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qÜÉáê=ÅçåÅäìëáçå=ï~ë=íÜ~í=áÑ=íÜÉó=ïÉêÉ=íç=ÄÉ=~ÄäÉ=íç=ìëÉ=íÜÉ=íççäI=~åëïÉêë=ïçìäÇ=Ü~îÉ=íç=
ÄÉ=~î~áä~ÄäÉ=ïáíÜáå=~å=ÜçìêK=

NKQ= qÜÉ=ã~áåíÉå~åÅÉ=çÑ=é~ê~ääÉä=ëáãìä~íáçå=ÅçÇÉë=

låÉ=çÑ=íÜÉ=ÜáåÇê~åÅÉë=íç=íÜÉ=í~âÉ=ìé=çÑ=é~ê~ääÉä=ëáãìä~íáçå=áë=íÜ~í=é~ê~ääÉä=ÅçÇÉë=Å~å=ÄÉ=
Ü~êÇ= íç= ã~áåí~áåK= qÜÉ= çêáÖáå~ä= é~ê~ääÉä= éçêí= çÑ= íÜÉ= m^cb`= sáÄêç^ÅçìëíáÅ= ÅçÇÉ= ï~ë=
ÇÉîÉäçéÉÇ=ÄÉÑçêÉ= íÜÉ=~ÇîÉåí=çÑ=ëí~åÇ~êÇ=ãÉëë~ÖÉ=é~ëëáåÖ= äáÄê~êáÉë=~åÇ=ï~ë=ëéÉÅáÑáÅ= íç=
íÜÉ= = fåíÉä= ámp`LUSM= ~åÇ= m~ê~ÖçåI= ã~ÅÜáåÉë= íç= ïÜáÅÜ= pbo= póëíÉãë= iíÇ= ÇáÇ= åçí= Ü~îÉ=
ÇáêÉÅí=~ÅÅÉëëK=`çåëÉèìÉåíäó=íÜÉ=ÅçÇÉ=ï~ë=åçí=ã~áåí~áåÉÇK=qÜÉ=çêáÖáå~ä=éçêí=ï~ë=ÜáÖÜäó=
íìåÉÇ=íç=íÜÉ=~êÅÜáíÉÅíìêÉ=çÑ=íÜÉ=ámp`LUSM=~åÇ=m~ê~ÖçåK=qÜáë=ã~ÇÉ=áí=Ü~êÇ=Ñçê=íÜÉ=çêáÖáå~ä=
ÇÉîÉäçéÉêë= çÑ= íÜÉ= ëçÑíï~êÉ= íç= êÉ~Ç= ~åÇ=ìåÇÉêëí~åÇ= íÜÉ= éçêíÉÇ= ÅçÇÉK= cìêíÜÉêãçêÉ= ~åó=
ÇÉîÉäçéãÉåí=çÑ= íÜÉ=é~ê~ääÉä= îÉêëáçå= Ñçê= ~åçíÜÉê=éä~íÑçêã=ïçìäÇ=ÄÉ=ìåäáâÉäó= íç= êÉëéÉÅí=
íÜÉ=çéíáãáëÉÇ=ÅçÇÉI=ãÉ~åáåÖ=íÜ~í=íÜÉ=ÅçÇÉ=ïçìäÇ=ÄÉ=ÄçíÜ=éççêäó=çéíáãáëÉÇ=~åÇ=Ü~êÇ=íç=
ìåÇÉêëí~åÇK=

låÉ= çÑ= íÜÉ= áåíÉåíáçåëI= íÜÉêÉÑçêÉI= çÑ= íÜáë= é~ê~ääÉäáë~íáçå= ï~ë= íç= ã~âÉ= áí= ~ë= éçêí~ÄäÉ= ~ë=
éçëëáÄäÉ=~åÇ=åçí=íç=íìåÉ=áí=íç=~åó=ëéÉÅáÑáÅ=~êÅÜáíÉÅíìêÉK=qÜáë=çÑ=ÅçìêëÉ=êÉéêÉëÉåíë=åç=åÉï=
íÜáåâáåÖI= ~åÇ= ã~åó= áåáíá~íáîÉë= áå= íÜÉ= óÉ~êë= ëáåÅÉ= íÜÉ= çêáÖáå~ä= éçêí= Ü~îÉ= ÇÉîÉäçéÉÇ=
íÉÅÜåçäçÖáÉë= íç= áåÅêÉ~ëÉ= íÜÉ= éçêí~Äáäáíó= çÑ= é~ê~ääÉä= ÅçÇÉëK= eçïÉîÉê= íÜÉ= ÅêÉ~íáçå= çÑ= ~=
ã~áåí~áå~ÄäÉ=ÅçÇÉ=áë=~=ëâáääI=~åÇ=íÜáë=êÉèìáêÉãÉåí=ãìëí=ÄÉ=áåÅäìÇÉÇ=Ñêçã=íÜÉ=ëí~êí=çÑ=íÜÉ=
ÇÉëáÖåK=
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OK= ^ééêç~ÅÜ=í~âÉå=
qÜÉ= ~ééêç~ÅÜ= í~âÉå= áå= íÜÉ= éêçàÉÅí= ï~ë= íç= é~ê~ääÉäáëÉ= íÜÉ= ä~íÉëí= îÉêëáçå= çÑ= íÜÉ= ëÉêá~ä=
m^cb`=sáÄêç^ÅçìëíáÅ=ÅçÇÉ=ìëáåÖ=íÜÉ=jmf=ãÉëë~ÖÉ=é~ëëáåÖ=ëí~åÇ~êÇK=qÜÉ=ÅçÇÉ=ï~ë=íÜÉå=
íÉëíÉÇ= ~Ö~áåëí= íïç= áåÇìëíêá~ä= ÄÉåÅÜã~êâëI= ~= äçìÇëéÉ~âÉê= ÅçåÉ= ~åÇ= Å~ÄáåÉí= Ñêçã=~ìÇáç=
ÉèìáéãÉåí= ã~åìÑ~ÅíìêÉê= `ÉäÉëíáçå= ~åÇ= ~= Å~ê= ÉåÖáåÉ= ~áê= áåí~âÉ= Ñêçã= jfo^K= få= íÜáë=
ëÉÅíáçå=ïÉ=ëÜ~ää=ÇáëÅìëë= íÜÉ= áëëìÉë=~ëëçÅá~íÉÇ=ïáíÜ= íÜÉ=ÅÜçáÅÉ=çÑ=jmf= íç= áãéäÉãÉåí= íÜÉ=
é~ê~ääÉäáë~íáçåI=íÜÉ=ãçíáî~íáçå=ÄÉÜáåÇ=íÜÉ=íïç=íÉëí=Å~ëÉëI=íÜÉ=ÇÉëáÖå=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=
~åÇ=íÜÉ=êçää=çìí=çÑ=íÜÉ=ÅçÇÉ=íç=íÜÉ=ÉåÇ=ìëÉêëK=

OKN= qÜÉ=ÅÜçáÅÉ=çÑ=jmf=

qÜÉ=ÅÜçáÅÉ=çÑ= íÜÉ=ãÉëë~ÖÉJé~ëëáåÖ= äáÄê~êó=ï~ë=ÇÉíÉêãáåÉÇ=Äó=íÜÉ=êÉèìáêÉãÉåíë=çÑ=pbo=
ëóëíÉãë=iíÇI=íÜÉ=çïåÉêë=çÑ=íÜÉ=m^cb`=sáÄêç^ÅçìëíáÅ=ÅçÇÉK=qÜÉó=åÉÉÇ=~=äáÄê~êó=íÜ~í=áë==

• éçêí~ÄäÉ=~Åêçëë=ã~åó=~êÅÜáíÉÅíìêÉë=Eråáñ=~åÇ=táåÇçïëFI=

• ÅçããÉêÅá~ääó=ëìééçêíÉÇ=~åÇ=

• É~ëó=íç=ìåÇÉêëí~åÇK=

jmf=EjÉëë~ÖÉ=m~ëëáåÖ=fåíÉêÑ~ÅÉF=Ü~ë=ê~éáÇäó=ÄÉÅçãÉ=Éëí~ÄäáëÜÉÇ=~ë=íÜÉ=ÇÉ=Ñ~Åíç=ãÉëë~ÖÉJ
é~ëëáåÖ= äáÄê~êó= Ñçê= é~ê~ääÉä= ÅçÇÉëK= fí= áë= éçêí~ÄäÉ= ~Åêçëë= ~= ïáÇÉ= ê~åÖÉ= çÑ= éä~íÑçêãëK=
fãéäÉãÉåí~íáçåë= ~êÉ= ëìééçêíÉÇ= ÉáíÜÉê= ìåÇÉê= íÜÉ= dkr= ~ÖêÉÉãÉåí= çê= Äó= Ü~êÇï~êÉ=
îÉåÇçêëK= fí= áë= É~ëó= íç= ìåÇÉêëí~åÇI= ~åÇ= ãçëí= ÅçÇÉë= Å~å= ÄÉ= é~ê~ääÉäáëÉÇ= ìëáåÖ= ~= ëã~ää=
ëìÄëÉí= çÑ= íÜÉ= ÑìåÅíáçåë= ~î~áä~ÄäÉK= ^í= íÜÉ= ëí~êí= çÑ= íÜÉ= éêçàÉÅí= m^`= ÄÉäáÉîÉÇ= íÜÉ=
é~ê~ääÉäáë~íáçå= ÅçìäÇ= ÄÉ= Å~êêáÉÇ= çìí= ìëáåÖ= ~í= ãçëí= S= ÇáêÉÅíáîÉëK= cçê= íÜÉëÉ= êÉ~ëçåë= áí=
~ééÉ~êÉÇ=íç=ÄÉ=íÜÉ=å~íìê~ä=ÅÜçáÅÉ=Ñçê=áãéäÉãÉåíáåÖ=íÜÉ=é~ê~ääÉäáë~íáçå=çÑ=íÜÉ=ÅçÇÉK=

eçïÉîÉê=~í=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅíI=~äíÜçìÖÜ=íÜÉêÉ=ïÉêÉ=ã~åó=áãéäÉãÉåí~íáçåë=Ñçê=råáñ=
ã~ÅÜáåÉëI= íÜÉêÉ=ïÉêÉ=åç=êçÄìëí= áãéäÉãÉåí~íáçåë= Ñçê=kqK=^=åìãÄÉê=çÑ= áåáíá~íáîÉë=ïÉêÉ=
ìåÇÉê=ï~ó=íç=éçêí=íÜÉ=äáÄê~êóI=Äìí=çåäó=ÄÉí~=êÉäÉ~ëÉë=ïÉêÉ=~î~áä~ÄäÉK=få=çêÇÉê=íç=ÄÉ=ÅÉêí~áå=
íÜ~í=jmf= Ñçê=kq=ï~ë= íÜÉ= êáÖÜí=ï~ó= íç=Öç=m^`=çêÖ~åáëÉÇ=~=çåÉJÇ~ó= ÅçåÑÉêÉåÅÉ=çå=m`=
ÅäìëíÉêáåÖ=íç=äççâ=~í=íÜÉ=î~êáçìë=íÉÅÜåçäçÖáÉë=~î~áä~ÄäÉK=

qÜÉ= éêçàÉÅí= ïçêâëÜçé= ~ííÉåÇÉÇ= Äó= ãÉãÄÉêë= çÑ= íÜÉ= em`kJqqk= ~åÇ= íÜÉ= çìíÅçãÉ=
ÇçÅìãÉåíÉÇ=áå=íÜÉ=êÉéçêí= Úm`=`äìëíÉêáåÖW=~=oÉéçêí=çå=`ìêêÉåí=_Éëí=mê~ÅíáÅÉI=q=`ççéÉêI=
lÅí= NVVTDK= qÜÉ=ïçêâëÜçé= äççâÉÇ=åçí= çåäó= ~í=jmf= Ñçê=kqI= Äìí= ~äëç= ~í= çíÜÉê= äáÄê~êáÉë= íç=
ëìééçêí=é~ê~ääÉäáëã=ëìÅÜ=~ë=íÜêÉ~ÇëI=~åÇ=íÜÉ=Ü~êÇï~êÉ=íç=ëìééçêí=ÅäìëíÉêáåÖK=

^ë=~=êÉëìäí=çÑ=íÜÉ=ïçêâëÜçé=áí=ÄÉÅ~ãÉ=ÅäÉ~ê=íÜ~í=íÜÉêÉ=ïÉêÉ=~=åìãÄÉê=çÑ=áåáíá~íáîÉë=ïÜáÅÜ=
ïÉêÉ=ÇÉîÉäçéáåÖ=áãéäÉãÉåí~íáçåë=çÑ=jmf=çå=kqI=ãçëí=åçí~Ääó=íÜÉ=tfkm^o=éêçàÉÅíI=ÅçJ
çêÇáå~íÉÇ= Äó= dÉåá~ë= ~åÇ= íÜÉ= jmf`eJkq= áåáíá~íáîÉ= ~í= ^êÖçååÉ= áå= íÜÉ= rp^K= líÜÉê=
áåáíá~íáîÉë=ïÜáÅÜ=äççâÉÇ=~í=ÄìáäÇáåÖ=ÅäìëíÉêë=çÑ=m`=ã~ÅÜáåÉë=ïÉêÉ=ÑÉäí=íç=ÄÉ=íçç=ëéÉÅá~äáëí=
çê=íçç=~Å~ÇÉãáÅK=cçê=pbo=póëíÉãë=iíÇ=íç=ÄÉ=~ÄäÉ=íç=ëìééçêí=íÜÉ=ÅçÇÉ=ÅçããÉêÅá~ääó=áí=ï~ë=
áãéçêí~åí= íÜ~í= ~= íÜáêÇ= é~êíó= ëÜçìäÇ= ëìééçêí= íÜÉ= é~ê~ääÉä= äáÄê~êáÉëK= qÜÉêÉÑçêÉ= íÜÉ= Ñáå~ä=
ÅÜçáÅÉ=ï~ë=íç=ÇÉîÉäçé=íÜÉ=ÅçÇÉ=ìëáåÖ=íÜÉ=ÄÉí~=êÉäÉ~ëÉ=Ñêçã=íÜÉ=tfkm^o=éêçàÉÅíK=tÜÉå=
Ñáå~ä= îÉêëáçåë= Ñêçã= ÄçíÜ= áåáíá~íáîÉë= ÄÉÅ~ãÉ= ~î~áä~ÄäÉI= ~= ÄÉåÅÜã~êâáåÖ= íÉëí= ï~ë=
éÉêÑçêãÉÇ=íç=ÉåëìêÉ=íÜ~í=íÜÉ=ÄÉëí=îÉêëáçå=Ñçê=íÜÉ=m^cb`=sáÄêç^ÅçìëíáÅ=ÅçÇÉ=ï~ë=ìëÉÇK=

OKO= qÜÉ=áåÇìëíêá~ä=íÉëí=Å~ëÉë=

qïç=áåÇìëíêá~ä=íÉëí=Å~ëÉë=ïÉêÉ=ìëÉÇ=áå=íÜáë=éêçàÉÅíI=~å=~áê=áåí~âÉ=Ñêçã=jfo^=~åÇ=~=Ü~äÑ=
ãçÇÉä=çÑ=~=äçìÇëéÉ~âÉê=ÅçåÉ=ïáíÜáå=~=Å~ÄáåÉíK=
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OKOKN= qÜÉ=jfo^=íÉëí=Å~ëÉ=

qÜÉ=jfo^=íÉëí=Å~ëÉ=áë=~=ãçÇÉä=çÑ=íÜÉ=~áê=áåí~âÉ=Ñçê=~å=~ìíçãçÄáäÉK=qÜÉ=ãÉëÜ=ï~ë=ÅêÉ~íÉÇ=
ìëáåÖ=ëÉãáJ~ìíçã~íáÅ=ãÉíÜçÇëI=êÉëìäíáåÖ=áå=~=ãÉëÜ=ïÜáÅÜ=ïçìäÇ=åçêã~ääó=í~âÉ=íçç=äçåÖ=
íç=ÉñÉÅìíÉK=

=

=

=

qÜÉ= jfo^= íÉëí= Å~ëÉI= ~= Å~ê= áåí~âÉ= ëóëíÉãI=
ÅçåëáëíÉÇ= çÑ= OTRPU= ëíêìÅíìê~ä= ÇÉÖêÉÉë= çÑ=
ÑêÉÉÇçãI= QTRU= ~ÅçìëíáÅ= cKbK= ÑêÉÉÇçãë=
EáåíÉêå~äF= ~åÇ= NVVO= ~ÅçìëíáÅ= ÄçìåÇ~êó=
ÉäÉãÉåí=ÑêÉÉÇçãë=

=

OKOKO= qÜÉ=`ÉäÉëíáçå=íÉëí=Å~ëÉ=

qÜÉ=ìëÉ= çÑ= cb= íÉÅÜåáèìÉë= áå= íÜÉ=ÇÉëáÖå=éêçÅÉëë= ~í=`ÉäÉëíáçå= áë=ïçêíÜ=ÇáëÅìëëáåÖ= ~ë= ~å=
Éñ~ãéäÉ=çÑ=íÜÉ=í~âÉ=ìé=çÑ=ëáãìä~íáçå=íÉÅÜåçäçÖó=Äó=~=ëã~ää=ã~åìÑ~ÅíìêáåÖ=ÉåíÉêéêáëÉK=^ë=
ãáÖÜí= ÄÉ= ÉñéÉÅíÉÇI=`ÉäÉëíáçå= ëí~êíÉÇ= íÜÉáê= cb=ïçêâ=ïáíÜ= ëáãéäÉ=ãçÇÉäë= Ñçê=ïÜáÅÜ= íÜÉ=
áëëìÉ=ï~ë=íê~åëãáëëáçå=íÜêçìÖÜ=íÜÉ=ãÉãÄÉêK=qÜáë=íóéÉ=çÑ=ãçÇÉä=áë=Ñ~áêäó=É~ëó=íç=ëçäîÉI=áå=
íÉêãë=çÑ=íÜÉ=éÜóëáÅ~ä=éêçÅÉëëÉë=íç=ÄÉ=Å~éíìêÉÇI=~åÇ=ÇçÉë=åçí=íóéáÅ~ääó=åÉÉÇ=ä~êÖÉ=ãçÇÉäëK=

=

=

=

qÉëí= Å~ëÉ= ïáíÜ= éêÉëëìêÉ= ï~îÉë= ê~Çá~íáåÖ=
Ñêçã= íÜÉ= ÅçÇÉ= çÑ= íÜÉ= ëéÉ~âÉê= Äçñ= ïÜáÅÜ=
ìëÉÇ= NQM= èì~Çê~íáÅ= ëÜÉää= ÉäÉãÉåíë= ~åÇ= ~=
ã~ëë= ÉäÉãÉåí= Åçåí~áåáåÖ= NVNT= ÉäÉãÉåíë=
ïáíÜ=~=Ñêçåí=ëáòÉ=çÑ=NNO=íç=ãçÇÉä=~=ÇìëíÅ~éI=
ëìêêçìåÇI= ÅçåÉ= ~åÇ= Äçñ= çÑ= íÜÉ= ëéÉ~âÉê=
Å~ÄáåÉíK=

=

^ë=íÜÉáê=ÉñéÉêáÉåÅÉ=áå=íÜÉ=íÉÅÜåáèìÉë=áåÅêÉ~ëÉÇI=`ÉäÉëíáçå=äççâÉÇ=íç=ÄìáäÇ=ãçêÉ=ÅçãéäÉñ=
ãçÇÉäë= çÑ= íÜÉ= ê~Çá~íáåÖ= ~ÅçìëíáÅ= ëìêÑ~ÅÉëK= qÜÉëÉ= éêçÄäÉãë= ~êÉ= Ü~êÇÉê= íç=ãçÇÉä= ~ë= íÜÉ=
ÉÑÑÉÅíë= çÑ= íÜÉ= áåíÉêÑ~ÅÉë= ÄÉíïÉÉå= ÅçãéçåÉåíë= ÄÉÅçãÉë= ÅêáíáÅ~äI= ~åÇ= ~ë= ~= ÅçåëÉèìÉåÅÉ=
êÉèìáêÉ=ãìÅÜ=ä~êÖÉê=ãçÇÉäëK=^í=íÜáë=ëí~ÖÉ=`ÉäÉëíáçå=ÑçìåÇ=íÜ~í=Ñìää=ãçÇÉäë=ïÉêÉ=Ü~êÇ=íç=
êìå=~ë=íÜÉ=ãÉãçêó=êÉèìáêÉãÉåíë=ÄÉÅ~ãÉ=éêçÜáÄáíáîÉK=qÜÉ=`ÉäÉëíáçå=íÉëí=Å~ëÉ=êÉéêÉëÉåíë=
íÜÉ=ä~êÖÉëí=éêçÄäÉã=íÜ~í=íÜÉó=ÅçìäÇ=êìå=~í=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅí=çå=~=ëáåÖäÉ=ïçêâëí~íáçåK=
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OKP= qÜÉ=ÇÉëáÖå=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=

=

qê~Çáíáçå~ääó=~=é~ê~ääÉä=ëóëíÉã=Åçåëáëíë=çÑ=~=ã~ëíÉê=éêçÅÉëëçê=~åÇ=~=ä~êÖÉ=åìãÄÉê=çÑ=ëä~îÉ=
éêçÅÉëëçêëK=qÜÉ=ã~ëíÉê=ëÜ~êÉë=çìí=íÜÉ=ïçêâ=íç=íÜÉ=ëä~îÉë=~åÇ=ÅçääÉÅíë=íÜÉ=êÉëìäíë=~ÑíÉê=íÜÉ=
Åçãéìí~íáçå~ä=éÜ~ëÉ=çÑ= íÜÉ=~å~äóëáëK=páåÅÉ=ïÉ=ïÉêÉ=ÇÉ~äáåÖ=ïáíÜ=~=ëã~ää=ÅäìëíÉê=çÑ=kq=
ïçêâëí~íáçåë=íÜÉ=é~ê~ääÉä=~äÖçêáíÜã=ï~ë=ïêáííÉå=ëìÅÜ=íÜ~í=íÜÉ=ã~ëíÉê=~ÅíÉÇ=~ë=~==
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Flow diagram of overall methodology of serial code parallelism. 
 

  

ëä~îÉ= ÇìêáåÖ= íÜÉ= åìãÉêáÅ~ääó= áåíÉåëáîÉ= ëÉÅíáçåë= çÑ= ÅçÇÉK= qÜÉêÉ= áë= ìëì~ääó= ~= äççé= çå=
ÑêÉèìÉåÅáÉë=~å~äóëÉÇI=ïÜáÅÜ=áåÅäìÇÉë=îáêíì~ääó=~ää=íÜÉ=Åçãéìí~íáçåK=låÉ=ëíê~íÉÖó=ïçìäÇ=
Ü~îÉ=ÄÉÉå=íç=ëÜ~êÉ=çìí=ÑêÉèìÉåÅáÉë=ÄÉíïÉÉå=éêçÅÉëëçêëK=qÜáë=ïçìäÇ=Ü~îÉ=ÄÉÉå=Ñ~áêäó=É~ëó=
íç= áãéäÉãÉåí= ëáåÅÉ= íÜÉêÉ= ïçìäÇ= ÄÉ= îáêíì~ääó= åç= ÅçããìåáÅ~íáçå= ÄÉíïÉÉå= éêçÅÉëëÉëK=
eçïÉîÉê=íÜáë=êÉëìäí=Å~å=ÄÉ=~ÅÜáÉîÉÇ=ëáãéäó=Äó=ÅçåÅ~íÉå~íáåÖ=íÜÉ=çìíéìí=ÑáäÉë=Ñêçã=ëçãÉ=
ëÉêá~ä= ~å~äóëÉë= êìå=çîÉê= ëÉÅíáçåë=çÑ= íÜÉ= ÑêÉèìÉåÅó= ê~åÖÉ=çå=ìåÅçååÉÅíÉÇ=éêçÅÉëëçêëK=^=
ãçêÉ= ~ãÄáíáçìë= ~ééêç~ÅÜ= ï~ë= ÅÜçëÉåI= é~ê~ääÉäáòáåÖ= ~í= ~= äçïÉê= äÉîÉäI= ëç= íÜ~í= ~ää=
éêçÅÉëëçêë=~êÉ=ìëÉÇ=áå=íÜÉ=Åçãéìí~íáçå=çÑ=É~ÅÜ=ÑêÉèìÉåÅóK=qÜáë=ãÉ~åë=íÜ~í=íÜÉ=ÅçãÄáåÉÇ=
êÉëçìêÅÉë= çÑ= Å~ÅÜÉLãÉãçêóLÇáëâ= ~êÉ= ~î~áä~ÄäÉ= íç= í~ÅâäÉ= É~ÅÜ= ÑêÉèìÉåÅóI= ïÜáÅÜ= áë=
ÄÉåÉÑáÅá~ä= Ñçê= îÉêó= ä~êÖÉ= éêçÄäÉãëI= ÉñÅÉÉÇáåÖ= íÜÉ= éÜóëáÅ~ä= ãÉãçêó= êÉèìáêÉãÉåíë= çÑ= ~=
ëáåÖäÉ= éêçÅÉëëçêI= Äìí= íÜÉêÉ= áë= ~= ÖêÉ~íÉê= åÉÉÇ= Ñçê= ÅçããìåáÅ~íáçå= ÄÉíïÉÉå= éêçÅÉëëçêëI=
ïÜáÅÜ=ã~ó= ÇÉä~ó= íÜÉ= Åçãéìí~íáçå~ä= éêçÅÉÇìêÉK= cêçã=éêçÑáäáåÖ= áí=ï~ë= âåçïå= íÜ~í= íÜÉ=
åìãÉêáÅ~ääó= áåíÉåëáîÉ=êçìíáåÉë= ÑçêãÉÇ=çåäó=~=ëã~ää=é~êí=çÑ= íÜÉ=íçí~ä=åìãÄÉê=çÑ= äáåÉë=çÑ=
ÅçÇÉK=eÉåÅÉ= íÜÉ= íÉÅÜåáèìÉ= ìëÉÇ=ï~ë= íç= äÉí= íÜÉ=ã~ëíÉê= Ñçääçï= íÜÉ= çêáÖáå~ä= ëÉêá~ä= êçìíÉ=
íÜêçìÖÜ=íÜÉ=ÅçÇÉI=Äìí=ïÜÉå=~=Åçãéìí~íáçå~ääó=ÇÉã~åÇáåÖ=ëÉÅíáçå= áë=êÉ~ÅÜÉÇ=~ää=çÑ= íÜÉ=
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éêçÅÉëëçêë= ~êÉ= ÖáîÉå= ~= ëáãáä~ê= ~ãçìåí= çÑ= ïçêâK= qÜáë= ãÉ~åë= íÜ~í= íÜÉ= ëóëíÉã= áë= äç~Ç=
Ä~ä~åÅÉÇ=ïáíÜáå=íÜÉ=é~ê~ääÉä=ëÉÅíáçåë=çÑ=íÜÉ=ÅçÇÉI=ïÜáäëí=íÜÉ=ã~áå=fLl=áë=ÇÉ~äí=ïáíÜ=Äó=íÜÉ=
ã~ëíÉê= éêçÅÉëëçê= çåäóK= qÜáë= áë= ÇÉãçåëíê~íÉÇ= áå= íÜÉ= ÑáÖìêÉ= ÄÉäçïI= ïÜáÅÜ= ëÜçïë= íÜÉ=
ìåÇÉêäóáåÖ=ãÉíÜçÇçäçÖó=çÑ=íÜÉ=é~ê~ääÉäáëã=çÑ=íÜÉ=~å~äóëáë=êçìíáåÉëK=

qÜÉ=m^cb`=sáÄêç^ÅçìëíáÅë= ëóëíÉã= ÅçãéêáëÉë= ~= ëìáíÉ= çÑ= éêçÖê~ãë= Å~ääÉÇ=éÜ~ëÉëK= qÜÉêÉ=
~êÉ= NM= éÜ~ëÉë= áå= íçí~äK= mÜ~ëÉë= NJS= éÉêÑçêã= éêÉJéêçÅÉëëáåÖ= í~ëâëK= mÜ~ëÉ= T= éÉêÑçêãë= íÜÉ=
ã~áå=ëçäìíáçå=çÑ=íÜÉ=Éèì~íáçåëK=mÜ~ëÉë=UJNM=éÉêÑçêã=éçëíJéêçÅÉëëáåÖ=í~ëâëK=

qÜÉ=ìåÇÉêäóáåÖ=ÉíÜçë=íç=íÜÉ=é~ê~ääÉäáëã=çÑ=éÜ~ëÉ=T=áë=íÜ~í=íÜÉ=ã~ëíÉê=éêçÅÉëëçê=éêçÅÉÉÇë=
íÜêçìÖÜ=íÜÉ=ÅçÇÉ=áå=íÜÉ=ë~ãÉ=ï~ó=~ë=íÜÉ=ëÉêá~ä=îÉêëáçåI=~ë=ëÜçïå=áå=Ñäçï=Çá~Öê~ã=~ÄçîÉK=
tÜÉå=íÜÉ=ã~ëíÉê=éêçÅÉëëçê=áë=~Äçìí=íç=ÉåíÉê=~=åìãÉêáÅ~ääó=áåíÉåëáîÉ=êçìíáåÉ=~=ãÉëë~ÖÉ=áë=
ëÉåí= íç= íÜÉ= ëä~îÉ= éêçÅÉëëçêëK= ^ää= éêçÅÉëëçêë= éÉêÑçêã= ~å= Éèì~ä= é~êí= çÑ= íÜÉ= êÉèìáêÉÇ=
Å~äÅìä~íáçåK= tÜÉå= íÜÉ= êçìíáåÉ= áë= ÑáåáëÜÉÇ= íÜÉ= ã~ëíÉê= éêçÅÉëëçê= ÅçåíáåìÉë= íç= éêçÖêÉëë=
íÜêçìÖÜ= íÜÉ= ëÉêá~ä= ÅçÇÉ= ïÜáäëí= íÜÉ= ëä~îÉ= éêçÅÉëëçêë= ï~áí= Ñçê= íÜÉ= åÉñí= åìãÉêáÅ~ääó=
áåíÉåëáîÉ=ëÉÅíáçå=íç=ÄÉ=êÉ~ÅÜÉÇ=Äó=íÜÉ=ã~ëíÉê=éêçÅÉëëçêK=

qÜÉ= Éèì~íáçåë= Ñçê= ~= Ñìääó= ÅçìéäÉÇ= îáÄêç~ÅçìëíáÅ= ëçäìíáçå= ìëáåÖ= ~å= ~ÅçìëíáÅ= _b= ãÉëÜ=
ÅçìéäÉÇ=íç=~=ëíêìÅíìê~ä=cb=ãÉëÜI=~êÉ==

=
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ïÜÉêÉ=ôìõ=áë=~=îÉÅíçê=çÑ=Çáëéä~ÅÉãÉåíë=çå=íÜÉ=ëíêìÅíìê~ä=ãÉëÜI=ôéõ=áë=~=îÉÅíçê=çÑ=éêÉëëìêÉë=
çå=íÜÉ=_b=ãÉëÜI=xpzI=x`z=~åÇ=xjz=~êÉ=ëíêìÅíìê~ä=ëíáÑÑåÉëëI=Ç~ãéáåÖ=~åÇ=ã~ëë=ã~íêáÅÉë=~åÇ=
~êÉ= ä~êÖÉ= ~åÇ= ëé~êëÉK= xez= ~åÇ= xdz= ~êÉ= ëã~ää= ÇÉåëÉ= ã~íêáÅÉë= ÇÉêáîÉÇ= Ñêçã= íÜÉ= _b=
Ñçêãìä~íáçåK= xqz= ~åÇ= xbz= ~êÉ= ÅçìéäáåÖ=ã~íêáÅÉëK= pçãÉíáãÉë= ~= ëáãéäÉê=ãçÇ~ä= ëíêìÅíìê~ä=
êÉéêÉëÉåí~íáçå=áë=ìëÉÇI=Äìí=íÜ~í=ÇçÉë=åçí=éÉêãáí=î~êá~íáçå=çÑ=éêçéÉêíáÉë=ïáíÜ=ÑêÉèìÉåÅóI=
~ë=çÅÅìêë=ïáíÜ=íÜÉ=ÅçåÉ=~åÇ=ëìêêçìåÇ=çÑ=~=äçìÇëéÉ~âÉêK=qÜÉ=ÅìêêÉåí=ïçêâ=ï~ë=Ä~ëÉÇ=çå=
~=Ñìää=ëçäìíáçå=çÑ=Éèì~íáçå=ENF=ìëáåÖ=íÜÉ=Q=ëí~ÖÉë=ÄÉäçïK=

• pí~ÖÉ= N= J= cb= ãÉêÖáåÖLêÉÇìÅíáçåK= jÉêÖáåÖ= ÅçåíêáÄìíáçåë= Ñêçã= áåÇáîáÇì~ä= ÑáåáíÉ=
ÉäÉãÉåíë= Ñçêãë= íÜÉ= Çóå~ãáÅ= ëíáÑÑåÉëë= ã~íêáñ= ~åÇ= ÅçìéäáåÖ= ã~íêáñ= xqzK= ^= Ñêçåí~ä=
ëçäìíáçå=áë=ìëÉÇ=íç=Éäáãáå~íÉ=ÇÉÖêÉÉë=çÑ=ÑêÉÉÇçã=ÇìêáåÖ=íÜÉ=ãÉêÖÉK=qÜÉ=ã~íêáÅÉë=~êÉ=
ëÜ~êÉÇ=ÄÉíïÉÉå=éêçÅÉëëçêë=~åÇ=íÜÉ=Éäáãáå~íáçå=áë=ÇçåÉ=áå=é~ê~ääÉäK=

• pí~ÖÉ=O=J=ÑçêãáåÖ=íÜÉ=_b=ã~íêáÅÉëK=cçê=É~ÅÜ=ÅçääçÅ~íáçå=éçáåí=çå=íÜÉ=_b=ëìêÑ~ÅÉ=áí=áë=
åÉÅÉëë~êó= íç= áåíÉÖê~íÉ= çîÉê= íÜÉ= ëìêÑ~ÅÉ= íç= Ñçêã= ~= êçï= áå= íÜÉ= _b= ã~íêáÅÉëK=
m~ê~ääÉäáò~íáçå= áë= ~ÅÜáÉîÉÇ= Äó= ëÜ~êáåÖ= íÜÉëÉ= ÅçääçÅ~íáçå= éçáåíë= ÄÉíïÉÉå= íÜÉ=
éêçÅÉëëçêëK=aáëíêáÄìíÉÇ=_b=ã~íêáÅÉë=~êÉ=ÑçêãÉÇK=

• pí~ÖÉ=P=J=êÉÇìÅáåÖ=íÜÉ=_b=ã~íêáÅÉëK=qÜÉ=ã~íêáñ= =áë=ÑçêãÉÇ=~åÇ=êÉÇìÅÉÇ=
ìëáåÖ=êÉëçäìíáçå=ïáíÜ=íÜÉ=ëíêìÅíìê~ä=Éäáãáå~íáçå=Éèì~íáçåë=Ñêçã=ëí~ÖÉ=NK=^ë=~ÄçîÉ=íÜÉ=
ã~íêáÅÉë=~êÉ=ÇáëíêáÄìíÉÇ=ÄÉíïÉÉå=éêçÅÉëëçêëK=

−ω ρ2 [ ][ ]G E T

• pí~ÖÉ=Q=J=d~ìëëá~å=Éäáãáå~íáçå=çÑ=Ñáå~ä=Éèì~íáçåëK=qÜÉ=êÉëìäíáåÖ=Åçãé~Åí=ÇÉåëÉ=ëÉí=
çÑ= Éèì~íáçåë= áë= ëçäîÉÇ= ìëáåÖ= ~= Åçäìãå= ÅóÅäáÅ= é~ê~ääÉäáòÉÇ= Ñçêã= çÑ= d~ìëëá~å=
Éäáãáå~íáçå=çå=íÜÉ=ÇáëíêáÄìíÉÇ=ã~íêáñK=

=
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OKQ= qÜÉ=áåëí~ää~íáçå=çÑ=íÜÉ=ÅçÇÉ=~í=íÜÉ=ÉåÇ=ìëÉê=ëáíÉë=

m^`= Ü~ë= ~= ïáÇÉ= î~êáÉíó= çÑ= ÅçãéìíÉê= Ü~êÇï~êÉ= ~í= áíë= çÑÑáÅÉëK= qÜÉëÉ= ê~åÖÉ= Ñêçã= råáñ=
ÄçñÉë=íÜêçìÖÜ=íç=ÇÉëâíçé=kq=ïçêâëí~íáçåëI=ÄçíÜ=ëáåÖäÉ=~åÇ=Çì~ä=éêçÅÉëëçêK==

`ÉäÉëíáçå= ~êÉ= ìëáåÖ= ~= ÅäìëíÉê= çÑ= kq= ïçêâëí~íáçåë= äáåâÉÇ= íçÖÉíÜÉê= ìëáåÖ= NMMjÄáí= Ñ~ëí=
bíÜÉêåÉí=ïÜáäëí=jfo^=~êÉ=ìëáåÖ=~=ÇÉÇáÅ~íÉÇ=ãìäíáJéêçÅÉëëçê=pdf=mçïÉê`Ü~ääÉåÖÉK= =qç=
Ñ~Åáäáí~íÉ= íÜÉ= é~ê~ääÉäáëã= çå= íÜÉ= íïç= çéÉê~íáåÖ= ëóëíÉãë=jmf= ï~ë= ÅÜçëÉåK= cçê= íÜÉ= pdf=
ìëáåÖ=rkfu=íÜÉ=ãÉëë~ÖÉ=é~ëëáåÖ=ï~ë=çÄí~áåÉÇ=ìëáåÖ=jmf`e=ïÜáäëí=çå=íÜÉ=kq=ëóëíÉã=
íÜÉ=åÉïäó=ÉãÉêÖáåÖ=tjmf=ï~ë=ìëÉÇK=fãéäÉãÉåíáåÖ=íÜÉ=ãÉëë~ÖÉ=é~ëëáåÖ=ìëáåÖ=jmf=ï~ë=
íÜÉêÉÑçêÉ= îáåÇáÅ~íÉÇI= ~ë= íÜÉ= ÜáÖÜ= äÉîÉä= ÅçÇáåÖ= ï~ë= áÇÉåíáÅ~ä= Ñçê= ÄçíÜ= kq= ~åÇ= rkfu=
çéÉê~íáåÖ=ëóëíÉãëK=

låÉ= íÜÉ= áëëìÉë= íÜ~í=~êçëÉ= Ñêçã=íÜÉ=ÇáëíêáÄìíÉÇ=ÅäìëíÉê=çÑ=kq=ïçêâëí~íáçåë=ï~ë= íÜ~í= íÜÉ=
ëä~îÉ=éêçÅÉëëçêë=ïÉêÉ=íç=ÄÉ=ìëÉÇ=~ë=Çì~äJéìêéçëÉ=ã~ÅÜáåÉëK=qÜ~í=áë=íÜÉ=ã~ÅÜáåÉë=ïÉêÉ=íç=
ÄÉ=ìëÉÇ=çå=éÉçéäÉDë=ÇÉëâ= Ñçê= ~Çãáåáëíê~íáçå= í~ëâë=~ë=ïÉää= ~ë=ÄÉáåÖ=ìëÉÇ=~ë=é~êí=çÑ= íÜÉ=
ÅçãéìíáåÖ=êÉëçìêÅÉ=çÑ=íÜÉ=ÅäìëíÉêÉÇ=ã~ÅÜáåÉK=låÉ=çéíáçåI=ïÜáÅÜ=ï~ë=áåîÉëíáÖ~íÉÇI=ï~ë=
íç=ìëÉ=íç=Çì~ä=éêçÅÉëëçê=kq=ïçêâëí~íáçåë=çå=íÜÉ=ëä~îÉ=éêçÅÉëëçê=ã~ÅÜáåÉëK=qÜáë=Éå~ÄäÉÇ=
íÜÉ=Åçãéìí~íáçå~ä=ÅäìëíÉê=íç=ÄÉ=ÜáÇÇÉå=Ñêçã=íÜÉ=ìëÉë=çÑ=íÜÉ=ëä~îÉ=ã~ÅÜáåÉë=Äìí=íÜÉêÉ=ï~ë=
åç=ãÉíÜçÇ=~î~áä~ÄäÉ=íç=ëÉäÉÅí=ïÜáÅÜ=éêçÅÉëëçê=ï~ë=ìëÉÇ=çå=íÜÉ=Çì~ä=éêçÅÉëëçê=éä~íÑçêãëK=
fí=ï~ë=ÇáëÅçîÉêÉÇI=ÜçïÉîÉê=íÜ~í=íÜáë=ÇáÇ=åçí=ëÉÉã=íç=áãé~Åí=çå=íÜÉ=ëä~îÉ=éêçÅÉëëçê=ìëÉêëK=

=

P= oÉëìäíëI=^ÅÜáÉîÉãÉåíë=~åÇ=_ÉåÉÑáíë=
qÜÉ= ÑçääçïáåÖ=ÄÉåÅÜã~êâ= íÉëí= êÉëìäíë=ïÉêÉ=éÉêÑçêãÉÇ=çå=~=ÅäìëíÉê=çÑ=kq=ïçêâëí~íáçåë=
~åÇ=~=ëÜ~êÉÇ=ãÉãçêó=ãìäíáJéêçÅÉëëçê=pdf=ã~ÅÜáåÉK=

PKN= qÜÉ=`ÉäÉëíáçå=íÉëí=Å~ëÉ=ÄÉåÅÜã~êâáåÖ=êÉëìäíë=

qÜÉ= áåéìí=Ç~í~= ëÉí=ï~ë= ëìééäáÉÇ=Äó=`ÉäÉëíáçå= fåíÉêå~íáçå~äI=ïÜáÅÜ= êÉéêÉëÉåíë=~= íóéáÅ~ä=
äçìÇëéÉ~âÉê= ëóëíÉãK= qÜáë= íÉëí= Å~ëÉ= ï~ë= ìëÉÇ= çå= ~= ÅäìëíÉê= çÑ= mÉåíáìã= ïçêâëí~íáçåë=
êìååáåÖ= jáÅêçëçÑí= kq= ~åÇ= ~= ãìäíáJéêçÅÉëëçê= ëÜ~êÉÇ= ãÉãçêó= páäáÅçå= dê~éÜáÅë= EpdfF=
ã~ÅÜáåÉ= êìååáåÖ= rkfuK= qÜêÉÉ= îÉêëáçå= çÑ= íÜÉ= jÉëë~ÖÉ= m~ëëáåÖ= fåíÉêÑ~ÅÉ= EjmfF= ïÉêÉ=
ìëÉÇK=qïç=îÉêëáçåë=Etjmf=m~qbkq=îÉêëáçå=QKMV=~åÇ=jmfLmêç=îÉêëáçå=NKOKPF=ïÉêÉ=ìëÉÇ=
çå=íÜÉ=jáÅêçëçÑí=kq=éä~íÑçêãë=~åÇ=çåÉ=çå=íÜÉ=rkfu=éä~íÑçêã=Ejmf`e=îÉêëáçå=NKMKNPFK=
 
qÜÉ= ëçäìíáçå= íáãÉI= áå= ëÉÅçåÇëI= áë= ÖáîÉå= Ñçê= É~ÅÜ= ÑêÉèìÉåÅóK= qÜÉ= åìãÄÉê= çÑ= cloqo^k=
ïçêÇë=áå=íÜÉ=~êê~ó=ìëÉÇ=Ñçê=ãçëí=çÑ=íÜÉ=éêçÖê~ã=Ç~í~=ëíçê~ÖÉ=áë=í~Äìä~íÉÇ=~ëW=

=
 1 processor 2 processors 3 processors 4 processors 
FORTRAN words 19085236 11963350 9158554 7657310 

Table 1: Number of FORTRAN words used. 
 
qÜáë=êÉÇìÅíáçå=áå=ãÉãçêó=ìë~ÖÉ=ÇÉãçåëíê~íÉë=íÜ~í=ìëáåÖ=íÜÉ=ÇáëíêáÄìíÉÇ=ãÉãçêó=çÑ=íÜÉ=
ëä~îÉ=éêçÅÉëëçêë=~ääçïë=~=ä~êÖÉê=éêçÄäÉã=íç=ÄÉ=Å~äÅìä~íÉÇ=ïÜÉå=ìëáåÖ=Q=éêçÅÉëëçêë=íÜ~å=
ÅçìäÇ=ÄÉ=Å~äÅìä~íÉÇ=çå=~=ëáåÖäÉ=éêçÅÉëëçêK=
 
 1 processor 2 processors 3 processors 4 processors 
 jmfmêç= tjmf= jmfmêç= WMPI jmfmêç= tjmf= jmfmêç= tjmf=
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Stage 1 
Stage 2 
Stage 3 
Stage 4 

17 
30 

161 
34 

17 
30 

161 
34 

26 
16 

128 
67 

26 
16 
94 
65 

33 
11 
74 

100 

35 
11 
78 

109 

34 
8 

127 
104 

36 
8 

64 
106 

Total Time 246 246 237 201 221 233 274 216 

q~ÄäÉ=OK=mÉêÑçêã~åÅÉ=ìëáåÖ=QRMjeò=mÉåíáìã=ff=éêçÅÉëëçêëI=NOU=jÄóíÉë=o^jI=NMM=jÄáí=
bíÜÉêåÉí=ïáíÜ=jmfmêç=NKOKP=EäÉÑíJÜ~åÇ=ÅçäìãåëF=~åÇ=m~qbkq=tjmf=QKMV=EêáÖÜíJÜ~åÇ=

ÅçäìãåëFK=

qÜÉ=ÑçääçïáåÖ=êÉëìäíë=ïÉêÉ=çÄí~áåÉÇ=Ñêçã=íÜÉ=ëÜ~êÉÇ=ãÉãçêó=pdf=ã~ÅÜáåÉK=^äíÜçìÖÜ=U=
éêçÅÉëëçêë= ~êÉ= ~î~áä~ÄäÉ= çåäó= Ñçìê=ïÉêÉ=ìëÉÇ= íç= ÖáîÉ= ~= Åçãé~êáëçå=ÄÉíïÉÉå= íÜÉ=rkfu=
áãéäÉãÉåí~íáçå=~åÇ=íÜÉ=kq=áãéäÉãÉåí~íáçå=çÑ=íÜÉ=ÅçÇÉK=

=
 1 processor 2 processors 3 processors 4 processors 

Stage 1 
Stage 2 
Stage 3 
Stage 4 

73 
165 
975 
132 

74 
86 

484 
95 

73 
58 

315 
85 

75 
41 

227 
104 

Total Time 1345 739 531 447 

Table 3: Execution time using a shared memory 75MHz SGI Power Challenge with MPICH 

=

PKO=qÜÉ=jfo^=íÉëí=Å~ëÉ=êÉëìäíë=

qÜáë= é~êíáÅìä~ê= íÉëí= Å~ëÉ= ï~ë= íçç= ä~êÖÉ= íç= Ñáí= çåíç= çåÉ= éêçÅÉëëçêë= çÑ= ÇÉëâíçé=ã~ÅÜáåÉ=
êìååáåÖ=kqK=qÜÉêÉÑçêÉ=~ää= íÜÉ=ÑçääçïáåÖ=~å~äóëáë=çÑ= íÜáë= íÉëí=Å~ëÉ=ï~ë=éÉêÑçêãÉÇ=çå=~å=
pdf=mçïÉê=`Ü~ääÉåÖÉ=çåäóK=

qÜáë=é~êíáÅìä~ê=íÉëí=Å~ëÉI=çÑ=~=Å~ê=áåí~âÉ=ëóëíÉãI=ÅçåëáëíÉÇ=çÑ=OTRPU=ëíêìÅíìê~ä=ÇÉÖêÉÉë=çÑ=
ÑêÉÉÇçãI= QTRU= ~ÅçìëíáÅ= cKbK= ÑêÉÉÇçãë= EáåíÉêå~äF= ~åÇ= NVVO= ~ÅçìëíáÅ= ÄçìåÇ~êó= ÉäÉãÉåí=
ÑêÉÉÇçãëK=qÜÉ= ëóëÉíã=ï~ë= ëç= ä~êÖÉ= íÜ~í= íÜÉ=~å~äóëáë=ï~ë=ÄêçâÉå= áåíç= íïç=é~êíëI= áÉ= íÜÉ=
ëíêìÅíìê~ä=êÉÇìÅíáçå=~åÇ=íÜÉ=ÄçìåÇ~êó=ÉäÉãÉåí=~å~äóëáë=ï~ë=Å~äÅìä~íÉÇ=áå=íïç=ëÉé~ê~íÉ=
àçÄëK==qÜÉ=íçí~ä=íáãÉ=Ñçê=~=ëáåÖäÉ=ÑêÉèìÉåÅó=~êÉ=ëÜçïå=áå=íÜÉ=íïç=ÑçääçïáåÖ=í~ÄäÉëK=

 
 1 processor 2 processors 4 processors 6 processors 

Total time 5292 3394 1932 1698 

Table 4: Execution time using SGI Power Challenge for structural reduction only. 
 

 1 processor 2 processors 4 processors 6 processors 
Total time 8000 3775 1901 1302 

Table 5: Execution time using SGI Power Challenge for boundary element calculation. 

qÜÉëÉ=êÉëìäíë=ïÉêÉ=ãÉ~ëìêÉÇ=~í=jfo^=çå=~=NO=éêçÅÉëëçê=NVQjeò=pdf=mçïÉê=`Ü~ääÉåÖÉK=

=

PKP=^å~äóëáë=çÑ=ÄÉåÅÜã~êâáåÖ=êÉëìäíëK=
 
cçê=íÜÉ=`ÉäÉëíáçå=íÉëí=Å~ëÉ=íÜÉ=Ñêçåí=ëáòÉ=ï~ë=íçç=ëã~ää=Ñçê=ëí~ÖÉ=çåÉ=íç=ÉñÉÅìíÉ=áå=é~ê~ääÉäK=
qÜÉêÉ=áë=ÜçïÉîÉê=~=ä~êÖÉ=ÖäçÄ~ä=ëìãã~íáçå=~í=íÜÉ=ÉåÇ=çÑ=ëí~ÖÉ=çåÉ=~åÇ=íÜáë=~ÅÅçìåíë=Ñçê=
íÜÉ=áåÅêÉ~ëÉ=áå=ÉñÉÅìíáçå=íáãÉ=~ë=íÜÉ=åìãÄÉê=çÑ=éêçÅÉëëçêë=áë=áåÅêÉ~ëÉÇK==

NVVVJORVRKÇçÅ= «=m^`^kJa=`çåëçêíáìãI=NVVV= 8 of 18=



 

pí~ÖÉë=íïç=~åÇ=íÜêÉÉ=çÑ=íÜÉ=ëçäìíáçå=éêçÅÉëë=~êÉ=é~ê~ääÉäáëÉÇ=îÉêó=ÉÑÑáÅáÉåíäó=ÉîÉå=íÜçìÖÜ=
ëí~ÖÉ=íÜêÉÉ=ÇçÉë=Åçåí~áå=ëçãÉ=åÉÅÉëë~êó=ÅçããìåáÅ~íáçåëK=qÜÉ=ÉÑÑáÅáÉåÅó=çÑ=íÜÉ=ÇáÑÑÉêÉåí=
jmf=éêçíçÅçäë=ëÜçïë=íÜ~í=tjmf=áë=áãéäÉãÉåíÉÇ=ãçêÉ=ÉÑÑÉÅíáîÉäó=íÜ~å=jmfLmêç=Ñçê=íÜáë=
é~êíáÅìä~ê=íÉëí=Å~ëÉK==

pí~ÖÉ= Ñçìê=ïÜÉå=êìå=çîÉê= íÜÉ=NMM=jÄáí=ÉíÜÉêåÉí= áë=ëäçïÉê=ïÜÉå=êìå=çå=ãçêÉ= íÜ~å=çåÉ=
éêçÅÉëëçêK= qÜáë= áë= ÄÉÅ~ìëÉ= íÜÉêÉ= áë= ~= êÉä~íáîÉäó= ÜáÖÜ= ê~íáç= çÑ= ÅçããìåáÅ~íáçå= íç=
Åçãéìí~íáçåK= eçïÉîÉê= ~ë= íÜÉ= éêçÄäÉã= ëáòÉ= áåÅêÉ~ëÉë= íÜÉ= ê~íáç= çÑ= ÅçããìåáÅ~íáçå= íç=
Åçãéìí~íáçå=ÇÉÅêÉ~ëÉë=áå=~ää=ëí~ÖÉëK=qÜìë=áí=áë=ÄÉäáÉîÉÇ=çå=ä~êÖÉê=éêçÄäÉãë=íÜÉ=ÉñÉÅìíáçå=
íáãÉ=ïáää= ÇÉÅêÉ~ëÉK= qÜáë= áë= ëÜçïå=Äó= íÜÉ= pdf= îÉêëáçå= çÑ= íÜÉ= ÅçÇÉ=ïÜÉêÉ= íÜÉ=éêçÅÉëëçê=
ëéÉÉÇ= íç= ÅçããìåáÅ~íáçå= ëéÉÉÇ= áë= êÉä~íáîÉäó= ëäçïÉê= íÜ~å= íÜ~í= çÑ= íÜÉ=kq=ïáíÜ= bíÜÉêåÉí=
ÅçããìåáÅ~íáçå=ëóëíÉãK=

qÜÉ=jfo^=íÉëíÅ~ëÉ=ÇÉãçåëíê~íÉë= íÜ~í=ïÜÉå=íÜÉ=éêçÄäÉã=ëáòÉ=ÄÉÅçãÉë=ä~êÖÉ=ÉåçìÖÜ=ëç=
íÜ~í=íÜÉ=Å~äÅìä~íáçå=Ççãáå~íÉë=íÜÉ=ÅçããìåáÅ~íáçå=íÜÉå=ÉîÉå=ëí~ÖÉ=NI=ïÜáÅÜ=Äó=åÉÅÉëëáíó=
Ü~ë=~=ä~êÖÉ=~ãçìåí=çÑ=ÅçããìåáÅ~íáçåI=íÜÉ=é~ê~ääÉä=ÅçÇÉ=ÇçÉë=ëÅ~äÉ=êÉä~íáîÉäó=ïÉääK=

PKQ=`ÉäÉëíáçå=^ëëÉëëãÉåí=çÑ=íÜÉ=ÅçÇÉ=

PKRKN= péÉÉÇ=éÉêÑçêã~åÅÉ=

qÜÉêÉ=~êÉ=Ñçìê=ëí~ÖÉë=çÑ=íÜÉ=~å~äóëáë=ïÜáÅÜ=Ü~îÉ=ÄÉÉå=áãéäÉãÉåíÉÇ=áå=íÜÉ=é~ê~ääÉä=ÅçÇÉK=
_ÉåÅÜã~êâáåÖ= ëÜçïÉÇ= íÜ~í= pí~ÖÉë= O= ~åÇ= P= ëÜçï= ~äãçëí= äáåÉ~ê= áãéêçîÉãÉåí=ïáíÜ= íÜÉ=
áåÅêÉ~ëÉ= áå= åìãÄÉê= çÑ= éêçÅÉëëçêëI= ïÜÉêÉ~ë= pí~ÖÉ= N= êìåë= ëäáÖÜíäó= ëäçïÉê= ~åÇ= pí~ÖÉ= Q=
ëÜçïë= ~= ëã~ää= áãéêçîÉãÉåíK= Ecçê= ÑìêíÜÉê= ÇÉí~áäë= ëÉÉ= DeáÖÜ= mÉêÑçêã~åÅÉ= `çãéìíáåÖ=
kÉíïçêâ=qÉÅÜåáèìÉë=Ñçê=sáÄêç~ÅçìëíáÅ=^å~äóëáëD=Äó=j~ÅÉóI=têáÖÜí=~åÇ=^ääëçééI=^ìÇáç=
båÖK=pçÅK=mêÉéêáåí=@QUUPI=j~ó=NVVVKF=

páåÅÉ=pí~ÖÉë=O=~åÇ=P=~êÉ=ìëì~ääó= íÜÉ=ãçëí=ÅêáíáÅ~ä= ëí~ÖÉë= Ñçê=~=`ÉäÉëíáçå=ãçÇÉäI=ïÉ=Å~å=
ÅçåÅäìÇÉ=íÜ~í=íÜÉ=éêçàÉÅí=Ü~ë=ÄÉÉå=ÜáÖÜäó=ëìÅÅÉëëÑìäK=

PKRKO= jÉãçêó=éÉêÑçêã~åÅÉ=

qÜÉ=ãÉãçêó=êÉèìáêÉãÉåí=éÉê=éêçÅÉëë=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=êÉÇìÅÉë=Äó=~=Ñ~Åíçê=çÑ=P=çå=Q=
ã~ÅÜáåÉëK=qÜáë=ãÉ~åë=íÜ~í=`ÉäÉëíáçå=Å~å=åçï=ëí~êí=íç=~å~äóëÉ=éêçÄäÉãë=çÑ=~=äçìÇëéÉ~âÉê=
ïáíÜáå=~=êççãI=çê=éêçÄäÉãë=ïÜÉêÉ=íÜÉó=~êÉ=~ÄäÉ=íç=~ÅÅçìåí=Ñçê=ÅçìéäáåÖ=ÄÉíïÉÉå=ãçëí=çÑ=
íÜÉ=ÅçãéçåÉåíë=çÑ=íÜÉ=äçìÇëéÉ~âÉêK=

PKRKP= rë~Äáäáíó=çÑ=íÜÉ=ÅçÇÉ=

låÉ=ÑìêíÜÉê=áãéêçîÉãÉåí=íÜ~í=ïçìäÇ=ÄÉ=çÑ=é~êíáÅìä~ê=ÄÉåÉÑáí=íç=`ÉäÉëíáçåI=ïÜÉêÉ=íÜÉ=m`ë=
~êÉ= ~äëç= ìëÉÇ= Ñçê= Ç~óJíçJÇ~ó= çÑÑáÅÉ= ïçêâI= áë= íÜÉ= áãéäÉãÉåí~íáçå= çÑ= aóå~ãáÅ= iç~Ç=
_~ä~åÅáåÖK=qÜáë=ïçìäÇ=~ääçï=íÜÉ=ÅçÇÉ=íç=êìå=áå=íÜÉ=Ä~ÅâÖêçìåÇ=ïáíÜçìí=áãé~ÅíáåÖ=çå=íÜÉ=
ïçêâ=çÑ=ÇÉëáÖåÉêëK=qÜÉ=åìãÉêáÅ~ä=~å~äóëáë=éÉêÑçêãÉÇ=áå=íÜÉ=m^cb`=sf_ol^`lrpqf`=
ÅçÇÉ=ÅçìäÇ=åçí=ëìééçêí=íÜáëI=~åÇ=íç=êÉïêáíÉ=íÜÉ=ÅçÇÉ=ïçìäÇ=Ü~îÉ=í~âÉå=ãçêÉ=ÉÑÑçêí=íÜ~í=
ï~ë=~î~áä~ÄäÉ=áå=íÜÉ=éêçàÉÅíK==

qÜÉ= ÅçêÉ= áëëìÉ= ïáíÜ= Çóå~ãáÅ= äç~Ç= Ä~ä~åÅáåÖ= áë= íç= ÄÉ= ~ÄäÉ= íç= êìå= íÜÉ= ÅçÇÉ= ïáíÜçìí=
áãé~ÅíáåÖ= çå= çíÜÉê= ìëÉêë= çÑ= íÜÉ= åÉíïçêâK= qç= íêó= ~åÇ= ~ÇÇêÉëë= íÜáëI= íÜÉ= ÅçÇÉ=ï~ë= ~äëç=
áåëí~ääÉÇ= çå= ~= åÉíïçêâ= çÑ= Çì~ä= ~åÇ= ëáåÖäÉ= éêçÅÉëëçê= ã~ÅÜáåÉë= ~í= m^`= ~åÇ= íÉëíÉÇ= áå=
î~êáçìë=ÅçåÑáÖìê~íáçåë=~åÇ=ìåÇÉê=î~êáçìë=Ä~ÅâÖêçìåÇ=äç~ÇëK=fí=ï~ë=åçíÉÇ=íÜ~í=ïÜÉå=íÜÉ=
é~ê~ääÉä= ÅçÇÉ= ï~ë= ëÉí= íç= êìå= çå= ~= ÅäìëíÉê= çÑ= Çì~ä= éêçÅÉëëçê= ã~ÅÜáåÉëI= ïáíÜ= çåäó= çåÉ=
éêçÅÉëë= éÉê=ã~ÅÜáåÉI= íÜÉå= íÜÉ= áãé~Åí= çå= ìëÉêë= çÑ= íÜçëÉ=ã~ÅÜáåÉë=ï~ë= äáãáíÉÇK= qÜÉëÉ=
êÉëìäíë=ïÉêÉ=ÇÉãçåëíê~íÉÇ=íç=`ÉäÉëíáçåK==
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qÜÉ=áëëìÉ=Ñçê=`ÉäëíáçåI=íÜÉêÉÑçêÉI=ï~ë=çåÉ=çÑ=Åçëí=ÄÉåÉÑáíK=qç=ìéÖê~ÇÉ=íç=Çì~ä=éêçÅÉëëçê=
ã~ÅÜáåÉë= ïçìäÇ= ãÉ~å= êÉéä~ÅáåÖ= íÜÉ= ãçíÜÉêÄç~êÇë= ~ë= ïÉääI= ~åÇ= íÜÉ= ÄÉåÉÑáí= çÑ= íÜáë=
åÉÉÇÉÇ=íç=ÄÉ=ã~íÅÜÉÇ=~Ö~áåëí=ÉáíÜÉê=äÉ~îáåÖ=íÜÉáê=ã~ÅÜáåÉë=áå=íÜÉáê=ÅìêêÉåí=ÅçåÑáÖìê~íáçå=
çê= ëáãéäó= ìéÖê~ÇáåÖ= É~ÅÜ= ëáåÖäÉ= éêçÅÉëëçê= íç= çåÉ= íïáÅÉ= íÜÉ= ëéÉÉÇK= få= ÉáíÜÉê= Å~ëÉ=
`ÉäÉëíáçå=ÑÉäí=íÜ~í=íÜÉ=ÄÉåÉÑáíë=Ñêçã=íÜÉ=é~ê~ääÉä=ÅçÇÉ=ïÉêÉ=ëìÑÑáÅáÉåí=íç=ãÉÉí=íÜÉáê=åÉÉÇë=
ïáíÜçìí=ìéÖê~ÇáåÖ=íÜÉáê=ÅäìëíÉêI=~åÇ=Ü~îÉ=ã~ÇÉ=åç=ÑìêíÜÉê=áãéêçîÉãÉåíëK=

fí=áë=äáâÉäó=íÜ~í=áÑ=`ÉäÉëíáçå=ÇçÉë=ìéÖê~ÇÉ=íÜÉáê=ã~ÅÜáåÉë=áí=ïáää=ÄÉ=íç=Ñ~ëíÉê=éêçÅÉëëçêë=íç=
~ääçï=~ää=ìëÉêë=íç=ÄÉåÉÑáíI=áåÅäìÇáåÖ=íÜÉ=ìëÉêë=çÑ=m^cb`=sf_ol^`lrpqf`I=ê~íÜÉê=íÜ~å=
íÜÉ= Çì~ä= éêçÅÉëëçê=ã~ÅÜáåÉë=ïÜáÅÜ=ïçìäÇ= çåäó= ÄÉåÉÑáí= íÜÉ=m^cb`=sf_ol^`lrpqf`=
ìëÉêëK=

PKRKQ= `çåÅäìëáçåë=

få=ëìãã~êó=íÜÉ=êÉëìäíë=çÑ=íÜÉ=éêçàÉÅí=~êÉ=íÜ~í=`ÉäÉëíáçå=~êÉ=åçï=~ÄäÉ=íç=êìå=ãçÇÉäë=Ñçìê=
íáãÉë=ãçêÉ=ÅçãéäÉñ=íÜ~å=éêÉîáçìëäóI=çê=êìå=íÜÉ=ë~ãÉ=ãçÇÉäë=Ñçìê=íáãÉë=Ñ~ëíÉêK=fí=ëÜçìäÇ=
ÄÉ=åçíÉÇ=íÜ~í=íÜáë=áãéêçîÉãÉåí=Å~å=ÄÉ=áåÅêÉ~ëÉÇ=ëíáää=ÑìêíÜÉê=Äó=íÜÉ=~ÇÇáíáçå=çÑ=ãçêÉ=m`ë=
íç=íÜÉ=ÅäìëíÉêI=~äíÜçìÖÜ=êÉä~íáîÉ=áãéêçîÉãÉåí=ïáää=ëí~êí=íç=ÇáãáåáëÜK=

qÜÉ=ëéÉÉÇ=áãéêçîÉãÉåí=áå=é~êíáÅìä~ê=Ü~ë=~ääçïÉÇ=`ÉäÉëíáçå=íç=ãÉÉí=íÜÉ=Öç~ä=çÑ=ãçîáåÖ=
cb^=Ñêçã=~=DoÉëÉ~êÅÜ=qççäD=íç=~=DaÉëáÖå=qççäDI=íÜÉ=ãçëí=áãéçêí~åí=~áã=çÑ=íÜÉ=éêçàÉÅíK=

PKR=jfo^=~ëëÉëëãÉåí=çÑ=íÜÉ=ÅçÇÉ=

qÜÉ=ëçäìíáçå=çÑ=ÅçìéäÉÇ=ëíêìÅíìê~ä=~ÅçìëíáÅ=ãçÇÉäë=~í=jfo^=áë=ÅìêêÉåíäó=ÇçåÉ=ìëáåÖ=íÜÉ=
m^cb`= sf_ol^`lrpqf`= ëíêìÅíìê~ä= ~ÅçìëíáÅ= ëçÑíï~êÉK= qÜáë= áë= ìëÉÇ= Ñçê= ÄçíÜ= ÑáåáíÉ=
ÉäÉãÉåí= ãçÇÉääáåÖ= çÑ= íÜÉ= ëíêìÅíìêÉ= ~åÇ= ÉåÅäçëÉÇ= Å~îáíáÉë= ~åÇ= íÜÉ= ÄçìåÇ~êó= ÉäÉãÉåí=
ëçäìíáçå= çÑ= ÉñíÉêå~ääó= ê~Çá~íÉÇ= åçáëÉK= `ìêêÉåíäó= íÜÉ= ëçäìíáçå= íáãÉë= êÉèìáêÉÇ= Ñçê= ã~åó=
Åä~ëëÉë=çÑ=éêçÄäÉã=~êÉ=ÜáÖÜ=~åÇ=íÜáë=êÉëíêáÅíë=íÜÉ=ìëÉ=çÑ=íÜÉ=ÅçÇÉ=íç=éêçàÉÅíë=ïÜÉêÉ=äÉ~Ç=
íáãÉë=~êÉ=ëã~ää=çê=Ñáå~åÅá~ä=Åçåëíê~áåíë=~êÉ=ëáÖåáÑáÅ~åíK==

^ë= é~êí= çÑ= íÜÉ= m^`^kJa= éêçàÉÅí= íç= ÜáÖÜäáÖÜí= íÜÉ= ~Çî~åí~ÖÉë= çÑ= ÜáÖÜ= éÉêÑçêã~åÅÉ=
ÅçãéìíáåÖI=jfo^=éêÉé~êÉÇ=~=íÉëí=Å~ëÉ=íç=ÇÉãçåëíê~íÉ=íÜ~í=íÜÉ=~ééäáÅ~íáçå=çÑ=~=é~ê~ääÉä=
îÉêëáçå=çÑ= íÜÉ=m^cb`=sáÄêç^ÅçìëíáÅ= ÅçÇÉ= ÅçìäÇ= êÉÇìÅÉ= ëçäìíáçå= íáãÉëI= ëç=çéÉåáåÖ=ìé=
íÜÉ=íÉÅÜåáèìÉë=íç=~=ïáÇÉê=Öêçìé=çÑ=ìëÉêëK=

PKRKN= lÄàÉÅíáîÉë=

qÜÉ= ~áã= çÑ= íÜÉ= ÇÉãçåëíê~íáçå= Å~ëÉ= ï~ë= íç= íÉëí= íÜÉ= é~ê~ääÉä= ÅçÇÉ= ~Ö~áåëí= ~= ãçÇÉä=
êÉéêÉëÉåí~íáîÉ=çÑ= íÜçëÉ= äáâÉäó= íç=ÄÉ=ìëÉÇ=Äó=jäo^K=qÜáë=ãÉ~åë= íÜ~í= íÜÉ=ãçÇÉä=ãìëí=ÄÉ=
êÉéêÉëÉåí~íáîÉ= áå= íÉêãë=çÑ= ëáòÉ= ~åÇ= ÅçåíÉåí= ~åÇ= áå= íÉêãë=çÑ= ëçäìíáçå= íóéÉ= ~åÇ=ÉäÉãÉåí=
äáÄê~êó=íç=~ääçï=~=êÉ~äáëíáÅ=~ëëÉëëãÉåí=çÑ=íÜÉ=~Çî~åí~ÖÉë=çÑ=é~ê~ääÉä=ÅçÇÉë=íç=ÄÉ=ã~ÇÉK=

PKRKO= `ìêêÉåí=éçëáíáçå=

jfo^= ÅìêêÉåíäó= ìëÉë= íÜÉ= ëÉêá~ä= m^cb`= sáÄêç^ÅçìëíáÅ= ~ÅçìëíáÅ= ëçÑíï~êÉ= çå= em=
ïçêâëí~íáçåë= ~åÇ= çå= ~= ëáåÖäÉ= éêçÅÉëëçê= çÑ= ~= ãìäíáéêçÅÉëëçê= páäáÅçå= dê~éÜáÅë= mçïÉê=
`Ü~ääÉåÖÉK= qÜÉ= ã~áå= áëëìÉë= ïáíÜ= íÜáë= ÅçåÑáÖìê~íáçå= ~êáëÉ= Ñêçã= íÜÉ= äçåÖ= êìå= íáãÉë=
ÇÉã~åÇÉÇ= Äó= ãçêÉ= ÅçãéäáÅ~íÉÇ= ÅçìéäÉÇ= ~ÅçìëíáÅLëíêìÅíìê~ä= ãçÇÉäëI= áå= é~êíáÅìä~êäó=
ïÜÉå=ìëáåÖ=ÄçìåÇ~êó=ÉäÉãÉåíë=íç=ãçÇÉä=ÉñíÉêå~ä=ê~Çá~íáçåK=_ÉÅ~ìëÉ=çÑ=íÜáë=íÜÉêÉ=áë=äáííäÉ=
çééçêíìåáíó=íç=êìå=ãìäíáéäÉ=áíÉê~íáçåë=çÑ=~=ãçÇÉä=~ë=íÜÉ=ëçäìíáçå=íáãÉë=~åÇ=Åçëíë=ÄÉÅçãÉ=
éêçÜáÄáíáîÉK=qÜáë=íÉåÇë=íç=êÉëíêáÅí=íÜÉ=ìëÉ=çÑ=ÅçìéäÉÇ=~ÅçìëíáÅ=ãçÇÉääáåÖ=íç=éêçàÉÅíë=ïÜáÅÜ=
~êÉ= ÉáíÜÉê= íêáîá~äI= Ü~îÉ= ~= äçåÖ= äÉ~Ç= íáãÉ= çê= ~êÉ=ïÉää= ÑìåÇÉÇK=^ë= ~= ÅçåëÉèìÉåÅÉ= ëã~ääÉê=
ÅìëíçãÉêëI= ÇìÉ= íç= íÜÉ=ÜáÖÜ= Åçëíë= áåîçäîÉÇI= ëÉäÇçã=ìëÉ= íÜÉëÉ=ãçÇÉääáåÖ= íÉÅÜåáèìÉëK=qç=
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çîÉêÅçãÉ= íÜÉëÉ= êÉëíêáÅíáçåë= íÜÉ= ãçÇÉä= éêÉé~ê~íáçå= Åçëíë= Ü~îÉ= íç= ÄÉ= êÉÇìÅÉÇ= ïáíÜçìí=
ÅçãéêçãáëáåÖ=íÜÉ=~ééäáÅ~íáçåë=çÑ=íÜÉ=ãçÇÉäK==

PKRKP= mÉêÅÉáîÉÇ=~Çî~åí~ÖÉë=

qÜÉ=ìëÉ=çÑ=~=ëáÖåáÑáÅ~åíäó=Ñ~ëíÉê=ÅçÇÉ=ëÜçìäÇ=~ääçï=íÜÉ=ìëÉ=çÑ=ãçÇÉääáåÖ=íç=ÄÉ=ÉñíÉåÇÉÇ=
ëáÖåáÑáÅ~åíäóK= fåáíá~ääó= íÜÉ= êÉÇìÅÉÇ= ëçäìíáçå= íáãÉë=ïáää= ~ääçï=ãçÇÉäë= çÑ= ~= ëáòÉ= ÅìêêÉåíäó=
ìëÉÇ=íç=êìå=ãçêÉ=çÑíÉåI=~ääçïáåÖ=~=ÖêÉ~íÉê=åìãÄÉê=çÑ=ÇÉëáÖå=áíÉê~íáçåë=íç=ÄÉ=ÅçåëáÇÉêÉÇ=
íÜìë=áãéêçîáåÖ=íÜÉ=ìíáäáë~íáçå=çÑ=ÉñáëíáåÖ=ãçÇÉäëK=qÜÉ=êÉëìäí~åí=äÉ~Ç=íáãÉë=Ñçê=íÜÉ=ãçÇÉä=
êÉëìäíë=íç=ÑÉÉÇ=áåíç=íÜÉ=éêçÇìÅí=ÉåÖáåÉÉêáåÖ=éêçÅÉëë=ëÜçìäÇ=ÄÉ=ëáÖåáÑáÅ~åíäó=êÉÇìÅÉÇK=

qÜÉ= ëÉÅçåÇ= ~êÉ~= ïÜÉêÉ= ÄÉåÉÑáíë= ëÜçìäÇ= ~ÅÅêìÉ= áë= áå= íÜÉ= ~Äáäáíó= íç= ìëÉ= äÉëë= çéíáãáëÉÇ=
ãçÇÉäë=íç=éêçÇìÅÉ=êÉëìäíë=áå=~=ìëÉÑìä=íáãÉ=Ñê~ãÉK=qÜáë=ëÜçìäÇ=~ääçï=Ñ~ëíÉê=ãÉëÜáåÖ=íáãÉë=
íç=ÄÉ=~ÅÜáÉîÉÇ=~åÇ=ëáÖåáÑáÅ~åíäó=êÉÇìÅÉ= íÜÉ=Åçëíë=çÑ=ÖÉåÉê~íáåÖ=ãçÇÉäëK= fí= áë= íÜáë=~ëéÉÅí=
ïÜáÅÜ= ëÜçìäÇ= ~ééÉ~ä= íç= íÜÉ= äÉëë= ÑêÉèìÉåí= ìëÉêë= çÑ= ãçÇÉääáåÖ= ~ë= íÜÉ= çîÉê~ää= Åçëíë= ïáää=
êÉÇìÅÉ= ~äíÜçìÖÜ= íÜÉ= Åçãéìí~íáçå~ä= Åçëí= áë= ÉñéÉÅíÉÇ= íç= êÉã~áå= ëáãáä~ê= ~ë= íÜÉ= `mr=
ìíáäáë~íáçå=ïáää=êÉã~áå=ä~êÖÉäó=ìå~ÑÑÉÅíÉÇK=
 

PKRKQ= qÉëí=Å~ëÉ=

qÜÉ= ~ÄçîÉ= ÇáëÅìëëáçå= ÜáÖÜäáÖÜíë= íÜÉ= ÅìêêÉåí= áëëìÉë= ~åÇ= ~ëéáê~íáçåë= Ñçê= íÜÉ= ÅçìéäÉÇ=
ëíêìÅíìê~ä=~åÇ=~ÅçìëíáÅ=ãçÇÉäëK=qÜÉ=êÉèìáêÉãÉåíë=Ñçê=íÜÉ=íÉëí=Å~ëÉ=ïÉêÉ=íÜÉêÉÑçêÉ=Çê~ïå=
ìé=íç=êÉÑäÉÅí=ÄçíÜ=íÜÉ=ÅìêêÉåí=áëëìÉë=~åÇ=ÉñéÉÅíÉÇ=ìëÉë=çÑ=íÜÉ=ÅçÇÉ=ëÜçìäÇ=íÜÉ=ÄÉåÉÑáíë=ÄÉ=
~ë=ëáÖåáÑáÅ~åí=~ë=ÉñéÉÅíÉÇK=qÜÉ=ãçÇÉä=ëáòÉ=ï~ë=ÅÜçëÉå=íç=ÄÉ=íóéáÅ~ä=çÑ=~=ëã~ää=~ìíçãçíáîÉ=
ÅçãéçåÉåí=çê=~=äáãáíÉÇ=ãçÇÉä=çÑ=~=îÉÜáÅäÉ=~åÇ=íÜÉ=ãÉëÜ=ï~ë=ÖÉåÉê~íÉÇ=ìëáåÖ=ãÉíÜçÇë=
ïÜáÅÜ=ïÉêÉ=äÉëë=íÜ~å=çéíáãìãI=éêçÇìÅáåÖ=~=ä~êÖÉê=ãçÇÉä=ÖÉåÉê~íÉÇ=áå=~=~=ëáÖåáÑáÅ~åíäó=
êÉÇìÅÉÇ=íáãÉK=

qÜÉ= íÉëí= Å~ëÉ= ÅÜçëÉå=ï~ë= ~= îÉÜáÅäÉ= áåí~âÉ= ëóëíÉã= ÅçåëáëíáåÖ= çÑ= íïç= ÇìÅíë= ~åÇ= ~= ä~êÖÉ=
ÅÉåíê~ä=~áê=ÅäÉ~åÉê=ÄçñK=qÜÉ=áåíÉêáçê=çÑ=íÜÉ=ëóëíÉã=ï~ë=ãçÇÉääÉÇ=ìëáåÖ=Pa=~ÅçìëíáÅ=ÑáåáíÉ=
ÉäÉãÉåíë=ïáíÜ=íÜÉ=ëíêìÅíìêÉ=ãçÇÉääÉÇ=ìëáåÖ=ëÜÉää=~åÇ=ÄÉ~ã=ÉäÉãÉåíëK=qÜÉ=ÉñíÉêáçê=çÑ=íÜÉ=
ëíêìÅíìêÉ= ï~ë= ÅçîÉêÉÇ= ïáíÜ= ~= ÄçìåÇ~êó= ÉäÉãÉåí= ~ë= íÜÉ= éìêéçëÉ= çÑ= íÜÉ=ãçÇÉä= ï~ë= íç=
Å~äÅìä~íÉ=íÜÉ=ê~Çá~íÉÇ=åçáëÉI=ÄçíÜ=Ñêçã=íÜÉ=ëìêÑ~ÅÉ=~åÇ=íÜÉ=áåí~âÉ=çêáÑáÅÉK=få=ÖÉåÉê~ä=íÜÉ=
ÄçìåÇ~êó=ÉäÉãÉåí=é~íÅÜÉë=Ü~Ç=çåÉ= íç=çåÉ=Éèìáî~äÉåÅÉ= íç= íÜÉ=ëìêÑ~ÅÉ=ëÜÉää= ÉäÉãÉåíë=~ë=
íÜáë= êÉéêÉëÉåíë= ~= ê~éáÇI= íÜçìÖÜ= äÉëë= ÉÑÑáÅáÉåí= ï~óI= çÑ= éêçÇìÅáåÖ= íÜÉ= ãÉëÜK= qÜÉ= Pa=
~ÅçìëíáÅ=ÉäÉãÉåíë=ïÉêÉ=äáåÉ~ê=~ë=íÜÉ=ãÉëÜáåÖ=áë=Ñ~ëíÉê=Ñçê=~=ÖáîÉå=ÖÉçãÉíêó=~åÇ=íÜÉ=Ñáå~ä=
ãçÇÉä=ëáòÉ=áë=êÉÇìÅÉÇK=

få=íçí~ä=íÜÉ=ãçÇÉä=Åçåëáëíë=çÑ=WJ=

=PSUM=Pa=äáåÉ~ê=~ÅçìëíáÅ=cb=ÉäÉãÉåíë=

=ONMM=Oa=èì~Çê~íáÅ=ëÜÉää=ÉäÉãÉåíë=

=OMMM=nì~Çê~íáÅ=ÄçìåÇ~êó=ÉäÉãÉåí=é~íÅÜÉë=

qÜÉ=ãçÇÉä=ï~ë= êìå= áå=O= ëí~ÖÉëK=qÜÉ= Ñáêëí= ëí~ÖÉ=ï~ë=~=ÅçìéäÉÇ=ëçäìíáçå=çÑ= íÜÉ=ëíêìÅíìêÉ=
~åÇ= áíÛë= áåíÉêáçê= ~ÅçìëíáÅ= îçäìãÉK= qÜÉ= ëÉÅçåÇ= ëí~ÖÉ=ï~ë= ~= ëçäìíáçå= çÑ= íÜÉ= _b= éêçÄäÉã=
ìëáåÖ=íÜÉ=ëíêìÅíìê~ä=êÉëéçåëÉ=Ñêçã=íÜÉ=éêÉîáçìë=ëíÉéK=qÜáë=~ääçïÉÇ=~å=~ëëÉëëãÉåí=çÑ=íÜÉ=
é~ê~ääÉä=ÅçÇÉ=íç=ÄÉ=ã~ÇÉ=Ñçê=íÜÉ=cb=~åÇ=_b=ãÉíÜçÇë=ëÉéÉê~íÉäóK=

PKRKR= oÉëìäíë=

qÜÉ=áãéêçîÉãÉåíë=áå=ëçäìíáçå=íáãÉ=Ñçê=íÜÉ=cb=~åÇ=_b=ëí~ÖÉë=~êÉ=ëÜçïå=áå=ÑáÖìêÉë=N=~åÇ=O=
êÉëéÉÅíáîÉäóK=qÜÉëÉ=~êÉ=Ä~ëÉÇ=çå=íÜÉ=íáãÉë=êÉèìáêÉÇ=íç=ëçäîÉ=íÜÉ=ëóëíÉã=Éèì~íáçåë=ê~íÜÉê=
íÜ~å=íÜÉ=íçí~ä=êìå=íáãÉë=~åÇ=ëç=êÉéêÉëÉåí=çåäó=íÜÉ=é~ê~ääÉäáëÉÇ=ëÉÅíáçå=çÑ=íÜÉ=éêçÅÉëëK=
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^ë= Å~å= ÄÉ= ëÉÉå= Ñêçã= ÑáÖKN= íÜÉ= ëéÉÉÇ= ìé= Ñçê= íÜÉ= cb= ëçäìíáçå=ï~ë= äáãáíÉÇ= íç= ~= Ñ~Åíçê= çÑ=
~ééêçñáã~íÉäó= íÜêÉÉI=ïáíÜ= ~=ã~ñáãìã= ÉÑÑáÅáÉåÅó= ÄÉáåÖ= ~ÅÜáÉîÉÇ=ïáíÜ= P= éêçÅÉëëçêëK=^=
ëáåÖäÉ=éêçÅÉëëçê=êÉèìáêÉÇ=RQVO=ëÉÅçåÇë=íç=êìå=íÜêçìÖÜ=íÜÉ=Éèì~íáçå=ëçäìíáçå=éÜ~ëÉ=ïÜáäÉ=
P= éêçÅÉëëçêë= êÉÇìÅÉÇ= íÜáë= íç= OOSV= ëÉÅçåÇëX= ~= êÉÇìÅíáçå= çÑ= RVBK=qÜáë= éÜ~ëÉ= ÅçåëíáíìíÉÇ=
çåäó=QVB=çÑ=íÜÉ=íçí~ä=êìå=íáãÉ=ÜçïÉîÉêI=~ë=íÜÉ=áåáíá~ä=ëí~ÖÉëI=êÉèìáêÉÇ=íç=éêÉéêçÅÉëë=íÜÉ=
ãçÇÉäI= ïÉêÉ= ~äëç= ëáÖåáÑáÅ~åíK= qÜÉ= áãéêçîÉãÉåí= áå= íÜÉ= íçí~ä= êìå= íáãÉ= ï~ë= íÜÉêÉÑçêÉ=
äáãáíÉÇ=íç=OOBK==

dêÉ~íÉê=ÉÑÑáÅáÉåÅáÉë=ïÉêÉ=~ÅÜáÉîÉÇ=Ñçê=íÜÉ=_b=éêçÄäÉãI=ÜçïÉîÉêI=ïáíÜ=êÉÇìÅíáçåë=çÑ=URB=
ïÜÉå= ìëáåÖ= U= éêçÅÉëëçêëK= qÜÉ=ãçëí= ÉÑÑÉÅíáîÉ= ëçäìíáçå=ï~ë= ~ÅÜáÉîÉÇ=ïáíÜ= S= éêçÅÉëëçêë=
~åÇ=~=êÉÇìÅíáçå=çÑ=UOB=áå=íÜÉ=ëçäìíáçå=íáãÉX=çå=~=ëáåÖäÉ=éêçÅÉëëçê=íÜÉ=Éèì~íáçå=ëçäìíáçå=
êÉèìáêÉÇ=OOOQM=ëÉÅçåÇë=êÉÇìÅáåÖ=íç=PVMM=ëÉÅçåÇë=ïÜÉå=S=éêçÅÉëëçêë=ïÉêÉ=ìëÉÇK=råäáâÉ=
íÜÉ= cb= ãçÇÉä= íÜáë= áãéêçîÉãÉåí= ï~ë= Å~êêáÉÇ= íÜêçìÖÜ= íç= íÜÉ= íçí~ä= êìå= íáãÉ= ~ë= íÜÉ=
~ÇÇáíáçå~äI= ëÉêá~ä= éêçÅÉëëáåÖ= êÉèìáêÉãÉåíë= ïÉêÉ= ãáåáã~äK= = qÜÉêÉ= ï~ë= ~äëç= ~= OUB=
êÉÇìÅíáçå=áå=íÜÉ=ëáòÉ=çÑ=íÜÉ=áåíÉêãÉÇá~íÉ=Ç~í~=ëíçê~ÖÉ=ÑáäÉI=ëçãÉíÜáåÖ=íÜ~í=ÇáÇ=åçí=çÅÅìê=
ïáíÜ=íÜÉ=cb=ëí~ÖÉK==

cçê=íÜÉ=ÅçãéäÉíÉ=ãçÇÉäI=ïÜÉêÉ=ïÉ=Ü~îÉ=ÄçíÜ=íÜÉ=cb=~åÇ=_b=ëí~ÖÉëI=íÜÉ=íçí~ä=êìå=íáãÉ=Ü~ë=
êÉÇìÅÉÇ= Ñêçã= PQMMM= ëÉÅçåÇë= íç= NOQPT= ëÉÅçåÇëX= ~= êÉÇìÅíáçå= çÑ= SQBK= qÜáë= áë= ÇìÉ= íç= íÜÉ=
Ççãáå~åÅÉ= çÑ= íÜÉ= _b= ëçäìíáçå= íáãÉë= áå= íÜÉ= íçí~ä= êìå= íáãÉ= ~åÇ= íÜÉ= ä~êÖÉ= áãéêçîÉãÉåí=
çÄí~áåÉÇ=áå=íÜáë=ëí~ÖÉK=

Speed up with no. processors
SG Power Challenge

Coupled FE calculation
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Speed up with No. Processors
SG Power Challenge

Exterior BE calculation
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Fig 2 

PKRKS= `çåÅäìëáçåë=

qÜÉ= áåÅêÉ~ëÉ= áå= ëéÉÉÇ= ~ÅÜáÉîÉÇ= ïáíÜ= íÜÉ= é~ê~ääÉä= ÅçÇÉ= áë= ëìÑÑáÅáÉåí= íç= ~ääçï= ä~êÖÉ= _b=
ãçÇÉäë=íç=ÄÉ=~=ãçêÉ=éê~ÅíáÅ~ä=éêçéçëáíáçåK=qÜÉ=áåÅêÉ~ëÉ=~ÅÜáÉîÉÇ=Ñçê=íÜÉ=cb=ãçÇÉä=áë=äÉëë=
ëáÖåáÑáÅ~åí=~åÇI=ïÜÉå=ÅçåëáÇÉêáåÖ=íÜÉ=Ñìää=êìå=íáãÉI=íÜÉêÉ=áë=çåäó=~=ëã~ää=ÄÉåÉÑáí=ïáíÜ=íÜÉ=
é~ê~ääÉä=ÅçÇÉK=^äíÜçìÖÜ=íÜáë=ÅçìäÇ=ëíáää=ã~âÉ=íÜÉ=éêçÅÉÇìêÉ=ãçêÉ=~ííê~ÅíáîÉ=áí=áë=äáâÉäó=íç=
Ü~îÉ=äáãáíÉÇ=áãé~Åí=çå=íÜÉ=ìíáäáë~íáçå=çÑ=íÜÉ=ÅçÇÉK=

qÜÉ= ÄÉåÉÑáí= íç= íÜÉ= _b= ãÉíÜçÇI= ÜçïÉîÉêI= áë= ä~êÖÉ= ~åÇ= íÜÉ= ãÉíÜçÇ= ÄÉÅçãÉë= Ñ~ê= ãçêÉ=
~ííê~ÅíáîÉK=qÜÉ= êÉÇìÅíáçå= áå= ëçäìíáçå= íáãÉ= ëìÖÖÉëíë= íÜ~í= ~å=~ìíçJãÉëÜÉÇ=ëìêÑ~ÅÉ=ïáíÜ=~=
ÜáÖÜÉê=åìãÄÉê=çÑ= ÉäÉãÉåíë= áë= ëíáää= ~=éê~ÅíáÅ~ä= íççäI= ~åÇ= íÜÉ=ìëÉ=çÑ=ãçêÉ=éêçÅÉëëçêë= Å~å=
É~ëáäó=ÅçãéÉåë~íÉ=Ñçê=íÜÉ=äÉëë=ÉÑÑáÅáÉåí=ãÉëÜK==

qÜÉ=çîÉê~ää=áãéêçîÉãÉåí=áå=íÜÉ=êìå=íáãÉ=çÑ=íÜÉ=ÅçãÄáåÉÇ=cbL_b=ãçÇÉäI=~ééêçñáã~íÉäó=
SRB=ïáíÜ= S=éêçÅÉëëçêëI=ãÉ~åë= íÜ~í= Ñ~ê= ä~êÖÉê=ãçÇÉäë= Å~å=ÄÉ= êìå=ïáíÜáå= íÜÉ= ë~ãÉ= íáãÉ=
Ñê~ãÉ=~ë=íÜÉ=ÅìêêÉåí=ãçÇÉäëK=qÜìë=íÜÉ=ìëÉ=çÑ=~ìíçãÉëÜáåÖ=ÄÉÅçãÉë=~ÅÅÉéí~ÄäÉ=~ë=íÜÉ=êìå=
íáãÉ=éÉå~äíó=áë=êÉãçîÉÇK=qÜáë=ëÜçìäÇ=~ääçï=~=ëáÖåáÑáÅ~åí=êÉÇìÅíáçå=áå=ãçÇÉä=éêÉé~ê~íáçå=
Åçëíë=~åÇ=~ääçï=ãçÇÉääáåÖ=íÉÅÜåáèìÉë=íç=ìëÉÇ=çå=ã~åó=éêçàÉÅíë=ïÜÉêÉ=áí=áë=ÅìêêÉåíäó=íçç=
ÉñéÉåëáîÉK=
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Q= aáëëÉãáå~íáçå=

QKN=`çåÑÉêÉåÅÉ=L=gçìêå~ä=mìÄäáÅ~íáçåë=~åÇ=íÜÉ=ttt=

qÜÉêÉ= ~êÉ= éêçàÉÅí= ttt= é~ÖÉë= ïÜáÅÜ= ïÉêÉ= ~Çãáåáëíê~íÉÇ= Äó= íÜÉ= m^`K= qÜÉó= Å~å= ÄÉ=
ÑçìåÇ=~í=ÜííéWLLïïïKé~ÅKëçíçåK~ÅKìâLé~Å~åJÇ

qÜÉ=ÑçääçïáåÖ=~êÉ=~=äáëí=çÑ=éìÄäáÅ~íáçåë=ïÜÉêÉ=êÉëìäíë=Ñêçã=íÜÉ=m^`^kJa=éêçàÉÅí=Å~å=ÄÉ=
ÑçìåÇK=
• Porting Legacy Engineering Applications onto Distributed NT Systems 

Allsopp_NK, Cooper_TC, Ftakas_P, Macey_PC 
3rd USENIX Windows NT Symposium, July 12-14 Seattle. This paper was 
accepted for presentation. D.A. Nicole will present the results. 

 
• Parallel Computing on Windows NT Clusters 

Takeda_K, Allsopp_NK, Hardwick_JC, Macey_PC, Caton_MJ, Nicole_DA, 
Cox_SJ, Lancaster_DJ. 
3rd USENIX Windows NT Symposium, July 12-14 Seattle. This was 
accepted as a poster. 

 
• Applications of High Performance Computing Network Techniques to 

Analysis of Submerged Structures. 
Macey_PC, Allsopp_NK, Gill_AS 
Undersea Defence Technology Europe 99, Nice 29th June-1st July 9th 
Paper accepted as a poster and will be presented by P.C. Macey.  

 
• An Assessment of MPI Environments for Windows NT 

Takeda_K, Allsopp_NK, Hardwick_JC, Macey_PC, Nicole_DA, Cox_SJ, 
Lancaster_DJ. 
International Conference on Parallel and Distributed Processing 
Techniques and Applications (PDPTA'99), 28 June - 1 July 99 Las 
Vagas. The paper will be presented by S.J. Cox.  

 
• Applications of High Performance Computing Network Techniques to 

Sonar Design. 
Macey_PC, Allsopp_NK, Gill_AS 
Sonar Transducers 99, Birmingham 19-21st April 1999 
P.C. Macey gave the paper presentation.  

 
• High Performance Computing Network Techniques for Vibroacoustic 

Analysis: Audio Applications. 
Macey_PC, Wright_JR, Allsopp_NK 
106th Audio Engineering Society Convention, Munich 8-11th May 1999 
P.C. Macey gave the paper presentation. 

 
• High Performance Computing Network Techniques for Vibroacoustic 

Analysis. 
Macey_PC, Allsopp_NK, Gill_AS 
Proceedings of the Institute of Acoustics Vol 20 Part 5 1998    
"Reproduced Sound 14 Windermere". ISBN 1 901656 13 6, ISSN 0309 – 
8117. This presentation was given by P.C. Macey. 

 
 
 
^= ëìÅÅÉëë= ëíçêó= ~êíáÅäÉ= Ü~ë= ÄÉÉå= éìÄäáëÜÉÇ=ïáíÜáå= íÜÉ= àçìêå~ä= båÖáåÉÉêáåÖ= ^éêáä= NVVV=
ïÜáÅÜ=ÖáîÉë=~å=çîÉêîáÉï=çÑ=íÜÉ=m^`^kJa=éêçàÉÅíK=^ë=~=êÉëìäí=çÑ=íÜáë=~êíáÅäÉI=çåÉ=ÑçääçïJ
ìé=Åçåí~Åí=Ü~ë=ÄÉÉå=ã~ÇÉ=ïáíÜ=~å=áåÇìëíêá~ä=é~êíåÉêK=
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QKO=^ìíçãçíáîÉ=pÉÅíçê=dêçìé=

^=Çìê~ÄäÉ= Ñìää=Åçäçìê=éçëíÉêI= ä~ãáå~íÉÇ=áå=éä~ëíáÅ=ï~ë=éêçÇìÅÉÇK=qÜáë=ïáää=ÄÉ=ëÜçïå=~í=
íïç=~ìíçãçíáîÉ=ëÉÅíçê=Öêçìé=ÉîÉåíëK=qÜÉëÉ=~êÉW=

• fp^q^=ÛVV=fåíÉêå~íáçå~ä=póãéçëáìã=çå=^ìíçãçíáîÉ=qÉÅÜåçäçÖó=~åÇ=^ìíçã~íáçå=áå=
sáÉåå~=NQíÜ=Ó=NUíÜ=gìäó=NVVVK=fp^q^=ëí~åÇë=Ñçê=íÜÉ=kbq^mabu=~êÉ=Ü~îáåÖ=~=ëí~åÇ=~í=
íÜáë=ÉîÉåí=~åÇ=íÜÉ=m^`^kJa=éçëíÉê=ïáää=ÄÉ=éêÉëÉåíK=

• b^b`= = bìêçéÉ~å=^ìíçãçíáîÉ=`çåÖêÉëë= “sÉÜáÅäÉ= ëóëíÉãë=qÉÅÜåçäçÖó= Ñçê= íÜÉ=kÉñí=
`ÉåíìêóÒ=PMíÜ= gìåÉ=Ó=OåÇ= gìäó=NVVV= áå=_~êÅÉäçå~K=`b_o^=~êÉ=Ü~îáåÖ=~=ëí~åÇ=~åÇ= íÜÉ=
m^`^kJa=éçëíÉê=ïáää=ÄÉ=éêÉëÉåíÉÇK=

QKP=k^cbjp=tçêâëÜçé=

qÜÉ= m^`= ÜÉäÇ= ~= k^cbjp= ïçêâëÜçé= ÉåíáíäÉÇ= D`Ü~åÖáåÖ= íÜÉ= ï~ó= ïÉ= ìëÉ= ëáãìä~íáçåD=
ïÜÉêÉ=íÜÉ=êÉëìäíë=çÑ=m^`^kJa=ïÉêÉ=ÇáëÅìëëÉÇK==qÜÉ=í~êÖÉí=~ìÇáÉåÅÉ=Ñçê=íÜáë=ÉîÉåí=ï~ë=
cb= éê~ÅíáíáçåÉêë= áå= áåÇìëíêó= ~åÇ= cb= ëçÑíï~êÉ= ÇÉîÉäçéÉêëK= oÉëìäíë= Ñêçã= íÜÉ= m^`^kJa=
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