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Abstract

ModerndayMPI implementationsprovideseveral com-
municationchannelsfor optimizingperformance. To obtain
thebestperformancefor themostdemandingcontemporary
applications,it becomescritical to managethesecommuni-
cation channelsef�ciently. Various issuesrelatedto over-
head for message discovery and thresholdsfor choosing
different channelsneedto be considered for designingthe
MPI layer. It is not a trivial taskto choosetheseparame-
terssinceapplicationcharacteristicsanddemandsfromthe
MPI layervarywidely. In thispaperwetry to addressthese
issues.We proposeseveral differentschemessuch asstatic
priority anddynamicpriority to ef�ciently implementchan-
nel polling. Our resultsindicatethat wecanreduceintra-
nodelatencyby up to 12%andmessage discoverytimeup
to 45%.Further, weexploreseveral differentmethodologies
to chooseappropriatethresholdsfor differentchannels.

1. Intr oduction

Clusterbasedcomputingsystemsarebecomingpopular
for a wide rangeof scienti�c applicationsowing to their
cost-effectiveness.Thesesystemsare typically built from
SymmetricMulti-Processor(SMP) nodesconnectedwith
high speedLocal Area Networks (LANs) or SystemArea
Networks (SANs). A majority of thesescienti�c applica-
tions arewritten on top of the MessagePassingInterface
(MPI) [14]. Eventhoughhigh performancenetworkshave
evolvedandhavevery low latencies,below 5ms, intra-node
communicationstill remainsan orderof magnitudefaster
thanthenetwork. In orderto fully exploit this, MPI appli-
cationsusually run a set of processeson the samephysi-
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calnode.Therefore,MPI applicationsusuallyperformboth
intra-andinter-nodecommunicationsonSMPclusters.

To optimize communicationperformance,many MPI
implementationssuchas MVAPICH [2] provide multiple
communicationchannels. Thesechannelsmay be used
either for intra- or inter-node communication. Ef�cient
polling of thesecommunicationchannelsfor discovering
new messagesis oftenconsideredto be oneof thekey de-
sign issuesin implementingMPI over any network layer.
In addition, basedon characteristicsof eachchannel,we
canutilize severalchannelsfor intra-nodecommunication.
In orderto ef�ciently designandimplementthesechannel
interfaces,we needa centralizedpolicy. Sincecommuni-
cationpatternsaswell asthe needfor overlapof commu-
nicationandcomputationvary widely over differentappli-
cations,it becomeshardto designageneralpurposepolicy.
We needto carefully considerthe overheadsand bene�ts
offeredby eachchannel.

In this paper, we try to bring forward important fac-
tors that shouldbe consideredto ef�ciently utilize several
MPI channelsthroughin-depthmeasurementsandanalysis.
Ourstudystartswith polling schemesamongmultiplechan-
nels.By ourexperimentsweobservethatintra-nodelatency
can be improved by 12% usingour static polling scheme
without sacri�cing inter-nodelatency. Further, the adap-
tive polling schemecanreducethenew messagediscovery
overheadby 45%. Then,we exploremethodologiesto de-
cidethethresholdsbetweenmultiplechannels.Weconsider
latency, bandwidth,andCPUresourcerequirementof each
channelto decidethethresholds.

The rest of the paper is organizedas follows. Sec-
tion 2 givesa brief descriptionof the variouscommunica-
tion channelsusedin MVAPICH. Section3 describesthe
variousschemeswe devise for polling differentchannels.
Section4 describesthemethodologyfollowedfor choosing
ef�cient thresholdsfor differentchannels.In section5 we
detailthepreviouswork donein thisdirection.Then�nally



we concludein section6 andstateour future work direc-
tions.

2. Background

MVAPICH [2] is anopen-sourceimplementationof MPI
over In�niBand [1]. MVAPICH is basedon the Abstract
DeviceLayerof MPICH [8]. In this sectionwe givea brief
backgroundof thevariouscommunicationchannelsusedin
MVAPICH.

2.1. Network channel

In�niBand Architecture offers both send/receive and
RDMA (RemoteDirectMemoryAccess)semantics.MVA-
PICHusesbothof themfor ef�cient communication.

TheMPI eagerprotocolis mappedto theRDMA chan-
nel design.Smallandcontrolmessagesareeagerly placed
into thereceiving MPI's internalbuffersandcopiedinto the
applicationbuffer. TheRDMA Write In�niBand primitive
is usedfor this channel.Sincethereis nosoftwareinvolve-
mentatthereceiverside,thereceivercanonly discovernew
messagesbasedonpolling thetail �ag of themessage.This
polling is handledef�ciently by maintainingthepersistent
associationof RDMA buffersbetweensenderandreceiver
[11].

In theSend/Receivechannel,themessagesaresentover
In�niBand send/receiveprimitives.Thereceiverpre-postsa
numberof buffersat theinitializationtime. For transferring
amessage,thesender�rst copiestheapplicationbuffer into
theregistered(pinned)buffer andthenissuesanIn�niBand
sendoperation.Uponarrival of themessageat thereceivers
end,a completionentry is generatedfor thereceive (which
waspre-postedearlier). The receiver hasto poll the com-
pletionqueueto detectthenew arrival. It is to benotedthat
the samecompletionqueuecanbe sharedamongall con-
nections.

2.2. Sharedmemory channel

This channelinvolves eachMPI processon the same
node attachingitself to a sharedmemory region. This
sharedmemoryregion canthenbe usedamongstthe local
processesto exchangemessagesandothercontrolinforma-
tion. This sharedmemorybaseddesignhasbeenusedin
MPICH-GM[15]. Thesendingprocesscopiesthemessage
alongwith otherinformationrequiredfor messagematch-
ing to thesharedmemoryarea.Thereceiving processcan
thenmatchthe tagsof thepostedreceivesandaccordingly
copy over thecorrectmessageto its own buffer.

2.3. Kernel modulechannel

This channelhasbeendesignedand implementedin a
previouswork [9]. In this paper, we take into accountthis
kernel modulechannelas well althoughthe latestMVA-
PICH release(version0.9.4)doesnot utilize this channel.
The kernelmodulechanneltakeshelp from the operating
systemkernelto copy messagesdirectly from oneuserpro-
cessto another. Thesenderor thereceiverprocesspoststhe
messagerequestdescriptorin a messagequeueindicating
its virtual address,tags,etc. This memoryis thenmapped
into thekerneladdressspacewhentheotherprocess(either
senderor receiver) arrivesat the messageexchangepoint.
Themessagedescriptorsarematchedat thekernellevel and
thekernelperformsa directcopy from thesenderbuffer to
thereceiverapplicationbuffer.

3. Channelpolling

Differentchannelshave differentpolling overheads.An
ef�cient polling schemeshouldminimize theoverheadas-
sociatedwith discoveryof new messages.In thissectionwe
analyzethepolling overheadfor eachchannel,proposetwo
ef�cient polling schemes,andevaluatetheperformanceof
eachscheme.

3.1. Channelpolling overheads

As we have describedin Section2.1, thenetwork chan-
nel consistsof RDMA andSend/Receive channels.Since
RDMA is usedfor the RDMA channel,there is no soft-
wareinvolvementat the receiver side. Therefore,theonly
way to checkfor incomingmessagesis by polling memory
locations.Theoverheadinvolvedin polling memoryloca-
tions is around0.03ms perconnection.Theoverall polling
overheadincreasesas the numberof RDMA connections
increases.Theothernetwork communicationchanneluses
In�niBand send/receiveprimitives,whichgeneratemessage
completionevents.Thereceiverpolls thecompletionqueue
to checknew incomingmessages.Theoverheadassociated
with polling the completionqueueis constantregardless
of the numberof processesbecausethe samecompletion
queueis sharedamongall connections.However, it takes
around0.3ms to poll anemptycompletionqueue,which is
relatively high. In this paper, we considerthepolling over-
headsfor RDMA andsend/receivechannelsasthenetwork
channelpolling overhead.

ThesharedmemorychannelusesaFIFOqueuefor each
sharedmemoryconnection.In addition,thechannelmain-
tainsa counterwhich indicateswhethera new messageis
availablefor this connection.The polling overheadof this
channelis around0.06ms and increasesas the numberof
processesrunningon the samenodeincreases.It is to be



notedthat sincemostSMP nodesin clustersare2-way to
16-way, this polling overheadis not signi�cant. To com-
paresharedmemorychannelpolling overheadwith thenet-
work channeloverhead,we measuredthemon varioussys-
tem sizesasshown in Figure1. We canobserve that net-
work channelpolling overheadincreasesfasterthanshared
memorychannelasthesystemsizeincreases.It is because
thenumberof inter-nodeconnectionsperprocessincreases
in proportionto � P � N � , whereP is thenumberof proces-
sorsononenodeandN is thenumberof nodes.Ontheother
hand,thenumberof connectionsfor intra-nodecommuni-
cation increasesin proportionto only P. It is to be noted
thatmostof clustershavea muchlargerN valuethanP.
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Figure 1. Polling overhead of netw ork channel
and shared memor y channel

Thekernelmodulechannel[9] copiesmessagesdirectly
from the senderbuffer to the receiver buffer. However,
polling of thekernelmodulechannelis expensive asit re-
quires a context-switch to the kernel-space,which takes
around3ms. We canconsiderfollowing two waysto poll
on thekernelmodulechannel:

� Busypolling of thekernelmodulein theblockingMPI
send,receive, or wait functions. In this case,we poll
thekernelmodulechannelexplicitly only whenames-
sageis expectedto arrive from thatchannel.

� The kernelmodulecanprovide somesignalingbit to
indicatethearrival of new messagesto theMPI layer.
Althoughit canreducethenumberof context switches,
still weneedto trapinto thekernelto matchMPI head-
ers.In theworstcase,if someunexpectedmessagear-
rivesin thekernel,theMPI layerstill needsto poll that
messagebecausethesignalbit doesnothave informa-
tion abouttheMPI header.

In orderto avoid multiple context-switchesandneedlessly
introducingoverheadpolling the kernelmodule,we place
the polling of the kernel module outside the main MPI
progressengine.So,if any messagesarenotexpectedfrom

the kernelmodulechannel,thenthat channelis not polled
at all. All unexpectedmessagesarriving throughthekernel
modulechannelarekeptqueuedby thekernelmodule.The
messagesarecopiedwhenthe receiver poststhe matching
receive.

3.2. Channelpolling schemes

As describedin section3.1 therearedifferentcostsas-
sociatedwith polling of eachchannel. In this sectionwe
designdifferentpolling schemesto reducetheoverheadas-
sociatedwith polling network andsharedmemorychannels
andenablefastermessagediscovery. As we havedescribed
in section3.1, polling of the kernelmoduleis placedout-
side the main progressengine. So the kernel module is
not polled if no messagesareexpectedfrom it. Therefore,
we excludekernelmodulefrom the studyof thesepolling
schemes.

Static channel polling scheme: Staticpolling scheme
decidesthepolling policy atthestartof theMPI application.
This schemecanassigndifferentpriorities (or weights)to
differentchannels.Theintuitive ideabehindthis schemeis
that somechannelsmay be usedmorefrequentlyor faster
thanothers.To decidethepriority, we needto considerthe
following factors:

� Polling Overhead:If a channelhasa signi�cantly less
polling overheadthanothers,we canconsiderto poll
this channelmorefrequently. In this way we canre-
ducethemessagediscoverytime for thechannelwith-
outaddinga largeoverheadto poll otherchannels.

� MessageLatency: If a channelhas lower message
passinglatency andhigher bandwidththan others,it
mayreceiverelatively moremessagesin ashortperiod
of time. Accordingly, we canassignhigherpriority to
this channel.

In our paper, we considerboth factors. As we have dis-
cussedin section3.1, the overheadof polling the shared
memorychannelis theleast.Also we noticethatthis chan-
nelhasthelowerlatency thanthenetworkchannelasshown
in Section4.3. Therefore,we give most priority to the
sharedmemorychannel.In this scheme,we decidethefre-
quency of polling betweenchannelsbasedon the priority
ratioassignedstaticallyat theapplicationstartupphase.

Dynamic channel polling scheme: Dynamic polling
schemescanchangepolling priority over thecourseof the
executionof theMPI application.Therearevariousfactors
to beconsideredwhile designingsuchadynamicscheme:

� UpdateRate: This factor determineshow often the
priority ratios are updated. A very high updaterate
would imply increasedoverheadsfor shortmessages,
whereasa low updateratewould misssmallerbursts
of messagesfrom otherchannels.



� MessageHistory: This factordeterminesthe number
of messagesrecordedfor computingthe new priority
ratio. The moremessagesareconsidered,the slower
thepriority ratiowill change.This might misssmaller
burstsof messages,whereaswhen lower numberof
messagesareconsidereda lot of �uctuation mayoccur
evenwith smallburstsof messagesfrom achannel.

In this paper, we usethefollowing schemeto computepri-
ority ratio: Supposein the last h messagesreceived,m of
which are from sharedmemorychannel,and n of which
arefrom network channel,then priority ratio � m	 n 
 1 �

Whenever h messagesarereceived,we updatethepriority
ratio, and reseth to zero. So the messagehistory length
hereis thesamewith updaterate.Also, for thereasonswe
statedin staticpolling schemesection,thepolling priority
of sharedmemorychannelis alwayshigherthanor equalto
thatof network channel.

3.3. Performanceevaluation of polling schemes

Weconductedexperimentsonan8-nodeclusterwith the
following con�guration: SuperMicro SUPERX5DL8-GG
nodeswith dual Intel Xeon 3.0 GHz processors,512 KB
L2 cache,2 GB memory, PCI-X 64-bit 133MHz bus. The
Linux kernelversionusedwas2.4.22smpfrom kernel.org.
All nodesareequippedwith MellanoxIn�niHost MT23108
HCAs and installed the Mellanox In�niBand stack [13].
Theversionof VAPI was3.2and�rmw areversion3.2.The
nodesareconnectedthroughMellanoxMTS 240024-port
switch.

Onecrucialfactorto determinefor staticpolling scheme
is “how much priority shouldbegivento thesharedmem-
orychannel?” Obviously, if wegivemorepriority to shared
memorychannel,thenthe sharedmemorylatency will re-
duce.But at thesametime thelatency of messagescoming
over thenetwork will alsoincrease.

To �nd out theoptimalpriority ratio, we conductedthe
standardping-ponglatency test with differentpriority ra-
tios. Figure 2 shows variationof ping-ponglatency with
variouspriority ratiosfor 4B and2KB messagesizes.We
canobserve from these�gures thatif we givesharedmem-
ory channela priority ratioof 50, thenwe cangeta reason-
ablybalancedimprovementof intra-nodelatency - 12%im-
provementfor 4B messageand9% improvementfor 2KB
message- without hurting network latency. For 4B mes-
sage,our experimentsindicatethat we can achieve up to
37% improvement in intra-nodelatency using the static
polling priority 1000� but it hurts the network channella-
tency signi�cantly. As messagesizeincreases,the bene�t
of polling schemereducesbecausethe messagetransmis-
sionoverheadbecomeslargerthanthepolling overhead.

In order to evaluate the dynamic polling schemewe
needto devise a new MPI microbenchmarkthat appropri-
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Figure 2. Latenc y of static polling scheme
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Figure 3. Message disco very micr obenc h­
mark



atelycapturesthemessagediscovery timeat theMPI layer.
Therearethreeprocessesin thebenchmark.Two processes
are on the samenode,whereasone processis on a sepa-
ratenode. This processsendsmessagesover the network,
whereastheprocesson thesamenodesendsmessagesex-
clusively throughsharedmemorychannel.On the receipt
of eachmessagethe “r oot” processreplieswith an ACK.
Theprocesssendingthe“b urst” numberof messagesto the
rootis alternatelyselectedbetweenthenetworkpeerandthe
sharedmemorypeer. This testcapturesthemessagediscov-
ery time by the root processbeforeit cansendan ACK to
thepeerprocess.Figure3 illustratesthis microbenchmark
wherewe aretrying to measuretimeT.

Figure 4 shows the performanceresults of this mi-
crobenchmarkwith the burst sizesof 100 and200 for 4B
message.We observe thatwith the increaseof updaterate,
themessagediscovery time actuallydecreases.Theupdate
rateof 8 or 10 is enoughnot to introducetoo muchover-
headandalsosustainfairly small burst of messages.Our
experimentsindicate that we can achieve up to 45% im-
provementrateof messagediscovery time with burst size
of 200.However, whentheupdateratebecomeshigher, the
overheadcausesthediscoverytimeto rise.Wealsoobserve
thatwhentheburstsizeis equalto theupdaterate,thedis-
coverytimeincreasessigni�cantly dueto continuouswrong
predictions.

4. Channel thresholds

Network, sharedmemory, andkernelmodulecanall be
usedfor intra-nodecommunication.Thesechannelshave
differentperformancecharacteristics.Somechannelshave
low startup latency and somechannelshave high band-
width. In addition, somechannelsdo not requirethe in-
volvementof hostCPU.In this section,we studyonselect-
ing appropriatethresholdsfor ef�cient intra-nodemessage
passing.

4.1. Communicationstartup andmessagetransmis­
sionoverheads

In the network channel,messagesfor intra-nodecom-
municationareDMAed into thenetwork interfacecardand
loopedbackto thehostmemory. Therefore,thereexist two
DMA operations.AlthoughI/O busesaregettingfaster, the
DMA overheadis still high. Further, theDMA startupover-
headis ashigh asseveralmicroseconds.

We note that the sharedmemorychannelinvolves the
minimalsetupoverhead(lessthan1.2ms)for everymessage
exchange.However, thereareat leasttwo copiesinvolved
in themessageexchange.Thisapproachmight tie down the
CPUwith memorycopy time. In addition,asthemessage
sizegrows,theperformanceof thecopy operationbecomes

evenworsebecausevigorouscopy-in andcopy-outdestroy
thecachecontents.

The kernelmodulechannelinvolvesonly onecopy and
is able to maximizethe cacheeffect. However, thereare
otheroverheadssuchastrap,memorymapping,andlocking
of datastructures.The trap andlocking overheadsarein-
volvedfor everymessagepassingandlargerthan3ms. The
memorymappingoverheadincreasesas numberof pages
for the userbuffer increase,which takesaround0.7ms per
page.In addition,althoughthenumberof copy operations
is reduced,theCPUresourceis still requiredto performthe
copy operation.

4.2. Thr esholddecisionmethodology

To decidethe thresholds,we considerseveral important
factors,suchas latency, bandwidth,and CPU utilization,
which can largely affect applicationperformance. How-
ever, differentthresholdsmightberequiredby differentap-
plicationsbecauseeachof themhasdifferentcommunica-
tion characteristicsandprogrammingassumptions.In this
section,we discusstwo differentapproachesfor choosing
appropriatethresholds.

Micr obenchmarkbaseddecision: In general,it is very
dif�cult to decidethe thresholdof communicationchannel
for all applications.However, it iswidely acceptedthatsuch
decisionscanbebasedon latency andbandwidthmeasure-
ments.Thereforewe canlook at MPI microbenchmarksto
seethebasicperformanceof eachchannel.

CPU utilization baseddecision: In this approachwe
measurethe overlappingof computationandcommunica-
tion. Although somechannelsmight have higher mes-
sagelatency, they mayeffectively overlapcomputationand
communication. This is bene�cial for applicationsthat
are ef�ciently programmedto overlap them. Sincemany
MPI implementationsusetherendezvousprotocolfor large
messagesandmake a communicationprogresswithin MPI
calls,applicationsareusuallyrequiredto call anMPI func-
tion suchas MPI Iprobe to make an ef�cient overlapbe-
tweencomputationandcommunication.However, this is
quiteapplicationdependent.For applicationswhichmostly
useblockingoperations,simply selectingthechannelwith
lowestlatency wouldbeenough.

4.3. Evaluation of thr eshold

In this section,werun theabovementioneddecisionap-
proacheson theclusterdescribedin section3.3.We usethe
standardping-ponglatency andbandwidthto evaluatethe
thresholdpointsfor thethreechannels.Thesemicrobench-
marksareavailablefrom theproject'swebpage[2].

Figure 5 shows the experimentalresultsof the latency
and bandwidthtests. We �nd that for messagessmaller
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Figure 4. Message disco very time of dynamic polling scheme

than4KB, it is bene�cial to usesharedmemorychannel.
This is becausesharedmemorychannelavoidsahighcom-
municationstartuptime suchaskerneltrap andDMA ini-
tialization. For messagesgreaterthan4KB, it is useful to
have the kernel modulechannel. This is mainly because
the numberof copieshasbeenreducedto one. Also, we
canobservethatthebandwidthfor thekernelmodulechan-
nel dropssigni�cantly from 256KB messagesize. It is be-
causethe cachesizeon the nodeusedis 512KB. Both the
senderandreceiver buffersandsomeadditionaldatastruc-
turescannot�t into the cachebeyond this messagesize.
However, thebandwidthofferedby thekernelmodulechan-
nel is still greaterthanothers.

To analyzedifferent channels' capability of overlap-
ping computationand communication,we conductedex-
periments as follows: Two processesrunning on the
same node call MPI Isend and MPI Irecv. Then they
execute a computation loop for a given computation
time (i.e., values in x-axis of Figure 6). Within the
computation loop, processescall MPI Iprobe to make
a communicationprogressfor every 100ms. After the
computationtime, they call MPI Waitall and calculate

� Total Time	 Computation Time� , where Total Time in-
cludesbothcomputationandcommunicationtime. A value
closerto 1 meansmoreoverlappingbetweencomputation
andcommunication.

Figure6 shows experimentalresultsfor 4B and128KB
messagesrespectively. For smallmessages,thecommuni-
cationstartuptime is thedominantoverheadwhile message
transmissiontime is very small. Sincethesharedmemory
channelhas the lowest communicationstartuptime, this
channelshows closervaluesto 1 than otherswith small
computationtime. It is to benotedthatthenetwork channel
shows betteroverlappingthan the kernel modulechannel
for small messages.Although the network channelhasa
larger startuptime than the kernelmodule,the DMA ini-
tializationtime,which is thedominantstartupoverheadfor
thenetwork channel,doesnot requireCPUresourceat all.
Thusmost of startuptime of the network channelcan be

overlappedwith computation,which resultsin the better
overlappingthanthekernelmodulechannel.Sincecommu-
nicationoverheadbecomesrelatively smallerasthecompu-
tationtime grows,thereis no differenceamongthreechan-
nelswith largecomputationtimevalues.

For large messages,we observe that the network chan-
nel can make the computationand communicationfully
overlap. It is becausethe network channeldoesnot need
any CPUresourceto move intra-nodemessages.However,
thesharedmemoryandkernelmodulechannelsrequirethe
CPU to copy messages.Therefore,it is dif�cult to expect
themto achievea goodoverlapping.Sincethekernelmod-
ule channelneedsonly onecopy, this channelshows bet-
ter overlappingthan the sharedmemorychannel. As the
computationtime increases,all threechannelsagainshow
thesameoverlappingcapability. It is becausethecomputa-
tion time is too largecomparingwith communicationtime.
Overall, to maximizethecomputationandcommunication
overlapping,thesharedmemoryandnetwork channelsare
bene�cial for smallandlargemessages,respectively.

5. Relatedwork

Several researchershave proposeddifferentdesignsfor
ef�ciently implementingintra-nodecommunicationin clus-
ters. In this section,we describein brief their contribu-
tions.Geoffray, Tourancheau,Prylli etal. [16, 7, 6] suggest
a BIP-SMP multi-protocol layer for intra-nodeand inter-
nodecommunication.Takahashietal. [18, 17] provideade-
vicedrivercalledPM/SHMEMthatsupportsadirectmem-
ory accessbetweenprocesses.MPICH-GM [15] provides
a userlevel sharedmemoryapproachfor MPI. It alsopro-
videda kernellevel approachbut thesupportis withdrawn
currentlyto thebestof our knowledge.Lumettaet al. [12]
have alsoproposedpolling schemes,but they didn't spec-
ify thefactorswe shouldtake into accountwhendetermin-
ing a polling scheme.In the context of the framework to
supportmulti-channel,MPICH-Madeleine[3] andMPICH-
G2[5, 10] havebeensuggested.In addition,it is to benoted



 0

 5

 10

 15

 20

 25

 30

 4  8  16  32  64  128  256  512 1K 2K 4K 8K

L
a

te
n

cy
 (

m
ic

ro
se

co
n

d
s)

Message Size

Latency -- Small Messages

Shared Memory
Network

Kernel Module

 0

 500

 1000

 1500

 2000

 2500

8K 16K 32K 64K 128K 256K 512K 1M

L
a

te
n

cy
 (

m
ic

ro
se

co
n

d
s)

Message Size

Latency -- Large Messages

Shared Memory
Network

Kernel Module

 0

 100

 200

 300

 400

 500

 600

 700

 800

 900

 1000

 4  8  16  32  64  128  256  512 1K 2K

B
a

n
d

w
id

th
 (

M
ill

io
n

B
yt

e
s/

se
c)

Message Size

Bandwidth -- Small Messages

Shared Memory
Network

Kernel Module

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

2K 4K 8K 16K 32K 64K 128K 256K 512K 1M

B
a

n
d

w
id

th
 (

M
ill

io
n

B
yt

e
s/

se
c)

Message Size

Bandwidth -- Large Messages

Shared Memory
Network

Kernel Module

Figure 5. Latenc y and band width comparisons
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Figure 6. Computation/comm unication overlap



thatBrightwell, et al. have shown the impactof theusage
of MPI queueon latency andapplications[19, 4].

6. Conclusion

In this paper, we have studiedimportantfactorsto op-
timize multi-channelMPI. We have proposedseveral dif-
ferentschemesfor polling communicationchannelsandde-
ciding thresholdsfor thehybrid of themin MVAPICH. To
comeup with an ef�cient static polling scheme,we have
taken into accountpolling overheadandmessagelatency.
In addition,we have suggesteda dynamicpolling scheme,
which updatesthe priority ratio basedon updaterateand
messagehistory. The experimentalresultsshow that the
factorswe have consideredaffect sensitively on the mes-
sagediscovery time. We notethatthestaticpolling scheme
canreduceintra-nodelatency by 12%withouthurtinginter-
nodelatency. By usingtheadaptivepolling schemewe can
reducethemessagediscoveryoverheadby 45%.

In addition,we haveevaluatedthresholdsfor eachchan-
nel both basedon raw MPI latenciesandbandwidthsand
alsoCPUutilization. We haveobservedthatkernelmodule
channelcanachieveavery low latency andhighbandwidth
for mediumand large messages.On the other hand, for
this messagerange,network channelcan overlapcompu-
tation andcommunicationvery well althoughthis channel
hasa high latency andlow bandwidth.For smallmessages,
thesharedmemorychannelshows betterperformancethan
others.

We would like to continueto work alongthis direction.
We plan to evaluatethe impact of theseschemeson end
MPI applications.Also, we intendto evaluatethe polling
schemeson large systems.Basedon theseevaluationswe
would like to comeup with morealgorithmicalapproaches
to decideeachof theseparameters.
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