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Theobjectiveof our researchis to investigatewhetherit is possibleto constructa fast andin-

expensive parallelrenderingsystemleveragingtheaggregateperformanceof multiplecommodity

graphicsacceleratorsin PCsconnectedby asystemareanetwork.

We investigatea sort-firstapproach[1, 2, 3]. As shown in Figure1, our systemcomprisesof

a client PC,
�

servers PCs,anda display PCarrangedin a three-stagepipeline. During thefirst

stage,the client partitionsthe screeninto
�

tiles andassignseachof themto a differentserver.

Duringthenext stage,everyserver rendersall thegraphicsprimitivesat leastpartiallyoverlapping

its assignedtile from areplicatedscenedatabaseto form asubimageandsendstheresultingpixels

to the displayPC. Finally, the displayPC compositesall the subimagesin its framebuffer for

display.

The main challengeis to develop a dynamicscreenpartitioningalgorithmthat balancesthe

renderingload amongthe servers,minimizesoverheadsby reducingprimitive-tile overlaps,and

executesat interactiverates.

Ourmethodis basedonthemesh-basedadaptivedecomposition(MAHD) algorithmdescribed

by Mueller [2]. Sinceit is not possiblefor the client PC to transformandsort every graphics

primitive amongthe tiles, we groupprimitivesinto coarse-grainedobjects. The client partitions

thescreenbasedon thepredictedrenderingcostsof theseobjects,while theserversperformthe

detailedsortingfor eachimageusingtheboundingvolumehierarchyasthey renderobjects.The

key ideais that the client andserverssharethe costsof sortinggraphicsprimitivesamongtiles,

with themajorportionof thesortingdonein parallelby theservers.

To testthe effectivenessof our sort-firstapproach,we have implementeda prototypesystem
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usingaclusterof 18PentiumIII PCsequippedwith $250Hercules3D Prophetgraphicsaccelera-

tor cards.ThePCscommunicateovera Myrinet network, whichdeliversapproximately100MB/s

peakbandwidthwith 13� s one-way latency. Resultsfrom ourexperimentsshow thatit is possible

achieve goodspeedups(8.1) on a clusterwith up to 16 server PCs(SeeFigure2). Surprisingly,

the limited communicationperformanceof the PC clusteris not the majorbottleneck,but rather

traditionaloverheadsof parallelrenderinglimit thescalabilityof our system.In particular, client

processingtime grows linearly, server overheadsgrow linearly due to increasingprimitive-tile

overlaps,displayPCbandwidthbecomesabottleneckbeyond25framespersecond,andthemem-

ory capacityof eachserver limits thesizeof the3D model.Alleviatingtheselimitationsis a focus

for futureresearch.

Overall, we concludethat PC clustersprovide an attractive, lower-price alternative for high-

performancerendering. By building a working prototypesystem,we have demonstratedthat a

sort-firstalgorithmcanwork for moderatenumbersof processors,andthataPCclusterarchitecture

canbeaneffectiveway to combinemultiplegraphicsacceleratorstogether.
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Figure1: Systemarchitecture.
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Figure2: Timing resultsgatheredduringtestswith apolygonalmodelrepresentingaskull from the
Visible HumanProject(2,111objectsand355,511polygons).Theheightof eachbar represents
thetime(in milliseconds)takenby eachof our threepipelinestages.Serverbarsaresplit into two
parts: productive rendering(below) andoverheads(above). Speedupsareindicatedabove each
bar.
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