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Ring algorithms on heter ogeneous Windows-based
clusterswith various message passing environments

AndreaClematis®, AngeloCorana®
2IMATI-CNR, Via De Marini 6, 16149Geno/a, Italy
PIEIIT-CNR, Via De Marini 6, 16149Geno/a, Italy

Theaim of the presentvork is the developmentof efficient andself-adaptie ring algorithns on
heterogenousVindows-basedlusters.We shav thata virtual ring of processesyith a numberof
processesn eachnodeproportionatto its relative speedgreatlyreducedoadimbalanceandallows
to achieve goodperformancevenon highly heterogeneousystems

As testapplicationwe considerthe computatiorof long- andshort-rangenteractions.

Two differentimplementation®f MPI for Windows are considered MPICH andMPICH2) and
somecomparisonsvith PVM arealsoperformed.The analysisis quite generalandcanbe applied
to similar problems.Fromthe algorithmanalysiswe obtainbotha full computersimuator of ring
applicationsandsomesimplified indicesof performanceusefulto quickly adaptthe applicationto
agivenplatform.

1. Introduction

In recentyearsclustersof PCsfor parallelcomputng have becomevery popularowing to several
favourablecharacteristicspamelygoodcostto performanceatio, availability, flexibili ty.

The increasingpower of nodesand speedof interconnectingnetwork [1] allow to build very
powerful machinesableto competewith traditional high performancecomputers. Recently PC
clustersand/ornetworks of PCsare evolving towardsthe emeging Grid architecturgdesktopand
globalgrids)or they canbeviewedascomponergof alargergrid. Althoughmostof network-based
parallelcomputirg systemsunsomeUnix O.S.(in particularLinux), thesystem$basednWindows
0O.S.arealsointerestimg, sincethey allow to exploit for parallelapplicationsthe greatnumberof
Windows machinesvailablein variousorganizationsboth scientific,businessandindustrial.

In this work we considerthe developrentandthe analysisof efficient andself-adaptre ring al-
gorithmson heterogeneoudustergi.e. with nodesof differentspeed)lt is well know thatstandard
ring algorithirs, with oneproceser node,are perfectlybalancedn homogeneouanddedicated
parallelsystemd2], but they give poor performanceon heterogeneougossiblynon dedicatedre-
sources.In particular we shav asa virtual ring of processeswith dataevenly partitiored among
processesallowsto obtainvery goodperformancelsoon highly heterogeneouslatforms

As testapplicationwe considerthe computationof long- andshort-rangenteractions.In partic-
ular, we dealwith the computatbn andhistogramof distancegall distance®r justthoseinvolving
neighbouringpairs)in alarge setof pointsin R™. Suchtestproblemis interestingsincevaryingthe
neighboursizewe areableto vary the computatbn to communicatia ratio.

After the computatimal analysisof this approachyhich gives usbotha full computersimulator
and somesimgified indicesof performancewe presentand comparesomeexperimentalresults
collectedon a heterogeneouglatform,namelya clusterof PCswith Windows O.S.

To implementthe application we considertwo freely availableimplementationef MPI for Win-
dows: MPICH NT 1.2.5and MPICH2 1.0-1. As comparisonwe also considerthe versionfor
Windows of the olderbut still popularPVM library (PVM v. 3.4.5).
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2. The heterogeneous computing system

Let usconsidera heterogeneougarallelsystemconsistng of p nodes,connectedy a switched
communicatn network (e.g. FastEthernet,Gigabt Ethernet).Our analysisalsoappliesto mixed
networks.

Let be s; the relatve speedof node: with respectto a referencemachine[3], e.g. the lowest
machinen theset.s; depend®othonthe processofeaturesandonthe application underconsider
ation,andcanonly be estimatedn anapproximatavay. In particular it candependon theamount
of local data.

We supposehat the systemis dedicatedor that the load of eachnoderemainsnearly constant
duringthewhole computation So, time variationof speedsluringcomputations negligible.

Thetotal relatve speedf thesystems S = 3, s; andit is alsotheideal speed-up.

Thespeed-u@mndtheglobalefficiency are[3]:

T _SU _ Sisim

SU = Tpar = ; Si’r]i’ 77 S S (1)

where: T%¢? andT?*" arethe executiontime on the referencenodeandthe parallelexecuton time
ontheheterogeneousystemrespectiely; n;, i =1,...,p arethenodeefficiencies.

Thedegreeof heterogeneitganbeexpressedn variousways;for ring applicatiomswe find useful
theindex h = 1—s,/3, wheres is theaveragerelative speedands, denoteshelowestrelative speed
in thesystem(0 < h < 1).

3. The computational problem

To testthe proposedmethodwe emplgy an applicationthat we originally developedfor homa
geneoussystemd4], andthatwe subsequengl usedwith variouscomputirg platforms. It canbe
consideredh kind of highlevel benchmark.

Given asetX of N pointsin R™, the algorithm carriesout the computaton and histogramof
distancesetweemeighbourig pairs[2,4], i.e. pairswhosedistanceis lessthana predetermined
thresholde, expressedsa fractionof the diameterof the pointset.As a particularcasejf ¢ = 1, all
distancesrecomputed For thefastsearchof neighbouing pairswe usethe box-assiste@pproach
describedn [4], in which an auxiliary m'-dimensonal meshof boxes, with 1/¢ boxesalongeach
dimensim, is usedto build linkedlists of pointsfalling into the samem’-dim box.

Thesequentiakxecutiontime onthereferencenodeis

o= (LG 50) @
wherer,(m) is the CPUtime to processa pair onthereferencenode,andf(e) < 1 is thefractionof
thetotal pairsprocessed.

Our applicationis split into a virtual ring of ¢ > p processeswith ¢; (logically neighbouring
processesnthei-th node(Fig. 1).

The setof pointsis evenly partitionedinto ¢ subsetsX;, of size N' = & and eachsubsetis
assignedo a processThetotal numberof distinctpairsis decomposeth the?ollowing way

N-(N-1 N'-(N'—-1 -1
(V-1 _ (N g=1 )
2 2 2

®3)
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Figurel. A virtual ring of 12 processemappedn 4 nodesconnectedy a switchednetwork.

The computatio comprisedwo phasegFig. 2): in phaseone,which doesnot needcommurica-
tions,local pairsareprocessedn thesecondohasewhich consistof L = % stepsjocal points of
the genericprocessaaremoved forward alongthering in orderto procesgairsformedby local and
visiting points.

Prog:
computedistances< e in (X;)
forl=1,L
senddatato next process
receve data(.X,) from previousprocess
computedistances< € in (X,, X;)
endfor

Figure2. Processtructure(l < j < gq).

For eachprocessthe CPUtimes(onthereferencenode)spentin phasel andin eachstepof phase

2 are:
N'(N'—-1

R R R N R (4)

If ¢ is odd the computatia is terminated;if ¢ is even a further phaseis neededn which ¢/2
processeseceve pointsfrom their opposie. In theendall the partial histagramsaresummed.The
fractionof total computatbn carriedoutin phasel (1/¢) becomesggligible asq increases.

As e decreaseg (¢) decreasesindthe computatio to communicationratio worsens.

We assumeéhatthevarioussubsetsrestatistcally equivalent,i.e. f(e) is thesamefor all subsets,
resultingin a constantimeto processary pair of subsets

4. Performance analysisand modeling

The elapsedtime on eachnodeis the sum of computationtime, context switchng overhead,
time neededfor local actiities involved with communications,andidle time (in generaldueto
transmissantime andimbalance).
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We assumehat,for eachstepin phase2, thetransmisiontime over the network betweemodesi
andj canbemodeledas:

% = o + Bij - size(N'm) (5)

whereo; is the lateng, §; ; is the communicatn time per byte, and size(N'm) is the number
of bytesto be moved. Similarly, usingsuitableparametersy,, 3y, o, @and j3,;, we canmodelthe
intra-processocommunicationtime ¢4, andthetime for packing/unpackig tP* = v,
thm, tP* andt“r* referto thereferencenode,andareassumedo vary amongnodesas1/s;.

If N'"islargeit canbecorvenientto split datainto stripsof suitabk size.

Thecumulatve elapsedime T} ; onthes-th nodeatthe endof thel-th stepis:

Tip = t! (6)
Ty = Tiga+ty, =1,...,L

t; is theelapsedime onthei-th nodeat theendof thelocal phaseandt;; is the elapsedime on the
i-th nodefor thel-th step:

P
t o= g+t -
i
] ;i — 1 )
tig = %(tép 4 1Pk PRy poges? %f&m i t;:ille
: i

t¢*! andt¢*? denotethetime lost dueto contect switchingon the i-th nodein thelocal phaseandin
onesteprespectiely.

t;ijille is relatedto imbalanceandis computedat eachstepin thefollowing way:

. - -
it = max( Loy + 3 () + (%;7)@3"’ 4R g2 gt (8)
i1 i1
: 1
Ty =+ 1) (qzsi.)(tém + PRy — 42 0).
t i

Theparallelexecutiontime is thereforél **" = max; T; p..

This formulation allows usto implementa computersimulator whoseaccurag dependsn the
numberof overheadsourcesve consider

Consideringthe CPU timesat the threelevels (step/ on nodei, nodes, whole system andthe
correspondingelapsedtimes, we can obtain [3] the efficienciesn,;,n, andrn. The systemwide
efficiengy is relatedto the node-level quantitesby eq. (1).

Theimbalnceatthe steplevel for thei-th nodecanbe definedas

Usi =t (qi,/si, — ¢/ Si) 9)

wheres, denoteghenodewith the highestCPUtime (¢;, /s;, = max;(g;/si))-

Sinceimbalances the mainfactorthatlimits performancdor ring applicatiors on heterogeneous
systemsit is interestingto obtainin a approximateway the efficiency lossat the nodelevel dueto
imbalanceas

Us,i Si, 43

=l- 10
t5"(gi/5:) + Ussi ¢, Si (10)

Yi =
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Usingeq. (1) we obtainthe systemwide quantity

Si, 4
=122 11
¥ S (11)

Following thisapproachgivenanheterogeneousystemandgiven thetotalnumberof processes,
theoptimalallocationof processess theonethatminimizesU; ;. Thisallocationcanbefoundusing
dynamicprqgramrr!inQS], or, in asimplerbut sub-optinal way, settingq; ~ %¢, i=1,...,p,and
approximatingractionalresultsto the nearestnteger.

5. Experimental and simulated results

5.1. ThePC cluster and the message passing environments

Theapplication is testedon 5 differentconfigurationselectedn aclustercomposeaf 7 PCs(see
Table1) with Windows 20000.S.,connectedy switchedFast-EthernetTherelative speeds; are
averagevaluessincethey presensomefluctuationsbothwith N’ andwith e.

Tablel
Descriptionof the variousnodesn thecluster;ais thereferencenode

Nodeld. Type MemorySize(MB)  s;

a P11l 600MHz 128 1.00
b P1ll 800MHz 128 1.20
c Plll 866 MHz 256 1.30
d Plll 1.3GHz 256 1.80
e PIV 1.8GHz 256 2.07
f PIV 2.4GHz 256 3.28
g PIV 2.8GHz 512 3.59

To implementthe applicationwe considertwo messag@assingervironmentsMPICH NT 1.2.5
andMPICH2 1.0-1. They arethe versionsfor Windows of the freely available andportableimple-
mentationsof MPI (MPICH [6]) andMPI-2 (MPICH2 [7]). As comparisonwe alsoconsiderthe
versionfor Windows of thepopularPVM library (PVM v. 3.4.5)[8,9], olderbut still largely usedfor
its simgicity andeffectiveness.We usethe CompaqVisual Fortrancompilerv.6.6. We performed
somepreliminary point-to-point commurcation trials with the threeervironments whoseresults
aresumnarizedin Table2.

Table2
Comparisorof point-to-pant commuicationspeedsor thethreemessag@assingervironmens

Environment «o(us) B(ns/byte) a,(us) Bo.(ns/byte)

MPICH2 30-120 90 10-45 11-43
MPICH 38-130 90 4-12 1-6
PVM 5000 300 5000 40-300
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It resultshatcommunicatiasin PVM arequitepoor, sincecommunicatio speeds limitedby the
varioussoftwareoverheadstthe O.S.andPVM levels,resultirg in ahighlateng andin asustained
ratewell below the physicallimit; moreover, intra-processocommuncationsare not muchfaster
thaninter-processocommuncations[1].

Communcationsin MPICH and MPICH2 are significantly more efficient; moreover MPICH2
yields slightly fasterinter-processoicommuncationsbut slower intra-processocommuncations.
Indeed MPICH usessoclets for inter-processorcommuncationsand sharedmemory for intra-
processocommunicatios, whereaour implenmentationof MPICH2 alwaysusessoclets. In order
to assureghe maximum speedwe implementring communicatias in MPICH and MPICH2 using
the bufferedsend(BSEND).

5.2. Theprocedure

We considerdifferentproblemsizesand variouse values. Pointsin R™ are obtainedfrom the
Henontime serieg4] andnormalizedo the unitary hypercubewe choosen = 10, m' = 2 anduse
theeuclideamorm. Thetime perpairmeasurednthereferencenode(PIlll 600MHz) is7, = 0.57us
andthe f (¢) valuesfor ourdatasetare: f(1) = 1, f(273) = 0.23, f(27%) = 0.023, f(27?) = 0.0051.

Thetrials areexecutedon dedicatechodesandwith alow traffic onthe network.

Sinceouraimis thedevelopmentof selfadaptve applicationg10], ableto maximizeperformance
for agivenhardwareconfigurationwe employ thefollowing procedure.
1) At the begginning we executeon the target systema smallinstanceof the computaton, with one
procesgernode,justto evaluat theactualnodespeeds.
2) Dependingon the measured;, a suitablenumberq of ring processess selectedusingeq. (11)
andfixing the maximum allowed efficiencgy loss;for our clusterconfigurations35 processesllow
in mostcaseto have v < 0.1; thenthe optimalmappingof ring processe$o nodess found[5] and
processearelaunched.
3) Thespawn of therequestechumberof processess carriedoutin PVM usingthe pvm_spavn rou-
tine. In MPICH2 similar routinesareavailable(MPI_commspavn andMPIl_comm.spavn_multiple),
but unfortunatelythey do notwork well with our currentreleaseof MPICHZ2 for Windows. So,for
bothMPICH andMPICH2 ervironmens, we usea procedurevhich spavnsthe optimalnumberof
ring processeby meansof mpirun (MPICH) andmpiexzec (MPICH2) commands.

This approachassuresis thatthe mappingis optimal, providedthe load characteristicef nodes
remainnearlyconstanturingcompuation.

5.3. Analysisof results

Theresultsof thetrials arereportedn Tables3,4,5.

An accurateanalysisof performances difficult sincevariouseffectsinteract: for examplethe
variationof processospeedsith the amountof local data,thetime spentby the variousprocesses
in paging(this time varieswith the amountof dataof processes}he time for context switchirg of
processesthe actualimplementabn of inter andintra-nodecommunicatias, etc. Theseeffects
give in somecasesa superlineaspeed-up.

However the mainresultscanbe summarizeasfollows:

a) the naive porting (one processper node) gives poor efficiencieswhereasthe virtual processes
approactperformsverywell (Table3);

b) asthe degreeof heterogeneityncreases higherg valueis neededon average,to achieve the
samebalancing(expressedy 1 — « in Table4);

c) all threemessag@assingervironmentsareableto give goodperformancedifferencesareappre-
ciableonly whenthe compuationto communicatn ratio is smallandin suchsituatiors MPI (both



201
Table3
Executiontime (in secondspndmeasuredn) andsimulated(n,) efficienciesobtainedon configu-
ration(a-g) (S = 14.24, h = 0.51) usingMPICH2

N i(e=27%) Tseq q T n s
42000 0 596.8 7 100.8 0.42 0.46
" K K 35 49.1 0.85 0.84
210000 3 2614 7 316.2 0.58 0.53
" " " 35 158.2 1.16 0.96
420000 3 9554 7 1366 0.49 0.48
" " " 35 636.5 1.05 0.88
420000 6 975.5 7 139.7 0.49 0.49
" K " 35 61.2 1.12 0.89
420000 9 191.9 7 29.5 0.46 0.44
K K K 35 17.7 0.76 0.77
840000 9 751.7 7 117.8 0.45 0.46
" K K 35 62.8 0.84 0.82
Table4

Comparisorof threedifferent configurationsof 4 nodeswith MPICH2 (N = 105000, ¢ = 273,
Tseq = 560.6)

config S h q 1—x T n s
a,b,c,d 5.30 0.25 15 0.92 112.1 0.94 0.92
a,c.e,g 7.96 0.49 25 0.94 66.3 1.06 0.94
a,ef,g 9.94 0.60 35 0.96 57.3 0.99 0.96

implemenations)outperformdPVM, owing to fastercommunicatns(Table5);

d) MPICH2 is quite slower in the start-upphase(spavn of processesnd sendingof portionsof
pointsto processes);

e) the context switchingoverheads alwaysnegligible for thetypical numberof processepernode
we consider;

f) experimentalandsimulatedresultsarein mostcasesn very goodagreemen{Tables3,4,5);the
mostrelevantsourceof erroris probablythefluctuationof speedsvith thesizeof local data.

6. Conclusions

We analyzeandmodelperformancef ring algorithns on heterogeneoud/indows-basedalusters
with variousmessag@assingernvironmens, with the aim of developing efficient andauto-adaptie
applications.The generalproblemis exemplified consideringhe computatio of long- andshort-
rangeinteractions.

The algorithmanalysisandthe experimenal resultsshown thatthe virtual ring approachwith a
numberof processemuchgreaterthanthenumberof nodesandwith anumberof processem each
nodematchingthe nodespeedis afeasibletechniqueo exploit avery high fractionof the available
power, evenfor platformswith a high heterogeneityDependingon ¢, we areableto procesaip to
millionsof high dimensonalpoints(m = 10 or greater).

The algorithm is testedon a clusterof PCsconnectedy switchedFast-Ethernewith Windows
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Table5

Comparisorof the three messageassingervironments(conf=(a,b,e,f,g),S = 11.14, h = 0.55,
N = 840000, € = 279, Ty = 751.7)

MPICH2 MPICH PVM

q T n Ns T Ul Ns T Ul Ms

5 168.0 0.40 0.38 169.1 0.40 0.38 203.4 0.33 0.38
15 97.2 0.69 0.75 97.3 0.69 0.75 126.5 0.53 0.72
21 864 0.78 0.80 83.9 0.80 0.80 108.7 0.62 0.75
25 84.0 0.80 0.78 83.8 0.81 0.78 106.4 0.63 0.71
35 949 0.71 0.79 78.2 0.86 0.80 106.3 0.63 0.69

0.S.,usingthreemessagg@assindibraries:MPICH2, MPICH andPVM. Whereasomedifferences
in performancalependon the detailsof theimplementaton of the messag@assindibrary, it turns
out thatvirtual ring algorithis for heterogeneoug/indows-basedclustersperformin all situatons
in avery satishctoryway.

The proposedanalysisand procedureare quite general,andapply to ary ring algorithmon het-
erogeneouplatforms Detailedmodelsastheonepresentedn Sect.4, which canbeveryaccurate,
but rely on parametersvhich areoften known in an approximatewvay, canbe usefulto understand
in depththe behaiour of theapplication.However, in practicalsituatiors we needrobustandauto-
adaptve proceduresableto graspthe basicaspect®f the computng platform/appication.

As futurework we will considerthe problemsarisingwhentheload of nodesvariesduringcom-
putation[11,12]. In this casewe needthe dynamicmigration of processeamongthe variousnodes,
accordingtio nodeload. Anotherpossble approachs to usethreadsnsteadof processes.
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