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5&-�h)�+�)h��-�5h'*-&&A��'8/�&�&'1���+5�1(�
��&'��7A�5�&-8(-&5�U(AhKC'(-&'�/Y�h5(�)e&5�
*+'��"���h5�-&-�5L''�*�1(��&'�/3�D5+5)5��5h'�
*-&5�(�)-75+-e�h5� *5h)5+'(��&'f�/-+�)'-�5(
�""���^8�)'*� ��(':&53�C+5�h5�&5L5�(58()-+-�D
h�5*D5.�'*e5:&5.�h5(�)e&5*+'�&��h)5'85d�5�
P-��/�*+��(AhKC'(-&'1�5*+-�5*@�5*+-+5C&5��'*�
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a5h5�&'+��@&A��iD*h�)'/�&+A��"���h5D-8-�
�'3�C+5�igg�D+��5D-�@&5L5�(AhKC'(-&'1�57�-:-�
�+�*+-7'�@&5.�h5(+5)1�/5*+@f�(�+�/h�)-+K)&5/
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�-&� (A(5:� ����3� C+5� (� :-&&5/� *�KC-�� )-75+-f+
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&5.�(AhKD�5*+'�&-�h5(�)e&5*+'�57)-8N-~�(������*�5+
/5/�&+-�h51(��&'1�(AhKD�5*+'3�/-D*'/-�@&5��h)5�
1(��&'��igg�D+-~�L���U)-**-*A(-&'�Y�(AhKD�5*+'~
:�����/'&�!��*�5+�/5/�&+-�h)51(��&'1�igg�D+-3�h5��
&5��'*C�8&5(�&'���5D-�@&5.�(AhKD�5*+'
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&5g-8&5.�β�57�-*+'�h)�(Ad-�-�&�D5+5)5��h)��
:��@&5��8&-C�&'�3�+5�&-�h5�')5(-&&5.�h5(�)e&5�
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&5*'+��@&5�:)KL�:)KL-�
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/-+'C�*D5��'8KC�&'��igg�D+-�*:('L-�8�)�&�(�h-��
�-:''�(�5:&5g-8&5.�α�57�-*+'�&-�:'-L)-//��*5�
*+51&'1�*'*+�/A�s����'�'**��:5(-+@�g-D+5)A3
(�'1fk'��&-��L5�h)51(��&'1��a�1�)�d�&'1�:-&�
&5.�8-:-C'�'*h5�@85(-�'*@�+��M��/-+�)'-�3�h)�:�
(-)'+��@&-1� 57)-75+D-� '� iD*h�)'/�&+-�@&-1
K*+-&5(D-3�C+5�'�(�iD*h�)'/�&+-e�h5�'8KC�&'f
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8�)�&�(�L':)':��h-��-:'1 β�s��e3�5:&-D5�h5)1�
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&5L5�:-(��&'1�
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/'&�-&-�5L'C�&�d')5D5�'*h5�@8K�/5/K�+�)/'�
&K�U+�h�5(5.�K:-)Y��"!��
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L5�(5:5)5:-�
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*h�N'g'C�*D'��5*57�&&5*+'�h)5N�**-�*:('L-�8��
)�&�(�*h�-(-e�α�s��e���-D3�(5:5)5:&A.�K:-)

2H∆P = �3!| ,\-�&��(A8(-��&'D-D'e�'8/�&�&'.
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D5.�M��*'�A�(5:5)5:&A.�K:-)�(A8(-��KM��(h5�&�
8-/�+&A��'8/�&�&'1�h5(�)e&5*+'�d�'g-�*h�-�
(-�s���3�����h5(�)e&5*+@�57)-8N-�*+-�-�8-/�+&5
Ue5�/'*+5.Y�

%(��'C�&'�� (5:5)5:&5L5� K:-)-� :5� �3 � '
�3�| ,\-�h)'�+-D5/�M��'*e5:&5/�*5*+-(��*h�-�
(-��s���3�����h)'(��'�KM��D�1)D5�(A)-M�&&A/
&�57)-+'/A/�*:('L-/�8�)�&��a-�@&�.d'��iD*h��
)'/�&+A�'�'e�h5D-:)5(A.�-&-�'8�(A1('�'3�C+5
*:('L� 8�)�&� (� *h�-(��α�s��e� h)'� (5:5)5:&Ae
K:-)-e�h)5'*e5:'+�&��5:&5()�/�&&5�h5�(*�/K
d�'gK�'�&��/5/�&+-�@&5��P-h)5+'(3�i+5+�h)5�
N�**�5*Kk�*+(�1�+*1�h5i+-h&5�'�(�+�C�&'��&�D5�
+5)5L5�()�/�&'��\)'�i+5/��/K�/5M�+�h)�:d��
*+(5(-+@�&�D5+5)A.�'&DK7-N'5&&A.�h�)'5:3�-
(�*@�h)5N�**�U'L)AY�8�)�&�)-8('(-�+*1�(�8-('*'�
/5*+'�5+�K*�5('.�iD*h�)'/�&+-�5+��3��:5��32�*�

]5����+5L53�:'&-/'D-�i+5L5�h)5N�**-�:5*+-�
+5C&5�*�5M&-��E&-�/5M�+�(D�fC-+@�&�D5+5)5�
&-C-�@&5��(AhKC'(-&'��8�)�&3�&�5:&5()�/�&&5�
'�&�5:'&-D5(5��'e�)�-L')5(-&'��&-�(5:5)5:&5�
(58:�.*+('�3�57)-+&5��U(+1L'(-&'�Y�5+:��@&Ae
8�)�&�(�57��/�'�+��:�3�(�)�8K�@+-+��C�L5�D-)+'&-
d�'g-�h�)/-&�&+&5�'8/�&1�+*1��̀ �:-�@&�.d�/
h)5N�**�Uh5:('MD'Y�8�)�&�h)�D)-k-�+*1�'�D-)�
+'&-�*+-7'�'8')K�+*1��\5�&-1�i(-DK-N'1�(5:5�
)5:-�'8�h-��-:'1�&��h)'(5:'+�D�'*e5:&5/K�)-*�
h5�5M�&'f�8�)�&3�'�*:('L�*5e)-&1�+*1�D-D�5*+-�
+5C&A.�igg�D+�

B-)-D+�)&A.�h)'/�)�()�/�&&5.�8-('*'/5*�
+'�h)5N�**-�*:('L-�8�)�&�(�*h�-(��s���3�" �h5D-�
8-&�&-�)'*��!��"���

,��`��65�@N5(-3�6��^��J')5(���`5:5)5:5Kh)KL'��'�(5:5)5:5h�-*+'C�*D'��igg�D+A�&-�h5(�)e&5*+'�h-��-:'1�h)'��L5
&-*Ak�&''�(5:5)5:5/

%����t��Z�8K�@+-+A�iD*h�)'/�&+-�*�(5:5)5:&A/�K:-)5/

4 : %����u��`':�5D-:)A�h)5N�**-�(A:���&'1�L)-&'N�8��
)�&�(�*h�-(��s���3" ��-����32�*~�7����3 "�*~�(��
�3�� *~�L����3!�*
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h5*��� (5:5)5:&5L5� K:-)-� �R*)�=��3��,\-0*3

2H∆P = �3��,\-��h5(�)e&5*+@�*h�-(-��k��5*+-�+�

*1�h�5*D5.��\5*���i+5L5�'&DK7-N'5&&5L5�h�)'5�
:-�&-C'&-�+*1�*:('L�8�)�&3�'�C�)�8��3 "�*�h5*��
(5:5)5:&5L5�K:-)-�'e�L)-&'NA�*+-&5(1+*1�:5*+-�
+5C&5�e5)5d5�)-8�'C'/A/'��)'*� !7���Qk��C�)�8
�3�2 *��)'*� !(��L)-&'NA�8�)�&�e5)5d5�(A1(���
&A3�-�&�D5+5)A��'8�&'e��&-�)'*� !(3�L�h5D-8-&A
*+)��D-/'��'/�f+�57��/&A.�)��@�g��`�+�C�&'�
�k���3�� *�'/�f+�/�*+5��'d@�&�75�@d'���5D-�@�
&A��'8/�&�&'1��a-����&�)-(&5/�)&5*+@�*:('L5(
5+:��@&Ae�8�)�&�K/�&@d-�+*13�D-)+'&-�&�*D5�@�
D5�U*L�-M'(-�+*1Y3�&5�*-/'�8�)&-�5*+-f+*1�e5)5�
d5�(':'/A/'��)'*��!L���Q*+�*+(�&&53�C+5�5+�iD*�
h�)'/�&+-�D�iD*h�)'/�&+K��5+�57)-8N-�D�57)-8�
NK��D-)+'&A�h)51(��&'1�8�)�&�'�5*57�&&5*+�.
'e�*/�k�&'.�(�:�+-�1e�)-8�'C-f+*13�5:&-D5�(
L�-(&5/�5*+-f+*1�+-D'/'3�D-D�i+5�5h'*-&5�(Ad�3
-�'/�&&5��8�)&-�&��(A1(�1f+*1�'�'�(A1(�1f+*1
*�-75�(�C'*+5/�h-��-:''�'�1)D5�(A1(�1f+*1�(
*h�-(-e�h-��-:'1�*�(5:5)5:5/�α��'�β�s��e�

�	���������������
��3
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EC�(':&53�C+5�h�)(5h)'C'&5.�igg�D+5(��5�
D-�@&5L5�D5L�)�&+&5L5�57)-+'/5L5�(AhKC'(-&'1
h5(�)e&5*+'� *h�-(-�β�s��e� '� */�k�&'1� 8�)�&
h-��-:'1�'��L5�*h�-(5(�*�(5:5)5:5/�h)'�(5:5�
)5:&5/�K:-)��1(�1f+*1�(&K+)�&&'��̀ 4�&-h)1M��
&'13�L�&�)')K�/A��L)-:'�&+-/'�D5&N�&+)-N''
(5:5)5:-3�(58&'D-fk'/'�(*��:*+('��&-)Kd�&'1
+�)/5:'&-/'C�*D5L5�)-(&5(�*'1�h)'�K*D5)�&&5/
5e�-M:�&''�57)-8N-�β�s��e�'�&�57e5:'/5*+'�:5�
*+-(D'�(5:5)5:-�(��L5�57��/��;'*+�/-+'C�*D'/'
iD*h�)'/�&+-/'�(h�)(A��7A�5�h5D-8-&5��"��3�C+5
C)�8(AC-.&5�(-M&A/�g-D+5)5/3�/&5L5D)-+&5�K*'�
�'(-fk'/�(�'1&'��(5:5)5:-�&-�&-*Ak-�/A.�'/
h-��-:'.3�1(�1�+*1�&-�'C'��(�h-��-:''�'*e5:�
&5� )-*+(5)�&&5L5� (5:5)5:-��a)KL'/'� *�5(-/'3
*h�-(A�h-��-:'1�*�(5:5)5:5/�(�8&-C'+��@&5�75�@�
d�.�*+�h�&'�h5:(�)M�&A�igg�D+K�*:('L-�8�)�&
h)'�(5:5)5:&5/�K:-)�3�&�M��'�*57*+(�&&5�h-��
�-:'.�D-D�/�+-���

�	�������d	�������3������7������d	�
�0
��������
	
�
�������$�������3��`58&'D&5(��
&'��'�+)-&*g5)/-N'1�(5�()�/�&'�L)-:'�&+5(�D5&�
N�&+)-N''�(5:5)5:-3�D-D�i+5�*��:K�+�'8�*(18-&�
&Ae�K)-(&�&'.�(5:5)5:5Kh)KL5*+'��� �3�1(�1�+*1
gK&DN'�.�/&5L'e�h�)�/�&&Ae�

� ( )/ ,  ,  ,= ϑdC dn f J t � ���

L:����0�����L)-:'�&+�D5&N�&+)-N'.�(5:5)5:-�(
8-:-&&5/�&-h)-(��&''��~�ϑ���*D5)5*+@�h�)�e5:-
-:*5)7')5(-&&5L5�(5:5)5:-�(�h)'h5(�)e&5*+&A�
*�5'�/�+-��-~�����h5+5D�(5:5)5:-�(�&-h)-(���
&''��3�D5+5)A.3�(�*(5f�5C�)�:@3�1(�1�+*1�gK&D�
N'�.�igg�D+'(&5L5�D5igg'N'�&+-�:'ggK8''�(5�
:5)5:-3�L)-:'�&+-��L5�D5&N�&+)-N''�'�(58&'D-f�
k�L5�&-h)1M�&&5L5�*5*+51&'1~�	���()�/1�

\-��-:'.�'�*h�-(A�h-��-:'1�*�(5:5)5:5/
57�-:-f+�'85+)5h&5.�:�1�:'ggK8''�LDN�)�d�+�
D5.3�h5i+5/K�:'ggK8'5&&A.�+)-&*h5)+�(5:5)5�
:-�&��8-('*'+�5+�5)'�&+-N''�8�)�&��E:&-D5�KC-�
*+D'�d�'g-3�&-�D5+5)A��(Ae5:1+�)-8�'C&5�5)'�
�&+')5(-&&A�� 8�)&-� β�s��e3� -:*5)7')Kf+� '
h5L�5k-f+�(5:5)5:�*�)-8�'C&5.�*D5)5*+@f3�'3
*55+(�+*+(�&&53�5+�)-8&Ae�KC-*+D5(�h5(�)e&5*�
+'�57)-8N-�(L�K7@�(58&'D-f+�)-8�'C&A��L)-:'�
�&+A�D5&N�&+)-N''�(5:5)5:-���+'�L)-:'�&+A�L��
&�)')Kf+�*�5M&5�&-h)1M�&&5��*5*+51&'�3�'�(
&�D5+5)Ae�h)'h5(�)e&5*+&Ae�KC-*+D-e�*M'/-�
fk'��&-h)1M�&'1�5D-8A(-f+*1�&-*+5�@D5�*'�@�
&A/'3�C+5�'&'N'')Kf+�g5)/')5(-&'��(':'/Ae
(�5h+'C�*D'.�/'D)5*D5h��5D-�@&Ae�(AhKD�5*�
+�.�&-�'*e5:&5�h5�')5(-&&5.�h5(�)e&5*+'�57�
)-8N-��̀ �*@/-�'&+�)�*&53�h5C�/K�(�&-7�f:-�/Ae
iD*h�)'/�&+-e�(AhKD�5*+@�&��5e(-+A(-�+�(*�.
h5(�)e&5*+'�8�)&-3�-��5D-�'85(-&-�(�&�D5+5)5.
57�-*+'�(&K+)'�&�L5��,5M&5�h)�:h5�5M'+@3�C+5
:-M��(�h)�:��-e�5:&5L5�8�)&-�h5(�)e&5*+@�d�'�
g-3�&��7K:KC'�':�-�@&5.3�'/��+�/�*+-3�h)�:h5C+'�
+��@&A��:�1�-:*5)7N''�(5:5)5:-�'�:�1��L5�h�)��
e5:-�(�h)'h5(�)e&5*+&A��*�5'�/�+-��-��9'8'�
C�*D'��h)'C'&A�*Kk�*+(5(-&'1�+-D'e�/�*+�h5D-
&��(A1*&�&A��"���

�-D'/� 57)-85/3� &-7�f:-�/A�� �5D-�@&A�3
D5L�)�&+&A�3�h)-D+'C�*D'�h5�&5*+@f�57)-+'/A�
(AhKC'(-&'1�&-�h5�')5(-&&5.�h5(�)e&5*+'�L':�
)':-�β�s��e�(�h)5N�**��:5h5�&'+��@&5L5�&-*A�
k�&'1�(5:5)5:5/��*+@�C-*+&5��/�85*D5h'C�*D5�
h)51(��&'��(5:5)5:5Kh)KL5L5�1(��&'1�(�*'*+��
/-e�/�+-���(5:5)5:3�+-D�D-D�(58&'D-fk���Kh)K�
L5�&-h)1M�&&5�� *5*+51&'�� 1(�1�+*1� (�*@/-� '
(�*@/-�*�5M&A/��P-�:-&&5/�i+-h��&��h)�:*+-(�
�1�+*1�(58/5M&A/�)�d'+@�i+K�8-:-CK�&-�5*&5(�
*(18-&&Ae�K)-(&�&'.���2�3�5:&-D5�L�-(&A��5*5�
7�&&5*+'�&-7�f:-�/5L5� igg�D+-�D5L�)�&+&5L5
(AhKC'(-&'1�/5LK+�7A+@�5+)-M�&A�(�Kh)5k�&�
&5.�g�&5/�&5�5L'C�*D5.�/5:��'��"����)'*��|��

;&-C-�-�L':)':�β�s��e�&-e5:'�*1�(�'*e5:�
&5/�*5*+51&''�h)'�
� = I���#�'�

2HP = I���#��\)'
K*D5)�&&5/�5e�-M:�&''��)'*��|-��+�)/5:'&-/'�
C�*D5��)-(&5(�*'��&-)Kd-�+*13�57)-8�N�&-C'&-�+
h5L�5k-+@�(5:5)5:3�'�(58&'D-f+�L)-:'�&+A�D5&�
N�&+)-N''�(5:5)5:-�(�h)'h5(�)e&5*+&Ae�*�51e
β�L':)':-��̂ 8�8-�h5(Ad�&&5L5�*5:�)M-&'1�(5:5�
)5:-�h5(�)e&5*+&A��*�5'�*+)�/1+*1�)-*d')'+@�
*13�'�(�)�8K�@+-+��(�&'e�(58&'D-�+�57�-*+@�*M-�
+'1��57�-*+@���&-�)'*� |-���̀ �&�D5+5)5/�h)�:h5C�
+'+��@&5/� :�1� h)5&'D&5(�&'1� (5:5)5:-�/�*+�
(58&'D-f+�&�*D5�@D5�75�@d'��:�g5)/-N''�'�&��
D5+5)5��h�)(5&-C-�@&5��(AhKC'(-&'���\)'�i+5/
g-D+'C�*D'�57�-*+@���'�57�-*+@�"���:(-�)-8�'C�
&Ae�*h�-(-�β�s��e�*�)-8�'C&A/'�K:��@&A/'�57���
/-/'��\5�*)-(&�&'f�*�'*e5:&A/�*5*+51&'�/�&��
*D5�@D5�*M-+A.�*h�-(�57�-*+'���57�-:-�+�75�@�
d'/3�-�)-*+1&K+A.�*h�-( "�/�&@d'/�K:��@&A/
57��/5/�D)'*+-��'C�*D5.�)�d�+D'�h5�*)-(&�&'f
*�'*e5:&A/�L':)':5/��,�M:K�i+'/'�*h�-(-/'
*Kk�*+(K�+�&�D5+5)-1�h�)�e5:&-1�85&-3�'�5&'�*5�

`5:5)5:&-1�i&�)L�+'D-�'�+)-&*h5)+
45&*+)KDN'5&&A��/-+�)'-�A
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h)1M�&A�D5L�)�&+&5���-D'/�57)-85/3�(7�'8'�(58�
&'Dd�.� 57�-*+'�/-�5L5� �5D-�@&5L5� '*e5:&5L5
(AhKC'(-&'1� ���� *58:-f+*1�K*�5('1�:�1� 75���
'&+�&*'(&5.�(5*e5:1k�.�:'ggK8''�'�&-C'&-�+�
*1�h�)�&5*�(5:5)5:-�'8�57��/-�L':)':-�(�57�-*+@
(AhKC'(-&'1��`�)�8K�@+-+�3�&�*/5+)1�&-�5*+-�
&5(DK�5e�-M:�&'1��)'*��|7��'�(58&'D&5(�&'��K*�
�5('.�:�1�K*+-&5(��&'1�+�)/'C�*D5L5�)-(&5(��
*'13�'/��+�/�*+5�()�/�&&5��K*'��&'���5D-�@&5L5
&�)-(&5(�*&5L5�*5*+51&'1�'�D5L�)�&+&5��(AhK�
C'(-&'��h)5:5�M-�+�)-*+'�(�+�C�&'��&�D5+5)5L5
()�/�&'3� :5*+'L-1�/-D*'/K/-�� `� :-�@&�.d�/
K/�&@d�&'��*&'M-�+*1�'�h5C+'�h5�&5*+@f�'*C��
8-�+��6':)':�h-��-:'1�h)'e5:'+�D�&5(5/K�)-(�
&5(�*&5/K�*5*+51&'f�*�&5(A/�)-(&5(�*&A/�*5�
:�)M-&'�/�(5:5)5:-�β�Z�Pe } ∆e��)'*� |(��

`�*@/-�'&+�)�*&5�'�(-M&53�C+5�i+5+�57&-)K�
M�&&A.�/�85*D5h'C�*D'.�igg�D+�(AhKC'(-&'1
h5�&5*+@f�*5L�-*K�+*1�*�igg�D+5/�b@f'*-��"23
" ���4-D�'8(�*+&53�i+5+�/-D)5*D5h'C�*D'.�ig�
g�D+�*5*+5'+�(�*��:Kfk�/��h-��-:'�(-1�+)K7�
D-3�&-*Ak�&&-1�(5:5)5:5/3�&-e5:'+*1�h�)(5&-�
C-�@&5�(�)-(&5(�*''�*�L-8557)-8&A/�(5:5)5:5/3
&-e5:1k'/*1�(&K+)'�&�����)K7D-�*�5:&5.�*+5)5�
&A�8-L�Kd�&-3�-�*�:)KL5.�*+5)5&A�h5:*5�:'&�&-
D�(A*5D5+5C&5/K�/-&5/�+)K3�g'D*')Kfk�/K�:-(�
��&'�� (5:5)5:-� (&K+)'� +)K7D'�� Q*�'� +�h�)@
(&�d&11�*+5)5&-�+)K7D'�h5:(�)L-�+*1�'&+�&*'(�
&5/K�&-*Ak�&'f�(5:5)5:5/�'8�L-85(5.�g-8A�'�'
i��D+)5�'+'C�*D'3�+5�(�+�C�&'��:5*+-+5C&5�:�'�
+��@&5L5�&-C-�@&5L5�i+-h-�:-(��&'��L-8557)-8�
&5L5�(5:5)5:-�(�+)K7D��&��)-*+�+� �D-D�/5M&5

5M':-+@��'*e5:1�'8�8-D5&5(�:'ggK8''�9'D-�3�-
)�8D5�'�7A*+)5�h-:-�+��\5�h)5d�*+(''�&�D5+5�
)5L5�()�/�&'�K*+-&-(�'(-�+*1�*+-N'5&-)&5��*5�
*+51&'�3�&-C'&-�+*1�U&5)/-�@&5�Y�h)5&'D&5(��
&'��(5:5)5:-�C�)�8�*+�&DK�+)K7D'�'�:-(��&'�
L-8557)-8&5L5�(5:5)5:-�(�+)K7D��&-C'&-�+�8-D5�
&5/�)&5�)-*+'��,�e-&'8/�i+5L5�1(��&'1�*(18-&
*�+�/3�C+5�(�h�)(A��/5/�&+A�(5:5)5:&5L5�K:-)-
h5(�)e&5*+&A��*�5'�h-��-:'1�)-*d')1f+*1�'
(58&'D-f+�K*�5('1�:�1�)-8('+'1�(5*e5:1k�.
�
H������:'ggK8''�(5:5)5:-�'8�(&K+)�&&'e�57���
/5(�*+�&D'�+)K7D'�D����(&�d&�.3�&-*Ak-�/5.
(5:5)5:5/�*+5)5&���;55+(�+*+(�&&5�)-(&5(�*'�
(&K+)�&&�.�*+5)5&A�*+�&D'�+)K7D'�*�L-8557)-8�
&A/�(5:5)5:5/�&-)Kd-�+*13�'�*+�&D-�&-C'&-�+
h5L�5k-+@�(5:5)5:3�(�*(18'�*�C�/��L5�:-(��&'�
(&K+)'�+)K7D'�K/�&@d-�+*1�

P��+)K:&5�(':�+@3�C+5�h)'�)-8&Ae�/-*d+-�
7-e�'�(&�d&'e�h)51(��&'1e�igg�D+��5D-�@&5L5
D5L�)�&+&5L5�(AhKC'(-&'1�'�igg�D+�b@f'*-�(
5*&5(&5/�'/�f+3�h5�(':'/5/K3�5:'&-D5(A.�-+5/�
&A.�/�e-&'8/3�5*&5(-&&A.�&-�(5*e5:1k�.�:'g�
gK8''�(5:5)5:-3�(A8(-&&5.�(58:�.*+('�/�*-/5L5
(5:5)5:-�&-�/�+-����\)'�75����57k�/�)-**/5+�
)�&''�5C�(':&53�C+5�57-�igg�D+-�1(�1f+*1�C-*+�
&A/'�h)51(��&'1/'�75����57k�L5�'�d')5D5L5
1(��&'1�(5:5)5:5Kh)KL5*+'���2��

�	�������
�d	�
��������������
	
���\5:�
C�)D&�/��k��)-8��(�)-75+���"���*'*+�/-+'C�*D'�
/'�iD*h�)'/�&+-/'�(h�)(A��h5D-8-&53�C+5�(-M�
&A/�g-D+5)5/3�K*'�'(-fk'/�*:('L�8�)�&3�1(�1�
�+*1�&-�'C'��(�h-��-:''�'*e5:&5�)-*+(5)�&&5L5
(5:5)5:-��a)KL'/'�*�5(-/'3�*h�-(A�h-��-:'1�*
(5:5)5:5/�(�8&-C'+��@&5�75�@d�.�*+�h�&'�h5:�
(�)M�&A�igg�D+K�*:('L-�8�)�&�h)'�(5:5)5:&5/
K:-)�3�&�M��'�*57*+(�&&5�h-��-:'.�D-D�/�+-���
`�*(18'�*�i+'/�/5LK+�57*KM:-+@*1�:(��h)'C'&A�

�\�)(-1�h)'C'&-�-&-�5L'C&-�57*KM:-(d�.�
*1�(Ad��:�1��57)-85(-&'1�57)-+'/Ae�D5L�)�&+�
&Ae�(AhKC'(-&'.3�(A8(-&&Ae�:5h5�&'+��@&A/
&-*Ak�&'�/�β�L':)':-�h-��-:'1�(5:5)5:5/���+-
h)'C'&-�*5*+5'+�(�+5/3�C+5�'*e5:&5��g5)/')5�
(-&'��h�)(5&-C-�@&5L5�L)-:'�&+-�D5&N�&+)-N''
(5:5)5:-�D-D�*��:*+('��(5:5)5:&5L5�K:-)-�*5�
h)5(5M:-�+*1�(5*e5:1k�.�:'ggK8'�.�(5:5)5:-
'8�L�K7'&A�57)-8N-�D��L5�h5(�)e&5*+'���+-�(5*�
e5:1k-1�:'ggK8'1�(A8A(-�+*1�h5��/�̀ 4�&-h)1�
M�&'.3�h5)5M:�&&Ae�(5:5)5:&A/�K:-)5/���-�
D5.�*�5M&A.�*K//-)&A.�*-/55)L-&'8Kfk'.*1
*'&�)L�+'C�*D'.��h)5N�**�h�)�g5)/')5(-&'1�(5�
:5)5:&Ae�D5&N�&+)-N'5&&Ae�h5��.�'�h5��.�̀ 4�
&-h)1M�&'.3�h5�(':'/5/K3�/5M�+�(A8(-+@�*K/�
/-)&A.�)5*+�(&K+)�&&'e�&-h)1M�&'.�'3�*55+�
(�+*+(�&&53�h)'(�*+'�D�K*'��&'f�h)5N�**-�*:('L-
8�)�&���+'/�h)5N�**5/3�h5�(':'/5/K3�57�1*&1�
�+*1�+53�C+5�*:('L�8�)�&�h)5'*e5:'+�&��/5/�&�
+-�@&53�-�)-*+1&K+�(5�()�/�&'��\)'�i+5/�()��
/�&&A��'&+�)(-�A�h)5N�**-��*�DK&:A��(h5�&�
*5'8/�)'/A�*5�()�/�&�/3�&�57e5:'/A/�:�1�:'g�
gK8'5&&5L5�h�)�)-*h)�:���&'1�(5:5)5:-�(�h)'�
h5(�)e&5*+&Ae�*�51e�h-��-:'1�+5�k'&5.�h5�
)1:D-�:�*1+D5(�/'D)5&�

,��`��65�@N5(-3�6��^��J')5(���`5:5)5:5Kh)KL'��'�(5:5)5:5h�-*+'C�*D'��igg�D+A�&-�h5(�)e&5*+'�h-��-:'1�h)'��L5
&-*Ak�&''�(5:5)5:5/
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%����v��;e�/-�/�e-&'8/-�(AhKC'(-&'1�&-�h5(�)e&5*�
+'�L':)':-�h-��-:'1��-���5e�-M:�&'��h)'�

2HP = I���#

:5�h51(��&'1�'*e5:&5L5�(':'/5L5�(AhKC'(-&'1�h)'

" ≠ I���#~�7���:('M�&'��*'*+�/A�s���D�)-(&5(�*'f
C�)�8�h)5/�MK+5C&A.�)5*+�'�'*C�8&5(�&'��(AhKC'�

(-&'1�h)'�
" = I���#3�
" � 
��'� 2HP = I���#~�(���K*+-�

&5(��&'��&5(5L5�)-(&5(�*'1�h)'�
" = I���#3�
2HP = I���#
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`58/5M&53�C+5�'/�&&5�i+'�h)5N�**A�h�)��
)-*h)�:���&'1�(5:5)5:-�(�h)'h5(�)e&5*+&Ae�*�5�
1e�/�+-��-�(�)�8K�@+-+��h)1/5.�'�(5*e5:1k�.
:'ggK8''�5+(�+*+(�&&A�+-DM��8-�U'L)KY�h)'h5�
(�)e&5*+&5.�8�)�&&5.�*+)KD+K)A3�D5L:-�&-�h5�
(�)e&5*+'�&-7�f:-f+*1�&�5:&5()�/�&&A��*:('�
L'�8�)�&3�'�'e�Uh)5*�:-&'�Y�(�57��/�57)-8N-
+-D5�3�C+5�5&'�'*C�8-f+�'8�h5�1�(':'/5*+'�&-
h�5*D5/�h5�')5(-&&5/�d�'g��

\)5N�**A�h�)�)-*h)�:���&'1�(5:5)5:-�/5LK+
(A8(-+@�(58&'D&5(�&'��&��+5�@D5�̀ 4�&-h)1M��
&'.���L5�)5:-�(�57��/��(*�L5�57)-8N-3�&5��k��'
`4�&-h)1M�&'.�"�L5�)5:-3�+� ���&-h)1M�&'.�(
/-*d+-7-e�5:&5L5�8�)&-�'�'��L5�C-*+�.��\5*��:�
&���:��-�+�h5&1+&A/�&-7�f:-(d'�*1�(AhKC'�
(-&'1�h5(�)e&5*+'�&�D5+5)Ae�8�)�&�

^+-D3�5:&5.�'8�(58/5M&Ae�h)'C'&�75�@d�.
CK(*+('+��@&5*+'�*h�-(5(�α�s��e�D�(5:5)5:&A/
K:-)-/�h5�*)-(&�&'f�*�h-��-:'�/3�'*e5:&5�&�
*5:�)M-k'/�(5:5)5:3�*5*+5'+�(�*��:Kfk�/��h5*�
���(5:5)5:&5L5�K:-)-�'/��+�/�*+5�(5*e5:1k-1
:'ggK8'1�(5:5)5:-�'8�L�K7'&A�57)-8N5(�D�'e
h5(�)e&5*+'�

Z-**/5+)'/�:)KLKf�(58/5M&Kf�h)'C'&K���&�
'*D�fC�&53�C+5�(5:5)5:3�)-*+(5)�&&A.�(�h-��-�
:''3�5*�-7�1�+�L)-&'NA��L5�8�)�&��a�.*+('+��@�
&53�(5:5)5:3�)-*+(5)11*@�(�/�+-��-e3�)-*d')1�
�+�'e�D)'*+-��'C�*DKf�)�d�+DK��̂ /�&&5�*�i+'/
*(18-&5�(58&'D&5(�&'��`4�&-h)1M�&'.��,5M�
&5�h5�-L-+@3�C+5�L)-&'NA�8�)�&3�h5+�&N'-�@&5
1(�11*@�/�*+-/'�h)�:h5C+'+��@&5L5�*D5h��&'1
(5:5)5:-3�)-*d')1f+*1�*'�@&��3�C�/�)�LK�1)�
&-1�)�d�+D-�h-��-:'1��;'�A�*(18'�(�&'e�5*�-�
7�(-f+3�'�5&'�75������LD5�h5:(�)M�&A�*:('L-/
h)'�*55+(�+*+(Kfk'/�57)-85/�(58&'D-fk'e�̀ 4�
&-h)1M�&'1e3�D5+5)A��:�.*+(Kf+�(�/-*d+-7�
(*�L5�57)-8N-�
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