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The objective of ourresearchs to investigatewhetherit is possibleto constructa fast andin-
expensive parallelrenderingsystemleveragingthe aggrgateperformancef multiple commodity
graphicsacceleratorsn PCsconnectedy a systemareanetwork.

We investigatea sort-firstapproacHl, 2, 3]. As shavn in Figurel, our systemcomprisesof
aclient PC, P servers PCs,anda display PC arrangedn a three-staggipeline. During thefirst
stagethe client partitionsthe screeninto P tiles andassignseachof themto a differentsener.
Duringthenext stagegvery senerrendersll thegraphicsprimitivesatleastpartially overlapping
its assignedile from areplicatedscenadatabaséo form asubimagendsendgheresultingpixels
to the display PC. Finally, the display PC compositesall the subimagesn its frame buffer for
display

The main challengeis to develop a dynamicscreenpartitioning algorithmthat balanceghe
renderingload amongthe seners, minimizesoverheadsy reducingprimitive-tile overlaps,and
executesatinteractve rates.

Ourmethodis basednthemesh-baseddaptve decompositiofMAHD) algorithmdescribed
by Mueller [2]. Sinceit is not possiblefor the client PC to transformand sort every graphics
primitive amongthe tiles, we group primitivesinto coarse-grainedbjects. The client partitions
the screerbasedon the predictedrenderingcostsof theseobjects,while the senersperformthe
detailedsortingfor eachimageusingthe boundingvolumehierarchyasthey renderobjects.The
key ideais thatthe client and senerssharethe costsof sortinggraphicsprimitivesamongtiles,
with the majorportionof thesortingdonein parallelby theseners.

To testthe effectivenesof our sort-firstapproachwe have implementeda prototypesystem



usinga clusterof 18 Pentiumlll PCsequippedvith $250Hercules3D Prophefgraphicsaccelera-
tor cards.The PCscommunicatever a Myrinet network, which deliversapproximatelylOOMB/s
peakbandwidthwith 13us one-way lateng. Resultsfrom our experimentsshow thatit is possible
achieze goodspeedup$8.1) on a clusterwith up to 16 sener PCs(SeeFigure2). Surprisingly
the limited communicatiorperformanceof the PC clusteris not the major bottleneck but rather
traditionaloverhead®f parallelrenderingiimit the scalabilityof our system.In particular client
processingime grows linearly, sener overheadsgyrow linearly dueto increasingprimitive-tile
overlapsdisplayPCbandwidthbecomes bottleneckoeyond 25 framespersecondandthemem-
ory capacityof eachsenerlimits the sizeof the3D model. Alleviating thesdimitationsis afocus
for futureresearch.

Overall, we concludethat PC clustersprovide an attractve, lower-price alternatve for high-
performanceendering. By building a working prototypesystem,we have demonstratedhat a
sort-firstalgorithmcanwork for moderatenumbersof processorsndthata PCclusterarchitecture

canbeaneffective way to combinemultiple graphicsacceleratorsogether
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Figurel: Systemarchitecture.
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Figure2: Timing resultsgatheredluringtestswith apolygonalmodelrepresenting skull from the
Visible HumanProject(2,1110bjectsand 355,51 1polygons). The heightof eachbarrepresents
thetime (in milliseconds)}akenby eachof ourthreepipelinestagesSener barsaresplit into two
parts: productve rendering(belon) andoverheadgabove). Speedupsreindicatedaborve each
bar.



