
���������
	���
���������	��
������������� 
�	�!"�"�#�$����%'&(
������)�"��*+��,-���.����/102�)��3��4�",
5 �6�)���)��	7������	��
�)�8���

9�:<;>=@?�A�;>BC?EDF9�GIHKJMLNGMH
OQP�R�SUT>VXWCY[Z>\8]^W�_U\�W�`[WCSUa-YXVXR�WC_�V

OQPcb^dEe
OQPcb^bfWCgcW
h-icj�k�l ameonUP@pqW�Ysrt]^bfbu`vYw]fx�W
y a@VXWCYXxE]^bfb^Wcz l|{~}cj���}��
�o�c�c�>�>�E�c�U�U�c�E�-�>�q���c���

���6�c�>���)�M�

��acS��Eeob�]��.a-_'acS�S�b^]^\Ca@VX]^Pc_�P-��g�W�_�W�VX]�\�acb �
g�PcYw] Vw��R2�¢¡£��¤�¥ �w¦§VwP¨S��Eeob^Pcg�W�_�W�VX]�\��Cz©a-_.a-S>�
S�YwP�a�\ª�«TU�XWC¬­dEe®d�]^Pcb^Pcg�]^��Vw��VXP|]^_ExcW¯�°Vw]fgoa@VXWFVX��W
WCxcPcb^T>Vw]fP�_Ua-Ywe±YwW�b�a@VX]^Pc_I����]^SU�²acR�P�_�g2PcYwg�ac_�]���R2�C³
´ eES�]^\Ca-b�S��EeEbfP�gcWC_�W8Vw]^\µ��Pc�¶V°pqacYXWµSUac\ª·@a-g�WC�FTU��W
��WCT�Yw]^��VX]�\s��W¯a-Yª\ª�"R�W8Vw��P>¬���VXP�_UamxE]^g�a-VXWQVX��YwPcT�g��
a��XSUac\�WµPc��SMP��w��]^d�b^WµVwYXWCWC��]^_¢ac_¢a-V�VwW�R�S>V�VXP
¸U_I¬�VX��WQR�P���VNS�b�a-TU�X]^d�bfWQW�x�Pcb^T>VX]^Pc_UacYXe[�oeESMP-Vw��W8�
�XWC�Cz+ac��W8¹>�UacTU��VX]^xcW
�XWCacYw\ª�«]���_�P-V�S�Yªac\8VX]�\�a-bq]^_
Vw��]^�º¬>P�R�ac]f_u³»��a-S��EeEbv�XT�dU��VX]fVXT�VXWC�ºa-_¼WCxcP�bfT>�
Vw]fP�_Ua-Ywe¢�XWCacYw\ª��R�WC\ª�Ia-_�]���R�z�p²] Vw�½VX�UW7YwWC�XT�b V
Vw�Ua@V�Pc_­a©\�PcR�S�b^W8¹«S�YwPcd�b^W�R��¾YXP�R�Vw��WFb^]fVXW�Yªa@�
VwT�YXWµ¡¶VX�UWFR2a@¿°P�Y�\8b�ac¬�WC��Pc�²VX��WFac_�gc]^P��XSMW�YwR��ª¦$z
��acS��Eeobs]���a-d�b^WºVXPµ¸U_U¬~a|R�PcYwW�\8PcR�S�b^W8VwWº�XP-�
b^T>VX]^Pc_©¡<R�PcYwW²WCÀoTUa-b^b^e�S�b�a-TI��]^d�b^W²�oeESMP-Vw��WC�XWC�ª¦�]^_
b^WC�w�vVX]^R�W�VX�Ia-_©Vw��W2�°Vªa-_U¬Ua-Yª¬©a-S�SUYXPoac\ª�Á³�OQPc_>�
VwYX]^d�T>Vw]fP�_U��P-�t��¤ÂPcSMW�Yªa@VXP�Yw��acYXW�]f_Ex�WC��VX]^g�a@VwWC¬Ãz
a��²a-YwW��XPcR�W�SMP��w��]^d�]^bf]fVX]^WC�q�¾P�Y²�oeEd�Yw]�¬
�Xe>�°VwW�R2��³

Ä Å�Æ¢Ç|È�É7ÊÌË�ÍÎÇ|Å�É7Æ
´ ��Wv�oTUR�ac_2gcWC_�PcR�WtS�YwP-¿°W¯\$VQac_U¬±�X]fR�]^b^acY#S�YwP-¿°W¯\$Vw�+]f_Fd�] �
Pcb^Pcg�e[�Uamx�W#b^WC¬�VwP[a²pqWCa-bfVX�"P-��¬�a@Vªa[ac_U¬6VX��WQYwacS�]�¬�gcYwP@psVX�
P-�NVX��W�WCR�WCYXg�]f_Ug"¸UWCb^¬
P-�Kd�]^Pc]^_>�¾PcYwR2a@VX]�\��Cz>a��oeEd�Yw]�¬F¬>]��X\�] �
S�b^]f_UW�dIW�V°pQWCW�_�d�]^Pcb^Pcgce
a-_U¬º\8P�R�SUT>VXWCY[�X\�]fWC_U\8W6Vw�Ua@VtTU�XWC�
VX�UW�VXPEPcb���a-_I¬|VwWC\ª��_U]^ÀoT�W¯��P-�²\8P�R�SUT>VXWCY��X\�]fWC_U\8W�VwP���W�b^S
R2a-_UacgcW�z�xE]���TUacbf]^Ï�W�zoac_U¬2¸I_U¬±SUa-V�VwW�Yw_U�+]^_2Vw��]^�s¬�a-VwaU³ ´ �UW
pqPcYw·µYwW�SMPcYXVXW¯¬«��W�YwWF]���a-_7acS�S�b^]^\Ca@VX]^Pc_­VXP|dU]fP�bfP�gcecz)ac_U¬
]^_U¬>]�\�a@VwWC�"g�a-]^_U�6�¾YwPcRÐTU�X]f_�g�g�W�_�W�VX]�\±a-b^gcP�YX]fVX�UR��2¡£��¤�¥ �w¦
ac�qVw��W��XWCa-Yª\ª�FR�W¯\ª�Ua-_�]��XRÑ�¾PcYsVw��W�Vwa���·Ò³
Ó �EeEb^PcgcWC_�W8Vw]^\C�QÔ k@Õ ]���a6R�W�VX��P>¬�p²]^¬�W�b^e�TU�XWC¬�doe�dU]fP�bfP�gc]��°Vª�
VXP[YXW¯\8Pc_I�°VwYXTU\8VÁ�EeoSMP-Vw��WC�X]^Ï�WC¬�WCxcP�bfT>Vw]fP�_Ua-YwetSUa-VX�EpsameE�M�¾P�b �
b^P@pQW¯¬�dEe"�XSIW¯\8]^WC�)\8TUYXYwW�_oVXb^e�PcY)SUYXWCxo]^PcTI��b^e�]f_��Ia-d�]fVX]^_�g�VX�UW
{ acY�Vw�Á³)�6]fx�W�_
a�¬�a-Vwac�XW8VQVX�Ua-Vs\�Pc_oVwac]f_I�qa"_ET�R"dMW�YsP-�K¬>] �¶�
�¾W�YwW�_oVs��SMWC\�]fW¯��zoWCa�\ª�2p²] Vw�Fa�_ET�R"dMW�YqP-�ua-V�VwYX]^d�T>VwW8�ÖxmacbfTUWC�Cz
S��EeEbfP�gcWC_�W8Vw]^\C���XP-�¶V°psa-YwW
\�Pc_U��VXYwTU\$Vª��S��Eeob^Pcg�W�_�]^WC�Cz)p²��]�\ª�
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a-YwW±YwW�S�YwWC�XW�_oVªa@VX]^Pc_I��P-�²Vw��WºSIPo�X�X]fdUbfW
W�xcP�bfT�VX]^Pc_UacYXeµYXWCb^a-�
VX]^Pc_I����]^SU�©acR�Pc_�g~VX�UW­gc]^xcWC_¢�XSIW¯\8]^WC�C³�¤ýV°eES�]�\�acb�S��Eeo�
b^PcgcWC_Ee¼]^�©a§VwYXWCW­�°VwYXTU\8VXT�YwW Ù ´ �UW®�XSMWC\8]^WC�©_�WCacYXW¯�°V�VX�UW
YwPoPcV2P-��aµVXYwW�W©\�ac_�dIW©xE]^W�pqWC¬~ac��Vw��W©\8P�R�R�P�_¼a-_U\�WC���
VXP�YCzÒVw��W2b^WCamxcW¯�[Pc�Qa
VXYwW�W�a-YwW"Vw��W2��SMWC\�]fW¯��zNa-_U¬Î��TUd>VXYwW�W¯�
a-YwW���T�dI��W�Vw�6P-�Q�XSMWC\8]^WC�6Vw�Ua@V��X�Ua-YwW�aº\8P�R�R�P�_µac_U\8W¯�°VwPcY¯³
{ a�\ª��d�Ywac_U\ª��]^_�g2P-�#a2SIa-YwW�_oVt_�P>¬>W�]^_oVXP±PcþÒ�XS�Yw]f_�g2YwW�SUYXW��
�XW�_oVw��a�¬�]fx�W�YwgcW�_I\8W�]f_«P�_�W2PcY�R�PcYwW2a@VXVXYw]fd�T�VXW8�Öx@a-b^T�WC��P-�
VX�UW
�XSIW¯\8]^WC��p²] Vw��]f_7VX��W
V°pqP|��TUd>VXYwW�W¯��³µÿç_7a-_7acb VwW�Yw_Ua@VwW
a-SUS�YXPoac\ª�ÁzI��P�R�W�VX]^R�WC�[\Ca-b^bfW¯¬���T�_UYXPEP-VwWC¬
VXYwW�W¯����P�Y��X_�W8VX�
pqPcYw·E����zÒVw��W2YwPoPcV�P-�qVX��W�VwYXWCW2]^��_�PcV"ac�w��TUR�W¯¬©VwP�dIW±ac_
a-_I\8WC��VXYªa-bÃ�XSIW¯\8]^WC�Cz�a-bfVX��P�T�gc�
VX�UWC�XW6�EeESMP-VX�UWC�XWC�²a-YwW6P-�¶VXWC_
¬>Yªamp²_©ac�[VXYwW�W¯�va��va
\8Pc_Ex�W�_�]^W�_U\�Wc³��t_�YwPEP-VXW¯¬�VXYwW�W¯�[YwW�S��
YwWC�XW�_oV²�oeESMP-Vw��W8Vw]^\Ca-bÁYwW�b�a@Vw]fP�_U���U]fSU�qdMW8V°pqW�WC_��XSMWC\8]^WC�Cz>d�T>V
¬>P�_�PcV[a@V�VwW�R�S>V²VwP2R�P>¬>WCbÁa-_U\�WC��VXYªa-bÃYwW�b�a@Vw]fP�_U���U]fSU�C³
¤t_µW8¹�a-R�S�b^W�S��Eeob^Pcg�W�_Eeº�¾PcY�a±VwP@e�¬�a@Vªa
�XW8V�]^���X��P@p²_©]^_
Ø ]fg�T�YwW � ³�ÿç_®Vw��]^��W8¹�acR�SUbfW�z��XSMWC\8]^WC��¤ ]���Vw��W
\�PcR�R�Pc_
a-_I\8WC��VXP�Y�]^_~VX��WºVwYXWCWczQac_U¬	� ]^��Vw��W�\8PcR�R�Pc_�a-_I\8WC��VXP�Y
P-�)Vw��W��XT�d>VwYXWCW"dMW�b^P@p½¤ ¡ñac�w��T�R�]^_�g2Vw��W"VwYXWCW"]��tYwPEP-VXW¯¬U¦$³
´ ��W6YXWCb^a-VX]^Pc_U�X��]^SU�#dMW8V°pqW�WC_
�XSIW¯\8]^WC�Q]^�qa-b��XP��X��P@p²_±]^_±VX�UW
_�W�V°pQP�YX·�YwW�S�YwWC�XW�_oVwa-VX]^Pc_ÁzIVXPºdMW8V�VwW�Y�T�_I¬>W�Yª�°Vªa-_U¬©VX��W�T�_>�
YwPoPcVXW¯¬±VwYXWCWc³
Ó �EeEb^PcgcWC_�]^WC��a-YwW2W�x@a-b^TUa-VXWC¬ÎTU�X]^_�g�R�W8VXYw]�\����XTU\ª�«ac��SIa-YX�
�X]fR�Pc_Ee Ù ¤ VXYwW�W­p²]fVX�½�¾W�pqW�Y©WCxcPcb^T>Vw]fP�_Ua-Ywe \ª�Uac_�gcW¯��]^�
\8P�_U�X]^¬>WCYXW¯¬�dIW�V�VwW�YµVX�Uac_½Pc_�W§p²] Vw�½R�PcYwW­W�x�Pcb^T>VX]^Pc_Ia-Ywe



\ª�Uac_�gcW¯��³ ´ ��W�pqPcYw·®YXWCSIP�Y�VwWC¬«��WCYXWºTU�XWC¬ y acgc_�WCY�SIa-YX�
�X]fR�Pc_Ee�³ y a-g�_�W�YqSUacYw�X]fR�P�_oe�]��q��VXYªa-]^gc�oVX�¾PcYwpqacYw¬�VXP�\8P�R��
S�T>VwW7¡¾YwWCÀoT�]^Yw]f_�g®P�_�bfe~a®��]^_�gcb^W�SUa��X��Vw��YXP�T�gc�~Vw��W�VXYwW�Wm¦
a-_I¬µ]^_U\�PcYwSIP�Ywa-VXWC�v�¾WCp¨\�Pc_U��VXYªa-]^_oVw��P�_|Vw��W±W�x�Pcb^T>VX]^Pc_Ia-Ywe
\ª�Uac_�gcW¯��VX�Ia@V2p²]fb^bsdIW�\8P�_U�X]^¬>WCYXW¯¬Ã³ Ø P�Y�W�¹>acR�S�bfW�z+�XPcR�W
SUacYw�X]fR�P�_oe»a-S�S�YwP�a�\ª��WC�®YwWCÀoT�]^YwW�VX��W a��X�XT�R�S>Vw]fP�_¨VX�Ua-V
�XSIW¯\8]^WC�vp²]fb^b�Pc_�b^e�gcYwP@p¢R�P�YXW"\�PcR�S�b^W8¹�xE]^aFW�x�Pcb^T>VX]^Pc_�

VX�Ia@Vu�¾W¯a@VwT�YXW¯�Áp²]^bfb�dIWQg�ac]f_�W¯¬Ãzmd�T>VK_�P-Vub^P���VN]^_�VX�UW+S�YwP>\8WC�w�C³
´ ��W[V°eoSU]^\Ca-bMS��Eeob^Pcg�W�_�W�VX]�\��Qa-S�S�YwP�a�\ª��TU��W¯�Qa"¬>W8VwW�YwR�]^_�]��°�
VX]�\6��]^bfb�\8b^]fR�d�]^_�g�R�W�VX��P>¬>P�bfP�gce�VXP�¸U_U¬ºa"SU�oeEb^Pcg�W�_Ee��¾PcYsa
gc]^xcWC_�¬�a@Vªac�XW8VCzm�wamxo]^_�g²P�_�W)PcYÁR�P�YXW��XR�Po�°VÁSIa-Yª��]^R�Pc_�]^PcTU���
VXYwW�W¯�
a��2Vw��WµYwWC�XT�bfVFP-��Vw��WÎS�YXP>\�WC�w��³ ´ �UW|R�P���V
SUacYw�X]f�
R�Pc_�]^PcTI��VXYwW�W¯�"a-YwW�VX�UWFPc_UWC��p²]fVX�7a©R�]^_�]^R"T�RÐ_ET�R"dMW�Y
P-�QW�xcP�bfT�VX]^Pc_UacYXe�\ª�Ua-_UgcWC�6\8P�_�_�W¯\$VX]^_�g
VX��W��XSIW¯\8]^WC�6]f_µVX�UW
VXYwW�W�³ l TUb Vw]fS�b^W���dMWC��Vw���µ\�PcYwYXW¯��SMPc_I¬®VXP®WCÀoTUacbfb^e«S�b�a-TU�X]f�
d�b^W²W�x�Pcb^T>VX]^Pc_UacYXe��EeESMP-VX�UWC�XWC�Czca-_U¬"¸U_U¬�]f_�g�R�P�YXWsP-�MVX�UWC�XW
\8P�R�SIW�VX]^_�g[�EeESIPcVX��W¯��W¯�u]��Ka-_�]^R�SIP�Y�Vªa-_oVNSUacY�VKP-�>Vw��W+Vªac�X·Ò³
´ ��W6VXYwW�W��£dUT�]fb�¬>]^_�g�a-S�S�YwP�a�\ª�±ac¬�¬U�QW¯ac\ª�º��SMWC\�]fW¯�Q]^_oVXP�VX�UW
VXYwW�WF]f_­�XWCÀoT�WC_U\8W�z��XWCacYw\ª�U]f_�gº�¾P�Y�VX�UWFdMWC��V"S�b�ac\8W±VXP|a�¬�¬
VX�UW�_UW�p»�XSMWC\8]^WC�C³ ´ ��W2��W¯a-Yª\ª�©S�YwPE\�WC�w�6]^��¬>W�VXWCYXR�]^_�]^��VX]�\-z
d�T>VvR"T�bfVX]^S�b^W�VXYwW�W¯�²R2ameFdMW��¾PcT�_I¬
]^_�VX�UW�S�YwPE\�WC�w�sP-��VX�UW
�XWCa-Yª\ª�Áz)a-_I¬­¬>]fþMWCYXWC_�V�VXYwW�W¯�"R2ame®dIW
�¾PcTU_U¬«dEe®YXT�_U_�]f_Ug
VX�UW"a-b^gcP�YX]fVX��R p²] Vw�|¬>]fþMWCYXWC_oV[Ywac_U¬>P�R
�¾¿°TUR"d�b^WC����P-��VX�UW
PcYª¬>WCYqPc�NVw��W��XSIW¯\8]^WC�s]^_
Vw��W�¬�a-Vwac�XW8V¯³
´ ��]��sYXW¯��W¯a-Yª\ª�2]^�²ac_F]^_ExcWC��VX]^g�a-VX]^Pc_±]^_oVXP�VX�UW6T�VX]^bf]fV°e±P-�NTU�°�
]^_�g�W�xcP�bfT�VX]^Pc_UacYXe2a-b^gcP�YX]fVX�UR��qP�_FVw��W�S�YwPcd�b^W�R Pc�u¸U_I¬>]f_Ug
SUacYw�X]fR�P�_�]fP�TU�qS��EeEbfP�gcW�_U]fW¯��³

� Ê����qÅ��ÌÆ Ê��µÍµÅ��qÅ>É7Æ��
´ P§�Ua��°VwW�_ VX��W«¬>WCxcW�b^PcSUR�WC_oVºPc��PcTUYº�Xe>�°VwW�R�zvpqWÎTU��W¯¬
SUacY�Vª�
Pc�"V°pqP§W�¹>]^��VX]^_�g���Pc�¶V°pqacYXWµSUac\ª·@a-g�WC�C³ Ó �EeEbf]^S»Ô hmÕ
]��Fa«S��EeEb^PcgcWC_�W8Vw]^\C�F�Xe>�°VwW�R p²]^¬>WCbfe�TU�XWC¬�dEe~d�]^Pcb^Pcgc]���Vw�C³
ÿç_~SUa-YXVX]�\8T�b�a-Y¯z#Vw��]��±��e>��VXWCR \8P�_�Vªa-]^_U��\8P>¬>Wº�¾PcY2WCx@a-b^TUa@VX�
]^_�g�VX��W�SIa-Yª��]^R�Pc_Ee2P-�NVX��W�S��EeEb^PcgcWC_�]^WC��¡<a��spQWCbfbNac�²�XPcR�W
��WCbfS>�¾TUbÃT>VX]^bf]fVX]^WC�q�¾P�YspQP�YX·E]^_�g�p²]fVX�
VX��W6VXYwW�W¯�w¦8³��[�X]f_�g�VX�UW
Ó �EeEb^]fS|�XPcTUYw\�W"\8P>¬>W�Ywa-VX��WCYtVw�Ua-_µp²YX]fVX]^_�gFP�T�Y6P@p²_�VXYwW�W��
W�x@acbfTUa-VX]^Pc_±R�P>¬>T�b^WC�sacb^�XP"��WCbfSI�+VwP�WC_U�XT�YXW[VX�Ua-VqP�T�YqVXYwW�W¯�
a-YwW�S�YwPcSMW�Ywb^eº\�PcR�SUa-Yªa-dUbfW�VwP±Vw��W Ó �oeEb^]fS©VXYwW�WC�C³v�6WC_�WC�X]^�
Ô�� Õ ]��"a�g�W�_�W�VX]�\2a-b^gcPcYw]fVX��R2�±¡£��¤v¦�SUa�\ª·@a-gcW�]^_oVXW�_I¬>WC¬ÎVwP
a-]�¬�Vw��W�¬>WCxcWCbfP�S�R�W�_oV6ac_U¬�W8¹>SMW�Yw]fR�WC_�Vªa@Vw]fP�_�p²] Vw�|x@a-Yw]^a-�
VX]^Pc_I�tPc_©VX��W���¤�³Mÿç_©SUa-YXVX]�\8TUb^acYCzUVX��W�dUac�X]^\�R�W¯\ª�Ua-_U]^�XR2�
�¾PcYNR2a-_Uacgc]^_�gtSMPcS�T�b�a@Vw]fP�_U�ÁPc�U��P�bfT�VX]^Pc_U�Ka-_U¬6Vw��WqR�P>¬>TUb^acY
¬>W¯��]^gc_�P-��Vw��W�\�PE¬�W��<ac\8]^b^] Vªa@VXW"]fR�S�b^W�R�W�_oVw]f_�g
aF��¤��¾PcYva
�XSIW¯\8]f¸I\#S�YwPcdUbfWCRº³ y WQ_Ua-R�W¯¬�PcT�YK_�WCp­��e>��VXW�R ��a-SU�oeEb£z@a
YwW8nUW¯\$VX]^Pc_2Pc�ÃVX��W6\8P�R"d�]^_Ua@Vw]fP�_2P-�N��¤�a-_U¬ Ó �Eeob^]^S±��P�T�Yw\�W
\8P>¬>W�³
´ ��W²YwWC�XWCacYw\ª��¬>WC�w\8Yw]^dIW¯¬��UW�YwW²pqa��)\8Pc_I¬>TU\$VwWC¬�TU�X]^_�g�S�T�d>�
b^]^�X��WC¬¢¬�a-Vwac�XW8Vª��amxmac]fb�a-dUbfWµP@xcW�Y
VX�UWÎ]^_oVXWCYX_�W�V®Ô j-Õ ³ ´ �UW
¸UYª�°V"¬Ua@Vwa���W�V�TU�XWC¬Î]^��VX��W2�<acR�]fb^]fW¯��P-�qVX�UWF��TUSIWCYXP�Yw¬>WCY�P-�
� acR�]f]fnUPcYªa-W©¬Ua@Vwa���W�VµÔ �8Õ z[\8P�_U��]���VX]^_�g«P-�����­��SMWC\�]fW¯�Fac_U¬
� � a-V�VwYX]^d�T>VwWC�C³ ´ ��]^�v¬�a@Vªac�XW8V[psac�[\ª��P��XW�_©a��²dIWC]f_UgFb�a-YwgcW
W�_UPcT�g���VwP�dIW[]f_oVXWCYXW¯�°Vw]f_UgUzcdUT>VQ�XR�acbfbUW�_�P�T�gc��VXP�dMWtR2a-_��

a-g�WCacd�bfW�³ ¤ �XWC\8P�_U¬�¬�a@Vªac�XW8V¯zQVw��W©R2a@¿°P�Y±\8b�ac¬>W¯��P-��VX�UW
a-_Ugc]^P��XSIWCYXR2�©Ô � Õ zt\8P�_U��]���VX]^_�g­P-� jo� �XSIW¯\8]^WC�Fac_U¬ kU� a@VX�
VXYw]^d�T>VXW¯��zUpqa��sTU��W¯¬±�¾P�Ys�¾T�YXVX��WCYtW8¹>SMW�Yw]fR�W�_oVªa@VX]^Pc_u³ ´ �UWC�XW
¬�a-Vwac�XW8Vª�"pqW�YwWF�XW�b^WC\8VXWC¬7dIW¯\�acTU��WFVX��W�a@VXVXYw]fdUT>VXW¯��acYXWFd�] �
_UacYXe�zop²�U]^\ª���X]fR�S�b^] ¸IWC¬FVX��W�¬>WCxcWCbfP�S�R�W�_oVqPc�NVw��W���e>��VXWCRº³
¤[�)a6S�YwW�b^]^R�]^_UacYXe"��VXWCS�]^_�W�x@a-b^TUa-VX]^_�g[Vw��W[��¤¼ac�)a��XWCacYw\ª�
R�WC\ª�Uac_�]���R1�¾P�Y�S��Eeob^Pcg�W�_�W�VX]�\��Cz��XT�_�·E_�P@p²_��§x@a-b^T�WC�º�¾P�Y
VX�UW[a@VXVXYw]fd�T�VXWC�+pQWCYXW²YwW�SUb^a�\8WC¬�p²]fVX� � ¥ �)VXP�R2a-·�WsVX��W6¬�a@Vªa
�¾T�b^bfe®d�]^_UacYXe�³ ´ ��]��"R�]^_�PcY�a-bfVXWCYwa-VX]^Pc_®VXP|VX��Wº¬�a@Vªa©¬>PEWC�
]^R�SIac\$V
VX��W|R�W¯a-_�]^_�gc�¾T�bf_UWC�w�±P-��Vw��W|YwWC�XT�bfVX]^_�g­S��EeEb^PcgcW��
_�]^WC�±a���W�x�Pcb^T>VX]^Pc_UacYXe«�EeESMP-VX�UWC�XWC�CzQd�T�VF¬>PEWC�2_�PcVFa@þÒWC\8V
VX�UW�\�PcR�SUacYX]���P�_2P-�K��acS��EeEbÒac_U¬ Ó �Eeob^]^SFac�s�XWCa-Yª\ª�±R�WC\ª���
a-_U]^�XR2��³
´ ��WºV°eES�]�\�a-b[��¤ acS�S�YwP�a�\ª�­VXP«¬>P�]f_Ug �w\8YwP��w��P@x�W�Y!��p²] Vw�
V°pqP©SUa-YwW�_oV���P�bfT>Vw]fP�_U��p²]fVX�~a�VwYXWCWFYwW�S�YwWC�XW�_oVwa-VX]^Pc_®]���VwP
S�]�\ª·ºaF��T�d�VXYwW�W
¡ña-_�]^_oVXW�Yw]^PcY[P�YtYwPoPcV[_�P>¬>Wm¦²]^_©dIPcVX�©SIa-YX�
W�_oVª��a-V�Yªa-_I¬>PcR a-_I¬«VX�UW�_���psa-S«Vw��W���TUd>VXYwW�W¯��VwP|�¾P�YXR
VX�UW"P-þÃ�XS�YX]^_�g±�XPcb^T>VX]^Pc_u³ ´ ��W�V°eES�]�\�a-bNR"T>Vªa@Vw]fP�_�PcSMW�Yªa@VXP�Y
pqPcT�b�¬©�XW�b^WC\$V�a±SMPc]^_oV6]^_�VX�UW"VwYXWCW�a-_I¬�R"T>Vªa@VwW�]fVvVwP
ac_oe
Pc_UW�Pc�QVw��W2SMP��w��]^d�b^W2bfWCg�a-b�x@a-b^T�W¯�±¡¾��WCYXW�zNac_oe|Pc_�W�P-�qVX�UW
�XSIW¯\8]^WC�ª¦$³)rtP@pqW�x�W�Y¯z-VX�UWC�XWva-SUS�YXPoac\ª��W¯�#¬>P�_�P-VqpQP�YX·�p²] Vw�
VX�UWºSU�oeEb^Pcg�W�_�]^WC��dIW¯\�acTU��WºWCa�\ª�§�XSIW¯\8]^WC��R�TU�°V�dMWºYwW�SUYXW��
�XW�_oVXW¯¬F]^_ºVX��W�VwYXWCW�W8¹�ac\8VXb^e±Pc_U\�Wc³
"vSMW�Yªa@VXP�Yw�F¬>WC�X]fg�_�WC¬¼�XSMWC\8]f¸I\Ca-b^bfe~�¾PcYFVX��]��FVwac�X·�a-YwW|¬>W8�
�w\8Yw]fdMWC¬
]f_ºVw��W��¾Pcb^bfP@p²]^_�g���W¯\$Vw]fP�_U�²a-_U¬º]^_�R�P�YXW�¬>W�Vwa-]^bÁ]^_
Ô � Õ ³

#%$'& 9�(*)�+,+,).-0/1(2)*3�/1(54�67)8(
´ ��W�_�W�W¯¬��t�¾P�Y[P�T�Yv\�YXPo�X�XP@xcWCY²PcSMW�Yªa@VXP�YtdMWCa-Y6��P�R�W"��]^R�] �
b�a-Yw] V°e[VXPsVXYªamxcWCbf]^_�g²�wa-b^WC�XSIWCYw�XPc_6S�YwPcd�b^W�R2�#¡ ´ Z Ó ¥ �w¦8zmp²��W�YwW
WCa�\ª��\�] V°e�]^�)VXP�dMWtxE]^�X] VwWC¬�W8¹�a�\$VXb^e"P�_U\8WsP�_�a6VwPcT�Y¯³ ´ ��W�YwW
a-YwW[�XW�x�W�Yªa-bUacS�S�YwP�ac\ª�UWC�)]^_2VX�UW[b^] VwW�Yªa@VXTUYXW²�¾P�Y+pqPcYw·E]f_�g�P�_
VX�U]^�±V°eoSMW�P-��S�YwPcdUbfWCR p²]fVX�Ìa­��¤�zQ��P@pqW�xcWCYCz+VX��W ´ Z Ó
_Ua-VXT�Yªa-b^bfe�\Ca-b^b^�v�¾PcY�aº�°VwYX]^_�g
YXWCS�YXW¯��WC_oVwa@Vw]fP�_ÁzÒ_�P-V�aFVXYwW�Wc³
ÿç_¼¬>WC�X]^gc_�]^_�g®PcT�Y2P@p²_~PcSMW�Yªa@VwPcY¯z+pqW��°VwTU¬>]^WC¬ ´ Z Ó a-S��
S�YwP�a�\ª��WC���¾P�Y
]^_U�XS�]^Ywa-VX]^Pc_ÁztdUT>VºTUb Vw]fR2a@VwW�b^eÌ¬>W�xE]���W¯¬¼PcTUY
P@p²_Á³ y W"psa-_oVXW¯¬
P�T�Y[P�SIWCYwa-VXP�YsVXPFa-V�VXWCR�S>V[VwP±S�YwWC�XW�YwxcW
�XPcR�W�P-�KVX��W��XSIW¯\8]^WC�²YwW�b�a@Vw]fP�_U�X��]fSI�q�¾YXP�RÑVX��W�SIa-YwW�_oVw�C³)ÿç_
P-Vw��W�Y[pQP�Yw¬��CzUa2g�]fx�W�_ºVXYwW�W�\8Pc_oVªa-]^_U�t�XSIW¯\8]^WC�²]^_©a2SUacY�Vw]^\8�
T�b�a-Y�YwW�b�a@Vw]fP�_U���U]fSµVXP�WCa�\ª�µPcVX��WCYCzNa-_U¬ÎpqW�pqPcTUb^¬µbf]^·cW�VwP
YwW8Vwac]f_2a�b�a-YwgcWs¬>W�g�YXWCW²P-�MVX��]��#��VXYwTU\$VwT�YwW²xo]�a6VX�UWt\8YwP��w��P@x�W�Y
S�YwP>\8WC�w�C³
"vT�Yt\�YXPo�X�XP@xcWCY+PcSMW�Yªa@VwPcYsS�YwP>\8W�W¯¬��²ac�q�¾P�bfb^P@pt� Ù
� ³[OQ��PEPo��W�a2�XSIW¯\8]^WC�va@V[Yªa-_U¬�PcRÑ�¾YwPcR(Pc_�W�Pc��VX��W�SIa-YX�
WC_�VuVXYwW�WC�C³NZEWCbfW¯\$VNa²�XT�d>VwYXWCW+a@VÁYªa-_I¬>PcR VX�Ua-Vu]f_I\8b^TU¬>WC�
Vw��]^��_UPE¬�WczÃW8¹�\�bfTU¬�]f_�gºVw��W��XT�d>VwYXWCW�VX�Ua-V6]���Pc_�b^e�VX�UW
b^WCa-�+_�P>¬>W�a-_U¬©VX��W2�XT�d>VXYwW�W�VX�Ia@V�]^�vVX�UW�WC_oVX]^YXW"VXYwW�Wc³
¡ ´ ��W�W8¹�\8b^TU�X]fP�_U�"SUYXWCxcW�_oV2\8YwP��w��P@x�W�Yª��p²��WCYXWº_�PÎ]f_>�
�¾P�YXR2a@Vw]fP�_
]��sg�ac]f_UWC¬F�¾YXP�RÑVX��W�P�SIWCYwa-VX]^Pc_Á³ø¦

�>³sÿç_µVX��W±�XWC\�Pc_U¬µSUacYXWC_�V6VXYwW�W�zÃ¸U_U¬µVw��W±��R2acbfb^WC��V��XT�d>�
VwYXWCW�\8P�_oVwa-]^_�]^_�gFacbfbNVX��W��XSIW¯\8]^WC�[�¾YXP�R Vw��W�¸UYw��VvSIa-YX�
WC_�V¯¥ �[��T�d�VXYwW�Wc³
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Ø ]fg�T�YwW5� Ù�öKìKÜFÞXßoà�á�âoãäÞ�âEà8í°Þªë@ÛtÛçí°ÞªÞªævó^ÜCí6à2âoé@Ýcã ÜCê¯Þªë�ÞwÛ°òäõªæ
â�í°Ü<;oãäÞªá ì#òäÛ°é©æçÞ!=¯Þªë©æçâ>ÞªõªòäÞªæªï|Ú æçô>;cÛçí°ÞªÞ"ó^ÜCí�õXí°Ü¯æçæçÜ?=mÞwí�éoàCæ
;>ÞªÞªë�ò å�Þªë@Û°ò�@EÞ$å�ó�Ü�íqÞ$à�õXé�Ûçí°ÞªÞ¯ï
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Ø ]fg�T�YwWE� Ù«Ú�Û�Û°éoÞ±ãäÞwó^Û$è#Û°éoÞ±ÜGF�æçâ�í°òäëoê�òäëoòøÛ°ò àCãäãøÝ®ó^ÜCí°á�Þ$åH;@Ý
í°Þªâ�ãfà�õªòäëoê"Û°éoÞ[æçô>;�Ûçí°ÞwÞvó^í°ÜCá¨âEà8í°Þªë@ÛJIvì#òøÛ°é±Û°éoÞ[æçô>;cÛçí°ÞªÞvófí°Ü¯á
âEà8í°Þªë@Û�KMLÁÜCë
Û°éoÞ�í°òäêCé-Û$èIÛ°éoÞ�ÜGF�æçâ�í°òäëoê�Ûçí°ÞwÞ�éEàCæN;>ÞªÞwëºâ�í°ô�ëoÞ$å
Û°Ü6í°Þªá�Ü?=mÞ+Û°éoÞtåcôoâoãäòäõ$à8Û°Þ²æçâ>ÞªõªòäÞªæPOKï

��³ ´ P²�¾PcYwR�a-_�P-þÃ�XS�YX]^_�g²VwYXWCWczmYwW�S�b�ac\�W�VX��Wq��T�d�VXYwW�W)�¾YwPcR
Vw��WÎ¸UYw��V�SUa-YwW�_oV�p²] Vw� Vw��W«��T�d�VXYwW�WÎ�¾YXP�R1VX��W«�XWC\8�
P�_U¬®SUa-YwW�_oV¯³ ´ ��WFP-þÃ��S�Yw]^_�g�R"TU��V�Vw��W�_­dMW±S�YwT�_�W¯¬
¡¾�¾YXP�R¨VX��W���P�b^¬�W�Y!��d�Yªa-_U\ª��W¯�w¦#VXP�YwW�R�P@xcW[ac_Ee±¬>T�S�b^] �
\Ca@VXW��XSIW¯\8]^WC�C³
j ³RQ²WCSIW¯a@VtVw��W"SUYXP>\8W¯�X�tTU��]^_�g�Vw��W"PcVX��WCYtSUa-YwW�_oV[a��²VX�UW
��VwacY�Vw]f_�g2SMPc]^_oVCzÒ��P�Vw�Ua@V[VX��]��tS�YwP>\8W¯�X�²YwWC�XT�bfVw�[]f_�V°pqP
PcþÒ�XS�Yw]f_�g�VwYXWCWC�q�¾YwPcRÑV°pqP�SUa-YwW�_oVsVXYwW�W¯��³

´ ��]��#S�YwP>\8W¯�X�)YwWC�XT�bfVw�)]^_2P-þÃ�XS�YX]^_�g�VwYXWCWC��Vw�Ua@VQYXW�Vwa-]^_±�XPcR�W
P-�KVX�UW"��SMWC\�]fW¯�²YwW�b�a@VX]^Pc_I����]^SU�q�¾YwPcR VX��W�V°pqP2SUa-YwW�_oVª��z�ac_U¬
\8P�R"d�]^_�W6VX�UW�R ]^_�_�W�p¢psameE�C³
¤t_7W8¹�a-R�S�b^W
\�YXPo�X�XP@xcWCY�]^��]fb^b^TU�°VwYwa-VXW¯¬®]f_ Ø ]^gcTUYXW¯����ac_U¬
��³»¡'StPcVXW�Vw�Ua@V±]^_~VX��W©SU�oeEb^Pcg�W�_�]^WC�CzQ�XpqacS�S�]^_�gÎVX��W�b^W8�¶V
a-_I¬©Yw]fg���V�\ª��]^b^¬>YwW�_µ¬>PEWC�v_�P-V�a@þÒWC\8VvVw��W�R�W¯a-_�]^_�gFPc�#VX�UW
S��EeEbfP�gcWC_oe�³ ¦

#%$T# 9�45UE)8UWVC9�4�XZY[)8(�\
´ YXWCWC��acYXW2S�T�V"]f_oVwP©a©\�ac_�Pc_�]�\�acb��¾PcYwR�p²�UW�_«�XamxE]^_�g�VX�UW
dMWC��VºVwYXWCWC�
�¾PcTU_U¬ ]^_ W¯ac\ª��gcW�_UW�Yªa@VX]^Pc_uztVXP~W�_I��T�YwWµVX�Ua-V
_�P~WCÀoT�]^x@a-b^W�_oV
VwYXWCWC��a-YwWµ�wamxcW¯¬Ìa-R�P�_�g­Vw��W®dIW¯�°V�Pc_UWC�C³
Oqa-_UPc_�]�\�acbI�¾P�YXR ]^�s]^b^bfTU��VXYªa@VwWC¬º]^_ Ø ]^gcT�YwW j ³

#%$^] \`_56a4b6.V<)8Uc)83�/�(�4b6�)*(0+
"v_�W�P-�qPcT�Y6R"T>Vªa@Vw]fP�_µP�SIWCYwa-VXPcYª�[�XW�b^WC\8Vw�vV°pqP
b^WCa-�+_�P>¬>WC�
¡<�XSMWC\8]^WC�ª¦ta-V6Yªa-_I¬>PcR�zIac_U¬©�XpqacSU�²Vw��W�]^Y�SIPo��]fVX]^Pc_I�t]^_©VX�UW
VXYwW�W�³ ´ �U]^�+PcSMW�Yªa@VXP�Y#a-b^bfP@pt�KVw��Wv��¤�VwP�]f_Ex�WC��VX]^g�a@VwWt��b^]^gc�oV
x@a-Yw]^a-VX]^Pc_U�qP�_�a�SUacYXWC_oVqVwYXWCWc³
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Ø ]fg�T�YwW jUÙ²ÚQë2òäãäãäôoæÖÛçí�à8Û°ò ÜCëºÜ�óNâ�ô�ÛçÛ°òäëoê"à�Ûçí°ÞªÞ[òäë-Û°Ü�õ$à�ëoÜCëoòäõ$àCã
ó�Ü�í°á�ïuö�éoÞ#Ûçí°ÞªÞqæÖÛ�à8íçÛ°æ)àCæNòäë"Û°é�Þ+Û°ÜCâ"ãäÞwófÛJL�àCë"àCãøÛ°Þwí°ëoà�Û°ÞQí°Þwâ�í°Þ�e
æçÞªë@Û�à�Û°òäÜCë6ÜCóoÛ°éoÞNÛçí°ÞwÞ)àCæuà�fñëoÞwÛñì�Ü�í°î�gqò æÃæçé�Ü$ì#ë�à�ÛÃÛ°é�Þh;>ÜCÛçÛ°ÜCá
ãäÞwó^Û$ïbOÒòøí°æÖÛ$èMÛ°éoÞ[Ûçí°ÞªÞ�òäæsí°ÜCÛ�à8Û°Þ$åUèIæçÜ�Û°éoà�Û²Û°é�Þ1@oí°æÖÛsæçâ>ÞªõªòäÞªætòäë
Û°éoÞ"å�à�Û�àCæçÞXÛ�òäæ�àCë©ÜGF�æçâ�í°òäëoê±ÜCó+Û°éoÞ�í°Ü@ÜCÛ$ï�ùcÞwõªÜ¯ëoåUèuæçô>;cÛçí°ÞªÞªæ
à�í°Þ�í°Þªà�íçí�àCë�ê¯Þ$å®æçÜ�Û°éoà�Û�æçá�à�ã ãäÞwí"Ûçí°ÞªÞªæ"à8í°Þ2Ü¯ëÎÛ°é�Þ2ã ÞXó^Û�àCëoå
àCãäâ�éEà<;>ÞXÛ°ò õªàCãäãøÝ�ãäÜ$ì�ÞwíQæçâ>ÞªõªòäÞªæ+à�í°ÞtÜCë�Û°éoÞ²ãäÞwófÛ$ï

¤(��W¯\8Pc_I¬®R"T>Vªa@VX]^Pc_§PcSMW�Yªa@VwPcY�S�]�\ª·>��a|Ywac_U¬>P�RÐ�XT�d>VwYXWCW
a-_I¬±a�Yªa-_U¬>P�RÂ�XSMWC\8]^WC�Qp²]fVX��]^_2VX�UW6�XT�d>VwYXWCWc³ ´ ��Wv�XT�d>VwYXWCW
]���YXPcVwa-VXWC¬µVwP��UamxcW�VX�UWF��SMWC\�]fW¯��ac��VX��W±b^W8�¶V�\ª��]fb�¬ÎP-�sVX�UW
YwPoPcVva-_I¬�YXW¯\8P�_�_�WC\8VXW¯¬ºVXP±Vw��W"SIa-YwW�_oVC³ ´ ��W"]�¬>WCa±dIWC��]f_I¬
VX�U]^�uPcSMW�Yªa@VXP�YÃ]^�ÃVX�Ua-Vup²] Vw��]^_�a²��T�d�VXYwW�WczCVX�UW+��SMWC\�]fW¯�ÃR�]fg��oV
dMWs\�Pc_�_UWC\$VwWC¬�VXP�WCa�\ª�"P-Vw��W�Y�]^_�avS�YwPcR�]���]^_�g[R2ac_�_�W�Y¯z@d�T>V
_�PcVtpQWCbfbÁ\�Pc_�_�W¯\$VwWC¬FVXP�VX�UW�YXW¯�°V²P-�KVX�UWvVwYXWCWc³

#%$ji VG\�\�V<k0(54�6lV<)8U
´ ��W�SMPcSUT�b^a-VX]^Pc_�]��[�XT�dÒ¬>]fxE]�¬>WC¬©]f_oVXP
a±��SMWC\�] ¸IWC¬�_ET�R"dMW�Y
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Vwa���·Ò³ ´ �UW�YwW#]^�Na-_�]^R�R�W¯¬>]^a-VXWQg�a-]^_6VXPtP�T�YuacS�S�YwP�ac\ª� Ù "vTUY
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a-b^Pc_�W�³ºr[P@ps�
W�x�W�Y¯zoVX��W�SUa-V�VXWCYX_
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Vw��WC�XW®a-YwWµa-SUS�bfW¯��a-_U¬ PcYªa-_�g�WC�Czt��]^_U\8WµVX�UW
pqPcYw·
¬>P�_�W�VXP±g�W8Vt�¾YwPcR(Pc_UW�VXYwW�W�VwP2VX��W�_�W8¹EV[x@acYX]^WC�²dMW8�
V°pqW�W�_�VX��Wq��e>��VXW�R2�C³uÿç_ Ó �Eeob^]^SÁzmWCac\ª�s¿°TUR"d�b^Wq\�PcYwYXW¯��SMPc_I¬��
VXP�a���]^b^b^\�bf]^R"d�]^_�g���W¯a-Yª\ª�Ázcp²�U]^\ª�Î¡¾p²]fVX�±Vw��W�¤t_�g�]fPo��SMW�YwR2�
¬�a-Vwac�XW8V$¦�]^_ox�WC��VX]^g�a-VXWC��Pc_®VX�UWFPcYª¬>WCY�P-� �C} z }�}c} VXYwW�W¯���¾P�Y
WCa�\ª�­Yªa-_U¬>P�R�P�Yw¬�W�Yw]f_�g|P-�²VX�UWº�XSIW¯\8]^WC��bf]���VCz#a-_I¬ j�} z }�}c}
¿°T�R�d�bfW¯�"]^_«Vw��W5� j ��PcT�Yª�CzKP�Y�Pc_®Vw��WFP�Yw¬�W�Y�Pc� j�}c} R�]^b �
b^]fP�_�VXYwW�WC�C³sÿç_µ��a-SU�oeEb£z �¯} W8¹>SIWCYX]^R�W�_oVw��¡¾TU�X]^_�gF¬>]fþMWCYXWC_oV
�XW�WC¬U�qVXP�VX��W�Yªa-_I¬>PcR _ET�R�dIWCY²gcWC_�W�Yªa@VwPcY$¦#p²]fVX��� hc}c} VXPc�
VwacbcVwYXWCWC�Na-_U¬l� }c}�} gcW�_UW�Yªa@VX]^Pc_I�Ã]f_Ex�WC��VX]^g�a@VwWC�uPc_�VX�UW+PcYª¬>WCY
P-� h-} R�]^bfb^]fP�_ÎVXYwW�WC��]^_t� j ��P�T�Yw�Czuacb Vw��PcT�g��|Vw��W2_ET�R"dMW�Y



�X��PcT�b�¬
dIW��Uacbfx�WC¬º¬>T�W�VwP�VX��W hc}>� W�b^]fVX]���R�³

]u$^] 9v)*UW6.(�V8A7_06.V<)8U�)8Y�)83�/�(�4b6�)8(�+
´ P W�x@acbfTUa-VXW«Vw��W§\�Pc_oVXYw]^d�T>VX]^Pc_I�©P-�2Vw��W¼��¤ PcSMW�Yªa@VwPcYª�
VXP¢Vw��W¼��W¯a-Yª\ª�Áz�a�¬�¬>]fVX]^Pc_Uacb�YXT�_I�®pQWCYXW�¬>Pc_UW§p²]fVX�ÂVX�UW
¸UYª�°V�¬�a@Vªa��XW8V ¡<ac_U¬ a��X]^_�gcb^W SMPcS�TUb^a-VX]^Pc_I¦8³ { R�S�]fYw]f�
\�acbfb^eczE\8YwP��w�XP@xcW�Y#ac_U¬2Vw��W���W¯\8Pc_I¬�R"T>Vªa@VX]^Pc_
PcSMW�Yªa@VwPcY#�Ua�¬
dMW�W�_±�¾PcT�_U¬2VXP�dMWtVw��W[b�a-YwgcW¯�°V+\�Pc_oVXYw]fdUT>VXP�Yw��VwP"�XTU\�\�WC�w�°�¾T�b
�XWCa-Yª\ª�ÁzÒ��Pºa@VXVXW�_oVw]fP�_|psac�[�¾PE\�TU�XWC¬©P�_©Vw��W�\�Pc_oVXYw]^d�T>VX]^Pc_I�
P-�KVX�UWC�XW6P�SIWCYwa-VXP�Yw�C³
ÿç_ºVX��W�¸UYw��V[�XW8VtP-��W8¹>SMW�Yw]fR�WC_�Vª��z�VX��W�¸IYw��VtR"T>Vªa@Vw]fP�_ºYªa@VwW
psac�²�XW8V²VXP�dMW }>� ³ Ø ]^Yw��VCz>Vw��W�\8YwP��w�XP@xcW�YqYªa@VXW�psac�sx@a-Yw]^WC¬
�¾YwPcR }�� VwP �¯}c}�� a@Vt]^_U\8YwW�R�WC_�Vª�²P-� �C}�� p²��]^bfW�Vw��W"�XWC\8�
Pc_I¬�R"T�Vwa@Vw]fP�_"Yªa@VwWQpsac�N��W�b�¬�\8Pc_I�°Vªa-_oVKa-V �¯}c}�� ³KZEWC\�Pc_U¬Ãz
VX�UWv�XWC\8P�_U¬�R"T�Vwa@Vw]fP�_±Yªa@VXW[pqa��#x@a-Yw]fW¯¬��¾YXP�R }�� VXP �¯}c}>�
a@V#]^_U\�YXWCR�WC_oVw�)Pc� �¯}>� p²��]^b^WsVX��W[\�YXPo�X�XP@xcWCYuYªa@VwW²pqa�����W�b�¬
\8P�_U��Vwa-_oV�a@V �¯}c}�� ³�� } W8¹>SMW�Yw]fR�W�_oVª�"pqW�YwWFYwT�_7a-V�W¯ac\ª�
SUacYwacR�W�VXWCYs�XW8VXVX]^_�g�m h-}c} gcWC_�W�Yªa@Vw]fP�_U�qpQWCYXW6YwT�_Á³
Ø ]fg�T�YwW h ]^bfb^TU��VXYªa@VwWC�+VX��WvW8þÒWC\$Vª�qP-�Áx@a-YweE]f_�g�VX��W6\8YwP��w��P@x�W�Y
Yªa@VXWv¡<�XPcb^]^¬�b^]f_UW¯¦Áac_U¬��XWC\8P�_U¬�R"T�Vwa@Vw]fP�_�Ywa-VXW[¡ñ¬�ac�X��W¯¬�bf]^_�Wm¦
Pc_FVX��W�amx�W�Yªa-gcW[_oTUR"dMW�YsP-�KgcW�_UW�Yªa@VX]^Pc_I�#Vªa-·cWC_±VwP"¸U_I¬
a-V
b^WCac��V�Pc_�W�VwYXWCW�Pc�+Vw��W�·o_UP@p²_µdMWC��V�¸�VX_UWC�w�2¡}�M��¦$³ { ¹>SMW�YX�
]^R�WC_oVw��VX�Ia@V±¬>]�¬7_�PcV±¬>]^�w\8P@x�W�Y�a|VwYXWCW
Pc�[¸�Vw_�WC�w�*�M�µa-YwW
amxcWCYwacgcW¯¬©]^_7ac��Vªa-·E]^_�g h-}�} gcW�_UW�Yªa@VX]^Pc_I��³ Ø P�Y�W8¹�a-R�S�b^Wcz
}>� \8YwP��w�XP@xcW�Yspsac�[T�_Ua-dUbfW�VwP±¸U_I¬©a-_Ee±VwYXWCWC�[P-�)VX�UW"dMWC��V
¸�Vw_�WC�w�²]^_�acbfbu� } W8¹>SIWCYX]^R�W�_oVw�Cz�a-_I¬
�XP�] Vª�tamxcWCYwacgcW[]�� h-}�}
gcWC_�W�Yªa@Vw]fP�_U�C³ ´ ��]���¸IYw��V"W8¹>SMW�Yw]fR�WC_�V�]fb^b^TU�°VwYwa-VXW¯��VX�Ua-V�]^_
gcWC_�W�Yªa-b£z²��]^gc��WCY
\�YXPo�X�XP@xcWCY2Ywa-VXWC�
a-YwW©dMW8V�VwW�Y¯³ ´ �UW�YwW©]^�
_�PcV"aº\�bfW¯a-Y�S�YwW8�¾WCYXWC_U\8W�zu��P@pqW�x�W�Y¯zÒ�¾PcY���]^gc�®Yªa@VwWC��P-�qVX�UW
�XWC\8P�_U¬��¾P�YXR1P-��R�T>Vwa-VX]^Pc_Á³ ´ P7b^PEPc·¼a@V
VX��]��ºPcSMW�Yªa@VXP�Y
R�PcYwW�\8b^P��XW�b^eczQVX��W�¸U_Ia-btSMPcS�TUb^a-VX]^Pc_U��Pc�vVw��W�� } W�¹ESMW�Yw]f�
R�W�_oVw�"pQWCYXW2b^PEPc·�WC¬Îa@V�VwP|¬>W8VwW�YwR�]f_�WF��P@p»R2ac_oeµP-�sVX�UW
dMWC��V²VXYwW�WC�spqW�YwW6�¾PcT�_I¬
]^_ºWCac\ª�ºYwT�_Á³
Ø ]fg�T�YwW k ]^bfb^TU��VXYªa@VwWC�+VX��WvW8þÒWC\$Vª�qP-�Áx@a-YweE]f_�g�VX��W6\8YwP��w��P@x�W�Y
Yªa@VXWv¡<�XPcb^]^¬�b^]f_UW¯¦Áac_U¬��XWC\8P�_U¬�R"T�Vwa@Vw]fP�_�Ywa-VXW[¡ñ¬�ac�X��W¯¬�bf]^_�Wm¦
Pc_7VX��W�amxcWCYwacgcW±_ET�R�dIWCY�P-�[dMWC��V�VXYwW�WC�"�¾PcTU_U¬Ã³ { ¹ESMW�Yw]f�
R�W�_oVw�+VX�Ia@V²¬>]^¬F_�P-Vs¬>]��X\�P@xcW�Yqa�VwYXWCW[P-�Ã¸UVX_�W¯�X�R�M�"a-YwW[amxo�
W�Yªa-g�WC¬�]^_�a��N¸U_U¬>]^_�g } VwYXWCWC�C³ Ø PcYKW8¹�a-R�S�b^Wcz }�� \8YwP��w��P@x�W�Y
psac�KT�_Uacd�bfWqVwPv¸I_U¬�a-_Ee�VXYwW�W¯��P-�UVw��WsdIW¯�°V)¸UVX_�W¯�X��]^_�acbfb�� }
W8¹>SMW�Yw]fR�WC_�Vª��zÒa-_I¬©��PF] Vª�vamx�W�Yªa-gcW�]�� } P-�)VX�UW"dMWC��VvVwYXWCWC�C³
¤[� Ø ]^gcT�YwW k ]fb^bfTI�°VwYwa-VXWC�CzEYXTU_U�+p²]fVX�ºa���]^gc�UW�Ys��W¯\8Pc_I¬2R"T>�
Vwa-VX]^Pc_§Ywa-VXW
VXW�_I¬­VwPµ¸I_U¬7R�P�YXWºP-�tVw��W�dIW¯�°V�VwYXWCWC��VX�Uac_
YwT�_U�sp²]fVX��a�bfP@pqW�Y²�XWC\8P�_U¬
R"T>Vªa@VX]^Pc_�Yªa@VwWc³
´ ��Wv]fR�SUa�\$VsP-�ÃVX�UW[¸UYª��VQR"T�Vwa@Vw]fP�_±PcSMW�Yªa@VwPcY#�Iac¬±�XW�WCR�W¯¬
VXP�dMW6b^P@pÌdUa���W¯¬±P�_FW�R�S�]^Yw]^\Ca-bÒW�xE]�¬>W�_U\�Wc³#ZEP2a-_UP-VX�UW�Ys��W�V
P-�)W�¹ESMW�Yw]^R�WC_oVw�tpsac�[¬>Pc_�W�VXPFa��X�XWC�w�qVX��W�\8P�_�VwYX]^d�T>Vw]fP�_�P-�
VX�U]^�"PcSMW�Yªa@VXP�YC³Fÿç_«dIPcVX�ÁzNVX��W
\8YwP��w��P@x�W�Y6Ywa-VXW2psac���XW8V"a-V
�C}�}>� mE]f_ºPc_UWczEVX�UW��XWC\�Pc_U¬FR"T>Vªa@Vw]fP�_
Yªa@VwWvpsac�s�XW8Vta@V }>�
a-_I¬�]f_¼Vw��W©PcVX��WCYCzsVw��Wµ�XWC\�Pc_U¬~R"T�Vwa@Vw]fP�_¼Ywa-VXW©psac�F��W�V
a@V �¯}c}>� ³ ´ ��W�YwWC�XT�bfVw�6P-�QVX��]���W8¹>SMW�Yw]fR�W�_oV�\8b^WCacYXb^e�]f_I¬>] �
\�a-VXW[VX�Ua-VQ��]^gc��WCY+Yªa@VwWC�#Pc�ÃVX��]��Q�¾PcYwR»Pc�ÁR"T>Vªa@Vw]fP�_Fa-YwWt_�PcV
dMW�_�W�¸I\8]�a-b£³ Ø T�YXVX��WCYXR�P�YXW�z#VX�U]^�2P�SIWCYwa-VXP�Y�]���_�PcV2\�bfW¯a-Ywbfe
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crossover or mutation rate

Varying crossover and second mutation

2nd mutation
crossover

Ø ]fg�T�YwW h>Ù+ö�éoÞtÞ�F�ÞªõXÛQÜ�óu=¯à8íçÝ�òäë�ê�õwí°Ü¯æçæçÜ?=mÞXíQí�à8Û°Þtì#é�òäã Þté�Ü¯ã å�e
òäëoê
æçÞªõªÜ¯ëoå|ávô�Û�à8Û°ò ÜCë©õªÜ¯ë�æÖÛ�àCë@Û"àCëoå|Ü�ó[=Cà�íçÝcòäëoê±Û°éoÞ�æçÞwõªÜ¯ëoå
á6ôcÛ�à�Û°òäÜ¯ë©í�à�Û°Þ�ì#éoòäãäÞ2éoÜ¯ã åcò ë�ê
Û°é�Þ�õwí°Ü¯æçæçÜ?=mÞXí�í�à�Û°Þ2õªÜCëoæÖÛ�àCë@Û$ï
ö�éoÞ[àJ=mÞwí�à�ê¯Þ[ê¯Þªë�Þwí�à�Û°òäÜCë
à8ÛQì#é�òäõXé�Û°é�ÞR;>ÞªæÖÛ�@�Û°ëoÞªæçæ��'��K<�)ì�àCæ
ó�ÜCôoëoå�òäæQòäãäãäôoæÖÛçí�à8Û°Þ$åUï
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crossover or mutation rate

Varying crossover and second mutation

2nd mutation
crossover

Ø ]fg�T�YwW k�Ù�ö�é�ÞqÞ�F�ÞªõXÛ°æKÜCó�=Cà�íçÝcòäëoêtõwí°Ü¯æçæçÜ?=mÞXí�í�à�Û°Þ#ì#éoòäãäÞqé�Ü¯ã å�e
òäëoê
æçÞªõªÜ¯ëoå|ávô�Û�à8Û°ò ÜCë©õªÜ¯ë�æÖÛ�àCë@Û"àCëoå|Ü�ó[=Cà�íçÝcòäëoê±Û°éoÞ�æçÞwõªÜ¯ëoå
á6ôcÛ�à�Û°òäÜ¯ë©í�à�Û°Þ�ì#éoòäãäÞ2éoÜ¯ã åcò ë�ê
Û°é�Þ�õwí°Ü¯æçæçÜ?=mÞXí�í�à�Û°Þ2õªÜCëoæÖÛ�àCë@Û$ï
ö�éoÞtàJ=mÞXí�àCê¯Þ²ë-ô�á�;>Þwí)Ü�ó%;>ÞªæÖÛ#Ûçí°ÞªÞªæN�����[á�à�ß>�Nó�ÜCôoëEål;@Ý�ÞªàCõ�é
âEà8í�àCá�ÞwÛ°ÞXí#æçÞwÛçÛ°òäëoê�òäæ+ò ãäãäôoæÖÛçí�à8Û°Þ$åUï

\8P�_oVXYw]fd�T�VX]^_�g�VXP�Vw��W���W¯a-Yª\ª�Á³ ´ ��W�YwWC�XT�bfVw�²acYXW�]^bfb^TU��VXYªa@VXW¯¬
]^_ Ø ]^gcT�YwWl�E³
ÿç_�VX��Wt¸U_Ua-bI��W�V+P-�ÒW8¹>SMW�Yw]fR�W�_oVª��zcVX��Ws¸UYª��V#W8¹>SIWCYX]^R�W�_oVw�#P-�
x@a-YweE]f_�gº\8YwP��w��P@x�W�Y²Yªa@VwW"p²��]^bfW���P�b^¬>]^_�g���W¯\8P�_U¬�R"T�Vwa@Vw]fP�_
Yªa@VXW
\8Pc_I�°Vªa-_oV�ac_U¬®xE]^\�WFxcWCYw�wa�pqW�YwW±YwW�SMWCa@VwWC¬Ãz�d�T�V�Vw��]^�
VX]^R�W
p²]fVX�~a©¸IYw��V�R�T>Vwa-VX]^Pc_7Yªa@VwWFPc� �C}>� ³ ´ ��WºYXW¯��TUb Vª�
a-YwW�]fb^b^TU�°VwYwa-VXW¯¬F]^_ Ø ]^gcTUYXW i ³
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mutation rate

Varying first mutation rate

2nd mutation=100%
2nd mutation=0%

Ø ]fg�T�YwW�� Ù®ö�é�Þ2Þ�F�ÞªõwÛ�ÜCóN=Cà�íçÝcòäëoê�Û°é�Þv@oí°æÖÛ"á6ôcÛ�à�Û°òäÜ¯ëÎí�à8Û°Þ
ì#éoòäãäÞKé�Ü¯ã å�òäë�ê+õXí°Ü¯æçæçÜ?=mÞwíÒàCëEåsæçÞwõªÜ¯ëoåtávô�Û�à8Û°ò ÜCë²õªÜ¯ë�æÖÛ�àCë@Û$ïÃö�é�Þ
õwí°ÜCæçæçÜG=¯Þwí�í�à�Û°Þ"òäæ�I!�����Ñó�Ü�í�;>ÜCÛ°é©êCí�à�âoé�æ!L�æçÞªõªÜCëEå�á6ôcÛ�à�Û°òäÜ¯ë
í�à�Û°ÞwæqÜCó�I!�����½àCëoå8���½à�í°Þ[æçéoÜ$ì#ëIï+ö�é�Þ6àJ=mÞXí�àCê¯Þ[ê¯ÞwëoÞwí�à8Û°ò ÜCë
à�Û#ì#é�ò õ�é�Û°é�Þ[;>ÞªæÖÛ�@oÛ°ë�ÞªæçæR�'��K<��ì�àCæ#ó�ÜCôoëEå"òäæQòäãäãäôoæÖÛçí�à�Û°ÞªåUï
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crossover or mutation rate

Varying crossover and second mutation -- 10% first mutation

2nd mutation
crossover

Ø ]fg�T�YwW i�Ù ö�éoÞ+Þ�F�ÞªõwÛKÜCó�=¯à8íçÝcò ë�êtõwí°Ü¯æçæçÜ?=mÞwíNí�à�Û°Þ+ì#éoòäãäÞQé�Ü¯ã å�e
òäëoê
æçÞªõªÜ¯ëoå|ávô�Û�à8Û°ò ÜCë©õªÜ¯ë�æÖÛ�àCë@Û"àCëoå|Ü�ó[=Cà�íçÝcòäëoê±Û°éoÞ�æçÞwõªÜ¯ëoå
á6ôcÛ�à�Û°òäÜ¯ë©í�à�Û°Þ�ì#éoòäãäÞ2éoÜ¯ã åcò ë�ê
Û°é�Þ�õwí°ÜCæçæçÜG=¯Þwí�í�à�Û°Þ2õªÜCëoæÖÛ�àCë@Û$è
Û°éoòäæsÛ°òäá�Þvì#òøÛ°éºàl@oí°æÖÛsá6ô�Û�à8Û°òäÜ¯ë±í�à�Û°Þ�Ü�óaIJ���"ï�ö�é�Þ�àJ=mÞwí�à�ê¯Þ
ê¯ÞwëoÞwí�à8Û°ò ÜCë"à�Ûuì#éoòäõXé�Û°é�Þ�;>ÞªæÖÛ�@�Û°ëoÞªæçæP�'��K<�Ãì�àCæuó�Ü¯ô�ëEå�òäæuò ãäãäôoæ�e
Ûçí�à�Û°ÞªåUï

]u$ji 9v)*UW6.(�V8A7_06.V<)8U�)8Y�)86.yW/�(
3�4�(54�\�/�6./�(0+

¤t_®ac¬U¬>] Vw]fP�_Ua-b)�XW8V�P-�qW8¹>SMW�Yw]fR�W�_oVª�vpsac��¬>W¯��]^gc_UWC¬�VwP�ac���
�XWC�w��VXYªac¬>WCP-þÃ��]f_~VXWCYXR2��Pc�6S�T�V�VX]^_�g­aµ¸�¹>WC¬~_ET�R�dIWCY2P-�
VXYwW�W¯�6]f_ÎPc_�W�SMPcS�T�b�a@Vw]fP�_|P�Y6¬>]���VXYw]fd�T�VX]^_�gºVX��WCR�ac\�YXPo�X�va
_ET�R"dMW�Y�P-�tSMPcS�TUb^a-VX]^Pc_U��a-_U¬ÎVwYwa�¬>W�PcþÒ�"dIW�V°pQWCW�_«�UamxE]^_�g

Ó PcSUT�b^a-VX]^Pc_º��]^Ï�W¯�q�¾PcY²WCa�\ª�
W�¹>SIWCYX]^R�W�_oV
�6WC_U� S[T�R"dMW�Y[P-� Ó PcS�T�b�a@Vw]fP�_U�

� � j i �Ck
�¯kc}�} �¯} � j h>� � � hck � � i k-j
ic}c} � }-joi �C} � j h>� � � hck � � i
j�}c} jo}c��k � }-joi �C} � j h>� � � hck
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a
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¤tb^Pc_Ug�VX��W�PcVX��WCY[¬>]^R�WC_U�X]fP�_
Vw��W�_ET�R�dIWCYtP-��gcWC_�W�Yªa@Vw]fP�_U�
]��s�Ua-b^xcW¯¬
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YwT�_U�qVXP±�XW�W¯¬±Vw��W�]^_�] Vw]^acbÁSMPcS�T�b�a@Vw]fP�_
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