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�ƠVň 

(%)�
1ˢʽˀɦɽʙʉ
ĸŵÎƔ�

�ƠüǪ 
˨üǪ˩�

1� Japan� K computer� 10.510    93 � 824.56 � 29.47 �
2� China� Tianhe-1A� 2.566� 55 � 635.15 � 3.37 �
3� US� Jaguar� 1.759� 75 � 253.07 � 17.27 �
4� China� Nebulae� 1.271� 43 � 492.64 � 1.91 �
5� Japan� TSUBAME2.0� 1.192� 52 � 852.27 � 2.40 �
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șȓ  ȧɆɉȽȼɆȈȦȦȴ˨ȇǘˋ˥˞ʥ�æʉƌnÎƔ˩�

�

Global HPL� Performance (TFLOP/
s)�

System� Institutional 
Facility�

1st place� 2,118� K computer� RIKEN�
1st runner up� 1,533� Cray XT5� ORNL�
2nd runner up� 736� Cray XT5� UTK�
Global RandomAccess� Performance (GUPS)� System� Institutional 

Facility�
1st place� 121� K computer� RIKEN�
1st runner up� 117� IBM BG/P� LLNL�
2nd runner up� 103� IBM BG/P� ANL�
EP STREAM (Triad) per 
system�

Performance (TB/s)� System� Institutional 
Facility�

1st place� 812� K computer� RIKEN�
1st runner up� 398� Cray XT5� ORNL�
2nd runner up� 267� IBM BG/P� LLNL�
Global FFT� Performance (TFLOP/

s)�
System� Institutional 

Facility�
1st place� 34.7� K computer� RIKEN�
1st runner up� 11.9� NEC SX-9� JAMSTEC�
2nd runner up� 10.7� Cray XT5� ORNL�
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ă��

èõÌû 
ė��iĘ�

128 GFLOPS (16 GFLOPS x 8 cores)�

kdÔ� 8�

i�viµåÔ� 2.0 GHz�

æÄÔé 
èõ¸�

�¬õ�zvx x 4 (2 SIMD)�
Đõ¸ x 2�

�pqtÔ�
æÄÔé�pqt (64bit) : 256 �
ãî�pqt (64bit) : 188 �

h�vo� 
L1I$ : 32 KB (2way) 
L1D$ : 32 KB (2way) 
L2$ : Shared 6 MB (12way) �

���Æ»� 64 GB/s (0.5B/F) 

45nm CMOS process 
uv�mer: 22.7mm x 22.6mm 
x��pqtÔ : 760M �
Power : 58W (TYP, ĕçÇ30>), á¤�

Vendor� Name� Core�
Process  

rule (nm) 

Peak 
performance 
(GFLOPS) 

Cache 
(MB) 

Power 
 (W) 

GF/W �
System  

(w/planned)�

IBM PowerPC A2 16 45 204.80 32 55 3.72 Sequoia (BlueGene/Q) 

Intel E3-1260L 4 32 105.60 8 45 2.35 

Fujitsu SPARC64VIIIfx 8 45 128.00 6 58 2.21 K computer 

IBM Power7 8 45 256.00 32 200 1.28 

AMD Opteron@6172 12 45 100.80 12 80 1.26 XE6,etc. 

Intel� Xeon X5670� 6� 32� 79.92� 12� 95� 0.84� TSUBAME2.0,etc. �

ȇÎƔɫʁ'ıǂǹS�

�ʉʼʽˍʅʉģǏ�

DDR3 Memory
(16 GB x 4 / 1 SB)

SPARC64TM VIIIfx
(4 CPUs / 1 SB)

ICC (Tofu NW LSI)
(4 ICCs / 1 SB)

Water-cooling
module© Fujitsu Limited.
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SPARC64TM  VIIで実装した 
技術を拡張 

SPARC64™ VIIIfx 
新規技術 

➔���������� �����	
��
�����
��
������ �����

演算器 

メモリ 

レジスタ 

ȳȩȭȤ�

įW¥ïĻ�
ˠʵʶʺÝ¼�

CPU 

ȨȰȣȒȡȣȥ�

科学技術計算を高速で処理
するための拡張命令セット 

ȶȩȳȩȭȰȡȣȴ� 演算器 演算器 ・・
・・ 

レジスタ レジスタ ・・
・・ 

コア 

共有キャッシュ 

ハードウェア 

バリア同期 

ʸʬʺ�
ʪ˘ʽʴ˚�

SPARC64™-VIIIfxɞȇǘXÙơ�
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" Ʈŵ˅˥ˁʉėÔ�

" ȣȰȵ˨ȝʰʠ˩� � �˸˯6�

" ȩȣȣ˨ʢˣʺ˥ʰ˄ʬˀŎȬȳȩȎ �˸˯6�

" ˖˗˞ � � �˸˯˴ȧȢ�

" ʢˣʺ˥ʰ˄ʬˀʉėÔ�
" ˛˥ʳ˥ˉ˚˥ʊȘĝ=ˀ˥˝ʶ�
" ¯�˸ȈȘĝ=ʉğǀmõqʈɻʛɼʛ
ȚȧȢȔɌȈɑȈȗ˨eõq˩ɤŋƺˊ˥ʬɥ�

" ʮ˥ˌ˟˸ȈƀȗȕȕȑȕȕȕĆ˪ƀȖȕȕȕɅɇ�

˅˥ˁ�
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ȬȗȊȟȈțȭȢ�

64GB/s 

ȣɉɋɀ�
ȳȩȭȤȍșȦȭȡȎ�
ȖțȧȦȬȯȰȳ�

ȭȥȭȟȈȖțȧȢ�
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ʴʶʾ˕ˑ˥ˁ×24 
IOʴʶʾ˕ˑ˥ˁ×6�

12.3>|/Ŧ 
1.5TB�

˅˥ˁ 
 

CPU×1 
ICC×1 
˖˗˞�

ĸŵÎƔ˸1280<|/Ŧ 
˖˗˞ ǥ˸16GB�

Ʈŵ˝ʽʬƐ 
 

Ʈŵ˝ʽʬ×8 
ʿʡʶʬ˝ʽʬ×2 

98.4>|/Ŧ 
12TB�

ʴʶʾ˕A( 
 

Ʈŵ˝ʽʬ×864 

1�|/Ŧɜ10.6ːʺˋˡʽˍʶ 
1PB���

Ȗț 

!  
Őˀʽˍʬ˝ʶʉĸŵÎƔʅħŎÎ˨,ɧʖɸɵ˩ʉ�ŭ�
!  ȬȩȮȰȡȣȫ˨ɘ˩ȈȖȕːʺˋˡʽˍʶ˨ȖŦǪʈȖ�|˩�
!  ːʺˋˡʽˍʶƁʉʠˍ˞ʮ˥ʴ˜ˣ�VÎƔ�
!  µŸ�ʉʠˍ˞ʮ˥ʴ˜ˣʈ£ËiƔ�

! ȇ¯�ʉ˖˗˞ʠʬʸʶʅʢˣʺ˥ʰ˄ʬˀ�
�

!  ȇÎƔʅ'ıǂǹSʉ�ŭ�
!  ȣȰȵ˸Ȗȗȝʫʩˋˡʽˍʶ˪Țȝȷ˨ȬȩȮȰȡȣȫüɟȆWĳ·Șȕə˩�
!  ʴʶʾ˕A(˸ȝȗșȓȚț˖ʩˋˡʽˍʶȔˢʽˀ�

! ŝʥ˄ʶˈʰˣ˝ˣʪˣʭ˨ȧȲȥȥȮȚȕȕ˩ȗȕȖȖ´țĂŀʄůț&�
! �ƨĚʴʶʾ˕ʅɶʃʊˀʽˍʬ˝ʶ�

!  ȇɧ4ȀÎʉŠ3�
!  Ȉɢ�ʛʇɧɣ˪ɢ�ʛʃʕAʃɬĞʑʘʇɧɣˬɢ�ʛɽǟHʊɸɰśɺʚɣ�
!  ˄ʽˀˢ˥ʬʉȇ4ȀÎX˸ɞƗW�ĀƇǊ˪ƗWEėÔĜƔ�
!  ƀȘȕüǪʉȇǀƝǚƋǜǍ˨ȬȩȮȰȡȣȫƮĴ˩ʝ�Ʋ�

ʴʶʾ˕ʉłǦ�

ÎƔ�

,ɧʖɸɵ� ıǂǹS�

4ȀÎ�
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ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�

SACSIS 2012 Ȗȝ 

10-10m�

ĥʉʣʡ˟ʶʉ�ɴʅ
ʴ˔˚ˠ˥ʴ˜ˣʈʗʚZ

ŕʎʉǁņ�

Ƿɶɧ�ĤŉƿʉƬùɟʑ
ɽğŠʇjȄʉǛǊˤ½·
ʉ�ĴʈʗʚĤƿʎʉǁņ�

ŞtĄ�ǺĪWʉ�ǺĪʴ˔˚ˠ˥ʴ˜ˣɟ
ėǙŁʉƓǺʴ˔˚ˠ˥ʴ˜ˣʝƆʒnʜɺ

ɽǬĹʎʉǁņ�

˒ʶˀȘȚɈɇ
�ʉʿˇʢʶ
A(ʉʴ˔˚ˠ˥ʴ˜ˣʈʗ
ʚʥˠʬˀˡ˃ʬʶʎʉǁņ�

ʸ˟ˡ˥ʶHƬ
ǡƂʉʴ˔˚
ˠ˥ʴ˜ˣʈʗʚ

�0ʇˇʢʧĿ
òʉå.Űʥ˄

˟ʫ˥ʎʉǁņ�

10-8m�

100m�

102m�

107m�

1021m�
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CPU 

System Board 

Rack 

System 

ŏ;å.˸¢�ǗĎº"ţ�

ŉ�ʉʶˈʰˣMŎʉǷɶɵ�

ʠˍ˞ʮ˥ʴ˜ˣʉ 
Ǉ�JÎʝ»ɭGɸ�

ˍˡʸʽʲʉ_(ÎƔ 
ʝ»ɭGɸ�

ȗȖ�
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ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�

! ĝ
�ʶˈʰˣʉǜŎʈ?ŭɿɟʴʶʾ˕ÎƔʝ�Ʋɸʚ-

•  �JÎƔɬƧǑʔʚʰ˥ˁƥïĆʝ£ƿ-
•  ĝ
�ʶˈʰˣʉħŎÎʝǋʑɩHǤˇ˝ˣʶʝƑÓ-
•  ĝ
�ʶˈʰˣʉħŎÎʝǋʑɩƮŵłÎʉˇ˝ˣʶ
ʝƑÓ-
•  �JX×ĩɬģǏŘŋƬɶʖɸɧˤɫʇʙƥǵ-
•  ȇɧ_(ÎƔɬÆʖɸɧˤÆʈɯɧ-

ŚŘ�
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ʴʶʾ˕ǜŎ�Ƴ0�

ƺñ+Ô�

ƈČʉƬǢ�

ʭ˝ʶʡʽʬʶFŋ�

ˍˡʻʬʴ˜ˣRUN 

ʿˇʽʭ�

!
ʠˍ˞ȇÎƔX!

�

�
ʰˣˈʢ˟�
�

ˍˡʭ˝˕+Ô�

ǶîX�

�ºX�

ŋƺėŹ�

wȁƱ��

ˆ˥ˁʣʤʠ�

ǩŖˤ�ƠŌ��

ʰˣˈʢ˝�

ˍˡʭ˝˕�

ˍˡʭ˝˕�

ŋƺʈÌ�ʇHɫʙ!
ʖɸɧʰ˥ʿʡˣʭ�

ȇ�JXˤ!
ȇÎƔʰ˥ʿʡˣʭ�

ƭƷ�

Ʈŵť�ɞɞɞɞɞɞɞɞɞƮŵĜť��

•  ʠˍ˞ʮ˥ʴ˜ˣʉǇ�
JÎʝ»ɭGɸ!

•  ˍˡʸʽʲʉ_(ÎƔʝ
»ɭGɸ!

ȗș�

��ʉD �
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£ƿʠˍ˞ʮ˥ʴ˜ˣ�

ˍˡʭ˝˕p� HǤ� ʠˍ˞ʮ˥ʴ˜ˣĖƦ� ĄÂɵʛʚÔČ� ×ĩ�

Ȯȩȣȡȭ� �Ŋ�
ť��

AŊǸƬ;�Ĥ�ÇŌ
˗ʿ˟�

�Ĥ�ÇŌʉʥˣʵˣʅʇʚľ¯ŪǸ£ĮĭWʝžƎ
ʈƢŉɸʚɳʅʄʴ˔˚ˠ˥ʴ˜ˣʝȅǌŘʈǛXɵɺ˪
ŉüĻʄʊEŉɬǷɶɧ�ĤŉƿʉƬùɬiƔʅʇʚˬ�

ȦȤȭ�
ȍ�ĤȎ�

ȳɀɄɌɇȘȤ� �Ŋ�
ť��

�ǺĪ#éˤ½ǺW�
ʴ˔˚ˠ˥ʴ˜ˣȈ�

÷�ʉƮŵĜʄʊ�iƔʇŞɧtĄʉ�ǺĪWʉƬ
ċˤ�ĴɬiƔʅʇʙ˪ąǙ¹Źɪʗʍʰˣʬ˞˥ˀėǙ
ŁʉƓǺƳ0ʇʆʈËŎʄɭʚˬ�

ȦȤȭ�
ȍĪWȎ�

ȰȨȡȳȥ� ˂˅�³ǼĪ¨ǩů�aŋ�
ǹ�ŃÒƬċ�

ů�aŋƮŵʈʗʙ˪˒ʶˀȘȚɈɇ
�˂˅ʿˇʢʶ˪ǻ
ʴ˞ʰˣſʿˇʢʶʉâƃʝƠɨˬ�

³ǼĪ�
ȤȦȴ�

ȦɋɉɈɍȦɆɉɐȔȢɆɎɀ� ª��ȬȼɋɂɀȈȥȿȿɒȈȳɄɇɎɆȼɍɄɉɈȈ
ȍȬȥȳȎʈ�
�ʂɯǻ�±Į(Ƭċ�

ȬȥȳƬċʈʗʙ˪ʥˣʵ˃ʠ˞ˣʭ�ǣƦʇ�Į�Ő©
ʉßW�Ĵʝrʔɽȇž·ʇĮʛʉ�Ĵɬ�ŉʄɭʚˬ�

Ȧȥȭ�
ȍĮ(Ȏ�

ȲȳȤȦȴȈ�
�

˂˅��ŬǪů�aŋǹ�Ń
ÒƬċ�

�ƨĚů�aŋƮŵʈʗʙ˪ȖȕɈɇ��ʉ�Ć˂˅Ƃ�
ȍǥ�Ƅƍ˪H�˪ǹĕ˪ʯ˥ˀ˪�řʇʆȎʉłÎƬċ
ɪʗʍʿˇʢʶǩŖʝƠɨˬ�

�ŬǪ�
ȤȦȴ�

ȬȼɍɍɄȾɀȱȣȤ� Łŋ�Đ�̄˽˾ʴ˔˚ˠ˥ʴ˜
ˣʈʗʚƂż�ˤa�ď
şū�

˗ˣʾʨ˟ˡĩɪʗʍȣȧĩʈʗʙ˪ŁǄʅ��ʉǆĶʝ
Ƭùɸʚˬ�

ȱȣȤ�
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ƮŵĜť��
ȍŋşȎ�

Ʈŵť��
ȍʰ˥ˁǩŖƒȎ�

•  ȇ�JˤȇÎƔXʉ
ēƯ 

•  ƴ+ʝ=ʈʰ˥ˁA
(ʅɶʃǩŖ 

•  ȇ�JˤȇÎƔXʉ
ēƯ 

•  ˆ˥ˁʣʤʠÐ�ʈ�
ʂɯȇ�JXˤȇÎƔ
Xʉƴ+ˤÎƔƳ0 

ÁQHÛ�
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ʠˍ˞ȇÎƔXʉʶʾʽˍ�

1.� 2.�

3.1�

3.2�

4.� 5.�

�JłÎ 
Hċ�

ʨ˥˄˟ 
Ƴ0�

 
ȇ�JX�

�

 
_(ÎƔ 
q�ŲĨ��

�

 
ȇÎƔXŲ 
�ƣ�

�

 
�Ĝʄʉ 
ʼ˚˥˃ˣʭ�

�
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ɇȼɄɈȡ�

ɌɎȽȣ�

FŋȖȓȖ�

ɌɎȽȢ�

ɌɎȽȤ�

ɌɎȽȥ�

FŋȖ�

FŋȗȓȖ�

Fŋȗ�
Ȉ�

Ǘ4Ȗ�

ɌɎȽȧ�

ɌɎȽȦȈ�

Ȥȯ˟˥ˍ�

Ȥȯ˟˥ˍ�

Fŋ3�

ŁŋŘ�
FŋD �

ˌˡʽʬȖ�
ɞȍƮŵȎ�

ˌˡʽʬȗ�
ɞȍƮŵȎ�
�
�

ɞȍǗ4Ȏ�

ˌˡʽʬȘ�

�ƠüǪ�
ˤʶʮ˥˝
ˉ˞ʾʡ�

ĸŵˤǗ
4łÎ�

ĸŵˤǗ
4ƧŪʙ�

�A�J�

ǟH�J�

ǳãǗ4�

ȮȏȏȘʈģ-�

Ȯʈģ-�

ǳãǼʈģ-�

ʨ˥�
˄˟�

ɝ�

ɝ�
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ȇ�JXʈʁɧʃʊ˪ȇ�Jʝǭ�ɸʚƦ}ʝīɧGɸ�ɬ�œǣƦ
ʅ�ɩʚˬɻʉɽʔʉ�JłÎʉHċɬǣƦˬ�
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ˌˡʽʬĢʉ�ƠüǪʅʶʮ˥˝ˉ˞ʾʡƳ0(-) 
→ÅĊʉƳ0ʊʲˌ˟˥ʼˣĢˤǫïĢŰʉƳ0ɬ�ɧ 
→ʲˌ˟˥ʼˣˤǫïʊƜɡʇ�ÖʄuʋʛʚɽʔğɶɧƳ0ɬʄɭʇɧ 
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" ǻ�JǟɬĠʀʃɧʇɧɫ˺Ġʀʃɧʚ�nʈwȁʇɧɫ˺ 
" ˡ˥ˁʢˣˇ˝ˣʶɬǇȇ�JüʈÏXɶʇɧɫ˺ 
" ǳãǗ4üǪɬǇȇ�JüʈʆʛɯʘɧʉQnʝ`ʔʚɫ˺ 
" ��Ǘ4üǪɬǇȇ�Jüʈʆʛɯʘɧ��ɸʚɫ˺ 

ɳʛʘʉƳ0ɬǣƦ�

ʶˀˡˣʭʶʮ˥˞ˣʭ˸A(ʉwȁƨĚʝ��ʈɶʃ�Jïʝ�ʖɶĴ�ɸʚõĩ 
ʣʡ˥ʬʶʮ˥˞ˣʭɞ˸˯ˍˡʸʽʲʄ�ƠɸʚwȁƨĚʝ��ʈɶ�Jïʝ�ʖɶĴ�ɸʚõĩ�

Ǉȇ�JʝŚÞɶɽ�nʉőÑĻ−ˌˡʽʬĢʈ��ʝƳ0ɸʚ�

ȘȖ 
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ɻʉɽʔʈ�

ʶˀˡˣʭ 
ʶʮ˥˟�

�Ơ 
üǪ�

ʣʡ˥ʬʶʮ˥˟�

1ˍˡʸʽʲʉwȁʉ�ɭɵʝʺ˥ʯʽˀwȁʉ�ɭɵʈnʜɺʚ 
�Jï 

"  ʺ˥ʯʽˀwȁʝĨʔʚ 
"  ˯ˍˡʸʽʲʉwȁƨĚɬʺ˥ʯʽˀwȁʅoŨ·ʅʇʚʑʄʊɟʶˀˡˣʭʶ
ʮ˥˞ˣʭʄ�ƠüǪˤˡ˥ˁʢˣˇ˝ˣʶˤǳãǗ4üǪˤ��Ǘ4üǪʝ
Ĵ�ˤƳ0ɸʚ(100ɫʘïŗ�Jʑʄ) 

"  �ưʉĴ�ˤƳ0ʄwȁɬăʛʋƬĨɸʚ 
"  wȁʇɱʛʋ�J·ʝ�ɲʃʣʡ˥ʬʶʮ˥˞ˣʭʄ�ƨĚ�JʉßWʝĴ
�ɸʚ 

Șȗ 

�Ơ 
üǪ�

�Jï 
ǳãǗ4üǪ�

ǳãüǪʉQnʅ��ɶʇɧɫŠƶȓ�
Ǘ4ʉFŋõĩɬÏɧʅǳãǗ4üǪɬ��ɸʚȓ�

��Ǘ4üǪ�

��Ǘ4üǪʉQnʊ�ƚʈ��ɸʚȓ�
Ǘ4ǥˤǗ4|ïʝŠƶɸʚ�ʄ��ʉQnʝƧĕʔʚȓ�

ʣʡ˥ʬʶʮ˥˞ˣʭƳ0�

"  ŉŃ,ŎiƔʇ�ƠŌ�ʝ,Ŏɶ100Ũ·/1000Ũ·/ï\Ũ·ʅġǰʝǓʀ
ʃʄɭʚɾɱȇɧ�J·ʄ�JÎƔʝŠƶɸʚ(ʣʡ˥ʬʶʮ˥˞ˣʭĴ�). 

"  ʣʡ˥ʬʶʮ˥˞ˣʭɬǷɶɧʕʉʕɦʚɬGĊʚɾɱĴ�ɶɽɧ. Ƿɶɧ�n
ʊ˪ĸŵüǪʝ˗ʿ˟Xɶʃ�Ĵʅ˗ʿ˟ʅʉ�ƘʝƳ0ɸʚ. 

ƮŵʉˌˡʽʬĢʈ�ö�

ȘȘ�
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Ȗȓ   ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃ�
ȗȓ   �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʈʁɧʃ�
Șȓ   ɢ�ɣʉËŎHǤ�
șȓ   ŉ�ʉʶˈʰˣMŎʉǷɶɵ�
Țȓ   ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�
țȓ   ȇ�JXʉɽʔʉǣƦĻ�
Ȝȓ   ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻ�
ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�
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˖˗˞ʣʦ˥˟wȁ�

! ûʉƮŵĜʊ˖˗˞ʉʿ˥
ʺ.ƉƔSʅĸŵzʉƔS

ɬˇ˝ˣʶɶʃɧɽ-

˖˗˞�

ʿ˥ʺ 

ˍˡʸʽʲʉ_(ÎƔʝ»ɭGɸ(1)�

�

•  ŉ�ʉƮŵĜʊĸŵzʉƔ
Sɬȇɯʇʙ˖˗˞ʉʿ˥ʺ.
ƉƔSɬŜ£Řʈ�ǉɶʃ
ɧʚ�

ĸŵz�
ȘȜ�

•  ɫʁʃʊşūƒʖˍˡʭ˝˓˥ʊŁŋ˗ʿ˟ºʈÌ
�ʈƂśʈˍˡʭ˝˔ˣʭɸʚɳʅɬ�ƚŘʄɦʀɽ-
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ĸŵz 

ˤʿ˥ʺ.ƉƔSʉȇɧʪ˘ʽʴ˚ʝƱɱʚ 
ˤʪ˘ʽʴ˚ʈƏɧɽʿ˥ʺʝ)|ʕEMŎɶ 
ɞĸŵʝƠʇɨ 
ˤɳɨɸʚ�ʄĸŵzʉƔSʝ[H,ɧIʚ 

ɞ˖˗˞ʣʦ˥˟wȁʎʉ£F�

ˍˡʸʽʲʉ_(ÎƔʝ»ɭGɸ(2)�

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

EMŎ�

ɢʠˍ˞ʮ˥ʴ˜ˣɬƦĦ 
ɸʚByte/Flop8ɬ'ɧɣʺʢˍ 

ʉƮŵʅ�ɨ(*1) 
 

-ɩʋƠJƠJŪ 
(2N26ʉʿ˥ʺʄ2N36ʉĸŵi) 

 
(*1)ĸŵǥ(Flop)Ȉʈģʏ 

ʿ˥ʺʉŧWǥ(Byte)ɬ¥ɵɧƮŵ�
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ĸŵz 

ˤEMŎGĊʇɧwȁʕɦʚ 
ˤɳɨʇʚʅĸŵzʉƔSʝ[H,ɧIʚ�
ɬGĊʇɧ 

ɞʅʊƭʀʃʕˤˤˤˤ�

ˍˡʸʽʲʉ_(ÎƔʝ»ɭGɸ(3)�

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

EMŎ�

ɢʠˍ˞ʮ˥ʴ˜ˣɬƦĦ 
ɸʚByte/Flop8ɬȇɧɣʺʢˍ 

ʉƮŵʅ�ɨ(*2) 
 

(*2)ĸŵǥ(Flop)Ȉʈģʏʿ˥ʺʉ
ŧWǥ(Byte)ɬ�ɭɧƮŵ�

SACSIS 2012 ȘȞ 



ˍˡʸʽʲʉ_(ÎƔʝ»ɭGɸ(4)�

! ˖˗˞ėǙɟʅʙʜɱ˯ĝʪ˘ʴ˚ɟ˰ĝʪ˘ʽʴ˚ʅɧʀɽ�
ǰ©˖˗˞ėǙʝÑƽɶʃˍˡʭ˝˔ˣʭʝƠɨÊƦɬȂ�Xɠ-

! ɳɨɶɽŉ�ʉȇÎƔƮŵĜ˨HPC˸High-Performance-
CompuFng)ʈɪɧʃʊɟɦʘɫɷʔ�ƠÎƔʝƑɩɽʿ˥ʺ
ėǙˤ˟˥ˍėǙŰʝˍˡʭ˝˔ˣʭüʈáŎɶʇɱʛʇʘʇ

ɯʇʀɽɠ-

SACSIS 2012 șȕ 

ȍȖȎˍ˞ˋʤʽʼʉăVMŎ�
ȍȗȎ˝ʢˣʠʬʸʶʉăVMŎ�
ȍȘȎʪ˘ʽʴ˚ʉăVMŎ�
ȍșȎVňʉƛɧv�ʶʮʵ˚˥˞ˣʭ�
ȍȚȎĸŵzʉăVMŎ�

CPU_(ÎƔʝɦɲʚɽʔʈʊ �˺
CPUDʉƥïʰʠʄʑɹʶˠʽˁ�Jɸʚ�

ʊOåʅɶʃ�
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ĸŵz 

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

ˠʢʾˣʴ(ʠʬʸʶʉŭɿ�ɬʙ)�

ˠʢʾˣʴ˨Ŝ£8˩�

˯ˮ�

˯ˮˮ�

˯�
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ĸŵz 

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

ˠʢʾˣʴ(ʠʬʸʶʉŭɿ�ɬʙ)�

ŭɿ�ɬʙ�

ʠʬʸʶ�

ŭɿ�ɬʙ�

ʠʬʸʶ�

üǪ�
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ĸŵz 

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽ
ʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

(1)ˍ˞ˋʤʽʼʉăVMŎ�

ŭɿ�ɬʙ�

ʠʬʸʶ�

ˍ˞ˋʤʽʼ�

ʠʬʸʶ�

üǪ�

ĸŵʈʠʬʸʶɻʉʕʉʝ
ǲɺʚ�nʕɦʚ 
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ĸŵz 

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽ
ʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

(2)˝ʢˣʠʬʸʶʉăVMŎ�

128byteĢʉʠʬʸʶ�

AǟʉƦƂʝ 
ƮŵʈMŎ�

16ʉƦƂʉʒ 
ʝƮŵʈMŎ�

128byteĢʉʠʬʸʶ�

Vňɬƛɧ� VňɬÏɧ�
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ĸŵz 

ˤʿ˥ʺ.ƉƔSʉȇɧʪ˘ʽ
ʴ˚ʝƱɱʚ 
ˤʪ˘ʽʴ˚ʈƏɧɽʿ˥ʺʝ)|
ʕEMŎɶĸŵʝƠʇɨ 
ˤɳɨɸʚ�ʄĸŵzʉƔSʝ[
H,ɧIʚ 

˖˗˞�

ʿ˥ʺ 

ȗĝʪ˘ʽʴ˚�

Ȗĝʪ˘ʽ
ʴ˚�

ʿ˥ʺ 

ʿ˥ʺ 

EMŎ�

(3)ʪ˘ʽʴ˚ʉăVMŎ�
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˟˥ˍɄȐȖ�

˟˥ˍɄ� ˟˥ˍɄ�
˟˥ˍɄȐȖ�

(4)Vňʉƛɧv�ʶʮʵ˚˥˞ˣʭ�

ȿɉȈɄȠȖȑȖȕȕ�
ɞƮŵȖ�
ɞƮŵȗ�
ɀɈȿȈȿɉ�

ƮŵüǪ� ƮŵüǪ�

Vňɬƛɧ�

VňɬÏɧ�
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SACSIS-2012�

(5)ĸŵzʉăVMŎ�

�ŵʅUŵʝ˲6oüʈƮŵiƔ�

( 1 ɞ+ ɞ1 ) × ˲ȈȈ= 8 �

1ʰʠʉˊ˥ʬÎƔ˸8ĸŵ×2GHz =16Gĸŵ/ŦȈ�

ɳʉĉ!ʈ 
ǒɧŨȇVň�

șȝ 

ƦĦB/F8
ʅÎƔʉǫ1�
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ƦĦɸʚȢȔȦɬ�ɭɧʠˍ˞ʮ˥ʴ˜ˣʈʁɧʃ�
ˤ˖˗˞ˇˣˁ²ʝ,ɧIʚ�ɬ���
ˤ�œǣƦʇʉʊȍȖȎȍȗȎ�
ˤĝʈʄɭʚɾɱʧˣʪ˘ʽʴ˚ɸʚȍȘȎɬǣƦ�
ˤɳʛʘȍȖȎȍȗȎȍȘȎɬĵɽɵʛƮŵʈÊƦʇʿ˥ʺ
ɬĸŵzʈ.ƉɵʛɽŃÒʄɟɻʛʘʉʿ˥ʺ
ʝ[H,ɩʚŨ·ʈȍșȎʉʶʮʵ˚˥˞ˣʭɬʄ
ɭʃɟɵʘʈȍȚȎʉĸŵzɬăVʈĭŎʄɭʚŃ
Òʄɦʚ�ɬÊƦȈ�

ȇɧÎƔʝÆʚɽʔʉƦƂʅ 
ƦĦB/F8ʉǫ1�
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ƦĦɸʚȢȔȦɬ¥ɵɧʠˍ˞ʮ˥ʴ˜ˣʈʁɧʃ�
ˤaŋŘʈʪ˘ʽʴ˚ʉăVMŎɬiƔ�
ˤʑɹʿ˥ʺʝʧˣʪ˘ʽʴ˚ʈɸʚʰ˥ʿʡˣ
ʭ˸ȍȘȎɬǣƦ�
ˤʁɮʈȗĝʪ˘ʽʴ˚ʉ˝ʢˣ�ʉʿ˥ʺʝăV
ʈMŎɸʚʰ˥ʿʡˣʭ˸ȍȗȎɬǣƦ�
ˤɻʛɬ�ŉʄɭɽ�ʄȍșȎȍȚȎɬǣƦ�
�

ȇɧÎƔʝÆʚɽʔʉƦƂʅ 
ƦĦB/F8ʉǫ1�

SACSIS 2012 ȚȖ 
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Ȗȓ   ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃ�
ȗȓ   �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʈʁɧʃ�
Șȓ   ɢ�ɣʉËŎHǤ�
șȓ   ŉ�ʉʶˈʰˣMŎʉǷɶɵ�
Țȓ   ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�
țȓ   ȇ�JXʉɽʔʉǣƦĻ�
Ȝȓ   ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻ�
ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�
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Ǉȇ�JX�ģǏŘúɶɧ� Ƿɶɧ�

ȇ
ɧ�
_
(�
Î
Ɣ�

ģǏŘ�
úɶɧ�

Ƿɶɧ�

Ȯȩȣȡȭ�

ȳɀɄɌɇȘȤ�

ȲȳȤȦȴ�

ȰȨȡȳȥ�

ȦȦȢ�

ȬȼɍɍɄȾɀ�
ȱȣȤ�

#  ȇɧB/FÎƔʝƦĦ!
#  ǚƋʠʬʸʶ!
#  ģǏŘź_ʇǿ�HQ�

#  ƠJˤƠJŪʈÿæɩi!
#  ʧ˞ʵ˂˟ʉ�J×ĩʄʊȇ�
J£Ë�i!

#  Ǘ4ɬƥǵʄ|ïɬ�ɧ�

#  ȇɧB/FÎƔʝƦĦ!
#  ˞ʶˀʠʬʸʶ!
#  ģǏŘź_ʇǿ�HQ�

#  ƦĦB/FʊȇɧɬOnCachei!
#  āD˟˥ˍɬ˞ʨˠˣʶ!
#  ĸŵʈģʏǗ4ʉģňɬȇɧ�
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Ȗȓ   ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃ�
ȗȓ   �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʈʁɧʃ�
Șȓ   ɢ�ɣʉËŎHǤ�
șȓ   ŉ�ʉʶˈʰˣMŎʉǷɶɵ�
Țȓ   ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�
țȓ   ȇ�JXʉɽʔʉǣƦĻ�
Ȝȓ   ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻ�
ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�

SACSIS 2012 Țș 

RSDFT �
# ĖƦ�

# ˂˅ʶʮ˥˟ʄʉǥ�ƺŘƻŉƿʝɟ
ů�aŋʈŭƕɶʃƬùɶɟôĜƔ
ʝăɸʚ˂˅ŁǄˤėǙʝ�ĴȈ�

# Ȉ¡·ħǫïĩʉ�ĆõŨºʝ�Ŭ
Ǫ¬HĩʈʗʀʃƬɭɟėǙ��Îɟ
ǹ�ėǙɟʻʢ˂˔ʬʶʝƬù�

# ʠ˟ʱ˞ʷ˕�
# �ŬǪȇĝ¬Hĩ�
# ȦɉɋɍɋȼɈȞȕ�

# ʆʞʇɳʅɬĄÂɵʛʚɫ˺ 
# ˒ʶˀʶʮ˥˞ˣʭˤȳɄʾʬ˅ˡʵ˥ʄʉćòâƃʝ2Ǜ 
# ĝ
�ʾʬ˅ˡʵ˥ʝˌ˥ʶˀɸʚôĜƔŁǄʉâƃ�
# ǥ�ƺʈŭƕɶɽʕʉʂɯʙʉÞ¤aŋʝŠŭ�
# ˂˅ɪʗʍˇʢʧŁǄʝBǗʉǥ�ƺŘ�řʄgʙØɨɳʅʈʗʚ�
ǱŘ�wHǤʝRG�

ȳɄa�Ŭ�ʈʗʚķ&ʉǹ�Ǹ�

ĺƂ˂˅ʼ˚˥ˌʄʉʶˊˣšÎ�
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RbSĂõEĞ�

)( 2222 zyxrr ++=

)()( rrH nnn φεφ =

)()(]))](([
2
1[ 2 rrVrV nnnLOCnonLOC φεφφρ =++∇− −

ÂĄQK^÷ė¦¿�º�ĘT´X_^Ē¿UÔLIUåĎÔɖaâY^�

ȫɉɃɈȒȳɃȼɇÖòÈ�

Ē¿ëÍė~�yÞĉęĒüÁÇęëÍÁÇĘF`E^�

ÁÇãĎÔäėȤȦȴȟȤɀɈɌɄɍɒȈȦɎɈȾɍɄɉɈȼɆȈȴɃɀɉɋɒĘT¼NG�
ȫɉɃɈȒȳɃȼɇÖòÈaāH�

�ú�ix��
}��xzd��

ºÚ�·Ĕ�
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ĂõÑē�

1. åĎÔΦU¨Û�a�D^ 

2.  CGäT[]AåĎÔφaØÕK^ 

3. åĎÔΦaÿÝï�¯ėj��Ěo��vxĘK^ 

4. ÅÐ�w�o��VLOCaØÕK^BØÕªÊP½¯F
êI_VĂõù� 

5. }��xzd�aØÕ 

6. Ċ¦ÂĀ¯ėMB×MBôčPĘaýCA1.TÏ^�

RbSĂõE��
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ĂõkdUý§ó¯�– Gram-Schmidt - 

�ƫǟȍȤȧȥȭȶȎ�

{ƫǟȍȤȧȥȭȭȎ�

•  /�ǫ1ʉɦʚǟHʅʇɧǟHʈˌˡʽʬXɶʃƮŵ�
•  E°ŘʈˌˡʽʬXɸʚɳʅʄ{ƫǟʝ�ɯŠ3�

ˏʬˀ˟ŪʝƠJŪʈ�æ� E°HQĩ�

SACSIS 2012�Țȝ 

DGEMMUÌû 

! �ƠVň˸Ȟțȓț˧�
! y ʬʺʪ˘ʽʴ˚ʉVČ˸ȖȗȋŨ·ʉÎƔq��

ƠJŪȍȣȠȡȢȎɞɞƠJʝˌˡʽʬʈHɱɟȬȖȤɟȬȗʪ˘ʽʴ˚ʈʉɺʚ�

˻� ˼� ˽�ɔ� ˹�

Ȭȗʈʉɺʚ� ȬȖȤʈʉɺʚ�
ʸʬʺʪ˘ʽʴ˚ĜƔʄǓɧGɶʝǬĞ�
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RSDFTʈ£ɸʚȇÎƔX(ȇ�JX)�

! ŬǪ�JɫʘŬǪ+ʥ˄˟ʫ
˥ˇˣˁ�J(˰ǎ�J)ʎÿæ-

! �Jǎʝ�ʖɸ�ʄ10��J
ˠˏ˟ʈ£ËiƔʅʇʀɽ-

! ŬǪ�Jʉʒʉ�nʊAˍ
ˡʸʽʲǪʉ��Ǘ4ɬÊƦ-

! Ǘ4üǪɬ��ʝÜɯ-

! ˰ǎ�JʎʉÿæʄŬǪʈ£
ɸʚ��Ǘ4ɬ�ǟʉˍˡʸ

ʽʲǪʄʉǗ4ʅʄɭʚ-

! ˇˣˁʈ£ɸʚ��Ǘ4ʕoĘ-

! ��Ǘ4ʉVňXɬ�ŉ-

ŬǪ�

˴�J�

ŬǪ�

˱×˰�J�

ˇˣˁ�

ŬǪ��Ǘ4�

ŬǪ��Ǘ4�
ˇˣˁ 
��Ǘ4�

SACSIS 2012 țȕ 

¥ì��vi� ¥ì£À� èõČ� ±�Ìû³�Ñä�

�&����  �ğ �Âñý§Uº
Ú�ęºÚ�ix�a
¢É®ċäPºÚ�U

ÄJCZUE\ēT
 �ÜâY^ě�

�e��¶� "� �= ���
?"�!���

��äUĂõ�
ý§��ix�ó�

�6)2%*.
2/+8�

ÿÝï�¯� "� �: ���
?"�!ĝ��

ý§�ý§óW
ÙÓ�

������  �ß�UĊ¦ôčT
ďMO}��xzd�
UÂĀ¯aK^ě��

ý§þøíÎ�
ė )8���

"� �: ���
?"�!��

ý§�ý§óW
ÙÓ�

ºÚ�âā�
�5+7;,9+��

"� ��?"�
!��

ý§ÂĀ¯�

ĖĈ�e���
Ã �

¹Ć�
�$48'��

"� �: ���
?"�!��

ý§�ý§óW
ÙÓ�

 

nn

nKSm H

ψψ

ψψ

 ∑
−

=

−=
1

1

'
n

m
nmmnn ψψψψψ

 nKSmnm HH ψψ=,

!
!
!

"

#

$
$
$

%

&

=
!
!
!

"

#

$
$
$

%

&

!
!
!

"

#

$
$
$

%

&

× nnNN ccH 
ε

 ∑
=

=
N

m
mmnn rcr

1
,

' )()( ψψ

2/3/2/<,�

 ��Ý¿Ôę ��~�yÔ�

RSDFTʈ£ɸʚȇÎƔX(_(ÎƔ)�

SACSIS 2012 țȖ 



RSDFTʰ˥ˁʉʾʶˀÎƔ�

°č� ¡�˨Ŧ˩� èõ˨Ŧ˩�

ć�×čėðĘ�
Ìû�

ė���"#%Ę�đÒ	ôč� ¾»	ôč� ¾»	~�y�

����� �����
� �������� ���
��� ������ ����� �����

�&��� ���
��
�� �
����� ����� ����� 
�

�� �
����

�6)2%*.2/+8� ��
���� �������� ��� ������� ������ ���

�

&48)1� ������� ���� �
����� ������ ���
���

�
����

�

��iÌûà�

�����

Ý¿Ô�����ğ�����ğ��
A²¿Ô�����A~�yÔ����
�

ɢ�ɣʉ˷˴ű(ɟ˷˰˯˴ˍˡʸʽʲɟ˵˱˵˰˶ʰʠʝ,ŎɶÎƔĴ�ʝ�ö 
 

ˊ˥ʬÎƔ1.18Pflopsʈ£ɶ31.4%(370Tflops)ʅɧɨ 
ȇɧ�ƠÎƔʝ�ŉ 

ôč¦«Ô���ğ����ğĜ�A~�y¦«Ô�ĝA������svmA����kd�
SACSIS 2012 țȗ 

l�y���ąUĂõ�

•  ʴ˞ʰˣ˂˅ˢʢ˙ʉů�aŋʴ˔˚ˠ˥ʴ˜ˣ�
–  ĝ
�]¤(ćòʅɶʃĄÂɵʛʃɧʚʴ˞ʰˣ˂˅ˢʢ˙ʉǹ�ŃÒ˪
ʥ˄˟ʫ˥Űʝʴ˔˚ˠ˥ʴ˜ˣʄĦʔʚɳʅɬŚŘˬ-

–  576˝ʽʬ˨7.07ːʺˋˡʽˍʶ˩ʝŎɧɽƮŵʝ�öɶȇɧÎƔʝ�ŉˬ-
–  
ŐʄKʔʃƀ40,000a�ʉǹ�ŃÒƮŵʈÔTˬ�
�

˨ɘ˩ʱ˥ˁˣˤˏ˟ǃȈȍȡȣȭȈȧɉɋȿɉɈȈȢɀɆɆȈȰɋɄɓɀȎȈʊ˪�JƮŵÙơʉq�ʝŚŘʅɶʃ˪Ż�ƮŵĜ�"˨ȡȣȭ˩Ȉ
ʈʃǜyɵʛ˪Ģ´ɟˆ˥ˁʣʤʠʅʠˍ˞ʮ˥ʴ˜ˣʉǩŖʈɪɧʃāȇʉÔČʝɦɲɽƺñʈ�	ɵʛʚǃʄ
ɦʚˬĢ´ȖȖĂʈǩ:ɵʛʚŻ�ʶ˥ˈ˥ʰˣˊ˚˥ʺ"ƾ˨ȳȣȟȈȳɎɊɀɋȾɉɇɊɎɍɄɈɂȈȣɉɈɁɀɋɀɈȾɀ˩ʈʃƢÀºɬƠ

ʜʛʚˬ�

a�1�6ɫʘʇʚʴ˞ʰˣƈýʉǹ�ŃÒ�

�� )���>m�Vk &Ev|�rsu

�"��z~�x��FET�K0�$v|�rsu�

n-Si PMNO

QM� NO

;<�

o�vK%

t�s w~n�

t�s w~n�
o�v

Zlf`LSIdL�=�3K��LJ4eFET
�K0�$v|�rsu�d�9ci^_�.[l_U]

\W\bXj�9m�\FgkLSId1�e
2020�2030�c:-mDVka��[l_UkS

�9c�U,lK*��R LSId+CK�d�YbG	

,lK*�
d]g \U&Edv|�rsuX'8[l_UkS
�`hq}p�xy�n{FETe5%d&E`Tka!�?[l_UkS

q}p�xy�n{FETd@#�BAceI���26��/A7X��(

xy�I���c�H[lk�0

ÅĊ�ʉǹŐVČ 
ˀ˝ˣʵʶʺ�

ôɶɧʴ˞ʰˣ˂˅ˢʢ˙ 
ǹŐVČˀ˝ˣʵʶʺ�

'ıǂ 
ǹSX 

ʴ˞ʰˣ˂˅ˢʢ˙˥�

ʯ˥ˀ�ʹ˥ʶ� ˁˠʢˣ�

SACSIS 2012 țȘ 



ȤȧȥȭȭȔȤȳ�

ȤȧȥȭȭȔȳȤ�

ȤȧȥȭȭȔȧȳ�

ȥȩȧȥȮȔȳȤ�

•  ȳɎɌɍȼɄɈɀȿȈɊɀɋɁɉɋɇȼɈȾɀȈɄɌȈȘȓȕȝȈȰȦȬȯȰȳȈȔȳȣȦȓ�

•  șȘȓțȈȋȈɀɁɁɄȾɄɀɈȾɒȈɍɉȈɍɃɀȈɊɀȼɅȈɊɀɋɁɉɋɇȼɈȾɀȓȈ�

•  ȣɉɇɇɎɈɄȾȼɍɄɉɈȈȾɉɌɍȈɄɌȈȖȞȓȕȋȈɉɁȈȼɆɆȈɀɑɀȾɎɍɄɉɈȈɍɄɇɀɌȓ�

•  ȯɈɀȈɄɍɀɋȼɍɄɉɈȈɍɄɇɀȈɉɁȈȳȣȦȈɄɌȈȚȑȚȕȕȈɌɀȾȓȈȍȖȓȚȈɃɉɎɋɌȎ�

Challenge to 100,000 atoms simulation 

SACSIS 2012 64 

ȴȯȰȚȕȕɞȳȣȖȖȍȗȕȖȖ´ȖȖĂȎ�

ʱ˥ˁˣˏ˟ǃ�

SACSIS 2012 țȚ 



ʠʵʤˣ �̒

Ȗȓ   ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃ�
ȗȓ   �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʈʁɧʃ�
Șȓ   ɢ�ɣʉËŎHǤ�
șȓ   ŉ�ʉʶˈʰˣMŎʉǷɶɵ�
Țȓ   ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�
țȓ   ȇ�JXʉɽʔʉǣƦĻ�
Ȝȓ   ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻ�
ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�

SACSIS 2012 țț 

∑=

=
"
#
$

%
&
'

++∇−

i
i

iiiXCVV
m

2

2
2

)()(

)()()]([)(
2

rr

rrrr

ϕρ

ϕεϕρ


PHASE 
�ê˒ʾˣʴ˘˟ʅ¡·ħǫïĩʈʗʚ˂˅ćòů�aŋH�WS�ˍˡʭ˝˕ʄɦʚˬ�

�§��¶ʄʊʇɯ³ǼĪ�¶ʝŎɧʚɳʅʈʗʙ˪H�ɫʘ�(ʑʄ�ɯʉŁǄʈ£ɶʃ

ȇž·ʇǹ�ŃÒƮŵɬiƔʄɦʚˬ�
�

�ů�aŋH�WS�Ʈŵ˹b¡ɫʁˈ˝˖˥ʺɬ@ʘʇɧ�

� �ˤˤˤǹ�ʉàʚƙɧʝǥ�S�ȳȾɃɋɕȿɄɈɂɀɋõŨºʝŎɧʃƬɯ�

�

�

�b¡ʈʊƬɱʇɧʉʄ˪ǒ%ɸʚȍ¡·ħǫïĩȎ�

� �ˤˤˤǹ�ʉİȍǹ�Ȏʉǹ�ʉǜWʈɪɭɫɩʚȍ�ǹ�wȁɚȖǹ�ǒ%Ȏˬ�

�

�

�

�

�ɳʛʊˆ˔˟ˀ˃ʠˣʅɧɨÈHĸŵ�ʈ£ɸʚ�ă8wȁʄɦʚˬˆ˔˟ˀ˃ʠˣɬĨ

ʑʛʋ˪ʥ˄˟ʫ˥ʅĪWǫïɬĦʑʙ˪ĪWǫïɬĨʑʛʋǹ�H®ɬ�ʜʚɽʔ˪

ˆ˔˟ˀ˃ʠˣʕ�XɸʚˬɳʉfĈƮŵʝƠɨȍȳȣȦȎˬ�

)()()(
2

2
2

rrr iii EV
m

Ψ=Ψ
"
#
$

%
&
'

+∇−


SACSIS 2012 țȜ 



" ʨ˥˄˟ʉÚG�
ȰȨȡȳȥʈʃÚGɵʛɽ˪ʨ˥˄˟ʊ��ʉȖȖYǪʄɦʚˬ�

YǪȖȟȈ�	���	ʉǖȦȦȴ�

YǪȗȟȈ�
�
	���	ʝĪWǫï��ʅʉDŪ�ʈ+Ŏ�

YǪȘȟȈ�	���	ʝĪWǫï��ʈ+Ŏ˪ĪWǫïʉ5ğ8���ʝƮŵ�

YǪșȟȈ�������ʉƮŵ�

YǪȚȟȈȧɋȼɇȒȳȾɃɇɄȿɍʉś�X�

YǪțȟȈ�ă8Ʈŵ˪ĪWǫï��ʅ��ʉˇˣˁõq�ʏĀɩ�

YǪȜȟȈǹƝ¡·Ʈŵ�

YǪȝȟȈ�	���	ʉǖȦȦȴ�

YǪȞȟȈƠJ£ƫXƮŵ˪ĪWǫï��ʉ5ğ�

YǪȖȕȟȈ�������ʉƮŵ�

YǪȖȖȟȈǹƝ¡·˪˒ʾˣʴ˘˟˪Aʥ˄˟ʫ˥Ʈŵ�

�
�

�

ũȃ� YǪœl�

ƠJȒƠJŪʈÿɭæɩiƔ� ȗȑșȑȚȑȝȑȞȑȖȕ�

ȦȦȴʝrʓ� ȖȑȘȑțȑȜȑȝȑȖȖ�

£ƫX� Ȟ�

• ǅ�ʊÎƔƳ0ɶɽʨ˥˄˟�
• ʧ˞ʵ˂˟ʰ˥ˁʊˆʢˌ˞ʽˁ
�Jʈ£Ëɶʃɧʇɧ�

• ɢ�ɣʄʉÎƔģǏʿ˥ʺʊ˪
ȖɍɃɋɀȼȿɌʉƳ0ƈČʄɦʚ˪�

SACSIS 2012 

ȘũȃʈHȃ�

țȝ 

0

50

100

150

200

250

300

orinigal original+DGEMM 22axis+1threads 22axis+8threads

[s]

Algorithm

Gram/Schmidt3orthonormalization

other
M�M
M�V

" BLAS Level3ǞŎ�
"  ȲȳȤȦȴʅoĘʈȧɋȼɇȒȳȾɃɇɄȿɍʉś�XʝƠJˤƠJŪʈÿæɩ�
"  ȧɋȼɇȒȳȾɃɇɄȿɍʉś�Xʝrʓʨ˥˄˟ȍYǪȚȎʈȢȬȡȳȈȬɀɏɀɆȘʝǞŎ�

"  ȦȸȖȑɢ�ɣȖț�JʄĴ��
"  ȨɁȳɄȯȗȈȜțȝa�ʠ˗˟ˋʟʶſ�
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�����
��
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��
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��

��

[%]

��

[sec]
��

[%]

��

��

[%]
��5 512.7 100.0 2
�23 ���
� ������ ����	�

m_ES_F_transpose_r 105.3 20.5 0 ���� ���� �����

m_ES_W_transpose_r 15.7 3.1 0 ���� ���� �����

WSW_t 15.2 3.0 ���36 ���� ��
� �����

normalize_bp_and_psi_t 0.9 0.2 3�25 ���� ���� �����

W1SW2_t_r 49.2 9.6 5�46 ��
� ����� �����
modify_bp_and_psi_t_r 50.8 9.9 4�45 ��
� ����� ��
��
W1SW2_t_r_block 162.0 31.6 41�89 ���� ����� �	����
modify_bp_and_psi_t_r_block 96.2 18.8 74�65 ���� �
�	� 	�����
m_ES_W_transpose_back_r 14.1 2.8 0 ���� ���� �����

m_ES_F_transpose_back_r 1.3 0.3 0 ���� ���� �����
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"  ŉ�ʊʗʙ¥ɵɧwȁʝŞɧüǪʄƮŵɶɽɧ 

"  Ȗȕȑȕȕȕa�ſʝ˴˲�ʰʠʄƬɭɽɧ�

"  ɳʉɽʔˇˣˁʅĪïʉ�ǎ�JXʝ�ƣ�
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" BLAS Level3ʉ�ǎ�JXʉVČ�
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ʉƮŵʄʊ˪a�ïɬȖȕȑȕȕȕʝǈɩʚɽʔ˪�JXʝ�öɶɽˬ�

"  ȇǘ£ƫX˟˥ʼˣʉHQïʉ���

�Șȑȕȕȕ̌țȑȕȕȕa�Ũ·ʉſȍ=ï˹Ȗȕȑȕȕȕ̌ȗȕȑȕȕȕȎʈʃ˪ÎƔƳ0ʝƠɨʅ˪H

QïȠȖțɑȖțȠȗȚț��ʊʧ˥ˇ˥ˎʽˁɬƧʘʛɽɽʔHQïʝȖțɑȖțȍȠȗȚțȎʈ�

�ɶɽˬ�

�
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16x32 16x64 16x96 16x128 16x160 16x256

[s]

�����(���×	�)

ScaLAPACK
FFT
BLAS

ɢ�ɣ�
" ƌnÎƔ�

"  ŉ�ˀ˥ʺ˟ïːʺʝ,Ŏɶɽ
ÎƔĴ�ʝ�öɶʇɬʘāƅ

ʼ˚˥˃ˣʭʝ�ö�

"  ȦȦȴʝ,Ŏɶɽʰ˥ˁʅɶʃʊȇ
ÎƔʄɦʚ£ˊ˥ʬÎƔģȗȕȋ

��ʝÆʘʛʚƧǗɶ�

"  ï\a�ʉƮŵʝȖ�ȗ�˅˥
ˁʝ,ŎɶƮŵʄɭʚƧǗɶɬ

Æʘʛɽ� SACSIS 2012 ȜȘ 



ʠʵʤˣ �̒

Ȗȓ   ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃ�
ȗȓ   �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʈʁɧʃ�
Șȓ   ɢ�ɣʉËŎHǤ�
șȓ   ŉ�ʉʶˈʰˣMŎʉǷɶɵ�
Țȓ   ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔX�
țȓ   ȇ�JXʉɽʔʉǣƦĻ�
Ȝȓ   ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻ�
ȝȓ   ŋşǣĻʠˍ˞ʉłÉ�
Ȟȓ   ȲȳȤȦȴʉȇÎƔX�
Ȗȕȓ   ȰȨȡȳȥʉȇÎƔX�
ȖȖȓ   ȳɀɄɌɇȘȤȑȦȦȢʉȇÎƔX�
Ȗȗȓ   ʑʅʔ�

SACSIS 2012 Ȝș 

$ CPU_(ÎƔʼ˚˥˃ˣʭʈɪɧʃʊ˪£ƿʅɸʚʰ˥
ʿʡˣʭʉǯŐÎƔ8ɬHɫʘʇɧ 

$ ƦĦB/F8ɬȇɧʰ˥ʿʡˣʭʈ£ɸʚʶʨ˝ʼ˚˥˃ˣʭ 

ŔƠJʅˏʬˀ˟ʉŪʉwȁĻ 

$ ʆʉġǰʑʄʼ˚˥˃ˣʭ+ĔʝǛʔʚɫʉLó�ķʝƱ
ɱʚ�ʝŚŘʈŔƠJʅˏʬˀ˟ʉŪʉʰ˥ʿʡˣʭɫʘ
ÎƔʝ�Ĵɸʚ×ĩʝåđ 

$ Seism3DdʍFFBʝ£ƿʈɢ�ɣʈɪɧʃþʇʚÎƔq�
ʉɽʔʉC(Řʇʼ˚˥˃ˣʭ×ĩʝåđ�

ɳɳʄʉƾƺʉńɧ 

Seism3D,FFB�

SACSIS 2012 

$ Seism3DʅFFBʊ�ĆŘʈŔƠJʅˏʬˀ˟ʉŪʄɦʚ
ʉʄ˪ɻʉƪĻʄƾƺɸʚ 

ȜȚ 



"  ƠJʊ�ƚŘʈ˱ĝ=ʉǠJʄɦʚ 
"  ɶɫɶʰ˥ʿʡˣʭŘʈʊ˯ĝ=ʖ˰ĝ=ǠJʄƢŉɵʛʃɧʚ�nʕɦʚ 
"  ɽɾǥŘʈʊ�ɭɧʉʄ˖˗ʙˇˣˁ²ʝıǂɸʚ�nɬ�ƚŘ 
"  ɶɫɶŁŋŘʈ˰ĝ=ʉǥʄɦʚ�nʖʶʨ˝˥ǥʄɦʚ�nɬɦʚ 

"  ˏʬˀ˟ʊ�ƚŘʈ˱ĝ=ǠJʄɦʚ�
"  ɶɫɶʰ˥ʿʡˣʭŘʈʊ˯ĝ=ʖ˰ĝ
=ǠJʄƢŉɵʛʃɧʚ�nʕɦʚ�

"  ˏʬˀ˟ʊƠJʉJ²Ũ·ʉEMŎ
Îɬɦʚ�

"  ɶɽɬʀʃǥŘʈʊƠJʉJ²Hʉ˯
Ũ·ʉ�ɭɵʄɦʚ�

"  ˖˗ʙˇˣˁ²ʝıǂɸʚɬEMŎÎ
ʝōɫɺʚɫɬǣƦ�

"  �ĝ=ʉǥʅɶʃ˞ʶˀʠʬʸʶɸʚ
�nɬăʚ�

"  ɻʉ�nʊ˞ʶˀʊƠJʅoɷǥɬÊ
Ʀʅʇʙ˖˗˞ˇˣˁ²ʝıǂɸʚ�

ŔƠJʅˏʬˀ˟ʉŪʉłÉ 

SACSIS 2012 Ȝț 

ÎƔ�Ĵ×ĩ�

SACSIS 2012 ȜȜ 



ˏ˥ʶʅʇʚÎƔ8�

˖˗˞�

�

�

�

�

�

�

�

�

�

�

�

�

ʼʽˍ�

BŎ̂˰ʪ˘ʽʴ˚ɞ˴̃˼˭˯˰̆˻̈�

ɞʰʠɞɞɞɞɞɞɞɞɞɞɞɞ�

�

�

�

�

̂˯ʪ˘ʽʴ˚˱˰́˭˰̆˻̈�

̅̀̃˾ĸŵz� ×˶ʰʠ 

ɞ˼˿ģ˹ˮˬ˳(�V8:0.36)�

˼˿ģ˹˲(ŋƺ8)�

ɞ˼˿ģ˹˰(ŋƺ8)�

ˠʢʾˣʴ˨Ŝ£8˩�

˯ˮ�

˯ˮˮ�

˯�

16GFLOPS�

ˇˣˁ²˨˼˿ģ˩�
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�°µO �
�«_q;gbc�

�	� �
� ����

 �� ����
2�

'/1)�

����
2�

'*+0�

����
2�

'*+0�

 ��
�� �� � �	��

�«� ����� ����� ����
2

'*+0����

�«�
�� ����� ����� �	���

��� !����htai;YO¬�
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klpLXmb]nVY`_����

 do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R41 
          end do 
       end do 
    end do 

�

˖˗˞˸ˡ˥ˁ˯˪ʶˀʠ˯�

˖˗˞˸ˡ˥ˁ˯�

ȊȬȖ˸ˡ˥ˁȗ�

ȊȬȖ˸ˡ˥ˁȖ�

SACSIS 2012 ȝȕ 

klpLXmb]nVY`_���
reg�

mem�

$L�

 do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R41 
          end do 
       end do 
    end do 

�

ʿ˥ʺŧWüǪʉģʝƧʚʅ˖˗˞ʄÃǘɵʛʚ�
ɚɞ˖˗˞ʠʬʸʶ�ïʉʒʄƑÓɸʛʋƛɧɠ�

������ ����� "#!-+
���	��

 ��,'%
&�+��	��

"#!-
+���
��

 ��,'%
&�+��
��

��� �� �� ��	��
������
2��

�	���
�
��	��

�	��
����
2��

�	���
�	��

�� �� � �����
2�� ���
�� �����
2�� ���
��
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 do J = 1, NY 
       do I = 1, NX 

          do K = 3, NZ-1 

             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 

                         - (V(k+1,I,J)-V(k-2,I,J))*R41 

          end do 

       end do 

    end do 

"   �|½(K½)@¨v 

"  1_cp;jKGO±O3¤¸P$L1N¹I
J?S���KAT9 

()flop: 

 %((�����-4,3������� 

 

()���� 	
�����
���

���·� �	��
	�����	���

�·¬� �	����

()Byte�*$: 

1store,2loadL�>T 

4x3 = 12byte�

��wªS�

SACSIS 2012 ȝȗ 

" ăǯ¬Hĩʈʗʙï8ŘʈŽ¾ÎõŨºʝüǪŖ
¨ɵɺʚ 

" �Ǻ#éʅĬĪʝǚWɶʃƬɯ 
" �ƨĚʇ�JXʈ£Ëɶʃɧʚʠˍ˞ʮ˥ʴ˜ˣȈ 
" ��ʉ˴ʁʉƮŵǟHʗʙėÔ�

a) ËSŬǪÈHƮŵ�
b) ǘ·ŬǪÈHƮŵ�
c) ËSüǪŪHƮŵ�
d) ËSüǪŪHsfƮŵ�
e) ǘ·üǪŪHƮŵ�
f) ǘ·üǪŪHsfƮŵ�

SACSIS 2012 

Seism3D�

ȝȘ 



Seism3Dʉ 
ʼ˚˥˃ˣʭ�

SACSIS 2012 ȝș 

 do J = 1, NY 
       do I = 1, NX 

          do K = 3, NZ-1 

             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R40 & 

                         - (V(k+1,I,J)-V(k-2,I,J))*R41 

          end do 

       end do 

    end do 

"   �|½(K½)@¨v 

"  1_cp;jKGO±O3¤¸P$L1N¹I
J?S���KAT9 

()flop: 

 %((�����-4,3������� 

 

()���� 	
�����
���

���·� �	��
	�����	���

�·¬� �	����

()Byte�*$: 

1store,2loadL�>T 

4x3 = 12byte�

¢z¼v$x�O��%�&������O¨v��
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 do J = 1, NY 
       do I = 1, NX  

          do K = 1, NZ  

             DXV (k,I,J) = (V(k,I,J)  -V(k,I-1,J))*R40& 

                         - (V(k,I+1,J)-V(k,I-2,J))*R41 

          end do 

       end do 

    end do  

()flop: 

 %((�����-4,3������� 

()���� 	
�����
���

���·� �	��
	�����	���

�·¬� �	����

()Byte�*$: 

P12RS8klp\_cHBU
�ºFT9 

1sore,2loadL�>T 

4x3 = 12byte�

"  �2½(I½)@¨v 

"  1_cp;jKGO±O3¤¸P
$L1or$L2N¹IJ?S���KAT 

"  ®IJ˯ĝ=Śɬ¬Hʉˈʺ˥ˣʅo
ɷÎƔʈʇʚ 

¢z¼v"x�O��%�&�����O¨v��
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  do J = 1, NY 
       do I = 1, NX 

          do K = 3, NZ-1 

             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R42 & 

                         - (V(k+1,I,J)-V(k-2,I,J))*R43 

             DXV (k,I,J) = (V(k,I,J)  -V(k,I-1,J))*R40& 

                         - (V(k,I+1,J)-V(k,I-2,J))*R41 

          end do 

       end do 

    end do 

()flop: 

 %((�����-4,3��������� 

()���� 
��	����
�

���·� �	��
����	���

�·¬� �	����

()Byte�*$: 

2store,3loadRS8 

(2+3)*4 = 20�

"  K,I½¨vOq;gU�uFT
DLNRS8V(K,I,J)Os;
dU�~�KA8gsZoj
O��B/F¬U�CT9 

¢z¼v$x�O��%�&��$"q;g�u��
ƦĦB/F8ʝ�ɲʚ�
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  do J = 1, NY 
       do I = 1, NX 

          do K = 1, NZ 

             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 

                         - (V(k,I,J+1)-V(k,I,J-2))*R41 

          end do 

       end do 

    end do 

()Byte�*$: 

 1store/5loadRS  

(5+1) * 4byte = 24 

7�

"   �3½@¨v�<7����ME 

()flop: 

 %((�����-4,3������� 

 ()���� 
����������

���·� �	��
�	����	����

�·¬� �	����

¢z¼v#x�O��%�&������O¨v��

SACSIS 2012 ȝȝ 

!$OMP DO SCHEDULE(static,1),PRIVATE(I,J,K)  
 do J = 1, NY 

       do I = 1, NX 

          do K = 1, NZ 

             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 

                         - (V(k,I,J+1)-V(k,I,J-2))*R41 

          end do 

       end do 

    end do 

()flop: 

 %((�����-4,3������� 

"   �3½Ucyclicv��<71_cp;
jK3¤¸@L2N¥T(¦��») 

"  ��@=¶NMT 

()���� 	
�����
���

���·� �	��
	�����	���

�·¬� �	����

()Byte�*$: 

1sore,2loadL�>T 

4x3 = 12byte 

¢z¼v#x�O��%�&��
�����U'6',+'K_rbd¯¸���

ʪ˘ʽʴ˚ʈǐɺʚ�
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(cyclicHQʶˠʽˁ�JʉƸù)�

ˍˡʭ˝˕-�
Do j=1,jmax 
  do i=1,imax�
    do k=1,kmax 
       a(k,i,j)=ˤˤˤc0*v(k,i,j-1)+c1* v(k,i,j)+c2* v(k,i,j+1)ˤˤˤ 
     end do 
  end do 
end do�

1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkmax�
ˤˤˤˤˤˤˤˤˤ�

1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkmax�

1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkmax�

ˤˤˤˤˤˤˤˤˤ�
1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkma�

1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkmax�
ˤˤˤˤˤˤˤˤˤ�

1 ˤˤˤȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈȈˤˤˤˤȈkmax�

i=1� i=2� i=imax�

j�

j-1�

j+1�

˸ʶˠʽˁn+1ʄcĽɸʚʿ˥ʺ�
˸ʶˠʽˁnʄcĽɸʚʿ˥ʺ�
˸ʶˠʽˁn−1ʄcĽɸʚʿ˥ʺ�

ʶˠʽˁn−1ʉCL�

ʪ˘ʽʴ˚˝ʢˣ(CL)�

ʶˠʽˁn+1ʉCL�

SACSIS 2012 Ȟȕ 

!$OMP DO SCHEDULE(static,1),PRIVATE(I,J,K) 
    do J = 1, NY 
       do I = 1, NX 
          do K = 3, NZ-1 
             DZV (k,I,J) = (V(k,I,J)  -V(k-1,I,J))*R42 & 
                         - (V(k+1,I,J)-V(k-2,I,J))*R43 
             DXV (k,I,J) = (V(k,I,J)  -V(k,I-1,J))*R40& 
                         - (V(k,I+1,J)-V(k,I-2,J))*R41 
             DYV (k,I,J) = (V(k,I,J)  -V(k,I,J-1))*R40 & 
                         - (V(k,I,J+1)-V(k,I,J-2))*R41 
          end do 
       end do 
    end do 

()flop: 

 %((�����-4,3��������� 

"  K,I,J½¨vOq;gU�uFT
DLNRS8V(K,I,J)Os;dU
�~�KA8gsZojO��
B/F£U�CT9 

()���� 
��	����	���

���·� �	��
�	������	���

�·¬� �	����

()Byte�*$: 

Store 3 +4 load L�>TL8 

(3+4)*4 = 28byte�

¢z¼v#x�O��%�&��
�$"#q;g�u'6',+'_rbd¯¸��

ƦĦB/F8ʝ�ɲʚ 
ʪ˘ʽʴ˚ʈǐɺʚ�
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()���� 
�
�	���	����

���·� �	��
�	������	��
�·¬� �	����

¡}yzªvO��'��

" �Ĵ8ɬ'ɧ 
" ,Ŏɶɽ˖˗˞ˇˣˁ²ʉĴ�ƈČʊȈ35GB/sec Ũ· 
" ˆ˥ˁʣʤʠˍ˞ˋʤʽʼɬVňŘʈGʃɧʇɧ�ɬLù 
" ɧɯʁɫʉǠJʝƟnɶǠJʉïʝĲʘɸ�ʄʶˀ˞˥˕ʉïʝNĲ 
" ˆ˥ˁʣʤʠˍ˞ˋʤʽʼʉVňʝq� 
" ɻʉƈČ�Ĵ8ɬ0.218ʑʄq� 
"  ˖˗˞ˇˣˁ²ʕ42.4GB/secʑʄq��

ʧ˞ʵ˂˟ʰ˥ˁʉƈČ�

SACSIS 2012 Ȟȗ 

ʧ˞ʵ˂˟�

üǪȍŦȎȈɊɀȼɅģ�

ʼ˚˥˃ˣʭ�

üǪȍŦȎȈɊɀȼɅģ�

A(ȍȏȎ� ȜȚȓȚ� ȖȕȓȘȋ� ȚȗȓȞ� ȖȚȓȘȋ�

ȼȎËSŬǪÈH� ȖȘȓȕ� Ȗȕȓșȋ� Ȟȓȗ� ȖșȓȜȋ�

ȽȎǘ·ŬǪÈH� ȖȘȓș� ȖȕȓȖȋ� ȜȓȜ� ȖȜȓȜȋ�

ȾȎËSüǪŪH� Ȗȗȓȝ� ȖȜȓȕȋ� ȖȖȓȚ� ȗȖȓȝȋ�

ȿȎËSüǪŪHsf ȖȗȓȚ� Ȝȓțȋ� ȖȕȓȘ� Ȗȕȓȗȋ�

ɀȎǘ·üǪŪH� ȞȓȜ� ȜȓȚȋ� Șȓȕ� ȗȘȓȕȋ�

ɁȎǘ·üǪŪHsf� ȜȓȞ� ȖȚȓȘȋ� țȓȞ� ȖȜȓȚȋ�

 )+2-����Oan;ftZ���
���~�U©Q���
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Front Flow/blueʉ 
ʼ˚˥˃ˣʭ�

SACSIS 2012 Ȟș 

" ăǯƦƂĩʝŎɧɽĮ(Ʈŵʉˍˡʭ˝˕ 
" ăǯƦƂĩʈʊ2ʁʉʺʢˍʉƮŵõĩɬɦʚ 

" A(PÎ˓ˀ˞ʬʶʝėŹɸʚʺʢˍ 
" A(PÎ˓ˀ˞ʬʶʝėŹɺɹʈƦƂPÎ˓ˀ˞ʬʶʉʒʄƮŵʝǛʔ
ʚʺʢˍ˨ʥˠ˖ˣˀˤˇʢˤʥˠ˖ˣˀĩ˩ 

" FFBʊôˇ˥ʵ˜ˣʈɪɧʃ�õʉʹ˟ˇʈ£Ë 
" ĆƼĸʉŔƠJʅˏʬˀ˟ʉŪʊOƒʉʹ˟ˇʄ,
ŎɵʛʚƮŵʨ˥˄˟�

�1/.3��,/5
&,4)�����O¾��
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Wp^eq\;dO���·��§{M[;_��

ȈICRS=0 
       DO 110 IP=1,NP 
          BUF=0.0E0 
          DO 100 K=1,NPP(IP) 
               ICRS=ICRS+1 
               IP2=IPCRS(ICRS) 
               BUF=BUF+A(ICRS)*S(IP2) 
    100   CONTINUE 
          AS(IP)=AS(IP)+BUF 
    110 CONTUINE�

ʧ˞ʵ˂˟ʰ˥ˁ�
"  ˏʬˀ˟ʉǟHɬL1ʪ˘ʽʴ˚
ʈǐʀʃɧʚʅ �ɶɽ�n 

"  ˏʬˀ˟ʉ˖˗˞ʎʉʠʬʸʶ
ʝAɯļƩɶʃʗɧ 

"  ˖˗˞ɫʘʉˡ˥ˁʊƠJʅ˞
ʶˀʉʒ 

ƠJ�

˞ʶˀ�

ˏʬˀ˟�

()flop: 

 %((�����-4,3������� 

()���� ��
�����

���·� �	��
�����	���

()Byte�*$: 

²´�:2 load MOK 

2*4 = 8byte�

(ʶˠʽˁ�Jʝ �ɶˊ˥ʬÎƔ128Gflopsʈ£ɶʃ˩ 
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"  ˖˗˞ˇˣˁ²ʝ1ʰʠʄ`ăɸʚ�nʉSTREAMˏˣʼ˓˥ʬʉ
ƈČʊ20GB/Ŧ 

"  ˯ʰʠʉŋƺˊ˥ʬÎƔʊ16GFLOPS 
"  ÅʀʃŋƺŘʇB/F8ʊ20GB/16GFLOPʄ1.25 

Wp^eq\;dO���·L�·�
�_rbd¯¸ME:�\V��

(ʶˠʽˁ�Jʇɶˊ˥ʬÎƔ16Gflopsʈ£ɶʃ˩ 

()Byte�*$ : 2loadRS 2* 4byte = 8 
()flop : ��%((����-4,3���� 

()���� ��
�����

���·� �	�
����	����

�·¬� �	����³����
�	�������

" ˏʬˀ˟ɬ˞ʶˀʠʬʸʶ 
" ǚƋʠʬʸʶʄʇɧɽʔˍ˞ˋʤʽʼ
ɬVɭʈɯɧ 

"  ˖˗˞ʠʬʸʶʉˠʢʾˣʴɬƧɩʚ 
"  1˝ʢˣʉɨɿ˯ƦƂɶɫ,Ŏɶʇɧ
�ʈʗʚ�ɭʇː˂˟ʾʡɬŖō 

" ƞɶɧÎƔ'�ɬŖō 
"  L2ʧˣʪ˘ʽʴ˚ʄʕoĘʉː˂˟
ʾʡɬŖō 
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ʼ˚˥˃ˣʭ���ˋ˟ʠˣˡ˥˟Ȉ�

ȈȩȣȲȳȠȕ�
ȈȈȈȈȈȈȤȯȈȖȖȕȈȩȰȠȖȑȮȰ�
ȈȈȈȈȈȈȈȈȢȵȦȠȕȓȕȥȕ�
ȉȈȈȈȈȈȈȈȤȯȈȖȕȕȈȫȠȖȑȮȰȰȍȩȰȎȈȈȈȭȡȸȻȮȺȠȗȜ�
ȈȈȈȈȈȈȈȈȈȈȢȵȦȠȢȵȦȐȡȍȩȣȲȳȐȈȖȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȈȖȎȎ�

ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȈȗȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȈȗȎȎ�
ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȈȘȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȈȘȎȎ�
ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȈșȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȈșȎȎ�
ȈȈȈȈȈȈˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤ�
ȈȈȈȈȈȈˤˤˤˤˤˤˤˤˤˤˤȍŝŒȎˤˤˤˤˤ�
ȈȈȈȈȈȈˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤˤ�

ɞɞȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȗșȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȗșȎȎ�
ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȗȚȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȗȚȎȎ�
ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȗțȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȗțȎȎ�
ȈȈȈȈȈȌȈȈȈȈȈȈȈȈȈȈȈȐȡȍȩȣȲȳȐȗȜȎȏȳȍȩȰȣȲȳȍȩȣȲȳȐȗȜȎȎ�

ȈȈȈȈȈȈȈȈȈȈȩȣȲȳȠȩȣȲȳȐȗȜ�
ȉȈȖȕȕȈȈȈȈȈȣȯȮȴȩȮȵȥ�
ȈȈȈȈȈȈȈȈȈȈȡȳȍȩȰȎȠȡȳȍȩȰȎȐȢȵȦ�
ȈȈȖȖȕȈȣȯȮȴȩȮȵȥ�

ńɧ˸ �
"  ɞʶʮʵ˚˥˞ˣʭʉìx�ĸŵÂɿʉNĲ��

�þĻ��
"  �ƠJƦƂʉǠJʈ
ʝ�@�
"  ˏʬˀ˟ʢˣʿʽʬʶʉǠJʈ
ʝ�@�
" *HʇǠJo�ʊ
�
ʉĸŵʝ�ö�

… 

� �#�$%� %�

…
 

…
 

…
 

��ï�

!#�

SACSIS 2012 Ȟȝ 

ʼ˚˥˃ˣʭ���˞ʧ˥ʻ˞ˣʭ��	����

ńɧ˸ �
" ˏ ʬˀ˟ʿ˥ʺ�%�ʉˌˡʽʬXʈʗʚ�����ʪ˘ʽʴ˚˔
ʶʉNĲ�

ʧ˞ʵ˂˟ʿ˥ʺʉłÉ˸�
" ˴ Ǽ(�ƌ|Ǎï��ƀ��

���

"  āKʉ� |ʉ%ʎʉµŸ�ʇ˝ˣʻ˕ʠʬʸʶ�
"  ɻʛ�Ǯʊ�ĕXɸʚɬɟ§ÖŘʠʬʸʶ�

" ˲ Ǽ(�ƌ|Ǎï�ƀ��
���
"  AʠʬʸʶʅʕɟµŸ�ʇ˝ˣʻ˕ʠʬʸʶ�

" ˲ Ǽ(ɞʧ˞ʵ˂˟ʿ˥ʺ�

" ˴ Ǽ(Ȉʧ˞ʵ˂˟ʿ˥ʺ 
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ʼ˚˥˃ˣʭ���˞ʧ˥ʻ˞ˣʭ��	����

ŷĻœlʉ˞ʧ˥ʻ˞ˣʭ: 
"  ʧ˞ʵ˂˟ʿ˥ʺʝmǎHQɶˌˡʽʬʝ+Ô�
"  mˌˡʽʬʝ�ʅDʈHQɶŁŋ¸ęʈ�ʂɭD9ˤ�9ʉ
Ǿʈ˂ˣˇ˞ˣʭ�

̇�

Z 

Y 

ʌʅʁʉˌˡʽʬʝDʅ�ʈHɱɟD9���ʉ˂ˣˇ˞ˣ
ʭÄɟ�9���ʉ˂ˣˇ˞ˣʭʝ�ö�D��ʉģɞ˶˸˰˩�
�

˯� ˰� ˱�
˴�
˷�Ȗȕ� ȖȖ� �

��
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ʼ˚˥˃ˣʭ���˞ʧ˥ʻ˞ˣʭ�	���

" ˲ Ǽ(Ȉ˞ʧ˥ʻ˞ˣʭƈČ� " ˴ Ǽ(Ȉ˞ʧ˥ʻ˞ˣʭƈČ�

��$%��̌� �

" ŁŋŘʈǒɧŷĻɬǠJʉ�ʍʅɶʃʕǒɧ&ƏʈǠƏɵʛʚ�ʝĄÂ�
" �ƦƂʝėÔɸʚŷĻʉœlɬǒɯʇʚ�
" �Ŷʉ�ɭɵʝƹðɸʚɳʅʈʗʙˏʬˀ˟ʉ˞ʶˀʠʬʸʶʉ�ɯʈ£ɶȬȖ
ʧˣʪ˘ʴ˚ʉʿ˥ʺʝMŎʄɭʚ�
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ʼ˚˥˃ˣʭ���˞ʧ˥ʻ˞ˣʭ��	���

��������


�������

��������
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�����

��������

��
�����

��������

��
�����

	�������

���� ���� ���� 	��� 
��� ���� ���� ���

������

������

	�����

������

��	���

������

��	���

������

��	���

������

��� ��� ��� ��� 	�� 
�� ��� ���

�����

˞ʧ˥ʻ˞ˣʭO�
"  ˓ʶʺ˥ʶˠʽˁɬÛ¿ɸʚŸ�ʈ˝ˣʻ˕ʠ
ʬʸʶɬǴɶ˖˗˞ʠʬʸʶʰʶˀɬ���

"  ʶˠ˥ˌʶˠʽˁɬÛ¿ɸʚŸ�ʊ§Öʠʬ
ʸʶɬ�ɯƈČʅɶʃˇ˞ʠoĄÂɿʉʰʶˀ
ɬëǠŘ�

˞ʧ˥ʻ˞ˣʭÄ �
" Aʃʉʶˠʽˁɬ��Řʈ§Öʠʬʸʶ
X�
" ̟ ˗˞ʠʬʸʶˇ˝ˣʶʉìxʅoĄʰʶ
ˀʉ�²ʇNĲ�
�

ˇ˞ʠoĄÂɿ�
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���ʨ˥˄˟ʉƈČʑʅʔ��

� ���� ����

�����(1core)� 	���� �����

�������
(1core)� ������ �����

�������
(8core)� 	���� �����

����������
�������

(1core)�
������ ������

����������
�������

(8core)�
������� 
�
��

ȬȖȈʧˣʪ˘ʽʴ˚ʄɦʚüʉŋƺÎƔ8ʄ
ɦʚȞȋʈǒɧÎƔ8ʝ�ŉȈ�
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ʑʅʔ�

" ĝ
�ʶ˥ˈ˥ʰˣˊ˚˥ʺˍˡʵʤʬˀʈʁɧʃĖƦʝŢɶɽ�
" �ǘʰˣˊ˚˥ʺɢ�ɣʉĖƦʝŢɶɽ�
" ŋşʄǛʔʃɧʚʠˍ˞ȇÎƔXʉĖƦʝŢɶɽ�
" ȇ�JXʉɽʔʉǣƦĻʝŢɶɽ�
" ȇɧ_(ÎƔʝÆʚɽʔʉǣƦĻʝŢɶɽ�
" ŋşǣĻʠˍ˞ʉłÉʝŢɶɽ�
"  ȲȳȤȦȴɛ�ʈ�ǎ�JʉVČʈʁɧʃŢɶɽ�
"  ȰȨȡȳȥɛƠJˤƠJŪX˪�ǎ�JX˪ȦȦȴ˪£ƫX˟˥ʼˣʈ1
ʚʼ˚˥˃ˣʭʈʁɧʃŢɶɽˬ�

"  ȳɀɄɌɇȘȤȑȦȦȢɛŔƠJʅˏʬˀ˟ʉŪʈʁɧʃ˪ÎƔä�×˪ʼ˚
˥˃ˣʭ×ĩʉ�-ʝŢɶɽˬ�

�
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