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Currentscalablehigh-performancegraphicssystemsareeithercon-
structedusing specialpurposegraphicsaccelerationhardware or
built as a clusterof commoditycomponentswith a software in-
frastructurethatexploitsmultiplegraphicscards[Humphreysetal.
2002]. Both thesesolutionsareusedin applicationdomainswhere
computationaldemandcannotbemetby asinglecommoditygraph-
ics card e.g., large-scalescienti�c visualisation. The former ap-
proachtendsto provide the highestperformancebut is expensive
becauseit requiresfrequentredesignof thespecialpurposegraph-
ics accelerationhardware in order to maintaina performancead-
vantageover thecommoditygraphicshardwareusedin thecluster
approach.Thelatterapproach,while moreaffordableandscalable,
hasintrinsicperformancedrawbacksdueto computationallyexpen-
sivecommunicationbetweentheindividualgraphicspipelines.

Figure1: The�rst prototypeof thecustom-built high-performance
graphicsclusternode.The�gure showshow acommoditygraphics
cardinterfacestheclusternode.It alsodepictsthefour SCI cables
thatshouldinterconnectthecustom-built GPUinterfaceboardsand
thePCclustervia a2D torustopology.

In this sketch we proposea scalabletightly coupledcluster of
custom-built boardsthatprovide anAGPinterfacefor commodity
graphicsaccelerators.This hybrid solutionaimsto bridgethegap
betweenbothof thecurrentsolutions,offering a minimal custom-
built hardwarecomponenttogetherwith anovel andef�cient shared
memoryinfrastructurethat exploits cutting-edgeconsumergraph-
ics hardware. Theboardsaresuppliedwith renderinginstructions
by a clusterof commodityPCsthatexecuteOpenGLgraphicsap-
plications.All thecommodityPCsandcustom-built boardsarein-
terconnectedwith animplementationof theIEEE 1596-1992Scal-
ableCoherentInterface(SCI) standard.This technologyprovides
thesystemwith ahighbandwidth,low latency, point to point inter-
connect.Our designallows for the implementationof a 2D torus
topologywith goodscalabilitypropertiesandexcellentsuitability
for parallel rendering. Most importantly the interconnectimple-
mentsa DistributedSharedMemory (DSM) architecturein hard-
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ware. Figure 2 shows how local memorieson the custom-built
boardsandthePCsbecomepartof thesystemwide DSM through
the SCI interconnect. Figure 2 also depictsField Programmable
GateArrays (FPGAs)on the custom-built boards. Theserecon-
�gurable componentsassistthe SCI implementationand provide
substantialadditionalcomputationalresourcesthatmaybeusedto
control thecommoditygraphicsacceleratorsandto performoper-
ationsassociatedwith a parallelrenderinginfrastructure.Beyond
the previously mentionedapplicationof the FPGAswe envision
other graphicsapplicationrelatedcomputatione.g., ray tracing.
Theserecon�gurablecomponentsareanintegralpartof thescalable
shared-memorygraphicsclusterandconsequentlyincreasethepro-
grammabilityof theparallelrenderingsystem,just like vertex and
pixel shadersincreasedtheprogrammabilityof graphicspipelines.
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Figure2: Sharedmemorysystem.

In this sketch,we describethedesignof a tightly coupledscalable
Non-UniformMemoryAccess(NUMA) architectureof distributed
FPGAs,GPUsandmemorythatmaybeconstructedwith a limited
amountof custom-built hardware.A �rst prototypeof thecustom-
built boards,seenin Figure1, wasmanufacturedandis currently
debugged. A secondrevision will resolve outstandingproblems.
We expect that this hardwareDSM clustercommunicatesdataat
500Mbytes/swith low latencies(< 1.5 ms). This hard real-time
capableparallelrenderingclusterwill beconnectedwith thesame
high speedinterconnectto a commodityPC clusterthat will exe-
cutethegraphicsapplication.We have introducedthis novel archi-
tectureand estimate,basedon the argumentspresented,that this
solutioncouldout-performpurecommodityimplementationswith-
out increasedhardwarecostandyet maintainits adaptabilityto the
mostrecentgenerationof commoditygraphicsacceleratorsandtar-
getapplications.Laterprototypeswill incorporatePCI Expressto
becompatiblewith thelatestcommoditygraphicsaccelerators.
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