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?J$3 �07���/��3"!4�>* * 5$!���0��-�-"�!43"5"��+$, ;�"5 ��A���F�GV'I�����30
!-4%�� ?O>�,�, ��C�. = ��*4C-$� ��> !� = �* ?*"!$��- �$�5�!� �?�* ,"� @�� ,? 
> !4*-�L-.�0� , � �- 3"%� = � ;"--0N�  �43"!C"�.� $� � ! 6� ?��# � 6� �,?$5 7� !��
> %"��L�>�,* J30-"�!�05 �$�.�!",�!�"1-!��05�5�*"5�-$*"�-7��347�$�!�, �3@@%"
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�! @�E�4> -*�J���-.F��,?$5 � -�� 66� >P0-"*�%��#�, �.1�7� J 0%"�0� ?*$#�$!�-"� 6+�L
-"+4����4#�4�/��-07�>��30�J3$5��.�> �C"�5�+�>*"J"!�L-.�0�, �!3���"1��J�*$���
�. J������ -���?�* J30L�-"�7�/ ���#;4�*�5�>�,�>�4!, ��� ��D?. ����5�-�7� � ���
05 = � A� E�!�;�� 5* !� ��� =$J10� G?�� ?� ! @IF� ��3@L� �3@�-*�1�6� ,30� ,4C4!"+
;$*��3�!�
���30� ?��# ��-!�� ?� � ��5 � ;"--0� � ,? � ?���@L-.�0N� !��� >*">"�0L� >"-"� #

 ,*$;$L-.�0� ?� 1�L@� > O,"-0% �$� , !�*3"! @� ,�!%"� @�� E���� %�3�� > -"+4�.5$
?�=*�!�-"�� 3 ,5��,$�5��>* �-47�/ �0�> �-$> ! ��-�@��+ ;"�����3@,"�$7�/ ��4
, !4,4-.�0�?�="�$-"�;�+3"! @���4*-@F�G&9:I���,��5��?�> 0! @�,�!�. = �,*$;5�
B *�5�7�/ �?�#C !�$?0-"�!�J *=�=* C4#7�>4*4,� %"���� ,? �> �-�@-.�!���>4*">4-�6
;"--07� / � !;4� �-�3"� �"�$3"�7� A� !��� �4� � ;4� ,�-"� 6�� > 0��4��07� �34�C$5�L
!">*�!,���0�
�K!�3-$!���0� � ��5 � ,*�J�"�� 5 �4*���- �� ���  %�+� $� � ,? � !,*$=4�C- !+�L

# = ������� =$J�-! N�!���!">"!�L���4*-43.�$�, ?$��� -! *� = 7��34�# = �?� !$
*0-$@-.��D�3���-*��5"#�* ?!"- 5�> ,�#�!"! ,"-.�=4* 0����<���C�$�>*0�$N��> %�-5$
A� ,4C4!�� !">"!5�7� > -��� A� � *<�#� G/ J� �4� >"-"� #� $� ?�J$--�� >*�1@!�-"I7� �
�����5��41.�A�����- *�#�,30�J ;4!�3.�"+����>"�"�?�5��%$@-.�0��3 !��"N�E��*�?
�4���?,�L-.�07�/ �!��453��A�-�5�?!�� �$��!�-��E3@,4#F�A��+ ;47����$L�3"C4� ,��
�	�����
�* �- �A�!�4�>* + ,"-.�
�. = �* 5$��4���!"> !�"-.�0�,!�,10-.������� 3 !��� 0�!5*"3��0��"!"� @7�#

J�=�- �+- �!!�;�L7�/ ��4���?��� * 5F�G&:9I�
E���30� !�F�> %"��L-.�0�?�> !�, �34��0�>* �-47���J"- � > !�,�%�E � J"�- ��4

?��# �"#�?�J ;4!�3.�"�7�/ ���>"��!�1��/ ,4��"5"F� G&:&I7���? J*�;4���!��"+
> ,�67�?!�;�@%"����!�47�!�,J$!�3"�0�!�>P0-"+O�. �"+�* 5�+�. !��G&':9A&':8I�
�> !�,�%$�, ! ,"3 �0�J$!�-"�!�J�*������. J���7��34���J�=�- �>�?��C47���;��!- *$
? C"-�!7� -;47�!���E�4���!�� ;3"! �-��J�%"-"�% 3 !�5�7�/ �?* J"!�1�� ?�>"�"F
G&:&I��D�3��!���* ?> !�,�L�>* ��4J4�-��?��# �"-.�%"-�%��?� J�-�!"���"7�?��05"+
?�>"�"� � ,? � > -*�>"3"� , � # = � *$5N�  > !�,�%�  ,*$;4�"#7� ��L� -*. +� ,�-4#� �
>"C4�>* ?$X�!�$;4��"*���%��"�* ,"�����>*�!"�>*"!43"�# = �, ����-��Q$��J���7
,4�? !����!">�,5 ! �!���?$�-*�%�L-.�0�?���! L@�,�!�. @�?��# � @�A�!3���"14@
J�*$� ����. J����� E��,��F� ����� ?�>* > �$!�3�� !"5 *"�-�-"�/ ,4��"5"�� ,? 
,30���>"����0�* ���$7�, �- = �;�A�!���> ,�67�>* �05��#,4-.�0�!�? C"-�+7��-�3"�0
,�!� 7����!- *��?�>"��!7���J$-.7�$;4�#��4*4,�;"!"+��4��L�
� 3"�%"-�%�$;4� ?��# �34�"#�?���- *�L@�� ,? �?���3�!���� = �=4* 0�G��?�=�3 �

��L� !3���$� ,$�5$� >* � �. = I7� D�,?�#� ����$� >* > �$L�/4�  ,"�� �?� � ;3"!"+
> =30,�!����> ,�67�/ �!�,J$!�3"�0�!�;"--���!- *��/ ,4��"5�!N� > !�,�%�, 53�,� 
>4*4,�L��!�#�,��3 =��?�E��,��F7�05��?��3��� ,? � � J"�- �
��4� 66� �3 !�� �>*"#��@-.�0� 05� ��5�"��3.� �  JPL5-"!��7� - �$� / � $� �3 !�

��*�- *�� E>4*4,� !"F� -�� E>��30� !"F� !�,%$!�L-.�0� $>4*4,;4���-.� �7�  -;47
�$JPL5-"!���-.�# = �> ?"1�6� %4!",���G�!- *��4�?��!�� ,? � � J"�- 7���?��# �"#
?� �"�� 3"C4� ?�!,05"�< - � -��/ ,4��"5$7� - J- � ?��L� >* � � ,? � �4� ��J�=�- 
J�3.C47� ��;� %"-�%7� J �  �-����#� �4� J�%"!�< - � ��� !3�����  %�7� �34� ?��L� ?�� �3�!
�!- *�7�/ �����"+�? J*�;4� I��W�3.C4�- = 7�>* �/ ,4��"5"� > !�,�%�E> ,$��!7
/ �J$,4�5*�/4�?����-.�- = 7�/ J�, ,�!�-"�/ �.�%"�?���@!�-"��! L@�J4?-�3��� @
*$5 @7�?�3"C"-"�!�4�05�L7���> >* �"-"�05 = �.�!",�!10���,*$5$!�-"�6+F�G&::IX�$
�3 !�� �!- *�� -�� = 3 !� = � =4* 0�/ ,4��"5�7� - J- � 6+��#� ���  1��1�7� > !� -�
 JPL5-"!� �-��-�5 ;�!",�L-.�0��4� ;3"! @�
�JPL5-"!���-.�?����0�E��,��F�!"/�7���;�J$,.O05 = ���C = �>4*� ��;����6��3 ! 7

66� 1��5��!%"�5�!���+�*�5-4*$�� ,? ���-4�1� ��3.� � - - ;�@@-.�0��!- * ��> !��-�
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?�= 3 � ���>*�!4,3"! = �#��4$>4*4,;4� = ��$,,���E��,��F�L,"��7�+- �?��L�!��
 J�-�!"�"�-��> ,* J"1��;"--0�=4* 0��4�?�%$;"+��3�!7���J4?> �4*4,�. �?�!3��� = 
, �!�,$�G��J$-.7���!�-.�J�3.C47���;������ ,? IX���05��> �-4*�=�%�-*�=4,�6�!�;"--�
� ,? �E?J 5$F�A�! ����4�C��$JPL5-"!��7���;�����=4* #�
�� J3"!"#���-4*4��!"53"5�L�,��3 =� > !�,�%��?�E��,��F���>*"5��1��E>��30� !"F7

/ �?J�=�L-.�0�?�?�5��%4��0��$��L6�> !��-�N
EA�D05$@�!���?��!% *�C�L��D �*4%�z
A����? C"-"7�!"��4�> ?"%"-4�6+��4������,405"#�%��7�A�!�,*�?$�;�> %�!�0�
A���57�J$,.�3��5��
A��4#�% 3 !�57�!���/4�;"!"#M
A���7� 0�#��4�?��@���>4!�4��
 5�!� ?�,4�0-.� - �$�����,*4�$�J�*$�����. J���

��,�#C !�>�5$� 5��?�< - 5�*-5��"�-��? C"-��"��e�!"*�C"3�7�/ �!�,>*�!�"5 �
J$!�� O%��7� �34����>�5$�5$��4�J$3 �����# = ��,*4�"7� ������!�-.� ��4������,� %��
J �J�*,$!��.�? C"-"�?�=$J"3"�0���;���C"�"�*4%��"7�6+�,"! ��!,�3 �0�!*0-$!�-"�
e������3"C4��4,�!� �>* %"-�3��6+�> !���-@z
A���>4!�47�>3�5�3"M
A� ��� ��7� �4� -4�/ J� >3�5�3��� ��5� �4� � ;��7� !�4� ;� -�5"� A� 3@,"���� e5� -�5

�-�3 �0z���7��4�� ;���-�5�
A��"�$3 �,4�0-.�* 5�!�A���J$-.7�# = �!;4��4��-�3 ���4!�47�!�����,��3�!�!��

14�!�?��5�> ,05"��� ;3"! 7����10�"�!�����>4*4J�3.C$Lz��-��7�!"�-�5 ;�?�?��3"
%"��3 �3"+��%4*4?��. = ��e5/ �14�!�4�>*�!,�7�- �05J"�0�J$!�# = �- !�*"C4�7
��J$-.7��4��-�!�J"�?�>"*�-"�# = �!�3�5�*���,30�,$C4!� +! *"+�
A��4�!�4�%4*4?�# = �J�-.5�7�A�05 �.��4 + %4��5�?�3��! ����A�� O%��7�05 = 

�"�?��3"7�J$!�,$;4��"3 @7�,$;4�-�5- !� @�3@,"� @z�e5J"�!���-�3.5"��4�>"!
-�57�+ %�z��4+�#�J"�#�>"!�A�!���J$!�%$, ! @7�J ;4�-!4�� @�,"-"� @F�G&::A
&:HI�
3 !��E��,��F����?�+"�-�� ,? ���!4,4���< *��3.� �E-*4-. @F7�E�4?�1�5�!34� @

�- * � @F�GJ�3.C4�- = 7�E�- * � @F7�05��?�?��3��%4*4?��. = �;�+3"!"+�?J"-5�!I7
��- �$����-0-.���#J�3.C� JPL5-"!�$�+�*�5-4*"�-"5$�05���� = �=4* 07�-�5���!�. = 7
/ � ?� �"�� -*�>"3 �0�� ��4� !$�-��"� E��,��F� ��>*"5��1�� > !��-�� D�,?�#� ����$
��?"!�L�!"�� = �!�$�. �$7�/ ��-�3 �07� ��,�L� �-�- %�$� 1��5$�= 3 !� �$�=4* @
> !��-��-��# = ��- �$�5����?�3@,.�"�
$--L!$�* 3.�!�4�-4-"%��#�*4�51�6�%"-�%�7�05�!� ,� �$�?�5 �> �4�-�!��>*"#�0--0

+$, ;�. = �-45�-$7�!�,�=*�L�< *���-! *$7�!"?��%4������"= -�.5"��05�E+$, ;�L
* ?-�C$!���0�= - ! = ���-4*��3$7�?* J34�4�?�-�5"��* ?*�+$�5 �7�/ J�!"53"5�-"
>4!�"#� 4�-4-"%�"#� 4<45-F: ����E�* >�/�#�3@,"��F�D�,?�#�����$��-! *@L
E4�-4-"%�$� ��>*$;4���-.F� ��;�  J*��34��0�� > !��-�� GE>4*4,� ! @F� -�
E>��30� ! @FI� �� E%��-"� @7� / �  J*��3@L-.�0F� G- J- � / ,4��"5��"� � ,? I7
> *$C$@%"�+* � 3 =�%�$�> �3�, !���-.���%�� !$�$?= ,;4���-.���;�,! ���%��-"���"
 J*��34��07� !� 05 �$� E>4*4,� !�F� �4� >�,> *0,5 !���� !� %���� ��C"�� ,�0�7� �� L
E >"� !"�� !�,�-$> �F� �!- *��
�"�.�4��"5� �4� !! ,"-.�  >"�$� -*. +�< - =*�<�#� , � * ?> !�,�� >* � -47� 05� , 

�. = � > -*�>"3"� ? C"-"� � ,? � G+ %�� 14� J$3 � ��#J�3.C� >*"#�0-� � ?� > =30,$
> �3�, !� �-��* ?= *-���0��@;4-� 6�3���6�-��> ��< *� !�� �-��%"-�%��>* �> ,�6I7
�� !"� �"-.� # = � 05� 3�*"%�"#� !�,�-$>� !�  5*4�$� %��-"�$� GE>4*4,� !$FI�� ��!�-.
05/ ��4�?!�;�-"����- #�<�5-7�/ �!�E>��30� !�F�L�E>*"��-5�F7�05��J4?> �4*4,�. 
��34;"-.�, �E>4*4,� !"F7�- �-�5�%"����5C4�E3�*"%�"#�!�,�-$>F��!- *��?���! 6�"
<$�51� ��3.� O�"�-�5�"%�"�"� -�� �,4#� O4�-4-"%�"�"�  � J3"! �-0�"� �4� � ;4

`	,aE�+����	����	1��+��8�&������������������ 4$$,����=�� D5�
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=�*� ��#� �!>"��-"�0�!�-45�-�E>��30� !"F����4�?��*�+$� 5�-�5 6��4!�,> !�,� �-�
-���$>4*4%3"! �-��!��,4#� �$�-����-4�1� ��3.� �$�>3���+�D�,?�#�����$��-! *@L
4� 1�#�$� ��>*$;4���-.� �4� -�3.5"���;� E>4*4,� ! @F� -�� E>��30� ! @F7� �� #���;
$�����-*. ���%��-"���"�-45�-$�GE>4*4,� ! @F7�?�>"���"�� ,? �-��E>��30� ! @FI7
5 ;���?�05"+�?���! L@��$-���-@�!�,*�?�0L-.�0�!�,�,! +���C"+�
D30�, �0=�4��0��4 J+�,� = �4� 1�#� = �-��4�-4-"%� = �4<45-$�D�,?�#�����$

 J"*�L�>*�!"3.�"#�C30+�A�5 ;���?�-*. +�%��-"��> !��-����L��! 6�%�-5 �!"?��%4��
<$�51�6�-���4-$N�E>4*4,� !�F�A�> ?��# �"-"�%"-�%��?�= 3 !�"��=4* L��?�>"��!X
?�>"�"O/ ,4��"5"�A�> 5�?�-"7�05����4�!�4�!�,J$!�3 �0���/ �>*"�1. �$�>4*4;"!�!
=4* #X�E>��30� !�F�A�> �-�!"-"�5*�>5$���,�E�F�!�$��#���- *�6�� ,? ��J��

 ?-�C$!���0� %��-"�� -45�-$� !� �+* � 3 =�%� �$� > *0,5$7� �� -�5 ;� ?���- !� O

?��%4��L!"#� -�� �-*$5-$*� O< *��3.�"#� > ,�3� ��� E>4*4,� !$F� -�� E>��30� !$F7
 -;47��4�!">�,5 !��
��E>4*4,� !�F�%"-�%�?��# �"-.�0�?� � J"�- @�G��- �$��$JPL5-"!� @I�,$�5 @

�4?��# �10�>* ���C$�3@,"�$�G-�5 ;��4?��# �$�%"-�%4!�I7�05��G,$�5�I��53�3��0�!
 > !�,�%�����>�,�-�!�� -*. +�< - ���*"%��> !- *@L-.�0�<*�?��E0�; ,� = �*�?$
�4� J�%"!� -�5 = � ,"!� = �  J3"%%0F7�  -;47� %"-�%� 4� 1�#� � ��3�C- !$L-.�0� ��
�4?!"%�#���-.� * ?> !�,��
� >*"�-47�/ �-45�-�E>4*4,� !"F�< *��3.� �> ,��"#�$�!"=30,��� � 3 =$� > !�,�%�7

# = �E!�$-*�C�. 6�� !"F7�?���! L@��$--@�!���=3"J 5 �,��3 =�%�"#7�J �E!�054�3�-4*�-$*�4
�3 ! �J�3.CO�4�C�!�,%$!�L��! = ��3$+�%�7�%"-�%�7�5*"-"5��-��!�,J"!�L�!�� J��# = 
>4*4,J�%$!����?�>4*4%4��07� 1��5"7�,$�5"������� ;�4��3 ! �-�5 6�*4>3�5"7��>*0� !��4
��� >*4,�4-7� !�,*�?$� ;� ��>*$;4� � *4�=$L� ��� %$;4� �3 ! 7� !�,> !�,�@%"� # �$� �
>4*4,J�%�@%"� # = �� ���� ��54� �3 ! � ��J"� !J"*�L7� !�� 5-$L� !� �4J4� %$;�� *4>3�5"7
��>*$;4� �6+�>4*4* J30@%"FH ��� �$�!4�.�-45�-� >"�$�< - �> ,�L-.�0� > !�,�%4�
E?� =30,5 @F����*4�51�@�%"-�%�7� *�L�- !��"#�!"�0-5 ! �����! = �*41">�L�-�O�3$+�%�
-�57�/ J�$��. = ��4�!"53"5�3���$���!�!���-"����-.�> ?"1�6� > !�,�%�O�,*4���-��
��*�1�67�/ ��>*0� !�������E�4!"0!34� = F7�>��"!� = ���*�-�- *�7�>*"-������

E>*"+ !����,��3 =�%���-.F�%"�E>*"+ !����> 34��5�F�G��W�+-��I����,�� �$�*�?��!
* 3��E,*$= = 7��4!","� = ��>�!* ?� !�"5�F�!"�-$>�L�%"-�%7�- �$�/ �!4�.�� � 3 =
E>4*4,� !"F��,*4� !��"#�J4?> �4*4,�. �# �$��ED*$="#��>�!* ?� !�"5�>*"�$-��#
�4?*"� 7�# = ��3 !���4��L7��34�=3"J 5"#��3�,�1"+��3�!�!"?��%�L�!����3 !��>4*C = 
�>�!* ?� !�"5����"�!�,%$!�L� 7�/ �14�,��3 =7�+ %��= ! *"-.�-�3.5"� ,"�7���,��3 =
��#��>*$;4��C"#7��,;4�5 ;�4��3 ! �$������! 6�"�<�J*��"�!�,=$5$L-.�0�#�*4�=$L
����4!","� = ��>�!* ?� !�"5�7�!5�?$@%"�> ?���4J47�?���! 6��4;�7�����4�5�?��4
%$;4� �3 ! F( �
�� E>4*4,� !�F�  > !�,�%7�  >"�$@%"� E3@,"�$� ���< - F7� >*�=�4� >4*45 ��-"7� �

<�5-"%� � , !4�-"� %"-�%4!�7� / � >4*4,� �"�� A� ,$;4� E�4?!"%�#�"#� % 3 !�5F�� �
1. �$�J4?<�J$3.� �$��!- *�.5 �$� !�,�-$>�� %�-5 � !"0!30L-.�0� 1����7� 5*"-"%��
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