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:�*�8�→�8��XUY�d�9^f_\edY_^��VQ\\c�WU\dU^

:"�-�I ��I�*-�9TU^dYdyd��

∀ h��i�∈ 8 * �:h�l�:i��-��h�l�i�
OOOO

�¾FUbdbyW\YSX[UYd�f_^��:��]Yd�C[Q\Qb`b_Te[d�Y^��8²��

?Vd�gYbT�:�h���QeSX�]Yd��h
O
��RUjUYSX^Ud��7Y\d��h�-�h

O
��c_�^U^^U^�gYb��h��bUU\\��RUjW\���:��

;T\\P�!�$��4Ub�8Y\RUbd�BQe]��F���RUb��"��RUcYdjU�TYU�9^f_\edY_^��:�
>URU^��"�!����"�"����"�#��e^T��"�&��]�WU^�WU\dU^*

�"�""� Q�e��f��-�Q�e��f�
OOOOO

��∈3�� ∀e��f∈D��]Yd��e�-�:e�*-�e
O
���f�-�f

O
�

6�b��V∈F���WU\dU

�"�"#� �V���f��-��V���f�
OOOO

� ∀f∈F��]Yd��f�-�f
O
�

4Q^^�Ycd�TYU�^QSX�CQdj�"�!��UhYcdYUbU^TU�<�ce^W��e∈F��f_^��"�!"��bUU\\�
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1TfTXb)�JeUbcd�RU]Ub[U^�gYb��TQ��]Yd�8Y\VU�f_^��"�(��\UYSXd�V_\Wd

�"�"$� R�e��f��-�R�e��f�
OOOOO

��∈3�� ∀e��f∈E��]Yd��e�-�e
O
���f�-�f

O
�

CUY��e�-�h���Yi��<�ce^W�f_^��"�!"��]Yd��h��i��bUU\\��4Q^^�V_\Wd�Qec��"�!#�

R�h��f����YR�i��f����Q�h��f����YQ�i��f��-��V��f� ∀f∈F�

GYb�gyX\U^��f�-�f
O
��e^T�RY\TU^�f_^�TUb�f_bcdUXU^TU^�7\UYSXe^W�TU^�9]QWY^ybdUY\*

!
"Y���R�h��f����R�h��f�

OOOOO
�����

!
"Y���YR�i��f���� YR�i��f�

OOOOOO
����

��
!
"Y���Q�h��f����Q�h��f�

OOOOO
�����

!
"Y���YQ�i��f���� YQ�i��f�

OOOOOO
���-� 

1eVWbe^T�f_^��"�)����"�""��e^T��"�"$��V_\Wd�XYUbQec*

R�i��f����Q�i��f��-� �

GYb�gyX\U^�^e^��f�*-�i��e^T�UbXQ\dU^��RUQSXdU��"�)��e^T��"�"#��*

Q�i��i��-� ��Q\c_�WU\dU^��i�-� ��e^T��h�-�e��c_]Yd�Ycd��e��bUU\\�

1T\TaZd]V� !�%�� 5hYcdYUbd� Y^� � 8� � UY^U� 9^f_\edY_^�� c_� UhYcdYUbd� QeSX� Y^� � 6� � UY^U

[Q^_^YcSXU� 9^f_\edY_^�� 9^� fYU\U^� 1^gU^Te^WU^� Ycd� 8� UY^� 8Y\RUbd�BQe]�� TUb� Qec

[_]`\UhgUbdYWU^� 6e^[dY_^U^� RUcdUXd�� C_]Yd� Ycd� TYU� [Q^_^YcSXU� 9^f_\edY_^� TYU

`e^[dgUYcU� e^T� WWV�� [_]`_^U^dU^gUYcU� �R\YSXU� [_]`\UhU� ;_^ZeWQdY_^� e^T� bUU\\

RUTUedUd�TQ^^�bUU\\�Y]��R\YSXU^�CY^^�

GYb� g_\\U^� ZUdjd� c`ydUb� RU^�dYWdU� BUWe\QbYdydcbUce\dQdU� V�b� UY^U� <�ce^W� f_^� �"�!"�

RUgUYcU^��4YU�2UjUYSX^e^WU^�V�b�TYU�Bye]U�R\UYRU^�gYU�RYcXUb�

4YU�CUcaeY\Y^UQbV_b]��Q��XQRU�^e^�TYU�4QbcdU\\e^W

�"�"%� Q�e��f��*-�⌡⌠
B

�
�α�d��e�d���f�d���Td ∀e��f∈D�

g_RUY��α�*�3×F×F�→�"��V�V�Q��d∈3��UY^U�CUcaeY\Y^UQbV_b]�cUY��TYU�TU^�2UTY^We^WU^

�"�"&�


�α�°��e��f� Ycd�]U�RQb��∀ e�f�∈ F�
�lα�d��e��f�l�≤�=�llellF�llfllF
�lBU�α�d��e��e�l�≥�]�llell

"

F V�V�Q�  d∈3�∀ e�f�∈ F�� �,�]�≤�=�,��∞

�]��=��e^QRXy^WYW�f_^��d��e��f��WU^�Wd�

?VVU^RQb�WU^�Wd�TQ^^�TYU�6_b]��Q��TU^�2UTY^We^WU^��"�!�����"�#��

GYb�UbY^^Ub^�Q^�TYU�2UjUYSX^e^W���δXe��d��*-�e�d���X����e�d���V�b��X∈3�
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BPci�!�&��4YU�6_b]��Q��UbV�\\U��"�"%��e^T��"�"&��

�X��CUY��V∈F���]Yd

�"�"'� �V���f��-� ∀f∈F ]Yd f�d��-� V�V�Q��d�.� �

4Q^^�WY\d�V�b�TYU�<�ce^W��e∈F��TUb�1eVWQRU��"�!"�

e�d��-� V�V�Q��d�,� �

�XX���2UcSXby^[dXUYd�e^T�CdUdYW[UYd�TUb�<�ce^W�]Yd�GUbdU^�Y^��8�

CUY��V�∈ D��∩ 8�c�3�+8���⊂F����V�b�UY^�� �,�c�,�
!
"  e^T�XQRU�TYU�4QbcdU\\e^W*

�"�"(� �V���f��-�⌡⌠
3

�
����V!�d����f�d�����Td���⌡⌠

3

�
���V"
N
�τ��l�fN�τ����Tτ ∀f∈F

]Yd V!∈D���e^T��V"∈8�c�3�+8��
4Q^^�WY\d�V�b�TYU�<�ce^W��e∈F��TUb�1eVWQRU��"�!"�

�"�")� ]�⌡⌠
�∞

d

�lle�τ�ll"�Tτ���le�d�l"�≤�
!
]�⌡⌠

�∞

d

�llV!�τ�ll
"

F��Tτ���S�llV"ll
"
8�c�3+�8����llell

"

8
!
"��3+�8�

���V�V�Q��d∈3

e^T

e∈<∞�3+�8�∩3�3+�8��

1TfTXb)��X��>QSX�TU]�CQdj�f_^�<URUcWeU�WY\d�_VVU^RQb

le�d�l"�-� \Y]
ε→� 

�
!
ε� ⌡⌠

d

d���ε

�le�τ�l"�Tτ � V�V�Q��d∈3� ��l⋅l����>_b]�Y^��8�

CUYU^��d∈3��e^T��ε�.� ��gYb�TUVY^YUbU^�TYU�<Y`cSXYdj�cdUdYWU�CSX^YddVe^[dY_^
ρ�τ��*-�ρε�d�τ�

�"�# � ρ�τ��*-�


�!� V�b�τ�≤�d

���
!
ε��τ���d����!� V�b�d�≤�τ�≤�d���ε

� � V�b�d���ε�≤�τ
�

5c�WY\d�TYU�2UjYUXe^W��fW\��K)M�

�"�#!� BU�R�e��ρe��-�
!
"ε� ⌡⌠

d

d���ε

�le�τ�l"�Tτ ∀e∈E�

1ec�TUb�7\UYSXe^W��"�!#��UbXQ\dU^�gYb

BU�R�e��ρe����BU�Q�e��ρe��-�BU��V���ρe�� Q\c_

�"�#"� ⌡⌠
�∞

�∞

�ρε�d�τ��BU�α�τ��e�τ���e�τ���Tτ���
!
"ε� ⌡⌠

d

d���ε

�le�τ�l"�Tτ�-�BU��V���ρe��

Je]�2UgUYc�TUb�UbcdU^�1eccQWU�TUc�<U]]Qc�cUdjU^�gYb��d�,� ��e^T��ε�.� ��c_��TQ�
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d���ε�,� ��4Q^^�WY\d��ρe�-� ��V�V�Q���d�.� ��e^T�e^dUb�2UQSXde^W�f_^��"�"'��V_\Wd�^QSX�TU]

7bU^j�RUbWQ^W�V�b��ε�→� ��Qec��"�#"��TYU�2UXQe`de^W�

�XX�� Je]�2UgUYc� TUb� jgUYdU^�1eccQWU� RU^edjU^�gYb� TYU�4QbcdU\\e^W� f_^� � V� � WU]y�

�"�"(���C_�V_\Wd�V�b��V!∈D�

�"�##� �V!���ρe��-�⌡⌠
�∞

�∞

��V!�τ����ρ�τ�e�τ��F�F�Tτ�-�⌡⌠
�∞

�∞

�ρε�d�τ���V!�τ����e�τ��F�F�Tτ�

7Ucd�djd�QeV�UY^U]�1bWe]U^d�Y^�K!"M�WY\d�TYU�1RcSXydje^W

�"�#$� llρell"8c�3+�8��≤�S�llell
"
8c�3+�8����

!
ε"c� ⌡⌠

d

d���ε

�le�b�l"�Tb

g_RUY��S��^YSXd��f_^��ε��QRXy^Wd�

JecQ]]U^VQccU^T�V_\Wd�Qec��"�"(����"�#"����"�##����"�#$�

�"�#%� ⌡⌠
�∞

�∞

�ρε�d�τ��BU�α�τ��e�τ���e�τ���Tτ���
!
"ε� ⌡⌠

d

d���ε

�le�τ�l"�Tτ�≤

≤�⌡⌠
�∞

�∞

�ρε�d�τ���V!�τ����e�τ��F�F�Tτ���S�llV"ll
"
8�c�3+�8����llell

"
8c�3+�8����

!
Sε"c� ⌡⌠

d

d���ε

�le�b�l"�Tb

4Ub�7bU^j�RUbWQ^W�V�b��ε�→� ��Ycd�ZUdjd�[_bbU[d��e^T�UY^VQSXU�1RcSXydje^WU^�UbWURU^

�"�")��e^T��e∈<∞�3+�8��
4YU�CdUdYW[UYd�V_\Wd�Qec�^QSXV_\WU^TU^�uRUb\UWe^WU^*

GYb�dUcdU^�TYU�FQbYQdY_^cW\UYSXe^W��"�!#��]Yd��δ�Xϕ��g_RUY��ϕ∈F��RU\YURYW�WUgyX\d�gYbT�

e^T�gYUTUbX_\U^�TYU�f_bYWU^�1bWe]U^dU��5c�UbWYRd�cYSX

�"�#&� R�δXe��ϕ����⌡⌠
3

�
�α�d��δXe��ϕ��Td�-��⌡⌠

3

�
��α�d���X��e�d���X���ϕ�d�����α�d��e�d���X���ϕ�d����Td��

��⌡⌠
3

�
���δX�V!�d����ϕ�d����Td���⌡⌠

3

�
��δXV"
N
�τ��l�ϕN�τ���Tτ�

9]�^ySXcdU^�CSXbYdd�gyX\U^�gYb� �ϕ� *-�ρε�d�δXe��g_RUY� �ρε�d� �TYU�TebSX��"�# ��TUVY^YUbdU

CSX^YddVe^[dY_^�Ycd��F_^�TUb�UbXQ\dU^U^�9TU^dYdyd�^UX]U^�gYb�TU^�BUQ\dUY\�e^T�UbXQ\dU^

]Yd�TU^�W\UYSXU^�1bWe]U^dU^��TYU�je��"�#%��V�XbdU^�

�"�#'� ⌡⌠
3

�
�ρε�d�τ��BU�α�τ���δXe��τ����δXe��τ���Tτ���

!
"ε� ⌡⌠

d

d���ε

�l�δXe��τ�l"�Tτ�≤

≤�⌡⌠
3

�
�ρε�d�τ��l�α�τ���X��e�τ���X����δXe��τ�����α�τ��e�τ���X����δXe��τ���l�Tτ���S�llδXV"ll

"
8�c�3+�8���
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��⌡⌠
3

�
�ρε�d�τ��l�����δXV!��τ�����δXe�e�τ�����l�Tτ����llδXell

"
8c�3+�8����

!
Sε"c� ⌡⌠

d

d���ε

�lδXe�b�l"�Tb

=Yd�CdQ^TQbT�DbYS[c�e^T�7bU^j�RUbWQ^W�V�b��ε →� ��WU\Q^WU^�gYb�je

�"�#(� ]�⌡⌠
�∞

d

�ll�δXe��τ�ll"�Tτ���l�δXe��d�l"�≤ 
!
]�⌡⌠

�∞

d

�llδXV!�τ�ll
"

F��Tτ���S�llδXV"ll
"
8�c�3+�8���

��llδXell
"
8c�3+�8� + c�⌡⌠

�∞

d

�l�α�τ���X��e�τ���X����δXe��τ�����α�τ��e�τ���X����δXe��τ���l�Tτ���V�V�Q��d∈3

4Qc�\UdjdU�9^dUWbQ\�Y^��"�#(��\y�d�cYSX�QRcSXydjU^�TebSX

"�S�=��⌡⌠
�∞

d

�ll�e�τ���X��ll�Tτ�
!
"��⌡⌠

�∞

d

�ll��δXe��τ��ll�Tτ�
!
"�≤�S�llellDllδXellD�≤�S�llδXellD�

6�b��X�→� ��WUXU^��llδXellD��c_gYU�TYU�Q^TUbU^�DUb]U�QeV�TUb�bUSXdU^�CUYdU�Y^��"�#(�

gUWU^�TUb�CdUdYW[UYd�Y]�=YddU\�WUWU^�� ��e^T�c_]Yd�Ycd��e∈3�3+�8��

6�b� TYU� QRcdbQ[dU� CYdeQdY_^� g_\\U^� gYb� ^_SX� UY^� gUYdUbUc�� c`ydUb� RU^�dYWdUc

BUWe\QbYdydcbUce\dQd�Q^WURU^�

4YU�CUcaeY\Y^UQbV_b]�Q�XQRU�^e^�TYU�4QbcdU\\e^W

�"�#)� Q�e��f��*-�⌡⌠
3

�
�α�e�d���f�d���Td ∀e��f∈D�

g_RUY� α� *� F×F�→�"� � UY^U� f_^� � d∈3� � e^QRXy^WYWU� CUcaeY\Y^UQbV_b]� cUY�� TYU� TU^
2UTY^We^WU^

�"�$ � lα�e��f�l�≤�=�llellF�llfllF

lBU�α�e��e�l�≥�]�llell
"

F ∀e�f∈F�� �,�]�≤�=�,��∞�

�"�$!� α�e��f��-� ∀e��f∈F

WU^�Wd��?VVU^RQb�WU^�Wd�TQ^^�TYU�6_b]��Q��TU^�2UTY^We^WU^��"�!�����"�#��

=Yd�CdQ^TQbT�1bWe]U^dU^�gYU�DUcdU^�]Yd�CdU[\_f�=YddU\^�e^T�4YVVUbU^jU^ae_dYU^dU^

UbXQ\dU^�gYb�TQc�V_\WU^TU�BUce\dQd�

BPci� !�'�� 5c� cUY� Q� *� D×D�→�"� UY^U� CUcaeY\Y^UQbV_b]�� TYU� TU^� 2UTY^We^WU^� �"�#)��
�"�$ ��e^T��"�$!��WU^�Wd��4YU�6_b]��R��cUY�WU]y���"�&��TUVY^YUbd�

1e�UbTU]�cUY

V�∈ <"�3+�8����8!�3+�F���
4Q^^�WU\dU^�V�b�TYU�^QSX�CQdj�"�!��UhYcdYUbU^TU�<�ce^W��e∈F��TUb�1eVWQRU��"�!"�
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�"�$"� e∈8!�3+�8�� 2e�-�e�

c_gYU�TYU�1RcSXydje^W

�"�$#� lle�ll
"

<"�3+�8��≤�llV�!�ll
"

<"�3+�8����$�llV�"�ll8!�3+�F���llell<"�3+�F�

"��4X]�EPaXPcX^]b_a^Q[T\�\Xc�ifTX�BTb`dX[X]TPaU^a\T]

GYb� �RUbdbQWU^� XYUb� UY^� RU[Q^^dUc� FQbYQdY_^c`b_R\U]� V�b� jgUY� 2Y\Y^UQbV_b]U^� �fW\�

j�2��K!M��QeV�CUcaeY\Y^UQbV_b]U^��e]�Y^�TUb�1^gU^Te^W�]Yd�TUb�6_b]��U�*-�Q���R��Qec

�"�!!��je�QbRUYdU^�

CUYU^� � F� � e^T� � G� � 8Y\RUbd�Bye]U� �RUb� � "�� cUYU^� � U� *� F� × G� →� "� � UY^U� cdUdYWU

CUcaeY\Y^UQbV_b]�e^T��<∈L�F��G���c_gYU��H�*-�;Ub�<�⊂�F�

6�b�TYU�CUcaeY\Y^UQbV_b]��U��WU\dU*

�#�!� ∀�V∈F� ∃��e∈H * U�e��f��-��V���f� ∀�f∈H�

��F����Q^dYTeQ\Ub�BQe]�je��F���⋅���⋅����1^dYTeQ\`QQbe^W�jgYcSXU^��F���e^T��F�

GYb�^_dYUbU^��TQ��Qec�TU]�CQdj�f_^�2Q^QSX�Qec��#�!��TYU�1RcSXydje^W

�#�"� llellF�≤�S�llVllF�

V_\Wd��6�b�TU^�?`UbQd_b��<��]�WU�WU\dU^*

�#�#� ∃ β�.� * β�ll`llG��≤� ce`
g∈F�k m

�
�`���<g�
llgllH

∀�`∈G��

BPci�"� ��CUYU^��V∈F���e^T��U��e^T��<��UbV�\\U^�TYU�2UTY^We^WU^��#�!��Rjg���#�"��

4Q^^�RUcYdjd�TYU�1eVWQRU

�#�$� U�e��f�����`���<f��-��V���f� ∀�V∈F��

�#�%� �a���<e��-� ∀�a∈G�

WU^Qe�UY^U�<�ce^W���e��`��∈�F�× G���uRUbTYUc�WU\dU^�TYU�1RcSXydje^WU^

�#�&� llellF�≤�S�llVllF��

�#�'� ll`llG��≤�
!
β���llellF���llVllF��

]Yd��S��f_^��V��e^T��e��e^QRXy^WYW�

1TfTXb)�GUWU^��#�!��UhYcdYUbd�WU^Qe�UY^��e∈H��]Yd U�e��f��-��V���f� ∀�f∈H�

GUYdUb�WY\d��#�"���2UdbQSXdU^�TYU�1eVWQRU

�#�(� �`���<f��-��V���f����U�e��f��-*�� V
n
���f� ∀�f∈F�
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;\Qb���� V
n
���f��-� ∀�f∈H�

1ec�TUb�2UTY^We^W��#�#��V_\Wd��TQ��UY^U�]�W\YSXU�<�ce^W��`∈G���UY^jYW�Ycd�

?VVU^RQb�Ycd��F�-�H�⊕�H⊥��e^T�Uc�WU^�Wd��TYU�1eVWQRU��#�(��V�b��f∈H⊥��je�RUdbQSXdU^�

6�b�ZUTUc��`∈G���Ycd�TYU�1RRY\Te^W��f�→��`���<f���cdUdYW�e^T�[_^ZeWYUbd�\Y^UQb�QeV��H⊥�

1\c_�UhYcdYUbd�^QSX�TU]�CQdj�f_^�BYUcj�WU^Qe�UY^��D`∈H⊥��]Yd

�D`�l�f��-��`���<f� f∈H⊥�

8YUbQec�V_\Wd��D∈L�G���F���]Yd��llDll�≤�ll<ll+�Qe�UbTU]�Ycd��D��gUWU^��#�#��Y^ZU[dYf�

GYb�RUjUYSX^U^��@�*-�BQ^�D��⊂ H⊥���e^T�jUYWU^�TYU�7\UYSXXUYd��@�-�H⊥�

JUYWU^�jeUbcd�TYU�1RWUcSX\_ccU^XUYd�f_^��@�

CUY���`Z���UY^U�6_\WU�Y^��G���]Yd��D`Z�→�g∈H⊥�

4Q���D`Z���UY^U�3QeSXi�6_\WU�Ycd��V_\Wd�]YddU\c�TUb�2UTY^We^W��#�#���TQ��QeSX���`Z���UY^U

3QeSXi�6_\WU�Ycd��Q\c_��`Z�→�a��e^T�c_]Yd��D`Z�→�Da�-�g�

JUYWU^�^e^��@�-�H⊥��GUWU^�TUb�1RWUcSX\_ccU^XUYd�f_^��@��WY\d��H⊥�-�@�⊕�@⊥�

GyX\U^��f∈@⊥��TQ^^�Ycd

�`���<f��-��D`�l�f��-� � ∀ `∈G�

gUWU^��D`∈@�

1\c_�Ycd��f∈;Ub�<�-*�H��>QSX�GQX\�Ycd�QRUb��f∈@⊥ ⊂ H⊥��c_]Yd�cY^T��f�-� �e^T��@�-�H⊥�

>QSX�TU]�CQdj�f_^�2Q^QSX�Ycd�TQ^^��D�*�G��→�H⊥��UY^�8_]�_]_b`XYc]ec�

>QSX�TU]�CQdj�f_^�BYUcj�UhYcdYUbd�je�� V
n

∈�H⊥����WU^Qe�UY^��g∈H⊥��]Yd

� V
n
���f��-��g�l�f� �∀�f∈H⊥�

uRUbTYUc�WY\d�^Qd�b\YSX��llgllF�-�ll V
n
llF��

4Q^^�UbV�\\d��Ǹ�*-�D�!g�∈�G�

�#�)� � V
n
���f��-��g�l�f��-��DǸ�l�f��-��Ǹ���<f� �∀�f∈H⊥�

Q\c_�Ycd��Ǹ�∈�G���<�ce^W�f_^��#�&���GUYdUb�WY\d��TQ��D��8_]�_]_b`XYc]ec�

llǸllG��≤�llD�!ll�llgllF�≤�llD�!ll�ll V
n
llF��≤�llD�!ll���llellF���llVllF����

1ec��#�#��e^T��#�)��V_\Wd�TYU�1RcSXydje^W�TUb�>_b]�f_^��D�!��TebSX��
!
β�

1T\TaZd]V� "�!�� CQdj� #�!�� Ycd� �RUbdbQWRQb� QeV� TU^� Y^X_]_WU^U^� 6Q\\�� Y^TU]� V�b

WUWURU^Uc��W∈G��Q^cdU\\U�f_^��#�%��WUV_bTUbd�gYbT
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�#�! � �a���<e��-��a���W� ∀�a∈G��

6Q\\c� UY^� � e ∈F� � UhYcdYUbd�]Yd� � <e � -� W�� c_� \y�d� cYSX� TYU�1eVWQRU� �#�$��� �#�! �� TebSX

8_]_WU^YcYUbU^�QeV�TYU�1eVWQRU��#�$����#�%��jeb�S[V�XbU^�

#��0]fT]Sd]V�PdU�X]bcPcX^]xaT�Bc^ZTb�6[TXRWd]VT]

CUY��Ω∈3^���^�≥�"���UY^�RUcSXby^[dUc�7URYUd�]Yd�<Y`cSXYdj�BQ^T��Γ*-�∂Ω�

GYb�RUdbQSXdU^�TQc�Y^cdQdY_^ybU��\Y^UQbU��CicdU]�TUb�Cd_[Uc�7\UYSXe^WU^�Y^��Ω×3*

�$�!�
∂e
∂d �����∆e�����WbQT�`��-��V Y^��Ω×3�

�$�"� TYf�e�-�W Y^��Ω×3�
�$�#� e�-�eΓ QeV��Γ×3�
:Udjd�TUVY^YUbU^�gYb�C`UjYQ\YcYUbe^WU^�V�b�TYU�f_bXUb�UY^WUV�XbdU^�Bye]U*

F�*-�8
!
 �Ω+�"^�� 8�*-�<"�Ω+�"^� ]Yd�TU^�C[Q\Qb`b_Te[dU^*

��e�l�f���*-�⌡⌠
Ω

�

�∇e�∇f
O
�Th e^T �e�l�f��*-�⌡⌠

Ω

�

�e�f
O
�Th�

8YUbRUY� Ycd�]Yd��f
O
�-�f�h��d�

OOOO
��TYU��R\YSXU�;_^ZeWQdY_^�UY^Ub�[_]`\UhU^�JQX\�Rjg��UY^Uc

Qec�[_]`\UhU^�JQX\U^�RUcdUXU^TU^�FU[d_bc�_TUb�=QdbYh�je�fUbcdUXU^�

4YU�8Y\RUbd�Bye]U��6��D��E��F���F���UbWURU^�cYSX�gYU�je�2UWY^^�TUc�@e^[dUc�"�]Yd�TU^

ZUdjd�[_^[bUdU^�Bye]U^��F��e^T��8��Q\c_*

6�*-�<"�3+�<"�Ω+�"^��� D�*-�<"�3+�8!
 �Ω+�"^���

E�*-�8
!
"�3+�<"�Ω+�"^�� F�*-�E∩D�-�8

!
"�3+�<"�Ω+�"^��∩<"�3+�8!

 �Ω+�"^���

F�*-�E����D��-�8�
!
"�3+�<"�Ω+�"^�����<"�3+�8�!�Ω+�"^���

9^�[Q^_^YcSXUb�GUYcU�cY^T�TQ^^� Y^�TYUcU^�Bye]U^�9^f_\edY_^U^�Ub[\ybd��TYU�]Yd�TU^

C[Q\Qb`b_Te[dU^�fUbdbyW\YSX�cY^T��4UcgUYdUbU^�TUVY^YUbU^�gYb�TYU�8Y\RUbd�Bye]U*

F`�*-�k�e∈8!�Ω+�"���l��⌡⌠
Ω

�
�e�Th�-� �m� F`��*-�Q^dYTeQ\Ub�BQe]�je��F`�

8`�*-�k�e∈<"�Ω+�"���l��⌡⌠
Ω

�
�e�Th�-� �m� 8`��cUY�]Yd��8`��YTU^dYVYjYUbd+

G�*-�<"�3+�8`��∩ 8
!
"�3+�F`��� g_bQec�TQ^^�V_\Wd

G��-�<"�3+�8`����8
��
!
"�3+�F`�
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4YU�6_b]��R��cUY�WU]y���"�&��V�b��e��f�∈ E��TUVY^YUbd��4YU�6_b]��Q��cUY�WU]y�

�$�$� Q�e��f��*-�⌡⌠
�∞

�∞
�⌡⌠
Ω

�

�∇e�∇f
O
�Th�Td

QeV��D×D��TUVY^YUbd�e^T�WU^�Wd�TQ^^�TU^�5YWU^cSXQVdU^��"�!�����"�#��]Yd��=�-�]�-�!�

4UcgUYdUbU^�cUY��U�*-�R���Q��gYU�Y^��"�!!��

1T\TaZd]V�#� ��5c�gybU�]�W\YSX��^QSX�U^dc`bUSXU^TUb�8_]_WU^YcYUbe^W�TU^�CQdj

"�!��V�b�TYU��TYfUbWU^jVbUYU^��5^dc`bUSXe^WU^�TUb�Bye]U��6��D��E��F���F���Q^jegU^TU^�

e]�TYU�5hYcdU^j� UY^Ub� cSXgQSXU^� <�ce^W� f_^� �$�!�� �� �$�#�� je� UbXQ\dU^��GYb� XyddU^

TQ]Yd�ZUT_SX�[UY^U�RUVbYUTYWU^TU^�9^V_b]QdY_^U^��RUb�TU^�4beS[��`�

4UcXQ\R� g_\\U^� gYb� TQc� Y^cdQdY_^ybU� Cd_[Uc�CicdU]� �$�!�� �� �$�#�� Q\c� WUUYW^UdUc

FQbYQdY_^c`b_R\U]�]Yd�jgUY�CUcaeY\Y^UQbV_b]U^�V_b]e\YUbU^�e^T�\�cU^�

GYb�TUVY^YUbU^�TU^�?`UbQd_b <�*�F�→�G

fUb]�WU

�$�%� �`���<e��*-��⌡⌠
�∞

�∞
��`!�l�TYf�e��Td�����⌡⌠

�∞

�∞
���WbQT�6�`"�l�6�e��Td

V�b��`∈G���]Yd��`�-�`!���`"���`!∈<"�3+�8`����`"∈8
��
!
"�3+�F`����e∈F�

8YUbRUY�fUbgU^TU^�gYb�TYU�2UjUYSX^e^WU^

TYf�e�*-�∑
Y-!

^

�
∂eY
∂hY

e^T WbQT�`�*-���
∂`
∂h!

�������
∂`
∂h^

���

;T\\P�#�!��6�b�TU^�TebSX��$�%��TUVY^YUbdU^�?`UbQd_b��<��WU\dU^*

�X� <∈L�F��G� ]Yd ll<ll�≤� ^�

�XX��6�b��H�*-�;Ub�<��WY\d* H�-�k�f∈F��l��TYf�f�-� ��V����Y^��Ω×3�m

1TfTXb)� �X�� 1ec� TUb� 2UjYUXe^W� �$�%�� e^T� TU^� 5YWU^cSXQVdU^� TUb� 6_ebYUb�DbQ^cV_b�

]QdY_^�QeV�4YcdbYRedY_^U^�Qec��8��
!
"��V_\WU^�TYU�;_bbU[dXUYd�TUb�4UVY^YdY_^�f_^��<��c_gYU

TYU�2UXQe`de^WU^�TebSX�CdQ^TQbTQRcSXydje^WU^�

4YU�4UVY^YdY_^�f_^��<��Ycd�QeSX�f_^�TUb�4QbcdU\\e^W�f_^�`�e^QRXy^WYW��TQ

<"�3+�8`��∩�8��
!
"�3+�F`��⊃�<"�3+�F`� TYSXd�
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�XX��CUY��e∈H��TQ^^�Ycd �`���<e��-� ��∀�`∈G���c_]Yd�WY\d�QeSX

�$�&�  �-��⌡⌠
�∞

�∞
��`�l�TYf�e��Td ∀�`∈<"�3+�8`�

6�b�RU\YURYWUc��`∈<"�3+�<"�Ω+�"����cUdjU^�gYb

`Ω�d��*-�
!
lΩl�⌡⌠

Ω

�
�`�h��d��Th�

TQ^^�WU\dU^

`Ω∈<"�3+�<"�Ω+�"�� e^T `���`Ω�∈<"�3+�8`�

e^T�Qec��$�&��V_\Wd TYf�f�-� ��V����Y^��Ω×3�
CUY�^e^��e∈k�f∈F��l��TYf�f�-� ��V����Y^��Ω×3�m��4Q^^�WY\d

�$�'� �`���<e��*-�⌡⌠
�∞

�∞
���WbQT�6�`"�l�6�e��Td

∀�`∈G���]Yd��`�-�`!���`"���`!∈<"�3+�8`����`"∈8
��
!
"�3+�F`��

GyX\U^�UY^U�6_\WU���`"[���Y^��<
"�3+�F`���]Yd��`"[�→�`"��Y^��8

��
!
"�3+�F`���e^T�RUjUYSX^U^

`[�*-�`!���`"[��4Q^^�UbXQ\dU^�gYb�]Yd�CdQ^TQbTQbWe]U^dU^�Qec��$�'�*

�$�(� �`[���<e��*-�⌡⌠
�∞

�∞
���WbQT�6�`"[�l�6�e��Td�-�⌡⌠

�∞

�∞
���6�WbQT�`"[�l�6�e��Td�-

-�⌡⌠
�∞

�∞
��WbQT�`"[�l�e��Td�-���⌡⌠

�∞

�∞
��`"[�l�TYf�e��Td�-� �

4Ub�7bU^j�RUbWQ^W�V�b��[�→ ∞��Y^��$�(��\YUVUbd��e∈;Ub�<�-�H�

1T\TaZd]V�#�"��4Ub�?`UbQd_b�<�Ycd�UY^U�FUbQ\\WU]UY^Ube^W�TUc�4YfUbWU^j_`UbQd_bc�

Q\c�1RRY\Te^W�f_^��F��^QSX��G�

4YU� V_\WU^TU^� 1eccQWU^� �RUb� TU^� ?`UbQd_b� � <� � cY^T� Ve^TQ]U^dQ\� V�b� TYU� gUYdUbU

2UXQ^T\e^W�TUb�1eVWQRU��$�!�����$�#��

;T\\P�#�#��6�b�TU^�WU]y���$�%��TUVY^YUbdU^�?`UbQd_b��<��WU\dU^�TYU�1eccQWU^*

�X� ∀�W∈G ∃��e∈�;Ub�<�⊥�⊂�F * <e�-�W

TQRUY�WY\d�TUb�1RcSXydje^W
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�$�)� llellF�≤�S
n�llWllG�

g_RUY Sn�*-]Qh�k�SΩ�� !���S!�m ]Yd �S!��!�*-�⌡⌠
3

�
�
"�!���S_c�d��

d" �Td

e^T��SΩ��Xy^Wd�^eb�f_]�7URYUd��Ω��QR�

�XX��4Ub�?`UbQd_b��<��WU^�Wd�TUb�1RcSXydje^W��#�#��]Yd�TUb�;_^cdQ^dU^��β�*-�Sn��!�

1TfTXb)��X��CUY��W∈G��WUWURU^��RUdbQSXdU^�TYU�7\UYSXe^W

�$�! � �`���<e��-��`���W� ∀�`∈G��

GYb�dUcdU^��$�! ��]Yd

`���`Ω�∈<"�3+�8`�

V�b�RU\YURYWUc��`∈<"�3+�<"�Ω+�"�� ��`Ω�d��*-�
!
lΩl�⌡⌠

Ω

�
�`�h��d��Th��

e^T�UbXQ\dU^

�$�!!� ��TYf�e�d��-�W�d� Y^��Ω���V�V�Q���d∈"�
5c� Ycd� RU[Q^^d� �fW\�� j�2�� K&�� '� !#M� V�b� bUU\\gUbdYWU� 7b��U^+� RUY� [_]`\UhU^� 7b��U^

cU`QbQdU� 2UdbQSXde^W� V�b� BUQ\�� e^T� 9]QWY^ybdUY\U��� TQ�� V�b� TYU� � d∈3�� V�b� TYU� �$�!!�
CY^^�]QSXd��WU^Qe�UY^

e�d��∈�F�∩��;Ub�TYf�⊥ UhYcdYUbd�]Yd

lle�d�llF�≤�SΩ�llW�d�ll<"�Ω��"��-�SΩ�llTYf�e�d�ll�<"�Ω��"��

4YU�;_^cdQ^dU��SΩ��Ycd�Y]�bUU\\U^�gYU�[_]`\UhU^�6Q\\�W\UYSX�e^T�Xy^Wd�^eb�f_^��Ω��QR�

C_]Yd�V_\Wd

�$�!"� e∈D ]Yd llellD�≤�SΩ�llWll<"�3+�8`�
�

1ec��$�!!��UbXQ\dU^�gYb�V�V�Q���d∈3��V�b�TYUcUc��e*

�$�!#� ⌡⌠
Ω

�
�e�h��d��∇ϕ

OO
�Th�-�⌡⌠

Ω

�
�W�h��d��ϕ

O
�Th�-��W�d����ϕ�F`��F` ∀ ϕ∈F`

TQ��F`�⊂�8`�⊂�F`���UY^�BQe]dbY`U\�Ycd�

>QSX�TU]�CQdj�f_^�BYUcj�UhYcdYUbd�je��W�d�∈F`����V�V�Q��d��WU^Qe�UY^��g�d�∈F`��]Yd

�$�!$� �W�d����ϕ�F`��F`�-��g�d��l�ϕ��-�⌡⌠
Ω

�
�∇g�h��d��∇ϕ

OO
�Th ∀ ϕ∈F`�

1e�UbTU]�WY\d�TYU�1RcSXydje^W

�$�!%� llg�d�llF`
�-�llW�d�llF`�
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GUWU^�TUb�5Y^jYW[UYd�f_^��e��e^T��g��V_\Wd�Qec��$�!#��e^T��$�!$�

�$�!&� e�d��-�∇g�d� e^T lle�d�ll<"�Ω���^��-�llW�d�llF`�
V�V�Q���d∈3�

1ec��$�!$��V_\Wd�TQ^^�V�b��V�Q���d��c∈3��TYU�2UjYUXe^W

⌡⌠
Ω

�
��∇g�d����∇g�c���∇ϕ

O
Th�-��W�d����W�c���ϕ� ∀ϕ∈F`�

:Udjd�cUdjU^�gYb��ϕ�*-�g�d����g�c���gQc�je

ll�g�d����g�c��ll
"
F`
�≤�ll�W�d����W�c��ll

"

F`�

V�Xbd��>QSX�F_bQeccUdje^W�Q^��W��WY\d��FW\��j�2��K(M�*

llWll
"

8
!
"�3+�F`��

�-�llWll
"

<"�3+�F`�����S!�⌡⌠
3

�
�⌡⌠
3

�
�ld���cl�"�ll�W�d����W�c��ll

"

F`��Td�Tc�,�∞

]Yd �S!��!�*-�⌡⌠
3

�
�
"�!���S_c�d��

d" �Td�

1\c_�V_\Wd��e∈E��]Yd

llellE�≤� !���S!�llWll8
!
"�3+�F`��

e^T�e^dUb�2UQSXde^W�f_^��$�!"���UbXQ\dU^�gYb�TYU�1eccQWU��$�)��

�XX��CUY��`∈G���gyX\U^��ǹ�*-�B`��g_RUY��B�*�G��→�G��TUb�BYUcjcSXU�?`UbQd_b�Ycd�

4Q^^�WY\d

�$�!'� �`���ǹ��-��B`l�ǹ��-��ǹ�l�ǹ��-�llǹll"�-�ll`ll"�

E]�TYU�1RcSXydje^W��#�#��je�jUYWU^�WU^�Wd�Uc�c_]Yd��TYU�1eccQWU��Y��Y^�1^c`beSX�je

^UX]U^*

Je��ǹ∈G��UhYcdYUbd�WU^Qe�UY^��e�∈��;Ub�<�⊥��]Yd��<e�-�ǹ��e^T��llell�≤�Sn�llǹll�

4Q^^�V_\Wd��#�#��]Yd��β�*-�Sn��!�

GYb�cUdjU^�ZUdjd�V_\WU^TU�2UTY^We^WU^�V�b�TYU�bUSXdU^�CUYdU^�f_bQec*

�$�!(� V∈F��

�$�!)� eΓ��RUcYdjU�UY^U�6_bdcUdje^W

enΓ ∈�<"�3+�8!�Ω+�"^���∩ 8
!
"�3+�<"�Ω+�"^���

�$�" � W∈G�

GYb�TUVY^YUbU^�UY^U�cSXgQSXU�<�ce^W�TUb�1eVWQRU��$�!�����$�#��



18

3TUX]XcX^]�#�$��CUYU^��$�!(����$�!)����$�" ��WUWURU^��5Y^�@QQb

�e��`��∈ <"�3+�8!�Ω+�"^���∩ 8
!
"�3+�<"�Ω+�"^���× G�

XUY�d�cSXgQSXU�<�ce^W�TUb�1eVWQRU��$�!�����$�#���VQ\\c

�$�"!� R�e��f����Q�e��f�����`���<f��-��V���f� ∀ f∈F�

�$�" � �a���<e��-��a���W� ∀ a∈G��

�$�"!� e�-�eΓ QeV��Γ×3�
4YU�6e^[dY_^��`��^U^^U^�gYb�4beS[�

4YU��R\YSXU^�CdQ^TQbTcSXbYddU�e^T�TYU�3XQbQ[dUbYcYUbe^W�TUc�;Ub^c� f_^� � <� � WU]y�

<U]]Q�$�"���YY��UbWURU^*

;T\\P�#�%�� �8_]_WU^YcYUbe^W��CUYU^� �$�!(��� �$�!)��� �$�" ��WUWURU^�e^T�cUY� �eW∈F

]Yd��<eW�-�W���<e
n

Γ��WU]y��<U]]Q�$�$���Y���4Qc�@QQb

�e��`��∈ <"�3+�8!�Ω+�"^���∩ 8
!
"�3+�<"�Ω+�"^���× G�

Ycd�WU^Qe�TQ^^�cSXgQSXU�<�ce^W�TUb�1eVWQRU��$�!�����$�#���gU^^�V�b�TQc�@QQb

�g��`��∈ <"�3+�8!
 �Ω+�"^���∩ 8

!
"�3+�<"�Ω+�"^���× G�

WU\dU^*

�$�""� e�-�g���eW���e
n

Γ�

�$�"#� R�g��f����Q�g��f�����`���<f��-��V���f����R�enΓ��f����Q�e
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¦L¿/©�¬¯·/«Ý¶ � ËÜÌ<Í �2���V�V�C�

�V���>�TÞC�����h�R�h�9�����6�*�h���6ßÚ /����¢� Í
à  VáR�"� ÍÕÍ�â �*ã��*���Õä Ì �´åN�Læ Ì �¼�Ü�" V�6 %ç×è��"��éê ¤
È�·/¹R·/«a«�µh«È}·/¹_°±¬¯·/«H»6°¸·ÜÊo¬a«Ç¬�¾h¬ë¦>Ä¨¥9« Ä>¿/¹;¬±°aÁÜ©m¶�Âh¿/¹9½
·/¹±ÄCµP½2¬a¦Nµ"·V¹íìî¿/¦6°±¹R¿/«�»<²%¶_°Aµh©ï¶ � ËTÌ6Í �2���V�V�C�

�V���>�/ð*�����h�R�h�9�����6�*�h��¤
ìî¿/©�ªLÆ*°¸·V°±¬¯¿/¦L·/«
Àlµ�°aÁC¿�º%¶�Âo¿/¹9½2¬a¦Nµ"·/¹oñ<ò�Æ<·Tº/¹R·V°±¬¯®ôóHªN°±¬a©�¬�¾�·V°±¬¯¿/¦ �Lõ Ì*öTÌ á"�����V�V�C�

�V���>�T÷C�����h�R�h�9�����6�*�h���<ø}  Í¼ù6ú � ûV�h��áh�6ã��*���¼ä Ì ��åN�Læ Ì �Õ�Ü�" V�< %ç×è9�"��éê �6ü��"� öVâ ��� â æ Ì �¼�>�" V�< %ç×è�����éê ¤
»L¿/«ÇÅ�¬a¦>Är¥�« ÄCµ�Êh¹É·/¬¯®ý³�¬¯®�®;·V°±¬}Ã�Ø�Æ*·T°±¬±¿/¦<¶ô¿V¦þÈ�·V¹É·/«a«¼µo«ïìî¿/©�ªLÆ*°Aµh¹�¶ ÿH¶;¬a¦>Ä � µoÒ�°¸¿V¦�� ¶¨Àiµh°aÁC¿�ºlÒî¬±°aÁ
Ã�Ù>·T®�°î½2¬a¦Nµ�»Nµ"·V¹É®hÁ �Lõ Ì*öTÌ áR�ï���V�V�C�

�V���>���C���H /��á�ü����Ì �*�V�<�< /¢6�¼ V�
	 ����� ú ¤
ó�¦Ó°aÁWµ}¹R·V°Aµ}¿RÂ}®�¿/¦<ÅVµo¹¯Ä>µh¦L®;µ�¿ÉÂ�¬ë¦���¦<¬±°Aµ�ÁC¿V¹;¬¼¾�¿/¦ôº/¬ë¶o®;¿/ÆW¦6°Aµ"ºm¿;ªN°±¬a©¨·/«<Å/·/«Æ6µ�Â;ÆW¦L®�°±¬±¿V¦*¶ �� â�� ���ï¢�h�
���V�V�C�

�V���>���>�����h�R�h�9�����6�*�h����� âTÍ �V�h�9ßô� ú ���¨ V�<�O�<� â � öVöTÌ*â��9Ì ¤
¥ � ¿T°Aµï¿V¦Ð°aÁWµ � ÆW©Óµo¹_¬±®;·/«O»L¿/«ÇÆ*°±¬±¿/¦l¿RÂÓìî¿/©�ªL«�µ�Ù��ï·/©�¬ë« °¸¿/¦<¬¯·/¦l·/¦Lº�»��TµoÒîÖ���·V©m¬a« °¸¿/¦<¬¯·/¦�Ã�¬�Ä>µo¦6Ö
Å%·/«ÇÆ6µPÈ�¹R¿ÜÊo«¼µo©m¶ �� â�� ����¢�h�����V�V�C�

�V���>�T�C��ã�¢N�h� ú  /��£Ñ��� V�<á � ú �6� Ì �"� ú  /��£Ñ�!�âTú �O¤
� ÆW©Óµo¹_¬¯®�·/«C¶;¬a©�ÆW« ·V°±¬¯¿/¦Ñ¿ÉÂ�·9¶_¬ë«Ç¬±®;¿/¦#"�¿�·T°±¬ë¦>ÄP¾�¿/¦Nµ�Òî¬a°aÁ�·îÂ_¹Rµ;µ�®;·;ªL¬a«ë«�·/¹_²P¶;ÆW¹aÂo·Ü®;µ ��$��&%h���ï¢�h�����V�V�C�

�V���>�*�/���������V���< /¡V¢���<£<�h��¤
Û
ÁWµPÈ�·V¹É·/©Óµ�°Aµo¹_¬�¾]µ"º�')( ¥�« ÄÜ¿/¹_¬a°aÁ>© Âh¿/¹�»<²/©�ªL«¼µ"®�°±¬±®+*-,�Æ*°¯°Aµh¹." ²0/�Àd·V°±¹_¬¯®;µ_¶ �6�*�h¢<� Ì  /�����V�V�C�

�V���>�TÎC���������V���< /¡V¢���<£<�h��¤
Ã�¹_¹É¿V¹�¥�¦N·/«²%¶_¬Õ¶í¿RÂÓ°aÁWµ�¶_²%©�ªL«¼µ"®�°±¬±®í½�·/¦N®;¾�¿/¶�Àlµ�°aÁC¿�ºmÂh¿/¹�°aÁ*µ�¶;²/©�ªL«¼µ"®�°±¬¯®�Ã&¬ ÄCµo¦<Å/·/«ÇÆ<µ�È&¹É¿>Êo«¼µo© �
ß1� /�2%Ó���V�V�C�

�V���>�TÞC��ã�¢N�h� ú  /��£Ñ��� V�<á � ú �6õ Í43 ����£�å5� ú �Ó�¼£*�h¤
»<¬a©mÆW«�·V°±¬¯¿/¦l¿ÉÂïºÜµh¦Lº/¹_¬a°±¬¯®�®h¹_²%¶_°¸·/«ÄV¹R¿/Ò�°aÁ�Òî¬±°aÁô°aÁWµo¹_©¨·/«2®;¿/¦<ÅVµ"®�°±¬¯¿/¦ �Nß1� /� %����V�V�C�

�V���>�/ð*��ã�¢N�h� ú  /��£Ñ��� V�<á � ú ¤
6 ¬ë¦<¬±°AµÑµo«¼µo©Óµh¦6°�ºV¬Õ¶h®h¹"µh°±¬¼¾�·V°±¬¯¿/¦ ¿ÉÂ�°aÁWµ � ·VÅ�¬¸µo¹_ÖE»6°¸¿7�Vµ_¶íµ�ØhÆ<·V°±¬¯¿/¦*¶¨Òî¬±°aÁi·ïÂ;¹"µ�µý®;·;ªL¬a«ë«�·/¹_²Ú¶_ÆW¹ëÂh·T®;µ �
ß1� /�2%Ó���V�V�C�

�V���>�T÷C�����h�R�h�9�����6�*�h��¤
Àd·V°aÁ*µo©¨·V°±¬.�Ó¬ë¦ ºÜµh¹#,9µo¹_Æ_Â;¶¸ªN¹É·�ÙT¬Õ¶ � ËÜÌ<Í �2���V�V�C�

�V���>���C��õ��<£*�"�&89$m� ���L�2 V�:�o�V�N�< /¢6�¼ V��ø´��	 ���"� ú ¤
³&¿ÜÊhÆ>¶o°±¦Nµ_¶;¶m¿ÉÂ´¦N¿/¦<«Ç¬ë¦Nµ�·/¹´¶_²%¶_°Aµo©m¶m·V¦Lºí°aÁWµo¬a¹ïºT¿/©¨·/¬a¦*¶�¿ÉÂï·V°¯°±¹R·T®�°±¬¯¿/¦ �õ Ì*öTÌ áR�´���V�V�C�



�V���>���>�����h�R�h�9�����6�*�h���<ã��<���¼ä Ì ��åN�Læ Ì �¼�>�" V�< %ç×è�����éê �6ü��"� öVâ ��� â æ Ì �¼�>�" V�< %ç×è��"��éê ¤
,�·/« ·V¦L®;µ�ºiÛ<¹;ÆW¦L®;·V°±¬±¿V¦rÀd¿�ºÜµo«�³�µ"ºVÆ*®�°±¬±¿V¦ ¿ÉÂP½�·/¹¯Ä>µhÖE»L®;·/«¼µïÔ�µo¦<¶hµm»<²%¶o°Aµo©m¶�¿/¦rÈ�·/¹R·/«a«�µh«�ìî¿/©�ªLÆ*°±Ö
µo¹;¶ �NåW� ù �R����¢�h�����V�V�C�

�V���>�T�C��ø â �<  Í £ÚåC���â � �h��¤
ìî¿/«a« ¿�®;·V°±¬¯¿/¦Ó©Óµh°aÁW¿�º%¶LÂh¿/¹�¶o¿/«ÇÅ�¬a¦>Ä9«Ç¬ë¦µ"·/¹�º/¬ � µo¹"µo¦6°±¬¯·/«ÇÖÉ·/« Ä>µ]Êo¹R·/¬¯®�Ê"¿VÆC¦NºT·/¹_²PÅ%·/«ÇÆ6µ�ªL¹É¿>Êo«¼µo©m¶ �ÜåC� ù �R����ç
¢�h�´���V�V�C�

�V���>�T�C��� Ì áR�hûW�¼�Ñõ����h �ûN¤
Àd¿�º>µo«a«¬a¦>ÄíÒî¬±°aÁ ó�¹o°aÁC¿/¦N¿/¹;©¨·/« ,�·%¶_¬Õ¶ 6 ÆC¦N®�°±¬¯¿/¦*¶ �OåC� ù �R���ï¢�h�´���V�V�C�

�V���L�h�W���������V���< /¡V¢���<£<�h����$m�NåC�R� � ���Ðß�  ���V�hûV���� Í�âTÌ�3 �h�}ßÚ  �"�V�hûN¤
��·V©m¬a« °¸¿/¦d·/¦Lº��W·Ü®�¿ÜÊh¬�®�¿/©Óµ�Â_ÆW«ë«�®h¬a¹R®h«¼µ����*·T®�¿ÜÊh¬�·/« ÄÜ¿/¹_¬±°aÁÜ©m¶�Âo¿V¹P¶_°±¹_Æ<®�°±ÆW¹Rµ�º ��·/©�¬a«Ç°¸¿V¦<¬±·V¦iµo¬�Ä>µo¦6Ö
ªL¹R¿ÜÊo«¼µo©m¶ �Oè��C� â ¢N�h�ï���V�V�C�

�V���L�V�/�����h�R�h�9�����6�*�h�����9�¼� �o���>�R���}�h�;��é V�<£*�&%V�<õ��Ü� â �6� â �2 VáR� â ��¤
ó�¦Ð°aÁ*µ��ï«�µh¬ë¦<©¨·/¦Ú§_°Aµh¹É·T°±¬±¿/¦�Âh¿/¹ � ¿/¦*¶o°¸·ÜÊo¬a«Ç¬�¾�·ÜÊo«¼µm»<²%¶_°Aµh© �Nè��C� â ¢N�h�ï���V�V�C�

�V���L��ÎC�����h�R�h�9�����6�*�h���<�������V���< /¡V¢���<£*�h��¤
¥ �P²ÜÊh¹;¬¯ºPÀlµh°aÁW¿�º�Âh¿/¹}°aÁWµ � ÆW©Óµo¹_¬±®;·/«<»L¿/«ÇÆ*°±¬±¿V¦�¿ÉÂ Ô�¬Õ¶h®h¹"µh°AµhÖhÛH¬a©Óµ&¥�« ÄCµ�Êh¹É·/¬¯®�³}¬±®;®�·V°±¬Ã�ØhÆ<·V°±¬¯¿/¦*¶ �
 â�� ����¢�h�m���V�V�C�

�V���L��ÞC�����h�R�h�9�����6�*�h���<ã��<���¼ä Ì ��åN�Læ Ì �¼�>�" V�< %ç×è�����éê �6ü��"� öVâ ��� â æ Ì �¼�>�" V�< %ç×è��"��éê ¤
� ÆW©Óµo¹_¬¯®�·/«*»L¿V«Æ*°±¬¯¿/¦ô¿ÉÂ&»L®oÁ>ÆC¹&»L°¸·ÜÊo«¼µ�½2¬a¦Nµ"·/¹�Àd·V°±¹_¬ ÙPÃ}ØhÆ<·V°±¬¯¿/¦*¶}¿/¦¨ÀrÆW«Ç°±¬¯®�¿V©}ªNÆW°Aµh¹�¶ �  â�� ���ï¢�h�
���V�V�C�

�V���L�oð*��ã�¢N�h� ú  /��£Ñ��� V�<á � ú �
	´ /� âTÍ ß���� Ì<Í  W¤
¥}ºÜ·;ªN°±¬aÅ�¬±°±²�¬a¦��%Ô §;©¨·�Ä>µPÈ&¹É¿�®;µ_¶;¶;¬a¦>Ä ��$��&%h����¢�h�ï���V�V�C�

�V�]�>�*�/�����h�R�h�9�����6�*�h����� âTÍ �V�h�9ßô� ú ���¨ V�<�O�<� â � öVöTÌ*â��9Ì ¤
È}µh¹_°±ÆW¹�Ê"·V°±¬¯¿/¦ý¥9¦L·/«Ç²]¶_¬Õ¶�Âo¿V¹�°aÁWµ�Ã�¬�Ä>µh¦<Å%·/«ÇÆ6µ&È�¹R¿ÜÊo«¼µo©�¿RÂ9· 6 ¿/¹_©�·V«<È&¹É¿�º/Æ<®�°�¿ÉÂ�Àd·T°±¹;¬¯®;µo¶ � Ë  V� Ì  /�
Î/�V�V�W�

�V�]�>�TÎC��� ù �¼� ö � Ì  V� ö ¤
6 ¬ë¦<¬±°AµPÃ�«¼µo©Óµh¦6°�Àiµh°aÁC¿�º�Âh¿/¹�À ¬ ÙCµ"º�È�¹R¿ÜÊh«�µh©ï¶ïÒî¬a°aÁ�È}µh¦L·/« °±² � Ë  V� Ì  /��Î/�V�V�W�

�V�]�>�TÞC�mü9�Õ V� 3 �; V� �o��á � â ßÚ /�"�"�¼�<� � â ¤
³�µ"®�ÆW¹�¶_¬ëÅVµï©¨µo¶�ÁÑ¹"µ-��¦Nµh©Óµo¦6° ¬a¦��]Ô �6�<�h¢<� Ì  /��Î/�V�V�W�

�V�]�>�/ð*��ã�¢N�h� ú  /��£Ñ��� V�<á � ú � à�ú �;�¼áR� âVù6ú ã ö ¢�h��á��Lè Í � � �h��ß����¼� �"�V�V���� � âTÍ �h�" �å5� Ì ��� Ì ¤
Û6·V²%«�¿/¹_Öoìî¿VÆ<µ�°¯°Aµm»<²%¶_°Aµh©�Òî¬±°aÁí¥9¶_²/©m©Óµ�°±¹;¬¯® ,�¿/ÆW¦LºT·/¹_²rìî¿V¦Lº/¬±°±¬±¿/¦<¶ ��*�h¢<� Ì  /��Î/�V�V�W�

�V�]�>�T÷C�����h�R�h�9�����6�*�h��¤
»<²/©�ªL«�µ�®�°±¬¯®�,�·/«�·/¦L®h¬a¦>ÄÑ¿ÉÂ ��·/©�¬a«Ç°¸¿V¦<¬±·V¦ÚÀd·V°±¹_¬±®_µ_¶ �6�*�h¢<� Ì  /��Î/�V�V�W�

�V�]�>���C���< /¢L� âíà   �¨� Í¼Í �¯� �
 /��á9ü����Ì �*�V�*�< /¢L�¼ V�
	 ���"� ú ¤
¥ ¹RµAÄVÆW«�·/¹;¬¼¾�·T°±¬±¿/¦ ¿ÉÂ���Æ6Ê"¿VÅ�� ¶mµ"ØhÆ<·V°±¬¯¿/¦�Âh¿/¹´¹R¿ÜÊoÆC¶_°&ºT¿V©�·V¬ë¦*¶�¿ÉÂï·V°¯°±¹R·T®�°±¬¯¿/¦ �Oß � /� %ïÎ/�V�V�W�

�V�]�>���>�ïßÚ�:� ú  /� Í 	 âTÍ�� �6ã�¢�h� ú  /��£ý� � V�6á � ú �Nß��:� ú  /� Í ���âTú �ô� $ â �Ó�¼�<�:��$9  � �¼áh¤
Àd¿�º>µo«a«¬¸µo¹_ÆW¦>ÄÑºÜµo¹9¥´Ê0���ÆCÁÜ«ÇÆW¦>ÄíÅ%¿V¦Ð»L°¸·%ÁÜ«¼Êo¹R·/©�©¨µh¦ �Oß1� /� %mÎ/�V�V�W�

�V�]�>�T�C�måC�R� ùLú  V�
$9  ú<Í �V�V�6���h�R�h�9ß� V /¡*��ü��h��£��H��á � ú �V�V¤
§;¦6°Aµo¹AªW¿/«�·V°±¬a¦>ÄÑ»N®�·/«Ç¬ë¦CÄ 6 ÆW¦L®�°±¬¯¿/¦*¶ïÒî¬a°aÁ�Ô�Æ<·/«Ý¶ �6õ ù ��� Í Î/�V�V�W�

�V�]�>�T�C� ËTâ � ú ����� � ú �"���6áh�<�< /¢6�¼ V�
	 ����� ú ¤
¥ ÄV«�¿ÜÊ"·V«¬¼¾�·V°±¬¯¿/¦ýªN¹É¿�®_µ"º/ÆW¹"µ&Âh¿/¹´«�¿�®;·/«ë«Ç²�¶_°¸·ÜÊh¬ë«Ç¬�¾h¬ë¦CÄÑ®�¿/¦6°±¹R¿/«a«�µh¹�¶ ��ß� V�
Î/�V�V�W�



�V�]�L�h�W�����h�R�h�Pß� V /¡*�Oü��h��£��H��á � ú �V�V��	 �h���*�h� 	 � Í¼Í �¨ V�<���*ü �Ì �Ü�R�h� 	 âTÍÕÍ �¨ V�<�O¤
Ô�µh°Aµ"®�°±¬±¿V¦ ·/¦Lº ì�«�·%¶�¶_¬ � ®�·V°±¬¯¿/¦ ¿RÂ�Àl·V°Aµo¹_¬±·V«î¥9°¯°±¹_¬¸ÊoÆ*°Aµ_¶ÓñÚ¥�È�¹R·T®�°±¬¯®�·/«�¥�ªTªL«Ç¬±®;·V°±¬¯¿/¦ ¿ÉÂ Ï�·/ÅVµo«¼µh°
¥�¦L·/«Ç²%¶;¬ë¶ �LßÚ V�
Î/�V�V�W�

�V�]�L�V�/�måC�R� 3  V�ý� â á � ú �h���h�<õ Í43 �"��£ýå5� ú �Ó�¼£*�h� 	 Ì �<��¢�h�"��ü��*åW�¼�h¢N�h���h�>ã�¢�h� ú  /��£¨��� V�<á � ú � 	 Í   Ì áRç�	 �h���*�h�
� ����%V�Nü��h� ú  /��£
$#%�� Ì �N� � ú*â �¨ Vá 	´ V�¼áR�h��¤
»<¬a©mÆW«�·V°±¬¯¿/¦l¿ÉÂ�§;¦LºVÆ>¶o°±¹;¬¯·/«�ì�¹;²%¶_°¸·V« � ¹R¿/Ò�°aÁrÊo²í°aÁWµ��6µh¹_°±¬¯®�·/« ,�¹_¬¯º�ÄV©¨·/¦ÚÀiµh°aÁC¿�º �NßÚ V�
Î/�V�V�W�

�V�]�L��ÎC� � âTÍ �V�h�#��� ú �Ó V�<�O�Lü��h��£ �
��á � ú �V�V¤
Ï�·/ÅVµo«¼µh° ,�·/¶hµ"º�Àiµh°aÁC¿�º/¶�Âo¿V¹9§;©�ªL¹R¿/Å/µ�º ÏÑ¬a¦LºmÈ&¹É¿ ��«�µh¹�»<¬�ÄV¦N·/«NÈ�¹R¿�®_µ_¶�¶_¬ë¦CÄ �NßÚ V�
Î/�V�V�W�

�V�]�L��ÞC�måC�R� ùLú  V�
$9  ú<Í �V�V�6���h�R�h�9ß� V Vá"á�¤
¥ � ¿T°Aµ�¿/¦�§;¦6°Aµo¹AªW¿/«�·V°±¬a¦>ÄÑ»L®;·/«Ç¬ë¦>Ä 6 ÆW¦L®�°±¬¯¿/¦*¶ �6õ Ì<öTÌ áR��Î/�V�V�W�

�V�]�L�oð*��ø â �<�Üûýø}  � Í   Ì �<ø âTÍ:3îà�Í   �"�W£ â û Í �V�6�*�Wé��£ é�h�;�:�� â>â �ü9�����¼á ú ��  Í ¤
¥}®;®hÆW¹R·V°Aµ9¥9°¯°Aµo¦<Æ<·V°±¬¯¿/¦þìî¿/¹;¹"µ"®�°±¬±¿V¦Ð¬a¦�»WÈ�Ã´ì�Û §;©¨·�ÄT¬ë¦CÄÓÆC¶_¬ë¦>ÄÚóHªN°±¬a©�¬�¾�·V°±¬±¿V¦r¿ÉÂ ,}¬a«¬a¦Nµ"·V¹ 6 ÆW¦L®hÖ
°±¬±¿V¦*¶ý·/¦NºÚ¥P¶�¶;ÆW©�¬a¦>Äl·/¦ ÿH¦��%¦L¿/Òî¦ »/ªW·V°±¬¯·/«a«²/Ö��<·/¹_²%¬a¦>Ä ¥9°¯°Aµh¦<Æ<·V°±¬±¿V¦ Ô�¬Õ¶o°±¹;¬¸ÊoÆ*°±¬¯¿/¦ � åC� ù �R����¢�h�
Î/�V�V�W�

�V�]�L��÷C�����h�R�h� 	 Ì �*�V� Í �*ø â �<  Í £�åC���â � �h��¤
»<²/©�©¨µ�°±¹;¬¯®l®;¿/«a« ¿�®;·V°±¬¯¿/¦ ©Óµh°aÁW¿�º%¶�Âo¿V¹�«Ç¬ë¦Nµ�·/¹ º/¬ � µo¹"µo¦6°±¬¯·/«ÇÖÉ·/« Ä>µ]Êo¹R·/¬¯® Ê�¿/ÆW¦LºT·/¹_² Å%·/«ÇÆ6µÓªL¹R¿ÜÊo«¼µo©m¶ �
åC� ù �R���ï¢�h��Î/�V�V�W�

�V�]�L���C���< /¢L�¼ V�
	 ���"� ú ¤
Û
ÁWµ9Ä>µh¦Nµo¹R·/«Ç¬�¾]µ"º�¶Aª*µ"®�°±¹É·/«�¹R·Tº/¬aÆ>¶�·/¦Lºôµ"ÙÜ°±¹Rµh©¨·/«
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