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ŬƌƊƓƉƆ�

Š�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ŸƆƕżƊƉƙƈƊǁǆ�

š�

•  \�ǅǩșȃȑțǳ�ǀơ]Ę¼ǃǹțǳǗ2�0ÙƵǔ
ưǁǗäâǄj)ƲǕƹȆȗǦȓȌșǦȏǹȕ�

– ŠŞŞŢrǄŲƔƔƌƑƊƬáĔƳƹĥ�Ǘ¯Ǆsǋǔ�
•  ŵƊƋƋƖƊƝŔůƊƆƓŔƆƓƉŔŽƆƓƏƆƝŔŲƍƊƒƆƛƆƘŚŔŸƆƕżƊƉƙƈƊŨŔ
ŽƎƒƕƑƎƋƎƊƉŔůƆƘƆŔŻƖƔƈƊƗƗƎƓƌŔƔƓŔŷƆƖƌƊŔŮƑƙƗƘƊƖƗŚŔ
źŽůŴŕŞŢŜ�

•  bē8ÜƺƯǀǃƮơ�·8Ü!Ǐ\�Ʀǔ�
– ȗǦȜǚǥǱǯȗǦơĬ)ĞŁóȝě³�
– ǲțǭȐȕǦȓȄě³�
– Ǩǽȍơŏ~łóǅĚËǹțǳě³�



ŸƆƕżƊƉƙƈƊA�¸ėŔŖşŝŠŗ�

Ţ�

•  ǹțǳǗ2<Ƴƿơ\�ǅǩșȃȑțǳǀ�40ÙƳơ�
ÿµǗǋǁǎǔ�

– 'ƣǅ0ÙǆƤ�ƧǄÖðƥƬ;��

īąĈĹĖĘĠĳ�

ĔĽĪĵĿě�

īąĈĹĖĘĠĳ�

Map� Reduce�



ŸƆƕżƊƉƙƈƊA�¸ėŔŖŠŝŠŗ�

ţ�

•  ǹțǳǅ2<Țǩșȃȑțǳǉǅ2�ơ�4eĒǆ
ŸƆƕżƊƉƙƈƊ0ÙøƬi��

– 8ÜĉǆŸƆƕơżƊƉƙƈƊǀĒƨ0ÙǗĸ¾0ÙǁƳƿ�
eĕƵǔƺƯǀĎƧŔŪūŔ�4Bǆ0ÙøƬ�w�

īąĈĹĖĘĠĳ�

ĔĽĪĵĿě�

īąĈĹĖĘĠĳ�

Map� Reduce�



ŸƆƕżƊƉƙƈƊǅ8Ð�

Ť�

•  ŸƆƕÜȆȗǦȓȍơżƊƉƙƈƊÜȆȗǦȓȍǅŠƽǅĸ¾0Ù
ȆȗǦȓȍǗeĕƵǔƺƯǀĎƧ�

– ǹțǳǅ2<ơǩșȃȑțǳǉǅ2�ơŸƆƕŝżƊƉƙƈƊ0
Ùǅ�4eĒǆŸƆƕżƊƉƙƈƊ0ÙøƬ�w�

– ĝôȗǮǶǥƺƯǄŊ�ƳƿȆȗǦȓȍeĕǀƭǔ�

•  ƹƺơ|ǖǃƯǕǇǃǒǃƧ9ùǏƦǓǋƵ�



ȆȗǦȓȍeĕ�ǅ9ù�

ť�

•  ŸƆƕÜȆȗǦȓȍ�
– àǃǔǹțǳǄiƳƿơKƴ0ÙƬĒǖǕǔ�
• )>ÀǄàǃǔĝôǗƳƹƯǕǇơ)>ǅǩșǸǣǯǺǄ
�ƴƿ0ÙǗ2pƳǃƯǕǇǃǒǃƧ�

– ŶƊƝśƀƆƑƙƊŔŖŶƀŗǗ1>Ƶǔ0ÙǁƳƿeĕ�
•  żƊƉƙƈƊÜȆȗǦȓȍ�
– àǃǔǹțǳǄiƳƿơKƴ0ÙƬĒǖǕǔ�
– ŶƀǗ)>Ț1>ǁƵǔ�
• ŸƆƕÜȆȗǦȓȍƬ1>ƳƹŶƀƬŶƊƝÀ�
ǄǋǁǎǒǕƿ)>ƲǕǔ�

• KƴŶƊƝǗ�ƽĖ�ǅƀƆƑƙƊǗÿJƵǔ�
0ÙǁƳƿeĕ�
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ŸƆƕżƊƉƙƈƊA�ġû�
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Map� Reduce�
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<b,&1>�

<b,&1>&
<c,&1>&
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<a,&1>&
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<a,&1>&

<c,&1>&
<c,&1>&
<c,&1>&

<a,&3>&

<b,&2>&

<c,&3>&

Shuffle�



ŸƆƕżƊƉƙƈƊȆȗǦȓȍ!ȡƁƔƖƉŔŮƔƙƓƘ�

ŧ�

•  ǸǣǯǺȄǙǜȕ�Ǆ1ØƵǔCĢǅ�Ǘ�Ʃǔ�

īąĈĹĖĘĠĳ� īąĈĹĖĘĠĳ�

Map� Reduce�
īąĈĹ0�Õ®0
��ð�'Ą�&�

This&is&a&pen.�

This&is&a&car.�

That&is&a&rock.�

<This,&1>&
<is,&1>&
<a,&1>&
<pen,&1>�

<This,&1>&
<is,&1>&
<a,&1>&
<car,&1>�

<That,&1>&
<is,&1>&
<a,&1>&
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<This,&1>&
<This,&1>�
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<is,&1>&
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<a,&1>&
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<car,&1>&
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<a,&3>&
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<This,&2>&

<That,&1>&
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<rock,&1>&
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This&is&a&pen.&
This&is&a&car.&
That&is&a&rock.�



ŸƆƕżƊƉƙƈƊȏǹȕƬÜǃĝôȀǳțș�

şŞ�

�×õ��õ Sà¡Û&
•  ĭĻđķĳ0�&
• ÆpÈßßāÉl0��

�×õ��¥zßÿ&
r¤¥zĄh��

Yes�

Yes�

MapReduceĄj��

No�

No�
Mapõúõ´�ñçï&
MapReduceĄj�4�

MPIÕOpenMPóòĄ��&
ŀN<ÏÕ®!��ÕStencil�Ł&

�'à�&ðáÕ��Îô
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No�
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ĝôëbǚȆȔǧțǭȒșǉǅĽÜ!ŔŖşŝŢŗ�

şş�

•  Ǩǽȍě³ȘțǥȄȗțǗŸƆƕżƊƉƙƈƊȏǹȕǀ¹ö�
– ]Ę¼ǹțǳ0ÙǗ�4eĒ�
– ǭțǥǟșǫț1>ǅǨǽȍǹțǳǗ2<ƳƿȋǶȃșǦ0Ùơ�
WTĿ4ȀǳțșÀǄZàě³�

•  -SâǃŸƆƕżƊƉƙƈƊȀǳțșǀĔØHċ�

MapReduceL°�

ĲĞĪĽđ�

E�²x�

[Map]�

[Reduce]�

ł¶£öZ¾�



ĝôëbǚȆȔǧțǭȒșǉǅĽÜ!ŔŖŠŝŢŗ�

şŠ�

•  ƂĂčÞŌ_ȖțǬț£ğŽŬŮŷŬǅ8ÜeŒǹțǳě³�
–  ŽƊƖƎƆƑŔűƊƒƘƔƗƊƈƔƓƉŔŮƖƝƗƘƆƑƑƔƌƖƆƕƍƝŔŖŽűƂŗeŒǀǆơǳșȀǥī
~kÿ¨ƫǒǅP�ȀǳțșǗ]ŀǄF}Ƴơð�¹ĻǗě³�

•  şŞŞ�´ŝ¥Ę¼ǅP�ȀǳțșǗě³�
–  ŽűƂÜǅ¤aǷțȕǗÜƧƿơ'ƣǅP�ȀǳțșƫǒÔ�ŀǗ
�1ƳơÿµǗÿJ�

•  -SâǃŸƆƕżƊƉƙƈƊȀǳțșǀĔØHċ�

SACLA#�ôþāSFXLÑõ}U>�

=fĨěĿĽ1y1yôSFXğĿĹĄL®
çÕĈĽġĐĖĽđĄ®ÜŀMapŁÖ&
²x¥zĄĘĢĸĿĳīąĈĹñçï¥
6èāŀReduceŁÖ&



ĝôëbǚȆȔǧțǭȒșǉǅĽÜ!ŔŖšŝŢŗ�

şš�

•  ǚșǫșȅȕĝôǗŸƆƕżƊƉƙƈƊȏǹȕǀ¹ö�
– àǃǔȀȓȎțǳǅǭȌȑȖțǭȒșǗĖ�ĒƧơÿµǗĀĝ0Ù�
– !ȝȖȆȔǢ��2_A>bÄ�
•  ǟǼȕǤțǅàǃǔĖ�ǅǳșȀǥīǅȖȆȔǢǄƽƧƿŸůĝô�
•  ŸůĝôǅÿµǗTǄeĒȀȓȎțǳǗ��ƳơŸůǗăǓĴƳeĒ�

•  ăǓĴƳ0ÙǗĒƨŸƆƕżƊƉƙƈƊȀǳțșǀĔØHċ�

1&MapReduce� 1&MapReduce�
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ĝôëbǚȆȔǧțǭȒșǉǅĽÜ!ŔŖŢŝŢŗ�

şŢ�

•  àǃǔȀȓȎțǳǀ\�ǅǭȌȑȖțǭȒșǗėÃƵǔĝôëb�
ǚȆȔǧțǭȒș�

– ǹțǳKBǗÜƧƹÂĨ�UȡŔşŞȣşŞŚŞŞŞǧțǯ�
– čAİ�ĹÇóǅê�ǭȌȑȖțǭȒșȡŔşŞȣşŞŚŞŞŞǧțǯ�

•  �ǩșȃȑțǳǀǆK§G�ǮȒȅ�Ǆ9ņȜşţǮȒȅȝ�
– 9ņǗĮƩƹǮȒȅǗ�)ƵǔƹǎǄǆơ8ÜĉƬǮȒȅeĒǗ
ãęȚõÙƵǔ�ėƬƦǔ�

•  ŸƆƕeĒǅǌǅŸƆƕżƊƉƙƈƊǁƳƿơĖ�ǧțǯǗşǮȒȅeĒ�

Shuffle,&Reduceõ�ÛÕMapReduceñç
ïL®&

Shuffle�

[Map]&
Simula>on�

Reduce�



ŸƆƕżƊƉƙƈƊǗ�ǀ@×ǑƮeĒƵǔƹǎǅė��

şţ�

•  ȋȕǵǽțǻȚȋȕǵǩǚÚXǀǅœƧǯǧțȓȂȔǸǛ�
– ŦŠŚŧŢŢǽțǻȚŤŤšŚţţŠǩǚǅ@ÆÜ�
– ]ŀǅŶƀǅœĺǃĹ&�

•  ]gŀȄǙǜȕǅ@×âǃ0Ù�
– �4ȄǙǜȕǭǯǸȍǄ%aƲǕƿƧǔȄǙǜȕǉǅơ�
\�ǅǽțǻƫǒǅK§ǚǥǱǯǄi��

•  ȆȗǦȓȍǗǋǁǎƿeĒƵǔ½ċ�
– �ǀǆǮȒȅ�)�Ǆ9ņ�

KMRöäĂÿĄ�ëèþÜôµ´ľL°æĂïÛùè�
HadoopýMRDMPIóòõoIõMapReduce��¢öÕ&
^ÍÕĘĒĿķĩĸĠćôÞÛï	.��



ŬƌƊƓƉƆ�

şŤ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�

şť�

•  ]Ę¼�4ǭǯǸȍ�ǀơǯǧțȓȅȕǄA�Ƶǔ
ŸƆƕżƊƉƙƈƊ0ÙøeØǗäâǄŃáƲǕƹ0Ùø�

•  ŃáǵțȍȡŬŴŮŽŔȆȗǦȓȍ¹�ȏǹȕéîǵțȍ�
– 	oå
ȜȆȗǮǞǥǺȔțǴțȝ�
– ²Ý(y�
– ÎÏç�®�

•  A�ÚX�
– �ǩșȃȑțǳơhYĹűƂşŞ�
–  ŷƎƓƙƜŝŽƔƑƆƖƎƗŔřŔƌƈƈŝŴƓƘƊƑŔŮƔƒƕƎƑƊƖŔřŔźƕƊƓŸŻŴ�
•  ǩșȀǜȓǆƈŧŧÍ�ǅưǁ�
•  ŸŻŴ�[ǅ#aȓǜȅȓȔǆǃƳ�



ŶŸż�UÌ�

şŦ�

•  ȆȗǮǞǥǺȉțȍȈțǮ�
–  ƍƘƘƕŨŝŝƒƘŜƆƎƈƗŜƖƎƐƊƓŜƏƕŝƐƒƖŝ�

•  ĥ��
– ŸƔƘƔƍƎƐƔŔŸƆƘƗƙƉƆŚŔŹƆƔƝƆŔŸƆƖƙƝƆƒƆŔƆƓƉŔŽƍƎƓƎƈƍƎƖƔŔ
žƆƐƎƞƆƛƆŨŔŶŔŸƆƕżƊƉƙƈƊŨŔŬŔŽƈƆƑƆƇƑƊŔžƔƔƑŔƋƔƖŔůƆƘƆś
ŻƖƔƈƊƗƗƎƓƌŔƆƓƉŔŽƊƆƖƈƍŝŰƓƗƊƒƇƑƊŔŬƕƕƑƎƈƆƘƎƔƓƗŔƔƓŔ
ŷƆƖƌƊśŽƈƆƑƊŔŽƙƕƊƖƈƔƒƕƙƘƊƖƗŚŔŴŰŰŰŔŮƑƙƗƘƊƖŔŠŞşšŔ
ŮƔƓƋƊƖƊƓƈƊŔŖŠŞşšŗŜ�
•  ŶŸżǅeĕǁ�ċĠ$�

– ÎÏç�®ŚŔ²Ý(yŚŔ	oå
ŨŔŸƆƕżƊƉƙƈƊǄǑǔĝô
ëbǚȆȔǧțǭȒșǅȘțǥȄȗțeĒ��ŚŔ�U0Ùb
�ŔųŻŮŽŠŞşŢŔŖŠŞşŢŗŜ�
•  ŶŸżǄǑǔĝôëbǚȆȔǧțǭȒșǅeĕǁĠ$�



ŶŸżǅeĕ�ĄƾƯ�

şŧ�

•  ŸŻŴǅşȓǜȅȓȔǁƳƿŮĜĢǄƿeĕ�
•  ŸŻŴǐ�ǅŸŻŴȓǜȅȓȔǁþǌJǖƶƹȆȗǦȓȍǅ�
eĕƬHċ�

•  ǩȋșǻǁƳƿǅ8ÜǏHċȜŶŸżżſŹȝ�

User&Applica>on�

KMR� MPI&Lib&A�MPI&Lib&B�MPI&Lib&C�

MPI�

KMRRUN�



ŶŸżǅÔ��

ŠŞ�

•  ǽțǻńȚǽțǻ.Ǆƿ�4eĒƵǔǾǜȅȔǶǻ�4�
– ǽțǻ.ȡŔźƕƊƓŸŻ�
– ǽțǻńȡŔŸŻŴ�

•  ǡșȎȏȔ0Ù�
– ȄǙǜȕǗ�ƲǃƧǅǀœĺơ�¢ǀĊ�ň�Ǆǆ?ǔ�

•  �ǩșȃȑțǳǅǼǶǺȘțǥȚǯǺȖțǮ¹�Ǘ�ħƳƹ�
�ċ¬ĽB�
– ŶƀǹțǳǫǜǰǄ�ƴƹŽƍƙƋƋƑƊĹ&�Äǅ3Ǔ«Ʃ�
– Ĺ&ǁŴźǗþǌJǖƶƹơœĺǃŊQȄǙǜȕģǌĲǌ�
– ȄǙǜȕǅ�ĄǗĈ�Ƴƹơ¬ĽǳǯǥĿĄ�

•  i�ĜĢ�
– ȓǜȅȓȔ Ü§ȡŮŝŮřřŚŔűƔƖƘƖƆƓ�
– ǩȋșǻ Ü§ȡǽțǻƬǫȊțǺƵǔ��ǅĜĢ�



ŶŸżǅȎȔǶǺ�

Šş�

•  ŸƆƕżƊƉƙƈƊȏǹȕǗÜƧƹơ]Ę¼�4ǭǯǸȍǀǅg¦ǃ�4
ȆȗǦȓȌșǦȏǹȕ�

– ĸ¾0Ùǅǌǅeĕǀơ]Ę¼�4eĒHċ�
•  �4ȆȗǦȓȌșǦǗ÷¦B�
–  ŸƆƗƘƊƖśƁƔƖƐƊƖǳǜȆĝôǅeĒ�
– ȀȓȎțǳğdǅ÷¦ǃŊQĹ&�

•  �ǩșȃȑțǳ8Ü§ǅĖŋƲǗŉĐ�
– ǼǶǺȘțǥǚțǣǸǥǵȐǗĈ�ƳơȎǶǱțǮǫǜǰǄ�ƴƿŊ
QĹ&ǚȕǪȔǰȍǗčA3«�

– ǯǺȖțǮǚțǣǸǥǵȐǗĈ�ƳơŴźǽțǻǉǅĩďǗ:ÉƵǔ
ȄǙǜȕģǌĲǌǗe£�

–  ŸŻŴƅŮƔƒƒƅƗƕƆƛƓǅAâȆȗǱǯý�ǅzƻ§ńĤ��



ŶŸżǅȎȔǶǺŔȢŔĝô�

ŠŠ�

•  ȋȕǵǽțǻȚȋȕǵǩǚǗÜƧƹčA�4�
–  ŶŸżǀǆŶƀǗčAâǄǩǚC�ǀĖ�ǽțǻǄ<Ǔ�Ǔơ�
ŸƆƕŝżƊƉƙƈƊ0ÙǗ�4eĒ�

•  !ȝƐśƒƊƆƓƗǥȓǯǳȔșǦ�
– ǹțǳǗƐ'ǅǦȕțȆǄ2<�
–  ŸżśŸŻŴǀǆơǽțǻń�4ǆ�
ĒƨƬơǩǚń�4ǆĒǖǃƧ�

•  ŸżśŸŻŴȡŔŸŻŴeĕƲǕƹ�
ŔŔŔŔŔŔŔŔŔŔŔŔŔŸƆƕżƊƉƙƈƊ�

k=4�

L®�D&
•  �ĔĽĪĵĿě&
(8CPU/Node)&

•  1&MPI&Proc/Node&

L®µK&
•  Points:&100,000/Proc&
•  Clusters:&10,000&
•  Ń��T|&
•  ©Ā½ç=lń10&

8�õ&
^9��



ŶŸżǅȎȔǶǺŔȢŔȄǙǜȕǚǥǱǯ�

Šš�

•  ŴźǚǥǱǯñJǗľƯơȄǙǜȕģǌĲǌ�ċǗL��
–  ĝôǽțǻǗơǦȕțȆC�ǀŴź�Ǘ9ņ�
ƵǔưǁǄǑǓŴźǽțǻǉǅǚǥǱǯǗ:É�

–  ĝôǽțǻńǀŊQĹ&ǄǑǔȄǙǜȕǅ�
,�

•  şŲŭǨǽȍůŭȄǙǜȕģǌĲǌ�
–  �ǅIǽțǻƫǒơ��ǄǨǽȍȄǙǜȕ�
ǗģǌĲǍ�

–  ƇƝśƊƆƈƍȡƵǊƿǅǽțǻƬ'7Ǆģǌ�
ĲǍ�

–  ƔƓƊśƇƈƆƗƘȡşǽțǻƬģǌĲǌơ�ǽțǻ�
ǄƇƈƆƗƘıĶ�

2.8�õ&
^9��



ŬƌƊƓƉƆ�

ŠŢ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



8Ü¢Ä�

Šţ�

•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
– �ļǅŸƆƕżƊƉƙƈƊĝôǗeĒ�
– ĝôǽțǻƬǫȊțǺƵǔ��ǅĜĢǀeĕƲǕƹ�
ĸ¾ȆȗǦȓȍǗeĒHċ�

•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�
•  ŸƆƕżƊƉƙƈƊȏǹȕǄ|Ƽƹ��ǅȘțǥȄȗțǗeĕHċ�
•  ŶŸżǅ*½ċǗ8ÜHċ�
•  ŮŝŮřřŚŔűƔƖƘƖƆƓǄƿȆȗǦȓȍǗeĕ�



ŬƌƊƓƉƆ�

ŠŤ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ŶŸżżſŹ�

Šť�

•  ŸƆƕżƊƉƙƈƊȘțǥȄȗțǗeĒ�
•  ŸƆƕƕƊƖŝżƊƉƙƈƊƖǁƳƿơŸŻŴȆȗǦȓȍơ��ǅĜĢǀe
ĕƲǕƹĸ¾ȆȗǦȓȍȜǽțǻ.�4i�ȝǗeĒHċ�

– ŸƆƕƕƊƖǅ1>ƫǒŶƀǗÛ�Ƴơ»Í1>Ǆªƭ1ƵŔ
ŶƊƝśƀƆƑƙƊŔŲƊƓƊƖƆƘƔƖŔȆȗǦȓȍǏ�ė�

�



ŶŸżżſŹǩȋșǻ�

ŠŦ�

•  eĒǩȋșǻ�

•  ǩȋșǻǅ�N�

$ mpirun MPIOPT ./kmrrun -n procs -m mapper ¥ !
-k kvgen -r reducer ./input !

kmrrun� KMRRUNĭĻđķĳuÖ&
KMR_INST/lib/kmrrunôĈĽĘĢĿĹæĂïÛāÖ&

-n procs� 1=õMapper/ReducerL®ð��èāĭĻĚĘlĄiKÖ&
Øm_procs:r_procsÙīċĿĲĞĢðiKèĂ÷ÕMapper/
Reducerð�óāĭĻĚĘlðL®4ÖġīċĹĢö1Ö&
[��4]&

-m mapper� MapperĭĻđķĳ�

-k kvgen� KV&GeneratorĭĻđķĳ&[��4]�

-r reducer� ReducerĭĻđķĳ&[��4]�

./input� Mapperõ�'īąĈĹÕùëöġćĺĐĢĸÖ&
�MPIĭĻĚĘßÿĆĐĚĘðáāÕ�sġćĺĐĢĸ�ôÞ
âäñÖ&



ŸƆƕƕƊƖŝżƊƉƙƈƊƖŝŶƀŔŲƊƓƊƖƆƘƔƖ�º�

Šŧ�

Mapper� KV,Generator� Reducer�

L°³·� �`� �`� �`�

�!L®� MPI/OpenMP� OpenMP� MPI/OpenMP�

�'� •  īąĈĹ¸ú¼ú&
•  īąĈĹ8örZõ
Vlñçï�æĂā&

•  īąĈĹ¸ú¼ú&
•  Mapperõ�'īą
ĈĹ8àrZõV
lñçï�æĂā&
•  Mapperõ�'Ą¸
ú¼ûB6öÕīą
ĈĹ8Ąk�çï
�a�

•  īąĈĹ¸ú¼ú&
•  īąĈĹ8örZõ
Vlñçï�æĂā&
•  1&KV/®īċĿĲĞĢ&
•  KeyñValueöĘİĿ
Ę1îð, ÿĂā�

�'� •  īąĈĹqá�ç&
•  īąĈĹ8öÕ�'
īąĈĹ8ßÿÐk
ðáā8%ñèā�

• |��'ô�'&
•  1&KV/®īċĿĲĞĢ&
•  KeyñValueöĘ
İĿĘ1îð, ÿ
Ăā&

•  īąĈĹqá�ç�



!ȡŸƆƕżƊƉƙƈƊǄǑǔŻŴĝô�

šŞ�

•  ȏșǸǢȕȗÄǄǑǔŻŴĝô�
–  şƜşǅǫǜǰǅ¿¢x.ǄȓșǴȍǄÐǗ�
�ƽ�

– Ðǅā�ȜŹȝǁơşƜşǅ�x.Ǆ)ƼƹÐ�
ǅ�ȜŸȝǗ�Ʃǔ�

– ÐǅÁ×ȜŸŝŹȝǆ¿¢xǅōíȜşȝǁ��
xǅōíȜƟŝŢȝǅÁ×ȜƟŝŢȝǄóƳƧ�

• ƟŝŢŔŪŔŸŝŹŔŔŔŔŔŔŔŔƟŔŪŔŢŸŝŹ�
•  ŸƆƕżƊƉƙƈƊǀǅeĕ�
– ŸƆƕȡȓșǴȍǄÐǗ�ƻơŹǁŸǗ�Ʃǔ�
– żƊƉƙƈƊȡƵǊƿŸƆƕǅŹǁŸǗŊĝƳơƟǗĝô�

1�

1�



ŻŴĝôǅŸƆƕżƊƉƙƈƊeĒȏǹȕ�

šş�

•  ŸƆƕ�
– Ė�ȆȗǱǯƬ�ĒƳƿ
ÐǅȆȗǶǺȚǢǝșǺ�

– żƊƉƙƈƊƵǔŇǄşȆȗǱ
ǯǄ*ÿµǗŊǎǔƹǎơ
ŶƀŔũŞŚŔŸŝŹūǗ1>�

•  ŶƊƝȡŔ*ŸƆƕǀKƴŶƊƝ�
•  ƀƆƑȡŔŸƆƕƱǁǅÐǅ��

•  żƊƉƙƈƊ�
– *ŸƆƕȆȗǱǯǅŸǁŹǗ
JĝƳơƟǗĝô�

Map&
iKæĂë
lõ�Ąd
ìÕ/Y1õ
cXô�ā
lĄlÝā�

īąĈĹ&
�õl�

Shuffle�

Reduce&
�Mapõ�õ¨lñcXô
�íë�õ¨lþĀÕπĄ´��

īąĈĹ&
Πõ��



ŶŸżżſŹǄǑǔŻŴĝôǅeĕ�

šŠ�

•  ƠƠƠƠƠƠƠƠƠƠƠƠƠƠƠŸƆƕǁŶƀŔŲƊƓǁżƊƉƙƈƊǗeĕ�

Map&
iKæĂë
lõ�Ąd
ìÕ/Y1õ
cXô�ā
lĄlÝā�

Shuffle�

Reduce&
�Mapõ�õ¨lñcXô
�íë�õ¨lþĀÕπĄ´��

īąĈĹ&
Πõ��

KV&Gen�

MapĭĻĚĘåñô�óāīąĈĹĄ¸ú¼û&
�'īąĈĹlàMapl�

¥zöīąĈĹôqá�è&

Mapõ�'īąĈĹĄ¸ú¼úÕ&
|��'ôKV&<0,&M/N>Ą�'&

ÓeylàReducel&

�MapõValueàīąĈĹ8Ø0ÙŀKey8ŁīąĈĹ
ôqá¼ùĂā&



ŻŴĝôǫșȆȕȆȗǦȓȍ�

šš�

•  ŻŴĝôǅǫșȆȕȆȗǦȓȍǗŠìŐÜ��
– ĸ¾ȆȗǦȓȍÓŔŨŔŶŸżƅŽżŮŝƐƒƖƖƙƓŝ�
•  ŸƆƕƕƊƖŔŨŔƕƎŜƒƆƕƕƊƖŜƈ�
•  ŶƀŔŲƊƓƊƖƆƘƔƖŔŨŔƕƎŜƐƚƌƊƓŜƗƍ�
•  żƊƉƙƈƊƖŔŨŔƕƎŜƖƊƉƙƈƊƖŜƈ�

– ŸŻŴȆȗǦȓȍÓŔŨŔŶŸżƅŽżŮŝƐƒƖƖƙƓŝ�
•  ŸƆƕƕƊƖŔŨŔƒƕƎƅƕƎŜƒƆƕƕƊƖŜƈ�
•  ŶƀŔŲƊƓƊƖƆƘƔƖŔŨŔƒƕƎƅƕƎŜƐƚƌƊƓŜƗƍ�
•  żƊƉƙƈƊƖŔŨŔƒƕƎƅƕƎŜƖƊƉƙƈƊƖŜƈ�

•  )>ǹțǳǅĿĄ�
inp/ !
     000   (10000) !
     001   (10000) !
     002   (10000) !

�M�



ŻŴĝôǅeĒ!�

šŢ�

şŜ  ȄǙǜȕĿĄ�

ŠŜ  eĒ�

$ ls !
inp/  kmrrun  machines  pi.kvgen.sh  pi.mapper  pi.reducer!

ĲĖĽīąĈĹðö6ĥĿģiKçÕDnpČĭĖĶĽðö2ĥĿģĄiKçëB6&
&
⇒ kmrrun,&KV&Generatorö2ĥĿģð*�&
⇒ Mapper,&Reducerö�Āõ4ĥĿģð*�&

Mapperõ�'īąĈĹö4�ÚāõðÕ4&Mapperà7pL®4&

$ mpirun -machinefile machines -np 2 ./kmrrun ¥ !
-m ./pi.mapper -k ./pi.kvgen.sh -r ./pi.reducer ./inp!
3.135600 !
$ ls !
0.out   kmrrun     pi.kvgen.sh   pi.reducer!
inp/    machines   pi.mapper!
$ cat 0.out !
3.135600 !



ŶŸżżſŹŔǩǷǁÅ�ÐŔŖşŝšŗ�

šţ�

•  ŸƆƕƕƊƖƺƯǗeĒƳƹƧ�
– ÿµǗżƊƉƙƈƊƵǔ�ėǃƮơàǃǔȀȓȎțǳǀĖ�ǅ
ĝôǗeĒƳƹƧVJǃǂơżƊƉƙƈƊƖeĒƬ�ėǃV
JƬƦǓǋƵƢƷǅ§ǄǆŶƀŔŲƊƓƊƖƆƘƔƖǐżƊƉƙƈƊƖǆ
æßǀƭǋƵƢ�

$ mpirun -np 4 ./kmrrun -n 8 -m ./mapper ./input !

±lõ´�Ą1îõėĶĬñçïùñüïL®çëÛ
ñáôs)�

�õþÜôÕ7pe�ėĶĬlô$ÊàÚāB6ô�#�



ŶŸżżſŹŔǩǷǁÅ�ÐŔŖŠŝšŗ�

šŤ�

•  ňfóǀeĒƬ� Ƴƹ§ǄơeĒǗ/ŃƳƹƧ�
– ŶŸżżſŹǀǆeĒÕ�ǅ%aǁ/ŃǗeØƵǔ½ċŔ
ŮƍƊƈƐƕƔƎƓƘŝżƊƗƘƆƖƘŔǗ�"ƳǋƵƢ/Ń§Ǆǆǽțǻ�
ǗÉǒƳƿǅ/ŃǏǫȊțǺƳǋƵƢ�

• � §ǄǆơǢȖșǺǹǛȖǥǺȔǄǵǞǶǥȊǜșǺȄǙǜȕ
ȜƈƐƕƘƉƎƖƂƂƂƂƂŚŔƂƂƂƂƂǆȓșǥȝǗÛ��

• ǵǞǶǥȊǜșǺȄǙǜȕƬaRƵǔ§ǄŔśśƈƐƕƘŔǡȆǭȒș
Ǘ�dƵǔǁơ%aƲǕƹÕ�ƫǒ0ÙǗ/Ń�

$ mpirun -np 4 ./kmrrun -n 8 –m mapper -k kvgen.sh ¥ !
-r reducer --ckpt ./input !



ŶŸżżſŹŔǩǷǁÅ�ÐŔŖšŝšŗ�

šť�

•  ǡȆǭȒșƤśƓƥȜşPǅŸƆƕƕƊƖŝżƊƉƙƈƊƖeĒ§ǅ ÜȆ
ȗǱǯ�ȝǅ�d¢Ä�

– ŸƆƕƕƊƖŝżƊƉƙƈƊƖƬĸ¾ȆȗǦȓȍǅVJŔŪūŔş�
•  ȟƬ�dƲǕƹVJǆơĸ¾ȆȗǦȓȍǁčA6dƳǋƵ�

– ŸƆƕƕƊƖŝżƊƉƙƈƊƖƬŸŻŴȆȗǦȓȍǅVJŔŪūŔŠ���
• ŸŻŴȆȗǦȓȍǆ�4tşǀǆeĒǀƭǋƶǘ�

•  ŸŻŴǀA�ƳƿƧǔǅǀơşȆȗǱǯǀňfƬĭưǔǁơ*
�ǅeĒƬ� Ƶǔ�



ŬƌƊƓƉƆ�

šŦ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ŶŸżȓǜȅȓȔ�

šŧ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕǄ�
|Ƽƹ��ǅȘțǥȄȗțǗeĕHċ�

– ŸƆƕżƊƉƙƈƊǅăǓĴƳeĒ�
– ŮƔƒƇƎƓƊƖȜŽƍƙƋƋƑƊ;ǄżƊƉƙƈƊȝeĒ�

•  ŮŝŮřřŚŔűƔƖƘƖƆƓǄƿȆȗǦȓȍǗeĕ�

M� M� M�

R� R�

Shuffle�

Itera>ve&MapReduce� Combiner�

R� R� R�

R� R�

Shuffle�

M� M� M�



eĕƵǔǏǅ�

ŢŞ�

•  ŸƆƕƕƊƖŅ��
– ŸƆƕ0ÙǁƳƿeĒƲǕǔŅ��
– )>ȡŔşƽǅŶƀơǋƹǆȄǙǜȕơȎȏȔ�ǅZ��
– 1>ȡŔşƽ��ǅŶƀ�

•  żƊƉƙƈƊƖŅ��
– żƊƉƙƈƊ0ÙǁƳƿeĒƲǕǔŅ��
– )>ȡŔKƴŶƊƝǗ�ƽơĖ�ǅŶƀ�
– 1>ȡŔşƽ��ǅŶƀ�

•  ǻȓǜǿŅ�ȜƒƆƎƓŅ�ȝ�
– ŶŸżeĒǅ5¯Bơý�0Ù�
– ŶŸżŅ�ąǗOǈ1ƳơŸƆƕżƊƉƙƈƊĝô0ÙǗeĕ�



ŶŸżǅ0ÙǅÇǕ�

Ţş�

•  ŶƊƝśƀƆƑƙƊŔŽƘƔƖƊŔŖŶƀŽŗǁǆ�
– Ȟ'��ǅŶƀǗ%�Ƶǔ�
ȎȏȔ�ǅǹțǳ¹Ļ�

– ŶƀŽǗC�ǄŸƆƕƕƊƖơ�
żƊƉƙƈƊƖǗeĒ�
•  şƽǅŶƀŽǗ)>ǁƳơ�
'ƣǅŶƀǄŸƆƕƕƊƖŝżƊƉƙƈƊƖ�
eĒƳơÿµǗ1>ŶƀŽǄ�
ªƭĲǍ�

•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦǆơ�
ŶƀŽǅZBǅÇǕǗĞĵƵǔưǁ�

– ǻȓǜǿŅ�ǄĞĵ�

kmr_map�
kvs1�

kvs2�

kmr_shuffle�
kvs3�

kmr_reduce�
kvs3�

kvs4�

kvs2�

<0,&“This&is&a&pen.”>&
<1,&“This&is&a&car.”>�

<“This”,&1>&
<“is”,&1>&<“a”,&1>&
<“pen.”,&1>&
<“This”,&1>&
<“is”,&1>&<“a”,&1>&
<“car.”,&1>�



ǻȓǜǿŅ�ǅeĕ�

•  �ļǅŸƆƕżƊƉƙƈƊ0ÙǗĒƨȆȗǦȓȍ�
#include <mpi.h> !
#include “kmr.h” !
!
int main(int argc, char **argv) { !
    MPI_Init(&argc, &argv); !
    kmr_init(); !
    KMR *mr = kmr_create_context(MPI_COMM_WORLD, MPI_INFO_NULL, 0); !
!
    KMR_KVS *kvs0 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs1 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs2 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs3 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    kmr_map(kvs0, kvs1, 0, kmr_noopt, mapfn); !
    kmr_shuffle(kvs1, kvs2, kmr_noopt); !
    kmr_reduce(kvs2, kvs3, 0, kmr_noopt, redfn); !
!
    kmr_free_context(mr); !
    kmr_fin(); !
    MPI_Finalize(); !
    return 0; !
} !



ǻȓǜǿŅ�ǅeĕ�

•  �ļǅŸƆƕżƊƉƙƈƊ0ÙǗĒƨȆȗǦȓȍ�
#include <mpi.h> !
#include “kmr.h” !
!
int main(int argc, char **argv) { !
    MPI_Init(&argc, &argv); !
    kmr_init(); !
    KMR *mr = kmr_create_context(MPI_COMM_WORLD, MPI_INFO_NULL, 0); !
!
    KMR_KVS *kvs0 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs1 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs2 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs3 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    kmr_map(kvs0, kvs1, 0, kmr_noopt, mapfn); !
    kmr_shuffle(kvs1, kvs2, kmr_noopt); !
    kmr_reduce(kvs2, kvs3, 0, kmr_noopt, redfn); !
!
    kmr_free_context(mr); !
    kmr_fin(); !
    MPI_Finalize(); !
    return 0; !
} !

MPIõ1ķĈĬķĸóõðÕMPI
õĮĞĜīąĈĹ¸ú¼úÕ
MPI"t+ľ¤���ĄL°�



ǻȓǜǿŅ�ǅeĕ�

•  �ļǅŸƆƕżƊƉƙƈƊ0ÙǗĒƨȆȗǦȓȍ�
#include <mpi.h> !
#include “kmr.h” !
!
int main(int argc, char **argv) { !
    MPI_Init(&argc, &argv); !
    kmr_init(); !
    KMR *mr = kmr_create_context(MPI_COMM_WORLD, MPI_INFO_NULL, 0); !
!
    KMR_KVS *kvs0 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs1 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs2 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs3 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    kmr_map(kvs0, kvs1, 0, kmr_noopt, mapfn); !
    kmr_shuffle(kvs1, kvs2, kmr_noopt); !
    kmr_reduce(kvs2, kvs3, 0, kmr_noopt, redfn); !
!
    kmr_free_context(mr); !
    kmr_fin(); !
    MPI_Finalize(); !
    return 0; !
} !

KMRõ"t+ľ¤����



ǻȓǜǿŅ�ǅeĕ�

•  �ļǅŸƆƕżƊƉƙƈƊ0ÙǗĒƨȆȗǦȓȍ�
#include <mpi.h> !
#include “kmr.h” !
!
int main(int argc, char **argv) { !
    MPI_Init(&argc, &argv); !
    kmr_init(); !
    KMR *mr = kmr_create_context(MPI_COMM_WORLD, MPI_INFO_NULL, 0); !
!
    KMR_KVS *kvs0 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs1 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs2 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    KMR_KVS *kvs3 = kmr_create_kvs(mr, KMR_KV_OPAQUE, KMR_KV_OPAQUE); !
    kmr_map(kvs0, kvs1, 0, kmr_noopt, mapfn); !
    kmr_shuffle(kvs1, kvs2, kmr_noopt); !
    kmr_reduce(kvs2, kvs3, 0, kmr_noopt, redfn); !
!
    kmr_free_context(mr); !
    kmr_fin(); !
    MPI_Finalize(); !
    return 0; !
} !

KVSõ�añMapReduce���



ŶƀŽǅ���

ŢŤ�

•  ïǅŶƀŽŔŖŶŸżƅŶƀŽSŗǗ���

– òŠv�ǀŶƊƝǅSơòȠv�ǀƀƆƑƙƊǅSǗ�d�

•  ŶƀŽǗě��

– ŶŸżŅ�ȜƐƒƖƅƒƆƕŚŔƐƒƖƅƖƊƉƙƈƊóȝǅ)>ǁǃƼƹ
ŶƀŽǆčAǀě�ƲǕǔ�

KMR_KVS *kmr_create_kvs(KMR *mr, enum kmr_kv_field k, !
                        enum kmr_kv_field v); !

int kmr_free_kvs(KMR_KVS *kvs); !

KMR_KV_INTEGER� ml?ŀintŁ�
KMR_KV_FLOAT8� �*Ol�?ŀdoubleŁ�
KMR_KV_OPAQUE� ħĈĢ!�



ŸƆƕƕƊƖeĒŅ�ǅ8Ü�

Ţť�

•  )>ŶƀŽ�ǅ'ƣǅŶƀǄiƳƿȜ8ÜĉdĆȝŸƆƕƕƊƖ
Ņ�ǗeĒ�

•  Ņ�ý�{ơ)>ŶƀŽǆě�ƲǕǔ�

int kmr_map(KMR_KVS *kvi, KMR_KVS *kvo, void *arg, !
            struct kmr_option opt, kmr_mapfn_t m); !

KMR_KVS *kvi� �'KVS�

KMR_KVS *kvo� �'KVS�

void *arg� KVS	Fõ��'ġĿěàÚĂ÷Õ&
äõElôıĈĽěñçïiK&
�Ł�'īąĈĹ8�

struct kmr_option!
opt�

ÉlL®põČĭĖĶĽ&
ÁRöØkmr_nooptÙð4�

kmr_mapfn_t m� #�¬KªõMapperÉløõıĈĽě�



ŸƆƕƕƊƖŅ�ǅeĕ�

ŢŦ�

•  ŸƆƕƕƊƖŅ�S�

– 'ƣǅŶƀǉǅ0ÙǗdĆƵǔ�

int (*kmr_mapfn_t)(const struct kmr_kv_box kv, !
                   const KMR_KVS *kvi, KMR_KVS *kvo, !
                   void *arg, const long index); !

struct kmr_kv_box kv�Mapperõ��N¹KV�

KMR_KVS *kvi� �'KVSŀ1�õúŁ�

KMR_KVS *kvo� �'KVS�

void *arg� MapperL®Élõ�3Vlñçï�æ
ĂëıĈĽě�

long index� KVS�õKVõĈĽġĞĐĘ�



ŸƆƕƕƊƖŅ�ǅeĕŔȢŔ!�

•  ƐśƒƊƆƓƗÄȜŶŸżƅŽżŮŝƊƜŝƐƒƊƆƓƗśƐƒƖŜƈȝ�
– ƦǔÐşƽƬơǂưǅŊJǄnƵƫĝô�
int calc_cluster(const struct kmr_kv_box kv, !
                const KMR_KVS *kvi, KMR_KVS *kvo, void *p, long i_) { !
  int i; !
  kmeans_t *kmeans = (kmeans_t *)p; !
  int dim    = kmeans->dim; !
  int *means = kmeans->means; !
  int n_means = kmeans->n_means; !
  int *point = (int *)kv.v.p; !
  int min_idx = 0; !
  unsigned int min_dist = calc_sq_dist(point, &means[0], dim); !
!
  for (i = 1; i < n_means; i++) { !
    unsigned int dist = calc_sq_dist(point, &means[i * dim], dim); !
    if (dist < min_dist) { !
      min_idx  = i; !
      min_dist = dist; !
    } !
  } !
  struct kmr_kv_box nkv = { .klen = sizeof(long), !
                            .vlen = dim * sizeof(int), !
                            .k.i  = min_idx, !
                            .v.p  = (void *)point }; !
  kmr_add_kv(kvo, nkv); !
  return MPI_SUCCESS; !
} !

ıĈĽěpôökDmeansL®v
Ą
�I�

Valueô�õT|à�IæĂïÛā�

N¹õ�ñÕ�ïõË6ñõ»Ì
Ą´�çÕrOõË6ĄÄg�

KeyôË6õIDÕValueô�õT|Õ
ñóāKVĄ�açÕ�'KVSô¿(�



�ǅ�ĔâǃŸƆƕƕƊƖeĒŅ��

•  ȄǙǜȕóƫǒŶƀǗ��ƳơŶƀŽǄ%a�

–  ŸƆƕƕƊƖŅ�ȜƒȝǄƿơȊǜșǳȜŘƆƖƌȝǗDÒƳƿŶƀǗ���
–  ŸƆƕƕƊƖŅ�ȜƒȝǆştƳƫeĒƲǕǃƧƹǎơştǅeĒǀ�ė
ǃŶƀǗ*ƿ��Ƶǔưǁ�

•  ŸŻŴȆȗǦȓȍǗeĒƳơƷǅ1>ȄǙǜȕǗ(Ǆ��ƳƹŶƀǗ1
>ŶƀŽǄ%a�

– )>ŶƀŽŖƐƚƎŗ�ǅŶƀǅƀƆƑƙƊǄŸŻŴȆȗǦȓȍǗ�d�
–  ŸƆƕƕƊƖŅ�ŖƒƆƕƋƓŗǀǆơŸŻŴȆȗǦȓȍǅ1>ȄǙǜȕǗ�
ģǌĲǌơƷǅ.gǄ�ƴƹŶƀǗ��ƵǔǑƨeĕ�

int kmr_map_once(KMR_KVS *kvo, void *arg, !
                 struct kmr_option opt, _Bool rank_zero_only, !
                 kmr_mapfn_t m) !

int kmr_map_via_spawn(KMR_KVS *kvi, KMR_KVS *kvo, void *arg, !
                      MPI_Info info, struct kmr_spawn_option opt, !
                      kmr_mapfn_t mapfn); !

ŀ1«ń&KMR_SRC/src/tesf.f90ÕKMR_SRC/kmrrun/kmrrun.cŁ�



żƊƉƙƈƊƖeĒŅ�ǅ8Ü�

ţş�

•  )>ŶƀŽ�ǅ'ƣǅŶƀǄiƳƿȜ8ÜĉdĆȝżƊƉƙƈƊƖ
Ņ�ǗeĒ�

•  Ņ�ý�{ơ)>ŶƀŽǆě�ƲǕǔ�

int kmr_reduce(KMR_KVS *kvi, KMR_KVS *kvo, void *arg, !
               struct kmr_option opt, kmr_redfn_t r); !

KMR_KVS *kvi� �'KVS�

KMR_KVS *kvo� �'KVS�

void *arg� KVS	Fõ��'ġĿěàÚĂ÷Õ&
äõElôıĈĽěñçïiK&
�Ł�'īąĈĹ8�

struct kmr_option!
opt�

ÉlL®põČĭĖĶĽ&
ÁRöØkmr_nooptÙð4�

kmr_redfn_t r� #�¬KªõReducerÉløõıĈĽě�



żƊƉƙƈƊƖŅ�ǅeĕ�

ţŠ�

•  żƊƉƙƈƊƖŅ�S�

– ŶƊƝǅóƳƧơĖ�ǅŶƀǉǅ0ÙǗdĆƵǔ�

int (*kmr_redfn_t)(const struct kmr_kv_box kv[], const long n, !
                   const KMR_KVS *kvi, KMR_KVS *kvo, !
                   void *arg); !

struct kmr_kv_box kv[]� Reducerõ��N¹KV&
�ïõKVõKeyö�çÛ�

long n� KVõl�

KMR_KVS *kvi� �'KVSŀ1�õúŁ�

KMR_KVS *kvo� �'KVS�

void *arg� ReducerL®Élõ�3Vlñçï
�æĂëıĈĽě�



żƊƉƙƈƊƖŅ�ǅeĕŔȢŔ!�

•  ƐśƒƊƆƓƗÄȜŶŸżƅŽżŮŝƊƜŝƐƒƊƆƓƗśƐƒƖŜƈȝ�
– ŊJǅ��u»ǅ©¡�
int update_cluster(const struct kmr_kv_box kv[], const long n, !
                   const KMR_KVS *kvi, KMR_KVS *kvo, void *p) { !
  int i, j; !
  int cid = (int)kv[0].k.i; !
  kmeans_t *kmeans = (kmeans_t *)p; !
  int dim = kmeans->dim; !
  int average[dim]; !
!
  for (i = 0; i < dim; i++) !
    average[i] = 0; !
  for (i = 0; i < n; i++) { !
    int *point = (int *)kv[i].v.p; !
    for (j = 0; j < dim; j++) { !
      average[j] += point[j]; !
    } !
  } !
  for (i = 0; i < dim; i++) !
    average[i] /= n; !
  struct kmr_kv_box nkv = { .klen = sizeof(long), !
                            .vlen = dim * sizeof(int), !
                            .k.i  = cid, !
                            .v.p  = (void *)average }; !
  kmr_add_kv(kvo, nkv); !
  return MPI_SUCCESS; !
} !

KeyöË6õIDÕValueöêõË6
ôPè�õT|�

ıĈĽěpôökDmeansL®v
Ą
�I�

Ë6ô:ùĂā��õT|ßÿÕ
Ë6õ�\T|Ą´��

KeyôË6õIDÕValueôË6õ�
\T|ÕñóāKVĄ�açÕ�'
KVSô¿(�



Ĺ&Ņ�ǅ8Ü�

ţŢ�

•  ŽƍƙƋƋƑƊǁżƊƕƑƎƈƆƘƊ�

•  żƊƕƑƎƈƆƘƊǆŸƆƕżƊƉƙƈƊeĒÿµǅŶƀŽǗ*ȆȗǱǯǀ,
Ƶǔ§ǄÜ�

int kmr_shuffle(KMR_KVS *kvi, KMR_KVS *kvo, struct kmr_option opt); !
int kmr_replicate(KMR_KVS *kvi, KMR_KVS *kvo, struct kmr_option opt); !

KMR_KVS *kvi� �'KVS�

KMR_KVS *kvo� �'KVS�

struct kmr_option!
opt�

ÉlL®põČĭĖĶĽ&
ÁRöØkmr_nooptÙð4�

PROC0� PROC1� PROC2� PROC3�

PROC0� PROC1� PROC2� PROC3�

Shuffle�
PROC0� PROC1� PROC2� PROC3�

PROC0� PROC1� PROC2� PROC3�

Replicate�

�'KVS�

�'KVS�



�ǅÜǃŅ��

ţţ�

•  ŶƀŽǅ�įǗǲțǺ�

– )>ŶƀŽŖƐƚƎŗ.ǅŶƀǗŶƊƝŎǄǲțǺƳơ1>
ŶƀŽŖƐƚƔŗǄ%a�

– ƐƒƖƅƖƊƉƙƈƊǆÿµǗǲțǺƳǃƧƹǎơǲțǺƳƹÿµǗ
�ėǁƵǔVJǄǆơżƊƉƙƈƊ{ơưǅŅ�ǗeĒ�

•  ȋȕǵǽțǻœĺȄǙǜȕģǌĲǌ�

– ȄǙǜȕȜƋƎƑƊȝǗģǌĲǌơ.gǗȎȏȔȜƇƙƋƋƊƖȝ�Ǆ�
mŃ�

int kmr_sort(KMR_KVS *kvi, KMR_KVS *kvo, struct kmr_option opt); !

int kmr_read_file_by_segments(KMR *mr, char *file, int color, !
                              void **buffer, off_t *size); !



ǩșȀǜȕǁeĒ�

ţŤ�

•  ŸŻŴǩșȀǜȓǀǩșȀǜȕ�
– ȇǶǴȄǙǜȕ¶úǹǛȖǥǺȔǅ�dơȓǜȅȓȔǁȔșǥ�
– �ơűƂşŞ�

– ŷƎƓƙƜŝŽƔƑƆƖƎƗŔřŔƌƈƈŔřŔźƕƊƓŸŻŴ�

•  eĒ�

– ÚXZ�ğd�

$ mpifccpx -Kopenmp,fast -I KMR_INST/include ¥ !
SOURCE_CODE.c KMR_INST/lib/libkmr.a!

$ mpicc -O3 -I KMR_INST/include SOURCE_CODE.c ¥ !
KMR_INST/lib/libkmr.a!

$ mpiexec -np 4 ./a.out!

$ cat kmrrc!
verbosity=9 !
$ KMROPTION=kmrrc mpiexec -np 4 ./a.out!

verbosity� 1~9ĄiKŀġīċĹĢö5ŁÖ&
l�ĄOæâèāñÕġħĞđ
�ĴĞĚĿėĄ¯�çóâóā�

trace_map_spawn� 0/1ĄiKŀġīċĹĢö0ŁÖ&
kmr_map_via_spawn()
õL®ĄĢĺĿĘ�

�DEl�



ǫșȆȕȆȗǦȓȍ�

ţť�

•  ŶŸżƅŽżŮŝƊƜŔ��ǄƧƮƽƫ�
– �nǅŸƆƐƊƋƎƑƊǄŸƆƐƊǳțǨǶǺƬdĆƲǕƿƧǋƵ�
– !ŗƐśƒƊƆƓƗÄǅǫșȆȕȆȗǦȓȍȜƐƒƊƆƓƗśƐƒƖŜƈȝǅ
ǩșȀǜȕ�
$ cd KMR_SRC/ex !
$ make kmeans!



ŶŸżȓǜȅȓȔŔÅ�Ð�

ţŦ�

•  ŸƆƕƕƊƖŝżƊƉƙƈƊƖǅĝôŀǗĈ�Ƴƿ�4tȜśƓƕȝǗ�
�dƵǔ�

–  ŸƆƕƕƊƖŝżƊƉƙƈƊƖ,ǄKƴ�4tǀA�ƳǋƵ�
– )>ȄǙǜȕȜŸƆƕƕƊƖǉǅ)>ȝƬƹƮƲǘƦǔƬơ1>ƵǔŶƊƝ
ǅ�ƬlǃƧVJơœƧ�4tǗ�dƵǔǁơżƊƉƙƈƊ§ǄĪÌ
ǅÑőƬÛƴ}ǋƵȜķǏƳƫǓȝ�
•  !ȝ)>ȄǙǜȕǆşŚŞŞŞ'ơŸƆƕÿµǅ1>ŶƊƝǆşŞ'�
ŪūŔ�4tşŚŞŞŞǀeĒƵǔǁơżƊƉƙƈƊǄƿŧŧŞǅÑő�

•  żƊƉƙƈƊÿµǆǲțǺƲǕǃƧ�
–  ųƆƉƔƔƕǀǆżƊƉƙƈƊÿµǆǲțǺƲǕƿ1>ƲǕǔƬơŶŸżǀǆ
ǲțǺƳǋƶǘ�

•  ŸŻŴǀA�ƳƿƧǔǅǀơşȆȗǱǯǀňfƬĭưǔǁơ*�ǅeĒ
Ƭ� Ƶǔ�



ŬƌƊƓƉƆ�

ţŧ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ŶŸż8Ü!�

ŤŞ�

•  ĝôëbǚȆȔǧțǭȒșǄŶŸżǗĽÜƳƹ!Ǘü��
– ǚȆȔǧțǭȒșǅȘțǥȄȗțȜ0ÙǅÇǕȝǗ
ŸƆƕżƊƉƙƈƊȏǹȕǄƿĞĵ�

•  Ǩǽȍě³�
•  ȖȆȔǢ��2_A>bÄ�



Ǩǽȍě³�

Ťş�

•  Ǩǽȍě³�
– ůŹŬǭțǥǟșǫțǄǑǓģǌFǒǕƹČ]ǃǨǽȍ
ǹțǳǁơDÒǨǽȍǹțǳȜ¤èǅǨǽȍĿ4ȝǅqà
Ǘě³�

•  ȀǜȆȓǜșeĕ�
– �ļǅě³ǗĒƨƹǎǄơìƣǅǷțȕąǗþǌJǖ
ƶƿeĕ�

• ǭțǧșǯȋǶȃșǦǷțȕ�
• ǹțǳȄǠțȋǶǺǷțȕ�
• ě³Ƿțȕ�

����	 ������
����	 �����	 	 �
	 ���	 �����	 	 ���	 �����1�ēĥĳ�

²xN¹ēĥĳ�



Ǩǽȍě³ȡȘțǥȄȗț�

ŤŠ�

Mapping�
ĸĿģĄ1�ēĥĳ
ôĲĞĪĽđ�

Splits�

con>g&ŀÃ§èāC
@Å!ĨěĿĽŁ�
ôMapping¥zĄ
�&�

Merge�
con>g�ô¥zĄ
ĲĿė�

Analyze�
con>g0�ôE�
²x�

•  5ěĘĐÈõġĿěõ3ã�çöīąĈĹ&
įĿĘ&

•  Mergeö�sīąĈĹĖĘĠĳ�ð®ăĂā&

uļĿĐīĻĿöÕ�+J��bÒ¦6�;-�
J��ĚĽěĿôïÇ�æĂïÛāNGS&Analyzer
Ą1«ôçïÛā&



Ǩǽȍě³ȡŸƆƕżƊƉƙƈƊeĕŔŖşŝŠŗ�

Ťš�

•  ŸƆƕ0Ù�
–  ŸƆƕƕƎƓƌǁŽƕƑƎƘǗeĒ�
–  ŶƀŔũƈƔƓƘƎƌŚŔȋǶȃșǦÿ
µūŔǗ1>�

•  żƊƉƙƈƊ0Ù�
–  ŶƀŔũƈƔƓƘƎƌŚŔȋǶȃșǦÿ
µūŔǗ)>�

–  ŬƓƆƝƞƊǗeĒ�
•  ŸƊƖƌƊǆŽƍƙƋƋƑƊǀĄƭ�Ʃ�
–  ŴźǗ�ǖǃƧơǡșȎȏȔ
ıĶ�



Ǩǽȍě³ȡŸƆƕżƊƉƙƈƊeĕŔŖŠŝŠŗ�

ŤŢ�

•  ŶŸżżſŹǄƿeĕ�
–  ŸƆƕƕƊƖŝżƊƉƙƈƊƖǁǏǄ
ŻƝƘƍƔƓǄƿĸ¾ȆȗǦȓ
ȍǁƳƿeĕ�

•  ȘțǥȄȗțeĒõÙǆ
ŶŸżżſŹƬĒƨ�

– JĝşşşĒ�
•  ŹŲŽŔŬƓƆƑƝƞƊƖŨŔťŢŦĒ�
– ȘțǥȄȗțeĒõÙ
MǍ�



Ǩǽȍě³ȡ�ċ�

Ťţ�

•  ¥°�*Ǩǽȍě³�
– ȁǺ��*�ǀŢŧŞŲŭ�
•  Šţ�Ŀ4ÀǄȄǙǜȕ2<ơŸƆƕƕƊƖǅ)>ǉ�

– DÒǨǽȍȡŤŜšŲŭ�
•  eĒÚXȡ�ǩșȃȑțǳ�
– şŔŸŻŴȆȗǱǯŔŝŔǽțǻơşŤŲŭȎȏȔơǽțǻ.�4ǃƳ�
– şŸƆƕƕƊƖŔŝŔǽțǻǅǳǯǥ<Ǔwƿ�
ġĿěĕĈę� 118,MB,/,12,Nodes� 87.9,GB,/,512,

Nodes�
490,GB,/,4160,
Nodes�

NGS&Analyzer&
ĖĉĹ�

357�� 4,985�� 22,848��

KMRL°� 353�� 3,691�� 14,593��

NGS&AnalyzerĖĉĹń&
ÔNGS&AnalyzerõļĿĐīĻĿĄ]Lô1îõĖĉĹĘĐĸĭĢñçïL°ŀ124®Ł�



ȖȆȔǢ��2_A>bÄ�

ŤŤ�

•  ȖȆȔǢ��2_A>bÄȜżŰŸůȝ�
– =đóǀơǳșȀǥīǅ¹Ļě³ǄÜƧǒǕǔş�Ä�

•  ȘțǥȄȗț�
– 2_¹ĻǅĖ�ǅȖȆȔǢǗÜ�ƳơƷǕƸǕǄàǃǔÊt
Ǘ<Ǔ�Ǔơ¹ĻǫșȆȔșǦȜŸůȝǗĒƨ�

– ŸůeĒ{ơȖȆȔǢǅÊtȀȓȎțǳǗ��ȜŰƜƈƍƆƓƌƊȝ�
– ��ǗăǓĴƳeĒƵǔơǚșǫșȅȕĝô�



żŰŸůȡŸƆƕżƊƉƙƈƊğĝ�

Ťť�

•  żŰŸůǅşǯǸǶȆǗ�
şŔŸƆƕżƊƉƙƈƊǁƳƿeĕ�

–  ƃŸƆƕƄŔĖ�ȆȗǱǯǀ
�4ǄŸůĝô�

–  ƃżƊƉƙƈƊƄŔȟȆȗǱǯǄ
ŸůÿµǗŊùƳơ��
±�Ǘĝô�

•  żŰŸůǯǸǶȆǗăǓĴƳ
eĒ�

–  ŴƘƊƖƆƘƎƚƊŔŸƆƕżƊƉƙƈƊ�
– ¾ǅǯǸǶȆŃ^;Ǆơ
Êt��ÿµǗ*Ȇȗ
Ǳǯǀ,�

Time�

Te
m
pe

ra
tu
re
�

MD� Exchange�

Map� Reduce�

PE� PE� PE� PE�

MD&(Map)�

Exchange&(Reduce)�

1ĘĠĞĭ�

MD�



żŰŸůŨŔŶŸżeĕŔŖşŝŠŗ�

ŤŦ�

•  ŶŸżȓǜȅȓȔǗÜƧƿűƔƖƘƖƆƓǀeĕ�
•  ŸƆƕ0Ù�
–  ŸůeĒ±�ǗğdƳơŸůǗeĒ�
•  ŸůǄǆŔŹŬŸůŠŔǗ ÜŔŪūŔƐƒƖƅƒƆƕƅƚƎƆƅƗƕƆƛƓŖŗǄƿĭA�

–  )>ŶƀŔŨŔũȖȆȔǢŴůŚŔ)>ȄǙǜȕȀǯū�
–  1>ŶƀŔŨŔũŞŚŔȖȆȔǢŴůǁǟǼȕǤțū�

•  żƊƉƙƈƊ0Ù�
–  Êt��ǅĝô�
–  )>ŶƀŔŨŔũŞŚŔȖȆȔǢŴůǁǟǼȕǤțū�
–  1>ŶƀŔŨŔũÿµǅìŐǗĔƵ�`4ŚŔ�
ƠƠƠƠƠƠƠŰƜƈƍƆƓƌƊÿµū�

•  ÿµ,�
–  żƊƉƙƈƊc�{ơƐƒƖƅƖƊƕƑƎƈƆƘƊŖŗǄƿ�
*ȆȗǱǯǀÿµǗ,�

uL°öÕ�+J��bÒ´��J�
�~{Ò G¢������ĝĿĳô
ïÇ�æĂïÛāREINĄ1«ôçïÛāÖ&



żŰŸůŨŔŶŸżeĕŔŖŠŝŠŗ�

•  eŇǄǆŸƆƕ0ÙơżƊƉƙƈƊ0ÙE¢Ǆƿơ\�ǅŸƆƕƕƊƖŝżƊƉƙƈƊƖǗeĒ�
•  ŸƆƕ0Ù�

•  żƊƉƙƈƊ0Ù�

MD�'īąĈĹõ�a&
•  [�']&Key:&Replica&ID,&Val:&Replica&ID&
•  [�']&Key:&Replica&ID,&Val:&MDĔĲĽģ�

MD&Rescaling&
•  [�']&Key:&Replica&ID,&Val:&MDĔĲĽģ&
•  [�']&Key:&Replica&ID,&Val:&MDĔĲĽģ&

MDL®�
•  [�']&Key:&Replica&ID,&Val:&MDĔĲĽģ&
•  [�']&Key:&Replica&ID,&Val:&Replica&ID&

MD�'¥zõ2[&
•  [�']&Key:&Replica&ID,&Val:&Replica&ID&
•  [�']&Key:&Replica&ID,&Val:&Replica&ID�
Shuffle�KVSõ�a&
•  [�']&Key:&Replica&ID,&Val:&Replica&ID&
•  [�']&Key:&0,&Val:&Replica&ID&&&ĊĤĹďĿ&

{Â?øõĺĭĸč_Aõqá¼ú&
•  [�']&Key:&0,&Val:&Replica&ID&&&ĊĤĹďĿ&
•  [�']&Key:&0,&Val:&Replica&ID�

ĊĤĹďĿĢķėĉĐĢĸīąĈĹõ�a&
•  [�']&Key:&0,&Val:&Replica&ID&
•  [�']&Key:&0,&Val:&Replica&ID&

ExchangeL®�
•  [�']&Key:&0,&Val:&Replica&ID&
•  [�']&Key:&0,&Val:&Replica&ID&

ĸĘěĿĢīąĈĹõ�a&
•  [�']&Key:&0,&Val:&Replica&ID&
•  [�']&Key:&0,&Val:&Replica&ID�
Replicate�KVSõ�a&
•  [�']&Key:&0,&Val:&Replica&ID&
•  [�']&Key:&nH!,&Val:&Exchange¥z&



żŰŸůŨŔ�ċ�

ťŞ�

•  eĒğd�
–  ǹțǳȡżŰŴŹ�nǅǫșȆȕǹțǳ�
•  ş¾(żŰŸůơşŞŔŴƘƊƖƆƘƎƔƓ�
•  ȖȆȔǢ�ȡŦŚŔşŤŚŔšŠŚŔŤŢŚŔşŠŦŚŔŠţŤ�

•  eĒÚXȡŔ�ǩșȃȑțǳ�
–   Üǽțǻ�ȡŧŚŔşŦŚŔšŤŚŔťŠŚŔşŢŢŚŔŠŦŦ�
•  ȖȆȔǢ�Ǆ�ƴƿğd�

–  şŔŸůeĒǀ ÜƵǔŸŻŴȆȗǱǯ�ȡŦȜşǽțǻȝ�



ŬƌƊƓƉƆ�

ťş�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕ�
•  ŶŔŸƆƕżƊƉƙƈƊŔŖŶŸżŗ�
– ¸ėȚÔ��
– 8Ü¢Ä�
•  ŶŸżżſŹǄǑǔ÷¦ŸƆƕżƊƉƙƈƊeĒ�
•  ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȌșǦ�

•  ŶŸż8Ü!�
– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�

•  ǋǁǎ�



ǋǁǎ�

ťŠ�

•  ŸƆƕżƊƉƙƈƊȆȗǦȓȌșǦȏǹȕǅü��
•  ŶŸżǗÜƧƹŸƆƕżƊƉƙƈƊȆȗǦȓȍǅeĒ�
– ŶŸżżſŹǄǑǔ÷¦eĒ�
– ŶŸżȓǜȅȓȔǗÜƧƹȆȗǦȓȍeĕ�

•  ŶŸżǗÜƧƹơŸƆƕżƊƉƙƈƊȏǹȕǄǑǔĝôëbǚȆȔ
ǧțǭȒșǅ!ü��

– Ǩǽȍě³�
– ȖȆȔǢ��2_A>bÄ�



�ǀǅ8Ü�

ťš�

•  ŝƔƕƘŝƆƎƈƗŝƐƒƖǄǜșǯǺțȕÈǌ�
•  ǹǛȖǥǺȔ¹��

– ŶŸż©¡§ơǋƹǆĜĢÚX©¡§ǄƷǅ§ƣǅǿț
ǮȒșǄƦƼƹŶŸżǗǜșǯǺțȕƳƿƧƭǋƵ�

/opt/aics/kmr!
       K-1.2.0-14 !
              kmr-1.1 !
       K-1.2.0-15 !
              kmr-1.1 !
              kmr-1.2 !
              kmr-1.3 !
              kmr-1.3.2 !



ƪǖǓ�

ťŢ�
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