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3->:L�5-5+4-O:5�<'+,5)�/4+.63�(-;4)/3:30/F�5-�',+�
=-*:1�;-5:4-)4+I�3+2>+I�<�>+5Q)�G3+.+�'()*,+9)5:F&
�3+8D�/+8:(-30�5-5+4-O:5D1�5)+8L+*:4+N
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4+.,:�8D�/++3<)3/3<67=:4�+8(-;+4�(-8+3-30�/�+*:5+2�
5D4:�-3+4-4:�'+�'(+.(-44-41�5-':/-55D4�2),+<)>+41
5+�8);�).+�62-/3:Fa
@E�(-;(-8+3-30�()',:>-3+(D�P�6/3(+I/3<-1�>+3+(D)
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,DI�*:-4)3(�C+>+,+�����(-;4)(+<�-3+4-E�*-)3�<+;4+9�
5+/30�'(+F<,F30/F�(-;,:25D4�><-53+<+�4)L-5:2)/>:4
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G,)>3(+55DL�:�5-5+G,)>3(+4)L-5:2)/>:L�'(:8+(-L1�-
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��'(:(+*)�5-5+'(+<+,+>�5)�/6=)/3<6)3&���,-8+(-3+�
(:FL� 5-5+'(+<+,+>:� 2-=)� </).+� '+,62-73� 4)3+*+4
G':3->/::1�3&)&�+(:)53:(+<-55+.+�(+/3-�+*5+.+�4+5+�
>(:/3-,,-�5-�'+<)(L5+/3:�*(6.+.+1�>+.*-�>(:/3-,,:;-�
Q:F�<)=)/3<-�'(+:/L+*:3�3+,0>+�<�+*5+4�5-'(-<,)5::&
�-'(:4)(1�5-5+'(+<+,+>6�:;�>()45:F�4+95+�<D(-/�
3:30�3->1�>->�:;+8(-9)5+�5-�(:/65>)�?�/,)<-&��-5+2-�

/3:Q6�;+,+3-�'+4)=-73�<�-34+/R)(6�.-;-�/:,-5-�C Mbcd E1
:�G3-�5-5+2-/3:Q-�/3-5+<:3/F�>-3-,:;-3+(+4�()->Q::
(-/'-*-�/:,-5-�5-�<+*+(+*�:�9:*>:I�>()45:I&��:*>:I
>()45:I�/>-3D<-)3/F�/�;+,+3+I�5-5+2-/3:QD�:�>(:/�
3-,,:;6)3/F�'+*�5)I&��/,:�>+5Q)53(-Q:F�/:,-5-�<+>�
(6.�5-5+2-/3:QD�'+**)(9:<-)3/F�5):;4)55+I1�3+�'(+�
Q)//�G':3->/::�'(+*+,9-)3/F1�:�</)�5+<D)�/,+:�9:*>+�
.+�>()45:F�>(:/3-,,:;673/F�5-�).+�69)�;-3<)(*)<O:L
/,+FL&���();6,03-3)�5-5+'(+<+,+>-�:;�>()45:F�(-/3)31
'(:'+*5:4-F�5-5+2-/3:Q6�;+,+3-�</)�<DO)�:�<DO)&
�(:�G3+41�+2)<:*5+1�(-;4)(�5-5+2-/3:QD�+'()*),F)3
*:-4)3(�5-5+'(+<+,+>:&��'(-<-�5-�(:/65>)�?�'+>-;-5
!,)/"� :;� efg�5-5+'(+<+,+>1� '+,62)55DL� -5-,+.:2�
5D4�+8(-;+4&

->�:;<)/35+1�'(+25+/30�P�G3+�/<+I/3<+�3<)(*DL�3),
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3->9)�5)+8(-3:4+46�:;4)5)5:7�R+(4D�'+*�*)I/3<:�
)4�<5)O5:L�5-.(6;+>&�
+.*-�Q:,:5*(:2)/>:I�+8(-;)Q
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).+�4)L-5:2)/>+)�5-'(F9)5:)� $ #σ � �(-/3)3�'(F4+
'(+'+(Q:+5-,05+� +35+/:3),05+46� 6*,:5)5:7
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(-/3F.:<-7=))� 5-'(F9)5:)� *+/3:.-)3� '()*),-� '(+2�
5+/3:1� /+/)*5:)� 4:>(+3()=:5D1� /+)*:5FF/0� *(6.� /
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-,74:5:F�/�64)50O)5:)4�(-;4)(+<�2-/3:QD&��(:�G3+4
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:L�3)4')(-36(-�',-<,)5:F�'-*-)3�5-���� h�&��(:�G3+4
/-4+)�8+,0O+)�'-*)5:)�3)4')(-36(D�',-<,)5:F�C8+,))
2)4�5-�A�� h�E�8D,+�+85-(69)5+�6�5-5+2-/3:Q�;+,+3-&
���������� !�"��� �#�$����%&�'����"�#$()���� *

�(:2:5+I�'+5:9)5:F�3)4')(-36(D�',-<,)5:F�6�5-5+�
2-/3:Q� /,69:3� 3+1� 23+� -3+4D� 5-� '+<)(L5+/3:� </)L
>(:/3-,,+<�5-L+*F3/F�<�+/+8DL�6/,+<:FL1�-�*+,F�3->:L
'+<)(L5+/35DL�-3+4+<�6�5-5+2-/3:Q�/3-5+<:3/F�+2)50
8+,0O+I&��*),-)4� +Q)5>6� G3+I� '+<)(L5+/35+I� *+,:
*,F�-,74:5:F&
�).>+�<D2:/,:301�23+�<� @��/4 �-,74:5:F�/+*)(9:3/F

'(:4)(5+� ??W ��� �-3+4+<&��,F�'(+/3+3D�86*)4�/2:3-301
23+�-3+4D�5-L+*F3/F�<�6;,-L�>68:2)/>+I�>(:/3-,,:2)/�
>+I�()O)3>:1�3+.*-�(-//3+F5:)�4)9*6�/+/)*5:4:�-3+�
4-4:�86*)3�+>+,+� VM �� �/4�

� &��5-2:31�',+35+/30�-3+�
4+<� 5-� '+<)(L5+/3:� /+/3-<:3� �M ?W �� �/4�

� &� �)')(0
<+;04)4� >68:>� :;� -,74:5:F� /� ()8(+4� �� /4&� �:/,+
'+<)(L5+/35DL�-3+4+<�6�5).+� �M@W ��� 1�-�2:/,+�-3+4+<
<563(:� ??W ��� &��->:4�+8(-;+41�*+,F�'+<)(L5+/35DL
-3+4+<� 6� 3->+.+� -,74:5:)<+.+� >68:>-� !+8D25DL"
(-;4)(+<�/+/3-<,F)3�</).+� VW ���� &
�/,:�/*),-30�3->:)�9)�<D2:/,)5:F�*,F�>68:>-�:;

-,74:5:F�(-;4)(+4�A�541�3+�+>-9)3/F1�23+�5-�'+<)(L�
5+/3:�3->+.+�!5-5+>68:>-"�5-L+*:3/F�69)��?H�</)L�).+
-3+4+<&��61�-�5-�'+<)(L5+/3:�>68:>-�(-;4)(+4���54
<++8=)�5-L+*:3/F�8+,0O)�'+,+<:5D�</)L�-3+4+<Z��-<:�
/:4+/30� '+<)(L5+/35+I� *+,:� α � +3� 2:/,-� -3+4+<�'
'+>-;-5-�5-�(:/65>)�W&
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C:,:� 4+,)>6,-4E� 5:2).+� 5)� /3+:3� !6>,+5:30/F� +3
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:4)F� <� <:*61� 23+� <� 5-5+4:()� /+'(+3:<,)5:F� </)L
();:/3+(+<�+*:5->+<D&
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