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Chapter 1

The NUMAchine Multiprocessor

1.1 Overview of Hardware Components and Interconnection

NUMAchine is a scalable,cache-coherent,shared-memorymultiprocessordesignedto be modular, cost-
effective andeasyto program[V

�
95]. The architectureof the NUMAchine multiprocessorconsistsof a

numberof stations connectedby a hierarchicalring interconnectionnetwork,asshownin Figure1.1. This
organizationprovidesmodularityfor incrementalgrowthin systemsize.

Central Ring
�

Local RingLocal Ring

Stations
�

Figure1.1: TheNUMAchinehierarchy

The NUMAchine stationis shownin Figure1.2 on the next page. Eachstationcontainsa numberof
processorcardswith caches,local memory,I/O, anda networkinterface.Thenetworkinterfaceincludesa
networkcachefor cachingremotedata,andaring interfaceconnectedto thelocal ring. Thecomponentsof
astationconsistof commoditypartsfor cost-effectiveness,notablyfield-programmabledevices.Not shown
in Figure1.2on thefollowing pageis acentralizedbusarbiterto controlaccessto thestationbus.

Thelocalmemoryimplementsaportionof theglobalsharedmemory, andthenetworkinterfaceincludes
anetworkcachefor copiesof datafrom thememoryin remotestations.A hardware-implementedcacheco-
herenceprotocol[Grb96]is implementedin thelocalmemoryandnetworkinterface.Thisprotocolautomati-
callymaintainsvalidcopiesof datain cachesthroughoutthesystemin ordertoprovideeaseof programming.
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MemoryI/O

SCache SCache

Station Bus

Disks

Ethernet

Local
 Ring

    Ring
Interface

Network
  Cache

Procr Procr

Network Interface

Figure1.2: Componentsin aNUMAchinestation

NUMAchine is built usingtheMIPS R4400microprocessor[Hei94]. TheR4400is a single-issuepro-
cessorwith on-chipprimary instructionanddatacaches,andsupportfor a largeexternalsecondarycache.
Only oneoutstandingmemoryrequestis supportedby theR4400.

However, thedesignof thebackplaneandinterconnectionnetworkcansupporta futureimplementation
basedontheMIPSR10000microprocessor[MIP94]. TheR10000isasuperscalarprocessorwith supportfor
up to four outstandingmemoryrequests,includingprefetchrequests.Thedesignof NUMAchine includes
provisionsfor requestidentifiersto supportmultipleoutstandingrequestsfor thesameprocessor.

1.2 Organization of This Document

The purposeof this documentis to providehardwaredetailsandmaintenanceinformationto supportthe
operationof theNUMAchinemultiprocessor.

PartII onpage9 of thisdocumentprovideshardwaredetailson thefollowing topics:

� commandencoding(Chapter2 onpage9)

� systeminterconnection](Chapter3 onpage15)

� systemclocking(Chapter4 onpage21)

� arbitercard(Chapter5 onpage25)
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� processorcard(Chapter6 onpage27)

� memorycard(Chapter7 onpage45)

� I/O card(Chapter8 onpage59)

� networkinterfacecard(Chapter9 onpage67)

� inter-ring interfaceI/O card(Chapter10onpage75)

PartIII onpage85of thisdocumentprovidesinformationrelevantfor theoperationandmaintenanceof
NUMAchine,specifically:

� powerdistribution andpowerup/powerdownprocedures(Chapter11 onpage85)

� replacementof cards(Chapter?? onpage??)

� maintenancefor programmablelogic devices(Chapter?? onpage??)

� guidelinesandproceduresfor testing(Chapter14onpage97)

FurtherdetailsregardingNUMAchinearefoundin a numberof relateddocuments:

� cachecoherenceprotocolspecification[Grb96]

� designof stationbusandring hierarchy[Lov96]

� implementationdetailsfor I/O card[Gus96]

� designof monitoringhardware[Lem96]

� principlesof operationfor systemprogrammers[CGG
�

97]

� overviewof theTornadooperatingsystem[O/S96]
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Chapter 2

Packet Format and Command Encoding

2.1 Packet Format

Thevarioushardwarecomponentsof theNUMAchinemultiprocessorcommunicateby exchanginginforma-
tion in unitsof packets. Theformatof theNUMAchinepacketis givenin Table2.1. Eachpacketcontainsa
setof commandbits,and64address/databits. Parity/ECCbitsarealsoprovidedfor errordetection.

Table2.1: NUMAchinepacketformat

Field Size(num.of bits)

Command 16
Commandparity 2
Address/data 64
Address/dataparity 8

Therearetwo typesof packets:

� aheader packet,

� andadata packet.

Requestsandresponsesaresentthroughttheinterconnectasasequenceof packetsconsistingof oneheader
packet,followedby zeroor moredatapackets.Theprincipalpacketsequencesaregivenin Table2.2onthe
nextpage.

Forheaderpackets,theaddress/datafield containsanaddress,specificallya 40-bitNUMAchine address
augmentedwith routing information,asshownin Figure2.1 on the following page.Furtherdetailson the
interpretationof eachfield of theaddressarefoundin NUMAchine Principles of Operation for System Pro-
grammers [CGG

�
97,Chapter2].

2.2 Command Encoding

Theinterpretationof theCommand field of thebasicNUMAchinepacketdependsonwhetherthepacketis a
headeror containsdata.Bit 8 of the Command field is used to distinguish between header and data packets.

� Fora headerpacket,theCommandfield specifiesthenatureof theassociatedrequestor response.

9
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Table2.2: PrincipalNUMAchinepacketsequences

Packetsequence Headerpackets Datapackets

Readrequest,cachedor uncached 1 0
Interventionrequestfor cacheddata 1 0
Uncachedreadresponse 1 1
Cachedreadresponse 1 8 or ���

�

Uncachedwrite request 1 1
Cachedwrite request(blockwrite or writeback) 1 8 or ���

�

Updaterequestfor cacheddata 1 1
Invalidationrequestfor cacheddata 1 0��
Note: 8 packetsfor 64-bytecachelines,16packetsfor 128-bytecachelines.
� TheR4400issuesandexpectsa dummydatapacketfor invalidations. Thedummypacket
is droppedby theNUMAchineexternalagenthardwarefor outgoingrequests,andis
reintroducedfor incomingrequests.TheR4400detailsaredescribedelsewhere[Hei94, pp. 335,348].

60 56 52 48 44 40 36 32 28 0

magic per−station address portionring
mask

stn
mask

procr
mask

stn
mask stn 0000

source procr/stn destination stn

27 26

ring
mask

NUMAchine
         address

40−bit NUMAchine address

Figure2.1: Formatof addressfield in headerpacket

� Fora datapacket,theCommandfield containsadata identifier to indicate:

– whetherthispacketis thelastin a series,

– whethertheparity of thedatashouldbechecked,

– or whetherthedatacontainsanerror.

2.2.1 R4400 vs. R10000 Command Encoding

Thecommandencodingusedby theMIPSR4400andMIPSR10000differ in thepositioningandinterpreta-
tion of therelevantbits. TopermitafutureimplementationbasedontheR10000,theNUMAchinecommand
encodingis basedontheR10000.

Theexternalagenthardwarethatis connectedto theR4400systeminterfacetranslatesR4400-encoded
commandsinto R10000-encodedcommands,andvice-versa(seeSection6.4onpage34).

2.2.2 NUMAchine Command Encoding

Encoding for Header Packets

Theencodingof thecommandfield for headerpacketsis shownin Table2.3on thefacingpage.

� Bit 8 is 0.
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Table2.3: Interpretationof bits in Command field of NUMAchineheaderpackets

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)

� Bit 9 andbits 7..3 identify thecommand;thevaluesof thesebits arederivedfrom theSysCMDbits
issuedby processors(see[Hei94, Section12.9]).

� Themodifier in bits 2..0 is alsoobtainedfrom the SysCMDbits suppliedby processors,andspeci-
fiesadditionalinformationsuchasthenumberof bytesto write for a Byte W operation(see[Hei94,
Section12.9]).

� For futureuseof theR10000microprocessor, bits12..10containauniquerequestnumberto identify
oneof severaloutstandingrequests(see[MIP94]).

� Finally, bits15..13arereservedfor monitoring.

Table2.4onthenextpageprovidestheNUMAchineencodingfor theCommand field in headerpackets.
Table2.5 on thefollowing pageprovidesthe interpretationof themonitoringbits in theCommand field in
headerpackets.
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Table2.4: NUMAchineencodingsfor Command field of headerpackets

Command HexEncoding Special Procr. SysCMDbits Nack Req/Res Alias
Name for bits9..0� bit 9 7..5 2..0 bit 4 bit 3 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
SPRE 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 0 011 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 #bytes-1 0 0

UPGD 0C8 0 110 X 0 1
UPGD N 0D0 1 0
INV 0C0 0 0
SPINV (kill?) 2C0 1 0 ???

BC Res 0E1 0 111 001 0 0
BC Inv Req 2E9 1 0 1
BC Inv Res 2E1 1 0 0
UPD Req 0EA 0 010 0 1
UPD Res 0E2 0 0 0
UPD ResN 0F2 0 1 0
Other ??? 0/1 	 010 0/1 0/1

� If not specified,bits2..0areassumedto bezero.Bit 8 must bezerofor headerpackets.

Table2.5: Interpretationof monitoringbits in Command field of headerpackets

bit 15 bit 14 bit 13

NetworkCacheHit/Miss Valid/Invalid Local/Global
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Table2.6: Interpretationof bits in Command field of NUMAchinedatapackets

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: SysCMD[2..0]

SysCMD[5] SysCMD[7] SysCMD[6]
R10000: R10000: R10000:

— SysCMD[4] SysCMD[3]

Encoding for Data Packets

Theencodingof thecommandfield for datapacketsis shownin Table2.6.

� Bit 8 is 1.

� TheReq./Resp.bit indicateswhetheradatapacketformspartof a request(i.e.,awrite), or if it is part
of aresponse(i.e.,for aread).Thisbit mustbesetcorrectly, otherwiseprocessorswill hangwhenthey
receiveincorrectly-markedpackets.

� Theend-of-datafield indicatesthatthis is thelastdatapacketin amulti-packetsequence(see[Hei94,
Section12.9,]).

� If theError Databit is set,it indicatesthatanerrorhasbeendetectedin thisdatapacket.It is derived
from thecorrespondingR4400SysCMDbit (see[Hei94, Section12.9,p.375]).

� Theignoreparity bit is setwhenparity checkingis not requiredfor responsedatain orderto prevent
processorsfrom takingexceptions.

� Thecachestatebitsarederivedfrom thebits in theR4400SysCMD(see[Hei94, Section12.9]).

� Theremainingbitsareusedfor monitoring.

Table2.7providestheNUMAchineencodingfor theCommand field in datapackets.

Table2.7: NUMAchineencodingsfor Command field of datapackets

CommandName HexEncoding�
EOD 10X
Data 11X

Error-dataandEOD 12X
Error-data 13X

Ignore-parityandEOD 14X
Ignore-parity 15X

� Note: ‘X’ dependsonReq./Resp.bit 3
andCacheStatebits2..0.
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Chapter 3

System Interconnection

3.1 Bus Backplane

Thebusbackplanefor NUMAchineis basedon theFuturebus+physicalstandard.[IEE90]
Themajorityof signalsaresimplybussedacrossall slots,althoughumberof thesignalsarereservedfor

specialuses,asdescribedbelow.

� Fivewiresarereservedfor whatFuturebus+callsaGeographical Address (GA). Thesefivebitsforma
physicaladdressfor eachslot. Theupperfourbitsnumbertheslots,fromleft to right,0 to13. Theleast
significantbit is a 1 if theslot is wired for a centralarbiter, and0 otherwise.Thephysicalbackplane
usedfor NUMAchineonly supportsacentralarbiterin slot 0.

� Threewiresareconnectedin a point-to-pointmannerfrom all of theslotsin thesystemto thecentral
arbiterslot, i.e.,eachslothasasetof threepinsthatgodirectly to, andonly to, thearbiterslot.

� Onewire is reservedfor a Reset signal.

� Address/Data andAddress/Data Parity comprisea total of 144wires. NUMAchine uses72 of these
bits for Address/DataandAddress/DataParity. A numberof theremainingbitsareassignedto other
NUMAchinebackplaneprotocolspecificsignals.

Select and Response Select This setof signalsidentifiesthetargetdevice(s)for a request,andthetarget
device(s)for thecorrespondingresponse.Table3.2onpage17providesthebit assignmentfor eachdevice.

Source processor/device ID (PID) This setof bussignalsidentifiesthe originatorof a request.Of the
bits 3..0,bit 3 is definedas“responserequested.”This bit is normallyset,but undercertaincircumstances
will beclearedto signify thatno responseis to bereturnedto theoriginal requestor.

Bits 2..0aresetasshownin Table3.2onpage17.

Busy (sinkable + nonsinkable) Assertionof Busy(sinkable)indicatesthatadevicecannolongeraccept
any newincomingpackets.Assertionof Busy(nonsinkable)indicatesthatadevicemeansthatthedevicecan
only acceptsinkablepackets,i.e.,thosethatwill notgenerateanynewoutgoingpackets.Thebit assignment
for theBusysignalsis thesameasfor theSelectsignals,asshownin Table3.2onpage17.

15
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Table3.1: NUMAchinestationbussignals

Signaltype Logic Signalnamesandsizes

packet positive SenderID 4
Command+ parity 18
ResponseSelect 9

parity 8
address 40

Address/Data destinationstationmask 8
Data 64 monitoringphaseID 4

sourceprocessor/deviceID 4
sourcestationmask 8

arbitration positive BusRequest 1
BusHold

�
1

BusGrant 1
BusBusy 1
BusySinkable 9
BusyNonsinkable 9
Select 9

miscellaneous positive Station/RingID 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 Uart Data 1

Uart Poll Request 1
GA Test 4

monitoring positive LocalRingBusy 1
GlobalRingBusy 1�

In somedocumentationthissignalis referredto asthelong or S L bit.

3.1.1 Operation of the Bus

At thestationlevel,asplit-transactionbusis usedto connectthestationcomponents.Arbitration,flow con-
trol, anddeviceselectionareimplementedusingcustomhardwareprotocols.

Device Select

DevicesontheNUMAchinestationbusexplicitly selectthedestination(s)for eachtransaction.Forthispur-
pose,thebusprovidesasetof Select lines,onefor eachdevice,whichmustbeassertedby thesendingdevice.
Theappropriatedestinationsaredecodedby thesending hardwarebasedontheaddress,magic,androuting
bits in headerpackets,andthecorrespondingSelectlinesaredriven.Furthermore,eachdevicecontinuously
monitorsits ownSelectline in orderto recognizetransactionsthatit mustacceptfrom thebus.
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Table3.2: Detailedbit assignmentandencodingof NUMAchinestationbussignals

Encodingfor
Signalname Bit(s) Description sourceprocr/deviceID 2..0�

0 Memory 000
1 Networkcache 001
2 Ring interface 001

Select 3 I/O 010
and 4 Processor0 100

ResponseSelect 5 Processor1 101
6 Processor2 110
7 Processor3 111
8 Arbiter 011

Busy(sinkable) 0-8 seeassignmentfor Select/RSelect —
Busy(nonsinkable) 9-17 seeassignmentfor Select/RSelect —

Station/RingID 0-1 specifystationnumber —
2-3 specifyring number —

� Seetext for interpretationof sourceprocessor/deviceID bit 3.

Buspacketswith remotedestinationsareaddressedto theRingand/orNetworkCache,andsentacrossthe
ring. Theremote Ring Interfacedecodestheultimatedestinationfor thepacket,andassertstheappropriate
Selectlinesontheremotebus.

Arbitration and Busy Lines

Busarbitrationis performedautomaticallyin hardware.ThearbitrationalsoenforcestheNUMAchineflow
controlanddeadlockavoidanceprotocols.EachdevicehasassociatedBusysignalsfor two classesof re-
quests.Sinkablerequestsmaynot havea response,whereasnon-sinkablerequestsmay havea response.
Eachdevicemayselectivelydenyserviceto oneor bothof theseclassesbasedon its instantaneousbuffer
capacity.

Everycardin thebackplanehasthreededicatedbusarbitrationlines: BusRequest,BusHold, andBus
Grant.Onthebackplane,thereis onededicatedslot thatmustbeusedfor thecentralarbiter. Theotherslots
areavailablefor anycard.Thebusarbitrationlinesareimplementedaspoint-to-pointconnectionsbetween
thearbiterslotandeveryslot in thestation.

Eacharbitrationcyclebeginswith oneor moredeviceshavingassertedtheir individualBusRequestsig-
nals.At theconclusionof thearbitrationcycle,theBusGrantsignalis assertedfor exactlyonedevice;only
thatdevicemayusethebus.

� If a requestingdevicewishesto issuea cacheline to thebus(i.e., a Long transactionconsistingof a
headerand8 or 16 datapackets),thedeviceassertstheBusHold signalalongwith theBusRequest
signalatthestartof thearbitrationcycle.TheBusHoldsignalcontinuesto beassertedfor theduration
of theLongtransaction,but is deasserted3 cyclesbeforethedevicerelinquishesthebus.

� For MediumlengthtransactionstheBusHold signalmustbeassertedwhenrequestingthebus,and
thede-assertedimediatelyoncethebusis granted(Mediumtransactionshavea headerandonedata
packet).Unfortunatelythis wastesa few buscycles,but we haveobservedslow turnoff on theBTL
driveerscausingcorruptionof thefirst andor lastpieceof data.
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� ForShorttransactionsarequestingdeviceassertsonly theBusRequestsignal(Shorttransactionshave
only aheaderpacket).

� OncetheBusGrantsignalis assertedfor a requestingdevice,thebusmustbeusedfor therequested
transactionsize.

It is importantthatthereis oneunusedbuscyclebetweentransactionsto ensurethatthereis no interference
betweentheBTL driversturningonandthoseturningoff.

Forflow control,busarbitrationreliesontwo additionalcontrolsignalsfrom eachcardonthebus:Busy
(Sinkable)andBusy(Nonsinkable).Althoughbusarbitrationis centralizedin thebusarbitercard,the re-
sponsibility for checking whether the destination(s) is(are) busy rests with the bus requestor.

� Eachcardon thebusalwaysassumesthatthedestination(s)of a bustransactionis(are)not busy, and
makesaninitial busrequestwithoutcheckingthestatusof thedestination(s).

� Oncethe busis granted,the requestorchecksif thedestination(s)is(are)ready;if so, the requestis
placedonthebusandtheappropriateSelectlinesareasserted.

� If at leastonedestinationcardhasthe busysignalasserted,no requestis issued,andthe requestor
relinquishesthe bus. The requestorthenwaits until all busysignalsaredeassertedandrepeatsthe
arbitrationprocedure.

Givensufficientbuffer capacityin eachcard,unfulfilled busrequestsshouldberelativelyinfrequent.
Finally, becauseonly arbitrationis centralized,it is possiblefor busrequestorsto issuerequeststo non-

existentdevices.Writesto nonexistentdevicesdo notcauseerrorsandareacceptedbecausethereis no ac-
knowledgement.However, readsfrom nonexistentdevicescausea buserrordueto timeout(furtherdetails
arein NUMAchine Principles of Operation for System Programmers [CGG

�
97].) Buserrorsmaybecaused

eitherby toomanynegativeacknowledgements(likely acoherenceerror)or timeout(noresponsefrom des-
tination).

3.2 Ring Hierarchy

Thesecondlevelof NUMAchineis implementedusingahierarchyof rings(4 localringsandaglobalring).
Eachring isaunidirectional,bit-parallel,slottedring. Thesegmentsof aringbetweennodesbeingconnected
arereferredto asslots.Theseslotscaneitherbefull, sygnifyingthattheycontainvalid data,or emptysigni-
fying thattheslot is availablefor newdata.Everyring clock cyclethedatamovesonepositionaroundthe
ring.

In orderto transferdataacrossthehierarchy, everystationandring needsa distinctaddress.A station
is uniquelyidentifiedby the combinationof its ring andstationnumber. Thesenumbersareautomaticly
assignedduringasystemreset.

Table3.3: Thefiltermaskbit encoding

Ringbits Stationbits

R3 R2 R1 R0 S3 S2 S1 S0

Whendatais sentacrossa ring, it is partionedinto ring packets.A ring packetis a supersetof its corre-
spondingbuspacket.A ring headeris addedthatcontaqinsbothroutinginformationandtagsrequiredfor
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transactionreassemblyat thedestination(s).Thedestinationaddressis usuallyspecifiedusingthedest field
containedin theaddressportionof abustransaction.Forsometransactiontypesthepacketis alwaysrouted
to thehomestationspecifiedby thestationbitsin theaddress.Whenthedest field is usedtheaddressisspec-
ified usingan8 bit maskcalleda filter mask. Thebits in themaskcanbeinterpretedasshownin Table3.3
on thefacingpage

For furtherdetailson thering interconnectprotocolpleasereferto [Lov96].
Thesignalsusedon thelocal ring aredetailedin Figure3.4. Similarsignalsareusedon theglobalring.

For detailson the implementationof the local ring pleasereferto Chapter9 on page67, andfor detailson
theGlobalring pleasereferto Chapter10onpage75.

Table3.4: NUMAchinering signals

Signalnamesandsizes Description

FreeSlot 1 1=slotfreefor use
Watchdog 1 Setaspackettraverseswatchdog/sequencingpoint
SequenceRequest 1 Forcespacketto traversesequencingpoint for multicasting
DestinationMask 8 Identifiesstationsthathavenotyet receivedpacket
MonitoringSelect 1 Indicatesring packetis intendedfor ring monitoring
GlobalFree 1 Monitoringoptionsamplingif theglobalring is free

Header SMA 11 SRAM mappingaddressfor ring interface
StopUp 1 Stopspacketfrom beingputon thering by NIC cards.Allows IRI to still sendpackets
StopDown 1 Stopsall nodesfrom puttingpacketson thering allowingtheNIC cardsto drain
Config 1 Signallocal ring configuration
Error 1 Mark thispacketasa ring errorpacket
Wen 1 Write thispacketto thedownFIFOon thenextstation

Command+ parity 18
Address/data+ parity 72

Total 120

3.3 Global Ring

3.4 Rack Mounting and Physical Layout

TheinterconnectionhierarchybetweenNUMAchinestationsconsistsof localringsandaglobalring. These
stationsmustbephysicallypositionedin rackssuchthat the requiredcablelengthsarekeptshort. At the
sametime,easyaccessshouldbeprovidedfor maintenance,andcoolingrequirementsshouldbesatisfied.

Figure3.1onthefollowing pageillustratesaphysicalracklayoutof severalNUMAchinestationsto form
two local rings.To ensurethatthecablelengthsarekeptasshortaspossible,two stationsin eachlocal ring
areplacedin aninvertedorientationin theracks.With thisarrangement,theconnectionbetweenlocal rings
andtheglobalring is centralized.Theinter-ring interfaceboardmayphysicallyresidein oneof thestations
in thecenter, or it maybeseparate.Thelayoutshownin Figure3.1on thenextpageconsistsof 8 stations,
eachwith 4 processors,for atotalof 32processors.A full complementof 64processorsis realizedbyplacing
two pairsof racksback-to-back.All connectionsto theinter-ring interfacearemadein thecenter.
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Figure3.1: Side-by-siderackarrangementto form local rings
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System Clocking

NUMAchine requirescleanandpreciseclock signalsto supporthigh-speedsynchronouscommunication.
Eachcardona stationbusrequiresclock synchronizationwith theothercardson thatbus.Eachring inter-
faceconnectedto alocalring requiresclocksynchronizationwith theotherring interfacesonthatlocalring.
However, differentbussesonthesamering donotrequiresynchronizedclocksbecausetheFIFOsin thering
interfacesdecouplethering from eachbus.Theclockusedfor thelocalring neednotbethesameclockused
onanystationbusconnectedto thatring.

4.1 Clock Generation and Distribution

4.1.1 Station Level

In eachstation,aclockgenerationanddistributioncardgeneratesaBusClockwhosefrequencycanbevaried
between25 and50 MHz in small incrementsusingDIP switches.Low-skewcopiesof theBusClock are
distributedto eachcardin thestation.Figure4.1onthefollowing pageprovidesanoverviewof thisscheme.

� PECL(PositiveEmitterCoupledLogic) is usedfor clock generationanddistributionbecauseit pro-
videscleanandsharpedgesusingthesamepowersupplylevelsasTTL.

� A clock fan-outtreeis built on theclockgenerationboardusingtheNationalSemiconductor100310
andMC100EL11 to providea low-skewdistributionof thePECLBusClock.

� ThesePECL clock signalsaredistributedto eachcardin the stationusingdifferential, terminated,
twisted-paircablesof equallength. Eachtwisted-paircableis connectedto 2 pinson thebusback-
line for eachcardslot.

� Eachcardin thestationis thenresponsiblefor takingthecopyof theBusClockthatis deliveredto it,
replicatingit in TTL, anddistributingit locally on thecard.Oneachcard,a fan-outtreeis built with
MC100EL11 andMC100H641chipsto generateamaximumof 18TTL copiesof theBusClock.

� If morelocalTTL copiesof theBusClockareneeded,on-cardPLL (PhaseLock Loop)chipsmustbe
usedto generatelow-skewcopies.

4.1.2 Ring Level

Theclockdistributionfor thelocalringsis similar to thatof thestations,exceptthatthering clockalsogoes
acrossa catagoryfive twistedpair cablewhich is usedalsofor resetandpowerupcontrol. Figure4.2 on
page23 illistratesthis.

21
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Figure4.1: Clockgenerationanddistribution schemewithin aNUMAchinestation

4.2 Board-level Clocking

Theclockingschemeusedonthesystemcardsdiffersdependingontherequirementsof eachindividualcard.

4.2.1 Processor

SeeSection6.3onpage32.

4.2.2 Memory

SeeSection7.7onpage55.

4.2.3 IO

SeeSection8.6onpage63.
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Figure4.2: Ringclockdistributionschemefor a local ring

4.2.4 Network Interface

SeeSection9.8onpage74.

4.2.5 Global Ring

SeeSection10.5onpage81.
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Chapter 5

Arbiter Card

5.1 Overview

Thearbitercardcontainsfunctionalityfor centralarbitration,stationlevelreset,aswell asasmalltestcircuit.

5.2 Arbitration

SeeSection3.1.1onpage16.

5.3 Test Circuit

A smallnumberof testcircuitsareavailablefor testingthefunctionof a NUMAchinebusbackplane.

5.4 NUMAchine Bus Interface

Thecurrentarbitercarddoesnot interfaceto theNUMAchinebussothereis nobuscontrolcircuitry. This
doesnot,however, precludefutureversionsof thearbitercardfrom havingfunctionsthatareavailableto the
NUMAchinebus— thearbiterslot is completelyfunctionalasaNUMAchineslot.

5.5 Bus Debugging Headers

Thearbitercardprovidesanumberof headersto beusedwith theHPlogic analyzerfor debuggingpurposes.
Figurevreffig:arb.headersshowsthelocationof thesepods(viewedfrom thebackof thepcb)andtheirpri-
maryuse.Tablevreftab:arb.bus.headersdetailsthesignalswhichareconnected.

Whenusingtheseheadersthevoltagelevelneedstobeadjustedsincetheseheadersall provideBTL level
signals.Wehavefoundthatsettingthethresholdto1.55Vworkswell. MostcommonlytheSelect,CMD and
AD headersareusedfor debugging.

25
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H8 H4 H3 H12 H10 H14 H17 H6 H7 H15 H13 H11 H16 H5 H9 H18

AD

0..15 16..31 32..47
�
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�

Parity

CMD

Select

Rsel

Arbitration

Figure5.1: Locationsof theBusheadersontheArbiter card

Table5.1: Bit assignmentson theBusHeaders

Header Name Bit Description

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[0]

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 Busrequesttest

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

TheNUMAchineprocessorcardprovidesoneprocessingnodepercard.ThecardincludestheR4400pro-
cessor, asecondarycache,FIFObuffering,abusinterfaceandlocalresourcesincludingmonitoringandbasic
I/O. Theprocessorcardcanbebootedfrom anon-boardEPROM,or throughthegizmoconnectoron each
card. In thefinishedsystemall processorsshouldbeableto bootfrom EPROM.Furtherdetailson thepro-
cessorcard,particularlywith respectto theaddressspace,arefoundin NUMAchine Principles of Operation
for System Programmers [CGG

�
97].

An overviewof thecomponentsof theNUMAchine processorcardis shownin Figure6.1 on the fol-
lowing page.Thenamesof thedevicesreflectthenameschosenfor thedesigndescriptionfiles. Thekey
componentsof theprocessorcardare:

� theR4400processorandits secondarycache

� theExternalAgentdatapathandcontroller

� FIFObuffers

� local resources(LocalBusInterfaceandMonitoring)

� theNUMAbusinterface(bustransceiversandcontrollers)

� theResetcontroller

Thecentralcomponentof theprocessorcardis theR4400microprocessor;abrief summaryof its features
andbehavioris providedin this chapter. Othercommoditycomponentson the processorcardincludethe
FIFObufferchipsandtheBTL bustransceivers;thesecomponentsaredescribedin AppendixA onpage101.

6.2 R4400 Microprocessor

The R4400microprocessoris themostcomplexcomponenton theprocessorcard;considerabledetail re-
gardingits behavioris discussedelsewhere[Hei94]. Theintentof thesummaryin thissectionis to highlight
theimportantaspectswhich arerequiredto understandthedesignof theexternal agent, which is discussed
in Section6.4 on page34. As such,detailsrelatedto instructionexecutionarenot coveredhere.Only the
signalsandprotocolfor transferringcommandsanddatain andoutof theprocessorandthesecondarycache
arediscussedin thissection.

27
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Figure6.1: Overviewof componentsontheNUMAchineprocessorcard

6.2.1 System Interface

Figure6.2onthenextpagedepictstheexternalsysteminterfaceof theR4400processor. Thesesignalscon-
necttotheexternalenvironment,typically toacollectionof logicreferredtoastheexternalagent.Thesystem
interfacehastwoassociatedstatesfor thebidirectionalsignals.In master state,theR4400drivesthebidirec-
tional signals,while in slave state,theexternalagentdrivesthem.Thesysteminterfaceprotocoldescribes
theconditionsunderwhichtransitionsbetweenthesetwostatesoccur. In switchingbetweenthesetwostates,
thereis alwaysoneidle cycleto permitbusdriversto turnonandoff safely.

Thedescriptionof thesysteminterfacesignalsis givenbelow.

SysAD[63..0] 64-bitbidirectionaladdress/databus



6.2. R4400MICROPROCESSOR 29

SysAD[63..0]

SysCmd[8..0]
SysCmdP

SysADP[7..0]

ValidIn*
ValidOut*
ExtRqst*
Release*
RdRdy*
WrRdy*
IvdAck*
IvdErr*

64
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9

R4400

Figure6.2: Systeminterfaceof R4400processor

SysADC[7..0] 8-bit bidirectionalcheckbit busfor address/data;whenprogrammedto operatein “byte par-
ity” mode,thesecheckbits implementevenparitychecking

SysCmd[8..0] 9-bit bidirectionalcommand/data-identifierbus

SysCmdP 1-bit bidirectionalevenparitybit for command/data-identifierbus

ValidIn* Thissignalmustbeassertedby theexternalagentoneachcyclein whichvalidaddress/dataalong
with command/data-identifieris sentto theprocessor.

ValidOut* This signalis assertedby the processoron eachcycle in which valid address/dataalongwith
command/data-identifieris sentto theexternalagent.

ExtRqst* Thissignalis assertedby theexternalagentto requesta transitionto slavestate.

Release* This signalis assertedby the processorasanacknowledgmentto ExtRqst*. Onecycle after it
is asserted,theprocessorstopsdriving thebidirectionalsignalsandthesysteminterfaceentersslave
state.

RdRdy* Thissignalservesasanindicationfrom theexternalagentto theprocessorthattheexternalagent
canacceptprocessorread,invalidate,or updaterequests.If it is assertedat leasttwo cyclesbefore
theprocessorissuessucha request,theprocessorconsiderstherequestto accepted.If theprocessor
assertsarequestwhenRdRdy* is high,it mustwait until RdRdy*goeslow, thenit mustwait for two
cyclesbeforetherequestis consideredto beacceptedby theexternalagent.

WrRdy* Thissignalservesasanindicationfrom theexternalagentto theprocessorthattheexternalagent
canaccepta processorwrite request.If it is assertedat leasttwo cyclesbeforetheprocessorissues
sucharequest,theprocessorconsiderstherequestto accepted.If theprocessorassertsarequestwhen
WrRdy* ishigh,it mustwaituntil WrRdy* goeslow, thenit mustwait for twocyclesbeforetherequest
is consideredto beacceptedby theexternalagent.

IvdAck* Thissignalservesasanindicationfromtheexternalagenttotheprocessorthatapendinginvalidate
requesthasbeencompletedsuccessfully, permittingtheprocessorto continueexecutinginstructions.
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IvdErr* Thissignalservesasanindicationfromtheexternalagentto theprocessorthatapendinginvalidate
requesthasnot beencompletedsuccessfully, resultingin a buserrorexception.

Specific Behavioral Details

TheR4400systeminterfacedoesnotcheckparityon incomingcommandbits. Becauseaddresscyclesonly
use36bitsoutof the64bitsontheSysADbus,thereis alsonoerrordetectiononincomingaddresses.How-
ever, propercheckbits aregeneratedon theSysADCbusfor outgoingaddresses[Hei94, pp. 412–413].

Externalrequestsfrom the externalagentto the R4400processormay asserta cancellation bit in the
command.WhentheR4400hasanpendinginvalidate,assertingthecancellationbit forcesre-executionof
theinstructionwhichcausedtheprocessorinvalidaterequest.Thisre-executionforcesare-evaluationof the
cacheline statefor thedataaddressin question,which may thencausetheR4400to reissuetheprocessor
invalidaterequest,or to issuearead-exclusiverequest.Theread-exclusiverequestwill beissuedif theexter-
nal requestresultedin theinvalidationof thecacheline whichtheprocessorwasattemptingto write [Hei94,
p. 336].

Thereis anundocumentedfeatureof theR4400regardingthemannerin which it respondsto external
interventionrequests.The R4400alwaysrespondsto interventionsin sub-block order, evenif the R4400
is configuredwith thesequentialordering.To ensurethatthedatain theresponseis in sequentialorder, the
externalagentmustresettheleast-significantaddressbitsfor interventionrequestsbeforetheyareforwarded
to theR4400.

Thefollowing areimportantaspectsof thesysteminterfaceprotocolregardingtransitionsbetweenmaster
stateandslavestate:

� After issuingareadrequestin masterstate,theR4400performsanuncompelled change to slave state
to awaittheresponse[Hei94,p. 301].

� Whenauncompelledchangeto slavestateoccurs,theexternalagentmustnotethis transitionsothatit
doesnotperformarbitrationfor thesysteminterfacein orderto sendanexternalrequestto theR4400.

� After each external request is issued by the external agent, the R4400 reverts to master state [Hei94,
p. 300].

� WhentheR4400is awaitinga readresponse,andanexternalrequestis issuedby theexternalagent,
andthencompletedby theprocessor, the R4400 makes another uncompelled change to slave state to
furtherawaittheresponse[Hei94, pp. 301,332].

Someadditionalaspectswhich werediscoveredwhentestingthefirst versionof theprocessorcardare
givenbelow:

� TheR4400seemsto usea counter whenreceivingcachelines, i.e., it is not possibleto simply send
a single64-bit packetwith theend-of-dataidentifierwhentheprocessoris expectinga multi-packet
cacheline.

� TheR4400expectsthecachelinestatein thedataidentifierfor incomingcachelinestobeavalid state;
if thestateis “invalid” or “reserved,”it simply ignoresthecacheline.

6.2.2 Secondary Cache

TheMIPSR4400processorcontainsseparateon-chipprimarycachesfor instructionsanddata.However, the
capacityof eachon-chipcacheisonly16Kbytes.Hence,anexternalsecondarycacheof muchlargercapacity
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Figure6.3: Secondarycacheinterfaceof R4400processor

is requiredto ensurethattheR4400performswell. FortheNUMAchineprocessorcard,thesecondarycache
capacityis 1 Mbyte. Thesecondarycacheis a unified cachefor bothdataandinstructions(however, it may
beconfiguredasasplit data/instructioncachewith appropriateprogramming).Moredetailsonthesecondary
cacheinterfaceof theR4400aredescribedelsewhere[Hei94].

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

SCDAta,SCDChk 128-bitdataand16-bitECCbusses;botharebidirectional

SCAddr,SCAddr0 18-bitaddressbus;bit 0 is replicatedto provideadditionaldrivecapability

SCWr data/tagwrite enablesignal;replicatedto provideadditionaldrivecapability

SCTag,SCTChk 25-bit tagand7-bit ECCbusses;botharebidirectional

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. Thedatalinesarenot termi-
nated.Theaddresslinesarebuffered.

The1-Mbytesecondarycachecapacityfor theNUMAchineprocessorcardis providedby a numberof
SRAM chips,namelyTC551664-1564kbit � 16chipsfrom Toshibawith 15-nsecaccesstimes[Tos94]. The
capacityof eachchipis1Mbit or128Kbytes,so8chipsarerequiredfor cachedata,andonefor theassociated
parity.

The25-bittagandits7-bitECCarestoredin thetagRAM; thetotalnumberof bitspertagis32,whichis4
bytes.At least2 SRAM chipsarerequiredfor the32-bittag.Thesecondarycacheline sizeis programmable
atboottime. ForNUMAchine,therearetwochoices:64bytesand128bytes.Themaximumnumberof tags
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Table6.1: Timing parametersfor SRAMsonNUMAchineprocessorcard

Parameter Numberof PCycles

TWrSUp 3
TWr2Dly 1
TWr1Dly 1
TWrRC 0

TDis 2
TRd2Cyc 3
TRd1Cyc 4

resultswith 64-bytecacheline, requiringa capacityof (1M/64)�������������� �� bytes,which easilyfits into 2
SRAM chips.Hencea totalof 11 chipsarerequiredfor bothdataandtags.

A numberof boot-timeprogrammableparametersgovernSRAM accesstiming (see[Hei94]). For the
SRAMsusedin theNUMAchineprocessorcard,theparametersettingsareprovidedin Table6.1. Theunit
of time is PCyclesof thePClock,whosefrequencyis twice theexternalsystemclockof theR4400.! �#"

[NOTE: Parameters may not be correct. Currently more conservative numbers are used.]

6.3 Clocking

Theprocessorcardutilizesthreeindependentclocksignals:

� a local clock for theR4400processor,

� aglobalclock from theNUMAbus,

� anda local clock for theresetcircuitry.

Therearetwo additionalclocksignals:

� theoutputSystem Clock or SClock derivedfrom theR4400,which drivesmostof theexternalagent
circuitry,

� andtheexternalGizmoclock thatdrivestheGizmosideof thelocalbusinterface.

Figure6.4on thefacingpageillustratestheclockgenerationanddistributionon theprocessorcard.
TheR4400processoracceptsasingleclockinput(MasterClock)fromwhichit derivesits internalPClock

for processorlogic operation,andseveraloutputclock signals.The mostimportantoutputis the SClock.
Theprocessorcanalsogenerateseparatereadandwrite clock signalsfor theexternalinterfacelogic, with
programmableskewbetweenthesesignals.However, this featureis notusedin thecurrentimplementation.

6.3.1 Clock Synchronization

[a very important issue for the interface circuits which needs to be discussed??]
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Figure6.4: Clockgenerationanddistributiononprocessorcard

Processor clock synchronization

Processorclock synchronizationrequiresa low clockskew. For thatpurpose,thereareseveralclockdistri-
butionchipsavailable,andtheprocessorinternallyhasaphase-lockedloopthatsynchronizesits clockinputs
andoutputs.
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[more details about the actual clock distribution circuitry??]

Synchronization Among Independent Clocks

Sincethereareseveralindependentclock sources,thereis a possibility for metastability. To remove(or at
leastdecrease)thispossibility, thefollowing techniquesareused:

1. DatainterchangethroughFIFOsusedouble-latchedstatussignals.

2. Asynchronoushandshakingis usedfor circuitsthatinterfacebetweentheprocessor-derivedclockand
thebusclock.

3. Multiple latchingis usedfor signalsthatinterfaceGizmobusto theprocessorcardlocalbus.

Becauseindependentclock sourcescanbe tunedindependently, the circuits contendingwith multiple
clocksourcesmustbepossesssomedegreeof flexibility. CurrentlytheBBC andPSDcontrollerstakespe-
cial precautionsto ensurethattheyfunctioncorrectlywhenonesideis workingat 33MHz andtheotherat
50MHz. Cautionmustbetakenbecauseonesidemaytry to sinkdatafasterthanit is beingsourcedif false
assumptionsaremade.

6.4 External Agent

Theexternalagent(henceforthabbreviatedasEA) is thekeycomponentof theNUMAchineprocessorcard,
asit is theinterfacebetweentheR4400processorandtheNUMAbusthatis theconnectionto therestof the
system.TheEA providesthefollowing functions:

� Fromtheprocessorside,theEA acceptsR4400memoryread/writerequestsandforwardsthemto the
appropriatedestinations.

� FromtheNUMAbusside,theEA acceptsresponsesto R4400readrequestsandforwardsthemto the
waitingprocessor.

� FromtheNUMAbus side,the EA acceptsexternalintervention,invalidation,or write requests,and
forwardsthemto theprocessor.

� Fromtheprocessorside,theEA acceptsR4400responsesto externalinterventionrequestsandfor-
wardstheseresponsesto theNUMAbus.

� For boththeprocessorsideandtheNUMAbus side,theEA providesaccessto local resources(e.g.,
monitoring,Gizmointerface)on theprocessorcard.

� In all casesinvolving communicationbetweentheprocessorandbussides,theEA performsthenec-
essarytranslationof theaddressspaceandcommandencoding(R4400$ NUMAchine).

TheEA consistsof: (1) abidirectionaldatapathbetweentheprocessorandtheexternalenvironment(the
FIFOsfrom/totheNUMAbus),and(2) a controllerto coordinatedatatransfersthroughthedatapath.

Thecontrolleris implementedin a singleAltera chipcalled/emphpsd.Thepsd controllerconformsto
theprocessorsysteminterfacehandshakingprotocolfor acceptingprocessorrequests/responsesandsending
externalrequests/responsesto theprocessor(seeSection6.2onpage27). Ontheexternalsideof thedatap-
ath,thecontrollermustsamplethestatusof theFIFOsandcontrolread/writeoperationsfrom/to theFIFOs.
Processorrequestscanonly beacceptedif thereis spaceavailablein theoutgoingFIFO.Conversely, if the
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incomingFIFO is non-empty, thenthecontrollermustarbitratefor theprocessorsysteminterfacein order
to forwardexternalrequestsandresponsesto theprocessor. Thecontrollerimplementationconsistsof two
statemachines,onefor theprocessorside,andonefor theFIFOside.

Thedatapathis implementedin 2 Alterachipscalledeadat lo and,eadat hi . Theeadat hi chip
performsaddressbit manipulationin orderto translatebetweenR4400andNUMAchineaddressspaces.

6.4.1 Data-path

A simplifiedview of theEA datapathis illustratedin Figure6.5. Ontheprocessorside,thedatapathconnects
to theR440064-bit SysADbus. On theexternalside,thedatapathconnectsto the64-bit EAAD bus. The
figureis a simplifiedillustrationof thebuffering andmultiplexingemployedfor datatransferbetweenthe
SysADandEAAD busses;theaddressbit manipulationthatis performedin eadat hi ) is not shown.
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Figure6.5: Externalagentdatapath

In the implementation,the64 databits from theprocessorSysADbusandtheassociated8 checkbits
from the SysADCbusaredivided amongtwo Altera programmablelogic devices.Table6.2 on the next
pageprovidestheassignmentsof dataandcheckbits to particulardevicesin theEA implementation.All of
thecheckbitsareassignedto onedevice.Althoughthereis paritygenerationandcheckingfor datapackets,
thereis nonefor addresspackets,andtheexternalagentdatapath(specificallyeadat hi ) manipulatesthe
addressbits. For datapackets,thereis no manipulation.In eithercase,theparity bits arepassedthrough
unchanged.

Outgoing Path

Two levelsof latchesarerequiredfor outgoingaddress/data(R4400% system)to permitsufficient time to
decodeandmanipulatecommandsandaddressesastheypassthroughthedatapath.Outgoingread,write,and
upgraderequestsproceedfrom theSysADbusthroughthecpu ad andcpu numaad latchesto theoutgoing
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Table6.2: Assignmentof SysADbits to Alteradevices

DeviceName DataBits CheckBits

eadat hi SysAD[63..26] —
eadat lo SysAD[25..0] SysADC[7..0]

FIFOchips.Readandupgraderequestsareplacedin theoutgoingFIFObypassmailboxregister, while write
requestsareplacedin theoutgoingFIFOitself. Outgoingprocessordataresponsesalsoproceedthroughthese
latches.Requeststo Local BusInterfaceandMonitoring resourcesdo not entertheFIFOs,andareinstead
routedto theappropriatelocal resource.

Thefirst levellatchfor outgoingtraffic is always enabled.Thesecondlevellatchconnectedto theEAAD
busisnormallyenabledwith aonecycledelayonValidOut* fromtheR4400.Thisonecycledelayisprovided
by thesignalValidOutd*, which is generatedby thepsd component(thedatapathcontroller). Thesecond
level latchfor EAAD is alsoenabledwhenthereis a loopbackfrom theincominglatchea ad.

Incoming Path

Fortheincomingpath(system% R4400),thesingleinputlatchisenabledbytheILDEnasignal.Foreadat hi ,
whichperformsaddressbit manipulation,theD-inputstotheinputlatchea ad andtheoutputlatchcpu numaad
havemorecomplexcombinationallogic to performtherequiredmanipulationdiscussedin Section6.4.2.

Incomingexternalrequests/responsesfrom theincomingFIFOarelatchedinto ea ad. Responsesfrom
LocalBusInterfaceandMonitoringalsopassthroughthesamelatch.

Loopback Path

A specialfeatureto notein Figure6.5on thepagebeforeis thepresenceof a loopbackpathfor theEAAD
bus,throughthe ea ad latch,andinto the cpu numaad latch. This loopbackpathis requiredfor external
interventionrequests.An incominginterventionrequestis forwardedto theR4400from theincomingFIFO,
andalsocopiedthroughthe loopbackpathto beplacedin theoutgoingFIFO astheheaderpacketfor the
interventionresponse.

Path for Commands

TheEAAD busalsohasanassociatedEACMD busthatcorrespondsto theSysCmdbusof theR4400.The
datapathfor commandsis similar to thedatapathfor theaddress/dataportion(i.e., two latchlevelsfor out-
goingcommands,onelatchfor incomingcommands),except that there is no loopback path for commands.
ThecommandbitsdonotgothroughthesameAlteradevicesastheaddress/databits. Instead,thecommand
datapathis partof thepsd controllerdevicedueto thecloserelationshipbetweencommanddecodingfor
controlpurposes,andtheneedto manipulatecommandbits to interfacebetweentheR4400andtheNUMA-
chinesystem.

6.4.2 Address Bit Manipulation in Datapath

Normally, incomingandoutgoingdatais passedunchangedthroughtheEA datapath.However, whenad-
dressesarepassedthroughthedatapath,somebit manipulationis requiredto translatebetweenphysicalad-
dressesgeneratedby theR4400processorandthesystem-wideNUMAchinephysicaladdressspace,aswell
asto introducethe routing informationmaintainedin the high-orderbits of anaddress(seeFigure2.1 in
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Chapter2). Thelogic implementedin theAlteradevicesfor thedatapathperformsthis function.Figure6.6
illustratesthemanipulationsperformedin thedatapathfor outgoing addresses,identifying thedevicesand
addressbit ranges.Themultiplexerspermitpassingdatathroughunchangedfor normaldatacycles,or per-
forming therequiredmanipulationfor addresscycles.

Notethatin eadat hi , anadditionalsourcefor thedestinationring/stationmasksis aspecialsoftware-
programmableregister. For incoming addresses,thereversemanipulationis performedto transforma NU-
MAchinephysicaladdressintoanR4400physicaladdress.Thelogic for thereversemanipulationisstraight-
forwardandnot shownhere,involving a simpleshift from the40-bit NUMAchine physicaladdressto the
36-bit R4400physicaladdress.Thehigh-orderbits areleft unaltered,astheR4400doesnot useor check
themfor incomingaddresses(seeSection6.2onpage27).

6.4.3 State Machines in Controller

Thepsd controllerfor theEA datapathconsistsof two statemachines:

� cpu sm: thestatemachinefor controllingprocessor-sidedatatransfers,

� fifo sm: thestatemachinefor controllingFIFO-sidedatatransfers.

Processor-side State Machine

The process-sidestatemachine(cpu sm) acceptsrequestsandresponsesfrom the R4400processorand
sendsthemto the outgoingFIFO or to local resourceson the processorcard. The statemachineremains
in anidle stateuntil it detectsthattheprocessoris attemptingto issueamemoryrequest,asindicatedby the
assertionof theValidOut* signalon the systeminterface.The machinethenmovesinto a decodestateto
determinethenatureof therequestandto taketheappropriateaction. In eachstate,thestatemachinesam-
plesor controlssignalsfor both theR4400andthe outgoingFIFO. It mustbe reiteratedthat theoutgoing
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EA datapathconsistsof two levelsof latches.As a result,thesampledsignalsandcontrolsignalsarealso
latchedfor propersequencingwith theaddress/dataflowing from theR4400to theoutgoingFIFO.

Responses from theR4400for externalrequestsarehandledby theFIFO-sidestatemachine.

FIFO-side State Machine

TheFIFO-sidecontrolleracceptsexternalrequestsandresponsesfrom theincomingFIFOor localresources
on theprocessorcardandforwardsthemto theR4400processor.

Forexternalinterventions,theFIFO-sidestatemachinearbitratesfor thesysteminterface,forwardsthe
interventionto theprocessor, thenawaitstheresponsefrom theprocessor.! �#"

[add more details as appropriate]

6.5 NUMAchine Bus Interface

TheNUMAchineBusInterfaceconnectstheprocessorboardFIFOsto thebustransceiverson theNUMA-
chinestationbus.Thespecificationsfor theNUMAchineBusInterfaceareasfollows:

� provideabidirectionaldatapathbetweenFIFOsandtheNUMAchinebus,

� performadditionalencodingandbit manipulationthatcannotbeperformedby ExternalAgent(e.g.,
commandbits in interventionresponses),

� permitreconfigurationto handledifferentcacheline sizes(in thesamemannerasthepsd controller
in ExternalAgent),

� generateSelectbits for devicesconnectedto theNUMAchinebus,

� handlebusarbitrationandhandshaking,andprovideBusysignalsto indicatethestatusof theprocessor
boardfor incomingrequests,

� andprovidearetry mechanismwith backoff for negatively-acknowledgedrequests.

Theimplementationconsistsof a controllercalledbbc thatincorporatesthefollowing components:

� aSend statemachinefor outgoingrequestsandresponses,

� aBackoff modulethatimplementsa binaryexponentialbackoff retrymechanism,

� aTimeout modulefor unacknowledgedrequests,

� andaReceive modulethatacceptsincomingrequestsandresponses.

6.5.1 Datapath

Thedatapathin theNUMAchineBusInterfacemanipulatesbitsin thecommandfieldof outgoingdatapack-
ets,asshownin Figure6.7 on thefacingpage.Thedatapathin thebbc controllercompletelyreplacesthe
EACMD bits with theBusCMDbits. Onereasonfor this is theNak/Respbits which aregeneratedby the
psd controllerandpassedon to thebbc controllerbecausetheycannotbeput in thecommandfield by the
ExternalAgentdatapath.Thebbc controlleralsousesaddressbits to generateSelectlinesfor thedevices
ontheNUMAbus. Finally, somebits from incoming commandsarereadin orderto controltheoperationof
theReceivestatemachine(seeSection6.5.3on thenextpage).
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6.5.2 Send Machine

TheSendmachinein thebbc controllermonitorssignalsfrom thepsd controllerof theExternalAgentand
theflagsof theoutgoingFIFOsto determinewhenthereis datato sendto theNUMAbus. Priority alternates
betweenread/upgrade(short)requestsin theoutgoingmailboxregister, andwrite requestsor processorre-
sponses(long)in theoutgoingFIFObuffer. A busrequestismadewhentheSendmachinedetectsaoutgoing
datain themailboxor FIFO.After thebusgrantis received,thedatais sentto thebusif thedestinationsare
free. If thedestinationsarenot freewhenthebusis granted,anda read/upgraderequestis pending,there-
questpriority is allowedto alternatein orderto permitanywrite requestsor processorresponsesin theFIFO
to besent.

TheSendmachinecalculatesthedeviceSelectsignalsfor outgoingdatain orderto: (a)determineif the
destinationsof thedataarefree,and(b) routethedatato theappropriatedestinationswhenthedatais sent
on thebus.This calculationis basedonbits in thecommandandaddressfields.

TheSendmachineis morecomplex. First, outgoingdatamustbeexaminedto determineif it will in-
volve a short or long transactionon theNUMAbus,andif all thedatafor a long transactionis in theFIFO,
readyto besent.In sodoing,theSendmachinemustsupportdifferentcacheline sizesfor long transactions.
Furthermore,theSendmachinemustdeterminethedestinationsfor thedata.Next,anappropriatebusarbi-
trationrequestis made,andthedatais sentontothebusassoonasabusgrantis received,providedthatthe
destinationsareableto acceptthedata.

The Sendmachinemustalsointerfacewith the bak controllerwhich providesthe supportfor a retry
mechanismwith backoff for outgoingrequeststhatrequirea responseto theprocessor. If a timeoutoccurs
or if themaximumretrycountis exceeded,a buserroris sentto theprocessor.

6.5.3 Receive Machine

TheReceivemachineof thebtc controlleris trivial. Thereareonly two states:idle andrx. Whenthepro-
cessorboardisselectedduringabustransmissionby anotherdeviceontheNUMAbus,themachineswitches
from theidle stateto therx state.Themachineremainsin therx statesolongastheboardis selectedor until
anend-of-dataindicatoris detectedin theincomingcommandbits.
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ThecontrolovertheincomingFIFO in orderto acceptdatafrom thebusis actuallylocatedin thebak
controller. ThiscontrollermonitorstheSelectlinesfor eachpacketonthebus,comparingit to thebit pattern
thatcorrespondsto theprocessorboard.Whenthepatternsmatch,theFIFOisenabled,andthedatafromthe
busis transferredto theFIFObuffer. Thebak controlleralsomonitorsthealmost-fullflag for theincoming
FIFO;whenthereis insufficientcapacity, it assertsabusysignalindicatingthattheprocessorboardis unable
to acceptincomingdata.

6.5.4 Backoff/Retry Mechanism

Readandupgraderequestsfrom theprocessorrequirearesponsefrom thesystem.It is possiblefor thedes-
tinationsof suchrequeststo replywith negativeacknowledgments,in whichcaseit is necessaryto supporta
retrymechanism.It isalsopossiblethatthedestinationsof suchrequestsmaynotrespondatall, in whichcase
a timeoutmechanismis required.Bothmechanismsareimplementedin thebak controllerusinga number
of counters.

If thetimeoutcountershouldexpirebeforearesponseis receivedto a read/upgraderequest,a buserror
is sentto theprocessor. If anegativeacknowledgmentis receivedprior to a timeout,therequestis reissued.
Theintervalbetweenissuingretriesincreasesusingabinaryexponentialbackoff function. If themaximum
numberof retriesis exceeded,abuserroris sentto theprocessor.

6.6 Local Bus Interface and Monitoring

TheLocalBusInterface(LBI) permitsaccessto local resourceson theprocessorcard,including:

� localEPROMmemory,

� theResetMechanism,

� theinterfaceto theGizmo [PVL92], a68000-basedsingle-boardcomputer,

� localmonitoringresources.

TheLBI is responsiblefor decodingaddressesit receivesfrom theExternalAgentto selecttheappropriate
local resources.An overviewof theLBI connectionsis illustratedin Figure6.8on thefacingpage.

BetweentheExternalAgentandtheLBI, transceiverchipsareusedto buffer thedataontheEAAD bus,
asshownin Figure6.9onpage42.

6.6.1 Datapath

TheLBI connectstheEAAD busontheExternalAgentsideto theLocalBusconnectedto theGizmointer-
face.Multiplexing is requireddueto thedifferencesin datawidthsoneithersideof theLBI andbecausethe
LocalBussidehasseparateaddressanddatalines.Therearetwo levelsof multiplexing.

� The64-bitEAAD busfirst is reducedtoa32-bitbususingtransceiverchips,asillustratedin Figure6.9
onpage42. Pullupsarerequiredonthetransceiveroutput-enablelinesto ensurethatdatalinesarenot
drivenby multiplechipsatpowerupwhentheLBI chip is beingprogrammed.

� On theothersideof theLBI chip, the32-bit data busis thenreducedto the16-bit width neededfor
theGizmointerface.
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6.6.2 Reset Controller

TheResetcontrollerprovidesthefollowing functions:

� controlstheresetsequencefor theR4400,

� providescontroloverR4400boot-timeconfiguration,

� inhibitsaccessesto theGizmointerfaceon requestfrom theR4400,

� controlsloadingof valuesinto thehexdisplayregisters,

� providescontrolandstatusfor theDUART on theprocessorcard.
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6.6.3 Gizmo Interface

TheGizmointerfacesupportsboth32-and64-bittransfers.The64-bitexternalagentdatapathismultiplexed
downto the16-bitdatawidth on theGizmobus(with the24-bitaddressmultiplexedseparately).

Thereis aspecialsignalLBI inhibit thatcontrolsR4400accessto theGizmobus.Thissignalis asserted
whentheGizmois beingresetto preventtheGizmobusfrom hanging.It mayalsobeasserted/deasserted
explicitly by theR4400througha specialwrite to theResetcontroller.

6.6.4 Monitoring

6.6.5 DUART

TheDUART on theprocessorcardprovidestwo portsintendedfor debuggingdata.PortA is connectedto
a multidrop serialline via anon-boardconnector, andPortB is connectedto a commonserialbuson the
backplane.Theintent is to useport A for initial debugging,andthenoncethesystemis quitestableto use
portB, throughtheI/O cardtocollectdebugginginformation.If portA is tobeconnectedtoanRS232device
thesmalladaptorboardmustbeused.In additiontoprovidingmultipleportsthereissomestatusinformation
availableonthegeneralpurposeinputportsontheDUART. Thesealternateusesaredetailedin NUMAchine
Principles of Operation for System Programmers [CGG& 97]
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6.6.6 Hardware Displays

7-Segment LED Display

A 4 character7-segmentLED displayis availableon the local busfor useby software.Theaddressingis
detailedin NUMAchine Principles of Operation for System Programmers [CGG& 97]

Status LEDs

Table6.3describesthestatusLEDs ontheprocessorcard.
If theFLEX programminglight shouldfail to flashon reset,it is mostlikely becausetheGizmobusis

hung.[is this correct?] ! �'"

Table6.3: LEDs onprocessorcard
Number Color Description

1 red FLEX programmingin progress(
1 green presdet is ready

)

1 green proc id[1]
1 green proc id[0]
1 green Gizmoaccess(programmable)
1 green interrupt(programmable)
1 green EA activity(programmable)
5 red/yellow/green programmable*

( Thisshouldflashonmomentarilyafterreset.)
Thisshouldflashoff momentarilyafterreset.+
This is currentlya “chaser” whosespeedincreaseswith increasedExternalAgentactivity.

Multi-character Display

A connectorconformingto a standardmulti-characterdisplayinterfaceis availableon thelocalbusfor use
by software.
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Chapter 7

Memory Card

7.1 Overview

TheNUMAchinememorycardstoresdataandprovidestheprimaryhardwaresupportfor maintainingdata
coherence.Thememorycardmaintainsadirectoryto recordthecurrentstateandlocation(s)of datain units
of cachelines,andservesasasequencingpointfor coherentdatarequestsfrom processors.Foreachrequest,
thememorycardusesthestateinformationto selectanappropriatecourseof action:respondwith datafrom
memory, issuean interventionrequestto retrievevalid datafrom anotherprocessor, or issueinvalidation
requeststo otherprocessorsin responseto anexclusivedatarequestfromaprocessor. Thememorycardalso
acceptswritebacksfrom processorswhencachelinesareejectedfrom cachesdueto replacementor explicit
flushing.

In additionto supportingoperationsoncached,coherentdata,thememorycardalsosupportsnoncoher-
entanduncachedoperations.Noncoherentrequestsstill involve datatransfersin unitsof cachelines,but
coherenceis not enforcedby thehardware,andthedirectoryinformationneednot bevalid. Uncachedop-
erationsinvolve datatransfersin units lessthanthe cacheline size,i.e., bytes,words,anddouble-words.
Coherencenotenforcedfor uncachedoperations.

Finally, thememorycardalsosupportsa numberof specialfunctions.Externalmanipulationof thedi-
rectoryinformationis supportedto enablesystemsoftwareto initialize thedirectory, or alter its contentsin
anapplication-specificmanner. This featureis usefulfor I/O andnoncoherentrequests.Provisionsarealso
madeto apply operationson rangesof cachelines in the directoryto reducesoftwareoverhead.Support
is includedfor generatinginterruptsto signalcompletionof rangeoperationsor errorconditionsto system
software.Finally, explicit broadcastsor multicastsof cachelinesmaybeinitiatedto sendnewdatato other
stationsthroughoutthesystem.

An overviewof thecomponentsof theNUMAchinememorycardisshownin Figure7.1onthefollowing
page.Thenamesof thedevicesreflectthenameschosenfor thedesigndescriptionfiles. Thekeycomponents
of theprocessorcardare:

� theDRAM datamemory, interleavedto increasedatabandwidth

� theSRAM directorymemoryfor thecoherenceprotocol

� FIFObuffers

� theNUMAbusinterface(bustransceiversandcontrollers)

� theMastercontroller

45
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Figure7.1: Overviewof componentson theNUMAchinememorycard

� theCacheCoherencecontrollers

� theDRAM controller

� theSpecialFunctions,Interrupt,andMonitoringcontroller

Thedesignof thecontrolunitsissuchthatrequestsarepipelinedasmuchaspossibleto improveperformance.
For example,theMastercontrollermaybeginprocessinga newrequestafterhandingoff theprecedingre-
questto theCacheCoherencecontrollersor DRAM controller. Of course,thenewrequestmayhaveto wait
if its resourcerequirementsconflictwith theprecedingrequest.

Thecommoditycomponentsfoundon thememorycardincludetheFIFObuffer chipsandtheBTL bus
transceivers;thesecomponentsaredescribedin AppendixA onpage101.

7.2 DRAM Controller

TheDRAM controllerreadsor writesmemoryunderthecontrolof theMastercontroller. TheDRAM con-
troller is optimizedfor cacheline transferswith 2-wayinterleaving.Eachleafis 128-bitswide,butdatafrom
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eachleaf is transferredin unitsof 64bits (a double-word).By switchingbetweenleaves,datamayberead
or writtenin consecutive50MHz clockcyclesin 64-bitunits.Thisprovideseffectivelya4-wayinterleaved,
64-bitwidememory, asseenby themastercontroller.

In additionto cacheline transfers,theDRAM controllersupportsbyte,word,anddouble-wordaccesses
to memory. In particular, theDRAM controllersupportsunalignedmemoryaccessesarisingfrom theuseof
theLDL/R andSDL/R instructionsof theMIPS R4400[Hei94,chap.2].

TheDRAM controllerinitiatesdatatransfersat therequestof theMastercontroller. Thetwo controllers
employahandshaketo ensurethatdatatransfersbeginonly oneor theotheris readyto acceptthedata.The
handshakeis requiredto ensurethattheDRAM timing is satisfied.

7.2.1 Interconnection

Figure7.2illustratesthesignalsbetweenthecontrollersandtheDRAM arrayorganization.Thetwo leaves
of theDRAM arrayareconnectedto thedatabusthroughasetof latchesto matchthe128-bitdatawidth of
theDRAM leaveswith the64-bitdatapathconnectedto theFIFOs.

Figure7.3 on thenextpageillustratesthephysicallayoutof theSIMMs on thememorycard,relating
subsetsof bitswith theleavesandbanksfor interleaving.

7.2.2 Handshake with Master Controller

Figure7.4 on the following pageillustratesthehandshakeprotocolwith the mastercontrollerfor readre-
quests.Figure7.4on thenextpage(a)showsthehandshakefor normalDRAM accesses,andFigure7.4(b)
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showsthehandshakewhentheMastercontrollercancelsthecurrentmemorytransaction(i.e.,whenthedi-
rectorylookupindicatesthat thevalid copyof thedatais locatedin a processorcache).Thehold signalis
assertedby theMastercontrollerwhentherequiredresourcesareavailable,namelythedatapathto theFIFOs.

Onmemorywrite requests,theMastercontrollermustwait until thedram busy n signalis De-asserted
by theDRAM controller.

Thed1s out andd2s out signals(for leaf 1 andleaf 2 respectively)indicatethatdatafrom theDRAM
arrayis valid on read.Thereis onebit for eachbankin a leaf. Thesesignalsnotify theMastercontrollerto
write thedatafrom theDRAM into theoutgoingFIFO (hence,thesesignalsshouldonly beassertedwhen
datafrom thedatais valid).

Forwrites,theMastercontrollermustassertdata in to indicatethatthestreamof writedatato theDRAM
arrayis ready.

7.2.3 DRAM Access Timing

Figure7.5 illustratesthebasictiming for interleavedDRAM accesseswhenreadingcachelines. A total of
128bits is readfrom eachleaf into asetof latches.Then,thedatais moved64bitsata time into theFIFOs.
Thedataflow is reversedoncacheline writes,but thetiming for accessingtheDRAM leavesis similar.

7.3 Cache Coherence Controller

Thecoherencecontrollersof thememoryboardareresponsiblefor enforcingtheNUMAchinecachecoher-
enceprotocol.Collectively, theyperformtwo importanttasks:

, cacheline directorylookupandmaintenance,

, responsepacketgeneration.
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Figure7.6: Interconnectionof CoherenceControllers

Figure7.6illustratestherelationshipsbetweenthecoherencecontrollersandtheinput/outputsignals.

7.4 Master Controller

TheMastercontrolleris implementedin two logical parts.Mast in whichcontrolstheincomingFIFO,and
theroutingof its request,andMast outwhichcontrolstheoutgoingFIFOandinterfacesto theDRAM con-
troller.

7.4.1 Incoming Controller (Mast in)

Theincommingcontroller, or Mast in, routesthepacketsfrom theincommingFIFOto theirappropriatedes-
tinationbasedon their address.Figure7.7on thefacingpageshowsthedatapathcontrolledby theMast in
controller.

Someimportantdetailsregardingstatetransitions:
, ThenormalpathIDLE - RD FIFO- FIFO HOLD ./.�. extractscommands/datafromtheincomingFIFO

andsendsthemto thecoherencecontrollersandDRAM.

, ThealternativepathIDLE - SFGNT - RD FIFO- FIFO HOLD ./.�. is takenwhenthe requestorigi-
natesfrom thespecialfunctionscontroller. In this case,thecommandis not readfrom theFIFO,but
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from thespecialfunctionsunit. However, thesamestatesaretraversedin eithercase(exceptfor the
paththroughSFGNT).A specialflag (InFifo OE n) is usedto disabletheincomingFIFOswhenthe
sourceof therequestis thespecialfunctionscontroller.

7.4.2 Outgoing Controller (Mast out)

TheOutgoingControllertransfersdatato theDRAM andtheSpecialFunctionsunit, aswell asreadydata
from them. Its primaryresponsibilityis to control themanybuffersconnectedto theoutgoingFIFO. Fig-
ure7.8onthepagebeforeshowsthisportionof thedatapath.

An importantnoteaboutthecontrolof theoutgoingFIFO writes,is thattheyareinferredin mostcases
from theoutputenablesof thebuffersin thedatapath.

7.5 Special Functions and Interrupt Controller

Eachmemorycardin thesystemcontainsaspecial function unit to performblockoperations.Thisunit per-
formsoneor two specialfunctionson a contiguousblock of up to 256 cachelines. Specialfunctionsare
initiatedby writing thespecialfunctionregisterson theMemoryboard.Completionof specialfunctionsis
signaledwith aninterrupt.Theoperationssupportedby thespecialfunctionunit are:

, blockwrite of SRAM tags

, block kill-copy (removescopiesof cachelinesthroughoutthesystembeforephysicalmemorypages
arereplacedby I/O initiatedby theoperatingsystem)

, blockobtain-valid-copy-in-memory(bringsanyremotedirty copiesof cachelinesto memory)

, blockmemorymove(mustdoobtaincopyfirst)

, blockzeroregion

Writing thespecialfunctionregisterthatcontainsthecommandinitiatesthespecialfunctionprocess.All
specialfunctionprocessesareinterruptibleatcache-linegranularityby themastercontrolleronthememory
card;themastercontrollerprocessesspecialfunctionsonly whentherearenopendingrequests.

Thespecialfunctionsunit containsanumberof registersasoutlinedin Table7.1. Theaddressfor Mem-
ory cardspecialfunctionsandinterruptsis currentlyAD[31..24]= 0x4c.

TheSpecialFunctionsandmonitoringunit (SF mon) is connectedthroughregistersto boththemastin
andmastoutdatapathsasillistratedin figure7.9onthefacingpage.Theconnectionto themastin data-path
facilitiatesmonitoringof thetransactionsbeingprocessed,aswell asdepositingspecialfunctiontransactions
on to themastin datapathfor processing.

Theconnectionto themastout datapathallowsfor readingandwriting of SF mon, andthemonitoring
SRAM, aswell assendingout interruptpackets.SinceSF mon is anFPGAit mustbeprogrammedafter
powerup.ThecurrentdesignreprogrammsSF mon onceonreset.Thesf ctl CPLDcontrolsthebusbetween
SF mon andthemastout datapath. It is alsoresponsiblefor programmingSF mon. Theoptionalsoexists
to reprogramSF mon from theMonitoringSRAM whendifferentmonitoringoptionsaredesired.

7.6 NUMAchine Bus Interface

TheNUMAchinebusinterfaceactsasanintermediarybetweenthememorycardFIFOsandtheNUMAchine
busitself. It providesthefollowing functions:
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Table7.1: Registersfor specialfunctionsandmonitoringin thememorycard
Addr Registers
11..0; 63..48 47..32 31..17 15..0

000 SFstatusregister[R] status,HW config. [R] monitoringconfig. [R/W]
100 CMD2 [W] CMD1 [W] SFRsel[W] phase1 phase0

cnt-1[W] cnt-1[W]
200 SFreg1(Add1) [W]
300 SFreg2(Add2/Data)[W]
400 Error Address(AD1) [R]
500 —— Intr vector0(Error) [R]
600 Monitoring init. data[R/W] SFdoneintr. [R/W] Intr vector1[R/W]

station device(s) (specialfunctions)
700 —— Mon. interrupt[R/W] Intr vector2[R/W]

station device(s) (monitoring)
800 HW SpecialFunctionlock register, returnsthesamedataasAddr 000[R]

; With morethanonememorycard,theLSB of a cacheline addressselectsthecard.
[R]=read-only, [W]=write-only, [R/W]=read/write
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Figure7.9: DataPathConnectedto theSpecialFunctionsUnit
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, AcceptsNUMAbuspacketsandplacesthemin theincomingFIFOs.

, Watcheswhenpacketsareplacedin theoutgoingFIFOsandsendsthemappropriatelyto theproper
destinations.

, Determinesnumberof memorycardsona local station.

7.6.1 FIFO to NUMAbus

TheFIFOto NUMAbuscontrolis implementedin Buscon. Thiscontrollerhasthefollowiing primaryfunc-
tions:

, Transferpacketsfrom FIFOsto bustransceivers.

, Performproperarbitrationprocedures.(SeeSection3.1.1onpage16.)

Therearemultiplesourcesfor theoutgoingdataasillistratedin Figure7.10.Thedatacommingfromthe
cachecoherencecontrollerallowsreadingof thestateSRAM,andalsoit makesit possibleto modify thedst
bits in theaddresswhentheremoteroutingneedsto bechanged.TheCMD datapathis similar, but their is
only onesourcefor thecommand.It is importantto notethat for transactionslongerthanonepacket,only
two entriesarewritteninto thecommandFIFO.Thefirst oneis thecommanditself,andthenextis asample
dataidentifier, withouttheEOD bit set.Thebuscon is responsiblefor duplicatingit, andsettingtheEOD bit
whennescessary.
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7.6.2 NUMAbus to FIFO

TheNUMAbusto FIFOcontrolis implementedin incon. Thiscontrollerhasthefollowing functions:

, Transferpacketsfrom bustransceiversto FIFOsthatselectthismemorycard.

, Propergenerationof memorybusybussignals.

7.6.3 Memory Card Presence Detection

This functionaityis implementein thepres det controller. Followingresetit is responsibleto:

, Determinethenumberof memorycardson thelocal station.

, Determinetheserialnumberof thecurrentcard(0 or 1).

7.7 Clocking

Thememorycardusestwo clocks.Thebusclock is usedfor all of theonboardcontrollers,andtherefersh
clock,2.4576Mhzisusedby theDRAM controllertoensurethatenoughrefreshesoccur. Therefreshclockis
fedby anoscillator, andthebusclock is distributedfrom thebackplanevia anPECL1:2replicatorfollowed
byapairof 1:9PECLtoTTL converters.Theskewbetweenbusclocksonthememorycardshouldbewithin
1 ns.
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Figure7.11: Clockingon theMemoryCard

7.8 Debugging Output

7.8.1 LEDs

A numberof LEDsareprovidedonthememorycardfor highleveldebugging.In generalredlightsareused
to indicateerrors,greenlightsareusedfor configuration,andyellow lights for utilization. Thoughthiswas
theoriginal intention,thisprocesshasnotbeenfollowedfor all cards.

Therearetwo yellow utilization lights on thememorycard,bus busy andDRAM busy. Theintensityof
theselightsgivesafirst orderindicationof howbusythebus,and/ortheDRAM is. Duringnormaloperation
theDRAM busylight shouldbedimly lit, representingrefresh,andthebuslight shouldbeoff. If eitherlight
is onsolid thereis likely anerror. Evenfor veryhigh intensityteststhelights tendto flicker.
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Table7.2: MemoryCardParityError Codes

Character Fatal Description

6 Yes Addressparityerroron incomingFIFO
5 Yes Parityerroron latchbetweentheincomingFIFOandtheoutgoingFIFO
0 Selectable Parityerroronwrite to DRAM bank0
1 Selectable Parityerroronwrite to DRAM bank1
2 Selectable Parityerroronwrite to DRAM bank2
3 Selectable Parityerroronwrite to DRAM bank3
4 Selectable Parityerroronwrite to theSpecialFunctionsunit
F No Parityerroron readsof multipleDRAM banks
A No Parityerroron readfrom DRAM bank0
B No Parityerroron readfrom DRAM bank1
C No Parityerroron readfrom DRAM bank2
D No Parityerroron readfrom DRAM bank3

Thetwo greenconfigurationlights indicatewhethermemorycardconfigurationhascompleted,presdet
ready, andthememorycardnumber, card number. Thepresdet ready light shouldflashduring reset,but
remainonotherwise.Thecard number LED shouldonly beonthesecondof two memorycardsinstalledin
a station.

Therearethreerederrorlights on thememorycard. TheFlex program LED shouldflashduringreset.
This indicatesthat theSpecialFunctionunit is beingprogrammed.If it stayson thantheprogrammingof
theSpecialFunctionunit hasfailed andthecardwill not providevalid dataif thespecialfunctionsunit is
accessed(i.e.. memorysize).

Anothererrorlight is referredto asFatal Error. Thislight is assertedwhenafatalerrorisdetectedby the
mastercontroller. Fatalerrorsareprimarily causedby datacorruptionon incomingdata,or addresses,but
canalsobecausedbygarbagecommandsbeingreceived.If afatalerroroccursthemastercontrollerrequests
a systemresetunlessthis featureis disabledusingthesys rst en jumper(referto section?? onpage??for
details).

Thefinal errorlight is underflow error. This light is assertedif thebuscontrollerdetectsthatmorenon-
sinkablerequestshavebeenprocessedthanweresentinto thememorycard. Thereis a featurein thespe-
cial functionsunit which allowsit to sendout processednon-sinkablerequestswithout interferingwith this
checkingprocess.

In additionto thesevenLEDs a sevensegmentdisplayis includedwhich helpsto detail thecauseof a
fatalerror. If thedecimalplaceissetit indicatesthatmultipletypesof fatalerrorhaveoccurred.Thenumber
displayedalwaysindicatesthehighestpriority error, thatis theerrorwhichoccurredclosestto theincoming
FIFO.Table7.2detailstheerrorcodesin priority order.

7.8.2 Debugging Headers

Therearefive debuggingheaderson therev.2 memorycard. Two for debuggingthecachecoherencecon-
troller, onefor specialfunctions,andtwo for themastercontrollersandthebussidecontrollers.Table7.3
detailstheir bit assignments.

Therearetwo jumperson thememorycard.Oneentitledsys rst en, andtheotherdata per en. Neither
jumperis requiredfor normaloperation.
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Table7.3: MemoryCardDebuggingHeaders

Header bit(s) Description

H1 Cachecoherencecontroller
H2 Cachecoherencecontroller

Incon
H3 Buscon

Mast out
H5 SF mon

SF ctl
H6 Mast in

Mem dram

If the sys rst en jumperis installedthe memorycardwill freezewhena fatal erroroccursratherthen
causingan automaticsystemreset. This jumpershouldalwaysbe installedwhendebuggingthe memory
cardor it maygetstuckin aninfinite resetloop.

Thedata per en jumperdisablesa fatalerrorononwritesto DRAM to allow for moreeffectivedebug-
ging. Normallyif aparityerroris detectedwhile writing theDRAM afatalerroris assertedandthecardwill
freeze.
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Chapter 8

I/O Card

8.1 Overview

Supportfor I/O in NUMAchine is distributedacrossstations.EachNUMAchinemaycontainup to two I/O
cards.I/O hardwareis implementedonseparatecardsto offloadasmuchI/O overheadaspossiblefrom the
R4400processorsin eachstation.EachI/O cardincludesaseparateprocessorandlocalmemoryto perform
low-leveloperationssuchascommunicatingwith I/O devicesandformattingdata.

A blockdiagramof theI/O cardisshownin Figure8.1onthefollowing page.TheI/O cardusesanR4650
microprocessor, asimplifiedderivativeof theR4400microprocessor. TheR4650executeslocalI/O software
from theonboardDRAM memoryto controlthetransferof databetweentheFIFObuffersconnectedto the
NUMAchinebusandtheI/O devicesonthePCIbus.All data transfers in either direction are staged through
the DRAM memory.

8.2 Embedded Processor and Sub System

At theheartof theI/O boardis theR4650processorandtheGT bridgechip. Underthecontrolof software
executedby theR4650,theDMA Enginein theGT transfersdatabetweenDRAM andeitherthePCIbusor
theNUMAchinebus. Datais transferredin unitsof cachelinesbetweentheI/O cardandtheNUMAchine
memory. AppropriateAddressandCommandpacketsneedto bealsowritten to theout FIFOto ensurethat
thedatais processedcorrectly. It is essentialthatall outgoingpacketsfrom theI/O cardcomplywith thefull
hardwareprotocol,or thesystemmaycrashor otherwiseshowstrangebehavior. Great care should be taken
when interacting with the station.

A block diagramof the Embeddedprocessorandsubsystemis shownin Figure8.2 on page61. The
GT glue chipisresponsiblefor manipulatingcontrolsignalswhenthosecommingfromtheGTarenotadaquit.

8.2.1 The GT Bridge Chip

TheExternalAgent/PCIbridgeis implementedusingtheGT-64010A(GT) madeby GalileoTechnologies.
For detailedinformationon thecontrollerpleaserefer to their websiteat www.galileoT.com. TheGT in-
cludesa full interfaceto theR4650,anddirectlycontrolstheonboardmemory, DUART andEPROM.The
accessspeedof thesedevicesis configurablein theGT. Table8.1onpage62describeshow theGT selects
thedevicesthatit is connectedto.

It is importantto notethattheMAD busis a multipurposebus.During thebeginingof a transactionthe
addressandchipselectsaredrivenon it, andlaterit is usedfor transferingdata.

59
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Table8.1: Devicesconnectedto theGT
Parameters

Select 50MHz 33MHz Device Notes

BootCS (6,6) FlashEPROM 8 bitswide,connectedto theleastsignifigantbyte
CS3 DUART Connectedto theleastsignifigantbyte
CS2 Monitoring connectedto all 64bits
CS1 (3,3,3) DataFIFO Addressbit 3 forcesparitygenerationmode
CS0 CMD FIFO LowerWord

StatusRegister UpperWord, readonly
LocalDRAM Dedicatedcontrollines

Theparametersareasfollows: (AccToFirst,AccToNext[,ADSToWr])

8.2.2 The Status Register

Thestatusregisteron theI/O cardis designedsothat thekey flagsof all of thedeviceson thecardcanbe
polled,ratherthanconstructingacomplexinterruptstructure.SincetheprocessorontheI/O cardisprimarily
responsiblefor movingandmanipulatingtheI/O data,its corecontrolloopshouldpoll thestatusregisteron
a very frequentbasis.If for examplethein FIFO on theI/O cardfills up,andthememorycardis trying to
senda transactionto theI/O cardthememorycardwill beblockeduntil thereis sufficient spaceon theI/O
cardtosendthetransaction.If thishappensfor toolongtheprocessorsmaytimeoutandgivefatalbuserrors.
If theI/O carddoesnothingelseit mustensurethatthein FIFO is emptiedassoonaspossible.

Thein FIFO command andthestatusregisterarereadat thesametime. Theupper32bitsarethestatus
register, andthelower32arethein FIFO command andassociatedRselect.Thecontentsof thestatusregister
aredetailedin principles of operation for system programmers [CGGK 97].

TheStatusregisteris implementedasa 32bit wide registerwhich is alwaysclocked.Consequentlythe
registeralwaysreflectsthecurrentstatusof thesystem.All signalsthatfeedthestatusregistermustbecleared
at their source.

8.2.3 DUART details

TheDUART ontheI/O cardhasafew dedicatedI/O pinswhichareusedfor controllingtheflow controlon
theRS232port, aswell asotherfunctionswe havedefined.For detailson thepin definitionspleaserefer
to principles of operation for system programmers [CGGK 97]. Figure8.3on thenextpageshowshow the
portsof theDUART areconnectedto thesystem.PortB is intendedfor getheringdebuggingdatafrom the
processors,andportA is intendedfor sendingthatdatato a remoteconsolefor debuggingpurposes.

Thereareadditionalconnectionsto thebuswhich areusedfor flow controlon thebuslinesusedby the
DUART. Thesecontrol lines arePoll requestin, Poll requestout, UART CTS andUART RTS. The two
Poll requestlinesconnectto onebusline referedto asPoll request.Oneis usedastheoutput,andtheother
astheinput. SincetheBTLs provideefectivelyanopen-collectortypecircuit multiple cardsin thebuscan
assertPoll requestif desired.UART CTSis alsoreferedto astheGuy bit in, andUART RTS is referedto
astheGuy bit out. Thesetwo bits mapto onebussignalcalledtheGuy bit which hasmultiple functions.
Initially it isusedtoestablishif ECCorParitymodeisbeingusedonthestation.Followingresetit isavailable
to beusedasflow controlfor DUART port B. Theoriginal usehasbeendesignedout sothenameGuy bit
hasstuckfor historicalreasonsonly.
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8.3 PCI sub-system

ThePCIsubsytemcomprisestheGT bridge,1-4SCSIcontrolleraPCIarbiterandaPCIslot. Currentlyonly
two of thepossiblefour SCSIcontrollersareinstalledfor costreasons.

8.4 NUMAchine Bus Interface

The NUMAchine businterfaceactsasan intermediarybetweenthe I/O cardFIFOsandthe NUMAchine
busasillistrated in Figure8.4 on the following page.The NUMAbus interfacecontrol is implementedin
FIFOcon. Thiscontrollerhasthefollowiing primaryfunctions:

, Transferpacketsfrom FIFOsto bustransceivers.

, Performproperarbitrationprocedures.

, Transferpacketsfrom bustransceiversto FIFOsthatselectthis I/O card.

, Propergenerationof I/O busybussignals.(SeeSection3.1.1onpage16.)

Thepresencedetectfunctionaityis implementedin thepresdet reset controller. Followingresetit is re-
sponsibleto:

, Determinethenumberof I/O cardson thelocal station.

, Determinetheserialnumberof thecurrentcard(0 or 1).

8.5 Arbiter

TheIO cardcontainsarbitrationandresetcircuitry for theNUMAchinebus.SeeSection3.1.1onpage16.This
functionalityis almostidenticalto thatwhich is foundon anarbitercard,but theresetswitchhasbeenre-
moved.Thearbitrationandresetcircuitry hasnoeffect if theI/O cardis not instelledin thearbiterslot.

8.6 Clocking

Thereareanumberof clocksourcesontheI/O card.Figure8.5onpage65showstheseclocksourcesonthe
I/O card,andwheretheyaredistributed.TheBussideclock is deliveredthesamewayasthememorycard.
The clock for the local buscanbeeitherconnectedsynchronouslyto the PCI clock, or to the NUMAbus
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clock. It hasbeendiscoveredthat thePCI bridgechip exibitsmetestabilityproblemsif theclocksarenot
thesamefrequencyonbothsides,but arenot synchronous.As a resultrunningwith thePCI clock feeding
thelocal clock is thesafest.Usinga 50MhzNUMAbus clockalsoworkswell, but reliability problemsare
expected.ThePCIclockandtheSCSIclockarebothprovidedby onboardoscilators.

8.7 Reset operations

8.7.1 CPU configuration

WhentheI/O carddetectsabusresetit performsacoldresetontheembeddedR4650.This includessending
a 256bit configurationstream.Thedetailsof thecpuresetaredetailedin theR4650manual[[Int95]].

8.7.2 FLEX programming

Onthefalling edgeof thelocal resettheflex programmingcircuit programstheECC/paritychip. It is setup
for a serialbit streamfrom bit zeroof theEPROM.

8.7.3 Optional reset control from the I/O card

Thereareoptionalconectionsto both thesystemresetrequestline andthePCI resetrequestline. In order
to activatethesefeaturesjumpersJH1and/orJH2respectivelyneedto beinstalled.This featureis untested
andmayrequiresomeminorcodechangesin theresetcontrollerdependingonwhatthepowerupstateof the
duartoutputpinsis. It shouldbenotedthatthePCI resetwill alsoresettheGT chip.
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Chapter 9

Network Interface Card

9.1 Overview

TheNetwork interfaceprovidesconnectivitybetweena givenstationandtherestof NUMAchine. It also
providesa tertiarycachefor cachingremoteaccesses.This cardwasoriginally designedastwo cards,the
ring interfacewhichconnectsto thenetwork,andtheNetworkcachewhich is thetertiarycache.Figure9.1
on thefollowing pageis ahigh levelblock diagramof thenic.

9.2 Local Ring Interface

To befilled in by Steve

9.3 NUMAchine Bus Interface

To befilled in by Steve

9.4 Network Cache Controller

To befilled in by Alex

9.5 SDRAM Controller

To befilled in by Robin

9.6 Ring Packet Assembler

Thepacket assembler is thefinal stage(stage3) of a ring transfer. It re-assemblesall transactionsthatare
longerthanonepacketin length.To avoiddeadlock,thisstagemustabsorball non-sinkabletransactionsthat
canbein thesystem.Thereasoningbehindthis is discussedin [Lov96, Chapter4]. Figure9.2on page69
showsthelogicaldesignof stage3.
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9.6.1 Staging SRAM Memory

Sincetheinterconnectis implementedusinga slottedring, multiple packetsin onetransactionmaynot ar-
rive in consecutiveslots.Nonconsecutivepacketsarereassembledin adedicatedstagingareaimplemented
usingSRAM memory. ThestagingSRAM is partitioninginto a numberof staginglocationsbasedon the
transactiontypealongwith somevirtual Queues.Table9.1showshow theSRAM is logically partitioned.

Table9.1: SRAM Partitioning

StartingAddress Sizein entries Description

0x0000 0x3FF Soliciteddatastagingarea(mappedin usingtheSMA)
0x0400 0x3FF Unsoliciteddatastagingarea(mappedin usingtheSMA)
0x1000 0x7FF Virtual Non-SinkableQueue(NS FIFO)
0x1800 0x1F Virtual SinkableQueue(S FIFO)
0x18FF 0x1 Ringerrorregister(Thismustbeexplicitly read)
0x19FF 0x1 All subsequentring errorsuntil thering error registeris read. (this is not

readable)

Thesoliciteddatastagingareof theSRAM is reservedfor useby eachof the logical cardson thesta-
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tion that is capableof requestingdatafrom a remotestation.Logical cardswhich fit into this categoryare
Processor, Memory, I/O, andNetworkCache.For eachof thesecards,theamountof spacereservedin the
StagingMemoryis sufficient to holda totalof eightcachelinesof dataperrequester. Eightspacesarepro-
videdsothateachlogicalcardispermittedtohaveuptoeightoutstandingrequests.Thisallowsfor flexibility
in processorselection(e.g.,MIPSR10000),andallowsotherlogicalcards,suchastheI/O card,to pipeline
multiple requeststo memory.

Theunsoliciteddatastagingareaof theSRAM is usedto absorbsinkabletransactionssentto thisstation
whichwerenotexplicitly requested.Thissectionis dividedupsothatthereis spacefor four cachelinesper
station.

9.6.2 Classification of Ring Packets

Ringpacketsareclassifiedaseitherheaderpacketsor datapackets.
, Header packetscontainoneaddresspacketfromthebus.Thesepacketsareclassifiedaseithersinkable

(S)or non-sinkable(NS).Headerpacketsareusedto signify theendof atransactionfor datatransfers.

, Data packetscontainonedatapacketfrom thebus.To aid in re-assembly, datapacketsareclassified
aseithersolicitedor unsolicited.

– Solicited datapacketsaredataresponsepackets,whichcorrespondto requeststhathavebeenis-
suedby thisstation(thatis, thestationtheRI is connectedto). Dataassociatedwith mostR Resp
transactionsandByte R Resptransactionsfall into thiscategory.

– Unsolicited datapacketsreferto all otherdatapacketsreceivedwhicharenotthedirectresponse
to a requestissuedfrom thestation.This includeswrite-backsandwrite operations.

Whenapacketis readfromtheDown FIFO,it is characterizedaseitheraheaderor adatapacket.Header
packetsarealwaysplacedin eitherthe NS FIFO or the S FIFO, basedon their class. The headerpacket
alwayssignifiesthatacompletetransactionhasbeenreceived.This is truefor two reasons.First,theheader
packetfor atransactionisalwayssentlast.Second,sincethering hierarchyguaranteesordering,packetswill
bereceivedfrom agivenstationin thesamerelativeorderthattheyweresent.Datapacketsarewritteninto
theStagingMemoryat theaddressidentifiedby theSMA, asdescribedbelow.

9.6.3 SRAM Mapping Address (SMA) Field

TheSRAM Mapping Address (SMA) field in ring packetsis usedfor re-assemblyof transactionsthatcontain
oneormoredatapackets(shorttransactionswith onlyoneaddresspacketdonotusetheSMA field). Table9.2
providestheSMA encoding.Two differentencodingsareused:onefor soliciteddatapackets,andonefor
unsoliciteddatapackets.

Table9.2: SMA Definition
Bits

Type 10 9 8 7 6 5 4 3..0

Solicited 0 Reqnum PID Seqnum
Data (CMD[12..10]) (AD[54..52])

Unsolicited 1 senderSRID W cnt Seqnum
Data
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Encoding for Solicited Data Packets

, Themostsignificantbit of theSMA is setto 0 to marka packetasa soliciteddatapacket.

, ThePID field, which is extractedfrom anupperportionof theaddressbits in thecorrespondingbus
packet,identifieswhich logicalcardon thestationis therequesterof thedata.ThePID is setinitially
whena requestleavesa logical card,andis maintainedaspartof theaddressuntil thetransactionis
completed.PID is encodedusingthreebits: themostsignificantbit indicatesif therequesteris aPro-
cessor, asopposedto anothertypeof logical card,andthe othertwo bits specifywhich cardin that
classis therequester. Referto Table3.2onpage17 in Section3.1onpage15 for thePID encoding.

, Therequesterhasa three-bitnumber, referredto astheReqnum,which indicateswhich outstanding
requestthistransactioncorrespondsto. It is theresponsibilityof therequestertoensurethatif it wishes
to havemultipleoutstandingrequests,thenall outstandingrequestshavedistinctvaluesof Reqnum.
All cardsin thesystemthatprocesstherequestandtheresponsemaintaintheReqnum.

, Thelowerfour bitsof theSMA, Seqnum,areusedto identify theorderingof packetswithin a trans-
action.Thering packetsarenumberedconsecutivelystartingwith zerofor thefirst packet,andending
with n-1 for thenthpacket.Thisnumberingis essentialbecausethepacketsarelikely to arriveinter-
spersedbetweenpacketsfrom otherstations.Numberingof thepacketsmeansthat theRing Packet
Assemblerdoesnot needto maintainapointerfor eachcacheline thatis beingre-assembled.

Encoding for Unsolicited Data Packets

, Themostsignificantbit of theSMA is setto 1.

, ThesenderSR ID is thestationandring ID of thestationthatis sendingtheunsoliciteddata.

, W cnt is thevalueof a two-bit counterlocatedon eachstation.This counteris incrementedafteran
unsolicitedtransaction,usuallya write transaction,is sentonto thering. The intentionof theW cnt
field is to createfour logical groupsfor thepurposeof flow control in stage3. TheStagingMemory
hasspacefor fourunsolicitedcachelinesfromeachstationin thesystem.Sincethisdataisunsolicited,
andthereisonlyspacefor four cachelinespersource,it ispossibletooverwritethedatain theStaging
Memorybeforeit is sentto thestation.To preventthis, theStagingMemory is partitionedinto four
logicalgroupsbasedonthevalueof W cnt. Eachlogicalgrouphasspacefor onecacheline from each
source.Whenalogicalgroupis full, anassociatedflagisset.Processingof theDown FIFOis stopped
if anunsoliciteddatapacketarriveswhich is destinedfor agroupwhich is flaggedascontaininga full
cacheline. This flag is thenclearedwhenthecacheline is removedfrom thestagingarea.It would
bepreferableto haveaflagfor eachunsoliciteddatacacheline location,but thisis notfeasiblefor our
implementationin FPDs.

, Thelowerfour bitsof theSMA, Seqnum,areusedto identify theorderingof packetswithin a trans-
action.

9.7 Datapath and Associated Controllers

9.7.1 Datapath

Thedatapathonthenic2cardis implementedusingFLEX6000seriesFPGA‘s,ratherthanaseaof buffersas
wasthecasein thepreviousrevision.Thedatapathis partitionedinto five devices.OnecontainstheCMD
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Figure9.3: Corecomponentsof theCMD datapath

datapath(nidp cmd) andtheotherfour eachincludean 18 bit slice of the Address/datadatapath(nidp0 -
nidp3).ThereareafewadditionaldatapathsignalssuchasRselectandselectwhicharedistributedwherever
theyfit best.

Figure9.3 illustratesthecoreof theCMD datapath.Thesediagramsareincludedto give a high level
overviewof thedatapath.In orderto understandthedetailedimplementationtheactualdesignmustbeex-
amined.Someof thedetailsarenot clearlyshownin thisdiagram.

Figure9.4onthenextpageillustratesthecoreof theAddress/datadatapath.In the18bit slices(16bits
of data& 2 parity bits), only portionsof this datapathareimplemented.Thesignalsto andfrom thecache
coherencecontrollersareonly partof the64bit datapath(i.e. SRAM ADD is only in thefirst two datapath
segments).

In all of the datapathdesignsall externalcontrol signalsareregisteredin orderto providereasonable
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setuptimes. The outputslew ratewasadjustedon the FIFO to Ring signalsbecauseof transmissionline
problemscasingunreliableoperationat 50Mhz. ThedatapathFPGAsareall programmedfollowing reset
from anon-boardflashEPROM.Thedataisstoredin abit slicemannerstartingwith nidp0- nidp3,followed
by nidp cmd.

9.7.2 BtoR Controller

To befilled in by Robin.

9.7.3 RtoB Controller

TheRtoB Controlleris responsiblefor takingdatathathasbeenprocessedby thepacketre-assemblerand
sendingto thenetworkcacheand/orthebus. It is alsoresponsibleto sendout anypacketsthatthenetwork
cacherequestsshouldbesentout. TheRtoBcontrolleris partitionedinto two statemachines.Thefirst state
machine,referredtoasrtob sm, is responsibleto listento theFIFObetweenthepacketre-assemblerandrtob
(StoN FIFO),andprocessthedataasrequired.Thesecondcontroller, referredtoasntob sm, is responsibleto
listentothedatapathtoseewhatcurrentlyneedstobesenttoprocessedasperthenetworkcachesinstructions.
Only oneof thetwo statemachinescanbeactiveata time,exceptwhenntob sm startsrtob sm.

Thertob sm canprocessbothsinkableandnonsinkabledatafromtheStoN FIFO.Any transactionswhich
mayeffect thenetworkcachearesentinto thenetworkcachefor processing.Only theaddresspacketis sent
in for processing,andthedatais left in theFIFO until thedatapathsignalswhat is to bedonewith it. The
datapathsignalsthetargetoperationvia thesrc dstbits. Thesearedetailedfurtherin section9.4onpage67

9.8 Clocking

Clockingon the NIC is similar to that on the memorycard,with the additionof a ring clock. Figure9.5
illustratestheclockdistributionon theNIC.
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Figure9.5: Clockingon theNetworkInterfaceCardRev2A
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Inter-ring Interface Card

10.1 Introduction

10.2 Mainboard

Notes:documentcct boardmods,statusof revsto 2ndmainboard,2nsearlyclockon mainboard,no skew
betweendaughterboards,dip switchclocksettings.

10.2.1 Component Locations

SeeFigure10.1to view thelocationof componentson themainboard.

Thedatapathcardbitslicesareallocatedasfollows.

Table10.1: Datapathbitsliceassignments.

DatapathSlot Description

Slot A EXTRA Y 2..1Z
GLOBAL MON GTOL
SMA Y 10..0Z
FMASK STNY 3..0Z

SlotB CMD Y 17..0Z
SlotC AD Y 17..0Z
Slot D AD Y 35..18Z
Slot E AD Y 53..36Z
SlotF AD Y 71..54Z
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Table10.2:Mainboardjumpers.

Jumper Description

JH4 usefresh slots(seealsoD5, amberLED)
JH5 Vcc senseDO NOT SHORT!!!!
JH6 disableclocks(for JTAG programmingreliability)

Table10.3:MainboardLEDs.

LED Colour Description

D1 red globalring controllererror
D2 red datapathFPGAprogrammingactive
D5 amber usefreshslots(seealsojumperJH4)
D7 green local ring B presencedetect
D8 green local ring D presencedetect
D9 green local ring C presencedetect

D10 green local ring A presencedetect

Table10.4:MainboardJTAG programmingconnectorJ1.

Pin Description

1 ISPTCK
2 GND
3 ISPTD7 (TDO?)
4 VCC
5 ISPTMS
6 noconnect
7 noconnect
8 ISPSENSE
9 ISPTD0 (TDI?)

10 GND
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Table10.5: MainboarddebugconnectorH1, ring D.

SignalPosition Description

15 gr participants[ 0 \
14 hs halt ring l
13 hsmonsendinglrtogr d

12..11 hs d muxsel[ 1..0\
10 hsmonfreeslotd
9 hs dn we d*

8..0 hs debugd [ 8..0\
clk unconnected

Table10.6:MainboarddebugconnectorH2, ring C.

SignalPosition Description

15 gr participants[ 1 \
14 hs halt ring l
13 hsmonsendinglrtogr c

12..11 hs c muxsel[ 1..0\
10 hsmonfreeslotc
9 hs dn we c*

8..0 hs debugc [ 8..0\
clk unconnected

Table10.7:MainboarddebugconnectorH3, ring B.

SignalPosition Description

15 watchdogerror
14 hs halt ring l
13 hsmonsendinglrtogr b

12..11 hs b muxsel[ 1..0\
10 hsmonfreeslotb
9 hs dn we b*

8..0 hs debugb [ 8..0\
clk unconnected
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Table10.8:MainboarddebugconnectorH4, ring A.

SignalPosition Description

15 usefreshslots
14 hs halt ring l
13 hsmonsendinglrtogr a

12..11 hs a muxsel[ 1..0\
10 hsmonfreeslota
9 hs dn we a*

8..0 hs debuga[ 8..0\
clk globalring clock

Table10.9: Mainboardfront panelconnectorH5.

Pin Description Pin Description

1 noconnect 2 noconnect
3 slowclock (4 MHz) 4 Vcc
5 data0 6 Vcc
7 data1 8 GND
9 data2 10 GND

11 data3 12 GND
13 data4 14 GND
15 data5 16 GND
17 data6 18 GND
19 data7 20 GND
21 ]_^a`cb 22 GND
23 ]adfehg 24 GND
25 read/write 26 GND
27 addressstrobe 28 next start pwr0
29 next startpwr1 30 next start pwr2
31 next startpwr3 32 next start pwr4
33 noconnect 34 noconnect

Table10.10:MainboarddebugconnectorH6, reset controller.

SignalPosition Description

15..11 unused
10..8 flex prg st[ 2..0\
7..0 rst dbg[ 7..0\
clk unconnected
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Table10.11: Mainboardlocal ring clockconnectors.

Connector Description

U14 local ring D clock
U15 local ring C clock
U16 local ring A clock
U17 local ring B clock

10.2.2 Jumpers

10.2.3 LEDs

10.2.4 Connector Pinouts

10.3 Datapath Daughterboard

10.3.1 Debug Connector Pinouts

Table10.12:DatapathdaughterboarddebugconnectorH1.

Pin Description

15 AlmostemptyflagD
14 AlmostemptyflagC
13 AlmostemptyflagB
12 AlmostemptyflagA
11 Emptyflag D
10 Emptyflag C
9 Emptyflag B
8 Emptyflag A

7..0 debug[ 7..0\
clk globalring clock

10.4 Local Ring Daughterboard

10.4.1 Debug Connector Pinouts

Table10.13:Local ring daughterboarddebugconnectorH1.

Pin Description

15..8 unused(reservedfor monitoringdebugpins)
7..0 ringcondebug[ 7..0\
clk local ring clock
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10.5 Clocking

TheIRI mainboardprovidesthehighspeedclockusedby theglobalring. Figure10.2showshowtheclock
is generatedandthendistributedon themainboard.Eachof thedatapathcardsalsohavea 1:9 ECL - TTL
converter.
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Figure10.2:Clockingon theIRI mainboard
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Part III

Maintenance Procedures
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Chapter 11

Power

11.1 Station-level Power Requirements and Distribution

11.2 Procedures for Powering Up and Powering Down

11.2.1 Basic Issues and Concerns

All poweredcomponentsin thesystemshouldbebroughton-linein a controlledfashionin orderto reduce
theinstantaneouspowerrequirementsto areasonablelevel. To facilitatethis,eachstationis poweredup in
sequence.Thesystemwill proviceasystemresetafterthelaststationis poweredup.

A meansto powerdownthesystemin a controlledway — in caseof a coolingoutage,for example—
shouldbeprovided,althoughalthoughthereis nosuchfunctionalityat thepresent.

Powerup Eachstationpowersup sequentially;they aredaisychained,andwhenonestationhasstable
power, it sendsasignalthatallowsthenextstationto powerup.Thislimits theinstantaneouspowerrequired
onstart-up.

Therewill alsoneedto beawayof poweringupthedisksto limit their instantaneouspowerrequirement
- apparentlytheSCSIprotocolallowsfor sequentialpower-upof disks.

System-level Reset A system-wideresetline existsthatcauseseacharbitercardto performastationreset
sequence.This system-wideresetis bussedto all arbitercardsmakingeachstationidentical,andallowing
anyarbiterto initiate thesystemwide reset.

Thesystem-wideresetis anactivelow OC line, with pull-ups. Whena resetoccurs,theline is pulled
low, andthenreleased.Whenanarbitercardsensestheline is asserted,it startsa stationreset.Thisallows
anydeviceattachedto thesystem-wideresetline to initiate a reset.TheOScaninitiate a systemresetby
writing to registerin anyprocessorcardsresetcontroller.
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Chapter 12

Station Assembly

12.1 Overview

A stationconsistsof aFuturebus+backplanecard,mountedin acage.Severalcardsareinsertedin theback-
planeslots.In thebackof thebackplane,therearetwo powersupplies,a clockcardandtwo diskdrives.

To assemblethestation,somesmallmodificationshaveto bemadeto thebackplane,thecagemustbe
assembled,andthebackplanemountedon thecage.Thewholeis theninstalledonarackandtheremaining
partsareinstalledfrom thebackof therack.Powersupplycablesneedto beconnectedto thebackplaneand
clock lines(twistedpairwires)needto besolderedto thebackof everyslot.

12.2 Assembling the Cage and the Backplane

12.2.1 Backplane Modifications

Eachstationusesa Futurebus+,14slot,128bitswidebackplane.However, smallmodificationsneedto be
madeto it, thatis someresistorsneedto beremoved:5 onthefront of theplane,thesidewith theslots,and
2 ontheback.Theseresistorsaresurfacemountedandarebestremovedwith ahotair solderingiron which
will simply blow themawaywhenhot. Thepositionof theresistorsto removeon the front of theplaneis
givenin Figure12.1on thenextpage.

In thisfiguretheboardis heldsothatthecopyrightnoticeis in thetop left corner. Thefive resistorsare:

j Ontheleft sideof theleftmostslot, the3rd resistorfrom thebottom;

j Ontheright sideof theleftmostslot, thelastresistoron thebottom;

j Ontheleft sideof therightmostslot, the3rd resistoron thebottom;

j Ontheright sideof therightmostslot thelastresistoronthebottom;

j In thetopcentreof theboard,from thesetof four resistors,the2ndfrom thetop.

Theresistorsto betakenout from thebackof thebackplaneareshownin Figure12.2on thefollowing
page.

This boardis heldso that theshortslotsareon thebottom. Theresistorsarealwayscloseto a row of
capacitors:

j In thefirst columnof resistorsfrom theleft edge,the3rdonefrom thetop;
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c

Figure12.1:Frontview of backplane

Figure12.2:Rearview of backplane

j In thesecondcolumnof resistorsfrom theright edge,thethird onefrom thetop;

j In thefirst columnof resistorsfrom theleft edge,the3rdonefrom thebottom.

Theseeightresistorsneedto beremovedfrom small,4 slotbackplanestoo if theyareused.

12.2.2 Jumper Settings

Severaljumpersneedto be seton the Backplanefor properoperation.They areall on the back,the side
withoutslots,andonthelowersidewhenthecopyrightnoticeis onthetop. Thepositionof thejumpersand
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theirstateis givenin Figure12.3.An emptysquarerepresentsanopenjumper, acheckedsquarerepresents
a setjumperandthelong rectanglesarethepositionsof theslotson theothersideof theBackplane.

c

Figure12.3:Jumperpositionsto bepopulated

12.2.3 Assembling the Cage

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

j 2 sideplates;

j 2 L rails (not symmetric);

j 2 front rails;

j 2 backrails;

j 2 middlerails.

Thefront railsarethewidestandareinstalledwith thenumbersat thefront. Beforetheyaremounted,a
guidelocationstripmustbeinsertedthroughthegroovein therail with thesmoothsideout. Theymustbe
mountedtogetherwith theL rails. Theserailsstandverticallyalongthefront edgesof thesideplates.These
rails arenot symmetric,theL rail with thesmallerinnerflapmustbeput ontheright sideof thecage.

Thebackrails aresomewhatnarrower. A guidelocationstrip mustbeinsertedin eachof themaswell
asa tappedstrip to which thebackplanewill beattached.(SeeFigure12.5on thenextpage.)Therail must
bemountedwith thetappedstrip to theback.

Themiddle rails arethesmallest.Anothertappedstrip mustbe insertedthroughthembeforetheyare
mounted.Theyaremountedsothatthecardguidescanbescrewedto themlater.

To attachtherails to thesideplates,thesuppliedAllen headscrewsareused.
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Figure12.4: Stationcageassembly

Figure12.5:Backrail, crosssection

12.2.4 Attaching the Backplane to the Cage

Thebackplanemustbeinstalledat thebackof thecage,with theslotstowardstheinsideof thecage,andthe
copyrightnoticein thetopleft corner. Theinsulatingstripsthatcamewith thecagemustbeinsertedbetween
thebackplaneandthebackrails. 2.5x 10mmscrewsareusedto screwthebackplaneto thetappedstripsof
thebackrails. Thereshouldbea screwin eachcornerandascrewin everythird holeof theplane.
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Finally thecardguidesmustbeinsertedin thecage.Theirgroovemustalignwith theright wall of each
cardslot. Theysnapinto theguidelocationstrip of thefront andbackrails, andtheyarescrewedinto the
tappedstripof themiddlerail. For this2.5x 8 mm screwsareused.

Thecagewith thebackplanecannowbeinstalledonarack.Theholesin theL rails areusedfor this.

12.3 Auxilliary Cage Hardware

12.3.1 Overview

Plasticandmetalpieces,blah,blah,blah...

12.3.2 Assembly of Components

TabA into slotB, blah,blah,blah...

12.4 The 2.1 V Supply

The backplanerequiresa 2.1 V, 10 A powersupply. It is built usinga LT1038CKvoltageregulator. The
schematicof thecircuit is givenin SectionB.3 onpage103andthepartsusedareincludedin TableB.1 on
page104.To assemblethesupply, all thepartsexceptthevoltageregulatormustbesolderedto thecard,the
regulatoris thenboltedto theheatsink andonly afterwardsis solderedto theboard.

12.5 Wiring of the Cages

12.5.1 Ground and 5 V Connections

TheBackplanesaresuppliedwith 5V from theLambdaRWS450A-5 powersupply. Theconnectionsare
madeusingBelden8916cable,redfor 5V andblackfor ground.12wiresrun from thegroundterminalof
thesupplyto thelowerpartof theBackplaneand10wiresrunfrom thepositiveterminalof thesupplyto the
upperpartof theBackplane.SeeFigure12.6onthefollowing pagefor thepositionsof theconnectionsonthe
Backplane.Thesecablesareconnectedto theplaneusingthescrewsontherailsprovided.Theconnectionis
madeusingPanduitPN-14-10R-Ccrimpterminals.At thepowersupplyall thecablesfor eachterminalare
connectedtogetherin aPanduitCB175-38-Qconnector. Threemoregroundandthree5V cablesareattached
to theseconnectorsandled to thefemalepartof a Molex 6 circuit connector. This is usedto supplypower
to theclockcard,the2.1V powersupplyandthering controlcard.Additionally 5 cm of heatshrinktubing
areslid on thecablesat thepowersupplyendto provideinsulation.

The2.1V supplyis connectedwith bluecableto thetwo 2.1V boltson thebackplane.Thecablesare
solderedto thesupplyandareconnectedwith crimp terminalsto thebackplane.

Theuseof theMolex connectoris givenin Figure12.7on thenextpageThis showsthematingsideof
thefemalepart.

12.5.2 Clock Connections

Theclockcardhas18clockoutputs.Fromthese,13clock linesareconnectedto 13of theslotsof theback-
plane.Twistedpairwirestakenfrom category5 Ethernetcablemustbeusedfor this. It is bestto leavethree
twistedpairsin eachcable,connectingthemto threeadjacentclockoutputson theclockcardandto 3 slots.
Forthelastcable4pairsmustbeused.Thewiresaresolderedbothto theclockcardandto thebackplane.On
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+5V GND 3.3V
(not needed)

2.1V

Figure12.6:Backplanepowerconnections

+5V

GND

Clock
Card 2.1V Supply

Powerup
control

Figure12.7:Connectorto clockcard,2.1V powersupply, andring controlcard

theclockcardtheyareconnectedto two adjacentpads.On thebackplanetheyaresolderedto two adjacent
vias,on thebackof connectorX. Theirpositionis shownin Figure12.8on thefacingpage.Sincethereare
14slotson thebackplaneandonly 13clock lines,oneslotmustbeleft unconnectedandthusit is unusable.
Theguidingrails shouldbetakenout from thecagefor thisslot.

Whenconnectingtheclock lines, it is very importantto keepthesameclock phasefor eachslot. It is
thusrecommendedto connecteachwhitewire of apair to thepadmarkedpin 1 of theoutputandto pin 2 at
theslot,andthecolouredwire to pin 2 on thecardandpin 3 on thebackplane.

Thetwo powerwiresof theclockcardmustbeconnectedto themalepartof theMolexconnectorshown
in Figure12.7andthusto thepowersupply.
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Figure12.8: Clockconnectionto backplane

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

Maintenance Procedures

13.1 Hardware Mainteneance

13.1.1 Card Replacement

Powershouldalwaysbeturnedoff whenremovingor insertingcards.It is possibleto demagesomeof the
Alteradevicesif boardsarehot-swapped.

13.2 Programmable Logic Device Maintenenance

Compiling Source Code

Troubleshooting

Downloading Object Code to Chips

In-system Programmable Devices

Socketed Devices

Problems During Programming

13.3 Test Software Maintenance

13.4 Cadence Design Files
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Chapter 14

Testing and Troubleshooting

14.1 Overview

Thissectiondescribestheapproximatetestingprocedureusedto verify thatcardsarefunctioningcorrectly.
It alsoincludesa list of commonsymptoms,likely causes,andpossiblesolutions.

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

14.2.1 Standard Test Sequence

Whentestingtheprocessorcardtherearefour levelsof functionalitythataretested.

j Theprocessorresetproperly, theFLEX chip is programmedandthehexcountroutinerunsfrom the
EPROM.

j All on-boardfeaturesaretested,predominantlythoseon thelocalbus.

j Thebusinterfaceis testedby doinga sequenceof memorytests

j TheMulti-processorfeaturesaretestedusingvarioussinglestationMP tests

14.2.2 Common problems
j Faultybitsonbusinterface.Likely causedby FIFOpinsbeingshorted,or havingcoldsolderjoints.

j Memorygetsfatalerrorwhenrunningamemorytest.Likely causeisparityerrorin theaddresspacket,
oracorruptcommandpacket.Assumingthememoryisknowntobegoodtheseerrorsarelikely caused
by a faulty bit in thebusinterface.

j Processoris flaky whenbooting,or FLEX programmingfails. Likely causeis oneor morebadcon-
nectionson theG INT chip. Thesocketsarenot thehighestquality.

14.2.3 Notes on the Processor card

Someprocessorcardshaveprocessorsinstalledthatdonotmeetthermalrequirements.Theprocessorsthat
donotmeetthisspecificationaremarkedassuchontheceramicpackage.Whenreplacingaprocessor, ensure
that if oneof theseprocessorsis useda fan is alsousedon theheatsink. Theseprocessorsneedto havea
fan-mountedheatsink installed.
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14.3 Testing Memory Cards (Rev. 2 & 2A)

14.3.1 Standard Test Sequence

Whentestingthememorycardtherearefour levelsof functionalitythataretested.

j Thecardresets,andbothpresdetandflex programcomplete.

j ThestateSRAM canbereadandwrittensuccessfully

j UncachedDRAM operationswork, at leaston linearandonpatternor rotatingbit testshouldbeper-
formed.

j Cachecoherentoperationswork successfullyincludingcachecoherentshared,cachecoherentexclu-
siveandnon-coherent.

j Multiprocessortestworksbothsharedandexclusive.Thisshouldincludeat leastoneremotestation.

14.3.2 Common Problems

14.4 Testing Network Interface Cards (Rev. 2A)

14.4.1 Standard Test Sequence

WhentestingtheNIC Cardtherearefive levelsof functionalitythataretested.

j Thecardresets,andflex programmingworkscorrectly

j ThelocalSRAM andSDRAM canbereadandwrittencorrectly

j With thering loopedbackto itself, theNIC cansendpacketsacrossthering correctly.

j BurstyuncachedMP testswork with two stations.

j MP testswork with two ringsbothsharedandexclusive.

14.4.2 Common Problems

Therearesomecommonproblemswith theNIC.

j Flaky ring transfers:Oneor moreof thering buffersmaybebroken. Unfortunatelythis oftenonly
manifestsitselfwhenthebuffersoeareturnedonandoff. MorecomplexMP testsareusuallyrequired
to catchthis.

j Packetsgetwritten to thestagingSRAM butarenot readout: Therearetwo commoncausesfor this.
Oneis that thewritebackbucketsarefull, likely becauseof corruptpackets.Two errorpacketswere
received.Writesof errorpacketssuperficiallylook thesameasnormalwritesto thestagingSRAM,
butaresentto anerrorlocation,andno furtherprocessingis initiated.
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14.5 Testing I/O Card (Rev. 2A)

14.5.1 Standard Test Sequence

WhentestingtheI/O Cardtherearefive levelsof functionalitythataretested.

j Thecardresetsproperly, andflex programworkscorrectly

j TheR4650processorbootsanddisplaystheappropriatebootmessagethroughtheDUART.

j TheI/O boardcandown-loadcodeandrun thedmatest.

j ThePCIdeviceinventoryworkscorrectly.

j Thearbiterembeddedon thecardworksat50MHz.

14.5.2 Common Problems
j Theparity iswrongcomingoutof theIØcard.Likely caseis thattheGT Gluechipis programmedfor

Rev. 1 ratherthanRev. 2 for rev.2 cards,or vice-versafor rev.1 cards.

j A PCIcommandaccessreturnsall ’F’. Thedeviceis not present,or not responding.

14.6 Testing a Station Backplane

14.6.1 Standard Test Sequence

Whentestingthestationbackplanetherearefour levelsof functionalitythataretested.

j Testthatthepoweris beingsuppliedcorrectlyto thebackplane.5V +/- 5

j Testthattheall wiredslotshavea functioningclock.

j Testthata4 processor, memoryandarbiterconfigurationcanruna localMP test.

j Add a NIC andtestthatthelocal ring clockworksby runningamulti-stationMP test

14.6.2 Common Problems

Therearea few commonproblemswith thestations.Theyareasfollows:

j Clocksareflaky: Oneor two of theclock lineson thebackarenotwell connected.

j No ring clock: Eitherthering clock isn’t pluggedinto theright sloton theback,or thedistributionof
thering clock throughthepower-upcardis notworking.

14.7 Testing Inter-Ring Interface



100 CHAPTER14. TESTINGAND TROUBLESHOOTING



Appendix A

Commidity Components

A.1 Integrated Circuits

A.1.1 FIFOs

TI ABT3611 Uni-directional36-bitFIFO,with bi-directionalmailboxregisters.Hasparitycheckandgen-
eratefunctions.MailboxandFIFOshareIO portsfor bothI andO functions.Usedeverywhere.Sprin-
kled like pepper.

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

Originalsupplier:FAI

A.1.2 Buffers

TI FB1650 Bi-dirctional 18-bit buffer—translatesbetweenTTL andBTL. HasoneIO port for BTL side,
busseparateI andO portsfor TTL side. Two functionallyseparate9-bit buffers residein package.
Packageis a100pin PQFP. Usedto interfaceto Futurebus+backplane.Everycardhasaboutsevenof
theseonboard.Sprinkledlike salt.

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

Originalsupplier:FAI

IDT FCT162511 Bi-dirctionalbuffer with parity generationanddetectionfeatures.

Originalsupplier:FAI

IDT FCT162827 Uni-dirctionaladdressbuffer.

Originalsupplier:FAI
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IDT FCT162374 Uni-dirctionalregister.

Originalsupplier:FAI

IDT FCT162244 Bi-dirctionalbuffer.

Originalsupplier:FAI

A.1.3 Programmable Logic Devices

Altera CPLDs Assorted7000and7000SseriesCPLDs

Originalsupplier:Semad

Altera FPGAs Assorted10K, 8K and6K seriesFPGAs

Originalsupplier:Semad

A.2 Support Hardware

A.2.1 Power Supplies

450W LAMBDA 5V 450Wpowersupplywith remoteregulationvia senselines.

1000W LAMBDA 5V 1000Wpowersupplywith remoteregulationvia senselines.

A.2.2 Fans

A 120-38R 11-S 120V 60Hz,105CFM Nidecfan.

Originalsupplier:FAI



Appendix B

Other Information to Assemble a Station

B.1 Parts Needed for One Station

TableB.1 on the following pagelists the partsneededto assembleonestation. Additionally someserial
conversionboards,powerupcontrollersandByte Blasterprogrammerscanbebuilt. Theserialconversion
boardsconverttheduartoutputof theprocessorsto RS232whichcanbethenconnectedto a terminal.The
powerup controllers,delaythe time wheneachstationis poweredup so that the initial load on the wall
socketsis nottoo large.Moreover, it distributesasynchronousclockto all thenetworkcardsonalocalring.
TheByteBlasterprogrammeris usedto programAlteraPLDsonboardby connectingit to theparallelport
of a computer. Thepartsneededto assembleeachof theseboardsis givenin tableB.2 onpage105.

B.2 Modifications To Processor Cards

Forall theprocessorcardssomemodificationsneedto bedoneto theduartcircuitry. Onthetopof thecard,
pin 3 of chip U72 needsto belifted from its padandbridgedto pin 2. On thebackof thecard,two traces
mustbecutandtwo jumperwiressolderedinstead.Thepositionof thetracesto becut is givenin fig B.1 on
page106andthepositionof thejumperwiresis givenin fig B.2 onpage106.

For theprocessorboardsmarked44-96,thefirst manufacturingbatchof theProcR3 cards,threeresis-
torsmustbeadded.Theseare4.7 kohm,surfacemountresistors.Their positionsareshownin fig B.3 on
page107,fig B.4 onpage107andfig B.5 onpage108.Thethird resistoris solderedbetweenthelowerpin
of capacitorCB333andthevia on its left.

B.3 2.1V Power Supply

Theschematicof the2.1V powersupplyusedby eachstationisgivenin fig B.6onpage108.Thepartsused
to assembleonearegivenin tableB.1 on thefollowing page.
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TableB.1: PartsList
Category Parts Man/Supplier PartNumber Amount

Powersupply 1
Cables PowerCord Belden/Simmonds 17236 1

Red(5V),AWG 14 Belden/Simmonds 8916,colr 2 6 m
Black(GND),AWG 14 Belden/Simmonds 8916,colr 10 5 m
Blue(2.1V) Belden/Simmonds 8916,colr 6 0.75m
TwistedPair 3 m

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/ResetConn. FemaleHousing Molex 50-57-9202 3
MaleHousing Molex 70107-0036 3
FemaleCrimp Molex 16-02-0086 6
MaleCrimp 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
42.2ohm,1%res Philips/Electros. MRS25F42R2 1
61.9ohm,1%res Philips/Electros. MRS25F61R9 1
1N4002diode 2
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TableB.2: Partsfor Serialconversion,PowerupcontrolandByte Blasterboards

Board Parts PartNumber Amount

Serial 6 pin jack 2
conversion SMD .1ucap. 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 Ethernetconnector Molex 95003-2881 6
controller SMD .1ucap. 0853C104K 4

SMD 10ucap. TAJB106M016 1
SMD 100ucap. KME16VB101M6X11LL 4
SMD 33ohmres. NRC10J330TR 1
SMD 49.9ohmres. 080549R9-F 4
SMD 110ohmres. 0805-110R-F 4
22K ohm,5 % res. 3
200K ohm,5 % res. 1
OneShot LS221 2
NAND LS00 2
LEDs 4

Byte 10pin connector 1
Blaster 10pin ribboncable 10cm

Parallelconnector 1
SMD 0.01ucap. 2
SMD 33ohmres. NRC10J330TR 7
SMD 49.9ohmres. 080549R9-F 2
SMD 100ohmres. 2
Tri statedriver LS244 1
LEDs 1
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FigureB.1: Tracescuton thebackof processorcards
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FigureB.2: Patchesaddedto backof theprocessorcards
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FigureB.3: 1stresistorto beaddedto thefirst batchof theProcR3 cards

FigureB.4: 2ndresistorto beaddedto thefirst batchof theProcR3cards
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FigureB.5: 3rd resistorto beaddedto thefirst batchof theProcR3 cards
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Appendix C

Using The Powerup Controller

C.1 Overview

Thisdocumentdescribestheuseof thepowerupcontrollerdesignedfor Numachine.Its purposeis to power
up all thestationsin sequenceso that thewall socketsarenot overloadedby all thestationscomingup at
thesametime. Thecontrolleralsodistributesasynchronousclockandresetsignalto all thecardsona local
ring.

C.2 General Description

C.2.1 Structure

Thepowerupcontrollerhas6 ethernetconnectorsasshownin fig. C.1on thenextpage.Fromthese,four
connectorsconnectto eachof thefour stationsonalocalring; theconnectorontheright isusedto controlthe
localstationandtheconnectorontheleft is usedto connectthisboardto theinter ring interfaceandthrough
it to theotherpowerupboardson differentrings. This boardcanbepoweredthroughtheconnectorto the
inter ring interface.Thisboardneedsto besuppliedwith +5 V andgroundanytimewhenthestationpower
suppliesarepluggedin.

C.2.2 Using the controller

Eachstationcontrolledneedsa powerupboard.However, only oneboardon eachlocal ring actsasa con-
troller. Therestareusedonlyasconnectorsto thestations.Foreachstationusedacategory5ethernettwisted
paircableneedsto beinsertedin aconnector, startingwith connector1. All thecablesneedto beinsertedin
adjacentslots.Eachcableis theninsertedin thelocalstationconnectorof theboards.Thatis thereis acable
returningto theinitial board.

If morethanonelocal ring is used,thecontrollingboardmustbeconnectedto theinter ring interface,
againusinganethernetcable. SectionC.3 on page111 describestheconnectionsneededin the inter ring
interface.

In thecasewhentheboardis connectedto theinter ring interface,it canbepoweredfrom there.Only
thecontrollingboardneedsto besuppliedwith powersincetheotherthreeactonly asconnectors.
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FigureC.1: Structureof theboard

C.2.3 Connection to Local Station

Thereshouldbeonepowerupboardfor eachstationused.Theboardis connectedto thestationsusingthe
jumperholesin thetopright corner. Theassignmentof theseholesis shownin fig C.2.Theclock linesmust
beof equallengthoneachstation.

(Gnd) Clock*
r

Sense
s

Clock
r

Reset

(Gnd)

(Gnd)

Inhibit Inv.?

Inhibit ?

FigureC.2: Jumperholesto connectboardto local station(backview)

SeesectionC.4on thefacingpagefor a descriptionof thelabelsin thediagram.Thegroundline is not
connectedontheboard.It hasnot yetbeendeterminedif it is needed.

Onall theboards,5 clock linesmustbeconnectedfrom theclockcardof thestationto theclock jumper
holesshownin fig C.1. Caremustbetakento keepthephaseof theclocksthesameonall theconnections.
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C.3 External Circuitry Needed

Theinter ring interfaceconnectoris usedto connectthepowerupcontrollerto othercontrollerscontrolling
differentrings.Theresetsignalis alsoobtainedthroughthisconnector. Thepowerupboardsuppliesaclock
signalto theinter ring interfaceaswell.

If only onelocal ring is usedtherearetwo optionsto take.If thepowerupcontrolleris left unpowered,it
will let all thepowersuppliescomeon. Otherwise,aswitchcanbemountedat theendof anethernetcable
which plugsinto theinter ring interfacejack. Thepositionof theswitchis shownin fig C.3. In this caseit
is easiestto removethepowerLED andconnectpowerthere.
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t

On
t

Inter Ring Connector

V
cc

G
nd

FigureC.3: Switchto beusedif only onelocal ring is used

C.4 Pinouts

C.4.1 Connectors to Stations on the Ring and to Local Station

FigureC.4on thenextpageshowstheethernetplug thatneedsto beconnectedto thestationson the local
ring andto thelocal stationconnector. It is shownsothatthereleasetabis on thebottom.

Theinhibit pin turnsoff thepowersupplywhenasserted.Inhibit Inv. is theinvertedversionof Inhibit
andit is usedfor olderpowersupplies.Seqis high only for thefirst connectorandlow for therest. Reset
distributesa resetsignal. Senseis usedto sensewhenthepowersupplyhascomeup. Clock andClock*
distributea synchronousclock.

C.4.2 Connector to Inter Ring Interface

FigureC.5showstheplugthatisconnectedto theinterring interface.Again,thereleasetabisonthebottom.



112 APPENDIXC. USINGTHE POWERUPCONTROLLER

Gnd
u

Inhibit

Inhibit Inv

Seq
s

Reset

Sense
s

Clock*
r

Clock
r

FigureC.4: Pinoutof connectorto local ring andlocalstation
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FigureC.5: Pinoutof connectorto inter ring interface

NextRinggoeslow whenthenextlocalring shouldpowerup. Startsignalswhenthisring shouldpower
up.



Appendix D

How to Modify this Document

D.1 Location of this document in CVS

Thishardwaremaintenancemanualiswritenin LATEX2 w . Thefilesareall storedionCVSandanyonewishing
to modify this documentcancheckout their owncopy, makeanycahnges,andthencheckit backin again.
Therepositoryis currentlylocatedat:

/stumm/d0/tornado/torncvs/tornado/doc/hw/hw maintenancemanual

113



114 APPENDIXD. HOW TO MODIFY THIS DOCUMENT



Bibliography

[CGGx 97] SteveCaranci,Alex Grbic,RobinGrindley, Mitch Gusat,OrranKrieger, GuyLemieux,Kelvin
Loveless,NaraigManjikian,andZeljko Zilic. NUMAchine Principles of Operation for System
Programmers. Dept.of ElectricalandComputerEngineering,Universityof Toronto,Ontario,
Canada,1997.

[Grb96] AlexanderGrbic.Hierarchicaldirectorycontrollersin theNUMAchinemultiprocessor.Master’s
thesis,Universityof Toronto,Dept.of ElectricalandComputerEngineering,1996.

[Gus96] Mitch Gusat. Implementation of the I/O Card for the NUMAchine Multiprocessor. Dept.of
ElectricalandComputerEngineering,Universityof Toronto,Ontario,Canada,1996.

[Hei94] J.Heinrich. MIPS R4000 Microprocessor User’s Manual. MIPS Technologies,Inc.,Mountain
View, CA., secondedition,1994.

[IEE90] IEEE. Futurebus+specificationieee???,1990.

[Int95] IntegratedDevice Technologies. IDT79R4640 and IDT79R4650 Risc Processor Hardware
User’s Manual. SantaClara,CA, 1995.

[Lem96] GuyLemieux.Hardwareperformancemonitoringin multiprocessors.Master’s thesis,Univer-
sity of Toronto,Dept.of ElectricalandComputerEngineering,1996.

[Lov96] Kelvin Loveless.Theimplementationof flexible interconnectin theNUMAchinemultiproces-
sor. Master’sthesis,Universityof Toronto,Dept.of ElectricalandComputerEngineering,1996.

[MIP94] MIPSTechnologies,Inc. MIPS R10000 Manual. MountainView, CA., 1994.

[O/S96] O/SGroup.Implementation of the Tornado Operating System for the NUMAchine Multiproces-
sor. Dept.of ComputerScience,Universityof Toronto,Ontario,Canada,1996.

[PVL92] PeterPereira,Zvonko Vranesic,andDavid Lewis. MC68000 Microprocessor Laboratory—
Notes and Experiments (Version 1.3). ComputerGroup,Dept.of ElectricalandComputerEn-
gineering,Universityof Toronto,1992.

[Tos94] Toshiba.Static RAM Data Book. USA, 1994.

[V x 95] ZvonkoG. Vranesicet al. TheNUMAchine Multiprocessor.Tech.Rep.CSRI-324,Computer
SystemsResearchInstitute,Universityof Toronto,Toronto,Ontario,Canada,April 1995.

115


