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Abstract

Thekey to efficientparallel computingonworkstationsclus-
ters is a communicatiorsubsystenthat remavesthe oper
ating systemfrom the communicatiorpath and eliminates
all unnecessaryrotocol overhead But the key to effective
and widespead clustercomputingin geneal is to provide
a cluster ervironmentwhich offers high performanceand
well knownprogrammingnterfacesaswell asanintegrated
manaementandadministation of the clusterthat malesit
suitablefor a widespeadcommunity

The ParaStation2cluster ervironmentfulfills thesere-
guirementslts one-waylatencyfor all programminginter-
facesis about25us (dependingon the hardware platform)
and throughputis 100 to 150 MByte/s.It offers standad
programminginterfaces,ncluding PVM, MPI, Unix sok-
ets, Java sodets, and Java RMI which allow parallel ap-
plicationsto be portedto ParaStation2with minimaleffort.
ParaStations onesystemimageis responsibléor manaje-
mentand administiation of the cluster in terms of fault
tolerance (automaticremaoval and reintegration of faulty
nodes),node managgement(offering logical nodesrather
than physicalmadines),load balancing (automaticmap-
ping of appropriate nodesto applications),andjob control
anddisastermanayementn caseof faulting applications.

Thesystenis implementean a variety of platforms(Al-
phaworkstationsrunning Tru64 Unix, aswell as Intel and
Alpha’srunningLinux) andis provento operatelarge clus-
ters.

1 Introduction and Motivation

Workstationclusterscoupledby high-speednterconnec-
tion networks offer a promisingdirectionfor high perfor
mancecomputingbecausehey are cost-efective andthey
closelytracktechnologyprogressin contrasto supercom-
putersand parallel machines clusteredworkstationsrely

*now: ScarasoftAG, Mihlfelder Stra3e10, 82211 Herrsching,Ger
mary, Email: {warschlo,blum} @scarasoft.com

on standardizedommunicatiorhardwareandcommunica-
tion protocolsdevelopedor local-areanetworksandnotfor
parallelcomputing.As communicatiorhardwareis getting
fasterand faster the communicationperformances now
limited by the processingoverheadof the operatingsys-
tem andthe protocol stack,ratherthan the network itself.
To reducethis overheadmary researcherbave proposed
userspacecommunicationmodels,which all remove the
operatingsystemandregular protocol processingrom the
communicationpath. Although being successfuin terms
of achieved performance(lateng/ aswell as throughput),
theproposedommunicatiormodelsoftenusenonstandard
programminginterfacesand sometimesalso nonstandard
communicatiorsemanticsBut applicationdevelopmente-
lies on standardizedand well definedprogramminginter-
facessuchas Unix soclketsor programmingervironments
suchasPVM andMPI, to ensureportability andmaintain-
ability. Thusproviding thesekind of interfacess akey issue
for awidespreadiseof high performancelustersystems.

Providing a global clusterervironmentis a secondkey
issue,especiallyto handlelarge clusters.In orderto pro-
vide clusterswhich are easyto useand easyto manageijt
is necessaryo develop a multi-usertime-sharingerviron-
mentwith meangor global (clusterwide) resourcealloca-
tion that canrespondo resourceavailability, distribute the
workloadandutilize the availableresourcefficiently and
transparentlyMaintaininga multi-userervironmenton top
of auserspacecommunicatiorsubsystemequiresspecific
mechanism$or processoordinationsuchasco-scheduling
of simultaneouslycommunicatingprocessesvhich is not
presentin ordinary operatingsystems.Furthermore han-
dling clustersin a corvenientway needsmechanismgo
provide partitioning,global processmanagementpad bal-
ancing,nodemanagementfault toleranceand disasterre-
covery.

ThisarticlepresentsheParaStationrchitectureandre-
lated approachegsection?2), startingwith an overview of
the ParaStationaystem(section3). Thefollowing sections
discussParaStationin detail, first its communicationsub-
system(sectiond), thenits systemernvironment(section 5)
andfinally its clusterervironment(section6) which forms



ParaStatiors OneSystenmmage.

2 Communication Subsystems and Cluster
Environments

Thereareseveral systemsroviding a high performance
communicationsubsystemfor Myrinet. First of all GM
from Myricom [13], Active Messages-I[8] usedin the
Berkeley NOW cluster[1], FastMessage$15] from Uni-
versityof lllinois, thelink-level flow controlprotocol(LFC)
[4] usedwithin the distributed ASCI supercomputerPM
[17] aspartof the SCoresystemfrom RealWorld Comput-
ing Partnershign Japanyirtual memorymappedcommuni-
cation(VMMC-2) [9] from PrincetonUniversity, the basic
interfacefor parallelism(BIP)[16] from the University of
Lyon, Trapezg20] from Duke University, andParaStation2
from the University of Karlsruhe.

Most systemsare basedon the userspacecommunica-
tion principle to achieve high performancealthoughthey
supportdifferentcommunicatiorparadigmsdifferentpro-
gramminginterfaces anda differentquality of service.For
example, most systemsassumeMyrinet to be reliable [4]
and do not provide ary mechanismgo ensurereliability,
whereasGM, AM-Il, VMMC-2, and ParaStationAmple-
ment TCP-like transmissiorprotocolsat firmwarelevel to
guaranteeeliablecommunicatiorevenin caseof network
failures(corruptedor lost paclets).Besidegproprietarypro-
gramminginterfaceswhich arecloselyrelatedto the corre-
spondingcommunicatiorparadigmnearlyall systemsro-
vide an optimizedMPI packageas standardizeghrogram-
ming interface.The standardJnix soclet interfaceis sup-
portedby the GM systemat kernellevel (non optimized),
by Trapezeat kernellevel (optimized),by Berkeley NOW
andVMMC-II (optimized,but limited functionality)andby
ParaStationZoptimizedwith full functionalityandcompat-
ibility atobjectcodelevel, seesectionb).

Providing a high speedcommunicationsubsystenis a
key issuefor parallelcomputing.n additionto that, Glunix
from the NOW project[10], SCorefrom RWCP in Japan
[12], Mosix from the Hebrewv University of Jerusalenj2]
and ParaStation2also careaboutglobal resourcemanage-
mentand administrationof clustersby providing a global
clusterervironment.While Glunix and SCoreoffer a setof
commandgo establisitheclusterernvironment,ParaStation
usesa combinationof kernel extensionsand daemonpro-
cesse®n eachnodeof the cluster Mosix focuseson global
resourcesharing,load balancingandprocessmigrationus-
ing kernelextensiongo the BSD andLinux kernel,but ne-
glectsa high performanceommunicatiorinterface.

3 ParaStation2 Overview

The ParaStatiorsystemconsistsof severalmoduleso-
catedwithin or outsidethe unix kernel(seefigure 1).
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Figure 1. Overview of the ParaStation2 sys-
tem
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A LanAl programactingasfirmwareontheMyrinetadapter
handlesall communicatiorbetweernthe Myrinet connected
nodes.The device driver is responsiblefor settingup the
Myrinet adapterat boot time andfor mappingappropriate
memory segmentsat applicationstarttime. Togetherwith
a thin softwarelayer called HAL * thesemodulesform the
baseof the communicatiorsubsystenfseesectiond).

All programminginterfaces(Unix soclets,PVM, MPI,
Java soclets and RMI?) are implementedat user level,
but rely on servicessuchas processcoordinationand co-
schedulingprovidedaskernelextensiondocatedwithin the
devicedriver. We took this approacho supportatrue multi-
user ervironmenton top of a userspacecommunication
subsystenfseesectionb).

The ParaStatiorclusterdaemoris responsiblégo collect
and distribute all information from all other nodesin the
clusterto setuptheglobalclusterervironment.All services
to handleparticipatingor faulty nodesto spavn, signal,and
kill processe# a uniquebut clusterwide fashion,andto
handledisasterecovery in caseof applicationcrashesare
locatedhere.All this featuresbuild up whatwe call a one
systenmimage (seesectionb).
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4 ParaStation2 Communication Subsystem

ParaStatiors communicationsubsystemis basedupon
the userspacecommunicatiorprinciple, which effectively
removes all protocol processing,data buffering and op-
erating systemoverheadfrom the critical communication
path.Unlike mostsystemawhich reduceprotocol process-
ing to a bare minimum, we've moved protocol process-
ing to the Myrinet control program (MCP) running on
the Myrinet adapter Our protocol implementationcalled
RDP (reliable data protocol) offers a reliable datatrans-
missionevenin caseof network failuressuchascorrupted
or lost paclets[19]. Although RDP is messagerientedit
usesimplicit peerto-peerconnectionsvith uniqgueconnec-
tion identifiers, which are automaticallyestablishedupon
the first transmissiorrequesto a destinationhost. During
this procesghe sourceanddestinatiomnodealsonegotiate
uniguesequencaumbersThe sequenc@umbersareused
to detectlost pacletsandthe connectionidentifiersto de-
tectwhena connectionis beingreestablishedafter a sin-
glesidebreakdavn). ThusRDPis ableto handletemporary
failure or absenceof a nodegracefullyandit will reestab-
lish connectionto that nodeautomaticallyafterit is online
again.Flow controlis implementedbn top of afixedsized
transmissionwindow usinga combinatiorof apiggybacled
acknavledgment{ACK) in caseof a bidirectionaltransmis-
sion and explicit but delayedACKs in caseof a unidirec-
tionaltransmissionBuffer overflow atthereceving nodeis
handledby sendingbacka negative acknavledgment(ca-
pacity NACK) which preventsthe sendefrom transmitting
furtherpacletsfor acertaintime. In caseof detectiorof lost
paclets,asequenc®ACK is transmittecbackto thesender
whichresultsin animmediateretransmissionf themissing
andall subsequemnaclkets(gobackN stratey). In addition
to the ACK/NACK schemeRDP associates timer with
eachpaclet sentand upontimeoutthe paclket will be au-
tomaticallyretransmittedTo detectcorruptedoacletsRDP
usesMyrinet’s built in CRC checkandsomesanitychecks
suchas minimal paclet length and a match betweenthe
lengthparametein the messag&eadeagainstheamount
of datareceved. If anerroris detectedhe paclet is sim-
ply discardedbecausd will beretransmittedy thesender
anyway.

In cooperationwith the HAL the MCP alsohandlesall
datatransfetbetweertheMyrinet SRAM andthehostmem-
ory andvice versa.Herethe emphasiss on providing data
structuresand mechanismgo minimize PCI-bus transmis-
sionsand interferenceof the hostand the LanAl proces-
sor. Furthermorghe HAL codeimplementsall architecture
andoperatingsystemdependentodeaswell asspecialim-
provementsfor eacharchitectureFor all upperlayersthe
HAL providesroutinesto initialize thecommunicatiorsub-
systemaswell asbasicroutinesto sendandreceve mes-

sagesAt this level areliablein orderdelivery of pacletsis
alreadyguaranteed.

5 ParaStation2 System Environment

Nowadaysmost applicationsare parallelizedusing the
MPI communicationinterface and thereforeall high per
formancecommunicatiorsystemsoffer optimizedMPI li-
braries.Ontheotherhandtherearesereralapplicationsand
applicationareaswhich still use other interfacessuchas
PVM, ary othercommunicationibrary basedon the Unix
socletinterfaceor simply the socletinterfaceitself. There-
fore supportingonly MPI resultsin alimited usabilityof the
communicationsubsystemin contrastto that ParaStation
offers a wide rangeof standardizedand well known pro-
gramminginterfaces(MPI, PVM, Unix soclets,and Java
RMI) whichareall optimizedfor the ParaStatiorcommuni-
cationsubsystemAll interfacesareplacedontop of aflexi-
ble protocolswitch,whichdirectlytransfersncomingpack-
etsto protocolspecificmessagdandlingroutines.Choos-
ing this strateyy (see[7] for details)all communicationn-
terfacesperformnearlyat the samespeed MPI, PVM and
socletsonly addapproximatel\2-5 us of lateng to thelow
level ParaStatiorHAL. Thisis possibledueto thefollowing
reasons:

e TheHAL in cooperatiorwith the LANai firmwareal-
readyprovidesareliabledatatransmissionlf the HAL
acceptamessagstreamatthesendingsideit is guar
anteedthat this messagestreamarrivesat its destina-
tionin order Thenecessarprotocolto ensureeliabil-
ity is fully implementedn thefirmwareof the Myrinet
adapter(seesection4). This approachallows upper
layersto discardary flow controlandreorderingnech-
anismsfrom the critical communicatiorpathandthus
providing thenecessarguality of serviceatfull speed.

e ParaStatiors core library offers a flexible message
gueuingsystem,which allows uppercommunication
layersto inspector retrieve messagesn request.The
interfaceto the queuingsystemoffers userdefinedfil-
tering functionsto inspectand retrieve specificmes-
sagesin order to support messageag mechanisms
(usedbothin PVM andMPI). Thesefeaturesenables
upperlayers(suchas PVM or MPI) to discardtheir
own queuingstratgies,andto usethe ParaStatiorsup-
plied stratgiesinstead.This approachavoids unnec-
essarycopy operationdeaving the datain systemsup-
plied buffersaslong aspossibleto reduceoverall pro-
cessingoverhead.



5.1 TheParaStation socket interface

All parallelandclient-senerapplicationsonworkstation
clustersrely ontheUnix socletinterfaceascommunication
infrastructure.This fact lead us to provide a high perfor
mancesoclet interfaceto fully supportary applicationto
run at full speedon top of the ParaStationrcommunication
subsystem.

The first approachwasto offer a semanticallyequiva-
lentinterface[18], whereall ParaStatiorsoclet callshada
simple prefix to distinguishthem from the original soclet
calls. This approachallows a ParaStatiorsoclet to switch
backto the operatingsystemsoclet transparentlyin case
that the high speednetwork is not operationalor in case
thatthe requestediestinationis not reachablevia the high
speednetwork. As a consequencall setupcalls hadto be
madeby both ParaStationand the operatingsystemsince
thedecisionwhois thecommunicatiorpartneris notdravn
atcreationtime of asocletbut lateronduringconnect ()
or evenduringasendt o() . A smallw apper between
the applicationandthe soclet systemcalls decidedwhich
way to go: high speedthroughthe optimized ParaStation
protocolor low speedhoughtheoperatingsystemThedis-
adwantageof this approachis that every applicationhasto
be adopted by exchangingthe soclet calls)in orderto use
the ParaStatiorsystem.

The next stepin optimizing the soclet interfacewasto
eliminatetheprefix to offer asemanticallyandsyntactically
equialentsoclet interface.From a technicalpoint of view
this can be done by simply overloadingthe systemsup-
plied soclet calls (inside | i bc. a) with a secondlibrary
thatusesthe samenamespace Doing that onegainscom-
patibility at objectcodelevel, but loosesthe transparently
fall backmechanisnto usethe internalsystemcalls when
necessanpr appropriate.The fall back mechanisnis im-
portantfor atleasttwo reasonsFirst mary applicationsuse
theread() andwite() systemcallsto transferdata
through soclets. But overloadingr ead andw i t e dis-
ablesary file operationsSecondmary applicationsdo not
operatein a closedervironmentin termsthatthey tendto
communicaténsideaswell asoutsidea cluster Not having
the transparentall backmechanisnwould disableoutside
communicatiorimmediately To solve this problemwe use
the samemechanisrusedwithin the C library to corverta
socletcall to agenericsystemcall. All socletcallsusually
consistonly of threelines of codein thel i bc. a, which
pack the parametersand switch into to operatingsystem.
Exactlythisis doneinsideour new library, whenwe haveto
usethe operatingsystemsocletsinsteadour own soclets.
TheresultingParaStatiorsocletlibrary now offerscompat-
ibility at objectcodelevel while still providing a fall back
mechanismin casea requestediestinatiorin notreachable
within thecluster Thisallowsadoptionof any applicationto

the ParaStatiorsystemby simply linking their codeagainst
the ParaStatiorsoclet library while combiningthe advan-
tageghigh speeccommunication)the necessarflexibility
(transparenin- and outsidecommunication)andthe con-
venienceof not having to adoptany sourcecode.

5.2 Optimizing PVM

The first implementationof PVM on ParaStationwas
basedon the first versionof soclet layer describedabove.
No modifications,except using the prefixed soclet calls,
wasmadeto the original code[6]. TheresultingPVM was
muchfaster(lateny droppedfrom 220 us to about90 us)
asadirectconsequencef theimprovedsocletperformance
(22usversusl50 us). Usingthe optimizedsoclet layer, the
latengy causedy PVM itself raisedfrom 46%to 318%thus
evolving to the major bottleneckof thewhole system.

The secondstepleadusto an optimizationof PVM on
top of the ParaStationports [14] called PS-PVM, which
fully usedthe flexibility of the ParaStatiorcommunication
subsystemInside the clusterwe usedParaStatiors One
Systenimage (POSI) (seesection6) to make PVM believe
that it is running on a single systemwith multiple CPUs
rather than a cluster of workstations.FurthermorePVM
wasadoptedo useParaStatiors flexible queuingsystento
leavethemessagem placeuntil theuserrequestshem.For
outsidecommunicationPS-PVMstill useshesocletinter-
facewith its own messaggueuingmplementationTheuse
of ParaStatiorOne Systenimage allowed usto reducethe
numberof PVM daemonsnsideon clusterto a singledae-
mon. This daemonis responsibldor all tasksconnectedo
himindependentf theactualnodethey arerunningon. The
portsinterfacereducedhework to be doneinside PVM to
aminimum,sothatthe PVM overheador amessagérans-
fer couldbereducedrom about70 us ontop of socletsto
about2 us on top of ParaStationThis internal PVM opti-
mizationsandthe optimizationinsidethe ParaStatiorproto-
colsreducedheoverallmessagéateng from 220 usto as
low as25 us, which is far lessthanPVM implementations
on mary dedicatedparallel machineseven with common
sharednemory

5.3 Optimizing MPI

The MPICH distribution from ArgonneNational Lab
usedwithin the ParaStatiorsystemofferstwo separat@os-
sibilities to interfaceto differentcommunicationsystems:
Firstwriting asocalledchanneinterfaceandsecondo im-
plementanew ADI (abstractevice interface).We took the
first approachsimply becausemost of the requiredfunc-
tionsto setup anew channelinterfacesarealreadypresent
within the ParaStationcommunicationlibrary. Thus the
ParaStationchannelinterfacetakes about70 lines of code



mainly justmappingfunctionnamesandcorvertingparam-
etersMostcodeis usedn theinitialization sectionallowing

ampi programto usethe ParaStatiorspawnmechanismin

orderto startthe necessarprocessesnthedifferentnodes
within the cluster As a consequencéhe usualnpi r un

commands not neededary longerandthe applicationcan
be startedby usingthe - np optionasusualapplicationpa-
rameterAs ParaStations now responsibleo startthetasks
on the differentnodesof the cluster ParaStatioris alsoca-
pableto cleanup the systemin caseof applicationcrashes.

5.4 Supporting a multiprocess environment

A dravbackwhenmoving the communicatiorpathout-
sideof thekernelis thatthekernelnow lacksof communica-
tion dependeninformationusuallyusedwithin the process
schedulingdecision.The kernelnow hasno more knowl-
edgeif athreadis doing realwork or if it is busy waiting
on anemptyreceive messagegueue.But wastingCPU cy-
clesis critical andreducesoverall performancesspecially
in a multiprocesservironment,becausehe CPU could be
betterusedby anotherthreadto do real work. Therefore
we have developedseveral coschedulingnethodsto hand-
off the CPUto anothetthread With coschedulingctivated,
executingtwo independenpairwiseexchangebenchmarks
on the samesetof CPUsis about20 timesfasterthanus-
ing the plain systemwithout arny coordinationbetweerthe
differenttasks.This effectis extremelyvisible while using
Jara RMI, whereseveral threadsare waiting for a remote
methodto returnandthereforeactively consumeCPU cy-
cleswithout doing real work. With ParaStatiorcoschedul-
ing multithreadedpplicationgun efficiently ona clusterof
workstationwith userspacecommunicatiorprotocols.For
moredetailsse€[5].

6 ParaStation2 One System Image

Besideanefficientcommunicatiorsubsystemaveryim-
portantfeaturefor the succes®f clustersn generais their
easeof useandeaseof programingwhich canbe achieved
by providing a unifiedview of the clusterasonesingleen-
tity. As shavn in section5 ParaStatiors One Systenimage
(POSIl)allowedusto optimizeandsimplify the adoptionof
bothPVM andMPI.

The ParaStationOne Systemimageis provided by the
interactionbetweerthe ParaStatiorsystemlibrary boundto
eachprocessa clusterdaemonrunningon eachnodeand
kernelextensioninsidethe device driver.

6.1 Node management

The cluster daemonsof all node stay in contactwith
all otherclusterdaemonsn the system.Eachdaemondis-

tributeslocal information such as the currentload situa-
tion and currently connectedapplicationsto all otherdae-
mons.Additionally all daemonganrequesstatusnforma-
tion from remotenodesthrougha build in daemon-daemon
protocol.

Thefirst implementatiorof this daemon-daemoproto-
col wasbasedon TCP connectiondetweeneachnodere-
sulting in a separateconnectionto eachother node. This
approactcausednoreandmoreproblemswhile increasing
the numberof nodes but TCP connectionsverenecessary
to ensurea reliable communicationand to detectremote
systemshutdavns.Now the new daemon-daemoprotocol
is basednourreliabledatagramnprotocol(RDP)whichis
alsousedinsidethe Myrinet adaptetto ensurereliablecom-
munication.RDP allows usto switch a single UDP soclet
per nodewhile still having a reliable datachannel. Addi-
tionally, the traffic on the network wasreducedby broad-
castingtheloadinformation(alsousedasalive messagedf
the nodeswith UDP multicastmessagesThis reduceghe
numberof messageper nodeto sendfrom N to 1 aswell
asthetotal numberof messageffom N2 to N.

If anodefails,the otherdaemonsletectthis because¢he
alive messagef this daemonis missingfor a specificpe-
riod of time. If this happenghe daemondeclaresall tasks
runningon this nodesasdeadandtakesappropriateaction
(seenotificationmechanisnbelow).

The communication infrastructure provides by the
daemon-daemoprotocol enablesus to expandthe local
view of a single nodeto a global, clusterwide coordina-
tion of the connectectlient processesParts of the global
coordinationare global processmanagementpartitioning,
load balancingandoutputredirection.

6.2 Process management

The global processmanagemenin POSIis formed by
providing a uniqueglobaltaskidentifier for each(parallel)
processTheglobaltaskidentifier consistsof the unix pro-
cesddentifier(PID) andthelogical nodenumberthetaskis
runningon. Any operationinsidethe POSlontasksusethis
taskidentifierto addresshetask.Sendingsignalsin Unix is
limited to thelocal node.POSlexpandsthedelivery of sig-
nalsto ary taskin thecluster InsideParaStatiorsignalsare
sentto the globaltaskidentifier This taskidentifieris used
to addresghe nodewherethe taskresidesanda requesis
sentto the daemonon the node.Whenthe requestarrives
the daemonsendsthe signallocally to the final task. Any
error codes,suchasoperationnot permitted,aresentback
to the calling taskandit canhandlethe returncodein the
samemannerasalocalki | | () command.

FurthermorePOSlintroducesa newv andvery powerful
mechanismwhich notifiesataskif anothettaskchangests
status Any taskin the systemcanregisteratthe POSIto be



notifiedassoonasthe statusof anothertaskschangesThis
helpsthe registeringprocessto know whenary task, e.qg.
the parenttask,diesandmayreactin a propermannerPS-
PVM usesthis featureto expandthe responsibilityof the
singlePVM-Daemonto the whole cluster The clientsreg-
isterto be notified assoonasthe daemordies. This mech-
anismallows to cleanup the virtual machineevenif the
coordinatingPVM daemonis not presentary longet The
samemechanisms usedinside MPI, whereall processes
registerto be notified assoonasa cooperatingaskdies. It
helpsto cleanup all processem a parallelMPI application
evenif aprocesgetsa seggmentatiorfault.

POSIl allows a taskto spavn new task dynamicallyon
ary nodetransparentlyAs a resultof spavning the calling
task getsbackthe global taskidentifier with which it can
useto sendsignalsto or retrieve informationaboutthe new
task.

6.3 Partitioning

It is oftenusefulto partition a large clusterinto smaller
subsetsE.g. one part of the systemis usedfor program-
ming andanothempartis usedfor productiveruns.POSlIcan
beinstructedo limit total numberof availablenodego ary
specificsubsetNew tasksareonly spavnedinsidethis spe-
cific subsebf allowed nodes.This allows a closecoopera-
tion with batchsystemsuchasDQS[3] or PBS[11]. When
launchingnew applicationghe batchsystemsetsthe subset
of possiblenodesand executesthe masterprocesswhich
thenspawnsits clientsonly insidethis subset.

While spavning POSlallows the userto tell the system
to usea specificnodeor to choosean appropriatenodeto
spavn a new task.Whenno specificnodeis given, POSI
sorts the available nodesin the active partition by load
andspavnsthe requestechumberof processesn theleast
loadednodes.This balanceghe load amongall nodesin a
partition.

6.4 1/O redirection

All spavnedclient processesendtheir outputto theter-
minal of the masterprocess.This allows even to usethe
printf () debuggerin theparallelapplication Dueto the
factthatthe real parentprocesf the client is the daemon
on the remoteside, it inheritsthe IO channelsof the dae-
mon.To preventthis, the daemongedirectthe 10O channels
to aloggerprocesavhichis runningonthenodeof themas-
terprocessfterforking andbeforechangingo the new ex-
ecutableTheloggerprocesss forkedby themasteiprocess
beforethe mastersendsts spavn requesto thedaemorand
transmitsthe peeraddressesf this loggerwith its spavn
messageThis techniquethen allows redirectingall client
outputto themasteiprocess.

7 Conclusion

In this paperwe concentratedn the importanceof an
integratedcommunicatiorand managemensubsystenfor
clustersWe presentedvailablesystemdor Myrinet andfo-
cusedon detailsof the ParaStationaystemwhich provides
all necessaryeaturesand offers a promisingdirection for
high speedclustercomputing.

ParaStationZeaturesa high performancecommunica-
tion systemwith a wide rangeof programminginterfaces
operatingcloselyat hardwarespeedE.g. lateng of all in-
terfacesis aslow as25 us andthroughputrise up to about
150 MB/s. Especiallythe highspeedocletsenablea wide
rangeof applicationgo run moreefficiently ona highspeed
network suchasMyrinet. The ParaStatiorOne Systemim-
ageenhanceshe handlingof a cluster becausahe whole
systemis viewed asone single entity. Programmingervi-
ronmentssuchas MPI and PVM usethis functionality to
operaten anoptimizedfashion Additionally the userdoes
not have to be aware of temporarilyinactive nodes,since
nodefailuresareautomaticallydetectedy the ParaStation
systemandnew processewon’t getspavnedonthem.
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