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CEDGF+H�I�JLKNMPOQH�RGSUT'VWOYX5Z�I-V[XA\]VWOYH�OY^_T'V_OQXAZ
` I�^Wa]^bV_F�H�I+^�c�X5H�\GSYI-d]I+^

egf_XihbI-Vkj�VWVWX
l[T5\G\mX5fWV ` I�fWI?cnDGI�fncnDGIoZmp�JAJAqsrkKut3T5f_^�riqAqAr�K \vTiw5I?^

xzy�{+|�}'~G�i|A��� Z�VWD�OY^�\vTi\mI�f?�i�.IE��X]c�R�^�X5Z�I-dPV_I�Z ` I `�� TiZsVWXAfWX'�POUcnD�ZGX5f_H#^��i��D�OYcnD#^WI�I�H�VWX��mI�HLR�cnD�H�X5f_I
� I�dPOY�GSYI�VWDvTiZ�H#TiZPa*X5VWDGI+f.��H�I�VWf_OYc+^�� ` I+fWOY�POQZGw���f_X5H�X5\GVWOYH�T5S�H#T5^_^EVWfnTiZv^�\mX5fWV[\Gf_X5�GSYI�H#^+�E��I+ZGI�fnTiS�V_DGI-�
X5f_I-V_OYc+TiSmfWI?^�R�S�Vn^�T5fWI�f_I+c�T5SQSYI ` �PT5Z ` V_DGI ` OU^Wc�fWI�VWI�c�TA^�IkOY^EOYZP�5I+^�VWOYwATiVWI ` �AI?^�\mI+c�OYT5SQSYa���f_X5H�T�c-XAH�\�R]V_TiVWOYX5Z�T5S
\mX5OYZAV�Xi�g�POYI������[Z3I��#c�OQI+ZsV�T5SQwAX5f_O�V_DGH(OU^�VWDGI+Z3OQZsV_fWX ` R�c�I ` V_X
^WX5SY�5I�V_DGI�fWI+SYTiVWI ` SYOYZGI+T5f�\Gf_X5wAf_T5H�H�OYZGw
\Gf_X5�GSYI�H �GT5Z ` \mXA^_^WOQ�GSYI�Ti\�\GSQOUc�TiVWOYX5Z�^ET5fWI ` OU^Wc�R�^_^�I ` �
¡�¢s£¥¤W¦L§ }'¨�{A�©� T5ZAV_X5f_X'�POYcnD#ZGXAfWH �]XA\]VWOYH#TiS�V_f_T5Z�^�\mX5fWV_TiVWOYX5Z��PZPRGH�I�f_OUc�TiS¥f_ª+^WX5SYR]VWOYX5Z7�
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	�� � �� I�V�T5f�V_OYc�SQI�^�� OYZAV_ª�f_I+^_^�I�TiR]d�ZGXAfWH�I?^ ` I � TiZsV_X5f_X'�sOUcnD�ª-V_I�Z ` R�I+^+���sRGO]^�I+HL�GSYI�ZsV�\�SQR�^ � I�d]OQ�GSYI+^
�sRGI�SQI?^�TiR]V_fWI?^kH�ª�VWf_O��sRGI?^ ` ª�f_OQ�'TiZsV ` I�\Gf_X5�GSYF�H�I+^ ` I�VWfnTiZv^�\mX5fWV ` I�H#T5^_^WI5���kI+^�f_ª+^WRGSQV_T'Vn^kVWDGª+X5f_O��sRGI?^
w5ª+ZGª�fnTiRGd ^WX5ZsV*fnTi\G\mI�SYª+^+�EI-V
SYI c+T5^ ` OY^_c-f_I-VzI?^bV�ª-VWR ` OQªA���[Z T5SQwAX5f_O�V_DGH�I�f_T5\GO ` I3I+^�V
T5OQZ�^WO�OYZsVWf_X ` RGOQV
\mX5RGfgf_ª+^WX5R ` fWI�SYI[\Gf_X5��SQF+H�I ` I[\Gf_X5w5fnTiH�H#T'V_OQXAZLSYOQZ�ª+TiOYf_I[T5^_^�X]c-OYª[TiR#c+TiSUc-RGS ` I+^�Z�X5f_H�I?^ ` I � T5ZsVWX5f_X'�POYcnD
ª-V_I�Z ` RGI+^�I+Z ` OQH�I�Zv^�OYX5Z��5���kO��¥ª�f_I�ZsVn^ ` X5H#T5OQZGI?^ ` � Ti\G\GSYOUc�T'V_OQXAZ�^WX5ZsV�I�Zv^�RGOQVWI�T5�vXAf ` ª?^��
� § |+{ ¤ ��� � {*� ZGX5f_H�I ` I � T5ZsVWX5f_X'�POYcnD7�5V_f_T5Z�^�\mX5fWV�X5\]V_OQH#T5S>�]f_ª+^WX5SYR]VWOYX5Z
ZPRGH�ª�f_O��sRGIA�
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CEDGI�X5\GVWOYH�T5S¥H�TA^W^.V_f_T5Z�^�\mX5fWVE\GfWXA�GSYI�H D�TA^E�vI+I�Z76�f_^�V�c-X5Zv^�O ` I�f_I ` �Pazt�X5ZGwAIkOYZ��98�: �[OYZ
D�OY^g�Wt�ª�H�XAOQf_I
^WRGf�SYT�V_DGª�XAfWOYI ` I+^ ` ª��GSUTiOU^�I-V ` I+^Ef_I�HL��SYT5OY^b�";ºr5r�< �>=GI+�;f_I+^WRGSQV_^E��I�f_I%?sZ�X'��Z
RGZsV_OQS ��@iJPrLT5Z ` V_DGI�H#T'hbXAf
T ` �³T5Z�c-I X5� � T5ZAV_X5f_X'�POYcnDA;��98�<9�E��DGXs^�I f_I�SUT'dGT'V_OQXAZ Xi��VWD�I3X5f_OQwAOQZvTiSE\Gf_X5�GSYI�H"T5SQSYX'��I ` VWX&R�^WI3c-SUT5^_^�OUc�T5S
H#T'V_DGI�H#T'V_OYc+TiSEV_XsXASY^+� t3TiZPa0V_DGI�XAfWI�VWOUc�TiS �sRGI?^bV_OQXAZ�^�fWI+H#TiOYZ XA\vI+Z��.��R]V*c-RGf_f_I�ZsV���X5f*?]^�Xi��T wAfWX'��OYZGw
H#T'V_DGI�H#T'V_OYc+TiSÌc�X5H�HLR�ZGO�VbaCB�D�f_I�ZGOYI�f?�  T ��Tif_I�SYSQO9��t c  TiZ�Z�����T5ZGw5�mX��FEg�'TiZv^��Y�Q�HG TiSYSQX'��VWX ` fWI?TiH Xi��T
c-SYI+T5Z*XA\]VWOYH#TiS¥VWfnTiZv^�\mX5fWV.V_DGI�XAfWaA���k^�T��GO�� \Gf_X ` R�c¶VEXi��VWDGOU^�VWD�I�X5f_I-V_OYc+TiS¥OYZAV_I�f_I+^�V+�PZPRGH�I�f_X5R�^���X5f*?]^ÌD�T³�AI
�mI�I�Z ` I��AXiVWI ` VWX Ti\G\GSYOUc�T'V_OQXAZ�^�X5�[H#T5^_^�VWfnTiZv^�\mX5fWV�VWI?cnDGZGO �sRGI+^�OQZ VWDGII6�I�S ` X5��T5\G\GSYOQI ` H#T'V_DGI�H#T'V_OYc+^��
SYI+T ` OQZGwJB TiH�XAZGwA^�VkX5VWDGI+f[VWD�OQZGws^*G�VWX
X5f_OQwAOQZ�T5S7f_I+^WRGSQV_^���XAf�^WX5H�I�H�I�VWI+X5f_X5SYX5w5OUc�T5S�I �sR�TiVWOYX5Z�^"BK; J�< �/; :�<LG[T5Z `
VWD�I�=�X�?M?5I+f�� egSUTiZ�c�?�I �sR�TiVWOYX5ZN; ��O9<9��j�VWDGI+f�T5\G\GSYOYc+T'V_OQXAZ�^kc+TiZ �vI���X5R�Z ` OYZN; @�< ����DGI+fWI�c-XASQSUTi\�^WOYZGw
^_TiZ ` �
\GOYSQI?^
T5fWI c-XAZ�^�O ` I+fWI ` �[TiZ ` OQZ VWDGI �vXPX�? X5�Ll[T5cnD�I�� TiZ ` l�R�^_cnDGI�Z ` X5fW�P; r�39<9�k��DGI�f_I T5\G\GSYOYc+T'VWOYX5Zv^*OYZ
\Gf_X5��T5�GOYSQOQVba�VWDGI+X5f_a�T5fWI ` OY^_c-Rv^W^WI ` � � Z
I+T5cnD*Xi��VWD�I+^WIk\Gf_X5��SQI+H�^+�sH�TA^W^ÌVWfnTiZv^�\mX5fWV_TiVWOYX5Z#OU^�c�SQXs^�I+SQa�f_I�SUT'V_I `
VWX V_DGI�OQZsV_fWOYZ�^WOYc�Z�TiVWRGf_I Xi��VWDGI�I
�ARvT'VWOYX5Zv^��CQ[X'��I��AI�f?�Ì^�XAH�I�wAI�ZGI+fWOUc�\Gf_X5\mI�fWVWOYI+^�Xi�[�bH#TA^W^�VWfnTiZv^�\mX5fWV
OYZ ` R�c�I ` H�I-V_fWOUc�^b�RB>^�XAH�I�Xi��VWDGI+H ��OYSYS��mI3fWI?c�T5SQSYI ` OYZ�VWDGI���XASQSYX'��OYZGwSG�SYI+T ` V_X&VWD�OQZT? Xi��T0\mX'�.I+f���R�S
X5\GVWOYH�OVU+TiVWOYX5Z�V_XPX5S9� � Z3\�T5f�V_OYc�RGSYT5f+�¥^WD�Ti\mI�f_I+c-XAw5ZGOQVWOYX5Z3^WI�I+H#^�VWX
�vI�Tz^�VWOYHLRGSUT'V_OQZ�wP6�I+S ` X5�ÌTi\G\�SQOUc�TiVWOYX5ZBK;�����<9�V; �?q�<LG¶�F=�OYZ�T5SQSYa5�'��I.^WDGX5R�S ` H�I�ZsV_OQXAZLT[\GfnT5c-VWOUc�T5SAT'VWVWI+H�\GV�V_X�R�^WIgV_DGI>W0T5^_^�I+f_^�VWI+OQZ�H�I�VWf_OYcÌOQZ�V_DGIX6�I�S `
Xi�g^WI�OU^�H�OUc�OYZs�AI�fn^�OYX5ZY;ºr � < �v��D�OYcnD�\mX5OYZsV_^[XAR]VkT#H#TihbX5f ` fnT³����TAc�?zXi��H#T5^_^�V_f_T5Z�^�\mX5fWV_TiVWOYX5Z
VWI?cnDGZGO �AR�I+^[Z
Vb��X�^WOQwAZ�TiSU^kRGZ ` I+f�c-X5H�\�T5fWOU^WX5Z3^WDGX5RGS ` �vI�ZGXAZ]�9Z�I�wATiVWOY�5I�TiZ ` D�T³�5ILVWDGI#^_TiH�I�H#TA^W^+��CEDGI�H�XiV_OQ�'T'V_OQXAZ
Xi��V_DGOU^L��X5f*? OU^�V_DGI�Z VWX c�X5Z�^WO ` I�f�I-dPVWI+Z ` I ` � TiZsVWXAfWX'�POUcnD ZGXAfWH#^+��OQZsVWf_X ` R�c�I ` OYZA;��\:9<�TiZ ` OQZA;��\@�<�OYZ
X5f ` I+f.V_XzTiSYSQX'�;TLV_f_T5Z�^W\vXAf�VW� ^�VbaPSQI�c-XAH�\vTif_OY^WX5Z
Xi�7Vb��X-6�ZGOQVWI�H�I+TA^�R�fWI?^���l�I+H�X'�POYZGw�VWDGI�TA^W^WRGH�\]VWOYX5Zv^EXi�
ZGXAZ]�9Z�I�wATiVWOY�PO�Vba*T5Z ` H#T5^_^[c-XAZ�^�I+fW�'TiVWOYX5Z��PV_DGXA^WI�ZGX5f_H#^�Tif_I�HLR�cnD H�X5f_I � I-d]OY�GSYI�VWD�T5Z�VWDGI � T5ZsVWX5f_X'�POYcnD
ZGXAfWH�X5f�VWDGI"W TA^W^WI�fn^bV_I�OYZ H�I�VWf_OYc5�^][X'� V_DGILI+Z ` Xi��V_DGILOYZsVWf_X ` R�c¶V_OQXAZ�OY^ ` I+�5XiV_I ` V_X#VWDGI�\Gf_I+^WI�ZsV_TiVWOYX5Z
Xi��VWD�I � T5ZsVWX5f_X'�POYcnD*ZGX5f_H�TiZ ` OQV_^�I�dPVWI�Zv^�OYX5Z�^+�

_�`a_ bYcedgfih�jXkmlonTlqperastcujel>ntvw�I�V"x0y{z�|m}[�vI�T*^WI�\�T5f_T5�GSQI�H�I�VWf_OYc�^�\�TAc-I�TiZ `{~ x0yY}.V_DGI�^�I�VkXi��6vZGO�V_I�H�I?T5^WRGfWI?^�X5ZJy �^W I�VnT�?AI�VWD�I
��X5SYSYX'��OQZGw ` I�6�ZGOQVWOYX5Z�^[B ��DGI�f_I%� ^�V_T5Z ` ^���XAf[T�H�I?T5^WRGfWI�OYZ ~ x+yY}aG¶�

� ~�� x+y�}ÌOY^EV_DGI�^WRG��^W\�T5c�IkX5��H�I+TA^�R�fWI?^X�Y� ~ x+y�}Ì^WR�cnD
VWD�TiVe��x+y�}��A���
� ~�� x0yY}.OU^EVWD�I�^WI-V[X5��T5SQS�Z�X5Z]� ZGI�wsT'V_OQ�AIkH�I+TA^�R�fWI?^.XAZ ~ x0yY}¶�
�N���M��� x��q}ÌOU^�VWDGI�V_X5\mX5SYX5w5OUc�T5S�^�RG\�\vXAf�V�Xi�����
� � � OU^EVWDGI�\mXA^WOQVWOY�5I��'Tif_OYTiVWOYX5Z*X5�F���
� ��� OU^EVWD�I�ZGI�wsT'VWOY�5I��'Tif_OYTiVWOYX5Z
Xi�����
��� � � OU^EVWD�I�VWXiVnTiS��'Tif_OUT'VWOYX5Z
Xi�����
�N�$�S� x+�q}���� � � � x0yY}¶��[� ¢P§ } ¢ ���2���2�%� ���R���t�C�&���9! �m����� � ~�� x0yY}*¡��,�t�&(����-�,'��N¢¤£¥�K(J�2����¦��2��§S���0�,�9���&���9! �m����!7¨©�~ � x+y«ª¬yY}¤!��t���¬�L�T���2(����"�����I�������'®!����F¯�¡
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� =Gf_X5H�ZGX'�;XAZ��]V_DGI�ZGXAfWH ` I�6�ZGI ` OQZ�V_DGI�XAfWI+H�� · ����OQSYS7�mI�f_I-��I�f_f_I ` VWXzT5^�VWDGI � T5ZsVWX5f_X'�POYcnD*ZGX5f_H � � Z;��\39< �sVWDGI�TiR]V_DGX5f.ZGXiV_OYc�I+^ÌVWD�TiV.V_DGI�^�I�V ¢¤£#c�T5Zz�mIkf_I�\GSUT5c�I ` �Pa�O�Vn^E^�RG�v^�I�V��¢¤£#c-XAZ�^WOY^�VWOYZGw�X5�7H�I+T5^WRGf_I+^>¨
^WR�cnD*V_D�T'V���XAf[TiZPaz�mX5f_I�S�^WI-Ve¯�OYZ�y � ¨^x0¯�ª¬yY}�� ���>x+¯�}²z B�3SG¨°x+y«ª¬¯�}��A� � x+¯�} · B�JMGQ[I+Z�c-I���I�c�T5Z�TA^W^WRGH�I�VWD�TiV���X5f[TiZPa#V_f_T5Z�^W\vXAf�VE\GSUTiZ¬¨��]��I�D�T³�5I

�\�S��� x+¨�}
	 ���M��� x�� � }²ª �\�S��� x+� � }�z B���G
TiZ ` V_DGI���X5SYSQX'��OYZGw�SYI�H�H#T�OU^�XA�s�POYX5R�^+�
Ì¢ � � ~������®�$� �������t�$� �,� ~��¸ x0yY}�¡��>�¤�t�����

¶ � ¶ � ¸�� �
� |�� ��� x �\�M��� x+�q}a} �[�S� x��q} · B�OSG

� � §���§ ��� �A~ ��� � | ¢ }���} ¢ |+~G| � §��w�I�V^¯"!�TiZ ` ¯�#��vI�Vb��X��vXAfWI+S�^�I�V_^+�ÌCEDGI��'TiSYRGI$¨^x0¯$!%ª�¯�#�}�c+TiZ��vILOQZsVWI+fW\�fWI�VWI ` T5^�V_DGI�TiH�XARGZsVEX5��wAXPX ` ^B�XAf�H#T5^_^���X5f[t�XAZGw5I9G.c+Tif_fWOYI ` ��fWXAH VWD�I�^�RG\�\GSQOYI�fn^ESYXPc+T'V_I ` OQZ�¯"!�VWX�VWD�I ` I�H#TiZ ` I�fn^ESQX]c+T'VWI ` OYZ�¯�#i�
% � �������
	���	 � �����������[�#�-����
�������

� Z VWDGOU^�^�I?c¶VWOYX5Z7���.I�OYZAV_fWX ` Rvc-I�VWDGI�VWD�I�X5f_I-V_OYc+TiS���T5^WOUcLf_I+^WRGSQV_^�X5Z I-dPVWI+Z ` I ` � TiZsV_X5f_X'�sOUcnD ZGX5f_H#^���CEDGOY^
\Gf_I+^WI�ZsV_TiVWOYX5Z ��XASQSYX'�[^[V_DGI�X5ZGI�Xi�>Q�T5ZGOYZ ;��\39< �mVWX���DGOYcnD �.I�fWI���I�fk��X5fk��RGf�V_DGI�f�\Gf_X5\mI�fWVWOYI+^kTiZ ` I-d]\GSUTiZ�Ti�
VWOYX5Zv^��#��^��.I�D�T³�AI�^WI�I+Z OYZ VWDGI#\Gf_I��POYX5R�^�^WRG��^WI+c-VWOYX5Z���V_DGI � TiZsV_X5f_X'�sOUcnD�ZGXAfWH OU^�H�R�cnD SYI+^_^�^WI�Z�^WO�V_OQ�AI
VWX*VWfnTiZ�^WSUT'VWOYX5Z3VWD�T5Z B�IA� wv� G3VWDGI�VWX5V_T5S��'T5fWOUT'V_OQXAZ��k�k^�T
c-XAZ�^�I
�sRGI�Z�c�I5�vVWDGOU^�ZGX5f_H OY^���I�SYS�^WRGOQVWI ` ��X5fkVWD�I
c-XAH�\�Tif_OY^WX5Z�X5�Ì\Gf_X5��T5�GOYSQOQVba ` I�Z�^WO�V_OQI?^��$Q�X'�.I+�5I�f?� ¶9·L¶ � ¸ OY^�X5Z�SQa ` I�6�ZGI ` X5Z VWDGI�^�R���^�\vT5c-I ~ � x0yY}n��T5Z `
f_I �sRGOYfWI?^[V_DGI�f_I-��XAfWI�^bV_fWXAZGw T5^_^�RGH�\]V_OQXAZ�^kX5Z VWDGI ` TiV_T*VWX �vI�R�^WI ` OYZ T5\G\GSYOYc+T'VWOYX5Zv^�� � V�OU^�VWDGI+Z ZvT'VWR�f_T5S
VWX
VWD�OQZT? Ti�mX5R]V�\vXs^W^WOY�GSQI�I-dPVWI+Z�^WOQXAZ�^�Xi�gV_DGOY^�ZGXAfWH ��C�X
XARGf¤?sZ�X'��SQI ` w5IA�vVb��X
^WSYOQwADAV_SQa ` O��¥I�f_I�ZsV�ZGX5f_H#^
D�T³�AI��vI+I�ZzOYZsVWf_X ` R�c-I ` �5V_DGIe6vf_^�V¤B ��DGOYcnD#��I ` I�ZGX5VWI[�Pa�VWDGI � �9ZGXAfWHPG��Pa � TiZsVWXAfWX'�POUcnD�D�OQH#^WI�SQ�b�sT5Z ` VWD�I
^WI+c-XAZ ` B���DGOUcnD �.I ` I+ZGXiV_I��Pa*VWDGI[Q[�9ZGXAfWHPG.�PaIQ�T5ZGOYZ��
� �'&Æ��� ��� ¢3¡�¤(��§ } �
� Z#V_DGOY^E^WI+c-VWOYX5Z��s�.I�T5^_^�R�H�I���RGfWVWDGI+fWH�X5f_I�V_D�T'VE^�\�TAc-I¤y OU^.c�X5H�\�T5c-V.TiZ ` D�T5^�T$6vZGO�V_I ` OYT5H�I�VWI+f+� � ZzV_DGOY^
c�TA^�IA� � T5ZAV_X5f_X'�POYcnD�TiZ ` l[RG�GOYZ�^bV_I�OYZP6�fn^�VÌI-dPVWI+Z ` I ` VWDGI � TiZsVWXAfWX'�POUcnDLZGXAfWH � � Z ` I+I ` �POYZAV_fWX ` Rvc-OYZGwL^WX5H�I
����TA^bV_I���RGZvc¶VWOYX5Z]� � ^_T'VWOU^���asOYZGw�VWD�I���X5SYSQX'��OYZGw�\Gf_X5\mI�fWVWOYI+^� x+Å
}*),+.-0/

1 ¿ Ã � ÅP±YÇ � z B08�G
� � x+Å
}F± � x+Çt} � � � ÅI±JÇ � z B�:SG

VWD�I�Z�VWDGI���R�Z�c¶V_OQXAZ�TiS ` I�6�ZGI ` T5^
¶ � ¶.2 � »V¼m½£$3 ¿54 3687:9<; ¶ � � ¶ �¸*= Â � x�Å®} � ��x+|S¯�}�±Y� � x+|S¯�} � · B�@SG

OU^�T*ZGX5f_H X5Z ~ x0yY}¶��t3X5f_I�X'�5I+f+�mc-XAZ ` OQVWOYX5Z B�8�G�OQH�\GSYOQI?^kVWD�TiV�OQV�OU^�TiSY��T³a]^[T
w5XPX ` cnDGXAOYc�I�V_XzVWfnTiZv^b��I+f
^WX5H�I�H�TA^W^EOYZ�^�VWI?T ` Xi����TA^bV_OQZGw�OQV+�g��^�T�c�X5Z�^WI �sRGI+Z�c-IA�]�.I�wAI-VEVWDGI���XASQSYX'��OYZGw�SQI+H�H#T�;��98\< �
Ì¢ � � ~>�®�+���@? ��� � ��&��A:�>�9! ���5B�(��m�2���+�����È!����0�³!L(����,�S§DC(EGF7���2	HCJIKF�1¬Ì
�T����(����-���t���i�,� ~ � x+y�}*¡
�>��T���9� ¶ � ¶L2 � ¶ � ¶��¸¤· B �+qSG

CEDGI+Z*V_DGI � �9Z�X5f_H OY^[T�V_fWRGI�I�dsV_I�Z�^WOYX5Z Xi��VWDGI � T5ZAV_X5f_X'�POYcnDzZ�X5f_H��
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� �'&Æ� � ��� ¢���¤(��§ } �
� H#T'hbX5f ` fnT³����T5c�?�Xi�7VWDGI � �9Z�X5f_H OU^.VWDGI��AI�f_a�f_I+^�VWf_OUc¶VWOY�5I�T5^_^�R�H�\GVWOYX5Z*X5� 6�ZGOQVWI ` OUTiH�I�VWI�f.��X5f y ��CED�I
I-dPV_I�Z�^WOQXAZ
\�fWXA\vXs^�I ` �PaIQkTiZGOYZ
OYZ�; �³r�<7f_I�H�X'�5I?^.VWDGOU^[T5^_^WRGH�\]VWOYX5Z���CEDGI$Q[�9ZGXAfWH�OY^ ` I�6�ZGI ` �sa

¶ � ¶�� � »³¼M½£$3 ¿54 3687�9 ;�� ¶ � � ¶��¸ = �[�S� x��¬±Y� � }�� · B ���9G
CEDGXARGw5D�c�T5fWf_aPOQZ�w�wAXPX ` \Gf_X5\mI�fWVWOYI+^¥OYZ�f_I�SUT'VWOYX5Zv^�DGOY\���O�V_D�VWDGI.^�\�TAc-I�X5�Mw7OQ\�^_cnDGOQV�U���R�Z�c¶V_OQXAZ�^>B>^�I+I ; �³r�<9�V;��\3�<LG¶�
OQVkOU^�\mXA^_^�OY�GSYI�VWX
^�I+I�VWDvT'V�V_DGOU^�ZGXAfWH ` O �mI+f_^[��fWXAH�V_DGI���XAfWH�I+f�X5Z�I�X5Z�V_DGI�^WRG��^W\�TAc-I ~�� x+yY}¶� � Z ` I+I ` �
V_T�?POQZGw&y��
	 ¸ TiZ ` �{����%±�� 1 ��OQVWD � ÅP±JÇ � ) � �]��I�^�I+I�VWD�TiV

¶ � ¶ � � � ÅP±YÇ � z¶ � ¶ � � � ·
� Z�� T5c-V+�PVWD�I � �9ZGXAfWH T5Z ` VWDGI[Q[�9ZGXAfWH(Tif_I�c�X5Z�c�I�\]V_R�TiSYSQa*�5I�f_azc-SYXA^WI5� � Z ` I�I ` �GOQwAZGX5f_OYZGw�B�8�G�TiZ ` VnT�?POYZGw��� �5�mVWDGI�Q�� ZGXAfWH�OY^�f_I+c�X'�5I�f_I ` ��f_X5H�VWD�I � � ZGX5f_H � � V�^WI�I�H#^�VWDGI+Z Z�TiVWRGfnTiS�VWX
fWI+SYTid
V_DGOU^�c�X5Z�^�VWfnTiOYZsV
��X5f[^WX5H�I�SYI+^_^EfWI?^bV_fWOUc¶V_OQ�AIkXAZGI

��� )C�Tz � · � ·�� Å¬���Iz � x�Å®}�� � · B �?r�G
W I�^�I+I�VWD�I�Z#V_D�T'Vg��XAfWH�RGSUT'VWOYX5Z�B+@�G�OU^Ì^WX5H�Ie?POYZ ` Xi����RGZGO/6�I ` ����fnTiH�I���X5f*?¥�Æ=GXASQSYX'��OYZGw&; ��39< �AOQV.OU^�\mXA^_^�OY�GSYI
VWX�\Gf_X'�5IkVWD�I���X5SYSQX'��OYZGw�VWDGI+X5f_I�H�[� ¢P§ } ¢ � � � � ��� !�! �m�&�$�L�T��� � !����0�³!LµX��! C I8FI���2	�C�� �8F�1PÌ
�T��� ¶�·/·L¶ 2 �³!��&�2��� �Í��� ~ x0yY}�1

CEDGOU^�Q�� ZGX5f_H ` O �mI+f_^���f_X5H!VWD�I � T5ZsVWX5f_X'�POYcnD�Z�X5f_HoX5Z�V_DGI�^�I�V ~ � x+y�}n�i�GRGV�^�V_T³a�c�SQXs^�IA�'OQZ�\�TifWVWOUc-R�SYT5f
��DGI+Z*V_DGI ` OUTiH�I-V_I�fEXi��VWDGI�^WRG\G\mX5fWV�Xi�q� OY^�^WH#TiSYS>�gCED�OY^Ef_I+^WRGSQV�OYZ�^bVnT'VWI ` OYZ
VWDGI���XASQSYX'��OQZ�w�SYI�H�H#T�; ��39<9�
Ì¢ � � ~>�®�"! �#� !�! �m���P�,�t��� � �³!&�J�����T! �������q(��m�2���0�����21 Ì
�T��� �L�T�I�2��� �«	��+µo�
�*	{�,� C%$KF�!����0�³!LµX��!��L�T�(���','V�$���,�S§��,�
�'&��t��'��,�+����!�1

¶ � ¶L2 � ¶ � ¶��¸ � �
� �)(+*-,/. |�� ��� x �\�M��� x+�q}a} z � �10 ¶ � ¶L2 z^�Y� ~ �¸ x0yY} · B �\3SG

2²�����K(�1�MPOYZ�c-I[VWDGI[\�fWXPXi��OU^�ZGX5V ` I-VnTiOYSQI ` OQZ�;��\3�<9�s�.I�\GfWX'�PO ` I[^WX5H�I�I-d]\GSUTiZ�TiVWOYX5Z�^+��C�T�?POYZGw43P�C� OYZ{B ����G¶�
��I�wAI-V�V_DGI%6�fn^bV[\�T5f�V�X5��V_DGI�OQZ�I �sR�TiSYOQVba5� ��^WOYZGw�VWDGI�V_fWOUTiZ�w5SYI�OYZGI
�ARvTiSYO�Vba*T5Z ` SQI+H�H�T �A� rG�]�.I�D�T³�AI�VWD�TiV
��X5f[T5ZPa53
OQZ ~ � x0yY}

¶ � ¶ �¸ � ¶ ��±63 ¶ �¸ =�¶ 3 ¶ �¸ z
� ¶ 3 ¶ � ¸ = �

� |�� ��� x �\�M��� x���±73t}�} ����� x+��±73t}Xz
� �

� � (8*-,9. � � z�|�� ��� x �\�M��� x+�P±63t}a} 0 � ¶ 3 ¶ � ¸ = ���[�S� x��¬±63t} � ·
� � � DvT5^�T�6�Z�O�V_I*^�R�\G\vXAf�V?�7V_DGI#X5\GVWOYH�T5SÌH�I+TA^�R�fWI:30c�T5Z0�vIzc�X5H�\GR]V_I ` I-d]\GSYOUc-OQVWSYaNB ^WI�I*ZGI-dPVL^WI+c¶V_OQXAZ�G¶�
TiZ ` O�V�OY^kI+TA^�a
VWX�^�D�X'�;V_D�T'V;3 � � � � TiZ ` 3 � � � � ��CEDGOY^kOYH�\�SQOYI+^kVWDvT'V �\�M��� x�3t} 	 �\�M��� x��q}n�m��DGOUcnD
OYZ \�T5f�V_OYc�RGSUTif�H�I?TiZ�^kV_D�T'V[|�� ��� x �\�M��� x+�{±<3t}�} � |�� ��� x �\�M��� x��q}a}¶�LCEDGI+Z SYI�H�H#T�OY^�\Gf_X'�5I ` ��X5f%6�Z�O�V_I
H�I+TA^�RGf_I+^+��=�OYZ�T5SQSYa5�PV_DGIk\�fWXPXi��Xi�7V_DGI���DGX5SYIkSYI�H�H#T�c�T5Z*�mI�TAcnDGOQI+�5I ` R�^WOQZGw�VWD�I ` I�Z�^WO�Vba#SYI�H�H#T5^�X5�7VWD�I
^WI+c-XAZ ` ^�I?c¶VWOYX5Z�OYZY;��\3�<9�

CEDGOU^�SQI+H�H#T ^WDGX'�[^[V_D�T'V�V_DGOY^�cnD�X5OUc-ILX5�.I�dsV_I�Z�^WOYX5Z OU^�f_I�SYI��'TiZsVk��OQVWD f_I+^W\vI?c¶V�VWX
VWDGI�XAfWOYw5OYZ�TiS � TiZG�
VWXAfWX'�POUcnD�Z�X5f_H�� � Z ` I�I ` �AOQ� � OY^.T�H�I+T5^WRGf_I�Xi� ~ � ^WR�cnD�V_D�T'VX|�� ��� x ���M��� x��q}�} � � � �iV_DGI�Z ¶ � ¶L2 � ¶ � ¶ � ¸ �
t�XAfWI+X'�5I�f?�iXAZGI�X5��VWDGI�H#TiOYZzOYZAV_I�f_I+^�V_^.OQZ*VWDGXs^�IkI-dPVWI+Z�^WOQXAZ�^ÌOU^ÌVWX�I-dPVWI+Z ` V_DGI�� TAc¶V.VWD�TiV.V_DGI � T5ZsVWX5f_X'�POYcnD
ZGXAfWH B TiZ ` VWDGI"W TA^W^WI�fn^bV_I�OYZ H�I�VWf_OYc�OQZ3Tz^WSYOQwADAV_SQa ` O �mI+fWI+ZAV�^�I�V�VWOYZGwMGEH�I-VWf_OVU�I+^[VWDGIL�.I?T�?>=�c-XAZs�AI�f_w5I+Z�c-I
Xi��H�I+TA^�RGf_I+^���OQVWD¬U�I+fWX�VWX5V_T5S�H#T5^_^�� � Z ` I+I ` �PV_DGOU^�OY^�VWDGI�\GR�fW\mXA^WI�Xi�7V_DGI���X5SYSYX'��OQZGw�V_DGI�XAfWI+H��
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O ������,�����m�,�+�����
�[� ¢P§ } ¢ � � ���q��� ��)�)T��!����,�t��� x0y{z*|M}X�³! �e!���)T�������'/�e�����+� ����!+)t������1 ? ���®x+����}²��e�°!�� &��t���2��� �K(X������!��m�*� !�,� �L�T�P!���� �Ix��[}%� . � � ~ x+y�}°! �t�*���,�t��� �$�S� x+�q} � � 0 ¡ �q�T�������Í�<	 � 1 ? ���>� ��7�¬�&���9! �m���P�,�~ x+y�}�1�Ì
�T���7��� �������9���+§S� !@�>���
	�'���=����[� � ([���2	7����'��P� ( ¶ ���"±�� ¶ ¸ §���� ![���$�Y�9!�� §���� !$��� Ê 1

CEDGOU^�V_DGI�XAfWI+H OY^�^bVnT'V_I ` T5Z ` \Gf_X'�5I ` OQZ�; ��39<9� � V�OY^�I+^W\mI+c-OUTiSYSYa0TiV�V_f_TAc¶VWOY�5Iz��fWXAH T c-XAH�\�R]V_TiVWOYX5Z�T5S
\mX5OYZAV�Xi���POQI+����^�OYZ�c-I*O�V�^�DGX'�[^�VWD�TiVLVWD�I*I-dPV_I�Z ` I `&� TiZsVWXAfWX'�POUcnD Z�X5f_H�^LTif_IzHLR�cnD&H�XAfWIz^WI�Z�^WOQVWOY�5I#V_X
XA^_c-OYSYSYTiVWOYX5Z�^.VWDvTiZ�VWDGI�V_XiVnTiS��'Tif_OYTiVWOYX5Z��
�*¢ � ~G}� �®���®��� �����,�N�����t!���	�����!I���t'����L�T�����9!�� �6� ��¡ �q�M������!������"!&���È*�P�,�t�7����+�����&���T�������°(��*��� �(��m�2���0�����2��'����
��'��9! �³!�)t���,���F�K(������ �>1 � �$�>���9����¡����m� ���,� �³!X�t�����^���%�M!�� �L�T�^�*�������2	���	e����t�����*�������*�P�2��� ��!�9!P��� ���C�������t�e������' CK���e'V�*��! � F��,� �,�t� µX��'/	{�a("!�� §��2��'2)2������� !�! �,�S§S1 � !��>� ���,','�!���� ¡ �,�e�&���{��I�a("!�������,�t������� ! �X���7�*���T! ��	���� � ��!��&����� ���,�S§[)t����������������¡F§��,���,�S§7�����������['/��!�!%'V�\����'Æ�,�\(���� �&���0�����t!�1
� � §���§ ��� �A~ ��� � | ¢ }���} ¢ |+~G| � §��w�I�Vq¯"!�TiZ ` ¯�#��mI�Vb�.X��mX5f_I�SA^�I�V_^+�7��^���X5f�V_DGI � TiZsVWXAfWX'�POUcnD�ZGXAfWH ��VWDGIg�'T5SQRGI�¨°x+¯"!Tªo¯ #�}¥c�T5Z��mIgOYZsVWI�f_\Gf_I-V_I `
T5^�VWD�I�T5H�XARGZsVkX5�Ìw5XPX ` ^�c+Tif_fWOYI ` ��fWXAH(V_DGI�^�RG\�\GSQOYI�fn^kSQX]c�TiVWI ` OQZY¯ ! V_XzVWD�I ` I+H#TiZ ` I+f_^kSYXPc+T'V_I ` OYZJ¯ # �Q[X'��I��AI�f?�'VWD�I�T5^_^�R�H�\GVWOYX5Z�¨^x0¯�ª�yY}��A���>x+¯�}�OU^gf_I�SUT'd]I ` �5TiZ ` V_DGI ` O �¥I�f_I�Z�c�Ie���>x+¯�}T±P¨^x0¯�ª�yY}�c+TiZ#�mI
^WI�I�Z�T5^ÌVWDGI�TiH�XARGZsV.Xi� ` I�H#TiZ ` ��DGOUcnD*OU^�ZGXiV�^WTiVWOU^K6vI ` ��D�R]V�D�I�f_Ik��I�f_I�H�OYZ ` V_D�T'V�VWDGI��ET5^�VWI���RGZ�c¶V_OQXAZ� \vI+Z�TiSYOVU�I+^�VWDGOU^�SUT5c�?#Xi��^_T'VWOU^�� T5c¶V_OQXAZ���W I�DvT³�5IkVb�.X�OYZAV_RGOQVWOY�5I�I-d]\GSUTiZ�TiVWOYX5Z�^+� � c�TiZ �mI�^�I+I�Z T5^� T�^�X]c�OYT5S�c-XA^�VE��X5f ` OU^_^WTiVWOU^b� TAc¶VWOYX5Z7�� VWD�I�c-XA^�V�fWI
�sRGOQf_I ` VWX�OYH�\vXAf�V[wAXsX ` ^+�
� Z�VWD�I[^WT5H�I��ET³a5�iVWDGI�TA^W^WRGH�\]V_OQXAZ-¨°x+y ª[¯�}��A� � x+¯�}�OU^gf_I�SUT'd]I ` �ATiZ ` VWD�I ` O �mI+fWI+Z�c-I � � x0¯�}m±&¨^x0y ª[¯�}
c�T5Z �mI�^WI�I+Z T5^LVWDGI�TiH�X5R�ZAV�Xi��^WRG\G\GSYa&��DGOUcnD OU^LZGX5V�wAX5OYZGw�V_X �mI�^WX5S ` � jkZ�c-I�TiwAT5OQZ7����I*DvT³�5I#Vb��X
c-XAH�\vI�VWOQVWOY�5I�I-d]\GSUTiZvT'VWOYX5Zv^EX5Z�VWDGILI+c-XAZGX5H�OUc�H�I?TiZGOYZGw#X5��V_DGIk����TA^bV_Ik��R�Z�c¶V_OQXAZP� � �X]�X'� � c+TiZ �vI�^WI�I+Z
T5^� VWD�I�^bV_X5f_OQZGw�c-Xs^bV?�� VWD�I�c-XA^�V�fWI
�sRGOQf_I ` VWX�I�dP\mX5fWV�w5XPX ` ^+�=GXASQSYX'��OYZGw�VWD�OY^.OQZsV_I�f_\GfWI�V_TiVWOYX5Z��s�.Ik^�I+I[VWDvT'VEO�V�OY^�^�XAH�I-VWOYH�I+^.�vI�V�V_I�f.��X5f.VWDGI�^�RG\�\GSQOYI�f.VWX�^bV_X5f_I[DGOU^ÌwAXPX ` ^
VWDvTiZ3V_X
^_T'V_OY^���a3^�XAH�I ` OU^bVnTiZsVkZ�I�I ` ^��[Q�X'�.I+�5I�f?��OQ�gV_DGI��ET5^�VWIL��RGZ�c-VWOYX5Z OU^�DPRGw5IA�¥TA^�OYZ3V_DGI�c�T5^WILX5�gVWD�I
� � ZGX5f_H � ` I�H#TiZ ` ^��.XARGS ` �mI�T5^EH�R�cnD�^_T'V_OY^a6�I ` TA^E\vXs^W^WOQ��SQIA�

][X'����I�I+Z ` ��OQVWDzV_DGOU^Ì\Gf_I+^WI�ZsVnT'VWOYX5Z#X5��I-dPVWI+Z ` I `z� TiZsVWXAfWX'�POUcnD�Z�X5f_H�^+�FW I�^�DvTiSYS�ZGX5VWOUc-I[V_D�T'V�^WX5H�I
XiV_DGI�f��.XAf�?]^�c�T5Z�SQI?T ` VWX
T ` T5\]V_TiVWOYX5Z�^EX5��H#TA^W^EV_f_T5Z�^W\vXAf�V�V_I+cnDGZGO �sRGI+^[I��5I+Z ��X5f[R�Zs�vTiSUTiZ�c�I ` \Gf_X5�GSYI�H#^+�
��DGI+fWI�VWDGI�H�I+TA^�RGf_I+^�Tif_I�X5ZGSYa�fWI
�sRGOQf_I ` VWX��vI�ZGXAZ]�9Z�I�wATiVWOY�5IA�¤W I�fWI���I�f�OQZ \�T5f�V_OYc�RGSYT5f�V_XJ; ��< ����DGI+fWI�T
ZPRGH�I�f_OYc+TiS�H�I-V_DGX ` OY^E\Gf_X'�PO ` I ` �
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MPOYZ�c-I�XARGf�TiOYH OU^�VWX�V_T�?5I#T ` �'T5ZAVnTiwAILXi�.VWfnTiZ�^W\mX5fWV_T'V_OQXAZ SYO/?AI�H�I�VWf_OYc+^�OQZ VWD�I�6�I�S ` X5��XA\]VWOYH�O/U?T'V_OQXAZ���OQV
OU^[Xi��\Gf_OYH�T5fWa�OYH�\mX5fWV_T5Z�c-I�V_X*��f_O�V_ILT ` OU^_c-f_I-VWI�T5Z�TiSYX5wAX5R�^EX5��VWDGI � �9ZGXAfWH � w�I�V�� � 	 ¸ � W IL�ETiZsV�V_X
^WDGX'� V_D�T'V�V_DGI[I+�³T5SQRvT'VWOYX5Z�X5�vV_DGI � � ZGX5f_H Xi��� c�T5Z��mI[��f_O�VWVWI+ZzT5^�T�VWfnTiZv^�\mX5fWV_TiVWOYX5Z�c-XA^�V+��w�I�V��Y��� �
TiZ `�� �����ËB�D�I�Z�c�I�� ����± � G-�L��^_^WRGH�OQZGw
VWDvT'V��"D�TA^kT
ZPRGSQS�H�I+T5Z���TiZ ` SYI-V�V_OQZ�w! � x�"$#&%�}��mI
T c-Xs^bV�H#T'V_fWOQd���O�V�OU^�\mXA^_^�OY�GSYILV_X3c-X5H�\GRGVWI�VWDGI�V_f_T5Z�^W\vXAf�V�c-Xs^bV���f_X5H'� VWX � �#CEDGOU^�c-Xs^bV?� ` I�Z�XiVWI ` �Pa¶ ��± � ¶ � ` I�6�ZGI+^�VWD�I ` OU^_c-f_I-VWI � TiZsVWXAfWX'�POUcnD
H�I�VWf_OYc��vI�Vb�.I+I�Z(� TiZ `�� ����^kOQZ VWDGI�\Gf_I��POQXAR�^�^WI+c-VWOYX5Z��
��I���T5ZAVÌVWX�I-dPV_I�Z ` V_DGOY^ÌH�I-VWf_OUc�X'�5I+f�VWDGI[��D�X5SYI�^�\vT5c-I 	 ¸ ��W I[VWDGI+fWI���X5f_I�OQZsVWf_X ` R�c�IEVWDGIk��TA^bV_IE��RGZ�c¶V_OQXAZ
)g�gx � #0}¶�o=GXAf[TiZPa*� OQZ 	 ¸ �PVWDGI � � ZGXAfWH X5�+� OY^ ` I�6�ZGI ` �sa
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CEDGOU^���XAfWH�RGSYT�SYI+T ` ^�V_X�VWD�Ikc-XAZ�^WO ` I+f_TiVWOYX5Z�Xi��T�ZGI+� VWfnTiZ�^W\vXAf�VnT'V_OQXAZ�\�fWXA�GSQI+H �5��DGOUcnDzc�T5Z#�vI�VWDGXARGw5DsV.TA^
TiZ RGZP��TiSUTiZ�c�I ` H#T5^_^�VWfnTiZ�^W\vXAf�VnT'V_OQXAZ�\GfWXA�GSYI�H«B ��t CEeXG"ZvwAOQ�AI�Z(�A��	 � TiZ ` � �7	 � �¥w5OY�5I+Z T*c�XA^�V
H#T'V_fWOQd  ��� � � x�	>}�TiZ ` Vb��X��ET5^�VWI��5I?c¶V_X5fn^ ) � 	 � T5Z `�� ��	 � �GH�OQZGOYH�O/U+I��� 2 x
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V_DGI�^WI-V�Xi��H#T'VWf_OQd	 � x+Ç # %�}�^�R�cnD
VWDvT'V
� x ��z��m}>��� ��� ���Æª�� ��� � �0z�Ç #&%#� �-z B �\OSG
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CEDGI ��t3CEe�c�TiZ VWDGI+Z �mI ^WI�I�Z;T5^�T0VWfnTiZ�^W\mX5fWV_T'V_OQXAZ \Gf_X5�GSYI�H ��O�V_D B \�TifWVWOUTiSYSQaTGzfWI+SYTidPI ` H#Tif_w5OYZ�TiSU^
c-XAZ�^�VWfnTiOYZAVn^�� � V ` O �¥I�fn^�DGX'��I��AI�f���f_X5H�V_DGI�XAZGI�c�X5Z�^WO ` I�f_I ` OYZ ;ºr�39< � � Z3X5f ` I�f�VWX�c-X5H�\GRGVWI�VWDGI�X5\]V_OQH#TiS
c-Xs^bVkXi��VWD�OY^�VWfnTiZ�^W\mX5fWV+�mO�V�OY^�Xi�gw5f_I+TiV�OYZAV_I�f_I+^�V[VWX
fWI ` R�c�I�VWDGI ��t3CEe VWX*VWDGI�c-SUT5^_^�OUc�T5S�H#T5^_^�VWfnTiZv^�\mX5fWV
\Gf_X5�GSYI�H � � V�c�T5Z �mI ` X5ZGI��Pa3T `G` OQZGw�^�XAH�I�T5f�V_O 6vc�OYT5S�H�TA^W^+� � Z ` I+I ` ��T5Z I�dP\vTiZ�^WOQXAZ3Xi�%B ����G�w5OY�5I+^�VWD�I
��X5SYSYX'��OQZGw�SYI�H�H#TG�
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CEDGOU^�f_I ` R�c-VWOYX5Z&TiSYSYX'�[^�VWX�R�^WI�VWDGI*ZsR�H�I+fWXAR�^�f_I+^WRGS�Vn^�X5Z0X5\GVWOYH�T5SgV_f_T5Z�^�\mX5fWV_TiVWOYX5Z�� � Z0\�T5f�V_OYc�RGSUTif?�

VWD�I
^WOQH�\GSYI-d0H�I-VWD�X ` fWRGZv^LOYZ&\vXASQaPZGXAH�OYT5SgVWOYH�I5�ÈD�R]V�^�OYZ�c�I*��Iz��T5ZsV�VWX3Rv^�IzI�dPVWI�Z ` I ` � T5ZsVWX5f_X'�POYcnD
ZGXAfWH#^EOYZ�\�f_TAc¶VWOUc�T5S�Ti\G\�SQOUc�TiVWOYX5Z�^+�]�.I�T5fWI ` I+\vI+Z ` I+ZAVkX5Z
VWDGILc�X5H�\GR]VnT'V_OQXAZ�TiS�c�XA^�VEX5��V_DGOU^[ZGXAfWH �]��DGOUcnD
OU^L�AI�f_a I�dP\mI�Zv^�OY�5I
OQZ&V_DGI�w5I�Z�I�fnTiS.c+T5^WI5� � Z ` I�I ` �gT5^_^WRGH�IzVWDvT'VL��XAf�T5SQS¤x ��z-�M}¶���.I
D�T³�5I � # �u| % � �5�
CEDGI+Z V_DGI I��zc-OYI�ZsV�\GfWOYH#TiSQ� ` R�TiS�^�OYH�\GSYI-d H�I-V_DGX ` ` I+�5I+SQXA\vI ` OYZ ;ºr9<�f_RGZ�^�OQZ!T T³�5I�fnTiwAI�Xi�/.-xax � =
� } #1032�4 x � = � }�}�X5\mI�fnT'VWOYX5Zv^��i��D�I�f_I+T5^�V_DGIEVWX5V_TiS��³T5fWOUT'V_OQXAZL�mI-Vb��I�I+Z*� T5Z `�� OU^gc-XAH�\GR]VWI ` OQZ5.-x � = � }
X5\mI�fnT'V_OQXAZ�^+� Q[I�Zvc-I�V_DGIÌc-XAH�\GR]V_TiVWOYX5Z�c-Xs^bV�OU^�H�R�cnD�VWXPX�I-d]\mI�Z�^WOQ�AI5�?TiZ ` D�TA^mVWX[�mI�OYH�\�fWX'�AI ` ��X5f�\GfnT5c-VWOUc�T5S
Ti\�\GSQOUc�TiVWOYX5Z�^+�

6 7 �#	���$0�7��� ) $-�98 �������-�����  7 ���:L� ���������-�����

� V[Ti\G\mI+T5f_^.V_D�T'V���I�DvT³�5IkVWX#^�I+I�?���XAf[^�OYH�\GSQO/6vc+T'VWOYX5Zv^.OQ���.I���T5ZsV�V_X�H#T�?5I�TL\�f_TAc¶VWOUc�T5S¥R�^�I�X5��I-dPV_I�Z ` I `
� TiZsV_X5f_X'�sOUcnD�ZGX5f_H#^�� � VEOY^���I�SYS���?PZGX'��Z#VWDvT'V�VWDGI�X5\]V_OQH#T5SmH#TA^W^ÌVWfnTiZ�^W\mX5fWV.\Gf_X5�GSYI�H c+TiZz�mI�^�XASQ�AI ` �5I+fWa
I-�zc�OQI+ZAV_SQa
��DGI�Z
VWD�I�c-XA^�VE��RGZ�c-VWOYX5Z�^WTiVWOU^K6vI+^�VWD�I�t�X5ZGwAI�\GfWXA\vI+f�Vba{B X5f �sR�T ` f_T5ZGw5SYI�OQZGI
�sR�TiSYO�VbaTG

� x ��z-�M} z�� � � � �7± ��z�� � � � � ± ��z
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� Z&V_DGOY^�c+T5^WI5��VWDGI�][XAf�V_D]�0W I+^�V�c�X5f_ZGI�fLfWRGSYI
^WX5SY�5I?^�V_DGI
T5SQSYX]c�T'V_OQXAZ&\Gf_X5�GSYI�H OYZ .-x � = � }�X5\mI�fnT'VWOYX5Zv^B ^WI�II; �+J�<,G-� � V�OY^[VWDGI+fWI���X5f_I�Z�T'V_RGfnTiS�V_XzI-d]\mI+c¶V�^�XAH�I�OYH�\Gf_X'�5I�H�I+ZAV[XAZ VWDGI�^�\mI�I ` Xi�oDETiSYOQZ�^�?PO � ^�H�I-V_DGX `
��DGI+Z�VWDGI�c-Xs^bV�H#TiVWf_O�d  OY^�Tzt�XAZGw5ILH�TiVWf_O�d��[t�XAfWI+X'�5I+f+�PV_DGOY^�T5^_^WRGH�\]VWOYX5Z�OU^kT5SQ�ET³a]^[^_T'VWOU^a6�I ` OYZ�VWD�I
c�TA^�I#X5��I-dPVWI+Z ` I `&� T5ZsVWX5f_X'�POYcnD ZGX5f_H#^���DGI+Z y � 	�� CEDGOU^L^W\mI+c-OUTiS.^bV_fWR�c-VWRGf_I*T5fWOU^�I?^�OQZ&H�R�cnD&H�X5f_I
VWfnTiZv^�\mX5fWV_TiVWOYX5Z*\�fWXA�GSQI+H#^��GTA^EfWI+H�T5f�?AI ` �mI�SYX'���
�*¢ � ~G}� �Æ�+��� +{���t� CK���2��¦a	��,�&���T! �����
��' F��0�����t!+)t��� �����0������)
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���*��'�!����+�0�,�S§�¡¤�����t!���	�����"�x ��z��m}%� ¶ Å # ± Ç % ¶ 2 ¡ ���,�L� � ) ��¡°���2	! �+�,','��9!�! �m�&���L�T��� �,�t�-���>�P!����+!"�K(e)t���,�t�+!"���*�-'/�\��������	¬�����L�T��!����&�-'��,�2��1�� �Y�,�m�³!-���9!���¡X�L�T�)&��t��	��*���S§�'/��,�2�'&��t��'��,�0�&�³!"��! �0����� §9�M� (����K�>����	��*���T!��'&��t���2���-�K(%�L�T�-�����t���*���,�0�I�K( ¶9·L¶ 2 1Q[X'��I��AI�f?�'VWD�I�f_I ` R�c-VWOYX5Z#V_X�T5Z*TiSYSQX]c+T'VWOYX5Z�\Gf_X5��SQI+HÍB>T5^ ` I+^_c-f_OQ�mI ` OQZzSYI�H�H#T�3�� �9G��Gf_I+T�?]^ ` X'��Z#V_DGOY^
\�T5f�V_OYc�RGSYT5fg^bV_fWRvc¶VWR�fWIA�ATiZ ` T�^�OYH�\GSQIkTi\G\GSYOUc�T'V_OQXAZ�Xi�¥VWDGI°][X5fWVWDG�0W I+^�V.c-XAfWZ�I�f�f_RGSQI���OQSYS�ZGX5VÌTiZPaPH�X5f_I�SYI+T `
VWX�V_DGI�^WX5SYR]VWOYX5Z��o]�I��AI�fWVWDGI+SQI?^W^+�]O�VkOY^�\mXA^_^WOQ�GSYI�VWX ` f_I+T5H Xi��^WX5H�I�ZGI+T5f�X5\]V_OQH#TiS�^�XASQR]V_OQXAZ�� � Z ` I+I ` �vX5Z�c�I
VWD�I ^WI-V�Xi�kI-d]\vXAf�V_I ` ^�RG\�\GSQOYI+^�T5Z ` OYH�\vXAf�V_I ` ` I�H#TiZ ` ^�T5fWI�?PZGX'��Z���V_DGI \GfWXA�GSYI�H OU^�f_I ` R�c-I ` VWX VWD�I
X5\GVWOYH�T5S�H#T5^_^�V_f_T5Z�^W\vXAf�Vg\Gf_X5��SQI+H ��OQVWD*TLc-XA^�VÌH#T'V_fWOQd#^WTiVWOU^b��aPOYZGw�VWDGI �sR�T ` fnTiZ�w5SYI�OQZGI
�sR�TiSYO�VbaA� � V�H�I+TiZv^
VWDvT'V[V_DGI�^WX5SYR]VWOYX5Z X5��VWDGI �kt3CEe c+TiZ��mI���fWOQV�V_I�Z�OYZ TiZ�OYH�\vXAf�Vk�5I+c-VWXAf[Xi�g^WO/U+I ���mT5Z�I-d]\vXAf�V[�AI+c-VWX5f�Xi�
^WO/U+I � �PTiZ ` T�\�TiVWD#OYZ�VWDGI�H#TiVWf_O�d��5��D�XA^WI[^�OVU�I�OU^ .-x�� = � }¶�gCEDGI�Z�VWD�I�^�XASQRGVWOYX5Z�Xi�¥VWD�I ��t3CEe c�X5Z�^WOU^bVn^
OYZ .-x � = � }�VWI+fWH#^+�AT5Z ` O�V.OY^g^�VWOYSYS�\mXA^_^�OY�GSYIEVWX�I�dP\mI+c-V.T�^WOQwAZGO 6mc�TiZsV�OYH�\�fWX'�AI�H�I�ZsVÌc-XAH�\�Tif_I ` VWX�wAI�ZGI+f_T5S
H�I-V_DGX ` ^�����ZzXiV_DGI�fgZvT'VWR�f_T5Sv^WOQH�\GSYO 6mc�T'V_OQXAZ ` I+T5SY^Ì��O�V_D#VWDGI���TA^bV_I[�5I?c¶VWXAf_^ )!T5Z `5� ��=GXASQSYX'��OQZ�w[Q�TiZ�OQZ��
T�w5XPX ` cnDGXAOYc�I�^�I+I�H#^.VWX�V_T�?5IkVWDGI+H(c�X5Z�^�V_T5ZAV?�]TiZ ` O�V[OU^�TiSY�ET³aP^.\mXA^_^�OY�GSYIkV_X�fWI ` R�c-I�V_DGI�\Gf_X5�GSYI�H V_X�T5Z
I �sRGOY�'TiSYI�ZsV�\Gf_X5�GSYI�H ��D�I�f_IkV_DGI�a�Tif_I�OQZ ` I�I ` c-XAZ�^�V_TiZsV?�
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��X5f_I5�s��I�c�T5Z*TiSY��T³a]^gTA^W^WRGH�I�V_DGIE���ET5^�VWI¶���5I?c¶V_X5fn^�VWX��vI�c-XAZ�^bVnTiZsV°B �.I�^�\mI+T�?LV_DGI�ZzX5�7Tk����TA^bV_I[\�T5f_T5H�I��
VWI+fb� � G¶�gC�X�VWDGI��mI+^�V[Xi��X5RGf�?PZGX'��SYI ` wAI5�PX5ZGSYa#��I+� f_I+^WRGS�Vn^ ` I+T5S���O�V_D
R�Zs�vTiSUTiZ�c�I ` H#TA^W^�V_f_T5Z�^�\mX5fWV_TiVWOYX5Z
\Gf_X5�GSYI�H#^+�GI+^W\mI+c-OUTiSYSYa*��DGI+Z VWDGILc�XA^�V[H#T'VWf_OQd�^_T'VWOU^a6�I+^[t3X5ZGwAI�\�fWXA\vI+f�VbaA� � Z ` I+I ` ��VWDGOU^[\�fWXA�GSQI+H�OU^[XAZGSQa
�Gf_OQI � a�H�I+ZsVWOYX5ZGI ` OQZ V_DGILf_I��POYI�� \�Ti\mI�fkXi�oD�RGf�?'T5f ` TiZ ` TiS9�¤; O�< � � Z�VWD�ILc�TA^�I�X5��OQZsVWI+w5fnTiS ` T'V_T��vT-6�fn^�V
f_I+^WRGS�V�D�T5^��mI�I�Z X5�]VnTiOYZGI ` �Pa � Tif_\ TiZ ` w�O�OQZi; r5q�< ����DGI�f_I#VWD�I�c�XA^�V�H#T'V_fWOQd ` I+^_c-f_OQ�mI+^LVWDGI ` OU^bVnTiZ�c�I
�mI-Vb��I�I�Z Vb��Xz^WI-V_^[Xi��\vXAOQZsVn^$x�Å # }�TiZ ` x�Ç % }�X5Z V_DGI�SYOQZGIA��CED�OY^�fWI?^�RGSQV[D�TA^��vI+I�Z3OYH�\Gf_X'�5I ` OYZR; � < �m��DGI�f_I
VWD�I�\mI�fW��I+c-V�H�TiV_cnDGOYZGw
\GfWXA�GSYI�H OU^�c-X5Zv^�O ` I�f_I ` ��CEDGOY^�\Gf_X5��SQI+H B���DGOUcnD ��I���OQSYS ` I�Z�XiVWI��Pa VWDGI�\mI�fW��I+c-V
��I `G` OYZGw \GfWXA�GSYI�H VWDGf_X5R�w5DGXAR]VLV_DGOY^�^WI+c-VWOYX5Z�G�c�T5Z �vI ^�V_T'V_I ` TA^���XASQSYX'�[^+�0��OY�5I+Z Vb��X ^WI-V_^�� �������ET5Z `� ��� � ��X5��^WOQZT?]^ETiZ ` ^WX5RGfnc-I?^°B ��O�V_D�� � �gG.TiZ ` T���ª � c-Xs^bVEH#T'VWf_OQd  ��m6�Z ` TiZ�OQZihbI+c¶V_OQ�AI���RGZ�c¶V_OQXAZ
� ��D�OYcnD�H�OQZGOYH�O/U+I+^EV_DGI�c-Xs^bV

� � � �/
#10 ! "�� ��z � x��a}�� · B9r5r�G

CEDGOU^�\�fWXA�GSQI+H�c+TiZ3�mI�^WI�I+Z3T5^kTz\mI�fW��I+c¶V��.I `G` OYZGwz\Gf_X5��SQI+H�� � Z ` I+I ` �mw5OY�5I+Z3T*^WI-V�X5�gH�I+Z � ��������B �GSQR�I
\mX5OYZAVn^*G�T5Z ` T�^�I�V�X5�v��X5H�I�Z�� ��� � �®B�\GOYZT?�\mX5OYZsV_^�G¶�i��I�D�T³�5I.VWX°6�Z ` VWDGI�^WI-V�Xi�¥c-X5R�\GSQI?^7��D�OYcnD�H#T'd]OQH�OVU�I?^
VWD�IkTiH�XARGZsVÌXi�PhbX'a¬B�X5f?�A^WOYZ�c-I[��I `�` OQZ�w�OY^Ì��X5fgVWDGIk�vI?^bVETiZ ` V_DGI���X5fn^bV?�5��DGOUcnD#H�OQZ�OQH�OVU�I+^ÌVWD�I�TiH�X5R�ZAV.Xi�
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\�T5OQZ�G-��CED�OY^�\mI�fW��I+c¶V��.I `G` OYZGw*\�fWXA�GSQI+H OY^�c-SYXA^WI�SYa
SYOYZT?5I ` VWX
X5RGfk\Gf_X5�GSYI�H B TA^W^WRGH�OYZGw*OYZsVWI�wAI�f�^�RG\�\GSQOYI+^
TiZ `
` I+H#TiZ ` ^�G^Zgc-X5ZsV_f_T5fWa�VWX�VWD�OY^E\Gf_X5��SQI+H��]��I�TiSYSQX'� ^WOYZGw5SYI-� \vI+f_^WX5Zv^��sI��AI�Z*��D�I�Z
VWDGI+fWI�Tif_I��vX5VWD��GSQR�I
TiZ ` \GOYZT?L^WOYZGw5SYI-� \vXAOQZsVn^��FQ[X'��I��5I+f+�?V_DGIE\GfWOUc-I�V_X�\vT³a���X5f�cnDGXPXA^WOQZ�wkSYX5ZGI+SQOYZGI?^W^�OU^�VWDGI ` OU^WT5\G\Gf_X'�POQZGwkw5SUTiZ�c�I
Xi�gX5VWDGI+f�\mI�XA\GSQIA� ` I+^_c-f_OQ�mI ` �sa XARGf�����TA^bV_I¶����RGZ�c-VWOYX5Z � �°=�fWXAH�Z�X'� XAZ3OYZ�VWDGOU^�^�I?c¶VWOYX5Z7� � �.XARGS ` �vI�T
c-XAZ�^�V_TiZsV���RGZ�c-VWOYX5ZCB T \�T5f_T5H�I-VWI+f�G-��TiZ ` ��X5RGS ` �mI�VWD�X5RGwADAV�TA^�T�^WX]c-OUTiS�\Gf_I+^_^�R�fWIA��CEDGI+Z0O�V�OU^�I+TA^�a V_X
^WI�IkVWD�TiV���DGI+ZzV_DGOY^E^WX]c-OUTiSm\GfWI?^W^WRGf_I[OU^.�AI�f_a�DGOQwAD��PSQXAZGI�SYOYZGI+^_^ÌOU^�ZGI��AI�fEcnDGXA^WI�Z*OQZ�TiZ*XA\]VWOYH#TiS¥TiSYSQX]c+T'VWOYX5Z7�
CEDGI+fWI���X5f_I5�5XARGfÌ\�fWXA�GSQI+H fWI ` R�c-I?^�V_X�VWD�I�\mI�fW��I+c¶VE��I `G` OYZGw�\�fWXA�GSQI+H OQZ#V_DGOU^.^W\vI?c-OUTiS¥c�TA^�IA� � Z#V_DGIk^WI �sRGI+S>�
��I�SYXsX�?zT'VET�^WI �sRGI+Z�c-IkXi�7\Gf_X5��SQI+H�^+�AVWDGI � ��� ^�OYZGw5SYI-� \mI�fn^�XAZ#\GfWXA�GSYI�H �P��DGOYcnD�Tif_Ik^WX5H�I-V_DGOYZGwLSYO/?AI�TLSQOYZT?
�mI-Vb��I�I�Z�X5R�f��.I `G` OYZGw�\GfWXA�GSYI�H�T5Z ` VWDGI�\mI�fW��I+c-V[�.I `G` OYZGw�\GfWXA�GSYI�H �

�e`a_ bYced��������Mraj
	��Kd���$d n��Sl>j��^ntl����adÆvw�I�V  �vILT � ª � c-XA^�V[H#T'V_fWOQd��ÌCEDGI�� ��� � ^WOYZGw5SYI�\vI+f_^WX5Z \Gf_X5�GSYI�H B����tG�OY^[VWX�6�Z ` VWDGI�^WI-V
�
��T5Z `�� �
^WR�cnD*V_D�T'V

 �S� |tx�� � }�� �Jz B9r�3SG
 �S� |tx � � }�� � ± � = �Jz B9r'JMG

TiZ ` ^�R�cnD�V_D�T'V.VWDGI�T5^_^�OYw5Z�H�I+ZsVg\GfWXA�GSYI�H ��fWXAH�V_DGI�^WI-V � ��� ������� � VWX�VWDGI�^�I�V � ��� � ��� � � D�TA^�VWD�I�H�OQZ�OQH#TiS
X5\GVWOYH�T5S�c-Xs^bV?�gCEDGI�X5\]V_OQH#TiS�TiSYSQX]c�TiVWOYX5Z
OY^EV_DGI�Z ` I�6�ZGI ` �Pa

����� � � �
/
#10 ! "�� � x �a}�z�¨^x �a}-�qz B9r5��G

��DGI+fWI � T5Z ` ¨ Tif_IkVb��X�OQZ'hbI?c¶V_OQ�AI���RGZ�c¶V_OQXAZ�^[^WR�cnD
VWD�TiV
� � � �����u±(���
º � ����������� �Pz B9r�OSG¨ � � ����� ± ���®º � ��� � ��� � � · B9r�8�G

� Z�X5f ` I�f�V_X�T³�5XAO ` \vI+fWH�R]V_TiVWOYX5Z�^+�5��I�c�TiZ#TA^W^WRGH�I�VWD�TiV � OU^�OYZ�c-f_I+TA^�OYZGw�B TiZ ` V_DGI�Z#R�ZGO��sRGI+SQa ` I-V_I�f_H�OQZGI `
X5Zvc-I�� �
OY^[cnD�XA^WI�Z�G-�
�q���2��� � §��<��¢ �i| � §�� ¦ � | � | � ¢�¦L¢ ¨�¨<� �! ��} § y � ¢ �
� V�OU^�X5�P�POQXAR�^�VWDvT'VLV_DGI7� ��� ^WOYZGw5SYI-� \vI+f_^WX5Z0\Gf_X5��SQI+H�OU^�V_DGI*\mI�fW��I+c-V���I `G` OQZGw \GfWXA�GSYI�H � CEDGI
OQZsVWR�O�V_OQ�AI
c-XAZGZGI?c¶VWOYX5Z �mI-Vb��I�I+Z�VWDGI �.I `G` OYZGw \Gf_X5�GSYI�H�TiZ ` VWDGI � ��� ^�OYZGwASQI��9\mI�fn^�XAZ�\GfWXA�GSYI�H#^#OU^*^�V_T'V_I ` OYZ VWD�I
��X5SYSYX'��OQZGw�SYI�H�H#TG�
Ì¢ � � ~!�Æ�"! �@? ���°x ��z � }P�,�#" # ! �t�*� �L�T��� � � � 1 ? ���� *��� � ª � ���9! �°�&���0� � �M1iÌ
�T����(����������� �>��!���� )T�������&������� � �,�5	 � ¡��L�T�����"�*���³! ��!¤!����&� � 2 �,�$" ! �t�*���L�T��� � 2 � � ��% = x � � 2 = � ±��J} � 1+È���������9����¡ � 2 �³![��	����������9! �,�S§°(��m�2���0�����Y�a( � 1
2²�����K(�1kCEDGI$6vf_^�V[\�TifWV[Xi��V_DGI�SYI�H�H#T�OY^�X5�P�POQXAR�^��vTiZ ` ��I���XPc�R�^[XAZ�VWDGIL^WI+c�X5Z ` \�T5f�V?�²w7I-V°� É � � É � !
�mI�Vb�.X�f_I+TiS¥�ET5^�VWI�\�T5f_T5H�I�VWI+f_^+�]TiZ ` ��fWOQVWI � 2'& ��� # ��W I�DvT³�5I

� � 3 = x � � � = � ±��J} � � � � �)( = x � �<! = � ± �J} � � z B9r�:SG
��� ( = x � � ! = � ± �Y} � ! � ���"3 = x � � � = � ±��J} � ! · B9r�@SGW I�w5I-VEV_DGI�Z

� �)( ± � � 3 � � !�x�� � ± �<!\}²z B+35qSG
���"3�± ��� ( � � � x � ! ±(� � } · B+3 �9GW I ` I ` R�c-I�V_D�T'V � � x�� � ± �<!�} � � !9x � � ±(�<!\}n�v��DGOYcnD H�I+T5Z�^EV_D�T'V�� � � �<!³�XQ�I�Z�c�I�� 2 OU^�T ` I?c-f_I+TA^�OYZGw

��RGZ�c-VWOYX5Z Xi� � ��CEDGOU^[TAcnDGOQI+�5I?^ÌV_DGI�\Gf_XPXi��X5��SYI�H�H#T�J�� 3G�

®7®�¹�ÎmÏ Ï-Å Ð



�+q ������,�����m�,�+�����
W I#D�T³�5I#^WI�I�Z VWDvT'V�VWD�IzZPRGHL�mI�f�X5�E^WOQZ�w5SYI-� \vXAOQZsV_^�OYZ�c�fWI?T5^WI+^�T5^�V_DGIz^WXPc�OYT5S�\Gf_I+^_^�RGf_I ` I+c�fWI?T5^WI+^+�#�

Z�TiVWRGfnTiS �sRGI?^bV_OQXAZ OY^zVWX TA^a? ��DGI-V_DGI�f�^�OYZGwASQI��9\mI�fn^�XAZ�^#c�T5Z�V_T�?5I3T ` �³T5ZsV_TiwAI�Xi��VWD�I3fWOU^WI�Xi��VWDGI ^�X]c�OYT5S
\Gf_I+^_^�R�fWI.VWX%6�Z ` XAZGI�^���I�I�V�DGI+T5f�V?� � �¥ZGXiV?�5��I�^WT³a�V_D�T'V�V_DGI[c-Xs^bVgH#T'V_fWOQd�^_T'V_OY^a6�I+^�V_DGIÌ�bwAfWI+I ` aL\GfWXA\vI+f�VbaA�¶�
��¢�� � ��| � § � �q���q�kx  } ¢P¢ ¨ £ ��} § � ¢ }³| £ �@? ���Xx ��z � }[�,�$" # ! �t�*�{�,�t��� � � � 1 ? ���  ����� �«ª�����9! �²�����+� � �M1�Ì2�t���  u�³!%!�����	P����!����+�³!L(��P�L�T�¤§��*�*��	��¤)2����)T��� �+�I� (�(����"���t� �C�,� � � � � ± �;�0¡ �>�%�T�����

� � � 	 � � � !
� � 	 � � � ! B+3Ar�G

��^[�.I���OYSQS�^�I+I�OQZ�VWD�I���X5SYSQX'��OYZGw�I-dGT5H�\�SQIA�]VWDGI���w5f_I�I ` az\Gf_X5\mI�fWVbaA�kOU^�ZGXiV�^WTiVWOU^K6�I ` ��XAf[w5I+ZGI�fnTiS�c�XA^�V
H#T'V_fWOUc-I?^��

�q���2� � x � § 	 � | ¢ } ¢�� ~ � � � ¢
 X5Zv^�O ` I�fEV_DGI�� ��� ^WOQZGwASQI��9\mI�fn^WX5Z*\�fWXA�GSQI+H ��OQVWD�VWDGI���XASQSYX'��OYZGw�c�XA^�V�H�TiVWf_O�d��

 Ë� !####$
��� � ���� ��� � ���� �	�������� ��������	��


%'&&&&(
CEDGI�^WX5SYR]VWOYX5Zv^.X5��V_DGI�\Gf_X5�GSYI�H(Tif_I�^WDGX'��Z�OQZ�VWD�I�V_Ti��SQI��mI�SYX'���

� � � � �� � �
� . � 0 . � 0� . 
 z� 0 . ��z � 0W I�^�I+IkV_D�T'V�V_DGI���w5f_I�I ` a#\GfWXA\vI+f�VbaA�kOU^EZGX5V�^WTiVWOU^K6�I ` D�I�f_I5�

�q���2� ! ��§ �  v¢ � ~G|�}$� � ¢ {�~ � ¨�| � ¢!� ��� { � �  � ¢A¤ � ¢ }'{ §�� ��} § y � ¢ �
CEDGIÌ��w5f_I�I ` a�\Gf_X5\mI�fWVba5��OY^�Z�XiVg^WTiVWOU^K6vI ` ��X5fgT�w5I+ZGI�fnTiS]c�XA^�VgH�TiVWf_O�d��FQ[X'��I��5I+f+�'��I�c�T5Z�I�d]\vI?c¶V�VWDvT'VÌ^WX5H�I
^W\vI?c-OUTiS�^�VWf_R�c-VWRGf_I ` H#T'V_fWOUc-I?^[TiSY��T³a]^�^_T'V_OY^���a
OQV+� � Z ` I�I ` ��OQVkOU^EVWDGI�c�TA^�I���DGI+Z VWDGI�c-XA^�V�H#T'V_fWOQd�^_T'V_OY^a6�I?^
VWD�I�t�XAZGw5I�\Gf_X5\mI�fWVba5�mT5^���OQSYS��mIL\�fWX'�AI ` OQZ�V_DGI�XAfWI+H(Jv� O��kjkZGILc+TiZ3T5^�?*��D�I-VWD�I�fkVWDGIL^WX5SYR]V_OQXAZ�OY^kI��AI�Z
HLRvcnDz^�OYH�\GSQI+fgOYZ�VWDGOU^Ì^W\vI?c-OUTiS�c+T5^WI5�AH�I?TiZGOYZGw�V_D�T'VgV_DGI�wAfWX'��OYZGw�^�I
�sRGI�Z�c�I�Xi��^WOQZGwASQI��9\mI�fn^WX5Z�^�OU^�V_DGI�^_TiH�I
X5Zvc-I#V_DGIzH#T'V_fWOQd OU^[?PZGX'��Z V_X3�vI�T3t�XAZGw5I#H#T'V_fWOQd�� � V�OU^�� TiSU^WI5��TiZ ` T5ZPa{6Gd]I ` ^WI-V � �Yª � �&c+TiZ&�mI
VWD�I�R�ZGO��sRGI�H�OYZGOQH�OVU�I+fE��X5f�VWDGI � ��� ^WOQZ�w5SYI-� \vI+f_^WX5Z
\GfWXA�GSYI�H ���z��OQVWD TiZ Ti\G\Gf_X5\�fWOUT'V_Ikc-Xs^bVEH#T'V_fWOQd���CED�I
c-XAZ�^�VWf_R�c¶V_OQXAZ*Xi��^�RvcnD
T�H#T'VWf_OQdzOY^EOYZ ` OUc�TiVWI ` OYZ*V_DGI���X5SYSQX'��OYZGw�SQI+H�H#T��]��DGOYcnD�OU^�^�V_TiVWI ` �mI-��XAfWI�VWD�I�X5f_I�H
J�� O��vI?c�T5R�^�I�OQV�TiSYSQX'�[^.V_X�Rv^�I�T5Z
RGZ�OYc�O�Vba�T5^_^�RGH�\]V_OQXAZ
OYZ O�Vn^E\Gf_XsX5�b�
Ì¢ � � ~!�Æ���®�@? ��� x ��z � }^� " # 1 � !�! �m���"�L�T��� � � � ���2	%µF� �A�,� � � ������1 ? ��� � � ���
	 � �N��-� �>�! �t !�����!%�K( � � �����X���2	/� � � � ��!����+�³!L(����,�M§ C ���8F&���2	 C ���"F�1&Ì
�T�����L�T�����[�*���³! �+!%� �Íª5� +È���S§S�$�&���0� � �  ! �t�*���,�t���!� � ª � � �³!%�L�T���m�t� &��t�%!���'��m�+�����Y�a( � � 1
2²�����K(�1^W I ` I+^_c-f_OQ�mI�DGI�f_I�DGX'� V_X���RGOQS ` ^�RvcnD�T�H#T'VWf_OQd¥�ow7I-V����gx+Å #�} #10 !���� � TiZ ` 	 � x+Ç #�} # 0 !���� � �ÌMPI�VÅ # � �n��=Gf_X5H V_DGI�t�XAZGw5I�\Gf_X5\mI�fWVba5�]��I%?sZ�X'� VWDvT'VEVWDGI�XA\]VWOYH#TiS7c�XA^�V�OY^EwAOQ�AI�Z��sa

� � � � � �
/
#10 ! "�� � x �a}�z�¨^x �a}-�qz B+3�3SG
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��DGI+fWI � T5Z ` ¨ Tif_IkVb��X�^bV_fWOUc¶V_SQa
OQZ�c�fWI?T5^WOQZ�wL��RGZvc¶VWOYX5Zv^[^�RvcnD*V_D�T'V
� � � ��� � ±(���
º � ��� ���Æz¨ � � �����u±(���
º � ��� � � ·=GXAf��¤� � � � ��± ��� ����I�^WI-V$Ç ¾ 7 # ; � Å�� 7 # ; ��CEDGI�XiV_DGI�f$Ç #ET5fWI ` I�6vZGI ` ^�RvcnD3VWDvT'V�VWDGI#^WI �sRGI+Z�c-I�x�Ç #�}�OY^

^�VWf_OYc-VWSYa
OYZ�c-f_I+TA^�OYZGwzT5Z ` VWD�TiV°Ç #ÌOY^kTiZ3OYZsVWI+w5I�f�O��ÌT5Z ` X5ZGSYa�O�� �EOU^[OYZ�VWDGI�f_T5ZGw5I�X5��¨��^=�OYZ�TiSYSQaA��V_DGI�c�XA^�V
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� Z�X5f ` I�f�V_X&I-d]\GSUTiOYZ V_DGI�H�I-VWD�X ` ����I�f_I�H�OQZ ` ��DvT'V#�.I3c+TiSYSQI ` T3�W^WDGO��°V��RB>^�I+I�6�w5RGf_I+^ ��T5Z ` r�G¶�

��^_^WRGH�I#VWD�TiVLV_DGIP6�fn^�VL��TiSUTiZvc-I ` \vT'VWD&OU^�w5OY�5I�Z B O>� I5��V_DGI�f_IzOU^�ZGX H�X5f_I#��TA^bV_I#VWD�T5Z&fWI
�sRGOQf_I ` G¶��VWDGI+Z
��I�D�T³�AI�V_X�c�X5H�\GR]V_I�^WX5H�I[6vZ�TiSYSQa��ET5^�VWI ` ` I+H#TiZ ` ^�T5Z ` ^WRG\G\GSYOYI+^+��CEDGOY^�^�VWI+\ OU^k�AI�f_a�^�OYH�OQSUTif�VWX
VWD�I
c-XAH�\GR]V_TiVWOYX5Z X5�kT3Z�I�� \�T5OQf�X5Z ^�OYZGw5SYI-� \mI�fn^�XAZ�^�� ��^�OYZ&VWDGOU^�c�TA^�IA��\�TifWV�X5�[VWDGI�\�TiVWD ��OYSYS.�mI�^WDGOQ�°VWI `
I�OQVWD�I�f�OQZ VWD�I-]�X5fWVWD]��EÌT5^�V�X5f�OQZ VWDGI#MPXAR]VWD]��W I+^�V+�L� ^WDGO��°V�OU^�^WT5O ` VWX��vI�X5\GVWOYH�T5S�O��gV_DGI�OQZ ` R�c-I ` c�XA^�V
\mI�f�TiH�X5R�ZAV�Xi�7Z�I�� �ET5^�VWI ` w5XPX ` ^.OY^.VWD�I�^WH#TiSYSQI?^bV?��CED�I�OYZGO�V_OYT5SQOVU+TiVWOYX5Z�^bV_I�\*OU^ETiSU^�XL�5I�f_a#^�OYH�OQSUTif.VWX�VWD�I
X5Z�I�X5��V_DGI�TiSYw5XAfWOQVWD�H ��X5fEVWD�I��.I `G` OYZGw�\GfWXA�GSYI�H ��CEDGI�ZGI��!TiSYw5XAfWOQVWD�H OY^ ` I?^Wc�fWOY�mI ` �vI+SQX'���

� MsV_I�\���Z����������	��
��������������B�f_I ` R�c-VWOYX5Z
VWXzT���T5SYT5Z�c-I ` \Gf_X5��SQI+H&G-�� MsV_I�\3r7Z������������������������� 4��5$# �1������� ��
'*>5��� ��>3� MsV_I�\�3�Z������������������������� 4��5$#6���87���9:#�7;9<��*=�>3
� ��VWD�OY^[c�XA^�V�OY^EZGXAZ]� ZGI�wsT'VWOY�5IA�sVWDGI+Z ^�VWXA\��
� ��ZGX5V+��^WDGOQ�°V[RGZsVWOYS7^�XAH�I¤Ç # %��'TiZGOU^�D�I+^+��CED�I�Z w5X���T5c�?zVWX#^bV_I�\3r]�

CEDGIkR�^�IkXi��f_I+T5Sv^WRG\G\GSYa#TiZ `z` I�H#TiZ ` �5I+c-VWXAf_^�f_I �sRGOYf_I+^Ì^WX5H�I�^W\mI+c-OUTiS¥c�T5fWI���DGI�Z#V_DGI �AR�I+^�VWOYX5Z�VWR�fWZ�^
VWX�VWDGIk\GfWXAw5fnTiH�H�OQZ�w�X5��VWDGIkH�I-VWD�X ` � � Z ` I�I ` �5V_DGIkc�X5H�\GR]VnT'V_OQXAZ#Xi��VWD�Ikc-Xs^bV.Xi��T�^WDGO��°V�D�T5^gVWXLV_T�?AI�OQZsV_X
T5c+c-XARGZsV�^�XAH�I��KU+I�f_Xi� �.I+OQwADAV���VWR�fWZGOYZGws^[OYZ VWDGI�\�T'V_D��[CEDGXA^WI�V_RGfWZ�OQZGws^�D�T³�AI�VWX*�mI�D�T5Z ` SYI ` OYZ ` O �mI+fWI+ZsV
�ET³aP^+�¥T5c�c�X5f ` OYZGwzV_XzVWD�I�I�d]\vI?c¶VWI ` ` OYf_I+c¶V_OQXAZ X5�gVWDGI�^WDGO��°V?�LCEDGOU^�D�Tif_H#^[V_DGI�I��zc-OYI�Z�c�a�Xi�gV_DGI�H�I�VWDGX ` �
TiZ ` ZPRGH�I�f_OYc+TiS.c�X5H�\GR]VnT'V_OQXAZ�^�OYZ ` OUc�TiVWIzV_D�T'V�VWDGI#��fWI?TiSÌT ` Ti\]V_I ` c�X ` I¶�zf_RGZ�^�Ti�mX5R]V � · � VWOYH�I+^�^�SYX'�.I+f
VWDvT'V�VWD�I��bOYZsVWI�wAI�f�c-X ` I-�k��XAf�OQZsVWI+w5I+f[^�RG\�\GSQa
TiZ ` ` I+H�T5Z ` �5I+c-VWXAf_^+�

� Z�VWDGIL�.I `G` OYZGwz\Gf_X5�GSYI�H ��T5ZPa
^WDGO��°VkfWI ` R�c-I?^EVWD�IL^�OVU�I�X5��VWDGI�Z�I��!\Gf_X5�GSYI�H �XQ�I�Z�c�I�VWD�I�I��'TiSYR�TiVWOYX5Z
Xi��VWDGI�V_DGI�XAfWI�VWOUc�T5S¥c�X5H�\GSYI-d]OQVba#OY^ �sRGOQVWI�I?T5^Wa5� � Z*V_DGI�f_I+TiS�c+T5^WIkDGX'��I��AI�f?�s^WI��AI�fnTiS¥^�D�O��°Vn^�H#T³a#�vI�ZGI+I ` I `
��X5f�^�R�cnD&T f_I ` Rvc¶VWOYX5Z7� � Z VWD�I#��X5SYSQX'��OYZGw�I�d]T5H�\GSQIA��T3^WDGOQ�°VLOU^�\Gf_I+^WI�ZsVWI ` �
CEDGI*fWI+SYTiVWI ` I��mI?c¶V_^�X5Z0VWD�I
��I�OYw5DsVWI ` \�TiVWD0Tif_I ` I?^Wc�fWOY�mI ` VWDGf_X5RGwAD T5fWOQVWDGH�I�VWOUc�TiS�XA\vI+f_TiVWX5fn^+�LCEDGI�SQX]c+T'VWOYX5Zv^kX5�ÌV_DGI���TA^bV_I ` wAXPX ` ^
Tif_I�OQZ ` OYc+T'V_I ` OQZ�VWD�I�^WT5H�I��ET³a5�PX5RGV_^WO ` I�V_DGI ` XARG�GSYI��vTifn^��
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CEDGI+Z&O���V_DGIzSYOQH�OQVWOYZGw ��I�OYw5DsV�OU^�X5�GV_TiOYZGI ` ��X5f�V_DGI
^WI+c�X5Z ` ZGXAf�V_D]�9I?T5^�VLc-XAfWZGI+fIBLÇ ��� 	 G¶���.I
^�I+I�VWD�TiVLVWD�I^WO/U+I�X5�.V_DGI#f_I+^WRGS�V_OQZ�w�\�fWXA�GSQI+H ` XPI+^�Z�XiV ` I?c-f_I+T5^WI5��Q[I+Z�c-I#OQV�OU^�OQZsV_I�f_I+^�VWOYZGw�VWX I��'TiSYR�TiVWI�VWDGI#I��mI?c¶V_OQ�AI
c-XAH�\GSQI�d]O�Vba Xi��VWD�I H�I-V_DGX ` � W I3VWD�I�f_I-��X5f_I VWI?^bV_I ` V_DGI T5SQwAX5f_O�V_DGH"XAZ f_T5Z ` XAH�SYa w5I�Z�I�fnT'VWI ` t�X5ZGwAI
H#T'V_fWOUc-I?^eB ^WI�I[f_I�H#T5f�?�J����+q�G-�5TiZ ` c-X5H�\GRGVWI ` V_DGI�f_I �sRGOYf_I ` ZPRGHL�mI�f.Xi��^�D�O��°Vn^�VWXL��TA^bV_I[TiZPa ` I+H#TiZ ` T5Z `
^WRG\G\GSYa5�g���5I+f_T5w5IkT5Z ` �.XAf_^�V���c�TA^�IkfWI?^�R�S�Vn^�Tif_Ik\Gf_I+^WI�ZsV_I ` X5Z�6�w5R�fWI?^²3�T5Z ` J��

CEDGILc�RGf_�5I+^[X5Z¬6�wARGfWI?^e3zT5Z ` J*Tif_I���I�SYS 6GVWVWI ` �Pa
\mX5SYaPZGX5H�OUTiSU^�Xi��X5f ` I+f � �¥^�X�V_D�T'V��.ILI-d]\vI?c¶VkT5Z
I �¥I+c-VWOY�5I�f_RGZGZGOYZGw�VWOYH�I�Xi� .-x ����}n�

¬��®�¬°¯



���������
	���	�����������������������
��� �"!$#%�&������'�(����"�*)
�+�,�-�/.����0�����21 ��8

0 50 100 150 200 250 300
0

1000

2000

3000

4000

5000

6000

7000

8000

nu
m

be
r 

of
 s

hi
fts

problem size

average case −
worst case −−

=�OYw5RGf_I$3TZ�][R�HL�mI�f[X5��^WDGO��°Vn^[B c+T5^WI � � �9G
0 50 100 150 200 250 300

0

1000

2000

3000

4000

5000

6000

7000

8000

nu
m

be
r 

of
 s

hi
fts

problem size

average case −
worst case −−

=�OQwARGf_I�J�Zo][RGH��vI+f[Xi��^�D�O��°Vn^[B c+T5^WI � � � G
�*¢ � ~G}� �Æ�+� &Æ��� �m�7����!��+!¬�����-)t���L(���� �&�*	N���A�*���2	����-'��È§S���
����������	 +È���S§S���&���0� ���*��!�¡²(���','/�$���,�M§ �L�T��&���L�T��	È	�� !���� ��*��	È�,� ��������� 	 �21 ��C ���,�L� � � ��(����eµq§��m��� �Y���2	 � � � (����eµF§��m��� �$F�1 � �$�>��������¡$���m�)2�*�\����!*!°�³!^! �t�*�I�L�T���2)T��� �+�����m'/����CK�\1H§S1^�2����¦a��,���������JF"�����+� ������!°�&�����
���>��$��������,�2��	�1 � !¤�������T!��'&��t���
�*��¡����! �m'���!¤!��T��','F��[�*��'/���+�,���/.���	�1
� ����������� ��%�� �7�����
��$-������	 �7�;:L�
��$
� Z�VWDGOU^Ì^WI+c-VWOYX5Z��A�.I�OYZP�5I?^bV_OQwsT'VWI�V_DGI��vI+D�T³�POQXAf�Xi�¥VWD�I � �9ZGXAfWH�X5Z�VWfnTiZ�^WSUT'VWI ` ^�OYw5Z�T5SY^+�ÆW I 6�fn^�V ` I+T5SG��O�V_D
VWD�I�^�I?c-X5Z `
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��^EI�d]\vI?c¶VWI ` �PVWD�I � ! ZGX5f_H �mI-Vb��I�I�Z
VWD�I�^WOYw5Z�T5S¥T5Z ` O�Vn^�VWfnTiZ�^WSYTiVWOYX5Z�^.XA^_c-OYSYSYTiVWI+^%B>^�I+I°6vw5RGf_I¤OSG¶�GT5Z `

VWD�I�f_I�OU^�T*SYX]c�T5S�H�OYZGOYHLRGH �zjkZÈ6�wARGf_I�8P��VWDGI � � ZGX5f_H OY^�R�^WI ` ��O�V_D0r5q*�ET5^�VWI�\�T5f_T5H�I�VWI+f_^ � �'T5fWaPOYZGw
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