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��@G44��,�,?)�")$#$1/.�#��'-%)2�$+�,?)��#$%�&
�)0'7#/.��>-�,/(#�%���*$' ,)!�$ ����/&$ �	0,/0?$,�*/.-$@
(.$0)� C/,?� #$ 1@C$-&/ 1� !/(,� .)� $7:).,/%)(� � !� �� Q��
����.�*)-�;�
?)�(,�1)�C�(�.�#/7-�,)!�'(/ 1�-)!/(,/##)!�C�@
,)-��0'-)�.?)*/.�#�('7(,� .)(�� !�(2 ,?),/.�+#'/!�/ .#'(/$ (;

?)� ' .)-,�/ ,2� $+� ,?)� ,)*0)-�,'-)(� $+� 0?�()� ,-� (/,/$ (� /(
�7$',�Z4;�D��;

�,()&�)' ,(�)%'�

�#'/!� / .#'(/$ (� �-)� �7' !� ,� / � 7$,?� .�#./,)� ,20)(;� 
?)2
.� �7)�.#�((/+/)!��(�0-/*�-2���/1;D���7�!�)��� !�0()'!$().$ !@
�-2� ��/1;D�.�+�� �#���� �$)!!)-� ��N<��;� 
-')� ().$ !�-2� / .#'@
(/$ (�C/,?� .$*0$(/,/$ (� � !� !) (/,/)(� (/1 /+/.� ,#2� !/++)-/ 1
+-$*� ,?$()� / � 0-/*�-2� � !� 0()'!$().$ !�-2� / .#'(/$ (�� $-
.-$((@.',,/ 1�$',)-�('-+�.)�$+�.�#./,)�.-2(,�#(��C)-)� $,�!),).,)!;
�J,-�$-!/ �-/#2�#�-1)�0-/*�-2�/ .#'(/$ (��C/,?�!/�*),)-(�'0

,$��444Dµ*���-)�,20/.�#�$+�(.�#) $?)!-�#�.�#./,)�+-$*�,?)��$%3
�,� /6$%(&3���%)���/1;D�)�;�
?)�/ .#'(/$ (��-)�(,-$ 1#2�)#$ @
1�,)!�� !�$+,) �)J?/7/,���(�C@,$$,?�(?�0);�	,?)-�#�-1)�/ .#'@
(/$ (�?�%)� (,-$ 1#2� /--)1'#�-�C�##(��7',� ,?)� (*�##)-�$ )(�7)@
.$*)� )H'� ,�� �.H'/-/ 1� ��  $-*�#�  )1�,/%)@.-2(,�#� (?�0)� $+
?$(,� .-2(,�#� ��/1;D���7�;� �()'!$().$ !�-2� / .#'(/$ (� �-)
1-$'0)!� / ,$� 0#� )(� �#$ 1� ?)�#)!� +-�.,'-)(�� C?/.?� .-$((@.',
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H')$'(� +#'/!� / .#'(/$ (� ,-�00)!� / �0-/(*�,/.@(.�#) $?)!-�#� .�#./,)� �,?)��/#%$6$%���/)-����%)W��K.��� !� (.�#) $?)!-�#� .�#./,)� �,?)
�$%3��,� /6$%(&3���%)W�!K+�;���U�"-$'0�$+�0-/*�-2�� )1�,/%)�.-2(,�#@(?�0)!�/ .#'(/$ (;�
C$@0?�()�/ .#'(/$ �.$ (/(,/ 1�$+�%�0$'-�7'77#)
� !��H')$'(�#/H'/!�/(�/ !/.�,)!�72�$0) ��--$C��C?/#)�,?)�-)*�/ / 1�/ .#'(/$ (�*�-&)!�72�($#/!��--$C(��-)�+/##)!�$ #2�C/,?��H')$'(�#/H'/!8
�/U��J,-)*)#2� #�-1)� 0-/*�-2��  )1�,/%)� .-2(,�#@(?�0)!�� ,C$@0?�()� / .#'(/$ 8�  �U�"-$'0� $+� +-�.,'-)@7$' !�� 0()'!$().$ !�-2� / .#'(/$ (�
.$ (/(,/ 1�$+�*$ $0?�()��#/H'/!��*�-&)!�72�($#/!��--$C(��� !�,C$�0?�()��#/H'/![%�0$'-��*�-&)!�72�$0) ��--$C(��/ .#'(/$ (8�&�U��-/*�-2�
,C$@0?�()��H')$'(�/ .#'(/$ ��*�-&)!�72�$0) ��--$C��,-�00)!�/ �-?2,?*/.�##2�7� !)!�-/*�$+�,?)�.-2(,�#��#$ 1�!�-&�1-$C,?�F$ )�C/,?�!) ()
.$ .) ,-�,/$ �$+�.#�2�0�-,/.#)(��'00)-�#)+,�0�-,�$+�,?)�0?$,$*/.-$1-�0?�8�"�U��-/*�-2��,C$@0?�()�/ .#'(/$ �+-$*�,?)�,-� (0�-) ,�.$-)�$+�,?)
.-2(,�#8� :�U�"-$'0�$+�0()'!$().$ !�-2�� ,C$@0?�()� / .#'(/$ (�C/,?�.$ (/(,) ,� #/H'/!@,$@%�0$'-�-�,/$(;�
?)��7() .)�$+�*$ $0?�()��H')$'(
/ .#'(/$ (� /(� / !/.�,/%)� $+� ?/1?)-� .-2(,�##/F�,/$ � ,)*0)-�,'-)(� $+� ,?)� (.�#) $?)!-�#� .�#./,)� .$*0�-)!� ,$� ,?)� 0-/(*�,/.@(.�#) $?)!-�#� ,20);
�.�#)�7�-(�/ ��##�0?$,$*/.-$1-�0?(�-)0-)() ,�=4Dµ*;

()%)-�#�1-$C,?�F$ )(��7',�,)-*/ �,)�C/,?/ �,?)�.-2(,�#�/ ,)-/$-
��/1;D�.�+�;
�$ $@�� !�,C$@0?�()�/ .#'(/$ (��7$,?�!$*/ �,)!�72��H')@

$'(�#/H'/!��?�%)�7)) �!/(,/ 1'/(?)!��..$-!/ 1�,$�0?�()�.$*@
0$(/,/$ � �,� -$$*� ,)*0)-�,'-);�
C$@0?�()� / .#'(/$ (� .$ ,�/ 

(*�##���K=D%$#;DI��%�0$'-�7'77#)(���/1;D�7�!�)�+�;��$ $0?�()
�H')$'(� / .#'(/$ (� �..$*0� 2/ 1� ,C$@0?�()� �H')$'(� / .#'@
(/$ (�$..'-� $ #2� / � 0-/(*�,/.@(.�#) $?)!-�#� .�#./,)� +-$*� ,?)
�/#%$6$%���/)-����%)���/1;D���.�;��$ (/(,) ,�%$#'*),-/.�0?�()
-�,/$(�/ � )/1?7$'-/ 1�/ .#'(/$ (�/ �(.�#) $?)!-�#�.�#./,)�+-$*
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�$ (/(,) ,�%$#'*),-/.�0?�()�-�,/$(�� !��7() .)�$+�%�0$'-@
!$*/ �,)!�/ .#'(/$ (�/ �7$,?�.�#./,)�,20)(�/ !/.�,)���?$*$1)@
 )$'(�,-�00/ 1�/ ���?/1?@,)*0)-�,'-)�0?-)�,/.�F$ )��"$#!(,)/ 
M� �)2 $#!(� �NN��;� 
?)� ?$*$1) /F�,/$ � ,)*0)-�,'-)(� ,?'(
-)0-)() ,�,?)�*/ /*'*�0$((/7#)�,-�00/ 1�,)*0)-�,'-);�
?)��?

%�#')(�/ �(.�#) $?)!-�#�.�#./,)��G�;�K�4A;�D�����-)�($*)C?�,
?/1?)-� ,?� � ,?$()� / � ,?)�0-/(*�,/.@(.�#) $?)!-�#� ,20)� �=<;GK
�44;=D���;��-/*�-2�*$ $0?�()��H')$'(�/ .#'(/$ (�� $,�-)('#,@
/ 1�+-$*� ).&/ 1@!$C �0-$.)((��);1;��/1;D�����/ !/.�,)�� �)0/@
($!/.� !).-)�()� / � .-2(,�##/F�,/$ � ,)*0)-�,'-)� $+� ,?)
0-/(*�,/.@(.�#) $?)!-�#�.�#./,)�7)#$C�\=4D����.$--)(0$ !/ 1
,$���#$C@,)*0)-�,'-)�0?-)�,/.�F$ );��$C)%)-���7() .)�$+��/-@
+/##)!� 7'77#)(� -'#)(� $',� .-2(,�##/F�,/$ � / � ,?)� %�!$()� F$ )
�"$#!(,)/ �M��)2 $#!(��NN��;

?)�$7()-%)!�?$*$1) /F�,/$ �,)*0)-�,'-)(��7$%)��44D���

(#/1?,#2� )J.))!/ 1� +-)(?C�,)-� 7$/#/ 1� 0$/ ,� �,� �,*$(0?)-/.
0-)(('-)�� ) �7#)� .�#.'#�,/$ � $+� */ /*'*� ,-�00/ 1� 0-)(('-);
�$ (/!)-/ 1�
��.$ !/,/$ (� .#$()� ,$� ,?)� #/H'/!K%�0$'-�0?�()
7$' !�-2� +$-� 0'-)� ��	� �);1;� ���(� �NAG��� ,?)� �?� %�#')� $+

,?)��$%3��,� /6$%(&3���%)��-)�/ !/.�,/%)�$+�) ,-�0*) ,�$+��
?$*$1) )$'(� +#'/!� ��/1;D�+�;� >$/#/ 1@-)#�,)!�� %�0$'-@!$*/@
 �,)!�/ .#'(/$ (�?�%)� $,�7)) �-).$1 /F)!;�
/-�7'77#)(�/ !/@
.�,/ 1���#$C@,)*0)-�,'-)�%�!$()�) %/-$ *) ,��);1;�"$#!(,)/ 
M��)2 $#!(��NN����-)��#($��7() ,;
�$*$1) /F�,/$ �,)*0)-�,'-)(���?��$+�,C$@0?�()�/ .#'(/$ (

/ � 0-/(*�,/.@(.�#) $?)!-�#� .�#./,)� +-$*� ,?)� �/#%$6$%�� �/)-�
��%)��-)�.#'(,)-)!�*$(,#2�7),C)) �A=�� !�<=D����C/,?�,?)�,$@
,�#�-� 1)�7),C)) �=<;G�� !��44;=D��;��$�(/1 /+/.� ,�.?� 1)(
/ ��?�%�#')(�C)-)�-).$-!)!�/ �%�-/$'(�1-$C,?�F$ )(���/1;D=�;

)*0)-�,'-)(�$+�/.)�*)#,/ 1��4�,$DK4;�D����.$--)(0$ !�,$�(�@
#/ /,/)(�7),C)) �F)-$�� !�4;A�C,;DI����#�)H;��>$! �-��NN���
C/,?�,?)�*�:$-/,2�$+�,?)�!),)-*/ �,/$ (��00-$�.?/ 1�,?)�+-)(?@
C�,)-�(�#/ /,2;��',).,/.�,)*0)-�,'-)(�.$'#!� $,�7)�!),)-*/ )!
!')�,$�%)-2�#$C�(�#,�.$ ,) ,�� !�,?)�(*�##�%$#'*)�$+�,?)�)'@
,).,/.�($#',/$ �-)*�/ / 1��+,)-�/.)�+-))F/ 1;

?)�*/.-$,?)-*$*),-2�!�,��+$-�(.�#) $?)!-�#�.�#./,)�$+�,?)

�$%3� �,� /6$%(&3� ��%)� �-)� (#/1?,#2� !/++)-) ,� ��/1;DG�;� 
#@
,?$'1?� ,?)� ,$,�#� -� 1)� $+� ,?)� �?� %�#')(� /(� (/*/#�-� �G�;�K
�4A;�D����� (/1 /+/.� ,� !/++)-) .)(� )J/(,� 7),C)) � ,?)� .-2(,�#
.$-)� � !� /,(� -/*;� �$(,� !),)-*/ �,/$ (� +-$*� ,?)� .$-)� �-)
1-$'0)!�7),C)) �NG�� !��4<���;��$C)-��?�%�#')(��<4KN�D���
0)-,�/ �)/,?)-�,$�0()'!$().$ !�-2�/ .#'(/$ (�/ �,?)�.$-)�$-�,$
0-/*�-2�/ .#'(/$ (�/ �-?2,?*/.�##2�7� !)!�-/*;�
)*0)-�,'-)(
$+�/.)�*)#,/ 1�%�-/)!�7),C)) �4�� !�K�;GD����,?'(�.$--)(0$ !@
/ 1� ,$� (�#/ /,/)(� 7),C)) � F)-$� � !� �;A�C,;DI����#� )H;� �$
.$--)#�,/$ � 7),C)) � (�#/ /,/)(� � !� �?� %�#')(� ?�(� 7)) � $7@
()-%)!;� �',).,/.� ,)*0)-�,'-)(� +�##� .$ (/(,) ,#2� 7),C)) � K��
� !�K��D����,?'(�/ !/.�,/ 1�)/,?)-�7/ �-2���	K���#�*/J,'-)�
$-� /,(� .$*7/ �,/$ � C/,?� ����	�� � !Y$-� ����	�� (�#,(
�>$-/() &$��NAA�;
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?)�.�-7$ �� !�$J21) �/($,$0)�-�,/$(�/ �7$,?�.�#./,)�,20)(
�-)� -)*�-&�7#2� !/++)-) ,� �
�7#)D��;� �-/(*�,/.@(.�#) $?)!-�#
,20)� (?$C(� #$C)-� δ�<	� �N;<K��;GDL�� � !� δ���� �K�;�� ,$
K��;ADL��%�#')(�.$*0�-)!�,$�,?)�(.�#) $?)!-�#�,20)��δ�<	�]
��;�K�A;<DL��δ����]�K�;��,$�KG;<DL�;�
?)�δ�<	�� !�δ����%�#@
')(�$+�0-/(*�,/.@(.�#) $?)!-�#�,20)��-)� )1�,/%)#2�.$--)#�,)!�
(?$C/ 1� !/(,/ .,� .?� 1)(� �#$ 1� .-2(,�#� 1-$C,?� !/-).,/$ 
��/1;D=���C?)-)� ,?)� #�-1)�!)0#),/$ � / � ���� �∆�]�K<DL�� /(��.@
.$*0� /)!� 72�*$!)-�,)� ) -/.?*) ,� / � �<	� �∆� ]� [�DL�;� � 
.$ ,-�(,�� )J.)0,� +$-� ,?)� ,?/ � -/*(�� �� ('7(,� ,/�#� 0$-,/$ � $+
(.�#) $?)!-�#�.�#./,)(�/(��#*$(,�?$*$1) )$'(�/ �,)-*(�$+�/($@
,$0/.�.$*0$(/,/$ ��(?$C/ 1�$ #2�C)�&�.$ .$*/,� ,� / .-)�()
/ � ,?)�δ�<	� �∆� ]� [4;�DL�� � !� ,?)�δ���� �∆� ]� [�DL�� %�#')(
��/1;DG�;� 
?)� -?2,?*/.�##2� 7� !)!� -/*� /(� .?�-�.,)-/F)!� 72
(,-$ 1#2�+#'.,'�,/ 1�� !� $ @0-$0$-,/$ �#�.?� 1)(�/ �,?)�δ�<	
� !�δ����%�#')(�/ !/.�,/%)�$+��� $ @)H'/#/7-/'*�0-)./0/,�,/$ ;

?)�δ��%�#')(�$+�/ .#'(/$ �C�,)-�!/++)-�/ �7$,?�.�%)(;�
�!)@

.-)�()�/ �δ��%�#')(�+-$*�K��DL�/ �.$-)�,$�K�=DL�/ �,?)�-/*
?�(�7)) �-).$-!)!�/ �0-/(*�,/.@(.�#) $?)!-�#�.�#./,)�+-$*�,?)
�/#%$6$%�� �/)-�� ��%);� � .#'(/$ � C�,)-� +-$*� ?$*$1) )$'(
.$-)�$+�(.�#) $?)!-�#�.�#./,)�+-$*��$%3��,� /6$%(&3���%)�/(
($*)C?�,�#/1?,)-��K=4DL���7',�-?2,?*/.�##2�7� !)!�-/*�.$ @
,�/ (� / .#'(/$ � C�,)-� C/,?� )J,-�$-!/ �-/#2� ?/1?� δ�� %�#')
�K��DL�;

���,"/0!� �($,$0)�.$*0$(/,/$ �$+� .�#./,)� .-2(,�#(� ��$(;��G=<���G=N�
�	@��� +-$*� ,?)� �/#%$6$%���/)-��� � !� �� .�#./,)� .-2(,�#� ��$;� �<�N�
+-$*�,?)��$%3��,� /6$%(&3���%)(;
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�4A;�D���.$--)(0$ !(�,$���,-�00/ 1�0-)(('-)�$+�4;��D���;�
(@
('*/ 1���?2!-$(,�,/.�-)1/*)�C/,?���+#'/!�!) (/,2�$+�NGAD&1;*K�

��%)-�1)�!) (/,2�$+���	@#/H'/!��,�G�;�K�4A;�D����� ,?)�.$--)@
(0$ !/ 1�C�,)-�.$#'* �*'(,�?�%)�7)) �?/1?)-�,?� ��;�D*�,$
0-)%) ,�7$/#/ 1��,�,?)�7$,,$*�$+�,?)�.$#'* ;���#.'#�,/$ �C/,?
�;ADI����#K��	�($#',/$ � �*�J/*'*�(�#/ /,2�!),)-*/ )!� / 
,?)� (.�#) $?)!-�#� .�#./,)�� !$)(�  $,� ('7(,� ,/�##2�*$!/+2� ,?)
)(,/*�,)!�*/ /*'*�?)/1?,�$+�,?)�C�,)-�.$#'* ��7).�'()�!)@
.-)�()!�(�,'-�,/$ �%�0$'-�0-)(('-)� /(�.$' ,)-7�#� .)!�72�/ @
.-)�()!�+#'/!�!) (/,2;
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?)�δ��%�#')(�$+�/ .#'(/$ �C�,)-�0-$%/!)�!/-).,�/ +$-*�,/$ 
$ � ,?)� /($,$0)� .$*0$(/,/$ � $+� ,?)� .�#./,)@+$-*/ 1� +#'/!(�
C?/#(,�,?)�.�-7$ �� !�$J21) �/($,$0)�-�,/$(�/ �,?)�.�#./,)�*'(,
7)�-).�#.'#�,)!�'(/ 1�� ��00-$0-/�,)�*$!)#�,$�$7,�/ �/($,$0/.
.$*0$(/,/$ �$+�,?)�0�-) ,�#�+#'/!;

 � / %)-()� .$--)#�,/$ � 7),C)) � ,?)�δ�<	� � !�δ���� %�#')(

��/1;D=���C/,?�#�-1)�!)0#),/$ �/ �������K<DL���..$*0� /)!�72
��*$!)-�,)� ) -/.?*) ,� / � �<	� ��[�DL�� +-$*�.$-)� ,$� -/*� /(
' /H');�
�H'�#/,�,/%)#2�(/*/#�-�/($,$0/.�,-) !�?�(�7)) �?/,?)-@
,$�-).$-!)!�$ #2�/ �?2!-$,?)-*�#�.�-7$ �,)�%)/ (�1) ),/.�##2
#/ &)!�C/,?� #�*0-$0?2-)(��C?)-)� ,?)� /($,$0/.� ,-) !� -)('#,)!
+-$*� )J,-)*)� �	�� !)%$#�,/#/F�,/$ � ��)*^ 2� ),� �#;� �NN��;
�)�/%$� ),� �#;� ��N<A�� ?�%)� !)(.-/7)!� �� H'�#/,�,/%)#2� (/*/#�-
,-) !� / � ?2!-$,?)-*�#� &�-(,� +-$*� C)(,)- � ��-!/ /��� C?)-)
(.�#) $?)!-�#� .�#./,)� �..$*0� /)!� 72� H'�-,F� � !� 7�-/,)� / 
��*7-/� �.�-7$ �,)(�(?$C(�� �/ .-)�()�/ �δ�<	�%�#')(�+-$*
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