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QK= qÜÉó=Ü~îÉ=ëé~êÉ=ÅçãéìíáåÖ=Å~é~Åáíó=çîÉêåáÖÜí=ïÜÉå=íÜÉáê=ÇÉëâíçé=ã~ÅÜáåÉë=~êÉ=åçí=

ÄÉáåÖ=ìëÉÇK=

NVVVJORVSKÇçÅ= «=m^o^`ljm=`çåëçêíáìãI=NVVV= =



 

`çåíÉåíë=
=

fåíêçÇìÅíáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK á=

^Äëíê~Åí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK á=

póåçéëáë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK á=

bñÉÅìíáîÉ=pìãã~êó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKááá=

N= pí~íÉ=çÑ=íÜÉ=^êí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK N=

NKN= qÜÉ=åìãÉêáÅ~ä=~å~äóëáë=çÑ=ÅçãéçëáíÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK N=

NKO= m~ê~ääÉä=cb=çå=kq=ÅäìëíÉêëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK N=

NKP= `çãéìí~íáçå~ä=oÉëçìêÅÉ=j~å~ÖÉãÉåí=íççäë=Ñçê=kq KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK O=

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

OK= ^ééêç~ÅÜ=í~âÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK P=

OKN= qÜÉ=ÇÉîÉäçéãÉåí=çÑ=åçåJäáåÉ~ê=ëìéÉêJÉäÉãÉåíëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK P=

OKO= qÜÉ=éçêí=çÑ=fåíêÉéáÇ=íç=kq KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK P=

OKP= fåíÉêÑ~ÅáåÖ=fåíêÉéáÇ=ïáíÜ=iìë~ë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK R=

OKQ= iç~Ç=_~ä~åÅáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK R=

OKR= qÜÉ=jÉëëáÉêJaçïíó=íÉëí=Å~ëÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK S=

P= oÉëìäíëI=^ÅÜáÉîÉãÉåíë=~åÇ=_ÉåÉÑáíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK T=

PKN= iç~Ç=Ä~ä~åÅáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK T=

PKO= mÉêÑçêã~åÅÉ=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK T=

PKOKN= qÜÉ=Åçåíêçäë=~åÇ=Öç~äë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK T=
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PKP= rëÉê=~ëëÉëëãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK V=

Q= aÉîÉäçéãÉåíë=ïáíÜáå=íÜÉ=äáÑÉíáãÉ=çÑ=íÜÉ=éêçàÉÅí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NM=

R= aáëëÉãáå~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NO=

RKN= qÉÅÜåáÅ~ä=m~éÉêëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NO=
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RKO= aáëëÉãáå~íáçå=bîÉåíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NO=

RKP= kÉïëäÉííÉê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NO=

RKQ= bñéäçáí~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NO=

S= `çåÅäìëáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NP=

SKN= fåíêçÇìÅíáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NP=

SKO= m~ê~ääÉä=cb=çå=kq=J=äçïJÅçëí=é~ê~ääÉä=ÑáåáíÉ=ÉäÉãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NP=

SKP= oÉëçìêÅÉ=j~å~ÖÉãÉåí=çå=kq=J=ÅçÇÉ=ã~áåíÉå~åÅÉ=~åÇ=ìë~ÄáäáíóKKKKKKKKKKKKKKKKKKKKKKKKKK NP=

SKQ= _ìëáåÉëë=ãçÇÉä=~åÇ=ÄìëáåÉëë=ÄÉåÉÑáíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NQ=

T= bñéäçáí~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NQ=

U= `çåí~Åí=ÇÉí~áäë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NR=

=
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N= pí~íÉ=çÑ=íÜÉ=^êí=

NKN= qÜÉ=åìãÉêáÅ~ä=~å~äóëáë=çÑ=ÅçãéçëáíÉë=

qÜÉ= íÉÅÜåáèìÉë= Ñçê= éÉêÑçêãáåÖ= íÜÉ= åìãÉêáÅ~ä= ~å~äóëáë= çÑ= ÅçãéçëáíÉë= ~êÉ= ëíáää= ÄÉáåÖ=
ÇÉîÉäçéÉÇK=`çãéçëáíÉ=ã~íÉêá~äë= ~êÉ=ã~ÇÉ=ìé=çÑ= ä~óÉêë=çÑ= ÑáÄêÉ=ÜÉäÇ= íçÖÉíÜÉê=Äó= êÉëáåK=
táíÜáå=~åó=çåÉ=ä~óÉê=íÜÉ=ÑáÄêÉë=~êÉ=é~ê~ääÉäI=Äìí=ÇáÑÑÉêÉåí=ä~óÉêë=Ü~îÉ=ÑáÄêÉë=çÑ=ÇáÑÑÉêÉåí=
çêáÉåí~íáçåK=cçê=~=ãçÇÉä=ëìÅÜ=~ë=jÉëëáÉêJaçïíóDëI=íÜÉ=ÅçÇÉ=ãìëí=ÇÉ~ä=ïáíÜ=

NK= kçåJäáåÉ~ê=ÖÉçãÉíêáÅ~ä=ÄÉÜ~îáçìê=çÑ=íÜÉ=ïÜçäÉ=éáÉÅÉ=

OK= kçåJäáåÉ~ê=ÄÉÜ~îáçìê=ïáíÜáå=~=ä~óÉê=

PK= aÉä~ãáå~íáçå=EïÜÉêÉ=ä~óÉêë=çÑ=ÑáÄêÉ=ëÉé~ê~íÉF=

^í= íÜÉ= ëí~êí= çÑ= íÜÉ= éêçàÉÅíI= íÜÉ= ÅçÇÉ= Ñêçã= cb^= ï~ë= ~ÄäÉ= íç= ãçÇÉä= É~ÅÜ= çÑ= íÜÉëÉ=
áåÇáîáÇì~ääóI=Äìí=åçí=~ää=áå=çåÉ=éêçÄäÉãK=qÜáë=áë=çÄîáçìëäó=~=éêçÄäÉã=íç=íÜÉ=ÉåÖáåÉÉêë=~í=
jÉëëáÉêJaçïíóI= ïÜç= åÉÉÇ= íç= ÄÉ= ~ÄäÉ= íç= ÅçåëáÇÉê= íÜÉ= ÉÑÑÉÅíë= çÑ= ~ää= íÜêÉÉ= íóéÉë= çÑ=
ÄÉÜ~îáçìê=~í=íÜÉ=ë~ãÉ=íáãÉK=

jÉëëáÉêJaçïíó=ìëÉ=cb=~å~äóëáë= íç=ãçÇÉä= íÜÉ=ÄÉÜ~îáçìê=çÑ=~=ïÜçäÉ= ê~åÖÉ=çÑ=éêçÄäÉãëI=
Ñêçã=ëã~ää=ÅçãéçåÉåíë=íç=Ñìää=ÄçÇáÉëK=qÜáë=ãçÇÉääáåÖ=ïçêâ=áë=Å~êêáÉÇ=çìí=íç=~ÇÇ=î~äìÉ=íç=
íÜÉ=éÜóëáÅ~ä=íÉëíáåÖ=íÜ~í=íÜÉó=ÇçK=qÜÉ=åìãÉêáÅ~ä=ãçÇÉäë=Å~å=éêçîáÇÉ=áåÑçêã~íáçå=~Äçìí=
ïÜÉêÉ= Ñ~áäìêÉ= çÑ= ~= éáÉÅÉ= ïáää= ëí~êí= ~åÇ= Üçï= áí= áë= äáâÉäó= íç= éêçé~Ö~íÉ= íÜêçìÖÜ= íÜÉ=
ÅçãéçåÉåíK=eçïÉîÉê=ÅçãéçëáíÉ=cb=~å~äóëáë=í~âÉë=~=äçåÖ=íáãÉK=qÜÉ=ÇÉîÉäçéãÉåí=çÑ=î~äáÇ=
ãçÇÉäë= áë= ~= äÉåÖíÜó= éêçÅÉëëI= ~åÇ= ÉîÉå= ïÜÉå= Ñáå~äáëÉÇI= íÜÉ= áíÉê~íáîÉ= å~íìêÉ= çÑ= íÜÉ=
ãçÇÉääáåÖ=ãÉ~åë=íÜ~í=íÜÉ=ÉñÉÅìíáçå=çÑ=~=éêçÄäÉã=Å~å=í~âÉ=~åóíÜáåÖ=Ñêçã=Ç~óë=íç=ïÉÉâëK=

^í= éêÉëÉåí= jÉëëáÉêJaçïíó= Å~êêó= çìí= íÜÉáê= ãçÇÉääáåÖ= ïçêâ= çå= ÇÉÇáÅ~íÉÇ= kq=
ïçêâëí~íáçåëK==

NKO= m~ê~ääÉä=cb=çå=kq=ÅäìëíÉêë=

^í= íÜÉ= ëí~êí= çÑ= íÜÉ=éêçàÉÅíI=ã~åó=cb= ëçäîÉêë=ïÉêÉ=~î~áä~ÄäÉ=çå=kq=ã~ÅÜáåÉëK=eçïÉîÉê=
é~ê~ääÉä=ÅçÇÉë=ïÉêÉ=~äãçëí=ÉñÅäìëáîÉäó=~î~áä~ÄäÉ=çåäó=çå=råáñ=ã~ÅÜáåÉëK=qÜÉ=ìëÉ=çÑ=kq=
ã~ÅÜáåÉë= Ñçê= êìååáåÖ= é~ê~ääÉä= àçÄë= ï~ë= ëÉÉå= ~ë= åçí= ÄÉáåÖ= ÑÉ~ëáÄäÉ= Ñçê= íÜÉ= ÑçääçïáåÖ=
êÉ~ëçåë=

• päçï= áåíÉêÅçååÉÅí= ëéÉÉÇë= çå= ÇáëíêáÄìíÉÇ= ÅäìëíÉêëK= qÜáë= áë= ~= éêçÄäÉã= íÜ~í= ~ééäáÉë=
Éèì~ääó=íç=ÅäìëíÉêë=çÑ=råáñ=ïçêâëí~íáçåëK=

• i~Åâ=çÑ=ëìééçêíÉÇ=äáÄê~êáÉë=íç=Éå~ÄäÉ=é~ê~ääÉä=ÅçãéìíáåÖK=

• j~êâÉí=áåÉêíá~=ëíáää=Ñ~îçìêÉÇ=råáñ=~ë=íÜÉ=ÇÉÑ~ìäí=çéÉê~íáåÖ=ëóëíÉã=Ñçê=ëÅáÉåíáÑáÅ=ïçêâ=

rëÉêë=çÑ=åìãÉêáÅ~ä=~å~äóëáë=Ñ~ää=áåíç=íÜêÉÉ=Ä~ëáÅ=Å~íÉÖçêáÉëX=

• i~êÖÉ=Åçãé~åáÉë=ïÜç=Ü~îÉ=íÉ~ãë=çÑ=ÉñéÉêíë=ëéÉÅá~äáëáåÖ=áå=ÇáÑÑÉêÉåí=íÉÅÜåáèìÉë=

• pã~ää=íç=ãÉÇáìã=ëáòÉ=Åçãé~åáÉë=ïÜç=Ü~îÉ=ëã~ää=íÉ~ãë=çÑ=çåÉ=çê=íïç=éÉçéäÉ=ÉñéÉêí=
áå=íÉÅÜåáèìÉë=ÅçêÉ=íç=íÜÉ=Åçãé~åó=ÄìëáåÉëëK=

• `çåëìäí~åÅó=ÜçìëÉë=ïÜáÅÜ=Ü~îÉ=ÉñéÉêíáëÉ=áå=~=åìãÄÉê=çÑ=ÇáÑÑÉêÉåí=íÉÅÜåáèìÉë=

qÜÉ=ÅçãéìíáåÖ=åÉÉÇë=çÑ=íÜÉëÉ=çêÖ~åáë~íáçåë=î~êó=ÅçåëáÇÉê~ÄäóK=i~êÖÉ=áåîÉëíçêë=íóéáÅ~ääó=
ìëÉ= ä~êÖÉ= é~ê~ääÉä= ã~ÅÜáåÉë= Ñçê= íÜÉ= Åçãéìí~íáçå~ääó= áåíÉåëáîÉ= ~å~äóëáëI= ïáíÜ= ÇÉëâíçé=
êÉëçìêÅÉë=ìëÉÇ=Ñçê=éêÉJ=~åÇ=éçëíJ=éêçÅÉëëáåÖK=qÜÉ=é~ê~ääÉä=êÉëçìêÅÉ=áë=ÅçåíêçääÉÇ=Äó=ëçãÉ=
âáåÇ=çÑ=êÉëçìêÅÉ=ã~å~ÖÉãÉåí=ëçäìíáçåK=pã~ää=íç=ãÉÇáìã=ëáòÉ=Åçãé~åáÉë=ìëì~ääó=Ü~îÉ=~=
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ÅäìëíÉê= çÑ=`^a=ïçêâëí~íáçåëK= qÜÉ= ëáãìä~íáçå= ÉñéÉêíë= êìå= íÜÉáê= àçÄë= ÉáíÜÉê=çå= ~= ëáãáä~ê=
ã~ÅÜáåÉ=EïáíÜ=éÉêÜ~éë=~å=Éñíê~=éêçÅÉëëçê=~åÇ=Éñíê~=ÇáëâF=çê=çå=~=äçï=Åçëí=pjm=éä~íÑçêãK==
qÜÉ= ÅäìëíÉê= áë= ëçãÉíáãÉë= ìëÉÇ= çîÉêJåáÖÜí= ~åÇ= áå= íÜ~í= Å~ëÉ= íÜÉ= äçÅ~ä= çïåÉêë= çÑ= íÜÉ=
ã~ÅÜáåÉë= ã~å~ÖÉ= Üçï= àçÄë= ~êÉ= êìåK= `çåëìäí~åÅó= ÜçìëÉë= ~êÉ= ãçêÉ= äáâÉ= íÜÉ= ëã~ää= íç=
ãÉÇáìã=ëáòÉ=Åçãé~åáÉëK=eçïÉîÉê=íÜÉó=~êÉ=äáâÉäó=íç=Ü~îÉ=~=ëã~ääÉê=éççä=çÑ=`^a=ëí~íáçåë=
~î~áä~ÄäÉ=Ñçê=ìëÉ=çîÉêåáÖÜíK=

jÉëëáÉêJaçïíó=Ñ~ääë=áåíç=íÜÉ=ãáÇÇäÉ=Å~íÉÖçêóK=qÜÉó=ïáëÜ=íç=ÄÉ=~ÄäÉ=íç=ìëÉ=ëé~êÉ=êÉëçìêÅÉI=
Äìí= ~í= íÜÉ= ë~ãÉ= íáãÉ= âÉÉé= íÜÉ=ã~ÅÜáåÉë= áå= íÜÉ= ÅäìëíÉê= Ñáêãäó=ìåÇÉê= íÜÉ= Åçåíêçä= çÑ= íÜÉ=
ÉåÖáåÉÉêë=ïÜç=ìëÉ=íÜÉã=Ç~óJíçJÇ~óK=cçê=jÉëëáÉêJaçïíóI=íÜÉåI=íÜÉ=áëëìÉ=áë=çåÉ=çÑ=ÄÉáåÖ=
~ÄäÉ=íç=Öì~ê~åíÉÉ=íÜ~í=àçÄë=ëìÄãáííÉÇ=íç=íÜÉ=ÅäìëíÉê=~êÉ=çåäó=ÉñÉÅìíÉÇ=çîÉêåáÖÜí=~åÇ=íÜ~í=
íÜÉ=ìëÉê=áë=~ÄäÉ=íç=ÅçåíáåìÉ=ìëáåÖ=íÜÉ=ã~ÅÜáåÉ=ÇìêáåÖ=íÜÉ=Ç~óK==

NKP= `çãéìí~íáçå~ä=oÉëçìêÅÉ=j~å~ÖÉãÉåí=íççäë=Ñçê=kq=

`çãéìí~íáçå~ä= êÉëçìêÅÉ= ã~å~ÖÉãÉåí= íççäë= EïÜáÅÜ= Å~å= ã~å~ÖÉ= íÜÉ= ÉñÉÅìíáçå= çÑ=
ÜÉíÉêçÖÉåÉçìë= äç~Çë= çå= ÜÉíÉêçÖÉåÉçìë= ã~ÅÜáåÉëI= ~åÇ= ~í= íÜÉ= ë~ãÉ= íáãÉ= ÄÉ= ~ÄäÉ= íç=
ã~å~ÖÉ=Ç~í~=íê~åëÑÉêëF=Ñçê=kq=ïÉêÉ=åçí=~î~áä~ÄäÉ=~í=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅíK=fåÇÉÉÇ=Ñçê=~=
Åçãé~åó= ëìÅÜ=~ë=jÉëëáÉêJaçïíóI= íÜÉ= Åçëí=çÑ= áåîÉëíáåÖ= áå=~= êÉëçìêÅÉ=ã~å~ÖÉãÉåí= íççä=
àìëí=íç=êìå=é~ê~ääÉä=cb=~å~äóëáë=ï~ë=íçç=ÜáÖÜK=

qÜÉ=m^`=Ü~ë=~=êÉëçìêÅÉ=ã~å~ÖÉãÉåí=íççäI=fåíêÉéáÇI=ïÜáÅÜ=Ü~ë=ÄÉÉå=ÇÉîÉäçéÉÇ=Ñçê=råáñ=
ã~ÅÜáåÉë= EfofuI= ^fuI= pçä~êáë= ~åÇ= emJruFK= qÜÉ= íççä= ï~ë= ÇÉîÉäçéÉÇ= áå= íÜêÉÉ= bpmofq=
éêçàÉÅíë=Eem`Js^lI=qllipeba=~åÇ=moljbksfoF=íç=ã~å~ÖÉ=ÜÉíÉêçÖÉåÉçìë=ïçêâ=çå=
ëÜ~êÉÇ=êÉëçìêÅÉëK=^í=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅíI=áí=Ü~Ç=ÄÉÉå=ÇÉãçåëíê~íÉÇ=áå=íÜÉ=mêçãÉåîáê=
éêçàÉÅí=íç=ã~å~ÖÉ=~=t^k=ÉñéÉêáãÉåí=çÑ=NMMM=í~ëâë=çå=NMM=`mrë=~í=S=ëáíÉëK=

låÉ= çÑ= íÜÉ= áëëìÉë= áå= ÖçáåÖ= Ñêçã= ~= ëáåÖäÉ= ã~ÅÜáåÉ= EïÜÉêÉ= íÜÉ= ÉåÖáåÉÉê= ïÜç= êìåë= ÜÉ=
~å~äóëáë= çïåë= íÜÉ=ã~ÅÜáåÉF= íç= ~= ÅäìëíÉêÉÇ= ëçäìíáçå= áë= íÜ~í= ä~êÖÉ= àçÄë= ~êÉ= ÄÉáåÖ= êìå= çå=
ã~ÅÜáåÉë=ïÜáÅÜ=íÜÉ=ÉåÖáåÉÉê=ÇçÉë=åçí=åÉÅÉëë~êáäó=çïåK=få=çêÇÉê=Ñçê=jÉëëáÉêJaçïíó=íç=ÄÉ=
~ÄäÉ= íç=ã~å~ÖÉ=íÜáëI= áí=ï~ë=ÑÉäí=~ééêçéêá~íÉ=íç= áåÅçêéçê~íÉ=~=êÉëçìêÅÉ=ã~å~ÖÉãÉåí=íççä=
áåíç= íÜÉ=é~ê~ääÉä= ÅçÇÉK=qÜÉêÉÑçêÉ= áí=ï~ë=ÇÉÅáÇÉÇ= íç=éçêí= fåíêÉéáÇ= íç=kq=~åÇ= áåíÉÖê~íÉ= áí=
ïáíÜ=íÜÉ=irp^p=ëçäîÉêK==

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=^=é~ê~ääÉä= ÅçÇÉ= íóéáÅ~ääó= êÉèìáêÉë= ~í= äÉ~ëí=çåÉ=ÇÉîÉäçéÉê= Ñìää= íáãÉ= íç=
ã~áåí~áåI=~åÇ=Ñçê=~=ëã~ää=ëçÑíï~êÉ=ÜçìëÉ=ëìÅÜ=~ë=cb^=íÜáë=Å~å=ÄÉ=Ü~êÇ=íç=àìëíáÑóK=låÉ=çÑ=
íÜÉ=~áãë=çÑ=íÜÉ=m^o^`ljm=éêçàÉÅí=ï~ë=íç=ÇÉãçåëíê~íÉ=~=é~ê~ääÉäáë~íáçå=íÉÅÜåáèìÉ=íÜ~í=
ïçìäÇ= ÄÉ= ÅÜÉ~éÉê= íç=ã~áåí~áå= íÜ~å= ëí~åÇ~êÇ=é~ê~ääÉä= ÅçÇÉëI= Äó=ÄìáäÇáåÖ= áí= çå= ÉñáëíáåÖ=
ÑìåÅíáçå~äáíóK=
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OK= ^ééêç~ÅÜ=í~âÉå=
qÜÉ=~ééêç~ÅÜ=í~âÉå=áå=íÜÉ=éêçàÉÅí=ï~ë=íç=ÄìáäÇ=íÜÉ=é~ê~ääÉäáëã=ìëáåÖ=íÜÉ=ÉñáëíáåÖ=ëìéÉêJ
ÉäÉãÉåí=ÑìåÅíáçå~äáíó=çÑ=íÜÉ=irp^p=ÅçÇÉK=qÜáë=ÑìåÅíáçå~äáíó=~ääçïë=~=é~êí=çÑ=~=ãçÇÉä=EíÜÉ=
ëìéÉêJÉäÉãÉåíF=íç=ÄÉ=~å~äóëÉÇ=áåÇÉéÉåÇÉåíäó=Ñêçã=íÜÉ=êÉëí=çÑ=íÜÉ=ãçÇÉäK=qÜÉ=êÉëìäíë=~í=
É~ÅÜ=åçÇÉ=ïáíÜáå=íÜÉ=ëìéÉêJÉäÉãÉåí=~êÉ=ÉñéêÉëëÉÇ=áå=íÉêãë=çÑ=íÜÉ=î~äìÉë=çå=íÜÉ=áåíÉêÑ~ÅÉK=
pìéÉêJÉäÉãÉåíë=Ü~îÉ=~=åìãÄÉê=çÑ=ÇáÑÑÉêÉåí=ìëÉë=EÑçê=áåëí~åÅÉI=áÑ=~=ä~êÖÉ=é~êí=çÑ=íÜÉ=ãçÇÉä=
ÇçÉë=åçí=ÅÜ~åÖÉI=íÜÉó=~ääçï=íÜÉ=ëí~íáÅ=é~êí=çÑ=íÜÉ=éêçÄäÉã=íç=ÄÉ=êÉéêÉëÉåíÉÇ=Äó=~=ëìéÉêJ
ÉäÉãÉåíFK=cçê=íÜáë=êÉ~ëçå=íÜÉó=ïÉêÉ=~ííê~ÅíáîÉ=íç=ìëÉ=~ë=íÜÉ=íÜÉó=~êÉ=~äêÉ~Çó=ã~áåí~áåÉÇI=
íÜÉêÉÄó= êÉÇìÅáåÖ= íÜÉ= Åçëí= çÑ= ã~áåí~áåáåÖ= íÜÉ= é~ê~ääÉä= ÅçÇÉK= låÅÉ= íÜÉ= ëçäìíáçå= Ñçê= íÜÉ=
ëìéÉêJÉäÉãÉåí=áë=ÅçãéäÉíÉÇI=íÜÉ=ïÜçäÉ=ëçäìíáçå=áë=ÑçìåÇ=áå=~=ÖäçÄ~ä=çéÉê~íáçåK=

qÜÉ=éêçÅÉëë=çÑ=éÉêÑçêãáåÖ=~=ëìéÉêJÉäÉãÉåí=~å~äóëáë=áë=éÉêÑçêãÉÇ=~ë=Ñçääçïë=

NK= qÜÉ=cb=ã~íêáñ=áë=Å~äÅìä~íÉÇ=

OK= qÜÉ=ã~íêáñ=áë=êÉÇìÅÉÇ=íç=~=åÉ~êJÇá~Öçå~ä=Ñçêã=ïÜÉêÉ=É~ÅÜ=î~äìÉ=áë=ëíçêÉÇ=áå=íÉêãë=çÑ=
íÜÉ=î~äìÉë=çå=íÜÉ=áåíÉêÑ~ÅÉK=aìêáåÖ=íÜáë=éêçÅÉëëI=íÜÉ=êÉÇìÅÉÇ=é~êíë=çÑ=íÜÉ=ã~íêáñ=~êÉ=
ïêáííÉå=íç=ÇáëâK=

PK= qÜÉ=ÖäçÄ~ä=çéÉê~íáçå=áë=éÉêÑçêãÉÇI=ïÜÉêÉÄó=íÜÉ=êÉÇìÅÉÇ=ã~íêáÅÉë=~êÉ=~ëëÉãÄäÉÇ=~åÇ=
íÜÉå=êÉÇìÅÉÇ=íç=Å~äÅìä~íÉ=íÜÉ=î~äìÉë=çå=íÜÉ=áåíÉêÑ~ÅÉëK=

QK= cáå~ääóI=íÜÉ=ëçäìíáçå=çîÉê=íÜÉ=ïÜçäÉ=ãçÇÉä=áë=Å~äÅìä~íÉÇK=

qÜÉ=irp^p=ÅçÇÉ=ëìééçêíë=ëìéÉêJÉäÉãÉåíë=Ñçê=~=åìãÄÉê=çÑ=éêçÄäÉã=íóéÉëI=Äìí=åçíI=~í=íÜÉ=
ëí~êí=çÑ= íÜÉ=éêçàÉÅíI= Ñçê= ÅçãéçëáíÉ=éêçÄäÉãëK=bñíÉåÇáåÖ= áí= íç= ÅçîÉê=åçåJäáåÉ~ê=éêçÄäÉãë=
ï~ë=åçí=~= íêáîá~ä= í~ëâK=cçê=åçåJäáåÉ~ê=éêçÄäÉãëI=~å~äóëáë=åÉÉÇë= íç= áíÉê~íÉ=çå= íïç= äççéëK=
qÜÉ=çìíÉê= äççé=áë=íÜÉ=äç~ÇáåÖ=äççéK=_ÉÅ~ìëÉ=çÑ=íÜÉ=åçåJäáåÉ~ê=ÖÉçãÉíêó=çÑ=íÜÉ=éêçÄäÉãI=
íÜÉ= äç~ÇáåÖ= Ü~ë= íç= ÄÉ= ~ééäáÉÇ= áå= ëã~ää= áåÅêÉãÉåí~ä= ëíÉéëK= kçí= çåäó= áë= íÜÉ= ÖÉçãÉíêáÅ~ä=
êÉëéçåëÉ=åçåJäáåÉ~êI=Äìí=íÜÉ=éÜóëáÅ~ä=Ñçêãìä~íáçå=çÑ=íÜÉ=éêçÄäÉã=áë=~äëç=åçåJäáåÉ~êK=cçê=
íÜáë=êÉ~ëçå=íÜÉ=áååÉê=äççé=áë=íÜÉ=áíÉê~íáîÉI=éêçÅÉÉÇáåÖ=ìåíáä=íÜÉ=êÉëáÇì~ä=ÉåÉêÖó=áë=êÉÇìÅÉÇ=
íç=òÉêçK=

pìéÉêJÉäÉãÉåíë=áåíìáíáîÉäó=äÉåÇ=íÜÉãëÉäîÉë=íç=é~ê~ääÉä=ÉñÉÅìíáçåK=qÜÉ=~ééêç~ÅÜ=í~âÉå=áå=
íÜÉ=éêçàÉÅí=ï~ë=íÜÉêÉÑçêÉ==

NK= qç=ÇÉîÉäçé=åçåJäáåÉ~ê=ëìéÉêJÉäÉãÉåíë=Ñçê=íÜÉ=irp^p=ÅçÇÉK=

OK= qç=ÇÉîÉäçé= ~= íççä= Ñçê= ÅçJçêÇáå~íáåÖ= íÜÉ= ÉñÉÅìíáçå=çÑ= ëìéÉêJÉäÉãÉåíë= EáåÅäìÇáåÖ= íÜÉ=
íê~åëÑÉê=çÑ=Ç~í~F=

PK= qç=áåíÉÖê~íÉ=íÜÉëÉ=íïç=íççäë=

QK= qç=ÇÉîÉäçé=~= íççä= Ñçê=ÅêÉ~íáåÖ=ëìéÉêJÉäÉãÉåíë=ïÜáÅÜ=ïáää=ÄÉ=ÉîÉåäó=ã~íÅÜÉÇ= íç= íÜÉ=
êÉëçìêÅÉë=~î~áä~ÄäÉK=

OKN= qÜÉ=ÇÉîÉäçéãÉåí=çÑ=åçåJäáåÉ~ê=ëìéÉêJÉäÉãÉåíë=

OKO= qÜÉ=éçêí=çÑ=fåíêÉéáÇ=íç=kq=

qÜÉ=fåíêÉéáÇ=é~ê~ääÉä=ëÅÜÉÇìäÉê=áë=~=íççä=íÜ~í=~ääçïë=íÜÉ=ëÅÜÉÇìäáåÖI=Åçåíêçä=~åÇ=ÉñÉÅìíáçå=
çÑ=~=åìãÄÉê=çÑ=í~ëâë=EéêçÖê~ãëF=çå=~=ÜÉíÉêçÖÉåÉçìë=åÉíïçêâ=çÑ=ïçêâëí~íáçåëK=fí=~ääçïë=
íÜÉ=ìëÉê=íç=Åçåíêçä=ÄçíÜ=íÜÉ=êÉëçìêÅÉë=ìëÉÇ=Äó=íÜÉ=ëÅÜÉÇìäÉê=íç=êìå=éêçÖê~ãë=çåI=~ë=ïÉää=
~ë=íÜÉ=éêçÖê~ãë=êìååáåÖ=íÜÉãëÉäîÉëK=

qÜÉ=ÖÉåÉê~ä=ëíêìÅíìêÉ=çÑ=íÜÉ=fåíêÉéáÇ=é~ê~ääÉä=ëÅÜÉÇìäÉê=áë=ëÜçïå=áå=cáÖìêÉ=NK=
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General structure of the Intrepid system.
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cáÖìêÉ=N=

^ë= Å~å= ÄÉ= ëÉÉå= Ñêçã= íÜÉ= ÑáÖìêÉI= íÜÉ= fåíêÉéáÇ= é~ê~ääÉä= ëÅÜÉÇìäÉê= Åçåëáëíë= çÑ= íïç= ã~áå=
ÅçãéçåÉåíëW=

é~ÅpW= qÜáë= áë= íÜÉ=ã~áå= ëÅÜÉÇìäÉê= ÉñÉÅìí~ÄäÉ= ~åÇ= íÜÉ= éêçÖê~ã= íÜ~í= Åçåí~áåë= íÜÉ= ÖäçÄ~ä=
åÉíïçêâ=~åÇ=ëÅÜÉÇìäÉ=áåÑçêã~íáçå=Ñçê=íÜÉ=ëóëíÉãK=qÜáë=ãçÇìäÉ=í~âÉë=~ää=íÜÉ=ëÅÜÉÇìäáåÖ=
ÇÉÅáëáçåë= áå= fåíêÉéáÇK= qÜÉêÉ= áë= çåäó= çåÉ= áåëí~åÅÉ= çÑ= é~Åp= êìååáåÖ= áå= ~= ÑìåÅíáçåáåÖ=
fåíêÉéáÇ=ëóëíÉãK=

é~ÅaW=qÜáë=áë=íÜÉ=Ç~Éãçå=íÜ~í=éêçîáÇÉë=ëìééçêí=íç=íÜÉ=fåíêÉéáÇ=é~ê~ääÉä=ëÅÜÉÇìäÉêK=qÜÉêÉ=
áë= çåÉ= çÑ= íÜÉëÉ= Ç~Éãçåë= áå= É~ÅÜ= ?åçÇÉ?= áå= íÜÉ= åÉíïçêâK= ^å= fåíêÉéáÇ= Ç~ÉãçåDë= ã~áå=
ÑìåÅíáçå= áë= íç= é~ëë= Ä~Åâ= áåÑçêã~íáçå= íç= é~Åp= ~Äçìí= íÜÉ= ëí~íÉ= çÑ= íÜÉ= ?åçÇÉ?=ïÜáÅÜ= áí= áë=
ÅçåíêçääáåÖI=~åÇ=íç=ä~ìåÅÜ=~åÇ=ãçåáíçê=~ééäáÅ~íáçåëK=pÉÅçåÇ~êó=ÑìåÅíáçå~äáíó=áåÅäìÇÉë=~ää=
íÜÉ= åÉÅÉëë~êó= ~Åíáçåë= íç= ëí~êí= ~å= ~ééäáÅ~íáçå= EÉKÖK= ÅêÉ~íáçå= çÑ= íÉãéçê~êó= ÇáêÉÅíçêáÉë= áÑ=
êÉèìáêÉÇI=íê~åëÑÉê=çÑ=~ää=áåéìí=ÑáäÉë=ÄÉÑçêÉ=~åÇ=çìíéìí=ÑáäÉë=~ÑíÉê=íÜÉ=ÉñÉÅìíáçåI=ÉíÅKFK=

`çããìåáÅ~íáçåë= ÄÉíïÉÉå= é~Åp= ~åÇ= íÜÉ= î~êáçìë= é~Åa= Ç~Éãçåë= ~êÉ= áãéäÉãÉåíÉÇ= îá~=
q`mLfm= ëçÅâÉíëK= qÜáë= ~ääçïë= fåíêÉéáÇ= íç= Åçåíêçä= ÜÉíÉêçÖÉåÉçìë= åÉíïçêâëK= qÜÉ= ìëÉê= çÑ=
fåíêÉéáÇ=ëìÄãáíë=~=“ëÅÜÉÇìäÉÒ= íç= íÜÉ=ëóëíÉãK=^=ëÅÜÉÇìäÉ=Åçåëáëíë=çÑ=~=åìãÄÉê=çÑ= í~ëâë=
EéêçÅÉëëÉëF= íç= ÄÉ= ÉñÉÅìíÉÇ= ~åÇ= íÜÉ= ÇÉéÉåÇÉåÅáÉë= ÄÉíïÉÉå= íÜÉãK= qÜÉ= fåíêÉéáÇ= ëóëíÉã=
íÜÉå= ~ëëáÖåë= í~ëâë= íç= ëéÉÅáÑáÅ= éêçÅÉëëçêë= áå= íÜÉ= åÉíïçêâI= ëç= íÜ~í= íÜÉ= çîÉê~ää= íáãÉ= çÑ=
ÉñÉÅìíáçå= Ñçê= íÜÉ= ïÜçäÉ= ëÅÜÉÇìäÉ= áë= ãáåáã~äK= qÜÉ= ëóëíÉã= ~äëç= éÉêÑçêãë= ~åó= Ç~í~=
íê~åëÑÉêë= íÜ~í= ãáÖÜí= ÄÉ= êÉèìáêÉÇ= íç= ~ääçï= ~= í~ëâ= íç= êìå= çå= ~= ëéÉÅáÑáÅ= ã~ÅÜáåÉK= ^åó=
åìãÄÉê=çÑ=ìëÉêë=Å~å=ëìÄãáí=~åó=åìãÄÉê=çÑ=ëÅÜÉÇìäÉë=íç=fåíêÉéáÇ=ëáãìäí~åÉçìëäó=~åÇ=íÜÉ=
ëóëíÉã=áë=~ÄäÉ=íç=ÇÉ~ä=ïáíÜ=íÜÉ=~ÇÇÉÇ=ÅçãéäÉñáíóK=

qÜÉ=fåíêÉéáÇ=ëóëíÉã=ï~ë=çêáÖáå~ääó=áãéäÉãÉåíÉÇ=çå=rkfu=ëóëíÉãëK=qÜÉ=ÇÉéÉåÇÉåÅáÉë=çÑ=
íÜÉ= ëçìêÅÉ= ÅçÇÉ= çå= äáÄê~êáÉë= ~åÇ= ÇÉîÉäçéãÉåí= íççäë= ïÉêÉ= âÉéí= ãáåáã~ä= EÉîÉå= áå= íÜÉ=
rkfu=ïçêäÇ= íÜÉêÉ= ~êÉ= ~= ä~êÖÉ=åìãÄÉê=çÑ=ÇáÑÑÉêÉåí= Ñä~îçìêë=çÑ=rkfu=~åÇ= fåíêÉéáÇ=ï~ë=
ÇÉëáÖåÉÇ=íç=ÄÉ=éçêí~ÄäÉFK=fåíêÉéáÇ=êÉäáÉÇ=çå=íÜÉ=ÑçääçïáåÖ=ÉñíÉêå~ä=ÇÉéÉåÇÉåÅáÉëW=

• `HH=ÅçãéáäÉêK==

• pçÅâÉí=äáÄê~êóK=táåPO=ëìééçêíë=q`mJfm=ëçÅâÉíëK=

• båîáêçåãÉåí=î~êá~ÄäÉëK=^äíÜçìÖÜ=kq=ëìééçêí=ÉåîáêçåãÉåí=î~êá~ÄäÉëI=~=ãçêÉ=ÉäÉÖ~åí=
ï~ó=áë=íç=ìëÉ=íÜÉ=kq=êÉÖáëíêóK=
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• êëÜÇK= kq= ÇçÉë= åçí= ëìééçêí= DêëÜÇDI= Äìí= ÇçÉë= éêçîáÇÉ= kq= ëÉêîáÅÉë= ïÜáÅÜ= êìå=
ÅçåíáåìçìëäóK= fåíêÉéáÇ= ä~ìåÅÜÉë=Ç~Éãçåë=ìëáåÖ= ~å= DêëÜD= Åçãã~åÇK=qÜÉëÉ=Ç~Éãçåë=
ïÉêÉ=êÉéä~ÅÉÇ=ïáíÜ=Éèìáî~äÉåí=kq=ëÉêîáÅÉëK=

• äÉñLó~ÅÅK==

• a~í~=íê~åëÑÉêë=ìëáåÖ=DÅéDK=kq=ÇçÉë=åçí=ëìééçêí=DÅéD=Åçéó=Åçãã~åÇëK=^ää=Ç~í~=íê~åëÑÉê=
Ü~Ç=íç=ÄÉ=Å~êêáÉÇ=çìí=ìëáåÖ=ÇêáîÉ=ã~ééáåÖëK=

OKP= fåíÉêÑ~ÅáåÖ=fåíêÉéáÇ=ïáíÜ=iìë~ë=

iìë~ë=Åçåëáëíë=çÑ=~=åìãÄÉê=çÑ=ÅçãéçåÉåíëK=qÜÉ=íïç=ã~áå=çåÉë=~êÉ=íÜÉ=ëçäîÉê=áíëÉäÑ=Eiìë~ë=
ëçäîÉêF=ïÜáÅÜ=áë=íÜÉ=äÉÖ~Åó=cçêíê~å=ÅçÇÉ=Ñçê=íÜÉ=ÑáåáíÉ=ÉäÉãÉåí=~å~äóëáëI=~åÇ=íÜÉ=drf=Ñêçåí=
ÉåÇ=Eiìë~ë=ãçÇÉääÉêF=ïÜáÅÜ=áë=~=táåÇçïëPO=~ééäáÅ~íáçå=~åÇ=áë=ìëÉÇ=íç=ÇÉëáÖå=íÜÉ=ãçÇÉä=
~åÇ=éêÉëÉåí=êÉëìäíëK=

qÜÉ= ìëì~ä= ãçÇÉ= çÑ= çéÉê~íáçå= Ñçê= iìë~ë= áë= íÜ~í= ~= ìëÉê= ïáää= ÇÉëáÖå= ~= ãçÇÉä= ìëáåÖ= íÜÉ=
ãçÇÉääÉêI= ìëÉ= íÜÉ= ëçäîÉê= çå= íÜÉ= ÅêÉ~íÉÇ= ãçÇÉä= ~åÇ= Ñáå~ääó= Çáëéä~ó= íÜÉ= êÉëìäíë= çå= íÜÉ=
ãçÇÉääÉê=ïáåÇçïK=qç=ëí~êí=íÜÉ=ëçäîÉê=çå=~=ãçÇÉä=~ää=~=ìëÉê=Ü~ë=íç=Çç=áë=ÅäáÅâ=~=ÄìííçåK=

fí=ï~ë= áãéçêí~åí= íç=âÉÉé=íÜÉ=ë~ãÉ=ëíóäÉ=çÑ=çéÉê~íáçåë= áå=m^o^`ljmK=eçïÉîÉêI= íÜÉêÉ=
~êÉ=~=åìãÄÉê=çÑ=ëíÉéë=áåîçäîÉÇ=áå=ÖÉåÉê~íáåÖ=íÜÉ=é~ê~ääÉä=ëçäìíáçå=íÜ~í=Ü~îÉ=íç=ÄÉ=ÜáÇÇÉå=
Ñêçã=íÜÉ=ìëÉêK=tÜÉå=~=ãçÇÉä=áë=êÉ~Çó=íç=ëìÄãáí=íç=íÜÉ=é~ê~ääÉä=ëçäîÉêI=íÜÉ=Ñáêëí=íÜáåÖ=íÜ~í=
m^o^`ljm=ãìëí=Çç=áë=ëéäáí=íÜÉ=ãçÇÉä=áåíç=íÜÉ=~ééêçéêá~íÉ=åìãÄÉê=çÑ=ëìÄJÇçã~áåë=áå=
çêÇÉê=íç=éÉêÑçêã=íÜÉ=ÑáåáíÉ=ÉäÉãÉåí=~å~äóëáë=áå=é~ê~ääÉäK=^ééêçéêá~íÉ=Ç~í~=ÑáäÉë=Ü~îÉ=íç=ÄÉ=
ÖÉåÉê~íÉÇ=Ñçê=É~ÅÜ=çÑ=íÜÉ=ëìÄJÇçã~áåë=çÑ=íÜÉ=ãçÇÉäK=^å=áåéìí=ÑáäÉ=íç=fåíêÉéáÇ=Ü~ë=íç=ÄÉ=
ÖÉåÉê~íÉÇ= EíÜÉ= í~ëâ= Öê~éÜ= ÑáäÉF= íÜ~í= Åçåí~áåë= áåÑçêã~íáçå= ~Äçìí= íÜÉ= ÇÉéÉåÇÉåÅáÉë=
ÄÉíïÉÉå=íÜÉ=ÅçãéçëáíÉ=é~êíë=çÑ=íÜÉ=ÑáåáíÉ=ÉäÉãÉåí=~å~äóëáëK=cçê=É~ÅÜ=çÑ=íÜÉ=ëìÄJÇçã~áåë=~=
ÇáÑÑÉêÉåí= éêçÅÉëë= êìååáåÖ= íÜÉ= é~ê~ääÉä= ëçäîÉê= ïáää= Ü~îÉ= íç= ÄÉ= ëé~ïåÉÇ= çå= íÜÉ= í~êÖÉí=
ã~ÅÜáåÉK=_ÉÑçêÉ=íÜÉ=éêçÅÉëë=áë=ëí~êíÉÇ=íÜÉ=åÉÅÉëë~êó=Ç~í~=ÑáäÉë=íÜ~í=êÉéêÉëÉåí=íÜÉ=Ççã~áå=
Ü~îÉ= íç= ÄÉ= ÅçéáÉÇ= çîÉê= íç= ~= äçÅ~ä= ÇáêÉÅíçêó= çå= íÜÉ= í~êÖÉí= ã~ÅÜáåÉK= tÜÉå= íÜÉ= ÑáåáíÉ=
ÉäÉãÉåí=~å~äóëáë= êìå= áë= ÑáåáëÜÉÇ= íÜÉ= êÉëìäí= ÑáäÉë=Ü~îÉ= íç=ÄÉ= ÅçéáÉÇ=Ä~Åâ= íç= íÜÉ=ã~ÅÜáåÉ=
Ñêçã=ïÜáÅÜ=íÜÉ=ìëÉê=ëìÄãáííÉÇ=íÜÉ=àçÄK=^ää=íÜáë=áë=Ü~åÇäÉÇ=Äó=íÜÉ=fåíêÉéáÇ=ëóëíÉã=~åÇ=~=
ëã~ää=sáëì~ä=_~ëáÅ=ëÅêáéí=íÜ~í=éÉêÑçêãë=íÜÉ=Ççã~áå=ÇÉÅçãéçëáíáçå=~åÇ=ÉëëÉåíá~ääó=?ÖäìÉë?=
iìë~ë=~åÇ=fåíêÉéáÇ=íçÖÉíÜÉêK=^ää=íÜÉ=ìëÉê=áåéìí=êÉèìáêÉÇI=áë=íÜÉ=åìãÄÉê=çÑ=ëìÄJÇçã~áåë=
íÜ~í=íÜÉ=ãçÇÉä=ãìëí=ÄÉ=ëéäáí=áåíçK=

qÜÉêÉ=áë=~äëç=~=åÉÉÇ=Ñçê=~åçíÜÉê=drf=éêçÖê~ãI=ïÜáÅÜ=ÅçåÑáÖìêÉë=fåíêÉéáÇ=Ñçê=íÜÉ=ëéÉÅáÑáÅ=
åÉíïçêâK=_ÉÅ~ìëÉ=çÑ=íáãÉ=äáãáí~íáçåë=~åÇ=ÄÉÅ~ìëÉ=m^o^`ljm=çåäó=~ÇÇêÉëëÉÇ=åÉíïçêâë=
çÑ=táåÇçïë=kq=ïçêâëí~íáçåëI=íÜÉ=ëçÑíï~êÉ=íÜ~í=éÉêÑçêãë=íÜáë=ÑìåÅíáçå=ÇçÉë=åçí=Ü~îÉ=íÜÉ=
Ñìää= ÑìåÅíáçå~äáíó=çÑ= íÜÉ=rkfu=drf=Ñçê=ëÉííáåÖ=ìé=fåíêÉéáÇK= fí=~ëëìãÉë=íÜ~í= íÜÉ=åÉíïçêâ=
çåäó=Åçåí~áåë=kq=ã~ÅÜáåÉë=~åÇ= íÜÉ=çéíáçåë= íÜ~í= íÜÉ=ìëÉê=Å~å=ëÉí=~í= ÅçåÑáÖìê~íáçå= íáãÉ=
~êÉ=Åçãé~ê~íáîÉäó=äáãáíÉÇK=

cáå~ääóI=irp^p=áë=~å=áíÉê~íáîÉ=ëçäîÉêK=få=çêÇÉê=íç=ë~îÉ=íáãÉ=íÜÉ=ëìéÉêJÉäÉãÉåí=éêçÅÉëëÉë=
âÉÉé= ~ää= íÜÉáê= Ç~í~= áå= ãÉãçêó= ÄÉíïÉÉå= áíÉê~íáçåëK= qÜáë= ãÉ~åë= íÜ~í= éêçÅÉëëÉë= åÉîÉê=
íÉêãáå~íÉI= ~åÇ= íÜÉ= êÉëçìêÅÉ= ã~å~ÖÉê= Ü~ë= åç= ï~ó= çÑ= âåçïáåÖ= ïÜÉå= íç= ëí~êí= íÜÉ= åÉñí=
éêçÅÉëëK= få= çêÇÉê= íç= ÇÉ~ä=ïáíÜ= íÜáëI= fåíêÉéáÇ=ï~ë=ãçÇáÑáÉÇ= íç= çéÉå= ~= ëçÅâÉí= íç= irp^p=
çîÉê=ïÜáÅÜ=ÅçJçêÇáå~íáçå=ãÉëë~ÖÉë=ÅçìäÇ=ÄÉ=êÉä~óÉÇK=

OKQ= iç~Ç=_~ä~åÅáåÖ=

qÜÉ=íáãÉ=í~âÉå=íç=ëçäîÉ=~=é~ê~ääÉä=éêçÄäÉã=ìëáåÖ=ëìéÉêJÉäÉãÉåíë=áë=ÖáîÉå=Äó=íÜÉ=Éèì~íáçå=

T T i ND Tsol sol i comm= = +max( ; , ), 1 =

where 
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qÜÉ=Ñáêëí=íÉêã=E F=áë=ãáåáãáëÉÇ=Äó=ÉåëìêáåÖ=íÜ~í=É~ÅÜ=Ççã~áå=ëçäîÉë=

áå=íÜÉ=ë~ãÉ=íáãÉI=áKÉK=áë=Åçãéìí~íáçå~ääó=äç~Ç=Ä~ä~åÅÉÇK=eçïÉîÉê=íÜáë=ÇçÉë=åçí=Öì~ê~åíÉÉ=
íÜ~í=íÜÉ=ëìãI=q

max( ; , ),T i NDsol i = 1

ëçäI=áë=ãáåáãáëÉÇ=ëáåÅÉ=íáãÉ=íç=Éäáãáå~íÉ=áåíÉêÑ~ÅÉ=ÉäÉãÉåíëI=qÅçããI=ã~ó=ÄÉ=

ÉñÅÉëëáîÉK= fåíêçÇìÅáåÖ= ~= äç~Ç= áãÄ~ä~åÅÉ= ã~ó= íÜìë= ÄÉ= ÄÉåÉÑáÅá~ä= áÑ= áí= Å~ìëÉë= qÅçãã= íç=
êÉÇìÅÉ=ëáÖåáÑáÅ~åíäóK=

qÜÉ= ëçäìíáçå= ~ÇçéíÉÇ= áå= íÜáë= éêçàÉÅí= ï~ë= íç= ÄìáäÇ= ëìéÉêJÉäÉãÉåíë= ìëáåÖ= íÜÉ= êÉÅìêëáîÉ=
j~ääçåÉ=ãÉíÜçÇK=^= îáëì~ä= Ä~ëáÅ= ëÅêáéí=ï~ë=ïêáííÉå= ìëáåÖ= íÜÉ= irp^p=^mf= íÜ~í= ÅêÉ~íÉÇ=
ëìéÉêJÉäÉãÉåíë=~ÅÅçêÇáåÖ=íÜÉ=ÑçääçïáåÖ=~äÖçêáíÜã=

N= lêÇÉê=ÉäÉãÉåíë=íç=ÉåëìêÉ=íÜ~í=íÜÉ=Ñêçåí=ïáÇíÜ=áë=ãáåáãáëÉÇ=

O= ^ÇÇ=ÉäÉãÉåíë=íç=íÜÉ=ëìéÉêJÉäÉãÉåí=áå=çêÇÉê=Ñêçã=íÜáë=äáëí=ìåíáä=íÜÉ=êÉèìáêÉÇ=ëáòÉ=áë=
êÉ~ÅÜÉÇK=

P= pí~êí=~=åÉï=ëìéÉêJÉäÉãÉåí=

Q= oÉéÉ~í=ìåíáä=~ää=ÉäÉãÉåíë=~êÉ=ìëÉÇ=ìé=

_ó= ëÉäÉÅíáåÖ= í~êÖÉí= ëáòÉë= Ñçê= íÜÉ= ëìéÉêJÉäÉãÉåíë= íÜ~í= ~êÉ= ã~íÅÜÉÇ= íç= íÜÉ= êÉëçìêÅÉë=
~î~áä~ÄäÉ= áí= ëÜçìäÇ= ÄÉ= éçëëáÄäÉ= ìëáåÖ= íÜáë= íÉÅÜåáèìÉ= íç= ÅêÉ~íÉ= ëìéÉêJÉäÉãÉåíë= íÜ~í=ïáää=
ÉñÉÅìíÉ=áå=íÜÉ=ë~ãÉ=íáãÉI=ÉîÉå=çå=~=ÜÉíÉêçÖÉåÉçìë=ÅäìëíÉêK=låÉ=çÄîáçìë=Çê~ïÄ~Åâ=íç=íÜáë=
ãÉíÜçÇ= áë= íÜ~í=É~ÅÜ= íáãÉ= íÜÉ= êÉëçìêÅÉë=~î~áä~ÄäÉ=ÅÜ~åÖÉI= íÜÉ=ìëÉê=ïáää=Ü~îÉ= íç=ÅêÉ~íÉ=~=
åÉï= ëÉí= çÑ= ëìéÉêJÉäÉãÉåíëK= qÜÉ= É~ëÉ= ïáíÜ= ïÜáÅÜ= ëìéÉêJÉäÉãÉåíë= Å~å= ÄÉ= ÅêÉ~íÉÇ= ïáää=
ÇÉíÉêãáåÉ=Üçï=ãìÅÜ=çÑ=~=éêçÄäÉã=íÜáë=áëK==

OKR= qÜÉ=jÉëëáÉêJaçïíó=íÉëí=Å~ëÉ=

qÜÉ=çêáÖáå~ä=jÉëëáÉêJaçïíó=íÉëí=Å~ëÉ=ï~ë=~=äìÖ=íÜ~í=Ñçêãë=é~êí=çÑ=íÜÉ=ä~åÇáåÖ=ÖÉ~êK=qÜÉ=
~áã= çÑ= íÜÉ= íÉëí= Å~ëÉ= ï~ë= íç= îÉêáÑó= íÜ~í= íÜÉ= irp^p= ÅçÇÉ= ïçìäÇ= éêÉÇáÅí= íÜÉ= çåëÉí= çÑ=
ÇÉä~ãáå~íáçå=ÅçêêÉÅíäóK=få=~ÇÇáíáçå=íç=íÜáëI=~=íÉëí=Å~ëÉ=Ä~ëÉÇ=çå=~=ëáãéäÉ=ÄÉ~ã=ï~ë=~äëç=
ÇÉîÉäçéÉÇK=
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=

P= oÉëìäíëI=^ÅÜáÉîÉãÉåíë=~åÇ=_ÉåÉÑáíë=

PKN= iç~Ç=Ä~ä~åÅáåÖ=

få=íÜÉ=ÉîÉåíI=íÜÉ=äç~Ç=Ä~ä~åÅáåÖ=é~êí=çÑ=íÜÉ=ÅçÇÉ=éêçîÉÇ=íç=ÄÉ=íÜÉ=Ü~êÇÉëí=íç=áãéäÉãÉåíK=
qÜáë= ï~ë= åçí= ÄÉÅ~ìëÉ= çÑ= ~åó= ÑìåÇ~ãÉåí~ä= Ñ~áäáåÖ= áå= íÜÉ= ~äÖçêáíÜãI= Äìí= ÄÉÅ~ìëÉ= çÑ=
ÑìåÅíáçå~äáíó= áå= íÜÉ= irp^p= ãçÇÉääÉê= ìëÉÇ= íç= ÅêÉ~íÉ= íÜÉ= ëìéÉêJÉäÉãÉåíëK= qÜÉ= irp^p=
ãçÇÉääÉê= ÄìáäÇë= cb=ãçÇÉäë= çìí= çÑ= ÖÉçãÉíêáÅ~ä= ÉåíáíáÉë= EäáåÉëI= ëìêÑ~ÅÉëI= îçäìãÉë= ÉíÅFK= fí=
ìëÉë=íÜÉëÉ=íç=ÅêÉ~íÉ=íÜÉ=ãÉëÜ=íÜ~í=ïáää=~Åíì~ääó=ÄÉ=ìëÉÇ=íç=ëçäîÉ=íÜÉ=éêçÄäÉãK=^åó=äç~ÇJ
Ä~ä~åÅáåÖ=~äÖçêáíÜã=ãìëí=ïçêâ=ïáíÜ=íÜÉ=ÅçååÉÅíáîáíó=çÑ=íÜÉ=ãÉëÜI=~ë=áí=áë=íÜáë=íÜ~í=ïÜáÅÜ=
ÇÉíÉêãáåÉë= íÜÉ= åìãÉêáÅ~ä= ïçêâ= íç= ÄÉ= ÇçåÉK=táíÜçìí= áåÑçêã~íáçå= çå= íÜÉ= ÅçååÉÅíáîáíóI=
áåÅçêêÉÅí=~ëëìãéíáçåë=~Äçìí=éÉêÑçêã~åÅÉ=ïáää=ÄÉ=ã~ÇÉK=råÑçêíìå~íÉäó=íÜÉ=ï~ó=irp^p=
ãçÇÉääÉê= ÅêÉ~íÉë= ëìéÉêJÉäÉãÉåíë= áë= íç=ãÉëÜ= íÜÉ= ÉåíáêÉ=ãçÇÉäI= íÜÉå=ÄìáäÇ=ìé= íÜÉ= ëìéÉêJ
ÉäÉãÉåí= çìí= çÑ= ÖÉçãÉíêáÅ~ä= ÉåíáíáÉëI= áåÜÉêáíáåÖ= íÜÉ= ÉñáëíáåÖ=ãÉëÜK= qÜáë=ãÉ~åë= íÜ~í= íÜÉ=
äç~ÇJÄ~ä~åÅáåÖ=~äÖçêáíÜã= áë= Åçåëíê~áåÉÇ=ïÜÉå=ÄìáäÇáåÖ= íÜÉ=ëìéÉêJÉäÉãÉåíI= áå= íÜ~í=çåÅÉ=
~å= ÉäÉãÉåí= áë= ëÉäÉÅíÉÇ= ~ää= íÜÉ= çíÜÉê= ÉäÉãÉåíë= ~ëëçÅá~íÉÇ= ïáíÜ= íÜ~í= ÖÉçãÉíêó= ãìëí= ÄÉ=
ëÉäÉÅíÉÇK=

`Ü~åÖáåÖ=íÜáë=ïçìäÇ=êÉèìáêÉ=ãçêÉ=ÉÑÑçêí=íÜ~å=ï~ë=~î~áä~ÄäÉ=áå=íÜÉ=éêçàÉÅíI=~åÇ=ëç=áí=ï~ë=
~ÖêÉÉÇ= íÜ~í= íÜÉ= íÉëí= Å~ëÉ=ïçìäÇ=Ü~îÉ= íç= ÄÉ= Äìáäí= ìëáåÖ= ëã~ää= ÖÉçãÉíêáÅ~ä= ÉåíáíáÉëK= qÜáë=
Åçåëíê~áåí=áë=éçíÉåíá~ääó=ëÉêáçìëI=~ë=áí=ãÉ~åë=íÜ~í=çäÇ=ÇÉëáÖåë=ã~ó=åçí=êìå=ïÉää=áå=é~ê~ääÉäI=
Äìí=íÜÉ=ïçêâ=~êçìåÇ=áë=éê~ÅíáÅ~ÄäÉK=

PKO= mÉêÑçêã~åÅÉ=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉK=

PKOKN= qÜÉ=Åçåíêçäë=~åÇ=Öç~äë=

_ÉÅ~ìëÉ= çÑ= íÜÉ= éêçÄäÉãë= ïáíÜ= íÜÉ= äç~Ç= Ä~ä~åÅáåÖI= ~= ëáåÖäÉ= ãçÇÉä= ï~ë= ÅêÉ~íÉÇ=
ÇÉÅçãéçëÉÇ=áåíç=Ñçìê=ëìéÉêJÉäÉãÉåíëK=qÜÉ=áÇÉ~=ï~ë=íç=ÉñéÉêáãÉåí=ïáíÜ=íÜÉ=ÇáëíêáÄìíáçå=
çÑ=íÜÉ=ÑáîÉ=é~êíë=çÑ=íÜÉ=éêçÄäÉã=EÑçìê=ëìéÉêJÉäÉãÉåíë=~åÇ=çåÉ=ÅçãÄáå~íáçå=éÜ~ëÉF=çåíç=~=
î~êáÉíó= çÑ= Ü~êÇï~êÉI= ~åÇ= íÜÉ= ÉÑÑÉÅí= íÜÉëÉ= ÇáÑÑÉêÉåí= ÇáëíêáÄìíáçåë= ïçìäÇ= Ü~îÉ= çå= íÜÉ=
çîÉê~ää=íáãáåÖ=çÑ=íÜÉ=Å~äÅìä~íáçåK=qÜáë=ï~ë=ÑÉäí=íç=ÄÉ=~ÅÅÉéí~ÄäÉ=Äó=jÉëëáÉêJaçïíóK==
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qÜÉ=é~ê~ãÉíÉêë=ïÉ=ïÉêÉ=áåíÉêÉëíÉÇ=áå=áåîÉëíáÖ~íáåÖ=ïÉêÉ=

• mÉêÑçêã~åÅÉ=çå=~=ê~åÖÉ=çÑ=ã~ÅÜáåÉëI=áåÅäìÇáåÖ=

• qÜÉ=ëéÉÉÇìé=~ë=íÜÉ=åìãÄÉê=çÑ=éêçÅÉëëçêë=áåÅêÉ~ëÉÇK=qÜáë=~ääçïë=ìë=íç=~ëëÉëë=íÜÉ=
åìãÄÉê=çÑ=éêçÅÉëëçêë=íç=ÄÉ=ìëÉÇ=íç=Öì~ê~åíÉÉ=~=êÉëìäí=áå=~=ÖáîÉå=íáãÉK=

• qÜÉ= ~ÑÑÉÅí= çå= íÜÉ= ëéÉÉÇìé= çÑ= ÅÜççëáåÖ= éêçÅÉëëçêë= Ñêçã= ëáåÖäÉ= ~åÇ= ãìäíáJ
éêçÅÉëëçê=ã~ÅÜáåÉë=áå=~=ÅäìëíÉêK=

• qÜÉ=~ÑÑÉÅí=çå=çíÜÉê=ÅçÇÉ=é~ê~ãÉíÉêë=EãÉãçêó=~åÇ=ÇáëâF=çÑ=êìååáåÖ=áå=é~ê~ääÉäK=

• qÜÉ=ìëÉ=çÑ=ÜÉíÉêçÖÉåÉçìë=ã~ÅÜáåÉë=áå=~=ÅäìëíÉê=

• qÜÉ=ìëÉ=çÑ=ã~ÅÜáåÉë=ïÜÉå=ÉñÉÅìíáçå=áë=ëìëéÉåÇÉÇK=

• qÜÉ=É~ëÉ=çÑ=ìëÉ=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=

PKOKO= mÉêÑçêã~åÅÉ=çÑ=íÜÉ=ÅçÇÉ=

qÜÉ= êÉëìäíë= Ñçê= NM= áíÉê~íáçåë=çÑ= íÜÉ=é~ê~ääÉä= ëçäîÉê= Å~å=ÄÉ= ëÉÉå= áå=q~ÄäÉ=NK=qÜÉ= Ñáêëí= äáåÉ=
ëÜçïë= íÜÉ= êÉëìäí= çÑ= êìååáåÖ= íÜÉ= íÉëí= Å~ëÉ= íÜêçìÖÜ= íÜÉ= ëÉèìÉåíá~ä= îÉêëáçå= çÑ= íÜÉ= iìë~ë=
ëçäîÉêK=qÜÉ=ëÉÅçåÇ=äáåÉ=ëÜçïë=íÜÉ=ë~ãÉ=éêçÄäÉã=êìååáåÖ=çå=çåÉ=ÅçãéìíÉêI=Äìí=ìëáåÖ=íÜÉ=
m^o^`ljm=ÉñÉÅìí~ÄäÉë=EáÉ=êìååáåÖ=íÜÉ=Q=ëìéÉêJÉäÉãÉåíë=ëÉêá~ääó=~åÇ=íÜÉ=êÉÅçãÄáåáåÖ=
íÜÉ= êÉëìäíëFK= qÜÉ= êìå= áë=ãçêÉ= íÜ~å= íïáÅÉ= ~ë= ëäçï= ~ë= íÜÉ= ëÉèìÉåíá~ä= êìåI= ~ë= çåÉ=ïçìäÇ=
ÉñéÉÅí=ïáíÜ=íÜÉ=~ÇÇÉÇ=ëóåÅÜêçåáë~íáçå=éÜ~ëÉë=íÜ~í=~êÉ=áãéçëÉÇ=çå=íÜÉ=Å~äÅìä~íáçåK=
 
# of machines # of CPUs / machine Memory used / machine Duration 
1 Sequential Lusas used ~45MB 3:12:34 
1 1 ~213MB 7:01:28 
2 1 ~132MB 1:12:58 
2 2 ~132MB 1:58:42 
3 1 ~132MB 1:02:34 
4 1 ~86MB 0:52:10 

q~ÄäÉ=NK=oÉëìäíë=Ñçê=NM=áíÉê~íáçåë=çÑ=íÜÉ=ëçäîÉêK=

cêçã=íÜÉëÉ=í~ÄäÉë=áí=Å~å=ÄÉ=ëÉÉå=íÜ~í=ìëáåÖ=Q=éêçÅÉëëçêë=íÜÉ=ëéÉÉÇ=ìé=áë=ã~êÖáå~ääó=äÉëë=
íÜ~å=Q=EPKTFK=qÜáë=ãÉ~åë=íÜ~í=~=àçÄI=ïÜáÅÜ=ïçìäÇ=Ü~îÉ=í~âÉå=~=ãçêåáåÖI=áë=åçï=ÅçãéäÉíÉ=
áå=äÉëë=íÜ~å=~å=ÜçìêK=fÑ=ïÉ=ëÅ~äÉ=íÜáë=ÑìêíÜÉê=EÄó=~ääçïáåÖ=íÜÉ=ëçäîÉê=íç=êìå=Ñçê=~=Ñìää=NMM=
áíÉê~íáçåëF= íÜÉå= ïÉ= ëÉÉ= íÜ~í= ~= í~ëâ= ïÜáÅÜ= éêÉîáçìëäó= íççâ= ~= ïÜçäÉ= Ç~ó= Å~å= ÄÉ= êìå=
çîÉêåáÖÜíK=

^å=áãéçêí~åí=êÉëìäí=ÅçåÅÉêåë=íÜÉ=ìë~Äáäáíó=çÑ=íÜÉ=ÅçÇÉ=áå=~=ÜÉíÉêçÖÉåÉçìë=ÉåîáêçåãÉåí=
ïáíÜ= ã~ÅÜáåÉë= ìëÉÇ= Ñçê= çíÜÉê= í~ëâëK= qÜÉ= íÉëíë= ÇÉëÅêáÄÉÇ= ïÉêÉ= Å~êêáÉÇ= çìí= çå= Çì~ä=
éêçÅÉëëçê=ã~ÅÜáåÉë=~í=íÜÉ=m^`=çÑÑáÅÉëK=få=íÜÉ=QJã~ÅÜáåÉ=Å~ëÉ=EïÜÉêÉ=íÜÉêÉ=áë=çåÉ=éêçÅÉëë=
éÉê=ã~ÅÜáåÉF=íÜÉ=ìëÉêë=çÑ=íÜÉ=çíÜÉê=ã~ÅÜáåÉë=ÇáÇ=åçí=âåçï=íÜ~í=íÜÉáê=ã~ÅÜáåÉ=ï~ë=ÄÉáåÖ=
ìëÉÇ= Ñçê= ëáãìä~íáçåI= ÉñÅÉéí= Äó= ~ÅÅÉëëáåÖ= íÜÉ= í~ëâ= ã~å~ÖÉêK= bîÉå= `mr= áåíÉåëáîÉ=
çéÉê~íáçåëI=ëìÅÜ=~ë=Åçãéáä~íáçå=~åÇ=áã~ÖÉ=ã~åáéìä~íáçåI=~ééÉ~êÉÇ=íç=ÄÉ=ìå~ÑÑÉÅíÉÇK==

qÜÉ= ÑáÖìêÉë= ëÜçïå= áå= íÜÉ= íÜáêÇ= Åçäìãå= áå= íÜÉ= í~ÄäÉë= Eå~ãÉäó= íÜÉ= “ãÉãçêó= ìëÉÇ= éÉê=
ã~ÅÜáåÉÒ=ÅçäìãåF=Åçåí~áåë=íÜÉ=~ééêçñáã~íÉ=ã~ñáãìã=îáêíì~ä=ãÉãçêó=ìë~ÖÉ=Ñçê=~åó=çÑ=
íÜÉ=ã~ÅÜáåÉë=áåîçäîÉÇ=áå=íÜÉ=êìå=í~âáåÖ=áåíç=~ÅÅçìåí=çåäó=íÜÉ=éêçÅÉëëÉë=áåîçäîÉÇ=áå=íÜÉ=
íÉëíK=fí=ëÉÉãë=íÜ~í=íÜÉ=ãÉãçêó=ìë~ÖÉ=çÑ=íÜÉ=é~ê~ääÉä=iìë~ë=ëçäîÉê=áë=~ééêçñáã~íÉäó=QNj_=
áêêÉëéÉÅíáîÉ=çÑ= íÜÉ=ëáòÉ=çÑ= íÜÉ= áåéìí=éêçÄäÉãK=qÜÉ=êÉ~ëçå=Ñçê= íÜáë= áë=ãçëí= äáâÉäó=íÜ~í= íÜÉ=
ãÉãçêó= êÉèìáêÉãÉåí= çÑ= irp^p= Ñçääçïë= ~= ëíÉééÉÇ= éêçÑáäÉI= ~åÇ= ~ää= çÑ= íÜÉ= Å~ëÉë= íÉëíÉÇ=
ïÉêÉ=ïáíÜáå=íÜÉ=ë~ãÉ=Ä~åÇK=jÉãçêó=ìë~ÖÉ=ÑáÖìêÉë=~äëç=Åçåí~áå=íÜÉ=ãÉãçêó=ìëÉÇ=Äó=íÜÉ=
fåíêÉéáÇ= ÉñÉÅìí~ÄäÉë= ~ë= ïÉääI= Äìí= íÜÉó= áãéçëÉ= Åçãé~ê~íáîÉäó= ãáåìíÉ= îáêíì~ä= ãÉãçêó=
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êÉèìáêÉãÉåíëK= qÜÉ= ÑáÖìêÉë= êÉéêÉëÉåí= íÜÉ= ä~êÖÉëí= îáêíì~ä=ãÉãçêó=ìë~ÖÉ=çÑ= íÜÉ=ã~ÅÜáåÉë=
áåîçäîÉÇ=áå=íÜÉ=êìåK=cçê=Éñ~ãéäÉI=áå=íÜÉ=Å~ëÉ=ïÜÉêÉ=Ñçìê=ã~ÅÜáåÉë=Ü~îÉ=ÄÉÉå=ìëÉÇI=çåÉ=
çÑ=íÜÉ=ã~ÅÜáåÉë=ïáää=ÄÉ=êìååáåÖ=ÄçíÜ=~=ëìéÉêJÉäÉãÉåí=é~ê~ääÉä=iìë~ë=ÉñÉÅìí~ÄäÉ=~åÇ=íÜÉ=
êÉÅçãÄáå~íáçå=éÜ~ëÉ=é~ê~ääÉä=iìë~ë=ÉñÉÅìí~ÄäÉI=ïÜáäÉ=íÜÉ=çíÜÉê=ã~ÅÜáåÉë=ïáää=ÄÉ=êìååáåÖ=
çåäó= ~= ëìéÉêJÉäÉãÉåí= Å~äÅìä~íáçå= É~ÅÜK= qÜÉ= USjÄóíÉ= ÑáÖìêÉ= ÖáîÉå= áå= íÜÉ= í~ÄäÉ=
ÅçêêÉëéçåÇë=íç=íÜÉ=ã~ÅÜáåÉ=íÜ~í=áë=ãçëí=äç~ÇÉÇ=áå=íÉêãë=çÑ=îáêíì~ä=ãÉãçêóK=

qÜÉ= fåíêÉéáÇ= é~ê~ääÉä= ëÅÜÉÇìäÉê= ~äëç= ~ääçïë= ~Çãáåáëíê~íçêë= íç= ÇÉÑáåÉ= áå= ~Çî~åÅÉ=
“ìå~î~áä~Äáäáíó=éÉêáçÇëÒ= Ñçê= ëéÉÅáÑáÅ=ã~ÅÜáåÉëK=aìêáåÖ= íÜÉëÉ=éÉêáçÇëI= fåíêÉéáÇ=ÇçÉë=åçí=
ä~ìåÅÜ=~åó=åÉï=í~ëâë=çå=íÜÉ=ÅçãéìíÉêë=íÜ~í=~êÉ=ÅçåíêçääÉÇ=Äó=áíK=qÜáë=ïçìäÇ=ÉÑÑÉÅíáîÉäó=
êÉäÉ~ëÉ=íÜÉ=`mr=Ñçê=çíÜÉê=éêçÅÉëëÉë=EäáâÉ=~=ìëÉê=äçÖÖáåÖ=áå=~åÇ=ÅÜÉÅâáåÖ=íÜÉ=ÉJã~áäF=Ñçê=
íÜÉ=Çìê~íáçå=çÑ=íÜ~í=éÉêáçÇK=qÜáë=ï~ë=çåÉ=çÑ=íÜÉ=Öç~äë=çÑ=íÜÉ=m^o^`ljm=éêçàÉÅí=íÜ~í=íÜÉ=
ÉåÇJìëÉê=EjÉëëáÉêJaçïíóF=ÇÉëáêÉÇK=

qÜÉ=“ìå~î~áä~Äáäáíó=éÉêáçÇëÒ=ïÉêÉ=íÉëíÉÇ=~åÇ=ÑçìåÇ=íç=ïçêâK=tÜÉå=~=ÅçãéìíÉê=ÉåíÉêë=~å=
ìå~î~áä~Äáäáíó=éÉêáçÇ=íÜÉ=éêçÅÉëëÉë=çÑ=~å=çåÖçáåÖ=íÉëí= íÜêçìÖÜ=m^o^`ljm=~êÉ=ëíáää= áå=
íÜÉ=éççä=çÑ=êìååáåÖ=éêçÅÉëëÉëK=qÜÉó=~êÉI=ÜçïÉîÉêI=ÄäçÅâÉÇ=ï~áíáåÖ=Ñçê=êÉÅÉáéí=çÑ=~=ëçÅâÉí=
ãÉëë~ÖÉ=~åÇ=íÜìë=ÅçåëìãÉ=åç=`mr=íáãÉ=ìåíáä=íÜÉ=ìå~î~áä~Äáäáíó=éÉêáçÇ=ÑáåáëÜÉëK=qÜÉó=Çç=
ÅçåëìãÉ=ãÉãçêó= êÉëçìêÅÉë= íÜçìÖÜI=ïÜáÅÜ= Å~å=éçíÉåíá~ääó=ã~âÉ= íÜÉ= ÅçãéìíÉê= ~ééÉ~ê=
îÉêó=ëäçï=íç=ïÜçÉîÉê=áë=ìëáåÖ=áí=~í=íÜÉ=íáãÉK=fí=áë=ìé=íç=cb^=íç=ÇÉÅáÇÉ=ïÜÉíÜÉê=íÜÉó=ïáëÜ=
íç= ÉåÜ~åÅÉ= íÜÉáê= ÅçÇÉ= íç= êÉäÉ~ëÉ= ãÉãçêó= ïÜÉå= áí= ÉåíÉêë= ~å= ìå~î~áä~ÄäÉ= éÉêáçÇ= çÑ=
ÉñÉÅìíáçåK=

PKOKP= b~ëÉ=çÑ=ìëÉ=

qê~åëé~êÉåÅó=íç=íÜÉ=ìëÉêë=ï~ë=~äëç=~å=áëëìÉK=qÜÉ=~áã=ï~ë=íç=ÇÉîÉäçé=~=ÅçÇÉ=ïÜÉêÉÄó=íÜÉ=
ìëÉê=ÇÉÑáåÉë=~=éêçÄäÉãI=íÜÉ=ã~ÅÜáåÉë=çå=ïÜáÅÜ=íç=êìå=áí=~åÇ=ÉîÉêóíÜáåÖ=ÉäëÉ=áë=í~âÉå=Å~êÉ=
çÑK= få= éêáåÅáéäÉ= íÜáë= áë= ïÜ~í= Ü~ééÉåëK= qÜÉêÉ= áë= ~= çåÅÉ= çåäó= áåëí~ää~íáçåI= ïÜÉêÉÄó= íÜÉ=
~Çãáåáëíê~íçê= åÉÉÇë= íç= ÇÉÑáåÉ= íÜÉ= ïçêâëí~íáçåë= íÜ~í= ~êÉ= íç= ÄÉ= ÅçåíêçääÉÇ= Äó= fåíêÉéáÇK=
aìêáåÖ= íÜÉ= áåëí~ää~íáçå= éÜ~ëÉ= íÜÉ= ëóëíÉã= ~Çãáåáëíê~íçê= Å~å= ~äëç= ÇÉíÉêãáåÉ= íÜÉ=
“ìå~î~áä~Äáäáíó=éÉêáçÇëÒ=Ñçê=É~ÅÜ=ã~ÅÜáåÉI=áå=çêÇÉê=íç=äáãáí=íÜÉ=ìë~ÖÉ=çÑ=íÜÉ=ÅçãéìíáåÖ=
êÉëçìêÅÉë=~í= ÅÉêí~áå= íáãÉë=ÇìêáåÖ= íÜÉ=Ç~óK=qÜÉ=ìëÉê= íÜÉå=ëáãéäó=Ü~ë= íç=ëí~êí= íÜÉ=sáëì~ä=
_~ëáÅ= ëÅêáéí= íÜ~í= áåáíá~íÉë= íÜÉ= é~ê~ääÉä= ëçäìíáçå= çÑ= íÜÉ= ÅìêêÉåíäó= äç~ÇÉÇ=ãçÇÉä= ~åÇ= íÜÉå=
ëÉäÉÅí= íÜÉ= åìãÄÉê= çÑ= ëìéÉêJÉäÉãÉåíë= íÜ~í= ÜÉ= çê= ëÜÉ= ïáëÜÉë= íç= ëéäáí= íÜÉ= ãçÇÉä= áåíçK=
eçïÉîÉê= áå=éê~ÅíáÅÉ=m^o^`ljm=é~êíá~ääó= Ñ~áäÉÇ= íç=ÇÉäáîÉê= íÜáë= Ñçê= íïç=ã~áå=êÉ~ëçåëK=
cáêëíäóI= íÜÉêÉ= áë=åç=ï~ó=çÑ= ~ìíçã~íáÅ~ääó=ÖÉåÉê~íáåÖ= íÜÉ= ëìéÉêJÉäÉãÉåí= áåéìí= ÑáäÉë= Ñêçã=
íÜÉ= sáëì~ä= _~ëáÅ= ëÅêáéí= EÑçê= íÜÉ= íÉëí= Å~ëÉ= íÜÉ= ëìéÉêJÉäÉãÉåí= áåéìí= ÑáäÉë= ïÉêÉ= ëìééäáÉÇ=
ã~åì~ääó= ~äíÉêÉÇ=Äó=cb^= Ñçê=ìëÉ=ïáíÜ= íÜÉ=é~ê~ääÉä= ëÅÜÉÇìäÉêFK=qÜÉ= Ñçêã~í=çÑ= íÜÉ= áåéìí=
ÇÉÅâ= Ü~ë= íç= ÄÉ= ã~åì~ääó= ÅÜ~åÖÉÇK= pÉÅçåÇäóI= ëìéÉêJÉäÉãÉåíë= ~êÉ= Äìáäí= ìé= Ñêçã=
ÖÉçãÉíêáÅ~ä=ÉåíáíáÉëI=ã~âáåÖ=äç~Ç=Ä~ä~åÅáåÖ=~=éêçÄäÉãK==

PKP= rëÉê=~ëëÉëëãÉåí=

qÜÉ= ~Äáäáíó= íç= ëçäîÉ= ä~êÖÉ= ÅçãéäÉñ= ÅçãéçëáíÉ= ãçÇÉäë= áë= ~= éêáçêáíó= Ñçê= jÉëëáÉêJaçïíó=
ÄÉÅ~ìëÉ= ~ÅÅìê~íÉ= éêÉÇáÅíáçåë= çÑ= ÄÉÜ~îáçìê= Å~å= ëáÖåáÑáÅ~åíäó= êÉÇìÅÉ= íÜÉ= Åçëí= çÑ=
Úã~åìÑ~ÅíìêÉ=~åÇ=íÉëíÛ=éêçÖê~ããÉë=íç=çéíáãáëÉ=íÜÉ=ÇÉëáÖå=çÑ=ÅçãéçëáíÉ=é~êíëK==^ÅÅìê~íÉ=
éêÉÇáÅíáçåë=ÖáîÉ=ÅçåÑáÇÉåÅÉ=áå=íÜÉ=íÉÅÜåçäçÖó=çÑ=ëíêìÅíìê~ä=ÅçãéçëáíÉë=~åÇ=íÜìë=~áÇ=íÜÉ=
~ÅÅÉéí~åÅÉ= çÑ= ÅçãéçëáíÉ= ÅçãéçåÉåíë= çå= ä~êÖÉ= ä~åÇáåÖ= ÖÉ~ê= çÑ= Åáîáä= ~áêÅê~Ñí= ~åÇ= íÜÉáê=
~ééäáÅ~íáçå=áå=çíÜÉê=ÅêáíáÅ~ä=~áêÅê~Ñí=ëíêìÅíìêÉëK=
qÜÉ=ëìÅÅÉëëÑìä=ÇÉãçåëíê~íáçå=çÑ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=çÑÑÉêë=íÜÉ=éçíÉåíá~ä=ÄçíÜ=íç=êÉÇìÅÉ=íÜÉ=
ÉñÉÅìíáçå= íáãÉ= çÑ= éêçÄäÉãë= ~åÇ=ã~âÉ= ÄÉííÉê= ìëÉ= çÑ= íÜÉ= Ü~êÇï~êÉK= = få= íÜÉ= áããÉÇá~íÉ=
ÑìíìêÉ=ïÉ=ëÜ~ää=ã~âÉ=ìëÉ=çÑ= íÜÉ= êÉÅÉåíäó= áåíêçÇìÅÉÇ=ëé~êëÉ=ëçäîÉêë= áå= íÜÉ=irp^p=ÅçÇÉ=
EëÉÉ=åÉñí=ëÉÅíáçåFK=eçïÉîÉê=ïÉ=~êÉ=~äï~óë=äççâáåÖ=íç=êìå=ä~êÖÉê=éêçÄäÉãë=~åÇ=íÜÉ=~Äáäáíó=
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íç= ÇáëíêáÄìíÉ= éêçÄäÉã= ëáòÉ= ~Åêçëë= íÜÉ= åÉíïçêâ= íÜ~í= Ü~ë= ÄÉÉå= ÇÉãçåëíê~íÉÇ= áå=
m^o^`ljm= éêçàÉÅí= ïáää= ÄÉ= ~= ìëÉÑìä= ÑÉ~íìêÉ=ïÜÉå= áí= áë= áãéäÉãÉåíÉÇ= áå= íÜÉ= ëí~åÇ~êÇ=
irp^p=ÅçÇÉK=tÜÉå=íÜÉ=é~ê~ääÉä=îÉêëáçå=áë=êÉäÉ~ëÉÇI=íÜÉ=Éñíê~=íáãÉ=ë~îáåÖë=~åÇ=íÜÉ=Éñíê~=
éêçÅÉëëáåÖ=ÑäÉñáÄáäáíó=ïáää=éêçÇìÅÉ=ÑìêíÜÉê=ÄÉåÉÑáíëK=

Q= aÉîÉäçéãÉåíë=ïáíÜáå=íÜÉ=äáÑÉíáãÉ=çÑ=íÜÉ=éêçàÉÅí=
qÜÉ= é~ê~ääÉä= irp^p= ÅçÇÉ= ÇÉîÉäçéÉÇ= áå= íÜÉ= m^o^`ljm=éêçàÉÅí= ÇÉäáîÉêë= ~= åìãÄÉê= çÑ=
ÄÉåÉÑáíë=íç=íÜÉ=ìëÉêK=qÜÉëÉ=áåÅäìÇÉ=~=ÇáëíêáÄìíáçå=çÑ=íÜÉ=ãÉãçêó=~åÇ=Çáëâ=êÉèìáêÉãÉåíë=çÑ=
íÜÉ=ÅçÇÉ=~åÇ=íê~åëé~êÉåí=ÉñÉÅìíáçåI=Äìí=íÜÉ=éêáåÅáéäÉ=ÄÉåÉÑáí=íç=íÜÉ=ìëÉê=áë=ëéÉÉÇK=qÜÉêÉ=
~êÉ= íÜêÉÉ= ëí~ÖÉë= íç= íÜÉ= ÉñÉÅìíáçåW= éêÉé~êáåÖ= íÜÉ= ëìéÉêJÉäÉãÉåí= ã~íêáÅÉëI= ëçäîáåÖ= íÜÉ=
ëìéÉêJÉäÉãÉåíë= ~åÇ= ëçäîáåÖ= íÜÉ= ÖäçÄ~ä=éêçÄäÉãK=qÜÉ=m^o^`ljm=éêçàÉÅí= Ü~ë= êÉÇìÅÉÇ=
íÜÉ=ÉñÉÅìíáçå=íáãÉ=áå=íÜÉ=Ñáêëí=~åÇ=ä~ëí=éÜ~ëÉë=ëç=~ë=íç=êÉÇìÅÉ=íÜÉ=çîÉê~ää=ÉñÉÅìíáçå=íáãÉ=
Äó=~= Ñ~Åíçê=çÑ=PKT=çå=Q=ã~ÅÜáåÉëK=qÜÉ=ÉñÉÅìíáçå= íáãÉ= áå= íÜÉ= DëçäîÉD=éÜ~ëÉ= áë= êÉÇìÅÉÇ=Äó=
çåäó=~=ëã~ää=~ãçìåíK=qÜÉ=êÉ~ëçå=Ñçê=íÜáë=áë=íÜ~í=Äó=ëéäáííáåÖ=íÜÉ=ãçÇÉä=íÜÉ=Ñêçåí=ïáÇíÜ=çÑ=
É~ÅÜ= ëìÄãçÇÉä= áë= ~Åíì~ääó= áë= áåÅêÉ~ëÉÇK= páåÅÉ= íÜÉ= ëçäìíáçå= íáãÉ= áë= éêçéçêíáçå~ä= íç= íÜÉ=
ëèì~êÉ= çÑ= íÜÉ= Ñêçåí= ïáÇíÜ= íáãÉ= íÜÉ= åìãÄÉê= çÑ= Éèì~íáçåë= íÜÉ= ëçäìíáçå= íáãÉ= çÑ= íÜÉ=
ëìÄãçÇÉäë= êÉã~áåë= ~Äçìí= íÜÉ= ë~ãÉK= få= Ñ~Åí= áÑ= íÜÉ= ãçÇÉä= áë= åçí= ëéäáí= ~í= íÜÉ= çéíáã~ä=
éçëáíáçåë= íÜÉ= ëçäìíáçå= íáãÉ=ã~ó= áåÅêÉ~ëÉK=kçï=íÜÉ=ÅìêêÉåí= ëçäîÉê=ÇçÉë=åçí=ÜÉäé= áå= íÜáë=
êÉëéÉÅí= ~ë= íÜÉ= ÑêçåíïáÇíÜ= çéíáãáëÉêë= Çç= åçí= ~ÅÅçìåí= Ñçê= êÉí~áåÉÇ= ÑêÉÉÇçãëK= qÜÉ= åÉï=
ãìäíá= Ñçåí~ä= ëçäîÉê=ÇçÉë=ÜçïÉîÉê= ~åÇ= íÜÉêÉÑçêÉ= áí=ã~âÉë= ëÉåëÉ= íç= ÅçåÅÉåê~íÉ= ÉÑÑçêí= çå=
áãéäÉãÉåíáåÖ=íÜáë=Ñçê=é~ê~ääÉä=ëçäìíáçåëK=

aìêáåÖ= íÜÉ= äáÑÉíáãÉ= çÑ= íÜÉ= éêçàÉÅíI= cb^= Ü~îÉ= áãéäÉãÉåíÉÇ= ÅçêÉ= ëé~êëÉ= ã~íêáñ= ëçäîÉê=
êçìíáåÉë=ÇÉîÉäçéÉÇ=Äó=~=íÜáêÇJé~êíóK=qÜáë=ëçäîÉê=Å~å=êìå=ìé=íç=NM=íáãÉë=Ñ~ëíÉê=çå=~=ëáåÖäÉ=
ã~ÅÜáåÉ=Ñçê=îÉêó= ä~êÖÉ=éêçÄäÉãë=Äó=ëéÉÉÇáåÖ=ìé=íÜÉ=ëçäìíáçå=çÑ=Éèì~íáçåëI=~å=~êÉ~=íÜÉ=
m^o^`ljm=éêçàÉÅí=Ü~ë=åçí=~ÇÇêÉëëÉÇK=råÑçêíìå~íÉäó=íÜÉ=ëé~êëÉ=ã~íêáñ=ëçäîÉê=ÇçÉë=åçí=
ÅìêêÉåíäó=ëìééçêí=ëìéÉêJÉäÉãÉåíëK=qÜáë=áë=ÜçïÉîÉê=ÅìêêÉåíäó=ÄÉáåÖ=áãéäÉãÉåíÉÇK=

dáîÉå=íÜÉ=ÄÉåÉÑáíë=íÜÉ=ëé~êëÉ=ã~íêáñ=ëçäîÉê=ïáää=éêçîáÇÉ=çîÉê=íÜÉ=é~ê~ääÉä=ÅçÇÉ=cb^=Ü~îÉ=
ÇÉÅáÇÉÇ=íç=ÑçÅìë=íÜÉáê=ÉÑÑçêíë=áå=ÇÉäáîÉêáåÖ=íÜÉ=ëé~êëÉ=ã~íêáñ=ÅçÇÉ=íç=íÜÉáê=ÅìëíçãÉêë=ÑáêëíK=
qÜáë=ÇÉîÉäçéãÉåí=ÇçÉë=åçí=ãÉ~å=íÜ~í=cb^=ïáää=åçí=Éñéäçáí=íÜÉ=ÑìåÅíáçå~äáíó=ÇÉîÉäçéÉÇ=
áå= íÜÉ=m^o^`ljm=éêçàÉÅíK= fåÇÉÉÇ= íÜÉ=m^o^`ljm=ïçêâ= áë= ÅçãéäÉãÉåí~êó=ïáíÜ= íÜÉ=
ëé~êëÉ= ã~íêáñ= ëçäîÉê= ëéÉÉÇ= ìé= ~åÇ= cb^= êÉã~áå= ÅçããáííÉÇ= íç= ÅêÉ~íáåÖ= ~= ÅçããÉêÅá~ä=
é~ê~ääÉä=ÅçÇÉK=qÜÉ=íáãÉ=ëÅ~äÉë=Ü~îÉ=ÜçïÉîÉê=ãçîÉÇ=ëáåÅÉ=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅíK=

cáÖìêÉë=P=~åÇ=Q=ÄÉäçï=ëÜçï=~=Åçãé~êáëçå=çÑ=Ñçìê=îÉêëáçåë=çÑ=irp^pX=íÜÉ=ÅìêêÉåí=ëÉêá~ä=
îÉêëáçåI= íÜÉ= ÅìêêÉåí=é~ê~ääÉä=îÉêëáçåI= íÜÉ=åÉï=ëçäîÉêë=~åÇ= íÜÉ=é~ê~ääÉä=îÉêëáçå=ïáíÜ= íÜÉ=
åÉï= ëçäîÉêëK= qÜÉ= Ñáêëí= íÜêÉÉ= ~êÉ= Ä~ëÉÇ= çå= ãÉ~ëìêÉÇ= î~äìÉëI= Äìí= íÜÉ= ä~ëí= áë= éêÉÇáÅíÉÇK=
qÜÉêÉ= ~êÉ= íÜêÉÉ= éÜ~ëÉë= íç= íÜÉ= ëçäìíáçåX= éêÉJéêçÅÉëëáåÖI= ëçäìíáçå= ~åÇ= éçëíJéêçÅÉëëáåÖK=
cáÖìêÉ= P= ëÜçïë= î~äìÉë= Ñçê= ~= ëí~åÇ~êÇI= äáåÉ~ê= Éä~ëíáÅáíó= éêçÄäÉã= ~åÇ= ÑáÖìêÉ= Q= ëÜçïë=
ÑáÖìêÉë= Ñçê=~=åçåJäáåÉ~ê=ÇÅÄ=~å~äóëáëK=cêçã=íÜÉëÉ= ÑáÖìêÉë=ïÉ=ëÉÉ= íÜ~í= Ñçê= íÜÉ=åçåJäáåÉ~ê=
éêçÄäÉã= íÜÉ= é~ê~ääÉä= îÉêëáçå= ÖáîÉë= ~= ëéÉÉÇ= ìé= çîÉê~ääI= Äìí= íÜáë= áë= êçìÖÜäó= íÜÉ= ë~ãÉ=
áãéêçîÉãÉåí= ~ë= íÜÉ= áãéêçîÉãÉåí= íÜÉ= åÉï= ëçäîÉêë= ÖáîÉ= çå= ~= ëáåÖäÉ= éêçÅÉëëçêK= fí= áë=
Éëíáã~íÉÇ=íÜ~í=Äó=ÅçãÄáåáåÖ=íÜÉ=íïç=ã~ó=ÖáîÉ=~=ëéÉÉÇ=ìé=çÑ=ÄÉíïÉÉå=R=~åÇ=TK=cçê=äáåÉ~ê=
éêçÄäÉãë=íÜÉ=é~ê~ääÉä=îÉêëáçå=ÖáîÉë=~=éççê=ëéÉÉÇ=ìéI=ïÜÉêÉ~ë=íÜÉ=åÉï=ëçäîÉêë=Å~å=ÖáîÉ=~=
ëéÉÉÇ= ìé= çÑ= ìé= íç= NMK= `çãÄáåáåÖ= íÜÉ= íïç=ã~ó= ÖáîÉ= ~= ëéÉÉÇ= ìé= çÑ= NR= íç= OM= çå= Ñçìê=
éêçÅÉëëçêëK=

NVVVJORVSKÇçÅ= «=m^o^`ljm=`çåëçêíáìãI=NVVV= 10 of 15=



 

Execution times for composite analysis

0

2

4

6

8

10

12

14

16

serial parallel new solvers combined

Solver type

Ex
ec

ut
io

n 
tim

e

Pre processing
Solve
Post processing

=

cáÖìêÉ=P=

 

Execution times for linear elastic problem
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cáÖìêÉ=Q=

qÜáë=~å~äóëáë=ëÜçïë=íïç=íÜáåÖëK=cáêëíäóI=íÜÉ=åÉï=ëçäîÉêë=çìíéÉêÑçêã=íÜÉ=é~ê~ääÉä=îÉêëáçå=
áå=~äãçëí=~ää=ëáíì~íáçåëK=cçê=íÜáë=êÉ~ëçåI=cb^=ãìëí=ÇÉäáîÉê=íÜÉã=íç=ã~êâÉí=ÑáêëíK=eçïÉîÉê=
áí=áë=~äëç=ÅäÉ~ê=íÜ~í=~=é~ê~ääÉä=îÉêëáçå=ìëáåÖ=íÜÉ=åÉï=ëçäîÉêë=ïáää=ÖáîÉ=ëíáää=ÑìêíÜÉê=ÄÉåÉÑáíëK=
qÜÉ=çåäó=íÜáåÖ=éêÉîÉåíáåÖ=cb^=Ñêçã=ÇÉîÉäçéáåÖ=~=é~ê~ääÉä=îÉêëáçå=ïáíÜ=íÜÉ=åÉï=ëçäîÉêë=
áë= íÜ~í= íÜÉó= Çç= åçí= ÅìêêÉåíäó= ëìééçêí= ëìéÉêJÉäÉãÉåíëK= ^ë= ëççå= ~ë= íÜáë= ÑìåÅíáçå~äáíó=
ÄÉÅçãÉë=~î~áä~ÄäÉI=cb^=ïáää=áåîÉëí=íç=ÄêáåÖ=~=é~ê~ääÉä=îÉêëáçå=íç=ã~êâÉíK=
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R= aáëëÉãáå~íáçå=
aáëëÉãáå~íáçå= çÑ=ã~íÉêá~ä= Ñêçã= íÜÉ= m^o^`ljm=éêçàÉÅí= Ü~ë= ÑçÅìëëÉÇ= çå= íïç= ÇáëíáåÅí=
~ìÇáÉåÅÉëK=få=íÜÉ=Ñáêëí=~ìÇáÉåÅÉ=~êÉ=ëçÑíï~êÉ=ÜçìëÉëK=^å=áãéçêí~åí=êÉëìäí=çÑ=íÜÉ=éêçàÉÅí=áë=
íÜ~í= ~= ÑìåÅíáçå~äáíó= ïÜáÅÜ= ã~åó= cb= ÅçÇÉ= îÉåÇçêë= ã~áåí~áå= Å~å= ÄÉ= ìëÉÇ= íç= ëìééçêí=
é~ê~ääÉä= ÉñÉÅìíáçåK= qÜáë= êÉÇìÅÉë= íÜÉ= Åçëí= çÑ=ã~áåí~áåáåÖ= íÜÉ= ÅçÇÉI=ã~âáåÖ= áí= ~ííê~ÅíáîÉ=
çÑÑÉêáåÖ= íç= ëçÑíï~êÉ= ÜçìëÉëK= qÜÉ= ëÉÅçåÇ= Öêçìé= áë= áåÇìëíêá~ä= ÉåÇJìëÉêë= çÑ= åìãÉêáÅ~ä=
ëáãìä~íáçåI=é~êíáÅìä~êäó=ëã~ää=íç=ãÉÇáìã=ëáòÉÇ=Åçãé~åáÉëK=

RKN= qÉÅÜåáÅ~ä=m~éÉêë=

qÜÉ=ÑçääçïáåÖ=é~éÉêë=Ü~îÉ=ÄÉÉå=ëìÄãáííÉÇ=~åÇ=~ÅÅÉéíÉÇ=~í=ÅçåÑÉêÉåÅÉë=

D`~ëÉ=píìÇáÉë=çÑ=Ñçìê=áåÇìëíêá~ä=jÉí~J~ééäáÅ~íáçåëDI=`ççéÉê=qI=em`k=bìêçéÉ=VV=

DmçêíáåÖ=äÉÖ~Åó=~ééäáÅ~íáçåë=íç=kqDI=`ççéÉê=qI=^ääëçéé=kI=cí~â~ë=mI=rëÉåáñ=VV=

_çíÜ= çÑ= íÜÉëÉ= é~éÉêë= ÇÉ~äí= ïáíÜ= íÜÉ= íÉÅÜåáÅ~ä= áëëìÉë= çÑ= ÇÉîÉäçéáåÖ= ~åÇ= ã~áåí~áåáåÖ=
é~ê~ääÉä=ÅçÇÉë=çå=kq=ã~ÅÜáåÉëK=qÜÉó=ïÉêÉ=íÜÉêÉÑçêÉ=~áãÉÇ=~í=ëçÑíï~êÉ=ÜçìëÉëK=

RKO= aáëëÉãáå~íáçå=bîÉåíë=

k^cbjp=^=ÅçåÑÉêÉåÅÉ=ï~ë=çêÖ~åáëÉÇ=ïáíÜ=k^cbjp=çå=íÜÉ=íÜÉãÉ=D`Ü~åÖáåÖ=íÜÉ=ï~ó=
ïÉ= ìëÉ= ëáãìä~íáçåDK= qÜÉ= ÅçåÑÉêÉåÅÉ= ÇáëëÉãáå~íÉÇ= íÜÉ= êÉëìäíë= Ñêçã= ~= åìãÄÉê= çÑ= mpq=
~ÅíáîáíáÉë= áåÅäìÇáåÖ= m^o^`ljmK= qÜÉ= ÅçåÑÉêÉåÅÉ=ï~ë= ~áãÉÇ= ~í= íÜçëÉ=ïáíÜáå= áåÇìëíêó=
ïÜçëÉ= ÉñéÉêíáëÉ= áë= åìãÉêáÅ~ä= ëáãìä~íáçåK= qÜÉëÉ= ê~åÖÉ= Ñêçã= ÉåÖáåÉÉêë= íç= ã~å~ÖÉêë= áå=
áåÇìëíêóK=

RKP= kÉïëäÉííÉê=

^=åÉïëäÉííÉê=çå= íÜÉ=é~ê~ääÉä=irp^p=ÅçÇÉ=Ü~ë=ÄÉÉå=éêÉé~êÉÇK= fí=ïáää=ÄÉ= áåÅäìÇÉÇ= áå= íÜÉ=
åÉñí=ÉÇáíáçå=çÑ=irp^p=kÉïëI=~åÇ=~=ÑäáÉê=Ä~ëÉÇ=çå=áí=ïáää=ÄÉ=ã~ÇÉ=~î~áä~ÄäÉ=íç=íÜÉ=qqk=
Ñçê=ÇáëíêáÄìíáçåK=

RKQ= bñéäçáí~íáçå=

få=çêÇÉê=Ñçê=cb^=íç=Éñéäçáí=íÜÉ=é~ê~ääÉä=îÉêëáçåI=~å=~ÖêÉÉãÉåí=Ü~ë=ÄÉÉå=êÉ~ÅÜÉÇ=ÄÉíïÉÉå=
m^`=~åÇ=cb^=ïÜÉêÉÄó=íÜÉ=ëçìêÅÉë=íç=íÜÉ=ÅçÇÉ=Ü~îÉ=ÄÉÉå=ÇÉäáîÉêÉÇ=íç=cb^=íç=ëìééçêí=
~åÇ=ÇÉîÉäçéK=
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S= `çåÅäìëáçåë=
qÜÉ=m^o^`ljm=éêçàÉÅí=ëÉí=çìí=íç=~ÅÜáÉîÉ=íÜêÉÉ=íÜáåÖëW=

• íç=ëÜçï=Üçï=~=ÑáåáíÉ=ÉäÉãÉåí=ÅçÇÉ=ÅçìäÇ=ÄÉ=Ñìääó=éçêíÉÇ=íç=êìå=áå=é~ê~ääÉä=çå=äçï=Åçëí=
Ü~êÇï~êÉI=å~ãÉäó=~=ÅäìëíÉê=çÑ=kq=ïçêâëí~íáçåëX==

• íç=ÇÉîÉäçé=~=ÅçÇÉ=íÜ~í=ÅçìäÇ=ÄÉ=ã~áåí~áåÉÇ=~í=ãáåáã~ä=Éñíê~=Åçëí=íç=íÜÉ=ÅçÇÉ=çïåÉêëX=

• íç=áåîÉëíáÖ~íÉ=íÜÉ=ÄìëáåÉëë=ãçÇÉäë=Äó=ïÜáÅÜ=íÜÉ=é~ê~ääÉä=ÅçÇÉ=ÅçìäÇ=ÄÉ=ìëÉÇ=

qÜÉ= ÅçåÅäìëáçåë= Å~å= ÄÉ= ÄêçâÉå= Ççïå= áåíç= íÜÉëÉ= íÜêÉÉ= ~êÉ~ëI= éäìë= ëçãÉ= ÖÉåÉê~ä=
ÅçããÉåíëK=

SKN= fåíêçÇìÅíáçå=

qÜÉ=irp^p=ÅçÇÉ=Ü~ë=ÄÉÉå=éçêíÉÇ=Ñêçã=ïÜ~íI=~í=íÜÉ=ëí~êí=çÑ=íÜÉ=éêçàÉÅíI=ï~ë=~=ëÉêá~ä=ÅçÇÉ=
~î~áä~ÄäÉ= çå= råáñ= ~åÇ= kq= íç= ~= é~ê~ääÉä= ÅçÇÉ= çå= kqK= fí= Ü~ë= ÄÉÉå= áåíÉÖê~íÉÇ= ïáíÜ= íÜÉ=
fåíêÉéáÇ= ëÅÜÉÇìäÉê= Ñêçã= m^`= ~åÇ= Ü~ë= ÄÉÉå= ÇÉãçåëíê~íÉÇ= çå= ~= åìãÄÉê= çÑ= ÇáÑÑÉêÉåí=
ÅäìëíÉêë= çÑ= kq= ã~ÅÜáåÉëK= qÜÉ= ÅçÇÉ= Ü~ë= êÉÇìÅÉÇ= íÜÉ= ÉñÉÅìíáçå= íáãÉ= Ñçê= ~= é~ê~ääÉä=
ÅçãéçëáíÉë= ~å~äóëáë= Ççïå= Ñêçã= åÉ~êäó= Q= Üçìêë= íç= àìëí= ìåÇÉê= N= Üçìê= çå= Q= ã~ÅÜáåÉëK=
pÅêáéíë= ~åÇ=ìëÉê= áåíÉêÑ~ÅÉë=Ü~îÉ=ÄÉÉå=ÇÉîÉäçéÉÇ=ïÜáÅÜ=~ääçï= íÜÉ=ìëÉê= íç= ÅêÉ~íÉ= ëìéÉêJ
ÉäÉãÉåíë=íÜ~íI=ëìÄàÉÅí=íç=íÜÉ=Åçåëíê~áåíë=çÑ=íÜÉ=irp^p=ãçÇÉääÉêI=~êÉ=äç~Ç=Ä~ä~åÅÉÇ=ïáíÜ=
êÉëéÉÅí=íç=íÜÉ=êÉëçìêÅÉë=~î~áä~ÄäÉK=^=ëÉí=çÑ=ëÅêáéíë=Ü~ë=ÄÉÉå=ïêáííÉå=ïÜáÅÜ=~ääçï=íÜÉ=ìëÉê=
íç=áåëí~ää=fåíêÉéáÇ=çåíç=íÜÉ=kq=åÉíïçêâ=~åÇ=íç=ëÉäÉÅí=íÜÉ=ã~ÅÜáåÉë=çå=ïÜáÅÜ=íç=ëçäîÉ=íÜÉ=
éêçÄäÉãK=qÜÉ=ÅçÇÉ=Ü~ë=ÄÉÉå=íÉëíÉÇ=Äó=íÜÉ=ÉåÇ=ìëÉê=ïáíÜ=ÉåÅçìê~ÖáåÖ=ÑÉÉÇÄ~ÅâK=

qÜÉêÉ=ïÉêÉ=~=åìãÄÉê=çÑ=ìåÑçêÉëÉÉå=éêçÄäÉãë=íÜ~í=Ü~îÉ=ÜáåÇÉêÉÇ=íÜÉ=ÇÉîÉäçéãÉåí=áå=íÜÉ=
éêçàÉÅíK=qÜÉ=ÑìåÇ~ãÉåí~ä=ï~ó=áå=ïÜáÅÜ=irp^p=ÇÉ~äë=ïáíÜ=ëìéÉêJÉäÉãÉåíë=íìêåÉÇ=çìí=íç=
Ü~îÉ=~= ä~êÖÉ=ÉÑÑÉÅí=çå=Üçï=ÉÑÑÉÅíáîÉäó= íÜÉ=éêçÄäÉã=ÅçìäÇ=ÄÉ= äç~ÇJÄ~ä~åÅÉÇK= få=~ÇÇáíáçå=
íÜÉ= áåíÉÖê~íáçå=çÑ= áåJÅçêÉ= ëé~êëÉ= ëçäîÉêë=ïÜáÅÜ= ëÜçïÉÇ= ëáãáä~êI= áÑ=åçí=ÄÉííÉê= ëéÉÉÇJìéë=
ãÉ~åë=íÜ~í=íÜÉ=é~ê~ääÉä=ÅçÇÉ=ïáää=åçí=åçï=ÄÉ=éêçÇìÅíáëÉÇ=ìåíáä=åÉñí=óÉ~êK=

SKO= m~ê~ääÉä=cb=çå=kq=J=äçïJÅçëí=é~ê~ääÉä=ÑáåáíÉ=ÉäÉãÉåí=

qÜÉ=ÅçÇÉ=Ü~ë=ÄÉÉå=ÇÉãçåëíê~íÉÇ=íç=ÖáîÉ=êÉ~ä=ëéÉÉÇ=ìéë=çå=~å=kq=ÅäìëíÉêK=_ÉÅ~ìëÉ=çÑ=íÜÉ=
ï~ó= áå= ïÜáÅÜ= Ç~í~= áë= Ü~åÇäÉÇI= íÜÉ= íê~åëÑÉê= çÑ= Ç~í~= ÑáäÉë= ~Åêçëë= íÜÉ= åÉíïçêâ= Ü~ë= ÄÉÉå=
ãáåáãáëÉÇI=~å=áãéçêí~åí=êÉëìäí=Ñçê=ìëÉêë=çÑ=íÜÉ=ÅçÇÉK=

`çãéçëáíÉ=~å~äóëáë=áë=íê~Çáíáçå~ääó=fLl=áåíÉåëáîÉK=_ÉÅ~ìëÉ=É~ÅÜ=ã~ÅÜáåÉ=áå=íÜÉ=åÉíïçêâ=
Ü~ë=áíë=çïå=ÇáëâI=íÜÉ=fLl=áë=ÇáëíêáÄìíÉÇ=~Åêçëë=íÜÉ=åÉíïçêâ=~åÇ=íÜáë=ÖáîÉë=ëéÉÉÇJìéë=áå=áíë=
çïå=êáÖÜíK=qÜÉêÉ=áë=~=ÑìêíÜÉê=ÅçåëÉèìÉåÅÉ=çÑ=íÜáëK=qÜÉ=äáãáíáåÖ=Ñ~Åíçê=ïÜáÅÜ=ÇÉíÉêãáåÉë=
íÜÉ=ëáòÉ=çÑ=íÜÉ=éêçÄäÉã=ïÜÉå=êìååáåÖ=~=ÅçãéçëáíÉ=~å~äóëáë=áå=irp^p=áë=íÜÉ=ëÅê~íÅÜ=ëé~ÅÉ=
êÉèìáêÉÇ= íç= ïêáíÉ= íÜÉ= áåíÉêãÉÇá~íÉ= ÑáäÉëK= _ÉÅ~ìëÉ= íÜÉëÉ= ÑáäÉë= ~êÉ= ÇáëíêáÄìíÉÇ= ~Åêçëë= íÜÉ=
åÉíïçêâI= é~ê~ääÉä= irp^p= áë= ~ÄäÉ= íç= éêçÅÉëë=ãìÅÜ= ä~êÖÉê= àçÄë= íÜ~å=ï~ë= éêÉîáçìëäó= íÜÉ=
Å~ëÉK=cçê=jÉëëáÉêJaçïíó=íÜáë=áë=~å=áãéçêí~åí=êÉëìäíI=~ë=íÜÉó=Ü~îÉ=~=äçåÖ=íÉêã=ÇÉëáêÉ=íç=ÄÉ=
~ÄäÉ=íç=ãçÇÉä=Ñìää=ä~åÇáåÖ=ÖÉ~êK=

SKP= oÉëçìêÅÉ=j~å~ÖÉãÉåí=çå=kq=J=ÅçÇÉ=ã~áåíÉå~åÅÉ=~åÇ=ìë~Äáäáíó=

^ë=kq=ÄÉÅçãÉë=áåÅêÉ~ëáåÖäó=éçéìä~ê=~ë=~=ÇÉëâ=íçé=éä~íÑçêãI=íÜÉêÉ=áë=áåÅêÉ~ëáåÖ=éêÉëëìêÉ=
Ñçê=ëáãìä~íáçå=ìëÉêë=íç=í~âÉ=~Çî~åí~ÖÉ=çÑ=íÜáë=êÉëçìêÅÉ=Ñçê=êìååáåÖ=àçÄëK=qÜáë=ãÉ~åë=íÜ~í=
êçÄìëí=êÉëçìêÅÉ=ã~å~ÖÉêë=ãìëí=ÄÉ=ÇÉîÉäçéÉÇ=Ñçê=kqK=

qÜÉ=fåíêÉéáÇ=êÉëçìêÅÉ=ã~å~ÖÉêI=çêáÖáå~ääó=ÇÉîÉäçéÉÇ=çå=rkfu=ã~ÅÜáåÉë=Ü~ë=ÄÉÉå=éçêíÉÇ=
íç=kq= ~åÇ= áåíÉÖê~íÉÇ=ïáíÜ= irp^pK= qÜÉ= éçêí=ã~ÇÉ= ìëÉ= çÑ= íÜÉ=táåPO= ëçÅâÉí= äáÄê~êó= íç=
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éÉêÑçêã= ÅçããìåáÅ~íáçåë= ÄÉíïÉÉå= íÜÉ= î~êáçìë=ãçÇìäÉë= ~åÇ= íÜÉ=jáÅêçëçÑí= cçìåÇ~íáçå=
`ä~ëë= äáÄê~êáÉë= íç= éÉêÑçêã= Ç~í~= íê~åëÑÉêëK= _çíÜ= Ü~îÉ= ÄÉÉå= éêçîÉå= íç= ÄÉ= êÉäá~ÄäÉ= ~åÇ=
ÉÑÑáÅáÉåí=ï~óë=çÑ=ÅçåíêçääáåÖ=íÜÉ=åÉíïçêâK=

qÜÉ= ~ÄëÉåÅÉ= çÑ= ~å= ÚêëÜÛ= Ç~Éãçå= çå=kq= Ü~ë= ÄÉÉå= ëÜçïå= åçí= íç= ÄÉ= ~= ÜáåÇê~åÅÉ= íç= íÜÉ=
ÇÉîÉäçéãÉåí= çÑ= êÉëçìêÅÉ=ã~å~ÖÉãÉåí= íÉÅÜåáèìÉë= çå=kqI= ~åÇ= íÜÉëÉ= êÉëìäíë= Ü~îÉ= ÄÉÉå=
éêÉëÉåíÉÇ=íç=íÜÉ=äÉ~ÇáåÖ=kq=ÅçåÑÉêÉåÅÉK=

qÜÉ= ìëÉ= çÑ= ëí~åÇ~êÇ= ÅçãéçåÉåíë= Eirp^p= ~åÇ= fåíêÉéáÇF= íç= áãéäÉãÉåí= íÜÉ= é~ê~ääÉä= cb=
ëçäìíáçå= ãÉ~åë= íÜ~í= ÅçÇÉ= çïåÉêëÜáé= ~åÇ= ã~áåíÉå~åÅÉ= áë= ëíê~áÖÜíÑçêï~êÇK= = qÉÅÜåáÅ~ä=
ëìééçêí= Ñçê=cb=~å~äóëáë= áë=éêçîáÇÉ=~ë=ëí~åÇ~êÇ=Äó=cb^I=~åÇ=íÜáë=ëìééçêí=~ééäáÉë= íç=íÜÉ=
é~ê~ääÉä= ÅçÇÉK= = qÜÉ= ìëÉ= çÑ= ëáãéäÉ= ëÅêáéíë=ãÉ~åë= íÜ~í= íÜÉêÉ= ëÜçìäÇ= ÄÉ= åç= ÅçãéäÉñ= ìëÉê=
ëìééçêí=áëëìÉë=Ñçê=jÉëëáÉêJaçïíó=íç=ÇÉ~ä=ïáíÜ=áåJÜçìëÉK=

SKQ= _ìëáåÉëë=ãçÇÉä=~åÇ=ÄìëáåÉëë=ÄÉåÉÑáíë=

jÉëëáÉêJaçïíó= áë= ~= ãÉÇáìãJëáòÉÇ= ÉåÖáåÉÉêáåÖ= Åçãé~åó= ïáíÜ= ~= ÅäìëíÉê= çÑ= kq= ïçêâ=
ëí~íáçåë=ìëÉÇ=ÇìêáåÖ= íÜÉ=Ç~óíáãÉ= Ñçê=`^a=ïçêâK=qÜÉó=~êÉ= íóéáÅ~ä=çÑ= ëìÅÜ=ÉåÖáåÉÉêáåÖ=
Åçãé~åáÉëK==qÜáë=éêçàÉÅí=Ü~ë=ëÜçïå=Üçï=íÜÉ=~î~áä~ÄäÉ=ÅçãéìíáåÖ=êÉëçìêÅÉ=ã~ó=ÄÉ=ìëÉÇ=
Ñçê=êìååáåÖ=éêçÄäÉãë=éêÉîáçìëäó=çìíëáÇÉ=íÜÉ=ëÅçéÉ=çÑ=íÜçëÉ=íÜ~í=ÅçìäÇ=ÄÉ=êìåK=

qÜÉ= ã~áå= éÉêÅÉáîÉÇ= ÄìëáåÉëë= ÄÉåÉÑáíë= íç= ëìÅÜ= ëã~ääJ= íç= ãÉÇáìãJëáòÉÇ= ÉåÖáåÉÉêáåÖ=
Åçãé~åáÉë= Ñêçã= ìëáåÖ= é~ê~ääÉä= ÑáåáíÉ= ÉäÉãÉåí= ~å~äóëáë= êìååáåÖ= çå= ÉñáëíáåÖ= äçïJÅçëí=
ïçêâëí~íáçåë=~êÉW=

• dêÉ~íÉê= êÉëéçåëáîÉåÉëë= íç= ÅìëíçãÉê= ÇÉã~åÇë= EíÜÉ= Ñ~ëíÉê= ëçäìíáçå= íáãÉ= Éå~ÄäÉë=
jÉëëáÉêJaçïíó=íç=~íí~Åâ=ãçêÉ=ÅçãéäÉñ=éêçÄäÉãë=ãçêÉ=èìáÅâäóFX=

• fåÅêÉ~ëÉÇ= ÅìëíçãÉê= ÅçåÑáÇÉåÅÉ= áå= ~= éêçéçëÉÇ= ÉåÖáåÉÉêáåÖ= ëçäìíáçå= EÄó= êìååáåÖ=
ëáãìä~íáçåë= ãçêÉ= èìáÅâäóI= jÉëëáÉêJaçïíó= Å~å= áãéêçîÉ= íÜÉ= ~ÅÅìê~Åó= çÑ= íÜÉáê=
ëáãìä~íáçåë=~åÇ=ÄÉííÉê=ãçÇÉä=ÅçãéçåÉåí=ÄÉÜ~îáçìêFX=

_çíÜ= çÑ= íÜÉëÉ= ÄÉåÉÑáíë= ïáää= ã~âÉ= jÉëëáÉêJaçïíó= ãçêÉ= ÅçãéÉíáíáîÉ= áå= íÜÉ= ~Éêçëé~ÅÉ=
ÅçãéçåÉåí=áåÇìëíêóK===

få= ~ÇÇáíáçåI=ïáíÜ= íÜÉ= Ñ~ëíÉê= ëáãìä~íáçå= Å~é~ÄáäáíóI=jÉëëáÉêJaçïíó= ÉñéÉÅí= íç= ÄÉ= ~ÄäÉ= íç=
ÄìáäÇ= ÅçãéçåÉåíë= Ñêçã= ÅçãéçëáíÉ= ã~íÉêá~äë= ïáíÜ= ÖêÉ~íÉê= ÅçåÑáÇÉåÅÉK= = qÜáë= Ü~ë= ~=
íêÉãÉåÇçìë= âåçÅâJçå= ÉÑÑÉÅí= Ñçê= íÜÉ= ~áêÅê~Ñí= ã~åìÑ~ÅíìêÉê= ~åÇ= ~áêäáåÉë= J= ÅçãéçëáíÉ=
ÅçãéçåÉåíë=çÑÑÉê=ÉñÅÉääÉåí=ïÉáÖÜí=ë~îáåÖ=çîÉê=ÅçåîÉåíáçå~ä=ÅçãéçåÉåíë=~åÇ=íÜáë=äÉ~Çë=
íç=äçïÉê=~áêÅê~Ñí=êìååáåÖ=ÅçëíëK=

^ää=çÑ=íÜÉëÉ=ÄÉåÉÑáíë=Å~å=ÄÉ=êÉ~äáëÉÇ=ïáíÜ=îÉêó=äáííäÉ=áåîÉëíãÉåí=áå=Ü~êÇï~êÉI=ëç=íÜÉ=êÉíìêå=
çå=áåîÉëíãÉåí=áë=éçíÉåíá~ääó=îÉêó=ê~éáÇK=

T= bñéäçáí~íáçå=
hÉó=íç=íÜÉ=Éñéäçáí~íáçå=çÑ=íÜáë=ÅçÇÉ=áë=íÜÉ=É~ëÉ=çÑ=ã~áåíÉå~åÅÉ=Ñçê=cb^K=qÜáë=éêçàÉÅí=Ü~ë=
ÇÉãçåëíê~íÉÇ=ÜçïI=Äó=ÄìáäÇáåÖ=íÜÉ=é~ê~ääÉäáë~íáçå=ìëáåÖ=ÉñáëíáåÖ=ÑìåÅíáçå~äáíóI=~=é~ê~ääÉä=
ÅçÇÉ=Å~å=ÄÉ=ÇÉîÉäçéÉÇ=ïÜáÅÜ=áë=ÅÜÉ~éÉê=íç=ã~áåí~áå=íÜ~å=çåÉ=ïÜáÅÜ=áë=ÇÉîÉäçéÉÇ=ìëáåÖ=
ÄÉëéçâÉ=ÑìåÅíáçå~äáíóK=

få=çêÇÉê=Ñçê=cb^=íç=ÄÉ=~ÄäÉ=íç=çÑÑÉê= íÜÉ=é~ê~ääÉä=ÅçÇÉ=áå=íÜÉ=ÑìíìêÉI=m^`=~åÇ=cb^=Ü~îÉ=
êÉ~ÅÜÉÇ=~å=~ÖêÉÉãÉåí=çå=íÜÉ=ìëÉ=çÑ=fåíêÉéáÇK=
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U= `çåí~Åí=ÇÉí~áäë=

=
EÑçêãÉêäó=
m^`F=

m~ìä=dçêÇçå= ÜííéWLLïïïKáíJ
áååçî~íáçåKëçíçåK~ÅKìâ=

`ççêÇáå~íçêI=
ÇÉîÉäçéÉê=çÑ=
fåíêÉéáÇ=

=

a~îÉ=fêîáåÖ= ÜííéWLLïïïKäìë~ëKÅçã= irp^p=cb=ÅçÇÉ=

jÉëëáÉê=
açïíó=

oáÅÜ~êÇ=kÉïäÉó= Messier-Dowty, 
Cheltenham Road, 
Gloucester, 
UK 

båÇ=ìëÉê=

=


	1State of the Art
	The numerical analysis of composites
	Parallel FE on NT clusters
	Computational Resource Management tools for NT
	The maintenance of parallel simulation codes

	2.Approach taken
	The development of non-linear super-elements
	The port of Intrepid to NT
	2.3Interfacing Intrepid with Lusas
	Load Balancing
	The Messier-Dowty test case

	Results, Achievements and Benefits
	3.1Load balancing
	Performance of the parallel code.
	3.2.1The controls and goals
	3.2.2Performance of the code
	3.2.3Ease of use

	User assessment

	Developments within the lifetime of the project
	5Dissemination
	Technical Papers
	Dissemination Events
	Newsletter
	Exploitation

	Conclusions
	Introduction
	Parallel FE on NT - low-cost parallel finite element
	Resource Management on NT - code maintenance and usability
	Business model and business benefits

	Exploitation
	Contact details

