixed Point Decode Sequence (I Unit) 5-9 

Fixed Point Full Word Issue Sequence (I Unit) 5-9 
"Fixed Point Halfword Issue Sequence (I Unit) 5-10 

FLBB Priority 5-207 
FLB Outgating 5-207 
Floating Point 

Add 5-210 

Compare 5-210 
Halve 5-210 

Load and Test 5-212 

Load Complement 5-210 

Load Negative 5-210 

Load Positive 5-210 

Multiply 5-215 
Store 5-209 

Subtract 5-210 

Issue Sequence (I Unit) 5-8 

FLOS 

Controls 5-201 

Go Generation 5-202 
OpDecode 5-202 

Rl and R2 Decode 5-203 

FLP M/D Residue Checking 5-222 
FLR 

Availability 5-205 

Outgating 5-206 
Precision Match 5-204 

FMDU 

Exponent Execution 5-218 

Normalize Control 5-214 

Unit First Selection 5-213 

Fraction Error Checks (FMDU) 5-221 

Full Word Issue Sequence, Fixed Point (I Unit) 5-9 

Generate Go (FLA) 5-202 

Halve (FLA) 5-210 

Ingating, FLA Reservation Stations 5-209 

Insert Character 

Issue Sequence (I Unit) 5-10 

Operation (FXA) 5-107 

Sequence (I Unit) 5-22 

Insert Storage Key 
Operation (FXA) 5-107 

Sequence (I Unit) 5-19 

Instruction Fetch (I Unit) 5-1 

Instruction Fetch Return (I Unit) 5-2 

Interrupt, Address Exception 5-131 

Interrupt Sequencing (I Unit) 5-34 

Interrupt Signals (I Unit) 5-33 

1/0 Sequence (I Unit) 5-27 

Issue Sequence 

Fixed Point Full Word (I Unit) 5-9 

Fixed Point Halfword (I Unit) 5-10 
Insert Character (I Unit) 5-10 

Store Character (I Unit) 5-10 

Load 

Positive 5-210 

Negative 5-210 
Complement 5-210 

Load Address Sequence (I Unit) 5-23 

Load and Test (FLA) 5-212 

Load and Test Operation (FXA) 5-104 

Load Complement Operation (FXA) 5-104 

Load Halfword Operation (FXA) 5-104 
Load Multiple Operation (FXA) 5-110 (sheets 1 and 2) 

Load Multiple Sequence (I Unit) 5-28 

Load Negative Operation (FXA) 5-104 

Load Operations (FXA) 5-104 

Load Positive Operation (FXA) 5-104 

Load PSW Sequence (I Unit) 5-16 

MOP Definitions (I Unit) 5-35 

Move Character Operation (VFL) 5-122 

Move Numerics Operation (VFL) 5-120 

Move Operation (SI) 5-115 
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