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eWfLK gLg \_ÞWc
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î�f�lVnVfaN-USUS\_PWn;ß&\
IL`mIL`Wf�K6Npä g[g `bl¶ßÄK�äCILl%ÞYKSßÄK6c
c
å´à�PWl¶ß&PmN-Pbä g \
USeWc_KSK�PWl T nV`¼ILl
g K6fLìpK½N g N;ÞbN g \ g MolVf[N;eYlVfLI�N-Þbc
K.ebN-faN-c_c
K6c�eWf�lVnpf�NVUSU�\_PWn�K6PJì�\_fLlpPWUSK�PJI æ û `WK$#bf g I
N-eWeWf�lpNp^a` ã PbNVUSK6ä&%pú�\ g I�fL\_Þ T I�K6äÝI�`Wf�K6NVä g�g â g ILK6U'% ï ú û HWðëó (¶õºnVK6PWK�faN-c_\)��K6äèI�`WK
PWl-I�\
lpP¸lVM�IL`Wf�K6Npä g MolVfºä�\ g ILf�\_Þ T ILK�äCUSK�USlVf�â�U�Np^a`W\
PbK g6æ�* ^7lpUSeW\
c_K�f�ß�N g ß&fL\
I�I�K�P
ILl g \
USeWc_\iMoâ�IL`WK[IaN g à;l-M*\_äWK�PJIL\
Moâ�\
PWn;NVPbä¸^7f�K6N¶I�\
Pbn�e�N-faN-c_c
K6c�I�`Wf�K6NVä g�æ

* U�N¶ç�lVf.ä�f�N£ß&Þ�NV^aà]lVM�I�`W\ g½g â g ILK6U�ß�N g \iI g e T f�K�M T P�^jIL\_lVP�N-c�ebfLlpnVfaN-USUS\
PWn
U�l�ä�K6c	+�I�`WK�^7lpU�U T PW\�^�N-IL\_lVP¼ÞYK7I�ß�K�K6P¼I�`Wf�K6NVä g f T PWPb\
PWn%lpPëä�\�,YK6fLK6PJI[Pbl�äWK g ß�N g
PWl-I ß�K�c_c gLT eWeYlVfLILK6ä æ këK.N-f�KG\_P�ìVK g I�\
nJN¶IL\_PWn ã ß&`WK7I�`WK�f�N�^�lVU.ÞW\
P�N¶IL\_lVP¸l-M ï npc
lpÞbN-cÌð
IL`Wf�K6Npä g N-P�äCä�\ g ILf�\_Þ T ILK�ä g `�N-f�K6ä¸USK�USlVf�â ã \ æ K æ NSc
lpnV\�^�N-c�^7lVP g \ g I�K�PJI USK�USlVf�â;Molpf
USNp^a`W\_PWK g ß&\
IL`�eW`�â g \�^�N-c_c_â[äW\ g ILf�\
Þ T ILK�ä½USK�USlpfLâ ã \ g�g�T \iIaN-ÞWc_K�Molpf�l T f4N-ebeWc
\�^�N-IL\_lVP g6æ

ø T fLf�K�PJI�c
âSß�KGNVfLKºßÄlpfLà�\_PWn½N¶I�I�`WK�IaN g à�l-M�^�lVU.ÞW\
Pb\
PWn.IL`bKºÞbN g \�^º\_ä�K�N g l-M�IL`W\ g
g â g ILK�U ã P�N-USK�c_â½ä�\ g I�fL\_Þ T I�K6ä.IL`bfLK�NVä g NVPbä g `bNVfLK�ä½USK�USlpfLâ ã ß&\iI�`�lpÞ�ç�K6^7I�å{lVf�\
K6PJILK6ä
^7lVP�^7K�eWI g6æ û `W\ g�g â g ILK�U ã ß&f�\iILILK6P¸\_P¼ø.-/- ã \ g äWK g ^7f�\
ÞYK6ä¸\_P g K6^7IL\_lVP10 æ

ùWlVf[øÄf�N£â û 032ÝßÄK Tbg K�äCN-PWlVIL`WK6f�N-ebeWfLlJNV^a` æ kmK�eWf�l¶ì�\_äWK�NS`W\
np`Cc
K6ìVK6c�N-eWebc
\
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lpP.\_PJILK6f�MONp^7K�lVe�I�\
US\)��K�ä½Molpf�H�î�Q å´c_\_àVK�eWfLlpnVfaN-U g6æ û `bK�c_\_ÞWf�NVfLâ3`�N g N g \_USeWc_K�ILl
Tbg K½\
PJILK6f�MONp^7K½NVPbä%`W\�ä�K g PWK�N-f�NVc
c�l-M4IL`bK½ebNVf�NVc
c_K�c_\���N¶I�\
lpP¸NVPbäCK7ê�eWc_\�^7\
Iº^7lpU�U T PW\
å
^�N¶I�\
lpP æ"* eWf�lVnpf�NVUSU�K6f�lVPbc
âS`bN g I�l.np\
ìpK g lVUSK�`W\_PJI g ILl�lVe�I�\
US\)��K�IL`WK[^7lpU�U T PW\
å
^�N¶I�\
lpP¸NVPbä(c
lJNVä;Þ�N-c�N-Pb^�\
PWn æ û `WK[c
\_ÞWfaN-f�â�\iI g K6ciM�\ g ÞbN g K6ä�lVP(IL`WK3PbN-IL\_ìVK�H�QºZ�2�Z
U�K gLg N-npKºe�N g�g \_PWn�MolVfºøÄfaN£â û 042èlpf�NVciI�K�f�PbN¶I�\
ìpK�c_â;lVP%Z]î Û æ
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û `WK�f�K¼ß�K�f�K¼f�K6N g lpP g I�léf�K6ä�K g \_nVP l T f g \_U T c�N¶I�\
lpP K�P�ì�\_fLlpPWUSK�PJI Tbg \
PbnélVÞWç�K6^jILå
lVf�\
K6PpI�K6ä�ILK�^a`WPW\�ò T K g +
L æ�Tbg \
PWn(USK g�g NVnVK�lpÞ�ç�K6^7I g lpPCIL`bK.c_l¶ßÄK g Iºc
K6ìVK�c�ILl¸^7lpU�U T PW\�^�N-ILK�ÞYK7I�ß�K�K6Pë^7lpP�å
^ T f�f�K�PJI�eWf�lVnpf�NVU T PW\
I g lVP ä�\ g ILf�\
Þ T ILK6ä U�K6USlVf�âè^�lVUSe T I�K�f g�g K�K�U g ILl ÞYK
USl g I PbN¶I T f�NVc®N-Pbä¸K6N g âSI�l Tbg KºMolpf&l T f g \_U T c�N¶I�\
lpP(USK7I�`Wl�ä g6æ

( æ IL`WK¸nVf�l¶ß&\_PWn¼^7lpUSeWc
K�ê�\iI�â÷lVM l T f g \_U T c_N-IL\_lVPéebfLlpnVfaN-U g f�K6ò T \_fLK g.g ILf T ^jI T faN-c
K�c_K�USK�PJI g \_P÷IL`WK(eWf�lVnVfaN-USUS\_PWn%ebN-faNVä�\_nVU�PWl-I.lM,�K�f�K6äsÞ�âëK æ n æ ùON h û hP* ñ
lVfGø æQ* c g l Tbg \_PWn�NVPClVÞ�ç�K�^jILå´lpfL\_K�PJILK�ä(NVeWeWf�lpNp^a`�I�l�ä�K g ^7f�\_Þ�K3I�`WK�eWf�lVÞbc
K6U�\ g
^7c_l g K�f�ILlSI�`WK3eW`�â g \�^�NVc®USl�äWK�c Tbg K6ä æ

0 æ ILlCK�ê�ebc
lp\iI�I�`WK TbgLT N-c�MoK6N-I T f�K g eWf�lVUS\ g K�ämÞJâëlVÞ�ç�K�^jILå´lpfL\_K�PJILK�ä¼ebfLlpnVfaN-USUS\
PWn
ï f�K Tbg N-Þb\
c_\iI�â�K7Ia^ æ ð�l T f�ebfLlVç�K6^jI�ebN-fLILPbK�f g ILf�\
K�ä�eWf�lVnpf�NVU�US\_PWn3\_P%ø.-/-SRVß&`b\_^a`
fLK g�T ciI�K6ä>\
P NVPJâJI�`W\
PbnèÞ T I]fLK Tbg N-ÞWc_K ã USl�ä T c�N-f g l-MÌI�ß�N-f�K æ Û I g `Wl¶ßÄK�ä ã IL`�N¶I
ç Tbg I�Þ�â g ß&\iIa^a`W\
PbnsILlíø.-/-,eb`Jâ g \_^�\ g I g ä�l÷PWl-I;nJN-\_PíU T ^a` ã NVPbäíMON-c_c�ÞbNp^aà
ILl;ùON h û hP* ñ&å g I�âJc_K[eWf�lVnVfaN-USUS\_PWn æ
N T f�nplpNVcW\ g ILl½eWfLl¶ì�\�ä�K N�ß�K�c_c�äWl�^ T USK�PJILK�ä�c_\
ÞWfaN-f�â½lVM®fLK Tbg NVÞWc_K�N-PbäSK�ê�ILK�P g \
å
ÞWc_K g lVc T I�\
lpP g MolVf&N g ILf�lVeW`�â g \_^6N-c g \_U T c�N¶I�\
lpP�USK7I�`Wl�ä g�æ û `b\ g NVc g l g `Wl T c_ä(nV\_ìVK
N�n T \�ä�K�c_\
PbK�lpP¼`Wl¶ß ILl Tbg K.lpÞ�ç�K6^7I�å{lVf�\
K6PpI�K6ä%I�K6^a`WPb\_ò T K g MolVf[l T f g \
U T c_N-IL\_lVP
USK7IL`bl�ä g�ï K æ n æ H�î�QGð æ
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këK ^�l T c�ä½nJN-\_P.NGc_l-I4l-M�K7ê�eYK�f�\
K6Pb^7K�ß&\iI�`�I�ßÄl3ä�\�,YK6fLK6PJI*I�â�eYK g lVM�ebNVf�NVc
c_K�c_\���N¶I�\
lpP½l-M
IL`WK½H�îÄQ ^7l�ä�K[Molpf g `�N-f�K6ä(U�K6USlVf�â;U�NV^a`W\_PWK g Þ�N g K6ä¸lVPCú û H(NVPbä(MolVf U�Np^a`W\
PbK g
ß&\iI�`éä�\ g I�fL\_Þ T I�K6ä÷USK�USlpfLâëMolVf.ß&`W\_^a`éßÄK�äWK�ìVK6c
lpe�K�ä÷N]eYlVfLI�NVÞWc
K�eWfLl�^�K6ä T faN-c�c
\
å
ÞWf�NVfLâ æ

d lVIL`á\_USeWc
K6USK�PJI�N-IL\_lVP g ^�N-P2^7lVUSeYK7I�K]ß&\iI�` l-I�`WK�f%H�î�Q�^7l�ä�K g MolVf(ebN-faN-c_c_K�c
USNp^a`W\_PWK g&gLT ^a`%N g IL`bK�^7l�ä�K g MolpfºøÄf�N£â û 0Vú ã ø�Z%å�ô½lpf Û PJILK�c�î4N-faN-nVlpP]ó e ã f õ æ
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PWnsú û H æ û `WK Tbg NVnVK
l-MGú û HèN-c_c
l¶ß g I�lmf T PíIL`WK g N-USKCH�î�Q,^�l�äWK¸ÞYl-I�`ÝlVPíIL`WK]ñ�2�ø(H"l å f N-PbäílVP
l-IL`bK�f U�NV^a`b\
PWK g Xºß&\
IL`bl T I�USl�ä�\�#�^�N-IL\_lVP g6æ û `bK3ebN-faN-c_c
K6c�H�îÄQ ^7l�ä�K3ß�N g&T�g K�ä�Molpf
Þ�K6Pb^a`WU�N-f�à�\
PWn ã�Tbg \
PWn;äW\�,�K�f�K�PJI�P T U.Þ�K6f g lVM�ø�înm g6æ û `WK�f�K gLT c
I g ebfLl¶ìpK�I�`WK�`W\_nV`
ò T N-c_\iI�â;lVM�I�`WK3ebNVf�NVc
c_K�c_\���N¶I�\
lpP�MoK6N-I T f�K g lVM�I�`WK�ñP2�ø(Hol å fbæ

û `WK&fL\_nV`JI g \_ä�K�l-M®ù�\_n T fLK L g `Wl¶ß g IL`WK�ebN-faN-c_c
K6c�KG�;^7\_K�P�^7â½lVM�I�`WK ebNVf�NVc
c_K�cbHWî�Q
^7l�ä�K�lVPCI�`WK�ñP2�ø(H"l�å f�æ ùblVf L�pXp3p4p e�N-fLIL\�^7c_K g IL`WK�ebN-faN-c_c_K�c*KG�;^7\_K�Pb^�â]ä�K6^�fLK�N g K g
MofLlpUrq p"s lVP.I�ßÄl½ø�îtm g ILl/e p"s lVP'( p ø�îtm g�æ ùblVf L�p3p�p3p4p ebN-fLIL\�^7c_K g I�`WK�ebN-faN-c_c_K�c
KG�;^7K6Pb^7â;\ g USlVf�KGIL`bNVP@q p;s Molpf N-c_cH( p ø�îtm g�æ

ù T fLIL`WK6f�f T PJIL\_USK�\_USeWfLl¶ìpK�USK�PJI�^6N-P�ÞYK�fLK�NV^a`WK�ä[ÞJâ[ìpK6^jI�lVf�\���N¶I�\
lpPGlVM�IL`WK�^7l�ä�K æ
Û P]IL`bK.c_K7MÌI g \_ä�K�l-Mt#bn T f�K L ß�K½eWf�K g K�PJIGN¸^7lpUSebN-f�\ g lVPClVM�IL`bK.f T PJIL\_USK g l-M�HWî�Q
g \_U T c�N¶I�\
lpP g l-M�IL`WK g N-USK�ILK g I4eWf�lVÞbc
K6U ß&\iI�`�ä�\�,�K�f�K�PJI�^7l�ä�K g�æ û lVnpK7I�`WK�f ã IL`WK&USK�N¶å
g�T f�K�USK6PpI g \_Pi#bn T fLK L g `Wl¶ß ã I�`bN¶I¸N-c_fLK�NVä�â Tbg \_PWnéN g c_K g�g N g (éø�îtm g lVPÝI�`WK
ñP2�ø¸H"l�å f NSf T PJIL\_USK3\
USeWf�l¶ìVK6USK�PJI ^7lVUSebNVfLK�ä;I�lSIL`WK½lVe�I�\
U�N-c g K�ò T K�PJIL\�N-c�HWî�Q
^7l�ä�KC^�NVPíÞYKCNV^a`W\_K�ìpK6ä æX*�g I�`WK%KG�;^7K6Pb^7âé\ g K�ê�^�K�c_c
K6PJI�Molpfu( p eWfLl�^�K g�g lpf g6ã ìpK�f�â
nVl�l�ä�f T PJIL\_USK3\
USeWf�l¶ìVK6U�K6PJI g ^�NVP(ÞYK3K7ê�eYK6^jI�K6ä Tbg \
Pbn�USlpfLK½ø�îtm g�æ
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d K g \�ä�K g I�`WKCú û HÝH�îÄQ�^�l�ä�K¸MolVf g `�N-f�K6ä USK6U�lpfLâ÷U�Np^a`W\
PbK g6ã I�`WK�f�K%N-f�K¸NëMoK�ß
\
USeWc_K�USK�PJIaN¶IL\_lVP g MolVf�H�îÄQ,lVPèebN-faN-c_c
K6c�USNp^a`W\_PWK g�gLT ^a`ÝN g IL`bK]î û fLK6K�H�îÄQ�ó 0¶õ æ
û `WK�î û f�K�K�HWî�Q ^7l�ä�K�\ g ÞbN g K6äslpPsZ¼î Û N-Pbä ã IL`bK�f�K7MolVf�K ã \ g e�lpf�IaN-ÞWc_K�ILl¼PWK6NVfLc_â
K�ìVK6fLâÝeWc�N¶ILMolVf�U æ kmK÷ä�K6^�\_äWK6ä ILlènVlíNVPWl-I�`WK�f%ß�N£â ã Þ�K�^�N Tbg Kmß�K g K�KëIL`WKsPWK6K6ä
MolVf[N;USlVf�K½K���^�K�PJIº\_USeWc_K�USK�PJI�N-IL\_lVPëlVP g lVUSK.NVf�^a`b\iI�K6^jI T f�K g6æ kmK�ä�K6ìVK6c
lpe�K�ä]N-P
N-Þ g ILfaNV^7IL\_lVP�c�N£âVK6f�lpe�IL\_US\��6K6ä½MolVf�H�î�Qíc_\
àpKÄeWf�lVÞbc
K6U g ß&\
IL`.I�ßÄl[ä�\�,YK6fLK6PJI�c_l¶ß÷c_K�ìVK6c
\
USeWc_K�USK�PJIaN¶IL\_lVP g MolVf&I�`WK�^7lpU�U T PW\�^�N-IL\_lVP æ

û `WK g c_l¶ßÄK6fºeYlVfLI�NVÞWc
K�\_U�ebc
K6U�K6PJI�N¶I�\
lpP¼\ g ÞbN g K6ä¼lVPmZ]î Û æ û `WKSl-I�`WK�f[\_USeWc
K�å
U�K6PJI�N¶I�\
lpP�\ g ÞbN g K�äSlVPSIL`bK[øÄfaN£â�H�QºZ�2�Z0USK gLg N-npK&ebN g�g \_PWn3c_\
Þbf�NVfLâ ã ß&`W\�^a`�eWf�l-å
ìJ\�ä�K g M T Pb^7IL\_lVP g lVf�\
K6PJILK6ä%N-I IL`WK�øÄf�N£â û 042Ý`bNVf�ä�ß�N-f�K3^�NVebN-ÞW\_c_\iI�\
K g N-P�ä¸IL`WK6fLK�MolVf
npN-\_P g N�ÞYK7I�I�K�f eYK�fLMolVf�U�N-Pb^�K æ

Q�N£ì�\
Pbn�I�ßÄl(ä�\�,�K�f�K�PJI[\
USeWc_K�USK6PpIaN¶I�\
lpP g NVc
c_l¶ß�K6ä Tbg ILl�ILK g IGIL`WK.übK7ê�\_ÞW\_ciI�â%l-M
l T f�H�îÄQ N-Þ g I�f�Np^jIL\_lVP(c_N£âpK�f æ këK9#bf g I&ß&fLlVILK[I�`WK½H�Q�Z�2�ZB\_U�ebc
K6U�K6PJI�N¶I�\
lpPCN-Pbä
g eYK6^�\�#bK�ä I�`WKC\_PpI�K�fLMONV^�K(lpPéß&`W\�^a`íß�K%e T I;l T fSeW`�â g \�^�N-c&^�l�äWK æ Û I g `bl¶ßÄK�ä÷IL`�N¶I
IL`WK%c�N£âVK�f�ß�N g übK7ê�\_ÞWc_K¸K6PWl T nV` I�lëc�N¶I�K�f�NVäbäíNmZ]î Û \
USeWc_K�USK6PpIaN¶I�\
lpPéß&\
IL`Wl T I
^a`bN-PWnp\
Pbn½I�`WK3\
PJI�K�fLMONV^7K[lpf�IL`WK3eW`�â g \_^6N-cdN-ebeWc
\�^�N-IL\_lVP æ

P�o����	���"���	�4�o�D���Q� * P�K g�g K�PJIL\�N-c�\�ä�K6NºMolpf�ebN-faN-c_c_K�c_\���N¶IL\_lVP.ß�N g ILl Tbg K�I�ß�l[äW\�,�K�f�K�PJI
ä�lVU�N-\_P%ä�K6^�lVUSe�l g \
IL\_lVP g ä�K�eYK�PbäW\
PWn�lpP�I�`WK[I�â�e�K3lVM�^�lVUSe T IaN¶I�\
lpP�+
L æ.* c_c ^7lpU�e T I�N-IL\_lVP g ß&\iI�`Wl T I�PWK6\
np`�Þ�lpf.\_PJILK�faNV^7IL\_lVPéNVfLK¸ä�lVPbK(lpPíN-PíK6ò T NVc
c_â
g \)��K�ä gLT Þ g K7I�lVP�K�ìpK�f�â[PWl�ä�K æ û `WK gLT Þ g K7I4\ g*g K�c_K6^7ILK�ä½Þ�â g eWc
\
I�I�\
PbnºI�`WK�ebN-fLIL\�^7c_K
#bK�c�äë\
PJILl@� ebNVf�I g MolVf�� PWl�ä�K g�æC* PWl�ä�KSN-c g l(lVeYK�faN¶ILK g N g N��������M�CPWl�ä�K½Molpf
\iI gºgLT Þ g K7I æ Û PWMolVf�USN-IL\_lVP]NVÞ�l T IGN g eYK6^�\�#�^½ebN-fLIL\�^7c_K½^6N-P¼NVc
ß�N£â g Þ�K½Mol T P�äClVP
\iI g ����������PWl�ä�K æ

( æ ùWlpf.^7lpUSe T I�N-IL\_lVP g ß&\
IL` PWK6\
np`�Þ�lpf½\_PpI�K�faNV^7IL\_lVP N-c_c�ebN-fLIL\�^7c_K g N-f�K g lpf�I�K6ä÷Np^jå
^7lpf�ä�\_PWn.ILl�IL`bK�\_f&e�l g \
IL\_lVP g \_PJILl�N�nVf�\_ä�ß&\iI�`%K6ò T N-c_c_â g \)��K�ä(^�K�c_c g6æ û `WK g K3^7K6c
c g
N-f�K.N gLg \
npPWK6äCILl¸PWl�ä�K g \
PsN;ß�N£â¸IL`bN-IGK6ìVK6fLâ%PWl�ä�K�`WlVc�ä g IL`WK g N-USK½P T U.Þ�K6f
l-M�ebN-fLIL\�^7c_K g6æ

û `WKCc
lJNVäéÞbN-c�N-Pb^�\
Pbnm\ g nVl�l�äí\
PÝÞYl-IL`á^6N g K g6ã Þ�K�^�N T�g K¸IL`bK]^7lVUSe T I�N¶I�\
lpPéIaN-àpK g
N-ÞYl T IÄIL`WK g NVU�K IL\_U�K�MolVfÄK�ìVK6fLâ.ebN-fLIL\�^7c_K æ ùWlpf�IL`bKº^�N g K�l-M®ìVK6fLâ T P�ÞbN-c�N-P�^7K6ä�^�lVU�å
e T I�N-IL\_lVP g ßÄK½`bN£ìVK[I�`WK½lpe�IL\_lVP%I�l�ä�l����D�4���������M���6 ;¡¸ÞYK7I�ß�K�K6P]PWl�ä�K g ILl�lVe�I�\
US\)��K
IL`WK3c_lpNpä�ÞbNVc_NVPb^7\_PWn æ

û `W\ g N-ebeWfLlJNV^a`%f�K6ä T ^�K g ^7lVUSU T PW\�^�N¶I�\
lpPCl¶ìVK6fL`WK�NVä%N-P�äCUSK�USlVf�â¸^�lVU gLT USe�å
IL\_lVP;ÞYK6^6N Tbg K&IL`bK�ebNVf�I�\_^�c
K \_P�MolpfLU�N¶I�\
lpP�fLK g \�ä�K g lVP�lpPWK�Pbl�äWK�N g c
lpPWn½N g e�l gLg \_ÞWc
K æ
* c g l ã I�`WK�^�lVUSe T IaN¶I�\
lpP�l-M�I�`W\ g ä�lpU�N-\_P½ä�K6^�lVUSeYl g \iI�\
lpP�\ g MON g I�K6PWl T nV`3I�l�ÞYK�ä�lpPWK
�� '��¢���£¤� æ û `W\ g \ g \
USeYlVfLI�NVPpI ã ÞYK6^6N Tbg K�I�`WK�ebN-fLIL\�^7c_K�eYl g \iI�\
lpP g ^a`bN-PWnpKÄN-MÌILK�f*K�ìpK�f�â
\
PJILK6nVfaN¶I�\
lpP g ILK�e æ
¥ �o�������rg[¦1hj��h E3�� § cJ��H�	E4�o�D���Q�¨��K3�Shj
/© kmK¼USK6N g�T f�K6äèI�`WK¼eYK�fLMolVfLå
USNVPb^7KSlVM�IL`WK�Z]î Û ^�l�äWK.lpP¼I�`WK�øÄf�N£â û 0422\_PsHJI T I�I�npNVf�I�N-P�ä¼lpP]IL`bK Ûªd Z H�î
g â g ILK�U$\_P�«3N-f�c g f T `WK æ NºPSI�`WKGHWî÷ßÄK Tbg K�ä L (Vö3în(VH�øsI�`W\
P�PWl�ä�K g ß&\iI�` L ( p Z]QP� æ
û `WK�ILK g I g�g `Wl¶ßÄK�ä ã I�`bN¶I�I�`WK�Z]î Û \_USeWc_K�USK�PJI�N-IL\_lVP÷lVMÄI�`WK¸øÄfaN£â û 042Ü\ g ß�lVf g K



^7lVUSebNVfLK�ä¸ILl�IL`WK�PbN¶I�\
ìpK.H�QºZ�2�Z@c
\_ÞWfaN-f�â ï�g K6K9#bn T fLK¬(Vð æ N T f�ILK g I gºg `Wl¶ßÜIL`�N¶I
øÄf�N£â;^�l T c�ä¸K6N g \_c
â�\_USeWfLl¶ìpK�I�`WK�Z]î Û eYK�fLMolVf�U�N-Pb^�KºÞ�â;U�N-à�\_PWnSÞ�K�I�I�K�f ß&faN-eWeYK�f g
N-f�l T Pbä�K7ê�\ g IL\_PWn[H�Q�Z�2ÄZ�^6N-c_c g6æ ùblVf g lpUSKÄ^7lpUSU T PW\�^�N-IL\_lVP�e�N-fLI g6ã�gLT ^a`½N g nJN¶IL`bK�f
lVeYK�faN¶IL\_lVP g l-M�c_NVfLnpK�N-f�f�N£â g6ã I�`WK�I�`Wf�l T np`We T I�ä�K6^�fLK�N g K6ä[Mof�lVU N-ÞYl T IO0 p4p Z d. g®Tbg å
\
PWn%H�Q�Z�2�ZBI�l L ( p Z d^ g�Tbg \_PWn¸Z]î Û æ NºPCIL`WKSH�î ß�K.Np^a`W\_K�ìVK�ä(IL`WK�K7ê�eYK6^jI�K6ä
e�K6f�MolpfLU�N-P�^7K&l-MdNVfLl T Pbä�ô p Z d^ g6æ û `WK�ß&`Wlpc
K ^�l�ä�K�ä�\�ä�P�® IÄeYK�fLMolVf�U I�`W\ g nVl�l�ä�lVP
IL`WK�H�î g â g I�K�U ã Þ�K�^�N Tbg K½IL`WK�\_U�ebc
K6U�K6PJI�N¶I�\
lpP¼\ g lpe�IL\_US\��6K6ä]MolVf�øÄf�N£â û 0422N-Pbä
ä�K�eYK�Pbä g `WK�N£ìJ\_c_â]lVPsnVl�l�äm^7lVUSU T PW\�^�N¶I�\
lpPsÞbN-PbäWß&\iI�`sNVPbämc_N-ILK6Pb^7âë\
PslVfaä�K6f[ILl
g ^6N-c_KGÞYK�âplVPbä@e f î�fLl�^7K gLg lVf g6æ
¯ �"K�J����DK Û I ebfLl¶ìpK6äSI�l�Þ�K3ÞYK�PWK�#�^7\�N-c�I�l Tbg K[NVP¸NVÞ g ILfaNV^jI�\
lpP�c�N£âVK6f ã ß&`W\�^a`¸NVc
c_l¶ß g
IL`WK�K7êW^a`bNVPWnVK�lVMWc
l¶ß÷c_K�ìpK�cJebN-fLI g ß&\
IL`Wl T I�^a`�N-PWnp\
PWn IL`WK�N-eWebc
\�^�N-IL\_lVP3I�l�lVÞWI�N-\_P�I�`WK
Þ�K g I�eYK�fLMolVf�U�N-Pb^�K&lVP�N[nV\_ìVK6PS`bN-faä�ß�N-f�KÄeWc�N¶ILMolVf�U æ Û P�IL`WK�eWfLK6ì�\
l Tbg eWf�l-ç�K�^jI g IL`W\ g
ß�N g NSeWfLl�^�K6ä T faN-cdNVÞ g ILfaNV^jI�\
lpP�c�N£âVK6f æ ùblVf&l T f�^ T f�f�K�PJI ä�K�ìpK�c_lVeWUSK�PJI g ßÄK�^a`Wl�l g K
N-P�lVÞ�ç�K�^jI�lVf�\
K6PpI�K6ä.eWf�lVnVfaN-USUS\_PWn USl�ä�K�c�Molpf�IL`W\ g N-Þ g ILfaNV^7IL\_lVP æ û `WK&^�f T ^�\_NVc�e�lp\
PJI
MolVf[IL`bK�e�N-faN-c_c
K6c
\)�6N-IL\_lVP]\ g N g U�N-fLI3ä�lVU�N-\_Psä�K6^�lVUSe�l g I�\
lpPëlpe�IL\_US\��6K6ä¼MolVf[ÞYl-IL` ã
IL`WK�U�NV^a`b\
PWK�NVPbäëIL`WK�eWf�lVÞbc
K6U æ�* PslVÞ�ç�K�^jI�lVf�\_K�PJILK�ä¼USl�ä�K�c_c_\
PWn%lVM�ä�lpU�N-\_Pmä�K�å
^7lVUSeYl g \iI�\
lpP g6ã ß&`W\�^a`CßÄK½ß�NVPpI�ILl�ä�K g ^�fL\_ÞYK�\
PëN�c_N-ILK6f�^a`bN-eWILK�fº\ g IL`WK6f�Molpf�lpPWK�l-M
IL`WK3f�K6ò T \_fLK6USK�PJI g MolVf�l T f�ebNVf�NVc
c_K�c®K6PJì�\_fLlpPWUSK�PJI æ

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

S
pe

ed
up

Number of processors

Speedup for 100.000 SPH particles

T3E with SHMEM
T3E with MPI
SP2 with MPI

vxw)y ³�°b³ zV§�wawa�p�J§.�6�®��upw zpÐdÆ zVrvxº�Jti~���rv���.���;Â���~a¹��4��Áëµ�r���u;z-Æ.�SÁH� ~6���A�SÐ��4~����
�6�3�{ÎX� zpÐ�µ�rv��u$�SÐd�������4~�x3ri�VyO��rv¿aw�§p���6�Jtvwaxáµ�r���uS�j¢6¢�¢6¢�¢�zpÐdÆs§�~7����rv|atvwa�aª-ËJ���*ti~����6w��
�p�-�pwS�-�pxG��w���� ��uJwS|��p���£wa�[~���w��V��x3rv��~7��wj�¼�¶¹%��upw��p���m§J~���~�titvwatvrv¿awj�ë|a��x3xº�J�Jrv|j~7��rv���
§J~����������J|�u�~6�*��~���upw���±��V���£~��V|j~6�{���6§�w���~���rv�6�J�*��wL�´µ�w�wa�½~6tvt��J�-�Vwa�aª-Ðdtiwa~6��w��p�6��w4��uJw�w�ÑWwa|L�
������uJw�tirvx3r���~���rv�6�J���6����upw^�SÐ��*rix3§ptvwax3wa�¶��~���rv���½���.��uJw Â���~a¹.�4��Ám��wL¹¶���J���7¡�ýG�J�-�Vwa�aª

² ³áÚ�Ôx´aµ;Z[¶YÖ;·�ÔxVb×YZ�ÚÄÖoZ[¸º¹�ÙOVWÙXWYWYZ[WSV�»�ÚÄÖW×Y¼`Z¾½3¿^½pÖ"ZH¼
d N g K�ä%lVP%I�`WK½K�ê�eYK�f�\_K�Pb^�K g ß&\
IL`¼K7ê�\ g IL\_PWn;lpÞ�ç�K6^7I�å{lVf�\
K6PJILK6ä¸ebNVf�NVc
c_K�c g â g ILK�U g N-Pbä
l T f.l¶ß&PmlpÞ�ç�K6^7I�å{lVf�\
K6PJILK6äs^�l�äWK g6ã ß�K;PWl¶ß ä�K g ^7f�\_Þ�K;l T f.^�lVPb^�K�e�I g Molpf½NClVÞWç�K6^jILå
lVf�\
K6PpI�K6ä(ebN-faN-c_c_K�c�f T PpI�\
USK g â g I�K�U æ

û `WK�f�K�ß�K�f�K�P T USK�f�l T�g f�K6N g lVP g�ã ß&`W\_^a`(USl-IL\_ì¶N¶I�K6ä�I�`WKGfLK�ä�K g \
npP;l-M®I�`WK g KGc_N£âJå
K�f g�ã ä�K g eW\
ILK�lVM*I�`WK½K�ê�\ g ILK6Pb^7K�lVM4lVÞ�ç�K�^jI�å{lVf�\_K�PJILK�ä(USK gLg N-npK3ebN g�g \_PWn�c_\
Þbf�NVfL\_K g c_\_àVK
Z]î Û -/-�lpf.Z]î�ø.-/- ó q-õ æ û `WK¸U�l g IS\_U�eYlVfLI�NVPJI.ß�K�f�K;IL`bK(c�NV^aàsl-M&I�`Wf�K6NVä�å g N¶MoK



\
USeWc_K�USK�PJIaN¶IL\_lVP g N-Pbä¼IL`WKSUS\ gLg \
Pbn¸\_PJILK6nVfaN¶IL\_lVPël-M�U�l�ä�K6fLP÷ø.-/- ^�lVPb^�K�e�I g c_\_àVK
ILK�USeWc�N¶I�K g NVPbä�IL`WK gLT eWeYlVfLI&MolVf�I�`WK g IaN-PbäbN-faä�ILK6USeWc_N-ILK3c_\
Þbf�NVfLâ æ

û l g�T ebe�lpf�I�lVÞ�ç�K�^jI�å{lVf�\_K�PJI�N-IL\_lVP�MolVf�ebN-faN-c_c_K�cYeWfLlpnVfaN-USUS\
Pbn ã ß�K�K�êJI�K�PbäWK6ä;l T f
U�l�ä�K6c�l-MYebN-faN-c_c
K6cJ^�lVUSe T I�\
PbnGß&\
IL`.IL`bfLK�NVä g lVP.U�NV^a`W\_PWK g ß&\
IL`�ä�\ g I�fL\_Þ T I�K6ä.USK�U�å
lVf�â ILl[ø.-/-÷lpÞ�ç�K6^7I g6æ Û P[IL`b\ g U�l�ä�K6c ã N-P3lpÞ�ç�K6^7ICÀ�K7ê�ILK6Pbä�K�äGMolVf�NVf�^a`b\iI�K6^jI T f�K g ß&\
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