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Abstract—In this paper, we present an initial performance
evaluation of In niBand HCAs from Mellanox with PCI Express
interfaces. We compare the performance with HCAs using PCI-
X interfaces. Our results show that In niBand HCAs with PCI
Expresscan achieve signi cant performance bene ts. Compared
with HCAs using 64 bit/133 MHz PCI-X interfaces, they can
achieve 20%—30% lower latency for small messagesThe small
messagelatency obtained with PCl Expressis around 3.8 s,
compared with 4.8 s with PCI-X. For large messagesHCAs
with PCI Expressusing a single port can deliver unidir ectional
bandwidth up to 972 MB/s and bidir ectional bandwidth up to
1932MB/s, which are 1.24and 2.04times of the peak bandwidths
achieved by HCAs with PCI-X, respectvely. When both the ports
of the HCAs are activated, PCI Express can deliver a peak
aggregate bidir ectional bandwidth of 2787 MB/s, which is 2.95
times of the peak bandwidth obtained using HCAs with PCI-X.

PCI Expressalso improves performance at the MPI level. A

latencyof 4.1 swith PCI Expressis achieved for small messages.

And for large messages,uni-dir ectional bandwidth of 1497
MB/s and bi-dir ectional bandwidth of 2721 MB/s are obsewed.
Our evaluation also shows that PCI Expresscan signi cantly
impr ove the performance of MPI collective communication and
bandwidth-bound MPI applications.

I. INTRODUCTION

In niBand Architecture[1] is an industry standardwhich
offers low lateny and high bandwidth as well as mary
adwancedfeaturessuch as Remote Direct Memory Access
(RDMA), atomic operations,multicast and QoS. Currently
In niBand productsin the market can achieve a lateny of
several microsecondgor small messageand a bandwidthof
up to 700-900MB/s. (Note that unlessotherwisestated,the
unit MB in this paperis an abbreviation for 10° bytesandGB
is an abbreviation for 10° bytes.)As a result, it is becoming
increasinglypopularas a high speedinterconnectechnology
for building high performanceclusters.

PCI [2] has beenthe standardlocal I/O bus technology
for the last ten years. However, currently more and more
applicationsrequirelower lateng and higher bandwidththan
what a PCI bus can provide. As an extensionto PCI, PCI-X
offershigherpeakperformancendef ciency. However, it can
still becomea bottleneckfor today's demandingapplications,
especiallyfor those running over In niBand. For example,
a 64 bit/133 MHz PCI-X bus can sustainaround 1 GB/s
aggregyatebandwidthat most. However, current4x In niBand
HCAs have a peakbandwidthof 1 GB/sin eachlink direction,
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resultingin an aggreyatebandwidthof 2 GB/s for eachport.
To make mattersworse,someof theseln niBand HCAs have
two portswhich candeliver up to 4 GB/scombinedtheoretical
bandwidth.Even PCI-X with DoubleDataRate(DDR) cannot
fully take advantageof their performancepotential. Another
issuewith PCl and PCI-X busesis that a device cansharea
bus with otherl/O devices. Therefore,communicatiorperfor
mancecan be adwersely affected by 1/0 operationsof other
deviceson the samebus.

Recently PCI Express[3] hasbeenintroducedas the next
generationlocal 1/0 interconnect.Unlike PCI, PCI Express
usesaserial,point-to-pointinterface.Comparedvith PCI, PCI
Expresscan achieve lower lateng by allowing 1/0 devices
to be connectedlirectly to the memory controlletr More im-
portantly it candeliver scalablebandwidthby using multiple
lanesin each point-to-point link. For example, an 8x PCI
Expresslink canachiese 2 GB/s bandwidthin eachdirection
(4 GB/s total), which matchesperfectly with the requirement
of currentin niBand HCAs.

In this work, we presenfaninitial performancesvaluationof
the third generationin niBand HCAs from Mellanox, which
supportPCl Expressinterface.We comparethe performance
of theseHCAs with those using PCI-X interface. Our per
formanceevaluationconsistsof a setof microbenchmarkst
the interconnectlevel, including lateng, bandwidth,and bi-
directionalbandwidthexperiments Performanceesultsusing
both ports in the HCAs are also presentedIn addition, we
have carriedout MPI level performancesvaluationusingboth
micro-benchmarksind applications.

Our performanceevaluation shavs that In niBand HCAs
with PCI Expressinterface deliver excellent performance.
Comparedwith HCAs using PCI-X, they can achieve 20%—
30% lower lateng for small messagesThe smallestlateng
obtainedis around 3.8 s. In contrast,HCAs with PCI-X
can only achiee a latengy of 4.8 s for small messages.
By removing the PCI-X bottleneck,HCAs with PCI Express
interface can deliver much higher bandwidth. In the bi-
directional bandwidthtests,PCl Expresscan achiese a peak
bandwidthof 1932MB/s, whichis almosttwice the bandwidth
deliveredby PCI-X. In bandwidthtestsusingbothports,HCAs
with PCI-X cannotachieve much performancegain due to
local I/O busbeingthe performancebottleneck However, PCI



Expresscandeliver signi cant performancamprovementsin
one bi-directional bandwidth test, PCI ExpressHCAs have
beenshowvn to deliver a peak aggrejate bandwidthof 2787
MB/s, which is 2.95 times the bandwidth achievable using
PCI-X.

At the MPI level [4] [8] [9], PCI Expressalso shavs
excellentperformanceFor smallmessages lateng of 4.1 s
was obsened. For large messagesyni-directionalbandwidth
of 1497MB/s andbi-directionalbandwidthof 2724MB/s were
obsened. PCI Expressalso improves performancefor MPI
collective operationssuch as MPI_Alltoall, MPI_Bcast, and
MPI_Allgather. At the applicationlevel, PCI ExpressHCAs
have beenshawvn to deliver signi cantly better performance
than PCI-X HCAs for several bandwidth-boundapplications
in the NAS Parallel Benchmarkgd5].

The remaining part of the paperis organizedas follows:
In Sectionll, we provide a brief overview of In niBand and
PCI Express.In Sectionlll, we describethe architecturesof
In niBand HCAs. Performanceevaluationsand discussions
are presentedin Section IV. We presentrelated work in
SectionV and conclusionsn SectionVI.

Il. BACKGROUND

In this section,we provide backgroundnformationfor our
work. First, we give a brief introductionto In niBand. Then,
we introducethe PCI Expressarchitectureandcomparet with
existing PCI buses.

A. In niBand

The In niBand Architecture (IBA) [1] de nes a switched
network fabric for interconnectingorocessingnodesand I/O
nodes. It provides a communicationand managementn-
frastructurefor interprocessorcommunicationand I/O. In
an In niBand network, processingnodesand I/O nodesare
connectedo the fabric by ChannelAdapters(CA). The Host
ChannelAdapters(HCAS) are usedin processingodes.

The In niBand communicationstack consistsof different
layers. The interface presentecby Channeladaptersto con-
sumersbelongsto the transportlayer A queue-basednodel
is usedin this interface. A QueuePair in In niBand Archi-
tecture consistsof two queues:a sendqueueand a receve
gueue. The send queue holds instructionsto transmit data
and the receive queueholds instructionsthat describewhere
receved datais to be placed.Communicationoperationsare
describedin Work Queue Requests(WQR), or descriptors,
and submittedto the work queue.The completionof WQRs
is reportedthrough CompletionQueues(CQs). Oncea work
gueueelementis nished, a completionqueueentryis placed
in the associateccompletion queue.Applications can check
the completionqueueto seeif arny work queuerequesthas
beennished. In niBand supportdifferentclasse®f transport
services.In this paper we focus on the Reliable Connection
(RC) service.In niBand Architecture supportsboth channel
and memory semantics.In channelsemantics,send/receaie
operationsare usedfor communicationTo receve a message,
the programmerposts a recevve descriptorwhich describes

wherethe messageshouldbe put at the recever side. At the
senderside, the programmerinitiates the send operationby
posting a senddescriptor In memory semantics,In niBand
supportsRemoteDirect Memory Access(RDMA) operations,
including RDMA write and RDMA read.RDMA operations
areone-sidedanddo notincur softwareoverheadattheremote
side.In theseoperationsthe sendel(initiator) startsRDMA by
postingRDMA descriptorsAt the senderside,the completion
of an RDMA operationcan be reportedthrough CQs. The
operationis transparento the software layer at the recever
side.In niBand alsosupportsatomicoperationghatcancarry
out certain read-modify-writeoperationsto remote memory
locationsin an atomic manner

B. PCI Express

PCI [2] has beenthe standardlocal I/O bus technology
for the last ten years.It usesa parallel bus at the physical
layer and a load/store based software usagemodel. Since
its introduction, both PCI bus frequeng and bus width have
beenincreasedo satisfy the everincreasingl/O demandof
applicationsLater, PCI-X [2] wasintroducedas an extension
to PCI. PCI-X is backward compatiblewith PCI in terms of
both hardware and softwareinterfaces.t delivershigherpeak
I/O performanceand ef ciency comparedwith PCI.

Recently PCI Expresq3] technologywasintroducedasthe
next generation/O interconnectUnlike traditionall/O buses
such as PCI, PCI Expressusesa high performance point-
to-point, and serial interface. Although the physical layer is
different, PCl Expressmaintains compatibility with PCI at
the software layer and no changesare necessanfor current
operatingsystemsand device drivers.

In PClandPCI-X architectureshusfrequeny andwidth are
limited dueto signalskews in the underlyingparallelphysical
interface.Further a busis sharedamongall devicesconnected
to it. Therefore, PClI and PCI-X have limited bandwidth
scalability To achieve better scalability PCI Expresslinks
can have multiple lanes,with eachlane delivering 250 MB/s
bandwidthin eachdirection. For example,an 8x (8 lanesin
eachlink) PCI Expresschannelkcanachiere 2 GB/sbandwidth
in eachdirection, resulting in an aggreate bandwidth of 4
GBY/s. In comparisona 64 hit/133 MHz PCI-X bus canonly
achieve around1 GB/s bandwidthat most.

In PCI or PCI-X basedsystems,/O devices are typically
connectedto the memory controller through an additional
I/O bridge. In PCI Expressbasedsystems,|/O devices can
be connecteddirectly to the memory controller through PCI
Expresslinks. This canresultin improved I/O performance.
A comparisonof thesetwo approachess shovn in Figure 1.

I1l. ARCHITECTURES OF INFINIBAND HCAS

In this work, we focuson performancestudiesof two kinds
of In niBand HCAs from Mellanox Technologiesin niHost
MT25208 HCAs [6] and In niHost MT23108 HCAs [7].
In niHost MT25208 HCAs are the third generationproducts
from Mellanox which has 8x PCI Expresshost interfaces.
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In niHost MT23108 cardsare the secondgenerationin ni-
BandHCAs from Mellanox. They have PCI-X 64 bit/133MHz
interfacesto connecto thehost.BothMT25208andMT23108
HCAs have two physicalports. Althoughthe major difference
betweenMT25208and MT23108HCAs is the hostl/O inter-
face,MT25208 HCAs also include other enhancementsuch
asimprovedinternalcachingandprefetchingmechanismsnd
additionalCPU of oad capabilitied6]. In our experimentsthe
rmw arein MT25208 HCAs runsin a “compatibility mode”
which essentiallyemulateshe MT23108 HCAs and the nen
featuresare not activated.

We have usedVAPI asthe software interfacefor accessing
In niHost HCAs. This interface is provided by Mellanox
and basedon the In niBand verbs layer. It supportsboth
send/recaie operationsand remote direct memory access
(RDMA) operations.

IV. PERFORMANCE

In this section,we presentperformanceavaluationof Mel-
lanox In niHost MT25208 PCI ExpressHCAs. We compare
their performancewnith MT23108 HCAs which usePCI-X 64
bit/133 MHz interfaces.Our evaluationconsistsof two parts.
In the rst part, we shav performanceresultsat the VAPI
level. In the secondpart, we presentMPI level performance.

A. ExperimentalTestbeds

Our experimentaltestbedis a four-nodeln niBand cluster
Eachnodeof the clusterhastwo 3.4 GHz Intel Xeon proces-
sorsand 512 MB main memory The nodessupportboth 8x
PCI Expressand 64 bit/133 MHz interfacesand are equipped
with both MT23108 and MT25208 HCAs. An In niScale
switchis usedto connectall the nodes.The operatingsystem
usedwere Linux with kernel2.4.21-15.EL.

B. VAPI Level Performance

At the VAPI level, we rst shav latengy resultsof In ni-
Bandsend/receie, RDMA write, andRDMA readoperations.

We also measurethe cost of In niBand atomic operations.
Thenwe presentbandwidthnumbersfor testsusing a single
HCA port. After that, we shaw the resultsof a setof experi-
mentsthatusebothHCA ports.GCC 3.2wereusedto compile
all the testprograms.

1) Latency: In this subsectionwe presentlateny results
of variousIn niBand operationssuchassend/receie, RDMA
write, RDMA read,and atomic operationsbetweentwo pro-
cesseon two different nodes.Experimentsfor send/receaie
and RDMA write were carried out in a ping-pong fashion.
For send/recefe operations,CQ is usedto checkincoming
messagesFor RDMA write, the recever polls on the last
byte of destinationmemory buffer to detectthe completion
of RDMA communication.In the RDMA read and atomic
experiments,one processacts as the initiator and the other
processactsasthe target. The initiator procesgssuesRDMA
readand atomic operationgto buffersin the addressspaceof
the target processand usesCQ to detectcompletionof these
operations.n all the latengy experiments,the test programs
consistsof multiple iterations. The rst 1000 iterationsare
usedfor warm-up.The averagetimesof the following 10,000
iterationsare reported.

Figure2 comparesn niBand send/receie lateng with PCI
Expressand PCI-X. (Note that in the x axis of the gures,
unit K is an abbreviation for 219 and M is an abbreviation
for 220.) We canseethat PCI Expresshasbetterperformance.
For smallmessages?Cl Expressachievesa lateng of 4.8 s
while PCI-X achieves6.9 s. Figure 3 shaws the resultsfor
RDMA write operationsRDMA write hasbetterperformance
than send/receie operationssincethey incur lessoverheadat
the recever side. We can seethat with PCI Express,we can
achieve a lateny of 3.8 s. The smallestlateng for PCI-X
is 4.8 s.Figure4 shows the lateny performancdor RDMA
read operations.With PCl Express,a lateny of 9.0 s is
achieved for small messagesLatenciesare around12.4 s
with PCI-X for small messagesFigure 5 comparesateng
performanceof In niBand atomic operationgFetch-and-Add
and Compare-and-Sap). The resultsare similar to RDMA
readfor smallmessageverall, we canseethat HCAs using
PCI Expresscan improve lateng performanceby 20%-30%
for small messages.

2) Single Port Bandwidth: In this subsectionwe focus
on bandwidth performanceof In niBand RDMA write op-
erations. Only one port of each HCA is usedin all the
tests.Resultsof bandwidthexperimentsusing both ports are
includedin the next subsection.

A pre-de nedwindow size W is usedin all the bandwidth
tests. In each test, the senderwill issue W back-to-back
messagetd therecever. Thereceverwaitsfor all W messages
andthensendsacka smallreply messageMultiple iterations
of the above procedureare carried out in the experiments.
We have useda window size of 64 in our tests.The rst 10
iterationsof the testsare usedfor warm-up and the average
bandwidthsof the following 100 iterationsare reported.

Figure 6 shaws uni-directionalbandwidthperformancere-
sults.We canseethat PCI ExpressHCAs performbetterthan



PCI-X for all messagesizes For largemessages?Cl Express
delivers a bandwidth of 972 MB/s. Comparedwith PCI-X
which hasa bandwidthof 781 MB/s for large messagesPCl
Expressimprovesperformanceby around24%.

Figure 7 shows the resultsof bi-directionalbandwidthtests.
HCAs with PCI-X achieve a peak aggreyate bandwidth of
946 MB/s, which is only slightly higher (21%) than the uni-
directionalbandwidth(781 MB/s). This is mostly dueto the
limitation of PCI-X bus. In contract,PCI Expressachievesa
peak bi-directional bandwidth of 1932 MB/s, which almost
doublesits uni-directionalbandwidth.
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3) Multiple Ports Bandwidth: CurrentMellanoxIn niBand

HCAs have two physicalports.Eachport can(in theory)offer
2 GB/sbi-directionalbandwidth.However, the PCI-X bus can
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only achiee around1 GB/s peak bandwidth. As a result,
PCI-X becomeghe performancebottleneckif both portsare
used.However, 8x PCI Expressoffers 4 GB/s theoreticalbi-
directional bandwidth. Therefore,both ports can be usedto
achieve higher performance.

We have designeda setof microbenchmarkshat use both
portsof theHCAs andstudytheir bene ts.We have considered
two casesto take advantageof multiple HCA ports: striping
and binding In the striping mode, eachmessagés divided
into even piecesandtransferredsimultaneouslysingmultiple
ports.A striping thresholdof 8192 bytesis usedwhich means
that messagesmaller than or equalto 8192 bytes are not
striped. In the binding mode, messagesare never striped.
However, communicationchannelgsendchannelandreceie
channel)of different processesn a node will use different
ports of the HCA. In the striping mode, the communication
is not nished until all stripes arrive at the recever side.
To notify the recever, we sendextra control messagesising
send/receaier operationsthrough all the ports after sending
each stripe. The recever then polls the CQ to detect the
completionof communication.

Figure 8 shaws uni-directionalbandwidthperformancere-
sults using both HCA ports. Only striping mode is usedin
this test. We can seethat PCI Expressperformssigni cantly
better than PCI-X. HCAs with PCI Expresscan deliver a
peak bandwidth of 1486 MB/s. With PCI-X, we can only
achieve around 768 MB/s becauseof the PCI-X bottleneck.
This numberis even lower than the peak bandwidthwithout
striping, due to the overheadof dividing and reassembling
messagesFor PCIl Express,the bandwidthis not doubled
comparedto the single port casedue to the HCA hardware
being the performancebottleneck.

In Figure 9, we shav the performanceof bi-directional



bandwidthtestsusing both ports. In the striping mode, each
messageglarger than 8192 bytes) are stripedand transferred
usingboth ports.In the binding mode,the processon the rst
nodeusesport 1 to senddataand usesport 2 to receve data
from the proceson the secondhode.Still we canseethat PCI
ExpresgperformsmuchbetterthanPCI-X. We alsonoticethat
striping mode performsbetterthan binding modein this test
for large messagesWith striping, PCI Expresscan achiere
a peakbandwidthof 2451 MB/s. The peakperformancewith
bindingis 1944MB/s. Thereasonwhy striping performsbetter
thanbindingin the bi-directionalbandwidthtestis thatstriping
can utilize both ports in both directionswhile binding only
usesonedirectionin eachport.

In anotherset of tests,we have usedtwo processeon
eachnodewith eachprocessloing inte-nodecommunication
with anotherprocesson the other node. Both striping and
binding testshave beencarriedout. In the binding mode,each
processon the samenodeusesdifferentportsfor sendingand
receving.

Figure 10 shaws the aggreyatebandwidthof two processes
in the uni-directionalbandwidthtests.We can seethat with
PCI Express,both striping and binding modescan achiee
a peakbandwidthof around1500 MB/s. The binding mode
performsbetterthanthe stripingmode especiallyfor messages
smallerthan 8 KB. Therearetwo reasondor this. First, the
binding mode has less overheadbecauseit doesnot divide
messagesSecondfor small messagegflessthan8 KB), both
portscanbe used,while the striping modeonly usesoneport.
With PCI-X, only 776 MB/s can be achiered due to PCI-X
bandwidthbeingthe bottleneck.

In Figure 11, we shav similar resultsfor the bi-directional
cases.With PCI-X, peak bandwidth is limited to around
946 MB/s. PCI Expresscan achieze much higher aggreyate
bandwidth. In the binding mode, peak bandwidthis 2745
MB/s, which is 2.9 times the bandwidth achiered by PCI-
X. Dueto its higher overhead the striping mode performsa
little worse than the binding mode.But it canstill deliver a
peakbandwidthof 2449 MB/s.
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C. MPI Level Performance

In this subsectiorwe presentMPI level resultsresultsusing
our enhancedMPI implementationover In niBand (MVA-
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PICH)[8], [9]. Our original MVAPICH softwareonly usesone
portof eachHCA. To improveits performancdor PCIExpress
systemswe have developedanMPI implementatiorwhich can
stripelargemessageacrossothports.In thisimplementation,
messagestriping and reassemblingire handledcompletelyin
the MPI layer and transparento userapplications.Details of
thisimplementatiorcanbefoundin [10]. For compilingtests,
we have usedGCC 3.2 compiler

1) Latencyand Bandwidth: Figure 12 shovs MPI lateng
resultsfor small messageswWe can obsenre that HCAs with
PCI Expresscanimprove performanceby around20%. With
PCI Express,we canachieve a lateng of around4.1 s for
small messagesin comparison,PCI-X delivers a lateng of
5.1 s for small messagesSince small messagesare not
stripedin our new MPI implementatiorwhich usesboth ports,
it performs comparableto the old implementationfor PCI
Express.

12

PCI-X ——
PCI-Express

,,,,,,,,,,,,

10

e}

Time (us)
[}

16 64 256
Message Size (Bytes)

1K

Fig. 12. MPI Lateny

Figure 13 shows the performanceresults for the uni-
directionalbandwidthtestsat the MPI level. Our original MPI
implementatiorcanachieve a peakbandwidthof 971 MB/s for
PCI Expresslt deliversaround800 MB/s peakbandwidthfor
PCI-X. With our new MPI implementationthat stripesdata
acrosshoth ports, we can achieve a peakbandwidthof 1497
MB/s, which is 86% betterthanthe one port implementation
with PCI-X and 54% betterthanthe one port implementation
with PCI ExpressThe performancedropsaround8 KB in the
gures is becauseof both protocol switch in MPI and our
striping threshold.

Figure14 shovs MPI bi-directionalbandwidthperformance
results. We can see that PCI-X can only achieve a peak
bandwidthof 940 MB/s. With PCI Expresswe canachie/e a
bandwidthof 1927 MB/s for large messagesBy using both
ports of PCl ExpressHCAs, we are ableto get 2721 MB/s,
which is around2.9 timesthe bandwidthwe canachieve with
PCI-X.

We have noticedthatin somecasesMPI level bandwidthis
slightly higherthanthe VAPI level bandwidth.Onereasorfor
thisis thatin the VAPI tests,we have usedsend/receie oper
ationsto sendcontrolandsynchronizatiormessagewhile our
optimizedMPI implementationis basecon RDMA operations,
which have higher performanceandlower overhead.
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2) Collective Communication:In this subsectionwe use
the Pallas MPI Benchmark[11] to comparethe performance
of MPI collectve communicationfor PCI Expressand PCI-
X. We use (4x1)(one processper node) con guration for
the performanceevaluation. Figures 15, 16 and 17 shav
the latengy of three important MPI collective operations:
MPI_Alltoall, MPI_Bcastand MPI_Allgather. We canseethat
comparedwith MPI running over PCI-X, MPI with PCI
Expresscan signi cantly improve performanceeven with a
single port. The improvementsare up to 47%, 34%, and 48%
for MPI_Alltoall, MPI_Bcastand MPI_Allgather, respectiely.
Further performancebene ts are achieved by utilizing both
ports of the HCAs. Although in the caseof MPI_Alltoall this
bene ts are small (due to the bottleneckof HCA hardware),
they are more signi cant for MPI_Bcast (up to 27%) and



MPI_Allgather(upto 25%).
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3) Applications: In this subsectionwe shav the perfor
manceof IS and FT applicationsin the NAS Parallel Bench-
marks[5]. (We have chosenClassB for IS and ClassA for
FT.) Both applicationsare bandwidth-boundecausehey use
largemessagéor communicationTwo con gurationsareused
for running the tests: one processper node (4x1) and two
processeger node (4x2). We showv the performanceusing
both PCI-X and PCI Express.The results are presentedn
Figures18 and 19. We can seethat PCI Expresscan reduce
communicationtime signi cantly. The improvementsare up
to 50% for IS and up to 48% for FT. The reductionsin
communicatiortime alsoresultin improvementsn application
runningtime, which are up to 26% for 1S and up to 6% for
FT.

Fig. 18. 1S (ClassB) Results Fig. 19. FT (ClassA) Results

V. RELATED WORK

Studieson the performanceof high performancentercon-
nectsincluding In niBand, Myrinet, Quadrics,and 10 gigabit
ethernethave been carried out in the literature [12], [13],
[14], [15]. Our previous work [16], [17] proposedtest suites
to compareperformanceof different VIA [18] and In ni-
Band implementationsWe have also conductedperformance
evaluation of different high speedinterconnectsat the MPI
level [19]. In this paper we focus on the interactionbetween
In niBand Architectureand local I/O bus technologiesOur
objective is to study how PCI Expresscan help us achieve
bettercommunicatiorperformancan an In niBand cluster

VI. CONCLUSIONS AND FUTURE WORK

In this work, we have conducteda performancestudy of
Mellanox In niBand HCAs with PCI Expressinterfaces.We
have usedmicrobenchmarkand applicationsat the intercon-
nectlevel andthe MPI level for our performancesavaluation.
Our resultsshowv that PCI Expresscan greatly improve the
communicationperformanceof In niBand. Comparedwith
HCAs with PCI-X 64 bit/133MHz interfaces HCAs with PCI
Expresscanimprove smallmessagdateng by 20%—-30% For
large messaged;iICAs with PCl Expresscanachieve up to 2.9
times the bandwidthcomparedwith PCI-X.

In future,we planto continueour evaluationof PCI Express
technologyby using more applicationlevel benchmarksand
large scale systems.In this paper we have shavn that we
can achieve much higher bandwidth at the MPI level by
utilizing both ports of the HCAs. We are currently working
on enhancingour MPI implementationto ef ciently support
differentwaysof transferringmessagethroughmultiple HCA
ports as well as multiple HCAs for both point-to-pointand
collective communication.

Adknowledgments

This researchis supportedin part by Departmentof En-
ergy's Grant #DE-FC02-01ER25506nd National Science
Foundations grants#CNS-020442%nd #CCR-0311542.



(1]

(2]
3]
(4]

(5]
(6]
(7]
(8]

El

[10]

[11]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[19]

REFERENCES

In niBand Trade Association,“In niBand Architecture Speci cation,
Releasel.2] http://wwwin nibandta.og, Septembe004.
PCI-SIG,“PCl and PCI-X;" http://wwwpcisig.com.

PCI-SIG,“PCI ExpressArchitecture, http://wwwpcisig.com.

W. GroppandE. Lusk andA. Skjellum,“Using MPI: PortableParallel
Programmingwith the Message2nd edition; MIT Press,1999.

NASA, “NAS Parallel Benchmarks”,
http://wwwnas.nasa.géSoftware/NPB
Mellanox Technologies, “Mellanox InniBand InniHost Il Ex

MT25208 Adapters, http://wwwmellanox.comFebruary2004.
Mellanox Technologies,“Mellanox In niBand In niHost MT23108
Adapters, http://wwwmellanox.com July 2002.

Network-Based Computing Laboratory The Ohio State University,
“MVAPICH: MPI for In niBand onVAPI Layer’ http://navlah.cis.ohio-
state.edu/projects/mgiaindex.html.

J. Liu, J. Wu, S. P. Kini, P. Wyckoff, and D. K. Panda, “High
PerformanceRDMA-Based MPI Implementationover In niBand,” in
17th Annual ACM International Confeence on Supecomputing(ICS
'03), June 2003. An extened version is in International Journal of
Parallel Programming(IJPP), vol. 32, no. 3, pp. 167-198,2004.

J. Liu, A. Vishnu, and D. K. Panda, “Building Multirail In niBand
ClustersMPI-Level DesignandPerformancé&valuatiort, in SuperCom-
puting 2004 (SC'04), November2004.

Intel Corporation, “Pallas MPI Benchmarks,
http://wwwpallas.com/e/prodtepmb/

C. Bell, D. Bonachea,Y. Cote, J. Duell, P. Hargrove, P. Husbands,
C. lancu, M. Welcome, and K. Yelick, “An Evaluation of Current
High-PerformanceéNetworks, in International Parallel and Distributed
ProcessingSymposiunfIPDPS'03), April 2003.

F. Petrini, W. Feng, A. Hoisie, S. Coll, and E. Frachtenbey, “The
Quadrics Network: High-PerformanceClustering Technology |EEE
Micro, vol. 22, no. 1, pp. 46-57,2002.

J. Liu, B. ChandrasekaranV. Yu, J. Wu, D. Buntinas, S. P. Kinis,
P. Wyckoff, and D. K. Pand, “Micro-Benchmark Level Performance
Comparisorof High-SpeedClusterinterconnects,IEEE Micro, vol. 24,
no. 1, pp. 42-51,2004.

J. Hurwitz and W. Feng, “End-to-End Performanceof 10-Gigabit
Etherneton Commodity Systems, IEEE Micro, vol. 24, no. 1, pp. 10—
22,2004.

M. Banikazemi,J. Liu, S. Kutlug, A. Ramakrishna,P. Sadayappan,
H. Shah,and D. K. Panda, “VIBe: A Micro-benchmarkSuite for
Evaluating Virtual Interface Architecture (VIA) Implementation, in
Int'l Parallel and Distributed ProcessingSymposiunflPDPS'01), April
2001.

B. Chandrasekara®, Wyckoff, andD. K. Panda,“A Micro-benchmark
Suite for EvaluatingIn niBand Architecturelmplementations,in Per-
formanceTOOLS 2003 (part of the 2003 lllinois International Multi-
confeence on Measuement,Modeling and Evaluation of Computer
CommunicatiorSystems)Septembef003.

D. Dunning, G. Regynier G. McAlpine, D. Cameron, B. Shubert,
F. Berry, A. Merritt, E. Gronke, and C. Dodd, “The Virtual Interface
Architecturée, IEEE Micro, pp. 66—76,March/April 1998.

J.Liu, B. Chandrasekarad, Wu, W. Jiang,S.Kini, W. Yu, D. Buntinas,
P. Wyckoff, andD. K. Panda,“PerformanceComparisorof MPI Imple-
mentationsover In niBand, Myrinet andQuadrics), in SuperComputing
2003 (SC'03), November2003.



