Beowulf ßZHOWTO

Jacek Radajewski and Douglas Eadline v1.1.1, 22 November 1998

9¯Z˝+ÛBeowulføùé\ÚxõEãű£Ţ-PèžŒřeßáI´ňŚÀŒřbűÝZ˝õç ì=#~ ê� 1 GŐ 1 1.1 ÎĂ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.2 ÌJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.3 bn9¯HOWTO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.4 bn9řőï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.5 Ň` . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Ŋ+ 2 2.1 ămŁå\9¯HOWTO˘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.2 %ĆÎBeowulf˘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.3 5v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3 ÚxŊ+ 4 3.1 ÿff%Ćø˘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3.2 Aćb[£àÍĂ;F˘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3.3 BeowulfAć^COW!˘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4 -Ù’Ň 5 4.1 £ŢŇÕÝeß+Û . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4.2 £ŢŇÕÝ]ř . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 4.2.1 ‚%ĆŁŒ9|îÝ˛ğ ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 4.2.2 £ŢŇÕÝď7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 4.3 £ŢŇÕÝÚx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4.3.1 {ŻÚx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4.3.2 8ŻAPIÚx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 4.3.3 Tà8ŻÚx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 4.4 )ÊPflSuitabilityffi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1. GŐ 2

4.5 ãűõÉ£Ţ8Ż . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 4.5.1 XfflÝ-PıÝ!‘I¯ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 4.5.2 čŇ£Ţ[» . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 4.5.3 àŰŇ-PıÝ!‘I¯ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5 BeowulfčÙ 12 5.1 RF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 5.2 Z˝ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 5.3 8nąZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 5.4 8Ż . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 5.5 Beowulf^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 5.6 ÍĂbűÝçì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 5.7 ał . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6 æ»D 14 6.1 sum.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 6.2 sigmasqrt.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 6.3 prun.sh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1 GŐ

1.1 ÎĂ

&ÆÞEÍZ˝ıÑ@ÝčG´Tï¯ÿàąCWÝłťŘ.~

1.2 ÌJ

9 ¯Z ˝ ÝÌ J Copyright © 1997 - 1998òy Jacek RadajewskiõCouglas Eadline~ ň 3GNU General Public Licence.&ìœţõÑ;ÍZ˝~

1.3 bn9¯HOWTO

Jacek Radajewski31997OèŒ‘ ffi» _ű 9¯Z ˝´ Ĳ"2 Douglas Eadlineô Ŕá Ţ»´ £Í ‘ą Beowulf HOWTOŐWffSÝZ˝´ň31998Oâ‘5Wë¯´Beowulf HOWTO^Beowulf Úx’Ň HOWTO õBeowulfHĎÑğ HOWTO~1998OèŒ‘èŒ^Beowulf HOWTO 1.0.0ÌÍ3Linux Z˝ Ňiîsţ´&Æ„T9ľÎ˝JÝBeowulf Z˝ŇiÝÏŒM~

1.4 bn9řőï

• Jacek Radajewski çÑSSõ´ĺÑ3jöP~ß˙´.<\é\I.~ Jaceky1995OÏŒg#Ç LinuxţŊåÚS´Ă31997OŸñĂŁ‚ÝÏŒ˚ Beowulfé\N´´č‘Rffi»@~´BðŔ 0Õ?śõ??Ý]řÚ’-Ù~ İ|DÄé~‚˝^ĂÐ,jacek@usq.edu.au~

• Douglas Eadline }ß´ôÎYżParalogic2ěÝlŕffõxŁI.ȷ~ æxÑÎğC5Ů;.´ 1978OŸñÍSSÏŒňé\à3;.Ę î´ 9–ffi»˙áé\Ýr¡´Eadline}ßĺ3ůű ŚÀLinux´Beowulfé\Nõ £Ţalgorithms´İ|DÄé~‚˝^ĂÐ,deadline@plogic.com

1.5 Ň�

BÄff‘˚Ýãű´tąây˝W´ľ¡Ő`|ìĞBEÍZ˝ÝQRõQď~

• Becky ÝŘ^YźõŰŁ~

• Tom Sterling, Don Becker, õ3NASA ć^BeowulfŇiÝĞB~

• Thanh Tran-Cong õÚ’topcat Beowulf ^ Ý^_„?Ý>Źõ~

• èž&9ŸÈÝĳ0Ă/Christopher Vance~

• &ÝĞB Russell Waldron èž-P]ńÝF~õĂ#TÝć^CYź~

• &ÝĞB David Smith ÝlF~

• &93Beowulf mailing listîÝĞBèžÝDTCŸÈ~

• XbŘ.Linuxőĳ-Ùõ3topcatCÍĂBeowulf^ îÿà8Ż˚˝ÝĞB~

2 Ŋ+

¯ffi|ãßÝé\õçŋ{ŻÝ[»è>´ňvĽ}\âa´£à9ř¡ń-şÝé\àĎW£Ţ é\ţŐß&ðİŢ´ĆmŁ¨þ3Ľ}{-Ýøùé\î~ŕ@îBeowulfé\ÝĽ}[»fÎF Ùøùé\ÝëźÕèź´BeowulfÚx3scaleîôý´ÿĲffi|ŸH´ŕľmŘH{Ż’nÝðà ´Ć6ŘH8ŻÝðà~

2.1 ămŁå\9¯HOWTO�

9¯HOWTOÎ’ŇŻELinuxőĳ-Ùbř-IÝSS´EyBeowulf*^őĳ-ÙbŊáÝ-Iõç ŋÃFÝÝŁKÎÄmÝ´ňÎE£ŢŇÕbřBŹÎŰEb?˛ÝflśbŕÀmŁřćýå\9 ¯Z˝ffi~9¯HOWTOZ˝Př/ŇBeowulf8nÝXbőÞ´ňÎ„T»èžŒřŔř´ňvr0 ŕŤ’Ñ@Ý]’´9¯Z˝ÝêÝÎèž8nÝeßáI´õŒř?ŊáÝćĄZ˝~

2.2 %ĆÎBeowulf�

Famed was this Beowulf: far flew the boast of him, son of Scyld, in the Scandian lands. So becomes it a youth to quit him well with his father’s friends, by fee and gift, that to aid him, aged, in after days, come warriors willing, should war draw nigh, liegemen loyal: by lauded deeds shall an earl have honor in every clan. BeowulfÎàzZhűÝt\łŔ´àŰŒÍ=bSSæõKĞÝz.SSÎŞˇ§G´õĂæ; MGrendelÝÆŕ´ ćŇ5.7 (History) İ|0Õ?9bnŞˇ§GÝŕÿ~

BeowulfÝfflLİ»õŸCïTBeowulføùé\ÿàïŒø9´břĚÌřbõNASAæl^8!–Ì ‚Beowulf´ôbSS-‚ľŁ3ŒN˛őìîÆŢ£Ţ-Pţİ|Ì‚Beowulf~&EBeowulfÝfflLÎ +yÞïfi ´xŁqABeowulf mailing listîÝŒřùì‚˝~

BeowulfÎŒËàĳő£ŢŇÕÝé\NÚx´;ðÎãŒňğĘÐõŒň|îàVÐDÄØHçŋT ÍĂçŋ=#Ý-Ù´ÿÎà¡ń-şÝ{Żfl¯ÎĎbLinuxÝÍSSé\ffi^ýãØHçŋŸõø ðP/a ´ÿŚâ˚ćľĎÝ{Ż’n´Îİ|ěś%C~Beowulfňvÿàffi|ãßÝ8Ż´A Linuxőĳ-Ù^PVM(Parallel Virtual Machine)õMPI(Message Passing Interfaceffi~ğĘÐfflŒJÍé \N´èžàVÐjnĘŹ´ÿňvôÎé\NÝfflŒňõ;Gà´èžEš=#ÝŇý~´lÝ Beowulfé\Nİ»ľŒňğĘÐ´İ»břé\bľfflàH´żAfflŒňT¡Úì´àVÐ3´9 ó›ţìÎĘÜšÝŕ›´Üšŕ›ĘÝœKœ?~àVÐÎãğĘÐ!“õfflŒ´ľĘÿÆff5` Ý˛ő~3ŒÍP{ÃàVÐÝÚx´àVÐ#ŃÄáĳ&ŁÝIPŻëT(Ì´ŒàÕğĘÐŒá ‚c~Beowulfõ˛őìNt´Ý-šF3yBeowulf:Rĳfť¯Œň^ ´ĆÎ&9ň˛őì~3 ´I5›ȷàVÐmŁnb"8õÇK´ľmŁDÄGÐráT«»PâÐÇKrá´BeowulfÝà VÐİÚ‚˛ğ õB7ŻÝà)´űáŒÍé\N/´ţ¯˛ğ TB7Żßàffűáx^Ťî~

Beowulfòyľffl8Ż˚˝^GśÝçŋcàTÎtśÝmT%Ĺ´BeowulfÎŒ˚Ź=Linuxé\W øùÌa£Ţé\Ý*´4Qb&9Ý8n8Ż˚˝´AÑ;ÄÝmT^PVMõMPI-P0|C! “˛Ìflİ|ŕBeowulfÚx?">^-$2!“-Ùffi´˚ćSSôKİ|ľêLinuxýã˚˝´m ŁÜšÝBÃţİ|ŸñŒ˚ýãÝBeowulf^ ~ČAŕbÞň‹BîçÝLinuxé\´ňvİ|D ÄNFS”à/home jn-ÙõÆŢrshflremote shellsffiĳČ´9øŕİ|ÕÎ=bŒňŊŐÝÔ;F Beowulf^ ~

2.3 5v

Beowulf-Ù‹Bã&Ë!I¯àW´‚Ý[»ÝĄ„´Œř&ď‘;ø\’nflľãŒȷ%CďSS őffi‹Bőt´‚Ý|yŁ1õDą&Ë!vlÝ-Ù´&ÆèŇì»ŊŐÝ5v]P:

ÏŒvBEOWULF:

9v^ ˝“ãď‘;^à#´¡ńî-şÝë˝XàW´&Æàé\˘óïflComputer Shopperffi -fflýãĳfflLď‘;^à#´¡ńî-şÝë˝flé\˘óïÎŒËN‘ŇÌÝÓ*´bŒz%R ´/ffi+Û&Ëé\-Ùõë˝ê´ffi´-fflýãAì:

A ÏŒvBeowulfÎŒË^ ´ÿÝàWë˝ŃKÄ63ëËżjPT“ęPďĳê´î0Õ~ ÏŒv-ÙÝ?˛b:

• {Ż’nbĲ9ĳÙflĽ}ś^ffi|î»ffi

• žţäľfflŒȷ{ŻžTď

• LinuxYîÝ,Ż-P

• ;ðbŒýãÃĄflASCSI^EthernetĞffi

ÏŒv-ÙÝþFb:

• mŁÏÞv-ÙÝ{Ż–bť?Ý[»

ÏÞvBEOWULF ˚ć^b;Äé\˘óï-fflýãÝ^ Ìfi~9ňŒfflÎ˝ûŕ´ÿľÎ5vÝŒË~ ÏÞv-ÙÝ?˛b:

• [»8¯2?

ÏÞv-ÙÝþFb :

• ,Ż-PÝžTBð?ð

• ţäľfflŒȷ{ŻžTď

• İ»fÏŒv-Ù-ò

^bŒËv¡fÍĂÝ8|´“3ÿàïÝmOõïÕ´9Ë5vöÜ„Tŕ#ìĳÝDą?ŔŊĂ ´ąfiÝ-Ù’Ňa;ÞžQÃŕXffløŒË-ÙtÐ)ŕÝŁO~

3 ÚxŊ+

3.1 ÿff%Ćø�

&-‚àŰBeowulføùé\Úxt)ÊÝ]řÎÜŒÍË@ÝPż´ňvÎ´9ó-ÙÑğïX!˘ Ý~čţÎŒÍUNIXx^@ŹĞ´/bŒňğĘÐõŒNàVÐ´?Þã21´&žÜŻ3P~ß˙ ´.ğ.oDEC Alpha´.IŇÕ^@ŹĞ‚ż´ğĘ ffÌ‚ beldin àVÐ^ 5¡Ì‚ scilab01 , scilab02 , scilab03 , ŒàÕ scilab20 . NňàVÐ/IKHĎDigital Unix 4.0őĳ-Ù´ňÎÿàïjn è fl/homeffiõ /usr/local KÎDÄNFSflçŋjn-Ùffi´ğĘÐîŞß´NÍàVÐKİ|˙ áğĘÐ´ňvXbÍĂÝàVÐKžBţ3 /etc/hosts.equiv jn/´.hNÍàVÐKİ|àG ÐEő$flrshffi~ğĘÐôÎJÍ@ŹĞÝNISğĘ ´.hXbÝ^ Kb8!Ýòrč]´ØSSİ |ð3scilab02 ÝfflŒňGrá´ţ¯ĂráğĘÐTscilab15 . Œøb8!ÝŢ(´XbÝàVÐb8 !Ţ(Ýæ.3yXbÝ^ KHĎõ!“8!Ýőĳ-Ù´ňvÿàïÝ/home õ /usr/local ă¡ @ŻîKŻ3ğĘÐî´İ|DÄNFS˙á~NISõNFS?˙ŒMÝ G>Žćå NIS õ NFS HOWTOs.

3.2 Aćb[£àÍĂ;F�

ĺ3&ÆE-ÙÚxbřÃF´ŕ&Æ::AćÿàŇÕ^@ŹĞ/İžÿàÝCPU~˚ćSSİ|r á˚ćŒň^ ´ňv3NÍSSŁ‚Ýê´ìÆŢ-P´ĂÆôİ|DÄGÐEő$3ÍĂé\î@ Żflspawnffi8!Ý-P~Üżĳ1´Č’&ÆŁŇÕ1Õ10/Jó£]qÝÀõ´&ÆűÝÍŊŐÝ -P(‚ sigmasqrt flŽćŇ6.2 (source code))´‚ÝßÕŤŇ´&ÆÆŢ|ìÝMż

[jacek@beldin sigmasqrt]$ time ./sigmasqrt 1 10 22.468278

real 0m0.029s user 0m0.001s sys 0m0.024s

time ĳČİ|Œå&ÆÆŢ-PX¨Ý‘ fl@jBÄÝ‘ ffi´&Æİ|:Õ´9Íż~ľ¨ÝĲ yÝ‘ fl0.029Jffi´ČA&ŔŇÕ1Õ1,000,000,000/JóÝ£]qÀõ´ŕ&ÆŐŐ:´ěśŇÕ X¨Ý‘

[jacek@beldin sigmasqrt]$ time ./sigmasqrt 1 1000000000 21081851083600.559000

real 16m45.937s user 16m43.527s sys 0m0.108s

9gÆŢ-PX¨Ý‘ &ðò´ŒÍĂŢÝőÞţÎ&ÆAćŔ"ÆŢÝ‘ ˘&ÆŇAć;ŐÆ Ţ-PÝ]P|3KÆŢX¨Ý‘ ˘tĂŢÝŇnţÎÞJÍ˛ő5W&9ˇ˛ő´ňv!‘3X bÝé\îÆŢ´&Æİ|ÞŔřÝ˛ő5WÞè¯´NÍI¯ĘŒðffiqrÝ˛ő´ňŔRĳ´¯ XbÝ;F˝WŇÕ´ňF/ĳ´ÞÞèÍóŔRĳţßÕtąÝŇn~3ÆŢ-PfiG´&ÆmŁ ĘÍýbBrÝíXÑ´İ|ŕXbÝŢ-űìÿÆÝŤŇ~

[jacek@beldin sigmasqrt]$ mkfifo output [jacek@beldin sigmasqrt]$ ./prun.sh & time cat output | ./sum [1] 5085 21081851083600.941000 [1]+ Done ./prun.sh

real 0m58.539s user 0m0.061s sys 0m0.206s

9/&Æ¨Ý´V58.5J´9‘ Î´ffi»ÕXbÝ;FK˝WŇÕ´ňÞŤŇűÕíXÑ´9Í‘ ňŚÀtąÞÞèÍóŔRĳ´ÄčÍ‘ &ð2y´İ|EŕŇ~&Æİ|:Õ£ŢŇÕ İ|b[2;˙ÆŢ-P´ŕ@î9Í£Ţ˛őJJ"ÝV17ź´8EyÿàÝÞèźCPUóê´[ »Î8¯)ğÝ~îŰPżÝêÝÎŁ"î!‘£Ţ-PtŊŐÝ]ř´@jEőî´AhŊŐÝP żÎĲKŇÝ´ÍĂ*żflPVMõMPI APIsffiBðàĳ¿W£ŢÝ˛ő~

3.3 BeowulfAć^COW!�

îŰÝŇÕ^@ŹĞÕÎŒÍ˛őìNflCluster of Workstations´COWffi´čĆBeowulfbć!˘ ÿõCOWbć- š˘@j îÞï^9 ´-¡´ ÄBeowulfÅÎbř! ÝľŚ~ ÏŒ^´ 9óÝ BeowulfNÝàVÐ^b"8^â´^ŢîŸõÇK´XbÕàVÐÝ]PKÎ´ğĘÐ^ľfflfflŒÐ TÎ«»fflŒÐBÄGÐ=#rá´.‚EàVÐĆŐ´´é\Nšráé\TÎ´šfiÝé\à#r áàVÐÎ^bÄŁÝ´àVÐ;ðÎÿà{bÝIPŻë´żA´10.0.0.0Õ10.0.0.8TÎ192.168.0.0Õ 192.168.0.16flćŇRFC 1918 http://www.alternic.net/rfcs/1900/rfc1918.txt.html). ;ðřŒŁàÕÏÞù çŋŸEš=#Ý^ ÎğĘÐ´ÿà9˚é\NtðŇÝ]řÎà#˙áğĘÐ´TÎ´ÍSS˛ő ìÿàtelnetTGÐráğĘÐ~Œň˙áğĘÐ´ÿàïİ|_ìõ_ËĂÆÝ-P´ôİ|3é\ N/ÝàVÐî@ŻŢ-~´9ó›ȷÝCOWÎ3MîàĳÆŢ£ŢŇÕ´õ3SSÆÿà˛őìÝ ˘Ï‘ ´ÿà!HÝCPU~Ć;ðBeowulfÝàĳ£ŢŇÕ´ňvE9ř£ŢŇÕĘtů;´¯£à ¡şé\ëà˝õźð8ŻŸxÝBeowulfôèžť?ÝĽ}[»f´ňvBeowulfŻSSŒËŐŒ-Ù Ýflé´Ĳffi|ŕÿàïÞBeowulfN:őÎŒňŇÕà˛őì~

4 -Ù’Ň

3˘ó˚ć{Ż’nfiG´ďĄAć’ŇŕŁÝ-ÙÎ&ðěŁÝ´ÃÍî3’ŇŒ˚Beowulf-Ùb Ë4{Ż’nÝÈÞ : ŕÞÿàÝ;FTÌé\Ý^lõ=#;FÝ]P´ľbŒË8ŻÈÞžÅ( ŕŁóCÝ{Ż’n´ţÎ;Gà-P0TÌAPI´?ŊÞÝ{Ż’nõ;G8ŻDąÞž3ÍZ˝ ąfi~ ¯óCP9Ý‘Î´b£øěŁÝ’ŇXfflÄ6ĘÝ´.‚£ŢŇÕÝI.flTÌ‚8ffibĲ9 Ë]PŁÕ´}ąbőŊ+´ČAŕŔ:Œřeßč]´İ|őÄÍ;´ňÎŸÈŕ3Ę{Ż’n tąÝXfflfiG´t?›å\ 4.4 (İÊPflSuitabilityffi)~

4.1 £ŢŇÕÝeß+Û

Í;èžŒř£ŢŇÕÌFÝÃÍáI´9ŰÎ£ŢŇÕI.õ*ÝŊÞàŰ´9ľÎ£ŢŇÕ ı^Beowulf’Ňïõÿàï8nÝŒřŊ+~

¯ŕŁ’ŇõŸxŁ‚ÝBeowulf´ì»ÇÞàŰÝ&94ÈÞ3ŕĘXfflÝÄ-ıÞžŐß&ðěŁ ´ø.yÿÝë˝ľP´ŒÍBeowulføùé\İff&ÆXSSffl´Œř.ôţß~ÞĄ„´Œfflĳ1´ £ŢŇÕXĲ4ÝÈÞňHpÝŁ´Ý@Ah´ŒËÝŁ9řÈÞ´ÍSSÝ˚İÞž@ÿ´WŘÞ ?ffi|@ĺ~¯Ç«Ýt&´˛ğ Ý>ŮÎřŒtěŁÝ.ô´3£ŢÝt&ı´˛ğ >Ůľ ÎXfflJÍ-Ù[»õ[ÇóÍ.ôfiŒ~

4.2 £ŢŇÕÝ]ř

£ŢŇÕİ5W?£Ëvl´´ÿàïÌF´ĄÊNËvlÝ8þFKĲěŁ´#ìĳÝa;Őè ž£ŢŇÕ]řÝÌF´ňĳŇBeowulf^ ÎòyøË~

4.2.1 ‚%ĆŁŒ9|îÝ˛ğ ?

/Ň9ÍőÞÎĲěŁÝ´àâ9CPUþZh˛ğ8ŻWRĳń{bFlÖàpä@jîôÎ9ø ~čÍĂ¯Îweb server^database^rendering programTÎproject scheduler˘ÜšÝCPUİ»bXQÃ ~ŘÓÝóÂßaêAć˘øŻŻæ.DTÎdata mining application´39řÏţì´ÜšÝCPUŰ EÎmŁÝ´Ý@´9˛ğ İ|àĳŁX?9őÞ~

#ìĳÝőÞ;ðÎ5‚%Ć&mŁÞTř9CPU˘&İ|ĞÁ>Ý986Ňĺ~6´bì»£Íæ.İ |/Ň9ÍőÞ:

1. ãyÿà9˛őĳ-Ù´é\İ|!‘ĘĲ9ŕ›´ľŁbŒ9|îśĽCPUţİ|¿ÕtŁQ Ý£Ţ;~

2. ˛ğ Ý>ŮNèâÍ‘ţęŔŒź´ňÎB7Żõ{ÃÝ>Ůœ˘Ĳ52´ÿÆÝ>ŮęŔ 2ň^bCPU"´&ÆÄ6Bß´´9óÝTà8ŻK£àÕcache|šÝB7Żõ{Ã´£Ţ ;Îİ|Yñ9řğŒÝŒË]ř~

3. ïŇ32005Ofią´˛ğ Ý>ŮÞž„NèâÍ‘ţęŔŒź´Ł¿Õ9Ë¨Ŕ>ŮÝ¸T ´ı b&9i"~

4. £ŢŇÕİ|b2źÕ500ź>ŮÝè>flb‘?"ffi´9“:ÆŢÝTà-P~9Ëè>ÎPř ŐêŐŒ˛ğ ´ÇÿÎ¨BŒŮÿàľ¡’Ňø"˛ğ Ýøùé\´A*ôÎà99¡şv ¸WãßÝCPUXàW~

ČAŕ.‚ÂÕŇÕğŒflcomputer boundffiTÎíŇđíáğŒflI/O boundffiĆmŁ>Ů´£ŢÎ ÂßĄÊÝ]ř´.‚£ŢŇÕİ|bĲ9]P´£Ţ2ŁXŕÝőÞÞŁďĄ&9ěŁÝ,C´9 ř,CžŘěÅ(Tà-PÝİœP^[»õŕX¨Ý‘ ^ÞSS|Cȷþ~

3&ÆÝŁ£ŢŇÕÝ*fiG´ŕ&Æ›::!˘ÝËÑ£ŢŇÕőÞÝ@ż37fiG´4ff6~

4.2.2 £ŢŇÕÝď7

ŔŔ:ŒÍaňGbâň!‘ÿà[X^Ý´lď7´Č’NÍ[X^ţÎŒ9CPU´NÍĹSSţÎ ŒÍé\-P´é\-PÝ´ˇfl˛őÝ9>ffiţÎNÍĹSSóFÝ9K´#ìĳXővfÝ]Pţ ÎŁ1Ă£ŢŇÕÝÌF~

Ő˛őĳ-Ù bŒň[XňÆffi´Œgľ»˛ğŒÍĹSS~

Pż : MS DOS

9˛őĳ-Ù bŒň[X^Æffi´ňÎĺ3Œg˛ğŒÍĹSSóFÝŒI¯´QąÉÕìÍĹSS´ ˛ğĂóFÝŒI¯´NÍSSń{!‘Kb3ÉŻ´ČA^bÍĂSS34#´Ĳ"ţžÆÕŕ~

Pż : UNIX´ÿàŐŒCPUÝNT~

99CPUv9˛őĳ-Ù 3&ÆÞÍĂÝ[X^Æffi´NÍĹSSKbŒň[X^ĘŹ´9‘4#Ý #`ÉŻ2Ĳ"´9Ì‚SMPEÌP9Ţ-~4QbÜšÝ[X^Æffi´ňÎŰ"ÄľbŒň[ X^õŒÍĹSS~

Pż : UNIX´ÿà9CPUÝNT

9˛9CPUÝïflthreadffi AÞŕóFÝ4êtffiĳ´9ň[X^!‘ÿàBò´ŕţİ|?"Œ F~ť›&ÆßČ’ŕóÝĲ9ŃŮ´.‚ŕ¨3tffi4êÝ‘ Ä6ã9ň[X^Ć9/ĳ´ğą î´ŕİ|f|G"Nź´NÎ[X^Ýňó~¯[XõmŁßÕÍĂI¯ÝˇŇ‘´ĂÆİ|DÄø ŮTÌTÍĂ[X^´Ĳ"2øðĂÆXmŁÝčG´ĂÆ#Ńİ|Æ"ÍĂÝ[X^´0ťmŁÝ č]´ÿß˛ő?"ř~PąAćKÎbřğŒ´ôţÎ9ȷ73&Í2]İ|b[2wH9Kň [X^~

Amdalsffl§ôÿTà-Pę"Ý>ŮÞåğ3Ç«-PıtXÝI¯~ PżˇNUIXTÎ38!x^ŤîÝ9CPUÝNTňİ|ÆŢ9ïflmulti-threadedffi-P~

39˛őĳ-Ùî’ÍĂCPUFLG> Ý;§[»´7ȷ3ąfiêęŔÝâň[X^´.‚śÝò ŐÒG]aňĲG´[XõÄ6àéŢÞˇŇŒåG]aň´tÝFLš´ŔîÜš‘ ÝŘH´ ňÎČAFL‘ Ĳy´ÿÞžCWőÞ~ČAŁóÝŃŮĲ9´mŁXbÝ[X^´9‘3ÿ àXb[X^ĳ;˙[òÝ>ŮfiG´ÜšÝ‘ ŘH)6ĄÊ˙Ĳ~b‘Î´Øřď73&ÍŊa ľŐ}wHŒň[X^´NÍ[X^ţľ»DÄéŢÐ,´9‘ÿÆX3ÝŻHţěŁÝ~ Pżˇ9ňUNIXT9CPUÝNT´İ»3!Œùx^ŤT&9x^Ťî´Bh»8!Ð,~ îŰ1Ă4QÈÞã´ňE£Ţ-ÙÝğŒĳ1´ÕÎýÝàŰ´¯ŐŒCPUÝFL)ÎÍÈ Þ~ 4.3 £ŢŇÕÝÚx

£ŢŇÕÝ]řõÚxÞ3ì;+Û´4QàŰÞžĲÂ¡´ňÎôŢ|ÝŁBeowulf’ŇÝŒř8n ÈÞ~

4.3.1 {ŻÚx

3{ŻîbÞËÃÍÝ£Ţé\ˇ

1. ŁbB7Ż^ ´fi İ|øðčGflBeowulf é\Nffi~

2. ”šB7Ż^ ´DÄB7ŻFLč]flSMP^ ffi~

ÎlÝBeowulfÎãŒNŐCPU^ àW´DÄ{>ØHçŋ=#´X|Ì‚ŁbB7Ż^ ~4 way SMPÎŒň”šB7Ż^ ´İàĳő£ŢŇÕ´£ŢÝTà8ŻDÄ”šB7ŻFLč]~|é\ -ş7ĘfŞ´ŁbB7Ż^ flŐ}õDòŐffi3CPUó„îİ|Ĳ9´ňÎ”šB7Ż^ ãy B7ŻÝn;´CPUÝóêÎbğŒÝ~ ňÎ=#9ň”šB7Ż^ ÎİŢÝ´9řČ)P”šB7Ż^ Eÿàï:Rĳţ¯Œň´lÝ SMP´BðÌőúyflNUMA´non uniform memory access´&í8B7Żráffi´.‚ÿàï:ÕÝ ÎŒs´B7Ż´ãXbÝCPU”š´b¡&Ë!Ý;ôfllatenciesffi~3ØË-Ůî´úy^ ı&ÍŁb”šB7Żfi ÎÄ6!8FLG>~ .SMP^ ¯őŁbB7ŻÝŇÕ;F´ňÞÿÆ=#RĳÎbİ»Ý~ÎlÝÏŒvx^Ťİ|b Þ9Tř9CPU´ÿà9vé\;ðİ|łśJŻÝWÍ´Linux/I4«XfflAć”š9řCPU´3 9Í$ð´ÿàïPřĳfflXŁÆŢÝ˛őãøÍCPUŘ.´ňÎÿàïİ|!‘ÆŢÞÍ8”Ý Ţ-´TÎŒÍbïÝŢ-flthreaded processesffi´ň„T[»fŒÍCPUÝ-Ù?~

4.3.2 8ŻAPIÚx

ÃÍîbÞË]Pİ|3-P/“ĺŇ!‘ÝľPˇ

1. 3˛ğ fi ÿàG>FX~

2. ÿà-ÙÝï

)b¡Ë]ř´ňÎ9ÞËÎtðàÝ~bŒFÄ6ěŇ´ţÎ!‘mŁã9ůÝ{ŻXfflŒ´G >õïKİ|3SMP^úySMPõé\Nîÿà´ňAîXŰ´[»õİœP)ÎěŁÝÈÞ~

G> ałÝÌFĳ:´G>FLÝ*DTŇ\˚ŁbB7Ż£Ţé\Ý’ŇÄ-´¯ïmŁč] ‘´G>ffŁOmŁ¿Š´¿ŠG>Ý;ôõ>ŮŐWG>FLßPÝğŒ.ô~G>FLÍ@8¯ ŊŐ´Œřč]õFLÝêÝ2fl˛ğ ffi~ŒfflðŇG>FLÝAPIb PVM T MPI´G>FLİ |3ŒňSMP^ õé\Nîb[2ÿàïõG>´8Eyï´G>FL3ŒňSMPîÝ?˛Î´Î ĳŒËXfflŁÿàé\N´ľmŁD|2ęŔ^ ~

ï ĳ-ÙïÝs"xŁ.‚”šB7ŻÝSMP’Ň.&-Pı!‘ÝI¯İ|bĲ"2”šB7Ż FLõB7Ż!M´ï3SMP-ÙÆŢ2ý´9Î.‚FLÎDÄ”šB7Ż´ãy9Íæ.´ÿ àïÄ6Þ¯2Ýč]´JŻÝč]ı}ñŇĳ´ÍJ-PÞ»Ñ@2ÆŢ~8EyG>FL´. ‚č]ÎãŢ-X”š´´„Ýč]¿Šİ|–ź´LinuxYîPOSIXï´ïÝőÞ3yĲpU"ÕŒ ňSMP^ |š´9Î.‚č]ÎãCPUX”š´"nŒlPÝÈÞžCWŘH~Þïb[2U"Õ 9ňSMP^ Ä6ˇäúy*´ňÎúy&ðˇ‘´ňvÃÍÝLinuxÎYîÝ~ÞïŸx3G> FLfiî´¨BbSSĘÄ ((http://syntron.com/ptools/ptools_pg.htm))´ ňÎïõG>FL3ŒRţŐ ß[Ňů~

|ìÎõ[»bnÝčG

SMP^ [» é\N[» fżęŔ-Ů --------------- ---------------- ---------------- G> ? ů ů

ï ů Ĺ* Ĺ*

* ŁO-òÝúy*~

4.3.3 Tà8ŻÚx

‚Ý39CPUì£Ţ2þTà-P´3!‘I¯Ä6ff5ffiĳ´ŒÍýãÝŐCPUTà8Żžfÿ 39˛ğ ìþÝ"´bř˛Ìõ_Ë İ|Ę9Ë˛ő´ňÎÞ-P£Ţ;İÎE¸æÇàE~ 9˝“õ-Pbn´bř-PĲffi|£Ţ;´břÎÁŮæp´bř›ȷåğyalgorithmÝ8nPĆ qÍİ»ĘÕ£Ţ~

3Dą8ŻÈÞfiG´›Ł+Û)ÊPÝÌF~

4.4 )ÊPÆSuitabilityŒ

n£ŢŇÕÝ´9óőÞKb8!ÝŇnˇ

“õTà-PÍŰbn~

3&Æ˙á9ÍÈÞfiG´bŒÍ&ðěŁÝ!FmŁÂz!‘flCONCURRENTffiõ£Ţfl PARALLELffifi Ý-šP´‚Ý]-DąRŇ´&Æ›fflL9ÞÍÌFˇ -P/!‘ÝI¯Îĳİ|Ő}Í¡ŇÕÝI¯~

-P/£ŢÝI¯Îĳčřİ|3!Œ‘ /5¡ã!˛ğ ÆŢÝ!‘I¯~

Þï8šÝ2]Î&ðěŁ´.‚!‘Î-PÍŰÝľP´Ćb[Ý£ŢJÎ^ ÝľP´ğŔÏţ ì´ť"Ý[»ø.y£ŢÆŢ´£Ţ[»ÝğŒ.ô3yŇÕ;Ffi ÝFL>Ůõ;ôfl;ôô žŇĺ3ïSMPTà8Ż´xŁĳŁy"nflcacheffiÝŒlPffi~´9ó;àÝ£Ţ?Ő˚˝KbĲ

{Ý£ŢP´FLõ;ôKÎńı´9vőÞİ|ÌőEŢĆ|ŇÝ£ŢEflobviously parallelffi´ ÍĂÝTà8Żţ^čĆŊŐ´£Ţ2ÆŢ-PıÝ!‘I¯İ»žCW-PþßťX´nŔ*ÍĂ !‘I¯XßÕÝ[»~ŊŐ1´FLX¨ðÝ‘ Ä6´Ň6ÝŇÕ‘ Ć9´ÍJ£ŢÆŢ!‘ I¯žĲBz~

-P’ŇïÝ˛őÎŁXffl-Pøř!‘ÝI¯TŇ£Ţ;´øřJŁ~9ÞžXfflTà-PÝ[ »´ìńÝ%E-P’ŇïĘÝřÀŤ~

łTà- PÝy5f | * | * | * | * | * | * | * | * | * | * | * | **** | **** | ******************** +----------------------------------- FL‘ / ŇÕ‘

3ŒÍğŔÝ£Ţé\´FLõŇÕÞï8¯´˚ć!‘Kİ|£Ţ;´Ĳ52´Ë@Ý£Ţé\ flŚÀ”šB7Ż^ ffiK¯î%Xî~¯’ŇBeowulf‘´ÿàïÄ6nB9%´.‚EŒľffl£Ţ é\´£Ţ[»XfflyFL‘ õŇÕ‘ fif´Tà-Pİ»İ|3&Ë£Ţé\îÆŢ´ňÎ »1JŒfflžbťůÝ[»~

Œfflĳ1´^bÉİœPêb[»Ý£Ţ-P~

î%bÍĂÝ;ĺÈÞ´¯[»ãXyFLõŇÕf´;ŐfÂıÝØŒ4“îŒfflİ|è{[ »~;Ő˛ğ Ý>Ů´ň;ŐFLÝ>Ů´-Pİ|b^àÆPÝ[Ň~Üżĳ1´CPU>Ůè >ÞźTëź´ň1źFL>Ů´İ»ÿÝ-Pbť?Ý£Ţ[Ň´fÇ«ÆŢ?b[´that is, it may now be faster to run the previousloy PARALLEL parts as SEQUENTIAL~?˙ŒM´£Ţ2ÆŢ^ b[čÝI¯´İ|ÿÝ-PPř¿Õt"Ý>Ů´.h´ćãęŔ?"Ý˛ğ ´İ|ŕ-P XìĳflÑŕśÝCPUàÿt"Ý>ŮÆŢ-Pffi~

>ùÕ?"ÝCPUİ»DĆłXÝ-P>Ů~

.h´Ä6áĳÎÍİ|à£Ţ{ŻŢ(´Ä6EÝ-P3Œľfflé\îÝİÊPb8¯Ý- I´Ä6áĳ8¯9ÝÈÞ´ŚÀCPU>Ů^_Ë ^G>FLÝAPI^çŋĞĞ~ŽěŇ´ľ- ITà-PÎÈÝ´Ä6ĳŇ-PıŇÕ„těÝI¯´ňÎáĳ9ÍI¯ÝFL¨ð´E ľffl-Ù´ÿÝFLX¨Ý‘ İ»Přŕ-PPřb[2£Ţ;~ tąŁ1ŒřðsSSÝý0ÌF´&ÆBð1ˇŒÍ-Pff£Ţ;´ňÎË@Ý›ȷÎ-PÝ!‘I ¯–ff£Ţ;´´|îÝ1Ă´ŒÍ-Pň^b£Ţ;´£Ţ;Ý[ÇÎ^ ÝľP~

4.5 ãűõÉ£Ţ8Ż

ŒËXfflmŁ£ŢŇÕ´ňvŔŁ’ŇõÚ’Œ˚Beowulf´qAîŰÝDąĳďĄŒřõÝTà -PbnÝŸÈÞÎÍĲ?ÝxŇ~ ŒfflĆŐ´bË˝ŕ»ÈĘÝˇ

1. à#Ú’ÏŒvBeowulf´QąŔðřŕÝTà-PĳÊT9˚-Ù´Tï3Beowulfîà#þ ŒÍĺWÝ£ŢTà-PflÄ6ěŇîŰXèÝİœPõ[»ÝÈÞffi~

2. ›ďĄŒìÞŁ3ÝBeowulfîþÝTà-P´QąčŇćËvlÝ{Żõ8ŻÎXmŁ Ý~ ËË›ȷKŁĄÊ[»ÝÈÞ´ŒfflĆŐ´bë˝ŕmŁĘˇ

1. XfflÝ-PıÝ!‘I¯~

2. čŇ£Ţ[»~

3. àŰŇ-PıÝ!‘I¯~

ŕ&ÆŒŒŊŰ~

4.5.1 XfflÝ-PıÝ!‘I¯

9ÍMż;ðÎŁĄÊÞÝ-P£Ţ;´Ać£Ţ;Þ3ÏÞÍMż´ĺ3ŁXfflč]Ýn=P~

>´@jEőÝŊŮĳ:´Tà-Pİ»bÞËȷVÝ!‘PˇŇÕflóCÝŇÕffiõI/Oflč]0ffi ~4Q´I5›ȷ´ŇÕõI/O!‘PÎ8!ÑøÝflorthogonalffi´ňÎbř-PÎËïKmŁ´b ř˛Ì-Pİ|EĺbÝ-PĘ!‘PÝ5Ů´9ř˛Ì´I5Î‚Fortran-P+Ő’ŇÝ´ÿà Fortran+ŐbËËğãˇĲ\|ĳ´´I5ÝóCŇÕ-PÎàFortran+ŐűÝ´ĺšFortranÎĲffi |5ŮÝ~ČA^bİ£àÝ˛Ì´9ÍMżEĺDÝTà-PÞÎ&ðæp~

4.5.2 čŇ£Ţ[»

^b˛Ì-PÝQÃ´9ÍMżÞmŁ\2Őý0´TÎqAİbBŹĳđ?~ČATêı‹ BbľfflÝTà-P´ŔŁXffl9ÍTà-PÎCPUğŒflŇÕğŒffi´Î{ÃğŒflI/OğŒffi ´qAÝmO´ÝBeowulfİ»žbĲ´Ý-š~Üżĳ1´ŒÍŇÕğŒÝőÞİ»mŁŒřĲ "ÝCPU´{>vś;ôÝçŋ´ňÎŒÍI/OğŒÝőÞİ»mŁťXÝCPUõ{>ØHçŋ~ 9ÍŸÈČ´9óSSÆßĲ#š´ŒfflÝŔřÎ˛ğ œ"œ?´9Ŕř¯QÎÑ@Ý´ňÎÄ6 ŁbåğŒÝïÕBð´@j›ȷÎŁ3bğÝBðßÕt{[»Ý-Ù´EŒÍI/OğŒÝőÞ ´‹bĺWÝ!JflÌőEadline-Dedkovffl§ffiİž£à~ EË˚b8!áŤCPU[»ĳóÝ£Ţé\ĆŐ´ŒÍ=bťX˛ğ flŒÍťXÝ˛ğ ÝFí çŋffiEI/Ox0ÝTà-PÞžbťůÝ[»~

ŁJĂ94!JÞžøŇÍZ˝ÝPŽ´uÆßbű´İ|ìţ9SąZ I/Ox0Tà-P3£Ţ é\îÝ[»Ą„flPerformance Considerations for I/O-Dominant Applications on Parallel Computersffi (Postscript }P 109K ) (ftp://www.plogic.com/pub/papers/exs-pap6.ps) Ë‹BXffl-PıÝ!‘PÎćËȷV´ÞmŁčŇŒË£Ţ˛ğÝŢ´[»ÞžAć~ćŇ 5.4 (Software) bE8Ż˛ÌÝàŰ~ u^b9ř˛Ì´İ|DÄ9ÍMż´ŁŢĄ„´ČANgŇÕÎ|5ÖŇ´č]FíJ|JŇ´ čÿÞÎĲ?Ý£ŢEé´ňÎBĲ´ČAÞ165ÖÝŇÕ‘ tW32¯´ĆN¯Ýč]FLmŁ óJÖ´čĆŕ›ÞŐßŘě~

4.5.3 àŰŇ-PıÝ!‘I¯

b£Ë]ř0Ň-PıÝ!‘I¯ˇ

1. Ă@2£ŢÆŢ

2. 2â2£ŢÆŢ

9ÞïxŁÝ-¡3yĂ@2£Ţ;ãXyÿàï´2â2£Ţ;ãXy_Ë ~

Ă@Ý]ř ŒřÃÍÝ]řÎŁêÿàïÝ‚£Ţé\ĳÑ;æ»D´ÿàïÄ6ÿà PVM T MPI3-P/ęŔčG´ T ÎÿàPOSIXïflPąAćŁnBTı´ïPř3SMPx^Ťfi ÉŻffi ~ Ă@Ý]ř3@Ţõtýît‚æp´ÿàï;ð3ýãFortran 77T C/C++æ»DıŔáÐP~ MPI-P0ŔáŒřÐP´ÿßŒřýã£Ţ]řffi|@ŢflżA5œõ[/ÐPffi´ĺšİ|ÿ à‹Bff£Ţ;Ýýã-P0~PąAćŁÞİœPõ[»fi Ý£ÉnBTı~ ´ałîÝğã´´9óóÂŇÕÝ-PÎàFortran+ŐXűÝ´.h3£ŢŇÕı´FortranÎåt ´ÝYîfl˛Ì^-P0Ğffi~ĺ3´9óÝ-P’ŇïKÎàC+Ő´TÎ-‚C+Őİ|ÆŢ2? "´ĆàC+Őěś;űĺDÝFortranTà-P~ãyC+Őt#»;àÝ^ +Ő´C+Őť"İ» ÎÑ@Ý´ňÎÿôbŒřěŁÝþ\~C+Őÿàĳýflpointerffižŕč]8nPÝXfflÁŮæp ´ŁŻ5ŮĳýôÎÁŮæp´ČAbĺWÝFortran-P´ňvÎĳŔŁŐW£Ţ-Pû0Ł .ÿżWC+Ő~

2âÝ]ř â]řÎÿàïwaŒřT“IwaŁŢ£Ţ´;à_Ë ÝŒË]ř´żA FORTRAN 90´ { [ » Frotran (High Performance Fortran´ HPF), ´ „ Ü ! £ Ţ fl Bulk Synchronous Parallel´ BSP)b&9Ñ3s"¯ı~ 2â]ř)ŁOÿàïEy-P!‘ÝľPèžŒřčG´ňÎ_Ë Ä6EAć£Ţ2ÆŢ!‘P ĘŇ&9Xffl´9ř]řèžØË-ŮÝİœPõ[»´ňÎEŒÍ£Ţ_Ë ´)Q^bŒÍt? Ý]řĳàŰ!‘PÝőÞ~

5. BeowulfčÙ 14

5 BeowulfčÙ

5.1 RF

• Beowulf mailing list. ľ Ł é ~ ‚ ˝ Ø Õ beowulf-request@cesdis.gsfc.nasa.gov´ 3 ‚ ˝ / ffi p î subscribe~

• Beowulf çř http://www.beowulf.org

• Extreme Linux http://www.extremelinux.org

• 3RedHatçìîÝExtreme Linux 8Ż http://www.redhat.com/extreme

5.2 Z˝

• Beowulf HOWTOtśÌÍ http://www.sci.usq.edu.au/staff/jacek/beowulf.

• Ú’ŒÍBeowulf-Ù http://www.cacr.caltech.edu/beowulf/tutorial/building.html

• JacekÝ Beowulf =Ť http://www.sci.usq.edu.au/staff/jacek/beowulf.

• BeowulfHĎî»HOWTO http://www.sci.usq.edu.au/staff/jacek/beowulf.

• Linux£ŢŇÕHOWTO http://yara.ecn.purdue.edu/~pplinux/PPHOWTO/pphowto.html

5.3 8nąZ

• Chance Reschke, Thomas Sterling, Daniel Ridge, Daniel Savarese, Donald Becker, and Phillip Merkey A Design Study of Alternative Network Topologies for the Beowulf Parallel Workstation. Proceedings Fifth IEEE International Symposium on High Performance Distributed Computing, 1996. http://www.beowulf.org/papers/HPDC96/hpdc96.html

• Daniel Ridge, Donald Becker, Phillip Merkey, Thomas Sterling Becker, and Phillip Merkey.

Harnessing the Power of Parallelism in a Pile-of-PCs. Proceedings, IEEE Aerospace, 1997. http://www.beowulf.org/papers/AA97/aa97.ps

• Thomas Sterling, Donald J. Becker, Daniel Savarese, Michael R. Berry, and Chance Res. Achieving a Balanced Low-Cost Architecture for Mass Storage Management through Multiple Fast Ethernet Channels on the Beowulf Parallel Workstation. Proceedings, International Parallel Processing Symposium, 1996. http://www.beowulf.org/papers/IPPS96/ipps96.html

• Donald J. Becker, Thomas Sterling, Daniel Savarese, Bruce Fryxell, Kevin Olson. Communication Overhead for Space Science Applications on the Beowulf Parallel Workstation. Proceedings,High Performance and Distributed Computing, 1995. http://www.beowulf.org/papers/HPDC95/hpdc95.html

• Donald J. Becker, Thomas Sterling, Daniel Savarese, John E. Dorband, Udaya A.

Ranawak, Charles V. Packer. BEOWULF: A PARALLEL WORKSTATION FOR SCIEN- TIFIC COMPUTATION . Proceedings, International Conference on Parallel Processing, 95. http://www.beowulf.org/papers/ICPP95/icpp95.html

• Papers at the Beowulf site http://www.beowulf.org/papers/papers.html

5.4 8Ż

• PVM - Parallel Virtual Machine http://www.epm.ornl.gov/pvm/pvm_home.html • LAM/MPI (Local Area Multicomputer / Message Passing Interface http://www.mpi.nd.edu/lam • BERT77 - FORTRAN conversion tool http://www.plogic.com/bert.html • Beowulf software from Beowulf Project Page http://beowulf.gsfc.nasa.gov/software/software.html • Jacek’s Beowulf-utils ftp://ftp.sci.usq.edu.au/pub/jacek/beowulf-utils • bWatch - cluster monitoring tool http://www.sci.usq.edu.au/staff/jacek/bWatch

5.5 Beowulf^

• Avalon Îã 140ňAlpha ˛ğ àW´36GBB7Ż´İ»Ît"ÝBeowulf^ ´ŇÕ>Ů{¿ 47.7Gflops´3“t&G"y"Ý^ ı4(Ï114~ http://swift.lanl.gov/avalon/ • Megalon-A Massively PArallel CompuTer Resource (MPACTR)ã14ňÍSSé\àW´Nňé\/b ř9Pentium Pro200˛ğ ´À”b14GBB7Ż http://megalon.ca.sandia.gov/description.html • HIVE - Highly-parallel Integrated Virtual Environment ÎĺŒ˚{>ÝBeowulføùé\´b64Í ŇÕ;F´”Ň1289˛ğ ´4GBB7Ż~ http://newton.gsfc.nasa.gov/thehive/ • Topcat Î Œ ˚ f ť ˇ l Ý ^ ´ À ” b 169 ˛ ğ õ 1.2GBB 7 Ż~ http://www.sci.usq.edu.au/staff/jacek/topcat • MAGI cluster ÎÍbűÝçì´/b&9bűÝ=Ť~ http://noel.feld.cvut.cz/magi/

5.6 ÍĂbűÝçì

• SMP Linux http://www.linux.org.uk/SMP/title.html • Paralogic - Buy a Beowulf http://www.plogic.com

5.7 ał

• Legends - Beowulf http://legends.dm.net/beowulf/index.html • The Adventures of Beowulf http://www.lnstar.com/literature/beowulf/beowulf.html

6 æˇD

6.1 sum.c

/* Jacek Radajewski jacek@usq.edu.au */ /* 21/08/1998 */ #include <stdio.h>

#include <math.h>

int main (void) {

double result = 0.0; double number = 0.0; char string[80];

while (scanf("%s", string) != EOF) {

number = atof(string); result = result + number; } printf("%lf\n", result);

return 0; } 6.2 sigmasqrt.c

/* Jacek Radajewski jacek@usq.edu.au */ /* 21/08/1998 */

#include <stdio.h> #include <math.h>

int main (int argc, char** argv) {

long number1, number2, counter; double result;

if (argc < 3) {

printf ("usage : %s number1 number2\n",argv[0]); exit(1);

} else {

number1 = atol (argv[1]); number2 = atol (argv[2]); result = 0.0; } for (counter = number1; counter <= number2; counter++) { result = result + sqrt((double)counter); } printf("%lf\n", result);

return 0; } 6.3 prun.sh

#!/bin/bash # Jacek Radajewski jacek@usq.edu.au # 21/08/1998

export SIGMASQRT=/home/staff/jacek/beowulf/HOWTO/example1/sigmasqrt

# $OUTPUT must be a named pipe # mkfifo output

export OUTPUT=/home/staff/jacek/beowulf/HOWTO/example1/output

rsh scilab01 $SIGMASQRT 1 50000000 > $OUTPUT < /dev/null& rsh scilab02 $SIGMASQRT 50000001 100000000 > $OUTPUT < /dev/null& rsh scilab03 $SIGMASQRT 100000001 150000000 > $OUTPUT < /dev/null& rsh scilab04 $SIGMASQRT 150000001 200000000 > $OUTPUT < /dev/null& rsh scilab05 $SIGMASQRT 200000001 250000000 > $OUTPUT < /dev/null& rsh scilab06 $SIGMASQRT 250000001 300000000 > $OUTPUT < /dev/null& rsh scilab07 $SIGMASQRT 300000001 350000000 > $OUTPUT < /dev/null& rsh scilab08 $SIGMASQRT 350000001 400000000 > $OUTPUT < /dev/null& rsh scilab09 $SIGMASQRT 400000001 450000000 > $OUTPUT < /dev/null& rsh scilab10 $SIGMASQRT 450000001 500000000 > $OUTPUT < /dev/null& rsh scilab11 $SIGMASQRT 500000001 550000000 > $OUTPUT < /dev/null& rsh scilab12 $SIGMASQRT 550000001 600000000 > $OUTPUT < /dev/null& rsh scilab13 $SIGMASQRT 600000001 650000000 > $OUTPUT < /dev/null& rsh scilab14 $SIGMASQRT 650000001 700000000 > $OUTPUT < /dev/null& rsh scilab15 $SIGMASQRT 700000001 750000000 > $OUTPUT < /dev/null& rsh scilab16 $SIGMASQRT 750000001 800000000 > $OUTPUT < /dev/null& rsh scilab17 $SIGMASQRT 800000001 850000000 > $OUTPUT < /dev/null& rsh scilab18 $SIGMASQRT 850000001 900000000 > $OUTPUT < /dev/null& rsh scilab19 $SIGMASQRT 900000001 950000000 > $OUTPUT < /dev/null& rsh scilab20 $SIGMASQRT 950000001 1000000000 > $OUTPUT < /dev/null&