KS10-BASED DECSYSTEM-2020
TECHNICAL MANUAL

Company Confidential

FOR FIELD SERVICE DISTRIBUTION ONLY

digital equipment corporation * marlboro, massachusetts



EK-0KS10-TM-001

KS10-BASED DECSYSTEM-2020
TECHNICAL MANUAL

Company Confidential

FOR FIELD SERVICE DISTRIBUTION ONLY

digital equipment corporation ®* marlboro, massachusetts



1st Edition, October 1978

This document is intended for use by Digital Equipment Corporation
Field Service personnel only. No other use or distribution of the mate-
rial contained herein is authorized.

Copyright © 1978 by Digital Equipment Corporation

The material in this manual is for informational purposes and is
subject to change without notice.

Digital Equipment Corporation assumes no responsibility for any
errors which may appear in this manual.

Printed in U.S.A.

This document was set on DIGITAL’s DECset-8000 computerized
typesetting system.

The following are trademarks of Digital Equipment Corporation,
Maynard, Massachusetts:

DIGITAL DECsystem-10 MASSBUS
DEC DECSYSTEM-20 OMNIBUS
PDP DIBOL 0s/8
DECUS EDUSYSTEM RSTS
UNIBUS VAX RSX

VMS IAS



PREFACE
CHAPTER 1

1.1

1.2

1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
126

CHAPTER 2

2.1
2.2
23
24
2.5

CHAPTER 3
CHAPTER 4

4.1

42

42.1
4.22
423
424
4.2.5
4.3

43.1
432
433
44

44.1
442

CONTENTS

Page
INTRODUCTION
OVERVIEW Lottt et e retr e s s etree e e e e e s aaae s s stat e baeeaeaenes 1-1
PHYSICAL DESCRIPTION ....ccoiiiiiiiiiiiiiiee ettt svir e e e 1-5
K STOPA e e et e e et e e er e e e e e 1-5
BATL-K .ot ettt ettt ae e e e eere e e aeeseteaeareeeeans 1-9
POWET Sy Stem ...ttt e e 1-9
MASSBUS Transition Plate ................coocoooiiiiiiiii e 1-9
Asynchronous Communications Panel (H317E)................occoe i, 1-12
Operator’s Switch Panel............c....ooooiiiiiiiiiiiii e, 1-12
SITE PREPARATION AND PLANNING
SITE PLANNING ...ttt et ettt ettt n e s sae b s naaen 2-1
ENVIRONMENTAL REQUIREMENTS........cciiiiiiiiiiiiits et 2-1
SYSTEM CONFIGURATION ... .ottt ettt e e evs e a1 2-2
PRIMARY POWER (AQC) ...ttt ettt e e e e ene e e 2-6
OPTION DATA SHEETS ... .ot s s eae e s 2-6
INSTALLATION
OPERATION/PROGRAMMING
CONTROLS AND INDICATORS ...ttt et e et 4-1
KS10 DIFFERENCES (KSI10 V8 KL10).....ccoiitiiiiiiiie it e 4-3
PUBLIC MOdE..... .ottt e s 4-3
AdAreSSING .oooooiiiiiieiiiece e e a e e et et e e araaae e 4-3
Interrupt Handling..........cccoooo oot 4-3
Paging....coo oo e ae e e e 4-3
KST0 INStruction Set ..........covviiiiiiiiiiiiceciiee e e e e e eee e ee s s e s 4-4
KSIOI/O INSTRUCTIONS .....ooiiiiiiiitieee ettt ettt et e ie e e ae 4-4
Internal (APR) I/O Instructions.........ccoooeviiieiiniiniiieiien e 4-6
External I/O INStrucCtions ...........coooiieviieiiiiii i 4-8
PXCT EXTENSIONS .....viiiiiiieiiiie ettt eeceirte e ebte e e eitbaeene e s enie s e eeeens 4-24
KS10 PROCESSOR STATUS WORDS .....oooiiiiiiiiiiiieiieees e e 4-24
Halt Status Word.........ooooviiiiniiiiiie e e 4-24
oL OO PO PPRPP IR PPPPION 4-24

il



443
444
445
4.5

4.6

4.6.1
462
4.7

4.7.1
472

CHAPTER §

W
Ww i —

5.2.1
522
5.2.3
524
525
52.6
5.2.7
528
529
53
53.1
532
533
534
534.1
5342
5.35
53.6
54
54.1
542
543
544
54.5

CONTENTS (Cont)

Page
Halt Status BlOCK........ouiuiiiiiiiiein e 4-24
PC WOTIA ..ottt ettt e e s e e ae s snaaeas 4-29
Page Fail Word...........ouiviiiiieiiiiiiiiiniitntiitncn e 4-29
KSIO EPT/UPT ..ottt ittt e s 4-29
OPERATOR CONSOLE.......c oottt et e e 4-29
8080 Console COmMMANGS......cceuerereeriesernin it s 4-34
Console Status REZISters.......c.vuiiiviiriirieiiirirrie e e e 4-34
REMOTE DIAGNOSIS (KLINIK) LINE.......cccoooiiiiiiiiiies e e 4-34
KLINIK Ling Modes .....c.oovuiiiiniiiiii e iectirietvevserantiee et anesensaan s sns 4-34
KLINIK Line Operation .........cc.covceeiieeiniiiiceiniininniciiiin s sniiaesesnineeneens 4-45
TECHNICAL DESCRIPTION
ORGANIZATION AND TIMING........coeiiiiiiiiieiniiiiieinctii e 5-1
Processor Logical Organization..........c.ueueeeierieieniineieeneee v crennaee e 5-2
SyStem TimING....c.cuviiiieiieiiieeniie e s s s 5-6
Intrasystem Data FIOW.......ccccuviiiiimiiiiiiiiiii 5-8
KS10 (BACKPLANE) BUS .......coiiiiiiiiiiiiii et e e 5-10
BUS TIMNE ..ottt e e e e eee e e reevrt et ar et st st srab s s aas 5-12
8646 BUS TTANSCEIVET ...uvuerniiiiiieiireerien e rerteeeetemeniae e eneniettrecssstbe sesbesseersesns 5-13
Bus ArbDitration .........cooiiiiiiiiiiiiiceee e e ee e e saens 5-15
BUS USAEE. ... ouiiiiiiiiiiiieie et ettt e e 5-17
Command /Address Cycle..........cccoveviiiiiiiiiiiiiiiiii s 5-18
Bus Memory Operation .........coccoceumiiinieeiiiiniinniniiiei e s e 5-21
Bus I/O Operation..........coeeuviiieiniiiniiiiiiiiciicie st 5-24
Bus PIOPEration .........coeeivviiiiiiiiiiiiiiiiiiiiiiiecine it 5-28
BUs Parity EITOT .. ..uviiiiiiiiiiicn ettt s e 5-30
MICROCONTROLLER ..ottt ettt et e ee e e s see e e e 5-30
IMICTOWOTA ... e e e e se en e e e e e ens 5-30
Dispatch Word .........oooiviiiiiiiiiiii i, 5-35
Control RAM ..o s 5-36
Skip and Dispatch LOZIC.........ovevieeiiiiiiiiiniiiiiiiiciiiicir e, 5-37
Dispatch ROM ........ouiiiiiiiiiieiiiiiicien e st e 5-37
Other Dispatch Procedures..........cooooiiiiiieiiiiiiiieiiiiiieeeee e et seenes 5-38
SUDIoUting StACK .....cccoviiiiiiiiie e e 5-39
Booting and Diagnosis.........c.coeeoeeereiinieeiiiiieieeeeee 5-39
DATA PATH EXECUTE. .....cooiiiie ettt stnse s s s e nnes 5-40
Arithmetic Unit.......ooiiiiiiiiieieeie e e 5-40
Main Path ... s 5-43
RAM FIle.....oooiiiiiiie ettt e e e e e sae st et e ae et esneaneens 5-44
Ten-Bit LOZIC ..c.uuniiiiiiieire e e 5-44
Program FIags .........cc.ooviiiiiiiiieieein e 5-45

iv



5.5
5.5.1
552
553
554
555
5.5.6
5.6
5.6.1
5.6.1.1
5.6.1.2
5.6.1.3
5.6.1.4
5.6.2
5.6.3
5.64
5.7
5.7.1
5.7.2
58
58.1
5.8.1.1
5.8.1.2
58.1.3
58.2
5.8.2.1
58.22
5823
583
584
585
5.8.6
5.8.7
5.9
59.1
592
593
594
59.5

APPENDIX A

CONTENTS (Cont)

Page

DATA PATH MEMORY ....ooiiiiiiiiiiieeeeee et e 5-45
Memory and I/O SEtUD .....ooocuieiieiee e e e e 5-46

BUS OPEration ........ccueveiiiiiniiniiiiie ittt e e e e e 5-50
PaGING ...oooiiiiiiii i et 5-50
CAChE ... e 5-51
ErTOT LOZIC.....ciiiiiiiiiiiieit ettt e e ereee e e 5-52
Priority INTEITUPL .....cooeiiiiiieieie et e e e 5-53
MEMORY ..o ettt oot e e 5-53
Data ACCESS.......cooiiiiiieie ettt ettt sttt ettt ettt e e aeeaeena 5-57
Command/Address...........cccuveieiniinininecee e, 5-57

Read. ... e 5-57

WL oo ettt 5-59
Read-Pause-WTite .........ccooooeiiiiiiiiiiiic e, 5-59

STALUS ..o e 5-60
REMTESh ... e e, 5-60
Power ReQUITEMENtS. ......c.c.oovuiiiiiiiiiic e e e e 5-60
CONSOLE AND CLOCK .....cooiiiiiiiiit it 5-63
CONSOIE .. cviii e e 5-63
CIOCK 11ttt ettt e et eee e e ee e e 5-65
UNIBUS ADAPTER........coiiiiiiiiit ettt e e e e 5-66
Basic OPEration ..........c.oeieiiieeieiiieiice ettt et ee e s e e e 5-66
NPR Data Transfers......ccccooeiriineiciiviiiceciiiee et 5-66

I/O Register Data Transfers..........cocuevereriueieerieeeiiseieieieee s 5-72
PIOPEration.........occcoviiniiiieiiiei e e ee e 5-75

UBA Status and Control Registers.............cccooeieuviiieieeeeseeeeeeeeeeeeeraveennan 5-75
Paging RAM ... e e e 5-75

Status REGISEET.......cciiiiniiiiiiiie ettt s e 5-79
Maintenance Register..........c...occooiviiiviiiiiiiiiie e 5-81

Logical Organization ............cccoueueieiiicuie e eeeeee e e ee e eeeneeereee e 5-81
NPR Data Transfer Operation..................cocoeioiiiiiiiiiiiceie e, 5-84

1/0O Data Transfer Operation..............co.veveueeeerereeeeceeerereeies e eeeeenesnen 5-95
PLOPEIration......c...oiiiiiiiiiecie ettt et e e e eae e e 5-100
Wraparound Data Transfer ..............cccoocooviviiiiiiiicece e 5-105
KSIOPOWER SYSTEM....c.ooiiiiiiiiiie et ettt e eenna 5-106
861 POWET CONLIOL.......couiiiiiiieniitiitiet et st een 5-106
H7130 Power Supply and 5413261 Power Distribution Module................. 5-106
H765 Power Supply (BATL-K) ......ooiviiiieeeeiceieeceee e 5-109
Blower for CPU and Memory ..............ccoccoooviiiiiiiiiiceee e, 5-109
Interconnection and Control.............c.couveeeeeevieicnierierieicee e, 5-110

UNIBUS



Figure No.

Pt ot p— o
L] ] [} L} L]
How N -

L= &ad

PR PR
w bW -

.P
(=)

FIGURES

Title Page
DECSYSTEM-2020 System Configuration .........ccceeveieeciniiienninnn e 1-2
K ST CaDINet . oe e eeeeeeeseeeeeeemteeeeeeitieiesererarannsseesrannneeaeseessuassassaesnsssusassnasenssursanss 1-6
K S10 Cabinet (Front View — Skins Removed)..........ccoooiiiii 1-7
KS10PA Card Cage, MUL ... 1-8
BATI-K Drawer, MUL ..ot ctere et e viii s se s e s e e e 1-10
KS10 Cabinet (Rear View — Skins Removed) .........ccccooviinniiiniiinnnn, 1-11
Typical KS10 System Configuration............ccooieiiiiiiiniii 2-2
KS10 Asynchronous Communications Lines........cccoooeeniiiiinnniinnnn 2-3
KS10 Synchronous Communications Lines ... 24
KS10 Switch and Indicator Panel .........cooovvvviiiiiiiiiincii et 4-1
[/0O Instruction FOrmat..........cooiiiiiiiiin e 4-5
APRID INSITUCLION 1ot tvvveeereit sttt i et eerartaeeareeessineaesentesearansserestessessanenssssssssaesns 4-9
WRAPR INSETUCHION 1 eevvneiieiienieeeiiteeeiseeeseeesaresesnsnissestnsrersnserese s srns s asssassnssens 4-9
RID APR INStIUCEION ... eteveeeeieeeetetin e eriateeerrnserseesestsnssansassesensssseamennsassssnsesnarassees 4-10
AVTA 280 B FUTA a0 (18 (o) « DUUU U PP PP PP PPN 4-11
R P INStIUCHION . vuveeeteeeieeit ettt esirteeseneeesartansensesesssssssrernassersnnessssssnssssassanens 4-11
RDUBR InStTUCHIOM. . cceuuiieirtiiiiiiieiertiitieeriiaeecataseesaneserrassstestiie e aneirasssasisaessanenes 4-12
CL R P T INSEIUCEION 1etvvteeteeeteteeeeee ettt eesbessataeeseeensasenaeeeeeeresstassssssessressnrrensnnans 4-12
WRUBR INSETUCHION ettt oot ettt et e e ettt e eeesvrntsesessenenneseeeesasnenes st seneneranranaans 4-13
WREBR INStIUCHOMN. ...t tiiuvintieiieieearteeerreeeareeiinnesrssesertasestinserssrsnssrsassanssanssssanes 4-13
RDEBR INStTUCHOM o.teeeveeieiineiieiteeeeesieeereeaeeesesessesnessseeanssessmsssessesnssessniesssssnanens 4-14
R S P B INiStUCHION vevereeerneeiteeeiitreeereceertrneeereseneterissssttnseertatneranenteeaserraasseisnens 4-14
RIDCSB INS T UCH O ... vev et ieie e et e et eeeeeeeereae et e eteesieesteaas s e e re e s sebbbasasanaaans 4-14
RIDPUR NSt TUCHIOM et tuneven e e e et eieeie et oo tneereneasnseseneaenenesssssasssssssesesssaninrsieersnernes 4-15
RIDCSTM INSIIUCEION vovneevene e eteieee e ee e eeseeateeereesserre s tebii e tessaaseeennssaeenseesasees 4-15
RDTIME INSETUCHION .. vevteeeieetenieieeeseereeneresaaeessseeeeaenseestamsnensrestsnsensansersnsnassnd 4-16
RIDINT INStTUCHON v uetvutieeitiiieieeerreeestereeeeaesaeenseessneisesntrienseermarnsnstasnerrnassenees 4-16
RIDHSB INSIIUCTION « e oot e eeet et e et eeee e svre e ees st erasbbaneeseerarstesbtnssaerassranns 4-17
W RS PB INStIUCION . .. ceeen ettt eeiieeeerirtee e reanvesaasearesetssaseearisesseratssetenssnraasrnnns 4-17
W RICSB INSITUCHION «.eeetieeeie et ie vt ete e vbreeaseeneneerssesteatisssbneesnssnesnaanasnasaananesns 4-18
WRPUR INSITUCHION covuueeiiet i veiiiiieriisereeneeee s eerne seesesseesuassssstennssensbiassnsaassssseees 4-18
WEROCSTM INSEIUCEION. .. ceteueteeiiniiirrites e eeeeeteaenearsesere st eetaiesserinoastaserasessassssersss 4-18
WRTIME INSEIUCLION ..uvieeeetieiiiietinineneeieee i eeeatssaseinesetssnasisseenetsssassnsssssasnees 4-19
W RINT INSTEUCTION 1 eeeuverviien et ereeeeeeeeeeeestieseireseerseeetansessaaeesiesaesaessaanassesennns 4-19
WRHSB INSEIUCHION ..oeeeevieee it eetttinee e tieeeeaeet e sesssneeetanseesananssesen s esnsnsaeesansissenes 4-20
1/0 Address FOrmMat........ooooiiviiiiiieniiiiies it 4-20
Effective Address Calculation for External /O Instructions .........cc.ccooeviiiiiinns 4-22
HAlt SEALUS WOTA . oe i ee e eeeeeee e te et et et sesaesrana s sesatemean e seseetressbenanseeneasasasansen 4-25
Halt SEATUS BIOCK 1vvuieeeeeencen it ieieecieestevanras s etsbbareaeeeeennatsesssesrraesnsatsassansnnneannes 4-26
MiCTOCOdE FIagS. ... .vvvviiiiiiirieiiiiee it e 4-27
VM A oo et eeeee e e et aesssee et e eearatee et eaaeeee sy e e e e e tee e erhe e e s e a s e e e ar e e s e b s 4-28
PO W OTA ot et eee ettt eeteeeeeeertaeseeseesse st aaenssesbsseseeeeeee e ressiasesebesen bt srsaabbenaren 4-30
Page Fail Word ......c..ooeiiiiiiiiiiiie it 4-31

vi



Figure No.

4-35
4-36
4-37
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
5-27
5-30
5-31
5-32
5-33
5-34
5-35
5-36
5-37
5-38
5-39
5-40

FIGURES (Cont)

Title Page
KS10 EPT/UPT (TOPS-20Paging) ..........ccccceviiiiiiiiiiiineecc e e 4-32
KS10 EPT/UPT (TOPS-10 Paging).........cccceeimmiiiiiiiiniiieenie e et e 4-33
Console Status ReGISLErS.....c.cuiiiiiiiiiiiiiiicieiieiie e et e e e e s e e e e 4-44
DECSYSTEM-2020 LaYOUL.....ccitiriiiiiiareriiiieieeterieeseessiiiereaesssee esaessssesaeassnseens 5-3
Processor OTZanization .........coveeviiiiiiiiieiiiiiiieeieesiee s ieeeeeeeteeeaaasaeeeeseresseate e cranerenees 5-4
Processor Data FIOW .........coiiiiiiiiiiiiiiii e 5-7
CLOCKS .ttt et et aeae e s eneae e 5-8
KS10 (Backplane) Bus .......c..eueeiiiiiiiiieie ittt e et eeeeeee e e 5-11
T CLK/R CLK Timing Diagram ..........ccccociiimniiiiiiiciiricc e et 5-13
8646 BUS TTaANSCOIVET ...ceevvieeitiitiiiiereitie e e ee e e e e e et ee e eeae e sn st e sanbeebaee e ceens 5-14
Request/Grant, Bus Timing Diagram..........cccocoiiiiiiiiniiiiiiii e 5-16
Basic KS10 Command/Address Format...........ccoccooviiiiiiiniiiininiiiciiieen 5-19
Command/Address Bits for KS10 Bus Operations..........c.cceecevvrmnvniieienneneecnnen. 5-20
Write Memory, Bus Timing Diagram ... 5-22
Read Memory, Bus Timing Diagram..............coooiiiiiiiiiiiiiiiieecece e 5-23
RPW, Bus Timing Diagram............cuuiveuiiiiiiiiiiiiieiiiiiiis et e 5-25
Write I/O Register, Bus Timing Diagram .............coccccoiiiiiiiniiiic e, 5-26
Read I/O Register, Bus Timing Diagram .................cooiiiii 5227
PI Operation, Bus Timing Diagram .............cccoovviiiniiiiiiiiiin e 5-29
Microword FOIrmats.......co.uvvviiiiiiiiiie i et 5-31
MICTOCONETONIET ....ceiiiiiiriiiiiiiiiii et e e e e e ettt e et e e een e e 5-32
Data Path EXECULE.......coiiiiiiiieie e e e e e e ee e 5-41
Shift ConfigUIAtIONS........ciiiiiiiiiiiiiiiie e eee e ee e e s ere e e eneaeees 5-42
Data Path MeMmOTY......c.ooeiiiiiiiiiiiieie et it s siiiretite s e e e e e s srnsr e s sebeesen s e s enasenns 5-47
MeEMOTY SUDSYSTEIM ....eeiiieitiiiiiiiie e tee e et et sttt bate e s e e ee s st eab e serbeessen e e eeasenes 5-54
Memory Read, Timing Diagram...........c.ccociviiniiimiiiiieiesieeeesirie e e e eees e e 5-58
Memory Write, Timing Diagram............cccoooiiieeiiiiiiinieniennnn. et eaaaaaes 5-59
MEMOTY StALUS ... .veveveiiiiieiie e eeeiiie e eee e et e tees s s steseeesnesbe e ea srse e cenassressenne 5-61
Memory Refresh, Timing Diagram...............ccoviiiviiiiiiiiiic e 5-62
COMSOLE ..ttt e et e e e et e re e e e eeeea st eeeesaeseaes 5-64
UBA, Simplified Block Diagram ..........c....eovvvveeeriiriniiirerens e eeeas 5-67
Unibus Data Positioning Within KS10 Word .........ccccceviiiinininiiei e 5-68
NPR Write (To Memory), Data FIoW........coooiiiiiiiiiiic e, 5-69
NPR Read (From Memory), Data FIow.........cccccoviiiiiiiiiiiece e, 5-70
I/O Write, Data FIOW.......ccuoiiiiiiiiiiiiiiiie e et 5-73
I/O Read, Data FIOW ........cocooiiiiiiiiiiiiiciiiii e 5-74
PI Operation, Data FIOW ...t e 5-76
Paging RAM Lo i e 5-78
Unibus to Memory Address Translation............cccccoveveiiimiiiiie i e 5-79
UBA StatUS ..ottt et e e s e e s e tn e s an b aae s 5-80
Maintenance RegISter........ccouviiiiiiiiiiiiiiiiciie e s 5-82
UBA, Detailed Block Diagram................cccooiiiieiiieeeiiiiniiiiiiee e 5-83
NPR Write, Bus DialogUe ..........oviviiiiiiiieiieiiiiieiiici it e 5-85

vii



Figure No.

5-41
5-42
5-43
5-44
5-45
5-46
5-47
A-1
A-2
A-3
A-4
A-5

FIGURES (Cont)

Title Page
NPR Read, Bus Dialogue .........ouuviiiiiiiiiiinii e 5-88
I/0 Write, Bus Dialogue .........cccuviviiiiiiiiiniiiiiii 5-96
I/O Read, Bus Dialogue...........ccoceeiemnniiiiiiiniiiiiniceiccvcine e 9-97
PI Operation, Bus Dialogue.............cooeiviiiniiiiiiiiicie 5-101
KS10 POWET SYStEM.....iiieiieiiiiiriiii e e e tee e ee ettt e e e e s s e e e 5-107
H7130 POWEr SEqUENCING......cccoiiiiiiiiieiieiieiiierir ettt e seiiiee e e cets saas sasaaee s 5-108
H765 POWEr SEqUENCINE ....ccoviiiiiiiiieiiiiieiie et eeee e e e seitieraes s ee s st srssaas e 5-110
KS10 Unibus CONNECtION ....cccccuvviriirteeieiiereenrerereeeeereniieeeeeeesreeeeeeerreesee e e saesaseeenas A-1
Unibus INterface .......c.ooovviiiieriiiiiiiieiierceee ettt et s A-2
Arbitrator Inputs /OULPULS ........eeeeieiiiciiiier ittt e e A-4
NPR Priority Transaction ............ecuvveeimmimiiiciniiiiecinreein et A-5
Data Transfer...... .o it ieiiie e e A-6
INterrupt OPeration.........cooeiieiieiiiiiiiiiiiiiiee e e s A-7

TABLES

Title Page
2020 CONFIGUIALIONS ....ueiiiiiiiiiiieeeiiies e et ee s et e ee et ee e e e et san e e e senaenn e 1-3
Recommended KS10 System Environmental Specifications..............ccccceiininiinns 2-1
Massbus CabliNE .......oevvrvviriiiiiiiiiiee e e eee s evrrree e e e et e ssaaa e e e 2-5
DeVICe CabliN......oiviieiiiee ettt et sttt st 2-5
KS10 SWitch FUNCHONS .....cciiiiiiiiiiiiiiiieiecee et 4-2
KS10 Indicator FUNCHONS .........coieveiniiiiiiiiiiieeeeiiiiieee e 4-2
I/O (Unibus) Device Vectors and BR Levels.........ccccooviiiiiiiiiiiiniinn 4-4
1/O Instruction Op Codes (Octal).......ccoovviiiiiiiiiiiiiiiiii 4-5
AC Field Assignments (Octal) for APR I/O Instructions..........ccccoceiininniicninnnn 4-6
External I/O Addresses ..........cccoiviriiiiminiiiiiiiiiciic i e 4-21
Summary of Effective Address Calculation for External I/O Instructions ........... 4-23
Console Mode CommaANGS ........c.oeeueiriireeeiiiiiiiiiiiiieeeeneeee e e e e ses e eraraiees 4-35
8080 Console Error Messages ......ccevuueieimiieiiiiiiiiiiieenie e et e 4-41
Other 8080 Console MESSAZES....cuuuuruuiiiiriiieeiiriierieeeriereeeietretieeeee e e ee e rer e sire e 4-43
KS10 Bus Signal SUMMATY ......ccccoviiiiiiiieiiiiee e e e eee e ee e enes 5-12
BUS OPETations. .. ...uuuuiieiiiiiiitiiieeeiit ettt reee et ee e e eene et baeerar e e s ss sebaae e s aaaeeeeeeees 5-18
Selection of Memory and I/O Functions. .........c.ccoccevvniiiiiniiiniiiininnee 5-49
Data Path Mixer Selection for NPR Transfers........c.ccoeevvooiiiiiiiiiiiiniiiiinnnn 5-93
Unibus Signal SUMMATY .......ccouviiireeinieriiie et e ee et A-3

viii



PREFACE

This technical manual is designed to support the field test phase of the DECSYSTEM-2020 project. It
is written for service personnel already competent on KL10-based systems. (Field test phase machines
are to be serviced by experienced DECsystem-10 people.) A complete set of hardware documentation,
directed to all DIGITAL service personnel, is currently being prepared to support the volume phase
of the DECSYSTEM-2020 project. For example, an Installation Guide and a Maintenance Handbook
are scheduled for release in 1978. A Technical Description and a Diagnostic User’s Guide are sched-
uled for early 1979.

ix



CHAPTER 1
INTRODUCTION

The DECSYSTEM-2020 is the hardware base for the new low-end member of the DECsystem-10 and
DECSYSTEM-20 families of computers. The KS10 processor design combines a highly efficient
microprogrammed architecture with low power/high density LS/TTL circuitry. Also, the system sup-
ports both the TOPS-10 and TOPS-20 operating systems. This capability, together with the com-
pact/low cost hardware configuration, provides a new kind of mainframe computer; that is, a
machine with large computer software power in the mini-midi computer price range.

1.1 OVERVIEW
The configuration for the end-user version of the KS10-based 2020 system is shown in Figure 1-1 and
listed in Table 1-1. (Note that systems supported by DIGITAL Field Service require a magtape.)

The heart of the KS10 is an internal backplane bus, called the KS10 bus, that provides a control and
data path between the processor, memory, console, and peripheral devices (via Unibus adapters). It is
a multiplexed 2-cycle bus that allows command and address information to be transmitted by one bus
device to another during one bus cycle; data is then transferred to/from the addressed device during a
following bus cycle.

The KS10 processor consists of four extended hex modules: data path modules DPE and DPM, and
control-store modules CRA and CRM. The processor uses low power Schottky TTL and features the
AM?2901 4-bit data path slice. Other features include:

e A 512-word virtual-address cache memory

e  Eight blocks of sixteen fast general purpose registers

e  Parity checking in micro-store, on data paths, and on backplane bus

e  Fast byte operations on 7-bit ASCII characters

e A 2K word (96-bits/word) writable RAM micro-store with address provision for 4K words

e  Basic micro-instruction cycle time of 300 ns.

1-1
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Table 1-1 2020 Configurations

Item Min System| Typical System | Max System
CPU 1 1 1
MEMORY 128K words | 256K words 512K words
RMO03 or RP06 1 2 8

TU4S5 0 (see note) | 1 4

SYNC LINES 0 1 2
LPO5/LP14 0 1 1
TERMINAL LINES 8 16 32

NOTE

OEM-serviced systems only. DIGITAL Soft-
ware/Hardware Support will not maintain systems
that do not have TU45 Magtape.

The KS10 memory system consists of a single extended hex control module that connects to the back-
plane bus and to 2-8 storage (array) modules. Each storage module contains 64K of MOS memory.
Memory features include:

e  1.050 ps cycle time

e  Single bit error

correction

. Double bit error detection

® 128K words minimum capacity and up to 512K words maximum capacity.

The console consists of a single extended hex module that uses an 8080 microprocessor to perform
console and diagnostic functions. Two UART interfaces are provided: one for console (CTY) oper-
ation and one for KLINIK operation. The KLINIK connection operates in parallel with the CTY to
allow diagnosis of the system via a remote link.

KS10 peripheral devices are selected Unibus devices that interface to the system through Unibus
adapters (UBAs). A UBA is a single extended hex module connecting to both the backplane bus and a
Unibus. Up to three UBAs may be installed in the KS10 although two UBAs are standard in the end-
user 2020 configuration. One UBA (and Unibus) is reserved for disks only. The second UBA (and
Unibus) is used for all other devices; that is, for tape, line printer, and synchronous and asynchronous
communications lines. Characteristics and features of the devices supported on the UBAs are as

follows.
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DISKS

RPO6
e  Average access time of 36.3 ms
e  Average seek time of 28 ms
e  Formatted capacity of 176 M bits
e  Maximum data transfer rate of 166K 36-bit words/second
e  Sector size of 128 36-bit words
e  Removable (20-surface) disk pack
e  18-bit (NPR) data transfers over Unibus; 36-bit (NPR) data transfers over KS10 (back-
plane) bus
RMO03
e  Average access time of 38.3 ms
e Average seek time of 30 ms
e  Formatted capacity of 67 M bits
e  Maximum data transfer rate of 250K 36-bit words/second
e  Sector size of 128 36-bit words
e  Removable (5-surface) disk pack
e  18-bit (NPR) data transfers over Unibus; 36-bit (NPR) data transfers over KS10 (back-
plane) bus
TAPE
TMO03/TU45
e  Tape speed of 75 IPS
e  Recording density of 800/1600 BPI, 9-track format on industry-standard 's-inch magnetic
tape
e  Maximum data transfer rate of 120K characters (bytes)/second
[ J

18-bit (NPR) data transfers over Unibus; 18-bit (NPR) data transfers over KS10 (back-
plane) bus



SYNCHRONOUS COMMUNICATIONS INTERFACE

e  DUPI11 single-line controller (1 per line)

e  Bitrate of 2000-19200 BPS

e  DDCMP data protocol

e KMCIi NPR microprocessor (one per system)
e  Two lines/system (maximum)

e 8- or 16-bit (NPR) data transfers over Unibus; 8- or 16-bit (NPR) data transfers over KS10
(backplane) bus

ASYNCHRONOUS COMMUNICATIONS INTERFACE

. DZ11 8-line controllers

e RS 232C interface standard with baud rates of 50, 75, 110, 134.5, 150, 300, 600, 1200, 1800,
2000, 2400, 3600, 4800, 7200, and 9600

° Line units available in 8-line groups: 8, 16, 24, or 32 lines per system

e  Character lengths of 5, 6, 7, or 8 bits with 1, 1.5, or 2 stop bits and either odd or even parity
. Carrier, ring, data, terminal ready, and break MODEM control

e  Full duplex

e  Sixty-four character silo receive buffer (alarm at 16 characters)

e  8-bit (register I/0) data transfers over Unibus; 8-bit (register 1/0) data transfers over KS10
(backplane) bus

1.2 PHYSICAL DESCRIPTION

The KS10 is compactly configured in a single width corporate high-boy cabinet (H7502H-7). This
cabinet, shown in Figure 1-2, houses the KS10PA card cage, BA11K drawer, power system,
MASSBUS transition plate, asynchronous communication panel, and operator’s switch panel.

1.2.1 KS10PA

The KS10PA assembly is a hybrid style card cage; that is, it contains both extended hex and standard
hex modules. It is located in the lower front portion of the KS10 cabinet as shown in Figure
1-3. This assembly contains the KS10 CPU, the MOS memory (128K words minimum, 512K words
maximum), two Unibus adapters (UBAs), and the RH11C Unibus disk controller. Module utilization
is shown in Figure 1-4.
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1.2.2 BAIl11K
The BA11-K drawer (Figure 1-3) contains the KS10 system’s I/O peripheral controllers. It has dedica-
ted locations for the following.

1. DZI11 asynchronous communications controllers: 1 minimum (8 lines), 4 maximum (32
lines)

2. DUPI11/KMCI11 synchronous communications controller: 0 minimum, 2 DUPI1ls max-
imum (2 lines)

3. LP20 line printer controller: 0 minimum, 1 maximum

4. RHI11C magnetic tape system controller: 0 minimum, 1 maximum. (This option is bundled
into the TAU4S5 tape system.)

BA11-K module utilization is shown in Figure 1-5.

1.2.3 Power System

The major components in the KS10 power system are the 861 power control for ac power distribution,
the LH switcher power supply for powering the KS10PA, and the H765 switcher power supply for
powering the BA11-K. Component designations for 60 Hz and 50 Hz machines are as follows.

KS10AA (115V, 60 Hz) KS10AB (230 V, 50 Hz)

861C 861B

LH Power Supply (H7130C) LLH Power Supply (H7130D)

H765A (powers BA11K) H765B (powers BA11K)
NOTE TO DIGITAL

IN-HOUSE FIELD SERVICE PERSONNEL

The first of the in-house KS10 systems will contain
the H7130A (60 Hz) and H7130B (50 Hz) power
supplies. Although input and output power specifi-
cations for these A and B (blue) models are the
same as for the C and D (silver) models that are
installed in all other machines, there are differen-
ces in power harness wiring. Thus, in the event of
failure, do not replace one type of supply with one
of a different color.

1.2.4 MASSBUS Transition Plate

The MASSBUS transition plate is located at the top of the KS10 cabinet as shown in Figure 1-6. Itis a
connection plate that holds three MASSBUS connectors plus two 25-pin communications cable con-
nectors. The MASSBUS connectors are allocated from right to left as follows.

1. Disk MASSBUS channel
2. Tape MASSBUS channel
3. Line printer channel

The two communication cable connectors are allocated as follows.
1. CTY (BCO3L to BCO3M)
2. KLINIK remote maintenance port (BCO3L to BCO5D)
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1.2.5 Asynchronous Communications Panel (H317E)
The KS10 is configured with a minimum of 1-H317E (up to 16 lines) and a maximum of 2-H317Es (32

lines). It is configured with EIA communication only.
MINIMUM CONFIGURATION

Lines 0-7:
1 - DZ11 Module (8-line MUX)

1 - H317E distribution panel
1 - BCOSW-8 cable

OPTIONAL EXPANSION

Lines 8-15 (defined as a DZ11BA):
1 - DZ11 Module (8-line MUX)
1 - BCOSW-8 cable

Line 16-23 (defined as a DZ11AA):
1 - DZ11 Module (8-line MUX)
1 - BCO5SW-8 cable
1 - H317E distribution panel

Line 24-32 (defined as a DZ11BA):
1 - DZ11 Module (8-line MUX)
1 - BCO5W-8 cable

1.2.6 Operator’s Switch Panel
The operator’s switch panel is located at the top-most front position in the KS10 cabinet (Figure 1-2).

Switch and indicator functions are given in Chapter 4.
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CHAPTER 2
SITE PREPARATION AND PLANNING

2.1 SITE PLANNING
Refer to Chapter 1 (Paragraph 1.1-1.4) of the DECSYSTEM-20 Site Preparation Guide for the fol-

lowing information:
®  Schedule of site preparation prior to system delivery

e  Summary of site preparation functions and responsibilities

° Site consideration and selection

° Building requirements.

2.2 ENVIRONMENTAL REQUIREMENTS

The recommended environmental specifications for DECSYSTEM-20 systems (including KS10 sys-
tems) are listed in Table 2-1. The environmental specifications for individual KS10 system com-
ponents are given on data sheets at the end of this chapter. Heat dissipation and air flow rate of
internal fans are also given. To estimate cooling and other environmental requirements, refer to Para-
graph 1.6 of the DECSYSTEM-20 Site Preparation Guide.

Table 2-1 Recommended KS10 System
Environmental Specifications

PARAMETER SPECIFICATION
Temperature 18° C to 24° C (65° F to 75° F)
Humidity 40% to 60%

Temperature Rate of Change 2° C/hr (3.6° F/hr)

Humidity Rate of Change 2%/hr
Voltage Tolerance 120/208 V + 10% for single phase/
three phase (60 Hz)

240/380 V £ 10% for single phase/
three phase (50 Hz)

Frequency Tolerance 60Hz + 1 Hz
50Hz + 1 Hz
NOTE

Compliance to the environmental specifications
above may be required if the system is under a
DIGITAL Maintenance Agreement.
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2.3 SYSTEM CONFIGURATION

Figure 2-1 shows a typical KS10 system configuration. Reference is made on the figure to Tables 2-2
and 2-3, which provide MASSBUS and device cable data, and to Figure 2-2 and 2-3, which show
interconnections of the asynchronous and synchronous communications lines.

NOTES:

. MASSBUS CABLE (SEE TABLE 2-2)

. DEVICE CABLE (SEE TABLE 2-3) TU45 4 MAX TU45

. MODEM DEVICE CABLE (BC050-25) (MASTER) "~ = 7~ 7] (SLAVE)

. BCO3M-25 PROVIDED WITH PROCESSOR.
BCO3M-9 PROVIDED WITH TERMINAL.

HWN =

5. SEE FIGURE 2-2
6. SEE FIGURE 2-3 @
7. T1 DENOTES ONE TERMINATOR PACK T2
(70-09938) PER MASSBUS. @
8. TERMINATORS PROVIDED BY 6
RESISTOR PACKS PLACED ON
TM02/TM03
M8921 MODULE OF LAST TU45. (MOUNTED IN TU4S MASTER)
T
RPO6 RPO6
OR 8 MAX OR
TOREMOTE | 1 oome P~ ——7
DIAG CONSOLE RMO3 RMO03
(KLINIK)
T T1
©)
e LPO5
KS10 @ BR‘j
PROCESSOR P14
LINE
PRINTER

®

I~ I~
32 MAX LS) i/IAX @)

-7 [~-—-——"- LA36
CONSOLE
ASYNCHRONOUS SYNCHRONOUS TERMINAL
COMMUNICATION COMMUNICATION
LINES LINES

MR-0850

Figure 2-1 Typical KS10 System Configuration
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Figure 2-2  KS10 Asynchronous Communications Lines
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Figure 2-3 KS10 Synchronous Communications Lines
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Table 2-2 Massbus Cabling

AVAILABLE LENGTH
FROM | TO CABLE METERS FEET
CPU RP06 BC06S (AMP ZIF to
AMP ZIF) 4.5 15
CPU RMO03 BCO06S (AMP ZIF to
AMP ZIF) 7.5 25
RP06 RP06 BC06S (AMP ZIF to
AMP ZIF) 0.6/0.75 2/2.5
RMO03 RMO03 BC06S (AMP ZIF to
AMP ZIF) 4.5 15
RPO06 RMO03 BC06S (AMP ZIF to
AMP ZIF) 4.5 15
CPU TMO02/TM03 | BCO6S (AMP ZIF 10
AMP ZIF) 4.5 15
Table 2-3 Device Cabling
AVAILABLE | LENGTH
FROM | TO CABLE METERS FEET
CPU LPO5/LP14 7011426 (AMP ZIF to
Winchester) 7.5 25%
30 100
TMO02/ | TU4S BCO6R (BERG to
T™MO3 BERG-cabled internally) | 3 10
TU45 TU4S BCO6R (BERG to BERG) | 3 10

NOTE
An asterisk (*) denotes the standard length that
will be provided if no cable information is provided
60 days prior to scheduled shipment.



24 PRIMARY POWER (AC)
Primary power specifications for KS10 system components are provided on data sheets at the end of

this chapter. Refer to Chapter 1 (Paragraphs 1.7-1.8) of the DECSYSTEM-20 Site Preparation Guide
for the following information:

e Definition of data sheet parameters (surge current, leakage current, etc.)
e  Description of power regulation systems
e  Phase balancing, grounding, and service outlet requirements

e  Description of receptacles and plugs specified (on data sheets) for KS10 system
components.

2.5 OPTION DATA SHEETS

Option data sheets for the various KS10 system components are contained in this section and are
arranged in alphanumeric sequence by device designations as follows.

KS10-AA/AB Processor
LA36

LPO5

LP14

RMO03

RPO6

TUA45A (Master)
TU45A (Slave)

N R Sl
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MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 267 kg 152 cm 69 cm 76 cm H9502H-7 N/A
590 Ib 60 in 27 in 30in
POWER {(AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current {RMS) Current * Duration
104 ] 115 | 127 | 60Hz 1 1 9.90 A 250 A 6 cycles
208 | 230 | 254 | 50Hz+1 1 495 A 125 A 6 cycles

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
16 ms 920 kg-cal/hr 1070 1.14 45m NEMA L5-30P 493 mA
3652 Btu/hr 15 ft NEMA L6-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume

Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15: to 32: Cl-40° to 66° C 20-80% 0-95% 7° C/hr 2%/hr 1100 ft3/min
59 to 90° F|-40° to 151° F 12° F/hr

ENVIRONMENTAL (MEDIA)

Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
N/A N/A N/A N/A N/A N/A

MAXIMUM CABLE LENGTH AND TYPE(S)
Memory /0 Bus Massbus Device Other
N/A N/A See Table 2-2 See Table 2-3 N/A (internal)
KS10-AA/AB
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MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
VE 46.4 kg 85 cm 70 cm 61 cm VE 86.4cm X 128.3cm
102 1b 33.5in 27.5in 24 in 34" X 50-1/2"
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 115 | 127 | 60Hzt1 1 20A 60 A
208 | 230 | 254 | H50Hzt1 1 1.0A 20 A

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type {Max)
309 kg-cal/hr 300-print] 035 | 24m NEMA L5-30P | 0.107 mA
1230 Btu/hr 160-idle 8 ft NEMA L6-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° 10 32° C | -40° to 66° C| 20-80% | O -95% 7° C/hr 2%/hr 100 t3/min
59° to 90° F | -40° to 151°F 12° F/hr
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change

Operating Storage Operating Storage Temp Rel. Humid.

15°t032° C 15°t0 32°C 20 - 80% 20 - 80%
59° to 90° F 59° t0 90° F
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device* Other
3m

N/A N/A N/A 9 ft N/A

*3 m (9 ft) for EIA Interface
5 m (15 ft) for 20 mA Loop
LA36




MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
VE 155 kg 113cm 84 cm 66 cm VE 84 cm X 103 cm
340 1b 445in 33in 26 in 33in X 40-1/2 in
POWER {AC)
AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 115 [ 127 | 60 Hz +1 1 45 A 98 A 2s
208 230 | 254 50 Hz + 1 1 23A 49 A _ 2s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
{Max) Dissipation Watts | KVA Length Type (Max)
5ms 450 kg-cat/hr 459 0.525| 40m NEMA 5-15P 0.55 mA
1800 Btu/hr 13 ft NEMA 6-15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
10°t0 38°C |-18°t066°C | 10-90% | 5-95% 7° C/hr 2%/hr 300 ft3/hr
50° to 100°F] 0° to 150° F 12° F/hr

ENVIRONMENTAL (MEDIA)

Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
10°t038°C | -18°t0 66° C 10 - 90% 5 -95% 7° C/hr 2%/hr
50° to 100° F 0° to 150° F 12° F/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
30 m
N/A N/A N/A 100 ft N/A
LP0O5-V, W

29




MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
VE 198 kg 114 cm 84 cm 70 cm 86.4 cm X 128.3 cm
435 Ib 45in 33in 27 in VE 34 in X 50-1/2 in
POWER (AC)
AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 115§ 127 60 Hz £ 1 1 7A 140 A 2s
208 230 | 254 50 Hz +1 1 35A 70 A 2s
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
710 kg-cal/hr 3.7m NEMA 5-15P
5 ms 2815 Btu/hr 780 10825 | 154 NEMA 6-15P 0.394 mA
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
10°to 38°C |-18° t0 66° C o o 7° C/hr 3
50° to 100° F| 0° to 150° F 10-90% 5-95% 12° F /hr 2%/hr 300 ft3/min
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
10°t0 38°C |-18°t066° C _QEo 7° C/hr 0
50° to 100° F 0°to 150° F 10-90% 5-95% 12° F/hr 2%/
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory /0O Bus Massbus Device Other
30m
N/A N/A N/A 100 ft N/A

LP14-C, D
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MECHANICAL
Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 195 kg 99 cm 54.6 cm 84 cm H9691
430 1b 39in 215in 33in {modified)
POWER (AC}
AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 115 127 | 60Hz*1 1 1A 30A 14s
208 | 230 254 | 50Hzzx1 1 55 A 15 A 145
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts | KVA Length Type {Max)
560 kg-cai/hr 650 0.73 3.7m NEMA 5-15P 1.218 mA
2220 Btu/hr 12 ft NEMA 6-15P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
15° t0 32° C|-40° t0 66° C | 20 - 80% 0-95% 7° C/hr 2%/hr
59° to 90° F |-40° to 151° F 12° F/hr
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus * Device Other
N/A N/A 48 m N/A N/A
160 ft
*Total system (maximum)
RMO03




MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 275 kg 119 cm 84 cm 81 cm VE 12-10568-02
600 Ib 47 in 33in 32in
POWER (AC)
AC Voltage Frequency Steady State Surge Surge
Low l Noml High | Tolerance Phase(s) | Current (RMS) Current Duration
60 Hz £ 1 3-wye | 6 A/Phase 30 A/Phase 165
See Note 1 50 Hz + 1 3-wye 3 A/Phase 15 A/Phase 165
POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
{Max) Dissipation Watts | KVA Length Type {Max)
25 ms 1800 kg-.cal/hr 2100 216 | 46m NEMA # 4.36 mA
7200 Btu/hr 15 ft L21-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
16°t032°C [ 10°to 44° C 20-80% 10-90% 7°C/hr|  2%/hr 550 ft3/min
60° t0 90° F | 50° to 110° F 12° F/hr

ENVIRONMENTAL (MEDIA)

Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
15° to 50° C 40° to 65° C 8-80% 8-80% 7° C/hr 2%/hr
60° to 120° F |-40° to 150° F 12° F/hr
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus * Device Other
N/A N/A 48 m N/A N/A
160 ft
*Total system (maximum)
RP0O6-A, B
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MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth If Used Type
FS 290 kg 152 cm 69 cm 76 cm H9502 N/A
640 Ib 60 in 27 in 30.in
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 115 | 127 60 Hz £ 1 1 85A 20A 4 cycles
208 | 230 | 254 50 Hz £ 1 1 43 A 10A 4 cycles

POWER (AC)
Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)
840 kg cal/hr 45m NEMA L5-30P
> ms 3300 Btu/hr 880 | 098 | 5 NEMA L6-20p | 3.16mA
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
16°to 32° C |-40°to 60° C 7° C/hr 3/
60° to 90° F |-40° to 140° F 20-80% 5-95% 12° F/hr N/A 500 fto/min
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
16°to 32°C -40° to 60° C
60°t090° F | 40°ta1a0°F |  20-80% 5-95% N/A N/A
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
30 m 1.8m
N/A N/A 100 ft 6 ft N/A

TU45A-E (Master)
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MECHANICAL

Mounting Cab Type Skid
Code Weight Height Width Depth if Used Type
272 kg 1562 cm 69 cm 76 cm
FS 600 Ib 60 in 27 in 30 in H9502 N/A
POWER (AC)

AC Voltage Frequency Steady State Surge Surge
Low | Nom | High | Tolerance Phase(s) | Current (RMS) Current Duration
104 | 1156 | 127 60 Hz £ 1 1 6.8 A 15 A 4 cycles
208 | 230 | 254 50 Hz +1 1 34A 75A 4 cycles

POWER (AC)

Interrupt PWR Cord Leakage
Tolerance Heat PWR Cord Conn Current
(Max) Dissipation Watts KVA Length Type (Max)

N/A 680 kg.cal/hr 704 0.78 45m NEMA L5-30P 3.16 mA

2690 Btu/hr 15 ft NEMA L6-20P
ENVIRONMENTAL (DEVICE)
Temperature Relative Humidity Rate of Change Air Volume
Operating Storage Operating | Storage Temp Rel. Humid. Inlet
16°to 32° C |-40°to 60° C 7° C/hr 3
60° to 90° F |-40° to 140° F 20-80% | 5-95% 12° F/hr N/A 500 ft2/min
ENVIRONMENTAL (MEDIA)
Temperature Relative Humidity Rate of Change
Operating Storage Operating Storage Temp Rel. Humid.
16°t0 32°C -40° to 60° C
60° to 90° F _40° to 140° F 20-80% 5-95% N/A N/A
MAXIMUM CABLE LENGTH AND TYPE(S)
Memory 1/0 Bus Massbus Device Other
, 30m 3m
N/A N/A i 100 ft 10 ft N/A

TUA45A-E (Slave)
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CHAPTER 3
INSTALLATION

Refer to KS10-Based DECSYSTEM-2020 Installation Manual (Document number EK-0KS10-IN).
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CHAPTER 4
OPERATION/PROGRAMMING

4.1 CONTROLS AND INDICATORS

The KS10 switch and indicator panel is shown in Figure 4-1. There are five switches, three of which
provide for powering-up, resetting, and bootstrapping the system. The fourth switch serves as an
interlock to prevent an inadvertent reset or bootstrap by the operator once the system is in operation.

The last switch controls the remote diagnosis link to the system. Switch functions are listed in Table 4-
L.

STATE FAULT POWER REMOTE
REMOTE
BOOT LOCK RESET POWER DIAGNOSIS
DISABLE
1
@ PROTECT
0
ENABLE
MR-1696

Figure 4-1 KS10 Switch and Indicator Panel



Table 4-1 KS10 Switch Functions

Switch Function |

POWER Turns ac power on/off. (Causes 861 power control to apply/remove line power to
the CPU and BA11K power supplies.)

RESET Resets all KS10 system components (including the 8080 console hardware).

BOOT Bootstraps the system. Performs same function as BT console command.

LOCK Electrically interlocks the RESET and BOOT switches so that they have no effect.
Also prevents the operator from switching the CTY from user mode to CTY mode
(disables “control-\” command).

REMOTE Three-position key-operated switch that controls access by the remote diagnosis

DIAGNOSIS (KLINIK) line.

DISABLE position - Prevents access to the system.
PROTECT position - Allows access to the system with password.
ENABLE position - Allows free access to the system without password protection.

The panel also has four indicators. One indicates power-on. The other three, which are under control
of the 8080 console program, indicate the system’s run state, when a system fault has been detected,
and when the system’s remote diagnosis line is enabled. Indicator functions are detailed in Table 4-2.

Table 4-2 KS10 Indicator Functions

Indicator

Function

POWER

REMOTE

FAULT

STATE

Lights when dc power (-5 V and + 12 V) is on.

Lights when KLINIK line is enabled; that is, when the REMOTE DIAGNOSIS switch
is in the PROTECT position and the password has been entered by the operator (at the
CTY), or when the REMOTE DIAGNOSIS switch is in the ENABLE position.

Lights for the following conditions:

WO AR LN —

KS10 bus parity error

UBA parity error

Memory parity error

Data path panty error

Console parity error

CRA parity error

CRM parity error

Memory refresh error

Boot command fails to start machine.

Lights when KS10 microcode is loaded and running. Indicator blinks (1 second on, 1
second off) when system monitor has been loaded and is maintaining “keep-alive” dia-
logue with console.




4.2 KS10 DIFFERENCES (KS10 vs KL10)

For the purpose of this document, some aspects of KS10 operation and programming are best
described in relation to the KL10. There are only a few differences in the instruction set and the KS10
uses the same operating system as the KL10 with minor modifications. The following differences
between the KS10 and KL 10 do exist, however.

4.2.1 Public Mode
Because TOPS-20 does not support public mode, it has not been implemented in the KS10. All
instructions behave as if the machine is in concealed mode.

4.2.2 Addressing

Only section 0 addressing is implemented in the KS10; that is, like the KL10-B (KL10-PA processor),
virtual memory space is 256K words. Extended addressing, 32 sections of 256K words as implemented
by the KL10-E (KL10-PV processor), is not currently supported by the KS10. It does support the
model B instructions XJRSTF, XJEN, XPCW, and SFM.

4.2.3 Interrupt Handling
KS10 priority interrupt operation is the same as the KL10-B (KL10-PA processor) except for the
following.

1. Only the JSR or XPCW instruction is allowed as an interrupt instruction; that is, as the first
instruction executed as a resuit of an interrupt. Any other instruction wili hait the processor
(Paragraph 4.4).

2. The only interrupt function implemented for devices is the dispatch function (i.e., interrupt
vector). Unlike the KL10-B, which dispatches to and executes the instruction in the EPT
location specified by the vector address, the KS10 first references an EPT location deter-
mined by the UBA number (EPT + 100 + CONTROLLER #). It then uses this word as
the exec-virtual address of a table and executes the instruction at TABLE + VECTOR /4.

3. The KS10 implements two levels of PIA for I/0 (Unibus) devices; one PIA can have a
higher priority than the other. The PI level (1-7) assigned to Unibus devices interrupting on
BR levels 7 and 6 is set by loading a high level PIA (bits 30-32 of UBA status register). The
PI level (1-7) for devices interrupting on BR levels S and 4 is set by loading a low level PIA
(bits 33-35 of UBA status register).

Table 4-3 lists the hard-wired interrupt vectors and BR levels for the various KS10 1/0 (Unibus)
devices in a fully configured system. It also indicates which PIA, high or low level, is associated with
each device.

4.2.4 Paging
Both TOPS-10 and TOPS-20 paging are implemented in the KS10. The paging mode is selected by bit
21 in the WREBR instruction (Paragraph 4.3.1).
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Table 4-3 1/0 (Unibus) Device Vectors and BR Levels

Interrupt
Device UBA # PIA Vector BR
RHI11 #1 (RP06) 1 HI 254 6
RH11 #3 (TU45) 3 HI 224 6
LP20 #1 3 LO 750 4
DZ11 #1 3 LO 340 5
DZ11 #2 3 LO 350 5
DZ11 #3 3 LO 360 5
DZ11 #4 3 LO 370 5
KMCI11 #1 3 LO 540 5
DUPI1 #1 3 LO 570 5
DUPI11 #2 3 LO 600 5

4.2.5 KSI10 Instruction Set
The KS10 has the same instruction set as the KL10-B (i.e., Model PA Processor-section 0 addressing
only) except for the following.

1. The single-precision (without rounding) floating point instructions that facilitate software
double-precision operations are not supported on the KS10 and will trap as MUUOs.
These are:

UFA (Unnormalized Floating Add)
DFN (Double Floating Negate)
FADL (Floating Add Long)

FSBL (Floating Subtract Long)
FMPL (Floating Multiply Long)
FDVL (Floating Divide Long).

me Ao o

2. The KS10 checks several MBZ (must be zero) fields in the extended instruction set that are
not checked by the KL10-B. Any nonzero fields cause an MUUO trap.

3. In KI paging mode, if a MAP instruction is done to a page with A = 0 in the page table
entry, the KS10 returns the address it was given. The KL 10 returns zero as an address.

4. All KL10 I/0 instructions have been replaced by a new 170 instruction set for the KS10.
Because the KS10 170 instructions do not specify a device code, instruction format has
been changed to conform to the basic instruction format of op code, AC, and effective
address. The KS10 I/0 instructions are described in Paragraph 4.3.

4.3 KS101/0 INSTRUCTIONS

KS10 I/0 instructions have the same basic format as the rest of the KS10 instruction set. (Format is
shown in Figure 4-2.) /0 instruction op codes are in the range 700-777 (octal). Op code assignments
are shown in Table 4-4.



00 08 09 12 13 14 17 18 35
L 10(;-::!70018 ' 717781 1 (§;eA;;|0t.e) L >l( 1 i A 1 1 L A 1 T 1 '

0O.C. = OP CODE (TABLE 4-4)

AC = ACCUMULATOR

] = INDIRECT ADDRESSING BIT

X = INDEX REGISTER

Y = ADDRESS

*NOTE:
AC FIELD USED AS OP-CODE EXTENSION FOR
APR /0 INSTRUCTIONS (TABLE 4-5).
Figure 4-2 1/0O Instruction Format
Table 4-4 1/0 Instruction Op Codes (Octal)
0 1 2 3 4 5 7

700 | APRO APRI1 APR2 - UMOVE| UMOVEM -
710 | TIOE TION RDIO WRIO BSIO BCIO -
720 | TIOEB | TIONB | RDIOB| WRIOB | BSIOB | BCIOB -
730 | - - - - - - -
740 | - - - - - - -
750 | - - - - - - -
760 | - - - - - - -
770 | - - -~ - - - -
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4.3.1 Internal (APR) 1/0 Instructions

The internal I/O instructions (APRO-2; op codes 700-702) use the AC field as an extension of the op
code as indicated in Table 4-5. For example, the RDEBR instruction (an APR instruction with op
code = 701) is specified by an AC value of 24. Function and bit format for the various KS10 internal
I/0 instructions are given below. Any similarities to KL10 I/O instructions are noted.

Table 4-5 AC Field Assignments (Octal) for APR 1/0 Instructions

AC | 700 701 702

00 APRID - RDSPB
04 - RDUBR | RDCSB
10 - CLRPT | RDPUR
14 - WRUBR | RDCSTM
20 WRAPR | WREBR | RDTIME
24 RDAPR | RDEBR | RDINT
30 - - RDHSB
34 - . -

40 - - WRSPB
44 - - WRCSB
50 - - WRPUR
54 - - WRCSTM
60 WRPI - WRTIME
64 RDPI - WRINT
70 - - WRHSB
74 - - -

¢ APRID (70000) - The APRID instruction, similar in function to the APRID instruction for the
KL10, reads the KS10 microcode version number and CPU serial number, The information is
stored in E. Bit format is shown in Figure 4-3.

* WRAPR (70020) - WRAPR is an immediate mode instruction used to control the processor. It

is analogous to the CONO APR instruction used in the KL10. Bit format is shown in Figure 4-
4,

e RDAPR (70024) - The RDAPR instruction stores APR status is E. It corresponds to the
CONI APR instruction used in the KL10. Bit format is shown in Figure 4-5.

e WRPI (70060) - The WRPI instruction is identical to the KL 10 CONO PI instruction except
that bits 18-20 (write even parity) are not implemented. Bit format is shown in Figure 4-6.

e RDPI (70064) - The RDPI instruction is identical to the KL10 CONI PI instruction except
that bits 18-20 read no status (write parity is not implemented). Bit format is shown in Figure
4-7.

* RDUBR (70104) - The RDUBR instruction, which is similar to the KL10 DATAI PAG
instruction, reads the user base register (UBR) and stores the information in E. The word
stored is in exactly the same format as used by the WRUBR instruction. In order to allow the
word to be used directly (by a WRUBR), bits 0 and 2 are set to one in the result. Bit format is
shown in Figure 4-8.
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CLRPT (70110) - The CLRPT instruction is similar to the KL10 CLRPT instruction. It clears
the hardware page table so that the next reference to the word at E will cause a refill cycle.
There is only one entry in the page table for any virtual page. Clearing the mapping informa-
tion for a page clears both the EXEC and USER mapping. Bit format is shown in Figure 4-9.

WRUBR (70114) - The WRUBR instruction, which is similar to the KL10 DATAO PAG
instruction, loads the UBR with the word at E. Bit format is shown in Figure 4-10.

WREBR (70120) - The WREBR instruction loads the executive base register (EBR) from E. It
is similar in function to the KL 10 CONO PAG instruction. Bit format is shown in Figure 4-11.

RDEBR (70124) - The RDEBR instruction reads the EBR into the right half of E. It is com-
parable to the KL10 CONI PAG instruction. Bit format is when in Figure 4-12.

RDSPB (70200) - The RDSPB instruction reads the shared pointer table (SPT) base register
and stores the value in E. Bit format is shown in Figure 4-13.

RDCSB (70204) - The RDCSB instruction reads the core status table (CST) base register and
stores the value in E. Bit format is shown in Figure 4-14.

RDPUR (70210) - The RDPUR instruction reads the process use register (PUR) and stores the
value in E. Bit format is shown in Figure 4-135.

RDCSTM (70214) - The RDCSTM instruction reads the CST mask register and stores the
value in E. Bit format is shown in Figure 4-16.

RDTIME (70220) - The RDTIME instruction is similar to the RDTIME instruction for the
KL10. It reads the time base and stores the double-word value in E and E + 1. The time base
upcounts at 4.096 mHz. Bit format is shown in Figure 4-17.

RDINT (70224) -The RDINT instruction reads the current value of the inerval timer period
register and stores the value in E. Bit format is shown in Figure 4-18.

RDHSB (70230) - The RDHSB instruction stores the value of the halt status block address at
E. Bit format is shown in Figure 4-19.

WRSPB (70240) - The WRSPB instruction loads the SPT base register from E. Bit format is
shown in Figure 4-20.

WRCSB (70244) - The WRCSB instruction loads the CST base register from E. Bit format is
shown in Figure 4-21.

WRPUR (70250) - The WRPUR instruction loads the PUR from E. (Bit format is shown in
Figure 4-22.) The PUR contains the AGER in the left-most bits. These bits are cleared by
ANDing the CST entry with the CST mask; then the entire PUR is ORed with the CST entry.

WRCSTM (70254) - The WRCSTM instruction loads the CST mask register from E. The CST
mask register should contain a zero for every bit in the AGER and a one in all other bit
positions. Bit format is shown in Figure 4-23.

WRTIME (70260) - The WRTIME instruction loads the double-word at E and E + 1 into the
time base. (Bit format is shown in Figure 4-14.) The Time Base up-counts at 4.096 mHz.
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e WRINT (70264) - The WRINT instruction loads the interval timer period register from E. The
binary number (n) that is loaded determines the interval; that is, the interval (period) = n
milliseconds. Bit format for the instruction is shown in Figure 4-25.

¢ WRHSB (70270) - The WRHSB instruction loads the signed word at E as the address of the
halt status block (Paragraph 4.7.2). If the word is negative or zero, no halt status will sub-
sequently be stored. If the word is positive, the halt status block (20 words) will be stored
starting at the specified address. Initially, when the microcode is loaded and started, the halt
status block address is set to a value of (+) 376000. Bit format for the WRHSB instruction is
shown in Figure 4-26.

4.3.2 External 170 Instructions

The external 1/0 instructions read, write, modify, and test registers in KS10 devices external to the
CPU. The effective address (E) for these instructions specify an 1/O address; the specified AC holds
register read/write data or mask data (for test or modification) depending on the instruction type.
Both full-word (normal) instructions and byte instructions are implemented. The full-word instruc-
tions transfer 36 bits of data and use the full contents of an AC. The byte instructions, which are
employed only when addressing Unibus device registers, transfer only eight bits of data and use only
the eight right-most bits in an AC. The various external I/O instructions are described below.

The 1/0 address generated by the external 1/0 instructions’ effective address consists of a controller
number and a register address. Bit format and the general ranges of controller number and register
address assignments are given in Figure 4-27. The specific I/0 addresses for a fully configured KS10
are listed in Table 4-6.

¢ TIOE and TIOEB (710 and 720) - The TIOE (or TIOEB) instruction fetches one word (or byte)
from the 1/O address specified by E, and ANDs the word (or byte) with the contents of the
specified AC. The instruction skips if the result of the AND is zero. The contents of the AC are
not modified.

e TION and TIONB (711 and 721) - The TION (or TIONB) instruction performs the same
function as the TIOE (or TIOEB) instruction except that the instruction skips if the result of
the AND is not zero.

e RDIO and RDIOB (712 and 722) - The RDIO (or RDIOB) instruction fetches the word (or
byte) from the 1/O address specified by E and stores the word (or byte) right-justified in the
specified AC.

e WRIO and WRIOB (713 and 723) - The WRIO (or WRIOB) instruction takes the word (or
byte) contained in the specified AC and transfers the word (or byte) to the I/O address speci-
fied by E.

e BSIO and BSIOB (714 and 724) - The BSIO (or BSIOB) instruction fetches the word {(or byte)
from the I/O address specified by E, ORs the word (or byte) with the contents of the specified
AC, and then transfers the result back to the I/O address. The instruction(s) may be used to set
selected bits in Unibus device registers. The contents of the AC are not modified.

e BCIO and BCIOB (715 and 725) - The BC10 (or BC10B) instruction is similar to BS10 (or
BS10B) instruction except that the word (or byte) read from 1/O address is ANDed with the
complement of the AC contents. The instruction(s) may be used to clear selected bits in Unibus
device registers. The contents of the AC are not modified.



LH(E)

RH(E)

APRID (70000)
00

1 L 08 09 1 1 17
T T T L] T L T T T L} T T Ll T T T
MICROCODE OPTIONS MICROCODE VERSION
1 L A 1 L L ] L 1 1 1 ' 1 i L 1
i8 20 , 21 ! L . I 35
T T T T T i 1 T t T T M v T T 1
HRDWR OPTIONS PROCESSOR SERIAL NUMBER
1 1 1 L i R 1 1 I i i 1 1 L . 1
BIT(S}) FUNCTION
08 RESERVED FOR MICROCODE VERSION
917  MICROCODE VERSION NUMBER
1820 HARDWARE OPTIONS (BITS CURRENTLY =0)
21-35 PROCESSOR SERIAL NUMBER
MR-0229
Figure 4-3 APRID Instruction
WRAPR (70020)
18 19 20 , 21 22 23 , 24 25 26 , 27 28 29 , 30 31 32,33 34 35
T T T 1 | T T T T Al T
SELECTED FLAGS INT SELECT FLAG INT PI LEVEL
) EN , DIS | CLR, SET 8080 | PWRF, NXM ,HERR SERR, TIM , 8080| REQ | 4 , 2 , 1
BIT(S) FUNCTION
20 ENABLE CONDITIONS SELECTED BY BITS 26-31 TO CAUSE
INTERRUPTS
21 DISABLE INTERRUPTS FOR CONDITIONS SELECTED BY
BITS 26-31
22 CLEAR FLAGS INDICATED BY BITS 26-31
23 SET FLAGS INDICATED BY BITS 26-31
25 INTERRUPT 8080 CONSOLE
26 POWER FAIL
27 NON-EXISTENT MEMORY ERROR
28 HARD MEMORY ERROR (CANNOT BE CORRECTED BY ECC)
29 SOFT MEMORY ERROR (CORRECT DATA PLACED ON BUS)
30 INTERVAL TIMER
31 8080 CONSOLE
32 GENERATE INTERRUPT REQUEST
3335  PIA

Figure 44 WRAPR Instruction
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RDAPR (70024)
00

, . 07 [ 08 ; 09 10 11 ; 12 13 14 17
T T T T T T T T T T T T
LH(E) ENABLED FLAGS
. , , L PWRF, NXM HERR SERR TIM 8080 L
18 | \ 25 26 27 28 29 30 3N 32 33 35
T T T T T T T M
LH(E) PWR HARD|SOFT| TiM INT PI LEVEL
FAIL | NXM | ERR | ERR |DONE| 8080 | REQ 4 2 1
| 1 L i . 1 1 1 1
BIT(S} FUNCTION
08 POWER FAIL ENABLED
09 NON-EXISTENT MEMORY ERROR ENABLED
10 HARD MEMORY ERROR INTERRUPT ENABLED
1 SOFT MEMORY ERROR INTERRUPT ENABLED
12 INTERVAL TIMER ENABLED
13 8080 CONSOLE INTERRUPT ENABLED
26 POWER FAIL ERROR
*27 NON-EXISTENT MEMORY ERROR
*28 HARD MEMORY ERROR (CANNOT BE CORRECTED BY ECC)
29 SOFT MEMORY ERR (CORRECT DATA PLACED ON BUS)
30 INTERVAL TIMER DONE
31 8080 CONSOLE INTERRUPT
32 INTERRUPT REQUESTED
3335 PIA
*NOTE:

PAGE FAIL OCCURS IF ERROR IS RESULT OF CPU MEMORY REQUEST,
NXM FLAG ALSO SETS IN UNIBUS DEVICE IF ERROR IS RESULT OF

UNIBUS NPR REQUEST.

Figure 4-5 RDAPR Instruction
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WRPI (70060)
18

, 21 22 23 , 24 25 26 , 27 28 29 , , 35
T T T T T T T T T T T
€ DROP| CLR | REQ | TURNCHAN| TURN SYS SELECT CHANNEL
INT | SYS | INT | ON . OFF | OFF ON 1 2 3 4 5 6 7
1 1 1 1 1 1 1 1 1 1 i
BIT(S) FUNCTION
22 DROP PROGRAM REQUESTS ON SELECTED CHANNELS
23 CLEAR PI SYSTEM
24 INITIATE INTERRUPTS ON THE SELECTED CHANNELS
25 TURN ON THE SELECTED CHANNELS
26 TURN OFF THE SELECTED CHANNELS
27 DEACTIVATE THE Pi SYSTEM
28 ACTIVATE THE Pi SYSTEM
29-35  SELECT CHANNELS FOR BITS 22, 24, 25, AND 26
MR 0232
Figure 4-6 WRPI Instruction
RDPI (70064)
00 | ) . 10 1, , 17
T ] ¥ T T T Ll ¥ T L T T T T T T
LH(E) PROGRAM REQUESTS
L 1 ! i 1 1 i 1 1 1 1 1 2 1 3 1 4 1 5 1 6 1 7
18 20 , 21 | { 27 28 29 , | 35
T T T I 1 1 T T vs T T T T T T
RH(E) PI IN PROGRESS SON CHANNELS ON
i i 1 | 2 1 3 1 4 1 5 1 6 1 7 1 1 2 1 3 1 4 1 5 i 6 1 7

BIT(S) FUNCTION

1117 PROGRAM REQUESTS ON CHANNELS 1-7

21-27 INTERRUPTS HOLDING (IN PROGRESS) ON CHANNELS 1-7
28 Pi SYSTEM ON

29-35 ACTIVE CHANNELS 1-7

MR 0233

Figure 4-7 RDPI Instruction
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RDUBR (70104)
2

00 01 0! 03 05 06 08 09 11 12 N 17
] T T T T T T L) T T T
LH(E) 1 0 1 CURR ACBLK PREV AC BLK
L ) 4 4 2 4 1 4 5, 2 4 1 1 1 1 L 1
18 1 | 24 25 | L , 35
T T T T T T T T T T T v Y T T T
RH(E) USER BASE REGISTER
1 1 1 ! N | | | 1 i 1 1 1 J i 1

BIT(S) FUNCTION

0 1
1 0
2 1
6-8 CURRENT AC BLOCK

911 PREVIOUS AC BLOCK
2535 USER BASE REGISTER

MR-0234

Figure 4-8 RDUBR Instruction

CLRPT (70110)
18

! ; ] ! ! 35
T T T T T T T T T T T t T T T T T
E VIRTUAL ADDRESS TO CLEAR IN HARDWARE PAGE TABLE
18,18 20, 21 22 23 24 25 , 26 27 28 29 30 , 31 ., 32, 33 , 34 ., 35

BIT(S) FUNCTION

1835 VIRTUAL ADDRESS TO CLEAR IN HARDWARE
PAGE TABLE

MR-0235

Figure 4-9 CLRPT Instruction
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WRUBR (70114)

00__01 02, 03 05 |, 06 08 , 09 11, 12 | 17
Ll T T T T T T T 1 T T
LH(E) k?: u‘é% CURR ACBLK PREV ACBLK
i 1 4 1 2 i 1 4 i 2 i 1 4 1 4 i 1
18 ) . [ 24 25 , 35
] Ll T T 1 T T T T T Y T T T
RH(E) USER BASE REGISTER
, . . \ A 2% | 2 , 27 , 28 29 30 , 631 ,3 , 33, 3,35
BIT(S) FUNCTION
0 LOAD AC BLOCK NUMBERS
2 LOAD UBR
68 CURRENT AC BLOCK
911 PREVIOUS AC BLOCK
25.35 USER BASE REGISTER (PHYSICAL PAGE NUMBER
OF UPT)
' MR-0236
Figure 4-10  WRUBR Instruction
WREBR (70120)
18 20 ; 21 22 23 , 24 25 | ) | 35
T T T ¥ T T T T T T T T
£ KL10 | TRAP EXEC BASE REGISTER
N . PAGE| EN , 25 , 26 , 27 , 28,29, 030 3,6 32,6 33,3 , 3
BIT(S} FUNCTION
21 KL10 PAGING MODE
22 TRAP (AND PAGING) ENABLE
2535  EXECUTIVE BASE REGISTER (PHYSICAL
PAGE NUMBER OF EPT)
MR 0237
Figure 4-11 WREBR Instruction
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RDEBR (70124)
18

20 [ 21 22 23 ;24 25 ; , | 35
T T 1 T T T T T T A4 T ¥ T
KL10 | TRAP EXEC BASE REGISTER
RH(E)
. . PAGE| EN \ 25 26 , 27,28 , 29,30 3 3 33 34 35
BIT(S)  FUNCTION
21 KL10 PAGING MODE
22 TRAP (AND PAGING) ENABLE
25-35 EXECUTIVE BASE REGISTER
MR-0238
Figure 4-12 RDEBR Instruction
RDSPB (70200)
00 l 1 ! . 13 14, 17
T T T T T T 1 L 1 1 T L] L T 1 |
LH(E) SPT
I 1 1 L | 1 1 1 1 1 I 1 1 14 1 15 ' 16 1 17
18 [ 1 1 i 1 35
T T U T T T T T T T T 1 T T { T Y
RH(E) SPT BASE REGISTER
18,19 20 21 22, 23 24,25 2 , 27, 28,29 30 6 31,3 , 33, 6 34, 6 35
BIT(S) FUNCTION
14-35 SPT (SHARED POINTER TABLE) BASE REGISTER
MR-0239
Figure 4-13 RDSPB Instruction
RDCSB (70204)
T T T T T T T L] Al T T T T T 1
LH(E) csT,
L 1. 1 i 1 1 I L 1 1 1 1 14 1 15 1 1 17
18 ] [N 1 } 35
T T T T T T T T T T T T T t T T
RH(E) CST BASE REGISTER
18,19 20 21, 2 23 24 265 26 27 28 29 30 31,3 33 6 34 3
BIT(S) FUNCTION
14.35

CST (CORE STATUS TABLE) BASE REGISTER

MR-0240

Figure 4-14 RDCSB Instruction
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RDPUR (70210)
00

i L 1 1 i 17
T ) i T T Ll L] L 1 T T Ll T T LS T T
LH(E) PROCESS USE REGISTER
0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17
18 1 ) l L 1 35
T T T T T 1 | T T T T T T T T T T
RH(E) PROCESS USE REGISTER
18, 19 20 21, 22, 23,24, 2 , 2,27 28,29 30,31, 3,33 ,34 35
BIT(S) FUNCTION
0-35 PUR (PROCESS USE REGISTER)
MR-0241
Figure 4-15 RDPUR Instruction
RDCSTM (70214)
00 ] l ] ] 1 17
T T T 1 T Ll 1 T T T 1 T T 1 1] ¥ T
LH(E) CST MASK REGISTER
0 , 01 , 02,603,604 ,06 , 06, 07,08 ,09 ,10 11, 12 13 , 14 15 16 , 17
8 1 ! l ! . 35
T T T T T T 1 M T T T T T T Y T T
RH{E) CST MASK REGISTER
18 19 20 21, 22 23 24 25 26 2/ 28 29 30 31 32, 33 34 35

BIT(S) FUNCTION

0-35 CST (CORE STATUS TABLE) MASK REGISTER

MR-0242

Figure 4-16 RDCSTM Instruction
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LH(E+1)

RH(E+1)

LH(E)

RH(E)

LH(E}

RH(E)

RDTIME (70220)

00

01 1 L 1 L 1 17
1 T T T T ] ¥ Al T T Ll T L ¥ T
SIGN HIGH ORDER TIME BASE
01102103l04|05106|07108l09|10|11|‘|2113 14 15 16 17
18 1 1 | | ! 35
T T T T T T T T T T T t T + Y T
HIGH ORDER TIME BASE
18119120121122123|24125|26127128|29130,31 32 , 33,3 35
BIT(S) FUNCTION
0 SIGN BIT: O(+), 1(-)
1-35 HIGH ORDER TIME BASE (MILLISECONDS)
00 01 | ! 1 ] ! 17
T T T 1 1 T T T T L] T L] 1 T T
0 LOW ORDER TIME BASE
01 , 02 03, 04, 05 06 07 08 09 610 & 11 , 12 13 14 15 , 16, 17
18 A 23 | 24 . i . 35
T T T T T T T T T T T T + T T
LOW ORDER TIME BASE TIME BASE FRACTION
18 19 20,21 , 22, 23| 24,2 ) 26 ; 27,6 28 2 6 30 6 3 32 , 33 , 34 , 35
BIT(S) FUNCTION
0 SIGN BIT: O(+), 1{-)
1-23 LOW ORDER TIME BASE (MILLISECONDS)
24.35 TIME BASE FRACTION
MR 0243
Figure 4-17 RDTIME Instruction
RDINT (70224)

00 | 1 | ] 17
T T 1 T T T R H 1 1 ' v H
INTERVAL TIMER
00 , 01 , 02,03 , 6 04 6 05 06 07 ©08 09 10 11 ,6 12,13 14 15, 16 , 17
18 , 23 , 24 \ \ 35
T T T T T T T T 1 T T 4 T T

INTERVAL TIMER
18 19,20 , 21, 22 23 - N L . , N . .
BIT(S) FUNCTION
023 INTERVAL TIMER PERIOD REGISTER (PERIOD = n MILLISECONDS)

Figure 4-18 RDINT Instruction
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RDHSB (70230)

0w __ 01 . . . , 1314 17
T T T T ] L T L) T LS Ll L) L4 T ¥
RH(E) | SIGN HSB ADDRESS
1 1 I 1 1 1 1 1 1 1 1 1 14 1 15 1 16 1 17
18

LH(E) HSB ADDRESS

\ L L424125126127128129130131|32133134135
BIT(S) FUNCTION
0 SIGN BIT = 0=STORE HALT STATUS
SIGN BIT = 1 =DO NOT STORE HALT STATUS
14-35 HSB (HALT STATUS BLOCK) ADDRESS (BIT 00 =0)

MR-0245

Figure 4-19 RDHSB Instruction

WRSPB (70240)

00 L 1 l | 13 14 17
L T T T T T T 1 1 T T 1 T L] | T
LH(E) SPT
1 1 1 L 1 i 1 I 1 | 1 i 1 14 1 15 1 16 1 17
18 \ { 1 i [ 35
T Li T L T T | o v T T T T T T T T
RH(E} SPT BASE REGISTER
18 19 20 21 22 23 24,25 26 27 28 29 30 31,632 33,634 35
BIT(S) FUNCTION
1435 SPT (SHARED POINTER TABLE) BASE REGISTER

MR-0246

Figure 4-20 WRSPB Instruction
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WRCSB (70244)

00 1 | | | 13 14 17
T T T T T T T T T T T y T T T T
CST
LH(E)
1 i 1 ! 1 1 1 i 1 L 1 | 1 14 1 15 1 16 L 17
18 \ | ! ! ! 35
T T T T T B 1 L 1 T T T T T T T T
RH(E) CST BASE REGISTER
18 \ 19 L 20 . 21, 22 | 23 \ 24 25 26 \ 27 , 28 29 N 30 31, 32 L 33 4 34 L 35
BIT(S) FUNCTION
14-35 CST (CORE STATUS TABLE) BASE REGISTER

MR-0247

Figure 4-21 WRCSB Instruction

WRPUR (70250)
00 | L ! l 17

1 T | T T Ll T 1 ] T T T T 1 L) T ]
LH(E) PROCESS USE REGISTER
00 01 02 03 04 05 06 07 08 , 08 10 , nm 12 13 14 15 16 17

18 l | l 1 } 35
T T Y T T T T T T T T T T T t T T
RH(E) PROCESS USE REGISTER - - 5 - 35
18 19 \ 20 . 21 . 22 , 23 | 24 | 25 L 26 . 27 N 28 ) 29 L 30 , \ | 3 , \
BIT(S) FUNCTION
0 PUR {PROCESS USE REGISTER)

3
&
N
I
&

M

Figure 4-22 WRPUR Instruction

WRCSTM (70254)
00 | 1 l

T T T T T T T ¥ 1 T
LH(E) CST MASK REGISTER
00 , 01 02 , 03,6 04,6 05 06,607 08 6 09 10 , 11,6 12 13 14 15 16 17

i 1 1 I 1 1 i 1

18 ! | l 1 . 35
T T T T T 1 T T T T T 1 T T } T .
RH(E) CST MASK REGISTER
18 19 , 20 , 21,22, 23,24 2 26 27 28 29 30 31 32 33 34 3
BIT(S) FUNCTION
0-35 CST (CORE STATUS TABLE) MASK REGISTER

MR.0249

Figure 4-23 WRCSTM Instruction
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LH(E+1)

RH(E+1)

LH(E)

RH(E)

LH(E)

RH(E)

WRTIME (70260)

00 01 | 1 1 L 1 17
T T T T B ] T T T T L] T T T 1
SIGN HIGH ORDER TIME BASE
1 i 1 | 1 i1 1 1 1 i 1 1 1 i 1
18 . ] | [ | 35
1 T T T T 1 I 1 I T T L T T T T
HIGH ORDER TIME BASE
L ] i L ) 1 ] 1 n L i i L 1 i
BIT(S) FUNCTION
0 SIGN BIT: 0 (+), 1(-)
1-35 HIGH ORDER TIME BASE (MILLISECONDS)
00 01 i | | 17
T T T T T T T T T T T
SIGN LOW ORDER TIME BASE
i L 1 i L. 1 1 i 1 1 1
18 . 23 | 24 [ 35
T T T T T T 1 T 1 T T T
LOW ORDER TIME BASE
1 1 1 1 1 1 i 1 1 1 L 1 ],
BIT(S) FUNCTION
01 SIGN BIT: O (+), 1 (-}
1-23 LOW ORDER TIME BASE (MILLISECONDS)
MR-0250
Figure 4-24 WRTIME Instruction
WRINT (70264)

00 L L | 1 1 17
L T ) T 1 Ll T L) T T T T T T ¥
INTERVAL TIMER
0 , 01 , 02 03 04,05 06,6 07 08 09 10, 11 12 13, 14 15 , 16 , 17
18 \ 23 ;| 24 | 1 i 35
! ! ' i T 1 T T T T T T T T

INTERVAL TIMER
18 1 19 1 20 1 21 1 22 1 23 1 1 1 L 1 1 i 1 1
BIT(S) FUNCTION
023 INTERVAL TIMER PERIOD REGISTER (PERIOD = N MILLISECONDS)

Figure 4-25 WRINT Instruction
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WRHSB (70270)

00 01 ] . ]l | 13 14 17
1 T T AJ L) 1 L] 1 T T L) LS Ll T v
HSB ADDRESS
LH(E) |SIGN
I 1 1 1 L 1 1 | 1 1 1 1 14 1 15 i 16 1 17
18 | ! ] . \ 35
T T T Al T T T T 1 ¥ T T T ¥ v T T
RH(E) HSB ADDRESS (BIT 00 = 0)

18119|20121|22123124125L26|27|28 29 30 31, 32 33 34 35

BIT(S) FUNCTION

0 SIGN BIT =0 =STORE HALT STATUS
SIGN BIT = 1 = DO NOT STORE HALT STATUS

14-35 HSB (HALT STATUS BLOCK) ADDRESS IF BIT00 = 1

MR-0252

Figure 4-26 WRHSB Instruction

00 1314 17 18 35
T ] T T T 1 T L T T Ll 1 T A T T ¥ T T T T T T T T T T 1 T T T T
E 0.vn... 0 CNT(')- REGISTER
1 1 1 L 1 1 i 1 i 1 1 1 1 L i i 1 i 1 i i 1 L L 1 i L 1 i 1 1 1 I
CONTROLLER REGISTER
NUMBER ADDRESS REGISTER(S)
0 0.077777 NOT USED
0 100000 MEMORY STATUS REGISTER
0 100000-1-177777 NOT USED
0 200000 CONSOLE INSTRUCTION REGISTER
0 20000001-777777 NOT USED
1 0377777 NOT USED
1 400000-777777 UNIBUS 1 (UBA AND DEVICE) REGISTERS
3 0-377777 NOT USED
3 400000777777 UNIBUS 3 (UBA AND DEVICE) REGISTERS
2,417 NOT USED

MR-0253

Figure 4-27 1/O Address Format
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Table 4-6 External I/O Addresses

Note that an extended address (greater than 18 bits) is required to address controllers other than zero.
The effective address calculation for external I/0 instructions (diagramed in Figure 4-28) is as

KS10 Bus | Unibus Register
Register(s) Device Device CTL #/| Address
Memory Status Register Memory 0 100000
Cont.
Console Instruction Console 0 200000
Register
UBA Paging RAM UBAI1 1 763000-77
UBA Status Register UBAI 1 763100
UBA Maintenance Register | UBA1 1 763101
Unibus 1
UBAI RHI11 # 1 (RP06) 1 776700*
UBA Paging RAM UBA3 3 763000-77
UBA Status Register UBA3 3 763100
UBA Maintenance Register | UBA3 3 763101
Unibus 3
UBA3 RHI11 # 3 (TU45) 3 772440*
UBA3 LP20 # 1 3 775400*
UBA3 DZI11 # 1 3 760010*
UBA3 DZ11 # 2 3 760020*
UBA3 DZ11 # 3 3 760030*
UBA3 DZI11 # 4 3 760040*
UBA3 KMCI11 # 1 3 760540*
UBA3 DUPII # 1 3 760300*
UBA3 DUPII1 # 2 3 760310*
NOTE

An asterisk (*) indicates address is a base address.

follows.

L.
2.

If there is no indexing or indirection, Y is used as the effective address.

If there is indirection (or indirection and indexing), Y (or Y indexed by bits 18-35 of the
index register) is used as an address for an indirect word fetch and the contents of the

indirect word (bits 14-35) are used as the effective address.

If there is indexing (and no indirection) and the left half of the index register is less than or
equal to zero, Y indexed by bits 18-35 of the index register is used as the effective address.

If there is indexing (and no indirection) and the left half of the index register is positive, Y

indexed by bits 06-35 of the index register is used as the effective address.
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INSTRUCTION FETCHED

0.C. |AC}I| X Y

4———————— INSTRUCTION

NOTES:

| = INDIRECT BIT

X =INDEX REGISTER BITS

XR = INDEX REGISTER CONTENTS
Y = ADDRESS BITS

VMA = VIRTUAL MEMORY ADDRESS

XRpg.35 + Y XR1g35+Y

FETCH

INDIRECT
WORD

BITS 14—15> VMA EXTENDED ADDRESS 18 BIT ADDRESS BITS 18-25> VMA

MR-0841

Figure 4-28 Effective Address Calculation
for External I/0 Instructions
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The operations described above are summarized in Table 4-7. The result of the effective address cal-
culation, which can be either an 18-bit or an extended I/0 address is also indicated.

Table 4-7 Summary of Effective Address Calculation
for External 1/0 Instructions

Indirection | Indexing | XRL | Effective Address Comments

NO NO - Y 18-bit Address
YES NO - Y) Extended Address
YES YES - (Y + XR18-35) Extended Address
NO YES <0 | Y + XR18-35 18-bit Address
NO YES >0 Y + XR06-35 Extended Address

It can be seen that to address controllers other than zero, which require an extended address, instruc-
tions using indexing or indirect addressing must be used. Examples of each follow, both of which read
the status register (register address = 763100) in UBA #1 (controller number = 1) into an AC with the
RDIO external I/O instruction.
Example 1 (using indexing):

RDIO AC, 763100(X) where the contents of index register X = 1000000

The index register contents (the controller number) is added to Y (the register address) to give the
extended 170 address 1736100.

Example 2 (using indirection):
RDIO AC, @ 100 where the contents of 100 = 1763100

An indirect word fetch of location 100 is made and the contents are used to generate the extended 1/0
address 1763100.
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4.3.3 PXCT Extensions .
The UMOVE and UMOVEM instructions have been originated for the KS10 to save time and space

in the monitor.

¢ UMOVE (704) - The UMOVE (move from previous context) instruction performs the same

functions as:
PXCT 4, [MOVE AC,E]

e UMOVEM (705) - The UMOVEM (move to previous context) instruction performs the same
functi :
unction & bXCT 4, [MOVEM AC,E]

4.4 KS10 PROCESSOR STATUS WORDS
Whenever the KS10 processor halts, it writes a halt status word, the PC, and (optionally) a halt status
block of 18 words in memory.

The halt status word contains a code indicating the type of halt; the halt status block contains a read-
out of several CPU registers (HR, VMA, etc.) at the time of the halt. Other KS10 status words include
the page fail word, which is written into the UPT following a page failure; and the PC word (PC with
flags), which is stored in an AC or memory location by certain system level instructions.

4.4.1 Halt Status Word

A halt status code is stored in physical memory location 0 (not AC0) whenever the KS10 processor
halts. Codes in the range 0-77 (octal) indicate normal halts; codes in the range 100-177 (octal)
indicate software failures; codes of 1000 (octal) or greater indicate microcode or software failures. Bit
format and halt code definitions are given in Figure 4-29.

442 PC
A processor halt causes the PC to be stored right justified in physical memory location 1 (not ACI).

4.4.3 Halt Status Block

If the halt status block address is positive, a processor halt causes the contents of several processor
registers to be stored in a block of KS10 memory starting at the specified address. Figure 4-30 shows
the information stored in each location. If the halt status block address is negative, the halt status
block is not stored. The WRHSB instruction (Paragraph 4.3.1) allows the program to load any address
value. Initially, when the microcode is started, the halt status block address is set to a value of (+)
376000 and the halt status block is stored.

4-24



RH(0)

HALT STATUS WORD (MEMORY LOCATION 0)

18 1 23 24 1 1 1 35
T L Ll T T T T T T T T T T T T T
HALT CODE
| 1 1 1 1 1 1 1 i 1 1 J 1 L | |
BIT(S) FUNCTION
24-35 HALT CODE

0000 MICROCODE JUST STARTED
0001 HALT INSTRUCTION EXECUTED
0002 CONSOLE PROGRAM HALTED CPU
0100 1/0 PAGE FAILURE
n101 HLLEGAL INTERRUPT INSTRUCTION
0102 POINTER TO UNIBUS VECTOR IS ZERO
1000 ILLEGAL MICROCODE DISPATCH
1005 MICROCODE STARTUP CHECK FAILED

MR -uZba

Figure 4-29 Halt Status Word
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MEMORY REGISTER DATA

LOCATION REGISTER 0 17 118 35
X MAG 0L 1
X+1 PC 7 / //// // / PC(18)
X+2 HR CURRENT INSTRUCTION
X+3 AR AR (36)
X+4 ARX ARX (36)
X+5 BR BR (36)
X+6 BRX BRX (36)
X+7 ONE 000.......ccvviiiny 001
X+10 EBR ¢ 0205 @] esran s
X411 UBR Fiass 707 wwan 8777
X+12 MASK L B 11
X+13 FLG MICROCODE FLAGS
X+14 Pl P1 STATUS (RDPI)
X+15 X1 00............ 01 00............ 01
X+16 TO TO (36)
X+17 ™ T1 (36)
X+20 VMA VMA FLAGS 19|16 VMA
X+21 FE/SC FE 19 1.....1 |FEO SC 19 1..... 1 1SCO
0 89 16 17 18 35
MR-0255
Figure 4-30 Halt Status Block
The first 16 memory locations of the halt status block hold the register data read from the 16-word

RAMs associated with the 2901 microprocessor circuits. Significant status information includes the
PC also stored in memory location, current instruction, EBR, UBR, microcode flags, and PI system
status. (PI system status is the same as that read by RDPI instruction.) Another processor status word,
the VMA contents (plus flags), is stored in the next to last location of the halt status block. Bit
definitions for the microcode flag and VMA words are given below.

* Microcode Flags - In the event of a page failure, three flags and a page fail code are stored as
part of the halt status block in X + 13. The page fail code, which is the contents of the
microword’s magic number field, specifies the operation for which the page failure occurred.
Status word bit format and page fail code definitions are given in Figure 4-31.

¢ VMA - The virtual memory address (VMA) and VMA flags are stored in location X + 20 of
the halt status block. Bit format and definitions are given in Figure 4-32.
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LH(376013)

RH(376013)

MICROCODE FLAGS

00 . 03 04 05 06 07 | L , 17
t o1 T T T T y T T T T T
WREF cye CACH
1 1 1 I A 1 1 1 1 A 1
18 ! L | | | 35
T T I I 1 T 1 1 T T Y T T T
PAGE FAIL CODE
1 1 1 1 I 1 A 1 1 1 | 1 1
BIT(S) FUNCTION
4 WRITE REFERENCE BIT FROM PAGE MAP
5 PI CYCLE
6 LOOK IN CACHE BIT FROM PAGE MAP
18-35 PAGE FAIL CODE

000000
000001
400002
000003
000004
000005
000006
000007
000010
000011
000012

Figure 4-31

SIMPLE INSTRUCTIONS

BLT IN PROGRESS

MAP IN PROGRESS

MOVE STRING SOURCE IN PROGRESS
MOVE STRING FILL IN PROGRESS
MOVE STRING DESTINATION IN PROGRESS
FILLING DESTINATION

EDIT SOURCE

EDIT DESTINATION

CONVERTING DECIMAL TO BINARY
COMPARING DESTINATION

Microcode Flags
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LH(376020)

RH(376020)

VMA

00 04 05 06 07 08 09 12 13 14 17
T T T * v T
USER WRT | WRT 1/0 | NOT | PHYS 1/0 PHYS ADDR
MODE|MODE TST | CYC | R/W JCACH| REF \ \ \ BYTE| 14 N 15 , 16 , 17
18 ! ] 1 1 L 35
T T T + T Y T T T 1 T T + T T
VIRTUAL ADDRESS (BIT 8 = 0} OR PHYSICAL ADDRESS (BIT8=1)
18 [ 22, 23,24 25 26 , 27 28 29,30 31, 32 33 34 35
BIT(S) FUNCTION
0 USER MODE
1 EXEC MODE
2 INSTRUCTION FETCH
3 READ CYCLE
4 WRITE TEST
5 WRITE CYCLE
6 1/O READ OR WRITE
7 DO NOT LOOK IN CACHE
8 PHYSICAL REFERENCE
13 1/0 BYTE INSTRUCTION
14-17 BITS 14-17 OF PHYSICAL ADDRESS (OR 0s)
18-35 BITS 18-35 OF VIRTUAL ADDRESS (BIT 8=0) OR PHYSICAL

ADDRESS (BIT8=1)

MR-0257

Figure 4-32 VMA
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444 PCWord
Several of the jump instructions (e.g., JSR) save the PC and various processor flags in a memory loca-
tion or an AC. Bit format for this PC word is shown in Figure 4-33.

4.4.5 Page Fail Word
Following all page failures, except for in-out failures, the processor causes a page fail trap and stores a
page fail word in location 500 (octal) of the UPT. Bit format is shown in Figure 4-34.

45 KS10EPT/UPT
Executive process table (EPT) and user process table (UPT) configurations for the KS10 are shown in
Figures 4-35 and 4-36.

4.6 OPERATOR CONSOLE

Local operator control of the KS10 is by a set of commands typed at the console terminal (CTY). The
CTY connects directly to the 8080-based console hardware via a serial line. A second serial line, that
operates in parallel with the first line, may also be connected to the console hardware to allow control

of the KS10 by a remote diagnosis link. Other (user only) terminals connect to the KS10 via the
Unibus (DZ11s).

The commands typed at the CTY, or entered from the remote diagnosis link, are implemented by the
program running in the console module’s 8080 microprocessor. The program is resident in PROM and
valid at power-up.

The CTY operates in either CTY mode or user mode.

NOTE
The remote diagnosis link operates in one of sev-
eral modes as explained in Paragraph 4.7. These
KLINIK line modes should not be confused with
the two 8080 program modes stated above and
described below. They are not directly related to
each other.

In CTY mode, commands are directed to (and executed by) the 8080 console hardware. An operator
may perform the following major functions.

Reset and bootstrap system

Load and check microcode

Deposit and examine memory
Read and write 1/0 device registers
Read and write KS10 bus

Start and stop CPU clock
Single-step the CPU clock

Execute a given instruction

Halt the machine

Start the machine at a given location
Single-instruct a program

mONXRXNAN AW —

[S Y

In user mode, the CTY is a user terminal and (with one exception) the console passes all characters
directly to and from the program running in the KS10 CPU without echoing or interpreting the char-
acters in any way. The exception is a “control\”’, which causes the console program to switch the
CTY from user mode to CTY mode.
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PC WORD

00 01 02 03 04 05 06 07 08 09 10 11 12 13 L 17
T T T ) T T T
CARRY FLT USER TRAP FLT| NO
LH(PC) OVF 0, 1 OVE FPD { USER 10T 1 2 1 urLol piv . . . ,

Il | ! 35
T T T T T T T T T T T T T T T T T
RH(PC) PROGRAM COUNTER
18119120121122123124425126127128|29130131132L334[34135
BIT(S) FUNCTION
0 OVERFLOW
1 CARRY 0
2 CARRY 1
3 FLOATING OVERFLOW
4 FIRST PART DONE
5 USER MODE
6 USER 10T (ALSO PCU)
9 TRAP 2
10 TRAP 1
11 FLOATING UNDERFLOW
12 NO DIVIDE
18-35 PROGRAM COUNTER

MR-0258
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PAGE FAIL WORD (OR MAP AC)

00 01 02 | 03 04 05 06 07 08 | 13 14 17
. T B L T 1 T 1 ¥ 1 T
LH(500) | USER PAGE FAIL CODE OR PT PAG ADDRESS
ADDR| o | TV , WRT  SOFT,WREF CACH| REF . . . , 14,15 16 , 17
18 | | 35
T T T T T, T T T } T T 11 T Y ! T T
RH{500) VIRTUAL ADDRESS (PHYSICAL FOR MAP IF BIT 2= 1)
i 1 L 1 i 1 1 i 1 1 1 i 1 1 L i L
BIT(S) FUNCTION
0 USER ADDRESS
2-5(BIT1=0)
2 TRANSLATION VALID
3 WRITABLE (KL PAGING MODE = 0)

WRITTEN (KL PAGING MODE = 1)

4 SOFTWARE (KL PAGING MODE = 0)
WRITABLE (KL PAGING MODE = 1)

5 WRITE REFERENCE

2-5(BIT 1=1) PAGE FAIL CODE

20 AN 1/0 INSTRUCTION SELECTED A NONEXISTENT
DEVICE OR REGISTER. (BITS 14-35 = 1/0 ADDRESS)

25 PAGE TABLE PARITY ERROR

36 HARD MEMORY ERROR

37 NXM
7 PAGE TABLE CACHE
8 PAGED REFERENCE
18-35 VIRTUAL ADDRESS (PHYSICAL FOR MAP IF BIT 2= 1)

Figure 4-34 Page Fail Word
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USER PROCESS TABLE EXECUTIVE PROCESS TABLE

0 0
NOT USED
a1
23 STANDARD PRIORITY INTERRUPT INST
60 NOT USED
77
100 VECTOR INTERRUPT TABLE POINTERS
NOT USED 17
120
NOT USED
417
420 420
421 | USER ARITHMETIC OVF TRAP INST 421 | EXEC ARITHMETIC OVF TRAP INST
422 | USER STACK OVF TRAP INST 422 | EXEC STACK OVF TRAP INST
423| USER TRAP 3 TRAP INST 423 | EXEC TRAP 3 TRAP INST
424 | FLAGS 1 MUUO OP AC 424
425 | mMuUO OLD PC
426 | EOF MUUO
427 [ MUUO PROCESS CONTEXT WORD
430 | KERNAL NO TRAP MUUO NEW PC WORD
431 | KERNAL TRAP MUUO NEW PC WORD
432 | SUPERVISOR NO TRAP MUUO NEW PC WORD
433 PM P
SUPERVISOR TRAP MUUO NEW PC WORD NOT USED
434 | CONCEALED NO TRAP MUUO NEW PC WORD
435 | CONCEALED TRAP MUUO NEW PC WORD
436
NOT USED
477
500 | PAGE FAIL WORD
501 | PAGE FAIL FLAGS
502 | PAGE FAIL OLD PC
503 | PAGE FAIL NEW PC
504
NOT USED
537 537
540 | USER SEC 0 PTR 540 | EXEC SEC OPTR
541 541
NOT USED NOT USED
777 777

MR-0261

Figure 4-35 KS10 EPT/UPT (TOPS-20 Paging)
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USER PROCESS TABLE EXECUTIVE PROCESS TABLE

0 USER PAGE 0 ; USER PAGE 1 4(: NOT USED
| ‘;?i STANDARD PRIORITY INTERRUPT INST
60
| 77 NOT USED
| :?(7) VECTOR INTERRUPT TABLE POINTERS
! 120
{ 177 NOT USED
| 200 EXEC PAGE 400 EXEC PAGE 401
377 USER PAGE 776 | USER PAGE 777 377 EXECPAGE 776 EXEC PAGE 777
400 EXEC PAGE 340 | EXECPAGE 341 400
417 EXEC PAGE 376 ;|  EXECPAGE 377 NOT USED
420 | ADDRESS OF LUUO BLOCK 420
421 | USER ARITHMETIC OVF TRAP INST 421 | EXEC ARITHMETIC OVF TRAP INST
422 | USER STACK OVF TRAP INST 422 | EXEC STACK OVF TRAP INST
423 | USER TRAP 3 TRAP INST 423 | EXEC TRAP 3 TRAP INST
424 | MUUO STORED HERE 424
425 | PC WORD OF MUUO STORED HERE
426 | PROCESS CONTEXT WORD STORED HERE
427 NOT USED
430 | KERNAL NO TRAP MUUO NEW PC WORD
431 | KERNAL TRAP MUUQ NEW PC WORD
432 | SUPERVISOR NO TRAP MUUO NEW PC WORD
433 | SUPERVISOR TRAP MUUO NEW PC WORD
434 | CONCEALED NO TRAP MUUO NEW PC WORD NOT USED
435 | CONCEALED TRAP MUUO NEW PC WORD
436
NOT USED
477
500 | EXEC OR USER PAGE FAIL WORD STORED HERE
501 | EXEC OR USER OLD PC WORD STORED HERE
502 | PAGE FAIL NEW PC WORD
503
NOT USED 577
600 EXEC PAGE 0 ! EXEC PAGE 1
757 EXECPAGE 336 , EXECPAGE 337
760
777 777 NOT USED

MR-0260

Figure 4-36 KS10 EPT/UPT (TOPS-10 Paging)
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The console program initializes to CTY mode at power-up. When in CTY mode, starting or contin-
uing KS10 program execution (ST or CO commands) or a “control-Z” switches the console program
to user mode. As stated previously, a “control-\.” in user mode causes a return to CTY mode. Also,
an error which lights the FAULT indicator causes a return to CTY mode, as does any KS10 processor
halt instruction.

4.6.1 8080 Console Commands

The CTY mode command prompt is the characters “KS10” followed by a greater than sign (“KS10>").
A command, or a string of commands separated by commas, may then be typed and followed by a
carriage return (CR). The CR causes the command, or string of commands, to be executed. The vari-

ous console commands are listed in Table 4-8. Error printouts are listed in Table 4-9. Other messages
are listed in Table 4-10.

4.6.2 Console Status Registers

The console program reads and prints (at the CTY) the contents of certain 8080 registers in response
to the EB (examine bus) command and a system parity error (?PAR ERR). The EB command prints
registers 100-103 and 300-303. Registers 100, 303, and 103 are printed when the system parity error is
detected. Register bit format is shown in Figure 4-37.

4.7 REMOTE DIAGNOSIS (KLINIK) LINE

As stated previously, a serial line to facilitate remote diagnosis connects to the 8080 console in parallel
with the serial line for the CTY. This line, called the KLINIK line, operates under the control of the
8080 console program in one of four operating modes. The mode is dependent on the position of the
front panel REMOTE DIAGNOSIS switch (Paragraph 4.1) and whether or not the operator at the
CTY has entered a password or enabled/disabled duplicate CTY operation. The password is entered
by the PW command; duplicate CTY operation is enabled/disabled by the KL command. Console
commands are listed in Table 4-8.

4.7.1 KLINIK Line Modes
The four KLINIK line operating modes (0-3) are as follows.

1.  Mode 0 (console unavailable to KLINIK line) - This mode is in effect when:
a.  The front panel switch is set to DISABLE.

b. The front panel switch is set to PROTECT and the operator has not typed a password

at the CTY.

2. When the switch is in the DISABLE position or with the switch in the PROTECT position
and no password entered, any character entered over the KLINIK line will be echoed as
“INA” (i.e., Not Available). Once the operator types a password at the CTY using the PW
command, the KLINIK line is switched to mode 1.

Mode 1 (console waiting for password on KLINIK line) - This mode is in effect when the
front panel switch is set to PROTECT and the operator has typed a password at the CTY.
The first character entered by the KLINIK user in mode 1 is thrown away and echoed as
“PW.” Characters following the first are then compared against the password entered by the
operator. If there is no match, that is, if the KLINIK user has entered the wrong password,
the console responds with the error message ?IL (i.e., Illegal Password). The KLINIK user is
allowed three chances to enter the correct password. (The line is hung up after the third
consecutive miss.) Once a correct password is entered, the message *“OK”’ is printed and the
KLINIK line is switched to mode 2.
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Table 4-8 Console Mode Commands

Load Commands

LA xx
LC xx
LF xx

LI xx

LK xx

Set KS10 memory address xx (0000000-1777777).

Set CRAM address xx (0000-3777).

Load diagnostic write function xx (0-7). The function specifies a 12-bit group
within a CRAM address.

-
C)

CRAM Bits

00-11
12-23
24-35
36-47
48-59
60-71
72-83
84-95

NNV A W —-~O

Set I/0 address xx. The address consists of a control number and a register
address. I/0 addresses accessible from the console are listed below. Note that
the address of the console instruction register is not included. If the console
attempts to access its own instruction register, no response occurs.

Register
CTL Address Register(s)
0 100000 Memory status register
1,3 763000-77 UBA paging RAM
1,3 763100 UBA status register
1,3 763101 UBA maintenance register
1,3 TXXXXX Unibus device registers

S,et 8080 memory address xx. (PROM address = 00000-17777; RAM address
= 20000-21777).

Note that the values loaded by the load commands listed above are addresses for use as arguments by
associated deposit/examine commands. The values are not the contents of an address.

Deposit Commands
DB xx

* DC xx

* DF xx

DI xx

Deposit xx (36 bits) onto KS10 bus.

Deposit xx (96 bits) into CRAM. Address previously loaded by LC
command.

Deposit xx (12-bit group) into CRAM. Address and diagnostic function pre-
viously loaded by LC and LF commands.

Deposit xx (16, 18 or 36 bits) into an I/0 register. Address previously loaded
by LI command.
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Table 4-8 Console Mode Commands (Cont)

Deposit Commands (Cont)

DK xx

DM xx

DN xx

Examine Commands

EB

* EC

* EC xx

EK

EK xx

EM

EM xx

EN

Deposit xx (8 bits) into 8080 memory. Address previously loaded by LK com-
mand. (Data cannot be deposited in PROM addresses; only in RAM
addresses.)

Deposit xx (36 bits) into KS10 memory. Address previously loaded by LA
command.

Deposit xx into next (KS10, 8080, I/O, CRAM) address.

Examine KS10 Bus. Prints contents of console registers 100-103 and 300-303
(Paragraph 4.6.2).

Examine contents of CRAM control register.
Examine contents of CRAM address xx.

Examine contents of I/0 register. Address previously loaded by LI
command.

Examine contents of I/0O address xx.

Examine current CRAM address, next CRAM address, jump address, and
subroutine return address.

Examine contents of 8080 memory. Address previously loaded by LK)
command.

Examine contents of 8080 memory address xx.

Examine contents of KS10 memory. Address previously loaded by LA
command.

Examine contents of KS10 memory address xx.

Examine contents of next (KS10, 8080, I/O, CRAM) address.

Start/Stop Clock Commands

CH
* CP
* CP xx

* CS

Halt CPU clock.
Pulse CPU clock.
Pulse CPU clock xx times.

Start CPU clock.
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Table 4-8 Console Mode Commands (Cont)

Start/Stop Microcode Commands

* PM

* SM xx

*

TR xx

Pulse microcode. Performs a CP command to execute a microinstruction fol-
lowed by an EJ command to print current CRAM address, next CRAM
address, jump address, and subroutine return address.

Reset and start microcode at CRAM address 0.

Reset and start microcode at CRAM address xx.

Trace. Repeats PM command until any CTY key is depressed.

Trace. Repeats PM command until CRAM address xx is reached or until any
CTY key is depressed.

Start/Stop Program Commands

HA

SI

ST xx

Halt KS10 program. Microcode enters halt loop.
Continue KS10

Shut down command. Deposits nonzero data into KS10 memory location 30
to allow orderly shut down of the monitor.

Single instruct. Executes next KS10 instruction.

Start KS10 program at address xx. Console program enters user mode.

Select Device Commands

DS

Select disk for bootstrap or microcode verification. Console program asks for
UBA number (default = 1), RH11 base address (default = 776700), and disk
unit number (default = 0) as follows:

>>UBA? | <CR>
>>RHBASE? 776700 <CR>
>>UNIT? 0 <CR>

The default value for the RH11 base address is currently the only value per-
mitted. Also, a carriage return in response to any question retains the current
value.
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Table 4-8 Console Mode Commands (Cont)

Select Device Commands (Cont)

MS

Boot Commands

Select tape for bootstrap or for microcode verification. Console program asks
for UBA number (default = 3), RH11 base address (default = 772440), tape
unit number (default = 0), tape density (default = 1600 BPI), and slave
number (default = 0) as follows:

>>UBA?3 <CR>
>>RHBASE? 772440 <CR >
>>TCU? 0<CR>
>>DENS? 1600 <CR>
>>SLV?0 <CR>

The default value for the RH11 base address is currently the only value per-
mitted. Also, a carriage return in response to any question retains the current
value.

BT Bootstrap the KS10 from disk. Loads and starts microcode and monitor boot
program from drive 0 on UBA1 (default address) or drive selected by last DS
command; starts KS10 at memory address 1000. The BT command is per-
formed automatically 15 seconds after power-up. A “control-C” aborts the
automatic boot process.

BT 1 Same as BT command except that diagnostic boot program (not monitor boot
program) is loaded and started.

BC Check the KS10 boot path.

LB Load the monitor boot program from the disk selected last. Does not load
microcode. Program must be started at 1000.

LB 1 Same as LB command except that diagnostic boot program (not monitor boot
program) is loaded. Program must be started at 1000.

MB Load the monitor boot program from the tape selected last. Does not load
microcode. Program must be started at 1000.

MT Bootstrap the KS10 from tape. Loads and starts microcode and monitor boot
program from tape unit 0, slave unit 0 on UBA3 (default address) or drive
selected by last MS command; starts KS10 at memory address 1000.

Verify Microcode Commands |

VD Verify CRAM against disk. Compares microcode in CRAM with microcode
found on disk unit 0 on UBAI1 (default address) or disk selected by last DS
command.

VT Verify CRAM against tape. Compares microcode in CRAM with microcode

found on tape unit 0, slave unit 0 on UBA3 (default address) or tape selected
by last MS command.
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Table 4-8 Console Mode Commands (Cont)

Mark/Unmark Microcode Commands
* MK xx Mark microcode word (set bit 95) at CRAM address xx.

* UM xx Unmark microcode word (clear bit 95) at CRAM address xx.

Master Reset Command

MR Master reset. Issue bus reset.

Execute Command

EX xx Execute the single KS10 systems-level instruction xx.
Enable/Disable Commands

CE xx Enable (xx = 1) or disable (xx = 0) cache.

PE xx Enable or disable parity detection as follows:

X
Disable all parity detection.
Enable KS10 bus parity detection.
Enable DPE/DPM parity detection.
Enable CRA/CRM parity detection.
Enable all parity detection.

= WV N e RV

SC xx Enable (xx=1) or disable (xx=0) automatic recovery from soft CRAM parity
errors.

TE xx Enable (xx = 1) or disable (xx = 0) CPU interval timer interrupts.

TP xx Enable (xx = 1) or disable (xx = 0) CPU traps.
Following an enable/disable command with a carriage return gives the cur-
rent value.

Read Cram Commands

* RC Read CRAM data. Performs diagnostic read functions 0-17 to read CRAM
addresses and contents (of current address) as follows:

0 CRAM bits 00-11
1 Next CRAM address
2 CRAM subroutine return address
3 Current CRAM address
4 CRAM bits 12-23
5 CRAM bits 24-35 (Copy A)
6 CRAM bits 24-35 (Copy B)
7 Os
10 Parity bits A-F
11 KS10 Bus bits 24-35
12 CRAM bits 36-47 (Copy A)
13 CRAM bits 36-47 (Copy B)
14 CRAM bits 48-59
15 CRAM bits 60-71
16 CRAM bits 72-83
17 CRAM bits 84-95
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Table 4-8 Console Mode Commands (Cont)

Zero Memory Command

M Zero memory. Deposit Os into all KS10 memory locations.

Repeat Command
RP Repeat last command, or last command string, until any CTY key is depressed.
RP xx Repeat last command, or last command string, xx times.

Lamp Test Command
LT Blink indicators. Momentarily lights (1-2 seconds) and turns off (1-2 seconds)
STATE, FAULT, and REMOTE indicators. The indicators are then returned to
their original state.
Password Command

PW xx Set password xx (xx = maximum of 6 alpha-numeric characters).

Following a PW command with a carriage return clears the password storage area.

KLINIK Commands
KL xx Enable remote link with access to system to operate in mode 2 but not in mode 3
(xx = 0). Enable remote link with access to system to operate in mode 2 or in mode
3(xx = 1).

Following a KL command with a carriage return gives the current value.
TT Force KLINIK line from mode 3 to mode 2.
Special Centrol Characters
control-C Abort current command. Console returns command prompt.

control-O Inhibit CTY output (type-outs).

control-S Inhibit CTY output and stop 8080 console program until control-Q is typed at CTY.
control-Q Enable CTY output and continue 8080 console program.

control-U Delete current line.

control-Z Enter user mode.

control-\\ Enter CTY mode. (KLINIK line: enter mode 3.)
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Table 4-8 Console Mode Commands (Cont)

Special Control Characters (Cont)

RUBOUT Delete last character.
NOTES
1. An asterisk (*) indicates that the CPU clock
must be stopped in order to execute the
command.
2. More than one command may be entered on a
line (separated by commas) and executed as a
command string.
3. Commands (except for special control charac-
ters) and command strings are followed by a
carriage return (CR) to cause command exe-
cution. (Special control characters are exe-
cuted when typed.)
Table 4-9 8080 Console Error Messages
Message Meaning
?A/B A not equal to B. (A and B copies of a microcode field did not match.)
7BC xx BC command failed. (Refer to KS10 Maintenance Handbook for definition of error
code xx.)
?7BFO Buffer overflow. (Too many characters typed; console’s 80 character input buffer is
full.)
BN Bad number. (Character typed is not an octal number.)
BT xx BT command failed. (Refer to KS10 Maintenance Handbook for definition of error
code xx.)
7BUS Bad KS10 bus. (All bus lines not zero after power-up or reset.)
2C CYC Command/address cycle failed. (KS10 bus data failure detected during DB com-
mand; good and bad data printed.)
7CHK xx PROM checksum error. (Bad checksum for PROM chip xx where xx = 1, 2, 3, or 4.)
D CYC Data cycle failed. (KS10 bus data failure detected during DB command; good and

bad data printed.)
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Table 4-9 8080 Console Error Messages (Cont)

Message Meaning

IDNC Did not complete. (HA or SM command did not cause microcode to enter halt loop.)

7DNF Did not finish. (ST, CO, or EX command did not complete.)

7FRC Forced reload. (Monitor has requested reload; 8080 halts the KS10, reloads the pre-
boot program, and starts in KS10 memory location 1000.)

NA Illegal address. (Address typed is out of range.)

NL Ilegal command. (Command typed is not valid.)

L Incorrect password. (Password entered via KLINIK line does not match password
entered at CTY.)

KA Keep-alive error. (During timesharing, the monitor failed to update the keep-alive
count for a period of approximately 15 seconds.)

"MRE Memory refresh error. (Incomplete KS10 MOS memory cycle. Error occurs when
memory must be refreshed in hung state.)

INA Not available. (Console not enabled to receive KLINIK line input.)

’NBR No bus response. (Console did not receive GRANT after requesting KS10 Bus.)

INDA No data acknowledge. (Console did not receive DATA CYCLE signal after a data
request.)

INR-SCE Nonrecoverable soft CRAM error. This message is followed by the standard “?PAR

ERR” message.

INXM Nonexistent memory. (Deposit or examine command referenced nonexistent KS10
MOS memory location.)

?PAR System parity error. (CPU clock stopped due to system parity; xx = contents of the

ERR xx following console status registers in the order indicated:

100, 303, 103

Refer to Paragraph 4.6.2 for status register bit format.)

PWL Password length error. (Password longer than six alphanumeric characters.)

RA Requires argument. (Command typed requires an argument.)

9RUNNING | Clock running. (Command typed requires CPU clock to be stopped.)

U1 Unknown interrupt. (Console received interrupt but CTY or KLINIK line has no
character.)

%SCE Soft CRAM error. 8080 is attempting to recover by reloading the CRAM and contin-

uing the instruction that got the parity error.
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Table 4-10 Other 8080 Console Messages

Message Meaning

BT AUTO Beginning automatic boot procedure after power-up.

BT SW Beginning boot procedure as a result of BOOT switch being pressed (LOCK
switch in UNLOCK position).

BUS 0-35 Message header for EB command.

CYC Cycle type for DB command.

ENABLED Entering CTY mode from user mode. (CTY mode is entered as a result of a
“control-\”’ in user mode with LOCK switch in UNLOCK position.)

HLTD Halt in KS10 processor program execution.

KS10> Command prompt.

OFF Current state is off. (Response to CE, TE, TP, and KL commands when current
state of enable is requested and itis a 0.)

ON Current state is on. (Response to CE, TE, TP, and KL commands when current
state of enable is requested and it 1s a 1.)

RCVD Data received from bus. (Indicates bus data received if failure occurred during
EB command.)

SENT Data sent to bus. (Indicates bus data transmitted if failure detected during DB
command.)

USR MOD Entering user mode. (User mode is entered as a result of a “control-Z”" or the suc-
cessful completion of a CO, ST, BT, or MT command.)

>>UBA? Query for UBA number.

>>UNIT? Query for unit number.

>>TCU Query for tape controller unit number.

> >RHBASE? Query for RH11 base register address.

>>DENS? Query for tape density.

>>SLV? Query for tape slave number.
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100

101

102

103

300

301

302

.CSL .UBA3 ; .CRM MEM DP CRA 1
PARERR | PARERR PARERR | PARERR | PARERR | PARERR
I
Pl REQUEST MEM REF
1 2 3 \ 4 | 5 I 6 7 ERR
AC RESET MEM 1/0 BAD DATA | COM/ADR | 1/0 DATA DATA
LO BUSY BUSY cYe cYe cye cYe
|
.UBA 1 1 BUS DATA
PAR ERR PARRH | PARLH 0 A 1 2 3
CTYSTP | CTYCHAR | KLNKSTP KLNK HALT
BITSW | LNGTHSW | BITSW |LENGTHSW| LOOP RUN EXECUTE | CONTINUE
10 XM 0 BUS BUS LOCK BOOT DATA
INT REQ PAR ERR SW SwW ACK
o o o REMOTE | REMOTE | TERMINAL | KLINIK
0 PROTECT | ENABLE | CARRIER | CARRIER
. . . . R CLK CRAM DPE/M DPM
¢ 0 0 0 ENB CLKENB | CLKENB | PARERR
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3.  Mode 2 (timesharing user line) — This mode, in which the KLINIK line operates as a time-
sharing user line, is in effect when:

a. The front panel switch is set to ENABLE.

b. The front panel switch is set to PROTECT and the password entered over the
KLINIK line matches that typed by the operator.

Except for a “control-\”, all characters entere_d~ on the KLINIK line in mode 2 are
oed or interpreted in any way by the 8080 console. A “control-\\”’, however, moves the
KLINIK line to mode 3 provided the operator has enabled the mode change by typing
“KL1” at the CTY.

4.  Mode 3 (duplicate CTY) - This mode can only be entered from mode 2 (“control-\” on
KLINIK line), and only when entry is enabled by the operator (“KL1” command at the
CTY). Once in mode 3, the KLINIK line has expanded capability in that it may perform
8080 console functions (Table 4-8). Characters entered over the line are interpreted exactly
like characters typed at the CTY (inputs actually ORed together at the 8080 input buffer),
and output from either the 8080 or a running KS10 program go to both the KLINIK line
and the CTY. The KLINIK line may be forced back to mode 2 by a “TT” or “KL0”
command.

4.7.2 KLINIK Line Operation

To summarize KLINIK line operation, the operator (after determining the need for remote diagnosis)
calls the DIGITAL Remote Diagnosis Center giving his number and password. He also switches the
REMOTE DIAGNOSIS switch to PROTECT and enters the password using the PW command
(KLINIK line switches from mode 0 to mode 1). The Remote Diagnosis Center then responds by
entering the correct password on the KLINIK line (line switches from mode 1 to mode 2).

The KLINIK line user now becomes a user on the system. In this mode of operation, the customer
may continue to use a degraded but otherwise operational system while the Remote Diagnosis Center
runs SYSERR and user mode diagnostics to trouble-shoot the problem. If it becomes necessary to
take the system from the customer, or if the system is down, the KLINIK line can become a duplicate
CTY by entering a “control-\”’ after the operator has enabled the mode change (mode 2 to mode 3)
with the KL command. The Remote Diagnosis Center then has complete control of the system for
trouble-shooting purposes.
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CHAPTER 5
TECHNICAL DESCRIPTION

The organizational structure of the KS10 can be viewed as a hierarchy of buses, each of which is a
data path shared by a number of different logical elements. The overall system comprises five or more
major units or subsystems that communicate with one another over a backpanel bus. Each subsystem
in turn is made up of secondary components grouped around one or more secondary buses or data
paths. In almost all cases these buses are bidirectional. At the system level, the backpanel bus has a
single set of data lines over which any subsystem can communicate with any other, although there are
limitations on which subsystems can initiate transactions with which others and on which directions of
data flow are available between a given pair of subsystems. In the memory or an in-out subsystem,
data flow is bidirectional but occurs between a single controller and any one of a number of storage
modules or peripheral devices. The processor, which controls the normal operation of the entire sys-
tem, is based on a unidirectional data path that is in several parts, with many side loops and with logic
elements lying in the various parts of the path.

The first section of this chapter discusses the overall flow of data in the system as a whole and in the
processor in particular, and describes those characteristics common to all subsystems, mainly the tim-
ing and the manner of communication over the backpanel bus. The remaining sections give detailed
descriptions of the bus and the various subsystems, with several sections devoted to the major parts of
the processor.

5.1 ORGANIZATION AND TIMING

Figure 5-1 shows the physical arrangement of the KS10 boards in the rack. The slot numbers are at
the tops of the columns representing the boards - just below the three-letter board designations. Since
the boards correspond rather well to the logical elements that make up the system, the drawing also
shows the elementary logical organization of a KS10-based DECSYSTEM-20. The system is made up
of a number of subsystems, all of which are connected to a backpanel bus, which handles the move-
ment of data among them. The minimal system has five subsystems: processor, memory, console, and
two in-out subsystems, each based on a Unibus. The processor comprises the four boards in slots
11-14, and its connection to the bus is at the DPM board. The memory control board MMC and the
memory array boards at its right make up the memory; essentially MMC is the interface between the
backpanel bus and the memory array, as it is connected both to that bus and to a memory bus over
which all transfers occur between control and memory. Similarly the Unibus adapter board UBA in
slot 19 serves as the interface between the backpanel bus and the Unibus to the disks. The second
adapter is mounted in slot 16 for interfacing another Unibus, which handles all of the other periphe-
ral devices. There are of course many other interboard connections apart from the backpanel bus,
especially among the four boards that make up the processor, and between the console and all other
subsystems. The console board provides the connecting link to the operator via a terminal for all
operating and diagnostic purposes. Moreover the console board contains the system clock and con-
trols access to the backpanel bus: hence it supplies timing, arbitration, bootstrap and diagnostic sig-
nals to all other subsystems, including a myriad of signals to the individual processor boards (only the
memory array boards lack direct connections to the console board, as they communicate solely via the
memory bus with MMC).
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The four boards that make up the processog are organized in two pairs. The data path boards, DPM
and DPE, handle the execution of the instructions in the program under control of the micro-
controller, which comprises the CRA and CRM boards. DPE contains the full word arithmetic logic,
the program flags, the instruction register, and the RAM file containing the fast memory (AC blocks),
the virtual cache, and a microcode workspace; DPM contains the 10-bit arithmetic logic for step
counting and byte manipulation, the memory addressing logic, the cache directory, and the trans-
ceivers that connect to the backpanel bus. CRM is devoted solely to the microcode control RAM,
about a third of which is on CRA, which also contains the microcode addressing logic. The DP boards
supply many conditions that can be tested by CRA for sequencing the microcode; in particular each
instruction code selects a location in a dispatch ROM that, although located on DPE, is part of the
microcontroller. The selected dispatch word, together with the AC and index fields of the instruction
word, provides CRA with information for dispatching to appropriate control RAM locations for cal-
culating the effective address, fetching the operands, executing the instruction, and storing the result.
These activities are carried out on DPM and DPE under control of the microinstruction bits supplied
by CRA and CRM. Some bits are also supplied to CSL for handling console functions and to control
the clock - its period can be lengthened whenever necessary for the data path operations.

The data path is in three major parts. Contained entirely on DPE is a D bus, which supplies data to
the arithmetic logic, the RAM file, and the instruction register. Via DP the output of the arithmetic
logic is available to the D bus and to the various elements on the DPM board, including the back-
panel bus transceivers for transmission to memory or the 1/0 equipment. Data from various DPM
elements, including words from memory and the DP data with its halves swapped, is available via
DBM, which is an input to the mixer for the D bus.

The hardware on each board is shown in a set of circuit schematics, code CS. In every set, the final
one, two or even three prints are devoted entirely to power and ground connections, capacitors, spare
pins, and sometimes connector layouts and terminators. Each schematic has a number in the form
W-X-YZ where W is the letter “M” followed by the board number, X is the revision number of the
board, usually 0, and Y is the three-letter mnemonic board designation, such as DPE or CRA. Z is a
number or letter indicating the individual drawing in the series; the numbers are used first, followed
by letters in alphabetical order when there are more than nine drawings. If a schematic is revised after
being signed off by the engineer, a revision letter appears at the right of the drawing number.
Throughout the text and in the block diagrams, individual prints are referenced simply by the YZ
part of the drawing number.

The YZ designations are also used as prefixes in signal names to show the signal source. The board
designations (Y) are used in the names of signals that are generated on the console and supplied to
the other boards. Signals for Unibus adapters 1 and 3 are designated by the mnemonics shown in
parenthesis in Figure 5-1, namely ADPTO and ADPT2. The adapter numbers 1 and 3 are actually the
subsystem numbers used for addressing the adapters over the backpanel bus. The print set for the
memory includes two hardware flowcharts, code FD, drawings M8618-0-MMCF1 and 2.

5.1.1 Processor Logical Organization

The bold line across the center of Figure 5-2 divides the two major functional areas of the processor:
the data path above, the microcontroller below. The dashed lines are the boundaries of the individual
boards.

The execution of a program is performed by the data path elements under control of the micro-
controller. To get an instruction or data from storage, the data path address logic supplies address and
command information via the bus transceivers and the backpanel bus to memory. The memory

responds by sending the requested word over the bus, and the processor holds it in the memory buffer
(MB) contained in the bus transceivers. From MB each word is available via DBM and the D bus to
the arithmetic unit. All full word arithmetic and logical operations, including calculation of effective
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addresses, are performed in this unit, which is based on ten Am2901 microprocessor slices. Together
these slices contain not only an adder and a shifter, but an entire register file that holds the arithmetic
registers, the program count PC, the effective address, general purpose registers, and various constants
and control words. Many operations are entirely internal to the arithmetic unit, using only words from
the register file and placing the results in that file. But operations can also combine an external oper-
and with one from the register file, and the result can be kept in the register file or be available else-
where via the data path DP.

Every word fetched from storage goes to the arithmetic unit, but it is also placed in the cache part of
the RAM file, so that the next time it is needed it is available directly to the D bus from the cache
without requiring a transfer over the backpanel bus. If a word fetched from memory (storage or
cache) is an instruction, its left half is loaded into the instruction register where it is available for exe-
cution by the microcontroller. The result of an operation may go from the arithmetic unit via DP and
the D bus to an accumulator in the RAM file. But to send a word to memory requires that the arith-
metic unit first supply address and command information via the address logic and bus transceivers
over the backpanel bus to memory, and then supply the word to be written, again via transceivers and
bus. Any word sent to storage is also written via the D bus into the cache so that it is subsequently
available without going to storage. The same kinds of bus operations for reading and writing in stor-
age are also used for handling I/0 functions, but in the I/0 case no data is placed in the cache.

The computational and manipulative capability of the arithmetic unit is expanded by use of the DBM
mixer and its associated logic on the DPM board. Via the mixer the number field of a micro-
instruction word is available to the DPE board, and the mixer can swap the two halves of a word sup-
plied to it via DP. The 10-bit logic includes an adder and two registers, SC and FE. This logic
provides for computations on exponents and insertion of bytes in words supplied via DP.

To control its own sequence the microcontroller address logic selects a location in the control RAM,
and the contents of that location via the microinstruction register supply information back to the
address logic for selecting the next location. This information includes not only an actual address but
specification of conditions for skipping or dispatching and commands to call or return from a sub-
routine, for which the address logic employs a stack.

The two functional parts of the processor work together to perform the program. The 96-bit micro-
instruction register not only supplies a number field as a quantity to the data path, but its individual
bits feed a multitude of control lines that govern operations in all portions of the data path. In the
opposite direction the data path supplies various conditions to the microcontroller address logic for
skipping and dispatching, but principally it supplies the individual program instruction words, taken
from memory for execution by the microcontroller.

Following power turn on, the console boots the system by using some of the backpanel bus data lines,
connected to transceivers on the CRA board, to load the microcode into the control RAM in 12-bit
segments. Following loading and starting by the console, the microcode initializes the machine, set-
ting up various constants and tables that it stores in a workspace in the RAM file, and it then enters
the halt loop in which it can respond to commands from the console. There are various general pro-
cedures that the microcode executes, procedures separate from actually executing program instruc-
tions, but in all cases these are associated in some way with the running of a program. To execute
program instructions, microwords in the microinstruction register control the data path to determine
the address for retrieval of the instruction, save that address plus one as the program count in the PC
location in the register file, send that address to memory, and upon receipt of the instruction word,
place its left half in the instruction register. From this register the AC, index and indirect fields are
available to the microcontroller address logic, and the instruction code selects a location in the dis-
patch ROM, which in turn supplies a dispatch word. Using these quantities the address logic
sequences the microcode, through skipping and dispatching, to control the data path to carry out all
of the operations necessary to execute the instruction.
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Figure 5-3 shows the processor data path in greater detail. The ten 2901s actually form a 40-bit arith-
metic unit, with two extra bits at each end. Often these extra bits (in the register file and the adder) are
disabled or ignored, but the processor does make use of them at the left end of the adder for sign and
overflow considerations. The adder operates on two words supplied by the A and B mixers, which in
turn can receive (in various combinations) a word from the D bus, one or two words from the register
file (selected by the A and B addresses), zero, or a word from the Q register. The adder output can go
to any register in the file, direct or shifted one place left or right. The word in the Q register can also
be shifted either way, or it can be replaced by the adder output.

The DPM address logic includes the virtual memory address register VMA, the page table, and the
cache directory. Addresses to VMA and mappings to the page table are both supplied via DP. When a
virtual reference is to storage, the page table supplies bits 16-26 of the physical memory address and
VMA supplies the rest. For a virtual memory write reference, the word on DP is written both in stor-
age and in the cache part of the RAM file, and its address is placed in the cache directory. For a vir-
tual read reference, a match of the address in VMA with the address in the directory indicates the
word is in the cache - a “cache hit” - and it is read from there rather than from storage. If a read ref-
erence fails to hit the cache, the word read from storage is written in the cache for later use. The cache
occupies the top half of the RAM file (512 locations); the AC blocks occupy the bottom 128 locations,
and the remaining 384 are available to the microcode for a workspace. Associated with VMA are vari-
ous flags for specifying the type of transaction for which the backpanel bus will be used (VMA sup-
plies command/address information for 1/0 instructions as well as for memory access). Both VMA
and the flags are available to the data path via DBM. Other logic associated with the DBM mixer pro-
vides, besides the functions already mentioned, error and diagnostic information, and a reading of a
10-bit counter that does a 4096 count in each millisecond.

Whenever VMA is loaded from DP, a copy of the right ten bits is kept on the DPE board, for use
along with AC, XR and the microword number field in addressing RAM file locations. This copy and
associated program flags are directly available to the D bus.

5.1.2 System Timing

The CSL board has an oscillator and divider that generates two 6.66 MHz clock trains, and T and R
clocks (transmit and receive), whose relationship is shown by the top two lines in Figure 5-4. These
clocks are supplied via the backpanel to the other boards; all boards use the T clock, but the R clock
is used only by those connected to the bus. From the basic clock supplied by CSL, each board derives
its own clock signals, many of which are gated to produce ticks only when particular conditions are
met. The clock is shown on print CSL1, and the clock circuitry for the various boards can be found on
CRA2, CRM2, DPES, DPMA, MMCC, CSL9 (T clock), CSLA (R clock), UBA1 (T clock) and UBA6

(R clock).

On the processor boards the clock is gated to define the processor cycle, which is a set of clock periods
used for the execution of a single microinstruction. The cycle is defined by a CSL clock enable that
passes a single tick of the T clock to terminate one cycle and begin the next. This is shown in the lower
part of Figure 5-4, where the nomenclature applicable to the DPE board is used as an example. The
top gate in the clock circuitry at the left on DPES passes an entire T clock train, inverted but otherwise
unchanged, which is available for operations apart from the actual microinstruction execution. The
other gates generate seven DPES clock signals, each of which is limited to a single tick of 75 ns dura-
tion that occurs while the enable from CSL is low. Similar circuitry on the other boards acts in the
same way so as to synchronize all operations on the various boards. Throughout the text the phrase “T
clock” refers to signals such as DPES T CLK H and any of the other clock signals equivalent to it that
are generated on each board. Those particular T clock ticks that determine the processor cycle,
namely DPES CLK H and equivalent signals, are referred to as the “cycle clock”. Almost all oper-
ations in the system, including transmission over the bus, are synchronized to a rising edge of the T
clock. The R clock is used mostly for latching information received from the bus, but it is also used for
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some timing in memory control and bus arbitration. As can be seen in the circuitry for those boards
connected to the bus (such as DPMA and MMCC), certain of the signals that have “T CLK” in their
names are actually the OR function of the T and R clocks. These are the signals applied to the trans-
mit clock inputs of the bus transceivers; transmission is triggered at the rising edge of the T clock, but
the input must be enabled for three quarters of the clock period.

Except in a fast shift, the processor cycle always encompasses at least two periods of the T clock, but
the microcode can increase this by one to three periods whenever additional time is needed, such as
when getting a word from the workspace or an accumulator other than AC. The cycle can also be
extended by various hardware conditions such as waiting for memory, but in any event the cycle clock
always occurs at the end of a processor cycle. In some cases, cycle clocks are gated by conditions
besides the enable so that a particular clock signal may not occur at all in a given cycle. For example
there are separate gated clocks for the left and right halves of the arithmetic logic, so that operations
can be performed on one half of a word without affecting the other. Even the T clock for a board may
be gated, as in the case of the CRA board where the first tick in each cycle manipulates the subroutine
stack and sets up some skip conditions for possible testing by the microinstruction. In a fast shift, a
single microinstruction is repeated at the full T clock rate with the microcontroller clock disabled.

5.1.3 Intrasystem Data Flow

Every subsystem maintains one connection to the backpanel bus. The memory connection is at MMC,
the processor connection, at DPM. The dotted line between CRA and the bus in Figure 5-1 does not
represent a true bus connection. With the rest of the system quiescent, the console can boot the micro-
code, and for diagnosing the microcontroller it can read the microcode, various addresses, and the
outputs of the CRM parity nets. For these operations the console “borrows” a dozen bus data lines,
but no use is made of the arbitration logic or the bus control lines - CSL controls all events directly
via other backpanel signals.

Any subsystem except memory can request access to or use of the bus. The memory is limited to
responding to memory requests over the bus from other subsystems. A subsystem that gains access to
the bus becomes the bus master, and the unit it addresses is the slave. To gain access the unit makes a
bus request to the bus arbitrator, which is located on the CSL board (upper right, CSL1). At the com-
pletion of the current bus operation (if any), the arbitrator grants the bus to the requesting unit. If
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there is more than one request up at the same time, the grant goes to the unit of highest priority in the
order console, adapter 1, adapter 3, processor, as determined by priority encoder E103, whose output
is decoded to assert the appropriate grant signal. When granting the bus, the arbitrator disables the
grant circuit for one cycle: this gives the master a minimum of two bus cycles, as the grant procedure
is carried out during the final cycle of any bus transaction (assuming another request is already up). If
a master makes a single transfer using only a single data cycle, that transfer may take place in either
of the allotted two cycles. Upon receiving a grant, the master typically uses the bus for a command/
address cycle, in which the master selects which unit is to be the slave (unless this is predetermined by
other circumstances) and supplies the slave with information as to the type of data transfer to be made
and the address of the memory location or peripheral device. When the master does execute acommand/
address cycle, the arbitrator automatically disables the grant circuit for a second cycle, thus giving the
same master a minimum of three. Moreover in any bus operation involving memory, the memory
itself freezes the arbitrator so that the master gets as many cycles as are needed to complete the entire
operation. Data read from memory is always held on the bus for at least two cycles - three when there
is an error, whether correctable or not. Other data transfers are completed in a single cycle. The
easiest way to understand how the bus works is to consider the various kinds of transfers that can be
made between different subsystems.

1. The processor can communicate with memory over the bus for read or write access to the
memory array. Upon receipt of the command/address cycle, MMC puts up a memory busy
signal that holds the bus until the operation is complete. The data transfer occurs when the
read data has been retrieved from the array, or the microcode makes the write data avail-
able to the bus. In the write case the data is usually sent right after the command/address
cycle.

2. An adapter can gain read or write access to memory as a nonprocessor request in the same
way the processor makes a data access to memory (in the write case there is never a wait -
the adapter always has the data ready). Moreover an adapter can also gain read-pause-write
access, for inserting a byte into a memory word. In this case the memory holds the bus busy

until two data transfers have occurred.

3. In response to a PI request, the processor does a command/address cycle that specifies an
interrupt level and asks for the identification of any subsystem (adapter) that is requesting
an interrupt on that level. The appropriate adapters identify themselves during the follow-
ing data cycle.

4. The processor can select a specific adapter either to get an interrupt vector (from one that
has requested an interrupt) or to do an 170 instruction. For an output instruction the data
from the processor follows immediately, freeing the bus, but an I/0 busy signal from the
adapter causes the processor (microcode) to wait until the data has been sent on to the
addressed device. For an interrupt vector or an input instruction, the cycles available for
data are thrown away, and the bus is then free for use by other subsystems while the I/0
busy signal causes the processor to wait for the desired information.

5. An adapter can use the bus for a single I/0 data cycle in which it sends an interrupt vector
or data to the processor in response to a previous request.

6. The processor can do an I/O instruction to memory to read or write memory status.
Although the data cycle always occurs within the three allotted the master, the memory
asserts I/0 busy on a status write and does the read status as an I/0 data cycle, because the
procedure at the processor is handled by the same microcode that does 1/0 instructions to
the adapters.

7. The processor can do an I/0 instruction to read the console register. The data is returned
immediately in an /0 data cycle.
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8. Via the bus the console can communicate with any other subsystem: it can gain data access
to memory for an examine or deposit; it can do an 1/0 instruction to memory or an adapter
(which in the latter case may elicit a later I/0 data cycle); and it can order the processor to
get a word from the console register (via the bus) and execute it as an instruction.

A detailed description of KS10 bus operation follows.

5.2 KS10 (BACKPLANE) Bus

The KS10 bus is a synchronous backplane bus internal to the KS10 processor that provides a control
and data path between the console, CPU, memory, and I/0 controllers. (The only I/O controllers cur-
rently on the bus are the two UBAs.) The bus can accommodate another I/0 controller (to allow for
future expansion) and it performs the following major functions.

I.  Memory Data Transfer - Transfers data to/from MOS memory via the memory controller
under the control of the CPU, console, or a UBA (NPR data transfers).

2. 170 Register Data Transfer - Transfers data to/from I/0 device registers under control of
the CPU or console. An I/0 device is considered any device external to the CPU. Thus, not
only are the Unibus devices connected to a UBA considered to be 1/0 devices, but also the
UBA itself as well as the memory (controller) and console.

3. PI Handling - Transmits PI requests generated by the UBAs and transfers the interrupting
controller (UBA) numbers and interrupt vectors from the UBAs to the CPU under control
of the CPU.

4.  System Synchronization — Provides a continuous clock train that is used by all bus devices
to sequence logic and to synchronize operation with the rest of the system.

5. System Reset and Power Fail Indicator — Allows the console to reset the system and to sig-
nal ac power failure to the devices on the bus.

The KS10 bus data path is 36 bits wide. There are two parity bits associated with the data lines, one
for data lines 0-17 and one for data lines 18-35. Each device checks for correct (even) parity when it
receives information over the bus. If bad (odd) parity is detected, the CPU clock is stopped.

The number of control lines on the bus is minimized in that command/address information is trans-
mitted over the data lines in addition to memory and 170 register data. For example, if a device is to
write memory, it asserts command bits and the memory address on the data lines for one bus cycle.
This cycle is called a command/address cycle. Then, during a following bus cycle, it transmits the 36-

bit data word to be written in memory. This cycle is called a data cycle.

Before any device can transfer information over the KS10 bus, it must first request and then be
granted the bus. There is a bus request line and a corresponding grant line for each device. The bus
arbitrator, located on the console module, monitors all requests, resolves request priority, and (when-
ever the bus is free) grants the bus by asserting the grant line for the highest priority device.

KS10 bus signals and information flow are shown in Figure 5-5. Bus signals are terminated at both
ends of the wire run (Z = 120 ohms). The majority of signals are terminated at the console module on
one end and at the memory controller on the other end. Bus logic levels are as follows.

Logic Level Voltage
0 +34V
1 OVto +08V
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Table 5-1 summarizes the functions of the various signals on the KS10 bus.

5.2.1 Bus Timing

T CLK and R CLK are system clocks generated on the console module and distributed to all devices
on the bus. T CLK is used to transmit data and control signals on the bus; R CLK is used to receive
data and control signals on the bus. Both clocks have a 150 ns period. Timing relationship is shown in
Figure 5-6.

Table 5-1 KS10 Bus Signal Summary

Signal Description

TCLK 6.66 MHz continuous clock generated on console module. Leading edge defines
start of bus cycle. Used to clock data and control signals transmitted on bus.

R CLK 6.66 MHz continuous clock generated on console module. Used to latch data and
control signals received on bus.

REQUEST Asserted by device requesting bus.

(one per device)

GRANT Asserted by bus arbitrator when device requesting bus has been granted the bus.

(one per device) | (Device becomes bus master.)

COM/ADR Asserted by bus master when transmitting command/address on data lines.

CYCLE Asserted for one bus cycle.

DATA CYCLE | Asserted by bus master when transmitting memory write data or 1/0 register write
data on the data lines. Asserted by memory controller when transmitting memory
read data on data lines. Asserted for one bus cycle.

BAD DATA Asserted by memory controller when transmitting uncorrectable memory read
CYCLE data on the data lines. Asserted for one bus cycle coincident with DATA CYCLE.
1/0 DATA Asserted by bus device when transmitting I/0O register read data or an interrupt
CYCLE vector on the data lines. Asserted for one bus cycle.

MEM BUSY Asserted by the memory controller after receiving memory read, write, or read-

pause-write command. Negated when memory is ready to accept another com-

......

170 BUSY Always asserted by addressed bus device after receiving an 1/0 register write com-
mand. Also asserted by addressed bus device after receiving an I/0 register read
command (or a read interrupt vector command) when the device is NOT going to
supply the register read data (or the vector) during the bus cycles allotted the bus
master. (The bus device requests the bus and generates a data cycle to transfer the
data at a later time.)

CLR BUSY Asserted by CPU (after a time-out) to negate [/O BUSY in UBA after a nonex-
istent device register has been referenced.
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Table 5-1 KS10 Bus Signal Summary (Cont)

Signal Description

MEM CYC Asserted by CPU to terminate memory reference (cache hit or AC reference).
ABORT

PIREQn Asserted by UBAs to request CPU priority interrupt on channel n.

(n = 1-7)

DATA 00-35 Bidirectional data lines used to transfer command/address and read/write data

between devices on the bus.
PARITY LEFT | Transfers computed (even) parity for data lines 00-17.

PARITY RIGHT | Transfers computed (even) parity for data lines 18-35.

RESET Generated by CSL to clear all I/O devices on the bus. Triggered by front panel
RESET switch. Also occurs automatically 2 ms after AC LO.
ACLO Generated by CSL when ac power is failing (power failure detected by H7130
power supply).
le ol
I 150 NS *
TCLKH | 75 N | 75 NS I 1
fe ole 150 NS ol
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Figure 5-6 T CLK/R CLK Timing Diagram

5.2.2 8646 Bus Transceiver

System modules connecting to the KS10 bus use 8646 transceiver latch circuits to transmit and receive
information on the data lines and a majority of the control lines. Each 8646 can transmit and receive
four bus signals. In addition, the circuit determines parity for both input and output data.

A circuit schematic for the 8646 is shown in Figure 5-7. In KS10 devices, T CLK (ORed with R CLK)
connects to the TRN CLK input, and R CLK (and sometimes additional latching logic) connects to
the REC LATCH input. If the TRN ENABLE input is true (low), input data is clocked by the TRN
CLK input into four D-type flip-flops and asserted on the bus. This data is asserted until the next
TRN CLK input (150 ns later) when the flip-flops are clocked again. To negate all four transmitted
outputs, the TRN ENABLE input is made false (high) causing the next TRN CLK to load Os in the
flip-flops. Bus signals not transmitted by a device (only received) have the corresponding 8646 inputs
permanently false (wired to ground).
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Figure 5-7 8646 Bus Transceiver
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The 8646 uses a 4-bit latch circuit to receive and buffer information on the bus. When the REC
LATCH input (usually R CLK) is false (high), the latches remain open and the data currently on the
bus at the latch inputs is asserted at the 8646 data output pins. When R CLK drives the REC LATCH
input true (low), the bus data is latched and the data output pins will not change for the duration of
the clock (75ns). During this time, the latched data may be gated and clocked by T CLK and the next
R CLK in the bus device, even though bus data is changing at the latch inputs.

Bus transceivers that connect to the KS10 bus data lines utilize the internal parity generator and
parity checker. Little additional logic is required in a device to generate the two bus parity bits
(PARITY LEFT and PARITY RIGHT) transmitted on the bus, or to check the parity of the entire 36
bits of data received on the bus.

5.2.3 Bus Arbitration

A device may request the bus at any time by asserting its REQUEST line at the leading edge of T
CLK, the start of a bus cycle. The bus arbitrator on the console module will then grant the requesting
device the bus by asserting the device GRANT line whenever the bus is free and if a higher priority
device is not also requesting the bus. Bus priority, highest to lowest, is as follows.

1.  Console
2. UBAI
3. UBA3
4. CPU
NOTE
The memory controller does not make bus

requests.

Assuming there are no higher priority requests and the bus is not already being used by another
device, the GRANT signal will be asserted by the arbitrator during the same bus cycle that
REQUEST is asserted. When GRANT is received by a device, the device negates REQUEST (at
leading edge of T CLK) and assumes control of the bus as bus master. With reference to Figure 5-8,
the device then has the bus for the next two cycles, three cycles, or an unspecified number of cycles
depending on what action it takes during the first cycle. A bus master may do the following, each
affecting the arbitrator in a different way.

1. No Command/Address Cycle - Bus arbitrator grants bus for two cycles. Actions taken by
the bus master for which the first cycle is not a command/address cycle are as follows:

a.  Data Cycle - 170 device requests and is granted the bus and then initiates a data cycle
to send data to another device to complete an 1/0 register read operation or an inter-
rupt vector read operation.

b.  No Action - Device requests and is granted the bus and then does not use the bus. Not
using granted cycles is equivalent to giving up the bus; another bus request must be
made to become bus master.

2. Command/Address Cycle (I/0 Operation) - The arbitrator monitors the COM/ADR
CYCLE bus signal and grants the bus master three bus cycles (an extra cycle) if the first
cycle is a command/address cycle. When the command/address specifies an 170 operation,
no additional bus signal will disable the arbitrator. All I/O operations, except those named
above in 1(a) which require another bus request to transfer data, complete within the three
allotted cycles.
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Figure 5-8 Request/Grant, Bus Timing Diagram
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3. Command/Address Cycle (Memory Operation) - As for a command/address cycle speci-
fying an 1/0 operation, the COM/ADR CYCLE signal causes the arbitrator to grant the
bus master three cycles. However, when a memory operation is specified, the arbitrator is
disabled during the third bus cycle by bus signal MEM BUSY. This signal is asserted by the
memory controller in response to the command, and it is negated when the memory con-
troller is ready to accept another command. Thus, the bus master has the bus for an unspec-
ified number of cycles; that is, for the duration of the memory operation.

The operation of the bus arbitrator may be summarized as follows.
1.  The bus master is always granted the bus at least two bus cycles.

2. If the first cycle is a command/address cycle, the bus master is granted the bus at least three
cycles.

3. If the bus master initiates a memory operation, it is granted the bus until the operation
completes.

5.2.4 Bus Usage
As discussed in Paragraph 5.2.3, a device may do the following after it has been granted the bus:

1. Not use the bus.
2. Initiate a data cycle.
3. Initiate a command/address cycle.

For the current KS10 configuration and barring a malfunction, the only device that does not use the
bus after a bus request is made is the CPU. To save time, the CPU always requests the bus for every
memory reference. Then, if there is a cache hit or if the reference is to an AC, MOS memory need not
be referenced and the CPU initiates no bus action.

NOTE
In some cases, a command/address cycle may be
generated before a cache hit is detected. The CPU
then asserts MEM CYC ABORT to terminate
MOS memory operation.

The only device that does a data cycle after becoming bus master (without first performing a command/
address cycle) is a UBA. The data cycle actually completes a previously initiated 1/0O register read
operation by the CPU or console, or an interrupt vector read operation by the CPU. When first
addressed, a UBA does not furnish register data or an interrupt vector within the three bus cycles
allotted the device initiating the operation. Instead, the bus is requested again, this time by the UBA.
When the bus is granted, a data cycle is generated to transfer the data.

A device normally uses the bus by first generating a command/address cycle. The command/address
cycle, in turn, initiates one of the following eight bus operations.

Memory Write

Memory Read

Memory Read-Pause-Write
170 Register Write

170 Register Write (Byte)
[/0 Register Read
Controller Number Read
Interrupt Vector Read

PN L=
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Table 5-2 lists the initiating and responding devices for each operation. For example, the first entry
indicates that the console, CPU, and UBAs all write data into memory.

Table 5-2 Bus Operations

Operation Initiated By Directed To
Memory Write CPU Memory
Console Memory
UBA Memory
Memory Read CPU Memory
Console Memory
UBA Memory
Memory Read-Pause-Write | UBA Memory
I/0 Register Write CPU UBA
(byte operations directed CPU Memory
to UBA only) Console UBA
Console Memory
170 Register Read CPU Console
CPU UBA
CPU Memory
Console UBA
Console Memory
Controller Number Read CPU UBA
Interrupt Vector Read CPU UBA

5.2.5 Command/Address Cycle

After being granted the bus, the bus master initiates a bus operation by transmitting a command/
address on the data lines during the first allotted bus cycle. The bus master also asserts the
COM/ADR CYCLE control line. COM/ADR CYCLE is monitored by the bus arbitrator to give the
bus master an extra bus cycle (Paragraph 5.2.3). Its principal function, however, is to cause the other
devices on the bus to decode the transmitted command/address information. If addressed, a device
will then respond to the specified command.

‘The basic command/address bit format on the data lines is shown in Figure 5-9. Data lines 0-6, the
command bits, specify the bus operation to be performed; data lines 14-35 carry the address informa-
tion specific to the command. The command/address bits are given in Figure 5-10.

The seven command bits (bit 3 is not used) specify the nine different bus operations in the following
manner. But 0 determines whether the operation is a memory data transfer or an I/0 data transfer;
that is, bit 0 = 0 specifies a memory function and bit 0 = 1 specifies an I/0 function. Bits 1 and 2, the
read and write bits respectively, act in conjunction with bit 0 to further specify the type of operation.
For example, if bit 0 = 0 and bit 1 (read) = 1, the operation is a memory read function. All three
memory operations (read/write/read-pause-write) and the two 1/0 register operations (read/write)
are specified by these first three commands bits (0-2).
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DATA 00-35
00 01 02 03 04 05 06 07

13 14

T T 7
COMMAND

BITS
L1

i L

y /V/ AT L)V
1 L | 1 A 1 i\ 1 Il i 1 1 1 1 1 1 I 1 L 1

COMMAND BITS

00 (=1)
00 (=0)
01
02
03

04

05

06
ADDRESS BITS
14-17
18-35
14-35

15-17

Figure 5-9

FUNCTION
1/0 FUNCTION
MEMORY FUNCTION

READ (1/0 OR MEMORY). BITS 14—-35 SPECIFY ADDRESS.

WRITE (I/0 OR MEMORY). BITS 1435 SPECIFY ADDRESS.

NOT USED.

READ INTERRUPTING DEVICE NUMBER. BITS 16—-17
SPECIFY PI CHANNEL.

READ INTERRUPT VECTOR. BITS 14—17 SPECIFY 1/0
CONTROLLER.

BYTE TRANSFER.
/O CONTROLLER ADDRESS
1/0 REGISTER ADDRESS

MEMORY ADDRESS

P CHANNEL NUMBER

Basic KS10 Command/Address Format
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OPERATION

WRITE MEMORY

READ MEMORY

READ-PAUSE-WRITE MEMORY

WRITE 1/0 REGISTER

WRITE 1/0 REGISTER (BYTE)

READ {/0 REGISTER

READ CONTROLLER NO

READ INTERRUPT VECTOR

COMMAND/ADDRESS

00 01 02 03 04 05 06 07 13 14 35
T L) L) T T ¥ / T T T T T T L} L] T T T T L] T ¥ T T T T T L T
0010000 W MEMORY ADDRESS
1 1 1 1 1 1 L 1 J/ L 1 1 A 1 1 1 1 't i L 1 I 1 L1 1 1 1 i 1
00 01 ozosoaosoe 14 35
T T L] T T LS T L] T L} T L] T T T LB T L T T T
0100000 W MEMORY ADDRESS
1 1 1 1 1 i 1 1 i 1 L 1 L 1 1 1 e i 1 1 4
00 01 02 03 04 05 06 07 13 14 35
T T T T T T 1, L) T L] L} T T T T T T T T 1 ¥ T Ll T L] T T 1 T
01 10000 M// MEMORY ADDRESS
1 L 1 1 1 L 1 1 I 1 i 1 L ny A 1 '} 1 1 L 1 1 L I 1 1 L 1 1
00 01 02 03 04 05 06 07 13 14 17 18 35
LA T T L] T T L 1 T Ll L] T L T ¥ ¥ T T Ll L] T L) T T T T T
1010000 /'/////// CTL NO REGISTER ADDRESS
1 1 i L L L L i 1 / A 'l A A '} It A L 1 1 1 L I\ ' i 1 1 i 1 1
00 01 02 03 04 05 06 07 13 14 17 18 35
T T L} Al T T T T L L T L) T T L] T T T T L} T L] T T T T L] L]
1010 001 W CTLNO REGISTER ADDRESS
1 L 1 L 1 1 1 / 1 L 1 1 ' 1 L 1 1 i 1 1 1 1 L 1 1 L 1 L
00 01 02 03 04 05 06 07 13 14 17 18 35
L L] L] L] T T / u L T T ¥ T T T T T T T T T T T T L] T T
1100000 //////// CTLNO REGISTER ADDRESS
A 1 1 i 1 1 L 1 1 1 L A b L 1 1 1 A L 1 L 1 1 1 1 1 1 i 1
00 01 02 03 04 05 06 07 1415 17 18 35
T T e L] L] T / 1) 1 T IP' T / T T T 1 T |/ )
e //////,//,/ gHaN W////./////////
i L Il L L A / L 1
00 01 02 03 04 05 06 07 13 14 17 18 35
v T L] LI T L L T T L] L) T ) L U
reeer?e W/ creno /VWW
A ) 1 y A ' 1 1 A I {1 L L A 1

MR.0707

Figure 5-10 Command/Address Bits for KS10 Bus Operations
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Bits 4 and 5 are used to specify the two PI operations performed over the KS10 bus. The CPU asserts
one of the bits (bit 4 = 1) to read the interrupting controller number. It asserts the other bit (bit 5 =
1) to read the interrupt vector. Bit 0 = 1 for both PI operations. Bit 1 (read) = 1 for the vector read.

Bit 6, the byte transfer bit, has significance only for I/0 register write operations that address Unibus
device registers. Unibus devices allow full-word (16 bit) or byte (8 bit) transfers of register data and
bit 6 is used to specify the transfer mode.

The 22 data lines (14-35) reserved for address information transfer either a memory address (bit 0 =
0) or an I/0 address (bit 0 = 1). For memory functions, the least significant 20 bits of the address
field are currently used (maximum memory configuration = 512K). For 170 register read/write func-
tions, the 170 address consists of a controller number (bits 14-17) and a register address (bits 18-35).
For the PI function that reads the interrupt vector (bit S = 1), only the controller number is signifi-
cant. For the other PI function (bit 4 = 1), which reads the interrupting controller number, the I/0
address consists of a 3-bit PI channel number (1-7) on data lines 15-17. The various KS10 170 con-
troller numbers and register addresses are given in Table 4-6.

5.2.6 Bus Memory Operation

The CPU, console, and UBA all reference MOS memory over the KS10 bus. Once granted the bus,
the device making the reference first transmits a command/address on the data lines to specify a
memory operation (bit 0 = 0), the memory address (bits 14-35), and the type of memory operation;
that is, a read (bit 1 = 1), a write (bit 2 = 1), or a read-pause-write (bit 1 = 1, bit 2 = 1). When the
memory controller receives the command address and the address is valid (in-bounds), it asserts
MEM BUSY to freeze the bus arbitrator. The device making the reference then has the bus until the
end of the memory operation, at which time, MEM BUSY is negated to uniock the arbiiraior and
allow the next bus operation to take place.

If the operation initiated by the command/address is a memory write operation, write data may be
asserted on the data lines during any cycle following the command/address cycle (up to 7.5 pus max-
imum. The device making the reference initiates the data cycle by asserting the write data and the
DATA CYCLE control signal. DATA CYCLE is used by the memory controller to strobe the write
data from the bus and to start a memory write cycle. When the write cycle completes and the data has
been stored in the MOS array, the memory controller negates MEM BUSY to end the operation. Bus
timing for the memory write operation is shown in Figure 5-11.

If the operation is a memory read operation, the memory controller starts a memory read cycle after
receiving the command/address. When data is read from the MOS array, it is transmitted on the data
lines and the ECC (error correction code) is checked for error. If there is no error, the memory con-
troller initiates a data cycle during the next bus cycle; that is, it continues to assert the data lines and it
generates the DATA CYCLE control signal. DATA CYCLE acts as a data strobe (as for the write
operation) and it is used by the device initiating the memory reference to gate the read data from the
bus. When there is an ECC error, the memory controller attempts to correct the read data and delays
the data cycle for one bus cycle; that is, the corrected or uncorrected data is transmitted for the next
two cycles and DATA CYCLE is asserted during the second cycle. In either case, error or no error, the
read data is on the data lines for one full cycle before DATA CYCLE is generated. This is to allow
extra propagation time before the data is gated and clocked in the CPU’s 2901 microprocessor cir-
cuits. When the data read from the array is uncorrectable, the memory controller flags the data as
invalid by asserting the BAD DATA CYCLE control line in addition to DATA CYCLE. Bus timing is
shown in Figure 5-12.

During a memory read-pause-write operation, data is first read from the specified address with read
data and DATA CYCLE asserted on the bus as previously described for the memory read operation.
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Figure 5-11 Write Memory, Bus Timing Diagram
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Figure 5-12 Read Memory, Bus Timing Diagram
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Then, following the read operation, the memory stays active (MEM BUSY = 1) and performs a
memory write cycle when write data and DATA CYCLE are asserted on the bus as previously
described for the memory write operation. The read-pause-write operation allows a device to read
data from memory, modify it, and then write the modified data back into the same memory address
all in one operation. Bus timing is shown in Figure 5-13.

5.2.7 Bus I/0 Operation

The CPU and console read or write 1/0 registers over the KS10 bus. Both can access the 170 registers
internal and external to the UBA as well as the memory status registers. In addition, the CPU can
read the console instruction register.

NOTE
The console cannot read its own instruction
register.

After being granted the bus, the CPU or console accesses an /O register by first transmitting a command/
address on the data lines to specify an 1/0 operation (bit 0 = 1), an I/O address (bits 14-35), and the
type of I/0 operation; that is, a read (bit 1 = 1) or a write (bit 2 = 1). The command/address may
also specify a byte transfer (bit 6 = 1) when a UBA external (Unibus) register has been addressed.

The I/0 address consists of a controller number (bits 14-17) and a register address (bit 18-35). The
memory and console both have a controller number = 0. UBA1 and UBA3 have controller numbers
1 and 3 respectively. Except for the memory status register (address = 100000) and console instruction
register (address = 200000), all 1/O registers are UBA internal or external registers. The internal reg-
isters include the 64 UBA paging RAM locations (addresses = 763000-77), the UBA status register
(address = 763100) and the UBA maintenance register (address = 763101). The external registers are
the addressable registers in the Unibus devices connected to the UBA.

After the addressed bus controller receives the command/address, it always asserts the I/0 BUSY
control line whenever the operation is an 170 register write operation. If the operation is an 170 regis
ter read operation, only the UBA asserts /O BUSY. (This is because bus controllers which do not
supply read data during the requesting device’s allotted bus cycles must assert I/O BUSY to flag the
condition.) Unlike MEM BUSY, the 170 BUSY signal does not freeze the arbitrator. Consequently,
devices initiating 1/0 register reads and writes have the bus for only two cycles after transmitting the
command/address.

During an I/0 register write, the device initiating the operation can assert write data on the data lines
during either of the two following command/address cycles. As for the memory write operation,
DATA CYCLE is also asserted when the write data is transmitted on the bus. DATA CYCLE is used
by the addressed controller to strobe the write data from the bus and to store the information in the
addressed register. Although the bus data cycle completes the bus operation, storing the write data
may take additional time. For example, the UBA must initiate a DATO operation or DATOB oper-
ation (command bit 6 = 1) over the Unibus in order to transfer the information to an external register
address. Bus timing for the 1/0 register write operation is shown in Figure 5-14.

During an 1/0 register read, bus operation differs depending on which controller register is
addressed. If the memory or console 1/0 registers are addressed, read data is asserted on the data
lines by the controller two cycles after the command/address is received. This leaves a free cycle
between the command/address and data cycles as shown in the upper part of Figure 5-15. If a UBA
internal or external register is addressed, read data is not asserted on the bus during the bus cycles
allotted to the device initiating the operation. Instead, as shown in the lower part of Figure 5-15, the
UBA requests the bus at some later time and transmits the read data whenever the bus is granted. The
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Figure 5-14 Write 1/O Register, Bus Timing Diagram
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reason for this is that the UBA must initiate a Unibus DATI operation to retrieve data from an exter-
nal register, and the register data cannot possibly be supplied during the two bus cycles immediately
following the command/address cycle. Although UBA internal registers could be read during these
two bus cycles, the UBA control logic implements the same operation (bus request to transfer data) to
simplify the design. For internal register addresses, the bus request is made during the second cycle
following the command/address cycle.

During both types of /0 register read operations, control line 1/O DATA CYCLE is asserted on the
bus coincident with the read data. Similar to the DATA CYCLE signal asserted during memory read
operations, /0O DATA CYCLE serves as a data strobe so that the device initiating the operation may
gate the data from the bus.

5.2.8 Bus PI Operation

Part of the control information stored in the UBA status register are 3-bit high level and low level pri-
ority interrupt channel numbers (PIAs). The high level PIA is associated with BR7 and BR6 on the
Unibus; the low level PIA is associated with BRS and BR4.

When conditions are met for initiating an interrupt, a Unibus device asserts its assigned BR level. The
BR level, in turn, causes the UBA to assert one of seven PI REQ lines (1-7) on the KS10 bus. The PI
REQ line that is asserted depends on the value of the stored PIA (1-7) corresponding to the BR level.
For example, if BR7 is asserted on the Unibus and the channel number stored in the high level PIA is
2, PI REQ 2 is asserted on the KS10 bus. As can be seen, with two levels of PIA, the UBA can assert
more than one PI REQ at any one time. That is, in the preceding example, if BRS was also asserted on
the Unibus and the channel number stored in the low level PIA was equal to 4, the UBA would assert
PI REQ 4 in addition to PI REQ 2. For the case when there are both high and low level interrupts and
both PIAs are equal to the same PI channel number value, a single PI REQ would be asserted but as a
result of two asserted BR levels.

When a high or low level PIA is set equal to 0, no PI REQ level is asserted on the KS10 bus even
though the corresponding BR level is true. This provides a means for programmers to inhibit inter-
rupt activity for a device.

The CPU monitors all PI REQ levels on the KS10 bus. More than one request line may be asserted at
any one time (i.e., up to four with two UBAs in the system) and more than one UBA can assert the
same request line. The CPU detects all interrupts and resolves interrupt request priority on a channel
number basis (lowest channel has highest priority). When it is ready to serve the highest priority chan-
nel, it performs the first of two PI operations over the KS10 bus.

The first PI operation initiated by the CPU is to determine the UBA or UBAs interrupting on the PI
channel that is to be served. Bus timing is shown in the upper part of Figure 5-16. After requesting
and being granted the bus, the CPU asserts the command/address to specify that the operation is an
1/0 controller number read (bit 0 = 1, bit 4 = 1) for controllers interrupting on PI channel n (bits
15-17). When a UBA receives the command/address, and if it is interrupting, it compares the channel
number value received on the data lines with the stored PIA. If a match occurs, a UBA asserts one of
the data lines to indicate its physical address; that is, UBA1 asserts data line 19 and UBA3 asserts data
line 21. The CPU strobes the data lines (during the second bus cycle following the command/address
cycle), resolves controller number priority (UBA1 has highest priority), and then performs a second
bus operation to read the interrupt vector from the highest priority UBA.

Bus timing for the second PI operation is shown in the lower part of Figure 5-16. The command/
address specifies that an interrupt vector is to be read (bit0 = 1,bit 1 = 1, bit 5 = 1) from controller
n (bits 14-17). When the addressed UBA receives the command/address, it initiates a priority transfer
control and interrupt sequence over the Unibus to read the vector from the interrupting device. The
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Figure 5-16 PI Operation, Bus Timing Diagram
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vector is read from the device interrupting on the highest level BR associated with the specified PI
channel. For example, if both BR7 and BR6 are asserted and the high PIA is being served, the vector
is read from the device interrupting on BR7. Because the vector cannot be read during the two bus
cycles allotted the CPU after the command/address cycle, bus operation is similar to the 1/ O register
read operation. The UBA requests the bus at some later time, when the Unibus priority transfer and
interrupt operation completes, and then asserts the vector address on the KS10 bus data lines when it
has been granted the bus. The UBA also asserts I/O DATA CYCLE, which the CPU uses to strobe
the data lines to end the PI operation on the KS10 bus.

5.2.9 Bus Parity Error

All devices connecting to the KS10 bus generate and check data line parity. Each device computes
and transmits two parity bits whenever data is transmitted on the bus. PARITY LEFT is the com-
puted parity (even) for the 18 least significant data lines (00-17). PARITY RIGHT is the computed
parity for the 18 most significant data lines (18-35). Also, with one exception, each device checks
parity when data is received on the bus. The exception is during the PI operation when the CPU reads
the bus to determine the controller or controllers interrupting on a specified channel. Because more
than one controller may assert a data line, the CPU ignores data line parity during this operation.

When a device detects bad (odd) parity for data received on the bus, it asserts a PARITY ERROR sig-
nal that causes the CPU clock to be stopped. The CPU clock is controlled by the console, and the
PARITY ERROR signals from the various bus devices (including the console itself) are ORed
together on the console module to set flip-flop CSL3 PE(1) when an error occurs. CSL3 PE, in turn,
clears CSL5 ENABLE which negates CSL5 CRA/M CLK ENABLE and CSL5 DPE/M CLK
ENABLE to stop the clock in all CPU modules. The parity error is also sensed by the 8080 program,
which prints an error message at the CTY.

5.3 MICROCONTROLLER

The way the processor performs a program depends both on the processor hardware and on the
microcode it executes. Most of the microcode is associated with the execution of the individual pro-
gram instructions, and these are not treated here. The descriptive material in this and the next two
sections is devoted almost entirely to the hardware, plus those microcode procedures of a more gen-
eral nature, such as sequencing the microcode from one program-level operation to the next and han-
dling priority interrupts and page failures. Associated with the microcode are two quantities, the
microinstruction word itself, referred to as the “microword,” and a dispatch word that supplies infor-
mation for the execution of individual program instructions. The first two parts of this section discuss
the structure of these words (Figure 5-17), and the rest of the section describes the hardware of the
microcontroller (Figure 5-18).

5.3.1 Microword

The upper part of Figure 5-17 shows the format of the control RAM microword. Of the two rows of
numbers below the boxes, the upper lists the numbers of the bits as determined by the microcode
assembler, and the lower lists their physical numbers according to their positions in the control RAM.
Bits lacking physical numbers are either simply not used or are in special macro default fields, which
are given in macro definitions but which do not appear in the assembly listing, as they are used only
to default other fields that are in the actual microword. In the field definitions given in the microcode
listing, the letter D means default to a constant, whereas F means default to a function, such as a
macro default field. Bits that have only a physical number are created by the software that sets up the
physical microwords. These include a mark bit for scope synching and two even parity bits, one for
that part of the RAM contained on the CRA board (bits 0-35) and another for the rest of the RAM
contained on the CRM board. The numbers above the boxes show the correlation between the parts
of the microword as illustrated and the 4-digit groups that make up the words in the microcode listing.
Preceding each word in the listing is the address of its location in the control RAM.
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The labels used for the fields of the microword are those defined for the microcode assembly lan-
guage. Multiple labels indicate bits used for more than one purpose depending on the circumstances -
the number field is used for many purposes as listed at the lower right in the drawing. For bits labeled
“inverted,” a O rather than a 1 selects the defined function. The hardware signal names are very sim-
ilar to the microcode labels and the reader should have no trouble identifying them; signal names for
the bits on the CRA and CRM boards, respectively, are listed on CRA6 and CRM2, matched to the
physical bit numbers. For those fields comprising more than a single bit, the signal names for the indi-
vidual bits are numbered; the numbers are written on the bits inside the boxes in the format drawing.

The rest of this section explains the various groups of microword bits to serve as an introduction to the
microcode listing. No attempt is made here to identify all the different quantities that can be selected
by each field, as that information is given in complete detail at the beginning of the listing.

0-11 The address of the RAM location from which the next microword will be taken, per-
haps modified by a skip or dispatch, or even supplanted altogether by a subroutine
return, some other dispatch, or a page fail condition.

12-35 These fields govern the full word arithmetic unit. From the point of view of the micro-
code, there are 64 adder functions selected by the six AD bits, where the left three
specify the function as defined by the 2901 spec, and the right three specify the source
operand. The 9-bit instruction specification is completed by the three destination bits.
Note that the middle bit in the destination code is inverted before being applied to the
2901s; hence the microcode configurations 0-7 correspond respectively to the destina-
tion control codes 2,3,0,1,6,7,4,5 as given in the 2901 spec. Note also that the terms
“right” and “left” as used in the 2901 spec are opposite from their KS10 meanings,
and inputs and outputs are numbered in the opposite order.

Physically, the adder is controlled as two separate left and right halves insofar as the
operand source is concerned, and the right three AD bits select only the left source.
The RSRC field enables the programmer to select a different right source in order to
perform operations in which one half of an operand is manipulated as desired while
the other half is (for example) simply cleared or left unchanged. If no right source
selection is made, however, the RSRC field defaults to the value given for LSRC.

The A and B fields supply the A and B addresses for the 2901 register file. Of course a
specified address has no effect unless the selected 2901 instruction calls for its use.
Only B can select a register for loading.

36-38 The source of the RAM file address. Note that in this field a VMA selection means an
ordinary memory reference, which may be virtual or physical and which may turn out
to be a cache or AC reference, whereas a RAM selection means an absolute reference
to any RAM file location via the right ten VMA bits.

40-41 The source of data for the D bus via the D bus mixer.

42-44 If the D bus field selects DBM as the source, this field selects the source of data into
the mixer that feeds the DBM input to the D bus mixer.

45-50 These are two sets of three bits that separately control certain operations in the left
and right halves of the main data path. Bits 45 and 48 separately clock the two halves
of the arithmetic unit, so that operations can be performed in one half while the other
is unaffected. Note that this means there is no change at all in the other half: to load
an arbitrary destination with a word half modified and half unchanged requires clock-
ing both halves with separate left and right source selections.
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51-56

57-62

63-68

For parity purposes there are an even parity bit and a valid bit associated with each
half word in the register file. Whenever a location in the file is loaded, the two associ-
ated parity bits are set up from the parity signals generated for the two half words on
the D bus, and the valid bits are set up from bits 46 and 49 of the microword. Hence
by means of the valid bits, the microprogrammer can label the parity bits according to
whether they actually do represent true even parity for the stored half words. The
parity signals generated for the D bus are correct for a word stored if the operation
performed by the arithmetic unit is parity-conserving, as is the case for a simple trans-
fer or ANDing with the mask, and the source of the data word is the RAM file or
DBM. Of course parity storage is also valid if the operation is simply the transfer of
the contents of register A to register B and the D bus mixer selects DP. For conven-
ience in handling these control bits, a macro definition can put a 1 in bit 108 to
indicate that the macro operation conserves parity: in a microword containing the
macro, the GENL and GENR fields default to the value given by bit 108 unless the
programmer overrides it.

Bits 47 and 50 enable parity checking on the left and right halves of the D bus. A
parity check should always be made when the source of the D bus data is the RAM
file or the backpanel bus (MB). When the D bus mixer selects DP, the parity check
should be made only if the AU operation conserves the parity given by the bits associ-
ated with the file location selected by the B field (as that is the source of the parity
indication against which the check is made). Even then the requested check for either
half is overriden by the corresponding valid bit being off, indicating that the stored bit
does not represent true parity for that register. No check should ever be made when
the source is VMA or any DBM selection other than MB.

This field selects among a number of special functions such as loading IR, manipu-
lating flags, and sweeping the cache. Additionally, if the AD function being performed
involves shifting, the right three bits control the connections at the adder extremities
for the type of shifting; and if the DBM field selects the data path input to the DBM
mixer, the same three bits select the position (if any) for insertion of a 7-bit byte in the
word. The right three bits are decoded together, and the left three individually select
groups of eight functions. Hence functions can be combined. The same right three
configurations select loading IR and XR, so they can be loaded together. (IR includes
AC, and XR includes the indirect bit.) Similarly the right code that selects arithmetic
shifting also selects (via the 40 bit) the ASH overflow test, which is used for left
shifting.

This field selects a quantity to be ORed with J field bits 0-7 or 8-11 or both to select
the location of the next microword to be executed. To jump to a specific location such
as that given by the J field of the dispatch ROM or a return address from the sub-
routine stack, the microword J field must be zero.

This field selects a skip condition, which if satisfied, causes a 1 to be ORed into bit 11
of the address for selecting the next control RAM location. Thus the microcode can
jump to an even location with the possibility of skipping that word and going directly
to the next odd location. The skip field can select one, two or three conditions from
among three sets of six, where the skip occurs if any selected condition is satisfied.
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70-71

72
73
74
75

76

77

79

80

90-107

5.3.2

The processor cycle is extended beyond two clock ticks by the number of ticks speci-
fied by this field. For convenience the T field defaults to the value given by bits
109-111, which can be specified in a macro definition. Thus a macro can indicate
when extra time is needed for the operation it produces, but the programmer can over-
ride this specification if the extra time is not needed because of the circumstances in
which the macro is used.

Inserts a carry into the LSB of the adder.
Loads the step counter from SCAD as set up by the number field.
Loads FE from SCAD as set up by the number field.

Writes the contents of the D bus into the RAM file at the location specified by bits
36-38.

Starts or completes a memory or I1/0 function (usually a bus transaction) whose char-
acteristics are specified by the number field.

This microinstruction is doing a divide.

This microinstruction is doing a multiprecision step in DFAD, DFSB or divide.

Causes this microinstruction to be executed as a no-op if FE bit 0 is already 0, but oth-

erwise causes it to be repeated until FE overflows (bit 0 becomes 0). This fe

40w v AL VWUV 1\41.1\4
used for fast shifting.

+ M
i oL OVEIn v CS vj. 11is 1aiuic is

Pushes the current location on the stack to effect a subroutine call.

This field supplies information for a variety of functions selected by other fields. The
kinds of information are listed in the format drawing.

Dispatch Word

The 9-bit instruction code in IR automatically selects one of the 512 locations in the dispatch ROM
and makes its contents available to the skip and dispatch logic. Dispatching on the given information
occurs mostly in the part of the microcode labeled “The Instruction Loop”, which appears at the
beginning of the listing just after the power-up sequence. The format of the words supplied by the dis-
patch ROM is shown in the lower part of Figure 5-17 using the same conventions as for the micro-
word given above. However the dispatch ROM bits are not numbered physically, so chip locations
and outputs are given instead.

2-5

4-7

12-23

This field specifies the kind of operand fetching to be done for the instruction, and for
a simple read indicates whether the next instruction can then be fetched immediately.

This field specifies the test condition in all test instructions, the modification of the
masked bits for logical testing, and in all other instructions it specifies the disposition
of the results except that in floating point it also indicates whether there is rounding
and whether the operation is additive or multiplicative. The extra physical bit, TXXX
EN, shown at the right end of the word, is a duplicate of bit 9 of the B field.

The address of the control RAM location at which execution of the instruction begins.
This 8-bit field selects a location in the range 1400-1777.
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24 Causes the AC field of the instruction word to replace the right four bits of the J field
so that a jump to begin instruction execution will actually dispatch to one of 16 loca-
tions where the instruction code is expanded to 13 bits.

25 Causes an immediate dispatch on the J field when the microword calls for the stand-
ard AREAD dispatch on the A field. This is used for instructions that require no mem-
ory access or special setup (e.g., MOVEI JFCL).

26 Starts a memory read when the microword selects an AREAD memory function.

27 Starts a write test (for page fail) when the microword selects an AREAD memory
function.

28 Starts a memory cycle when the microword selects a BWRITE conditional memory
function.

29 Loads VMA when the microword selects an AREAD memory function.

30 Starts a memory write when the microword selects an AREAD memory function.

5.3.3 Control RAM

The 2048-word control RAM (Figure 5-18, upper right) is made up of a pair of 1K RAM chips for
each microword bit. Bits 0-35 are on the CRA board and are shown on prints CRAR,9; bits 36-95 are
on the CRM board and are shown on CRM4-8. An entire microword is selected by selecting a single
bit from each pair of chips. Selection is made by an address supplied by the skip and dispatch logic
(Paragraph 5.3.4) and applied to the two parts of the RAM through the drivers on CRA7 and CRM1.
Associated with the two parts of the RAM are two parts of a register that holds each microword while
its bits are controlling the events that constitute its execution and are supplying an address for use in
selecting the location of the next microword. These two parts are the CRAM register on CRA6 and
the BIT register on CRM2. (In each there are duplicate flip-flops for the 12-bit segment that sustains
the heaviest use.) At the end of each processor cycle the clock triggers the events for one micro-
instruction and loads the next into the register from the RAM. However if a 1 in the multishift bit dis-
ables the microcontroller clocks (on CSL) without affecting the data path clocks, the same
microinstruction is repeated. On the other hand, when FE 00 is O in a fast shift, the data path clocks
are disabled but not the microcontroller clocks, so a no-go results and the next microword is loaded.
The parity nets for checking the CRA part of a word are at the upper left on CRA6, and those for the
CRM part are across the top and in the lower right corner of CRM3. The outputs of the nets go
directly to CSL to stop the processor clock should an error occur.

The J field is used solely by the microcontroller address logic; all other CRAM and BIT signals are
available via the backpanel to other boards, although most of the skip, dispatch and special function
bits are used on CRA. Most of the bits that control the 2901s are applied directly to those chips,
aithough a few are aiso used eisewhere in the arithmeiic logic. Most other multibit ficlds are applied
to mixers to select among various sets of inputs, such as the data for DBM or the address for the RAM
file. The right three special bits are applied to mixers for selecting shift inputs at the 2901s, but are
otherwise applied to decoders for generating specific functions, where the individual decoders are
enabled by Is in the 40, 20 and 10 bits, or for byte insertion, by the appropriate configuration of the
DBM field. In some cases, duplicate decoders are employed in order to get a function signal as close
to the target logic as possible, and in a couple of cases individual function signals are duplicated for
use in two different places. Decoders enabled by the 40 and 20 bits are at the upper left in DPES; at
the upper right in DPMA are a decoder for the 10 bit and a duplicate of that for the 20 bit (note that
except for the memory wait function, these decoders are enabled only during the low period of the
cycle clock); and a duplicate for the 10 bit is at the right on CRA2.
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5.3.4 Skip and Dispatch Logic

The logic that determines the location from which the next microword will be taken is shown in the
left quarter of Figure 5-18 and appears mostly on prints DPEA and CRA1,2. Each address is supplied
to the control RAM through the OR gates above the two rows of mixers on CRA1. From the 6-bit
microword dispatch field, individual inputs to the mixers are selected by the right three bits and the
different sets are enabled by single bits among the left three. The upper row on CRA1 has 4-bit mix-
ers for the left eight address bits, and these are enabled by the 20 dispatch bit. The lower row, enabled
by the 10 bit, contains 8-bit mixers for the right four address bits. A similar set of mixers for the right
four bits but enabled by the 40 bit appears at the upper right on DPEA; the outputs of this set are
applied directly to the lower row of OR gates on CRAL1 as the DPEA DISP signals.

The OR gates on CRA1 combine the outputs of the several sets of mixers with the J field from the
CRAM register. Hence there are two ways to address a single, arbitrary location in the control RAM:
with the dispatch mixers disabled, the microcode can jump to the address given by the J field; with J
zero, dispatch mixers for all 12 bits can supply a specific number, such as a diagnostic or subroutine
return address. But the microcontroller can dispatch within a range of four, eight or 16 locations, start-
ing at that given by the J field, by ORing a variable quantity into the right four address bits through
the mixers enabled by the 10 or 40 bit. Note that for an individual mixer to have any effect the corre-
sponding bit in the J field must be 0; a 1 in the J bit overrides any selection made by the mixer.

At the lower right on CRA1 the OR gates for address bit 11 also receive the outputs of the three skip
mixers. This arrangement allows the microcode to give an even J with the possibility of going instead
to the next odd location on the satisfaction of any of three independently specifiable skip conditions.
The skip mixers function from the skip field of the microword in exactly the same way as the dispatch
mixers. The mixers for the 40 and 20 bits (which handle mostly flag and arithmetic conditions) are in
the upper left corner on DPEA, and the mixer for the 10 bit is at the upper right on CRA2. Note that
the signals that can be seiected for skipping are ali inherently synchronized to processor operations
except for conditions 4-7 in the CRA2 mixer. These four conditions are therefore synchronized to the
cycle by means of the flip-flops in E115 (D3). One of these signals, I/0 LATCH, is the OR function,
by way of a flip-flop in E416 (A6), of the two bus signals that represent response to an I/0 instruction.
The synchronization is handled via the bottom gate in the clock logic at the left and the top flip-flop in
E416. The skip condition flip-flops are set up at the end of every processor cycle through assertion by
the clock enable of the signal DISP & SKIP EN. The same T clock also sets the top flip-flop in E416
to generate FIRST CYCLE, which really means the first tick in the processor cycle. If microword bit
TOl is 1, indicating a three-tick cycle, the asynchronous skip conditions are updated at E115 so they
will be fresher when used at the end of the cycle.

Finally, note that the page fail signal from the console is fed into all of the address OR gates. Hence it
can override any selection made by the J field or the skip and dispatch mixers, and force selection of
location 7777.

5.3.4.1 Dispatch ROM - The left half of each instruction is loaded from the D bus into the IR, AC,
indirect and XR registers at the left on DPEA. Each instruction code from IR selects a location in the
dispatch ROM, made up of the three 512 X 8-bit chips at right center. The outputs from the left chip
are used as individual control signals or skip conditions, as in the net at C5 where TXXX EN is com-
bined with AD = 0 to decide on a skip in the microcode to execute a skip or jump in an instruction.
The microcode can dispatch on the A and B fields from the center chip by way of the bottom two
inputs to the dispatch mixers at the top of the print; the latter occurs in the “Store Answers” part of
the instruction loop and elsewhere for specific instruction groups. Dispatching for instruction execu-
tion is on the J field from the right chip but this is somewhat roundabout. J bits 0-3 are input to
address bits 4-7 through the upper mixer on CRA1, and the same dispatch function puts Is in bits 2
and 3 so dispatching is in the range 1400-1777. In the normal situation J bits 4-7 go to address bits
8-11 through the dispatch mixer at the top of DPEA as the DPEA J signals available from mixer E118
(A3). But on an AC dispatch for JRST or an I/0 instruction, the AC address is substituted for the
DROM J bits.
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The standard AREAD dispatch on the A field for the “Fetch Arguments” part of the instruction loop
uses control RAM locations 40-57, but a 1 in the I bit of the dispatch word can cause an immediate
dispatch on the J field. This is accomplished through two mixers, E119 at DPEA A 2 and E420 at
CRA2 C3. For the standard dispatch, AREAD bits 8-11 from E119 are equivalent to the DROM A
field and are supplied to the address through input 3 of the mixers at the top of DPEA. E420 sets
AREAD 04-07 to 0010, which selects the desired range through the upper mixers on CRAI. For an
immediate dispatch, the I bit, which is the A = J signal, substitutes J 08-11 in AREAD 08-11, sub-
stitutes J 00-03 in AREAD 04-07, and inserts ls directly into address bits 2 and 3 via mixer E517
(CRA1 C6) to make the range the same as that used for an ordinary J dispatch.

5.3.4.2 Other Dispatch Procedures - The next instruction condition or NICOND dispatch appears at
the very beginning of the “Start Next Instruction” part of the microcode instruction loop. The dis-
patch is handled through the lower mixers (input 4) on CRA1 and the signals are generated, except
for the most significant, through the priority encoder at E216 (CRA2 B3). Only five encoder inputs are
used, and at the end of any program-level microcode operation they provide for dispatching to the
next operation in the priority order trap 3, trap 2, trap 1, halt, and the ground at input 7 provides for
going on to the next program instruction if none of the other conditions intervenes. The dispatch in
the microcode actually has two sets of five locations distinguished by NOCOND 08, which simply
indicates whether a memory cycle is in progress. This condition has no effect on traps or a halt, as the
microinstructions in each pair of dispatch locations distinguished only by the memory condition are
identical. But it does affect the next normal instruction and indicates whether the instruction must still
be fetched or is already being prefetched.

The D6 input of the mixers associated with the 10 bit provides for dispatching to every other location
among 16 for the effective address calculation, which immediately follows the NICOND dispatch in
the microcode listing. Here again there are two categories of dispatching depending on whether or not
there is indexing or indirection, one specifically for the instruction JRST 0, and one for all other
instructions. The special case is the most frequently used instruction in the entire PDP-10 set, and the
AND gate at A4 on DPEA saves a processor cycle by detecting JRST 0, directly from IR, obviating
the J dispatch.

The most common byte size used is seven bits. The KS10 saves considerable time by having hardware
for manipulation of 7-bit bytes with zero alignment built right in. Most of this hardware is associated
with the DBM mixer and the 10-bit logic (Paragraph 5.4) but the microcontroller has a mechanism for

dispatching on byte position; that is, on which byte in the word is being processed. The three byte dis-
patch signals available at the DS inputs to the lower CRA1 dispatch mixers are provided by the deco-

der-mixer combination at the lower left on DPE3. When DP carries a byte pointer, the decoder is

enabled by a size indication of 7, and the circuit translates the zero-alignment byte positions into byte
dispatch configurations as follows.

Byte Position Dispatch Code

1 29 001
2 22 010
3 15 100
4 8 101
5 1 111

The single D7 input to the lower CRA1 mixers (at E122) provides for a skip of two locations (actually
to the next even location) from the microword J field when SCAD is negative. Similarly the arithmetic
condition at E121D2 provides a four skip that is used in multiplication. The remaining inputs to the
mixers at the top of DPEA provide for dispatching on various sets of bits in a word on DP, in one case
combined with arithmetic conditions.
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5.3.5 Subroutine Stack

The binary counter and RAMs in the middle row on CRA3 provide a standard stack for microcode
subroutine calling. Position in the stack is determined by the value in the counter, which goes up for
pushing and down for popping. The top of the stack is defined as the location whose address is one
greater than the number in the counter, and the stack therefore allows a depth of subroutine nesting
of 15 levels. The address lines to the RAMs carry the current value in the counter unless SELECT
NEXT enables the gates at the right of the counter, in which case they carry an address two greater.
Following the initial reset of the counter from the console, the top of the stack is at location 1.

At the end of every processor cycle, the cycle clock loads the address of the next control RAM loca-
tion into the current location register at the bottom of the drawing. Halfway through the first tick the
stack write signal (through the top gate in the clock circuitry on CRA2) loads the current location into
the RAM position one above the current top of the stack as selected by the select-next gates. This is
done at the beginning of every microinstruction - if it turns out to be unnecessary, the stored address
is just thrown away when the next current location is loaded in its place. However, if the micro-
instruction is a call or there is a page failure (the call or return signal from CRA2 AS5 includes the
page fail condition from the console), the counter is incremented so the temporary save location now
becomes the top of the stack. Simultaneously the saved address is loaded into the register at the top of
the drawing so it is available for a subsequent return. On the other hand, if the microinstruction is a
return (and thus makes use of the SBR RET address), the select-next gates are disabled, and at the
same time the cycle clock decrements the counter, the address from the top of the stack is moved to
SBR RET for a subsequent return from the level in which the just-executed subroutine was nested.

5.3.6 Booting and Diagnosis

The logic through which the console directly manipulate T &Cross t
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tom of Figure 5-18. The reset signals are located on the same prints as the clock circuitry. Note in par-
ticular (CRA2 A3) that the reset for the stack is separate from that for the microinstruction register, so
the console can clear the register, and then inspect locations or single step, without bothering the
stack.

To bootstrap the microcode, control signals from the console bring in data 12 bits at a time from the
backpanel bus via the transceivers on CRAS5. Loading each location in the control RAM requires nine
transfers, the first for an address, which is loaded into the register at the top of the drawing, and eight
more for the 96-bit microword in 12-bit segments. With the microinstruction register clear, J is zero,
the skip field selects no condition, and the dispatch field selects the diagnostic address through the
mixers on CRAIL. By means of the gates and decoders at the bottom of CRA4 the console can select
and write three segments in the addressed location in the CRA part of the control RAM, and similar
logic at the lower left of CRM3 handles the selection and writing of five segments in the CRM part.

The same selection signals, but with the write replaced by a read (CRM2 B3), can read any 12-bit seg-
ment of the CRM part of the microinstruction register, the contents of the transceiver latches, or the
output of the CRM parity nets through the mixers on CRM3. The same signal that enables the CRM
read mixers, CSL4 DIAG 10 H, disables the upper mixers on CRA4 and selects the output of the
CRM3 mixers as the input to the lower CRA4 set. When that signal has the-opposite polarity however,
the signals that select the sections of the CRA part of the control RAM select 12-bit CRA inputs to
one or the other set of mixers on CRA4. The quantities selected can be any part of the CRAM, the
contents of the current location or subroutine return register, or the address supplied to the control
RAM by the skip and dispatch logic. The output of either mixer set is available through the OR gates
at the top of the drawing to the TRN inputs to the transceivers on CRAS. Note that the parity signals
generated for the transmitted data by the three transceivers that handle the 12 bits are themselves
transmitted through a fourth transceiver on an additional three data lines to make the parity on the
bus even.
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When the console first starts the microcode, it executes the “Power-up Sequence,” which is at the
beginning of the listing. In the register file this sequence sets up the constants, clears control words,
and also clears temporary registers to avoid parity errors. In the workspace it sets up a table of powers
of 10 for binary-to-decimal conversion, clears locations for the time base and flag enables, and saves
the address of the halt status block. Finally it clears the flags, enters executive mode, and enters the
halt loop.

5.4 DATA PATH EXECUTE

Although the activities of the two data path boards are intertwined, the logic can reasonably be
divided into two parts: the execute data path, which handles all the internal operations for the execu-
tion of an instruction - arithmetic and logic operations, data manipulation; and the memory data
path, which handles all aspects of communication over the backpanel bus for both memory and 170
instructions, including determining whether a memory access should be made also or instead to the
RAM file (a cache or AC reference) and thus require action by the execute data path. Although the
boards are labeled DPE and DPM, the logical and physical boundaries do not coincide, and both
paths include elements on both boards. Here we deal with the execute part of the path; the memory
part is discussed in Paragraph 5.5. Figure 5-19 is a block diagram of the execute path, but for the
internal structure of the register and RAM files refer to Figure 5-3.

5.4.1 Arithmetic Unit

The heart of the main data path is the arithmetic unit (shown on prints DPE1,2) and most of the logic
is the 2901s themselves. Just as 36-bit words are centered in the 40-bit register file, the D bus inputs
are centered in the ten slices, with the extra pair of bits at the left receiving copies of bit O (the sign),
and the extra pair at the right receiving Os. The chips are interconnected for left and right shifting, but
instead of direct carry connections the carry function is handled through look-ahead logic supplied by
the 2902s at the bottom on DPE2. Note that the carry from the right half to the left (i.e., into bit 17) is
controlled by the microcode. Also under microcode control are the separate clocks for the two halves
via the middle gates in the clock circuitry at the left on DPES. The bits from the appropriate micro
word fields, with separate left and right source selections, are applied directly to the chips with two
exceptions: the 02 destination bit, which must be inverted and distinguishes between left and right
shifting in those functions that do shift; and the 01 function bit, which distinguishes between add and
subtract when the 04 and 02 bits are both 0.

Having words centered in the 40-bit adder is appropriate for some one-word shifts and for additive
operations, as the sign is available at the left end, or for LSH the extra bits can be masked out; and
moreover the result of an arithmetic operation can never exceed 40 bits, so DP SIGN always has the
correct sign even when DP 00 is wrong because of overflow. On the other hand, for arithmetic shifting
and multilength operations it is not suitable to have words centered, as there is then a hole in the
middle of a double length operand in AD and Q (which can be shifted together), and the connection
between the sign and bit 1 is buried in the leftmost chip. Hence before performing such operations,
the microcode must move the operands to the right, frequently placing them entirely in the right nine
chips, which are then used as a 36-bit AU. That such action is expected is evidenced by the signals
that serve as inputs to the shift logic at the bottom on DPE1 and.by the fact that the carry out of bit 2
is an input to several logic nets and is available for testing by the microcode. The net in the lower right
corner on DPES5 performs the necessary inversion of the 02 destination bit and also supplies the left
and right shift signals to the shift logic on DPE1. When shifting is called for, the gates at the far left
supply shift connections that are constant for a given direction, and the tristate mixers decode the
right half of the special function field to set up those connections that vary depending on the type of
shift. The tristate logic is necessary because the 2901 pins that receive inputs for shifting in one direc-
tion supply outputs for the other, at which time the corresponding tristate circuits are disabled so their
outputs neither drive nor load the signal lines significantly. Figure 5-20 shows the various kinds of
shift arrangements for shift instructions and arithmetic subroutincs, where the short boxes represent
the left slice and the long boxes the other nine. The indicated use is for the main shift activity, and the
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numbers inside the boxes indicate the initial position of the operands for the type of shift, if different
from the normal. Before the main shifting activity, the microcode must of course move the operands
from their normal positions to the ones given, making use of whatever shift arrangement is
appropriate.

Note that two of the bit inputs to the shift logic do not come directly from the 2901s. These two signais
plus the carry into the right end of the adder and the above mentioned 01 function bit are supplied by
the gates at the right on DPES. Through the top two gates, 1s in the corresponding microword bits do
assert the function and carry signals, but the rest of the logic is for assisting the microcode in division
and certain multiprecision operations. The flip-flops save information from onc step for use in the
next or from operations on lower order words for use on higher order. In division for example, the
carry out in one step means that in the next a 1 must be shifted into the partial quotient and the divi-
sor must be subtracted from the dividend; hence FLAG CARRY OUT being set causes a divide step
to assert DIVIDE SHIFT for input to the shift nets and implements a subtraction by generating a
carry in and asserting the Ol function bit. This simple hardware feature saves a great deal of micro-
code time: instead of requiring the microcode to use a skip to decide whether to add or subtract in
each divide step, it simply calls for an add in every step, and when the carry is present the add
changes automatically to a subtract accompanied by the carry in required for 2’s complement arith-
metic. In a similar way the microword multiprecision bit carries over a subtraction from one step to
the next, inserts a carry in a high order operation if there was a carry out of the low order (using the
right nine slices), and bits shifted left out of the second position can be inserted at the right in the next
normal shift step via MULTI SHIFT. This last signal, which has absolutely nothing to do with the
microword multishift bit, supplies Os in LSH. FLAG QR 37 provides multiplier bits for dispatching in
the multiply subroutine.

5.4.2 Main Path

The output of the arithmetic unit is available via DP to many processor elements, including the mix-
ers for the D bus on prints DPE3,4. These mixers can also select the output of the RAM file, the out-
put of the DBM mixer on the DPM board, or a word made up of the program flags, the number of the
PI level on which a new request has been accepted, and the right 10 VMA bits that are kept on the
DPE board for accessing the RAM file. Input selection is made according to the microword DBUS
field through the gates at bottom center on DPE3. But note that a microword selection of DBM can be
forced to a RAM file selection instead; this occurs when DBM is selected for MB and the memory
request turns out to be a cache hit or an AC reference. The selected word can be sent over the D bus
to the arithmetic unit, the RAM file or the instruction register, which is at the lower left on DPEA. All
of the instruction bits can be loaded together by two special functions, of which one handles both the
IR and AC fields, and the other handles the XR and indirect fields as well as a bit that indicates the
instruction is being executed by a PXCT and should do its indexing in the previous context. XR and
AC are decoded for zero for use by the skip and dispatch logic.

The remaining D bus logic is for parity operations, and includes the standard nets for generating even
parity bits and checking parity. It also includes, on DPE4, the E714 flip-flops and 16 X 4 RAM that
implement the parity arrangement described in the discussion of microword bits 45-50 in Paragraph
5.3.1. The RAM contains two validity bits and two parity bits for each location in the register file and
is written according to the B field selection whenever the destination code loads a register. (Writing
occurs at the leading edge of the cycle clock, 75 ns before the 2901s are clocked, through the bottom
gate in the clock circuitry at the left on DPES.) The E714 flip-flops allow generation of a left or right
parity error signal for the console when the corresponding check indicates bad parity, but only if the
microinstruction enables the parity check and the hardware provides the appropriate DBUS CHK
EN signal. These enable signals are supplied through an extra mixer for each half of the bus. The sig-
nals for both halves are always false on VMA selection and always true on RAM file or DBM selec-
tion (in the last case the microinstruction should enable parity checking only if MB is the source,
because the parity bits that accompany the DBM selection are those supplied by the backpanel bus).
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When DP is the source, the parity bits are those supplied by the RAM location selected by the B field,
and the D bus check enable signals stem from the corresponding valid bits.

The final part of the main path is the DBM mixer, which appears on DPM1,2. Inputs, as selected by
the microword DBM field, can be any of those listed in the table at the lower right on DPM1. Selec-
tion of “bytes” provides 0 in bit 35 and five copies of SCAD 01-07 in the other 35 bits. Reading the
exponent puts a 0 in bit 0, the exponent from SCAD 02-09 in bits 2-9, and fills the rest of the left half
from DP but reads the current value of the MSEC counter in the right half. The number field is dupli-
cated on the two halves of DBM. The bits of the microword DBM field are applied to buffers for mul-
tiple drive lines for the mixers. Because the drive lines for the 4 and 1 bits typically each drive a third
of the mixers, the 2 bit has five lines, each corresponding to a 7-bit byte. These lines are further gated
by the configurations of the right half of the special function field through an E412 decoder that is
enabled by DBM select code 1 or 3. When the code is 1 all of the drive lines for the select 2 bit are off
as required. For code 3, the select 2 drive lines that are on cause selection of the DP input, but a func-
tion number from 1 to 5 turns off the corresponding select 2 line, causing one set of seven mixers to
select the input for code 1 instead of code 3. This inserts a 7-bit byte from SCAD 01-07 in the selected
position with the rest of the word made up from DP. Byte S is handled as eight bits but the final mixer
receives DP 35 for either code.

54.3 RAM File

The 38 RAMs on DPE7,8 provide storage for 1024 words with an even parity bit for each half. The
word contained in the location selected by the address inputs is available at the RAM outputs, and a
falling edge at the write input replaces it with the contents of the D bus. The write signal, which
occurs at the falling edge of the cycle clock, is produced through the gates at upper center on DPES
upon command from either a microinstruction or the memory data path (Paragraph 5.5.4). Other
DPES logic for the RAM file is the E308 flip-flops at lower center that hold the numbers of the current
and previous fast memory blocks as given by the program, and the upper right flip-flops that hold the
DPE copy of the right 10 VMA bits. The loading of both VMA and its partial copy is produced
through the gate at A4 when the microcode gives a memory function that requests it or initiates a
cache sweep.

The ALU at the left on DPE6 can generate numerous functions but is used principally to add the least
significant four bits of the number field to the instruction AC field to generate addresses for the block
of accumulators used in extend instructions. The rest of the logic is mixers for selecting the RAM file
address according to the source specified by the microword RAMADR field as given by the table at
the lower left. The generation of the address is logically in three parts corresponding to the three rows
of mixers. The bottom row selects the obvious source for the least significant four bits directly accord-
ing to the microword field. The middle row selects those three bits that for fast memory references
correspond to the block designation. This requires an extra mixer at the left through which address
bits 04 and 02 select other functions to make the address selection. The obvious selection is made for a
cache, VMA or number reference, or the current block for an accumulator; however an index refer-
ence may be to either the current or previous block, and substitution of an AC reference for memory
may also be to either block. An address selection code less than 4 always means fast memory, so a 0 in
the 04 microword bit disables the top row of mixers altogether. Codes 6 and 7 make the standard
selection, but again the source for use of the RAM file for a virtual reference depends on whether it is
an AC or cache reference: for the former the mixers put out all Os, but for the latter they combine two
VMA bits with a 1 in the most significant position, as the cache occupies the top half of the RAM file.

5.4.4 Ten-Bit Logic

This logic is a small scale arithmetic unit controlled by the microword number field in the same way
that the AD and other fields control the 2901s. Of course those other fields always control the AU,
whereas the 10-bit logic is manipulated by the number field only when that field is not being used for
something else. This smaller arithmetic unit performs computations on exponents, counts steps in
shift and arithmetic operations, and manipulates 7-bitbytes with zero alignment, which can therefore
be handled much more efficiently than other sizes.
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The 10-bit logic comprises the two sets of mixers and adder on DPM3 and the carry skipper and SC
and FE registers at the bottom on DPM4. The adder is made up of ALUs, but these are limited to the
seven functions listed in the table at the upper left because selection is made by only three bits. The
SCAD outputs are available to the two registers, which are themselves inputs to the adder via the mix-
ers. SCAD also goes to the main data path in both byte and exponent positions via DPM. Both rows
of mixers on DPM3 handle 10-bit quantities, but the lower one requires eight inputs for only seven
positions, and bits 0, 8 and 9 are handled by the 4 X 2 mixer at the left end. Most of the inputs to both
sets are from DP, but they involve different parts of DP for different purposes. The upper set can
receive FE, the exponent part of a word from DP always in positive form via the XOR gates at the
left, the effective number of shifts in a shift or rotate instruction, and the size part of a byte pointer.
The lower adder can receive SC, the right ten bits of the number field, octal 44 for generating an
initial byte pointer, and a 7-bit byte from any position. Note that the inputs for 44 also receive DP 06
at the right mixer so as not to disrupt the size field when a position field is inserted in a byte pointer.

5.4.5 Program Flags

DPE9 shows the program flags and the multitude of gates through which they are set and cleared.
There are essentially two ways in which the flags are manipulated: by conditions resulting from arith-
metic and other operations in the hardware, and direct manipulations by the microcode for saving
and restoring or, for example, setting the First Part Done flag for later control of its own activities.
Direct microcode control and ordinary carry-overflow testing is via a single special function with
selection by the number field as listed at the upper left on the print. Individual special functions take
care of ASH and exponent testing so the same microinstruction can use the number field for the 10-bit
logic. Hardware conditions come into play on the selection of various tests by the microcode; the large
number of such conditions is listed in detail with the discussion of the program flags in Paragraph 2.9
of the System Reference Manual (DEC-10-XSRMA-A-D).

There are however a few special considerations that should be mentioned. Because AU is 40 bits, the
net at the upper right corner detects overflow from a discrepancy between DP SIGN and DP 00, and
determines the presence of carry 1 by overflow being opposite carry 0 (which is available as CARRY
OUT); these signals are derived from DP signals and are therefore valid only if the adder is doing an
arithmetic function and its output is on DP. Note that the gate that detects overflow in arithmetic
shifting (C7) checks for opposing states of DP bits 1 and 2 but these are actually bits 0 and 1 of the
word being shifted. Decoding of trap signals from the trap flags at the lower right requires trap
enables from both the processor and the console.

5.5 DATA PATH MEMORY

This data path is actually for both memory and 1/0 operations, and most of what is discussed here is
therefore also related to communication over the bus. All 170 operations require use of the bus. But a
requested memory function uses the bus only when a word must actually be transferred to or from a
storage module; that is, memory functions use the bus except when a memory access turns out to be
an AC reference or a cache hit, an attempted access results in a page failure, or the memory function
is simply a write test (i.e., a check whether a page failure would result were a write function to be
given). Of the many DPM signals whose names contain MEM or MEMORY, some really are for
memory whereas others control both memory and 1/0 operations. This same ambiguity occurs in the
microcode definitions. In an attempt to limit confusion in the test, the term “memory” will be used
only to refer to memory, and “DPM” will be used in general circumstances applicable to both mem-
ory and 1/0.

Every DPM function, whether memory or I/0 and whether requiring the bus or not, is set up by a
microinstruction with a 1 in bit 76 (physical bit 26). In line with the standard terminology, the bit is
labeled MEM and the print signal from it is MEMORY FUNCTION. The setup information is sup-
plied by the number field, where bits 0-11 select the type of memory cycle (i.e., read, write test, write)

5-45



and specify other associated characteristics; that is, user or executive space, virtual or physical refer-
ence, and so forth. Bits 12-17 perform more general control functions, such as starting the cycle and
loading VMA. In particular there is a bit that can substitute bits from the data path for selecting the
function type and characteristics; a 1 in this DP function bit causes the hardware to make the selec-
tion according to DP bits 0-13 instead of number bits 0-11. Setup for an I/0 function must always be
made from DP, because only DP can supply the bus command bits unique to an I/0 function. Use of
DP for a memory function is generally to remake a request following a page failure. For references in
instructions, another of the general control bits can cause the selection of the memory cycle type to be
made according to bits in the dispatch ROM in place of number bits.

Handling a memory or 170 function requires two microinstructions. The first sets up and starts the
function, and the hardware associated with the bus then goes on independently of the microcode,
requesting the bus, waiting for the grant, doing the command/address cycle, and even doing the data
cycle if the function is read. Of course the hardware stops short of all this on a memory function that
does not need the bus, but otherwise it ends either with the word read in MB or waiting to send a
word on write. The second microinstruction the microcode gives is simply a wait. If the independent
functions are already complete, there is no delay and the microcode just takes the word read or gives
the word to be written (where the latter action triggers the data cycle). If the independent hardware
functions are not finished, the processor enters a microcode delay until they are.

Figure 5-21 is a block diagram of the memory data path, with some necessary simplification and
omissions.

5.5.1 Memory and 1/0 Setup

The hardware for setting up a memory or I/0 operation is principally on DPMS5 and the upper two-
thirds of DPM4; it appears at the bottom and at the left in Figure 5-21. Across the center of DPM4 is
the VMA register, which is loaded by the first in the pair of microinstructions that must be given to
start and complete a DPM function (memory or I/0). Included in the leftmost chip of the VMA are
two flags, one indicating that a sweep is being done, and the other that VMA is extended. A sweep is
simply invalidation of the entire contents of the page table or cache directory, and it automatically sets
the top two E214 flip-flops, which would otherwise be duplicates of VMA 18 and 27; this mechanism
speeds up a sweep by allowing it to handle two table or directory locations at a time. The enable for
VMA is produced by the sweep set as well as by the DPM function conditions (DPES5 bottom center).
VMA EXTENDED allows VMA 14-17 to be sent over the bus either for use in a physical address or
for a subsystem number in an I/0 operation.

The other flags associated with VMA are in three categories, two of which are at the top of DPM4 and
the third at the upper left on DPMS. The four E511 flags (EPM4 D4) can be set up only from DP and
are for specifying those characteristics unique to an 170 function. The four at the left in E508 are for
an instruction fetch and specifying several address characteristics (logically VMA EXTENDED
should be regarded as in this group). Note that when a memory function is selected from DP, user
space and previous context are selected directly by bits 0 and 9 as this is generally to redo a pre-
viously-defined function foliowing page failure. The originai selection however is dependent on a
number of conditions. In particular, note that when the User Flag is on, user space is always selected
for an instruction fetch; and it is selected for other memory functions unless executive space is being
forced or the processor is executing an instruction supplied from the console. Selection of the previous
context (which can also force user space in executive mode) is handled by the mixer and flip-flops at
the far right on DPMA according to both bits 9-11 of the number field and the selection made by the
AC field of the instruction. The remaining VMA flags at the upper left on DPMS are for inhibiting the
cache and selecting the type of cycle, where the three flags for the latter may be set from dispatch
ROM bits as well as from bits of the number field or DP. Note that all flags on DPM4 are set up when
VMA is loaded, but those for the cache and cycle type are enabledsby MEM EN, which comes from
the net at B3 and indicates that a DPM function is actually being started. This is so the cycle type can
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be changed without disturbing the address, as for a write following a read or write test. The easiest
way to understand the role the flags play in a DPM function and how the function is selected is to
read Table 5-3, which explains the use of the number field and DP bits when a microinstruction gives
the DPM function.

Once a function has been set up, operations are handled by the two sets of flip-flops in the lower half
on DPMS5. Note that these flip-flops are triggered directly by the T clock rather than the processor
cycle clock so they can be manipulated independently of the microcode. To synchronize initial setup
with the microinstruction that calls the function, the logic makes use of sync signals that are equiva-
lent to the enable for the processor clock (refer to the clock circuit at the left on DPMA). The first
microinstruction in the required pair performs several operations besides setting up VMA and the
flags. If it loads VMA, it also sets VMA JUST LOADED at the lower right corner on DPMS5; this flip-
flop remains on for just one clock tick, and it prevents the logic from taking action on conditions gen-
erated spuriously by state transitions during setup. A write test does not actually make use of a real
DPM cycle. However MEM EN produces START CYCLE at B2 for either a read or a write but not if
a read-pause-write cycle is already in progress. (The logic includes provision for read-pause-write but
it is never used, as the microcode makes only separate read and write requests.) START CYCLE sets
the appropriate delay enable in E205, makes a bus request via the top flip-flop in E306 at the left, and
sets MEMORY CYCLE in E405 at the left on DPM6 (MEM WAIT comes from MEM EN). From
this point the hardware works independently of the microcode. When the console arbitrator grants the
bus, the request is dropped and the bus operations are performed as explained in Paragraph 5.5.2. Of
course even when START CYCLE is given, there may be no actual bus operation: conditions such as
an AC reference, a cache hit, a page failure, an interrupt, or a timeout of the millisecond count - any
of these may kill the bus request (via STOP MAIN MEMORY at D2) and the delay enables. The sec-
ond microinstruction may regenerate MEM EN from the number field or give a special memory wait
function. Either produces MEM WAIT (C3) to clear MEMORY CYCLE, and produces MEMORY
DELAY o start the read or write delay if the corresponding enable is still on. A delay for either func-
tion stops the processor clock at the console board until the bus operation is completed. Note that the
sync does not enter this logic - MEMORY DELAY comes on immediately (see DPMA D1).

The way the hardware and the microcode resynchronize depends on the kind of function and when
the second microinstruction is given. For a read function the hardware does the command/address
cycle and waits for the response. The response may be an identification for a who-are-you cycle, a
word from memory, or a word from an I/O register. Only the first two of these are necessarily com-
pleted in one use of the bus: for a UBA 170 read the bus will have been freed, and the processor waits
until the adapter gets the bus to do an 170 data cycle. In any event when the word comes over the bus
it is loaded into MB and the delay enable is killed. If the second microinstruction has already been
given, the delay ends and MB is read. Otherwise the hardware waits and the second microinstruction
reads MB without delay. On a write the bus grant kills the delay enable as the command/address
cycle begins. If the second microinstruction has already been given, the delay terminates and the word
is sent immediately. Otherwise the hardware waits, and when the second microinstruction does come
the word is sent without delay. Note however that there is no provision for holding the bus beyond
three cycles during an 1/0 function. Hence for an I/0 write the microcode must give the second
microinstruction immediately.

For a virtual reference in which the in-section part of VMA (bits 18-35) is in the range 0-17, the net at
the upper right corner on DPM4 indicates an AC reference. During the second microinstruction, this
causes selection of the appropriate source for the RAM file address as explained in Paragraph 5.4.3;
for a read it forces selection of the RAM file in place of MB at DBM via the gate at DPM5 D2; and
for a write it produces the RAM file write signal at DPMA Dé6.
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Table 5-3 Selection of Memory and 1/0 Functions

Bit Number Field DP
0 Force user mode User mode
1 Force executive mode
2 Instruction fetch Instruction fetch
3 Read cycle Read
4 Write test Write test
5 Write cycle Write cycle
6
7 Inhibit cache Inhibit cache
8 Physical reference Physical reference
9 Previous context mode Previous context
10 Previous context mode 170 function
11 Previous context mode WRU (who are you?)
cycle
12 AREAD - select function according to Vector cycle

DROM bits 26, 27, and 30 in place of
number field bits 3, 4, and 5; load
VMA if DROM bit 29 is 1 (without
disabling No. 14); ignore No. 07

13 DP function - ignore No. 00-11 and Output byte cycle

select function according to DP
00-13 (note: No. 12 must be 0)

14 Load VMA and VMA flags from DP

15 Extend VMA - put VMA 14-17 on bus
in command/address cycle

16 Start cycle, or start wait (i.e.,
synchronize microcode to bus operation)

17 Start cycle if DROM bit 28 (COND FUNC)
is 1
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The console single step switch being on prevents the processor from holding the bus from the first to
the second DPM microinstruction. When SS MODE is true, read and write cannot be enabled
together (read-pause-write is split into two separate functions). START CYCLE for write sets up the
whole operation, but instead of setting BUS REQUEST it sets DLYD WRITE REQ just below it.
Then when MEMORY DELAY comes on, the bus request is made and the entire operation takes
place in a single microcode step. Note that in case the switch goes off between the two micro-
instructions, the fact that a single step cycle is in progress is remembered by the second E405 flip-flop
on DPMé.

5.5.2 Bus Operation

The bus grant from the console arrives at the processor at the upper left corner on DPMC. If FAST
ABORT is false, indicating the processor has not determined that the function should be voided or
the bus is not needed (C7), the grant asserts COM/ADR EN. This signal is applied to the top flip-flop
in the COM/ADR counter just at the right and the top transceiver at B2, and through the net at
DPMA A2 it supplied the transmitter enable for the bus data transceivers on DPM8,9. Hence the next
T clock counts the first bus cycle, puts the command/address control signal on the bus, and since BUS
REQUEST is still on at this time, it loads the command/address information into the transmitter flip-
flops through the mixers below the transceivers. At the same time it also clears BUS REQUEST. If
VMA is extended, VMA bits 14-17 are included in the address; and if the function is a virtual mem-
ory reference, address bits 16-26 are supplied by the page table instead of VMA. Note that for bits
16-26, the parity generators get the mixer outputs directly; this is to compensate for paging time. If
the processor belatedly determines during the command/address cycle that the function should be
voided or the bus is not needed, STOP MAIN MEMORY comes on (DPMS5 D2); this produces MEM
CYCLE ABORT (DPMC C7) to shut down the storage cycle in the memory subsystem and disable
the transmit logic (DPMA A2) to prevent any further attempt to send information over the bus.

The next T clock clears the transmitters and sets the appropriate flag at DPMC D3 to identify the
cycle as memory or I/0. For a write function the generation of MEMORY DELAY enables the trans-
mit circuit (DPMA A2) so the processor cycle clock in the second microinstruction transmits the word
held on DP. At the same time WRITE CYCLE indicates a bus data cycle through the control signal
transceiver chip at the lower right on DPMC. For a read, every R clock temporarily latches the receiv-
ers via the gate at the bottom of the clock circuitry on DPMA, but the termination of the read delay
enable holds the latch. The strobe that ends the enable for a memory transfer or I/0 instruction
(DPMS5) comes from the bus signal for a data cycle or I/0 data cycle via the control 8646.

The remaining flip-flops on the COM/ADR counter are for special situations. The second T clock sets
COM/ADR + 1, which sets up the write transfer for a single step cycle. For a WRU cycle the adapter
identification must be sent back within the allotted three cycles, and the T clock following the setting
of COM/ADR +2 terminates the read delay enable. For any bus memory cycle the same T clock sets
the nonexistent memory error flag at DPMC D3 if the memory has not yet returned MEM BUSY.

5.5.3 Paging

Paging information, including address space, page use bits and physical page number (for 1024K of
memory), is available for each virtual reference from the page table at the top on DPM6. The table is
kept in pairs of 256 X 4 RAMs whose locations are selected by the virtual page numbers from VMA.
So long as PAGE EN is set (DPMB A6), the net at the lower right on DPM9 indicates a paged refer-
ence whenever the microcode indicates the address for a memory function is virtual. When an
addressed location in the table does not contain a mapping appropriate to the reference being made,
the microcode refill procedure loads the desired mapping from DP 1, 21, 22, 25-35 and the User flag.
Writing in the page table is handled as a special function via the decoder at DPMA 2A; the page write
signal at D6 is produced via the flip-flop at DPMC B3. Each table entry includes an odd parity bit,
where the parity for the DP bits is supplied by the same chip that generates parity for bus transmis-
sion on DPM9 (note that PAGE WRITE EN cuts out DP bits 19, 20, 23 and 24). Parity checking of
the paging information is made by the circuits at the lower right on DPM6.
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In each pair of RAMs the left is enabled by a 0 in VMA 18, and the right is enabled by a 1 in that bit
or by a sweep function. Thus to invalidate the entire table, the microcode gives both the sweep and
page write special functions (DPMA) with a 0 in DP 18, and invalidates two locations at a time by
running through all configurations of VMA 19-26 keeping a 0 in VMA 18.

The logic at the lower left on DPM6 detects a page failure. But note that via the bottom two flip-flops
and the E404 gate, certain interrupts and errors are handled as page failures. In a virtual memory read
- all 170 is physical - if there is either an interrupt request or an MSEC count timeout when MEM-
ORY CYCLE is set, INT OR ERR is asserted. The various conditions - interrupt, error or real page
failure - produce STOP MAIN MEMORY and FAST ABORT to kill the bus request or the function,
and they are encoded into a set of four signals on which the microcode can dispatch to handle the sit-
uation. Interrupt and errors have precedence, and the priority encoder ensures indication of at most
one real page fail condition, and then only when paging is enabled on a virtual non-AC reference.
Any condition produces the page fail enable, which holds up the processor clock via the top delay
gate (lower right, DPM5) when the second DPM microinstruction is given. During the delay the con-
sole transfers control to the microcode page fail handler. The conditions indicated by the various con-
figurations of the dispatch bits, which are available as DP 18-21 via DBM, are as follows.

PF DISP 10-01 Condition

0000 Interrupt or timeout
0010 Bad data

0100 Nonexistent memory
1000 Not writable on write test
1010 Mapping not valid

1011 Wrong address space

Note that the order of the real page fail conditions in terms of dispatch numbers is not the same as
their priority order; namely the write test condition has lower priority than the other two.

5.54 Cache

The cache holds one memory word for each configuration of VMA bits 27-35, for a total complement
of 512 words. The cache directory also contains 512 locations selected by VMA 27-35, but here the
information in each location identifies the virtual page and address space of the word contained in the
corresponding cache location. The structure of the cache, which occupies the top half of the RAM
file, and the way it is addressed are discussed with the RAM file in Paragraph 5.4.3.

Whenever the processor actually writes a word in or reads a word from main memory, it generates
both RAM FILE WRITE and CACHE WRITE through the gates at the top left on DPMA. The first
of these signals writes the word in the cache. CACHE WRITE however writes in the corresponding
location of the directory, which comprises the three pairs of 256 X 4 RAMs on DPM7. The informa-
tion written is the virtual page number part of VMA (bits 18-27), the user flag to indicate the address
space, an odd parity bit, and the inverse of VMA PHYSICAL, which serves as a valid bit. Hence the
information in the directory is valid only when the word written in the cache results from a virtual ref-
erence. The cache is written on a physical reference, but no later use can be made of the data.

5-51



With the cache enabled from the console, the contents of the directory location selected by VMA
27-35 are regularly compared with the corresponding information currently in those elements that
initially supply the directory entry (but note that CACHE VALID is simply compared with a 1 since
the entry must be valid to be of any use). If the two quantities are identical and all of the other inputs
to the large AND gate at the upper right are true, a cache hit is indicated. The necessary conditions
are that the processor is making a virtual non-AC memory read reference, that paging is enabled and
there is no failure or error, that the microcode is not inhibiting the cache, and that the page is cache-
able and has a valid mapping. Except for the source of the RAM file address, a cache hit acts just like
an AC read reference as described at the end of Paragraph 5.5.1. Detection of even parity in a direc-
tory entry stops the clock via the same signal used by the page table (DPM6 B1).

To invalidate the cache directory the microcode gives the special sweep function, which generates
CACHE WRITE. The combination of the sweep and a 0 in VMA 27 enables both RAMs in each pair,
so by having VMA PHYSICAL set, the microcode can invalidate the entire directory two locations at
a time by running through the VMA 28-35 configurations. There is no special function for CACHE
WRITE, as it is expected the cache will be swept whenever the page table is swept. The microcode
can sweep just the cache, however, and does so whenever it invalidates even a single page table entry.

5.5.5 Error Logic

At the lower left on DPMC is a 10-bit counter, which is driven by a 4.096 MHz clock and therefore
overflows every millisecond. If enabled from the console, overflow sets the 1 MSEC flip-flop in E502,
which in turn sets IMS at the left on DPM6 to cause a page failure at the next virtual memory read
reference.

Failure of a memory to respond to a request within three bus cycles sets NXM ERR at the upper right
on DPMC, and the flag just below it is set if the memory returns bad data as indicated through the
control 8646. Either of these flags being set causes a page failure through the logic at the lower left on
DPMS6 and also sets a corresponding APR flag on DPMB. Other APR flags are set by an interrupt
from the console, an indication over the bus that AC power is failing, or that a read error has occurred
in memory but memory control was able to send corrected data. The setting of any APR flag can
request an APR interrupt if the program has set the corresponding enable in the APR register at the
bottom of the print.

Both the APR flags and their enables are controlled by the program via bits on DP. Clock signals for
the flags and the register are provided by special functions via the bottom two E306 flip-flops at the
lower left on DPMS5. Besides the flag enables, the APR register includes flags through which the mon-
itor enables trapping and paging, and a flag that allows the microcode to trigger an APR interrupt
request directly. Moreover part of the register, containing the PI assignment and a copy of TRAP EN,
is on DPEB. The trap and page enable flags and all of the APR flags are available to the microcode
via the right half of DBM (in the same set of inputs that includes the page fail dispatch code and the
APR interrupt request signal). The APR register cannot be read, but the microcode keeps a copy of it
in the left half of the FLG location in the register file.
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5.5.6 Priority Interrupt

Almost all of the PI logic is on DPEB. By means of the three sets of flip-flops at the bottom, the micro-
code via DP can select which levels are active, make soft (i.e., program-initiated) interrupt requests,
turn the system on and off, and specify on which levels interrupts are currently being held. A UBA or
the processor APR logic can request an interrupt on its assigned level by placing a signal on the
appropriate line of the seven in the PI request bus. These bus lines are input at the upper left to flip-
flops through which the cycle clock synchronizes the request to the microcode. Through the AND and
OR gates just at the right of the request flip-flops, the logic automatically recognizes any soft request
but recognizes only those hard requests made on active levels. Both the recognized requests and the
signals for current interrupts are applied to priority encoders, which indicate the highest priority new
request and current interrupt, but note that the request encoder is enabled only if the PI system is on.

If a new request has priority over all the current interrupts, the compare circuit at D3 generates an
interrupt enable, which in turn produces an interrupt request for the microcode through the top flip-
flop at the upper left. When the microcode responds to the request it can read the new level through
the D bus mixer as bits 19-21 of the same word that contains the 10-bit VMA and program flags. The
state of the system is kept at all times in the PI location in the register file. From it and the new PI
level, the microcode can make up a new current configuration, and the new level is then available as
the output of the current priority encoder.

The microcode then manipulates the DPM function logic to do a WRU cycle to determine the source
of the request. When the bus is granted, the gate at DPMC B7 enables PI transmission during the
WRU command/address cycle. PI XMIT EN places the number of the current level on bus data lines
15-17 through the single 8646 at the upper right on DPEB. The exclusive OR gates that feed line 14
produce even parity for this set of four lines so as not to change the parity for the left half of the bus
on DPMS.

The flip-flops at the lower right are part of the APR register and contain the APR PI assignment.
When an APR flag requests an interrupt, the decoder asserts the PI request line corresponding to the
assigned level.

5.6 MEMORY

Figure 5-22 is a block diagram of the memory subsystem, including the memory controller, the mem-
ory bus, and the array boards. The diagram shows the signal connections among the various elements
of the logic, shows the way the bus interfaces the controller to the array boards, and indicates which
print contains which part of the logic. The text in the following paragraphs is not geared specifically to
the block diagram, but rather to a flowchart of the events that implement access to memory from the
KS10 bus. Before going into the flow, however, there are two parts of the hardware that require sepa-
rate discussion: the configuration of the memory array, and the procedure for error detection and
correction.
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Each 36-bit data word from the KS10 bus is stored in main memory as a 43-bit word including a 7-bit
error correction code. The entire memory array is made up of two to eight MMA boards, each con-
taining 64K words organized in four word groups. A group comprises 43 RAM chips, where a single
chip contains one bit from each of the 16K words in the group. The organization of the prints showing
the array is as follows (the memory bus data connections are with the RAMs for words groups 0 and

1).

Print Word Groups Bits

MMA3 0,1 Right odd (23-41)
MMA4 23 Right odd (23-41)
MMAS 0,1 Left odd (1-21)
MMAG6 23 Left odd (1-21)
MMA?7 0,1 Right even (22-42)
MMAS 23 Right even (22-42)
MMA9 0,1 Left even (0-20)
MMAA 2,3 Left even (0-20)

Selection of a single word in one set of 43 chips is made by the memory address (bits 14-35) in the
word supplied to the controller over the KS10 bus during a command/address cycle. The roles the
different parts of the address play in making the selections are as follows.

Bits Select

14-16 Controller (at present all bits must be zero to select the single controller)
17-19 MMA board

20-21 Word group (one of four sets of chips) on board

22-28 Row in chips

29-35 Column in chips

The three bits for board selection are supplied by six lines, high and low, and are decoded on the
board; the selected board returns a signal indicating that it is present. The controller decodes the two
bits for the word group and supplies four select lines for the individual groups. The row and column
addresses are supplied on the same set of seven lines and are applied to the same set of chip inputs -
the two quantities are distinguished by an accompanying row or column address strobe. For writing,
the controller places the data on the memory bus and sends the write signal to the chips; for reading,
it just sends a read signal that places the selected board output on the data lines. The first two MMA
prints show the logic for distributing the control signals to the different word groups.
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Since there are fewer than 64 bits in a memory word, including both data and error correction code,
only six bits are needed to correct single errors (i.e., to identify a single bit that is in error), but seven
are used so that double errors can be detected as well. The logic that generates the code, both for writ-
ing with data and for handling errors in words read, is on MMC4. The error correcting code, on both
write and read, is made up of the seven C bits. Each bit is produced by a pair of parity chips, which
receive as inputs some set of data bits and a corresponding check bit. On write, the signal GEN
CHECK BITS is true, so the check bits are equivalent to the “force” bits through the mixers at the
lower left. The force bits are supplied as status by the program and are always 0 in normal operation.
The C bits generated on write are stored with the data word as MOS Data Bits 36-42, and it is these
extra data bits that become the check bits for generating the correction code on read. Consider a
single code bit such as C4, which is generated by parity chips E719 and E710. On write, check bit C4 is
0, so if the set of data bits applied to E719 and E710 has even parity, code bit C4 is 0. This code bit is
stored as MOS data bit 40, which becomes check bit C4 on read. Hence on read the check bit is still O,
and C4 of the read code is therefore also still 0. If the parity on write is odd, C4 is 1; but this places a 1
in the check bit on read, thus changing the read parity to even and again producing a 0 for C4 in the
read code. This means that a single data bit changing state from write to read produces 1s in any read
code bits to whose nets it is applied.

To understand how the above characteristics implement error detection and correction, it is necessary
to know the way the data bits are arranged in relation to the code bits. First, each data bit serves as
input to the nets for an odd number of code bits, and each such set of code bits is unique - no two
data bits are associated with the same set of code bits. Moreover, if two such sets overlap, they overlap
in two places; in other words, the set of code bits associated with a given pair of data bits either have
no bits in common or have two bits in common. Since a change in a data bit changes the associated
code bits from Os to ls, this means that a single error produces Is in an odd number of code bits
whereas a double error produces 1s in an even number. The error logic is at the right on MMCS5,
where any code bit being 1 indicates a read error, and odd parity for the entire code indicates that the
error is correctable. The correction logic is on MMC2, and comprehending it requires that the reader
be aware of one more characteristic of the generating bit arrangement: namely, that although all
seven code bits are used in error detection, the data bits are arranged so that each possible error posi-
tion corresponds to a unique configuration of the six numbered code bits, and only they are therefore
needed for identifying the bit in error. Consequently when an error is correctable, the decoders at the
left and bottom on MMC2 decode the six numbered bits to generate a single signal corresponding to
the data bit in error. Without errors the exclusive OR gates pass the MOS data signals, but the asser-
tion of a single ECC code signal changes the output of the corresponding gate to a state opposite the

applied data bit.

Note on MMCS5 that occurrence of error is always indicated, but error correction is under control of
the program through ECC ON, which is supplied by write status. The “force” signals are so named
because the program can force error indications by supplying Is to them as status. When a check bit is
1 on write, the corresponding code bit is still 0 or 1 respectively for even or odd parity, but since it
then replaces a 1 when read back, that bit of the read code will also be 1.
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5.6.1 Data Access

All of the events involved in moving data between the KS10 bus and the memory array appear in a
single flowchart (MMCF1) in the Field Maintenance Print Set. Any data sequence begins with the
command/address cycle and then continues to either read or write. From read, the sequence either
terminates or goes through the special path to cross over to write. Relationships among the major sig-
nals relevant to read and write respectively appear in timing diagrams, Figures 5-23 and 5-24. Both
include the command/address cycle.

At most points where memory control places a word on the KS10 bus or reads a word from the bus,
whether in data or status operations, it checks the output of the receiver parity net. Bad parity sets the
flag at the upper right on MMC?, both for a parity error status indication and to signal the console to
shut down the processor clock (see CSL3).

5.6.1.1 Command/Address - To gain access to memory to read or write data, a subsystem must
become bus master and send command/address information to memory control with a 0 on bus data
line 0. Events in memory control begin at the trailing edge of the R clock with the loading of the
address and the read and write bits into the address register at the bottom on MMC3. If MMC is not
presently holding information about some previous error, the address is also loaded into the error
address register on MMC8 so that it will already be saved should an error occur in the upcoming
cycle. At the end of the command/address cycle, memory control effectively enters its own independ
ent sequence of operation by setting the CA cycle seen flag on MMCA, provided no belated abort sig-
nal has arrived from the master. Simultaneously the board and word select parts of the address are
sent from the address register out on the memory bus by the gates on MMCS, and the row part has
been supplied by the mixers at the top on MMC3. If the selected board is present, the return signal at
the upper left on MMC8 produces an address match, allowing the sequence to continue.

Operations with the selected board begin at the next R clock with the setting of RAS, which sends the
row address strobe. MMC then sends MEM BUSY to the console to hold the KS10 bus, switches the
MMC3 mixers over to the column address, and sets CAS for the column address strobe. The next two
T clocks set T4 and TS, but these timing signals are relevant only to read.

5.6.1.2 Read - Events specifically for read begin at 337.5 ns on the read path with the generation of
the read signal to the array board. Following the setting of T4, memory control sets up transmission
over the KS10 bus, and loads the data onto the bus at the same time it is being run through the error
checking circuits. Unless there is error information already being held, the ECC code is saved at 862.5
in case it is needed. If the data is correct, the strobe is enabled and the data is held on the bus for a
second cycle, which is the official bus data cycle. If the data is bad, the enabling of the strobe is held
off for a cycle so that data can be on the bus for two cycles following the initial transmission of bad
data. The data sent in the final two cycles may be corrected, or it may be simply the same bad data
with an uncorrectable error indication. In any event, the final cycle in which data is on the bus is the
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Figure 5-24 Memory Write, Timing Diagram

one labeled bus data cycle. A read error sets the error hold flag to lock the error information in the
status register; hence it continues to identify the error, even if there are further data operations, until a
write status clears it. Also at 900/1050 MMC begins clearing the control logic and drops MEM BUSY,
so the bus arbitrator can decide who shall be master next while the memory data is still on the bus.
The final cycles used for clearing out the rest of the control logic may actually overlap a new
command/address cycle to begin another memory access.

5.6.1.3 Write - During the command/address part of the flow for write, MMC enables the gener-
ation of the check bits and asserts DATA TO MEM to enable the drivers for the memory bus data
lines on MMC6. Although memory control disables the bus arbitrator and sends the row and column
addresses to the array to select the single location, it waits for the data from the master before per-
forming any further operations specifically for write. When the data does arrive it is latched, and
MMC sends signals to the array to cause it to be written into the selected location. The rest of the
sequence clears the control logic and frees the bus arbitrator.

5.6.1.4 Read-Pause-Write - In the command/address cycle, the combination of both READ and
WRITE generates PAUSE. The sequence executes in the same way as read until the bus data cycle, at
which time the existence of the write condition prevents the standard clearing operations, and flow
continues into the pause path instead of terminating. Provided good data has been transmitted, the
sequence follows the far right path to set up a write function, clear the bus, and then wait for the data
from the master just as at the beginning of a normal write. However, if bad data has been transmitted,
the initialization of the pause sequence simulates the write clear condition, which clears out the logic
and frees the bus, using part of the normal read termination.
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5.6.2 Status

The sequence of events employed in reading or writing memory status appears at the right on flow-
chart MMCEF2. (Status register bit format is shown in Figure 5-25.) The master initiates the sequence
by transmitting a command/address cycle for an I/0 operation, with appropriate coding of the
address bits, and selecting read or write by bits 1 and 2 as in a data operation. The command word is
decoded for read at the upper left on MMC7. The read operation simply enables transmission, gates
the status through the output mixers on MMCT to load the bus, and indicates an 1/0 data cycle via
the 8646 on MMCB.

The command for writing status is decoded at left center on MMC3 to enable loading of the force bit
register on the right and enabling control of the other status flags. Memory control signals /0 BUSY
over the bus at the lower right on MMCB, loads the force register, and sets up the various flags as
indicated. The data must arrive in the second or third cycle, but note that a 0 on line 12 clears the
power failed flag in the second cycle no matter what the configuration of status sent in the third cycle.

5.6.3 Refresh

The flow of events that occurs in refreshing the memory array appears at the left on flowchart MMC2,
and the timing of the major signals is shown in Figure 5-26. In this sequence, the generation of a
single row address strobe refreshes all of the words in a given row in all word groups throughout the
entire memory array. Thus no matter how many array boards are present, the entire memory is
refreshed by 128 strobes given to all possible row addresses. Since refreshing is required every 2 ms,
the Ingic is set up to refresh a single row about every 15 ps.

Timing is governed by the T clock through the counters at the top on MMC9, where the left two pro-
vide the row address and the right two count off the time between refresh cycles. At each refresh, the
logic subtracts 1 from the address and sets the refresh count to 99. After it counts down to zero, the
hundredth T clock generates a refresh request, which causes a refresh cycle to be executed by the con-
trol logic on MMCA and MMCB as soon as it completes the current data operation, if any. The
request sets REF ADD EN on MMCB C3, and this signal both selects all boards and word groups
through the logic on MMC8 (by making all select lines high) and supplies the refresh address as the
row address through the mixers at the top on MMC3. The next T clock sets REF SET RAS, which
initiates a sequence of row address strobe, T4 and T5 to do the refresh. TS indicates completion of the
operation, and the remaining clocks clear out the logic. While the sequence is executing, including
any wait for the completion of a data operation, the refresh countdown continues. If the request is still
up when the count reaches 31, a refresh error is indicated by the lower flag on MMC9. Since the most
likely reason for the delay is a memory hangup waiting for write data, the refresh error enters the
write sequence (flowchart MMCF1) to clear the control logic by simulating the completion of a write.
No memory data is lost.

5.6.4 Power Requirements
The memory power connections are listed along with the capacitors on MMAB and MMAC. On the
first of these drawings, the +5 V connections with battery backup are listed at the top of the left col-
umn; those without battery backup are in the second column. The center column lists the -5 V con-
nections on the left and the ground connections on the right. The + 12 V connections are at the top of
the first column on MMAC.

Single loading is as follows.
Data Input Drive Current

High 20 pA maximum
Low -400 pA maximum
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Data Output Drive Current
High -170 mA typical
Low 170 mA typical

Control and Address Input Current

High 50 pA maximum
Low -2 mA maximum

Power required by one memory array board is given below. Active means always reading or writing,
1 ps cycles; standby means refresh only, 15 us between cycles.

Supply Power in Watts Current in Amperes
-5V 0.2 0.035
+5V 7.4 1.5
+12V
Active 20 1.6
Standby 5 0.42

Tolerance on the +12 V and -5 V supplies is + 15% at the board inputs. Tolerance on the +5 V is
+ 5% at the TTL chip level and is 13% at the board input. These values include peak to peak ac ripple
superimposed on the dc level.

5.7 CONSOLE AND CLOCK
The console control and the system clock share the CSL board. Besides these two major pieces of
logic, the board also contains the bus arbitrator discussed in Paragraph 5.1.3.

5.7.1 Console

The logic through which the operator controls the system is built around two large-scale monolithic
integrated circuits, an Intel 8080A microprocessor and an 8251 universal asynchronous receiver-trans-
mitter. Figure 5-27 is a block diagram of the console hardware, in which the 8080 communicates with
the other elements of the logic by means of a data bus (DBUS 0-7) and controls the selection of such
elements via an address bus (ADR 0-13). The 8080 with its associated clock generator and drive cir-
cuits appears at the left on CSL2. The 8228 has bidirectional drivers for the eight lines of the data bus.
The 8224 clock and driver circuit supplies the two 1.638 MHz clocks for the microprocessor chip; it
also supplies its oscillator output directly to a divide-by-six counter that supplies a 2.45 MHz clock to
the baud rate generators for the UARTs for the console terminal (shown on CSL2) and a remote KLINIK
terminal (CSL9).

At the beginning of every microprocessor machine cycle the 8080 places status information identi-
fying the use of the cycle on its D outputs and sends a sync signal to the 8224. This latter chip
responds by sending a strobe to the 8228, causing it to load the status into a set of latches, thus freeing
the data lines for transfers during the cycle. The status information indicates the kinds of events that
will occur during the cycle. From the latched bits and the 8080 control signals WR and DBIN (write
and data bus in), the 8228 sets up the memory and 170 bus control signals. A memory read is for the
fetch of an instruction, an operand, or an item from the stack; writing in memory may be for an oper-
and or a stack item. (Note that the terms “memory” and “I/O” used in relation to the 8080 have noth-
ing to do with communication over the KS10 bus to system memory or the I/0 registers in the other

5-63



GR TEST 50804 CONTROL AND ADDRESS ‘ ADR 0-13 ‘ I/0 READ
OCKE -
SOCKET MICRO DECODER
CSL9 PROCESSOR CSL3
ROM RAM
CSL2 CSL2 8K X8 CSL2 1K X8
INT -
8224 8228
CLOCK BUS i
STROBE . DRIVER DATA DBUS 0—7
CSL2 <DPMB>
0SC csL2 CSL INTERRUPT ™
UART < S| UART e— S| I/0 WRITE 1 10
?g:nsn?rbil_ 5o KLINIK  |sso| DECODER INTERRUPT
=6 CSL3 CSL4 -\
COUNTER ERROR SIGNALS BUSPI REQ1-7 —®
csL2 R RDY R RDY (FROM ALLBOARDS)  PANEL SWITCHES —
CSL2 ] CSL9 ' —»
PARITY
csL2
LOGIC > -
CSL3 —»
NXM —»
SENERATOR BAUD RATE COUNTER
0 CSLA
cSL2 CSL9 CSL3 ’/
l l o 4X4 8646
MEMORY TRANSCEIVERS
BUS 10 ™ ™1 AND
REQUEST CONTROL
CSL4 csL4
—
‘ v CSL6—-8 CSL6—8
TO BUS TO APR BUFFERS
ARBITRATOR FLAGS CSLE
<CSL1> 10 <DPMB>
- BUS
PROCESSOR —
CONTROL
cLocK -« RESET PWR LOW
<CSL5> l v l CSL4 LOGIC. le— (FROM POWER
CONSOLE BOOTSTRAP | * CSL5 CONTROL)
g(‘g;ﬂ%‘;o“ SIGNALS__! FUNCTIONS CONTROL ¥
csLa CSL4 < PANEL RESET
TO PROCESSOR TO CRA
<CRA2> AND CRM

Figure 5-27 Console

5-64

MR-1667



subsystems that make up the KS10.) The 8080 memory appears at the right on CSL2 and comprises
2K of RAM for a stack and other general use, and 8K of PROM that contains the console microcode;
that is, the program from which the 8080 runs. 8080 I/O includes actual I/O registers scattered
throughout the CSL prints as well as generation of individual control functions by I/0 writing at par-
ticular addresses, often gated by data bits. Of course the console register the KS10 processor can
address and the register through which the console communicates with system memory or a UBA
both appear as sets of 8-bit I/O registers to the 8080. These two registers are contained in the 4 X 4
memory chips (only half used) that appear at the left of the 8646 transceivers on CSL6-8.

All operations performed in the console are a function of the microcode stored in the PROM.
Detailed information about the microprogram is contained in the KNS10 microcode listing. The com-
mands the microcode can perform are listed in Paragraph 4.6.1. Here we are concerned only with the
way the hardware functions to carry out the console microcode. The 8080, under the direction of the
operator, controls the entire system via I/O write functions and inspects conditions that indicate the
state of the system via I/0O read functions. Address decoding for I/O write is handled by the 138
decoders at the right on CSL3 and the gates at A6. By loading registers located at the left on CSL3, at
center and upper left on CSL4, and elsewhere, the 8080 determines which errors will be detected and
the effect they will have, requests access to the KS10 bus and transmits information over it, controls
the processor clock, enables the cache and other features throughout the system, and requests an
interrupt in the processor by setting APR flag 31 on DPMB. Preliminary decoding of read functions is
handled by the 139 on CSL3 A7 to read information from many sources through the mixers on CSLA.

The logic at the top on CSL3 detects errors in data received by the console over the KS10 bus and also
receives error signals from the other subsystems; under control of the 8080 these various error signals
set the PE flag to stop the processor clock. In the lower left quarter on CSL4 are flip-flops that handle
the console functions run, execute and continue, under control of both the 8080 and the KS10 micro-
code. Above these are flip-flops through which the KS10 microcode indicates when it is in the halt
loop, the processor requests an interrupt in the console, and the console requests interrupt in the proc-
essor. The logic at the upper right handles normal communication over the KS10 bus: this includes
bus requests and transmissions by the console, and decoding of a command/address given by the
processor for the console. The registers at the upper left and logic at the lower right handle the boot-
strapping of the microcode into the control RAM directly through the special bus transceivers located
on the CRA board. This operation also makes use of the regular bus communication logic at the
upper right.

5.7.2 Clock

The overall system clock is made up of the crystal oscillator. flip-flops, and microswitch-controlled
pulse delay circuits in the left and lower three quarters on CSLI1. The oscillator frequency of 26.66
MHz is divided into two 6.66 MHz pulse trains, with the R train trailing the T train by one quarter
period. At the left are three deskew circuits for the system T clock lines, which drive the T clock cir-
cuits on all boards. Only two circuits are needed (lower right) for the system R clock lines, as only
those boards connected to the KS10 bus have R clock circuits. Note that there is no R clock line to the
CRA board as the timing signals for bootstrapping are generated directly by the bootstrap logic on
CSL4.

The basic enable for the processor cycle clocks is the E501 flip-flop on CSL5 C1. From this basic
enable, the net in the lower right corner generates separate enables for the microcontroller and data
path boards to allow the data path to execute a fast shift while the microcontroller is static, and to
allow the microcontroller to respond to a page failure while the data path is static.
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The enable is turned on by an R clock whenever all inputs to any one of the four E505 AND gates
above the flip-flop are true. The top gate provides for one processor cycle at a time entirely under con-
trol of the console 8080 microprocessor for single stepping. The second gate holds the enable on dur-
ing a fast shift. The bottom two gates are both disabled when a parity error is detected or the 8080
specifically turns off the clock. While a read delay disables the bottom gate, the second gate from the
bottom aliows two T clock periods for the console logic to set up the microcontroller to handle a page
failure, and it then enables the cycle clock. The bottom gate is regularly used to enable the cycle at
every second T clock but it also provides for three types of delay: a stretchout of the cycle as selected
by the KS10 microcode T field through the E601 mixer; a write delay until the bus is granted to the
processor; and a read delay until the processor has received the data.

5.8 UNIBUS ADAPTER

The Unibus Adapter (UBA) is a KS10 I70 controller that allows Unibus peripheral devices to be con-
nected to the KS10 system. It connects between the internal KS10 (backplane) bus and a Unibus as
shown in Figure 5-28. More than one UBA may connect to the backplane bus, thus allowing more
than one Unibus to be interfaced to the KS10 system. Each UBA consists of a single extended hex
module (M8619) mounted in the KS10 cabinet. Physical locations are given in Chapter 1.

5.8.1 Basic Operation
A UBA controls and synchronizes the following major operations that take place between the con-
necting Unibus devices and the rest of the system.

1. NPR data transfers from Unibus devices to KS10 memory, and from KS10 memory to
Unibus devices

1/0 register data transfers (initiated by the CPU or console) to/from Unibus devices
3. Vector address transfers from Unibus devices to the CPU following device interrupts

5.8.1.1 NPR Data Transfers - The UBA allows the following NPR data transfers by a Unibus device
to/from KS10 memory.

1. DATO to memory (16- or 18-bit word)
2. DATOB to memory (8-bit byte)
3. DATI from memory (16- or 18-bit word or 8-bit byte)

The transfers to/from memory are direct with no intervention or control by the CPU. Unibus data
positioning within the KS10 memory word is shown in Figure 5-29. Correspondence to the Unibus
address is indicated.

Data flow for the NPR write to memory operation (i.e., DATO or DATOB by device) and the NPR
read from memory operation (i.e., DATI by device) are shown in Figures 5-30 and 5-31. Note that
word transfers may be 18 bits as well as 16 bits. (Some devices such as the RH11 use the 2 Unibus
parity lines in addition to the 16 data lines to transfer NPR data.) Also note that in addition to normal
byte and word transfers, a fast transfer mode of operation is implemented for word transfers only.
This mode, which is program selectable, is used for transfers to/ from high speed 170 devices such as
disks. It provides an extra 18 bits of data buffering, thus reducing the number of KS10 bus memory
operations by a factor of 2. Fast transfer mode is set by loading a bit in the paging RAM as specified
in Paragraph 5.8.2.

NOTE
Fast mode should not be set for more than one
device on a Unibus. Simultaneous NPR data trans-
fers on a single Unibus give unspecified results
when two or more of the active devices are transfer-
ring data in fast mode.
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In addition to the fast mode of operation for both NPR write to memory operations and read from
memory operations, a special mode for NPR write to memory operations is implemented in the UBA
to accommodate device read reverse operations from slower devices (e.g., tape). The read reverse
mode is provided mainly for diagnostic program use; it is not utilized by the system monitor. As for
fast mode, read reverse mode is set by loading a bit in the paging RAM as specified in Paragraph
5.8.2.

NOTE
Results are unspecified if read reverse mode and
fast transfer mode are both set for the same NPR
data transfer.

Basic operation during NPR data transfers is as follows.

1. The Unibus device, in response to a previously issued read/write command, initiates a
Unibus NPR operation when it has read data to transfer to KS10 memory, or when it
requires write data from KS10 memory.

2. For NPR write to memory operations, the UBA stores the read data transferred over the
Unibus and then does one of the following depending on the Unibus address and the trans-
fer type:

a.  Byte transfers - For the low order byte in an even word (byte 0 in Figure 5-30), which
is the first byte loaded into a KS10 memory location during execution of a device read
command, the UBA does a memory write operation on the KS10 bus to load the byte
directly into memory. For all other bytes (bytes 1, 2, and 3 in Figure 5-30), the UBA
does a memory read-pause-write operation. The read-pause-write operation is neces-
sary so that the data loaded in memory during the device’s previous NPR data transfer
may be first read and recirculated by the UBA. The previously loaded data is then
written back into memory along with the current byte.

b.  Word Transfers (Normal) - For normal even word transfers (as for byte O transfers),
the UBA does a memory write operation over the KS10 bus to load the data directly
into memory. For normal odd word transfers (as for bytes 1, 2, and 3), the UBA does a
read-pause-write memory operation. This reads the previously loaded even word and
then writes both the odd and even word into memory.

c.  Word Transfers (Fast Mode) - For fast mode even word transfers, the UBA initiates
no memory operation. The word is loaded from the Unibus into a holding register
until the next NPR data transfer (an odd word). The UBA then initiates a memory
write operation to write both even and odd words into memory.

d.  Word Transfer (Read Reverse) - For transfers in read reverse mode, the UBA receives
data words from the Unibus in reverse order; that is, the odd word is received and
written by the UBA into a memory location first. This, and the fact that a read-pause-
write memory operation is initiated for odd and even words, is the only difference in
data flow between read reverse and normal operation.

3. For all NPR read from memory operations, except for odd words in fast mode, the UBA
does a memory read operation over the KS10 bus, temporarily stores the memory data, and
then transfers the byte or word specified by the Unibus address over the Unibus to the
device. In fast mode, both odd and even words are stored in the UBA during the even word
transfer. Thus, for the next (odd word) transfer, the data is transferred directly to the device
with no memory operation being required.
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5.8.1.2 1/0 Register Data Transfers - The UBA allows the CPU or console to write and read the
addressable /0 registers in the Unibus devices connected to the KS10 system. Transfers initiated on
the Unibus by the UBA in response to KS10 bus commands are as follows.

1. DATO to device (16-bit word)
2. DATOB to device (8-bit byte)
3. DATI from device (16-bit word or 8-bit byte)

In addition to writing and reading Unibus device (external) registers, the CPU or console may also
write/read registers in the UBA itself. These UBA (internal) registers are discussed in Paragraph
5.8.2.

Data flow for both 1/0 register write and read operations is shown in Figures 5-32 and 5-33. 170 reg-
ister data transfers are initiated by the CPU as a result of the external instruction set (Paragraph
4.3.2). Both word and byte instructions can be executed. 1/0 register data transfers are also initiated
by the console in response to commands entered via the CTY (DI and EI commands). The console
does only word transfers; byte transfers are not implemented.

NOTE

All UBA internal and external I/0 register
addresses have the most significant register address
bit (the 64K bit) equal to 1. If an I/O register data
transfer is directed to a UBA and this address bit is
equal to 0, it forces a UBA NPR data transfer cycle
causing 1/0 register data to be read from, or writ-
ten into, KS10 memory. This maintenance feature,
called wrap-around mode, is discussed in Paragraph
5.8.7.

acir camiianna nf Armara
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1. The CPU (when an I/0 instruction is executed) or the console (when the appropriate com-
mand is given) initiates an 170 register write or read operation on the KS10 bus.

2. For an I/0 register write operation, and when an external (Unibus) register is addressed,
the UBA responds by loading the register data from the KS10 bus and then initiating a
Unibus DATO or DATOB operation to write the word or byte into the addressed device
register. When an internal (UBA) register is addressed, no Unibus action is required and
the data is loaded directly into the UBA register address.

3. For an 1/0 register read operation and an external address, the UBA responds by per-
forming a Unibus DATI operation (for both word and byte operations) to read the
addressed register. Because the timc required to retrieve the register data from the device is
greater than the time allotted the CPU or console for the KS10 bus operation (3 bus cycles),
the UBA is disconnected from the KS10 bus during the Unibus DATI operation. As a
result, when the register data is finally received from the device, the KS10 bus must be
requested again, this time by the UBA. (The CPU or console requested the bus originally to
initiate the operation.) The UBA then does a KS10 bus data cycle to transfer the data to the
CPU or console. The UBA also performs a KS10 bus data cycle when an internal (UBA)
register is addressed. In this case, however, the UBA is disconnected from the KS10 bus for
only a short interval if it is granted the bus immediately. This is because there is no
delaying Unibus action; the data being readily available from the UBA register address.
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5.8.1.3 PI Operation - The UBA monitors all interrupt requests (BR levels) on the Unibus and
asserts PI requests (1-7) on the KS10 bus depending on the PI channel number (PIA) loaded in the
UBAEs status register (Paragraph 5.8.2). Both a low level PIA (for BR4 and BR5) and a high level PIA
(for BR6 and BR7) may be loaded, allowing one group of Unibus devices to interrupt at one PI
request level, and a second group to interrupt at another PI request level. Following a device interrupt
request, the UBA performs a second major PI function by allowing the Unibus device interrupt vector
to be transferred to the CPU. Data flow is shown in Figure 5-34. Basic operation is as follows.

1.

When the CPU detects a PI request on the KS10 bus, it first resolves PI channel number
priority; that is, more than one PI request may be asserted on the bus by the various 170
controllers (e.g., UBAs) and the CPU selects the highest priority (lowest numbered) chan-
nel to service.

The CPU then performs a KS10 bus operation to read the controller numbers interrupting
on the selected channel. (More than one controller may assert the same PI request line.) In
response, each interrupting controller asserts a data line corresponding to its controller
number. UBAI (controller 1) asserts data line 19 and UBA3 (controller 3) asserts data line
21.

After reading the interrupting controller numbers for the selected PI channel, the CPU
resolves controller number priority (lowest number has highest priority) and initiates
another KS10 bus operation to read the interrupt vector from or (in the case of a UBA) via
the selected controller. In response, an addressed UBA initiates a Unibus interrupt oper-
ation to read the vector from the highest priority Unibus device interrupting on the PI
channel being serviced. (Devices may be asserting both of the BR levels associated with the
PIA, and more than one device can assert the same BR level.)

To initiate a Unibus interrupt operation, the UBA asserts the BG level corresponding to the
highest priority BR level asserted (highest numbered BR level has highest priority). For
example, if the low level PIA is beihg served and both BR4 and BRS5 are asserted, the UBA
asserts BGS. Once the BG level is asserted, the first device on the Unibus asserting the asso-
ciated BR level transfers the vector to the UBA. (The device electrically nearest the UBA
has highest priority.) The UBA, in turn, then transfers the vector to the CPU. As for an 1/0
register read operation, the UBA is disconnected from the KS10 bus during the Unibus
interrupt operation. Thus, when it collects the vector from the device, it must first request
the KS10 bus before transferring the vector to the CPU via a data cycle.

5.8.2 UBA Status and Control Registers
The UBA has the following internal registers.

Address Register Read/Write
763000-77  Paging RAM R/W
763100 Status Register R/W
763101 Maintenance Register w

The registers may be accessed with the external I/0 instruction set (WRIO, RDIO, etc.) or by the
appropriate console commands (DI and EI). Note that the maintenance register (763101) is a write-
only register.

5.8.2.1 Paging RAM - The 64-location paging RAM allows a virtual address on the 18 Unibus
address lines to be translated to a 20-bit physical KS10 memory address during NPR data transfers.
Each RAM location contains 16 bits, 11 of which are used to specify a KS10 memory page address.
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The other 5 RAM bits are used for control purposes. Bit format and definitions for the I/0 instruc-
tions accessing the RAM are given in Figure 5-35. As shown, bit format when loading the RAM is not
the same as when reading the RAM locations.

Unibus to memory address translation is shown in Figure 5-36. The two least significant bits of
Unibus address specify the position of Unibus data within a memory location and are not used as part
of the memory address; bit 1 specifies an odd or even word; bit O specifies a high or low order byte.
(Refer to Figure 5-29.) The next 9 least significant bits of Unibus address (bits 10-2) are used directly
as the 9 least significant bits of memory address (bits 27-35). This is similar to virtual to physical
address translation in the CPU. The 9 bits specify one of 512 words; that is, a word within a 512 word
page. To furnish the page address, 6 of the remaining 7 Unibus address bits (bits 16-11) select a pag-
ing RAM location. The contents (the 11 bit address) then supply the KS10 memory page address
(memory address bits 16-26). The most significant bit of Unibus address (bit 17) is not used.

NOTE
The most significant bit of Unibus address (the 64K
bit) must be made equal to 0 for NPR data trans-
fers. If equal to 1, a memory reference is not made,
causing the Unibus device to time-out, set an error
flag, and terminate the device read or write
operation.

The five paging RAM control bits are as follows.

.  VALID - Indicates physical page number is a valid address. Set by program when paging
RAM is loaded.

2.  READ REVERSE (READ-PAUSE-WRITE) - Forces read-pause-write memory cycles for
all NPR write (to memory) transfers. Allows read reverse operations by a Unibus device by
causing odd words previously loaded in memory to be read and recirculated by the UBA
during even word transfers. (Normally, even words are the first data loaded in a memory
location and they are loaded directly via a memory write cycle.)

3. DISABLE - Prevents the two most significant bits of Unibus data in KS10 memory (bits 0
and 1, or bits 18 and 19) from being transferred to the Unibus data lines (17 and 16) during
NPR read (from memory) operations. The two Unibus data lines, which are device parity
error lines during non-18-bit transfers, are forced to 0 to prevent non-zero data in memory
from causing false parity error indications in the Unibus device. The DISABLE bit must
not be set for 18-bit word transfers.

4. FAST TRANSFER (36 BIT ENABLE) - Sets fast transfer mode for NPR word transfers. In
this mode, both odd and even words of Unibus data (a total of 36 bits) are transferred dur-
ing a single KS10 memory reference.

5. RAM PARITY - Paging RAM odd parity bit. Generated by hardware when paging RAM
is loaded.

NOTE
If a RAM parity error, or the absence of a RAM
valid bit, is detected during an NPR transfer, it will
cause the associated Unibus device to time-out, set
an error flag, and terminate the device read/write
operation.
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Figure 5-36 Unibus to Memory Address Translation

5.8.2.2 Status Register - UBA status register bit format and definitions are given in Figure 5-37. As
shown, provision is made to indicate both high and low level interrupt requests (bits 24 and 25,
respectively), and to load and indicate high and low level PIAs (bits 30-32 and 33-35, respectively).
Provision is also made to initialize both the UBA and the Unibus devices (bit 29 = 1). In addition,
there are five error flags and a DISABLE TRANSFER control bit as follows.

1. TIMEOUT (bit 18) - Indicates a Unibus arbitrator time-out (10 ps) or a nonexistent mem-
ory time-out (1.2 ps). The Unibus arbitrator time-out may be caused by:

a. No SACK signal received from a Unibus device after the UBA granted the Unibus to
a device for an NPR or interrupt vector data transfer. Usually indicates a system
malfunction.

b. No SSYNC signal received from a Unibus device after the UBA initiated a DATO,
DATOB, or DATI operation. Usually indicates a nonexistent device.
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Figure 5-37 UBA Status
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The nonexistent memory time-out is caused by the condition that no MEM BUSY signal
was received after the UBA was granted the KS10 bus for a memory operation during an
NPR data transfer. It usually indicates a nonexistent memory address.

The TIMEOUT error flag is cleared by writing the status register with bit 18 = 1.

2. BAD MEMORY DATA (bit 19) - Indicates uncorrectable data was read from memory dur-
ing an NPR data transfer. Error may be set not only during an NPR read from memory
data transfer (memory read operation), but also during an NPR write to memory data
transfer (memory read-pause-write operation). Except for an NPR read from memory
operation when DISABLE TRANSFER (bit 28) is not set, this error prevents the UBA
from generating SSYNC, causing the device controller (e.g., RH11) to time-out and termi-
nate the device read or write operation. The BAD MEMORY DATA error flag is cleared
by writing the status register with bit 19 = 1.

3.  BUS PARITY ERROR (bit 20) - Indicates that the UBA detected a KS10 (backplane) bus
parity error when it either received or transmitted bus information. Unless disabled by a
console command, a BUS PARITY error causes the console module to stop the CPU clock.
The BUS PARITY ERROR flag is cleared by writing the status register with bit 20 = 1.

4. NONEXISTENT DEVICE (bit 21) - Indicates that no SSYNC signal was received from a
Unibus device 10 ps after the UBA initiated a DATO, DATOB, or DATI operation. Usually
indicates a nonexistent device. This error condition also sets a TIMEOUT error (bit 18).
The NONEXISTENT DEVICE error flag is cleared by writing the status register with bit
21 = 1.

5. AC/DC LOW (bit 26) - Indicates assertion of Unibus AC LOW or DC LOW (condition
sensed by H765 P.S.), or assertion of KS10 bus AC LOW (condition sensed by H7130 P.S.).

5.8.23 Maintenance Register - The maintenance register contains a single write-only control bit as
shown in Figure 5-38. CHANGE REGISTER (bit 35), when set during an 1/0 register read/write or
interrupt vector read operation, modifies the addressing logic for the 4 X 4 memories interfacing to
the Unibus so that the data received or transmitted on the bus is stored in the 4 X 4 memory locations
normally used for NPR data transfers. This is to facilitate operation in wraparound mode (Paragraph
5.8.7), but it also allows a quick check of 4 X 4 memory operation when Unibus data is in error dur-
ing normal operation. For example, if it is found that after writing and reading a Unibus device regis-
ter that the register data does not match, the maintenance bit may be set and the operation repeated.
If the register data then agrees, it indicates a bad 4 X 4 memory location.

5.8.3 Logical Organization

With reference to Figure 5-39, the UBA consists of the following major logic elements.
Data path ‘
NPR control
I/0 read/write control
Unibus arbitrator
Unibus control

KS10 bus control

A el

The data path (UBA circuit schematics UBAS, 9, A-C) consists of data mixers, KS10 bus trans-
ceiver/latches, 4 X 4 IC memory elements, and Unibus drivers and receivers that are arranged to
allow NPR and 1/0 register data to pass between the KS10 bus and the Unibus. The data path also
transfers addressing information, and it contains an address register to store I/0 register addresses
and the 64 X 16 bit paging RAM for NPR address translations.

5-81



UBA MAINTENANCE REGISTER
18
| | |

34 35
T T T T T Y T
CHNG
RH (763101) REG
L 1 i A 1 1 1 1 1 I\ 1 | 1
BIT FUNCTION
35

CHANGE REGISTER. MODIFIES 4 X 4 MEMORY
ADDRESS.

Figure 5-38 Maintenance Register

5-82

MR-1678




N

SEL

BYTE 4—] L> /O WRT

]

/} PIREQ1-7 A BRA_7
~ INTERRUPT %‘
DATAN A CONTROL Ny  BGa-7
ad P
UBA3/UBA7
BUS REQUEST A e— CO/C1 ! SACK
KS10 COMM BG UNIBUS [
e— ADD 0/1
BUS GRANT J\j\ (B:giTROL - / BITS CP DONE ARBITRATOR P A NPR
COM/ADR CYCLE ¥A » T
L
\j UBAG UBA1 > NPG >
_ 1/0 DATACYCLE _A DATA PiTH t CLR CLR o o L
~N
MIX SEL LEVELS
. _DATACYCLE _A| NPR DONE/NPR P SLLTEE
~N NPR EVEN WRT/FAST RD —> <|‘
_[> CONTROL NPR 2A/RD DATA : N BBSY |
BAD DATA CYCLE L
UBAB/UBA7 e— CLR -~ I-—
. RESET D . N MSYNC |
S ) / /i V
: — INT RD/RAM/STATUS UNIBUS - < I, z
0 COMM READAVRITE U CP RQ/INTERRUPT cLr CONTROL |
prums
1/0 BUSY <]j BITS CONTROL MSYNC 'l> SSYNC B
B CLR BUSY U
u ={>———> UBA4/UBA7  [*— CLR < | NTERRUPT | g
s s l N AC LO/DC LO
4 X 4 MEM ADDRESS REGISTER Jl>
ADR BITS )
S S — SEL
~ |~
DATA18-35 _A1 1 ADD 16-0
- < ) PAGING 0 e N 0
- RAM ADR -
3 le— STATUS 1| <]._
' co
——l > 1 sEL 4X4 BYTE —(> -
MEM'’S . <]
CO
- '/0‘ \, \ | »{ 1 MEM'S 1/0 ci
DATA 00-17 P 1 le ~ e C0/C1 COMM ) WRT“D
\l 2 le- BITS ADR
COMM REG SEL
3 HOLDING REGISTER @ N DATA17-0
l/

N

MR-1679

Figure 5-39 UBA, Detailed Block Diagram
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The NPR control (UBAS5 and part of UBA7) contains the control flip-flops and assorted logic to
sequence NPR data transfers. It also contains the paging RAM read/write control logic and parity
circuits.

The 1/0 read/write control (UBA4 and part of UBA7) contains the I/O command/address decoding
logic, as well as the control logic necessary to sequence I/O register read/write operations for both
external and internal register addresses. It also controls interrupt vector read operations.

The Unibus arbitrator (UBAL1) consists of a priority encoder, latches, a counter, several one-shots, and
the associated logic to detect, store, initiate, and synchronize Unibus I/0, NPR, and interrupt
requests. Requests for the Unibus are honored on a priority basis (highest to lowest) as follows.

1. NPR requests
2. 1/0requests
3. Interrupt requests

The arbitrator logic also detects either the successful completion of a Unibus operation or the associ-
ated error conditions (i.e., TIMEOUT and/or NXD).

The Unibus control (UBA2) contains the control logic associated with Unibus signals MSYNC,
SSYNC, BBSY, and INIT. It also controls the transmission of Unibus data and addressing
information.

The KS10 bus control (UBA6) contains the circuitry to request the KS10 bus, initiate bus data cycles,
and initiate bus command/address cycles to read/write memory. It also contains the mixer selection
logic that controls the data path mixers.

5.84 NPR Data Transfer Operation

The essential steps in an NPR write to memory operation and an NPR read from memory operation
are shown in Figures 5-40 and 5-41. With reference to the UBA circuit schematics, operation is as
follows. (Note that there is a correspondence between the steps in the figures and the steps below.)

1. A Unibus device asserts the NPR line on the Unibus to signal that it has data to transfer to
KS10 memory, or that it requires data from KS10 memory. More than one device may
assert NPR.

jo¥]

Unibus arbitrator - When received by the UBA, NPR asserts an input to the Unibus
arbitrator’s priority encoder. This causes arbitrator output flip-flop UBA1 NPG to set,
which asserts NPG on the Unibus. The arbitrator asserts NPG immediately if the
arbitrator is enabled (UBA1 ARB BUSY = 0); that is, if there is no Unibus priority
arbitration, 1/0 read/write operation, or an interrupt vector read operation in prog-
ress. A previously initiated NPR data transfer may still be in progress however
(Unibus BBSY = 1). Once NPG is asserted, the arbitrator is disabled (UBA1 ARB
BUSY = 1). (Appendix A contains a Unibus signal summary and a description of
arbitrator operation.)
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When NPG is asserted on the Unibus, it is passed through devices not asserting NPR. How-
ever, the first device that is asserting NPR blocks the signal from proceeding down the bus,
negates NPR, and asserts the Unibus SACK line to acknowledge selection. SACK causes
the UBA to clear NPG.

NOTE

NPG is returned on the SACK line by the Unibus
terminator if the signal is passed to the end of the
bus due to a system malfunction (e.g., spurious
NPR). Because SACK clears NPG, and the nega-
tion of NPG in turn clears SACK for this case only,
UBA1 ARB CLR is asserted to re-enable the arbi-
trator and prevent a TIMEOUT error from occur-
ring for this type of system malfunction.

After asserting SACK, and if both BBSY and SSYNC are not asserted on the Unibus, the
device may become Unibus master by asserting BBSY. If BBSY or SSYNC is already
asserted, indicating another device has the bus (NPR data transfer already active), it must
wait until the Unibus is free. When the device asserting SACK becomes bus master, it
negates SACK to re-enable the arbitrator in the UBA.

Once a device becomes Unibus master after an NPR request, it performs either a Unibus
DATO or DATOB data transfer for an NPR write to memory operation, or a Unibus DATI
data transfer for an NPR read from memory operation. To perform the data transfer, it
transmits an address on the Unibus address (A) lines and it asserts bus control lines CO and
C1 as follows:

Co Ci OPERATION

0 0 DATI (NPR read)

0 1 DATO (NPR write)

1 1 DATOB (NPR write-byte transfer)

The device also transmits NPR write to.memory data on the Unibus data (D) lines if the
data transfer is a DATO or DATOB. With the A, C, and possibly the D lines asserted, the
device then asserts MSYNC on the bus to cause the following to occur in the UBA.

a. Data path - Unibus address bits A16-A11 select a paging RAM location and the page
address (UBA8/9 PAGED ADR 16-26) is read out of the RAM and gated through the
data path mixers (together with Unibus address bits A10-A2) to assert a 20-bit mem-
ory address at the KS10 bus transceiver inputs (data lines 16-35). The memory address
is not yet transmitted on the KS10 bus.

b.  KSI10 bus control - MSYNC sets the first of a chain of NPR control flip-flops (UBA6
NPR MSYNC), the last of which (UBA6 NPR REQ) generates a KS10 bus request
(UBA6 ADPT (N) BUS REQUEST) except for two cases in fast transfer mode. For
these two cases, an even word address (A1 = 0) and a DATO by device or an odd
word address (A1 = 1) and a DATI by device, the bus request is inhibited by UBA7
CLRA2 at the input.to the NPR REQ flip-flop. A bus request will also be inhibited
(causing a time-out by the device) if the Unibus 64K address bit is asserted (UBAC
UB ADD 17 = 1), if the paging RAM valid bit is not set (UBAA PAGE VALID = 0),
or if the RAM parity is incorrect (UBAS5S RAM PARITY VAL = 0).
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c. NPR control - As stated above, a memory request is not made for two cases in fast
mode. Instead, for the DATO operation when the address is even, the Unibus data is
strobed into a holding register (UBA7 DATA 00-17) by UBA7 FST D(18-35)>UB.
The data is written into memory by the next NPR transfer initiated by the device (a
36-bit transfer). For the DATI operation when the address is odd, UBA7 FAST
D(18-35) asserts UBA2 DATA-11B to cause the data in the 4 X 4 memories to be
transmitted on the Unibus. The data was stored in the memories by the previous NPR
transfer by the device (again, a 36-bit transfer). UBA7 FST (D18-35)>UB (during the
DATO) and UBA7 FAST D(18-35) (during the DATTI) assert UBA2 ADPTR SSYNC
OUT to generate SSYNC on the Unibus and end the data transfer. (Refer to step 6.)

4.  Following the KS10 bus request, the KS10 bus arbitrator on the console module grants the
UBA the bus by asserting CSLI BUS GRANT ADPT. The UBA then initiates a memory
operation as follows.

a. KS10 bus control - The grant signal asserts UBA6 START CA CYCLE, which asserts
UBA6 T ENB to open the inputs to the KS10 bus transceivers. Also, at the next
T CLK, START CA CYCLE asserts COM/ADR CYCLE on the KS10 bus. Flip-flop
UBAG6 MOS REF is also set, which generates UBA2 SSYNC WRT to write the data
on the Unibus data lines into the 4 X 4 memories (location 0). This stores the Unibus
data for subsequent transfer to KS10 memory (if DATO or DATOB by device). In
addition, UBA6 MOS REF sets state flip-flop UBA6 ADPTR MOS REF to indicate
that the UBA is KS10 bus master for an NPR operation.

b. Data path - With UBA6 T ENB true, the 20-bit memory address at the KS10 bus
transceiver inputs is transmitted on the KS10 bus data lines at the same time as

COM/ADR CYCLE is asserted. In addition, the appropriate read/write command
bits are asserted as follows.

DATA LINES SPECIFIES

01 02

0 1 Memory write

1 0 Memory read

1 1 Memory read-pause-write (RPW)

The command bits asserted, and thus the memory operation initiated by the UBA,
depends upon the Unibus operation being performed, the Unibus address, and any
special operating modes set in the UBA. (Refer to Figures 5-30 and 5-31.) For
example, data line 02 (the write bit) is asserted by UBA6 CI1(1) because this signal
indicates a DATO or DATOB is in progress and data must be transferred to memory
via a write or RPW memory operation. Data line Ol (the read bit) must also be
asserted if the UBA is to do a RPW, and UBAC PAUSE (ANDed with UBA6 C1(1))
does this during all odd word transfers to memory unless in fast mode (UBA6 EN
D(18-35) ANDed with UBA7 FST D(0-35)>MOS (0) ), during transfer of byte 1 to
memory (UBA8 UB ADD 0 ANDed UBAC C0), and during an even word transfer to
memory in read reverse mode (UBAB FORCE RPW). Data line 01 is also asserted by

UBA6 C1(0) to initiate a memory read operation when the device is performing a
DATL
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KS10 bus control - During assertion of the command/address information on the
KS10 bus (i.e., when UBA6 ADPTR MOS REF sets), the data path mixer select levels
are asserted as necessary to set up the NPR write to memory data path for the next
(data transfer) portion of the NPR operation. The levels are conditioned by Unibus
address bits A0 and A1, UBA7 FST D(0-35)>MOS, and UBAB FORCE RPW (read
reverse mode) as shown in Table 5-4.

Table 5-4 Data Path Mixer Selection for NPR Transfers

Select Level Function
Inputs Select Levels (See Below)
FSTD
(0-35) FORCE USEL | UBSEL | LSEL. | LBSEL
Al]| A0| >MOS RPW 2 112 1 {2 112 1
010 ]O 0 I 01 O O O}O0 O A
0 ]0 |1 0 1 0|1 OO0 1f0 1 B
Ol11]0 0 0 1 1 0 {0 O0]lO0 O C
1 10 |- 0 0O 10 1 ]|]1 O]1 O D
1 {0 ]0 1 1 111 1 1 0|1 O E
1 1 1]0 0 0 110 1 ]0 1|1 O F
Unibus DXX to KS10 bus Recirculate
Function data lines XX KS10 bus data lines XX
A D17-0 to 0-17
B D17-0 to 0-17 18-35
C D17-8 to 0-9 10-17
D D17-0 to 18-35 0-17
E D17-0 to 18-35

(Holding Register to 0-17)

s ]

D17-8 to 18-27 0-17, 28-35

For example, in read reverse mode and for an even word address (the second entry in
the table), the UBA performs an RPW memory operation during the next part of the
NPR transfer to first read an odd word previously stored in memory, and then to write
both the odd and even word back into memory. Thus, the mixers are conditioned by
UBAG6 USEL 2, UBSEL 2, LSEL 1, and LBSEL 1 to recirculate the information on
KS10 bus data lines 18- 35 (odd word is in right half of the KS10 data word) and to
gate the even word on the Unibus data lines to KS10 bus data lines 0-17 (even word is
stored in left half of KS10 data word).
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5.  Once the UBA initiates a memory operation by means of a KS10 bus command/address
cycle, a bus data cycle is generated either by the memory (memory read operation), by the
UBA (memory write operation), or by both (memory RPW operation) to transfer Unibus
data to/from memory. Operation is as follows.

a.

NPR control/data path - After assertion of the command/address, UBA6 ADPTR
MOS REEF sets USA5 NPR XFER A and B to begin the second (data transfer) portion
of the NPR operation. For a memory write operation (UBAC C1(1) = 1 AND UBAC
PAUSE = 0), NPR 2 asserts UBAS NPR DATA>MOS, which generates UBA6 T
ENB and causes BUS DATA CYCLE to be transmitted on the KS10 bus at the next
T CLK. At the same time, the Unibus data stored in the 4 X 4 memories (and in the
holding register during a fast mode transfer) is transmitted on the bus. For a memory
read or RPW operation, BUS DATA CYCLE is generated by the memory and trans-
mitted on the bus coincident with the data read from the MOS array. The bus data is
valid one bus cycle before (and during) the BUS DATA CYCLE signal.

When the memory operation is a read (UBA6 C1(0) = 1), UBAS WRT DATA>UB
(which is clocked on and off continuously as long as UBAS5 XFER B is set) causes the
received memory data to be written into the 4 X 4 memories that output to the Unibus.
Because of the previously stated bus timing, the data is valid in the 4 X 4 memories prior
to receiving BUS DATA CYCLE. If not in fast mode, either the left or right half of the
memory data is stored (in location 0) depending on the state of select level UBA6 NPR
at the 4 X 4 memories input data mixers. The state of UBA6 NPR is a function of the
Unibus address; that is, whether the address is even (Al = 0) orodd (Al = 1). If in fast
mode, all 36 bits of memory data are stored. UBA7 36 BIT WRT goes true when BUS
DATA CYCLE is received to negate UBA6 SELECT DATA>UB and cause the right
half of the memory data to be stored (in location 1). As when not in fast mode, the left
half'is stored (in location 0) prior to receiving BUS DATA CYCLE.

When the memory operation is an RPW, the received memory data is not stored in the
UBAs 4 X 4 memories. Instead, part of the data word is recirculated in the data path
mixers. (The data recirculated and the mixer select levels asserted are indicated in
Table 5-4.) BUS DATA CYCLE then sets UBAS PSE WRT GO which inhibits UBA6
R CLK A and B. This latches the recirculating memory data in the KS10 bus trans-
ceivers so that it may be written back into the addressed memory location together
with the Unibus data stored in the 4 X 4 memories. To write the data, NPR Q asserts
UBAS5 NPR DATA >MOS. Similar to the memory write operation, NPR DATA>
MOS then causes the data and BUS DATA CYCLE to be transmitted on the KS10
bus when the next T CLK occurs.

6. Following the memory write, read, or RPW operation, the Unibus data transfer operation is
terminated as follows.

a.

Unibus control - At the same time that UBAS NPR DATA >MOS is asserted to trans-
mit data on the KS10 bus during a memory write operation, UBA5 WRT is also
asserted to set UBAS5 UB NPR DONE after a delay (three T CLKS). UB NPR DONE
then asserts UBA2 ADPTR SSYNC OUT to transmit SSYNC on the Unibus and end
the device DATO or DATOB operation. During an RPW, UBAS PSE WRT GO
asserts UBA2 ADPTR SSYNC OUT to generate SSYNC and end the DATO or
DATOB operation. In this case, the SSYNC signal will not be generated (causing a
timeout error by the device) if bad data had been read from memory (UBA4 BD MOS
DATA = 1). To terminate a device DATI operation following a memory read, the 0
output of flip-flop UBAS REC KS DATA is used to assert UBA2 ADPTR SSYNC
OUT. (REC KS DATA is cleared by R CLK shortly after being set by BUS DATA
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CYCLE.) Similar to the RPW operation, SSYNC is not generated when bad data has
been read from memory, but only when the DISABLE TRANSFER control bit has
been set by the program. This control bit (UBA3 DIS XFER), which causes UBA4
DIS BD NPR XFER to inhibit ADPTR SSYNC OUT when the bad data is detected,
is normally set by the program except for special cases during error recovery routines.
Following the memory read operation, UBA2 DATA >UNIBUS is asserted at the
same time as SSYNC to transmit the memory data stored in the 4 X 4 memories onto
the Unibus.

When the device receives SSYNC following the memory operation initiated by the
UBA, it ends the Unibus data transfer by either strobing the data lines (DATI by
device) or by negating the data lines (DATO or DATOB by device), and by negating
the address lines, C lines, and MSYNC. The device also negates BBSY to relinquish
Unibus mastership unless more NPR data is to be transferred immediately (i.e., device
operating in bus hog mode). In this case, the device continues to assert BBSY and it
begins another Unibus data transfer, as described in step 3, by asserting the next
address, the next data word or byte (if DATO or DATOB), the appropriate C lines,
and MSYNC.

5.8.5 1/0 Data Transfer Operation

Figures 5-42 and 5-43 show the basic sequence of operation for 170 data transfers to/from the UBA.
A description of UBA operation follows. Refer to the UBA circuit schematics and note that the steps
in the description correspond to the steps in the associated figures.

1. When ready to write or read an addressable 1/0 register in the UBA (an internal register)
or in a Unibus device connected to the UBA (an external register), the CPU or console per-
forms a command/address operation on the KS10 bus by asserting bus control signal
COM/ADR CYCLE, data line 00 (the I/O command bit), either data line 01 or 02 (the
read or write command bit), the UBA controller number on data lines 14-17, and an inter-
nal or external register address on data lines 18-35. Data line 06 (the byte transfer com-
mand bit) is also asserted together with the write command bit if a byte transfer is to be
made to an external register address.

a. I/0 read/write control - When the UBA is addressed; that is, when the controller
number on the data lines matches the UBAs hard-wired address, COM/ADR CYCLE
asserts UBA7 COM/ADR ENABLE. Flip-flop UBA4 1/0 ADD is then set by the
next T CLK to strobe the output of a command/address decoder circuit and set one of
four control flip-flops that specify the operation to be performed. For example, if an
internal register is addressed (UBA4 ADR ADPTR REG = 1) and the write com-
mand bit is asserted (UBAC REC KSBUS BIT = 1), control flip-flop UBA4 WRT
ADPTR REG is set. Similarly, UBA4 RD ADPTR REG, UBA4 WRT UB REG, or
UBA4 RD UB REG are set depending on the command/address. UBA4 I/0 ADD
also direct sets UBAS I/0 BUSY, which asserts I/0O BUSY on the KS10 bus.

b.  Data path - In addition to asserting 1/0 BUSY and setting the control flip-flop that
specifies the operation, UBA4 1/0 ADD clocks an address register that stores the reg-
ister address on KS10 bus data lines 18-35. The write, read, and byte transfer com-
mand bits are also stored in flip-flops UBA9 I/0 REG READ, UBA9 I/0 REG WRT,
and UBAA BYTE CYCLE at the same time.
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Figure 5-43 1/0 Read, Bus Dialogue (Sheet 1 of 2)
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FigureS-43 1/0 Read, Bus Dialogue (Sheet 2 of 2)
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If the 1/0 transfer is a register write operation, the CPU or console performs a bus data
cycle after the command/address cycle (without requesting the bus again) to transfer the
register data to the UBA. If the transfer is a register read operation, the UBA performs the
bus data cycle, but not during the KS10 bus cycles allotted the CPU or console. (The regis-
ter data cannot be read in that short a time period.) Instead, the bus is requested by the
UBA and the data cycle performed at a later time when the register data is available for
transfer.

a. 1/0 read/write control - For an internal register write operation (UBA4 WRT
ADPTR REG(1) = 1), BUS DATA CYCLE from the CPU or console sets UBAS
STA/MNT WRT. This signal, ANDed with the appropriate output from register
address decoder circuits (e.g., UBA4 STATUS, etc.) acts as a data strobe to load the
UBA'’s status and maintenance registers directly from the KS10 bus data lines. UBAS
ADPTR WRT CLR is also set by the same enable level as UBAS STA/MNT WRT.
This signal generates write pulse UBA4 WRT RAM to load the RAM from the data
lines when a paging RAM location is addressed. With UBAS STA/MNT WRT set,
170 BUSY is negated on the KS10 bus signaling the end of the 1/0 transfer.

b.  KSIO bus control - For an internal register read operation (UBA4 RD ADPTR
REG(1) = 1), a KS10 bus request is generated and UBA6 START 1/0 DATA CYC is
set when the UBA is granted the bus. This asserts the appropriate data path mixer
select levels if the status register is addressed (UBA6 LSEL 2 and 1, and UBA6
LBSEL 2 and 1). (No select levels are asserted to read the paging RAM.) UBA6
START I/0 DATA CYC also as_gerts UBAG6 T ENB, which opens the KS10 bus trans-
ceiver inputs and (at the next T CLK) generates I/O DATA CYCLE to cause the
internal register data to be transferred to the CPU or console via a KS10 bus data
cycle. I/0 BUSY is also negated on the bus to signal the end of the I/0 transfer.

¢. Unibus arbitrator/data path - For an external register address, a Unibus data transfer
operation must be initiated, and UBA4 WRT UB REG(1) or UBA4 RD UB REG(1)
sets flip-flop UBA4 ADPTR UB REG to assert an input to the Unibus arbitrator.
(Also, if the operation is an external register write, the data received on the KS10 bus
must be stored in the 4 X 4 memories that output to the Unibus, and BUS DATA
CYCLE sets UBAS WRT DATA>UB to write the bus data into location 2.) With
UBA4 ADPTR UB REG set, arbitrator output flip-lop UBA1 ADPTR UB MSTR is
set to begin a Unibus data transfer if and when the arbitrator is enabled, an NPR
request is not asserted by a device, and the Unibus is not active. (BBSY or SSYNC =

1.

Unibus control - Once set, UBA1 ADPTR UB MSTR starts a Unibus data transfer by
clocking on UBA2 ADR >UNIBUS. This flip-flop asserts BBSY on the Unibus (UBA
now Unibus master) and it enables the UBAs Unibus address line transmitters so that
the register address held in the address register is transmitted on the bus. Also, if the
operation is a register write (UBA9 I/0 REG WRT = 1), Unibus control line C1 is
asserted and UBA2 DATA >UNIBUS goes true to enable the Unibus data line trans-
mitters and causes the data previously loaded from the KS10 bus into the 4 X 4 mem-
ories to be transmitted on the bus. Unibus control line CO is also asserted if the 1/0
transfer is a byte operation (UBAA BYTE CYCLE = 1). Similar to an NPR oper-
ation, the control lines specify the Unibus data transfer as follows.
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Co C1 OPERATION

DATI (1/0 read)
DATO (I/0 write)

0
0
1 DATOB (170 write-byte transfer)

ke D

With the register address and BBSY asserted on the Unibus (together with the register
data and control lines if the transfer is a DATO/DATOB), UBA2 ADR>UNIBUS
sets UBA2 MSYNC after a 175 ns delay to assert MSYNC. The MSYNC line signals
the Unibus device to read or write the addressed register as specified by C1 and CO.

3. After the device receives MSYNC on the Unibus, it either strobes the data lines to write the
addressed register (DATO/DATOB operation) or it reads the addressed register and trans-
mits the contents on the data lines (DATI operation). It also asserts SSYNC on the Unibus
to signal that the Unibus data has been received or sent. In the UBA, the following occurs.

a. Unibus control - SSYNC asserts UBA2 SSYNC WRT to write the information on the
Unibus data lines into the 4 X 4 memories (location 2). This stores the register data
transmitted by the device if the transfer is a DATL SSYNC also clears UBA2 MSYNC
to negate MSYNC on the bus, and it asserts UBA2 ADPTR END. When received by
the device, the trailing edge of MSYNC causes SSYNC (and the data lines if the trans-
fer is a DATI) to be negated on the bus.

b. Unibus arbitrator - UBA2 ADPTR END causes the next T CLK to set UBA1 ADPTR
DONE. This flip-flop ends the Unibus data transfer in the UBA by re-enabling the
Unibus arbitrator and clearing UBA2 ADR>UNIBUS. BBSY and the Unibus
address lines are then negated, as well as the control and data lines if the operation is a
DATO/DATOB. The termination of a DATO/DATOB ends an external register write
operation, and UBA2 ADPTR DONE negates [/0 BUSY on the KS10 bus to indicate
the 1/0 transfer has completed. However, for a DATI, the data collected from the
Unibus by the UBA must be transferred to the CPU or console before the 1/0 transfer
completes.

c. KSI10 bus control/data path - To transfer the data read by the Unibus DATI oper-
ation, UBA2 ADPTR DONE first asserts a KS10 bus request. When the bus is
granted, UBA6 ADPTR MOS REF is set (similar to an internal register read oper-
ation) to assert the appropriate data path mixer select levels (UBA6 LSEL 2 and
LBSEL 2 for an external register read) and UBA6 T ENB. When the next T CLK
occurs, 1/0 DATA CYCLE and the register data in the 4 X 4 memories is transmitted
on the KS10 bus. UBA6 ADPTR MOS REF also clears I/O BUSY on the KS10 bus to
signal the end of the I/0 transfer.

5.8.6 PI Operation

Figure 5-44 shows the basic steps associated with servicing a Unibus device interrupt request and
transferring the interrupt vector to the CPU. With reference to the UBA circuit schematics, operation
is as follows.

1. A device makes an interrupt request by asserting its assigned BR level on the Unibus (one
of BR4-7). More than one BR level may be asserted at one time by the various Unibus
devices, and more than one device can assert the same BR level.

a. Interrupt control - When received by the UBA, a BR level is synchronized to T CLK
and (if a vector is not already being read by the CPU) it asserts one of seven PI
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requests on the KS10 bus (BUS PI REQ 1-7) depending on the associated PIA (PI
channel 1-7) stored in the UBA’s status register. There is one (high level) PIA associ-
ated with BR6 and 7 (UBA3 PIH2-0) and another (low level) PIA associated with BR
6 and 7 (UBA3 PIL2-0). Thus, at any one time, the UBA can assert up to two PI REQ
levels. Also, two BR levels can assert a single PI REQ level.

The CPU, when ready to service an interrupt, resolves PI channel number priority for the
PI REQ signals that are asserted on the KS10 bus, and then initiates a KS10 bus operation
to read the controller numbers of the 1/0 controllers (i.e., the UBAs) interrupting on the
highest priority channel. (More than one I/0 controller can assert the same PI REQ line.)
The CPU initiates the KS10 bus operation by transmitting a command/address; that is, it
asserts BUS COM/ADR CYCLE, data line 00 (I/O command bit), data line 04 (read
device number command bit), and the PI channel number to be serviced on data lines
15-17.

a.  Interrupt control - If interrupting on either the high level PIA (UBA3 BR6/7 INT RQ
= 1) or the low level PIA (UBA3 BR4/5 INT RQ = 1) and if the PI channel to be
served (on data lines 15-17) matches the corresponding PIA, a UBA responds to the
command/address by asserting KS10 bus transmitter UBA7 PI REQ ADPT(N) for
one bus cvcle. (UBA7 BG HI is also set if a match occurs for the high level PIA.) The
transmitter output is jumpered via the backplane to the KS10 bus data line corre-
sponding to the UBAs controller number. Jumpering is such that UBAI (located in
module slot 19) asserts data line 19, and UBA3 (in slot 16) asserts data line 21. The
CPU then strobes the data lines (during the second bus cycle following the com-
mand/address cycle) to end the KS10 bus operation.

After the CPU has read the interrupting controller number, it initiates another KS10 bus
operation to read the interrupt vector from the highest priority controller. (UBAI has
higher priority than UBA3.) Again, the CPU executes a command/address cycle, asserting
data line 00 (I/O command bit), data line 01 (read command bit), data line 05 (read vector
command bit) and the selected controller number on data lines 14-17.

a. I/0 read/write control - As for an 1/0 transfer, BUS COM/ADR CYCLE asserts
UBA7 COM/ADR ENB when the UBA has been addressed, and this signal sets
UBA4 1/0 ADD to direct set UBAS I/0 BUSY and assert the I/0 BUSY signal on
the KS10 bus. For the read vector command, UBA7 START VEC CYCLE is also
asserted coincident with UBA7 COM/ADR ENB.

b. Unibus arbitrator - To read the vector from an interrupting device, the UBA must
allow a Unibus interrupt operation to take place. Thus, UBA7 START VEC CYCLE
causes Unibus arbitrator input UBA1 VECTOR REQ to be set by UBA4 I/0 ADD.
The arbitrator input first latches the second rank of flip-flops synchronizing the BR
levels to T CLK. (This stores the current BRs and freezes the PI REQ logic during the
subsequent read vector operation.) Then, if the arbitrator is enabled and there is no
request pending for a Unibus NPR or 1/0 transfer, the arbitrator input asserts arbi-
trator output flip-flop UBA BG to start the interrupt operation. UBA1 BG does this
by asserting the Unibus BG level (one of BG4-7) that corresponds to the BR to be
serviced.
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c. Interrupt control - The BG level asserted by UBA1 BG depends first upon the PIA
(high or low level) being served by the CPU; that is, it depends upon whether UBA7
BG HI was set or cleared when the interrupting controller numbers were read pre-
viously by the CPU. For example, if BR7 caused the PI request (i.e., UBA7 BG HI =
1), the BR7 level is gated from the second rank of synchronizing flip-flops and 1is
clocked into flip-flop UBA3 B BG7 to assert BG7 on the Unibus. If a low level BR is
also asserted, it is inhibited from asserting the corresponding BG level by UBA7 BG
LOW = 0. (BG LOW is the complement of BG HI.) (Note that for the special case
when there are both high and low level interrupts, and both the high and low level
PIAs have the same value, BG HI will be set to give the high level interrupt the high-
est priority.) The second factor determining which BG level will be asserted is that the
highest numbered BR (for either the high or low level PIA) has the highest priority.
For example, if BG LOW = 1 and both BG4 and BGS are asserted, gating at the
input to the BG output flip-flops is such that only UBA3 B BGS5 is set. In any case,
there is only one BG leve] asserted on the Unibus to start the interrupt operation.

Similar to the Unibus NPG signal, the asserted BG signal is passed along the Unibus by
each device not asserting the associated BR level. However, the first device that is asserting
the associated BR level blocks the BG signal, negates its BR, and asserts SACK to acknowl-
edge selection. Thus, when more than one device is asserting the same BR line, the device
electrically nearest the UBA has the higher priority. In the UBA, SACK asserts UBA3
SACK CLR to clear the flip-flop asserting the BG level on the Unibus.

When the device detects the negation of the BG level on the Unibus, and if the Unibus is
not already active, it asserts BBSY to become Unibus master, transmits the interrupt vector
on the data lines, and asserts the INTERRUPT control line. It then negates SACK. The fol-
lowing occurs in the UBA.

a. Interrupt control - The INTERRUPT signal, when received by the UBA, clears UBA1
VECTOR REQ to unlatch the second rank of synchronizing flip-flops holding the BR
levels. With the BR level being served now negated by the device, and if no other
device is asserting the same BR signal, the associated PI REQ on the KS10 bus will go
false.

b. Unibus control/data path - The INTERRUPT signal also asserts UBA2 ADPTR
SSYNC OUT to cause the UBA to assert SSYNC on the Unibus. In addition, UBA2
SSYNC WRT and UBA2 ADPTR END are asserted as during an [/O transfer. The
SSYNC WRT signal loads the interrupt vector on the data lines into the 4 X 4 memo-
ries (location 2). The ADPTR END signal sets UBA1 ADPTR DONE to re-enable the
Unibus arbitrator. When the device receives SSYNC, it negates the data lines, BBSY,
and the INTERRUPT line. The trailing edge of INTERRUPT then causes the UBA
to drop SSYNC, thus ending the Unibus interrupt operation.

Once the interrupt vector is stored in the UBA, it must be transferred to the CPU as follows.

a. KS10 bus control - As for an 1/0 register read operation, UBA1 ADPTR DONE gen-
erates a KS10 bus request. When the bus is granted, UBA6 START I/O DATA
CYCLE asserts UBA6 T ENB and causes /O DATA CYCLE and the interrupt vector
in the 4 X 4 memories to be transmitted on the KS10 bus when the next T CLK
occurs. UBA6 START 1/0 DATA CYCLE also clears I/0 BUSY on the KS10 bus to
signal the end of the interrupt vector transfer.
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5.8.7 Wraparound Data Transfer

For maintenance purposes, I/0 write data transferred from the CPU or console to the UBA and
asserted on the Unibus may be looped back through the UBA via the NPR data path and written in a
KS10 memory location. Also, data may be read from memory and asserted on the Unibus via the
NPR data path, and then transferred to the CPU or console as I/0 read data. Wraparound data trans-
fers allow most of the UBA’s data path and control logic to be checked out independent of a Unibus
device.

To perform a wraparound data transfer, CHANGE NPR ADR (bit 35) in the UBA’s maintenance
register (763101) must be set first. This bit conditions the 4 X 4 memory addressing logic so that only
the locations normally used for NPR transfers are utilized. (During a wraparound data transfer, the
same 4 X 4 memory locations must be accessed by both the I/0 and NPR data transfer logic or the
data transmitted on the Unibus will not be looped back to the KS10 bus as required.)

Next, to initiate the wraparound data transfer, an 170 register read or write command is issued to the
UBA with the most significant address bit equal to 0. The UBA decodes this address as an external
address, and it is asserted on the Unibus address lines as for a normal 1/0 transfer. However, with the
most significant address bit (A17) equal to 0, no Unibus device will respond because the address is not
a valid register address. The address is a valid address for an NPR data transfer however, and together
with the MSYNC signal (also asserted by the UBA), it causes an NPR operation to take place in the
UBA concurrent with the 1/0 transfer. Operation is as follows:

I. As stated previously, an 1/0 transfer is initiated by the CPU or console to begin the oper-
ation. The command/address is received and the I/0 transfer is started as described in Par-
agraph 5.8.5, and as shown in Figures 5-42 and 5-43 (step 1). The 1/0 address is decoded as
an internal address (i.e., UBA4 ADR ADPTR REG = 0).

2. Next, the address lines (and the data and control lines if the operation is an I/0 write),
BBSY, and MSYNC are asserted on the Unibus by the UBA, again as described in Para-
graph 5.8.5 and as shown in the associated figures (step 2). Because the Unibus signals
transmitted by the UBA are also received by the UBA, and because A17 (the 64K address
bit) = 0, the MSYNC signal now starts an NPR operation in the UBA (by setting UBA6
NPR MSYNC) while the 1/0 transfer logic is hung waiting for a Unibus SSYNC signal.

3. The UBA now performs the NPR operation as described in Paragraph 5.8.4, and as shown
in Figures 5-40 and 5-41 (steps 3-6). The Unibus address (loaded by the 1/0 write) is trans-
lated by the paging RAM to a 20-bit KS10 memory address and, if an I/0 write has
initiated the wraparound transfer, an NPR write to memory operation is performed. That is,
the data asserted on the Unibus (loaded by the 1/0 write into the 4 X 4 memories that out-
put to the Unibus) is loaded into the 4 X 4 memories that receive data on the Unibus. (The
Unibus data is loaded in location 0 instead of location 2 as in normal NPR operation.) The
looped-back data is then deposited in memory via a memory write or RPW cycle. If an 1/0
read has initiated the wraparound data transfer, a memory read operation is performed and
the data fetched from memory is stored in the 4 X 4 memories that output to the Unibus.
Following the memory operations (read, write, or RPW), the UBA asserts SSYNC on the
Unibus to signal the end of the NPR operation in the UBA.

The SSYNC signal also ends the 170 write operation (and the wraparound transfer) if it has
initiated the NPR transfer. As described in Paragraph 5.8.5 (step 3), the 1/0 write is waiting
only for a Unibus SSYNC signal to terminate. If an 1/0 read operation has initiated the
NPR operation, SSYNC completes the wraparound of data by causing the fetched memory
data stored in the 4 X 4 memories transmitting on the Unibus to be stored in the 4 x 4
memories receiving data on the bus. As described in Paragraph 5.8.5 (step 4), the looped-
back data is transferred to the CPU or console via a KS10 bus data cycle to complete the
[/0 read operation and the wraparound transfer.
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5.9 KS10 POWER SYSTEM
A simplified block diagram of the KS10 power distribution system is shown in Figure 5-45. Input
power requirements and specifications are given below.

RMS Surge Surge
Device Line Voltage Freq. Current Current Duration KVA
KS10-AA  104-126 Vac 60 Hz 9.90 A 25A 6 cycles 1.14 KVA

KS10-AB  207-253 Vac 50 Hz 495 A 125A 6 cycles 1.14 KVA
The major power system components are as follows.

1. 861-C (60 Hz) or 861-B (50 Hz) power control.

2. H7130 power supply and 5413261 power distribution module.
3.  H765A (60 Hz) or H765B (50 Hz) power supply.

4. Blower for CPU and memory.

The H7130 power supply is used to power the KS10PA card cage. The H765A power supply is used to
power the BA11-KE drawer (115 Vac version); the H765B power supply is used to power the BA11-
KF drawer (230 Vac version).

The location of the major power system components are given in Chapter 1 and on the KS10 Unit
Assembly drawing.

5.9.1 861 Power Control
The 861 controls and distributes power in the KS10 cabinet. It performs the following functions.

1.  Controls large amounts of power with low signal power.

2. Provides a convenient ac power distribution point.

3.  Filters out electrical noise on the ac lines.

4. Disconnects power for servicing and in case of overload or overtemperature.

The 861 consists of four switched duplex outlets, two unswitched duplex outlets, a contactor with asso-
ciated control circuitry, a circuit breaker, and a thermoswitch. All components are contained in a 19-
in. rack-mounted box. The unit is supplied with 15 feet of power input cable with a suitable
connector.

NOTE
Loads external to the KS10 cabinet are NOT to be
plugged into the 861 power control.

Input power for the 861 is as follows.

Power Control Voltage Current (Maximum) Phase
861-B 180V -264 V 16 A 1
861-C 0OV-132V 24 A 1

5.9.2 H7130 Power Supply and 5413261 Power Distribution Module

The H7130 is a multiple output power supply (+5V, +5 VA, + 12 V, -5V, -15 V) which is used to
power the CPU and MOS memory (KS10PA). The power supply is an off-line switching regulator
that provides regulated ac to dc outputs under normal operating conditions. Input power is single
phase line power.
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Figure 5-45 KS10 Power System
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Features of the power supply include overcurrent, overvoltage, power-fail, thermal shutdown pro-
tection, and power sequencing of + 12 V with respect to the -5 V output.

Electrical specifications are as follows.

Line Voltage Freq. Max. Run Current
H7130C 115 Vac £ 10% 60Hz 3.75A
H7130D 230 Vac +10% 50 Hz 1.87 A

Power sequencing for the H7130 is shown in Figure 5-46. The +5 V (V2) and -5 V sequence up first.
When the -5 V drops to -4 V, the other three voltages (+5 V (V1), +12V, -15 V) sequence up. The
-5V is connected through a resistor on the power distribution module to the on-off terminal of the
power supply to sequence the other three voltages.

126
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| |
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Figure 5-46 H7130 Power Sequencing

In addition to the normal operating voltages, the H7130 supplies +5 V REF to power a 12 V crobar
circuit on the power distribution module. (This circuit protects MOS memory in the event -5 V is
lost.) Absence of +5 V REF (and -5 V of course) will turn off all output regulators and short circuit
the + 12 V output.
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As shown in Figure 5-45, the H7130 output voltages connect to the 5413261 power distribution mod-
ule. This module does the following.

1. Provides terminal blocks for interconnecting the power supply harness to the backplane
harness.

2. Provides connectors to interconnect the front panel with the backplane.
3. Interconnects the thermo-sensors to the power control.

4. Has light-emitting diodes (LEDs) which indicate if the voltages are present. The voltages
indicated are +5, +5 VA, +12V, -15V, -5 V. The LEDs do not indicate if the voltages are
within specifications.

5. Contains the 12 V crobar circuit (mentioned above) which monitors the -5 V, turns off the
regulators, and shorts the +12 V to ground if the -5 V rises above -4 V.

5.9.3 H765 Power Supply (BA11-K)

The H765 power supply consists of five standard DIGITAL regulators (2-H744s, 1-H745, 1-H754
which is not used, and 1-5411086), a power control box (7009811), a power transformer, a power distri-
bution board and two six-inch fans.

The H744 regulators each provide +5 V at 25 A. The H745 regulator provides -15 V at 10 A. The
5411086 regulator provides + 15 V at 4 A. This board also generates the power fail signals AC LO and
DC LO, and the line clock signal LTCL (not used in the 2020).

The 7009811 power control box contains a line cord circuit breaker, power relay, and relay control cir-
cuitry. Four three pin Mate-N-Lok connectors, two on the rear of the supply and two internal to the
supply, allow low voltage control of the power on/off and emergency shutdown function. Two ver-
sions of the power control box are available, the 7009811-1 for 115 Vac operation, and the 7009811-2
for 230 Vac operation.

The power distribution board can provide dc power and control signals (AC LO, DC LO, and LTCL)
to a maximum of five standard DIGITAL system units.

Electrical specifications for the H765 are as follows.

Line Voltage Freq. Max. Run Current
H765-A 90-132 Vac 47-63 Hz 3.03 A
H765-B 180-264 Vac 47-63 Hz 1.52 A

Power sequencing for the H765 power supply is shown in Figure 5-47.

5.9.4 Blower for CPU and Memory
The blower used to provide cooling for both CPU and MOS memory operates at a voltage of 115 Vac
and a current of 1.4 A.
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5.9.5 Interconnection and Control

With reference to Figure 5-45, the H765, H7130, and blower are connected to the 861 power control
via the switched duplex outlets. The H765 provides a minimum of 5 ms ride-through power (before
indicating AC LO) during a power outage condition. The H7130 power fail signal is connected to the
M8616 module and provides power sequencing of the CPU. All H765 dc outputs have a minimum
hold-up time of 20 ms.

The front panel ON/OFF switch interfaces to the 861 power control via the DIGITAL power control
bus. This allows all power supplies and the blower to be powered up simultaneously inside the KS10
cabinet.

132
VAC { ‘,———\80 VAC
)
POWER
AC LINE/IOV ov! OWER OFF
| [
| +5V +5V ;
1
———:—-—4)V ' 0V | \—— 45 V (H744)
: : +35V +3.5V : :
————U| Ljov ! 0V} \——4———DC LO (H765)
| |
: : ' +35V +3.5 v—t—\ : I
, oV 1ovi\— : AC LO (H765)
! Ly ! bty -15V
Lo N 1OV (H745)
g 020 10 ! 15V 15V s
| MAX | .L/: , 5V +15V —— i
] ?\ +15V
1| | ) lovl
gy 025 11! ! 007 4 ! (H765)
| MAX 1T i £.003 "1 :": ,
| | | | i
| | !
i .030 b 11 002MIN
—! | MAX !‘_ e :".007 TYP
b | I
1Y 002 I I
™ I+~ MAX —020—
1
NOTE:

TIMES SHOWN ARE IN SECONDS.

Figure 5-47 H765 Power Sequencing
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APPENDIX A
UNIBUS

170 devices connect to the KS10 system via a Unibus and a Unibus Adapter (UBA) as shown in Fig-
ure A-1. (The UBA, which interfaces the Unibus to the KS10 bus, is described in Paragraph 5-8.) A
system may contain more than one UBA (and Unibus), thus allowing more than one string of Unibus
devices to be connected. Unibus information flow is shown in Figure A-2. Unibus signals are summa-
rized in Table A-1.

NOTE
The Unibus used on a KS10 system has the follow-
ing restrictions:

1.  BR4-7 can be used only for interrupts.

2. An NPR device cannot do DATIP data
transfers.

3. An NPR device is not allowed to interrupt if
control of the bus was obtained by an NPR.

4. An NPR device cannot hog the bus for more
than two memory cycles unless it is the only
device connected to a UBA. (The RH11 disk
controller in the standard 2020 configuration
is jumpered to hog the bus for 16 memory
cycles, however, it has a dedicated UBA.)

UBA < UNIBUS >
Cowns 1| |
I unisus | )
| ARBITRATOR |

1/0 1/0 1/0
k- - DEVICE DEVICE |____| DEVICE
1 2 N
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Figure A-1 KS10 Unibus Connection
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UNIBUS
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Figure A-2 Unibus Interface
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Table A-1 Unibus Signal Summary

Signal(s)

Description

Address lines (A17-00)

Data lines (D17-00)

Control lines (C0/C1)

Master sync (MSYNC)
Slave sync (SSYNC)
Bus requests (BR4-7)
Bus grants (BG4-7)

Nonprocessor grant
(NPG)

Nonprocessor grant
(NPG)

Selection acknowledge
(SACK)

Interrupt (INTR)

Bus Busy (BBSY)

Initialize (INIT)

AC line low

DC line low (DC LO)

Select slave device register (UBA master) or memory address (device
master).

Transfer register data (UBA master) or NPR data (device master) between
master and slave.

Specify type of data transfer.

Co C1

0 0 DATI

0 1 DATO

1 1 DATOB

Asserted by master to initiate a data transfer.
Asserted by slave in response to MSYNC.

Asserted by device to request use of bus for interrupt.
Asserted by UBA to grant use of bus for interrupt.

Asserted by device to request use of bus for data transfer.

Asserted by UBA to grant use of bus for data transfer.

Asserted by device to acknowledge bus grant (BG or NPG).

Asserted by device to initiate an interrupt vector transfer.

Asserted by master when it assumes control of the bus for data (or vector)
transfer.

Asserted by UBA to initialize devices at power-up and in response to UBA
and system reset.

Anticipatory signal that indicates loss of ac power to Unibus device power
supply (H765) or to KS10 processor power supply (H7130).

Indicates loss of dc power by UBA or Unibus device power supply (H765).
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The priority arbitrator for a Unibus connected to the KS10 system is located on the associated UBA.
As shown in Figure A-3, it intercepts the following'requests or commands.

1. NPR requests received on the Unibus
2. 170 read/write commands (to Unibus register addresses) received on the KS10 bus
3. Interrupt vector read commands received on the KS10 bus
UNIBUS
ARBITRATOR
(IN UBA) GRANT UNIBUS TO
A IB
NPR REQ (UNIBUS) —»f — — — — - —> NPG DEVICE FOR DATA XFR
ADPTR UBA MASTER FOR
1/0 R/W REQ (KS10 BUS) — 84 — — — — * UBMSTR ) DATA XFR
BG GRANT UNIBUS TO
READ VECTOR (KS10BUS) —» — — — — 1T—P DEVICE FOR INT OP

MR-1642

Figure A-3 Arbitrator Inputs/Outputs

In response, and when enabled, the arbitrator resolves request/command priority. It then performs (or

allows) the Unibus priority arbitration required for the Unibus operation by asserting one of three
outputs as follows:

1.

NPG - Asserted and transmitted on the Unibus in response to a Unibus NPR data transfer
request. NPG signals the highest priority requesting device (the one nearest the UBA) that it
is the next Unibus master. The device first asserts SACK to acknowledge selection. (Bus
dialogue for NPR priority arbitration is shown in Figure A-4). If and when the Unibus is
inactive (BBSY A SSYNC = 0), the device then becomes bus master (by asserting BBSY)
and performs a data transfer. (Unibus dialogue during a data transfer is shown in Figure A-
5.) The arbitrator is disabled (ARB BUSY = 1) when it asserts NPG; it becomes enabled
again (ARB BUSY = 0) when the device negates SACK after becoming bus master. Thus,
the arbitrator is enabled to service any inputs while the NPR data transfer is in progress.

ADPTR UB MSTR - Asserted in response to a KS10 bus I/0 command if an NPR request
is not asserted (NPR request has higher priority) and if the Unibus is not already active.
This arbitrator output grants the Unibus to the UBA immediately (i.e., there is no Unibus
priority arbitration dialogue), and the UBA becomes bus master (asserts BBSY) and per-
forms a data transfer operation. The arbitrator is disabled when ADPTR UB MSTR is

asserted, and it is not enabled again until the end of the data transfer when SSYNC is gen-
erated by the responding device.
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NPR PRIORITY TRANSACTION

NPR (
: 1 )
UBA *NOTE:
DEVICE DEVICE NPG PASSED THROUGH
DEVICES NOT ASSERTING
~ ~ ~——"  NPR.
*NPG
UBA UNIBUS DEVICE
NPR t
) ; J
NPR
ARB ENABLED
NPG
NPG 1 SACK
N——
N
SACK 1
NPR |
p J
NPG |
I\

0\
DEVICE NEXT
BUS MASTER

J

;

DATA TRANSFER
(FIGURE A-5)

MR-1643

Figure A-4 NPR Priority Transaction

3. BG - Asserted in response to a KS10 bus vector read command when there is no NPR
request asserted, and (if the bus is inactive) when no KS10 bus I/0 command has been
received. (If the bus is active, an I/0 command is ignored by the arbitrator.) BG starts the
Unibus priority arbitration for an interrupt operation (as shown in Figure A-6) by asserting
a BG level on the Unibus corresponding to the highest priority Unibus BR level asserted by
a device. (A BR level, by asserting a PI REQ on the KS10 bus, is what has caused the read
vector command to be issued in the first place.) Similar to NPG, the BG level signals the
highest priority requesting device (the one nearest the UBA) that it is the next bus master.
The device first acknowledges selection by asserting SACK. If and when the bus is inactive,
the device then becomes bus master (by asserting BBSY) and transfers the interrupt vector
over the Unibus. The arbitrator is disabled when it asserts BG, and it remains disabled for
the entire vector transfer; that is, until SSYNC is generated by the UBA at the end of the
Unibus operation.
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DATO/DATOB

DATA TRANSFER

UBA
(MASTER)

DATI

UBA IS UNIBUS MASTER

DURING 1/O OPERATIONS

UBA

KS10 1/0 R/W REQ

ARB ENABLED A NO NPR REQ

DEVICE UBA
(SLAVE)

(SLAVE)

DATO/DATOB

DEVICE
(MASTER)

DEVICE IS UNIBUS MASTER
DURING NPR OPERATIONS

UNIBUS

NPR OPERATION
(FIGURE A-4)

MASTER BBSY A SSYNC =0 SLAVE
) s —
BBSY
BBSY * I\ |_ _
ADDRESS/CONTROL 1
DATA (IF DATO) 1 MSYNC
SACK (IF NPR OP) |
\
SSYNC t
DATA (IF DATI) ¢
_J
MSYNC |
BBSY |

ADDRESS/CONTROL |
DATA (IF laATO) +

Figure A-5 Data Transfer
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INTERRUPT OPERATION

BRN o
I : I )
UBA *NOTE:
DEVICE DEVICE BGN PASSED THROUGH
DEVICES NOT ASSERTING
BRN.
*BGN
UBA UNIBUS DEVICE
BRN 1
,
p -
PI REQ (KS10 BUS) 1
)
KS10 RD VECTOR REQ
h— > D)
BBSY A SSYNC =0
p J BBSY A SYNC #0
NO 1/0 R/W REQ
BRN
ARB ENABLED A NO NPR REQ
BGN
BGN 1 SACK
o BBSY )
INTR SACK 1
BR |
SSYNC
w,
p -
BGN |
(.
> N\
BBSY A SSYNC =0
L\
N
BBSY 1
SACK |
INTR 1
VECTOR 1
J
-
SSYNC t
.
\
INTR |
VECTOR |
BBSY |
Y,
SSYNC |
MR-1645
Figure A-6 Interrupt Operation
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