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+378139�5*)2(*/3�6(+):)2�3137,+,-(./);)�*3.-(+3�,�)5<+1);)
)5*(:(7(1,9�.+3+,.+,-(./)=�-3.+)+1)�/)1+*3.+1)=�>3*3/+(*,�
.+,/,�.,.+(6<�*(1+;(1)2./)=�2,?@37,?3A,,��/3/�).1)21);)�/*,�
+(*,9�/3-(.+23�)013*@B(1,9�637)/)1+*3.+1<>�)0*3?)231,=�

#�!��$��"$%�! &"��C79�+()*(+,-(./);)�*3.-(+3�-3.+)+�
1)�/)1+*3.+1)=�>3*3/+(*,.+,/,�.,.+(6<�*(1+;(1)2./)=�2,?@�
37,?3A,,�,.5)78?)231�5):>):��)5,*3DE,=.9�13�6(+):<�63+(�
63+,-(./)=�.+3+,.+,/,�

'�()��!�!"��F)7@-(1<�.))+1)G(1,9��5)?2)79DE,(�*3.�
.-,+3+8�.+3+,.+,-(./@D�-3.+)+1)�/)1+*3.+1@D�>3*3/+(*,.+,/@
.,.+(6<�*(1+;(1)2./)=�2,?@37,?3A,,�/3/�H@1/A,D�?13-(1,=
53*36(+*)2�*(1+;(1)2./);)�3553*3+3�,�(;)�.).+321<>�-3.+(=�
F*(:.+327(1<�;*3H,/,��:(6)1.+*,*@DE,(�*(?@78+3+<�*3.-(�
+)2�,�,77D.+*,*@DE,(�?32,.,6).+8�/3-(.+23�1307D:(1,9�63�
7)/)1+*3.+1<>�)0*3?)231,=�)+�4/.5)?,A,)11)=�:)?<��*3?6(*3
1():1)*):1).+,�,�).1)21<>�53*36(+*)2�.,.+(6<�2,?@37,?3A,,�
I3�).1)231,,�.+3+,.+,-(./);)�5):>):3�*3?*30)+31�,�:)2(:(1

:)�37;)*,+63�6(+):�)5<+1);)�)5*(:(7(1,9�-3.+)+1)�/)1+*3.+�
1)=�>3*3/+(*,.+,/,�.,.+(6<��)5,*3DE,=.9�13�:).+3+)-1)�5*)�
.+<(�,?6(*(1,9�,�,>�5).7(:@DE@D�/)658D+(*1@D�)0*30)+/@�
J)**(/+1).+8�5*(:7)B(11<>�6(+):)2�5):+2(*B:(13�*(?@78�

+3+36,�4/.5(*,6(1+3781<>�,?6(*(1,=��5*)2(:(11<>�13�*3?*3�
0)+311)6�32+)*36,�,�.(*,=1)�2<5@./3(6)6�6366);*3H(
KL3:,.M�

*"+ &"��N�*(?@78+3+(�5*)2(:(11);)�,..7(:)231,9�*3?*30)�
+31<�,�4/.5(*,6(1+3781)�35*)0,*)231<�6(+):<�3137,+,-(./)�
;)�,�)5<+1);)�)5*(:(7(1,9�.+3+,.+,-(./)=�-3.+)+1)�/)1+*3.+�
1)=�>3*3/+(*,.+,/,�.,.+(6<�*(1+;(1)2./)=�2,?@37,?3A,,�
F*(:7)B(11<(�6(+):<�2�.,7@�)0E1).+,�5):>):3�6);@+�0<+8�*3.�
5*).+*31(1<�13�*3?7,-1<(�2,:<�*(1+;(1)2./)=�2,?@37,?3A,,�
O3?*30)+311<=�+()*(+,-(./,=�3553*3+�6)B(+�0<+8�,.5)78?)231
:79�)5+,6,?3A,,�.,.+(6�*(1+;(1)2./)=�2,?@37,?3A,,�13�4+3�
5(�,>�5*)(/+,*)231,9��3�6(+):,/3�,?6(*(1,9�.+3+,.+,-(./)=
-3.+)+1)�/)1+*3.+1)=�>3*3/+(*,.+,/,�5)?2)79(+�22(.+,�/)7,�
-(.+2(11<(�53*36(+*<�:79�.*321(1,9�,�3137,?3�/3-(.+23�+3/,>
.,.+(6�

,�-.�+"�/� +���-3.+)+1)�/)1+*3.+139�>3*3/+(*,.+,/3�
*(1+;(1)2./39�2,?@37,?3A,9��/231+)2<=�G@6��1307D:3(6).+8�
637<=�/)1+*3.+��5*).+*31.+2(1139�-3.+)+3��.+3+,.+,-(./,(
:311<(�
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C79�+()*(+,-1);)�:).7P:B(119�QJR�5)?13-,6)���57)�
E@�(7(6(1+3�ST��5*)(/APUD�9/);)�13�FVV�U��H��+3
αW�X��HY���I(>3=�13�ST�.5*96)231,=�5)+P/�P/.�2,5*)�
6P1(119�?�*P21)6P*1)D�EP781P.+D��E)�?30(?5(-@U�53:P1�
19�13�57)E@���5(21)Z�/P78/).+P�γ�/231+P2��N23B3+,6(�
6)�5).+P=1,6,�:)?@��(/.��-3.�(/.5)?,APZ��(/.��+(65(*3+@�
*@�63+*,AP�+3�*(G+@�HP?,-1,>�@6)2�*)0)+,�P/.�5*)6(�
1(2);)�353*3+3��F*,5@.+,6)��E)�13�2>P:1P=�5)2(*>1P�ST
U�6P*3�[+,5@�G3>)2)Z�:)G/,\�?�/)1+*3.+)6����9/3�./73�
:3U+8.9�?�):13/)2,>�?3�H)*6)D�P�57)E(D�/23:*3+1,>
/7P+,1�?�7P1P=1,6�*)?6P*)6�
�+3�/)(HPAPU1+36,�5);7,�
13119�µ]�+3�µW��2P:5)2P:1)�:79�6(1G�P�0P78G�5*)?)*,>
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V13=:(6)� QJR� 9/� H@1/APD� 5*).+)*)2)Z� -3.+)+,
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1)7);PZ�:)?)2,>�13231+3B(18�21(.)/�/231+)2,>�G@6P2
:)�*)?*P?1D231).+P�637)/)1+*3.+1,>�@+2)*P2�U�2,?13�
-3781,6��?3.+).@U6)�9/�+()*(+,-1,=�353*3+�3137P+,-�
1);)�:).7P:B(119�QJR�6(+):,�63+(63+,-1)Z�.+3+,.+,�
/,��FP:/*(.7DD-,�AD�)0.+32,1@��:37P�0@:(6)�2,/)*,�
.+)2@23+,�+(*6P1�K.+3+,.+,-13�QJRM�[`QJR\�
O)?;791(6)�2,53:/)2@�2(7,-,1@�ξ�_�5)92@�13�2,>):P
abF�:(9/);)�AP7);)�-,.73�"��9/(�2P:5)2P:3U�?3:31,6

@6)236�)5*)6P1D23119��C79�K?3G@67(1,>M�+(61)Z�=
.2P+7)Z�/7P+,1�2,53:/)23�2(7,-,13�#�63U�1)*63781,=
?3/)1�*)?5):P7@�ϕ]$"%��ϕW$"%�2P:5)2P:1)��?�63+(63+,-�
1,6�)-P/@231196�&'��&(�P�:,.5(*.PUD�σ]W��σWW��C79�63�
7,>�/)1+*3.+P2�σ]W�≈�σWW�X�σW�
O)?;791(6)�H@1/APZ�*)?5):P7@�=6)2P*1).+(=�ϕ]["\�

ϕW["\�[*,.��]\��c/�6)B13�5)03-,+,��*)?*P?1D231P.+8
*P?1,AP�&W�d�&]��3�)+B(��P�.5).+(*(B@231,=�/)1+*3.+��?3�
7(B3+8�2P:�:,.5(*.PZ�σW��eP?,-1)�5);P*G(119�.5).+(*(�
B@231).+P�5)79;3U�2�+)6@��E)�13�:(9/P�+(61P�:P791/,
?)0*3B(119�2,53:3U�03;3+)�-3.+,1)/�P�2)1,�?:3D+8.9
.2P+7,6,��3�13�:(9/P�.2P+7P�_�637)�-3.+,1)/��P�2)1,�?:3�
D+8.9�+(61,6,��Q,6�0P78G3�:,.5(*.P9��+,6�0P78G(�+3�
/,>�>,01,>�:P791)/�P�+,6�;P*G)D�U�.5).+(*(B@231P.+8
@+2)*@�

O,.��]��e@1/APZ�*)?5):P7@�=6)2P*1).+(=�:79�+(61,>�[ϕ]\�P
.2P+7,>�[ϕW\�/7P+,1
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6)B13�5)/3?3+,��E)
��X�]�d�[�]��g��W�\ [h\
30)
�[ !\�X�)[���[ !\\� [i\

:(�)[���[ !\\�_�P1+(;*37�5)6,7)/�
���X�[&(�d�"*\�Y�σ√W��3�2(7,-,13�"*�2,?13-3U+8.9�*P2191�
196��ϕ'["\�X�ϕ(["\�
F*,�637,>�:)?3>�P?�:).+3+1P6�.+@5(1(6�+)-1).+P�6)B13
223B3+,��E)�2(7,-,13
"*�X�[&'�g�&(\YW��3�)+B(�

�*�X�&(��Y�W�√Wσ. [j\

k�132(:(1)6@�2,*3?P�?13-(119�&(�=�σ�2,?13-3D+8.9
*)?6P*)6�/7P+,1�6P*,��C79�1)*63781);)�?3/)1@�*)?5)�
:P7@�2,53:/)2)Z�2(7,-,1,�ξ�5*,�?0P78G(11P�7P1P=1);)
*)?6P*@�/7P+,1�6P*,�2�β�*3?P2�[β�≥�]\�.(*(:1U�?13-(119
APUZ�2(7,-,1,�+3�ZZ�:,.5(*.P9�?*).+3D+8�@�βW�*3?P2��+)6@
�*β�X�β �*� [l\

I(>3=�7P1P=1,=�*)?6P*�/7P+,1�6P*,�2P:5)2P:3U�7P1P=1)�
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W�.(*(:1U�?13-(119�&(�P�:,.5(*.PD�σW�
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W�	���̀ 36(�AP�2(7,�
-,1,�.5).+(*P;3D+8.9�2�1()0*)07(1)6@�A,H*)2)6@�?1P6�
/@�13�/)65mD+(*P�
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2�β�*3?P2�7P1P=1);)�*)?6P*@�
�	��/7P+,1�6P*,�-3.+)+3� !
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