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Abstract— In this paper, we present an initial performance
evaluation of In�niBand HCAs fr om 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 messages.The small
messagelatency obtained with PCI Express is around 3.8 � s,
compared with 4.8 � s with PCI-X. For large messages,HCAs
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, respectively. 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 impr oves performance at the MPI level. A
latency of 4.1 � s with 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 observed.
Our evaluation also shows that PCI Express can 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 latency and high bandwidth as well as many
advanced featuressuch as RemoteDirect Memory Access
(RDMA), atomic operations,multicast and QoS. Currently,
In�niBand productsin the market can achieve a latency of
several microsecondsfor small messagesanda bandwidthof
up to 700-900MB/s. (Note that unlessotherwisestated,the
unit MB in this paperis anabbreviation for 106 bytesandGB
is an abbreviation for 109 bytes.)As a result, it is becoming
increasinglypopularasa high speedinterconnecttechnology
for building high performanceclusters.

PCI [2] has been the standardlocal I/O bus technology
for the last ten years. However, currently more and more
applicationsrequirelower latency andhigherbandwidththan
what a PCI bus can provide. As an extensionto PCI, PCI-X
offershigherpeakperformanceandef�ciency. However, it can
still becomea bottleneckfor today's demandingapplications,
especially for those running over In�niBand. For example,
a 64 bit/133 MHz PCI-X bus can sustain around 1 GB/s
aggregatebandwidthat most.However, current4x In�niBand
HCAs have a peakbandwidthof 1 GB/sin eachlink direction,

resultingin an aggregatebandwidthof 2 GB/s for eachport.
To make mattersworse,someof theseIn�niBand HCAs have
two portswhich candeliver up to 4 GB/scombinedtheoretical
bandwidth.EvenPCI-X with DoubleDataRate(DDR) cannot
fully take advantageof their performancepotential.Another
issuewith PCI and PCI-X busesis that a device can sharea
bus with otherI/O devices.Therefore,communicationperfor-
mancecan be adverselyaffected by I/O operationsof other
deviceson the samebus.

Recently, PCI Express[3] hasbeenintroducedas the next
generationlocal I/O interconnect.Unlike PCI, PCI Express
usesaserial,point-to-pointinterface.Comparedwith PCI,PCI
Expresscan achieve lower latency by allowing I/O devices
to be connecteddirectly to the memorycontroller. More im-
portantly, it candeliver scalablebandwidthby usingmultiple
lanes in each point-to-point link. For example, an 8x PCI
Expresslink canachieve 2 GB/s bandwidthin eachdirection
(4 GB/s total), which matchesperfectlywith the requirement
of currentIn�niBand HCAs.

In this work, we presentaninitial performanceevaluationof
the third generationIn�niBand HCAs from Mellanox, which
supportPCI Expressinterface.We comparethe performance
of theseHCAs with those using PCI-X interface. Our per-
formanceevaluationconsistsof a set of microbenchmarksat
the interconnectlevel, including latency, bandwidth,and bi-
directionalbandwidthexperiments.Performanceresultsusing
both ports in the HCAs are also presented.In addition, we
have carriedout MPI level performanceevaluationusingboth
micro-benchmarksandapplications.

Our performanceevaluation shows that In�niBand HCAs
with PCI Express interface deliver excellent performance.
Comparedwith HCAs using PCI-X, they can achieve 20%–
30% lower latency for small messages.The smallestlatency
obtained is around 3.8 � s. In contrast,HCAs with PCI-X
can only achieve a latency 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-
directionalbandwidthtests,PCI Expresscan achieve a peak
bandwidthof 1932MB/s, which is almosttwice thebandwidth
deliveredby PCI-X. In bandwidthtestsusingbothports,HCAs
with PCI-X cannot achieve much performancegain due to
local I/O busbeingtheperformancebottleneck.However, PCI



Expresscandeliver signi�cant performanceimprovements.In
one bi-directional bandwidth test, PCI ExpressHCAs have
beenshown to deliver a peak aggregatebandwidthof 2787
MB/s, which is 2.95 times the bandwidthachievable using
PCI-X.

At the MPI level [4] [8] [9], PCI Expressalso shows
excellentperformance.For smallmessages,a latency of 4.1 � s
was observed. For large messages,uni-directionalbandwidth
of 1497MB/s andbi-directionalbandwidthof 2724MB/s were
observed. PCI Expressalso improves performancefor MPI
collective operationssuch as MPI Alltoall, MPI Bcast, and
MPI Allgather. At the applicationlevel, PCI ExpressHCAs
have beenshown to deliver signi�cantly better performance
than PCI-X HCAs for several bandwidth-boundapplications
in the NAS Parallel Benchmarks[5].

The remainingpart of the paper is organizedas follows:
In SectionII, we provide a brief overview of In�niBand and
PCI Express.In SectionIII, we describethe architecturesof
In�niBand HCAs. Performanceevaluationsand discussions
are presentedin Section IV. We present related work in
SectionV andconclusionsin SectionVI.

I I . BACKGROUND

In this section,we provide backgroundinformationfor our
work. First, we give a brief introductionto In�niBand. Then,
we introducethePCI Expressarchitectureandcompareit with
existing PCI buses.

A. In�niBand

The In�niBand Architecture(IBA) [1] de�nes a switched
network fabric for interconnectingprocessingnodesand I/O
nodes. It provides a communicationand managementin-
frastructurefor inter-processorcommunicationand I/O. In
an In�niBand network, processingnodesand I/O nodesare
connectedto the fabric by ChannelAdapters(CA). The Host
ChannelAdapters(HCAs) areusedin processingnodes.

The In�niBand communicationstack consistsof different
layers.The interface presentedby Channeladaptersto con-
sumersbelongsto the transportlayer. A queue-basedmodel
is usedin this interface.A QueuePair in In�niBand Archi-
tectureconsistsof two queues:a sendqueueand a receive
queue.The send queueholds instructions to transmit data
and the receive queueholds instructionsthat describewhere
received data is to be placed.Communicationoperationsare
describedin Work QueueRequests(WQR), or descriptors,
and submittedto the work queue.The completionof WQRs
is reportedthroughCompletionQueues(CQs).Oncea work
queueelementis �nished, a completionqueueentry is placed
in the associatedcompletionqueue.Applications can check
the completionqueueto seeif any work queuerequesthas
been�nished. In�niBand supportsdifferentclassesof transport
services.In this paper, we focus on the ReliableConnection
(RC) service.In�niBand Architecturesupportsboth channel
and memory semantics.In channelsemantics,send/receive
operationsareusedfor communication.To receive a message,
the programmerposts a receive descriptorwhich describes

wherethe messageshouldbe put at the receiver side.At the
senderside, the programmerinitiates the sendoperationby
posting a senddescriptor. In memory semantics,In�niBand
supportsRemoteDirect Memory Access(RDMA) operations,
including RDMA write and RDMA read.RDMA operations
areone-sidedanddonot incursoftwareoverheadat theremote
side.In theseoperations,thesender(initiator) startsRDMA by
postingRDMA descriptors.At thesenderside,thecompletion
of an RDMA operationcan be reportedthrough CQs. The
operationis transparentto the software layer at the receiver
side.In�niBand alsosupportsatomicoperationsthatcancarry
out certain read-modify-writeoperationsto remotememory
locationsin an atomicmanner.

B. PCI Express

PCI [2] has been the standardlocal I/O bus technology
for the last ten years.It usesa parallel bus at the physical
layer and a load/storebasedsoftware usagemodel. Since
its introduction,both PCI bus frequency and bus width have
beenincreasedto satisfy the ever-increasingI/O demandof
applications.Later, PCI-X [2] wasintroducedasan extension
to PCI. PCI-X is backward compatiblewith PCI in termsof
both hardwareandsoftwareinterfaces.It delivershigherpeak
I/O performanceandef�ciency comparedwith PCI.

Recently, PCI Express[3] technologywasintroducedasthe
next generationI/O interconnect.Unlike traditional I/O buses
such as PCI, PCI Expressusesa high performance,point-
to-point, and serial interface.Although the physical layer is
different, PCI Expressmaintainscompatibility with PCI at
the software layer and no changesare necessaryfor current
operatingsystemsanddevice drivers.

In PCIandPCI-X architectures,busfrequency andwidth are
limited dueto signalskews in theunderlyingparallelphysical
interface.Further, a bus is sharedamongall devicesconnected
to it. Therefore, PCI 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 Expresschannelcanachieve 2 GB/sbandwidth
in eachdirection, resulting in an aggregate bandwidthof 4
GB/s. In comparison,a 64 bit/133 MHz PCI-X bus canonly
achieve around1 GB/s bandwidthat most.

In PCI or PCI-X basedsystems,I/O devices are typically
connectedto the memory controller through an additional
I/O bridge. In PCI Expressbasedsystems,I/O devices can
be connecteddirectly to the memorycontroller throughPCI
Expresslinks. This can result in improved I/O performance.
A comparisonof thesetwo approachesis shown in Figure1.

I I I . ARCHITECTURES OF INFINIBAND HCAS

In this work, we focuson performancestudiesof two kinds
of In�niBand HCAs from Mellanox Technologies:In�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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Fig. 1. ComparingPCI (PCI-X) with PCI Express

In�niHost MT23108 cardsare the secondgenerationIn�ni-
BandHCAs from Mellanox.They havePCI-X 64bit/133MHz
interfacesto connectto thehost.BothMT25208andMT23108
HCAs have two physicalports.Althoughthemajordifference
betweenMT25208andMT23108HCAs is the hostI/O inter-
face,MT25208 HCAs also include other enhancementssuch
asimprovedinternalcachingandprefetchingmechanismsand
additionalCPUof�oad capabilities[6]. In ourexperiments,the
�rmw are in MT25208 HCAs runs in a “compatibility mode”
which essentiallyemulatesthe MT23108 HCAs and the new
featuresarenot activated.

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

IV. PERFORMANCE

In this section,we presentperformanceevaluationof Mel-
lanox In�niHost MT25208 PCI ExpressHCAs. We compare
their performancewith MT23108HCAs which usePCI-X 64
bit/133 MHz interfaces.Our evaluationconsistsof two parts.
In the �rst part, we show performanceresultsat the VAPI
level. In the secondpart, we presentMPI level performance.

A. ExperimentalTestbeds

Our experimentaltestbedis a four-nodeIn�niBand cluster.
Eachnodeof the clusterhastwo 3.4 GHz Intel Xeon proces-
sorsand 512 MB main memory. The nodessupportboth 8x
PCI Expressand64 bit/133 MHz interfacesandareequipped
with both MT23108 and MT25208 HCAs. An In�niScale
switch is usedto connectall the nodes.The operatingsystem
usedwereLinux with kernel2.4.21-15.EL.

B. VAPI Level Performance

At the VAPI level, we �rst show latency resultsof In�ni-
Bandsend/receive,RDMA write, andRDMA readoperations.

We also measurethe cost of In�niBand atomic operations.
Then we presentbandwidthnumbersfor testsusing a single
HCA port. After that, we show the resultsof a setof experi-
mentsthatusebothHCA ports.GCC3.2wereusedto compile
all the testprograms.

1) Latency: In this subsection,we presentlatency results
of variousIn�niBand operationssuchassend/receive, RDMA
write, RDMA read,and atomic operationsbetweentwo pro-
cesseson two different nodes.Experimentsfor send/receive
and RDMA write were carried out in a ping-pongfashion.
For send/receive operations,CQ is used to check incoming
messages.For RDMA write, the receiver polls on the last
byte of destinationmemory buffer to detect the completion
of RDMA communication.In the RDMA read and atomic
experiments,one processacts as the initiator and the other
processactsasthe target.The initiator processissuesRDMA
readandatomicoperationsto buffers in the addressspaceof
the target processandusesCQ to detectcompletionof these
operations.In all the latency experiments,the test programs
consistsof multiple iterations.The �rst 1000 iterations are
usedfor warm-up.The averagetimesof the following 10,000
iterationsarereported.

Figure2 comparesIn�niBand send/receive latency with PCI
Expressand PCI-X. (Note that in the x axis of the �gures,
unit K is an abbreviation for 210 and M is an abbreviation
for 220.) We canseethatPCI Expresshasbetterperformance.
For smallmessages,PCI Expressachievesa latency of 4.8 � s
while PCI-X achieves6.9 � s. Figure 3 shows the resultsfor
RDMA write operations.RDMA write hasbetterperformance
thansend/receive operationssincethey incur lessoverheadat
the receiver side.We can seethat with PCI Express,we can
achieve a latency of 3.8 � s. The smallestlatency for PCI-X
is 4.8 � s. Figure4 shows the latency performancefor RDMA
read operations.With PCI Express,a latency of 9.0 � s is
achieved for small messages.Latenciesare around12.4 � s
with PCI-X for small messages.Figure 5 compareslatency
performanceof In�niBand atomicoperations(Fetch-and-Add
and Compare-and-Swap). The resultsare similar to RDMA
readfor smallmessages.Overall,we canseethatHCAs using
PCI Expresscan improve latency 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 used in all the
tests.Resultsof bandwidthexperimentsusing both ports are
includedin the next subsection.

A pre-de�nedwindow sizeW is usedin all the bandwidth
tests. In each test, the sender will issue W back-to-back
messagesto thereceiver. Thereceiverwaitsfor all Wmessages
andthensendsbacka smallreply message.Multiple 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-upand the average
bandwidthsof the following 100 iterationsarereported.

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



PCI-X for all messagessizes.For largemessages,PCI Express
delivers a bandwidth of 972 MB/s. Comparedwith PCI-X
which hasa bandwidthof 781 MB/s for large messages,PCI
Expressimprovesperformanceby around24%.

Figure7 shows theresultsof bi-directionalbandwidthtests.
HCAs with PCI-X achieve a peak aggregate bandwidth of
946 MB/s, which is only slightly higher (21%) than the uni-
directionalbandwidth(781 MB/s). This is mostly due to the
limitation of PCI-X bus. In contract,PCI Expressachievesa
peak bi-directional bandwidthof 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, thePCI-X buscan

Fig. 5. Atomic Latency

only achieve around 1 GB/s peak bandwidth. As a result,
PCI-X becomesthe performancebottleneckif both ports are
used.However, 8x PCI Expressoffers 4 GB/s theoreticalbi-
directional bandwidth.Therefore,both ports can be usedto
achieve higherperformance.

We have designeda set of microbenchmarksthat useboth
portsof theHCAsandstudytheirbene�ts.Wehaveconsidered
two casesto take advantageof multiple HCA ports: striping
and binding. In the striping mode,eachmessageis divided
into evenpiecesandtransferredsimultaneouslyusingmultiple
ports.A striping thresholdof 8192bytesis usedwhich means
that messagessmaller than or equal to 8192 bytes are not
striped. In the binding mode, messagesare never striped.
However, communicationchannels(sendchannelandreceive
channel)of different processesin a node will use different
ports of the HCA. In the striping mode, the communication
is not �nished until all stripes arrive at the receiver side.
To notify the receiver, we sendextra control messagesusing
send/receiver operationsthrough all the ports after sending
each stripe. The receiver then polls the CQ to detect the
completionof communication.

Figure 8 shows 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 around768 MB/s becauseof the PCI-X bottleneck.
This numberis even lower than the peakbandwidthwithout
striping, due to the overheadof dividing and reassembling
messages.For PCI Express,the bandwidth is not doubled
comparedto the single port casedue to the HCA hardware
beingthe performancebottleneck.

In Figure 9, we show the performanceof bi-directional



bandwidthtestsusing both ports. In the striping mode,each
messages(larger than8192bytes)are stripedand transferred
usingbothports.In thebinding mode,theprocesson the �rst
nodeusesport 1 to senddataandusesport 2 to receive data
from theprocesson thesecondnode.Still we canseethatPCI
ExpressperformsmuchbetterthanPCI-X. We alsonoticethat
striping modeperformsbetterthan binding modein this test
for large messages.With striping, PCI Expresscan achieve
a peakbandwidthof 2451MB/s. The peakperformancewith
bindingis 1944MB/s. Thereasonwhy stripingperformsbetter
thanbindingin thebi-directionalbandwidthtestis thatstriping
can utilize both ports in both directionswhile binding only
usesonedirection in eachport.

In anotherset of tests, we have used two processeson
eachnodewith eachprocessdoing inter-nodecommunication
with anotherprocesson the other node. Both striping and
binding testshave beencarriedout. In thebindingmode,each
processon thesamenodeusesdifferentportsfor sendingand
receiving.

Figure10 shows the aggregatebandwidthof two processes
in the uni-directionalbandwidthtests.We can seethat with
PCI Express,both striping and binding modescan achieve
a peakbandwidthof around1500 MB/s. The binding mode
performsbetterthanthestripingmode,especiallyfor messages
smallerthan 8 KB. Thereare two reasonsfor this. First, the
binding mode has less overheadbecauseit doesnot divide
messages.Second,for small messages(lessthan8 KB), both
portscanbeused,while thestripingmodeonly usesoneport.
With PCI-X, only 776 MB/s can be achieved due to PCI-X
bandwidthbeingthe bottleneck.

In Figure11, we show similar resultsfor the bi-directional
cases.With PCI-X, peak bandwidth is limited to around
946 MB/s. PCI Expresscan achieve much higher aggregate
bandwidth. In the binding mode, peak bandwidth is 2745
MB/s, which is 2.9 times the bandwidthachieved by PCI-
X. Due to its higher overhead,the striping modeperformsa
little worse than the binding mode.But it can still deliver a
peakbandwidthof 2449MB/s.
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C. MPI Level Performance

In this subsectionwe presentMPI level resultsresultsusing
our enhancedMPI implementationover In�niBand (MVA-
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PICH) [8], [9]. OuroriginalMVAPICH softwareonly usesone
portof eachHCA. To improveits performancefor PCIExpress
systems,wehavedevelopedanMPI implementationwhichcan
stripelargemessagesacrossbothports.In this implementation,
messagestriping andreassemblingarehandledcompletelyin
the MPI layer and transparentto userapplications.Detailsof
this implementationcanbefoundin [10]. For compilingtests,
we have usedGCC 3.2 compiler.

1) Latencyand Bandwidth: Figure 12 shows MPI latency
resultsfor small messages.We can observe that HCAs with
PCI Expresscan improve performanceby around20%. With
PCI Express,we can achieve a latency of around4.1 � s for
small messages.In comparison,PCI-X delivers a latency of
5.1 � s for small messages.Since small messagesare not
stripedin our new MPI implementationwhich usesbothports,
it performs comparableto the old implementationfor PCI
Express.
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Figure 13 shows the performanceresults for the uni-
directionalbandwidthtestsat theMPI level. Our original MPI
implementationcanachieveapeakbandwidthof 971MB/s for
PCI Express.It deliversaround800MB/s peakbandwidthfor
PCI-X. With our new MPI implementationthat stripesdata
acrossboth ports,we can achieve a peakbandwidthof 1497
MB/s, which is 86% betterthan the oneport implementation
with PCI-X and54% betterthanthe oneport implementation
with PCI ExpressThe performancedropsaround8 KB in the
�gures is becauseof both protocol switch in MPI and our
striping threshold.

Figure14 shows MPI bi-directionalbandwidthperformance
results. We can see that PCI-X can only achieve a peak
bandwidthof 940 MB/s. With PCI Express,we canachieve a
bandwidthof 1927 MB/s for large messages.By using both
ports of PCI ExpressHCAs, we are able to get 2721 MB/s,
which is around2.9 timesthebandwidthwe canachieve with
PCI-X.

We have noticedthat in somecases,MPI level bandwidthis
slightly higherthantheVAPI level bandwidth.Onereasonfor
this is that in theVAPI tests,we have usedsend/receive oper-
ationsto sendcontrolandsynchronizationmessageswhile our
optimizedMPI implementationis basedonRDMA operations,
which have higherperformanceand lower overhead.

 0

 500

 1000

 1500

 2000

16 64 256 1K 4K 16K 64K256K 1M

B
an

dw
id

th
 (

M
B

/s
)

Message Size (Bytes)

PCI-X
PCI-Express

PCI-Express,2ports

Fig. 13. MPI Bandwidth

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

16 64 256 1K 4K 16K 64K256K 1M

B
an

dw
id

th
 (

M
B

/s
)

Message Size (Bytes)

PCI-X
PCI-Express

PCI-Express,2ports

Fig. 14. MPI Bi-Directional Bandwidth

2) Collective Communication: In this subsection,we use
the Pallas MPI Benchmark[11] to comparethe performance
of MPI collective communicationfor PCI Expressand PCI-
X. We use (4x1)(one processper node) con�guration for
the performanceevaluation. Figures 15, 16 and 17 show
the latency of three important MPI collective operations:
MPI Alltoall, MPI BcastandMPI Allgather. We canseethat
comparedwith MPI running over PCI-X, MPI with PCI
Expresscan signi�cantly improve performanceeven with a
singleport. The improvementsareup to 47%,34%,and48%
for MPI Alltoall, MPI BcastandMPI Allgather, respectively.
Further performancebene�ts are achieved by utilizing both
portsof 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 subsection,we show the perfor-
manceof IS andFT applicationsin the NAS Parallel Bench-
marks[5]. (We have chosenClassB for IS and ClassA for
FT.) Both applicationsarebandwidth-boundbecausethey use
largemessagefor communication.Two con�gurationsareused
for running the tests: one processper node (4x1) and two
processesper node (4x2). We show the performanceusing
both PCI-X and PCI Express.The results are presentedin
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
communicationtimealsoresultin improvementsin application
running time, which are up to 26% for IS and up to 6% for
FT.

Fig. 18. IS (ClassB) Results Fig. 19. FT (ClassA) Results

V. RELATED WORK

Studieson the performanceof high performanceintercon-
nectsincluding In�niBand, Myrinet, Quadrics,and10 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 implementations.We have also conductedperformance
evaluation of different high speedinterconnectsat the MPI
level [19]. In this paper, we focuson the interactionbetween
In�niBand Architectureand local I/O bus technologies.Our
objective is to study how PCI Expresscan help us achieve
bettercommunicationperformancein 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 usedmicrobenchmarksandapplicationsat the intercon-
nect level and the MPI level for our performanceevaluation.
Our resultsshow that PCI Expresscan greatly improve the
communicationperformanceof In�niBand. Comparedwith
HCAs with PCI-X 64 bit/133MHz interfaces,HCAs with PCI
Expresscanimprovesmallmessagelatency by 20%–30%.For
largemessages,HCAs with PCI 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 shown 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 transferringmessagesthroughmultiple HCA
ports as well as multiple HCAs for both point-to-point and
collective communication.
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