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TSUBAME2.0ɖ8GPU����������	���Ƌċɖ
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Fast Multipole Method (FMM)ɗµüȰş�ɖN�������������������Ȱ2010¥ɖGordon Bell 
peak performanceƣ���������������������������Ȱ�ƋċGPUʀʂʊʠdȿɔǋľɂ
ɨɊExaFMMʦɯʘʦʧɫĹȷɏ 40963Ƌċɖ
ĠƏþɫƁɍɊ����Ȱ�lɖƏþɔĹȷɊFMMɗ 2010¥ɖ 
Gordon Bell peak performanceɖFMMɑɗĽɓɦȰTreecodeɑFMM�������������	��uɖÆěɔ
ɓɍɏȷɧȱɁɨɔɤɦȰGPU��ǣȷFlops�?ɧ treecode�����������
�	�����FMM��ĴɃ
ɊȱTSUBAME2.0ɖʗʨʐʮʍɔȺȿɧ�äɐɗ 4096 GPUɫĹȷɊƐŚɔȺȷɏ74%ɖ�BPMĲɫ¶ɊȱɟɊȰɁ
ɖɑȽɖĩŚ¼ŷɗ 1.01PFlopsɐȶɦȰFMMɖĩŚ¼ŷɑɃɏɗ�ĻâƑǇɐȶɍɊȱ 
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ȒǯȓǤȅǫǤȐȢȞȢȞȔȩȔǩǤȃǫǤȁȦȔȞȧȤȔǩǤǹǫǤȌȡȢǩǤȋǫǤȁȥțȜțȔȤȔǩǤȔȡȗǤȐǫǤ

ȃȔȡȘȗȔǷǤ ǮǳǫǱǪȋșȟȢȣȥǤ ǼȜȤȘȖȦǤ ȆȧȠȘȤȜȖȔȟǤ ȊȜȠȧȟȔȦȜȢȡǤ ȢșǤ

ȋȧȤȕȧȟȘȡȖȘǤȕȫǤȔǤǾȢȧȤȜȘȤǤȊȣȘȖȦȤȔȟǤȅȘȦțȢȗǤȢȡǤȦțȘǤǽȔȤȦțǤ
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ȎȔȥțȜȡȚȦȢȡǤǼǻǩǤȣȣǫǤǲǭǪǳǳǤǦǯǭǭǯǧǤ

ȒǰȓǤ ȋǫǤ ȁȥțȜțȔȤȔǩǤ ȋǫǩǤ ǿȢȦȢțǩǤ ȔȡȗǤ ȐǫǤ ȃȔȡȘȗȔǷǤ ȊȦȧȗȫǤ ȢșǤ

ȀȜȚțǪȉȘȫȡȢȟȗȥǤȆȧȠȕȘȤǤȁȥȢȦȤȢȣȜȖǤȋȧȤȕȧȟȘȡȖȘǤȕȫǤǼȜȤȘȖȦǤ
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ȣȣǫǤǮǳǲǪǮǵǭǤǦǯǭǭǶǧǤ
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ȒǲȓǤ ȉǫǤ ȐȢȞȢȦȔǩǤ ȋǫǤ ȃǫǤ ȊțȘȘȟǩǤ ȔȡȗǤ ȊǫǤ ȇȕȜǷǤ ǻȔȟȖȧȟȔȦȜȢȡǤ ȢșǤ
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ȒǳȓǤ ȀǫǤ ǻțȘȡȚǩǤ ȄǫǤ ǿȤȘȘȡȚȔȤȗǩǤ ȔȡȗǤ ȍǫǤ ȉȢȞțȟȜȡǷǤ ǹǤ ǾȔȥȦǤ
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ȒǵȓǤȂǫǤȈǫǤȊȜȡȚțǩǤǻǫǤȀȢȟȦǩǤȂǫǤȄǫǤȀȘȡȡȘȥȥȫǩǤȔȡȗǤǹǫǤǿȧȣȦȔǷǤǹǤ
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ȒǶȓǤ ȅǫǤ ȊǫǤ ȎȔȤȤȘȡǤ ȔȡȗǤ ȂǫǤ ȃǫǤ ȊȔȟȠȢȡǷǤ ǹǤ ȈȔȤȔȟȟȘȟǤ ȀȔȥțȘȗǤ
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ȒǮǭȓǤ ȊǫǪȀǫǤ ȋȘȡȚǫǤ ȈȤȢȨȔȕȟȫǤ ǿȢȢȗǤ ȈȔȤȦȜȦȜȢȡȜȡȚǤ ȔȡȗǤ ȄȢȔȗǤ

ǺȔȟȔȡȖȜȡȚǤ ǹȟȚȢȤȜȦțȠȥǤ șȢȤǤ ȈȔȤȔȟȟȘȟǤ ǹȗȔȣȦȜȨȘǤ ȆǪȕȢȗȫǤ
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ǦǮǶǶǵǧǤ

ȒǮǮȓǤ ȋǫǤ ȀȔȠȔȗȔǩǤ ȃǫǤ ȆȜȦȔȗȢȤȜǩǤ ȃǫǤ ǺȘȡȞȤȜȗǩǤ ȐǫǤ ȇțȡȢǩǤ ǿǫǤ

ȅȢȤȜȠȢȦȢǩǤ ȋǫǤȅȔȥȔȗȔǩǤ ȐǫǤ ȊțȜȕȔȦȔǩǤ ȃǫǤȇȚȧȤȜǩǤ ȔȡȗǤȅǫǤ
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ǽșșȘȖȦȜȨȘǩǤ ȀȜȚțǤ ȈȘȤșȢȤȠȔȡȖȘǤ ȆǪȕȢȗȫǤ ȊȜȠȧȟȔȦȜȢȡǩǤ
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ȒǮǰȓǤȎǫǤǼȘțȡȘȡǷǤ ǹǤȀȜȘȤȔȤȖțȜȖȔȟǤȇǦȆǧǤ ǾȢȤȖȘǤǻȔȟȖȧȟȔȦȜȢȡǤ
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ȒǮǱȓǤ ȉǫǤ ȐȢȞȢȦȔǤ ȔȡȗǤ ȄǫǤ ǹǫǤ ǺȔȤȕȔǷǤ ȋȤȘȘȖȢȗȘǤ ȔȡȗǤ ǾȔȥȦǤ

ȅȧȟȦȜȣȢȟȘǤȅȘȦțȢȗǤ șȢȤǤȆǪȕȢȗȫǤȊȜȠȧȟȔȦȜȢȡǤȩȜȦțǤǻȌǼǹǩǤ
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ȒǮǲȓǤ ȉǫǤ ȐȢȞȢȦȔǤ ȔȡȗǤ ȄǫǤ ǹǫǤ ǺȔȤȕȔǷǤ ȀȜȘȤȔȤȖțȜȖȔȟǤ ȆǪȕȢȗȫǤ

ȊȜȠȧȟȔȦȜȢȡȥǤȩȜȦțǤǹȧȦȢǪȦȧȡȜȡȚǤșȢȤǤȀȘȦȘȤȢȚȘȡȢȧȥǤȊȫȥȦȘȠȥǫǤ
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ȒǮǳȓǤȉǫǤȐȢȞȢȦȔǩǤȋǫǤȆȔȤȧȠȜǩǤȉǫǤȊȔȞȔȠȔȞȜǩǤȊǫǤȃȔȠȘȢȞȔǩǤȊǫǤ

ȇȕȜǩǤ ȔȡȗǤ ȃǫǤ ȐȔȥȧȢȞȔǷǤ ǾȔȥȦǤ ȅȧȟȦȜȣȢȟȘǤ ȅȘȦțȢȗȥǤ ȢȡǤ ȔǤ

ǻȟȧȥȦȘȤǤ ȢșǤ ǿȈȌȥǤ șȢȤǤ ȦțȘǤ ȅȘȥțȟȘȥȥǤ ȊȜȠȧȟȔȦȜȢȡǤ ȢșǤ
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