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rWP]ehgQP(GJñ°ñ°L�PdX�lÜPR^nï]L�P(ð � b\ð¯Z°ïRZWL�^_Pjñ°eMKM^��1ò�GJï]^_eQf\ðFï]e.ïRZWL�Z\eQñ°L�fWeMKML�GJï[PRL�I_L'Ghð¯L
ï]^_ñ°LQX
>Oe ��GQIn^·KWG�ïRL�Gar\GQgQL�GarWPReMòULdð]ð]eQP;PRL �HbWLdð}ï(ðFG$òUehrsE�eJô*ïRZWL�L'fhïR^nPRL�r\GQgQLqô½PReQñ ï]ZWL�ZWeQñ°LQX
>qZWL"KM^�ó*L�PRL�f1òUL �1L�ï}p[L'L�f�ï]ZWLqrWPReJïReMòUeQI·ð�^_ð4ïRZWLqñ�eHð}ï;L �H^·KML'fhï�ô½ehP�ôÌGQI_ð]L�I_E$ð]Z\GJPRL'K�r\GJghL'ð'X
>qZWL²ZWehñ�L�/4�1GQð]L'K rWPReJï]eMò�eQI"b\ð]L'ð=ð¯^_gQfW^��1ò'GJfHï]I_Eýô½L'p[L'PAñ°L'ðRð]GQgQL'ð�Ghð°ï]Z\L²fsbWñ �9L�P=eJô
ôÌGJI·ð¯L'InE&ð]Z\GJPR^nf\g PRL'GQKWL�P(ð�GJf1K&p"P]^nï]L'PRð±^_f\òUPRL'Ghð¯Ldð�X 
 r1LdòU^��1ò�GQInI_EQT9ô½ehP���PRL'GQKWL�P(ð�GJf1K��
p"P]^nï]L'PRð'THï]ZWLaZWehñ�L�/4�1GQð]L'K�rWPReJïReMòUeQI9b\ð]L'ð"GJï
ñ°ehð¯ï8+����2+���ñ°L'ðRð]GQgQL'ð
GJf1K�ï]Z\L�>qñ�-
rWP]eQï]eMòUehI[b1ð¯Ldð�GJï�ñ°ehð¯ï +����áñ°L'ðRð]GQgQL'ð'X*�±f ï]ZWLÒeJïRZWL�P°Z\GQf\K¤T >qñ�- 3 ð�P]L'In^·GJf1òUL ehf
KM^�ó¤ðqïRe �7GQIn^·KWGJï]Lar\GJghL'ðqò�GQf�P]Ldð¯bWInï"^nf&ð]b �\ð¯ïRGQfhïR^_GQI �\GJf1KMp"^_KMï]Z&ð]G��s^_fWghð'X
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î{fÜïRZW^·ð.ð¯Ldò�ï]^_eQfOT¤p[L°^_fhïRP]eMKMb1òUL�ï]ZWLAò�eQf\ò�L�rMï(ðaeJôqòUeQfHïRL�fHï]^_eQf	GJf\KÜrWPReJïResò�eQI�I_ehGQKÜ^_ñ /
�\GJI·GJf\ò�LQXWlÛL$gh^��hL$ð¯ehñ�L�^nfHï]b\^�ïR^nehf�ô½eQP"ïRZWL�ò(Z\GQPRGhò�ïRL�PR^_ð¯ï]^·ò�ð
eJô >qñ�-�GJf\K&`±N�5�Y ï]Z\GJï
ñ°G7E InLdGQK ï]eAòUehfHï]L�fHïR^nehfÒGQf\K r\P]eQï]eMòUehI9I_ehGhK ^_ñ �1GJI·GJf\ò�LQX
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lÜL$KML��\fWL�� ���1ø�ü��\ø³ö	����Ghð"ð¯^_ñ�bWInïRGQfWL�ehb\ð
P]L �HbWL'ð¯ïRðqehfÒG�fWeMKMLhXWî{f�eQbWP"rWI·G�ï]ô½eQPRñ�TWòUeQf /
ï]L�fHïR^nehf�ò�GQf �9L"G�ï¯ïRP]^��WbMïRL'K$ï]eÖIn^_ñ°^�ï(G�ï]^_eQf1ð�^_f�ï]ZWL
fWeMKML
eQP4ï]ZWL
fWL�ï}p[ehP -*Xdî{f$ï]Z\L[ô½ehP]ñ°L'P
ò�GQð]LQThï]Z\L�ïR^nñ°L±ï]Z\GJï[ïRZWL±f\esKWL±PRL �HbW^_P]Ldð;ïRe�rWPReMòULdð]ð
G$PRL �HbWLdð}ï
^_ð
I_eQfWghL�PFïRZ\GJf=^�ï
ïRG -QLdð
ô½eQP�ïRZWL²fWL�kHï=P]L �hb\L'ð¯ï�ï]e GQP]PR^��hLQX;î{f ïRZWL²I·G�ï¯ïRL�P ò'GQð]LQT;ïRZWL²fWeMKML²ôÌGJ^_I_ð°ïReýrWb\ð]ZmeQbWï
P]Ldð¯r9eQf\ð]L'ð±ôÌGhð}ï$L'fWeQbWghZÛKWbWL�ï]e0�\GQf\KMp"^·Ksï]Z	I_^nñ°^nïRG�ïR^nehf\ða^_fÜïRZWL�fWL�ï}p[ehP -&I_^nf -9X � ehð¯ï
ð¯EMð¯ï]L�ñ�ð'T�bWf\KML'P�ï]ZW^·ðFò�eQf\KM^nï]^_eQfOT�p
GQ^�ï�ô½eQP�ïRZWL"^_fhïRL�P]ôÌGQò�LjïRe±ô½PRL�L�GQf�L'fHï]PRE.^nf°^nïRð�eQbWï]rWbMï
�hb\L�bWLhX1Y[eQfHï]L'fhïR^nehf ^·ðqð]GQ^_KAï]e%�1L.ð]^nfWghInL�/³r1GJgQLdK¤THp"ZWL�f�GJI_I*P]L �hb\L'ð¯ïRðqGJPRL�ô½ehP
ï]ZWL.ðRGJñ°L
r\GJghLQTOehP�ñ�bWInï]^�/³r\GQgQLdK¤TOp"ZWL'f KM^·ð¯ï]^_f\ò�ï°r\GJghL'ð�GJPRL �1L'^nf\gÆPRL �HbWL'ð¯ï]LdK	ô½PReQñ ï]ZWL�ðRGJñ°L
fWeMKMLQX
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lÜL±P]L�ô½L�P;ïRe.ï]ZWL±p[ehP -�r1L'P¯ô½ehP]ñ°L'K�ïRe$rWPReQr\GQghGJï]LqbWr*KWG�ïRL'ð
GQð;rWPReJïReMòUeQI\IneHGQK � 1[N � XHlÛL
ï]ZWL'fAKML��\f\L;1jN&^_ñ �1GJI·GJf\ò�L�GQð�ïRZWL�KM^nó9L'P]L'f\òUL�^nf 1[N&GQòUPRehðRð4ï]Z\L�fWeMKMLdð;eJô*ï]Z\L�ð¯EMð¯ï]L'ñÒX
"�f\KML'P >qñ%-*T�1jN P]L � L'òUïRðOï]^_ñ�Lqð]r1L'fhï;ð]L�P.�H^·òU^_fWg�PRL �HbWLdð}ï(ð�X�EWehP4`±N�5�Y±Td^�ï;GJI·ð¯e±^nf1òUI_b\KML'ð
ï]^_ñ�L�ð]r1L'fHïÖrWb1ð¯ZW^_fWgÒñ°esKW^��1ò'G�ïR^nehf\ð±ï]eÒZWeQñ°L�fWeMKML'ð'X i ð�>qñ�-²GJf\KÜ`�N�5�Y�KW^�ó*L�P.^_f
ï]ZWL�I_eMò�G�ïR^nehf	p"ZWL�PRL°bWr9K\G�ï]Ldð$GJPRL�-QL'rMï'T¤ïRZWL�rWPReJïResò�eQI·ðañ�G7E²Z\G��QL�G�KM^nó9L'P]L'fHï�LUó*L'òUï
eQf=ï]ZWL 1[N=�1GJI·GJf\ò�LQX
>OeA^_I_Inb\ð¯ï]P(G�ïRL$ïRZWL�KM^nó*L�PRL�f\ò�LQT*òUeQf1ð¯^·KML�PÖGAñ�bWI�ïR^�/�r\GQgQL�KWGJïRGAð¯ï]PRb\òUï]bWPRL$ïRZ\G�ïÖZ\GQð±G

ð¯^_fWgQI_LAp"PR^�ïRL�P�ô½eQI_Ine�p
L'K �sE	ñ�bWInï]^_rWI_L PRL'GhKML�P(ð�X6@[eQï]Z >qñ�-ØGJf1KØ`�N�5�Y Z\GQf\KMI_L LdGQò(Z
r\GJghL�eJôOï]ZWLaKWG�ï(G�ð¯ï]PRb\òUï]bWPRL�^_fÒð]^_ñ�^_I·GJP
p
G7EMð'XhDjGhò(ZAPRL'GQKWL�Pqð¯L'f\KWð
G�PRL �HbWLdð}ï
ñ�Ldð]ðRGJghL
ï]e°ï]Z\L.rWP]eMò�L'ðRð¯ehP[ZWehI_KW^nfWg°ïRZWL.I·G�ï]Ldð}ï�ò�eQrsEAeJô4ï]Z\L.r\GJghLQX >qZ\GJï�rWP]eMò�L'ðRð¯ehP
ð]L�f\K\ð#�\GQò -
GaP]L'rWInE�ñ°L'ðRð]GQgQL"òUehfhï(GJ^_fW^_fWgaL�^nï]ZWL'PFï]Z\L�ò(Z\GJf\gQL'ð4ïReaï]ZWL�r\GJghL
^_f >qñ�-*TJeQPjG.ò�eQñ°rWI_LUïRL
òUeQrsE�eJô;ïRZWL�r\GJghL�^_fÜ`�N65�Y±X9lmZ\L�PRL$ï]Z\L�rWPReJïReMòUeQI·ðÖKM^�ó*L�PÖ^·ð±^_f²ïRZWL�IneMò�GJï]^_eQf²eQôFï]Z\L
bWr9K\G�ï]Ldð�XQî{f >qñ%-*T�ïRZWL"I·GQð¯ïFp"P]^nï]L'P;^_ð�ïRZWL�ð]eQbWP(òUL
eJô9ï]Z\L�bWr*KWG�ïRL'ð'TJp"ZW^_InL"^_fA`�N65"YØï]Z\L
bWr9K\G�ï]Ldð[GQP]L;-QL�rWï
G�ï[ï]ZWLÖZWehñ�L�fWeMKML'ð'XH`�L�f\ò�LQT
>qñ�-°rWI_GhòULdð;ï]Z\L±I_ehGhK°eJôOKM^·ð}ïRP]^��WbMïR^nf\g
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ñ�bWInï]^_rWI_LÒò�eQrW^_L'ð�eJô"ï]Z\L L�fHïR^nPRL KWGJïRGÆð¯ï]PRb\òUï]bWPRLAeQfýï]ZWL=I_Ghð}ï�p"P]^nï]L'P'X�î{f òUehfhïRPRGhð}ïdTO^_f
`�N�5�Y±TWG°òUI_L��hL�PqZWehñ�L.Ghð]ð]^nghfWñ°L�fHïqñ°G7E�PRL'ð]bWInï"^nf�G�ñ�ehP]L �\GQI_GQf\òULdK=KM^·ð¯ï]PR^��WbWï]^_eQfÒeJô
ï]ZWL.I_ehGhK=GQñ�ehfWg�ï]ZWL.fWeMKMLdð�X
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lÜL�r9L�P]ô½eQPRñ ï]ZWL�L ��GJI_b\G�ïR^nehfÆeQf	G�ð¯p"^nïRò(Z\L'K¤T*ô½bWI_I�/�KMb\rWInL�k <��
� � �Wr\ð.D;ïRZWL�PRfWL�ïaf\LUï /
p[ehP -&eQôjï]Z\^nP]ï}E,/�ï}p
e�)
��� � `8� 1�L�fHïR^nbWñ î¯îB/B�\GQð]L'KÆbWfW^_rWP]eMò�L'ðRð¯ehPRð±P]b\fWfW^_fWg0EWPRL�L @ 

�
+MX +MX $WX �±f&ï]ZW^·ðÖrWI·G�ï¯ô½ehP]ñ�T1ï]ZWL�PReQbWf\K
/�ïRP]^_r²I·G�ï]L'f\òUE�ô½ehPÖG�<�/B�sEhïRL�ñ°L'ðRðRGJgQL�^_ð%< + $�ñ°^�/
òUPRehð]L'òUehf\KWð'X'>qZWL"ïR^nñ°L"ïRe$GQò��HbW^_PRL�GaIneMò - ��GQP]^_L'ð�ô½PReQñ <�9 � ï]e +,9'+±ñ°^_ò�P]eHð¯LdòUeQf1KWð�X'>qZ\L
ï]^_ñ�L$ô½eQP±G ),+�/�rWPResò�L'ðRð¯ehPA�1GJPRP]^_L�P�^·ð <hT )") )�ñ°^_ò�P]eHð¯LdòUeQf1KWð�X >qZ\L.ï]^_ñ°L$ï]e�e"�MïRGQ^nf²G�KW^�ó
�7GQP]^_L'ð$ô½P]ehñ ) < )ÒïRe <QT D?&"&�ñ�^·òUPRehð]L'ò�eQf\K\ð�TOKWL�r9L�f\KM^_fWgÜeQfØïRZWL=ð]^��'LAeJô"ïRZWL=KW^�ó�X >qZ\L
ï]^_ñ�LaïRe�e �Mï(GJ^_fÒG�ô½bWI_IBr\GQgQLa^·ð <QT )�� � ñ°^_ò�P]eHð¯LdòUehf\KWð'X
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lÜLÖb\ð]L�ô½ehbWP[r\P]ehgQP(GJñ�ð�!,5"L'K
/B@
I·GQò - 
 � 5�GQf\K#"aGQb\ð]ð]^·GJfADFI_^_ñ�^_f\GJï]^_eQf=GQP]LÖòUehñ�r\bMïRG'/
ï]^_eQf\GQI6-hL�PRfWL�I·ðqï]Z1G�ïÖGQP]L�KM^_ð¯ï]PR^��WbMï]LdK&p"^nï]Z=>�PRL'GQK � GJP.-Mð%$ ) � E*E*> ^·ð�ô½PReQñ ï]ZWL'& i 

�1L'f\ò(ZWñ�GJP.- ð]bW^�ïRL 7 +?:($WGQf\K @
GQP]f\L'ð /�`�bMï"^_ðqô½PReQñ2ï]ZWL 
 1[N i 
 ` �1L'f\ò(ZWñ�GJP.-Að]bW^�ïRL 7 �':³X
>�G �WInL2<&I_^·ð}ï(ð�ô½eQP L'GQò(Z rWPReQghPRGQñ ï]ZWLÆrWP]e"�WI_L�ñ ð]^���LQTFï]ZWLÆð]L �HbWL'fHï]^·GJI�L�ksLdòUbMïR^nehf

ï]^_ñ�LhT9GQf\K�ïRZWL � ð}ï(G�ï]^·ò � GQðRð¯^_gQf\ñ�L'fHï±ð}ïRPRGJï]L'gQE eQôFr\GJghL'ðqïRe ZWehñ°L'ð"ô½ehPÖ`±N�5�Y±X >qZ\L'ð]L
ð}ïRPRGJï]L�gh^nLdð4p[L'P]L"ð]L�I_L'ò�ïRL'K�ï]ZWPReQb\gQZ°òUeQf1ð¯^·KML�P(G'�\InL
LUkMr9L�PR^nñ°L�fHï(G�ï]^_eQf°GJf1K�Es^_L�I·K�ïRZWL#�9L'ð¯ï
r1L'P¯ô½ehP]ñ�GJf1òULQX
5"L'K�/ @
I_Ghò - 
 � 5 ^_ð
G$ñ°LUïRZWeMK�ô½ehP[ð]eQI��H^_fWg$r1GJP]ï]^·GJI*KM^�ó*L�PRL�fHïR^_GQI\L �Hb\GJï]^_eQf\ðA�sE�^nï]L'P /

G�ï]^_fWg�e?�QL'P
G�ï}p[e /�KW^nñ°L�f1ð¯^_eQf\GQI9ð]Z\GQP]LdKAGJPRPRG7EhXhD[GQò(Z r\P]eMòULdð]ð]eQP[^_ðqGhð]ð]^nghfWL'K=G �1GJf\K eJô
P]e�p�ð'X\Y[eQñ°ñ�bWf\^_ò'G�ï]^_eQfÒ^·ð"In^_ñ°^�ïRL'K=ï]e�ïRZWL.L�I_L�ñ°L�fHï(ð"^nf �9eQbWf1KWGJPREAPRe�p�ð�X

"aGJb\ðRðO^_ñ°rWI_L�ñ°L�fHïRð)"aGQb\ð]ð]^·GJf�DjIn^_ñ°^nf\GJï]^_eQf$p"^nï]Z�r\GJP]ï]^·GJIHrW^��QeQï]^_fWg�ehf�I_^nfWLdGJP4L �Hb\G'/
ï]^_eQf\ð�ð}ïReQPRL'K	^_fýG�ï}p[e /�KW^nñ°L�f1ð¯^_eQf\GQIjð]Z\GJPRL'K	GJPRP(G7EQX >qZWLÒòUeQñ°rWbWïRG�ïR^nehfØeQf	ïRZWLAPRe�p�ð
^_ð�KW^_ð¯ï]PR^��\bMï]LdK&GQòUPRehðRð
ï]Z\L$rWPResò�L'ðRð¯ehPRð
^_f&G°P]ehbWf\K�/�P]e"�W^_f ôÌGhð¯ZW^_eQfOXWî{f²GQKWKW^�ïR^nehf=ïRe�ï]Z\L
ð¯Z\GQP]LdKaGJPRPRG7E"ô½ehP�ð¯ï]ehP]^_fWgqï]Z\L[òUesL���ò�^nL'fHïRðBeQôsï]ZWL[L �Hb\G�ïR^nehf\ð'T�GJf.^_f\KML�k���GQP]^·G'�WI_LFð¯ï]eQPR^_fWg
ï]ZWL.rW^��QeQï"P]e�p fHb\ñ �9L�P"^·ð"GJI·ð¯e�ð]Z\GJPRL'K¤X
) � E E*>ýð]eQI��QLdðOG±r\GJP]ï]^·GJIHKM^nó9L'P]L'fhïR^_GQIsL �Hb\G�ïR^nehf$b\ð]^nf\g�ï]Z\P]L'L�/{KM^nñ°L'f\ð¯^_eQf1GJIhô½eQPRp
GQPRK

GJf\Km^_f��QL'PRð]L�E*E*>aX >qZ\LÜrWPReQghPRGQñ�Z\GhðAï}p
e ð]Z\GQP]LdKmKWG�ï(G ð¯ï]PRb\ò�ïRbWP]Ldð�TqGJf GJPRPRG7E eJô
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L�I_L�ñ°L�fHïRð�GJf\KØGQfØGJPRPRG7E²eQô�ò(ZWL'ò -Mð]bWñ�ð�X�>qZ\L òUehñ�r\bMïRGJï]^_eQf	^_ð�KML'ò�eQñ°r9ehð]L'K	ð¯e²ï]Z\GJï
L��QL'P]E�^nï]L'PRGJï]^_eQfÒ^nf1òUI_b\KML'ð�IneMò�GQIBòUehñ�r\bMïRGJï]^_eQf�GJf\K�G�gQI_e �\GQI9ï]P(GJf\ð]r1eHð¯LhX
@
GQP]f\L'ð /�`�bMï�r9L�P]ô½eQPRñ°ð�GJf &#/B�1eMKMEØð]^nñ�bWI·G�ï]^_eQf b\ð]^nfWgÆï]ZWLÒZW^_L�P(GJP(ò(ZW^·ò�GJI @qGJPRfWL'ð /

`�bMï ñ°L�ï]ZWeMK¤X >qZWL�PRL²GJPRL�ï}p[eýð]Z\GQP]LdK KWGJïRGØð¯ï]PRb\ò�ïRbWPRL'ð !jGÛï]PRL�L&b\ð]L'K ïReØP]L'rWPRL'ð]L�fHï
ï]ZWL"PRL'ò�bWPRð]^��QL�I_E$KMLdòUeQñ°r9ehð]L'K°ð]b �9KWeQñ�GJ^_f\ð � ò�L�I_I_ð � eQô1ïRZWLqï]ZWPRL�L�/�KW^nñ°L�f1ð¯^_eQf\GQIMrWZsEMð¯^·ò�GQI
KMeQñ�GJ^_fÜò�eQfHïRGQ^nf\^nfWgÒGJI_I4ï]ZWL°r\GQP¯ïR^_ò�InLdð�T*GJf\KÜGJfÛGJPRPRG7EÒeJôjr1GJP]ï]^·òUI_L'ðaòUehP]PRL'ð]r1ehf\KM^_fWg�ïRe
ï]ZWLÖInLdG��QLdð;eJô¤ïRZWL�ïRP]L'LQXsD �hL�PRE�^nï]L�P(G�ïR^nehf�P]L �WbW^_I_K\ðFïRZWL�ïRP]L'L�ehf G$ð]^nfWghInL±fWeMKML�ô½ehInI_e�p
L'K
�HE²G r\GJP(GJI_I_L�I�ô½eQP(òUL�L ��GJI_b\G�ïR^nehf²eJôFïRZWL�r\GJP]ï]^·òUI_L'ð'T9KWbWP]^_fWg=p"ZW^_ò(ZÜñ°ehð¯ïÖeQô;ï]ZWL�ï]PRL�L�^_ð
P]LdGQK��HE=GJI_I¤fWeMKML'ð'X
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î{f ïRZW^_ð"ð]L'òUï]^_eQfBTsp
L±r\P]Ldð¯L'fhïqïRZWLaP]Ldð¯bWInïRð
eQôOP]b\fWfW^_fWg°L'GQò(Z eJôOïRZWLarWPReQgQP(GJñ�ð[eQf � GQf\K
)"+&r\P]eMòULdð]ð]eQP(ð'X6E4^nghbWPRL'ð�<ÒGQf\K +ÆrWPRL'ð]L�fHï�ïRZWL&ð¯r9L�LdKMbWr\ð°GJf1K G=�WP]LdG'-MKMe�p"fýeQô�ï]Z\L
LUkML'ò�bMï]^_eQf ï]^_ñ�Laô½ehPqL'GQò(Z eJôOïRZWLarWPReQgQP(GJñ�ð'X">4G'�WI_L +�ð]ZWe�p�ðjï]ZWL���GJPR^·G�ï]^_eQf=^nf�G��QL'PRGQgQL
P]Ldð¯r9eQf\ð]LÖï]^_ñ°LQXWî�ï�GQI_ð]e�r\P]e?�s^·KML'ð[ï]Z\L$G��QL�P(GJghL�fsbWñ �1L'P"eJô�r\GJghL±bWr*KWGJï]L.PRL �HbWL'ð¯ïRðqr9L�P
fWeMKMLQT�ïRZWLÒï]eJï(GJI�KWGJïRGÆï]P(GJf\ð¯ô½L�PRPRL'K¤T�GJf\K ï]Z\LÒghIne"�\GJIqñ°L'ðRðRGJgQLÒòUehbWfHï'X E4^nghbWPRL'ð�)WT DMT
9sT	�WT[GQf\K < �ýð¯Z\e�p ïRZWLÆPRL'ð]r9eQf\ð]L&ï]^_ñ°LÆZW^·ð¯ï]eQghPRGQñ�ð�X E4^_f\GJI_I_EQT E�^_gQb\P]Ldð &\T $WT � T < <hT
GJf\K <�+.ð¯Z\e�p ïRZWL�r\P]eQï]eMòUehIWIneHGQK°ZW^·ð¯ï]eQghPRGQñ�ð�X E\eQPA�WP]L �s^�ï}EhTQp
L�eQfWI_E�rWP]e?�s^·KML"rWI_eJï(ðFô½ehP
`�N�5�YØp"ZWL�f�ï]ZWLqPRL'ð]bWI�ï(ð�KM^�ó*L�PFð]^_gQfW^��1ò�GQfHï]I_Eaô½P]ehñ >qñ%- � ^�X LQX'@qGQP]fWLdð /{`�bWï � X?E\eQP�ñ°ehð¯ï
GJrWrWI_^·ò�G�ïR^nehf\ð'TBp[L eQfWI_EÜr\P]Ldð¯L'fhï$PRL'ð]bWInïRðaô½ehP�PRbWf\ð�eQf2)"+�f\esKWL'ð'X�>qZWL PRL'ð]r9eQf\ð]L�ï]^_ñ�L
GJf\KÒrWPReJïResò�eQI¤I_ehGhK=Z\^_ð¯ï]ehgQP(GJñ�ð
ô½eQP � fWeMKML�P]bWf1ð"p[L'P]L.GQInIOð]^_ñ�^_I·GJP"ïRe°ï]ZWL�ò�eQfHï]L'fHï]^_eQf
ô½P]L'L%5"LdK�/ @[I·GQò -&r\IneQïRð � E4^_gQbWPRL'ð�)�GJf\K�& � TBGQðÖ^nfÛeQb\PÖr\I_GJï¯ô½eQPRñ G�ïaI_L'GQð¯ï'TBò�eQfHï]L'fHï]^_eQf
LUó*L'ò�ï(ð �9L'ò�eQñ°L±ð]^_gQfW^��1ò�GQfHï[eQf\InE°G�ïqG�ðRò�GJI_L�I·GJPRgQL'P;ï]Z\GQf � f\esKWL'ð'X 
 ehñ°L�eJô¤ïRZWL±G �1e?�hL
�\gQbWPRL'ðqGQf\K�ï(G'�WI_L'ðqGJI·ð]e�rWPRL'ð]L�fHïqP]Ldð¯b\I�ï(ðjô½ehPqeQrMïR^nñ°^���L'K �QL'PRð]^nehf\ð[eJô >qñ�-*Tsp"ZW^·ò(Z=p"^_InI
�1L$KM^·ðRòUb\ðRð¯LdK ^_f 
 L'òUï]^_eQf DMX +MX
>qZWL��WP]LdG'-MKMe�p"fAeQôOïRZWL.LUkML'ò�bMï]^_eQf ï]^_ñ°Laô½eQP"L'Ghò(Z rWPReQghPRGQñ � E4^nghbWPRL + � Z\GQð[ï]Z\P]L'L

òUeQñ°r9eQfWL'fHïRð !����	��

���.^_ð�ïRZWLqï]^_ñ°L�ð¯r9L�fHïFpqGJ^nï]^_fWgÖï]e.bWr*KWGJï]L�Gar\GQgQL�$��������	����
±^·ð4ï]^_ñ�L
p
GQ^�ïR^nfWg	ô½ehP ð]EHf1ò(ZWP]ehfW^��'G�ïR^nehf ïReýòUehñ�r\InL�ï]L�$
GJf\K���
	���������
����
��Ø^_f\òUI_b\KMLdðAGJI_I�eQï]ZWL'P
ï]^_ñ�LhX
>qZWL�PRL'ð]r1ehf\ð]L"ï]^_ñ°L±ZW^·ð¯ï]eQghPRGQñ�ð;rWI_eJï
ï]ZWL�ï]^_ñ�LÖfWLdòUL'ðRðRGJPRE$ï]e�ô½bWI��\I_I9L �QL'P]E�P]L �HbWL'ð¯ï

ð¯L'fhï �HEÛL��hL�PREÆfWeMKML=^nf	ïRZWL=ð]EMð}ïRL�ñ�X*�±fýï]ZWLAZ\eQPR^��'eQfHïRGQIjG�kM^·ð$^·ð.ï]^_ñ°L ^_fØZsbWf\KMPRL'KWð
eJô�ñ°^·òUPRehð]L'ò�eQf\KWð[ïRe°ò�eQñ°rWI_LUïRLaG�PRL �HbWLdð}ïdX �±f ïRZWL �QL'P¯ïR^_ò'GJI¤G�kM^·ð[^·ð
ï]Z\L.r1L'PRò�L�fHïRGQgQLÖeJô
P]L �hb\L'ð¯ïRð"ð]L�fHï#�HE=GJI_IBfWeMKML'ð
ïRZ\G�ï�PRL �HbW^_PRL'KÒG�gh^��hL�f�GJñ°eQb\fhï"eQôOï]^_ñ°Laï]eAò�eQñ°rWI_LUï]LhX
>qZWL$rWPReJïResò�eQI�IneHGQK�ZW^·ð}ïReQghPRGQñ°ð�rWIneQï�ï]Z\L$ï]^_ñ°L�ð]r9L�fHï±ð]L�P.�H^·òU^_fWgAPRL�ñ°eQï]L$PRL �HbWLdð}ï(ð

�HEÜL'Ghò(ZÛf\esKWLQX�D[GQò(ZC�\GJP�^_ð$ò�eQñ°r9ehð]L'KÛeJôqï]Z\P]L'L�L�I_L�ñ°L�fHïRð !���
	������� �����
���!
��Òò�eQPRP]L�/
ð¯r9eQf\K\ð;ï]e�ï]^_ñ°L±ð]r1L'fhï
P]LdòUL'^��s^_fWg$GJf\K KML'ò�esKW^nfWg�P]L �hb\L'ð¯ïRð'ThGQðjp[L'InI9GQð[ð¯L'f\KM^_fWg�PRL�rWI_^_L'ð�$
" ��#�#ØòUehP]PRL'ð]r9eQf\KWð�ï]eÛïR^nñ°L²ð]r1L'fhï �Wb\^nI·KM^_fWgýKM^nó*ð�$FGJf\K$�	� �%� ò�eQPRP]Ldð¯r9eQf1KWð$ïReÛï]^_ñ�L
ð¯r9L�fHï"p
GQ^�ïR^nf\g�ô½ehPjïRZWLafWLUï}p
eQP.-°^nfHï]L'P¯ôÌGhòUL±ï]e�ô½P]L'L.GJf L'fHï]PRE�^nfÒ^�ï(ð
eQbMïRrWbMï8�HbWL�bWLhX EWehP
"aGJb\ðRð�TQï]ZWL±rWPReJï]eMò�eQIWI_ehGhK°ZW^_ð¯ï]ehgQP(GJñ�ð;PRL � Ldò�ïjehfWI_E�ïRZWL�ïR^nñ°L�L'I_GQr\ð]L'K�KMbWPR^_fWg.ï]Z\L � ïRZ
^�ïRL�P(G�ï]^_eQfOT�^_f\ð¯ï]L'GhKØeJô"ïRZWL L'fHï]^_P]L=LUkML'ò�bMï]^_eQfBX*>qZW^·ð �1fWL�P�P]Ldð¯ehInbWï]^_eQfØ^·ð�fWLdòULdð]ðRGJPRE²ïRe
ð¯ZWe�p�ï]ZWL.^_ñ �1GJI·GJf\ò�L±^_f�rWP]eQï]eMòUehI¤IneHGQK ï]Z\GJï"esò'òUbWP(ð"KMbWPR^_fWg�GJf�^�ïRL�P(G�ïR^nehfBX
5"L'K�/ @
I_Ghò - 
 � 5	^·ðB^_f\òUI_b\KMLdK.GQðBG�òUeQfHïRP]ehI�rWP]ehgQP(GJñ�X�î�ïO^·ðOG"r\P]ehgQP(GJñ ï]Z1G�ï4Ghò(ZW^_L��QLdð

gQeseMKÆðRò�GJI·G'�\^nI_^�ï}E � p"^�ïRZØGÒð]r9L�L'KWbWrÜeQô +"DMX 9�ehfC),+ArWPReMòULdð]ð]eQP(ð � GJf\KÛKMesL'ðÖfWeQï$ð¯bMó*L�P
ô½P]ehñ ^nf1òUPRL'GQð]L'ð�^_f PRL'ð]r1ehf\ð]L ïR^nñ°LQTFGhð°ò�GJf �9L�GQrWrWPRL'ò�^_GJï]L'K �sE	ï]ZWL&ð]ñ°GQInI"ñ°L'ñ�ehP]E



Þ

òUeQñ°r9eQfWL'fHïa^_f2E4^nghbWP]L +WTBGQðÖp[L'InIFGhð��sE&ï]ZWL�ñ°^_fWeQP ��GQP]^·G�ïR^nehf\ðÖ^nfÜï]ZWLAð]Z\GQr1L°eJô
ï]Z\L
P]Ldð¯r9eQf\ð]Laï]^_ñ°L$ZW^·ð}ïReQghPRGQñ°ðqeQô E�^_gQb\P]L )\X EWbWP]ï]Z\L�PRñ�ehP]LhTW^nï�LUkMZW^��W^nïRð�I_^nï¯ï]I_L�ò�eQfHï]L'fHï]^_eQf
GJf\K�Z\Ghð�G gQeseMK��1GJI·GJf\ò�L$eJôFrWPReJïReMòUeQIOIneHGQK¤T1p"ZW^_ò(Z&^·ð±L��s^_KWL�fHï�^_f&ï]ZWL�ð¯^_ñ°^nI·GJPÖð¯^���L�eJô
ï]ZWL �\GQPRðÖeQôjï]Z\L�ZW^_ð¯ï]ehgQP(GJñ�^_f2E�^_gQb\P]L%&\X E\eQPaï]Z\L�P]Ldð}ï.eJô[ï]ZW^·ð$ð]L'òUï]^_eQfBT¤p
L°p"^nI_I;b\ð]L
ï]ZWL#5"LdK�/B@
I·GQò - 
 � 5 PRL'ð]r1ehf\ð¯L[ï]^_ñ°Lqñ�LdGQð]bWPRL�ñ°L�fHïRð'T7P]Ldð¯r9eQf1ð¯L[ï]^_ñ°L"ZW^_ð¯ï]ehgQP(GJñ�ð'TdGQf\K
ï]ZWLarWPReJïResò�eQI9IneHGQK�Z\^_ð¯ï]ehgQP(GJñ�ðFïRe�^_I_Inb\ð¯ï]P(G�ïRL±Z\e�pmP]Ldð¯r9eQf\ð]L±ï]^_ñ�LhTsP]Ldð¯r9eQf\ð]L±ï]^_ñ�LÖZW^·ð /
ï]eQghPRGQñ�ð�TsGJf\K=rWPReJïResò�eQI*I_ehGQK ZW^·ð}ïReQgQP(GJñ�ð
ð¯Z\eQbWI·KAI_ese -A^_f ïRZWL.G'�\ð]L�f1òULÖeJô4ò�eQfHï]L'fHï]^_eQf
GJf\K=rWPReJï]eMò�eQI¤I_ehGQK=^_ñ �\GQI_GQf\òULdð�X
lÜL
GJPRgQbWL�ïRZ\G�ï�ï]ZWL[^nf\ò�P]LdGQð]LF^_f�GQò'òUL'ðRð¤ñ°^·ð]ðOï]^_ñ°LjLUkMr9L�PR^nL'f\òULdK��sEÖehbWPOr\P]ehgQP(GJñ�ð*^_ð

I_GQP]ghL�I_E±G�PRL'ð]bWInïOeJôMïRZWLj^_f\ò�P]LdGQð]LF^nf�I_GJï]L�f1òUEÖô½eQP�^nf\KW^��s^·KMb\GJIHPRL �HbWL'ð¯ïRð�KMbWLjï]e±ò�eQfHï]L'fHï]^_eQf
GJf\K=fWeJï�ð]eQI_L�I_E�ïRZWL.P]Ldð¯b\I�ï"eJô;GJfÒ^_f\òUPRL'Ghð¯LdKAfsbWñ �9L�P�eJô�PRL �HbWLdð}ï"ñ°L'ðRðRGJgQLdð�X
>qZW^_ð�ï]PRL�f1KØ^_ð�ñ°ehð¯ï�L �H^·KML'fhï�ô½eQP�) � E*E > GJf\K "aGQb\ðRð�X�î{f ) � E*E*>aT�ïRZWL=G��hL�P /

GJgQL fHb\ñ �9L�P�eJô�PRL �HbWLdð}ï(ð$r9L�P°fWeMKML=KWP]ehr\ð�ð]^nghfW^��1ò�GQfhïRInEØGhð$ïRZWL=ð]^��'L eQô�ï]ZWLÒòUI_b\ð¯ï]L�P
^nf\ò�P]LdGQð]L'ð'X1î{f "aGJb1ð]ð'T1^nï.^nf1òUPRL'GQð]L'ð±ñ°eMKML�P(G�ïRL�I_E � <��\X 9"( � X @
eJï]ZÜrWPReQgQP(GJñ�ð'T\ZWe�p
L��hL�PdT
LUkMr1L'P]^_L�f1òULÆð]Z\GJPRr ^nf1òUPRL'GQð]L'ð°^_f PRL'ð]r1ehf\ð]L�ï]^_ñ�LhXA>qZWLÛG��QL'PRGQgQLÒP]L �hb\L'ð¯ïAI_GJï]L�f1òUE ^nf
/
òUPRL'GQð]L'ð[ô½ehP8) � E*E*> GQf\K�"aGJb\ðRð �sE &"$�(�GJf\K0+'&,D"( TsPRL'ð]r1Ldò�ï]^��QL'InE � ð]L�L >�G �WI_L + � X
>qZWL�P]Ldð}ï$eQôqï]ZW^·ð�ð]L'òUï]^_eQf	^_ð�KM^��H^·KMLdK	^nfHï]e�ï}p
e&r\GQP¯ï(ð�X�E4^_PRð¯ï'TOp[L�ï(GJI�-ÜG �1ehbMï$ï]Z\L

�7GQP]^_eQb1ðOï}Esr9L'ð�eQô*ò�eQfHï]L'fhïR^nehf�L�ksZ\^��W^nï]LdK%�HE�eQbWP�rWPReQghPRGQñ°ð4GJf1K�ZWe�p ï]ZWL'E�^_f\òUPRL'Ghð¯L[ï]Z\L
I_GJï]L�f1òUE$eQô1^_f\KM^��H^·KMb\GQIWPRL �HbWL'ð¯ïRð'X 
 L'ò�eQf\KBTJp[L �Hb\GJfHïR^�ô½E�ï]ZWLqLUó*L'òUï;ï]Z\GJïjòUehfhïRL�fHï]^_eQf�Z\Ghð
eQf�ï]ZWL"rWPReQghPRGQñ�ð�37ð¯r9L�LdKMbWr\ð �HE�L�I_^nñ°^_f\G�ïR^nfWg.ò�eQfHï]L'fhïR^nehf�ñ�GQfHb1GJI_InE.ehPFGJbMïReQñ�G�ïR^_ò'GJI_InEhX

� §h¢���� � ©  j�7vRy¯x'�'v�y}v(�{wM�'~H�{v$z}��|.vd�Bx��7vRy¯x��dv�~J�h|ÖÍMvRy��'�[wsx��dv(�Ö�HwW�HxUz}v��&wMvRya~h�J�hvd�9z}�'z¯x'�
�hx�z¯xqz{y¯x'~h���·vRy}v(��x�~s�Öz}�'z¯x��M|.v(�{�}x'�'v[�R�d�H~�z��'�9��|.ÓM�7�qÑ � �[�Jx'~H�.��|.Ó±¬F��z}«$�dwQz}��|.��Ð�xUz}���d~H�(É

 [�J�QÉhy}v(�{w\É  [�J�hÉhwMvRyF~h�J�hv u"xUz¯x Ç�v(�{�}x'�'v(�
z}��|.v Å |.���]y}�Ö�{v(�dÉ È �hwW�Hx�z}vR� Å Ç �O�Qz}vR�¯È Å z}«H�'�H�}x'~H�h�¯È jwHwH������xUz}���'~ ÎBy}��z}���(�d� � â7ã � â7ã � â7ã � â7ã

�hÚ � ��|.Ó �����dãJÉ âdâ ��Þ'Þ � É ��â �(�d� ��ãd� Þ ãd� ã ���
�qÑ � � �Rß7�'�QÉ ß7â �(ß7��ßhÉ �'� � â �(�dÞ � â'ß ã ���

â�u"Ô¤Ô¤� ��|.Ó ã������JÉ �d��ã��'ÞdâQÉ � ��ß7��ß
� � ��ãd� ã'Þd� ã��d� ÞdÞ ���
�qÑ � � � � ��� É �d� ã���� � É �'ã ß7��ß
� � ��ãd� ã'Þd� ã��d� Þ7� ��ß
Ú
whz�É �(ÞdÞ � É ã'Þ � � �'�QÉ â�� ß7��ß
� � ��ãd� ã'Þd� ã��d� ÞdÞ ���

� x��H�{� ��|.Ó ã'���d�JÉ Þ7� � �d��ßhÉ ��ã � �d�d� � ����� â7�'� ��� � � ã���� ��� �
�qÑ � � ã � � ãJÉ � � � Þ�ß7�QÉ ��� � �d�d� � ����� �'Þdã ã'� � Þ�ã���� ��� �
�qÑ � � �(�dâ'ÞQÉ �7ã ���'âdÞQÉ �dã � �d�d� � ����� ßdÞ Þd� �'â ã�Þ �

��xUy}~Hv(� ��|.Ó �(Þdâ'�QÉ �'ß+�d��â'ßhÉ ��� ã�ß'ß�ã ã'�dã'Þ ��â'� ß ��� �Rßdß �U��â7�
�qÑ � � �(Þ7�'�JÉ � � ã'�'âdâQÉ ��ã+ã'�d�dã � �'âd� �U�Uß �dã%� â'ß ��ã��
Ú
whz�É �����(�QÉ â � �U��â'ßhÉ ã � ã�ß'ß�ã ã'�dã'Þ ��â'� ßdß � �Rßdß �U��â7�

����
 - ���C���  �
 �! ;" '&��" '&%� #"

������� - ð]bMó*L�P(ðqô½P]ehñ ñ�bWI�ïR^�/�r\GQgQL$òUehfHï]L�fHïR^nehfBXMî{f ) � E*E*>aT\r\P]eMòULdð]ð]eQP(ð
p[ehP -�ehf&G
òUeQfHïR^nghbWeQb\ð �1GJf\KÒeJô;L'InL'ñ�L'fHïRðqô½PReQñ ï]ZWL�ð]Z\GQP]LdK=GQP]P(G7EQX 
 ^_f\ò�L$`�N�5�Y GQðRð]^nghf\ð
ZWeQñ°L'ð
^nf �WI_eMò -ØôÌGQð]ZW^_eQfBT;^_f �1eQï]Z rWPReJï]eMò�eQI·ð�ïRZWL&rWPReMòUL'ðRð]eQP�ñ�eMKM^nô½Es^nf\g	ï]ZWL �\GQf\K p"^nI_I8�9L



�

����� © �s© �QwMvRv��h�hw����Bx'whwH������x�z}���d~h�j�_�'y
��|.ÓM�h�
Ñ � �[�hx'~H�°��|.Ó�Ú
whz}��|.��Ð(v��WÉ

0

7

14

21

28

8 32 8 32 8 32 8 32

SOR Gauss 3DFFT Barnes

S
pe

ed
up

Tmk
HLRC
Optimized

����� © � © �¤­Qv(�(�hz}���'~�z}��|.vqÍhy}v�x�ÓQ�h��¬F~��_�'y
��|.ÓW�J�
Ñ � �[�Hx'~H����|.Ó�Ú
whz}��|.��Ð(v��WÉ

0
10
20
30
40
50
60
70
80

T
m

k8
T

m
k3

2
H

LR
C

8
H

LR
C

32
T

m
k8

T
m

k3
2

H
LR

C
8

H
LR

C
32

O
pt

8
O

pt
32

T
m

k8
T

m
k3

2
H

LR
C

8
H

LR
C

32
O

pt
8

O
pt

32
T

m
k8

T
m

k3
2

H
LR

C
8

H
LR

C
32

O
pt

8
O

pt
32

SOR Gauss 3DFFT Barnes

E
xe

cu
tio

n 
tim

e 
(s

ec
.)

synchro
memory
computation

����� ©��\© � �OË��hÚ � y}v(�{wM�d~h�{v�z}��|.v
�_�'y[��|.Ó.¬F��z}« � Å x7È�x�~s�°âdã Å ÍMÈ4~h�J�hv(�(É

0

5

10

15

20

25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

0

5

10

15

20

25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

Å xdÈ Å ÍsÈ



�

����� © � © � ��Ë³�HÚ � wQy}�'z}���(�'�¤���7xd�A�·��y���|.Ó�¬F��z}« � Å xdÈ[x'~H�=âdã Å ÍsÈj~h�J�hv(�(É\��«hv±wh����z}�q�{«H��¬z}«hvjz}��|.vj�{wMv(~�z���~$�(�d|.|±�H~h���(x�z}���d~\�7�Ry}v�xUz}��~H�a�Q��®W�(�Jx'~H�$¬�x'��z}��~H���·�'y4z}«Hvj~HvRz�¬��'y}Ó.��~�z}vRy{�·x'�(vdÉ

0

0.05

0.1

0.15

0.2

1 2 3 4 5 6 7 8

T
im

e 
(s

ec
.)

spin

diff

communication

0

0.05

0.1

0.15

0.2

1 6 11 16 21 26 31

T
im

e 
(s

ec
.)

spin

diff

communication

Å xdÈ Å ÍsÈ

����� ©��\© â'u Ô¤Ô¤�	y}v(�{wM�'~H�{v"z}��|.v
�·��y[��|.Ó Å xdÈ;x'~s����|.Ó�Ú
whz}��|.��Ð(v�� Å ÍMÈ4�d~°â7ã±~h�J�hv(�(É

0

5

10

15

20

25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

0

5

10

15

20

25
1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

Å xdÈ Å ÍsÈ

����� ©��\© â�u Ô¤Ô¤�ýwQy}�'z}���(�'�9���7x'���·��y
��|.Ó Å xdÈFx�~s����|.Ó�Ú
whz}��|.��Ð(v�� Å ÍsÈ4�d~�âdã±~H�J�Qv(�(É

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

comminication

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

comminication

Å xdÈ Å ÍsÈ



�

����� © � © � x'�h�{�jy}v(�{wM�'~H�{vqz}��|.v
�_�'y
��|.Ó Å x7È;x'~H����|.Ó�Ú
whz}��|.��Ð(v�� Å ÍMÈ��'~�â7ã±~h�J�hv(�(É

0
2
4
6
8

10
12

1 15 29 43 57 71 85 99

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

0

20

40

60

80

100

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

Å xdÈ Å ÍsÈ

����� ©��W© � x��H�{�Fwhy}��z}���(�d�1���7xd���·�'y
��|.Ó Å x7È�x�~s�°��|.Ó�Ú
wQz}��|.��Ð(v(� Å ÍMÈ4�'~°âdãÖ~H�J�hvR�(É

0

1

2

3

4

5

1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

communication

0

1

2

3

4

5
1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

communication

Å xdÈ Å ÍsÈ

����� ©��\© ��x�y}~hv(��ËÌ�
�hz;y}vR�{wM�d~H�{vqz}��|.v
�_�'y
��|.Ó Å x7È;x'~H����|.Ó�Ú
whz}��|.��Ð(v�� Å ÍMÈ4�'~°â7ãÖ~h�J�hv(�(É

0
5

10
15
20
25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

0

5

10

15

20

25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

Å xdÈ Å ÍsÈ



�(�

����� © � � © ��x�y}~hv(��ËÌ�
�hz;y}vR�{wM�d~H�{v"z}��|.v
�_�'yj�qÑ � �Û�d~�âdã±~H�J�Qv(�(É

0

5

10

15

20

25

1 8 15 22 29 36 43 50

Time (100s of micro seconds)

%
 o

f 
re

qu
es

ts

����� © � �H© �4x�y}~HvR��Ë��[�hzFwQy}�'z}���(�'�9���7x'���·��yq��|.Ó Å x7È�x�~s�°��|.Ó�Ú
wQz}��|.��ÐRv�� Å ÍsÈ4�d~°âdãÖ~H�J�Qv(�(É

0

2

4

6

8

10

12

1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

communication

0
2
4
6
8

10
12

1 6 11 16 21 26 31

T
im

e 
(s

ec
.)

spin

diff

communication

Å xdÈ Å ÍsÈ

����� © � � © ��x�y}~hv(��ËÌ�
�QzFwhy}�'z}���R�d�9���dxd���·��yj�qÑ � �Û�'~�â7ã�~H�J�hvR�(É

0

2

4

6

8

10

12

1 5 9 13 17 21 25 29

T
im

e 
(s

ec
.)

spin

diff

communication



���

ï]ZWLAehfWL�ZWeHð}ïR^nfWg�ïRZWL�bWr*KWG�ïRLQX >qZWL òUehñ°rWbMïRGJï]^_eQf	eQfÛïRZWL ) � GJPRPRG7EMðÖ^_ð$r\GJP]ï]^nï]^_eQfWLdK
GJI_eQfWg±eQfWL
G�kM^_ð4GJñ°ehfWg�ïRZWLqrWP]eMò�L'ðRð¯ehPRð'X i ð�G±P]Ldð¯b\I�ïdT�ïRZWLqgQI_e �\GQIJï]P(GJf1ð¯r9ehð]LjI_L'GhKWð�ï]e±GQInI
rWP]eMò�L'ðRð¯ehPRð*ïRP]Es^_fWg"ïRe�PRL'GQK.ð]eQñ°L[r\GJghL'ð �1PRð¯ïOô½PReQñ�rWPReMòUL'ðRð]eQP �WT'ï]Z\L�f�ð]eQñ°LFr1GJgQLdð¤ô½PReQñ
rWP]eMò�L'ðRð¯ehP <QT1GQf\K&ð]e�eQfBT1P]Ldð¯bWInï]^_fWgA^_f²G°ïRL�ñ°r1ehPRGQIOòUehfHï]L�fHïR^nehf²G�ï±GAð]^_fWgQI_L.rWPResò�L'ðRð¯ehP
G�ï
G.ï]^_ñ�LhX,>qZ\L�LUó*L'òUïRð[eJôBòUehfHï]L�fHïR^nehfAGJPRL8�s^_ð]^��\InL±^nf�ïRZWL�PRL'ð]r9eQf\ð]Lqï]^_ñ°L±ZW^·ð¯ï]eQghPRGQñ ^_f
E�^_gQb\P]L D � G � X¤lmZ\L�fÛp[L°òUehñ�r1GJPRL�ïRZW^_ðar\IneQïÖïRe ïRZWL 5"LdK�/B@
I·GQò - 
 � 5 P]Ldð¯r9eQf1ð¯L�ï]^_ñ�L
ZW^_ð¯ï]ehgQP(GJñ � E4^nghbWPRL ) � � � � T\p
L�ð¯L'L.ï]Z1G�ï±^nï±ò�eQf\ð]^_ð¯ïRð�eJôFð]ZWeQP]ï]L'P8�\GJP(ðqïRZ\G�ï±GQP]L$ð]ZW^nô»ï]LdK
ï]e°ï]Z\LÖPR^_gQZHï'TMp"ZW^·ò(Z&ð¯b\gQgQLdð}ï"G�ð]^nghfW^��9ò�GJfHïq^nf1òUPRL'GQð]La^nf�PRL'ð]r1ehf\ð]L�ïR^nñ°LQX
>qZWL�LUó*L'òUïRð[eJôBòUehfHï]L�fHïR^nehf°GQP]L±GJI·ð¯e �s^·ð¯^��WI_L�^nfAï]ZWL±rWP]eQï]eMòUehIWI_ehGQK�ZW^·ð¯ï]eQghPRGQñ � E�^_g'/
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^nfWg1T4ð]^_f\òUL�KMbWPR^nf\gÜGJf ^�ïRL�P(G�ï]^_eQfOT4GQInI
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eJô
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eað]b\ò(Z�r\GJghL'ð4ô½ehP;eQbWP;rWPRe � /
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rWI_eJï'T
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òUeQñ°r\GQP]LdKaï]e±ï]Z\Lqò�eQfHï]L'fHï]^_eQf
/³ô½P]L'L 5"LdK�/B@
I·GQò - 
 � 5 rWIneQï � E4^nghbWP]L ) � � � � X'>qZWL
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rW^��heJïaP]e�p GQf\K²r\^��heJïa^nf\KWLUk¤X >qZWL°I_GQP]ghL�ð]rW^_fÜòUehñ°r1ehfWL�fHïa^nfÜï]ZW^·ð >qñ�-&rWI_eJï.P]Ldð¯b\I�ï(ð
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GJrWrWI_^·ò�G�ïR^nehfýeQP�ï]ZWLÒrWPReJïResò�eQIjï]eÆPRL�ñ°e?�hL�ï]ZWL�ð]eQbWP(òULdð.eJô±ò�eQfHï]L'fHï]^_eQfBX EWeQP�L'Ghò(Z GJr /
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