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�ľǺ1!GF�ƀĈw�dy�ƗɛLBMɜ7û
ŸƵ3ȵÃ6ȁǏL�X�]{�Úǘ0�F*@

4GPUIƱ�*ĄǼƉȁǏ4Ĕ#/ȳ#/�F�



ĊɄĄǼƉŃüûƶ¼åÆƱ�¼åƽǉœƢ ĥŉ 25ĦĪ¼åƽǉ Ųǚüéű 2014Ħ 5ų 

2 

#�#� G=0ĩ�¨HG/�*�ƚ6ÐƵ\

yX��\S�}f�7�Ƒ\ecsĩ�Ǒñ0
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� Ÿƽǉ07�Ż�ĞƃĄĊ6\�n�W�p�

�a�0�F TSUBAME IƱ�/ȽƴIǱ��
ƽǉIȬ@F4�*E�ƀĈw�dy�ƗIƱ�

*ĄǼƉƚ¦�ƆȪȫŉŋƗ6Ƚƴ7�ȁǏƋǄ

Ċ�C:ĄǼƉ GPUȁǏ6ĕȼď(ɌŶ��ĝȡ)
1��ƚǿŽŋƗ6ĕȼď(Ęž�Ęȹē)6¼å
ƽǉ4C,/3!GF�ŸȌɕ6ƚ¦�ƆȪ6ȫ

ŉǿŽŋƗ7�Ż�ĞƃĄĊ0Ƚƴ!G�Ż�Ğ

ƃĄĊ�ĊǲóɄŃü^�a�6ĥŉ 24ĦĪǃŵ
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4Ĕ%Fb��j�UIǱ��s�U�{6ɚȩ

ɚǕĪÓIòF�ȁǏǜſ6ßǽÓ�C:f�a

ÁƮ7��ĝȡ6Yx�g6�0Ęȹē�Ǳ��

ǜſ4Ĕ%FǨĒ7ɌŶ1Ęž�Ǳ��ĹDG*

ǜſ6»ǵ7�0�FɀEN�nTgqKTa�

6ɚ�ȍŦȇ;6ŎǇIƷŖ%� 
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ƽǉ0Ɔǒ!G/�E��Ȃ6ƽǉ4\{�]4
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ɛɟɜ¼åƽǉÃȹ  
� Ÿƽǉ6¼åƽǉÃȹ7�ȕĄǼƉţ°ȁǏǖ

ĿƱÃȹ�0�F�ɚǕĪ3ƚ¦ƆȪȫŉǿŽI

ĎŪ%F*@47ă�6ȁǏȓƞ1ȁǏŮȾ�ľ

Ǻ13E�\�n�W�p��a�4CFĄǼƉ

ȁǏ�ľɓ0�F�TSUBAME 2.56 GPUIÆ
Ʊ#*�ÄȁǏIǱ��0�ɞGPU�*Eɞ×�

ƀĈƢ��6ȁǏ�ɚȩ4ĎǱßǩ0�E��Ä

ȁǏIǱ��0ţÖ·ƀĈƢ��6ƚ¦ǿŽ�Ď

Ƭ0�F� 
ɛɠɜı»Ñø¼åƽǉ3D071���ɒ

32  
� ĊɄĄǼƉŃüûƶ¼åÆƱ�¼åƽǉœƢ6

»ÑøƽǉȌɕ4CE�Ż�ĞƃĄĊ6\�n�

W�p��a�6 GPU IƱ�ĄǼƉȁǏIĎŪ
%FƋ¢�ĹDG*� 
�

�� ,-!%�1.���0)�2!(&�
����,-!%�1.�
��

(1-1) ƀĈw�dy�Ɨ  
� LBM 7ȫǞ¦1#/Ȃȥ!GFƚ¦4Ĕ#�
ɉŢÓ#*ǊȾƀĈ�I�Ȭ�ǳǋ%F ńƵ3

ǓĈ6ɇäɛȩĪÃĢȿţɜ1 č#�ƀĈ�6

ǓĈ6ȩĪÃĢȿţ4-�/ŮȾƴěIǿ�ţ°

ȁǏŋƗ0�F�ǊȾ7ǎȾɃ6ƀĈ4C,/ɉ

ŢÓ!G�ǓĈ7�ȬȯÐ4CE 1 aN{\ec
sķ4ɆŚ%FƀĈƢ�4¤ǥ%FC�3ȩĪ6

>Iŕ-*@�ǷȾ324CFɉŢÓȊĠIè=

3�� yT�3ŔŢȰǆBôÍÒȷ4ĔĿ%Fǳ
ǋȰǆ7�BGK }f�IƱ��ǓĈÃĢ�Ú�
ŮȾ0ĚŊĥǴƨņ;1ǡë%F1 č%F� 

 0�ŮÉ t�¤ǥ x 4��/�ȩĪ ci 4ĔĿ
%FǓĈ6ÃĢȿţ f i (x, t) 6ŮȾƴě7��6
Ĭ0ǵ!GF� 

fi(x + ci�t, t + �t) =

fi(x, t)� 1
�

(fi(x, t)� feq
i (x, t)) + Fi(x, t).(1)  

∆t 7ŮȾÉ>�t 7ǡëŮȾ«ţ�f ieq (x, t) 7
ĚŊĥǴƨņ4��FȩĪÃĢ0�F�ɉŢƵǓ

ĈȩĪ4 3 ƍ¸ 19 ȩĪɛD3Q19ɜ6}f�6
ýä�ǓĈȩĪ ci 7��6Ƈ4ǵ!GF� 

ci =

�
�

�

(0, 0, 0) i = 0,
(±c, 0, 0), (0,±c, 0), (0, 0,±c) i = 1-6,
(±c,±c, 0), (±c, 0,±c), (0,±c,±c) i = 7-18.(2)  

=*�ĥǴÃĢȿţ7��6Ĭ0ǵ!GF� 
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feq
i = wi�

�
1 +

3ci · u

c2
+

9(ci · u)2

2c4
� 3u2

2c2

�

� (3)  

r 7đĪ�u 7ȩĪ0�F�D3Q19 }f�6ȸ
>«ţ wi 7��6ȨE0�F� 

wi =

�
�

�

1/3 i = 0,
1/18 i = 1-6,
1/36 i = 7-18.         (4)  

ǳǋȰǆ06ǡëŮȾ τ 7Ðǔł«ţIƱ�/
��6Ĭ0ǵ!GF� 

� =
1
2

+
3�

c2�t
.
             (5)  

� ƥ¦þƲ6��ũ1#/�ǓĈI�ȬȯÐ6Â

ƴƢ4Ș5Ȥ% Bounce-BackɛBBɜ þƲŹ¡B�
ǷȾȿţIƱ�F�0ɚƍǕĪÓ#* þƲŹ¡�
ƀĈƢ�4��DGFƥ¦Í4CEþƲIǵƬ%

F Immersed Boundary MethodɛIBMɜ32�
Ʊ�DG/�F�Ÿƽǉ07�|}�ÛƤ6ĚŊ

ł�ǭ�ɚȩ4ȁǏIǱ���ßǩ3ǷȾȿţI

Ʊ�* BB þƲŹ¡IřƱ#/�F� 

(1-2) ƀĈw�dy�4Ĕ%F��[Pf
M�Zz���Z��6�ƚ}f�  

� LES 7ƀĈ0ǿ¶0�FƥƮȺɛGS:grid 
scaleɜ4Ĕ#/ƸŚȁǏIǱ��ƀĈǿ¶Ī��
6ŉÃ4Ĕ#/7YrU�ch�\V��

ɛSGS:sub-grid scaleɜ}f�4CE}f�ÓI
Ǳ��Ɯǔł4û.�* SGS }f�07�SGS 
āÐ6Ïſ�ÃĈǔł1åƇ4§Ʊ%F1 č#�

Ɯǔł νSGS Iė¹%F� 
�SGS = C�̄2

��S̄
��             (6)  

  0 C 7}f�«ţ�  7qM�a�Ĥ0�

E�9&>ȩĪe�`� Sij��C:9&>ȩĪe

�`�6İ! |S| 7� 

S̄ij =
1
2

�
�uj

�xi
+

�ui

�xj

�
,

��S̄
�� =

�
2S̄ij S̄ij .

 (7)  

1čǦ!GF� 

(1-2-a) ÐƵ\yX��\S�}f�  

� \yX��\S�}f�7}f�«ţIčţ1

#**@�SGSĿÍ�ģ4ŢȭƵ4µ�ċč4ȁ
ǏIǱ� 1�0�FÆƢ��F��}f�«ţ

6Ɩč4ǛəƵ3Ƽȏ�ľǺ3 1B�ǹɈƥ¦

4Ĕ#/Ǝǀ3ƜǔłIė¹0�3�326ƌƢ

��F�ÐƵ\yX��\S�}f�ɛDSMɜ7
}f�«ţIƚGý�DÐƵ4ƕ@F 10(G

D6ìɕƢIǿƖ#/�F�DSM 7qM�a�
Ó!G*ȩĪý4Ĕ#/�Ű4e\gqM�a�

I��F�0}f�«ţIƖč#/�F�DSM 
6ìɕƢ1#/�}f�«ţ6ɍƥƮƵ3°Iï

ȴ%F*@6T�cp�UŠ§B�}f�«ţI

Ɩč%F*@4ãƀĈƢ0ĩɔú6ĥöŠ§�ľ

Ǻ43E�ĄǼƉȁǏ47Ƅ@/�ç�0�F� 

(1-2-b) Wo���gƆȪ\yX��\S�
}f�  

� Wo���gƆȪ\yX��\S�}f�

ɛCSMɜ7�ƚ6Wo���gƆȪ�D}f�«
ţIƖč%FŋƗ0�E�ǹɈƥ¦Iè?ƚGý

4Ĕ#/AɚǕĪ4ȁǏIǱ���0�F�}f

�«ţ CCSM 7ȩĪÒȷe�`�6Ǎ��āȺ
ɛQɜ1ȩĪÒȷe�`�6Ą�!ɛEɜ�Dƕ@
DGFWo���gƆȪȿţ Fcs 4CEƖč!
GF� 

CCSM = C � |FCS |3/2 ,

FCS =
Q

E
(�1 � FCS � 1),

Q = �1
2

�ūj

�xi

�ūi

�xj
, E =

1
2

�
�ūj

�xi

�2

.
� (8) 

  0 C' 7«ţ0�E�Ÿƽǉ07 C'=1/20 I
Ʊ�F�}f�«ţ7ƀĈƢ�6ƥƮȺ6°CE

ƕ@DG�ɚÏƪ3�ÄƠǏÁƮIǱ� 1�0

�F� 
(1-2-c) ƀĈw�dy�Ɨ06��[Pf
M�Zz���Z��4��FƜǔł6ė¹  

� Wo���gƆȪ\yX��\S�}f�I 
LBM ȁǏ4ȳƱ%F 10�ǹɈƥ¦Iè?ɚ
�Nl�]ţƚG6ȁǏ�ĎǱßǩ13F�SGS
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}f�4CEė¹!GFƜǔł7�ÃĈǔł1å

Ƈ4§Ʊ%F1 č%F 10��ƚ}f�Iȳ

Ʊ#* LBM 6ǡëŮȾ t* 7��6Ĭ0ǵ!G
F� 

�� =
1
2

+
3��
c2�t

, �� = �0 + �t.    (9) 

(1-4) ǅÐƥ¦þƲ6ǵƬŋƗ  

� LBM4��Fƥ¦þƲ6��ũ1#/�ƥ¦þ
ƲɎ�0ÃĢȿţ�Ș5Ȥ!GF Bounce 
Back(BB)þƲŹ¡IřƱ#*�ò 34 LBM0ȁ
Ǐ%Fƚ¦ȵÃ1ƥ¦þƲȵÃIǂ%�ƥ¦þƲ

�ɉŢÓǓĈȩĪ6čǦƢ xf�DƀĈĤ�¾4ĉ

õ%F3D8�čǦƢ xf;7ƥ¦þƲɎ4/Ș5

Ȥ!G*ǓĈ�ÇȲ%F�Bouzidi D4CF
Interpolated BB þƲŹ¡07��Ȭķ6ɉŢÓ
ǓĈȩĪ f*-1 I��6Ĭ0ǂ!GFǷȾIƱ�/

ȁǏ%F� 

  

 , 

 

 . 

(10) 

  0�Fi7ǅÐƥ¦ÿɎ�ǓĈ4��FÍIǂ
#/�E�ÿɎ6ǅÐȩĪ uwi IƱ�/��6Ƈ

4ǵ!GF� 

 .� � � (11) 

  0 wi7ȸ>ȿţ0�F� 

(1-5) ĥǱĥżȾ�ƚȁǏ4CFƂȄ  

� �ƚȁǏ6ƂȄ1#/�ĥǱĥżȾ�ƚȁǏI

Ǳ��ȁǏŹ¡1#/�şš�Nl�]ţ Reτɧ
590�ȁǏɔú  (L1,L2,L3)=(6,2,3)�ƀĈƢţ 
(N1,N2,N3)=(768,256,384)�(1536,512,768) Iȃ
č#*�þƲŹ¡1#/�x2ũç4%<E3#þ

ƲŹ¡�x1�C:x3ũç4ǃŵþƲŹ¡Iȃč#�

�ƚ6 x1ũç4ôÍÒȷI��*� 

� ò 4 4�ƚũç6ĥöȩĪÃĢIǂ%�Ɗȝ7
ÿɎũç6ǔłīƈ (x2+=Reτ x2) 0�F�ÿɎ4
ȣ�ǔł¥Ĝɔú (x2+<10) 07ƀĈƢţ��&
G6ǿ¶Ī4��/A�ĠÃƗ6 DNS 1åƇ6
ȩĪÃĢ�ĹDG*�mcqK�ɔú�DĔţɔ

ú (x2+>10) 4��/7�ƀĈƢţ�ę3�ǜſ
0 DNS 6ĥöȩĪÃĢIH&�4ȰĄȅª%F
A66�ɍģ4ǭ�ǜſ13,*� 

� ò 5–74ãũç6�ƚİĪɛȩĪ6 rms°ɜI
ǂ%�ƀĈǿ¶Ī�¥�ǜſ4��/7��ƚũ

ç6�ƚİĪ(u1’)IȰĄȅª�ÿɎ�\n�ũç
6�ƚİĪ(u2’ ,u3’)IȰĘȅª#*A66�ɍģ4
ǭ�ǜſ�ĹDG*�ƀĈǿ¶Ī�ɚ�ǜſ4�

�/7�DNS6ǜſ1Čº4�ǫ#/�F��ƚ
}f�IƱ�3� LBM 6ȁǏ07�ȁǏ��ċ

č13EŲǚƵ4ƾǟ#*� 

� ��6ǜſCE�LBM4�ƚ}f�IȳƱ%F
�0�ĸź6 LBM 07ȁǏ��ċč0�,*Ď

Ʉ6ƚ¦6ƚG4ǻDGFC�3ɚ��Nl�]

ţ6ǿŽ�ßǩ13F� 

 
ò 3� 1ƍ¸06 Interpolated Bounce Back

þƲŹ¡06ƥƮȺ6čǦ 

 
òɡ� ĥǱĥżȾ�ƚȁǏ4��F�ƚ

ũçȩĪÃĢ 
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(1-4) GPU IƱ�*ǄĊōǲȁǏ  

� ǄĊōǲȁǏI NVIDIA Ǹ6 GPU 0Ǳ�ý
ä�C ȀȉI GPGPU Ʊ4Ŕį#* CUDA I
Ʊ�/s�U�{IȽƴ%FľǺ��F�GPU 
6Ʀļ1#/�1 bcsţ×®A6 CUDA Core 
IŝȠ%F SIMD ø6ƠǏíIŝȠ#/�E�
ɍģ4ɚ�ƠǏłǩ1ĩ�|}�m�hĤIŕ-�

CUDA 0ţ°ȁǏIǱ�ýä�ȁǏ7\�ch1
��Ú¤0ĎǱ!G�\�ch7\�chr�c

T1U�cg1��Ú¤0ɂĜƵ4ǐƮ!GF�

ò 8 4U�ch1r�cT6ƅŀòIś��U�

ch6�4ƿƶ6Ʒ6C�4r�cT�ȷǥ!G

/�E�r�cT6�4\�ch�ǐƮ!G/�

F�GPU ƠǏIɚÏƪ0Ǳ�*@47�ĚŊƵ
0©ĂÁƮ63�f�aLT^\1y�b\�c

h6f�a�ÄÁƮ�ľǺ13F�ŸȁǏ07�

|}�ȷǥ�ȫǞƵ3 x ũç1�ƍ4ȫǞƵ3 y
ũç4 CUDA 6r�cTIȃč#�zũç7 for 
��sIï% 10ȁǏIǱ,*� 

� ǹţ GPUIƱ�*�ÄȁǏ07�GPU Ⱦ6f
�aȜȦ�ľǺ13F�Ƭõ6 CUDA6�Ƈ07
ȁǏƋl�hI=*� GPU åĀ6ƸŚ6ȨI
Ǳ���0�3�*@�ò 96C�4GPU→CPU�
CPU→CPU�CPU→GPU 6fmN\�v\gȾ
1v\g�v\gȾ6MPIIƱ�* 3\ecs6
f�aȜȦ�ľǺ13F�ŸȁǏ07��ÄÓŋ

Ɨ1#/ãGPU4 MPI6s�^\I 1-ÌEı
/F Flat MPI4CF�ÄÓIǱ,*� 

(1-5) Ż�ĞƃĄĊ6\nW� TSUBAME0
6ĎÏłǩƝč  

� TSUBAME 2.0 6 GPU (NVIDIA TESLA 
M2050)1 TSUBAME 2.5 6 GPU (NVIDIA 
K20X) IƱ�/�ĎÏłǩ6ƝčIǱ��ȁǏ7

 
òɢ� ĥǱĥżȾ�ƚȁǏ4��F�ƚũç

�ƚİĪÃĢ 

 
òɣ� ĥǱĥżȾ�ƚȁǏ4��FÿɎũç

�ƚİĪÃĢ 

 
òɤ� ĥǱĥżȾ�ƚȁǏ4��F\n�ũ

ç�ƚİĪÃĢ 

 
òɥ� CUDA6 block�C: grid6ƅŀò 

 

 

ò 9� MPIIƱ�*s�^\Ⱦ6 GPUȨ 
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GPUɛãl�h�*E 3 GPUɜ4CEĎǱ!G�
CPU7f�a6¹ÂÍ�l�hȾȨ��C:R
�k�ȿţ6ƴǱIǱ��MPI6ɔúÃÌƗ1#
/�yzũç4ÃÌIǱ� 2ƍ¸ÃÌƗIřƱ#*�
�ÄÓ6ɚȩÓŋƗ1#/�GPU6R�k�ȿţ
1þƲȵÃ6 MPI ȨIåŮ4Ǳ�Q�m��
csŋƗIȳƱ#*� 

� ò 10�ò 114 TSUBAME 2.006ĎǱłǩ6
Į\V���U��C:İ\V���UIǂ%�

Ɗȝ7 GPUţ�Ǣȝ7ÚǕĪĎǱłǩ(TFLOPS)
13F�Į\V���UȁǏ07�ɞGPU�*E 
(N1, N2, N3) = (192, 256, 256) 6ƀĈƢţIǀ
¬#*�Q�m��csȁǏIǱ��0Ȩ6Ʌ

ǰ�ßǩ13E�Q�m��csƣ#4ƒ</ 
30%ǆĪ6łǩç�#� 1000 GPU 0 149 
TFLOPS6ĎǱłǩ�ĹDGF�İ\V���U
6ǜſ4��/AåƇ4�Q�m��csȁǏI

Ǳ��4CEǭ�\V���U�ĹDG�ƀĈƢ

ţ (N1, N2, N3) = (192, 2048, 2048) 6 32 GPU
IƱ�*ǜſ4Ĕ#/�4 ¯6 GPU ţIƱ�*
128 �ÄȁǏ07 87%�8 ¯6 GPU ţIƱ�*
256�ÄȁǏ07 63% 6Ïƪ�ĹDG*� 

� ò 124 4GPUI¨ƱŮ6 1GPU�*E6ÚǕ
ĪĎÏłǩ1 Improved Roofline Model4CFƮ
ȍłǩůǠIǂ%�Improved Roofline Model4
CFƮȍłǩ7�1ƀĈƢ�*E6ƠǏȺ(F)1f
� a Û Ƥ Ⱥ (B) � � C : Ơ Ǐ í 6 Peak 
Performance(Fpeak)1|}�m�hĤ(Bpeak)4C
E��6C�4ǵ!GF� 

   (12) 

ŸȁǏ07���6n�|�aIƱ�*� 

 

 

 

ȁǏǜſCE�4 GPUI¨Ʊ#*Ů6ã GPU6
ĎÏłǩ1#/�306 GFlops/GPU�1024 GPU
4/ 292 GFlops/GPU �ĹDG*� G7�

Improved Roofline Model 0 6 Ʈ ȍ ł ǩ 6

 
ò 10� TSUBAME 2.0 06Į\V���U 

 
ò 11� TSUBAME 2.0 06İ\V���U 

 
òɞ2� TSUBAME 2.5 6Į\V���U6
ÚǕĪĎÏłǩ1 Improved Roofline Model

4CFp�Tłǩ6ƒȟ 

0

100

200

300

400

0 250 500 750 1000

 

Number of GPUs

Pe
rfo

rm
an

ce
 [T

Fl
op

s]

Overlap TSUBAME 2.5
Overlap TSUBAME 2.0

 
òɞ3� TSUBAME 2.0 1 2.5 6Į\V�

��U6ƒȟ 
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74%(4GPU¨ƱŮ)1 71%(1024GPU¨ƱŮ)0�
E��ÄȁǏŮ6Ȩ6Q�m�tchǎIè@

*łǩ1#/7�ǭ�łǩ�ĹDG/�F� 

� ò 134 TSUBAME 2.0�C: TSUBAME 2.5
06Į\V���U6ǜſIǂ%�ɞGPU�*E
6ƀĈƢţ7 (N1, N2, N3) = (192, 256, 256) I
ȃč#�ɚȩÓŋƗ1#/Q�m��csŋƗI

ė¹#*�(G)G6 GPU 6łǩ1#/�

TSUBAME 2.0 6 Tesla M2050 7ÚǕĪƛÐĘ
ţƢƠǏłǩ� 1 TFLOPS�|}�m�hĤ�
148 GB/s�TSUBAME 2.56 K20X 7ÚǕĪƛ
ÐĘţƢƠǏłǩ� 3.95 TFLOPS�|}�m�h
Ĥ� 250 GB/s 13E�|}�m�hĤ6łǩƒ
6 1.69 ¯��6ȁǏ6ɚȩÓ�ŵĶ!GF�ò
13 CE�1000 à6 GPU IƱ�*ȁǏ07�

TSUBAME 2.5 0 291 TFLOPS�TSUBAME 2.0
0 149 TFLOPS6ǜſ�ĹDG�TSUBAME 2.5
;1ŰŨ%F�0Ǘ1.9¯6ɚȩÓ�Ȳŉ!G*� 

(1-6) ǹɈƥ¦êE6��[PfM�Zz��
�Z��  

� ǹɈƥ¦êE6��[PfM�Zz���Z�

�1#/�Ț¦êE6ǿŽIǱ,*�ƥ¦Ĳƨ1

#/�ò 14 4ǂ%C�3�ǾĲ6ɑƢ�D3F
STLf�aIȖɉȿţ;1āŜ#*A6IƱ�*�
ȁǏŹ¡1#/�ƀĈǿ¶ĪI 4.2mm�ȁǏɔú
I(13m, 6.5m, 3.25m)�ƀĈƢţI(3072, 1536, 
768)Iȃč#*�þƲŹ¡1#/��ƚũç4ƚ
¹�ƚÂþƲŹ¡Iȃč#�\n�ũç�C:ɚ

!ũç47�ƚ¹ȩĪ6°I DirichletþƲŹ¡1
#/ȃč#*� 

� ò 154Ț¦êE6ǓĈ6țȗIǂ%�ȁǏǜſ
CE�Ț¦ǵɎCEɍģ4Ǚ�3Ɯ�ƴƯ#/�

F 1�ǀȈ0�F�=*�z��ķũBȚ¦�

ȵ326ɔú4��/A�ǹɈ3ƚG�Ĳŉ!G

/�E�Ț¦6ǊÍłǩ4Ą�3ĳɐI��F 

1��Ɲ!GF���6�CE�ƀĈw�dy�

4CF�ƚǿŽ4CE�ǹɈ3ƥ¦êE6ȁǏ�

ßǩ0�F��Ã�F� 

(1-7) ǅÐƥ¦êE6��[PfM�Zz��
�Z��  

� ïȜ%FƭɛØƭw��ɜêE6�ƚǿŽIǱ

,*�ȁǏŹ¡1#/�ƀĈǿ¶ĪIǗ 0.4mm�
ȁǏɔúI(0.48m, 0.24m, 0.24m)�ƀĈƢţI
(1152, 576, 576)�ƭ6ƸĵI 0.04m1ȃč#*�
Xȝũç6ƚ¹ȩĪ7 20m/s1#*�ƭ6ÿɎ6
þƲŹ¡1#/�(i)ïȜƣ#�(ii)ȬǱũç4÷Ƹ
3ȝ4Ĕ#/ïȜ(ZȝïȜ)Iȃč#*�ƭ6ïȜ
ȩĪ1#/�ƥ¦ǵɎ6ŲAȩ�ȩĪ�ƚ¹ȩĪ

6 1/101ȃč#*� 

 
ò 14� Ț¦6 STLf�a 

 

 
òɞ5� ǓĈIƱ�*Ț¦êE6ƚG6ßǽÓ 
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� ò 16 4ȩĪý6¿6�ĽIȧ X-Y ŧɎ6ƻŮ
°(m/s)Iǂ%�ò�ą6Ɍ6ȵÃɛȩĪ=0ɜ�¿
13F�ò�Ɛ6ƣïȜ6ǜſ1ƒȟ#/��Ɛ

6 ZȝïȜ6ǜſ07�ÜŮȁïE6ïȜ4CE
ƭ�ȵ6ȩĪ�¥�%F 10�ƭ¦6�ȵ�D

�ȵ;1ƚG�ġ���DG/�FƇĈ�ÀƬ!

G*� 

� ò 17 4Øƭw��êE6ǊƔ6ƚG4Ĕ#/
ǓĈIƱ�/ßǽÓ#*ǜſIǂ%�ò 166ǜſ
1åƇ4�ƣïȜ07Øƭw��ķũ6ƚG��

!G�Z ȝêE6ïȜ4��/7�ïȜ6Ïſ4
CEƚG�ĳɐIÞ��ò6ŋÊ±6ƚǠ��!

G/�FƇĈ�ǀȈ0�F� 

� ò 18,19 4ƣïȜŮ�C:ƊïȜŮ6Øƭw�
�6țȗIǂ%�čłƵ07�F��ƊïȜŮ6

ǜſ07�ïȜ4C,/w��6țȗ�ů�DG

/�F��ǀȈ0�F� 

 
������0)�2!(&�
��

� ƀĈw�dy�Ɨ4 LES 6�ƚ}f�IȳƱ
%F 10�GPU4ȳ#*�ƚǿŽŋƗIƆǒ#
*�Ÿƽǉ07�û13FȁǏW�h4Ĕ#/

TSUBAME 2.5 6 KeplerWL4ȳ#*ŲȳÓI
Ǳ��1000 à6 GPU IƱ�*ȁǏ0 291 
TFLOPS1 TSUBAME 2.06ǜſ1ƒȟ#/ 1.9
¯6ɚȩÓIȲŉ#*�=*�1000à6 GPUI
Ʊ�*ȁǏ4��/7�Ȩ6Q�m�tchI

è?4A��HD&�Improved Roofline Model
6Ʈȍłǩ6 71%13E�ǭ�\V���U�Ĺ
DG*�Ț¦Ĳƨ6 STLf�a4û.�ǹɈƥ¦
Iȋ>ȢJ+�ƚǿŽ07�Ț¦�ȵBķũ6Ǌ

Ɣ�ơ#��!GFƬȑIÀƬ#*�ïȜ%Fƭ

êE6�ƚǿŽ4��/7�ƭ6ïȜũç4CE

ķũ6ȩĪý�āÓ%FƇĈIÀƬ#*���6

�CE�GPU4CFĄǼƉȁǏ4ȳ#*ƚ¦ƆȪ
ȫŉǿŽŋƗIƆǒ�Ȳŉ!G*� 

�

�

�

 

 
ò 16� ïȜ%FƭêE6 X-Y ŧɎ6ȩĪÃ
Ģ(m/s)� ɛ�ɜƣïȜ�ɛ�ɜZ ȝêE6ï
Ȝ� ɛò6ğ±�DƚG�ƚ¹%F�ɜ 
 

 

 
ò 17� ïȜ%FƭêE6ƚǠ�ɛ�ɜƣïȜ�
ɛ�ɜZ ȝêE6ïȜ� ɛò6â±�DƚG
�ƚ¹#�ŋÊ±�ò 16 6�ũç4ƹı%
F�ɜ 
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�� ����$�
� ŸȌɕ4CE�1000à��6 GPUIƱ�F 
1�ßǩ3ĄǼƉƚ¦ƆȪȫŉǿŽŋƗ�Ɔǒ!

G*��ķ7� 6ȁǏŋƗIƱ�/ïȜ%Fƭ

êE6Őŏ°ǎ6čȺƵȅªB�Ƈ�3 STLf�
aIƱ�*�ƚǿŽIĎŪ%F 10�!="=

3ưƃĿƱ;6ƴě4ȒƩ%F�IƷŖ%� 

�

	� ,-!%����
ɛɞɜŒĶȎƠƴǵ  

Ęȹē� Ƹħ� ����
� 6 	�� IƱ�*ƀĈw�

dy�Ɨ4CFƚ¦ƆȪȫŉ6��[PfM�Z

z���Z���Ǎ � ïȁǏÍĊZ�x[O{ɛŬ

ŸĊǲ¢Ȑ�´ɦŬŸȁǏĞĊ¢¼´ɜ����� Ħ

�� ų � Ŭ�

ɛɟɜóɄ¢Ȑƴǵ  

N. Onodera, T. Aoki. Peta-scale large-eddy 
simulation using lattice Boltzmann method on 
the TSUBAME supercomputer. JSME-KSME 
Joint Symposium on CM & CAE 2014, 2014/5/1, 
Korea 

N. Onodera, T. Aoki, T. Shimokawabe, 
Large-Eddy Simulation of Fluid-Structure 
Interaction using Lattice Boltzmann Method on 
Multi-GPU, 5TH ASIA PACIFIC CONGRESS 
ON COMPUTATIONAL MECHANICS & 4TH 

 

 

 
ò 18� ƣïȜŮ06Øƭw��6țȗ 
 

 

 

 

ò 19� ƊïȜŮ06Øƭw��6țȗ 
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INTERNATIONAL SYMPOSIUM ON 
COMPUTATIONAL MECHANICS, 2013/12/10, 
Singapore 

ɛɠɜó¾¢Ȑƴǵ  

Ęȹē� Ƹħ�ɌŶ� Ė���ĝȡ� Ɂá ǹţ
GPU IƱ�*ƀĈw�dy�Ɨ4CFØƭǌō
6p�x�ƫ6Zz���Z��  ŬŸȁǏĞĊ
¢Ǎ 19ïȁǏĞĊȎƠ¢ 2013, 2014/6/11 

Ęȹē� Ƹħ�ɌŶ� Ė���ĝȡ� Ɂá GPU 
IƱ�*ƀĈw�dy�Ɨ4CFƚ¦ƆȪȫŉ6

��[PfM�Zz���Z��  ŬŸƋƁĊ¢
Ǎ 26ïȁǏÍĊȎƠ¢ 2013, 2013/11/2 

Ęȹē� Ƹħ�ɌŶ� Ė���ĝȡ� Ɂá GPU 
IƱ�*ƀĈw�dy�Ɨ4CFĄǼƉƚ¦�Ɔ

ȪȫŉǿŽ   ŬŸƚ¦ÍĊ¢Ħ¢ 2013, 
2013/9/12  


