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əɫɄɉȾÜ«

! ƲȽȭÜ«ɳWȽȭƬƯưÐșôG�¼üɪɁɂ
ɆȬ.ǹȍɂɮɔɮɂȵɧÂ�
! Ǉƾǁƹ°�ɱĦaúĭcƬ*ƝǤƝƬɄɉɌɲ
! Ƚȭ�ȨƫưƼƻǀǃǄǇɳƸǄǉ�ȨƫƬƲƼƻǀǃǄǇ

! Ƚȭ4ÍșƬáȷɣɉɀɤɱưǁƷɳƫƬǣǐǥɲ
! ɒɮɍȰȱȭɓɨȭàÜ
! əɨɗȱɉɈàÜ
! ɄȹɆȷɣɉɀɤàń

! ɋɮɆ$ļńD
! ɪɁɂɆǩǀƫȷɣɉɀɤƆɿƮƷƩƻǀǃǄ
! ǀƫȷɣɉɀɤǩǀƬȷɣɉɀɤƆɿƬƷƩƻǀǃǄ
! ǀƬȷɣɉɀɤǩ�ŘªƆɿƪƨƯƷƩƻǀǃǄ

�   Ý

CPU¤ń 128GFLOPSɱ16GFLOPSx8Ƚȭɲ

Ƚȭ¼ 8*

ôG�¼üú
ĭcÜ«

ɱȽȭ�Ȩɲ

Ħaúĭcɿ2×2*ɱSIMDɲ
Ǯɱų¼ű�`�ɿ SIMDG!ɲ

Ƌĭcɿ2*
çůcɿ2*

ôG�¼üú
ĭcÜ«

ɱȽȭ�Ȩɲ

ôG�¼üɪɁɂɆ(64ɕɉɌ)ɿ256Ð

ȺɫɮɓɩɪɁɂɆ(64ɕɉɌ)ɿ188Ð

ȷɣɉɀɤÜ«

1á`�ȷɣɉɀɤɿ32KB(2way)

1áɋɮɆȷɣɉɀɤɿ32KB(2way)
2áȷɣɉɀɤɿ6MB(12way)ȽȭƆ4Í

ɡɢɨɓɬɍ� 64GB/s(0.5B/F)

ȦȨŜĹȗ¦mȚɳǲSPARC64TM VIIIfx ExtensionsǳȬPþșȃȕ
http://img.jp.fujitsu.com/downloads/jp/jhpc/sparc64viiifx-extensions.pdf

G!^ï¼ɿƝƬƼƽǦ
ɈɉəȾȯɃɿƝƬƬƨƱǚǚƝǤƝƬƬƨưǚǚ
ɌɧɬɁɂɆ¼ɿƱưƪƝǁƝɌɧɬɁɂɆ
õŧƓDɿƯƲǋɱé8ɳƭƪǪÈɲ

·$ɿ�qŵɱÕɲ

SPARC64TM VIIIfx
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ŗĭɑɮɍȕȯɬɆɮȽɐȹɌșÜ«

ŗĭɑɮɍșÜ«
ƸǄǉɱƲȽȭɲ�� � ɿɷ*
ƾƸƸɱȯɬɆɮȽɐȹɌčǀǇƾƣ� ɿɷ*
ɡɢɨ� � � ɿɷɼƼƷ

ȯɬɆɮȽɐȹɌșÜ«
ɥɮȿɮɕɤɮȚƭá1Ɍɮɧɂ
�kɿƝƭá1șãťWÂ[ȘȋȪȌȪ
ƯƼƷƩǠƝǤƝƬɱRÂ[ɲǴĊšɖɮȹǵ
ȻɮɘɩɿƝĶƬƪƪƦƪƪƪÐɳĶƫƪƪƪǘǚ

ɑɮɍ

ƸǄǉƴƝƫƬƲƼƻǀǃǄǇ
ƢƲǒǜǟǔǠƣ

Ƹǜǟǔ
ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ
Ƹǜǟǔ

ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ
Ƹǜǟǔ

ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ
Ƹǜǟǔ

ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ

Ƹǜǟǔ
ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ
Ƹǜǟǔ

ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ
Ƹǜǟǔ

ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǙǜǝǠ

ǀƬƟƴƝưǁƷ

64GB/s

Ƹǜǟǔ
ǇƾǁƹƢƮƻǁƶƣ
ƫưƼƻǀǃǄǇ

ǁƺǁƴƝƫưƼƷ

3á1ɌɮɧɂșȯɡɮɁ

ʐ

ʑ

ʒ

5GB/s x RÂ[
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ǲ�ǳșɀɂɊɠÜ«

システムボード

ノード×4

5120億回/秒
64GB

計算ラック

システムボード×24
IOシステムボード×6

12.3兆回/秒
1.5TB

ノード

CPU×1
ICC×1
メモリ

演算性能：1280億回/秒
メモリ容量：16GB

計算ラック群

計算ラック×8
ディスクラック×2

98.4兆回/秒
12TB

システム全体

計算ラック×864=82944ノード

1京回/秒≒10.6ペタフロップス
1PB以上
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Ĉ�șɂɔȽɬ@čșƑȆȅ

System Board

Rack

System

Ď/·$ɿ�qŵÕ��ġ

ȭəɨȻɮɀɦɬș
Ū	=¤Ȭ�ǽ:Ȉ

əɫɄɉȾșM�¤ń
Ȭ�ǽ:Ȉ
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高並列化のための重要点
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ŗĭÈƆ

Ŵáŗĭ

	=ŗĭ

ŗĭÈƆ

ȋȤȋȤ	=HȕȚʁ(1)
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ŗĭÈƆ

əɫɄɉȾɷ

ŗĭÈƆŵ)ÈƆ ŵ)ÈƆ

ŵ)

ŵ)

ŵ)

əɫɄɉȾɸ

əɫɄɉȾɹ

əɫɄɉȾɺ

ȋȤȋȤ	=HȕȚʁ(2)

ȔǽȩȎȁYȇ
ŗĭÈƆ

Ƣɫɮɍȯɬɓɧɬɂ
Ȭ:ȅȗǷƣ

ŵ)ÈƆȬ:Òȩ
Ȏȁ�ȅǿȈȩɯ
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	=ŗĭȔǽȗǷŽ;(1ģ) 	=ŗĭȔǽȩŽ;ƢƳƳģƣ

1+0.99=1.99ģ

ȟȠ50+

	=ŗĭȔǽȗǷŽ;(ƕ	
=Ž)ȬƊȨȗǿ�ȅǿȈȩɯ

100
əɫɄɉȾ

1+0.099=1.099ģ

ȟȠ91+

1000
əɫɄɉȾ

ȋȤȋȤ	=HȕȚʁ(3)

¡ŏȗ	=�Ȭğ(Ȉȩɯ
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単体性能向上のための重要点
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ɡɢɨȰȳɮɩbƙ

!ÇșŗĭàȚɡɢɨșɋɮɆ
$ļńDȕúĭcșńDǼɓ
ɧɬɂȆȓǷȍ

ɡɢɨ

ɋɮɆ

əɫɄɉȾșM�¤ńȬ�ǽ:Ȉ(1)

• Ĉ�șŗĭàȚúĭcșń
DǼƜǿȗȨɡɢɨșɋɮɆ$
ļńDǼě�ėȘ�ūȆȓ
Ƿȩ

úĭc 19

• ǻȑȓȚĞħłȥəɫȺɧɞɮȚāĊɢɋɩ�Ș£
�ȘķĚȘəɫȺɧɟɬȺȈȩȃȕǼ�ņėȔǶȐȍ
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úĭc

ɭɋɮɆ$ļńDșƜǷȷɣɉɀɤȬřȁȩ
ɭȷɣɉɀɤȘŀǷȍɋɮɆȬ eȤ7@čȆ
ǮúĭȬŋȗǸ
ɭȃǸȈȩ�ȔúĭcșńDȬJ;"Ƿ<ȩ

ǮɡɢɨȰȳɮɩbƙȝș�9

əɫɄɉȾșM�¤ńȬ�ǽ:Ȉ(2)

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

7@č
#ǹțŋ=ŋ=Ħ

(2N2*șɋɮɆȔ2N3*șúĭT)

(*1)úĭƃ(Flop) ȘçȞ
ɋɮɆșĤGƃ(Byte)Ǽ�ȅǷŗĭ

ǲȭəɨȻɮɀɦɬǼŏê
ȈȩByte/Flop,Ǽ�ǷǳɆȯə

șŗĭ(*1)

ȷɣɉɀɤșÍF@č
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úĭc

ɭ7@č:ÒȗǷbƙȤǶȩ
ɭȃǸȗȩúĭcșńDȬJ;"Ƿ<ȩ�Ǽ
:ÒȗǷ

ǮȕȚŖȐȓȤɭɭɭɭ

əɫɄɉȾșM�¤ńȬ�ǽ:Ȉ(3)

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

7@č
(*2)úĭƃ(Flop) ȘçȞɋɮɆș
ĤGƃ(Byte)ǼuǽǷŗĭ

ǲȭəɨȻɮɀɦɬǼŏê
ȈȩByte/Flop,ǼƜǷǳɆȯə

șŗĭ(*2)

ȷɣɉɀɤșÍF@čǼ
ƑȆǷ
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理研で進めたアプリケーション
の高性能化

AICS サマースクール 2013
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ȺɧɂȮɉȹɂ9Ċ

əɫɇȹɀɦɬRUN

ɋɓɉȺ

ȭəɨƜ¤ńHȽɬɔȯɩ

əɫȺɧɠ!«

Ɛ»H

��H

ĊšÜİ

bƙř�

ɒɮɍȰȱȭ

ƅĕɭ�ŋċo

Ƚɬɔȯɧ

əɫȺɧɠ

əɫȺɧɠ

ĊšȘ£�ȗ;ǻȨ
ȥȈǷȽɮɋȮɬȺ

Ɯ	=Hɭ
Ɯ¤ńȽɮɋȮɬȺ

ŖŞ

ŗĭĢzǮǮǮǮǮǮǮǮǮŗĭàĢz

• ȭəɨȻɮɀɦɬșŪ	
=¤Ȭ�ǽ:Ȉ

• əɫɄɉȾșM�¤ńȬ
�ǽ:Ȉ

24

��ș6�
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�ŤȭəɨȻɮɀɦɬ

əɫȺɧɠZ ;Ƃ ȭəɨȻɮɀɦɬÛŏ Î�ȅȪȩ«Ô î

ǂƾƸƶǁ iĉ

Ģz

3ĉƒŕ/uèu�ċ
ɢɋɩ

uèu�ċșȲɬɁɬȕȗȩÿ�Ħƒ�óòGȬĴĿ
ȘōĈȈȩȃȕȔɀɟɤɪɮɀɦɬȬƛŭėȘŹHȅȊɳ
ĈÈüȔȚ7ĈǼƑȆǷuèĈŤșŕÅǼTńȕȗ
ȩɴ

ƻƹǁ

Ƣuèƣ

ǇǔǗǠǚƭƹ iĉ

Ģz

iƔï�¹ɭ�ƔG

ɀɟɤɪɮɀɦɬƝ

ÄyșŗĭàȔȚ�TńȗĝǷ^ÎșiƔïGșŕ
Óɭ�öǼTńȕȗȨɳÏŷ�İǺȦȜȽɬȹɨɮɌÜŷ
āșŃƔŚ&ȗȖȘ¢čȔǽȩɴ

ƻƹǁ

ƢïGƣ

ǄƽƶǇƺ Ɏɑ �Ɩï�ƅī�OĊ

Ɠxă¨ŕÓ

ī�OĊŗĭȘȦȨɳɝɂɌƭƯǛǚ��Ɏɑɋɓȯɂɳƕ
ɀɨȽɬĵɋɓȯɂș´ĸȬŋǸɴ

�Ɩï

ƹƻǈ

ƻǟǜǛǡƻǙǜǣƩƷǙǢǔ �z ǀǐǟǕǔƝƺǓǓǥƝǇǗǚǢǙǐǡǗǜǛƝ
ƢǀƺǇƣȘlȒǿƕ��ó
�ŕÓ

ǀƺǇŕÓȘȦȨɳȲɬɁɏȭɨɬȺ�Ɓŏȗ�óoď�
ș²G�öȬ\ȣȍƜĴ�ȗóȪș�öǼ�ĈȔǽ
ȩɴ

ƻƺǁ

Ƣó�ƣ

ǆǇƹƻǈƝ Ɏɑ �ĨƆī�OĊƓxă
¨ŕÓ

uőßī�OĊŗĭȘȦȨɳƫƪǛǚ��șlÐɎɑķx
ƢƃxĹľɳ;xɳƓÚɳȼɮɌɳlĘȗȖƣșĂ¤ŕÓ
ǺȦȜɋɓȯɂƅĕȬŋǸɴ

�ĨƆ

ƹƻǈ

ǀǐǡǡǗǒǔǅƸƹ āĊ ×xʋʄʅɀɟɤɪɮɀɦ
ɬȘȦȩķĲxɭOxÖ
Ğħ

ɢɬɊȵɩɫîǺȦȜƸƼîȘȦȨɳāŨȕ{~șũøȬ
ŕÅȈȩɴ

ǅƸƹ
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ŪƜ	=HçůėÆȆǷ ƑȆǷ

Ɯ
Ƿ
M
�
¤
ń

çůė
ÆȆǷ

ƑȆǷ

ǂƾƸƶǁ

ǇǔǗǠǚƭƹ

ǆǇƹƻǈ

ǄƽƶǇƺ

ƻƻƷ

ǀǐǡǡǗǒǔ
ǅƸƹ

" ƜǷB/F¤ńȬŏê
" ŸĽȭȹɄɂ
" çůėıMȗƘk;C

" ŋ=ɭŋ=ĦȘÊ¸ǹT
" ȴɨɁɎɩș	=îȔȚƜ	
=�¢�T

" ŵ)ǼŎƏȔe¼ǼtǷ

" ƜǷB/F¤ńȬŏê
" ɨɂɌȭȹɄɂ
" çůėıMȗƘk;C

" ŏêB/FȚƜǷǼOnCacheT
" Ë6ɩɮəǼɨȵɪɬɂ
" úĭȘçȞŵ)șçćǼƜǷ
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ここから

#ĊĞȔŹȣȍȭəɨȻɮɀɦɬȬ#ƙȘ
#Ɯ	=HîȘȑǷȓşÅ
#M�¤ń[�îȘȑǷȓşÅ
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ȭəɨȻɮɀɦɬȬƜ	=ȘȈȩȍȣȘȚ
ȖǸȆȍȧŇǷǻ

!J;ȗ	=�Ȭ�ȩ	=HîȬ³čȈȩ
!ƕ	=Ž;ȬË�HȈȩ
!ŵ)ÈƆȬË�HȈȩ
!ɫɮɍȯɬɓɧɬɂȬ:ȅȗǷ

Ë>Ș

ȭəɨȻɮɀɦɬșƜ	=Ɖ�ȈȩŏfȬðǷ
:Ȉ�Ƣ	=Ă¤;ÓƣǼƁŏ
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ǚǐǗǛƶ

ǠǢǑƸ

9Ċƫƨƫ

ǠǢǑƷ

ǠǢǑƹ

ǠǢǑƺ

9Ċƫ

9ĊƬƨƫ

9ĊƬ
Ɲ

ŵ)ƫ

ǠǢǑƼ

ǠǢǑƻƝ

ƹǃɩɮə

ƹǃɩɮə

9Ċ3

āĊė
9Ċ6�

ɘɫɉȹƫ
ǮƢŗĭƣ

ɘɫɉȹƬ
ǮƢŗĭƣ

ǮƢŵ)ƣ

ɘɫɉȹƭ

�ŋÈƆ
ɭɂȻɮɧ
ɕɨɊȮ

úĭɭŵ
)Ă¤

úĭɭŵ
)ŐĦȨ

}3	=

Ž;	=

Ǝµŵ)

ǂƤƤƭȘç#

ǂȘç#

ƎµƖȘç#

ȵɮ
ɐɩ

ǭ

ǭ

	=Ă¤;Ó
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ɘɫɉȹæș�ŋÈƆȕɂȻɮɧɕɨɊȮŚ&(#)
→�ÒșŚ&ȚȾɘɩɮɈɬæɭƇ¼æĬșŚ&ǼtǷ
→ȾɘɩɮɈɬɭƇ¼ȚňǱȗn¬Ȕ_țȪȩȍȣãȆǷŚ&ǼȔǽȗǷ

�������
�������
������	
������

�������
�������
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# ƕ	=ŽǼäȐȓǷȗǷǻʁäȐȓǷȩnXȘbƙȗǷǻʁ
# Ǝµŵ)ÈƆǼŪƜ	=ÈȘȖȪǿȧǷșCXȬNȣȩǻʁ
# ukŵ)ÈƆǼŪƜ	=ÈȘȖȪǿȧǷpuȈȩǻʁ
# ɫɮɍȯɬɓɧɬɂǼŪƜ	=ÈȘ¥HȆȗǷǻʁ

ȃȪȧșŚ&ǼƁŏ

ɂɌɫɬȺɂȻɮɨɬȺɿ
ƝƝƝƝƝƝƝƝƝ3�șbƙőßȬ��ȘȆȓ	=¼ȬpȥȆö�ȈȩÂî

ȰȮɮȹɂȻɮɨɬȺǮɿ
ƝƝƝƝƝƝƝƝƝɷəɫɄɉȾȔ�ŋȈȩbƙőßȬ��ȘȆ	=¼ȬpȥȆö�ȈȩÂî

ŪƜ	=Ȭę±ȆȍnXșĐ§ü−ɘɫɉȹæȘ��ȬŚ&Ȉȩ
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ȋșȍȣȘ

ɂɌɫɬȺ
ɂȻɮɩ

�ŋ
ÈƆ

ȰȮɮȹɂȻɮɩ

1əɫɄɉȾșbƙșuǽȅȬɆɮȼɉɌbƙșuǽȅȘXȫȊȩ
	=¼

# ɆɮȼɉɌbƙȬìȣȩ
# ɷəɫɄɉȾșbƙőßǼɆɮȼɉɌbƙȕYĥ�ȕȗȩȡȔȚǯɂɌɫɬȺɂ
ȻɮɨɬȺȔ�ŋÈƆɭɫɮɍȯɬɓɧɬɂɭƎµŵ)ÈƆɭukŵ)ÈƆȬ
ö�ɭŚ&Ȉȩ(100ǻȧ¼Ė	=ȡȔ)

# �Řșö�ɭŚ&ȔbƙǼÍȪțŕìȈȩ
# bƙȗȁȪț	=�Ȭ�ȂȓȰȮɮȹɂȻɮɨɬȺȔuőß	=ș²GȬö
�Ȉȩ
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�ŋ
ÈƆ

	=¼
Ǝµŵ)ÈƆ

ƎµÈƆșCXȕpuȆȗǷǻğŝƨ
ŵ)ș9ĊÂîǼ¥ǷȕƎµŵ)ÈƆǼpuȈȩƨ

ukŵ)ÈƆ

ukŵ)ÈƆșCXȚ�ņȘpuȈȩƨ
ŵ)ƃɭŵ)e¼ȬğŝȈȩ�ȔpușCXȬŐÚȣȩƨ

ȰȮɮȹɂȻɮɨɬȺŚ&

# Ĉă"čTńȗ�ŋċoȬ"čȆ100ĥ�/1000ĥ�/¼Kĥ�ȕåƌȬŲȐ
ȓȔǽȩȎȁƜǷ	=�Ȕ	=¤ńȬğŝȈȩ(ȰȮɮȹɂȻɮɨɬȺö�).

# ȰȮɮȹɂȻɮɨɬȺǼƑȆǷȤșȤǶȩǼ:ÒȩȎȁö�ȆȍǷ. ƑȆǷnX
ȚɳúĭÈƆȬɢɋɩHȆȓ�öȕɢɋɩȕș�ŅȬŚ&Ȉȩ.

ŗĭșɘɫɉȹæȘ�Ãƕ	=ŽșŚ&

ŵ)ÈƆșŚ&

úĭÈƆǼpuȆȗǷǻğŝɴúĭÈ
ƆǼpuȈȪțƕ	=ŽǼäȐȓǷȩúĭÈƆ
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9ĊɘɫɉȹA 9ĊɘɫɉȹB

9ĊɘɫɉȹC 9ĊɘɫɉȹD

A
B

C D
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úĭ

ukŵ)

ukŵ)

Ǝµŵ)

Ǝµŵ)

1000Proc.

8000Proc. əɫɄɂĒV

əɫɄɂĒV

úĭ

� �#����$"%!¶�|
�±ÐDjoJ¼�5.3Î}�

ɫɮɍȯɬɓɧɬɂ
șŚ&

ŵ)ÈƆșŚ&
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十分な並列数の確保
# ǆǇƹƻǈƩǄƽƶǇƺș#
�ŤȕȈȩĵɱ;xɭg�ɲȘ\ȡȪȩƓxș¼ȎȁșïGƇ¼ǨȬêȣȩ

ƿǜǖǛƧǇǖǐǚÂĥ�

Ɠxă¨ɱɓɬɍÜŷɳƓŉ��ɳă¨��ɲǼȫǻȩ
��ëƇ¼îɱƹƻǈƴƹǔǛǠǗǡǥƝƻǢǛǒǡǗǜǛǐǙƝǈǖǔǜǟǥɲȘlȒǽƿǜǖǛƧǇǖǐǚÂĥ�Ȭŕǿ

ƢƽɿɒɟɩɌɏȭɬǮǟɿ�ÞǮǛɿȲɐɩȸɮɓɬɍǮǘɿï¼ƣ

!!!(!) = !!!!(!)�
!!!(!) = !!!!(!)�

ɿǆǇƹƻǈ

ɿǄƽƶǇƺ

ȴɨɁɎɩș	=Ů
ȴɨɁɎɩș	=Ů

°�Ȇȍ	=Ů °�Ȇȍ	=Ů並列軸の拡張
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非並列部分最小化

subroutine m_es_vnonlocal_w(ik,iksnl,ispin,switch_of_eko_part) 
  |  +-call tstatc0_begin
  |  | loop_ntyp: do it = 1, ntyp 
  |  |  | loop_natm : do ia = 1, natm 
  |  |  |  +-call calc_phase
  |  |  |  |  T-do lmt2 = 1, ilmt(it) 
  |  |  |  |  +-call vnonlocal_w_part_sum_over_lmt1
  |  |  |  |  |  +-call add_vnlph_l_without_eko_part
  |  |  |  |  |  |  subroutine add_vnlph_l_without_eko_part() 
  |  |  |  |  |  |  |  T-if(kimg == 1) then 
  |  |  |  |  |  |  |  |  T-do ib = 1, np_e  ---------エネルギーバンド並列部                                              
  |  |  |  |  |  |  |  |  |  T-do i = 1, iba(ik) 
  |  |  |  |  |  |  |  |  |  V-end do 
  |  |  |  |  |  |  |  |  V-end do 
  |  |  |  |  |  |  |  +-else 
  |  |  |  |  |  |  |  |  T-do ib = 1, np_e  ---------エネルギーバンド並列部
  |  |  |  |  |  |  |  |  |  T-do i = 1, iba(ik) 
  |  |  |  |  |  |  |  |  |  V-end do 
  |  |  |  |  |  |  |  |  V-enddo 
  |  |  |  |  |  |  |  V-end if 
  |  |  |  |  |  |  end subroutine add_vnlph_l_without_eko_part 
  |  |  |  |  V-end do 
  |  |  |  V-end do loop_natm 
  |  |  V-end do loop_ntyp 
end subroutine m_es_vnonlocal_w 

əɫȺɧɠ;ÓȘȦȨƕ	=Ž;ǼŐȑǻȩ

波数に関する並列軸の拡張で並列化

ȴɨɁɎɩș	=Ž

# ǄƽƶǇƺș#
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1. ´�Ô¨Φ8�~Ds*B

2. CG³7@A'´�Ô¨φD«©/B

3. ´�Ô¨ΦDË¯¾w�ÙKjeÛNidUXÚ/B

4. �£bVoNhlVLOCD«©/B(«©��4��+

¹-C:ÍÁÅu

5. ]dlX[EoD«©

6. Ñ��Ì�ÙMB×MBÀÓ4ÚDÉ)'1.7¢B

通信時間最小化 # ǆǇƹƻǈș#
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通信時間最小化 # ǆǇƹƻǈș#
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2軸並列の結果大域通信時間が減少
!ĨƆ	=ǻȧĨƆ+Ȳɐɩȸɮ
ɓɬɍ	=(ɸŮ	=)ȝÊ¸

!	=ŮȬpȥȈ�Ȕ10�	=ɪ
ɛɩȘ�¢TńȕȗȐȍ

!ĨƆ	=șȢșnXȚ3əɫɄ
ɉȾƆșukŵ)Ǽ¡ŏ

!ŵ)ÈƆșpuȬ¯ǿ
! ɸŮ	=ȝșÊ¸ȔĨƆȘ�Ȉ
ȩukŵ)Ǽ�ŽșəɫɄɉȾ
ƆȔșŵ)ȕȔǽȩ

!ɓɬɍȘ�Ȉȩukŵ)ȤYÝ
!ukŵ)șFćHǼ�Ĉ

ĨƆ

ɼ	=

ĨƆ

ɹ×ɸ	=

ɓɬɍ

ĨƆukŵ)

ĨƆukŵ)
ɓɬɍ
ukŵ)
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ƢƫƣəɨɗȱɉɈșÍF@č
ƢƬƣɧȯɬȭȹɄɂșÍF@č
ƢƭƣȷɣɉɀɤșÍF@č
ƢƮƣFćșŇǷ`�ɂȻɁɤɮɨɬȺ
ƢƯƣúĭcșÍF@č

CPUM�¤ńȬǶȂȩȍȣȘȚʁ
CPU6șŎ¼ȽȭȔȡȉɂɪɉɍ	=Ȉȩ�

ȚA·ȕȆȓ

ȃȃǻȧƸǄǉM�¤ńȬ�Ȃȩś
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úĭc

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

ɪȯɊɬɀ(ȭȹɄɂșĩȏ�ǼȨ)

ɪȯɊɬɀɱě�,ɲ

ɷɶ

ɷɶɶ

ɷ
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úĭc

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

ɪȯɊɬɀ(ȭȹɄɂșĩȏ�ǼȨ)

ĩȏ�ǼȨ

ȭȹɄɂ

ĩȏ�ǼȨ

ȭȹɄɂ

ÈƆ
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úĭc

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

(1)əɨɗȱɉɈșÍF@č

ĩȏ�ǼȨ

ȭȹɄɂ

əɨɗȱɉɈ

ȭȹɄɂ

ÈƆ

úĭȘȭȹɄɂȋșȤșȬ
ƍȊȩnXȤǶȩ

40AICS サマースクール 2013



úĭc

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

(2)ɧȯɬȭȹɄɂșÍF@č

128byteæșȭȹɄɂ

3ŽșŏķȬ
ŗĭȘ@č

1*șŏķșȢ
ȬŗĭȘ@č

128byteæșȭȹɄɂ

FćǼŇǷ FćǼ¥Ƿ
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úĭc

ɭɋɮɆ$ļńDșƜǷȷɣɉɀ
ɤȬřȁȩ
ɭȷɣɉɀɤȘŀǷȍɋɮɆȬ e
Ȥ7@čȆúĭȬŋȗǸ
ɭȃǸȈȩ�ȔúĭcșńDȬJ
;"Ƿ<ȩ

ɡɢɨ

ɋɮɆ

Ƭáȷɣɉɀɤ

ƫáȷɣɉɀɤ

ɋɮɆ

ɋɮɆ

7@č

(3)ȷɣɉɀɤșÍF@č
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ɩɮəǗƥƫ

ɩɮəǗ ɩɮəǗ
ɩɮəǗƥƫ

(4)FćșŇǷ`�ɂȻɁɤɮɨɬȺ

ǓǜƝǗƵƫƦƫƪƪ
Ǯŗĭƫ
ǮŗĭƬ
ǔǛǓƝǓǜ

ŗĭÈƆ ŗĭÈƆ

FćǼŇǷ

FćǼ¥Ƿ
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(5)úĭcșÍF@č

ĭȕEĭȬɺ*YÈȘŗĭTń

( 1 Ǯ+ Ǯ1 ) × ɺ  = 8 

1Ƚȭșɖɮȹ¤ńɿ8úĭ×2GHz =16Gúĭ/ģ 

ȃșÑ�Ș
űǷĥƜFć
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¤ńșƇ'

45AICS サマースクール 2013

ŏêȈȩƷƩƻǼ�ȅǷȭəɨȻɮɀɦɬȘȑǷȓ
ɭOĊėȘȷɣɉɀɤșÍF@čǼTń
ɭȡȉɋɮɆȬȴɬȷɣɉɀɤȘȈȩȽɮɋȮɬ
ȺɿƢƭƣǼƁŏ

ɭȑǾȘƬáȷɣɉɀɤșɧȯɬ�șɋɮɆȬÍF
Ș@čȈȩȽɮɋȮɬȺɿƢƬƣǼƁŏ
ɭȋȪǼ�ĈȔǽȍ�ȔƢƮƣƢƯƣǼƁŏ

ƜǷ¤ńȬ�ȩȍȣșŏķȕ
ŏêB/F,șƇ'

46

ȷɣɉɀɤɘɫɉȹƴ
ǮǛ*șɋɮɆȬȷɣɉɀɤȘŀǷȓɋɮɆș
Ǯ"ǷeȆȘȦȨǛșƬeșŗĭȬȈȩ
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ÍÁME8É�¿� – RSDFT Gram-Schmidt -

dŔŽƢƹƼƺǁǁƣ

• %yƇ'șǶȩŽ;ȕȗǷŽ;ȘɘɫɉȹHȆȓŗĭ
• 7�ėȘɘɫɉȹHȈȩȃȕȔdŔŽȬtǿğ(

ŋ=ɛȹɌɩĦȬŋ=ɭŋ=ĦȘr¸ 7�;Cî
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ǈǟǗǐǛǕǙǔƢƹƼƺǁǊƣ

ǆǔǒǡǐǛǕǙǔƢƹƼƺǁǁƣ

DGEMM8¡È

!�ŋFćɿƳưƨưɰ
!ɄȹɆȷɣɉɀɤșFÔɿƫƬƠĥ�ș¤ń[�

ŋ=ĦƢƸƵƶƷƣǮǮŋ=ȬɘɫɉȹȘ;ȁǯǀƫƹǯǀƬȷɣɉɀɤȘșȊȩ

ʂ ʃ ʄǧ ʀ

ǀƬȘșȊȩ ǀƫƹȘșȊȩ
ɄȹɆȷɣɉɀɤàńȔŲǷ:ȆȬƈâ
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ŏêȈȩƷƩƻǼuǽǷȭəɨȻɮɀɦɬȘȑǷȓ
ɭɡɢɨɓɬɍ�Ȭ"Ƿ<ȩ�Ǽu�
ɭ�ĒƁŏȗșȚƢƫƣƢƬƣ
ɭáȘȔǽȩȎȁȴɬȷɣɉɀɤȈȩƢƭƣǼƁŏ
ɭȃȪȧƢƫƣƢƬƣƢƭƣǼ÷ȍȅȪŗĭȘ¡ŏȗɋɮɆ
ǼúĭcȘ$ļȅȪȍă¨ȔǯȋȪȧșɋɮɆ
ȬJ;"ǹȩĥ�ȘƢƮƣșɂȻɁɤɮɨɬȺǼȔ
ǽȓǯȅȧȘƢƯƣșúĭcǼÍFȘòčȔǽȩă
¨ȔǶȩ�Ǽ¡ŏƝ

ƜǷ¤ńȬ�ȩȍȣșŏķȕ
ŏêB/F,șƇ'
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$CPUM�¤ńɈɤɮɏɬȺȘǺǷȓȚɳ�ŤȕȈȩȽɮɋ
ȮɬȺșƊď¤ń,Ǽ;ǻȧȗǷ

$ŏêB/F,ǼƜǷȽɮɋȮɬȺȘ�ȈȩɂȵɧɈɤɮɏɬȺ

ēŋ=ȕɛȹɌɩșĦșbƙü

$ȖșåƌȡȔɈɤɮɏɬȺ!ÙȬŹȣȩǻș?ÀlùȬř
ȁȩ�ȬęėȘēŋ=ȕɛȹɌɩșĦșȽɮɋȮɬȺǻȧ
¤ńȬ�öȈȩîȬ·Ø

$Seism3DQȜFFBȬ�ŤȘǲ�ǳȘǺǷȓÉȗȩ¤ń[�
șȍȣș5�ėȗɈɤɮɏɬȺîȬ·Ø

ȃȃȔșţšșĄǷ

Seism3D,FFB
$Seism3DȕFFBȚlÐėȘēŋ=ȕɛȹɌɩșĦȔǶȩș
ȔɳȋșœüȔţšȈȩ
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# ŋ=Ț�ņėȘɹá1șž=ȔǶȩ
# ȆǻȆȽɮɋȮɬȺėȘȚɷá1ȥɸá1ž=ȔōĈȅȪȓǷȩnXȤǶȩ
# ȍȎƃėȘȚuǽǷșȔɡɢȨɓɬɍ�ȬõŧȈȩnXǼ�ņė
# ȆǻȆāĊėȘɸá1șƃȔǶȩnXȥɂȵɧɮƃȔǶȩnXǼǶȩ

# ɛȹɌɩȚ�ņėȘɹá1ž=ȔǶȩ
# ȆǻȆȽɮɋȮɬȺėȘȚɷá1ȥɸá
1ž=ȔōĈȅȪȓǷȩnXȤǶȩ

# ɛȹɌɩȚŋ=ș=�ĥ�ș7@č
¤ǼǶȩ

# ȆȍǼȐȓƃėȘȚŋ=ș=�;șɷ
ĥ�șuǽȅȔǶȩ

# ɡɢȨɓɬɍ�ȬõŧȈȩǼ7@č¤
ȬČǻȊȩǻǼƁŏ

# �á1șƃȕȆȓɨɂɌȭȹɄɂȈȩn
XǼÍȩ

# ȋșnXȚɨɂɌȚŋ=ȕYȇƃǼ¡
ŏȕȗȨɡɢɨɓɬɍ�ȬõŧȈȩ

ēŋ=ȕɛȹɌɩșĦșĂ 

SACSIS 201251AICS サマースクール 2013

¤ń�öî
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ɛɮɂȕȗȩ¤ń,

ɡɢɨ

Ɉɉə

4čʉɸȷɣɉɀɤǮɼʊʃɵɷɸʍʂʏ

ǮȽȭǮǮǮǮǮǮǮǮǮǮǮǮ

ʉɷȷɣɉɀɤɹɸʈɵɸʍʂʏ

ʌʇʊʅúĭc ×ɽȽȭ

Ǯʃʆçʀɶɴɻ(�F,:0.36)

ʃʆçʀɺ(Ċš,)

Ǯʃʆçʀɸ(Ċš,)

ɪȯɊɬɀɱě�,ɲ

ɷɶ

ɷɶɶ

ɷ

16GFLOPS

ɓɬɍ�ɱʃʆçɲ
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klqEWma\nSX_^�
�

 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

ɡɢɨɿɫɮɍɷɳɂɌȭɷ

ɡɢɨɿɫɮɍɷ

ƟǀƫɿɫɮɍƬ

Ɵǀƫɿɫɮɍƫ
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klqEWma\nSX_^���
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

ɋɮɆĤGÈƆșçȬŐȩȕɡɢɨȔ�ŶȅȪȩ
ǫǮɡɢɨȭȹɄɂr¼șȢȔŁ©ȈȪțŇǷǰ

����� ����  !�+)
�����

���*%#$�
)����

 !�+)
���	�

���*%#$�
)��	�

�� 
 � 

�


������*�

	������

�
 ���

������*�


�
������

� 
 � 
����*� ����
 


����*�

����
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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

#  ��Ã(KÃ)8®z

# 1^bq3jD?H·H3§½I$L1G¿B
C7O���D9P1

&'flop:

 �""�����&,%+��������

&'��� �	�����	��

���¼ 	���������	�
�

�¼± 	�
��

&'Byte�(":

1store,2loadE�6P

4x3 = 12byte

��{°O
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#ÍƊ�;îȘȦȨ¼,ėȘĳ�¤Âĥ�ȬÈƆĕ
�ȅȊȩ

#iƔ�¹ȕñïȬŸGȆȓŕǿ
#uőßȗ	=HȘ�¢ȆȓǷȩȭəɨȻɮɀɦɬ 
#��șɼȑșŗĭŽ;ȦȨÜ«

a)¢DĨƆ�;ŗĭ
b)Ŷ�ĨƆ�;ŗĭ
c)¢DÈƆĦ;ŗĭ
d)¢DÈƆĦ;]Sŗĭ
e)Ŷ�ÈƆĦ;ŗĭ
f) Ŷ�ÈƆĦ;]Sŗĭ

Seism3D
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Seism3Dș
ɈɤɮɏɬȺ
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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

#  ��Ã(KÃ)8®z

# 1^bq3jD?H·H3§½I$L1G¿B
C7O���D9P1

&'flop:

 �""�����&,%+��������

&'��� �	�����	��

���¼ 	���������	�
�

�¼± 	�
��

&'Byte�(":

1store,2loadE�6P

4x3 = 12byte

¤~Âz�|�H� �� ��
���H®z�
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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:

 �""�����&,%+��������

&'��� �	�����	��

���¼ 	���������	�
�

�¼± 	�
��

&'Byte�(":

P12NO0klq[^bA:R�À>P1

1sore,2loadE�6P

4x3 = 12byte

# �2Ã(IÃ)8®z

# 1^bq3jD?H·H3§½I
$L1or$L2G¿BC7O���D9P

# µBCɷá1ęǼ�;șɔɆɮɬȕY
ȇ¤ńȘȗȩ

¤~Âz�|�H� �� ������H®z�

# 14.0%G¥Ä>QJ13.5%I¦5±

# r3ixM[ugTpHf3]ou
GNOiqhUa`¾H�9|G
®8wP@L<Q�vI«�=F5

# �¼±813.5%E£=¨5

# �¼=@klqfuc´I42.9GB/sec

# <H±D���¼R>PE14.0%EFP
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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/5loadNO 

(5+1) * 4byte = 24

/

#  �3Ã8®z →/����F=

&'flop:

 �""�����&,%+��������
&'��� 	���������

���¼ 	��������	�	��

�¼± 	�	��

¤~Âz�|�H� �� ������H®z�
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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:

 �""�����&,%+������
	

&'��� 	�������	

���¼ 	��������	�
�

�¼± 	�
�

&'Byte�(":

2store,3loadNO0

(2+3)*4 = 20

# K,IÃ®zHr3iR�y>P
<EGNO0V(K,I,J)Ht3c
R¢��D90itYpjH
��B/F±R�;P1

¤~Âz�|�H� �� ����r3i�y�
ŏêB/F,Ȭ�Ȃȩ
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!$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:

 �""�����&,%+��������

#  �3ÃRcyclicz¡ →/1^bq3j
D3§½8L2G©P(ª��Á)

# ��84»GFP

&'��� �	�����	��

���¼ 	���������	�
�

�¼± 	�
��

&'Byte�(":

1sore,2loadE�6P

4x3 = 12byte

¤~Âz�|�H� �� �
�����R!.!%$!D^sac¶½��

ȷɣɉɀɤȘŰȊȩ
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(cyclic;Cɂɪɉɍ	=șşÅ)

əɫȺɧɠ#
Do j=1,jmax
  do i=1,imax
    do k=1,kmax
       a(k,i,j)=ɭɭɭc0*v(k,i,j-1)+c1* v(k,i,j)+c2* v(k,i,j+1)ɭɭɭ
     end do
  end do
end do

1 ɭɭɭ                        ɭɭɭɭ 
kmax

ɭɭɭɭɭɭɭɭɭ 1 ɭɭɭ                        ɭɭɭɭ 
kmax

1 ɭɭɭ                         ɭɭɭɭ 
kmax

ɭɭɭɭɭɭɭɭɭ

1 ɭɭɭ                         ɭɭɭɭ kma

1 ɭɭɭ                        ɭɭɭɭ 
kmax

ɭɭɭɭɭɭɭɭɭ
1 ɭɭɭ                       ɭɭɭɭ kmax

i=1 i=2 i=imax

j

j-1

j+1

ɿɂɪɉɍn+1ȔPþȈȩɋɮɆ
ɿɂɪɉɍnȔPþȈȩɋɮɆ
ɿɂɪɉɍn−1ȔPþȈȩɋɮɆ

ɂɪɉɍn−1șCL

ȷɣɉɀɤɧȯɬ(CL)

ɂɪɉɍn+1șCL
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!$OMP DO SCHEDULE(static,1)
    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:

 �""�����&,%+�������
�

# K,I,JÃ®zHr3iR�y>P
<EGNO0V(K,I,J)Ht3cR
¢��D90itYpjH��
B/F¥R�;P1

&'��� 	����������

���¼ 	����
������	�
�

�¼± 	�
��

&'Byte�(":

Store 3 +4 load E�6PE0

(3+4)*4 = 28byte

¤~Âz�|�H� �� �
����r3i�y!.!%$!^sac¶½�

ŏêB/F,Ȭ�Ȃȩ
ȷɣɉɀɤȘŰȊȩ
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&'��� �	��	���
�

���¼ 	����
������	���
�¼± 	��	

²�}~°zH� �#�

ȴɨɁɎɩȽɮɍșĻÔ
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�#$*&����H`n3euY��
�����R¯K��

# ɽ�ɑɮɍȡȔșŇwȗȰȮɮȹɂȻɮɧɕɨɊȮȬ�ȧȪȍ
# ɗɩɑɮɍȔɌɮɆɩ¤ń1.9PflopsȬŻ«
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Front Flow/blueș
ɈɤɮɏɬȺ
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#ÍƊŏķîȬčǷȍó�ŗĭșəɫȺɧɠ
#ÍƊŏķîȘȚ2ȑșɆȯəșŗĭÂîǼǶȩ

# 3�B¤ɞɌɨȹɂȬÜİȈȩɆȯə
# 3�Ü«ɞɌɨȹɂȬÜİȊȉȘŏķB¤ɞɌɨȹɂșȢȔŗĭȬŹȣ
ȩɆȯəɱȲɪɡɬɌɭɓȯɭȲɪɡɬɌîɲ

#FFBȚÁɓɮɁɦɬȘǺǷȓ�ÂșɅɩɓȘ�¢
#ÐŢúșēŋ=ȕɛȹɌɩșĦȚAłșɅɩɓȔ"
čȅȪȩŗĭȵɮɐɩ

�)('+��%(-� %,#�����HÅ�
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Vq]dr[3cH���¼��¬�FZ3^�

 ICRS=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

ȴɨɁɎɩȽɮɍ
# ɛȹɌɩșŽ;ǼL1ȷɣɉɀɤ
ȘŰȐȓǷȩȕ��ȆȍnX

# ɛȹɌɩșɡɢɨȝșȭȹɄɂ
Ȭ3ǿýŒȆȓȦǷ

# ɡɢɨǻȧșɫɮɍȚŋ=ȕɨɂ
ɌșȢ

ŋ=

ɨɂɌ

ɛȹɌɩ

&'flop:

 �""���
�&,%+���
����

&'��� ��	����

���¼ 	�������	�	�

&'Byte�(":

¸º�22 load FHD

2*4 = 8byte

(ɂɪɉɍ	=Ȭ��Ȇɖɮȹ¤ń128GflopsȘ�Ȇȓɲ
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# ɡɢɨɓɬɍ�Ȭ1ȽȭȔNÍȈȩnXșSTREAMɛɬɈɞɮȹș
ĻÔȚ20GB/ģ

# ɷȽȭșĊšɖɮȹ¤ńȚ16GFLOPS
# �ȐȓĊšėȗB/F,Ț20GB/16GFLOPȔ1.25

Vq]dr[3cH���¼E�¼
�^sac¶½F=2
[S�

(ɂɪɉɍ	=ȗȆɖɮȹ¤ń16GflopsȘ�Ȇȓɲ

&'Byte�(" : 2loadNO 2* 4byte = 8
&'flop : 
��""��
�&,%+�����

&'��� ��	����

���¼ 
������	��
�

�¼± 	�	���¹���

	�	��³���

# ɛȹɌɩǼɨɂɌȭȹɄɂ
# ŸĽȭȹɄɂȔȗǷȍȣəɨɗȱɉɈ
ǼFǽȘǿǷ

# ɡɢɨȭȹɄɂșɪȯɊɬɀǼŐǹȩ
# 1ɧȯɬșǸȏɷŏķȆǻ"čȆȗǷ
�ȘȦȩuǽȗɜɎɩɊȮǼĕČ

# ŊȆǷ¤ń��ǼĕČ
# L2ȴɬȷɣɉɀɤȔȤYÝșɜɎɩ
ɊȮǼĕČ
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Tip[oK���_lEonp
l�

 ƾƸǆǇƵƪ
ƝƝƝƝƝƝƹǃƝƫƫƪƝƾǄƵƫƦǂǄ
ƝƝƝƝƝƝƝƝƷǉƻƵƪƨƪƺƪ
ƞƝƝƝƝƝƝƝƹǃƝƫƪƪƝƿƵƫƦǂǄǄƢƾǄƣƝƝƝǁƶǌǏǂǎƵƬƱ
ƝƝƝƝƝƝƝƝƝƝƷǉƻƵƷǉƻƥƶƢƾƸǆǇƥƝƫƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƝƫƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƝƬƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƝƬƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƝƭƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƝƭƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƝƮƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƝƮƣƣ
ƝƝƝƝƝƝɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭ
ƝƝƝƝƝƝɭɭɭɭɭɭɭɭɭɭɭƢĜđƣɭɭɭɭɭ
ƝƝƝƝƝƝɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭɭ
ǮǮƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƬƮƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƬƮƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƬƯƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƬƯƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƬưƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƬưƣƣ
ƝƝƝƝƝơƝƝƝƝƝƝƝƝƝƝƝƥƶƢƾƸǆǇƥƬƱƣƤǇƢƾǄƸǆǇƢƾƸǆǇƥƬƱƣƣ
ƝƝƝƝƝƝƝƝƝƝƾƸǆǇƵƾƸǆǇƥƬƱ
ƞƝƫƪƪƝƝƝƝƝƸǃǂǈƾǂǉƺ
ƝƝƝƝƝƝƝƝƝƝƶǇƢƾǄƣƵƶǇƢƾǄƣƥƷǉƻ
ƝƝƫƫƪƝƸǃǂǈƾǂǉƺ

»)à
#&PLOipkoK8§��·Á�18�µ�

�«¸�
#�É�ÊÄ8Ò�7�Dx�
#aJXlFoWUJP8Ò�7�Dx�
#{�6Ò���9���8·ÁD�ª

…

� ����� �

…
…

…

��¨

��
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Tip[oK	��kGpSkoK
������

»)à
#aJXlWpR���8`nUJ�7@B����	IhU
NidP8�µ
GkOZlWpR8º à
#Þ×z�Ç�Ï¨��Ã	��r�

# ¬�8���8�<8�Â�6joSeEJQ
P

# 0CyÕ9v°�/B+'�£½EJQP
#Ý×z�Ç�Ï¨�Ã	�r�

# �EJQP5?'�Â�6joSeEJQP

# ɺƖ�ǮȴɨɁɎɩɋɮɆ

# ɼƖ� ȴɨɁɎɩɋɮɆ
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Tip[oK	��kGpSkoK
�	����

įüĒVșɨȴɮɇɨɬȺ:
#ȴɨɁɎɩɋɮɆȬWŮ;CȆɘɫɉȹȬ!«
#WɘɫɉȹȬsȕ6Ș;CȆāĊ�ÞȘlȒǽ6-ɭs-ș
ƗȘɎɬɓɨɬȺ

ʎ

Z

Y

;528`nUJD�5�7�-'�����8Zo
^koK�'�����8Zo^koKD�ª����8
²&ßàÜÚ

ɷ ɸ ɹ
ɼ
ɾƫƪ ƫƫ

�

�

74AICS サマースクール 2013



Tip[oK	��kGpSkoK
�
���

# ɺƖ� ɨȴɮɇɨɬȺĻÔ # ɼƖ� ɨȴɮɇɨɬȺĻÔ

������á��

# āĊėȘűǷįüǼž=ș	ȜȕȆȓȤűǷ�ŀȘžŀȅȪȩ�ȬÎ�
# �ŏķȬÜ«ȈȩįüșĒVǼűǿȗȩ
# �ĮșuǽȅȬŠ½ȈȩȃȕȘȦȨɛȹɌɩșɨɂɌȭȹɄɂștǿȘ�Ȇǀƫ
ȴɬȷɣɀɤșɋɮɆȬ@čȔǽȩ
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Tip[oK	��kGpSkoK
�����

kGpSkoK�
#cPRpPmUY+¥�/BÂ�7joS
eEJQP+Öt.fgkEJQPMPX+
��
#Pmp`PmUY+¥�/BÂ�9�£E
JQP+�,Æ®5.3^kE��18M
PX+¦Ò½

kGpSkoK�
#�38PmUY+�q½7�£EJQ
P�
#fgkEJQP^joP8§�5�
MPX8��6�µ

��������


�������

��������
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���Hp\l8Æ®=5>�

ǀƫƝȴɬȷɣɉɀɤȔǶȩÈșĊš¤ń,Ȕ
ǶȩƳƠȘűǷ¤ń,Ȭ�ĈƝ
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ȡȕȣ

# ǲ�ǳșÛŏȬĠȆȍ
# ĊĞȔŹȣȓǷȩȭəɨƜ¤ńHșÛŏȬĠȆȍ
# Ɯ	=HșȍȣșƁŏüȬĠȆȍ
# ƜǷM�¤ńȬ�ȩȍȣșƁŏüĠȆȍ
# ǆǇƹƻǈɳǄƽƶǇƺɳǇǔǗǠǚƭƹƦƻƻƷĬȬ#ȕȆȓƜ	=HɳɈɤɮɏɬȺ
îȬĠȆȍɴ
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