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About This Manual

The HASSLY CPU Megule Dechriioe!l Mgdnal documants the nctiooald,
pé:}-sicnj, ani smAaronmoents! chipraciessiics of the BLAGR-AA CFLU maedule,
end inchadies inferration an e M5650 memory oxpansion modoles. The
marnyd alse covees the KARRICEA UFL module, desiened for wonkstaklon
usape, Tha KAGMLDA is incHonally cquivalent b the FARRD-AS, excepl
theat it does not muport soodteecr VAS and LTTRTY oparaing spstain
ficansas,

This document s intended o a deslan enginecr oc app]ite"tiaw;
progrumanet wha s familiar with Digiel's ewtenizled Lsl1] bus {U023-ba)
and the WAX Sastrpctinn sel. The manual siould b sscd along with the WAY
Architertre Refrrence Mansel a5 a programmen’s cefereoce tr Phe et

Lhe manual i diwldes Intn frar chaptecs ana four appendices.

Chapter 1, Dverview, Intoduces the ¥A8M-AA MicroWAR CPLD modude
ard WFAEN menomr modueles, inchuding module featy res aaed specdicsnnn .
Chapter 2, Ingkallation and Confguntion, deaciibes the instaiiotion and
configumtion of e FAGEN-A 4 and M3A5U modules o 023l haciplanes
and gystem enclpsures.

Chapter 3, Architechore, doscribaes bhe [CARRE-2 A megislers, instruckion aat,
and rETory.

Snaptar 2, Firmwsre, duscnbes the enirgidizpatch code, boat :11?;'.n-atin:=..
device ppoting segrence, consile Glogram,. and cotaolz conunads

Appendix A, KAKSG-AA Bpovifications, descnbes the vhisical, electiical
and environomernital spociiicativng fur the KARSN A TPU madoje.

A :'_.l;'ilI:r'I:]I.l': 7, Adidrean As-al;e_,nr:*.enks, Luowides a map RIS § PRI ST,

sppendiv L, Q72-boa Specificatioe, describes iba low-end member of
Thgital's bua feoily. Al of Ligdal’s microenmpuiers. sueh as the MicrsVAX
I Mierod a2l U, Miceob'n X 3300, ATcreW AL 3nlk), and LicroP =11, sisc the
22-bus,

Appendix T3 Acvonyms, provides & list of the actonymne wsed in this manual,

=y
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Convenllons
Tl tollowing mble Lawe the comeenticns esed inthis maneal.

Couvanilan Kraning

R H = Rerrescats o bl dleld, e set of Wnss, aor signats,
raraging from « throupgh v Fog ezangele, 165 <74
indicaies bits 7 thriagh 4= gracral putpose

Lepasler KU
[siv] Represents a range o bytez, drcm ¢ thnmgh -,
o U A Tkl enciozad UL a box reproesents akey foaglly

a wam el oF speciat characles bey) e the kevbnard
i i casr, [he carisge veluon ke,

Mote Conbzing wpneral infoematlan,
Cautlon Clomtping irformatlon (0 peavest damage o
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Heiated Documeands

The fullwing documents relaled in the KAS5F JI'L arc avadleble {rom
Trgital,

Mivrnouzaputer Inlerfaocs Fland ook FR-200 7340
Miceinvmpaters nnd Merocles Handieok FR-1B45]-20
Yakx Architertume Handhoal: I7B- TisSHLL M0
YAR-11 Architen ture Reforenoe Manual EE-VANAE-TM

Tou cant order these dociments From:
LDeritel Equipment Corparatlan
Avrredsodies and Supplies Groop
F.r Bow 52003
Iasghua, IWH 05051

Abtention: Dooenenlation Prochcts



Chapter 1
Civerview

= e——

This chapler provicdey o brief v mtere b the EARLE-A A UPD moduie and
‘LTSFr.ﬂ] TIRSICITY mccudee.

i.1 FABED-2A Ceontral Processar Moduie

The EASER-AA 13 2 qead-height VaK processor module for the Q0E-bus,
alas known ns ﬂ-l,_ pateraded TAT-1 bas. The KAST-AM i designed fur
nse in high sprod, cesl time aoplicaticns and fer me utuosur, rnulhhﬁ-hny
CRLLEITE h:;- The KAGRHI-AAL J"-f‘i“l]‘-"l:‘tl.“ o teee-level Cache D makimiee

':""I;'I"‘h.'\ll' At

The KARIG-AA CPL module anvd W50 memory modules conbioe to torm
& WAY (TP momnory seosysbers thal nzes lhe O22-Tua to comumunicor: with
WAsE STOTERE and TN0 devless, The EASSI-AM anct dS630 mgdoloy e
mpnrted in stondard G22-bus backplane slota that plersent the T2 D
in the A rewes o bhe CT inlereoomect in the CLveaers, A single FOARST AA
cen suppaT g b Four MSAM modides. §F cnough 022 bus b ckplane
sloty are jrvaliallae

The HAEN-2A communicates s7iih thy conscle devics via tha FEIOURSA
CPL cowrt panel, which ala: containg condiguraiiog switcher g an LEI2
display.
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Z Clveniew

Fagure 1 1 eleows the ¥A03M-AA CIU maodole,

Flgure 1-1 KAGSD-A4 DL Moduie



Crarvigys 3

Fimua 1-2 shaws the ajor duncional blocks of the KASF-AA CRL
mcedy e,

t:- = -
| g .
=T P hii
A CH LA LL ] I‘ IJI-I'I.II:2

ey ‘\[ . .
[ m—— L ._.,-..._-,_m__,__ F_ . [ _i
PR U TT TS { |‘ | j LI | ; A | w1

A2 BEIT A p—— -| . " Kr .

Figura 1-2 #ABSD-AA BHoCk Dlagram
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Flaure 1 % showes Lhe system lavel Blocd: diapram.
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L mal LW ML IF 7 WTPPETLHET ™ | =P |
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b SRl LR, L L Y R D P ST A

IRV alb ik .

Figura 1-3 Syetem Lewval Block Diagram
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1.2 Clock Functions

Al Slock functons are mplemenied Ty the VAR eloek chip. The
CVAR clock chip s o dd-pis CFRUTTARY susface mound chip ihat coulaine
acprecamateky A50 frangistars, aed F_:lfl:t-'ir‘lﬁs- ihe I':‘:-'ﬁ-:'--.-'p'i.I1.'El lunctons.

= {renetaies hwo M5 clocka for tha CL'L . the Floative point aocelecslor,
and e main memory consbolior

*  Lenzrrtea throe auxiliany clocks for otbar miscelfeeons TTT. Ingic.

¢  Sunchronizes resct simwal for the CFU, the Plostiag pind accelerator,
and the maln menory contralier,

+  Avneheonizes data ready and dala erar signale for the (U, Hoaiing
point acceleratar, and the smaln maangey conirmdiear,

1.3 Gentral Processing Unit

The cential processing umt is impizmenicd by the CvAX chip The TWAR
chip containg spproxionarcly 180,060 onsistors in an 84 pin CRROTTAT
suarkiag o Feecsl ik packaze. 7 oachieves a M us mlcrocycks and a 1B ne bas
el ab an aperating frequsncy of 22 MHz. Tae (VAX chip supporte foll
WAK muinpsy managamenl and & 4 gigaleie vivhal addiess spoce

Tive (AN chip containg sl ¥aX viable geavsal purpose reglslers (GFRs),
saveral ayatem reginters (MEBLE, CADK, SCBDR), the frstdevel caclie {1
Khwte), and all memery meragencnt heodwore incinding o 2F entry
franalation hatisr.

The TWAX chlps provides the followring functinna.

¢ Fetches all Y AX inslzwctivns,

»  Hueomibes 1H1 VA inalnactione.

e Aasiate in the execution of 21 additiona] ingteuctlons.
» Passes 7i Moathig-point instucthons o the CFFA hip.

The re-n},.mrqr{_r' I VAKX insmchons |:'i11r;| |,1-:_|i||g H nl}&liﬂ'g_al'ld ke ot d] gk
be cmunlaked in macrocode,
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The CTVAY chip provides the foilvwing subset of The VAKX data types
*  Pyle

= TWaoad

& Lomgnsorsd

a  Cpaghwend

»  Characker string

v Varabde fength bii ficld

Sipport Tor the remaining VAR daba types can be provided by meceocpon
= A L.

1.4 Finating-Point Acceiarator

The Aowtng-ruict peoclesstar is Ieplamenied by the CEPA chip  The
LA Chip conlaing approximately U000 trangistors o2 A8 pn CEROTIAL
surface inounl package. It creouter 7O flgating-poind insoucions. The
CEFA chip receives epoode informiation fram the TVAX chip, and roorives
aperands clirsctly Fism remory e from the CVAX chip, The foating gt
oeaulk is abways celurnad b ke VA chip,

1.5 Cache Memory

The EAGSD-AA moduls incnrprTates a horo-level cache ta axiiniee CTTE
pedformanc.

e firsl-laved cache is yplemented within the CVAX chip. The fest-level
cache i a1 Kby, b way sssocialive, woibe thaocugh cache momesy, with
o #0 1w oycle brne

The secoanddevel carhie is implemented voing 16 1 Dy & il stedic RART=.
The second-level cache i3 a 64 j;l'.hl_-.}rtq:-. reek n:a;:l[.l:—:u:‘]_. werlis ”.'H"ﬂ'lls.].'l. cache
ey, with a 180 ne eyrche tione fur longueerd Wanslars, and 28] ma oFele
bieree Tor quacdword ranafera.
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1.6 Memory Coniroller

The maine recmoey controller §5 implemonied L'ljf p WVidl chip called e
CRCTTL. The CMOT L conteing apprusimmately 25,000 transistora in s §71-
pin CERQUAD surface maunt pac &..gl' i stpporta 11? Fo (54 bllnrtes of BOIC
memury, with 2 330 ns cyeie tma Tor longeesrd branstzes and o 730 as orcle
the bo quatiword trans Fara. Tlls ey Sides on gne to foar MS5650

ey medhucs, depending o lhe sysiem confloamation. The & 5a56
mowdules comomunicnde with the KABTIEAA through e BSATO mannn;
irtercinnest, which utilizes the 12 interconnect and & 50-pin ribbon calde,

1.7 MleraWAX System Support Funclions

oyEtmosuppont bmcbona are implainecied by the cestem sepport chip
iF5C), The 590 chip rontains spprocdmatal 83,000 rensiabars Inoan 6.
pin TRRCATAT sodisce paount package. Tie S50 provides conande and
poor code aupporl funclons, cpatating sestons _'|_|1'||'_:-|_|:|_'|_' tunclionz, Hraers,
and many extra [eahues. including the fallisang,

* Word-wice RO enpacking

= Ehyte batterr bicked-up 1AM

v Mkt wfdmtion logic

*  Console secial line

* Tuterez| timer with 10 ms internepty

o VA atnedard dma of Fear [T clock with 2upepiedt fer battery back-up
v IOELSLY registor

*  Prozcuomable DAL bus hmeout

*  Twn programmarle bomers simitar 0 fenction to the YA atendard
interyal thmer

= A regizier v mﬁtmrl'mg'thr diagnostic LEDs
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1.8 Pesident Firmwars

The resident Frmware conaists of 128 Whytes of i6 bitawide LOR, locited
an twn 27512 FPROMe  The frmwars galna control whon the precagsor
halts, and contalus programy that prrovlde the foliowing services.

« Poard initinkizativn
s TPower-up sclitesting of the FASERAA and 25651 modules
+ Emuloticn of & sabael of the VAX standard consale (autoanatic’oanual

boastrap, autemadicimannal reatoet, end & simple ommand jangeage
For oxmmining/altering the state of the procasgor)

«  Booting from supported (22-bus devices
& Multalingual capability

1.9 22-hus interface

The C¥22-bue intorface it implamented by the SORTC chip. The CUOBIC chip
containg approsimately 1,370 ransistors in g 132-pin CERQU AL suriace
moont package. IF supporty up to Ta-word, block mode tansfers bebeaan
a (122bus DA device and maln memory, acd up fe 2 weoed, Dlack moada
tranafers behveen the CPV and Q22-mie devizes. The UL-bus interiace
contains the follawing.

= A Lb-entry ovap cache for the 8, 192-entry, main memory-tesidunt scatier.
gather map, waed Ior teanclating 22-0dt Q22-bua addresscy inte 2okt
mdin memory addroussey

e Tnlerupt arhitekion fogic thal cecoppizes J23-bus internupl requests
ERY-Hitd

= [)E2-has fermination (24 N

1.10 M3650-2A FMemory Modules

The MGH3D-AA memary madules are & blyte, 430 ne. 35-T0t wlde arrags
{3&Axi data an F-bit i_'.'[-_}"'\_-l\.} implernanted with 256 Kbgtos of dpnamic FAMa
it ¥ \g-eag indine packages {210%). BISAGEAL meomery hrodiles are 2ingle,
gusd height, 22 bue modules, a3 showm in Fymare 1-4,
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1.11 MEESC-BA Memory Modules

The MA6E01-BA memory modales ara 16 Mbyte. 450 ns, 3%-bit wids savs
(32-hit daia and F-bI ECC) Implemented with 1 Mioste dymemic EAM: in
surface-mount packages  BASIAIFE A memory modilee are single, ruad-
helgit, (322-bua modules, ra ahawn in Ligure 1-4.

2K

Figuta i—4 MS3BE0-A5 amnd MSBEA-EA Memory Modules



LGhapter 2
Installation and Configuration

This rlapier depcribea hows ioinstall the KAGID-AA 1 a systenn, The chagdar
discurses the todowng topics.

»  Instadiing the KAGSD-AZA

o Configaring the KAGH A4

¢ KABSD AL connaectors

v LT comeer paniet

o Condipoeiation boasd

o Cumpatible system enciosgres

2.1 Instaliing the KAS50-AA

The WAARDA A and WMSAST modalaa st be netated in system enclasuces
having Q22 bl hackpiane slota. These modules are oot compatiiie
welilt (G} backpiane siots, and therctor: shuuld only be lnalalled in (322
buafZD backplans slots.

The XAHS-AA TP modele ot be jpstalled tnosion 1 of the (222 -buat 1
hackplane. {See lijmwe 2-10 MSeIH memory modules mwust be nstalled
in alels immediately d-l'.ij.-l"'-l.""l. to the CFU modwlie.  Up 1o fonr WSS
moedstes cai Teinztailed, ooopydng alets 23,4 and & respectivety. A Gll-pin
fbivcn cable in used to connect the KAGSE A4 TP sodule and the MG
memory wedulela), as shown in Figlrs 222



insigiigtion end Configuration

" o r L

sLaTe A Ih":ll':\'.;.l'\-i.r.tl.'l (e YAz A LR
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Fiura 2-1 CPU and Memory Module Placemant

KAl A
L LRURODULE
-

A )
REHGTY - —
nOZL TR

R

Nk KOULE

B lan i

Figuia 2-1 Gable Connestlony



instalbetlon and Corfigurdton 135

2.2 Configuring the KABS0-AA

The following parameters musl be configured cn the TARSR A M

t Powseup moeds

v Break enable certicin

«  Olenaole serial lne bond rate

lheae pacawmectera are conligured wzing eillier Uhe TG00 34 P cower

pammiel,ar the KARIMI T contigaretion board (for servachyg /lreublesiuont g
and custorm enclosuares),

2.3 KAGRO-AA Connectors

ite FAGLT- AR uses threr connectors (11, j2, and |35 and four rawes of
mraduale ﬁJ‘lgE'L'H AT, awd I 49 ciommieeis ate with the console demsice,
main memocy, and the R2-Bug. Uzers <an conlgoee The FARRD A2
Mirough the AREHLSA C1'U cover panel or the EAGENCNT mnl]gu.mlir-n
beord.  The slot placweds an The Tngees ol Bhe KABSLAA wre igtedd ip
Ap]_l#:n:li'\-.' i

The arientatlon of connecters |1, 32 and 35, and the LED iadicalors is siiwen
in Figure 2.3,

=
H
o

ESEEPRRCIEETIE) I Bt N G T I A AT

Ll ¢ et T Ll 'R K

[EIETCN )
—1da

Figure 3-3 KASSD-A8 Pln and LFL Orlantalion

2.2.7 Console SLI Connector (47)

The 19-0iIn comaole 5L eammecior providas the ceoneelion bebgeen the
ARSI WY and the conaale Terminal. T s conrscled 3o e asiile of Hhe
H3AM 34 UL cover mirse | By a2 10- v:-:nuun:'t':l:[ catde, of divectly B conneclor
T3 of the ARV cond seurativm | i soard A cable brom the octside of the
rT"‘-I 52 P ereesr .l.im:'l ot |1 ot bl 1o ARSI S 'F.I-\,,I'Il'_l-!'ll_'ﬂ the esrormal
eoMnecion to e coneola lerminal Talile 2.1 lids Tl praaonls=,
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Table -1 Conacls 5L Connecdar {.11] Pinauta

Tine Hignal fTeamnlng

ni Lraka beserdnal ceady

n? GMI Srour:d

0 BELLCGIT T Censoic SLU autpaal from Lhe FAGH]-A A
i L Greup:d

0 il Ciramd

[ Eenw (nan i)

7 SLU I + Caomesle SLL) differential isputs to the
) G, - Ea A A b

LI L Lirmind

i +1EW Mazed - 1 walrs

2.3.2 Configuration and Display Connector {J2)

The KAG0AAA bas no jumper or switch settinge to chenge or act. The
madule iz confipuregl vip switches onoan tI-!E:[IIB-IS;'i CFL) comeer ponel, or
a KASINCMNF configunstion board,  The 20 pin configunstiors amd disglay
conneckor 35 conected o the inaide ol the EPS3GUASA CI'DY comrer el
by a Ml-conductor cable. or divectly to comnector [2 of the KAGIGCNT
cuntiparation bonnd. Table 2 2 fisty [2 pinouts.

Teble 2-2 _Cenfiguration and Display Connector {42} Pinouls

Fin” Sigital Menndc

i T g

02 L Larcmimid

a3 Ly Carernel

i3 CF L L L U coine =0T am =0 Tiis 2B e van be

Lk CUu L L custEaared v by wsdnge sawitcies T oand Boon phe

FadabitMF condippeailos boand, {Soc Flguee 227
CPU code <0500 conlizuralion

[ Manmel apcrelios

[ Regmgd

“Tive KAEE-AS mupdule fwa 17 kool po it pesisoes bon Pl 3 jeged sz als dpine A ad
N TE ool TR moet 13 B 1]
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Tadle 2-2 iCont} Corfiguralion and Cizglay Connecior 02} Plnayts

Tn"

Lk
i
1P
11

Sigmal

STk

AGPEONT.
MSPE.CrT.
DRPL ]
1ML 05 1.

BTRY WO
M

Pl FHEN
R N L

Bitlk [ L

I'l.lTl_:rmlng

11 Eesoieed

11 Eroserreid

L) coacde <2107 2000 2 15 mend 'I'l}: safrweare From Lthe
E1HL.

i the CIU disribution panel insett i5 ozed, ne
Coluesiiine ace Fuaile b pimikhe 4 a1d 3o In thed anee,
figaal bevels are vegated by pull up tedsturs on the
Crourd

Dlgpley roglaier Dl <0300 Wlen asseeled eaciy
af Lhese (our gulpal stpnala dehilz 4 cocrespending
LEZ an the modulc,

IFEPT. A= pre ssaethod o bor powser-up and
h}' the nrﬁntin:n nf TH_ (YK whoen the FTICTARGT 1z
halied, Thew ore updaied by booi and dlagnoet e
FrCIETATS fiorm the ROR,

Baltary back-up voltagge dor V0T ok

Groeqingd

Tt and dlsgnoelic oone <0000, Thie 2-bIv cocde
indicptes moweew-up teegde, ard i Toad by seflvearc
from the BOR.

Bruak anabie, Tl 'in.]-.n:l‘. .'l.-'llﬂ,'l'n'ﬂ ceimtTuls the YIERTAL
10 A exleinal ball concditizan. I HRE BB ik asserked
Lo, e Be KABSE-AS halle ae eoters e
cofeale program If ans of the [ollovelmp ocoae,

= The prepram execules a hali lnsleiclloa e
Terrmr? Tnind-

* Ll camsnle deterts 2 break charactr-

= Clhe b ball line ix asmeted

I BRE EME iz negaied {high), then by balt Fos and
Tucek chacacler ace leosrod and the BON progzam
reaponde Le e bell dasteccilon by resiarilng or
mohpating Lhe spetera, FIRE EMT L2 cesd B soflware
Teown Lhe BOE,

"The MIE;WM .'L-.-'.'ﬂ.l.rL*.-. ]I.-'."l ':l...'-' |.-' :':l;.r.-'!.':LJ.J_{'.}.'- -:|:|.'.5:|-s;:|.:-;r-:- I:':-:r I:I.'L'E i;.'||:l:|.|.1. 'rl.;.!,:l':n.-: ‘pins 4 ard
5 13 thraveh 15, ard 17 throegh D90



1&  Instellerion end Configuration

Talls 2-2 {Tend.] Configuration and Display Connaclor [J2) Plirous
Fin® Giwoal Mueaikiilg

1e G0 Grouzd

17 CSPR G2 L Comaoic baud vale <200z, Theso s blis

1B {SRR 0 T arg mn”f.l_‘l'{'ﬂ h_l,-' |_lg|n5 el Moy the Tand rale

Ik (SR G e b wivdtih ocn the HWIEYS S UL cover panel, ur
saitches 2, 5 and A et the KAGKICI T vonfigaratinn
Isnaztd.

ot -ay Iraseni -3 wnlts

;‘Ttil'.k.‘:'l.ﬁbi:' "..".m-:.l.'ll. b 4.7 k plun pull wp swisters for the E ol sigoads dpiee 4 ol
5. 13 tiereegle 1S, and 1 shroogh 18

2.2.3 Memory Expansion Connector {J35}

The Bi-1HT remory expansiaon conmecint provides the intectaca bakvaan
The FLAGDN-AA and MSART mermnry modiies ingtalled inalets 2,3, 4 and 5
ob o Q22-bus backplane conmining the CEY invercormedt. Table 1-3 lizts |}
pracsks,

Tehle 2-2 Memory Exparsipn Connegtor (13 Fimouts

Hin Sigmal Bin Sigoal
ol GRL 25 L panvin H
a2 DMDoH 7 ST
s i AOS FT e ERELCRNE
4 L MOT H i D MOIR H
Uk il ] L rany H
Lz CMbeH EH L

¥ O kDS H 3 [l H
na DrOdH L [ b2z H
L [yrID2H Bl D w24 H
1 MO LI LMD H
1 LM H 4 S
il Ly ALY H w D sk H
13 [+ MM H ] DD H

14 T+ kT3 FT M M ir
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Table 2-% (Cont.}  Memary Expansion Coanegior (13} PInourg

Fin  Signai Fin  Segnal

13 CMTr 4] [R5 H
th NRDIETT 41 il

Iy TAMTATRT £7 [ pA 27 Fi
& i3 EATG [ 1R
14 MRS H 44 MR
x L3™T* i3 DRIG2TT
Ly (RRCIRIERS 34 M

ey TIRIETT 47 O bl Az 0T
3 [y rAr2 H Aa M RATEIZ F
A4 LR LR i LT H
1 L Wl H Lo

L pdled H

2.4 HIe00-5A CPU Cover Panzl

The HIAMF-SA CTL covar pane] iz a spacial TO paee] thal iz pzed e BAZTS
enclosures, A ong-piece nbibon cpble co the BIEHLSA CTMT cover panel
plugs intothe cepsole 3TIT and hpud mite canmectars oa e KA AL, The
HAND-534 CTU erever panal fis nver Packpfane slete 1 and 2, eowerlng bogh
ihe EARR-Aa LU module and the frst of [owr possible MSGH0 memore
m:ocdnleca.

The HIEON-54 TP 2over pane] (see Fipare 2.0 Includes the fzaluess and
conleals apecilled in Table 2.1,

Taple 2-4 HIEONT-54 CPU Covar Panal Foealures and Conleals

Chatziedn Trebde

Mool meoddular jack (Bd]) SLU Bawd rale rolary swlich

ek FTET W

'F'q::-w:r-up e swikehk 'I"Igll;_'q' '!'l|:u:_~'|-.'-|_1jj unil (GO for TOY clock
Hex LED ddisplay Ligt u haudt tade switch setbings

Braal evable g lieh d0-plrn cablbe conweclor
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2.5 KABIOCNF Coniiguraticn Board

A BAGMICNT condiguration bosed (D1R268-00 {aue Pigore 2-5, Phgeee 2-0,
eitd Figurs 2 7] is provided with wach KASIU-AA. e WABIDTRT plups
divoctly inte covmectzs |7 oand 2 oen the AR AA U allowz the veer in
cunfieere the KAGED AA by setting ihe 1) awilches on 5WI1 as Tisled In
loble 2-8.

Cameetor 1105 used b connscl o caldle e he ernaole 51 Conaactor [4
w for a HBL, The i prir clowest b cpnnector Tl s the |‘.':'_|:-‘:ili'.-'l.=' |:3i|1.
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Figura 2-7 KABIOCNF J1 and J4 Pin Crientation



20 Mmztalletlon end Sonflguration

Tahis =% KAGIOSMF Swilich Selerilons

SwitehSatding Mo Fresctios

1 Hait kade

N Crlastlod B
{in Fnablegd

2 3 E | Canaele Baud Wate B
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iin Lf 13+ Al
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i i Bl 2,.40n
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1Zn (m)) S 9.&00

0 S i 1 210

m [In fin =0 A

& 6 g 10 Pawer-Up Sode” o
-UI[ s i g Maeial operalisn. Tmmmél_lae_cr.;gle?i.__.

Eesmadv Jio Coowested.

Cir L) 2 iy Lavestagz Irngquloy mede Traosmdl Une
conncslod, Foocher Hne conngsied,

L5 [T LIF Thn Doprbaci Lost miedes fmammeaprerl. Teanamiy
lire vorineoed b e edve T aced conwesale,

L iy . (e ) Manufacturiag uge cply. Qvnasses mernary 122,
3 8 M) Gpesstion Mode

T 2 Fezrazial cperating

i it Pz pul

.Iu
Lo ok 1m0 any athor seibags (e s dbchea o o0 9 s L
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Tekk 2=5 (Comi.) KABIMICNF Switen Salnctions

Switch!Settng fode! Functhoe

7 F CPU Operation Mode

Elﬁ_ Un Reserved o d
i S Femerred

Table Z-i Bars the grins an the AGSI-AS |2 and J1, and the corespon:in
KASIGE INE conmectors and sivliehes on W1 Mede thal cormetors |2 aned
!5 both have more connectorz than there are ping on the coreespanding
WABM-AA connector. The tero 198 and Do eigh! side cnnnectpes mn 72 and
13 of the KASSOCME pre snused. Fwitches | througn & on SWIaet vialies
that enable o1 disable halts; and deteimine CPL operatinn mode, power-up
mgde, and consele toud mre. SV ewitcher 2 aad (0 conrect manamli and
raceive Hues ad reguired For aormal operation or loopbock besting,

Tebla 2-8 KABIGCHF ﬂ:xnn_g_z_tm and Swlichea

LT 5%
CFUBIFin  Sigaal CHEJEFia  Selbch CNE [ Pln
_____ : — ]
T
1 CiMLY 3
ki GMI a
3 WM &
k] CPLCRn L [ T
5 ClU CDL L 7 u
i oD 3
T DREPL I
i LR 11
2 DSFL &2 L 11
o BTRY WiCC 12 1"

s e ———

25 dpean PRU to TOY clock chip on COU
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Tairlo 2-8 (Cont.} KABIOCNF Conneclor and Switches

ChE 5wl
LPU 2 Fin Slgnei CNF JZ Fin Switch CHPJa Bin
1 TSP, 05 1 13
12 M0 14
13 AN, M R 1 &
14 (| RLA S 15 B
13 BRK EMBE L 17 1
1 GHD 16
17 CSBR G2 L 9 i
18 CERER 1T &l 3
1% CERE 20T 1 4
Fi, FE N L
3
i
- o CMF &1 i
L J1 Fin Signal CHF 13 Flm Swyhich T gllr'_if._ L
. -
2
1 OTER 3
2 it 1 24549
3 SLLOLT L 5 1 3
1 D f L4579
a LML 7 2.4, 5
Ky 40w 3 5
SLL LN - 3 7

L =1 Sn

AL [y - M @
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Tebfa 2-6 {Cani.} KASIDCMF Connechor et Swilclioea

HE W
TP T M Fgnnl CME )3 Mn Ewitch CME 1T Fin
9 L ] 11 248579
gt +12 W 1 I
13
id -

2.5 CTompatibie System Enclosures
The FAp3) &As 58 c_'r_:lr.'npi!ﬂh]le' by Bl F-i_1l!|,}1.~.'||"|g ﬂigitﬁ.] erefigorres,

BaZT3

The BATS contains 2 ¢ row Ly 12 oot bockplane, with the £22-buas
inplomentad in the AJE roars of 3lods 1 through 12, Vhe C11 intercoanect
i implemenied in e TTF rewes of gloks 1 throogh T, allewdng up to foor
mgmany maclules i be used, The BAZ1S has moanling space 100 0 k2
faur 132 cr {325 Gw) mads alnrage devloes, The BAZLS is equlpped with
boenn machiiar power supplies. Bach poseet supoly delivar 700A (maxtimuin)
al =12 Ve and 3400 A dnaedrereem] st 45 Yoo, The comcined maxioem
currant b <12 Vdo and -5 Ve maet not exceed 230 W ol mower Lor zach
SUpFply.

BAI2A-A

The BAILE-A conlains a 4 rowr by 12 glol beckplane, with the 322-bas
pnplementad [n the ARG roee of sleie bihroogh 12 fend the €400 emve of
flglz 5 ikeomagh 125 Tha (T inerconnect I= Implemented in the CTF rows
of zinis 1 throwgh 4, aliosving wp to thiee memory modabea to be used.
The BA123-4 has mounling epace Doz up to fe 13 2 con 45.25 inchey) mass
storpge devdces. The LALZS-A js cquipped with & poeeer suppiv that incledeas
& mogicr console and bee repuintens that cach proside 20 A @b + 5V end ?
Aat +12 v Total power from epch copulatar most not exceen 230 W
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BAZ:-A

The DAXEA coniails a 4 1or 1:,'1.- H elot hackpianz. with the Q22-Es
implamented in the AME rows o slote T throogh & fangd Hie T2 sowe of
aiota & through B) The CL inkercennect i -lrlr'fh-*n'ﬂtﬁc] in Lhve T ponees
of slals T fheragh 3, allow!ng Uy Lo lara mmmrn; madules o be zaed. Ihe
BAZZ A has mapnting spacs for up e e L2 oo G528 inch! mas2 aotzge
dewvipe:, The BAZT & g a-*qulrppd wilh a powei supply Lhal includes & master
cansale and provides 26 4 a1l +5 Vaud 7 A4 ar 10 V. Totrk power avdst
v e 23000

The EAZ3Z-A is also available in an HY6&3: cabinet. which providos cight
additional bkaskplane slors ond space for hea 265 o {1003 inches) mass
starage devices,

Bali-5

The BAll-5 comtaing a 3 row 1"‘r' F slat bockplene, whith the Q22
Imiglemented i the AR ripes 1 dlals 1 theoogh 9. 'T] e [0 Intetconnect
12 mml-ﬁn‘mnlﬁ-ﬁ in the C/T sewes of slole § lt‘rm:gb 4, allonwing up to four
mesnory mocaigs io be aied, The BATLR iz equinped with a povrer ql.:p"l};
that iucludes a muaster console and providaa 26 A an -3 ¥ ool 504 ak + 12
V. Tutal posvar muel nel excead Z30F Wy,



Chaptar 3
Architecture

Thiz chapdes degeribes tie KABSRAN vexictors,  nsteodion sed, and
memary. The chapter covers the followimg KARSD A A foprics.

= (lentrz] processor

*  Flnallng-point accelarntct

= Llaclhe memony

7 Mdain mermoady syslen
Cirngale.zarial Tine

» Titme ol year chock and imears
»  Boot and dingoeatic Facility

s 32k intovFace

3.1 KAGS50-AA Ceniral Processor

The renlial procesaor of the EoG3t- AN suppoects the Micro WAk Chip subset
{plos sin additional ating, instoactons) of the VAaX insteacting el aud dala
nrpes, ared fgll WAK pea[ny Tiin rr':ur.{:ﬂ;l'r:l.?l‘:t_ Tt ls il'r‘li:r'!E'.I'lF:]'lLEd. |.":," a Eli.l'lS!'E
V151 chigr calbed the (CVAX

4.1.1 Procazsar State

The procezaon siale sonsista of that poction of the state of o process witick i
glorad In proceasor regiatera meher thon in memary, The procesaorn siate is
amposed of fxleen ganeral purpnae registers (CIR), the procesor slalus
Tenguererd (PST), 2nd the Interna! processor rogistens (TFRy)

Monprlvileged acftorare can access the C1Rx and the processorn slatus wond
ils = 1n0= af the P50, The WH: and bite <5316 of the PEL can
aithr ke accessed b:,- prj_'l.rijﬂ_'gl;'d cyifhare. The TiTEs are -En:]_.‘lli{:il']_'_;f acoeasible
only by the mews o pracesacy register (MTPE) ond move fram prizcesser
register (RTFTTD inalfavlinms which «an be oexecnted anly while oaning in
frarrpal mapde.
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3.1.1.1 General Purnogse Raglsiers

The KASS0-Ad implements sideen geperal purrose registers as specified in
the VAKX Architectore Beforeree Mavae!, Vhese regrgters are wsed for bemporrey
stornge, as oooumudators, ond s bose and index registers for addressing,
These egisters ore denofed T theough T3, The Ttz of a repisder aes
numberod from B vipght 20> theough <30 > feae Figune 3273

SAMgusAg i e A ST TIRAITERNNS A S T 02T

L T T L]

d= 1K "

Flgure 3 1 General Purpose Agglster B Map

Cortaio of thivse cogisters higes bren pssigned special meaning by e %4 X
11 architechir:,

= RI5 I= the peogram connler (PO The PO contzing the addresy of the
aest Instruction Tyele ol The progran.

= Rid Iz ithe =ack pointer (ST The ST conlaing ke address of the top of
Ihe procedrnt dafined slack.

= K13 ir the frame pointer {FT}. The VAX-11 procedure call canvention
bullds & daia qmv_lule on Lthe stack calicd m sthcs oo, The TF contains
the address of the base of this deta droctare.

« RIZ i Al argunsent pointes (AT The VAXCTT procedurs call convenitanr
Gses 2 data steaclere calisad anagoseni Gzl The AP eenlains Lhe address
rtl the base of thiz dala alruchers.

Clonsull the VAX Arcpifecfire Faferenoe Maennl for oo docoeition oo the
operation aed nae of theae registers.

3.1.7.7 Processor Sratus Longword

The KAaA#l-as procossor atatna tomgpeerd (1350 i impleooented per the
VAKX Architonwie Referenc: Makoni, which shouatd be congulted for o detated
description ot the cperation ot this cegdster. Vhe P8 iy gaveal o the sheck
whem an :_-1;1.'_:_"|:-1'i4_;1'| o E.-l‘l'r_'rl'l_l[_:ll: ez anrd 1 senceed e Hee Jrbtese rovindranl
b 0 B amoa projcess cuniesl ol el Wile =7 Lwin = Imay 1»e arrecsard
by nonpreiviiaged sollveare, while bilz «221:16> may oaly br accessed o
privilaged aoltware. Processor initialization acts the P5L o 0418 QOG0 .
Flgire 3-2 shonwa e proceasor atama longeord bit map.
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ConTpaiflity moxde (08I Reads a6 w2co, Loading 2 1lne

this bt is o WO,

Trace pending {7F).

Timazsed . Ddnast he wrktem ds cen.

1irst part doie {BE1F.

Tlerrupl stack (350,

Crens made [CTIR),

Prevlous mode (FRY

Dauged. Rfpnl be wriiten as rome.

I'|1I|:~r1'|,||:'.-| !'-l'ir,l'ii_'g.r el [P}

Vansed. Biust be writben ag celo.

Declmat overllow: Lrep cnebile (M) Tlas e effect un
ECAESD-AM hardware. Can e osed by maciocedle which
emulaics VAY docimeal dmserucime.

Fimting nrdrrflgw fasalt enakide 1_|"|_-':-.

fnﬂ'gur exveaFicy trap enn bl [|'1-'}.

Tracr irap crinkle [T
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BPptp T Tralsbi by

=3 Fleszative Londitbms eags ().
=2= . Sere cumdiving pnde.

=1 Crverflire capbitioen Lisde 4000
=0 Carsy coaditim corde (0

NOTE: VAX commpand ialidy seed avshegtiode onfe fe eiivied g anieregode Gief
it eLnuadion alanmn vk D Ao s, A e O D G Aevee s

2.1.1.3 Inlarnz! Progezsor Ragislors

[he KASFD-AA intormal processor registers (IPRe) can be accessed by using,
the 2FEI and ATFR privileged instuctiona. Cach 'R fails inee one of the
follovwing seven citegoriva

1

=1

Iivplemented b FAGSE-AA jin the OWAX chip) as epecibicd in the VAX
Avphiftchiore Beferance Memarn

Implamented by KABDN-AA (in the S5 chapt ae spevified o the YAX
Architectyre Heference Mlunerl.

Impelemented by KAGI0-An fand all designz ther vsc the CWVAX chip)
emiguesly

Implementad by RAGSI-AA (and sl desizons #het vse the SSC chipy
unianely.

Mot inplamoented. tnved oul Ty the CTRAT, Taas Umeare in the 550 chip)
ateer 4 ps, Kead as mere. NOT on write.

Aocese et allowred: accesses reault in a reserved operand faolt

Aceeselble, Tt nok fullr mrplemented,  Accesses yield uopredictabie
meqalte.

Beter b Table 3-1 i1 e Jicting of each of the KAGRN-AA IFRR, alnng with g
Fnomanic, ite pocesa trpe (kead o wrile) and ils calegary mumber.
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Tehle 3-1 KAGHI-AA Internel Procesa: Ftﬂqiﬂl-ars

-

Trevimal  Hex  Heglaber Mozmooi Tvpe Cabegocy
i 0 Kernel yipelk: poirter ESL e 1

1 1 Exgcuillve stack poimier BSl e 1

2 2 Supereisor gtark prenler S5rF tha 1

3 3 1lzoT stk perinber 1sF Tha i

d a Iibecoup) slack pointer ESP w1
i3 75 Remeverl a

B # i base regleter PR e 1

o I lenvgth reglsiet THE riee 1

i A I"l ase reglsier TR Frve H

1 B 'L lengih reslster 1R dwe L
12 C Syatem base Tegister SBE nw o b
13 0 Syatemn Iength Tegisber SLE nw 1
15014 F:E  Tearrsed o
16 in Mrorvess samtred block base PCNT w1
W 11 Bpstermn contosl block bas SNE w1

1) 12 [nterrupt pricrity lesel 'L dw 10
19 i3 AST Iovsl ASTIVE re 11
20 14 Softwware Enterropt reguest SIRE wr 1

2 13 Sofresime interrapt sUdamary SISR e 1T
2 171G Feserved g

14 £:] Toterval vlock conlvallsl aivs 0% g 51"
5 14 Kel Lolerval cound WICR ¥ )
1A 4 Inlzrval vouni ICI 4 5
Y B Time of voer clork TOLE L
M 1iZ Corzale storage Tecznver rhatios Z5HRE w1
2 10 Conzgle srovage resrdves dala CSRD T ri N
1] IE {nesale storage Lansmll steios LT dw TI
M g et shorage banamil deta LETT w Tl
it il Comnzale revelyar conloeliatatuy EX{S e 4L
X 3 Crunsede recelvar data butfor RX[*B r al
M 22 Cuzede tcacsmll conlrollstetus TAOR dw 4L
35 23 Canesde transmit data buffer TA*B w ar
Ay 2d Trangipdan bofier dikalls TAOE thae 5

) 35 Carhe dizoble CADE the 3L
= 5 Marhine rheck ezior suosmary ML ESE Tha a

TThe: B oandacerben 1l L m{iisler e lmitlaieed an proeecwp wel e e oepeaiion of IR
wiremn v prowcysar i he 'l
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Tabie 3-7 {Cont.}] KASH0-AL internal Procesgsr Registars

Tracimal Hoxy  Reglale: "rir'mnmlc' T}'pe LCatgg ory
ag 27 Memary srslen esroc MEER sw AT
140 798 Resmved 3
-1z A4 Crrceile saved M DAV T 3
43 28 Corsmile saved 'L SANPEL g !
4144 2F2C jlesapied h
A A S Faulbebatus SHiFs v N
qa + SHI silo SHIS ] &
a0 32 5B silo compavatod SR1SC nw 5
,_.’]_ 35 SR =ainlengnoe SNisdT riiw =
a7 ) ST errov r:-E:I51q'r SIMER O 5
b e =i vimam address regisior HMT T &
34 K1d S guadweord clopr S w b
a5 ar WL Tmas resipt RESLET  w 1
) Ak Memnery mmanagemaut enable BAFERN w1
af an 1B dovwalidake all THA ¥ 1
ad A IW invalickate single B w 1
L 3B T8 dava TRDATA e b
Gl -1 dilerapropran boeak, MERE nw B
i1 an FPevformpng e momitet rmabla ThiR W 5
ad 3 Sustern idemitification Sl ¥ 1
0 2B reamsbaciun bufter chedk LHEHE  w 1
adeidy TR Resenved B

Tl :nﬂ'l-.'"i:.ﬂ that L’t" regedster s crekiclized an pavees wp and By Lhe nogataen af DECTE
wwhen the poncesi=ar 1= haleed,

Kess0-5A vAY Standard Inlarna! Pracassar Ragisiors

Ipternal procesaor togisters {EPEs) ihat ane implernented a= speciified in the
VAN Archrteciore Beference Moowal are ﬁ]ilHiFikfll- as cpteprnny L UM, The VAKX
Architertwre Refereroe Mamal shouid be consutted for dekails on the epembtion
argl vae of these registere, The eptegoce T oropisters Hubed b Tebste 3-7 s
zlan referencesd in olher seciinna of this manual.
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Tebls 3-2  Calagory Cne IPRs

Murnber Rq.;i!l:e:r EIsmonde Sectan

12 Srateny hiase reglater LB Terdion 11103
13 Svsiemn lengih register 511 Section 3.1.4.2
1% Frocesz conlrol leck hospe 1% BH Betium 313
1! Svatey conlegl block hase SO BH Sucbingy 31,53
1R Intrrrops prineity level u'L Seclben 3.1.5.1
o Sativeare nlprrupt reuuest SIER Barler 51501
1 SafwenTe nicrrpt sermiasty 11 ] Seclion 31,201
27 Tlrne of pear clock: ETHIT Bechiens 381
LA tamary anegemest cnabie AL Spekivn 3.7.7.2
Ly Translailon i Fles inealicdate ali THis Seetlican &.7.2.2
5H Hraislation Befee Javaldlaic slople TS Seeriom 50,47
oy Sueslern whenlificalion i Kpoction 3210

al Teanslallon Lol lor check I'He HE Seebion 301,902

KAG50.4A Dnigue intermul Processor Fagikiars

Intermal procesant registers (IP#e) that nee Implemoented weigoely on the
MARSE A& {inr exampla, those that arc not contained in, or de not olly
corfarm ba ke standards in the FAX Archifechor ?-:ﬁ*l'“lr'-* M)
clsstied ag calegery 2 1PR: and are described in detsit in fhis manoal.
Loy ber e seckinne Slsled in Table 3 3 iora description uf thowey registera,

Takie 3-3 ﬂﬂi-&_i!m'!,r Twa PRz

Wumnirer  [=pister Mngrironde  Ractom

2 Entemval clock conlrol'skalus Wiy Butinn 342
az Cnns’e rermiveT rynttnli st RES Secllon 25011
b C'rnzeds verwiver data bufeer EXL:0 Soclion 3,017
M Comeede branamit coanivelsiaius T®CS Soction 33,00
e ] Cymaede srmpeanit oads Deciaer XD Lorvion 3,3.1,4
ar onche disnble Ca o, Soclion 3026
an hMemaory oslom et X Lk [ Sepllon 3326
4r Conaoto sawod MO FETRA] Secllon LLE
4% Crmigeyo savexd P50 SAWET. Coclion 3,16

3R 1LY Faan messt IOHRFSET  Sertinn 37.5.8
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3.1.2 Data Types
The KARRR-A A CFLD 2uppoms the fellowring subsct of the YAX detm types.

o

#*

L

5

Evle

Word

Longword

Luadsrond

(Tharacter string
Variable lengtle bir ficld

uppott for the ceenoining YAX dati bypes can he provided sda maceocode

CENREQEEL,

31.1.3 insfruction Set

The FAGFD- AN CPL implementa the fullownng subset of fhe VAKX insteaction
aet bpesd In microcode.

*

-]

Integer arighmetic and loecal

Adidzoas

¥ariable length bit ticld

Crindend

Frocedure call

Bliscellanoous

e

Charagler sleing mowes (MOWER, MOWCE CMPCE T OMPCET
LEICOT, SOANCT, BPCT, and SEANCT
Lipecating ayatem suprot

F Nnating

L _Hoating:

Ti_MMnaling

" Thesme braboetiang sere i ke aciccmads agai =l calanesy &1 s RARNLAA [Vlrel Ax

11 s hiecsbore Liaed b by escaialwl,
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The KABI-AA CVAX chip provides spacial wniciocode aasiatance to aid the
rmackngnde enmiation of the fotlowing inskraction groups,

+ Cheracter atring (cxcopt MOVCE, MOVCS, CANPCR", CMIPCE",
LONC", SCANCT, SKEFCT, and SFANCT)

#  Trecimal sking
* RO
= EDTTFL

The inllowdng inatructon gronps are ot implemented, but may be 2 inulated
by macrocode.

»  Getaword

v Conpatlbility nude natrucions

3.1.4 Msmory Management

The KAGER-A44 implements ol ¥AX memory management as detined in
the VAN Anhitectiore Rr:fere.lcc Mo, Sewbern space addvesses are itually
mapped through aingte-level poge tabics, and prowéss space aidrestes are
wirtuaily mapped ihiough woin-Lirvel page wbles. Sew the VAY Archiectire
Hr‘_fn?.l‘""“n.ﬂ Mol for clescripbons of the virtual b phyeleal sddeess lranglating
process, and the feomet far VAKX page ialle enlies [FTEs).

3451 Trenslalian Buffer

To reduce the overhead a-g-uufiuled with ivenzlating wirival addresaze tn
phyvaiced acddresaes, the KAESH AA emoploys s T-entry, fully asaociaiva.
rrnnslativn buffer For cachinp VAN FIEe In modified form. Liach CTUTY Lanl
gture ¢ imodified PTE for translating virtunl addresses inoeiiher Fee VAN
process spaca, of VAKX ayatem apace. Tho fmnslation bufier i» flnshed
whUREVET P2 MaTyT .nanagement is enabled or disabled for exomple, by
writez b0 TR 55), any page lable base or lengih togisters ane mmaclified I:_fl'_I
exanipic, by writes to TFRs 290 130 and by waiting to lFR 57 (PBLA) e iFR
v gl‘_‘-‘:]
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Fack entry is divided fnin bwo paies: 8 23-bit tag register aimd o 31 hit FTE
vegister. The lag repister i3 vaed o sters the wiilual page pember (VT
al the wirtal page that ihe comcsponding PTE register vepa. The FIE
rugiater #finas iha 21-bit ME ficld, the PTE Thit, the FTE.R bit and an B-
bt partiaily decoded eprosentation of the 4 Lit VAY FIE RO field, from
the comrespanding VAl FILE agw well os o banslalinn bofler valid {TH. %) bil.

Dusring vizgtwal to physical saddress banslotion, the corlends of Lhe I8 bag
Togistors ara compated with the virtual page nunmlser feld (bita <3158 =) of
thr virtual addrens of the referemee, 1F there 9 3 match wdth ome of the tag,
regigters, than a translation buffer bit has cocarcad. and the contents of the
corceaponding FFTE register 12 wsed ior the tanslaticn.

IF there is no reepbehs, Khe lcanstation batfer does not Corlain the necessany
VAKX PIL inforonatlon o banalete the addres: of the pelferance, and Yhe
FTE muest be fabched from miemerny, Lpon felching the PTE, the tranakalion
buffer iz gpdated by replacng the entry that |8 aelecred by the replecement
poiater. Since this printer ia moved b the nest sequential lranatalon bufler
cnizy whensver 1L s pointing to an eriry thal is acceazed. the replacement
algovithen s not 1a=t oeed (NLL .

3.1.24.2 Memory WManzgemant Control Ragiatera

There are four LPEs that coatee] e memory management smib (ARG 171
M (WAL, PR 5T (TETA}, IPE 38 (TS and PR 63 (TROHED.

Melemery rmamagament can be cnabledidlzalted via TR B (MLAFEN). Wriing
¥ o this vegiater with o BMTTH Inalruction diseblea memury management,
and weiting a 1 to this tegister wll a MTPR instooction eoables moemory
managament.  Writes 1o this vegister flash the traoshation buffer To
determine whether or not nemoty managemesnt is enablad, [FR 36 is eaacd
using the METR instruction. Translation buffer enlsies thal map a partoolar
virtual address con b Imealidated by writing the wstval address i TPR 58
{TB15) waing the MTPR Inatruction.

MOTE: Wimmcoer softovnt cRafllees @ Tofid pge el on oy o (0 Spaiing o cuesei
POCesE resdon, oF o s slen oape felle ey et Aaghs @y e of (i carnenl PIocess
o Tahile, 2fl process pages magiied By dhe piege fable entey st be oot ted (2
(i ceansfacion bwffer,

The entite tanslatiun buffer can be invalidated by weiting o @ to TTR 52
{TRLAY using the MITFH insteuctlon.
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The tranelation Baller can be checked 4o see 0F it centaing i valid fmnslabon
for a pocticular vichial page b wrikdng a wimual addeess withln that poge
to LPE &3 ¢IBCHK) using the MTFR mstmction. T the translation bufer
crntaing A valid translation inr e page, the condition code 3 Bit (bit <1 >
o thie 1P5L) i aet.

NOUTE: The TES TBLL amd TECHE MRz ove gwite oy, The operation of 2
SRR fngtrectian frone ange of Hreae segiabers 2 andefined.

3.1.5 Exczptionz and Interrupisz

Both exteptiona and interrupty diven execution froam e nosmal Bow of
comtrel. An aucapbian e caused by tha axecubion of (he cueeent nstradion
and is typicelly handicd by the current procesa (for exangsle, an arithmetky
v erlow, witle o latemvopt da coused by esme acidvine cotside the mrraernst
process L!.llL! typically transfees contrel cutside ihe poogeas ffor exampla, an
rderripa num an cxternal parohware devioe?

3151 Imerrupts
Trtereupty con bo divided into two clssses: nonmaskable, and maskalls.

Menmaskable intermopts canse 6 helt via ihe harcdware habl procedy re which
siwies Phos TR L FS L bAAPER =0 andd o halt codde in [IFTa, taises the processor
MT. ke A6 and thuroe pasees contool te the zesident famerace. The Hrmnseare
dispatenies e intereint o e appropriabe seodcoe rovtine bascd o the halt
cride and herdware event indicatuns,  MNonmaskable ntemmepts cannot be
blorckad Dy ralsing The processee 15T, ot g bee bloclked by cunning, ot of
te halt ﬂmteued address space mm'el.:. thae Tinnmaskabds 10 gerupi: that
berrﬂate a halt code of 3. Nanntastalle intarsgpls «ith g hall .:'u:hc- i 3
canma b2 blacked aince Ihis halé cnde ls gersrated after 3 hardware rouet,

Idnazaine mtarmapts canse e PO and VAT, e e savad, the praceszar Tty
be vziced ta e prl-':-nh= Lewet oo 1 inlerripr Dexcept for (122 bus intermds
where the processer IPL e set to 17, independent of the Lzvel al which the
Ptariupl e redebvad g the inteeropt te be dispelched to the appropdate
gervica youbne thrauph dhe SCR.

The various irdarrapd coradibions 1o Uhe TTABI-AA are listed 1o Table 3-4
aiong with their asancaied peboly evels and SR offasts.
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|'.Ill cilier By L. BRA I.-.. o B3R L THe EARSD AA sppinfyyiey Hee JFL of Fios il_1|',|r_|rr|"y
of e interropi far @i atker fnferpla,

The mtermupt asatam ia coilroelled by thres TPRg: TPROTE, thee ntergopt
I-'1'Il'.ll"_'r lesezd roghater ([PL) IPR 20 the aolware indeerup reniest register

STRTE, and 1R 21, the soitware intermpt guuary regisler (SISRY. The 17T,
i5 wzed for ]l.'l&l..lr!E the processr |‘rr_1r|t',' ficld in'the FYL (bitz <2016
Tha SIER Is waed Tor cosating sofhvare intormpt oo q'm:t-h:s ]hl:' B15K 1ecorda
panding sollware inlerrup rerpuests ot levels 1 theougs The format of
theee regiztars is shoswn Wn Fipuie 3-3, Refar tathe Jr.: Ir..";:'r_.rr_lr{' Heference
Minwal for moze infoemalleon o thess replsters,

al =4 i
r
Les - UHRY O N ] B
A
E q [
GEOTIT l;':'.lthli IR
—— F
=l 10 >
Pshis TL STFLGASHE INELINILITS BH
FracEaaicasd il
"

FIFRLITY
m—r g

Figure 3-3 Intarrupr Ragisters

A.1.5.2 Excanllens
Faegptints cian by divided inte three orpea.

* Trap
o Dipglt
0 Abort

A Irgp 9 o exception that oocues st e end of Bwe insteuction that cawsed
the sxcaption. Aftet an inalewclinn Wraps, the T saved on Bhe stack ie the
address of ihe mext InsieuctHon That seonl baes narmally been ceeouied and
the Jratruction can be restaried.
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A foalt is an exception Lhat aceura duriag an instroction, and that leoves the
registers and memory in e conaistent atale snch thal the 2liminedion of the
fault vondivion and restacting the inatuctinn gives corvect resulis. Aftar an
inatractinn figlts, the I gorcd, on the steck poinle Lo e inatouction (hat
Fooeltedl.

An abert is an I'-_".{EEl:ll:ii.‘.ln Lhai vecurs dus il'lg i instrockian, |r_'in"i1'|:i-_l; the valure
of the regmatera and memoey unpradiclaldle, sich tat the instruchon cannaot
necessarly be cocroctly reatnrted, contpleted, shaulated or undone.  After
an matmaclion ghorks, the O awed on the atack points 1o the Instructlon
thal wirg abocted {sebich may or may oot be 1he inatrection ihal caesed ihe
abarl] and the fnstruction mayr o1 may oot be resteried depending an the
clzs of e excepbon and the contenka of e paramelars Had wers saved,

Lreoptiona ate grouperd tnlo six classes,
v Arlihimetic excephion:

& Mlemvory managament excenton:

*+  Uprrand refemence exceplions

#  Ingtmchon ceooution exceplicna

*  Tracing exception

*  System failure coceptions

A ligt of cxceptions g;mu]'.lpd Ly class in given in Talde 3-5, Fuoeptions
gave the 10 and 'SL, and in some cages ane nr more gan 3"|'|i-'|¢-|‘-1. < the
slack . Most exceptions do not change the ITT. of e procsssor {p:.rpp! (LI
exceplinns in serices swsteoy failoees ciass. svhich set the processor IPT. in
) and ceuse the exceplinn In be dispetchad to the appropriate serdce
ruuting through the 500 fexcepl Gor Hre Intarerupl slack nob vakid exception.
anid exeeptivny that oo while an intareupl ar arother exceplion are bemg
serviced, which couse the excoplion o be dispatched o L eppioprisie
sarvice rauline by Phe resident firmware), The cxecptions lieted in lable 3 5
teweept maching check ) are described in greater detadl in the Yax Architeciure
Reterence Mannel. The maching chack exeeption b deseribed by greater detad]
in Gecteon 31530 Recepliong that cun acour while seodcing on intornzpt o
rnoLhier exee dich aee kel in Table 3-8 in Secton A.1.5.4.
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Tahle 3-5 Ezceptians

Avlthnietls Cuceptiens Tupe SCEG Cffxat
mlegrr avertlaw Trap S
Irbesger cfin e -l e ra Trap |
Submedipt Buge Teap 24
Flaallop, evetilomw Fault 4
Floaling, dbvice-by-roun [l 1z
Floatlom ndarflaw lirulk 24
Meivady Manapsersen! Excenilon:

A e cnsik el vindakioo Fantr Al
Transzation sk valici Fau'l i
Dpevand Hedevewes Exeapions

Rosmwerd addressitg mode Fault 147
Remsnrwvred copeeranid fault Ahiort 18
Inatrectioar Bxecutlon Excepdlong

IRegee el pely dleped Lnghruclion Fanle i
Eenulaled inslmueilon Faule [T I
Thomgs mode Frap d0-407
Trralkguint Faull ol
Ttarinpg Txcrption

Trene Faulr 23
Systew Iallure Froepiboma

Ledereupt slack nor welid Aburt )
Kernal skack oot valled Ahart 1k
Machdng check Bbuit 04
LTk bus pertr ormors

Flrsl-lowl cache parite srruws

;Diﬂj?a'.r_lll_ﬂ;. b regiclent Firmare rathar than Bheangh Hi SCE
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Table 3-5 {Coni.} Exceplions

baincd-Level vache ilala pacily evices
i l-hn MESNS er20cs
2 2-bras device packiy ecneis
22-buz Do granl grrara
COAl b Llaeoul erros
Maln meamory Mk crrers
Maln memwey aesoereclahi: eriose

1,53 |nfprmation Saved an g Machine Chach Exeapticn

T response Lo a machine check exception the FSL, I, four paramicicrs,
and a byle counl 2re puabed onte the atack, o= chown in Pigore 54,

T IR NT I HE

AslF MEC1 JCE SN0

WITT AFCFNT IATI A SRTFLE

STFRRALSTATE FIFZRR AT 2R 1 ]
. e .

IR AL S AlL InmDsal iy 2
s v v e

FaL

[EALE P

Figure 3-1 Infarmation Savad an 3 Machlne Sheck, E:r.::E'u-tInn
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Figine 3-4 i explained in the followdng potaraphs

Byt Count

Byvla qouni <31 = — ingdicales the number af lpeles nf lifomiation Thal Tofiome:
i The stock (ool including ihe PCamd TAT

Maghine Check Dode Parameizry

Machime chisck o300 —incicobeys Has ._'cp{-' af maching chieck st
ipzgurred. A NSt of the peszilde roachine check coder fin hex) and thele
agenciated cauvenes foilmes.

E]

Flopoime-point cxrors— indicates the Sooting-point acoelovstor AT ¢ h'p
debected an crrar wlnle cormmuicetoyg weiih the WA CPT -:'h:p 111:131::_
the eaecublon of a Aoating selnt wasiouchon, Thea most TRely canselz) of
thiose brpes of muaching checks ot oecbYam inlesnal (o the CATAX T
i, o probdern Sube el B i FTRAG Qo prolsiens 1-*-'”" e iite reomnes
Debween the o chilpps. Maching fhecks doe io (oaiing-point emros
may e recoveralle, depending cn the stala ol the VAX can’! peatart
fMlag (caphred in inteinal stale information 2 <1532 and thr frat part
dosne Rap, dcaploted in PSL <27 =5 U the Brat pant dooc tlap io aal, the
errnr 5 receveralle. [T Lhe (irs pa.L done [lag ia cleared, thern: the VAR
can't reatart flag muat dlao be cleared for the omor o be rocoverakle,
Othernwise, the crzor s unrecovrerabic anal dopending va the cureent
rmdye, pither e current process o fhe pperaling syatem ahould T
lecminatad.  The iniormaton pushed nnto the ateck by thia tvpe of
wmachine check is [vom the instucdSon that caused the machins: check.

Hex Cacle Eovoe 1lesidpiiin

1 A praleos] error weas delecfed e the FU'A chip sehile
altempiing Ly eseoule o (boatlpp4maint insfreciion,

2 A regerved insireclion was delecled By e FPA wrildle
attemplicg by exscule & ileatlnp-point insheclinn,

E| Axyillezal statue vxde was melurned by the FPA wihile

dllempling Lo execile B Noating-prdn) instowtim.
{CP5TA = 0= —]0]

4 s 1'|'I|:E|:|'I statns oode wne rotumned by the 1198 wliile
artemnpling tn eseenbe a foatiog-pold inslpuclion,
{UIETA 2 il i)
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b{emory management errmra— indicates the microcods in the v
Ci'l chip deterted oo impussible sitnation while performing functions
aasuciabed with memorny management. The mast likely Gmse of thia
tyoe of o machine check i@ a probiem internnl to the CYAX chip,
hichine checks doe b menery cnanoeerreent verees are nonrecovemble,
depending o the curment mode, cither the cument precess oo the
u]jzm':atl#ll; wtem atonld be toeminated. Dhe stote of the MISR, POLE,

TMBE, TTLE, S5H, and SLE shauld be Bopeed,

Hex Unde Error Descripilon

g The calealalesd vlrivel address [oe 4 peocesd FTE weas in
ble P space dnstead of the fy e spacs wwhien the CPL
altlemwpred Lo arcess b puacess FTE alter o wanalallon bidles
amles.

& The caliilaled virival addeass space o 2 provesz MTE
weas L Lhe @1 space Inslead of Lhe ayzlem opooc sehen L
CPU atternpled to access o peooess FTE aller & Lianslakion
buller wlss.

7 The caicubaled v]rewal addmss (o 8 peocesd PTE weas in

the PO apace inslesl of e arslesn space wlnen Lhe CLIPU
nllprnplu:ﬁ b0 ACcoss a [rOCCss F'FE In i_'h.'ll'lf_i;‘ lhe TR kb >
hit Bofare 1.1.'|'|H1'.|5 troa ?n"l.-'|r|'.|:.'|-|-' rmindifirg [nge.

A The calculated viztusl acddeese for o preasess (TE wae in
thee 171 Rpace Daslead af the evates space weben Lhe C170
allempled Lo acoess & procgay FTE Lo chanps e FTE<M =
[ hel'.:-fe mHln,g, .ﬂ A |*r-'~'fI:-uEl'.- uluﬁ-:-dlﬂ-:d Pge.

Tnterrprt erces--indivates tha Infzerupd controller in the SWAX CTTT
requested a hacdware Inlermupt at an unused Bardware [PL. The mnost
likely cause ol Mils tepe of a machine check 17 a problem inkarnal
Iy the CVAX chilp,  Bachine chiecks due 10 unused TFL errore are
nnmregaverable. A aonvectoead intermupt genetated b a eeruma ecror
vondiMan (memoey arrar, power Tall, ar procassor h*ﬂt] has probably
been lorl. The operailng syaten sho: 11-:'] e termingled.

EHex Code Ertoc Tresciiplbon

q & havdware lnlesrupl was requested al am wouses
Intempt pricTity Iewcd (T
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Micrvcode errors indiralas ani imposaibic athuation wies detecied Dy
thi microende dueling iustmcdon cecution, Nube fthab mnsl erronenas
branches in the CVAY OPU wiaocede cause randasn migroinsleuctlang
to b woegutad, The saoal likely zauae of thiz fppe of machine chedk lsa
prold s Tnlernal 1o tha UVAX chip, fachine chiecks due inomieenonde
ereuts e nongetnverabla, Depending on the corvent inede, eliher fae
curre st piocess af the operating apstova sbowdd by teremdnated.

Hex Tocdie Eeror Descipion

o A pessihle stase was dreeried gueing a MOVC2 o
WA st B ek o Teiward, miave hackward,
or fl.

Brpsd ernare . indicales an ervor weas detocted whibe thie CVAY CTTT was
phtemptiog ba read feom eilher the fizst-fowel cache, the second level
cache, main meisory, of he 0224ma. The most likely cavse of ihiz
brpe of machine dieck most be determined from the state of the RSER,
DEEE MLMTSH1e, DRFAR, DEAR, and CHRTCE. Maching chegks die
b peacl errors may T decouatable, deponding oo the skrte of the WA
ean’t Teskant flag (cpiured @ inteerl =lale Infonnaion 2 < 15> ansd
the firat part dong flag coptored In P51 -287 =0 it the first patt dune
flag ie sct, che error s recowsralste. IF the fiat pact done Flog; &5 viwased,
Phan fhe VAY ran’t vestaxt feg et alsa be cleared for the ervor 1o be
recmderabia. (Mendae, the eaor is oovecovesble snd dopending on
he currant mode, either the cutrent grecess or the cparating swestom
ahaild be terminated. The infremation puzied oo the stack by fhis
bpe af machinc check is from e Insleucton that canasd the machine
cheelk,

Flex Lpde Erdod Lozt bon

0 et evensred weinfle readiog an LIF-E."a."ld. B [TToCCES
cag trhle entoe durdog adkdrezs Lranginiicn, or anoony read
aseriknaced as parl of an Inkeslockod instroctom,

gl A error ocowcred whlle roading & festem pagp table oty

{5FTE), dusing address trpmslatins, o amomss wontrol Block

2B enley duslng a conome switrh, oo sesiEn Ot

ook (SUD; culir while papaessing an iolersupel
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®  Wrife eerors—Indicales an emor was detected whila e CVAX TV way
attempiing i wrile to either the ficst-level cache, e second-loved cache,
mesio memory, o ihe (22 pas. The mouest Tkely cauae al this ype of
machioe theck musl be detannined froin the staes of The MSER, DEIGT
FATPACAT A, OGEAR, DEAR, and CRTITE. Machine checka due to write
errora are nenrceoverable because the {TL is capable of perotming
many 1ead operativns out of the Grst-level cache brfore o write clertion
completes, %ﬁw thig reasen, the indermativn that is pushed anta the
stack by thic tvpe of maching check connat be guaranteed o be from
thi Instrociios That caused the machise check.

Hew Cpide iErens Prescodobiad

a2 An proer noeeed wehile weltng an apevand. neoa proreas
paer tahle entry boocharge e FTR bl o bt bednge writlng a
proviacsiy nnmescified pape.

a3 An rrroe ncrareed e weelileg o seatem page table waksy
LSIFTED Lo chanpe Lhe PTR<M 2 It Before weltlng 8 previopsle
vocditked, paze, or 2 prscess wonteial Elock (FCB) eabye during
A manbemst switch or doring Phe esooplion of sstroctions that
mmdify any stack poinlea slaved 1 Phe PEE.

Maet Rzcant Virluai Address Paramater

hilnsl recenl wirtna! addross <300 > —caphares the contepig of e wmmal
address pointer regioter al the time of the machine check, T o raachine
chieck other than a machine check &1 eccurred o a read vpvration, this
Feld represenis the vivtual eddoess of the lorgtion thet wvas being read when
the erenr poentred, plua faur. T machine check 81 occurred, this feld
represenls lhe phisical address of the Tocation that was bolog, read when
thc BT l;_"»:l:l_lrl.'l_l'_'r F.llla'a. f;‘.‘L!i.'.

o smachlng chack other than a machlne check: B3 occurnsd on o owfitke
ppertian, this leld represcnts the virtual addresa of a Jocation that was
being referenced either shen the errnt noowred, ar sometims ailer ihe ervor
oemmTed, plos fowr. [F o machine chack 82 cccorred, this Tield represents
the phyeical address of the lacaiton that was being referenced either when
the ereor gcoaered, or anmelima after the corer vocwsred, plua four. In other
words, if the machine chiack noewmed on a wdte vperation, the coctents of
thiz field carrant be wsed for crenr tecorenny.
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Intarinal Stete Information 1 Paramatar

Irternsl stmte infomation 1 is divided inio fonr Aelda. The contents of theqe
telds are drecribed as follows.

w312 —raplured ine opeode of the instroction thot way buing read or
execured at thr ime of the mechine check,

w2310 —rpotures the internal state of the VAN CFU chio at the Gme
of the praching check. The fowr most aignificent bits are Eﬁl <1kl
and tha [our least algnificant bita contain higheat pricdty sidtware interrups
o Rl e,

<15F - Captnres the atate of CADR< Tl at the ime of the achine
check, See Seclimt 3.3.2.5 for en Inferpretativm of the oonicnis of this

reglater,

=l —raphures the stote of the MSER <7V:N= at the tbme of the machine
c¢hack,  Sae Secticn 3.3.2.6 for eo interprototion of the cortents of this

regislar.

iniernal State Informeiion 2

Tnemae! atate iInfornation 7 is divided into e tivlds, The confents of these
flelda 18 depctibed belovi.

IRy 2:15_:apt_m;-$ the Infernal giala of e (TFAX CPU chip ar tie tine of
i‘he machine check, This fiedd contying S0 reglsier < 7=

= 2316w —-raptures the interoal state of the (57AK CPLT chip at the time ol
the machine check, The hea muosh sigrifleant bite sre equel to 11 {nary)
and the six Jeast significant bite cnnkaln guate flagn < 5:0k>

=35> —caplures the atate of the YAX can't westect Elag at fhis time of e
machine cheok.

w Bl -—'::phﬁts the nterng! slate of the CVAX CPU chip al the tine of

the machine check. The theee mast signllicant Bits ate egual to LI1 [binary)
amd the four least 2lgnificant bits contaie ALY condition conlea,

= TiM=—rcaplurasz the offaet berween the wimual address of the starl ol e
inatryction being exacatad st tha Sme of the machine check (srved TOY
the vivinal adedress of the locaton boioe aocessed (BC] 8l the Home of e
machina check.

iz
Pw 310> —maphures Mg victupl addrase of the gtart of the instouction buing
execyted] al the Hine of Lhe wvachine cbock,
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PSL

L3 = —caplures the conlenls of the PS5 al the tiene of the maching
check.

A4.1.5.4 Sygtem Cantral Jiock
The ayalem contrel Black (5B conslals of hea pages I male meroe: that
rontaon the vectore I'Jj.”-.-'].'l.:iti inn*napta and exceptons are dlapatched tn Lth=

apprapTials secvice rontinea. The SC6 ia pointed to by 'K 17, the ayatem
control Bloek base regleter (SRR, e jresentad v Figare 3-5.

AT T IGEE S DI 2AE ERAEETIMI T R T 4 2o g
M FEvEFaL LINAWI0SD AU IRESS TF RIS e ECEB
-
Figura 3-5 Systarm Contral Bleck Baas Ragialer
The symtem control block format is presanted in Table 3 6.
Taolea 3-8 Syelem Control Block Formet
GCB Frbercug Eacepiian
CHizel  Mame [ype Pargmeter Blot=s
LY Unuzed LD paapive redeans

oo othes Vi es

N klpching check Alrart 4 Pararaelers depaie]
on error l_'."[."‘l?
S Kearrwl glack rut valid Bkt Ii felust 120 sersicand ar
interrupt stack
[ Prower Lall Injeeerpl 0 L s redged o 1k
10 El*—.:nrl."njn'j_'lrlv'llqa_l:d Taull n
ioEte tinm
14 CLgiother IEEELvEd Fault I X imktraction
iTiEtracHom
14 Frsemvet aprmang Faurtiabor] & Mal ahwvavs
Iooaverable
wc Wekerver .!II.||:|11'!'1."":I'IE Fonl b b
miLkde
20 Arresx 1 ntre? winlaton Foul; T Fargmglors ase

withinl addm=s,
statas pvle
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BCE
MRzt

R

L=

.

an
kL]
B R
afl

4

40

]
Jt
R T

TN

?nl:c'rﬂrph"EtceFr'm

T nme

Trars 1'|.-11d'i11|_:; e
Breskpaint instroctioan
Urparawi

L imussd
CHME

LHMIE

CHMG

CHRIL

Vinusas

Covrecled read data
minzeod

Memery efron

Llntieml

Frogea monatite e 0
Programomabie e
()

Bofrwary lwvst 1
Eraferenms fewel 2

Trpe
Fipyrit
bl
Trap'fault
Trep
Traa

Frap

Tiagp

Inkevrurl
Iribsreapt
lmermopd
InterTupt

{nk=riuem
Ineemuest

T'arpsaeter

il
G

=l

Woten

Coghpatibility fniete
o bRy WA Res
Parametar is typs
e

VemamnuteT 1% xign-
extzluded operaie
ot
Parmmeler is 5gn-
ke ched I_'l'|:I-E:I'|'I11ﬂ
wrmd
FParmmeter in siyms
exkericend imperandd
woel
Parameler 1o wlpe-
sxlaruled cperand
ok

IFL l= 1A (CRD T

L is 10t {BERIERIL
L

IFL = 1%
IE*L. = 11

Crrelinarily ased for
AST dellvery
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Taole 3-6 (Cond.) System Contrel Blogk Formet

AL Interrupn Txcepdion

Mokes

Ot Mome Tpe ParaingLag
L anftreare lewel 3 Inierrial 0

HWEBC Sndteare levels 3215 fnterropt U

(B Il Himn Enterrupdl 0

A Limrzd

CH rmwlation stast Farit 1

Lh! Fim lelion canlinge Banli ¢

X Uiumed

EnEC Jesurerd for castiener
a1 C55 s

Fl1:F4 Unuses

L3 2 ouiscle Jpeiver Libermpy 1
Fi Congale reemllile: Lelerevyrs O
TR 1R ."-.i:?n}'-!:_'r wroiars '!_l*;|-|:'-'f|_!|,'|l_ O
30 Devies vetury Interrumt i

AEHBED Linwzard Inlerpapt 6

Crrdlmacily vesd for
prooeas achedoding

IFT I L& (INTTIM 1)

Sanie mrokle
cacepilon, FPO=0;
CaramEtoTE are
prede, TUC,
SpeLsiiets

Fame mocks
excaption, Fitita-to
np paranmelers

[ omimmle ghem nzr
vepigices an 18750
amd T3

1L A5 14

LitL iz 1=

Piol iowplemented by
Lhe FEARSLA N

Liireespoied bey 332
[RIREIRE S U o T HE b
AR | BT P
Lhe agscrsion of bil
.

C ey Pt
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21,55 Hardware Datecisd Errors

The KAGED-AN (= cupable of detecting ﬂ'l.'iItE'E'll.‘l'_'.-"l.'lEEI of e1wor conditiaona
during peogram cxecution.

%

ClAL bus parity errors indicated br MSL-0=> (on s read) ox
MEMUSELIA 7 > [on g wiite) being rei. N

First-lesral cache tag patity arroms indicaled by MSFER <3 = Deing et
Sirse-lenral cache data parity ervors indicated by BASER-= L= being sat.
Second-level cache mg povity oveera indicatod by CACK <52 beinp set.
Stt?mi-lc"-'-::! cache datp pavity crroes edicsled by MSER <8 bring
ael,

Y22 by MEA covprg inglipbed Ty TISTE < 7o Taging, st

L1T2-hus o sack armars (ne incdicalor.

QT2 e ag grant errpes Indlcated by DEFT <2 heing sed,

122 Loes ddevicn pirity errocs ingicoded by DETTR < 35 boing sed,

AT e Bimeogt eeenes Tnd ioaked b_-,' TKFRE<d= |.'-"“.|_'r' v TIng -'-"._':l '|_:l|';-'r|;||g|
=Et.

Rzin memany [NXA errors indicated by DSEE<O= (onlr en 1I0A]
being set,

Ilamn memory corcecizble eirors imdicaled Y MEMOSE 6= = Deiug
Get.

IMein miemnon wueorTectatie enoonn? inudicatec by MEMUSE1G= 31 = and
LER < 4= {only on DMA) Leiung aet.

Theze errcts cause @iher a waching check exceplion, a nemoey eeear
inlgrrupt, of a corregled s2ad Jada Intereup!, depeading an the sevesily of
Ltite error and the relerencs bype thal cauzed e error.

" orhesa leen epes oaf ercaes sarnes e dlebnmae e 1 dececlad duongg a vead referer e
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2154 Herdware Heli Praocedure

The handware hall procedure iz the mechaniam iz which the bardwarn
ageiele lhe frooware in oamulating & procesacr helt. The bordwase balt
pricedite seyves he cureend valie of the T in [PE 42 [SAVEOY and il
wuirent value if he PST, MAFEN < {i=, and a halt code in IFR 43 [SAVPSL).
e cowrenst sbaci poiates 15 saved Inthe apprnpriate inbemai regiaer. Tha
FS5L da act o 0LF Q000 [ (0T =T, superviser mode, uzing the inlernigd
stack) and the currerd slack poiter s boaded [rom the intemrupt ateck
polnter. Coabeot (5 Lhen passed to the wesident fimmware at physical address
20 DR -, weich Bhe state ol the CFL gs Rollossss,

Reglzdor Mew Cpnients

SAVPC favmd P4

BAYDS <3100, Al Sove] PSL 3116700

SAVES] - 16 Sarred AIAPTT o=

SATVPSL < ld= YValid P&l flag (umbonosm far Balt oode oof 33
SAVEPSL <138 Saved restarl oode

= Currenl Inlormapl s5ack

™=l TG KD 4y,

L 004 GOS0 .

WAFER il

s I* [Frit 2 halt cawde of 5

hSER 1T 1Bt o halt sawis ot 5

{AMR I For a halt code of 3, fimt-leval cache s aleo Quelved:
=101 0 ifor a hall code ol 2}

ALSTLY L Natar a hall cicle ol 2

All els LVindedfined

The hrmware udes the Hall ende o combination with any hardware cwent
indicetors 1o diapatch the execuiion dr internupt that comecad the bk to ghe
appropriate fnmware routine {vither copsgle cmulation, posweer ug, rebent,
or restact). lable 3-7 and Table 3-8 lisk the inderrnpa atd exceptions
fhiat pan cawse halls aleng with Wair corrapponding halt codes and cvent
incl lakors,
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Table 3-7 Unmaskabla interrupts thel Can Cause A Hell

Frlt Code  Interrapt Condition Evenl Inddcalozs
2 Externgl HInlf (OVAR HALTIN pin asseried)
NTAATT azsereed em the ()22-bas, LSER 15

B MK megated and assected on the Q22-bus DSER = ld =
sehile BPOE elave pesoried (022-boy RERCOT

RESTART] ang SOCE 7o iz set.

AREME ![:."nr_:l'.:ll:n:! 'I'.r_l__r the cominnle. rEDB=11=

3 Hard ware Reset {CVAX FRSE D pin negaled)
HLMCOK A BYPOE nepared then asserled on
the GiEA-bug {pmver-upt
B swpated andd asserlad an the Q22500
while BI'OK stavs asserded (022-bae REBOOT
(RESTART) andd S9CR=? = iz cloar.

Tabie 3-8  Excepilons thet fan Cauze B Heh

Hait Code  Ewceptlon Conditlom

E Hall ingirncHan cenoeted Am ernet made.

E:q'e?tlm Whik Servicing an lotercupt or Exception

4 Imtermapt stack ok valid duzing encapt oo,

) SMarhine rhek dusing srsreal exceplion,

¥ SB vetor bk 11 < 11,

B OB vector Mia=10= = 18

& CHs eqecubed whille on Iniereepl slack,

g CHMy exccvled ot intermape =tack.

13 ALY pr TIY duzning martidae check sxoeption.

14 EETW o TRY duringe Lernel stack ood valic] escepllon.
12 hdar Rimie © herk duciog machine check exceplan.

12 Ao i chueck dueing keenel alack nol walld cxcepiiom,
1% ek cddd= = 101 duslng Iplcrrapl ot cwccptinn.
14 PEl=2a:24= = O durlnp Iplecoopt or evoeption.

if reLecdndd= = U duelng Inlcepopd or cepeption.
1l MaL-=rZadd= — 101 duckne RET

1L Pele2e2d= = Q10 duvlne BET,

1 hl=dmdd= = 111 durlnp BEI,




52 Archlecture

3.1.8 System ldentification

The ryetern ideutification register (SilY, IFIL 62, iz o read.only regisrer
implementad, an specified in the VAX Archifechire Sefereroe Mangd, in the
CAY chip. This 32-bit, rend-orby regster jo used to ldently the peocesacr
type and it microcode revision el See Figote 3-0.

7ex : A
Lu 'r.':'r'_'_ o | Ll LA HICAATFIRT AL, J
- us nerm
Flgure 3-& Syatem ldentllzation Raglates
Daa Bl Defbtion
Ry el o -'I'-'rm:.?gg'_l'r brpe [TYTE), This field alwave reacds as i0 p

indicating thnt the procssar s agdaaenlsd using Lhe
LWAK chip,

= 15 E Reamimeed far Fuhare ke,
Fr ¥ b3 Rlraeade fevision (RACROCODE BEY, ), Thizg Held
vellecls Lhe mucioeodde revlslan Tongt af the {¥ A% dhiip

In order to distinguizh between dllierant ©PU impicmentatinns tha nzs tha
pame CIU chip, the KABIEANL, oy must all YAX processors that use the
Ol chip. implesenis a MiaoVaAN sestem tepe reglaler (BYS TYFE) at
phrsical addvesa 2000 (H0 ;. This 32-bit vead-only register is implemanied
in the EAGI0- A ROM. The formar of this 1egistes i9 shown it Figure 3 7

K v w o (B "~
| - - - I _."_.___'.—I_ I
5 TVl | =0 | TUE, YR VIR TvR: REIFRVED
T X [ & . ]

[FI.

Flgun: 3-7 System Tvpe Reglster
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Dpta Tic CrzEinitiom

<3124 Seglerm dvpe oude 15E5E_TYFE: Thiz Acld reads ws 01 4 for
all _qinr;'ll:\-?rqu'_ﬁnﬁnr' {132 hus haxesd sy=mamk.

P S IR Ferstim leve] (kB LEWRLY, Plie Held rerlecls e revlalon
Tewel uf $he KABID-AS Hemvveais,

< 158w Swgdem subivpze code (SYVS_SITE_TYPFR). This firld reads as
01 74 fas tine KA ERC-AA,

A ) Recerved for uas by Digleal,

3.1.7 CPU References

All reterencea by the CFL) con be classifod mto ane of fhiree greaps.
¢ Freguest instraction-stream pesad references

o Trermiand data-stream mead references

= Wfle references

2177 Instevction-Siream Rann Aelerancos

ihe €T has an Insisugtor prefetcher with s Lioyte (3 longeeord)
jnestzuactane ru-'l:t'l:q!: rpdEnie (TPCY) For j:l'\I;'.[ﬂ'l:"l'll'l'llijI FI‘EIE,IHJII. inbucticus from
gither cache or moain memoaes, Whenevar there in an empty ln.:-ng*-.mc! in
the 1P, aivl the peelelcher = not halted due to An E“l"'t!I fhe instruction
prefotcher geoetskes an afigned Ioigeword, veqoest inshucon-stream {1
atream? read rofuerency.

2172 Data-Siream Head Holaranoos
Whenever deta iy immoediaiely needed by flie CPT7 1o conlmue proczeaing.
a domend data-streaon (TF sfream) read eeference @5 generated.  More
sprificadly, demiand Tratream 1sferancaa are geneyated ov cperangd, page
gabite eniry (FTEL swstem contral biock (SUCE), and proces: ontiteal Dlock
PO velerancas.

When irrerlocked Imstuciicne, sach as briangch on 2l sal and sal inrertock
{MT3AT) are svemted, p demnnd D-stream mead-lock refetsnce is genaralzd.
Sings Fhe TP does nol inpose any roatrichions on data elignment {nihee
Thare he ahgn#-:" operanda of the ALRAW and inderiocked quese gt rctions)
angl since meamary can only he accesacd one algned Tongwoerd a1 a time,
afl dalz resd references aie twansietod inty an apprepeiale combinaiion ol
masked and anmaaked, olizne] ongeenesd erad ralerancea,
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TF the regqulred data iz oo bybe o world wcdtiin g bongeeord, o o pligned
longrrord. thena single, aligned longwerd. dermand D-glrean read 1elerence
is pencrated. I the requived datm is 8 word that crosaca a lompgweord
conndary, ur an unaligned longword, then tvo succesaive aligned Lloagweord
|'|F'T‘|‘|.j|'|-|,'| Ty etraarne besacl Tl,'"FI:'I erces are peaerated,  ais ferger than a
Tnngeard 12 divided intoa noinber of sucressive alignes] longpeaed demand
Dh-gtream reads, with no optirmi-atlon,

3.1.7.3 Wrile Rataransos

Whenever daip i5 stored or maved, a write refereince i= generalad, Since
fe CIPLTN daes nol brpase any testtictiens on data alignmenst pether thah fhe
sligned operands of ke ATIAT and interbecked quens insimeliong and
Airven mamnry can only Be accegsed e allened lycmard o 2 Hioe, 51] data
wrila refarances are (ranslaled Inka am aoprepeiale caomlimation of masked
and wnrmiaked aligned longwerond write references.

F ot peouived data is o Iyt o word within a longword, or an aiigned
lovrgrenedd, thet o zile,| v, alignod lumgerorc, woite ceforenoe is generatod
I the mqmr&d dala 1s a word st o« Trasse= A I-;_|| 5;'_;|-'-.'-:_1r'! |:1|._:lll|||l=1r._, LT ira
I.!Lmll_'_,:',mu:llc-ngwmd then uvo succassivs alipned lnngwecrd virlia references
e grnoreied.  Data laooer than e [-:ILgh.-n'ﬁ i divided into 8 mumber af
gUeCesgive allgned 1-:_1n5-1'1~'|;lr|,'.| ity

KAGSD-AA Fipating-Point Acceleratar

ihe KAGSE-AN finating-point accelciator ia impleiented ¥a e single VLS1
chuwe called the CRPA,

A.2.7 Floating-Foint Accaleratar Instructions

The EARSD- S ﬂim’rjng-putnt accoelerator procesaca 17 Hoating, L Hoating.
anid t'r_.fln.ai'n:,; abeaag zrestmactions andd accelergbes bhe oxecotion of MU LL,
TATVT.. andd BN dabeper inshiestnens,

3.2.2 Floating-Print Acceleraior Data Typas

The ICARSE-AMA fivating-puint ocovlerator suppurta brte, word, longeeord,
uadword, [_floating.  U_Heating, snd G_ileating dara tpea. The
Floating data type s n: _-t supported. bat may be irnplemente: -:l by innciocode

ernulallon,
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3.3 KAGBSO0-AA Cache Memory

‘I'o meaximize CUD perforimance, the BApB-A% incopetate: a two-Jovel
cache destes, The firel levee] cache 1= implemenied within the CYAX chip,
Ihe second-devel cache |s implemeanted using 16 k by d-kit static FhMe,

3.2.1 Cacheable References

Any referance Lhal can be stored by the firat level cactee iz cailed a cocheaiis
referemee, The dirzllewe]l pache stozes UPU mead tetorences bo the VAN
e oty gpace [ = 3% = of the phveical acddrees vguaks 0 eody, Tdees n
ebore: rofoerences b the WAY TNY space, nr DAA references by the D22-bus
interface. The jvpe(s} of CTU referencea that can be stured feithee regues
instructorn siecan (-etmeans tead refe -.t_'11-:“i.. or damand data atraann (-
streanny roid 1eteecenocs ctbeer o eeacd Lick relatences) I aetermined by
the state of cache disable regieter (CATARY biis < el The normal o ‘Ir‘lﬂ".,:.|
racede B free Tarth Tstiean and D-siveam 1'EfE‘I1:‘L‘I:EEE tL- be stored,

Vidhe neeeare The CPUT generates a nonaacheable roetememce, o single longeozrd
velerance of ihe game type is grenezatcd on the CTIAT T

Whenever the CVU groerntes o cachealle refeience fhal 15 slored in the
{lral tevel cache, no reiorence ja menerated on the CTIAT, bus

Tehenewer e OFU generates a cachwable refevence bt i o storsd an
the lirzl-level coclre, a quad durord fransfer is pensealed nnthe CDAL us, I
the {1 yolerencs s aoroguiesd [ steeam rem] lhen the qh.-:'lfi.‘l.‘.ﬂ:lI':l transker
coasists af beoy inddivisible ongenrd ranalera, the dicss beiogg o requeest |

stepar fead {prafelchy, and the second eing o rerpeest Taleeam cead il I0
Lhe CPU veference vwaa a demand L-streom read, dlen The quadword transfar
cnnaista ol een indivisitle lempperond bravsforg, the Flrzi balng 2 demend 1-
streaon cead, and tha seoond Leing 3 recies) Tr-slveam read (L.

The secomd-lovs] pache only siccas veferences on the TLAL bus thot aee
parr of o qu.1{|.+.-m:| transfer. Since quadword lrensters on the C CLrAL buas
cail ouly e Er_m_r.-ntnd on cpelielde peferences, Lhe seccnd-level cache iy
aumm-mcﬂl.hr- corfipured v shore the same Dipeds) of reforences as thoe fivst-
lewrei cacho.

3.3.2 First-Level Cache

The KAGG-A 8 includas a 1 byt by asscrlatlse, write through Eirat-
Tevel caclhe with e %) na cwcle e, CTIT reed relerences acceas one
Tengword al a time, while UL wcites cun oagdesa ens bete at a tiae, A
single pariry bk s gonctabvd, stored, and eberkad for 2ach byt of data and
each tag. T e 1’-;-_..1.L|_~1,-:_. cichoe van be enalled!dizablad by szl earine:
the approprioie Tl in We CADT The Grat-icvel cax he b fTushedd Doy oo
wibe o che AL, pr Tang a8 1 s ol in diagnoatic mode.
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3.3.2.1 Firsl-Lavel Cache Organizalion

The firat-level cache I divided into o ndependent stormage areays cailed
get 1 mnd act 2. Lach sct contains o 64 rour by 22 bt bag arcay and a 0d rowe
iy 7E-bit datn arrav. The beo sete are umganived as shown In Flgure 3.3,

=20 LT
r 1 "=a
&
L K ha 2ANIT o B ze LY i ha 23 00T
HY <My  RITTIS 13aTa AlllgY 2l &L ngTa alne-
: =R oA e
~ - GotHS FRTEY
— |
H I | LI 4] 2 o

LS FTY N

Flgurg 3-8 First-Level Cache Chganization

A roww within a 2eb carresponcds iooa cache enhy, a0 thete are &4 entriea in
geach zel and a lalal nl 128 anfries io the eniite cache. Lach cnbiy contpins
A 22 it fag black aind a V2-bI feiphl-byte) data biock, A ceche entry s
prganized ae shawrs I Flgure 5-0,

b a {

|- Toa 1 1072 | da”h Nl INK

Am ke dT

Flgore 3-3 First-Level Cache Entry

A tag biock consists of 1 parity it o volid Bitoaond o 20060 tag. A fag blogk
i r_:rg:hni?:l_"c] % Shoesn i F"lgl.]rn- A-101.

& ]

|| |'.- 1o —l

pem = | ) ) )
';'ALI[ BN .

Flgure 3--19 Flrgl-Level Cachae Tag 3inrk

Aodata bleck consisis of eght Tvles of dala, each with an aascoiated paniy
rit, Jhr lda® dala capaciy of IhF- vache is 128 eigbt-byvte Liocka, o1 1124
Dvtes. A dake Dlogk 12 ’eriI'lLrE'..'] 2z shown in Figure 2 11,
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=i CATAN ™
il H g 7 H| TH i | FLE o & o
o= | B=="||**'|| 2 S I IS
! k3 b ] L] .
=== TAUTT NITT
Wm il AT

Flgure 23-11 Firgl-Leval Cacha Deta Biock

33EE Firsd-Leneal Cachis Addrass Traseiation

Whenever Ltva CPL requires an inatiaction or data, the cmteats of the firg
level! zache i checked o deiennine il the referenced locintaoa 15 stoered thede,
The cache contants is checked by bronslating the physical addeoss as followes,

& O poncacheabbe coferenoes, Hie reference 1z naver slored In the caclys,
an a fiest-level cache miss cooave and @ osingle lenplerd relerence is
genemated on the CLAL bus.

¢ O cicheabls eefarancee, The phyeslcal adrers must be boenalzted to
deteriming iF the contenls of Hhe relerencad localion is reaident in the
cache, The vache index fiedd, bits =8:3= of the physical oddross, 3
uged to aelect one of the f4d erpes of bhe cachs, with sach o c:mlajnlng
a singic eniry froem pach st The cache :ap Neld, biis <2E9> of Lhe
boaical addevsy, 9 then cinnpaaved he the tag Dlock of the enlyy om

wlln 2ets i the selectad row.

If o omatch oecors with the leg block of one of the set cnttiva, and the
valid hit wiikin the eniry is set. the contents of the efvrenced location s
canlalped in the cache and a ceche hit ocoars, O o 2oche Dit, the gai
match gignala generated by the compare oprration select the dala Tinck
from e appengrtiale ael. The cache displaceonent feld, Dits < 20 s of The
physizal addrass, iz ased o select the biteda) withio the Tlack. Mo CT2AL
bz translers ave initiated on CPL reterences that kit fhe fiedt leeal cache.

T ma match occurs, then the cantents of the referenced localim s ool
conteiner in tbr cache snd a cache iniss cccora. 1o thie casc, ithe datm
must ke wbaiped from either The second-lewel cache, or the noin memory
contriller, @ a quadword wansfer i initiated on the COAL Eu, Sew
Figlere 3172
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l! CELFE 1AL |

f.. —_ 5 EPAT Lo | M L

CAIPRGEF ACDWEY | —-

wAL = WALIT T
ZFT _ ZFT1
I '| I. H =
| o | M™ET PR |r,..1 RIT
Hil | D&Ta ELSCK i AT |LATS n'n:-.l
RETH | —pG, )
= el " !
H ] L& 1 7
i |
L
sE| AR =T | ATk
I 3 r

TN | Vs

¥
DATA

W I N

Flgure 3 12 First-Laval Cacha Addrese Translation

2.3.2.3 Firgd-Lave! Cache Meia Glock Allocation .
Cicheobic referencea that misa the fitat-level cache. cavee & gquadiwodd
razd 19 B dnitiated o the COAL bus When the cequested quadwozd ia
E-UPPEI!E:'] i.'l:_- zlher the uecornd lewvel cachie or the mgsin LTy cordrallor.,
the requeeted Iomgeenrd e wagsed on be fhe CFTT and o data black s
allocated in the cache to siore Lie enle quadword.

Chae tix the Fact that the cache is feoavay assodative, there are only bee date
tlocks (ong i eack: set) that can be aliocated to o given quadiord. Thase
e Jata blocks are determined by the cache indey Geld of the addrcss of
the quadwoend, which sclecks a unkque o within the cache. Sciection of
a data hiock within the rowe [for example, set azlection) for etoring the uew
et s rondans,
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Sipce the FARGM-AA& supports 64 Mbyes (B M oquadwords) of physicsl
memnry, tp b 125 b guadwerds share cach row dhwa data Blocks) of the
cache. Comilguoun programa larger than 512 byles o diy DoRcontigiiaus
progfams seperaled by 312 bytes beve a 50 percent chance of oveneitihg
Ihe miaeives witen cache data blocks are altecated for the fest Hene for daks
separated b 312 bytes (oo page). Ather six slbecotions, theee iz a 97 pereani
pinbeiility Borh sots moa rew will b filled.

1.5.2.4 Firgt-Leva! Cnehe Behavior o Writee

T CTIT generaled nrite eiarences, the Gist-level cache s write throueh,
AT werlie ralerences that Rt the Arst-level cache causs e cuntents o
tha referenced locabion in main meinory 0 ba opdated ag well as the copy
i ihe cackic.

(o DMLA wrdbe meforonces it kit the Oradevel cache, the cache entey
containing the copy of the referenced lacation s inveiideled. 1 the fat-
level cache iy combigured to store oply Tsivsein references, Inen the enttre
f'rsi-leve]l cache 39 alae fluabed whenever an BT instracdlon is esecoted.
(The VAX axchitectore regueires (hat an BELD imsiracticn be execnizd before
exernbing instricbone o0t ol & page of memory that has boen npodated.)

2.3.2.5% Gacr Bizablsy Register
The cache disable oersker (CATIR), TR 37, conrols the first-lowel cache,

and & unigue to CPUD designs that uae the (TVAY chip, See Figore 3-13
ET -0 4

i 11

L | i

A= 11 ET

Flguire 3-13 Cache Cisebis Ragistar



G0 Architactiie

Drata it I¥efinition
R E S s, Biways maad as eeron. Wiites have no eflect.
=TE= Lhese bits are used Lo selectleely englxlc or dlzeble cach st

wrilhdn 1he cache

L= RIAE, Boadmite, Whem ok, =t 2 oot thz cohe G srahied
Whiem slearel. sef 2ot the wachs in disabled. Cleaged
can mosveram a2 by the negation of DCOK welien the
tmessioe is hellad,

B Sle. Feadvwriie, Wher st 261 L of the cache 19 enabled.
When vlearsd, get 18 the rache i cdisablad. Cleared
an puavwer-up dod by the negation of DOOE when the
i P it halbed

=5l These bits are vl b seleciivele eoable o digalde staeing
L-streann dnd D-strggon teteeences i ihe ceche.

=Fa TGE, Ecad'write, When sot, T-sfroam, mrogry space
refaierd b are stared in Beth the B 2nd secamd-lecet
caches, iF they are snsbded. When 4learsd, E-gbredan
ineivary elerences doe ool stored o oither cache. Clenrod
vy povweer-pp died by Lhe negalion of DOOE wher Lhe
phecegsol i3 hailed, .

e DI5E. Readrerile, Whon gel, E-sliopm, mcmnny ssice
coicrenges are starcd In Bath the fiest smad second -lesel
vaches, U {hey are enacled, When clearcd, M-slroam
menory Felercaces are wel abowcs i gilber coche, Chleared
an poewer-ue g e the nesallor of DOOK when Lhe
[*raceansr ia haltod

MNOTES: e first-teval cache oo - sisabiend by erfber disalling bofh st 2 o sed
3 oty CALMEC T b b, or by gof shoring oFrer Doatrones of Dlchivand pefergmees
leeridy CADR < 50950

TP #ecihuse P for s, i cacka ameid e configunad Lo afove bord T v T-
glrgnn referemens, Tatreroe gl seede coffea S o digredal ion (5 periasiste faon
aeitud pooRle ool B ampetend pdeni fo T aed T3 aireans sende and T-streans ondy
ool cie o fRe B Spef vomshiion of coche sdrie diee 2 anileg o resaory By
w DAL sty et enwdleel s ettt T,

Bp Tostregwn onde npode, the enbive Ao dogal cecing L (i aoiperzwe on BET
drtuction b eaentad, T TAX Anitesion Beteience Renwa! slades ihal ol B
Enatrctiog meal i execilad before exconting ooz fructons ot of & s of ey
Hied dors Deen apdefed, sofereis fr B2 ofher Rea miodes of oo, oeeie olrien
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are ireeiteeted o el Basin, ol i a I4A werike aperation resulis 1w w
wloha il

ozt BlE T Hpillinm
TH T Limused, Always read o= e
ey Yerite worehi carily |WWTFL Beadevrdile, When art,

invoeeecd pasily is sloed U Lhe frzl-lovel coche whenovos
il i welllen, Whea chearcd, careecl paity i9 graved inthe
vache whepever the caclhe 1z wrilten, Slearsd o powrer-
sp and by e oegalion of DCOK when Lhe mrocessor s
hglted,

== ‘.f:li.;zglnclsl_in: rocde 4004 )L Reaiaete, Wihen cleared, the
rechr iz in moTmat upereting nusde amel woiles Lo the
AL cauee the fisi-level cache io b2 Mozhed, qall walld
Iile zal Lo vhe Invaile gtaiey and the Sesr-loee] cnche i
r|:~|'|l'_l-'|_|r|_~|,| fmr 1.-.'r||,rh-ll11'|1l|El'|'| GpiTa =tinn. Whien set, the
sk I-"-.r-'I cathe s o diamoostic mneds andd weolie: Lo e
IZ'-".'.IE will ok ranese the firt-level cache de be Coshed.

(CF1) werlte veferenzes with a longseord -'_:in:_'si:ilmr'iﬂrl {ror smamipke, WOV
wrte the vaia into moain mwonserr G0 6 egisisy ag well as validale the
correxponding owche enty ]II";-'FIE‘L‘h‘.-L of whoethaer or ol o cache T
creurred. {0 write references with o goncieord destinatlon (Iee exampta,
kD {T'""J_I werite tha data into main memocye 11 i ceisesd os well as copse the
serand Inngeard ol the quadword o be written into the longaord of the
carhe dain aT1ey that correspands o the actdross of the first lengead af The
dealinalicm, Irrospoctivg af whether o ol s cache hil oecarred. The data in
[{RTR _||;_'-rlq_=|-i-'-'r.1l'l::| of fthye eachie dhata Arriy 1Tl I."i'-r:'Eﬂi_:li.'.ll'l.l'.“. Lz ihe gddvess ot the
serand engecrd of e dectination rewodns oeallercd, o oddition, eriors
generaled duelng wiite elerences, tiat would ramalty cause @oraciine
check, are ignorad (they do not canse o mochine chock frp he be genenibed,
i prevenl data Fromn beieg stored i the cache).

Diagnoatc mode ia inlended to ollow the fesilevs] cache 1ag store 1o be
|'|_|.||.. laalad prathonat '-'En_l,_l,rj_. ol _'.]_|'_.-|.'|;|;__1 i i menry. Tri= mode
nakea it '|:|i1;=_|5_-|'_,]1;_'- tor the fag & g le w2 & sirhieuiar racke '='r"||!I'_'|." Lo ke werillen
wilh any palls:n boe execotive o MOV instracilon with bils 2= af the
deslinaiion addresn equal o t]'ur doaieed patteon,

Twro BT imatractivons, ame with a quadveord aligned destinnion ad-dresa
and cne win e nest iongeecnd atpned dezlipation addrcas, are required o
write o bast fengencds i e daks ek of & cache cntry. Liagmuestic mode
theps micl wTecl read relerencea. Cloared on o= jaracd '.'-_':.' 1he I!l":\-'".'llii:"l'l
uf DOCOE when Ihe processoris halled.
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MOTES: AL leaal o v rferemen mns ocenr Peteeesr vl write sofuvesices mare
fn diaguoadh aods,

Diggrozile wade sheehd ofie b apleched roherr wee pond oy ove of Fre froe sots /e
ehnkled, It:'-e'r'ﬁ'n'.':-u mthia ae n:f pith Bath o snekded o bodh deks dowblad il
e it bl +-:'~.r-|:~_-.

3.3.2.8 Mamory Syatem Error Regisier

The nemory svslemr airor eegister (M3FRY, TR 33, records the accutance
uf fevst-lovel cache hits. as well &s parily emrors on the CDAL bus and in
fha first and second-lovel caches. Thin register ia mnique to CPU deaignns
that mge the CVAX chip, M3TE<6:4.3:0> awe sticky in the senaa thot they
remain et undl axplicily clearad. Fach T:4 iz 22t on the Firg accuranss of
the ervor il fngs, and remains sel for subsequent ooeavenees of Bt coror.
The ASER ig expllcitly clegred vie the MITE MSLR instruction imespechive
of the wrile dala. Sre Figure 3-14,

al EEE e L

[t e s T T
s |- I2|III| | |

Flgike #-14 Memory Syslam Errar Beglsler

rata Bic Cipfinltinn

e T b N Unused, Slways reed ox zerm, 1-'r1'||:|r"k. |'|'I (R I i."F'he-lt
=7 FHc mlzs (TR Ecad arly, Wellcs have no offecl, Cleared

on gl cachealle references {nal hil Lhe liesl-iovel cachs,
Yt un all rachirable cwfercmens that Tries Foe Hrat-lesrd
cache, Cleared oo zovesr-gp and T Eie negatioun of O0OE
wehen e peocessos halis,

=i DAL paraty wredr TLALL Kead! writs biooclear . Setowhensesr
A UEVAL Dy or seced Devel e ke ciatn abore ]J"Tl'r-, BT
is detstbed, Clssred 00 ]'.w.*.'“' PRI R b |"I|' e 11|'1_.,.1‘1||z1 I
AL O, wo ke thie prvesssay is aal Thead.
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['HI.-F' 'Bll. Crefmatiomn

=5 atachine check (MCD). DAL purcliy crror, Readiwrile to
clear. Set whenever a machlne chec 9 caverd by a CTHAL
Bug oy emiril-lewel cochie daia perity crror. Thess etrors
only penerale rmeching checks on dememd Blstream read
feferences, Cleared on poprcr-up redd vy the avgatinm of
Do 0K when 1he precezsor halts,

4= Maching chock (RO, Firse-Iovo] carhe parity errog.
Feadiwerte Lo cloar. Set whenever a machne chek s
ratised I::-l.' a flrstSens] cache |:-.-'|H1'l.r e in the g N
data state. These errues by gerezate slachioe checks o
demamed Redvearn teal references. Cleared oo power-Lp
and by the nepgation of LCODE when e poeceescr halle,

<k Uruazd, Always read ae zore, ¥Wotes hove ag offect.

<1 Diata pachy etvor (TAT) Eoadlwrlie to clear, ket when o
j_mrll:.r oveor 18 detected im0 the data stone of the fiogd-leyvel
casie, Llcaved om power-p nncd by the negation of DCOK
when, the pYrrEsIT halte.

<= Tog pavity evrer $TALE Réad Swerite t0 clear. Sel when a
parily orecr is deteriesd in the tag rters of the Best-leved
cache. lmared om coveesr-up wened |.'-_'.I e J.'L&__E,E.Li.-;‘.“l.l.‘l al DCOE
when the privessir baits.

1.2.2.7 Firet-Lave! Cache Error Detection

Both the tag and data arraps In the [est-level cache are protected by paity,
Each &bt bvte of daka and the 2-hit tag is stored with an nesociated party
Bt The walld bl in tha tag ie not cowered by parity, Chld datas bypbes are
alored wiih odd paritr and oren doim bytes o stored with ecen pariiy. The
hag ¥% stored with ood parity.

The auored parity ia valid only when the valid bit asenciated vikh the Gret-
Tavel cache entry is set. Tap and data parity (oee Lhe entive Tokgweod) are
checked an read references that bit the first-lovet coche, while anly tag parity
Iz ehverked on CPL and D94 write refureness it hit tha Gest-level cacha.
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The sotion taken followeing 1he detectlnn o 2 (isi-level ceche parity ormor
depends ou the tefarance bype.

= Dhuing a demand Cr-stream tead reference, the <nbce Firsst bowenl cocine iy
Huoshed, the CADE ja cleared (which disables the first level cache and
eamaes the second-level cache ko jgnore all veed opeatlons,) The cause
af the error is logred in MECH =220 and o enachine (heck atork is
initiatecl.

*  During a regueat stream oead reference, the entive fingt Jevel vache iy
thuvhed (undess CADK-<D > is ser), the cause of Hie erroe 5 Topred 1
BASLL, 10, the prrefotch 3 Badbald, T e machine csheck alorel accnies,
and Ioth caciies semain anal-led.

= [hrng o mediced or unmeskec wilte relerenee, dhe ontie ficgt-lewe]
cache ia fiuahed [anlesa CALMI =<0 iy =ct), the couse of the cooor
|s_15__',:|rr_'|;{ i BISER P fanly I:.,.g gatity b= checked nie CPU wrlkes that
hit the first Tevel cache), here iz no affed ot CTLD execulion, and bath
caches reragin enabiled,

¢ Tryrieme o DO0A werite eelfersnce the cruze of |he ermor iz logged in
MSET < 0= [oaly g paciby i Checkedd on TAA srilea thal bl the Hlral-
jewel cochep there iz aooetfoct o CTUD seecation, Dofh cackhes cemialn
errababedd, vl me bnwvallddate ope ratlon oeelirs.

3.3.3 Second-Level Cache

The EA&G3UAA alsg inclodes o B4 Kbyle, direst mappead, weribe through,
sevvnd level cache with o TR0 na cpcle time For longseord tranafers woud
AT s gyele lme for quadeeeord Lransiars, TP vead raferencea acceas onre
fongwiord at a Hme. {Cacheable refzrences that misa the birst-leva | cache oo
moCoEs W ko one quidword ob a time, wiile CTTE weiles cenoaceess 4 sh 1g!e
L'l_rrrl:e al & tme.

* wirgie parity bit iz genarated, stared and choecked fur cach tag. Toe cacter
does nod ganecsta o ciecl: pasity on each data byte. Thc party bite stoted
wifls gach data byle ave isken from ibe CLAL pariiy lincd when a dofm thock
in wotlen o1 allocated.

i gecoTid-ivse] cnehe Bk, phoge [ il_',-': sk are |_:l|.|. wd Tk on the CT34T
parily lines, 2o ihal perity checking an the daia Deves e perfonred by the
Cwral rhl:., = mates =econd- !rl'ru' cache Gela parity ¢TTOrE app..m as
UTIAT bais pariiy gicoes.

The sccond-level cache can be enobledidissbleon By seibimeioescing the
appropTiabe bit in the CACR. The accond-fovel cache cin b fostes! by
wriiing any w2lee to each enimy in the cache disgnostic space, oy long os i
is pob W dizgrostc awode.
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okt Sezond-Loval Cache Drganizailon

The second-Jevel vache, being dlrect mapped, conalale of a singie storage
arcay valled gei i This arcay conlaing & B k& row by E-bit tag amay and o' @

k row by F2-bit date erray. See Figure 3-15

i1
B L (T e 2 B
I 2= |LeiaaSRaT
-
|| kbR
LENYT [
Ea R I
T P R CIL LETLY
i .
12 ]

(LN B I H

Flgure 3-15 Seeond-Leve]l Cacha Crganizalion

A row within iha set commespends to & single tache entry, so fhers are 8 K
rotries in the entite cache, Fach eatey contains a L2-bii tag biock and a 72-bat
{vight-byte) data block, A cache enley I aiganizaed as shown in Pipure 315,

I Tat ILEE, 1 Lt T B |

Fipure 2.-18 Secand-Level Cache Ertry

A bag Block onoaiskt of & pariby T, s cvalld bit, and & 10-bit tag. A tag Block
s otgamized ag showmn in Liguwee 2-17.

] 1]

Lit1T S B -
AT R —

UL H

Figure 3-17 Second-Lavel Cazhe Tap Biock
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M datm block consists pi eight bytea of data, each with an ansorialeed parity
biat, The totai disto cagsacity of the cache is 3 k ciglit-byrte biocks, or i Kbirtes.
A data block is organized oz shown in Figure 3 15

E: L A

i LI L 1 |I-

e TAE|TY BITS

NI ERT

Fhypure 3 18 Second-Level Cache Cala Blook

3.3.3.7 Secona-Lavel Caphe Addressz Tranglalicn

Whereset a OTT peferan e thit cien b stered in the fosi-leved cache comscs
& miss of the Bretlvel gache. @ quadsvord tansfer is initated on the CCORATL
s angd the secomed-level cocke 12 checloed bo determine i the contents of
the lucationis) being addicssed are stoved there. The cache is chacked by
transkaling e addres: ag follaws,

= nnpecachepble reterences, the reteienoe is nover atocer inihe cache,
T “'\'-t"'"'l':ll'll'f h-1.r|-'l i |"u-' rni«'w: LR, the AN T CTY r_"r*c]r.': is ailowred

o [ cacheainle meferences, lhe ph}-‘.-ziu:al advdress st e Translated b
cletororine iF the contents of the relaranced jocatlnni=) zre resldenl in 1ha
cacie. In thie crae, the cache index feld, bits <153 = of lhe phyzical
address, s used o seloct one of the B & entooa jnwesd ia the aet. The

vache ing ficld, bita <:16> of the physical addreas, s then congpared
tre the tnn Pock of the aslected entey. Bita <2826 of ihis (=] moa
bo zomo singe the second-level cache iz designed Lo aspport a maxinmsm
of 34 Mimtes of rein memory.

T malke T arenes with the by Blochk af the cotve, o the o 5d bit seithin the
eniry i3 gek. then the conlenta ol the lncatiom Iz conizined i te cecle angd
8 sccond-lovel cache hil aocurs, The cache dispiacement Oald, s <2l
of thte phirzicat addezss, 15 12ed o 2elecl the Innaeard within the Biock.
Bits < T of this field arc igmored since (he byte mask signals are osed
1o select the desired byvtega) within e longword. MMain memory oycies are
nitiated oo all CUAL Eng cyclia, bot l'hm,' are aborted before complation
ren Secven ol lewel Cachie hiks,
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I theve is oo matel, then the contents of the location is oot contained in the
fecond-level cache, a cache mise ocowrs, the wnain rerpory oecle s allowed
tn conyplate, and the data is prosdded by the main memonr controller See
Fiplive 3 LY.

Lok TG 1 u
T i
PR, |
SAREE T4
0 S I
T
L iear | -
PR TRELE IO Yt
— '
_ !
[ TAINE U ARTITHT
O [ 5-Th |
- Heks B I -

SETA | RATEH

JaTm
gt a.

Figurg 3-19 Sacord-Leval Cache Addresa Translation

3.3.3.2 Second-Lavel Cacha Dala Block Aliceaiion

LIn cacheable soforoncea that swiss the tiesk leayr? acte, a ||u:1|:']1-'-.'-:1:'r] rescl
ie initiated oo the CDAL b, 0 ihe epuesied guuadesrd canmal e Tound
in He seranddevel cache, i® s provided by he main meamoey contoller,
brdly saches allacala 5 dala Tlack for aloring the entive quaderord. and the
reciissbed] Torgwened I8 pessed o lo the CFT

Thia Lo the fach kel the second-ieved cache is divect mmapipesd. there is ane end
il nme dats block in the cache that can be oltecated toa siven quisdreord,
This dala hleck in determined by the cache indesc Beld of the physical
eddraza of the quadword. which zoelecty o migue row (ke Bhock) within
Ihe cache.
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Sutce the KAnH) AL supports 64 Mlyres 8 M goadwords) of phyaical
memory, up o Lk quadieords shaes each data Plock frow) of the cache.
Contiguens programs Jarger ihan £ Flytes, 01 nonconbiguous programs
sepamated br 64 Khytes overarile themzelves i fhe cacie wher cacke dom
Bincks are allocated for rnemory references aaparated by Af Khyies.

3.3.5.4 Sacsnd-Levsl Ceche Behavior on Writes

Un LPU gereraled wiile relerences, the second-feeel cieche ia secite thoouzh.
AR T ke referenocs thot kit the ascondlaved cache cause Lhe conteints
of the referenged location in man memory to bz npdoted ne well fa the
opyr i Lthe cache,

2m LA write veferenmces thal hit the cache, e cacke entoy coentaining the
copy 0l the referenced lacation |s iovalidated

3.3.0.5F Cache Conlbrof Ragigher

The cache conttol register (CACR) addeess 2008 2000 40, controls the
seraing fevel cackie and is unique to ihe KAGRD-AA. Onby the low byte of
thla repister should T written. Sec ligure 3 20

Wl PR

[ LR LF™ SockE dagaras

e dladl A7

Flgure 3-20 Cachy Contra! Sagiatar
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Diefiaitivn

=23ldd=
< MizB >

< P ifi=

o

Updcflned, 1Tndefned om vepgls, Vrites hewe o rffoct.
Cache ﬂ'ia_y;nrjsril Freled. Reqcl imals,

Cha cvile gpesd {C5F). Reesd ondy. Wrllea have e
effect. Lheee bdes aze wiedl to indicate e apesl of the
CVAX chip belng used. They are enoodcs] oz Jolingrs,

=M Spacd

Rezmaeved for fubize wos
h| Remepved fur fubure o
ul LY fhg
Ll 14 ns

Cache pavity ervor [OTEDL Readbwerive to dlenr, This Bit is
it whenerer & carh® tae party ey ik ek e Dleamed
by writing a 1. o pieveec-up and Bhe negation of LiOCOK
wehen tive proocsstos (s Ballel. '

Cache srakle (0] Rendivadts. Whrm clearesd, all
referenoos misa the cache pocrpt thise tnvhe carke
di.‘larl-;:ﬁﬁr; apncy mrgd *he plocatisa of oo he Blorkes §s
]1|'¢'1'|:-n1r:_'1. Whpn sor, tho rnnﬁg'.'.'rrlri-.m af the Frsk-lmeek
toche doternyines whick bpes of referenoes pre sgomd.
CACT D pnd CACT =32 must bre coared befone thio
bl can be sl Cleared on paweer-uy aned the nepation of
M0 =ien the processnr is baless".

MOTE: MWt dhe soonnd-lonel cachie is dizebiad, i
2fiould B esfed Pefore re-sneling (o inzere el data
may hawe hecome alile, wiile the cache xoas disabied, ia nof
1etidized.

IImised. P.lwrl}-: viaed as zero. Bust b= semcten as zero.
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Trana BiL DefAnitdnn

<l Woribe wiorg petl v AP Eeadeermite. When set, the tag
parcity bils sloced o the leg Plock pre incorrect i wverted),
and the datp paviny bits storecl in the data blemik ace foapoed
13 all Te whenrver the cache data block is wrdklen. When
cleard, ootrect patity d= stored o brth the lag block and
the data bliwk whenever the cache s wiliten, Tap patily
rorars foece A seeormad- Teeel racks anige. s Lhe cache has
b ke vepdd themagh the i diaginellc space Lo check Lhal
potlly was Engormcthy writtem. Cleared on power-up and
the nogatlor of FIUOE when the poocesse e halled,

LS THegagellc made THA, Eradlwrite. Whan sed Lhe second-
Pl e e dhivabled, aod welles de the cache Spgnoestic
wpaa e et the valid bit b Uhe entre Uhal |s weitten as well
an lead the Lep Neld of the rhesicai poddress inen the bag
block ef Lhe correspond ng seroned-Tevel vache entey. Lhis
rende @lldwes the serond-devel cache b Block (0 be fully
lealod: When flonmE, CACE -3 determines O Ene cache
is pmakimt: ancd veoites to the cache dlagnast I speee cleat
the walicd Bis Fue 4me el oy Lhal I8 wiliben, Thiz mode
alluiws tlie gecond-level cache e Be fheshiedd hy wrting
ary value to 2acll enliy via Lhe cache dlagnnstic space.
e cn posterc-up and The nepation of 700K whes the
praresaT i lalred

3.3.3.6 Second-Lavel Gache Error Detection

Goih the tag ond date armays o the seennd-level cache are protocted by
parity, Lach &-bit hyte of cache dale amd e 10-bit tag is stored with an
aagociated parily bil. (0dd data bytes are stured with odd pardly and aven
thata Twelas ara slored with aven paditr. The fag is shered wlh odd panty.
The sinred parity ia alwees walid cegorclless cf the ataia of the valid bit.

Teg parity i checked by the second-level cache logic on CI'U eed, £TU
write and D pdsh werite refecerces, Tag parily is generated by the svcond-Jevs
rache logic during the ailocation of & ache block.

Train patity is <hecked on a bwie basis by the OVAX chip [or UPU read
referemces that hit the cache, Data pactiy 12 %aken directly frem the TLIAL
bua pazity lines oo C1L write opestlons Lhat bit the cache and during the
allocation of a ciche Tingk.

TTpon dakecting second-level cache kg poreily eerors lhe entire second-level
cache s digabled (CACR <43 = ia clearedy, CACR 5= {second-icvel coche
patliv armor} 13 aet, and an inteveopt of PT. BA uoagh seckor 54 g iy
gencrated.
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Lhe action taken fnllowing the detaciion ol 3 second-level cache data patity
errur i jdentical to that fur CUIAL bua parily errure and dependy on Live
refetence type.

* TDuring a demand T-sireant rofecence, the ek level cache ety ia
irralldsted, the caoese of the erear s logped in WMBSER<65> and a
machlng theck aborl 32 millaled and the bad daia in the second.dpvel
rache Permainy tmaiteracd.

= Duwing i request Fatream refepence (pretetehy, fhe row containlng the
frstleve! cache entry 1= Invalidated, the prefeich upemtion s aburted,
the rauge of the error i lngged m MSER <=, Tt no machine check: ig
generated ard the Lo datoin the secnnd ievel cachs raralins unetered.

*  TDwring 0 request D-stressn or Letteam refseence [AI0, the First-fove
cache endyy i8 invalidaled, the firet-lonel cache (118 operabion is abortcd,
the cause of the emmos is ingged in MEER <6, bul o machine check is
genardied and the bad data i 1he second-devel cache rernpins unaliered

3.3.3.7 Secend-Level Cache a5 Fast Memary

Ihe second-lavel coche can be secessed us part of maic memary for
diagnoaids purposes as well as [or fask execution of Doalsteap or asif-test
rada. (e thousond and heemy feore copics of tha second-Jeve! cache data
aTIEy sppear sarting st thae tieat eddress lo the upper hall of YAX meniony
space (phyeical addresses TOUL DD 1 1o 33FF BT 30 This area ia catled
the tuche dingnostic spoce. Bead or write 1aferences to this address range
acoesd e secinellewel cache ar ldgh apeeed (1B ne) AN, Rend 1efarences
will not affect the existing tag block o the acccsced cacha entry,

When the diagnnstic mode bit CACRE={>. 1% cleored, wrile seforoneas
inaalidate any cache entry that i toceased via the cache disgnostic space.
This preeyenty atmle data from aviumualating wher the cagche is used as high
spead WA,

When the dingnostic mode kil is set, write references set the vaba Bbi) Lo Hhe
tag Block and write the Lag fleld of the phymicel 2ddress into tha tag of A
enti that [ accessed via fhe coche dingnsatle space, This allows any of the
U2 ussibie cache vay bil-patleens to he witten inlo e tag block of any
cache enlry by yeriling te ot of the 1E4 copies of the cacke ooty

Fate pamih: ervars that mecer wehile "Jﬂir‘;ﬁ_ lhe seeond-lovel cache s high
speed WAL have the sane effect aa pacity serars encountored during the
Sorpal opesation of the cache, "._".:g pariky ia nal chedked vn azcess in eache
dingnostic space.

ROTE: Ty Sach the secand-leiel oicle, ovch cacke endiy st dy pritfen wia Hne
el dvighoshe space it e FhighasFic mode BIF clened.
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= 4 KAGSR-AM Maln Memory System

The KAEF0-AA includes a rain meraory contzoller implermentrd via a single
YLl chip called the (IUTL. The EAG51-AA naain memory contenller
rornmmUnicates With the M5G3 memory Loards nrar the BASEST Mo oTy
Citerconmect, yhich uillizes fhe S0 intoron et for the poddress and conien
linea ond & 50 pin, mibhon cable for Lhe deia lines. 1t supports up to four
145R50 memary baards. [or a masimwin of 61 Bbytes of FOO mumne,

The controller supports gymchrnmizgs Lomynae rd prined retorencea, and mazked
o1 unrmaaked amclinous wiite relazcncea generated Ly 0y T oy wel
ge synohironnis gqua denrd read reforoores penerated By cacheable CFLU
refarances Lha inias the floe-ieeel coohe. Tabie 3-9 Hawa C1'T0 vead eeference
timing vitues, Table 3-10 Lisk (L werite tefagence iiming vahios

Read references aIg atwrted by b gecond-level coche an nReana-lewvel caiche
hita, wnd h%r il 4222 bus inderince 0 ey AT2 booked ond the KARGD-AA is
pat the CRE2-na magher.

Tanle 3-8 CFY Aead Aeferancs TirmiRg

Data T3pe Timing

Tomsgivard 430 ns

Cigedumnnd T2 e
Flrat Jongword 450 ne
Srcod longeard ITns

Ahneted raferenor 43| ng

[ rrigvwored (lockesd gt 178 min
Aboyted releromos 450 e

fbetry (o ked) Sl e

Tabla S-16  CPU Wrile Refarance Timing

[(Malp Type Timing
Lirseard & ns
Tommwroere! (e S0 e

The craalrollus alsu supports asynchonues lomge nzed snd quadward LA
read rafeppnces und masked and unmagked  agyrclonews  tngeserd.
quahword, basmvced, and nolawand BRA write refTences frimn the 122
interface, Talble 3-11 Jets L)dd-bes iderface read velerones [y values

Talle 3-12 liats C22-hoy intoyfae wrriba pefurs oo Rening vallles.
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Tabvla 3-11 Gz2-bus ‘nterface Foad Aeference Timing

T3

TIpla Type Timing
Largseore! L mg
Crinad o rl WHl ng
Firz| |'.1.'I.,g,wl.ln1 2 ne=
Aergnd lonpaeocd dal g
Lizmguemrd flocked) 50 e

Tabls 3-12 Q22-bua Interface Wrile Refarence Timing

Dato Trpe Ticeing
lamparsd Jolr e
Lommwnrgd (raaked ) 420 11k
Claadwaond LE
et lpmpgae s S ng
Semimd longosl 0 ne
Quadveined fmasked) TR ns
Flral Jongweord EN AR TN
Srcongd Lovgreeord I s
Hexwernd A ne
First lorpurgrd JEOQ rew
Revond lopgwosd A0 s
Ml Tomparaed 270 n=
Hezword {masked) L350 s
First lonpmrord] ©JED nE
Se el lengword 270 ns
Fhirel lungwrand Y20 oy
Cledavesnd i 1700z
Flisi longveend Wil g
Cecon: bongrrord 270 n=
Third fonzpeores 200y
Foneth, longword 230 1y
Nrlaweomd Cinankied ) RN
Firat Tongiiood 240 ns
Sroamad long veard FLME P
Thirgd longsyovd 270 vk

ki, Lanp ol T pay
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The tivning in Table 3-12 assUmes ni exet plinm candibons are encounivred
during the relerenca. Exceplion gonditions add Me following amount of
e if ThEy are encuyntered during 4 reference.

Dalp Type Timing
Crrecl able eeior U 1T
Tncazrectabis grror R s o
Lineacrectnble croav il wete
1AL perity eIpoT U I
Refresh rublislon S HE L

The wain memary controlier cankins vighlepn registors. Sirdven Tegisiers
are pued w configure each of e sldecn pnacible banks in s micmar
(rw repister 12 used to contral i ppeoting pnode. of all memery anks and
ane regiatey caplures sleie on TIalil ST ¢ ENTLM-

5.4.1 Maln Mamory Organization

plain mewory i lagieally and physically divided mto fone Troptds ivhich
raspeapond o the foae poesilile MEBAAN emey sxpanEinh ttlze that
ran b alioched 0o Lrfagi &8 Tacl eparcd CAD COnEET wErh |y DHETLHY
moudule present), ue e {MGEEN AA presenty memery banks Each hank
copkaina 1,MdBE 57 (1 A) ali el loneweords,  Rach aligred bygeii:rd s
divigied nin foad dam bylea sod i daved with seven OO check bits,
recalting in @& memory 2y widil of 39 bits,

3.4.2 Mazin Memory Addressing

The TASS0 A% mata moemory cunitollen i copable uf cantrofilng wp o LG
Lanks of Rakl, sach bank containing 4 Bilmdes of stozage. Hach Tank of
raln meniony has o progremmable Lase adidrags delopmined by the atale
of bty = 2552 = of the main memnoery condiguraticn register agsockec wilh
sach Lank.

A dlfinte bank is accessed when it = 28 of the physicai achrags is squal
to O, Indicsting o VAN mumory Spact readiarile Tefeenoe, Al <2R2G
of Ihe phyveical addross are equal fu Jerc, ndicotlng o refercnee wirhie
the sange of the main memery contenller. s the bank numbes of the
bank motches bits <23:33= of the physlcal addrees, The esmnainder of the
pivysical adress (bits <22 me naed to dalerming the e o columm
mf fhe desited longeord wilhin flie hank. The bryle ok Tines 2ve ignored on
vead npeationg, bul ace used to yelect the proper bytea) within e longweord
guring masked kengeord wiite relerensas.
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The mzln memory coptrolicr acvesses maie memory on roadhwiite
referencas in paraliel with the sddress bianslstion process in the secand level
cache, U CFLU read refereners thit bit the secomd-leve] mehe. the memary
contrafles readn the jongword frosm main memory, bat the operation =
aboited before the dater gets clared on the (AL D,

3.4.3 Main Memory Behavior an Writes

Cin uimiadked CPL ke refoioncey, tle maln memaory controlley cporotes
In durmnys and pan mode, kermingting the CDAL bus sansactuen afler latching
ihe data. but before checking CTrAT, bus parity, caloulating the TCC check
bits, ana trensfering the dota o maln memory. This allows main memorny
to kuoep up with the serond-levs] cache without wnpaddlng the CPU writa
perfonmanty.

2 onmaaked DL write coferences by the (028-bus intertace, the dala
g larched, CDAL bus pariby s nol chacked, the CUAL bos trapgactlon is
terminated, the %00 chesk bils are calowlated, and the data ix transferrad
to main memoy,

O =lngle masked CIL oy DRdA weite relerences, COAL s panby s
checked {for CPL writes anlyh, the referenced longerord is oeadd Feor maia
memory, the BOC code checked, 1he chack Bits recalonlated Lo aeeount for
the e daka bylefs), Te (DAL anaaction is kerininaled, and the longword
i rewritle .

On ewltiple franefer macked UIA writes, each longwrord waite is
acknowledged, then the CEMAL transackion is lerminated.
3.4.4 Maln Memory Error Sigtus Reglziar

The maln memory stame register (dIMMCSRIGE address 2006 0149 ¢, iy
afed ta caprure main memary erren data, This regivter is wnigque In CT0
designz that vae the CMOTTL memory coatreller chip. See Figure 3 21

b [H R b E L e i
. e = ST I | R
; II | I FAZE KLORETS £ ERFGR [ ] weunces:
T
AR SERMA I i rs SZANA _! -
051 Gl LESER <81k JI LWL Akl ERACH
meonta Frr S2ANESVHNROWE

Figure 3-21 Format for MEMOSHRE
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Teta Fe Tralkltien

- ETiS vrrar. Ergdiwrite 4o Slrar. When =0 nn
uncurre txhle BULT error o ormes® daring @ ey read
or ke weite reference. Cloaced by weriting a 1 bo 3
Wrllnp a 0 hae oo cliocl. WTndelined H MERICSR G < 72
AL bog crior) e gel. Clearcdd an posee-upr and the
'r.p;_ul.ﬂ'il:m of MCOF whon Hie Frocessar 1z halted.

=< Wl= RI3% high e vates Boadiserite te cirae. When e, an
umrnTeertante 5000 oo arrutred while the 115 smor
G reguest B owis s indivating waltiple amoorre tabie
TEMOFY ST [Tmared T my "."nt';l!: a T omike Wrinm A |
has nn eftere, Lndefined 3% MERWOSIT6 =T o (O34 o
crrorh is st Uieprod on powcr-up engd the nogotion of
T_CHE wehen the prrpgessor i holicd,

o B LWL e, Reaciiwerite to olear When s, a covrectable
Chivigle bily eeeer ooourred duging & memoeds sead o
masked wrile pelerence, Cleaved by welting a 1 io dL.
Wrlilng o 2 has no efiect. UndelCined 15 MEMCSE LG <7 =
(E20A0, fae oeer) dw osel, Clepred br writing o 1, 90 poeer-
npr and e megation af DO when the FTonTIRRT Iz
nalced.

o S Pampr adidresn s of gxrnor. Read iy, This fisld tdendities Hhe
pags (912 byie Bloci:) cuataining the aatioos that cavsed
the metqory e, 1a the feeat of muitiphs snesoory
rirors, the fepes of ermass ame pricitized and the poge
aclefrass pof the orrar with Phe 'hl'@-e'sr ;-1".|11'r:.r % c'.:lptlll'-l,'.ﬁ.
Erroms weith eowal priosity da oot svsrwesite poevioos
coindanla, rites have neoeffecl. Cleapsl on potycr-Lp gigd
ther megn b af POLGE when the proresses 1= Ralted.

Fhe evpes of ecrar conelition s Followe inoardee of peiarity.

& CAL bus patite armers doeing 4 O write teferenee,
ag lomzad b the CDAL b ereow kil

» Rlncorrectable B8 ermoes durinig a CFU o Dl sead
or cdsken veeibe refeeecn, as lopsed by the BRI aeros

baxa bk,

= Dowreciable BCC ecoows lirivg e CPU o0 TINTA veacl o
impabed welle referonoe, g8 lapsod by CRET crrgr bl
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Eredd erre. Beadieeride o dear. Wlhen ael. an crroer

accurred dering a DA seedd oF wirdle peference, Cheaned
by wellimg a 3 1o 11, Wiritng 2 I hos na effect. Clearsd om
pawel-2f and the negetlon of TICCH wwehen the privcessim

AL oS oo, Readisurite b clear, Whan set, & CDalb
bz ps,r]]:.' cirrgr aorprred omoa LD serile teressnes.
Closred T writing 4 1 T it Writing a 0 has no effect.
Cheared aon power-ur and the nmgation of LUK when the
proacesscr o haltod

Trara Gt Ehefinition
=8

is falted.
=f=
o il

Eeeor syndrome. Read enly, This Held stones the ermoe
gvadrome, A nanrora syndrome iodicates A detectable
ciror has coxrred, A wniate epndiome 1p posneratod foe
each porkible single bil {correcisbiel croor, A Hst of these
svamdoosties a4 Yhedy agacclatod gingle Br eroaes 36 givint in
Table 3-12, Aoy nonrora mymdrgms that ix not vontained
In Table 3-13 indicates a rooltiple Bit uncozrestabled
ervor nes nocueteed. This field handle sliizde eeeroea da
the =amne manner @6 MEMCSEi6=28:9-, Clepred on
prwer-up and the negation of DOOE when the processor
im hualied .

lable 3-13 Jisty the error syndrames.

Tabla 3-13  Error Syidromas

5].'r1:']1'.:|-'r|1r ' (Y

IEICILEID

Bt Mositien in Exsar

v pircr gelocied

Blata bis {0 ic 32 declmal)

L0
(riin
o1LnG
1110
(EIRNRAN
TFLI01L
T
LN
ERHHIIT
[ il

o= L) ] o= 33

L s = I
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Tabls 3-12 {Gont.} Errer Syndromas

Syocoeme< bl Bit Poaition i Eooer

L0 i
i1 11
o1 i
111GF] 12
noret 14
(R HHITH 15
111200 L
L1010 1r
11007 i
11T =0 ik;
G110111 21
1110011 21
1100 11
G JELL L 23
C1TI0EN) 2
11110 i
1113010 2k
arLen &7
THIELN H
L1111 H
G1I170F X
TG i |

Lhecic DdIE 632 10 26 dectimal

QOREIN0) X
CHEXG: A3
RIS a4
LIy IEY) 35
HE e T
HITHEES] a3
TN i
GO 11 Eenrin o incorrect chsck biks weritben ca dareckon of a CTRAL

DALY BITr

Al plherz Ml l=d oregers
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3.4.5 Maln Memeory Control and Diagnostlc Status
Reglstar

The mwain wnemory cootrol amd diagnoatic atamas repider REMOSRIT,
addresa 200F @144 | is vsed o control the opemating mwads of the nawn
memony conbeslier as well as 1o store dinsnestic satug lnformaticn. This
register Ju nnique b O darigns that vee the ST meamedy controller
chip. See Vigwe 3-22

i) [EA rafkTaT452120
KR7 | | - kl"il-] -|
il -
SRECRTE AL ET SR AR F I
*ANCL KLl Resk F2GJEET
25R0OF SFTRCT .":I:'.i'ul'l_l :
DHebiLG (U GHECE TS
LFFCE I'IIT!=_ ~
waa >0
Figure 3. 22 Format for MEMGSR1T
[laty Bt TieflmiHan
=2 Limasedd, Meads a2 wero masl beowaiten as s,
w2 1 CID Inlerripl onahle. Readlwrite. When cleared, gfnzle-

bit errors are correeted By dhe BOCC Jugfe, kel no e
le zencraleel, When et single-bil ercora arc corrochist by
Lhe BECC Iogle amd they ook ar, ddesrupl L6 be grocransd
al 1L 1A weith a vertur o 2d - . Thdz iy has opoese
oyl Lae capuring of trror Endorinalicn i BAERICER 4,

ar o Lhe rgeceting at wme nrmereable errore. Cloaned on
puweesu gad ke nogation of LCOE when L proocases
i halled,
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Crara Tt

=11=

Delinition

Forog solvesh requesl. Beadiwreite, When cleatsd, the

refroeh coalrod bople opetates i vwarmal moixde (reftosh
eerry L0026 usr, When sed e euisre refresh nperation
rocuse Lnmechately after the 5100050 wite TofCronoe
Lhiat sl 1is bik. Ert‘l:izlg this it F"l’l1'-'ii.'.-l;'5 p mechanisii
[or epeeding U the testing A the refresh logic durlng
I.'|.'|H.|.'|."J.[H.-:i:l.|rir'|:..: kest 1t the cuntrallcr :!151" This blL Is
cleared By ihe wenoey wooteoller cpun oempletion of the
refrosh gperailon, Cleaed oo power-up and the negatan
of THIE when Lhe procsssor s halied,

tdems rrow detect dimalzrle, Eeadlwerlla When set, ermor
delertion, and LorrsHon (MeA7] 95 dimabied. zo ali Leazy
srenrs e gncdetertsd. Yhen rloamad, crroy delecklon,
careechlon, siale CEpiue and ropantiing (vie MRERCSR4] do
chebled, Clearad sun omaer up and the nepr?fln of Tk
when 1he poocesscs ig Lialbed,

Unged, Tive fizld remde as mera and renst e seelien e
CHEF

Dagnoslac check mude. Besdiwide. Wher ser the
confenls of MEMICSK1 =60 are veritten inia the
weern O chrck Dlle al Uhe focalicn fevem i & Cioal
]Imir'.' eivor i drtectod) durlng o semocy weile rafeenos,

Ve ceaced, the seven chesk s malcolated I_?_'!.' lhe BCC
cereration igic ame aaded ivta $hee sepen FCC check BlLs
al the localien dugiag @ writs edereme and 3 memerey
read rederence loacds Wee stete of e mven 58000 chreek Rlita
it the Freatiom fhat was rzad nie BMMERMCSELR < 00 =.
€leares vn pover-up eud Lhe negatloa of DCOR when the
Frovessoe ig haltisd

MOTE: LYrwrosfic check mnde (2 realvioted o aanmankud
vty b vofeecee, Ao opnsked wrile references are
adomiwd wien girpnesilic chack seds o e,
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Tratp Bt Diefinitkom

il = ek mits, Hesdiwrlle, When the dingrnatic check wade
b is art, these Bike afe substilulcd for the cheox s
that ate generated by lie ECC genematinn lagie during
a wrlie rofereni e, When the dlapnosiic chock minde =t
I= cleared, memory cead refesences losd, the stpre of
Lae seepr GO check Dilz af the locatinn dhat wear read
Into MEMOSRTG= 0= Closred on prweroup and the
negation of DCOE when the processor s batked,

1.4.6 Wain Mamary Ervor Detacticn and Correclion

The KASI0-A4 main memoty conteeliey generntes CLRAT. by paily on CPU
read raferences. and checks CTIAL bue parity en CFLT werile relorences.

The actiona tzken following the delection ol 2 CLAAL bus patity efror depend
ot e type of write rofessnce. :

Far unmiasked CFU write pefessncaa, inearmect check bits e werithen e main
wemory (potentialy masking an oq vet undetected momary erfory aloag wiih
the dagm, and, an Inlemupt is generated st [P0 LD Qeough voctor 8405 un the
next tvele and MUSELA <7 > 3 set. The Ineotrect check bils are detesenined
Ly caloidating the scven careesl check bits, and complemenbing the three
leagi significont biks.

Por meisked TDET weile referercen, imcorrect check biks are wIiten o main
menoty [potentially mesking s oz ret ondetected memory eor) slonp
with the dala, unless an unecerpectable eeent @5 detectecl during the eead
part, MEMCSR16< 7 > ja set. and a machioe check sboat is nittated, ¥ on
ineormeckthle error e detected on the read porl, na wTite oprration takees
wlace. The meoreecl check bits are determined by cabowlabing the sewven
cowrect chodk bits, and complementing the three Teast signiicant bita.

The s oy eowroller protects misln memory by using 2 32-bit mndified
hemuning cade o enrode he 32-bit dara lengwersd witly sevan check bite.
This allcwes the contenllar o detect and coroect single-idl emrere in the dota
field nnd drefect single-bil erzovs in thwe check bit fleld ana douwble-bit crrons
in the dhska Peid. The wost likely comees of these errovs are taiboses in eifliee
the mermasy aredy ot the 30-pin cable,

Hpen detecting 8 corvactable cior un a *ead relzrence or the vead partion
of o raagked wriis teference, the dabe is correcied 3f it is i the disia Aeld),
pefore clachng 1o e CRAL bue, or Tack in main memaory, an ireerl
te gencrated at TPL 1A Lheough secrar 54 e, Bl <2% of PATMTERTS by
gt bits < 2%:%% of MEMCSRLE are foaded wilh the address of the page
containing (he location that caused the error, and bits <80 = are louded
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with the errur gyncdrome which indizalcs which bit wras i erear. I the grrpe
vas Aelected on g DMA eference, MUMTSELG B> i3 aden sl

MOTE: The correried dnfn iz nob rererdlien Io wiods ofeikgey, sothe aixgle bid error
renains fheve unbid rewritlen iy gaftnaare.

Upon delecting an uncartedtalle arrar, the actiove depends oo the brpa of
meference bemg perlonned.

oo domand wead meferenice. the alfecied rowe of e fralievs] cache is
fovglicdatark, Bit <3 = of WMEECSE LA I3 et bt <2459 ol MMEMOSTIG ame
leadded with the addrezs of the page containing the location that cansed the
errar, 2nd Bitg <0l = are loaded with the emmer syndrome which indlcates
that tha emror was ameorreciahie angd o macking cﬁ:.:l.; abisrt i3 imitiated. [F
the read was a local-miss, global bit read, or a wead of the Q22 boe mep,
MEMCSRIG g 8> and DSET <4 are alse set, and DEAE = 1241 ara loaded
wlth the addeegs of the poge contalning the ipcatdon that canaad the error,

O g oreguest oeasd referencr, the "-'LEfE‘[E['I o fil aycie im aboried, but Bo
mmachine chiack ovewes, bit <3712 _-:_1'F DMBCEHRAG §a ant, i 2R3 ol
BALBALSRLE are inaded with Lie a;:‘.—;‘lreaﬂ l.'.lF ihe page conlaining the locption
thisk coesioed the ereor, and Bite -2 600 » ave loaded with the areor gy nd e
which pudicztes thit the oroor wes uncoceectable,

O the read parl of masked weite roference, bit <37 > of MERCERLA ia
aen, Blte < 2805 of MEMOSR1E are boaded with the addiess of the pege
contalulng ghe Treeadlnn that caweed the error, pnd bt <6l > are loaded
with the erros myndrorie which indlcales that the eriar was uncorrectable
and 2 mackine chack aborl 1= anihated.

Ormoa TA read mlerence, bit <3 n gnd bt <8 of MEMCSELG ere
cel, hita = ZF8Et= of MPLMOER A are Tnaided with e address oF toe FELEC
contaning e locetion that caussd the error, and bals <8l are lgadoed
with the crror syndrome which indicatea thot the ermor was socorseckabls,
DSER=d = 1= sel, TARAR <1 20 gre looded with the adoress of the page
containing the locatian that caused the evecr, RTRAT. < T376 5 ee asaerted an
the £2:2- ba El-‘l"'lgI writh The dala i i'lflill'_',. Flog repesiving device l|_1_nJ_4:5..J it was
a R 1ead by the (N52-bus inlesface dusing ranabaiion), and s internapd iy
grnceeted gt [FL 10 liseough veckor &I 4.

2o DHLA maaked widte reference, Dil <3 = ardd bt < 5= of MEMALSTEL6
are sci, bite = Z8:% > of MEMOSE L6 ane fozded willi 1he address of the page
comtaining the locanon that caused the ervor, ard s < ad= are loaded
wilh the errar syndrames which indicates Had he eeeor wise uncoreegtable,
DSER <45 iy aet, DEATR = 12:41= ara Baaded wilth the addreecs of the pagpe
containing thre lecaton thal caused tha eevor. BPCR < 15 = 12 zel b nolily Hhe
initiating duwicy, and aw ntermupt s genernbed at 'L L throwgh vectnr Al

K-
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3.5 KAGSD-4A Console Serial Line

The cenzale seript Hne provides the KARG-AA procesaot with a full duplos,
L5423 Fla, gerial line interlace, sonich is also BS-2320 compatitde, Tl
pnlr rdaks fntmai zuppocied io #-bit deta with no pacity aned oo skagr it
The four internal procaseor cegistens 1PRs] that condenl the opetation of the
conacle aerial line are o auporset of the ¥WaANX ropsale seral fne Iegiqters
deacribred in the VAX Arhifectore Brefeeice ddgimmel

351 Conscle Registers

There are four tegistors assochitad wilth the conanle seriab line unit. They
e implemented o the S50 chip and are accesaed oa IWRs 32 45 10 25 .
Brofur to Tabde 314

Table ¥-15 Console Ragivere

LML Muienbi Baglaker e Mnemenic
al Consgle ren Fver oo bnlatatoy kxCs
i omsule peoeiver dala buller RETIES
et Conrde tranamle ooriralialelos THLS

35 Cropgoie Lie nEmlt Jela hoffor THIE

2,537 Gonsoiz Recalver Comirgl/Siates Regiater

Tha conrale receiver conbrodistitns register (RO 1PR AZ, i3 used o control
and report the atatus of ingeming date on ihe conzcle aeriad line.  See
Figure 3-23.

- 4 - 2=
| Wb EEEL, RET JRHE L ! ] |ﬂ_ :nlc-

zR Doz

A

CrSLIT Sl

Flgure 3-21 Congatz Aecrlver GonmreliStetua Hegielar
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rata Tt
< A1:He

-L?'J-

B

o ks

TAiniiom

Linu=d., Resd as vemes. Prises houwe no aofferr.

FKeceiver conee (RS LAWCHRI L. e iy, Writes Diwve no
cffect, Thlz Bl iz g2l whern an colicee chasacles has bean
recefvod and le reade Lo be read (von Lhe KSLiB pepishes
Thls 1ML Iz auler~allcally ciearcd swehen RXTIE |5 oewd. TL is
ateo clearcd oo power-up and, e negeilen of DO o hen
te eS0T 19 halied,

Recoror inlormupi anabic (BX TEL BEoadiwelle, "When eei,
thiz bit capscs an inlerrugt Lo he requcsicd al 1PE 14 wlih
an SCH aifscl of BRI BX dooe v aef, %hen cleaved,
mkcrmupts Fram the oensale roceiyer goe diaal2ledd. Thia b
1z clooved an jwweer-pp end Lhe Acgation of T2OK when
the prroamsect 5 Rathed

Unuses). beak ot cers, Writes: have s eber.

4.5.1.2 Qonggie Recelvar Data Buifer
The crivsobe recelver daia boffer [RETHEY, TFR 3%, G umee? so buffer incorning
deta on the qerial line and captuce ervor infarmallon, See Flpore 3-24,

H L B E R B | oo "
i | i - |einl=]
L
T
.-n--J | |
ayazm |
Favzon |
Gy AR

FLos Rl BGTo AITS

[ET L T

Flgure 3 .24 Console Receheer Data Buffer
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Drefinicinm

Uasmsedl, Alvavs teasd a8 wero, Wites have ao eflec],

Eeeor (ERRY. Read andv, WWaltee hawe no cffec, This bt
I 9 W RTUF ez 1 o =z 102 05 520k, 1 ix olmse iF Phoese
Lesz Lxdte arc Clear, Thiz hil canmot aemerabe p progran:
'iril_'ﬂ'r'.uh.'.-i' CllesTrvd n | L b el the negsting nf
DUOK when the prm essor is- he lted

iverran ecroe COVE ERRE)L Bead cole Wellos hewr no
wifed L LR B iR el iF @ e deasly pacalved chareclar
wan ! read befoes baing ceelecsiilen by e pocsonl
chara e, Clearesd by readisg the WEDE, o cower-ap and
the mepehicn ob DEZ0E wehen W neocessc 1y hadled,

Frasdie ewor (FRM ERER). Read anley. Wrllea have o
affact, Tais b iz el U the presond checactor did ngt
Fave a valid s =, Cleaied 'I,'-_'lr l'r:.-.']ing e BRI, o
[OCT=U T and {the nr_g:lri{-n of TR whem the preee snsor
iz haltr.

MOFTE: Lrror condi fiows remody presesif wodil fae spone
crpster B orecenaen, af aekich poli), Me e pics are
i,

Tnreed. Reads ps 1L Weites lvawee o =t 1.

R pived brsak 0 JREY Beexd wnby, Wrikes Rave no
elfect. Thiz %01 1z 2el st 1he ond ol a recrived character
o wehich Live aerial dala Inpsl romained Jn the soace
condlilar fer M Biv Bimes, Clopred B reacing, the
CHEDOE. an power-up and Lhe aopatian of OO when
Lhe prooenser i hellod,

Uopsed. Foad az 00 8riles hovr na effrgr.

Cecelved dele bits Read onle. Wekes have mip effert,
These Hils cantain tho last rixrivrd chameter.

3.5.1.3 Congdle Tranemitter Caentrol/Staetus Regradar

The mmenle ransmiler conimolistales reglaler CEAL5, intecpal proecosact
repister 34, iz used to conival and roport the atotvs of oubzoing dats on the
ennsnie Aerial line. See Figure 3 25
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=.| nr6n @

14

[YSr—— e — -
| LEAISER NCTLNRSG Y -|- ]-!:!ﬂ_ :l

Tw Y |

1% 1E ;
Whlk— :
WAL HE %,

L= 1"387

Figurs 3--25 Consoin Traasmitizr ConfrolfStalus Hagislar

Taprp Wit Defimtion
Sl I A Lnused. Rrad as maeee MWietes hiawe s 2ffate.
2T = Transmitt=e semdy (TX EEYY). Keazl cnly, Weites have mn

effeci. This bit is Geeceil when PXDB je leaded amd =0
when TELYE can sxeive aoelher chacacter, Thie Wi =
=l on pevel-up ard the oepation of D20K whon the
povarssol i halled,

=0 Transrller ierny-i enatle (TX IE) Boadlwrile, Whon
saab, thig bit oo an inbeceosl bo ke regquested at I'L 14
with am SZH oflzed of BC 00 TX POY 15 see. When clemred.
Iplerrspla Tocin Lhe censole receocer are dizalzicd, This bl
1 rhrpred om poawrmaip nnd e regation of DCOK when:
the procwsor i baieed.

Sl B Unuresi. Faasl @ coms, Yoles bave ne eilegl,

<1 MMalplonsnoe AT, Repd vprrle, This Bt i3 usod o
facilHaje 8 maimengnoe agli-Lese. TWhen BAIMNT 15 sor. jhe
rrebornal seeial 'i1'|_.-\-1:|r s skt eath andd the suerial LIt iy

uzscd g5 A 2mgl i11|r:-|,|r This kit s cleanl in TR
piscd by rg.;l'i'ir_:-n af MK when the: TTOT AT is haltesl.

< 1= Vauaed. Fead gz zero. Wroiles Rewe no oo,

- 0= Teansmd breoak 1 XMTT ORE]), Reedivrrive, When Lhis bl

is =0, e sreinl o mtmr i foreeed fo bne spaee condibing
after the chovacter it TXH-2700 > 30 senk, Yoldie 200
Bk, iz ged, the wanmniller eoeraioz pocmally, bat jhe
vk b Jiwe recneaing lowe . Thus, salivease can Lransmll
Ay chuireclors to Uene Jhe Greale. Thizs b7 7z Oearcd on
pideec-Lyp gnd the nepaloon of O wihen 1o meeceemer
Iz hailod
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3.8.1.4 Consols Trangmittar Dete Butfer

The congmlz teanamitier dala baflar [TXDEG], iskelmal processor IEgiseT 20,
it uged to hulfee ougolng data on Lhe serial ine. See Figuie 3-26.

= - i ]

IEREEAI 12! S Adl S

=S

Flgura 226 Conaale Tranamitter Daa Buitar

Data Bii Tizinitian

=28 = Tnuszad. Welies have no elffect,

= = Trenzmllicd deta kits, Welte arly, These Tits o wsed to
lapg the charecler 1o B trangmitted om the cgmsnle serip!
Tine.

3.5.2 Break Responsa

The corzole derial line unil recogrnizes a break condition which consiata waf
20 ennsecntively received apace bits, 1 the consote detects o eilid Drealk
cipeckteen, the ROV RRER L is set In the REATR repizies. I the brealk waa the
res-ul) of 200 consecullealy racaliyed space bits, the TR0 ERE bit is alap aet. B
Bl e @nalded (HTT FME aazeried on Ltha A 1:n|n conactar), the KARR-
A4 halls amd lmns[EIF.l ProEramy control o KA location 2004 0000 when
tha RLO GRE Lit in ast. ROV BRE §6 ccared by reading RATE, Anather
mratk followed b 2 conscoutiee space bty most be meceived te set REY
BEK azain.

3 Baud Aate

The receive and lansmit band mates 2o nkeagra identical and are conralied
Ly thae 50007 comfiguration register ity <1001

The vser selecds The deslved Taed rale Lhiough the baud mate aclect sipnalz
(BRS = 2:0= L)y which are received [rom an externnd 3-positien swilch win
the 20-pla connector mmounted at the top of the mocoie, The T0ARH-A A
Grmware reeds this code oy boct end diagrioatic regdster ity <60 = aed
lnadia i oo 53¢ conliguration rogister baty = 14012 =, perating sysfemnsy
nall ot cause dae baud e bo oo tepngfeeeed, The baced cale s r!l‘:'l_l.-' el al
proseaI-up.
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Table 3 15 sliows Ehe baud reie selecl signal wolbyze leyels [H oor 1y, the
mtreapundlng inverted code BA reacl In the boot and diagnostle raplsier bits
w fdts, mnd the code Ehat shonid be loaded into 55407 conliguration ragister
bitg = 14:12 > .

Haagd Rplz BRS < hifl= BDE =fid> 530 =13:12-

LI Hi-IH TH¥! ey

1N HHA1, 1 1
1200 HII T 0ig e
AN 11 nil 01i
TR 1201 103 1]
RLTTH i, 191 HU
T4t ar 110 14

R} (LER 111 1il

3.5.4 Cengaie Interrupl Speciflcations

The console serizl line receiver and lranamitizr both geaesate devupts at
I'L I4. The ceocheer intervupla with a vector af FH 4. while the fransomither
imteerupls with @ voctor of BC g,

3.6 KAGL0-AL Time of Year Clock and Timera

The KAAM-A A docrs Incdudea Hmea of year Aack (TONE] a5 defiped in e
VAax Arhifectere Sgferense Maseel, o subset Inlerval clock {sabset BCTS),
a3 defined in the YiX Arckitecione Refveace Momet, and baen add i lomal
pregramm:zhie omers modelad allet Hie VAKX standard Inlemeal clock.

.61 Time of Yeoar Clock

The EAGS-AN Hme of year clock (TULDR), intermal proceaser tegister I7,
Forrms an unsigned 32-kit binary counter that is diven brom a 1M Lz
racilalor, 2o ihal The laagh sienlficant bit of the clock represents o resoletion
ol 10z, wlin Jess Chan (LGDZS percant acear, The regicker cosnts only when
i carzlng a narsern walee, This vesister i implemented in the 552, Soc
Ligore 3 27,
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=l 5

T FE ZFYEAF BINCFE EFTTIRG |

Figure 3—27 Time of Year Clock

The ilme of year ctock is meintained doring paeet fadlire by battery back-
i ¢lreuitnye which interfcea, via the extermad connecior, Loa =L of battaries
which are mounted oo the HIGM-5A caver [or tha CFL disoibntion ineert]).
The TR gemaine welid foe preater than LAZ houra sehan uaing the NiCad
battzry parck {throe Batterles In serias).

The 35T configueration reglatar conrains a tatteny L {(BLOS bit which, if set
after imitinlizafion, the TOGR i3 cleared, and remains ab o wntd] sofwares
writes & nonsaen value ina i,

HOTE: After wnfing » wmooern wibe ixia (e TODE, sothoare shoulil ciear the
BLOYIf by roeiting o 1 (o gL

3.6.2 Iniervel Timear

The KASS)-AA Intereal Yimer (TOOS) interne! proccuser seglster 24, s
implemented acconding to the VAR Archileclire Reference Manun! for subset
proceepsory, The intereal dock controlistatne register (MCCS] i ivn e anked
az the amandard subast af the atondard VaX TECS in he CVAX CPL chijs,
while WTUR and [CR are oot implernente:s!. See Figure 3-28.

3l .

—— 3 o

Flgure 322 Intzarval Timer
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rata Bt [k FAinitern
Y ] Vinn=ed. Rend as =zetow, mast b wrttesn o= zeros.
R Intermapt #aable 11E]. Readvwvite, Fhis hit enchleys anid

digeii=s Loe ialerval Umes Uulesouos, When dve bl jg sed.
gt Inkeeval Uerer folersup! e eoguesiod cwery 10 aus with
an crear of less than 400175, When the Bl is clear. inloeat
Hragr inlorngats are dlzablod  Thiz kil 39 cloarsd on posonr-
up nnd the T-I"E.'I':'ill'l nf DA when thr processer iy
halted,

= il Tlrmseed, Readd o= =eros, rncist e veridben as Zeros.
Trtgrwal limer regquests e tostad a8 TPE 1w il a vectar of T The inferyal
urcer 15 the highesd poority desice at s TT .,

3.6.3 Programimable Thiners

The KABSI-AML featuraa hwa progranunable fdmiers.  Althoagh they are
nrodeied afier the YAM atandarcl wierval <iock, they are accpzacd a5 LD
4 Wire ne:giﬂ.;'r-i |:I:IH'!E':'F Yhasin o ivterrld [Fraas ST rt-gi:-f:'r-i_l- and @ Contnol
Bl has beea added which sleos Eha Hmee apen oveellew, T 90 enabled,
lhe Umers mlarmel at THF 13 cimon overlliver, The inlaTrupt s2ciors arve
Frocrammable koed are ack to 7& end FU by the Hrmueane,

Lach tiner is composcd of four regisoers: tmer noconteol ceggster, imer e
interem] register, Hmer noneed interval regiater, and timer o intermopt veclor
megister, whoere a eprosonts the fioner mamber (0 oz 1.

3.8.3.1 Timar Candioi Ragiatasas

The KAaBM-AA las two timer control repistera, ome For controlling Hmser
0 TCEDE and one for contmoltiog tipor FOCET), TORD b aecessibie at
address M4 MO0 5. and TCORT s accessible al 203 0T0HD 550 These registers
e imeplemented e b S50 chip, See Fiponee 3220
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Flogura 3-28 Timer Conlrol Ragisters

Letinitlon

Frior iFRRY, Roadbwriic Lo cleer. Thls bol fe mel wiheiever
the Fimer incereal repfater coroellowes gnd T 1 elread s
sep. Thus, the LRR 1nchicates a misssd seefleee, 1 Irlr.E,
a1 fer tiix it dl=ars it Clearsd oo power-um and the
nezalien of DCDE wlen Uee procgieor §s lualbed,

Unused, Road s meros Musl be welllon s2 2emoe.

IMT. Beadiwernie o cbzae. This bl is =t witeaever the
Umcr Inderval recister averllews, 18 [E oz gat whean INT v
Fel, an dreberroot is posted ot P01 Yeriling a1 o this hit
cleazs 1. Clepses] o poveas-gp ard e negation of LU
wehent [he processie jg Dualieed,

IE. Reacdvavite. When this i 9g sor, fhe virsor in'i."l-'I'LIFi‘E-
at 'L 14 when tle [N 3 s a2t Cleares on poweraq
avud L e on ol CUECHK el sl poaaizar i laited.

B, Beadharite, Scllton Lrls =0 causes e Limet Ialeryal
rredstor Lo b Incrorentsd by 100 the soe Bl Js eleared, 1
the mum E5F 25 set, Phen owerites f60 rhe 000 hiF pee i-'.-'1'|:-|'|:_'|_'l
I'his hit .-|u_-u,-5. eads aa 1, Droeed o TaveeT-Lpe .;:nd 1T
l'I‘E.']hIII'I ot 130 LIS we'hen thie TRy if hplied,

XEE Readrwrile, Selline Uds il cauzes the Ureer nest
Intesval replsler Lo B oopded inin Lhe Lier inlescal
repinior, This bl Lz alseaus read as (8 Cleared on posoer-up
Atd far regaton al DO when The [rocessor Is lplied .,

Linwvzed, Beadd gz wercs, WHUSL De ik G5 oacz,
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Lrata Bit IrafnlHen

L ST, Reediwiihe. TI'H- Tt ril*‘t"m'nﬂ'. 1-'.-'I'|rtl"i." 'r"u.-' t1m|.-'1'
stops ofrer an o avertluwe when the un bk s et I the
ST lsit i 2 &l oeerflies, the sunm it le ceared by The
haedveere at ovestlioe and conntlopg stops. Clearsn on
suneer-rp and bhe osparinn af DCOK wchen e peocersors

e badeel.
=1 Tnueed, Read a3 moros, Rusl B wrliicn ps rorgs.
=0 Bua. ReadMWelie, When =2t the Gnwer interse] rogiotes

15 dnwrersentes] ance everly nucrozcond. The IMT bl
i et oben ihe tner oveclowa. 1 bhe STE bLL 1s =2l
at owerfloay, the ten il s cleared e thie ha2deeaze
at neerfloss aned cionibizge rtimax, ¥hess vt bil s
chear, Lhe Limor InLovval reglslov i nol Incnomen ey
aulamatlcally, Clegred on poweer-up nnd Fhe negatinn
o [O0 TR when ihe PrEsEIr ik haltef.

2.6.35.72 Tiener Irlarval Rapisiars

The KASS0-A0 has e Himer interval registurs, o fier tirrer & (FTTAT, sk
org fer tirwer 7 TTRT), TTR i acpessiide al agddreess 2000 02 5, and TIR1
ie poecuvsyitde ot 2014 0114 15

The tHrror interel ressisur i-s e -:'lr1|' "E"F-"ﬁt'all I.“"I"i.ﬂil'll"llP Ihe Inlerweal
conmnt. When the oon bit is 0 writir a 1o rere il fie rraclabee, When the
tan bit ie 1. the rogdster i@ incremented cnoe overy micruseoond,  When
lhe comnler sreerloes, the INT it s g2l and an inlemmupl da poated al
iPL 14 if e IF bil 33 zel. Then if the oo ancd 5 1TF bite are bath aet, the
run bit 13 cicared end cownting: stopz. Chorwise, the counter s reioaded,
The maximuam delay thab can he gpecified i .i|‘~p|‘|’|.=-:|l'| aleis 12 ks,
Thais popietor is r'|'-'.,:'r|;' d on poveer oz the negation nr 10 K when ihe

procesaor i Ritivd, See Figune 3-30.

———

TR RTUCM O GINAT I

Flgure 3 -30 Timer intervel Regizter
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A.6.4.3 Timgr Mext Interva! Hegiatzre

Tha KAhb-AA haa ko et next interval cegisters, one ior Hmee U CURIED],
and one for timer T TNIRL). TINIED is acoessible at addoess 2074 00 4,
and THIEL is acoesaibiv ar 2014 0118 . These resisters ane irmplemented
in the S5C chip. ’

This teadbwrite regisier conlzin: the calue which s writkan indd e tirner
interval register after aveeflow, e i response baa 1 oweltten bo the XFT b,
This register is cleared on power up and the negation of TDOOE when tha
proceasor is halbed. See Pigmre 53-31,

a2 i)

| IREH SR% M 2hva. HodA=IE |

Figure 3-31 Timar Nexl [nierval Reglster

3.6.3.4 Timsr Imerrupt Yactor Reglstors

The KAGM-AA has two timer interoupt wector regesters, oise fer Hiner
CREVED), and ome for tieoer 1 (THFRRL TIVRE iz sccessibie ab address 20714
CI0T - and TIVED is accessible ab 2004 OTHD ., Thee regiless are
implemented in the S50 chip and are set to ?8 and 7O respecively by
the vepident Brnyerare.

Thia readivrite regiater containg: the timee's intermgd veckar. Rils <3101
anrd < = apre r=ad as N aod piodt be sericlan as O, Whon TOBn=5> {1E;
and TURD <7 = (I} traneiton to 1, anintoroapt 3= posted ad k'L 14, Whena
tener s inberoapt i ackoowdedze?, the content of the Intereu sl vecinr reglsbse
ic Im-_.m:d b the CPLT and the TRIT 1oli 1 Cleared. Tolereupl requesia care alan
bhe clegved by cleariog sither the TR or the T 0. This registar is cleared
on power-up and [Re nagalion of THIOE when the processor is naited. See
Figure 3-32.

Al o T

T
Mz i TERrrT eremand ws2)
)

ITERE ]

Figura 3-32 Timar nlerrup! Yestor Heqgister

MOTE: Nofe fhar boff Forers infermaet of the some TPL AT 1) @s #loe ool
serinl e nit, Yhen mdtle infomupte ate pending, e cofswie aacial N fing
pricrify oper e finers, mee fimer O hoe prissitl mak Mo 1
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3.7 KAS50-AA Boot and Diagnostic Facility

The KA&S0-Aa boot and disgnoatic fcility featores two ropdabers, o 25
pin ROM soclets containing 128 Kbaytea of EFRCIM, and 1 Fite of battery
backed-up REabd. The ROM and tattery backed-up KA may be accessed
via longword, woerd or byte eferences.

The KAadRl-AA CPL modute populates the HOM sockets with 64 Kbytea
of 16-bit BLM {or EPROM). This ROM containe the EABF)-AA resident
firmwavre. IE this RO ia yeplaced for wpedal applications, the new BOM
muat initialize and configure the board, provide halt and console emulstion,
aa well a9 provide beot disgnostic functionality,

3.7.1 Boot and Diagnostic Register

The baat and disgriostic regiater (DR} ia a byte-wide register jocated in the
WAk 1) page at physical address ZIUS UK . IF ir ineplemented uniguely
on the FAGSI-AA. It can be accesaed by EAGIH-A0 aoltware, bt not by
external i )22-tus desdces. The BUE allvwa the boot and dingneatic 2O
programa to read vacous KAGSYT- AN contiguratian bits. Only the low byte of
the B should be accesaed. Bits <.31:3 > ane undefined, See Figure 3-33,

A A

|_ LEU=4-U |

L bk L

Flgure 3--23 SBool and Diagnostic Reglstar
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Topka Bit:

Drefmitinn

= Xl UneleFinesd. Shemuld megd e rendd or seritien,

=7F= Halt Unahie (HLT CMA) Resd anly, Wrltes berc 0o
effect.  Uhis bt retlady the state gb o 15 (LT EME
L) of the Hipin conrerter, The pesertlon of thiy slgnal
gnatlex the h.:lltirlg of the O] VpoT™ AetecHon of B COnEEe
preak cmediticn. (inoa TR, Fhe ESAILAY restden!
Ermiware peacls 1he HE I BMNE bit to decide whinther be
enker e copanle emulation poogram (HLT ENB sat) or
tn hoat Fhe opereting system {HLT EMNE clesvk. Qi the
reecution of g hall inalructlon #rhlle In keenel wede, the
EaaS-an remcent firnmapre roods the TILT ERE il Lo
iecice whether tn enter the conanlo cniglatfon proaremn
{HLT EME s=mtl or o oestart the operating svacem (0T
Efb alears.

hrd = Beud rale aelecl |BES CL =2:05 . 1ead emiy. Writes haveg
e ebfeck, TReke tivres bits vriginate o ping <1217
[BR2 < 2:0=0 vf ihe FLpin cemmecte,. They toflect the
set'llnp, oof the baud rate kelexd st b om the FISEY-55
e Loe o e CLPU diks Abotiom imeeTt). Thess mts pro
coad Gniy on poweer-uape,
FEVR < b7 = EBuand Rate
1] am
H1l LIL|
iin R EULL
mi >0
14x] LA
13l QG0
114 TR0
111 A4

oA U cede 0T CT] 22150, Read {-ni‘].r. Writen ave

ner effert. Three Lwo Diig orginolc Tngm connecior plne
=5 (EUD R
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Gatp T+ Trefinitomn

O LT =00 Crmtigoration

CH1 Moernal epsecaibon
0 Kz vad
100 Kesmpwil
11 Rezaprvad
=i ool and dlaznestlo code (BOG O < k). Epad omily,

Yirles hawe o cffioci . Thim 2. code tefieres the stathas nf
|:|:||'|_I'|-'-|_|'-'a|_ln;|n and r_fl:;-{'.-'l':f," SO T ]-||—|-: =115 (RIS
"T.!-' 1=0z1. The kaasi-al RO prigmarms use BLCE
o Lz S detrrmine the umserwo nacde =5 fullows.

BDO: O <1l Power-ip blode

il Ko

il |Aﬁ&"_:,l.‘.|!ﬂ;l:' 'inn:p:ir_y
11} Trst

11 MManuracturang

3.7.2 Niagnostic LED Hegisi=r

The dlagiteatic TED ra-::-'ct'ﬂr {IMEDR]. addresa 2014 Q00 - I imapiomented
iy Ihe 5507 chip cu... conlaing fodr readiwrite bits that control the oternel
LEL} display. & 0 in a it ums on the corredpumding TECE AT fooe Dk
are clearsd on power-up and H e vipgelion of THOOK when The provesan =
halied to provide a powerup lamp test, See Tigor: 3-34

LTS

v ol

— 0 f
| ir !

[TRE-d L T N

Figure 3-34 Diagrpostic LED RBegisler
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Trara Bk Lefinition

i H Unused. Fead ag seroe. Blust be wirkien o3 rovaes,
< N r]l-'-.]'.llur (3510 Feadl'wezlle. These fowr hiiz up«date an

external LED clislay. Wrlilrp a 0G0 a =it tums an the
voczespotding L ED, ""'*I,llr.l: a1 teon bt bene o ies LED.
The Sigplay hirs rlear 43 LD ame o ann pesweee-Lip and
the ru_"a.'llln;:-n ne THE '.'H-. e she pni enkor halle.

3.7.3 ROW Memory

The KASR-AL supporls up to 128 Kintew of RO maondare foe 2inelng,
cade far weard initalization, VAY stancard cocsale emilabion, haard sell
leaka, and boot code. RUIR memerr may be accedsed wla Tgde, ward 2nd
longwirrd ralereneaa. BOM acceadn: take TIO0 ne. RO I3 erganieed 2g g
&4 b by Bk areay Tor one fd Klvra B0, a5 e 3.4 & by Lo-hit awrpy for oo
A2 Klyte ROMs, and a8 a A1 & by 16-bit acray for bee 64 Khete RO i
rorefigaraiion). CTAL bas pﬂ.nLl.- is neither cluecked nor grnerate:d o RO
iaferenaea.

3.7.3.1 ROM Sackat

The KARRR-AM providea teo RURE sockers wehick costain b &4 & Ly 8
TTROM:,

4.7.3.2 ROM Addtirass Spaco

The entite 128 Kbyic boot and diggnostic RO may e read fmom eithe:
e 148 Eibyie hait mode RO space (bex .:-::hirpf-wq ZIEY (HEIE e through
NN FPFE g1, of the 125 Kioyte cun made ROWM cpaca thex addresses: 200G
OO - thooupk 260 FEEE . Mote that the en oy 200 apmace reada
axacty 1he same ROM code ag the balk riosde O space

Prites b vithoer of thess address spaces remalty in o machine check,

Aoy Talream read from the halt prode RO spacy places the BARRD-A4 in
Lalt made. The (}22-bus SEUN signad is dosserbed causing he irnnt penel
mia Tight io gn oouk and the CUU s peotected frem fusther nalis.

Ary T-streany raad which duocs not secess The el rnde ROM apace.
|Il-."|l.i|'_ril1E, reads Froam the it |;'|r_'|r_J-;_ _IEI:_I‘T\-'I' HMIE, }.l|ﬁ.|. g ilva BANHML-AA in
it rcde. The Q_._E lops SIS ;lgr.._ﬂ ie I.|;.-'£|ﬁ|:'] Lauqmg_ lhe Froni |_Jﬂ1'|i:'1.
e Hghi Te come on and the UL can D Tadked Ty a2seriing the (EL-bus
RHAET ling o by penerating a break coaditive oo e vansole geriz! line 11
R 7= (hall EL'I.B"IIP] L u.t-

Writea and D-gtoeam roads €0oany address space hare noo odfedd ononem
mochkahalt mode shiskas,
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A1.7.1.3 KAGSD-A 4 Resldant Flemwars Qoaation

The KAL0 AA CTU module populatea the RO wecked with 125 Khnrtr
ef 16 bt RO {or EFIZOL. This RUM conlaing ke ¥ASS0 AN esident

firnware wlijch can be enteied by nanaferring progiam contred bo Jocation
204 (HI .

Sechon 21.5 Liaka the warous hall condibons which camse Bhe CWAR CPLU
B trangtfor prograny control to ocation 200D 3000 4,

When winning, the KABH-AA 1caident Sirmieare peovides (he serdices
axpevied of & VAKX TT consele system. In particalarn, the following services
ars available,

* Aulgimatic resoct or bootstrap following processor haits oF indliaf proeer-
up

* An interactive command languagze #ovsinge fhe wser to cxamine and altat
the state of the processor,

*  Dragnostic tests execated on powerup thet check oul the CPTT, il
memory syslem and the 122 bus g,

*  Suppatt of video o kacdeepy terntinale a1 dhe cansole benminal as well
ag adp ot of YEB0T-based bit-onepped Lerminalz.
Fowos-p Modasg

The -booi and digoodic BOM programs vse bits < L= of the RTHE
iBectinn 3.7} ko dutennine the power-up modes aq Mlfoes.

Carda Wade

i Hun ifacteey seringl, 1 the congale Levisinal suppeats e oaltionatiomad
characier ik IS Ele weer will e rermyed for binpuape andy U the
Lirc-olfyear clock laftery back-upe hay boited. 17901 5t rizp dipgnoslics aee
Fiim.

m tangear inquiry [5 e cenacke lecmiinal soppart: BOS, she usore w6
he prgrmpled for JangLage o eeery sower up end testart. Foll statiop
diagnestics are sun.

T Tent, UM prragrams run weeap-grotned seelab liae unit UL} besls,

n Monufrrtoring, To provide Jor rapdd slarine <duifing oerkain
manefRrtrring tesl procedurce, e BOR peeseans amil the powerap
ety dizgrostics and scl up e memosy it map o the anEmpEHniT

that all avai 1|-.-'||: rnn:n'n-l:\-l'l.' Iz Turctlonal,
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3.7.4 Battery Beclked-up RAM

The KAGS0-AN contains 1 Khate of batterr kacked-up static 1AM, for nse
ay @ conspie sorstclted. The powes Tor Ihe AN ic provlided via ping 10
ETRY VWO and 12 ¢GIVDY) of the 2U-pin connector.

This BAM supports e, word and longword references. Bead operatiens
take F00 na to complete while wote operafon: reguite G na.

Tl Tﬁ['."[ b prganieed as a 256 Dy 12000 e Tengeearcd) areay, The arey
E&q‘}mrﬁ in a1 Kbybe blogk of the WAY B0 page ol addresses 2004 0440
2074 N2LE.

This array ie nut pretected by parity, aod CAL bus gacity 35 gelther decked
mor generated on rends or writes o this T,

3.7.5 KABSO-AL Inltlallzatisn

The WAX architecture defines three kinda of koedhvare initializotion.
*  Power-up initiakizaticn

v Proceascr indtialization

¢ IO bz imitiali sibion

+7.5.1 Power-Up Inlieffzation

TProvezr-uipy initializgtind is tha resolt of Lhe reclaration of power and Includer a
hardware resel, & pracessor initializatton, an ICY bus mitialization, ag weall as
Ehz initallcalion of several regislers defimed in the WA Arckitecture Reference
Az,

3.7.6.¢ Hargdwpra Reset

A KARH-AA hardveare eeged pocas on power-up and the negation of T OK
when the proceszar 1z halled. A hardwiare rezei canses Lhe hardware hall
procedure 3eclion 3.1.5.0] b De injijated with a halt code of 3. 1t zten
tritializea some [FRa ancd moat I page registors to a knowm state, Those
IFRa that are affected br & module resct are noted in Sechon 3013 The
effect a havdware eact hay oo 0O space registers s Jdocurmented in the
dascripton of the 1egisker.
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3.7.5.3 I'Q Busz tnitieiizatlon .

A I bua initialeralion usrues: on [froveET-unp, the nesativn o PHCCHE when
the procesaor ia halled, o as 1he ra3ubl of 2 MTTR B FPR 55 (WORESLET) o1
cemsole LIN[AM commnand,

i Buz Reset Rogister

The Ty bus fesel regisker {(IOMLISU]), intenal procesanr tegistes Bf, =
inplemented in fle 350 chip, A MTUE of any valoe to IORESET cavses an
Y Bus Initialiwatione,

3. 7454 Frocegacr Inftlallzation

A processor initmbepbivn vcours on power-up, the negation of BOOR whean
he provessor = halted, as the vesult et 8 consele INTTIALIZE comnmand,
and aftcr e halt caused by an aseov condilinen.

In addifon o initializing tiose registers defined i the VAX Ar hifectore
Feferemrce Blorenl, the ¥FAGHEAA limwane alze candfigures makn mcmony,
the ool KO pape, and the ©22-bay map during & peocesan inaliation,

3.5 KAGSO-AL 322.pbus Interface

The WAGLR-AA includias o (221 ivterface inplemented da a sinaie YLET
chip: called the CIQBTC TL eontains & CFRAT. D Bo O22-bus intertace that
suppore te [eliowing fundtions,

2 4 fmgram'.u&hle mapping finctlon (aatergather map) for tranalating
22k, J21-bus addresace into 29-bit DAL bus addreazes that allowes
any pape in the O22-bay rmemory space to be mapped o any page In
reaaln ey,

* A Sirect mepping funciion Tor vanglating 22 40t C13AL advicoesses in the
lacal 222-bur addrezs spase amd local 22 s 10 page into 22-bit,
{232-bus addrossea.

*  Masked and unmasked longwerd resda and writes oo the OFU §o the
D2-bos memory and LY space and the (22hus imerface replstens,
Longword roada end wriles of the Incal Q22 -bus memany spoce am
buffered and trenslated into hee-wmard, Dlack made, transfers an the
22 -Ines. Lempword reads and seriles of the Tocal OG22 buee T soace are
Fotfercd and teanslated into Beo, single-wrard translers on The 0522 bus,

= Upta Tawoeed, Bhock mnde, weiter frem the (QR22-ua o iain memory.
Thesa wirde are Biffered then fransfemed be main moemoy wsing byvo
a_ﬁ}'nchmm‘.nu-z TP A noiaveored frarecler:, Tar Block miode setites of Less
than sixtoen worde, the wrords: are baflerad and ramsfeired b oonin
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ETILOTY u:zlllfl the moat afficient combinatinn of octanord, qmdwurd
and nnmerord asyncheenses LA braesfe e,

The masamum woite bandwidth for block mode reterznceas ig 3.3 Mhntes
por second. Block made readly of main memary from the Q22-has cogge
the O322-bas Inteclace Lo perfonn an aeynclitonous DA quadword 2ead
of main memnony and buffer all four worde, 2o that on block tnode reads,
e next threa juards of the hlock mode read can e dellvarad without
any additiomal CTXAL bus cycles. The maximum read banckeidth for
G2 b Tack aasde refarences in 2.4 ddbytes per eecond.  (322-lms
Boest inocde TRAA Bepnsfers resull in singlenrd reads and wriles of
miain meanory.

* Tmanafera from the P to the iocol L-bus memaTy space, that result
m the (R2-bus map wanslating the pddress hack fnba main wwemony
foval-mizs, globl-hit feansactions).

The 32 bruw interface containg seeeral regialass Tor CRE2-bus corlen] and
canfipgrtion, and erruae repoeing.

Tie interfmce also comtaing 22-bus inetmpt arbitrstion lumic that
recognizea (FX2-boe interrupt requests BRT-BRY and transiates them info
{’PU Interrupcs at kevrels 17 to 14

The Q22-es interface detects (Z2-bus no aeck Gmeouts, C1202-bws fnte mupt
acknewiedge limeouts, (F22-bus ponexistent memory Hmecuts,  main
memory etrolz on DBA poresaca from the O22-tums and Q32w poriiy
TiTOYE.

3.8.1 Q2%-bus to Main Memory Address Transiation

(m DA Teferenced ko main memory, the 22-bit, GEL2-bue addoess st be

iranzlated into A 2%-bit main memoery addrese, This translation prooess iy
zroiermaed by the {,_I-"‘l ks interface Dy using the (Z2-bus map. Thia map
confaiia 81 QE (oo ping registers, fone for each page in the Q22- g MEnIory
apmer], evacn of which can mip o E“l?..l:' (12 bylesy of the QQ22-bus mamary
addresa space inte any of the 28k pages In raain mematy. Shace local TicY
apace godresaes cannat be mapped to 2250 gages, the (ecal TOr page 15
inaccesailbie to deviees oa the J22-bus.

2022 bus addreseas are ranslaled Lo main memory acddresscs as iodows.
See Fipure 3-35.
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Figure 3-35 O022-bus to Maln Memory Address Translatian

Al powrer-nn lima, the LEE2-bos map rogiatera, inchuding the valid bite, ane

undefined, HRsternal zccezs lo main memory ia disabled as long an the

interprocessor comowmication register LM AL bit is cleared.  Phe (22

i Inberface monigors cach Q2X-bus cwele and responds if Hhe Ealioardng

conditions wee mat.

= The interprocessnl commmunication regiater LA LAE [t s art,

e The valid bit of the aelected mappmyg regiater s act.

- _}1_1"11.5 read opcrationa, the mapping register muost mape do existent
meain ety or 3 2 bea Hmerat occues, [Dacing weile oparalions,
bhe OF22- bus ioterface retpame 022 bos BRFTY before checking (or

existent foral memcry.  Lhe response depends only on conditions |
and 2 abowe).

MNOYE: In fthe cvse of fook-nifss, sloabal e, fle stute of the Tad EAT B (9 dpuored,

W ghe map cache doas noi coalain the weedad 22-bus map rogistes, then
ta .,_EEE-IJU-. intertace performs an nsychronous A roed of the TEE2 faes
map register befnre proceeding with the C2-tuy LA bransfer,



A.8.44 Q22-Lus NMep Hegistars

The CR2 bus map conlaing 8192 registars (M) that contrel the mapping
af 1221w addresses inle main memony. Lach cogister maps o page of the
22 bz memary space Nk a page of main memory. Lhose Togiskers anc
implemented in g 32 Kbye block of main memocy, bt ane aceessed theougl

Arohitesiude

fhe CORIC chip via a Dleck of addressea in the 0 page.

lhe local B2 wpoce address of eqcl egisler way clingen #o that register
addross bie =142 are identleal 1o 022502 addeas bits 219> of the
2 L priage which the vegisler mape, Table 316 lietw the QE2F-bus map

P sbers.

Table 3-16  Q22-bus Mpp Regigters

INTH {322 bus Addrerses
Address Mapped [Hex!}

D XE-bus Addreesze
Mapned {1l

2R RIRA 0 COHRY ahroosh O GLFF
L R B LI ] thraagh O5% O2RF
JIEIR YESE i ¥ thrimagh TR T1=00°
2061 200 A Thrmagh TR 72 F1F
IR B it 4 thrinagh O IRER
SR A4 a0 A0k hraugh 2 MRTEF
AR BnE (N Fa s foroegh Ul AL
2UEIR I O A e Rl O OFEE

HRE reen 3 FROS Lhooush 56 FFFF
2% L A1 PAK Ahiraagh S FBEF
2LElR IS 20 1ULEY threagh A0 FOEF
JUEIR TREC! JF TR shegh 510 FFRE

G0 00 O] Cheengh O G FEF
Qo oCL oo Crrouph O Q0G FEE
00 002 005 chrough Q0 a02 777
GO0 Q08 theough Q0 Q02 707
GO 03 O Through G0 GO 7Ty
OIS QLR Ahrougdy Gl GOE VES
LOE0E Q02 Uhpougly 70 20 777
S0 C0F COT through 06 00T TEF

17 ¥4 00 thrgugh 17 774 777
17 725000 fargygh 17 775 T7Y
17 726 200 throgsh 17 7726 777
17 700 000 thegush 17 777 77

The JF2-bns mop registers (3R] have the Doteat shown in iguoe 3-40,

L

[':’_f______.,.,,_ e __[

i:H al |

[T O

Flgure 3-36 Q22-bus Map Regislers
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Trata BiL Celimindon

=3l:- Walld {4, Beadierrlic. When o O27-bua mape registor

lz sclixclod by btz <2052 of (he Q022-pus addueess, the
walil Bl deiermlnes whelher mepplop 12 onakldod for

thal 022-bug page. I the walld B Lz zcl. the mapping is
enaldedt, and D22-bus addeesaes sellhio Lhe page cenloolied
iy the F{'EiE"i."I' nre m.'.-'[rrl_"-.-] inti Phe Taain memory pagr
dAetrrmimeed by bive < 2H0%0 | 85 the vatid bl iy ckear, the
erappi: resiiler i elzabied, and Lae GEZ-bus Inleelace
dues nal respand 4o addpeeses wllhu thal pege. Thiz i 1s
windebinel oo pirece-up ansl e nepelion of DCOK whea
the proceseor Je halled,

= ¥ha0= Unused. These blis edwayrs trad as acvn pnd masl be
- wwtllen as Toio.

S ATk S Addrean bl = 28:% > Readowrlle, When a QX-baee map
zeplaler 1= selected By a 0%3-boe addrcss, and 1T That
gepdgter's valid Bl s zel, When Lhese 20 Dlle aee wsexd as
cuAin mestvay adelresn e 280900 Od2-bus addpezs blie
=80 are used az maln racreore eddross it <800,
Thrss Bits amr vnckrfnmd mn Trweram and the r.ﬂ_.:ﬂi'inn of
LILOIE wwhiesn B processur is Dalled.

3-6.1.2 Acceising the O22-huz Map Registers

Although the CFU accvesses the OE22 bas mal reglsiens via alignad, maskar
longweand rederences ba the Yasal T page (sddresses 603 8RN 3, heooeh
08 PR sk Fie mmsprsetuaily resices bs o 32 Khaete biock of msie mematy.
The =tadlng address nf this hlock Iz contralled b the canients of the Lt
T8 il ke regisler. The (122 s interfase alan coniaina & 146- -zntry, Fulky
aunoentive, Q22 g amap eachs do reduece Phe numbar of main memory
accaseeg rediivad Inr address lransialinn

HOTE: The systern soflanmre miws! arofesd Fre pages of menarye S confin fe
(M2E-buz mop frome direct acoesses Meaf oot fhe meap or o B ontdes o
Moo L2 Dus apur ciche Fu Boene sfule, Tt of e -:'u'll.*-:‘-'."l.- KA peziells i Moe
wpcerrect preneon of B mommny femcihon,

When Fhee CTTD sces ‘_.i.""\- the (322 Bl |'|'|ﬁ:f:| tlacugh the lecal TIT-'.!:I':EFE"
adabresses, he Q22 bes tnlerface reads o wriles tha map in main sveiony.
The 22-bus Interface dnaes not have o gain QRE2bus mestorship wrhow
sccessing, he D22 bos map. Since These addrasaes ave i Lthe local 1003
eprace, Ihey are nol accazeills foen the (122 -bos,
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(i a (F22-bus map read by the CPL, e C22-bus intedtoce docodes the loeal
LY apace podresa (2008 #0900 throogeh 2008 PUPCh TF the register is in the
(}22-bus map coche, the Q22-bua inteface internally resolves any conffict:
hetween £F ! and $J22-bua tranaactiona (it boeih arc attomptiong te acces: the
U_ﬂ-L'll_ls roap rache pnires ot Hhes e i;||||¢_-_':l, thigin c2hirn the dala. 1 the
map registor s nob o fhe mao cache, Tha U22-bag Interfacs [orcea the CFU
ber rebiy, acquire e TTIAT l'.n-n petiorm an aqi'nchlrmnﬂ Ckis read of the
mep regiacer. O completion of the read, the CFU iy provided with the data
wihe jta tead operation s tetded. & map seac by the CPL doee net Gawse
the rrgistor that was road o be wtoced io the map cache,

Cinop J22-bway map vyt by the COFUT tha G222 bues dnalerlace l2iches (he
data, then o the complalinn of the CPIT wrila, acquives the (CDAT s
waed r:-|;-|_"'|:_1|'||15 arn ..',!.._._'r'ﬁ{'l"ll'l'rl'l-'ll.rﬁ TIA L& vorle o e majgp !'EEHLEI I rhe TnEp
rpglalnf Iz ke tThe (22-bus map caciie, tien thae CamValid bit for thet entry
wlll ba cleared in preevent The enlrye oo fecoming stale. A (J22-bus map
werite Dy Mg CFLT does muok ag wdate eny cached copian of ihe (J22-bus map
rEgisler.

3.8.7.3 O22-hus Rlap Cache

1 '_-.'|_'r~|_r_..,| g b el Rt r¥ |r|r|~;'|:|‘|||E, I:II.:' Tz addezss Lo maln meamosy
aclrifesses, :-11.: [22-bus nlerface ulliizes a fully associative. 16-cndry, 027
bus map cache, which iz implemented in the CO0MC chip.

B a OBAA tranefer ende on a page bowvendary, the D22-us interface prefoetchs
the anopping egistey required by tran<lais the nest page ard Toadd it indn the
cache, befors sk eriug g e TIRA ransler. This Allowes (32 2-baas Dlgek minde
DA tepciefers that crazs page Toundaries to proceed withoui delay. The
replicement algorithm foe wpdating the {322-1ug inep cache is FIFi].

The cached copy of e (22-bas map regiater is u=c~|:l for the moddresa
transhation process. 11 Lhe requited wap eatry for a Q27w addrcas (na
deterrmined by bite < 1:3 » of the U022-bus oddrossp i= not in the map cache,
then the UE;. s interface wses the conteeds of the map baze reglsher bo
acceds main memory and etrievy Fhe ; n:'l:,l.lm:ﬂ eitry. After ablaiming 1he
eotry From rmain mesreey, he valld Bl s checked. I it ia s=2t. the entry ia
stared in the cache and the (322-hus cycle coniinues.

The lermal of a (Q22-bus map cache entry is #e shown in Figure' 3-37.

I R i

E{ DFi—hi.a AR5 [ PO BT | J

o T ol = Y

Figure 3-37 022-bus Map Cache Entiy
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Data Zit Dhetinmitien

<=33= Camialid. When a seppdng resicte d0 qelected by 1 Q22
bus address, Lre CamWalld 14 deiermings whether Lhe
cerhod orpy of the mapping roglster Gax thot eddmoes 15
valid. 1f the Clamialid bit o= =, the mnp:.:-'i:n;E THRistET I8
enabled, and sddrewas within Hhat powes can be mapped.
If Bae CamWalid bit bs chear, the QO23-bwus Intacface must
fead #he avaps D docel oeedocy bo detecarioe HF e masgdng
reglstir [ onsbied, This bil a3 cizared oo porwcr-op, Lhe
negadlon of DO when The procesaog 3o hailed, by seillng
(he Q13 0rz g caehe Dvalldake ali (M4 Bl Ins the
intoTpaoceEs0r coomnnication regisley, on wrlkes 3o [PR BE
(TORESET). by a wirlle ta the 00X -bus map base replater,
ng Top werlling Lo Lhe QR that 15 Tebng cachicd,

iR JHUS ADR, These blin conlaln the O28-huy addiepu
bits I I1:9% nf the goge Lhat this entry maps. Thiais
the comtene addressable feld ot the Theeniry aache ne
datevimindng il 1he wmap recister for a neniloolae Q22-bug
acddrsss ie Lo the mep vache. Theee Bli: ave undellned i
FoveeT-up,

LR HE _ Adddremshits 4821 AW Wehem a mapping register ix seierted
by o Lddbox addranss, and it that segaster s CamValid hit
i 2, e these 20 bitz ace vaed 28 maln memory schdiess
bits 28 Uwpcugh  O-boz sdesees blie B Qiroeph O sre
Laad g6 Jocal memeery address pite & Buaaupgh 0. These Blis
are uncielosd oo povear-up.

3.8.2 CDAL Bus io Q22-6us dddress Tranaiation

CIDAL Bus addresge withio Lhe local G22-bus 10 space, addresses 20k
(WG} 4, throwgh 2000 1PTF 4,. are tanslated into CE-lus DY space
addrcsacs by -using bits =12:0= of the CLRAL address a5 bits < 12:0 > of
the C22-ouw address and auserting RESY OQZ2-bue address bits <21:13 =
ore cdrivem ax zeros.

CrAL bus addressea within the locel (322-bus memory space, aodresnes
FMIG GUFEY 9 tnrough Ji13F FERP . are manslated into (F22-bus memody
space addrasses by using Bils <2 1112 of tha (TXAT address a= bitg <2700
oi the (¥22-bues addreas.
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4.8.3 Interprocsssor Communication Ragister

The interprocesast commnicating mglsler (TECT). acdresa ZNNC TF40 .. is
i 16-bit regiacer which resides in the L322-bua 1902 gagin e addresa space and
van be aocesgad by any device which can become 13 master (including
he FARMI-AA |!‘j|¢“-_| The IPCR, implemaented in the COBLD chip, i= birte
accesallve, meaming that a write Dode snemaction can wrike 1o cither the Low
o1 high byvte without affecling the ollier bvie.

The MK alao appears ot (R22-bus addrass 17 757 50l). Res Figure 3.38.

- 1 k] nod o = omow ]

i ™S N ¥ BT

prs T {
M
43 '|'|l|:|.'F

HEZeHWL]
LM Ll
FIEiyuTD

e T o

Flgura 3-33 Inlerprocessar Communication Ragiatar

Cela Bl Definition

= 15%= Ly QWL DA G2 bus address spact: Innmery o1mar
Reacdiverite bnoiear, Incficates that an evrat scorred when
A REA-bws deeloe was aldemeling Lo fead owln ST
It sets 37 P FWECIT CTIOT rﬂf,ls.l{'r il T*SRR -3 (main
Merrney ereoct seks, or the (DAL bus Bimer sopiees. The
NI sneury errar v itelizams that an uaoernectahio
] TEads uccwt-:l wlien an exlesnal device (or 21U wae
aovessing ihe EAGR0-A 8 tocal ecsoce. The CLAL bus
Hmer cvplring indlcaics thal ihe weraory condraller <lisi
nal megpand when the G2%-hue Izlccface nll)ated & D
teamsfer, Ollenrmd B 1.1.'.1r|1'|E n g it, on FAI ET-LI ;-1.1 e
negaHor of TOGE when (he prooeesor ]'B]I-:»_. bar weling 1o
TR S5 IERSET), s wrhonover TWSER - 4+ clears.

<ld= A22-hw valldale all (OMTIA). Welle orde. ®rltirga 'l
I thlg bl Slesrs Lhe CamWelld @1z In the cacled copy ol
the map. Alwars mads ag movn, Writing a 0 has no ol fecl,

o R L Uruaed, Feail ag zecos. Must be writen e waros,
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[rata Eit Crefinltion

B Rozcoeed Jor Clellal uze,

o vrm=rd. Eead a: =ovn, Bust e =wreiLlen as =orn.

i Fiwrnwed for Thigral ner,

=B Local criermory motecnal aunes- enahle (LA EALEE Reaodiwrits

wlen e FLBRI-AS b 2022 buk tnander. Mesd |1,|||-_,- vl
aricther dlevicop is I'_;-E: bus master. Pearles external porres
ek Il mmesncery welhien set (eia the QA2 b anap). Cleared
on presmr-np and T the negajion of DCOK wher The
prowessoe halts,

1

= Lizuked. Heod ak zaeoe Sust be woribwn ay zweepe,

=il gezcrved o Dellal uae,

3.8.4 Q22-bus interrupt Handling

‘Lhe KAASD-AA rosponds te interpl o ""EI'.l_'l'I.'r g BE.7-d with l|1E ‘Il‘ElII-.‘I.B.Ld (222-
bus interropt acknowledge pootocol (DY followed by LAKYL The consoie
serlal e wait, the progsunoible tawees, and the janrucwwr classzloeil
refjiet intermupts ab 'L 14 and hase priotr over o Q22-bus 3124 internept
rogoests, Affer respending to any interrup reguest BRF-4, the (PU sets
Tl praguessor privity to 'L 17, "'|ll 7 u1tn:::1.1g:l'r cquests are disablod
winiess spfbecire donsers the intoee .,||:r|: '|:|ri-:_1'ril::.' e

llltl:IIL':!.I' requorts fronm the BAGSD-AL Inleryal timer are nardled dlvectly T
Fle CIRZ, Inde el timer intermpt regoests bave g bigher poorty than 135
inlerru etz Affer rospongding tx oo inkereal tieeer intereupt roqucat,
Fve CFLT el Hhe processsr pricrity tn T 1A, T, BET irl'tl:rl'l,lr_:t regueets
ramaln anahlad,

Condigurirng the Q22-bus Mzp

The E 2SR50 &4 |.'||P]EFr".EI':1S e 022 3 Mg HMELER '||:_1r|g'.-'.'|_'-r{1 ::32 B Livtiows]
Lireck of main maminry. This map mes be onnflgussd Gy he KAEEE?..-‘,."L
Orivvacare durieg & proceseod inchalieolion o weeiding ihe base pddress of Hhe
uppermingl 12 Kbylas binck of gooed maie e indo the Q22 bas magp
base repister, Tl ‘st of Liviz onap must be lecated ona 22 Khyte bounclany.

MOTE: Tlie 32 Elgle Dlock of poein moemury apesd D prefacterd Dy the sisfens
eafimre. The only aocsds da M saen skoeld B ki Uit dmnal T pge s
2008 BN 4, Crrough 2008 FFFC 4.
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3.8 51 G22-bus Map Boze hddrass Fegisier

The 22 bus map basz addcss register (BRI, noddroms 2008 BO1G 4,
controls thw onain menoery location in the 32 Kbyte bll.."k wf J22byz map
Tegisters.

This Keadhwerite pegisker bs accessed by the CFLT oo a longwnod oundaiy
ondy, Bty <31:29,14:0 > are wnosed and showld be wrilben as zere and
telums zera when read.

Awvite to the map baue tepgister fnshes the O22-bus ;nap cache by clearing
the € smVealid bita in all the entrica.

The contents of this rogister ate undetioed on power-up and the negatlon of

VHOOK when the processar halts, T 19 nob allecled o DINIT Being aeserted
0 e (22w, See Figure 3 3%

Al ?5MA 15 4+ 2

PAH Heox | ns |

Figure J-32 Q22-bus Map Base Address Regloiar

3.8.6 System Configuraticn Register

The svatem conligurallon reglsver (SCR), addresa 2008 UK 5, contains a
GHALT enable bit and a prver vk Hug

The spstem configuralinn register [SCR) Iz longword, word, and byto
arcessible,  Progrmmalle option lields clest on power-up mnd by the
negatlnn of DO when the processnr holta. The format of the SCH rzpgister
1= ahumem In Figure 3 40,

» A3 IMA N TR 5% % 22 cu
. —

|_ 437 ! | ||,.-: | |l.-n'-'i ||.-=: :li

riw | |

mils T I 1

EEAERNED

SETER Tri COXE EFRATINN

REZER™:D o | :

HEl BE 22 L i

L= -

Fiqure 3.a0 Svstemn Conflguration Aagioter
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Draia BN Thefiniiirm
IRLE Hrwsed idead a5 zeeo. Mus) be willler a8 meTo.
R L Proveer ok {I1%IE]. Bead ordy. Willes hese no pffoct, St iv

the D23-bus BIOK signal azscrlz and cicars if it nogntes,
{3eared om power-up andd by e aecalion of DO sden
the privmssne haliz,

e ld : BHALT pnable 1HHALT BRI, Reaciwclie. Conlrols Tthe
effect the QXdms BEATT slpnel has on the CPEL When
b, asaetilng Lhe 2% -hos BATT L'i|_=;r-.'|'| hevits thee (M1
and pzsevia THSER <135, When cleared, Hes $0022-bue
MTALT sig_r.rl'l s i effet. Cllearssd un prser-Lip- anzl b-'_-.'
the nepatin ob IO wien the proceasar haliz,

R N Tnmsed. Frad ag =ees. st be written az poro,

= Tilz Reserves] boer DHigital nse.

=3Ei Limased. Bead e zeen, dust be wrillen ay zoeo,

< T Ardicen ost DCOK negatlon. Boacdtwrite, ¥When oloared, the

Qr2d-tus inteelace ezzerls SYSREESET csuslng a hardwpre
vege| of the board and contre! b hre pansed to the meeddent
Tirwweng vla the Bprdwnre halt procecdare with a bait osde
rf 5 owhen OOK i negate] ar the ©22-bus, Whaen gel,
the P22 hue intectaes asaecds HAETIN (causing conene bo
ine- paggad Lo che resideid [bomerare e Lae amdweare halt
vrialwee witil a hall code of 23 when TIODE i neppiod
e 22wz, Cleased an A T atud Fhi ":'|I'.ﬁ.'|1'i-:-1'l it
D0 when the proccsage halta,

< o3 = Tnueed, Fead as =g, Wuse Beaatitler as oers.
< &1 = Reaztind for Trgtal nse.

EdH Liweed, Ecad as 10 Wiast e weoibi=n as =3rn,

3.8.7 OMA System Errar Registar

The DA syatern emvor eegiater (L 5ER). add sy 20065 G002 .. 12 one ol firee
regiilers aesociated with L22-buz interface vreor reposting. These megisiars
are located 0 the local WA VO adiless space and can nnly be accessad by
the loca! procusser,

The DA systern eeeae ceplster 1o fapletnented in the LB clup, and.

loms main mermoey errors on DA ranslers, 3Ebus pority creogs, 322
bus mamgsisianl merorye ervnra, and CRA2-bis oo grant corurs
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The 2F-bus error address wgister conting he addrese of e page in
(122-hus space which caused a parlly error duting an access by the Jocal
processor.  The DMA error addiesa register contpine the address of the
page in local memery which caused a memary ereor during an acewss by an
external dovice ar the processor during a local-miss globod-hit transactico,
an access br the local provesser which the (R2-bue interface maps into
main memory prevides errot status Lo e processar when the processor
doea & verry tur a read lecal-milas global-hit, or by an interupt in the case
of a Ioel. e glq'l'.':la-]'i-'h“. wrika.

Ihe THSER 12 a longuord, word, o1 byte accessable rradherite regisier
avallable to the local peocessor, The bite in thls reglisler are cleared to I
o powar-up b the negation of DCC when the processnr halta, and Lo
wrlleg try IPR 35 (LORESLEL). ALl bits ore set 40 7 o cecord the ocourence of
BN Event. They are cieared by weiling a 1. Wriling zeroa hoa no effect, See
Digure 3-41.

| ~He | | EER

Yod-baa kRaLT ET1ZCTED |
OPE--zia sUOH BEUA. LT DZTESTEE
G37-it.m ek . —
YLE Mz DAL

e Las BZ )
Uab kT ESRCT
Lo5" TRRDT AT

Uz s

43T 3 ZSFT

flar, o

B HETR L 2 T 1 b I LR R (RN S

-l

Flgure 3-41 Dhkis Systemn Eror Aagister
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Tk Tt

<Ak

=13

[

< 1iE

= s

i

Tefintilpn

Unuzed, Read 6z zera, Must e weoklen as ze1o.

QX -biwe BHALT delevian. Raacl wele o clear. Sets wilien
liwe Q22-bus Irkerfaon delects thal the O22-bus BHALT
ling was asscried an:d ZCR = 14> BHALT enabile is st

1 lenred 'I'.lj_.r wriving a1, o0 FEI I T-LIE ‘.:-_1_.' thn |1{'|.:;.,1|1|:|rr ol
LGE wines the prneesir S5 hakbee® amid 'h_'g.' wTites oo MR
Sh{IORESET).

QR e DCOK vepallon detecked. Foadiwdie bo cear.
Sel when Lhe Q22-hus inlerface delects The nepatlan of
TICOEK on the §323-bus and SCR=T = [acllon en [OOYX
Tll.fﬁrlﬁ-rm_r i =t [lemeed 'i:-],r 1.'.-'|'i1'|1'||_|; al, n TR AT 'I_:-:.r
the negation of DCCY when the procescor hello end Ty
wwrites fo PR 55 {I0RESIET .

Unuzrd, Fead 8= oo, Musl be weritlen ag rero.

Mazler TS MEM. Readiwelie 1 clear, Sele wieen dhe
L 'I'.H"-'ﬁ:le.-: a demand {332-hus rmad r_g.'l'lr ¥ wHE i_—__."l,'l:-l:
that dams izt repdy atber 10 ue. MNot st durning intermpt
gchmengfcdze cvcles or rogucst read opcles. Cleaved by
werlting a |, an prewer-wp, Dy e nepalion of DICOE when
the procesver hatts and e widtes b PR 535 [OMRLEET )

Uruned. 108ad g6 earo. Afust beowritben as zemo.

rd2-bus pazily ecel. Weadiweile 1o clear. Sets when the
SR peclionme e 222 -bus demanet voad cyche whlch eeduens
a pawity eceoc. [Nob st dueing iotesupt ackmoweledpr opoles
oF requesl read ceckes. Clearesd by ovillng a 1, en prnver-
upn by the negativn of UOK vwhen the prinessar halts
and Ty verites o WR G (LIORRSR] L

haln memoary coror, Resdiwelle to olear, Sele T an
eorermgl 377-hus dovloe or locpl-mlss global-hlt rocefees
a mieamry ey while meading ezl muoory. The

LN E =15 reporte the soemucy #reor o the externol
Q23-bus devloe, Cleased by welllng 4 L oo power-up, by
Lhue mesgation of DHOOE, when the proceseor haits and by
wrhilew Lo TPE 55 (hORESET),
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[hata Eit Chefluitinn

A farir e, Epadeeve o Clear, Indicates Whal an oroer
pddress has hoen losl bocauss of DSER 7.5, 40> having
heen wrendcsisiv 54 and o subizoquensl cioar al eliher Lype
Jut .n" that 1-.--'_:-1:|-: I narmielly 7 Lap “ured am address engd
ket mither DSER<7,5,0.0 = F"'|E Clearedd I'r'.r wnhna al,en
power-up, by e oegation of DCDE when the r'1'|:||.1-"-.':'-|: T
halls and kv weriter boe Y14 545 0RESE .

wix Moogrant tEneoat, RBeadeerddle o ciear, Sels I the O
bz deca mo! relurr a bes peand wlibde 1R e of the
bus TH.iLI.'"-‘t froma a T demand moad |:'.rn:'lcJ ar 1wl le
iyl Mot set |il.|1'|11|{ *-ul:c'lTu]'Jr L.{‘rnr_l'l.r'lcdgf o P ucEt
DHAS U esm. & Ppared 'hl.' writinga 1, rn o '.lf_. 'I:n.r 1he
nam i ot DK whir the provcessns halle and by weriled
to FIYI 5E ARSI

< 1= Limusd, Repd as 2oy, Musl be wililen g2 2epa

il Lhd A PR FEradlaeribe o clear. Sers on o TR Lransler
Lo g nonasdstent main owanery kastion. Includes legal-
mles gichel-hlo cpcles s miwp aciesses B rooesistent
ey, Clepred i weriting o 1 oo peecr-un, By Lhe
negation nf PCOK when Lhe proceaser holls gud by wrlies
b IPE 55 {I0RIE "3" I'.

3.4.8 022-bus Error Address Hegister

The 22-tua erar address regislar (OBRATRYL address 2008 0005 1, i= o read
ooly. tongwrrd aecessitle register which is implemenied i Lhe © I:IF'T'. chip,
fta contentn are walid only i SRR =5 = I'I::I'.Z_-' Bt pmirlty erenr is set or it
EYGIH T {(J22-ba Hmeont) iz col.

Eeadir-g Lhi= 1'-9515-|EI' whean DPEFRLh= sl SRR = are cleor cetaons
unshcfined reaclin. Addibonal O22-hug perity eeents fuot could have see
DSEE = 3> ar [_;'E..-; -Bug iieenul atoogs Thal condld have saaed PRSFTR < T f
set, cawsr DSLEH < 3~ to sct.

Fhe QREEAE contnins the address of the page in Q22 bes space which cau sed
0 pity corol dunng e acccsa by the on-boacd CFUT which sei TYSER <5
of @ rester tmeput which sct DSLR<TF -,

O} E-bus addross bits <21:9 = are loaded inte (GEEAR bils <120 =. QRFAT
bits = 31:1%5> alwars read aa reres. See Figure 3-92.
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I N u

| war DT ebun Al ol Bz a2 U |

PR

Flgure 3-12 G22-bus Errar Addrass Reqlster

HOTE: Tdis fs o rewsd wvohe wigister, § @ reile &5 ahenrpled o nomeioine v
sencrafes.

3.5.9 DMA Error Address Regisisr

The DA amor address rogistor (DMEATY, adidress 2008 QIR 4, ia & read
oy, Tongwoerd accessible rogister which i irmplemeanted in Me L AABLC -:L"up
It containg valid inferination vnly when T DSER <4 > {fmain memeosy s is
aet or when THEATR <M= TAIA N:’::‘ni;' iz act, Feading His reglster whan
ITSRR < d = amd THSER <ib> are clear coterens vidleflned dala.

The DAL contring the mop ansaled addreas of the page in local memery
which ramavd o memory erar nr nonEsislent memaory o duering an access
by an extornal dewics ar the (122-bus Intertace for the OF1L7 dwing a lneal-
rnisz glabal BiE iransacion o (LAE-uy map acoess,

[he contents of fhis regiaeet are latchod when DPSTR<d = e TIGER< >
sets. Sdditiomal maln memaors errors oI nonexistent mermore £eenrg have
nu cifect un the TIEAT unhl softerare cleavs D5ER <4 = and DESRR< =

Mapped 022 bue addrezs hits <289 > are loaded inte TPREAT bils <190 =
UFL—'-.% hita «AL20 = alwars tead os zetoy, See Figure 342,

r i c

— __

yps v APEET LT —tum ATORRTRA NN S

Flgure 3-43 DMA Errer Address Raglsier

MOTE: Tis fs o regd ooy rogdster, I 2 wife 32 eftenpfed o iackine olleck
gencrifes,
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3.8.10 Error Handling
Phee Q22 bus inlerface dees nol generale or check (DAL bua paity.

The {222-bua interface checks all CFY cefetences ba QDEE-bus memory and
If spncua to mare thak I"-i-'ﬂ'i"j'-". Bt rmnasskedsd and wnanaskerd If!lI'IE'n.'I.'!I?'d
aoceeses are attempted. Aoy obher bype of raference rauzes a mmachine chack
abort o initiate.

The Q2Xbwy mterface maintmns several limess 1o prevent Ineocmgplela
ncoessea Irovn hanging the swstemn indefinitely,  These Inclugde a 16
nonexistent memory imer for accesses too the D2E-bos memory ang T
gpacea, o IR we no sack Hmer for acknowledgeme ot of L322 s WA grants,
and a 1 ma no grant tieecs o acguiting the QJ22Lus,

Fehere is a nencxisten! memenys (R0 eerar S22 Himeoni) while accesaing
tha [1221us ~n & demated vead eference, the aszociatod o in the ficse-
el cackhe is invalidated, DSER =7 is oot the addeess of the O22-oas
page being accaased s captred in QBEAR <1300 and o maching chieck
phort j@ initiated.

It theee dg a DIARD croar o @ prefebh tesd, o an lniereipd acknowiedge
wector copd, thes the peafelch ar indernapt ackaorledge eferenca aborta
bigh o infesemalion @ capluved and roowachinie check oooure.

i there ks 0 WX Aeenr npoa miaakad wegite cefersncs, them LNSER 27 =
srte, the address of the Q22 b page Being accessed is captured im
QBETAR <10, and 2o Inferrupd pemeains at IFL 1LY througls wector 64

i

T the (322-bus fntetfrce doos motb vocetre an acknoscledgemmend s ithin 10 s
aftor ic has praetsd the 022 by, then the grant 12 withdrawe, no zsror ae
goprzabed, et Hae Q22 Teus inlerlpee weaile BH oz o cizar Use £222-bna grant
caizy chein befure beglnning arlalralion again.

T he (122-bas inlerlace ties to abtnin Q00buy mastershin o w CFF
deintand read referetice nnd docy el abitein #owithin 100oms then e
pcarlaied rowr i the Set-levpl cache iy nvetideted, DSTH 2> i gob, gl
& rachine check abort ic indtated

The {)27-bus irtertace nlso mendtecs O57-bus signels ADAT 170085 while
readilng, imfnrmation over tie (UE-buos so that paritr eooors detected by B
devica being read (rom ars tecognizod.

IFa Flaﬁ'gt__,r pLrar i cieteceed !.-.1_,.- grngther 13322 s davice onoa DML dermand
vead rebescrice bo U2 Ny TR O Tl EIHIE, then tha agsociated now
i the tirst-losl ccie b iivaditheles], TOAFR < 5= 05 sel, Lhe aodresa of o
D22 b pase beinp acressed s capinrved i QBEAR < 1280~ and a machine
cloack bt is inlitaled).
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1 pravily @oror is delecied by ancther (22-bns dowor omoa peeferel regoess
IE:'l" by e UL the 'pl.'l_"'f';,h’_h alwarke, ey sesovialed o o The Jirsl-lgus
coclie i mviticotee, L5 n.:,a i e, Al acddesss ol he (022-1wa pags
being acoessed v captural i ﬂ"::r-"-T 12:0= 0 ien v machine check is
i-;l;'ll..‘l..ltﬁl

The [J22-bus inlerlzee alae monioors the backplane BN sygnal b detect
rovecer Tadluies.  IF TMOWR negates on the CRE-bue. a poaer-toil tmﬁ
peneratad, and the UL topa thruoch weomor 00 20 Fhe shate of Hie (22
s BROIE =ignal reada roomy 50K = 15> The O82-bus wicrfale continues
1 aperile alter generating the powrerteii trop. antl LHOOE cegates.



Chapter 4
Firmware

This chapter describes howe the Demsare on the KASS-AA processor
operates. The chapter also descoribes public data stuctures end infer{aces
Ihal acliwere devclopors can wss.

4.1 KAELD-48 Flrmweara

The KABAI-AA fimmware saine contiol of the processar on a proccssor balk,
Ao the KARTE-AM, haliing means that conirol iranslers to the fimuoyare, oot
that thie proceseor actunlly steper eaecuting inslrocdons.

The Geroeenee o2 1 b &4 FKhyte EFROMS on the KASSRA A The Hinveane
addreea range i in the local T apace of the KABSI-AA, The address ramge
ia fuorm 2004 0000 {0 2007 FHFF ineluaice.

The fallowlng cervices at2 Derintmed by the lcowace,

s Aytomalicimaneal veskarting ol an aporating sy-hein Sollokiing, procesany
halta. {Beataci in thds vontost s onl ihe same as restacting, or rescotinge,
tie liarcdsomre

»  Agtomaticfmanuoel beotswapping of an uperathig Agslem on poser-up.

»  Ap intezactive conunand ongoagy thit olioes Bhe aser b exaiming and
altar the state OF the processor,

o LHagnostic festing to chegls thal te Tnand waa correctly manadactured.

= Thagmoatiz tcetng fu sost all compynents on the boerd, and ceport
delactad failures,

«  Enpoort of wrions berrningske aned devices such as ihe ayatom cunsale.

v DMultitinguat suppearl . Tha Oranware can be contigured o fwoe messages
in ung Of several languagea.
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The Ffltavwdre corpnees four mgjor tenctivnal blocks, as showa in
Figure o} 1. The Lgure shows 1he basic the order the cncle e executed in
vrhan the processar prweis up.

— —

[ omese AT

| .

|| AAFEASTICS |

l N

P —
=il -I
CHL AT

Flgure 4- 1 Flinmwaie Black Dragram

NOTE: Myireric owfr 7e w revordecinmd wilese stafed afrermize. (22-bus modrassis
are B ondol, Beterrod progeveor reglsters OFISY e dr peedectieml, Geneval s
Fegiziors are in dicial,

Hexadecimal meidrmasas ane ppiceliv aiid iveo fag TOE0E ooy fo peprese revicduhilfi
e evzigate. 2SO0 ag i ed o 20040000,

4.2 Entry/Dispatch Code

The enteyldispotch code v entered whenever @ holt vzoovs, and therefore
by design sl reside ol address 2004 G300, The procossor sov halt e
2 \-'Hliﬂ'l_-r' Al reasona, =uch as a [Fveer L, e thes piroconsor hn]l:s. the
reagson for the helr can be Iound i SAVPST < 5=, whish 1= TPR 43 4
IFIR 42 (5AVIMC] also containa Lha walee in the PO wlten the processee dke!
oo power-up, the contonis of SAVIL iz undelined.

Section 4.7 1 provides o deipiled desciistdon of the conditone thet cange 2
processer halt

e of the st getions thie Homseare takes alfer & hall is Lo save (the coreend
LED cody and theo sevite oor an U e the LLLD. Thés acbon occats wilhin
siveral ingnuctions atter ertering them inte enypidiapatch code, Tha intent
of Hais aetion is bo [Ier the weer koose that at east sevorol instmoctions besre
aan successfully axeculed. Onoa lunctioral Darel, Fhls Topsoe s Sk eanogh
Lo noi be visible,

The mwin purpoas of the entry code iz 1o save Lhe slale of the peocesser,
inveke the dispatch code, el when the cispaich code rotums, testors the
progossar stode, Jnomost cpses, b state Doing sostored will e difterent
Froom the gaeed state, due te subrootine: invobed v the dispotcher.
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The diapasch code dewmmings what ackion is to be kit en based on Lhe stale of
tiwe SAvEEL <10 = (TR 42 he hal! enslzle Lit. and the procosace halt
ackion (CIAEY <0300 ) Section 44351 dercrioes the console onilbos
[Li'hiBX].

able A2 sormmaiees the aclinn takes wihnen a holt ocoara.

Tatz 4=1 Acilogns Teken cn a Hait

Hult Enuble Fromer-ap Hall? Fall Arllan " Artion

T T._“ - X Lramnusive, lall

I Ii a Tlall

I I X Miapnnslics,
'hr\-c'-r:-:r?rlp_ Azl

b B L Rustort, zotstrar,
Liadl

X I | Ceziarl, hali

5 b 2 Deoaslrar, hall

X R b [ 1ait

T = songditian o brog.
1 = enadipion i Sl
X = dortcare.

Tl the foalle Ticl< maliple actians, e q2comd or Thicd acbona acour onlss
webiee the first orbion fels, The sxeezlinn iz dlagnnaiies.

Bevanse the KASHD A8 Anes il 2upzpett Daller backed -up main mncmory,
o Testart pporatacn 3 ook attempted o poseer g

In thie context, reslac! mzans he seasching (o7 & reatanl parameter block
(MR acd then wanaferong, conlid o fhe cods puinted o by the RIE,
The bali acton iz a J-bit deld seed by ooperotiog svsiems o Qorre e
Grovware to coter conmacle craulation, restset or reboct Toilieeding a haly,
regpidlesa of the setting of the balt erable saikh,
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4.2.1 Powsar-Up Froassesing

{m poweer-op. the antrdispatth code peforms schons thab ocecur nnly
Auring the prwverap process,  Speoficallr. an inidal power vp test (TP
ie parfarn:ad that s distnct troin the cest of the diagnoslics thai are nin
Taler o

The purpose ol tu [P @ te chesk that cngagh of the Toard is warking Lo
gupport the coirest operstion of e firmeaare. This invnkees pertorming
tesan on the CFU, doicg oo TIRCR checkanm, and petfonning mited teata
of the Brmmeare's ponvalabile 2AM ATV

Sl failyes oz considersd falal. and el hang che aystemn. Ledog
the 10T, the TFTY dirplay changes to reliect what 15 bring tested,  Ser
Setion 4,227 Tor a Tisl i TED coden

4.2.2 Qutpul O Power-Up

This section degsribes what the ser can expect o see on the LET and
i consoly teemninal when the sysiem @ povered up, There ore sovem)
varialions thal can occur, such as it o lomgmage incuing e repeieed, or o
thers ave detocted crours on the board.

SThe Aiegd eonezale bermimal et hal <an be expected Ja a langnage promgat,
if he vanfiguration switch 32 gor e longmoge ngquiry amihos The Thmeearne
delecls Lhat Lhe conssnts ol the batters backed-up AR ave invalld.

[F no 1esponae i occived within 30 =iy, she Direneeare delaults B0 Lhe
lamyuoee prompt Gsamplas de | s a sample of the language prempt.



1| pnanek
21 Neastoch
1] Hogglish

4] Rapranod
5] Francdie
81 Iislimns
[i-11}:

T Meqder lTandd:
F| Reenle
9 Poemoguans

S0 meend

1] Hwerzles
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Examply 4-1 Languags Prompr

W the syatem console ie a CFX, the Homeaze nex interrogaias the wser to lfnd

et wldch kq._ﬁ'lu.qn{

5 pruseot. J.tﬂu:rl:Jauu::-mspn'ﬁ-:vﬂth'.a 4 agconcs, he

Levboard and language are set b Iaeth Smerivan and Lnglizh reEpret r.ri_'-n.,.
A samp!le iiat r.uf languaged for which thare are muolbiple keyhoards s shown

n Examjzle 4 2.

FRTHCIL:
1] CAMADA
2) FRAMCE/DELSICUL
1) SUL5SL

[1=1]s

CILHMNH 5

1) IENTSCMLARADRSJSTERELE Ci

21 BILWELZ
EEEIE
[ H BT I

1y UFITZD) BIRGLLCH

2} NMTTED BTATES SIRNMDGL

(1-271

Exsmple 4-2 Kayborid Interogatian

At thig peiat, ihe Broneears prinis oue the banner mesaage and any dlagnnste

mEsEpEny, 15 ahown in Lasmnploy 43,

44,4

Joand 4 A

The [AFmesarg

imsurs @ omessagy ntorming the ser that the diagnoatics heswe complelad
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MEEUG-&  V1LSPLAL
BERFORMING WORMAL GYETEM TRIETR.

ST L DR © SR R ] S T N - A S R P . | P & I B
1 AP P I A O P R P - R 5 PR e B ) AL PRI R T

LOLDIHG STSTEM SOFTHARR-

7

A

RFRLl b
1..9..

Expmple 3-3 Sampis Norsoristaiien Screen wiih Avioboot Enabled
KaRS0-a F12/0121
PEAFGRMLNG 3ORMAL SYSIEM TESIE,

IR N LI~ FRPR) = DR ] Pt P-T R I I |t T B R R I P B
P R [Pt DU DY o DD . DU i DR I SRR 5 FRRE--1.- YUY 1 R 1 o ’

TELTE DOMTFLETEL.
e

Example 41—} Sarapls Mornwarkstaticsn Screen win Halls Enabked

Ly ranse Tl NELERLENTIS
v CEM'SCH 31 BIREE
1) BHGLIEN Wy MARTIRITEE
) EIEAROL Lo SUCKI

5y FRANCALS 11] FUEYEEA
fiy LEAL LARD

thaalit: 3
1y MHITET ¥THGTEIM

Ry IMTTRETY X HGEE  CAEL

a2
kG Ed- W1as0121
PHRECMALYSG MORmMAL 2YSTEY TERTS.

b - S -l RN n I ! PR - NS (D I - - TR . VR T PRI [ R RS 1 PR 1 PP £ T
AT e Tfic S, .0, 030

TESTS COHIPLELCED.

rar

Expmple 4-5 Sarmpla Warkstallsn Screen with Batreny Dead



Firmwgre 123

Kakbi-p V1 A5 yFyy
FERLTIRMLALG HUR®AL Zyfrad TLS:E,
L S ol S £ S VT | ST I WA £ SO TR SR | PR R

Foa_d44 W iH FFE RO 00

BOAFOED 0 PO WaEpOaa 0 e0e LG
(LA R NTE L LRI N AT VTEEH) R i K b L L T L T A K R
COQ00eRo PO L0EeD SE555555 00000000 At
oogCodRn O EFOGG0 20080148 00Ld9a00 010G

TRETS USIFPLETELE
)

Exampie 4-6 Sample Scrasn with Emors

Finally, aiter hawing delermined 1he consaole device, lanpguage, amd
keyboard, he [ienmvare prints its announcemsnl.

'The leber code in the Hrovware covison nocnber ionchentes whether the
finmwire w8 peefiebd test X, feld est T o an official releosse W

The rypvy fAeld iodicares which veesion of wirtual memory oot 8RB s
precsent i bhe fiemare. A bypical value Tor this Geld 1121,

229 LED Cudss

The parpane of e LED display in to itelp in fanl isclation whean there is o
defingd cansple lerminal, or the hardware s incapable nf conutinlcatlng
witlt the congole terminal.

The LEW display changres bofore the correspunading test 3 ree

Table 4-2 Hsts the TR codes dhisplaved by he lmesase. Ar LED cacda

imiteales which unk s failing (for evample, the {217 board or memoor widen
subaystem). The table lsts the diagnoatizs i the order thoy man.
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Tatrla -2 LED Codas

Consokz
LEE Efaplay Anncuncemig sl Treting
F P, -
E e [ Crtered FOIR.
i P SEC Intesngl teals
7 (e Whaitivg boe PORE
q LA LA
H M CWAX
H Mk FPROILE rherkazm
E W, Comgule laopback: W 2B03
#? Ml COBLUC potacr-up slale
L 24 COBIC regisieTa
& ) CTACTE. vy -op staie
A 27 CMLUTAL Tigietery
M et Merry oo e ko
A 2% Fast dlggroztle mode aperatlon
A 24 Finzl &4 Ebwiza pocd memany
] 23 Interal Urer
b 2 FPA
. 2 ZIrAL 1lmsoul bive
v m Flral-lewal cackr Los
1 19 arconid-imee] cache 3 B A
4 i First-Tenes] s2che et glals meaory
4 17 bty eflazmostic
4 Ifi Mevviney oe Lest
) 15 Memarr address times
4 1z FCOC ereor detectiom
i 13 folasird werite cyies
1 12 Wing'e Bip T DemecLioon
4 11l bAgimgry address Jhrts
+ 10 hiermnory refresh
1 i Firat-leserl carhe allncation witn

cinary
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Taklg d=2 (Cont.} LED Codes

Comeapl e
LEE Thlapdey Amnoiancennent Teullmp,
3 L) 115117 i____-'l_'|i."'5 in {1%-hus spaTr
3 i Vearmal e
b (- Memrere rocond-lesel canhe
Imtcracticns
4 L) Carhec invalidate post
3 1 I Rad RS
4 na st nacd disafile cacdies.
3 e Cairgaale 10 mcwte

4.2, 5. % Congole Paich Pane!
The consoic patch panel containg the congele bavd rade, broeak ecnable, oo
Tanguzge Inguivy swiches. The fimwarte reads these swilches anly when
he processor Tallz, and configures he hardeare acconrdingly. Thia diffees
fruiv e TWABRI] AA, whiete Phe seialiee ave hardwired inla e hardwares,
ang have an immadaie effect.

Therefors, chongiong the Sawed mte, or ane afer swtich oo e panel, =il
et Aake eifecd kel the nexi prases-downiposer up cveie.

Llaers shambd be aweare that after the Sromare gives contral to the operating
ayeieon, the connection beteeeen the poned’s switches aond the hordware i
last, ang changing e weiteieey e o effecr, Comeent |'}igi1'._1'| capteratinge
sysiems do ool read the awilchas on the paneal.
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4.2.2 3 Exdernal Hails

Thare are geveral conditions  thot can teigeer  an esternai hall
ISAVEIEL < 1a:H = 2, pnd different agdions are taken ﬁEPﬂ]‘lli‘ing on the
condition. Boasically, an estermal Tl can e causzed Ty any af the followding,.

¢ Pyemsiye oect] o dhe sysiein conecle lerminal. This canacs a bodt ondy
wehen B Break prable gedbch ig 2o 40 enskzla. F'l'l?:l??i.ll_& B | l.'!lil}' halte
the ayeteny it the coneole i o vides fevminal. Presting 8w on p VO
does moet Balt the swsten,

¢ Sasechion of (e RHALT line on 1he (122-ius, FPhe halt is cdefivered to
the progessor iF the BHATT FNT it in the QLS 5 act. The Grmwarc
Ahways enabies Lhis it when piving ue cotral.

a Wagaiion of T OF. A belt e detreered if the poocesscr B9 fod onning,
il ol halt protected apace and vhe BHALT FNE T g set. The seclich
jabeled [Fza] o 84235 and RA 123 syriem encloagres negatea 1O (K
LHZ O iy alse bie vegaled Ty he TIROMA fsnity times, o1 any other
L2 bus moedide that chouses S imglemenl the (22-buz reatacticchont
protocal.

The Hrowars con take scoveral courses of achion, depending on whal
generaled the external ik,

The getien laken Ty the rnnware on a eensole break or Q22 bys KHALT iy
Fhe sare, Tha fomsvare enters conesode 40 mode,

Iu coneale O mods, the KARSH AA cannat detes! the nagation of D Ol
20 no action is takee. More impgrbandly, Tioweevsr, i= that the negation of Ll
(O, degtrones spslem tale, and the frmevare 3= not notificd,  Lesers shoeld
nok egake T O {b preasing the Feae: switch on BAZE and BALSS syslem
eaclpeines) i consnls L onde.

Tn program T mode. Ihe processor recoives o balt an the negation el THC
O The ficasee allern:le In Doatalrap the seakem.
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4.2.2.4 Detsrrnining the Corgolz Deelce .

Alfper the battecy 'hF-;:L. the Grovzzare les o Mnd oul where and whai @ the
sratem console. Netmally. this would be whaleser lerminal ia zllached o
the console sedal Bz, I the case of VOBGL arid VOB devices, however,
these devicer are by delinitinn the system comsdle, YORQD devices take
printity orvrer VBT devices.

Users alould be aware thal from a Lault tnleranc s and dlagnonstc cieswpsiot,
alrtork the onkite war' m st ke woking o order to smc.:s.aah.l.l ¥ print out
a character on g VEBDLVCEOZ devicr,

2.2.9 Language Inquiry
The Tanguage ingquiry prrampt appoars oo seeeral 0cckEions.

* IfLhe awilch oo the consode patch panz] coloni 4 2ot n langiags ingoery

* If the Brorreerce detocts that the balteiyr has failed amd the eonlents of
the noovalstilz RAd are nat walid, This could possibly B due to a
bad haﬁar}-_. n7 Lu'lt'!l|i,|l|?_;ﬂi:r'|§ e conmechors e Thie K AGAERDL AN |_11.r!'|_'i-';_|'|
dlsconnects thve Dallary power;

e vser daes met respond peithin 30 seconds, the console assomes e
anguage |5 Frglish.

T e case ol non YCROIACREDZ Aevices, the comsole seoels ont 3 device
afributes pevaps sendense b determine e kieed of termiml and wekak
Minelicns Wosipports,

Terminzls thal da nat undsedtand the TOEC Mullimational Characier 5w
SN are furced b use the Dnelisk languege. lerminals that do not respend
ber bine desice sbtribtes recurest comecthr are assames to be nardoorsy dodecs
that do ool uedergand WMOS, Far axample, iF ihe covgole terminal oo
YT1AL il keyboard defaclis io the English language.

£.0.4.6 WayBaard Inguiry

Do WU CB0T devicny, the conseic alac quetics tor the keyboard Lype
wneier the s condditions pe the lingeaes query, i B8 s oot possible te
wguely deterniing the koevbeord tepe

[F $iser wser coos nok cospund within 30 seconds, the Hemvare assomes a
UInled Stales keyboard,
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4.3 Consola Emulation

The system 15 by definifon halted when the firmvare B 1n conliol of the
K ADGI-AA. When halted, the ¥ASS-AM emulates a subset of the standaed
Wi conanda Theaugh 1he device that is designaiod as the systein cornwsele
The rensals prampts the aperator tor inpat with the steiog = ==,

4.3.1 Coniral Charactars
Tn gonsnie IO mode, raveral charactere have epecial moearings.

Conten!  characteys ane typed by pressing the chamcter key  while
slrnuhanecualy halding dcwn the conteol key,

v Tawm—The carmage et ends & command line. Mo actlnn s taken
en a command wne! i = teoninated by carciage retorn. A ool lins
ferningied by a carmiege ceburn is treabed as a valid, nudi commangd, ™o
acilon iz laken, and the console reprongts fur input, Cherlage feturn iz
eviined &7 cardage 1eturn, line feed.

] !EL:?I—':-\'J'.ETI. thz ul'_:-;_'l'i'.i:ur +_l|.'ili.‘-.‘\. rilionl,  the console deletea the
chaactar that the aperabor previously yped.  Whot appears on the
consnie lariiingl depands on whethet the woomenal s o ovideo eriningl
nr 4 Berdaopg EeTminal.

For hardcopy termiings: when 4 mbout s typed, the consnle echoes wilh
a Lackslaah v, follovwred by the chamciee baing delelad. I the operator
tr,r[_.q_-.g aobcdibionel rubents, Lhe adelidena) chatacters deleted are echoed,
When the operdor Iypes a non-tubout chararker. the ronuele cchoey
another basksingh, nfiowed by the character trped. The result i o
erhy the characiers deleted, 51.11'.l'DLll'l-T-|"l‘-|"' tem wi t.‘rl Borkslashes.

Tor example:

Tha OperAtor [FPos: LREND ;B3 ke Db b TR |lte ]
The camsule echoes; mueeT i

Tho consule sees the comnand line sioimhotis

For videw fermrinads; when rabol B9 yped the previcus chatacter bs crasid
4
fromm the scpeer, and the onrsos is restorod o it previogs pasiion.

The cansile does nol delete chrrpcters past the beglianing of & commanid
]'ru: T fhig gperalor Fepza moce mubonta than thore are charartess an {he
line, the extep rnbeniz are ignoved, IFa mizcad is Sooed onoa bBlank Hne,
it s ipneead.
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fiz1] ‘wi--comaole echoes TT< (TR =, angd deletes the enlire Tine, TF [cin) o]
iz typed on an emply Hne, 1t 13 ecliced, and alhenslze lpaored, The
congole prampia for anather crmnetangd.

o] [5] — etops ourput to the coneole tarminal undl foel fods teped. 2 |5
and &= [@ are not cchecd. G, 0[] and T Fl also cleer 757 4],

£ [~ restimes output ko dhe coneale termiial, Additional [se]ials an
ignared. [ovl [ and Mw ] o are not echoed.

[2o] Wi—ceusea the console Lo theow away tranamizaiond b (he consply
termimal until the nexi n 00 i entared, [on] ol 15 eclired 2s T e O =
when it disables cutput, but Iz not echioved whert i€ reenablas pupput,
Chutpot is reenabied if the cowsnle privils an erros message, or §F i
prompte for & command from the lerminal. Treplaving & REFEAT
command dozs nok reeneble cutput. YWhen output s resnabled foe
reading a eomunand. the consale prampl is displayed. Output is alao
Ein-'_ble_r;_ll:-i:]enlering program T made, by [Fo] 2 and by ol e, [zmile
civars Oo | [F],

[ ] [ —cateaen he conaela Lo ecbo <CR = <TF > fidlower by the curment
command Bne. This funcdon can e azad o bnprove The readability of
a command line that has been heavily cdited.

| i cmgres the console to ccho "C and te abort processing of a
cornenangd, ] [ bae no effect 2w part of a binoor load data ateeam.
[rml[c] cleara [om 57 and reerables outpat slopped by lom] e, When [&T
I iz tppad as pan ol a geneand loe, Se conscle deletes the Hoo as it
Ares yeilh = L

v w I punszie T mwde, comses the gonzole o ocho P and to
abvorl processieg nf s camcrand, W the cunsole is oo progrmn 1O seede
and hali iz disabled, [on +] is passed to the nperating svstenn,  TF the
conzeit i n progmom VO moede and bait iz not disabled, (2] 0] causes
the wrocesses te halt and ener conuole 1A maods:.

Aconted] charcter hepe saeans o chasecter wiih an ASCH code less than
32 gy 00 or Trebweren 128 3 2od 158 5, (1), f an vnrecognized contral
cheracter is Ivped 115 echined as up areme Foliopeed by the charaoior withy
ASCT code &1 gredler. Far exemopls, BET (ASCT code 7} s echaed o
i, since capilal Gis ASCITcode ¥ + 84 = 71 Whea a condrod characior
in deleted with rubrowt, it is echoed Ltha same was.
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Atter echoimg the cuntrol chasecter, the cotsole processes @ ke a
nurmal character, Unless fhie congenl character iz pack of a comanent,
toe commaris will b invabid, and the consale respands with an ector
mesgag, Meke fhat tha O conbrol endes (128 e 159, ) cronot be enfcred
by any wrasent Digital tezminal, The tact ‘that the chamcher with code 7
and the character vith code 135 will buth echin ps G I8 mot expeciad in
howe any practicel cuenseruences,

4.3.2 Command Syntax

The consele aceepis commands up in Hikcharactete long. Longer commandes
prociuce an gseer mesmage. The caunl does nol inckda mibcatts, mubbed ot
cheracters, or the lerminating camiage retwn

mannandd s g e alireviated.  Abbreviation: are formed |:-_1.r dropping,
coacictors foons the end of & keywerd, Mozt cammands mey be tecngnized
Froww 1heir fest citavactet,

Multiple edjacent apaces and raby are treaded aw o siogle space by e
comanle. Leading and troiling spacce and fabs zre ignored.

Coinmand qualiflers can appear aller the command kevword, or afrer any
sobol o number in lhe command.

AR numbers faddresaea, data, counts) see in hesadechoal, Howeser,
symbalic register names number the emsters in decimal,  The console
doez not distinguisk: betveen uppercass and hevercase in elther numbers
or comnarsde, Goth wre accepted.

4.3.3 Command Keywaords

Iracesaor renbrol coramatds

R < device=
Clontinue

Hali

Initialize

Hart <address=
Injean

Trakz kreneler cantmands

Fearninge <« addresa>
Tepnzil <address > <data>
X 2 ADDERESS » < count =
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Conagle eonfrzl commans

Find

Rapest < command =

Set < parameter > < valui =
Show < paramober >

Tt

I e onmimie nt =

£.3.4 Heferencag Ic Processor Beglstars and Memory

The KABS0-AN comeole ia implemented by mamocode execubing from
LPROR. Tor this reason, the actual proecessor regaters mar not be moditiecl
by rhe command imtcrpseter. When the conscleis sinterad. tha coneole saes
the processor tepLsters in console memery and all conurnand refererces Yi
Perrs gee dleected ta the corresponding sevedl waloes, not ot registors
Memaelves, Whan fhe consals peenke s PEETLH .'11-:_'\-:3::_'_. the ivwesh 'mglg;!'a_*-r'\_-
are restored and any chanpes hacame apaenives coly tie,

Befvienceo: ko prucesgor memany orz handled aeotmally, excepl Lkat
reforences o the console memery pagea by Hxarmine and Dapacyit
corowands st be oguaslified by the [rl.-_‘l.lfll_‘ CATCDEs iu Erimmarily
slimplify debopging of the conacle program.) The 1'.-I:1.ar'_-.r Tinadd and gnkojd
coitnand may nol reference The Consrde memaory pages,

4.3.5 .ﬂ't‘iﬂEﬂiE Commands

Tz Fnllr:-wl'*g garliczeys deflne he cvmomsid s ae -.’_'l.'r|1'|'|;5 |,:l_-,' Fhee Loaseal e when
iL iz In couanle TN mode.

4.3.5.17 Hoot
Coctimand Guniax

Bonl Tlqualiless] <devive =

The congole initallags Fhe poocetgor and starks FRE momiee, i.ji:r' Fhr
gectian on syalem brents ITap"'II'lg ' WARTR Bonate bl |_:-|_:I|ﬂ|:'.|trr--= 51.-,',I:|;:J:|_ Lo the
-\.IF.H."'U fied device, The defaolt Dootstrap devier is detenmined as descriled
in the ""dit:—u wr wystem beutsoapping. Che device spocileation i oof the
furmat difce. whery dd iy o bwee etter desace smemanic, © s an optional
e digit contrger numboe, and iy ¢ one digit enit oumber.

Ciazllllaye
v iFradata s - After inidalizing the procosace end before staviing VIE,
RS i Topcdea weibdh the specificd nomaric dete Uhda allases g consale

wsen baopmess o parceneler fu YRR CTo o nomain comipatibee with orevious
cravessre, P TATA S alea Do Hoe saene reselt )
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4.:3.9.2 Continue
Crtwtiaid Syntax

Coilitue

The procezsor Erpins oxcouting instuclions @t Lhe address  currently
contained jn the progiam conenter, Processct inidalizaton i= not performed.
The consule enfers program T mnde.

The firwnrare pushes cthe N0 and ST oot the user's stack, and inen
exemites and REL instouction o start executian Therelate, Me atack pobatar
miisl il L @nodred that can comdntn at least bwe longavoeds of Qota

44,53 Daposht

Commaned Sytikax

Mreposll [fquallliers] <ADDEESS > =dato =

Mreposils The dala into the address specificd, oo addeess space or data
qize qua]lfj-._ra Ar -_,pn:u:iﬁ--d !w defanalls aie he last addresa space and data
gize uacd in o Lroposit o Txendoe ceonmard, Aller procesaor indtnlization.
lite default addyess spi e v phegical memory, 1he defaull data size ia long.
aad e default addvess s wons,

W 1he ppecitied dein is too lage to £ in the dali give 1o e depositer], the
Ariveeare igioren the comnmand and Baues an creor message. T e apeciliag
dela i senaller ibot e dota sixe s by deposited, B s exlanged anLhe lell
Al zeros,

The addiees may also e ong oi the Following sybolin pddresses.

n PSi— the procoysct dtatma Lo |1g~4 urd, Mo pddiess space qualilier iz
lepal. When 'S0 a5 ewarmine], Sk address space iz idonufied ag I

= VL —the program counler {gensial register 131 The address space js set
b A

»  HP—tho atock peiirter (general vegister 1410 Fhe address spooe §s M4,
s Rp— geng[a_l_ ICEi_E‘tI_"'[' . The rl-_"!;"l}l‘l-'l' pinmler iz in dedmal. The address
slzace ia L.

I I_':I'i!-r"li,l.ll.":
I3 T3 1234 i= equivalent to LHL 5 1434
T Ridh RPN i equivalent o 105 A SRR
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L] 4+ Hhe lossakdors i|'1l|'||-'|:]'|::!'-:*'|1.- I!-:'Hl;;rl.ﬂ.-"llg thie Liset Toewbicon referencesd in
AN examine of deposit. For refevemces Lo phraical or virtoal meonory
ppaced, the looation relercnaed iz the last addresa, plus the size of LEve
lest rotevence (1 for byte, & for word. 3 for long). For other address
wprces, e podress s e Tost address refereoeed, phes ane,

o - —the location iononediately precedingg thae last lucaton efvrenced in
bR exantne of deposit. Fer references Lo physicad cr virual memary
spaced, the Jocation referenced is the last adcireas minua the zize of Uyis
reference {1 For bgle, Z for word, 4 Tnr Inmah For other ad-dvess spaces,
Uhee azld e i Me lasl schdrescod |-e=-l'9he=-nre-|1 mileees one.

] w_the tngalion bt referenoes in om oepmaine gr dr ':Il;,'lEi_‘t_

v g Alve cation adidresyerd '|:.-.l.-' e et lorcpbionn refereeedd 33y an e emEme
or Jdengii.

Disalifiers

s T—the dals 5ire i.n tyle.

a WW—he Jdala =lee s wenrG

v (l=the daia sies is langsnrd,

o {¥-—thr ._drlﬂ;:lls apace i virtuel sy, Al accoms and prolection
chvcking seoer, thy: TGS W nld rod b pitcursd B & TROERETL T nkng
eI Vi Cntewenal PSE Ve crmson e bnescapss e ormr TR AR Virlgaak el
dapnairg canze e FTE=<M= bit to be cell T memey imapping 2 nal
2ialxled, vinlual addresses are eguel to pivgsical addresses.

e F—ihe addras: spaca Is pnesice! merory.

= di—the acdyess space §e intemmal procowssor regihsiocs. these ars the
registocs addeeseed by the RMTPR and BUFR mstiecticns.

= H--the adciess space 3 e penersl register set, BV theoogh 500

*  Ule—pccess tnothe conrcle mamory g aliovad. Thiz qualifer alao
rifgalics wiimnl addicas protoction ks,

(Rt B ez e e fiest of ooeange, Uhs coneche denggitn to
thee Tieel el pese, Toerar Gl spaus iTimed nndaer e as pecing calideesees,
Foen il the addrozs i the aymbodic addrens - the sucseeding addieszes
are al lagpar adcdresnas, Tha semlalis t.Hu'b-" specilies only e elar it
arldrasz, nal by directien o raceeszion. Boe ranealod rEI’-:'~|'.=.mrrs- E::
preceding addrezaca, vac Ropoal [repostt - < DA a0

v "'u.'mnj;—[h-_' aata writien is wwitton wath oy posity. Chiv gqualitier i

Aonwred only i e addreas spece is plussical memosye



134 Firmavare

For example:

S ESEIRILEE B0 Cleare the Idgar W13 hytes of physicns memey

oW AL R 1234 & Ceanalla & iaks 9 Lengeords arzviing art wirlual
address 1:i34,

ESHi D RO il Loacs general cegiglera RO Lheougch BE willi -1,

ofMz 200 - 0 Siar_ing 2l previoud addrese, oieal 513 bylea,

It cemflicing address space or date sizes are specifiod, the comacie ignorcy
the commarnd and Sssaes an errur messisge,

4.3.5.4 Exdiine

Compiand Synex

Examinz 'qualifiers] < addrezg =

ramines the contents of the spedified addocss, T no address & specified,
+ i3 assumed. The addicas ooy aivo be one of the symbolic addresscs
dearmibed under the Deposlt comnmand.

ihe anme qualificrs may be weed on the Dxamioe command 2 may be
wgeed on thee Depesic command, The deerong guatifier conzes Hie Frareing
e eres] ig.u_:-rl- TR |':I:trH'_'r' o ey frnm p:h:.-.'ﬂr‘a-l NSy .
Responaa:

<iph > waddiess space ddentifier > <addross = <lab> cdatn=

The advirese space identiticr can bre any (1) of the Foslowing:,

P P piesicad gy, When victusd ey i axamined, the addeess
space and address in the response are 1he manslated physical addresa.

¥ e pEneral fegister
¢ [—internal proceseor cegister

2 M—machineg dependent (uscd ouly for display of the P50,
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4.3.5.5 Find
Command Syntax
Pind jrqualifizecf

The comgnle searchas min wmemory slarting al addrass: zere for 2 Jape-
aligned St Kbyte segrnent of Brood WERTOrY, ©I A TERr parameler block
(wFBY B che ut,.,an' ar pinck ig lound, ity addross plus 317 @8 Iete in
S the segmenl v Blogh s aot Faand, an crmae mossaee is izsoed, and
the conlent: of 50 are wapsedicialle 16 no quatlfer 1z apecifizd, RPE s
asnured.

uallfieis:

+ Imemvocy—acazch memery box 2 page aligned Llock of good aemamy, ol
Kbytes in length., The seorch inclades 4 rzaclivelitz tosl Of mzmaory and
zavres the contents of memoesy nnpredictaile

& (EPE—sgarch memonr for a veaierl paramebar hilack. Hee Seghlag 4.8
for the search aigovithoe. The secich leaves e ornbentd of manminey
unchengad.

4.3 5.6 Helt
Coatmand Syntax
Hale

This command has no otfect ond is ocloded for compakibility with cither
cungeles,

4 357 Imitialize

Command Syntax

tmitialize

A prrocessor imtialivation |0 pecformesd]. Tie Folleaving initialization is
performied,
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[k,

irL.
ANTEMYA
BINE
0%

FxCG

TACS

MMNPEM

Cache

Tnelriic] lerm i e

{imeesie previous reberance

TR

Main neemaory

el :'ve‘g_{i::.‘rm'-

13alt 1 nde

Buint map L puoprens [lag
Lateraal restart in progares= Flag
CrRICTTI ?l:__a;l'src'rt:

Ll acldragg clogda I-E‘,.“;i slerg

d. 3. 5.8 Rapoat
Cormnaad Syvates

Fepeat « commanc] »

Gd 17 quch .

LLogT

b

)

M Fand & rlear. the reet am™
urpreditables

[
Hﬁ'l I
]
Liigatled, all eatriez Ipvrplid
LnalTeled

'F'h_'!.':lli:.a'l nefdTess, Icm;_qw;..:rl,i SITH,
addrogs O

e flicgkod

Ui Fesy rerd

Ungfferbd

1Imafferied

LImaffer bed

L aadfuc el

Pepropanmmed

Repriszeammrrnesd

The conecle repeatedly displaws aed execules_ihe specified comnend.
The repsating stops when the vperatur types =] 5 Any velid console
comnand may be specified for the command with the oeoeption of the

Bupeat comminid.

Resporse. depends on the command ypecified.
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4359 Set
Cosmtmanid Zymbax

Sel <pammeter> < valoe

Fota the console parametar o the indicated volue, The felowing conaole
poaramebers and their acceptable values are define:d.

[Baol] -~ Setthe default Boot desdce. The ~alue musl ke a =2lid davice mame
as sjrecitied for the Boot conveoend.

[BPLL:] - Set the deflanld ool Mags, The swalue most be @ hexadecimal
nmber af up 1o & hex digits,

[EMG] — Sel fhe comsale Janguape. Acccptable vabies ara as follmag.
1.1 Thanigh,
I4.] German,
[3.] Toglish.
[4.] Spanlsh.
[3.] Frenck.

[6.§ Lalian.

[7.1 Toutel:,

M.} Finnlsh.
9.} Moreegian,
145 ] Sar=dish,
|B.| Frrugusse,

IF ihe coereal consgly tenninal doce not aupporl the W08, e (his
command las nn elfect ared tha censole remains In English massage mnde.

AL — Set ihe conzele ket type, Accopralble values are az folloses.

O Lrnited Sates!Uspadian {Exglish? kayheard
[1] Flasmizh l-'e:_,.'l'_m'-;l'l_',i_

2] Canadian Frem W kevbeard.
[3] Lranizin keyioaid Lipe.

(3] Britizli keyboatd.

[7] Finmish kerhoand,

18] Amatrizn'tarman oy rd.
{#; vukch kevlbnard.

6] Italtan Levihoard,

191 fnvdas {Frenang keyiboand,

[A] Swiine Ererinang kel
M Sweedisin baybosgord

|£] Novweginn kevboard.

() Belgianfitench kevboord.
[F] Spimmizh koyboord,
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iFi Portapuese keybosrd.

IF the corrent consale fermingd ia aol a VEBDL or YORD2 display beriminal,
thixm command Tuig nn eflecl.

d 3510 Show
Command Symte,

Shonr <l marameter s

Lriaplays the console parmeter indicaiae. The parametcr Fogweocd roay nat
Lz abbreviated.

[BCMIT]—Shows the defawit boct divice The display i blank if no defanl
i5 set,

[ATLE —Shomwes the dotault Dot flags, The display 1z Blank i no defanle is
ECL

[T™G] -Showes ihe oomaole language. The valves displayed are lhose from
the wnrresgnnding SEL commpmd,

[EDD}--Shows corsule keyboard 1ype. The values disploecd sre thiose e
thie {u:]’cszpq_::n-:jnq_rl ST carnmand. The diﬁpla:,'s is biank it 1the censsle is
not & VOB0Z or YCROT disgelay,

[LTILER] — Showes basbuaie Flhernet sddreases. Lhe disoby k= blank 17 oo
Etharmet ia preseol.

[%AERI] -— Sheavs total memary shee g wedl as Ihe address ot the fiet block
of 128 Khytes of ciodigoedas memory and a lis ot ail anavailalde pages (sars
endries in bk eand,

4.2.5.11 Biarl
Commeand Smtax

Start < addriceas

The covsnle start: ingtrntans sepmiion al the specilied addiege. 77 e
addreas ie piven, the cueeest PO is aged.  SF me gqualifier s peesent.
mactoinstuciuer coecution s sdarted.  ID oemory mapping g enzbled
macreinsrections are ckeuted froin vinaal memery, and the address =
treated as a vicmal address, The 81300 command ig cquivaleat oe Tlaposit
ny FU, llowed by oo Cnmilinge comsnand, Booo lnitaliee command s
profovoned  Mole Hhal the stack podarer must poinh foan 2rag ibal can contain
af leasl e Innpsords ol doto.
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43512 Test
Command Syntax

Fesd [les_number kest argmnents]]

The ronsnle Invokes 4 diagnostc test program denoted by fest_nuenber.

Valicd test mummbers ove 2f the form MK YY or .;;'.r---p'ln WML where XY 15 the
major et code oncd ¥ @ the miner test code, 1 enly A b5 gloen, all iesls
with the major code of XX e erecoted, T s 1l:ﬂ ‘ymbes o 1 s glven all
toets allowed tu be erecuted From Bhe conscle termlngl ore execiiled.

The console accepte en eptional fist of wp to five sdditional hexadecioi
digils argumenta {test aiguments). Theae atimmeant: ace accepked buot o
mezning ia aftacied 0 them, by e censol e Tov interpret these argnmeanis,
congnlt e diagrnastic test specifivation fin 2ach implemeilation

432513 IInjam

An [ bue reset iz performed. This iz implemented by writing o 1 to 1K
B5 11

43,514 Binary Load 2au Unicad
Conmmand Syome

¥  zoddresas <oount> <CED =bne checksums o<l oS dati
checkaun =

The X command i wsed by autorrishie sysbems cormmmanicaling wlth he
coenie, Tis ned ntended Eor use by npecalors,

The voneole leads ov wnloads (that i@, wriles @ monony o ready Frouwe
menwry) the specficd nomber of dots bvbes, starking al e ,F,E,J;,HL
addrres thweaneh the coozals sersl T, rt-:_..srule:-jh. of which device 12 aeming
as the svetems consule, '

bl 31 od ihe caunl is clear, data is received by ihe inyears, and depositcd
ik mewaary. T RIE 3T of the coonl 35 zal. dala is 1ead [rom omemany and
avoit by e firrmwars, The remaiming bilz v 1Re onitid ave 3 praitive mrmber
incicirsing the apmber of beies 10 lnad or uninad,

wm

The fiemwwaee aroepts che amed upon wcebdng the oatrage rélu,
Vhe nox I._1'!,rl_|_' Pive Firmiavare recceecs b the raminand chiacksee, whickh s
rot eobeed, Thee oot cheeckenm i checksd “='|_ adehin 12, all commnand
characiars, inciuding ke checksurn and 2osarabng ".".-!.'ll.L.E=:I|.'I:'|'-.'IL. Havahin
moluding Lhe teiminaling cavdape rotrn, ool or chaveciers deieted b
sul=neil]. inlo 2n #oet regiarcr witiaily sot to wern. U no crrotd acoer v
el in sern
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Tf the coremmand checkaumn ia corract, the coneols respoods with the anput
prompt and cither sends date to the requester or prepares e receive dala.
H e comnmand checkeum is in coror, the cengale respnonds with an eveor
measage. The intent i3 o provent operatees foom aecrdenially enterlng a
inode where o console is prUEpting characters from e EE‘_'.?hfraId. ee data,
with no csrape mechanism possitle

L the cormmand = o load (hit 37 of the 2ount 15 Jear), tha Birmnseare tesponds
with the input prompt. then accepts the specifed oumber of daa tyres for
depneiting to memory, and an additlonal byte of received dziz chacksum.
The date ia verified by adding ali dota charckers and te checksum characier
into am F-bit resister iedtially et b ceroe 10 the Tinal corlenta of the registes
is nomezerg, the data ar checkawn ave ineotrecl. and the Benveare ceaponds
with ah errod miaszape.

Il the command is a binary vrdoad (hit 31 of the counl i sel]. hea Gemware
maaponda with the input prompt. Follewe:] by the specitied member af Tples
af binaty data. A5 each byte s avnr 3t i acdded tu o checksnin repisisr
initiplly art to zera. At the end of the transmission, the 2z complenient of
the toner Bt of the pepister s 2eni.

IV the data chrcksera is inceeract on 4 bead, or L imsemory emmors or ine creoery
acclr duplng The fransmiazion of data, the entire transmizgicn is comploted.
anc theo the congnle isues an erent mesaage. If an ercor oeours daving
lowding, the cantents of e memory balng loaced are unpredictable, i

Feho la auppreesaed doecdng the recciving of the data steing and checksume.

it 20 posaible te coatrol the comsole serdst line through he use of the contred
choraecrers fonl (2] (2o |8 (20 ol and o o) during, & binary undosd. 1t is
niob poagible during a binaey Toisd, s all received characiers are vaid binacy
clata.

Doka that s lraded with a binary load command musk be eeceived T the

fitimwace at a rale ol at Teaat 1 byte every 6 secondy.  The commangd
cheekeum Lhat nreeeden the data nmat be yeceived by the congole wlthin

- o seconds of the carelage retomn that tevminates the command line. The

data cheeksum must he receivad wilhin 2ixly seconds of the last datn byte.
If any of these timing requirements are not met the fmmeace aboerts the
transmlsgien by isruing am error messags and promepding For inguak.

The enlive coenmand, including the checksure, suy beagnt o the Brmeare
a2 a aingle burat of chatache s ot e cnnanle 2erial liea's apecificd character
mate. Uhe ficmare s alile o regeive i leaat 4 Khytes of data inoa singhe X
currmand,
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4.3,5.15 GComment
Command Syntex

The cormement comsmand ia ignored. L1 is vzed tn annobate cnosole T
COMmAnd saquences,

4.4 Bootstrapping

Bonshiapping is e process of findiog, loading. and wansfermg conlrol e
an opcrabng eyatem.

VB s the primary bootatrep For booling VAY processors, The VAL image
vuns in a well defived ensdtonment-and s respanesible for initinlizing the
Resel Tarmmeter Block (WPE) and eccondary boolstrap arguament Bt and
for Mnding and resding the secondary bootattap. VEQB then passes control
o the 2ecandiary bovistmp ionagpe.

VAR alinses pger bo Dot the folluwing opeating systemes an the KAGGR &0
CIP: WANMAATS, TMrix-32, and WAXLLE: and allows uzers W oot other
nperaling svstems throwgh the IO bopt mechanism.

VMID is pealdent in e firmsace, pet 30y tearstorred o main memory
belore It pisvea confrol
4.4.1 Supported Bazt Devices
The EAGaD-A4 supperls the fullowing boot devdices.
Diska

& BT BB dizk controllee —fur EL332, B3, and BDSE R.26 Ingl
Winchester diska; and TR0 and WYY floppy disks

* KDASE MSCT disk controller—foe BAFD 523 inch Winchesiar
diaks; AARDN, RARL and EASE 14 inch Winchester disks
Tapes

¢ CUOK mape controller —Eor a TRSO drive.

» TOER bpe controllor—for s TEF drive. VWA zupports booting
from TR Lapre cartfickaes and | KT tapr cartridges.
Matwiork

*  DEQMA Bthetnet cantealler, revision [ or later. WAIB bools [rooam
cither the Ffrel or sacond PECMA, STAD o XCRAL

¢ DELEA Tthermnel conbroller. ronning b DLOMNA  compalibili
meicla.
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PROAT
»  PRUM booting, as sepportecd po lloro® 45011

4.4.2 Bootetrep Operaticn

The BOOT command inveokes VR, chick eonleols Lre bootstact process
The firmwars attermpls 1o fnd a contiguous bleck of 128 Koyies of good
manory a defined e the hit map f 125 Ebylea canmot ba found, the
booistrap fils. Wheo this memory 18 found, Lhe coneale setz 51 o point
tu 512 beyples nfo thia ared, and the copies the BOM-resident Y08 o the
lagation pintad (0 Ly 58, The conacle then transfers cestee] bo YVWE, with
five seglatars Ael ag defined in Section 4.4.6.1.

The ¥ bortstrap cleass the BIF (boci In progress) and BRI (restart in
progress) bita in the noreohalile RAN area Just aller reading the SECOnATY
bootatesp. This is dear fairdy late in VR to prevent herdwars crrors frem
cansing an infinite leap of rebeol atiemplz. Therefore, ¥ME restads are
blocked vnil afver the secendary Tatsiean has been loaded.

Ihe Wil hoatsisa: mape allowrs booting an MSTE disk device, 3 TRASCT
tape devlce. & PR ov from the [T :--.rlm'nu.n;ualln:-m glevice o the
Ethernet. VB sopports e o ebght dlsk or tape conttollers, and cp ba hea
Etnernet costrglless, VAR alao sopports up to ton wnits oo sach of Tha dizk
e lage conleallers.

A AR AL aveiem can be buated] i Leen differenl wasa. [t can be boeted
fronl & apecific device, or # o be hooted ram the fitst toctable dewvice
that Wi can (hnad viz a “sniffey boot”. Fhe order of the smfer boet search
is for rnass oegpe desdoes Grat [femevabde plattors firsth TF the volume (8 a
(des-11 dislk volume sith 2 aecondany boctstrp then the 2earch e stopped
elee the ot Llock mechaniem is atteanpted, s falls, a boot i attampted
Frewn lhe nexl device. Fape boatsraps aee atleipled after the diska. Binally.
a nelwmk boststrap iy attermpred.

4.4.2.1 Disk Bootatrap Oporalion

The boatsiesp of dizk devizes allows a Tiles 11 Tnokop (supporting enly
the O Jevel 2 fle atructure) o1 vsing the boat Black mechaniam fused
in PROMW Baot aisn). The detoult js o Files-1] leokap for the secondacy
bortsirap program [SYSESYEIARSYSEOOT.EXE. Howover, ¥ME can
prompt e an alternate file specification. Thiz mode ol boctstrap s ntended
for uas Ly WIS and 14 30, Vleis 320 uses the oot bleck mechanisen.

The koot Block mochanism prioceads an lolows,

= Read logicnd black 0 of the selecled boct aovice (Hhis by the borl bleck!.
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w Walidabe that the contents of the boct Dlock conform o the bool Biock
Forconat, [See below,)

¢ Lse the boot bluck to find and read o the secondane booisteap,

e Tramafer contrel o the cocoadany bootstoop imagze, just as fora Files-11
boet.

The Loamvat af the Treend Dlack szl e as showen in Fiptite 4 2.

H 2| Ay WALLF !
nsih |
AL D L J
i
[k ! gllunl.';u ! :
! | > 1
MR ERY waLLF, KOET LIKS v ©
TR HIZE S MLEEES O TH s JEL FE5 B0
Sm i s mmnems - - - C Az BT RO
T LT _OAT TEFSET AU THE POMEVETEN
e et = g UF-%e0 Ik U IPRGE TIX 1G0T
BH =+ =i b8 SLbki 1OF THRE SEEWVIZLE [Mbzk A2
'PEIER

Figure £-2 Bool Bfock Format
vihere:

Hig 1¥ 4 inciicaces tiis is & YAX Insouctiow st
18 | + & — the one's eomplemment of Chik.

#£.4.2.2 PROM Baviatrep Oparation

The PROM oclstzap usea che boo! biock mechanizm. VidlE acarches for
the FRLUIM area at address zexn of (N2-bua memory. Dirst, WAL weill make
aurc the commesponding UES-bos map regster (08T d2omarked invilid,
tiia indicates the presenco of o page o QAF2-buy moemory space, Nt
VEIE chocks oot first wood containg so 18 g az :l=.';.=:.'1:ih-.'j ior bhe Dot
tlock rnechpnisan, I these concdataons are froe Phen Bl regt of B Ligeod
block format o verifced,  F verificabon passes, e PROR code copdos
medn mremory and sxecotes, Otheosdse, the scarch addresy focremesits by
ity and the svarch is repeated witil ail 4 Mbybes of C22 Dy micreeny
ic yearched or o FEOES boot Dok i fosnd,
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Th PROM gonde ks copied into main momarr in 227-page seclionsg uotil e
ertire PROMT iz moved. Al peges ased to cupv the FROMN are checked o
miake slbe ihey are matked pﬁnd i the Ul it map. The PROA mwst e
copiend contiguayraly amd 1 all required E_"L;.j.ca carmot tit inta fhe oy
'I-Illi-'l:“l’lll'-.'l'.- .,1|]]|_:|ld..j_'l_'|_b e W |_|_'|11!_|r_' R RN EC VB I T e E T o i2 returmed
it Llee uRer,

4.4,2.5 Metwork Bootatrap Jperetion

b pebwark |'_|:_l|1+'-|"’||‘:- ures e DA mamienancoe opcations I'.JFI.IIZLI'G]
ACIF) fo perfurn fhe b I-z‘r.a|:- chéraiion. Tha netwok bortstrap pLTabiGe
o othe Moo AX 01 angd KARIR A4 have some enthancemerts over the
nchwnek, bunstsivap o the Mioro¥WAN L Lor ceample, 36 1he RERSY_
SOLITL Lt s sed o RPRET_ROWOTRS o0 indicats that a file uthor than
Y B SY S YSROUTRYF b9 dasivadt Then the file specitication as
entered ab the consele posces 1o Lhe remale spestem to 3 .J'I.Ellil.'[f_. Tliis
Fogows opflowes o mie<imuem of 17 chetaclar [ile specificationa.  Licwrower,
the Temote system [if i s .-.m|:1rr'|_!: YRIS) appliea the folewing drianl:
WG] AT Y, ".'11E~| P.f-n., the 17 chavacter fle spesificatlon need only
crnai! of ihe lename it the dofanl directiery oo exbansions allvibutes are
fs=d.

The soteepe 1T fiekd of ihe WO magazos contains:

g oroguest far the slardand nperabng Aztern tor s procsssr,

o the e wpecificalion of i lile W Jond o solicid wis equesied, e
o the diagnoslic syatae

The methed for selfecting e diagneatus s to get the ETFRSY_TDTAG bit, Then
bhe sobmeare B0 Diseld e ‘tal In -3 tn ll.ll:'..n_:l. Call (1 L RV R Fl:l.'lll'-"3|‘ (L HT!
:]|._E..r:.ﬂ;l|: Enage. The RPAEY_H0L AT Bt L precedenve e the FPESY
VAT il Thaa means that if E|_|'|1 HI'. are sgl, Men Lz ].'-..'l‘?ll""‘tl.d TLATIAE
g overrides the -0 sefteane 5T rode

The nebhyrork e STIOILE SO UE e siarls l.l. L'|_1.1.1:="II|.L' o laod foom the
mnulcnat destimation Soalled  mmeeliicaal adcln:aw madel. W oa respenge i
teceived when o amllicssd addreas made, thon the dostinoting agddress
im chiomged o bhay of Fhe ande that responded.  Uhis mewr ooele s called?
phvzicel adidiesz mede and the rosponciag node is reledred 10 &9 lhe
regpondent node,  Faophyaical sddieas mode. oely messages eom the
I-;_.ypu;luh_'nr_ rade are homored.
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Mhirisg 2 nebaork Dant2trz |z saquance, sranaemi msssazes (o madiicast ar
physical addreas mode) are zant a waximum of feur limes when thare e
respoenga ba the measage. (Transmnil errors are considersd an asceplional
case ang gen Tetried 13 tncs), M othere Ja e no icaponac ailer the
Mo dranamie sllempis, Hoes Des o mugde s eesel by anilicst acddvess moocde
regardless of the careent mnd=) and e bont seguemes is repestel op o
Ihree Lirmnea, Thia gives any ande ample oppraripnily Lo eesponcd oo of
litere Taguaats.

A timesut on o4 recela request ip cansidered ne resfonEs 0 fhe Liansiad
request. Thneouis on receives laks 3 sacomdls. Therafore each retrssimit
atterpr is made at 3N second mtervala. Thete are < iransmil alfeionis
made during sach hant sequence. and theaie are 3 Tl seaienes alempls.
Tierelnme, thera are a lolal of 82 transmils al 30 secon:d indevwala, Toe s holpld

af & mimates 10 compizle the indilal neterk Proisirae ailemij.

[F & complete network bootetrap attenpt Ioils, the Gmeout peded is
citectively doubiled fup to a maxirmam of ooe houry by selting up a delay
Belore escil Lransil aliemjpl aned lhen 4I=i||:i‘.|_y, Ihe neissrk i.-:_!.:_ll::.'l:l';rr_:l
npetatinm again.  Wien thiz Bappans. a messige i canl o he cansab:
terminial ndicating Lnat tRe mebveork Baolairan is reioving weilh innger limecl
intoovals belween the beot regucst wneasapes. This leamre allows e
Lthernet boot seguence to continue withont using oatme thernct handeddib
and withoet bovitye ok of onrecogmized node event lng smesaages gppeming
an e Taad sercer modes il duoneb scogmndze the I0AG90-MA systen
At s

ot the KASS-AM nebyork boot cocdi doea i o progressivelr back off
grreding Dot messagos unkil o luad seover aede s boored or contigured o
Tl.'q._'n.:-grt'r:l'::' e 15 Sa3000 Ay adslress,

The (MA Dent driver provides moch of the dafieilion ol nebeepek
seotatrapping, such as niing aut recoive operatonz in Mk seconds. Eovors
On reociee seauests (ercepl tineoes p eee teteied automaticaily ep to U times
oy the koot driver, Lhenctore, ondy persfsiont oroors o1 the lack of a reccie
reafense (Himestd For exssimple) s on ciiepalere o veceiee renoest, Tramarmits
are newar relriad and Himeow!z o iravamil veguests fehlch shoorhd never
reeur} lake d eecond2 Al allemgels o relaansmil arve Bedl to the highes [peel
penkoonl. (As slatad eatlier. thera are La atllempia o iranamil each messpe
On RPN,
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4.4.83 QZ2-bus Map Regleter

VB mutces no eegulremenis about wheee O22-bus memnaory resides, The
VIR bootad rap Rearchas (from the lowest addresser Q0T foe the st OME
merked valid, VG thon wses-up K128 canlpunnz salid maes te comnplete
& bootetrap opera whon. 00 the sesrch exhauas all ohap repisters or ther
are izas than the requiced pemiee of valld maps, a bonlzirap cannot be
perdoroedl Therefary, it is recommended thai (22-bus memorg dncloding
WOBOT muemory) not be configored o ose il of the O22-bus m"flrl:be- spaLe,

The WRiB bootstrap uges the Arst bwn aveilable l::a‘.-ljie for mapping the
cornuniand and 1asponse buffer rings, “Lhe remaining 127 maps aee uged
to map daks butfers inhe Wocal memory for reading the s cunciiry bootstoa
InREE.

d.£.4 VM2 Displavs

Whilz the VME code iz cwvcating, positive indication ol VMB staius is
returniad in the conaole LEL? display and on the conscla lerminal, as follows.

& The vahue T appeats on the console teuningl apd the conseie LED: to
Indlicate thal YME IR seerching for the bootstrep dewice, wnd iz abrut o
bogtn acresding e 22-bus.

¥ The name of the Boct device appems on the conanie rerimnel. 1 the
vger parformy & sniffer boot, the nome of cich devlee allempled In the
oot sequence appaars,

¢ The valge 1 ﬁE‘_Ir_IP.;lIE on the comsole tecmidins] and the conaanie 1LED:2 1o
indizete khal WaEE hos found the secandary bootstrer image on the foed
device, and 1w new repciiog e image o to pihirs3 enl Term ary.

@  The value 0 appensd om the conscle terminad and b console LEDA 1o
Indicate Thal the VAIE mage 5 now tracesfetring contenl L the azcondary
Towladrar.

For natance. Vi may divplay e fallowdng on the l.-FEI.-.'I.IZ\'." conetle
ismminal.

~
L]

CTHEAY
ST AZ
- FARIAL
- TefTT A
- WA
1.0
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4.4.5 Maemory Layout

On entry to the VBD code, the fimiware program hea togtad memary, found
a 128 Kbvie ares of pocd memory. and leaded the ¥MB coda (e the
Sriware) inla the 128 Khyie aiea at offsel 200 ;. Lnlike the MicovaX 1.
the RAGID-AA 022 buy mip register: reyide in main memmory, even though
they ara actuaily redergnced theopgh 1O space addresses,  Lhe console
program places ihe 222-1m3 map rggesders al the vere end of memory, and
nlaced & hil map of the good pages of memuony irmmediately before the map
registers. At the thart of WE, mempry fooks os shown in Pigmre 4-3.

a _
; T BF LBTT A3 RRS, }, e
n YR ILET COr |
e END LAHMEL | RSOT TRl BRAFANALF STATS A= Im i
. 2L FRZES 1IN Ax
GEWSsMUER Lo T8 KLPTIR R0
FRERIORY T BE LSED rUN ZEU0%TACK,
AAL LGEE ML SECTE JGI Y W THITARS |
& Tk —
WAP REE:z 1 ZH SR RITWAF A Ta AR e
TP LS MY L e 4
AR Zbie MAF SESISTERS Fiid FJES
[ =

LSS H B

Figure 4-3 Bemory Layoul

4.4.5 Secondary Booistrap

After the srcondary bookatyap imape haa bean Bxaded inte phywical semoey
(acdpscernt b B ‘l.-lf'rll'i- i nmr_'.' bootatrap plus 5C1 ond stack), conbal is
pasged f0 the secondary bootstrap with 'E'EI{“ monory oot as shown in
Flgure 4-4.

Er the sract 1hal an operating sysleem has on exttaoedingrtly Jumge secondary
oisleap whlch overfiows the 128 Khnde of tested momary, VBB checks
the memory Bl map and halt's el eeeae codde S5F_PATETY (Tha1ld) i
ATy of the dverfiow poges are mirked bed, When contred i Patard i e
secpadary Duobstrap, e rosister contents are as foilows.

Repiater Cothen i

B3 ' Transier adrdvess Inln secondarsy bhoslalap imape

it Dage addoeas of secondary boalzleap

R Physicnd addresy of Baec of BIM0

Al IMhvsicel autrdocsa of the sc;uﬂ-‘largf hont pavameter block
5F {__lm enf wiack poeintor f‘[;:‘.-' zicad mt"tcaa-

PRY 50BR Thusiead adoirpey of S
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Flimmwera
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Flgure 4 4 Secondery Eootgirap Memory Layoul

4.4.6.1 Porametars Passed 1o he Sacondary Bootzicap

It 1% e reaponeibility of VRAE fo baald e (RPE) and aecendary bootstmap

arg,_zmshnr list. find the boot device, oad the aecondary boctstrap frin fhe
s device, and leansfer control fo the secondare boptsirap bege. (o

tl’-'|.-l.-|!' b Kl iy boatetrap (MBIH), the processer eung at 'L 24 on the

et qtack with memory management disalded. The regiatera arc oo

Follonyes.

Re

pisier

BILE]

Wi
=3
B3
Sl
1211
a7
SP

Lenbaiiie

Foot device name in ASCIL o1 0§ none specified
Wermory bit map aize in by

Adddreas nl mamory bit map built by con2eie program
Snflurare boot conkol ﬂ:'j..b

Halt &

S walar

Halt FSL. waloe
Lialt cusle
312 borbes past baze oi 126 Kbvtes of good memarny
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4.5 Elagﬁﬂsﬂﬂs
Bzt of the fiomaare on the KAGSLAA b dieganstios, They bave sevceral
PUIT e,

+  Lhuring powerup, they determine if enewgh of the £A820-04 i working
to allony thwe console to min.

= Dhring the mamsfacturing procesy, the dingnostics check that the board
way corzeci!y Duglt.

@ In the field, their parpose iz to check that the board is aperational, aed
o repudt atl detected einoes.

r To allow Fald zercice lachmiciant o run dedisldosl  diagnosiees
itleractivealy, wilh [he inlenl of isoisling errors Lo e (PRLUG (el
ieplaceable vk,

To accamiodate all reguiremiznts, the diagneaticz have been deaigred as
& cellecan af individus) tests willh paramelers. A program, called Lhe
dipgunatie execilive, cocteoi? ihe ppming of these besta in the right oedes
with Lve Tigisl parameters

Tha frmwerzre diagnestics are mn autemaiically at poseer-ap. The dingnoatics
as oo owhole, ar ag dadivldual fesls, can e raeun iteracilvely Iy The T
menrnand. When g le--'-lq Inieraclively on am Individasl bazis simg
the T eammand, usess sl e aware Lhal reTlain test ey be dﬁpﬂ"’.h?nt
an acmne Biate et up from a previoas test.

4.5.1 Evrar Heparting

Detote s console @e cetablished. the imly ciror repoating is by way of the
LB codes. and anr LLLE on sther boards.

Uniee & conacle hoa boen eetablished, ol errovs deeected by the dingnostics
are reported by the console.

Wheon [.1:_15'_:11,111:, thie d:-li,!"illﬂj::-"‘il_":'j faeye o prrgr SRRy 151 the sreetorn
cungole. Frample 4-7 shows a beploal eeemr swmma iy,



150 Firmaware

L L A B 1 B o SO B e

QAT T S0 AR o0D GOCEOden Do i -
GRS G QR0 Q000 0n) DrelEne 13
GOOGEOE Pt g SSAEREAS 0OL00D0D ASNARSRE |+
QA I RPaa e ar0as 4 0oL10t0g 20100 |

Crample 4.7 Error Summary
The numbors in pere ntheses un lne ripht side of the exomple ndivatee fines,
Line 1 cantame A elds

The first field, Inghis case 71442 indicates a major cosie of 4, and a milnor
cude of 44, The 44 is a test mamber, that Jo Dhes sase indivalas hal the
firet-bee] cacihe haa foiled to allscate corrortly

The second Neld, 08, in called the sabicse e The =suines! kog i8 a
nuaaber, That in conjuncdon with the code liekings, indicata3 to within a
fi imstriicilons where the ciagnostic detocied B e,

Limes 2 and 3 eorlain the diagnostic state, This is intereal information thal
Pz uged by repall perzomncl.

Linea 4 and 3 ceptain 10 vieriat:les thal Indicate e atete of rogisters ¥0 ko
BY imcheaies whien B geor nag deleckadd.

Whon ropoing vreoes, atl 5 Ines aivowid be recorded.
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4.5 Restart

A restiri i wlhion the fvoorare stompts to Staif up fhe opsrating sysiam
pffer o Balk, ]'uu— mechaniam i oiten celled 3 ware 2, and shouid nat
b confuged with the ] switch on BAZS and BA12Y sysiem enciosures,
rer fa [tame] vvibel Gt e BALTE syatem encleanre, which ensets the povear
:-'l.'lpl.-]:'f-

Ihe Hrrnware can testart a halced cpetaling svstem. To iy sa, e Beoveeaer
searches aysien MLTO0LY Ior ihe restart paramesar block (BTR), a daka
skmurture conatolcied for thiz pucpose by ibe npesating svster, I a valid
Fi'll fo fownd, the fimoeweave padses conirnd o the qpeerating svatoin at an
acdelees specified inthe H0B.

The Frovwgre koeepr o vestact in progoess (RIF) Gag mothe congale mailly
WCTAEBX, Section 4.8.5. 1) wihtick it uses io avoid fﬂpeatﬂ* allempits to restart
i feilinfy pprmting sveteme e additional reatart o pregress Tag can be
maintained v softwire in ihe RPR.

T 'I:”r""'-‘r-c'l v the following aiperithm e restart lhe aperaiing wydem,

L Check tnozee IF ihe vestail in progress flags in ooeooeolatiie BADM i gz, T
st Tesiart faiiy.

& Trint tt1]c meszags restarting the operating sysiers” o he cangole
b

i

Fel the restar! in progress lag.

b ook for s ®TA, Fedt i memury b the operating swerem. i none s
leaerr], Tesbiark Gaals,

A, Read the sofbeepre pestath o progeess flag from bik< 1= ol fhe nurfh
Litigrarrerd of the M1, I it 5 sot, Tostart Laits.

A, Load SF weilh e phesical addrese cf the RPE plos 510

7. Load AT with Ihe hall cocde.

£, Tligplay ¥ io thee conole LLLa

3, Skt L procossor ot the sestact addreas. wwhich da reesd fom ihe secoond

ergeecrrgd i thes E1FR,
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Tf restart fails, the firmovore prints “allempt to restan oporating sestem
Eaifed” on the evstem congole. T peslact s peccesshul, the operaflng systen
clears tha restatt in presecss flag in nonvelalile RAM (CIMBEY

The faluwre is detected when, upon halting, the cobgl/dispatch code detects
that o restart was it progress.

The restart parameter block iz o page-aligned data stracture crzated by the
bootstrap. Figure 45 showa fhe RTE fosonat.

L - T
+ K SEYRITIAL .i.rl:-llh‘-.st- (k= RPS
- ™M AN .cl.l:lﬁE:‘:E L= THE FERTART “HILCIML
+ I S ssLK JF FIFAT 21 LEHSRODARS S M2NTAHT BULLIRE
= SOFWERERF B2 ART o PHUSRCES CBIT 0!

Figire 4—5 Rastart Faramster Block Fornat
The flrmware wses the following algorithm to find a restart parametee block.

i. Search [or a page of amemory that containg its adoress e the Ikt
lonzwrozc, If mone 15 fonend, the search for o RPE has lailed.

2. Rend the second longwinrd in the page ithe physical addeess af the rastart
routine). If & i3 nol a walid P-iu-sical adderss, an iF ok 35 zern, Pelurn o
atep 1. The check for wera is necessarny to cnoure that a page of zeros
doea nor oaea che test for a valid RPB.

. Cabculake the 37 bit 2's comptement st (pnorng overflowa) of the ficst
3 lnngwaorde of the testart reutine. T e sum docs et motch fhe thicd
Iongweord of the BFE, mefurn tu slep 1. A walicl BI'E bas been found.

‘Mobe that for (022 ous bagad Micro v A% processors, the (122 restart signal

graerted when the P bublon ia prosscd is niet relalad o the VASAME
rectart funcdon. Assertling the ()2 vestort signal caudel the hiczo¥AaX 1o
pertorer @ bidtsivap.
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4.7 Maching State When Haliad

This sechlon descellzes tha slale of Lhe machlne aller 2 pawes up halt.

The (ollmwing deacriptions sssume the enachine has no emors, ooply the
purwer-up chagnoatics hove boen oo, and the machine has just been urned
on. The state of the machine iz ond defined & indbddus) diagncatics are rua
or ducing any obher Tk other e s powec-up hall (GAVPEL<14:83> = 3.

The follirerisg sactinns decoribe dala slfuctures thai aee guatantead to be
congiaal over fulurg versinms of the KARMI-AA [itmnvare. Placeonent zncifor
exigtence of ary her steuctare(s) is nol i lied,

4. 7.1 Maln Memory Layout and Siate

Moim momory s fested and dmibtisdized by the firwears on power up.
Figare 4—f shiomyes T maln mercey 12 geed,

| WHEIE Wz 1L R RAnArTEe
LonDEL ) '
[ [ T | el e

WFWIRY SN

kel BYT FAGFL

AENTITaEAYICR
MAF

“CEAIBLE EAD i
| wcemmy :
T Y ———

B N I =

e

Figurd 4-6 Main Memory Layoul

4.7.1.17 Regerved Main Memory

In arder ko busihd the geatbsr gather map and Mg ik map, the Ormsare
atternpbs b find a ploeglcelly contepucus Ad Thrtes sectlan of mzmnr al fue
nighest possible address et has oo molliple bit crroes, Single 1! ereoes
are Inlecated In Mis qeclon.
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This a_l,&m'j thm kas the wide offect of 1.::;:1.-'i|1g r‘:!:ﬂb‘:ih]}- E:’l-:’!lrﬂ METOTY aboye
tha bit map, This remnry, due 1o ihe placement slgorithoy, will not have
Ay rantlguous section farger then 63 Kbvtea 1, Lhere may alse be bad
riengey sboree Lhis section.

While the il 64 Kbyieps s wzed by the diapnostics on power-up. on
machines with lesa o 6d Wayles of main memary. the lower 32 Kimtes
that is net wzed B tha Bt map = rolled Inke the rerpeinder of main meanocy.

4. 7.1.2 Bcatler-Gather Mep

At power-up, the scptier pather is zet by Lhe frnnware to map to the fist 4
Mbytes of main memory, Main memny piges are not mapped it there = 2
cuzTCspnaing page in CE2-Tms mennory

I @ procasacot wall crhar ey power-up. the contents of Hhe scatber-gather
map Lo undeiined, ond depencs on the incdeiduai apeialing systamsa.

!'Jpc‘.ii.‘i.:t_l:’, ayatoms shieuld oot use The hocation of the scattec-gather map,
and shonid oocesd the man only on aligned longweords through the loced L5
EpACT af S BN el 208 AR

The [22-bus miap base repizter, (ZUOE OG10) i sek up oy the lrmwars in
papat in thie eves, and chould nat be changoed by seftwiee,

2740 Fit Map

The &t map {9 3 datd stroctore hat indicates which pages v memary
afe deemed nsesbie by operating westvms Lhe it g 1 Byl g the
dlagrraiirs 25 a ride 2fteer of the ravmery tests o poscerin,

Lach kit in the oib dop corrasponds o 4 page e main memony. There i s
anre b one cotrespondencoe Delvren & pege rame nomiber ocigie 0) anig a
bt frefen In dhe bal oap. A R in the bit mog Incicales Hiuat the page may be
wrend, with a 1 indicating that foe page bag an erforfal. The bit map deesn't
mapr JAalf or the scatrer-gaiher oivp, Thers may e memory above the b
mak which ez both pood and basd pages.

Wy default, & page is Hogged iF snd anks il Thare are muitiple bik eroons in
the page. Bingle bit coocs, vegardleds of frequency, do net tHag the page.

Tha bit :,--,;-._P in protected by @ checksum stored Inothe 550 Ehsd The
checkanm s a simple Dyte wide, s complement checkssmn. lThe sum of
gl beos o the Bt map, ndiading e bit map checkaum, should e the
Iower & bits set o 0, Cperaling syatema that mag oot pages ard eniouaged
to vac inis bit map o facilints diagnosis by scmdce personnel.
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The bR map elways steris on a page boundary, and i typically Gaed juss
el the poatior-rather map, althiugh I'|.|h.|r|.-' versicng ol e Hrmware de
not guwanto bls, The bit ovap zkes up L Kbyvtes far everr 8 bibvtes of
niain momony, =0 a G4 hbyte machiee will lave a 16 Kbyte bit mep and an
B Bbyrte machine will have a 2 Klyte bit mep. The docation of the bit mop
var g found by dnwnking leat BE.

d, 7. 1.4 Contente of Hain Marory

The contunks of rain memery are undefned alter the diagmostica hawe oon.
Typicalty, nonzeoy test potterns aree fell in memaTy.

The chagnostcs scrob: all of mah memory g0 thal 0o posec-up nduced
s femnain in lbe memoy svstemn. Unothre KASSDAA memony
suiizpatem, tha siate of the BUED Bits aad the data bits are oedefined on
wdital pover-np. This can result i single and multiple bit errees i thee
Iocatione sce kend betore written ws the TOC bits are nni In agreament with
their crrreapaending data bits. An aligreed Tosgeoond weble Lo eveny Toeation
pwhichy the diapgnostics do) slimingtes ol poseer ap induced serars.

4.7.2 First-Lavel Cache

Tha temst-desed cache |s tested during the power-up disgnosics, dushed. and
rhin fugped o, The fisst level cache is agaln iumed ot b the Foot and by
the Tnitiallre command. {Nhersise, lia stale of the firstJevel cache is not
ot

4.7.3 Tranalaticn Lookaside Buffer

The tramstitaeo laokaside bller {TTTY i5 tastad by disgmoatics o power sp,
Lrst ok msed atheresse, sinee tha Grivwvare rus in physioal reoede, The TES
ie invalidaizd by way of TR 37 prioe Lo executing ke BELinatruction on the
exil From a hail.

4.7.4 Second-Leval Cache

the second-lewel gachs @1 teated during the power-up diagnostics, Hushed,
oo Then furmed ofl. Truring a bootatzap. the accond-fe vl enche s burned
off bofore invoking VAE bt not Mushed. The second level rache iy tuened
wfF, baad reel Dashed, onoan imibalize command.

The sarond-ievel cache shoulid oiways e Fleshed Deiore uming it on.
taol fwaking the coche betore turming it on cdeales cache!mein memoyr
IncanaiseIiciey.
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4.7.5 Hali Protsct Space

Halk pecdect space s 200 D000 Sraogh 2005 FRFF. Halt unl-"nh-x ief soace
19 2005 (i |{= 2003 FFFR {rpr the 128 Klowles of code Lhat iz currently on Lhe
KAGSH-AS (ravvare.

The lirmware alwara TuRs i1 hall peolack space. When pasaing conlrol to
Ihe Biokslrap, ihe lrowears exils Lthe hall polecled apace, sa I habls ate
enobied, and the balt hive iz aasziled, the vrocosanr halts betore booting.

4.8 Fublic Data Structuras ang Entry Points

Thie section describes dika steochures and subroutine erctey palnts thoe are
Pl sied are poaraibees] fe e congbianl over Fabare versions of e K AG50-
AN Fereage,

4.8.1 Firmmwara EPROM Layout

The KapS-AA fGromvvare ures bwo k] Elvia EPROMe for a lowal of 125
Khyves of PRI memmy.  Approximately 71 Kbvtes 35 nsed o cads,
with ihe remaineicr 1eserved for Future expansicn. There ore hwo copics
of the fioowsie, one o halt proteceed. space, and one in beli onpretocted
space. Both cuopive reoadontdcal, See Fire 4-7.

SRLT Tand P [T Ly |
ALIAESS ) waDREES
AT NI E3AMIF METF. G710 2205 N
S L B S-ETEW 1D =TI REIDN R Y [
HIM SFEGETCAAF R T owe s
Lo (i - N1y Hi 11 e CocE
04 031 CRN GU-ATHA=TIHPT. 74 23S

COMESLE, JIaIMIET
w2 BOOT CODE

FERE SRECEGLN

AESER Yz
i I PAGEE SECS F-.EI'.I
FO5 LU LR s 1 [T

Flgure -7 EPRCGR Memony Layour
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The very firzl inginection ercouted en hales is 8 bmnch sround the syavem
B exiension {%I1E] and tha callback entey pmints. This allcws theae public
duta atmwchate= b0 sealde in fxed lncaiions i e TR0

Tl svateny idenlificalion axtension is an exderesion of the S peeister (PR
number 62) anel ia waad o further diffeteniiale what hardware conFearation
ig present. The SIEY delermines which CTPIT is execaled on, and the Si
datermines what Taard snd Levoeare tesvisiaon are prosent.

Tl SIL brecky down ia ge Followra,

'-al' Prolect Addﬁﬁ-& Couiterits

20 00 dnoibyplel A pwen diggit hex anahber that TeHprts the
Trmeg e verslonn,

& e I '::'-}".i“.l Syslem code, Thiz ls always s 1 ke KAGE A,

The calllack area entty poinds provide o siople ineiface to the corsntly
defined conzcle for ¥IE snd svcondory bnutsl'xs-pa Thiz iz docanisenled
further in Socfaon & 8 2.

The FIFROR checksum iy a Lovigeenrd checksant from 2003 000G throush the
checksunmy. The dingnostics nae this 1o daterming (hat ke FPROMs can be
resacd ooy

Tha memal belvwean e checksur amd e fo IT- gL WACT area at ¥he ened
ol the BEPR{MA= = reserved ]_'r-,- T.||§|+"l| fur futurme |_',-:'F|-|;r|,.;||_.._1'|, of the Eoadiil-Ah
fitmrare. The conitenls of This aiea s set h: FF.

The four pagez reserved for cualomer use are xb tha eod of the TROMa and
atmt st acdress 203 FEOU (halt protecied space) cr 2007 FROQ (hakt enabled
apecel. Fligne areas are mol burmed and miay Be rebersed oy 0Ty or end
mecrd. The area is not teated by the KARMY AR Mirmeare, i s included
in the checksuny, and is nnd recogniced Ty the Bootstrap process 2a 2 selicd
TROM bocl.

4.8.2 Call Back Entry Polnis

The & ASHE-A A fwrnvwaie J.*n:l'-.-i-:h:; il |_'11h_-!,r F-r_:i;ﬂ'y thot Ipcilitate 1LY to
Ihe designated console dlewice, Users of thrse entor poinks do oot need o
e aware of Me conanle device tepe, YT o TA device, VOROE, or VOB
dewice ({a17X).

The primary Itent of theze rontines is to prowide a sioople coneote devicze
in ViviR aned secondiy bootshops, before opemating systema Load their own
terminal drivers,
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Thesa are [28 [aubrontina as apposed Lo procedare) enlry poitts Tocalad b
[red locationa in the fGrmseare. These locatione branch to code that in o
<alls the gppiopriate rovtinea.

Al of the enioy pl:l:inrs are {lq.si._l.,nr'{l to tun ot §i'L A1 vn the inferrupt stack
in physical mude. Virtual moce is not snpported. Dae to intemal fomvare
architicturat resticdons. wser: are encoacaged to enly call into the hahl
protected entry proinks.

4.4.2.1 CPPGETCHAR_R4

This routiie returna the next cliatacter entered By the cpemor in B A
tmoout interval way be spociied. It the Smeour intervat is zero, no doeoet
I gvl:nr:n:l;t:d, TF o tirsecut i LB Wed aned GF Heneogt oocuts, a valys of X158
AZAMD Az retarned lnstead of normal ingurt.

Reglaters RO TR and T arve modifiad Tne thiz rontine, all others are
presevad.

4 TDaage with timemat:
CESGET_ZliaR ] = ~NZ00td o

HC L lripecus_Ln_tenkhs ci_serancl, 1l @ Soeclty timeont.
1aia AECPACET CIAR_ED rooall roubine.
bl rad e A7:14 v Check Eor Limecant,
kel Liwecul_Yandler PoETansn 1f Limecut,

mput 15 in R
i Lsisyge willmul timeerl:

Zpecliy o blmeoul .
Call ronine.
Tnpat 1=s in ®BOL

olrl Ll
jala L) R ie A TP LN

4.8.2.2 CR$MSGE OUT _MOLF_R4

Thiz moutine cutputs a meessags to the console, The message is Epcciﬁcd
aitker by a mesange cade {4 4, to 255 40f or o string descoptor. The ceutine
diztinguishes bebereen meszane codes and desceptors by requiring that any
dﬂqr.n[_-mr be located oulside m the lival pagc of momory. Al message
“adinE G the uther Band e values bebeeeen . wl 511, Messge codes are
HE Tt 5*-r||1' '|'|}- Feor canvrree] imess: ARES.
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fenlarers RORLEZ RS and 24 are modificd by thiz routine, a7 nfhers are
preserved.

roUpage wilh meesage oxoed

{'PE:-'I.GI'_!_GI]T__EII'!T.E‘ _I!-ﬂ- = WA AL
mowrebl foonsolo_iescsge ccde, e s SmSily meRaagfe ookle,

jel BHCF SREE_O0T _HILE_[4 joratl voastdan.

F

: Upage Wikl 3 meesage descviphor (onsd edan depenadeal],

W 145170 7 oSpmuify addredo
ol l_‘l':'Bl:-.Ej.i.'I’._:'l:ll'l-.
1&h A4 SMEC_NT_ KIF HG ;oall rouline.
35 La88cli J/This L a m=Rzaane/s L Ul i B
1a%; elona L0n-5E PoFhatin manaagn
odomuTiubivn

lnng 5%
: NMaaga wisk n o mennagr Senerdipror |position dnduecesade:l ),

my|itah 10E Lrnoodie IsEsAgE

; odeacoiorlea,
rmamhl EIn%..03 soan BLack.
mos | i, T ; Paas daB2. addlc. D w60,
=tk A ESMEG DT RCGLE R : Tall oreulias.
rlreg TEIA ; Puras ckesorloticm
o Tivin sLsCk.
55 -xarii JThis s a nuaF:.-'.u:]r..-" TodisLEye,

105

4.8,.2.2 CPSREAD WTH_FilMNET_RHd

This rowfine calpils a prompl message anc en inpats & chacacter siong:
froom the consale. When ha input i3 accegted, Delate, Jov] 2] and | |3°
functions e suppotisd.

Ag peath CTHEMSCOUTTNOILFRA, silhear 3 message code ov the adderss of a
atriug descripor (s passed i R0 o specify the prompt stong, & value of
wero resulty i peomp



—_— et

180 Flrware

A descrl?tw of the input siing e retumned w RY and 1. Rl containe the
leqgtls of 1he siving and &1 cordains the sddreas. Thie rowtine inpuis the
atring milg the conzole progmm stzing buffer and therelfore ﬂ'l.t‘_t?ll.-'f‘l‘ iiged
nah provide an papat uffer, Soccessiee calls however desmoy the prevlons
comtents of the input buffer. The size of the input boffer 2 30 bites.

Hegisters 161,151, F1 3 and R4 sre modifies by this reutle, all others are
preservcd.

: gage with o meesege Geeccipltor Ipezltion Andependeal b,

DTSREAT_WITE_FhAiPl [ — A0 10

pushnt  L9E rokmerete gramdl dess.
prishl $LT=-53 Poann =lack.
el ap, i ; baae dean, ooddro in Ri.
) AHCTSRAAN WTH_NSMET_Kd ; Call roarsinn.

1) ‘eplt+ : PREge perrrmpe doco.

. pornpnk sdoms da B0 R1.

L3 oncli Srromple S

4.8.3 S5C RAM Laycout

The KAARRAA firemre uses the 256 lonpwords of nosvalatlle RAM on
ihe S8 chip for storage of firmware apecific data slruclures amd ohes
information Lhat musk e preserved acrosa posres podpower ol cycles. Thia
RAMN sesicdes i e S5O chip starting af address 2014 G400, The Rald
should nat be naed by the cpemting syslemns excert as described in e
fillawing secitena. Thi= BAN is nol reflected in the bit map built by Lhe
flimware. See liggare 3-8,

POELIG ATy P
|_'.—"-. T 1N X0

ArESLS TILE
[

“FRuICE
WERTS =
11 AN
HIhLE
JladikCIL e
[ R
HESSSwERFL
FLATIMNLE LSE

I —

ot O (e

TEIFETE

Figure 4--8 S50 RAM Layau
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4.8.3.1 Fubllic Date Structures and Congdsle Mailbox {CPWBEX}

Talle 4 3 poovdides a teonpiake of the data strucores ssed in i poldic ares
of SELEAM, which starts at phyaical adodrgas 2005 0200 Thea fest bao Toptas
arc collectwely roferred to s the comsgie moithos. Feelds that are designates]
as reeedesd 3odior for lnbernal uge showld not e peitten to, INote thot not
all Tiglds myay be sevitien Lo,

Tebla 4-3 Pubhe Daia Steucturs Tampiats
Fleldd Adivlbuzps

Fleld

HALTA E'l'ID.‘\I
e’

jrilly

U L A

EES

CRT

[ 1o

EES

IO TEY

KEYBOARTY

PN
TIEWICE

PO _FiLACE

Bitibeld Jenplly
eilield lengtiv
Bliileid lenglh

Hitheld length

Bifeld lenglh

Biifleld Ionpth L

Biifield lenpll
diilleld jznplh

e 'Ir'r.El! [

Byle

Metr dimensiar 15,7

I.-:'-'l'q_.u:'-:l.'r_r:':i

"1
£

1
|
1

—

1

"I'jp:_' Fanlic

Loy
L
[ H

r

e

T

¥

= =

- & = =

I'J:r;.'rii.'.!:t.inn

¥Whel fa da on hait,
Aaaizicap b progreas,
Ersiart in Proegress.

Coosule Savgianie:
Lude.

intornal gz only.
Is 'RT terminal.
Terupinpnl ';_11n'||-:5 | S
Errerminl wise 1:-111:,-'.

Wik devise chasse,
Fiovhnard coeddn.

Hewnt ctewine Gin A S

Berit Ham.
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The viderr dendiee class 15 wsed e indicate wwhich letminal is e designated
coacla desdca.

Value Couzole Devien

1] Sorlal [ )

1 VTN (TSR]

i WIRL2 ithal ls, a GPX or GTIGE;
g Resgrvad

The feiowring waines are stored in the keybaared febd.

"|.?n'luc__-- . '|l:l:'!'.|'.|.r.|37ﬂ Tavld
1] Ameriran

I Flemizh

2 Canailian

3 TDiarizh

4 Beitish

a Ficodzi

0 Auskrantrrman
7 Thatd

i Haliany

L Sedse {Leenchy
0 S lRg {BImAA)
n Sveailish

1x [ HY T B

14 Beygan!feench
1d Spamish

1% Irrhggiese

The fellowing values are stored in the language feld,



¥alue Langwaae Field
o Uiy
1 Lramisah

i Crmaim

a English

4 Spardsly

] Frapch

i 1tafian

T 1hitch

B HnTvergian
o Povlugtisse
1 Eliedeh

| Siwvedizh
12 LT |
I% Reserved
14 Rrseared
1t Pasemeed

£ 8.3.2 Firmware Stack

Firmware 163

Thiz section centaing e stock that is need Gr all of the brmware with the

excupbivn of VB, whicks hos its teen buili-in staci:

4.8.3.3 Diagnostic Stato

This mTra is used Lrr the Aromeave-resident diagnostica. This saclion is mol
docomentsd ey,

4.8.3.4 USER Area
The BAGIE-AS consofe raserves fhe lasl fengweond @addeess 2000 GFFCY of
the 550 AN for cusiomer wie. Life location ia uet teated by the consnle
Lirmweare. [ka valne i undefined.
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4.9 Errcor Messages

The esror mestages jesued by the KAGG0-AA Firnweare fall into Lhree
catparies! halt code, VB, and conzale amulation.

Wlost erpor messapee are sbbroviated, bo aveid the space requitements of
tranglallng a large number of messagos.
4.9.1 Hait Code Massages

Fxcept at power-up, wehich iy nat treated as an coeer condlllon, messeges
are |asued by the frmvrare whenever the piocessor halls,

For examnple:

05 LT IRET
Bo = RNG3RNDA

The number preceding the halt message is the halt cocle, and js pacsed 1o
the operating system on a Tealatl. This number is abtained from e intesna!
proceysnr register 2R (FAYTEL < 140 = ).

Tahle 4 4 describey the halt code error messagaa.

Tabis 4-4 Hait Cote Mesi80es

b Meszage hieamiap _
EE EXT HLT Fxternal halt.
TiH 15F ERR In ar attempt o pual slele enlo the

intercupt skack durelsg en Inderropt or
Facaptime, the processcr discoscmd
tat the Lubesrupe slack waa mappeed
Asy ez nr ndot '-l-El_'iEt.

bk TIBL ERR] FliniEle rmacioe check ereor. A
machine rheed ueowress while eviag
i spTviLE o neaomal esoepitlan,

i FILT IMNST Hea'l Irsbructlan everuted while o
wernak made,

Ar SCE EERT SR vector bits <= 1c0= = A Thls s
2n nndetines] oombination o bila.

s SCH FERZ S01R vt bits < 10> = 2, Tals s
an wiefined cemblnelion of hits
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Tabls 4-4 (Cant.) Helt Cody Messagas

Puembe: ilennage Meanimp,
2 ChHM B STE A chang: rcde Instrocllen was

mpeciie] witle on Vha uleIsupl sleck.

A CHM TSI L ochasmgs mewhie fngtowclion was
axecilad Lhal would reaull In ihe
Irdecenyxl mach Belng vaed,

B ®ICTIR AW Acress vimation e bremsiatian T
vaiid sacmotion dardag a pachioe
=k,

m KSF AY Syzeae vlolallon or Lranstalion nol

valid execplian duilog 4 kel atack
vol wald sxocpllen,

i DBL EKRZ Uioubde mackine check ermos. A
crachine vhieck potereed while brying
kv Berc e 3 iachice ek,

Mz L0 BRES tlouke machime deck orror, A
marbine cherk srearred while r'r'.-'im_.l; :
bor o sreiaoe a kernal stack moi valid
prppticnn.

b the pest sis rases, Lhe WAL
etchileclure docs nol alows coocuilen
o Lhe dnlziripl alack whlie In g myode
clher than kereal,

[iv Lhe fivs!l theee cascs, ao intorrent
& atlemptng Lo vun on the Inlereone
ylgck wihlie ned in kernel mode.

Bl PEL EXCS LSl 2F:23 = — 5 e nlecrpl o
ercaplion,

Tid FEL ExiCe (FSL=2e:2d> = 6 oo Inderrupl o
croep lon,

) F5L EXCY CBL= 224 = - ¥ on Injgreppl or

ercelilon
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Tenls 4-4 (Coni.)  Helt Coce Messages
Mnmber b emmag Meanlng

in the Jad Uirsae cagas, an RE]
Imslrucilon 9 alkampling io pErurn
to & 1modde ather Than aerngl aed aulil
1mn am PRe Interopt stack.

Tl ™. ELIS =L 2R = o Bon an REL
in: ok,

T al Elia ML= rardE= o 6 on an REL
inRiructan,

TR YL RTIT PELe2odd= - 7 on an RED

iTetrvaciion.

4.5.2 Yirtval Memory Baot Messages

Table 4-5 lists the rmombers, messages, and meaning of the VB caror
ImedEEEed,

Teble 4-5  Virtual Memory Boot Evvor Messages

Humber M prrape Feaidng

kA [} - FAOSLICHLEY Mo koalabla devloes Toong,

1 (B H L i Lwewize Le 1108 poeaeri,

et b I R ] [ i'ringgan bomaze mal found

bl ko] BILESTRULCT Trvalld Feget dewdee File skraciuce.
RN DA TEGLR fned rherksusn om baader Fie,

P NADFILENNR 3211 hile header.

b AAMDETCTONRY Bawd direcioey file.

el B P HTG [valld pregrarm Image format.
rdg R TR L BT [Crens lure end of file encountersd.

40 AAFICILR B s Badl File nacne glyen,
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Takle 4-5 (Coni.] Virtwel Memory Boot Error Wesaeges

Nuniber Besunpe Ml auning,

Ty © U BUFFEROVT  Progeam image does oot fit i
availabzle menory.

R CTTILELELE Buxat desies i1 eros.

[l LW AT Yeiled w initiziize bunt des s,

T LEVOEFLIME Lrevice iz oll L.

raE rMEMERE ]'-i.r:-m-.:r_v indiladleallon oreor,

riF SCRINT Unexpected SCE eacopilon ot machlne
check,

H] SN T Unzxpecled pecoplion afier zfarllng
pragiaim Image,

]| FCARCINT Moy vaticl 175 dmmage founel.

e PCAST I E G SR Frdis TE TR treemn loisd spyweT.

53 ISR ACRL Imralid me=moare contizoratico.

rh RETEY Mo devices boolable, welrying,

4.8.2 Conscle Emulation

These erme messapes ars l=sued oy response ooa sonsals eammrand Mal
Tad error(F). AGee Table 4 R

Tabia 4-8  Caneels Enuiation Efror Massagss
Kb wriries g Ffgaring

T2l CORET TN The Fvmvaneers Inreennl dakabase =as een
Lcrrupt=d. Flis divrneeane il der s cuawerecp
judnrelizaticn do rebuwibl v Jala b,

P tL REF Vienel relersince, Pha regquearesd (elersms
veorihd winlale vicival mecnory pioactlon, (e
adeliwe i ond mappes. the achisess s inealict
in ihe speciilec adoleas spavce, oo Lhe vellie i
vl il i tlie e fieed dusling oo,
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Tawks 4-6 (Conl)  Congole Emalatian Error Kleaseges

Mlaanming

Mombeec L PSR

R ILL Chm

723 T e

EA LIL

3 o AR

Yt AL T Ll

2

20

I

i

HFS =
=
S

7an

8 COMF

BN Y )

R 5 R

CHESW

HLTLL!
FIT FRR

ARGESIRY

RATRA LRI
LIRS

URIRAT B TER

’.‘.Ir_-3.1'l rommeand. The pramand string
it be e,

lweaticd clivit. A ooc-hes (bpal wee Tognd Inoe
r e,

Toa g Charecters i YR T TRy lios
lepnlh cococds e Bemvepre's inkernnl buffer
of 30 characigra, The mossape is issed omly
abier e Lermlneling <ariags miurn.

e ackliezs spectiicd falin oistgide Lhe Timitz
it e acld pss frece.

Value i Lod large, The walue dass ned 1 inln
e Geslinasian.

Carfiching =wite=rh, T esumnsie wihies by
clirkin sigere g specitied,

Uik iy s itch.

The zvovizalle addycss in an reamine ar
dejraslt command Ts anTes egrised.

The comsmens or delz cwcamame of ano X
einzoand s lncorcal.

The oprcrElo” rreresd o LRl s pensimd.
Pt fmiled. A valll segarl pargmoicr block
(RPEG cauld ad e Fovind cioa conilzogus
gucziocy of 128 Elyele al snormpry coid et be
i,

Elg ;;1g ar- X oorrerancd, cdona fatled booarrive
i the Lime |:-1-'Irl|,'|:1{'._-'] L IRE SRS
]"':.I'”.:,- ol olher Oy CUrT .

Liresecles Inlorrepl ar peception.

Linieplasmenled Niclion,




Appsndix A
KASS0-AA Specifications

Thia aPPI;_']uijx contoieee  the physical, eleclrical amd enviecnmenlal
epecificnbon: for the KAGS0-AA CPL madule, ’

A.1 Physical Specifications

The physicol specifications far e FARRE AL ava as Bilows,

Hncnglegn Measurerment

Floight LASF (4 0L N5 020 dnches

i by G420 [+2000-0.0L00) fnches

Wil 037 Inches masimon Snonoondinctive)

11,345 Inches maamam doond pekiver

RIQTE: Widih, ey difaed fn Thgiiol mododen, ds the Deigh) of cospgmanenla idooe
the safery af Hae amendode,

A.2 Eiectrical Specifications
The pawer requircinents tar the B ASSE-A N CPL madule are as Tdfiows,

+3 % +3% 13N 5%
Gk moxiovemr 014 A s
Tvwical murents ers 10% lesa than the specified maxison.

The baas leade for the ¥A0030005% CU muociude see o Dellowe,
o 315 as lpado

» 141 loady

Tei
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A.2 Environmentzl Specifications

The envirommental epecifications for the XASS-AA CPY modnle are as

Fosilums,

Operaling Condiliona

T=nperaturs

Hemiedity

futitogke
Morraran alin g

Tamparabuee

| rl_m'.'i-.".ﬂ}'
Albibuds

Rishoparniing

Tamparalure

I'Iurr.iu'ﬁr}'

Alsieede

SUC AT b ADOC (RAN) with a rete ot rhange na grenter hen
4 F*C 36 £47F) per hgur at gop el For operetion apave o5
o, G rease The n-;.rmﬁng LempaTakre 'I'-:,.' 1.8 for ook 110E]
meiers (17T for each WHEY fues

R o Y5 sumwondemising with @ maciterm wet both temperatee
of 3270 (S0 and & odalmum <l poiob tenspcacaiure of 2000
24" Pl

Lp i 20 paeloes (8,000 feel) wrllh e vale of change no prealer

-y
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Tor 1.85C For coch (0550 mmizlzra o 1°F lor each 0605 feol,
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Appendix B
Address Assignments

B.1 Gereral Local Address Space Map

Tali= B 1 liste tho VAN ety spsc,

Table B-1 VAX Memory Space

Auidrpas Range LA L

Q1D LD L areghy OGFEE RRRR lecal momery spoce (B Mirhes!

G400 LMD Lheoggn GYFE FRER Rearrend mirmory sppoe {8 bbybes)

080 0O thepuph (GEF FRET Reserwrd mrmory spaee 0 hlnms)

Q2D 02 ihrongh OFGT TREE Reserved memory space B biindes)

1000 $oIg :hmms}l 135k FRFRE Loam b cdfagmustin space: [F4 !'.-":h_','l-ur:]

PACHY MK thpssgh VPR TR Fagerved cacke disgacethe space 764 Wby ies)
RGO D00 eheeigh LBGF SEEER Reszrecd cache dlagaestic quarr (41 Mbytes)
1000 505 E'r'.l-_'\-'_l‘g_ll IFFF FFFP Rearrerd oache d'i:;ﬂ_m:-.'-'h-:' = (il Mhrtes)

I
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Teble B 2 listy the VAN Input!ontout memory space,

Agidress Hange

Curtteats

SHEY (XN thruagh 2000 100
THEY 20001 thrmagh 20603 BLERE
2004 GHEN thorough 2005 BREF

2005 900 through 207 FEFW

2048 (ESD rhremagh 2000 CT0
) (] through 2300 FEFF
ZALRY (HEND thTeash ATEE BRET
i1 O gl LBEE BEFF
AT D00 theoush 2FFE FERF
2006 GO0 through 33E FREE
AL 40 theowph 33FT FFFF
34010 G40 theoueh 3EF FEFE
20 D000 theouph SHFF FFFE
SO0 GG thyragh 30FF BTTT

Loza! Q2 -pe 140 space (5 Ebrles)
Rererved locel U opace | 245 Kbheles)
Local ROM space, hali protected spece
{E7R Elnrres)

Ioral BLUIM space, halt enposected apace
(1R Flpter]

Local segskes 1O space (3.5 Mbytzz)
Eerervad locs] DO speea (02,5 Mbyles)
Fenecved leoai U0 apoce (63 hdbviend
Regaeved local TG spaoe (6 Meen
Erzorred Tocal il aE 6 r'.-ﬁ.r_'_.'twr.j
Lacnl 222 -hos TACTITY FwicE id h'TI.'.}'i'l-.r._r
Fozoreed bocal [0 gpmce 030 M)
Reservod local B space o84 Mnrtes)

) RChC Ing, dl'np_'nl:lsi"ir s 'fd MEviest *

Remery ed cache bag dlgenootic sace {63

Bbgles)

"ot wisisle darng anrmal aperation

3.2 Cetailed Local Address Space Map

Tahle B 3 deacribea the conlents vf the WAX memory e e

Tabia 2-3 VAZ Mamory Spacs

Coentents

Edcrees 'I!.z:nﬁ

CIERT PARD thingh U3FE FRRR [nca? momnry Fpaer (up te 61 Mbytes)l ©
CHOE TN Hraupgh JFRE FFFF

1060 G200 hrough 1T BRRE

Rrsrrond mirmame vrace
Canhs Lagresile spacs

18GG (RAOD (hrongh (REF T

T022 nan mop -I:ui_;.:.;'-! l:.b'}"l:tl wl sl Rremge

Hereraed cache dlapnoallo spiecc

Tabla B.1 describaa the contents of fie YAX fpul autgut memarnyr seace.



Table B=4

Addreass A=gignmients

YAX |rputfQutpul Space

173

Adcieay Banzr

MO0 [N epcouph 2000 LFFE
URAT I theough 00 XAO7
WA T Aok 2000 GYEF
0000 30 through 2000 OKPR
2000 IHE? thrangh 26000 1630
UL B

oD 142
AlE 1F
LA TEE 1)
2HY] TR chroneh 000 TG
AED 2000 Lhaesagh 2005 PERE

20048 R thraggh 2107 DR
HH1 TN thraugh S LERE
A 0G4

06 000 thraugh 2007 TIRR

WS KD thraugh 2008 FRET
AL RLALIE
J0E %
S AR,
a0E
A D
DE IV thraugle 2008 073
il 04D
LRI E R

S 0F1E Ihoecugh 206 SFFT
20056 KR

200 G004
2005 008 throuph AW FETF

| oot L32E-Fapy 140 S eolad

Rrosomvcd 2k DL space

LE-bns fl-:.».at':ng 2addres sk

Llser pearesrd (22 L D space
Benervad D220-bas DD spece
Interpsucemaor commuicallon ecplsler
{rrrra ! |:|.'u-l':||:i.-:'tl|'|:l

Taberpruessnr L opcud Uobesl Joe Fopisies
[ regarver)

Irleproceszcr conumnnlcation Togister
[Leseiaed)

InlerproceaEny commuTication Tegister
{reseryad]

Bezrved Q22-lus I spsce

Feoaoreed Toral 1Y srzarw

Lewzal RO s=nace
Lowral ROk pulieclod? space

PicroW A SEEIT! T ek D [E] R

Linal RUIMA noproteceed space

Leazal Repistes 1O spece

IPRA ~eseern Lon Fige raiion reglaier
DR sugkeny goroe pepizler

{1 b riror adedresy caisler
[PRAA weror adu s 1R a0
HE-bat map bage caplsler
Rty o Tecal registor M2 apace
Wa'n INCIMaE CrTaT skt TEGEDET
fain mermneny ool idiaenosiic sialua
TERi=TrY

Resrved el regkker [N space

Cache ool rfeslor
Fivat and diawnustic sepislon
Recrved Lst segister M0 spaca
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Tahle B-4 (Cont.) YAX Input'Guiput Space

Address lange

PR A thynogh 2GR TR
20000 QoD s hgowgh 2004 £0A0

20014 G
200 G (hemuph 02 C0ES

2014 X7 thrnagh 20637 AUE

2N iy

204 i

2irl4 g

2014 fine

2014 41150

EIOEXHNR

0ils

2rid e

2004 D120 fhraugh 2003 LAER

2004 {100 trrough 2014 PRE
2014 (00 thruogeh 201F FFFF

AN AEADN thrangh 20T T
JENARL thmagh AUAE TEEY
5040 0200 Whraugl 27FF FRER

JMAN PRAID thaough ABDE PR '
3000 AT vk Peugh 2FER FFER

Cantbenia

LVEL 2 e ey ke
Rescreed lacal rogisier V53 sparm

Diagnosti | F1) repseter
Reseresl linal meduter 4 soas

Liiagnstic repisiere

Finar 3 cunkrol apisie?

TAmner oF ieberval edster

Tima 3 ik imtereal rve":l_"l:-crr'r
Times 3 inteTrupr vector

Tisner 1 conitral pemictar

Thmes 1 InLzrval vaplsier

Tirare | et fkeeeal register
TimaeT 1 imisrramt ve by
Fesrmeesd loval register 10 Spacs

Bastiry Backod-up BAM
Cesewvedd loval vepleior Tt spedr

Hrepreenl isal [0 space

Local C22-Lus memosry spavs
Rreprved lcal cesintar IO space
Cache lag clagros! e oo

Rezcived coche tag dlagnosti, space

“Ronl visible duiring Tarraal mperatian
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B.3 External interns! Processor Registers

Sevecal of the inparnal procedsor registecs (FEs) on the KASSE-AA are
imnpternented in the S5O chip cailver than the CVAK chip, Theyn segisbers
arw refecad to ag eslernal iniermal processor regivkers, and ace fisted 10
Tabsle B3

Teisle B-5 Ezternal laternal Prozessor Repisherg

P ¥umber Foylster Mamie Atsbeasiation
a7 Tlme oF year s q;i.h'lr.l' oy
22 Croneale sEomaur recetver shabus CERs”
2 Crmzniv HROTIME 1 Eiver duatz TSRO
ar Clewmeale seeeraue tranemitles staluz CETS
. -~
] Lonkole Rlecarms Liansmiller deala Cs0R
32 Consale Tooeierr combrnllstirhes |
a3 Consabe Tecerver data buther [
qd Innexide tronsmmitter conkrol'sbalas TXCS
ah Elpnisede teanemndtles daka buller XTI
an V' zvafaim paney reglsloy HIERSET

Bl [TV reginlen are nal Dylly iapbementes. Aropssos vicld uspeedickalde raabbs,

B.4 Global G22-bus Address Space Map

The addresses end momony conterts of the Q220ug mamory apace i as
tolicnara.

Address Rawge Contents

CTEY OKKD thrasagis 1777 777 22905 ynepuny spece (oclal)




176 Adidress Asslgoments

Table B=3 {Q22pus InputfOutput Space with BBET Asgeried

" Bdideess Range

1974 WKL threagh 1977 3777
1%7a 400
1776 OO0 thecagh 1776 7T
1776 4000 hweoueh 1776 T70T
1T eI |'|1,1'=',l|,|_n;'__l1 | 7T TTT
VFF? TR

1727 FEO2
177F Fh0d
1777 Fole

TFT TEID theaugh 1777 777

L ondgmtn

LE2-bur WLl spoace [iockai)

Lria QoY

-bus floa g address spacy

Tleer rezrved O22-bun 1O space
Fosoneed ©222-hos [0 space

MBI TOCCRE]T COTRIMANIGRLCT e g steT
{narmel aperatlon)

Interprocessn commriundoalion seealer
n QLR

IinteLrprocessar commnnloation iogkstnT
{resoivenf

IneerproLessur councication regster

" {pEmapva]

Bomapvec QU 2-bus DO space




Appendix C
Q22-bus Specification

.1 Introduction

The 322 buz, mlan kvn a3 the axtended D51-11 bwa. i3 dhe Tow end
w1 b oaf i.h.;l'.,l‘l‘:il & bua family. Allof Drigital's mn:mmn*pL.lr—rq gl ax e
MicroW AR T, Mirre AN L Micro WA 5500, MoV 3600, and MicenPIOF-
11 usa (e {:.!Z"."_ aLa.

Tha QZ2-bus maneiste of 42 bidireclional amd 2 vadieechonad sipoal Boos.
Theae form the linea along which the processor, memory, and O devices
cumrnunicate with vach wther.

Adidresses, daba, andd omteal inforamtien ore scnt along theee aignal Hoes,
gome af which cenbia Hmemoltiplesed information. The liees p1e divided
89 fitllnwen

= Bixtesn multlplesed datafaddress liees — BIAL <1581
= Tem muktiplazed addesseiparity lires - KNIAL <1776
¢ Broor eateoded acddoess lines — FDAL < 21 1B~

= Six daia transier oantend lines — TESY, BN, BLe2w L. BEPLY, BSYMO,
OAWTGT

¢ 5% gysrem conbol limes — BHALT. BREF, BRVT, BTRMTT, BTHD e,
B

Tenintemapt contzol and divect wemony ancesa contrdl lines — BTAKD.
BLAK, BIECd, GUW6G, BIRQOE, GIRGF, RGO, BOME, ASACH,
BLMGE

In addifon, B namivar of power, ground, amd apace linaz are def ped for the

b, Ketes to Talle €01 foz 2 detziled descviplion of ihess Tnes,

Tie diccesslon i 1hils appendis spphice to the geneal 22-bit pheaieal

addrass capabilibv. AN mednies weed woth Hhe RAGH-AS CIFL mpdste

rrist dne 22 addeessing.
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Blost (J22-bus siprals are biditectonal and uas terminations for o negated
ihizh} sigoal level. Tevices connect to these lues by way of high-Impedance
bus receivers and open collecior deivers. The asserbed state s prodioged
when g bues drver asserls the Iine low.

Althrugh biditectional Jincs are clectrically bid!ractlenal {any point atonyg the
line can ba drmren ur eceireal, seviain Hnez aes funclionaly eridicacticnet.
These linsa communtcatc o o1 foom a bes masker (o signal soorce), b
not both.  Ietoroapt accwwiedge (REAKG and direci memory secess grant
(ATRCT aignala ore physically wnidicectivial inoa datey-cbain fashion. Theas
slanals originuie at the processor outpad signal ping. Fach s racefred on
devles impu pins (ELAKD or BEDAGT) and 8 condWonally releansmitized wde
device suiput pine (HTAKD or BRMGO These signeis ae rocebmed from
higher oriccity devices and are relransmilied to lower priacly derices along
the burg, edaliizhing the position-dependee, priofite seheme.

C.1.9 Maater/Slaye Aelatlaonsitin

Communication  beheesn devices on Be bus is espmchromons, A
maztersave refalionghip exdara throughou! gach bus tianscton, Only rhe
device has conten] of the bue at any one Hme. Tz controliing dévice s
torraed the hoes mpstar, o arbiter. The mastor dovice contsois the ks when
cavmmunicating with another device on the bus, termed the slave.

The bye master ypically the prooooenr or 2 UAA device) initiptes 5 bus
teanaaction, The glave devien reeponds by ackoesdedglng e teansactlen in
wrograar and by receiving dati feam, ar lranamitiing dats to, the bus omaster.
1222-hus contro! signels fransmlied or recehred by the bus master oo bus
aleee gevice snust 2omiplete 1he 2equence according o b prowoc],

The penceinnt contrals bus arbdeation, thit i whilch dewvace becomes bus
master ab any grven time, A typival example of this releionship i podisk
drivie, pa master, transferiing data 10 memory 45 siave.  Commanecation
gl the (T2 bus v inderdacked 20 1hat for ceriain controd siEnabs issued Dy
he maswer device, theee st b2 § responss from e elave in order o
enmipleic the transfer. d i the mastes'save signel protocol that makes the
DI22-bna asvnchronous. The asynchronmrns aperation preciudes the aved fos
srnichronizing with, and waiting for, Gock pulses.

Since bus oycte completion by Lhe bus master neqoires sespnnse fram the
slovis device, each Bis maatat ranet ingacle o Gemeot ecros dreuii thar abors
tha b cpcle 1T e slave dosa not 1espond to dhs oy ranaaclion withio 10
Hs. The arinal iima befme a Sroeunt erreee 000wes st be Jonger than the
caply ilme of the slowrest prophesl nF rmemary Gevice on the ks,
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C.2 U22-bus Signal Assignments

Table €7 1 lads the dats snd addreas vignal assigiasmanta,

Tabls C-1 Dats and Addrase Signel Azsignmenls
Drata pnd Addresa 51l

I'in .-'ka-;!gnmrr![

LEALD EA LK
AL Ay
BOALE Bt

BLr&LS BEZ

[REYE biHZ&
BTrALS B]2

frrar s nkz
ATRAT T ' B

BLRAI A B2
HiTal 4 B
BrIAL L0 T

TR E R
RMALTE [
BLYAL13 B2
ElARdd BLiz
nrALLE fIa
MRS 1 e
HUOALIT Aln
HL1ALTH Bl
BOAL1S Al
BOAL20 HEj

Eo1alil HE]
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Tolde -2 Hate the contryl signal assignoments,

Coglral BMgaai

Lala Conleol

AT> T
BRE1'LY
BLMWM
BEY M
EWTRT
EsS7

Inbersupr Santnel

HIRGQF
S
RIS
Bl
LAk
ELAkd

TArd A Cemtre

AT
nsad K
(13 LT [
BRAC

Syrtenm Zunlbrol

EEALT
BRET
TFEVMT
ANt
TR
HINN 4

Ten Asadsninatt

Akl
AF2
AT
_.'-_:I?
AR?
AT

™M
ADT
AL
vy
AW
M i

Akl
BrH1
AS2
ARz

Takle C-2 Ceatrol Sigaal Asslgnments
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Tabte €7 5 liets the pover e grownd $ignal assginents.

+5 R ilaliorsd o
112 15 thottery]
~1* B
-3l
+3
+i4
+5
+12
+17
+12
<12
<12
ST
T
Sy
ST
ML
ST
LM
LM

Talrle O7 9 lisks the sparc sigual oo gnmenii.

184

Lt Asslgnmien!

A5

ES1
AL
Asd
HAL
BVl
Al
B2
Abz
Al
HH
acs
A
Aml
A
B2
Bl
R 1
ATl
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Totrle C-24  Epers Signal Assignmaris

Brrare Piry Assdg il
CSparet Akl
Bipnred HETE
Lhmaref EH
L5pareld AfiT
hMSnered ARl
Mopared Akt
WiGpared il
MSpared it
Poparel LAl
&5pe el Bin

-3 Data Transfer Bus Cyelex

Datn tfranafer bus oyelee, executed bar baa inacter devicas, leansier 32-bli
wonrgls i B it Il'!.rl'ﬂ- to o Frap slawe denvicws, T Block mccle, rl._l'lh}:-'lr weordm
can e trgnsferved to gaguentlal ward addcesses, dacting from o single bus
addresz. Data transfer bug oycles aze listecd and defined in Talde C-3F,

Tobie C=5 Data Tranzier Jperatlons

Bus l:}'l:lt Dedinition

DATT Thata word 'i1|}11,1T

[ Lraza word cntpot

DATCE Craga sypte oukpict

DATIO Drata wrord dnpuloulpil
CATION Drata wrerd Inpuk !By le oulpul
2T Thata Blaxck 1"r|p1,|r

AT TXats bloek kgt

Turmctiom (wlih roppect
ko thee bios masker)
Rrqd

Wrils

Weite-byte
Nead-myodl (- rite
Foad-mucadliv-wrrile
byte

Erad klnck

Irtw mhivk

The bug gignals iisted In Tabie -5 are vaad in the date lransfer aoetations

desceiced In Tahls C-5.
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Table C-§ Bus Signaly for Dats Trangfera
G al [!eELn.Un- FuncHan

GEIAT -2 20zl L F2 dataradedress '|11'||": BE1AL<15: 8= L are
wsed bur vl Ao it
Lransiors, BOAL TN 10>
L ape uged [or cabended
addresalng. menwery
packy error Ul aad
IMCTRaF ]:\-;l'rir:,r rTTOR
cnable (1 .'-‘] functlamn,
TAL< 288 1. ave aed
Lov exiended eddivesing
beyone 2536 Khylen,

(T1EY e [ Buig cycle comtrol Tidleates bug LeatsacUen
L puopress,

A= Thata Anpet indirain: Strote signals

IR INY B Date sutpot anckieztuy st sigoals

BEPLY L Blave'n ackonwdedes o boas cpcle Sleats sipoals

BWLEL L Wkl by le coaliol Cateel signats

BEST Bk dewloe selec Mdlcales addseea s on Lhe
[FEY e,

Tate femnsfer Dls Cpcles cam Le reducsd b five Pasic lypes: DATT, TRATONR),
TIATHWE, rATBL and NATHLL These lzansacians cooidr betveei Lhe Lus
mazler seed gite skave device malectad during the addraasing, part «f the Tus
Lycle,

@.3.1 Bus Cyeie Protocol

Hefore inifating o bus ovche, the presdous Tas inanzaclicn musl Taee haen
compledes] (ASYRC L negaled) anzl the device mwal become bus masler.
The bue circle can be divided into twoe parte: addreesing and data transter.
During sddressing, the bae mpeter ourpita the addross for the desired siave
device, momory location, or dewice rogister. The sclected  sles cewico
wsponde by latching the addvess bity 2nd haiding this condition for the
durativn of the bus cyoie '.Jnhi BSYML L becemes avgated, Duecdng data
trensfer the echaal data transfzr coous.
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:.3.2 Device Addressing

Device addresging of o data transfer bus cycia comprlzes an addreazs setup
erd dagkew Ulme, and an addrass hold and degkese thie. Turlnp addieess
achop and drekow tme, the bns master does the following operalions.

v Amgerts BOAL<T100 b with the devited slawe devioe addross bita.
r  Aasarla BAST T a davice In the 700 page 5 being addrezsed,
*  Aaceris BWTHT L iF the oycle iz a TRATOR} nr DATRE bus excle.

During (Ris time, the addreess, BRET T, and BWTET L sigoals are asserted o
the slivwe bas coceiver fur of Ieast 75 ns before BSYNC poes achve. 1Jevices
in the WOY prere ipnore the nine high-arder adileesa bits BOAL <2113, and
instesd, devode BREST 1. aliang with the 13 low-order addres: bits, An actinee
BWTHT L signal dyring aderacs sebg)r Hme indicpies that & TIATOE] or
DATEC operation folloves, while an inacimre BWTBT L indicatas a DATI
LaACLIEL er LEATICK i14) operation.

The addeess Told and deskew tione begins after BETRC L is quserted,

The slwe device wsea the active DSYWE L bus received entpul Lo
ctock BDAL address bits, BBS? L. and $WITBHT L inte it iotenal logic.
BixalL =21.00= L, Eﬁb? L, and BW ST L scmair ective {or 29 1w minimuam
after the BSYMC L buw recefrer goes achve. BEYME L remains active for
the dermtion of the bua oynle.

Memory and periphorel devices mra addisaned similarly, except for the
WAy the slmve dovice rospands te BESF L Addressed np"rrml devicee
s ool decode address Bits en BDAT 230013 > T Addresed periphera!
device can respond e a buea cwcle when BRS? T, iz aszerled [low} ml"lng the
n-‘h:lre.—:q:mg of the CYoLE. Whan asgerted, BESY L, indicates thal the dence
acdress resides in the L page (the upper 4 k addrese space). Memaory
devicens genemaliv do net cespend fo addreseey in the 10 page; oo,
saune spsteon apellcations may jrecmil memnry tooresidla in the 740 page for
e A% TAA buffers, read only mamory haottraps, and dlsgnostics,
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AT

The LPATL bue cyebz, showen in Figure o7, 48 a read operation.  During,
vl doka is iopust fex He s raaler. Tata conssiats of L-bit seocd teanafers
crrer ihe buy, Thuring data Sransfer of the TRATT bz opcle, the bus moestes
asstrts BOT T 200 ns mlnhmm abier BEYMO L iz aseerted.  The slave
device reaponds to BLAN T.active ag follraes

»  fSaeevts DELILY L O os oanimsen (8 o mmagimiom ko avoid s himeosl)
aboer roceivieg BT 1 and 125 na maxinum elore BDAL bua diiver

rhaka ks 2re walld.

2 Apgects BDAL < 21:00 Lowith the aoddeessed daga and eooee imfnrmabinan
{ no (rnirdmam) after receiving BT, .anr’! 125 ns {maximiang ziler

avaerticn of BRITLY

D VaSTIL [
S dle ot or) Bol LY bl § CENECHY IR =R CE
RTTREEENTEFE HERY TRL RO H o
CE S R R T N ]
Ab2TLEE =52
R L I N

H-HT C-ATAR0
(L SETF )l A Y

-
CLCDLE AZLas
Fhadk LEYIE SILDCTID
CFERTY

HET_PST QAT ==
Ri'l.hi b AL M= RFIW
mARKL B -_
RFL LI
PLALS DaTA 2% 308+ 15520~ L
- SELET RIS
IrHM HSIE 8= TRLUER2T .
Al N OAL, SO SRS
L L S B H -—
T -—
1-4M R - B.H TSR BEL el B LY S 111
ROSLTIOE-YC - — "Bl = HSFLY L
wm
fanprers

Flgure <--1 DATI Bus Chycle
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When e bua master mecoives BEU'LY L, it does the follimemg.

s Waits at least 200 ne Jdeskew Bene and then accepls input data at
Bl <1700= L bu: recelvers,  BIAT, <17 16> L are uaed for
franamnitting parity croors b the naster.

o Dbjegates BTN T 200 0 mipimum 1o 2 ps imaginum alter 3RPLY L grees
active,

The slave device sesponds to EDIN L nepation by negating BREFTY 1 and

TE"I1|'r1-"1.1.E rzad data trom BIVAL bus depvers, BEPLY Tomnal be nepated 1K)

na maximinm priot to comoval of read dota, The bug master respondda o the
negated BRPLY L by negating BHYMC L.

Condlitions for the mext BSYMC L assertion are as foflies.
*  BEYMNC Looust remasin segated foe 200 ag inlnhonm.

T BSYMC L must not beconw asserted vathin 3G ns af previcus ORPLY
L negaticn.

Frgure (2-2 ahows LIATE bus cyele fiming.

MNOTE: Cronlbmeres @29erting af B5TC Lorehifng condral of Fre bes FJ_I.' Fiae fags
paster, e tie premiswsly aoeressed sivoe deodoe redante feleckad. This 8 dons for
IPATIOINY hps m.l[";. where DATO or DATOR ﬁ\!ihruq A DATT withouf BEYNE L
regafion an @ second devdve pddneasing aperalion. Alas, a siep alvoe device cra
Trold off elwiy frevefers R dtalf by beepiog BRPLY L asaerboa, aliich cmuses the msier
fe koep REYRIO T aageried.
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DATOBR

LATOE, shown in Figure L0 3. 19 & wrile operation. Thala 15 ransferred in

3Z-bit words TRATIN ar B-bil byles (DATOH) frara he Bwgz master to the
plave device. The data ransfer culpul can accur afle: the addressing part
of o Bur Cycie when BWIBT L has been asocrted by the bnz macster, or
immedlately following o input transfer pact of a LATICH bus cycle.

LIS METES Aok
|=REFRAIR CR 270 IENENY - DB CE

ACONLEE 0= CEMEMIHY
GESER T Ol o1 L 1
LEUR RT3 ol
arArRT ASAT ) IF ~DNCIS 0

14 TH 1R ERADE
RGLAT DYeT2T L S0 ik
croT
Al K AR ——
R,
[ HH TTTE T
_e=s SCAC GCW CEZL.BCT:L
- 19-HGTATY
miAa el -
=k HE Al AR =
ANAL S0 i AHE M-Il - mRES
RFAYSTERTAT HIMIESS RATDE
AALD DATe oM Dk IR0 L
ASTITTADULST L T ——
T s
T&EL D&TA
EIGZIYCEeTAT 00N I0eL
LIRS

e ARaRHDARRY

iFakATE ANPRLT "RAMSIER

HILAIE AL T R =wm AT
IF 1R & AT AR DY S B
[T A TEERN Y FRE] H PTG B LY || R I

AFTAAT Oh SOWTLLTIE
kRO&EATE BETPLT L

TEEW RSO Eals 0
ELIEA Y 3 1

mar.
e

Figura G--3 DATE or DATOB Bus Cycle
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The data menafer pect of a DATOD bus cpcle comprises a deta setup and
denlcowr Hmwe and 1 data hald and doskems time.

During the data sewe and deskaw lime, e bus masiec cubpois the daba
it BOAL 15400 = L oal least 100 s after BSYDIC I azserilom. BWTRT T
remaing nopated for the wenath of the bos crcie, I the tranafer ic 2 brie
teapsfor, BWLUBT L remains asserted, Uit s the cuiput of a DATIOE, S3WTHRT
L beceanes arseibed and Lasts the cucation of the oy cycle.

Muving @ bwte transter, BDAT<N= T saicelz tha high or low Typle, This
pociis In fhe u-:'h1re--.~'u1_[_ sarl ol e cycle. TP amserted, (he high Ende
(BLRAL <138 T is olected: cthenwise, the Jow byte (BDAL <0700 1)
is zefected, An asseried RDAT 46 1 at this Hme forces a pority crroc b Do
vrotten inte memery f the memeny 15 o padty-ype memory. BUAL 17 L
in mot nacd for write voerations, The s wastes assoris !."-LJULI'I L at 1aaar
1iH s afler Breal, and BINNVTHET L Las drivers are stabile. The ghre oo
reeponda by agsecting BEPLY L within 10 x: 1o avoid Luea thimeoui. Tnis
completes the data aotup and deskew tioe.

Fh rli'ug Hrg dste Rold and degkeay laime, the Busg oraster peceives BRETLY Land
nggates BTHOUT L, which must reemain asse bed Fare ab ast 150 ns foom the
receipl of BREPLY Lbefore being negaled by the hus master, BRAL <17
L bus driven pempin soeected for ot lepst 100 a2 ooy BORCUT L negation.
The bus maoster then oegate: BDAL inputs

Lraring this timse, the slove device senses BOCHYT L negation. Tha data in
acrepbed and the sleve device negates BRULY L The bus masker ;eapnnriq
by negating BSYMNC L. However, the processor does net negate BSYMOT L
tor at least 175 oy after negating BOOUT L. This couniplictes the UATOD bus
cvele. Befora e nest cycle, BEYMIT 1. miuat remain (issected for ab boout
I ns. Figere £ 4 shows DATOD bus cpcle onlng,
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Figura S-d DATC &r DATOB Bus Cyela Tlmling

DATICE

The protacel for o TPATIORE bas opcle ia ldantical ic the au:ll:lre-qmrlg; aud
olak 1'|"'|.r'l'-"FEJ' cart ot the TATT and TPATOBR bus oreles, and ie abom in
Figurne -5 Aflar addreszing the device, a LA TP owele is proforeeed as
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oxplained earliz=e however, BSYNC T 15 oot pegaled. BSYNO T oremams
aglhve for an oulpal weord or byte liansfer (DATENE. The bue master
imalnlalng ai lzast 2MHé ms berween GRPLY L negadon duving the LA LT cpcle
anrd BIAMIT L oaszerlion. The cvcle ia leiminaled when #he bua onaseer
negates BEYMC L. ae descdbed for LuTon,
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Figura C-5 DATID ar ATISE Bus Cycla
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C.4 Dlrect Memory Access

Towe dicect memery accesa (TIWAY capalility allows direct date tranafer
brbween §O devices joud memmace. This 13 uaeful whan using mRar atorage
dmviena (tor cxampl e, ._'IjE!-:.:_'.:I gt e 1._11'_;:!3' blmrks of data o and [om
meensry, A T A device meeds 1o be supalisd soith nnlyr the starting adoreas
in memory, the siacting addyose in mage dorage, the lenglh of Lhe tranafar,
and whetner the opemation is reed orowribe, WWhen this wmformation =
availpble, the TAA device can transler data divesly o or foom memory
Sence st THRAA decices must gecfornm dais leanefere in L'ap':-."l SLOCREZI0N
o lnge data, DMA daedlee< ara ziven tha highest pricrioy

eridaA in accompiished after the processor (rormally bos rn-w’rt'r} brinz p.lb‘st'l:F
bua masteraling ko tie higheet pricsity D04 deviee Shat is reguesting the
bus. The processor arkitmbes &l requests and grants the Loy fo the A
dowice clectrivally clusest by f, A TAA device remaing bus mases antil it
celinguishcs Hy mastership, The followding conlend signaks are paed during
bus arhitraton.

¢ BINCIL Dbl oomd arepuat

¢ BLRGO L2AA smant Getpot

» EDME L DMA request line

= EBSALKE bue grant acknowledge

C.od.i DA Frotocoi

A TRAA Tran=acilan can be divided inle thees phaees.
*  Fuz reasterzhlpy acqulsiiion phasze

*  Tlata transfer phaze

@ Hy- r:l:::_-:'i:l.*r:-'llip |'H|i.'n:'|l.i:-':'."::‘|'--e'-e|'|l ]':'I'|.-'|.-':I.-"

Mkt s masierahip acgmizilicn phase, o DadA device "I'.'L‘|1.lt'El't'- ikre
bug by agsetinge BUAE L She processor arbitnstes P reuest aned ioiliales
thi transter of bus mastevshis by ssserting BTG F

Tre roaxizrizr: ket brtne&n BT T assertian Aand BTMACLT L asqetiom ia
Db A datenzw, This b is ,er'E-M*-r c"E'rTIF nident. BORACCH L/GLDOACE) L iz
L wigreal Heal i3 dalsy- :.hamﬂ.:l brougih eacii mocdnle in the backpktane. 1
g odriven oql oof e praceszor on the JOR{CGLY Lopin, eniers rach mueecule
ary the ADMAGT T, pln and fdis on the BTOALAT Loin, “his si:g,n:.l 5308
]1f|_1u;.rh e recduies T descending order of paiorite antil it i 1-51.1]:'ch[ by
the reguesting devive. The requeating dzvice blocks the outpat of HMDGO
1oand arsariz BSASE T, 7 BUMR L is cowiinnowslr asscrted, the Do hanggs,
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Dgring the dats tranafer phase, the DAL device combimies fdserting BRACE
L. The aciusl datz trenster is performed s descrthed earller.

The TRIA device can ssaeit B8YMO L fus o data izansier 250 na mlnlmum
aflar 11 receinred BIHIGT L and e BEYNT L buy peceiver 15 megatad,

During the bus mnﬂtcrshrp celingquiskynent phase, bhe T A devive givven up
the bue by negaling BSACK T, This aeeuzs after completdng (or eborting )
the last data trapfer svele (ARTLY L negaiedt BRACK L cim be aegated up
fo & miaxinsemn ol 300 ne before oegading ESYHNO L.

MOTE: 1f muliiale dole fronsfers are perfanned gwrieg #his ofete, coogidengFion
maral R giveR tr the wse ol Hie bus for udlier sysicn: J‘?Iﬂfﬂﬂ'-':'l“'. gpch @ Aty
refresh (Tf reguireeh,

Sigure -7 shuwe the TMA protogol, and Fgure 8 shows DWIA
Tequestigrant tirmniny.
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i-.4.2 Block Mods DA

Cor increazed thronghpur, block mode DA can be Inofemented onoa
rieyace for vee swich memories that auppott s oepe of treasfer. Tooa block
rrncde Rransacti on, e shartlng owemony nddress is asserted, followed by dala
Inr thal address, angd date for conaesgtive agdreases,

By elirinating the assertlon of the address tor coch dista word, the canafer
mxte i2 almost doubled.

lheie are two brper of Block made tramslars, TIATAT Saput) and DATEO
|-:|-'..1tpu'i:} The DATE! bua crrcle ks descrilredin Section C4.2,7 and ilwsirated
in Figure (-9
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The DATED bue cyele in deseribed im Section (7422 and dluatreted {n
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<.4.2.1 DATBI Bua Cycle

Defpre a DATDI block mnde lwansler can ocour the DRLA bua master device
must request contvel of the bus. This occurs under zenventionsl (X2-bas
pootacol

A Bilaele magdde TXATET trarefer 2 oxecutod as followes

Addrvess device mematy-the addres: B8 asserted by the bus waster on
TATHL 2 2100 alig with the negabion of TWTET, The bus master
asgerts TSYIC TH ns minimin afber gating e acdedress ot the boas,

Dreeade addresa-the apprepoiate memery device recognizes that it nos
rcypond o the poddreya on the buaa.

Regquest data-the address s remowocd b the bos master from
TATTHL = 2790 = 1IN ns eeendmam afker tee assertion of TSYRC, The
bus waater azazthy ihe fca T TN n= minimum aller asserilng
IS¥MC. The bur master asserts TBS7 30 ny maerimum atter asaciting
TN for the fivse Hme, LTES7 remnoins aeserted vntl 50 ne madmuoim
pfier thy assertion af TN Gar the lase o, fnoeach case, THS? cin
be aszetisd or nepaled as won as the comdlinns fer aasering TTHY
pre miel. The assertion of TESY Indicales the bas master 1s reguasting
erinthet read oycie after the rutrent read cycla.

Eend data ihe bus alave aszerfa TRPLY 11 na miniranm {80 as
maximum Bnoavaid 3 bos limaenit afler receliving RTITR, Thz by shwes
acdapks THRE coanooeranl wilth TRETLY if. wrard |.:|r‘:|_'|.l iF. i iz a hlaek modde
device which can 5111:1: Tt nnotiter DM after the current EDUN. The bus
slave grotes PRATA = 13:00 = onta the bug U na mindmom after coceiving
WEER anel 125 ms oo e aftey the asserbion of TEFLY.

MOTE: Hinck: insie drangfers ksl wed crvsz De-mend Doiderizs,

Tarminate input transfer the bua masteT racaires
atabie RDATA < 150> fram ZI0 ns mazinem alier receiving REPLY
votil XU na miEnimnm akter the ne,g,&timl of EDIN. (The 2it ps moinimum
Taprefenils total minibum receiver delays [ ZDIN al the slave and
RiXATA <1520 = al 1he masien] The i master nagales TTAN 200 ns
i titneen afler veceivirg RRFTY.

Operalien campleted the bna slave nagatea TRILY 1 ne minimuom afker
roceiving the negation of RIS IF BSSF and TIHLL ame both assected
woluen TROT Y nug.-atr_--,, Pl R gl Jrepaates Farr anmdiier TITH) -'__'_.'-:_'lgl
BBEST s shable fram 125 n= aller RTITH s receiesd uantil 1500 ns after
TR Y negates. T1 TESY and RREF were Tl asserled when THTN
negatecd, fhe bus master azserta TRIN L) ns minimum eftcr receiving
the negalion of REFLY and continues willy ila liming rc]atinaehip in
zenAd dala ahore, RREF i2 cizble (Fom 75 ng aller FEFLY asazttz until 210
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ng ovinbeun afeer TN neeotes. (The O ne midnimnn rapeesents 1otal
rninimumt recviser defives for TR a1 1he slave and BEREER at the master. )

SOTE: The Fres s vews? howeé Baaif ta ol ks fan ciphf fimsioes wofess
T prgnpiters ROAR, T 0 weoiies ROGIR. 0 may perfeene op fo 10 #ninefors o
bmiy 22 RO §s ol @eserled ot e ena of the seoonth hongiee

Terminate bis cycle-ii R8T and TRLE werc not both assorted] when
THIL T negatesd, the bus slave rermowves TATA = L3 o the bos
0 s minmens aed 100 ne maximom after negating LRYLY, i TBST
anuk ERE were ok ol aszerlied witan TOIN negaeed. the baz masker
npgptes TSV 2500 e minimwwcn alter oceiving the st assertien af
REFLY and i ns minirnum after the negaticn of that BRPTY.

Eelease Koe bus—the T A bus master negales T3ACTK O ns sfter pegaiion
af the last RETEY, The T4 A buas masier negalez TSYMO S na
meximwn ofter i negakes TSACE. The TOUSA Tus mester mat roeaee
ETHATA < IRz, THSZ, and TWIDT leom the Mae 1K) na maeimom
afker clien ril'-g TEYPC.

Ab this poent the block mosde braesten 32 complete. and fhe g erbitration
fagic in bhe CT enpbles peocassnr-peraraled TSY I or ssues anather b
grat { TS0 of ROMAT i asse rted.

C4.2% DATED Bus Cytis

Gelore o Bleck made imaosfer can aceur, the DRAA Dua maetey ceviee
Toask ]'|_'~|_'|1_1|:_-ul: |:_'|:'\-:1+r|_|l -'_1F e g, Thig aecurs uncler conventonal 'L?E:f-bﬂ.'l‘:l
prodnerd.

& Blovk micde DATHCY twanaker iy ewecuted o folloe,

-

Address device mnemery -the acddrvss i axvecied by The bus master on
TADIR-<IL0 > along with the anscertion of TWTET. The hius masier
59t T3Y ML 130 pr mondmum after patlng the acdess nmtn the bos,

Mecode addreas the appropriab: menery device redegnices Tan 1 miar
raspone 10 e acldreas or the buoa.

Bapd data-the bas mpsher getes TTRATA = IR = along sl TW LT
MH Az minbagn after e aeseciion of TEYRCO TWTET is negated.
Thie by emsber st e Dieal TEOOYITT IO v minimur atter gatiog
TRATA 1300,

WMOTE: Thisiag DATIN rackes. TEST de imedetined.
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* TRarelve dats the bua slave recerres stable dam on R2ATA <1 5:H =
irom 25 na minimum before mecedvlng RDOTIT woniil 25 18 minimeon
after recoiving the Tll:ﬁ;_ri;!q_m of RT2OLT. The bua alawve meserts TRFLY
{1 na minimuem sfie: regeicg TRDOUT. Tha tus alave asazrta TRLG
concuccent with TRTTY 0F, and only if, it is & binck mode deviee which
ran eupport another RDOUTT after the mrrent RTICGET

MOTE: Hicck mrafe fromfies fiwst ool chess T-novd Dosrndiciee.

. Termimate Ootpuk Transfer the bus master negates TLAOLUT 1506 ns
minhmum afier vaceivaig RREPLY.

*  {Operatluon Completed the bus slav: ncﬁatr.'s TREFLY G ns mminivel i afer
reveiving the nogotion of RUOUIT, 1f RREF was asserted when TOCOLUT
negated and if the bus masier wants to transter another word, the bas
maeter gates the new datn on TIRATA = 1500 100 ne mindmuons: after
negalrg TTHOLUT, RHEAF is atable from 73 na mecioum after FRCLY
asserts until 20 a5 minimiim after RIOLUT negates. (The 30 na minimum
TEPiRscnis minioum receiver delays foe RDOITT atb the slave sod REEF
at the master), The fws master aszsertn TDOPT 1Ml ne minimom
afper gabing e data oo TRATA< 500> and 150 na minimum siter
receinimg the negaticn of RRPLY. The opcle continues with the timing
retalionahip In receiva data mbove,

ROYE:  Dhe bis pawster mins? Simece sl o simd woce Lhien eiphat fransfere anleas
it mpouitars RIZAEL I (¢ saonitora RDMIE i may perform up do J6 bagsprs os
Jpag @ RINAR i2 wl geacried ot fhe end of the sevemrth frusisfir,

=  Tarminete bus cycie-3f BRI was nut asserted whien RRFLY pnepatad
or if the boe master hes no additional daba b leansier, the Bua mastes
remotrea data on TDATA= 15002 ferom the g 100 na minimum afler
negatng TICLNT LF BRED was ok assecled when TRORT nagared, the
bua wneeiey negaies ISYMC IFF nm oindmum afier receiviog the laet
ARPLY and 0 ns sinimuun afles the negaticn of the lzat REPLY.

+  Release the boa-the RS s master negates THRACE U na adtes negation
ol the last BETLY, The TWA bus macier negatea FEYRD 30 na
meximigm after 11 negates TSAUE. The IMAA bus mastet muast reinnve
TDATA, TESY, and TWTBT fom the bus 1M ns maeinum aller cleaelng
TEYML.

Al Thia poine the block: mode transter & complete, 2and he bus arbitration
lngle in the CFU enables processar-generaterdd TAYMO or isaies anether tus
grant 70O i R iy assertod,
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C.4.5 DA Suldellnes

*  Bwstems with memesy refevsh over the bus muost nob inciode devies
fhnt prsfoern mone than one wancter per neguisition.

¢  Bus masiers that do nob vse Block mode are lmdted ta feos BIATIL foor
LA LTE o bwen LA DD mrnafers por acquisibion

*  Elack inede oz mastaes thai de nob monitee BEGTR are lmiled Lo elgh!
[rPLRRiETE (IRT Zogrisitionn.

«  IF BDbi 15 nob aseeiled aficy the soventh fwanaber bipck modce bas
mwaeter: that do owendior BLMAE may conbne making transfres anedl the
bus slavy fails o osyert B12l, or untii Bhey repch the fotal maxivn of
16 teposfers, Ofhwrwize. they stup efter sizht irpasfers,

.0 inferrupts

The derrupt capmixlity of the D22 s allowes an 500 devles he bem ol
sugpre i {niprrupt] carrent Lrengrarr exevciiion and  diveit  owpcesget
apsraiton B service the f;quﬂ:a jmp device. The pr-:-'manr d}:n..tﬂ A vackar
froen the device ko st the sensice routiee haodiee) ke the davice regisler
addrese, hardware Baes the device vector at josetiong witisis o ill:sl,;[mh.d
mnge below Tesation Q0T00F,  The veclor indivates e first -:_1:F A i nf
addresags. The procasscr reads the cnnlenis of e sk address, the stedling
address of U inteeruot handler. The conleals of the secand addeess is a
TEW [PToceedon siatad word {Fh).

The new IS can raise the interoapt priovity level, thereby prenenting loveer-
level interiupts trom breaking into the cowcent ixterropt scevice roudne.
*ambrel 3 remumed to the irkernysted pragram wher the interropt handler i
ended. “The original interrupted prograom’a address 001 and its associated
78 are stored-on e stack. LThe ovdzioo! PO sedd IS are estored by a rebun
from intermupt (R 1L e 117} instrucion at the end of the handier. Yhe use
el the slack and the Q2205 inbarenz schame can alfowr internapda o aseur
within inberrpds (nested interruia), decendlins on the 15

Interrips can ha canged Ly 22-In6z oplions ar the MicraW A% CPEL Those
teterrupts ai coiginate from within the procesacs aie called aps. Trape
GE fAMEEd Ly programuniog crora, besdeeste eTrovs. spzcial fmstnsticoiE.
and maintensnee featarea.
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The following 22-bua signade ace weed in inteoapt tansachons,

Slpmal Treiiniticn

BERCA L Tnlersupl requicss yoorifr leeel 4
TIRCS - TI'I‘.'-ET:'l:I]'Il: TIPIRET :-.||'i|11'i:1.' [evel 5
BERC L Latezrupt request priocliy bevel 6
BIRH L Latersupt resyuest polociy level 7
LR A terrups acknawledge lapul
BIAEDO L Dulecrupt ackiewledpe oulput
BDOAL=Z10= Digipraddreas Woga

TDIM L Dhata immii siroho

BEFLY L Reply

C.6.1 Device Priarty
The Q22-bus supparls the following nro methods of device priovity.

*  [Hainibuted arbitration — poiority levels ore implemented on the
hardwrare, When devices of cquel priotity levsl sequest an [nterrug,
priceliy is glven Lo The device electrdcally closest to the processce.

= Toellion-dafned arhitration -- prority is determnined sotely by clectricnt
oosiHon on the bua. The clezer o device is o e pragessar, the higher
s privofr i, '

C.5.2 Interrupt Protocol

Intermapt protocol onthe (J22-tme has three phases.
*  lnketmapt roguoest

o Totermgd acknowisrdge and peiority atiraton

= Interrupt vector transfer phase

The inierrapt raqueat bbase beging when o device meets i spedific
conditona for intermpt requests, Pl_lr exiursple, fhe davlos iz neady, done, or
an armor oocunied. Hhe intezoupt eoibbe bit e devics statns reglazer o st be
ast. The device then initintes the internig by asseding the intermpt regquest
lime{s). BIKCH L ia the towrest hacdwase priotity level and 18 assetled far 2]]
inkerrpl raquaats tor conypatibility with previcts CR2-Tues preocessnrg. The
Tesed b which a device in contigured must aiso be asserted, A special case
exiala for level 7 devices that must alsa aysest feved &, Far an explanation,
refer to the Section 5.3 inmvulving the four-level acheme.
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lat=rrupt Lewel Tdnes Arsertrd hy Drevice

L SRR | N O

TR E.

TR 1, WROE I

AR L, BIEDS L

BIRC L, BIRGE T, DTROT L

Flgnre 77 11 showa the intermupt egoest!ack nowledge 2equence.

FEaLLIIa prvIse
[1H o B Wy E= 0 1)
LT EENE T o )

TR T EN e TP L
=L Ink L ——
Tt e
I FICTC @™vH
’ wHHE RO LR DT
N HEF: I3
SHAL RRLAIeaT
PallS! LH ! L4k K A2 —
Tt
K=t oKL
PECEF ak 41as LAHD Y IRRT
LI
FL&SE =it v il IR DD L
natOT uh*ar L
- UEH Ty A H
y——"
SECCICL w=s LENH.
L Wi kb F Sk kAl
[ iR < [EE RTH LR TH
MLGa"Z 0 ML A s RIGEe ]
- —
LR TLETE il 7R TR
=Fad Imi- SELTONTTTCL 00 R ®
. HILSTL ML
T

Froel =%k "F= (Bl ==FLF

send L R TP ATI: FRCLIELA
LMD HA LA R R

e Y mr el L LU B
FELHEE LA H E o] g Ryl L |
[VILL™F 1% FEAi91 e A%kl
“cihial 25 T COEeR’F

e an

neee

Flgure C-11 Intermip! ReguestfAcknowdedge Sequanta

The intetmipst request line remains  psserbed  unhl Aha raguest
acknowicdgod.
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Thuring he interupd acknnwiadge and pricribe arblizetio: phase. the L&
11223 procesaor acknorledgea interrnols unace the IDJ:IWIHJ_:; congditicna.

« CThedevico intermpt prority iz Righer than the oorrent vE <7 b

#  The prasessor Tuss apmpleted iastroction exerdion 2and na addd oz
bua ciwles are panding.

The procesact poknonvizdges the intelTupt roqueat by asaering LMk L, o
1Al ns miniroura later D:EHLI'EIJ"‘L, Mok L The device ".'JI'_':".I:J':il.ll'r cluscet to
fhr processar 1eoceivey the :ll:]-crll.m.rh:'ig;:-;' um s BIAKT T s regeiver

Al this poini, the Beo trpes of arbibvaiicn most be dsrossed sepaately.
If the dewice rthat racefres the ackmpwiadge vaca tw Foir-lemeel interrurt
genemea, o teasia as fnlloewa,

= i mob Tequasiing an Inberrupi, Lthe odevice azeerts DLAEDY Losnd the
acknowledge propagatea mo the nosd device on the by

e Jrthe devlee is recpiiesting ao salermppt b sl chieck Tai no i ghe r-lavel
azvice iz current]ly requesting an internspt. Thia iz done by monitoring
nigher-level request lines. The table beipw liata the fines that need o
be monitered by devices at cach pricriy level

Too acddilen o aszerling lewels 7 and A4, level ¥ davices minar dodve level 6
This iz thene tr '\-.Ilrlr_:lll'FI.' Hhe miginl® {II"rH amdoariilration I‘~' teea] 4 ognd 5
dreices, In this }lrutr*Lu] level 4 a0 § ddeviess need pob aonilor feyel 7
breecansye Joad 7 odevices assert level 8. Tevel 4 arad 5 devicse Beroime amare
of o level 7 request beconse they mondter the |r-.*t'= El resuest. This prrakacs!
kaa been optimized $or bovel 4, 5 ano 6 deviees. singe Tevel 7 odevices are
-.li-'l"_'|l selGM Neres lm.r}

Lhewice Pilkdlty Lavel Lhnedad Baen Hored
1 BIRLIE, AIRE

R PR 1

6 RiRLIT

7 _

oo higherieyed device i rnquegﬁﬁg an Inksrmapl, the acknowledge ie
blocked by the devioe, BIARC T i oof peserted.)  Arhilratlon legie
within the device tees the leading edge of BTN Toba clikk a (fip-Mep
tiat blovks BTAKDOT., Arbilzation iz won and the intsmipt wector transior
jhase Begings.
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# If a highordeve] sequeal line |2 active, the device diequalitics ituelf and
aqgeria BIAKCHL o propagate the ocknowledge g0 e nes device along
live Lue.

Signal Hming st be cunsidered rarellly whae Isplementing four-jevel
riterropks. See Figure 07 12,

T2 el

_FI Fiea3 ZIMWIZ2 T -
o ____ﬁ.:fur rae -‘I - -"';""‘"' e
HII .-l."' .". .. _..5'.1

A _'—1_____
L ‘a“f: e o

[ESRr TR ST Lk |-n-||- LI EEI LA ]

oAk L o 1;{ . LITHIH] :I{ B i

r zvHT . N, - AEETTL D
HER L =K =1, —
i =3
FTIM LG S=allH S kiU HID =vllF A FIE kK EJLTPLN TET PR AR TR R I T T L i
SRl H L A= E e R alcHa Wl ToI4C. 00 = " 27 85k - £
SOV T TR . T 5 4 0 = BORT 24 SIHNMTEE.

Tm B IpTUTT YT
Fo=E e AfiT = T R

I
[ L

Flgure CG-12 Interrupt Frotocol Tining

U a gngle-leved intermgt device recsress 'he acknowiedge, @it roncte ay

folioere,

o I gt requesiing an iniesrupl, the device asscrls BLARD L oand the
ﬂc,r.'_[u_ﬂﬂ,_lq_'nﬂgq* prreapargal e o e nes device on Lhe buia,

v If tho device was serquesiong an inlereapl, the acknowlede iz blockod
wstng, P Teading edge ol BRI L, and aibitration iy wann, The inlereupl
verlog Iranafer phase begins.
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The [nlerry pt veclor tranafet phasze is =natled I51r TGN Loand BIAREL L. The
device regponde by aserrting BRFPLY L.;l"lri ity BOAT. < 1500 T. bug drlver
inpuats wiith the woctor addeess bits, Vhe BIDAT Das drebeer Inpuls nioar be
stable within 125 nz maxirnum after HFFT."I" 1. Is assemted. The wrocessor
then inpute e vector addraaz and negatea GTHN L and PIAKL 1. The
device en nggates BRPLY L and 10 ps masdmum later cemosres the vectox
address bits, The procegsor ther anters the device’a service voutine.

MOTES: Propupggtion deloy frome BTAKT L oto BLARCY L mas! nn! be greafer thmn
500 wes per (222 ot

Thr el minsd gsett BRILY T oaithin 10 g8 anexiniom qfler e pencessor ma2erls
BLAKT L.

C.5.3 QZ-bus Four-Leval intarrunt Configurations

If you have high-speed perigherals and deglre beiter anfluare parfomuaice,
o ean yae the faur-level inkertupt eciieme. Doth posiidon-inderondent 2o
praltlan-depandent conillguiatons can be used with the foar-lesvel infeooupt
aqheyng.

Figure {713 showa the position-independent conBigouration. This alioners
peTiphearal devices that use the four-leval interrupt acheme to be placed in
the backplane In any arder. Theese davices enust send out mtrrmr* requesls
and momtor higher-level reguest lines ns described. The Bevel 4 reouest
ia always assceivd rom o ceguesting device regardless of prlorte. IF bao
pr mors devices of egually ligh proeity regiast an Interoopt, the device
physically clegest o the procassor wing arpitation. Devices that wse the
almgle-Teval nlermal scheme muat be madified. or placed at the end of the
bus, for arbilzalion to funcden propetly.

1 1 r
— Er=p, IMTCARUFT & 7K EOMLECGE LoS'EL 4 :Ilu?ll: r-r'|:|- Rlax =EFEL D (mlak LEYELT
HAT = NFaIE "I Rulis Dhv'eE
LI I ] | 1- L3
SIS A =eE < INTFRALET RFOUIEGTI & -
| MG % ILIVEL S IHTEAAU® T HEDJEEL L e
JINEGILEYELS INTCARLFT AC3UCsT! I ’
2 AL T L CWELT INTCRNALF T ACTULGT! l
ul.
(AT

Flgure =-13 Posftlon-independent Configuralion
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Flgnre -1 shinwa the poatticn-rfopendent coefiguratinn, Tlis configoration
le aimpler to impleiment. A cutsisaal 1s that periphetzl devices muat b
Ingerted with the highrst privrity device lncated closeat to the proccsaor,
and the remedniny; desicss phaced 10 the backplane in dzeceazing voder of
piority dwith e Towest prinvity devices fartheet from the processor!, With
this configuration, eacl devire haz 1o asserl only ite cwmn foviel and fewel £,
Mlomitoring higher-devel requeest Tines i unmecesarry. Arbiteation i achivred
theonggh e physicel pogilioning of each device on the bes, Siogle-level

intermupt dervices on Teve! & £liondld e prditionad last on the bua.

7 I i I T
- P T e 1y g o e =0 SEWEL Y e SEWELE Mk s FaFl 5| 213k | oLWTLA
| Eoain | EER L r R mLEL S o :h__:_“____ |'_ . “n-_w_:: 4= ll iy | | Vienins
i
I |I L_I__d —
DIta= _Exkl3 ~1F==1FT SFSULST l 1 HIEE. | ¥
—_—————— - 1
|_" UIIE . EVs oa aRE BT RINUCTE — . !-
OIN: e _LeELY VTE==UFI -+ Lil=50: 1
——— —
wIAC S FeCl? ATDIRLEY 1k izl

Fraurs S-14 Positlon-Oeperdent Conflguretion

.6 Control Functions

The followdng OFE-bus signalz provide ceaieol fanclions.

:ji_lgnp'l [EeFnitnn

BREF L Meaogy refpesh dalse 1Hacl moc W)
EHAET L Frocegsoy hals

BINIT L Inkiplize

BRGE H TPogepr QK

BLICTH H D poweer OK
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C.E.1 Mermory Sefrash

If DKXEF s asserted during the adrress part of o bus data transter orcle, i
caueses all dynamic MOS memorles 10 b pddressed zimultaneocshy, The
sequenca of addreases required [or refreshing the mzmories Is deternned
br tha apecific requiremenis for each memare.  The somplete Iy
refrean ¢ycle conmsisks of a serres of retregl bus transactions, A new addresa
ir wsed [or each hansactiom, A comiplels memary cefresh oecle et be
coinpleted within 1 ov 2 ms. Multlple data eanstares By TPWMA dedces mus
tic avolded since they oo clenw memory refresh cycies. Thia bepe of
refresh s doeae only for memnornies ‘thar do ot pﬂ'tnrm art-leerd tefresh.

£.6.2 Hai

Agserhion of BFHALTT for ot least 25 ns intermupts the processor, which arope
progrem execution and fovces ke processar uncon i onatiy ista canzole (0
mnda,

C.8.3 Ihitlafization

Devicaa along lhe bas are Inidaiized whan BINTT T ls aesetted  The
processor can agsert BINIT L as a resull of axacuiing a easst aasteuckisn
BE Bt of Hrpmw:r-up or powel- -elomye F.Iﬂ'gl.].E'l.'l.E‘-L EI‘M!"" 1 in agesried for
approxirogtely T s when reset s expcute

C.6.4 Power Stajus

Fovear stabus proteeol is conteedled By o e_g_nah BIMOYE H and BDCOK H
These signaly are dyiven by an externed device f..wuuLl' the power suppl.

C.5.5 BOCOK H

When asaarted, thie coorrol indicates that de poweer hae been stabie for at
least 3 mia. Onee ascected, this line remaina asserted anbl the power failz.
It indicatre that only 5 xe of de powet teeerve TETRINE.

.66 BROK H

When aaserted, this control indecates thaie i3 at izas! dn ¥ ms reserve of
dr powar, and thet DEMIOE H has been asserted for et lesat 70 ma. {dce
BPLIE. hea been pegesied, it muost remain asaarted for at leest 3 ma. Tha
nigration of this dinv, the fing event in the e -tail sequence, indicatus
that perwer s failing ond thot vody ¢ ma of de power reserve remaine.
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.67 Powar-Up and Power-Lown Protocal

Fowerup pooiecul begins when the power supply applies powrer tweith
SLMCCE 1] oepared. This forces the procesaor to eesevt BIMNIT 1. Yhen
Hie de o '-H'uﬁw are stable, the power supply or cther external Jdevice
mederty BIMOCK 1 The procesant responds 1y <laaring, ehe PS. Moaiing |‘r|_||l'|1
statas repiste: (F'5). and Hnoatng-point exception regisier (FEC) BRIMIT T i
assested for 12§ we, and then negated for 1140 ks, “ihe processor condies
ey tast e BV H aohl it iy asserted, Uk puseer aepply asserta BRI H
A ma i afee BTOCOE H s assecbed, The PTG RHET then piThotmes
itz power-up gequence. Ihormal powser must e malndained of least 3 ome
pefore 3 pmey-dowT sequence can begin.

A peng oo s oquenc: beging when the posver supply negates BTN H,
Vilien the carcent instrection it completcd, the procesgor Tapd o 4 paveer-
dowvys roabine ot location 24, The end of the cootne i= tarminzied wiih 3
kalt instruciion to avedd any posaibte memory coroaptinn as the de voltiges
decay.

Whew the processor executes the Lall inaleuctlen, it tests the BPOK H signal,
LF BiNOES LL dm ]'lE"L,:"fEd. the proseaser +:L1Lar=~ the pPower-ljr seduence. b
claars Imlemal rﬁ_:-,mlpr-; panerates BINIT |, and continue: to chock For the
assertion of BPCHC H. IE it is asseried .ami fde wiltspes are still stable, the
procrasor pefomms the test of the power-up sequence. Figare C-15% shoury
preser-uf dnd power-diwn Himing.
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Figure ©-15 Pawer-Liz and Pawer-Caoawn Timlng
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.7 Q22-hus Elecirical Characteristics

The input and cubpul lugic levels Loc (22-bus sigmals ate giwven in
Bacton 7.1

. 7.1 Slgnal Lavel Spacifizations
Tha slgnal leva!l specifications tor the QX2hws are aq [nilows.

input Tagic Level

TIL Lygrizal T B Voo maximwm
1“_. i.'.-",H;i:'-.'IJ high 20 vde miminmern

Dutput Togle Leval
TTT Lepgleal lowr

peal b d Vel sl
TLE togheal fush 2 % metnlmum

.7.2 Load Dafinition

AL leads make up the masdoum capacitance allosed per sigrand Toe
grownl. A unil Toad s defined as %33 pl' of capacitinee, TR loads ane
defined as maximuwm oument allowesed with a signal line drlver azserlied ov
oranerted. A owmit Ioac ia defined aa 2 0A i Ee pnasteTled alate,

C.7.3 i20-0him Q22-hus

The electtlcal condurima interconnecting the bus device slats are freaied
as franemisslon Bnea. A ondicrm beacemission line, Beemlnaled in ila
chararietiatic Impedance, propegates wn cloctricol sigial wiiboil reflecliong.
Glnce bua dovecs, roceircrs, acd wiring connecled 1o Lhe bus have Bnite
pezlstance and monzers cepctonee, the transimizslon Tine impesdance 3s oot
unlfomm, and inlcduces ciatorbiony inke pulues propagsted sinng it Tacsive
componenta of the Q22bo: (sech ag wirlng, rabling, and ciehed sigond
conducioes) are designed to have o bowminel characleriztic Impedance of
§20 svhmra.

The maximnm lengdh of intevecnneciing calale, excluding witheg wiilin ik
backplane, i limited to 4,88 m (1o (eal).
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. 7.4 Bus Drivers

Devicea dopving the 120-phm 22t mugt have cpen collector outpeats and
maet the Collewdng spreifivitians.

DT Specliicalicns
w Ot Lowr wvolt ge whon ginking 7N m A of cuerenl is 1.7V madmuon.

* Ot bigh deakioge cuerent when sonnected te 3.8 Ve 13 29 paic(even
i no poweer b oapplled, except for BOCOE H and BFOK 13},

¢  Thrse cocditions inoet e mel ab worst-rade upply temperature. and
inpul signal Lewels.

AL Specifications
*  [Oun demver outpat pin capacitance load shioudd sol esesad 10 pE.
*  Ppopapation delay shotid anl ecorsad 33 0s.

o Skeye (difference in propagation tme betreen elowest and fastest gote)
should not exceed Z5 ne.

«  Cirameibion tione Froen 10% b 0% Nee pasitlve tranaitien —rise fme, froo
W% b B0%% For megnbive tegposilean —fall flme) ones! be nwo B2ster than LD
1%,

&.7.5 Bus Recaivars

Dhpvices bt cecedsre senats Trean the 120-0lur Q20-bas must mcet the
following requiraments,

3 Speclileetlons
v luput luwe volmge makimen i L3 Y,
ot pighoedliaze mindmam is 120

¢ LEawirpuen input cueeenal when conneclzd e 208 Y da SO g [even i no
proweT i anp el

Thegz specifiadiong mnes e imal a1 worgi-case supply vollage, tomperniure,
ancd suipwk sgaal condiiiana,

AT Bproifications
& Aoy recervet inpal pin capacitaices Josd should not ceeced 100300

*  Propapation delay shooald oot excved 35 oy,
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v Skew [diilerence In propagation limes between sloweai and fasiest gatad
sheadd met sxcend 25 ne,

C.7.% Bus Termingtion

The 120-ahm LJZd-bus rmust ba terminated at 2ach end 0y an zppropriate
terminator, o shown in ligoes C-16. This iz to be done a: awelloge divider
with ita lhevenin cquivilent eooal b 120 ohms and 3.4 W (neminal). Lhis
4t af bermminaban s [_:lr:_:ﬁdfn;] }l:-,' ey REYL1-A sefreslrhootivenminatoer
BT A4, ETMIILH, TRV, or Ty ceraln Tackplares and axpansien
rards,

h =
(k- E
i P
- w i RLI%TIHF [ 50 INF
! (R T RERRITES TLHKIM 110
EECT %E L]
4 3!
- Uri
wa 13830

Figure C-16 Bu= Line Terminations

Fach of he several 02210 lnes I::_ﬂ: Qiiﬁl'.ij]i— wehirges rrmte mn ics stard w i the
letter B1 st sew an equivalent nebenck with the fllowing chameteristics
at eact gngd of the bas,

Hug Tevmiterbiun Chacacteriapic Yalue

lepun rnpedanice Ll i v B -13%
el th resncct B !—-,rn'._l'."d:l

l;_'IF.lrn Tt 1.'n|.':|.-.g:.he 04 Wl 4+ 5%,
L'apacitamn e luad P o meeewed 20 opl

MOTE: YThe rmesizifor fterminetior o te poodied By fee combimafion of oo
iemnies.  (Ihe procosser moswle supphes 220 olims B gronns, Hris, i prvaited
Witk eucther ANt cerd, prevides 120 aees)  Bofll Fermipstfors mens reciue
piysically wifhin fhe sanne Dnckplinie,
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2.7.¥ Bug inlarconineciing Wiring

C.7.4.1 Backplane Wiring

The wiring that comnedats all device inberface slobs o the Q22 buis musl meel

the folowing specificationy,

¢ The soodustors must be areanged  so thal each ilne exhilbils a
characiervistic Impedance of 120 oluns {mieasured with zespect to the
Feied crrvencin Selrn).

¢ CrossAalk betvweesn Ay b Tines rogest e ng 2realan han 5%, Mola that
worrst case Crosshik is manifested by simulianecosiy driviag all i ane
sigrael lires gsned anssguring the gifect an e nidreiven Tins,

= THT rapislatce of the signal peih, a2 messured benseen the nenr-cnd
terminator and the faz-end tezminator mecole iochoding all indereening
connectors. cabdes, backplane wiring, and coneector-module etehi st
not cxoeed 20 albons,

+  THD eegislance of ihe common Teturn path, as measored hebeaan tha
nesr-end lermnalor and the [ar-end lerminaior enocdule @ncluding all
Intervening conneckars, cables, bockplane wiving and connecter-medule
ctoh) oot ot -:.';-:u.'l.'t"l wil Cuiwalent of 2 obens per signal path. This,
the composite signal ehon pethde oesistasice mast not ercend 2 chma
divided Ly 40 bue iines, or 50 milichma, Mot chat atheogh this
common ot path s neminally at ground ]:utl.ntml the conductance
muset bepart of the bug wiving, The specificd e impedance rebarn poth
sl bee croviced by dhee bos wivicg as disiiogdishesd Tenm e conmman
syRizny O Powal ground patls.

C.7.7.2 Intighbackpiane Bug Wielng

he widug thot conmecty the bus commector slote wathin one contigueas
biael: |:r| L T F\srl e the cweerall s bransmogsien Hee . f:'--:-"u'-&;_ L
enplenentztion oconslralnla, she naminal characienslic imeadance of 124
ohmge mar noi be achievalle. THalribuied winmg vapacilaine i arcass of -
fhe amgunt ragquired in achiese the nominal 12%-chm impedance may oot
exceed &l pboweee slgnal ilne par Backplanes,



214 O2E-bus Speclicatlon

G778 Power and Grauad

Fach Lus Interlace 2o has connector pons assigned fae Ihe foilmaing de
wolbapes. The maxinmum allowable coreent per pin g 1.5 A -5 Yde okt
ke pegulated to 5% wath & masimum dipeie of 100 mY po. 412 ¥do mnet
b pegulated v 3% writh o macdmom ripple of 200 Y pp.

b 45 W — Hwee pras (4,5 A maximam per by dewce slat]
12 Vdo — mvo pins (U0 A maximum per e davice aint)

v (irpund — eight pins (shared by pawer refum and signsl tetwm)

WNOTR: Potrer 12 not Swses befoeesr uckpines owange nlereasmiectings bus cabkles,

C.8 Systern Configurations
{222-bus eystemna can bo divddod inbo teeu bypres.
»  Systems containingg ane backplane

»  Sywiemns containing mulilple back planes

Before configaring ary syatem, hvee characterstics foc vach madule in fhe
aretem must be identitied

= [Poseer f:n:'\ll'l-;:l_1j11F?|'illll +0 Wde and +IF Wdo oare the curcest
requirertents.

= AL bue luading — He anieunt nd capacilanes o modube presents b
vus aigonl fine, AL loading 15 expressed in terms of ac doeds, whers
oo o o enisls 230 BB ol capaciianc,

v O Bus Toading —ilve sonouni of de leakigge cureen! a rnndule prasenta tu
i Tiuz slpnal whan the e i high fundriven). T Inading in axprossed
b temns of de loecde, whers ane de Toad equals 2H) g fnomminsl).

Fowes condumption, o leading, and de baolicg apeciiicabions for cach
modube are ciidad in the Micrcemeder biterfaces Hauchonk.
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MCTE: The go e e lowds gsad the poneer consaiiniion af the processar nrods,
ferminnitor srvefile, umd bredpbee et B ieclicded i deternizinieg the fofel loneivgs
o o kg,

Budey for condlzoring single-back plane epetems are ns follows

When using a proceszor with 2E0-chm ferminadion,  the Tos can
pevmmmedale modilea 1hai have up to 20 ac loads before addition.
rermination is required, {See Flgnre £ 170 If move then 24 ac loads are
feclicled. M nthes and of the us muose be emincied with 18 obrne,
angd ther wprin 25 ac loads may be prosent

With [I0-nhm processor teroninalion, ap o 53 &¢ loads can ba Lsed
withomt nddditioral termimation. B OT20 ofesy bos lemination is adcled,
up o 43 g leads s e candlgured in the hackplane ’

The by can avcornmadate mndules up e 20 de boads itatal].

Thi bus zlgnal lines on tha backplane can beowp te 53300 om 714 wiches)
T,
[

N&s23LHE B RF
| T MG 14 1] NAKIHLN '|

[ o N
1 OINE O4E e CRTakAl
senr T Uit L T
L -LAL Liald
] -+
ERLN L - —_— _'!.-1 W
! _[)' 0 A LEAD:
| = Rl R B Pl -
—_
SPIOLEESCA Tz
e

Flgura C-17 Singie-Backplare Configurallor
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Fules Far conflguring muilipls backplane syetemes are as folnwes.

*  Wignre U 18 shows that np bo three backplanes ran make up the systeen.

|..,_

B A s ek s BIRT —
InEUM L RAR

~—

.l.'q:-E! -
|

L
- ]_ 1 |'
! JhE | kL
2zl Ak aml
i 1etat ] e
+ | i
R | ———
L B | HALLIAIL S
RHEAREEE
L TRUArLupE s
}"‘ 2 NI A
— —h—

L

—n .I I Ak 1"l | I_ —_—
st T T |
|_ J Lol nen |
| r..:-.-.'-I PR— JR— Ca= F

ANPITER =
[t Rt Re L]
=AER ANE

12 ac
1A

LEELE
TERK

xIXToS:

L

dwal LOnTe K

EACKR. RHCYI L
Tind G DN Mak

e
OO T AN

T OTeiD LAE b A AR VT T T AR

TRTAL Lkl

LR aeDE U gL WA

daiEr

UENECEE

Flgure ©- 18 Mult'ple Backpiane Conlfiglratien
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‘Thi: signal fines on each backplane can bs up tw 259 cm (0 Inches)
T ATER

Lach backplane can nccomunindate modoeles thal hawe npin 22 a0 loads,
Unwserl a2 loads from ome backplane eeay nod he added 4 anedhesx
backplane i the evcond backplane toading exceads 22 ac Toads. T s
desirabie o el backpianes equally, o1 with the highcst g2 loads in he
fiesl and second Iuackplanes.

L toadior of ali wmvodules i all back planes cannol excesd 20 Lopds.

Both enits of the bus must e rerminated wilh 120 abang  This meana
fho bst and last backplanes must have an Inpedance of 120 olma.
T achigve thiz, vach .,..1._-j-;|, lape con be lumped logather as a alngle
[rrrint. The resigtive derminstion can be provided by a combinglion of
by tnogiules i the backplane  the procesaor prw iding 220 by ko
ground in gramllel with an ccpansion padidle cerd providing 250 abans
b pive the needed 120-chm termivation.

Abwminatefy, o proccssor with 720-ohm termdnaiion woualrd need on
netditional tenninzlicn oo the j|.1|.|:ﬂr: cardd to attmin LI chms in the
Firat boa. The 12-olnr lermsinaliot in the st thrx pan B LTy Aded o
tern ways: the termination resistors may reside elther nn LI'n.-= EXPInTIHi
paddiz card, oF oo p bus termination caed {swch ee tha BDV1i).

The cablalgy crnevecting the ficst by backplanea is (are) 61 cm (2 Teet)
0 more in Tengrh.

The caitlefs) connecting she second waockplane to the thicd tackpisne is
tarej K22 om (4 feei) lomger or shosber thias e wable(s) connecing the
first and second Barkplanes.

The combined lenglly of b cables cannat coceed 4,88 moi L Eeet).

Tz catoler: vused musr hawe a cleracteristic imnpedance of 120 ol
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C.8.1 Powar Supply Loading

Total puver ceguirements [or each backplane can e delermined by
shiaining flhe 1ok Al preet requUITeients il'.-‘ cach mulule in the backplane.
TIhtaie aeparate totais for « 3 % and + 712 % poner, Fawer T-:'qu:rl:mtnh far
each m-:..:ll::lr_ are spesified in Lhe Adicmeanepater Inferfreoes { el

When distributing ooeeer Inmulliple I:adscp]‘:mc s_','atl_'r.w. da et alkerapl
e diiztaibote powver via the QE2-bus cables, Urovide separale, appropriale
prwer winng am each powess supply te vach backplune.  Fach poswar
supply ¢hiald be capable of asacriing BPOK M oand BTETIK H signala
arcarding o bus ]_'l"El:I:I-fI;JJ this s reguived i aslomealic pearer- -fril!Tcutart
peoptams are implemented, or i specls periphersls require an orderly
power-down kil sequence.  The proper vee of BROT H and FLHODE 11
algnata i= pheomgly rocommended,

C.9 Moduis Contact Finger Idantification

[igital's plug-in modules all wee the anmic contzet Anger (pio) ldanti eation
sgtern. A typical pin i shown in Figuee C-19,

(2o
-~
- | s
-~ -
o -
."F re .
- |
-~ | KLDILE ¥
HMAT SOy IDLH IFIZK =4t
E B WO LTk
ETR
FI'd HEFH 1 1RE=S
M
s
[TERFT R

Flgure C-12 Typicsl Fin idanililcation System

The Q224 ia Hased an the 1se of |::'||::r] '|‘:E|g|'|| modules that phige into
3 2-clot bus connectsr. Liach slat cundalng 36 Times (18 linc: oo bath e
fompanent side sned the older #lde of fie cieonic Boarc).
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.'_:l,!l;_l'_EI_ Liar g":| and resr Bobeecluche o osgreerie wdeniifer Fee The side af e
moduie, The sormponant side is desigraled slda 1, ke solder abde iz
desinabid el 20 e sheorwen s Tigre C-2000

Figura ©-20 Qued-Height Modula Contact Fingar Idantificsatian
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Letters ranging trom A thrgugh ¥ ojewcliding G, L O, and ) identity o
o’ ticular pia omoa slde of & slet. Table O-F sty sod ideatifles the ua pins
il iha -:lhs.:']-npjgh module. A bos pin identifier eocding with a 1 3= Zound
e L Enll_fljﬂent aide al the haard, while @ bus pia identifier anding eeith

& 2 is fennd onothe soloder side ol the Tnasd.

I'he positioning noteh helereen the o rows of pins mates whil o prabuglon
on e conneckor Block (or <orrect module posiibioning,

The dmessinns for e frpical Q220w mogule are represented  in
Figure £-21,

L HIL

P W -I.-\.'_i— IdekH-E¥.4 5hkH H HH-H
BT e <z DAL S SELCTED 34 ¢ dPE 1o
L =T e ey FEREHE-HY UFE 1P ARIF IREDT ) R
A A -.-I 1B FRL I =F i T SR A
o P Piay P ] TR TR R DHAC- 5 oI = 308 1
LAk 1 B— "
T ) o - o H e )
vn |LF L - -2+ —
n T2
S| 5
! o e 7oame
== T 1o roTR —dtEEe
inT LTIL: ! R T
; N .
H CEl ¥a- NTH1 20 BT 1M
>k T 1
: SN — .
1 (el |
WA el LTe 1= Jie”
+ ] [l 1T B —
[FESELLY EY
N il e | 1Y . T LTI
| —— | LR | _ H
-BE [ R - r -1 i &5 AT ._g..l-. 1
— e B |l rd : SHI4F WL
I 1 L s 1 == — COLTIHIN e
M 'E.I.D.I.I.I.I.I.[ 1 L o= HL T e EH
il i “Eﬂmmﬂ[ 111 :
J_l_-.l_ T I !ﬁl:h&!’u I _ £ [ NE N TR, )
1" - ! " - e -:...:.W: L M AT
L R Y - ja—— [P T T
L gk ",'.' ‘-?"'“-.--“H A N T —fanl I
P Apirdeals e e HOHR AN R L

LR I L

POCaA e

L 1il=l A

Flgure G-21 Typical Q122-bus Madile Dlmenslons
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Trols C-¥ Eux Pin IWantifiers

Bus Fim LH= Definttion

AL HIFNS L lnterrupt mequest peiosity el 5.

AR D10 LL Lilerruel seauesl priosity Jevel 4.

AT 2halle L Estended addreasy bit duning addeessing

protecalr aemoey ereoe ata Boe dieing dats
travistay prasenl,

AP Hioz,

—
-
-

iaterded address bit dhaome addreeang
st enermery sercr oo enaile dadng
dala Lranglor posloce.

Al EEPARLED Sprcial spame — ot nsgigred e aeed T
talternate = S .’."iEi al'~ rahie v hrLF'rq"'E.'.hne ANEETI,

Availabbe for vass conne e, Dphicmaliy,
this par ran e eed for +5 4 boitesy 145 1)
bavk-op puwess do beee coikbical cifoaiss slivs
carag prwesr tailaces, & Suzopss e segoived am
023-bus apliens o ape pdisccnoecth the +5= B
fhocel i spsieme Wal ws= i Loe ak
CEPAREL

AT CsPARE2 Special apaie nad assipned or buesd in
Dizllel's canle or Dackplene aparmiblles,
Angilphle far veey fnicrcannoction, T e
highieet practy davics s, the prareeat coan
vtk pio Boroa aestal o sralicale ity run
glale.

Al L L P Spccizl spere — ol aselenod of bussd
BRLUH simsaliproeugiv ln Trplal'a cakds o packp ane
aswmbliee: aeniTsRleE Fee aser inerenareckion,
A attormiie SELUMN sizngt cor e cannecled i
the highasr primtie sey,

i I NG - avstem signgt greund gag G0 ethar,

LEA| MEMAREERA Spipionance apars - riormaty connoniod
bagrethrr on the Rarlplare ab each mEeon
lrwation fanct a Trass=d commecdurl.

ML MGEAREN Mlainlonaase soare — novmalir connoclad
Logelhes on Lhe backplanse al rach cpllon
lecation {naf p Rsed camaaction)

AT [ [ Coraend — guateTr ler!.'.'! gr'm:n-.'] nmA i e,
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Takle C-7 (Coniy  Bus Pin fdentifiers
Bus Fin Gigmal Lrafint lam

(R BOAR | Lohdn roquest — a devize aggerts Unls signal
Lo roquest s mastecshle, The pracessnr
atbitzales bor maseeeship belwecn itsclf and
all DB Aensicss oo Al bos, 1T the processoe
iz nol s reaster At has cooleled a tas oecle
aod BEYTL L ois nut being asserted by rhe
prozeasar), 11 prombs bus rrupstesghin o he
roqursting devics by aggesliog RODRCOY L.
The dmein e nespaods by pepethog FIIME L e
ararting B5ACK 1.

AN PHALTT Peceszor Pall — when BHALL L la aanevied
for ¢ leasi 25 g5, fhes prewessnoe servloes The
hall nietrup and resports by halllng normal
prograny cioretion, Hadernal SLECIURLE &
igrwered BaL memoTy refiesh lderraeio In O0E-
hurk operallang are eratled if Wa an the M
and RTI6d A prosessor anodules L oromeesed
sl DiMA poquestigmant weqiientes arc enabied,
The prooesset exexntes the QDT microcede
acd Lhe conzale devies opedalion ls inreked.

AR BRLI L Krmory refrezh — azzoried oy a DMA deelee
Thix kigrial fo0ces A ynamic MOS memony
BRitE quirlng bus refresh signale o be
activated Sar cark GEYMC LB L bus
vrpnApcHo. Bt s alro used as 8 comti] signal
For Block mode 1204A

GAUTION: The ueer must arpdd s iple
A dela frensfers daecif or kel seedct Hiod
ol ety efresh operution 4 using DMA
spfresh, Cladislete refresh oles msl noour
e ceery 1 e F requedred,

A5t FI2 B =5 B P12 W or +5% Y allery lackeup pusesr
v bpep cellical cipenits alive durng power
failueas. This sloned 5 mint ased b0 257 Ln ail
of Digilal's Daclplanes. A jumper Jz roguired
fun lf ()223-bns options o ops Ldlecannot] the
Lackus clrradt from b Beg In syaterns that e
Ladz llne at the aiterozle '.-{-":-'IE,E'

=T] L LTS Cornmd Ly SLEM ziﬂnnl L mard and e retur,
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Bug Plee Skgnal
&1 FSFaRE 1
LAt +4 R
InAd TR 1
(LIF Bk H
EL L5FARED
BAT IR I .
[#2hit Ny
[ S5ARLE
EL1ALTY L
L22 hit ity
il S5FAREE
EhALI0 L
B LGPATE?
LAl L
TEIT FRMARTY
i1 GHL
Hid MSFARER
Hl ML ARER

Defnlton

Spare — moi pssigned. Clnstormess ussg?
nob yeeemamhiemided . Precestn douiajne whan
madrios are inseried wapriiy towa,

I 5% habmer poneer seoesdary +50W genaer
conecsinn, Aattery coever can be wid with
eTEui de i,

B power Db — 4 fewer apply Beiveralod
sigmal that i ssmactel when Lhe avallable do
volkage &5 sullickenl to susiain relinble spsicm
npEmaAin.

Fower OF, — pzzecicd by the power supply T
mes ailet BIS2OE L2 nogetcd when ac power
drggs Telowr Lhe yalue cogquired mnosustain
power fapprodmalely ™% of nominal). Whem
siega e Curing procedsnd oEradion,. p poweT-
Lall Lyap =equence Ls Inltlated.

511:'_1;!.al ST In thr £322 hus Tk aidpn e,
Fused in 22 st cabile wnd Dackpdane pzzambiles.
wenilalale b awer indercorureClion,

CAUTION: Zirese wivs oy b osed B
o miriA e e esl peiris 4 sonne aptiona,

In e (F2-Pus, those tassd adzress lnoes ane
address Hnoe <2115 Comenrdy quet wied
Auring dala Limc,

T Lhe (F2-bas, theer ased address lines ane
addresg lioes <2008, Currently not wsed
cluming daky Eme

Gpesial spare - el assipnad or Dused In
Ctiwibal'd cable and beckelane gnsemiblies,
Available [or user inlercannertion,

Srolind — system signnd groamsd and e retarn.

Melnlenanoe sprre — nnrmzlly runnoecded
[DEl:'[i1|:'|' an khe 'I'.!.'.n:"l-:|:'.-'|.'|1'||:'. at wach |:|-|."t:.l:'u'|
loralion tnot a bozcd conmestion ).
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Tabie C-7 (Cont.k Bug Pln dendifiars

Bus I'in Sigaal Thfirition

Rl ML o Sronad — HYHERT) ::i;_.;n..'ll reroncwd asd de celurn.
LI BSACK L This signal i avwerked by 2 DR dovice In

rospuwiEE b Pre pricessor s BDRAGO L zinnal,
imdicating What e DA desior is o mister,

Bl MRLIF L. Libersup requces prigribs Treoel 7.

I ALY T K. Bxlesaal eveal faterrupt nixquest v lhen
*gszerled. Ihe preeseer responds by eniesclng
g soiFlcs Touotime wia weber sdelvess 1008, A
tyrienl nse of Hus sigeal 12 08 2 Une tieee Slack
ﬂ.ITI:'.:I L Rt T

| 37 %y harrery b kedp coeater d0al based o
ARTAm all ot Lidges!'s Backplaoesh,
BT L TR Ground — sestern signa! grocend 2ol de relura

I el ARE? Prewer emave 2 sk aeslpned a funciien g
ot pecoinmetdrd fees u=s 1 3 aGoodade is
velrg
1V em opim ABE2), aod, e recedulc Oz
ace dentatly inserted ueelde down In The
T bl ane,

13 Wil appeass on in T

i -3 -3V et - aenal +5 Ve sesienn et

A

L -2 e - sornal + 0 Ve svebesn pinver,

AR A7 12V pawer — -1 ? Wee poweer for optional}
dlevioes nequiring fhis roltage. basl C2-bus
cogdule Thal regnires negative wolkages vontalns
pm I ke cincaid that gancraley the werined
erltageinl, Theralepe, =127 W powaer i5 not
ceguifent o bk Dipiiel’s oot ns.
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