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�
i ¨ 6

,
¡C�O\[�yY

x ß , x � Ã,dWYij
v NAXQV]PiV]S=acY�P[l]�?b]NA}WdWacY�XQYil]VWbWVWdWa)��U]NAXQdW_JS=YRUWdW_^U]NQPixWUWYr�yYil]YRdWdWacY�d]N^_QTAUWY v f?Y � Ù , 6��kqtÀ�d]��_QU]SONA�WVCZ_Q`
xi
�y_JPiTA�?xWd]N�TA_8l]�Qf?_

i
j S=���?b]NQPiTAdWVWfW�Qq À�\RUW_Qf

i
TRNA}WdW_ v N�ZWXAlWZWYRT��WYRdW� bi V v NAxWYRb]NATAacXJNAYRT v N�ZWXQfW�X�f?_QdWXQYRUWT8�Cd]N�f?_QTA_QUW_JSªxWVW�tYRT�PiXQ_QwF�)NQS=VCl]VWwtq

NJ7^���JPiTA�)fQNAUWTAVWd]N��y_JPiTRNAYRTQP[ZMTA_JS=�Q�JfWTA_�d]N v XJN�lMd]NAVW`Q_8l]�Q�t�?w¬�WYRdW�Q�JfQNAf?_QXQ�?w§_QdMVMxClyNATAVWT8q ��UWYr�]jxW_8lyNA\[N�ZtPiTAU]NATAYR\RVWVtVW\RUW_Qf?_QX�TRNAfWV]S=V��QbWTA_ U]N v S=YRU v N�ZWXQfWV�xWUW_QxW_QUW�WVW_Qd]N�l]YRdtPi�?`���YRfWTAVWXQdW_Q}��WYRdCjdW_JPiTAV$fQNAUWTAVWdWa)�yd]NA}WTAV$`JNA}WYhPi_QXJPif?_QY U]NAXQdW_QXQYhPiVWYQq �'���y�?T�l]V$VW\RUW_QfWV^�yYRfClyNAUWVWUW_QXJNATA��PiXQ_QV;V]PrjTAVWdWdWacY�_Q�WYRdWfWV&fQNAUWTAVWdWa�z
`?7^²�_QT;~�YMXQ_QxWUW_JP��]lWZªN8�?fW�WVW_Qd]N�egXQTA_QUW_Q}3�WYRdWa�mW��f?_Q\[��N&fQNAUWTAVWd]N&�y_JPiTRNAYRTQP[Z­TA_JS=�Q�EfWTA_$d]N v XJN�ld]NAVW`Q_8l]�Q�t�?wË�WYRdW�Q�WdW_�xClyNATAVWTM_Qd&�WYRdW�Q� v N�ZWXAl]YRdWdW�?wFxWUW_QVW\RU]NAXQ�tV]S�N8�?fW�WVW_Qd�q

�^�$# � �"��� !

"*"�)132�!��á��� �c-���� �"ÏÐ� !"!��á����� 	"���c-������"*"�����"�t��!"-������c*;(
687 � H]¥�È�<?>A@CG=Hy<$Ö <QIOH�KtÁ�b]NQPiTAdWVWfWV"ÃÐ�yXJN�\RU]NA`QVWTAYilWZ|n�� ß V	� � 7�V"�J_ v ZWVWd�n)($7rq ��U]NA`QVWTAYil]�
� ß S=_Q\`Qa v NA`QU]NATA�JP[Z&X��y_JS|f (3�]dW_M�&dWYR\R_�SON�l]_QXJNATA_MPiVCl]YRdW_Qf�q�¯�d"S=_8~�YRT�xWUWYr�]l]_8~MVWTA��� � xW_Q}WTAV"P)dWV]Sd]N)�yYil]_]q
��_ v ZWVWd&XQV?�yVWT8�WbWTA_�f&dWYhS=� v NA`QU]N�l]V]Pi�]�JdW_�dWY v d]NAYRT8�WPif?_8l]�Qf?_tVC��q'¯�d&S=_8~�YRT�PiV?�yYRTA��TAVC�J_VCl]V;xW_h�ydCZWTA���t�CSuq
LON v XQYRUWdW�?TRN�Z&��_QU]SONtXQac\ÊlWZ?�yVWT�TRNAf�¾
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Â)NA}?�yVWTAY�XJPiY)PiYRfWXQYRdW�WV]N�l]�QdWacY�U]NAXQdW_QXQYhPiVCZ�q��FYhPiTA��l]V^�yUW�?\RVWY)U]NAXQdW_QXQYhPiVCZ&Â�±R��NJz
¡Q7 � HyÈ GEBE@W<QI��yG=Hy<;¥]IOH �/<JGEB=<yK�À)S=YRYRTQP[Z;`Q_8l]�Q�t_QY bWV]P[l]_

n
NA\RYRdWTA_QX]�Cf?_QTA_QUWacY)U]NQPRPRSONATAUWVWXJNAw�T�XQ_ v jS=_8~MdW_JPiTA�)XAl]_8~�YRdWVCZMPiXQ_QVC��PiUWYr��PiTAX�X�dWYRfWVW}�SON�l]_QV v XQYhPiTAdWac}M`JNAdWf�q=À v d]N8b]N�l]�QdW_�XJPiY�PibWVWTRNAw�T8�?bWTA_`JNAdWf�S=_8~�YRT/P^U]NAXQdWa�S=V���NAd]PRNQS=Vª_QfQN v NATA�JP[Z�d]N8�yYi~MdWa�S�VCl]V�dWYRd]N8�yYi~MdWa�Suq ��V]PiTAac}�XQacVW\RUWac�_QT3XAl]_8~�YRdWVCZ|X­d]N8�yYi~MdWac}|`JNAdWf|U]NAXQYRd|xWUW_QVW\RUWac�t�ª_QT­XAl]_8~�YRdWVCZ�X�dWYRd]N8�yYi~MdWac}�q§suPiY"NA\RYRdWTAadWYR}WTAU]N�l]�QdWa³f;UWV]PifW�Qq

Å)N�~��yac}3�?b]NQPiTAdWVWf�xWUWVWdWV]SONAYRT$UWYR�tYRdWVWY�_$XAl]_8~�YRdWVWV­PiUWYr��PiTAX]�E_JPidW_QXQacXJN�Z]Pi�^d]N&l]VWbWdW_JSFS=dWYRdWVWV_­`JNAdWf?Y;V¬d]NA`Al]w'��N�Z���fQNAf¬XQYr�y�?T�PiYR`AZ|_JPiTRN�l]�QdWacYQq½��UW_Q`Al]YhSON3X­TA_JSu�ubWTA_ªS=_8~MdW_�_Q�tVW`QVWTA�JP[Z�VxWUWVWdCZWTA�)�J_QUW_Q�tVW}�`JNAdWf v N�xCl]_8�J_Q}�VCl]VMd]NA_Q`Q_QUW_QT8q���UWYr�yxW_8lyNA\[NAYRTQP[Z��AbWTA_�xWUWV�l]VWbWdW_Q}�_Q�WYRdWf?Yc`JNAdWfQN_Q�tVW`QfQN"fQNAf|X­TA�Q��TRNAf¬V|X"�yUW�?\R�?w PiTA_QUW_QdW�Q��xWUW_QV]P[�J_h�yVWT/P&XQYRUW_8ZWTAdW_JPiTA�Qw
ε
n
ε <

6
/
¡Q7r� xWUWVWbWYhS_Q�tVW`QfWV&U]N v l]VWbWdWau�&NA\RYRdWTA_QX�dWY v NAXQV]PiV]S=a³fQNAf$P[l]�?b]NA}WdWacY�Pi_Q`QacTAVCZ�q

À�\RU]NMxWUW_QTAYRfQNAYRT�TRNAf�¾�Pid]N8b]N�lyN�NA\RYRdWT"6tPi_JPiTRNAXAlWZWYRT^PiXQ_QY^n�XQ_ v S=_8~MdW_]�]_Q�tVW`Q_QbWdW_QY87cS=dWYRdWVWYt_^`JNAdWf?YV;XQfClyN8�yacXJNAYRT�VCl]V$dWY)XQfClyN8�yacXJNAYRT�XMdWYR\R_��yYRdW�Q\RV�q « NATAYhS|XQfCl]w�b]NAYRTQP[Z$NA\RYRdWT�¡C¾�XQV?�]Z��WbWTA_^Pg�yYilyN�lNA\RYRdWT$6Q�yV/V]S=YiZ/Pi_Q`JPiTAXQYRdWdW�?w0_Q�WYRdWfW�Q�y_Qd"TRNAfC~�YtxWUWVWdWV]SONAYRT^UWYR�tYRdWVWYQ�yXQfClyN8�yacXJNATA�MVCl]V/dWYtXQfClyN�j�yacXJNATA�]q�À�TRNAf;��N�l]YRYQ¾uVWd]��_QU]SONA�WVCZ��yd]NA`Al]w'��NAYhSON�Z$NA\RYRdWTA_JS
k
�CÃ ±RTA_^YR\R_^Pi_Q`JPiTAXQYRdWd]N�Z;_Q�WYRdWfQNMV�yYR}]PiTAXQVCZ;NA\RYRdWTA_QX;6

, . . . , k − 6�n�dW_�dWY)VC��l]VWbWdWacY)_Q�WYRdWfWV�Ä 7rq
NJ7^Å)NAf&�JPiTAUW_QYRdW_t�yYRUWYRXQ_�±RTA_Q}&VW\RUWa�z&{t_QUWV]Pi�?}WTAY�YR\R_t�y_�f?_QdW�]Nt�J_QThZ&`Qa§�]lWZ$P[l]�?b]N�Z

n ¨ ¡Cq`?7^��UWYr�yxW_8l]_8~MV]Su��bWTA_$YhP[l]V�NA\RYRdWTA�"`QY v U]N v l]VWbWdW_]��XQfClyN8�yacXJNATA�&VCl]V­dWYRT8�ETA_$_Qd3dWYMXQfClyN8�yacXJNAYRT8qÅ)NAf�`Q���y�?T��yYR}]PiTAXQ_QXJNATA��VW\RUW_QfWV�X)U]NAXQdW_QXQYhPiVWVyz�Á�fQN v NAdWVWYQ¾EUWYR�tVWTAY�VW\RUW�txW_ �y_JS=VWdWVWUW_QXJNAdWVWwt�XQ_JPixW_8l]� v _QXJNAXQ�tV]Pi�­TAYhSu� bWTA_|_Qd]N�VWTAYRU]NA�WVW_QdWd]N�Z���V³xW_QfQN�~MVWTAYQ� bWTA_¬P/XQYRUW_8ZWTAdW_JPiTA�Qw 6/XJPiYVW\RUW_QfWV��Wd]N8bWVWd]N�Z;P dWYRf?_QTA_QUW_Q\R_]�?`Q���y�?T�XQYhPiTAV;PiYR`AZ&_h�yVWd]NAf?_QXQ_]q
X?7^s'_ v S=_8~�YRdtl]VMXJPiYR_Q`Q�tVW}t_Q`JSONAdyz �'_8l]YRYuf?_QdWfWUWYRTAdW_]¾=PufQNAf?_Q}�XQYRUW_8ZWTAdW_JPiTA�Qw¬xW_QbWTAVMXJPiYuXAl]_8~�NATXMxCl]_8�J_Q}&`JNAdWf 
]P�fQNAf?_Q};XQYRUW_8ZWTAdW_JPiTA�QwFxW_QbWTAV$dWVWfWTA_�dWY)XAl]_8~MVWT�X��J_QUW_Q�tVW}yz"��UW_Qf?_JSOS=YRdWTAVCjUW�?}WTAYQq

�



oJ7&9�@WH|¹=HJI=¸�¶EBE@�¹E:EB ���F{tXQ_QY�Pi_QV]PifQNATAYil]YR}��
A
V
B
��xWacTRNAw�TQP[Z­XQacVW\RU]NATA�&dWYRfWVW}/xWUWV v q�À�\RU]N^xWUW_AjV]P[�J_h�yVWTtX�TAYRbWYRdWVWY)TAUWYi�M�ydWYR}�n

t ¨ 6 , ¡ , oJ7r�?xWUWVWbWYhS��WYRdWdW_JPiTA��xWUWV v N V XQ_ v U]NQPiTRNAYRT�Pi_�XQUWYhS=YRdWYhS�xW_v NAf?_QdW� V n t 7 ¨ ¡ t � ¡CqtÀ)S=YRYRTQP[Z v NAxWYRb]NATRNAdWdWac}/f?_QdWXQYRUWT8��X&f?_QTA_QUW_JS§d]NAxWV]PRNAdW_]��f?_JS=�&�y_8lW~�YRd$�y_AjPiTRNATA�JP[ZMxWUWV v qOsªxWYRUWXQac}��yYRdW��VW\RUW_Qf A S=_8~�YRT�Pg�yYilyNATA�)_h�ydW_)V v TAUWYi���yYR}]PiTAXQVW}�¾�l]VW`Q_�xWUWYr�]l]_8~MVWTA�XJPifWUWacTA�)f?_QdWXQYRUWT�n�xWUWV�±RTA_JS­xWUWV v XQa'��NAYRTQP[ZMTA_JS=�Q�JbW�QY�V]SEZMd]NAxWV]PRNAdW_)X�f?_QdWXQYRUWTAYQ�JxW_JP[l]YcbWYR\R_�VW\RU]Nv NAfQNAdWbWVWXJNAYRTQP[Zy7r�8l]VW`Q_)xWUWYr�]l]_8~MVWTA��xW_h�yYil]VWTA�)xWUWV v xW_QUW_QXQdW��n�xW_JP[l]YcbWYR\R_�VW\RU]N TRNAfC~�Y v NAfQNAdWbWVWXJNAYRT�jP[Zy7r�?l]VW`Q_�xW_h�y_8~���NATA��P[l]Yr�y�?w��tYR\R_��ydCZ�q Â)N�P[l]Yr�y�?w��tVW}��yYRdW��X�VW\RUW��XJPiTA�?x]NAYRT�VW\RUW_Qf
B
�Cf?_QTA_QUWac}TRNAfC~�YMS=_8~�YRT&XQac`QU]NATA�&_h�ydW_&V v ±RTAVC�/TAUWYi�"�yYR}]PiTAXQVW}�qMÂ)NAf?_QdWYR����d]N&TAUWYRTAVW}3�yYRdW�]��YhP[l]V/xWUWV v YR�tYdWY�d]NA�tYil�PiXQ_QVC�3_Q`AlyN8��NATAYil]YR}��ExWU]NAXQ_"\R_8l]_JPRN&XQdW_QXQ�$xWYRUWYi�J_h�yVWT$fªVW\RUW_QfW�

A
�=f?_QTA_QUWac}�XQac`QVWU]NAYRT8�XJPifWUWacXJNATA��f?_QdWXQYRUWT�VCl]V;xW_h�yYil]VWTA��xWUWV v xW_QUW_QXQdW�Qq

NJ7^���JPiTA��fQN�~��yac}"VW\RUW_Qf$U]NQPi�WYRdWVWXJNAYRT�NAxWUWVW_QUWdWacY���NAd]PiaFd]NMTA_]�ybWTA_^X�f?_QdWXQYRUWTAY�_QfQN�~�YRTQP[Z$YR\R_VCl]VMbW�J~�_QYcV]SEZ��QfQNAfMU]NAXQdWacYQqEÀ v _Q`QU]N v VWTAY��yYRUWYRXQ_)VW\RUWa)q=Å)NAf�`Q���y�?T�VW\RU]NATA�)�?b]NQPiTAdWVWfWVyz�{�lWZ_QxWUWYr�yYil]YRdWdW_JPiTAV$S=_8~�YRTAY)PibWVWTRNATA�]�WbWTA_MVW\RUW_QfWV;xWUW_8ZWXAlWZWw�T�S=VWdWV]SON�l]�QdW_QY�_QTAXQU]NA�tYRdWVWY�f;UWV]PrjfW�Q��NMV]S=YRdWdW_]��PiTAUWYhSEZWTQP[Z/X^xWYRUWXQ�?w0_QbWYRUWYr�y�&SONAfCPiV]S=V v VWUW_QXJNATA��PiXQ_Q}"_8~MV?��NAYhS=ac}$XQacVW\RUWac�^�V&�J~�Y�xW_QTA_JSu�CxWUWV;xWUW_QbWVC��U]NAXQdWau���WS=VWdWV]S=V v VWUW_QXJNATA��UWV]Pif­n�T8qWYQq=xWUWYr�yxW_QbWTAYRdWVCZ&l]YRfCPiVWf?_Q\RU]N�j��VWbWYhPifWVWY87rq
`?7 ��TAYRxWYRUW��dWYhPif?_8l]�Qf?_�`Q_8l]YRY)VWdWTAYRUWYhPid]N�Z"PiVWTA�JNA�WVCZ�¾�xWUWYr�yxW_8l]_8~MV]Su�]bWTA_�xWYRUWYr�/VW\RUW_Q}$VW\RUW_Qf

BxW_h�y\ÊlWZ?�yYil��ybWT��_&d]NAxWV]PRNAdW_�X�f?_QdWXQYRUWTAYQ�yV/±RTA_^V v S=YRdWYRdWVWYtVWd]��_QU]SONA�WVW_QdWdW_Q}"PiTAUW�?fWTA�?UWa0VW\RUWan�dW_�dWY�PRNQSONtVWd]��_QU]SONA�WVCZ��CPi_h�yYRUJ~�NA��N�Z]P[Z�X�f?_QdWXQYRUWTAYQÄ 7tPiTRN�l]_�_Q`Q�tV]S v d]NAdWVWYhSuq Â)NA}?�yVWTAY XJPiYPiVCl]�QdWacY�PiYRfWXQYRdW�WV]N�l]�QdWacY U]NAXQdW_QXQYhPiVCZ^X�xW_QXQYr�yYRdWbWYhPifWVC�&PiTAU]NATAYR\RVCZC��q
X?7^sÌxWUWYr�yxW_8l]_8~�YRdWVCZC�|x�q'oA`�_QTAXQYRTA��TAY"d]N�XQ_QxWUW_JPA¾/Pi�?�tYhPiTAXQ�?w�T­l]V§XªVW\RUWY½egU]NAXQdW_QXQYhPiVCZª�yV]Prjf?_Q_QUQ�yVWd]NA�WVWV]mW�yf?_Q\[��NMXJPiY��J_h�ya0PiYRfWXQYRdW�WV]N�l]�QdW_�U]NA�WVW_Qd]N�l]�QdWa)�yXJPiYtXQYRUWa���� ���8�)Pi_Q\ÊlyNQPi_QXJNAdWaP�xWUW_J��VCl]YhS�PiTAU]NATAYR\RVW}��]dW_�xW_JP[l]Yr�ydWVW}&dWY�ZWXAlWZWYRTQP[Z&U]NAXQdW_QXQYhPiVWYhSªÂ�±R��NJz
\87 �°YhPiTA�3l]V|X­VW\RUWY;x�q oA`­P[lyNA`QacY&PiYRfWXQYRdW�WV]N�l]�QdWacY&U]NAXQdW_QXQYhPiVCZ��OZWXAlWZWw��tVWYhP[Z�U]NAXQdW_QXQYhPiVCZ]S=VÂ�±R��NW�CdW_�dWY�ZWXAlWZWw��tVWYhP[Z;PiYRfWXQYRdW�WV]N�l]�QdWa�S=V&XMPiVCl]�QdW_JS�PRS=a�P[l]Y8z
��7$��_QxW_JPiTRNAXQ��TAY�UWY v �Al]��TRNATAaFxWUWYr�ya'�y�?�tVC�&xW�?dWfWTA_QX�V;xWUW_Qf?_JSOS=YRdWTAVWUW�?}WTAYQqcsuPiYR\[��N�l]V&�y_QxW_8l]dWVCjTAYil]�Qd]N�Z;VWd]��_QU]SONA�WVCZ&xWUWVWdW_JPiVWT�xW_8l]� v �MTA_JS=�Q�WfWTA_MYRY)xW_8l]�?b]NAYRTJz

Æ 7 � Hy>Q<AÖOB'K
��dWTA_Qd3V �'_QUWV]PA��Pi_JPiYr�yV/xW_^_Q`Q�tYi~MVWTAVWwt��fQN�~��yac}"�yYRdW�^TAU]NATAVCl]V3xW_$¡ Ù S=VWd�q�d]N�xW_8�J_h�X/SONA\[N v VWd v N$xWUW_h�y�?fWTRNQS=V�q/À)SF±RTA_"d]N8�y_QYil]_$V��ObWTA_Q`Qa Pi±Rf?_QdW_JS=VWTA�"XQUWYhSEZ��=_QdWV3�y_Q\R_QXQ_QUWVCl]V]Pi�$XTAYRbWYRdWVWY�`Al]VC~�NA}W�tVC�^bWYRTAacUWYi�M�ydWYR}^�J_h�yVWTA�tXMSONA\[N v VWd^xW_�_QbWYRUWYr�yV^V&xW_QfW�?x]NATA��d]N�XJPiYi��¾EX�xWYRUWXQac}�yYRdW� ��dWTA_Qd�� v NATAYhS �'_QUWV]P;V§T8q �Eq���_QfW�?xWfQN­xWUW_h�y�?fWTA_QX3�]lWZ³Pi_JPiYr��N­_QTAdWV]SONAYRT­l]VW�tdWVWY © S=VWd��xW_Q±RTA_JS=�"�/V?�y�?�tYR\R_;X"SONA\[N v VWd­xW_8ZWXAlWZWYRTQP[Z3Pi_Q`AlyN v d3d]NAUW�?�tVWTA�"Pi_Q\ÊlyNA�tYRdWVWY�V­fW�?xWVWTA�"xWUW_h�y�?fWTAaTA_8l]�Qf?_�PiYR`QYQq ¿�P[l]V;fWTA_AjkTA_��J_QTA��U]N v TRNAf"Pg�yYilyNAYRT8�CTA_MXMxW_JP[l]Yr�y�?w��tVWY��ydWV;�J_h�yVWTA��XMSONA\[N v VWd$PidW_QXJN`Q���y�?T�xW_�_QTR�yYil]�QdW_JPiTAV­n ��N�V;X�±RTA_QTt�yYRdW��_Q`JSONAdW�?TA_JS=�^Pi_JPiYr�y��xWUWV?�yYRTQP[Z;xWUW_Q\R�AlWZWTA�JP[Zy7rq
��dWTA_QdtXJPiYR\[��N'�yYR}]PiTAXQ�QYRT Pi_Q_Q`QU]N v dW_c_Q`JPiTA_8ZWTAYil]�JPiTAXJNQS­n�X�fQN�~��yac}tV v �yXQ�J��PiXQ_QVC���ydWYR}�S=_8~�YRT�XQac`QVCjU]NATA�]�QXQacxW_8l]dWVWTA�)VCl]V�d]NAUW�?�tVWTA�tPi_Q\ÊlyNA�tYRdWVWY87r�QN)XQ_QT �'_QUWV]PcS=_8~�YRT�ZWXAlWZWTA�JP[Z�_QxWxW_QUWTA�?dWV]PiTA_JSu�JfQNAf
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