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Abstract

A commontrendin the designof large-scaleclusters is to usea high-
performancedatanetworkto integratetheprocessingnodesin a singlepar-
allel computer. In thesesystemsthe performanceof the interconnectcan
bea limiting factor for theinput/output(I/O), which is traditionally bottle-
necked by the disk bandwidth. In this paperwe presentan experimental
analysison a 64-nodeAlphaServerclusterbasedon theQuadricsnetwork
(QsNET)of the behaviorof the interconnectunderI/O traffic, and the in-
fluenceof theplacementof theI/O servers on theoverall performance. The
effectsof usingdedicatedI/O nodesor overlappingI/O and computation
on the I/O nodesare also analyzed. In addition, we evaluatehow back-
groundI/O traffic interfereswith other parallel applicationsrunning con-
currently. Our experimentalresultsshowthat a correct placementof the
I/O servers canprovideupto20%increasein theavailableI/O bandwidth.
Moreover, someimportantguidelinesfor applicationsandI/O servers map-
pingon large-scaleclusters aregiven.

Keywords: Interconnection Networks, Performance
Evaluation,User-level Communication,Input/Output.

1. Intr oduction

Scientificapplicationsthatrunonparallelsystemsusually
requireinput andoutputof largeamountsof data,therefore
theI/O performancecanbeapotentialbottleneck.Collective
I/O, in whichall processescooperateto carryout large-scale
I/O transactions,hasbeenproposedasa way to improvethe
I/O performanceof suchapplications.Sometechniquescur-
rently beingusedto provide collective I/O facilitiesare: (1)
parallelfile systems(HFSfor theHP Exemplar[2], PFSfor
theIntel Paragon[8], PIOFSandGPFSfor theIBM SP[5],
XFS for theSGI Origin2000[20], PVFS[3] for Linux clus-
ters),(2) distributedfile systems(NFS[21], GFS[17]) and
(3) runtime I/O libraries (MPI-IO [7]). Most of thesesys-
temsassumethattheI/O subsystemis homogeneousandthe
messagepassingover thenetwork is fastandscalable.Nev-
ertheless,the behavior of the interconnectin suchsystems
canbe alsoa performancelimiting factor, althoughthe I/O
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performanceon massively parallelprocessorshasbeentra-
ditionally limited by diskbandwidth[4].

The efficient integrationof the interconnectionnetwork
with the I/O is a key factorto efficiently exploit the power
of high-performanceparallel computers. InfiniBand [1] is
an emerging standardthat provides an integratedview of
computing,networkingandstoragetechnologies.TheInfini-
Bandarchitectureis basedon a switchinterconnecttechnol-
ogy with high speedpoint-to-pointlinks andofferssupport
for Quality of Service(QoS),fault-tolerance,remotedirect
memoryaccess,etc.,andis likely to becomethebackboneof
future commodityparallelcomputers,I/O servers,anddata
centers.

The Quadricsinterconnectionnetwork (QsNET) [11] is
currentlybeingusedin someof the largestparallelsystems
in the world, typically connectingCompaqAlpha-based
servers,but increasinglyothercomputeplatformstoo1. The
QsNETprovidessomeinnovative designissuesvery simi-
lar to thosedefinedby the InfiniBand specification,which
arelikely to apperin thecommoditymarket in thenext few
years.Someof thesesalientaspectsaretheintegrationof the
local virtual memoryinto a distributedvirtual sharedmem-
ory, remotedirect memoryaccess,the presenceof a pro-
grammableprocessorin thenetwork interfacethatallowsthe
implementationof intelligentcommunicationprotocols,and
fault-tolerance.

In [13] we analyzedtheQsNETperformanceunderspe-
cific loadconditionsto obtainthe“peakperformance”of the
network andabaselinefor furtherstudies.Sincenotonly the
efficientsupportfor computation-relatedtraffic patternsbut a
goodintegrationwith theI/O subsystemis akey issueto pro-
videahigh-performanceplatformfor scientificapplications,
in this paperwe addressthe experimentalevaluationof the
networkingandI/O integrationin theQuadricsinterconnect.

For this reason,wepresentananalysisof thenetwork be-
havior underI/O-relatedtraffic patternsandtheeffect of the

1More information on the Quadrics network can be found at
http://www.c3.lanl.gov/~fabrizio/quadrics.html



placementof the I/O nodes2 in the cluster. It is shown that
the placementof the I/O serversgreatlyconditionsthe be-
havior of the interconnect.Moreover theeffect of usingei-
therdedicatedI/O nodesor I/O nodesthatrun computejobs
too is analyzed.Theseexperimentsarecomplementedwith
anevaluationof the interferencebetweentheI/O traffic and
othersimultaneouslyrunningapplications.

The test bed for the network evaluationwas a 64-node
QsNET-basedAlphaServer ES40cluster. The performance
effectsin thenetwork areexplainedin termsof hardwarepa-
rameters,flow controlandcongestionresolution.Theresults
of theanalysisin thiswork providea completecharacteriza-
tion of the interconnectwhen routing I/O traffic and have
powerful anddirect practicalimplications,for examplere-
latedto the I/O nodemappingandapplicationdistribution.
The studyof the hardwareandsoftwareprimitivesusedto
implementmulticastcommunicationand the impactof the
network performanceontheuserapplicationsareoutsidethe
scopeof thepaperandcanbefoundin [12] and[9], respec-
tively.

In thenext sectionwesummarizethemaincharacteristics
of thenetwork. In Section3 theexperimentalmethodology
is described,while theperformanceresultsarepresentedand
discussedin Section4. Finally, someconcludingremarksare
drawn in Section5.

2. The QsNET

The QsNET is basedon two building blocks, a pro-
grammablenetwork interfacecalled Elan [18] and a low-
latency high-bandwidthcommunicationswitch calledElite
[19]. The network hasseveral layersof communicationli-
brarieswhich provide trade-offs betweenperformanceand
easeof use.

2.1. Elan

The internal functional structureof the Elan3 centers
aroundtwo primaryprocessingengines:themicrocodepro-
cessorandthethreadprocessor.

The 32-bit microcodeprocessorsupportsfour separate
threadsof execution,whereeachthreadcan independently
issuepipelinedmemoryrequeststo thememorysystem.Up
to eight requestscanbeoutstandingat any giventime. The
schedulingfor the microcodeprocessoris lightweight, en-
ablinga threadto wake up, schedulea new memoryaccess
on theresultof a previousmemoryaccess,andthengo back
to sleepin asfew astwo system-clockcycles.

The four microcodethreadsaredescribedbelow: (1) in-
putter thread: Handlesinput transactionsfrom thenetwork.
(2) DMA thread: GeneratesDMA packetsto be written to

2I/O nodeandI/O serverwill beusedinterchangeablythroughthepaper.
3Thispaperrefersto theElan3versionof theElan.Wewill useElanand

Elan3interchangeablythroughoutthepaper.

Figure 1. � -ary fat-tree of dimension 3

the network, prioritizesoutstandingDMAs, andtime-slices
largeDMAs sothatsmallDMAs arenot adverselyblocked.
(3) processor-schedulingthread:Prioritizesandcontrolsthe
schedulingand deschedulingof the threadprocessor. (4)
command-processorthread: Handlesoperationsrequested
by thehostprocessorat userlevel.

The threadprocessoris a 32-bit RISC processorusedto
aid the implementationof higher-level messaginglibraries
without explicit intervention from the main CPU. In order
to bettersupportsuchanimplementation,thethreadproces-
sor’s instructionsetwasaugmentedwith extra instructions
thatconstructnetworkpackets,manipulateevents,efficiently
schedulethreads,andblock-saveandrestorea thread’sstate
whenscheduling.

The Elan containsrouting tablesthat translateevery vir-
tual processnumberinto a sequenceof tagsthat determine
the network route. Several routing tablescanbe loadedin
orderto havedifferentroutingstrategies.Eachlink provides
buffer spacefor two virtual channelswith a128-entry, 16-bit
FIFORAM for flow control.

2.2. Elite

Theotherbuilding blockof theQsNETis theEliteswitch.
TheElite providesthefollowing features:(1) 8 bidirectional
links supportingtwo virtual channelsin eachdirection, (2)
aninternal ���
	�� full crossbarswitch4, (3) a nominaltrans-
missionbandwidthof 400MB/s oneachlink directionanda
flow throughlatency of 
�� ns,(4) packeterrordetectionand
recovery, with routinganddatatransactionsCRCprotected,
(5) two priority levelscombinedwith anagingmechanismto
ensureafair deliveryof packetsin thesamepriority level, (6)
hardwaresupportfor broadcasts,(7) andadaptiverouting.

TheElite switchesareinterconnectedin a quaternaryfat-
treetopology[10], which belongsto themoregeneralclass
of the � -ary � -trees[15] [14]. A quaternaryfat-treeof di-
mension� is composedof ��� processingnodesand � � �������
switchesinterconnectedasadeltanetwork,andcanberecur-
sively built by connecting4 quaternaryfattreesof dimension����� . A quaternaryfat treeof dimension3 is shown in Fig-
ure1.

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



2.2.1 Packet Routing and Flow Control

Each user- and system-level messageis chunked in a se-
quenceof packets by the Elan. An Elan packet contains
threemaincomponents.Thepacket startswith the(1) rout-
ing information,that determineshow the packet will reach
the destination.This informationis followed by (2) oneor
moretransactionsconsistingof someheaderinformation,a
remotememoryaddress,the context identifier anda chunk
of data,which canbe up to 64 bytesin the currentimple-
mentation.Thepacket is terminatedby (3) anendof packet
(EOP)token.

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

The purposeof a write block transactionis to write a
block of datafrom the sourcenodeto the destinationnode,
using the destinationaddresscontainedin the transaction
immediatelybeforethe data. A DMA operationis imple-
mentedasasequenceof write blocktransactions,partitioned
into oneor morepackets(apacketnormallycontains5 write
block transactionsof 64 byteseach,for a total of 320bytes
of datapayloadperpacket).

The non-write block transactionsimplement a family
of relatively low level communicationandsynchronization
primitives. For example,non-write block transactionscan
atomically perform remotetest-and-writeor fetch-and-add
andreturnthe resultof the remoteoperationto the source,
andcanbe usedas building blocks for more sophisticated
distributedalgorithms.

Elite networksaresourcerouted.Theroutinginformation
is attachedto theheaderbeforeinjectingthepacket into the
network andis composedby a sequenceof Elite link tags.
As thepacket movesinsidethenetwork, eachElite removes
thefirst routingtagfrom theheader, andforwardsthepacket
to thenext Elite in the routeor to thefinal destination.The
routingtagcanidentify eitherasingleoutputlink or agroup
of adjacentlinks.

Thetransmissionof eachpacket is pipelinedinto thenet-
workusingwormholeflow control.At link level,eachpacket
is partitionedin smallerunitscalledflits (flow controldigits)
[6] of 16bits. Theheaderflit opensa circuit betweensource
anddestination,andthispathstaysin placeuntil thedestina-
tion sendsanacknowledgmentto thesource.

Minimal routing betweenany pair nodescanbe accom-
plishedby sendingthe messageto oneof the nearestcom-
mon ancestorsand from thereto the destination. That is,
eachpacket experiencestwo routingphases,anadaptiveas-
cendingphaseto getto anearestcommonancestor, followed
by a deterministicdescendingphase.TheElite switchescan
adaptively routea packetpicking theleastloadedlink.

3. Experimental Framework

We testedthemain featuresof theQsNETon a 64-node
clusterof CompaqAlphaServerES40s,runningTru64Unix.

EachAlphaServer nodeis equippedwith 4 Alpha 667MHz
21264processors,8 GB of SDRAM andtwo 64-bit,33MHz
PCI I/O buses.The Elan3QM-400 cardis attachedto one
of thesebusesandlinks theSMPto a quaternaryfat treeof
dimensionthree,astheoneshown in Figure1.

Unlessotherwisestated,the communicationbuffers are
allocatedin Elanmemoryin orderto isolateI/O bus-related
performancelimitations, except for the ping tests,whose
goal is to provide basicperformanceresultsthat area ref-
erencepoint for thefollowing experiments.

3.1. Unidir ectionalPing

We analyzethelatency andbandwidthof thenetwork by
sendingmessagesof increasingsizes. In order to identify
differentbottlenecks,thecommunicationbuffersareplaced
eitherin mainor in Elanmemory, usingtheallocationmech-
anismsprovided by the lowest level Elan programmingli-
brary, Elan3lib.

At Elan3lib level the latency is measuredasthe elapsed
timebetweenthepostingof theremoteDMA requestandthe
notificationof the successfulcompletionat the destination.
Theunidirectionalping testsfor MPI areimplementedusing
matchingpairsof blockingsendsandreceives.

3.2. Bidir ectionalPing

Theunidirectionalpingexperimentscanbeconsideredas
the “peak performance”of the network. By sendingpack-
ets in both directionsalongthe samenetwork pathwe can
exposeseveraltypesof bottlenecks.

For example,the Elanmicrocodeinterleavesfour activi-
ties,DMA engine,inputter, commandprocessorandthread
processor. This testcanevaluatehow the DMA engineand
theinputtercanwork with bidirectionaltraffic. Also thelink-
level flow controlrequiresthetransmissionof control infor-
mation,whichcanleadto adegradationof theunidirectional
performancein thepresenceof bidirectionaltraffic. Bidirec-
tional traffic is typically generatedby permutationpatterns
in which anodeis bothsourceanddestination.

3.3. Hot-spot

Under hot-spottraffic, a set of communicationpartners
try to readfrom or write into thesamememoryblock. This
experimentmodelsthe behavior of a single I/O server be-
ing accessedby multiple clients andprovidesbasicresults
for betterunderstandingthe network. This localizedcom-
municationpatterncanleadto a severeform of congestion
known astreesaturation [16], which canseriouslydegrade
theoverallperformanceof theinterconnect.



3.4. Multiple Hot-spots

Thenetwork traffic generatedby aparalleljob thatis per-
forming input/outputcan be modeledwith a collection of
hot-spots,whereeachhot-spotis a nodethatactsasan I/O
server5 andis the targetof multiple messagesoriginatedby
theothernodes.This testhasbeendesignedto analyzethe
behavior of thenetwork whenoneparalleljob is performing
transactionsoverseveralhot nodes.We addressfive distinct
performancedimensions.

1. I/O read/writeratio: the ratio betweenI/O readsand
writes is a numberbetween0 and1, with 0 beingall
readsand1 all writes.

2. Theinter-arrival timebetweentwo I/O messagesissued
by a client nodecan be either uniformly or exponen-
tially distributed.

3. I/O traffic: this parameterdefinestheaccesspatternto
theI/O nodes.Two patternshavebeenanalyzed:

(a) randomI/O, eachnodeperformingI/O randomly
selectsits destinationfor every transactionand

(b) deterministicI/O, eachnodeusesa fixeddestina-
tion for all its transactions.

4. I/O nodemapping(hot-nodemapping):this parameter
definesthe placementof the I/O nodesin the cluster.
Two alternativeshavebeentested:

(a) clustered,I/O nodeslocatedin consecutive nodes
at thehighernodeslocationsand

(b) distributed, I/O nodes uniformly distributed
throughthecluster.

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

Figure2 describesthetypesof I/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 nodesarededicatedto computation.For this
type of I/O mapping,we considertwo typesof application
mappings.In the “SharedI/O Mapping” all 64 nodesgen-
erateI/O traffic. In this case,the I/O nodesarebothsource
anddestinationof theI/O traffic. In the“DedicatedI/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 distributedI/O mapping,shown in the secondrow
of Figure 2, the I/O nodesare scatteredwith a stride of 8

5For this reasonin therestof thepapermultiplehot-spotsandI/O traffic
areusedinterchangeably.
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Figure 2. I/O and Application Mappings with
64 nodes and 8 I/O nodes. The arrows high-
light the nodes that inject I/O traffic into the
netw ork.

overall thenodes.In this casewe have anI/O nodeevery 8
nodes.As in theclusteredapproach,we distinguishthetwo
caseswheretheI/O nodesdoanddonotinjectmessagesinto
thenetwork.

3.5. CombinedTraffic

With this benchmarkwe studyhow a parallel job that is
executingI/O traffic can affect the communicationperfor-
manceof anotherparallel job that is runningconcurrently.
Weperformthetestsby runningtwo paralleljobsin theclus-
ter, eachoneusinghalf of theavailablenodes.The I/O job
generatestraffic asdescribedin Section3.4,while thecom-
pute job injects uniform traffic. We analyzethe Cartesian
productof several performancedimensions,which areout-
lined in Figure3. In particular,

1. I/O nodemapping: we considerclustered(the upper
row of Figure3)anddistributedmapping(thelowerrow
of Figure3). Whenwe have theclusteredI/O theposi-
tion of bothapplicationsin theclustermayhave impli-
cationsonperformance.For this reason,wedistinguish
two furthercases.Thecomputejob is mappedontothe
lower half of the network and the job performingI/O
on the higherhalf, andthe symmetriccase.As shown
in the upperrow of Figure3, this determinesthe role
(eitherI/O or compute)of thejob mappedcloserto the
I/O nodes.

2. Application mapping: the two applicationsrunningin
this testusehalf of theavailablenodeswith two differ-
entapproaches.If “SharedI/O Mapping” is usedeach
applicationis mappedto 32 nodes(even if it overlaps
with I/O servers). On the otherhand,with “Dedicated
I/O Mapping” the I/O nodesarededicatedserversand
eachapplicationis mappedto 28 nodes.

3. I/O load: the I/O job caninject messagesinto the net-
work with increasingload.
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Figure 3. I/O 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. Themaximumamountof datapayloadthatcanbe
sentby the currentElan implementationin a packet is 320
bytes,partitionedin five low-level write-block transactions
of 64bytes.For thispacket format,theoverheadis 58bytes,
for the messageheader, CRCs,routing info, etc. This im-
pliesthatthedeliveredpeakbandwidthis approximately396
MB/s, or 99%of thenominalbandwidth(400MB/s).

But theasymptoticbandwidthfor mainmemoryto main
memorycommunicationis only 200MB/s for bothElan3lib
(lowest level programminglibrary) andMPI. Theseresults
show that thePCI interfacerunningat 33MHz is thebottle-
neckfor this typeof communication.

Figure4 b) shows the latency in the range � ������� ������� .
With Elan3lib thebasiclatency for 0-bytemessagesis only� � ��� sandis almostconstantat

� � � � s for messagesup to ���
bytes.We noteanincreasein thelatency at MPI level, com-
paredto thelatency attheElan3liblevel, from approximately���

s to � � � � s. While at Elan3lib level thelatency is mostly
hardware,MPI needsto run a threadin the Elan micropro-
cessorin order to matchthe messagetags: this introduces
theextraoverheadresponsiblefor thehigherlatency.

4.2. Bidir ectional Ping

Figure5 a) showshow thebidirectionalbandwidthis de-
gradedby the PCI bus. When the communicationbuffers
arein Elanmemory, theasymptoticbandwidthis 280MB/s,
a slight performancedegradationfrom the335MB/s of the
unidirectionalping. With main memory to main memory
communicationthe bandwidthdrops to 80 MB/s, a per-
formancedegradationcausedby the PCI bus of the Al-
phaserver6 , thatis not ableto efficiently interleave thebidi-

6OtherPCIbusesrunningat66MHzratherthanat33MHz, for example
thosebasedon theServerworks HE chipsets,don’t suffer from theselimi-
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Figure 4. Unidirectional Ping

rectionaltraffic. Giventhis substantiallimitation, in thefol-
lowingexperimentswewill placethecommunicationbuffers
in Elanmemory, in orderto injectmessagesinto thenetwork
at full speed.

4.3. Hot-spot

In thisexperimentweattemptto write into thesamemem-
ory locationonnode0 from anincreasingnumberof proces-
sors(one per SMP). This test provides information on the
behavior of a singleI/O nodewhenservingmultiple simul-
taneousrequests.Previousresults[13] haveshown thatread
andwrite operationsprovide no significantdifferences.The
aggregatebandwidthplots are depictedin Figure 6 a) for� MByte messages,usinguniform andexponentialtime (T
tag)andmessagesize(S tag)distributions.

Thecurvesareapproximatelyflat up to 32 nodes,reach-
ing 337 MB/s, while an 8% decreaseis observed for 64
nodes. This is due to the extra contentionexperiencedin
the third level of switches(Figure1) and to the longerde-
laysneededto releasea circuit whentherearemorethan40
communicationpartners.Figure6 b) shows thedistribution
of thedeliveredbandwidthpernodeona64-nodeconfigura-
tion, andprovidesmoreinsight into this problem. It canbe
seenthatthenodesaredistributedin threebandwidthgroups:
nodesfrom 0 to 3 getapproximately8 MB/s, nodes4 to 15
get approximately4.8 MB/s andnodes16 to 63 get around
4.3 MB/s. This uneven distribution of bandwidthis dueto

tationsandcanprovidealmostthesamecommunicationperformancewhen
thebuffersareplacedin mainor in Elanmemory[13].
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the variousareasof contentionthat a given packet cantra-
verse.Consideringthat0 is thehot node,packetssentfrom
nodes1 to 3 haveasinglecontentionpoint in theswitchthey
aredirectlyconnected.Packetssentfrom nodes4 to 15have
two potentialcontentionpoints,one in the secondlevel of
switchesand the other in the destinationswitch. Finally,
packetssentfrom nodes16 to 63 traversethreecontention
stagesin thethreelevelsof switches.

4.4. Multiple Hot-spots

This test is designedto analyzethe behavior of the net-
work when one parallel applicationis performingtransac-
tionsoverseveralI/O nodes,asdescribedin Section3.4.

The experimentsare performedon a 64-nodeconfigu-
ration with 8 hot-spots,as shown in Figure 2. The aver-
agemessagesizeis 1 MB (exponentiallydistributed),with
inter-arrival times uniformly andexponentiallydistributed.
The resultsshow very little sensitivity to the fraction of
read/writerequests,sowe will omit therelatedexperiments
andwe will report resultsfor 0.5 read/writeratio. Figures
7 and8 display the acceptedload of the I/O nodesversus
theofferedloadfor randomanddeterministictraffic, respec-
tively. In eachfigure thereis a graphfor the clusteredI/O
mapping(subfigure a)) anda graphfor the distributedI/O
mapping(subfigureb)). Eachgraphdisplayscurvesfor the
two applicationmappingspresentedin Section3.4 (shared
I/O anddedicatedI/O). Theasymptoticbandwidthsaresum-
marizedin Table1 for the mostsignificantperformancedi-
mensions,I/O traffic andI/O mapping.
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The resultsshow that a deterministicdestinationpattern
(Figure8)alwaysprovidesbetterperformancethanarandom
selectionof destinations(Figure7).

TheI/O mappinghasa significanteffect on performance
too. Betterresultsarealwaysobtainedwith distributedI/O
(Figures7 b) and8 b)). This is dueto the fact that the dis-
tribution of I/O nodesthroughtheclusterevenly spreadsthe
traffic acrossthenetwork, while with theclusteredmapping
wegeneratea largehot-spotononesideof thenetwork. It is
worth notingthatwith distributedmappingeachI/O nodeis
connectedto a distinctswitch,while with clusteredI/O four
I/O nodessharethesameswitch. Thus,theadjacentalloca-
tion of I/O nodesworsensthecontentionin thenetwork.

The applicationmappinghasno significanteffect when
usingdistributedI/O (Figures7 b) and8 b)) anda smallef-
fect with clusteredI/O (Figures7 a) and8 a)). In the latter
case,theI/O nodesdeliver slightly higherasymptoticband-
width whensharedI/O is used(between15 and20 MB/s),
eitherwith deterministicor randomtraffic.

ClusteredI/O DistributedI/O
RandomTraffic 196MB/s 234MB/s

DeterministicTraffic 320MB/s 338MB/s

Table 1. Multiple Hot-spots Maxim um Ac-
cepted Load Summar y
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Figure 7. Random I/O Traffic

4.5. Combined Traffic

With this benchmarkwe studyhow a paralleljob that is
executingI/O traffic can affect the communicationperfor-
manceof anotherparalleljob thatis runningconcurrently.

The I/O job generatesrandomtraffic, shown to produce
highnetwork contention(Section4.4),with exponentialdis-
tributionof theinter-arrival timesandmessagesof 1 MB. We
considerthreeI/O loads,with increasingintensity, whichare
expressedasfraction of the asymptoticload that canbe in-
jectedinto the network by a node(0.1, 0.3 and0.5). The
otherparalleljob usesuniform traffic and256KB messages.

With clusteredI/O, we distinguishtwo cases:the com-
pute job allocatedon the first half of the machine,andthe
symmetriccasewheretheI/O job is allocatedthere(Section
3.5). In the graphswe usethe label 1c7 to indicatethefirst
caseand1i to indicatethesecondcase.

The graphsin Figure9 show the acceptedbandwidthof
the computejob. Consideringthe type of traffic (uniform)
andthe messagesize,the optimal asymptoticbandwidthof
thecomputejob is about130MB/s. Any performancedegra-
dation indicatesthat the backgroundI/O traffic interferes
with the computejob. Figures9 a), c) ande) considerthe
sharedI/O mapping.In Figures9 b),d) andf) wecanseethe
resultsfor thededicatedI/O. We canclearlyseethat:

1. Whenthejobsdonot runontheI/O nodes(theapplica-

7A shortcutto indicatethat the first half of the machineis devoted to
computation(thesecondhalf will beallocatedto I/O in this case),with the
I/O nodesclusteredin thelastsegmentof thenetwork.
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Figure 8. Deterministic I/O Traffic

tion mappingis dedicatedI/O) thereis no interference.
This is a very powerful result that shows that any job
mappingandI/O mappingwill performwell, aslongas
theprocessesof bothjobsdo not runon theI/O nodes.

2. This basicresultis extendedto anothercase.Whenthe
computejob is not mappedonto the I/O nodes(clus-
tered1c,theI/O job overlapstheI/O nodes),thereis no
interference.

3. Whena fractionof thecomputejob is mappedontothe
I/O nodes(clustered1i, the computejob overlapsthe
I/O nodes)thereis a substantialperformancedegrada-
tion, up to 40%,with any I/O load.

4. With distributedmappingthe performanceis sensitive
to theI/O load.ThehigherthebackgroundI/O loadthe
lower theacceptedbandwidth.

Figure10 summarizesthe analysisof the resultsandhigh-
lights theperformanceregionswherethecomputationaljob
is affectedby thebackgroundI/O traffic.

5. Conclusions

In this paper we presentedan extensive performance
evaluationof several typesof I/O traffic on a 64-nodeAl-
phaServer cluster interconnectedin a fat-treetopology by
the Quadricsnetwork. Although this analysisappliesonly
to the topology investigated,it can prove particularly use-
ful for systemand network designersand usersof high-
performanceparallelclusters.
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We first considereda singleparallel job performingI/O
andmodeledtheI/O traffic with asinglehot-spot,represent-
ing a singleI/O server, andmultiple hot-spots,representing
groupsof I/O servers.Theexperimentalresultsprovidedin-
sight on several importantopenproblems.We have shown
that it is more efficient to distribute the I/O servers rather
thanclusterthemin a singlesegmentof thenetwork, with a
bandwidthincreaseof about20%. Also, theperformanceis
insensitiveto boththefractionof I/O readsandwritesandto
themappingof theparalleljob, whoseprocessescanberun
on theI/O nodeswithout any noticeableperformancedegra-
dation.

We then analyzehow a job performing I/O can affect
the communicationperformanceof anotherjob. Multiple
jobs can be run concurrentlywithout interference,as long
as thesejobs are not mappedon the I/O nodes. This is a
powerful result, that givesa high degreeof freedomwhen
mappingmultiple jobs. On the otherhand,the I/O job can
interferewith a computejob whenprocessesof thecompute
job aremappedon theI/O nodes.
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40

60

80

100

120

140

50 100 150 200 250 300 350 400

A
cc

ep
te

d 
Lo

ad
 (

M
B

/s
)

�

Offered Load (MB/s)

Combined Traffic - 64 Nodes


clustered - 1i
clustered - 1c

distributed

(b) DedicatedI/O with load0.1
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(c) SharedI/O with load0.3
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(d) DedicatedI/O with load0.3
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(e) SharedI/O with load0.5
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Figure 9. Combined Traffic


