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Abstract

A commontrendin the designof large-scaleclustes is to usea high-
performancedatanetworkto integrate theprocessingnodesn a singlepar-
allel computer In thesesystemghe performanceof the interconnectcan
bea limiting factor for the input/output(l/0), whid is traditionally bottle-
neded by the disk bandwidth. In this paperwe presentan experimental
analysison a 64-nodeAlphaServerlusterbasedon the Quadricsnetwork
(QsNET)of the behaviorof the interconnectunder /O traffic, and thein-
fluenceof the placemenbf the /O serves ontheoverall performanceThe
effectsof using dedicatedl/O nodesor overlappingl/O and computation
on the I/O nodesare also analyzed. In addition, we evaluate how back-
ground|/O traffic interferes with other parallel applicationsrunning con-
currently Our experimentalresultsshowthat a correct placemenbf the
1/0O serves canprovide upto 20%increasein the availablel/O bandwidth.
Moreover, someimportantguidelinesfor applicationsand|l/O serves map-
ping on large-scaleclustes are given.

Keywords: Interconnection Networks, Performance
Evaluation,Userlevel Communication|nput/Output.

1. Intr oduction

Scientificapplicationghatrunonparallelsystemaisually
requireinput andoutputof large amountsof data,therefore
thel/O performanceanbeapotentialbottleneck.Collective
I/0, in whichall processesooperatdo carryoutlarge-scale
I/O transactionshasbeenproposecdasa way to improve the
I/O performancef suchapplications Sometechniquegur-
rently beingusedto provide collective I/O facilitiesare: (1)
parallelfile systemgHFS for the HP Exemplar[2], PFSfor
theIntel Paragon[8], PIOFSandGPFSfor the IBM SP[5],
XFS for the SGI Origin2000[20], PVFS|3] for Linux clus-
ters), (2) distributedfile systemgNFS[21], GFS[17]) and
(3) runtimeI/O libraries (MPI-1O [7]). Most of thesesys-
temsassumehatthel/O subsystenis homogeneouandthe
messag@assingover the network is fastandscalable Nev-
erthelessthe behaior of the interconnecin suchsystems
canbe alsoa performancdimiting factor althoughthe I/O
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performanceon massiely parallelprocessorhiasbeentra-
ditionally limited by disk bandwidth[4].

The efficient integration of the interconnectiometwork
with the I/O is a key factorto efficiently exploit the power
of high-performanceparallel computers. InfiniBand [1] is
an emeging standardthat provides an integratedview of
computing hetworking andstoragdaechnologiesThelnfini-
Bandarchitecturas basedn a switchinterconnectechnol-
ogy with high speedpoint-to-pointlinks and offers support
for Quality of Service(QoS),fault-toleranceremotedirect
memoryaccessetc.,andis likely to becomehebackbonef
future commaodityparallelcomputers)/O seners,anddata
centers.

The Quadricsinterconnectiometwork (QsNET)[11] is
currentlybeingusedin someof the largestparallelsystems
in the world, typically connectingCompagqAlpha-based
seners,but increasinglyothercomputeplatformstoot. The
QsNET provides someinnovative designissuesvery simi-
lar to thosedefinedby the InfiniBand specification,which
arelikely to apperin the commoditymarketin the next few
years.Someof thesesalientaspectaretheintegrationof the
local virtual memoryinto a distributedvirtual sharedmem-
ory, remotedirect memory accessthe presenceof a pro-
grammablgrocessom thenetwork interfacethatallowsthe
implementatiorof intelligentcommunicatiorprotocols,and
fault-tolerance.

In [13] we analyzedhe QsNET performanceunderspe-
cific load conditionsto obtainthe “peak performance’df the
network andabaselindor furtherstudies.Sincenotonly the
efficientsupportfor computation-relatettaffic patternsdouta
goodintegrationwith thel/O subsystenis akey issueto pro-
vide a high-performancelatformfor scientificapplications,
in this paperwe addresgshe experimentalevaluationof the
networking andl/O integrationin the Quadricdanterconnect.

For thisreasonwe presentinanalysisof thenetwork be-
havior underl/O-relatedtraffic patternsandthe effect of the

IMore information on the Quadrics network can be found at
http://wwwc3.lanl.ge/~fabrizio/quadics.html



placemenbf the I/O node$ in the cluster It is shovn that
the placemenbf the I/O senersgreatly conditionsthe be-
havior of the interconnect.Moreover the effect of usingei-
therdedicated/O nodesor I/O nodesthatrun computejobs
toois analyzed.Theseexperimentsare complementedvith
anevaluationof theinterferencebetweerthe 1/O traffic and
othersimultaneouslyunningapplications.

The testbed for the network evaluationwas a 64-node
QsNETbasedAlphaSener ES40cluster The performance
effectsin the network areexplainedin termsof hardwarepa-
rametersflow controlandcongestiorresolution.Theresults
of theanalysisin thiswork provide acompletecharacteriza-
tion of the interconnectwhenrouting I/O traffic and have
powerful anddirect practicalimplications, for examplere-
latedto the I/O nodemappingand applicationdistribution.
The study of the hardware and software primitives usedto
implementmulticastcommunicationand the impact of the
network performancentheuserapplicationsareoutsidethe
scopeof the paperandcanbefoundin [12] and[9], respec-
tively.

In the next sectionwe summarizéhe maincharacteristics
of the network. In Section3 the experimentalmethodology
is describedwhile theperformanceesultsarepresente@nd
discussedh Sectiord. Finally, someconcludingremarksare
drawn in Section5.

2. The QsNET

The QsNET is basedon two building blocks, a pro-
grammablenetwork interface called Elan [18] and a low-
lateng/ high-bandwidthcommunicationswitch called Elite
[19]. The network hasseveral layersof communicationli-
brarieswhich provide trade-ofs betweenperformanceand
easeof use.

2.1 Elan

The internal functional structure of the Elar® centers
aroundtwo primary processingngines:the microcodepro-
cessolandthethreadprocessar

The 32-bit microcodeprocessorsupportsfour separate
threadsof execution,whereeachthreadcanindependently
issuepipelinedmemoryrequestgo the memorysystem.Up
to eightrequestsanbe outstandingat ary giventime. The
schedulingfor the microcodeprocessois lightweight, en-
abling a threadto wake up, schedulea nev memoryaccess
ontheresultof a previousmemoryaccessandthengo back
to sleepin asfew astwo system-cloclcycles.

The four microcodethreadsaredescribedoelow: (1) in-
putterthread: Handlesinput transactiongrom the network.
(2) DMA thread: Generate®MA pacletsto be written to

21/0 nodeand!/O senerwill beusedinterchangeablshroughthe paper
3This paperrefersto the Elan3versionof the Elan. We will useElanand
Elan3interchangeablyhroughouthe paper
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Figure 1. 4-ary fat-tree of dimension 3

the network, prioritizesoutstandingDMAs, andtime-slices
large DMAs sothatsmallDMAs arenot adwerselyblocked.
(3) processorschedulingthread: Prioritizesandcontrolsthe
schedulingand deschedulingof the threadprocessar (4)
command-pocessorthread: Handlesoperationsrequested
by thehostprocessoat userlevel.

The threadprocessois a 32-bit RISC processousedto
aid the implementationof higherlevel messagindibraries
without explicit interventionfrom the main CPU. In order
to bettersupportsuchanimplementationthe threadproces-
sor’s instructionsetwas augmentedvith extra instructions
thatconstruchetwork paclets,manipulatevents efficiently
schedulghreadsandblock-sae andrestorea threads state
whenscheduling.

The Elan containsrouting tablesthat translateevery vir-
tual processnumberinto a sequenc®f tagsthat determine
the network route. Several routing tablescanbe loadedin
orderto have differentrouting stratgyies. Eachlink provides
buffer spaceor two virtual channelswith a128-entry 16-bit
FIFORAM for flow control.

2.2 Elite

Theotherbuilding block of the QsNETis theElite switch.
TheElite providesthefollowing features(1) 8 bidirectional
links supportingtwo virtual channeldn eachdirection, (2)
aninternal16 x 8 full crossbaswitchf, (3) anominaltrans-
missionbandwidthof 400MB/s on eachlink directionanda
flow throughlateng of 35 ns, (4) pacleterrordetectionand
recovery, with routinganddatatransactions$CRC protected,
(5) two priority levelscombinedwith anagingmechanisnto
ensureafair delivery of pacletsin thesamepriority level, (6)
hardwaresupportfor broadcastg,7) andadaptve routing.

TheElite switchesareinterconnecteth a quaternanyfat-
treetopology[10], which belongsto the moregeneralclass
of the k-ary n-trees[15] [14]. A quaternaryfat-treeof di-
mensiom is composedf 4™ processingiodesandn 471
switchednterconnectedsadeltanetwork, andcanberecur
sively built by connectingt quaternarfattreesof dimension
n — 1. A quaternanfattreeof dimension3 is shavn in Fig-
urel.

4The crossbahastwo input portsfor eachinput link, to accommodate
thetwo virtual channels.



2.2.1 Packet Routing and Flow Control

Eachuser and system-legel messagds chunked in a se-
guenceof paclets by the Elan. An Elan paclet contains
threemain componentsThe paclet startswith the (1) rout-
ing information, that determineshow the paclet will reach
the destination. This informationis followed by (2) oneor
moretransactiongonsistingof someheadelinformation,a
remotememoryaddressthe context identifier anda chunk
of data,which canbe up to 64 bytesin the currentimple-
mentation.The pacletis terminatedoy (3) anendof paclet
(EOP)token.

Transactiongall into two categories:write block transac-
tionsandnon-writeblock transactions.

The purposeof a write block transactionis to write a
block of datafrom the sourcenodeto the destinatiomnode,
using the destinationaddresscontainedin the transaction
immediatelybeforethe data. A DMA operationis imple-
mentedasa sequencef write block transactionspartitioned
into oneor morepaclets(apacket normallycontainss write
block transaction®f 64 byteseach,for atotal of 320 bytes
of datapayloadper paclet).

The non-write block transactionsimplementa family
of relatively low level communicatiorand synchronization
primitives. For example, non-write block transactiongan
atomically perform remotetest-and-writeor fetch-and-add
andreturnthe resultof the remoteoperationto the source,
and can be usedas building blocks for more sophisticated
distributedalgorithms.

Elite networksaresourcerouted. Theroutinginformation
is attachedo the headetbeforeinjectingthe paclketinto the
network andis composediy a sequencef Elite link tags.
As the paclet movesinsidethe network, eachElite removes
thefirst routingtagfrom theheaderandforwardsthe paclet
to the next Elite in the routeor to the final destination.The
routingtag canidentify eithera singleoutputlink or agroup
of adjacentinks.

Thetransmissiorof eachpacletis pipelinedinto the net-
work usingwormholeflow control. At link level, eachpaclet
is partitionedin smallerunitscalledflits (flow controldigits)
[6] of 16 bits. Theheadefflit opensa circuit betweersource
anddestinationandthis pathstaysin placeuntil thedestina-
tion sendsanacknavledgmento the source.

Minimal routing betweenary pair nodescanbe accom-
plishedby sendingthe messagéo one of the nearesicom-
mon ancestorsaand from thereto the destination. That is,
eachpaclet experienceswo routing phasesanadaptve as-
cendingphaseto getto anearestommonancestarfollowed
by a deterministicdescendinghase The Elite switchescan
adaptvely routea paclet picking theleastloadedlink.

3. Experimental Framework

We testedthe main featuresof the QsNET on a 64-node
clusterof CompadAlphaSener ES40srunningTru64Unix.

EachAlphaSener nodeis equippedwith 4 Alpha 667MHz
21264processorsy GB of SDRAM andtwo 64-bit, 33MHz
PCI1/O buses. The Elan3QM-400 cardis attachedo one
of thesebusesandlinks the SMP to a quaternaryfat tree of
dimensionthree,astheoneshovnin Figurel.

Unlessotherwisestated,the communicationbuffers are
allocatedin Elanmemoryin orderto isolatel/O bus-related
performancelimitations, except for the ping tests, whose
goalis to provide basicperformanceaesultsthat are a ref-
erencepoint for thefollowing experiments.

3.1 Unidir ectional Ping

We analyzethe latengy andbandwidthof the network by
sendingmessagesf increasingsizes. In orderto identify
differentbottlenecksthe communicatiorbuffers are placed
eitherin mainor in Elanmemory usingtheallocationmech-
anismsprovided by the lowestlevel Elan programmingli-
brary, Elan3lib

At Elan3liblevel the lateng is measuredasthe elapsed
time betweerthe postingof theremoteDMA requestandthe
notificationof the successfutompletionat the destination.
Theunidirectionalping testsfor MPI areimplementedising
matchingpairsof blockingsendsandreceves.

3.2 Bidir ectional Ping

Theunidirectionalping experimentscanbeconsidereds
the “peak performance’of the network. By sendingpack-
etsin both directionsalongthe samenetwork pathwe can
exposeseveraltypesof bottlenecks.

For example,the Elan microcodeinterlearesfour activi-
ties, DMA engine,inputter commandprocessoandthread
processar This testcanevaluatehow the DMA engineand
theinputtercanwork with bidirectionaltraffic. Alsothelink-
level flow controlrequiresthe transmissiorof controlinfor-
mation,which canleadto adegradatiorof theunidirectional
performancen the presencef bidirectionaltraffic. Bidirec-
tional traffic is typically generatedy permutationpatterns
in which anodeis bothsourceanddestination.

3.3 Hot-spot

Under hot-spottraffic, a setof communicationpartners
try to readfrom or write into the samememoryblock. This
experimentmodelsthe behavior of a single 1/O sener be-
ing accessedby multiple clients and provides basicresults
for betterunderstandinghe network. This localizedcom-
municationpatterncanleadto a severeform of congestion
known astreesatumation [16], which canseriouslydegrade
theoverall performancef theinterconnect.



3.4. Multiple Hot-spots

Thenetwork traffic generatedby a paralleljob thatis per
forming input/outputcan be modeledwith a collection of
hot-spotswhereeachhot-spotis a nodethatactsasan I/0
sener andis the targetof multiple messagesriginatedby
the othernodes. This testhasbeendesignedo analyzethe
behaior of the network whenoneparalleljob is performing
transactiongver several hot nodes.We addresdive distinct
performancalimensions.

1. 1/O read/writeratio: the ratio betweenl/O readsand
writes is a numberbetween0 and 1, with 0 beingall
readsandl all writes.

2. Theinter-arrival time betweertwo /0O messagessued
by a client nodecan be either uniformly or exponen-
tially distributed.

3. I/O traffic: this parametedefinesthe accesgatternto
thel/O nodes.Two patternshave beenanalyzed:

(a) randoml/O, eachnodeperformingl/O randomly
selectsts destinatiorfor every transactiorand

(b) deterministicl/O, eachnodeusesa fixed destina-
tion for all its transactions.

4. 1/0 nodemapping(hot-nodemapping):this parameter
definesthe placementof the I/O nodesin the cluster
Two alternatveshave beentested:

(a) clustered)/O nodesdlocatedin consecutie nodes
atthehighernodedocationsand

(b) distributed, I/O nodes uniformly distributed
throughthe cluster

5. Application mapping: defineswhetherthe application
runs on the I/0O nodes(sharedl/O) or not (dedicated
I/0).

Figure 2 describeghetypesof /O andapplicationmap-
pings usedin the experimentswith a configurationof 64
nodes. In the clusteredmapping,8 I/O nodesare placed
in the upperpart of the network (the dark ones),while the
remaining56 nodesare dedicatedo computation. For this
type of I/O mapping,we considertwo typesof application
mappings.In the “Sharedl/O Mapping” all 64 nodesgen-
eratel/O traffic. In this casethel/O nodesareboth source
anddestinatiorof thel/O traffic. In the“Dedicatedl/O Map-
ping”, only the first 56 nodesinject I/O traffic into the net-
work. The I/O nodesare only sinks of the I/O traffic, as
outlinedby thearrow below thefirst row.

With distributed I/O mapping,showvn in the secondrow
of Figure 2, the I/O nodesare scatteredwith a stride of 8

SFor thisreasorin therestof thepapemultiple hot-spotsand|/O traffic
areusedinterchangeably
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Figure 2. 1/0 and Application Mappings with
64 nodes and 8 I/O nodes. The arrows high-
light the nodes that inject 1/O traffic into the
netw ork.

over all the nodes.In this casewe have anl/O nodeevery 8
nodes.As in the clusteredapproachwe distinguishthe two
casesvherethel/O nodesdoanddonotinjectmessagemto
thenetwork.

3.5 Combined Traffic

With this benchmarkwe studyhow a paralleljob thatis
executingl/O traffic can affect the communicationperfor
manceof anotherparalleljob thatis running concurrently
We performthetestsby runningtwo paralleljobsin theclus-
ter, eachoneusinghalf of the availablenodes.Thel/O job
generatesraffic asdescribedn Section3.4, while the com-
pute job injects uniform traffic. We analyzethe Cartesian
productof several performancedimensionswhich are out-
linedin Figure3. In particular

1. I/O node mapping: we considerclustered(the upper
row of Figure3) anddistributedmapping(thelowerrow
of Figure3). Whenwe have the clustered/O the posi-
tion of bothapplicationdn the clustermay have impli-
cationson performanceFor this reasonwe distinguish
two furthercases.The computgob is mappedntothe
lower half of the network andthe job performingl/O
on the higherhalf, andthe symmetriccase.As shavn
in the upperrow of Figure 3, this determineghe role
(eitherl/O or compute)of thejob mappecdcloserto the
I/O nodes.

2. Application mapping: the two applicationsrunningin
this testusehalf of the availablenodeswith two differ-
entapproacheslf “Sharedl/O Mapping”is usedeach
applicationis mappedto 32 nodes(evenif it overlaps
with 1/0 seners). On the otherhand,with “Dedicated
I/0 Mapping” the I/O nodesare dedicatedsenersand
eachapplicationis mappedo 28 nodes.

3. /O load: the I/O job caninject messagesto the net-
work with increasingoad.
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Figure 3.1/0 and Application Mappings with 64
nodes and 8 I/O nodes with combined traffic.

4. Experimental Results
4.1 Unidir ectional Ping

Figure4 a) shows the performanceof the unidirectional
ping. The peakbandwidthof 335 MB/s is reachedwhen
both sourceand destinationbuffers are placedin the Elan
memory The maximumamountof datapayloadthatcanbe
sentby the currentElan implementationin a paclet is 320

bytes, partitionedin five low-level write-block transactions

of 64 bytes.For this pacletformat,the overheads 58 bytes,
for the messagéeader CRCs,routing info, etc. This im-
pliesthatthedeliveredpeakbandwidthis approximately396
MB/s, or 99% of the nominalbandwidth(400 MB/s).

But the asymptotichandwidthfor main memoryto main
memorycommunicatioris only 200 MB/s for both Elan3lib
(lowestlevel programminglibrary) and MPI. Theseresults
shav thatthe PCl interfacerunningat 33MHz is the bottle-
neckfor this type of communication.

Figure4 b) shaws the lateny in therange[0...4K B|.
With Elan3libthe basiclateng for 0-byte messagess only
2.2 ysandis almostconstanat2.4 us for messagesp to 64
bytes.We noteanincreasen thelateng at MPI level, com-
paredo thelatengy attheElan3liblevel, from approximately
2 psto 5.5 us. While at Elan3liblevel the lateng is mostly
hardware, MP| needsto run a threadin the Elan micropro-
cessornn orderto matchthe messagédags: this introduces
the extra overheadesponsibldor the higherlateng.

4.2 Bidir ectional Ping

Figure5 a) shavs how the bidirectionalbandwidthis de-
gradedby the PCI bus. Whenthe communicationbuffers
arein Elanmemory the asymptotidbandwidthis 280 MB/s,
a slight performanceadegradationfrom the 335 MB/s of the
unidirectionalping. With main memoryto main memory
communicationthe bandwidthdropsto 80 MB/s, a per
formance degradationcausedby the PCI bus of the Al-
phaserer® , thatis not ableto efficiently interleave the bidi-

60therPClbusesrunningat 66MHz ratherthanat 33 MHz, for example
thosebasedon the Senerworks HE chipsetsdon't suffer from theselimi-
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rectionaltraffic. Giventhis substantialimitation, in thefol-
lowing experimentsvewill placethecommunicatiorbuffers
in Elanmemory in orderto inject messagemito the network
atfull speed.

4.3 Hot-spot

In thisexperimentwe attempto write into thesamemem-
ory locationon nodeO from anincreasinghumberof proces-
sors(one per SMP). This test providesinformation on the
behaior of a singlel/O nodewhenservingmultiple simul-
taneougsequestsPreviousresults[13] have shovn thatread
andwrite operationgrovide no significantdifferencesThe
aggreyate bandwidthplots are depictedin Figure 6 a) for
1 MByte messagesysing uniform and exponentialtime (T
tag)andmessagsize(S tag) distributions.

The curvesareapproximatelyflat up to 32 nodes reach-
ing 337 MB/s, while an 8% decreasds obsered for 64
nodes. This is due to the extra contentionexperiencedn
the third level of switches(Figure 1) andto the longerde-
laysneededo releasea circuit whentherearemorethan40
communicatiorpartners.Figure 6 b) shawvs the distribution
of thedeliveredbandwidthpernodeon a64-nodeconfigura-
tion, and providesmoreinsightinto this problem. It canbe
seerthatthenodesaredistributedin threebandwidthgroups:
nodesfrom 0O to 3 getapproximately8 MB/s, nodes4 to 15
getapproximately4.8 MB/s andnodesl6 to 63 getaround
4.3 MB/s. This unevendistribution of bandwidthis dueto

tationsandcanprovide almostthe samecommunicatiorperformancevhen
thebuffersareplacedin mainorin Elanmemory[13].
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the variousareasof contentionthata given packet cantra-
verse.ConsideringhatO is the hot node,pacletssentfrom

nodesl to 3 have asinglecontentionpointin the switchthey

aredirectly connectedPacketssentfrom nodes4 to 15 have
two potentialcontentionpoints, onein the secondlevel of

switchesand the other in the destinationswitch. Finally,

pacletssentfrom nodes16 to 63 traversethree contention
stagesn thethreelevelsof switches.

4.4. Multiple Hot-spots

This testis designedo analyzethe behaior of the net-
work when one parallel applicationis performingtransac-
tionsover severall/O nodesasdescribedn Section3.4.

The experimentsare performedon a 64-nodeconfigu-
ration with 8 hot-spots,as shavn in Figure2. The aver-
agemessageizeis 1 MB (exponentiallydistributed), with
inter-arrival times uniformly and exponentiallydistributed.
The resultsshav very little sensitvity to the fraction of
read/writerequestssowe will omit the relatedexperiments
andwe will reportresultsfor 0.5 read/writeratio. Figures
7 and 8 display the acceptedoad of the I/O nodesversus
theofferedloadfor randomanddeterministidraffic, respec-
tively. In eachfigure thereis a graphfor the clustered/O
mapping(subfigure a)) anda graphfor the distributed I/0
mapping(subfigureb)). Eachgraphdisplayscurvesfor the
two applicationmappingspresentedn Section3.4 (shared
I/O anddedicated/O). Theasymptotidbandwidthsaaresum-
marizedin Table1 for the mostsignificantperformancedi-
mensions|/O traffic andl/O mapping.
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The resultsshow that a deterministicdestinationpattern
(Figure8) alwaysprovidesbetterperformanceéhanarandom
selectionof destinationgFigure7).

The I/0 mappinghasa significanteffect on performance
too. Betterresultsare always obtainedwith distributed1/O
(Figures7 b) and8 b)). Thisis dueto the factthatthe dis-
tribution of 1/O nodesthroughthe clusterevenly spreadshe
traffic acrossthe network, while with the clusteredmapping
we generatea large hot-spoton onesideof thenetwork. It is
worth notingthatwith distributedmappingeachl/O nodeis
connectedo a distinctswitch,while with clustered/O four
I/0 nodessharethe sameswitch. Thus,the adjacentlloca-
tion of I/O nodesworsenghe contentionin the network.

The applicationmappinghasno significanteffect when
usingdistributed!/O (Figures7 b) and8 b)) anda smallef-
fect with clustered/O (Figures7 a) and8 a)). In the latter
casethel/O nodesdeliver slightly higherasymptotichand-
width whenshared/O is used(betweenl5 and 20 MB/s),
eitherwith deterministicor randomtraffic.

Clustered/O | Distributedl/O
RandomTraffic 196 MB/s 234MB/s
DeterministicTraffic 320MB/s 338MB/s

Table 1. Multiple Hot-spots Maximum Ac-

cepted Load Summary
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4.5, Combined Traffic

With this benchmarkwe studyhow a paralleljob thatis
executingl/O traffic can affect the communicationperfor
manceof anothemaralleljob thatis runningconcurrently

The I/O job generatesandomtraffic, shawvn to produce
high network contention(Section4.4), with exponentialdis-
tribution of theinter-arrival timesandmessagesf 1 MB. We
considetthreel/O loads,with increasingntensity which are
expressedsfraction of the asymptoticload that canbein-
jectedinto the network by a node (0.1, 0.3 and0.5). The

otherparalleljob usesuniformtraffic and256KB messages.

With clusteredl/O, we distinguishtwo cases:the com-
putejob allocatedon the first half of the machine,andthe
symmetriccasewherethe /O job is allocatedthere(Section
3.5). In the graphswe usethe label 1¢’ to indicatethe first
caseandli to indicatethesecondcase.

The graphsin Figure 9 showv the acceptecbandwidthof
the computejob. Consideringthe type of traffic (uniform)
andthe messagsize, the optimal asymptoticbandwidthof
thecomputgobis aboutl30MB/s. Any performancelegra-
dation indicatesthat the backgroundl/O traffic interferes
with the computejob. Figures9 a), c) ande) considerthe
shared/O mapping.In Figures9 b), d) andf) we canseethe
resultsfor thededicated/O. We canclearly seethat:

1. Whenthejobsdonotrunonthel/O nodegtheapplica-

A shortcutto indicatethat the first half of the machineis devoted to
computation(the seconchalf will beallocatedto I/O in this case)with the
1/0 nodesclusteredn thelastseggmentof the network.

1/0 Traffic: deterministic - 64 Nodes (8 I/0O nodes - clustered)
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Figure 8. Deterministic 1/O Traffic

tion mappingis dedicated/O) thereis no interference.
This is a very powerful resultthat shavs thatary job
mappingandl/O mappingwill performwell, aslong as
theprocessesf bothjobsdo notrunonthel/O nodes.

2. Thisbasicresultis extendecdto anothercase Whenthe
computejob is not mappedonto the I/O nodes(clus-
teredlc,thel/O job overlapsthel/O nodes)thereis no
interference.

3. Whenafractionof the computejob is mappedntothe
I/0 nodes(clusteredli, the computejob overlapsthe
I/0 nodes)thereis a substantiaperformancelegrada-
tion, up to 40%, with any I/O load.

4. With distributed mappingthe performances sensitve
tothel/O load. The higherthebackground/O loadthe
lower theacceptedandwidth.

Figure 10 summarizeghe analysisof the resultsand high-
lights the performanceaegionswherethe computationajob
is affectedby thebackground/O traffic.

5. Conclusions

In this paperwe presentedan extensve performance
evaluationof several typesof /O traffic on a 64-nodeAl-
phaSerer clusterinterconnectedn a fat-treetopology by
the Quadricsnetwork. Although this analysisappliesonly
to the topology investigated,t can prove particularly use-
ful for systemand network designersand usersof high-
performancearallelclusters.
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We first considereda single paralleljob performingl/O
andmodeledthe /O traffic with asinglehot-spotrepresent-
ing a singlel/O sener, andmultiple hot-spotsrepresenting
groupsof 1/0 seners. The experimentakesultsprovidedin-
sight on severalimportantopenproblems. We have shavn
that it is more efficient to distribute the I/O senersrather
thanclusterthemin a singlesegmentof the network, with a
bandwidthincreaseof about20%. Also, the performances
insensitve to boththefractionof I/O readsandwritesandto
the mappingof the paralleljob, whoseprocessesanberun
onthel/O nodeswithout ary noticeableperformancealegra-
dation.

We then analyzehow a job performing /O can affect
the communicationperformanceof anotherjob. Multiple
jobs canbe run concurrentlywithout interference as long
asthesejobs are not mappedon the I/0O nodes. This is a
powerful result, that givesa high degree of freedomwhen
mappingmultiple jobs. On the otherhand,the I/O job can
interferewith a computejob whenprocessesf thecompute
job aremappednthel/O nodes.
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