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d'J$OYZ]\	~|J'}*ORQ�pR\b�$O�í$ORQ�L�fÂ~�J$Q|ÙosVX[O)�bst}'}Mfg�%�$j$ZK}P\b�ód$\V}Mfg���ôZ|Î'OÌñ��2fg~�}'Q|O`d'f�X[Z]O`d�Z]\�NPO`X[\bL�OÌX[\b��\b~|~|sV� �f�jöOVj2ÐK�V��� � fg�j�V\y\
d/sJ�VQ|ORO`L�O`��ZA�Tf�Z|ÎÖO[õ
}*ORQ�fgL�O`��ZRjô�TO`~|J'��Z|~YÙ¯\VQÌ~]ORÊVORQ�sV�ò\VZ|Î'ORQGX[\bL�}P\bJ'�'d'~YstQ|O�sV�g~|\
d'fg~|XRJM~|~]O`dÏj�WYJ'Q
XRsV�gXRJ'��stZ|f�\b�'~ôfg�g�gJ'~|Z]Q�stZ]O�}MstQ|Z|fgXRJM�gstQ����ÖZ|Î'stZôZ|Î$OâñÖ�B}MÎ$O`�$\bL�O`�$\b��f��Ôfg��Z]ORQ�L�ORZ|sV�g��fgXR~
XRsV�5NPO¡��O`���ÂJ'�'d$ORQ�~]Z]\�\
dâÙªQ�\bL%Z|Î$O`f�QTJM�'d$ORQ����
fg�%�
O`��O`X[Z]Q|\b�'f�X�~]Z]Q�J'X[Z|J$Q�OVj
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ñÖJ$r
J'�Âw*jM�msVsVd�sV�'d=*VO`sV�$��ñ�stQ�XG�x\VNMfg�
� q �;��tRm� q vu�C!��7K{d�HJ#@¤�sn� � ���.k(�C!��	��#>��x;DA��vh
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�xÎ$Oqd$\bJ$NM��O[��O[õ$X�ÎMsV�%�VO�lonqc�u�L�\yd'O`���Tf�Z|Îâf�Z|fg�'ORQ�sV�vZ�XRstQ|Q�f�ORQ�~�X[\bJ$}���O`d	Z]\�X[\VQ|OY~]}Mf��'~esV�'d�~]Z|stZ|f�XK�gstZ]Z|f�X[O
d'fg~]Z]\VQ�Z|f�\b�'~Ì\VQ�d'f�~]\VQ�d$ORQôfg~G~]\b�gÊVO`d�O[õ$sVX[Z|���Ffg�Ôfg�%,��'f�Z]O�d'f�L�O`�'~|f�\b�M~Rj��xÎ$OâX[\bJ$}M�gf��%�5Z]\ÖZ|Î$Oâ��stZ]Z|fgX[Oâf�~
d$O`~|X[Q�fgN*O`dW�Kf�Z|Î'fg�âZ|Î$OôsVd'fgstNMstZ|fgX�st}M}'Q|\`õ$fgL�stZ|fg\b� � �TÎ'f�X�Î1��OGstQ&�bJ$OGZ]\	NPOÌQ|O`sV~]\b�MstNM��OÌÙ¯\VQxZ|Î'fg~TL�\yd'O`��j
�/O1,��'d Z|ÎMstZ	fg�'X[Q|O`sV~�fg�%�/L�sJ�b�$ORZ|fgX1,MO`�gd Z]Q�f~�S�VORQ�~�sçB]JML�}Cfg� Z|Î$O5XRstQ|Q�f�ORQ	d$O`�'~�f�Z��FsV~�l��VO`Î+itStL�X¬uì�
X[Q|\b~|~]O`~
Z|Î$O�X�Î$O`L	fgXRsV�e}P\VZ]O`��Z|fgsV��jóëìZ
fg~
stQ&�bJ$O`d�Z|Î'stZ¾d'fg~]\VQ�d'ORQGX[\bJ'�gd���O`sVd�Z]\A~|fgL�f��gstQÌÙ¯O`stZ|J$Q|O`~RjÖW�J$Q
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Q|O`~|J'�gZ|~qstQ�O�fg��PyJ'sV�gfgZ|stZ|f�ÊVO�sJ�VQ|ORO`L�O`��ZA�Tf�Z|ÎAfg�'dMfgXRstZ|f�\b�'~KÙªQ�\bL �KsV�g� L�O`sV~�J$Q|O`L�O`��Z|~Y\b�/�ms-�ìwyQ|��ñ��
�ìW ��TÎ'fgX�Î/fg�'d'f�XRstZ]OôZ|ÎMstZÌZ|Î$Oâ��ñÖ�@f��AZ|Î$O`~]O	L�stZ]ORQ�fgsV�g~�fg~�d$Q�f�ÊVO`�AN��AZ|Î$O�,�O`�gd/fg�'d'JMX[O`dÖf��'X[Q|O`sV~]O�fg�AZ|Î'O
XRstQ|Q�f�ORQKX[\b�'X[O`�vZ]Q�stZ|f�\b� � Q�stZ|Î'ORQTZ|Î'sV�óNy��sV�5fg�'X[Q|O`sV~|OÌfg��Z|Î$OÌO�ÑPO`X[Z|f�ÊVO
Î'\V}'}Mfg�%�¾NPORZ	��ORO`��ñÖ�5f�\b�M~Rj
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æ$Û	Ü É à�á���ãJî$àXß÷àXävu � é�äXâ � Å w2î$Þ�à�á���à�ð z àXè	ë^úIã

x ç�_�6�À/Á>«M­-¿Ï¶¬¼�«MÇÜ¨oÃ Óâ®'­t¼ÏÆ�¶[F{³�«�y�´
ºAÛ{´y­�¥
²T6¬¥yÈ-Fx¥H:+:PÝ
q �J��� � �Js�sp�>!�R'¤u¤mHJ���	�&g=����Î¡ÏuÐfDF��� GIHJ��K

�Éëì�T�mcxhPð ÕYJMsV�vZ|J'L<�xÎ$OR\VQ|�â\VÙewy\b�gfgd'~�� � Õ��Kw����$ðn ÿ �xc�w*hm^`S¹��^`��IK\¬ÊVO`L
NPORQô^`_V_ba�j
ze� ÿ �Écxh$ë÷�'~]Z|f�Z|J$Z]O�\VÙòz�Îv�
~|fgXR~ÉsV�'d ÿ ~]Z]Q�\b�$\bLG� � ÿ stQ�ÎyJ'~cZq�'f�ÊVORQ�~|f�Z��

nYîY�¸�t�V�V� ÿ stQ�ÎyJ'~K� � nqO`�'L	stQ|r�jW��Éï ÿ IKë]iÏce�Ìh'Iqf�O`�g~Tcxj���Î$Q�fg~]Z]O`�'~]O`�/losVd'd'Q|O`~|~xsV~KstN*\¹ÊVO¹u�j
c{��L�sVfg� he�$O`X¬��dm,mj�sVsVJÏj�d$r{z�wyO`X[Q`j�heNMÎ$Q½�Yd%,mj�sVsVJÏj�d$r
��O`��OR}MÎÂj�hKl ± �v�buÉ�V_-�vSØUV�V�V��zÏwyO`X[Q¬j�hTl ± �v�bux�V_-�vSØUV�V�V�

í ÿ � h�l ± �v�buT�V�ó^`S��vaô�b�
�/ORNÔh ¼*©`©¹ÇI[¯ÐMÐyµ�µ�µE]�§D|\]�®'®�Æ$]�§k¿kÐ~}öÃ�´�Ò
ÐB�P©¬¶`ÀX]�¼*©-º�°

k ÕY�Kw���� k fg~
Z|Î$OâÙª\bJ'Q|Z|Î�L�ORORZ|fg�%�Afg� ÿ stQ�ÎyJ'~ô\b�gP�J'sV��Z|J'L Z|Î$OR\VQ|ORZ|fgXRsV�É~|Z|J'd'f�O`~
\VÙT~]\b�gf�d'~Rj��8Î$ORQ|O`sV~
}'Q|ORÊ
f�\bJ'~�ÕY�Kw�L�ORORZ|f��%�b~���ORQ�O5�gfgL�f�Z]O`d�Z]\C^�\VQ	SAd's¬�y~ � ÕY�Kw����/fg~¾}��gsV�'�$O`d�Z]\/O[õyZ]O`�Mdø\¬ÊVORQØU ^¤itSd's`�
~RjÖW��$O�Q|O`sV~]\b� fg~GZ|Î'stZ.��O�Î's`ÊVO�fg��Êyf�Z]O`d�s��gstQ9�VORQô�yJ'L
N*ORQ
\VÙx~]}PO`strVORQ�~ � NMJ$Z
~]Z|fg�g���Kfg~|Î/Z]\AÎ's`ÊVO
Q|\y\bLBf��ØZ|Î'OK}'Q�\S�VQ�sVL�L�OYÙ¯\VQ�dMfg~|XRJ'~|~�f�\b�'~Rj ÿ �$\VZ|Î'ORQÉQ|O`sV~]\b�ófg~�Z|Î'stZKÕY�Kwy���ôfg~�sôryf��'d	\VÙk~]Z|stZ|J'~�\VÙÂZ|Î'O
ÿ Q9�VO`�vZ|fg�MfgsV�
�{nYsV�'fg~|ÎóX[\b�g��stN*\VQ�stZ|f�\b�W�TÎ'fgX�ÎW��sV~Kfg�'f�Z|f�stZ]O`dØZ|Î'Q|\bJ%�bÎ�Z|Î$OGc\Z }MQ|\CB÷O`X[Z�ð�í f�Q�~]ZÉ}'Q�fg�MXRf�}M��O`~
XRsV�gXRJ'�gstZ|fg\b�'~�\VÙ O`��O`X[Z]Q|\b�'fgX�sV�MdóÊyfgN'Q|\b�'fgXK}'Q|\V}PORQ|Z|fgO`~�\VÙ X[\bL�}M��O[õóL�stZ]ORQ�fgsV�g~`ð�j
�xÎ$Oq~|J$NmB]O`X[Ze\VÙÂZ|Î'OQ��\VQ|ry~�Î$\V}âf�~Rh k ñ�ORZ|Î$\
d'~�Ùª\VQÉsVXRXRJ$Q�stZ]O��h�¡��
���� �lHKXRsV�gXRJ'�gstZ|f�\b�M~e\VÙÂ}�Îv�
~|fgXRsV�M}'Q|\V}PORQ]�
Z|f�O`~{\VÙÏX[\bL�}���O[õ¾L	stZ]ORQ�fgsV�g~ k jò�xÎ'Ox}MJ$Q|}P\b~]OÉfg~{Z]\ÌO[õ
sVL	fg�$OTsV�'d	X[\bL�}MstQ|OT~|Z|stZ]O[��\VÙ���Z|Î$O[��stQ�ZxL�ORZ|Î$\
d'~òÙ¯\VQXRsV�gXRJ'�gstZ|f��%�K}�Îv�
~|fgXRsV�ysV�'d¾X�Î$O`L	fgXRsV�y}'Q|\V}PORQ|Z|f�O`~�\VÙML�stZ]ORQ�f�sV�g~kÙªQ|\bL�O`��O`X[Z]Q�\b�'fgX�~]Z]Q�J'X[Z|J$Q�O`~.z�loí zò����ñ��KW �í zò��� ÿ z{� � }M�gsV�$O[�Y��s`ÊVO�L�ORZ|Î$\ydM~�uxf��'XR�gJ'd'f��%�ØW�loI�uTL�ORZ|Î$\ydM~Rj��xO`X[O`��Z�O[õy}PORQ�f�O`�MX[O`~@�Kf�Z|Î�f�L�}'Q|\¹ÊVO`d
d$O`�'~|fgZ�����Ù¯J'�MX[Z|f�\b�'sV�PL�ORZ|Î$\
d'~Gl��VQ�sVdMf�O`�vZKX[\VQ|Q|O`X[Z|f�\b�'~ � ðö\V}'Z|fgL�fgpRO`d�}*\VZ]O`��Z|fgsV�g~`ð � ïq� sV�'d�wyë|�xu�stQ|OGdMfg~÷�
XRJ'~|~]O`dÂj ÿ }'}M��fgXRstZ|f�\b�'~ôfg�'XR�gJMd$O	~]Z]Q�JMX[Z|J$Q�sV� � Ê
f�N'Q|\b�MfgX � sV~���O`�g��sV~¾\V}'Z|fgXRsV��}'Q|\V}PORQ|Z|fgO`~Rj�ë÷�F}MstQ|Z|fgXRJM�gstQ
�TsVL�sV��fg��Z]O`�'~|fgZ��	XRsV�gXRJM�gstZ|f�\b�'~�Ù¯\VQ�ÎMf~�bÎ
��Z]O`L�}PORQ�stZ|J$Q�OK~|J$}PORQ�X[\b�Md'J'X[Z]\VQ�~�sV�'dâZ|Î$OYQ|O`�gstZ|f�\b�Ø\VÙmZ|Î'O`~]OYZ]\
L�\b~]ZxQ�O`X[O`�vZKO[õy}PORQ�fgL�O`�vZ|~xstQ�OGd'fg~|XRJM~|~]O`dÏj{í'J'Q|Z|Î$ORQT~]}PO`XRf-,*X�~|J$NmB]O`X[Z|~xfg�'XR��J'd$Oôð�stN�fg�'fgZ|f�\$ð$XRsV�gXRJ'�gstZ|f�\b�M~
\VÙ�}�Î$\b�$\b�'~ sV�'d�d$ORÙ¯O`X[Z|~{fg�ô}PORQ|\¹Êy~]r
f�Z]O`~ � ÙªORQ|Q�\�O`��O`X[Z]Q�fgXRf�Z�� � sV�Md�Î'f~�bÎ
��}'Q�O`~|~|J$Q|O�~]Z]Q�J'X[Z|J'Q|O`~ \VÙ*X[\bL�}*\bJM�'d~]O`L�fgX[\b�Md'J'X[Z]\VQ�~Rj
åR³��óå`ç
¦ Ù _�8Ì¦�Ó2:�¦¡�E_;[
ñÔj ÿ ��\bJMsV�'f � wyZ]Q�sV~]NP\bJ$Q9�óloí'Q�sV�'X[O¹u�qj ÿ LGN'Q�\b~|X�Î
��nqQ�s-õ$� � ïYQ�stpØl ÿ J'~]Z]Q�fgsvuWôj�î�j ÿ �'d$ORQ�~|O`� � wyZ|J$Z]ZU�bstQ|Zôl�ïqORQ�L�sV���$uí�j ÿ Q��bsV~]ORZ|fgs���sV� � �mJ'�'d�l�wm��O`d$O`�*uYlo�$\VZx�VORZKX[\b�%,MQ�L�O`d�u
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ñÔjP��stQ�d$\b�'s � w
Z|J$Z]ZU�bstQ|Z
l�ïqORQ�L�sV�v�'uïôjMí'stNMQ�fgXRfgJ'~ � ñÖsVd$Q�f�d�l�wy}MsVfg��u�qj�*V\bÎ'sV�M~|~]\b� � ZK}'}M~|sV��s�l�wm��O`d$O`�*u�lo�$\VZx�VORZTX[\b�%,MQ�L�O`d�u
�qj'î�\yO`�'f~� � �TO`�'�$O`~Gloí$Q�sV�'X[O¹ucxj ÿ jMî�\VZ]\bL�f�� � �Tf~�bs5lo��stZ]Êyf�svuÿ jöë½jM��fgX�Î�Z]O`�'~]Z]O`fg� � *-IJ'�gf�X�Î/l�ïqORQ�L�sV���'u
ñÔj�ñ�ORZ|Î$Ù¯O`~|~]O`� � í$Q�sV�$ryÙoJ$Q|ZÀiVW%l�ïqORQ�L�sV�v�'u�l k L�s¬��NPO k u�Ìj��ejMñ�fn�V\b�'f � �x\b~|stQ�f�\�l ÿ Q&�VO`�vZ|f��'svunôjMIT\¹ÊyfgrV\¬Ê � c{ÊtsV�'~]Z]\b��l ZYw ÿ uÿ j�z�\b~|Z|�'f�rV\¬Ê � WY~��'stN'Q�IJ'X�rAl�ïYORQ�L�sV���$u�qj Wôj'�T\yd$Q�f~�bJ$ORp � �ms�z��gstZ|s�l ÿ Q&�VO`��Z|fg�'svuñÔjMÊ-sV��w$X�Î'fg�gÙ"�bsVstQ�d'O � wyZ|sV�$Ù¯\VQ�d�l ZYw ÿ u�2jö��jPw$X�ÎyJ'��p � ��sVL
N'Q�fgd��VO�l Zqî
u
�GjPwyr�Q�f�ÊVORQ � �Â�
�%�VNy�AlonqO`�'L�stQ�r$u
*$j�wy\b�gORQ � ñ�sVd'Q�fgd�l�wy}MsVf���uñÔjPwyZ|sVX�Î'fg\VZ]Z|f � �x\b~�stQ�f�\�l ÿ Q&�VO`�vZ|f��'svu
8¾èW_Ïç
¦¡�×_Ï¦F_N_Ïå-è�³ loX[\b��Z]Q�f�NMJ$Z]O`d*u�heze��O`sV~|OÌ~|J$NML�fgZ�stN�~]Z]Q�sVX[Z|~xNPORÙ¯\VQ|O
WYX[ZRjT^`�yj
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ÿ }M}M�gfgXRstZ|f�\b�M~�stQ|OÉfg��Ê
f�Z]O`dGÙ¯\VQ{sq}P\b~]Z÷��d$\
X[Z]\VQ�sV�
}P\b~|f�Z|f�\b�
\VÙMZ|Î$OÉ�xñÖ�C�$ORZ^��\VQ�r k ë÷�vZ]ORQ|ÙosVX[OTñÖsJ�b�$ORZ|fg~|L kfg�ØZ|Î$O�stQ|O`s¾\VÙmO`��O`X[Z]Q�\b�'fgXq~]Z]Q�J'X[Z|J$Q�OqsV�'d�Z]Q�sV�'~]}P\VQ|Ze}MQ|\V}PORQ|Z|f�O`~�\VÙ�L�sJ�b�$ORZ|f�XqLôJ'��Z|f��gs`�VORQ�~`j{còõ
}*ORQ�f�O`�'X[O
fg�âZ|Î$OÌstQ|O`s�\VÙ�O`��O`X[Z]Q|\b�'f�X�~]Z]Q�J'X[Z|J$Q�OYXRsV��XRJ'�gstZ|f�\b�'~w��\bJ'�gdâNPO�d$O`~|f�Q�stNM��OVjò�xÎ$OY}'Q|\CB]O`X[Zxfg~�NMsV~]O`d5\b�ó�x���
îÌîÌ�8XRsV�gXRJ'��stZ|f�\b�'~{\VÙ��gs`�VORQ|O`d�~]�
~]Z]O`L�~�fg�'XR��J'd'fg�%�Ì�MsV�$\b~]Z]Q�J'X[Z|J'Q�sV�Md$ORÙ¯O`X[Z|~�sV�'dØ}MstQ|Z|fgXRJ'��stQ����¾sVfgL�O`dâstZ
XRsV�gXRJ'�gstZ|f��%�ÖïYfgsV��Z
ñÖsJ�b�$ORZ]\b�TO`~|fg~]Z|sV�'X[OVj��xÎ$O�}'Q�\CB÷O`X[Z¾fg~�NMsV~|O`d�\b�Fs�X[\b�g�gstNP\VQ|Z|fg\b���Tf�Z|Î/Z|Î'OØîÌîÌ�x�
�VQ|\bJ$}A\VÙezkj��
jÂnKO`d'ORQ�fgX�ÎM~qstZYZ|Î$O¾ë÷�'~]Z|f�Z|J'Z]O
Ù¯\VQGwy\b�gfgdAwyZ|stZ]O�zeÎ��y~�fgXR~Kf��y*-IJ'�gfgX�Î�sV�'dÖZ|Î$O¾XRsV�'d'f�d'stZ]Oôf�~
O[õy}PO`X[Z]O`d/Z]\5~|Z|s`�Ö}MstQ|ZY\VÙ�Z|Î'OôZ|f�L�O�fg��*-IJ'�gf�X�ÎÏjG�TÎ$O¾}*\b~�f�Z|f�\b�Öfg~Y\V}PO`��Ù¯\VQÌsV�g� cIZB�'stZ|f�\b�MsV�g~�l¯O[õ
X[OR}'Z
ïqORQ�L�sV�M~�u�sV�'dófg~Ts`ÊtsVfg�gstNM��OYNPO��bfg�'�Mfg�%��*bsV�yJ'stQ|�A^ � ^`_V_V��\VQq�gstZ]ORQxÙ¯\VQx\b�$OÌ�VO`stQ`j�ze��O`sV~]O
X[\b�vZ|sVX[ZRh

Ù ­h]Ìå`Ã�ÄM­t¨ª§8ê�´�­¹©¹¨¯Ä ´
º�®M¨o°	[Gº�´y­¬©¹¨¯Ä��ØÇm©¹Ç�­-¶¹²5]�Ç ¼�4�] ©¹Æ�6�§�­-´�¶¬§�´
Ã$]�§k´
�QZ2nqQ|O`~|d'O`� }�Î$\b�$OVh�W ± �v_^YòUV�
^��v�VU	UV�V�-�
ë÷�'~]Z|fgZ|J$Z�ÙÀIJ$Qx�TÎ$OR\VQ|ORZ|fg~|X�Î$OGz�Îv�
~|f�r Ùos-õPh W ± �v_^YkUV�
^G�v�VU	a-�vat_
nK��^R�b�VS	nKQ�O`~|d$O`� � ïYORQ�L�sV���
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��p�i)i�h�=wv/m�swp�u=k¢}�h!m��8h�hau�h�=thL�Am�i)p�u�k&swu|m�f=hl�o�¡k�feh�=6=8p�8<l=i)v�uestl=� swp�u�k¡swu�v�Õ � v/u�x|swu�m�feh ¬�� k�f=h!=�=
p.88ues��o§�h�=Rstp�u=k¢swu�Í<s Õ stm&swk q p�k�k�st}<=th�m�p�v�i�i)sw��h�v*m¡v7}�h�m�m)h�i¡x\hLk���i�s q m)stp�u�p.8~h�=thL�Am�i)p�u�h�u=h�ip5���=wp�k)k
k q hL�Am)i)v=Ì<�!p�f=hak�st��h7haueh�ip5�swhakIv/u=x?h�=wv�k¥m)sw����p�u=k�m)v�u�m)k�p.8�}�p/m)fßpun\swx\hLkz�!p�� q v/i)hax[��stm�fZ=wp\��v�=jk q swu
x\hau=k�snm¥��8 leu=�!m�swp�u=v.=�m�fehap�i)�����ep�igÍ<s Õ��8hjv�=�k�p¡�!p�� q v/i)h�m�feh Ó Ë £+�f�fvÏi�hLk�l7=tm)k8v/u�x r�r~Ó Ë k q hL�Am�iov
��stm�f�v�k�h!=68 �Âswu�m�h�iov��!m�swp�u7�!p�i)i)ha�Am)hax Ó Ë £��-�av�=��!l7=�v*m)stp�ur�

���/½FÁ Ç �R�_�_·/ì>� ²`° ´�í/º����A���q����� ² ¹+�+�;���#¿)´A½¡¹R· º_À ·@���»��¹��»º�º4½F·^ª
�J���A½¡º�� ± �RÀ¡��ºk�/îq���»¹»�qÁ#¹R· ¶ ±4²vÇ8Æ�$ �Ë���&%�· Ç�Ç · ±4Ç ��� Ê ì¡¹+�Ë���q�Ë½�'
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¿kþIï �¥ôqø ò ÷ Ý ÷�Á�À�÷Aõ¸ô ÿ���� ïPü � �B� ô ÿ ÷�Á
6  *(���� � � �!"�6I�=0 � 3�6 � , �! #&%�' ���)(*�*1�Y<�R� G  �.*����� 'f�!" 2 � %  ��
�*1

k > J�M å �QZ 	 E �L[ . ,a"q� �*1 2 � %  ��
��k�.X * *(* 
4I^
_a`�b*ced�`

m h<i)h q p�i�m~v&k���k�m�ha��v*m�s���k�m�l=x\��p.8�=wp��g�@�=h!=�x�5�v�=w�*v/uep���v�5�u=h!m�s�� q i)p q h�i�m�swhakRp.8rv�=wle��stu�le����}=v�k�hax
x\s�=wl\m�h7v�=�=tp*�\k���stm�f ¬#� v/u=x �<�@� st� q lei)stm�swhaka���gfeh�=wp��g�F�=h�=wx���v�5�ueh!m)p�i)hak�swk�m�sw��snm¥��m�h�u�k�p�i&swk	x\h!m)h�i��
��swuehaxI}���h!nev��Amp=t��k�p.=w��stu75¡m�fehf=wstuehLv/i)s6�ahax © pB=nmp����v/ueuIha��l=v*m)stp�u
8 p�i8m)feh�v�ues�k�p�m�i)p q s�����hL�Am)p�i8��hLv/u
8 i)h�h q v*m)frÌ/��snm)fep�lem�l�k�swu75]v�u��$v�xXè¥l=k�m)v�}7=th q v/iov/��h�m�h�iL�&Õjleij��h�m�fep\x�p.8~��v.=w��l7=�v*m�swp�u�swkj}=v�k�hax�p�u
m)fehgp�u\���ehai���st��k q fehai�hBv qeq i)pun\st��v*m)stp�uk��fes��of	v�=�=wp��<k�l=kWm)p���p��¡}=stuehBm�feh�8 l7=�=\v/ues�k�p/m�i)p q ��p�8em)fehgfep�k�m
�=h�i)��sRk�lei�8Ôv��!h�Ì�p�}=v�stuehLx�}��7m�feh�8 p�lei���p�i�m�f=p.5�p�u=v�=t� q =wv�ueh!���gvX��hÊ��h�m�fep\x4ÌF��stm�f�m�feh�sw� q lei�stm¥��k)��v*m��
m)h�i)stu75 q f�v�k�h�k�fes68 m)kaÌ�ha�Xv.=tl�v*m�hLx�}���k�h!=68 ���!p�u�k�s�k¥m)h�u�mc=tp\�av�=t��x\hau=k�snm¥���@8 leu=�Am)stp�u=v�=�sw� q lei)snm¥����stu\�wè¥h!=�=wstle�
�av�=��!l7=�v*m)stp�u=k�� Õjl=iIi)hak�l7=nmok28 p�iIm�feh � v.=6=��!p�h!Ñz��sthau�m7v/u=x?m)feh���v�5�ueh!m)p�i)hak�swk�m)v�u=�!h�v�i�h�swuZ5�p�p\x
v.5�i)h�h���hau�mI��stm�f$m�f=h¢hon q hai�sw��h�u�m)v.=rxev*move�

���c���³·�À=�_·/ì Á�íq�¡� ° ´�íAº@� Æ µ ² �rìF·@�=º��	�J�q�_�_· ± ª
°L± ·�À ± �»�g��º�¶ ±�²vÇbÆ �¡º_�_·�¶���� Ê �q��¹»��º��Ë½ ² �/� � ±

Ì ¯



ê Õ;ØÂÙ ÓÄã4Øcà;ß ß5âÈÚ4Ð³ÒÔØcÐNÒ â;Î��+�2�w� ÑLÙ�� � Ø�O¸ä%Þ)Î¼ÕIµAâ ä%ÖÈÝ�Ø)ÞcÎ¼Õ×ÖÈÎLÐ@Î¼Ñ.ÒÔÚ4Õ
ß Ú4ã4Ú4Ñ	ØcÕ

çHïj� ÷�Á ò ô þ ñ�ÿ�� ú�� ï�ð ÷ ÿ�� õ
PQ A@ , ./��5N ��R� �!"7#&%�' ���)(*�*1 Ug%  �YÊ�R� G  �.X����� ''�!"$Çf�  ��A �.X1 Çf�  ��! �.X1 Çfe 	�	 i S 1�YR�

ü�ï� û$
 ��òLÆ
PQ A@ , ./��5N ��R� �!"$+-, � %  �5 , ���)(*�*1�Y<�R� G  �.X����� 'f�!"$S � 0  f¡, 1 S � 0  �¡, 1 6 J�É��eM�Zj� 1 6�T  3  ��

¿�ï � ï�çÂò�ñâ��� ÷ ÿ
PQ A@ , ./��5N ��R� �!"7#&%�' ���)(*�*1 Ug%  �Y<�R� G  �.X����� 'f�!" á� T ( , ��� 0  ��\@ � � U�' �8 *1

á� T ( , ��� 0  ��\@ � � U�' �8 *1�á Ç M¢� > Y�1�YR�
4I^
_a`�b*ced�`

�
swi)k�m q i)stu��!s q =thLk��av�=��!l7=�v*m)stp�u=k�v�i�h��av/i)i�swhax�p�l\m�p�u¢s ® f��\x\i)p.5�h�u¢v/u=x&sts ® �gv*m)h�ir��p.=wha��l7=whak4m)i)v qeq hax
uehLv/i�v�u�swu�m�hai)k�m�stm�s�v�=epun\�
5�hau�v/m�p�� stu Ë sâ� m h��=u=x	m�f=v/mBstm�swk q p�k)k�st}7=whR8 p�i�m)fehak�h<��p.=wha��l7=whak
m�p&�av/l=k�h
v�u�l q �gv/iox�k�fes68 m&stu�m�fehzv�u�m�s�k�������h!m�i)s��	k�m�i)h!mo�of���p\x\h�p�8<Õf£���f=h�u � swk�i)h q =�v���hax�}���£¡ÌF��fes��of
��p�l7=�x�h!n q =wv�stu:m�f=h$v�uep���v.=tp�l=k	k�fes68 mzstu:m�f=h �¥¤ è ���!�  ;¦ ÕÊ� � i�h�=wv/m�hLxb=wp��av�=���sw}ei)v/m�swp�u=v.=~��p\x\h��
© p/m)f�m�fehLk�h���p.=wha��l7=whak�=whav�x�m�p���p\x\hLk�stu�m�f=h ¬ � ¤B¤ � � ¤B¤.¤ ���  ;¦ i�h�5�swp�u�}el\m&m)fep�k�h�p�88m�feh � �2=tswh
�!=tp�k�h�m�p�m)fep�k�h�i�hL�!hau�mp=t�]x\h!m)ha�Am)hax7l=k�stu<5��=p�lei)swh�igm�iov/u�k§8 p�i�� swuD8 iov*��i�hLxIk q hL�Am�i)p�k)�!p q ���

�J% ² �qÀ¡À ·@� ± �»�>��´F· °¼±�² �³·�·/ì¡�»�F�vº ² ¶I��´F·�¦@¨���´©¨_µ�ªO�5«¡�	î�·@� ±�² ® °.²�± ��½F�v��¹rª
KP�q�_·u«A®|¬#¹R·%��î�����¹»�qÁ=¹R· ¶ ±�²vÇ8Æ Á=´ Ê ·u«/���q� ·u« �Ë���q�Ë½�'
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° feh�v/m�p���s��$k¥m)i�l=�!m�lei)hakaÌBh�=thL�Am)i�s���v.= q i�p q hai�m)sthLk�v/u=xh=wstueh$haueh�ip5�swhakw8 p�i�m)fei)hav�xestu75�k)�!i)h!±¼v�u=x

m)fei�hLv�x\swu75�haxD5�h�xeswk�=tp\�av*m�swp�u�kBp.8�±�lei�m��asnm)h���v�ÍÒv�i�h���v.=w��l7=wv/m�hLx�±�stm�feswuIm)feh�=tp\�av�=³²�x\hau=k�stm¥��v qeq i�pun��
sw��v*m�swp�u�� © p�m�f�x\s�k´=wp\��v/m�swp�u=k¢v�i�h�h!=wha�!m�i)sw�av�=�=t��swu=v��Am�sw��h2±�stm�f�v$}=v�u=xE5�v q 8 i�hah28 i�p�� x\hah q =tha��h�=wka�° fehLk�hgi)hak�l7=tm)k�v/i)h~l=u=x\h�iok�m�p�p\x&m)p�v�i�s�k�h�8 i)p��-i)h!=�vMn\hax	�!p�i�hgk¥m)i�l��Am�l=i�hLk�±�fesw�of�v/i)h�k�sw��s6=�v/i
m�p « ��¤ �o¤ ®
k�lei�8Ôv��!hLk��
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° feh��*v���v/u��!����p\x\h�=�8 p�izsw� q lei)snm¥�:�*v���v�u=�!�Nx\ho8 hL�Amok�stuÐk�h���s��!p�u=x\l=�!m�p�iok�v�k)k�le��hak�m�f�v*mzm)feh
5�i�p�leu=xNv/u=xh=wpM±¼h�u=h�ip5��|h!n\��snm)hax?k�m)v*m)hakzv�i�h�x\hai�sw�*v/}7=whl8 i�p�� m)feh?8 p�l=iYÈ´É ¤ f���}=i�s�xNp�i)}esnmov�=�k�p�u
v/m�p���kB}�p�i)x\hai�swu75�m)fehÊ�*v��av/u=����� ° feh�i)h<v/i)h<��v/u�����v�k�hak�±�feh�i)h�m�f=swk~��p�xeh!=<±8p�i)§\kR}el\m�±~hjx\hak)�!i)st}�h
fehai�h�v��!p�l=u�m)h�i��Âh!nev/� q =whÊ�!p�u=�!hai�ueswu75¡m�feh�=wpM±~hLk¥m8hone�!stm�hLxIk�m)v*m)hjp.8rm�f=h2Ê H<��ÍÊ¤oËrx\ho8 hL�Am�stu$x\s�v/��p�u�x4�
��m8swk8k�f=pM±�u�m�f=v/m8v&k�f=v�=�=wpM±:h�=thL�Am�i)p�u�m)i)v q Ì�=tp\��v.=ts�k�hax�p�lem)k�swx\h<m�fehj�Xv���v�u=�!��Ì�s�k�swu���p.=w��hLx�stuzm�feh+�=i)k�m
h!n\��snm)hax$k�m)v*m)h¢v/u=x7i)hak q p�u=k�sw}7=whf8 p�igm�f=h&Í é v/u=x7Í � p q m�s���v.=4}=v/u�xek�v�k)k�p\��swv/m�haxÌ±�stm�f7m�feh&xeho8 ha�!ma�

ÍJ% ² �qÀ¡À ·@� ± �»� ° ´�í/º��L¿Ä·*î5�ÊðÂ«
¯¡¤5ª
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Ë�q stu\� q p.=�v/i)swk�haxÏ=wp��av�=8x\h�u=k�stm¥�E8 leu��Am�swp�u�v�=~�!=tl�k¥m)h�i	�av�=��!l7=�v*m)stp�u=k¡v�i�hz�av/i)i�swhax�p�l\m¡p�u|k�le}=k�m�stm�le�
m)stp�u=v�=<�Êlzv/u=x2�Êl
² �CÐ ��p�� q =whon\hakRswu Ë sÂ� Ë =wv/m�h�i¥> k
m�iov/u=k�snm)stp�u�v/ip5�le��h�u�m�v/u�x�Ñ�v/u�v/§�> k
m)feh�p�i�ha�ëv/i)h
��p��¡}=stuehLx�m�p�x\s�k���l=k)k�m�fehzxep�uep�i���v��a�!h q m�p�if=wh���h�=wk&p�88m�fehzx\h!8 ha�!m)k&v�u=x�m�fehzi)hak�l7=tm)k¢v�i�h��!p�� q v/i)hax
±�stm�f�hon q h�i)st��h�u�mL� ° feh���v�=��!l<=wv/m�swp�u=kC5�sw��h�vY5�p�p�x�v�����p�leu�m�p�8�m)feh�x\p�u=p�i!é*v��a�!h q m�p�i�=tha��h�=wk�p�8��<l
v�u=x7m�fehw�<l
² �-q v/swiL� ° feha�7��p�uD�=i)� m)f=v*mÊm�fehw� � Ì#� é v�u=x?� � =wh���h�=wkÊv/i)h�xeleh¢m�pÌ�<l
² � ���Êl
² � ¤
s�kf8 p�leu�x�m)p7}�h�v/u�h!=wha�!m�i)sw�av�=�=t��swu=v��!m�sw��h�x\ho8 hL�Am¡v�u=x���vX��}�h�swx\hau�m�s6�=haxA±�snm)f�m�feh q v�k�k�st��h�xeho8 ha�!m
8 p�leu=x7hon q h�i)st��h�u�mov�=�=t���

ÍJ% ² Á5· À#½FÁ=¹»�»º4´F·/ì ÎhÒ
Ó · ±!ÔÕÒ ¹�ºwÖ�× Ô ·�Ø;×³·�Ù ²�± ½ Ç « Ô Ø>À ± ·@º�ºuª
Î�Ò ØA½¡ºo× ±�Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶ ±4²vÇ8Æ	± ·@º_·�Ørì¡· Ê ·u«�×M×
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m hE8 p�leu=xÏv|ueh�± m§±~p���x\sw��h�u=k�swp�u=v.=âÌ�p�i)x\hai�hLxßk�l=i´8Ôv��!h�v.=6=wp*�S,:Î~l « ����¤ ® ��� «réT�[é�® ��y�ur� ° feh

k�m�i)l=�Am)lei)hIv/u=x���p�� q p�k�snm)stp�u�p�8�m�f=swk	k�lei�8Ôv���hI�!p�� q p�leu=xq±8h�i)hIx\h!m)h�i)��stuehLxQ}�����l=v�u�m)snmov*m)st��h�=tpM±
haueh�ip5��]h!=wha�Am)i�p�u�x\sn��iov��Am)stp�u�v/u=v.=t�\k�swkaÌD±�fes��of�k�f=pM±<k<v2=wv�i�5�h¢}el=�o§
=wstu75�swu$m�f=h¡k�l=i´8Ôv��!h&v�=�=wp*�Y=�vX��h�iL�° feh&y�u$v/m�p���k<}el=�o§
=th�p�l\m§±8v�i)x=k8v�u=x]m�feh	Î~l�v/m�p���k�swu
±8v�i)x=kt±�stm�f�v�m)p/m)v.=4}el=�o§
=wstu75zv�� q =tstm�l�x\h
p.8 ¤ � é�éVU� « � è � é êëp�8rm)feh�swx\hLv�=�stu�m)h�ip=wvX��h�i~xeswk�m)v�u=�!hjp�8
Î~l « ����¤ ®�® � ° f=hji)hak�l7=tm)k8v/i)hj�!p�� q v/i)hax�m)péxBy
{~}�{~�F{s��m)p/mov�=�haueh�ip5���v�u=xA8 p�io�!h���v.=w��l7=wv/m�swp�u=ka� ° feh�m)feh�p�i�h�m�s���v�=�=w��x\h!m)h�i)��swuehLx�}=l=�o§
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v�}�p�l\m ¤ � �7h!H v�u=xÏ±~h�s�x\h�u�m)s³�=hLx�m�feh���v.5�ueh�m�s�k�� p�8�y�u|v�k�}=v�k�s���p�i)s�5�swu�p.8~m)feh�±8p�i)§?8 leu=�!m�swp�u
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 ��ÿ õuõ�÷ ÿ ú \>ïBü#ý�þ�ÿ ñ � ü ú ü�ï�ç À  Á Æ�� À�ú#ô ÿ��ÐÅÜï æ¢
 �^ò�þ ô òa� �
���
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4I^
_a`�b*ced�`

m h�x\h���p�u�k¥m)i)v/m�h&m)f=v*m&k�p�8 mfn��ÂiovX�$h���swk)k�stp�u�hone��snm)hax�v/mjm)fehzy ¤ m�fei)hak�fepB=wx�p�88�=h	��h�m)v�=R��v q k
m)feh	k q swu\�Âi)hak�p.=w��hLxl=tp\��v.= q v�i�m)swv.=Wx\hau=k�snm¥�$p�8Rp\����l q swhax�k�m)v/m�hLk��<��u��!p�u�m)i)v�k¥m�m)pIhav�i�=wswh�i q i)haxesw�!m�swp�u=kaÌ
m)fehÊk q stu�i)hak�p.=wl\m�swp�u�s�k�v��ofeswh���hax q i)st��v/i)s�=t�&}���k�h�=thL�Am�sw��h�h!ne�!stm)v*m)stp�ur��Î~stio�!l7=�v/iR��v.5�ueh�m�s��8xesw�ofei)p�s�k��
swußm�f=hEn���i)vX�:h���swk)k�stp�u q i�p\��hak)kzs�k]v.=wk�p�k�fepM±�u?m�p:f=vX��h�v�ußstu7ê=leh�u��!h�p�u?m�f=hE�=u�v�=jk�m)v/m�h�k q swu
��p�u�m�i)st}=l\m�swp�u�m�p:m�fehQk q ha�!m�iove� ° feh�sw� q p�i�m)v�u=�!h�p�8¡m)v/§�swu75�i)hoê�ha�Am)stp�urÌjk�h!=68 ��v/}=k�p�i q m�swp�u�p�8&m)feh
swu=�!p���stu75Qv/u�x�p�l\m�5�p�swu75�iov�x\s�v*m)stp�u�v/u�x�m�f=hé�Êl75�hai�x\ha�avX�Q�of�v/ueueh�=wk�swu�m�pQ�!p�u�k�s�x\h�iov*m)stp�u|swu�m)feh
xev/m)v�v/u�v�=w��k�s�kgswkgha� q f=v�k�s6�ahax4�

ÍPOw×M×³·�À Ó ·/ì Ò
Ó ÖStv¹ Ô ìbÖ ÓoÒ
Ó ·;µ{t Ç�Ç ½^Ø Ô × Ò
ÓoÔ t7Ø¡º�>
Î�Ò ØA½¡ºo×rq Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶sq�t Ç8Æ Á=¹»½F· ë ·@¹ Ê2Ô � 7 N °�Ú Ô � Ú 'A¶ Ò+@ É ½F·@¹ Ô ×�ojÚ ì¡·

| � ÍÏÎLÞ)Ý�ÎLÎ ¹ ÓkÞÂÕ;ÎIÒ5Ø¢µr» Ø¸Ò Ú4Ñ	ÓÄãhþ ÎLÝ�Ý}�áØkÒ ÓlÒ Ú�ØÂÕ Q ± Ý,Ú§Ò ÎLÝ,Ú�Ó Ø)Ð
ÙZO;Ú�ß=Ò5Î¼Õ;Ñ	Î ÓÄÕ;Ö æ;ÎLÓlÒ�à;Ý�ÎLß

î Á ï6� ï�~ õ Ý~�^ÿ õ�ö ñ�ñ/� ú $ ïw¿¼ïj�Hÿ � ò ÷ Ý ÷vøfô ÿ��ÏçHïw�`ï�� ô òaÿ ÷ ÿ
2 5N *� S�, C � . , � � . ' 1�� �=T¡,�6 � , �A ÏY<�R� G  �.*����� ' 1 2 5N *�*1j� 2 å ����M^� 1�Y 6 2

4I^
_a`�b*ced�`
�Êu]v/u�v�=w��k�s�kBs�kB��v�x\hjp.8rm�f=hC5�h�uehai)v.= q i)p q h�i�m�swhak~i�hL��lesti)hax
8 p�igv¡��v�5�ueh!m)sw�Ê��v*m�hai�s�v�=�m�p�hon\fesw}estmåB¤ m q p.=�v/i ­ h�i)i�i�p�m)v*m)stp�ur� ° f=hzv qeq i)p�v��of�s�k q feh�u=p���h�uepB=tpB5�s���v.=
swu���p�§�swu75Ì5�h�u=h�iov�= q i)p q h�i�m�swhak�p�8

m)feh�x\swh!=wha�Am)i�s��Im�h�u�k�p�i�i�h�=wv/m�swu75�m)p�m)feh�h�u=h�ip5��|v/}�k�p�i q m)stp�ur�|��mzs�k�k�fepM±�u:m�f�v*m�m�feh$h���hL�Amzhon\s�k¥mok
p�u7=t��s688m)feh]v�}=k�p�i q m�sw��h q v�i�m¡p.8gm�fehIxesth�=thL�Am�i)s���m�hau=k�p�i&s�k&ha��l=v.=�m)p���hai�p�� m hzs�x\h�u�m�s68 �Qi)v�u75�hLk�p�8
ß�h{� �¥� «��~® v�u=x7����� �¥� «��~® ±�fehai�h åB¤ m�i)p/m)v/m�swp�u7swk<i�hLv�=ws6�ahax4Ìev�u=x$k¥m)l=x\�zm)feh ­ hai�igh!=�=ws q m)sw��snm¥��Ìem)feh
i)hoê=hL�Am)st��stm¥��Ìev/u�xIm)feh¢��v�5�ueh!m)p/��p q m)sw�av�=4k�s�5�u�v�=�stu7m)fehak�h¢i�h�5�swp�u=ka�

ÍPnVo�íAº Ô × Ò ¹,¿Ä·*î Ô ·*ï���¯	��5^ú�9<A Ó t�Á · À=½¡Á=¹ Ô ºjo¡·/ì�>
Î�Ò ØA½¡ºo×rq Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶sq�t Ç8Æ ½¡º_À ·�Ø¡º�' ÔrÊ�Ó ì�ÚË¹RÀ Ô Ú Ò ×
Úxq4½

� n.·�q Ç�Ò ØF·�Ø Ó�Ò ìrì�q�·@º�º Æ % Ò�Ç�Ç %�o¡·�t�q!íwªÂ·�À Ò q Ó�Ç ·�Ø Ó t�¶#KP·�Á5·/ì¡·*î\n/o=í/º Ô × Ò ¹
¨öØ¡º ÓoÔ~Ó ½ Ó ·�5^¿)½=º�º ÔÕÒ ØzO�× Ò ìF· Ç í
t�¶+Ö�× Ô ·�Ø;×³·@º�5�9�9*=4;�Ã�°qK,·�Ø Ô Ø¡º�' ÔÕÔ À�qjtvº_À�ÚV6 Ì 5 Î tvºo×rt�ïM5#¿c½¡º�º ÔsÒ Ú
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± ÓlÒ Ú�ØÂÕIµAê Ú4ÖÈÎLÖ�� ØcÚ4ÕÈÚuÕ;Þ ØcÐ Û¸à;Ý�Ð@ÓkÑ	ÎLß Ø)Ð��IµrÛ¸Ú ¬ [ ���
Û Ò Ý,à;Ñ.Ò à;Ý�ÓÄã ÓÄÕ;ÖÚÙ¥ã4ÎLÑ.Ò5Ý�ØÂÕÈÚ�Ñ ê ß
Ø ÎLÑ.Ò ß

¿ ôqø � À \ Á �
� �õ � ö'ô ÿ�� �Ã�Á�
�÷ ÿ¥ó� ò�ç���ÿ5ý ÷
���
���������W�A �!" ��� � . [4, �R�)(�9 %  �5��Â����. ' 1 6�0��=G=, F 2 ( ,43  �5 'f�!"$6 (��) ��8(* *�*1
P È��C�. ,�G �*FIÈ, (* *��� , É 1 6 � J!Z 	 H gWK O . , ���Â� 0Ô,�G=, 1 6�0��=G=, F >  A@B�
C 0 �)(

4I^
_a`�b*ced�`
�Êu�v*m)p���sw��k��av�=wh�v qeq i�p�v��of?f=v�kI}�hah�u�v qeq =wsthLx?m�p:}�p�m�f q f��\k�sw�av�=t��v�u=xNh!=wha�!m�i)p�ues��A��k¥m)i�l��Am�l=i�h

h!n\v���stu=v/m�swp�uNp�8�k¥mov/}7=wh�k�lei�8Ôv���hak�p.8/�4� Ë s ¤ Í���� Ë m�hai�s���v.=<�!p�u=k¥m)i)v�stu�mok�v�i�h$k�fepM±�u�m)p q i�ha��hau�m�m)feh« ¤.¤e� ® k�lei´8Ôv��!h
8 i)p�� h!��ha�!m�sw��h7�ofeh���s���v�=~i�hLv��!m�swp�uq±�snm)f|m)fehIswu�m�h�i�8Ôv���h�� ° fehIm�fehap�i)h!m)sw�av�=~k�lei�8Ôv���h!�
m)p/��k�lei�8Ôv���h¡}�p�u=xestu757s�kjswu���hLk¥m)s65�v*m�hLx�l=k�stu<57v q hai�swp\x\s���v�=Wm�s�5�f�m��Â}eswu=x\swu75$v qeq i�p�v��ofr� © v�k�hax�p�u�m)feh
swu�m�h�i q i)h!mov*m�swp�u�p�8¡x\hau=k�stm¥�ßp�8¡k�m)v/m�hLk�ÌÊm�feh�}=v�=�v/u=��h�p.8&m�feh�u�le�¡}�h�i7p�8¡k�m)v/m�hLk]v�u=xÐh�=thL�Am�i)p�u�kzs�kq h�i�8 p�i)��haxÏ8 p�i	k¥m)p�s��ofestp���h!m�i)s�� Ë sw¤aÍ � ÌWs�x\hLv�=~Í<�âm)h�i)��stu=v/m�hLx « ���¥¤ ® k�lei�8Ôv��!hLk�Ì
pun\�
5�h�u�p*��hai�=�vX��hai�hLx« ����¤ ® k´=�v/}=kaÌ�v�u=x�8 p�i�m�feh���h�m)v�=R��p�uep.=�vX��haiaÌ�±�stm�fq±�fes��of�k�=�v/}=k¢v�i�h�}ei)p�l75�f�m�swu�m)p��!p�u�mov��!ma� ° feh
k�m)v�}7=th]h!=wha�!m�i)p�ues��z�!p�uD�<5�lei)v/m�swp�urÌ
i)hav��of=haxq±�fehau�m�feh7��v/m�swp�u�}eswu=xek	m�p�m�feh7stu�m)h�i�8Ôv��!h�Ì�i�h q i�hLk�hau�m)k
m)feh�h!=wha�!m�i)p�ues��7i�hLv�k�p�uN}�hafeswu=xNm�feh�x\sn��l=k�stp�ußp�8�m�feh�v�xex\stm�sw��h�v�u=x�éXp�i�st� q l=i�stm¥�:v/m�p���k�m)pM±8v�i)x
5�i)v�stu�}�p�leu�xev/i)sthLk�� ° feh�x\st��hai�hau�mj}�p�u=x\swu75 q i)p q h�u�k�stm¥�]p.8 « ¤.¤=� ® v�u=x « ����¤ ® k�l=i´8Ôv��!h¢sw� q =tswhakÊm�f=v/m
h���hL�Am�sw��h¡}�p�u=x\swu75�p�8 q =�v/uehLk q v/iov�=�=wh!=4m)p�m�feh d ��xesti)ha�!m�swp�u7m�p�m)feh&swu�m)h�i q f=v�k�h¢i)hak�m�iov/swu=k8m�f=h&�!i)��k�m)v.=
8 i)p�� m)fehC5�i�pM±gm)fzswuIm)fehC=�v*m)h�iov�=�x\swi�hL�Am�swp�u���Î~p�u���h�iok�h!=w��Ì.5�h�p���h�m�i)���!p�u�k¥m)i)v�stuehLx�}�p�u=x\swu75�p�8 « ¤.¤=� ®q =�v/u=hak�v�=�=wpM±<k8m�feh&��i��\k�m)v�=�5�i�pM±gm)f q i)p\x\l=�!swu75�m�f=h¢i�p\x���k�f�v q hax��4�@5�i)v�stu�k��

ÍPOw×M×³·�À Ó ·/ì Ô Øb�;Ú�O Ç ·�q�Úlµl·�q Ò�Ç ÚCÖJt#×
Ú?>
Î�Ò ØA½¡ºo×rq Ô À ÓIÒ î ÒDÔ ¹ Ò Á#¹R· ¶sqjt ÇbÆ ¹»½FÁEt Ç�Ô q.Ú Á5·�Ø^×rt Ê ½;Ø Ô ¶Hq�Ú&×io

$ t�qo'OÀ ·�q�¶Ht�q Ç ·/ì Ò
Ó ¨öØ¡º ÓoÔ~Ó ½ Ó ·Vt�¶�¨pØ-t�q ë7Ò Ø Ô ×lµ�oF· Ç�Ô º Ó q�í	ï Ò º�º4½FÀ¡ÀEt�q Ó ·/ì Á�í Ó oF·/dÌÚ6Ö3Ú @ Ö/¹�t�î Ò '�Ö�× Ô ·�Ø ÓoÔ ¬�×
Ò Ørìb%�·�×�o;Ø�tv¹�t ë7Ô × Ò ¹�nVqjt ë q Ò�Ç ú`t�Ú/;�°87 Ì ; Ò Ørì�Ö/¹�t�î Ò 'e�\q Ò Ø Ó O ë ·�Ø;×Xí��_���_O)Í ë q Ò Ø Ó ú`t�Ú#9�9*=qÃ8>�Ú
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�¥ôAõuõ ñâÿ ÷b�O÷ ÿ ��ô ÿ5ñ ú ¯ ô�Á õ��³÷©�O÷/õ�õ ñ ú ¯�ò ô ÿ ý ô:�¥ô ÿ�ÆAþ ñ ú�ô ÿ�� æ&À ñ õ�ô:��÷�À ñrÿ ô ò�ñ
�X���������W� � á , ;�� � � ,�0  �@R �. 0Ô, Þ �Â���)( ,N3  0�0Ô,�+-, �! �./� ,
� �Xá Þ +�� 1 , � 3

P��w@ , .�����5N ��R� �:3 � Þ �Â���)( , 1�Y<�R� G  �.X�������,?3 � + ��3  �� , 1
G � , 9 , 57@B� H M�g�) 2 1j� J 	 M4M^��� + ��3  �� , 1j�/� ,�0 '

4I^
_a`�b*ced�`
° feh�v�xex\stm�swp�u	k q ha�Am)i)v�p.8�k�ha��sw��p�u=x\l��Am�p�iR��l�v/u�m�le� x\p/mok�stu	m�feh q i)hak�h�u��!h8p�8���v.5�ueh�m�s����=h�=wx�v/i)h

k�m�l=xesthLx�m�fei)p�l<5�f�v�m�fehap�i)h!m)sw�av�==k)�ofeh���hgm)f=v*mgv�=�=tpM±<kRv�uzv�����leiov*m�h8m)i�hLv*m���hau�m~p�8�m�fehjk�swu75.=wh!� q v�i�m)sw�!=th
k�m)v/m�hak�v�u=x|h�=thL�Am�i)p�ue�Âh�=thL�Am�i)p�u�stu�m�hai)v��Am)stp�u|l q m�pÏ=wv�i�5�hIu�le�¡}�h�iok�p�8Êh�=thL�Am)i�p�u=k�� ° f=h$�av�=��!l7=�v*m)hax
v�xex\stm�swp�uzk q hL�Am�iov¢h!n�f=st}estmBm)feh�m¥� q s���v.=�k�m�i)l=�Am)lei�hLk�p.8 � leu=x��J=wst§�hÊk�f=h!=�=7�<=�=tswu75�Ì�v�u=x�v��a�!p�l=u�m�8 p�i���h�i)�
i)ha��h�u�m8h!n q hai�sw��h�u�m)v.=���u=x\swu75�ka�j�`8 l<=6=�m)fei�hah!��x\sw��hau=k�stp�u=v�=4x\hLk���i�s q m�swp�u]p�8�Î~p�l7=wp��¡}]stu�m)h�iov��Am)stp�uzs�k
8 p�leu=x�m�pI}�h�hak)k�hau�m�s�v�=�8 p�i q i�hLx\s��Am�swu75]m�feh��!p�u=x\l=�!m)v�u=�!h��of=v/iov��!m�hai�s�k¥m)sw�ak�p�8Bm�fehLk�h�k�ha��sw��p�u=x\l��Am�p�i
��v���i�p�v*m)p���k��

Í§Ö/½FÁ ÇEÔ~Ó�Ó ·/ì Ó t�nVo�í/ºMÚL¿Ä·*î3Ú+K,· Ó�Ó Ú?>
Î�Ò ØA½¡ºo×rq Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶sq�t Ç8ÆLÇ�Ò Ø ë o Ô�Ê2Ô»Ç t Ò «�9
ÚË½;Ø Ô»Ç t�Ú Ô~Ó
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ðAñ ô ÿ KaÁ ÿ�¡;ñâ� ô ÿ�� �¥ô��L� þ ñ ôgõ ü#ý�þ���¢��^ò
Þ .����Â; J ä�, C� �. J �/�
����������� 3  �. +-,
� J #	0Ô, �8(*F J k] *�\ 0�0 �\( %
,a" �¥1
Þ , . ,434,�'=T  [ 	 JLK 1�P J�M 	 M4É å O  �. 0 ��� J P ,=%�0  �5�1�k] �./5 , � '

4I^
_a`�b*ced�`
° fehf=�v*m�m)sw��hji)h!=�vMnev/m�swp�urÌ�k�l=i´8Ôv��!h q fep�u=p�u]k q ha�Am)i�l=�7Ì\k�lei�8Ôv��!h�h�u=h�ip5���v�kt±~h�=6=4v�kt±8p�i)§�8 leu=�!m�swp�u

8 p�iRß<f « �¥¤.¤ ® v/u=xÌß�f « ����¤ ® k�lei�8Ôv��!hLk~v�i�h���v.=w��l7=wv/m�hLxz}���l=k�swu75�x\h�u�k�stm¥���F8 leu��Am�swp�u�v�=�m�fehap�i)�zv/u=x�ha���q =wp*��stu<5zm�f=hI8 l7=�=n� q p/m�hau�m�s�v�=�=tswuehLv/i)s6�ahax�v�l75���h�u�m)hax q =�v/u=hî±gvX��h&��h!m)fep\x4� © p/m�f�m�feh�=tp\�av�=Wxeh�u=k�snm¥�
v qeq i)pun�sw��v*m)stp�u�v�u=x	m�feh�5�h�uehai)v.=ts���hLxî5�i)v�x\sthau�mRv qeq i)pun\st��v*m)stp�u¡m)p�m�fehÊhone�of=v/u<5�h!���!p�i�i)h!=�v*m)stp�u�8 leu=�!�
m)stp�u=v�=
v/i)h���p�u=k�s�x\h�i)hax4� ° fehc8 p�i)��h&�!p�u�k¥mov/u�m)k<v�i�h�p�}\m)v�stuehLxl8 i�p�� m)feh¡x\swi�hL�Amp=t�$��v.=w��l7=wv/m�hLx7v/m�p���s��
8 p�i)��hakgv/u=xIm�f=hjm)h�� q h�iov*m�l=i�h�x\h q h�u�x\h�u=��h�p�8�m)feh¢k�l=i´8Ôv��!h�i�h�=wv�n\v/m�swp�uzs�kgh��*v.=tl=v/m�hLxz}��z��stu=st��s���swu75
m)fehY8 i)h�h]h�uehai�5���p.8<m�f=h]k���k�m�ha�$� ° feh$v/u=f=v/i)��p�ues���h!��ha�!m)k�v/i)hzmov/§�hau�stu�m)p�v��a�!p�leu�mw±�stm�feswu|m)feh
��l=v�k�swf=v/i)��p�ues���v qeq i)pun\st��v/m�swp�ur� ° feh�st� q p�i�m)v�u=�!h�p.88�!p�u�m�i)st}elem�swp�u=kf8 i)p�� xesn��h�i)h�u�m q fep�uep�u�kÊm)p
m)feh&k�l=i´8Ôv��!h�i�h�=wv�nev*m�swp�u]swk�v�u=v�=w�
��hLx4�
m)p�m�feh&k�lei�8Ôv��!h�i)h!=�vMnev*m)stp�uIs�k<v/u=v.=t�
�ahax4�

á��ÊÎ Ë u�le�¡}�h�iok�, æ ì � ¬ �\� © k�Ì æ ¬ � é ¤ � ß���Ì è �\� ¬ ¤ � á~x4�
Í�º�½FÁ ÇEÔ~Ó�Ó ·/ì Ó t�nVo�í/ºMÚ¼¿Ä·*î3ÚÊð�>
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[ ØC*cÎ�ã Ö�Úoõ>à;ß Ú�ØÂÕ×Ù ÎLÑPâ;ÓÄÕÈÚ4ß5Ù ØcÕåÒ�â;Î ­ëÓÄê ß?¶��î�Ì��½ ß5à;Ý�Ð�ÓkÑ	ÎîQ?Ò�â;ÎÜÝ�Øcã4Î
Ø)Ð�ÓkÖÈÓlÒ5ØÂÙ ì Ö�ÚuÙ ÎLÝëÚ4ÕÂÒ ÎLÝ�ÓkÑ.Ò Ú4ØcÕ

� À �*£ ô ÿ����^òIÜ À � � ú ¿ ôA÷�À�÷©�IÁ Æ�Æ���ò ÷ ÿ�� ú,ô ÿ�� �¥ô��a� þ ñ ôAõ ü#ý�þ��*¢:�^ò
Þ .����Â; J ä�, C� �. J �/�
����������� 3  �. +-,
� J #	0Ô, �8(*F J k] *�\ 0�0 �\( %
,a" �¥1
Þ , . ,434,�'=T  [ 	 JLK 1�P J�M 	 M4É å O  �. 0 ��� J P ,=%�0  �5�1�k] �./5 , � '

4I^
_a`�b*ced�`
r � q =tp*��swu75
�=iok¥m q i)stu=��s q =thLk<m)p/m)v.=Whaueh�ip5����av�=��!l7=�v*m)stp�u=k�±8h¡f=vX��h¡k�m�l=x\swhax�m�feh�}�h�f=vX��swp�iÊp.8���v

v�u=xî�+=ev�xev/m�p���kWp�u¡m�feh���v.�jk « ¤.¤=� ® ²4� é k�lei�8Ôv��!h�� ° fehgv�x=k�p�i q m)stp�u¡k�snm)h8v�u=x¢m§±8pji)h!=wh��*v�u�m�x\st��l=k�swp�u
�of=v�ueueh�=wk¢v�i�h�s�x\h�u�m�s6�=hLx4� ° fehz�of=v�ueueh�=wk&v�i�h��of=v�i)v��Am�hai�s���hLx�}���xesn��h�i)h�u�m¡v�x=v*m�p��w²�k�lei´8Ôv��!h�x\st��hai
swu�m�h�iov��!m�swp�ur� © p�m�f�v/��hL�Am�stu�v�uep*��h�=^±gvX�Im)feh	v�xev*m)p�� ��s65�i)v/m�swp�u�,8swu�p�ueh��of=v/u=ueh!=Wm�feh�x\st��l=k�swu75
v�xev*m)p�� è¥le� q kzv��!i)p�k)k&m)feh�k�l=i´8Ôv��!h$x\st��hai)k�v/u�x©=whavX��hak¡m�feh�x\sw��h�i�}�p�u=xek�swu�m)v��AmaÌ~stu:m�f=h7p�m�fehai
p�ueh�m�feh&k�lei�8Ôv���h&x\st��hai<}�p�u=xek<v�i�h�}ei)p�§�h�ur� ° f=h�m§±~p��of=v�ueueh!=�k<v�i�h�m)v�§�hau]swu�m�pzv��a�!p�leu�m8m)pzx\h�i)sw��h
h���hL�Am�sw��h�v�xev*m)p�� x\st��l�k�swp�u�}=v�i�i)sthai)ka���=i�p�� m�feh�x\st��l�k�swp�u�}=v�i�i)sthai)k�±8h8��p�u=�!=tl=xehgv�k�m�i)p�u75�x\st��l=k�swp�u
v�ueswk�p/m)i�p q �î8 p�i~}�p/m)fÌ��=rv�u=xY��v�v�xev/m�p���k�±�snm)fIm)feh�x\sti)ha�!m�swp�uzp.8;8Ôv�k�m�hLk¥m�x\st��l�k�swp�u q v/iov�=�=th�=em)p¡m)feh
k�lei�8Ôv��!h8x\sw��hai)ka����u�v�5�i�hah���h�u�m^±�stm�f	hon q hai�sw��h�u�m)v.=�p�}=k�h�i)�Xv/m�swp�u=k^±~ht�=u=x¡fes�5�fehaiWx\st��l�k�swp�u	}=v/i)i�swh�iok
8 p�i���=4m)f=v/ul8 p�i+��v=�

Í�º�½FÁ ÇEÔ~Ó�Ó ·/ì Ó t�nVo�í/ºMÚ¼¿Ä·*î3Ú?>
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Û Ò à;Ö;ä Ø)Ð Û Ò5Ý�ÓÄÚuÕ ÓÄÕ;Ö º Î¼Ù Ø ÎLÝ�ÓlÒ à;Ý�ÎÜÍÏÎÊØ Î¼Õ;ÖÈÎ¼Õ;Ñ	Î ØcÐ�¹ ÎIÒ5ÓÄã�ÙÒØÈÚ_Ò5ÓfO%ä

ÜHï �¸ô���õ ý�þ ú ¿¼ï �IÁ Æ�Æ���ò ÷ ÿ�� ú,ô ÿ�� � ïPü#ý�þ��*¢:�^ò
Þ .����Â; J ä�, C� �. J �/�
����������� 3  �. +-,
� J #	0Ô, �8(*F J k] *�\ 0�0 �\( %
,a" �¥1
Þ , . ,434,�'=T  [ 	 JLK 1�P J�M 	 M4É å O  �. 0 ��� J P ,=%�0  �5�1�k] �./5 , � '

4I^
_a`�b*ced�`
y�h�m)v.=6=wsw����=t��k�v�i�hgsw� q p�i�m)v�u�m�stuz�av*m)v.=t�\k�swkaÌ*��v�5�ueh!m)p/��p q m)sw�gk�m�p�iov�5�h~��hLx\swv=Ì�v�u=x�stu�m�hai)��p�ueu=ha�Amok

swu���s��!i)p�h!=wha�!m�i)p�ues���kaÌ/v/u=x	stm�swkR��i�l=��swv.=�m�p q i)hax\s��Am�v�u=x	��p�u�m�i)p.=�m)feh�swi���p�i q fepB=tpB5�swhaka� ° fehgh���p.=wl\m�swp�u
p.8Rv25�i�pM±�swu75��!i)�\k¥mov�=4s�kÊx\h�m�h�i)��stu=hax7}��zm�f=h&}�haf=vX��stp�i�p�8�hav��of7swu=x\sw��swxel=v�=
v*m�p��$Ìe}el\m<m)ha�ofeu=p.=wp.5�st�
�av�=�=t��i�h�=tha�*v/u�m~k�m�i)l=�Am)lei�hLk�f=vX��hgm�p&}�hjxehak)�!i)st}�hax�p�uIv�m�sw��hjk)��v.=th�p.84m�fehjp�iox\h�i�p.8 « v*m�=thLv�k�m ® m)h�u�m�f�k
p.8�v�k�hL�!p�u=x:v�u=x:p�u?vA=wh�u<5/m�fßk)��v.=th7p�8�u=v/uep���h!m�hai)ka� �<ußv�x\hL��l=v*m)h]m)feh�p�i���p.8f5�i�pM±gm)f:k�fep�l<=wx
x\hLk���i�sw}�hÊm)feh¢v*m�p���swk�m�s���=wh���h!=�p�u]��h�i)��k�f=p�i�mBm�sw��h¢k��av�=whak « 8 h��¡m�p�k�hL�!p�u�xek ® Ì�m�fehC8 p�i)��v*m�swp�u]p�8Wk���v�=�=
s�k´=�v/u�xek « ��s��!i)p�k�ha��p�u=x=k ® Ì
v�kI±8h!=�=~v�k&m�feh]h���p.=wl\m�swp�uQp�8���hak�p�k)�!p q s��zv/u=xQ��v��!i)p�k)�!p q sw��k�m�i)l=�Am)lei�hLk« m�h�u�m)f=k�p�8Rk�ha�!p�u=xek ® �° feh]x\h���h!=wp q ��h�u�m¡p.8�h!Ñz�!swh�u�m�v.=65�p�i)snm)fe��k&�!p��¡}eswuehLxq±�snm)f�m�feh7vX�*v/s�=wv�}es6=wstm¥��p�8<�ofehLv q h�i¡v�u=x
8Ôv�k¥m)h�iB��p�� q l\m)h�iokRf=v�kRm�lei)uehax�xeh�u=k�snm¥�î8 leu=�!m�swp�u=v.=em�f=h�p�i)� « £j� ° ® stu�m�p&v�i)h!=ws�v/}7=wh<v/u=xw8 hLv�k�st}7=wh�m)p�pB=
m)pzk¥m)l=x\�]m�feh&��s��!i)p�k)�!p q sw��v�k q ha�!m)k�p.835�i�pM±gm)f q f=h�uep���hau=v « v�u=x7��v/u��Ip�m�fehaiÊ�!p�� q =th!n q i)p\�!hak)k�hak
swu|��v*m)h�i)swv.=wk&k)�!swh�u��!h�ÌR��p�u=x\hau=k�haxQ��v*m�m�h�i q f��\k�s���kaÌ
v�u=x|�ofeha��swk�m�i)� ® ����uQm�f=swk q v q h�i�k�p���hI£j� °
i)hak�l7=tm)k^8 p�i�x\sn��l=k�stp�u q i)p q h�i�m�swhak�p�u&��h�m)v�=�=wsw�8k�l=i´8Ôv��!hakWv/i)h q i)hak�h�u�m)hax4�^áRv�i�m)sw��l7=�v/ip=t��Ì�±8h�±�s�=6=\x\s�k)�!l=k)k
m)feh7��lei)i�hau�m�leu=x\hai)k�m)v�u=x\swu75�p.8<m�f=h]swuDê=lehau=�!hLk¡p.8jk�m�iov/swu|p�u�m)feh$x\sn��l=k�stp�u « h�uehai�5���}�v/i)i�swh�i¡v�u=xq i)ho8Ôv��Am)p�i ® p.8
v�k�stu<5.=wh�v�xev*m)p�� p�u$v�k�le}=k�m�iov*m)h��
�:£j� ° m�p�m)v.=�haueh�ip5�����v.=w��l7=wv/m�swp�u¢}���snmok�u=v/m�lei)hBs�k q i�sw��v/i)s6=w��v � �Jx��F{¥¤W��v.=w��l7=wv/m�swp�ur���<u	v�����lei)v/m�h

±gvX��m�p&x\hLk���i�sw}�h~m)feh<k q v*m)swv.=ev/u=x¡m�ha� q p�iov�=exeh���h�=tp q ��h�u�mRp�8�vC5�i�pM±�swu75��!i)�\k¥mov�=�swk�5�st��h�u�}��&§�stueh�m�s��
y�p�u�m�h�Î8v/ip=tp «â­ y�Î ® � m hé±�s6=�=�x\hak)�!i)st}�hzm)feh7��h�m�fep\xNv/u=x|snmok���p��	}estu�v*m�swp�u©±�snm)f:��s��!i)p�k)�!p q sw�q v�i)v���h!m�hai)kjp�}em)v/swuehLx?8 i)p�� x.y
{~}<{~�@{s����v�=��!l<=wv/m�swp�u=ka����m�s�k�k�f=pM±�u�m�f=v/m¢i�hLv�=wswk�m�s��ÌxBy
{~}<{~�@{s�	§�stueh�m�s��
y�p�u�m�hzÎ8v/ip=tp$k�sw�¡l<=wv/m�swp�u=k�v/i)h�v�}7=wh¡m)p q i)haxesw�!m¢v�u�ha��p.=w��stu<5I��hak�p�k)�!p q sw�	k¥m)i�l��Am�l=i�h�p�u�m�feh�}=v�k�s�k
p.8
��s��!i)p�k)�!p q sw��x\h!mov/s�=wka�

¨pØ Æ§¦�Î t�q�À	o-tv¹�t ë7Ô × Ò ¹/¨\q ë7Ò Ø Ô º Ò
ÓoÔ t7ØÐì¡½�q Ô Ø ë �LÀ Ô~ÓoÒ « ÔsÒ ¹/�\qjt�ï Ó o Ò Ørì�¿Ä· Ç t�î Ò ¹¥©S5N�jì¡ºMÚ L Ú L o Ò Ø ë 5 Î Ú
K Ò
ë7Ò ¹»¹ íDÚ $ t�q4¹ ì�Ö�× Ô ·�Ø ÓoÔ ¬�×45^Ö Ô Ø ë7Ò ÀEt�q�·29<;�;�A#Ú
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ù ���
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S �) *( % �A ��
���! ����
����. , �*�\ H4H�, 1 2 J�M^��É^��Î ' �) ��R� , 1 2 �4����.�� ,

ý �/�
���������W�A �!"?U  *( % �R�)( ,�0BÇ	0  *(���. � ( %  �5��Â����. ' 1 U  *( % � ã Y<�R� G=ã�' �) ��R� , 1
k] ���.X �� 3  �5 , .XF=� É 1 2 J�M^�4K�� ' �) ��R� , 1 2 �4����./� ,

4I^
_a`�b*ced�`
° feh�5�h�p���h�m�i)sw�av�=ÂÌ/h!=wha�!m�i)p�ues��gv/u=x�haueh�ip5�h�m�s�� q i�p q hai�m)sthLk�p�8�m�fehjx\swk)k�p���swv/m�sw��h « � �Oé�® v�xek�p�i q m�swp�u

p.8 � � Õ p�u�m�feh�i�lem�s�=th ° s Õ � « ����¤ ® k�lei´8Ôv��!h�v/i)h	��v.=w��l7=�v*m�hLx�}���v qeq =t��swu75zm)feh��=l7=�=�á�p/m�hau�m�s�v�= Ó stue�
hLv/i)s6�ahaxqá�=�v/ueh m vX��h���h!m)fep\xq±�snm)feswuQm�feh�=wp\��v.=Bx\h�u�k�stm¥��v qeq i)pun\st��v*m)stp�ur� ° ±8p q p�k�k�st}<=th « � � é�®
v�xek�p�i q m�swp�u?5�hap���h!m)i�swhakÊv/i)h¢stu���hLk¥m)s65�v*m)hax4� m hI�=u�x�v
5�h�uehai)v.=ri�hLx\l=�!m�swp�u�p�8Rm)feh¡}�p�u�x?=thau75/m)f=kÊv/m
m)feh¡k�lei´8Ôv��!h&v�u=x$v/u$stu
±gv/ioxekgi)h!=�vMnev*m)stp�uIp�8�m)feh&k�l=i´8Ôv��!h q =�v/ueh�� m fehai�hLv�k8m)feh�Õ�² � }�p�u�xÌ=wh�u<5/m�f�k
v�i�h	��h�i)�$k�sw��s6=�v/iC8 p�ij}�p�m�fE5�h�p���h�m�i)sthLkÊv�u=x��!p�� q v/iov/}7=wh¢m)pIm)f=v*m�p�8�m)fehI8 i)h�h � �*Õ ��pB=thL�!l7=wh�Ì�m)feh
��p�i)i�hLk q p�u=xestu75 ° s&²=Õ:}�p�u=xw=thau75/m)f=k�x\sn��h�i�}�� ¤ � é � U�¡ÌXhon q i)hak)k�swu75<m)feh�v/� q fep�m�hai�s��B�of=v�i)v��Am)h�i
p�8em)feh
Õ � 5�i�p�l q ka�8Î~p�u��!h�i)ueswu75�m�f=h�swi�5�i)p�leu�x7k�m)v/m�h¢haueh�ip5�swhakaÌe}�p/m�f�v�xek�p�i q m�swp�ul5�hap���h!m)i�swhak<v�i�h q iov��!m�st�
�av�=�=t�]ha��l=v�=Â�R�Êxex\stm�swp�u�v�=�Õ � k�lei�8Ôv���h q hLv/§\k<v qeq hLv/i<swu$m�f=h	x\hau=k�stm¥�Ip.8�k¥mov*m�hLk�Ì�=tpM±8h�i)hax]}��]v�}�p�l\m� é h�Hà8 i)p��ñm�feh&��v�stu q v�i�mok<p.8
m)feh�ÕÊ�§È¡v�u=x7��É�}=v/u�xek<p.8
m)feh¡�!=thLv/u�k�lei´8Ôv��!h��Rv q p�u�v�x=k�p�i q m)stp�urÌ
m)fehé=tpM±8hak�m ° s � �J=tsw§�h$k¥mov*m)hak�p�8jm�feh��!p�u=x\l=�!m�swp�u:}=v/u=x:p�8jm�feh��!=thLv/u:k�lei�8Ôv���h]}�ha��p���h]p\�a�!l q swhaxr�
Î~p�� q v/i)haxIm�p�m�feh&�!=thLv/u$k�l=i´8Ôv��!h�Ì�m)fehc±8p�i)§28 leu=�Am)stp�u�swk�k�m�i)p�u<5.=w��i�hLx\l=�!hLx7}��]v/}�p�l\m ¬ h�H¡�

Í�º�½FÁ ÇEÔ~Ó�Ó ·/ì Ó tÏÖ/½-q4¶ Ò ×³·ÌÖ�× Ô ·�Ø;×³·�>
Î�Ò ØA½¡ºo×rq Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶sq�t Ç8Æ ª\t�q Ô ºMÚx��t ëDÓ ·�Ø�oA½FÁ ·�q Ê ½^Ø Ô î Ô ·DÚ Ò ×
Ú Ò
Ó
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4I^
_a`�b*ced�`

m hBswu���hak�m�s�5�v/m�h�m)fehBswu�m�h�iov��!m�swp�u�p�8�Î�Õ©±�stm�f¢m)feh~ÍÊs��+= « ���¥¤ ® k�lei�8Ôv��!h�v�xek�p�i)}�hLx�stu¡v q «ré-� � ® 5�h��
p���h�m�i)�j}�����hav�u=k�p.8�m�fehg�el7=�=t� q p/m)h�u�m�s�v�= Ó swuehav�i�s���hLxc�<l75���h�u�m�hLxIá�=�v/ueh m vX��h « � Ó �Cá m ® ��h!m�f=p�xr�
�=p�iRm)fehR8 l7=�=t�	i�h�=wv�n�hLx	k�lei�8Ôv���h8swu�m�hai)v��Am�swu75�±�stm�f�m�fehjv�xek�p�i)}=v*m)h�ÌXm)feh<x\i)st��swu75�}�p�u=x\swu75¢��ha�of=v�ueswk���k
p�u7x\st��h�i)h�u�m<v�xek�p�i q m�swp�u7k�stm�hLk�v/i)h�xeswk)�!l=k)k�hax4�R�ep�i<�!p�� q v/i)swk�p�urÌ�±8h�v.=wk�p q i�hLk�hau�mgi)hak�l7=tm)kt8 p�igm)feh¢�«�é-�Pé�® Î�Õëv�x=k�p�i q m)stp�u]p�u7m�fehîá�m « �¥¤.¤ ® k�lei�8Ôv���h��gÎ8v.=w��l7=�v*m�hLx$�of=v/ip5�hjm�iov/u=k´8 h�iok<v�u=x$k�lei�8Ôv���h¢�!p�i)h
=wh���h!=rk�fes³8 mok<v/i)h¢v�k�hau=k�stm�sw��h q i)p�}�h�p�8
m�feh&v�xek�p�i q m�swp�uÌ5�h�p���h!m�i)���

Í§Ö/½FÁ ÇEÔ~Ó�Ó ·/ì Ó tÏÖ/½-q4¶�Ú+Ö�× Ô Ú?>
Î�Ò ØA½¡ºo×rq Ô À Ó º Ò î ÒDÔ ¹ Ò Á#¹R· ¶sq�t Ç8Æ�ë ½¡º ÓoÒ î Ê o�t�Á¡Á ·@ºMÚ Ó º�ºo×
ÚË½;Ø Ô î Ô ·DÚ Ò ×
Ú Ò
Ó

D $ t�qo' º4½FÀ¡ÀEt�q Ó ·/ì8Á�í Ó oF·�OÂ½¡º Ó q ÔÕÒ ØhÖ�× Ô ·�Ø;×³·YÙ-tv½;Ø�ì Ò
ÓoÔ t7Ø�5%n�qjt É ·�× Ó ú`t�Ú#n`9�9<6478A @ nVÏ#ÐÑ5�Ò�í Ó o-ÓÕÔ Ô~Ó í
t�ÖN� Ô Ó�Ø^Ø Ò Í|�8×-Ò Ô¥ØÚÙÒ ×�ÛTÜjÜ ÓoÔ Ö Ó ×^Ø ë >i5 Ò ØrìÝÒ�í Ó o-ÓÑÔ�Ó�Ø Ó Ó�q#ÖHt�q\Ô�t8ÛTÞ	× ÓoÒ
ÓoÔ t7Ø Ò�ØjÎhÒ
Ó Ó�q ÔÕÒ�Ø ÜwÖ�× Ô Ó�Ø;×rÓDÚ

N 7



ß!à8á�âVàµãÚäXå8æ�çÀà�èêé
ë á	äXå�á�àìçÀèêàìíÝå4èXé�ã�îµïræ4îSð�ñ^ábòóð�å�á�àµã^ð�ñÚæeßõôXö�æ4ã�î-æ ÷ ë í�òøßeù

ú Î Úüû�Ú3Ö-ý4qjÓ�Ø�ÜCÓ�Ø�5 Î Ú�ð�q Ò Ørì�Ò�í ë Ó�5 Ò ØrìÝþ�Ú $ Ú�� Ò ×rt�Ò	ÜCÓ�Ø�ÿ
� ¾oºu¶�»��;¹|º!»
¼��<¾����
Ä
	?»7ÃJ¹��������Ì»DÃ
��	é¹|º���¸uº�»
¼~¾�	�¾�Ã§»
¼@¼6¹|º?º�����Ã§»7º�Ã@¸���¸¥ÃJÄ
�;º�Ã���Ä�¾�»�����	E¾oºu¶�»��;¹F¸�	l¸i5
Üj×�Ò	Û Ô~Ó�Ó Ó/ì

ú K+Ú%¨ Ø Ó<ÜCÓ�Ø�5S�îÚ^K�� ë Ü ë7ÒDÒ q�ì�5;¨¥Ú�Ö Ó Ó�Ø�Ü ë7ÒDÒ q�ì�5 Ò Ørì ÙfÚ�ð�Ó<ÜCÓ�ØµÒ Ò ×io-Ó�q<ÿ
� ��	���»DÄö»DÃJ¹@¿
¾?¸¥Ã����
·�����	E¾MÃ@¶�����¸lÃ
��	E¾o»
¸���Ä�¾?Ã@¶�¾é»�� ��»DÄ�¾��^Ã"!o»
Ä¥Ä¥¹|¾MÄ�¶�¾M¹$#D¶�Ã%���Z»��Z»DÃ
��	é¹JºÌ¸Mº!»
¼Õ¾r5
O`Þ�Þ Ø Úün/o=íSÜMÚüO Ò ×M×rÓ�Þ Ó Ó/ì

ú �;Ú3Ö�×�o Ô ý Ó'& 5;ÙfÚ&ªÌÚ3ª Ô %êt Ø¥ØÕÒ 5 Ò ØrìÝþ?Ú $ Ú�� Ò ×rt�Ò	ÜCÓ�Ø�ÿ
� ¾oºu¶�»��;¹|º!»
¼tÄ�¾u¸
�����;¸M¾(�'����»����
�^¶#»�¸�¾�	E¾MÃ§»
¼6¸)�Y»EÄo¾u¿D¾uÄ�¸M¾+*Ì»
¼F¼,�§µî¾MÃ§ºM¶�¾�-�¾!º�ÃP5
Üj×�Ò	Û Ô~Ó�Ó Ó/ì

ú �;Ú³��Ú Î t�q Ó Ó�Ø	ÜCÓ�Ø�5î%
ÚüûYÚfK Ô Ørì-Ó�q�t Ó o�5�þ?Ú $ Úc� Ò ×rt�Ò�ÜCÓ�Ø�5#�îÚfK.� ë Ü ë7ÒDÒ q�ì�5î¨�ÚIÖ Ó Ó�Ø�Ü ë7ÒDÒ qaì�5 Ò ØrìðÙfÚ
ð�Ó<ÜCÓ�ØµÒ Ò ×�o�Ó�q<ÿ
/ -�¾oº.Ã@¸0���`»1�;¹s¸��DÃJÄ'����¹|º2�
¹ -3�#¸�¹4��� »1���657�;¹JÃ´¾�¹F¸�¼~»����ï¸�¹98.¾u¸�¹:�ô¶;��	(�.¾<�3¹@Ã§»�=7¹J»D¼+#7Ä��
À�Ã@¶�� µcÃ>���
µIÃ'?<@BA A
CD��¶�¾E=85
Üj×�Ò	Û Ô~Ó�Ó Ó/ì

ú Î Ú�ð�q Ò Ørì-Ò�í ë Ó�5 Î ÚüûYÚ3ÖSý4qjÓ�Ø	ÜCÓ�Ø�5 Ò ØrìÝþ�Ú $ Ú�� Ò ×rt�Ò	ÜCÓ�Ø�ÿ
� ���F���;º�Ã§»���º¥¾�¾u¹G#�¾���ºu¶�»����3¾M¼³¸�¹H�I��»�����º����^Ã§»7º.Ã@¸i5
n/o=íSÜMÚüû�Ó*î3Ú ð Ò ×M×rÓ�Þ Ó Ó/ì

ú %
Ú{û Ò Ü�Û�×�Ü�ÜCÓ�Ø�5#þ?Ú $ Úc� Ò ×rt�Ò	ÜCÓ�Ø�5�%
Ú�K�Ó � Ó�q�Ü�5_¨éÚ�ð�Ú�n�Ó/ì-Ó�q�ÜCÓ�Ø�52Ö3Ú��éÚIÖSq Ô Ø Ô î Ò Ü Ò Ø�5 Ò Ørì�ÏÌÚ
�KJt7Ø�ÜjÜCt7Ø�ÿ
L Ã
�1	l¹F¸¥ÃJ¹|ºM�<¾�Ã´¾uÄ
	l¹H��»DÃJ¹4���N�'�YºMÄ'��¸!¸
�´¸¥¼6¹O�P��»DÃ@¶�À+»
·b»����b¾)��¾uÄ4#�¾MÃJ¹|ºu¸�5
n/o=íSÜMÚüû�Ó*î3Ú&K�Ó Ó�Ó Ú Ò ×M×rÓ�Þ Ó Ó/ì

ú �;Ú�� Ò ×rt�Ò	ÜjÓ�Ø�5�þ?Ú $ Ú�� Ò ×rt�Ò�ÜCÓ�Ø�5 Ò Ørìb�;Ú3ÖJÓ Ó o;Ø Ò ÿ
½c»7Ã´¾éÃ@¶�¾E�DÄ�·Q�)�DÄÌº��
Ä¥Äo¾u¼~»DÃ´¾E����Ä��.º�¾¥¸�¸M¾u¸)��RS���T!M¼~¾��VU
��	"��¸2¹H�Z» �7»DÃ
�1	W�D¹ -3�#¸¥¹����	5
n/o=íSÜMÚüû�Ó*î3Ú&K�Ó Ó�Ó Ú Ò ×M×rÓ�Þ Ó Ó/ì

ú �;ÚüÏYÚ^K Ò q�ÜCÓ�Ø Ò Ø�ì ¨�Ú�Ô�o-t�qo'�Ó�Ørì-t�q � ÿ
/ ��¶#»���º¥¾E�ÏÄo¾o»7º.ÃJ¹F¿B¹@ÃJ·X���Y��¸M¾)��� �1	M�DÄ
�^¶�¹Jº � ����� � �Z?[@ @ @
C+5
Üj×�Ò	Û Ô~Ó�Ó Ó/ì

��÷ òL��ñ�ÿ3� ÷ òLÿ ô�� ñ ÷ ÿ[ý ô ÿ 
 � ÷�

�³ô ñ�ÿ�������ò ÷ ÿ þ�� ÀâÀ �1\l� � õ ñ ö ït� �LÁ ïn� ö
Ï#Ó Ø¥Ø Ó $ Ó Ø�Ø Ó[]j×�Ü
Ô{O Î n�5^ª\Ó�Þ Ò q Ó ÛTÓ�Ø Ó t�Ö�n/o=íSÜ Ô ×�Ü
ð{× Ô�Ø ì Ô Ø ëS^ 7�=µ53%êÓ�×io;Ø Ô × Ò�Ø d�Ø Ô î�Ó�qiÜ Ô~Ó íõt�Ö�ª\Ó�Ø�Û Ò qo'
ª_þ @`_ A47�7EKBí#Ø ë Ò�í�5^ª\Ó�Ø�Û Ò qo'

N 9



a õ)X3­ õ�¸bX3­ õ º » æ º õ�Ù ¹ » [ º õ

bdcfe3g�hMikjmlon pqj�rsr%t�g�h uvhMwDj>xyj�rYtzcfloi|{}j�w�g�~owzj�r`hMn �I� j
by~owzw��.��cXrYhMlIr%tDj�w�� � u��7��e3hShMl���i�bd~olog�rYtzcfl � hSr%��cdn

�M���M���
�Z�;�Z�z�����>���`� ���;�Z¡:¢;��£H�;��¤���¥(�§¦.�z£:£H�D�z�Z� �Z¨y�s��©���ª��D¨Z�z��¡H«��Z¬
­�®F¯�°<±4°³²�°�´¶µ²T·M¸K¹�¯�°4º%µ» ·'¼�¹�·4´ » ·)¯1½�¾T²T®T¿BÀ`¸ » ·�¯1½�¾T²T®T¿B¯
ÁB¹�®�°³·�²TÂÄÃ�µ²TÅG±[½�¾ÆÀ%Ç(È�É;Ê1Ë�ÊTÉPÃ�µ²TÅG±[½�¾ÆÀÍÌÍ¹�·�ÂfÎ;®�Ï

���§ÐTÑ
�DÒ³�;�Z�;¤
Ó7®�±4Ô;¹�·�¯�±4°³Ï » ´ÍÕS°
¾�¹�®F¯�À%Ö�¹�½�°³± » ® » ´MÖ » ÅG±³×fÖ�°[Î;°'¹MØ"¾TÏ1¯�±[½�¯�ÀYØ+Î;®.¹'¼§±H¯�°³±4ÂX± » ² ¼ » ÅG±H¯�ÀÙÌ�ÚSÈ�MÆÉZÛ1Ü�Ë

ÕS°4¾�¹�®F¯�À�Ì+·)¹�¹�½�¹

Ý�ÞFß�à�á�â ã�à
ä4å"æ<ç è$éZê<ë�ì�èVë�íXí�ë�î1ë�ï+ðDåBé
æ[ê[ñ�æ<ë�æ<çBñ�æZñsê[ë�òEë�åzæ<ó,ô3î1ë�ìDë�ó,ð�õ;ë�î%ö9÷BóVóVøHõ;ð�æ[ë�åzæ<è$ñ�ó1ù%ù%ú�ø � ê[ë�ë�åTû éTö9÷ åBòEø

æ[èVðDåÙïQë�æ<ç ð1î�ñ�óVó,ð�í7é�ñ�åÙëEü�òEè,ë�åzæ�ò�ñ�ó$òE÷ ó$ñ�æ[èVðDåQð�öÆö9ð�ê�òEë
é�ñ�åBî+ó$ñ�æ<æ<è$òEë7ê[ë�ó$ñ�ý ñ�æ<è,ð�åBéZè,åÙæ<ê�ñ�å é³èVæ<è,ð�å+ï+ëEæ<ø
ñ�ó,é�þ�ÿ�ç ëKö9ðDê[ò�ë�é�ò�ñ�å��;ë`ê[ë�ñDî1è,óVô+ë�ì�ñ�óV÷Bñ�æ<ë
î���ô+æ<ç ëYè,ð�å è$ò��Kë�ó,óVïÙñ�å å1ø�� ë�ô�å ïÙñ�å�æ[ç ë�ðDê<ë�ï���í¶ç è,ó,ëKæ[ç ë
� ê[ë�ë�å�û ésö9÷ å ò'æ<è,ð�å éKö9ðDê%é³ç èVöGæ<ë
î>õ;ðDé<èVæ<è,ð�åBé`ò�ñ�å��;ëQð	�1æ[ñ�èVåBë�î
��ô(ñ�å���÷ ó$ñ�ê`ï+ð�ï+ë�åzæ<÷Bï æ<ê�ñ�åBé³ö9ð�ê[ïÙñ�ø
æ[èVðDåBé�þ�
KéYñ�õ õ ó,è,ò�ñ�æ<è,ð�å éKí.ë�ò�ñ�ó$òE÷ ó$ñ�æ[ë%æ<ç ëQó$ñ�æ³æ[è,ò�ë�ê[ë�ó$ñ�ý ñ�æ<è,ð�åBé7ñ�ê<ðD÷ åBîMè,ï+õ ÷ ê[èOæ[èVë
éKè,å���÷mñ�åBî�
7óHþ�MðDê<ë�ð�ì�ë�ê��)í.ë7é³ç ð�ífæ<çBñ�æ�æ<ç ë¶ï+ë�æ<ç ð1î+ñ�ó,óVð�í7éFæ[ð%î1ëEæ[ë�ê[ïQè,å ë�æ[ç ë7õ ç ðDå ð�å�ö9ê[ë��z÷ ë�å òEè,ë�éZð�ö;æ<ê�ñ�å é³èVæ<è,ð�å
ï+ëEæ�ñ�ó$é`ö9ê<ðDï ñ�é³è,å��DóVëÙé<ë�óVöGø�ò�ð�åBé<è,é³æ<ë�åzæ%ò�ñ�ó$òE÷ ó$ñ�æ[èVðDå>ð�ö�æ[ç ëÙòEð�÷Bõ óVè,å��MòEðDåBé³æ[ñ�åzæ�éYèVåmê<ë
ñ�ó�é<õBñ�ò�ëQñ�åBî
õ ê[ë�é<ë�åzæ¶ê[ë�é<÷ óOæ�é.ö9ð�ê�ö9ë�ê<ê[ð�ïÙñ��Då ëEæ[è,ò��7èHþ

����� �	� �"!�#%$�&(')�"*�#+�
,.-0/21�1�354
/768-09;:<9"=>/�?@/�AB6DCE9�FHGIA2JD6DCEKLAB68K0C8/2A7M"?IA7KH?IMN68GI9�FHJ7O�GIFP6DC89;:HKHAB/�:RQ)SR1T9"CECEGIF0U�MWVYX[Z\M"FH:W1T9�-LFM"FH:]3.9�JD6D9"^"/7C_Va`NZbO>GIJdc(/�?e?\^;F09fc>Fg=h9"C�G@68J�4iMN68-0/�4iMN68GIA7M"?jCEGIU"9"C89�KHJ8F0/�JEJdM"FH:k/�?@/7U�M"FLAB/"lnm(Sg68MN^)GeF0UM":0oNM"F�68MNU"/p9"=q4�KH?@68G@rL?I/�J8A7MN6D6D/7CEGIF0Us68-0/79"C8S"Ot68-0/�4
/768-09;:uA7?@/�MNC�?@SvJD/7rLMNCEMN6D/�Jj68-0/�J8A7MN6D6D/7CEGIFHUdrHCE9"rw/7CE68G@/�J9"=x68-0/yJ8GeF0U�?@/2rt9"6D/�F�68GeM"?IJ
=hC89�4z68-0/uU"/79�4
/76DCEGIA7M"?jJD6DCEKHAB68KHC8/v9"=T68-0/uJ8S)JD6D/�4vlk{y9"C8/79fo"/7CfO\68-0/uJEG@|7/v9"=68-0/2C8/�J8KL?@68GIF0U}M"?@U"/7QHCEM"GIAs/�~)KHMN68G@9�FHJ
GeJp9"rH68GI4iM"?I?IS�J84iM"?I?�l<�xF<68-0/�9"68-0/7C�-HM"FL:�Oq68-0/21�1�3�68-0/79"C8S�GeJJ8K0QH68?I/>M"FH:�AB9�4
rL?I/B�wO0JD9p68-HMN6�/7o"/�F�68-0/x/7oNM"?IKHMN68G@9�Fs9"=+68-H/>=hC8/7/B��JDrLM"AB/�J86DCEKHAB68K0C8/xAB9�FHJD68M"FP68J�C8/7rLC8/�JD/�FP68JMurLC89"QL?@/�4�GIF_G@68J8/�?@=�ly{u9"C8/79	o"/7C�O�G@68J�F)KH4
/7CEGIA7M"?(GI4
rL?I/�4
/�F�68MN68GI9�F�=h9"C�QLM"FL:;��JD6DCEKHAB68KHC8/dA7M"?IA7KL?IMN68G@9�F_GeJF0/�G@68-0/7C�/�M"J8S�FH9"C�/B�dA7G@/�FP67l�,.-HGIJ�-LM"J�?@/�M":26D9i68-0/T=�M"AB6.68-HMN6\68-0/�?IGIF0/�MNC�4
/768-H9):HJ�OH?IG@^"/T�+{},>��OH�T�)��OM"FH:v� �>����OHCE/�AB/�G@o"/�:29fo"/7Cj68-0/�S"/�MNC�J\AB9�FHJ8Ge:0/7CEMNQL?@Sd4
9"C8/�MN6D6D/�FP68G@9�F�l

�"`



,.-0/T�jC8/7/�F���J�=�KHFHAB68G@9�F}�b�x�q�(o"/7CEJ8G@9�Fd9"=�68-0/x1�1�3]4
/768-H9):sc�M"J�GeF�6DC89;:HKHAB/�:�QPSdm(/7/7Q)SdM"FL:d9"68-H/7CEJTVa�)O� O>��Z�M"FH: -HM"Ju?IMN6D/7C8�b9�F¡Qt/7/�F¢KHJD/�:¡Q)Sk68-0/_M"K068-09"C�JvGIF¡/B�;6D/�FHJ8G@o"/�A7M"?IA7KH?IMN68G@9�FLJ�=£9"C}GI4
rLK0C�G@68G@/�JsGIF4
/768M"?IJ�Va�;Oq¤PO�¥	Zbl},.-0/��T�¢o"/7CEJ8GI9�F_GIJ�rLMNC868GIA7KL?IMNCE?@S¦KHJD/7=�KH?%=h9"C�:H/�FHJ8G@6�S��b=�KHFHAB68G@9�FLM"?�A7M"?IA7KH?eMN68G@9�FHJ�M"FL:M�o"9�GI:LJ.rLMNC86\9"=§68-H/�:HGIJ8M":Ho�M"FP68MNU"/�J\AB9�FHFH/�AB6D/�:uc\GI68-�68-0/�QLM"FL:;��JD6DCEKHAB68KHC8/xrHC89"QL?@/�4vl��09"C>GeFHJD68M"FHAB/"OH68-H/GIFP6D/7U"CEMN68G@9�Fg9fo"/7CvM"?I?\9)A7A7K0r¨G@/�:gJ868MN6D/�JsA7M"FkQt/v/B�dA7GI/�F�68?@S©rw/7CE=£9"CE4i/�:WQPSgM_AB9�FP6D9�K0C2GIF�6D/7U"C�MN68G@9�F]GIF68-0/�AB9�4irL?@/B�2/�F0/7C8U"S�rL?IM"FH/"OLJD9�68-LMN6\=h9"C\U"C89�KHFL:uJD68MN6D/pA7M"?IA7KH?IMN68GI9�FHJ�68-0/�68GI4
/�AB9�FHJEKH4iGIF0U
/7oNM"?IKHMN68GI9�F9"=�68-0/i/�G@U"/�FPo�M"?eK0/�J�GIJ�Mfo"9�GI:0/�:�ls{u9"CE/79fo"/7C�O%68-0/dM�oNM"GI?IMNQLGI?eG@6�Sy9"=(68-0/��jC8/7/�F���J�=hKHFLAB68G@9�Fª9"rt/�FHJ�K0rª68-H/c�MfSv6D9�MNrHrL?IGIA7MN68GI9�FHJ.?IG@^"/�?IGIF0/�MNCD�bCE/�JDrt9�FHJD/TrHC89"Q¨?@/�4iJ7OL:LGIJD9"CE:0/7C>GIFvM"?I?@9	S)J�OL/"laU0l@Otc\G@68-HGeF268-0/p«��w��O¨M"FL:/�?@/�AB6DC89�FHGeAx6DCEM"FHJDrt9"C86.GIF2J89�?IGI:HJTVa¬�Zbl
­ FH=£9"C868KLFHMN6D/�?@S"O04
9�JD6�1�1�3]A7M"?IA7KH?eMN68G@9�FHJ�K0rs6D9pFH9fc¡-HM�o"/xQt/7/�FsC8/�JD6DCEGeAB6D/�:d6D9pJDrL-H/7CEGIA7M"?¨rw9"6D/�FP68GIM"?IJ(9"=4�K0�dF;�b68GIF�9"C��T�;�¡=h9"CE42lq,\-HGIJ�GeJ(MpJD/7CEGI9�KHJ(?eGI4iG@68MN68G@9�Fi9"=+68-0/j68-0/79"C8S�JEGIFHAB/j68-0/jJ86DCEKHAB68K0CEM"?¨9"rH68GI4�G@|�M��68G@9�F�9"= M
J8S)JD6D/�4�C8/�~PKLG@C8/�J�Mp=hKH?e?Y�brt9"6D/�F�68GIM"?w:0/�J8ABC�G@rH68G@9�F�l§®¯F�68-HGIJ�-HG@U�-H?eG@U�-�6(c(/Tc>GI?I?¨C8/7o)GI/7c¡9�K0C�C8/�AB/�F�6c(9"CE^y9�F¦/B�;6D/�FH:HGIFHUs68-H/i1�1�3��°�T�k4i/768-09):ªGeF�6D9vM�=�KH?I?Y�brt9"6D/�FP68GIM"?§J8AE-0/�4i/iM"FH:¦68-0/�F�J8-H9fc±68-HMN6�68-LGIJM"?I?@9	c\J�M"FsM"A7A7K0CEMN6D/xM"FH:i/B�sA7G@/�F�6�A7M"?IA7KH?IMN68GI9�Fi9"=�=h9"CEAB/�J(M"FL:�?IMN6D68GIAB/>C8/�?IM��0MN68G@9�FHJ7l%,.-H/\MNrHrL?IGeA7MNQLGI?IG@6�S�9"==hKL?I?Y�brt9"6D/�F�68GeM"?P1�1�3²J8AE-H/�4
/�J�-HM"J�Qt/7/�F
c>GI:0/�?@S�:HGeJ8A7KHJ8JD/�:pGIFp68-H/.?IG@6D/7CEMN68K0CE/TVYX7³HOHX"X"OHX�`;OHX��;OHX � OHX��;OHX��NZM"FH:sGIFi68-0/jo;G@/7cg9"=�4i9�JD6�M"KH68-09"CEJ7O)68-HGIJ�GIJ�JEGI4
rL?@S
M�~PKH/�JD68G@9�Fi9"=+68-0/jAB9�FPo"/7C8U"/�FHAB/T9"=+68-0/>M"F0U�KL?IMNC�4i9N�4
/�FP68KH4´/B�)r¨M"FHJ8G@9�F}c\-HGeAE-ª4iMfS}:HG@µw/7CTGIF¦:HGYµt/7C8/�FP6xo"/7CEJ8G@9�FHJx9"=(68-0/
=�KH?I?Y�brt9"6D/�FP68GIM"? 1�1�3±68-0/79"C8S"l�®¯Fo)GI/7c�9"=(9�K0C>/B�;rt/7CEG@/�FHAB/�c\G@68-y68-0/pA7M"?IA7KH?IMN6D/�:}C8/�JEKH?@68Jj:0/�J8ABCEG@Qt/�:uQw/�?I9fc¶68-0/pAB9�F�o"/7C8U"/�FLAB/i9"=q68-0/�=hKL?I?Y�rt9"6D/�F�68GIM"?j1�1�3.�°�x�·4i/768-09):k:0/�J8ABC�G@Qt/�:©GIFgJD/�AB68G@9�F¡¥)l¸`RJD/7/�4iJ�F09"6s6D9�Qt/yM�rHC89"Q¨?@/�4¹GIFgrHCEM"AB68GeA7M"?A7M"?IA7KH?IMN68GI9�FHJ7l
®¯F�AB9�F�6DC�M"JD6�6D9u4i9�JD6�9"68-0/7C�4
/768-09;:HJ7O�68-0/�=£9"CEAB/dA7M"?IA7KH?IMN68G@9�F_GIJxo"/7C8S¦/�M"JDS¦c\G@68-HGeFy68-H/1�1�3W=h9"CE4iM"?eGIJ842O"c\-LGI?@/�68-H/\:0/�J8ABCEGIrH68G@9�F�9"=w?eMN6D68GIAB/�C8/�?IM��0MN68G@9�F
GIJ%4
9"CE/\AB9�4
rL?IGeA7MN6D/�:�l%�TF0/.J8-09�KH?e:�M"?IJ89F09"6D/�68-LMN6\68-0/�1�1�3¢68-0/79"CESvGIJ�o"/7C8Sv:HG@µw/7C8/�FP6�=hC89�454
/768-H9):HJ.QLM"JD/�:v9�Fy?@9;A7M"?IG@|7/�:29"Cx4iGY�;/�:29"C8QLGI68M"?IJ7l�09"C>GeFHJD68M"FHAB/"OH68-H/�9fo"/7CE?eMNruQt/76�c�/7/�Fu9"CEQLG@68M"?IJ�9�FyF0/�G@U�-PQw9"C�GIF0UpJ8G@6D/�J\:H9P/�J.FH9"6./�F�6D/7CxMN6\M"?I?+F09"C\-HM"J>M"FGIFP6D/7CEJD68G@68GIM"?PC8/7U�G@9�Fp6D9TQt/�GIFP6DC89):LKHAB/�:�l+®¯FHJD6D/�M":�O�68-0/�JD9�?IK068GI9�FHJ GeF�/�M"A�-iAB/�?I?0MNC8/�AB9�FHJ86DCEKHAB6D/�:pQ)S�M"F0U�KH?eMNC4
9�4
/�FP68KH4º/B�;rLM"FHJ8GI9�FHJ7O0M"FH:�68-0/TrHCE9"rw/7C�Qt9�KHFH:LMNC8S�AB9�FH:HGI68G@9�FHJ�MNC8/�J8MN68GIJD»L/�:�QPSs68-0/�JD9�?eK068G@9�Fs9"= 68-H/¼ S)JD9�Fu/�~PKLMN68G@9�F�l
,.-0/�9�K068?IGIFH/�9"=�68-H/�rLMNrt/7CTGIJjM"Jx=£9�?e?@9fc\J�½\��G@CEJD6>c(/
J8-09"CE68?@Su:0/�J8ABC�G@Qt/�68-0/�=hKL?I?Y�brt9"6D/�F�68GeM"?�/B�;6D/�FHJ8G@9�F}9"=68-0/�1�1�3]=h9"CE4iM"?eGIJ84¾GIFv�)/�ANlL¥)l¸`pM"FH:2JD^"/768A�-268-0/�A7M"?IA7KL?IMN68G@9�F�9"=+=h9"CEAB/�J.M"FL:2?IMN6D68GIAB/T:HGIJDr¨?IM"AB/�4
/�FP68J�GIF�)/�ANl ¥)l¸�)ld�ª/i68-0/�F�rLC8/�JD/�FP6TC8/�J8KH?@68Jx=h9"C�68-0/d?IMN6D68GIAB/iC8/�?eM��;MN68G@9�FLJ�MNC89�KHFH:ªGe4
rLK0CEGI68G@/�J>GeFª4
/768M"?IJd�b�;/�ANl¥)l � �(M"FH:�:0/�4
9�FHJD6DC�MN6D/j68-LMN6(68-0/xJ8M"4
/T4
/768-H9):sA7M"F2M"?IJD9�Qt/>KHJD/�:d6D9
A7M"?IA7KH?IMN6D/xrL-H9�F09�FHJ�GeF�C8/�M"?tJDr¨M"AB/�b�)/�ANlw¥)l¸����l>�§GeFHM"?I?@Sdc(/�AB9�FHA7?IKH:0/�68-HGIJ.-HGIU�-H?IG@U�-P6�c\G@68-vM�J8-09"C86jJ8KH4i4iMNCESsM"FH:yM"Fv9�K068?I9P9"^�9�Fy=hK0CE68-0/7C:0/7o"/�?@9"rL4i/�F�68J\9"= 68-0/�1�1�3¢4
/768-H9):�l
���£¿ Àq&�Á�Á�ÂBÃ�#��NÄ¨�+��*�ÅtÁ\Æ�Æ�ÇyÂfÈª!�ÄHÄL�\ÉeÊuÀq&(��')��*b# ��Ë�Ä0��Ìq#%$
®°Fy68-0/pJD/�FHJD/�9"=�4�KH?@68G@rL?I/B��J8A7MN6D6D/7CEGIF0U�68-0/79"C8S"Ot68-0/�c\-09�?@/�J8rLM"AB/
GIJ\:HGIo)GI:H/�:vGIFP6D9dF09�F;�b9	o"/7CE?IMNrHr¨GIF0UdM"FL:JDrLM"AB/B��»¨?e?IGIF0U
AB/�?I?IJ\MNC89�KHFH:2/�M"A�-yMN6D9�4�GIA�J8GI6D/�Í�Î¨l(,.-H/�ABC8S;JD68M"?§�jCE/7/�F���J.=�KHFHAB68G@9�F�O¨ÏpOLGIJ.68-0/�F2c.CEGI6D6D/�FGIF2MiAB/�?I?@��AB/�F�6D/7C8/�:y:09�K0QL?I/j/B�;rLM"FHJEG@9�F2MNC89�KHFH:�68-H/�rt9�J8G@68G@9�FHJ�ÍdÎsM"FL:vÍ�Î�Ð GeF2:HGYµt/7C8/�F�6.AB/�?e?IJ�M"J�V�¤fZ

Ï���Ñ�ÒWÍ Î¨Ó ÑfÔ�Ò<Í Î	Ð�Õ8Ö �q×¢Ø Î	Î Ð Ï Î Ù ��Ñ Ó Ñ	Ô Õ8Ö �+Ò±ÚÛHÜ Û Ð�Ý ÎÛ ��Ñ Õ8Ö �DÏ Î�Î	ÐÛ)Û Ð � Ö � Ý Î�ÐÛ Ð ��Ñ	Ô Õ8Ö � Ó ��`��
c\-0/7C8/�ÏTÎÙ ��Ñ Ó Ñ Ô Õ8Ö ��C8/7rHCE/�JD/�F�68J\68-0/��jCE/7/�F���J.=�KHFHAB68G@9�Fv=£9"CjMiJ8GIF0U�?I/Trw9"6D/�FP68GIM"?�AB9�F0»¨F0/�:vGIFLJ8GI:0/x68-0/�AB/�?e?
Þ GIF29"68-0/7CEc\GIJD/T=hC8/7/�JDr¨M"AB/"l(®¯F268-0/�MNQw9	o"/�/�~)KHMN68G@9�F�OL68-0/�rt9�J8G@68G@9�F�o"/�AB6D9"C�J>ÑpM"FH:yÑ Ô MNC8/�CE/�JD6DCEGIAB6D/�:u6D968-0/j�kG@U�FH/7CD�°�)/�G@6D|xAB/�?I?wM"FH:�68-H/jGIFL:0/B�ißW:0/�F09"6D/�J�68-0/xM"F0U�KH?IMNC�4
9�4
/�FP68KH4¾~PKLM"F�68KH4àF)KH4�Qt/7CEJx�£áNOaây��l

�"�



,.-0/>rLMNC868GIM"?0c�M�o"/ Ý ÎÛ ��Ñ Õ8Ö �qGIJ(:0/B»¨F0/�:�6D9�Qt/.68-H/jJD9�?eK068G@9�F
9"=�68-H/>�+GIrHrL4iM"FHF0�°�;AE-Pc\GIF0U"/7C%/�~)KHMN68G@9�Fd=h9"CMiJDrL-H/7CEGIA7M"?wc�Mfo"/xãBä��hå)æ Ö �°ç Û �DèÑ���GIFHA7GI:0/�FP6�9�F268-0/�rt9"6D/�FP68GIM"? é Î ��Ñ"��MN6.68-0/�J8G@6D/�Í Î
Ý ÎÛ ��Ñ Õ8Ö �q×²ã[ä	�hå æ Ö �°ç Û �DèÑ"��Ò²ê ë�Ñ	Ô[ìw��Ñ Ó Ñ	Ô Õ8Ö �Dé Î ��ÑfÔe� Ý ÎÛ ��Ñ Õ8Ö �Tí �����

î /7CE/�åvGIJT68-H/d?@/�F0U"68-�9"=�68-0/�o"/�AB6D9"CpÑ2M"FH:yãBä�M"FH:_ç Û MNCE/�68-0/sJDrL-0/7CEGeA7M"?%m(/�JEJD/�?�=�KHFHAB68GI9�FHJTM"FH:�68-H/JDrL-0/7C�GIA7M"?�-HMNCE4
9�FLGIA7J7O�C8/�JDrt/�AB68G@o"/�?@S"O�c\-HGe?@/sìw��Ñ Ó Ñ Ô Õ8Ö ��GIJ
68-0/u=£C8/7/B�b/�?I/�AB6DC89�F]�xC8/7/�F���Ji=�KHFHAB68GI9�FWQt/�GIF0UM"FHM"?@S)68GIA7M"?I?@S�^;F09fc\F�l%®°F�9�K0C�=�KH?I?Y�brt9"6D/�FP68GIM"?H1�1�3��°�x��4i/768-09):�O�68-0/>rw9"6D/�FP68GIM"?IJ�M"FH:�68-0/\rLMNCE68GIM"?Hc�M�o"/�JMNC8/�/B�;rLM"FH:0/�:2GeF�C8/�M"?�JDrL-H/7CEGIA7M"?�-HMNCE4i9�FHGIA7J�M"J
é Î ��Ñ"�q×¢Ú Û é ÎÛ �hå��°ç Û �DèÑ"� � � �

M"FH:
Ý ÎÛ ��Ñ Õ8Ö �(× Ú Û Ð Ý ÎÛHÜ Û Ð �hå Õ8Ö �°ç Û �¯èÑN�jí �����

,.-0/TF09�F;��J8rL-0/7CEGIA7M"?¨rLMNC86�9"=§68-0/xrw9"6D/�FP68GIM"?�OHï�é�Îw��Ñ"�q×¢é�Îw��Ñ"��ð�é�Îñ �hå���OHAB9�K0r¨?@/�J�68-0/TM"F0U�KH?IMNC�4
9�4
/�F0�68KH4òAE-HM"FHFH/�?IJ\M"FH:y?@/�M":HJ>6D9sMdJDS;JD6D/�459"=(AB9�K0rL?@/�:uCEM":HGIM"?�/�~)KHMN68G@9�FLJ\=h9"C>68-H/�=�KHFHAB68G@9�FHJ Ý ÎÛHÜ Û Ð l\,.-H/�JD//�~PKLMN68G@9�FHJ�A7M"FpQt/(JD9�?@o"/�:
~)KHG@6D/(/B�dA7G@/�FP68?@S�Q)S�68-0/�=h9�?I?@9fc>GIF0U\rLC89)AB/�:LK0C8/"½+��G@CEJ867O�A7M"?IA7KH?IMN6D/�68-0/�JD9�?IK068GI9�FHJ
Ý ä��hå Õ8Ö ��AB9"CEC8/�JDrt9�FH:HGIFHU�6D9
68-0/�JDr¨-0/7CEGIA7M"?¨rLMNC86�9"=§68-0/xrw9"6D/�FP68GIM"?�OLé Îñ �hå���OHM"FH:�68-0/�F2A7M"?eA7KH?IMN6D/x68-0/T=�KH?I?JD9�?IK068GI9�FHJ.G@6D/7CEMN68GIo"/�?@S�QPSvKHJEGIF0UiM"FuGeF�6D/7U"CEM"? /�~)KHMN68G@9�Fvc>G@68-uï�é Î ��Ñ"�.M"J>rt/7C868K0C8Q¨MN68G@o"/Trt9"6D/�F�68GIM"?bl�,\-0/AB9"C8C8/�JDrt9�FH:LGIF0U
m�9"CEFvJD/7CEGI/�J.AB9�F�o"/7CEU"/�J>C�MNrLGI:H?@S"O0M"FH:uGIF24
9�JD6\A7M"J8/�J.68-0/�J8/�AB9�FH:um�9"CEFyMNrHrHC89f�;GI4�MN68G@9�FGIJ�M"?@C8/�M":HSsJ8K0�dA7G@/�FP6�=£9"C\M"FyM"A7A7K0CEMN6D/�J89�?IK068G@9�F�6D9d68-0/�AB9�K0rL?@/�:�C�M":HGIM"?t/�~)KHMN68G@9�FHJ�VYXf¤�Zbl
�k-H/�F}J89�?@o)GeF0Ui68-0/�CEM":HGIM"?§M"FH:}�§9�GIJ8JD9�F}/�~)KHMN68G@9�FHJ7Ow68-0/pJ8-HMNrt/�9"=�68-0/�:LGYµw/7CE/�F�6xAB/�?I?IJjGIJj:0/�J8ABCEG@Qt/�:uQPS68-0/vJ8-HMNrt/s=hKLFHAB68G@9�FHJió Î ��ÑN��O(Qw/�GeF0Uy/�~)KHM"?�6D9²X2GIFLJ8GI:0/d68-0/2AB/�?I? Þ M"FH:<o�M"FLGIJ8-HGIFHUu/7o"/7C8S)c\-0/7C8/�/�?IJ8/"l,.-0/�JD/T=�KHFHAB68GI9�FHJ�MNC8/�M"?IJ89
/B�)rLM"FL:0/�:vGIF�C8/�M"?+JDrL-0/7CEGeA7M"?w-LMNCE4
9�FHGIA7J�M"J

ó Î ��Ñ"�q×¢Ú Û ó Î Û �hå��°ç Û �DèÑN�xí �����
,.-0/��hrt9�J8J8G@Q¨?@S0��:HGIJD6D9"CE6D/�:R?eMN6D68GIAB/2GIJ
:0/�J8ABCEGIQw/�:RGIFR68-HGIJ�c�9"C8^_Q)S_^"/7/7r¨GIF0U¦68-0/2J8M"4
/vJDr¨M"AB/�:LG@o)GeJ8G@9�FM"J�GIF}68-0/iKHFL:HGIJD6D9"C86D/�:}?IMN6D68GIAB/"O QLK06j68-0/iJ8-HMNrt/p=�KHFHAB68G@9�FHJxMNC8/
/B�;rLM"FH:H/�:ªMNC89�KHFH:}68-0/iJ8-LG@=£6D/�:¦MN6D9�4iGeArt9�J8G@68G@9�FHJ�l¦,\-HGIJ�rHC89;AB/�:HK0C8/sGIJ�c(9"C8^;GIF0U}c�/�?I?�=£9"C
J84iM"?e?�:LGIJDrL?IM"AB/�4i/�F�68J7lª�09"Cd?IMNC8U"/7C
:HGIJDr¨?IM"AB/�4
/�FP68J7O68-0/�KHJ8/�9"=�68-0/��]G@U�F0/7CD�°�;/�G@6D|�AB9�FHJD6DC�KHAB68G@9�FuGeF�68-0/�:HGeJD6D9"C86D/�:2U"/79�4
/76DCESvc(9�KL?I:�Qt/�MiQt/76D6D/7C>A�-09�GIAB/�6D99"QH68M"GIFs68-0/TAB/�?I?IJ(Qt/�A7M"KHJD/TG@6�9"rH68GI4iGI|7/�J(68-H/xM"FHU�KH?IMNC�4
9�4
/�FP68KH4ºAB9�F�o"/7CEU"/�FHAB/�9"=�68-0/xc�M�o"/�=�KHFHAB68GI9�FHJ7l
�k-LGI?@/q68-0/�á���AB9�FPo"/7C8U"/�FHAB/�9"=068-0/(/B�)r¨M"FHJ8G@9�Fs������GIJ�CEMN68-0/7C�J8?@9fc�O�68-H/�9fo"/7C�M"?I?PAB9�FPo"/7C8U"/�FHAB/�GIJ :0/76D/7CE4iGeF0/�:QPSs68-0/xá[��A7K06¯�b9Nµ�9"=§68-0/Tc�Mfo"/�=�KHFHAB68G@9�FLJ Ý ÎÛLÜ Û Ð 9"=%ô�~¨l+������lq®�=�-0/7C8/�M"FHU�KH?IMNC.4
9�4
/�FP68M�KHr26D9
á[õqö°÷�MNCE/68MN^"/�FuGIFP6D9iM"A7AB9�KHFP67OL68-0/�F�68-H/�/B�)r¨M"FHJ8G@9�Fs9"=§68-0/�AE-LMNC8U"/�:0/�FHJEG@6�SsM"FH:�68-0/Trt9"6D/�F�68GeM"?���ô�~¨l � ��GIFHA7?eKH:0/�J9�FH?@SuAB9�FP6DCEG@Q¨K068G@9�FHJjK0r¦6D9v`	á[õqö°÷�O�c>-HGI?@/�68-0/p/7o�M"?IKLMN68G@9�F}9"=�68-0/�«�9�KH?I9�4�QªM"FH:}/B�0AE-HM"F0U"/B��AB9"CEC8/�?IMN68G@9�F6D/7CE4iJ�GIFi68-H/\rt9"6D/�F�68GeM"?L/�F0/7CEU"S
C8/�~PKLG@C8/�J%á[�b6D/7CE4iJ�K0rd6D9 � áBõqö°÷�l%,.-)KHJq9�FH?ISpJE-HMNrt/\=�KHFHAB68G@9�FHJ�ó ÎÛ �hå���K0r6D9 � áBõqö°÷�MNC8/�F0/7/�:H/�:vGIF�68-0/�A7M"?eA7KH?IMN68G@9�FHJ�l
,.-0/�4�KH?@68GIrL?@/%J8A7MN6D6D/7CEGIFHU>GIJ�AB9�FP68M"GIF0/�:�GIFT68-H/(JD/�AB9�FH:�6D/7CE4�9"=;ô(~Ll;��`��t68-0CE9�K0U�-�68-0/(JD9N��A7M"?I?@/�:�JD6DCEKHAB68KHCEM"?�jC8/7/�F���J\=hKLFHAB68G@9�FuÏ Î�Î�ÐÛ)Û Ð � Ö ��l�,\-HGIJ�A7M"FvQt/x9"QH68M"GIFH/�:2QPSs68-0/ ¼ S;JD9�Fv/�~)KHMN68G@9�FÏ Î�Î ÐÛ)Û Ð � Ö �q× Ï ñ Ü Î�Î ÐÛ)Û Ð � Ö ��Ò ÚÎ Ð Ð Û Ð Ð Û Ð Ð Ð Ï

ñ Ü Î�Î Ð ÐÛ)Û Ð Ð � Ö �¯ïpø Î Ð ÐÛ Ð Ð Û Ð Ð Ð � Ö �DÏ Î Ð Ð Î ÐÛ Ð Ð Ð Û Ð � Ö � Ó �b¤"�
c\-HGIA�-2A7M"FvQt/xc.CEG@6D6D/�FuGIF24iMN6DCEGY�2F09"68MN68G@9�FuM"J

ù × ù ñ Ò ù ñ ï
ú ù Ó ��¥��
� �



c\-0/7C8/ ù ñ GIJ�68-0/yJD6DC�KHAB68K0CEM"?x�jC8/7/�F���Jd=hKLFHAB68G@9�F²9"=�68-0/uC8/7=h/7C8/�FHAB/}JDS;JD6D/�4ûM"FH:gïpúv×�ú.ð]ú ñ GIJi68-H/:HGYµt/7C8/�FHAB/�Qt/76�c�/7/�FW68-0/vJ8GI6D/B��:HGIMNU"9�FHM"?�6¯��4iMN6DCEGeAB/�Ji9"=\68-H/2C8/7=£/7CE/�FHAB/vM"FH:<68-0/2M"AB68KHM"?.J8S)JD6D/�4�J7lR,\-0/?IMN6D6D/7C\9�FH/�GIJ�U�G@o"/�F2Q)S
ø Î Û)Û Ð � Ö �q×¢ê ë�Ñtã[ä	�hå æ Ö �°ç Û �¯èÑN�Dé Î ��Ñ"� Ý ÎÛ Ð ��Ñ Õ8Ö �xí ��¬��

®°F�68-0/ ¼ S)JD9�FR/�~)KHMN68G@9�FR68-0/�F09�F;��JDr¨-0/7CEGIA7M"?(AE-HMNCEM"AB6D/7C
9"=\68-0/d=�KH?I?�rt9"6D/�F�68GIM"?eJpé Î ��Ñ"�T/�FP6D/7CEJp9�FH?IS�GIF68-0/�FH9�F;��:HGIMNU"9�FHM"?�/�?@/�4
/�FP68J\ø ÎÛPÛ Ð 9"=%68-0/�6¯��4iMN6DC�GY�wl��0CE9�4üF)KH4
/7CEGeA7M"?�rt9�GIF�6\9"=%o)G@/7c�OH68-0/7S2rHC8/�J8/�F�6jF09AB9�4
rL?IGeA7MN68G@9�F�M"FH:�F09yGIFLABC8/�M"JD/�GIF_AB9�4
rLK06D/7C�68GI4
/i9;A7A7K0CEJ�GIFª68-0/sJD9�?IK068GI9�Fª9"=�68-0/ ¼ S;JD9�F�/�~)KHMN68G@9�F�l,.-)KHJp9�FH?@S�68-0/vJ8GIF0U�?I/B��J8G@6D/2J8A7MN6D6D/7CEGIFHUªrHC89"QL?@/�4vO�GIF<rLMNC868GeA7KH?IMNCp68-0/vJD9�?IKH68G@9�F<9"=>68-H/vAB9�K0rL?@/�:<CEM":LGIM"?/�~PKLMN68G@9�FHJ7O�Qt/�AB9�4
/�J�4
9"CE/vAB9�4
rL?IGIA7MN6D/�:�l©,.-0/7C8/7=h9"C8/"O�68-0/vM":H:HGI68G@9�FHM"?�FPKL4
/7CEGIA7M"?�/Bµt9"C86dFH/7/�:0/�:W=h9"C68-0/s=hKH?e?Y�brt9"6D/�F�68GIM"?(1�1�3¾A7M"?IA7KH?eMN68G@9�FHJpAB9�4
rLMNC8/�:R6D9¦68-0/�4�K0�dF;�b68GIF�1�1�3ºA7M"?IA7KH?eMN68G@9�FHJ�J8A7M"?@/�J�9�FH?@S?IGIF0/�MNC�?@Sic\G@68-�68-H/�FPKL4�Qt/7C�9"=�F09�F;�b/�~)KHG@oNM"?@/�F�6�rt9"6D/�FP68GIM"?IJ7l
,.-0/
/�?@/�AB6DCE9�F�:0/�FHJ8GI6�SyGeFªAB/�?I? Þ A7M"FªQt/iA7M"?IA7KH?IMN6D/�:�=£C89�4ý68-0/iGI4iMNU�GIFLMNC8SurLMNCE68Jx9"=�68-H/iJ8G@6D/B��:HGIMNU"9�FLM"?/�?@/�4
/�FP68J.9"=§68-0/��jCE/7/�F���J�=�KHFHAB68G@9�F

Þ Î ��ÑN��×�ð Xþ êuÿ��ÿ �
ë Ö ®¯4��§Ïi��Ñ�Ò<Í Î Ó Ñ�Ò<Í Î Õ8Ö ���sí �¯X7³��

î /7CE/"O 68-0/d/�F0/7C8U"SªGIFP6D/7U"CEM"?q/B�;6D/�FH:HJ�9fo"/7C
M"?I?%9;A7A7K0rLGI/�:�JD68MN6D/�J�=£CE9�4ýMuJ8KLG@68MNQL?@S}AE-09�JD/�F�/�F0/7C8U"S"O Ö�� OQt/76�c�/7/�Fu68-0/�o�M"?I/�FHAB/�QLM"FL:vM"FH:v68-H/�AB9"C8/pJD68MN6D/�J>KHru6D9�68-H/��0/7CE4�G�/�F0/7C8U"S"O Ö
	 l�m�SvKHJ8GIF0UiM"FLM"?@SP68GeA7M"?rHC89"rt/7C868G@/�Jd9"=�68-0/��jC8/7/�F���J�=hKHFLAB68G@9�F�O�9�F0/¦A7M"F]C8/7rL?IM"AB/}68-0/}/�F0/7C8U"S©GeF�6D/7U"CEMN68GI9�FkGeFgô(~LlT�¯X7³��dQPSgMAB9�F�6D9�KHC�GIF�6D/7U"C�M"? GIFy68-0/pAB9�4
rL?@/B�v/�FH/7C8U"SurL?eM"F0/"OLc\-LGIAE-}A7M"F}Qw/�/7o�M"?eKHMN6D/�:}c\G@68-}4�KHA�-}=£/7c�/7Cx/�F0/7C8U"Srt9�GIF�68J�l%®°F268-LGIJ�A7M"JD/"OL68-H/T=hKH?e?�JD6DCEKHAB68K0CE/T9"= 68-0/p�jC8/7/�F���J\=hKHFLAB68G@9�F2A7?@9�JD/T6D9 Ö
	 GIJ�GI4
rt9"C868M"FP67OHJD9i68-LMN668-0/x/�F0/7C8U"Ss4
/�J8-�-HM"J�6D9pQw/x4
9"C8/T:0/�FLJD/jGeF�68-HGeJ(CE/7U�G@9�F�l%�¢C8/�AB/�FP6�/B�;6D/�FHJ8G@9�Fs6D9�»¨FHG@6D/j6D/�4
rt/7CEMN68K0CE/�J7OKHJ8GIFHU�Mp�0/7CE4iG@� ¼ GICEM"Ax:HGIJD6DCEGIQLK068G@9�F�=£9"C�68-0/x9;A7A7K0rLMN68G@9�F�=�KHFHAB68G@9�F�O)-HM"J�68-0/TM":H:LG@68G@9�FHM"?wM":0oNM"F�68MNU"/�68-LMN69�FH?@SvAB9�4
r¨?@/B�v/�F0/7C8U�G@/�JjMNC8/pF0/7/�:0/�:�lj,.-0/�A7?@9�JD/�JD6j9�F0/�6D9d68-0/�C8/�M"?�M��;GeJ>GIJ\U�G@o"/�F}QPS Ö�	 Ò
� þ���� O¨68-H/o�M"?eK0/T9"= 68-H/T»LCEJD6.{}MN68J8K0Q¨MNCEMp/�F0/7C8U"S�VYX�¥�Zbl
����� �dÅ�Á�'0&(ÁbÅw��*b#+��#���Àq#�!�';ÄLÊ2Å��($��.Åw�N�"*�';Ä�Ç¦ÄLÁ�Å���Åw��*b# ��Ê
�0C89�4 68-0/yJ8/�?@=e��AB9�FLJ8GIJD6D/�FP6�AE-LMNC8U"/}:H/�FHJ8G@68G@/�J�M"FH:²rt9"6D/�FP68GIM"?IJ7O�9�F0/uA7M"FkA7M"?IA7KH?eMN6D/u68-0/y=£9"CEAB/�Jd9�F²68-H/MN6D9�4iJ.Q)S�KHJ8GIF0U
M"FyG@9�FHGIAjo"/7CEJ8GI9�F29"= 68-H/ î /�?e?I4iM"FHF;���H/7S)FH4�M"F�68-0/79"C8/�4�VYX�¬NZ

� Î ×�� Î�� é�Î� ��Ñ"�
� Ñ

    !#"%$ ðRê ë�Ñ'& Î ( �hå�� � é�Î)+* ��Ñ"�
� Ñ Ó �¯X"Xf�

c\-0/7C8/�éTÎ� ��ÑN��GIJT68-0/2«�9�KH?@9�4�Q�rLMNC86�9"=�68-0/i/Bµt/�AB68G@o"/d9�FH/B�b/�?@/�AB6DC89�FRrt9"6D/�F�68GIM"?bO�é�Î)+* ��Ñ"��O�GeF�AB/�?I? Þ :LK0/6D9�M"?I?\/�?@/�AB6DC89�FHJdM"FH:©M"?e?.9"68-0/7C�FPKLA7?@/�G�9�K068J8Ge:0/v68-HGIJ�AB/�?I?�l¢«�?@/�MNCE?@S"O�68-0/u»LCEJD6�6D/7CE4¹GIJ�68-0/v=h9"CEAB/}9�F68-0/�F)KHA7?@/�KHJ�O+/7oNM"?IKHMN6D/�:�c>G@68-�JDrL-H/7CEGIA7M"?%AB9"C8/sAE-HMNC8U"/�:0/�FHJEG@68G@/�J7O�&PÎ ( �hå���O�M"FH:ª68-0/sJD/�AB9�FH:�6D/7C�4 GIJT68-H/=£9"C�AB/u9�Fg68-0/yAB9"C8/y/�?@/�AB6DC89�FHJ�l¡®�6�GeJi9"Q)o)G@9�KLJi68-HMN6d68-0/u=h9"CEAB/u9�Fg68-0/}FPKHA7?I/�KHJiGIJ�6D9�M_?eMNC8U"/u/B�;6D/�F�6AB9�4
rt/�FHJ8MN6D/�:ªQ)SyM2FH/�MNCE?@Su/�~)KHM"?�QLKH6j9"rLrw9�JEG@6D/p=£9"CEAB/
9�F�68-0/
AB9"C8/i/�?@/�AB6DC89�FLJ7l�®¯Fª:0/7CEGIo)GIFHUd68-0/iGI9�FHGIA=£9"C�AB/(=h9"CE4�KH?IM��¯X"Xf��OPG@6§GeJ+9�FH?IS�M"J8J8KH4
/�:�68-HMN6§68-0/�KHF0rt/7C868K0C8Qt/�:TAB9"C8/�:0/�FLJ8G@6�S�GeJ JDr¨-0/7CEGIA7M"?I?ISjJDS;4i4
/76DC�GIANl,.-0/7C8/7=h9"C8/"O§68-0/�=h9"CEAB/d=£9"CE4�KH?IMuGIJT/�~)KHM"?I?@S¦oNM"?IGI:�G@=�9�F0/s4iMN^"/�J�68-0/i=hC89"|7/�F�AB9"CE/dMNrHrHCE9��0GI4iMN68G@9�F_9"C�G@=68-0/xAB9"C8/TJD68MN6D/�J�MNC8/TM"?I?@9	c(/�:s6D9pC8/�?IM���CE/768M"GIFHGIF0U�68-0/TJDrL-0/7CEGeA7M"?LJDS;4i4
/76DC8SdM"J�GI6�GIJ�KHJ8KLM"?I?@S
:09�F0/jGIFdM"?e?Y�/�?@/�AB6DC89�FsA7M"?IA7KH?IMN68GI9�FHJ7l��kGI68-HGIF
68-0/j=�KH?I?Y�brt9"6D/�FP68GIM"?01�1�3.�°�x�_4
/768-H9):�OP68-0/\=h9"CEAB/xA7M"?IA7KH?IMN68GI9�F�:09)/�J(FH9"6C8/�~)KHG@C8/�M"F�M":L:HG@68G@9�FHM"?�/Bµw9"CE67O�J8GIFHAB/�68-0/�=£9"C�AB/�GeJ+C8/�M":LGI?@S�A7M"?IA7KH?eMN6D/�:�=hC89�4�68-0/�á\×¶X(AB9�4irw9�FH/�F�68J�9"=H68-H/
�"�



rt9"6D/�F�68GIM"?eJ%M"FH:pJ8GIFHAB/�M"?I?)rt9"6D/�F�68GeM"?)AB9�4irw9�FH/�F�68JqMNCE/�M"FPS;-09fc²/7oNM"?IKHMN6D/�:�K0rp6D9�`	á[õqö°÷\JD/�?I=e��AB9�FHJEGIJD6D/�FP68?@S"l�>JxMd=hKHC868-0/7C>M":Ho�M"FP68MNU"/
9"=q68-0/p1�1�3�68-0/79"C8S"O��(KH?IM�SvAB9"CEC8/�AB68G@9�FHJj6D9�68-0/�=£9"CEAB/�=h9"CE4�KL?IMy�¯X"Xf�>MNCEGIJEGIF0U=£CE9�4 68-H/>C8/�J86DCEGIAB68G@9�Fd6D9�M�»¨FLG@6D/\QLM"JEGIJ(J8/76(oNM"FHGIJ8-�c\G@68-HGeFi68-0/j=£9"C�4iM"?IGIJ84 JD9�68-HMN6�GIF�68-H/>=�KH?I?Y�brt9"6D/�FP68GIM"?:0/�J8ABCEGIrH68G@9�Fs68-0/�/7oNM"?IKHMN68G@9�Fv9"= 68-0/�=£9"CEAB/�GIJ�JD6DCEM"G@U�-P6D=h9"C8c�MNC�:�l
«�9�4
rLMNCE/�:y6D9�68-HGeJ\68-0/�/7oNM"?IKHMN68G@9�F}9"=(?eMN6D68GIAB/�CE/�?IM��;MN68GI9�FHJjQw/�AB9�4i/�JT4
9"C8/pAB9�4
rL?IGIA7MN6D/�:�lx,\-HGIJjGIJ>:LK0/6D9268-0/p=hM"AB6T68-LMN6T9�F0/
F0/7/�:HJx6�c�9vM"F0U�KH?eMNCx4i9�4
/�F�68KL4´/B�)rLM"FLJ8G@9�FHJ7Ot9�F0/p=h9"CT68-0/
KHFHJ8-LG@=£6D/�:<�-,DGI:0/�M"?/.��rt9�J8G@68G@9�FsM"FH:d9�F0/x=£9"C�68-0/TF0/7c¡J8-HGI=£6D/�:drt9�J8G@68G@9�F�l§�]-HGI?@/>68-0/��jC8/7/�F���J�=�KHFHAB68G@9�Fd=h9"C�JEKHAE-0,DGIFP6D/7CEJD68G@68GeM"?1.rt9�J8G@68G@9�FHJpA7M"F²M"?eJD9ªQt/s/7oNM"?IKHMN6D/�:²QPS<m�CEGI?I?@9�KLGIF�|79�F0/yGIF�6D/7U"C�MN68G@9�F�O�c(/vKHJ8/�-H/7C8/vM�J8GI4irL?@/7Cp4
/768-09;:GIFP6DC89):LKHAB/�:_Q)S_�+9):H:H/7C�Va`N³NZ�c\-LGIAE-RGIJ7O%-09	c(/7o"/7C�O�?IGI4iGI6D/�:�6D9ªJ84iM"?I?�:HGIJ8rL?IM"AB/�4
/�FP68J7lª,.-0/�JD6DCEKHAB68KHCEM"?�jC8/7/�F���J�=�KHFHAB68G@9�F ù ñ ×2��Ï ñ Ü Î	Î�ÐÛPÛ Ð �s9"=�68-H/d-09�JD6�6DCEM"FHJD=h9"CE4
/�:_6D9u68-0/sJ8-HG@=h6D/�:ªrt9�J8G@68G@9�FLJTÍ�Î
Ò437Î}M"FL:Í�Î Ð Ò
37Î Ð GIJ�U�G@o"/�FuQPS 5ù ñ ×76 ù ñ 698;: Ó �¯X�`��
c\-0/7C8/T68-H/T6DCEM"FHJD=h9"CE4iMN68G@9�Fu4iMN6DCEGY�<6nGIJ�?@9;A7M"?�GIF�68-H/�J8G@6D/�GIFL:0/B�sM"FH:vU�G@o"/�F2Q)S

= ÛPÛ Ð �>3 Î �q× � þ Ú Û Ð Ð �
ä Ð Ð 8 ä Ð@? ä�A Û)Û Ð Û Ð Ð ã[ä Ð Ð �+B æ Ö �°ç Û Ð Ð �¯è3 Î � Ó �¯X����

c\-0/7C8/ A Û)Û Ð Û Ð Ð MNC8/¦68-0/_�xM"KHFP62AB9P/B�dA7GI/�F�68J2M"FH:CBªGeJ�68-0/ª?@/�FHU"68-©9"=�68-0/ª:HGIJDrL?eM"AB/�4
/�F�6do"/�AB6D9"CD3 Î l�0C89�4 68-0/sQt/�-HM�o;G@9"C�9"=.68-0/�m(/�JEJD/�?�=hKHFLAB68G@9�FHJ�=h9"C
J84iM"?I?(MNC8U�KH4
/�FP68JpG@6pA7M"F�Qt/sJD/7/�F�O%68-HMN6�=£9"C
J84�M"?I?:HGIJDr¨?IM"AB/�4
/�FP68J�AB9�FP6DCEG@QLK068GI9�FHJ�MNCEGeJ8GIF0U�=hC89�4·á Ô Ô�E XjA7M"F�Qt/>FH/7U�?@/�AB6D/�:�M"FH:�68-LMN6(68-0/j4iMN6DCEGY�F6�AB9�K0rL?I/�JM"F0U�KH?IMNC�4
9�4
/�FP68KH4¶~)KHM"F�68KL4�F)KH4�Qt/7CEJ�á�c>G@68-�á�GvXNONJ89>9�F0/�-HM"J 6D9TGIFHABC8/�M"J8/(68-0/�M"F0U�KH?eMNC�4i9�4
/�F�68KL4A7K06¯�b9Nµ�9"=(68-0/�CEM":HGIM"? c�Mfo"/
=hKLFHAB68G@9�FHJ7Ow/"laU0l@O�=hC89�4üá[õqö°÷
×¶��6D9sáBõqö°÷p× � l��jF¦M"FHM"?@9"U"9�KHJx/B�;rHC8/�J8JEG@9�F-09�?I:HJq=£9"Cq68-H/>KHFHJE-HG@=h6D/�:�6¯��4�MN6DCEGY�2Oaú ñ OP9"=t68-0/\-09�JD6(GIF
68-0/\JE-HG@=h6D/�:pá��bCE/7rHC8/�JD/�FP68MN68G@9�F�O)G�la/"l@OIH ú ñ ×06Tú ñ 6 8;: OJD9i68-HMN6>GIF�68-0/�J8-HGI=£6D/�:�C8/7rLC8/�JD/�FP68MN68G@9�Fv68-0/ ¼ S;JD9�Fv/�~)KHMN68G@9�Fv68MN^"/�J\68-0/T=h9"CE4
ù × 5ù ñ Ò 5ù ñ �hú ð H ú ñ � ù Ó �¯X � �

c\-HGIA�-TGIJ�~)KHG@6D/qM"FHM"?@9"U"9�KLJ�6D9\ô(~Ll���¥��w/B�0AB/7rH6 =£9"C�68-H/qAB9�4
rL?IGIA7MN68GI9�FHJ�MNCEGIJ8GeF0U�=£C89�4¢68-0/�6x�b6DCEM"FHJ8=£9"CE4�MN68G@9�FM"FH:268-0/TCE/�J8KH?@68GIFHUpGeFHABC8/�M"JD/�GIFsáBõqö°÷�l
®°Fy9"CE:0/7Cj6D9�M"A7AB/�?@/7CEMN6D/p68-0/p:0/76D/7CE4iGIFLMN68G@9�Fv9"=%68-0/�/�~)KHGI?IG@QLCEGIKH4¾MN6D9�4iGIA�rt9�J8G@68G@9�FLJ�=£CE9�4568-0/�JLK9MONPM>Q>M>R=£9"C�AB/�J7O�c(/iKLJD/�M�?IMN6D68GeAB/pJ868MN68GIA7J�J8GI4�KH?IMN68GI9�FvQLM"JD/�:¦9�F¦68-H/p1�M"F0|�MN^)G�4
/768-H9):WVa`;XBZbl�®°F}68-0/
-HMNCE4i9�FHGIAMNrHrHC89f�;Ge4iMN68G@9�F�68-H/d:HGIJ8rL?IM"AB/�4
/�FP6�rLMN6D6D/7C�FS37Î�Ð�GIJ�CE/�?IMN6D/�:_6D9y68-0/s=£9"CEAB/s:HGIJD6DC�G@QLK068G@9�F�OT��ÎLO�Q)SU��Î�×
V Î ÐXW Î�Î Ð 37Î Ð O�c\-0/7CE/ W :H/�F09"6D/�Jx68-0/iAB9�K0rL?eGIF0UdAB9�FLJD68M"F�6�4iMN6DCEGY�}9"=�68-0/
:0/7=h/�AB6�JDS;JD6D/�42l�m(S¦JDrL?eG@6D68GIF0U68-HGIJ(K0r�O W × W ñ Ò}ï W OPGIF�6D9�68-0/>AB9�KHrL?IGIF0U�AB9�FLJD68M"F�6�4iMN6DCEGY� W ñ 9"=�68-0/>GI:H/�M"?HABC8S;JD68M"?¨M"FL:i68-0/\A�-HM"F0U"/�Jï W GIFL:HKHAB/�:sQPSs68-0/�:H/7=£/�AB67OH68-H/�1�M"F0|�MN^;G�=h9"CEAB/�J\MNC8/�U�G@o"/�F2Q)S

� Î Y × Ú Î Ð W Î	Î Ðñ 3 Î Ð ×Z� Î ð Ú Î Ð ��ï W � Î�Î Ð 3 Î Ð Ó �¯X����
®°Fi68-0/\J8GI4�KH?IMN68GI9�F�c�/\KHJ8/.=£9"C�68-0/\m�9"CEF;�bo"9�Fd1�MNCE4iM"F
r¨MNCEM"4
/76D/7CEJ7O W ñ O�oNM"?IK0/�J�»¨6D6D/�:
6D9�/B�;rt/7CEGI4
/�FP68M"?rL-09�F09�Fª:LGIJDrt/7CEJ8G@9�F}A7K0C8o"/�Js�h68-0/7Sª4iG@U�-P6�M"J�c�/�?I?�Qt/iA7M"?IA7KH?IMN6D/�: Õ JD/7/�Qw/�?I9fcj��l�,\-0/iAE-HM"FHU"/�J�ï W MNCE/C8/�JD6DCEGeAB6D/�:d6D9p68-0/j»LC�JD6�FH/�MNC8/�JD6�F0/�G@U�-PQt9"CEJ�9"=+68-0/T:0/7=£/�AB6�M"FH:�:0/76D/7C�4iGIF0/�:d=£CE9�4[J�K\MONPM>Q>M>R�A7M"?IA7KH?IMN68G@9�FLJc\-0/7C8/�9�FH?@Ss68-0/�JD/�»¨CEJD6\F0/�MNCE/�JD6>F0/�GIU�-�Qt9"CEJ�MNC8/�4
9fo"/�:�l.,.-0/�=h9"CEAB/�rLMN6D6D/7C�F]��Î Y GIJ\68-0/�FuMNrLrL?IG@/�:�9�FyM-�S)rt9"68-0/768GIA7M"?¨GI:0/�M"?H?IMN6D68GeAB/>:0/�J8ABC�G@Qt/�:
QPSiAB9�KHrL?IGIF0UTAB9�FHJ868M"F�68J W ñ M"FL:i68-0/j:HGIJDrL?eM"AB/�4
/�F�68Jq9"=�M"?I?LMN6D9�4iJMNC8/�:H/76D/7CE4iGIF0/�:yJD/�?@=£��AB9�FHJ8GIJ86D/�F�68?@S"l�,.-H/�C8/�J8KL?@68GIF0U<3 Î MNC8/pKHJD/�:yM"J>GIFHrLK06�GIFv68-H/�F0/B�;6^JLK9M�NPM>Q>M+RpJD68KH:0SM"FH:ª68-0/�c\-09�?@/prHC89;AB/�:HK0CE/iGIJxC8/7rt/�MN6D/�:_KHFP68GI?%M"?I?�=h9"CEAB/�J_� Î MNCE/�J8K;�dA7GI/�F�68?@S}J84iM"?I?bl ­ J8KLM"?I?@S"O�9�F0/
9"C

�"�



-4 -4

0 0

4 4

8 8

12 12

-0.5 0 0.5 1.0 1.5

To
ta

l e
ne

rg
y 

ch
an

ge
 (m

R
y)

 
Force (m

R
y/    )


a
B

Displacement of first NN (%)


Cu in Fe

��G@U�K0C8/RXN½¦, 9"68M"?>/�F0/7C8U"S²oNMNCEGIMN68G@9�FgM"FH:²C�M":HGIM"?.=h9"CEAB/y9�FgM_»LCEJD6dF0/�MNC8/�JD6�F0/�G@U�-PQt9"Cy�>`�`T��MN6D9�4 M"JMª=�KHFHAB68G@9�FW9"=x68-0/yAE-HM"F0U"/y9"=x68-0/D`�` :HGIJD68M"FHAB/2=h9"CdMR«�K²GI4
r¨K0CEG@6�S�GIF<Q�A7Av�0/"l¡,.-H/v:HM"J8-0/�:²?eGIF0/J8-09	c\Jp68-0/2C8/�J8KL?@68GIF0U}=£9"C�AB/vM"J
9"QH68M"GIF0/�:<=hC89�4zM¦r¨MNCEMNQt9�?IGIA�»L6v��JD9�?IGI:<?IGIFH/	��6D9ª68-H/vA7M"?IA7KH?IMN6D/�:W6D9"68M"?/�F0/7C8U�G@/�J>��J8~PKLMNC8/�J���lq,.-0/�6DC�GIM"F0U�?@/�JqMNCE/.68-0/_JLK�MONPM>Q>M>Rj=h9"CEAB/�J(A7M"?IA7KH?IMN6D/�:
=hC89�4·68-0/ î /�?I?I4iM"FHF0���0/7S)FL4iM"F68-0/79"C8/�4 �¯X"Xf��l
6�c�9dJ8KLAE-uGI6D/7CEMN68G@9�FHJ>MNC8/�/�F09�K0U�-�l�,.-H/�1�M"F0|�MN^;G�=h9"CEAB/�J��.Î Y :H/76D/7CE4iGIF0/�:uGIF�68-HGIJ�c�M�SyA7M"FvQt/�KHJD/�:u6D9:0/76D/7CE4iGeF0/>68-H/jo"9�?eKH4
/TAE-HM"FHU"/�ï�é±GeFH:HKHAB/�:dQPSd68-0/T:0/7=h/�AB67O0c\-HGIA�-sA7M"F�Qt/x/B�;rw/7C�GI4
/�FP68M"?I?@S
9"QH68M"GIFH/�:=£CE9�4�?IMN6D68GIAB/�r¨MNCEM"4
/76D/7C>4i/�M"J8K0C8/�4
/�FP68J7l�,\-0/xo"9�?IKH4
/�A�-HM"F0U"/�GeJ�U�G@o"/�FuGIF�68-H/�1�M"F0|�MN^;G�4
9;:0/�?�M"J

ï�é�× X�ba Ú Î � Î Ydc Í Î Ó �¯X����
c\-0/7C8/ea GIJ�68-H/�QLKH?@^d4
9):LKH?IKHJ�9"=�68-0/�GI:0/�M"?�ABCES)JD68M"?bl
,+9T:0/�4i9�FHJD6DCEMN6D/�68-0/�M"A7A7K0CEM"ABS�9"=L68-H/(=h9"CEAB/.A7M"?IA7KH?eMN68G@9�F�c�/.:HGIJEA7KHJ8J�68-H/�CE/�?IM��;MN68GI9�F�9"=¨68-0/�»LCEJD6�F0/�MNC8/�J86F0/�G@U�-PQt9"CEJx=£9"C�My«�KªGI4irLK0CEG@6�SyGIF¦Q�A7Ai�H/"ld��G@U0l�XiJE-09fc\J�68-0/ioNMNCEGIMN68G@9�F¦9"=�68-0/�6D9"68M"?�/�F0/7CEU"S"O§G@=(9�FH?@S68-0/d»LCEJD6�F0/�MNC8/�JD6pF0/�G@U�-PQt9"Cs�>`�`x��MN6D9�4iJ
MNC8/�J8-HG@=h6D/�:�lv,.-H/s:HM"JE-0/�:_?IGeF0/�J8-09	c\J�68-0/dCE/�J8KH?@68GIFHUv=£9"C�AB/M"J29"QH68M"GIFH/�:]=£C89�4 MRrLMNC�MNQw9�?eGIAv»¨6_��JD9�?IGI:]?IGIFH/	�
6D9W68-0/�A7M"?eA7KH?IMN6D/�:]6D9"68M"?�/�FH/7C8U"S©oNM"?IK0/�J���J8~)KHMNC8/�J[�c\-HGIA�-]AB9�4
rLMNC8/�J2o"/7CESgc�/�?I?jc\G@68-k68-0/fJLKgM�NhMOQ>M+Rª=h9"CEAB/�J_�h6DCEGeM"F0U�?@/�J���=hC89�4û68-0/ î /�?I?I4iM"FHF0���0/7S)FL4iM"F68-0/79"C8/�4 �¯X"Xf��l�®¯F2Qt9"68-uA7M"J8/�J\M"Fv9�KH6�c�MNCE:uCE/�?IM��;MN68GI9�F29"=�X^ià9"=�68-0/F`�`±:HGIJ868M"FHAB/�GIJ�9"QH68M"GeF0/�:�l(,\-0/J8?@9"rt/\9"=+68-0/>=h9"CEAB/xA7K0C8o"/�J�A7M"FsQt/>KHJ8/�:�6D9
:0/76D/7CE4�GIF0/\68-H/jA�-HM"F0U"/�ï W 9"=�68-0/xAB9�K0rL?IGIFHU�rLMNCEM"4i/76D/7CEJ�GIFô�~¨l+�¯X�����l
���1j �.Åw�N��*�';Ä0k�*�ÊXl(Á�Å�';ÄhmkÄL� �"Ê�Åt!�# &���$¶�Xm4l(&q!P*���*bÄLÊ
�ª/
-HM�o"/prt/7C8=h9"CE4
/�:}A7M"?IA7KH?IMN68G@9�FLJ\9"=�?eMN6D68GIAB/�:LGIJDrL?IM"AB/�4i/�F�68JjMNC89�KHFH:}GI4
r¨K0CEG@68G@/�J\GIFy�j?§M"FH:¦«�K�lj,\-0/A7M"?IA7KH?IMN68GI9�FHJ�c�/7C8/�:09�F0/�KLJ8GIF0U
MiA7?IKLJD6D/7C.9"=�¤N¬prt/7C868K0C8Qt/�:srt9"6D/�F�68GeM"?�OLJD9
68-HMN6jM"FvGI4
r¨K0CEG@6�S�M"FH:268-0/��

��¤



-1.5

-1.0

-0.5

0

0.5

1.0

1.5

2.0

2.5

Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge

D
is

pl
ac

em
en

t o
f f

irs
t N

N
 (%

) 

Cua

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn

D
is

pl
ac

em
en

t o
f f

irs
t N

N
 (%

) 

Cub

��G@U�K0C8/�`)½�«�M"?eA7KH?IMN6D/�:���JD9�?IGe:sJE~PKHMNCE/�J��(M"FH:�/B�)rt/7CEGe4
/�F�68M"?q�h9"rt/�F�6DCEGeM"F0U�?@/�J�c\G@68-s/7C8CE9"C�QLMNCEJ��q»LCEJ86n`�`J8-HG@=h68JxMNC89�KHFH:ª�N:¦M"FH: � JDr©��M��jM"FL:}MNCE9�KHFH: � :ªM"FH:ª�NJDr©�hQw�>J8K0Q¨JD68G@68K068G@9�FLM"? GI4irLK0CEG@68GI/�J.GIF�«�K�l�,\-0//B�)rt/7CEGe4
/�F�68M"?Ho�M"?IKH/�JqMNC8/\68-H/\ôpox�>�q�i:HMN68MT=hC89�4·3\/7=�l¨Va`"`NZbl ¼ M"JE-0/�:�M"FH:�:09"6D6D/�:d?eGIF0/�J%MNC8/.68-H/\C8/�J8KL?@68J9"=�A7M"?IA7KH?IMN68GI9�FHJ�M"?I?I9fc\GIFHUT9�FH?@S�»LCEJD6q`�`]C8/�?eM��;MN68G@9�F�=£9"C�JDrLGeF;�brt9�?IMNCEG@|7/�:pM"FH:dF09�F;��JDrLGeF;�brt9�?IMNCEG@|7/�:pA7M"JD/�J7OC8/�JDrt/�AB68G@o"/�?@S"l
�"¥



`�`�=�A7A�J8-H/�?I?IJ�MNC89�KHFL:v68-0/�Ge4
rLK0CEGI6�S�c�/7C8/�6DCE/�MN6D/�:}J8/�?@=e��AB9�FLJ8GIJD6D/�FP68?@S"l(,\-0/�68-0/79"C8/768GeA7M"?+oNM"?IK0/�J�=h9"C\68-H/?IMN6D68GIAB/pAB9�FHJD68M"FP68Jx9"QH68M"GIF0/�:yQ)SvM�6D9"68M"?�/�F0/7CEU"Su4iGIFHGe4iG@|�MN68G@9�F�c�/7C8/
KHJD/�:yGIFuQt9"68-}A7M"JD/�J7lx,.-0/�o�M"?IKH/�J¤Pl¸�"��M;l�K�lPM"FH:��)l ¤)X\M;l�K�l"=£9"C��j?HM"FH:s«�K�O�C8/�J8rw/�AB68GIo"/�?@S"O�MNC8/\J89�4
/7c\-HMN6�JE4iM"?I?@/7C%68-HM"Fi68-0/.AB9"C8C8/�JDrt9�FH:LGIF0U/B�)rt/7CEGe4
/�F�68M"?toNM"?IK0/�Jj¤Pl¸�"�iM"FH:u�)l¸¥"`iM;l�K�l@OLC8/7rLC8/�JD/�FP68GIF0U
M
^;F09fc\Fv=hM"GI?eK0C8/j9"=§68-H/�� ¼ ��l
��G@U0lH`pJ8-09fc>J�68-0/TA7M"?IA7KH?IMN68G@9�FLJ(9"= 68-0/x»LCEJ86r`�`¢C8/�?eM��;MN68G@9�FLJ�=£9"C.Mp?IMNC8U"/�F)KH4�Qt/7C(9"=�GI4
rLKHCEG@68G@/�JqGeF2«�K�OG�la/"l@O�=h9"C�GI4
r¨K0CEG@68G@/�J>9"=�68-0/��N:�M"FH: � J8r�JD/7CEG@/�J�GeF}��G@U0l+`NMuM"FH:ª9"=�68-0/ � :�M"FH:��NJDr�JD/7CEG@/�JTGIFª��G@U0l+`�Q+l,.-0/\A7M"?eA7KH?IMN6D/�:ioNM"?IK0/�J�M"JqU�G@o"/�F�QPSp68-0/jJD9�?IGI:
J8~)KHMNC8/�J�MNC8/>GIFi/B�;AB/�?I?I/�F�6�MNU"CE/7/�4
/�F�6�c\G@68-�ôpox�>�q�
:LMN68M9"=%�0AE-0/�K0/7C>M"FH:v��/�FHU"/�?@/7C�Va`"`�Zbl�,\-0/�:HM"J8-0/�:2?eGIF0/xC8/7=h/7CEJ�6D9�MiA7M"?IA7KL?IMN68G@9�F�c\-0/7CE/T9�FH?@Ss68-0/�F�l�F�lHMN6D9�4iJc(/7CE/jM"?I?I9fc�/�:�6D9�C8/�?IM��iM"FH:sM"?I?H9"68-H/7C�MN6D9�4iJ�c�/7C8/>»H�)/�:�l�,\-HGIJqM"?@c�M�S;J�KHFH:0/7CE/�JD68GI4iMN6D/�J�68-0/>CE/�?IM��;MN68GI9�F9"=�68-0/�F0/�MNC8/�JD6>F0/�G@U�-PQw9"C�J7l
�>J�A7M"F�Qw/dJD/7/�F_=hC89�4 ��G@U0l§`)O%4
9�JD6�GI4
rLKHCEG@68G@/�JT:HGe?IMN6D/i68-0/2«�K_?IMN6D68GeAB/"l ¼ KH/�6D9}68-0/�G@C�?eMNC8U"/dMN6D9�4iGeAJ8G@|7/�J7OL68-HGIJ\GeJ�rLMNC868GIA7KL?IMNCE?@Sd6DCEK0/�=h9"C\68-0/ � :yM"FH:y�NJDryGI4irLK0CEG@68GI/�J7l�,.-0/Tr¨MNCEMNQt9�?IGIAxQt/�-HM�o;G@9"C\M"ABCE9�J8J\68-H/� :2JD/7CEG@/�J�GIJ�~)KHG@6D/xM"FHM"?@9"U"9�KLJ�6D9p68-0/TQt/�-HM�o;G@9"C�9"=+68-0/�?eMN6D68GIAB/TAB9�FHJD68M"FP68J�9"= 68-H/ � :24i/768M"?IJ�M"FH:2A7M"F�Qt//B�)r¨?IM"GIF0/�:uQPSuJEGI4
rL?@/�QLM"FH:u»¨?I?IGIFHU�MNC8U�KH4
/�FP68J7lx®¯Fu68-0/
�N:¦JD/7CEG@/�Jj68-0/�Qt/�-HM�o;G@9"CxGIJx4
9"C8/pAB9�4
rL?IGeA7MN6D/�::HK0/�6D9�4iMNU�F0/768GIJ84vl§�]-HGI?I/.M�F09�F;��JDr¨GIF;�brt9�?IMNCEG@|7/�:pA7M"?IA7KL?IMN68G@9�Fu��:09"6D6D/�:s?IGIFH/	�§?@/�M":HJqM"?IJ89�6D9�MTr¨MNCEMNQt9�?IGIA6DC8/�FH:�O�68-0/¦?IMNC8U"/}?@9;A7M"?\4
9�4
/�FP68Jd9"=�68-0/¦«�C�O�{yF�O.M"FL:©�0/¦GI4
rLKHCEG@68G@/�JpU�G@o"/}CEGIJ8/v6D9�M�rHC89�F09�KLFHAB/�:4iMNU�F0/76D9N�bo"9�?IKL4
/d/B�;rLM"FHJEG@9�F�c\-LGIAE-�M"?eJD9yJ8-H9fc\J�K0r_GIF_68-0/dôsoj�j�q�ª/B�;rt/7CEGI4
/�FP68J7l��]-HGI?@/
68-0/s?@9;A7M"?4
9�4
/�FP68J
JD6DC89�F0U�?IS_M�µw/�AB6
68-H/�?eMN6D68GIAB/�C8/�?IM��0MN68G@9�FHJ7O%68-0/�9"rHrt9�J8GI6D/sGIJ�F09"6p6DCEK0/"½s,.-0/�?@9;A7M"?�4i9�4
/�F�68JMNC8/�~)KHG@6D/�J868MNQL?@/�GIF}«�KvM"FH:yMNC8/�QLMNC8/�?ISsM�µt/�AB6D/�:}QPS�68-0/�CE/�?IM��;MN68GI9�F�l��H9"CjGIFLJD68M"FHAB/"OH68-0/�{yF0��4
9�4
/�FP6GIFHABC8/�M"J8/�JjJE?IG@U�-P68?@S2=£CE9�4ò�)l¸�"¬ut � 6D9v�)l � `ut � c>-0/�F¦AE-HM"F0U�GeF0Ud=hC89�4ò68-0/pKHF0C8/�?eM��)/�:}AB9�F;»LU�K0C�MN68G@9�F}6D968-0/�C8/�?eM��)/�:�9�F0/"l
,.-0/iA7M"?IA7KL?IMN68G@9�FHJ�JE-09fc 68-HMN6�=h9"C�68-0/d/�MNCE?@Sª�N:_M"FH: � :�GI4
rLKHCEG@68G@/�JxGIF_«�K_MvC8/�M"?IGeJD68GIAp:0/�J8ABCEGIrH68G@9�F¦9"=68-0/�CE/�?IM��;MN68GI9�FHJ�GeJ�9�FH?@S¦9"QH68M"GeF0/�:�O%G@=�68-0/dJ8/�4iGIAB9"C8/sJ¯�jM"FH:�r0��JD68MN6D/�JpMNC8/d6DC8/�MN6D/�:<M"J�o�M"?@/�FLAB/dJD68MN6D/�J7l�09"C�GeFHJD68M"FHAB/"O�=h9"C�,.G�9"C^vtC�GI4
rLK0C�G@6�S268-0/p»¨CEJD6\`�` C8/�?IM��0MN68G@9�FHJ�c(9�KH?e:¦Qw/i�N³�9"C��N³�iò6D9P9v?eMNC8U"/"O+G@=68-0/
JD/�4iGIAB9"CE/�JD68MN6D/�Jxc�/7C8/p6DC8/�MN6D/�:�M"JxAB9"C8/
JD68MN6D/�J�l�,.-0/7C8/7=h9"C8/"Otc�/pKLJD/�GeFu9�K0CTA7M"?IA7KL?IMN68G@9�FHJjM"F¦/B�)6DC�M?@9�F0Up/�F0/7C8U"S�AB9�FP6D9�K0C.c\-HGeAE-�GIFHA7?IKL:0/�J�Qt9"68-�68-0/xoNM"?@/�FHAB/�JD68MN6D/�J\M"J�c(/�?e?wM"J.68-0/�JD/�4iGIAB9"CE/xJ868MN6D/�J.9"=+68-H/GI4
rLKHCEG@6�S"l�,.-)KHJ.AB9�FP6DCEMNC8Sv6D9d68-0/�?eGIF0/�MNCEG@|7/�:u4
/768-09;:HJ.68-0/�=hKL?I?Y�brt9"6D/�F�68GeM"?t6DC8/�MN684
/�FP6j9"=�68-0/�JD/�4iGIAB9"CE/JD68MN6D/�JjGIJ�AB9�FHAB/7rH68KHM"?e?@Sdo"/7CESs/�M"J8Ssc>G@68-HGIFd68-0/�1�1�3¢=h9"CE4iM"?IGIJE42l
�>J>M"F09"68-0/7C>/B�;M"4
r¨?@/�9"=�9�K0C.C8/�JEKH?@68J7OH��G@U0lt�
J8-09	c\J.68-0/�A7M"?IA7KH?IMN6D/�:uo"9�?IKH4
/�A�-HM"F0U"/�J>rw/7C>GI4
rLK0C�G@6�SsGIF:HGI?IKH6D/��>?Y��M"?e?@9fS;J.c\GI68-u�N:uM"FH: � JDryGe4
rLK0CEGI68G@/�JTVa`"�NZbl��kGI68-v68-0/�/B�0AB/7rH68G@9�Fy9"=q{}Fv68-0/�C8/�J8KH?@68J\MNC8/�GIFuMo"/7C8S
U"9)9):sMNU"C8/7/�4
/�FP6(c>G@68-i68-0/j?IMN6D68GIAB/B�brLMNC�M"4
/76D/7C�4
/�M"J8K0C8/�4i/�F�68JxVa` � Zblq,(SPrLGeA7M"?I?@S�68-0/j�N:sGI4
rLKHCEG@68G@/�JJ8-09	c¶M�?IMNCEU"/�GIFPc�MNCE:uCE/�?IM��;MN68GI9�Fy9"=(68-0/�»LCEJD6xF0/�MNC8/�JD6xF0/�G@U�-PQt9"CEJ7lx�09"C�GIFHJ868M"FHAB/"Ot=£9"CTM"F¦�0/iGI4
r¨K0CEG@6�S68-0/�»¨CEJD6>FH/�MNC8/�JD6xF0/�G@U�-PQw9"C�J.C8/�?IM��uGeF�c�MNCE:vQ)S � isOLc\-H/7C8/�M"J>GeF}«�Ky68-0/�AB9"CEC8/�JDrt9�FH:HGIFHU
C8/�?IM��0MN68G@9�FyGeJrHCEM"AB68GIA7M"?e?@Sy|7/7CE90lv�>J�MuAB9�FHJ8/�~PK0/�FLAB/dGIF��j?q68-H/d?@9;A7M"?q4
9�4
/�FP68J�9"=�68-0/s�N:�GI4
rLK0C�G@68G@/�JxMNC8/dJ86DC89�F0U�?@SM�µw/�AB6D/�:¦Q)Sv68-0/�C8/�?IM��0MN68G@9�FHJ�l>®¯Fur¨MNC868GIA7KH?IMNCfOL68-0/p�0/B��4
9�4
/�FP67O+A7M"?IA7KL?IMN6D/�:u6D9�Qt/dXNl¸�wt � GIFy68-0/�Ge:0/�M"??IMN6D68GIAB/xU"/79�4
/76DC8S"OLo�M"FHGeJ8-0/�J�GIF�68-H/jCE/�?IM��)/�:�AB9�F;»¨U�K0CEMN68G@9�Fsc\-HGeAE-sGIJ�GIFdMNU"CE/7/�4
/�F�6�c>G@68-dJEKHJ8AB/7rH68G@Q¨GI?IG@6�SJD68KH:HGI/�J7l
����x �dÅ�Á�'0&(ÁbÅw��*b#+��#���ÃsÌq#+��#+��Ê
{yM"FPS©9"=�68-0/}4�M"ABC89�J8AB9"rLGIAyrHC89"rt/7C868GI/�J�9"=�MRABC8S;JD68M"?I?IGeF0/y4iMN6D/7C�GIM"?��h/"laU0l@OxJDrt/�A7GY»¨Ay-0/�MN67O\o"/�?I9)A7G@6�S²9"=JD9�KHFH:�O�68-0/7CE4iM"?H/B�)rLM"FLJ8G@9�F¨��MNCE/\:0/76D/7CE4iGeF0/�:
Q)SpGI68Jqo;G@QHCEMN68G@9�FLM"?0:0/7U"C8/7/�Jq9"=�=hC8/7/�:09�4vl�,\-0/�^)FH9fc\?@/�:HU"/

�"¬



-100

-75

-50

-25

0

25

Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge

V
ol

um
e 

ch
an

ge
 (%

) 

Al

��G@U�K0C8/y�)½_«�M"?eA7KH?IMN6D/�:²CE/�?IMN68G@o"/uo"9�?eKH4
/yA�-HM"F0U"/}rt/7C�GI4
rLKHCEG@6�S<GIF²�j?Y�bQLM"J8/�:g:HGe?IK06D/vM"?I?@9	S)J�c\G@68-k�N:M"FH: � JDryGI4
rLK0C�G@68G@/�JT�£»¨?I?@/�:�J8~)KHMNC8/�J[��l(,.-0/TCE/�J8KH?@68J�9"=%?IMN6D68GIAB/B�br¨MNCEM"4
/76D/7Cx4
/�M"J8K0C8/�4i/�F�68J�Va` � Z MNC8/�M"?IJ89J8-09	c\F_�h/�4
rH6�S2J8~PKLMNC8/�J���l
9"=.68-0/srL-09�F09�F�JDrt/�AB6DCEKH4�/�FHMNQL?@/�J�68-0/�A7M"?IA7KH?IMN68GI9�F_9"=.68-H/�=hC8/7/d/�FH/7C8U"S�c\G@68-LGIFª68-0/�~PKLM"J8GY��-HMNCE4i9�FHGIAMNrHrHC89f�;Ge4iMN68G@9�F�ln,.-H/¦GeFHJD68MNQLGI?eG@68G@/�JiM"FH:]rt/�A7KH?eGIMNCEG@68G@/�J�9"=�68-0/¦rL-H9�F09�F]JDrt/�AB6DCEKH4û4iM�SgQt/¦KLJD/�:k6D9KHFH:0/7C�JD68M"FH:�r¨-HM"JD/�6DCEM"FHJD=h9"CE4iMN68GI9�FHJ7l¦,+CEM":LG@68G@9�FHM"?I?IS"O§r¨-09�F09�FR:HGIJDrt/7CEJ8GI9�F�A7K0C8o"/�J
MNC8/�A7M"?IA7KH?eMN6D/�:<QPS?IMN6D68GIAB/�:HS)FHM"4�GIA7J�/�4
rL?@9	S)GeF0U0O;/"laU0l@OL68-0/�-HMNC�4
9�FHGIATMNrHrLC89��0GI4iMN68G@9�F�O)c>-0/7C8/T9�F0/�-LM"J�6D9�KHJD/�J89�4
/T^)GeFH:9"=\M"FHM"?@S)68GIA7M"?�4
9;:0/�?IJ�=£9"Cp=h9"CEAB/�JpQt/76�c�/7/�FWMN6D9�4iJp6D9¦9"QH68M"GIFR68-0/s=£9"C�AB/�AB9�FLJD68M"F�6i4�MN6DCEGY�tl},.-H/�»LC�JD6
JLK^MONPM>Q>M>R�A7M"?IA7KH?eMN68G@9�FHJ�=h9"C\rL-H9�F09�FHJ.GIFv6DCEM"FHJ8G@68GI9�Fv4
/768M"?IJ\c(/7C8/�rw/7CE=£9"CE4i/�:vKHJ8GIFHU
68-0/�=hC89"|7/�F;�brL-09�FH9�F6D/�AE-HFLGI~PKH/"O0c\-0/7C8/�Mv��-LG@U�-vJDS;4i4
/76DC8SH��AB9�4i4
/�FLJ8K0CEMNQL?I/TrL-09�F09�Fzyw�bo"/�AB6D9"CTGIJ�A�-09�JD/�FuM"FL:268-0/�MN6D9�4iGeArt9�J8G@68G@9�FHJ%GeFHJ8GI:0/�68-0/\AB9"CEC8/�JDrt9�FH:HGIFHUxJEK0rt/7CEAB/�?I?0MNC8/\:LGIJDrL?IM"AB/�:
M"A7AB9"C�:HGIF0U�?@S"l%�0CE9�4n68-0/\A7M"?eA7KH?IMN6D/�:i6D9"68M"?/�F0/7C8U�G@/�J.9�F0/�A7M"Fv68-H/�Fv:0/�:HKHAB/T68-H/�=£CE/�~PK0/�FLABSd9"=�68-0/�A�-09�JD/�Fvr¨-09�F09�Fv4
9;:0/"l���C8/�AB/�FP68?@S2GIFP6DC89):LKHAB/�:o�MNC�GIMN68G@9�FHM"?;?IGIFH/�MNCD�bC8/�JDrt9�FHJD/�4
/768-09;:pM�o"9�GI:HJ�68-H/�KLJD/�9"=¨J8K0rt/7CEAB/�?e?IJ+M"FH:
A7M"FpQt/�MNrHrL?IGI/�:�6D9TM"FPS�rL-H9�F09�Fc�Mfo"/B�bo"/�AB6D9"C�Va`"��Zblq�H9"C(/�M"A�-uyw�boNM"?IK0/jM�F0/7c]JD/�?@=£��AB9�FHJ8GeJD6D/�F�6�A7M"?IA7KH?IMN68GI9�F�GIJ�C8/�~PKLG@C8/�:�l§®°F�68-HGIJ(-HG@U�-H?IGIU�-�6c(/iJE-09fc±68-HMN6x68-0/
=�KH?I?@�brw9"6D/�FP68GIM"? 1�1�3��°�T�k4i/768-09):¦A7M"FªQt/pKHJD/�:¦6D9v:0/76D/7C�4iGIF0/�68-0/pc\-09�?@/prL-H9�F09�FJDrt/�AB6DCEKH4¾9"=%M
6DCEM"FLJ8G@68G@9�F�4
/768M"?+=£C89�45MiJ8GIF0U�?I/xJ8/�?@=e��AB9�FLJ8GIJD6D/�FP6.A7M"?IA7KH?IMN68GI9�FvGIF�C8/�M"?�J8rLM"AB/"l
�ª/�JD68MNCE6.=£CE9�4�68-0/�:H/B»¨FHG@68G@9�Fs9"=�68-0/�m�9"CEF0�bo"9�Fy1�MNC�4iM"F2rLMNCEM"4i/76D/7CEJ Wr{ Î|~} GeF268-0/�-HMNC�4
9�FHGIAx68-0/79"CES"lm�SR:HGeJDrL?IM"A7GIFHUy68-0/vMN6D9�4 Þ GIF<68-0/v:HGIC8/�AB68G@9�F�ãªQ)SR68-0/uM"4
9�KHFP6�B Î} O�68-0/2=£9"C�AB/v9�FW68-0/vMN6D9�4¹â GIF68-0/i:HG@CE/�AB68G@9�F��\GIJxU�G@o"/�F�QPS�� {| ×5ð Wr{ Î|~} B Î} li,.-)KHJxc(/i:LGIJDrL?IM"AB/p9�F0/iMN6D9�4 QPS¦MvJ84�M"?I?�M"4
9�KHFP6_B Î}GIF268-0/�GI:0/�M"? ?IMN6D68GIAB/�M"FL:u68-0/�FyA7M"?IA7KH?IMN6D/�68-0/�=h9"CEAB/�J�� {| 9�FyM"?e?�F0/�G@U�-PQt9"CEGIF0UiMN6D9�4iJxJD/�?I=e��AB9�FHJEGIJD6D/�FP68?@S"l,.-HGIJiC8/7rHC8/�JD/�FP68J�M_6�S)rLGIA7M"?w,DGI4
rLK0C�G@6�SRrHC89"QL?I/�4�.¦c\-HGIA�-²A7M"FgQw/y-HM"FH:H?@/�:²QPS<68-0/}MNQw9	o"/}:H/�J8ABCEG@Qt/�:=hKL?I?Y�brt9"6D/�F�68GeM"?+1�1�3.�°�x�k4
/768-09;:�l��09"C�M�A7K0QLGIA�ABC8S;JD68M"?§c\G@68-}9�F0/
MN6D9�4´rt/7CTKHFHG@6jAB/�?I?�Ot9�FH?@SuM�J8GeF0U�?@/JD/�?@=£��AB9�FHJ8GIJ86D/�F�6�A7M"?IA7KH?IMN68GI9�Fdc>G@68-dMpJ8-LG@=£67OP/"laU0l@OLGIF¦�¯X7³"³���:HG@C8/�AB68GI9�F�O)GeJ(J8K0�dA7G@/�FP6(6D9
:0/76D/7CE4�GIF0/xM"?I?¨FH9�F;�/�~PKLG@o�M"?I/�F�6\m�9"CEF0�bo"9�Fy1�MNC�4iM"FvrLMNC�M"4
/76D/7CEJ W { Î|~} l�,\-0/�rL-H9�F09�F2=hC8/�~PKH/�FHA7G@/�J.=h9"C>M"?e?�yw�bo"/�AB6D9"CEJTGIF268-H/

¤�³



0

2

4

6

8

10

ν
  (T

H
z)

  

Γ X X Γ L
[ 0 0 0 ] [ 0 0 1 ] [ 0 1 0 ] [ 0 0 0 ] [ .5 .5 .5 ]

Ni

��G@U�K0C8/ � ½�«�M"?eA7KH?IMN6D/�:���JD9�?IGe:s?eGIF0/	��M"FH:�/B�)rt/7CEGe4
/�F�68M"?q�h9"rt/�F2A7G@C�A7?@/�J���rL-09�F09�F2J8rw/�AB6DC�M�9"=§=�A7A\`>G�lq,\-0/rL-09�F09�FdJDrt/�AB6DCEM�9"QH68M"GIF0/�:d=£CE9�4 M�F09�F;��JDr¨GIF;�brt9�?IMNCEG@|7/�:
A7M"?eA7KH?IMN68G@9�FsGIJ�M"?eJD9�JE-09fc\F}��:HM"J8-0/�:s?IGIFH/	��l�,\-0/68-HGIF2JD9�?eGI:2?IGIF0/xGIJ.M
m�9"CEF0�bo"9�Fu1�MNCE4�M"F�»L6�6D9i68-0/�/B�)rt/7CEGI4i/�F�68M"?trt9�GIFP68J7l
m�CEGI?I?@9�KLGIF¦|79�F0/�A7M"F_68-0/�F�Qt/�/�M"J8Ge?@S¦9"QH68M"GIF0/�:�QPS�My�09�K0CEGI/7C�6DCEM"FLJD=£9"C�42lv®¯F�68-0/�A7M"?IA7KH?IMN68GI9�FHJ�Qt/�?@9	c=£9"C�=hA7A�4
/768M"?IJ�c�/dKLJD/�Mv:HGeJDrL?IM"AB/�4
/�FP6T9"=�³;l¸��i´9"=�68-0/�`�`à:LGIJD68M"FHAB/�M"FL:�A7M"?IA7KH?IMN6D/d68-0/i=h9"CEAB/�J�9�F��=�A7A�J8-0/�?e?IJx9"=�F0/�G@U�-PQw9"C�GIF0U�MN6D9�4iJ7l�,.-0/i/Bµt/�AB68J�9"=�68-HGICE:¦9"CE:0/7C�M"FL-HMNCE4
9�FHGeA7G@68G@/�JTMNC8/sAB9"C8C8/�AB6D/�:�QPSJDS;4i4
/76DC8S�AB9�FHJ8GI:H/7CEMN68G@9�FHJ7l
®°F��§GIU0l � 68-0/qA7M"?IA7KH?eMN6D/�:TrL-09�F09�F�:HGIJDrt/7CEJ8GI9�F>A7K0CEo"/�J�9"=P=�A7AqFHGeA8^"/�?�MNC8/(AB9�4
rLMNC8/�:Tc>G@68-x68-0/q/B�;rt/7CEGI4
/�FP68M"?9�F0/�Jp:0/76D/7CE4iGeF0/�:�Q)S�F0/�K06DC89�FRJ8A7MN6D6D/7CEGeF0U0l},\-0/�9	o"/7CEM"?I?�MNU"C8/7/�4
/�FP6
9"=�68-0/sJE-HMNrt/�9"=�68-0/�JDrt/�AB6DCEMuGeJo"/7C8S}U"9P9;:�lp,.-0/
A7M"?IA7KH?IMN6D/�:�rL-09�F09�F}=hC8/�~PKH/�FHA7G@/�JTMNC8/iJ8?eG@U�-�68?ISu-HG@U�-0/7Cx68-HM"F�68-0/
/B�)rt/7CEGe4
/�F�68M"?§9�F0/�J�OQLK06�68-HGeJ�GIJ�rHC89"QLMNQ¨?@Sd:HKH/T6D9i68-0/�� ¼ �¶KHJD/�:2GIF�68-0/�/�?@/�AB6DC89�FHGIATJ86DCEKHAB68K0C8/�A7M"?eA7KH?IMN68G@9�F�lq,\-0/�JD68M"FH:HMNC�:6DC8/�FH:ª9"=�68-0/d� ¼ �¾GIJT6D9y4iMN^"/�68-0/d?IMN6D68GIAB/�JD68G@µw/7C�Q)S}C8/�:HKHA7GIFHUv?IMN6D68GIAB/�AB9�FHJ868M"F�68J�QPSªM2=h/7cnrt/7CEAB/�FP6M"FH:WQ)S<9fo"/7C8/�JD68Ge4iMN68GIF0U�/�?IM"JD68GIA2AB9�FHJ868M"F�68J7l],.-0/yA7M"?IA7KH?IMN6D/�:�J�K]M�NPM>Q>M+Ru?IMN6D68GeAB/uAB9�FHJD68M"FP6�=h9"C�=�A7A�`jG���)l¸�"`vM;l�K�l �Wc�M"J�KHJD/�:�GIF¦68-H/irL-09�F09�FªA7M"?eA7KH?IMN68G@9�FHJTGeFHJD6D/�M":ª9"=�68-0/
/B�;rt/7CEGI4
/�FP68M"?�o�M"?eK0/u���)l¸�"�vM;l�K�l ��l®°Fª��G@U0l � M"?IJD9268-0/
CE/�J8KH?@6x9"=�M2F09�F;��JDr¨GIF;�brt9�?IMNCEG@|7/�:}A7M"?IA7KH?eMN68G@9�F�GIJTJ8-H9fc\F¦Q)S¦68-0/i:HM"J8-0/�:ª?eGIF0/"lp®�6�GeJJD/7/�F268-HMN6\68-0/�4iMNU�F0/768GIJE4º9"=�`jG�-HM"J.FH9"6.M"F�SsC8/�4iMNC8^NMNQL?@/T/Bµt/�AB6.9�F268-H/TrL-09�F09�F2JDrt/�AB6DCEM;O0c>-HGIAE-�9�FH/4iG@U�-P6�M"FP68GIA7G@r¨MN6D/�JEGIFHAB/�`>G�:09)/�J�FH9"6pKLFH:0/7C8U"9¦M"F�SRJD6DCEKHAB68KHCEM"?�r¨-HM"JD/s6DCEM"FHJ8G@68GI9�F_Qt/76�c�/7/�F<68-0/�?@9fc.�6D/�4
rt/7CEMN68K0C8/�=h/7C8C89�4iMNU�FH/768GIA�M"FH:<68-0/2-HG@U�-;�b6D/�4irw/7C�MN68K0C8/srLMNCEM"4iMNU�F0/768GeA�rL-HM"JD/�JpF09"Ci:09¦68-0/2?IMN6D68GeAB/rLMNCEM"4
/76D/7C�M"FH:�68-0/j/�?IM"JD68GIA>AB9�FHJD68M"FP68J�JE-09fc]M"F�SdJ8G@U�FHGY»wA7M"F�6�M"FH9�4iM"?IG@/�J(F0/�MNC(68-H/T«�KHCEG@/�6D/�4
rt/7CEMN68K0CE/"l�ª/}-LM�o"/ªM"?IJD9RA7M"?IA7KH?IMN6D/�:g68-0/ur¨-09�F09�FkJDrt/�AB6DCEM�9"=T=�A7A¦«�K²=h9"Cs:HG@µw/7C8/�FP6d?eMN6D68GIAB/urLMNC�M"4
/76D/7C�o�M"?IKH/�JM"FH:uKLJD/�:268-0/�JD/�6D9s:H/76D/7CE4iGIF0/T68-H/�o;G@QHCEMN68G@9�FLM"?�AB9�F�6DCEGIQLK068G@9�F26D9d68-0/�?eMN6D68GIAB/�=hC8/7/�/�F0/7CEU"S"l.,.-0/�?IMN6D68GeAB/AB9�FHJD68M"FP6jM"J>Mi=�KHFHAB68G@9�Fv9"=%6D/�4
rt/7CEMN68K0C8/�c�M"Jj:0/76D/7CE4iGIFH/�:2=£CE9�4�68-0/�JD/�A7M"?IA7KH?IMN68G@9�FLJ\M"FH:u68-0/�68-0/7CE4�M"?/B�)r¨M"FHJ8G@9�FdAB9P/B�dA7GI/�F�6(9"=§«�Kic�M"J(=£9�KHFL:
6D9�Qt/
�T��� )��#� ×¶X�� c X7³ 8h� 1 8;: O)c\-HGIA�-�GIJ(GIFiJ8KHC8rHCEGIJEGIF0U�?@S�U"9)9;:MNU"C8/7/�4
/�FP6\c\GI68-�68-0/�/B�;rw/7C�GI4
/�FP68M"?to�M"?IKH/e� ) ÷���×¶Xf¤ c X7³ 8h� 1 8;: l

¤)X



����� ��&qm4mkÅt!�� Å��($��u&%��Áb#�#��
�ª/d-HMfo"/�:0/�4
9�FLJD6DCEMN6D/�:_GeF¦68-HGIJT-HG@U�-L?IG@U�-P6j68-LMN6�68-0/
=�KH?I?Y�brt9"6D/�FP68GIM"?�1�1�3��°�xC8/7/�F���J�=�KHFHAB68GI9�Fª4
/768-09;:M"?I?@9	c\J(M"Fs/B�dA7GI/�F�6�/7o�M"?eKHMN68G@9�Fd9"=�=£9"C�AB/�J�M"FL:�/�FHMNQ¨?@/�J�68-H/jJD68KL:0S
9"=+?IMN6D68GIAB/jC8/�?IM��0MN68G@9�FHJ�MNC89�KHFL:dGI4irLK;�CEG@68G@/�J�GIF�4
/768M"?eJ7O�/�JDrt/�A7GIM"?e?@S�GeFi6DCEM"FHJEG@68G@9�Fi4
/768M"?eJqc\-0/7CE/>4
/768-09;:HJ�QLM"JD/�:i9�F�rL?IM"F0/\c�Mfo"/�J�MNCE/>:HGY�sA7KH?@66D9uMNrHrL?IS"li,.-0/
=h9"CEAB/�J�MNC8/dA7M"?IA7KH?IMN6D/�:ªQ)S¦68-0/iG@9�FHGeA î /�?I?I4�M"FHF;���0/7S;FH4iM"Fª68-H/79"C8/�4 M"FH:�68-0/d�jC8/7/�F���J=hKLFHAB68G@9�FHJj=h9"C�J8-HG@=h6D/�:¦MN6D9�4iGIAprt9�J8G@68GI9�FHJxMNC8/
9"QH68M"GIF0/�:¦Q)SyM"FHU�KH?IMNC�4
9�4
/�FP68KH4 6DC�M"FHJD=h9"CE4iMN68G@9�FHJ�l�®°6GIJ\M"?eJD9s:H/�4
9�FHJD6DCEMN6D/�:}-09	c�68-H/�c\-09�?I/�rL-09�FH9�FuJDrt/�AB6DCEKH459"=�Md6DCEM"FHJ8G@68GI9�Fu4
/768M"?§A7M"F}Qw/�:0/76D/7CE4iGeF0/�:=£CE9�4�MiJ8GIFHU�?@/TJD/�?@=£��AB9�FHJ8GIJD6D/�FP6.A7M"?IA7KH?eMN68G@9�FvGIF�C8/�M"?+JDrLM"AB/"l
�ª/
-HM�o"/
MNrHrL?eG@/�:v68-0/�=�KH?I?Y�brt9"6D/�FP68GIM"?+1�1�3��°�x�g4
/768-09;:u6D9�rHC8/�:LGIAB6>GI4irLK0CEG@6�SsGeFH:HKHAB/�:y?IMN6D68GIAB/pC8/�?IM��)�MN68G@9�FHJ(MNC89�KHFH:
M�?eMNC8U"/\F)KH4�Qt/7Cq9"=�GI4irLK0CEG@68GI/�J GIFs«�Kv���N:�O � JDr�O � :�O)M"FH:��NJDrsGI4
rLKHCEG@68G@/�J���M"FH:�GeF
�>?+���N:M"FH: � J8r�GI4
r¨K0CEG@68G@/�J[��l�,.-0/iCE/�J8KH?@68JT=h9"C�»¨CEJD6F`�`¾:HGIJDrL?eM"AB/�4
/�F�68J�M"FH:�4iM"ABCE9�J8AB9"rLGIA�o"9�?IKH4
/�A�-HM"F0U"/�JGIFH:HKLAB/�:
QPSiGe4
rLK0CEGI68G@/�J%MNC8/>GeFiU"9)9):sMNU"C8/7/�4
/�FP6�c\G@68-
68-0/xM�oNM"GI?IMNQ¨?@/./B�;rw/7C�GI4
/�FP68M"?L:HMN68M�=£CE9�4·ôpox�j�%�M"FH:�?IMN6D68GeAB/�rLMNCEM"4i/76D/7C�4
/�M"J8KHC8/�4
/�FP68J7l��ª/s-HM�o"/sM"?IJD9uKHJ8/�:ª68-0/�4
/768-H9):_6D9uA7M"?IA7KH?IMN6D/d68-0/irL-H9�F09�FJDrt/�AB6DCEKH4·9"=�=£/7C8CE9�4iMNU�F0/768GIA�`>G¨M"FH:d68-0/\68-0/7C�4iM"?H/B�;rLM"FHJ8GI9�F�AB9)/B�dA7G@/�FP6(9"= «�K�l�m�9"68-s9"=�68-0/�JD/jC8/�J8KL?@68JMNC8/�=h9�KHFH:�6D9�MNU"CE/7/�o"/7C8Ssc(/�?e?�c\G@68-�/B�;rt/7CEGI4
/�FP68J7O;68-0/�?IMN6D6D/7C>9�F0/T/7o"/�FuJEK0C8rHCEGeJ8GIF0U�?@Spc�/�?I?�l
®°F�68-0/s=hKH68K0C8/�c�/srL?IM"F�6D9}GI4irL?@/�4
/�FP6�=h9"CEAB/�M"FH:_CE/�?IM��;MN68GI9�FRA7M"?eA7KH?IMN68G@9�FHJ�GIFP6D9y9�KHC�/B�0GIJD68GIFHUy1�1�3.��x�]AB9�4
rLK06D/7C�rHC89"U"CEM"4iJx=h9"C�J8KHC8=hM"AB/�J�O�?IM�S"/7C8/�:_JDS)J86D/�4iJ7O+M"FH:ªJEK0C8=�M"AB/iGI4
rLK0C�G@68G@/�J7lT�ª/iQt/�?IGI/7o"/�68-LMN668-HGIJ
A7M"FWQt/2:09�F0/vJ86DCEM"G@U�-P6D=£9"C8c�MNCE:H?IS"l��ª/uM"?eJD9ªc�M"FP6
6D9�rt9�GIFP6p9�K06
68-HMN6
68-0/v:0/�JEABCEG@Qt/�:R=£9"CEAB/vM"FL:C8/�?IM��0MN68G@9�F²A7M"?IA7KL?IMN68G@9�FHJ
A7M"FWQt/2KHJD/�:©GIF<AB9�FHF0/�AB68G@9�F©c\G@68-R9�K0CiC8/�AB/�FP68?@S<:0/7o"/�?@9"rt/�:Wo"/7CEJEG@9�F<9"=>68-H/68G@U�-P6¯�bQLGIFH:HGeF0U}1�1�354
/768-H9): Va`"�0O(`�¤	Zbl²�ª/}MNC8/uM"?IJD9�:0/7o"/�?@9"rLGIFHU¦M_F0/7c54
/768-09;:Wc\-LGIAE-²M"?e?@9fc\Ji6D9A7M"?IA7KH?IMN6D/�QLG@U"U"/7CTC8/�?IM��0MN68G@9�FHJ�68-HM"Fª68-0/
rHCE/�JD/�F�6To"/7C�J8G@9�FªQ)SyCE/�:HKHA7GIF0Us68-0/�M"FHU�KH?IMNC�4
9�4
/�FP68KH4ýA7KH6¯�9Nµ©F0/7/�:0/�:RGIF�68-H/ ¼ S)J89�F�/�~)KHMN68G@9�Fk�¯X � ��MN6�J8-LG@=£6D/�:_rt9�J8G@68G@9�FHJ�ls,.-H/�JD/dGI4irHC89fo"/�4i/�F�68J�c�9�KH?I:�4iMN^"/68-0/y1�1�3��°�x�¶=h9"CE4iM"?eGIJ84zM_o"/7C8SWrt9fc�/7C8=hKL?�6D9P9�?\6D9�JD68KL:0S<68-0/urHCE9"rw/7CE68G@/�J
9"=T4iMN6D/7CEGIM"?eJi=hC89�4 »LC�JD6rHCEGIFLA7G@rL?@/�J7l
� 'I�%�q#��yÁ�ÄL$p�TmkÄL� ��Ê
,.-HGIJ§c�9"C8^p-HM"J%Qt/7/�FiJ8K0rLrw9"CE6D/�:�Q)SpMxQLGI?IMN6D/7CEM"?L�x/7CE4iM"F��;�jCE/7/7^pAB9)9"rt/7CEMN68G@9�F
U"C�M"F�6�M"FL:pc�M"J%r¨MNC868GIM"?I?@S=hKLFH:0/�:TQ)ST68-0/(,\{y30`>/76�c�9"C8^],D�>Q�GeFHG@68G@9.A7M"?IA7KL?IMN68G@9�FHJ+9"=H4iMNU�F0/768GIA(rHC89"rt/7C868G@/�J�9"=HJ8K0C8=�M"AB/�J7O"GIFP6D/7C8=hM"AB/�JM"FH:�4�KH?@68GI?eM�S"/7CEJ�.��b«�9�F�6DCEM"AB67½pô�3>m��§{}3�o>«�,\¬"�N³"³�¥"¬���l2®�6�-HM"J�M"?IJD9uQw/�FH/B»L6D/�:ª=hC89�4ýAB9�?I?IMNQt9"CEMN68GI9�FHJc\G@68-HGeF�68-0/ î «�{2`\/76�c(9"C8^g,D�>Q�GIFHGI68G@9p�h=hC89�4¶/�?@/�AB6DCE9�FHGIA�JD6DCEKLAB68K0C8/	� A7M"?IA7KH?IMN68GI9�Fp9"=¨AB9�4
rL?I/B��rHCE9)AB/�J8J8/�JGIF24iMN6D/7CEGeM"?IJ�.v�b«�9�FP6DCEM"AB67½(ô(3\m.« î 3�o>«�,>¬"�N³��"�"¬���l
���p ¡�p¢;�q£9¤¥�p¦
VYX[Z9§HlH1T9"C8CEGIFHU�M;OH��-PS)J8GeA7Mz¨�©�Ow�"¬"`u�¯X�¬ � ¤"��l
Va`	Z���lL1T9�-HF2M"FL:�`�l¨3.9�JD6D9"^"/7C�Ow��-PS)J�lH3./7owl�ªP«+O+X"X"X"Xd�¯X�¬"� � ��l
Va�	Z�,.-�l î l ¼ K0rHCE/7/"OL�>FLFHM"?IJ�9"=���-PS)J8GeA7Je¨�¬�O¨�"�v�¯X�¬"�;Xf��l
V � Z9§HlH�qlLm�/7/7Q)S"O¨�qCE9"U0lL3.9	S"lw�)9;ANlL�­©�®�¯�O X"X��v�¯X�¬"��¤"��l
Va�	Z^`�lL��l0��l î 9�?@|7c�MNC868-�OL�(-�S;J7lH3\/7o¨lLm�¨�¨HO¨��¤)X�¥y�¯X�¬�¤N����l

¤N`



Va�	Z�3�l�vw/�?I?@/7C.M"FH:u� l î l ¼ /�:0/7CEGeAE-HJ7O¨��-PS)J7lH3\/7o¨l¨��/76D67lh«%¯tO Xf¤)X��y�¯X�¬�¤N¬���l
V�¤fZ�3�lH� 9;:H?@9�KLA8^)S"OL3�l�vt/�?I?@/7C�O0M"FH:2�§l î l ¼ /�:0/7CEGIA�-HJ7OH�(-�S;J7lL3\/7o¨lLm�¯�¯tO¨��¤"¤"¤u�¯X�¬"¥N³���l
Va¥	Z��§l°§0lPm�CEM"J8rw/�FLFHGIF0U0O�3�l°vt/�?I?@/7C�O���l;��9;:H:0/7C�O)M"FH:d�§l î l ¼ /�:0/7CEGIA�-HJ7O;��-PS)J7l;3./7owl;m±¯Pª�OH¤�³����¯X�¬"¥ � ��l
Va¬	Z�®[lH{u/7CE68G@U0OL3�l%vw/�?I?@/7C�O0M"FH:2�§l î l ¼ /�:0/7CEGeAE-HJ7OH�(-�S;J7lL3\/7o¨l¨m4«�²¨O+X��uXf¤N¥v�¯X�¬"¬"����l
VYX7³�Z�3�l�vw/�?I?@/7C�OP§HlL��-PS)J�l¨«�¯P®�O¨`"� � ¤v�¯X�¬"¥�¤"��l
VYX"X[Z ¼ lL{�lh`jGIAE-09�?eJD9�F2M"FH:D§Hl¨�wlH�HM"KH?@^;F0/7C�O¨��-PS)J7lH3\/7o¨l¨mZ©�ª�O¨¥;X�¥�¤y�¯X�¬"¥"¬���l
VYX�`	Z���lw�j9�FHGeJ7O°o�l �°�pl�vt-HM"F0U0OHM"FL: ¼ lL{_l�`>GIA�-09�?IJD9�F�OH��-PS)J7lH3\/7o¨l¨mC«�®�Ow¬ � ¤2�¯X�¬"¥"¬���l
VYX��	Z9§HlH{u9�?@/�FLM"MNC�O�§0lH�(-�S;J7l@½w«�9�FH:�lH{}MN67lT¨HO¨�"�"�"¬y�¯X�¬"¥"¬���l
VYX � Z�3�l¨��lLm�C89fc>FuM"FH:2{�lw«�G@=h68M"F�OH�(-�S;J7lH3./7owlLm�©�ª�O¨�"� � �y�¯X�¬"¥"¬���l
VYX��	Z�ô\lHm�M":HCEM"?@/B�;/�M"FH:v��l�§0lH�HC8/7/�4iM"F�OL�(-�S;J7lL3\/7o¨lHm�©;²¨O+X7³���¤u�¯X�¬"¥"¥���l
VYX��	Z�3�l¨��lh`>/7c.6D9�F�OL�(-�S;J7lL3\/7o¨lH�+/76D67l�³�¬�O¨`N³��;Xd�¯X�¬"¬N³���l
VYXf¤fZ�mjl ¼ CEG@6D68?@/7CfO�{_lN�ª/�GIF0/7CE67O�3�l�vw/�?e?@/7C�O"M"FH:
�§l î l ¼ /�:0/7CEGeAE-HJ7OP�;9�?IGI:i�)68MN6D/>«�9�4i4�KHF�l�²´ª�O)�;X��¯X�¬"¬;Xf��l
VYX�¥	Z�1
l0�]GI?I:HQw/7CEU"/7C�O0� lH� M"F0U0OL3�l�vw/�?I?@/7CfO;M"FL:v�§l î l ¼ /�:0/7C�GIAE-HJ�OL��-PS)J�lH3./7owlLm�¬h¯tO X"X��N³�`v�¯X�¬"¬"����l
VYX�¬	Z^`�l���MNrLM"FLG@^"9�?IMN9�K�O�3�l�vw/�?e?@/7C�ON� l î l ¼ /�:0/7C�GIAE-HJ�O�M"FH:_`�l��)6D/7=hM"FH9�K�O���-PS)J�l�3\/7o¨lNm0¬�¬tO � X���¤p�¯X�¬"¬�¤"��l
Va`N³�Z���lL��9;:H:0/7CfO°§HlH��-PS)J�lH�d³�O+X�¥"¥"�y�¯X�¬�¤N����l
Va`;X[Z
��l¨��/�G@QH=hCEG@/�:�M"FH:z`�lLm�C8/�K0/7CfO�µ�RbMONhQ·¶^¸+¹º¸�»¡QO¼eMONz½S¸ºQ�Jb¾¿¼�À��b�)rHCEGIFHU"/7CD��Á%/7CE?IMNU0O0m�/7CE?IGIF�OtX�¬�¤N¥���l
Va`"`	Z ­ lw�;A�-0/�K0/7C�OHmjlL�+/�F0U"/�?@/7C�OH�(-�S;J7lL3\/7o¨lHmC«�«�O¨¬"¥"¥"�y�¯X�¬"¬;Xf��l
Va`"�	Z^`�l ��MNrLM"FHGI^"9�?IMN9�K�O%3�l�vt/�?I?@/7C�O§� l î l ¼ /�:0/7CEGIA�-HJ7O�M"FH:Â`�l��;6D/7=hM"F09�K�Oq«�9�4
r�l+{}MN6D/7C�lq�;A7G�l'Ã�O�X��;X�¯X�¬"¬�¤"��l
Va` � Z î lH��lL1�GIF0U0OP§HlH{yMN6D/7C�l��;A7G�l�¨LOw¤N¬v�¯X�¬"�"����l
Va`"�	Z
�wlHm�MNC89�FLG�OH�§lw�xGIM"FHFH9"|7|�G�OHM"FH:v��lL, /�JD68M;OL��-PS;J7lL3./7owlH��/76D67l;¬PÃ�O+X�¥"�;Xd�¯X�¬"¥�¤"��l
Va`"�	Z�3�l�vw/�?I?@/7C�O0�(-�S;J7lL3\/7o¨lHm�¬�¬tO¨¬ � ³"³}�¯X�¬"¬�¤"��l
Va`�¤fZ�1
l0�]GI?I:HQw/7CEU"/7C�O03�l�vw/�?I?I/7C�O0M"FH:v�§l î l ¼ /�:H/7CEGIAE-LJ7OL��-PS;J7lH3./7owlLm�¬h¬�O+X7³i³�¤ � �¯X�¬"¬�¤"��l

¤N�


