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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 Contents
Volume 1 - Diagnostic Techniques, DIAGNOSTIC TECHNIQUES
ECAD's (Form Y22-6671) Diagrams 1-1 to 1-XX

ERROR CONDITIONS
Diagrams 2-1 to 2-XX

Volume 2 - Data Flow; I, FXP, FLP, DATA FLOW

Functional Units (Form Y22-6672) Diagram
3-1 System Data Flow
3-2 1 Unit Data Flow
3-3 Fixed Point Data Flow
3-4 Floating Point Data Flow
3-5 MSCE Data Flow
3-6 PSCE Data Flow
3-7 MC Data Flow
3-8 PSCE Storage Channel (SC) Data
3-9 System Control Panel
3-10 PSCE Control Panel

FUNCTIONAL UNITS
Diagrams
4-1 to 4-XX I Unit
4-100 to 4-1XX Fixed Point Unit
4-200 to 4-2XX Floating Point Unit
Volume 3 - MSCE, PSCE, MC, FUNCTIONAL UNITS (Cont'd)
Functional Units (Form Y22-6673) 4-300 to 4-3XX MSCE
4-400 to 4-4XX PSCE
4-500 to 4-5XX MC
Volume 4 - I, FXP, FLP Operations OPERATIONS
(Form Y22-6674) 5-1 to 5-XX I Unit Operations
5-100 to 5-1XX 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 Procedure
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
5-2
5-3-

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
5-36

Instruction Fetch

Instruction Fetch Return and Op Register Ingate Controls

Array Word Outgate, Fetch Protect Interrupt and Step AOC,
Temp Fetch Bypass

AQOC Invalid Address, Valid Trigger Turn Off, and Tumn
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/0O Sequence (2 sheets)

LM, 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)

FIXED-POINT OPERATIONS

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

Form Y22-6674-1
FES Y22-6730

CONTENTS

Diagram Title

5-107 Insert

5-108 Convert to Binary (2 sheets)

5-109  Convert to Decimal (2 sheets)
5-110 Load Multiple (2 sheets)

5-111  Store Multiple

5-112  Shift Instructions (3 sheets)

5-113 NI, OI, and XI Instructions

5-114 TM and CLI Instructions (2 sheets)
5-11S  MVI Instructions

5-116 TS Instruction

5-117  SSM Instruction

5-118  RDD Instruction

5-119  WRD Instruction

5-120 NC, OC, XC, MVN and MVZ Instructions (8 sheets)
5-121  CLC Instruction (8 sheets)

5-122 MVC Instruction (8 sheets)

5-123 . MVO Instruction (7 sheets)

5-124  Pack and Unpack Instructions (7 sheets)
5-125- ED and EDMK Instructions (8 sheets)
5-126/ TR and TRT Instructions (8 sheets)
5-127  VFL Controls

5-128  Block Operation

5-129  Cancelled Operation Processing
5-130  Timer Operation

5-131  Address Exception Interrupt

5-132  Fixed-Point Trigger List (3 sheets)

FLOATING-POINT OPERATIONS

5-200  Floating-Point Operation

5-201  FLOS Controls

5-202 FLOS OP Decode-Go Generation
5-203 FLOS R1 and R2 Decode

5-204  FLR Precision Match

5-205  FLR Availability

5-206  FLR Outgating

5-207  FLBB Priority and FLB Outgating (2 sheets)
5-208  Unit Selection

5-209  Reservation Station Ingating

5-210 FAU Execution -- Fraction and Exponent
5-211  FAU Sign Control

5-212 FAU and ZET Condition Code Control
5-213  FMDU Unit First Selection

5-214 FMDU Normalize Control

5-215  Multiply Execution (2 sheets)

5-216  Divide Execution (6 sheets)

5-217+» FMDU Sign Control

5-218 FMDU Exponent Execution

§5-219 FMDU Post Decoding and Post Shifting
5-220  Outgates to CDB (2 sheets)

5-221  Multiply/Divide Error Checking
5-222 FLP M/D Residue Checking (3 sheets)
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ABBREVIATIONS

A

AC
Acc
Acpt
Acptng
Addr
Adr
Adv
AE
ALD
Altr
Amt
AOC
AR
Arg
Arg Wd
AS
ASLT
ATI
Avail

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
CBIAT
CBR
CcC
CcCcC
CCW
CcDh
CDB
CDBI
CDBO
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
CQUICK T
CR
Crip
CSA
CSwW
Ctl
Ctr
Ctrl
cv
CVB
CVD
CXR

Dbl
DC
Dcd
Dcdr
Des
Det
DG
Diag
DIG
Disp
Dist
Div
Dly
Dlyd
DM
DOG
DPC
Dsbl
Dt
DwW
DWC
DWCR

EBA
EBAR
EBCDIC
EC
ECAD
ED
EDMK
EMS
Eq

Err

EX
Excpn
Exce
Exp

FAU

FE
FEMDM
FETOM
FIFO
Fir
FIWADFO
FIWAMFO
FLA
FLB
FLBB
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 Ingate
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

Error

(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



Instruction fetch
attempted every
machine cycle

Insn
Fetch On

MCW 24 will hold
off insn fetch tgr

Insn Fetch
Inhibit

.

Branch taken. UB,
AOC, IR, LB set
from temp reg.This
block allows UB to
step over temp fetches
that have been made

Temp Fetch
Tgr On

|

UBCTR to UB. Tof Temp
Fetch Trigger

NN224

’ Yes

Wait State

UBCTR

No DW Fetch Tag

Off or Going
Off

MSCE
Accepting

No

UB=IR+3

Ppln 3
Fetch or
Store

Ppln 3 Fetch
or Store

SWNEAK
Ppln 2 No F{fﬁ/‘/
Fetch or
Store
IR-1 Yes
SUB< .
IR+3
No UBCTR =
LB+ 8
Yes
LBCTR —=LB

NN224

*Note:

UBCTR DW fetch tag refers to the |-array fetch tag
corresponding to the UBCTR. The AOC fetch tag

which is mentioned in later flow charts also refers

to the |-array fetch tag corresponding to the AOC.

MSCE
Accepting

No Yes

On

Tof IMRT

MSCE Not Accepting

from Operand Ppln

DIAGRAM 5-1. INSTRUCTION FETCH

IMRT

Yes Initial

Fetch Trigger
On

Force 0 to UBCTR
NN177

Force 1 to UBCTR
NN177

IMRT is a One Cycle
Trigger (On/Over
Off) Provided MSCE
is Accepting

UB Ctr to UB,
Ton UB Ctr DW
Fetch Tag, Ton
IMRT, Tof Initial

Fetch NN224

( End of Cycle )

(3/68)
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2-S

(89/¢)

ISR Being

ISR #0

Set from MSCE

Word to Array

Allow Gate Temp

NNI191

Temp

Temp

Fetch 1 On

Fetch 2 On

ISR bits 2 -5 #0

Qutgate Temp 1 Word
NN121

No

Also active on logout

Outgate Temp 2 Word
NN211

Also active on logout

No AOC

Temp

Off

Diagram 5-3

2 Fetch Tag

Fetch Tag Off
Not SIT-T

Temp
Fetch 1 On

Tof Temp Fetch 2

Temp No

1

Gate SBO to Array
NNI171, NNI191

Same for temp 2 l

ISR =
Temp 1

Diagram 5-3

IG Temp 1
Tof Temp 1 Fetch Tag

No

Tof Temp 1 Protect Tag

ISR
Protect Tag
On

Ton Temp 1 Protect Tag

Temp 1
Protect Tag
On

AOC =X

ISR = Array
Word 0

e it

| ©0-7)

Ig Array Word X NN173]

Tof Fetch Tag 0
NN161

I This section
repeated for all
eight array words

ISR Protect
Tag On

Tof Array Protect Tag 0
NN161

Tof AOC Protect Tag

1 Fetch Tag
OV

Yes

NN213

Temp 2

On

No

Protect Tag

Tof Temp Fetch 1

NN213

Tof AOC Protect Tag

Ton AOC Protect Tag

NN217

NN215

@

Diagram 5-3

AOC
Invalid Adr

Step AOC

Ton Array Protect Tag 0
NN161

[ Reset ISR

(0101)

= Execute 1

Diagram 5-15

-

From Exec
Diagram 5-15
(Sheet 2)

o111)
= Execute 2

See

=AOC

l SBO — Op Reg |

SBO —# Op Reg, Tof
Exec 1 Fetch Tag
NN217, NN203

Execute 2
Fetch Tag On

Diagram 5-15

Exec 2 Fetch Tag

SBO —Op Reg, Tof

NN217, NN207

Execute 1
Fetch Tag On

Ton all Valid Triggers
NN241

Ig all Op Reg Syllables

NN203

Temp 1
Protect Tag On

AOC
Invalid Adr

Yes Diagram 5-3

SIS

DIAGRAM 5-2.

‘ Proceed to Next Cycle ’

INSTRUCTION FETCH RETURN AND OP REGISTER INGATE CONTROLS

NN246, NP007

NN244, NP003

|

NN245, NP003

or Sto A
Ingate to right
Ton AOC Protect Tag of IR ctr
Tof Temp Fetch 2
NN217 Yes DW Block next decode
Boundary
NN217 All valid tgrs off | Crossover
[ Step AOC ]
I No
Ingate Syllable 11 Ingate to
Ton Syllable 11 left of IR
Valid Trigger ctr
NN247,NP007
29, 30 = 11 29, 30 # 00 29, 30 #11 29,30=00 29,30 #11 IR 29,30 =00 29,30 = 11 /R 29, 30 #00
2 Counter Counter
29=0 29=0 29=1 Yes
Diagram 5-15
NN215 Ingate Ingate Syllable 00 Ingate Syllable 01 (Sheet 2)
Syllable 10 Ton Ton Syllable 00 Ton Syllable 01
Syllable 10 Valid Tgr Valid Trigger Valid Trigger

‘ Next Cycle )



Temp

Fetch 1 or 2
On

Exec 1
or Exec 2 Fetch

Tags On

Obijectives:

1. Outgate array word per AOC.

2. Generate the protect interrupt signal .

0 2 3 5 6 7
Yes Fetch
QZ On
No Yes Fetch
Tag 3 On
No Yes Fetch
Tag 4 On
No Yes Fetch
Tag 50n
No Yes Fetch

Tag 6 On

No

Proceed to
Next Cycle

QOutgate Array Word

0 NNI75

Outgate Array Word

2

Outgate Array Word

NNI175

Outgate Array Word
3

Outgate Array Word

Qutgate Array Word
4 NNI195 5

Outgate Array Word
6 NNI95

Outgate Array Word
7 NN195

Diagram 5-2

Diagram 5-2

Temp
Fetch 2 On

Fetch 1 On

Op

Reg Empty

Diagram 5-2

Op
Reg Empty

Diagram 5-2

SBO to Op Reg

Ton AOC Protect Tag

‘ Tof Temp Fetch 1

Yes

ISR Protect

Tof Temp Fetch 1

SBO to Op Reg

I

No

Tof AOC Protect Tag

U

Diagram 5-2

AOC
Invalid Adr

ISR Protect
Tag On

Diagram 5-2

Program to

Next Cycle

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

Diagram 5-4

BrQ
or BCQ and

T Nor Stop State
SIT - XECA -

I XECB - XECC - STAT
| —

AOC
Fetch Tag
Off

Interrupt
State O

ISR
Protect Tag
On

Op
Reg Empty or
Empty to Left
of IR

AOC
Fetch Tag
Off

Boundary
Crossover

Op
Reg Empty

Ton Protect
Interrupt Tgr
NN248

Op
Reg Empty

AOC
Invalid Adr

Step AOC
NN215

AOC
Invalid Adr

Diagram 5-2

(3/68)




and Not SIIS or

Start

Invalid
Address

LB

Objectives:
1. Control the turn off of the op reg valid triggers
by examining bits 29 and 30 of IR and IR counter.

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

AOC25=
LB25

Yes

|
AOC Invalid Address | Inhibit Op Reg Ingate

{

IRCTR =00 IRCTR =01 IRCTR = 10 IRCTR =11
IR =01 R =11

Og 00A Og 01A Og 10A Og 11A

Og 018 Og 108 Og 118 Og 008

Note:
Op Reg Og Triggers
(Always outgate two syllables)

IRCTR 29, 30

IR =00
IRCTR= {IR=11" IRCTR= | IR=00" IR =10} IRCTR =| IR = 01"
01 IRCTR = 10 IRCTR = 11 IRCTR =
10 M 00

IRCTR = | IR =10 -
00 IRCTR =
01

Tof Syllable 00 Valid

Trigger NN244

Tof Syllable 01 Valid

Trigger NN245

Tof Syllable 10 Valid

Trigger NN24¢

Tof Syllable 11 Valid

Trigger NN247

]

IRCTR to IR, Op Reg
Length to PSW Length
NNO082

n-

IRCTR
26-28 = LB26,
28

Yes
IRCTR25 =
LB25
No

To Diagram 5-3

IRCTR
29, 30 =00
No
Execute
B On
No

Tof Loop Mode

NN232

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

4 (3/68)

Execute
A On

Execute
B On

—

Any
Interrupt Tgr
On

No
Execute
B On

No

IRCTR25
=LB25

Insn Inv Address
Diagram 5-33



1 Start )

Objectives :

L

Test for a store into array condition.

2. Set up to refetch the affected array word or to
reinitialize the array.
Store Op In PPLLN 3
or SSK
In PPLN 2
IR DW Diagram 5-505-3
Adr = Sto DW Yes
Adr (26-28)
Adder MC
store Op
LB < WR<UB On SSK, bits 20-31 to storage
are blocked from
compare
Syl Adr=10 .
or 11) and (IR+1 = Store in Array
Store DW Address )
(26-28) Ton Man Store
Initialize
] ; -€ NM527
Set Store Insn
Array Tgr, Tof
Insn Fetch Tgr
Indicates a Carry into
the Store DW Address +NN23]
Yes
Store No
Interlock
Off
el e ———
Store
Ton Store Inter- Interlock Tgr
lock Tgr On
Tof Instruction
Fetch Tgr NIN229
l Yes
1. Tof Request GP Pri
Execc‘;'e 2. Ton Cancel GPR
€ On 3. Set State 0
4, Set Op Reg Empty
5. Set IR —= AOC
No 6. Tof BXQ BCQ Br
i Uend|
Slgnc| SIIS Holds up 7. Tof R1 Og Inh Tgr
or Store A all op -
NN
NN279 decode
No
see —a=
LCIR26,27,28 =WRag,
27,28) or (WR24-28 = In MOP
SLCIRy4 - 28+ 1 or SSK
= (SLCIR29,30 = fl) sequence
Store into insn No
Tof L
MC;deoop that caused State 0 ]
loop mode
NN229 b Tof Insn
Fetch Tgr
NN229
M| 2nd Pass
Still in
array Yes WR
» Adder Og Available
Condition Tgr on
Mode
3rd
1st and 3r No
No Pass
Adder —Temp
Ton Save IR—=Add
3rd Pass Isfibas Hot 1's Reset
Ton Insn
Fetch —— P———
1. Temp—IR, UB, LB, 1. Tof Ogs —»Add
NN229 AOC 2. Gate LB—»Add
2. Tof Loop, SIAT, LB 3. Gate IR—=Save IR —
o Adr Fetch —= Add, +1=>Add25| 4. Gate Save IR—~Add Turns Off Hot One to
Tag Off 3. Ton Initial Fetch Adder 25,28,29,31
Toff Str Inter- 4. Ton NIAT Sets T/C Gates True
lock Tgr 5. Set Op Reg Empty ;::15 Off LB Og ==
NN229 NN229 £
IR25
F = LB25
Rtn to Nomal
Insn Fetch M |
5 = anua N
Diagram 5-1 Store Trigger i
Mo Ton +1 —=
Addys
MSCE NM423
Accepting
Ton Insn
Fetch Start Insn —_—
Yes Fetches
NN429
State 0 b -l
1. Tof Str Intlk Tgr
2. Initiate DW Fetch to
Insn Array Per WR
3. Ton Fetch Tag Per
WR
DIAGRAM 5-5.  STORE INTO ARRAY INTERLOCK 4. Ton Insn thr:izza
“’

(3/68) 5-5



Pipeline 1 Controls

MSCE
Accepting

No

Ppin Ready NL&05

Pipeline 2 Controls

Inhibit Output of Fetch
Tag in Ppln 2
NP407

WR
Available

Ton
Fetch Tag in
Ppln 2

Fetch
or Store Tag On
inPpln 2

Tof Fetch

Tag in Ppln 2 Move Ppln 2 to

Ppin 3
Gate Adr—»WR

TC’\N o

RUA

Ctrs for X and B
GPRs =0

Diagram 5-11
(Sheet 4)

No

Signal B and X Available

Signal R1 Available

Yes

Tof SAR Busy per SAR
Tag in Ppin 2

NP419

Store Tag in
Ppin 2

Pipeline 3 Controls

MSCE
Accepting

No

WR Avail

Tof Fetch and Store
Tags in Ppln 3 (On/
Off) Signal MSCE
Request to SAB

DIAGRAM 5-6. PIPELINE 2 AND 3 CONTROL

5-6 (3/68)

Tof Store Tag in
Ppln 2

Store
to R1 GPR Next
Cycle

Ton R1 Invalid
Tgr (one cycle tgr)

Ppln 2

Tof Cond Tag in

WR
Available

Activate

Condition
Mode

Fetch or Store
in Ppln 2

NIN
or Store A

Ton Condition
Tag in Ppln 2
NP421

Store
Bit in Ppln 3
Op Reg

SPF
Bit in Ppin 3
Op Reg

Ppin
3 SAR Adr

=n

No

1. Ingate New Address

to SAR n

Suppress
Ton SAR Valid
Tgr

Ton SAR
Valid Tgr per Op
Stg SAR Field

Op Stg SAR
Fld =n

Ton SAR n Valid Tgr

End of Operation




{ Start ’

Objectives:

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

Any Interrupt
Tgr On

Stop State
Tgr On

Update
Timer Signal
from MC

Diagram 5-26

Wait State
Tgr On

Neo Exec B
Tgr On
(G106)

Yes

Stop
Decode
for Cancel

Yes

[Stop decode for]
condition mode

recovery acfiow

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

Proper Op
Reg Syllable
Valid

Recovery Action
Necessary

Stop State
Tgr On

Diagram
5-5

Generate
Decode

Go Signal

Diagram

Go to flowchart for 5-33

insn being outgated

per og tgr (see index))

W

Diagram

5-33

(3/68)
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Objectives:

1. To decode and issue a floating point instruction.

See Diagram 5-7
for decode cycle
basic interlock

DIAGRAM 5-8.

5-8  (3/68)

FLOATING POINT ISSUE SEQUENCE

End of
Operation

checks
Has a store
into the instruction
stream possibility
been signalled
SIS or
Store A
Sto into array N
interlock ck N
Diagram 5-5
No
R1=0,2,4,6
NP317
Ppln is ready when
thpere is no fyefch or et e
] specification
store in Ppln 2 op reg interrupt
or when the WR is
receiving the adder
output X-B Avail [«]
1. Gate R2 Diagram 5-33
Yes Field to Op
Stage Req
NP313
Ppin Ready
NL605
RX FLP Op
Yes
Is FLOS Cntr FLOS Avail
Less Than 8
RUA =0
Store Op
Temp fetch 2 tgrblocks
1. Gate Op Disp the issue of any store
(D) to D Bfr . ‘Availiand type insn to ensure
2. Gate D Bfr to FLB Avail Temp Fetch 2 that a SIIS will not be
Adder Tgr Off gated into the temp
NP341 . 02 bfr
T. Sef High Pri FLB T. Sef High Pri SAR
(a) Bsy (a) Bsy
(b) To Ppln 2 Sk Addr| (b) To Ppln 2 SAR
(c) To Op Stage Reg (c) To Op Stage Reg
R1 Inv Tgr 13-15 14,15
On . Set Fetch Bit in Ppln 2. Set Store Bit in Ppln
2 Op Reg  NP303 2 OpReg  NP303
& ]
Step IR
NP319
If X = 0000; 1. Gate GPR 1. Gate WR to |
there will be Specified by Adder for "
no X input to X to Adder X Input 1. Gate Op Field to
ladder NP341 NP377 Op Stage Reg NP319
2. Gate R1 Field to
Op Stage Reg NP387
3. Set FLP Valid Bit in
Op Stage Reg NP303
R1 Inv Tgr
On Yes Cond Code
‘ Setting Op
1. Set CC Bit
If B = 0000; in Op Stage
there will be Reg
no B input to NP303
adder B = Save R1 No Inner
| Decrement
FLOS
1. Step FL
éf” o FLIU in
r
Process of a
1. Gate GPR 1. Gate WR NP302 decrement
Specified by to Adder for
B to Adder B Input Single
NP341 NP377 Precision
l— 1. Set Dbl Bit Set Full Bit in
in Ppln 2 Ppln 2 Op
Op Reg Reg
NP307 NP307




See Diagram
5-7 for decode
cycle basic
interlock chks

Sto into array
interlock chec
(Diagram 5-5)

1. Gate GPR
Specified by|
X to Adder

Ppln Ready
NL605

No

Rl =
Save Loop X
or Save
Loop B

Yes

1. Tof Loop
Mode
NP325

FXP Full Op

Objectives:

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

1
1. Gate R2 FId
to Op Stage
Reg 12-15
NP313,

FXPCtrl

Decrement
RUM

(XXXX),

RUM

(XXXX)
Selected by Op
Reg R2

1. Step RUM
(XXXX)
NP319

FXP reg

FXPCtrl

FXOS Cntr
less than 6

X-B
GPRs Avail

RUA =0

1. Gate Op Disp
(D)to D Bfr

2. Gate DBfr to
Adder NP34]

R1 Invalid
Tgr On

1. Gate WR to
Adder for
X Input

l INP341

NP377|

R1 Invalid
Tgr On

B = Save R1

FXOS Avail

FXB Avail

specification
Decrement Yes

'interrupt i Ez
RUA
(XXXX)
A
No

Diagram 5-33

RUA
(XXXX) No
Yes Selected by Op
Reg R1

Yes

1. Step RUA
(XXXX)
NP315

Ppln Ready

Mply or Divide

X-B
GPRs Avail

FXPControl
Decrement RUA
(XXXT)

Store Op

RUA

(XXXO0)
Selected by Op
Reg 1

SAR
Avail and
Temp Fetch 2
Tgr Off

(c) To Op Stage Reg 16-18

1. Step RUA
XXX1
1. Set High Priority FXB 1. Set High Priority SAR ( ,\393]5
(a) Bsy (a) Bsy NP303
(b) To Ppln 2 Op Sk Adr (b) To Ppln 2 SAR NP413 E

2. Set Fetch Bit to Ppln 2 Op Reg

(c) To Op Stage Reg 19, 20 NP381
2. Set Store Bit to Ppln 2 Op Reg
NP303

NP303

it—__

1. Step IR
NP319

N —

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

3. Gate R1 Field to Op Stage Reg

4. Set FXPValid Bit in Op Stage Reg NP303

NP307

NP387

. Gate GPR 1. Gate WR to
Specified by Adder for
. A‘lild;3'41 Cond Code
Setting Op
I 1. Set CC Bit
in Op Stage
Reg
NP303
[
Sum
Equals Zero
d Not
Yes FXP Control Y
Decrement FXOS
Ctr
WR Adr
1. Step FXOS Equals 50
Ctr
NP303
Inhibits further instruction 1. Store into
End of decoding after |-box issues 50
( o " :? ) next timer pseudo-instruction NL579
paration because an interrupt might
follow
DIAGRAM 5-9. FIXED POINT FULL WORD ISSUE SEQUENCE Diagram 5-26

(3/68) 5-9




Objectives:
1. To decode and issue a FXP full word operation.
- Se Dicgron
5-7 for decode
cycle basic
D°°_°d° interlock chks ]
- Go Signal 1. Gate R2 Fid
to Op Stage
Reg 12-15
NP313
-
No FXPCtrl
Decrement
- -
-
(XXXX)
Selected by Op,
Reg R2
- .S?o into array No *
{interlock chec
(Diagram 5-5) 1. Step RUM
(XXXX)
- FXP reg NP319
specification N
'interrupt ;’,‘E
- =~ FXPChl
Decrement Yes
RUA
(XXXX)
: e A
No
Diagram 5-33
RX FXP Full FXOS Cntr RUA
~— less than 6 FXOS Avail (XXXX) No
Yes Selected by Op
Reg R1
b e Yes
1. Step RUA
XXXX
Pp::LR&)asdy : N)P3l5
-
|
-
Mply or Divide
X-B RUA =0
- GPRs Avail -
GPRs Avail
FXPControl
- 1. Gate Op Disp Decrement RUA
(D)to D Bfr (XxX1)
2. Gate DBfr to
o Store Op
RUA
R Invalid (XXX0)
Tgr On SAR Selected by Op,
- dnatland Reg 1
FXB Avail e
Temp Fetch 2
Tgr Off
- [ N ok 1. Step RUA
‘ —— (XXX1)
1. Set High Priority FXB 1. Set High Priority SAR NP315!
o e, o,
(b) To Ppln 2 Op Sk Adr (b) To Ppln 2 SAR le
- b e et (c) To Op Stage Reg 15~18 (c) To Op Stage Reg 19, 20 NP381
! Spciiieg &y PN o 2. Set Fetch Bit to Ppln 2 Op Reg 2, Set Store Bit to Ppln 2 Op Reg
X to Adder X Input NP303 NP303
NP341 T NP377 i
—~— - e
1. Step IR
- R1 Invalid NP319
Tgr On ]
1. Set Full Bit in Ppln 2 Op Reg NP307
2. Gate Op Field to Op Stage Reg NP319
B = Save R
g £ i ) 87 SPF
3. Gate R1 Field to Op Sfage Reg ‘NP3 834 556 i
4. Set FXPValid Bit in Op Stage Reg NP303 Ppin 3
-
1. Gate GPR 1. Gate WR to
Specified by Adder for
B to Adder B Input Cond Code
- NP341 NP377, Setting Op
= 1. Set CC Bit
in Op Stage
Reg
o NP303
: |
Sum
L - Equals Zero
and Not
Yes FXPControl TAT
Decrement FXOS
Ctr
-
WR Adr
1. Step FXOS ERSu %
L— Ctr
NP303
Inhibits further instruction 1. g:)ore info
decoding after |-box issues
o ( s ?f ’ next timer pseudo-instruction NL579
Spenian b an interrupt might
follow
- o
Diagrom 5-26
DIAGRAM 5-9. FIXED POINT FULL WORD ISSUE SEQUENCE
- (3/68) 5-9



Decode
Go Signal

fSee Diagram
5~7 for decode
cycle basic
interlock checks]

XPHW or

No

Fm———————

'
Sto into array |
interlock 1
check !

Diagram 5-5 !

Char Insn

No

Obijectives:

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

No. Store

1. Set Half Bit
in Ppln 20p
Reg NP307

Halfword Yes
Insn
Store
No Char Yes
Insn 1. Set Char Bit
In Ppln2 Op
Re
NP307
1. Set Char Bit
In Ppln 2 Op|
Reg
NP307

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

1

. Set High Priority FXB

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

16-18 NP381

. Set Fetch Bit in Ppin

2 Op Reg NP303
|5

1. Set Half Bit
In Ppln2 Op
Reg

NP307

1. Set High Priority SAR
(a) Bsy NP303
(b) To Ppln 2 SAR  NP413
(c) To Op Stage Reg 19,20
NP381
2. Set Store Bit in Ppln 2 Op
Reg NP303

<

1. Step IR
NP319

T

. Gate Op Field to Op Stage

Reg NP319
Gate R1 Field to Op Stage
Reg NP387

. Set Fix Valid Bit in Op

Stage Reg NP303

L ]

1. Set CC Bitin
Op Stage Reg
NP303

Y

1. Tof Loop
Mode
NP323

1 2

1. Step FXOS
Ctr

NP303

1. Step RUA
(XXXX)
NP315

l

l

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

2. Gate D Bfr to
Adder  NP341

R1
Invalid
Tgr On

1. Gate GPR
Specified by X
to Adder

NP341

. Gate WR to
Adder for
X Input
NP377

R1
Invalid
Jgr On

to Adder

1. Gate GPR
Specified by B

NP341

1. Gate WR to
Adder for X

Input
P P37y

DIAGRAN, S-1Q.

5-10

(3/68)

FLXED POINT HALFWORD AND INSERT AND STORE CHARACTER ISSUE SEQUENCE



Wait for
resolution of
branch on

condition test

No

1. Gate D to D Bfr
2. Gate D Bfr to Adder
3. Gate GPRSpecified
by B to Adder
NP341

Does RUA for
this GPR =0

are zero or when the
R2 field in the RR
format contains zero,
the branch instruction
is equivalent to a
no=operation

data move; this ensure
that the prefetching to|
be accomplished will
not override valid
information currently
in the temp bfrs

GPR
Specified by
B Avail

Does RUA for
this GPR = 0

Sto into array
interlock ck
Diagram 5-5

Temp

Fetch2Tgr On

(G74)

Yes

nterlock chec

Objectives:

1. Decode and process a BC instruction.

2. Check all interlocks which may cancel the execution
of this instruction,

3. Establish condition mode if the condition code is not
immediately valid.

4. Establish an unconditional branch when the M1

(four bit mask) field in the BC instruction format contains

all ones.

5. If conditions permit, establish loop mode.

No Op

Yes

No Op and Pipeline Drain

Unconditional
branch

Ppln Empty
NP319

SIIS or
Store A

1. Step IR
NP319

End of
Operation

. Gate GPR
Specified by
R2/X to
Adder NP341

DIAGRAM 5-11.

BC is target
of Exec
No 1. Gate D to D Bfr
2. Gate D Bfr to Adder Yes
3. Gate GPR Specified
1.Gate D to D Bfr Yes by B to Adder
2.Gate D Bfr to Adder NP341 {
3.Gate GPR Specified
by B to Adder l. Gute. ?PR
NP341 Specified by
R2/X to Ad-
der NP341
.Gate GPR
Specified by
R2/X foN/:%ie]r Exec B Tgr
On (G106)
Did this BC
Establish Loop Tgr
Loop Mode On (E102)
1. Gate LB Reg
to Adder
2, Gate IRCTR
to Adder
NP333
Addr Gen New B:F'l;:;en
Yes “IRCTR 25 = IC (used if no )
LB25 branch) CBIA Tgr Temp 1
Yes On (J103) and Temp2
Fth Tags Off,
(F74,G74)
1. Gate +1 to Coce T
Adder 25 R R B ar
i On (J103) Loop Tor
NP333 NP333 On (E102)
1. Gate R1 to CC
Mask Reg 1. Ton BC Uncond 1. Ton BC Uncond
2. Tof IF Tgr (D70) Tor (E103) Tgr (E103)
3. Set State 1 (D103) 2. Tof IF Tgr (D70) State 2¢ SrarSTe 2. Tof IF Tgr (D70)
NP333 State 1 - 3. Set State 2(D102) no temp Teor 3. Set State L(Fl?alsgs)
BC cond NP333 fetching fetching
Sl ———
End of B § C
Operation
2
Sheet 3 Sheet 2 Sheet

BRANCH ON CONDITION SEQUENCE (SHEET 1 OF 5)

1. Gate SL
AOC

(XN

on)

. Set Op Reg Empty

. Gate SLT Reg to IR
(This action also
causes NIAT to turn

T Reg to

NP333

@3

/68)  5-11 (1 of 5)



Sheet 1 Sheet 1

V/

Sto into array
interlock ck
Diagram 5-5

Fetch target +1

BC since tar i
get is
Unc?é\tiio];gr On outside of array ' Br in Array Test l
N
es ; ° (B< WR< UB>—Yes )
State 2 1. Ton BIA
Tgr On 1. Set Ppln 3 Op Dbl Bit (J81) and Tor (F106)
(D102) Fetch Bit (J82) NMO01 "
2. Gate Temp 2 Sink Adr to Ppin 3 .Bran'ch 1nsn
Op Reg (J79,80) in h!sfory
i [3. Ton Fetch Tag for Temp 2 Bfr (G74) portion of array
R Avail 4. Ton Temp Fetch Made Tgr (F101) No WR < IR
and MSCE NMO001 =
Acpti
cPing, Forward Yes
Yes branch
1. Ton Back < 8
T‘g’:‘ (HBS) 1. Gate Adder to WR
(Target)
1. Gate ’Addfer to WR (Target) NINoO1 2. Reset Og Tgrs to A
2. Set T/C Bit to Compl T Adder (See Notes
3. Gate +1 to Adder 31 1 on Sheet 5) NMO003
4. Gate WR to Adder B Input
5. Reset Og Tgrs to Adder (See
Note Sheet 5
Sioni3heet 2} 1. Gate Temp Reg to Adder B Input +1 to
2. Set T/C Bit to Compl Adder 28
NMO27 3. Gate +1 to Adder 31
I
NMO005
No L825 = 1. Gate Adder to Temp Reg
IRCTR25 (Save Target)
2. Gate WR to Adder (Target)
1. Gate +1 to N 1825 3. Gate +1 to Adder 28
Adder 25 © IRCTR2_5 4. Ton Fetch Tag For Temp 1 Bfr (F74)
NMO027 5. Set Ppln 3 Op Dbl Bit (J87) and
6. Fetch Bit (J82)
1. Gate +1 to 7.Gate Temp 1 Sink Adr to Ppln 3
Adder 25 Op Reg (J80!
NMO05 ke e NMO01
- - Fetch t t
1. Gate LB Reg to Adde] el
2. Gate IRCTR to Adder Bt
For back 3. Set State 3 (D102, e A
<8 test 103) target +1
NMO027
Uncond Tgr
On (E103),
Initialize to
State 3 target in
(D102, 103) array
1. Hot 1s Reset l
(See Notes on
Sheet 5)
2. Ton IF Tgr (D70)
NMO45 1. Gate Temp Reg to IR and AOC Reg
2. Br Tgr Reset (See Notes on Sheet
5 for definition)
BIA 3. Set Op Reg Empty
o Tgr On jfes 4. Set State 0
(F106)
NM045

Exec B
Tgr On
(G106)

TFM
Tgr On
(F101)

LB < WR< UB

Y y 1. Gate Temp Reg
to SLT
1. Ton Temp Fetch Tgr (D72) 1. Gate WR to NMO45
2. Ton Temp Fetch 1 Tgr (F102) SLT Reg
3. Ton Temp Fetch 2 Tgr (F103) 1. Gate WR to UB, LB, AOC and 1. Gate WR to IR and AOC Regs NMO047
Back < 8 will not be set if: (Branch 4. Tof TFM Tgr (F101) SLT Regs 2. Set Op Reg Empty
insn dbl wd adr = target dbl wd adr). 5. Gate Temp Reg to LB, UB, AOC, 2. Ton Initial Fetch Tgr (D71) 3. Br Tgr Reset (See Notes on Sheet 5 ooR
(Branch insn does not end on dbl wd and SLT Regs 3. Set Back < 8 per Adder for definition) ey
boundary) 6. Set B<8 per Adder 4. Set State 4 (D101) 4. Set State 0 Yes Loop \E102)
7. Set State 4 (D101) NMO47 NM047 Tgr On
(E102)
1. Gate Temp Reg to
T LB Reg
l—__~ 1. Gate WR to % (T;’]”O;‘)”*’ ot
LB Reg NMO45
B<8 2. Ton Loop Tgr
Tgr On (E102) :
(F105) [ !
Yes | .
1. Reset SLCBReg to ——I
1. Ton Loop Mode 0000 |
Tor (E102) 2. Gate X to SLCX Reg Set LB to |
NMO47 3. Gate IR to SLCIR forgetiacant , |
NMO047 |
|
1. Br Tgr Reset (See Noteson Sheet 5 I
for definition)
2. Set Op Reg Empty No RR Insn
3. Gate SLT to IR (This action also Format
causes NIAT to turn on) Nl. Gate B to SLCB
4. Tof Loop Mode Tgr (E102) (Overrides
5. Set State 0 Reset) Yes
Al NMO45,047
)|

1. Decode and Issue|
Target Insn

End of
Operation

DIAGRAM 5-11. BRANCH ON CONDITION SEQUENCE (SHEET 2 OF 5)

5-11 (2 of 5) (3/68)



Save address
for backup

Sheet 1

Sto into array
interlock check
Diagram 5-5

'

1. Gate R2/X to SLCX|
Reg
2. Gate IR to SLCIR
3. Reset SLCB Reg
NMO005

. Gate B to

SLCB Reg
(Overrides
Reset)

M005

1. Set Ppln 3 Op Dbl
Bit (J81) and Fetch
Bit (J82)

2. Ton Fetch Tag for
Temp 1 Bfr (F74)
3. Gate Temp 1 Sink
Addr to Ppln 3 Op

Reg (J80)

4. Ton TFM Tgr (F101)

5. Og Ppln 3 and
WR to MSCE

NMO005

3. Temp 1

fetch (target)

BC
Uncond Tgr
On

State 1
(D103)

. Gate Adder to

. Reset Og Tgrs to

Temp Reg and WR

Adder (See Notes
on Sheet 5 for
definition) NM005

Save rWrong Guess"
address = New IC
(N+1) if in loop mode
target if not in loop

mode

Yes

CB<8 will not be set if]

(Branch insn dbl wd =
target dbl wd addr) .

1. <
(Branch insn does not S;;ri?ide?
end on dbl wd
boundary) ikl

1

[

IR =SLCIR

1
2
3

4
5

6

. Gate WR to Adder
. Gate LB to Adder
. Gate IRCTRto Adder
. Set T/C Bit to
Compl (G80)
. Gate +1 to
Adder 31 (G92)
. Set State 2 (D102)

NMO005

" (for back

1. Gate +1 to
Adder 25
(G88)

NMO005

7
|
|
|
L

No Yes

I

(Br in Array)

IC - target

<8 test)

N o~

. Ton Cond Mode Tgr
. Ton C Quick Tgr

. Ton CBIA Tgr

. Gate SLT Reg to

. Gate SLT Reg to IR

. Set Op Reg Empty
. Set State 0

(G1o1)
(J1o1)

(J103)

AOC Reg

(This action also

causes NIAT to
Turn On )

NMO005

Sheet 4

Y |

LB<WR<L UB

Generate target
+1 address

1. Gate +1 to
Adder 28 (G90)

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

3. Gate Temp 2 Bfr
Sink Address to
Ppln 2 Op Reg
(J79, 80)

4, Set Dbl (H87) and
Fetch (H82) Bits
into Ppln 2 Op Reg

5. Gate WR to Adder

NM027

T

(J102)

(F101)

1. Ton CBIA Tgr

2. Tof TFM Tgr

NM027

Tgr (G101)
. Set State 0
. Step IR

nw

1. Hot 1s Reset (See
Notes on Sheet 5
for definition)

2. Ton Cond Mode

NMO027

DIAGRAM 5-11, BRANCH ON CONDITION SEQUENCE (SHEET 3 OF 5)

Sheet 4
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Sheet 3

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

N

Ppln 2 and

3. Og Ppln 3 Op to Ppln 3 control
Diagram 5-11 MSCE NP405
(Sheet 3) _J; -
Cycles are dependent upon the time it
T takes for the CC to become valid.

1. Decode Instructions and Issue to
Appropriate Area Conditionally

2. Sample CC with Mark Reg Each
Cycle to Determine Outcome of
Branch

3. Block Decode of Instructions
when CC becomes Valid

L

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

BC Test
Cond Tgr
On (G101)
CC= Mask biton | [f mask bit 10is on
branch if CC =2
0 8
1 9
2 10
3 n
Taken
(F104)
1. Generate
Insn Fetch
Inhibit
Signal
1. Ton Req GP
Priority Tgr
NM043
Correct .
Guess
C Quick Tgr™\{_ No Yes Ak No
On (J101) On (J101)
Wrong
Guess
CB <8 Tgr
On (J103)
1. Tof Loop No 1. Ton IF Tgr s]z G"":B“:dP
T 102 7 €010 L0l
e JE1E) (b70) SLT Regs
NM063 NMO065 NM063
_ Yes 1 =
Inner loop; outer y Will turn off Cndl oop gr
loop must be 1. Ton Activate mode and allow On (E102)
BCT or BX Tgr (G103) normal processing
2. C Tgr Reset (See
Note on Sheet 5)
NMO065 1. Ton Loop
Tgr (E102)
NMO063
QAJDFGQ. 5-6
LA No State 0 or
No “sce Acping
Pos Contain
Both CC and,
CM Bit
1. Tof CC Val e
Tgr (G102)
NMO065 Yes C BIA
< Tgr On
(J103)
No :
End of
Operation T. Ton Temp Fetch Tgr T. Tof Loop Tgr * 1. Ton Init
(D72) (E102) Fetch Tgr
2. Ton Temp Fetch 1 2. Gate Temp Reg (D71) ~
- Tgr (F102) to UB and LB NMO63
ana 3 3. Ton Temp Fetch 2 Initiali
Totransfer tem| Tgr (F103) nitialize
bfrs to array 4. Tof Initial Fetch i
Tgr (D71) NM063| | AN Rl ___ =
(F101)
)
Sheet 5 * Note: Loop Tgr on over off.
DIAGRAM 5-11. BRANCH ON CONDITION SEQUENCE (SHEET 4 OF 5)
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Notes:

Reset Og to Adder = GPR Reset and Hot s Reset
GPR Reset = (a) Tof R1 Og Tgrs

(b) Tof X/R2; B; D; Og Tgrs

(c) Tof WR Og Tgrs

(d) Tof Temp Reg Og Tgrs

15
2

Hot is Reset = (a)
(b
(c)
(d)
(e

. Br Tgr Reset = (a)

(b)
(c
(d)
(e)
(f
C Tgr Reset = (a)
(b)
(c)
(d)
(e)

Sheet 4

n

. Ton Cancel Tgr (G104)
. Issue Cancel Signal to

. Generate Stop Decode

. Set State O
. Br Tgr Reset (See

. Tof R1 Dbl Sink Tgr

Execution and MSCE
Areas for Conditionally
Issued Instructions

for Cancel Signal (See
Diagram 5-7)

Notes.)

(D106) NMO063

See
Diagram 5-2
and 5-3

1. Generate
Inhibit AOC
Step Signal

NMO063

(2

ONO>OU A WN

. Ton NIAT (E73)

. Set Op Reg Empty

. Tof BAL Tgr (E104)

. Tof SVR1 Og Tgr (H105)
. Tof R1 Og Inh Tgr (H106
. Ton IF Tgr (D70)

. C Tgr Reset (See Notes.)

Gate Temp Reg to IRand
AOC Reg (Temp Reg to
IR Transfer is not
blocked by SIIS or Store
A Signal)

NMO063

Wrong guess;

Cancel instructions
issued to FXA, FLA
i B

Diagram 5-6

1. Set Op Reg Og
Tgr According
to IR

Op reg
valid

. Decode Target
When [t
Becomes
Available

Set T/C Tgrto T
Tof +1to Adder 31; 29; 28; TAT; and 25
Tof SVIR Og Tgr
Tof LB Og Tgr

Tof IRCTR Og Tgr
Tof Br Tgr

Tof BIA Tgr

Tof BIA 1 Tgr

Tof B<8 Tgr

Tof Exec Tgr

Tof BCUNCON Tgr
Tof Cond Tgr

Tof CBIA Tgr

Tof CB<8 Tgr

Tof C Quick Tgr
Tof TFM Tgr

DIAGRAM 5-11. BRANCH ON CONDITION SEQUENCE (SHEET 5 OF 5)

End of
Operation

Because NIAT is
on

(3/68)

5-11 (5 of 5)



Obijectives:

1. Decode and process a BCT instruction.
2. Check all interlocks which may cancel the execution of this instruction.
3. Condition mode must be removed before processing of the BCT instruction can be completed,
4. The BCT instruction can either break, establish, or retain a loop mode of operation,

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

Temp
Fetch-2 Tgr

Decode\

Go Signal

1. Gate RI to
save R1

NP 325

See Diagram
5-7 for decode
cycle basic
interlock check

On

Ppln Ready

Wait for reso-

lution of branch
on condition

1. Gate D to D Bfr

2. Gate D Bfr to Adder

3. Gate GPR Specified
by B to Adder

test
1. Tof Loop
gF (el Store into array
NP325 interlock check
Diagram 5-5
R1
Invalid Tgr
On
No RR Insn
Format
GPR L R2 = 0000
Specified by Yes
B Avail
Yes
GPR
Specified By
R2/X Avail
No
No o] 1. Gate R1 to Adder (Count) NP341
Wiads Tov 0 2. Set T/C Tgr to Compl NP331
(G101) R1 = SLCX or SLCB 3. Ton Req GP Priority Tgr NP331
4. Set State 3 (D102,D103)  NP331
Cond
Temp 1 Yes ” Mode Tgr On
and Temp 2
Fetch Tags Off
F74,G74
{ ) Exec B
CBIA Tgr On Tgr On (G106)
(J103) NP329
CB<8 Tgr On
(J102)
No
R1 Avail
RR Insn
Format Yes
Yes 1. Gate RI to Adder NP341 1. Gate R1 to Adder NP341
2. Set T/C Tgr to Compl NP331 2. Set T/C Tgr to Compl NP331
3. Tof IF Tgr (D70) NP331 3. Ton BCQ Tor (E106) mggg:
NP341 1 NP331 4. Ton Req GP Priority Tgr
Loon o L1 5. Set State 1 (D103) NP331
1. Gate GPR Specified by R2/X to
Adder NP341
2. Tof IF Tgr (D70) NP331
3. Set State 1 (D103) NP331
& 0, & )
Sheet 3 Sheet 2 Sheet 2 Sheet 2
DIAGRAM 5-12. BRANCH ON COUNT SEQUENCE (SHEET 1 OF 5)
(3/68) 5-12 (1 of 5)



Sheet 1, 3 Sheet 1 Sheet 1

BCQ Tgr On
(E106)

I

1. Gate Adder to WR See notes on
(Count) Sheet 5 for

2. GPR Reset definition of

3. Hot Is Reset hot 1s reset and

4. Set Br Tgr per GPR reset
Adder NMO029|

Decode BCT

Insn

Sto into array
interlock chec
Diagram 5-5

Sto into array
interlock check
Diagram 5-5

Ton Req
GP Priority Co(rg]'gg]r) On
19" Nmoz9

e R 1. Gate Adder to WR
3. Hot Is Reset 2, To'f R.eq GP
4. Set Br Tgr per Adder Priority Tgr
5. Set Op Reg Empty 3. Ton SVRI Inv Tgr
6. Gate SLT o IR, (D105)
GLP AOC 4. Hot 15 Reset
( ) 7. Gate IRCTR toSVIR 2 g:f S:;fe 0
. Set State 2 . Step
it b . Ton NIAT NM047
(F106) Nmo21 ==
See Notes on
BXQ Tgr On Sh?et 5 for
1 definition of
— Hot 1s reset and
Yes Cond GPR reset
g > | e—
exon) Bt B e e T
End of
Operation
No ¢ TFM Tgr On

(F101)

Br Tgr On

1. Gate +1to (F104)

Adder 25
NM027

1. Gate D to D Bfr ‘L—-—1
2. Gate D Bfr to
Adder ; Gate Temp to Adder 1. Gate WR to
. Gate LB to Adder
3. Gate B to Adder Adder
3. Gate IRCTR to Adder 2. Ton IF Tgr (D70)
NM029 4. Set T/C Bit to Compl 3. Set State 6 —
5. Gate +1 to Adder 31 1. Inhibit
6. Set State 5(D101,103) NM029 Ag(f:q(f'ép
1. Gate R2/x and fi P
to Adder NMO029 Reg)NMOZS‘
2. Set State 4
NMO029!
1. Tof Reg GP Priority,
________________________________________________ Tgr
2. Ton SVRI Inv Tgr
(D105)
Sheet 5 3. Ton IF Tgr (D70)
4. Tof BCQ Tgr (E106)
5. Br Tgr Reset S:ee';°5e:° °
e r
SELR L definition of
NMO025 br tgr reset
) Br Tgr On Yes
See notes on
Sheet 5 for No
definition of 1. GPR Reset
hot 1s reset and 2. Hot Is Reset o d oo NEE o)
t . Set Op Reg Empty
il NM043 2. Gate SVIR fo IR,
AOC
NM025
Br Tgr On
(F104)
LB25= Yes
Cond Tgr IRCTR 25
On (G101)
1. Gate +1 to
Adder 25
NMO067,
- 1. Tof Loop
1. Tof Req GP Pri Tgr . Gate R1 to Adder 1. Gate Adder to WR IC minus target Mode
2. Ton SVRI Inv Tgr 2. Set T/C Bit to 2. Gate WR to Adder address for back < (E102)
3. Ton IF Tgr (D70) Compl 3. Gate LB to Adder check NMO025
4. Tof TFM Tgr (F101) 3. Ton IF Tgr (D70) 4 Gate:lRCTR fo) i e R g e
5. Br Tgr Reset 4. Set State 6 Adder i L e e e R e S S
6. Set State O (D101, 102) 5. Set T/C Bit to Compl|
7. Step IR 6. Gate +1 to Adder 31| End of
7. Set State 5 ( Operation ) Decode
(D101, 103) Target Insn
NMO043 NMO041
ee note on
Sheet 5 for !
definltionof 4 | ¥ R R e = e e S
br tgr reset

End of Gj (&t )
Operation Sheet 5 Sheet 4 Operation

DIAGRAM 5-12.  BRANCH ON COUNT SEQUENCE (SHEET 2 OF 5)
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check

See Note on
Sheet 5 for
definition of

4 GPR reset

ray interl

Diagram 5-5

check

Y

1. Gate Adder
to Temp Reg
(Target)

R1
Avail (:UA

ock

NIN
or
Store A

. STore Info ar.
ray interlock

Diagram 5-5

1. Ton Req GP Priority Tgr
NMO003
2. Ton BCQ Tgr (E106)
NMO003
3. Gate R1 to Adder NMO0O01
4. Set T/C Bit to Compl
NMOO01

5. GPR Reset NMOO0 |

e Notes on
Sheet 5 for def
of GPR reset
and hot 1s rese

BCQ
Tgr On
(E108)

1. Gate Adder to WR

2. Hot s reset

3. GPR reset

4. Set Br Tgr per Adder
NMO021

Yes

1. Gate X to SLCX Reg

2. Reset SLCB Reg

3. Gate IR to SLCIR

4. Gate WR to SLT Reg
NMO021

Yes

1. Gate B to
SLCB Reg

. Gate IRCTR to SVIR
. Set Op Reg Empty

. Gate WR to AOC, IR
. Set State 2 (D102)

. Ton NIAT

OB WN —

NMO021

BCT * Loop:

Quick - BIA

Sheet 2

DIAGRAM 5-12. BRANCH ON COUNT SEQUENCE (SHEET 3 OF 5)

BCQ
Tgr On
(E106)

State 1
(D103)

SIIS or
Store A

. Gate Adder
to WR
(Target)

HIM003

WR Avail
and MSCE
Acptng

No Fetch Made Yes
B
Yes |
&1 to Adder 28 |
|
N BIA i
Tgr On
(F106)
NIN
or Fetch |
Store A target +1 |
Fetch target ‘
No | |
|
! 1. Ton Fetch and Double Bits |
1. Ton Fetch and Double Bits in Ppln 3 Op Reg }
in Ppln 3 Op Reg 2. Ton Temp 2 Buffer Fetch |
2. Ton Temp 1 Buffer Fetch Tag (G74) 1. Ton BIA ‘
Tag (H74) 3. Set Temp 2 Buffer Sink Tgr (F106) |
3. Set Temp 1 Buffer Sink Adr Addr into Ppin 3 Op Reg NMOO1 |
into Ppln 3 Op Reg (J81) l4. Ton Temp Fetch Mode
4. Og Ppln 3 Op Reg and WR Tor (D72) |
to MSCE HMO0]
5. Gate Adder to Temp Reg No
6. Gate WR to Adder
7. GPR Reset
8. Gate +1 to Adder 28
NMOO01 Yes
I 1. Ton Back<8
Tgr (F105)
NMOO1 i
1. Hot Is Reset NMO003
2. GPR Reset NMO001
3. Set T/C Bit to Compl
NMO001
See Notes on 4. Outgate R1 to Adder
Sheet 5 for def NMOO01
f hot 1s reset 5. Set State 2 NM003
BCT + Not quicH
LB25=IRCTR25
1. Gate +1to
Adder 25
NMO21
1. Tof BCQ Tgr (E106)
2. Gate Temp Reg to Adder
3. Gate LB Reg to Adder
4. Gate IRCTR to Adder
5. Set T/C Bit to Compl
6. Gate +1 to Adder 31
7. Set State 5 (D101, 103)
NMO021
BCT - Loop -
Quick - BIA
l l B
\
Sheet 2

Sheet 4

(3/68)
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Decode
BCT Insn

Sheets 2, 3

1. GPR Reset
See Notes on Sheet 5 2. Hot 1s
for definition of GPR Reset
reset and hot 1s reset NMO041
No Br Tgr On Yes
(F104)

Loop Tgr On
(E102)

Exec B Tgr
On
GP Acpt Tgr
On
1. Ton Initial
Fetch Tgr
i D71
Sl S 1. Gate R1 to Adder ®7 1 moar
2. Ton SVRI Inv Tgr '
(D]05) 2. Set T/C Bit to \
3. Ton IF Tgr (D70) Compl
4. Tof TFM Tgr 3. Ton IF Tgr (D70)
5, Br Tgr Reset 4. Set State 6 (D101,
€ Nofe on 6. Set State 0 102)
Sheet 5 for de- 7. Step IR
finition of br NMO41, 043 .
tgr reset NMO041
1. Ton Temp Fetch 1. Gate Temp
Tgr (D72) Reg to UB, LB,
2. Ton Temp Fetch 1 SLT, and AOC
Tgr (F74) Regs
3. Ton Temp Fetch 2 s,
Tgr (G74)
4. Tof TFM Tgr
NMO041
1. Gate WR to UB, 1. Ton BIAI
LB, SLT, and AOC Tor (F107)
Regs NMO041
2. Ton Initial Fetch
Tor (B71) NMO4I
1. Set back < 8 Tgr
per Adder
2. Gate R1 to Adder
o ZEO;T{C HiEr Back < 8 tgr will not
4. Ton FF Tgr (D70) be set if : (Branch insn
5' Set State 6 dbl wd adr = target
i dbl wd adr). (Branch
insn does not end on
NMO4 14 = dbl wd boundary)
End of G
Operation
Sheet 5
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Sheets 2, 4

Decode
BCT Insn

State 6
(D101, 102)

Yes

[
ait for reso-
lution of branch
on condition

test
Req GP
Priority Tgr
On
1. Ton Req GP
Priority
Tgr
NMO043
L
GP
Acpt Tgr
On
Yes
Br
No Tgr On
WOQ
Yes
1. Gate Adder to WR NMO045 See Notes for
2. Tof Req GP Priority definition of
Tgr NM043 br tgr reset
3. Ton SVRI Inv Tgr
(D105) NMO043
4. Ton IF Tgr (D70) NM043
5. Tof TFM Tgr NMO043
6. Br Tgr Reset NMO043
7. Step IR NM043
8. Set State 0 NMO043
1. Gate SLT
Reg to IR, to IR
Exec B Tgr AOC Reg 2. Ton NIAT
NMO045 NM045

1. Gate Temp Reg
1. Gate WR to LB and SLT
to LB and Regs
SLT Regs
NMO4 NMO045

. Gate Adder to WR

. Tof Req GP Priority Tgr . Gate 0 to SLCB Reg

1
. Ton SVR1 Inv Tgr (D105) 2. Gate X to SLCX Reg
. Tof Loop Tgr (E102) 3. Gate IR SLCIR
Br Tgr Reset 4. Ton Loop Tgr
NMO047

. Set Op Req Empty
. Set State 0

NoOOURWN —

NMO045

1. Gate B to
SLCB Reg

NMO047

1. Decode and

End of Issue Target,
Operation Insn

Notes
1. GPR Reset = (a) Tof R1 Og Tgr (c) Tof WR Og Tgr Tad of
(b) 10*' X/R2;B;D Og (d) Tof Temp Reg Og Tgr Operation
grs

2. Hot s Reset =(a) Set T/C Tgrto T (d) Tof IRCTR Og Tgr
(b) Tof SVIR Og Tgrs (e) Tof +1 to Adder 31,29,28, TAT,25
(c) Tof LB Og Tgrs

3. Br Tgr Reset = (a) Tof Br Tgr (d) Tof Back<8 Tgr
(b) Tof BIA Tgr (e) Tof Exec B Tgr
(c) Tof BIAT Tgr (f) Tof BCUNCONT

4. Minimum time from request to accept is 2 cycles.

5. CP request off and priority granted causes fixed point
execution unit to gate WR into GPR.

DIAGRAM 5-12. BRANCH AND COUNT SEQUENCE (SHEET 5 OF 5)
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C : Objectives:
Start e
1. Decode and process a BX instruction.

2. Check all interlocks which may cancel the execution of this instruction.
See Diagram 5-7 3. Condition mode must be removed before processing of the BX instruction
for decode cycle can be completed.
basic interlock 4. The BX instruction can either break, establish, or retain a loop mode of
Decode check operation.
Go Signal
Yes
Wait for completion of data
Decode move. This ensures that the
BX pre-fetching to be
Insn accomplished will not
override valid information
Yes currently in the temp bfrs
Temp Fetch
1. Gate R1 to % Torom
Save R1 Reg (F103)
NP325

R1 = SLCX
or SLCB

1. Tof Loop
Tgr (E102)
NP324

Specified by
B Avail

1. Ton BXLE 1. Tof BXLE
Tgr (E105) Tgr (E105)
NP335 NP335

[ - J

SIS
or
Store A

Store into arra
interlock check

R1 Invalid
vy Diagram 5-5 No

Tgr On

Loop
Tgr On
(E102)

No Yes

Exec B Tgr On
(G106)

Cond
Mode Tgr On
(G101)

Cond
Mode Tgr On
(G101)

No

CBIA Cond
Tgr On Mode Tgr On
(J103) (G101)
Temp 1 and
Temp2 Fetch No
Tags Off
(F74,G74
~@®
GPR Specified
by R3 - R3* Avail
GPR
Specified
by R3 - R3*
Avail
5 ifi 1
1. Gate D to D Bfr ~ NP341 Generate | [1. Gate GPR Specified by R1 a— ! g";z d‘sz Specified "'\Y‘P'; "
2. Gate D Bfr to Adder NP341 Target to Adder NP341 R] 2. Gate GPR Specified by R3
3. Gate GPR Specified Address 2. Gate GPR Specified by R3 B A NP341
by B to Adder NP341 to Adder NP341 Qrt .
4. Tof IF Tgr (D70) NP331 3. Tof IF Tgr (D70) NP331 3. Ton iX gl‘P(E'IO.7) NP33
5. Set State 1(D103)  NP331 4. Set State 2 NP331 4. Ton Req GP Priority Trfx;sm
T P 5. Set State 1 (D103) NP331
BX * Quick - BX . Loop - E o ) BX - Quick- S
State 1 ) State 2 P
xe % -
______ - = B - Note:
A 2 B/ [; c t] R3 - Increment Register
R3* - Comparand Register
Sheet 2 Sheet 2 Sheet 6
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No
N A Y
°  Adder 28 Tgr>——==
| on (G9%0)
1. Ton Fetch (J82) and Dbl (J87) Bits in Ppln 3 Op
Reg Yes /
2. Ton Temp 1 Buffer Fetch Tag (474)
3. Set Temp 1 Sink Adr into Ppln 3 Op Reg (J80)
4. Og Ppln 3 Op Reg and WR to MSCE Temp fetch Inhibit
A 5. Gate Adder to Temp Reg target IF
6. Gate WR to Adder |
7. GPR Reset (See Notes on Sheet 6)
8. Gate +1 to Adder 28 (G90)
NMO001
T 1. Ton BIA Tgr
(F106)
1. Ton Fetch (J82) and Dbl (J87) N
Bits in Ppln 3 Op Reg
Temp Fetch 2. Ton Temp 2 Bfr Fetch Tag (G74)
target + 1 3. Set Temp 2 Bfr Sink Adr into
‘ Ppin 3 Op Reg (J79, 80) No
. 4, j
Ton TFM Tgr (F101) NMOO1
X Yes
Sto into array
interlock check | 1. Ton Back < 8
lagess Sad 1. Gate Adder Target adr (F105)
into WR to WR NMO001
NMO0U3 )|
End of
Operation
1. Gate Adder
into Temp
Reg
NM003
1. Hot 1s Reset (See Notes on Sheet 6) NMO003 Increment R1
2. Og GPR Specified by Rl to Adder ~ NMO0OI
3. Og GPR Specified by R3 to Adder  NMO00I
4. GPR Reset (See Notes on Sheet 4)  NMO0O01 BX - Not L
5. Set State 2 (D102) NMO003 Modls « Shete B
S ————————— A —————————— | —————————————ieeetreree e e -
Sheet 1
State 1
Increment R1 1. Ton BXQ Tgr (E107) NM003 (D103)
2. Req GP Priority NMO003

4. Gate GPR Specified by R3 to Adder NMOO1
5. GPR Reset (See Notes on Sheet 6 ) NMO0O01

Bx - Loop
Mode - Not
Quick - State 1

Compare
Incremented
R1 and R3 *

1. Gate Adder to WR

2. GPR Reset (See Notes on Sheet 6 )
3. Gate R3* to Adder

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

|
|
|
|
|
|
|
|
|
|
[
|
|
3. Gate GPR Specified by R1 to Adder NMO0O1 I
|
[
[
[
[
[
|
|
|
|

5. Gate WR to Adder NMO021
No
L LBWR<UB
r Yes WR < IR 1. Tof BXQ Tor A 1on GP Priority
ar
\ (E107) NM023
1. Reset SLCX Reg No 2. Set State 3
2. Gate Bto SLCBReg (D102, 103)
3. Gate IR to SLCIR NMO021
4. Gate WR to SLT Reg
NMO021 SIS
or Store
T
1 Sto into array
1. Gate IRCTR to SVIR interlock check
2. Gate WR to AOC Reg Diagram 5-5
3. Gate WR to IR (This action also turnson NIAT)
4. Set Op Reg Empty Compare
5. Set State 2 (D102) BXQ - Not Incremented
NMO021 Quick - S2 R1 and R3 *
@ |
Bx - Not 1. GPR and Hot 1s Reset (See Notes on Sheet 6)
Sheet 6 Quick - State 3 2. Gate WR to Adder
' 3. Gate R3* to Adder
4. Set T/C Bit to Compl (G80)
J 5. Gate Adder to WR
D 6. Set State 3 (D102, 103)
'___ Sheet 3 J NM023

DIAGRAM 5-13. BRANCH ON INDEX SEQUENCE (SHEET 2 OF 6)
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Sheet 2

1. GPR and Hot Is
Reset (See Notes on
Sheet 6)

2. Set Br Tgr per Adder

NMO065

1. Gate WR to Adder B LB25 = No
2. Ton IF Tgr (D70) IRCTR25
3. Set State 6 (D101,
102)
NMO065 Yes 1. Gate +1 to
Adder 25
NM067
1. Gate Temp Reg to
Adder
2. Gate LB Reg to
Adder
No 3. Gate IRCTR to Adder
B = 0000 4. Set T/C Bit to
Compl (G80)
T. Gate GPR Ves 5. Gate +1 to Adder 31
specified by (G92)
B to Adder 6. Set State 5 (D101,
NMO065 103)
NMO065
1. Gate D to D Bfr
2. Gate D Bfr to Adder
3. Set State 4 (D101)
NMO065
l F :I
o e Decode B.

Insn

State 4

(D101)
Yes b 1. Gate +1 to
. Gate GPR Specified Adder 25
by R1 to Adder NMOé7
2. Gate GPR Specified 1. GPR and Hot 1s
by R3 to Adder Reset (See Notes on
3. Ton IF Tgr (D70) Sheet 6.)
4. Set State 6 (D101,
102) -
1. Tof Reg GP Priority NMO41 1. Gate WR to Adder I
Tgr 2. Gate LB to Adder | Back <8 test
2. Ton SVRI Inv Tgr 3. Gate IRCTR to Adder|
(D105) 4. Set T/C Bit to ]
3. Ton IF Tgr (D70) Compl (G80)
4. Tof TFM Tgr (F101) 5. Gate +1 to Adder
5. Br Tgr Reset (See 31 (G92)
Note on Sheet 6) 6. Gate Adder to WR
6. Set State O 7. Set State 5 (D101,
7. Step IR 103)
NMO043 NM065
g:‘ S';‘:ec:" BX - State 5

End of F E
Operation

Sheet 4
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Sheet 3

Decode BX Insn

State 5
(D101, 103)

1. GPRand I !
Hot 1s See Notes
Reset on Sheet 6
NMO041 -
No Yes

Br Tgr On (F104)

Loop Tgr On
(E102)

Cond Mode
Tgr On (G101)

1. Gate GPR Specified
by R1 to Adder Yes

Exec B Tgr On

Cond Mode Tgr

2. Gate GPR Specified 06
GP Acpt Tgr On by 3 fo Adder On (G101) (G10é)
3. Ton IF Tgr (D70)
4. Set State 6 1. Ton Initial
(D101, 102) Fetch Tgr
(D71)
| NMO41 NMO041
1. Tof Req GP Pri Tgr
2. Ton SVR1 Inv Tgr TFM Tgr On
(D105) (F101)
3. Ton IF Tgr (D70)
4. Tof TFM Tgr (F101)
5. Branch Tgr Reset
(See Notes on
Sheet 6)
6. Set State 0 &l
7. Step IR
NNO041;NM043
1. Ton Temp Fetch Tgr 1. Gate Temp Reg to
(D72) LB, SLT,and AOC
2. Ton Temp Fetch 1 Reg
Operation Tgr (F102) 2. Gate Temp Reg to
3. Ton Temp Fetch 2 UB Reg
Tgr (F103)
4. Tof TFM Tgr
NMO041 NMO041
Br in Array
Test

Yes

1. Ton Init Fetch Tgr 1. Ton BIA1
(D71) Tgr (F107)
2. Gate WR to LB, SLT
and AOC Regs NMo41
3. Gate WR to UB

NMO041

1. Set Back < 8 per
Adder

2. Gate GPRSpecified
by R1 to Adder

3. Gate GPRSpecified
by R3 to Adder

4. Ton IF Tgr (D70)

5. Set State 6
(D101, 102)

NMO041

G/

Sheet 5

DIAGRAM 5-13.  BRANCH ON INDEX SEQUENCE (SHEET 4 OF 6)
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Sheets 3, 4

Decode
BX Insn

Yes Cond

Wait for
resolution of
branch on
condition test

Mode Tgr On
Wml)

Req GP
Priority Tgr
On

. Ton Req GP
Priority Tgr

NM043

R

1. Gate Adder to WR
2. Tof Req GP Priority Tgr
3. Ton SVRI Inv Tgr (D105)
4, Ton IF Tgr (D70)
5. Tof TFM Tgr (F101)
6. Br Tgr Reset (See Note on Sheet 6)
7. Set State 0
8. Step IR
NMO043, 045
End of
Operation
1. Gate Adder to WR NMO045
2., Tof Req GP Priority Tgr NM043
3. Ton SVRI Inv Tgr (D105) NMO043
4. Tof Loop Mode Tgr (E107) NMO045
5. Br Tgr Reset (See Notes on
Sheet 6) NMO045
6. Set Op Reg Empty NMO045
7. Set State 0 NMO045
________ )
1. Decode
Target

End of
eration

DIAGRAM 5-13. BRANCH ON INDEX SEQUENCE (SHEET 5 OF 6)
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BIA1
Tgr On

]

1. Gate WRto IR

(This action also
turns on NIAT)

2. Gate WR to

AOC Reg
NMO045

1. Gate WR to
LB, SLT
Regs

NMO045

(F107)

. Gate SLT Reg
to IR (This
action also turns
on NIAT)

NMO045

. Gate Temp Reg

to IR (This
action also
turns on NIAT)

. Gate Temp Reg

to AOC Reg
NMO045

1. Gate Temp
Reg to LB
and SLT Regs

NM045

AwWN —

. Gate 0 to SLCX Reg
. Gate B to SLCB Reg
. Gate IR to SLCIR

. Ton Loop Tgr (E102)

NMO047




Sheet 1

@

SIS or
Store A

Store into array
interlock check
Diagram 5-5

. Gate GPR Specified by R3*

. Set T/C Bit to Compl (G80)

. Gate, SLT Reg to IR (This action

Compare 1. Gate WR to Adder
Incremented 2
R1 and R3 * to Adder
3
4. Gate Adder to WR
5. GPR Reset (See Notes)
6. Gate SLT Reg to AOC Reg
7
also turns on NIAT)
Sheet 2 8. Gate IRCTR to SVIR
9. Set Op Reg Empty
% 10. Set State 2 (D103)
1. Inhibit AOC
(Step and Fill
Op Reg)

l

'

. Tof Req GP Priority Tgr
. Set Br Tgr per Adder

. Ton SVR1 Inv Tgr (D105)
. Hot 1s Reset (See Notes)
. Set State 0

A wWwN -

NMO025

1. Tof BXQTgr (E107
2. Ton IF Tgr (D70)
3. Br Tgr Reset
(See Notes)
NMO025

. Set Op Reg Empty
. Gate SVIR to AOC Reg
. Gate SVIR to IR (This also turns

. BX Recovery (Stop Decode)
. Inhibit AOC (Step and fill Op Reg)

on NIAT)

NM023, NM025,

he BX recovery
ignal is generate

y (BXQ * Not Br)
nly

1. Tof Loop Mode
(E102)
NMO025

Notes:

1. Reset Og to Adder = GPR Reset and Hot 1s Tgrs

2. GPR Reset = (a) Tof R1 Og Tgrs

(b) Tof X/R2;B;D Og Tgrs

(c) Tof WR to Tgrs

(d) Tof Temp Reg Og Tgrs
3. Hot Is Reset =

(a) Set T/CTgrto T

(b) Tof SVIR Og Tgr

(c) Tof LB Og Tgr

(d) Tof IRCTR Og Tgr

(e) Tof +1 to Adder 31,29,28, TAT,25

4. Br Tgr Reset =
(a) Tof Br Tgr
(b) Tof BIA Tgr
(c) Tof BIAT Tgr
(d) Tof Back <8 Tgr
(e) Tof Exec B Tgr
(f) Tof BCUNCONT

5. Minimum time from request to accept is 2 cycles

6. CP request off and priority granted, causes
fixed point execution unit to gate WR into GPR

DIAGRAM 5-13. BRANCH ON INDEX SEQUENCE (SHEET 6 OF 6)

1. Decode Target
Insn

End of
Operation
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Objectives:
art _—
1. Decode and process a BAL instruction.
2. Check all interlocks which may cancel the execution of the instruction.
3. Set the rightmost 32 bits of the PSW, including the updated instruction address into the GPR staging area.
4. Notify FXA to read link data into GPR specified by RI.

Decode
Go Signal

See Diagram

5-7 for decode
cycle basic in-
terlock checks

1. Gate Rl to
Save Rl
NP325

WR
Avail and MSCE
Acptng

R1 = SLCX
or SLCB

1. Tof Loop Tgr
(E102)
NP325

I———- 1. Gate IRCTR 1. Gate Save IR to
to Adder Adder
NMO005 2. Gate +1 to Adder
29
R Invalid NMO05
Tgr On
LB25 = No
IRCTR25
No
|
?
Temp Fetch
2Tgr On 1. Gate +1 to jres
Adder 25
Wait for completion of data =
move; this ensures that the pre- T‘
fetching to be accomplished will SRR - -
not override valid information 1. Gate LB to Adder T :!]' o
currently in the temp bfrs 2. Gate Adder to WR - Tof R1 Og Tr
3. GPR Reset 2. Tof X; R2; B; D Og
4. Set State 2 Tars
3. Tof WR Og Tgr
4. Tof Temp Re:

GPR
Specified by
B Avail

Specified by R2
or X Avail

Does RUA = 0

Cond
Mode Tgr On
(G101)

No

No

Sto into array
interlock check
Diagram 5-5

R1
Avail (RUA
and RUM)

[Wuif for reso-
lution of branch

1. Gate R2/X Field to G :
Adder NP341 b;ne:‘!fe + lon condition
2. Tof IF Tgr s est
NP3 address
33 1. Ton Req GP
3. Set State 1 (D103) Priority Tgr
NP333 NMO27
No RX Insn
Ymt
" No Yes
‘ 1. Gate D to D Bfr e
| 2. Gate D Bfr to
| Adder %
: 3. Gate Bto i 1. Gate WR to UB, LB, AOC and
} Adder SLT (Setting IC to target address
NP341 for insn fetch
I 2. Ton Initial Fetch Tgr (D71)
= e e 3. Tof Loop Tgr (E107)
NM027
1
Sto int 1
in;:e:ll'\o:kan:y 1. Gate Adder to WR (Insn +1)
! c 2. Ton BAL Tgr (E104) =
Diagram 5-5 3. Hot 1 Reset Hot 1 reset =
4. Ton SVR1 Og Tgr (H105) o4 o5 A A
5. Ton R1 Og Inh Tgr H106 il Al
6. GPR Reset 2 TT‘;TS\;"F
7. Ton IF Tgr (D70) s ot g
8. Set State 6 (D101, 102) R T RCT T
. Signal Gate ILC to PSW 9 ogilor
NMO027
Sheet 2
DIAGRAM 5-14. BRANCH AND LINK SEQUENCE (SHEET 1 OF 2) Riore:

* TAT - Timer Adr Tgr

5-14 (1 of 2) (3/68)



Sheet 1

Cond Mode

Wait for reso-
lution of branch|
on condition
test

GP Priority
Tgr On

1. Ton Req GP
Priority

Tgr
NMO061

From FXA

Format
Insn

Step insn ctr
to next
instruction

| (No branch)

DIAGRAM 5-14,

. Set State 0

1. Gate CC, PM, and ILC from
PSW to WR 0~7

2. Tof BAL Tgr (E104)

3. Tof Xec B Tgr (G106)

4. Tof SVR1 Og Tgr (H105)

5. Tof R1 Og Inh Tgr (H106)

6. Ton R1 Inv Tgr

7. Tof Req GP Priority Tgr

8 NMO061

End of
Operation

BRANCH AND LINK SEQUENCE (SHEET 2 OF 2)

1. Gate SLT to IR Set up op
(Ton NIAT) reg t.o
2. Set Op Reg receive
Empt: target insn
™Y NMos1
]

(3/68)

5-14 (2 of 2)



See Diagram 5-7
for decode cycle

basic interlock
checks

Sto into array
interlock check
Diagram 5-5

Diagram 5-33

Obijectives:

1. To permit execution of an instruction that is not residing in the current instruction sequence.
2. To check all exceptions that can occur during the processing of an execute instruction.

3. Once the subject instruction is executed; update instruction counter, prepare op reg to
recover to normal instruction processing, advance to next instruction, and resume instruction

fetching.
1. Gate Op Reg Generate
Displacement address for
(D) to D Bfr target insn
2. Gate D Bfr to
Adder NP341
/\
No Invalid Yes
Tgr On
Decode No X = Save Rl
Execute
Insn
Yes
1. Gate GPR 1. Gate WR to
Specified by Adder for
X to Adder X Input
NP341 NP377
I = I
Wait for reso-
lution of branch i
on condition No . Yes
rost Invalid
es W
No B = save RI
Yes
1. Gate R1 to Save
R1 1. Gate GPR 1. Gate WR to
2. Tof Insn Fetch specified by Adder for
Tgr (D70) B to Adder X Input
3. Set State | NP341 NP377
(D103) NP325 [ -
State 1
(D103)
Yes *
1. Ton +1 to Adder 28 Generate
Storein 2. Gate Exec 1 Sk Adr to Ppln 3 Op Reg address for
Ppln 2 3. Set Dbl Bit In Ppln 3 Op Reg target +1 and
4. Set Fetch Tag In Ppln 3 Op Reg fetch target
5. Ton Exec A Tgr (G105)
AL 6. Ton Save R1 Outgate Tgr
7. Ton Fetch Tag for Exec 1
Store 8. Ton R1 Outgate Tgr
In Ppin 3 9. Tof Op Reg Outgate Tgrs
10. Set Op Reg Empty
11. Gate IR to Save IR
No 12. Gate WR to Adder
13. Reset all Adder Outgates
SIT 14. Gate Adder to WR
Tgr On 15. Set State 3
NM173
(E70)
No
Temp
Fetch2 TgrOn
(G74)
No
WR Avail
Yes

DIAGRAM 5-15. EXECUTE SEQUENCE (SHEET 1 OF 3)

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

1. Gate WR to
IR 29-31
NM177




1. Ton Inv Tgr
for Exec 1
(J107)

NM177
[

No

WR Bit 29 =1

1. Set State 4
(D101)

ves
NM177] Doubleword
crossover possibility;
fetch 2nd target
Doubleword
Yes

. Gate Adder to WR

1

2. Gate Exec 2 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 Fetch Tag for Exec 2 Fetch faraet

6. Set State 4 (D101) 1 +T ani s
NM177

State 4
(D101)

1. Ton Inv Tgr
for Exec 2
(J108)

NM177

[

Save R1 Avail

1. Ton Exec B Tgr
(G106)
1. Outgate RI 2. (R)es:et c:ll Adder
¢ utgates
i 3. Set State 5
NM177 NM177

1. Gate Exec-
OR Reg to
Op Reg
Output

State 5
¢ and Exec A
Tgr On

Yes

1. Gate Adder Into
Exec OR Reg

2. Tof Save R1
Outgate Tgr

3. Tof R1 Outgate Inh
Tgr

Diagram 5-2

Diagram 5-2

Cycles are dependent
upon the amount of
time it takes for exec
and exec 2 to return
from storage

Exec 2
Fetch Tag Off
or Going
Off

1. Ton Protect Int
Tar
Exec 1 Yes
Protect Tag 2. g&f;op)rog B Int Tgr
On
NM154
Sheet 3

DIAGRAM 5-15. EXECUTE SEQUENCE (SHEET 2 OF 3)

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



Sheet 2

Exec 1

Intr Tgr
(N70)

1. Ton Prog B

NN250

Invalid Adr On
(J107)

Exec 2 No

Invalid Adr On
(J108)

Prog B

Intr Tgr On

(N70)

Yes

Intr Tgr
(L92)

1. Ton Adr B

NN251

IRCTR
Dbl Wd

Crossover and

IRCTR#00

ISR
Protect Tag On
(D74)

Exec 1
Protect Tag On
(J105)

Exec 2
Protect Tag On
(JOs)

IRCTR
Dbl Wd
Crossover and

IRCTR#00

Yes

1. Ton Prog B

. Tof Exec A Tgr (G105)

. Set State 0

. Set Op Reg Outgates per IR

. Tof Exec Invalid Adr Tgrs and Fetch
Protect Tags

B WN —

- Intr Tgr
NN250
2. Ton Protect
Int Tgr
NN248

1. Decode
Target of
Exec Insn

Has [-Box
Completed
Handling of

Number of cycles required depends upon
type of instruction being decoded

Target

1. Step IR
NM141

DIAGRAM 5-15.

5-15 (3 of 3)

(3/68)

Step IR
and No SIIS
or

Store A

. Gate Save IR to IR

. Force +2 to IRCTR

. Set Op Reg Empty

. Force 2 to PSW Length

Code

. Tof Exec B Tgr (G106)

. Ton Exec C Tgr (G107)
. Tof Insn Fetch Tgr (D70)

NM351

p Reg Empty blocks
Ton of Valid tgrs for
step IR above

A wWN —

NOoO~O

1. Tof 42 to IRCTR

2. Gate IRCTR to AOC Reg
3. Tof Exec C Tgr (G107)
4. Ton NIAT (E73)

5. Set IRCTR to IR NN249

No

EXECUTE SEQUENCE (SHEET 3 OF 3)

1. Ton Insn
Fetch Tgr
(D70)

NIN229,

SIIS or
Store A

BXQ or
BCQ Tgrs On
and GP Not
Acpt Trg

1. Step Op
Reg Outgates|
per IR
NN227

Sheets 1, 2

End of
Operation




See Diagram
for decode cycle

basic interlock
checks

Decode

Go Signal

SIS
or
Store A

Sto into array
interlock check
Diagram 5-5

Wait for reso- :
lution of branch |
on condition |

|

o

No

test
[ Tof IF
Priv
interrupt
No Supervisor
State
D
Diagram 5-33
R1
Invalid
1. Gate Per B 1. Gate WR to
to Adder Adder for B
NP341 NP377

DIAGRAM 5-16.

Man
Initialize

Objectives:

O SeiColIoiTs

1. Gate IR to
1. Gate SBO to UB, e
LB, AOC, IR
’ ’ 'I 9
2. Ton NIAT ety
NM427
No
LB25 ¥ [R25
Yes
1. Gate +1 to
Adder 25
NMI123
No

PSW located at storage address specified by B1 and D1 fields.
Operand address must have its three low-order bits zero to designate a double
CPE must be in supervisory state.

Privileged operation interrupt will occur if CPE is in problem state.
Load PSW is only instruction available for entering problem or wait states.

1. Signal MSCE
Gate Temp Key

NMI39

word,

Temp 1
Protect Tag
On

1. Ton Protect
Interrupt Tgr

e

NVONOCUL A WN —

. Gate Temp 1 to Ppln 3 Op Sk Adr
. Ton Fetch Tag for Temp 1

. Gate LB 8-25 to Adder

. Gate Save IR to Adder

. Adder Reset

. Gate Fetch to Ppln 3 Op

. Gate Dbl to Ppln 3 Op

. Gate Adder to WR

. Set State 3

NMI39

1
2
3
4.
5
6

. Inhibit I/O and External Interrupts
. Gate Set Op Reg to E

. MSCE Activate New Key
. Ton NIAT

Gate Temp to PSW 0-39 (Status)

Set State 0

NM139

Address/
interrupt

State 3
(D102, D103)

Invalid

Specif
interrupt

Adr in WR

Dbl Length

1. Set State 1
NP323
2. Gate Op Reg D
to D Bfr NP341

3. Gate D Bfr to
Adder NP341

Diagram 5-33

LOAD PSW SEQUENCE

Specif

—_—

. Gate Adder to Temp Register

. Gate SBO to UB, LB, AOC, IR
(IC from new PSW)

. Set State 4

. Tof Loop

. Tof Exec B

. Gate Tof +1 to Adder 25

. Gate Tof Save IR to Adder

. Gate Tof LB 8-25 to Adder

. Ton IF

. Ton Initial Fetch

N

OVONOOLG AW

NM139

End of

Any
Sto in Ppln
or SIT

1. Tof IF

NM141

Yes

No

Yes

1. Gate Op Reg to E

2. Gate Temp to IR,
LB, UB, ADC

3. Activate New Key
to MSCE

NMI141

Operation

cupbwN -~

Set State O

Tof Loop

Tof Exec B

Gate Tof +1 to Adder 25
Gate Tof SVIR to Adder
Gate Tof LB to Adder

End of \
Operation

(3/68)

5-16



See Diagram 5-7
for decode cycle
basic interlock

Objectives:

1. Decode and issue a SPM or a SVC instruction.

2. Check all interlocks that can detain or cancel the execution of these instructions.

3. SPM = If no interrupt, set new mask and CC to PSW

4. SVC - When hardware into which the interrupt code is to be placed, become available,

1. Gate SVIR
to IR
NM141

|

Decode check generate precise interrupt signal.
Go Signal 5. Step instruction to next instruction.
Store into
array intlk
check
Diagram 5-5 > @
|
1. Gate GPR
Specified by RI
to Adder NP341
2. Set State 1
(D103)  NP323
Cond
[ I Yes «“Mode Tgr On e e —————.
Wait for reso- (G101)
lution of
branch on No
condition test
Decode
SPM or SVC
Insn
1. Tof IF Tgr
(D70)
L Reg Full NM141
r (L106)
SVC int
1. Gate Adder
ifi to WR
Sp;]cﬁ:ilby 2. Set State 3
M (D102, 103) NM135
Diagram 5-33
(Sheet 1)
R1
Invalid Tgr IF Tgr OFf
(D70)
Current
No
PM = WR PM No
wm
A Yes
1. Wait for Ex-
ecution Ppln
to Drain 1. Tof Loop Mode (E102)
1. Set WR PM to PSW 34-39 2. Tof Exec B Tgr (G106)
2. Ton CC Bit in Op Stage Req (H92) 3. Tof +1 to Adder 25 (G89)
3. Set State 0 4. Tof Gate from SVIR to Adder (G78)
4. Step IR 5. Tof Gate LB to Adder (G79)
NMI133 6. Set State 0
NMI141
1. Set New
Mask and CC
to PSW
NM355, 365

This action i e 1. Inhibit Any
IS action Insures a

Ch t
the CC will not be affected ccug?: i:
should the execution unit PSW
transmit a CC simultaneously
with this operation

End of
Operation
DIAGRAM 5-17. SET PROGRAM MASK AND SUPERVISOR CALL SEQUENCE

5-17  (3/68)




—— Store A

Sto into array
interlock check
Diagram 5-5

Wait for reso-
lution of branch
on condition
test

Priv interrupt

e

/" Decode
Go Signal

SIS or

B Avail

SSM Decode

Supervisor

9

Diagram 5-33

State

R1 Invalid
Tgr

B = Save R1

1. Gate per B 1. Gate WR to
to Adder Adder for B
NP341 NP377 -
[ =il

1
. Set State 1 NP323
. Gate Op Reg D to D

Bfr NP341

. Gate D Bfr to Adder

NP341

SSM Decode

DIAGRAM 5-18.  SET SYSTEM MASK SEQUENCE

State 1
(D103)

1. Gate Adder to
WR
2. Set State 3

NM133

State 3
(D102, 103)

Fix Stack
Avail

Objectives:

1. The byte located at the B1 and D1 instruction

fields replaces system mask of current PSW.,

2. VFLEU does byte selection for storage operand.
3. Correct system mask is stored because 1/0 and
external interrupts are inhibited during instruction

execution.

Address interrupt

U AWN —

o

. Set State 4

. Step Fix Op Stk Ctr
. Ton Fix Valid

. Set Hi Pri Fix Bfr Bsy
. Gate High Pri Fix Bfr bits

to Op Stage

to Ppln 3 Op

. Gate High Pri Fix Bfr bits

. Gate Char bit to Ppln 3 Op
. Gate Fetch bit to Ppln 3 Op

NM133

Diagram 5-33

1. Set State 5
2. Put Mask-=PSW
via VFL Byte Bus
NM133

From Diagram 5-117

State 5
(D101, 103)

. True Step IR

. Set State 0

3. Inh 1/O and

Ext Ints
NM137

N

(3/68)
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Objectives:
1. To decode and issue a ISK or SSK instruction.
< Start ) 2. Check all interlocks that can detain or cancel the
execution of these instructions. A
See Diagram 5-7 3. ISK - Allocate buffers as appropriate; issue instruction
for decode cycle to FXA; place address into MSCE interface and initiate

basic interlock storage fetch; establish sink interlock on GPR specified by R1.
. 4. SSK - Place data into MSCE interface; notify MSCE; delay

one cycle.
5. Step instruction counter to next instruction and set length
into PSW.
Specified By
R2/X Avail
Sto into array \
interlock check
‘ Diagram 5-5
Wait for resolu-
tion of branch
on condition
test
Decode
ISK or SSK
Insn
R1
Invalid Tgr
On
This check is
made to assure
that R2 —_—— e e e ————
(——— J
L Decode
RR privilege 15K or SSK
interrupt Insn
Supervisor
State ,
y |
Diagram 5-33 ’
1. Gate GPR ' oy
Specified by R2 to ‘ Sp;{::{leqlﬂy
Adder NP341 ol
2. Set State 1 (D103)
NP323 l
I e e
1. Gate Adder to WR
2. Gate R1 to Adder
3. Adder Reset
4. Set State 3 (D102,
103) NM177]
A:
Sheet 2

DIAGRAM 5-19. INSERT STORAGE KEY AND SET STORAGE KEY SEQUENCES (SHEET 1 OF 2)

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



Specification

1
Adr intr (SSK)

Diagram

SSK

Sheet 1

TBit 28 can be ignored

i in this decision under

'diagnosﬁc control
with MCW bits 15

5-33

ISK

I1SK Insn

intr (S5K) | | and 48 active
— 1
| A l —
Diagram 5-33 : Adr infr (ISK)
Yes |
1. Gate Adder 24-28 to WR Bit 28 can be ignored |
2. Set SPF (492), Char in this decision under | Dia 5.33
(J84) and Store (J83) Bits diagnostic control fagram
in Ppln 3 Op Reg Y with MCW bits 15 —_—
3. Set State 4 (D101) and 48 gctive | e .
NM133 Specification
| intr (1SK)
I S
A:
Diagram 5-33
1. Tof Loop No
Mode (E102)
NW133, 135
Stop |
SPF Sig from
MSCE 1. Step RUA Counter
2. Step FXOS Counter
3. Ton Fix Valid Tgr (H93)
4. Set High Priority FXB Busy
5. Set FXB Sink Adr in Op Stage Reg
1. Set
:zr ff’;i 6. Set FXB Sink Adr in Ppln 3 Op Reg
y 7. Set SPF (J92), Char (184), and Fetch (J82)
Nw133 Bits in Ppln 3 Op Reg
+ ,
8. Set State 5 (D101, 103) NM133
State 4
(D101)
1. Set State O
2. Step IR
Set
State 5 NM 131
(D101,
103)
End of
Operation
1. Set State 0
2. Step IR
NM131
End of
Operation
DIAGRAM 5-19. INSERT STORAGE KEY AND SET STORAGE KEY SEQUENCES (SHEET 2 OF 2)

(3/68)

5-19 (2 of 2)



Form Y22-6674-1
FES Y22-6730

( Start ,

Decode
Go Signal

Sto into array 1
interlock check! No
Diagram 5-5

-

Ppln Ready

Cond Mode

Wait for reso-
lution of branch
on condition
test

&

Diagram 5-33

DIAGRAM 5-20.

5-20

Obijectives:

1. Decode and issue a RDD or WRD instruction.
2. Check all interlocks that can detain or cancel these instructions.

3. RDD - 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

See Diagram
5-7 for decode
cycle basic

interlock checks

No

1. Gate Adder
to WR
2. Set State 3

SAR
Avail and
TF2 Off

State 3

RO, ROD (D102, 103) (D102, 103)
Decode : Address
| interrupt
| RDD
] 3 Yes Invalid
I Priv Adr in WR Adr in WR
! interrupt
| . | E I
L Supervisor
. State
Diagram 5-33 1. Gate Set High 1. Gate High Pri Fx Ld Bfr to Bsy
Pri SAR to Bsy 2. Gate High Pri Fx Ld Bfr to Op Stg
2. Gate Store to 3. Gate High Pri Fx Ld Bfr to Ppln 3 Op
Ppin 3 Op 4. Gate Fetch to Ppin 3 Op
R1 3. Set State 4 5. Set State 5
Invalid o - NM137
Tgr - 1 |
1. Step Fix Op Stack Ctr
2. Ton Fix Valid
3. Gate R2 to Op Stage
4. Gate Char to Ppln 3 Op
5. Gate Op and R1 to Op Stage
M137
1. Gate per B 1. Gate WR to
to Adder Adder for B State 4
NP341 NP377 (D101)
I
1. Set State 1 NP323 S BEEE—
2. Gate Op Reg D to D Bfr NP341 \ |
3. Gate D Bfr to Adder NP341 | From Diag.
| 5-118
|
—

RDD WRD
Decode

State 1
(D103)

READ, WRITE DIRECT SEQUENCE

(6/68)

State 3

1. Set State 5

—_—

State 5
(D101,D103)

1. True Step IR

l

1. Set State 0

End of
Operation

availability; issue instruction fo FXA and proceed to decode cycle.

Address
interrupt

Diagram 5-33



Decode

\basic interlock

See Diagram 5-7 |
for decode cycle

Objectives:

1. Decode and issue diagnose instruction.
2. Set MCW register which controls CPE and channel functions.
3. Verification of proper CPU equipment functions.

checks
Go Signal
SIS or
Store A
Sto into array \
interlock check No
Diagram 5-5
Ppln Ready
Yes
Any Int Tgr On
Wait for
resolution of
branch on
condition test
1. Add = WR
2. Set State 3
Priv interrupt NM135
No ==
&
Diagram 5-33
Address in Yes
WR Invalid
Address
interrupt
No  Diagram 5-33
Dbl Length Yai
Specification
in WR . Specification
1. Gate per B 1. Gate WR to v i"fe""U.Pf (Type
to Adder Adder for B B precise)
NP341 NP377 Diagram 5-33
1. Ton Stop
L Tgr
2. Set State 4
NM135 Start MC
BT stop sequence 1. Gate SVIR
1. Set State 1 NP323 d to IR
2. Gate Op Reg D - D Bfr NP341 NM141
3. Gate D Bfr -~ Adder NP341 i
State 4 1
(D101) 1. Set State 0
2. Tof Loop
3. Tof Exec B

Diag Decode

State 1

(D103)

DIAGRAM 5-21. DIAGNOSE SEQUENCE

4, Gate Tof + 1 to Adder 25

1. 12 field to MC
. Fetch MCW; se
sink address

equal to MC . Gate Dbl to Ppln 3 Op
" . Gate Fetch to Ppln 3 Op

. Set State 5

O A WN —

. Signal MCW Diagnose to MC
. Gate Bit 1 to Ppln 3 Op Sk Adr

5. Gate SVIR to Adder
6. Gate Tof LB to Adder

End of
Operation

NM141

NM135

(D101, D103)

1. Set State 0
2. True Step IR

End of
Operation

(3/68)
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DIAGRAM 5-22,

5-22

(3/68)

Sto into array
interlock check
Diagram 5-5

e - ———

{ Start >

No

Decode
Go Signal

Decode
TS,1C, or STC
Insn

Ppln Ready

GPR
Specified
by B Avail

SIS or Store A

No

1. Gate Disp(D) from
OpRegto D Bfr

2. GateD Bfr to
Adder NP341

—
j See Diagram 5-7

| for decode cycle
Ybasic interlock
| check

—_

1. Gate GPR
Specified by B
to Adder

NP341

L

B = Save Rl

1. Gate WR to
Adder for B

NP377

FX8 A,B,C,D
Avail

SAR
Avail and
Temp Fetch 2
Tgr Off

(F103)

Decode TS Insn

FXOS Avail

INSERT CHARACTER, STORE CHARACTER, AND TEST AND SET SEQUENCE

Cond Mode (G101)

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 to next instruction.

Fix Ctl
Decrement
FXOS Ctr

1. Step FXOS Ctr

NP303

L

Fetch Req

1. Set High Priority
EXB Bsy

2. Set High Priority No
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

Store Req

1. Set High Priority
SAR Bsy  NP303
2. Set Store Tag in No
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
NP381

Y&« Decode TS Insn
1. Set CC Bit in Op
Stage Reg (H92)
NP303 No
2. Set TS Bit in
Ppin 2 Op Reg
(H81)
NP307

1. Set Char Bit in Ppln
2 Op Reg  NP307
2. Gate RI Field to
Op Stage Reg 8-11
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

Wait for reso-
lution of branch
on condition
test




DIAGRAM 5-23.

Decode
Go Signal

SIS
or
Store A

lchecks

iSee Diagram 5-7

for decode cycle
basic interlock

BWN —

Objectives:

. Decode and issue a LA instruction to the FXA.

. Notify the FXA to take the address.
. Move instruction counter to next instruction,

1. Gate Op Reg
Displacement

(D) to D Bfr

2. Gate D to Adder
NP341 | |

r
| Generate address
to be stored in
| GPR specified by

IR1

R1

Invalid
Tgr On

Yes

Place the address into the staging area for transfer to the FXA.

—_—
1, Store into [
- array interlock : [
check | No
Diagram 5-5 !
1. Gate GPR 1. Gate WR to
Specified by Adder for
X to Adder X Input
NP341 NP377
Decode
LA insn R1
Invalid
Tgr On
Yes
B= Save RI}
1. Gate GPR 1. Gate WR to
Yes Cond Specified by Adder for B
Mode B to Adder Input
NP34] NP377
Wait for reso- l‘ |
lution of branch No I
on condition
test
1. Gate R1 to save R} l
2. Req GPR Priority
3. Set State 1 (D103) I
NP325
_J GPR
- t---——--——— Accept Tgr On
(from FXA)
Decode
LA Insn
Save Loop X or
Save Loop B
1. Tof Loop
1. Inhibit Data Mode
to WR 0-7
Yes
[r. Step IR
2. Ton R1 Invalid Tgr
3. Tof Req GPR Priority.
Tar
. Gate Adder to WR
Set State 0
Yes
Operdtion
LOAD ADDRESS SEQUENCE

(3/68)
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!I | See Diagram 5-7 for

decode cycle basic
interlock checks

Decode
Go Signal

Sto into array |
interlock check |
Diagram 5-5 |
SHUR—— |

No

B Avail

Double

Yes

1. Ton R1 Dbl Sk
Trg
NP323

|
R1 Invalid

Tgr
Yes

1. Gate per B to
Adder

NP341

1. Gate WR to
Adder for B

NP377

I

. Set State 1 NP323
. Gate Op Reg D to

D Bfr
. Gate D Bfr to
Adder NP341

DIAGRAM 5-24. SHIFT SEQUENCE

5-24 (3/68)

Dbl

Save Loop X
or =Save
oop B

Objectives:

1. Integer part 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.

—_—

l Specification
| interrupt
|

iy JPeeee

Diagram 5-33
R1=

1. Step R
(XXX1

UA
)

NM139

Yes ixC

Decrement
FXOS Ctr,

trl

1. Step F
Ctr

XOs

NM137

1. Step RUA
(XXXX)

NM137

Cond

Setting Op

Code

Op St

1. Set CC Bit in

age

NP303

]

2. Set Fix Valid Bit

1. Tof R1 Dbl Sk Tgr

3. Shift Amt to Stage

in Stage

4, Gate Op Field to Stage NP319
5. Gate Op Reg R1 to Stage ~ NP387
6., Set State 0
7. Step IR NM137
End of
Operation



A
Sto into array |
interlock check !
Diagram 5-5 . }

1

Wait for
resolution of
branch on
condition test

Ppln Ready

SIS or
Store A

No

Decode
CVD or CVB
Insn

See Diagram 5-7]
for decode
cycle basic
interlock checks

Objectives:

1. Decode and issue the CVB or CVD instruction to the FXA

2. Place the sink address into the MSCE interface hardware and
establish control signals as appropriate for storage.

Allocate FXP and FLP buffers as appropriate.

Establish the sink interlock on the R1 specified GPR.

Set length into the PSW.

Move instruction counter to next instruction.

Rl o

1. Set State
One (D103)
NP323

1. Set High Pri
SAR Bsy

2. Set Sto Bit In
Ppin 3 Op Reg
(J83) NMI39

l

|
. Gate Op Reg

to D Bfr :T—
. Gate D Bfr to Adder \ enerafe
,  operand
NP341 ; address

Displacement (D)

R1 Invalid
Tgr On

1. Gate GPR
Specified by
X to Adder
NP341

X = Save R1

1. Gate WR to
Adder for

X Input
NP 377

- |

R1
Invalid
Tgr On

A

1. Gate GPR
Specified by
B to Adder

INP341

1. Gate WR to
Adder for

B Input
NP377

J

Yes

Fix Ctl
Decrement
FXOS Ctr

FLB Avail

NM135

1. Set Fetch Bit in Ppin 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

. S Op Stage Reg (Bits 16-18)
‘ ?terp FXo 6, Set High Priority FLB Sink Adr in Ppin 3 Op Reg
NP303
»

DIAGRAM 5-25. CONVERT SEQUENCE

ix Ctl
Yes Decrement

RUA
(XXXX)

No

RUA
(XXXX)
Selected By
Op Reg R1

1. Step RUA
(XXXX)

NP315

. Step IR

. Set Dbl Bit In Ppin 3 Op Reg (J87)

. Ton Fix Valid Bit in Op Stage Reg (H93)
. Gate Adder to WR

. Set |-Box State 0

A WN -~

NM139

End of
Operation

(3/68) 5-25



Diagram 5-7 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.

Start

Timer Signal
From MC

Diagrom 5-130

Diagram 5-9

Sto

into 50 or
| t
Turned on ntr Nex
Tgr On
as shown

| Step
Tgr On
(Manual Ctls)

Yes

at left I

Wait for

. Ton Sto into
50 or Intr
Next Tgr

NL 569

Sto
into 50 or
Intr Next
Tgr On

1. Ton Drain
for Timer Tgr

NL575

R —

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

is issued

-

Note:

Timer issued leads to:

1.

Set high pri fixed Id bfr bsy

2. Set high pri SAR bsy

OO NOW bW

DIAGRAM 5-26.  TIMER UPDATE SEQUENCE

. Step FXOS ctr

. Gate zero to op field in op stage
. Gate high pri fixed Id bfr tag to op stage
. Gate high pri SAR tag to op stage
. Set fix valid in op stage (H93)

. Ton fetch tag in ppln 2 (H82)

. Ton store tag in ppin 2 (H83)

10.
1.
12,
13.

Gate high pri fixed Id bfr SA to ppln 2
Gate high pri SAR tag to ppin 2

Set full tag in ppln 2 (H86)

Ton timer adr tgr (H99)

Timer
T2 Seq Tgr
Off (H97)

. Ton Timer
Tl Seq Tgr
(H96)

NM159

Timer
T1 Seq Tgr
On (H96)

1. Update

Timer

NP309

[~~~

Block
Decode

Timer
T2 Seq Tgr
On (H97)

Decode for
Maintenance
Tor

Stop Decode
for Cancel

Stop State
Tgr On

Bx Recover

Any
Store in Ppln
or SIT

Timer
Go Tgr Off
(H98)

1. Ton Timer
Go Tgr
(H98)

NM157

1. Foreal Step
IR

Fake step
IR

i

NP327

SAR
Avail and TF2
Off

Fixed
Bfr Avail

1. Timer Issued

NP319

I

to FXA I Notes
]
L

1. Ton Timer 12
Seq Tgr
2. Tof Timer Go
Tgr (H97)
NP31

I

9

Turned on
as shown

at left I

N resolution of
° branch on 1. Tof Sto into

condition test 50 or Intr

Store Timer Diagram 5-11, Next Tgr

into 50 Warning Sheet 4 NL569

Timer
T1 Seq Tgr
Yes ooy .~ |t | TTTTTTT - __

Timer
T2 Seq Tgr On
(H97)

Drain
for Timer
Tgr On

1. Tof brcin
for Timer Tgr

NL575

1. Tof Timer T1
Seq Tgr {H96)

NMI159

T1 Seq Tgr On
(H96)

Timer Signal

1. Tof Timer
T2 Seq Tgr
NM159

End of
Operation

(3/68) 5-26



< Stait ) Objectives:
[See Diagram 5-7 | 1. Decode and issue an 1/O instruction.

2. Check all interlocks that can detain or cancel the execution of this
for decode cycle < .
basic interlock instruction.
g Eheck 3. Gate bits 16-33 of B1 and D1 field (contained in WR) and a line
No Decode specifying one of the /O insn, to all channels.
Go Signal ——ee o 4, When selected channel responds, set condition code and terminate
instruction.
Yes
No Decode
1/0 Op
Yes
Ppln Ready
Yes
GPR
Specified by
B Avail
Yes
Cond Mode
SIS or (G101)
Store A

| I - Wait for reso-

lution of branch

Sto into array | No difi
interlock check | onicondition
Diagram 5-5 | test
]
———y
|
Privileged
' op interrupt
No L
1. Gate Displacement
(D) from Op Reg to Diagram 5-33
D Bfr 1. Set State 1
2. Gate D Bfr to
Adder NP323
NP341

1. Gate GPR 1. Gate WR to
specified by B Adder for B
to Adder
NP341 NP377
[ - ]

State 1

v

1. Tof IF Tgr (D70)

NMI141

Channel
Release

Any
Store in Pplin

OE)SIT 1. Gate Adder to
n WR
2. Set State 3

NM135

T
1
Channel and unit :
address 21-31 !
i Decode
) 1/0O Insn
Yes

Decode
1/0 Insn

1. Gate SVIR to

IR No
NM141
[
: 1. Gate UABO to Channel
1. Tof Loop Mode (E102) Start 1/O gated | 2. Gate |/O Instruction (Except Start
2. Tof Exec B Tgr (G106) during State 4 | 1/0O) to Channel. (This action
3. Tof +1 to Adder 25 (G89) | occurs during Not State O Time)
4. Tof Gate from SVIR to Adder (G78) —
5. Tof Gate LB to Adder (G79)
6. Set State 0 NMI71
NMI141

End of
St 2

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

5-27 (1 of 2) (3/68)



Sheet 1

(D102, D103)

Chan Adr =
101

Chan Adr =
010
Yes

Chan 4 Avail
Yes

Chan 6 Avail
Yes

1, Set 11 into Cond

Code Mask Reg 1. Set State 4
(H103, H104) (D101)
2. Set State 5 ) NM179
(D101, D103)

NM179

State 5
(D101, D103)
NMI131

1. Signal Manual Con-]

During an SIO insn, trols to Start Clock

|
1
[}
the select signal | T Gate Select for 1/O Operation
(insn start 1/0) is ! Signal to Handling
gated by state 4 1 PSCE NMI71
1
I

NMI171

| Gate select is the

| CCC ingate control
for SIO channel

| and unit addresses

L

Chan Release

1. Gate Channel Con-
dition Code to
PSWCC

2. Tof all 1/O Interrupt
Tgrs (In I-box)

NMI135

-

1. Set State O
2. Step IR
NM131

End of
Operation

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

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



Wait for res-
olution of
branch on
condition test

Store into
array intlk
check
Diagram 5-5

Decode
BX Insn

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 as source(s) for the data.

_= See Diagram 5-7
| for decode cycle
| basic interlock
) check
| N

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

1. Gate Dto D
Bfr
2, Gate D Bfr
to Adder
N

P341

DIAGRAM 5-28.

5-28 (1 of 3) (3/68)

Save R1

1. Gate GPR 1. Gate WR
Specified by to Adder
B to Adder for B
NP341 NP377
—
| Previous MOP not
| complete if yes
1. Decode Go
to MOP
Signal
NP341
SIS
or store A
No
1. Reset DWCR NM271
2. Gate Op Reg to L-Reg NM271
3. Ton MOP Tgr (L105) NM271
4. Set MOP State 1 (L101) NM271
5. Tof Insn Fetch Tgr (D70) NP325
6. Ton R1 Dbl Sk Tgr NP325
7. Ton R1 Og Inh Tgr NM271
8. Og B2-D2 Op Reg Fld NP325
9. Set State 7 (D101,102,103) NP325

R1-OR Og

Sheet 2

LM, STM SEQUENCE (SHEET 1 OF 3)



Sheet 1
Sheet 3

1. Generate | —I
A.dv to WR I Signal 20-5
Signal |
NM265 o

MOP
Tgr On
(L105)

MOP Tgr
On (L105)

Yes

i "~ [1. Set Fetch Bit in T. Set Store Bit | i
. o Ppln 3 Op Reg in Ppln30p | Signal 11-1
12 o 2. Set Sup Trans Reg |
! Bit in Ppln 3 Op NM261,267 !
Reg NM263

: " " T ToninhAdv
Signal 11-5 to WR Tgr
1 NM307 1. Gate Adder to WR
d 2. Tof Of Tgrs to Adder
FLB Avail SAR Avail 3. Ton WR to Adder
A Og Tgr
4. Ton Hot 28 Tgr
5. Step RUA per R1 (L-Reg)
NM307
FXOS Avail S
1 1. Tof Inh Adv to WR Tgr
Signal 11-22 : 2. Gate Sto Op to Ppln 3
Yes | Op Reg
‘ , 3. Gate POSE (LRSE) to
1. Generate —L_—__; 1. Generate Op Stage Reg (12-15)
Adv Op H & - Adv Op 4. Gate R1 to Op Stage Reg
Signal LS Signal (8-11)
Nm261 | ! NM261 5. Step FXOS Ctr
= 6. Ton Fxd VId Tgr in Op
Stage Reg NM323
State 1 or State | Full Word
MOP State (L101) No Full Word
Adr Bit 29
=0
Full Word
Doubleword Doubleword
No Full Word Yes e
Adr _B(')t 29 I Signal from Yes
. | Adder 29,30,
Yes 131=0
e
1. Tof Loop E
Mode Tgr i 1. Step RUA
S 71 per [R]
NM307 il (L-Reg) + 1]
! NM307
RI=R e
Yes
i'“ T Genorafe T. Generate L-Bit | | 1. Signal T SatDouBla- | - 1
) E-Bit NM307 | 11-15A Word Bit in E o
Signal 11-18 l 2. Set Full Word Bit 1 2. Signal i IR e Decode
| NM307 in Ppln 3Op Reg L11-15 NM267 A LM Insn
NM267
1. Signal “[T. Generate R-Bit
1-17A | NM307 - T~ "7 "T7. Step FXB Bsy
2. Signal I 2. Set Full Word 1. Generate | Signal 1 | Ctr
n-17__ | Bitin Ppln 30p E-Bit | Stgnal 11-14 Ll et 2. Step FXBS
Reg NM267 NM307 | | A-D Bsy
L ; NM307
No Dwcr=0 :B;
Sheet 3
Yes | 1st pass ]
1. Generate —‘r
S-Bit | Signal 11-13
(Start) |
X NM307 |
f__--__T_— 1. Block Og of B :
I Diagram 5-35,, Byte Adr from .
rem 11 | WRto Adder A| | it 1118
b -—— - o NM265 sy

Fetch
or Store in

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

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



ST™M

1] -
: 1. Set Hi Pri SAR Busy 1. Set Hi Pri FLB Busy d
Signal 11-21 2. Gate SAR Name Field 2. Gate FLB NameField] | Signal 11-20
1 to Op Stage Reg to Op Stage Reg |
J (19-20)  NM323 (16-18)  NM323 —_
No
Yes
1. Gate DWC |r
to DWCR : Signal 11-11
NM307) 1
Full Word
Adr Bit 29
=0
. Gate RI+1)] |
to R1 .
(L-Reg) : Signal 11-8
NM265 L
Yes
. (Sheet 2)
""", Gate R1%2)
! to R1
. o 1
Signal 11-9 ! (L-Reg)
' NM265
;" 1. Set MOP (Sheet 2)
Signal 11-10 | State 3
| (L103)
| NM307
r-
. : 1. Tof T-C, Hot
Signal 12-1 | 28, Hot 31Tgrs
2. Tof MOP Og
Tgrs (to Tof
R1 to R1-OR
Og Tgrs)
NM307

1. Step IR NP327
2. Set State 0 NMO085
3. Ton Insn Fetch Tgr NM115
4, Tof R1Og Inhibit

Tgr NPO19
5. Tof R1DbISkTgr NM117
6. Set MOPState 0 NM305
7. Reset SMAL Bit NM269
8. Tofall MOPTgrs NM303

End of
Operation

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

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



B Avail

Wait for reso- No
lution of branch
on condition
test

DIAGRAM 5-29.

:See Diagram
15-7 for decode
leycle basic in-

terlock check

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

Store into array|
interlock |
check | No
Decode
BX Insn
No
. Gate Dto D
Bfr
2. Gate D Bfr to
Adder NP341
TR, TRT SEQUENCE (SHEET 1 OF 5)

Objectives:

1. Decode and issue TR or TRT instruction.
2. Check all interlocks that might detain or cancel the instruction.

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 FLB(s); fetch table
word(s) and inform FXA of the assigned FLB(s); generate required argument byte address and

save it in GPR 1.

8 Gqfe' (?PR 1. Gate WR to
Specified by Adder for B
B to Adder NP377
NP341
L-Reg Full
Jgr On | Ifyes, previous
No | MOP instruction
| not complete
|
Sl o =
1. Decode Go
to MOP
Signal
NP341

1. Reset DWCR NM271
2. Gate Op Reg to L-Reg  NM271
3. Ton MOP Tgr NM271
4. Set MOP State 1 NM271
5. Tof Insn Fetch Tgr NP325
6. Ton R1 Dbl Sk Tgr NP325
7. Ton R1 Og Inh Tgr NM271
8. Og B2-D2 Op Reg FId ~ NP325
9. Set State 7 NP325

1. Ton L-Reg Ful
Tgr

2. Ton Opnd Acc
Tar

3. Ton L=-LO3 Og Tgr
NM271

ess|

Sheet 2

(3/68)

5-29 (1 of 5)



Sheets 1,5

Sheet 3

Decode
TR or TRT
Insn

State 1
(L107)

Yes
1. Gate Suppress i
Transpose Bit : )
to Ppln 3 Op Signal 13-6
|
Reg |
NM271
Second pass |
[T i
{Diagram 5-35,
ltem 10 !
1. Generate ——: 1. s B1,DI, L Yes (End of Operation)
Ak SIp I Signal 20-6 Carry
Signal |
NM26 1 '
=]
! 1
Signal 13-11 |
|
Arg Signal - J
N102 | Generated as
( ) Ishown on
Yes : Diagram 5-126
_ )
Sl .
1. Ton Req Ptrn ; B2 Avail
or Arg Tgr \ Signal 13-28
NM289 :
Yes
1 1. Tof MOP Og o
X | Tgrs (to Tof 1. Generate |
MOP Signal 13-10 | L-L03 Og Tgr) Adv to WR Lo
Tgr On i NM289 Signal | Signal 20-5
(L105) | NM265 I
|
Yes s S .
S :Diagram 5-35, i
| {ltem 1 H Adv to WR
" | Signal 13-5 [ [ Signal
VFL (J93) Bits to ‘ ‘ B o L
Ppln 3 Op Reg S
~Mm263,267,269 00000 PE—
: Conn 2 for
Inh Adr } TRSt1
to WR Tgr On
TRT ]l?;(iode (M105)
nsn
s B No
Generated as | B
shown on ! 1. Gate SMAL Bit fo | | 1. Gate Adder to WR H
Diagram 5-126 Poln 3 Op R 1 and Temp |
== 2. Generate MALS | Signal 13-4 2. Tof Og Tors to St
Data Not Needed || | Adder i
Signal NM285
e e i s ;
:Diagrom 5-35, | | Diagram 5-35, |
| ltem 12 : - : Item 2 1
\ MOP ! Pn (P .~ J
State 1 o SR T . Access Tgr On No
(L1o1) (M101) ‘
Yes
-
1. Gate Byte Busto | = jp———At——m—y—————
Signal 13-1 : Byte Bfr 1. Gate Store |
igna e i 2. Tof Byte Bfr Valid Bit to Ppln : Signal 13-7 \ 1 More
—___JI Tgr 3 Op Reg | Sk Tgr On
3. Ton Term Tgr NM261, 267 E———= (M103)
NM287
Yes
! 1. Ton Byte Bfr 1. Gate B2 and i
Signal 13-1A Valid Tgr D2 to i o _
o ! NMEZ99 i ! Signal 13-14
NM289 !
|
———————————
1. Generate \ L _______ =
Adv Op 1154 Diagram 5-35,
Signal : Signal 20-6 \ltem 5 (Table |
NM261 1 B |wd address : C
generation) __
\ )
ST
Sheet 3

DIAGRAM 5-29. TR, TRT SEQUENCE (SHEET 2 OF 5)

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



Sheet 2

Opnd
Access Tgr
On

e )
1 il
1
Conn 1 for { 1. Tof Opnd |
TR St 1 | Access Tgr | Signal 13-17
SN | it IO 2. Ton Fxd |
Valid Tgr in e
Op Stage
3. Step FXOS Ctr
NM289
—— > Decode
| 1. Ton SAR Valid TR Insn
Diagram 5-35, : ;9' pe;,S{pf:- d
Item 31 fage ie
l 2. Ton Mark Tgr Yes Inh Adv
: NM287,289 fo WR Tgr On
Mark tgr suppres=-"| | (M105) 1. Gate SAR )
ses turn on of SAR | ! |
valid tgr as "SAR | | L g ;° OHP. Sp"fge I Signal 13-23
In 3" SAR = 44 . det Hi Pri |
pet pp | SAR B:
field is loaded 1 T.Step FXB = : sy2
! Signal 13-19 Bsy C INM287
| sy Ctr | Signal 13-31
i 2.5t FxBs A-pj | Signal B3
B — Bsy NM285 |
TRT Term
=y Signal from
1. Generate : VFL
S-Bit | Signal 13-15
NM285 !
Adv Op
Decode | Signal
TRT Insn Signal 13-20 |
|
{ T
1. Ton Inh Adv 1. Gate Sto Op to 1
et to WR Tgr Ppin 3 Op Reg : Signal 13-22
1. Set CC , 2. Gate POSE to Op | |
Bit in Op | Signal 13-16 NM289) Stage Reg (12-15) e nansn
5f°9; f:zsas | 3. Gate FLB to Op
(C
Stage Reg (16-18)
4. Set Hi Pri FLB Bsy
SR 2 5. Tof Inh Adv to WR
Tor NM289
1 More
Sk Tgr On
(M103)
1. Gareowc|[ |
1 1. Tof 1 More s : L
Signal 13-25 | | Sk Tr NM289| )
-t ! NM289)
1. Ton Temp to | |
Adder A Og Tgr | Signal 13-18
2. Ton Hot 28 :
Tgr  NM285
Yes
1. Ton 1 More r
Sheet 2 Sr Tgr (M102)| | Signal 13-30
2.Flip New Argu-| |
ment Binary
Tgr NM289
1. Tof Hot 28 Tgr :
(G90)| 1 <. Y
1. Generate : 2. Tof Hot 31 Tgr :Slgnul 13-27C
P-Bit | Signal 13-26 (G92)| 1
NM289 ! 3. Set T-CTgrto T
L 4. Ton Byte Bfr to
Adder Og Tgr
5. Set MOP State 2
(L102) NM289
2

Sheet 4

DIAGRAM 5-29. TR, TRT SEQUENCE (SHEET 3 OF 5)
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Sheets 3,5

P-Bit
N ORtgsmge : Signal gen-
| erated by
: VFLEU
| I—
1. Generate : 1. Ton Last :
P-Bit : Signal 14-19 Arg Byte : Signal 14-16
NM291 | Tgor '(:;"1;)8:2 H
L
L
No (TRT ﬂ‘““ Sheet 5
o (TRT) Tgr On
(M104)
Yes (TR)
1T T - === 1
1. S
Signal | T:EP;ZS; ! Diagram :
14-17 : Valid Tar | 5-35, ltem |
_ NM28 L3 a Adv to WR
Signal
Yes
- 1. Gate Byte _: .
Signal Bus to Byte Bfr 1. Gate \ Signal 14-15
ignal 14-4 Adder to
2. Tof Byte | NM287
Bfr Valid Tgr WR_ L
NM287
- Signal
1. Tof Mark |r generated by
Tgr | Signal 14-18 VFLEU
NM285 !
L
. 1. Ton Byte
Signal Bfr Valid Term
FLB Avail 14-4A ICINI Tng or TRT
em
F
Last Arg ::
Byte Tgr On Sheet 5
-
1. Generate E-Bit | Signal 14-6
2. Set MOP State |
3 NM287 |
Accepting
Tgr On
ves Sheet 5
|I 1. Generate
Signal 20-7 Adv TR2
| Signal
_ NM265

Byte Bfr
Valid Tgr
On

- R Po——
1
. 1. Arg Byte ! Diagram 5-35,1
Signal 14-3 : Acpt | ltem 13 !
B NM265 [ J

Signal supplied to VFLEU

| whenever argument bytes
| are being accepted by |-Box
:E)iagram 5-126)

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

Term

No Yes

Tgr On

[ This condition indicates that a new

| argument word has just been fetched

I and that another table word must be
fetched to complete the current op

I being formed. Note that the fetch

| address used for the table word fetch

W

[ may not have used a valid argument
byte.

. Sheet 4
b | 1. Ton Req GPR Pri Tgr
j Signal 14-11 | [2- Tof Lost Arg Byte Tof Adv to
Signal 14-0 | . I [3. Og BI-DI Op Reg WR and Adv
igna | ] Field Op
| 4. Set MOP State 3
NM287 Yes
4
Yes T
in Op Stage 1. Tof 1 more Sr Tgr [
(12) 2. Gate Sto Op to Ppln 3 | Signal 14-5
3. Set Hi Pri FLB Busy !
e o
Decode 4. Gate FLB to Op Stage (9-11)
TR Insn 5. Ton Fxd Valid Tgr in Op Stage
| 6y Gate POSE to Op Stage
Signal 14-2 1. Ton Temp to Adder A Og Tgr 7. Step FXOS Cir
| 2. Ton Hot 28 Tgr (G90) NM287
s e e o =i 3. Tof Og Tgrs to Adder r
e T ) 4, 1;:)MOP Og Tgrs (Byte Bfr Og 1, Ton SAR Vall Tee : ROTT
! Per Op Stage SAR
\ Diagram 5-35,] | 5 Set MOP State 1 (L101) R PR |
| S
Mtems 1, 2 ! NM287 hiss
s e, s
————— =
: Diagram 5-35,:
i Item 31 I
'
Sheet 2 Lt o -
Sheet 4
D:
Sheet 4
Decode No
TRT Insn
LI N P Req Ptrn or Arg
— Signal 14-9 I Tor
sl igng : 2. Tof MOP Og Tgrs
: Tof Byte Bfr t
Signal 14-12 ! 1. Gate R1-OR to Save RI — g;’de:’ OgYTegr)’ 2
| 2. Force LO Bit to "R1 to R1-OR" NM291
| Bus (0001 for GPR Ig and SLC
Comp)
NM287
No 1. Step IR NP327
2, Set State 0 NMO085
3. Ton Insn Fetch Tgr NMI115
4. Tof R1 Og Inh Tgr NPO19
Yes 5. Tof R1 Dbl Sk Tgr NM117
= R, e 6. Set MOP State 0 NM305
1 X
| 1. Tof Loop 7. Tof SMAL Bit NM269
Signal 14-13 | Mode Tgr 8. Tof all MOP Tgrs NM303
NM291
S
i End of
et Operation
Yes Arg Byte No
Tgr On
N103
Yes Req No
I GPR Pri Tgr
On
/
T
1 1. Ton Req GPR Pri | 1. Tof Og Tgrs to
: | Tgr Signal 14-7 | Adder
Signal 14-10 | 2. Tof Last Arg Byte ! 2. Gate B1-DI to
‘ | Tgr . Adder
3. Og B1-D1 Op Reg NM287
Field NM287 fEe S = =
I Diagram 5-35,|
Ultems 2, 3, 4 |
! | GPR
beeom - Accept
TRT
Complete Ves
1. Tof Req GPR Pri ]
Tor .
Signal 14-8
T. Tof Lost Arg]  !Signal 14-14 2. Gate Adder to WR |
3. Tof Byte Bfr Valid |
Byte Tgr | (No non-zero Tar
(N103) | found by 9 Kkt
NM287, LVYELEV)

DIAGRAM 5-29.

TR, TRT SEQUENCE (SHEET 5 OF 5)
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Objective:

Decode and issue the following instructions:

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

NC D4 L B1 D1 B2 D2
0 7 1516 19 20 3132 3536 47
No Decode
Cycle Intlk e
Check I See Diagram 5-7 oC D6 L Bt D1 B2 D2
l for decode cycle
i basic interlock check
XC D7 L B1 D1 B2 D2
MVZ D3 L B1 D1 B2 D2
MVN D1 L B1 D1 B2 D2
cLe D5 L Bl D1 B2 D2
Wait for resolution
of branch on No
condition test
No Decode
Multiple Op
Insn I (Op Bits 1,3)
| (Op Bit 1 or LM or STM)
L
1. Decode Go
to MOP Signal

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

Store
Interlock Check
Successful

No

Decode
BX Insn

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

NP341

B =Save R1

1. Gate GPR Specified
by B to Adder
NP341

1. Gate WR to
Adder for B

NP377

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

5-30 (1 of 3)

L'& Yes

NP341

VOO P WN —

. Reset DWCR NM271
. Gate Op Reg to L-Reg NM271
. Ton MOP Tgr NM271

. Set MOP State T NM271

. Tof Insn Fetch Tgr NP325
. Ton R1 Dbl Sk Tgr NP325
. Ton Rl Og Inh Tgr NM271

Og B2-D2 Op Reg FId NP325

Set State 7 NP325

Full Tgr
On

1. Ton L-Reg Full Tgr

2. Ton Mark Tgr

3. Ton Operand
Access Tgr

4. Ton L-LO3 Og Tgr

NM271

&

Sheet 2



Sheet 1

Partial
Decode

Partial

(567)

Decode CLC

Ton Terminate

No MOP
State 1
|
Yes Lf 4

—_—
| NC,0C,XC,CLC,
I MVC,MVZ,MVN

I (Op Bits 124)

VFL Bit to ppln3 op
suppress transpose to
ppIn3 op dbl wd (Length)
to pplIn3 op

NM263

NM309

Signal 15-22 |

Block
CLC Tgr

No

Partial
Decode CLC
(567)

WR to
Adder A

|
|

ECond 2 for NOXCMState 1

i Signal 15-10

Fetch to Ppln3 op

SMAL Bit
to Ppln3 op

NM269

NOXCM
1 Class F

FLB
Available

SAR
Available

SAR
Available

FXOS
Available

Advance Op
NM261

No

Yes

l Signal 15-5
Gate B2 and D2 to Adder
Tof Outgates to Adder

NM309

B2
Available

Yes
1 Signal 15-7

Outgate BI-D1 Op Req
Fields
Tof Mark Tgr

Temp
Byte Address
WR Byte
Adds

Partial
Decode MVC
(567)

Signal 15-21

P-Bit to Op Stoge
NM311

Left
to Right
Overlap

Partial
Decode CLC
(567)

No

1 Signal 15-20

Ton Ovlp Tgr
O-Bit to Op Stage
NM311

Signal 15-9 |

______ tore in ppln3

Cond 1 for | store in ppln
NOXCM State 1

Cond 3 for H
NOXCM State 1 |

Signal 15-18A |

Signal 15-14 |

Terminate

Tgr On

Advance to WR

and not IMRT
with no fetch or

MSCE accepting

|

Advance
to WR

Advance
to WR
-
| [ Yes
| |
! |
' |
|
|
Step IR
Set |-State 0

Ton Insn Fetch Tgr

MOP

Tof R1 Og Inhibit  Clegnys
Tof R1 Dbl Sk Tgr J

Set MOP State 0

Tof SMAL Bits

Reset all MOP Tgrs

Operand
Access Tgr
On

One
More Sink
Tgr On

P-Bit to Op
Stage (Partial)
NM313

END

|
! No

Advance

to WR Tgr

Ton Inhibit Advance

Sheet 3

NM313

CcLc
Terminate or CLC
Complete

No

1
Signal 17-6 1

DIAGRAM 5-30. NOXCM SEQUENCE ( SHEET 2 OF 3)

Ton Block CLC
NM315

MOP
State 3

|
|

|

1 Signal 17-4

Tof Overlap Tgr
Tof Hot 28 Tgr,

Hot 31 Tgr and

Set T/CtoT

NM309

Partial
Decode CLC
(587)

MOP State 2

Sheet 3

Ton Mark Tgr
NM309 (Gt
I Signal 15-26
-
Signal 15-17 |
Gate Mem Op to PpIn3
Gate FLB to Op Stg
Gate "POSE" to Dp Stg (12-15) SG";:"";PO"SE';B':’(Y) 2t
Ton Fixed Valid Tgr in Op Stg Sk R P2ty
Step FXOS Ctr of Inhibit G
Tof Outgates to Adder WR Tgr
Tof Hot 28P, Hot 31T, and Set T/C to T Gt
Ton DW Ctr to Adder Og s 5
Tof Mark Tor Signal 15-19 |
NM309 1
S-Bit to Op Stg ! Operand
Access Tgr
On Signal 15-15 |
Partial I
e S \  Last Op is SC Only
XC,CL
(Bits)
Yes Set MOP State 2 o
NM313 | Signal 15-18
Ton CC Bit in Op Stg
NM311
Signal 15-16 l
1
[ Signal 15-188 | Ton Fixed Valid Tgr
in Op Stg
Step FXOS Ctr
NM313
4
—_—_—————-——————— —_———_——_———— ————— +—— '
I |
r Signal 15-25 I
Operand No ; |
Access Tgr ] |
Gate DW Cir to I
Yes DW Ctr Reg
== INIYER :
[ I I |
Signal 15-5A | Gate B2 and D2 Signal 15-30 | |
to Adder | |
Tof Outgates | Yes One
to Adder More Source |
NM311 Tgr On |
|
Tof One More Source Tgr |
| NM311
Signal 15-7A i Outgate B1-DI Op I
Reg Fields
Tof Mark Tgr —l |
NM311 |
|
|
Signal 15-29 | |
[ One |
I More Sink |
[EE5 T el N e w e Tgr On |
g Signal 15-28 e
Gate B1 and D1 to Adder ans if |
Set MOP State 2 | |
Ten o Quit Condition |
Quit 11 (15-28) |
NM311 I
|
E-Bit to Op Stage }
Tof Mark Tgr
Tof One More Source Tgr l
Tof MOP Outgates |
(to Tof DW Ctr to Adder Outgate) |
Set MOP State 3 |
NM311 |
|
|
= |

Advance to WR
Tgr

Gate Adder to WR
Tof Outgates to Adder

Gate Bl and D1 to Adder
Og B2-D2 Op Reg Fields

NM3I11

Operand
Access Tgr
On

Gate Adder to Temp

Step FXB Bsy Ctr

Set FXB's A-D Bsy
Nm311

Ton 1 More Sink Tgr
NM313

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




Sheet 2
P

MOP State 2 :

Partial

CLC (567)

Class S
Store to ppln 3 op

Decode

Class F
Fetch to ppln 3 op

FLB
and FXOS
Available

Advance Op
NM261

SAR
and FXOS
Available

AdvqkNo

Advance
Op

L Signal 16-4

Ton Inhibit
Advance to WR Tgr
NM313

to WR

Operand
Access Tgr
On

|
l Signal No 16-21 i Yes

P-Bit to Op Stage
R-Bit to Op Stage
NM313

Signal 16-10
Gate Adder to WR
NM311
Partial
Decode MVC M2
(567)
Yes
Yes DW No
Ctr=0

Gate Sink; SBA to
Op Stage (16-18)
NM313

Operand
Access Tgr
On

One
More Source
Tgr and Not Hi 5
L Reg = DW
Ctr

—
Outgates Op Reg Fields

Gate B2 and D2 to Adder
Ton B1-D1 Og Tgr
NM311

- —
l Signal 16-6 ;
Ton FXD Valid in Op Stg
Step FXOS Ctr
SMAL Bit to Ppln 3 Op NM323
NM269
| .
Signal 16-5 |
I__ "
Gate Mem Op to Pplin 3
Gate "POSE" to Op Stg
Tof Inhibit Adv to WR
NM323
Tof Outgates to Adder
Ton WR to Adder A Outgate Tgr
Ton Temp to Adder B Outgate Tgr
Set T/C Tgr to C
Ton Hot 31 Tgr Dot
Tof MOP Outgates (to Tof L-LO3 Og) artia Y
igptes | = Decode CLC e
NM311 (567)
Signal 16-7
Partial
Decode Ch C
(567) Gate SAR to Op Stg
Set Hi-Pri SAR Bsy
Signal 16-26 s
Ton Mark Tgr
NM311
Partial
No ¢ Decode MVC
(567)
Gate FLB to Op
Stg (16-18)
Set Hi-Pri FLB Bsy
Ton One More
Sink T, f
T NM313 Operand No ! Quit 2B or 2H
Access Tgr St
On
One Sheet 2
N More Sink
2 Tgr Off and Hi 5 Yes
L-Reg = DW
Ctr
Tof Operand Access Tgr
NM313
Signal 16-14
Yes
Outgate B1, DI Gate DW Count to
Op Reg Fields DW Ctr
NM311 Set MOP State 1 o
NM313
J Ton Hot 28 Tgr
NM313
No One
More Source
! Tgr On
Signal 16-12 Signal 16-18 ! d

One
More Sink Tgr
On

Ton Mark Tgr

Tof One More Source Tgr

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

5-30 (3 of 3)

NM313 l :

|

Set MOP State 1 |

NM313 |

|

Sheet 2 l |

|

|

|

A |

[ ] |
1

Sheet 2 Signal 16-25 !
|




Dcd

Cycle
Interlock
Chk

Ppln Ready

Yes

Wait for resolution

of branch on
condition test

Diagram 5-11, Sheet 4

Enter back to
this routine if
conditionally
issued insn

becomes valid )

Diagram 5-11, Sheet 4

Decode
Multiple Op
Insn

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

1. Gate D to D
Bfr

2. Gate D Bfr to
Adder NP341

End of
Operation

DIAGRAM 5-31.

PUMO SEQUENCE (SHEET 1 OF 3)

Objective:

Decode and issue the following instructions: Pack, Unpack, and Move With Ofset

[ JufJe e [ oo e ] o |
Pack 0 1516 1920 3132 3536 47
[ re Ju el | o1 Jee ] p2 |
Unpack 0 1516 19 20 3132 3536 47
v el | o1 e | D2 |
MVO 0 1516 1920 3132 3536 47
|
: See Diagram 5-7
| for decode cycle
: basic interlock check
|
|
N
° B = Save RI
1. Gate GPR 1. Gate WR to
Specified by B Adder for B
to Adder
NP341 NP377

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

i

1. Decode Go to
MOP Signal

NP341

Decode Go
to MOP

. Reset DWCR NM271
. Gate Op Reg to L-Reg NM271
. Ton MOP Tgr NM271
. Set MOP State 1 NM271
. Tof Insn Fetch Tgr NP325
. Ton R1 Dbl Sk Tgr NP325

Ton R1 Og Inh Tgr NM271
. Og B2-D2 Op Reg Fld NP325
. Set State 7 NP325

NV ONO A WN —

1. Ton L-Reg Full
Tgr
2. Ton Mark Tgr
NM271

A Sheet 2

5-31 (1 of 3)



No
DW Ctr=0
Yes
= s e
: Signal 21-21

Gate Adder to Temp Step

]

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

|
| Signal 21-14
1
1

Gate L2 to Byte Bfr

DIAGRAM 5-31.

5-31 (2 of 3)

PUMO SEQUENCE (SHEET 2 OF 3)

Ton SBA Carry
Tgr

Outgate Set MOP State
3 P-Bit to Op Stg

Tof Outgates to Adder
Ton L2 Outgate

NM 275 NM275
b ——
| Tof SBA Carry Tgr
Pack o Gate Bl and D1 to
or Unpack | Signal 21-98 vk
Ovrlp ! Ton L1 Outgate
= Set MOP State 2
Yes NM275
) Outgate B1-DI1
0-Bit to Op Stg Op Reg Field
NM275 NM275

FXB Bsy Ctr Set FXBs (Save "Old" L2
Sheet 1 A-D Bsy for Pack or Unpack
Overlap)
NM273 1 More Yes
Sink Tgr
(7 inputs) On
Tof SBA Carry Tgr
| Pack, unpack, Tof MOP Outgates
| or MVO op Ton L1 Outgate
| bits1,2,4 Set MOP State 2
(EE————
Tof Out Gate to Adder 1 More
Gate Bl and D1 to Adder Source Tgr
Og B2-D2 to Op Reg Field
$BA Carry
Tgr On or
Going O
No
VFL Bit to PpIn3 Op e | e ] N gz:r:e""‘forre
Suppress Transpose to | | (0gN 4 = 9
Ppln3 DBL WD NM283
(Length) to PpIn3 s
Op Yes Slgnaii2l Ton Fixed Valid
Advance Op in Op Stg
Step FXOS Ctr
NM273
No
20r3 |
MOP State al St T
e | Ton Inhibit Adv
to WR Tgr Hi Order Yes
]_ _____ ~ Sheet 3 J Bit of L2 =
—
H 1
: PUMO]1 Class F - e 103
No FLB | el 2e 2 Rl ° 82, 02, 12
Available NM261 Carry
Slenaliz 1Al Tof 1 More Yes
Yes Source Tgr
NM273
No FXOS Gate 0000 to L2
Available ——
NM283
Yes Sheet 3
Advance Op Gate 1000 to L2
NM261 Quit 1H i NM 283
Last Op is |
Source Only I
Signal 21-20A Tof MOP Outgates (to Tof
L1 and L2 Outgates)
to Adder B\ Yes Set MOP State 3
Outgate Tgr E-Bit to Op Stg
AL NM273
| SC—
Overlap
Tgr On
Fetch to B R R R R R R R O R T I TEEEE—————
Ppln3 Op
NM267
Yes :
Overlap N\ No N . e — Sheet 3
Tgr On I
o o vy | Signal 21-36A
| Gate POSE to Op Stg (12-15) :
Signal 21-25 | Ton FXD Valid in Op Stg L
| Step FXOS Ctr
SMAL Bit to ) Tof Out Gates to Adder | | _ e e——
Ppin3 Op Tof Hot 28 Tgr, Hot 31 Tgr i
and Set T-C to T i
NM269 ST NM275 I Signal 21-35
Set MOP State 3 [T s
NM275 Ton Operand Access Tgr
g Ton SAR Valid per Op Stg
B — SAR Field
|
ergn No Tof Mark Tgr | Signal 21-24
g Gate DWC to DW | NM275
1 More Ctr L
Yes Source Tgr S-Bit to Op Stg
—————— e On NM275 [ oy T e e
]
|
S:;e BTZ ?"g D'Z fo | Signal 21-8A = Signal 21-36
ates
to Ajde? TonUng MVO Gate POSE to Op Stg (12-15) |
4 . &
Outgate - Out Gate 81-D1 Overlap Ton FXD Valid in Op Stg L
NM273 | Op Reg Field Step FXOS Ctr
Source Operand | P-Bit to Op P Reg Tof Outgates to Adder
in this Op i Stg NM275 Tof Hot 28 Tgr, Hot 31 Tgr
| NM273 and Set T-C to T bl
Ton Overlap Tgr
Available
NM275
_____ No Advance |
[ to WR
O-Bit to Op Stg
| P
Tof Mark Tgr OG | Signal 21-9A Adv to WR = MSCE
B1-D1~Op Reg ! accepting, not | MRT, hM275
Field — and no fetch or
NM273 store in Ppln3
NM265
I i 0-Bit to Op Stg
Cond 1 for
-— —f—_—_— - — Y — — PUMO NM275
State 1
Ton Overlap Tgr 1 More No
Source Tgr
NM 275 On
e e e [ B
I
) ! |
Signal 21-11 | Signal 21-30 |
| Gate Adder to i
WR  — 2
Outgate B2-D2 Op Reg f:;e B2 and D2 to
NM273 Field Ton WR to Adder A L

Sheet 3




Sheet 2

10 Inputs
MOP State [t
FLB
A Overlap
Available ] Tor On
R S S
1
: Signal 23-20
1
SAR e =Tl
Available
Tof Overlap Tgr
Tof 1 More Source
Tgr
EXOS NM279
0-Bif fo Op Stg Available
(Sink Operand SAATEA ]
in this Op) Outgate l
NM273|
Advance
Advance Op Gate Adder to Temp IR
(Save Sink 1 Address Bl + D1 + L1)
Partial Class F Nwa2é1 Tof Outgates to Adder
[ESnra-—]
Decode of Step IR
Set [-State 0 MOP
NM279 Ton Instr Fetch Tar { Claan

Tof R1 Og Inhibit
Tof R1 DBL Sink Tgr
Set MOP State 0
Tof SMAL Bits

Reset All MOP Tgrs

Store to
Ppin3 Op Signal 22-1
NW269

Source or Sink

SAR FLB No Tof Operand If—
o Available Access Tgr | Condition 1 “
NM281 | for PUMO ¥
_ | State 3 Store to
PpIn3 Op
NM267
Fetch to Teminate Yes
FXOS PpIn3 Op Tgr On
Available NM267
End of

Sink Word
Advance Op
NM261 | Condition 3
] for PUMO Block Complement 28-31 and Force
Cond 2 State 3 Bit 28 to Adder
el IO SR B ’
for PUMO Suppress Adder Checking
s Operand state 3 T
Overlap Access Tgr ! Suppress on Condition 4 :
o O of SAR VaI|2d for PUMO |
NM279 NM279 State 3 1
End of Advance [
Sink Word to WR :
|
Set T-C Tar Advance Yes )
e - to WR —— No Advance \_Yes i
NM277, ol to WR
End | Signal 23-138
SMAL Bit to of Source ! v Inhibit
Ppln3 Op Word :——N Inhibit L d to
NM269 Ton Temp a ¢ H o d WR Tar
to Adder A | l to WR
Og e No
Bl I | Gate Adder to WR e e
Signal 23-13A! | Tof Outgates to Adder |
| Tof MOP Outgates Signal 23-15 | Gate Adder to WR
e Ton Temp to Adder A Outgate ) Gate Adder to Temp
Ton WR to Adder B Outgate Tof Outgates to Adder
Set T-C to C Tof Hot 28T, Hot 31T, and Set T/C
—_—_— Ton Hot 31 Tgr toT
NM279 Gate B2 and D2 to Adder
| Signal 22-8 | ——- NI
fdyoncelo Signal 23-6 1| Tof Overlap |
! Tgr N
i NM281 © { Advance Op I
— | Signal 23-16 |
L |
R ————
| (e e gL Ton Inhibit : Yes [RE=r Sz —sif=c,
bsi ¥ Advance to Signal 23-8
| Signal 22-4 wR  Nm2s1 | ! Ton Inhibit
L Advance to WR|
ey Tgr
| NM281
Gate Mem Op to PpIn3 Signal 23-9 | —
Gate SAR to Op Stg (19-20) ! |
e |
Set Hi-Pri SAR Bsy Signal 23-17
Gate POSE to Op Stg (12-15) ;
Tof Inhibit Advance to WR S AR
Gate Mem Op to PpIn3
TohMor 'Ce’)"'g‘"e‘ eAleh Gate FLB o Op Stg (9-11)
utga - Set Hi-Pri FLB Bsy Gate Mem Op to Ppln3
Ton SBA Tof Inhibit Advance to WR Tgr Gate SAR to Op Stg (19-20)
Carry Tgr (o ] Set MOP State 1 Set Hi-Pri SAR Bsy
= Ton Mark Tgr
: Signal 22-5 NM281 Tof Terminate Tgr
Tof Inhibit Advance to WR Tgr
— NM281
Yes :
DW Ctr=0 No 1 More
Source Tgr
[
Signal 22-11 | On
|
[y
Gt FLB to Op
N 1 More = Stg (16-18) '
2 source Tgr ::'b:xggv"l'd Set Hi-Pri FLB T
©n Step FXOS Ctr Payr. NNGZS Signal 23-19 | " i
NM323 | Signal 23-18 |
________ I |
i e (|
) S Ton Byte Bf
! ignal 22-6 ] | [Gareooooto ! o Adder Ton L2
| Signal 23-11 | Signal 23-10 Lk
Tof Out Gates to Adder | | |L2to Byte | Outgate Outgate
Gate B2 and D2 to Adder L NM281 NM281
Out Gate BI-D1 Op Reg Field NM281
Gate L2 to
Byte Bfr
NM277 Tof 1 More
Sr Tgr NM281
T
- Tof Outgates to Adder A
iR Ton Temp to Adder A Outgate
Ton WR to Adder B Outgate Tof 1 More Sheet 1
Set T-C Tgr to C Sink Tgr
Ton Hot 31T NM277

1 More
Source Tgr

Partial

1
Signal 22-10 !

Qo 2 et opT ;
vit 2 (last op Hi-Order

|
P No. State 1
e e is sink only or | .
both sink and | Bit of L1-1 NM277

Gate Sink _sw)_,

SBA to Op To Sheet 2 of 3

Stage {16-16) Ton 1 More

NM277 Sink Tgr Sheet 2 of 3
J NM277
[
———r e Advance Op ;fmk ]TMore
On or Going ink Igr
Signal 22-7 ! NM277
ignal |
e e
1
Gate 0000
Ton Inhibit Signal 22-8 Gate 1000 il
Advance to to L1
WR Tgr B — SIoer NM277
NM277| +

DIAGRAM 5-31. PUMO SEQUENCE (SHEET 3 OF 3)
5-31 (3 of 3)



-- ——/Cond Mode
Wait for res- : Tgr On
olution of |
N
branch on : =

condition test!

End of
Operation

DIAGRAM 5-32.

5-32 (1 of 4)

Decode
BX Insn

T 7 7 "1 See Diagram

I 5-7 for decode|
I cycle basic

winterlock chk

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

—_— ]

|
|
|
I
I
1

Obijectives:

1. Decode and issue an ED or EDMK instruction.

2. Check all interlocks that may detain or cancel the instruction.

3. Initially fetch two pattern and source words for VFLEU.

4, After first pattern (or source) word is requested by VFLEU, a subsequent reference for a pattern

(or source) word is made each time the VFLEU finishes processing a pattern (or source) word.

5. VFLEU steps off an Op whenever it requests a pattern word, and the |-Box issues an op whenever

it references a pattern word.

6. EDMK - Record byte address for first significant result digit by forming byte address and causing this
byte address to be stored in GPRI.

1. Gate GPR 1. Gate WR
Specified by to Adder
Bto Adder for B

NP341 NP377

D Bfr

to Adder

1. Gate D to

2. Gate D Bfr

NP341

ED, EDMK SEQUENCE (SHEET 1 OF 4)

1. Decode
Go toMOP
Signal
NP341

1. Reset DWCR NM271
2. Gate Op Reg to L-Reg  NM271
3. Ton MOP Tgr NM271
4. Set MOP State 1 NM271
5. Tof Insn Fetch Tgr NP325
6. Ton R1 Dbl Sk Tgr NP325
7. Ton R1 Og Inh Tgr NM271
8. Og B2-D2 Op Reg FId  NP325
9. Set State 7 NP325

. Ton L-Reg Full Tgr

. Ton Mark Tgr

. Ton Opnd Acc Tgr

. Ton L-LO3 Og Tgr
NM271

BWN —

Sheet 2



Sheet 1

Sheet 3

Decode
ED or EDMK
Insn
[ 1. Gate B2 and D2 to Adder
| 2. Tof Og Tgrs to Adder
Signal 206 ! 3. Ton Req Ptr or Argi Tgr (N102)
JI 4. Tof MOP Og Tgr [to Tof L-LO3Og
" [ Generate Tgr (N107)]
Adv Op NM293
Signal |
NM261 [ This signal |
| generated in the | Acpt TgrOn
— | VFLEU -1 and No
| | Diagram 5-125 ———— - IMRT
s | '
Signal 18-14 : : Diagram 5-35, Yes
e ,Items 1, 3, 4
1. Ton TERMT s e 1. Generate I[
M107 Adv to WR s
( NA2\297 Signal | Signal 20-5
NM265 L
[ This signal
| generated in the A e e
‘ | VFLEU Diagram 5-35, 1
1 VFL _ _ _|__Diagram 5-125 | Item 10 :
i Req Ptrn or [pSees St i =
Signal 18-15 | Arg Signal
I /
1. Ton Req 1. Ton 1 more
Ptrn or Arg Sk Tgr
Tgr (M103)
NM297 NM297
T This signal
| generated in the
— | VFLEU -
L Diagram 5-125 GF:’R, 1. Gate Adder to WR =
Sianal 18-16 I = No Specified and Temp Reg | Sl 1548
i I by B? 2. Gate Bl and D1 to JL5H
I — & Adder |____J
1. Ton Req ED Yes 3. Tof Og Tgrs to
Sr Tgr Adder NM295
NM297 1. Tof Mark Tgr :
(M104) 5
2. Og BI and D1 f e No
Fields from Op L
Reg
MOP NM297
Tgr On ——_] Yes
] ]
| Gl 1. Set FXBs A-D Bsy
. . (E93, E94, E95,
Signal 18-3 | Yes Fo3)
| 2. Step FXB Busy
) ) Ctr
1. Generate Following Signals for Ppln
3 Op Reg:
a. Fetch Bit (J82)
b. Dbl Wd (J87)
c. Suppress Transpose (J94)
d. VFL Bit (J93) P ‘
e. SMAL Bit (J95) Signal Avail 1
NM263 | Signal 18-10
I—____‘
USRS Ertate = e s
| 1. Generate Ig —
| Diagram 5-35,! Adr to GPR - Ton Inhibit
| Item 12 : Signal — ?dv to WR
. J NM239 i or
Signal 18-11 | {\IM297
|
Jelope 1. Gate Sto Op to Ppln 3 Op Reg
State 2 or 2. Gate FLB to Op Stage Reg (9-11)
3. Set High Priority FLB Bsy
4. Tof Hot 28 Tgr (G90), H31 Tgr
(G92)
5. Set T/C Bitto T
6. Tof Inh Adv to WR Tgr
7. Ton DWCR to Adder Og Tgr
8. Tof Req ED Sr Tgr (N104)
NM297
1. Generate EDMK
Byte Adr Acpt
Signal
NM299
I This signal
| | generated in the
b | VFLEU /
_‘I —{__Biogran 8-125 Issue "Last" | 1. Ton FXA Valid Tgr in Op Stage
I op with new | Reg i
| Sr 1| 2. Step FXOS Ctr 1. Set MOP 1
I h 3. Tof Req Ptrn or Arg Tgr (N102) State 2 | Signal 18-11A
Signal 16-16A | 4. Set MOP State 3 (L103) (L102) |
This signal is issued | = | NM297 NM297 L
to the VFLEU | 1. Ton Byte Bus Valid |
Diagram 5-125 | Tgr (N101) | Signal 18-13
| 2. Gate Byte Bus to |
Byte Bfr It —— [ B ]
NM293
Sheet 3
Sheet 4

DIAGRAM 5-32. ED, EDMK SEQUENCE (SHEET 2 OF 4)

5-32 (2 of 4)



Sheet 2

1. Generate

Sto Bit for
Ppln 3 Op
Reg

Req
Ptrn or Any
Tor

Opnd
Access Tgr On

(M101)
1. Ton FXA Valid : Issue "Last"
Tgr in Op Stage Reg op with new
2. Tof Req Ptrn or Arg [ Sr
Tgr (N102)
1| 1. Generate 3. Step FXOS Ctr
g Adv Op 4, Set MOP State 3
| 20~ :
igoal 206 Signal MSCE L103)  NM297
N NM261 Acpt Tgr On
and No
IMRT
- Yes Req ED No Yes
* . Sr Tgr On Sheet 4
T Ser MOP T 1. Generate lr -
State 1 | Signal 19-5 Adv to WR | Signal 20-5
(won | Signal
Nm293] | NM265] |
Sheet 2
I
1. Gate Adder |
to WR | Signal 19-3
NM295
L
/
Yes
B = Yes Adv Op
r r Signal Avail
: Signal 19-6 1 1. Gate Sto Op to Ppln 3 Op Reg
I Signal 19-7 | 2., Gate FLB to Op Stage Reg
| (16-18)
1. Tof Og Tgrs to Adder | J 3. Set High Priority FLB Bsy
2. Ton Temp to Adder 4. Gate SAR to Op Stage (19-20)
Og Tgr 5. Set High Priority SAR Bsy
3. Ton Hot 28 Tgr (G90) 6. Gate Appropriate POSE Bits to
4, Tof MOP Og Tgrs To Op Stage Reg (12-15)
Turn Off DWCR to 7. Ton FXA Valid Tgr in Op Stage
Adder Og Tgr) Reg (H93)
8. Step FXOS Ctr
NM295 Tes 9. Tof Req Ptrn or Arg Tgr (N102)
10, Tof Inh Adv to WR Tgr (M105)
1. Ton CC Bit in Op NM297, 323
= _ Stg Reg (H92) I
Signal 19-8 2. Ton Req Ptrn or Arg 1. Gate DWC v
(| Tgr to DWCR I Signal 19-9
3. Set MOP State 1 Nm297 | !
(L101) L
4, Generate S Bit Sig
for Op Stg Reg
NM297
Sheet 2
171~ TonInh Adv
] T to WR
Signal 19-2 | Signal
H NM297
1. Ton Last Tgr |
(N103) |has .
2. Tof 1 More | i Lokl
Sk Tgr(M103) | |
NM297
1. Generate E Bit Sig 1|
for Op Stg Reg Signal 19-11
2, Tof Opnd Access |
Tgr (M101) | E——
NM297
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Sheets 2, 3

MOP
State 3

No

Term Tgr On

1. Force Low Order Bit on Bus to R1-]
OR (0001 for SLC Comp and In-
gate to GPR)

2. Gate R1-OR to Save Rl Reg

Signal 19-13

NM293
No Req GPR Yes
Priority
Tgr On

Adv to
WR Signal

Yes

. Step IR NP327
2. Set State 0 NMO085
3. Ton Insn

Fetch Tgr NMI115
4. Tof R1 Og

Inhibit Tgr NMO19
5. Tof R1 Dbl

Sk Tgr NM117
6. Set MOP

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

Tgrs NM303

End of
Operation

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

1. Tof Loop Mode Tgr

NM295

Accept Tgr
On
-
|
. 1. Ton Req GPR | 1. Tof Req GPR
Signal 19-15 : Priority Tgr ! Priority Tgr
1 2. Ton Byte Buffer to Signal 19-16 I 2. Tof Byte Buffer
! Adder Og Tgr ! Valid Tgr
3. Tof MOP Og Tgrs : 3. Gate Adder to WR
4. Tof DWCR to Adder L NM295
Og Tgr
NM295
{ <
1. Tof MOP Og Tgrs :
(To Tof DWCR and !
Byte Bfrs to Adder ! Signal 19-19
Og Tgrs) | Yes
NM293 :
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Precise Interrupt Signals (Program 8)

Objectives:
Diagrams 5-7,5-8,5-9 - 5-16, Disaram 5-7 1. Generate the various interrupt signals
5-19 - 5-21, 5-24 9

Diagram 5-15

- ————
1. IR Specif Int ] T
2. Flt Reg Specif Int | I
3. Fix Reg Specif Int | 1. Exec Int |
4. SSK Specif Int | Prog B |
5. ISK Specif Int | R —— Int Tgr On |
6. Shift Specif Int | (N70)
7. Ld PSW Specif Int |
8. Diag Specif Int |
|
I .
| Sto in Ppln
s or SIT
1. ;on Specif 1. Ton Oper Int 1. Ton Exec Int
Int Tgr Tgr (L87) Tgr (L90)
(L88) NM385 NM387
1. Ton Prog B Int 1. Ton Prog B Int 1. Ton Prog B Int
Tgr (N70) Tgr (N70) Tar (N70)
NP303 NP303
NP303
| G l l G l - ' G l
Diagram 5-34 o Diagram 5-34 Diagram 5-34
Diagrams 5-16,5~18,5-19 Diagrams 5-16, 5-18
5-20,5-21,5-27 5-19,5-20,5-21 Diagram 5~4 Diagram 5-17
I I
\ 1. SSK Adr Int 1
1R Priv Int | 2. SSK Adr Int | !
2. SI Priv Int | 3. WRD Adr Int | 11, nst Inv Adr
3. RS Priv Int o B 4. RDD Adr Int | i
S DA Yes 5. Ld PSW Adr Int | Prog B Yes| |
"’(N%) n 6. Diag Adr Int | Int Tgr On
7. SSM Adr Int !
Sto in Ppln
or SIT
1. Ton Prog B Int 1. Ton Prog B Int 1. Ton Prog B Int
Tgr (N70) Tgr (N70) Tgr (N70)
NP303 NP303 NP303
1. Ton SVC Int Tgr
1. Ton Priv Op Int 1. Ton Adr B Int ' (L72)  (NM389)
Tgr (L89) Tgr (L91) 2. Gate R1, R2 to
NM387 NM389 L Reg
Y NM389, NP303
Diagram 5-34 . Diagram 5-34 Diagram 5-34
No Yes
Sheet 2
1. Gate O 1. Force +2 to IR Ctr'NN197
e e 2. Gate 210 ILC NM351
o a5t 3. Gate SVIR to IR NM139
4. Tof Exec A NP307
5. Tof Exec inv Adr and
Exec Fetch Prot Tgrs
NP30!

-t

-

1. Tof {F NM139
2. Tof Loop NM139|
3. Tof R1 Dbl Sk Tgr NMI139
4. Tof Exec B NM139,
5. Tof +1 to Adder 25

NM139|
6. Tof SVIR to Adder NM139
7. Tof LB to Adder ~ NMI39|
8. Tof Prog B Int Tgr NM154
9. Set State 0 NM139

Diagram 5-34
(Sheet 1)
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Program B (Precise), External, and |/O Interrupt Signaling and Priority

Sheet 1

1. Tof all Lower
Prior Prog B
Int Tgrs

NM385, 387,389

Int Seq B
Tgr On

No

1. Tof afl Ext
Ident and 1/O
Int Tgrs

NM421

Yes

1. Set Proper LI
Ext Capti- |2.
vity Int 3
Tgr l 4,
5
le
Ext 7
Captivity | 8

Int Tgr On

. Ext5 NM371

. Ext 3 NM379
. Ext 2 NM379
. Int Key
. Timer NM381

Ext 7 NM369
Ext 6 NM369

Ext 4 NM371

NM381

1. Ton Prop
Ext ldent
Tor

Ext Ident
Int Tgr On

1. Tof all
1/0 Int
Tg

rs
NM421

1. Ton Proper
1/O Int
Tgr

1/0
int Tgr On

Yes

Machine Check and Imprecise Interrupt Signals

Insn
Fetch Signal
Protect

Signal Protect

FLA
ignal Protect

Signal Protect

1. Ton

Protect Int
Tgr
NM411

Diagram 5-34
(Sheet 1)
DIAGRAM 5-33.
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INTERRUPT SIGNALS (SHEET 2 OF 3)

MCW
Signal Mach
Chk

1. Ton Mach
Chk int

NM401

G

Diagram 5-34
(Sheet 1)

1. Block Ton of
1/0, Prog B
External Ident
int Tgrs

N

IM421

End of
Operation

Diagram 5-33
(Sheet 3)

Activate
Signal

1. Move Cond Prog
A Int Tgr to
True Int Tgr
NM413

Cancel Signal

1. Tof Cond
Prog A

Int Tgrs
415

Diagram 5~34
(Sheet 1)

1.
2
3.
4.
5
6
7

If masked open

(I

Mlitpx NM391
1 NM391
2 NM393
3 NM393
4 NM395
5 NM395
6 NM397

(if any) Allow
Int

1. Ton |
Appropriate I 2.
Prog A Int 3.
Tgr 4.

. Data

FXA Oflo
FXA Div
Exp Oflo

. Exp Uflo
. Signif
. FLA Div

NM405
NM405
NM407
NM407
NM409
NM409
NM411

1. Tof all Prog

2. Tof all Ext

B Int Tgrs

Ident and 1/0O

Int Tgrs
NM421

End of
Operation




Address Invalid Interrupt Signal Generation

Fetch Bit
in Ppln 3
Op Reg

Store Bit
in Ppin 3
Op Reg

WR
Address
Invalid

1. AE Bit to MSCE

2. AE Bit to FLA

(FLB) (VFL Ops)
NL529

Bit 1 On (Implies
Fetch to FXA or

Store Bit
in Ppin 3
Op Reg

VFL
Bit in Ppln 3
Op

No

—
|

Fetch Bit
in Ppin 3
Op Reg

Fetch or
store VFL |

R

Diagram 5-131 |
FXA AE bit

I VFL store

Conditionally
Issued Operation

Fix
Signal

Invalid
Adr

Ton Active
Signal

Any
Unconditional
Type A Prog
Int Tgr On

1. Signal
generated |
in VFLEU

No Cond Mode

1. Ton Uncond
Type A Adr Yes
Int Tgr

NM413

Ton Cancel
Signal

Any
Conditional
Type A Prog Int
Tgr On

No

Any
Unconditional
Type A Prog
Int Tgr

No

1. Ton Cond
Type A Adr

Int Tgr
NLé11
G
Diagram 5-34 H

(Sheet 1) Diagram 5-33

(Sheet 2)

DIAGRAM 5-33. INTERRUPT SIGNALS (SHEET 3 OF 3)

Imprecise Address Specification Interrupt Signal Generation

Fetch Bit
in Ppin 3
Op Reg

Store Bit
in Ppin 3
Op Reg

Yes

No

Double Word
in Ppln 3

Single Word

Byte Address =
000

Half Word

Byte Address =
X00

Byte Address =
XX0

Store Bit
ir Ppln 3
Op Reg

No

Sink Adr
Bit 1 On (implies
Fth is not
for 1-Box)

VFL
Bit in Ppin 3
Op Reg

Fetch Bit
in Ppin 3
Op Reg

Conditionally
Issued Operation

Ton Active
Signal

Any
Unconditional
Type A Prog Int
Tgr On

No

No Cond Mode

1. Ton Uncond
Type A Yes
Specification

Int Tgr NM413

Ton Cancel
Signal

Any
Conditional
Type A Prog Int
Tgr On

Any
Unconditional
Type A Prog Int
Tgr On

No

1. Ton Cond
Type A
Specification

Int Tgr NM415

G:
l H l
Diagram 5-34

(Sheet 1)
Diagram 5-33
(Sheet 2)
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Diagram 5-34

(Sheet 2)

Diagram 5-33

Any
Interrupt
Tgr On

2. Tof IF

1. Inhibit Insn
Fetch Seq

NM423

1. Tof Loop

NM423

1. "TF 2 OFF"is H
included in this
interlock to ensure |
no simultaneous usel
of AOC in the |
interrupt sequence |

Temp 1
and Temp 2
Fetch Tags,
Off

Adder
Available

1. Ton +1 to
Add 25

NM428

Type
nAY Prog

1. Ton Int
Seq B Tgr
NM423

Obijectives:

1. Process all interruptions defined for the IBM System/360.

2. General steps during interruption sequencing are as follows.
Stop 1~Box decode

b. Wait for 1-Box to complete current instruction
c. Fetch new PSW

d. Initialize instruction fetch mechanism with instruction address in new PSW
e.
f
g
h
i

a.

Wait for execution pipeline to empty.
. Store old PSW
. Return 1-Box to decode

. Store IC of instruction (N)if interrupt is imprecise (ILC = 00)

. Store IC of instruction (N + 1) if interrupt is precise (ILC = True ILC)

Cir

1. Gate Add to WR
2. Adder Resets
3. Tof Force + 2 to IR

4. Set Int State 3 (M71
M72)

NM429

Set to Fetch

Int F/S

MSCE
Accepting

1. Ton + 1 to
Add 25
NM429

1. Gate IR to Save IR
2. Gate Save IR 26-31
to Adder
3. Gate LB 8-25 to Adder
4. Ton Int State 1
5. Set IntF/StoF
NM423

1. Set Int F/S to
Store

NM423

IAd

r gen |C of
insn in ded at
lﬁme of intr (N

Ch Release

(

o~ b w N

o N

. Gate Add to Temp Reg (IC

of instruction (N)

. Ton Interrupt Inhibit WR

Adr Tgr

. Ton Fetch in Ppln 3

. Gate Dbl to Ppin 3

. Gate Inh Prot to Ppin 3
. Gate Temp 1 to Ppin 3

Sink Adr

. Ton Fetch Tag for Temp 1
. Adder Resets

NM427

|1. Save old IC

I to Store in
PSW
I
e
13. Fetch
| New PSW
_

DIAGRAM 5-34. INTERRUPT SEQUENCING (SHEET 1 OF 2)
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Int State 3

M71, M72)

MSCE
Accepting

Sheet 2

. Gate IR Ctr 26-31

to Adder

. Gate LB 8-25 to

Adder

. Set Int State 2
NM427

i 1. For return

| to instruction|
I(N+)

| ——




Sheet 1

MSCE
Accepting

Int Seq B

Yes (Processing Precise Interrupt)

Tgr On

Interrupt
State 0

Any
Type A Prog
Int TgrO

1. Inhibit
Insn Fetch
Seq

NM423

Signal PSW
to Store
Bus  NM353

| Sends PSW (ILC) to
| SDB-1 (ILC will be
| forced = to zero on
| Type A interrupt)

|
L

1 and Temp
Off IEr
New PSW to | 1. Gate SBO to UB, LB, IR, AOC
Possible wait g Temp 1 | 2. Ton IF
for PSW 1. Tof IF | 5. Shift from ) 3. Ton Initial Fetch
ki 2: Tof Int Seq B Tgr I Precise‘ 3o g ?Z; (:ﬁf;g to Empty
3. Gate Temp to Adder | mprecise ’
6. Set Temp 1
4. Set Int State 1 and NM423
Int F/S to F
5. Tof All Lower Prior
Prog A Int Tgrs
6. Tof All Prog B Int Tgrs
7. Tof Ext Ident Tgrs
8. Tof I/O Int Tgrs
Singal MSCE,
PSCE, Temp
Key Active
NM425
_____ —
| Repeat fetch
j Int | for second
F/S Tgr Set | new PSW
to Fetch PSW Yes (Second)
Stored Tgr
B On
No (First)
Sheet 1
No 1/O 1. Inh Insn
Any Int Tgr Fetch Seq
O
b (Diagram 5-1)
Single
Cycle Mode
ignal
Start
locks
1/0O
Taken Tgr
On Channel
Release
ags For Temp
1. Ton I/O 1 and Temp 2
Taken Tgr
NM427 i 1. Set Store to Ppln 3 Op
Store | 2. Gate Dbl Bit to Ppln
BB | 3 Op 1. Set Int State 0
J 3. Gate Inh Protect to 2. Tof 1/O Taken
oS Ce 3. Tof Int Seq B
4. Ton Bsy for SARI 4. Tof Int Inhibit WR
5. Gate PSW to SDB1 Adr Tgr
Yes (This includes gating the 5. Gate Temp to PSW
interrupt code to SDB 1 ’ (e PSW;,
T T 16-31. The interrupt code 6. Tof PSW Stored
S | Multiplex  NM391 3 may come from FXA, FLA, (Off/On)
to Proper 11 NM391 , Fbox or PSCE. ) 7. Interrupt Complete
| 2 NM391 6. Set PSW Stored On
Channel ) (Tof Int Tgrs)
| 3 NM395 7. Tof Associated Ext Cap 8. Signal MSCE Active
| 4 NM395 Tgr (This clears WR to PSW Ke
| 5 NM397 prevent Specif A Int due & NMI125
| 6 NM397 to PSW store)
L 8. Gate Add to WR
NM425

DIAGRAM 5-34,
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End of
Operation
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DIAGRAM 5-35.

5-35

Tof MOP Og Tgrs = This line turns off the following outgate triggers: DWCR; Byte Buffer; R1 to

R1 - OR; L); L2; and L-L0O3. -

. 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.

Gate B1 (B2) to Adder - This line turns on the B outgate trigger which is specified by a decode of
the B-field outgated from the Instruction Register.

. Gate D1 (D2) to Adder - This line turns on the D=Bfr outgate trigger and ingates to the D-Bfr the

D-Field which is outgated from the Instruction Register.

. Gate Bl (B2) and D1 (D2) to Adder - This line combines the functions of the lines described in

items 3 and 4.

. Lfto Rt Olap - This signal is used in the NOXCM sequence to indicate an overlapping condition

between the sink and source operand fields which requires special handling by the VFLEU. This
line is conditioned by: 0< [Sink Starting Address (to byte level) - Source Starting Address (to
byte level]] <8;i.e., 0< [(B1+DI) - (B2+D2)] <8.

. 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 + 12) - (B1 + D1 + L1)] = (Source Starting
Address - Sink Starting Address).

. Possible Olap in PACK or UNPK = This signal is used in the PUMO sequence to indicate an over-

lapping condition between the sink and source operand fields which may require special handling
by the VFLEU. (See also item 9.) This line is conditioned by the following logical relationship:
(Decode UNPK) (<8< 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.

. PACK or UNPK Olap - This signal is used in the PUMO sequence to indicate that a particular

source doubleword has the same 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.)

. LO3, B, D, L Carry - This signal is used as operand fetching is begun, to aid in determining how

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 this three=bit add is known as an "LO3, B, D, L Carry".

. 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 ison.

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

. Arg Byte Accp - This signal is generated by the MOP sequence for TR and TRT. lts 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.

. 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 cancelling 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.

. 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.

. 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.

. 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 1-Box during cycle (nt1). CLC Term is used in the NOXCM sequence to prevent further
operand accessing and as part of the control for the Blk CLC Tgr.

MOP DEFINITIONS
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21

22.

23.

24,

25.

26,

27.

28.

30.

31

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.

. 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 1-Box must stand-by until

there is no further chance that a byte address may have to be generated and stored in GPRI.

. 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
|-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.

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

End of Sk Wd - This signal, generated by the VFLEU, is used only in certain overlapped PACK or
UNPK situations. |t is transmitted to the 1-Box during the cycle following the ingate of the last
byte into the sink word, and is used in the PUMO sequence fo initiate a store for the next sink word.

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. 1f the GPR Accept Tgr is turned on at the start of cycle n, data
from the |-Box are gated into an addressed GPR at the start of cycle (n+2).

Ig 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 1-Box. This covers the byte-
address-saving situations which arise in TRT and EDMK, and requires the high-order eight bits of
GPR1 to remain unchanged.

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.

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 1~Box during the cycle following the exam=
ination of the last function byte and causes an exit from the TR or TRT sequence.

TRT Term = This signal is generated by the VFLEU based on the fact that a non=zero function byte
has been found. It is transmitted to the |-Box during the cycle following the examination of the
non-zero function byte, and in parallel with the transmission to the [~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 GPR1. It then leads to an
exit from the TR or TRT sequence.

VFLEU - This signal is sent to the 1-Box from the FXA during the FXOS decode cycle for an SS
instruction. lts presence will cause the L-Reg Full Tgr to be turned off.

. VFL Req ED Sr - This signal is sent to the I~Box by the VFLEU whenever, in the course of an ED

or EDMK, it makes a 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.

VFL Req Ptrn or Arg Tgr ~ This signal is generated by the VFLEU 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 all argument word requests except the first;
and the Req Pirn 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.

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 valid, 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 such 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 Valid 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 (Array 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 made to decode any portion of an array or a temp doubleword with a protect
tag on, a fetch protect interrupt results. The tags are turned on or off respectively, as a storage
return which violates or satisfies fetch protect is gated to the associated array word.

Array Fetch Tags (Array Words 0-7, Temp 1 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 ingated.

Initial Fetch - NN177

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) - NM115
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 - NIN249

This trigger is turned on or off by the MSCE to indicate that the immediately following storage
return to the 1-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 invalid. 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 1 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 T and 2 - NN205
Signify that the respective instruction array doubleword (temp 1 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 ~ NP139

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 can 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) - NP135
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 (NIAT) - NN227
Sets the op register outgate triggers according to the value in IR after o new instruction address has
initialized the array counters and IR.

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

Op Register Valid Triggers (one per halfword) - NN244-247

Used to indicate which of the four halfwords of the op register are valid and available for decoding.
A particular valid trigger is turned on by ingating 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) - NP145-285 Order is: UAO, 1; RUMO, 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 -Box. As an operation is issued to the fixed area, any GPR altered by that
operation (R1) 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, 1;RUM O, 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 fo 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 1-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.

DIAGRAM 5-36. [-UNIT TRIGGER LIST (SHEET 1 OF 3)

R1 Double Sink Trigger - NM117
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 R1 equal SLCX and R1 equal SLCB

comparator compare not only R1 but R1 plus one, if R1 is even,

State Triggers (3) - NMO083

General sequence control triggers. SO is the decode state of all instructions. S7 is entered at the
start of @ multi~op instruction. MOP logic uses its own state triggers. The interrupt sequences are
executed in 50 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, Asa 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.

SWR1 Invalid Trigger (R1 Invalid) - NM113

Indicates, for one cycle, to the decoder that the GPR addressed by SVR1 has just been changed by
the I-Box. If the address generate following this decode cycle used this GPR, the SVR1 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 - NP447-481
Four triggers that allow gating particular single bit entries to the adder. The entry positions are
into the D adder input.

. Bit 31
. Bit 29
. Bit 28
. Bit25

SN —

IR Counter Qutgate ~ 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 [-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 B adder inputs 8-31.

Timer Address Trigger (TAT) -~ NP483
Forces the address of the fimer 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 B adder input 0-3},

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

X Qutgate Triggers - NP447-457

Sixteen triggers, one for each value of X. Allows gating the associated 32-bit GPR quantity to
the B adder 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 - NMO091 .
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) - NM103 ]
Indicates that the target of the current branch is back less than 8 doublewords. It can be set in

two ways: (1) When LB < WR < UBand WR < IR or (2) When the adder output indicates
back less than 8 (LB plus IRCTR minus the target).

BAL Trigger - NM111
Indicates a BAL op has entered state 6.

BCQ Trigger - NM119
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 € WR < UB

comparator after the first temp fetch is made.

Branch In Array 1 Trigger (BIAIT) - NM107
Similar to BIAT but set when a temp fetch sequence has not been used.

Branch Trigger (BRT) - NM107 )
Indicates whether the branch in process will be taken. It is set according fo 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 BXI-!. .If tells the branch
sequences how to interpret the adder output, i.e., whether a plus or D sum indicates branch or
whether a minus sum indicates branch.

(3/68) 5-36 (1 of 3)



BXQ Trigger - NM118
Set during the decode of a quick loop BX instruction (loop trigger on and IR 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 ingating 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 Valid - NM095

Tells test sequence when CC is available for testing. It is a data trigger and is kept off by

(1) 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 BACK8T - NM093
On during conditional mode caused by a BC operation whose target is back less 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 1-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.

R1 Qutgate Inhibit Trigger - NPO19
Inhibits the op register R1 fields from being outgated to the R1 decoder when a substitute field is
utilizing the decode hardware.

Request GPR Priority Trigger - NM117
Requests the FXA to give the |-Box priority on ingating into the GPRs. The turn off of this trigger
causes the WR to be set into the GPR addressed by the SVR1 register.

SVR1 Outgate Trigger - NM109
Outgates SVR1 to the R1 OR. It is set and reset by the XEC and BAL sequences.

Temp Fetch Made Trigger (TFMT) - NMO089
Indicates that two temp fetches have been made for the branch in process. (Target is out of

instruction array .)

Unconditional Branch Trigger (BCUNCONT) - NM118
Set during the decode of a BC with an all ones mask field to distinguish it from a conditional branch.

Execute Control Triggers

Execute A Trigger - NM152
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. [t 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 - NN209

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 1 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 doubleword boundary.

Execute 1 Invalid Trigger - NM152
Turned on when the fetch for an execute target is to an invalid address.

Execute 2 Invalid - NM155

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/O
instructions and I/O 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
allows the PSW addresses to be forced via the same bus.

Interrupt Fetch/Store Trigger -~ NM153
Indicates and causes the PSW fetch or store address to be formed based on the interrupt class being
sequenced.

Interrupt Sequence B Trigger - NM160
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 1 and 2 Triggers = NM151
Provide clocking for handling interrupt sequencing.

1/O Interrupt Taken Trigger - NM158
Signals the channels that an 1/O interrupt has been honored and that status may be stored.

1/Q 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:

FXOS and FLOS empty
I-Box state zero
All FXBs, FLBs, and SARs available
Not step IR
FLRs not busy
No FXA execution in process
Instruction fetch trigger on
. All SDBs empty
. Ppln empty from PSCE
a. No CPE request in CPE buffer
b. No active CPU request in any queue register.
10. CC valid

~O®\IO~U1-F(»)N.—‘

Program A Interrupt Triggers
Set -of triggers identifying the various imprecise interrupts. In order of priority the imprecise
interrupts are:

Data - NM417

Fixed Overflow - NM417
Divide - NM407

Exponent Overflow - NM407
Exponent Underflow - NM409
Significance ~ NM409
Floating Divide ~ NM411
Protect - NM411
Specification A - NM413
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 are activated.

1. 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:

Operation - NM385
Specification B - NM385
Privileged Op - NM387
Execute - NM387
Address B - NM389
Supervisor Call - NM389

romeN -

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 - NM157
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
QOutgates 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
Qutgates 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 ingating the address adder sum to the working register (or temp). This trigger is turned on
whenever an address is ingated 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 WR 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 aLO3B, D, L, carry to set the one
more source trigger or the one more sink trigger correctly.

L1 Outgate - NM319

Outgates the L1 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 L1 field to theLO3 carry propagate logic (seeLO3, 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, L1 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 LO3 carry propagate logic (seeLO3, 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, L1 and L2).

L-LO3 Outgate - NM201

Outgates the low-order 3 bits of the L register to the carry propagate logic (see LO3, 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 L1-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 |-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 an 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; ED,
EDMK; and PUMO which covers PACK, UNPK, and MVO. Each of the sequences is entered in
MOP state 1 and is completed in MOP state 3.



1. MOP State 1 ~ This trigger defines state 1 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 on, it: aids in control of ingating to the op stage and ppln 3 op; modifies the handling of
the store into instruction array situation; and calls for partial (24-bit address field only) GPR
ingating 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 |-Box TRT sequence initiates the first
argument fetch and is then alternately tumned 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 - INM253
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 all 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 frigger) 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 and 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 VFLEU.

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.

R1 to R1 OR Qutgate Trigger - NM201

Used only in the LM or STM sequence. Gates the R1 field from the L register (bits 0-3) to the R1
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 T1 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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Notes:

1. RI1 Field Data (RR and RX Formats ).
2. R2 Field Data (RR Format Only ).
3. FXB Field Data ( RX Format Only ).
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Condition Code
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CONDITION CODE
Arithmetic Ops :

0 = Results are zero

1 = Results less than zero

2 = Results greater than zero
3 = Overflow

Logical Ops:

0 = Results are zero (no carry )

1 = Results are not zero (no carry )
2 = Results are zero (carry )

3 = Results are not zero (carry )

1.  Add and subtract operations gate data from the GPRs or storage (FXB) to the carry propagate -

adder.

2.  Adder circuits perform all the add and subtract functions.

3.  Results are placed back in the R1 GPR.

4. Logical operations treat the data as 32 bit values without signs.

5. In halfword operations, 16 bits of data from the FXB are gated to the adder.

bits of the word are changed to agree with the halfword sign.

The high-order

6. Normal execution time for ops 1A, 1B, 1E, and 1F is one machine cycle.
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Results of Adde|
Are Gated to
GPR Rl

2.Turn On RUA Response
(E67) NK167
3.Step Op NK339
4.,Turn On Op Reset o
mn
AE2) NK237 Deegcoding
Next Op

DIAGRAM 5-100.

5-100 (3/68)

End of
Operation

ADD AND SUBTRACT

Yes

1.Gate FXB to A Bus

(F56-58)

2.Set Data Avai

Tgr (H46)
3.Turn On FXB
Not Busy

NK601
lable
NK335
Signal

NK337

Both Operands
Are Ready
for Use

*|f a feedback condition exists,
data is gated from the right
accumulator instead of a GPR.

Assigned FXEB
Is No Longer
Needed for
This O
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The condition code remains unchanged during multiply ops
1C MR MULTIPLY (RR)
0 718 11112 15116

1.

N

2 v v 4 v
0-31 B 0-31
FXBs g ik b ' 31
2 3
0-31 4 E
6 7
8 9
(Note 2) 10 n
12 13
A Bus
g e 31]0 15 el
B Bus 0-31 l GPRs 0-31
0-31
]
T/C Mult
Gat
o e GHl Wired
Right four (4) 0 53
B x4 9 Al [x 30 0 31
(el X8 28 0 X1 31 0 31 D 31 D 31
C  LEFT A RIGHT 310 KEFT 3 £ Ao T e -
ACLUMUARTCR, d
’ CPA
@ CsA @
F A0 31
B 31 D 30 0 31
Fl A
0 31 32 63 |
FL1ADO 31 0 31
T
Ext Accumulator .
F__Alo i 3110 Right 31|32
0 31+ 0 31
D 27 0 17 28 30
I 30 32
2830
30| 32
Leading
String Mul Dec
(Note 1) Decoder
g Q o EME e 3132 63
B N DAY T
S Ok 0 3132 63
2\ e :
Notes: Decoded i i c : T3 R S:li\lllfgezr ”
1. T/C Mult Gate Selection Value Group 1 Grou_p 2: 0 31 32 63
2. RX Format Only.
gg? +(|) +3 0 3132 63
010 +1= +4
011 +2 +8 "
100 -2 -8 kK
101 -1 -4 _\ \ .
110 -1 -4 X[ N )
11 0 0 I X N 8 \
Nl W ‘:\ ™
* True and complement form indicated by (+) and D ~\\‘ W
(=), respectively. Numbers indicate effective VI N oy
ot ent ; S uw b
multiplications made for a particular decoded L SN ‘\
value. h )
' 0 ¢
T/C Multiply Gate Decoding \\) R h\v)
NN
N 9 LR}
DIAGRAM 5-101. MULTIPLY (SHEET 1 OF 3) \ 0 k Ny

During MULTIPLY operations, information from GPR's or Storage (FXB's)
is multiplied and the product placed in a GPR.
The multiplicand is specified by the R1 field.

3. The multiplier is specified by the R2 field for RR multiply and by the

FXB field for RX multiply or multiply halfword.

4. Actual multiplication is performed by the True/Complement multiply

gates at the input of the carry save adder (CSA), Each hex digit of
the multiplier is decoded in turn. The decoded gates determine the
multiplied value of the multiplicand entered into the partial product
during each iteration.

5. T/C Mult. gates multiply by shifting the multiplicand 0, 1, 2 or 3

positions as it is gated into the CSA. By gating into the CSA in true
or complement form and shifting the correct number of positions, any
value of multiplication can be produced from 0 to 16 (the binary value
of the multiplier hex digit) .

The partial product is held in the left side of the accumulator and
shifted right 4 positions for each iteration. The final product
occupies both the left and right sides of the accumulator.

At the end of the multiply operation the final product is transferred

to the GPR's.

Multiply operations can be performed in less than the normal 8 iterations
(11 cycles) if the multiplier high order positions are an unbroken string
of 9 or 17 zero bits or one bits.

During the last cycle the product is shifted the correct number of bits
to position it in the sink GPR's.

20
RR 1C R1 R2
5C M MULTIPLY (RX)
4C MH MULTIPLY HALFWORD (RX)
0 718 11112 15]16 1819 20
RX SC;HAC R1 FXB
Objectives:
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1 |
Multiply Multiply decode triggers control the true/
% iplier i 1. Step O 9
2 f"”[i'/‘f"e’ isigated i . Free the Op Stack to | complement multiply gates to the CSA. I E""‘ On ’"P'E
It SRR decode the next Op. The T/C mply gates determine how many “°decTsf|5 ecoded. Right 12 = 3 hex digits; 2
] " e (HED) If it isa VFL Op it may positions the mcand value is shifted i L°"NJOCOT e for the skipped iterations
Diagram 5-128 be able to proceed in (Multiplied) for each iteration. +1 for the last mply cycle
Yes Block e NJ003 parallel with moltiply 2. Step | Ctr Down 1
iti . Set Shift Gat
Op C(:gg)mon T A (i ool g R ('Hég’)" 2 iterations. NJ557
through shifter (Right NJ601 eading string of
4) back to the Acc 4. Reset L Acc to Zero 9 = skip last 2
NJ639 mply iterations
5. Tum On Begun
Cycle 1 Hardware error, Tgr. (H47)
Trigger cycle 1 should be on NJ603
during first cycle - -
Bits 0-8 of R Acc l Bits 0-16 of R Acc I
P
! Leading
1. Turn On Multiply Tgr No A e af 17 Yes i
(J49) 1's or 0's | !
NK165 |
2. Turn On FX in | ) Turn On Skip 4/Limit 4
Process (E52) SrLe_"d'"gg Yes in the Next Cycle (L49) [
ring o
3. Set Rl to GPR ’s\lkmé] l'sgor 0's, Skip 4 molfioly iterati A Enable Shifter Gates
- - ; ip 4 multiply iterations .
3. GPR R1 is the sink R:gi;»er:(ssé-éa) R il 1. Mcand is gated from B for Right 12
reg for Mply Ops NK169 No Bus through T/C mply Last iteration of |
4. Set|Ctrto8 - . ; — " | gates into CSA ot same munfply wjrh no |
(F61-66) Turn On Skip 2/Limit 2 Skip 2 multiply iterations| | time as left Acc is leading string |
AR Spem e NK237 in the Next Cycle (K49) | gated through the
counter to perform 5. Turn On Block B-Bus NJ587 i shifter to CSA. ; Enable Shifter Gates
. A 1. Decode Tgrs Select T/C
8 Mply iterations NK 165 ‘ Moly G ¢ Right 4
6. Reset Left Acc. ply Gates )
. B=Bus from the GPRs is oot 2. Left Acc wired (shifter)
not allowed to enter the NJ639 2. Partial product in L Right 4 into CSA
CPA B input during Mply, e el e e dito meand 3. Right Acc shifted (Shifter)
CPA B input is from coming through T/C Right 4 back to Acc 3. Prepare to decode
CSA sum output RR Format ' 2. Multiplier is in GPR R2 Y001 or 010> . mply gotes RIACSMOUTpUI R pextiiexidiginfor
ﬁl " Mple gate decode group 1 | to CPA mple gates
bits 30-32 of R Acc. [
Raornan 4G or oG No Decode Yes In Next Cycle Turn = S g [
Op1C | On 1 True <666)NHW & % Return for next
- es o ‘ it .
The multiplier comes Op Select FXB TG o cond 1. SetRI+1 to B Bus LR LR yare on
from storage via the NK135 in GPR RI NK269 ‘
assigned FXB g 2. SetR2to A Bus In Next Cycle Turn On —
RX Mply halfword NK135 | 1 Complement (G65)
3. Turn On RUM | NH001
Decode Yes 3. GPR R2 is no longer Response (F&7) | |
Op 4C needed for this op NK167
4. Tum On GPR ‘ Ion Nze,T« Cy(zl;e l’)um |
| n rue (Gé |
o Double Tgr. (vi?:%ss e . RGPRodd |
eg. |
1. Op 5C RX Mel 1. SetRI+1toBBus 1. SetRI to B Bus During halfword mple the 5. Tum On Data ‘ ot |
Qi NK269 NK 165 multiplicand is in GPR R1 Availcble (H46) In Next Cycle Tun On [ i
is in GPRRI + 1 2. Set 32 Bit Outgate 2. Turn On Halfword NK137 | 2 Complement (G63) | ; ) e Encble Shifter Gates
NK235 Op Tgr (H49) ighteaciss hesidigiis/ e for Right 20
3. Turn On GPR NK235 or the skipped Merahoni ‘
Double Tgr. (E66) 3. Set 16 Bit Outgate v i o thelast mply. cycle ‘
NK235 NK235 ifter Gates | . |
| Halfword mply op, sink ;
L Mply gate decode GPR is left side of a |
Group 2. Bits —1 | pair. Instead of shifting i
28-30 of R Acc | R20, do L12 to position i
In Next Cycle Turn the final product in the ‘
| On 4 True (G61) | left GPR |
" o 1 | No 101 or 110 NH007 |
Selected FXB | |
Full ) | | J
Outgate Sel. FXB In Next Cycle Turn On
to Adder A |npu’f\“(60’ 4 Complement (Géﬂ)mo? 1. Turn On Shiffer fo
- 1. Outgate Sel FXB 16 bi P GPR (H65) 1. Final product is gated
- - it outgate for - o NJ615 to the sink GPR
o Mol to Adder A Input ‘
Liopliesiifomsioroos NK&01 .'““"W”“F' 3(2:" p - In Next Cycle Tumn Reset FXP in
2. Set Data Sligdre ogiLIwor —— On 8 True (G59) Process (E52)
Available (H46) e cycl;s oy NH007 NK361
: A
T FX'B“K335 occur while waiting ;:;0?; %67)
. iy for data from storage
3. Sel FXB is no longer Signal Not Busy In Next Cycle Turn On NK167
needed fof this Op NK339 8 Complement (G58)
NH007 P e M e e S et R e o LS S DM =S .
R e : 1. Ingate Sink GPR 4
——————‘——————}——————‘_—-‘——‘_————_ i (H%,) T.Sink GPR (R1) accepts
the final product
: A
i ;“};"c?{:‘w‘;de' = 2. Reset all Mply ¢
NJ631 Controls NG
. T
Op Code 4C or 5C Turn Off R2 GPR Outgat 2. Turn On Shifter to
Turn Off FXB Outgate HIERIS | Rand L Acc (H61) Acc data is shifted and End of
1 to Addsr A lrinbt to Adder A Input [ o
° LS e NK339 NJ629 gated back to Acc. Operation
No, First
Iteration
r
Parkial radeti- Wl L"g"'eH?:de’ to Left Tuen On Limit Tgrs Limit tgrs determine if
ce (H59) R Decoded in the Last Cycle the Mply Op will end
NJ587 before the full 11 cycles
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With No Leading String

Function
1. Multiply Trigger
2. Begun Trigger
3. Multiplier is Gated to the

Adder from GPR R2 or FXB

4. GPR R1+1 to B Bus (Multiplicand)

Count

5. Shift Right 4

6. Adder to Right Accumulator

7. Adder to Left Accumulator

8. Shifter to Right Accumulator

9. Shifter Stage 0
10. Final Product from Shifter to GPRs
1. Step Iteration Counter
12, Ingate GPRs R1 and R1+1

Leading String of 17

Function
1. Multiply Trigger
2. Begun Trigger
3. Multiplier is Gated to the

Adder from GPR R2 or FXB

Count

4, GPR R1+1 to B Bus (Multiplicand)
5. Shift Right 4

6. Adder to Right Accumulator

7. Adder to Left Accumulator

8. Limit 4

9. Shifter to Right Accumulator

10. Shifter Stage 0
1. Final Product from Shifter to GPRs
12, Step lteration Counter

13. Ingate GPRs R1 and R1+1

1. Depends on previous op.

2. Depends on following op.

DIAGRAM 5-101." MULTIPLY (SHEET 3 OF 3)

Cycles

7

8|7 312 0|0
212 212
n
Cycles
213 718 1011 12] 13
1
1
Cycle 1

Leading String of 9

Function

Multiply Trigger
Begun Trigger

Multiplier is Gated to the
Adder from GPR R2 or FXB

GPR R1+1 to B Bus (Multiplicand)
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

Ingate GPRs R1 and R1+1

Count

(3/68)

5-101 (3 of 3)



Objectives:

1. During divide operations the value in GPR R1 and R1+1 (Dividend) is divided by the value (Divisor) in either GPR R2 (RR) or an assigned FXB (RX). The results are placed back in
GPR R1 (Remainder) and GPR R1+1 (Quotient).

. Division is performed by repetitively subtracting the divisor from the dividend and at the same time shifting 1 bit position for each of 32 iterations.

. The quotient is constructed bit by bit from the results of each subtraction.

. In the last iteration, subtraction may cause the remainder to go negative (less than zero). In this case the divisor must be added back in once to correct the remainder.

. Remainder, Divisor and Dividend signs determine the ending sequence which adjusts the results to conform to standard mathematical sign rules.

. During the ending sequence the quotient is transferred to GPR R1+1 and the remainder is transferred to GPR R1.

. Divide operations may be aborted if the factors exceed the capacity of machine circuits.

. A complete divide operation requires 36 or 37 machine cycles depending on how many cycles are required in the ending sequence.

®NO U A WN

Condition Code Remains Unchanged For Divide Operations.

1D DR Divide (RR)

| )
FXB's 0 8 3170 : &1l 0 7|8 112 15]16 20
0 31 | RR 1D RI R2 4
2 3
4 5 5D D Divide (RX)
0 7|8
é 7
I RX 5D R1
(Note 2) 8 9
10 1
12 13
15 3
G
|
i Block
Op Condition
- (ES5)
Ext Accumulator
F__alo left 31,9 Risht 3|3 Naies
0 31. 0 31 1. Dividend and divisor for RR format.
| O 31.0 . [31 2. Divisor for RX format. Cycle 1
e l | 3. Shifted left 1. Trgger
0 31 0 31
DATO 3132 %3 h 1. Turn On Divide Tgr (J47)  NK165 2";‘:2’“""’55"‘1"’
Shifter 2.Turn On FX In Process (E52) NK361 bey o for fi(::' cycle
=32 -1\0O 31,32 63 5 Lowiorder holf of 3. Set ICTR to 34 (F61-66) NK237 Stleachie
32 63 e e 4.Set R1to GPR Sink Reg  NK169 - "
gated to the adder 5.Set R1 + 1to A Bus NK135 the sink
6. Force R1 Odd to GPR Sk GPR for
Reg (E64) NK309 I
Setup No Yes
Circuits * Decode Op 1D
RX format i Tu.rrj On FXB TurnA On Data RR YoM
divisor must come Divisor (K47) Available divisor is
Convert from storage via NK165 (H46) already in
A FXB 2. Set FXB Name Reg NK 137 PR R
Dividend an
sa (F56-58) NK139
to Positive
Sheet | ‘ !
Gate Out
the Divisor Is
Yes ¢ Dividend SO
l Sign l\‘l_e/
or proper operation 1. Gate Adder A Inpu Gate Adder g uenaris
Perform @ dividend must be Complement (J64) Sign of A Input |"?°'d)’ ]
Division by positive. |f negative NH207 R1 Tive positive don 't
Subtraction . fJconvert to positive 2. Gate Hot 1to omplement
and Shifting by complementing Adder NH209
Construct l
Quotient Cycle 1
fromResults | 00 e e e et et S
Cycle 2
1D Divisor is —_——
in GPR R2 Divisor g
Division fr_om storage
No / Decode Yes vig hat full word
Op 5D from FXB
Sheet 2 T. Set 32 Bit Outgate
B T NG923
2. Turn On Block hw:Ae': e
Adijust .RESU“S es / Carry at End Buffer A Bus Tgr :n e us'em::;
Accordmg‘ 1o Adder overflowed flast cycle (H55) NG923 gk 9'0 A
Mathematical while ivisor fo e
Sign Rojes complementing Torn On Adder No
the dividend Carry Out Tgr not needed
until next Has
Put Results NH855 cycle No “the DivisorN Yes
Back Into - Arrived In
Registers I Fx8 Examine Sign
For Use At
High order half of 1. Set R1 to A Bus 2. Low order half of Beginning of
m dividend is gated NG923 dividend is now Cycle 3
to the adder . 2. Turn On Adder to coming out of
Sheet 3 R Acc (Hé0) adder to the right
NJ631 accumulator
Basic Flow of Divide Operations
Is
Dividend
emember Sign Neg
that dividend Sign of R1
Yes
. Set Sign Save Tgr 1. Reset Sign Save . Dividend is
(M47) NH205 (M47) NH205 already
2. Keep A Adder 2. Gate A Adder positive don'
Input Complement Input True omplel
(J64) NH207
Complement the [ S|
high order half
of the dividend
now on the A bus
Cycle 2
Cycle 3

Sheet 2
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Sheet 1

Cycle 3
2. ICTR should 1. Ton Adder to left
step down Acc (H59) NJ633 High order half of
to 33 2. Step ICTR Down 1 divident is now
(F61-66) coming out of adder
NJ555-557-559 to the left Acc
Divisor
No Decode Yes from storage
Op 5D 1 Via an FXB
Divisor J
in GPR R2 % ;
ivisor
Yes An FXB During
Last Cycle,
Has
Divisor No
fS‘;stARZBUGPR fr:meG;’\;szozr Arr;:\;;i In An LLndetennined
s y number of cycles
NG923 onto A bus to. 1. Turn On Data Avail ay bEcurhile
the adder (H46) NK335 waiting for th
2. Wait 1 Cycle to HCI AP T
Y divisor from storage
Examine Sign i
Turn Off Block Cycle 3
Buffer to A Allow divisor from SN N S . S RSO S ST NS
Bus (H55) the FXB onto A bus Cycle 4
I NK545 to the adder T
v Divide cannot
Free the op stack to On first continue. Abort
ded the next op. If it Step Op pass only Set Abort causes interrupt
is @ VFL op it may be NG923 igh order halt of the dividend in the Tgr (H48) and ends the
able to proceed in left acc is shifted left 1 into the adder NH861 operation
parallel with divide ] @ B input at the same time as the divisor
iterations is on the A bus waiting to get into the P —— . — RS U, w— R L, )
A input via the true/complement gates
1. Turn On Shift Left 1 Tgr (H62) NJ601
2. Gate .Acc Wired Left 1 Into Adder o Decode 5D S
B Input NJ595
3. Turn On Adder to Left Acc (H59)
NJ633
If the dividend is the highest i
negative number, it cannot Turn On Turn On FXB
be complemented into a positive RUM Response Signal Not
number. If the dividend is (F67) Busy
Dividend was minus on the first pass NG921 NG923
converted to positive (I CTR = 33) then the conversion to
in cycles 1 and 2 but a positive number was unsuccessful o
sign bit may be on
in later iterations
RR format RX format
No LACC Yes
Sign
Minus
1. Reset FX In Process (E52) NK361
Dividend Dividend 2. Turn On RUA Response (E67) NG893
positive negative
3. Reset All Divide Controls
On first
pass only
Divisor Yes No Divisor ;
Negative Negative !
] Cycle 5
Dividend P TR A O N PN WRTECes| (g o oy et i Skl B il - Sy = s e e
No and divisor Cycle 6
Dividend and both negative Reset Abort N
divisor both e Tgr {H48)
positive NH861
1. Gt the Divisor into Subtract Gate J
Adder complement the divisor Divisor d:ff'eren’r, gat Operation
(J64) NH207 from the Into Adder divisor true
2. Gate Hot 1 to dividend True to subtract
Adder NH209

signs ar
like, comple-
ent the diviso rigina
o subtract dividend
sign from

sign save tgr

uring the
i first pass the
On first pa
ICTRshould
s onl
s stepdown to 32
1. Step | CTR Down 1 (F61-66) )
NJ555-557-559 er subtraction, wha
el 2. Turn On Adder to L Acc (H59) is left of the dividend
Cyc_le 4 NJ633 is put back in the left
Set Conditional 3. Ingate Shifter to R Acc (Hé1) acc f?r the next
Overflow Tgr NJ629 iteration
(L47)
NH867
/
Insert quotient Insert quotient
bit of 0 in bit of 1 in Yes
right Acc 31 Construct the quotient from the right Acc 31
NJ137 results of the subtraction. Each cycle NJ137 .
the acc is shifted left 1 until the N PI:O.Cee to
i i i o B divide end
quotient fills the right acc
Bal sequence
s Sheet 3
for next
i iteration
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Sheet 2

) \ 1. a_nd 2. These two 1. Outgate R Acc to Adder A Input 1. Quotient in the right acc is gated fo
lines were gated by (H57) NJ641 adder A input and then to GPR
ICTR =2 in the 2. Block the Divisor at the A Bus (GPR R1+ 1. This is done to allow comp-
previous iteration or FXB.) (H54-55) ) NJé41 lementing at the T/C gates if needed
3. Set Shifter Gates for Right 32
NJ521

Original emainder is shifte

dividend sign hrighf 32 from left acc

in the sign through the shifter to

save tri the right acc

Complement the 1. Gt A Adder Input
quotient before it Complement (J64) IGr th ti
is placed in GPR NH207 Craby e o GPR RIT
R1 +1 2. Gate Hot 1 to gt Truw lin true form
Adder NH209
Cycle 35 = r T
If the remainder is negative, too many 1. Ingate GPR from Adder (H51)
subtractions were performed. Correct : NG905 1. Quotient to!
this condition by adding the divisor backi 2. Ingate Shifter to R Acc (H61) GPRR1+ 1
in once. Remainder should then be NJ629
positive again 3. Step ICTR to 0 (F61-66)
NJ555-557-559 2. Remainder
to Racc
Is
bk Remainder s
* Negative
1. Allow the divisor 1. Unblock Divisor
to enter adder A on the A Bus
input through the (H54-55) NK545 S
T/C gates 2. Outgate R Acc to 2. :?:r:\:;nder
Adder B Input adder
(H58) NJ643
L3 7 Divisor
Negative
1: |Gah:éAdc|!er . the Gate A
s divisor to the Adder Input
(J64) NH207 remainder True
2. Gate Hot 1 to
Adder NH209 ) s
Cycle 36
Put the Ingate Adder
corrected to R Acc Cycle 36
remainder back (H60) i
in the right ac NJ003 NJ631
L Cycle 37
1. Outgate R Acc to A Input (H57) 1. Remainder is gated to the T/C gates.
NJ641 If dividend sign is negative the
2. Turn On RUA Response (E67) remainder must be complemented
NG893
3. Turn Off FX In Process (E52)
NK369
»
. and 3. Fixe
area will be
free in the
Is next cycle
Dividend
6 Negative
1. Gate A Adder Gate A Remainder
Complement Input Complement Adder Input e
the remainder (J64) NH207 Trje truz o
2. Gate Hot 1 to
Adder NH209
format
divisor came
from GPR R2
End Condition
t orma
Remainder Dividend | Divisor Action = Turn On RUM 3 divisor came
Case Sign Sign Sign Required no longer Response from storage
needed for (F67) via an FXB
1 + + i None required. : NG921
2 + + - Complement the quotient. Cycle 37 or 38— B e e i e i S i
3 + - - Complement the remainder. Turn On FXB
Signal Not is no longer
4 + - + Complement the remainder and the Busy ne'eded for
quotient. NG923 this op
5 - : + Correct the remainder by adding the J i
divisor to the remainder. Remainder 1. Ingate GPR Rl
S e from Adder (H51)
é - + - Complement the quotient and correct L FZSPReR] NG921
the remainder as in case 5. i 2. Reset All Divide
Controls
7 - - - Correct the remainder (as in case 5)
and complement the corrected
remainder.
8 - - + Correct the remainder (as in case 5)
and complement the quotient and the
corrected remainder.
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(+ 30 %) 201-¢

Divide Timing

Function

Divide Trigger

39

40

41

42

2. Begun Trigger 1
3. GPRRI+I to the A Bus (Odd Half of Dividend)
4. GPRRI to the A Bus (Even Half of Dividend) 2
Note 1
5. FXB or GPR R2 to the A Bus (Dvr from Stor or GPR R2) 111
|
6. Carry Out fiigte @
N, 1
7. Adder to Right Accumulator Note d | |, 12 oteNor 2
1 ﬁ
8. Adder to Left Accumulator 7 12
9. Shift Left 1 2 12
10.  Shifter to Right Accumulator fi= 12 12
11. Sign Save Trigger 2jiate s
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( 10 2 1 0|0
12. Step Iteration Counter 7 m8 8m8pgd 8 m 8 SgégyByt 8 8g 8@ 8 w8 8m 8@ 8 8 8 8 @8 8 8 8
13. Shifter Stage 0 12 12
14. Straight Out Right Accumulator to A 12 Nolrlelfll I’\ll;)'e L
15.  Straight Out Right Accumulator to B 12|Note 6
16. Adder to GPR R1+1 (Ingate Quotient into RT1+1) 12
2 g Note 9 Note 1
17. Adder to GPR R1 (Ingate Remainder into R1) T moom
Note 7
Notes: o Note 8
R = e v
e iy o B e B Case emainder Dividend Divisor Action
T Positive ~ Positive |- Positive None
. fi 1to4. - - T = -
4+ Oninlyitar sasss 1 hg 7 Positive . Positive »p gative cQ
3. On only if there is a carry 3 POS";Ve’" ' Negative egative CR
between halves of the dividend. et Losib vg e ?hve ~ POSI"!.VG - KSR
=) Negative Positive =i Positive cT:
z [ Negative - Positive ative CQ CC
4. Depends on previous op. - Tlogarve T Nagaree TR
5. On only if dividend is negative 8 Negative ~+Negative Positive CQ CC CR
(Not reset at end of op.)
to 8.
6. 'Omanly for eoses 5ito CQ - Complement Quotient
7. Wait during this cycle until R - Compler'nent Remainder
A < CC - Correction Cycle
data is available.
8. Last iteration into the accumulator
occurs at this cycle boundary.
9. Ononly for cases 1to 6.
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15 CLR Compare Logical Condition Code
19 CR Compare
0 = Operands are equal
1 = First Operand is low
0 7|8 112 1516 201 2 = First operand is high
RR 15,19 R1 R2 /
49 CH Compare Halfword
55 CL Compare Logical
59 C Compare
0 718 112 15]16 1819 20
RX 49,55,59 RI FXB

1. Compare operations gate data from the GPR's or Storage (FXB) to the carry propagate adder.

2. The value of R2 is subtracted from the value of R1 and the results set the condition code.

Operands are not changed by the compare operations.

4. 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 15 and 19 is 1 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

—

Cyc
1 Trigger
(D53)

Step Op

NK339

End of
Operation

Op Codes

]

—
These Ops Use

FXB's and
| Data from
| Storage

Op Select
FXB

NK135

Set 16 Bit
Outgate

NK235

l High Order

| Bits Are Set to
| Agree with
1 Sign Position

Block Turn On
of Data Avail-

able k135

Assigned FXB ]

Is Decoded |
from FXOS
Bits 16-18

0 0 31|0 1 31
FXBs FA- FF
2 3
I 4 5
| 0-31 6 7
| 8 9
| (Note 3)
| 10 1
| 12 13
‘ 0 14 31fo 15 3
| (Note 2) B 0-31 GPRs 0-31
(Note 1)
0 A Bus 31 0 B Bus 31
[FATo /C _ 3N\/F aTo 31
A, [ 3
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.
Yes
1.Set R1 To GPR
Sink Reg.
-7 NK169
Contents of
GPR Rl Go fol 2.Set R1 to B Bus
NK165
B Input of
Adder )
(F46-51)
Turn On FX
Set CC Trg No
NK167
| |
Fixed Area Is |
Responsible or |
Condition Code |
for This Op )
No Op Yes
Code X9
Turn On | C°"f"° Turm On
Compare Logi- Setting of Compare Arith-
cal Tgr NK173 ng“d‘:‘“m metic Tgr
L NK171
_ | A
R2 Data Is | Turm On
Subtracted : Complement
from R1 DO"’O TnggerNK3]3
for Comparison |
Data from GPR |
R2 Is Gated to |
the A Input of |
the Adder L
1.Set R2 to A Bus
NK135
2.Set Data Available
TETERYS| Trigger (H46) NK137 |
GPR R2 Is No 3.Tum On RUM [Both Operands
Longer Needed| Response Are Ready
for This Op | (F67) NK167 |for Use
J
[R—
GPR Rl Is No T 1.Turn On RUA Response
Longer Needed| (E67) NK167
for This Op 2.Step Op | ‘
I— | NK339 lBegin Decoding
3.Turn On Op Reset | Next Op

DIAGRAM 5-103. COMPARE

5-103

(H52) NK237

End of
Operation

|
Priority
(G52)

I

Set 32 Bit
Outgate
NK235
am——
Gate FXB 32
I Bits to Adder
e )

lWc:lit for Data

|from Storage
|Via MSCE

Arrived In

ISforcge Datain
| the FXB Is
| Gated to Adder
| A Input
1.Gate FXB to A Bus MBoth Operands
(F56-58) NK601 | Are Ready
2.Set Daf?Hi‘:/)qilcble | for Use
Trigger i
NK335 [~ ————— —

3.Turn On FXB Signal
Not Busy
NK337

TAssigned FXB
l1s No Longer
| Needed for

|This Op




10 LPR Load Positive
FXBs FA-FF 0 0 31lo 1 31 1 LNR Load Negative
2 3 12 LTR Load and Test
i 2 5 13 LCR Load Complement
| 0-31 P 7 18 LR Load
| 8 9 0 7,8 11,12 1516 20
:(No,e 3) 10 1 RR 10,11,12,13,18 R1 R2
| 12 13
| 0 14 3110 15 31
(Note 2) 0-31 l GPRs l 0-31 48 LH Load Halfword
- 58 L Load
0 A Bus 3 0 718 112 15116 18119 20
RX 48,58 R1 FXB
F Al /¢ N/ Falo A
cPA For ops 18, 48 and 58 the CC remains unchanged.
F A0 3] Ops 10, 11, 12 and 13 set the CC as follows:
0 31
CcC Adder Condition
I (Note 1) 00 = Result is zero
> 01 = Result less than zero
10 = Result greater than zero
N 11 = Overflow
otes:
1. R1 Field Data (RR and RX Formats).
2. R2 Field Data (RR Format Only). 1. Load operations place information in a GPR (R1) from either another GPR (R2) or from storage via an FXB.
3.  FXB Field Data (RX Format Only). ( Doeic::fiotoad > 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, 11 and 13).
4. Load operations (except LH ) move 32 bits of information in parallel into GPR R1.
B|°‘::. . 5. LH moves 16 bits of information into the low order half of Rl and propagates the sign bit through the high order
Op Condition half of RI.
Tnis s A1 Cye | ) 6. Operations 10, 11, 12, 13 and 18 require 1 machi |
Op Begin Decod- | . perations 10, 11, 12, an require 1 machine cycle.
ing the Next 7. Operations 48 and 58 must wait for storage data and therefore require an undetermined number of machine
Pseudo-Op cycles .
T
| Yes Code 10,11, No
I I 12,13 0r18
|
—
Op Codes 10,11,
 E— Step Op 112,13 and 18 Load - ]
| Hardware NK339 IData from GPR Op Codes 48 T
| Failure ISpecified by FXOS and 58 Load |
U2-15 (R2) Data from FXB|
Specified by |
i Cye FXOS 16-18_|
< No 1 Trigger
(D53)
—— This O I - Op Select
Gate from Adder | Turmn On Ingate Uses FXPB‘s | FXB
to GPR Remains Rl GPR Trigger | NK135
On tll End of : (H51) J Specifies Which
ycle [ GPR(R1) Is to
J NK235 | L°°'d_ IBe Loaded from
| Positive an FXB
' . l_'—"—
|
Op
Code 10 Set R1 to GPR
No Sink Register
(E56-63)
NK169
| Should Be
Op FosN\___ | °oF
Code 11 T Set CC Bit
| Load (F46-51)
| Negative
Turn On FX " " This Fonction Can
Set CC Tgr IOccur Even Though
T~ (M55) |Op Codes 48 and
Lond | NK469 158 Do Not Set the
{olo] )
Complement 1 Turn On Com- <_____I Condition Code
j No plement Tgr
(J64)
NK313 / \
I Yes [
r Priority
(G52)
(5 Grr 1o e 1.Turn On Op Reset Block Torm On
Adder Via the | (H52) NK237 No
e 2.Set R1 to GPR Sk Reg of Data
. (E56-63) NKI169 Available .
A —|3.Gate R2 to A Bus N ] IData Avail Tgr
’ NK135 FXB Decoded | 1off Wait for
T ~4.Turn On RUA/RUM Resp f':°m FXOS |Da?u from
GPR's R1 and R2 (E/F67) NK167 Bits 16-18 | fStorage
Are No Longer I 5.Set Data Avail (H46) 1 |
Needed for This ' N |
Operation ' 137 Arrived in °
NKI3 FXB
FXOS Turn On Data Yes odop48
Set CC Bit Available Code
F46-51 (H46)
Turn On FX NK335
Set CC Tgr No
(M55) Nides- Set 32 Bit
167 H Gate Selected
Gate Data | ate Selecte: Outgate
] o Ader FXB to Adder
to GPR R1 A lnput K235
| (F56-58) ‘
i NKé0 \
1.Turn On Ingate GPR Tgr
(H51) NK235
T " —-12.5tep Op NK339 Set 16 Bit Outgate]
Turn On CC Allow Setting Begin i 3.Turn On FXB Signal Not |- —— NK235
1No DD Group 1 'fhe Condition Decoding Busy NK337 ISeIecfed FXB Is Turn On Halfword
I Code fr No Lo '
Op Code 18 ] |A§d:r R3$|n Next Op 4.Turn On Op Reset |NZede:g?<:r This (H49)
Does Not Set I— (H52) NK363 | Ororation NK515
Condition | 5.Turn On RUA Response L P
Code J {67) NK363 ‘___———
_ No “Torr Rl s No
il Longer Needed
| | for This Opera-
— N
|Op Code 11 tion
or 12
|
Tom On CC | [Set Condition
Overflow Tgr Code to 11 if
(K56) |Overflow
NKI171 tOccurs

End of
Operation

DIAGRAM 5-104.  LOADS

5-104



14 NR AND
16 OR OR
17 XR Exclusive OR
0 0 31| 0 1 31 0 7|8 1112 15[16 20
FXBs FA- FF 2 3 RR 14,16,17 R1 R2 /
T 4 5
0-31

| 6 7

| 8 9 54 N AND

| 10 n 56 (¢] OR

l (Note 3) 57 X Exclusive OR

| 12 13 0 7l8 112 1516 18[19 20

| 0 14 310 15 31 RX 54, 56, 57 R1 FXB

. (Note 2) 0-31 GPRs 0-31
(Note 1) Condition Code
CC = 0: Results Zero
0 ABus 31 0 B Bus 31 CC = 1: Results Not Zero
[F_AToO 7/C_ 3N/F Alo 31
\: A 0 a1 1. AND, OR, and exclusive OR operations gate data from the GPR's or storage
Io 3 (FXB) to connective circuits in the carry propagate adder.
2. The connective circuits perform all the AND, OR, and exclusive OR functions.
(Note 1) 3. Results are placed back in the R1 GPR.
4. Normal execution time for ops 14, 16 and 17 (RR format) is 1 machine cycle.

Notes:

1. Rl Field Data ( RR and RX Formats )

2. R2 Field Data (
3. FXB Field Data

Allow Setting

Condition

| Code (CO)

RR Format Only )
(RX Format Only )

Yes

FXOS
Set CC Bit
E46-51)

Set CC

NK167

Turn On FX

Trigger (M55)

Turn On and
Trigger (K60) |

NK165

| Set Up Controls for
Connective Circuits
AND and XOR Tgrs
| On Together Produce

Block
Op Condition
(E55)

Cycle
1 Trigger
(D53)

No |

—]

I

Ops 54, 56 and 57 (RX format ) require an undertermined number of cycles because

Hardware
Error

input data must come from storage via an FXB.

5.
Decode Op 14,
16,17,54,56,57

Step

Op

NK339

End of
Operation

DIAGRAM 5-105. AND, OR, AND EXCLUSIVE OR

5-105

| OR Condition
|
M
|
Op |
Code 16,17
56 or 57
Turn On XOR
No Trigger (Ké61)
Results Go to NK165
GPR Specified
by R1 Field
1. Set R1 to GPR
Sink Rea (E56-63)
NK169 —
2.Set R1 to B Bu
o kies I 0p Code 54,
| | 56 or 57
1
A and B Buses | | Op N
Go to Con- Code 14, ° I
nective Circuits | 16 or 17
in the CPA | |
L
Set R2to A
Bus
NK135
r—
Both O:)derafnds | 1. (SHelél)Dat?\ﬁ(\é%iSI
Are Re or
Use Y I 2. Turn On Ingate
R | GPR Trigger -
(H51) NK235 T Gate Results
3. Turn On RUA of Connective
Response | Circuits to
(E67) NKI167 LGPR R1
GPR No Longer -
Needed by This | _
Operation Can 1. Step Op I Begin
Be Tumed On by | NK339 | Decoding
RX End Op NK363| 2. Ton Op Reset Next
(H52) NK237 L_Pseudo-Op |

End of
Operation

-
Op Select
F)fg eee I This Op
| Uses FXB
NK135 1
Set 32 Bit
Outgate
NK235
|
Yes Priority
(G52)
e " No | Wait for Data
Available | from Storage
| I—
NK135
Data
Arrived In
FXB T
| Decoded from
FXOS Bits 16~
I'1g
] _—_
1. Gate FXB to A (F56-
58) NK601
2. Turn On FXB Signal
Not Busy
NNK337]
I Selected FXB
| Will Be Free
| During the
Next Cycle




STC Data Flow

CC Remains Unchanged

40 STH Store Halfword
42 STC Store Character
50 ST Store (Word )

0 718 11

19 20|

12 18
RX 40, 42, 50 R1 // %

1. Data is transferred from the GPR, specified by R1,

SAR
Name

to storage via

the fixed area store bus and MSCE storage data buffers (SDB ).

2. During a store operation, all 32 bits of R1 are placed in storage

via bus positions 0-31 and 32-63.

3. During a store halfword operation, bits 16-31 of R1 are placed in

storage via bus positions 48-63.

4. During a store character operation, bits 24-31 of R1 are placed in

storage via bus positions 48-55 and 56-63,
5. l-unit notifies MSCE what portion of the SDB data

6. Normal execution time is 1 machine cycle.

is to be stored.

GPRs
0 0 31/0 1 31
2 3
4 5
6 7
8 9
10 11
12 13
0 14 31(0 15 31
24 | 31 24|31
. B Bus
56|63
48 55
StoreI Bus
0 31,32 63
To Store Data Buffers ST and STH Data Flow
GPRs
0 0 31(0 1 31
2 3
4 5
6 7
8 9
10 1
12 13
A Bus 0 14 310 15 31
B Bus 1 J
(Note 2) Notes:
(Note 1) 1. ST instruction only,
/\ 2. STH instruction only.
48 63
0-31 32 63
Store Bus
0 31,32 63
To Store Data Buffers
f the Assigned SDB Is
ot Available, an Un- 40,42,50
etermined Number of
achine Cycles May
Occur before Operation
Can Proceed
o
FXN
SDB Position N\yhco3
Available NK411 SDB Assigned Is

Begin
Decoding
Next Op

1.Step Op NK339
2.Turn On RUA Resp

(E67) NK363
3.Turn On RX End Op
NK363

Decoded from FXOS
19-20

Code 40 or
50

Notify I-Unit That
This GPR Is No
Longer Needed for

Bits 24-31 of GPR Rl
Are Gated to SDB
48-55 and 56-63

Turn On Outgate A

and B Bus to SDB

(H66) NK339
NK463

n During
First Cycle
Only
1.Set SAR Name Register
(F59-60) NK139 Set from
2.Set Rl to GPR Sink FXOS 19-20
Register (E56-63)
NK169
3.Gate GPR (R1) to the
B Bus
NK165
Gate the RI1
GPR onto the
B Bus

ST Operation Gates

Data from the GPR is
in the SDB @ GPR
Outgates Are No

Longer Needed by

This Op

DIAGRAM 5-106. STORE, STORE HALFWORD AND STORE

Code 40 or R1 GPR onto Both
42 the A and B Buses
Outgate GPR Byte to
Outgates Are SDB
d O
::?e in rrl"be e NK339 L
f NK463
Set GPR (R1)
to the A Bus
NK269
I-Unit Notifies MSCE e
Where the Data Is in
Turn Off Outgate A/B e ShE Forlfians AT e A and RT 1o
Bus to SDB B Remain on until
(H66) Data Is Gated into
N K463 the SDB
Next Machine Cycle
Turn Off A and B Bus Trigger Is Reset by
Gates from the GPR's Clock Timing-05 D12
(Late in Cycle)
NG929
End of
Operation
CHARACTER

(3/68) 5-106



Result

Bus Condition Code
Remains Unchanged
2431 24|3‘ 09 1SK Insert Storage Key
FA-FB EC-FD 0 0 0 1 31
2 3 0 718 11]12 1617 18[19 20
Sk 4 5 4
Bos i il R A Y
Sr ) 7
Bus 8 9
* Special RR Format
10 11
N/ 43 1IC Insert Character
A 7Vo 12 13 o 7|8 112 15]16 1819 20
VFL Logic Unit 0 14 0 15 31 RX 3 2 ////// exa I/
0 34 7 GPRs 2
Digit Shifter 1. Insert operations move a byte of information from storage into bits 24~ 31
of GPR R1,
2. ISK 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 R1.
5. Insert ops require an undetermined number of machine cycles because dato
must come from storage. -
| 1.0p Select FXB T )
Outgate NK135 This Op .
from FXB | 2.Turn On Byte | Uses FXB's
| Outgate NK333 | E—
Yes Cye No
1 Trigger I R————
m (D53) | Hardware
Block All GPR 1.Set Rl to GPR Sk Reg | Error
Ingates Except NK169 1
Bits 24-31 ‘ 2.Turn On Single Byte T T TReswlss Go
] Tor Nk235 | to GPR RI Step Op
3.Set FXB Name Reg |
NK339
L NK139 -
FXB Contains a !
5 Bit Key from | -
SP Storage or a | End of
Byte from Sto | | v Operation
| Priority b
| (G52)
|
! Block Turn
I On of Data
| Available
Assigned FXB I
Is Decoded from I NK135
FXOS Bits —
16-18 I Data No T Wait for
p—— Arrived in | Data from
FXB | Storage
| OO
Data Has Arrived I Set Data
from Storage. Op l Avail Trigger
Will Be Complete (H46)
at the End of | NK335 TR
This Cycle I | Longer Needed
T.Step Op  NK339 | for This Op
2.Turn On RUA Response (After This Cycle)
(E&67) NK363 |— ——
3.Turn On FXB Signal
———-—j———— Not Busy NK337
Assigned FXB 4.Turn On Sl End Op
Will Be Free in I NK409
the Next Cycle
1 nd Op Is Use
I'S1 End Op 1s Used
| Because Single
Turn On IC/ | Byte Circuits Are
[———’— ISK Trigger ] Used for Data
Transfer
| EXB Name NK415 IR —
|Reg A or B
I |
[
| FXB
No Name Reg Yes
Decoded C
or D
G K NK409 Gate Sr Bus
ate Sk Bus h h VFL
through VFL logic :_or;il:;gUnif
Unit NK409 NK409
NR345 {0 NR345
—— -

I Both High Order

| and tow Order
Digits Are
Gated In

!

1
I
!
I
l
[
[
|

lOutpur of FXB

IA and B Go to
the VFL "Sink"
Bus

1.Gate VFL Results to
GPR RI NK415
2.Ingate GPR RI
(Bits 24-31) 001
3.Gate Early Clock

for GPR
NG921

|
|
|
|
|
|
I
|
[
|
Outputs of FXB ‘
C and D Go to '

the VFL "Source" l

Bus |

DIAGRAM 5-107.  INSERT

End of
Operation

5-107



CVB Data Flow The Condition Remains Unchanged for CVB

4 F CVB Convert to Binary

32-63 0 718 1112 15116 18119 20
FLBB o | =30 31 RX Ay il i
0-31
Objectives:
0 31]0 31
0 1
VBL ResuthBus 1. Convert to Binary Processes a doubleword of packed decimal information from storage and converts the
2 3 information to Binary.
2. The doubleword from storage is held temporarily in an FLB in the floating point unit before being transferred
0|7 4 5 to FXB C and D in the fixed point unit.
3. Each digit (4 bits) of the doubleword is moved in turn into the high order 4 bits of FXB C only ,decoded and
6 7 added into the binary value in the accumulator.
0 31 0 31 4. As each digit is decoded and added in, the binary value is multiplied by 1010 to simulate shifting 1 decimal
8 9 position. The high order digit is decoded first so it will be multiplied by 10 (or shifted 1) for each following
iteration (maximum of 15).
Bor 10 n 5. The largest number that can be held in packed decimal form in a doubleword would produce a binary number
c-D FC FD larger than a 32 bit register can hold. An overflow detection circuit monitors left accumulator positions 0, 1 and 2
Chr 0 31 0 31 12 13 to detect this condition. When results are too big to be stored in a GPR, FXP Divide Interrupt occurs.
6. If any digit in the source doubleword (except sign) contains a number higher than 9 (hexidecimal A to F)
14 15 the operation will abort and cause an interrupt.
0 31j0 3 7. At the end of the operation the sign digit of the double word is examined. If the sign digit is a legitimate
e X XX Kee——mmpe R X KR GPRs negative, the binary value is complemented to a negative form.
8. The resulting binary number is placed in the GPR specified by the R1 field of the pseudo-op.
VFL SC Bus
¥ CPA A CPA B CPA B
Digit Bit Positions Bit Position Hot 1
Value 29 30 31 31 Bit 31
l 0 0 0 0 0 0
1 0o 0 1 0 0
2 0 1 0 0 0
CVB Decoder 3 [ 0 0
4 10 0 0 0
5 10 1 0 0
6 T 1 0 0 0
o7 7 (S S | 0 0
I 8 145§ 1 0
: 9 (1 1 1
|
I CVB Decoder Chart
|
| Digit values ore decoded and added into the binary result in the accumulator during each iteration
| of a CVB operation (objective 3).
0347 :
e = GrRour | £
: F___AD 31 -—
1N /20 | I
Digif Shifter | Note 2 | u p .
S N | -
" Al |
| | RoulP 3 =
-
T 7T : F|ADO 310 31 G
|
g : Ext Accul;\ulutof
|
N | F_Alo 3110 31{32
1. Complement cycle for negative sign only. I 3 2
2. Shifter capable of straight through transfer :
or transposition of high-order and low-order digits. | L3 0 3
| T
I E A0 31 i
| |
|
: Ll it
e S tetate ]

Decode 4F
Convert to Binary,

Is
Decoder Digit
0 to7

Block Op
Condition

(E55)

l Diagram 5-128 l

Add The Binary
Value of the Digit
to Adder A Input
Bits 29-31

NG755

Decoder Digit
8

No

No
Hardware error cycle 1
tgr should be on Yes
Inject Hot 1 Into
VFL Data Adder B Input —
t Examine Sign
Il o Bik:S Digit Now On
5. GPRRI is 1. Turn OF.\I CVB Tgr (J46) NK137 g \erce °' NG737 The VFL Bus
the sink GPR 2. Set FX in Process (E52) NK361 IS Ioms oS Going to FXB C
i :h;‘s f 3. Set VFL in Process (E53) NK373 via an FLB (64 I 9
P 4. Request First Source Operand bits) to FXBs
5. Set Rl to GPR Sk Reg (E56-63)NK169 Digit is higher Riot & 1. Add 7 to Adder
6. Set ICTR to 15 (F61-66) NK237 than 9 and can- e A Input Bits
7. Reset L. ACC. to 0 NJ639 not be converted. Seme 29-31 NG755
he o sign digit 2. Add 1 to Adder
Cycle 1 Abort the op
____________________ I e ——————— e —— ——— B Input Bit 31
Cycle 2 | R Is
No . 0%
Sign Digit
If Available the Source operand is @ 10to 15
Source Operand a doubleword of Next Cycle
Is Gated to FXBs packed decimal
Cand D data from storage Set Abort .
Tgr(H48)
Wait for NH861
data from No
storage. & | AHeNO R e e —————————— CVB Sign
No Source Op Next Cycle Nogative
Arrived In
FXB
Cycle 2 e e e e e e e s
________________________________________________ ext
Cycle 3 Cycle
p stack is free
to Decode next ; g":PDOP RS9 Step ICTR To 0 }
op but FXA and «>el Uata (F61-66) Complement the
VFLEU are busy Available (H46) value in R Acc
7 NR20« - i
uring CVB o i Nuss5-555]  Band put it back Set CVB Sign
[L @\ T 1 Negative (L46)
VFLEU Outgates NJ645
the High Order Prepare to 1. Outgate R Acc To Adder A Input
Digit of FXB C to decode the 1. Send RUA Response (E67) NJ619 (H57) NJ641
the CVB Decoder digit . 2. Turn on FXB Signal Not Busy NK505 2. Gate A Adder Input Complement
NG755 3. Reset FX In Process (E52) NK369 (J64) NH207| 1. Turn On Adder Accumulate binary
4. Reset VFL In Process (E53)  NJ619. 3. Inject Hot 1 NH209 ToR Acc (H60)| [results of digit
5, Set VFL End (N63! NK505 4. Turn On Adder to R Acc NJ631 decoding and mul-
(N63)
_(Hé0) NJ631 2. Turn On Adder tiplication by 10
o Tol Acc (H59)| H(in both right and
NJ633 left accumulator)
3. Step ICTR Downl
No Adder Max
No Yes ) Sign Output A (F61-66) NJ555-559)
or Interrupt Check
VFLEU Gates The he byte address register (BAR) Overflow
Next Digit To Be keeps track of which byte is being check
Converted Through gated out of FXB C/D
The VFL Logic Unit Low order digits of bytes are moved ) X lagote Addet fo Set
And Digit Shifter to the high order as the byte passes Final binary GgR R1 (H51) Conditional
Into The High Order| through the digit shifter results to R1. Overflow (L47)
4 Bits of FXB C R (LOD to HOD) (FXP Div Int) NG921 NH863
-—_"' ___________________ Binary output
1. L Acc is Gated tolicati Next Cycle is too big
Left 1 multiplies the L Acc valve Left 1'fo The ?’(‘,“::':"C.""f" 2y e o e Return for
Harn quivalent ext Cycle
by 2. Left 3 multiplies the L Acc Adder B Input to shifting 1 £ next iteration
value by 8. When combined in the NJ599 e AL T Adder No
adder, the result is equivalent to 2. L Acc is Gated il Control Overflow
multiplication by 10 Left 3 to The e e
Adder A Input a1
NI599 NC2ISm NI PR (D';Zg;e Interrupt
End of NJ653
Operation
Sheet 1

DIAGRAM 5-108. CONVERT TO BINARY (SHEET 1 OF 2)
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CVB Timing, Sign Minus

Function

CVB Trigger

Begun Trigger

CVB Delayed

Data Available

Shift Left 3

Shift Left 1

Adder to Left Accumulator
Adder to Right Accumulator

Straight Out Accumulator Right to A (Complement)

Ingate GPR

Step lteration Counter
CVB Sign Negative

Conditional Overflow
Fixed Divide Interrupt

FC/FD Characters to Digit Shifter

Decoder Digit Ingate

CVB Timing, Sign Plus

Function

1. CVB Trigger

2. Begun Trigger

3. CVB Delayed

4. Data Available

5. Shift Left 1

6. Shift Left 3

7. Adder to Left Accumulator
8. Adder to Right Accumulator
9. Ingate GPR
10. Step Iteration Counter

1. FC/FD Characters to Digit Shifter
12. Decoder Digit Ingate

1.

These triggers are turned on during
last possible case of a FXA divide
interrupt (overflow situation).

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.

. Occurs only if operand is negative.

Depends on previous op.

Depends on following op.

DIAGRAM 5-108. CONVERT TO BINARY (SHEET 2 OF 2)

Cycles

12

13

21| 22

23

24

Note 3
12 Not 1
t
n Not 1
Count | 15| 15 (15| 15 1413 12| 11}10| 9| 8| 7| 6| 5| 4 312 110
4m 4 4 4 4
”Note 3 Not 11
0|22 4|46 ] 6|88 10101212/ 14
1 3 13 5 517 71919 1111313 15/ 15
ol 1|2 {3 |45 6|7 |89 10711} 12}] 13 14
T—— First Cycle of Iteration L Complement Cycle
Transfer Floating Point Buffer .
to FXB FC—FD (See Note 2) Last lteration
Priority Cycle
Request Floating Point Buffer
Cycles
1 213 alslel 7] 8|9 [0l 12]13] 1415 16] 17} 18| 19| 20| 21| 22| 23| 24

Count

151151151 151 14| 13] 121 11|10 9] 8| 76| 5]|4|3]2]|1
i dn it ininin‘nmin‘mintnintnt

0 4 6| 8| 8 10| 10| 12]12] 14] 14

113l 3151517179l ln]nfjizfizfisfis

1123|4567 8|9 |10]1m]|12]13]14

0
Transfer Floating Point Buffer
to FXB FC-FD (See Note 2)

First Cycle of Iteration

Priority Cycle

Request Floating Point Buffer

L Last Iteration Cycle

(3/68)
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The Condition Code Remains Unchanged During CVD Operations

Cre 4E CVD Convert to Decimal
. o |0 i@ 0 78 1112 18 (19 20
SAR
2 3 RX 4E R1 i
4 5
Objectives:
6 7 1. A CVD operation converts the data in GPR Rl from binary to packed decimal and stores the results via
the SDB.
8 9/ 2. The address in the R1 field is normally a sink GPR but for CVD it is used as a source. Storage is the sink
for CVD.
10 n 3. The sign of Rl is stored in the sign save trigger. The sign digit of the converted data is set fo agree with
g 9 99! gn digi
the sign save trigger and format specified by PSW 12 (PSW 12 ON for ASCII; OFF for EBCDIC)
12 13 4. Conversion is done by decoding the output of the accumulator and inserting a 6 in the adder for each digit
Y ng pu
position that contains 5 or greater. The result will be a 38 bit decimal output from the adder back to the
0 14 31 |0 15 31 accumulator. (with sign bits the result is 42 bits)
5. The 42 bit result is transferred to storage in a doubleword (64 bits) via the SDB.
0 31 0 31 6. Timing of CVD depends on the number of leading zeros in the high order of R1 as follows:
A Bus l J
Leading Zeros | lterations Total Cycles
0-4 No Skip = 28 2
5-8 Skip 4 = 24 29
9-12 Skip 8 = 20 25
13-16 Skip 12 = 16 21
17 or More Skip 16 = 12 17
0 31 3R I 63
F AO 31 0 31
1
Ext Accumulator
F_Alo Left 3110 Right 31| 3
F 31-3
E 31-0 [ @
D 31 0 31 Gt the Shftr to Shift left
Left and Right 4 from
Accumulator last |
0 17 ign o last cycle
“input data (NJ629)
in GPR R1
D 310 17 - Sign
e SRS Yes Sm,eg Tgr No utput requires
0 31 ’E;qe'"eé ; On BCDIC format
: DIC forma kign digit
6's Generator ;f::'g"g ign digit B 48 \
D (VD) 3| Decoder gir 12 R No
On o On
0 31 requires
ASCII format
ign digi
D 8 A C
Force EBCDIC Force ASCII Force ASCII Force EBCDIC
Minus (1101) In Minus (1011) In Plus (1010) In Plus (1100) In
2 | 310 31 0 310 31 R Acc Sign R Acc Sign R Acc Sign R Acc Sign
Digit (28-31) Digit (28-31) Digit (28-31) Digit (28-31)
T 5AT RES 5] L 1 { —
Store Bus Shifter (32 Positions Left or Right)
32 -1\ 0 3132 63
0 31,32 63 ] SKip
0 63 0 31 32 63 1 Tgr
‘ [ l On
SDB
Yes
CVD Dota Flow No
== i et - -
Decode CVD leading zeros 35‘<T-Pr
4 g
Op Code 4E On
Yes
SHIFT AMOUNTS IN CVD
: SHIFT
D 5-12 STAGE | STAGE |STAGE
Iﬂ"”“ Tal AMOUNT| WIRED 1 3
[&] R16 L L16
L4 R16 0 L16
L8 R16 2 0 124 Enable Shift Enable Shift Enable Shift Enable Shift
L2 R16 0 0 124 Gates for Gates for Gates for Gates for
L16 R16 0 18 124 Left 16 Left 12 Left 8 Left 4
Cycle 1 T Cycle 3
Trigger e Mo
Hardware Error | Cycle 4
PR R is treated as 1. Set FX In Process Cycle 1 Tgr T.ResSkipaTgr] [T.ResSkip3Tgr] [T-ResSkip2Tgr ~ResSkip 1Tgr (I Leading String
sink GPR but 2. Set R1 to GPR Sink Reg NK169 Should Be On 2.5et ICTR10 12|  [2. SetICTRto 16| |2. SetICTR1020| [2. Set ICTRt024 of Zeros)
3. Set SAR Name NK139 3. Ingate Shftr 3. Ingate Shftr 3. Ingate Shftr 3. Ingate Shftr
4. Set ICTR to 28 NK237 toLandRAcc toLandRAcc toLandR Acc toLandR Acc
5. Set Rl GPR to A Bus NK269
Y:;‘e ind 1. Insert 6 In the A Adder Input for Each s generator
g 8 d,"" . Digit of the L Acc That Is 5 or Higher decodes L acc digits
No Yes g FTNg 2. Enable Shifter Gates for Left 1 and inserts 6's in the
NJ595 correct A adder digit
3. Gate R Acc Left 1 Back to R Acc
4. Gate L Acc Left 1 to Adder B Input |
. NJ595
T. Gate A Adder TnpUT GaTa 15
t
ﬁ"ue' f ’:dd” Input Complement negative (GPR R1)
R NH207 it must be changed
2. Gate Hot 1 to to positive
Adder es
NH209
Cycle 1
. : _ Cycle 2 b . e
i Sign Set the Sign | Remember Iteration Cycle
Save Trigger Save Trigger that input 1. Step ICTR Down 1 Boundary
was negative NJ555
NH205 NH205 1 ﬁ\ 2. Ingate Shifter to
- Return for R Acc NJ629 ixup cycle s use:
. next CVD 3. Ingate Adder to fo'generalwe correct
- g"? as' |1 Ton RUA Resp NK167] iteration LAcc  NJ633 parity in the output
et b |2 Res LAcc 100 NJ639 Eak
cycle 3. Set Adder to R Acc NJ631
4. Ecnablle Shftr Gts for Left 4 In Next Tor O VD
and Fixup Wait
Cycle
NJ647
I
Decode R Acc Se—
for Strings of IT: :}’; used Cycle Boundary
Leading Zeros
e next cycle An undetermined
] number of cycles N
Tee The op stack 1o may occur while °, b8
decode the next op. Iff | S'€P OP waiting for SDB Available
it is a VFL op it may LS
be able to proceed in Yes
parallel with CVD
Cycle 2
Cycle 3 Yes
X 1 Priority
Leading An undetermined
String of 17 number of cycles
Zeros may occur while
o 4 No
waiting for priority
Yes Leading
String of 13 o
Zeros Decoded from
R acc in 1. Turn on CVD utput De
Leading last cycle Outgate  NJ649 FaESkirans
17 Cycles String of 9 2. Outgate Acc to ferred to stor-
Zeros SDB vig the SD
21 3. Reset FX In Process
Yes Leading No NK361
String of 5 _ Y l —— W
25 Cycles Zeros No Skip et AT Cycle Boundary
conditions
29 Cycles Yes CvD
Controls
Turn On Skip/| |Turn On Skip/ | [Turn On Skip/ Turn On Skip/
Limit 4 Limit 3 Limit 2 Limit 1 32 Cycles
Trigger Trigger Trigger Trigger End of
NJ587 NJ587 NJ587 NJ587 Operation
L )
(Sheet 1)
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No Leading Strin Leading String of 5
No Leading >tring oring 2ne o7 Y

Function Function Cycles

V. CVD Trigger 1. CVD Trigger

2. Begun Trigger 2. Begun Trigger

3. Sign Scive Trigges 3. Sign Save Triggar

4. Shift Left 1 4. Skip T Trigger

5. Shifter Stage 0 5. Shift Left |

-t

6. Shifter to Right Accumulator 6. Shifter Stage 0

7. Adder to Right Accumulator | 7.

|

R

-
8. Adder to Left Accumulator ‘ 8. Adder to Right Accumulator
18171615114 113[12]11[10 918 17654 132 1 Pl
T T T ez [ T T Tt | RERE :
l 1 <‘ | Nom? i ‘ 3 ‘ i . [ \’ 1 9. Adder to Left Accumutator | F 5] ]
9. Step the lteration Counter | slelols éiéﬂé‘é 6lelbr6l6l6l6lol6eloslotsl 6 c&s slelel + T 1781282824 232“1\20,9151716]514]“2
L] 1% EEELYVYNENELUNE SRR o DI 8128, 28! 211201 5 |
| Cro ‘T*‘l ‘*."}71 ({‘r#\‘ !-‘ﬁf* 7“ ‘,Nﬂer‘ |
[ P i i i v | ; {
10.  CVD Fixup Cycle L‘T N R _T[W‘Ll_x i l \r l ’4 ‘_LQ[ +| | _! L jNofe Bli [ 10.  Step the Iteration Counter | Wi ll7t7i7l7ﬁ i 5
i | T i [ ! |
| ‘ | [’ i IR | { [ “ i T \ | | 3
1. CVD Outgate BN || LD e b Lt romae? | i v cvo i cyete - L 1 | } L l 1 2]
clp b
12, CVD Outgate | RN 1‘ ‘i ! e
Leading String of 9 Leading String of 13
Function Cycles Function Cycles
71213114‘1Jmhﬂmlw‘zo’zx‘22_1?3'24\2%‘2%27‘?8 29}30 31'32]32’34 35] 1]273[4]s Lé)? [8 iqlm‘n 121147 To'fd]’zlizz'!Ez’sleT:)”sEszVzaTzé 30[31[32]33[3435]
I i [ { i f [ i 7T - =TT T T
RIRERER i EIRERRRRRERER

1. CVD Trigger

1. CVD Trigger

RERERSRRRRRERRRERD
RERAN |

2. Begun Trigger 2. Begun Trigger

3. Sign Save Trigger 3. Sign Save Trigger

L
4. Skip 2 Trigger 4. Skip 3 Trigger il

5. Shift Left 1 5. Shift Left | L

6. Shifter Stage O

6. Shifter Stage 0

7. Shifter to Right Accumulator|

7.  Shifter to Right Accumulator| _ Lol
8. Adder to Right Accumulator | ! 8. Adder to Right Accumulator
b ot e
Ll
i
9. Adder fo Left Accumulator I | 9. Adder fo Left Accumulator
Ll | [28_»27&3128}619141312]110}98765413 211 [o] r [T
H | | b I N i ‘
10.  Step the lteration Counter i ’ : ,,’ e [ N 7!‘ 10.  Step the lteration Counter ’ ] ' l |
! b IR B [ N 1
1. CVD Fixup Cycle L f‘ | ! | ! | [ [ 1 VD Fixun Cycl ‘ i “L i
. NN _ R R AT ixup Cycle EEEEE.
i T i T T | |
! | Note 3 | | ’ } ' '
12, CVD Outgate | ‘ | i l‘L I NEEEERL AN L) 2. cvp Outgate L B
Leading String of 17
Function CyclES Notes:
15&3 17)g
—1" i. Conditional upon the sign of the number converted. Is turned on only
P g
i for negative number and is not reset at end of operation. (Updating
1. CVD Trigger 12 occurs only at beginning of an operation.)

2. The numbers show the counter value for each cycle. The counter is
always initialized at 28. The first decrement (after step ICTR goes on)

decrements the counter to the starting value appropriate for the
leading string of zeros. All subsequent decrements are -1.

2. Begun Trigger

3. Sign Save Trigger

3. The starting time for CVD fixup is always as shown, however, CVD
fixup cannot turn off until one cycle after CVD outgate is turned
on. CVD outgate cannot turn on until at least one cycle after CVD
fixup turns on and until an SDB is available. The representation of
CVD fixup and CVD autgate shown hese is the optimum case (SDB
available immediately).

4. Skip 4 Trigger

5.  Shift Left 1

6. Shifter Stage 0

4. Depends on previous op.

7. Shifter to Right Accumulator| |

8. Adder to Right Accumulator

9. Adder to Left Accumulator

10. Step the Iteration Counter

11, CVD Fixup Cycle

il
12, CVD Outgate | 11 ! },,Wtela [
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FLBs X - o~ — —| [= ——I
32-63 ‘ I || |
| Fetch | | GPR Sink VI
| Counter | |Regisrer I
|
X - X o X ] BRI
0 31 0 31
R S|
0 0 31|10 1 31
FA FB FC FD 2 3
0 31 0 31 0 31 0 31 4 5
‘ 6 2
8 9
10 1
X —® X —» X —® X 12 13
1 0 14 310 15 31
‘ i GPRs
0 31
31
Moo 0110 n_}
Process |
Counter
s i AR
98 LM Load Multiple
0 718 1111213 14[15[16 18|19 20
CC Remains Unchanged | RS 98 R1 LIR[S|E FLB
1. Load multiple transmits data from storage through the floating point buffers, the fixed buffers,
and the adder, to the GPRs.
2. Any number of GPRs, from 1 to 16 can be loaded with one LM operation.
3. I-unit issues pseudo op to the fixed area for each doubleword of data fetched from
storage.
4. Start (S) or end (E) bits indicate the first and last pseudo ops of the operation.
5. The first and last pseudo ops may transmit only one word of data. In these cases the left (L)
and the right (R) bits indicate which half of the doubleword fetch is to be used.
6. FXB A-B and C-D are used as doubleword pairs to accept data from the specified FLB. FXB
E and F are not used for LM.
7. FXB are outgated, one at a time, through the adder to each GPR in sequence.
( Start )
Decode LM
Pseudo Op 98 After the
i First Pseudo
Op
e oo
|
| - >
e Gate FXB to
First Pseudo | se?u:s\;/:lexf GPR When
Op Only | Setup Circuits Ne Cd 4 =2 Data ls
] and Request goce Available
First Fetch

DIAGRAM 5-110.
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LOAD MULTIPLE

( SHEET 1 OF 2)




(89/¢)

(2 30 2) O1T-¢

Block
Op Condition
(E55)

of LM Should |
Have A Start |

Bit I

First Pseudo Opl P

Start
Bit (14)

Set Address of |

First GPR to

Be Loaded |

Request Double-

word from

FLB |
l_

.Set R1 to GPR SK
Reg (E56-63)
NK169, NG881
.Turn OnFX'in
Process (E52)
NK361,NK367

N

w

to C/D (L54)
NK441,NK435
4.Turn On Load
Multiple Tgr
(J52) NK437
5.Request SK WD
LM NK441,NR401

Set Process
Counter to A

.Set Fetch Counter FXB C/D
,.__I—

[Hardware Error |
lecIe 1 Should
IBe on for Ist
Cycle of Each

: Pseudo-Op

| EEO—]
|

IFirsr Fetch Goes
| to FXE A/B Next
| Fetch Goes to

Fetch Address Is

Not on Doubleword
Boundary eUse Only
Right Half of the
First Fetch
(FXB-B)e I

Set Process
Counter to B

(K53-54) (K53-54)
K433 NK453
|
I Qutgate
| FXB A First
IThis Is the Last
| S IPseudo Op of
the LM Opera
End Yes I
Bit (15) (— —Lten
Turmn On End
SRy Fetch Tgr
NK339 (L52) NK443
|
)
Decode Next
! Pseudo Op
il

Note: FXB outgate is now processing the last half of a doubleword.
A new doubleword can be fetched for that FXB pair in the next cycle.

DIAGRAM 5-110. LOAD MULTIPLE  ( SHEET 2

OF 2)

Yes Ctr

FXOS
Full Bit
(D46-51)

No

(K53 - 54)
FXB
A/B Full

Proc
Fetch

Proc

B8

I Fetch Needed

| But FXOS Does

| Not Have the
FLB Address

| No

Outgate the FXB
(Specified by
Proc Ctr) to the
Adder A Input

NK435

End
Trigger

vy

Turn On Make I Remember
Request Tgr ITth Fetch Is

U53) |\ am : Needed

Force Sink IReference lights
;dd"’” gnd FL Bfr Panel E
N 1528-29

SP————

1.Request Sink

Word M
NK441

2.Step Fetch Ctr
(L54)  NK441

3.Turn Off
Make Request
Tar

(153) NK441

=akd | Request a Double
| Word from the
FLB Specified in

Ivhe Pseudo Op
I Update the Fetch

| Ctr to the Next Pair
of FXB's to Be
Loaded (Either A/B
| or C/D)

L

e o]

(L51)

I This Function

I Occurs on Each
Cycle Even though

I the Data May Not
Be Loaded into a

| GPR Each Time

| E e PR

' Proceed to
Ending
Sequence

No R or L Bit
|Means Both
IHa|ves of Fetch

IWiH Be Used

Yes No ; Fixed o |
in Process 4
(E52)
Block Turn On
of Data Avail
(H46)
NK135
—J 1.Tum Off
_ Arrived in Fixed in Proc
Wait for Data | FXB —'———I (E52)  NK439
from FLB | 46 ) Decode a 2.Decrement FXB
| ~ New Pseudo I Busy Ctr(I-Box)
- | Op in the Next | NK439
Cycle | _ |3.Step Op
NK439
End
. Ve Fetch Tgr
Last Fetch (L52)
Has Been
Made
Turn On End e
Tgr (L51) v
NK437
[ -
\
1.Step Process
Counter
P (K53-54)
5 NK439

Ctr =B or D
(K53 - 54)

Turn On FXB
Signal Not No
Busy

2.Turn On RUA
Response (E67)
NK439
3.Turn On LM

NK431
NK441

NK435

Ingate GPR | ISpecified by

lthe GPR Sink
lRegister

Fixed
in Process
(E52)

Step GPR Sink
Register
(E56 - 63)

NK439

-t

lStep Outgate to
IOhe Next FXB
lto Be Gated

to the GPR

LS

2.

3.

4.

Turn Off LM
Tar (J52)
NK437
Turn Off End
Tar (L51)
NK437
Turn Off End
Fetch Tgr (L52)
NK437
Turn Off FXB
ABCD Busy

NK437

End of
Operation



STM Store Multiple CC Remains Unchanged

GPRs 0 7|8 nj 12 | 13 |14 1819 20
0 0 31j0 1 31 SAR
) . RS 90 R1 L | R / MAME
4 5
6 7
8 9
10 n 1. A block of data is transferred from the GPR's to storage via the fixed area
12 13 storage bus,
0 14 3110 P 3 2. The RI1 field specifies the first GPR of the block to be stored.
31 0 3l 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
':BBUS t R (right) bits indicate which half of the doubleword is to be stored.
= 5. During a singleword store two GPR's are 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.
0 31 0 31
Store Bus
0 31,32 63
0 63
SDBs
Decode 90
STM
M . < .o .1
If the Specified
SDB Is Not Availt
e
An Undetermined! On During
Number of Mach ! - ; First Cycle
Cycles May | 1 Only
Occur before \ ! 1
Proceeding )
1 Cycle
: 1 Trigger
SD8B
Available
NK363
. ¢ o i 1.Set Rl to GPR SK Reg iGure the GPR's Specified
SDB to Be Used 1 o . fg”“ SXZOS ' (E56 - 63) NK169 by Rl and R1+1 onto the
Is Decoded from | an ! 2.Set SAR Name Reg | A and B Buses
FXOS Bits 19 ! L (F59 - 60) NK139 R1 and R1+1 Gates Remain
and 20 ! 3.Set Rl to A Bus |- — —, Active until the A and B
4.Set R1+1 to B Bus NK269 Buses Have Been Gated to
|l the SDB
Begin De- 1 |1.Step Op NKO57
coding Next : o Cl)\”(339
do- i 2. Turn On Outgate
Pseudo-Op | A/B Bus to SDB
_— (H66) NK463
————
Turn On RUA 1 Notify |-Unit That
Response 1 This GPR Is No
(E67)  NK207 I Longer Needed by
NK363 ! This Operation g
—
1Only One
'GPR to Be
:Stored
|
R
Two GPR's
IStored Notify I-
Set Double ¥ Unit That Both
Trigger T GPR's Are No
(E66) NG897 o :Longer Needed
- - - -
1 Unit Has I
Notified MSCE |
Which Half of thel
Doubleword Is tol
Be Stored I
—|
-
Reset by
Turn Off Out- | Clock Timing

gate A/B Bus to ; -05D12

SDB (Hé6) !
NK463

Next Machine Cycle

Turn Off A/B "Data from the
Bus Gates from 'GPR's Is in the
GPR's I5DB « GPR Out-
NG929 I gates Are No
! Longer Needed
|
L

End of
Operation
DIAGRAM 5-111. STORE MULTIPLE

5-111
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(€ Jo 1) BIT-S

E

1 v 2 v
From Adder 0-31
"
0 I 31 0 | 3t
Ext. Left Accumulator Right
F_A 31,0 31
L 2L FLO
Stage 1
14151617 1819 ... 76777879
L6L4 L2 0
Stage 2
81012141618 ... 777879
L6 L8 0
Stage 3
-8 0 8 16 24... 777879
L24 0 R16
Stage 4
-24 0 16 31 63
4] 31 32 63
To Accumulator or GPR's
Left Shift
P
Shift Stage | Stage | Stage | Stage Shift Stage | Stage | Stage | Stage
Amount| Wired 1 2 3 4 Amount | Wired 1 2 3 4
0 R16 Lo Lo Lié Lo 16 R16 Lo Lo L8 124
1 R16 L Lo L16 Lo 17 R16 L1 Lo L8 124
2 R16 Lo L2 Li6 Lo 18 R16 Lo L2 L8 L24
3 R16 Ll L2 L16 Lo 19 R16 L1 L2 L8 124
4 R16 Lo 4 L6 Lo 20 R16 L0 L4 L8 124
5 R16 Ll L4 L16 LO 21 R16 L1 L4 L8 L24
[ R16 Lo Lé L16 LO 22 R16 Lo Lé L8 124
7 R16 L1 L& Lis Lo 23 R16 Ll L6 .| L8 124
8 R16 Lo Lo Lo 124 24 R16 Lo LO L16 124
b4 R16 Lt Lo Lo 124 25 R16 L1 Lo L6 124
10 R16 LO 12 Lo L24 26 R16 Lo L2 L16 L24
11 R16 L1 L2 Lo L24 27 R16 L1 12 L1s L24
12 R16 Lo L4 Lo 124 28 R16 10 L4 L1é t24
13 R16 Lt L4 Lo 124 29 R16 L1 L4 Lié 124
14 RI6 Lo L6 Lo L24 30 R16 LO L6 L16 L24
15 R16 L1 L6 Lo 124 31 R16 L1 L6 Li6 124
32 R16 12 L6 L16 124
Right Shift
A
Shift Stage | Stage | Stoge | Stage Shift Stage | Stage | Stage | Stage
Amount | Wired 1 2 4 Amount | Wired 1 2 3 4
0 R1& L2 Lé L8 Lo 16 R16 L2 Lé L8 R16
1 R16 L1 L6 L8 Lo 17 R16 L1 Lé L8 R16
2 R16 LO L6 L8 Lo 18 R16 Lo L6 L8 R16
3 R16 L1 L4 L8 Lo 19 R16 L1 14 L8 R16
4 R16 Lo L4 L8 Lo 20 R16 LO L4 L8 R16
5 R16 Ll L2 L8 Lo 21 R16 L L2 L8 R16
6 R16 Lo L2 L8 Lo 22 R16 Lo L2 L8 R16
7 R16 L1 Lo L8 Lo 23 R16 L1 Lo L8 R16
8 R16 L2 L6 Lo Lo 24 R16 L2 L6 Lo R16
9 R16 L1 Lé Lo Lo 25 R16 L1 L6 Lo R16
10 R16 10 Lé Lo Lo 26 R16 Lo L6 Lo R16
1t R16 8] 14 Lo Lo 27 R16 L L4 Lo R16
12 R16 Lo L4 Lo Lo 28 R16 Lo L4 Lo R16
13 31] L1 L2 Lo Lo 29 R16 L1 L2 Lo R16
14 R16 Lo L2 L Lo 30 R16 Lo L2 Lo R16
15 R16 Ll Lo L0 LO 31 R16 L1 Lo Lo R16
32 Rl6 10 Lo L0 R16

DIAGRAM 5-112.

SHIFT INSTRUCTIONS (SHEET 1 OF 3)

Force Os in:
Bits 74-79 on L6
Bits 76-79 on L4
Bits 78-79 on L2

Force Os in bits 56-63 on L24

Section 2

Section 1

Decode Shift Amount
and Send Data through
Shifter to GPR

Decode Shift of 32
and Send Data through
Shifter Back to ACC

I

Decode Remaining Shift
Amount and Send Data
through Shifter to GPR

]

v 4 v 5
B Bus
9 31
e Alo 31 E AJO 31
1/C
Carry Propagate Aader
F A 31
0 31
1 ﬁ (Note 2)
J- o (Note 2)
0 ] 31 0 P EL
T
Ext Accumulator
F A0 Left 31,0 Right 31132
0 310 3
0 0
T (Note 1)
(Note 1)
0 31 32 63
D ATo 31732 63
Shifter (32 Positions Left or Right)

32 -0 31,32 63
QOverflow 0 31 32 63
Detector (32 Bits)

0 0 B
1 (Note 1) 317 1 (Note 1) 31
Notes: 9 31 9 3
1. SLA and SRA 0 0 3110 T 31
- instructions only.
2. For double shift of 2 3
more than 32.
4 5
6 7
8 9
10 i1
12 13
14 15
GPRs |
Gate GPR R
to the Adder
Gate the Adder
to the Accumulator
S
Gate GPR RT + ]
to the Adder
I
Gate the Adder
to the Accumulator
I
Yes M Shif; No
— ore than - —
[ .

Decode Shift Amount
and Send Data through
Shifter to GPR

Ingate Results into GPRs
and End the Operation

v 7 v
88 SRL Shift Right Single Logical
89 SLL Shifr Left Single Logical
8A SRA Shift Right Single (Arithmetic)
8B SLA Shift Left Single (Arithmetic)
8C SRDL Shift Right Double Logical
8D SLDL Shift Left Double Logical
8E SRDA Shift Right Double (Arithmetic)
8F SLDA Shift Left Double (Arithmetic)
0 718 11112 113 18119 20
88, 89, 8A, 8B . g
. 89, R] e
RS 8C, 8D, S, 8F Shift Amount 0

Objectives:

1.

Data in the GPR specified by R1 is shifted right or left
the specified omount and replaced in the GPR.

Logical shifts move bits 0 to 31 as an unsigned value.
Arithmetic shifts move bits 1 to 31 and treat position

0 as o fixed sign.

Single shifts move the data from a single GPR.

Double shifts move the data from an even odd pair of
GPRs as one value.

Data path for shift operations is from the GPRs through
the carry propagate adder, the accumulator, and shifter
back to the GPRs.

The shift amount generates gates to control the shifter.
Single shift operations are completed in two machine
cycles with some ending functions performed in the

first cycle of the following operation (Cycle 3).

Double shift operations are completed in three machine
cycles if the shift amount is more than 32. Some ending
functions are performed in the first cycle of the
following operation (Cycles 4 or 5).

Condition code remains unchanged for logical shift operations

Condition code is set as follows for arithmetic shift operations:

cC Condition

0 Result is zero

1 Result is less than zero

2 Result is greater than zero

3 Overflow * (SLA and SLDA only)

* Overflow detection circuits are attached to the left
end of the shifter, (See data flow)




(g 30 ) gI1-¢

(89/¢)

Decode Shift A” 1
Ops 88 to 8F ]
1.GPRR1 is no | Doubl
longer needed for this | No ni ou Z) Yes
op (ofter this cycle) { i rigger n
Block O e T e on RUAR . (€67) & T
Yes ock Op No - o Un esponse Value from R1 +1
Condition NJsT9 Set R1+ 1 to the B Bus I GPR is gated through
(E55) - v~ — 1 2. Turn Off FXP in Process (E52) NK269 | the adder to the
1 2.After this cycle i NK369 |
fixed area will be | . L accumulator
1. Set up controls and | Yes o H 3. Turn Off FXP Ovrlp Trigger (F52)
gates for a shift op | l reacy for a new op. | NK369 O O S S S
| —— - 4. Block Turn On GPR Accept Tgr (G53) [- Double Shift Cycle 3 B
1. Turn On Shift Trigger (J50) Hardware Error. NG931 I Add Righ
NK167 Cycle 1 Trigger - ngate er to Right
— ™1 2. Set Rl to GPR Sk. Reg. (E56-63) should be On F Accumulator (H60)
2.GPR name from R1 1 - ovld be Ln jor
i NJ003-097-099-101
field is set into | 3. Turn On Data Available (H46 NK169 First Cycle of )
the GPR sink register. ! - Turn On Data Available (Hde) Each Operation No Rl
] NK137 (GPR Sk Reg.) l
4. Set Rl to B Bus N —— i Odd (E64) Shif
K165 v i N
5. Turn On FXP Process (E52) |4 Value from the R1 Left | = Amount More °
NK361 GPR is gated through 0 Than 32
|—=—| 6. Set | Ctr from FXOS Bits 13-18 (F61-66) | the adder ro the (K501
6.5hift amount is set [ NK237 { aceumolator Lok Decode Shift of 32 and Decode Shift Amount and
.into the | Ctr to ! Trigger Yefﬁ] Enable Shifter Gates Enable Shifter Gates
te shifter gates | K50 : ‘ —— s —m ===
generate shifter gates | or Set Right Accumulator ¢ ) ;
Codes8Cto >—mo o to 0's l.__ U S, : See decoding chart
oF f NJ369 Double Shift Cycle 4 | for active gates
Torn On Double : Double Shift Operations
___________ Trigger (E66) | #ogicul Return data b ; Ingate Shifter to
Single shift operations. h NK235 ”gge( eturn cota 1o . | Left and Right
o e a8 P | (LSQ)' l cccutnulmor for remainder | Accumulator (H61)
8Ap N 8;5 . 89 | of shift amount | NJ629
or
J
Operond Yes I
Op Negative .~ 1 | 0 e = = == r
Codes 88, 89 >—o Step | Cir Bit 32 | Reduce shift amount by 32
8C or 8D { Set Left Accumulator to 0 (Fé1) L
Tum On Logical | Logical Shift Operations to 0's NJ557-559
urn On Logica L NJ639
________ Trigger (L50) e
Arithmetic shift ops. —: NK165 Decode Remaining Shift { See decoding chart
Op codes 8A, 8B, | [ Set Left Accumulator Amount and Enable for active gates
8E or 8F | to1's Shifter Gates L
NU639 ' T
_______ |
Op Yes l R 1 T f .
Codes 89, 88 ———— e, f Double Shift Cycle 4 | : (Shift of less than 33)
Right shift operations 1 8D or 8F —I I - — (Shift of more than 32) | Set Shifter to 1 Double shift cycle 3
Op codes 86, 8A | Tur On Lefr | Left shift operations See decoding chort | Decode Shift Amount and | J GPRs (H65) :
, i ecode Shift Amount an
8C or 8 | No Trigger (K50) for octive gotes I Enable Shifter Gates NJets
—————— Y NK165 ' i
Cycle 1 | l . 1 1. Turn On RUA Response (E67)
Y A N, Set Shifter to GPtRc} f's nt:]!onoger 1 NJ619
GPRs (H65) neede .0” 15 VP ! 2. Turn OFf FXP in Process (E52) === "
¢yele2 NJ6IS | (after this cycle) I NK369 | After this cycle
1. Tum On Begun T Bogun tar not ved 3. Torn OFf FXP Owrlp Tar (F52) fixed area will be
Trigger (H47) 1 A . R | ready for a new op.
NJ603 L until following cycle D1 1 NK369 !
2. Sten O - |-Box Direct ! 4. Block Turn On GPR Accept (G53)
’ e NG923 2. Begin to decode - Store into GPR ! NG931
|
next pseudo O
F . . ' I —l Double Shift Cycle 3 or 4
1 Single Shift Cycle 2
Single shift with i I
odd GPR name : - - T -
! T
1. Ingate Results ) . Ending Sequence Occurs in:
j r Single shift with into GPRs (H51) | Fnd;‘ng sequence accurs 1. Cyel . .
Arithmetic shift operation | | p NJ6I5 y in the first part of the . Cycle 3 for a single shift
| ! elvle: bl “:’."“::-‘ o . 2. Reset all Shift 1 cycle in parallel 2. Cycle 4 for a double shift less than 33.
X Logical Tgr { ©lt double shifts Controls ! with the next op. 3. Cycle 5 for a double shift more than 32.
On (L50) [
Left Trigger Operation
On (K50) |
| Right shift
L
Ingate Adder
to Leff and Right Ingate Adder to Ingate Adder to
Accumulator (H59-60) Right Accumulator (Hé0) Left Accumulator (H59)
NJ001-035-037 NJ003-097-099~-101 NJ633

DIAGRAM 5-112. SHIFT INSTRUCTIONS (SHEET 2 OF 3)



Single Shift Timing

Function

Shift Trigger

Begun Trigger

GPR R1 to B Bus

Note 1 Adder to Left Accumulator

Note 2 Adder to Left Accumulator

Note 1 Adder to Right Accumulator

Note 3 Adder to Right Accumulator

Shifter to GPR

Double Shift Timing

Function

Note 6 Shift Trigger

Note 7 Shift Trigger

2. Note 6 Begun Trigger

2. Note 7 Begun Trigger

3. GPR RI to B Bus

4. GPRRT+1 to B Bus

5% Adder to Left Accumulator
6. Adder to Right Accumulator
7. Note 7 Shifter to Right Accumulator
8. Note 6 Shifter to GPR

8. Note 7 Shifter to GPR

14

Address of sink GPR is even,

Address of sink GPR is odd
during an arithmetic left shift.

Address of sink GPR is odd.
Depends on previous op .

Depends on following op .

6. Shift amount is equal to or less than 32,

7. Shift amount is more than 32,

DIAGRAM 5-112. SHIFT INSTRUCTIONS (SHEET 3 OF 3)

(3/68)
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Objectives:

AND, OR, Exclusive OR
NI, OI, Xi

13

]o|1|2|3|4|5|6|7l8|9|10|11|12

14|15 16] 17| 18] 19| 20|

O-Result is O
1-Result is not 0

NI,Ot, or XI Condition Codes:

[

End of
Operation

FXOS |sl 94,96,97 | Field FXB SAR 2-(Not applicable)
Format Name | Name 3-(Not applicable)
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 are gated to VFL
Logic Unit over opposite buses (Sk or Sr).
3. Results are outgated to specified SDB.
Data Flow
Storage
Bus Out 0-31
Fxos 215
prmediote FA A FB FC FD
0o 5 0 31 0 31 0 31 0 31
Sk Bus
St Bus
0 7 0 7
V
VFL Logic Unit
48155 56|63
HOD l I LOD T
0 4 7
3 Store Bus
0 31, 32 63
Digit Shifter
0 7
To Store Data Buffers
Result
Bus
Flow Chart
Decode Op -
94,96,97 — I
| see Diagram 5-128 I
| for possible block
Block [d conditions I
Op o I
Condition
(E55) I
No |
1§ I
1. Op Sel FXB NK 135 | Selects FXB and
2. Ton FXB Outgate NK333 | SAR; gate data |
3. Set IDR NK 145 to IDR, FXB, and I
4., Ton NOX Tgr (563) NK413 | SAR specified by
5. Set FXB/FLB Name Reg | FxB/FLB and | 1. AND to VFL 1. OR to VFL 1. XOR to VFL
{ (F56-58) NK501-503 | SAR name regs I Logic Unit Logic Unit Logic Unit
6. Set SAR Name Reg I .
(F59-60) NR410 ‘ | | NK409 NK409 ]
| |
I 1. Sl In Process [] . Gate data
NK405 | "
l straight through
| 2.5et Byte CC | VFL Logic Unit
3;;‘; R:é’) | without HOD
Decode ‘ Execute NRA2T | and LOD trans-
I | position
I i 2.5et CCreg to
1. Gen Result I proper value
Parity | depending upon
l I results of op~
NK409 | | eration
FXOS ‘
Set CC Bit |
(F46-51) I
1. Ton VFL Set ' SDB
CC (M5¢6) l Available
NK467
1 I
|
FXOS | A
Decode 1. Set {DR from Result Bus NK409 | 1. Set result bus data info IDR
FXB FC/FD I 2. Outgate IDR to SDB(N60) NK461 | 2. Outgate IDR to specified SDB
| 3. Ton SI End Op (Né4) NK415 1. o following cycle
4, Ton FXB SNB NK337 3. Defines last cycle of instruction
[ 5. Ton VFL Set CC (M56)  NK467 | 4. Turns off FXB bfr triggers (E93-
R e - | 6. Step Op NK339 | 95, F93-95) NK343-353
5. Permits setting of condition code
1. Qutgate IDR | lD,R :q:q oe it ' 1. Outgate IDR ' I to proper value
. : ed to opposite . ) .
to Sr Bus (N59) ! g:s (Sr or SPE) of to Sk Bus (N38) | 6. Steps FXOS to next instruction
! FXB dat
NK507 1 o NK507 I H
| ] I
]
|

DIAGRAM 5-113. NI, Ol,

AND XI INSTRUCTIONS

.5-113




Objectives:
Test Under Mask

™
o |1 |2]3]4]5]e |7 |89 |1o|n[12|13]14|15|16|17|18|19|2o|
91

FXOS |si | Field FXB
Format Name /]
1. State of bits in FXB byte selected by mask in
immediate data field is used to set condition code. TM Condition Code:
2. Mask bit of 1 indicates corresponding FXB bit 0 - Selected bits and mask are all 0
is to be tested; mask bit of 0 indicates corresponding 1 - Selected bits are mixed 0 and 1
bit is to be ignored. 2 - (Not applicable)
3. FXB data and immediate data are gated to VFL 3 - Selected bits are all 1
Logic Unit over opposite buses (Sk or Sr).
Compare Logical
CLI
'
lo]1]2]3]a]|5]6]7 |8 ]9 |iohi|i2]i3]1aj1s|16]17]18] 19|20}
FXOS |si 95 | Field FXB
Format Name /]
1. Specified FXB byte is compared with immediate CLI Condition Code:
data field in VFL Logic Unit. 0 - Operands are equal
2. FXB data and immediate data are gated to VFL 1 - FXB data is low
Logic Unit over opposite buses (Sk or Sr). 2 - FXB data is high
3. Results of operation are indicated in 3 - (Not applicable)
condition code.
TM Data Flow
Storage  _31
Bus
Qut
8-15
e —
Immediate
FA FB FC FD
Data R
o orares 3l 3 0 31 0 31
Sk
Bus 1
Sr
Bus
0 7 0 l 7
VFL Logic Unit
CLI Data Flow_
Storage 31
Bus
Out
8-15
FXOS
Immediate FA B EC FD
o Data Reg a1 | 3] 0 31 0 31
Sk
Bus 1
Sr
Bus

VFL
Logical
Compare

DIAGRAM 5-114, TM AND CLI INSTRUCTIONS (SHEET 1 OF 2)
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Flow Chart

Decode
OP 91, 95

{
ISe

e Diagram 5-128

for possible block

FXB byte (data) und—:

IDR data (mask) are

ANDed together to I
determine which bits |
are tested for a 0 or '

1 condition I

pov e — — v —— — — — — o
w

Block I op conditions
Op _—
Condition
(E55)
No
1. Op Sel FXB D Sample speci-
NK135 | fied FXB for
2. Ton FXB Out- | full condition
gate | 2. Turn on out-
NK333 | gate for
3. Set IDR | selected FXB
NK | 3. Ingate mask
L byte to IDR
1. Ton S| EndOp 1. Defines fast
(N64) NK415 cycle of
2. Step Op instruction
NK339 2. Steps FXOS
3. Ton FXB SNB outring coun-
NK337 ter

. Turns off FXB
busy triggers
(E93-95, F93-

95)
NP343-353
V. Ton TM Tgr 1. Ton CLI Tgr
G65) (R67)
NK411 NK413
1. AND to VFL
Logic Unit
NK409
FXOS
Yes Set CC Bit
(F46-51)
No
1. Ton VFL Set
CC (M56)
NK 467
FXOS
Decode
FXB FC/FD
—_—————— e m -~
1. Outgate IDR T™IDR data are 1. Outgate IDR
to Sr Bus gated to opposite to Sk Bus
(N59) | bu {Sk or Sr) of (N58)
FXB data
NK507 L NK507
1. Sl in Process T [ 1. Gate data
NK405 straight
2. Set Byte CC I through VFL
Data Reg Logic Unit
(M59-60) I without HOD
NR421 I and LOD
transposition
| 2.5etCCreg
End OF I to Iproper
Operation’ value de-
pending upon
I results of
l operation

DIAGRAM 5-114. TM AND CLI INSTRUCTIONS (SHEET 2 OF 2)
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Data Flow

Flow Chart

DIAGRAM 5-115.

5-115

J

Immediate
Data Reg

0

Objectives:

Move
MVI

olil2lalalslelzlsale holithzlislialis

1611711811920l

FXOS

[
Format

92 | Field

7 A

T.
2.
48 through 55 and 56 through 63.

IDR data are moved to a specified SDB
IDR data are gated onto store bus positions

MVI INSTRUCTION

48]55 56

l
Store Bus

31|32 63

To Store Data Buffers

Condition
(E55)

1. Set IDR
NK165
2. Set SAR Name
Reg (F59,F60)
NR410

SDB
Available

NR411

[y
| See Diagram 5-128
| for possible block

! op conditions

1. Ton IDR Outgate |
to SDB (M&0)
NK461
2. Ton St End Op
(N&4)
NK337
3. Step Op
NK339

End of
Operation

fl . Outgates IDR to

| specified SDB
2. Indicates last

! cycle of in~

' struction

| 3. Initiates decode

l of next in-

' struction

MVI Condition Code:
Code remains unchanged



Objectives:

Test and Set

TS

lo|1|2|3]4]5]6|7 |89 [10]n1]12]13]14]15]16]17] 18] 19] 20]

N

O e

I

1. VFLEU 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 all 1s and places it back in storage .
2. Specified byte is gated from FXB to VFL Logic Unit where bit 0 of
byte is tested for a 0 or 1 condition. Condition code is set accordingly .

TS Condition Code:

0 - Bit O of specified byte is zero
1 - Bit 1 of specified byte is one
2 - (Not applicable)
3 - (Not applicable)

31

Data Flow

Storage  0-31

Bus Out

FA FB FC L
0 31 0 31 31
Sk Bus ] | SEREE T | D U |
Sr Bus

0 7 0 [ 7

VFL Logic Unit

Flow Chart

Decode
Op 93
Block\é_

See Diagram 5-128
for possible block
conditions

Op Condition
(E55)

1. Op Sel FXB
NK135
2. Ton FXB Out-
gate NK333

Sample specified
FXB for full
condition and turn
on byte outgate
for selected FXB

1. Ton S| End Op
NK409

2. Ton FXB SNB
NK337
3. Set FXB/FLB
Name Reg
(F56-58)
NK501-503
4. Ton Test and
Set Tgr (564)
NK411
. Step Op NK339

w

DIAGRAM 5-116. TS INSTRUCTION

. Defines last cycle
of instruction

. Turns off FXB
busy triggers
(E93-95, F93-95)
NK343-353

. Sets FXB sel-
ection into FXB/
FLB name reg

. Turns on test and
set trigger

. Initiates decode
of next instruction

FXOS
Set CC Bit
(F46-51)

1. Ton VFL Set
CC (M56) No

NK467

1. Gate Sk to VFL
Logic Unit

NK409

FXB FA/FB data
gated on Sk bus;

FC/FD data gated
on Sr bus ‘

1. Gate Sr to VFL
Logic Unit

NK409

1. SI In Process
NK405
2. Set Byte CC Data
Reg (M59-60)
NR421

End of
Operation

Gate data straight
through VFL Logic
Unit without HOD
and LOD trans-
position, and set
CC reg to proper
value depending

upon results of
tperaﬁon

5-116



Obijective:

Sef System Mask
SSM

|Oll l2|3 I4 ‘5 |6 |7 iBl‘? llollll12I13|14‘15‘16!17'18'19]20'

FXOS |S} 80 fi:/j:;;;;7/ //// FXB //;éé
Format! ] Name

1. Byte in specified FXB replaces system SSM Condition Code:
mask bits in current PSW. X y

Cod h d
2. FXB byte is sent to |-Box via byte bus. ode remains unchange
3. FX complete signal is sent to 1-Box
causing current PSW to ingate new mask byte.

Data Flow
FA F8 " N
0 31 0 31 0 31 0 31
Sk
Bus
I Box
Byte «g— OR Sr
Bus Bus
Flow Chart
‘Decode Op 80 ’
I
| See Diagram 5-128
| for possible block
| op conditions
Yes Block ~Ng — — ——
Op Condition
(E55)
NK273
T T Sampl ifi
| oS ple specified
P :IIKF])(;S I FXB for full con-
2, Ton FXB Out- : g;?:zs;;if:’rfn "
or
gate NK333 L_selected FXB
' TurnonEX
’ -
1. Ton FX ! cre trigger an
Ton 1 plete trigger and
r:b;ng er\t&Tgr ' send FX complete
(N65) NK419 | signal to 1-Box
|
FX
Complete
Tgr On
FXOS
Decode A
FX8 FC/FD
e —_—
Gate Sk Byte I FXB FA/FB Gate Sr Byte
o 1B I contains Sk byte; to | -Box
NK 409 I Fxs FC/FD Nk4o9
I contains Sr byte
Decode
Execute

1. Ton S End Op ;I . Defines last cycle
(N64) NK409 of operation
2. Ton FXB SNB IZ. Turns off FXB
NK337 [ busy friggers
3. Step Op | (E93-95,F93-95)
NK339 | NK343-353

3. Initiates decode

i of next instruction

End of
Operation

DIAGRAM 5-117. SSM INSTRUCTION

5-117



Form Y22-6674-1
FES Y22-6730

Objectives:

Read Direct
RDD

|0 II |2 |3 l4 |5 lé |7 IS |9 llOlHl12|l3|l4|15|16|l7|18119|20|
85

FXOS |SI | Field SAR
Format Nam:

1. IDR data are made available as signal-out

timing signals; direct-in data are placed in IDR RDD Condition Code:

for subsequent transfer to specified SDB. Code remains unchanged
2. IDR data are gated to singleshots and

direct-in data are set into IDR via result bus

after singleshofs are activated.

3. Direct=in data are transferred from IDR

to specified SDB.

Data Flow
Read
0-7
Direct Cycle 2
Bus
Immediate
Dato Reg
Cycle 2
Cycle 1
=
' PSCE |
| I |
48|55 56|63
I
Store Bus
0 31 | 32 63
To Store Data Buffers
Flow Chart
Decode,
Op 85
——
! See Diagram 5-128
for possible block

op conditions

Block
Op Condition
(E55)

IDR
to SS Tgr On
(N61)

1. Set IDR NK165

2. Ton IDR to SS
Tgr (N61)

NK461

. Ton RDD Sample
(N66) NK417
4., Set SAR Name
Reg (F59-60)
NR410

Set data into IDR,
gate IDR data to
single shots, turn
on RDD sample
trigger, and set
SAR name register
to specified SDB

RDD
Sample Tgr
On

w

SDB
Available

Samg: Tor 1. Turn on FXA IF 1. Ton FX Complete 1. Set IDR from : Gate RDD data
complete trigger [ Tgr (N65)NK419 Result Bus | from result bus
and send to I 2. Ton IDR Og NK407 | into IDR and

- I-Box (Diag. 5-20) to SDB (N60) 2. Tof RDD | turnoff RDD
{ 2. Gates IDR data | NK461 Sample Tor | sample trigger
Transfer IDR data I 1. Set RD Out to selected SDB 1 3. Ton S| End Op NK407 1

to signal-out | SS 3. Defines last cycle | (Né4) NK415

singleshots 1 of instruction 1 4. Step Op NK339
4 NK407 4. Initiates cycle |
1 of next ]
Decode _ instruction \

Execute

r——

Gate RDD data to | 1. RDD Data to L Tof IDR

IDR via result bus | Result Bus NK407 SCSD e ([\‘1)6])

and generate result | 2. Gen Res Parity

bus parity | NK409 NK461
J

RD/WR

A »le
SS On Tgr On R 1 >
NK417 End of
Operation

DIAGRAM 5-118. RDD INSTRUCTION

(6/68) 5-113



Data Flow

FXOS |SI 84

Format

Obijectives:

Write Direct
WRD

|o| ! | 2|3| 4|5| 6| 7|8]9|lo|n|12]13|14|15|16|17|18|19|20|

| Field

e )

1. A byte in the specified FXB is made
available as a set of direct -out static signals
and IDR data are made available as
signal-out timing signals.

2. When instruction is decoded, IDR data
are gated to singleshots.

3. After activation of singleshots, FXB data
are gated to write direct register.

WRD Condition Code:

Code remains unchanged

Immediate
Data Reg
0

Z

FA

31 0

FB FC
31 0

31 0

FD

31

Sk Bus

[E——

Sr Bus

7\/0

VFL Logic Unit
0 7

Digit Shifter
0 7

Write Direct
Reg

L

- n

| psce

| I—

Flow Chart

See Diagram 5-128
for possible block
op conditions

Op Condition

1. Op Sel FXB
NK135
2. Ton FXB Out-
gate  NK333
3. Set IDR
NK 165
4. Set FXB/FLB
Name Reg
(F56-58)
NK501-503

1. Sample speci-
fied FXB for
full condition

2. Turn on byte
outgate for
selected FXB

3. Set data into
IDR

4. Set address
of specialized
FXB into FXB/
FLB name reg

1. Ton IDR to Gate IDR data
SS Tgr (N&1) to single shots
NK461

RDD
Sample Tgr
On

1. Set WR Out
NK 407

DIAGRAM 5-119. WRD INSTRUCTION

Defines write 1. Ton WRD
direct execution Tgr (566)
i NK419

1. Gate Sk Bus 1. Gate Sr Bus
to VFL Logic gated to Sk bus; Ij‘ .VFL Logic
Unit FC/FD data nik
NK 409 gated to Sr bus NK409
i 1. Set Direct
|
1. Defines last 1 T &l B il
cycle of e Nad
instruction p (N64) NR165

2. Turn off FXB

busy triggers
(E93-95,
F93-95)
NK 343-353
3. Initiate de-
code of next
instruction

\NK415
2. Ton FXB SNB

NK337
3. Step Op

NK339

End of
Operation

Set FXB data
into write direct
register

5-119



e v 10

Simplified Flow

Obijectives:

AND, OR, Exclusive OR, Move Numerics, Move Zones
NC, OC, XC, MVN, MVZ

|0l]“2|3)4'5!6‘7‘8'9IIO‘H‘12'13']4'15‘]61]7'18‘]9|20|

. Request First Sink

and Source Operands

. Initialize Ingate

Counter

. Prepare to Outgate

First Sink and
Source Bytes

. Determine Ending

Byte Address

=
== =a.~ =l
‘ \ |
|
| No Opnds |
Avail for
Execution |
l Yes |
T (s _

1. Process Sink and
Source Bytes

2. Ingate Processed
Byte into Sink
Buffer

3. Outgate Next Sink
and Source Bytes

|
|
I
|

ot i W e Y |

Source
Operand
Used

1. Request
Next
Source
Operand

Operand
Used

1. Store Processed
Sink Operand

2. Request Next
Sink Operand

7 . SAR
lssl D4, Dé,D7,D1,D3 //// FLB Source | P 1 o l S l E l FLB Sink Skirs |
Decode and 1. Sink and source doublewords are gated from FLBs to FXBs FA/FB and
Start FC/FD, respectively.
Sheet 3 2. Sink and source bytes are gated to the VFL logic unit and are processed
as follows:
AND (NC) - Logical product is obtained between the sink and source bytes.
OR (OC) - Logical sum is obtained between the sink and source bytes.
Exclusive OR (XC) = Module=two sum is obtained between the sink and
source bytes.
Move Numerics (MVN) = LOD of source byte is placed in LOD position of sink byte.
Move Zones (MVZ) = HOD of source byte is placed in HOD of sink byte.
3. Resultant bytes are placed in specified positions of sink FXB (FA/FB). When
FA/FB are filled with processed bytes, FA/FB data are stored in a specified SDB.
Data
Available
Sheet 4
Execute
Sheet 5
Source
Request
Sheet 6

Sink
Request
Sheet 7

End of

Instruction

2. Set Condition

3. Reset Execution

1. Store Last Sink
Operand

Code

Controls

End of
Operation

End of

Operation
Sheet 8

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 1 OF 8)
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MVN and MVZ Data Flow

els

16123 24]31 0 7 8 |15{16(23 24| 31

BA Al
A-B FA FB E_E FC FD
Cir 0 31 0 31 Ctr 31 0 31
T 0 7 8 15|16 23 24 31 0 7 8 15|16 23 24 31 0 8 1516 23 24 31 0 7 8 1516 23 24 31
7V0
VFL Logic
Unit
HOD 0 3 4 7 LOD
Digit Shifter
0 3 4 7
1-Box —l
L2
+
<y
0 Vo 3
EBA Adder
0 3
EBA
OReg 3
31 32 63
T
Store Bus
0 3]1 32 63
EBA Compare 63
SDBs
NC, OC and XC Data Flow
3263
FL8B
0-31
[ 7 8 |15{16]23 24|31 0 7 8 [15|16]23 24| 31
BAR FA FB B FC FD
Ctr 0 31 0 31 Ctr 0 31 31
0 7 8 151623 24 31 0 7 8 15]16 23 24 31 0 7 8 15 1623 24 31 0 7 815 1623&3]_
0 7\ 7
VFL Logic Unit
0 Z
Digit Shifter
4] 7
1=-Box

EBA Ad:

der

EBA
Reg
0
31 32 63
1
Store Bus

31,32 63

EBA Compare 63
SDBs

DIAGRAM 5-120. NC,OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 2 OF 8)
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Decode and Start

Decode Op D1,
D3,D4,D6, D7

Check for
start bit

Check for
overlap bit

Turns on byte out-
ate triggers for
FXBs FA/FB (sink)
and FC/FD

Indicates this is
last op of current
instruction

1. Ton Olap
Tgr (K67)
NR305
Check for
condition
code bit
Yes FXOS
Bny
1. Ton VFL
Set CC e
Tgr (M56)
NK467
T q o
1. Defines execution cycle of VFL ops that require more
than one cycle
1. Ton VFL In Process (E53) NK373 2. Defines cycle between decode and first execute cycle
2. Ton VFL Start (K62) NR322 3. Indicates which instruction is being executed
3. Ton Instruction Tgr (P63-67) NR382-383 4. Requests first sink word from selected FLB
4. Req Sk Word NR401 5. Turns on BAB outgate control triggers
5. Ton BAB Og (L34-36 through R34-36) NR021-026 6. Ingates length field from 1-Box
6. SSInsn Cycle 1 VFL NR422 J7. Sets FXOS bits 19 and 20 into SAR name reg
7. Set SAR Name Reg (F59-60) NR410 8. Interlocks |-Box and current instruction. Prohibits
8. VFLEU Acpt L-Field NR422 |-Box from issuing another multi-op instruction
until current one is finished
1. Req Sr Word NR38? 1. Requests first source word from selected FLB
2. Ton BAB Og (L34-36 through 2. Turns on BAB outgate control triggers
R34-36) NR021-026 ' - =
3. Ingate BAB data into BAR A-B (sink)
3. Ton Ig BAR A-B NR390 4. Decrement FXB counter in |-Box
4. FXA Step FXB Busy Ctr NR388
1. Ton Ig Bar C-D NR390
2. Ton Set EBAR NR320
3. Step FXOS NR389 1. Ingate BAB data into BAR C-D (source)
4. Ton Set Ig Ctr NR390 2. Set location of last sink byte into ending byte address
5. Ton Set Og Tgr (K64) NR388 register
3. Outgate next op from FXOS
4. Set sink starting byte address into ingate counter
5. Defines cycle that first sink and/or source outgate
triggers are turned on
1. Ton FA/FB Og
Tgr NR366-367
2. Ton FC/FD Og
Tgr NR368-369
Check for
end bit
Yes FXOS
Bit 15
No
1. Ton Last Op
Tgr (N62)
NR424

DIAGRAM 5-120.

5-120 (3 of 8)

)

Sheet 4

NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 3 OF 8)




Data Available Sheets 3 and 8

VFL

No Yes
Start
(K62)
No “Fa/B
lg FLBB
|
1. Tof Sk WAT A
(N48) FC/FD
NR201 Ig FLBB
FC/FD
Data Avail
(P46)
Yes
FC/FD FA/FB
Ig FLBB Data Avail
No
1. Tof Sr WAT
(NS53)
NR284
1. Tof VFL Start Tgr
(K62) NR322
2. Ton Start Execute
Tgr (K63) NR326
FA/FB
Data Avail
(N46) ‘Q Yes Last Op
(N62)
fc/FD s
Data Avail
(¢ 46)
No
R . 1. Ton Sk Req 1. Indicates sink
Tgr (N49) request will be
NR323 made when FXOS
2. Ton Sk WAT goes empty
Tgr (N48) 2. Indicates that there
NR201 is one more sink byte
to be processed
“ P
| 1. Ton Sr ReqTgr . Indicates source
| (N54) NR301 request will be
! 2. Ton Sr WAT made when FXOS
i Tgr (N53) goes empty
NR284 2. Indicates that there
is one more source
byte to be processed

Sheet 5

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 4 OF 8)
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Execute
Sheet 4

Op
Decode D1

No
Gate HOD of sink 1. SS'S Sk
byte and LOD of it
source byte to « Gate Sr
digit shifter LOD NR345
Op
e Decode D3
No
1. Gate Sr
Gate HOD of by
source byte and 2. Gate Sk
LOD of sink byte iy
to digit shifter

1. Gate HOD to HOD ate data throug
NR342 digit shifter without

2. Gate LOD to LOD HOD and LOD trans-
NR342 position, and gen-

3. Gen Res Parity erate result bus
NR343 parity

Non
Zero Res
Byte

No

1. VFLReslgFA/FB Ingate result bus
NR282 into FA/FB and

2. StepOg-Ig Ctrs step outgate and
NR284 ingate counters

)

Sheet 6

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 5 OF 8)
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Sink Request

Sheet 5

No

Req

(N49)

1. Ton Sk WAT
(N48) NR201

2. Ton Sk Req

(N49) NR323

rand Sk
Byte Address
Equal

equest new sink 1. Req Sk Word
ord from specified NR286
LB and turn off 2. Tof Sk Req

ink request (N49) NR323

DIAGRAM 5-120.

1. Ton VFL Og
to SDB
NR426

1. Ton Store
Tgr (M65)
NR325

(P46)

1. Tof FC/FD
Data Avail

NR321

&

Sheet 7

NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET é OF 8)

Indicates FA/FB
should be stored
as soon as speci=
fied SDB become:
available

5-120 (6 of 8)



Source Request Sheet 6

. Ton Sr WAT

1. Ton Sr Req
(N54)
NR301

No

equest new sou
word from specified
FLB, turn on source
used trigger, and turn
off source request
trigger

1. Tof FA/FB 1. Req Sr Word NR286
Data Avail
(P46) 2. Ton Sr Used
NR321 (N55) NR324
3. Tof Sr Req
(N54) NR301

A:
Sheet 8

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 7 OF 8)
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End of Operation

Sheet 7

Sr Used
(N55)

1. Step FXOS
NR284
2. Tof Sr Used
(N55)  NR324
3. Tof Sk Used
(N50)

NR324

FXOS
Bit 15

Yes

1, Ton Last Op
(N62)
NR424

1. Ton End Tgr
(N63)

NR363

Yes Ak No

1. Set SAR Name
Reg (F59-60)
NR410
2. Ton Sk Used
Tgr (N50)

1. Ton VFL End Tgr
(N63)  NR363

2. Tof VFC In
Process (E53)

NR324
|

NK339
l

1. NOXC Set
ccl
NR285

1. NOXC Set
CC Valid
NR285

DIAGRAM 5-120. NC, OC, XC, MVN, AND MVZ INSTRUCTIONS (SHEET 8 OF 8)

y

End of
Operation

1. Ton VFL Og to
SDB NR426

2. Tof Store Tgr
(M65)  NR325

I

&)

Sheet 4
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Objectives:

Compare Logical
CLC

o1 |2]3]4]s|e|7]|8]9|w0]n]iz]13]14]15]16]17]18|19]20]

[ﬁl D5 % FLB SourcerP ] O] S I E I FLB Sink m

1. Binary comparison is made between CLC Condition Code:
sink and source bytes. ‘0 - Operands are equal
2. Sink and source words are gated 1 - Sink operand is low
from FLBs to FXBs, FA/FB and 2 - Sink operand is high
FC/FD, respectively. 3 - (Not applicable)

3. Bytes are gated to VFL comparison
unit where bits are binarily compared.
4. Results of comparison are used to
set condition code.

Data Flow 5. An unequal compare terminates
instruction.
FLBB Angs
0-31
BAR BAR
A-B FA FB C-D FC FD
Ctr 0 31 0 31 Ctr 0 31 0 31
0 7 8 15 16 23 24 31 0 7 8 15 16 23 24 31 0 7 8 15 16 23 24 31 0 7 8 1516 23 24 31
VFL
Logical
Compare
| =-Box \‘
L2
Ctr
V
EBA Adder
EBA
Reg
EBA
Compare
Simplified Flow Chart
Decode and * o
Start |
Sheet 2 i
—— |
: Request
| Sheet 6

1. Req First Sk and Sr Opnds
2. Initiate Ingate Counter N i
Next
3. Prepare to Og First Sk and ° Oexmilt?k
Sr Bytes >

B s s x e ey
|
|
|
|

[
l
|
. Request |
|

4. Determine EBA

B ‘ D N e |
R Tt e e A —| \ |  Request

l l
% | ! I | I Sheet 7
ance (|
Sheet 3 : | | I . Request [
| | | Mode I Next |
| 1. Req Unused Sink and | I f)o;:::nd l
Source Operands
I 2. Free-up Busy FLBs No | |_ T T e _—J
’ 3. Reset Execution Controls |
e T
_J r_ | 1 End of
[ | : Operation
| | Sheet 8
O —
| |
| I
| 1. Sef Condition l
Code l
l 2. Reset
I Execution Ctl I
|
| Execute
Sink and | Sheet 5
Source ll
Bytes

1. Terminate Execution of . Outgate

Instruction Next Sink
I 2. Enter Cancel Mode and Source
3. Set Condition Code Bytes

DIAGRAM 5-121.  CLC INSTRUCTION (SHEET 1 OF 8)

5-121 (1 of 8)



Decode and Start

—
I Check for
L startbit |
—
| Check for
| condition
_ _L_code bit
1. Ton VFL
Set CC No
Tgr (M56)
NK467
L
|1. Defines execution cycle of VFL ops that re-
| quire more than one cycle
1. Ton VFL In Process (E53) NK373 2. Defines cycle between decode and first
2. Ton VFL Start (K62) NR322 I execute cycle
3. Ton CLC Tgr (Q64) NR381 13. Indicates CLC instruction is being executed
4. Req Sk Word NR401 4. Requests first sink word from selected FLB
5. Ton BAB Og (L34-36 , I5. Turns on BAB outgate control triggers
through R34-36) NR021-026 }6 Ingates length field from I-Box
6. SS Insn Cycle 1VFL NR422 7. Sets FXOS bits 19 and 20 into SAR name reg
7. Set SAR Name Reg (F59-60) NR410 |8. Interlocks |-Box and current instruction,
8. VFLEU Acpt L-Field NR422 | Prohibits |-Box from issuing another
multi-op instruction until current one is
| finished
No
1
1. Req Sr Word NR389

2. Ton BAB Og (L34-36

h. Requests first source word from selected FLB
|2. Turns on BAB outgate control triggers

Indicates this
is last op of
current insn

through R34-36) NR021-026 |3 Ingate BAB data info BAR A-B (sink)
3. Ton Ig BAR A-B NR390 4. Decrement FXB counter in |-Box
4. FXA Step FXB Busy Ctr NR388 |
|
"]V Ingate BAB data into BAR C-D (source)
1. Ton Ig BAR C-D NR390 |2. Set location of last sink byte into ending byte
2. Ton Set EBAR NR390 address register
3. Step FXOS NR389 |3. Outgate next op from FXOS
4. Ton Set |g Ctr NR390 |4. Set sink starting byte address into ingate
5. Ton Set Og Tgr (K64) NR388 | counter
5. Defines cycle that first sink and/or source
I outgate triggers are turned on
Yes o~ FXOS
Bit 15 T ]
| Check for
1. Ton Last Op No | end bit
Tgr (N62) !
NR424

&)

Sheet 4

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 2 OF 8)
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Cancel

Sheets 2 and 8

Yes

No

Yes Kk »

Cancel

1. Tof Cancel
Tgr (S42)
NR304

End Cancel

1. Req Sk
Word
NR286

DIAGRAM 5-121, CLC INSTRUCTION (SHEET 3 OF 8)

5-121 (3 of 8)

Sheet 4

1. Step FXOS
NR284
2. Tof Sr Used (N55)
NR324
3. Tof Sk Used (N50)
NR324
Sr
Yes Used
(N55)
No
N End
2 Op Sk
Only
1. Req Sr ves
Word
NR286




Data Available

Sheet 3

No FL Start

1. Tof Sk WAT
(N48)
NR201
Yes FC/FD
lg FLBB
No
1. Tof Sr WAT
(N53)
NR284

Data Avail
(N46)

Yes

W

1. Tof VFL Start Tgr
(K62) NR322

2. Ton Start Execute
Tgr (Ké3) NR326

1. Ton Sk Reg Tgr

(N49)

(N48)

NR323

2. Ton Sk WAT Tgr

NR20 ]}

FC/FD Yes

Og Ctr=7

=== ===

. Indicates sink request

will be made when
FXOS goes empty

. Indicates that there

is one more sink byte
to be processed

1. Ton Sr Req Tgr

(N54)

NR301

2. Ton Sr WAT Tgr

(N53)

NR284

O

Sheet 5

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 4 OF 8)

o i e o s s e
N

———

. Indicates source re-

quest will be made
when FXOS goes empty|

. Indicates that there

is one more source
byte to be processed

5-121 (4 of 8)



Execute

Sheet 4

Og Tgr On
(Ké4)

1. Ton FA/FB Og
Tgr NR366-367
2, Ton FC/FD Og
Tgr NR368-369

——— ——

Turns on byte
outgate triggers for
| FXBs FA/FB (sink)
fand FC/FD (source)

1. Step Og-lg
Ctrs
NR284

e e
IStep outgate
lcounter to next
Ibyte position

1. NOXC Set
cCc2
NR285

No
1. NOXC Set
cCl1
NR285

Indicates CLC instruction 1. Ton Term Tgr (M66)
wos terminated rather NR432
than completed (sk # sr) 2. Tof FA/FB Data
and data available Avail (N46) NR305
triggers for sink and 3. Tof FC/FD Data
source buffers are turned Avail (P46) NR321
off

(N63)

1. Ton End Tgr

2. Ton Complete
Tgr (Mé67)

3. Indicates lost byte
has been processed

! 2. Indicates CLC

j instruction has been

| completed

NR363

NR424

DIAGRAM 5-121.

5-121 (5 of 8)

CLC INSTRUCTION (SHEET 5 OF 8)

&

Sheet 6
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Sink Request

Sheet 5

End Tgr On Y

(N63)

Last Op

(N&2)

1. Ton Sk WAT
(N48)
NR201
2, Ton Sk Req

Sk and Sr
Byte Address
Equal

Yes No

Yes

I 1. Indicates that there
| is one more sink byte
to be processed
12, Indicates that
| request for new sink
word should be made
| when FXOS goes not empty

FXOS Full
(D46-51)

1. Req Sk Word

2, Ton Sk Used Tgr
{N50) NR324

3. Tof Sk Req Tgr
(N49) NR323

1. Ton FC/FD
Data Avail
(P46)

NR321

available for
processing

Indicates that FXB
FA/FB data is

. Request new sink word

. Indicates that sink
word has been used
for processing

. Turns off sink request

N —

A:
Sheet 7

DIAGRAM 5-121, CLC INSTRUCTION (SHEET é OF 8)




Source Request Sheet 6

Yes Sr Reg No
(N54)

Yes Sr Used
(N55)
No
-
Indicates there | |1. Ton Sr WAT
is one more byte| (N48)
to be processed : NR284
Indicates thata 1 |1. Ton Sr Req
request with : (N54)
FC/FD sink address
should be made | NR301
when FXOS goes !
empty ||
Yes Sk WAT
YA'S)
1. Tof FA/FB N
Data Avail o
(N46)
NR305
Y No Sk and Sr
Byte Address
Equal
Yes
1. Req Sr Word B {]. Request new source
NR286 i word
2. Ton Sr Used Tgr 12. Indicates that
(N55) NR324 I source word has been
3. Tof Sr Req Tgr 1 used for processing
(N54) NR301 13. Turn off source
: request trigger

A:
Sheet 8
DIAGRAM 5-121. CLC INSTRUCTION (SHEET 7 OF 8)
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End of Operation Sheet 7

T. Step FXOS fo next ¥ [1. Step FXOS
sequential position | NR284

2. Turn off source used} 2. Tof Sr Used (N55)
trigger | NR324

3. Turn off sink used | 3. Tof Sk Used (N50)
trigger | NR324

e~ -
FXOS end

bit on

I—|

T

:lndica’res that last op
Iof current instruction
IImzs been processed

No

Term Tgr Yes

On (Mé6)
|f on indicates that : T Tome o Terminate
1. NOXC instruction has been | No ' . triager
Valid CC terminated | [2 Ingigcafes that
NR285 1. Tof Term Tgr : d
| NR432 | unused operands
2. Ton VFL C | | (fetched by I-box)
: Ton anc\leR304 | must be cancelled
3 Tgr End Tgr (N63) 3. Indicates that last
- lon tnd lgr <NR363 | byte has been
| processed
4. Ton Last Op I(\l’;igl |4. Indicates that last
op of current
5. CLC Term tolll-Ri?;; : instruction has
been processed
I5. Indicates to I-box
| that CLC instruction
| has been terminated
Indicates that : 1. Tof VFL In Complete
VFL op(-;mh;n | Process Tgr Tgr On
is completed (M67)
73 -
! NK3 1. CLC Com- {Indicates that
No plete to CLC instruction|
Erd of I-box has been com-
NR424 | |pleted
A
Sheet 2

DIAGRAM 5-121. CLC INSTRUCTION (SHEET 8 OF 8}
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Objectives:

Move Character

Set Up Circuits
and Request Data

]

Process Bytes One at
a Time from FXBs

C-D through the
VFLEU to FXBs A-B

Turn On Store
"Remembering" Trigger

MvC
IOI 1 |2 l3 |4|5|6|7‘8 I 9|IO'I]!IZII3’|4!]5|I6[I7 ISI I9|20l
s D2 /] FiB S s | g | Starting | SAR
A Name © Byte Adr | Name
1. Specified FLB is gated to FA/FB and FC/FD during parallel operation
(P bit = 1) or FC/FD only during 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 all byte positions of FA/FB are filled, FA/FB data is gated
Data Flow to specified SDB.
32-63
FLBB
0-31 I
| T
Note 1 )l( Note 1 )I(
I I I T I I | I 1 1
Bar
A-B FA F8 FC FD
0 1
sc Ctr 3 0 31 0 31 0 31
13“5 I il I I [ I ! B
VFL Logic
I-Box Unit
0-3 I I 4-7
I&2fr Digit
Shifter
o3 I I 4-7
EBA
Adder T
Store Bus
| 0 3, 3 5]
EBA l
Reg
SDBs
EBA
Compare
Notes:
1. Parallel processing only
Sheet Layout
I | I
— - O~ ==
(S)I;eceo;z and Start Neeif :seuso-Op ‘ Sheet 4 Sheet 5 Sheet &
Start Serial Source Serial . ' Serial Sink Store |
Sheets ‘ Request Processing
3, 6and | |
8
l Decode MVC D2 l ] I Sink
No n Yes
Store Operation
Data
| Available l Needed
No
I SDB
No Request Source Available in
Yes ] MSCE

Sheet 3 Parallel

Data Transmission

Is
Parallel
Data Transfer
Possible

No

Store Doubleword
and Request Next
Doubleword

End of
Instruction

Reset VFL Circuits J
End of Parallel Op

Available

Data

Return to
Decode the
Next Pseudo-Op |

Sheet 2 I

|
Data from FLBB '
|
|
I

Store a Doubleword
from FXBs A-B

Partial
Transfer of
Data During First
Op of Paralliel
Insn

D f— —— — ——— — D —_——
j
I
I Shift to Parallel
Data Transfer
| _______________ —l I Return to
Sheet 8 Decode the
Serial Ending Sequence Return to I Next
Decode the I Pseudo-Op

I
I
I
|

No Sink

Used

Laost
Pseudo-Op of
Instruction

Ending

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 1 OF 8)

5-122 (1 of 8)  (3/68)

)
<

Byte
Address

and Source Data

Next Pseudo-Op

Sheet 2

Store the Last
Sink Doubleword

| Reset VFL Circuits

End of Operation

-

Sheet 2

I—Sheef 7

| Serial Overlap
Mode

Data
Overlap
Possible

No

On or Off to

the FXBs

Tum Overlap Tags

Regulate Overlapped
Byte Positions in

|
I
I
|
|
I
|
I
L

D

T

I
|
I
I
|
I
I
!
I
I

]



Decode and Start.

Indicates that a VFL op, longer than
one cycle, is being executed

( Start >

Return to Decode
the New Pseudo-Op
After Step Op

l

c Sheets
3, 6and 8

LDecode MVC (D2) J

Block operation
conditions are

Yes Ack

2. Defines cycles between decode and on Diagram 5-128
first execute cycle (data avail) Op Condition
3. Indicates that MVC is in process (ES5) .
4. Starting byte address is set into BAR A-B After the first psevdo—op
(sink byte address).
5. First source word is requested Yes FXOS No
6. Byte address is transferred from BAB Bit 14 o
to respective BAR The first pseudo-op only (Start)
7. Length field is ingated
8. FXOS bits 19 and 20 are ingated into
SAR name register Yes Cyclel No
9. Allows I-box to decode another MOP [ Tgr (D53)
instruction |
b Hardware Error. Cycle 1 Should |
10. Byte add Y |
yte resses are counted left to right. be On for this Instruction
No FXOS Bit 13 Yes
} (Overlap) ’
1. Ton VFL In-Process Tgr (E53) NK373 Sink and . Sink and source |
2. Ton VFL Start Tar (K62) NR322 Pieid 4 et cvsrlins ] (T,‘(’Z: il o~ PO fields may overlap }
i. ;’on &Xigré&%)s) s NR382 during this instruction |
. Set |
5. Ton Req Sr Wd Tgr NR401 ' 1
6. Ton BAB Og Tgrs (L34-36 |
through R34-36) NR021-026 |
7. SS Insn Cycle 1 VFL NR422 |
8. Set SAR Name Reg (F59, 60) NR410 ‘
9. VFLEU Acpt L-Field NR422
10. Set Plus Scan Ingate NR203 |
and Outgate Counters NR206 |
|
Cycle Boundary |
No Ade Yes |
2 Tgr On |
(054) T
Hardware Error. | 1
Cycle 2 Should % FXOS Yes 1. Indicates last op of |
Follow Cycle 1 Check for end bit | Bit 15 instruction is being
us 1
|
No 1. Ton Last Op Tgr ‘
(N62) NR424
Byte addresses must be |
equal and length of |
data field must be |
T greater than 7 to permit |
it !
1. Decrement FXB counter in I-box sl pardie/ldaiajtronsfec
2. Set sink starting byte address into
ingate counter
3. Ingate BAB data into BAR C-D (source) Yes
4. Outgate next op from FXOS I
5. Set location of last sink byte into ending I ” I 1
byte address register Para eliorercmon 1. Ton P Tgr (K66) " ;
6. Defines cycle that first sink and/or source not possible NR387 i tglr r:malr: ofn h |
outgate triggers are turned on Au'm i Mhely e |
7. Allow outgating of single source bytes znst-ruchon i
indicate that parallel
r transfer is possible
1. FXA Step FXB Busy Ctr NR388
2. Ton Set Ig Ctr Tgr NR390
3. Ton Ig BAR C-D Tgr NR390
4. Step FXOS NR389
5. Ton Set EBAR Tgr NR390
6. Ton Set Og Tgr (K64) NR388
7. Ton FC/FD Og Tgr NR368
Cycle Boundary '
Yy —
No VFL Yes
Start Tgr
(K62) ]
Hardware Error VFL Force Ingate FA/FB Put FLBB (source) data in A-B and C-D in
Start.was Turned On NR305 case of parallel operation
in Cycle 1 [
Cycle Bound
ycle Boundary |t

An undetermined number
of cycles may occur
while waiting for data
from FLBB

No /C
|

ngate
FLBB

This is the first and last

pseudo-operation of
this instruction Yes Last No
Op Tgr
(N63)

Source data has arrived.
Begin processing .

1. Tof VFL Start (K62) NR322
2. Ton Start Execute (K63) NR326
3. Ton A-B, C-D DA Tgr (N-P4¢) NR202

NR321

Cycle Boundary

Source data from

storage has arrived in
A-B and C-D via the
FLBB

Prevent step of ingate |
ctr during parallel
operation

Ton Block One Trigger
(K65) NR203
NR303

. !

Ingate
Counter =

Sink byte address is
last position of a
doubleword [

Ton Sink Wraparound
Tgr (Sk WAT) (N48)
NR201

]

No FC/FD Yes

Outgate Ctr =
7 |

1. Ton Sr Req Tgr Source byte addr is

(N54) NR301 last position of a
2. Ton Sr WAT doubleword. Request
(N53) NR284 more source data

]

Sheet 3

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 2 OF 8)

(3/68) 5-122 (2 of 8)



Parallel Data Transmission

Cycle Boundary

Sink and source byte
addresses must be
equal and length > 7

Sheet 2

Start
Execute

(K63)

No

]

Tof Start Execute
(End of Cycle) (K63)
NR326

MVC No

First pseudo=-op only

P Tgr
(K66)

Parallel operation
not possible

Transter partial double-
word in serial mode at
the beginning of parallel
operation

Data field is on

a doubleword
boundary. Transfer
a full doubleword

Wait for data from
storage via FLBB

Data field ends on
doubleword boundary .
Transfer a full
doubleword

Ending
Byte Addr
Reg=7

MVC P
Tgr (K66)

s s

Error.
This Path for
Parallel Operation Only

p————

Last doubleword
of parallel op

will not transfer
all eight bytes.
Use serial mode

N Y
e C-D Ingate =
FLBB
No Cc-D All eight bytes of
Data Avail the doubleword
(P46) will be stored
1. Tof Sr WAT (N53) NR284
2. Ton All Mark Bits NR207
Yes 3. FA/FB Ingate FLBB ) NR203 FXBs A-B and C-D
4. Ton FC/FD Data Avail (P46) NR321 are both ingated
5. Tof Sr Used Tgr (N55) NR324 from the FLBs for
parallel operation
Cycle Boundary
2. Seenote 1
SDB in MSCE must
be ready to accept No SDB
the doubleword to Available
be stored N
Yes
1. Ton VFL QOutgate to SDB
Gate FA/FB to the SDB NR207
to be stored 2. Tof C-D Data Avail (P46)
NR321
Last Op No
Tgr (N62) 1. SAR name
identifies the SDB
to be used
1. Set SAR Name (F59-60)
NR410
P 1. Ton End Tgr (N63) 2. Step FXOS
Last data byte has NR363 NR202 2. Step FXOvS fesets
been processed 2. Tof VFL in Process (E53) the full bit in the
NK373 present FXOS

End of Parallel
Operation

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 3 OF 8)

5-122 (30of 8) (3/68)

' Serial data transfer

C-D Ingate
FLBB

Wait for data

from storage via FLBB

c-D
Data Available
(P46)

1. Tof Sr WAT (N53)
2. Tof Olap Tags
3. Ton MVCS Tgr (162)
4. Ton C-D Data Available

NRO87
NR201
NR321

FXOS
Full Bit
(D46-51)

position

Cycle Boundary

Wait for next
op stack position

1. Request Sr Word

2. Ton Sr Used Tgr (N55)

NR286

1. Use new FLB

name for source
request

NR324

(N62)

Ton Last Op Tgr

NR424

|

Return to Decode
New Pseudo-Op
Sheet 2

New pseudo-op
is the last
pseudo-op of
the instruction

P Trigger
(K66)

Tof Sk WAT (N48)
2. Ton FA/FB Data Available Tgr
(N46)

NR201

NR202

Source
Request
Shec 4

Notes:

Serial Sink
Process
Sheet 5

Store
Sheet 6

Overlap
Sheet 7

. Byte positions with Olap tags on have been ingated
from the VFL result bus in overlap mode. Those

positions must not be ingated from the FLBB because
the bytes in the FLB have been obsoleted by sink
bytes stored from this op. Instead of fetching the
new bytes from storage, they are forwarded directly
to the source word in C-D and protected by overlap

tags. After FLBB ingating, the Olap tags are not needed.




Serial Source Request

L

Source req
already pending

Yes

Sheet 3

MVCS No

Yes

Trigger

Sr Request

Condition

No further
source-req needed

No valid data in FXBs

A-B or

Not all source bytes
have been gated
out of FC/FD

C-D Data Avail
Tor

Error,
This Sheet for Serial or
Partial Transfer Only

Outgate counter
is BAR C-D

C-D Outgate

Cir=7

Last byte of
source doubleword
is being outgated

1. Gate a request for

Serial only operation

word from an FLB

1. Ton Sr Req Trigger (N54)

Sink byte address in
BAR A-B wraps around
from 7 to 0

Error.

Sink and source
wraparound should
not occur at the same
time during serial
operation

[

—

N

Ton Sr WAT (N53)
3. Tof C-D Data Avail Tgr
(P46)

a new source double-

NR301
NR284

2. Source byte address
wraps around from 7
to 0 in BAR C-D

NR205

Sr and

Sk Byte Addresses
Equal

Sk

Wraparound
Trigger
(N48)

No

FXOS

No source requests
in this cycle

Full Bit

During serial only

operations, source data

can be put into C-D

without disturbing sink

bytes held in A-B

P Trigger
(Ké6)

I.

Request new source
data from storage
via the FLBB

P tgr on but a partial
doubleword is being
moved in serial mode
at the beginning of
the instruction

SDB
Available

1. Request Source Doubleword
2. Tof Sr Req Tgr (N54)

3. Source ingating
information in this
pseudo-op is no
longer needed

3. Ton Sr Used Tgr (N55)

Wait for SDB in MSCE
to become available

NR301
NR324

DIAGRAM 5-122. MVC-INSTRUCTION

(SHEET 4 OF 8)

&)

Sheet 8

-

Parallel transfer is
about to begin. Data
in A-B must be moved
to an SDB before the
next source doubleword
is gated directly to A-B

T R e e S R SN T . e e —— ——

(3/68)

5-122 (4 of 8)



Serial Processing Sheet 3

MVCS No

Tgr (L62)

A-B No

1

Error.
This Sheet for Serial (or
Partial) Data Transfer

Data Available
(N46)

Buffers A-B have
space for sink
bytes from VFLEU Yes

Source data has not
arrived from storage
via the FLBB

C-D No

Data Available
(P46)

Yes

Source and sink buffers
are ready to perform

C-D Ingate
FLBB

Ton C-D Data Avail
(P4¢6) NR321

Cycle Boundary

Cycle Boundary

serial processing

1. Allow ingate counter to step
2. Byte indicated by BAR C-D is 1= Tob Muck Gine Tge{hen) e
2. Ton C-D Outgate Trigger NR368
outgated from C-D to the source bus 3. Ton BAR C-D G NR364
3. BAR C-D go remains active throughout Sl g
serial operations
b
Source bus is gated
1. Gate Source HOD NR345 HOD to HOD and
2. Gate Source LOD NR345 LOD to LOD through
the digit shifter to
‘[ the VFL result bus
S
VFL result bus is gated 1. Ingate VFL Result Bus NR344
into A-B in the position 2. Ton Mark Bit NR082
indicated by the ingate 5
ctr and the mark bit for MVC process line
that position is turned on on NR205 controls
step to the ingate ctr
When the ingate counter 1. Step Ingate Ctr NR205 S“:P coc;\tr.o| remu';rl\s
reaches 7, a store is 2. Step C-D Outgate Ctr (BAR C-D) g:;r:‘:io:”v;‘g;z:m
needhed.7When BAR C-D N available. Counters
reaches 7, a source are stepped each
request is needed cycle by clock pulses

Source data has
arrived in C-D

&)

Sheet 8

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 5 OF 8)
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Buffers A-B are
full of sink bytes.
A store operation
is pending




Serial Sink Store

Sheet 3

No MVC

Serial Tgr
(L62)

Error.
This Sheet is for Ser
Operation or Serial

fer of a Partial Double-
word at the Beginning
of Parallel Operation

ial
Trans-

Store op

Store Trigger

The last store operation
is done on Sheet 7

(M65)

already pending

Last Op

No valid data in FXBs

Trigger (N62)

No A-B or

BAR A-B is about to
wrap around from 7 to 0

C-D Data Avail
(N-P46)

Ingate

Counter = 6

Ton Sk WAT (N48)

NR205

No Ingate

Store op not
needed in this cycle

o

FXOS must be full
to supply the SAR
name for the store

Counter =7

No

Last Op
Trigger (N62)

Tof A-B Data Avail
(N46) NR205

No Yes

FXOS

Sink buffers A-B are
full . A store
operation is required

—
Store op cannot

proceed in this cycle.
Store tgr "remembers"

Full Bit

SDB
Available

No

Ton Store Tgr (M65)

that a store is needed NR325 iYes
2. Store Tgr may not
r: = - 1. Ton VFL Outgate to SDB NR426 Bsvon
2. Tof Store Tgr (M65) NR325
3. Tof Mark Bits NR082
1.Doubleword in A-B 4. Set SAR Name (F59-60) NR410
is gated out to the
SDB enroute to storage
1,2. Sink store infor- No )
mation in this P Trigger
y pseudo-op has E)::Ie Boundary | . - (K66)
been used
1. Ton Sk Used Tgr (N50) NR324
2. Tof Sk WAT (N48) NR201
3. Ton A-B Data Available (N46) 1. Step FXOS NR326 D e T
NR305 2. Tof MVC Serial Trigger (L62) e .
NR201 at the beginning o
3. A-B have been a parallel op has been
completed. Start

stored and now have
space for more data

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 6 OF 8)

&)

Sheet 8

parallel data transfer
in the next pseudo-op

:C
Return to Decode

Next Pseudo-Op
Sheet 2

(3/68) 5-122 (6 of 8)



Serial Overlap Mode

Sheet 3

Overlap
Trigger (Ké7)

No

Overlap trigger was
turned on by the O
bit (bit 13) in the
first pseudo=-op

Error.

This Sheet is Used
Only if the Sink and
Source Fields Overlap

Yes Ing:};BVFL lngt.:te counter
[ Results designates the byte
position to be gated
$ into A-B from the
1. Both A-B and C-D are ingated from the 1. C-D Ingate from VFL Result Bus  NRO8I N VFL result bus
VFL result bus during overlap mode. 2. Ton Olap Tag for Byte that Was i
Sink bytes from this op will be stored in Ingated
the same doubleword that the source was NR087-088
fetched from. Bytes waiting in the
FLBs may be obsolete. Instead of fetch-

ing again, gate the sink bytes directly

to the source in C-D to update the

source while the sink data is being stored
2. Olap tags "remember" which bytes in Decoded from

C-D have been ingated from the VFL BAR C-D
result bus. FLB ingating to these
positions will be blocked during source Source Outgate No
requests Counter =7 ’
L |
Gate Tof to Olap Olap tags for FC
Tags 0-3 NR364 can be turned off
if BAR C-D
\ contains any number
from O to 6

Source Outgate

Counter =0
Olap tags for FD Gate Tof to Olap
can be turned off Taus/AL7 NR364
if BAR C-D g Yes
contains any number
from 1to7
Olap tag is : Tof Olap Tag ] If a byte from the
not necessarily Indicated by BAR C-D : VFL result bus had been
o alk Hhis Hins NRog7 gated into C-D, it has
now been outgated
and needs no further
protection from FLB

‘ D ingating

Sheet 8

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 7 OF 8)
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Sink and source
information in
this pseudo-op
has been used

NR202, NR326

NR324
NR324

New pseudo-op
is the last op of
this instruction

Serial Endi "
w Serial Serial Serial Serial
Source Request Processing Sink Store Overlap Mode
Sheet 4 Sheet 5 Sheet 6 Sheet 7
|
No Sk Used Yes
Tgr (N50)
No Sr Used
Tgr (N55)
No Sr Used Yes
" Tgr (N55)
No P Yes
(Bit 12) in
FXOS
Yes A-B No
Data Available >
(N46)
1
Vs 1. Step FXOS
i .Last OI\FJ)62 2. Tof Sr Used Trigger (N55)
rigger (N62) 3. Tof Sk Used Trigger (N50)
A .
N
Return for next ° No EBA Compare Yes
serial iteration NRO65
No FXOS
i —— Bit 15 (End)
B Ending byte address
has been reached
Serial Serif:l ; Serial Serial i Ton Last Op Trigger
Source Request Processing Sink Store Overlap Mode | (N62) NR424
Sheet 4 Sheet 5 Sheet 6 Sheet 7 Ton End Tor (N&3) )
NR363 ‘
l >
"Remember" that a No SDB Yes [ c ]
store op is needed Available
Decode
Next Pseudo-Op
Ton Store Tgr (M65) Sheet 2

NR325

An undetermined
number of cycles may
occur while waiting
for SDB available

3

DIAGRAM 5-122. MVC INSTRUCTION (SHEET 8 OF 8)

No SDB Yes

Available

Tof Store Tgr (M65)
NR325

Cycle Boundary

Doubleword in A-B is
outgated to the SDB
enroute to storage. Only
positions with mark

bits are actually stored

Ton VFL Outgate to SDB
NR426

Tof VFL in Process (E53)
NR202

( End of Serial Operation ’

VFLEU will be free to
accept a new instruc-
tion in the next cycle

(3/68) 5-122 (8 of 8)



Data Flow Obijectives:
Move with Offset

MVO
IOII I2I 3I4I.5I6I7I8I 9IIOIIIII?II3II4I15I16II7I18I19I2OI

- FLB FLB SAR
SS Fl Name PIOTSIE Name Name
. FL8 7 SAR
ss Fl Name PIlO|S}E Name * First op only )
** Any op after first op

Instruction offsets source word one digit position toward high-order-byte position.

First result byte: Low-order digit of sink byte is combined with high-order digit of source byte (digits retain same relative digit position).
Subsequent result bytes: Low-order digit of source byte is combined with high-order digit of succeeding source byte.

. Bytes are 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.

AN

32-63
FLBB 0-31
Result Bus
I I T I I I I
Bar S—
A-B FA FB FC FD
Ctr 0 31 0 31 0 31 0 31
Sk Bus I 1 I I [ L 1 T ]
Sr Bus
V
VFL Logic
Unit
HOD LoD
1-Box
I T
ot 12 1 Digit Shifter Skew Store Bus
Ctr § Ctr Reg 0 3132 63
[Hoo  top] i
SDBs

Sheet Layout

7 ez ]

Decode and Start

Sheet 3
Source Request ]

Sheet 5
Sink Store

Sheet 6
Overlap

Sheef_;—_ _I___

Byte Processing

Start ) I
I Source
Sheet 7
: I
I

Data
Needed

Sink
and Source
Qverlap

No

Deta
Available

I Decode MVO F1 ]

|
I
I
I
I
I
I

-
I
I

Use Olop Tags l
I

I | | |
Request New | Process B Store the to P
ytes . o Protect
First Source Doubleword through the VFLEU I fSmk D;;bl:w;rd Overlapped
Pseudo-Op from Storage I | rom FXBs A- Byte Positions

Request Sink
and Source Data

P b g

I'*
I
|
|
|
|
I_ —
I
I
I
|
I
|
|

|
Set Up Circuits I
|
|

Sheet 7 I
Data No Ending Sequence
Available
Pseudo-Op

information
Used

Process First
Sink and Source

Step the Op
Stack to Decode
the Next Pseudo~Op

Data Bytes

Yes I
|

Reset VFL Circuits Sheet 2

End of Operation

)

I

I

|
Lo,
T

|

|

|

I

L

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 1 OF 7)
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Decode ond Start

Error.
MVO Should Start
with Cycle 1

Fixed buffers A, B, C |
and D must be |
available for an MVO |
instruction |

-

Decode Op F1 T

—

Sheet 7

ﬂ

Check for overlap bit

Error.
Cycle 2 Follows Cycle 1
During MVO Start

Cycle Boundary

[
1. Ton Olap Tgr (K67)
NR305
l 1. First sink word is requested
1. Ton Reg Sk Word Tgr NR401 h queste
2. Set SAR Name Reg (F59, 60)  NR410 | 2 g:?:a:: r]:i‘:;':r 20 are ingated fo
3. 5/5 Insn Cycle 1 VFL NR422 | 3. Length field gis ingated
4. Ton VFL .S"’" Tor (K62) NR322 4. Defines cycles between decode and
5. Ton VFL in Process Tgr (E53) NK373 l first execute cycle
6. Ton MVO Tgr (Q67) NR384 .
7. Ton BAB Og Tor (L34-36 thru R34-36) | > e e e oF. longer then
8. VFLEU Acpt L-Field NR362, NROZ'\I”;S;; I 6. Indicates that MVO is in-process
. <p! ‘e 7. Sink byte address is transferred
| from BAB to respective BAR
| 8. Interlocks I-box and current
instruction. Allows issuance of
l another multi-op instruction from |-box
I ) .
1. Ton Req Sr Word Tgr NR389, NR4O1 | 1. First source word is r.equesfed
2. Ton BAB Og Tgr (L34-36 thry R34-36) | 2. f;‘:‘;AbBY:: :’:s‘;:’::,"e';‘j:;""ed
NR362, NR021-026 v
3. Ton Ig BAR A-B Tgr NR390 I 3. 'StoBrZ;gAsi;k byte address is ingated
4. Step FXB Busy Ct NR388 ° -
5 Toanlock O:e Tgrr (K65) NR303 I 4. Decrement FXB counter in |-box
5. Prevents minus scan of ingate
I counter

No Cycle 3 Yes

Error.

During MVO Start

Cycle 3 Follows Cycle 1

Cycle Boundary

1. Ton Last Op
Tgr (N62)
NR424

1. Starting source byte address

1. Ton Ig BAR C-D Tgr NR390 is ingated to BAR C-D

2. Step FXOS NR389 . Outgate next op from FXOS
3. Ton Set Ig Ctr Tgr NR390 Set sink starting byte address
4. Ton Set Og Tgr (K64) NR388 into ingate counter

4. Defines cycle that first sink

Wait for sink request
data from storage via
an FLB

Cycle Boundary

No

A-B Yes

and/or source outgate triggers
are turned on

w N

A-B
Ingate from
FLBB

Data Available
Tor

Ton A-B

Available Tgr (N46)

Data

NR305

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 2 OF 7)

C-D No

Data Available

Ton C-D Data
Available Tgr (P46)

NR321

C-D No

Cycle Boundary

Wait for source
request data from
storage via an FLB

Ingate from

FLBB

Reset starting conditions |
and begin the first byte I
execution eycle ] 1. Tof VFL Start (K62) NR322
77| 2. Ton Start Execute (K63) NR326
T T T T AllowBARC-D 10
Minus Scan Outgate Ctr | count bytes from
NR262 : right to left
1~ - Tri
Outgate A-B and | 1. Ton A-B Outgate Trigger NR366-367
c-D fo.r first byte | 2. Ton C-D Outgate Trigger
processing | NR368-369
I Low order 4 bits
1. MVO Gate Sink Byte to VFLEU | of first sink byte
NR263 | are saved in the
2. Skew Register Ingate LOD NR265 | skew register
3. Skew Outgate LOD to VFL L
Result Bus NR265
4. Tof Start Execute (K63) NR326
Source Request Byte Processing Sink Store Overlap
Sheet 3 Sheet 4 Sheet 5 Sheet 6

(3/68) 5-123 (20f 7)



Source Request

Sheet 2

Source
Request Tgr
On

| Source request
already pending

A-B No

No space for sink
bytes in A-B

|
I
|
L
1
|

Data Available
Tor

C-D No

Data Available
Tgr

L2

Tof Skew Reg
Outgate to LOD

NR265
L

End of source field
was reached in
previous cycles. Put
zeros in the rest of
the sink data field

Counter Equals
0

Source outgate Source

1.

Tof C-D Data Available Tgr (P46)

2. Ton Source End Trigger (N57)

NR321

NR264

Source field length
counter indicates the
end of source
information

counter is BAR C~-D QOutgate Counter

Source bytes still
ovailable in C-D

Equals 0
C-D empty. A : Tof C-D Data
source data request | Available Tgr (P46)
is needed | NR321
FX&NO
] Full
When cancel mode is | Bit
active, source request |
is used to free the |
reserved FLBs |
1] —
1. Request Source Word from FLBs NR401
2. Ton Source Used Trigger (N55) NR324
——=—}3. Tof Source Request Trigger NR301
Request o doubleword
of data from storage

via an FLB

U ———

Ton Source Request Tgr
NR301

Remember that
source data is
needed but a
request cannot
be made until
FXOS is full

N

Sheet 7

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 3 OF 7)
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Byte Processing Sheet 2

A-B

No
T Data Available
| (N46)
No space for sink :
bytes in A-B |
C-D
T No Data Available Yes
No source data ready | (P46)
J
Yes
Ingate from —_————— — |
FLBB —l . ..
| Source data is arriving
Ton C-D Data Available L
(P46)
NR321
N
° End Tgr Yes | »
(N57) !
! End of
| f.“ Ido 5p°'~‘"’°¢ MVO Gate Source Byte
teld. Fut zeros to VFL Logic Unit
| in remaining sink NR266
| positions
2. VFL logic unit LOD I
is gated to the l
result bus HOD. |
Result bus LOD is |
from skew register
(source HOD from I -
the p{evi)f’us I | 1. Source HOD is
iteration B
J__ ] 1. Skew Reg Ingate Source HOD NR265 | sfor‘ed n thbe skew
2. PUMO Gate LOD to HOD NR265 | gated ! .
3. Step C-D Outgate Ctr NR265 to the VF!. result | End of source data field
4. Step L2 Ctr NR265 | bus LOD in the . has been reached
. next iteration Tof Skew Register L
: l Outgate to LOD of
| VFL Result Bus
3. C-D Og counter | NR266
is BAR C-D |
[ Place zeros in any
I remaining sink
- positions by leaving
1,2. A-B by‘te and I X l the VFL result bus
mork. l:.nf are | 1. Ingate VFL.Res Bus into A-B NR265 | blank each cycle
?pec;flec: by the | g ;’:)n I\:\cnrkanE:t NROS&;;)E? ch,er source end
ingate ctr . Step Ingate Ctr
| 4. Step L1 Ctr NR265
5. Tof Block One Trigger (Ké5) NR265
5. Unblock to allow !
minus scan of ingate ‘
counter. "Block I
one" tgr should |
remain off after
first pass J
B
Sheet 7

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 4 OF 7)
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Sink Store

Sink end condition

No

No A-B Yes

No source
data in C-D

Data Available

Sheet 2

Store

\,—igy

Yes

| A-B has space for
l more sink data

Store op
already pending

SNE—— —

(N46)

No

=

End Trigger
(N57)

Tof Skew Reg
Qutgate to LOD
NR265

C-D
Data Available
(P46)

Source
End Trigger
(N57)

Tof Skew Reg No
Outgate to LOD
NR265

Yes c-b

No

Ingate

A-B full. Sink
store is needed

Counter Equals

field

Remember that store
is needed but cannot
be done now

L1

Counter Equals

Data Available
(P46)

Yes

End of sink field
has been reached

T Tof A-B Data
. Available Tgr (N46)

: Store is not needed now NR305
Store is needed but | FXOS Yes
there is no sink l Full Bit
information in the l
FXOS SAR name |

No

SDB in MSCE
cannot accept
the doubleword
to be stored

Ton Store Trigger (M65)
NR325

A

Last sink store
has been done

A-B ready for
more sink data

SR (SRS

1. Ton Sink End Trigger (N52) NR264
2. Tof A-B Data Available Tgr (N46)
NR305 J A-B might not be
| full but the A-8
| sink bytes must
| be stored anyway
SDB
No Available
(D46-51)
e
1. Ton VFL Outgate to SDB NR426 | Doubleword in A-B is
2. Reset Mark Bits NR082-083 | sent to storage via an
3. Tof Store Tgr (M65) NR325 1 SDB in MSCE
Sink
End Trigger
(N52)
i
1. Set SAR Name (E59-60) NR410 | “espoon ok dh:
2. Ton Sink Used Trigger (N50) NR324 { next store operation

3. Ton A-B Data Available Tgr (N46)

NR305

9

Sheet 7
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Overlap

1. Overlapped bytes are gated into both
A-B and C-D

2. Olap tags "remember" which bytes in
C-D have been ingated from the VFL
res bus and block FLBB ingating to
those bytes during source requests

l
l
!
|
|
l
I

Sink bytes from this op will be stored in the
some 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. Ingating
from that FLBB byte is blocked because
that byte position of the FLB data is now
obsolete

e — — — — -

Turned on by
"O" bit in the
first pseudo-op

Yes

Sheet 2

Overlap

Trigger

A-B

o

1. C-D Ingate VFL Result Bus
2. Ton Overlap Tag for the Ingated
Byte Position

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 6 OF 7)

Ingate VFL
Res Bus

Source outgate count is
decoded from BAR C-D

I
Error.
This Sheet Is Used
Only if the Source
and Sink Fields
Overlap

Olap tags for FXB C
can be turned off if
BAR C-D contains
any number from
Oto 6

Gate Tof Olap
Tags 0-3
NR364

Yes

! Ingate counter
| specifies the ingated
byte position

Source
Outgate
Ctr=0

Gate Tof Olap
Togs 4-7
NR364

Byte that was ingated
from the VFL result bus
has been gated out and
needs no further
protection from FLB
ingating

e

Tof the Olap Tag
Indicated by BAR C-D
NRO87

Sheet 7

Olap tags for FXB D
can be turned off if
BAR C-D contains any
number from 1 to 7

—

(3/68)
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Ending Sequence
—_—

Sheet 3

Source Request

Sheet 4
Byte Processing

Sheet 5
Sink Store

Sheet 6
Overlap

Yes

Sink storing

information in
this pseudo-op
has been used

Source requesting
information in
this pseudo-op
has been used

Sink Sink
Used Tgr No ‘n Yes
(N55) Used Tgr  D>—ey — — — '
(N55)
|
No |
FXOS
N
2 13 Bit Yes : L
(Olap) |
! |
. | Data overlap |
No Sink is possible
End Tgr | ]
(N52) |
End of sink 1 i
data field has , ] Olap bit should
been reached [ Yes | be on only in the
| first pseudo-op
L
Last
Op Tor No
(N62)
Yes
B Yes Source
* End Tgr
(N57)
This is the last 1|
pseudo-op of No
this instruction :
1. Request Source Word NR401
2. Ton Cancel Trigger NR304 v
!
:
: Sink field is used
up. Request unused
I source operands to
Yes | free the busy FLBs
| | (cancel mode)
:
| Store operation
still pending T
L Proceed to the : 1. Step FXOS NR261
next pseudo-op | 2. Tof Source Used Tgr (N55) NR324
3. Tof Sink Used Tgr (N50) NR324
1. Ton End Tgr (Né3) NR363
2. Tof Source End Trigger (N57) NR264
3. Tof Sink End Trigger (N52) NR264
4. Tof VFL in Process NR262

( End of Operation ’

New pseudo-op
contains an end bit

Ai-
Sheet 3
Source Request

A:
Sheet 4
Byte Processing

| A { A |
Sheet 5

Sink Store Overlap

DIAGRAM 5-123. MVO INSTRUCTION (SHEET 7 OF 7)
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Sheet 6

Ton Last Op (N62)
NR424

C

Return to
Decode the
Next Pseudo-Op
Sheet 2




Objectives:
Pack and Unpack
PACK, UNPK

0| 1|2I3I4|5|6|7|BI9,IOIH'12|13'14IlSlléIIZI'IBI]?'ZO'
% |

1. Source words are transferred from a specified FLB (FLB name) to source buffer (FC/FD).

2. Bytes are processed one at a time. During overlap processing result bytes are placed in sink and source buffers.
3. Processing is as follows:

Pack - The LOD from two adjacent bytes are combined into a single, all digit result byte.

HOD from these bytes (zone bits) are dropped.

Unpack - The HOD and LOD of a byte are separated and placed in the LOD 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.

FLB
Name

Starti
Byte Addr |

: SAR
2
S5 F2, F3 plo|s|E |

Data Flow
32-63
FLBB  0_37
Result Bus
L | L I T 1|1 _1_
BAR FA 8 FC D
& 0 ' 31 0 31 0 31 0 3
T 1 T T
Vv
VEL Logic
Unit
1-Box HOD LOD [
S
1 0 R &3
o] B2 Lao Digit Shifrer ::;W l
SDBs
HOD l LOD
sheer L \ Sheets 3, 5and 7
eet Layou!
- -
| D
I 1 Start }
| l I___ hee:_—— - She:r_4-—_ - Sheeﬁ—;__—r—__—shee—:é—_
l l I Source Request I Byte Processing | Sink Store I Overlap |
Decod | | | |
l P:cC: oer cl’anock I | ' I
s e | N |
So o
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I l I Request Source Dato | Store Sink Process Bytes
q | Process Bytes Bytes from A-B il |
I from C-D through l I According to
| | ' VFLEU to A-B I | Overlap Tags I
Set Up Circui
l u::i quu;rsctum | I Hand l | Hand l I
Source Data l I Hor;in No l Holding I
| Mode | Mode |
| | | l | | l
I | | | | | |
l | | | | | |
| Data Available I I et 2 : | Sheet 2 I :
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l Process the I
I First Data Byte |
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L_ Sheet 2 Decode and Start __I
Hand No
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I
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l
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< Start ’

Decode Pack
or Unpack (F2/F3)

Ton P Tgr (K66)
NR387

{J

Return to Decode
the Next Pseudo-Op
from Sheets 3, 5 and 7

i
: Check for start bit ]

Error.
Cycle Should Occur
at the Beginning of
Pack or Unpack

| Check for
| P (possible
[ overlap) bit

U BAWN —~

~

O

. Ton Req Sr Word Tgr

Set SAR Name Reg (F59, 60)
S/S Insn Cycle 1 VFL

Ton VFL Start Tgr (K62)

Ton VFL in Process Tgr (E53)
Ton BAB Og Tgr (L34-36
through R34-36)

. Ton PK (Q65) or UNPK

(Qb6) Tgr

. Ton lg BAR A-B Tgr
. VFLEU Acpt L-Field

. Length field is ingated
. Defines cycles between decode and first

. Starting source byte address is transferred

- Interlocks I-box and current instruction.

First source word is requested
FXOS bits 19 and 20 are ingated into
SAR name reg

execute cycle
Indicates that a VFL op, longer than one
cycle, is being executed

from BAB to respective BAR

Indicates that pack or unpack operation
is in process

Starting sink byte address is ingated into
BAR A-B

NRAOT !
NR410 | 2
NR422
NR322 | 3
NK373 |4
NRO21-026 |
NR384 | 6
NR390
NR422 |
| 8.
ls
|
|

Allows issuance of another multi-op
instruction from I-box before current

instruction is finished

Error.
Cycle 2 Should
Occur after 1

for Pack/Unpack

1. Ton Last Op
Tgr (N62)
NR424

Check for end bit

. Ton Set Ig Ctr Tgr

. Ton Ig BAR C-D Tgr

. Step FXB Busy Ctr

. Ton FA/FB Data Avail for (N46)

AWN =

. Ton Block One Tgr (K65)
. Step FXOS
7. Ton Set Og Tgr (K64)

o »

1
Check for overlap bit |

]
NR390 l ingate counter
NR390 2. Ingate starting source byte address
NR388 | into BAR C-D
3. Decrement FXB counter in I-box
NR305 | 4. Indicates that FA/FB (sink buffer)
NR303 l is ready for processing
NR389 5. Prevents minus scan of ingate
NR388 ' counter
I 6. Outgate next op from FXOS
7
|
L

Bit 13

Last

Op Tgr On
(N62)

1. Ton Olap Tgr (Ké7)
NR305

. Set sink starting byte address into

. Defines cycle that first sink and/or

source outgate triggers are turned on

N Yes EC/FD No
Ig FLBB
FA/FB
Data Avail Tgr
On (N46)
1. Tof VFL Start Tgr (K62) NR322 !
2. Ton Start Execute Tgr (K63) NR326 |
3. Ton FC/FD Data Available !
(P46) NR321

Block
One Tgr On
(K65)

1. Tof VFL start trigger
2. Defines first exec cycle

. Minus Scan Ig Ctr

NR262

]

l

1. Minus Scan Og Ctr

NR262
I

. Outgate first source
byte from FC/FD
to VFL logic unit

1. Ton FC/FD Og Tgr
NR368, 369

PUMO Gate HOD to LOD
PUMO Gate LOD to HOD
Ton LOD Tgr

Tof Start Execute Tar (K63)
Tof Block One Tgr (K65)
Step L1 Ctr

Step L2 Cir

Ig VFL Res  PUMO
PUMO Step FC/D Og Ctr

VEXNOU A WN—

. ]

Sheet 3
Source Request

Sheet 4
Byte Processing

Sheet 5
Sink Store

Sheet 6
Overlap
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. Gate HOD to VFL logic unit to LOD of

. Gate LOD of VFL logic unit to HOD of

Indicates that LOD of source field is to be
processed on next cycle

. Turn off start execute trigger. Indicates

that execute cycles subsequent to first
execute cycle are in process

. Turn off block one trigger. Permits

stepping of ingate counter

. Decrement L1 field counter by one (sink
. Decrement L2 field counter by one (source

. Ingate result byte into sink buffer (FA/FB)
. Decrement FC/FD outgate counter

NR263 I
NR265 I ) result bus
z:ggz | result bus
NR303 | 3
NR265
NR265 |‘
NR265
NR265 | 5
4
| field)
7
| field)
Ia
9
|




Source Request

Source request
already pending

Sheets 2 and 7

Source

Source

No Yes

P
Trigger
(Ké6)

Store
Trigger
(M65)

Used Tgr

Request Tgr
(N54)

(N55)

! Pending stores must be
| done before the next

| source request during
I hand holding mode

{

End of Source Word
Signal to [-Box

; With P tgr on (hand
holding mode) the

| 1-box must supply

| a new op after each

I sink store and source

| request

A-B

No space for sink
data in A-B

Data Available
(N46)

If C-D DAT is not on either source
request or source end condition
should be active

= = — = -

Outgate count
is decoded
from BAR C-D

c-D No
Data Available
(P46)
Decode F3 Unpack i Low order
Pack/Unpack ! digit remains
: to be processed
]
Yes l-,'OD No |
Trigger
(M62)
Yes
' End of sr data. No
| further source
J requests are needed
- = '
1. Ton Source End Tgr (N57) NR264 | :“:,Lz:;‘,’;f re;'ﬁ‘,’f
2. Tof C-D Data Available (P46) | blanks trom 1hs VFL
NR321 .
3. Tof Skew Reg Outgate to LOD | result bus into A~
NR265 L

Source
No

Outgate
Ctr=0

Tof C-D Data Available

| C-D empty; source data

Hand holding mode

(P46) NR321 | request is needed
l
f
P | Hand holding mode
No Trigger e 0 O O OO = :
(K66)
; Remember that source data is
I needed but request cannot
( be made until FXOS is full
Ton Source Request Tgr
(N54) NR301
1. Request Source Word NR401 { When cancel mode is ——
2. Ton Source Used (N55) NR324 | active, source request | In hand holding mode the source
3. Tof Source Request Trigger {N54) | s used to free all the request trigger is used as a delay to
NR301 reserved FLBs l make sure that each sink store is done
efore the next source request
I bef h q
' |
P
N
Trigger ° > -
(K66)
]
| B I
|
Sheet 7
1. Tof Olap Tgr (K67) NR305
2. Step FXOS NR389

Ton Lost Op (N62)
NR424

New pseudo-op
is the last op
of the current
instruction

Sink and source
fields actually
overlap in storage

Ton Olap Tgr (K67)
NR305

b - — ]

Return to Sheet 2
to Decode the New
Pseudo-Op

DIAGRAM 5-124. PACK AND UNPACK INSTRUCTIONS (SHEET 3 OF 7)
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Byte Processing

No space for sink

Sheets 2 and 7

|
|
l data in A-B
|
A-B
l No Data Available
(N46)
! N
| o source
1 data in C-D
|
|

Source field ended.
Put zeros in the rest
of the sink field

C-D
Data Available
(P46)

Ton C-D Data
Available (P46)

NR321

[
| Data available.
|

Processing can proceed

Unpack Decode

Source
End Tgr
(N57)

No

LOD
HOD Tgrs
(M62-63)

LOD

Pack/Unpack

Pack

1. Gate LOD of VFL logic unit to LOD ! 1. PUMO Gate LOD to LOD NR266 HOD
of result bus . . | 2. Ton HOD Tgr (Mé62) NR302
2. Tumn on HOD trigger to specify HOD I 3. Skew Ig HOD NR265
processing on next cycle 4. Ton Skew Og to LOD Tgr NR141
3. Ingate HOD of current byte into skew I 5. Tof LOD Tgr (M63) NR302
register
4. Tumn on skew register to LOD (result |
bus) outgate trigger so that HOD (just
ingated) can be outgated to result bus |
on next cycle T 1. Tof HOD tri
. . gger to enable LOD
5. Tumn off LOD trigger tc; enable HOD | 1. Tof HOD Tgr (M62) NR302 | processing on next cycle
processing on next cycle I 2. Ton LOD Tgr (M63) NR302 [ 2. Ton LOD trigger to enable LOD
3. Tof Skew Og to LOD Tgr NR141 processing on next cycle
4. Step L2 Ctr NR265 | 3. Tof skew reg outgate tgr to LOD
5. PUMO Sfep FC/FD Og Ctr NR265 I of result bus
| 4. Decrement L2 ctr (source field)
I | 5. Step FC/FD (source) outgate ctr
After source end, zeros are | 2 o
! e, ze€ | 1. Step L1 Ctr NR265 | 1. Decrement L1 (sink field) counter
put in A-B by ingating the 2. g VFL Res PUMO NR265 2. Ingate result byte into sink buffer
blank VFL result bus | 3. PUMO Step Ig Ctr NR265 l 3. Decrement ingate ctr
4. UNPK Gen.Zone Bits NR266 | 4. Generate zone bits for HOD
5. Ton Mark Bit NR082 | position of result bus
| |
1. Decrement L1 (sink field) ctr !
2. |Ingate result byte into sink bfr I
3. Decrement ingate ctr :
|
LOD
LOD HOD HOD 1
Tgr On
1. Step L1 Ctr
) 2. Ig VFL Res PUMO
1. Decrement L2 | Sr Yes 3. PUMO Step Ig Ctr
(source field ctr) Jl End Tgr On 4. Ton Mark Bit NR265
| (N57)
|
1. Tof LOD tgr to enable HOD | s
processing on next cycle l L Yes End Tr o
2. Ton HOD tgr to enable HOD 1. Step L2 Ctr NR265 < nd Igr On
processing on next cycle | (N57)
3. Ingate LOD into skew regs from l
VFC logic unit
4. Ton skew reg to LOD (result | 1. Tof LOD Tgr (M63) NR302
bus) outgate tgr so that LOD 2. Ton HOD Tgr (M62) NR302
(just ingated) can be outgated I 3. Skew Ig LOD NR265 1. Tof HOD Tgr (Mé2) NR302
to result bus on next cycle N 4. Ton Skew Og to LOD Tgr NR141 2. PUMO Gate LOD to HOD NR265
3. Ton LOD Tgr (M63) NR302
4. Step L2 Ctr NR265

A

A

9

Sheet 7
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. Tof HOD tgr to enable LOD

processing on next cycle

. Gate LOD from VFL logic unit

to HOD of result bus (skew
register is gated to result bus
LOD at same time)

. Turn on LOD tgr to enable LOD

processing on next cycle
Decrement L2 (source field) ctr




Sink and Store

Sink

Sheets 2 and 7

No Store

Trigger
(M65)

Store operation
already pending

P Sp—

Request Tgr
1 N49
Sink end condition Il ( )
J
|
| A-B
N
: > Data Available
(P46)
No C-D Source
. Data Available End Tgr
Source data needed | (P46) (N57)
|
|
! No
|
Tof Skew Outgate | s
Put zeros in A-B
to LOD L
NR265
After source end put 1 Tof Skew Outgate
zeros in A-B by gating : to LOD
blanks to the VFL NR265
result bus :
Cc-D
Y
> - = Data Available
(P46)
2 |
LOD is now being | Decode
processed. Wait for | F2ifeck Pack/Unpack - ————
HOD before p.erformmg | (F2/F3) No source data in C-D |
a store operation | |
1
| No
Trigger [
(M62) | End of sink
I data field
L
|
L1
Counter = 0 Yes |
1. Ton Sink End Trigger (N52) NR264
No Ingate 2. Tof A-B Data Available (N46)
Counter =0 NR305
s |
Tof A-B Data
Available (N46) I A-B fu.ll. -Sfore
NR305 : operation is needed
r
P ! Hand holding mode
Trigger P |
(K66)
No Ton Sink Request (N49)
NR323
N,
< > SDB Available
==l
Ton Store Tgr (M&5) | "Remember" that a store
NR325 | operation is needed but e
cannot be done at this 1
| time Outgate a doubleword | 1. VFL Outgate to SDB NR426
of sink bytes enroute to 2. Tof Mark Bits NR082-083
4 |
storage via an SDB in 3. Tof Store Tgr (M65) NR325
MSCE |
@ '
Sink
N,
-2 Request Tgr
\\149)
Yes
r
| Hand holding mode
________ L
Trigger End of Sink Word
(Ké6) Signal to I-Box
Tors No
. | 1. Set SAR Name (F59-60) NR410 < FXOS
it b e 2. Ton A-B Data Available (N46) Full
NR305
3. Ton Sink Used (N50) NR324 Yes
s 5. During hand holding mode FXOS |
is stepped after sr requests and sk |
stores because each pseudo-op I 1. Tof Sink Request (N49) NR323
B contains either sink or source 2. Tof Olap Tgr (Ké7) NR305
information but not both | 3. Set SAR Name (F59-60) NR410
J 4. Ton A-B Data Available (N46) NR305
Sheet 7 5. Step FXOS NR389

DIAGRAM 5-124. PACK AND UNPACK INS

TRUCTIONS (SHEET 5 OF 7)

New op is the
last pseudo-op of |

Ton Last Op (N62)
NR424

the instruction

Sink and source
data fields overlap

Ton Olap Trigger (Ké7)
NR305

:C
Return to Sheet 2

to Decode the New
Pseudo-Op

(3/88)



Overlap Sheet 2

Overlap
Trigger

1
Turned on by O bit | Error.
in the pseudo-op ! This Sheet Is Used Only
] i if the Source and Sink
1. Overlapped bytes are gated into both Fields Overlap
A-B and C-D |
2. Olap tags "remember" which bytes in l
C-D have been ingated from the VFL A-B - = =7
res bus and block FLBB ingating to those I Yes | VEL R I Ingate counter
bytes during source requests | ngate s specifies the ingated
| Bus : byte position
1. C-D Ingate VFL Result Bus
T~ 2. Ton Ove'rl'ap Tag for the Ingated
Sink bytes from this op will be stored in | Byte Position
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. |
Ingating from that FLBB byte is blocked
because that byte position of the FLB | — —
data is now obsolete | Source outgate : Source Yes
count is decoded Outgate
from BAR C-D : Ctr=7
| Gate Tof Olap
Olap tags for FXB C | Tags 0-3
can be turned off if | NR364
BAR C-D contains any |
number from 0 to 6 |

Gate Tof Olap

Tags 4-7 Olap tags for FXB D

can be turned off if
BAR C-D contains any
number from 1 to 7

NR364

T T T

Byte that was ingated from the VFL result
bus has been gated out and needs no
further protection from FLB ingating

Tum Off the Olap Tag
Indicated by BAR C-D
NR087

&)

Sheet 7
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Ending Sequence Sheets 3, 4, 5 and 6

Hand holding mode |

Trigger
(K66)

Sink
Used Tgr
(N50)

Store last sink data

S

Outgate to
SDB

No

FXOS
Olap Bit
(13)

Last sink store

op is completed Yes

Store
Trigger
(M65)

1. Request Source Word NR401
T 2. Ton Cancel NR304
I 1. All data has
| " been processed
1. Ton End Tgr (Né3) NR363
2. Tof Sink End (N52) NR264
3. Tof Source End (N57) NR264 . X E) [ e e
4. Tof VFL in Process (ES3) NK373 e Rald hew wrcied
Cancel mode is used
to free all FLBs |
reserved for the rest 1. Step FXOS NR261
of the source : 2. Tof Source Used (N55) NR324
3. Tof Sink Used (N50) NR324

( End of Instruction )

Ton Last Op (N62)
NR424

New pseudo-op is
the last op of this
instruction

:C
Return to Sheet 2

to Decode the New
Pseudo-Op

A I | A I | A l
Sheet 3 Sheet 4 Sheet 5 Sheet 6
Source Request Byte Processing Sink Store Overlap
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Data Flow

Objectives:

Edit, Edit and Mark

ED, EDMK

|O|I|213l4|5lél7|8|9|10

IlllZlI3ll4|lSl 16|I7||8l19|20I

SS

DE, DF

FLB Name s
(Source)

SAR

£ FLB Name
Name

(Sink)

1. Source data are changed from packed to zone format and are 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:

a. Source digit is expended to zone format.

b. Pattern byte is left unchanged.
¢. Fill character from fill register (first sink byte) is used.

32-63
FLBB .31
I T [ T I T I ]
Byte
Counter FA FB EC D
0 31 0 31 0 31 0 31
[ I [ I [ I [ ]
|-Box <—- ‘ l }
Note 2
Pattern Digit
Byte and Sign
Decoder Decoder
HOD LOD
Store Bus
‘ Note 1 l 0 31 32 63
Fill Reg Digit Skew
Shifter Reg
[ ‘ LOD lLOD SDBs
=
-
| Source |
Notes: | Zone
1. First pattern byte only Digit
2. EDMK instruction only - -
3. Determined by PSW Note 3
Sheet Layout
Sheet 2 Decode and Start _‘
Decode b _— _— = _— —_— e == _— e T —_——
ED or EDMK MSheer 3 Sheet 4 T Sheet 6 -I—Sheet 7 1

First

Pseudo-Op

Source Data

Set Up Edit Circuits.
Request Sink and

No Data

Available

Yes

Sheet 8
| Ending Sequence

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

Source Data
Request

Data Needed from

Request Source Data
ond Send Request Edit
Source Signal to I-Box

End of
Operation

No

Final
Store Needed

—

Store the Sink Data
from FXBs A-B

No

I

Send EDMK Complete
Signal to I-Box

I

No

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 1 OF 8)
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Reset Edit Circuits

End of ED or EDMK

I Byte Processing Part |

No Data

Available

Process Source
Bytes According to
Pattern Byte Data

Sheet 5
I Byte Processing
Part 2

}__

Put Results of
Editing in FXBs A-B

No

Signal 1-Box when a
Significant Digit is
Found in the Source Data l

I
I
I
I
|
l Yes
I
I
l
I

L G-

Sink Store and
Sink Data Request

Source
Request Already
Pending

Store or
Sink Data Request
Needed

No

Store the Sink Data
from FXBs A-B

Request New Sink
Data from an FLB

Send a VFL
Request Edit Sink
Signal to |-Box

I Set Condition Code

End of
Operation

Is

the VFLEU
Responsible for
Condition
Code

Set the Condition Code
According to the
Results of Processing




Decode and Start

Decode ED
or EDMK
Yes FXOS No
Bit 14
(Start)
No Cycle Yes
Trigger (D53)
Error.
Cycle 1 Should Be On
at the Beginning of Each
Edit or Edit and Mark ‘
Ton VFL Set CC (M56)
NK467

A-B
Ingate FLBB

A

C-D

Cc-D
Ingate FLBB

No

No A-B

Data Availabl

e

Data Available

A

[
1. Tof VFL Start Tgr (K62) NR322 | 1. Tof VFL start tgr
2. Ton Start Exec Tgr (K63) NR326 2. Define first execute
| cycle
L
1. Plus Scan Og Ctr NR262 4. Tof start execute tgr
2. Ton FA/FB Og Tgr NR366, 367 5. lIngate first byte (sink)
3. Ton FC/FD Og Tgr NR368, 369 into fill reg
4. ED Tof Start Execute Tgr (K63) ~ NR322| ™
5. Ton Ig Fill Reg Tgr NR185

I
1. Request first sink word (pattern word) | 1. Ton Req Sk Wd Tgr NR401
2. Byte addresses are transferred from I 2. Ton BAB Og Tgrs (L34-36
BABs to respective sink buffer BARs through R34-36) NR021-026
3. Defines cycles between decode and | 3. Ton VFL Start Tgr (K62) NR322
first execute cycle 4. Ton VFL in Process Tgr (E53) NR373
4. Indicates that VFL op, longer than | 5. 5/5 Insn Cycle 1 VFL NR422
one cycle, is being executed | 6. Set SAR Name Reg (F59, 60) NR410
5. Length field is ingated 7. Ton ED (Ré3) or .EDMK (R64) Tgr NR385
6. FXOS bits 19 and 20 are ingated to | 8. VFLEU Acpt L-Field NR422
SAR name register
7. Indicates that ED or EDMK is in process |
8. Interlocks I-box and current instruction.
Allows issuance of another multi-op l
instruction from |-box before current |
instruction is finished |
|
No Cycle 2 Tgr
l On (D54)
Error.
Cycle 2 Should
Follow Cycle 1
. l 1. Ton Req Sr Wd Tgr NR401
1. Request first source word | 2. Ton BAB Og Tars (L34-36
2. Byte addresses are transferred to through R34-36) NR201-026
respective source buffer BARs | 3. Ton Ig BAR A-B Tgr NR390
3. Ingate starting sink byte address to BAR | 4. FXA Step FXB Ctr NR388
A-B
i 5. Ton HOD Tgr (M62) NR302
4. Dertrement FXB coun'ter in 1-box l 8. Ten Black One Tor (K45) NR303
5. Indicates that HOD is to be processed 7. EDMK, TRT Set Zero NR389
on the next cycle | i
6. Prevents plus scan of ingate counter
7. Reset byte counter triggers |
Cycle 3
Tgr On (D55)
Error.
Cycle 3 Should
Follow Cycle 2
Yes
1. Ton Last Op Tgr N5
(N62) NR424
. ) 1. Ton Ig BAR C-D Tgr NR390
1. Igg;t(e starh;g byte address into BAR 2. Ton Set Ig Ctr Tgr NR390
=LSoUreo 3. Step FXOS NR389
2. Set sink starting byte address into 74 TonpSef EBAR Tgr NR390
ingate counter 5. Ton Set Og Tgr (Ké4) NR388
Outgate next op from FXOS

A~ w

Set computed ending byte address
into EBAR

5. Defines cycle that first sink and/or
source outgate triggers are turned on

Block

(K65)

One Tgr On

1. PlusScan Ig Ctr

NR262

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 2 OF 8)
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Source Data Request

Sheets 2 and 8

Source data is needed
but fetch cannot be
done until FXOS can
supply FLB address

No Step
Source Outgate
Counter A
No

Ton Fill
| Reg Outgate

Tof C-D Data Available
NR368-369

No FXOS Full

(D46-51)

"Remember" that source
data is needed

Ton Source Request Tgr
(N54) NR301

Last Op
(N62)

Ton Source Notify Tgr
(N5¢) NR304

VFL request edit

source signal is sent to I

I-box (Diagram 5-32) |
]

Y

I Yes End Trigger
| (N63) I
[ I Request is
| ﬁndi;g byte u:i;ess | already pending
Qas been reac! .
l No further source |
| requests are needed l
L No Source Yes i [
Request Tgr I FXOS still does not
(N54) | have the FLB address
|
No A-B N I
Data Available FXOS Full ° |
(N46) (D46-51)
Cc-D
Data Available
(P46)
Last Op
T Byte (N62)
Yes Ctr or Fill Reg
[ Outgate (N67)
| Ending byte address No
has been reached. ™
| Source request not VFL request edit | Ton Source Notify Tgr
| needed source signal is set to | (N56) NR304
| |-Box diagram 5-32
| |
|
| Yes Tof Source Request Tgr
Compare (N54) NR301
No Source Outgate Yes
Ctr=7 .
! Source doubleword
1. Request Source Word NR401 ! is moved from an
2. Ton Source Used Tgr (N55) NR324 : FLB to FXBs C-D

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 3 OF 8)
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Sheets 2 and 8

Byte Processing Part 2

A-B
Data Available
(N46)

Cc-D
Data Available
(P46)

No

Yes
End Trigger

(N63)

Byte
Counter Outgate

Fill
Reg Outgate

(N67)

| Data is ready
| for processing

Process the low =
order digit of
the source byte

LI

. | A
Send data interrupt | Ton Data Interrupt Tgr
signal to |-box | (D&4) NH861
(Diagram 5-33) i

EBA
Compare

End of data field

1. Step Ingate Ctr NR365
2. Step A-B Outgate Counter NR365
3. Tof Block One NR303
EDMK EDsor
EDMK (R36
or R64)
Step Byte Ctr
1
Process the high-order |
digit of the source |
R e o o HOB Tgror LOD™, ™™™ "8~ .
Tgr (M62/63)
Gate HOD to LOD Gate LOD to LOD
NR342 NR342
Yes Yes
LOD =Zero
No
HOD =
Valid
Numeric
No Pattern = Yes
Pattern = Dig Select orSig
Dig Select or Sig Start
Start

|

Ton Nonzero Tgr

NR301

]

Pattern Yes
Byte = Field

Separator

Tof Nonzero Trigger

Yes Pattern NR301
Byte = Significance
Start
Pattern Yes
Byte = Field
Separator
Ton S Trigger (L63)
NR183 Tof S Trigger (L63)
NR183
Pattern
< Byte = Digit
Select
Ct
S Trigger
Sheet 5 4 e}

&

Sheet 8

Ton Fill Reg Outgate
(N67) NR184
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Byte Processing Part 2

Sheet 4

No S

Yes

Go condition 2 and 5

Trigger
W

1. A-B Ingate VFL Result
2. GenZonel, 3

2. If system PSW 12 :
bit is on, gen zone I
0 and 2 also |
J
LOD Tgr HOD
Tgr or LOD Tgr
[ (M62/63)
1. Ton HOD Tgr (M62) NR302
2. Step C-D Outgate Counter NR183

HOD
Tgr or LOD Tgr
(M62/63)

Go condition 6 |

- ]
:;: g: } 1. Put result byte
: in FXBs A-B
HOD Tgr

LOD = Numeric

Step C-D Outgate

Counter NR183

Ton LOD Trigger (M63)
N

R302

No

Tof S Trigger (L63)

NR183

Y

1. Step C-D Outgate Counter
2. Ton HOD Trigger (N62)

LOD =

ZerO/

HOD Tgr
I
|
b
[ Go condition 1
' No LOD = Yes
Numeric
Step C-D Outgate Ton LOD Trigger (Mé63)
NR183 Counter NR183 NR302
NR302
Yes Yes

|

Outgate the pattern

Ton Fill Reg Outgate

Go condition 4

|
1 b he fill l Tgr (N67) NR184
Go condition 3 | yte from the fill reg | g
h to the result bus (block
————— source byte gating) | ’
No Lopb=
Plus
Ton S Trigger (L63) NR183 Yes
T
1. A-B Ingate VFL Result NR18I | 2. If system PSW 12 bit is on, gen
2. Gen Zonel, 3 NRI181 : zone bits 0 and 2 also
ED or
EDMK (R63/
64)
|
1. Ton Byte Bus Valid Trigger (L65) | 1, 2. When a significant digit is found
NR234 | during EDMK, the byte count is
2. Ton Byte Ctr Outgate NR002 i sent to |~box to form an address.
| See |-box (Diagram 5-32)
L
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Sink Store and Sink Data Request

has been reached

L
Ending byte address I'
J

Yes

Trigger
(N63)

Sheets 2 and 8

End No

Source

Yes

i

A store operation will

Source request
must be done first

L —d

not be done in this cycle

Request Tgr
(N54)

No SDB

A-B
Data Available
(N46)

Yes

No

Available

Store
Trigger
(M65)

New sink

word

cannot be fetched
until after sink store

-
| 1.
I
J

Request Sink Word
2. Tof Sink Request (N49)

C-D
Data Available
(P46)

No

Byte Ctr or No

Fill Reg Qutgate
(N67)

EBA
Compare

Last Op
(N62)

Store operation
is needed in
the next cycle

1. Ton End Trigger (N63)
2. Ton Store Trigger (M65)

NR363
NR325

[
| Sink request
Sink | already pending
RequestTgr > [ L
(N49)
-
1. Ton VFL Outgate to SDB NR426 : it "s‘;tr’"f:f:o;:gt'g
2. Tof Store Tgr (M65) NR325 [ via an SDB
NR401
NR323]
T
| Prepare for
1. Set SAR Name (F59-60) NR410 U next sink store
2. Step FXOS NR389 L
3. Tof Source Used Trigger (N55)  NR324

Source
Used Trigger
(N55)

No

FXOS

|

Ton Last Op (N62) NR185

| |

Ton Sink Notify Tgr
(NS51) NR303

VFL request edit
sink signal sent to
I-box (Diagram 5-32)

Bit 15 indicates that |
the new op is the last |
op of the instruction |

]

Tof A~B Data Available (N46)
. Ton Sink Request Tgr (N49)
. Ton Store Trigger (M65)

NR305
NR323
NR323

r

12, 3. Store op and sink request are

both needed in the next cycle

A

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 6 OF 8)
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Set Condition Code

Sheets 2 and 8

VFL

Condition code is

set at the end of
ED/EDMK if VFL is
responsible for the CC

Set Cond Code

(M56)

VFLEU is respon-
sible for setting the
condition code

Yes

Yes Pattern

Result field = zero

Set Condition Code to 0
NR182

Byte = Field
Separator

Pattern =

Dig Sel or Sig
Start

No

Yes

Result = more than zero

Set Condition Code to 2
NR182

Yes
Tof S Tgr
No
No Yes
\579'/

Set Condition Code to 1
NR182

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 7 OF 8)
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Ending Sequence

Sheets
3,4, 6and 7

No

End Trigger

(N63)

No

Source Used

Tgr (N55)

Yes

No Yes

Store Trigger
(Mé65)

1. Request Source Word
2. Ton Source Used Tgr
3. Ton Cancel Tgr

NR389
NR324
NR304

No SDB

Available

No

Store Trigger

EDMK

(M65)

ED or €D

EDMK (Ré3,

Byte Ctr
Ovutgate

-
3 4Shzefsd EDMK complete | Send EDMK Complete
7’ roan signal is sent to [-box | Signal to I-Box  NR186
(Diagram 5-32) |
J

84)

DIAGRAM 5-125. ED AND EDMK INSTRUCTION (SHEET 8 OF 8)

Request is used to

cancel any reserved FLBs

AW N~

Ton VFL Outgate to SDB
Tof Store Tgr (M65)

Tof VFL in Process (E53)
Step FXOS

| Store the last
NR426 IL sink doubl eword

NR325
NK373
NR185

End of ED/EDMK
Instruction

(3/68)

5-125 (8 of 8)



Obijectives:
Translate, Translate and Test
TR, TRT

!o|1|2|3|4l5|6|?‘a|9|10|nl12|13||4|15|1¢|17I18|19|20|
3*5 DC, DD P s FLB Name SAR Name
! / (Argument) (TR Only)

55 DC, DD ) % FLB Nome % £ FLB Name SAR Name
’ | rax / (Argument) (TR Only)
/// (Tableword)

*First op only **Subsequent ops ***P bit not present in end op

1. Datu bytes from the argument word are used to reference data bytes in the tableword.
2. TR operation replaces the original argument bytes with the tableword bytes.
3. TRT operation checks tableword bytes for zero/nonzero condition. MNonzero condition
causes instruction to terminate.
4. Basic operation is as follows:
a. Argument bytes are sent to [~box to form address of tableword containing desired table bytes.
b. Addressed tablewords are alternately gated to FC and FD.
c. Desired fable bytes are outgated from tablewords in FC and FD to VFL logic unit.
in TR operation, these bytes replace the argument word. In TRT operation, these bytes are
checked and the condition code is set accordingly.
Condition Code:

TR - Code remains TRT - 0 All function bytes are zero
unchanged 1 Nonzero function byte
Data Flow before the first operand is exhausted

2 Last function byte is nonzero
32-43 (FL38)
0-21 (FL38)
Byte Address Buffers

[ 1T I I [ |1 ]
Note | BAR BAR
?:Yfe ter A-B FA B:R F8 c-b FC B(;R FD
oun Ctr 0 31 0 31 On 0 31 0 31
1-Box OR
L2
Ctr
Digit
EBA Adder Note 2 Note 2 Shifter
State 2 I |
Notes:
T. TRT only EBA
2, TRonly Reg Store Bus
l 0 31 32 63
EBA l
Counter
Sheet Layout
Sheet 2 I Sheet 3 Sheet 4 Sheet 5
Decode and Start Argument Byte I Sink Request Source .Byte
Processing Processing

Decode TR or TRT

Sink
Data Available

No

All
Sink Bytes
Replaced

First
Pseudo-Op

No

Gate the Function
(Tableword) Byte
through VFLEU

to Sink (A-B)

No

Gate the Next
Sink (Argument)
Byte to [-Box

Last
Sink Byte
Outgated

No

Function

Byte =0

Set Up Circuits for D
TR or TRT. Request

Sink and Source Data Store the Sink

Doubleword in A-B

I

Send the
"Byte Bus Valid"
Signal to I-Box

Increment Counters

Request a New
Doubleword
of Sink Dota

Sink
Data Available

No

Last
Sink Byte

No

Sheet 8
Terminate and Cancel

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

Gate the First Sink
(Argument) Byte to {-Box

Argument Byte" TSh_ee.t 6

Signal to I-Box Tableword Request

I
I
|
I
I
|
I
I
I
I
|
I
|
Send the "Last L_ _—— e —— —— —_—— _L ______ p __l -
|
!

|

|

e |

e 4 N c —

Byte Outgated

T
v |
|
Sheets 3, | TR has found a Put the Nonzero
4, Sand 6 Sheet 7 |  nonzero function g’;’;;h::g':;"'h
and Se e
Ending Sequence IL byte from the table Byte Count to I-Box Request Next Source
Byte (Tableword)

End of
Instruction

Was that
the Last Function
Byte

No TRT

Set the Condition
Code to 1 and
Ton VFL Cancel

Step the iy
Fixed Op Stack

Set the Condition
Code to 2

Step the
Tableword Counter

Function
Byte =0

Request Sink and
Source Data Until J
All Reserved

Registers Are Free l_
I Set Condition

Code to 0
r Reset Circuits | Reset Circuits |

End of Operation l Sheet 8 End of TRT
eet
Terminate and Cancel _J

Store the Last
Sink Doubleword

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 1 OF 8)
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Decode and Start

Decode TR or TRT

FXOS
Start Bit
(14)

Sheets 3,
4, 5and 6

Cycie |
Tgr {D53)

Hardware Error. Cycle Yes
1 Should Occur TRT (R66)
at the Beginning of ‘1
Each Instruction -
|
1. Set GPR Sk Reg to 2 NK169 | Prepare to put the
2. Ton Single Byte Tgr NG897 last function byte in
| GPR2 ot the end of
r | o TRT instruction
L
1. Ton P Tgr (Ké6)
NR387
Yes
FXOS Bit 21
1. Ton VFL Set CC Tgr
(M56) NR467 No
1. Ton Req Sk Wd NR401 ! 1. Request first sink word (argument)
2. Ton BAB Og Tgr (L34-36 through | 2. Sink byte address is outgated from BABs
3 $34-3é)l- s Tor (K62) NROﬂ;ggg | 3. Defines cycles between decode and first
. lon tart Tgr execute cycle
g. ]'"on ]\{;L(égs};roc?;TT(gib(:)SfTi) ::gg? | 4. Indicates that VFL op, longer than one
. Ton or gr cycle, is being executed
é;. Sse/fSSIAR Y\éﬂmle R;'gL(FW: &0) r:‘gj;g | 5. Indicates that TR or TRT instructions are
. nsn Cycle in process
8. VFLEU Acpt L-Field NR422 | 6. FXOS bits 19 and 20 are ingated to SAR
name register
I 7. Length field is ingated
| 8. Interlocks I-box and current instruction.
Any BAB Allows issuance of another multi-op
No Og Tgr On | instruction from I-box before current
(L34-36 - ] instruction is finished
R34-36)

BAB Og Was
Turned On in the
Last Action Block

g BAR C-D from

Error. —_—— o ——— e

During TR and TRT
FXBs C and D alter-
nate accepting every
other function byte
fetched from the table

3. Tof VFL start trigger

T _———— BAB NR423
This condition should
not occur during TR |
or TRT operation ! I. lg BAR D from BAB
] NR423
Cycle Boundary
Yes
Hardware Error. 1. Ton Ig BAR A-B Tgr NR390 !
Cycle 2 Should 2. Stap FXB Busy Chr NR388 3. Reset byte counter
Follow Cycle 1 3. EDMK, TRT Set Zero NR3gy | ———L
Cycle Boundary
Hardware Error,
Cycle 3 Should
Follow Cycle 2 —
Y 1. Ton Set EBAR Tgr NR390 r 1. Set computed ending byte address into
2. Ton Set Ig Ctr Tgr NR390 I EBAR
3. Step FXOS NR389 2. Set starting sink byte address into ingate
4. Ton Set TW Ctr Tgr NR228 | counter
5. Ton Start Req FC Tgr NR425 3. Outgate next op from FXOS
10. A-B byte position indicated by BAR. 6. Ton Start Req FD Tgr NR425 I 4. Set starting sink byte address into TW
A-B is gated to the byte bus while 7. Ton Use FC Tgr (PS1) NR241 counter
waiting for A-B data to arrive from 8. Ton FC Next Tgr (P49) NR221 l 5. Indicates that a request for FC data
storage 9. Set FXB/FLB Reg (F56-58)  NR501-503 must be made after start as soon as FXOS
10. Ton FA/FB Og Tgr NR366-367 | is not empty
_____ 6. Indicates that a request for FD data must
I be made ofter start as soon as FXOS
is not empty
Cycle Boundary | I 7. Indicates that next table byte should be
- | processed from FC
Yes FA/FB No 8. Indicates that next request is for FC
I 9. Set address of FLB containing current
argument word into FXB/FLB name
T~ " register
1. Indicn?gs that FA/FB are available for | ; 11::: ::f:uea;:lgv?;r Efgg\l‘“) m:ggg ! 10. Ton outgates for first argument bytes
processing . . | 3. Tof VFL Start Tgr (K62) NR322 | Fasmm)
2. Notifies I-box that a valid byte is on 4. Ton Start Execute Tgr (K63) NR326 L
byte bus | " g
|
J

4. Defines first execute cycle

TR or TRT
(R65-66)

I. Gote A~B Tags
2. Tof Start Execute (K63)

NR244
NR326

&

Sheet 3

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 2 OF 8) —
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Argument Byte Processing

Sheets 2 and 7

Term Tgr On

(M66)

End Tgr On
(N63)

End of sink doubleword |

Byte Accepted

S
1. Ton Byte Bus Valid Tgr (L65) NR243 [ 1. Indicates that a valid argument byte
is on the byte bus
2. Ton FA/FB Data Avail Tgr (N46)  NR305 | 2. Indicates that FA/FB data is available
| for processing
[
No Byte Bus
Valid Tgr On
(L65)
Sheet 2
D
T iee r
1. Byte Bus Valid NR243 | Notifies .I-box that a valid
| arg byte is on the byte bus
Yes P Tgr On No
(K66)
No EBA Yes
Compare J
1. Last Arg Byte NR227 ! 1. This signal sent to |-box along with
last argument byte in sink word (FA/FB)
No A-B Yes
T Data Available
| (N46)
[
| No data in A-B,Sink
l request is needed [
| f-box has accepted
the argument byte on
-t No Argument ves L the byte bus

Olap

Y

“Phinal" pseudo~op

Process Tgr
(L66)

End of Data Field

Yes

Sink data has been used.
A-B can be stored after
the sink bytes are replaced
from table

1. Tof Valid Tgr (L65)
2. Tof A-B Data Available Tgr
(N46)

NR243

NR305

Ton Olap
Process

Step A-B Outgate Ctr
NR228

l

Y

Sheet 7

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 3 OF 8)
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Sink Request

This is the "phinal"
op. No further sink

[
I
|
[
L
I
I

Sheets 2 and 7

TRT TR

TR/TRT

This is the "phinal"
op. No further
sink requests are

R R —

DIAGRAM 5-126. TR AND TRT'INSTRUCTION (SHEET 4 OF 8)

requests are needed (R65-66) needed
Yes .
P ’(l"gégég)er ' No P Trigger Yes
| Sink request (K66)
already pending
|
N
e — Store Trigger °
: (Mé5)
No Sink Yes |
Request Tgr
(N49)
1
Last byte of A-B !
No A-B is now being filled |
Data Available !
(N46) I Yes Ingate No
Ctr=7
Argument
Byte Accepted Yes Olap No
Process Trigger
(L66)
Yes Any C
Qutgate Tgr
No Sink ¢ ¢
Qutgate =7
No Yes
) e T T T T
Last byte of sink |
data in A-B has
been gated out I Ton Sink Request Tgr Any D
| (N49) NR323 Qutgate Tgr
T
|
Ne " Fxos I
Full [ No source data
being gated out of
| C-D in this cycle
Yes [
- Yes SDB N
Request a new I 1. Request Sk Wd NR401 Available °
doubleword of I 2. Set FXB/FLB Reg (F56-58)  NR501-503
sink data for A-B : 3. Tof Sk Request Tgr (N49) NR323
4. Ton Sk Notify NR303
5. VFL Request Pattern of Argument  NR303 FXOS No
Full
-
1. No data is stored | P Yes
during TRT operation | ___
J 1. Ton VFL Outgate to SDB NR426 I
2. Ton Sk Notify (N51) NR303 | 1. A-Bgated out to an
No FXOS 12 3. Ton Start Request FC (P48) NR425 | SDB in MSCE
Bir () 4. Ton Start Request FD (Q48) NR425 enroute to storage
5. Request Sk Wd (Argument) (N49) NR401 L
6. Tof Store Tgr (M&5) NR325
7. VFL Request Pattern or L
Argument NR303 I 3,4, and 5.
. During TR operation
Ton P Trigger (Kéé)NR387 l both sk and sr requests
can occur at the
l same time
Cycle Boundary
|
| 1. Prepare for next
1. Set SAR Name (F59-60) NR410 sink store
2. Step FXOS NR389 |
3. Tof Block Step (L64) NR222

Store operation cannot
be done in this cycle.
"Remember" that a
store is needed

Ton Store Trigger (M65)
NR325

A

O

Sheet 7
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Source Byte Processing

No

Any Cor D
Outgate

Sheets 2 and 7

R

1. Gate HOD to HOD
2. Gate LOD to LOD

Set up VFLEU
for straight
through transfer

NR342
NR342

Source byte
must come from
FX8 Cor D to
VFLEU

No Olap

TRT operation has
found a nonzero
byte in the table.
Proceed to the
terminate sequence

Og
Tgr On for Inactive
FX8

Process Tgr
(L66)

I

| Source byte is in

| A-B (sink). Gate

| from A-B to VFLEU
instead of normal

| source gate

Gate Source Bus
HOD and LOD to
VFLEU NR345

]

Proceed to
TRT Terminate
Sequence
Sheet 8 MALS
< Yes Tgr On for Inactive
FXB
Y
No Use
CorD Tgr
(P51-Q51)
FXBs C and D accept 1
tablewords alternately |
by switching the C |
and D use tgrs |
.
1 CorD
| Data Available
I (P46-Q46)
|
No CorD
ingate
FLBB
CorD
TRT TR/TRT TR
(R65-66) MALS Tgr

(P52-Q52)

A-B
Data Available
(N46)

IR
P2, setup A8
| ingate and wait
fi t VFL
1. Gate Sink Bus HOD and LOD to VFLEU ! for byte on
NR345 L
2. A-B Ingate VFL Result Bus NR242
3. Step A-B Outgate Counter NR228
4. Tof Block One (K65) NR303

Turn On Valid Tgr (L65)

NR243

Step Ingate Ctr
NR244

Tof Use Triggers C and
D {P51-Q51)
NR241
- X
1. Source byte is gated out of C-D to the
1. Ton TW Cor D Oufgfﬂe Tgr NR242 l st bus enroute through the VFLEU to
2. Tof C or D Data Available I A
(P46-Q46) NR321-322 L
TR/TRT TRT
(R65-66) 1
T
1. Step Byte Ctr NR242 | Prepare to Test
2. Step TW Ctr NR242 |  Next Function Byte
CorD L
Qutgate No
Tgr
Tof C or D Outgate
Tgr
NR106-108
CorD
MALS Tgr Yes
(P52-Q52)
1. Set Og Tgr from BAR C-D NR244
A-B Ingate 2. Tof MALS Tgr (P52-Q52) NR427
VFL Result Bus 3. Ton Olap Process (L66) NR242
NR242 4. Tof Valid Tgr (L65) NR243
5. Reverse C and D Active (Use Tgrs)
(P51-Q51) NR241
Start

Execute
(K63)

I
Tof Start Execute | First pass only J
L

(K63)
NR326

Argument
Byte Accepted

Ton Block One (Ké5)
NR303

A-B
Data Available
(N46)

Y

Sheet 7

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 5 OF 8)
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byte to I-box




Tableword Request

Sheets 2 and 7

[
| New tableword has
| arrived in FXB C

FC Yes L
Ingots FLAE ety = = e e s
Req No
C or D (P50~
Q50)
N
- Yes Use FC No
Tgr (P51) —l
Ton C-D Data Avail
(P46) NR243
f
I New tableword has
I arrived in FXB C Use
f— Tgr Cor D
P51-Q51
FD Yes | ( Q51)
Ingate FLBB L
/ Start Request
e Yes Use FD (P48-Q48)
Tgr (Q51)
Ton D Data Available |
(Q46) NR244 1. Tof Start Req (P48-Q48) NR425 | Request the next
2. Request TW C or D NR221-226 | tableword from
3. Ton BAB Outgate NR021-026 storage via the FLBB
4. Reverse Next Tgrs C and D |
(P49-Q49) NR221-226
5. Tof Request C or D
No (P50-Q50) NR223-224
MALS
Yes
FXOS No
Full Bit
Yes
No Ingate
FLBB C or D
No 1. Ton C or D End Tgr (P53-Q53) NR225
o 2. Ton Last Op (Né2) NR424
Ton Request Trigger C ; Request next table- 3. Step FXOS NR389
or D (P50-Q50) word from FLBB
NR223-224
y
| Mkm T
FXOS stepping is | (Léd)
blocked until a
sink store is done ’ Step Tableword Ctr i
| P, o
Yes
< T
|
This is the last ! N
pseudo-op. No | ° Tableword
further requests | Ctr=7
are needed |
Use Step FXOS NR389
TgrCor D
(P51-Q51)
Ton Block Step Tgr (L64)
NR222
Next A
TgrCorD
\ (P49-Q49)

End of doubleword.
Block step until sink

store op

Sheet 7

Sink
Request
(N49)

Request next table-
word from FLBB

Ingate
FLBB C or D

Ton Request Trigger C
or D (P50-Q50)
NR223-224

FXOS
Full Bit

A

®"

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 6 OF 8)
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Ending Sequence

Sheets 3,
4, 5and 6

TR TR/TRT TRT

Any Request
Outstanding

(R65-66)

CorD

No

Data Available
(P46-Q46)

No C or D End Yes

Tgr (P53-Q53)

No

Use C or D

&

Return for Next
Iteration to Sheets
3,4, 5and 6

Tgr (P51-Q51)

Ton VFL End Tgr (N63)
NR363

TR/TRT TR

C or D end tgr is turned
on when the final C or
D request is made

CorD
Ingate FLBB

No source data in C or D

(R65-66)

Source

Proceed to TRT
Terminate Sequence
Sheet 8

Bus Zero

Ton Complete Trigger
(Mé67) NR424

Yes VFL Set

[

Set CC to 0 (TRT CC
Valid) NR246

CC (M5¢)

No

Tof VFL in Process
(E53) NR373

CEnd of TRT Insfrucfion)

DIAGRAM 5-126. TR AND TRT INSTRUCTION (SHEET 7 OF 8)
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All function bytes

(table bytes) of the

TRT operation were zero.
Send a "complete" signal
to I-box (Diag 5-29)

Ton
Olap Process

SDB
Available

No

|
2

Store the last
sink word of the
TR op from A-B

NR245
NR373

Ton VFL Outgate to SDB (N&0)
Tof VFL in Process (E53)

End of TR
Instruction




Terminate and Cancel

TRT has found a non-
zero function byte.
Operation must be ter- l
minated and any reserved |
FLBs must be canceled I

VFL Set
CC Tgr On
(M56)

1. TRT Set CC =2 1. TRTSet CC =1
NR246 NR246
1. Initiate terminate condition T .
2. Tk C/FD outgate trigger | 2 ;Z;qu/;eDTg; Tor T E’éi?fé
" ;Z: ]fg ot :::g::: | 3. Tof FC Use Tgr (P51) NR241
: . . 4. Tof FD Use Tgr (@51 NR241
5. Notify I-box that a valid byte (byte | 5. Ton Byte sBus%/a(I id szr (L65) NR243
count) is on the byte bus | 6. Ton Byte Ctr Og Tgr NR0O2
6. Outgate byte count to byte bus 7. Ton Terminate Tqr (M&6) NR423
7. Indicates terminate condition ! 8' la Og Imm Dat gTRT NR246
8. Ingate nonzero byte into ID register + 19 Vg imm Laia
from VFL result bus; outgate ID register I
to sr bus for transfer to GPR2 '
J

TRT terminate and end
tgr not on indicates

1. Ton Cancel Tgr

that VFL cancel | NR304 Yes
operation is needed ]
| |
|
1. TRT Term 1 NR423
2. Tof Terminate Tgr (Mé6) NR423
3. Ton VFL End Tgr (N63) NR363
4. Ton Last Op Tgr (N62) NR424
5. Tof Byte Bus Valid Tgr (L65) NR243
6. Ton Ig GPR Tgr (H51) NR373
e Cycle Boundary
Yes No
> Cancel Trigger T
\/ |
i Canceling not needed
Block | for this instruction
End Cancel (.
Yes
Cancel
A
FXOS not full brings
up the end cancel line
—
FXOS Yes | Reserved FXBs, FLBs,
14 Bit T ’ and ops have all
(Start) i l been canceled
r L —
| FXOS 14 bit indicates
No | the first op of a new instr-
| uction stop cancelling Tof Cancel NR304
|
-—=
Cancel all reserved | 1. Request Source Word NR401
source FLBs | 2. Step FXOS NR389
] Tof VFL in Process (E53)
NR373
When FXB/FLB nome
reg changes, a double-
Yes word boundary has

FXB/FLB
Compare

been crossed. A new

sink request is needed C End of TRT Op )
to concel the FLB
reservation

-
Cancel all reserved | 1. Request Sink Word NR401
sink FLBs | 2. Set FXB/FLB Name Register

! (F56-58) NR501-503
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Cycle Control

1. Ton Cycle
One Tgr
NR105]

&

Yes

1. Tof Cycle 1

NR105]

H

No

1. Ton Cycle 2
NR107

O

1. Tof Cycle 2

9

1. Ton Cycle 3

1. Tof Cycle 3

Block VFL

Start

VFL in

Process Tgr

FXOSs

Full Bit

DIAGPAM 5-127.
5-127

VFL CONTROLS

FA/FB Request

Req Sk Wd
Yes

1. Ton Req Tgr X

Set FLB Sk
Addr =0
NR408

VFL
in Process
Tar

1. Ton FA-FB
Req Out
NR409)

FA/FB
Req Out

. Block Tof
VFL in
Process Tgr

NR406

Last Op Tgr

Yes

1. Block VFL
NK267

SDB Available

Objectives:

1.
2.
3.
4.
5.
6

FC/FD Request

( Start ’

FA/FB Request sequence is executed whenever a sink word request is generated.
FC/FD Request sequence is executed whenever a source request or TWC/TWD (TRT instruction only) request is generated.
Cycle Control sequence is executed each time FXOS is stepped.

SDB Available sequence is used to determine which SDB is available for receiving data from the VFL area.
VFL Reset sequence is executed to reset various VFL control triggers.

. Block VFL sequence prohibits VFL operations when certain conditions exist.

SS Type

. Ton FLB Req
Tgr X

2. Set FLB Sk
Addr = 2

NR408

VFL
in Process
Tgr

1. Ton FD Req
Out

NR226

Req TWC

Decd
Sr Bfr
Name X

Yes

1. Ton FLB Req
Tgr X

2. Set FLB Sk
Addr = 1

NR408|

Decd CVB

Decd
Sk Bfr
Name X

Yes

VFL
in Process
Tor

. Ton FC-FD
Req Out
NR409!

FC-FD
Req Out

-

1. Block Tof VFL
in Process

Tor

NR406

SDB 1
Not Full

SDB 2
Not Full

SDB 3
Not Full

1. SDB Avail
NR410

1. Ton FLB Req
Tgr X

2. Set FLB Sk
Addr = 3

VFL Reset

VFL

in Process

1. VFL Res
NR370




Objectives:

1. As each operation is decoded from the op stack, a sequence of conditions must be checked to see if the
operation will proceed or be blocked.

2. If no interfering conditions exist, the operation can proceed with decoding and processing.

3. If any block condition exists, the block op trigger is turned on and the operation must wait until the block
condition is cleared before proceeding.

No

T
|
Mhis position of
Ithe op stack ha:
|been cancelled

Lor_is invalid

FXOS
Conditional
(E46-51)

Rate SS
On

Cycle
1 Trigger
(D53)

No

Activate No

Signal

| These ops can
| proceed if
| FX olap is on

Signal | Unit

VFL
In Process
(E53)

In Process

(E52)

MPY
Shift Tgr

Last
- Pseudo Op Does R1
(End Bit) e‘qual GPR
FX Multiply sink reg
In Process Lo iterations in Yes
(E52) progress
FXP working

—
|
|
|

No with no
olap allowed
No
[ Yes
Compare
VFL Yes s il

Olap On Mhese ops can

(F53) proceed if Does R2

|VFL olap is Oesl .
No Lon VFL Ve equal GPR
& sink reg
Ops 1X In Process
’
Y& 48-4C, 54-5F, SO (E53)
88-8F N

Ops 0X, Yes

1X 4E
No I In Process

B Priority pes (E52)
(G52)
1 Tri Yes

Ops 48~ Yes < rigger
4F, 54~5F, - - —‘_—‘_‘ (D53)

88-8F | | unit now

| has priority
No No

Start Bit (K62)

Reset VFL
unit controls

FXOS

Full Bit
(D46-51)
Ton Block Op
End Cancel A
Condit
Signal to VFL (E°5r15)l 1on
il NK271
Proceed to Spera:oa C‘Tnnor
| unit needs Decode the Op BIroc:eC zf;
that GPR and Process ock Condition
Data Is Removed

Cycle
1 Trigger
(D53)
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Cancelled Operation Processing

( Start )

Objectives:

1. A pseudo op in the FXOS can be cancelled by resetting the corresponding
FXOS full bit.

2. When an operation is cancelled, all circuits set up for that operation
must be restored or reset.

n
Yes

FXOS No
CO Bit
O

3. Signals are sent to | unit that all FXB's and GPR's reserved for the

cancelled operation will no longer be needed by that operation.
4.

FXOS steps to decode the next pseudo-op.

1s pseudo-op
may be either

validated or can-
celled depending
on data condition:

FXN Yes

Full Bit
O/

n
No

Pseudo-op has
been cancelled.
_BCircuits set up
must be reset

n

Yes

Op In Process

No other ops
are in process

Mg in the FXA
1. Step Op Free the op stack
Reset all NK273 to decode a new
controls 2. Turn On Op pseudo op in the
Res NK273 next cycle

Ton FXB
Signal Not
Busy NKI35

Notify | unit that
the specified
FXB's are no
longer busy

Ops
1C, 5C,
8C, 8D, 8E, 8F

Ton GPR Sink
Double Tgr
NK235

These ops use
pairs of GPR's
notify | unit that
both are free

Proceed to
Next O

1. Set GPR Sink Prepare to
Reg from send RUA
Contents of R1 response to |
Field NK169 unit
Ton RUA Noﬁfy | unit tha
Response R1 GPR's are no
longer needed
NK167 in this op
1. Set R2 to A Notify | unit that]
NK135 R2 GPR's are no
2. Ton RUM Resp longer needed
NK167 in this op

P
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Timer Operation

Gate results to
SDB to be put
in storage

location 80 (hex 50)

0 718 15[16 18|19 20
FXBs SAR
FA-FF Note 1 * FXB | Name
3l
31 0 31 * Special RR Format
Objectives:
E 31 gk bbbl
1. Timer operation fetches a timer count word from storage location 80 (hexadecimal 50),
31 decrements the count by a specified amount, and stores the count word back in the
3] same location.
2. Timer pseudo instructions are issued to the FXA at a rate 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-
0 310 ] 3] resolution timer.
3. When the decremented count becomes negative (has passed through zero), a timer
interrupt occurs to signal the program that a particular period of time has passed.
Ext Accurlulcnor . 4. When'fhe FXA detects that fhe. next decr?ment wil! cause the count to b'ecome
Left Right negative (pass through zero), it sends a timer warning signal to the I-unit to
FAO 3110 31]32 instruction decoding after the I-unit issues the next timer pseudo-op.
0 310 31
Note 2 ‘
0 3]
I
Store Bus
0 31,32 63
Decode 00
Timer Op
Timer pseudo-instruc-
tions are issued to 1. Set Timer Outgate (K51)
the FXA at line NJ649
frequency (60 Hz) for 2. Reset FXP in Process
Notes: Coel the standard timer, NK369
T 4 - ELs or at an oscillator 3. Gate Left Acc to SDB
1. Decrement value (bit positions 21 1 Trigger P 96 k NJ651
and 23 for standard timer, or bit (D53) iy { Hal
0 3 e for the high-resol- 4. Block FXB to Adder A
position 28 for high-resolution Gtion Himer NJ641
timer). 5. Gate Right Acc to
2. Feedback path for decrementing Adder A
count to see if next update will NJ641
interi e
P 1. Set FXP in Process
(E52) NK361
2. Turn On Timer Tgr Tirer
(5)  NKI167 Waning ér
3. Set 32 Bit Outgate Intr Tgr
from FXB NK235 On
Timer word fetched 4. Set SAR Name Reg
from Storage Location (F59-60)  NK139
80 (hex 50) by I-unit
Timer Interrupt
- to I-unit
An undetermined
/ number of cycles NJ651
Has may occur while
N Y
L. Data Arrived in ° waiting for data from
FXB storage
. Turn On Data Avail Reset All
(H46) NK135 Decode next Timer Controls
. Step Op NK339 operation
. Turn On FXB Signal Not

Busy NK337

. Force 1's into Adder B

Input NJ605

Decrement value
is gated to the adder
B input (bit positions

timer, or bit position
28 for high-resolution
{ﬁmer)

21 and 23 for standard

Ton Timer Warning
or Intr Tgr

NH885
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1. Gate Adder to

Left Acc (H59)
NJ631

2. Gate Adder to
Right Acc (H60)
NJ631

Timer count
has gone from
positive to
negative

SDB
Available

No

An undetermined

number of cycles may

occur while
waiting for SDB
available

l-unit
has storage
priority

No

Ton Timer
Warning or
Intr Tgr

NH855

Timer count will go
from positive to
negative during
next update

Timer
Outgate
(K5T1)

No

Timer

Warning or
Intr Tgr
On

Yes

Inhibits further instruction
decoding after |-unit issues
next timer pseudo-instruction
because an interrupt will follow

Timer Warning
to l-unit

NJ651

&

Diagram 5-26

e ———

Tof Timer
Warning or
Intr Tgr

NH855

End of
Timer Op
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Cycle
Boundary

DIAGRAM 5-131.
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No

Ingatéed from
FLBB

Address

Exception Bit on
FLBB

When the FLBB contains
an AE bit the data

on the FLBB should

be zeros with parity

Ton the Address

Exception Latch

for that FXB
NK533-537-565

FXA or
VFL Attempt to Use
that FXB

Sample tags signal

Send An Address

Exception (D67)

Signal to 1-Box

(Diagram 5-33 Sheet 3)
NK541 to NM413

Computer
Reset

Tof that
FXB Busy

Cycle Boundary

To 1-Box
(Diagram 5-33
Sheet 3)

Tof the Address

Exception Latch

for that FXB
NK533-537-565

ADDRESS EXCEPTION INTERRUPT

FXB with the AE
condition was not used




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 - NK173
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 Qutput 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 - NK 541
One cycle trigger to signal an AE interrupt to the 1-Box.

AND - NG9%27
Defines the execution time of N, NR, O, OR.

AND, EXOR - NH851

Defines instructions that set condition code.

BAR AB - NRO61, 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 ABisa
three-bit register.

BAR B - NR125
Byte address register B is a two-bit register that contains the byte position of FB to be used in
execution.

BAR CD - NR103, 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 - NR126
Byte address register D is 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 FXBF.

B Bus Sign - NH857
Used to define the sign of the B bus input to the adder.

Begun - NJé03
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 - NRO21, 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 - NRO21, 026
Six triggers, one associated with each byte address buffer. These triggers control the outgating of
one of six BABs to the byte address registers.

Byte Counter - NROO4, 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
OQutgates the byte counter to the byte bus.

Carry Error Byte 1 = NH773
Records a carry error in byte 1.

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 -~ NK171
Defines execution cycle of LPR, LNR, LTR, LCR, A, AH, AR, S, SH, and SR for CC setting.

CC Overflow Group 1 - NK169
Defines execution cycle of LPR, LCR, A, AH, AR, S, SH, and SR for CC setting.

CLI - NK413
Defines compare immediate execution time.

Compare Arithmetic -~ NH853
Defines instruction used to set condition code on the cycle following the execution cycle.

Compare Logical - NH851
Defines instruction to set condition code on the cycle following the execution cycle.
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Compare Arithmetic - NK171
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 - NH201

Used to complement the A input of the adder if the feedback from the adder on the previous cycle
was negative.

Complement if Feedback Sign Plus - NH201
Used to complement the A adder input if the feedback from the adder on the previous cycle was
positive.

Compare Logical - NK173
Defines execution cycle of CL and CLR for CC setting.

Complete - NR424
Notifies the [-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 - NJ611

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 - NJé45
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 - N J649
Outgates left accumulator bits F-31 and right accumulator bits (0-3) to the store bus at the end
of CVD.

Cycle 1 - NK105
Defines the decode cycle of any op.

Cycle 2 - NK107
One-cycle trigger defining the cycle after the decode cycle provided there is no step op.

Cycle 3 - NK107
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 S! 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 Ingate - NG 897
Defines that an even-odd pair of GPRs are to be ingated.

Decoder Error - NH771
Used to record a multiply decode error.

Divide - NJ6I3
Defines duration of fixed point divide.

EBAR - NRO&4, 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 - NK443
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 filled 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 or 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) - NR221, 226
Indicates the priority of table word requests.

FD Data Availability Trigger - NR322
Indicates the availability 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.

Fetch - NK435
Defines which FXB pair (FA-FB or FC-FD) is next to receive data from the FLBs for LM.

Fill 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 Qutgate Trigger - NR184
Qutgates the fill register to the result bus.

Fixed Divide Interrupt - NJ653
A one-cycle trigger that signals an interrupt to -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 to outgate
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 l-box.

FXA A CC - NK469
One-cycle trigger (to 1-Box) that sets the CC from the CC A bus. (For shift operations.)

FXA B CC - NK4¢47
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' 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 - NK501, 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 (1-6) the current argument word came from.

FXB FP - NK531, 575
Six triggers (one per FXB) used to indicate a fetch protect (FP) violation for the data currently in
the FXB.

FXB Full - NK531, 575
Six triggers (one per FXB) that define when there is data in the FXB.

FXB SNB - NK531, 575
Six triggers (one per FXB) called the 'signal not busy' triggers. Used to turn off the FXB busy trigger
in the 1-Box.

FXP Error Generate - NK105
One-cycle trigger used to invert parity of selected bytes of the CPA during RX load (58).

FXP In Process - NK367
Defines when FXP op is being executed when execution is longer than one cycle.

FXOS Conditional - NK071, 083
Six triggers (one per FXOS position) to define the status of that FXOS position.

FXOS Decrement - NK109
One-cycle trigger to decrement the FXOS counter in the 1-Box.

FXOS Full - NK071, 083
Six triggers (one per FXOS position) to define the status of that FXOS position.

FXOS Outgate Ring - NK041, 057
Six triggers making an outgate ring to outgate the FXOS (one FXOS position at any one time).

FXQOS Parity Error ~ NK205
Three triggers to hold parity error conditions from the FXOS.

FXOS Set CC - NK041, 057
Six triggers (one per FXOS position) to define the set CC (condition code) ability of that op.

FXP Complete - NK419
A two-cycle signal to the [-Box at the end of SSM and RDD execution.

FXP Overlap - NK371
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 1-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 Qutgates -~ 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 - NG881, 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 1 - NH521
Used to record a half-sum error in byte 1.

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 - NH519
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 afixed 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 - NK601, 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 CouBfer Bit 1 - NJé53
The 2%bit of the iteration counter.

| Counter Bit 2 - NJ551
The 2" bit of the iteration counter.

I Counter Bit 4 - NJ553
The 22 bit of the iteration counter.

| Counter Bit 8 - NJ553
The 2° bit of the iteration counter.
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| Counter Bit 16 - NJ555
The 27 bit of the iteration counter.

| 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.

Ingate 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.

Ingate GPR - NR373
One-cycle trigger that causes a GPR ingate.

I Priority - NG931
One-cycle trigger continually sampling the GPR request line from the 1-Box.

Immediate Data Register - NR0OO1, 003

The immediate data register holds the immediate field before an S| 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 singleshots..

Instruction Triggers -~ NR381, 385
Fourteen triggers, one per instruction. These triggers indicate which SS instruction the VFLEU 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 - NK439
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 - NR302
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 - NKé01, 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 - NR0&7, 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 of Zero, Group 1/2 - NH001
Used in checking multiply decode.

Multiply Decode of Zero, Group 4/8 - NHO13
Used in checking multiply decode.

Multiply Decode 1 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 - NHO11
Used to record multiplier decode.

Multiply Decode 8 True - NHO11
Used to record multiplier decode.

Multiply - NJ609
Defines duration of fixed point multiply (MUL).

MVC Serial Trigger - NR201
Indicates that MVC should be executed serially .

Nonzero Trigger - NR301
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, OI, 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 SDBs.

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 SDB - 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 - NK461
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 overlap 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 ingating 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 1 - NH787
Used to record a parity error in byte 1.

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 - NHO13
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 - NJé15
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 left accumulator, shifted right 4, into the carry save adder.

Sl 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 ingated.

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 L op (PACK, UNPK, MVO), the L1 field is depleted.

Sink Notify Trigger - NR303 .
Notifies the 1-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 - NR151, 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 LOD portion of the source byte for one cycle, and then
outgates it onto the LOD portion of the result bus.

Skew Register Outgate - NR141
Qutgates the skew register to the result bus.

Skip 1 - 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 L op (PACK, UNPK, MVO), the L2 field is depleted.

Source Notify Trigger - NR304
Notifies the |-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 - NR183
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 B adder 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 1-Box.

Timer Outgate - NJ651
Qutgates left accumulator (bits 0-31) to store bus at end of CVD.

T™M - NK411
Defines test under mask execution time.

Tof Overlap Tags - NR306
Defines the cycle during which all 8 overlap tags are turned off.

Tand S - NK411
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 valid byte on the byte bus.

VFL Cancel Trigger - NR304
Indicates that the |-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 SDB.

VFL Overlap - NK371 .
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