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OIS*f�GIZLKc´$]�f�HLH\GI¯BTVS�Qeq�S*q�f�HX´Å]�S*K[KcZ�W�^:Y[]_^�M>HLSÍMRZ\S*H\Ycf�GIZ�f>¯<S*HVMUT\Y[f�O`MUK¾¯IH\f>�IK[S*q,a�f�H T\^ISË¯IYxáBS�KAQIS#TVS*]#s
T\f�H�k�t`f�H�YcOhn�S�ZXTVYcPhMUTVYcOIP�TV^IS|¸ J Ü&¯IH\f>�IK[S*qÈTVS*ZLT®ZLT\H\GI]#TVGIHLS�Z®W�YxTV^RZ\^:YcabT2H\S*P�Y[ZXTVS�HLZ�]�f�OIZLY[ZXTVY[O:PËfUaA¸8TVMUTVYc]
� M>OIQIf>q(��]�]*S�ZLZ o S*q�f�HX´ j ¸:��� o l�]*S�K[KcZËM>ZÑG:Z\S�Q1Y[O£TV^IS��¬õ�� W�YcT\^1MUOIQÊW�YxTV^If�GBTÍM�¯IHLf>TVS*]*TVYcf�O
]�M>¯`M>]*YcTVf>H�W�S*H\S
QIS�ZLY[P�O:S�Q¾k³²¬^IS�¸ J Üô]�HLf�Z\Z�ZLS�]*T\Y[f�O:Z�f>a®T\^IS�¸:��� o ]�S*K[K[Z�MUOIQ£f>aÐMÅ¯IYêáBS�K�HLS�M>QIf>G:T
]_^IYc¯ j �¬õ�� � ¸BÙ7¼h� � ºylÍW®S�H\S$QIS#TVS�HLq�YcOIS�Q»YcOÕM£�@S�M>q T\S�ZXT�k»²¬^IS$q�S�M>Z\GIHLS�Q·¸ J Ü ]*H\f�ZLZRZ\S�]#TVYcf�OIZ
a�f�HÑTV^ISÅ¯IHLf>TVS*]*T\S�Q»ZLT\f�HVM>P>S¹]�S*K[K[Z�M>H\S��8k í�É�çeº��8Ä`ÇÏè�]�q
Æ � ¸:��� o a�f>H³MeTVH\M>OIZ\YxTVYcf�OÊa�HLf�q ����º�M>OIQ
�:kmí�����çeº��8Ä`ÇÏè�]*q�Æ � ¸:� � o a�f�H|M�]_^IM>OIP�S*fyn>S�H%a�HLf�q(º��×�:k¬²¬^ISÑ�<S*OIS*Ú:T%f>a�T\^ISÍ¯:H\f>T\S�]*T\Y[f�O0]�M>¯IM>]�Yês
T\f�HÔYcZÔMUTÔK[S�M>ZLTÔM>�@f�G:T�M�aÏM>]*T\f�HÔfUa¿º�����YcOÑT\^IS�]*H\f�ZLZ�Z\S*]*TVYcf�O³M>O:Q�QIS�¯@S�O:QIZ�f�OÍT\^IS�ZXW�YcTV]_^:Y[OIP%Q:Y[H\S*]*T\Y[f�O¾k
Þ&YxTV^0T\^ISÍq
S�MUZ\GIHLS�Q�]�HLf�Z\Z|Z\S*]*TVYcf�OIZ�T\^IS³¸ J Ü HVMUT\SÍ¯@S�H|]�f�OhTVHLf�K½OIS*T7W®f�H\g�a�f�H�TV^ISÑÚ`H\ZXT�M>OIQeZ\S�]*f�OIQ
K[M�´>S�H%YcZ%K[S*Z\Z�T\^`M>O£�:ký��é¹� F>k�Ù7O£M�n�S*HVM>P�S³YxT|W�YcK[KAT_M>gUSRM>�@f�G:T�ä¹^:f�GIH\Z|TVf¹ZXW�YcTV]_^»º�� f>a®M>K[KÔ¸:��� o
]*S�K[KcZ³]�f�OhT\H\f�KcK[S�Q»�h´ÌT\^IS�]�f�HLH\S�ZL¯<f>OIQIY[O:PÊQIYcP�YcTVM>K�f>¯:TVYc]�M>K®K[Y[O:g@k{²¬^:Y[Z³´8Y[S�KcQIZ³Y[O5M>�@f�G:T�ºe¸ J Ü¥¯<S*H
ZLS�]�f>OIQ�a�f�H�T\^IS�S�OhTVYcH\S�¯IYêá:S*KIQIS#TVS�]#TVf�H2�`M>HLH\S*K j~å ¼hä�çeº�� è ¯IYxáBS*K[Z_l±k�²¬^IS*H\S*a�f>H\S H\S�KcfhM>QIYcOIP%ZLY[OIP�KcS¬¯IYxáBS*K
]*S�K[KcZ¬QIGIHLY[OIP³TV^:SËQIMUT_M�T_MUg8YcOIPR¯<S*H\YcfBQÅ]�M>O0�@S�q�f>ZLT�K[Ycg>S*Kc´rM�n>f�Y[Q:S�Q¾k

²¬^IS%¯:YxáBS�KvQIS#TVS�]#TVf�H®^`M>Z2TVfË¯<S*HLa�f�HLqñ]*f�OhTVYcO8G:f�GIZ2Q`MUT_M�T_M>gwYcOIP�M>O:QrZ\Ycq�GIKxT_M>OIS*f�GIZ�H\S�M>QIf�GBTÐf�¯@S�HDs
MUT\Y[f�O¹W�YxTV^Åq
Y[OIYcqrMUK`QIS�M>Q8sÃTVYcq�S|TVfRM>]_^IYcS*n>SÑM�q�MpáBY[qÍGIqâS*Ý
]�YcS�OI]#´�MUT M�]�S*HLTVM>Y[OÅP�Kcf��`M>K@TV^IHLS�ZL^If�K[Q�k
²½fÍP�GIM>HVM>OhT7´³T\^IY[Z�TV^IS S�KcS�]#TVH\f>OIY[]�]�HLf�Z\ZXT_M>Kcg³f�ORTV^IS|q�f8QIGIKcS¬q�GIZLT®�@S�M>Z2K[f�W×M>Z®¯@f�ZLZ\Y[�:K[S>k�²¬^IS�q
S�Mys
ZLGIH\S*Q�]*H\f�ZLZLT_MUK[gÍQ:S�¯@S�OIQIZ2f�O³TV^:S¬]�K[G:ZLTVS*H�Z\Y[F*S�M>OIQ³TV^:S¬ZLT_MpTVS�Z�f>a@TV^:S¬H\S�MUQIf�G:T�k�t`f�H�¯IHLf>TVf�OR]*f�K[KcY[Z\Ycf�OIZ
T\^ISÍq
S�M>ZLGIH\S*Q0T\^IH\S*Z\^If�KcQuZ\^:YcabT Y[Z|M>�@f�G:T��>���
S�K[S*]*T\H\f�OIZ*k J n�S�O�YcO0T\^ISÑ]�M>Z\SÑf>a�^IS�M�n8´$Ycf�Oe]*f�K[KcY[Z\Ycf�OIZ
W�YxTV^�TV^IS³]*f�H\HLS�ZL¯<f�O:QIY[OIPÅK[M>H\P>S�H%]*K[GIZXTVS�H�ZLY[F*S�Z%TV^:SRT\^IH\S*Z\^If>K[Q�Z\^:YcabT�Y[Z�Z\q�M>K[KcS�H|T\^`M>O£é��>�¹S�K[S*]*T\H\f�OIZ*k
��f�q
¯`M>HLS�Q�T\f%TV^IS¬P�Kcf��`M>KhT\^IH\S*Z\^If�KcQRf>a<��í>���|S�K[S*]*T\H\f�OIZ�W�^:Y[]_^RY[Z½TV^IS¬QIS*Z\YcP�O³P�fhM>KBf>a`TV^:S¬¯IYxáBS�K8n�S*HLTVS±á
QIS#TVS*]*TVf>H�T\^IS�q�S�M>Z\G:H\S�Q0¯IY[]_gwGI¯$Y[ZÐT\f�K[S*HVM>�:K[S>k

²¬^IS�QIS#TVS*]*TVYcf�OÅY[O:S*Ý
]�YcS�OI]#´¹f>a¿T\^IS%¯IYêá:S*K�QIS#TVS*]*TVf>HÐq�GIZXT¬�<S�q�YcOIY[q�M>K`GI¯¹T\fÍTV^IS�S±áB¯<S*]*TVS*QÅTVHVMU]_g
QIS*OIZ\YxTVYcS�ZËGIOIQIS*H�ªA�%�ÈKcY[gUS�]*f�OIQIYxTVY[f>OIZ�k�²�f$TVS�ZXTÍT\^IS�¯@S�HXa�f�H\q�M>OI]*SrM$¯IYxáBS*K2Q:S*TVS*]*T\f�HÑq
f8QIGIK[S³W�M>Z
f�¯@S�H\MUTVS*Q0T\^ISÑÚ`HLZLT|TVY[q
S�GIOIQ:S�H%ªA����K[Y[gUSÑ]*f�OIQIYxTVYcf�OIZ�Y[O0M�^IYcP�^$HVMUT\SÑ¯IYcf�Oe�@S�MUq0k¬µ frf�¯@S�H\MUTVYcf�O`M>K
¯IHLf��IKcS�q Y[O·T\^IS�Y[OhTVS*HVM>]#TVYcf�O×f>a�TV^:SÌº��{�¬õ���Z¹W�YcT\^×TV^ISe²�« o WÐM>ZÅf>�IZ\S*HLn�S*Q¾k!²¬^:S�q�S�M>Z\GIHLS�Q
YcOIS*Ý
]�YcS�OI]#´{]�f>GIK[Q{�@SÅH\S*¯IH\f8QIGI]*S�Q{W�YcT\^»T\^ISÅZ\Ycq�GIK[MUTVYcf�OÌM>QIM>¯:TVS*Q{TVfuTV^:SÅ�<S�M>q T\S�ZLT�kÌ²¬^ISÅQ`MpT_M
Kcf�Z\ZLS�Z%ZLS�S�q
Z�T\f¹�<SÑQIS�ZL]�HLY[�@S�Q�]�f>H\H\S*]*T\Kc´$Y[OeT\^ISÍZLY[q�G:KNMUT\Y[f�O0M>OIQ�MU¯I¯IK[YcS�Q$TVf¹HLS�M>KÔ� o ¸e]�f>OIQIYcT\Y[f�O:Z
M>OÑY[OIS#Ý
]�Y[S*OI]*´�fUa`é:kýä�üþa�f>HAT\^IS2Y[OIOIS*H\q
f�ZLT½K[M�´>S�H�M>OIQÍM KcS*n�S*KxsVº�T\H\YcP�P�S�HAH\MUTVS�f>a�º�����gB� F�YcZ½S±áB¯<S*]*TVS*Q¾k
²¬^ISÍK[f�W�S*ZLT�P�K[f��IM>KA]�f�q
¯`M>H\MUTVf�H¬T\^IH\S*Z\^If�KcQea�f�H�M�ZLTVM>�IKcSÍq
fBQIG:K[S�f�¯@S�HVMpTVY[f>OeY[O$TV^ISÑ�<S�M>q TVS�ZXT�W�M>Z
M>�@f�G:T|�U�����³S�KcS�]*T\H\f�O:Z�k

¸BYcOI]�S¬TV^:S q
f8QIGIK[S�¯<S*HLa�f�HLqrM>O:]�S¬a�GIKcÚIK[KBT\^IS�H\S*ÿ8G:Y[H\S*q�S*OhTVZ�TV^IS�q�M>Z\Z�¯IHLfBQ:GI]*T\Y[f�ORf>a@TV^IS�q
fBQ:GIK[S*Z
^`MUZ�M>KcH\S�M>Q:´�ZXT_M>HXTVS*Q�W�YcT\^
T\^IS¬Ú`O`M>K`Q:S�Z\YcP�OrQ:S�Z\]*H\Yc�<S*Q�YcO
T\^IY[Z�W®f�H\gvk�²¬^IS P�fhMUK`f>a�T\^IS�¯IH\f8QIGI]#TVY[f>O
YcZ
T\fRM>Z\ZLS�q��IKx´¹¼³q
fBQ:GIK[S*ZÐ¯<S*HÐQ`M�´�k�� abTVS�H®TV^IS�¯IHLfBQ:GI]*T\Y[f�OÅf>a�M>�@f�G:TÐ¼h����q
fBQIG:K[S�Z2a�f�H�T\^IS�¼³]�q�M>OIQ
É¹]�qòKNM�´�S*H�M>OIQ�TV^:S³Z\GI]*]�S�ZLZLa�GIK�]*f�q�q
Y[ZLZ\Ycf�OIY[O:Prf>a�TV^:S³�`M>H\HLS�K�¯IM>HLT�fUa®T\^IS³¯IYxáBS*KÔn�S*HLTVS±á£QIS#TVS�]#TVf�H*
T\^IS�Ú`H\ZXT|QIMUT_Mps~T_M>gwYcOIP³Y[Z¬S±á:¯@S�]#TVS*Qea�f�H¬KNMpTVS��>�>�hÉBk

nBY



� � §��Ê¦!§��Ì¡

������������ "!$#%���&���'!$( )
*,+ �.-&/0�21�- 3
465 !7-& 8!9- 3$):)
; < !7-�/ 5>= ��1�-�) 5 ! ;
? @BA 4 ��! =C46DFE G

�8kcº ªAM>HLP�S���MUQIH\f�O0��f�KcK[YcQIS�H¬MpT|� J � µôkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk é
�8k � � ^h´8Z\Yc]�Z|MUT¬TV^ISËªAM>HLP�S���M>Q:H\f�Oe��f�K[KcY[QIS*HókÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �

�8k �Bkxº �|YcP�P�Z�«�f>Z\f�OþkÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk É
�8k �Bkm� ¸BGI¯@S�HLZL´8q
q�S#TVHL´�kÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �

�8kmé ��f>q�¯`MU]*T o GIf>Ou¸Bf>K[S�O:f�Y[Q J áB¯<S*H\Ycq�S*OwT�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �
�8kmé:kxº ¸BGIq
q�M>HL´�f>a�d%S#TVS*]*TVf>H�� S*ÿ8G:Y[H\S*q�S*OhTVZ
kÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �
�8kmé:km� � o ¸$¸BGI�@QIS*T\S�]#TVf�HLZ kËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk º��

�8ký¼ ��S*OhTVHVMUK¿²�H\M>]_g>S*H|f>a½TV^:SÍ� o ¸ J áB¯<S*H\Y[q
S�OhT kËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk ºyí
�8ký¼Ikxº ¸BYcK[Y[]*f�O�¸8T\H\Yc¯0d%S#TVS*]*TVf>H�kÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk º��
�8ký¼Ikm� � YxáBS�K � S*HLT\S#á$d%S#TVS�]#TVf�H�kÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk ºyÉ
�8ký¼Ikýé ��S�M>QIf>G:T M>OIQe��f�OhTVHLf�K½¸8´8ZLT\S�q kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk ���
�8ký¼Ik ¼ � S*HLa�f�HLqrMUOI]�S0kÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �>é
�8ký¼Ikmí o MUT\S�HLYNM>K¿«®GIQIP�S#T¬kÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �>�
�8ký¼Iký� � M>QIYNMpTVY[f>OÅª¿S*n�S*K[Z kËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �>ä

�8k í ²½H\YcP�P�S*H¬M>OIQ0d�MUT_M��|]�ÿwGIYcZ\YcT\Y[f�O0¸8´8ZXTVS�q¥fUa�� o ¸ kÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �>ä
�8km� ¸8GIq�q�M>HX´ kËkËkÑk�kËkÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk ���

G DH5>= ��I: 5 #J-�K$ MLN)PO> "IRQS "/�-� �OUTV �-� "1�- 5 / G ;
éBkcº ��f>q�¯@f�OIS*OwT\Z�f>a�T\^IS o f8QIGIK[SËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk éh�

éBkcº�kxº û M>¯:T\f�O0�ÐM>�IK[S&kËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk é�é
éBkcº�km� � f�W®S�H��ÐM>�IKcSÅkÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk é�é
éBkcº�kýé ²½f�g>S*Ou«�YxT o M>O`MUP�S�H|��^IYc¯ßkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk é�é
éBkcº�k ¼ �|YcP�^�d%S�O:Z\YcT7´¹Ù7OwT\S�HL]�f�OIO:S�]*TâkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk é>¼
éBkcº�kmí ¸BS*OIZ\f�H!kÑk�kËkÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk éhí
éBkcº�ký� ��S�M>QIf>G:T|��^IY[¯âkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk éhí
éBkcº�kmÉ «�GIq
¯$«�f�OIQ:Y[OIP kÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk éhí
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��f�OhT\S�OhTVZ

é:kxº�kýä «ÐM>Z\SÑ¸8T\H\Yc¯<S*ZekËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk éhí
é:km� ¸BYcK[Y[]*f�O�¸BS*OIZ\f>H a�f�HÐT\^IS o f8QIGIK[S*Z¬f>a½TV^IS � YxáBS�KAd%S#TVS*]*TVf>H0kËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk é��

é:km�Bkxº Ù7OIQIGI]*S�Q���^IM>H\P�SËM>O:Qe� M>QIY[MUTVYcf�OÅd%f�ZLS kÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk éhÉ
é:km�Bkm� d%S�Z\YcP�O,kËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk éhÉ
é:km�Bkýé � S�HXa�f�H\q�M>OI]*SukËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk é�ä

é:kýé o MUT\S�HLYNM>K¿«®GIQIP�S#T|fUa�T\^IS o fBQ:GIK[S kËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk°¼w�
é:k ¼ ��S�M>QIf>G:T M>OIQe��f�OhTVHLf�K½¸B]_^IS*q�S kÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk°¼hé
é:kmí ¸BGIq
q�M>HL´ kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk°¼wí
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¼Ikxº ��S�M>QIf>G:T|��^IY[¯ kËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk°¼wÉ

¼Ikxº�kxº � YêáBS�K¿��HLHVM�´ kËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk°¼��
¼Ikxº�km� d%f�GI�IKcSË��f�K[GIq
O � S*H\Yc¯I^IS�HX´ kËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk íBº
¼Ikxº�kýé ¶�Kcf��`M>K � M>HXT,kËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk í��
¼Ikxº�k ¼ ��O`M>Kcf�PR��S�M>QIf>G:TÍkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk í>é

¼Ikm� � M>QIYNMpTVY[f>OÅd�M>q�M>P�S%�|Z\¯@S�]*T\Z|fUa�T\^IS���O`M>Kcf�P
��^`M>YcO0fUa�T\^ISË�¬õ�� k�kËkÑkËkÑkËkËkÑkËk íU¼
¼Ikm�Bkxº ¸BS�OIZLf�H ª¿S�M>gpM>P�SÑ��GIHLH\S*OwT|²½f�K[S*HVM>OI]*S�f>aÔT\^IS � H\S�MUq�¯IKcYcÚ`S*H1k�kËkÑkËkÑkËkËkÑkËk í�í
¼Ikm�Bkm� ��f�q�¯@S�O:ZVMUT\Y[f�OÅa�f�HÐT\^ISË�|M>Q:YNMUT\Y[f�O J Ò<S�]#TVZ f>a�T\^IS���O`MUK[f�P
��^`MUY[OâkÑkËkËkÑkËk í>�

¼Ikýé ¸BGIq
q�M>HL´ kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk í>ä
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íBkxº ¸BYcOIP�K[S J n>S�OhT�Ü|¯IZLS*T kËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk �h�
íBkm� ²½S�ZLT�¸8T\H\GI]#TVGIHLS�Z�kÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk �hÉ
íBkýé «�S�M>q,²½S�ZLT\Z kÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ��ä

íBkýé:kxº � Ycf�O$«�S�MUq,²�S*ZLT W�YcT\^$²½S�ZXT�¸8TVHLGI]*T\GIH\S*Z×kÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ��ä
íBkýé:km� � HLf>TVf>O0«®S�M>q¥²½S�ZXT W�YxTV^ÅTV^:SÑ��S�MUQIf�G:T���^IYc¯ � ¸BÙ7¼�� � ºþkÑk�kËkÑkËkÑkËkËkÑkËk ��ä

íBk ¼ ��S�Z\G:KcTVZ M>O:Q0d%YcZ\]*GIZ\ZLY[f�O kËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ���
íBk ¼Ikxº � HLf>TVS*]*T\Y[f�O0�ÐM>¯`MU]�YcT\f�HßkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ���
íBk ¼Ikm� ��ZL´8q
q�S#TVHX´ÅY[O0¸8W�YxTV]_^IYcOIP
d%Y[H\S*]*T\Y[f�O kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É��
íBk ¼Ikýé ��f�q�¯IM>H\YcZ\f�OÅf>a7j0M>OIQ_kÔÄ kËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É>é
íBk ¼Ik ¼ o GIKcT\Y[¯IKcS�«�YxT�Ü|¯IZLS*T÷kÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É>é
íBk ¼Ikmí ²¬Y[KcT\S�Q�²½S�ZLT�¸8T\H\GI]#TVGIHLS·kËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É�í
íBk ¼Iký� ��f�q�¯IM>H\YcZ\f�OÅf>a'k$l£M>OIQ_kÔÄ kËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É�í
íBk ¼IkmÉ Ù7q�¯`MU]*T�f>a���K[f8]_gÅª¿S*n>S�K kÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É>�
íBk ¼Ikýä ��f�OIZ\S*ÿwGIS�OI]*S�Z�a�f>HÐTV^ISÑ��f�OhTVHLf�K½¸8´8ZLT\S�q kÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É>�

íBkmí ¸BGIq
q�M>HL´ kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk É�É
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�:kxº ²½S�ZLT�¸BS#TVGI¯.kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ä��
�:km� ��H\f>Z\ZLTVM>K[g kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ä:º

�:km�Bkxº Ù7OwT\HVM o f8QIGIK[SË��HLf�Z\ZXT_M>Kcg{kÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ä�é
�:km�Bkm� o S�M>ZLGIH\S*q�S*OhTVZ%MUOIQ$� S*Z\GIKxTVZ�kËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ä>¼

�:kýé ²½f�g>S*O � MUZ\ZVMUP�SÑf>O�T\^IS o f8QIGIK[SòkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ä��
�:k ¼ ��OIM>K[f�P
��^IM>Y[O�f>a½TV^IS o f8QIGIKcS·kËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk �h�
�:kmí ¸BGIq
q�M>HL´ kËkÑkËkÑkËkËkËkËkËkÑkËkÑkËkËkÑkËkÑk�kËkÑkËkËkÑkËkÑkËkËkÑk�kËkÑkËkÑkËkËkÑkËk ��é
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É8kcº o fBQIG:K[S�GIZLS�QeYcO¹TV^ISË«�S�M>q,²½S�ZXTÍkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk ���
É8k � ¸8S*TVG:¯0f>a½TV^:SÑ«®S�M>q,²½S�ZXT�kÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk �hÉ
É8kmé ��S�MUQIf�G:T d�MUTVMRªAf>Z\Z\S*Z|fUa�T\^IS o fBQ:GIK[S£k�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��:º

É8kmé:kxº ��f�KcGIq�O�d%H\M>Y[O�d�MpT_MRª¿f�Z\ZLS�ZÍkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��h�
É8kmé:km� d��¬õ�ª1��S�M>Q:f�G:T|d�MUT_M³ª¿f�ZLZ\S*Z1k�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��h�

É8ký¼ ��f>q�¯`MUH\Y[ZLf�OÅf>a½TV^ISË«�S�M>q,²½S�ZXT|W�YxTV^0� o ¸÷kËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º���é
É8k í ��f>q�q
Y[ZLZ\Y[f>OIY[OIPÑf>a½TV^ISË«�S�M>q,²½S�ZLT%¸BS#TVGI¯×kËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��hí

É8k íBkxº ªAMUTVS*OI]*´�¸B]�M>O�W�YcT\^$T\^IS o f8QIGIK[S|kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��hí
É8k íBkm� d%S�K[M�´�¸B]�M>O$W�YxTV^ÅTV^:S o fBQIG:K[S{k�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º����

É8km� o S�M>ZLGIH\S*q�S*OwT\Z�MUOIQe��S�ZLGIKcT\ZÌkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��hÉ
É8km�:kxº Ù7OIS#Ý�]*Y[S*OI]*´Åa�f�H¬Q:YcÒ<S�H\S*OhT|²½H\YcP�P�S*H��|MUT\S�Z¬kËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º��hÉ
É8km�:km� Ù7OIS#Ý�]*Y[S*OI]*´Åa�f�H¬Q:YcÒ<S�H\S*OhT%��f>q�¯`MUHVMUT\f�HÐ²¬^IHLS�Z\^:f�K[QIZÕk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º����
É8km�:kýé Ù7OIS#Ý�]*Y[S*OI]*´Åa�f�H¬Q:YcÒ<S�H\S*OhT�ª�º�²�ªAMUTVS*OI]�YcS�Z kÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�º��
É8km�:k ¼ ��H\f>Z\ZLTVM>K[grY[OIQIG:]�S�Q$²¬^IHLS�Z\^:f�K[Qe¸B^IYxabT�kËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�º�º
É8km�:kmí ��K[G:ZLTVS*H|��^`M>H\P>S�a�f>HÐn>MUH\Y[f>GIZ¬��OIP>K[S�Z�kËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�ºy�
É8km�:ký� d%S�K[M�´�¸B]�M>OIZ¬a�f�H¬QIYxÒ�S*H\S�OhT���f�q
¯`M>H\MUTVf�H�²¬^IH\S*Z\^If�KcQIZ|M>OIQ0«�YNM>Z � f>KcT_MUP�S�ZÈkËk
º�º�é
É8km�:kmÉ ²�« o � S�M>QIf�GBT%¸wT_M>]_g kÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�º�¼

É8k É Ù7OhT\S�H\¯:H\S*TVMUTVYcf�O�f>a½TV^ISË��S�Z\G:KcTVZ1kÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�ºyí
É8kmä ¸8GIq�q�M>HX´ kËkËkÑk�kËkÑkËkÑkËkËkÑkËkÑkËk�kÑkËkËkÑkËkÑkËkËkÑkËk�kÑkËkÑkËkËkÑkËkÑkËkËkËk
º�º��
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²¬^IS³ªAM>H\P>SÍ�|M>QIH\f>O£��f�K[KcY[QIS*H j ªA�%�¬l�Y[Z%M
]�YcH\]�G:KNM>H ¯IH\fUTVf�OBsÃ¯IH\fUTVf�O0]�f�KcK[Y[Q:S�H¬W�YcT\^uMr]*S�OhTVS*HXs7fUaNs7q�M>Z\Z
S�OIS*H\P>´·f>aRº�¼Ì²½S � kÐ²¬^ISuQIS*Z\YcP�OóK[GIq
Y[O:f�Z\YxT7´»Y[Zeº��>ÁÃÂ�]�qÅÄ8ÆVZ#Ä`Ç#k�²¬^:S£��f�q
¯`M>]*T o GIf�O.¸Bf>K[S�O:f�Y[Qj � o ¸Il¬QIS#TVS�]#TVf�H Y[Z¬f>OIS�f>aÔT\^IS�T7W�f�KNM>HLP�S�q�GIKxTVY¾¯IG:H\¯@f�Z\SËS#áB¯@S�H\Ycq�S*OhTVZ¬W�^IY[]_^eM>H\S�]*GIH\HLS�OhTVKx´Å�<S*Y[OIP
Y[OIZXT_M>KcK[S�Q£MpTËT\^IS�ª½����kAÙÃTÑYcZ�¯IKNM>O:OIS�Q£TVf$ZLTVM>HLTËT_M>gwYcOIP�Q`MUT_MÅa�f�H�KNMpTVS
�>����ÉBk�²¬^:SrªA�%�ÀW�Y[K[K�M>K[KcfyW
TVf�S#áB¯IKcf�H\S³OIS#Wô¯I^h´8Z\Yc]�ZËMUT�TV^:S
²½S � ZL]�M>KcS>k³ÙÃTVZ�¯I^h´8Z\Yc]�ZË¯IH\f>P�HVM>qòY[OI]*K[GIQ:S�Z�Y[Ohn>S�ZLT\Y[PhMpTVY[f>OIZ%f>a2TV^IS
K[Y[q
YcT\Z�f>a¾T\^IS�¸8TVM>OIQ`M>HLQ o f8QIS�K j ¸ o l�M>OIQ�TV^IS|Z\S�MUH\]_^¹a�f�H®¯I^h´BZLY[]*ZÐ�<S#´�f�O:Q¹TV^IS�¸ o kB²¬^:S�a�fB]*GIZÐK[M�´8Z
f�OÅTV^IS�Z\S�M>H\]_^$a�f�HÐTV^:SÑ� Y[P�P>Z¬�<f�ZLf�O¾k

Ù7O���^`M>¯:T\S�HÔ�¬T\^IS2ªA�%�1M>O:QËT\^ISÐ� o ¸ËQIS#TVS�]#TVf�H�M>HLS2¯:H\S�ZLS�OhTVS*Q¾k�²¬^ISÐ� o ¸Ë¯:YxáBS�K�n>S�HLT\S#áÑQIS#TVS�]#TVf�H
^`M>ZÐTVfR¯IHLf�nBYcQIS%TVHLGIS�Z\¯`MU]�S�¯<f>Y[OhT¬Y[OBa�f�H\q�MUTVYcf�O�a�f>H�TV^IS�Ycq�¯`MU]*TÐ¯IM>HVM>q
S*T\S�H¬QIS#TVS*H\q
Y[O`MUT\Y[f�O¹M>OIQÅTV^IS
n�S�HXTVS±á.H\S�]*f�OIZXTVH\G:]*TVYcf�O&W�YcTV^&^IYcP�^&¯IH\S*]�YcZ\Y[f>O¾kì²¬^IS�QIS�ZLY[P�O&f>aËTV^:S�¯:YxáBS�K�QIS#TVS*]*TVf>H$YcZÅQIS�ZL]�HLY[�@S�Q¾kJ ZL¯<S*]�Y[M>K[Kx´�T\^IS�]_^`M>K[KcS�OIP>Y[OIP³HLS�ÿwGIY[HLS�q
S�OhTVZ�W�YcT\^�H\S�ZL¯<S*]*T TVf³TV^:SË¯:^w´8ZLY[]�Z ¯IHLf�P�HVMUq,M>HLSËQ:S�H\Yxn�S*Q¾k

²¬^:Sr�`M>ZLY[]R�IGIYcK[QIYcOIPÅ�IKcfB]_gufUa�TV^:S��`MUH\H\S*K�¯`M>HXTÑfUa�TV^:S�¯IYêáBS�K�n�S*HLTVS±áÊQIS*T\S�]*T\f�HËY[ZËM$q
f8QIGIK[SUkRÙ7O
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ÓLS#TVZ�ÐM>OIQ×¯IHLf�nBYcQIS�Z
^IS*H\q
S*TVYc]0]*f�n�S�H\M>P�S$a�f�HRq�S�M>Z\GIHLY[OIP£TV^:S0q
Y[ZLZ\Y[O:P�T\HVM>OIZXn�S*H\Z\SeS�OIS*H\P>´>kó²¬^IS�HLS#s
a�f�HLS%TV^ISË�|M>QIH\f>O0«�M>H\HLS�K j �|«¬lÐM>OIQÅT\^IS�^`M>QIHLf�O�S�OIQ$]�M>¯$f>aATV^:SÑ�����%ª�IW�^IYc]_^eM>HLS�K[f8]�MUT\S�Q�Y[O:Z\Y[Q:S
T\^IS0ZLf�K[S*OIf�YcQ¾�]�f�n�S*H¹M£¯IZ\S*GIQIf�H\M>¯IY[Q:YcT7´{H\M>OIP�S�f>a × Øc×`Ù é:ký�:k5²¬^ISe�|«ñS±á8TVS�O:QIZrH\M>QIYNMUK[Kc´Ê�@S*T7W®S�S�Oî ö»º�kýä��eq M>OIQ î ö��BkÂ��í0q0keÙ7O{f�H\QIS*HÑT\fuq�YcOIY[q
Y[F*SRq�GIKcT\Y[¯IKcSRZ\]�MpT\TVS*H\YcOIPea�f�HËTVHVM�n>S�H\ZLY[OIP�qÍGIf�OIZ*' Kcf�W � )�q�MUTVS*H\YNMUK[Z¾MUH\S�]_^If�ZLS�O¾k�²¬^:S®MU]*TVYxn�S�S�KcS�q
S�OhTVZAf>a8TV^:S2�IM>H\HLS�KwM>OIQËS�O:QÑ]�M>¯Ñ^IM>QIH\f>OIY[]�]�M>K[f�HLY[q
S#s
T\S�H�]*f�OIZLY[ZLT|f>a�¯:KNM>ZXTVY[]�ZL]�Y[OhT\Y[K[K[MUTVf>HÐTVY[KcS�Z¬W�YcT\^0W�M�n�S�KcS�OIPUTV^�Z\^:YcabTVYcOIP³Ú`�@S�H�HLS�M>Q:f�G:T�k ªAM�´�S*H\Z%f>aÔTV^IS*Z\S
T\Y[K[S*Z�M>KcT\S�HLO`MUTVS0W�YcTV^.KNM�´>S�H\Z�f>aÑ�IH\M>Z\Z$M>�IZLf�H\�@S�HÅT\f»a�f>H\q T\^IS£ZVM>q
¯IKcY[OIP{]�M>K[f�HLY[q
S*T\S�HrZXTVHLGI]*T\GIH\S*Z�k
«�H\M>Z\ZÑ^`M>ZÑ�<S*S�OÌ]_^If>Z\S�O���<S*]�M>G:Z\S¹YxTÑYcZ�OIf�OÌq�M>P�OIS#TVYc]�MUOIQ1^`MUZÍM$H\S�MUZ\f�O`MU�IK[S
Y[OhTVS*HVM>]#TVYcf�OÊKcS�OIPUTV^
f>a�M>¯I¯:H\f�áBY[q�MUTVS*Kc´Õºyíe]�q$k{²¬^ISÅTVYcK[S�Z�M>H\S�M>HLHVM>O:P�S�Q»Y[O»¯IHLfpÓLS�]#TVYxn�SÅTVf�W®S�H\Z³W�YxTV^{Ú`OIS�P�H\M>OwGIKNM>HLYcT7´
T\f¹¯IH\f�n8Y[Q:S�P�f8fBQuQ:Y ÓLS*T�Z\S*¯`M>HVMpTVY[f>O�M>OIQuq�M>ZLZ%H\S*Z\f�KcG:TVYcf�O¾k�¸8Y[OI]*SÍTV^ISÑTV^IYc]_g8O:S�Z\Z�fUa2T\^IS³�|«�Y[Z|f�OIKc´
�:kmíÍY[OhT\S�HVMU]*TVYcf�OrKcS�OIPUTV^¾:M>QIQIYxTVY[f>O`M>KvZ\]*Y[OhTVYcK[KNMpTVf�HLZ j ^`M>QIHLf�OÅf�G:T\S�HÐQ:S*TVS*]*T\f�H_lÐM>HLS�YcOIZLTVM>K[KcS�QrYcOIZ\YcQIS�T\^IS
q�G:f�O£�`M>H\HLS�K�ZX´8ZLTVS*q0k³¸BY[OI]*S�TV^IYcZ%¯`M>HXT�f>a�TV^IS
�����%ªÕYcZ%f�G:T\Z\YcQIS³f>a�TV^ISRZLf�K[S*OIf�Y[QeYcT�GIZLS�Z�TV^:S
]*f�Y[K
M>ZRMUQIQIYcT\Y[f�OIM>K2M>�IZ\f>H\�@S�H�kÊ²�f�S±á8TVS�O:Q5T\^ISÅ^IS�HLq�S#TVYc]�YcT7´Êf>a�TV^:S��%���%ª.GI¯{TVf�× Ø¬×Xö�íB�T\^ISÅ^`M>QIHLf�O
a�f�HXWÐMUH\Q$]�M>Kcf�H\Ycq�S#TVS�HLZ¬M>HLS�K[f8]�MUT\S�Q£º�º�km��q�a�H\f�qñTV^IS�YcOwT\S�H\M>]*T\Y[f�O�¯@f�Y[OhT�k
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W�YxTV^»^IY[P>^Õ¯IHLS�]*Y[Z\Ycf�O¾k»� P�f8fBQ»S�O:S�H\PU´»H\S�ZLf�K[GBTVY[f>O5YcZR]�H\G:]�YNMUK~k{²½f1M>]_^:Y[S*n>S0T\^IS
OIS*]�S*Z\ZVMUHL´eM>OIP�GIK[M>H¬Z\S*¯`M>H\MUTVYcf�O¾@M
^:Y[P�^IKx´ÅP�H\M>OwGIKNM>H¬Q:S�Z\YcP�OefUaÔTV^:S J ���%ªÌYcZ|HLS�ÿwGIYcH\S�Q�kÐ��¯`MUHLT�a�H\f�q
^IYcP�^
H\S�ZLf�K[GBTVY[f>OrM>O:Q�aÏM>ZXT®HLS�ZL¯<f�O:Z\S|a�f>H®GIZLY[OIP�TV^:S J ���%ª�ZLY[P�O`MUKIa�f�H�TVH\YcP�P�S*H2P>S�OIS*HVMUT\Y[f�O¾hT\^IS J ����ª
M>O:Q.YxTVZ¹HLS�M>Q:f�G:TÅS*K[S�]#TVHLf�OIY[]*ZÅOIS�S*QóTVf»�<SeHVM>QIY[MUTVYcf�O·T\f�K[S*HVM>OhT�kÀ²¬^IS£]_^If>Z\S�O.ZL´8ZXTVS�q ]�f�OIZLY[ZXTVZÅf>a
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tÔY[P�G:H\S$�Bkxº�º�� � Z\S�G:QIf�HVMU¯IY[QIYxT7´»QIY[ZXTVHLY[�IG:T\Y[f�O{fUa
]_^`M>H\P>S�QR¯`M>HXTVY[]*K[S*ZÔY[O³q
Y[O:Y[q�GIq��IYNM>ZÔS*n�S*OhTVZd�ýí��~k

mean= 0.51
r.m.s.= 0.49

mean= 0.39
r.m.s.= 0.22

PT (GeV/c)

tÔY[P�G:H\S �Bkcº��8� ²½HVM>OIZXn�S*H\Z\S q
f�q
S�OhTVGIq fUa
]_^`M>H\P>S�QR¯`M>HXTVY[]*K[S*ZÔY[O³q
Y[O:Y[q�GIq��:YNM>Z�S*n�S*OhTVZd�ýí0�æk

HVM>QIYcGIZª��f>a�¦��»ö��Bkcº&�Í]�q$k�²¬^IYcZÐM>KcK[f�W�ZÐMË]�f�q
¯`M>]#T J ���%ª£QIS�ZLY[P�O�W�YcTV^rO`M>H\HLf�W&Z\^If�W®S�H\Z*k � �:Þ×õ Â]�HL´8ZXT_M>KcZÐS�q
YcT�ä���üôf>a¿T\^IS�KcY[P�^hT2W�YcTV^:Y[OÅ�>íÑOIZ¬M>O:QrTV^IS�qrMUT\S�HLYNM>K`YcZ�HVMUQIYNMUT\Y[f�O
^`M>HLQ¹GI¯¹T\f¹º����Ëg:¶%´j ¸BS*]*T�k:�Bk ¼Iký�hl#k�«®S�]�MUGIZ\S|f>a¾TV^:S�K[f�WóKcY[P�^hT�´8Y[S*K[Q
f>a � �:Þ×õ Â M>OIQ�T\^IS�ZXTVHLS�OIP>T\^¹f>a<TV^IS|qrM>P>OIS*T\Y[]¬Ú`S�KcQ¾TV^IS³GIZLSRf>a2¯I^If>T\f�q�GIKxTVY[¯:K[Y[S*H\Z�WÐMUZËO:f>T�¯@f�Z\ZLY[�IKcS>kÍ²¬^:S³]�HL´8ZXT_M>KcZËfUa2T\^IS³�`M>HLH\S*K�H\S*P�Y[f�O£MUH\S³H\S�M>Q£f�G:T
�w´�ZLY[K[Yc]�f�O��|nUM>K[M>OI]_^IS � ^If>TVf8QIYcfBQIS*Z j � � d%Z_l�´8Y[S�KcQIY[O:PeM�nUM>KNMUOI]_^IS
PhM>Y[O�k0t`f�H�T\^ISrS*OIQ{]�M>¯1H\S�P>Y[f�O
q�f�HLS¬HVM>Q:YNMUT\Y[f�OBsÃ^`M>HLQ�n>MU]�GIGIq!¯I^If>T\f>TVHLY[f8QIS�Z2M>HLS G:Z\S�Q�k�²¬^IS|]*f�OIZLS�ÿwGIS�O:]�S%f>a<S�ÿvkB�Bkmí�a�f>H�TV^IS J ���%ª
Y[Z�vTV^IMUT|a�f>H%M�P>Ycn�S*Ouq�M>P�OIS#TVY[]�Ú`S*K[QM´5ö�¼r² M>OIQeMrP�Yxn�S�OeY[OIOIS*H|H\M>QIYcGIZ�f>a î ö{º�k �µ��q Mrq
Y[OIYcqrM>K
TVHVMUOIZLn>S�H\ZLS�q
f�q
S�OhTVGIq j « ¨ª© � S#áBY[ZXTVZ�wW�^IYc]_^�q�G:ZLT2�<S�S±á:]*S�S*QIS�QÅ�h´RM�¯`M>HXTVY[]*K[S�T\fÑHLS�M>]_^
TV^IS J ���%ª�k� M>HXTVY[]*K[S*ZÍW�YcT\^»MuK[f�W�S*H³q�f>q�S*OwT\GIq�TV^`M>OMj « ¨¬©!� ö{º�kmí�¶�S � �ZLf�]�M>KcK[S*Q ' K[f8f�¯@S�H\Z�)IÔW�YcK[K2QIS�ZL]�H\Yc�<SM$ZL¯IY[H\M>K�TVH\MyÓLS�]#TVf�HX´�¯`M>H\M>K[KcS�KÔT\f$T\^IS��@S�MUq(MpáBY[Z�W�YcT\^If�G:TË]�M>GIZ\YcOIP$fB]*]�GI¯`MUOI]*´£YcO�T\^IS J ����ª�kA²¬^IS
QIY[ZXTVH\Yc�IG:T\Y[f�O�f>a�T\^ISÑT\HVM>O:ZLn�S*H\ZLS³q�f�q
S�OhT\GIq¥f>a�]_^`MUH\P�S*Qu¯`M>HXTVY[]*K[S*Z a�HLf�q¥Z\Ycq�GIKNMpTVS�Q$q
Y[OIYcq�GIq��:YNM>Z
S*n�S*OhTVZ%YcZ ZL^If�W�OuY[O0tÔYcP�GIH\SÑ�Bkxºy�ã�ýí��~kÐ²¬^:SÍq
S�M>O¤j « YcZ|MU�<f�GBT��Bk í�¶�S � `Y~k S>k�q�f�ZXT f>aÔT\^ISÍ¯`MUHLTVYc]�KcS�Z
W�Y[K[K�OIf>T
H\S�M>]_^ÕT\^IS J ����ª�k�Ù7OÕtÔY[P>GIH\S0�Bkxº�ºÅTV^IS$OwGIq��@S�HRf>a|TVHVMU]_g8Z�¯<S*H Ø{GIOIYcT
YcZ³¯IK[f>TLTVS*Q5a�HLf�q
q�YcOIY[q�G:q,�IYNMUZ|S#n�S�OhT\Z�k�²¬^IS�¯:K[f>T|Y[Z OIf�HLqrM>KcY[F*S�Q�TVfrT\^ISÍOwGIq��@S�H�f>a�¯`M>HXTVYc]�K[S*Z|¯@S�H@Ø$G:OIYcT�M>OIQ�¯@S�Hj�j$S*n�S*OhT�k
�_�#" +ñ��	 � �����%$Õ������&R�%�ò�R� ��� � +,' � -þ"0/Ê������� ��	 �

��OÌYcq�¯@f�HLTVM>OhTË¯`M>HLTÍf>a¬TV^:SÅ� o ¸1¯I^h´8Z\Yc]�Z³¯IHLf�P�H\M>q(H\S*K[Y[S*ZÍf�OÊTV^IS�]�M>¯`MU�IY[KcYcT7´�f>a¬T\^ISrQ:S*TVS*]*T\f�HÍTVf
H\S�]*f�OIZXTVH\G:]*T%]_^IM>H\P�S*Qe¯`MUHLTVYc]�KcS�T\HVM>]_gwZ*�M>O:Q0TVf
q
S�M>ZLGIH\S�W�YcT\^e^IYcP�^�H\S�ZLf�K[GBTVY[f>O$T\^IS�YcH q
f�q
S�OhT_M
M>OIQ
TV^IS*Y[HÐn�S*HLT\S#á0f>a�f�H\YcP�Y[O¾kÔ²�H\M>]_gwY[OIPRW�YcT\^IY[O$M³ZLT\H\f�OIP
q�M>P�OIS#TVY[]%ÚIS�K[Q�YcZ�MRn>S�HL´�¯@f�W�S*HLa�GIK¿T\fBf�K<a�f�HÐTV^IS
Y[QIS*OwT\YcÚ`]�MUTVYcf�OuMUOIQ�M>]*]�GIH\MUTVS�HLS�]*f�OIZLT\H\GI]#TVYcf�O�f>a�q�GIf>OIZ�<S�K[S*]*T\H\f�OIZ*¿M>OIQRÓLS*TVZ*k o f�HLS�f�n�S*H�AM>]*]�GIH\MUTVS
n�S�HXTVS±á1HLS�]*f�OIZLT\H\GI]#TVYcf�OÌY[Z�S±á:¯@S�]#TVS*QÌTVf$¯IKNM�´�M>O�Y[q
¯<f>HLT_MUOwT�HLf�K[SRYcOÅÓLS#TÑàvM�n>f�HËTVM>P�P�YcOIPIAS�ZL¯<S*]�Y[M>K[Kx´
�0¾²¿ ¾"�Û¾ÀÃ@�µ¸Rþ0Ôb¸��vÇ ý Êðß � � á X�ü�W�Í Ï`�"�ºÿ e õ#'( × ( AVü Þ&Õ½ÃR× Ý�X²Î�w�) ( Þ × Ý�Ü s.Þ( »ÖÔr¿ è�¸�¾²¿ ÁqÿÑ»	� Ã&þ�ÿ��µ¸Û¹$¾ÀÃ���'�»ÂÔ>¿bè�¸�¾À¿bÁqÿÑ»æ� ÿÑ¾.ÔbÔÛÜ� Èrè�¸�_}ÁqÕÂ»½¸Û¹b¸R¹%¾
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��ÿÑ¸ºÃ�¿$ÁqÅo¿ è�¸B¸ÛÕ½¸5��¿ ¹bÁ.ÿÑ¾
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s-�xÞØÁÀÅo¿bè�¸R¸ÛÃ�¸º¹;�
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a�f�HÍÖ\sËM>OIQßÄ8scÓLS#TVZ�k£²¬^IS*H\S#a�f�H\S¹]_^:f�Y[]*S¹f>a�QIS#TVS�]#TVf�H�T\S�]_^IO:f�K[f�PU´ÊqÍGIZLT³�@SÅM>QIM>¯:TVS*QÌTVfeT\^IS¹¯`MUHLTVYc]�KcS
QIS*OIZ\YxTVYcS�ZrT\^`MUT¹W�YcK[K �<Su¯:H\S�ZLS�OhT$GIOIQIS*HrTV^:S£ª½���,H\GIOIO:Y[OIP{]*f�OIQIYxTVY[f>OIZ��£Y[OÕTV^IS�^IYcP�^×KcGIq�YcOIf�ZLYcT7´
HLS�P�Ycq�SUAM>�<f>G:TÍ�>�Åq�YcOIY[q�M>K½�IYNM>Z�S#n�S*OwT\ZÍ¯@S�H��IGIO:]_^Ì]�HLf�Z\ZLY[OIP j ¯`MUP�S³¼wl�M>H\SRS±á:¯@S�]#TVS*Q1TVf�¯IHLfBQIG:]�S
q
f�H\S¹T\^`M>O.º�������]_^`MUH\P�S*Q·¯`M>HXTVYc]�K[S*Z³Y[O{TV^:S0MU]�]�S*¯:T_MUOI]�S0f>a|T\^ISÅTVH\M>]_g>S*H j × Ø¬×�Ù|�Bkmí�lV�ýí��~k � MpT\TVS*H\O
HLS�]�f>P�OIYcT\Y[f�O£TV^:S�H\S#a�f�H\SrQIS�q�M>OIQIZÑ^IY[P>^IKc´�P>HVM>OwGIK[M>HÑQ:S*TVS*]*T\f�H\ZÍT\fegUS�S�¯ÌT\^ISrf8]�]*GI¯`M>O:]*´ÊK[f�WñM>OIQ�TVf
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�à
�T +¡. wº »�¨�¼@¯�½¾«@£¦4®+¯º�»�¼YÌÍÊ ö ¼ËÑ-ÉÖÂh×�È+¼�ÌJÑIÊzÞ�Ï+Á�¼ÅÎ¾Æ�»�¼YÃØÊTÁJ¿�È+¼ ö Ï�Æ�»ßÆI»�¼ÛÂVÀ�ÂVÈÐÊGÙ�Ó�Á�Ï+ÙVÏÐÆnÂhÈÍÂhÀ�Áá×�Ï]ÂVÎ�ÞGÊGÈ�ÆnÂVÙG¼hàÒê�Á�ÁJÏÐÆ�ÏÐÊGÀ�ÂVÈÐÈÐÕÆ�»�¼5ÉËÊGÑCÑI¼ËÎCÌÍÊVÀ�Á�Ï+ÀJÙñÙGÑCÊG¿�À�Á ÌÍÊVÆI¼ËÀ�Æ�Ï+ÂVÈ+ÎØÂVÑC¼5ÆIÑ�ÂVÀ�ÎCÃÄÏ�ÆIÆI¼ËÁ
à·º�»J¼ËÑI¼�½6ÊGÑI¼âÏÐÆØÉËÊGÀJÎIÏ+Î#Æ�ÎÄÊV½YÎIÏðäîÏ+ÎCÊGÈ]ÂhÆI¼ËÁÉËÊGÌ�Ìf¼ËÑ-ÉÅÊ�ÂhÆ�¼ÅÁâÂhÈ+¿�ÃØÏ+ÀÇ¿�Ã ö Ï+ÑC¼ËÎ ö ÏÐÆI»5ÂæÁ�Ï+ÂVÃØ¼ÅÆ�¼ÅÑ�ÊV½���c�dWh�Ã ¼ËÂVÉn»
àiº�»�¼MÎIÏ�ä ö Ï+ÑI¼ÅÎ-ÂVÑI¼ÛÈ+ÂVÃÄÏÐÀ�ÂhÆI¼ËÁÆ�ÊáÂk³õÂhÆ�ÌÍÊ ö ¼ËÑÛÉÖÂV×JÈ+¼ ö »�ÏÐÉn»øÏ+Î�ÎCÊGÈ+Á�¼ÅÑI¼ÅÁøÆIÊßÆ�»�¼�ì0$�ýnà
º�»�¼æÊhÆ�»�¼ÅÑY¼ËÀ�ÁøÏ+Î�¼��Ç¿�Ï+ÌJÌÍ¼ÅÁ ö Ï�Æ�»øÂßÎCÃÔÂVÈÐÈÌ�ÑIÏÐÀÇÆI¼ËÁuÉËÏÐÑIÉË¿JÏÐÆ�×fÊ�ÂVÑCÁ ö »JÏ+Én»áô�Æ�Î�Æ�Ê�Æ�»J¼MÉÅÊGÀ�À�¼ÅÉÅÆIÊGÑIÎ,ÊGÀÚÆ�»�¼Û¼ÅÀ�Ái²èÑCÏ+À�Ù�Ì�ÑCÏ+À�ÆÖà
�T +¡. z� ¿>¨.À�¯�ªÂÁÄÃ�§ÆÅ £¦ªf£FÇ�¯�½È«±É4Ã+¥º�»�¼Ûº�ÊGóh¼ËÀUSÜÏÐÆ' 5ÂVÀ�ÂVÙG¼ÅÑ-Én»�Ï+ÌÊ35����ÓQ�tc�6	Ï+Î-ÂæÉË¿JÎCÆ�ÊVÃ5Ó�ÃØÏ�äT¼ÅÁi²èÃØÊTÁJ¼VÓJÑIÂVÁ�Ï+ÂhÆ�ÏÐÊGÀi²9ÆIÊGÈ+¼ÅÑ�ÂVÀ�Æ�Ï+À�Æ�¼ÅÙGÑ�ÂRÆ�¼ËÁÉËÏ+ÑCÉË¿�Ï�ÆYÆ�»�ÂRÆ�ÉÅÊGÀ�Æ�ÑCÊGÈ+ÎYÆ�»J¼ÄÌ�ÑCÊGÙGÑIÂVÃÄÃØÏ+ÀJÙÚÂVÀ�Á±ÑI¼ËÂVÁ�ÊG¿JÆ�ÊV½ÜÂuÙVÑIÊG¿�Ì±ÊV½OV2ZX�ÜÎËàÔº�»J¼ÔºTS2 ö Ï+È+È0×Í¼ÙGÈ+¿�¼ÅÁÚÊGÀßÆ�»J¼Ûì0$�ý�ÂVÀ�ÁáÉËÊVÀ�À�¼ËÉ�Æ�¼ÅÁ5×�Õ ö ÏÐÑI¼q²è×fÊGÀ�Á�ÎÅàÒº�»�¼ÛÌ�ÑIÏÐÀ�ÉËÏÐÌ�È+¼,½6¿�À�ÉÅÆIÏ+ÊGÀJÎ¾ÊV½�Æ�»�¼YºTSO ÏÐÀ�ÉËÈÐ¿�Á�¼Æ�»�¼Y½6ÊGÈÐÈ+Ê ö Ï+À�Ù©�
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�Ü»�ÂhÌJÆ�¼ÅÑZþTà! 5Ê�Á�¿�ÈÐ¼YÊV½0ÆI»�¼MçiÏðäT¼ËÈ#"i¼ÅÑCÆ�¼Pä�$�¼ÅÆI¼ËÉÅÆIÊGÑ
Î#ÆnÂVÉnóøÏÐÎ�»�ÂhÈÐ½Ü½6¿JÈ+È'�#ÿ��5Ìf¼ËÀ�Á�ÏÐÀ�Ù5ÆIÑIÏÐÙGÙG¼ËÑCÎ[
�Æ�»J¼ÔºTS2 ö ÏÐÈ+ÈÒÎ#Æ�ÊGÌ²ÎI¼ËÀJÁ�Ï+À�ÙUÌÒÿÖºÝÎIÏÐÙGÀ�ÂVÈÐÎÛÆIÊ5ÆI»�¼
VOZ*�ÜÎ,×�¿JÆ,Ï�Æ ö Ï+ÈÐÈ
ÉËÊGÀ�ÆIÏ+ÀÇ¿�¼ÛÎI¼ÅÀ�Á�Ï+ÀJÙÄÌ�ÂhÉnóV¼ÅÆ�»�¼ÖÂhÁ�¼ËÑCÎ�ÂVÀJÁuÆIÑ�ÂVÏÐÈ+¼ËÑCÎÜÆ�Ê�Æ�»J¼�ï�ÑCÊGÀ�Æ{² Î À�Áj$�ÑCÏÐÞG¼ÅÑÏÐÀáÊGÑIÁ�¼ÅÑ-À�ÊVÆ�Æ�Ê�ÈÐÊTÊGÎC¼YÎCÕ�À�Én»�ÑCÊGÀ�ÏÐåÖÂhÆIÏ+ÊGÀ
àº�»�¼æºTSO ÉËÊGÀ�ÆnÂhÏ+À�ÎYÂÄÉËÊGÃØÃ�¿�À�ÏÐÉÖÂhÆIÏ+ÊGÀuÉËÊVÃÄÌfÊGÀ�¼ÅÀÇÆ�ÉÖÂVÈÐÈ+¼ËÁíì0/0SZàãý9Æ�ÎC¼ËÑ#ÞG¼ËÎMÂVÎ�ÂÔÌÍÊVÑCÆÛÂVÁJÁ�ÑI¼ÅÎIÎIÏÐÀ�ÙÎ ö ÏÐÆ�Én»5½6ÊGÑZÉÅÊGÀ�Æ�ÑCÊGÈ�ÉÅÊGÃØÃÔÂVÀJÁ�Î-ÎI¼ËÀ�Æ�½6ÑCÊGÃ Æ�»J¼�ï�ÑIÊGÀ�Æ+² Î À�ÁM�ÜÊVÀÇÆIÑIÊGÈÐÈ+¼ÅÑ-ÆIÊÔÆ�»J¼�ÃØÊTÁJ¿�È+¼ÅÎËà�º�»�¼ÅÑI¼æÂVÑC¼½6ÊG¿JÑÜ¼�ä�ÆI¼ËÑIÀ�ÂVÈãÌfÊGÑCÆIÎÜÊGÀÔ¼ÖÂVÉn»uì0/\S ½6ÊGÑ�ÉËÊGÃØÃ�¿�À�ÏÐÉÖÂhÆIÏ+À�Ù ö Ï�Æ�»ÔÆI»�¼4V2ZX�ÜÎËàÒýèÀáÂhÁ�Á�ÏÐÆIÏ+ÊGÀ�Æ�»J¼ËÑI¼�Ï+ÎÜÊVÀ�¼ÏÐÀÇÆI¼ËÑCÀ�ÂVÈ0ÌfÊGÑ#Æ�½6ÊGÑ�ÉÅÊGÃØÃ�¿�À�ÏÐÉÖÂhÆIÏ+ÊGÀ ö ÏÐÆ�»5Æ�»�¼æºTS2 Ï�Æ�ÎI¼ÅÈÐ½>à�º�»J¼ËÑI¼�½6ÊGÑI¼æ¼ËÂVÉn»øÉËÊGÃØÃÄÂVÀ�Á ö ÏÐÈ+È�»�ÂÖÞG¼�Âì\/0S ÂVÁ�Á�ÑC¼ËÎCÎU��cí×�ÏÐÆIÎ[
éÂVÀJÁ Â÷ÌfÊGÑCÆæÂVÁ�Á�ÑC¼ËÎIÎU�Eþí×JÏÐÆ�Î-
�½6ÊGÈ+ÈÐÊ ö ¼ÅÁü×�ÕüÆ�»�¼uÂVÁJÁ�ÑI¼ÅÎIÎ�ÊV½ZÂÕV2ZX��à/º�»�¼ì\/0S ÂVÁ�Á�ÑC¼ËÎIÎ,Ï+Î�ÁJ¼Åô�À�¼ÅÁâ×�Õ ö Ï+ÑC¼�²9×ÍÊGÀJÁ�Î�ÊGÀÚÆ�»�¼Mì\$�ýnà�ê�ÉÅÆI¿�ÂVÈÐÈÐÕØÆ�»�¼Mì0/\S ÂhÁ�Á�ÑI¼ÅÎIÎ,Ï+Î¾ÆI»�¼ÛÃÄÊ�Á�¿�ÈÐ¼ÂVÁJÁ�ÑI¼ÅÎIÎËàº�»�¼¾ºTSO »�ÂVÎ�Æ ö Ê�ÃØÊ�Á�¼ËÎ�ÊV½�ÊGÌf¼ËÑIÂhÆ�ÏÐÊGÀ)�	ÎCÏ+À�ÙGÈÐ¼�ÃØÊ�Á�¼ÜÂhÀ�ÁéÁ�¿�ÂVÈTÃØÊ�Á�¼�ÊVÌÍ¼ÅÑ�ÂhÆIÏ+ÊGÀ
à�º�»�ÏÐÎ�½6¼ËÂhÆ�¿�ÑC¼ÏÐÎÒÑI¼ËÈ+ÂhÆ�¼ÅÁØÆIÊYÆ�»�¼,ÑI¼ËÂVÁ�ÊG¿JÆ�ÎCÉn»�¼ËÃØ¼ZÊh½ÍÆI»�¼-Ì�Ï�äT¼ËÈ�ÁJ¼ÅÆ�¼ÅÉÅÆIÊGÑ�ÃØÊ�Á�¿�È+¼ÅÎ'�z�T¼ÅÉÅÆËà©��à`��àHþÛÂVÀ�Ák�T¼ËÉ�ÆÖà�þJà��t
�à�º�»�¼ÃØÊTÁJ¿�È+¼ÅÎ/ÊV½õÆ�»�¼-ÏÐÀ�À�¼ËÑ�Æ ö ÊÛÈ]ÂÖÕV¼ËÑIÎiÑC¼��Ç¿�Ï+ÑC¼¾Æ ö ÊMºTS2 5ÎiÌf¼ËÑÒÃØÊTÁJ¿�È+¼hÓV¼ÖÂhÉn»ÄÉÅÊGÀ�Æ�ÑIÊVÈ+È+ÏÐÀ�Ùf�XV2ZX�ÜÎÅÓ�ÎCÏ+À�ÉÅ¼ÆI»�¼ËÎC¼ßÃÄÊ�Á�¿�ÈÐ¼ËÎ�ÂVÑI¼ØÑI¼ËÂVÁüÊG¿TÆ�×�ÕøÆ ö ÊøÂVÀ�ÂVÈ+ÊGÙuÊGÌJÆIÏ+ÉËÂVÈiÈ+Ï+ÀJó�ÎÅàáº�»�¼ÄÆ ö Ê÷ºTS2 5ÎæÂhÑI¼ØÉËÊGÀJô�ÙG¿�ÑI¼ÅÁû×�ÕÎCÊV½\Æ ö ÂhÑI¼�ÏÐÀÔÌ�»�Õ�ÎIÏÐÉÖÂVÈfÊGÀ�¼,ºTS2 Én»JÏ+Ì ö »�ÏÐÉn»ÔÏÐÎ�ÊGÌf¼ËÑIÂhÆ�¼ÅÁÔÏÐÀÔÁ�¿�ÂhÈfÃØÊ�Á�¼Và/º�»J¼ËÑI¼�½6ÊGÑI¼,Æ�»�¼,Æ ö ÊéºTS2 5ÎÂVÑC¼-ÂVÁ�Á�ÑC¼ËÎCÎI¼ËÁÄ×�ÕæÊGÀ�¼-ì\/0SîÂVÀ�ÁæÆ�»�¼�ÎIÂVÃØ¼�Á�Ï+ÙGÏ�ÆnÂVÈ�ÊGÌJÆIÏ+ÉËÂVÈJÈÐÏ+À�óõÓG×�¿TÆiÑI¼ÖÂhÁÄÊG¿TÆi×ÇÕéÆ ö ÊMÂVÀ�ÂhÈ+ÊGÙYÈÐÏ+À�óÇÎËàº�»�¼YÃØÊ�Á�¿�È+¼ÅÎ�Êh½	Æ�»�¼�ÆI»�Ï+ÑCÁßÈ]ÂÖÕV¼ËÑ¾ÂhÑI¼�ÊGÌf¼ËÑIÂhÆ�¼ÅÁ ö ÏÐÆI»ÚÂéºTS2 ÏÐÀÔÆ�»�¼�ÎIÏ+ÀJÙGÈ+¼,ÃÄÊ�Á�¼hà/ýèÀßÆ�»�ÏÐÎÜÉËÂVÎI¼�ÆI»�¼ºTS2 ¢ÉËÊGÀ�ÆIÑIÊGÈÐÎYÿ��gV2ZX�ÜÎËà

�2 {¡� �Ú ÛÜÃ°ÇÉÂÝÞ¯�ªfß©Ã�§�àâátª§©¯�½�ã�¨ª4ªf¯�ã#§º�»�¼�ìZÏ+ÙV»M$�¼ËÀ�ÎCÏÐÆèÕuýèÀ�Æ�¼ÅÑIÉËÊVÀ�À�¼ËÉ�Æk�2¼�äJÂVÉ�ÆYÏ+ÁJ¼ËÀ�Æ�Ï�ô�ÉÖÂhÆIÏ+ÊGÀ5ì0$�ý "�þ^
,ÏÐÎ�ÂÔÈÐÊ ö ÃÔÂVÎCÎËÓ¹³�¼�äTÏ+×JÈ+¼éÌJÑIÏ+À�ÆI¼ËÁÉÅÏ+ÑIÉÅ¿�ÏÐÆ¾×ÍÊ�ÂhÑIÁ
à/ý9Æ-ÁJÏ+ÎCÆIÑIÏÐ×�¿JÆ�¼ÅÎÜÆ�»J¼YÉËÊGÀ�Æ�ÑCÊGÈ
ÎCÏ+ÙGÀ�ÂhÈ+Î¾ÂhÀ�ÁÚÆ�»�¼YÌfÊ ö ¼ÅÑ¾½6ÑIÊGÃ Æ�»�¼X&ÛÂVÌJÆIÊGÀÚÉÖÂh×�È+¼�ÑC¼ËÎCÌÍ¼ÅÉ�²ÆIÏÐÞG¼ÅÈÐÕ�Æ�»J¼�ÌÍÊ ö ¼ËÑ�ÉËÂV×�È+¼,Æ�Ê�ÆI»�¼4V2ZX�ÜÎ�ÂVÀJÁßÆ�»�¼�ºTSO ²àJº�»�¼Ûì\$�ýÒÏ+Î¾ÑC¼ÖÂVÈÐÏ+åÅ¼ËÁÔÏÐÀÚÂ�ÆI»�ÑI¼Å¼YÃÄ¼�ÆnÂVÈfÈ]ÂÖÕG¼ÅÑÁ�¼ÅÎIÏÐÙGÀ
à0º�»J¼¾Æ�»�ÏÐÉnó�ÀJ¼ËÎIÎC¼ËÎ�ÊV½�Æ�»J¼�È]ÂÖÕG¼ÅÑIÎ/ÏÐÀéÆ�»�¼�ÎIÂVÀ�Á ö ÏÐÉn»æÎCÆIÑI¿�É�Æ�¿�ÑC¼ZÂhÑI¼�½6ÑCÊGÃ Æ�ÊGÌ�ÆIÊ�×ÍÊhÆIÆ�ÊVÃ��iÿ�dfh�Ã
&ÛÂVÌJÆIÊGÀ5½6ÊVÑZÏÐÎIÊGÈ+ÂhÆ�ÏÐÊGÀ
Ó��>h�Ã ÉËÊGÌJÌÍ¼ÅÑËÓãÀJÏ+ÉnóV¼ÅÈ0ÂhÀ�ÁâÙGÊVÈ+Á
Ó�ÿ�d>h�Ãä&MÂhÌJÆ�ÊGÀãÓ��>h�Ã ÉËÊGÌJÌÍ¼ÅÑ�ÂVÀJÁíÀ�Ï+Énóh¼ËÈEÓÿ�dfhJÃå&ÛÂVÌJÆIÊGÀ
Ó^�fhJÃ¶ÉÅÊGÌ�Ìf¼ËÑiÂVÀ�ÁæÀJÏ+ÉnóV¼ÅÈ�ÂVÀ�ÁÚÿ��4h�Ãå&ÛÂVÌTÆ�ÊGÀ
à�º�»�¼¾Æ�ÊVÌ�ÂVÀ�ÁæÃØÏ+Á�Á�ÈÐ¼ÜÈ+ÂzÕV¼ËÑÒÂhÑI¼¾¿�ÎC¼ËÁ½6ÊGÑ-ÑCÊG¿JÆ�ÏÐÀ�ÙØÊV½0ÆI»�¼�ÎCÏ+ÙGÀ�ÂVÈ+ÎÅàÜº�»�¼�ÃÔÂRäTÏÐÃÔÂVÈfÆ�ÑIÂVÉË¼MÈ+¼ÅÀ�ÙVÆ�»5Ï+Î,ÂV×fÊG¿JÆ'�^d�ÃÄÃ ÂVÀ�Áâ»J¼ËÀ�ÉÅ¼�Æ�¼ÅÑIÃØÏ+À�ÂRÆ�Ï+ÊVÀÊV½/ÎIÏ+ÙVÀ�ÂVÈ+Î-ÏÐÎZÀ�ÊhÆ�ÂVÀ5Ï+ÎCÎI¿�¼M½6ÊGÑ\��dk âì,åéÎCÏ+ÙGÀ�ÂhÈ+ÎËà�º�»J¼�Æ�ÑIÂVÉË¼ÅÎ�ÂVÉ�Æ�ÂhÎ�Ì�¿�ÑC¼éÉËÂVÌ�ÂVÉÅÏÐÆ�Ï�ÞG¼MÈ+Ê�ÂhÁ�Î��6Æ�ÑIÂVÉË¼q²ÙGÑCÊG¿�À�ÁÔÉÖÂVÌ�ÂhÉËÏÐÆèÕ¹�ÒÂh×ÍÊG¿TÆ¾þMÌ�ïFæhÉÅÃD
iÂVÀ�ÁßÙV¼ËÀ�¼ÅÑ�ÂhÆI¼�ÂMÆIÏ+ÃØÏ+À�ÙÛÎCóV¼ ö à�º�»�ÏÐÎ�ÈÐÊ�ÂVÁÔ»�ÂVÎÜ×f¼Ë¼ÅÀÔÆnÂVóh¼ËÀÚÏÐÀÇÆIÊÂVÉÅÉËÊG¿JÀÇÆ�Ï+ÀæÆI»�¼-Á�¼ËÎCÏ+ÙGÀØÊV½ãÆI»�¼-ÊG¿JÆIÌ�¿JÆ�Á�ÑIÏ�ÞG¼ÅÑIÎ�ÊV½ãÆI»�¼'V2ZX� ÂVÀ�ÁØºTS2 ²àÇº�Ê�óh¼Ë¼ÅÌÔÆ�»�¼-ÑC¼ËÈ]ÂRÆ�ÏÐÞV¼-Ì�»�ÂVÎC¼ËÎÉÅÊGÀ�ÎCÆ�ÂVÀ�ÆÜ½6ÊGÑ�ÂVÈÐÈ�ÉËÊGÀ�ÆIÑIÊGÈõÎIÏÐÙGÀ�ÂVÈÐÎ\�Y�^d¸ âìZå,ÉËÈÐÊTÉnóõÓiÌiÿËºYÓ�ÑC¼ËÎC¼ÅÆq
ÒÆ�»�¼,Æ�ÑIÂVÉË¼ÅÎ�ÊV½ãÆ�»�¼,Á�Ï��Í¼ËÑC¼ËÀ�Æ�×�Ñ�ÂVÀJÉn»�¼ËÎ»�ÂÖÞV¼M¼��Ç¿�ÂVÈ
ÉËÂVÌ�ÂVÉÅÏÐÆ�Ï�ÞG¼ZÈ+Ê�ÂVÁJÎËàÒº�»�¼�ÆI»�Ï+ÑCÁßÈ]ÂÖÕG¼ÅÑ¾Ï+ÎÜ¿�ÎI¼ÅÁá½6ÊVÑÜÆ�»�¼�ÌÍÊ ö ¼ËÑ�Á�ÏÐÎCÆ�ÑCÏ+×�¿TÆ�Ï+ÊVÀ
à/ý9Æ�ÏÐÎÜÁ�¼ÅÎIÏ+ÙVÀ�¼ËÁÂVÎ�ÂÛÙGÑIÏÐÁ�ÎCÆ�ÑC¿�ÉÅÆI¿�ÑI¼-Æ�ÊÛÈÐÊ ö ¼ËÑÒÆI»�¼ZÉÅÊzÞG¼ËÑIÂVÙG¼,ÊV½fÆ�»�¼ZÂVÑI¼ËÂ ö ÏÐÆ�»ØÃØ¼ÅÆnÂhÈJÆ�Ê�ÂV×fÊG¿JÆ.c�d*çßà/º�»�¼,×�ÂVÎCÏ+É-ÙGÑIÏÐÁÉÅ¼ËÈ+ÈãÏ+Î�¼��Ç¿�Ï�ÞhÂVÈ+¼ÅÀÇÆ,ÏÐÀÚÎI»�ÂVÌf¼YÆ�Ê�Æ�»�¼ÛÎC¼ËÀ�ÎCÊGÑ-Ì�Ï�äT¼ËÈ	ÉÅ¼ËÈÐÈ�à/º�»�¼ÅÑI¼�½6ÊGÑI¼ÛÆ�»�¼ÛÙGÑCÏ+ÁÚÌ�ÑCÊzÞTÏÐÁ�¼ËÎ�ÆI»�¼ÛÌÍÊGÎCÎIÏÐ×�Ï+ÈÐÏÐÆèÕÆIÊíÏ+À_�C¼ÅÉÅÆéÉn»�ÂVÑIÙV¼ÄÆ�Ê5Æ�»�¼ÄÎI¼ËÀJÎIÊGÑ�ÆI»�ÑIÊG¿JÙG»ñÆ�»J¼ßì0$�ýY×�ÕñÂâÈ]ÂhÎI¼ËÑÛ½6ÊGÑMÆ�¼ËÎ#Æ�ÏÐÀ�ÙíÑI¼ËÂVÎIÊVÀ�ÎËàíº�»J¼Úì0$�ý�ÏÐÎ¼���¿JÏ+Ì�Ìf¼ËÁ ö ÏÐÆI»²Ì�ÂhÎIÎIÏ�ÞG¼�ÉËÊVÃÄÌfÊGÀ�¼ÅÀÇÆIÎÛÈ+Ï+óh¼æÉÖÂVÌ�ÂVÉËÏ�Æ�ÊGÑCÎ�½6ÊGÑYÁ�¼ËÉÅÊG¿�Ì�ÈÐÏ+À�ÙÚÆI»�¼�ÌÍÊ ö ¼ËÑÛÊV½ÜÆI»�¼>V2ZX�ÜÎËÓ�ÂÈÐÊ ö Ì�ÂVÎCÎYô�ÈÐÆI¼ËÑ�½6ÊGÑ�ÆI»�¼�ÎI¼ËÀJÎIÊGÑÛ×�Ï+ÂVÎ�ÞGÊGÈ�ÆnÂVÙV¼�ÂVÀ�Á÷Æ�»�¼�ºTS2 ½6ÊGÑ�ÉÅÊGÀ�Æ�ÑIÊVÈ+È+ÏÐÀ�ÙÚÂVÀJÁ²ÑC¼ÖÂVÁ�ÏÐÀ�ÙÚÊG¿JÆÛÆI»�¼ÃØÊTÁJ¿�È+¼hà/êZ½\ÆI¼ËÑ,ÂVÎIÎC¼ËÃ�×JÈ+Ï+ÀJÙ�Æ�»�¼ÛÉËÊVÃÄÌfÊGÀ�¼ÅÀÇÆIÎËÓ�ÆI»�¼Mì0$�ý�Ï+Î�ÙGÈÐ¿�¼ËÁÚÊGÀ�ÆIÊØÆI»�¼Y×�ÂVÉnóÇÎIÏÐÁ�¼MÊV½�ÆI»�¼ÛÎI¼ÅÀ�ÎIÊGÑÅàº�»�¼XVOZ*�ÜÎ ö ÏÐÈ+Èõ×f¼YÉËÊGÀ�ÀJ¼ËÉÅÆI¼ËÁá×�Õ ö ÏÐÑI¼�²9×ÍÊVÀ�Á�ÎËàÒº�»J¼ËÏ+Ñ¾ÂVÁ�Á�ÑC¼ËÎIÎC¼ËÎ,ÂVÑC¼�Á�¼Åô�À�¼ËÁá×�ÕÔÆI»�¼�È]ÂÖÕVÊG¿JÆ�ÊV½�ÆI»�¼ì\$�ý ö »JÏ+Én»øÎIÏÐÃÄÌ�ÈÐÏÐô�¼ÅÎ,ÆI»�¼æ×fÊGÀ�Á�ÏÐÀ�Ù�àYº�»�¼gV2ZX�òÂVÁ�ÁJÑI¼ËÎCÎI¼ÅÎ�ÂhÑI¼gd_²�ÿ�cÔÂVÀ�Á÷¼ËÂVÉn»øÙGÑIÊV¿�Ì÷ÊV½¦�1V2ZX�ÜÎ½6ÊGÑCÃ Â�×�Ñ�ÂhÀ�Én» ö »JÏ+Én»uÏ+Î�ÉËÊVÀÇÆIÑIÊGÈÐÈ+¼ÅÁu×�ÕáÂ�ÎI¼ÅÌ�ÂVÑIÂhÆ�¼Û¼�ä�ÆI¼ËÑIÀ�ÂVÈ�ÌÍÊGÑ#Æ-ÊV½�Æ�»�¼ÛºTS2 ²à

SÜ¼ÅÎIÏ+ÁJ¼ØÆI»�¼æ½6¿�À�ÉÅÆIÏ+ÊGÀ�ÂVÈ+Ï�ÆèÕâÊV½�Æ�»J¼Äì\$�ýZÆI»�¼�Á�¼ËÎCÏ+ÙGÀ±Ï+ÎYÊGÌTÆ�Ï+ÃØÏ+åÅ¼ËÁí½6ÊGÑÛÂáÈ+Ê ö ÃÔÂhÎIÎÛÉËÊGÀ�ÆIÑIÏ+×J¿JÆ�ÏÐÊGÀÆIÊ±ÆI»�¼áÃÔÂhÆI¼ËÑCÏ]ÂVÈ�×�¿�Á�ÙG¼�ÆØÊV½ZÆI»�¼áÃÄÊ�Á�¿�ÈÐ¼VàÄZ�Æ�»J¼ËÑ�Á�¼ËÎCÏ+ÙGÀîÏ+ÎCÎI¿�¼ÅÎ�»�ÂÖÞG¼â×f¼Ë¼ÅÀîÆI»�¼áÊGÌJÆIÏ+ÃØÏ+åÖÂRÆ�Ï+ÊVÀñÊV½
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þJà�ÿGà!�ÜÊGÃØÌfÊGÀ�¼ËÀ�ÆIÎ,Êh½�ÆI»�¼� 5ÊTÁJ¿�È+¼
Æ�»�¼ÛÕ�Ï+¼ËÈÐÁ
àÜº�»J¼ËÑI¼�½6ÊGÑI¼MÆ�»�¼MÁ�ÏÐÎCÆnÂhÀ�ÉË¼M×Í¼�Æ ö ¼Å¼ËÀíÆI»�¼MÆIÑ�ÂVÉÅ¼ËÎ ö ÂVÎZÏ+À�ÉÅÑI¼ËÂVÎI¼ÅÁâÉËÊVÃÄÌ�ÂhÑI¼ËÁuÆ�Ê�½6ÊGÑIÃØ¼ËÑ,ì\$�ýÞG¼ËÑCÎIÏÐÊGÀ�ÎËàæêZÈ+È�ÉËÊGÀ�ÆnÂhÉÅÆ�ÎÛ»�ÂÖÞV¼Ø×f¼Ë¼ÅÀ²ÑC¼ËÌ�È+ÂVÉË¼ÅÁø×ÇÕíÁ�ÊG¿�×�ÈÐ¼æÉËÊGÀ�Æ�ÂVÉÅÆIÎËàæýèÀ�Î#Æ�¼ÖÂhÁ²ÊV½iÆI»�¼�ÙGÑIÏÐÁíÎCÆIÑI¿�É�Æ�¿�ÑC¼×Í¼ÅÀ�¼ÖÂhÆI»5ÆI»�¼éÉÅÊGÀ�ÆnÂVÉ�Æ�Î�Â�ÎIÊVÈ+Ï+ÁuÃØ¼ÅÆnÂhÈ	È]ÂÖÕG¼ÅÑ ö ÂVÎ�ÁJ¼ËÎIÏÐÙGÀ�¼ÅÁ5Æ�ÊÔÂVÉn»�ÏÐ¼ÅÞG¼éÂg³�ÂhÆZÆIÊGÌfÊGÈ+ÊGÙhÕGàÜº�ÊØÌ�ÑIÊzÞ�Ï+Á�¼ÂñÙGÊ�ÊTÁëÆ�¼ÅÎCÆ�ÏÐÀ�ÙüÉËÂVÌ�ÂV×�ÏÐÈ+Ï�ÆèÕüÆ�¼ÅÎCÆÚÌ�ÂhÁ�ÎÄ½6ÊGÑØÉËÊVÀÇÆIÑIÊGÈZÎIÏÐÙGÀ�ÂVÈÐÎØ»�ÂzÞV¼÷×Í¼Å¼ËÀ·ÌJÈ]ÂVÉÅ¼ËÁ
à º�ÊüÏÐÃÄÌJÑIÊzÞG¼áÆ�»�¼ö Ï+ÑI¼q²è×fÊGÀ�Á�ÏÐÀ�ÙæÑI¼ÅÈ+Ï+ÂV×�Ï+ÈÐÏÐÆèÕØÂVÀJÁuÆI»�¼ÛÑI¼Ë×fÊGÀ�ÁJÏ+À�ÙæÌfÊGÎIÎCÏ+×�ÏÐÈ+Ï�ÆèÕÔÈ+ÂVÑIÙG¼�×ÍÊGÀJÁ5Ì�ÂhÁ�Î ö ¼ÅÑI¼MÁ�¼ËÎCÏ+ÙGÀ�¼ÅÁ
à
�T +¡. wè é'¯�ªfßi¨.½º�»�¼iÁ�Ï+ÃØ¼ËÀ�ÎCÏ+ÊGÀJÎ	ÊV½ÇÆ�»�¼iÃØÊTÁ�¿JÈ+¼/ÎC¼ËÀ�ÎCÊGÑ�ÂVÑI¼����Jà`�¾ÃØÃêaâÿ��Jà`�ÜÃØÃ5à�Z�À�¼ÒÃØÊTÁJ¿�È+¼/ÎC¼ËÀ�ÎCÊGÑ�Ï+Î	ÎI¼ÅÙGÃØ¼ËÀ�Æ�¼ÅÁÏ+À�Æ�Ê>���^cl��dæÌ�Ï�äT¼ËÈÐÎËàiº�ÊÔÂVÉn»JÏ+¼ÅÞV¼éÂ�ÙGÊ�ÊTÁáÎCÌ�ÂhÆ�Ï+ÂVÈ
ÑC¼ËÎIÊVÈ+¿JÆIÏ+ÊGÀáÏ+Àjë_²9Á�Ï+ÑC¼ËÉ�Æ�Ï+ÊVÀ5ÂhÀ�Á5ÏÐÀ�ì�²+íQ²èÁ�ÏÐÑI¼ÅÉÅÆ�ÏÐÊGÀÚÂVÀÂVÈ+ÃØÊGÎCÆiÎ{�Ç¿�ÂVÑI¼ÅÁßÌ�ÏðäJ¼ÅÈ�ÎI»�ÂhÌÍ¼ ö ÂVÎ�ÂVÁ�ÊVÌJÆ�¼ÅÁ
àÒº�»�¼,Ì�Ï�äT¼ËÈÐÎi»�ÂÖÞG¼�ÂMÎIÏÐåË¼-ÊV½/ÿ�d�d*hJÃêaâÿ�c�d4h�Ãä��ì�íÄaÆë^
Æ�ÊíÃÄÂhÆ�Én»üÆI»�¼ßÌ�ÏðäT¼ËÈÜÎCÏ+åÅ¼ßÊV½-Æ�»�¼DV2ZX�ÜÎËàøº�»�¼ÚÁ�ÏÐÎCÆnÂhÀ�ÉË¼ß×f¼ÅÆ ö ¼Ë¼ÅÀ ÌJÏ�äT¼ËÈÐÎ�½6ÑIÊVÃ Á�Ï´�ã¼ÅÑI¼ÅÀÇÆWV2ZX�ÜÎ�Ï+ÎÈ]ÂVÑCÙG¼ËÑ�ÆI»�ÂVÀñ×f¼ÅÆ ö ¼Ë¼ÅÀüÌ�ÏðäJ¼ÅÈ+ÎMÊV½ÜÆI»�¼ØÎ�ÂVÃØ¼>V2ZX��à�º�Ê5ÂzÞVÊGÏ+Á²Ï+À�ÎC¼ËÀ�ÎCÏÐÆIÏÐÞG¼�ÑC¼ËÙGÏÐÊGÀ�ÎYÆ�»�¼ØÎI¼ÅÀ�ÎIÊVÑéÌ�ÏðäJ¼ÅÈ+ÎÂVÈ+ÊGÀJÙíÆ�»�¼jV2ZX� ×fÊG¿�ÀJÁ�ÂVÑIÏÐ¼ËÎ�»�ÂÖÞG¼áÆ ö Ï+ÉÅ¼ÚÆ�»�¼uÂVÑC¼ÖÂJàûº�»�¼uÌ�ÏðäJ¼ÅÈ+Î�ÂhÆ�ÆI»�¼jV2ZX� ÉËÊVÑIÀ�¼ÅÑIÎ�»�ÂÖÞG¼áÆ�»�¼½6ÊG¿�ÑC½6ÊVÈ+ÁøÎIÏÐåË¼VàÔº�»�¼ÄÆI»�Ï+ÉnóÇÀ�¼ÅÎIÎéÊh½ÜÆ�»J¼ÄÎC¼ËÀ�ÎCÊGÑéÏÐÎ¸�l�^c1hJÃïî ÿ�c�h�ÃuàÔº�»�¼ØÁ�¼ÅÆ�ÂVÏ+ÈÐ¼ËÁ±Á�¼ËÎCÏ+ÙGÀñÂVÀ�ÁøÆ�»�¼ÌÍ¼ÅÑC½6ÊGÑCÃÔÂVÀJÉË¼YÊV½�Æ�»�¼ÛÎC¼ËÀ�ÎCÊGÑZÏÐÎ�Á�¼ËÎCÉËÑCÏ+×f¼ËÁuÏ+À��T¼ËÉ�Æ�ÏÐÊGÀâþTà��Tà
�T +¡. zð ñ!¯�£Fò4¨.ó\§È«�É4Ã{¥º�»�¼�ÃÄÊVÎCÆÒÏÐÃÄÌfÊGÑCÆ�ÂVÀ�Æ0Ì�ÂVÑCÆIÎÒÊV½�Æ�»�¼�ÃØÊ�Á�¿�È+¼ÅÎ/ÂVÑC¼¾Æ�»�¼�ÿ��4V2ZX�ÜÎËà/º�»J¼¾ô�À�ÂVÈ�VOZ*� ö »�ÏÐÉn» ö Ï+È+È�×f¼�¿�ÎI¼ÅÁ½6ÊGÑ¾Æ�»�¼MÃÄÂVÎIÎ-Ì�ÑCÊTÁ�¿JÉÅÆ�ÏÐÊGÀáÊV½�Æ�»�¼MÃÄÊ�Á�¿�ÈÐ¼ËÎ�ÏÐÎ¾Æ�»�¼�ç��Tý��^�l"4�Tàiº�»�¼�ÌJ»ÇÕ�ÎCÏ+ÉÖÂhÈ�ÎCÏ+åÅ¼MÊh½0Æ�»J¼�ç��Tý����l"X�æÏ+Î
·Jà	��ÃØÃêa��Tà`·¾ÃØÃ5à�º�ÊZÑC¼ËÁ�¿�ÉÅ¼�ÆI»�¼�ÉËÊGÀ�Æ�ÑCÏ+×�¿TÆ�Ï+ÊVÀ�Æ�Ê-Æ�»�¼iÃÄÂhÆ�¼ÅÑIÏ]ÂhÈG×�¿�Á�ÙV¼ÅÆ�ÊV½JÆI»�¼iÃÄÊ�Á�¿�ÈÐ¼T�z��¼ËÉÅÆËàRþJà þ�
�ÓÆ�»�¼ ö Âh½6¼ÅÑIÎ ö ÏÐÆ�»uÆ�»�¼¸V2ZX�ÜÎYÂVÑC¼�ÙGÑCÊG¿�À�Áu½6ÑIÊGÃô��cld>h�Ã ÆIÊâÿ���cgh�Ãuà,º�»J¼�V2ZX�ÜÎ�ÂhÑI¼éÉÅÊGÀ�À�¼ÅÉÅÆI¼ËÁíÆ�ÊÆ�»�¼�ÑI¼ÖÂhÁ�ÊG¿JÆ�ÂVÀ�ÁíÉÅÊGÀ�Æ�ÑIÊVÈ�¼ÅÈ+¼ËÉ�Æ�ÑCÊGÀ�Ï+ÉÅÎ�×�Õ ö Ï+ÑI¼q²è×fÊGÀ�Á�Î,Æ�ÊØÆ�»�¼éì0$�ýnàfº�»�¼æì0$�ý�ÁJÏ+ÎCÆIÑIÏÐ×�¿JÆ�¼ÅÎ�ÂhÈ+ÎIÊØÆ�»�¼ÌÍÊ ö ¼ËÑ�Æ�Ê÷ÆI»�¼1V2ZX�ÜÎËà²º�»�¼áÀ�¿JÃ�×Í¼ÅÑæÊV½,Ì�Ï�äT¼ÅÈ¾¿�À�Ï�ÆæÉË¼ÅÈ+È+ÎéÌÍ¼ÅÑgV2ZX� ÏÐÎ���ÿ���d ö Ï�Æ�»ëÂíÌ�ÏðäT¼ËÈ¾ÎCÏ+åË¼ÚÊh½ÿ�d�dWh�Ãêaâÿ�c�dWh�Ã5à Î ÂVÉn»íÌ�ÏðäT¼ËÈ	¿�À�Ï�Æ,ÉË¼ËÈÐÈ	Ï+Î-ÉËÊVÀ�À�¼ËÉ�Æ�¼ÅÁâÆ�Ê�Æ�»�¼MÉËÊVÑIÑI¼ÅÎIÌfÊGÀ�Á�ÏÐÀ�ÙØÎI¼ËÀJÎIÊGÑ,ÎI¼ÅÙGÃÄ¼ÅÀ�ÆZÞ�Ï]ÂÂVÀßÏ+ÀJÁ�Ï+¿�ÃÝ×�ÂVÈ+ÈEà�º�»�¼fV2ZX� ¿JÎI¼ËÁß½6ÊVÑ�ÆI»�¼�×�ÂVÑCÑI¼ÅÈÍÃØÊTÁJ¿�È+¼ÅÎ�ÏÐÎÜÂVÈÐÎIÊ�¿�ÎI¼ÅÁá½6ÊVÑ�ÆI»�¼Z½6ÊGÑ ö ÂhÑIÁßÁ�ÏÐÎIóÇÎËàiº�»�¼ÂVÑIÉn»�Ï�Æ�¼ÅÉÅÆ�¿JÑI¼ÛÊV½�Æ�»�¼Yô�À�ÂhÈ	Ì�Ï�äT¼ËÈ	ÁJ¼ÅÆ�¼ÅÉÅÆIÊGÑ-ÑI¼ÖÂhÁ�ÊG¿JÆ,Én»�ÏÐÌuÏÐÎ-Á�¼ËÎCÉËÑIÏÐ×Í¼ÅÁ5ÏÐÀáÃÄÊGÑC¼YÁ�¼ÅÆ�ÂVÏ+ÈãÏ+Àj�T¼ÅÉÅÆ�ÏÐÊGÀj��à
�T +¡. wõ ÁÄó4ö÷¥âÁø¨ªfòXÃ+ªfÇº�»�¼áÎI¼ËÀJÎIÊGÑÄÂVÀ�ÁûÆ�»J¼uÑC¼ÖÂVÁJÊG¿JÆØÉn»�Ï+ÌJÎÄÂhÑI¼ÚÉËÊVÀ�À�¼ËÉ�Æ�¼ÅÁ%×�ÕîÂ÷Á�¼ËÁ�ÏÐÉÖÂhÆI¼ËÁë×�¿�ÃØÌî×ÍÊGÀJÁ�Ï+À�ÙíÆI¼ËÉn»�ÀJÏù�Ç¿�¼Và
�TÏ+À�ÉÅ¼uÆI»�¼áÌ�ÏÐÆIÉn»%ÏÐÎØ×f¼ËÈÐÊ ö ÿ�d�dÕh�ÃuÓÜÀ�Ê±ÎCÆ�ÂVÀ�Á�ÂhÑIÁ%ÏÐÀ�Á�¿�Î#Æ�ÑCÏ]ÂVÈ�Ì�ÑCÊTÉÅ¼ËÎCÎÔÏ+ÎØÂÖÞhÂVÏ+È+ÂV×�ÈÐ¼Vàûº�»�¼ÅÑI¼Å½6ÊVÑI¼íÂ×�¿�ÃØÌ5×fÊGÀ�Á5Ì�ÑIÊ�ÉË¼ÅÎIÎ ö ÂVÎZÁ�¼ÅÞV¼ËÈÐÊGÌÍ¼ÅÁíÂhÆZç��Tý�ÂhÎ�Â�Ì�ÂVÑ#Æ�ÊV½�Æ�»J¼¸V'úX$�½6ÊGÑ�Æ�»J¼��2 (�áÌ�Ï�äT¼ÅÈ�ÁJ¼ÅÆ�¼ÅÉÅÆIÊGÑËàº�»�¼�Ï+À�Á�ÏÐ¿�Ã ×J¿�ÃÄÌJÎYÏ+À÷Æ�»�ÏÐÎYÌ�ÑIÊ�ÉË¼ÅÎIÎÛ»�ÂÖÞG¼ÄÂÚÁ�Ï]ÂhÃÄ¼�Æ�¼ËÑ�ÊV½¾Âh×ÍÊG¿TÆ���d�h�Ã �Eï�Ï+Ù�àãþJà þáÂVÀJÁ²ï�Ï+Ù�àãþJà`�^
�àïõÊVÑ�ÃÄÊGÑC¼YÏ+ÀJ½6ÊVÑIÃÄÂhÆ�ÏÐÊGÀßÂV×fÊG¿JÆ�ÆI»�¼ÛÁ�¼ÅÞV¼ËÈÐÊGÌÍ¼ÅÁâ×�¿JÃÄÌá×fÊGÀ�Á�ÏÐÀ�Ù�Ì�ÑIÊ�ÉË¼ÅÎIÎ-ÎI¼Å¼¸V-¼Å½6¼ÅÑI¼ËÀJÉË¼k3]�^�_6�à
�T +¡. zû Áø£Fßi¯êé2§©½üÃ+¥¸¯�ßº�»�¼á×�ÂVÎI¼áÎ#Æ�ÑIÏÐÌÍ¼ÅÎØÂVÑI¼áÀ�¼Å¼ËÁ�¼ÅÁ ½6ÊGÑ�ÃØ¼ËÉn»�ÂVÀ�Ï+ÉËÂVÈ�ÎCÆ�ÂV×�ÏÐÈ+ÏÐÆèÕ²ÂVÀJÁî½6ÊGÑæÃØÊG¿�À�ÆIÏ+À�ÙíÆI»�¼áÃÄÊ�Á�¿�ÈÐ¼ßÊGÀûÆ�»�¼ÉËÊ�ÊGÈ+ÏÐÀ�ÙáÎCÆ�ÑC¿�ÉÅÆI¿�ÑI¼hàÚº�»�¼ÔÊV¿JÆ�ÈÐÏ+À�¼�ÊV½�Æ�»�¼Ø×�ÂVÎC¼ÔÎCÆIÑIÏÐÌÍ¼ÅÎ�ÏÐÎ���cuÃØÃêa����ßÃØÃ5àÄº�»�¼ÔÏÐÀ�ÏÐÆIÏ]ÂVÈÐÈÐÕuÌ�È+ÂVÀ�¼ËÁÎIÊGÈÐÏ+ÁÛÎIÏÐÈ+Ï+ÉÅÊGÀÛ×�ÂVÎC¼�Ì�È+ÂhÆ�¼ ö ÂVÎ0ÑC¼ËÌ�È+ÂVÉË¼ÅÁ�×�ÕÛÆ ö Ê�ÎIÏÐÀ�ÙGÈÐ¼�Î#Æ�ÑCÏ+Ìf¼ËÎ�ÊV½ü��cld'h�Ã ÆI»�Ï+ÉnóYÎCÏ+ÈÐÏ+ÉËÊVÀYÀ�ÏÐÆIÑIÏ+ÁJ¼0���TÏ µ Ï'ý�
Æ�ÊuÑI¼ËÁJ¿�ÉË¼ØÆ�»�¼ÔÂVÃÄÊV¿�À�Æ�Êh½¾ÃÄÂhÆ�¼ÅÑIÏ]ÂhÈ�àþ�TÏiÏ+ÎMÌÍ¼ÅÑC½6¼ÅÉÅÆ��Üº Î ý ÃÔÂhÆIÉn»�¼ËÁñ×�¿JÆMÞT¿JÈ+À�¼ÅÑ�ÂV×�ÈÐ¼æÆ�ÊuÉËÑ�ÂhÉnó�ÏÐÀ�Ù�à
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Î ÈÐ¼ËÉ�Æ�ÑIÊVÀûÉËÊGÈÐÈ+¼ËÉ�Æ�ÏÐÊGÀ²»�ÂVÎ�Æ�»�¼ßÂVÁJÞhÂVÀ�ÆnÂVÙV¼ÔÆ�»�ÂRÆæÂh½\ÆI¼ËÑ�ÏÐÑIÑ�ÂhÁ�Ï]ÂhÆIÏ+ÊGÀøÏÐÀ�Á�¿�ÉÅ¼ËÁûÆèÕ�ÌÍ¼ßÏÐÀ�ÞG¼ËÑCÎIÏÐÊGÀ=Qj3`c�ÿ�6¾Êh½Æ�»�¼íÎC¿�×�Î#Æ�Ñ�ÂRÆ�¼VÓ,Æ�»�¼â»�Ï+ÙG»J¼ËÎCÆß¼ËÈ+¼ÅÉÅÆIÑIÏ+Éuô�¼ËÈÐÁ·Ï+ÎÔÈ+Ê�ÉÖÂhÆI¼ËÁ·ÉÅÈ+ÊGÎC¼5Æ�ÊüÆI»�¼íÉÅÊGÈ+ÈÐ¼ËÉÅÆIÏ+À�Ù²¼ËÈÐ¼ËÉÅÆIÑIÊ�Á�¼ËÎÅà º�»�Ï+Î¼ËÀ�ÎC¿�ÑI¼ÅÎæÊGÌÍ¼ÅÑ�ÂhÆIÏ+ÊGÀ²ÊV½-Ì�ÂVÑ#Æ�È�Õ²ÁJ¼ËÌ�ÈÐ¼ÅÆ�¼ÅÁûÎI¼ÅÀ�ÎIÊGÑCÎ ö »�ÏÐÉn»ûÃÄÏÐÙG»�Æé×f¼ßÀ�¼ÅÉË¼ËÎCÎ�ÂVÑ#ÕûÂh½\ÆI¼ËÑMÆèÕTÌf¼ÚÏ+À�ÞV¼ËÑIÎCÏ+ÊGÀÁ�¿�¼ßÆ�Ê5Æ�»�¼ÚÎC¿�×�ÎI¼��Ç¿�¼ËÀ�ÆÄÁ�¼ËÉÅÑI¼ÖÂhÎI¼áÊV½�Æ�»J¼ÚÁ�¼ËÌ�ÈÐ¼ÅÆIÏ+ÊGÀüÁJ¼ËÌJÆI» ÂhÀ�ÁüÆ�»�¼ßÂVÉÅÆIÏÐÞG¼ÔÎI¼ËÀJÎIÊGÑæÞGÊVÈ+¿�ÃØ¼Và÷º�»�¼Á�ÊG¿�×�ÈÐ¼�²9ÎIÏ+ÁJ¼ËÁØÌ�ÑIÊ�ÉË¼ÅÎIÎIÏÐÀ�ÙéÊh½ãÆ�»J¼ËÎI¼ZÁ�¼ÅÞ�ÏÐÉË¼ËÎÜÂVÈ+ÈÐÊ ö ÎiÆI»�¼,Ï+ÃØÌ�È+¼ÅÃÄ¼ÅÀÇÆ�ÂhÆ�ÏÐÊGÀæÊV½ãÙG¿�ÂVÑCÁÄÑCÏ+À�ÙGÎiÊGÀJÈÐÕ�ÊGÀ�Æ�»�¼O©²èÎCÏ+Á�¼æÊV½�Æ�»J¼ØÎC¼ËÀ�ÎCÊGÑËàØº�»�¼uÿ��ÚÙG¿�ÂVÑCÁ²ÑCÏ+À�ÙVÎÛÂVÑI¼æÃÄÂVÁ�¼æÆ�ÊáÙGÑIÂVÁ�¿�ÂhÈ+ÈÐÕ5Á�ÑCÊGÌ±ÆI»�¼�ÌÍÊhÆ�¼ËÀ�ÆIÏ]ÂVÈ/×f¼ÅÆ ö ¼Ë¼ÅÀÆ�»�¼ß½6ÑCÊGÀ�ÆØÂVÀ�Áî×�ÂVÉnóüÎC¿�ÑC½2ÂVÉÅ¼áÊV½-Æ�»�¼áÎI¼ÅÀ�ÎIÊVÑËàûº�»�¼�ÕûóV¼Å¼ËÌ·ÂhÈ+ÈÜÎC¼ËÀ�ÎCÊGÑ�¼ËÁ�ÙV¼ËÎØÂhÆ�ÙGÑCÊG¿�À�ÁëÌfÊVÆ�¼ÅÀÇÆIÏ]ÂVÈEàº�»�¼ÚÁ�¼ËÎCÏ+ÙGÀûÊh½�Æ�»�¼ßÙV¿�ÂVÑIÁûÑCÏ+À�ÙVÎé»�ÂVÎé×Í¼Å¼ËÀëÊGÌJÆIÏ+ÃØÏ+åË¼ÅÁñÏÐÀñÆ�»�¼ÔÌ�ÂVÎCÆ�3�c���6�àøýèÀûÊGÑCÁ�¼ËÑéÆIÊíÁ�¼�Æ�¼ËÉ�ÆæÆ�»�¼ÎIÏ+ÙVÀ�ÂVÈ�ÊGÀëÆ�»�¼	J M ²èÏ+ÃØÌ�È+ÂVÀ�Æ�ÎéÆI»�¼5ÎC¼ËÀ�ÎCÊGÑØÏ+À�Æ�¼ÅÑ+²èÌJÏ�äT¼ËÈ�ÏÐÎIÊGÈ+ÂhÆ�ÏÐÊGÀü»�ÂVÎ�Æ�Ê±×f¼uÌJÑIÊzÞ�Ï+Á�¼ÅÁ
àï�TÏÐÀ�ÉË¼ÚÆ�»J¼ËÑI¼Ï+Î�ÂÄÉËÊGÀ�ÁJ¿�ÉÅÆIÏÐÞG¼æÏÐÀ�Æ�¼ËÑCÉËÊGÀJÀ�¼ËÉ�Æ�Ï+ÊVÀí×Í¼�Æ ö ¼Å¼ËÀøÆ�»�¼éÌ�Ï�äT¼ËÈÐÎ�ÉËÂV¿�ÎI¼ÅÁø×ÇÕ5¼ËÈÐ¼ËÉ�Æ�ÑIÊVÀøÂVÉËÉÅ¿�Ã�¿�È+ÂhÆ�ÏÐÊGÀâÉÅÈ+ÊGÎC¼�Æ�ÊÆ�»�¼æÎC¼ËÀ�ÎCÊGÑ�ÎC¿�ÑC½2ÂhÉË¼Vàg$�¿J¼�Æ�ÊÚÆ�»�¼æÎC¿�Ìf¼ËÑIÏÐÊGÑYÌf¼ËÑC½6ÊVÑIÃÄÂVÀ�ÉË¼�ÂR½\Æ�¼ËÑ�Ï+ÑIÑIÂVÁ�Ï+ÂhÆ�ÏÐÊGÀíÂVÀJÁ±ÆI»�¼æÌÍÊVÎIÎIÏÐ×�Ï+ÈÐÏÐÆèÕáÆ�Ê
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Aluminium

Bias dotBias grid

n−Implant

Contact via
Bump (In)

Full p−spray doseReduced p−spray

ï0ÏÐÙG¿�ÑC¼�þJà	ci�ZçiÏðäT¼ËÈ0È+ÂÖÕGÊG¿JÆ�ÊV½ÒÆ�»�¼éÎI¼ËÀJÎIÊGÑYÁ�¼ÅÎIÏÐÙGÀ�¼ËÁøÏÐÀO©²9ÎIÌ�ÑIÂÖÕ²ÆI¼ËÉn»�À�Ï��Ç¿�¼ ö ÏÐÆI»ûÌ�¿�À�Én»ûÆ�»JÑIÊG¿�ÙV»üÎCÆIÑI¿�É�Æ�¿�ÑC¼ËÎÂVÀJÁâÂæ×�Ï+ÂVÎ�ÙGÑIÏÐÁ
à
ï0ÏÐÙG¿�ÑI¼ þJà`�©�÷�Ü»�ÂVÑCÙG¼·ÉÅÊGÈ+ÈÐ¼ËÉÅÆIÏ+ÊGÀ�ÊV½ÚÆI»�¼O©²9ÎIÌ�ÑIÂzÕ±ÎC¼ËÀ�ÎCÊGÑIÎ�×f¼Å½6ÊVÑI¼ØÏ+ÑIÑIÂVÁ�Ï+ÂhÆ�ÏÐÊGÀø�2¿JÌi²Ìf¼ËÑ�ï0ÏÐÙG¿�ÑI¼�
éÂVÀ�ÁîÂh½\ÆI¼ËÑ�ÏÐÑIÑIÂVÁ�Ï]ÂRÆ�Ï+ÊVÀ ö Ï�Æ�»
�Jà	�4aâÿ�d , ý À������hÉÅÃþRD�2ÈÐÊ ö ¼ËÑéï0Ï+ÙV¿�ÑI¼�
YÊzÞV¼ËÑÆ�»J¼�Ì�ÏðäT¼ËÈ	ÎI¿JÑC½2ÂVÉÅ¼�ÂRÆ,½6¿JÈ+ÈãÁJ¼ËÌ�ÈÐ¼ÅÆ�ÏÐÊGÀ
à�V-¼ËÁ
�2×JÈ+¿�¼�
0ÉËÊGÑCÑI¼ËÎCÌÍÊVÀ�Á�Î/Æ�ÊÛ»�ÏÐÙG»1�6È+Ê ö 
�Én»�ÂVÑCÙG¼È+¼�ÞG¼ÅÈ+Î-Ï+Àá¼ËÈÐ¼ËÉ�Æ�ÑIÊVÀ�ÎËà

ÏÐÃÄÌ�ÈÐ¼ËÃØ¼ËÀ�Æ�Âæ×�Ï+ÂVÎ¾ÙGÑCÏ+Á
ÓTÆ�»�¼YÃØÊTÁJ¼ËÑ�ÂRÆ�¼ËÁfO©²9ÎIÌ�ÑIÂÖÕÔÆ�¼ÅÉn»�À�Ï���¿J¼ ö ÂVÎ-Én»�ÊGÎC¼ËÀ
à�º�»�¼YÏ+ÎCÊGÈ]ÂRÆ�Ï+ÀJÙ�ÃÄÊ�Á�¼ÅÑ�ÂhÆI¼×fÊGÑIÊVÀîÎCÌ�Ñ�ÂÖÕûÉÅÊGÀ�ÉÅ¼ËÀ�Æ�ÑIÂhÆ�ÏÐÊGÀëÊV½gOi²èÏ+ÃØÌ�¿�ÑCÏÐÆIÏ+¼ËÎMÏ+ÎéÌÍ¼ÅÑC½6ÊGÑCÃÄ¼ÅÁ ö Ï�Æ�»�ÊV¿JÆ�Â÷Ì�»�ÊVÆIÊl²èÈÐÏÐÆI»�ÊGÙGÑIÂVÌ�»�ÏÐÉÄÃÄÂVÎIóÂVÀJÁÄÆ�»J¼ËÑI¼�½6ÊGÑI¼ZÀ�ÊéÎ#Æ�ÑC¿�ÉÅÆI¿�ÑIÏÐÀ�ÙéÏÐÎ�ÌfÊGÎIÎCÏ+×�ÈÐ¼Và�º�»�¼�×�Ï+ÂVÎ�ÙGÑIÏÐÁÄÏÐÎ�ÉÅÊGÀ�À�¼ÅÉÅÆI¼ËÁÚ×�ÕÄÂ�ÎIÃÄÂVÈÐÈ�Ì�¿�À�Én»ÔÆI»�ÑIÊV¿�ÙG»Î#Æ�ÑI¿JÉÅÆ�¿JÑI¼øÆ�Êî¼ÖÂVÉn»hJ M Ï+ÃØÌ�È]ÂVÀ�Æ 3�cVþl6Eà º�»�¼ÅÕ ÂVÈÐÈ+Ê ö ö ÂR½6¼ËÑuÉË¿�ÑCÑI¼ËÀ�Æ+²9ÞGÊVÈÐÆnÂhÙG¼��2ýw"X
ßÃØ¼ÖÂVÎC¿�ÑI¼ÅÃÄ¼ÅÀ�Æ�Î×f¼Å½6ÊGÑC¼�×�¿�ÃØÌ²×fÊGÀ�Á�ÏÐÀ�ÙÚÆ�»�¼>V2ZX�ÜÎÛÆ�ÊÚÆ�»J¼ÄÎC¼ËÀ�ÎCÊGÑËàØýèÀñÂhÁ�Á�ÏÐÆIÏ+ÊGÀ÷ÆI»�¼�×�Ï]ÂVÎYÙVÑIÏ+Áøóh¼Ë¼ËÌJÎ�ÂVÉÅÉËÏ+ÁJ¼ËÀ�ÆnÂVÈÐÈÐÕ¿�ÀJÉËÊGÀ�ÀJ¼ËÉÅÆI¼ËÁ5Ì�Ï�äT¼ËÈÍÉË¼ÅÈ+È+ÎÜÉËÈ+ÊVÎI¼�ÆIÊ�Æ�»�¼XV2ZX�·ÌfÊVÆ�¼ÅÀÇÆIÏ]ÂVÈEà/º�»�ÏÐÎ¾Ï+Î¾ÏÐÃÄÌfÊGÑ#ÆnÂVÀ�ÆÜÆIÊæÌ�ÑI¼�ÞG¼ÅÀÇÆ,Á�ÏÐÎIÉn»�ÂhÑIÙGÏÐÀ�ÙÏÐÀ ÂVÏ+ÑÅÓ¾¼ËÎCÌÍ¼ÅÉËÏ+ÂVÈ+È�Õ ö »�¼ËÀ ÎI¼ÅÀ�ÎIÊVÑIÎáÂVÑC¼âÊGÌf¼ËÑIÂhÆ�¼ÅÁ ÂhÆÚÂñ»JÏ+ÙG» ×�Ï]ÂVÎØÞGÊGÈ�ÆnÂVÙV¼Và º�»�¼âÌÍÊGÎ#ÆßÏÐÑIÑ�ÂhÁ�Ï]ÂhÆIÏ+ÊGÀ×f¼Ë»�ÂÖÞ�Ï+ÊVÑ�ÏÐÎÒÏ+ÃØÌ�ÑIÊzÞV¼ËÁØ×ÇÕ�¿JÎIÏ+ÀJÙ¸$�Ï´�ã¿�ÎCÏ+ÊGÀ>ZZä�Õ�ÙG¼ËÀ�ÂhÆ�¼ÅÁßï0ÈÐÊ�ÂhÆjiãÊGÀJ¼¸�Y$XZYïGi�
0ÃÔÂRÆ�¼ËÑCÏ]ÂVÈ)3`c_��6�à0ý9Æ�»�ÂVÎÂæÑI¼ÅÎIÏÐÎCÆ�Ï�Þ�ÏÐÆèÕÚÊV½���²°céói¶¾ÉÅÃ5à
�2 �ºO z� »U¯�½=kq¨�½üö÷£¦ªfã�¯º�Ê�Ï+À�ÞV¼ËÎCÆIÏ+Ù�ÂRÆ�¼iÆ�»�¼�ÌÍ¼ÅÑC½6ÊGÑCÃÔÂVÀJÉË¼ÜÊh½�Æ�»�¼�ÎI¼ÅÀ�ÎIÊGÑCÎ ö ÏÐÆI»éÊGÀJÙGÊGÏ+ÀJÙZÏÐÑIÑ�ÂhÁ�Ï]ÂhÆIÏ+ÊGÀÛÎIÂVÃÄÌJÈ+¼ËÎ ö ¼ËÑI¼ÜÏ+ÑIÑIÂVÁ�Ï+ÂhÆ�¼ÅÁ¿�ÌYÆIÊZÂO³�¿J¼ËÀ�ÉÅ¼�Êh½ãÿ�d , ò ÀB�l�
�hÉÅÃ>R ö Ï�Æ�»��l�mIY¼�"ëÌ�ÑCÊVÆ�ÊGÀJÎ�½6ÑCÊGÃ Æ�»�¼.� Î V\Ïûç��Íàzº�»J¼�ÎC¼ËÀ�ÎCÊGÑIÎ ö Ï�Æ�»ÛÌ�Ï�äT¼ÅÈÁ�ÏÐÃÄ¼ÅÀ�ÎIÏÐÊGÀ�Î¾Êh½�ÆI»�¼�½6ÊGÑCÃÄ¼ÅÑ¾Á�¼ÅÎIÏ+ÙVÀ �#ÿ���c¸hJÃêaâÿ���c*h�ÃD
 ö ¼ÅÑI¼Û×�¿�ÃØÌi²9×ÍÊGÀJÁ�¼ËÁÚÆ�Ê�ÂhÀÚ¼ÖÂVÑCÈ+Ï+¼ÅÑÜÑC¼ÖÂVÁ�ÊV¿JÆÉn»�ÏÐÌ!�2ç.��ý>þ�d^
�àÄº�»�¼ÔÎIÂVÃØÌ�È+¼ÅÎ ö ¼ËÑC¼ÄÆI¼ËÎCÆI¼ËÁ ö ÏÐÆ�» ÿ�c�d_²°����c�IY¼�" Ì�Ï+ÊVÀ�ÎÛÏ+ÀøÆ�»�¼Äìf�Ú×Í¼ËÂVÃØÈ+Ï+ÀJ¼�ÊV½¾ÆI»�¼
� Î V'ÏÈ�Jç���Ï+Àk��d�dGþÛÂVÀ�Ák��d�dl�D3 þJÿGÓÇþ^��6�àÒº�»J¼Z×f¼ÖÂVÃ¶Æ�¼ËÎ#ÆÜÎC¼ÅÆI¿�ÌßÉËÊVÀ�ÎIÏÐÎCÆ�¼ÅÁÔÊV½
ÂM×f¼ÖÂhÃ¬Æ�¼ÅÈ+¼ËÎCÉËÊGÌf¼¸3`c�c�6ÃÄÂVÁ�¼uÊV½4�±ÎIÏÐÈ+Ï+ÉÅÊGÀëÃÄÏÐÉËÑCÊGÎCÆIÑIÏ+ÌëÁ�¼�Æ�¼ÅÉÅÆ�ÊVÑIÎÕ���²ÃØ¼ÖÂVÎC¿�ÑIÏÐÀ�Ù²ÆI»�¼u»�ÊGÑIÏÐåËÊGÀ�Æ�ÂVÈ': ÂVÀ�Á��²Æ�»J¼5ÞG¼ÅÑCÆIÏ+ÉÖÂhÈmnÏÐÃÄÌ�ÂhÉÅÆ�ÌÍÊVÏ+À�Æ�Î-
 ö Ï�Æ�»�cld*h�Ã ÑC¼ÖÂVÁ�ÊV¿JÆÜÌJÏÐÆ�Én»ßÂVÀ�ÁßÂÛ½2ÂVÎCÆ�Æ�ÑCÏ+ÙGÙV¼ËÑiÁ�Ï+Ê�Á�¼hà/º�»�¼�»JÏÐÆ�ÉËÊ�ÊGÑIÁ�ÏÐÀ�ÂhÆI¼ËÎiÊGÀÔÆI»�¼ÎIÂVÃÄÌJÈ+¼VÓ ö »JÏ+Én» ö ÂVÎÛÃØÊG¿�À�Æ�¼ÅÁ²×f¼ÅÆ ö ¼Ë¼ÅÀñÆ�»J¼�Æ�¼ËÈÐ¼ËÎCÉËÊGÌf¼�Ì�È]ÂVÀJ¼ËÎÛÊGÀ±ÂßÆ�Ï+È�ÆnÂV×JÈ+¼�ÂhÀ�Á²ÉÅÊTÊVÈ+¼ËÁ÷ÎC¿�Ì�ÌfÊGÑCÆËÓÉÅÊG¿�È+Áë×f¼ÚÁ�¼ÅÆI¼ËÑCÃÄÏÐÀ�¼ËÁû½6ÑIÊVÃ ÆI»�¼ÚÆ�¼ËÈÐ¼ËÎCÉËÊGÌf¼ ö ÏÐÆI» Â÷ÑC¼ËÎIÊVÈ+¿JÆIÏ+ÊGÀûÊV½moqp ÿ1h�Ãuàñº�»J¼u¼ÅÀ�Æ�Ï+ÑC¼ÚÎI¼�Æ�¿�Ìö ÂVÎ,ÊGÌÍ¼ÅÑ�ÂhÆI¼ËÁ5Ï+À5ÂÄþ�º³ÃÄÂVÙGÀ�¼�Æ�ÏÐÉÛô�¼ËÈ+ÁuÌ�ÂVÑIÂVÈ+ÈÐ¼ËÈfÆ�Ê�Æ�»�¼M×Í¼ËÂVÃ Æ�ÊØÃØ¼ÖÂVÎC¿�ÑI¼YÆ�»J¼¸Ì	ÊGÑC¼ËÀ�Æ�å�ÂVÀ�ÙGÈÐ¼MÂVÀ�Á
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ï0Ï+ÙG¿JÑI¼ßþTà��i�DÌ�ÊVÑI¼ËÀ�ÆIåáÂVÀ�ÙGÈÐ¼	rtsñÃØ¼ÖÂVÎC¿�ÑI¼ÅÃÄ¼ÅÀÇÆö ÏÐÆ�»ÚÆI»�¼ÛÙGÑ�ÂVåÅÏ+À�ÙØÂVÀJÙGÈ+¼�ÃØ¼ÅÆI»�Ê�Á
à ï0Ï+ÙG¿JÑI¼�þJà`�©� �ÜÊGÈ+ÈÐ¼ËÉ�Æ�¼ËÁæÉn»�ÂVÑIÙG¼�ÎCÏ+ÙGÀ�ÂVÈ�ÂVÎ/ÂY½6¿JÀ�É�²Æ�Ï+ÊVÀ ÊV½�: ½6ÊGÑfO©²9ÎIÌ�ÑIÂzÕ ÎC¼ËÀ�ÎCÊGÑIÎ5¼�äTÌÍÊVÎI¼ËÁ ÆIÊ%Â
³�¿�¼ËÀJÉË¼âÊh½4�Xaâÿ�d , ý À����
�hÉËÃ>RÄ½6ÊGÑ�ÞhÂVÑCÏ+ÊG¿JÎØ×JÏ]ÂVÎÞGÊGÈ�ÆnÂVÙG¼ÅÎËà

ÌÍ¼ÅÑIÌf¼ËÀ�Á�ÏÐÉË¿�È+ÂVÑ¾Æ�ÊæÆI»�¼Û×Í¼ËÂVÃ Æ�Ê�ÏÐÀÇÞV¼ËÎ#Æ�Ï+ÙGÂhÆ�¼YÆ�»J¼MÌfÊGÎCÏÐÆ�ÏÐÊGÀßÑC¼ËÎIÊVÈ+¿JÆIÏ+ÊGÀ
à
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$,ê'�ÜÎZÂVÀ�ÁÚÆ�»J¼MÌJÑIÊGÙGÑIÂVÃØÃÄÏÐÀ�Ù�Ï+ÀJÉËÈ+¿JÁ�Ï+À�Ù�ÆI»�¼YÆ�ÏÐÃÄÏÐÀ�ÙéÊV½�Æ�»�¼ÛÎCÏ+ÙGÀ�ÂhÈ+ÎÜ½6ÊGÑ�ÊVÌÍ¼ÅÑ�ÂhÆIÏ+ÊGÀÚÉËÂVÀ5×f¼Y½6ÊG¿�À�Áãà
Ú0 +¡. �Ú óHªf£¦®°¨.Ç÷ñ!¯�£Fò4¨ó\§º�»�¼4$X�2Z4Ì÷Ï+ÎÜÏÐÀ�ÎI¼ÅÀ�ÎIÏ�Æ�Ï�ÞG¼�×f¼ÅÆ ö ¼Ë¼ÅÀáÆI»�¼�ÆIÏ+ÃØ¼�Â�ÆIÑIÏÐÙGÙG¼ËÑ ö ÂhÎÜÞhÂVÈ+ÏÐÁ�ÂhÆ�¼ÅÁßÂVÀJÁßÆ�»�¼,Æ�Ï+ÃØ¼,ÏÐÆÜô�À�Ï+ÎC»�¼ËÎ¾Ï�Æ�ÎÑI¼ÖÂhÁ�ÊG¿JÆËà/º�»�¼ËÑC¼Å½6ÊGÑC¼�ÏÐÆÒÏÐÎ/ÉËÑC¿�ÉËÏ+ÂVÈ ö Ï�Æ�»æÑI¼ÅÎIÌf¼ËÉ�Æ�ÆIÊÛÁ�ÂhÆnÂ�ÈÐÊGÎIÎC¼ËÎ/ÆIÊMÃØÏ+ÀJÏ+ÃØÏ+åË¼ÒÆI»�Ï+ÎÒÑC¼ÖÂVÁ�ÊV¿JÆÒÆ�ÏÐÃÄ¼hà�º�»�¼ÂVÀ�ÂVÈÐÊGÙßÑI¼ËÂVÁ�ÊG¿TÆ�ÑC¿�À�ÎMÂhÆX�^d1 5ìZå��EÂVÈ�Æ�¼ÅÑIÀ�ÂhÆIÏÐÞV¼ËÈÐÕ5ÏÐÆÛÉËÂVÀø×Í¼æÎ ö ÏÐÆIÉn»�¼ËÁ±Æ�Ê���dj âìZå�
YÂVÀ�Á÷Æ�»�¼�Ì�ÏðäT¼ËÈÂVÁ�Á�ÑC¼ËÎIÎC¼ËÎÛÂVÑC¼�ÉÅÊTÁJ¼ËÁ÷Ï+À�ÆIÊk�ÔÁJÏ+ÎIÉÅÑI¼�Æ�¼éÈÐ¼ÅÞV¼ËÈ+ÎÅà Î ÂVÉn»íþ_²è×�Ï�Æ�ÙVÑIÊG¿�Ì5ÊV½/ÆI»�¼�·_²9×�ÏÐÆ,Ì�ÏðäT¼ËÈ�ÑIÊ ö ÂVÁ�Á�ÑC¼ËÎCÎ�Ï+ÎÉËÊGÀ�ÞG¼ÅÑCÆI¼ËÁñ×�Õ±Âáþ_²9×�ÏÐÆX$-ê'� ÆIÊuÂVÀ±ÂVÀ�ÂVÈÐÊGÙÚÈ+¼�ÞG¼ËÈEà>Z�¿JÆÛÊV½�áÁJÏ+ÎIÉÅÑI¼�Æ�¼ØÈ+¼ÅÞV¼ËÈÐÎ.�C¿�ÎCÆ��áÂVÑI¼æ¿JÎI¼ËÁãàÄº�»�¼Î�ÂVÃØ¼ÔÌ�ÑCÏ+À�ÉÅÏ+Ì�ÈÐ¼ÄÏÐÎ�¿JÎI¼ËÁû½6ÊGÑMÆ�»�¼k$X�2Z4Ì ÂhÁ�Á�ÑI¼ÅÎIÎæ¼ÅÀ�ÉËÊ�Á�Ï+ÀJÙ�àâº�»�ÏÐÎéÌf¼ËÑCÃÄÏ�Æ�ÎÛÆ�ÊâÆIÑ�ÂVÀ�Î#½6¼ËÑéÆI»�¼ßÌ�ÏðäT¼ËÈÂVÁ�Á�ÑC¼ËÎIÎZÂVÀ�ÁáÎCÏ+ÙGÀ�ÂhÈ
Ì�¿�ÈÐÎI¼Û»�¼ËÏÐÙG»�Æ,Ï+À1��ÉËÈ+Ê�ÉnóÔÉ�Õ�ÉËÈ+¼ÅÎ��2ï0Ï+ÙJà©��à��t
�àº�»J¼�V2ZX�ÜÎéÊV½�Â5ÃØÊTÁ�¿JÈ+¼ÄÂVÑI¼ØÑI¼ËÂVÁüÊG¿JÆ�Ï+ÀñÂ5Á�ÂhÏ+ÎCÕ±Én»�ÂhÏ+À�¼ÅÁ ö ÂÖÕVà5º�»�¼ÄÆ�ÊGóh¼ËÀü×�Ï�ÆÖÓ�ÉËÊGÀ�Æ�ÑCÊGÈ+ÈÐ¼ËÁ×ÇÕuÆ�»J¼éº�ÊGóV¼ÅÀÊS�ÏÐÆf âÂVÀ�ÂVÙV¼ËÑ�Én»JÏ+Ì
ÓÍÏ+Î�ÎC¼ËÀ�Æ�ÆIÊÔÆ�»�¼�ô�ÑIÎ#Æ4V2ZX��àãº�»J¼WV2ZX�³ÎI¼ÅÀ�Á�ÎYÏÐÆIÎ�Á�ÂRÆnÂØ½6ÑCÊGÃ Æ�»�¼ÉËÊGÑCÑI¼ËÎCÌÍÊVÀ�Á�Ï+ÀJÙ²Æ�ÑCÏ+ÙGÙV¼ËÑæÆ�Ê±Æ�»�¼5ºTS2 ÂVÀ�Á Ì�ÂVÎCÎI¼ËÎÄÆ�»�¼uÆ�ÊGóh¼ËÀ·×�Ï�Æ�Æ�Ê²ÆI»�¼âÀJ¼�ä�Æ�V2ZX��à�º�»�¼âºTSO ÂVÃÄÌJÈ+ÏÐô�¼ËÎiÆ�»�¼ÛÂVÀ�ÂVÈ+ÊGÙ�ÎIÏÐÙGÀ�ÂVÈÐÎ¾ÂVÀ�ÁáÂhÁ�Á�Î�Â�»�¼ËÂVÁ�¼ÅÑ-ÂVÀ�ÁáÂ�ÆIÑ�ÂVÏÐÈ+¼ËÑiÆ�Ê�ÆI»�¼�Á�ÂRÆnÂ�ÎCÆIÑI¼ËÂVÃ5àÒº�»J¼YÑI¼ÖÂhÁ�ÊG¿JÆÊV½ÒÂ�ÎIÏÐÀ�ÙGÈ+¼YÌJÏ�äT¼ËÈ�»�Ï�Æ-Ï+Î-ÎI»�Ê ö ÀíÏÐÀâï�Ï+ÙG¿�ÑC¼4��à���à�ý9ÆZÎCÆ�ÂVÑCÆIÎ ö Ï�Æ�»5ÂØ»J¼ÖÂVÁ�¼ÅÑZÊh½Òþ�ÉËÈ+Ê�ÉnóßÉ�ÕTÉÅÈ+¼ÅÎËà¾ê�È]ÂVÑCÙG¼À�¼ËÙ�ÂRÆ�ÏÐÞV¼�ÎIÏ+ÙVÀ�ÂVÈ/ÈÐ¼ÅÞG¼ÅÈ ö ¼ÅÈ+ÈÒÊG¿TÆ�ÎIÏÐÁ�¼�ÊV½�Æ�»�¼�Ñ�ÂhÀ�ÙG¼�ÊV½�Ì�Ï�äT¼ËÈÒÁ�ÂhÆnÂ �2¿JÈÐÆ�ÑIÂ_²è×JÈ]ÂVÉnói
Z½6ÊGÈÐÈ+Ê ö ¼ÅÁ÷×�Õ±ÂáåÅ¼ËÑCÊÁ�Ï��Í¼ËÑC¼ËÀ�Æ�Ï+ÂVÈÍÈÐ¼ÅÞV¼ËÈ¦�6×�È]ÂVÉnói
ÜÎC¼ËÌ�ÂVÑIÂhÆ�¼ÅÎ¾Æ�»�¼YÏÐÀ�Á�Ï�ÞTÏÐÁ�¿�ÂVÈ�V2ZX�ÜÎ�Ï+ÀßÆI»�¼YÃØÊTÁ�¿JÈ+¼�Á�ÂhÆnÂ�Î#Æ�ÑI¼ËÂVÃuàFÏZÊ�ÊVÆI»�¼ËÑÏ+Á�¼ÅÀÇÆIÏÐô�ÉËÂhÆ�ÏÐÊGÀuÏ+Î,ÎI¼ËÀ�ÆËàZýèÀíÊVÑIÁ�¼ÅÑ,ÆIÊÔÙG¼�Æ�Æ�»J¼�V2ZX� ÏÐÁ�¼ËÀ�Æ�Ï�ô�ÉÖÂRÆ�Ï+ÊVÀuÆI»�¼�$-êA@ ¿�À�ÏÐÆ,»�ÂhÎZÆ�ÊÄÉËÊG¿JÀÇÆZÆ�»�¼

cVþ



�Ü»�ÂhÌJÆ�¼ÅÑ'�Jà V-¼ÖÂVÁ�ÊV¿JÆ0�Ü»�Ï+ÌáÊV½�Æ�»�¼MçÒÏ�äT¼ÅÈ)"i¼ËÑCÆI¼�ä�$�¼�Æ�¼ËÉ�Æ�ÊGÑ

ï0ÏÐÙG¿�ÑC¼F��à`�©��V,¼ËÂVÁ�ÊG¿JÆ�ÎC¼��Ç¿�¼ËÀJÉË¼ÜÊh½�ÑI¼ËÂVÁ�ÊG¿TÆ�Én»JÏ+Ìö Ï�Æ�»áÊGÀ�¼ÛÌ�ÏðäJ¼ÅÈ	»�ÏÐÆËà ï0ÏÐÙG¿�ÑC¼��à	ci��V,¼ËÂVÁ�ÊG¿JÆ/ÎIÏ+ÙVÀ�ÂVÈ�ÊG¿JÆ�ÌJ¿JÆÒÊV½ÍÂ�×�ÂVÑCÑI¼ÅÈÃØÊTÁJ¿�È+¼u½6ÊGÑÔÆ ö ÊîÁJÏ��Í¼ËÑI¼ÅÀ�ÆuÂVÁ�Á�ÑC¼ËÎIÎáÎC¼��Ç¿�¼ËÀJÉË¼ËÎÂVÀJÁuÆI»�¼ÛÎ�ÂVÃØÌ�È+ÏÐÀ�ÙéÆIÊGÈ+¼ÅÑ�ÂVÀ�ÉÅ¼Và
Én»�ÏÐÌü»�¼ËÂVÁ�¼ËÑCÎËàáýèÀñÆI»�¼ÄÆI»�Ï+ÑCÁ²ÉÅÈ+Ê�Énó±É�Õ�ÉËÈ+¼ÄÊV½ÜÆI»�¼ÔÉn»JÏ+Ìü»�¼ËÂVÁ�¼ÅÑ�Â5ÎCÏ+ÙGÀ�ÂVÈÒÏ+À�ÞG¼ÅÑIÎC¼ËÈÐÕ²Ì�ÑCÊGÌÍÊVÑCÆ�ÏÐÊGÀ�ÂVÈ�Æ�ÊÆI»�¼uÞhÂVÈÐ¿�¼ÚÊV½,Æ�»�¼uÈ]ÂhÎCÆØÂVÁ�ÁJÑI¼ËÎCÎI¼ÅÁ!$,ê'� Ï+Î�ÎI¼ÅÀ�ÆÖà%º�»JÏ+Î�Ï+Î�ÆI»�¼5ÊVÀ�ÈÐÕ ö ÂÖÕëÏ+ÀT½6ÊGÑIÃÄÂhÆ�ÏÐÊGÀûÂV×fÊG¿JÆ�ÆI»�¼ÉÅÊGÀJô�ÙG¿JÑ�ÂhÆIÏ+ÊGÀÄÊV½	Æ�»�¼fV2ZX�ÜÎ¾ÉÖÂVÀÔ×Í¼�ÑC¼ÖÂVÁÔ×�ÂVÉnóõàiý9ÆÜ½6ÊGÈÐÈ+Ê ö Î�ÆI»�¼�Á�ÊV¿�×�È+¼,ÉËÊVÈ+¿�ÃØÀßÂVÁJÁ�ÑI¼ÅÎIÎ*�z�MÉÅÕ�ÉËÈÐ¼ËÎ[
PÓÆI»�¼-ÑIÊ ö ÂVÁJÁ�ÑI¼ÅÎIÎ0�EþYÉÅÕ�ÉËÈÐ¼ËÎ-
�ÂVÀJÁØÆI»�¼,ÂVÀ�ÂVÈÐÊGÙYÌ�¿�ÈÐÎI¼-»�¼ËÏÐÙG»�ÆÒ½6ÊGÑÒ¼ÖÂhÉn»Ô»�Ï�ÆÒÌ�Ï�äT¼ÅÈ�àÒï0ÏÐÙG¿�ÑC¼O��à	cYÎC»�Ê ö Î�ÆI»�¼ÎCÏ+ÙGÀ�ÂhÈ0ÊG¿JÆIÌ�¿JÆMÊV½�ÂÚ×�ÂVÑCÑI¼ËÈ0ÃÄÊ�Á�¿�ÈÐ¼�ÂVÎÛÏÐÆYÂVÑIÑCÏÐÞG¼ÅÎÛÂhÆ�ÆI»�¼�ê�À�ÂVÈÐÊGÙ1Z�ÌJÆIÏ+ÉÖÂhÈÒì,Õ�×�ÑCÏ+Á��2ê'ZYìf
Pà��T»�Ê ö ÀÂVÑC¼,Æ ö ÊéÁJÏ��Í¼ËÑI¼ÅÀ�Æ¾ÂVÁJÁ�ÑI¼ÅÎIÎÜÈÐ¼ÅÞV¼ËÈõÎI¼���¿J¼ËÀ�ÉÅ¼ËÎËà�º�»�¼ZÑIÏ+ÎC¼�²�Æ�Ï+ÃØ¼�ÊV½ÍÆ�»�¼,ÎIÏÐÙGÀ�ÂVÈÐÎÒÏ+ÎiÎI»�ÊVÑCÆ�¼ËÀ�ÊG¿JÙG»ÄÆIÊ�ÂVÈÐÈ+Ê ö½6ÊGÑéÂâÆ�ÊGÈÐ¼ËÑIÂVÀ�ÉË¼ÄÊV½�Æ�»J¼ßÎ�ÂVÃØÌ�ÈÐÏ+À�Ù5ÌÍÊGÏÐÀ�Æ�Ï+À²Æ�»�¼�$-êA@ ¿�À�Ï�Æ�ÊV½ZÂV×fÊG¿JÆ��âÀ�ÎËàøº�»�¼ÔÃÄ¼ËÂVÎI¿�ÑC¼ËÁûÈÐ¼ÅÞG¼ÅÈÁ�ÏÐÎCÆIÑIÏ+×J¿JÆ�ÏÐÊGÀu½6ÊVÑ�ÂDV2ZX� Ï+Î,ÎI»JÊ ö ÀøÏÐÀíï0ÏÐÙG¿�ÑI¼*��à	�Tà�º�»J¼æÂVÁ�Á�ÑC¼ËÎCÎYÈ+¼ÅÞV¼ËÈÐÎ�ÂVÑC¼éÉËÈÐ¼ÖÂVÑCÈÐÕuÎI¼ÅÌ�ÂVÑIÂhÆ�¼ÅÁøÂVÀ�ÁÂVÈÐÈ+Ê ö Â�ÑI¼ÅÈ+Ï+ÂV×�È+¼�ÑC¼ËÉÅÊGÀ�ÎCÆIÑI¿�É�Æ�ÏÐÊGÀÔÊV½ÍÆ�»�¼,Ì�ÏðäJ¼ÅÈfÂVÁ�Á�ÑC¼ËÎIÎC¼ËÎÅàÜï0ÏÐÙG¿�ÑC¼Và^��à`�MÎC»�Ê ö Î�ÂVÀØ¼ÅÕV¼�Á�Ï]ÂhÙGÑ�ÂVÃ¶ÊV½
ÆI»�¼ÂVÀ�ÂVÈ+ÊGÙáÊG¿TÆ�Ì�¿JÆ�ÎIÏÐÙGÀ�ÂVÈ/ÂhÆ¸��dU âì,åVàßý9ÆMÏÐÎ�ÂáÎI¿JÌÍ¼ÅÑIÌfÊGÎIÏ�Æ�Ï+ÊVÀ²ÊV½¾ÂVÈ+È0ÌÍÊGÎCÎIÏÐ×�È+¼�Ì�ÏðäJ¼ÅÈ�ÂVÁ�Á�ÑC¼ËÎIÎC¼ËÎ ö »�Ï+Én»ÂVÑC¼�ÂVÀ�ÂVÈ+ÊGÙMÉËÊ�Á�¼ÅÁÚÏ+ÀD��Á�Ï+ÎCÉËÑI¼�Æ�¼ZÈ+¼ÅÞV¼ËÈÐÎËà��TÏÐÀ�ÉË¼,Æ�»�¼0V2ZX� »�ÂVÎ2���¸$X�2ZXÌ	Î ö ÏÐÆ�»5ÿ���dMÌ�Ï�äT¼ËÈÐÎÜ¼ËÂVÉn»
ÓJÆI»�¼»�ÏÐÙG»�¼ÅÎCÆ�ÈÐ¼ÅÞV¼ËÈ+ÎMÊV½¾ÆI»�¼ÔÃØÊGÎ#ÆéÎCÏ+ÙGÀ�Ï�ô�ÉÖÂhÀÇÆ�×�Ï�Æ�Î�ÂVÑI¼ÄÀ�ÊVÆ�¿�ÎI¼ÅÁûÏ+À²ÆI»�¼D$X�2Z4Ì ÂVÁJÁ�ÑI¼ÅÎIÎæÂVÀJÁñÆ�»�¼ÄÌ�Ï�äT¼ÅÈÂVÁJÁ�ÑI¼ÅÎIÎËà�ï�ÊGÑ�ÃØÊGÑI¼YÁ�¼�ÆnÂVÏÐÈ+Î¾ÉÅÊGÀ�ÉÅ¼ËÑIÀJÏ+À�Ù�Æ�»�¼Mç��Tý��^�_"X�æÎI¼Ë¼*V-¼Å½6¼ÅÑI¼ËÀJÉË¼k3`��d_6�à
×(8�� Ø Î�K��.Î*CG��;>A � Î¸= Î>ÑgB B E�?@B��2CFE ;gG!CFI(B B AÒÎ�N�; Ñ :<IÒÎ8��A ;gG

CFI(B ØDC :

º�»�¼ÛÌ�ÏðäT¼ËÈ
Á�¼�Æ�¼ÅÉÅÆ�ÊVÑ,ÏÐÎÜÆ�»J¼YÏ+À�À�¼ÅÑIÃØÊGÎCÆÜÆ�Ñ�ÂhÉnó�ÏÐÀ�Ù�Á�¼ÅÞ�ÏÐÉË¼ÛÊV½�Æ�»�¼*�2 U�áÁ�¼�Æ�¼ÅÉÅÆ�ÊVÑËàiº�»�¼ËÑC¼Å½6ÊGÑC¼ÛÏÐÆ�»�ÂhÎ¾Æ�ÊÎC¿�ÑCÞ�ÏÐÞV¼�Ï+ÀÔÂé»�ÂVÑCÎI»ÚÑIÂVÁ�Ï]ÂRÆ�Ï+ÊVÀØ¼ÅÀ�ÞTÏÐÑIÊGÀJÃÄ¼ÅÀÇÆËàÒº�»�¼�ÑIÂVÁ�Ï]ÂRÆ�Ï+ÊVÀÄÁ�ÊVÎI¼ ö ÏÐÈ+Èõ×f¼�ÂV×fÊG¿JÆ�ÿ�d�d�óBI�ÕØÌÍ¼ÅÑ�ÕG¼ËÂVÑÁ�¿JÑIÏ+ÀJÙé»�ÏÐÙG»ÔÈÐ¿�ÃÄÏÐÀ�ÊGÎCÏÐÆèÕæÊGÌf¼ËÑIÂhÆ�ÏÐÊGÀ ö »�Ï+Én»ÚÉÅÊGÑIÑC¼ËÎIÌfÊGÀ�ÁJÎÜÆ�ÊéÂV×ÍÊV¿JÆ2�Xaâÿ�d , ý À����
�hÉËÃgRzà/º�»�¼�Á�¼ÅÆI¼ËÉÅÆIÊGÑ»�ÂhÎ0Æ�Ê ö ÊGÑCóé¿�ÌéÆIÊ�Æ�»�ÏÐÎ�³�¿J¼ËÀ�ÉÅ¼ ö ÏÐÆ�»JÊG¿JÆÒÂhÀÇÕ�¿�À�ÂhÉËÉË¼ÅÌJÆnÂh×�È+¼¾ÁJ¼ËÙGÑIÂVÁ�ÂhÆIÏ+ÊGÀ�Êh½õÏÐÆ�Î�ÌÍ¼ÅÑC½6ÊGÑCÃÔÂhÀ�ÉË¼hà�e ÏÐÆI»ÊGÀJÙGÊGÏ+ÀJÙØÏÐÑIÑIÂVÁ�Ï]ÂRÆ�Ï+ÊVÀÄÆ�»J¼ËÑI¼ ö Ï+ÈÐÈã×f¼MÂØÙGÑIÂVÁ�¿�ÂhÈ+ÈÐÕÄÉn»�ÂVÀJÙG¼�ÏÐÀÚÆ�»�¼ÛÉn»�ÂVÑIÂVÉÅÆI¼ËÑCÏ+ÎCÆIÏ+ÉÛÊV½�Æ�»�¼ÛÑI¼ËÂVÁ�ÊG¿TÆZÉn»JÏ+ÌÂVÀJÁÄÆ�»J¼ZÎC¼ËÀ�ÎCÊGÑËàiê ÉËÊGÀ�ÎC¼��Ç¿�¼ÅÀ�ÉË¼YÊV½ÍÆ�»�ÏÐÎ�ÁJ¼ÅÆ�¼ÅÑIÏÐÊGÑ�ÂhÆIÏ+ÊGÀ�ÊV½ãÌÍ¼ÅÑC½6ÊGÑCÃÔÂhÀ�ÉË¼,Ï+ÎÅÓÇÆI»�ÂhÆ�Æ�»�¼,È+Ï�½6¼ÅÆIÏ+ÃØ¼¾ÊV½
ÆI»�¼
V2ZX�òÂVÀ�Á5Æ�»�¼�ÎC¼ËÀ�ÎCÊGÑ�ÏÐÎ�×f¼ËÈ+Ê ö ÆI»�¼é¼PäJÌf¼ËÉ�Æ�¼ÅÁ±ÈÐÏÐ½6¼�Æ�Ï+ÃØ¼ÛÊV½/ÆI»�¼�¼�äTÌf¼ËÑCÏ+ÃØ¼ËÀ�ÆÖàYì,¼ËÀ�ÉÅ¼éÆ�»J¼�Ï+À�ÀJ¼ËÑIÃØÊGÎ#ÆÈ+ÂzÕV¼ËÑÒÊV½õÆI»�¼�×�ÂVÑCÑI¼ËÈ ö Ï+È+È�»�ÂÖÞG¼�ÆIÊY×Í¼�ÑC¼ËÌ�È+ÂVÉË¼ÅÁ�Âh½\Æ�¼ÅÑÒÊGÀ�¼¾ÕG¼ËÂVÑÒÊV½�Ì�ìf�ûÊGÌf¼ËÑ�ÂRÆ�Ï+ÊVÀæÂhÆÒ»�ÏÐÙG»æÈ+¿JÃÄÏÐÀ�ÊGÎIÏ�ÆèÕGàýèÀßÆI»�¼�À�¼Pä�Æ-Ì�ÂVÑ�ÂhÙGÑ�ÂVÌJ»�Î�ÆI»�¼Z½6Ê�ÉË¿�ÎÜÏ+ÎÜÊVÀß¼��Í¼ËÉ�Æ�Î¾ÊGÀßÆI»�¼�ÂhÀ�ÂVÈ+ÊVÙéÉn»�ÂVÏÐÀßÊV½	ÆI»�¼�ç¦/f� Á�¿�¼ZÆ�ÊéÊVÀ�ÙGÊGÏÐÀ�Ù

c_�



��à���àÆV,ÂVÁ�Ï+ÂhÆ�ÏÐÊGÀ1$YÂVÃÄÂVÙG¼�êZÎIÌf¼ËÉÅÆIÎZÊh½�ÆI»�¼Ûê�À�ÂVÈÐÊGÙ>�Ü»�ÂVÏÐÀáÊV½�ÆI»�¼*V2ZX�

ï0Ï+ÙG¿JÑI¼X��à`�©� Î ÕG¼éÁ�Ï]ÂVÙVÑ�ÂVÃ ÊV½/Æ�»J¼éÂVÀ�ÂVÈ+ÊGÙØÑI¼ËÂVÁi²ÊG¿JÆMÎIÏÐÙGÀ�ÂVÈiÂhÆ*�^d� âì,åVàßý9ÆMÏ+ÎMÂuÎI¿�Ìf¼ËÑCÌÍÊGÎCÏÐÆIÏ+ÊGÀÊV½0ÑC¼ÖÂVÁJÊG¿JÆ�Î�½6ÊGÑ-ÂhÈ+È
Ì�ÏðäT¼ËÈ+Î�Êh½�ÆI»�¼*V2ZX��à
Address levels [ADC counts]

-600 -400 -200 0 200 400 600
Address levels [ADC counts]

-600 -400 -200 0 200 400 600
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l 0

ï0Ï+ÙG¿JÑI¼Õ��à	�i� ìZÏÐÎCÆIÊGÙGÑ�ÂhÃ ÊV½�Æ�»J¼ñÎ�ÂhÃÄÌ�ÈÐ¼ËÁ ÂVÁi²Á�ÑI¼ÅÎIÎ,È+¼ÅÞV¼ËÈÐÎ�ÊV½/ÂgV2ZX��à�º�»�¼ÛÈÐ¼ÅÞG¼ÅÈ+Î-ÂVÑC¼YÉËÈÐ¼ÖÂVÀ�È�ÕÎI¼ËÌ�ÂVÑ�ÂhÆI¼ËÁ
à
Ï+ÑIÑIÂVÁ�Ï+ÂhÆ�ÏÐÊGÀ
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ïõÊVÑÄÆ�»J¼í½6ÊGÈ+ÈÐÊ ö ÏÐÀ�Ù±¼�äJÂVÃØÌ�È+¼ÃJ��H5�� ÿíÏÐÎßÊGÀ��CJ_5ûÌfÊVÆ�¼ÅÀ�Æ�Ï]ÂhÈ�ÂVÀJÁÐJ0�95�� �ñÏÐÎÔÊGÀ�L$�c�5ÏÐÀ%Æ�»�¼âÏ+À�Ï�Æ�Ï]ÂhÈÎCÆnÂRÆ�¼ÚÊV½,Æ�»�¼ÚÎ#Æ�ÊGÑIÂVÙG¼ÚÉÅ¼ËÈ+È4�Eï0ÏÐÙ�à�c�à���
Pàñº�»�¼áÏÐÀ�ÉËÏÐÁ�¼ËÀ�Æ�Ì�ÂVÑ#Æ�ÏÐÉËÈ+¼ÄÏ+À�ÁJ¿�ÉË¼ÅÎØÉn»�ÂVÑIÙG¼áÏÐÀüÆ�»�¼ßÞ�Ï+ÉÅÏ+À�Ï�ÆèÕñÊh½Æ�»�¼����Y�¢À�ï Î º2R �2Ï+ÀJÁ�Ï+ÉËÂhÆ�¼ÅÁ%×�Õ·ÂhÀ·ÂVÑCÑIÊ ö Ï+À ï�Ï+Ù�à�cTà	��
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ROC PSI46V1

measured cross sections for Single Event Upset
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 1 of run: 1400; voltage: 1.50V→Summary Single Event Upset 0 

ï0ÏÐÙG¿�ÑC¼XcTà	�i�¦�T¿�ÃØÃÄÂVÑCÕÄ»�Ï+Î#Æ�ÊGÙVÑ�ÂVÃØÎÜÊV½��æÆ�¼ÅÎCÆ-Î#Æ�ÑI¿JÉÅÆ�¿JÑI¼ËÎ-ÊGÌf¼ËÑIÂhÆ�¼ÅÁáÏ+ÀÚÌ�ÂVÑIÂVÈ+ÈÐ¼ËÈÍÂhÆ-Â�ÎC¿�Ì�Ì�È�ÕßÞGÊGÈ�ÆnÂVÙV¼ÊV½ØÿGà	c@"¢Âh½\ÆI¼ËÑÚ¼�äTÌfÊGÎI¿JÑI¼øÊV½�ÂV×fÊG¿JÆøÿzþü» Æ�ÊëÂûÌ�ÏÐÊGÀÜ�ªÃ~M�
Ô×f¼ÖÂVÃuà¶º�»J¼@� Î / ÁJÏ+ÎCÆIÑIÏÐ×�¿JÆ�ÏÐÊGÀ�ÎØ½6ÊGÑ¿�ÀJÌ�ÑIÊVÆI¼ËÉ�Æ�¼ËÁM�6Æ�ÊVÌü
ÒÂVÀ�ÁØÌ�ÑIÊVÆI¼ËÉ�Æ�¼ËÁ��©V,êf ÉÅ¼ËÈÐÈ+ÎËÓÇÏÐÀ�ÏÐÆIÏ]ÂVÈÐÈÐÕÛÈ+ÊGÂVÁ�¼ËÁ ö ÏÐÆI»kdTÓTÂhÑI¼-ÎI»�Ê ö À
àiº�»�¼Zï/ï0Î�ÂVÑC¼ÂVÑCÑ�ÂVÀJÙG¼ËÁuÏ+ÀáÂVÑCÑ�ÂÖÕ�ÎZÊh½Üÿ�c4aßþl��à
�ld



cTà���à V-¼ËÎC¿�ÈÐÆIÎ-ÂVÀ�Á�$�Ï+ÎIÉÅ¿�ÎIÎCÏ+ÊGÀ

ï0Ï+ÙG¿JÑI¼gcTà`�©�4V-¼ÖÂhÁ�ÊG¿JÆMÉn»�ÏÐÌ²ç��Tý����l"�ÿ�Ì�ÏðäJ¼ÅÈÒÃÔÂhÌÄ�zc��ßÉËÊVÈ+¿�ÃØÀ�Î¦aD��dÄÑIÊ ö Î[
YÂh½\ÆI¼ËÑæÿzþJà	cß»ø¼�äTÌÍÊVÎI¿�ÑC¼Æ�ÊáÂßÌ�ÑCÊVÆ�ÊGÀ÷×f¼ÖÂhÃ ÊV½,ÿ�c��� âìZå�æhÉËÃ>RzàÛº�»�¼æÀÇ¿�Ã�×f¼ËÑYÊV½�Î ö Ï�Æ�Én»�¼ÅÁøÊ��üÌ�ÏðäT¼ËÈ+Î�Á�¿�¼�Æ�Êj� Î /,ÎÛÏ+Îéÿ��tcTàº�»�¼ÛÌ�Ï�äT¼ËÈ	ÃÄÂVÌ ö ÂVÎ-ÙG¼ËÀ�¼ÅÑ�ÂhÆI¼ËÁ5×ÇÕßÏ+À_�C¼ÅÉÅÆ�ÏÐÀ�Ù�ÉÖÂVÈÐÏ+×�ÑIÂhÆ�ÏÐÊGÀÔÌJ¿�È+ÎC¼ËÎËà

ÉÅÑIÊGÎCÎZÎC¼ËÉÅÆIÏ+ÊGÀJÎ-½6ÊVÑ¾Æ�¼ËÎ#Æ,ÎCÆ�ÑC¿�ÉÅÆI¿�ÑI¼ÅÎ��ªÃ~M�
¾Ï+Àøÿ�d�A , ý ÉÅÃþR[æ��©V-ê4 ÞVÊGÈÐÆ�ÂVÙG¼>��"4
 ¿�ÀJÌ�ÑIÊVÆI¼ËÉ�Æ�¼ËÁ Ì�ÑCÊVÆ�¼ÅÉÅÆ�¼ÅÁ
d7Ë³ÿ ÿ�Ë d d7Ë³ÿ ÿ�Ë dÿGà	c ���Jà`· �Jà	�l� ÿGà	��� dJà`d^��cTÿÿGà	��c �t�Tà`· �TàHþGþ dJà`�Jÿ�� dJà`d�d^�����

�Tà`d ���Jà	� ÿGà�ÿ�c dJàÐÿ���� dJà`d�d��Gþ�·
�Tà	��c ��dJà	� dJà	��dJÿ dJàÐÿ�d�� dJà`d�d��Tÿ�Î�3uÏîÿ�c�»i6
�Tà	c ÿ��Tà`· dJà	���l� dJà	d�c���� dJà`d�d���� Î 3uÏîÿGÿ�»i6

º0ÂV×JÈ+¼�cTà�ÿ��O� Î / ÉËÑCÊGÎIÎ,ÎI¼ÅÉÅÆIÏ+ÊGÀ�Î-½6ÊGÑ�Æ�»J¼MÆI¼ËÎCÆZÎCÆIÑI¿�É�Æ�¿�ÑC¼ËÎ ö ÏÐÆ�»uÌ�ÑCÊVÆ�¼ÅÉÅÆ�¼ÅÁ÷ÂVÀ�Áu¿�À�ÌJÑIÊVÆI¼ËÉÅÆI¼ËÁÕ�iV,êf ÉË¼ËÈÐÈ+ÎÅàßº�»�¼ÔÃØ¼ÖÂhÎI¿�ÑC¼ËÃØ¼ËÀ�Æ�Î ö ¼ÅÑI¼ÔÌf¼ËÑ#½6ÊGÑIÃØ¼ËÁ ö ÏÐÆI»üÂ6Ã~M ×f¼ÖÂVÃ¢ÂRÆMÞhÂVÑCÏ+ÊG¿JÎ�ÎC¿�Ì�Ì�È�Õ÷ÞGÊGÈ�ÆnÂVÙG¼ÅÎËàÚº�»�¼ÎI»�Ï�½\Æ�ÑI¼ÅÙGÏ+Î#Æ�¼ËÑCÎ�»�ÂÖÞG¼M×Í¼Å¼ËÀáÏ+ÀJÏÐÆ�Ï+ÂVÈ+È�ÕæÈ+ÊGÂVÁ�¼ËÁ ö Ï�Æ�»jd�ÊGÑYÿ>�&Î�ÃØ¼ÖÂhÀ�Î�¿�Ì�Ìf¼ËÑ-È+ÏÐÃÄÏ�Æ03 À�Êþ� Î / ÑC¼ËÙGÏÐÎCÆ�¼ÅÑI¼ÅÁÏ+ÀWÐ »�ÊG¿JÑIÎ{6 
�à
�Tÿ



�Ü»�ÂhÌJÆ�¼ÅÑ0c�à!�TÏÐÀ�ÙGÈ+¼ Î ÞV¼ËÀ�Æ Î �Í¼ËÉ�Æ�Î,Ï+ÀÚÆ�»�¼*V-¼ÖÂVÁJÊG¿JÆ\�Ü»�ÏÐÌ
ÉÅÑIÊGÎCÎ,ÎC¼ËÉ�Æ�Ï+ÊVÀ�Î,½6ÊVÑ-ç.��ý��^�l"�ÿÛÏÐÀ±ÿ�dCA , ý ÉÅÃþR[æ��©V-ê4 ×f¼ÖÂhÃ ¿�À�ÌJÑIÊVÆI¼ËÉÅÆI¼ËÁ ÌJÑIÊVÆI¼ËÉÅÆI¼ËÁ

d7Ë³ÿ ÿÌË d d+Ë³ÿ ÿÌË d
Ã~M ��à`�t� dJà`dJÿGÿ�c dJà`d^��c�� dJà	d�d^c���·ÌÎ�3aÏ ÿ��æ»©6
Ã6A ÿVà�cTÿ dJà`dJÿ��Vþ ² ²Ì�ÑIÊVÆIÊGÀ dJà��^��� ² ² ²

º�ÂV×�ÈÐ¼DcTà	�i��� Î / ÉËÑCÊGÎIÎ�ÎI¼ÅÉÅÆ�ÏÐÊGÀ�Î�ÃÄ¼ËÂVÎI¿�ÑC¼ËÁ ö Ï�Æ�»øÆ�»�¼ÄÑI¼ËÂVÁ�ÊG¿JÆ�Én»�ÏÐÌüç��Tý��^�l"éÿßÏ+À²Â5ÌJÑIÊVÆIÊGÀüÂVÀJÁüÂ
ÃÅÄø×f¼ÖÂVÃ ½6ÊGÑ-×fÊVÆ�»uÎ ö Ï�Æ�Én»�ÏÐÀ�ÙÔÁJÏ+ÑI¼ÅÉÅÆIÏ+ÊGÀ�ÎÅà�º�»J¼��©V-ê4 ¢ÉË¼ÅÈ+È+Î ö ¼ËÑC¼éÊGÌf¼ËÑIÂhÆ�¼ÅÁ ö ÏÐÆI»²ÿVà	�W" �ÑÎÛÃØ¼ÖÂhÀ�Î¿�ÌJÌÍ¼ÅÑ,ÈÐÏ+ÃØÏÐÆf3 ÀJÊD� Î /òÑI¼ÅÙGÏ+Î#Æ�¼ÅÑI¼ËÁuÏ+ÀWÐ »JÊG¿�ÑIÎ+6 Õ©²�ÃØ¼ÖÂhÀ�Î-À�Ê�ÃÄ¼ËÂVÎI¿�ÑC¼ËÃØ¼ËÀ�Æ,ÌÍ¼ÅÑC½6ÊGÑCÃÄ¼ÅÁü
�à
½6ÑCÊGÃ Æ�»J¼¸V2ZX�³ÂhÀ�ÁuÆI»�¼ÛÆ�¼ËÎ#Æ�Î#Æ�ÑC¿�ÉÅÆI¿�ÑI¼�ÉËÊG¿�ÈÐÁ5×f¼M¼�äTÌ�È]ÂhÏ+À�¼ÅÁ ö Ï�Æ�»uÎIÈ+ÏÐÙG»�Æ�È�ÕßÁ�Ï´�ã¼ÅÑI¼ËÀ�Æ,È]ÂÖÕVÊG¿JÆ�ÎÅà Î àHÙJàÆI»�¼ÛÉÖÂVÌ�ÂhÉËÏÐÆIÏÐÞV¼YÈ+Ê�ÂVÁJÎÜ½6ÊGÑ¾Æ�»J¼*�©V,êf ¢ÉÅ¼ËÈÐÈ+Î�ÂVÑC¼ÛÀ�ÊVÆ�Æ�»J¼YÎ�ÂVÃØ¼YÏ+Àuç��Tý��^�l"éÿMÂVÀ�ÁÚÆ�»�¼ÛÎC»�ÏÐ½\Æ-ÑC¼ËÙGÏÐÎCÆ�¼ÅÑIÎÅàº�»�ÏÐÎ�ÉÖÂVÀëÉÖÂh¿�ÎI¼áÆ�»�¼áÁ�Ï´�ã¼ÅÑI¼ÅÀÇÆ�ÑC¼ËÎC¿�ÈÐÆIÏ+À�Ùø¼��Í¼ËÉ�Æ�ÎØÊV½-Æ�»�¼áÌ�ÑCÊVÆ�¼ÅÉÅÆIÏ+ÊGÀëÉÖÂhÌ�ÂVÉËÏ�Æ�ÊGÑCÎËàÄ�ÜÊGÀJÉË¼ËÑCÀ�Ï+ÀJÙ±ÆI»�¼Õ�Ï+¼ÅÈ+ÁØÊV½�ç��Tý��^�_"�ÿZÆI»�¼ËÑC¼ ö ÂVÎÜÀJÊéÁ�Ï´�ã¼ÅÑI¼ËÀJÉË¼�ÎC¼Ë¼ÅÀÔ½6ÊGÑiÆ�»�¼,Æ ö ÊMÆèÕTÌf¼ËÎ4�z�T¼ÅÉÅÆÖà©cTàHþJà	��
/ÊV½
Æ�»J¼0V2ZX��à�º�»�¼Õ�Ï+¼ÅÈ+Áñ½6ÊVÑ�Æ�»J¼DV2ZX�ÜÎ ö ÏÐÆI»ûÂVÀ�Á ö ÏÐÆ�»JÊG¿JÆg uý+ ÉÖÂVÌ�ÂhÉËÏÐÆIÊGÑIÎM½6ÊGÑW� Î / Ì�ÑIÊVÆI¼ËÉ�Æ�Ï+ÊVÀ ö ÂhÎ�×Í¼�ÆIÆI¼ËÑéÆI»�ÂVÀ
��dkçßà�º�»�¼ÅÑI¼Å½6ÊVÑI¼�Ï�Æ ö ÂVÎ�ÁJ¼ËÉËÏÐÁ�¼ËÁíÆIÊÔ¿�ÎC¼�Ï+ÀuÆ�»�¼Mô�À�ÂVÈ�V2ZX� ç��Tý��^�l"4�ØÆ�»J¼�Ì�ÑIÊhÆ�¼ËÉ�Æ�¼ÅÁÕ�©V-ê4 ÉË¼ÅÈ+ÈÐÎ½6ÊGÑ�ÆI»�¼�Æ�ÑIÏÐÃ ×�Ï�Æ�ÎÛÂVÀJÁ±ÆI»�¼�ÃÔÂVÎCóí×�Ï�ÆÛÏ+Àø¼ÖÂVÉn»ñç¦/f��à	º�»�¼ØÑI¼ÅÙGÏ+Î#Æ�¼ËÑCÎÛÊV½ÜÆI»�¼�ÙGÈ+ÊG×�ÂVÈ�$-ê'�ÜÎéÂhÑI¼ØÂVÈ+ÎCÊÌ�ÑCÊVÆ�¼ÅÉÅÆI¼ËÁ ö ÏÐÆI»ûÉÖÂVÌ�ÂhÉËÏÐÆIÊGÑIÎÅà �TÏ+ÀJÉË¼ ö ÑIÏ�Æ�ÏÐÀ�Ù5ÆIÊíÆ�»�¼ßÁ�ÂhÆnÂ÷ÂVÀJÁüÆ�Ï+ÃØ¼ÔÎ#ÆnÂVÃØÌü×�¿i�ã¼ÅÑIÎæÏ+ÎéÃÄÊGÑC¼ÄÆIÏ+ÃØ¼ÉÅÑIÏÐÆIÏ+ÉËÂVÈÍÁJ¿�ÑIÏÐÀ�Ù�Â�ÑI¿�ÀJÀ�Ï+À�ÙéÉËÊGÈÐ¿�ÃÄÀÚÁJÑ�ÂVÏÐÀ
Ó�ÆI»�¼ËÎC¼ÛÃÄ¼ÅÃÄÊGÑ#ÕØÉË¼ËÈÐÈ+Î�ÂhÑI¼�¿�ÀJÌ�ÑIÊVÆI¼ËÉ�Æ�¼ËÁãà�êZÀÇÕ ö ÂÖÕáÂ�ÎIÃÄÂVÈ+È½6ÑIÂVÉÅÆIÏ+ÊGÀáÊV½�ÉËÊGÑCÑI¿�ÌTÆ-Á�ÂhÆnÂ�Ï+Î-ÂhÉËÉË¼ÅÌJÆnÂh×�È+¼hà
èO YÚ\ wº óïßià\ö<ö ¯)§Q½QàôÃ+ª¬éT¼ Ãw§©ã�É4Ã+ªfÇ ÝÈÃ+½�¯�ã#§QÃ+¨.ª

ï�ÊGÑ�Æ�»J¼�ÎC»�ÏÐ½\Æ,ÑI¼ÅÙGÏ+Î#Æ�¼ÅÑIÎ-Æ�»�¼�ÂVÎCÕ�ÃØÃÄ¼�Æ�Ñ#ÕáÑI¼ËÈ+ÂhÆ�¼ÅÁuÆIÊØÆI»�¼MÎ ö ÏÐÆIÉn»�Ï+ÀJÙÔÁ�ÏÐÑI¼ËÉ�Æ�ÏÐÊGÀUd+Ë³ÿ�æTÿÌË d�ÏÐÎ-½6ÊVÑ,ÆI»�¼Î#ÆnÂVÀ�Á�ÂVÑIÁéï/ï0Î�ÂVÌ�Ì�ÑCÊzäTÏÐÃÔÂhÆI¼ËÈ�ÕX��c�ÉËÊGÃØÌ�ÂVÑC¼ËÁMÆ�ÊZÂV×ÍÊV¿JÆF����½6ÊGÑ	ÆI»�¼�ÌJÑIÊVÆI¼ËÉÅÆI¼ËÁæï0ï0ÎËà�ýèÀ�ÆI»�¼ÜÉËÂVÎI¼�ÊV½�ÆI»�¼
V2ZX�üÆ�»�¼-ÂhÎCÕ�ÃÄÃØ¼ÅÆIÑCÕ�d7Ë³ÿ�æTÿÌË d,Ï+Î0½6ÊVÑoÃ A ÑIÊG¿JÙG»�ÈÐÕÄÿ���d�½6ÊVÑ0Æ�»�¼�¿JÀ�Ì�ÑIÊhÆ�¼ËÉ�Æ�¼ÅÁÔï/ï�ÎËà0º�»J¼�ÃÄ¼ËÂVÎI¿�ÑC¼ËÁÂVÎ#Õ�ÃÄÃØ¼ÅÆIÑCÕüÉÅÊG¿�ÈÐÁî×f¼ÚÏ+À�ÆI¼ËÑIÌJÑI¼ÅÆI¼ËÁ ö ÏÐÆI»ëÆI»�¼áÁ�Ï��Í¼ËÑC¼ËÀ�Æ�ÃØÊG×�Ï+ÈÐÏÐÆIÏ+¼ËÎMÊV½-Æ�»J¼u»JÊGÈ+¼ÅÎ�ÂVÀ�Áë¼ËÈÐ¼ËÉÅÆIÑIÊGÀJÎØÏÐÀ
�TÏEàßê�ÉÅÉËÊGÑCÁ�Ï+ÀJÙ5Æ�Ê(�TåË¼U3]���l6iÆ�»�¼ÄÃÄÊV×�Ï+ÈÐÏÐÆèÕu½6ÊGÑY�9AûÏ+ÎØÿ��tclduÉÅÃþRqæ�"�ÎMÉËÊGÃØÌ�ÂVÑC¼ËÁ²ÆIÊU�tclduÉÅÃþRqæ�"�ÎÛ½6ÊGÑ»�ÊVÈ+¼ËÎÅà5º�»J¼ßÉËÊGÀJÎI¼��Ç¿�¼ÅÀ�ÉË¼ÚÊh½�Æ�»�¼ÔÂVÎCÕ�ÃØÃÄ¼�Æ�ÑCÕ±ÏÐÎ�Á�Ï´�ã¼ÅÑI¼ÅÀÇÆ�½6ÊGÑÛÆ�»�¼Øô�ÞG¼1�iV,êf ÉË¼ÅÈ+È+ÎMÌf¼ËÑ�ç¦/0�ÝÏÐÀÆI»�¼1V2ZX��à/ýèÀüÆ�»J¼ÚÉÖÂVÎC¼ÚÊV½-Æ�»�¼ßÃÄÂVÎCóñ×�Ï�ÆÖÓ ö »�ÏÐÉn»ëÏ+Î�¿�ÎC¼ËÁûÆ�Ê÷¼ÅÀ�ÂV×�ÈÐ¼�æhÁJÏ+Î�Âh×�È+¼ÔÆI»�¼ßÌ�ÏðäT¼ËÈ�Ó¦díÃØ¼ÖÂhÀ�Î¼ÅÀ�ÂV×�ÈÐ¼ËÁ ÂVÀ�Á ÿ5ÃØ¼ÖÂVÀJÎæÁ�Ï+ÎIÂV×�È+¼ÅÁ
àëº�»�¼ËÑC¼Å½6ÊGÑC¼uÆI»�¼jd7Ë³ÿáÎ ö Ï�Æ�Én»�ÏÐÀ�Ù²ÁJÏ+ÑI¼ÅÉÅÆIÏ+ÊGÀ ö »�ÏÐÉn» Á�ÏÐÎ�ÂV×JÈ+¼ËÎæÆI»�¼Ì�ÏðäT¼ËÈ	Ï+Î�ÃØÊGÑC¼YÌ�ÑIÊG×�ÂV×�È+¼hà�Ì�Ê�ÊGÎCÏ+À�ÙæÎCÏ+À�ÙGÈÐ¼YÌ�Ï�äT¼ÅÈ+Î-Ï+Î�ÊGÀJÈÐÕÚÂ�ÃØÏ+À�ÊGÑÜÊGÌÍ¼ÅÑ�ÂhÆIÏ+ÊGÀ�ÂVÈãÌ�ÑCÊG×�ÈÐ¼ËÃuàÒº�»�¼�ÃØÊGÑC¼ÎC¼ËÑIÏÐÊG¿�Î�Ì�ÑIÊV×�È+¼ÅÃ ÊV½Í¼ËÀ�ÂV×JÈ+Ï+ÀJÙ�ÂÛÀ�ÊGÏÐÎCÕæÌJÏ�äT¼ËÈõÏ+ÎiÎC¿�Ì�Ì�ÑC¼ËÎIÎC¼ËÁ
à.�ÜÊGÀJÉË¼ËÑCÀ�Ï+ÀJÙ�Æ�»J¼,ÆIÑIÏ+Ã¶×�ÏÐÆIÎ�dMÃØ¼ÖÂVÀJÎ�ÀJÊVÆÆIÑIÏ+ÃØÃØ¼ËÁíÂhÀ�Áûÿ�ÃØ¼ÖÂVÀ�ÎZÆ�ÑIÏÐÃÄÃØ¼ËÁãà�º�ÑIÏ+ÃØÃØÏ+À�ÙØÈ+Ê ö ¼ËÑIÎZÆ�»�¼éÆI»�ÑI¼ÅÎI»�ÊVÈ+Á
àYº�»�ÏÐÎ�ÃØ¼ÖÂVÀ�ÎZÆ�»�ÂhÆZÆ�»�¼æÃØÊGÑC¼Ì�ÑCÊG×�ÂV×JÈ+¼�Î ö ÏÐÆ�Én»JÏ+À�ÙÚÁ�ÏÐÑI¼ÅÉÅÆ�ÏÐÊGÀíÈÐÊ ö ¼ËÑCÎ�Æ�»�¼�ÆI»�ÑI¼ÅÎI»�ÊVÈ+ÁøÂVÀ�ÁøÉËÂV¿�ÎI¼ÅÎ�ô�À�ÂVÈÐÈÐÕuÃØÊGÑI¼W$X�2Z4ÌëÑI¼ÅÎI¼ÅÆIÎMÂVÀ�ÁÉÅÊGÑIÑC¼ËÎIÌfÊGÀ�ÁJÏ+À�Ù5Á�ÂhÆnÂuÈ+ÊGÎCÎD���T¼ËÉ�ÆÖà cTà�ÿ�
�àÚì,¼ËÀ�ÉÅ¼ÔÆ�»J¼ÔÂVÎ#Õ�ÃÄÃØ¼ÅÆIÑCÕøÏ+ÎMÏ+ÀøÆ�»J¼ÔÉÖÂhÎI¼ÔÊh½¾Æ�»�¼�Æ�ÑCÏ+Ã ×JÏÐÆ�Î�ÂÁ�ÏÐÎ�ÂVÁTÞVÂhÀÇÆ�ÂVÙG¼hà�º�»J¼MÏÐÁ�¼ÖÂ�½6ÊGÑ¾ÆI»�¼ÛÀ�¼�ä�Æ0V2ZX� ÎC¿�×�ÃØÏ+ÎIÎCÏ+ÊGÀÚÏÐÎ�Æ�Ê�Ï+ÃØÌ�È+¼ÅÃÄ¼ÅÀ�Æ��C¿�Î#ÆZÊVÀ�¼ÛÃÄÊGÑC¼YÏ+À�ÞG¼ÅÑCÆI¼ËÑÌf¼ËÑ�Æ�ÑCÏ+Ã ×�ÏÐÆ¾ÆIÊ�ÎCÆ�ÊVÑI¼YÆ�»�¼ÛÊGÌJÌÍÊGÎCÏÐÆI¼YÈ+ÊGÙGÏÐÉ�ÎCÆ�ÂhÆ�¼MÂVÀJÁ5×f¼ËÀ�¼�ô�Æ-½6ÑIÊGÃ Æ�»�¼MÂVÎ#Õ�ÃÄÃØ¼ÅÆIÑCÕGàiêZÌ�Ì�ÈÐÕ�ÏÐÀ�Ù�Æ�»�ÏÐÎÆI»�¼ÛÉËÊGÀ�ÎC¼��Ç¿�¼ÅÀ�ÉË¼ÅÎ�ÊV½0Âk� Î /òÉËÊV¿�È+Áá×f¼MÑC¼ËÁ�¿JÉË¼ËÁãà

���



cTà���à V-¼ËÎC¿�ÈÐÆIÎ-ÂVÀ�Á�$�Ï+ÎIÉÅ¿�ÎIÎCÏ+ÊGÀ
è2 �Ú0 z� «@¨.ö<¥f£F½üÃ°ß©¨.ª ¨gk�Ò £¦ªfòÔÓ�Õ
�ÜÊGÃÄÌ�ÂVÑIÏÐÀ�Ù�ÆI»�¼YÉËÑCÊGÎIÎ�ÎC¼ËÉÅÆIÏ+ÊGÀJÎÜ½6ÊGÑÜÆI»�¼4V2ZX�·ÊV½ c�d�dW u¼�"XæRÉYÌ�ÑIÊVÆIÊGÀ�Î ö Ï�Æ�»áþ�d�dW 5¼�"4æhÉ	Ã M �Yd7Ë³ÿ�
Æ�»�¼uÏ+ÃØÌ�ÂVÉ�ÆÄÊh½�Ì�ÏÐÊGÀ�Î�ÉËÊGÀJÉË¼ËÑCÀ�Ï+ÀJÙ±� Î /ZÎÄÏ+Î>��à	�÷ÆIÏ+ÃØ¼ËÎ ö ÊVÑIÎI¼hà ê�ÉÅÉËÊGÑCÁ�Ï+À�Ù±Æ�Ê²ìZ¿�»�ÆIÏ+À�¼ÅÀÜ3���·_6-Æ�»�¼ÃÄ¼ËÂVÎI¿�ÑC¼ËÁÚÌ�ÏÐÊGÀüæhÌJÑIÊVÆIÊGÀÚÂVÎ#ÕTÃØÃØ¼ÅÆ�Ñ#ÕÔÏÐÎÜÑC¼ÖÂVÎCÊGÀ�ÂV×�ÈÐ¼VàÒº�ÊæÉËÑCÊGÎIÎCÉn»�¼ËÉnóßÆI»�Ï+Î¾ÑIÂhÆ�ÏÐÊéÊGÀJ¼�»�ÂVÎ¾ÆIÊ�ÎIÏÐÃ�¿�È]ÂRÆ�¼Æ�»�¼¾ÆI»�ÑI¼Å¼,ÁJÏ+ÃØ¼ËÀ�ÎCÏ+ÊGÀ�ÂhÈJÉn»�ÂVÑCÙG¼-Á�¼ËÌfÊGÎCÏÐÆ�ÏÐÊGÀ�ÏÐÀ�ÆI»�¼�ÎI¼ÅÃÄÏÐÉËÊGÀJÁ�¿�ÉÅÆIÊGÑÒÉÖÂh¿�ÎI¼ÅÁÔ×�Õæ»�ÂVÁJÑIÊGÀ�ÏÐÉ¾Ï+À�ÆI¼ËÑ�ÂhÉÅÆ�ÏÐÊGÀ�Îö ÏÐÆ�» þ�d�dø 5¼�"4æhÉøÌ�Ï+ÊVÀ�ÎÚÂVÀ�ÁÞc�d�dø 5¼�"4æhÉ÷Ì�ÑIÊhÆ�ÊGÀ�Î 3����l6Eà¬ê,½\Æ�¼ÅÑ ö ÂVÑIÁ ÊGÀ�¼÷»�ÂVÎßÆ�ÊûÎCÏ+Ã�¿�È+ÂhÆ�¼uÆ�»�¼Á�Ï��Í¿�ÎIÏÐÊGÀ÷ÂVÀJÁ÷Á�ÑIÏ�½\Æ�¼��ã¼ÅÉÅÆ�Î�ÆIÊÚÙG¼ÅÆ�Æ�»�¼�ÉÅÊGÑIÑC¼ËÉ�ÆYÉn»�ÂVÑCÙG¼æÉËÊGÈÐÈ+¼ÅÉÅÆ�ÏÐÊGÀ5ÆIÏ+ÃØ¼�Î#Æ�ÑC¿�ÉÅÆI¿�ÑI¼�ÂhÆ�Æ�»�¼�ÎC¼ËÀ�ÎCÏÐÆIÏÐÞG¼À�ÊTÁJ¼Và÷º�»�ÏÐÎ�Én»�ÂVÑCÙG¼ÔÆ�ÏÐÃÄ¼ÄÎCÆIÑI¿�É�Æ�¿�ÑC¼ßÏ+ÎéÆI»�¼ßÏÐÀ�Ì�¿JÆ�½6ÊGÑ�Âí¼ÅÈ+¼ËÉ�Æ�ÑCÏ+ÉÖÂhÈ�ÉÅÏ+ÑIÉÅ¿�ÏÐÆ�ÎIÏÐÃ�¿�È+ÂhÆ�ÏÐÊGÀ±ÆIÊ÷ÙG¼ÅÆ�Æ�»�¼Ì�ÑIÊG×�ÂV×�Ï+ÈÐÏÐÆèÕ�½6ÊGÑ-Î ö Ï�Æ�Én»�ÏÐÀ�ÙØÂ>�©V,êf ¢ÉÅ¼ËÈÐÈ�à
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exp. clusters: 8.038
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comparison of tilted and not tilted test structure
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�2ÃØÊGÑI¼ØÁ�¼ÅÆ�ÂVÏ+ÈÐÎÛÏ+À±��¼ËÉÅÆËà���à���
PàuïõÊVÑ�ÊGÌf¼ËÑIÂhÆ�ÏÐÀ�ÙáÆ�»�¼kV2ZX� ö ÏÐÆ�»±Æ�»�¼Äº�ÊVóV¼ËÀøS�ÏÐÆ¸ âÂVÀ�ÂhÙG¼ËÑ�Én»�Ï+Ì
Ó�Æ�»�¼ºTS2 ö ÂVÎ�ÃØÊG¿�À�ÆI¼ËÁñÊVÀüÂáÎI¼ËÌ�ÂVÑ�ÂhÆI¼ßç��OS¬ÏÐÀÇÆIÑIÊ�Á�¿�ÉÅ¼ËÁ±×Í¼�Æ ö ¼Å¼ËÀûÉn»�ÏÐÌñÉÖÂhÑIÑIÏÐ¼ËÑMÂVÀ�Á±Æ�»�¼�Æ�¼ÅÎCÆI×ÍÊ�ÂhÑIÁ
à
ZYÀ±Æ�»�ÏÐÎ�ÌJÑIÊzÞ�Ï+ÎIÏÐÊGÀ�ÂVÈiÎC¼ÅÆ�¿JÌñÆ�»�¼ØÆ�ÑIÂVÉË¼ÄÈ]ÂÖÕGÊG¿TÆ�ÂVÀJÁñÆ�»�¼ÅÑI¼�½6ÊGÑI¼ØÆ�»�¼ÄÌÍ¼ÅÑC½6ÊGÑCÃÔÂVÀJÉË¼ØÈ+Ï+óh¼�ÎIÏ+ÙVÀ�ÂVÈiÁ�¼ËÈ+ÂÖÕTÎÂVÀ�Á÷ÉËÑCÊGÎIÎ#ÆnÂVÈÐó5»�ÂzÞV¼�À�ÊVÆY×f¼Ë¼ÅÀ±ÏÐÀ�ÞG¼ËÎ#Æ�ÏÐÙ�ÂhÆ�¼ÅÁ÷¿�À�Á�¼ÅÑYÑI¼ËÂVÈ+ÏÐÎCÆ�ÏÐÉ�ÉÅÊGÀ�Á�Ï�Æ�ÏÐÊGÀ�ÎËàYýèÀ�ÞV¼ËÎCÆIÏ+Ù�ÂRÆ�Ï+ÀJÙÚÌ�ÑIÊVÆIÊVÆèÕ�ÌÍ¼ÃÄÊ�Á�¿�ÈÐ¼ËÎ�ÂVÀJÁÚÁ�¼ËÃØÊGÀ�Î#Æ�Ñ�ÂRÆ�Ï+ÀJÙ�Æ�»�ÂhÆÜÆ�»�¼Y¿�ÌÚÆIÊØÁ�ÂhÆ�¼��C¿JÎCÆ�Æ�»J¼ËÊGÑC¼ÅÆ�ÏÐÉÖÂVÈãÁ�¼ËÎCÏ+ÙGÀáÏ+ÎÜÑI¼ÖÂhÈ+ÈÐÕÄÂV×JÈ+¼�ÆIÊ�½6¿�ÈÐô�ÈÐÈÆ�»�¼ÚÑC¼��Ç¿�Ï+ÑC¼ËÃØ¼ËÀ�Æ�Î ö ÂVÎØÂVÀëÏ+ÃØÌÍÊVÑCÆnÂhÀÇÆ�ÃÄÏÐÈ+¼ËÎ#Æ�ÊGÀJ¼ÔÊGÀûÆ�»J¼ ö ÂÖÕüÆ�Ê÷ÆI»�¼ÚÌ�Ï�äT¼ÅÈ�Á�¼ÅÆI¼ËÉÅÆIÊGÑËàñº�»�¼uô�À�ÂVÈÁ�¼ËÎCÏ+ÙGÀáÊV½�Æ�»�¼Y×�ÂVÑIÑC¼ËÈ	ÃØÊTÁ�¿JÈ+¼�ÁJ¼ËÎIÉÅÑIÏÐ×Í¼ÅÁ5ÏÐÀU�Ü»�ÂVÌJÆ�¼ÅÑ,þ�ÏÐÀ�ÉËÈÐ¿�Á�¼ÅÎ-ÂVÈ+ÈfÆ�»�¼YÉn»�ÂhÀ�ÙG¼ËÎ,À�¼ÅÉË¼ËÎCÎ�ÂVÑ#ÕáÁ�¿�¼YÆ�ÊÆ�»�¼ÛÑI¼ÅÎI¿�È�Æ�Î�½6ÑIÊVÃ Æ�»J¼ÛÆI¼ËÎ#Æ�Î,Á�ÊGÀ�¼ ö ÏÐÆI»ÚÆ�»�¼ÛÌ�ÑCÊVÆ�ÊVÆèÕ�Ìf¼ÛÃÄÊ�Á�¿�ÈÐ¼ËÎËàýèÀâï0Ï+ÙV¿�ÑI¼*�Jà�ÿéÂ�Ì�»�ÊhÆ�ÊÔÊh½/ÊGÀ�¼MÊV½�Æ�»�¼MÌ�ÑIÊhÆ�ÊVÆèÕ�Ìf¼�ÃØÊTÁJ¿�È+¼ÅÎ,ÏÐÎ-ÎI»�Ê ö À
à�ý9Æ ö ÂhÎ,ÆI»�¼Mô�ÑIÎCÆ�ÂhÆCÆ�¼ËÃØÌJÆÆ�ÊMÊGÌÍ¼ÅÑ�ÂhÆI¼�ÂhÀÔ¼ËÀJÎI¼ËÃé×�È+¼,ÊV½Òÿ��*V2ZX�ÜÎ¾ÂhÎIÎI¼ÅÃ�×�ÈÐ¼ËÁÄÆIÊéÂMÃÄÊ�Á�¿�ÈÐ¼Và�º�»�¼�¿�ÎC¼ËÁÔç.��ý��^�l"�ÿ0V2ZX�ÜÎÜÀ�¼Å¼ËÁ�¼ÅÁÂVÁ�Á�Ï�Æ�Ï+ÊVÀ�ÂVÈ¦�íÉÖÂhÌ�ÂVÉËÏ�Æ�ÊGÑCÎ�½6ÊGÑ�ÊGÌf¼ËÑ�ÂRÆ�Ï+ÊVÀ
àâº�»�ÑC¼Ë¼ß½6ÊGÑMÆ�»�¼ÔÁ�¼ËÉÅÊG¿�Ì�ÈÐÏ+À�Ù÷ÂhÀ�Áüô�ÈÐÆI¼ËÑCÏ+À�Ù5ÊV½�Æ�»�¼ÔÎI¿�Ì�ÌJÈÐÕÌÍÊ ö ¼ËÑ�ÂVÀ�Á±ÊGÀ�¼�½6ÊGÑYÎI¿�ÌJÌ�ÑI¼ÅÎIÎIÏÐÀ�ÙâÆI»�¼ÄÊVÎIÉËÏÐÈ+È+ÂhÆ�ÏÐÊGÀ�Î�ÉËÂV¿�ÎC¼ËÁñ×�Õ±ÂáÁ�¼ËÎCÏ+ÙGÀ²¼ËÑCÑIÊGÑþ�z��¼ËÉÅÆËà���àÐÿ�
�àØýèÀ±ÆI»�Ï+ÎÊG×�ÎIÊVÈ+¼ÅÆI¼ÚÁ�¼ËÎCÏ+ÙGÀûÆI»�¼Ú×ÍÊVÀ�Á�ÂV×�ÈÐ¼ßÉÖÂhÌ�ÂVÉËÏ�Æ�ÊGÑCÎ ö ¼ÅÑI¼áÎIÊVÈ+Á�¼ÅÑI¼ËÁëÊGÀûÆI»�¼á×�ÂVÎI¼ÚÌJÈ]ÂhÆI¼ÚÂVÀ�ÁëÉËÊVÀ�À�¼ËÉ�Æ�¼ÅÁ Æ�ÊÆ�»�¼¸V2ZX�ÜÎ�×�ÕâÁJÏ+ÑI¼ÅÉÅÆ ö Ï+ÑC¼�×fÊGÀ�Á�ÎÅàZº�»J¼�ÊGÈ+Áu×�ÂVÎC¼éÌ�È+ÂhÆ�¼MÁ�¼ÅÎIÏ+ÙVÀ�¼ËÁâ½6ÊVÑ,ÆI»�¼�ç��Tý���þÄÊ��ã¼ÅÑIÎ0�ÄÌ�ÂVÁJÎZ½6ÊGÑÉÖÂVÌ�ÂhÉËÏÐÆIÊGÑIÎ¾½6ÊVÑ¾¼ÖÂVÉn»UV2ZX��à�º�»�¼*V2ZX�ÜÎ-»�ÂÖÞG¼M×Í¼Å¼ËÀu×�¿�ÃØÌá×ÍÊGÀJÁ�¼ËÁáÆ�ÊØÂ�ÎI¼ÅÀ�ÎIÊVÑZÊV½�Æ�»J¼�ô�À�ÂVÈ	Á�¼ÅÎIÏÐÙGÀ
àïõÊVÑ�Æ�»�¼�ÊVÆI»�¼ËÑÛÉÅÊGÃÄÌfÊGÀ�¼ÅÀ�Æ�ÎÛÊV½iÆ�»�¼�Ì�ÑCÊVÆ�ÊhÆèÕTÌf¼�ÃÄÊ�Á�¿�ÈÐ¼�È+ÏÐóV¼�ÆI»�¼æÌÍÊ ö ¼ËÑMÉÖÂV×JÈ+¼VÓ
ÆI»�¼>&ÛÂVÌJÆ�ÊVÀ±ÉËÂV×�ÈÐ¼VÓÆ�»�¼Ûì\$�ý�ÂhÀ�ÁßÆ�»�¼Y×�ÂVÎI¼YÌ�È+ÂhÆ�¼�Ì�ÑI¼ÅÉË¿�ÑCÎIÊGÑ¾ÞV¼ËÑIÎCÏ+ÊGÀJÎ ö ¼ÅÑI¼Û¿�ÎI¼ÅÁ
àiº�»�¼Û×�ÂVÎC¼YÌ�È]ÂhÆI¼ ö ÂVÎ,ÂVÈ+ÑC¼ÖÂVÁTÕÄÉÅ¿JÆ�½6ÊGÑÆ�¼ËÎ#Æ�ÏÐÀ�Ù�Æ�»�¼�ÃÄ¼ÅÉn»�ÂVÀ�ÏÐÉÖÂVÈÍÎCÆnÂh×�Ï+ÈÐÏÐÆèÕØÏ+ÀÔÆ ö Ê�ÎCÆIÑIÏ+Ìf¼ËÎ ö ÏÐÆ�»ßÆI»�¼�ô�À�ÂVÈ ö Ï+ÁTÆ�»
àÒê ö ÊGÑCó�ÏÐÀ�ÙæºTS2 ö ÂVÎ�À�ÊVÆÂzÞhÂVÏÐÈ]ÂV×JÈ+¼�ÂhÆYÆ�»�ÏÐÎ�Æ�ÏÐÃÄ¼hà�º�»J¼ËÑI¼�½6ÊGÑI¼æÆI»�¼æÎIÏÐÙGÀ�ÂVÈ/ÁJÏ+ÎCÆIÑIÏÐ×�¿JÆ�ÏÐÊGÀ ö ÂVÎÛÁ�ÊGÀJ¼ØÌ�ÂVÎIÎCÏÐÞG¼ÅÈÐÕâ×ÇÕ÷ÂÔÆ�¼ËÃØÌfÊGÑ�ÂVÑ#ÕÌ�ÂhÆ�Én» ö »�ÏÐÉn» ö ÂVÎ ö ÏÐÑI¼¾×fÊGÀ�ÁJ¼ËÁ
à/º�»J¼�ÃÄÏÐÎIÎIÏÐÀ�Ù�ºTSO ö ÂVÎiÀ�ÊYÑC¼ËÎCÆIÑIÏÐÉÅÆ�ÏÐÊGÀ�ÎCÏ+À�ÉÅ¼¾Æ�»�¼ÜÆI¼ËÎ#Æ�×fÊ�ÂVÑIÁØÂVÈÐÈ+Ê ö ÎÆ�ÊÚ»�ÂÖÞG¼æ½6¿�ÈÐÈ0ÉÅÊGÀ�Æ�ÑIÊVÈ/ÊzÞG¼ËÑYÆI»�¼æÃÄÊ�Á�¿�ÈÐ¼Và Î ÞG¼ËÀøÆ�»J¼æ×Í¼ÅÙGÏ+À�ÀJÏ+À�ÙÚÊV½iÆI»�¼æÃÄÊ�Á�¿�ÈÐ¼éÑC¼ÖÂVÁ�ÊV¿JÆ ö ÂhÎM¿JÀ�Á�¼ËÑÉËÊGÀ�Æ�ÑCÊGÈ�à±º�»�¼áÃØÊTÁ�¿JÈ+¼ÔÑC¼ÖÂVÁJÊG¿JÆ�Ï+ÎéÎCÆnÂhÑCÆ�¼ÅÁë×ÇÕñÆ�»�¼áÂVÌJÌÍ¼ËÂVÑ�ÂVÀJÉË¼ÚÊV½-Æ�»J¼ßÆ�ÊGóh¼ËÀîÎIÏ+ÙVÀ�ÂVÈ¾ÂRÆ�Æ�»�¼ßô�ÑIÎCÆ
V2ZX� ÊV½�ÆI»�¼âÃØÊTÁJ¿�È+¼hà ÏZÊVÑIÃÄÂVÈ+È�ÕñÆ�»J¼5Æ�ÊVóV¼ËÀ%Ì�ÂVÎIÎIÂVÙG¼5Ï+ÎØÂV¿JÆIÊGÀ�ÊGÃØÊG¿�ÎCÈÐÕûÏÐÀ�ÏÐÆIÏ]ÂhÆI¼ËÁë×�ÕîÆI»�¼âºTSO 
�z�T¼ÅÉÅÆÖà¾þJàÐÿVà þ^
Pà¬ï�Ï+À�ÂVÈÐÈÐÕûÆI»�¼øÃÄÏÐÎIÎIÏÐÀ�ÙüºTS2 ÆI¿�ÑIÀ�¼ÅÁ ÊG¿JÆÚÆ�Êû×f¼øÂVÀ ÂVÁJÞhÂVÀ�Æ�ÂVÙG¼â½6ÊGÑÄÆ�»�¼÷ÉÅÑIÊGÎCÎCÆnÂhÈ+óÃÄ¼ËÂVÎI¿�ÑC¼ËÃØ¼ËÀ�Æ�ÎÅà'e Ï�Æ�»áÆ�»�¼�Ì�ÑIÊhÆ�ÊVÆèÕ�Ìf¼éÃØÊTÁ�¿JÈ+¼ËÎ�ÆI»�¼�½6¿�ÈÐÈ
½6¿�À�É�Æ�Ï+ÊVÀ�ÂVÈ+Ï�ÆèÕÚÊV½iÂØÉËÊGÃØÌ�ÈÐ¼ÅÆ�¼ÛÃØÊTÁJ¿�È+¼Û»�ÂVÎ
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�Ü»�ÂhÌJÆ�¼ÅÑ\�Tà Ì�ÂV×fÊGÑ�ÂhÆIÊGÑCÕÔýèÀ�ÞG¼ËÎ#Æ�ÏÐÙ�ÂhÆ�ÏÐÊGÀ�Î ö ÏÐÆI»uçiÑCÊVÆ�ÊhÆèÕTÌf¼� 5Ê�Á�¿�È+¼ÅÎ

ï0ÏÐÙG¿�ÑC¼4�Jà�ÿ��Òê Ì�ÑIÊVÆIÊVÆèÕ�ÌÍ¼ÛÃØÊTÁJ¿�È+¼YÂhÎIÎI¼ÅÃ�×�ÈÐ¼ËÁ ö ÏÐÆI»±ÿ��Øç��Tý����l"�ÿ�V2ZX�ÜÎ,ÂVÀ�ÁuÂ�ô�À�ÂVÈ	ÎC¼ËÀ�ÎCÊGÑËà�ï�ÑIÊGÃÆI»�¼÷ÌÍÊ ö ¼ËÑßÉËÂV×�ÈÐ¼VÓ-Æ�»�¼M&ÛÂVÌTÆ�ÊGÀ ÉËÂV×�È+¼hÓ�Æ�»�¼÷ì\$�ýØÂVÀ�Á·Æ�»J¼÷×�ÂVÎI¼âÌ�È]ÂhÆI¼íÌ�ÑC¼ËÈ+ÏÐÃÄÏÐÀ�ÂVÑ#ÕüÞG¼ÅÑIÎIÏÐÊGÀ�ÎáÂVÑC¼¿�ÎC¼ËÁ
à.�TÏÐÀ�ÉË¼�À�ÊæºTS2 ö ÂhÎ-ÂzÞhÂVÏÐÈ]ÂV×JÈ+¼VÓ�ÆI»�¼�ÎIÏÐÙGÀ�ÂVÈÍÁ�Ï+Î#Æ�ÑCÏ+×�¿JÆIÏ+ÊGÀ ö ÂhÎ�Á�ÊGÀ�¼�×�Õ ö Ï+ÑI¼�×ÍÊGÀJÁ�Ï+À�ÙJà/ýèÀßÆ�»�ÏÐÎÊG×JÎIÊGÈÐ¼ÅÆ�¼YÁJ¼ËÎIÏÐÙGÀ
Ó�ÆI»�¼YÉÖÂVÌ�ÂVÉËÏ�Æ�ÊGÑCÎ¾½6ÊGÑ�Á�¼ËÉÅÊG¿�Ì�ÈÐÏ+À�Ù�ÆI»�¼ÛÌÍÊ ö ¼ËÑ-ÎI¿JÌ�Ì�È+ÏÐ¼ËÎ�ÊV½�Æ�»J¼XV2ZX�ÜÎ ö ¼ËÑC¼�ÃØÊG¿�À�ÆI¼ËÁÊGÀáÆ�»J¼M×�ÂVÎI¼ÛÌ�È+ÂhÆ�¼>�6ÉËÊGÃØÌ�ÂVÑC¼*�T¼ËÉ�ÆÖàõþJà�ÿ�
�à
×f¼Ë¼ÅÀâÆ�¼ÅÎCÆ�¼ÅÁ÷ÂhÆ,Æ�»�¼Mô�ÑIÎ#ÆZÆIÏ+ÃØ¼Và¾ýèÀâÌ�ÂVÑ�ÂhÈ+È+¼ÅÈãÆ�ÊØÆ�»�¼MÉËÊVÃÄÃØÏ+ÎCÎIÏ+ÊVÀ�Ï+À�ÙæÊh½/Æ�»�¼�Ì�ÑIÊhÆ�ÊVÆèÕ�Ìf¼�ÃØÊTÁJ¿�È+¼ÅÎ,ÆI»�¼ÆI¼ËÎCÆI×ÍÊGÂVÑIÁëÂVÀJÁñÆ�»�¼Äô�ÑIÃ ö ÂVÑC¼Ô½6ÊGÑÛÆ�»�¼Úï0çgIYê*,MÊVÀüÏÐÆ�»�ÂÖÞG¼Ú×f¼Ë¼ÅÀëÂVÁ�ÂVÌJÆI¼ËÁûÂhÀ�Áû¿�Ì�ÙGÑIÂVÁ�¼ÅÁü½6ÊGÑ�ÆI»�¼ÊGÌf¼ËÑIÂhÆ�ÏÐÊGÀ ö ÏÐÆI»âÂæÃØÊTÁJ¿�È+¼hàê�ÀJÊVÆ�»�¼ÅÑÔÂhÎIÌf¼ËÉÅÆØÊV½,Æ�»J¼5Ì�ÑCÊVÆ�ÊhÆèÕTÌf¼áÃÄÊ�Á�¿�ÈÐ¼ßÌ�ÑCÊTÁ�¿JÉÅÆ�ÏÐÊGÀ ö ÂhÎØÆI»�¼ÚÆ�¼ËÎ#ÆÔÊh½ZÆI»�¼uÂVÎIÎC¼ËÃ�×�È�ÕûÈ+ÏÐÀ�¼Vàº�»�¼æÁJ¼ËÁ�ÏÐÉÖÂhÆI¼ËÁ±ÂVÎIÎC¼ËÃ�×JÈÐÕ5È+Ï+ÀJ¼ ö ÂVÎYÎI¼�ÆÛ¿�Ìí½6ÊGÑ�ÆI»�¼�ÃÄÂVÎIÎ�ÌJÑIÊ�Á�¿�ÉÅÆIÏ+ÊGÀ÷Êh½ÒÆ�»�¼æ×�ÂhÑIÑI¼ÅÈ0ÃØÊTÁJ¿�È+¼ÅÎW35��þl6Eàï�¿�Ñ#Æ�»�¼ÅÑIÃØÊGÑI¼ØÂVÌ�ÌJÑIÊGÌ�ÑCÏ]ÂhÆI¼�Æ�¼ÅÎCÆ�Ì�ÑIÊ�ÉË¼ÅÁ�¿�ÑI¼ÅÎ�½6ÊGÑÛÌ�ÂhÑCÆ�È�Õ÷ÂVÎCÎI¼ÅÃ�×�È+¼ÅÁñÃØÊTÁJ¿�È+¼æÉÅÊGÃÄÌfÊGÀ�¼ÅÀ�Æ�ÎM¼VàAÙ�àÄÆI»�¼×�ÂhÑI¼>V2ZX��²èÎC¼ËÀ�ÎCÊGÑ�ÎIÂVÀ�Á ö ÏÐÉn»
Ó�Æ�»�¼Øì0$�ýZ¼��Ç¿�ÏÐÌ�ÌÍ¼ÅÁ ö Ï�Æ�»øÌ�ÂVÎCÎIÏÐÞV¼ÄÉÅÊGÃØÌÍÊGÀJ¼ËÀ�Æ�ÎÅÓ�ÆI»�¼�ºTS2 ÂVÀJÁ±ÆI»�¼ÎCÏ+ÙGÀ�ÂhÈ~æhÌfÊ ö ¼ÅÑ�ÉÖÂV×�ÈÐ¼Y¼ÅÆIÉVài»�ÂÖÞG¼M×Í¼Å¼ËÀuÏ+À�ÞG¼ÅÎCÆIÏ+Ù�ÂhÆI¼ËÁ
à
!18�9 ÁÄB4E�C ��B0C�LM?
º�»�¼iÆ�¼ÅÎCÆ�ÎI¼�Æ�¿�ÌÛ½6ÊGÑ
ÆI»�¼iÉËÑIÊVÎIÎCÆ�ÂVÈ+ó�ÃÄ¼ËÂVÎI¿�ÑC¼ËÃØ¼ËÀ�Æ�Î�ÏÐÀÛÆI»�¼iÈ]ÂV×fÊGÑIÂhÆ�ÊGÑ#Õ�ÉÅÊGÀ�ÎCÏ+ÎCÆI¼ËÁM×�ÂVÎCÏ+ÉÖÂhÈ+ÈÐÕZÊV½JÂ�ÃÄÊ�Á�¿�ÈÐ¼ÊGÌf¼ËÑIÂhÆ�¼ÅÁû×�ÕñÆ�»J¼ÔÆ�¼ÅÎCÆ�×fÊ�ÂVÑCÁ
à÷º�Êí×Í¼ßÂVÎ¸³�¼PäJÏÐ×�È+¼ÔÂVÎ�ÌfÊGÎIÎCÏ+×�ÈÐ¼ÔÏÐÀñÆ�»�¼ÔÃÄ¼ËÂVÎI¿�ÑC¼ËÃØ¼ËÀ�Æ�Î�ÆI»�¼ßºTS ö ÂVÎÊGÌf¼ËÑIÂhÆ�¼ÅÁ²ÏÐÀ±ÂuÃØÊTÁJ¼�Æ�»�ÂhÆMÂhÈ+È+Ê ö Î�ÆIÊ5¿�ÎC¼�¼�ä�Æ�¼ÅÑIÀ�ÂVÈiÉÅÊGÀ�Æ�ÑIÊVÈÒÎIÏ+ÙVÀ�ÂVÈ+Î�½6ÊVÑ�Æ�»�¼ØÑI¿�ÀJÀ�Ï+À�ÙáÊGÌf¼ËÑIÂhÆ�ÏÐÊGÀ÷ÊV½ÆI»�¼ZÃØÊ�Á�¿�È+¼hà0º�»�¼,ÉËÈÐÊTÉnóõÓÇÆ�ÑCÏ+ÙGÙG¼ÅÑËÓ�ÉËÂVÈ+ÏÐ×�Ñ�ÂhÆI¼-ÂVÀ�ÁØÆ�ÊGóh¼ËÀÔÎCÏ+ÙGÀ�ÂVÈ+Î ö ¼ËÑI¼ZÌ�ÑIÊzÞ�Ï+ÁJ¼ËÁÔ×�ÕØÂMÌ�ÑIÊGÙVÑ�ÂVÃØÃÔÂh×�È+¼Ì�ÂRÆIÆ�¼ÅÑIÀüÙV¼ËÀ�¼ÅÑ�ÂhÆIÊGÑ��6º�¼ÅóÇÆIÑIÊGÀJÏ�ä@$�I��ld^��dVêf
�à	º�»�¼ßÉÅÊGÃØÃÔÂVÀJÁ�ÎM½6ÊVÑéÏ+ÀJÏÐÆ�Ï+ÂVÈ+ÏÐåËÏÐÀ�ÙßÂVÈÐÈiÑI¼ËÙVÏ+ÎCÆI¼ËÑCÎéÊV½�ÆI»�¼
V2ZX�ÜÎéÂVÀ�ÁñÌJÑIÊGÙGÑIÂVÃØÃÄÏÐÀ�ÙßÞhÂVÑIÏÐÊG¿�ÎÛÎI¼�Æ�¿�Ì�ÎMÊV½¾ÆI»�¼ØÃÄÊ�Á�¿�ÈÐ¼ ö ¼ËÑC¼ÔÁ�¼ÅÈ+Ï�ÞG¼ËÑC¼ËÁ²×ÇÕ²Â5ç.� Æ�Ê5ÆI»�¼ØºTS�à
SÜÊhÆ�»
Ó/ÆI»�¼ßºTS ö ÏÐÆI»ñÆ�»�¼áï0çgIYê ÂhÀ�ÁüÆ�»�¼ÚÌ�ÂhÆIÆI¼ËÑIÀûÙV¼ËÀ�¼ÅÑ�ÂhÆIÊGÑ ö ¼ËÑI¼ÚÉÅÊGÀ�Æ�ÑCÊGÈ+ÈÐ¼ËÁü×�ÕñÆI»�Ï+Îéç���à/º�»�¼½6ÊGÑCÃÄ¼ÅÑMÞ�Ï+ÂuÆ�»J¼ÔÌ�ÂVÑIÂVÈ+ÈÐ¼ËÈÒÌfÊGÑCÆéÂVÀ�Á±Æ�»�¼ÄÈ]ÂhÆCÆ�¼ÅÑ�×�ÕøÆ�»�¼D�Q�2�TýÛÏ+À�ÆI¼ËÑC½2ÂhÉË¼Vàuº�»�¼ÄÌÍÊ ö ¼ËÑæÂVÀJÁ²Æ�»J¼Ô×�Ï+ÂVÎÞVÊGÈÐÆ�ÂVÙG¼�½6ÊGÑ�ÆI»�¼�ÃÄÊ�Á�¿�ÈÐ¼ ö ¼ËÑI¼ØÂVÈÐÎIÊÚÌ�ÑCÊzÞTÏÐÁ�¼ËÁ±×�ÕíÆ�»J¼ØºTSZà
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transmitter-receiver PSI46V1 (y = 3.41 + 0.32 x)

transmitter-receiver PSI46V2 (y = 3.13 + 0.23 x)

LVDS transmitter-receiver delay vs. capacitive load
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Threshold distribution

Entries  66560
Mean    74.12
RMS     4.747
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]-] width[e-      beam        eff[%] thr[e

   87.0  4437.66  225.272~ 100MHz/cm

   99.7  4200.34  177.392~  40MHz/cm

        no        100  4134.27  127.43

2beam ~100 MHz/cm

2beam ~40 MHz/cm

no beam
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-threshold = 1925 e

-threshold = 2250 e

-threshold = 2900 e

-threshold = 4200 e
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 = - 70 VbiasU

 = - 100 VbiasU

 = - 200 VbiasU

 = - 300 VbiasU

 = - 500 VbiasU
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