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Abstract

This paperpresentsa performanceevaluation
of DECK (Distributed Executionand Commu-
nication Kernel), a multithreadedparallel pro-
grammingervironmentor clusters of SMPswith
the parallel implementatiorof the classicalMan-
delbrot fractal geneiation and Laplaces Equa-
tion algorithms. The applications have been
run on Myrinet and SCI clustess and the results
are compaedto correspondingViPl implementa-
tions. Thecomparisorshowsthat DECK is able
to achieve very good performancewhen multi-
threadingis combinedvith communicationyith-
outtheneedof multipleprocessesnasinglema-
chine
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1. Introduction and context

Current high-speedcommunicationtechnolo-
giessuchasMyrinet [3] andSCI [8] areusually
interfaced by low-level programminglibraries
suchasGM [5], BIP [13] and SISCI [4], which
have beenintroducedin orderto efficiently ex-
ploit thelow lateny andhigh throughputoffered
by thosetechnologies. However, suchlibraries
presentrathercomplex APl andarenottargeted
attheenduser butinsteadhey sere asabasisfor
the implementatiorof higherlevel ervironments
suchasMPI [10]. Still, oneof the mostcommon
characteristic®f clusters,which is the availabil-
ity of SMP nodes,s usuallynot takenadwantage
of, andfrequentlynot even supportedgiventhat
mary MPI implementationgre not even thread-
safe.

Following this idea, we have designedand
implementedDECK (Distributed Executionand
CommunicatiorKernel)[2], an ervironmentfor
parallelprogrammingon SMP clusters.Themain
goalof DECK stotry to efficiently integratemul-
tithreadingand communicationin a single ernvi-
ronment.In this paperwe presenta performance
evaluationof two flavoursof DECK, runningon
Myrinet andSCl clusterswith theparallelimple-
mentatiorof two algorithmsusuallypresentn the
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Figure 1. The internal structure of DECK.

HPC community namelythe Mandelbrotfractal
generatiorj9] andthesolvingof Laplaces Equa-
tion [12]. In addition,we comparethe obtained
resultsto thoseof equivalentimplementationex-
ecutedwith versionsof MPI for bothcommunica-
tion technologies.

Thepaperis structuredasfollows: in Section2
we presensomebackgroundnformationwith an
overview of DECK and its implementationdor
Myrinet and SCI; in Section3 we describethe
applicationstheirimplementatioron DECK and
MPI andanalysdaheobtainedesults;finally, Sec-
tion 4 bringsthe authors’conclusionsandfuture
directions.

2. The DECK environment

The API of DECK is conceptually object-
oriented providing basicabstractiongor parallel
applicationssuchasthreadsandmail boxes,and
more elaborateserviceslike namingand collec-
tive communication.Figure 1 shows theinternal
structureof DECK. The bottom layer is called
uDECK, beingresponsibldor the basicabstrac-
tions: threads,semaphoresimessagesnd mail
boxes. The upperlayer of DECK is a service
layer, whoseservicescan be chosenat compila-
tion time.

Two implementationsof DECK are currently
available, for both Myrinet and SCI communi-
cation technologies. Multithreading is imple-
mentedon bothby makinguseof standardPOSIX
Threadd7] calls. The communicatiorissuesare
describedhext.

110

100 —
%
80 |-
70 |
60 |-
50 |-

bandwidth (bytes/s)

40
30
20

10 - DECK-BIP —— A

MPI-BIP —x—

O Il Il Il Il Il Il Il
256 512 1K 2K 4K 8K 16K 32K 64K 128K 256K 512K 1M
message size (bytes)

Figure 2. Bandwidth of DECK and MPI-BIP on
Myrinet.

2.1. DECK/BIP

For the implementation of DECK on
Myrinet [1] we have used the BIP library,
mainly becauseof its performanceand simple
API.  BIP provides basic point-to-point com-
municationprimitives (asynchronousend()and
recv() on Myrinet, with the constraintthat the
exchangeof large messageéin BIP terms)must
follow a rendez-voussemantics,which means
thata givenrecv() mustalwaysbe postedbefore
the correspondingend() In orderto accomplish
that in DECK, we have used a handshaking
protocol where the sendermakes use of small
requesimessagebeforesendingalargemessage.
Suchrequestsare handled,on the recever side,
by a dedicatedhread,the rv-daemon createdat
initialisationtime.

This additionalthreadmay have a significant
impact on communicationperformancedepend-
ing on the communicationpattern. Figure 2
shows a raw performanceevaluation of DECK
andMPI-BIP [15], anMPI implementatiorontop
of BIP. The graphshaows theinfluenceof the rv-
daemonfor messagefarger than 1K, wherethe
performancef DECK is aroundonly 80%of that
of MPI.



Whena threadpostsa shortmessagethis one
is sentdirectly to the destinationmailbox, since
BIP is ableto storeit in its internalbuffers. In the
caseof large messagest sendsa shortmessage
to therv-daemoronthereceverside. Thisthread
verifieswhetherthereis a buffer readyfor recev-
ing the large messagandresponds.The sender
threadkeepsaskingthe rv-daemoron therecev-
ing sideuntil it getsa positive responsethenfi-
nally sendghe message.

A prior raw performancevaluation[1] hasre-
vealedthat DECK/BIP is ableto achieve 7us of
latengy on our Myrinet cluster

2.2. DECK/SCI

The SCI versionof DECK [11] makes use of
the SISCI API. SISCI—Software Infrastructure
for SCl—isa specificatiorof standardorimitives
for SCI programming,basedon the sharedsey-
ment notion, proposedby a group of partners
from both the academiaand the industry One
implementationof SISClis availablein the SSP
(Scali Software Platform), a software package
distributedwith Scali Wulfkits [14], uponwhich
our SCl clusteris based.

Three communicationprotocols were devel-
opedfor theimplementatiorof DECK on SCI, in
orderto guaranteéow latengy andminimal over-
headfor small messagesaswell as high band-
width for largeones.

The first protocol, specialisedin exchanging
smallmessageschieveslow lateng by integrat-
ing communicatiorand signallinginto the same
SCl paclet. Regardlesof thereal messagsize,
this protocolalways sendsa single 64-bytesSCI
paclet, wherethe last byte containsan identifier
that allows the recever to get notified aboutthe
messagearrival. By doing so, it is possibleto
achieve a minimal lateny of 4.66 us. This pro-
tocol wasimplementedor exchangingmessages
rangingfrom O to 62 bytes.

In orderto allow greatermessageto be sent,
it wasnecessaryo implementa general-purpose

protocol. Such protocolis more generic,being
capableof dealingwith messagesf virtually ar

bitrary sizes. Besidesthe usermessageit sends
an additional SCI paclet for signallingthe mes-
sagearrival. However, this general-purposero-

tocol limits the maximumachievzable bandwidth
to avaluereally below the capabilitiesof the SCI

technology asthe messages copiedto the user
buffer only after it hasbeentotally transmitted
over the network. This behaiour is particularly
undesirabldor large messages.

Hence, we had to devise another protocol,
given that the main purposeof DECK/SCl s to
approachthe hardware limits. The third proto-
col employs a zero-coy communicatiormecha-
nism,in thesensdhatthemessagés directly sent
to the user buffer, without arny additional copy
of the messagdrom SCI sharedmemoryto lo-
calmemory So,the sendeffirst askstherecever
whatis the addressof the userbuffer and waits
for the response.Then, the recever informs the
addressvherethe messagés expectedto be sent
to and,accordinglythe sendetransmitshe mes-
sagethroughthe SCl network. Finally, thesender
tells the recever that the communicationis fin-
ished.Suchprotocolis clearlysynchronoussince
it requiresa handshakingoetweensendere re-
ceiver. The shared-memorpatureof SCI makes
possibleo devisesuchaschemeavoidingunnec-
essaryandexpensve additionalmemorycopies.

Thedesignednechanisnior zero-copy is able
to boostthe maximum achievable bandwidthto
84 Mbytes/s,which is very nearthe raw perfor
manceof the SCI network.

Figure 3 shows the raw performanceevalua-
tion of DECK/SCland ScaMPI,the Scaliimple-
mentationof MPI [6]. Thegraphrevealsthatthe
performanceof DECK/SCI is clearly betterthan
that of ScaMPI.Note the influenceof the zero-
copy mechanism,which rapidly increasesthe
bandwidthfor messagestartingfrom 8 Kbytes.
DECK/SCI was configuredto usethe zero-coy
protocolfor messagegreaterthan8 Kbytes;this
thresholdhowever, is userconfigurable.
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Figure 3. Bandwidth of DECK and ScaMPI on
SCI.

In contrastto DECK/BIP, DECK/SCI is more
efficientthanMPI for all messageizes. Thisis,
in part, dueto the fact that DECK/SCI doesnot
useary additionalthreadto managecommunica-
tion. Furthermoreall threeDECK/SCI protocols
efficiently exploit the streambuffers of the SCI
adapters.

3. Theimplemented applications
3.1. Execution environment

In orderto investigatehe potentialandthefea-
sibility of the proposedparallelprogrammingen-
vironmentfor the target system,we have imple-
mentedtwo parallelalgorithmsthat make heary
useof both computationand communicationon
the target system. Theseapplicationshave been
run on two SMP clustersavailableat our univer-
sities:

e a Myrinet clusterat the High Performance
ResearchCentre (CFAD — PUCRS/HP);
the clusteris composedof 16 nodes,each
one being a HP E60 NetSenrer with two
Intel PentiumIll 550MHz processorsand
128M DRAM, resultingin a 32 processor
system;thenodesareconnectedy a 1.28+

1.28Gbit/sMyrinet network basedn Lanai7
32-bit cards;the operatingsystemis Slack-
wareLinux 7.1 andBIP is usedto drive the
Myrinet boards. The MPI implementation
usedin thetestsis MPI-BIP

e an off-the-shelfSCI clusteravailable at the
Institute of Informatics of UFRGS, com-
posedf 4 bi-processe®entiumlll 500MHz
nodes, eachwith 256M of RAM (totalis-
ing 8 processors)the nodesrun Conectva
Linux? version5.0 and Scali Software Plat-
form version2.0.2, which includesScaMPI
andSISCL

All the resultshave beenobtainedusing the
maximumnumberof nodeson eachcluster each
figure beinga meanof 10 executions.

3.2. Mandelbrot fractal

This applicationcalculateghe Mandelbrotset
anddraws a two-dimensionapicture of it. It it-
erateghe Mandelbrotfunctionfor every pixel on
thepicture,andsetsthecolourof thepixel accord-
ing to theiterationwheretheorbit “escapes”with
a maximumiterationvalue of 17500. Thereare
nodependencielsetweerthecalculationgdonein
differentregions of the picture but differentre-
gionsmay be easierto calculatethanothers.

Our parallel versionof the applicationusesa
master/slae modelwherethe masteris responsi-
blefor distributing partsof thepictureto becalcu-
latedandfor drawing thealreadycalculatedoarts.
The pictureis partitionedin horizontalslicesand
slaveskeeprequestingnew slicesto calculateun-
til all slicesareready Slavescommunicateonly
with themasterin a 1:n pattern.

Figures 4 and 5 presentthe results for a
600x 600 fractal calculatedwith different num-
ber of slices,varying from 16 to 512. A higher
numberof slicesresultsin smallermessageand

Partially financedoy FAPERGS FINEP andCNPq
2A Brazilianderivative of RedHat Linux.
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Figure 4. Results for the Mandelbr ot algorithm
on Myrinet.

betterload balancingout increaseshe numberof
messages.

On MPI we have run 2 processeson each
node,andon DECK theimplementatioruseswo
threadsfor the calculationsandone dedicatedo
communication.

Theresultsobtainedwvith DECK arepractically
equialentto thoseof MPI, with differencedying
mostly on the tenthsof seconds.On Myrinet the
bestresultsareobtainedor anumberof slicesbe-
tweenl28and256. Noticethatin thisapplication
theinfluenceof therv-daemordoesnot affectthe
final resultsdueto the moreirregular communi-
cationpattern,confirmingthatthe useof threads
can be suitablefor applicationsinvolving high-
performance&eommunication.

Onecannoticea slight increasen the execu-
tion time when 512 slicesare used; we believe
this is atendeng from this point on, sinceslices
becometoo small to compensatehe time spent
to sendthembetweemodes.In otherwords,the
grainof parallelismin this cases too small.

20
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Figure 5. Results for the Mandelbr ot algorithm
on SCI.

On SCl the behaiour is the same with execu-
tion times also startingto increaseat 512 slices
(theabsolutevaluesarehighersincethe SCl clus-
ter hasonly 4 nodes). DECK is slightly better
thanMPI for 64 and128slices.

3.3. Laplace equation

Thisapplicationcalculateshetemperaturelis-
tribution in a slab of a hypotheticalhomoge-
neougnaterialcompletelyinsulatedontheedges.
Initially, the slabis at one uniform temperature
throughoutanda heatsourceis appliedto oneof
theborders.ThelLaplaceequations usedto solve
this problem,beingappliedby meansf anitera-
tive method.The surfaceof the slabis dividedin
squaresectionswhereeachintersectioris apoint
in agrid. Thefinerthegrid, themoreaccuratehe
approximationandthelargerthe problem.

From the adaptionof the Laplaceequationto
a computationaimethod,in this casethe Gauss-
Seidelapproach12], the temperaturef a given
grid point at a given iterationis taken to be the
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averageof thetemperaturesf the four surround-
ing grid pointsat the previous iteration. Border
temperaturearealwayskeptconstant.

Our parallel version of the application parti-
tions the image in rectangularregions, assign-
ing eachregion to a node. Figure 6 presents
the results for DECK and MPI for a slab of
size600x 600.

Executiontimes are shovn for both Myrinet
and SCI distributing the regions equally among
the available nodes. The same approachfor
achieving multiprocessindhasbeenused,i.e., on
MPI eachmachineexecutestwo MPI processes,
andon DECK two calculatingthreadsarecreated.

In this applicationDECK hasshovn moreen-
couragingresults,presentinghe sameresultsas
MPI on Myrinet and significantly better results
on SCI. To our understandingthis behaiour
is causedby differentsynchronisatiorsemantics
which dependonthe messagesizes.DECK mes-
sagesare always asynchronousip to 8Kbytes,
andthezero-copy protocolis usedfrom this point
on. As can be obsened in Figure 3, ScaMPI
keepsa ratherconstantevolution in performance
throughoutthe curve, while DECK boostsband-
width startingat 8Kbytes.Besidesto our knowl-

edge, ScaMPI does not make use of a zero-
copy mechanismemploying arendez-vougsyn-
chronous)protocolinstead.

4. Conclusions and futuredirections

The experimentsdescribedn this paperhave
showvn a performanceevaluation of two imple-
mentation®f the DECK environmentwhencom-
paredto equivalentMPI versions.In generalthe
performancepresentedoy DECK with multiple
threadsis at leastas good as that presentedoy
the analysedVIPI implementationswhich repre-
sentsaaninterestingalternatve for theexploitation
of SMPsin parallelapplications.

In addition, in somecases,dependingon the
communicatiorpatternpresentedy the applica-
tion, DECK is able to outperformMPI running
with multiple processeger node, as shown in
Laplaces Equation. On the otherhand,the raw
performanceevaluationof DECK on both tech-
nologiesdoesnot correspondo the resultsmea-
suredfor the Mandelbrotalgorithm.

Our next directions are the fine-tuning of
DECK/BIP, with the goalof achieving betterper
formance,and the implementationof additional
applicationsto make a more completevalidation
of our programmingervironment. Thegrouphas
theintention,in thefuture, of allowing theuserto
join both Myrinet and SCI technologiesn a sin-
gle application.
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