Architectural Implications of a Family of Irregular ApplicationsDavid O�HallaronJonathan ShewchukThomas GrossSchool of Computer ScienceCarnegie Mellon Univ.droh@cs.cmu.eduwww.cs.cmu.edu/~droh/

The San Fernando Meshes7,29430,169378,7472,461,69435,025151,2392,067,73913,980,16244,922190,3772,509,06416,684,112nodeselementsedgessf10sf5sf2sf1

High-level SMVP performance modelPNIMnetworkinputlinkoutputlinkbandwidths measuredacross both linksTc : time per communicated word (inverse of sustained bandwidth)Tf : time per flop (inverse of sustained MFLOPS)F : number of flops per PECmax: maximum number of communicated words per PEE : efficiency E=FTfFTf+CmaxTc()() TSMVP=Tcomp+TcommTc=FCmax1-EE� Ł � ł Tf (1)

Low-level SMVP performance modelTSMVP=Tcomp+Tcomm£FTf+BmaxTl+CmaxTw()(2) Tc=TcommCmax£BmaxCmaxTl+TwTf : avg time per flop during comp phase (inv of sustained MFLOPS)Tc : avg time per communicated word during comm phase (inv of sustained bandwidth)Tl : block transfer latencyTw : avg time per additional block word (inv of burst bandwidth)Bmax : maximum blocks per PECmax : maximum number of communicated words per PE nnnnnnllllllsssssssf2/4sf2/8sf2/16sf2/32sf2/64sf2/128110100

1000Sustained bisection bandwidth (MB/s)SimulationnE=.9lE=.8sE=.5Sustained bisection bandwidthrequired for the sf2 SMVPTf = 5 ns (200 MFLOPS) nnnnnnllllllsssssssf2/4sf2/8sf2/16sf2/32sf2/64sf2/128110100

1000Sustained per-PE bandwidth (MB/s)SimulationnE=.9lE=.8sE=.5Sustained per-PE bandwidthrequired for the sf2 SMVPTf = 5 ns (200 MFLOPS)

051015202530050100150200250

300Block latency (us/block)Inverse burst bandwidth (ns/word)80 MB/s27 MB/s16 MB/sE=.5E=.8E=.9Burst bandwidth and latencytradeoffs for sf2/128�maximally aggregated blocks, Tf = 5ns (200 MFLOPS)

00.20.40.60.811.2050100150200250

300Block latency (us/block)Inverse burst bandwidth (ns/word)E=.5E=.8E=.980 MB/s27 MB/s16 MB/sBurst bandwidth and latencytradeoffs for the sf2/128 SMVP4-word block sizes, Tf = 5ns (200 MFLOPS) nnnnnnnnnnnnllllllllllllqqqqqqqqqqqqmmmmmmmmmmmm0.010.1110100100010000100010010

1half-bandwidth latency (us/block)half-bandwidth (MB/s)nE=.5, Tf=5lE=.5, Tf=10qE=.9, Tf=5mE=.9, Tf=10blocks as largeas possible4-wordblocks4 PEs8321664128Half-bandwidth and latenciesfor the sf2 SMVP