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•  ƆƔƓƣƒƔãȐȢǯȞȘ�
– æǌǝȂȦǼǍlƼǈƫNƽ3àƶėǟǞǝ�
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•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�
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–  ƗƢƢƟŲŧŧƜƢŦƐƘƒơŦƠƘƚƔƝŦƙƟŧƚƜƠŧ�

•  Ī£�
– ƂƞƢƞƗƘƚƞŝƂƐƢơƣƓƐŤŝƃƐƞƧƐŝƂƐƠƣƧƐƜƐŝƐƝƓŝƇƗƘƝƘƒƗƘƠƞŝ
ƈƐƚƘƨƐƥƐŲŝƀŝƂƐƟƆƔƓƣƒƔŲŝŶŝƇƒƐƛƐƑƛƔŝƈƞƞƛŝƕƞƠŝŹƐƢƐť
ƅƠƞƒƔơơƘƝƖŝƐƝƓŝƇƔƐƠƒƗŧźƝơƔƜƑƛƔŝŶƟƟƛƘƒƐƢƘƞƝơŝƞƝŝ
ƁƐƠƖƔťƇƒƐƛƔŝƇƣƟƔƠƒƞƜƟƣƢƔƠơŤŝžźźźŝŸƛƣơƢƔƠŝŪŨũūŝ
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së�ŲŝƂƐƟƆƔƓƣƒƔǍǚǝĢø
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�ŝŽƅŸƇŪŨũŬŝŠŪŨũŬšŦ�
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•  ƂƅžǎũȞǥȏȞȟǊƼǈŸġħǍǈhĚ�
•  ƂƅžǙ�ǎƂƅžȞǥȏȞȟǊĂǕMǟƿǂȐȢǯȞȘǎ�
hĚƶKĐ�

•  ǲȖȤȄǊƼǈǎ:ãǘKĐȧƀƂƆƇƗƔƛƛȨ�
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KMR� MPI&Lib&A�MPI&Lib&B�MPI&Lib&C�
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KMRShell�



ƀƂƆǎÛ��
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•  ȇȦȄōȥȇȦȄ1Ǎǈ�7hėƾǝȈǥȏȟǿȄ�7�
– ȇȦȄ1ȯŝƄƟƔƝƂƅ�
– ȇȦȄōȯŝƂƅž�

•  ǪȤșȚȟ3à�
– ȎǢǥȠǠ�ƻǌƱǎǉŜłƫ�¦ǉď�ő�ǍǏAǝ�

•  �ǲȤȍȜȦǼǎȆǿȃȣȦǮȥǸȃȡȦǷ¿�Ǡ�ĬƼǂ�
�Đ±ņD�

– ƀƊȂȦǼǴǥǹǍ�ƽǂƇƗƣƕƕƛƔŁ'�Ëǎ6ǜ°Ƴ�
– Ł'ǊžƄǠĂǕMǟƿǂƫŜłǌœUȎǢǥȠĨǕĸǕ�

•  l�ġħ�
– ȞǥȏȞȟ!ã¬ȯŸŧŸţţŤŝŻƞƠƢƠƐƝ�
– ǲȖȤȄ!ã¬ȯȇȦȄƶǴȕȦȃƾǝ��ǎġħ�



ƀƂƆǎșȟǿȃ�

Ūũ�

•  ƂƐƟƆƔƓƣƒƔȚȂȠǠãƱǂƫ`ĝÂ�7ǶǸȁȘǉǎj«ǌ�7
ȐȢǯȞȗȤǯȚȂȠ�

– ĿÅ3àǎǕǎhĚǉƫ`ĝÂ�7hėKĐ�
•  �7ȐȢǯȞȗȤǯǠû«D�
–  ƂƐơƢƔƠťƋƞƠƚƔƠǼǥȐĢøǎhė�
– ȊȞșȦǼĤgǎû«ǌœUŁ'�

•  �ǲȤȍȜȦǼ:ã¬ǎěŔƻǠŒĕ�
– ȆǿȃȣȦǮǣȦǬȁǮǾțǠč�ƼƫșǿǺȦǷǴǥǹǍ�ƽǈœ
UŁ'ǣȠǳȟǹȘǠĒC6°�

– ǸȃȡȦǷǣȦǬȁǮǾțǠč�ƼƫžƄȇȦȄǒǎĮĔǠ<Ðƾǝ
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ƀƂƆǎșȟǿȃŝȰŝĢø�

ŪŪ�

•  ȖȠǾȇȦȄȥȖȠǾǲǣǠãƱǂĒC�7�
–  ƀƂƆǉǏƀƊǠĒCèǍǲǣF�ǉě¡ȇȦȄǍ>ǜ�ǜƫ�
ƂƐƟŧƆƔƓƣƒƔ3àǠ�7hė�

•  "ȨƚťƜƔƐƝơǮȞǸǼȟȤǯ�
– ȂȦǼǠƚ)ǎǯȠȦȐǍ5>�
–  ƂƆťƂƅžǉǏƫȇȦȄō�7Ǐ�
ėƲƶƫǲǣō�7ǏėǟǌƱ�
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ŝŝŝŝŝŝŝŝŝŝŝŝŝƂƐƟƆƔƓƣƒƔ�

k=4�

I¤�A&
•  	ĆįĜħıč&
(8CPU/Node)&

•  1&MPI&Proc/Node&

I¤ªH&
•  Points:&100,000/Proc&
•  Clusters:&10,000&
•  ĵy�Qu&
•  �ò²Ú9cĶ10&

8�ç&
Y£5��



ƀƂƆǎșȟǿȃŝȰŝȎǢǥȠǣǮǺǸ�

Ūū�

•  žƄǣǮǺǸõMǠŇƹƫȎǢǥȠĨǕĸǕ�ĐǠP��
–  ĢøȇȦȄǠƫǯȠȦȐF�ǉžƄ¡Ǡ;ŏ�
ƾǝƺǊǍǚǜžƄȇȦȄǒǎǣǮǺǸǠ<Ð�

–  ĢøȇȦȄōǉœUŁ'ǍǚǝȎǢǥȠǎ�
/³�

•  ũżŷǱȇȘȎǢǥȠĨǕĸǕ�
–  �ǎLȇȦȄƵǛƫN�ǱȇȘȎǢǥȠǠ�
ĨǕĸǖ�

–  ƑƧťƔƐƒƗȯƾǓǈǎȇȦȄƶ)9ǍĨǕ�
ĸǖ�

–  ƞƝƔťƑƒƐơƢȯũȇȦȄƶĨǕĸǕƫ�ȇȦȄ�
ǍƑƒƐơƢĶĽ�

2.8�ç&
Y£5��



m,¦Ë�

ŪŬ�

•  ǻȦǸǲȦȄǽǦȤȢȦȄ�
– ȔȦȘȓȦǷƵǛŝƀƂƆťũŦũŝƆƔƛƔƐơƔŝŠŪŨũūťŨűťŪŨšŝǠ
ǽǦȤȢȦȄ�

•  qŌ�

•  ƒƞƝƕƘƖƣƠƔ�

– �ĜǍ�ƽǈǥȤǸȃȦȠȊǸǠ�g�

•  ƜƐƚƔŝŞŝƘƝơƢƐƛƛ�

$ tar zxf kmr-1.1.tar.gz !
$ cd kmr-1.1 !

$ ./configure !

$ ./configure --prefix=$HOME/lib/kmr-1.1 !

$ make !
$ make install !



�ǉǎ:ã�

Ūŭ�

•  ŧƞƟƢŧƐƘƒơŧƚƜƠǍǥȤǸȃȦȠÏǕ�
•  ȂǤȡǮȃȟ¿��

– ƀƂƆ®¥¬ƫǔǂǏġħá[®¥¬Ǎǀǎ¬ƭǎȉȦ
ǷȝȤǍưǅǂƀƂƆǠǥȤǸȃȦȠ�

/opt/aics/kmr!
       K-1.2.0-14 !
              kmr-1.1 !
       K-1.2.0-15 !
              kmr-1.1 !



ŶƖƔƝƓƐ�

ŪŮ�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



:ã¦Ë�

Ūů�

•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
– ũTǎƂƐƟƆƔƓƣƒƔĢøǠhė�
– ĢøȇȦȄƶǴȕȦȃƾǝ��ǎġħǉhĚƻǞǂ�
ĿÅȐȢǯȞȘǠhėKĐ�

•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�
•  ƂƐƟƆƔƓƣƒƔȚȂȠǍ�ǅǂ��ǎȣȦǮȎȢȦǠhĚKĐ�
•  ƀƂƆǎ-ÄĐǠ:ãKĐ�
•  ŸŧŸţţŤŝŻƞƠƢƠƐƝǍǈȐȢǯȞȘǠhĚ�



ŶƖƔƝƓƐ�

ŪŰ�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



ƀƂƆƇƗƔƛƛŝŠũŧŪš�

Ūű�

•  ũTǎƂƐƟƆƔƓƣƒƔĢøǠhė�
•  ƂƐƟƟƔƠȧƂƐƟãȐȢǯȞȘȨƫƆƔƓƣƒƔƠȧƆƔƓƣƒƔãȐȢǯȞ
ȘȨǏ��ǎġħǉhĚKĐ�

•  C ǎÎǞ�



ƀƂƆƇƗƔƛƛŝŠŪŧŪš�

ūŨ�

•  hėǲȖȤȄ�

•  LȊȞșȦǼǎ�R�

$ mpirun -np 12 ./kmrshell -m mapper.sh ¥ !
-r reducer.sh ./data !

-np 12� ��ÜóMPIğĭČĊcÉ&
Mapper/ReducerçI¤cæ�TÉ�

./kmrshell� KMRShellğĭăĩĥnÉ&
KMR_INST/lib/kmrshellæúįĊĔıīÙôáÎóÉ�

-m mapper.sh� Mapperğĭăĩĥ�

-r reducer.sh� Reducerğĭăĩĥ�

./data� Mapperç�%ĝ÷úīÈëßèēùĬĂĔĪÉ&
�MPIğĭČĊæ3ÛĚĊÓ}ÙôóßîÈğĭČĊ
zæ�%ĝ÷īöBÐßÎ?2æèÈ�åó�Jç
ĝ÷úīö3�ĚĊæÑÕ×ãÉ&
ĲĤĈįĭıÿīĊĔĬıĉç"�ö#bĳ�



ƂƐƟƟƔƠŧƆƔƓƣƒƔƠhĚ�ǎ;ý�

ūũ�

•  ƂƐƟƟƔƠ�
–  ƍ��ƎŝÁÕ,@ƵǛ,@ȂȦǼǠĨǕĸǖ�
• 9ŀȎǢǥȠƵǛĨǕĸǡǉǘK�

–  ƍ�ŗƎŝÁÕ4@Ǎă»ǊǌǝƀƊǠ4@�
•  ƀƔƧǊƊƐƛƣƔǏǸȓȦǸE6ǜ�

•  ƆƔƓƣƒƔƠ�
–  ƍ�ŗƎŝÁÕ,@ƵǛ,@ƀƊǠĨǕĸǖ�
•  ƇƗƣƕƕƛƔƻǞǂƂƐƟƟƔƠ4@ǎƀƊƶÑƻǞǝ�

–  ƍ��ƎŝÁÕ4@ŧȎǢǥȠǍă»Ǡ¯Ʒ4ƾ�



ƋƞƠƓŝŸƞƣƝƢhĚŝŠũŧūš�

ūŪ�

•  ĤĢ�
– ƂƐƟƟƔƠ�
• ÁÕ,@ƵǛȁǬǸȃǠJƹIǜƫǸȓȦǸǉ5>�
• FħÇǍƩƋƄƆŹŝũƩǠƀƊǊƼǈÁÕ4@Ǎ4@�

– ƆƔƓƣƒƔƠ�
• FħÇǍƩƋƄƆŹŝũƩǠƀƊǊƼǈÁÕ,@ƵǛĨǕĸǖ�
• FħÇǍ¡ǠMĢ�

•  ǴȤȐȠȐȢǯȞȘǎY��
– ƂƐƟƟƔƠ�
•  ƀƂƆƏƇƆŸŧơƗƔƛƛŧƥƒŦƜƐƟŦƟƛ�

– ƆƔƓƣƒƔƠ�
•  ƀƂƆƏƇƆŸŧơƗƔƛƛŧƥƒŦƠƔƓƣƒƔŦƟƛ�

– ƅƔƠƛǉhĚ�



ƋƞƠƓŝŸƞƣƝƢhĚŝŠŪŧūš�

ūū�

•  ƂƐƟƟƔƠǎhĚŝȰŝƥƒŦƜƐƟŦƟƛ�

#!/usr/bin/perl&
use&strict;&
&
while(<STDIN>)&{&
&&&&&&&&chomp&$_;&
&&&&&&&&my&@w&=&split("&",&$_);&
&&&&&&&&foreach&my&$wd&(@w)&{&
&&&&&&&&&&&&&&&&print&$wd,&"&1\n";&
&&&&&&&&}&
}&

u��%ÒñĒĀĊĔöì±í�

ĒĀĊĔöĊĢıĊâ�$�

KV&“WORD&1”öu��%æ�%�

I¤w¿öàÖá�F�



ƋƞƠƓŝŸƞƣƝƢhĚŝŠūŧūš�

ūŬ�

•  ƆƔƓƣƒƔƠǎhĚŝȰŝƥƒŦƠƔƓƣƒƔŦƟƛ�

#!/usr/bin/perl&
use&strict;&
&
my&$counter;&
&
while(<>)&{&
&&&&&&&&chomp&$_;&
&&&&&&&&my&($key,&$value)&=&split&"&";&
&&&&&&&&$counterD>{$key}&+=&$value;&
}&
&
for&(sort&{&$counterD>{$a}&<=>&$counterD>{$b}&}&keys&%$counter)&{&
&&&&&&&&print&$_,&"&",&$counterD>{$_},&"\n";&
}&

u��%ÒñKVöì±í�

ĘĐĈħĲcounterĳæKeyãÚá,¬È&
�ãÚáÞçcĲOæ1ĳö&Ðó�

,¬ãÞçcö�%&

I¤w¿öàÖá�F�



ƋƞƠƓŝŸƞƣƝƢǎhėȯƪǥȤǼȞǮȁǤȏhė�

ūŭ�

ũŦ  ȣȦǬȤǯȂǤȡǮȃȟǍhėȎǢǥȠĊǠǲȍȦ�

ŪŦ  ƂƐƟƟƔƠŤŝƆƔƓƣƒƔƠŤŝ,@ȎǢǥȠǎã��

ūŦ  ȂǤȡǮȃȟ1j�

ŬŦ  hėŝȰŝȬ�7�

$ cp KMR_INST/lib/kmrshell . !
$ cp KMR_INST/lib/kmrshuffler . !

$ vi wc.map.pl!
$ vi wc.reduce.pl!
$ cp KMR_SRC/LICENSE ./inputfile!

$ mpirun -np 4 ./kmrshell -m ./wc.map.pl ¥ !
-r ./wc.reduce.pl ./inputfile!

(KMRçĩúČįĊĝ÷úī)�

$ ls . !
inputfile  kmrshell  kmrshuffler  wc.map.pl  wc.reduce.pl!



ƋƞƠƓŝŸƞƣƝƢǎhėȯƪ�ǉȞȤǮȂǤȡǮȃȟǠ!ãƼǈhė�

ūŮ�

ũŦ  ƂƐƟƟƔƠŤŝƆƔƓƣƒƔƠǎã��

ŪŦ  ,@ȎǢǥȠǠ5>�

ūŦ  ǷȝȏǸǮȟȐȃ ��

ŬŦ  hėŝȰŝȬ�7�

$ KMR_INST/bin/kmrfsplit.py -f -n 4 -d data KMR_SRC/LICENSE !
$ ls data !
part0  part1  part2  part3 !

$ vi wc.map.pl!
$ vi wc.reduce.pl!

$ KMR_INST/bin/kmrgenscript.py -e 4 -d data ¥ !
-m wc.map.pl -r wc.reduce.pl -w job.sh!
$ ls !
data  job.sh  wc.map.pl  wc.reduce.pl!

$ pjsub job.sh!



ƋƞƠƓŝŸƞƣƝƢǎhėȯƪ�ǉȞȤǮȂǤȡǮȃȟǠ!ãƼǈhė�

ūů�

•  â�ƻǞǝǷȝȏǸǮȟȐȃ�
#!/bin/bash -x !
# !
#PJM --rsc-list "node=4" !
#PJM --rsc-list "elapse=00:10:00" !
#PJM --rsc-list "proc-core=unlimited" !
#PJM --stg-transfiles "all" !
#PJM --mpi "use-rankdir" !
#PJM --stgin "rank=* /KMR_INST/lib/kmrshell %r:./" !
#PJM --stgin "rank=* wc.map.pl %r:./" !
#PJM --stgin "rank=* /KMR_INST/lib/kmrshuffler %r:./" !
#PJM --stgin "rank=* wc.reduce.pl %r:./" !
#PJM --stgin "rank=* data/part%01r %r:./input" !
#PJM --stgout "rank=* %r:./output.%r ./output.%01r" !
#PJM --stgout "./core* ./" !
#PJM -S !
!
. /work/system/Env_base!
!
mpiexec -n 4 -of-proc output ./kmrshell -m ./wc.map.pl -r ./wc.reduce.pl ./input !



ƀƂƆƇƗƔƛƛȑȠȊȦȐȢǯȞȘ�

ūŰ�

•  ƚƜƠƕơƟƛƘƢŦƟƧ�
– ȁǬǸȃȎǢǥȠǠ�gƼǂ¡Ǎ5>�
– ȂȎǩȠȃǎE6ǜ£cǏƮ�ėƯ�

•  ƚƜƠƖƔƝơƒƠƘƟƢŦƟƧ�
– �ǲȤȍȜȦǼãǎǷȝȏǸǮȟȐȃǠâ��

•  ƚƜƠƥƠƐƟƟƔƠŦƟƧ�
– ƚƜƠƕơƟƛƘƢŦƟƧŝǊŝƚƜƠƖƔƝơƒƠƘƟƢŦƟƧŝǠôǈąƹǍhė�

•  �áKMRúįĊĔıīēùĬĂĔĪ�çbin/æF;&
•  �Îgç«�è1ĆĤįĕçManpageÈëßèËDhÌöàÖáI¤�



ƀƂƆƇƗƔƛƛŝǲȀǊÌ�ØŝŠũŧūš�

ūű�

•  ȎǢǥȠ1jǉǏǌƸƫȎǢǥȠOǠƂƐƟƟƔƠǍÑƼǂƱ�
– ƚƜƠơƗƔƛƛǎ±�ǎȊȞșȦǼǊƼǈ�ƳǛǞǝȎǢǥȠƵ
ǛǏƫǀǎ1jƶƂƐƟƟƔƠǍÑƻǞǔƾƬ9ŀƂƐƟƟƔƠǎ
{¡ǊƼǈȎǢǥȠOǠ�gƾǝ�ĜƶưǜǔƾƬ�

• ƂƐƟƟƔƠǠƫǲȖȤȄȞǥȤ{¡ƵǛ,@ȎǢǥȠOǠI�
ƾǝǚƲhĚ�

•  ƚƜƠơƗƔƛƛǎ,@ȧŦŧƓƣƜƜƧȨǏóȎǢǥȠȥȂǤȡǮȃȟ�

$ mpirun -np 4 ./kmrshell -m “./wc.map.pl inputfile” ¥ !
-r ./wc.reduce.pl ./dummy !



ƀƂƆƇƗƔƛƛŝǲȀǊÌ�ØŝŠŪŧūš�

ŬŨ�

•  ƂƐƟƟƔƠǃƹǠhėƼǂƱ�
– ă»ǠƆƔƓƣƒƔƾǝ�ĜǌƸƫæǌǝȊȞșȦǼǉě¡ǎ
ĢøǠhėƼǂƱYMǌǋƫƆƔƓƣƒƔƠhėƶ�ĜǌY
MƶưǜǔƾƬǀǎ¬ǍǏóǎƆƔƓƣƒƔƠǠ�gƼǈƸǃƻ
ƱƬ�

•  ƓƣƜƜƧŦơƗǏhėÃŏƶǆƱǂƫóǎǶǧȠǸǮȟȐȃ�

$ mpirun -np 4 ./kmrshell -m ./wc.map.pl -r ./dummy.sh ¥ !
./inputfile!

$ cat dummy.sh!
#!&/bin/sh !

§cç©�ö1àçĉĨĞãÚáëãîáI¤ÚßÎãÔæl'�



ƀƂƆƇƗƔƛƛŝǲȀǊÌ�ØŝŠūŧūš�

Ŭũ�

•  ƂƐƟƟƔƠŧƆƔƓƣƒƔƠǎĢøŉǠč�Ƽǈ�7yȧťƝƟȨǠ�
�gƾǝ�

–  ƂƐƟƟƔƠŧƆƔƓƣƒƔƠ/ǍNƽ�7yǉC Ƽǔƾ�
– ,@ȎǢǥȠȧƂƐƟƟƔƠǒǎ,@ȨƶǂƸƻǡưǝƶƫ4@ƾǝƀƔƧ
ǎ¡ƶoǌƱYMƫŜƱ�7yǠ�gƾǝǊƫƆƔƓƣƒƔ¬ǍįÔ
ǎÙŚƶâƽ�ǔƾȧľǘƼƵǜȨ�
•  "Ȩ,@ȎǢǥȠǏũŤŨŨŨ)ƫƂƐƟă»ǎ4@ƀƔƧǏũŨ)�
Ŵŵŝ�7yũŤŨŨŨǉhėƾǝǊƫƆƔƓƣƒƔǍǈűűŨǎÙŚ�

•  ƆƔƓƣƒƔă»ǏǻȦȃƻǞǌƱ�
–  ŽƐƓƞƞƟǉǏƆƔƓƣƒƔă»ǏǻȦȃƻǞǈ4@ƻǞǝƶƫƀƂƆǉǏ
ǻȦȃƼǔƿǡ�

•  ƂƅžǉC ƼǈƱǝǎǉƫũȐȢǺǸǉőiƶĲƺǝǊƫ-�ǎhė
ƶ	¤ƾǝ�



ŶƖƔƝƓƐ�

ŬŪ�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



ƀƂƆȞǥȏȞȟ�

Ŭū�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠǍ�
�ǅǂ��ǎȣȦǮȎȢȦǠhĚKĐ�

– ƂƐƟƆƔƓƣƒƔǎĈǜĺƼhė�
– ŸƞƜƑƘƝƔƠȧƇƗƣƕƕƛƔ=ǍƆƔƓƣƒƔȨhė�

•  ŸŧŸţţŤŝŻƞƠƢƠƐƝǍǈȐȢǯȞȘǠhĚ�

M� M� M�

R� R�

Shuffle�

Itera>ve&MapReduce� Combiner�

R� R� R�

R� R�

Shuffle�

M� M� M�



hĚƾǝǘǎ�

ŬŬ�

•  ƂƐƟƟƔƠŎ¡�
– ƂƐƟ3àǊƼǈhėƻǞǝŎ¡�
– ,@ȯŝũǆǎƀƊƫǔǂǏȎǢǥȠƫșȚȟ�ǎ]¡�
– 4@ȯŝũǆ��ǎƀƊ�

•  ƆƔƓƣƒƔƠŎ¡�
– ƆƔƓƣƒƔ3àǊƼǈhėƻǞǝŎ¡�
– ,@ȯŝNƽƀƔƧǠ�ǆƫě¡ǎƀƊ�
– 4@ȯŝũǆ��ǎƀƊ�

•  ȄȞǥȉŎ¡ȧƜƐƘƝŎ¡Ȩ�
– ƀƂƆhėǎ8µDƫā�3à�
– ƀƂƆŎ¡ĊǠSǑ4ƼƫƂƐƟƆƔƓƣƒƔĢø3àǠhĚ�



ƀƂƆǎ3àǎÎǞ�

Ŭŭ�

•  ƀƔƧťƊƐƛƣƔŝƇƢƞƠƔŝŠƀƊƇšǊǏ�
– ȩ)��ǎƀƊǠ&�ƾǝ�
șȚȟ�ǎȂȦǼ¿Ń�

– ƀƊƇǠF�ǍƂƐƟƟƔƠƫ�
ƆƔƓƣƒƔƠǠhė�
•  ũǆǎƀƊƇǠ,@ǊƼƫ�
)ƭǎƀƊǍƂƐƟƟƔƠŧƆƔƓƣƒƔƠ�
hėƼƫă»Ǡ4@ƀƊƇǍ�
¯Ʒĸǖ�

•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯǏƫ�
ƀƊƇǎ]DǎÎǞǠģĻƾǝƺǊ�

– ȄȞǥȉŎ¡ǍģĻ�

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>�



ȄȞǥȉŎ¡ǎhĚ�

•  �ńǎƂƐƟƆƔƓƣƒƔ3àǠėƲȐȢǯȞȘ�
#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; !
} !



ȄȞǥȉŎ¡ǎhĚ�

•  �ńǎƂƐƟƆƔƓƣƒƔ3àǠėƲȐȢǯȞȘ�
#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; !
} !

MPIç1ĩúĞĩĪåçâÈMPI
çĠĐĎĝ÷úīì±ìÈ
MPI!m)İ����öI¦�



ȄȞǥȉŎ¡ǎhĚ�

•  �ńǎƂƐƟƆƔƓƣƒƔ3àǠėƲȐȢǯȞȘ�
#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; !
} !

KMRç!m)İ�����



ȄȞǥȉŎ¡ǎhĚ�

•  �ńǎƂƐƟƆƔƓƣƒƔ3àǠėƲȐȢǯȞȘ�
#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; !
} !

KVSç�[ãMapReduce���



ƀƊƇǎ ��

ŭŨ�

•  óǎƀƊƇŝŠƀƂƆƏƀƊƇVšǠ ��

– öŪ{¡ǉƀƔƧǎVƫöȫ{¡ǉƊƐƛƣƔǎVǠ�g�

•  ƀƊƇǠĠ��

– ƀƂƆŎ¡ȧƚƜƠƏƜƐƟŤŝƚƜƠƏƠƔƓƣƒƔ÷Ȩǎ,@Ǌǌǅǂ
ƀƊƇǏĒCǉĠ�ƻǞǝ�

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� dc<Ĳintĳ�
KMR_KV_FLOAT8� {(Lc�<Ĳdoubleĳ�
KMR_KV_OPAQUE� ęúĔ �



ƂƐƟƟƔƠhėŎ¡ǎ:ã�

ŭũ�

•  ,@ƀƊƇ	ǎ)ƭǎƀƊǍlƼǈȧ:ãĎgċȨƂƐƟƟƔƠ
Ŏ¡Ǡhė�

•  Ŏ¡ā��ƫ,@ƀƊƇǏĠ�ƻǞǝ�

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
Cç��%ēıčÓÍôéÈ&
×çBcæģúįčãÚá`H&
�ĳ�%ĝ÷úī4�

struct kmr_option!
opt�

¾cI¤içþğĈĨį&
¶OèËkmr_nooptÌâ0�

kmr_mapfn_t m� "�¢H çMapper¾cêçģúįč�



ƂƐƟƟƔƠŎ¡ǎhĚ�

ŭŪ�

•  ƂƐƟƟƔƠŎ¡V�

– )ƭǎƀƊǒǎ3àǠgċƾǝ�

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�Mapperç��K®KV�

KMR_KVS *kvi� �%KVSĲ-�çìĳ�

KMR_KVS *kvo� �%KVS�

void *arg� MapperI¤¾cç�3ScãÚá}Ù
ôßģúįč�

long index� KVS�çKVçúįēĐĂĊ�



ƂƐƟƟƔƠŎ¡ǎhĚŝȰŝ"�

•  ƚťƜƔƐƝơËȧƀƂƆƏƇƆŸŧƔƦŧƚƜƔƐƝơťƚƜƠŦƒȨ�
– ưǝØũǆƶƫǋƺǎœMǍrƾƵĢø�
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; !
} !

ģúįčpæèkDmeansI¤o�ö
�F�

Valueæ�çQuÓ�FÙôáÎó�

K®ç�ãÈ�áçÀ2ãç°Á
ö©�ÚÈkLçÀ2ö¹^�

KeyæÀ2çIDÈValueæ�çQuÈ
ãåóKVö�[ÚÈ�%KVSæ´&�



�ǎ�ęèǌƂƐƟƟƔƠhėŎ¡�

ŭŬ�

•  ȎǢǥȠ÷ƵǛƀƊǠ �ƼƫƀƊƇǍ&d�

–  ƂƐƟƟƔƠŎ¡ȧƜȨǍǈƫȕǥȤǼȧŢƐƠƖȨǠGÚƼǈƀƊǠ ��
–  ƂƐƟƟƔƠŎ¡ȧƜȨǏũyƼƵhėƻǞǌƱǂǗƫũyǎhėǉ�Ĝ
ǌƀƊǠ-ǈ �ƾǝƺǊ�

•  ƂƅžȐȢǯȞȘǠhėƼƫǀǎ4@ȎǢǥȠǠ+Ǎ �ƼǂƀƊǠ4
@ƀƊƇǍ&d�

– ,@ƀƊƇŠƚƤƘš	ǎƀƊǎƊƐƛƣƔǍƂƅžȐȢǯȞȘǠ�g�
–  ƂƐƟƟƔƠŎ¡ŠƜƐƟƕƝšǉǏƫƂƅžȐȢǯȞȘǎ4@ȎǢǥȠǠ�
ĨǕĸǕƫǀǎ1jǍ�ƽǂƀƊǠ �ƾǝǚƲhĚ�

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); !

Ĳ-¡Ķ&KMR_SRC/src/tesp.f90ĳ�



ƆƔƓƣƒƔƠhėŎ¡ǎ:ã�

ŭŭ�

•  ,@ƀƊƇ	ǎ)ƭǎƀƊǍlƼǈȧ:ãĎgċȨƆƔƓƣƒƔƠ
Ŏ¡Ǡhė�

•  Ŏ¡ā��ƫ,@ƀƊƇǏĠ�ƻǞǝ�

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
Cç��%ēıčÓÍôéÈ&
×çBcæģúįčãÚá`H&
�ĳ�%ĝ÷úī4�

struct kmr_option!
opt�

¾cI¤içþğĈĨį&
¶OèËkmr_nooptÌâ0�

kmr_redfn_t r� "�¢H çReducer¾cêçģúįč�



ƆƔƓƣƒƔƠŎ¡ǎhĚ�

ŭŮ�

•  ƆƔƓƣƒƔƠŎ¡V�

– ƀƔƧǎ÷ƼƱƫě¡ǎƀƊǒǎ3àǠgċƾǝ�

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[]� Reducerç��K®KV&
�áçKVçKeyè�ÚÎ�

long n� KVçc�

KMR_KVS *kvi� �%KVSĲ-�çìĳ�

KMR_KVS *kvo� �%KVS�

void *arg� ReducerI¤¾cç�3ScãÚá
}Ùôßģúįč�



ƆƔƓƣƒƔƠŎ¡ǎhĚŝȰŝ"�

•  ƚťƜƔƐƝơËȧƀƂƆƏƇƆŸŧƔƦŧƚƜƔƐƝơťƚƜƠŦƒȨ�
– œMǎ	�zÁǎ®¥�
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; !
} !

KeyèÀ2çIDÈValueèÞçÀ2
æMÜ�çQu�

ģúįčpæèkDmeansI¤o�ö
�F�

À2æ6ëôó��çQuÒñÈ
À2ç�WQuö©��

KeyæÀ2çIDÈValueæÀ2ç�
WQuÈãåóKVö�[ÚÈ�%
KVSæ´&�



Ł'Ŏ¡ǎ:ã�

ŭŰ�

•  ƇƗƣƕƕƛƔǊƆƔƟƛƘƒƐƢƔ�

•  ƆƔƟƛƘƒƐƢƔǏƂƐƟƆƔƓƣƒƔhėă»ǎƀƊƇǠ-ȐȢǺǸǉ/
³ƾǝ¬Ǎ³ã�

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�

¾cI¤içþğĈĨį&
¶OèËkmr_nooptÌâ0�

PROC0� PROC1� PROC2� PROC3�

PROC0� PROC1� PROC2� PROC3�

Shuffle�
PROC0� PROC1� PROC2� PROC3�

PROC0� PROC1� PROC2� PROC3�

Replicate�

�%KVS�

�%KVS�
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ŭű�

•  ƀƊƇǎ	ĴǠǻȦȃ�

– ,@ƀƊƇŠƚƤƘš1ǎƀƊǠƀƔƧŖǍǻȦȃƼƫ4@
ƀƊƇŠƚƤƞšǍ&d�

– ƚƜƠƏƠƔƓƣƒƔǏă»ǠǻȦȃƼǌƱǂǗƫǻȦȃƼǂă»Ǡ
�ĜǊƾǝYMǍǏƫƆƔƓƣƒƔ�ƫƺǎŎ¡Ǡhė�

•  ȖȠǾȇȦȄŜłȎǢǥȠĨǕĸǕ�

– ȎǢǥȠȧƕƘƛƔȨǠĨǕĸǕƫ1jǠșȚȟȧƑƣƕƕƔƠȨ�Ǎ�
qŌ�

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); !



ǲȤȊǥȠǊhė�

ŮŨ�

•  ƂƅžǲȤȊǥȞǉǲȤȊǥȠ�
– ȑǿǽȎǢǥȠ¼þȂǤȡǮȃȟǎ�gƫȞǥȏȞȟǊȟȤǮ�
– �ƫŻƌũŨ�

– ƁƘƝƣƦŧƇƞƛƐƠƘơŝţŝƖƒƒŝţŝƄƟƔƝƂƅž�

•  hė�

– á[]¡Ĥg�

$ 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� 1~9ö`HĲēĝýīĔè5ĳÉ&
c�öLÙÕÜóãÈēęĐă
�ĦĐČıĉö¥�ÚåÕåó�

trace_map_spawn� 0/1ö`HĲēĝýīĔè0ĳÉ&
kmr_map_via_spawn()
çI¤öĔĬıĊ�

�ABc�



ǴȤȐȠȐȢǯȞȘ�

Ůũ�

•  ƀƂƆƏƇƆŸŧƔƦŝ��ǍƱƸǆƵ�
– �rǎƂƐƚƔƕƘƛƔǍƂƐƚƔǼȦǱǿȃƶgċƻǞǈƱǔƾ�
– "šƚťƜƔƐƝơËǎǴȤȐȠȐȢǯȞȘȧƚƜƔƐƝơťƚƜƠŦƒȨǎ
ǲȤȊǥȠ�
$ cd KMR_SRC/ex !
$ make kmeans!
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ŮŪ�

•  ƂƐƟƟƔƠŧƆƔƓƣƒƔƠǎĢøŉǠč�Ƽǈ�7yȧťƝƟȨǠ�
�gƾǝ�

–  ƂƐƟƟƔƠŧƆƔƓƣƒƔƠ/ǍNƽ�7yǉC Ƽǔƾ�
– ,@ȎǢǥȠȧƂƐƟƟƔƠǒǎ,@ȨƶǂƸƻǡưǝƶƫ4@ƾǝƀƔƧ
ǎ¡ƶoǌƱYMƫŜƱ�7yǠ�gƾǝǊƫƆƔƓƣƒƔ¬ǍįÔ
ǎÙŚƶâƽ�ǔƾȧľǘƼƵǜȨ�
•  "Ȩ,@ȎǢǥȠǏũŤŨŨŨ)ƫƂƐƟă»ǎ4@ƀƔƧǏũŨ)�
Ŵŵŝ�7yũŤŨŨŨǉhėƾǝǊƫƆƔƓƣƒƔǍǈűűŨǎÙŚ�

•  ƆƔƓƣƒƔă»ǏǻȦȃƻǞǌƱ�
–  ŽƐƓƞƞƟǉǏƆƔƓƣƒƔă»ǏǻȦȃƻǞǈ4@ƻǞǝƶƫƀƂƆǉǏ
ǻȦȃƼǔƿǡ�

•  ƂƅžǉC ƼǈƱǝǎǉƫũȐȢǺǸǉőiƶĲƺǝǊƫ-�ǎhė
ƶ	¤ƾǝ�



ŶƖƔƝƓƐ�

Ůū�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



ƀƂƆ:ã�"�

ŮŬ�

•  ĢøðeǣȐȟǰȦǶȝȤǍƀƂƆǠņãƼǂ�"ǠĀ��
– ǣȐȟǰȦǶȝȤǎȣȦǮȎȢȦȧ3àǎÎǞȨǠ
ƂƐƟƆƔƓƣƒƔȚȂȠǍǈģĻ�

•  ǱȇȘĠ¹�
•  ȡȐȟǫ��5bC@eË�



ǱȇȘĠ¹�

Ůŭ�

•  ǱȇȘĠ¹�
– ŹƃŶǶȦǮǨȤǴȦǍǚǜĨǕIǛǞǂđ`ǌǱȇȘ
ȂȦǼǊƫGÚǱȇȘȂȦǼȧ¨íǎǱȇȘň7Ȩǎuæ
ǠĠ¹�

•  ȊǥȐȞǥȤhĚ�
– �ńǎĠ¹ǠėƲǂǗǍƫñƭǎȀȦȠĊǠĂǕMǟ
ƿǈhĚ�

• ǶȦǰȤǸȖǿȍȤǯȀȦȠ�
• ȂȦǼȎǩȦȖǿȃȀȦȠ�
• Ġ¹ȀȦȠ�

�����������
�������������
���������������������-�ąėĥ�

¨qK®ąėĥ�



ǱȇȘĠ¹ȯȣȦǮȎȢȦ�

ŮŮ�

Mapping�
Īıĕö-�ąėĥ
æĤĐĜįă�

Splits�

con>g&Ĳ¸�Üó@
=º Ěčıįĳz
æMapping�sö
�$�

Merge�
con>gzæ�sö
Ĥıĉ�

Analyze�
con>g,�æB�
¨q�

•  1čĊĂ½çēıčç/Ö}Úèĝ÷úī&
ġıĊ&

•  Mergeè�lĝ÷úīĈĊĒĥ�â¤õôó&

nĮıĂĝĭıèÈ�)G��\Æ�2�7*�
G��Čįčıæá¼�ÙôáÎóNGS&Analyzer
ö-¡æÚáÎó&



ǱȇȘĠ¹ȯƂƐƟƆƔƓƣƒƔhĚŝŠũŧŪš�

Ůů�

•  ƂƐƟ3à�
–  ƂƐƟƟƘƝƖǊƇƟƛƘƢǠhė�
–  ƀƊŝųƒƞƝƢƘƖŤŝȖǿȍȤǯă
»ŵŝǠ4@�

•  ƆƔƓƣƒƔ3à�
–  ƀƊŝųƒƞƝƢƘƖŤŝȖǿȍȤǯă
»ŵŝǠ,@�

–  ŶƝƐƧƨƔǠhė�
•  ƂƔƠƖƔǏƇƗƣƕƕƛƔǉĉƷ�Ƴ�
–  žƄǠ�ǟǌƱƫǪȤșȚȟ
ĶĽ�



ǱȇȘĠ¹ȯƂƐƟƆƔƓƣƒƔhĚŝŠŪŧŪš�

ŮŰ�

•  ƀƂƆƇƗƔƛƛǍǈhĚ�
–  ƂƐƟƟƔƠŧƆƔƓƣƒƔƠǊǘǍ
ƅƧƢƗƞƝǍǈĿÅȐȢǯȞ
ȘǊƼǈhĚ�

•  ȣȦǮȎȢȦhėùàǏ
ƀƂƆƇƗƔƛƛƶėƲ�

– MĢũũũė�
•  ƃżƇŝŶƝƐƛƧƨƔƠŲŝůŬŰė�
– ȣȦǮȎȢȦhėùà
Qǖ�



ǱȇȘĠ¹ȯ�Đ�

Ůű�

•  ©¶�-ǱȇȘĠ¹�
– ȋȃ��-�ǉŬűŨżŷ�
•  Ūŭ�ň7ÇǍȎǢǥȠ5>ƫƂƐƟƟƔƠǎ,@ǒ�

– GÚǱȇȘȯŮŦūżŷ�
•  hėá[ȯ�ǲȤȍȜȦǼ�
– ũŝƂƅžȐȢǺǸŝŧŝȇȦȄƫũŮżŷșȚȟƫȇȦȄ1�7ǌƼ�
– ũƂƐƟƟƔƠŝŧŝȇȦȄǎǼǸǮ>ǜ}ǈ�
ēıčćúċ� 118+MB+/+12+Nodes� 87.9+GB+/+512+

Nodes�
490+GB+/+4160+
Nodes�

NGS&Analyzer&
Ĉûī�

357�� 4,985�� 22,848��

KMRI¦� 353�� 3,691�� 14,593��

NGS&AnalyzerĈûīĶ&
ÇNGS&AnalyzerçĮıĂĝĭıöXIæ1àçĈûīĊĂĪğĔãÚáI¦Ĳ124¤ĳ�



ȡȐȟǫ��5bC@eË�

ůŨ�

•  ȡȐȟǫ��5bC@eËȧƆźƂŹȨ�
– ?Ė÷ǉƫǼȤȊǮİǎ¿ŃĠ¹ǍãƱǛǞǝũ�Ë�

•  ȣȦǮȎȢȦ�
– 5b¿Ńǎě¡ǎȡȐȟǫǠã�ƼƫǀǞǁǞǍæǌǝÒy
Ǡ>ǜ�ǜƫ¿ŃǴȤȐȟȤǯȧƂŹȨǠėƲ�

– ƂŹhė�ƫȡȐȟǫǎÒyȊȞșȦǼǠ��ȧźƦƒƗƐƝƖƔȨ�
– ��ǠĈǜĺƼhėƾǝƫǣȤǴȤȏȠĢø�



ƆźƂŹȯƂƐƟƆƔƓƣƒƔĤĢ�

ůũ�

•  ƆźƂŹǎũǸȁǿȐǠ�
ũŝƂƐƟƆƔƓƣƒƔǊƼǈhĚ�

–  ƍƂƐƟƎŝě¡ȐȢǺǸǉ
�7ǍƂŹĢø�

–  ƍƆƔƓƣƒƔƎŝȪȐȢǺǸǍ
ƂŹă»ǠœýƼƫ��
·�ǠĢø�

•  ƆźƂŹǸȁǿȐǠĈǜĺƼ
hė�

–  žƢƔƠƐƢƘƤƔŝƂƐƟƆƔƓƣƒƔ�
– ÅǎǸȁǿȐŌa=Ǎƫ
Òy��ă»Ǡ-ȐȢ
ǺǸǉ/³�

Time�

Te
m
pe

ra
tu
re
�

MD� Exchange�

Map� Reduce�

PE� PE� PE� PE�

MD&(Map)�

Exchange&(Reduce)�

1ĊĒĐğ�

MD�



ƆźƂŹŲŝƀƂƆhĚŝŠũŧŪš�

ůŪ�

•  ƀƂƆȞǥȏȞȟǠãƱǈŻƞƠƢƠƐƝǉhĚ�
•  ƂƐƟ3à�
–  ƂŹhė·�ǠĤgƼƫƂŹǠhė�
•  ƂŹǍǏŝƃŶƂŹŪŝǠ!ãŝŴŵŝƚƜƠƏƜƐƟƏƤƘƐƏơƟƐƥƝŠšǍǈĲC�

–  ,@ƀƊŝŲŝųȡȐȟǫžŹŤŝ,@ȎǢǥȠȊǸŵ�
–  4@ƀƊŝŲŝųŨŤŝȡȐȟǫžŹǊǨȆȠǭȦŵ�

•  ƆƔƓƣƒƔ3à�
–  Òy��ǎĢø�
–  ,@ƀƊŝŲŝųŨŤŝȡȐȟǫžŹǊǨȆȠǭȦŵ�
–  4@ƀƊŝŲŝųă»ǎñřǠęƾ£c7Ťŝ�
ƪƪƪƪƪƪƪźƦƒƗƐƝƖƔă»ŵ�

•  ă»/³�
–  ƆƔƓƣƒƔf��ƫƚƜƠƏƠƔƟƛƘƒƐƢƔŠšǍǈ�
-ȐȢǺǸǉă»Ǡ/³�

nI¦èÈ�)G��\Æ©��G�
�xtÆ�D�������ďıĥæ
á¼�ÙôáÎóREINö-¡æÚáÎóÉ&



ƆźƂŹŲŝƀƂƆhĚŝŠŪŧŪš�

•  hŐǍǏƂƐƟ3àƫƆƔƓƣƒƔ3àH¦Ǎǈƫ_¡ǎƂƐƟƟƔƠŧƆƔƓƣƒƔƠǠhė�
•  ƂƐƟ3à�

•  ƆƔƓƣƒƔ3à�

MD�%ĝ÷úīç�[&
•  [�%]&Key:&Replica&ID,&Val:&Replica&ID&
•  [�%]&Key:&Replica&ID,&Val:&MDĆĤįĕ�

MD&Rescaling&
•  [�%]&Key:&Replica&ID,&Val:&MDĆĤįĕ&
•  [�%]&Key:&Replica&ID,&Val:&MDĆĤįĕ&

MDI¤�
•  [�%]&Key:&Replica&ID,&Val:&MDĆĤįĕ&
•  [�%]&Key:&Replica&ID,&Val:&Replica&ID&

MD�%�sç.V&
•  [�%]&Key:&Replica&ID,&Val:&Replica&ID&
•  [�%]&Key:&Replica&ID,&Val:&Replica&ID�
Shuffle�KVSç�[&
•  [�%]&Key:&Replica&ID,&Val:&Replica&ID&
•  [�%]&Key:&0,&Val:&Replica&ID&&&üĖīāı&

t·<êçĬğĪÿZ>çjÔ±ì&
•  [�%]&Key:&0,&Val:&Replica&ID&&&üĖīāı&
•  [�%]&Key:&0,&Val:&Replica&ID�

üĖīāıĔĩĉûĂĔĪĝ÷úīç�[&
•  [�%]&Key:&0,&Val:&Replica&ID&
•  [�%]&Key:&0,&Val:&Replica&ID&

ExchangeI¤�
•  [�%]&Key:&0,&Val:&Replica&ID&
•  [�%]&Key:&0,&Val:&Replica&ID&

ĪĊčıĔĝ÷úīç�[&
•  [�%]&Key:&0,&Val:&Replica&ID&
•  [�%]&Key:&0,&Val:&Replica&ID�
Replicate�KVSç�[&
•  [�%]&Key:&0,&Val:&Replica&ID&
•  [�%]&Key:&eE ,&Val:&Exchange�s&



ƆźƂŹŲŝ�Đ�

ůŬ�

•  hėĤg�
–  ȂȦǼȯƆźžƃ�rǎǴȤȐȠȂȦǼ�
•  ũÅ+ƆźƂŹƫũŨŝžƢƔƠƐƢƘƞƝ�
•  ȡȐȟǫ¡ȯŰŤŝũŮŤŝūŪŤŝŮŬŤŝũŪŰŤŝŪŭŮ�

•  hėá[ȯŝ�ǲȤȍȜȦǼ�
–  !ãȇȦȄ¡ȯűŤŝũŰŤŝūŮŤŝůŪŤŝũŬŬŤŝŪŰŰ�
•  ȡȐȟǫ¡Ǎ�ƽǈĤg�

–  ũŝƂŹhėǉ!ãƾǝƂƅžȐȢǺǸ¡ȯŰȧũȇȦȄȨ�



ŶƖƔƝƓƐ�

ůŭ�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



ƀƂƆǎÅµÄĐǎĀ��

ůŮ�

•  ƀƂƆƇƗƔƛƛŪ�
– ƀƂƆƇƗƔƛƛǎǼǸǮhėÄĐǠ|D�

•  ŸƗƔƒƚƟƞƘƝƢŧƆƔơƢƐƠƢ�
– ď�őÄĐǎhĚ�

•  ȭ²�ªȱȮ²ǍƵƹǈ.Ō�



ƀƂƆƇƗƔƛƛŪ�

ůů�

•  ĿÅȐȢǯȞȘǃƹǉǌƸƫƂƅžȐȢǯȞȘǘƂƐƟƟƔƠŧ
ƆƔƓƣƒƔƠǊƼǈhė�

•  /³ȂǤȡǮȃȟƵǛǎȎǢǥȠĨǕĸǕǠǴȕȦȃ�
– ě¡,@ȎǢǥȠƶưǝǊƷƫLȐȢǺǸƶæǌǝȎǢǥ
ȠǠ3àƾǝǚƲƫȎǢǥȠǠĒC5ň�

•  �Àǎ]®�
– ƂƐƟƟƔƠǍǏȎǢǥȠǲȤȁȤȀǉǏǌƸƫȎǢǥȠOǠ�
Ñƾ�



ŸƗƔƒƚƟƞƘƝƢŧƆƔơƢƐƠƢ�

ůŰ�

•  ãŀ�
– ȖǶȤőiƶĲƷǂǊƷƫőië=ǎÜ�ƵǛ2Ō�
– ±`Ƿȝȏhė¬ōǠĳŅƼǂǊƷǍƫǀǎ¬ØǎÜ�
ƵǛhėǠąƹǝ�

•  ÄĐ�
– hėÜ�ǎ&dǊ�v�
– ȇȦȄ¡Ǡ]®ȧćļȨƼǈ2Ō�

•  á[]¡ǍǈÄĐǎ³BȥÙBǠ�g�
– ȐȢǯȞȘǎ(ÆǏ�Ĝ�

$ vi kmrrc!
ckpt_enable=1 !
$ KMROPTION=kmrrc mpiexec -np 4 ./a.out!

i½�

I¤�f�

kmr_map�

kmr_shuffle�

kmr_reduce�

kvsa1�

kvsa2�

kvsa3�

kvsa4�

kvsa2�

kvsa3�

reduce�æ�fÚß
çâÈ×çreduceÒñÈ
��|ìKVöĊĀĐ
ğÚá�¼�



ŶƖƔƝƓƐ�

ůű�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠ�
•  ƀŝƂƐƟƆƔƓƣƒƔŝŠƀƂƆš�
– ¾ĜȥÛ�ȥm,¦Ë�
– :ã¦Ë�
•  ƀƂƆƇƗƔƛƛǍǚǝû«ƂƐƟƆƔƓƣƒƔhė�
•  ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȗȤǯ�

•  ƀƂƆ:ã�"�
– ǱȇȘĠ¹�
– ȡȐȟǫ��5bC@eË�

•  ƀƂƆǎÅµÄĐǎĀ��
•  ǔǊǗ�



ǔǊǗ�

ŰŨ�

•  ƂƐƟƆƔƓƣƒƔȐȢǯȞȗȤǯȚȂȠǎĀ��
•  ƀƂƆǠãƱǂƂƐƟƆƔƓƣƒƔȐȢǯȞȘǎhė�
– ƀƂƆƇƗƔƛƛǍǚǝû«hė�
– ƀƂƆȞǥȏȞȟǠãƱǂȐȢǯȞȘhĚ�

•  ƀƂƆ:ã�"�
– ƀƂƆǠãƱǂƂƐƟƆƔƓƣƒƔȚȂȠǍǚǝĢøðeǣȐȟǰȦ
ǶȝȤǎhĚ"ǎĀ��
• ǱȇȘĠ¹�
•  ȡȐȟǫ��5bC@eË�

•  ÅµƀƂƆǍhĚƻǞǝgǎÄĐĀ��
– ƀƂƆƇƗƔƛƛǎǼǸǮhėÄĐ|D�
– ŸƗƔƒƚƅƞƘƝƢŧƆƔơƢƐƠƢÄĐ�



ƴǟǜ�

Űũ�

�NĶÆnmaruyama&
p�Ķ&mDmatsuda&
��ĶÆshinichiro.takizawa&&&&&&&&&&&&@riken.jp�

Ø¯8İÑ8Î2õÝ�


