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Chapter 1

The NUM Achine M ultiprocessor

1.1 Overview of Hardware Componentsand I nterconnection

NUMAchine is a scalable cache-coherenshared-memorynultiprocessodesignedo be modular cost-
effective andeasyto program[V *95]. The architectureof the NUMAchine multiprocessoconsistsof a
numberof stations connectedy a hierarchicaking interconnectiometwork,asshownin Figurel.1. This
organizationprovidesmodularityfor incrementagrowthin systensize.

Central Ring

C Local Ring .. Local Ring )

~ 7

Stations

|
]

00 fﬁ

Figurel.1: TheNUMAchine hierarchy

The NUMAchine stationis shownin Figure 1.2 on the next page. Eachstationcontainsa numberof
processocardswith caches|ocal memory,l/O, anda networkinterface.The networkinterfaceincludesa
networkcachefor cachingremotedata,andaring interfaceconnectedo thelocal ring. The component®f
astationconsisiof commoditypartsfor cost-efectivenesspotablyfield-programmabléevices.Not shown
in Figurel.2 onthefollowing pageis acentralizedousarbiterto controlaccesgo the stationbus.

Thelocalmemoryimplements portionof theglobalsharednemory andthenetworkinterfaceincludes
anetworkcachefor copiesof datafrom thememoryin remotestations. A hardware-implementezhcheco-
herencerotocol[Grb96]isimplementedn thelocalmemoryandnetworkinterface.This protocolautomati-
cally maintainssalid copiesof datain cacheshroughouthesystenin orderto provideeaseof programming.

3



4 CHAPTER1. THE NUMACHINE MULTIPROCESSOR

~
~ Local -

Disks
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Ethernet--e—

| |
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| |
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SCache eeoe SCache|

Figurel.2: Componentin aNUMAchine station

NUMAchineis built usingthe MIPS R4400microprocessofHei94]. The R4400is a single-issugro-
cessomwith on-chipprimaryinstructionanddatacachesandsupportfor a large externalsecondarycache.
Only oneoutstandingnemoryrequests supportedy the R4400.

However thedesignof thebackplaneandinterconnectiometworkcansupporta futureimplementation
basedntheMIPSR10000microprocessdMIP94]. TheR10000s asuperscalgorocessowith supportfor
up to four outstandingnemoryrequestsincluding prefetchrequests.The designof NUMAchine includes
provisionsfor requesidentifiersto supportmultiple outstandingequest$or the sameprocessar

1.2 Organization of This Document

The purposeof this documents to provide hardwaredetailsand maintenancénformationto supportthe
operationof the NUMAchine multiprocessar
Partll onpage9 of thisdocumenprovideshardwaredetailson the following topics:

e commandncoding(Chapter2 on page9)
e systeminterconnection{Chapter3 on pagel5)
e systentlocking(Chapter4 on page21)

e arbitercard(Chapter5 on page25)
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e processocard(Chapter6 onpage27)

memorycard(Chapter7 on page4b)
e |/O card(Chapter8 on page59)

networkinterfacecard(Chapte on page67)

inter-ring interfacel/O card(ChapterlOon page75)

Partlll on page85 of thisdocumenprovidesinformationrelevantfor the operatiorandmaintenancef
NUMAchine, specifically:

e powerdistribution andpowerup/powedown procedure¢Chapterll on page85)
e replacemenotf cards(Chapter?? onpage??)
e maintenancéor programmabldogic deviceg Chapter?? on page??)

e guidelinesandproceduresor testing(Chapterl4 on page97)

FurtherdetailsregardingNUMAchine arefoundin a numberof relateddocuments:
e cachecoherenc@rotocolspecificatiorfGrb9q

e designof stationbusandring hierarchy[Lov96]

implementatiordetailsfor 1/0 card[Gus9§

designof monitoringhardwargLem96]

principlesof operationfor systemprogrammer§CGG+97]

e overviewof the TornadooperatingsystemO/S9g
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Chapter 2

Packet Format and Command Encoding

2.1 Packet Format

Thevarioushardwareeomponentsf theNUMAchinemultiprocessocommunicatéy exchangingnforma-
tionin unitsof packets. Theformatof the NUMAchine packetis givenin Table2.1. Eachpacketcontainsa
setof commandits,and64 address/dathits. Parity/ECChits arealsoprovidedfor errordetection.

Table2.1: NUMAchine packetformat

| Field | Size(num. of bits) ||
Command 16
Commandparity 2
Address/data 64
Address/datparity 8

Therearetwo typesof packets:
e aheader packet,
e andadata packet.

Requestandresponsearesentthroughttheinterconnecasa sequencef packetsonsistingof oneheader
packetfollowed by zeroor moredatapackets.The principalpacketsequencearegivenin Table2.2onthe
nextpage.

Forheadempacketstheaddress/datheld containsanaddressspecificallya 40-bit NUMAchine address
augmentedvith routing information,asshownin Figure2.1 on the following page.Furtherdetailson the
interpretatiorof eachfield of theaddressrefoundin NUMAchine Principles of Operation for System Pro-
grammers[CGG 97, Chapter2].

2.2 Command Encoding

Theinterpretatiorof the Command field of thebasicNUMAchine packetdepend®nwhetherthepackets a
headeor containgdata.Bit 8 of the Command field is used to distinguish between header and data packets.

e ForaheadepackettheCommandield specifieghe natureof theassociatedequesbr response.

9



10 CHAPTERZ2. PACKET FORMAT AND COMMAND ENCODING

Table2.2: PrincipalNUMAchine packetsequences

| Packesequence | Headempackets| Datapackets |
Readrequestcachedr uncached 1 0
Interventionrequesfor cachedlata 1 0
Uncachedeadresponse 1 1
Cachedeadresponse 1 8ori16f
Uncachedwrite request 1 1
Cachedwrite requestblockwrite or writeback) 1 8or16f
Updaterequesfor cacheddata 1 1
Invalidationrequestor cacheddata 1 o

TNote: 8 packetdor 64-bytecachdines, 16 packetfor 128-bytecachelines.
*TheR4400issuesandexpectsa dummydatapacketfor invalidations Thedummypacket

is droppedby the NUMAchine externalagenthardwarefor outgoingrequestsandis

reintroducedor incomingrequestsThe R4400detailsaredescribecklsewhergHei94, pp. 335,348].

NUM,g((:jrgrneess pnnagsk ?r:gsk PnrggLH &nagsk ?rggsk stn |magigO000 per—station address portion
60 56' 52 48 44" 40' 36 32' 282726 0
. J L A )
Y Y Y
source proctr/stn destination stn 40-bit NUMAchine address

Figure2.1: Formatof addresdield in headepacket

e Foradatapacketthe Commandield containsadata identifier to indicate:

— whethetrthis packetis thelastin a series,
— whetherthe parity of thedatashouldbe checked,
— or whetherthedatacontainsanerror.

2.2.1 R4400vs. R10000 Command Encoding

Thecommandencodingusedby theMIPS R4400andMIPS R10000differ in thepositioningandinterpreta-
tion of therelevantits. To permitafutureimplementatiobasecbntheR10000theNUMAchinecommand
encodings basednthe R10000.

Theexternalagenthardwarehatis connectedo the R4400systeminterfacetranslatefR4400-encoded
commandsnto R10000-encodedommandsandvice-versgseeSection6.4 onpage34).

2.2.2 NUMAchine Command Encoding
Encoding for Header Packets

Theencodingof thecommandield for headepacketds shownin Table2.3onthefacingpage.

e Bit 8is0.
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Table2.3: Interpretatiorof bitsin Command field of NUMAchine headeipackets

Req. Header Cmd. Cmd.
Mon. Num. Special| or Data Type Nack | NS/S Modifier
15..13 12..10 9 8 7.5 4 3 2..0
SysCMD[10..8] 0 SysCMD[7..5] SysCMD|2..0]
(R10000 only) (R10000-encoded)

e Bit 9 andbits 7..3identify the commandthe valuesof thesebits arederivedfrom the SysCMDbits
issuedby processor¢see[Hei94, Section12.9]).

e Themodifierin bits 2..0is alsoobtainedfrom the SysCMD bits suppliedby processorsandspeci-
fiesadditionalinformationsuchasthe numberof bytesto write for a Byte W operation(see[Hei94,
Sectionl12.9]).

e Forfutureuseof the R10000microprocessohbits 12..10containa uniguerequesnumberto identify
oneof severabutstandingequestgsee[MIP94]).

e Finally, bits 15..13arereservedor monitoring.

Table2.4onthenextpageprovideshe NUMAchine encodingor the Command field in headepackets.
Table2.5 on thefollowing pageprovidesthe interpretatiorof the monitoringbits in the Command field in
headepackets.
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Table2.4: NUMAchine encodinggor Command field of headelpackets

Command Hex Encoding| Special| Proct SysCMDbits | Nack | Reg/Res| Alias
Name for bits9..0° bit9 | 7.5] 2.0 bit4 | bit3 | Name
R Req 008 0 000 from 0 1 ITN_S
R_Res 000 procr. 0 0 ITN_S Res
R_ResN 010 1 0 ITN_S.N
MV _Req 208 1 X 0 1
RE Req 028 0 001 from 0 1 ITN_E
RE Res 020 procr. 0 0 ITN_E_Res
RE_ResN 030 1 0 ITN_E_N
RE_.ResW 220 1 0 0
SP.RE_Req 228 1 0 1
IC_.R_Req 048 0 010 from 0 1
IC_R_Res 040 procr. 0 0
IC_R_ResN 050 1 0
Byte R Req 068 0 on from 0 1
Byte_ R Res 060 procr. 0 0
Byte R_ResN 070 1 0
wB 080 0 100 from 0 0
SPWB 280 1 procr. 0 0
| Byte W 0A0 | 0 [101] #bytess1 | O | 0 |
UPGD 0Cs8 0 110 X 0 1
UPGD.N 0DO 1 0
INV 0CO 0 0
SPINV (kill?) 2CO0 1 0 ??7?
BC_Res OE1l 0 111 001 0 0
BC_Inv_Req 2E9 1 0 1
BC_Inv_Res 2E1 1 0 0
UPD_Req OEA 0 010 0 1
UPD_Res OE2 0 0 0
UPD_ResN OF2 0 1 0
Other ??7? 0/1 >010 0/1 0/1

*If notspecifiedbits 2..0areassumedo be zero.Bit 8 must bezerofor headelpackets.

Table2.5: Interpretatiorof monitoringbits in Command field of headeipackets

| bit 15

bit 14

bit13 ||

Network CacheHit/Miss

Valid/Invalid

Local/Global
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Table2.6: Interpretatiorof bitsin Command field of NUMAchine datapackets

Header Ignore Error Endof Cache
Mon. | or Data| Mon. | Parity Data Data Req./Resp. State
15..9 8 7 6 5 4 3 2..0
— 1 — R4400: R4400: R4400: SysCMDJ2..0]
SysCMD[5] | SysCMD[7] | SysCMD[6]
R10000: R10000: R10000:
— SysCMDI[4] | SysCMDI3]

Encoding for Data Packets

Theencodingof thecommandield for datapacketds shownin Table2.6.

Bit 8is 1.

TheReq./Respbit indicatesvhethera datapacketformspartof arequesti.e.,awrite), orif it is part
of aresponséi.e.,for aread). Thisbit mustbesetcorrectly otherwiseprocessorwill hangwhenthey
receiveincorrectly-markegbackets.

Theend-of-datdield indicateghatthisis the lastdatapacketin a multi-packetsequencésee[Hei94,
Sectionl12.9)]).

If the Error Databit is set,it indicateghatanerrorhasbeendetectedn this datapacket.It is derived
from the correspondindr4400SysCMDbit (see[Hei94, Section12.9,p.375]).

Theignoreparity bit is setwhenparity checkingis not requiredfor responselatain orderto prevent
processorfrom takingexceptions.

The cachestatebits arederivedfrom the bitsin the R4400SysCMD(see[Hei94, Section12.9]).

Theremainingbits areusedfor monitoring.

Table2.7 providesthe NUMAchine encodingfor the Command field in datapackets.

Table2.7: NUMAchine encodinggor Command field of datapackets
| CommandName [ HexEncoding ||

EOD 10X

Data 11X
Error-dataandEOD 12X
Error-data 13X
Ignore-parityandEOD 14X
Ignore-parity 15X

*Note: ‘X’ depend®n Req./Respbit 3
andCacheStatebits 2..0.
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Chapter 3

System I nterconnection

3.1 BusBackplane

Thebusbackplandor NUMAchineis basedn the Futurebus+physicalstandard[IEE9Q]
Themajority of signalsaresimply bussedacrosall slots,althoughumberof the signalsarereservedor
specialusesasdescribedelow

e Fivewiresarereservedor whatFuturebus-<allsa Geographical Address(GA). Thesdive bitsforma
physicaladdres$or eactslot. Theupperfour bitsnumbertheslots fromleft toright,0to 13. Theleast
significantbit is a1 if theslotis wired for a centralarbiter and0 otherwise.The physicalbackplane
usedfor NUMAchine only supportsa centralarbiterin slot O.

e Threewiresareconnectedn a point-to-pointmannerfrom all of the slotsin the systemto the central
arbiterslot,i.e., eachslot hasa setof threepinsthatgo directly to, andonly to, the arbiterslot.

e Onewireis reservedor a Reset signal.

e Address/Data andAddress/Data Parity comprisea total of 144 wires. NUMAchine uses72 of these
bits for Address/DatandAddress/Datdarity A numberof theremainingbits areassignedo other
NUMAchine backplanegrotocolspecificsignals.

Select and Response Select  This setof signalsidentifiesthetamgetdevice(s)or arequestandthetamget
device(s¥or thecorrespondingesponseTable3.2on pagel? providesthebit assignmentor eachdevice.

Source processor/device ID (PID) This setof bussignalsidentifiesthe originatorof a request.Of the
bits 3..0, bit 3 is definedas“responseaequested.’ This bit is normally set,but undercertaincircumstances
will beclearedto signify thatno responsés to bereturnedo theoriginal requestar

Bits 2..0aresetasshownin Table3.2on pagel?.

Busy (sinkable + nonsinkable) Assertionof Busy(sinkable)indicateghata devicecannolongeraccept
any newincomingpackets Assertionof Busy(nonsinkable)ndicateghatadevicemeanghatthedevicecan
only accepsinkablepacketsi.e., thosethatwill notgeneratanynewoutgoingpackets Thebit assignment
for the Busysignalsis the sameasfor the Selectsignals,asshownin Table3.2onpagel?.

15
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Table3.1: NUMAchine stationbussignals

| Signaltype | Logic | Signalnamesandsizes |
packet positive | SendelD 4
Commandt parity 18
Responsé&elect 9
parity 8
address 40
Address/Datg destinatiorstationmask | 8
Data| 64 monitoringphasdD 4
sourceprocessor/devicl®® | 4
sourcestationmask 8
arbitration positive | BusRequest 1
BusHold® 1
BusGrant 1
BusBusy 1
Busy Sinkable 9
BusyNonsinkable 9
Select 9
miscellaneous positive | Station/RinglD 4
OC (neg) | BusReset 1
OC (neg) | BusResetRequest 1
OC (neg) | SystemResetRequest 1
positive | Cacheline Size 1
MemoryPresent 2
IO Present 2
PECL | BusClock 2
positive | UartData 1
Uart Poll Request 1
GA Test 4
monitoring | positive | Local Ring Busy 1
1

GlobalRing Busy

TIn somedocumentatiothis signalis referredto asthelong or S.L bit.

3.1.1 Operation of the Bus

At the stationlevel, asplit-transactiorbusis usedto connecthestationcomponentsArbitration, flow con-
trol, anddeviceselectionareimplementedisingcustomhardwareprotocols.

Device Select

DevicesontheNUMAchine stationbusexplicitly selecthedestination(sjor eachtransactionForthis pur-
posethebusprovidesasetof Select lines,onefor eachdevice whichmustbeassertety thesendinglevice.
Theappropriatedestinationgredecodedy the sending hardwarebasednthe addressmagic,androuting
bitsin headepacketsandthecorrespondingelectinesaredriven. Furthermoregachdevicecontinuously
monitorsits own Selectiine in orderto recognizeransactionshatit mustacceptrom thebus.
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Table3.2: Detailedbit assignmenandencodingof NUMAchine stationbussignals

Encodingfor

Signalname Bit(s) | Description sourceprocr/devicdD 2..0¢
0 Memory 000
1 Networkcache 001
2 Ringinterface 001
Select 3 I/10 010
and 4 Processof 100
Responsé&elect 5 Processot 101
6 Processop 110
7 ProcessoB 111
8 Arbiter on
Busy(sinkable) 0-8 | seeassignmentor Select/RSelect —
Busy(nonsinkable) 9-17 | seeassignmentor Select/RSelect —
Station/Ring D 0-1 | specifystationnumber —
2-3 | specifyring number —

*Seetext for interpretatiorof sourceprocessor/devickd bit 3.

Buspacketsvith remotedestinationareaddressetb theRingand/oNetworkCacheandsentacrosshe
ring. Theremote Ring Interfacedecodeghe ultimatedestinatiorfor the packetandassertsheappropriate
Selectinesontheremotebus.

Arbitration and Busy Lines

Busarbitrationis performedautomaticallyin hardware Thearbitrationalsoenforcegshe NUMAchine flow
controland deadlockavoidanceprotocols. Eachdevicehasassociate®usy signalsfor two classef re-
guests. Sinkablerequestsnay not havea responsewhereason-sinkablerequestsnay havea response.
Eachdevicemay selectivelydenyserviceto oneor both of theseclassedasedon its instantaneoubuffer
capacity

Everycardin the backplanéhasthreededicateusarbitrationlines: Bus RequestBusHold, andBus
Grant.Onthebackplanethereis onededicatedlot thatmustbeusedfor the centralarbiter Theotherslots
areavailablefor anycard. Thebusarbitrationlinesareimplementedispoint-to-pointconnectiondetween
thearbiterslotandeveryslotin thestation.

Eacharbitrationcyclebeginswith oneor moredeviceshavingassertedheirindividual BusRequessig-
nals. At theconclusiorof thearbitrationcycle,the Bus Grantsignalis assertedor exactlyonedevice;only
thatdevicemayusethebus.

o If arequestinglevicewishesto issuea cachedline to thebus(i.e., a Long transactiorconsistingof a
headerand8 or 16 datapackets)the deviceassertshe Bus Hold signalalongwith the Bus Request
signalatthestartof thearbitrationcycle. TheBusHold signalcontinuego beassertedor theduration
of theLongtransactionbutis deasserte@ cyclesbeforethedevicerelinquisheshebus.

e For Mediumlengthtransactionshe Bus Hold signalmustbe assertedvhenrequestinghe bus,and
the de-asserteimediatelyoncethe busis granted(Mediumtransactionfiavea headermandonedata
packet). Unfortunatelythis wastesa few buscycles,but we haveobservedlow turnoff onthe BTL
driveerscausingcorruptionof thefirst andor lastpieceof data.
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e ForShorttransactionarequestingleviceassert®nly theBusRequessignal(Shorttransactionave
only aheadepacket).

e OncetheBusGrantsignalis assertedor arequestinglevice thebusmustbe usedfor therequested
transactiorsize.

It is importantthatthereis oneunuseduscycle betweertransactionso ensurdahatthereis nointerference
betweerthe BTL driversturningon andthoseturning off.

Forflow control,busarbitrationreliesontwo additionalcontrolsignalsfrom eachcardon thebus: Busy
(Sinkable)andBusy (Nonsinkable).Although busarbitrationis centralizedn the busarbitercard,the re-
sponsihility for checking whether the destination(s) is(are) busy rests with the bus requestor.

e Eachcardonthe busalwaysassumeshatthe destination(spf a bustransactions(are)not busy and
makesaninitial busrequestvithout checkingthe statusof the destination(s).

e Oncethebusis granted the requestorchecksif the destination(s)s(are)ready;if so,therequests
placedonthebusandtheappropriateSelectinesareasserted.

o If atleastonedestinationcard hasthe busy signalassertedno requests issued,andthe requestor
relinquisheghe bus. The requestothenwaits until all busysignalsare deassertedndrepeatshe
arbitrationprocedure.

Givensufiicient buffer capacityin eachcard,unfulfilled busrequestshouldberelativelyinfrequent.

Finally, becaus®nly arbitrationis centralizedit is possiblefor busrequestors$o issuerequestso non-
existentdevices.Writesto nonexistentlevicesdo not causeerrorsandareacceptedecauséhereis no ac-
knowledgementHowever readsfrom nonexistentlevicescausea buserrordueto timeout(furtherdetails
arein NUMAchine Principles of Operation for System Programmers[CGG*97].) Buserrorsmaybecaused
eitherby too manynegativeacknowledgementiéikely acoherencerror)or timeout(noresponsérom des-
tination).

3.2 RingHierarchy

Thesecondevelof NUMAchineis implementedisingahierarchyof rings (4 localringsandaglobalring).
Eachring is aunidirectional pit-parallel slottedring. Thesegmentsf aring betweemodeseingconnected
arereferredo asslots. Theseslotscaneitherbefull, sygnifyingthattheycontainvalid data,or emptysigni-
fying thatthe slotis availablefor newdata. Everyring clock cycle the datamovesonepositionaroundthe
ring.

In orderto transferdataacrosghe hierarchy everystationandring needsa distinctaddress A station
is uniquelyidentified by the combinationof its ring andstationnumber Thesenumbersareautomaticly
assignedluringa systenreset.

Table3.3: Thefiltermaskbit encoding
| Ring bits | Stationbits ||
[R3|R2|R1|RO[S3]S2|S1[SO]

Whendatais sentacrossaring, it is partionednto ring packets A ring packetis a supersebf its corre-
spondingbuspacket.A ring headelis addedthat contaginsothroutinginformationandtagsrequiredfor
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transactiomeassemblat the destination(s) The destinatioraddresss usuallyspecifiedusingthedest field
containedn theaddresportionof abustransactionFor sometransactiortypesthe packetis alwaysrouted
to thehomestationspecifiedoy thestationbitsin theaddressWhenthedest field is usedheaddresss spec-
ified usingan 8 bit maskcalledafilter mask. Thebitsin the maskcanbeinterpretecasshownin Table3.3
onthefacingpage

Forfurtherdetailson thering interconnecprotocolpleaseeferto [Lov96].

Thesignalsusedonthelocalring aredetailedin Figure3.4. Similar signalsareusedon theglobalring.
For detailson the implementatiorof the local ring pleasereferto Chapter9 on page67, andfor detailson
the Globalring pleaseaeferto ChapterlOon page75.

Table3.4: NUMAchinering signals

| Signalnamesandsizes | Description
FreeSlot 1 | 1=slotfreefor use
Watchdog 1 | Setaspacketraversesvatchdog/sequencirgpint
Sequenc®equest 1 | Forcegpacketto traversesequencingointfor multicasting
DestinationMask | 8 | ldentifiesstationghathavenotyetreceivedoacket
Monitoring Select| 1 | Indicatesring packetis intendedor ring monitoring
GlobalFree 1 | Monitoring optionsamplingif theglobalring is free
Header| SMA 11 | SRAM mappingaddresdor ring interface
StopUp 1 | Stopspacketfrom beingputonthering by NIC cards.Allows IRI to still sendpack
StopDown 1 | Stopsall nodesfrom putting packetonthering allowingthe NIC cardsto drain
Config 1 | Signallocalring configuration
Error 1 | Markthis packetasaring errorpacket
Wen 1 | Write this packetto thedownFIFO onthe nextstation
Commandt parity 18
Address/data parity 72
| Total | 120 |

3.3 Global Ring

3.4 Rack Mounting and Physical L ayout

TheinterconnectiomierarchybetweerNUMAchine stationsconsistof localringsandaglobalring. These
stationsmustbe physicallypositionedin rackssuchthatthe requiredcablelengthsarekeptshort. At the
sametime, easyaccesshouldbe providedfor maintenanceandcoolingrequirementshouldbe satisfied.

Figure3.1onthefollowing pageillustratesaphysicalracklayoutof severaNUMAchine stationgo form
two localrings. To ensurahatthe cablelengthsarekeptasshortaspossibletwo stationsn eachlocal ring
areplacedn aninvertedorientationin theracks.With thisarrangementheconnectiorbetweerocalrings
andtheglobalring is centralized Theinter-ring interfaceboardmay physicallyresidein oneof thestations
in the center or it may be separateThelayoutshownin Figure3.1 onthe nextpageconsistf 8 stations,
eachwith 4 processordpr atotalof 32 processorsA full complemenof 64 processoris realizedoy placing
two pairsof racksback-to-backAll connectiongo theinter-ring interfacearemadein the center
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Ring 0, Station 2

Ring 0, Station 3

Ring 1, Station Q

Ringl, Station 1
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front view

Ring 0, Station 1

Ring 0, Station 0

Ring 1, Station 3

Ring 1, Station 2

Figure3.1: Side-by-sideackarrangementb form local rings
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System Clocking

NUMAchine requirescleanand preciseclock signalsto supporthigh-speedsynchronousommunication.
Eachcardon a stationbusrequiresclock synchronizatiomith the othercardson thatbus. Eachring inter-
faceconnectedo alocalring requiresclock synchronizationvith theotherring interfaceon thatlocalring.
However differentbusse®nthesamering donotrequiresynchronizealocksbecaus¢éhe FIFOsin thering
interfaceglecoupldéhering from eachbus. Theclockusedfor thelocalring neednotbethesameclock used
on anystationbusconnectedo thatring.

4.1 Clock Generation and Distribution

41.1 StationLeve

In eachstation aclockgeneratiomnddistributioncardgeneratea BusClockwhoserequencycanbevaried
between25 and50 MHz in smallincrementausing DIP switches.Low-skewcopiesof the Bus Clock are
distributedto eachcardin thestation.Figure4.1onthefollowing pageprovidesanoverviewof thisscheme.

e PECL (PositiveEmitter CoupledLogic) is usedfor clock generatioranddistributionbecausét pro-
videscleanandsharpedgeausingthe samepowersupplylevelsasTTL.

e A clockfan-outtreeis built ontheclock generatiorboardusingthe NationalSemiconductof00310
andMC100ELM to providea low-skewdistributionof the PECL Bus Clock.

e ThesePECL clock signalsaredistributedto eachcardin the stationusing differential, terminated,
twisted-paircablesof equallength. Eachtwisted-paircableis connectedo 2 pinson the busback-
line for eachcardslot.

e Eachcardin thestationis thenresponsibldor takingthe copyof the Bus Clock thatis deliveredto it,
replicatingit in TTL, anddistributingit locally onthe card. On eachcard,afan-outtreeis built with
MC100ELT1 andMC100H641chipsto generatemaximumof 18 TTL copiesof theBus Clock.

e If morelocal TTL copiesof theBusClockareneededpn-cardPLL (Phasd.ock Loop) chipsmustbe
usedto generatdéow-skewcopies.

412 RingLeve

Theclockdistributionfor thelocalringsis similarto thatof the stationsgxcepthatthering clock alsogoes
acrossa catagoryfive twisted pair cablewhich is usedalsofor resetand powerupcontrol. Figure4.2 on
page23illistratesthis.

21
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PECL
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| ECL clock
rogrammable driver .
ﬁquuency + 1:2 (100311) o
synthesizer (IjzrinLeflOCk \ 18 outputs
(285;;31822%)'_'2 (MC100E11) L9 . from clock card
ECL clock .
driver
(100311) _|
LI ),
Clock Gen./Dist. Card
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,—— TTL
I
' -
1:9
ECL-TTL .
clock driver °
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onnector d
on bus T * (MC100E11) 1:9 . percar
backplane ECL-TTL e
| A [clock driver .
PECL—b _ |(MC100H641)
Typical Station Card -
Figure4.1: Clock generatioranddistribution schemewithin aNUMAchine station
4.2 Board-level Clocking

Theclockingschemaisedonthesystencardsdiffersdependingntherequirementsf eachindividualcard.

421 Processor

SeeSection6.3on page32.

422 Memory

SeeSection7.7on pageb5.

423 10

SeeSection8.6 on page63.
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NOTE: All Category 5 cables must —

be the same length.

Category 5 cables
to other 3 stations 4/;

in the local ring

Powerup
Card

-

I

/

Catagory 5
loopback
cable

PECL twisted—pair cable

(all cables are equal in length)

—— TTL
[
-
T 19 .
Connectof | | ECL-TTL | o
on bus A clock driver
backplane | -
|
PECL +———~
NIC card

Catagory 5 cable
to IRI board

9 TTL clocks
q per card

Figure4.2: Ring clockdistributionschemeor alocal ring

4.2.4 Network Interface
SeeSection9.8on page74.

425 Global Ring
SeeSection10.50npage81.
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Chapter 5

Arbiter Card

51 Overview

Thearbitercardcontaindunctionalityfor centralarbitration stationlevelreset aswell asasmalltestcircuit.

5.2 Arbitration

SeeSection3.1.1on pagel6.

5.3 Test Circuit

A smallnumberof testcircuitsareavailablefor testingthe functionof a NUMAchine busbackplane.

54 NUMAchine BusInterface

The currentarbitercarddoesnotinterfaceto the NUMAchine bussothereis no buscontrol circuitry. This
doesnot, howeveyprecludeutureversionsof thearbitercardfrom havingfunctionsthatareavailableto the
NUMAchine bus— thearbiterslotis completelyfunctionalasa NUMAchine slot.

5.5 BusDebugging Headers

Thearbitercardprovidesanumberof headerso beusedwith theHPlogic analyzerffor debuggingurposes.
Figurevreffig:arb.headershowsthelocationof thesepods(viewedfrom the backof the pcb) andtheir pri-
maryuse.Tablevreftab:arb.bus.headeadstailsthe signalswhich areconnected.

Whenusingtheseheadershevoltagelevelneedgo beadjustedincetheseneadersll provideBTL level
signals.We havefoundthatsettingthethresholdo 1.55Vworkswell. MostcommonlytheSelectCMD and
AD headersreusedfor debugging.

25
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H8| [H4| |H3 H12 [H10] [H14) [H17| |H6 H15 [H13 [H11 H5 H18,
Inuimel
CMD 0 15 16..31 32..47 48..63 Rsel
Select Parlty

AD Arbltratlon

Figure5.1: Locationsof the Busheaderonthe Arbiter card

Table5.1: Bit assignmentsnthe BusHeaders
| Bit | Description |

| Header| Name

H8 Select 3..0 | Undefined
4 | BusBusy
15..5| Select[8..0]
H4 CMD 13..0| Command[13..0]
15..14| Commandparity[1..0]
H3 1..0 | Command[15..14]
15..2 | undefined
H12 15..0 | Address/Data[15..0]
H10 AD 16..31| Address/Data[16..31]
H14 32..47| Address/Data[32..47]
H17 48..63| Address/Data[48..63]
H6 Parity 7..0 | AD parity[7..0]
8 | BusySinkable[8]
9 | BusyNon-Sinkable[1]
15..10| Obsolete
H7 7..0 | BusySinkable[7..0]
14..8| Obsolete
15 | BusyNon-Sinkable[O]
H15 5..0 | BusyNon-Sinkable[8..2]
15..6 | Obsolete
H13 Obsolete
H11 Rsel 8..0 | Rselect[8..0]
15..9| Obsolete
H16 Obsolete
H5 0 | Busrequestest
1 | Short/Longtest
2 | BusGranttest
15..3 | BusRequest[12..0]
H9 Arbitration | 12..0| Short/Long[12..0]
15..13| BusGrant[2..0]
H18 9..0 | BusGrant[12..3]
15..10| undefined




Chapter 6

Processor Card

6.1 Overview

The NUMACchine processocardprovidesoneprocessingnodeper card. The cardincludesthe R4400pro-
cessarasecondargacheFIFObuffering,abusinterfaceandlocalresourcescludingmonitoringandbasic
I/0. Theprocessocardcanbebootedfrom anon-boardEPROM,or throughthe gizmo connectoron each
card. In thefinishedsystemall processorshouldbe ableto bootfrom EPROM.Furtherdetailson the pro-
cessokard,particularlywith respecto theaddresspacearefoundin NUMAchine Principles of Operation
for System Programmers[CGG+97).

An overviewof the component®f the NUMAchine processocardis shownin Figure 6.1 on the fol-
lowing page. The namesof the devicesreflectthe nameschoserfor the designdescriptiorfiles. The key
component®f theprocessocardare:

o theR4400processorandits secondarygache
o the ExternalAgentdatapatrandcontroller

FIFO buffers

localresourceg¢lLocal BusinterfaceandMonitoring)
e theNUMADusinterface(bustransceiversindcontrollers)

e theResetontroller

Thecentralcomponenbf theprocessocardis theR4400microprocessom brief summaryof its features
andbehavioris providedin this chapter Othercommoditycomponent®n the processocardincludethe
FIFObuffer chipsandtheBTL bustransceivershesecomponentaredescribedn AppendixA onpagelOl.

6.2 R4400 Microprocessor

The R4400microprocessois the mostcomplexcomponenbn the processorcard; considerablaletail re-
gardingits behavioiis discusse@lsewhergHei94]. Theintentof thesummaryin this sectionis to highlight
theimportantaspectsvhich arerequiredto understandhe designof the external agent, whichis discussed
in Section6.4 on page34. As such,detailsrelatedto instructionexecutionarenot coveredhere. Only the
signalsandprotocolfor transferringcommandsnddatain andout of theprocessoandthesecondargache
arediscussedh this section.
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Figure6.1: Overviewof component®nthe NUMAchine processocard

6.2.1 System Interface

Figure6.2onthenextpagedepictstheexternakysteminterfaceof the R4400processarThesesignalscon-
necttotheexternaknvironmenttypicallyto acollectionof logicreferredto astheexternahgent. Thesystem
interfacehastwo associatedtatedor thebidirectionalsignals.In master state theR4400drivesthebidirec-
tional signals,while in slave state the externalagentdrivesthem. The systeminterfaceprotocoldescribes
theconditionsundemwhichtransitiondetweerthesawo stateccur In switchingbetweerthesewo states,
thereis alwaysoneidle cycleto permitbusdriversto turnon andoff safely

Thedescriptiorof the systeminterfacesignalsis givenbelow

SysAD[63..0] 64-bitbidirectionaladdress/dataus
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t—~—m SYySAD[63..0]
a—~— SysADP[7..0]
<ﬁ&> SysCmd[8..0]
t—— SysCmdP
a——— ValidIn*
—— ValidOut*
l«———— EXtRgst*
——— Release*
la——— RdRdy*
la——— WrRdy*
la——— IvdAck*
«—— IvdErr*

R4400

Figure6.2: Systeminterfaceof R4400processor

SysADCJ7..0] 8-bitbidirectionalcheckbit busfor address/datayhenprogrammedo operaten “byte par
ity” mode,thesecheckbitsimplementevenparity checking

SysCmd[8..0] 9-bit bidirectionalcommand/data-identifidrus
SysCmdP 1-bit bidirectionalevenparity bit for command/data-identifidrus

Validin* Thissignalmustbeassertedby theexternalagentoneachcyclein whichvalid address/datalong
with command/data-identifiés sentto the processar

ValidOut* This signalis assertedy the processoon eachcycle in which valid address/datalongwith
command/data-identifiés sentto the externalagent.

ExtRqst* Thissignalis assertedby the externalagentto request transitionto slavestate.

Release* This signalis assertedy the processoasan acknowledgmento ExtRgst*. Onecycle afterit
is assertedthe processostopsdriving the bidirectionalsignalsandthe systeminterfaceentersslave
state.

RdRdy* Thissignalservesasanindicationfrom the externalagentto the processothatthe externalagent
canacceptprocessoread,invalidate,or updaterequests.If it is assertedt leasttwo cyclesbefore
the processoissuessucha requestthe processoconsiderghe requesto acceptedlf the processor
assertarequesivhenRdRdy*is high, it mustwait until RdARdy* goeslow, thenit mustwait for two
cyclesbeforetherequesis consideredo be acceptedy the externalagent.

WrRdy* Thissignalservesasanindicationfrom the externalagentto the processothattheexternalagent
canaccepta processomrite request.If it is assertedt leasttwo cyclesbeforethe processoissues
sucharequesttheprocessoconsidergherequesto acceptedIf theprocessoassertsrequesivhen
WrRdy* is high, it mustwait until WrRdy* goedow, thenit mustwait for two cyclesbeforetherequest
is consideredo be acceptedy the externalagent.

IvdAck* Thissignalservessanindicationfromtheexternabgentotheprocessothatapendingnvalidate
requeshasbeencompletedsuccessfullypermittingthe processoto continueexecutingnstructions.
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IvdErr* Thissignalservesasanindicationfromtheexternabgento theprocessothatapendingnvalidate
requeshasnot beencompletedsuccessfullyresultingin abuserrorexception.

Specific Behavioral Details

TheR4400systeminterfacedoesnot checkparity onincomingcommandits. Becauseddresgyclesonly
use36 bits outof the64 bits onthe SysADbus,thereis alsono errordetectioronincomingaddresses-ow-
ever propercheckbits aregenerateadn the SysADCbusfor outgoingaddressefHei94, pp. 412-413].

Externalrequestdrom the externalagentto the R4400processomay asseria cancellation bit in the
commandWhenthe R4400hasan pendinginvalidate,assertinghe cancellatiorbit forcesre-executiorof
theinstructionwhich causedheprocessoinvalidaterequest Thisre-executioriorcesare-evaluatiorof the
cacheline statefor the dataaddressn questionwhich maythencausethe R4400to reissuethe processor
invalidaterequestpr to issuearead-exclusiveequest Theread-exclusiveequestvill beissuedf theexter
nalrequestesultedn theinvalidationof the cachdine whichthe processowasattemptingo write [Hei94,
p. 336].

Thereis anundocumenteéeatureof the R4400regardingthe mannelin which it respondgo external
interventionrequests.The R4400alwaysrespondgo interventionsn sub-block order evenif the R4400
is configuredwith the sequentiabrdering. To ensurethatthe datain theresponsés in sequentiabrder the
externabgentmustresetheleast-significanaddressitsfor interventiorrequestbeforetheyareforwarded
to the R4400.

Thefollowing areimportantaspectsf thesysteninterfaceprotocolregardingransitiondetweemmaster
stateandslavestate:

e After issuingareadrequesin mastesstate the R4400performsanuncompelled change to slave state
to awaittherespons¢Hei94, p. 301].

¢ Whenauncompelledthangdo slavestateoccurstheexternalgentmustnotethistransitionsothatit
doesnotperformarbitrationfor the systeminterfacein orderto sendanexternarequesto theR4400.

e After each external request isissued by the external agent, the R4400 reverts to master state [Hei94,
p. 300].

e Whenthe R4400is awaitingareadresponseandan externalrequesis issuedby the externalagent,
andthencompletedoy the processqrthe R4400 makes another uncompelled change to Slave state to
furtherawaittheresponsé¢Hei94, pp. 301,332].

Someadditionalaspectsvhich werediscoveredvhentestingthefirst versionof the processorcardare
givenbelow:

e TheR4400seemdo usea counter whenreceivingcacheines,i.e., it is not possibleto simply send
a single64-bit packetwith the end-of-datadentifierwhenthe processois expectinga multi-packet
cachdine.

e TheR4400expectshecachdine statein thedataidentifierforincomingcachdinesto beavalid state;
if the stateis “invalid” or “reserved,”it simplyignoresthe cachdine.

6.2.2 Secondary Cache

TheMIPS R4400processocontainseparaten-chipprimarycachegor instructionsanddata.However the
capacityof eachon-chipcachds only 16 Kbytes.Hence anexternakecondargacheof muchlargercapacity
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«~% SCData[127..0]
«—2%% SCDChK[15..0]
e SCTag[24..0]
'« » SCTChK[6..0]
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| SCTCS*

R4400

Figure6.3: Secondargacheinterfaceof R4400processor

isrequiredio ensurghattheR4400performswell. FortheNUMAchine processocard,thesecondargache
capacityis 1 Mbyte. The secondargaches a unified cachefor bothdataandinstructionghoweverit may
beconfiguredasasplitdata/instructiomachewith appropriatgorogramming) More detailsonthesecondary
cacheinterfaceof the R4400aredescribectlsewhergHei94].

The R4400secondarycacheinterfaceis shownin Figure6.3. The full descriptionof signalsis given
below:

SCDAta,SCDChk 128-bitdataand16-bit ECCbussesbotharebidirectional
SCAddr,SCAddr0 18-bitaddresbus;bit O is replicatedo provideadditionaldrive capability
SCWr data/tagnrite enablesignal;replicatedto provideadditionaldrive capability
SCTag,SCTChk 25-bittagand7-bit ECCbussesbotharebidirectional

SCOE* outputenablefor data/tagchips

SCDCS* datachipselect

SCTCS* tagchipselect

SCAPar parity busfor SCAddr SCDCS*,andSCTCS*

The SC control signals generated by the processor should not be terminated. The datalinesarenottermi-
nated.Theaddresdinesarebuffered.

The 1-Mbyte secondarygachecapacityfor the NUMAchine processocardis providedby a numberof
SRAM chips,namelyTC551664-1%4kbitx 16 chipsfrom Toshibawith 15-nse@ccessimes[Tos94. The
capacityof eachchipis 1 Mbit or 128Kbytes,so8 chipsarerequiredfor cachedata,andonefor theassociated
parity.

The25-bittagandits 7-bit ECCarestoredn thetagRAM; thetotalnumberof bitspertagis 32, whichis 4
bytes.At least2 SRAM chipsarerequiredfor the32-bittag. Thesecondargachdine sizeis programmable
atboottime. ForNUMAchine,therearetwo choices:64 bytesand128bytes. The maximumnumberof tags
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Table6.1: Timing parameterfor SRAMson NUMAchine processocard
| Parametef Numberof PCycles|

TWrSUp 3
TWr2Dly
TWrlDly
TWIRC
TDis
TRd2Cyc
TRd1Cyc

A WDNOPRFPEF

resultswith 64-bytecacheline, requiringa capacityof (1M/64)4 = 65, 536 bytes,which easilyfits into 2
SRAM chips.Henceatotal of 11 chipsarerequiredfor bothdataandtags.

A numberof boot-timeprogrammablgarametergovernSRAM accesgiming (see[Hei94]). Forthe
SRAMsusedin theNUMAchine processocard,the parametesettingsareprovidedin Table6.1. Theunit
of timeis PCyclesof the PClock,whosefrequencyis twice the externalsystemclock of the R4400.

[NOTE: Parametersmay not be correct. Currently more conservative numbersare used.]

6.3 Clocking

Theprocessocardutilizesthreeindependentlock signals:
e alocalclockfor theR4400processqr
e aglobalclockfrom the NUMAbus,
e andalocal clockfor theresefcircuitry.

Therearetwo additionalclock signals:

o the outputSystem Clock or SClock derivedfrom the R4400,which drivesmostof the externalagent
circuitry,

e andtheexternalGizmoclock thatdrivesthe Gizmosideof thelocal businterface.

Figure6.4 onthefacingpageillustratesthe clock generatioranddistributionon the processocard.

TheR4400processoacceptasingleclockinput(MasterClockfromwhichit derivedts internalPClock
for processotogic operation,andseveraloutputclock signals. The mostimportantoutputis the SClock.
The processocanalsogenerateseparateeadandwrite clock signalsfor the externalinterfacelogic, with
programmablaskewbetweerthesesignals.However thisfeatureis not usedin thecurrentimplementation.

6.3.1 Clock Synchronization

[avery important issue for the interface circuitswhich needsto be discussed??]
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Figure6.4: Clock generatioranddistributionon processocard

Processor clock synchronization

Processoclock synchronizatiomequiresa low clock skew Forthatpurposethereareseveraklock distri-
butionchipsavailable andthe processointernallyhasa phase-locketbopthatsynchronizegs clockinputs

andoutputs.



34 CHAPTER6. PROCESSORCARD

[moredetails about the actual clock distribution circuitry??]

Synchronization Among I ndependent Clocks

Sincethereareseveralindependentlock sourcesthereis a possibility for metastability To remove(or at
leastdecreasethis possibility, thefollowing techniquesreused:

1. DatainterchangehroughFIFOsusedouble-latchedtatussignals.

2. Asynchronousiandshakings usedfor circuitsthatinterfacebetweertheprocessoderivedclockand
thebusclock.

3. Multiple latchingis usedfor signalsthatinterfaceGizmobusto the processocardlocal bus.

Becausendependentlock sourcescanbe tunedindependentlythe circuits contendingwith multiple
clock sourcesnustbe possessomedegreeof flexibility. Currentlythe BBC andPSDcontrollerstakespe-
cial precautiongo ensurehattheyfunctioncorrectlywhenonesideis working at 33 MHz andthe otherat
50 MHz. Cautionmustbetakenbecaus@nesidemaytry to sink datafasterthanit is beingsourcedf false
assumptionaremade.

6.4 External Agent

Theexternalagent(henceforttabbreviatesEA) is thekey componenbf theNUMAchine processocard,
asit is theinterfacebetweerthe R4400processoandthe NUMAbusthatis the connectiortio therestof the
system.The EA providesthefollowing functions:

e Fromtheprocessoside,the EA accept®R4400memoryread/writerequestandforwardsthemto the
appropriatalestinations.

e FromtheNUMADbusside,the EA acceptsesponse R4400readrequestsaindforwardsthemto the
waiting processar

e Fromthe NUMADbus side,the EA acceptsexternalintervention,invalidation,or write requestsand
forwardsthemto theprocessar

e Fromtheprocessoside,the EA acceptsR4400responseso externalinterventionrequestsandfor-
wardstheseresponseto the NUMADus.

e Forboththe processosideandthe NUMADbus side,the EA providesaccesgo local resourcege.g.,
monitoring,Gizmointerface)on the processocard.

¢ In all casesnvolving communicatiorbetweerthe processoandbussides the EA performsthe nec-
essarnytranslatiorof theaddresspaceandcommandencoding(R4400—+NUMAchine).

TheEA consistof: (1) abidirectionaldatapatibetweertheprocessoandtheexternakenvironmen(the
FIFOsfrom/tothe NUMAbus),and(2) a controllerto coordinatedatatransferghroughthe datapath.

Thecontrolleris implementedn asingleAltera chip called/emphpsd. The psd controllerconformsto
theprocessosysteminterfacenhandshakingrotocolfor acceptingorocessorequests/responsasdsending
externalrequests/responsesthe processofseeSection6.2on page27). Ontheexternalsideof thedatap-
ath,the controllermustsamplethe statusof the FIFOsandcontrolread/writeoperationgrom/to the FIFOs.
Processorequestxanonly beacceptedf thereis spaceavailablein the outgoingFIFO. Converselyif the
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incomingFIFO is non-emptythenthe controllermustarbitratefor the processosysteminterfacein order
to forward externalrequestsandresponse$o the processarThe controllerimplementatiorconsistof two
statemachinespnefor the processoside,andonefor the FIFO side.

Thedatapathisimplementedn 2 Alterachipscalledeadat _lo and,eadat _hi . Theeadat _hi chip
performsaddresdit manipulationin orderto translatebetweerR4400andNUMAchine addresspaces.

6.4.1 Data-path

A simplifiedview of theEA datapathis illustratedin Figure6.5. Ontheprocessoside thedatapatttonnects
to the R440064-bit SysAD bus. On the externalside, the datapattconnectdo the 64-bit EAAD bus. The
figureis a simplifiedillustration of the buffering and multiplexing employedfor datatransferbetweerthe
SysADandEAAD bussestheaddresdit manipulatiorthatis performedn eadat _hi ) is not shown.

External Agent Datapatt( eadat _| o)

ValidOutd*
LdBack | l i:

I
I
I
I I
| D Q D N I EAAD . FIFOs and
| Vec—lena Q P I ™ NUMAbus
| ~ ena |
I > I
| cpu_ad cpu_numaad |
R4400 pu_l
SysAD |
I I
| I Local Bus
| | Interface
| | and
I 4 I Monitoring
| ea_ad |
- - - S R A I
CPU_OEn ILDEna RdSWReg EA_OEn

Figure6.5: Externalagentdatapath

In the implementationthe 64 databits from the processoSysAD busandthe associate® checkbits
from the SysADCbusaredivided amongtwo Altera programmabldogic devices. Table 6.2 on the next
pageprovidestheassignmentsf dataandcheckbits to particulardevicesn the EA implementationAll of
thecheckbits areassignedo onedevice.Althoughthereis parity generatiorandcheckingfor datapackets,
thereis nonefor addrespacketsandthe externalagentdatapath(specificallyeadat _hi ) manipulateshe
addresdits. For datapacketsthereis no manipulation.In eithercase the parity bits are passedhrough
unchanged.

Outgoing Path

Two levelsof latchesarerequiredfor outgoingaddress/datéR4400-system)to permitsuficient time to
decodeandmanipulateommandsindaddresseastheypasghroughthedatapathOutgoingread write, and
upgradeequestproceedrom the SysAD busthroughthe cpu_ad andcpu_numaad latchego the outgoing
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Table6.2: Assignmenbf SysADbitsto Alteradevices
| DeviceName|| DataBits | CheckBits |

eadat _hi SysADI[63..26] —
eadat o SysAD[25..0] | SysADCJ[7..0]

FIFO chips.Readandupgradeaequestsireplacedn theoutgoingFIFO bypassnailboxregisterwhile write
requestareplacedn theoutgoingFIFOitself. Outgoingprocessodataresponsealsoproceedhroughthese
latches.Requestso Local Bus Interfaceand Monitoring resourceslo not enterthe FIFOs,andareinstead
routedto theappropriatdocal resource.

Thefirstlevellatchfor outgoingtraffic is always enabled Thesecondevellatchconnectedo the EAAD
busis normallyenabledvith aonecycledelayonValidOut* fromtheR4400.Thisonecycledelayis provided
by the signalValidOutd* , which is generatedby the psd componentthe datapaticontroller). Thesecond
levellatchfor EAAD is alsoenabledvhenthereis aloopbackfrom theincominglatchea ad.

Incoming Path

Fortheincomingpath(system-»R4400) thesingleinputlatchis enabledythelLDEnasignal. Foreadat _hi ,
whichperformsaddres$it manipulationthe D-inputsto theinputlatchea ad andtheoutputlatchcpu_numaad
havemorecomplexcombinationalogic to performthe requiredmanipulatiordiscussedn Section6.4.2.

Incomingexternalrequests/responséem theincomingFIFO arelatchedinto ea_ad. Responseffom
Local BusInterfaceandMonitoring alsopasshroughthe sameatch.

L oopback Path

A specialfeatureto notein Figure6.5onthe pagebeforeis the presencef aloopbackpathfor the EAAD

bus,throughthe ea_ad latch, andinto the cpu_numaad latch. This loopbackpathis requiredfor external
interventiorrequestsAn incominginterventiorrequests forwardedo the R4400from theincomingFIFO,
andalsocopiedthroughtheloopbackpathto be placedin the outgoingFIFO asthe headempacketfor the
interventionresponse.

Path for Commands

TheEAAD busalsohasanassociate@EACMD busthatcorrespondso the SysCmdousof the R4400.The
datapatifor commandss similar to the datapattfor the address/datportion (i.e., two latchlevelsfor out-
goingcommandspnelatchfor incomingcommands)except that there is no loopback path for commands.
Thecommanditsdonotgo throughthesameAlteradevicesastheaddress/datiits. Insteadthecommand
datapathis partof thepsd controllerdevicedueto the closerelationshipbetweencommanddecodingfor
controlpurposesandtheneedto manipulatecommandits to interfacebetweertheR4400andthe NUMA.-
chinesystem.

6.4.2 AddressBit Manipulation in Datapath

Normally, incomingandoutgoingdatais passedinchangedhroughthe EA datapath.However whenad-
dressesirepassedhroughthedatapathsomebit manipulatioris requiredto translatebetweerphysicalad-
dressegieneratethy theR4400processoandthe system-wideNUMAchine physicaladdresspaceaswell
asto introducethe routing informationmaintainedn the high-orderbits of anaddresgseeFigure2.1in
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Altera device identifier: eadat_hi eadat_lo
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Figure6.6: Manipulationof outgoingaddresditsin externalagentdatapath

Chapter?). Thelogic implementedn the Altera devicedor the datapattperformsthisfunction. Figure6.6
illustratesthe manipulationgerformedn the datapattfor outgoing addressesdentifying the devicesand
addresdit ranges.The multiplexerspermitpassingdatathroughunchangedior normaldatacycles,or per
forming therequiredmanipulatiorfor addressycles.

Notethatin eadat _hi , anadditionalsourcefor thedestinatiorring/stationmaskss aspecialsoftware-
programmableegister Forincoming addresseghe reversemanipulationis performedto transforma NU-
MAchinephysicaladdresinto anR4400physicaladdressThelogic for thereversamanipulatioris straight-
forward andnot shownhere,involving a simpleshift from the 40-bit NUMAchine physicaladdresgo the
36-bit R4400physicaladdress.The high-orderbits areleft unaltered asthe R4400doesnot useor check
themfor incomingaddressetseeSection6.2 on page27).

6.4.3 State Machinesin Controller

Thepsd controllerfor the EA datapattconsistof two statemachines:
e cpu _sm thestatemachinefor controllingprocessosidedatatransfers,

e fifo _sm thestatemachinefor controlling FIFO-sidedatatransfers.

Processor-side State M achine

The process-sidstatemachine(cpu _sm) acceptsequestsand responsefrom the R4400processoland
sendsthemto the outgoingFIFO or to local resource®n the processocard. The statemachineremains
in anidle stateuntil it detectghatthe processois attemptingo issueamemoryrequestasindicatedby the
assertiorof the ValidOut* signalon the systeminterface. The machinethenmovesinto a decodestateto
determinghe natureof therequesiandto takethe appropriateaction. In eachstate the statemachinesam-
plesor controlssignalsfor boththe R4400andthe outgoingFIFO. It mustbe reiteratedthat the outgoing
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EA datapattconsistsf two levelsof latches.As aresult,the sampledsignalsandcontrolsignalsarealso
latchedfor propersequencingvith the address/datiowing from the R4400to the outgoingFIFO.
Responses from the R4400for externalrequestarehandledby the FIFO-sidestatemachine.

FIFO-side State M achine

TheFIFO-sidecontrolleracceptexternarequestsindresponseom theincomingFIFO or localresources
ontheprocessocardandforwardsthemto the R4400processar

For externalinterventionsthe FIFO-sidestatemachinearbitratedor the systeminterface forwardsthe
interventionto the processqrthenawaitsthe responsérom the processar

[add more detailsas appropriate]

6.5 NUMAchine BusInterface

The NUMAchine Bus Interfaceconnectghe processoboardFIFOsto the bustransceiver®nthe NUMA-
chinestationbus. The specificationgor the NUMAchine Bus|Interfaceareasfollows:

e provideabidirectionaldatapattbetweerFIFOsandthe NUMAchine bus,

e performadditionalencodingandbit manipulationthatcannotbe performedby ExternalAgent(e.g.,
commandaitsin interventionresponses),

e permitreconfiguratiorio handledifferentcacheline sizes(in thesamemannerasthepsd controller
in ExternalAgent),

e generatéSelectbits for devicesconnectedo the NUMAchine bus,

e handlebusarbitrationandhandshakingandprovideBusysignalgo indicatethestatusof theprocessor
boardfor incomingrequests,

e andprovidearetry mechanisnwith backof for negatively-acknowledgegquests.
Theimplementatiorconsistof a controllercalledbbc thatincorporateshefollowing components:

e aSend statemachinefor outgoingrequestandresponses,

e aBackoff modulethatimplementsa binaryexponentiabackof retry mechanism,

e aTimeout modulefor unacknowledgedequests,

e andaReceive modulethatacceptsncomingrequestandresponses.

6.5.1 Datapath

Thedatapathin theNUMAchine Businterfacemanipulate$itsin thecommandield of outgoingdatapack-
ets,asshownin Figure6.7 onthefacing page. The datapattin the bbc controllercompletelyreplaceghe

EACMD bits with the BusCMD bits. Onereasorfor this is the Nak/Respbits which aregeneratedy the

psd controllerandpasseanto thebbc controllerbecauseheycannotbe putin thecommandield by the

ExternalAgentdatapath.Thebbc controlleralsousesaddresdits to generateSelectlinesfor the devices
ontheNUMADbus. Finally, somebits from incoming commandsrereadin orderto controlthe operatiorof

the Receivestatemachine(seeSection6.5.3onthenextpage).
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Figure6.7: NUMAchine BusInterfacedatapath

6.5.2 Send Machine

The Sendmachinen thebbc controllermonitorssignalsfrom thepsd controllerof theExternalAgentand
theflagsof the outgoingFIFOsto determinevhenthereis datato sendto the NUMADbus. Priority alternates
betweerread/upgradéshort)requestsn the outgoingmailboxregister andwrite requestor processore-
sponseglong)in theoutgoingFIFO buffer. A busrequests madewhenthe Sendmachinadetectsaoutgoing
datain themailboxor FIFO. After thebusgrantis receivedthedatais sentto the busif thedestinationsre
free. If thedestinationsrenot freewhenthe busis granted anda read/upgradeequesis pending there-
questpriority is allowedto alternaten orderto permitanywrite request®r processoresponses the FIFO
to besent.

The Sendmachinecalculategshe deviceSelectsignalsfor outgoingdatain orderto: (a) determinéf the
destination®of the dataarefree,and(b) routethe datato the appropriatedestinationsvhenthe datais sent
onthebus. This calculationis basedn bits in thecommandandaddressields.

The Sendmachineis morecomplex. First, outgoingdatamustbe examinedo determineif it will in-
volve a short or long transactioron the NUMAbus, andif all thedatafor along transactioris in the FIFO,
readyto besent.In sodoing,the Sendmachinemustsupportdifferentcachdine sizesfor long transactions.
Furthermorethe Sendmachinemustdeterminghe destinationgor the data.Next, anappropriatéousarbi-
trationrequests made andthedatais sentontothe busassoonasa busgrantis received providedthatthe
destinationgreableto accepthedata.

The Sendmachinemustalsointerfacewith the bak controllerwhich providesthe supportfor aretry
mechanisnwith backof for outgoingrequestshatrequirearesponseo the processarlf atimeoutoccurs
orif themaximumretry countis exceededa buserroris sentto theprocessar

6.5.3 Recaeive Machine

The Receivemachineof thebtc controlleris trivial. Thereareonly two statesidle andrx. Whenthe pro-
cessoboardis selectedluringabustransmissioy anothedeviceontheNUMAbus, themachineswitches
fromtheidle stateto therx state. Themachineremaingn therx statesolong astheboardis selectecr until
anend-of-datandicatoris detectedn theincomingcommandabits.
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ThecontrolovertheincomingFIFO in orderto accepdatafrom the busis actuallylocatedin the bak
controller This controllermonitorsthe Selectinesfor eachpacketonthebus,comparingt to thebit pattern
thatcorrespond® theprocessoboard.Whenthepatternsnatch theFIFOis enabledandthedatafrom the
busis transferredo the FIFO buffer. Thebak controlleralsomonitorsthealmost-fullflag for theincoming
FIFO;whenthereis insufficientcapacityit asserts busysignalindicatingthattheprocessoboardis unable
to accepiincomingdata.

6.5.4 Backoff/Retry Mechanism

Readandupgradeequestérom the processorequirearesponsdérom the system.t is possiblefor thedes-
tinationsof suchrequestso reply with negativeacknowledgmentsn which casdt is necessaryo supporta
retrymechanismlt is alsopossibleghatthedestinationsf suchrequestsnaynotrespondatall, in whichcase
atimeoutmechanisnis required.Both mechanismareimplementedn thebak controllerusinganumber
of counters.

If the timeoutcountershouldexpirebeforearesponsés receivedo aread/upgradesquesta buserror
is sentto theprocessarlf anegativeacknowledgmeris receivedorior to atimeout,therequesis reissued.
Theintervalbetweerissuingretriesincreasesisingabinary exponentiabackof function. If themaximum
numberof retriesis exceededabuserroris sentto theprocessar

6.6 Local Buslnterfaceand Monitoring

TheLocal Businterface(LBI) permitsaccesso localresource®ntheprocessocard,including:
e localEPROMmMemory
o theResetMechanism,
¢ theinterfaceto the Gizmo [PVL92], a68000-basedingle-boarccomputey
e localmonitoringresources.

TheLBI is responsibldor decodingaddressei receivedrom the ExternalAgentto selecttheappropriate
localresourcesAn overviewof theLBI connectionss illustratedin Figure6.8onthefacingpage.

BetweerntheExternalAgentandtheLBI, transceivechipsareusedo buffer thedataontheEAAD bus,
asshownin Figure6.9on page4?2.

6.6.1 Datapath

TheLBI connectshe EAAD busonthe ExternalAgentsideto the Local Busconnectedo the Gizmointer
face.Multiplexing is requireddueto thedifferencesn datawidthson eithersideof the LBl andbecausé¢he
Local Bussidehasseparat@ddresanddatalines. Therearetwo levelsof multiplexing.

e The64-bitEAAD busfirstis reducedo a32-bitbususingtransceivechips,asillustratedin Figure6.9
onpage4?2. Pullupsarerequiredonthetransceiveputput-enabléinesto ensurghatdatalinesarenot
drivenby multiple chipsat powerupwhentheLBI chipis beingprogrammed.

e Ontheothersideof the LBI chip, the 32-bit data busis thenreducedo the 16-bit width neededor
the Gizmointerface.
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Figure6.8: Overviewof Local BusInterfaceconnections

6.6.2 Reset Controller

TheResetontrollerprovidesthefollowing functions:

e controlstheresetsequencéor the R4400,

providescontrolover R4400boot-timeconfiguration,

inhibitsaccesse® the Gizmointerfaceon requesfrom the R4400,

controlsloadingof valuesinto the hexdisplayregisters,

providescontrolandstatusfor the DUART onthe processocard.
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Figure6.9: Transceivergonnectedo the Local BusInterface

6.6.3 Gizmo Interface

TheGizmointerfacesupportdoth32-and64-bittransfers The64-bitexternabgentdatapathis multiplexed
downto the 16-bit datawidth on the Gizmobus(with the 24-bitaddressnultiplexedseparately).

Thereis aspeciakignalLBlI _inhibit thatcontrolsR4400accesso theGizmobus. Thissignalis asserted
whenthe Gizmois beingresetto preventthe Gizmo busfrom hanging.It mayalsobe asserted/deasserted
explicitly by the R4400througha specialrite to the Resetcontroller

6.6.4 Monitoring
6.6.5 DUART

The DUART onthe processocardprovidestwo portsintendedor debuggingdata.PortA is connectedo
a multidrop serialline via an on-boardconnectorand Port B is connectedo a commonserialbuson the
backplane Theintentis to useport A for initial debuggingandthenoncethe systemis quite stableto use
portB, throughthel/O cardto collectdebuggingnformation.If portA isto beconnectedo anRS232levice
thesmalladaptoboardmustbeused.In additionto providingmultiple portsthereis somestatusnformation
availableonthegenerapurposédnputportsontheDUART. Thesealternataisesaredetailedn NUMAchine
Principles of Operation for System Programmers [CGG*97]
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6.6.6 Hardware Displays

7-Segment LED Display

43

A 4 charactef7-segment.ED displayis availableon the local busfor useby software. The addressings
detailedin NUMAchine Principles of Operation for System Programmers[CGG'97)

Status LEDs

Table6.3describeshe statusd EDs onthe processocard.

If the FLEX programmindight shouldfail to flashonreset,t is mostlikely becausehe Gizmobusis
hungJisthiscorrect?]

Table6.3: LEDs onprocessocard

| Number| Color \ Description |
1 red FLEX programmingn progres$
1 green presdet is ready
1 green procid[1]
1 green procid[0]
1 green Gizmoaccess(programmable)
1 green interrupt(programmable)
1 green EA activity(programmable)
5 red/yellow/green programmable

*This shouldflashon momentarilyafterreset.
'This shouldflashoff momentarilyafterreset.

IThisis currentlya “chasel whosespeedncreasesvith increasedExternalAgentactivity.

M ulti-character Display

A connectorconformingto a standardnulti-charactedisplayinterfaceis availableon the local busfor use

by software.

=%
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Chapter 7

Memory Card

7.1 Overview

The NUMAchine memorycardstoresdataandprovidesthe primary hardwaresupportfor maintainingdata
coherenceThememorycardmaintainsadirectoryto recordthe currentstateandlocation(s)of datain units
of cachdines,andservesasasequencingointfor coherentlatarequest$rom processorsk-oreachrequest,
thememorycarduseghestateinformationto selectanappropriateeourseof action: respondvith datafrom
memory issuean interventionrequesto retrievevalid datafrom anotherprocessaqror issueinvalidation
requestso otherprocessors responséo anexclusivedatarequesfrom aprocessarThememorycardalso
acceptsvritebacksrom processorsvhencachdinesareejectedrom cacheslueto replacemenor explicit
flushing.

In additionto supportingoperation®n cachedcoherentlata,the memorycardalsosupportsnoncoher
entanduncachedperations.Noncoherentequeststill involve datatransferdan units of cachelines, but
coherencés not enforcedby the hardware andthe directoryinformationneednot be valid. Uncachedp-
erationsinvolve datatransfersn units lessthanthe cacheline size,i.e., bytes,words,anddouble-words.
Coherenceotenforcedfor uncacheaperations.

Finally, the memorycardalsosupportsa numberof specialfunctions. Externalmanipulationof the di-
rectoryinformationis supportedo enablesystemsoftwareto initialize the directory or alterits contentdn
anapplication-specificnanner This featureis usefulfor I/O andnoncoherentequestsProvisionsarealso
madeto apply operationson rangesof cachelinesin the directoryto reducesoftwareoverhead.Support
is includedfor generatingnterruptsto signalcompletionof rangeoperationor error conditionsto system
software.Finally, explicit broadcaster multicastsof cachdinesmay beinitiatedto sendnewdatato other
stationghroughouthe system.

An overviewof thecomponentsf theNUMAchinememorycardis shownin Figure7.1onthefollowing
page. Thenamefthedevicegeflectthenameshoserfor thedesigndescriptiorfiles. Thekeycomponents
of theprocessocardare:

e theDRAM datamemory interleavedo increasalatabandwidth

the SRAM directorymemoryfor the coherencerotocol

o FIFObuffers

the NUMADbus interface(bustransceiverandcontrollers)

the Mastercontroller

45
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Figure7.1: Overviewof component®nthe NUMAchine memorycard

o theCacheCoherenceontrollers
¢ theDRAM controller

e the SpecialFunctions]nterrupt,andMonitoring controller

Thedesigrof thecontrolunitsis suchthatrequestsrepipelinedasmuchaspossiblego improveperformance.
Forexample the Mastercontrollermay beginprocessin@g newrequestfterhandingoff the precedinge-
guestto the CacheCoherenceontrollersor DRAM controller Of coursethenewrequesitnayhaveto wait
if its resourcaequirementsonflict with the precedingequest.
Thecommaoditycomponent$oundonthememorycardincludethe FIFO buffer chipsandthe BTL bus
transceiversthesecomponentsredescribedn AppendixA on pagelOl.

7.2 DRAM Controller

TheDRAM controllerreadsor writes memoryunderthe controlof the Mastercontroller TheDRAM con-
trolleris optimizedfor cachdine transferawith 2-wayinterleaving.Eachleafis 128-bitswide, butdatafrom
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Figure7.2: ControllerandDRAM arrayinterconnection

eachleafis transferredn units of 64 bits (a double-word).By switchingbetweerneavesdatamayberead
orwrittenin consecutives0 MHz clockcyclesin 64-bitunits. This provideseffectively a4-wayinterleaved,
64-bitwide memory asseernby the mastercontrollet

In additionto cachdine transfersthe DRAM controllersupportdbyte,word, anddouble-wordaccesses
to memory In particular the DRAM controllersupportaunalignednemoryaccessearisingfrom the useof
theLDL/R andSDL/Rinstructionsof the MIPS R4400[Hei94,chap.2].

TheDRAM controllerinitiatesdatatransfersat therequesbf the Mastercontroller Thetwo controllers
employahandshakéo ensurehatdatatransferdeginonly oneor theotheris readyto accepthedata.The
handshakés requiredto ensurghatthe DRAM timing is satisfied.

7.2.1 Interconnection

Figure7.2illustratesthe signalsbetweerthe controllersandthe DRAM arrayorganization.Thetwo leaves
of theDRAM arrayareconnectedo the databusthrougha setof latchesto matchthe 128-bitdatawidth of
the DRAM leaveswith the 64-bit datapaticonnectedo the FIFOs.

Figure7.3 on the nextpageillustratesthe physicallayout of the SIMMs on the memorycard, relating
subset®f bits with the leavesandbanksfor interleaving.

7.2.2 Handshakewith Master Controller

Figure7.4 on thefollowing pageillustratesthe handshakerotocolwith the mastercontrollerfor readre-
quests Figure7.4 onthe nextpage(ashowsthehandshakéor normalDRAM accessesandFigure?.4(b)
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Figure7.5: DRAM accesgiming for cachdine reads

showsthe handshak&henthe Mastercontrollercancelghe currentmemorytransactior(i.e., whenthe di-
rectorylookupindicatesthatthe valid copy of the datais locatedin a processocache).The hold signalis
assertethy theMastercontrollerwhentherequiredesourceareavailable namelythedatapattio theFIFOs.

Onmemorywrite requeststhe Mastercontrollermustwait until thedram_busy_n signalis De-asserted
by the DRAM controllet

Thedls out andd2s out signals(for leaf 1 andleaf 2 respectivelyjndicatethat datafrom the DRAM
arrayis valid onread.Thereis onebit for eachbankin aleaf. Thesesignalsnotify the Mastercontrollerto
write the datafrom the DRAM into the outgoingFIFO (hence thesesignalsshouldonly be assertedvhen
datafrom the datais valid).

Forwrites,theMastercontrollermustassertiata_in to indicatethatthestreanof write datato theDRAM
arrayis ready

7.2.3 DRAM AccessTiming

Figure7.5illustratesthe basictiming for interleavedDRAM accessewhenreadingcachdines. A total of
128bitsis readfrom eachleafinto a setof latches.Then,thedatais moved64 bits atatimeinto the FIFOs.
Thedataflow is reversedn cachdine writes, but thetiming for accessinghe DRAM leavesds similar.

7.3 Cache Coherence Controller

Thecoherenceontrollersof the memoryboardareresponsibldor enforcingthe NUMAchine cachecoher
enceprotocol. Collectively, theyperformtwo importanttasks:

e cachdine directorylookupandmaintenance,

e respons@acketgeneration.
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Figure7.6: Interconnectiorof Coherenc&ontrollers

Figure7.6illustratestherelationshipsetweerthe coherenceontrollersandthe input/output signals.

7.4 Master Controller

The Mastercontrolleris implementedn two logical parts.Mast in which controlstheincomingFIFO, and
therouting of its requestandMast out which controlsthe outgoingFIFO andinterfacego the DRAM con-
troller.

7.4.1 Incoming Controller (Mast_in)

Theincommingcontrollet or Mast_in, routesthepacketdrom theincommingFIFOto theirappropriateles-
tinationbasedn theiraddressFigure7.7 onthefacingpageshowsthe datapaticontrolledby the Mast _in
controller

Someimportantdetailsregardingstatetransitions:

e ThenormalpathIDLE —-RD_FIFO—FIFO_HOLD. . . extractsommands/dataom theincomingFIFO
andsendghemto the coherenceontrollersandDRAM.

e ThealternativepathIDLE—SFGNT—RD_FIFO—FIFO_HOLD. .. is takenwhenthe requesbrigi-
natesfrom the specialfunctionscontroller In this casethe commands not readfrom the FIFO, but
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from the speciafunctionsunit. However the samestatesaretraversedn eithercase(exceptfor the
paththroughSFGNT).A specialflag (InFifo_OE n) is usedto disabletheincomingFIFOswhenthe
sourceof therequests the speciafunctionscontrollet

7.4.2 Outgoing Controller (Mast_out)

The OutgoingControllertransferedatato the DRAM andthe SpecialFunctionsunit, aswell asreadydata
from them. Its primary responsibilityis to control the manybuffers connectedo the outgoingFIFO. Fig-
ure7.8 onthe pagebeforeshowsthis portionof the datapath.

An importantnoteaboutthe control of the outgoingFIFO writes, is thattheyareinferredin mostcases
from the outputenableof the buffersin thedatapath.

7.5 Special Functionsand Interrupt Controller

Eachmemorycardin the systemcontainsa special function unit to performblock operationsThis unit per
forms oneor two specialfunctionson a contiguousblock of up to 256 cachelines. Specialfunctionsare
initiated by writing the speciafunctionregisterson the Memoryboard. Completionof specialfunctionsis
signaledwith aninterrupt. The operationsupportedy the specialfunctionunit are:

e blockwrite of SRAM tags

e blockkill-copy (removescopiesof cachelinesthroughouthe systembeforephysicalmemorypages
arereplaceddy I/O initiated by the operatingsystem)

e blockobtain-valid-copy-in-memorgbringsany remotedirty copiesof cachdinesto memory)
e blockmemorymove(mustdo obtaincopyfirst)
e blockzeroregion

Writing thespeciafunctionregisteithatcontainghecommandnitiatesthe speciafunctionprocessAll
specialfunctionprocesseareinterruptibleat cache-linggranularityby the mastercontrolleron the memory
card;themastercontrollerprocessespeciafunctionsonly whenthereareno pendingrequests.

Thespeciafunctionsunit containsanumberof registersasoutlinedin Table7.1. Theaddres$or Mem-
ory cardspeciafunctionsandinterruptsis currentlyAD[31..24] = Ox4c.

The SpecialFunctionsandmonitoringunit (SF_mon) is connectedhroughregistergo boththe mastin
andmastoutdatapathsasillistratedin figure7.9onthefacingpage.Theconnectiorto themastin data-path
facilitiatesmonitoringof thetransactionbeingprocessedaswell asdepositingspeciafunctiontransactions
onto themastin datapathfor processing.

The connectiorto the mastout datapathallowsfor readingandwriting of SF_mon, andthe monitoring
SRAM, aswell assendingout interruptpackets.SinceS-_mon is an FPGA it mustbe programmedafter
powerup.Thecurrentdesignreprogramm&-_mon onceonreset.Thesf_ctl CPLD controlsthebusbetween
SF_mon andthe mastout datapath. It is alsoresponsibldor programmingSF_mon. Theoptionalsoexists
to reprogranS-_mon from the Monitoring SRAM whendifferentmonitoringoptionsaredesired.

7.6 NUMAchineBusInterface

TheNUMACchinebusinterfaceactsasanintermedianbetweerthememorycardFIFOsandtheNUMAchine
busitself. It providesthefollowing functions:
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Table7.1: Registerdor speciafunctionsandmonitoringin the memorycard

Addr Registers
11.00 | 63.48 | 47.32 ] 31.17 | 15..0
000 SFstatugregisteR] statusHW config.[R] | monitoringconfig. [R/W]
100 | CMD2[W] | CMD1[W] SFRsel[W] phasel phase0
cnt-1[W] | cnt-1[W]
200 SFregl(Addl)[W]
300 SFreg2(Add2/Data)W]
400 Error AddresqAD1) [R]
500 —_— Intr_vectorO(Error) [R]
600 | Monitoringinit. data[R/W] | SFdoneintr. [R/W] Intr_vector1l[R/W]
station| device(s) (specialfunctions)
700 —_— Mon. interrupt[R/W] Intr_vector2[R/W]
station| device(s) (monitoring)
800 HW SpecialFunctionlock register returnsthe samedataa s Addr 000[R]

fwith morethanonememorycard,the LSB of a cachdine addresselectghe card.
[R]=read-only [W]=write-only, [R/W]=read/write

Special Functions 32
And <
To State 64 Monitoring Unit
g—
SRAM 16 Flex
Address Address + Program
9 8 EEPROM
Block Label Monitoring g—
SRAM SRAM

Mast_in dp

Mast_out dp

l

Figure7.9: DataPathConnectedo the SpecialFunctiondUnit
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Figure7.10: DataPathConnectedo the NUMADbus

e AcceptsNUMADbus packetsaandplaceghemin theincomingFIFOs.

e Watchesvhenpacketsareplacedin the outgoingFIFOsandsendghemappropriatelyto the proper
destinations.

e Determinesiumberof memorycardson alocal station.

7.6.1 FIFO to NUMADus

TheFIFOto NUMADbus controlis implementedn Buscon. This controllerhasthefollowiing primaryfunc-
tions:

e Transfermpacketdrom FIFOsto bustransceivers.
e Performproperarbitrationprocedures(SeeSection3.1.1onpagel6.)

Therearemultiple sourcedor theoutgoingdataasillistratedin Figure7.10. Thedatacommingfromthe
cachecoherenceontrollerallowsreadingof thestateSRAM, andalsoit makest possibleto modify the dst
bits in the addressvhentheremoteroutingneedgo be changed.The CMD datapaths similar, buttheiris
only onesourcefor thecommand.It is importantto notethatfor transactionsongerthanonepacket.only
two entriesarewritteninto thecommand-1FO. Thefirst oneis thecommandtself, andthe nextis asample
dataidentifier, withoutthe EOD bit set. The buscon is responsibldor duplicatingit, andsettingthe EOD bit
whennescessary
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7.6.2 NUMADbustoFIFO

The NUMADbusto FIFO controlis implementedn incon. This controllerhasthefollowing functions:
e Transferpacketdrom bustransceiverso FIFOsthatselectthis memorycard.

e Propergeneratiorof memorybusybussignals.

7.6.3 Memory Card Presence Detection
This functionaityis implementdn the pres_det controller Followingresetit is responsibleo:
e Determinehenumberof memorycardsonthelocal station.

e Determinegheserialnumberof thecurrentcard(0 or 1).

7.7 Clocking

Thememorycardusestwo clocks. The busclock is usedfor all of theonboardcontrollers,andtherefersh
clock,2.4576Mhzs usedby theDRAM controllerto ensurghatenouglrefreshesccur Therefreshclockis

fed by anoscillator andthebusclockis distributedfrom thebackplanevia anPECL 1:2 replicatorfollowed

by apairof 1:9PECLto TTL convertersTheskewbetweerbusclocksonthememorycardshouldbewithin

1ns.

Differential
/ . _ +>
Bus Clock / 1:9 PECL—>TTL A T i Refresh
Soooooo 12 PECL 245Mhz[ ™
ECL Clock
#— 1.9 PECL->TTL —/— TTL
Differential 9

Figure7.11: Clockingonthe MemoryCard

7.8 Debugging Output

781 LEDs

A numberof LEDs areprovidedonthememaorycardfor highleveldebuggingln generaredlightsareused
to indicateerrors,greenlights areusedfor configurationandyellow lightsfor utilization. Thoughthiswas
theoriginal intention,this processhasnot beenfollowed for all cards.

Therearetwo yellow utilization lights on the memorycard,bus busy andDRAM busy. Theintensityof
thesdights givesalfirst orderindicationof howbusythebus,and/ortheDRAM is. Duringnormaloperation
theDRAM busylight shouldbedimly lit, representingefresh andthebuslight shouldbeoff. If eitherlight
is onsolidthereis likely anerror Evenfor very high intensityteststhe lights tendto flicker.
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Table7.2: MemoryCardParityError Codes

| Characterl Fatal | Description |

Yes Addresgparity erroronincomingFIFO

Yes Parityerroron latchbetweertheincomingFIFO andthe outgoingFIFO
Selectablg Parityerroronwrite to DRAM bankO
Selectable Parityerroronwrite to DRAM bank1
Selectable Parityerroronwrite to DRAM bank?2
Selectable Parityerroronwrite to DRAM bank3
Selectable Parityerroronwrite to the SpecialFunctionsunit

No Parityerroronreadsof multiple DRAM banks

No Parityerroronreadfrom DRAM bankO

No Parityerroronreadfrom DRAM bank1

No Parityerroronreadfrom DRAM bank2

No Parityerroronreadfrom DRAM bank3

OO0 m>ndwNero oo

Thetwo greenconfigurationlights indicatewhethermemaorycardconfigurationrhascompleted presdet
ready, andthe memorycardnumbey card number. The presdet ready light shouldflashduring reset,but
remainon otherwise.Thecard number LED shouldonly be onthesecondf two memorycardsinstalledin
astation.

Therearethreered errorlights on the memorycard. The Flex program LED shouldflashduringreset.
This indicatesthatthe SpecialFunctionunit is beingprogrammed f it stayson thanthe programmingof
the SpecialFunctionunit hasfailed andthe cardwill not providevalid dataif the specialfunctionsunit is
accesse(.e.. memorysize).

Anothererrorlight isreferredto asFatal Error. Thislightis asserteavhenafatalerroris detectedy the
mastercontroller Fatalerrorsareprimarily causedy datacorruptiononincomingdata,or addressedyut
canalsobecausedy garbageommands$eingreceived.If afatalerroroccurghemasteicontrollerrequests
asystenresetunlessthis featureis disabledusingthe sys rst_en jumper(referto section?? on page??for
details).

Thefinal errorlight is underflow error. Thislight is assertedf the buscontrollerdetectdhatmorenon-
sinkablerequesthavebeenprocessedhanweresentinto the memorycard. Thereis a featurein the spe-
cial functionsunit which allowsit to sendout processedon-sinkableequestsvithout interferingwith this
checkingprocess.

In additionto the sevenLEDs a sevensegmentlisplayis includedwhich helpsto detailthe causeof a
fatalerror If thedecimalplaceis setit indicateshatmultiple typesof fatalerrorhaveoccurred. Thenumber
displayedalwaysindicateshehighestpriority error, thatis theerrorwhich occurredclosesto theincoming
FIFO. Table7.2 detailstheerrorcodesn priority ordet

7.8.2 Debugging Headers

Therearefive debuggingheaderson therev.2 memorycard. Two for debugginghe cachecoherenceon-
troller, onefor specialfunctions,andtwo for the mastercontrollersandthe bussidecontrollers. Table7.3
detailstheir bit assignments.

Therearetwo jumpersonthememorycard. Oneentitledsys rst_en, andthe otherdata per_en. Neither
jumperis requiredfor normaloperation.
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Table7.3: MemoryCardDebuggingHeaders
| Header| bit(s) | Description |

H1 Cachecoherenceontroller
H2 Cachecoherenceontroller
Incon
H3 Buscon
Mast out
H5 SF.mon
SFctl
H6 Mast.in
Mem.dram

If the sys rst_en jumperis installedthe memorycardwill freezewhena fatal error occursratherthen
causingan automaticsystemreset. This jumpershouldalwaysbe installedwhendebugginghe memory
cardor it maygetstuckin aninfinite resetioop.

Thedata per_en jumperdisablesafatal erroron onwritesto DRAM to allow for moreeffectivedebug-
ging. Normallyif aparity erroris detectedvhile writing theDRAM afatal erroris asserte@ndthecardwill
freeze.
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Chapter 8

/O Card

8.1 Overview

Supportfor I/O in NUMAchine is distributedacrossstations.EachNUMAchine may containup to two 1/0
cards.l/O hardwards implementedn separateardsto offloadasmuchl/O overheadaspossiblefrom the
R4400processors eachstation.Eachl/O cardincludesa separat@rocessoandlocalmemoryto perform
low-level operationsuchascommunicatingvith 1/0 devicesandformattingdata.

A blockdiagramof thel/O cardis shownin Figure8.1onthefollowing page.Thel/O cardusesanR4650
microprocessorsimplifiedderivativeof theR4400microprocessoiTheR4650executesocal I/O software
from theonboardDRAM memoryto controlthetransferof databetweerthe FIFO buffersconnectedo the
NUMAchinebusandthel/O devicesonthe PClbus.All data transfersin either direction are staged through
the DRAM memory.

8.2 Embedded Processor and Sub System

At the heartof thel/O boardis the R4650processoandthe GT bridgechip. Underthe control of software
executedy theR4650theDMA Enginein theGT transferglatabetweerDRAM andeitherthe PClbusor
the NUMAchine bus. Datais transferredn units of cachelinesbetweerthel/O cardandthe NUMAchine
memory AppropriateAddressandCommandpacketseedto bealsowritten to theout FIFO to ensurethat
thedatais processedorrectly It is essentiathatall outgoingpacketdrom thel/O cardcomplywith thefull
hardwareprotocol,or the systenmay crashor otherwiseshowstrangebehavior Great care should be taken
when interacting with the station.

A block diagramof the Embeddedrocessoandsubsystemis shownin Figure8.2 on page61. The
GT _gluechipisresponsibléor manipulatingcontrolsignalsvhenthosecommingfromtheGT arenotadaquit.

8.21 TheGT Bridge Chip

The ExternalAgent/PClbridgeis implementedisingthe GT-64010A(GT) madeby Galileo Technologies.
For detailedinformationon the controllerpleasereferto their web site at www.galileoT.com. The GT in-
cludesafull interfaceto the R4650,anddirectly controlsthe on boardmemory DUART andEPROM.The
accesspeeddf thesedevicess configurablen the GT. Table8.1 on page62 describesiowthe GT selects
thedeviceghatit is connectedo.

It isimportantto notethatthe MAD busis a multipurposebus. During the beginingof atransactiorthe
addressandchip selectsaredrivenonit, andlaterit is usedfor transferingdata.
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Table8.1: Devicesconnectedo theGT

Parameters
Select | 50MHz | 33MHz | Device Notes
BootCS| (6,6) FlashEPROM | 8 bitswide, connectedo theleastsignifigantbyte
CS3 DUART Connectedo theleastsignifigantbyte
CS2 Monitoring connectedo all 64 bits
Cs1 (3,3,3) DataFIFO Addresshit 3 forcesparity generatioomode
CSO CMD FIFO LowerWord
StatusRegister| UpperWord, readonly
LocalDRAM | Dedicateccontrollines

Theparameterareasfollows: (AccToFirst,AccToNext[, ADSToWr])

8.2.2 The StatusRegister

Thesstatusregisteron the I/O cardis designedsothatthe key flagsof all of the deviceson the cardcanbe
polled,ratherthanconstructingacomplexinterruptstructure.Sincetheprocessoonthel/O cardis primarily
responsibléor movingandmanipulatinghel/O data,its corecontrolloop shouldpoll the statusregisteron
avery frequentbasis.If for examplethein FIFO onthel/O cardfills up,andthememorycardis trying to
sendatransactiorto the I/O cardthe memorycardwill beblockeduntil thereis sufficient spaceonthel/O
cardto sendhetransaction!f thishappengor toolongtheprocessormaytime outandgivefatalbuserrors.
If thel/O carddoesnothingelseit mustensurehatthein FIFO is emptiedassoonaspossible.

Thein FIFO command andthe statusregisterarereadat the sametime. The upper32 bits arethestatus
registerandthelower32arethein FIFO command andassociate®&select.Thecontent®f thestatugegister
aredetailedin principles of operation for system programmers[CGG'97].

The Statusregisteris implementedasa 32 bit wide registerwhich is alwaysclocked.Consequentlyhe
registealwaysreflectshecurrentstatuof thesystem All signalghatfeedthestatugegistemustbecleared
attheirsource.

8.2.3 DUART details

TheDUART onthel/O cardhasafew dedicated/O pinswhichareusedfor controllingthe flow controlon
the RS232port, aswell asotherfunctionswe havedefined. For detailson the pin definitionspleaserefer
to principles of operation for system programmers [CGG*97]. Figure8.3 on the nextpageshowshow the
portsof the DUART areconnectedo thesystem.PortB is intendedfor getheringdebugginglatafrom the
processorsandportA is intendedor sendingthatdatato a remoteconsolefor debuggingourposes.

Thereareadditionalconnectiongo the buswhich areusedfor flow controlon thebuslinesusedby the
DUART. Thesecontrollines are Poll_requestin, Poll_requestout, UART _CTS andUART _RTS. The two
Poll_requestinesconnecto onebusline referedto asPoll requestOneis usedasthe output,andthe other
astheinput. Sincethe BTLs provideefectivelyanopen-collectotype circuit multiple cardsin thebuscan
asserPoll_requesif desired UART_CTSis alsoreferedto asthe Guy_bit_in, andUART RTSis referedto
asthe Guy_bit_out. Thesetwo bits mapto onebussignalcalledthe Guy_bit which hasmultiple functions.
Initially it isusedo establishf ECCor Paritymodeis beingusedonthestation.Followingreseit is available
to beusedasflow controlfor DUART port B. The original usehasbeendesignedut sothe nameGuy._bit
hasstuckfor historicalreason®nly.
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Figure8.3: Duartportconnection®nthel/O card

8.3 PCI sub-system

ThePClsubsytentomprisesheGT bridge,1-4 SCSlcontrolleraPClarbiteranda PClslot. Currentlyonly
two of the possiblefour SCSlcontrollersareinstalledfor costreasons.

8.4 NUMAchineBusInterface

The NUMAchine businterfaceactsasan intermediarybetweenrthe I/O card FIFOsandthe NUMAchine
busasillistrated in Figure 8.4 on the following page. The NUMADbus interfacecontrolis implementedn
FIFOcon. This controllerhasthefollowiing primaryfunctions:

e Transfermpacketdrom FIFOsto bustransceivers.

e Performproperarbitrationprocedures.

e Transfempacketdrom bustransceiverso FIFOsthatselectthis I/O card.
e Propergeneratiorof I/O busybussignals.(SeeSection3.1.1onpagel6.)

The presenceletectfunctionaityis implementedn the presdet_reset controller Following resetit is re-
sponsibldo:

o Determinegthenumberof I/O cardsonthelocal station.

e Determinegheserialnumberof thecurrentcard(0 or 1).

85 Arbiter

ThelO cardcontainsarbitrationandresetircuitry for theNUMAchinebus. SeeSectior3.1.1onpagel 6. This
functionalityis almostidenticalto thatwhich is found on anarbitercard,but the resetswitchhasbeenre-
moved.Thearbitrationandresetcircuitry hasno effectif thel/O cardis notinstelledin thearbiterslot.

8.6 Clocking

Thereareanumberof clock source®nthel/O card.Figure8.50onpage65 showstheseclock source®onthe
I/O card,andwheretheyaredistributed.The Bussideclockis deliveredthe sameway asthememorycard.
The clock for the local buscanbe eitherconnectedsynchronousiyo the PCI clock, or to the NUMAbus
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Figure8.4: Bussidedatapathonthel/O card

clock. It hasbeendiscoveredhatthe PCI bridge chip exibits metestabilityproblemsif the clocksarenot
the samefrequencyon both sides but arenot synchronousAs aresultrunningwith the PCl clock feeding
thelocal clockis the safest.Usinga 50Mhz NUMADbus clock alsoworkswell, but reliability problemsare
expectedThe PCl clock andthe SCSiclock arebothprovidedby onboardoscilators.

8.7 Reset operations

8.7.1 CPU configuration

Whenthel/O carddetectsa busresetit performsacoldresetntheembedded4650.Thisincludessending
a 256bit configurationstream.Thedetailsof the cpuresetaredetailedin the R4650manual[[Int95]].

8.7.2 FLEX programming

Onthefalling edgeof thelocal resetheflex programmingircuit programghe ECC/paritychip. It is setup
for aserialbit streamfrom bit zeroof the EPROM.

8.7.3 Optional reset control from thel/O card

Thereareoptionalconectiongo boththe systenresetrequestine andthe PCl resetrequestine. In order

to activatethesefeaturegumpersJH1land/orJH2respectivelyneedto beinstalled. This featureis untested
andmayrequiresomeminorcodechangesn theresetcontrollerdependingpnwhatthepowerupstateof the

duartoutputpinsis. It shouldbenotedthatthe PClresetwill alsoresetthe GT chip.
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Chapter 9

Network | nterface Card

9.1 Overview

The Network interfaceprovidesconnectivitybetweena given stationandthe restof NUMAchine. It also
providesa tertiary cachefor cachingremoteaccessesThis cardwasoriginally designedastwo cards the
ring interfacewhich connectgo the network,andthe Networkcachewhich is thetertiarycache Figure9.1
onthefollowing pageis a high level block diagramof thenic.

9.2 Local Ring Interface

To befilled in by Steve

9.3 NUMAchine BusInterface

To befilled in by Steve

9.4 Network CacheController

To befilled in by Alex

95 SDRAM Controller

To befilled in by Robin

9.6 RingPacket Assembler

The packet assembler is the final stage(stage3) of aring transfer It re-assembleall transactionshatare
longerthanonepackein length. To avoiddeadlockthis stagemustabsorhkall non-sinkabldéransactionshat
canbein thesystem.Thereasoningehindthis is discussedn [Lov96, Chapterd]. Figure9.2 on page69
showsthelogical designof stages3.
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Figure9.2: Block diagramof the packetassemblestage(Stage3)

9.6.1 Staging SRAM Memory

Sincetheinterconnects implementediusinga slottedring, multiple packetdn onetransactiormay not ar-
rive in consecutiveslots. Non consecutivgpacketarereassembleih a dedicatedtagingareaimplemented
usingSRAM memory The stagingSRAM is partitioninginto a numberof staginglocationsbasedon the
transactiortypealongwith somevirtual QueuesTable9.1 showshowthe SRAM is logically partitioned.

Table9.1: SRAM Partitioning

| StartingAddress| Sizein entries| Description

0x0000 Ox3FF | Soliciteddatastagingarea(mappedn usingthe SMA)

0x0400 O0x3FF | Unsoliciteddatastagingarea(mappedn usingthe SMA)

0x1000 Ox7FF | Virtual Non-SinkableQueug(NS_FIFO)

0x1800 Ox1F | Virtual SinkableQueug(S_FIFO)

Ox18FF 0x1 | Ringerrorregister(This mustbeexplicitly read)

Ox19FF 0x1 | All subsequenting errorsuntil thering errorregisteris read. (this is not
readable)

The soliciteddatastagingare of the SRAM is reservedor useby eachof the logical cardson the sta-
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tion thatis capableof requestinglatafrom a remotestation. Logical cardswhich fit into this categoryare
ProcessqmMemory 1/0, andNetwork Cache.For eachof thesecards,the amountof spaceeservedn the
StagingMemoryis sufficientto hold a total of eightcachdinesof dataperrequesterEight spacesrepro-
videdsothateachogicalcardis permittedo haveupto eightoutstandingequestsThisallowsfor flexibility
in processoselection(e.g.,MIPS R10000) andallowsotherlogical cards suchasthel/O card,to pipeline
multiple request$o memory

Theunsoliciteddatastagingareaof the SRAM is usedto absorlsinkabletransactionsentto this station
whichwerenotexplicitly requestedThis sectionis dividedup sothatthereis spacédor four cachdinesper
station.

9.6.2 Classification of Ring Packets
Ring packetsareclassifiedaseitherheadepacketor datapackets.

e Header packetsontainoneaddrespacketfromthebus. Thesgpacketsareclassifiedaseithersinkable
(S)ornon-sinkabldNS).Headelpacketareusedto signify theendof atransactiorior datatransfers.

e Data packetsontainonedatapacketfrom thebus. To aid in re-assemblydatapacketsareclassified
aseithersolicitedor unsolicited.

— Solicited datapacketsaredatarespons@acketswhich correspondo requestshathavebeenis-
suedby this station(thatis, thestationtheRI is connectedo). Dataassociatetith mostR_Resp
transactionsindByte_R_Resptransactiongall into this category

— Unsolicited datapacketgeferto all otherdatapacketseceivedwvhicharenotthedirectresponse
to arequesissuedrom the station. This includeswrite-backsandwrite operations.

Whenapackets readfrom theDown_FIFO, it is characterizedseitheraheadepr adatapacket.Header
packetsarealwaysplacedin eitherthe NS_FIFO or the S FIFO, basedon their class. The heademacket
alwayssignifiesthatacompletdransactiorhasbeenreceived.Thisis truefor two reasonsFirst,theheader
packeffor atransactions alwayssentlast. Secondsincethering hierarchyguaranteesrdering packetwill
bereceivedrom agivenstationin thesamerelativeorderthattheyweresent.Datapacketsarewritteninto
the StagingMemoryatthe addressdentifiedby the SMA, asdescribedelow

9.6.3 SRAM Mapping Address (SMA) Field

TheSRAM Mapping Address (SMA) field in ring packetss usedfor re-assemblpf transactionshatcontain
oneor moredatapacketgshorttransactionsvith only oneaddrespacketonotusethe SMA field). Table9.2
providesthe SMA encoding.Two differentencodingsareused: onefor soliciteddatapacketsandonefor
unsoliciteddatapackets.

Table9.2: SMA Definition

Bits
Type |[10]9[8] 7 [6]5] 4 | 3.0
Solicited | O Regnum PID Segnum
Data (CMD[12..10]) | (AD[54..52])
Unsolicited | 1 senderSRD W_nt | Seqgnum
Data
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Encoding for Solicited Data Packets

e Themostsignificantbit of the SMA is setto 0 to marka packetasa soliciteddatapacket.

e ThePID field, whichis extractedrom anupperportion of the addressits in the correspondindpus
packetjdentifieswhichlogical cardon the stationis therequesteof thedata. The PID is setinitially
whenarequesieavesa logical card,andis maintainedaspart of the addresauntil thetransactioris
completedPID is encodedisingthreebits: the mostsignificantbit indicatesf therequesteis aPro-
cessarasopposedo anothertype of logical card,andthe othertwo bits specifywhich cardin that
classis therequesterReferto Table3.2onpagel7in Section3.1on pagel5 for the PID encoding.

e Therequestehasathree-bithumbeyreferredio asthe Reqnum,whichindicateswhich outstanding
requesthistransactiorcorrespondt. It is theresponsibilityof therequesteto ensurehatif it wishes
to havemultiple outstandingequeststhenall outstandingequesthiavedistinctvaluesof Regnum.
All cardsin the systemthatprocesgherequesandtheresponsenaintainthe Reqnum.

e Thelowerfour bits of the SMA, Seqnum,areusedto identify the orderingof packetswithin atrans-
action. Thering packetarenumberedonsecutivelystartingwith zerofor thefirst packetandending
with n-1for thenth packet.This numberings essentiabecausé¢he packetsarelikely to arriveinter-
spersedetweenpacketdrom otherstations.Numberingof the packetameanghatthe Ring Packet
Assembledoesnot needto maintaina pointerfor eachcachdine thatis beingre-assembled.

Encoding for Unsolicited Data Packets
e Themostsignificantbit of the SMA is setto 1.

e ThesendelSRID isthestationandring ID of the stationthatis sendinghe unsoliciteddata.

e W_cntis thevalueof atwo-bit counterlocatedon eachstation. This counteris incrementedfteran
unsolicitedtransactionusuallya write transactionjs sentontothe ring. Theintentionof the W _cnt
field is to createfour logical groupsfor the purposeof flow controlin stage3. The StagingMemory
hasspacdor four unsolicitedcachdinesfrom eachstationin thesystem.Sincethisdatais unsolicited,
andthereis only spacdor four cachdinespersourcejt is possibleto overwritethedatain the Staging
Memorybeforeit is sentto the station. To preventthis, the StagingMemory is partitionedinto four
logicalgroupshasenthevalueof W _cnt. Eachlogical grouphasspacdor onecachdine from each
source Whenalogicalgroupis full, anassociateflagis set. Processingf theDown_FIFOis stopped
if anunsoliciteddatapacketarriveswhichis destinedor agroupwhichis flaggedascontainingafull
cachdine. This flag is thenclearedwhenthe cacheline is removedfrom the stagingarea. It would
bepreferablao haveaflag for eachunsoliciteddatacachdine location,butthisis notfeasiblefor our
implementationin FPDs.

e Thelowerfour bits of the SMA, Seqnum,areusedto identify the orderingof packetswithin atrans-
action.
9.7 Datapath and Associated Controllers
9.7.1 Datapath

Thedatapatlonthenic2cardis implementedisingFLEX6000seried=PGA's, ratherthana seaof buffersas
wasthecasein the previousrevision. The datapattis partitionedinto five devices.Onecontainsthe CMD
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Figure9.3: Corecomponent®f the CMD datapath

datapath(nidp_cmd) andthe otherfour eachincludean 18 bit slice of the Address/dataatapath(nidpO -
nidp3). Thereareafew additionaldatapattsignalssuchasRselectandselectwhicharedistributedwvherever
theyfit best.

Figure9.3 llustratesthe coreof the CMD datapath.Thesediagramsareincludedto give a high level
overviewof thedatapathln orderto understandhe detailedimplementatiorthe actualdesignmustbe ex-
amined.Someof thedetailsarenot clearlyshownin this diagram.

Figure9.4onthenextpageillustratesthe coreof the Address/dataatapathin the 18 bit slices(16 bits
of data& 2 parity bits), only portionsof this datapathareimplemented.The signalsto andfrom the cache
coherenceontrollersareonly partof the 64 bit datapath(i.e. SRAM_ADD is only in thefirst two datapath
segments).

In all of the datapathdesignsall externalcontrol signalsareregisteredn orderto providereasonable
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setuptimes. The outputslew ratewasadjustedon the FIFO to Ring signalsbecausef transmissiorine
problemscasingunreliableoperationat 50Mhz. The datapati-PGAsareall programmedollowing reset
from anon-boardlashEPROM.Thedatais storedin abit slicemanneistartingwith nidp0- nidp3,followed
by nidp_.cmd.

9.7.2 BtoR Controller
To befilled in by Robin.

9.7.3 RtoB Controller

The RtoB Controlleris responsibldor taking datathathasbeenprocessedby the packetre-assembleand
sendingto the networkcacheand/orthebus. It is alsoresponsibléo sendout any packetghatthe network
cacherequestshouldbesentout. TheRtoB controlleris partitionedinto two statemachinesThefirst state
machinereferredto asrtob_sm, is responsibléo listento the FIFO betweerthe packetre-assembleandrtob
(StoN_FIFO),andprocesshedataasrequired.Theseconatontroller referredto asntob_sm, is responsibl¢o
listento thedatapattio seewvhatcurrentlyneedso besentto processedsperthenetworkcachesnstructions.
Only oneof thetwo statemachinesanbeactiveatatime, exceptwhenntob_sm startsrtob_sm.
Thertob_smcanprocesdothsinkableandnonsinkablelatafromtheStoN FIFO.Any transactionsvhich
may effectthenetworkcachearesentinto the networkcachefor processingOnly theaddresgackets sent
in for processingandthe datais left in the FIFO until the datapathsignalswhatis to be donewith it. The
datapatlsignalsthetargetoperationvia thesrc dstbits. Thesearedetailedfurtherin section9.4 on page67

9.8 Clocking

Clockingon the NIC is similar to that on the memorycard,with the additionof aring clock. Figure9.5
illustratesthe clock distributiononthe NIC.

Ring Clock .
:)o<><><><><>9><><><><><><><><><><><><><><><><><>o( 1:9 PECL—>TTL +> TTL R|ng Clock
ECL 9
2
#/— 1:9 PECL->TTL [—/—= TTL Refresh
Bus Clock PECL 9 L
oo 1:2 2.45 Mhz !
ECL Clock
#—1:9 PECL->TTL /= TTL
2 9

Figure9.5: ClockingontheNetworkInterfaceCardRev2A




Chapter 10

Inter-ring Interface Card

10.1 Introduction

10.2 Mainboard

Notes:documentct boardmods,statusof revsto 2nd mainboard 2nsearly clock on mainboardno skew
betweerdaughterboardslip switchclock settings.

10.2.1 Component L ocations

SeeFigure10.1to view thelocationof component®n the mainboard.

Thedatapattcardbitslicesareallocatedasfollows.

Table10.1: Datapathbitslice assignments.

| DatapatfSlot | Description |
SlotA | EXTRA<2..1>
GLOBAL_MON_GTOL
SMA<10..0>
FMASK_STN<3..0>
SlotB | CMD<17..0>

SlotC | AD«<17..0>

SlotD | AD<35..18>

SlotE | AD<53..36>

SlotF | AD<71..54>
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7

Table10.2: Mainboardjumpers.

| Jumper| Description \

JH4
JHS5
JH6

usefreshslots(seealsoD5, amber_ED)
Ve senséDO NOT SHORT!!!
disableclocks(for JTAG programmingeliability)

Table10.3: MainboardLEDs.

| LED | Colour | Description \

D1
D2
D5
D7
D8
D9
D10

red | globalring controllererror

red | datapati-PGAprogrammingactive
amber | usefreshslots(seealsojumperJH4)
green | localring B presenceletect
green | localring D presenceletect
green | localring C presenceletect
green | localring A presenceletect

Table10.4: MainboardJTAG programmingconnectodl.

| Pin | Description |
1| ISPTCK

GND

ISPTD7 (TDO?)
VCC

ISPTMS

no connect

no connect
ISPSENSE
ISPTDO (TDI?)
GND

O©CoOoO~NOOOPWDN

=
o
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Table10.5: MainboarddebugconnectoH1, ring D.

| SignalPosition| Description |
15 | gr_participants:0>
14 | hshaltring |
13 | hsmonsendinglrtogr_d
12.11 | had_muxsek1..0>
10 | hsmonfreeslotd
9 | hsdn.wed*
8..0 | hs.debugd<8..0>
clk | unconnected

Table10.6: Mainboarddebugconnectot2, ring C.

| SignalPosition| Description |
15 | gr_participantsc1>
14 | hshaltring|
13 | hsmonsendinglrtogr ¢
12..11 | hsc_.muxsek1..0>
10 | hsmonfreeslotc
9 | hsdnwe c*
8..0 | hs.debugc<8..0>
clk | unconnected

Table10.7: MainboarddebugconnectoiH3, ring B.

| SignalPosition| Description |
15 | watchdogerror
14 | hshaltring |
13 | hsmonsendinglrtogr_b
12.11 | hsb_muxsek1..0>
10 | hsmonfreeslotb
9 | hsdn.we_b*
8..0 | hs.debugb<8..0>
clk | unconnected
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Table10.8: MainboarddebugconnectoiH4, ring A.

| SignalPosition |

Description

15
14
13
12.1
10

usefreshslots
hs haltring_|
hsmonsendinglrtogr.a
hsa muxsek1..0>
hsmonfreeslota

9 | hsdn.we_a*

8..0

hs debuga<8..0>

clk

globalring clock

Table10.9: Mainboardfront panelconnectoH5.

| Pin | Description

1
3
5
-
9

11
13
15
17
19
21
23
25
27
29
31
33

| Pin | Description |
no connect 2 | noconnect
slowclock (4 MHz) 4| Vce
data0 6 | Vcc
datal 8 | GND
data2 10 | GND
data3 12 | GND
datad 14 | GND
data5 16 | GND
data6 18 | GND
data7 20 | GND
BREQ 22 | GND
BGNT 24 | GND
readivrite 26 | GND
addresstrobe 28 | nextstartpwrO
nextstartpwrl 30 | nextstartpwr2
nextstartpwr3 32 | nextstartpwr4
no connect 34 | noconnect

Table10.10: MainboarddebugconnectoH6, reset controller.

| SignalPosition | Description

15.11
10..8
7.0

unused
flex_prg_st<2..0>
rstdbg<7..0>

clk

unconnected
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Table10.11: Mainboardocal ring clock connectors.

| Connector| Description |

U14 | localring D clock
U15 | localring C clock
U16 | localring A clock
U17 | localring B clock

10.2.2  Jumpers
1023 LEDs

10.2.4 Connector Pinouts
10.3 Datapath Daughterboard

10.3.1 Debug Connector Pinouts

Table10.12: DatapathdaughterboardebugconnectoH1.

| Pin | Description \
15 | AlmostemptyflagD
14 | AlmostemptyflagC
13 | AlmostemptyflagB
12 | Almostemptyflag A
11 | EmptyflagD
10 | Emptyflag C
9 | EmptyflagB
8 | Emptyflag A
7..0 | debug<7..0>
clk | globalring clock

10.4 Local Ring Daughterboard

10.4.1 Debug Connector Pinouts

Table10.13:Localring daughterboardebugconnectoH1.

| Pin | Description \
15..8 | unusedreservedor monitoringdebugpins)
7..0 | ringcondebug<7..0>
clk | localring clock
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10.5 Clocking

ThelRI mainboardprovidesthehigh speecd:lock usedby theglobalring. Figure10.2showshowtheclock
is generatecéndthendistributedon the mainboard. Eachof the datapattcardsalsohavea1:9ECL - TTL
converter

PECL
l

—————— 3

| |

| Y

|
Prreoqgurgmvable + 1:9 — PECL to datapath cards
synthesizer ~ |—| ECL clock TTL Clocks
25-400 MHz [——| driver 1:9 . » for the main board
(SY89429) (100311) »| ECL-TTL

converter

Figure10.2: Clockingonthe IRl mainboard
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M aintenance Procedures
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Chapter 11

Power

11.1 Station-level Power Requirementsand Distribution

11.2 Proceduresfor Powering Up and Powering Down

11.2.1 Basiclssuesand Concerns

All poweredcomponentén the systemshouldbe broughton-linein a controlledfashionin orderto reduce
theinstantaneoupowerrequirementso areasonabléevel. To facilitate this, eachstationis poweredupin
sequenceThesystemwill proviceasystenresetafterthelaststationis poweredup.

A meango powerdownthe systemin a controlledway — in caseof a coolingoutage for example—
shouldbe provided,althoughalthoughthereis no suchfunctionality at the present.

Powerup Eachstationpowersup sequentiallythey are daisychained,andwhenone stationhasstable
power it sendsasignalthatallowsthenextstationto powerup.Thislimits theinstantaneougowerrequired
on start-up.

Therewill alsoneedo beaway of poweringup thedisksto limit theirinstantaneougowerrequirement
- apparenththe SCSlprotocolallowsfor sequentiapowerup of disks.

System-level Reset A system-wideesetline existsthatcausegacharbitercardto performa stationreset
sequenceThis system-wideesetis bussedo all arbitercardsmakingeachstationidentical,andallowing
anyarbiterto initiate the systemwide reset.

The system-widaesetis anactivelow OC line, with pull-ups. Whena resetoccurs,theline is pulled
low, andthenreleasedWhenanarbitercardsensesheline is assertedt startsa stationreset.This allows
any deviceattachedo the system-wideresetline to initiate a reset. The OS caninitiate a systemresetby
writing to registerin anyprocessocardsresetcontrollet
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Chapter 12

Station Assembly

12.1 Overview

A stationconsistof a Futurebus-backplaneard, mountedn acage.Severatardsareinsertedn theback-
planeslots. In thebackof thebackplanetherearetwo powersuppliesa clock cardandtwo disk drives.

To assembléhe station,somesmall modificationshaveto be madeto the backplanethe cagemustbe
assembledandthebackplanenountedon thecage.Thewholeis theninstalledon arackandtheremaining
partsareinstalledfrom thebackof therack. Powersupplycablesneedto be connectedo thebackplanend
clocklines (twistedpair wires) needto be solderedo the backof everyslot.

12.2 Assembling the Cage and the Backplane

12.2.1 Backplane Modifications

Eachstationusesa Futurebus+14 slot, 128bits wide backplane However smallmodificationsneedto be
madeto it, thatis someresistorsmeedto beremoved:5 onthefront of the plane the sidewith the slots,and
2 ontheback. Theseresistoraresurfacemountedandarebestremovedwith ahotair solderingiron which
will simply blow themawaywhenhot. The positionof the resistorso removeon the front of the planeis
givenin Figure12.1onthenextpage.

In this figurethe boardis heldsothatthe copyrightnoticeis in thetop left corner Thefive resistorsare:

o Ontheleft sideof theleftmostslot, the 3rd resistorfrom the bottom;

e Ontheright sideof theleftmostslot, the lastresistoron thebottom;

e Ontheleft sideof therightmostslot, the 3rd resistoron the bottom;

e Ontheright sideof therightmostslotthelastresistoronthe bottom;

e In thetop centreof the board,from the setof four resistorsthe 2ndfrom thetop.

Theresistorgo betakenout from the backof the backplaneareshownin Figure12.2on thefollowing

page.
This boardis held sothatthe shortslotsareon the bottom. Theresistorsarealwayscloseto a row of
capacitors:

¢ In thefirst columnof resistordrom theleft edge the 3rd onefrom thetop;

87



88 CHAPTER12. STATION ASSEMBLY

O,

|
ooog
|

|

|

o
ooog————
ooog ————
A
|
|
|

Y
ooog————
|
ooog————

Figure12.1: Frontview of backplane
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Figure12.2: Rearview of backplane

¢ In thesecondcolumnof resistordrom theright edge thethird onefrom thetop;
¢ In thefirst columnof resistordrom theleft edge the 3rd onefrom the bottom.

Theseeightresistormeedto beremovedrom small,4 slotbackplanesooif theyareused.

12.2.2 Jumper Settings

Severaljumpersneedto be seton the Backplanefor properoperation. They areall on the back,the side
withoutslots,andonthelower sidewhenthe copyrightnoticeis onthetop. The positionof thejumpersand
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their stateis givenin Figure12.3. An emptysquarerepresentanopenjumper acheckedsquaraepresents
asetjumperandthelong rectanglesrethe positionsof the slotson the othersideof the Backplane.

= = m o oo o = = =
= =
= B o = & =
o = [m] O [m] 0o = O [m] O = ] O [m]

Figure12.3: Jumperpositionsto be populated

12.2.3 Assembling the Cage

Thecageusedis aKM 25 Metric subrack.ts mainstructureis shownin Figure12.4onthefollowing page.
Its mainpartsare:

e 2 sideplates;

e 2L rails(notsymmetric);

2 frontrails;
e 2 backrails;

2 middlerails.

Thefront rails arethewidestandareinstalledwith thenumberstthefront. Beforetheyaremounteda
guidelocationstrip mustbeinsertedthroughthe groovein therail with the smoothsideout. They mustbe
mountedogethemwith thel rails. Theserails standvertically alongthefront edgef the sideplates.These
rails arenot symmetrictheL rail with thesmallerinnerflap mustbe put ontheright sideof thecage.

The backrails aresomewhanharrower A guidelocationstrip mustbeinsertedin eachof themaswell
asatappedstrip to whichthe backplanewill beattached(SeeFigure12.5onthenextpage.)Therail must
be mountedwith thetappedstrip to the back.

The middle rails arethe smallest. Anothertappedstrip mustbe insertedthroughthembeforethey are
mounted.Theyaremountedsothatthe cardguidescanbe screwedo themlater.

To attachtherails to the sideplates the suppliedAllen headscrewsareused.
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Figurel12.4: Stationcageassembly
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Figure12.5: Backrail, crosssection

12.2.4 Attaching the Backplaneto the Cage

Thebackplanenustbeinstalledatthe backof thecage with theslotstowardstheinsideof thecage andthe
copyrightnoticein thetopleft corner Theinsulatingstripsthatcamewith thecagemustbeinsertedbetween
thebackplaneindthebackrails. 2.5x 10 mm screwsareusedto screwthe backplando thetappedstripsof
thebackrails. Thereshouldbea screwin eachcornerandascrewin everythird hole of the plane.
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Finally the cardguidesmustbeinsertedn the cage.Theirgroovemustalign with theright wall of each
cardslot. Theysnapinto the guidelocationstrip of the front andbackrails, andthey arescrewednto the
tappedstrip of themiddlerail. Forthis2.5x 8 mm screwsareused.

The cagewith the backplanecannow beinstalledon arack. Theholesin theL rails areusedfor this.

12.3 Auxilliary Cage Hardware

12.3.1 Overview

Plasticandmetalpiecesblah,blah,blah...

12.3.2 Assembly of Components
TabA into slot B, blah,blah,blah...

124 The2.1V Supply

The backplanaequiresa 2.1V, 10 A powersupply It is built usinga LT1038CKvoltageregulator The
schematiof thecircuitis givenin SectionB.3 on pagel03andthe partsusedareincludedin TableB.1 on
pagel04. To assemblehesupply all the partsexceptthevoltageregulatormustbesolderedo thecard,the
regulatoris thenboltedto the heatsink andonly afterwardss solderedo theboard.

12.5 Wiring of the Cages

125.1 Ground and 5V Connections

The Backplanesresuppliedwith 5V from the LambdaRWS450A-5 powersupply The connectionsare
madeusingBelden8916cable,redfor 5V andblackfor ground. 12 wiresrun from the groundterminalof
thesupplyto thelower partof theBackplaneand10wiresrun from the positiveterminalof thesupplyto the
upperpartof theBackplane SeeFigurel2.6onthefollowing pagefor thepositionsof theconnectionsnthe
Backplane Thesecablesareconnectedo theplaneusingthescrewsntherails provided. Theconnectioris
madeusingPanduitPN-14-10R-Ccrimpterminals.At thepowersupplyall the cabledor eachterminalare
connectedogetheiin aPanduitCB175-38-Qconnector Threemoregroundandthree5V cablesareattached
to theseconnectorandled to the femalepartof a Molex 6 circuit connector This is usedto supplypower
to theclock card,the 2.1V powersupplyandthering controlcard. Additionally 5 cm of heatshrinktubing
areslid onthecablesatthe powersupplyendto provideinsulation.

The 2.1V supplyis connectedvith bluecableto thetwo 2.1V boltson the backplane The cablesare
solderedo the supplyandareconnectedvith crimp terminalsto the backplane.

Theuseof the Molex connectotis givenin Figure12.7onthe nextpageThis showsthe matingsideof
thefemalepart.

125.2 Clock Connections

Theclock cardhas18 clock outputs.Fromthese 13 clock linesareconnectedo 13 of theslotsof the back-
plane.Twistedpairwirestakenfrom categoryb Ethernetablemustbeusedfor this. It is bestto leavethree
twistedpairsin eachcable ,connectinghemto threeadjacentlock outputson theclock cardandto 3 slots.
Forthelastcabled pairsmustbeused.Thewiresaresolderedothto theclock cardandto thebackplaneOn
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_>O

2.1V
+5V GND 3.3V

(not needed)

Figure12.6: Backplangpowerconnections

/ iiiiiiii | +5V

000

Powerup
Clock T
Card 2.1V Supply control

Figure12.7: Connectoto clock card,2.1V powersupply andring controlcard

theclock cardtheyareconnectedo two adjacenpads.Onthe backplangheyaresolderedo two adjacent
vias,onthebackof connectoiX. Their positionis shownin Figure12.8onthefacingpage.Sincethereare
14 slotsonthe backplaneandonly 13 clock lines,oneslot mustbeleft unconnectedndthusit is unusable.
Theguidingrails shouldbetakenoutfrom the cagefor this slot.

Whenconnectinghe clock lines, it is very importantto keepthe sameclock phasefor eachslot. It is
thusrecommendetb conneceachwhite wire of a pair to thepadmarkedpin 1 of the outputandto pin 2 at
theslot, andthe colouredwire to pin 2 onthecardandpin 3 onthebackplane.

Thetwo powerwiresof the clock cardmustbeconnectedo themalepartof theMolex connectoshown
in Figurel2.7andthusto the powersupply
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Figure12.8: Clock connectiorto backplane

For properoperationof the clock card,the serialload pin on the setof jumpersbesidethe frequency
selectingswitcheamustbe jumperedio ground. This is bestdoneby wire wrappinga shortwire to this pin
andto oneof thegroundpins.
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Chapter 13

M aintenance Procedures

13.1 Hardware Mainteneance

13.1.1 Card Replacement

Powershouldalwaysbe turnedoff whenremovingor insertingcards.It is possibleto demagesomeof the
Alteradevicesf boardsarehot-swapped.

13.2 ProgrammableL ogic Device M aintenenance

Compiling Source Code
Troubleshooting

Downloading Object Codeto Chips
I n-system Programmable Devices
Socketed Devices

Problems During Programming

13.3 Test Software M aintenance

13.4 Cadence Design Files
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Chapter 14

Testing and Troubleshooting

14.1 Overview

This sectiondescribeshe approximatdestingproceduraisedto verify thatcardsarefunctioningcorrectly
It alsoincludesalist of commonsymptomslikely causesandpossiblesolutions.

14.2 Testing Processor cards(Rev. 3& 3A)

14.2.1 Standard Test Sequence

Whentestingthe processocardtherearefour levelsof functionalitythataretested.

e Theprocessoresetproperly the FLEX chipis programmedandthe hexcountroutinerunsfrom the
EPROM.

e All on-boardfeaturesaretested predominantlhithoseonthelocal bus.
e Thebusinterfaceis testecby doinga sequencef memorytests

e TheMulti-processofeaturesaretestedusingvarioussinglestationMP tests

14.2.2 Common problems

e Faultybitson businterface.Likely causedy FIFO pinsbeingshortedor havingcold solderjoints.

e Memorygetsfatalerrorwhenrunningamemorytest. Likely causes parityerrorin theaddrespacket,
oracorruptcommandgacket. Assuminghememoryis knownto begoodtheseerrorsarelikely caused
by afaulty bit in the businterface.

e Processois flaky whenbooting,or FLEX programmindfails. Likely causds oneor morebadcon-
nectionsonthe G_INT chip. Thesocketsarenot the highestquality.

14.2.3 Noteson the Processor card

Someprocessocardshaveprocessorfstalledthatdo notmeetthermalrequirementsThe processorshat
donotmeethisspecificatioraremarkedassuchontheceramigpackageWhenreplacingaprocessqgensure
thatif oneof theseprocessorss usedafan is alsousedon the heatsink. Theseprocessorsieedto havea
fan-mountedheatsinkinstalled.
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14.3 TestingMemory Cards (Rev. 2 & 2A)

14.3.1 Standard Test Sequence

Whentestingthe memorycardtherearefour levelsof functionalitythataretested.
e Thecardresetsandbothpresdetindflex programcomplete.
e ThestateSRAM canbereadandwritten successfully

e UncachedRAM operationsvork, atleaston linearandon patternor rotatingbit testshouldbe per
formed.

e Cachecoherenpperationsvork successfullyncludingcachecoherensharedgcachecoherenexclu-
siveandnon-coherent.

e Multiprocessotestworksbothsharedandexclusive.This shouldincludeatleastoneremotestation.

14.3.2 Common Problems

14.4 Testing Network Interface Cards (Rev. 2A)

14.4.1 Standard Test Sequence

Whentestingthe NIC Cardtherearefive levelsof functionalitythataretested.

e Thecardresetsandflex programmingvorkscorrectly

Thelocal SRAM andSDRAM canbereadandwritten correctly

With thering loopedbackto itself, the NIC cansendpacketsacrosghering correctly

BurstyuncachedP testswork with two stations.

MP testswork with two ringsbothsharedandexclusive.

14.4.2 Common Problems

Therearesomecommonproblemswith the NIC.

e Flaky ring transfers:One or moreof the ring buffers may be broken. Unfortunatelythis often only
manifeststself whenthebuffersoeareturnedonandoff. More complexMP testsareusuallyrequired
to catchthis.

e Packetgetwrittento thestagingSRAM butarenotreadout: Therearetwo commoncausedor this.
Oneis thatthewritebackbucketsarefull, likely becaus@f corruptpackets.Two error packetsvere
received.Writes of error packetssuperficiallylook the sameasnormalwritesto the stagingSRAM,
butaresentto anerrorlocation,andno furtherprocessings initiated.
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145 Testing /O Card (Rev. 2A)

145.1 Standard Test Sequence
Whentestingthel/O Cardtherearefive levelsof functionalitythataretested.
e Thecardresetgroperly andflex programworkscorrectly
e TheR4650processobootsanddisplaysthe appropriatdbootmessagéhroughthe DUART.
e Thel/O boardcandown-loadcodeandrunthe dmatest.
e ThePCldeviceinventoryworkscorrectly

e Thearbiterembeddednthecardworksat50 MHz.

14.5.2 Common Problems

e Theparityiswrongcomingoutof thel@card. Likely casds thattheGT_Gluechipis programmedor
Rev 1 ratherthanRev 2 for rev.2 cards,or vice-versdor rev.1 cards.

e A PClcommandaccesseturnsall 'F'. Thedeviceis not presentpr notresponding.

14.6 Testing a Station Backplane

14.6.1 Standard Test Sequence

Whentestingthe stationbackplangherearefour levelsof functionalitythataretested.
e Testthatthe poweris beingsuppliedcorrectlyto thebackplane5V +/- 5
e Testthattheall wired slotshavea functioningclock.
e Testthata4 processgmemoryandarbiterconfigurationcanrunalocal MP test.

e Add aNIC andtestthatthelocal ring clock worksby runninga multi-stationMP test
14.6.2 Common Problems
Thereareafew commonproblemswith the stations.Theyareasfollows:

e Clocksareflaky: Oneor two of theclock linesonthebackarenotwell connected.

e Noring clock: Eitherthering clockisn’t pluggedinto theright slot on the back,or thedistributionof
thering clock throughthe powerup cardis notworking.

14.7 Testing Inter-Ring I nterface
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Appendix A

Commidity Components

A.1 Integrated Circuits

A.11 FIFOs

TI ABT3611 Uni-directional36-bitFIFO,with bi-directionalmailboxregisters Hasparity checkandgen-
eratefunctions.Mailbox andFIFOshard O portsfor bothl andO functions.Usedeverywhere Sprin-
kledlike pepper

Datasheeteference:
TI SN74ABT3611, 64x36 clocked first-in first-out memory.
TI publicationnumberSCBS127C.

Original supplier:FAI

A.1.2 Buffers

Tl FB1650 Bi-dirctional 18-bit buffe—translatebetweenT TL andBTL. HasonelO portfor BTL side,
busseparaté andO portsfor TTL side. Two functionally separaté-bit buffersresidein package.
Packagés a100pin PQFPUsedto interfaceto Futurebus-backplane Everycardhasaboutseverof
theseon board.Sprinkledlike salt.

Datasheeteference:
TI SN74FB1650, 18-bit TTL/BTL universal storage transceivers.
TI publicationnumberSCBS178C.

Original supplier:FAI

IDT FCT162511 Bi-dirctional buffer with parity generatioranddetectiorfeatures.
Original supplier:FAI

IDT FCT162827 Uni-dirctionaladdresdbuffer.
Original supplier:FAI
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IDT FCT162374 Uni-dirctionalregister
Original supplier:FAI

IDT FCT 162244 Bi-dirctional buffer.
Original supplier:FAI

A.1.3 Programmable L ogic Devices
Altera CPLDs Assorted7000and7000SseriesCPLDs

Original supplier: Semad

Altera FPGAs AssortedlOK, 8K and6K seriesFPGAsS

Original supplier: Semad

A.2 Support Hardware
A.2.1 Power Supplies
450W LAMBDA 5V 450Wpowersupplywith remoteregulationvia sensdines.

1000W LAMBDA 5V 1000Wpowersupplywith remoteregulationvia sensdines.

A.2.2 Fans

A 120-38R 11-S 120V 60Hz,105CFM Nidecfan.
Original supplier:FAI



Appendix B

Other Information to Assemble a Station

B.1 Parts Needed for One Station

TableB.1 on the following pagelists the partsneededo assembl@ne station. Additionally someserial
conversiorboards powerup controllersandByte Blasterprogrammerganbe built. The serialconversion
boardsconvertthe duartoutputof the processorso RS232which canbethenconnectedo aterminal. The
power up controllers,delaythe time when eachstationis poweredup so thatthe initial load on the wall
socketds nottoolarge. Moreover it distributesasynchronouslockto all the networkcardsonalocalring.
The Byte Blasterprogrammeis usedto programAltera PLDson boardby connectingt to the parallelport
of acomputer The partsneededo assembleachof theseboardss givenin tableB.2 on pagel05.

B.2 Modifications To Processor Cards

Forall theprocessocardssomemodificationaneedto be doneto theduartcircuitry. Onthetop of thecard,
pin 3 of chip U72 needdo belifted from its padandbridgedto pin 2. Onthebackof the card,two traces
mustbecutandtwo jumperwiressolderednstead.Thepositionof thetraceso becutis givenin fig B.1 on
pagel06andthe positionof thejumperwiresis givenin fig B.2 on pagel06.

Forthe processoboardsmarked44-96,thefirst manufacturingpatchof the ProcR3 cards threeresis-
torsmustbe added.Theseare4.7 kohm, surfacemountresistors.Their positionsare shownin fig B.3 on
pagel07,fig B.4 on pagel07andfig B.5 onpagel08. Thethird resistoris solderetetweerthelower pin
of capacitorCB333andthevia onits left.

B.3 2.1V Power Supply

Theschematiof the2.1V powersupplyusedby eachstationis givenin fig B.6 on pagel08. Thepartsused
to assembl@nearegivenin tableB.1 onthefollowing page.
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TableB.1: PartslList
| Category | Parts | Man/Supplier | PartNumber | Amount ||
Powersupply 1
Cables PowerCord Belden/Simmonds 17236 1
Red(5V),AWG 14 Belden/Simmonds 8916,colr 2 6m
Black(GND),AWG 14 | Belden/Simmonds 8916,colr10 | 5m
Blue(2.1V) Belden/Simmonds 8916,colr 6 0.75m
TwistedPair 3m
Connectors High Current Panduit CB175-38-Q | 2
Crimp Panduit PN-14-10R-C| 24
PowerConnector | Plug Molex 6 circuit 1
Receptacle Molex 6 circuit 1
Crimp Terminal Molex male/female | 12
Clock/ReseConn. | FemaleHousing Molex 50-57-9202 | 3
Male Housing Molex 70107-0036 | 3
FemaleCrimp Molex 16-02-0086 | 6
Male Crimp Molex 16-02-0107 | 6
2.1V SupplyParts| HeatSink Thermalloy 6401B-2 1
Card 1
Voltageregulator LT/Electrosonic | LT1038CK 1
100uFelectrolyticcap. 1
10uFsrf. mnt. cap 1
42.2o0hm,1%res Philips/Electros. | MRS25F42R2 1
61.90hm,1%res Philips/Electros. | MRS25F61R9 1
1N4002diode 2
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TableB.2: Partsfor SerialconversionPowerup controlandByte Blasterboards

| Board | Parts | PartNumber | Amount ||
Serial 6 pin jack 2
conversion| SMD .1lucap. 0853C104K 8
SMD 10ucap. TAJB106M016 2
SMD 49.9ohmres. 2
SMD 100ohmres. 4
SMD 1K ohmres. 4
SMD 4.7K ohmres. 2
RS232controller DS14C232 1
OneShot LS123 1
Differentialdriver SN75176B 2
LEDs 2
Powerup | Ethernettonnector | Molex 95003-2881 6
controller | SMD .1lucap. 0853C104K 4
SMD 10ucap. TAJB106M016 1
SMD 100ucap. KME16VB101M6X1ILL | 4
SMD 33 ohmres. NRC10J330TR 1
SMD 49.9ohmres. | 080549R9-F 4
SMD 110ohmres. | 0805-10R-F 4
22K ohm,5 %res. 3
200K ohm,5 %res. 1
OneShot LS221 2
NAND LS00 2
LEDs 4
Byte 10 pin connector 1
Blaster 10 pinribboncable 10cm
Parallelconnector 1
SMD 0.01ucap. 2
SMD 33 ohmres. NRC10J330TR 7
SMD 49.9ohmres. | 080549R9-F 2
SMD 100ohmres. 2
Tri statedriver LS244 1
LEDs 1
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FigureB.2: Patchesddedo backof theprocessocards
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Appendix C

Using The Powerup Controller

C.1 Overview

Thisdocumendescribeshe useof thepowerupcontrollerdesignedor Numachinets purposés to power
up all the stationsin sequenceo thatthe wall socketsarennot overloadedy all the stationscomingup at
thesametime. Thecontrolleralsodistributesa synchronouslock andresetsignalto all thecardsonalocal
ring.

C.2 General Description

C.21 Structure

The powerupcontrollerhas6 ethernetconnectorsasshownin fig. C.1on the nextpage. Fromthese four
connectorgonnecto eachof thefour stationsonalocalring; theconnectoontherightis usedo controlthe
local stationandthe connectoontheleft is usedto connecthis boardto theinter ring interfaceandthrough
it to the otherpowerupboardson differentrings. This boardcanbe poweredthroughthe connectotto the
interring interface.Thisboardneeddo be suppliedwith +5V andgroundanytime whenthestationpower
suppliesarepluggedin.

C.2.2 Usingthecontroller

Eachstationcontrolledneedsa powerupboard. However only oneboardon eachlocal ring actsasa con-
troller. Therestareusedonly asconnectorso thestations.Foreaclstationusedacategorys ethernetwisted
paircableneeddo beinsertedn a connectorstartingwith connectorl. All thecablesneedto beinsertedn
adjacenslots. Eachcableis theninsertedn thelocal stationconnectoof theboards.Thatis thereis acable
returningto theinitial board.

If morethanonelocalring is used the controllingboardmustbe connectedo theinter ring interface,
againusingan ethernetcable. SectionC.3 on pagel11 describeghe connectionsieededn theinter ring
interface.

In the casewhenthe boardis connectedo theinter ring interface,it canbe poweredfrom there. Only
thecontrollingboardneeddo be suppliedwith powersincethe otherthreeactonly asconnectors.
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Connector for stations
on local ring

S\
4

1 2 3 4 Power enabled
|__——7 indicators

@/@ﬁ/d

f Power LED
|
Connector for Connector to
inter ring interface local station

FigureC.1: Structureof theboard

C.2.3 Connection to Local Station

Thereshouldbe onepowerupboardfor eachstationused. The boardis connectedo the stationsusingthe
jumperholesin thetopright corner Theassignmenof theseholesis shownin fig C.2. Theclocklinesmust
beof equallengthon eachstation.

Sense Q Q (Gnd)
Q Inhibit Inv.?

O-00@@® ~ O O
anhibit? ‘ ‘ ‘ ‘ClOCk Q Q Reset

FigureC.2: Jumperholesto connecboardto local station(backview)

SeesectionC.4on thefacingpagefor a descriptionof thelabelsin the diagram.The groundline is not
connectesntheboard.It hasnotyetbeendeterminedf it is needed.

Onall theboards5 clocklinesmustbe connectedrom the clock cardof the stationto the clock jumper
holesshownin fig C.1. Caremustbe takento keepthe phaseof the clocksthe sameon all the connections.
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C.3 External Circuitry Needed

Theinter ring interfaceconnectoiis usedto connecthe powerupcontrollerto othercontrollerscontrolling
differentrings. Theresetsignalis alsoobtainedhroughthis connector Thepowerupboardsuppliesa clock
signalto theinterring interfaceaswell.

If only onelocalringis usedtherearetwo optionsto take.If thepowerupcontrolleris left unpoweredit
will let all the powersuppliescomeon. Otherwise a switch canbe mountedat theendof anethernetable
which plugsinto theinterring interfacejack. Thepositionof the switchis shownin fig C.3. In this caseit
is easiesto removethe powerLED andconnectpowerthere.

Inter Ring Connector

FigureC.3: Switchto beusedif only onelocalring is used

C.4 Pinouts

C.4.1 Connectorsto Stationson the Ring and to L ocal Station

FigureC.4 on the nextpageshowsthe etherneplug thatneedgo be connectedo the stationson thelocal
ring andto thelocal stationconnectorlt is shownsothatthereleasdabis on the bottom.

Theinhibit pin turnsoff the powersupplywhenassertedInhibit Inv. is theinvertedversionof Inhibit
andit is usedfor older powersupplies.Seqis high only for the first connectorandlow for therest. Reset
distributesa resetsignal. Sensds usedto sensevhenthe powersupplyhascomeup. Clock and Clock*
distributea synchronouslock.

C.4.2 Connector toInter Ring Interface

FigureC.5showstheplugthatis connectedo theinterringinterface.Again,thereleaseabis onthebottom.
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Gnd

Inhibit

Inhibit Inv

Seq

Reset

Sense

NN

Clock*

Clock

FigureC.4: Pinoutof connectotto local ring andlocal station

Gnd

Vce

NextRing
Gnds

Reset

Start

NN

Clock*

Clock

FigureC.5: Pinoutof connectotto inter ring interface

NextRinggoedow whenthenextlocalring shouldpowerup. Startsignalswhenthisring shouldpower
up.



Appendix D

How to Modify this Document

D.1 Location of thisdocument in CVS

Thishardwaremaintenancenanuais writenin IATeX2¢. Thefilesareall storedon CVSandanyonewishing
to modify this documentancheckout their own copy, makeany cahngesandthencheckit backin again.

Therepositoryis currentlylocatedat:
/stumm/dO/tornadedrncvs/ornadodochw/hw_maintenancaenanual
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