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Currentscalabléhigh-performancgraphicssystemsareeithercon-

structedusing specialpurposegraphicsacceleratiorhardware or

built as a clusterof commodity componentswvith a software in-

frastructurehatexploits multiple graphicscardsfHumphre/s etal.

2002]. Both thesesolutionsareusedin applicationdomainswhere
computationatiemandcannotemetby asinglecommoditygraph-
ics carde.g., large-scalescienti ¢ visualisation. The former ap-
proachtendsto provide the highestperformancebut is expensve

becauseét requiresfrequentredesigrof the specialpurposegraph-
ics acceleratiorhardwarein orderto maintaina performancead-
vantageover the commoditygraphicshardwareusedin the cluster
approachThelatterapproachwhile moreaffordableandscalable,
hasintrinsic performancelravbacksdueto computationallyexpen-
sive communicatiorbetweertheindividual graphicsipelines.

Figurel: The rst prototypeof the custom-hilt high-performance
graphicsclusternode.The gure shavs how acommoditygraphics
cardinterfacesthe clusternode. It alsodepictsthe four SCl cables
thatshouldinterconnecthe custom-liilt GPUinterfaceboardsand

thePCclustervia a 2D torustopology

In this sketch we proposea scalabletightly coupled cluster of

custom-hiilt boardsthat provide an AGP interfacefor commodity
graphicsacceleratorsThis hybrid solutionaimsto bridgethe gap
betweerboth of the currentsolutions,offering a minimal custom-
built hardwarecomponentogethewith anovel andef cient shared
memoryinfrastructurethat exploits cutting-edgeconsumeigraph-
ics hardware. The boardsare suppliedwith renderinginstructions
by a clusterof commodityPCsthat executeOpenGLgraphicsap-
plications.All the commodityPCsandcustom-hiilt boardsarein-

terconnectedavith animplementatiorof the [IEEE 1596-1992Scal-
able Coherentinterface(SCI) standard.This technologyprovides
the systemwith a high bandwidth Jow lateng, pointto pointinter

connect. Our designallows for the implementatiorof a 2D torus
topologywith good scalability propertiesand excellent suitability
for parallel rendering. Most importantly the interconnectimple-
mentsa Distributed SharedMemory (DSM) architecturein hard-
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ware. Figure 2 shavs how local memorieson the custom-loilt
boardsandthe PCsbecomepartof the systemwide DSM through
the SCI interconnect. Figure 2 also depictsField Programmable
Gate Arrays (FPGAs)on the custom-hiilt boards. Theserecon-
gurable componentsassistthe SCI implementationand provide
substantiahdditionalcomputationatesourceshatmay be usedto
controlthe commoditygraphicsacceleratorandto performoper
ationsassociatedvith a parallelrenderinginfrastructure.Beyond
the previously mentionedapplicationof the FPGAswe ervision
other graphicsapplicationrelated computatione.g., ray tracing.
Theserecon gurablecomponentareanintegral partof thescalable
shared-memorgraphicsclusterandconsequentlyncreasehepro-
grammabilityof the parallelrenderingsystemjjust like vertex and
pixel shadersncreasedhe programmabilityof graphicspipelines.
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In this sketch,we describethe designof a tightly coupledscalable
Non-UniformMemoryAccess(NUMA) architectureof distributed
FPGAs,GPUsandmemorythatmaybe constructedvith a limited

amountof custom-lilt hardware. A rst prototypeof the custom-
built boards,seenin Figure 1, was manufcturedandis currently
dehugged. A secondrevision will resolhe outstandingoroblems.
We expectthat this hardware DSM clustercommunicatesiataat

500Mbytes/swith low latencies(< 1.5 ns). This hardreal-time
capableparallelrenderingclusterwill be connectedvith the same
high speedinterconnecto a commodity PC clusterthat will exe-

cutethegraphicsapplication.We have introducedthis novel archi-
tectureand estimate basedon the agumentspresentedthat this
solutioncould out-performpurecommodityimplementationsvith-

outincreasedardwarecostandyet maintainits adaptabilityto the
mostrecentgeneratiorof commoditygraphicsacceleratorandtar

getapplications.Later prototypeswill incorporatePCl Expresso

be compatiblewith thelatestcommaoditygraphicsaccelerators.
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