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JéŕemieAllard ValérieGouranton Loı̈ck Lecointre EmmanuelMelin
BrunoRaffin

Universit́ed’Orléans
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Abstract

Net Juggler is an open source library that turns a com-
modity component cluster running the VR Juggler platform
on each node into a single VR Juggler image cluster. Appli-
cation parallelization is transparent to the user and leads to
high performance executions even with limited bandwidth
networks.

1 Introduction

Today’s virtual reality environmentsare mainly driven
by high-end proprietarycomputers,like SGI Onyx sys-
tems, but high performancecommodity componentsare
alsoavailableto build clustersthatcouldprovidetheneces-
sarycomputationpower. Nevertheless,to usea PCcluster
with loosely coupledprocessorsand graphicscardsfaces
several limitations. Dataandcomputationsmustbe care-
fully distributedon thedifferentnodesto ensurecommuni-
cationsstaybelow the capacityof the network. Computa-
tionsmustbesynchronizedtoensurethedifferentprojectors
displaycomplementarypartsof a largeimage.Thesetasks
shouldnotbetheresponsibilityof theprogrammer. Parallel
programmingis time consuminganddivertsthe program-
mer from its maingoal,which is to developinnovative in-
teractivegraphicsapplications.Thus,usingPCclustersfor
virtual realityrequiresprogrammingenvironmentsthathide
the complexity of the underlyingarchitectureandprovide
automaticandefficientparallelizationschemes.

Oneapproachproposesto parallelizethe applicationat
the level of graphicsprimitives[3, 4]. The applicationis
executedon oneor several nodes.Graphicsprimitivesare

interceptedandbroadcastedto eachnodecontrollinga dis-
play. Thesenodesrenderthesceneaccordingto their local
viewport. Theamountof datato sendover thenetwork can
be important,limiting the performance.The WireGL pro-
tocol [4] integratescachingandcompressiontechniquesto
reducethe network bottleneck.But thesetechniqueshave
limiting effect for real-timeapplicationswith frequentup-
datesof thescene.

An otherapproachconsistsin duplicatingtheapplication
oneachnode[2, 3]. Everyframe,timeandinputdevicedata
are broadcastedto eachcopy to guarantydatacoherency.
Comparedto the previous approachthe requirednetwork
bandwidthis limited dueto thesmallamountof datacom-
municated,ensuringhigh performanceeven for real-time
applicationsmakingfrequentupdatesof thescene.

In this paper, we extendthis approachto turn a cluster
runningaVR systemoneachnodeinto asingleVR system
imagecluster. Our work is basedon the opensourceVR
Jugglerlibrary [1] thatdefinesa executionplatformfor vir-
tual reality applications.VR Jugglerprovidesan abstrac-
tion of the underlyingsystem,while giving direct access
to variousgraphicsAPI for maximumcontroloverapplica-
tions.Theapplicationis independentof thedisplays,thein-
put andoutputdevices.Systemcomponentsareconfigured
with asetof fileswhenlaunchingtheapplication.Currently
VR Jugglersupportsseveral architectureslike PCs,work-
stationsandOnyx systems,but it doesnot supportcluster
configurations.We developedNet Juggler, a C++ library
thatturnsa clusterrunningVR Juggleron eachnodeinto a
singleVR Jugglerimagecluster. NetJugglerdoesnotmod-
ify theVR JugglerAPI. Runninga VR Jugglerapplication
on a Net Jugglerclusteronly requiresto adapttheVR Jug-
gler configurationfiles to theclusterconfiguration.



2 Net Juggler

VR Juggler[1] is organizedarounda kernelanddiffer-
entcomponentscalledmanagers.Eachmanagerhandlesa
setof specificsystemdetails,while thekernelcontrolsthe
run-timesystemandbrokerscommunicationsbetweenthe
differentmanagers.Every input device is controlledby the
inputmanager. Whenanapplicationrequestsaccessto ade-
vice, it contactsa proxy. Theproxy hidestheactualdevice
and tracksthe most recentdatareceived from the device.
Thedraw managergivesdirectaccessto thegraphicsAPI.
The display managertakes careof the windows and dis-
plays. Theconfigurationmanagerhandlesa databasewith
configurationinformation, like window properties,proxy
namesandassociateddevices. The environmentmanager
is theuser’s entrypoint to exchangedatawith VR Juggler.
With thegraphicsutility calledVjControl, theusercanre-
configuretheapplicationatrun-timeor collectperformance
data.

Addingclustersupportto VR Jugglerrequiresnew func-
tionalities. Following VR Jugglermicro-kernelorganiza-
tion we implementednew managers.A Net Jugglerkernel
derivesfrom theVR Jugglerkernelto handlethem.

Net Jugglerhas to collect data from eachdevice and
broadcastthesedatato eachnodeof thecluster. VR Juggler
usesproxiesto hidesthe actualdevices. Net Jugglerre-
placestheseproxiesby client andserver proxies.Thenode
wherethedevice is connectedrunsaserverproxywhile the
nodesrequiringthedatarun a client proxy. Becauseprox-
iesprovide anabstractionof input devices,their numberis
limited andshouldnot increasesignificantlyin thefuture.

VR Jugglerinstantiatestheapplicationaccordingto the
executionenvironmentwith asetof configurationfilesor at
run-timefrom requestssentby theuserthroughVjControl.
Configurationdata are organizedin chunks, eachchunk
having informationabouta part of the system. The same
functionalitiesare available with Net Juggler. For a Net
Jugglercluster, chunkshaveto bemodifiedto includeahost
parameter. Thehostindicatesthenodethechunkis related
to. We alsodefineda new type of chunkfor client/server
proxy couples. In this case,the hostparameterhasa dif-
ferentsemantics:it pointsout thenodethat runstheserver
proxy, all the othernodeshaving a client proxy. On each
node,a clusterconfigurationmanagerstoresthe chunksin
a database.The whole clusterconfigurationis theneasily
availablefrom any nodeof the cluster. Eachnodeselects
the Net Jugglerchunksit is concernedwith andtranslates
theminto VR Jugglerchunksthat theVR Jugglerconfigu-
rationmanagerstoreslocally.

The classicalstreamparadigmis usedandextendedto
provide an abstractionof the actualdatacommunications.
Thereis onestreamby serverproxyandby clusterenviron-
mentserver. A streamis associatedto aspecificnodesource

andcanhaveseveraldestinationnodes.Eachstreamis iden-
tified by auniqueid andcanbecreated,deletedor modified
at run-time. Actual datacommunicationstake placeonly
onceper frame. The nodesalsoexecutea synchronization
barrierjust beforeswappingtheir framesbuffers to ensure
the consistency of the imagesdisplayed.Communications
areimplementedwith theMPI standard.

Testsshow Net Jugglerdoesno introducea significant
overhead(lessthan

���
of theoverall computationtime for

4 dualPentiumIII 800MHz nodesequippedwith GeForce
2 graphicscards,4 displaysanda100Mbits/sFastEthernet
network). Theoverheadintroducedby communicationsde-
pendsonthenumberof nodes,thenumberandtypeof input
devicesandtheir repartitionon thedifferentnodes,but not
on thecomplexity of thescene.Thus,generallytheamount
of datacommunicatedis smallevenfor fastchangingcom-
plex scenes.

3 Conclusion

In this paper, we presentedNet Juggler that provides
clustersupportfor VR Juggler. Applicationparallelization
is transparentto theuserandensureshighperformanceeven
for real-timeapplicationsmaking frequentupdatesof the
scene. Net Jugglerinstantiatesthe applicationaccording
to theexecutionenvironmentthrougha setof configuration
files or at run-timefrom requestssentby the userthrough
VjControl.

Theparallelizationschemeadoptedis basedon running
acopy of theapplicationoneachnode.Dataareduplicated
andsomecomputationsareredundant.For someapplica-
tionsthiscanbeamemoryandperformancebottleneckthat
wewill addressin futureworks.
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