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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 nodeinto a single VR Juggler image cluster. Appli-
cation parallelization istransparent to the user and leadsto
high performance executions even with limited bandwidth
networks.

1 Introduction

Todayss virtual reality environmentsare mainly driven
by high-end proprietary computers,like SGI Onyx sys-
tems, but high performancecommodity componentsare
alsoavailableto build clustersthatcouldprovidetheneces-
sarycomputationpower. Neverthelessto usea PC cluster
with loosely coupledprocessorsand graphicscardsfaces
several limitations. Dataand computationgnustbe care-
fully distributedon the differentnodesto ensurecommuni-
cationsstay below the capacityof the network. Computa-
tionsmustbesynchronizedo ensurghedifferentprojectors
displaycomplementaryartsof alargeimage. Thesetasks
shouldnot betheresponsibilityof the programmerParallel
programmingis time consumingand divertsthe program-
mer from its main goal, which is to developinnovative in-
teractive graphicsapplications.Thus,usingPC clustersfor
virtual reality requiregprogrammingervironmentshathide
the compleity of the underlyingarchitectureand provide
automaticandefficient parallelizationschemes.

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

interceptecandbroadcastetb eachnodecontrollinga dis-
play. Thesenodesrenderthe sceneaccordingto their local
viewport. Theamountof datato sendoverthe network can
be important,limiting the performance.The WireGL pro-
tocol [4] integratescachingand compressioriechniquego
reducethe network bottleneck. But thesetechniqueshave
limiting effect for real-timeapplicationswith frequentup-
datesof thescene.

An otherapproacltonsistsn duplicatingtheapplication
oneachnode[2, 3]. Everyframe timeandinputdevicedata
are broadcastedo eachcopy to guarantydatacohereny.
Comparedto the previous approachthe requirednetwork
bandwidthis limited dueto the smallamountof datacom-
municated,ensuringhigh performanceaven for real-time
applicationamakingfrequentupdateof the scene.

In this paper we extendthis approachto turn a cluster
runninga VR systenmon eachnodeinto asingleVR system
imagecluster Our work is basedon the opensourceVR
Juggledibrary [1] thatdefinesa executionplatformfor vir-
tual reality applications. VR Jugglerprovidesan abstrac-
tion of the underlying system,while giving direct access
to variousgraphicsAPI for maximumcontrolover applica-
tions. Theapplicationis independentf thedisplays thein-
putandoutputdevices. Systemcomponentsreconfigured
with asetof fileswhenlaunchingtheapplication.Currently
VR Jugglersupportsseveral architecturesike PCs,work-
stationsand Onyx systemsjut it doesnot supportcluster
configurations. We developedNet Juggler a C++ library
thatturnsa clusterrunningVR Juggleron eachnodeinto a
singleVR Jugglerimagecluster NetJugglerdoesnotmod-
ify the VR JugglerAPI. Runninga VR Jugglerapplication
on aNetJugglerclusteronly requiresto adaptthe VR Jug-
gler configuratiorfiles to the clusterconfiguration.



2 Net Juggler

VR Juggler[1] is organizedarounda kernelanddiffer-
entcomponentgalledmanagersEachmanagethandlesa
setof specificsystemdetails,while the kernelcontrolsthe
run-time systemand brokerscommunicationdetweenthe
differentmanagersEvery input device is controlledby the
inputmanagerWhenanapplicationrequestsaccesso ade-
vice, it contactsa proxy. The proxy hidesthe actualdevice
andtracksthe mostrecentdatareceved from the device.
The drav managegivesdirectaccesdo the graphicsAPI.
The display managertakes care of the windows and dis-
plays. The configurationmanagethandlesa databasevith
configurationinformation, like window properties,proxy
namesand associatedlevices. The ervironmentmanager
is the users entry point to exchangedatawith VR Juggler
With the graphicsutility calledVjControl, theusercanre-
configuretheapplicationatrun-timeor collectperformance
data.

Adding clustersupportto VR Jugglerequiresnew func-
tionalities. Following VR Jugglermicro-kernel organiza-
tion we implementechev managersA Net Jugglerkernel
derivesfrom the VR Jugglerkernelto handlethem.

Net Jugglerhasto collect datafrom eachdevice and
broadcasthesedatato eachnodeof thecluster VR Juggler
usesproxiesto hidesthe actualdevices. Net Jugglerre-
placestheseproxiesby clientandsener proxies. Thenode
wherethe deviceis connectedunsasener proxy while the
nodesrequiringthe datarun a client proxy. Becauseorox-
ies provide an abstractiorof input devices,their numberis
limited andshouldnotincreasesignificantlyin the future.

VR Jugglerinstantiateghe applicationaccordingto the
executionervironmentwith asetof configuratiorfiles or at
run-timefrom requestsentby the userthroughVjControl.
Configurationdata are organizedin chunks, each chunk
having information abouta part of the system. The same
functionalitiesare available with Net Juggler For a Net
Jugglercluster chunkshave to bemodifiedto includeahost
parameterThe hostindicatesthe nodethe chunkis related
to. We alsodefineda new type of chunkfor client/sener
proxy couples. In this case,the hostparametehasa dif-
ferentsemanticsit pointsout the nodethatrunsthe sener
proxy, all the other nodeshaving a client proxy. On each
node,a clusterconfigurationmanagesstoresthe chunksin
a database.The whole clusterconfigurationis then easily
availablefrom ary nodeof the cluster Eachnodeselects
the Net Jugglerchunksit is concernedvith andtranslates
theminto VR Jugglerchunksthatthe VR Jugglerconfigu-
rationmanagestoredocally.

The classicalstreamparadigmis usedand extendedto

provide an abstractiorof the actualdatacommunications.

Thereis onestreamby sener proxy andby clustererviron-
mentsener. A streams associatetb aspecificnodesource

andcanhave severaldestinatiomodes Eachstreanis iden-
tified by auniqueid andcanbecreateddeletedor modified
at run-time. Actual datacommunicationgake placeonly
onceperframe. The nodesalsoexecutea synchronization
barrierjust beforeswappingtheir framesbuffersto ensure
the consisteng of theimagesdisplayed. Communications
areimplementedvith the MPI standard.

Testsshav Net Jugglerdoesno introducea significant
overheadlessthan4% of the overall computatiortime for
4 dual Pentiumlll 800 MHz nodesequippedwith GeForce
2 graphicscards 4 displaysanda 100 Mbits/sFastEthernet
network). Theoverheadntroducedoy communicationsle-
pendsonthenumberof nodesthenumberandtypeof input
devicesandtheir repartitionon the differentnodes but not
onthecompleity of the scene Thus,generallytheamount
of datacommunicateds smallevenfor fastchangingcom-
plex scenes.

3 Conclusion

In this paper we presented\et Jugglerthat provides
clustersupportfor VR Juggler Application parallelization
is transparento theuserandensure$igh performanceven
for real-time applicationsmaking frequentupdatesof the
scene. Net Jugglerinstantiateshe applicationaccording
to the executionenvironmentthrougha setof configuration
files or at run-time from requestssentby the userthrough
VjControl.

The parallelizationschemeadopteds basedon running
acopy of theapplicationon eachnode.Dataareduplicated
and somecomputationsare redundant.For someapplica-
tionsthis canbeamemoryandperformancéottleneckhat
wewill addressn futureworks.

References

[1] A. Bierbaum,C. Just,P. Hartling, K. Meinert, A. Baker, and
C. Cruz-Neira. VR Juggler: A Virtual Platformfor Virtual
Reality Application Development. In |EEE VR 2001, Yoko-
hama,JJapanMarch2001.

[2] M. Bues,R. Blach, S. Stggmaier U. Hafner H. Hoffmann,
and F. Haselbeger Towardsa ScalableHigh Performance
Application Platformfor Immersve Virtual Environements.
In J. D. B. Frohlich and H.-J. Bullinger, editors, Immer-
sive Projection Technology and Virtual Environements 2001,
pagesl65-174 Stuttgart,Germary, May 2001.Springer

[3] H. Chen, Y. Chen, A. Finkelstein, T. FunkhouserK. Li,
Z. Liu, R. SamantaandG. Wallace.DataDistribution Strate-
giesfor High-ResolutionDisplays. Computers & Graphics,
Soecial Issue on Mixed Realities, 2001.

[4] G. Humphrgs, M. Eldridge, |. Buck, G. Stoll, M. Everett,
andP. Hanrahan.WireGL: A ScalableGraphicsSystemfor
Clusters.In Proceedings of SGGRAPH 2001, 2001.



