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FHG � I$J�KLJ�M6NLOLPRQSJ�TVUWK GXGYGXGYGXGYGZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG [
FHG\F ]$^H_ J�O�`�acb@J�K GXGZGYGXGYGXGYGXGYGZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG d

E ef>�A8+hg�?BACij>lknm�opgpq�-H?BArm�g=D s
[HG � t$uWvwJ�N�aVO�M6T ]$x `�acv;acyBM6`�aVz�{|z6}j~�����K��hKL`LJ�vwK GXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG d
[HG\F � J�z�vwJ�`�N�aVO�M6T�z x `�acv;acyBM6`�aVz�{ GZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG �
[HG\[ � {�`LJ���N�M6`�aVz�{ x TCM6`�}
z�N�vwK GYGXGYGZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG �

s ������7
A8>@-H?BA8m&g��Rm&/�-0A
g=D �
d0G � �hO�z x J GXGYGXGZGYGXGYGXGYGXGYGZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG �

� efm&��?��4-W5�+ �
�HG � ���X�h� GXGYGXGZGYGXGYGXGYGXGYGZGXGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG �
�HG\F t$uWvwJ�N�aVO�M6Tp�|z.UHuWTVJ�K�}
z�N ]$x `�acv uWv�¡¢�.PSM x J4��J�K�ac��{Rac{l��J�NLzhUH�.{SM6v;aVO�K GXGYGXGYGZGXGYG ��£
�HG\[ t$uWvwJ�N�aVO�M6Tp�|z.UHuWTVJ�K�}
z�N � N�M�UHaVJ�{.`���z�v x uW`�M6`�aVz�{0K$ac{¤�'TVJ�O�`�NLz�v�M6��{0J�`�aVO�K GYGXGYGZGXGYG � [

¥ ¦R+@�¨§©+�D�op7r?�D )HE
ªHG � ��z�v x uW`�M6`�aVz�{SM6T�vwJ�`�P0z.UWKB«W{�uWvwJ�N�aVO�M6TjM6{SM6Tc�hK�aVK$M6{0URb�M6TcaVU0M6`�aVz�{ GZGYGXGYGXGYGXGYGZGXGYG � [

ªHG � G � t$uWvwJ�N�aVO�M6TpK�acv uWTCM6`�aVz�{¬z6}'K�PSM6TcTVz�­®¡�­®M6`LJ�N¯J�°.uSM6`�aVz�{0K GXGZGYGXGYGXGYGXGYGZGXGYG � [
ªHG � G\F �¬uWTc`�a±¡²UHaVKLO�a x Tcac{SM6N��Rb�M6TcaVU0M6`�aVz�{ GXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG � �

ªHG\F t$uWvwJ�N�aVO�M6T�M6Tc�@z�N�ac`�PWvwK"}
z�N"z x `�acv;acyBM6`�aVz�{³M6{0URz x `�acvZuWv�¡²K�PSM x J4UWJ�K�ac��{ GXGYGXGYGZGXGYG � �
ªHG\FHG � �.PSM x J x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{´«SPWaVJ�N�M6NLO�PWaVO�M6T¶µ8vZuWTc`�acTVJ�b@J�Tr·9M6Tc�@z�N�ac`�PWvwK�«SM�U0M x `�acbhac`²�

M6{0U x M6N�M6TcTVJ�T�O�z�v x uW`�ac{W� GYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG � �
ªHG\FHG\F � {�b@J�NLKLJ �.PSM x J ]$x `�acv;acyBM6`�aVz�{|�¬zhUWJ�T=~'NLz ^ TVJ�vwK¯M6{0U¤� xWx TcaVO�M6`�aVz�{l`Lz

��J�NLzhUH�.{SM6v;aVO I9J�O�z�{0K�`�N�u0O�`�aVz�{ GYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG � �
ªHG\FHG\[ � M6vwJXKL`�N�M6`LJ���aVJ�K$M6{0UR¸,M6N�aCM ^ acTcac`¹�¤z6}jº®z�uW{0U0M6N��RO�z�{0UHac`�aVz�{0K"ac{ ]$x `�acv;acyBM6`�aVz�{ � �
ªHG\FHG d » � ^ N�aVU¤z x `�acv;acyBM6`�aVz�{¼M6Tc�@z�N�ac`�PWvwK GYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYG � �
ªHG\FHG\� � xWx TcaVO�M6`�aVz�{¬z6}'KLJ�{0K�ac`�acbhac`²�¤M6{SM6Tc�hKLaVK9M6{0URz x `�acv;acyBM6`�aVz�{¼M6Tc�@z�N�ac`�PWvwK9`Lz

O�z�v x TVJ¾½ x NLz ^ TVJ�vwK"ac{¬��z�v x uW`�M6`�aVz�{SM6Tj¿�TcuWaVU¤�¯�.{SM6v;aVO�K GYGXGYGXGYGXGYGZGXGYG � �
ªHG\FHG\ª t$uWvwJ�N�aVO�M6Tj�.PSM x J ]$x `�acv;acyBM6`�aVz�{¬z6}'�"½HaVK��hv;vwJ�`�N�aVOXI$M�UHaCM6`�ac{W�R�.`�N�u0O�`�uWNLJ�K G � �

ªHG\[ � xWx TcaVO�M6`�aVz�{¬z6}'K�PSM x JYM6{0UR`Lz x z�TVz����ÀUWJ�K�ac��{¤`Lz ^ aVz�TVz����ÀM6{0URvwJ�UWJ�O�ac{0J GYGXGYGZGXGYGÁF £
ªHG d ¸,M6TcaVU0M6`�aVz�{|z6}�v�M6`�P0J�v�M6`�aVO�M6T�vwz.UWJ�TVK"ac{R­¶z�uW{0U¤P0J�M6Tcac{W� GXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF £
ªHG\� �${�`�a±¡¹M6{W��aVz��@J�{0J�K�aVK9}Âz�N¯�hz�TcaVU¤�´uWvwz�uWNLK GYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF £
ªHG\ª �¼M6`�P0J�v�M6`�aVO�M6T�M6{SM6Tc�HK�aVK�ac{¤�@J�z�vwJ�`�N�aVO�M6T�z x `�acv;acyBM6`�aVz�{ GYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF �

ªHG\ªHG � t¯z�{lO��.Tcac{0UHN�aVO�M6TpUH�.{SM6v;aVO�M6T�K��hKL`LJ�v GXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF �
ªHG\ªHG\F �.PSM x J ]$x `�acv;acyBM6`�aVz�{¬`�P0J�z�N�� GXGYGYGXGZGXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF �
ªHG\ªHG\[ ��z�{�`�NLz�T�z6}���z�u x Tcac{W��Ã0uWaVUh¡²K�`�N�u0O�`�uWNLJZUWJ�bhaVO�J�K GYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF�F
ªHG\ªHG d �.PSM x J � N�M�UHaVJ�{�`$ac{¤�|M�½H­¶J�TcTp��°�uSM6`�aVz�{0K GYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF�F
ªHG\ªHG\� ¿WNLJ�°.u0J�{0O��¤��J�N�acb�M6`�acb@J�µ8PSM6N�vwz�{WaVOZNLJ���acvwJ�KÄ· GYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF�F
ªHG\ªHG\ª �.PSM x J ]$x `�acv;acyBM6`�aVz�{ ^ �©Å=J�b@J�T��hJ�` [ � GXGYGXGYGYGXGYGXGZGYGXGYGXGYGXGYGZGXGYGÁF�F
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ªHG\ªHG � �.PSM x JXK�`�M ^ acTcacyBM6`�aVz�{¬z6}j­�M�b@JZJ�°.uSM6`�aVz�{ GXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�[
ªHG\ªHG\� ]$x I¯M��=J�T=�'TVJ�O�`�NLz�{WaVO¾¡²ÅpM ^ z�N�M6`Lz�N�� GYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�[
ªHG\ªHG\� �$N�N�M��À�9{.`LJ�{W{SM�K ]$x `�acv;acyBM6`�aVz�{ GXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�[
ªHG\ªHG ��£ ~jM6N�M6vwJ�`�N�acy�J�UlTVJ�b@J�TpKLJ�`�`LJ�OLPW{WaV°.u0J�K GXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�[

ªHG � ¸¯acN�`�uSM6T=O�z�v x uW`�ac{W� J�{.b.acNLz�{WvwJ�{.`LK GYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF6d

� � m&g�?�56-W>�?�D�-0gpq��À5�-0g�?�D;��Ar?�����gpqjo=D�?�5�� 1&�
�hG � ��z�{.`�N�M�O�`LK GXGZGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��

� 24?��p+�5 �©56-0g�?�Dw-0gpq���>�?BAr3=Ar?BA8+�D 1&�
�HG � t�M6`�aVz�{SM6TpM6{0U¤I$J���aVz�{SM6T � {Wac`�aCM6`�acb@J�K GYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��

�HG � G � I$t$��Å t¯J�`²­�z�N�! GYGXGZGXGYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��
�HG � G\F �j¡²ÅpM ^ ���#"��%$n�0� GXGZGXGYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�ª
�HG � G\[ ��O�`�aVz�{|� ] Å ] I F £�£ �'&(�*) ��+ �������À��,-��+/.0��12�
	L� GXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�ª

�HG\F � {�`LJ�N�{SM6`�aVz�{SM6Tjt$J�`¹­¶z�N�!HK$M6{0U'3 z�N�!hac{W� � NLz�u x K GXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�ª
�HG\FHG � �®P0J » ���p¸¯��t ~'NLz _ J�O�` GYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF�ª
�HG\FHG\F �'uWNLz x J�M6{lt¯J�`²­�z�N�!¤z6}j�j½WO�J�TcTVJ�{0O�J547658:9<;>==�?$ GXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF@�
�HG\FHG\[ �.u xWx z�N�`9��O�`�aVz�{l�¯��I ] � »$� t¯� GYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF@�
�HG\FHG d � {�`LJ���N�M6`LJ�U¬��O�`�aVz�{l~'NLz _ J�O�`9¿WN�M6{0O�J¾¡²�¼M6N�NLz.O�z � �A@,�
	CB GYGXGYGXGYGYGXGZGXGYGÁF��
�HG\FHG\� ��z�TcTCM ^ z�N�M6`�aVz�{l­�ac`�P � {0UHaCM GXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��

� �¤ArDBD�+./ A8gp-H?BA8m&g 1S�
�HG � ��UHu0O�M6`�aVz�{ GXGZGYGXGYGXGYGYGXGZGXGYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��

�HG � G � �¼M�K�`LJ�N�D K"UWJ���NLJ�JXac{¤�¼M6`�P0J�v�M6`�aVO�K�«?E��.PSM x J�KGF GXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��
�HG � G\F ��O�z�TVJZ~pz�Tc�h`LJ�OLPW{WaV°.u0J5H${Wacb@J�NLK�ac`�M6acNLJ�µ
�,~
H�·¾«St9aVO�J GYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��
�HG � G\[ ��O�z�TVJ4��J�{�`�N�M6TVJZUWJZt¯M6{.`LJ�K GYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��

�HG\F ~jM6N�`�aVO�a x M6`�aVz�{¼ac{ � {.`LJ�N�{SM6`�aVz�{SM6Tj��z�uWNLKLJ�K GYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��
�HG\[ �®P0J�KLJ�K¯M6{0UR��UHu0O�M6`�aVz�{SM6Tj�´N�M6ac{Wac{W�@K GYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁF��
�HG d ] N���M6{WacyBM6`�aVz�{¼z6}��hO�aVJ�{.`�a±QSOZ�'b@J�{.`LK GYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁ[ £
�HG\� ~jM6N�`�aVO�a x M6`�aVz�{¼ac{¬�hO�aVJ�{�`�a±QSO4��z�v;v;ac`�`LJ�J�K GYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁ[ £
�HG\ª � {�bhac`LJ�U¤z�N�!@J��h{0z�`LJXTVJ�O�`�uWNLJ�K GZGXGYGXGYGYGXGYGXGZGXGYGYGXGYGXGYGXGZGYGXGYGXGYGYGXGZGXGYGÁ[ £

)�IKJ�A8:j7
ArmMLS56-W�N�<� E´)
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	@J�M6{H¡²�${�`Lz�ac{0J4��
�K�aVU�
�N�a�
 ��IZ« � t$I � � �hz x PWaCM;�9{.`�a x z�TcaVK��

� A8>@+��0�=+.-Wq�m&�9��5�m0<�+.>�?��L?�+�-0/
�=z@M6{¬t9��uW�@J�{�
 ��I « � t¯I � � I9P���{0J¾¡²�9T x J�K��

��q�/ A
gpA8D�?�56-H?BAr3&+l-WDBDBA8D�?�-0g�?
�|z�{�`LKLJ�N�N�M6`¯�9N��@J�{.`LJ�
 � t¯I � � �hz x PWaCMw�9{.`�a x z�TcaVK��

§ +.D�+�-W56>C� en>�A8+.g�?BA8D�?�D
I�
���aVK9�$uWbhac��{0J�M6u�
 ��I � t¯I � � �hz x PWaCMw�${�`�a x z�TcaVK�}
NLz�v ] O�`Lz ^ J�NZ��« F £�£ � �
� ^ UWJ�N�N�M6PWv�M6{0J » M ^W^ M6T�
 �¼M��V`�NLJYUWJ ��z�{H}�
�NLJ�{0O�J�K�«#H${Wacb@J�NLK�ac`²�Rz6}'t9aVO�J��H�hz x PWaCM��9{.`�a x z�TcaVK��
�¼M6N�­�M6{ �|z�u ^ M�OLPWacN�
 ] { KLJ�O�z�{0UHvwJ�{�`l}8NLz�v B'����� . ,��0. �W���C�����! �"� ) 1 �Â	 . µ
~'u ^ TcaVO 3 z�N�!HK
�¬ac{WaVK�`LJ�N��W·¶uW{.`�acTj�hJ x `LJ�v ^ J�N [ £H« F £�£ � �
	@J�M6{H¡²~jM6uWT�#�z�T$
�KLaVz%
 ��I ��t$I��&�

' opg�A8mS5;?�+.> ��gpA8>@-07�D�?�-)(
	@J�N*��vwJ ~'aVO�M6NLU+
 � t$I � � �hz x PWaCM;�9{.`�a x z�TcaVKB«0K�ac{0O�J ] O�` G,F £�£ d �

�Rmn>�?�mS56-07¶D�?Bo=q�+.g�?�D
º�M�UHN9� ^ z�u¤�'Tp�|M _ U,
 H9{Wacb@J�NLKLac`²�Rz6}jt$aVO�J��H�hz x PWaCM;�${�`�a x z�TcaVK��
Å´z�uWaVK$º¶TCM6{0O�PSM6NLU�
 ��O�z�TVJZUWJ�K9�¬ac{0J�K�«WK�ac{0O�J ] O�` G,F £�£ d �
~'aVJ�N�NLJY�¯u ^ z�aVK-
 ��O�z�TVJZUWJ�K"�lac{0J�KB«0M6{0U¤¿WN�M6{0O�JZ�.
�T$
�O�z�v/�
Ånacy�P0J*3�M6{W�0
 H9{Wacb@J�NLK�ac`¹�1	 G ¿0z�uWN�aVJ�N�« � NLJ�{0z ^ TVJ2�

e�?Bopq�+.g�?�A
g�?�+�5�g=D
¸¯ac{0O�J�{�`9º®J�T3
 H${Wacb@J�NLK�ac`²�R~ G �|J�{0UWJ�K9¿WN�M6{0O�J�« � NLJ�{0z ^ TVJ!4S� x N�acT±¡5	�uW{0J G¶F £�£ � �
� ^ UWz�u'3�M6PWaVUHa�º�J�TcTVz1
 H${Wacb@J�NLK�ac`¹�Àz6},��z�`Lz�{0z�u´«���z�`Lz�{0z�u µ
º®J�{Wac{&·24�	�uW{0J¾¡²t¯z�b@J�v ^ J�N G®F £�£ � �
º®J�{0z6�V`��¶PSM6ac��{0J/
 H${Wacb@J�NLK�ac`²�©z6}���z�v x a$7���{0J�«S��z�v x a$7���{0JXM6{0UÀ�¶PSM6TcvwJ�NLK H${Wacb@J�NLK�ac`²� z6}p�=J�O�PH¡
{0z�TVz����@« ��8 `LJ ^ z�N��¬µ��.­�J�UWJ�{&·94&�hJ x `LJ�v ^ J�N F £�£ � ¡,�|M6NLO�P F £�£ ª �
] TcacbhaVJ�N9�¯uWPSM6vwJ�T3
 H9{Wacb@J�NLKLac`²�R~�M6uWT'�HM ^ M6`�aVJ�N�«S�pz�uWTVz�u0KLJ!40�¼M6a±¡¢�hJ x `LJ�v ^ J�N G�F £�£ � �
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§ +.D�+�-W56>C� D�>.Ar+hg�?BA8D�?�D�����-W5B?Bgp+�56D��
	@z�PW{|�®M6��{0z�T"
 �¬US�¯«W~ ��TVJZÅ 
�z�{SM6NLUlUWJ�¸¯ac{0O�a �

I$M _ M��¯y�acN�a3
 H${Wacb@J�NLK�ac`*
YUWJX�´uW{WaVK��

�¬aVOLP0J�T=��J�T±}Âz�uWN-
 ��J�{�`�NLJ UWJXI9J�OLP0J�NLO�P0J�K$�¼M6`�P�
�v�M6`�aV°.u0J�K�«S�|z�{�`�N*
�M6T �

	�M�O�°.u0J�K9~�
�N�aCM6uH½+
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M6N�� �.`�N�M6`LJ���aVJ�KÀµ
���W·¾«=ac{0O�Tcu0UHac{W� � J�{0J�`�aVO©z�N ~jM6N�`�aVO�TVJ¾¡¢�.­�M6N�v �$Tc�@z�N�ac`�PWvwK�«jz�N4P�� ^ N�aVU KLO�P0J�vwJ�K�«�ac{
O�z�{�`LJ¾½H`LK"­�P0J�NLJXNLz ^ u0K�`�{0J�K�K"aVK"M�b@J�N��ÀKLJ�b@J�NLJYO�z�{0K�`�N�M6ac{.` G
� {ÀMYUHa.-nJ�NLJ�{�` x J�NLK x J�O�`�acb@J�«.`�P0J"P0J�N�ac`�M6�@J9}8NLz�v `�P0J"}Âz�N�vwJ�N x NLz _ J�O�`"�.ac{�u0K¶ac{©¿�ac{Wac`LJ¾¡�¸�z�TcuWvwJ�KXµ
z�N

¡²�'TVJ�vwJ�{�`LKÄ·�}
z�N�{0z�{WTcac{0J�M6N'P�� x J�N ^ z�TcaVO x NLz ^ TVJ�vwK�«�TVJ�M�UWKju0K�`Lz�J¾½0M6v;ac{0J�O�z�KL`�¡²J���O�aVJ�{0O�� aVKLKLu0J�K�z6}�TCM6N��@J
K�PSM x J¾¡²z x `�acv;acyBM6`�aVz�{ M xWx TcaVO�M6`�aVz�{0K�­�ac`�P M6{ J�v x PSM�K�aVK�z�{ `�P0J ~���� M xWx NLz�½Hacv�M6`�aVz�{ 4�z6} x M6N�`�aVO�uWTCM6N
ac{�`LJ�NLJ�K�`"`Lzwu0K &

•
^ J�KL`9M xWx NLz�½Hacv�M6`�aVz�{¼M6{0URK�PSM x J¾¡ x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{´«

•
O�z�{�b@J�N��@J�{0O�J�M�O�O�J�TVJ�N�M6`�aVz�{ µ8ac{ x M6N�`�aVO�uWTCM6N ^ �©vZuWTc`�a±¡�TVJ�b@J�T�vwJ�`�P0z.UWK¾·¾«

•
vwz.UWJ�T=NLJ�UHu0O�`�aVz�{ µ
J G � G'^ �R�����0�W��� @®�¾
,+H��3@�C+&� 1��4��	L��� �H� . �8
��Â�C+h·¾«

•
x M6N�M6TcTVJ�T�M6{0UÀ��N�aVU¤O�z�v x uW`�ac{W��4&J�`LO G
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�-/10
� {¼bhaVJ�­ z6}®J�{WPSM6{0O�ac{W�¤`�P0J�NLz ^ u0KL`�{0J�KLKYz6}®M6Tc�@z�N�ac`�PWvwKZac{ K�PSM x J;z x `�acv;acyBM6`�aVz�{�z�NYK�PSM x J;J�b@z�TcuW`�aVz�{´«
vwz.UWJ�Tcac{W�³`�P0J©vwz�bhac{W�³�@J�z�vwJ�`�N�� aVK�M|O�PSM6TcTVJ�{W��ac{W� aVKLK�u0J G �®P0JÀv�M6ac{ z ^ K�`�M�O�TVJ ^ J�`²­�J�J�{ `�P0J©�@J�z6¡
vwJ�`�N�aVO�M6T9bhaVJ�­ x z�ac{.`ÀM6{0U `�P0Jl{�uWvwJ�N�aVO�M6T¯acv x TVJ�vwJ�{�`�M6`�aVz�{ TcaVJ�K ac{ `�P0J ^ M�K�aVOR}ÂM�O�`w`�PSM6` `�P0JlK�PSM x J
��N�M�UHaVJ�{�`LKwM6NLJ©UHaVK�`�N�a ^ uW`�aVz�{0K;M6{0U vwJ�M�KLuWNLJ�KZTc�hac{W�¬ac{ `�P0J©UHuSM6T�K x M�O�J�K�z6}"`�P0J©K�PSM x J M6{0U �@J�z�vwJ�`�¡
N�aVO�M6T x M6N�M6vwJ�`LJ�NLK G �®P0J�K�J�UHuSM6T¶K x M�O�J�K4M6NLJ�u0K�uSM6TcTc�¼b@J�N��³TCM6N��@J K�ac{0O�Jw`�P0J�� O�z�{�`�M6ac{ b@J�N��³acN�NLJ���uWTCM6N
J�TVJ�vwJ�{�`LK G,]$^ b.aVz�u0K�Tc�@«HM6{���Q0{Wac`LJ$UHacvwJ�{0K�aVz�{SM6TnM xWx NLz@M�OLP x J�N�`�M6ac{0K,`LzY`�P0J » acT ^ J�N�`�}8N�M6vwJ�­�z�N�!w­�P0J�NLJ
UHuSM6T�K x M�O�J�KpM6NLJ,aVUWJ�{�`�a±QSJ�U acv x TcaVO�ac`�Tc�X`Lz�`�P0J,KLPSM x J x M6N�M6vwJ�`LJ�N�K x M�O�J�K G º�uW`´`�P0J�KLJjQ0{Wac`LJ¾¡²UHacvwJ�{0K�aVz�{SM6T
K x M�O�J�KXKLz�vwJ�`�acvwJ�K�v�M�K�!¬`�P0J�acNYz�N�ac��ac{�M�K¯UHaVK�O�NLJ�`�acy�J�U��hz ^ z�TVJ�b¼K x M�O�J�K�«´M6{0U|ac��{0z�N�ac{W�R`�PWaVKX°.u0J�K�`�aVz�{
TVJ�M�UWK9`Lz�­¶J�TcT±¡ !h{0z�­�{¼ac{0K�`�M ^ acTcac`�aVJ�K 4nM xWx NLz x N�aCM6`LJ�K�vwzhz�`�PWac{W� x NLzhO�J�UHuWNLJ�K�M6NLJZ{0J�O�J�KLK�M6N��R`Lz K�`�M ^ acTcacy�J
`�P0JXK�PSM x J¯TCM6N��@JXJ�b@z�TcuW`�aVz�{ G �®PWaVK x z�ac{.`�aVK�KLPSM6N x ac{R`�P0J�E²{SM6N�NLzB­ ^ M6{0U�F�`LJ�OLPW{WaV°.u0J�K�­�P0J�NLJ�`�P0J�TCM�O>!
z6}jK�`�M ^ acTcac`¹�Àacv x TcaVJ�K"`Lz�NLJ�ac{Wac`�aCM6Tcacy�JY`�P0JYuW{0UWJ�N�Tc�.ac{W�wTVJ�b@J�TpJ�°�uSM6`�aVz�{¼M6`"J�M�OLPlK�`LJ x´G
�®P0J;v�M6`�P0J�v�M6`�aVO�M6T�uW{0UWJ�NLK�`�M6{0UHac{W�¬z6}®`�P0J�KLJw°.u0J�K�`�aVz�{0KYaVKZKLz�uW��P�` b.aCM©`�P0J�}
uWTcT¶M6{SM6Tc�HK�aVKYz6}®`�P0J

O�z�{�`�ac{�u0z�u0K�vwzhUWJ�Tcac{W�¬z6}�`�P0J J�b@z�TcuW`�aVz�{ G¤» zB­ O�M6{ ­¶JAE¹UHaVK x TCM�O�J F M¤K�vwzhz�`�P �@J�z�vwJ�`�N�� ac{ `�P0J UHa±¡
NLJ�O�`�aVz�{ z xWx z�KLac`LJR`Lz M¼{0z�{ K�vwzhz�`�P QSJ�TVUn«�`�PSM6`;aVK;�@z�ac{W��`Lz³UWJ�KL`�NLz�� `�P0J ^ z�uW{0U0M6N�� ac`LK�J�T±}�«¶z�Nwac`LK
K�vwz.z�`�PW{0J�K�K�«WO�uWN�b�M6`�uWNLJ�«&M6{0UlM6`"TVJ�M�K�`��@J�{0J�N�M6`LJ z�KLO�acTcTCM6`�aVz�{0K G
�®P0JX{0z�`�aVz�{lz6} � +h�0�W���:� �$����� +&
��
�C1 �����W��
��
� +�aVK9M6{lM6{0K�­�J�N"`Lz�`�PWaVK ^ M�K�aVOZ°�u0J�K�`�aVz�{lM6{0U¤ac`9M6N�aVKLJ�K

}8NLz�v `�P0J"}
uW{0O�`�aVz�{SM6T´M6{SM6Tc�hKLaVK�}
N�M6vwJ�­¶z�N�! `Lz ^ J$UWJ�b@J�TVz x J�U ac{©z�NLUWJ�N®`Lz v�M6{SM6�@J$`�P0J$TCM�O>! z6}=UHuSM6Tcac`²�
ac{¼M °�uSM6{.`�ac`�M6`�acb@J }
z�N�v G �®P0J�KLJ `�P0J�z�NLJ�`�aVO�M6T�O�z�v x TcaVO�M6`�aVz�{0KYM6NLJ K�acv x Tca±QSJ�U|­�P0J�{¼­¶J�M6NLJ ^ M�O>!l`Lz©M
» acT ^ J�N�`,}
N�M6vwJ�­¶z�N�!f«H­�PWaVOLPÀac{RKLz�vwJ¯KLJ�{0KLJ�«.aVK x z�KLKLa ^ TVJ�« ^ uW`�`Lz4`�P0J9uW{0UHu0J�J¾½ x J�{0K�J$z6}�MZTCM6N��@J�z�NLUWJ�N
z6}´`�P0J$UHa.-nJ�NLJ�{�`�aCM6T´z x J�N�M6`Lz�N¶acv x TcaVJ�URM�K�UHuSM6Tcac`²�©z x J�N�M6`Lz�N G �®PWaVK�z x J�N�M6`Lz�N®O�M6{RM6Tc­�M��hK ^ J9O�P0z�KLJ�{¤M�K
M6{¼��, +h��	 x zB­¶J�N"z6}pM6{ÀJ�TcTca x `�aVO�K��hKL`LJ�v G�� {�`�PWaVK®UHacNLJ�O�`�aVz�{´«H`�P0J !@J�� x z�ac{.`®aVK,`�P0J¯z x `�acv�M6TfNLJ���uWTCM6N�ac`²�
z6},`�P0J;KLz�TcuW`�aVz�{¼`Lz©`�P0J4O�z�{0KLaVUWJ�NLJ�U³K��hKL`LJ�v µÂM�J�NLzhUH�h{SM6v;aVO�M6TjÃSz�­Y«´J�TVJ�O�`�NLz�v�M6��{0J�`�aVO�QSJ�TVUn«=J�`LO G ·|u x
`Lz�`�P0JXvwz�bhac{W� ^ z�uW{0U0M6N��©­�P0z�K�JXNLJ���uWTCM6N�ac`²�RaVK�ac`LK�J�T±}��@zBb@J�N�{0J�U ^ �©`�P0JYJ�b@z�TcuW`�aVz�{ x NLz.O�J�KLK G
3 J M6NLJ UHN�acb@J�{ `Lz M6{SM6Tc�HKLJ¼`�P0J¼Q0{0J x NLz x J�N�`�aVJ�KlO�z�{0O�J�N�{Wac{W��`�P0J¼v;ac{Wacv�M6TZNLJ���uWTCM6N�ac`²� z6}�`�P0J

KLz�TcuW`�aVz�{ G 3 J¤v�M !@J¬ac{�`LJ�{0K�acb@J¬u0KLJ¤z6}Y`�P0J'E¹J¾½h`�N�M�O�`Lz�N©vwJ�`�P0zhU�F¤`�PSM6`�­¶J¬UWJ�b@J�TVz x J�U�ac{�z�NLUWJ�N `Lz
J¾½h`LJ�{0U¼`�P0J �¾G Å=M�K�aVJ�O !�M¤M6{0U³I G �´N�ac����aCM6{Wa E²PWaVUWUWJ�{�NLJ���uWTCM6N�ac`²�¼`�P0J�z�N�� F G ¿Sz�NYJ¾½WM6v x TVJ�«=ac`X­�M�KY­�J�TcT
!.{0zB­�{³µ ^ J¾}Âz�NLJ$`�PWaVK�`�P0J�z�N��0·,`�PSM6`�­�P0J�{¤M UWz�v�M6ac{

Ω
PSM�K�M ^ z�uW{0U0M6N�� ­�ac`�PRO�z�{�`�ac{�u0z�u0K$O�uWN�b�M6`�uWNLJ�K
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M6{0U�a±}¯M'E²N�ac��P�`�PSM6{0U K�aVUWJ F
f
PSM�K Q0{Wac`LJ©J�{0J�N����@«'`�P0J�{ `�P0J K�z�TcuW`�aVz�{

u
`Lz|`�P0J x z�`LJ�{.`�aCM6T x NLz ^ TVJ�v

−∆u = f
aVK�ac`LKLJ�T±}'ac{l`�P0J �hz ^ z�TVJ�bRK x M�O�J

H2(Ω) ∩ H1
0 (Ω)

KLz;`�PSM6`9`�P0JY{0z�N�v�M6TpUWJ�N�acb�M6`�acb@JZz6}
u
M6`

`�P0J ^ z�uW{0U0M6N��¤aVK¯ac`LKLJ�T±},KL°.uSM6NLJZac{.`LJ���N�M ^ TVJ G º�uW`$­�PSM6`�UWzhJ�K$`�PWaVK¯NLJ�K�uWTc` ^ J�O�z�vwJZ­�P0J�{¼`�P0J4UWz�v�M6ac{
^ z�uW{0U0M6N�� aVK¶{0z�`"KLvwz.z�`�P��¤�®P0J�acN�`�P0J�z�N�� x J�N�v;ac`�`LJ�U©}
z�N®J¾½WM6v x TVJ�`Lz�J�K�`�M ^ TcaVKLP©`�PSM6`®a±}�`�P0J¯z x J�{RKLJ�`
Ω
aVK®O�z�{�b@J¾½n«h`�P0J$NLJ���uWTCM6N�ac`¹� x NLz x J�N�`²�ÀM�K,­�J�TcTnM�K�ac`LK®O�z�{0KLJ�°.u0J�{0O�J�K®K�`�acTcT&P0z�TVU G 3 P0J�{À`�P0J ^ z�uW{0U0M6N��

aVK,z�{WTc�wMYÅna x K�OLPWac`�y�aCM6{ÀO�z�{�`�ac{�u0z�u0K®v�M6{Wa±}Âz�TVUw`�P0J$KLz�TcuW`�aVz�{
u
TVz�KLJ�K�`�P0J x NLJ�b.aVz�u0K,NLJ���uWTCM6N�ac`²� G º�uW`¶`�P0J

E²PWaVUWUWJ�{¤NLJ���uWTCM6N�ac`²� FYNLJ�K�uWTc`LK"UWJ�b@J�TVz x J�U¤ac{R`�P0J � £%D K�}
z�N�P.� x J�N ^ z�TcaVO x NLz ^ TVJ�vwK�«0ac{R­�PWaVO�Pl`�P0J
H2(Ω)`²� x J¶NLJ���uWTCM6N�ac`²�4aVKj{0J�b@J�N�M�OLPWaVJ�b@J�U ^ � `�P0J®KLz�TcuW`�aVz�{¤µ8NLJ���M6NLUHTVJ�KLKj`�P0J ^ z�uW{0U0M6N�� NLJ���uWTCM6N�ac`²�0·¾«�UWzXM xWx Tc� G

� {0UWJ�J�U 6 �

,+h���H
®��� 3!� 1c��� �8
��¬�C. .��h� ��
��Â�C+ �C+�
,+W� .�� 1 �H
��
� +
u
«f­¶J x NLz�b@J�U¼`�PSM6`�ac`LK�{0z�N�v�M6T'UWJ�N�acb�M6`�acb@J

PSM�K®Q0{Wac`LJYJ�{0J�N���� G
� {©bhaVJ�­ z6}'M6Tc�@z�N�ac`�PWvwK®}Âz�N®KLPSM x J¯z x `�acv;acyBM6`�aVz�{´«0­�J¯O�z�{0KLaVUWJ�N�`�P0J¯O�z�{.`�ac{�u0z�u0K$J�b@z�TcuW`�aVz�{

Ωt

z6}�M
�@J�z�vwJ�`�N��;­�P0J�NLJ

t
v�M�� ^ J"`�P0J"`�acvwJ µ8�@zBb@J�N�{Wac{W� `�P0J$J�b@z�TcuW`�aVz�{ z6}=MX~���� vwzhUWJ�Tcac{W�Z`�P0J"O�z�{.`�ac{�u0z�u0K

x NLz ^ TVJ�v ·24Hac{©`�PWaVK�O�M�K�J�«.­�J�O�z�{0K�aVUWJ�N9M x NLz ^ TVJ�v ­�ac`�PRUH�h{SM6v;aVO�M6Tn�@J�z�vwJ�`�N��¼µ8{0z�{RO��hTcac{0UHN�aVO�M6T x NLz ^ ¡
TVJ�v ·$ac{0O�Tcu0UHac{W�l`�P0J;UH�h{SM6v;aVO�M6T'}8NLJ�J ^ z�uW{0U0M6N�aVJ�K G º�uW`

t
v�M�� M6TVKLz ^ J4`�P0JwO�z�{.`�ac{�u0z�u0K b@J�NLK�aVz�{³}Âz�N

`�P0J¯UHaVK�O�NLJ�`LJ$ac`LJ�N�M6`�aVz�{0K"ac{ÀK�z�vwJ$��N�M�UHaVJ�{.`$M6Tc�@z�N�ac`�PWv G �®P0J�{
t
aVK®`�P0J�O�z�{�`�ac{.u0z�u0K x M6N�M6vwJ�`LJ�N®}Âz�N®`�P0J

O�z�{�`�ac{�u0z�u0K ���8�¾
 �W�C1�UWz�v�M6ac{ UWJ¾}Âz�N�v�M6`�aVz�{ G �®P0J�v�M6ac{waVK�K�u0J®aVK'`�P0J�b�M6TcaVUHac`²�;z6}nK�u0OLP M¯TCM6N��@J9J�b@z�TcuW`�aVz�{
­�P0J�{

t
aVKjTCM6N��@J�«�M6{0U4­�P0J�{

t → ∞
G � {�uWvwJ�N�aVO�M6TSO�PSM6TcTVJ�{W�@J�aVK�`Lz�M�b@z�aVU;`�P0J�u0KLJ®z6}fM6{.�*E¹K�vwzhz�`�P0J�NGF

x NLz.O�J�KLK"M6{0U¤M6TVK�z `Lz;UWJ�b@J�TVz x E¹KLPSM x J¾¡²t¯J�­�`Lz�{%F¯vwJ�`�P0zhUWK�� G,] uWN"J�b@z�TcuW`�aVz�{RQSJ�TVU¤M xWx NLz@M�O�P0J�K x J�N�v;ac`
`Lz;J¾½h`LJ�{0UR`�PWaVK"b.aVJ�­ x z�ac{�`$`Lz�`�P0JX`Lz x z�TVz���aVO�M6TpK�PSM x JZz x `�acv;acyBM6`�aVz�{�� G

e �p-W��+³qjA (¶+�56+.g�?BA8-079+��´o=-H?BA8m�g 3 J�UWJ�{0z�`LJ
G(Ω)

`�P0J�K�PSM x J ��N�M�UHaVJ�{�` z6}�M�}8uW{0O�`�aVz�{SM6T
J
M6`

Ω
G

�®P0J�NLJwJ¾½haVKL`LK
s ∈ R+

K�u0O�P `�PSM6`
G(Ω) ∈ H−s(D,RN )

«n­�P0J�NLJ
D
aVKX`�P0J�uW{Wacb@J�NLKLJlµ
z�N E²P0z�TVU M6TcT F¢·

}
z�N¯`�P0J;M6{SM6Tc�hK�aVK G ¿Sz�N�J¾½0M6v x TVJ
D = RN G �®P0J4NLJ���uWTCM6N�ac`²�¼z6},`�P0J�UWz�v�M6ac{0K�­�PWaVOLP M6NLJ�KLz�TcuW`�aVz�{¼`Lz

`�P0J4KLPSM x J�UHa.-nJ�NLJ�{�`�aCM6T,J�°.uSM6`�aVz�{³aVK¯NLJ�TCM6`LJ�U³`Lz©`�P0J4KLvwz.z�`�PW{0J�KLKXz6}�`�P0JR���0��� +S
²�>,K,C� .¾
�� +&	��$}
uW{0O�`�aVz�{
bΩ

­�PWaVO�P�`�uWN�{0K z�uW`Y`Lz ^ J�`�P0J ^ M�K�aVO;`Lzhz�Tj}
z�NZac{�`�N�ac{0K�aVO��@J�z�vwJ�`�N�� G �®P0J;Tcacv;ac`4O�M�KLJ
bΩ ∈ C1,1(U)µ8­�P0J�NLJ

U
aVK9M4`�u ^ uWTCM6N9{0J�ac��P ^ z�N�P0zhzhU¤z6}�`�P0J ^ z�uW{0U0M6N��

Γ
·¶aVK"`�P0J�acv x z�N�`�M6{.`$O�M�KLJ G

� };`�P0J UWz�v�M6ac{0K¼M6NLJ �hz ^ z�TVJ�b UWz�v�M6ac{0K�«Y`�PSM6`¬aVKla±}
bΩ ∈ Hr(U)

«Z`�P0J�{ ­�J O�z�{0K�aVUWJ�N³M UHuH¡
M6Tcac`²� z x J�N�M6`Lz�N�«

A ∈ L(Hr,H−s)
KÄM6`�aVK�}8�hac{W� &

< Aφ, φ >≥ |φ|2H
­�P0J�NLJ

H
UWJ�{0z�`LJ�K¼M NLzhz�`

K x M�O�J G 3 J¼O�z�{0K�aVUWJ�NÀ`�P0Jl}Âz�TcTVz�­�ac{W� x NLz ^ TVJ�v & ��acb@J�{
Ω0

«�Q0{0U M�{0z�{ M6uW`Lz�{0z�vwz�u0KRb@J�O�`Lz�NÀQSJ�TVU
V ∈ C0([0, ∞[,Hr(D,RN )) ∩ C([0, ,∞[ , L∞(D,RN ))

K�u0OLP³`�PSM6`�«
Tt(V )

^ J�ac{W�R`�P0J�ÃSz�­ v�M x ¡
x ac{W��z6}

V
«

∀t > 0, A.V (t) + G(Tt(V )(Ω0)) = 0
�hJ�b@J�N�M6TfUHa.-nJ�NLJ�{�`®NLJ�K�uWTc`LK¶PSM�b@J ^ J�J�{©UWJ�N�acb@J�U }Âz�N¶`�PWaVK®J�°.uSM6`�aVz�{ uW{0UWJ�N ) �!� +M,.��,C+��0.0.®M�KLKLuWv x `�aVz�{0K�z6}
`�P0J¯}
z�TcTVzB­�ac{W� !hac{0U &

`�P0J�NLJZJ¾½haVK�`LK
M > 0

KLz�`�PSM6`
, ∀Ω, ||G(Ω)|| ≤ M

�®P0J"J¾½haVKL`LJ�{0O�J"z6}´K�u0OLP ^ z�uW{0U;PSM�K ^ J�J�{ x NLz�b@J�U;Q0NLKL`'}
z�N,`�P0J x NLz ^ TVJ�v z6} ^ J�K�`'TVz.O�M6`�aVz�{©z6}nM�O�`�uSM6`Lz�NLK
M6{0U¬KLJ�{0K�z�NLK�«�M6{0U|PSM�b@J4KLac{0O�J ^ J�J�{|J¾½H`LJ�{0UWJ�U|`Lz©M�TCM6N��@J4O�TCM�KLK�z6} ^ z�uW{0U0M6N��¬b�M6Tcu0J x NLz ^ TVJ�vwK G �®P0J
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M�K��.v x `Lz�`�aVO�M6{SM6Tc�HK�aVK¯µ8ac{©`�acvwJ
t → ∞

·'aVK,{0zB­ O�z�v x TVJ�`LJ9}Âz�N®M F � x NLz ^ TVJ�v ­�ac`�P P0J�T x z6}´¸ G �.b@J�N�M !
O�z�{�`�ac{�uWac`¹�¤NLJ�K�uWTc`LK4µÂM6{0U¤J¾½h`LJ�{0UWJ�U¤b@J�NLK�aVz�{0K"­�ac`�Pl� G º�u0O�uWNÄ· G �®P0J�KLJYUWJ�b@J�TVz x vwJ�{�`LK¯{0J�O�J�KLKLac`�M6`LJZM6{
ac{�`�N�ac{0K�aVO4}
N�M6vwJ�­¶z�N�!¬ac{¼z�NLUWJ�N�`LzRM�b@z�aVU|`�P0J4u0KLJ�z6}®�¶PWN�aVK�`Lz -nJ�T'K��hv ^ z�TVK�M6{0U|TVzhO�M6Tjv�M xWx ac{W�@K�«´M6{0U
`Lz�­¶z�N�!¤M6`Y�A� + �r�w�C1.NLJ���uWTCM6N�ac`²�©}
z�N9`�P0J��@J�z�vwJ�`�N�aVJ�K G
�®P0J,ac{.`�N�ac{0K�aVO��@J�z�vwJ�`�N��ZaVKp`�P0J,v�M6ac{4ac{W��NLJ�UHaVJ�{�`'`Lz$`�NLJ�M6`jO�z�{�b@J�O�`�aVz�{ ^ �4M"b@J�O�`Lz�NpQSJ�TVU

V
G �.u0OLP;M

{0z�{ M6uW`Lz�{0z�vwz�u0K�b@J�O�`Lz�N�QSJ�TVU ^ uWacTVUWK¶u x M�`�u ^ J G �®P0J"u0KLJ"z6}
BV
`Lz x z�TVz���� x J�N�v;ac`LK,`�P0J�KLJ9O�z�{0O�J x `LK

`Lz ^ J$J¾½H`LJ�{0UWJ�U©`LzZ{0z�{RK�vwzhz�`�P©b@J�O�`Lz�N¶QSJ�TVUWK
V
«.`�P.u0K®vwz.UWJ�Tcac{W��`�P0J x z�K�K�a ^ TVJ9`Lz x z�TVz���aVO�M6TnOLPSM6{W�@J�K G

�®P0J¯

���C+?. �6�¾�0.������ 1 ,�O�z�{0O�J x `
Z
PSM�K ^ J�J�{4UWJ�b@J�TVz x J�U�ac{�`�PSM6`jUHacNLJ�O�`�aVz�{�M6{0U4aVK�{0z�­ ^ J�ac{W�YM xWx TcaVJ�U4`Lz

Ã0uWaVUh¡²K�`�N�u0O�`�uWNLJYO�z�u x TVJ�U x NLz ^ TVJ�vwK G �®P0J�vwz�K�`�NLJ�O�J�{�`"NLJ�KLuWTc`LK�PSM�b@J ^ J�J�{ x u ^ TcaVK�P0J�URac{À`�PWNLJ�J ^ z.zC!HK
����� G

�	� � �<0 
 �	�  �.

�-/10 &'(��.
 3 /  " �
�¯J�b@J�TVz x ac{W�;��N�aVUÀO�z�v x uW`�ac{W��}Âz�N�O�z�v x TVJ¾½¤M xWx TcaVO�M6`�aVz�{0K�aVK®z�{0J�z6}=`�P0J x N�aVz�N�ac`�aVJ�K�z6}p`�P0J � �h� O�PSM x `LJ�N
ac{�`�P0J ª `�P©¿WN�M6vwJ�­¶z�N�!©~'NLz���N�M6v z6}f`�P0J$�'uWNLz x J�M6{R��z�v;v uW{Wac`²� G�] {0J$z6}´`�P0J9O�PSM6TcTVJ�{W�@J�K�z6}n`�P0J F ��K�`
O�J�{�`�uWN���ac{ `�P0JÀO�z�v x uW`LJ�N;KLO�aVJ�{0O�JRM6NLJ�MlTcaVJ�K4ac{ `�P0J�ac{.`LJ���N�M6`�aVz�{ z6}"b�M6N�aVz�u0K;J¾½ x J�N�`�aVKLJ ac{ O�z�v x TVJ¾½
M xWx TcaVO�M6`�aVz�{|M6NLJ�M�K9KLu0OLP|M�K9K�acvZuWTCM6`�aVz�{³M6{0U¤z x `�acv;aVK�M6`�aVz�{¬ac{¬M�J�NLz�{SM6uW`�aVO�K�«&M6uW`Lz�vwz�`�acb@J�M6{0UR{.u0O�TVJ�M6N
K�acvZuWTCM6`�aVz�{ GY� {0UWJ�J�Un«�`�P0J�UWJ�K�ac��{³z6},`�P0JZNLJ�J�{.`�N��¬b@J�PWaVO�TVJ�z6}�M K x M�O�J�K�P.uW`�`�TVJ4O�M6TcTVK$}Âz�NYM�J�NLz�`�P0J�N�v�M6T�«
M�J�NLz�K�`�N�u0O�`�uWNLJ M6{0U M�J�NLzhUH�.{SM6v;aVO�K UHaVKLO�a x Tcac{0J�KY­�PWaVO�P M6TcT'ac{.`LJ�N�M�O�`Zac{ P.� x J�NLKLz�{WaVO;NLJ���acvwJ�«=`Lz��@J�`�P0J�N
­�ac`�P J�TVJ�O�`�NLz�v�M6��{0J�`�aVO�K G ¿WuWN�`�P0J�N�«´J���O�aVJ�{.`�«=NLJ�TcaCM ^ TVJ�«=M6{0U³KÄM�}
J�UWJ�K�ac��{ z6}�M6acNLO�N�M�}8`�ac{�b@z�Tcb@Jw`�P0J�N�v�M6T
ÃSz�­"KZM6{SM6Tc�HK�aVK�«´O�z�{0KLuWv x `�aVz�{ z x `�acv;aVK�M6`�aVz�{´«={0z�aVKLJ�NLJ�UHu0O�`�aVz�{ }Âz�NXJ�{�bhacNLz�{WvwJ�{�`�M6T®K�M�}
J�`¹�@«´u0K�ac{W�À}Âz�N
J¾½WM6v x TVJZM�J�NLz@M�O�z�u0KL`�aVO�K9J¾½ x J�N�`�aVKLJ G
�®P0J�ac{�`LJ���N�M6`�aVz�{Rz6}nK�u0OLP b�M6N�aVz�u0K¶UHaVKLO�a x Tcac{0J�K�NLJ�°.uWacNLJ�K x z�­�J�N�}8uWTfO�z�v x uW`�ac{W�Zac{H}
N�M�K�`�N�u0O�`�uWNLJ�K®M6{0U

x M6N�`�aVO�uWTCM6N�KLz6}8`¹­�M6NLJ�O�z�u x Tcac{W�X`LJ�O�PW{WaV°�u0J�K G �.acv uWTc`�M6{0J�z�u0K�Tc�@«hM�UHb�M6{0O�J�Kjac{;O�z�v x uW`LJ�N'`LJ�OLPW{0z�TVz����4v;acT±¡
ac`�M6`LJ�ac{¬}�M�b@z�uWNYz6}�`�P0J�u0KLJ�z6}¶v�M�KLKLacb@J�Tc� x M6N�M6TcTVJ�T�~¶�,¡²O�Tcu0KL`LJ�NLKXac{0O�Tcu0UHac{W�¤`�P0z�u0K�M6{0UWKYz6} x NLz.O�J�K�KLz�NLK
O�z�{W{0J�O�`LJ�U ^ �©PWac��PH¡²K x J�J�Ul��ac��M ^ ac`LK /6KLJ�OY­�aVUWJ¾¡¹M6NLJ�M�{0J�`²­�z�N�!hK G �®PWaVK9O�z�{ _ uW{0O�`�aVz�{¬v�M !@J�K9ac` x z�KLK�a ^ TVJ
}
z�N�M6{ uW{ x NLJ�O�J�UWJ�{.`LJ�U¤O�NLz�KLK�¡Â}ÂJ�N�`�acTcaVK�M6`�aVz�{Àz6}pO�z�v x uW`�M6`�aVz�{SM6TnvwJ�`�P0zhUWK®M6{0UÀO�z�v x uW`LJ�N�KLO�aVJ�{0O�J G t¯J�­
M xWx NLz@M�OLP0J�K'ac{0O�Tcu0UHac{W�YJ�b@z�TcuW`�aVz�{SM6N��;M6Tc�@z�N�ac`�PWvwK�« x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{´«�vZuWTc`�a±¡�PWaVJ�N�M6NLOLPWaVO�M6TfUWJ�O�z�v x z�K�a±¡
`�aVz�{wTVJ�{0Uw`�P0J�vwKLJ�Tcb@J�K¶KLJ�M6v;TVJ�KLK�Tc��`Lz x M6N�M6TcTVJ�T&acv x TVJ�vwJ�{�`�M6`�aVz�{0K�ac{ KLu0OLP�O�z�v x uW`�ac{W� ac{H}8N�M�K�`�N�u0O�`�uWNLJ�K G
�®PWaVKYz xWx z�N�`�uW{Wac`¹�¬aVK ^ J�ac{W�RUWJ�M6Tc`Y­�ac`�P ^ � x NLz _ J�O�`����B�p���¼KLac{0O�J�ac`LK�b@J�N�� ^ J���ac{W{Wac{W� G � KLz6}
`²­®M6NLJ
ac{�`LJ���N�M6`�aVz�{ x TCM6`�}Âz�N�v PSM�K ^ J�J�{©UWJ�KLac��{0J�U ^ � x NLz _ J�O�`9�;���p�.��}
z�N�`�P0J�UWJ¾Q0{Wac`�aVz�{´«WO�z�{HQ0��uWN�M6`�aVz�{lM6{0U
UWJ x TVz��hvwJ�{�`'z6}WvZuWTc`�aVUHaVKLO�a x Tcac{SM6N���M xWx TcaVO�M6`�aVz�{0K�z�{4UHaVK�`�N�a ^ uW`LJ�UYP0J�`LJ�NLz��@J�{0J�z�u0Kjac{H}
N�M�K�`�N�u0O�`�uWNLJ�
 G �j½h¡
x J�N�acvwJ�{.`LK$O�z�{0UHu0O�`LJ�Ul­�ac`�PWac{¬�'uWNLz x J�M6{ x NLz _ J�O�`LK$M6{0U¤ac{0UHu0K�`�N�aCM6TpO�zhz x J�N�M6`�aVz�{0K$u0K�ac{W�©���X�h� PSM�b@J
TVJ�U `Lz�K�ac��{Wa±QSO�M6{.` x J�N�}
z�N�v�M6{0O�J�NLJ�K�uWTc`LK®ac{RO�z�v x TVJ¾½RM�J�NLz.UH�h{SM6v;aVO�K"z x `�acv;aVK�M6`�aVz�{¤`LJ�KL`�¡²O�M�KLJ�K®ac{�b@z�Tcb.¡
ac{W��vZuWTc`�a±¡²J�TVJ�vwJ�{.`LKZM6acN�}Âz�acTVK¯M6{0U|J�b@z�TcuW`�aVz�{SM6N��¬M6Tc�@z�N�ac`�PWvwK�«�a G J G O�z�u x Tcac{W�À�@J�{0J�`�aVO�M6{0U¤PWaVJ�N�M6NLOLPWaVO�M6T
M6Tc�@z�N�ac`�PWvwK"ac{�b@z�Tcbhac{W����M6vwJZK�`�N�M6`LJ���aVJ�K G
�
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�®P0Jwv�M6ac{ UHa?��O�uWTc`²��KL`�acTcT�NLJ�v�M6ac{0K4P0z�­¶J�b@J�N�ac{ `�P0J�UWJ x TVz��hvwJ�{�`wM6{0U O�z�{�`�NLz�T�z6}"O�z�v x TVJ¾½�UHaVK�¡
`�N�a ^ uW`LJ�U M xWx TcaVO�M6`�aVz�{0K;z�{ ��N�aVUWK ^ ��`�P0J J�{0Uh¡�u0KLJ�NLK G|� {0UWJ�J�Un«'`�P0J©UWJ x TVz��@J�vwJ�{.`�z6}"`�P0JÀO�z�v x uW`�ac{W�
��N�aVUlac{H}
N�M�K�`�N�u0O�`�uWNLJ�KXM6{0U¬z6}�`�P0J�M xWx TcaVO�M6`�aVz�{0K�ac{¼K�u0OLP¼J�{�bhacNLz�{WvwJ�{�`LKYKL`�acTcT=NLJ�°.uWacNLJ�K¯K x J�O�a±QSO J¾½ x J�N�¡
`�aVKLJ ^ �RO�z�v x uW`LJ�N¯KLO�aVJ�{0O�JYK x J�O�aCM6TcaVK�`LK G¶» zB­¶J�b@J�N�«&`�P0JXu0KLJ�NLK�«W­�PWaVO�P¼M6NLJZJ¾½ x J�N�`LK�ac{¤`�P0J�acN x M6N�`�aVO�uWTCM6N
M xWx TcaVO�M6`�aVz�{¤QSJ�TVUWK�«0J G � G M�J�NLz.UH�h{SM6v;aVO�K�«�M6NLJX{0z�`"{0J�O�J�KLK�M6N�acTc�RJ¾½ x J�N�`LK"ac{lUHaVK�`�N�a ^ uW`LJ�UlM6{0Ul��N�aVU¤O�z�v�¡
x uW`�ac{W� G º®J�ac{W�RM�O�O�u0K�`Lz�vwJ�U¼`Lz � {.`LJ�N�{0J�` ^ NLzB­"KLJ�NLK�«�`�P0J��¤­®M6{�`YK�acv;acTCM6N¯ac{�`LJ�N�}�M�O�J�K�`Lz�ac{.`LJ�N�M�O�`X­�ac`�P
��N�aVU O�z�v x uW`�ac{W� M6{0U x NLz ^ TVJ�v�¡²KLz�Tcb.ac{W� J�{�bhacNLz�{WvwJ�{�`LK G � Q0NLK�`©M xWx NLz@M�OLP `Lz KLz�Tcb@JR`�PWaVK x NLz ^ TVJ�v
aVK `Lz¼UWJ¾Q0{0JÀO�z�v x z�{0J�{�`�¡ ^ M�KLJ�U ac{H}
N�M�K�`�N�u0O�`�uWNLJ�K�«¶J G � G `�P0J¤��z�N ^ M ��z�v x z�{0J�{.`w�¬zhUWJ�T�«'­�P0J�NLJ©`�P0J
M xWx TcaVO�M6`�aVz�{0K M6NLJ;O�z�{0K�aVUWJ�NLJ�U�M�KZO�z�{W{0J�O�`�aVz�{�{0J�`²­�z�N�!hKZac{0O�Tcu0UHac{W�¤b�M6N�aVz�u0KZM xWx TcaVO�M6`�aVz�{ O�zhUWJ�K G �®P0J
M�UHb�M6{.`�M6�@J9aVK,P0J�NLJ"`LzYacv x TVJ�vwJ�{.`"M�uW{Wa±}
z�N�v M xWx NLz@M�OLP }Âz�N ^ z�`�Pw`�P0J"uW{0UWJ�N�Tc�hac{W� ac{H}
N�M�K�`�N�u0O�`�uWNLJ�M6{0U
`�P0J¯M xWx TcaVO�M6`�aVz�{ÀvwzhUHuWTVJ�K G'» zB­¶J�b@J�N�«hac`®K�`�acTcTSNLJ�°.uWacNLJ�K®K x J�O�a±QSO¯J¾½ x J�N�`�aVKLJ9{0z�`�UHacNLJ�O�`�Tc��NLJ�TCM6`LJ�U�`Lz `�P0J
M xWx TcaVO�M6`�aVz�{ UWz�v�M6ac{0K�z6}nJ�M�O�P x M6N�`�aVO�uWTCM6N¶u0KLJ�N G � K�J�O�z�{0U�M xWx NLz@M�OLP©aVK'`LzXv�M !@J9u0KLJ"z6}f��N�aVU�KLJ�N�bhaVO�J�K�«
UWJ¾Q0{0J�U¤M�K9M xWx TcaVO�M6`�aVz�{¬M6{0URK�u xWx z�N�` x NLz.O�J�UHuWNLJ�K"`Lz;K�`�M6{0U0M6NLUHaVKLJZM�O�O�J�KLK"M6{0UÀac{.b@z.O�M6`�aVz�{¬`Lz4NLJ�vwz�`LJ
K�u xWx z�N�`�M6{0U|M xWx TcaVO�M6`�aVz�{ O�zhUWJ�K G �®PWaVK9aVK$u0K�uSM6TcTc�lO�z�{0K�aVUWJ�NLJ�U³M�K�M6{|J¾½H`LJ�{0K�aVz�{¼z6}
3 J ^ K�J�N�b.aVO�J�K$`Lz
��N�aVU�ac{H}8N�M�K�`�N�u0O�`�uWNLJ�K G � {0J�­�M xWx NLz@M�O�P´«�­�PWaVO�P�aVK'O�uWN�NLJ�{.`�Tc� ^ J�ac{W�ZJ¾½ x TVz�NLJ�U ^ � `�P0J��;���p�.� x NLz _ J�O�`�«
aVK9`�P0J4UWJ�K�ac��{¼z6}¶MwbhacN�`�uSM6T�O�z�v x uW`�ac{W�RJ�{.b.acNLz�{WvwJ�{.`ZM ^ TVJZ`Lz PWaVUWJZ`�P0J uW{0UWJ�N�Tc�hac{W�©��N�aVUh¡²O�z�v x uW`�ac{W�
ac{H}8N�M�K�`�N�u0O�`�uWNLJ�K®`Lz4`�P0J¯u0KLJ�NLK G �${©ac{�`LJ�N�{SM6`�aVz�{SM6T=O�z�TcTCM ^ z�N�M6`�acb@J x NLz _ J�O�`�PSM�K ^ J�J�{RKLJ�`¶u x ac{ F £�£ [ z�{
`�PWaVK$K�u ^H_ J�O�`¯ac{�b@z�Tcbhac{W�R`�P0Jw���B�p�.� x NLz _ J�O�`YM6` � t¯I � � ac{¼O�z.z x J�N�M6`�aVz�{¼­�ac`�P³��t¯�¶�|M6{0U¬ac{�b@z�Tcbhac{W�
M6TVKLz;���¯�X� µ���z�v;vwz�{lI9J�KLJ�M6NLO�P|��J�{�`LJ�NÄ·9M6{0U¤�XM6`�M6v�M6` µ � `�M6Tc�W· G
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� ��� �	! / & �
> +�� �4mS56qpD & `�N�M6{0K x z�N�`�M6`�aVz�{lKL�hK�`LJ�vwKB«H`LJ�TVJ�O�z�v;vZuW{WaVO�M6`�aVz�{0K�«fJ�{�bhacNLz�{WvwJ�{�`�« ^ aVz�TVz���� G
¿0zhO�u0KLJ�U z�{�`�P0J�UWJ�b@J�TVz x vwJ�{�`;z6}�{�uWvwJ�N�aVO�M6T�vwJ�`�P0z.UWKZ}
z�NZ`�P0Jwz x `�acv;acyBM6`�aVz�{ z6}"~���� K��HK�`LJ�vwK

M6{0U¤NLJ�TCM6`LJ�U¬{�uWvwJ�N�aVO�M6T'M6{SM6Tc�hK�aVKB«0v�M6`�P0J�v�M6`�aVO�M6T'z�N$KLz6}
`²­®M6NLJZaVK�K�u0J�K�«W`�P0J x NLz _ J�O�`¯O�z�{0UHu0O�`LK$KL`�u0UHaVJ�K
ac{©z x `�acv uWv K�PSM x J�UWJ�K�ac��{©ac{¤M�J�NLz.UH�h{SM6v;aVO�KYµ
UHN�M6�0«WJ¾½H`LJ�N�{SM6T�{0z�aVK�J$z�N�KLz�{WaVO ^ M6{W��NLJ�UHu0O�`�aVz�{´«WPWac��PH¡
Tca±}8`�O�z�{HQ0��uWN�M6`�aVz�{0K�«nJ�`LO G ·|M6{0U¬J�TVJ�O�`�NLz�v�M6��{0J�`�aVO�K©µ
z x `�acv�M6T x z�K�ac`�aVz�{Wac{W�¤M6{0U¬vwz�`�aVz�{³z6}¶KLJ�{0KLz�NLKÄ·�ac{
`�P0J¯}8N�M6vwJ�­�z�N�!¤z6}jJ�{W��ac{0J�J�N�ac{W� x NLz ^ TVJ�vwK"ac{¤`�N�M6{0K x z�N�`"UWJ�v�M6{0UHac{W��{0J�­ `LJ�OLPW{0z�TVz���aVJ�K G
�®P0J®I"P���{0J¾¡²�$T x J�K x NLz _ J�O�`jO�z�v x z�{0J�{�`¶UWJ�b@J�TVz x K'KLz6}8`¹­�M6NLJ x TCM6`�}Âz�N�vwK�}
z�N�`�P0J�`�NLJ�M6`�vwJ�{�`,z6}&`�P0J�KLJ

vZuWTc`�a±¡²UHaVKLO�a x Tcac{SM6N��lM xWx TcaVO�M6`�aVz�{0K ^ �RO�zhUWJXO�z�u x Tcac{W�©M6{0U¤UHaVK�`�N�a ^ uW`LJ�UlO�z�v x uW`�ac{W�|µ 3�� ��,À	L����� �h
���+"3B· G

��+�56m&gp-0o´?BA8>@D -0gpq en��-W>@+ �®P0J¼UWJ�v�M6{0U z6}Z`�P0J¼M�J�NLz�{SM6uW`�aVO�M6TXac{0UHu0K�`�N�� NLJ�v�M6ac{0KÀb@J�N���K�`�NLz�{W�
ac{¼M�J�NLzhUH�.{SM6v;aVO�KB«fM�K¯v u0OLP¼}Âz�N¯O�z�{.b@J�{�`�aVz�{SM6T¶M6acNLO�N�M�}
`�«�­�P0z�KLJ x J�N�}Âz�N�v�M6{0O�J v u0K�` ^ J4J�{WPSM6{0O�J�U|`Lz
vwJ�J�`p{0J�­ KLzhO�aVJ�`�M6T.NLJ�°.uWacNLJ�vwJ�{�`LKjac{4`LJ�N�vwKjz6}SJ�O�z�{0z�vZ�@«�{0z�aVKLJ�µ x M6N�`�aVO�uWTCM6N�Tc� UHuWN�ac{W�¯TCM6{0UHac{W�.·¾«�b@z�N�`LJ¾½
x NLz.UHu0O�`�aVz�{ {0J�M6NXN�uW{.­�M��hK�«�J�`LO G «=M�K�}Âz�N�PWac��PH¡²O�M x M�O�ac`²� z�NYK�u x J�NLKLz�{WaVOwM6acNLO�N�M�}
`Yz6}�`�P0J4}
uW`�uWNLJ Gw] uWN
acv x TcaVO�M6`�aVz�{¬O�z�{0O�J�N�{0K9KLPSM x JXz x `�acv;acyBM6`�aVz�{|z6}�­�ac{W�@K$z�N"K�acv x Tca±QSJ�UlO�z�{HQ0��uWN�M6`�aVz�{0K G
] uWN�O�uWN�NLJ�{�`©ac{�b@z�Tcb@J�vwJ�{.` ­�ac`�P � x M�O�J¬M xWx TcaVO�M6`�aVz�{0K NLJ�TCM6`LJ�Kw`Lz K�z6}8`¹­�M6NLJ x TCM6`�}Âz�N�vwK�}
z�NwO�zhUWJ

O�z�u x Tcac{W� G
:C? .wJ
t�vO.w6�G�	F?&t9r�.073=<?&t�vO.O6�G�
�=>7F+-,-.wNM=�1�2 1��5,(6�D�?AE-7F1-B�2
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� 78+�>@?�5�m�/ -?L&gp+@?BA8>@D � {Z`�P0J�O�z�{�`LJ¾½H`pz6}WK�PSM x J�z x `�acv;acyBM6`�aVz�{4z6}0M6{�`LJ�{W{SM�KB«�­�J,O�M6{ZK x Tcac`´`�P0J�J¾½HaVK�`�ac{W�
NLJ�K�uWTc`LK´ac{Y`¹­¶z x M6N�`LK & `�P0J'`¹­¶z6¡²UHacvwJ�{0K�aVz�{SM6THvwzhUWJ�Tcac{W�$O�z�{0O�J�N�{Wac{W��z�{WTc�¯`�P0J,K x J�O�a±QSO�`�N�M6{0K�b@J�NLKLJ'vwzhUWJ
��� z�N���� «&M6{0U|`�NLJ�M6`�vwJ�{�`LKXz6}�`�P0J NLJ�M6T x P.�hKLaVO�M6T [ ¡²� x NLz x M6��M6`�aVz�{�M�O�O�z�uW{�`�ac{W�À}Âz�N9{0z x M6N�`�aVO�uWTCM6N
K��.v;vwJ�`�N��@«0­�P0z�KLJXz ^H_ J�O�`�acb@JZaVK�`Lz;z x `�acv;acy�J M6{0UÀaVUWJ�{.`�a±}8�ÀNLJ�M6T=z ^H_ J�O�`LK9KLu0OLP¬M�K9M6{.`LJ�{W{SM�K G
�¬z�KL`$z6}'`�P0JZ{.uWvwJ�N�aVO�M6TjTcac`LJ�N�M6`�uWNLJZac{|K�PSM x J z x `�acv;acyBM6`�aVz�{¼ac{|J�TVJ�O�`�NLz�v�M6��{0J�`�aVO�K ^ J�TVz�{W�@K9`Lz�`�P0J

Q0NLK�` x M6N�`�M6{0Ulv�M !@J�K$ac{�`LJ�{0K�acb@J u0KLJ z6}j`�P0J F ¡²� KLz�Tcb@J�NLK ^ M�KLJ�U¬z�{l`�P0JZK x J�O�a±QSO F ¡²� � NLJ�J�{ !@J�N�{0J�TVK G
�®P0J F ¡²� M xWx NLz@M�OLP¼}Âz�N¯`�P0J4z x `�acv;acyBM6`�aVz�{ z6} ,C�8����	�
�� ���

���TVJ�UlNLJ�O�J�{.`�Tc�¬`LzÀKLJ�N�aVz�u0KXJ�N�NLz�NLK�UHu0J4`Lz©`�P0J
vwz.UWJ�Tcac{W�wUWJ¾}ÂJ�O�` G �®P0J�NLJ�aVK�UWJ¾Q0{Wac`LJ�Tc�ÀTcac`�`�TVJ�P0z x J¯}Âz�N�J¾½h`LJ�{0UHac{W��`�P0J F ¡²� M6Tc�@z�N�ac`�PWvwK"`Lz�NLJ�M6T´K�ac`�uSM�¡
`�aVz�{0K G�] uWN®M xWx NLz@M�O�P©NLJ�TcaVJ�K®z�{ÀM�}
uWTcT�M6{SM6Tc�HK�aVK,ac{ uW{ ^ z�u0UWJ�UÀUWz�v�M6ac{0K�z6}=KLPSM x J$KLJ�{0K�ac`�acbhac`²��M6{SM6Tc�HK�aVK
}
z�N�`�P0JY�¼M�½H­¶J�TcT=J�°.uSM6`�aVz�{0K µ8ac{¤`�P0JY`�acvwJ¾¡²UWJ x J�{0UWJ�{.`¯z�N"PSM6N�vwz�{WaVOY}
z�N�v uWTCM6`�aVz�{&·¾«0ac{ x M6N�`�aVO�uWTCM6N�« ^ �
u0K�ac{W��`�P0JZac{�`LJ���N�M6Tp}
z�N�v uWTCM6`�aVz�{³M6{0Ul`�P0JYb�M6N�aCM6`�aVz�{0K$z6}'`�P0J���z�Tc`Lz�{¼M6{0U���NLJ�aVKLK9aVK�z�vwz�N x PWaVK�v G �®P0J
u0KLJ,z6}0`�P0J�¿WN�M6{0O�J��=J�TVJ�O�z�v KLz6}
`²­�M6NLJ"�hI [ � J�{SM ^ TVJ�K�u0K=`Lz$UHacNLJ�O�`�Tc�Yacv x TVJ�vwJ�{�`�z�uWN�K�PSM x J¶KLJ�{0K�ac`�acbhac`²�
M6{SM6Tc�hK�aVK"ac{¤`�P0JXPSM6N�vwz�{WaVO M xWx NLz@M�O�P G �®PWaVK9`LJ�OLPW{WaV°.u0JYv�M !@J�K9ac` x z�K�K�a ^ TVJ�«W­�ac`�P¬M6{¬M�UWJ�°.uSM6`LJXac{.`LJ�N�¡
x z�TCM6`�aVz�{´«h`Lz4NLJ�`�N�aVJ�b@J�`�P0J$KLPSM x J�UWJ�N�acb�M6`�acb@J�K�}8NLz�v `�P0J x P��HK�aVO�M6Tfb@J�O�`Lz�N¶QSJ�TVUWK®ac{©`�P0J¯`�acvwJ�J�b@z�TcuW`�aVz�{
x NLz.O�J�KLK�J�K'ac{�b@z�Tcbhac{W�Zac{Wac`�aCM6T&acv x uWTVKLJ�K�«�KLu0OLP M�K,N�M�U0M6N,z�N�`Lz�vwz���N�M x P�� UWJ�b.aVO�J�K�«.J�`LO G�] uWN¶M xWx NLz@M�OLP©aVK
O�z�v x TVJ�vwJ�{�`�M6N��¤`Lz�`�P0J E¢M6uW`Lz�v�M6`�aVO UHa.-fJ�NLJ�{.`�aCM6`�aVz�{¬O�zhUWJ�KGF�­�PWaVOLP|M6NLJYM6TVK�z�b@J�N�� x z�­�J�N�}8uWT=ac{¤v�M6{��
M6NLJ�M�K�z6}YO�z�v x uW`�M6`�aVz�{SM6TXKLO�aVJ�{0O�J�K G � { ��TVJ�O�`�NLz�v�M6��{0J�`�aVO�K�«"`�P0JlM6{SM6Tc�HK�aVK z6}�P.� x J�N ^ z�TcaVOlJ�°.uSM6`�aVz�{0K
NLJ�°�uWacNLJ�K�MYK�z�uW{0U�`�NLJ�M6`�vwJ�{.`�M6{0UÀM O�TVJ�M6N¶uW{0UWJ�NLK�`�M6{0UHac{W�;z6}´`�P0J$ac{HÃ0u0J�{0O�J�z6}=K x M�O�J¯M xWx NLz�½hacv�M6`�aVz�{ G

J�A8m�7rmML#� -0gpq / +�q�+�>.A8gp+ � x M6N�`�aVO�uWTCM6N�J -nz�N�`,aVK¶v�M�UWJ9`Lz4M xWx Tc�wz�uWN�J¾½ x J�N�`�aVKLJ"ac{©KLz�TcaVU M6{0U�Ã0uWaVU
vwJ�OLPSM6{WaVO�K�«�KLPSM x J©M6{0U `Lz x z�TVz�����UWJ�K�ac��{´«�vZuWTc`�aVUHaVKLO�a x Tcac{SM6N�� z x `�acv;acyBM6`�aVz�{ ^ � ��M6vwJ©K�`�N�M6`LJ���aVJ�K `Lz
^ aVz�TVz����¼M6{0U¼vwJ�UWJ�O�ac{0J G �´­�z¤KLJ�TVJ�O�`LJ�U M xWx TcaVO�M6`�aVz�{0K4M6NLJ x N�acbhacTVJ�UH�@J�U & KLz�TcaVU|`�uWvwz�uWNLKZM6{0U¼­�z�uW{0U
P0J�M6Tcac{W� G
]$x M6TVJ D K=z ^H_ J�O�`�acb@J'aVKn`Lz x u0K�PY}8uWN�`�P0J�N´`�P0Jjac{.b@J�K�`�ac��M6`�aVz�{�z6}h`�P0J�KLJ�M xWx TcaVO�M6`�aVz�{0KB«B}
NLz�v M®v�M6`�P0J�v�M6`�aVO�M6T±¡

`�P0J�z�NLJ�`�aVO�M6TpbhaVJ�­ x z�ac{.`�M6{0U¤}8NLz�v M;O�z�v x uW`�M6`�aVz�{SM6T�M6{0UlKLz6}
`²­®M6NLJ UWJ�b@J�TVz x vwJ�{.`�b.aVJ�­ x z�ac{�`XM�K"­�J�TcT G
�®P0J�KLJXK�`�u0UHaVJ�K$M6NLJYTVJ�UÀac{lO�z�TcTCM ^ z�N�M6`�aVz�{¬­�ac`�P ^ aVz�TVz���aVK�`LK�«0M�K"­¶J�TcT�M�K"acv�M6�@J x NLz.O�J�K�K�ac{W�wK x J�O�aCM6TcaVK�`LK G

� o�7r?BArqjA8D�>�A8�j78A
gp-W5�� >@m&op��7
A
g LSD ] uWN�J¾½ x J�N�`�aVKLJ$ac{ `�P0J�z�NLJ�`�aVO�M6T=M6{0U©{.uWvwJ�N�aVO�M6Tnvwz.UWJ�Tcac{W�0«Hac{ x M6N�¡
`�aVO�uWTCM6NZac{ NLJ�TCM6`�aVz�{ `LzlM xWx NLz�½Hacv�M6`�aVz�{ KLOLP0J�vwJ�KB«�M6{0U�vZuWTc`�acTVJ�b@J�T�«jvZuWTc`�aVK�O�M6TVJ�O�z�v x uW`�M6`�aVz�{SM6T"M6Tc�@z6¡
N�ac`�PWvwK�«&M6TcTVzB­"K$u0K9`Lz�J�{.b.aVK�M6�@JZ`Lz�O�z�{.`�N�a ^ uW`LJZ`Lz�ac{�`LJ���N�M6`LJ�U x NLz _ J�O�`LK9}Âz.O�u0KLJ�Ulz�{¬UHaVKLO�a x Tcac{0J�K¯z�`�P0J�N
`�PSM6{RÃ0uWaVURUH�.{SM6v;aVO�K$z�N"J�TVJ�O�`�NLz�v�M6��{0J�`�aVO�K$KLu0OLP¬M�K ^ aVz�TVz����¤M6{0UÀbhacN�`�uSM6T´NLJ�M6Tcac`²�@«0acv�M6�@J x NLz.O�J�K�K�ac{W�0«
ac{¤O�z�TcTCM ^ z�N�M6`�aVz�{¬­�ac`�PlK x J�O�aCM6TcaVK�`LK"z6}j`�P0J�KLJ�QSJ�TVUWK G
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�®P0JXv�M6ac{lO�z�{�`�N�a ^ uW`�aVz�{0K¯O�z�{0O�J�N�{Wac{W��`�P0JZKLz6}8`¹­�M6NLJ x TCM6`�}Âz�N�v ���X�h� M6NLJX`¹­¶z6}Âz�TVU &

Q0NLK�`�«pMÀ`LJ�O�PW{WaVO�M6T�O�z�TcTCM ^ z�N�M6`�aVz�{�­�ac`�PWac{ `�P0J x NLz _ J�O�`YPSM�K ^ J�J�{�KLJ�`Yu x }Âz�NX`�P0JwUWJ�b@J�TVz x vwJ�{.`4z6}"M
UHaVK�`�N�a ^ uW`LJ�U¬O�z�v x uW`�ac{W� J�{�bhacNLz�{WvwJ�{�`$}Âz�N"`�P0JYUWJ x TVz��hvwJ�{�`�z6} x M6N�M6TcTVJ�T�M xWx TcaVO�M6`�aVz�{0K¯O�z�{0O�J�N�{H¡
ac{W�R`�P0J4vwz.UWJ�TcTcac{W�¬z6}®M6acN�}Âz�acTjz x `�acv;acyBM6`�aVz�{ `LJ�OLPW{WaV°.u0J�KYz�{ UHaVK�`�N�a ^ uW`LJ�U³~¶�,¡²O�Tcu0KL`LJ�NLKZM6{0U¼`�P0J
x M6N�M6TcTVJ�TcacyBM6`�aVz�{¼z6}�`�P0JXO�z�N�NLJ�K x z�{0UHac{W�©M6Tc�@z�N�ac`�PWvwK 4



����������	�

������������������� ���

KLJ�O�z�{0Un«.MXO�zhz x J�N�M6`�aVz�{�PSM�K ^ J�J�{�KLJ�`'u x ­�ac`�PR��t$��� }
z�N'`�P0J9UWJ�K�ac��{´«�acv x TVJ�vwJ�{.`�M6`�aVz�{ÀM6{0U�UWJ x TVz��.¡
vwJ�{�`$z6} � N�aVUh¡ ^ M�K�J�U¤¸¯acN�`�uSM6Tp��z�v x uW`�ac{W�©�'{.b.acNLz�{WvwJ�{.`LK G

�®P0J¯Q0NLK�`9M�K x J�O�`�acv x TcaVJ�K�`�P0J x M6N�M6TcTVJ�TcaVK�M6`�aVz�{|z6}p`�P0JZ�.acv x TVJ¾½lM6{0U [ � vZuWTc`�a±¡�TVJ�b@J�T x M6N�M6vwJ�`�N�aVKÄM�¡
`�aVz�{©M6Tc�@z�N�ac`�PWvwK�M6{0Uw`�P0J9u0KLJ"z6}n`�P0J9~¶�,¡²O�Tcu0KL`LJ�NLK®M6{0U z�`�P0J�N¶b�M6N�aVz�u0K,Å´ac{�uH½�­�z�N�!hK�`�M6`�aVz�{0K�M6` � t¯I � �
�hz x PWaCM�¡²�9{.`�a x z�TcaVK¯M6{0U � NLJ�{0z ^ TVJ G �®PWaVK�­�acTcTfu0KLJ¯`�P0JZ�����h� UHaVK�`�N�a ^ uW`LJ�UlKLz6}8`¹­�M6NLJ x TCM6`�}Âz�N�v z�{À`�PWaVK
J�{�bhacNLz�{WvwJ�{�` G
�®P0J�KLJ�O�z�{0U M�K x J�O�`ZO�z�{0O�J�N�{Wac{W�¬¸¯acN�`�uSM6T®��z�v x uW`�ac{W�¼�'{.b.acNLz�{WvwJ�{.`LK�NLJ�K�uWTc`LJ�U ac{ `�P0J KLJ�`�u x z6}

M6{©ac{0UHu0KL`�N�aCM6T´O�z�TcTCM ^ z�N�M6`�aVz�{¤­�ac`�P¬��t¯�¶�w}Âz�N�`�P0JXUWJ�KLac��{Àz6}jKLJ�M6v;TVJ�KLK"M xWx TcaVO�M6`�aVz�{lUWJ�KLac��{©ac{.`LJ�N�}ÂM�O�J�K
z�{³`�P0J � N�aVU G º�M�KLJ�U z�{ O�uWN�NLJ�{�` � N�aVU¼`LJ�OLPW{0z�TVz�����M6{0U 3 J ^ �hJ�N�bhaVO�J�K�«�MRK x J�O�a±QSO;UWz.O�`Lz�N�M6T¶`�P0J�K�aVK
aVK9UWJ�b@z�`LJ�U¤`Lzw`�PWaVK$M�K x J�O�` G �®P0JX�@z@M6T=aVK9`LzwUWJ�K�ac��{|M6{0U¤acv x TVJ�vwJ�{�`YM6{��¾u xWx J�N�­�M6NLJ�� KLz6}8`¹­�M6NLJ `�PSM6`
aVK9J¾½H`LJ�{0UHac{W� `�P0JY}8uW{0O�`�aVz�{SM6Tcac`�aVJ�KXz6}�O�uWN�NLJ�{�`�v;aVUWUHTVJ�­®M6NLJ x TCM6`�}Âz�N�v `Lz�K�acv x Tca±}
�À`�P0J UWJ x TVzB�.vwJ�{.`�z6}
O�z�v x TVJ¾½¤M xWx TcaVO�M6`�aVz�{0K¯z�{RP0J�`LJ�NLz��@J�{0J�z�u0K � N�aVUWKZµ
Ånacy�P0J 3�M6{W�.· G
¿WuWN�`�P0J�N�«�K�`�NLz�{W�lacv x TcaVO�M6`�aVz�{ ac{��'uWNLz x J�M6{ t¯J�`²­¶z�N�!HK�«�J G � G «p�¯��I ] � »¯� t¯� «fTVJ�U u0KX`Lz¤K x J�O�a±}8�

­�ac`�P ��uWNLz x J�M6{ M6acNLO�N�M�}
`4v�M6{.uH}ÂM�O�`�uWNLJ�NLK©M6{0U�NLJ�K�J�M6NLOLP O�J�{�`LJ�NLKw`�P0J O�PSM6N�M�O�`LJ�N�aVK�`�aVO�K�z6}¯M¬KLz6}
`²­®M6NLJ
ac{�`LJ���N�M6`�aVz�{ x TCM6`�}
z�N�v }Âz�NYvZuWTc`�aVUHaVKLO�a x Tcac{SM6N�� O�zhUWJwb�M6TcaVU0M6`�aVz�{ M6{0U�b@J�N�a±QSO�M6`�aVz�{ ac{ M�J�NLz�{SM6uW`�aVO�K G �
UWJ�vwz�{0K�`�M6`Lz�N"z6}=`�PWaVK x TCM6`�}
z�N�v aVK®O�uWN�NLJ�{�`�Tc� ^ J�ac{W��UWJ�KLac��{0J�U ac{RO�zhz x J�N�M6`�aVz�{À­�ac`�Pl� � �¬t¯� µ�� x M6ac{&· G

¿pac��uWNLJ�� & ~¶� �¶Tcu0K�`LJ�N9zBb@J�N"`�P0JX¸�� » � {0J�`¹­¶zC!

		�0� �! #" �� $��! � (�� /	)# *(����'3 /  �'& 

� "  #"�� �	#*� & � 6 ��� � �10 � 0 � �� 
/�) : 0 � "+��! �
3 J4M6NLJ4UWJ�b@J�TVz x ac{W�lM6{|z x `�acv;acyBM6`�aVz�{ x M�O !�M6�@J ] º®� # µ ]$x `�acv;acyBM6`�aVz�{³­�ac`�P¼º��"#&aVJ�N x M6N�M6vwJ�`LJ�N�acyBM�¡
`�aVz�{&·9UWJ�KLac��{0J�U¤}Âz�N¯KLPSM x J¾¡²z x `�acv;acyBM6`�aVz�{�z6} [ � M�J�NLzhUH�.{SM6v;aVO ^ z.UHaVJ�K G¯� `$PSM�K ^ J�J�{¼M xWx TcaVJ�U|vwz�K�`�Tc�
`Lz MXTca±}
`�¡²UHN�M6�4v;ac{Wacv;acyBM6`�aVz�{©ac{ `�P0J9`�N�M6{0K�z�{WaVO9NLJ���acvwJ�M6{0U K�z�{WaVO¾¡ ^ M6{W� NLJ�UHu0O�`�aVz�{©ac{©KLu x J�NLKLz�{WaVO�K G�� `
ac{�`LJ���N�M6`LJ�K$`�P0J¯}
z�TcTVzB­�ac{W��`Lzhz�T ^ z�½HJ�K &

•
M¬ÃSz�­®¡²KLz�Tcb@J�N ^ M�KLJ�U z�{ `�P0JRt�� [ � O�zhUWJ µ8TVJ���M�O�� z6}¯`�P0J 9�� =
	�� x NLz _ J�O�`Ä·¾«,`Lz��@J�`�P0J�N�­�ac`�P M
O�M6TVO�uWTCM6`�aVz�{¤z6}jM6{Rz ^H_ J�O�`�acb@J$}8uW{0O�`�aVz�{ ^ M�KLJ�UÀz�{À`�P0J¯NLJ�K�uWTc`LK�z6}=`�P0J$ÃSz�­®¡²KLacvZuWTCM6`�aVz�{ µ x NLJ�K�K�uWNLJ
QSJ�TVUlM6NLz�uW{0UR`�P0J M6acNLO�N�M�}8`�«W��N�M�UHaVJ�{.`$z6} x NLJ�KLK�uWNLJ�«WTca±}
`9M6{0U¤UHN�M6��O�zhJ���O�aVJ�{�`Ä·24
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•
M�{0J�­ x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{©vwz.UHuWTVJ9º.#�~��¯I9�¯� acv x TVJ�vwJ�{.`�ac{W��M ^ TCM�O>!.¡ ^ z�½ [ � º 
�y�aVJ�N x M6N�M6v�¡
J�`LJ�N�acyBM6`�aVz�{|M6{0U [ � vwJ�KLPH¡�u x U0M6`LJZNLz�uW`�ac{0J�K 4

•
M6{�z x `�acv;acyBM6`�aVz�{©vwz.UHuWTVJ"O�z�{.`�M6ac{Wac{W� �@J�{0J�N�M6T�z x `�acv;acyBM6`�aVz�{�NLz�uW`�ac{0J�K ^ �wM��@J�{0J�`�aVO¾¡¹M6Tc�@z�N�ac`�PWv¤«
`�P0J�t¯J�TVUWJ�N�¡²�¬J�M�UZK�acv x TVJ¾½¯vwJ�`�P0zhUZM6{0UX`�P0J�vZuWTc`�a±¡²UHacNLJ�O�`�aVz�{SM6THKLJ�M6NLOLP M6Tc�@z�N�ac`�PWv }8NLz�v �=z�NLO�y�z�{�� �����`��� G

•
vwz.UHuWTVJ�K¯M6TcTVz�­�ac{W�©`�P0JYu0KLJZz6}'M x M6N�M6TcTVJ�T'M6NLOLPWac`LJ�O�`�uWNLJ `Lz;ac{0K�`�M6{.`�aCM6`LJZ`�P0JZO�z�K�`"}
uW{0O�`�aVz�{lJ�b�M6T±¡
uSM6`�aVz�{0K µ8�@J�{0J�`�aVO4M6Tc�@z�N�ac`�PWv M6{0URv uWTc`�a±¡²UHacNLJ�O�`�aVz�{SM6TjK�J�M6NLOLP¬M6Tc�@z�N�ac`�PWv ·
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� -W5�?BA8>�A8�p-0g�?�D & �laVO�P0J�TVJZ�${0UHNLJ�z�Tca3
 }Âz�N�vwJ�N"`�N�M6ac{0J�J2�²«0�$TVJ
� 	�M6{?!�M1
 }
z�N�vwJ�N$~pz�K�`$�¯zhO�`Lz�N�M6T

�.`�u0UWJ�{�`�� G

> +�� �4mS56qpD & O�z�v x NLJ�KLK�a ^ TVJXac{.b.aVKLO�aVUlz�N"b.aVK�O�z�u0K®ÃSz�­Y«HQ0{Wac`LJYb@z�TcuWvwJ�K�«Wu x ­�ac{0U¬KLOLP0J�vwJ�KB«
acv x TcaVO�ac` x KLJ�u0UWz6¡�`�acvwJ¾¡�v�M6NLOLPWac{W�ÀvwJ�`�P0zhUWK G

�®P0J¬tX� [ � ÃSzB­ O�z.UWJ|KLz�Tcb@J�K©`�P0J [ �¨�'uWTVJ�N¤M6{0U t¯M�b.aVJ�N�¡¢�.`LzC!@J�KRJ�°.uSM6`�aVz�{0K�«9z�{ �@J�{0J�N�M6T�uW{H¡
K�`�N�u0O�`�uWNLJ�Ul`LJ�`�N�M6P0J�UHN�M©vwJ�KLP0J�K G �®P0J4K�`LJ�M�UH�RÃSz�­ KLz�TcuW`�aVz�{|aVK"}Âz�uW{0U¼M�K9`�P0J�M�K��hv x `Lz�`�aVOZTcacv;ac`�z6}¶M
x KLJ�u0UWz6¡�`�acvwJ¾¡²UWJ x J�{0UWJ�{.` x NLzhO�J�KLK G �®P0JXO�z.UWJYO�z�v ^ ac{0J�K"`�P0J�}Âz�TcTVz�­�ac{W� ac{W��NLJ�UHaVJ�{�`LK &

•
MXQ0{Wac`LJ$b@z�TcuWvwJ¯K x M6`�aCM6T�UHaVK�O�NLJ�`�acyBM6`�aVz�{©­�ac`�PRM6{©u x ­�ac{0UÀKLOLP0J�vwJ9}Âz�N,`�P0J¯UHaVKLO�NLJ�`�acyBM6`�aVz�{Rz6}´`�P0J
O�z�{�b@J�O�`�acb@JZÃ0uH½WJ�K ^ �©`�P0JYI9zhJ�z�N"b�M6{¤Å´J�J�N9K x Tcac`�`�ac{W�@K 4

•
M6{ J¾½H`LJ�{0K�aVz�{©`LzZKLJ�O�z�{0Uh¡²z�NLUWJ�N�K x M6`�aCM6TfM�O�O�uWN�M�O�� ^ M�KLJ�U�z�{ `�P0J$� HX�W��Å µ
�|z�{0z�`Lz�{WaVO H x ­�ac{0U
�hOLP0J�vwJY}
z�N$��z�{0K�J�N�b�M6`�acb@J Å=M�­"KÄ·"M xWx NLz@M�OLPl­�ac`�P¤Ã0uH½©Tcacv;ac`LJ�NLK 4

•
acv x TcaVO�ac`9`�acvwJ¾¡²K�`LJ xWx ac{W� ^ �RM;K�acv x TVJXz�{0J¾¡²K�`LJ x Q0NLK�`�¡²z�NLUWJ�N"}Âz�N�vZuWTCM G

�®P0JRO�z.UWJ©PSM�K ^ J�J�{ NLJ�b.aVKLJ�U M6{0U vwzhUHa±QSJ�Un«,ac`LK;J���O�aVJ�{0O�� M6{0U vwJ�vwz�N�� NLJ�°�uWacNLJ�vwJ�{.`LKwacv x NLzBb@J�U
^ �lO�PSM6{W��ac{W�R`�P0J K x M6NLK�J¾¡�v�M6`�N�a±½¬NLJ x NLJ�KLJ�{.`�M6`�aVz�{�KLOLP0J�vwJ G �®P0J4vwzhUHa±QSO�M6`�aVz�{0K x J�N�v;ac`�`Lz N�uW{lÃSzB­®¡
K�acvZuWTCM6`�aVz�{0K x M�K�`9O�z�v x TVJ�`LJ M6acNLO�N�M�}
` G
�"}
`LJ�N'`�P0J�ÃSz�­®¡²KLacvZuWTCM6`�aVz�{ }
z�N�J�M�O�P�K�PSM x J�«�M�J�NLz.UH�h{SM6v;aVO"O�zhJ���O�aVJ�{�`LK�M6NLJ�O�M6TVO�uWTCM6`LJ�U¬µ8Tca±}
`�«@UHN�M6�0«

x NLJ�KLK�uWNLJ4��N�M�UHaVJ�{�`Ä·ZM6{0U x M�KLKLJ�U|`Lz¤M NLz�uW`�ac{0J�`LzRJ�b�M6TcuSM6`LJ�`�P0J;z ^H_ J�O�`�acb@J4}8uW{0O�`�aVz�{ G �®P0J;z ^H_ J�O�`�acb@J
}8uW{0O�`�aVz�{ aVK;M¬vwJ�M�K�uWNLJÀz6}$°�uSM6Tcac`¹� z6}9`�P0JÀK�PSM x J G¼� `4u0K�uSM6TcTc� O�z�v ^ ac{0J�K;`�M6N��@J�`�b�M6Tcu0J�K4z6}�M�J�NLz.UH�.¡
{SM6v;aVO©O�zhJ���O�aVJ�{�`LK�`Lz��@J�`�P0J�N;­�ac`�P x J�{SM6Tc`�aVJ�K;z�N�ac��ac{SM6`�ac{W�³}
NLz�v �@J�z�vwJ�`�N�aVO�M6T"O�z�{0K�`�N�M6ac{�`LK¬µ8b@z�TcuWvwJ�«
`�PWaVO>!h{0J�KLKÄ· G �hJ�b@J�N�M6T'z ^H_ J�O�`�acb@J }
uW{0O�`�aVz�{0K�PSM�b@J ^ J�J�{|acv x TVJ�vwJ�{�`LJ�U³}
z�NXMwTca±}
`�¡²UHN�M6�Rz x `�acv;aVK�M6`�aVz�{¼ac{
`�P0J9`�N�M6{0KLz�{WaVO¯NLJ���acvwJXM6{0URMZK�z�{WaVO¾¡ ^ M6{W�4v;ac{Wacv;acyBM6`�aVz�{Rac{©`�P0J�K�u x J�NLKLz�{WaVO9NLJ���acvwJ�«H­�ac`�PÀz�N�­�ac`�P0z�uW`
�@J�z�vwJ�`�N�aVO�M6TpO�z�{0K�`�N�M6ac{.`LK G
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� -W5�?BA8>�A8�p-0g�?�D & �laVO�P0J�TVJY�${0UHNLJ�z�Tca 
 }Âz�N�vwJ�N�`�N�M6ac{0J�J2�²«S�$TVJ
� 	�M6{?!�M1
 }
z�N�vwJ�N$~pz�K�`$�¯zhO�`Lz�N�M6T
�.`�u0UWJ�{�`�� G

> +�� �4mS56qpD & ¿WNLJ�J¾¡Â}
z�N�v UWJ¾}
z�N�v�M6`�aVz�{´«S`LJ�{0KLz�N�aCM6T [ � º®J�y�aVJ�N�«Wvwz�bhac{W�wvwJ�K�P´«SJ�TcTca x `�aVOYKLz�Tcb@J�NLK�«
`Lz�NLK�aVz�{SM6T=K x N�ac{W�@K G
�®P0J x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{�vwzhUHuWTVJ;º #�~&�¯I9�¯��v�M6{SM6�@J�K�«=UHuWN�ac{W�R`�P0J;z x `�acv;acyBM6`�aVz�{ x NLz.O�J�K�K�«f`�P0J

UWJ¾}
z�N�v�M6`�aVz�{0KYz6} [ � K�PSM x J�KYM6{0U³z6}�`�P0J;O�z�N�NLJ�K x z�{0UHac{W�¤`LJ�`�N�M6P0J�UHN�M6T¶O�z�v x uW`�M6`�aVz�{SM6T�vwJ�KLP G4� `YM�O¾¡
O�z�uW{�`LK }
z�N `�P0J x z�KLK�a ^ TVJ¼� �&� �
���0�j�@J�z�vwJ�`�N�aVO�M6T"O�z�{0K�`�N�M6ac{.`LK¤µrQW½HJ�U x M6N�`LK4z6}"`�P0J©K�PSM x J�«'M6{W��TVJ�K�«'z�N
`�PWaVO>!h{0J�KLKLJ�KÄ·�M6{0UÀu0KLJ�K�M NLJ x NLJ�KLJ�{�`�aVz�{¬z6}p`�P0JXz x `�acv;acy�J�URK�PSM x J ^ �©M�O�z�{0UWJ�{0K�J�U x M6N�M6vwJ�`�N�aVOXb@J�O�`Lz�N
x ∈ RN

µ
N
KLv�M6TcTr·jO�z�{�`�M6ac{Wac{W� _ u0K�`�M6{�M�O�`�acb@J"K�J�`jz6}nUWJ���NLJ�J�K�z6}�}8NLJ�J�UWz�v z6}f`�P0J�K�PSM x J�UWJ¾}
z�N�v�M6`�aVz�{ G

�.u0OLP¬M x M6N�M6vwJ�`�N�aVOZb@J�O�`Lz�N
x

O�M6{¤`�P0J�{ ^ J x M�K�KLJ�UÀ`LzwM��@J�{0J�N�M6T=z x `�acv;acyBM6`�aVz�{¼M6Tc�@z�N�ac`�PWv z x J�N�M6`�ac{W�
ac{

RN G
�®P0J$UWJ�b@J�TVz x J�U©º.#�~��¯I9�¯� vwz.UHuWTVJ$acv x TVJ�vwJ�{�`LK®`�P0J¯¿WNLJ�J¾¡²¿0z�N�v ��J¾}Âz�N�v�M6`�aVz�{©­�ac`�PRM [ � `LJ�{H¡

KLz�N�aCM6TSº 
�y�aVJ�N x M6N�M6vwJ�`LJ�N�acyBM6`�aVz�{ G�� `,O�M6{ x J�N�}
z�N�v `�P0J9UWJ���NLJ�J9J�TVJ�b�M6`�aVz�{w­�PWacTVJ�NLJ�O�M6TVO�uWTCM6`�ac{W�4`�P0J�{0J�­
x M6N�M6vwJ�`�N�aVOYb@J�O�`Lz�N

x
′ ∈ RN ′ O�z�N�NLJ�K x z�{0UHac{W��`Lz;K�PSM x J�K ^ J¾}
z�NLJ�`�P0JZUWJ���NLJ�JYJ�TVJ�b�M6`�aVz�{ G

�¬J�KLPH¡²UWJ¾}
z�N�v�M6`�aVz�{ÀNLz�uW`�ac{0J�K"M6NLJ ^ J�ac{W��UWJ�b@J�TVz x J�U©­�ac`�PWac{©`�PWaVK�vwz.UHuWTVJ$`LzZu x U0M6`LJ¯`�P0J [ � O�z�v�¡
x uW`�M6`�aVz�{SM6T'vwJ�K�P M6NLz�uW{0U¼`�P0J;UWJ¾}
z�N�vwJ�U¼z ^H_ J�O�`LK G �®P0J�z ^H_ J�O�`�acb@J�aVK$`Lz©vwzBb@J�N�M x aVUHTc�¬`�P0J�J¾½HaVK�`�ac{W�
{0z.UWJ�K�z6}�`�P0J�vwJ�K�P;`Lz¯}Âz�TcTVz�­ µ8TCM6N��@JB·jvwJ�K�PwUWJ¾}
z�N�v�M6`�aVz�{0KB«�­�PWacTVJ x NLJ�KLJ�N�bhac{W�YvwJ�K�Pw°.uSM6Tcac`²�wM6{0U�TVzhO�M6T
vwJ�K�P vwJ�`�N�aVO�KÀµ ^ z�uW{0U0M6N��¼TCM��@J�NLK¾· G �'½ x J�N�acvwJ�{�`LK4­¶J�NLJ x J�N�}Âz�N�vwJ�U³­�ac`�P `Lz�NLK�aVz�{SM6T±¡²K x N�ac{W� x KLJ�u0UWz6¡
J�TCM�K�`�aVO�ac`²�ÀvwzhUWJ�TpM6{0UÀ­�ac`�PlJ�TcTca x `�aVOZK�z�Tcb@J�NLK G

2��p?BA
/�A��@-H?BA8m&g�/ mnqjop78+ 	
� -W5�?BA8>�A8�p-0g�?�D & �laVO�P0J�TVJY�${0UHNLJ�z�Tca 
 }Âz�N�vwJ�N�`�N�M6ac{0J�J�«SK�acv x TVJ¾½¤M6Tc�@z�N�ac`�PWv M6{0URb�M6TcaVU0M6`�aVz�{)�²«

�¶M6{W{WaVO>!Rº®J�N�M6NLU+
 }
z�N�vwJ�N9`�N�M6ac{0J�J�«0P�� ^ N�aVUHacyBM6`�aVz�{lac{¬~ � �X� � � �²«HI�
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M6Tc�@z�N�ac`�PWv M6{0UÀb�M6TcaVU0M6`�aVz�{)�²«SÅ=M6`�a±}�M ] uWTcTCM�U _ a3
 }
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��Â�C+¼µ8N�M6{0UWz�v O�PSM6{W�@J�K$ac{¼K�PSM x J�KÄ· G
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z�N"M6{.`LJ�{W{SM�z x `�acv;acyBM6`�aVz�{

^ � x M6N�M6vwJ�`LJ�N�acy�J�U TVJ�b@J�T±¡²KLJ�` `LJ�O�PW{WaV°�u0J�KRµ ªHG\ªHG ��£@· G �®PWaVK4O�z.UWJwaVKY`Lz ^ J;TCM6`�`LJ�N4ac{�`LJ�N�}�M�O�J�U�­�ac`�P `�P0J
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 � uWacTcTCM6NLU+
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z6}S��z�`Lz�{0z�u´«�º®J�{Wac{´«�M6{0U � t¯I � � «�­�ac`�P `�P0J,K�u xWx z�N�`=z6}0`�P0J,¿0NLJ�{0OLP��'v ^ M�KLKL�Xac{���z�`Lz�{0z�u G �®P0J,K�`�u0UH�
M6acvwK,M6`�UWJ�b@J�TVz x ac{W� M¯{�uWvwJ�N�aVO�M6T�K�acvZuWTCM6`�aVz�{�vwJ�`�P0z.U;z6}f`�P0J®­�M6`LJ�N�{0J�`¹­¶z�N�!�ac{;`�P0J�O�ac`²�;z6}´��z�`Lz�{0z�u G
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Parameterization by Free−Form Deformation

supersonic aircraft cockpit design

Original design

Optimal design

reduced shock

Shocks in pressure distribution below the aircraft

Shocks in pressure distribution below the aircraft

parameterization refinement
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×
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z�N [ £
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`Lz�P0J�T x `�P0JX{0z�{H¡²J¾½ x J�N�`9M xWx TcaVO�M6`�aVz�{¬UWJ�b@J�TVz x J�NLK"K x J�O�a±}
��`�P0JXNLJ�KLz�uWNLO�J�K$M6{0URO�z�v x uW`�ac{W��ac{H}
N�M�K�`�N�u0O¾¡
`�uWNLJZ`�P0J��¤{0J�J�U|`Lz N�uW{¬`�P0J4O�z�v x TVJ¾½¬v uWTc`�aVUHaVKLO�a x Tcac{SM6N��³M xWx TcaVO�M6`�aVz�{0KX`�P0J��¤­�M6{.`�`Lz J¾½WJ�O�uW`LJ G �®PWaVK
acv x TcaVJ�K;`�P0J¤UWJ�K�ac��{ z6}��@J�{0J�N�aVOR��N�M x PWaVO x NLz ^ TVJ�v K�z�Tcb.ac{W�³ac{.`LJ�N�}ÂM�O�J�K�«�`�P0JÀacv x TVJ�vwJ�{.`�M6`�aVz�{ z6}XJ�{H¡
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z�N"`LJ�TVJ�O�z�v;v uW{WaVO�M6`�aVz�{ x uWN x z�KLJ�K G
�¬z�NLJRK x J�O�a±QSO�M6TcTc�@«�`�P0JRO�TCM�KLK�aVO�M6T x NLz ^ TVJ�v z6}$}
NLJ�°.u0J�{0O�� M6TcTVzhO�M6`�aVz�{ aVK�M|v�M6ac{�M�O�`�acbhac`²� G �®PWaVK
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z x J�N�M6`�ac{W�YO�z�{0O�uWN�NLJ�{.`�Tc�Rµ8ac{.`LJ�N�}
J�NLJ�{0O�J9z6}SN�M�U0M6N�«@K�uWN�b@J�acTcTCM6{0O�J�K��HK�`LJ�vwK�«�`LJ�TVJ x P0z�{0J�«�N�M�UHaVzW«�`LJ�TVJ�bhaVK�aVz�{´«
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v�M !.ac{W�w`�P0J���N�aVU¤`LJ�OLPW{0z�TVz����R`�N�M6{0K x M6NLJ�{.`9`�PWNLz�uW��Pl¸¯acN�`�uSM6T���z�v x uW`�ac{W�©�'{�bhacNLz�{WvwJ�{�`LK G
�®P0J�KLJ4J�{�bhacNLz�{WvwJ�{�`LK�« ^ M�KLJ�U|z�{|��N�M x PWaVOZac{.`LJ�N�}ÂM�O�J�K�«f­�acTcT�NLJ�Tc�¤z�{|��N�aVUl`LJ�O�PW{0z�TVz����lv;aVUWUHTVJ�­�M6NLJ

M6{0U x NLJ�K�uWv�M ^ Tc�ÀNLJ�°�uWacNLJYK x J�O�a±QSO¯}
uW{0O�`�aVz�{SM6Tcac`�aVJ�K"}Âz�N�`�P0JYM�UHb�M6{0O�J�U¤UWJ¾Q0{Wac`�aVz�{|M6{0U¤O�z�{.`�NLz�Tpz6}�u0KLJ�N
M xWx TcaVO�M6`�aVz�{0K�«hac{ x M6N�`�aVO�uWTCM6N®ac{�v uWTc`�aVUHaVKLO�a x Tcac{SM6N��ÀJ�{W��ac{0J�J�N�ac{W�0« ^ M�KLJ�U�z�{©v;a±½HJ�U©U0M6`�M4M6{0U�­�z�N�!�ÃSzB­
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v�M6{SM6�@J�vwJ�{�` G �®PWaVK�aVKj`�P0J¶}
zhO�u0Kjz6}&Ånacy�P0J 3�M6{W�#D K'UWzhO�`Lz�N�M6TW`�P0J�K�aVK G �®PWaVK'M xWx NLz@M�OLPwaVK'M _ z�ac{.`�O�z�TcTCM ^ ¡
z�N�M6`�aVz�{l­�ac`�P¼��t¯�¶��µ
¿WNLJ�{0OLP³t�M6`�aVz�{SM6Tj� x M�O�JZI$J�KLJ�M6NLOLP³��J�{�`LJ�NÄ·$M6{0Ul���¯�Y� µ���z�v;vwz�{¼I9J�KLJ�M6NLO�P
��J�{�`LJ�NÄ· G
�®P0JX�@z@M6T´aVK9P0J�NLJX`LzwUWJ¾Q0{0J M6{0UlUWJ�b@J�TVz x KLz6}
`²­®M6NLJ E²u xWx J�N�­�M6NLJ FZO�z�{0O�J x `LK�«S­�PWaVOLPl­�acTcT ^ uWacTVU¤z�{

O�uWN�NLJ�{�`¯v;aVUWUHTVJ�­�M6NLJ4`LJ�OLPW{0z�TVz����l}
z�N$`�P0J � N�aVUn«Sac{¬z�NLUWJ�N¯`Lz x NLz�bhaVUWJ ¸$acN�`�uSM6T'��z�v x uW`�ac{W�À��{�bhacNLz�{H¡
vwJ�{�`LK G �®P0J��³­�acTcT ^ J M ^ TVJ `Lz|K�u xWx z�N�`4KLJ�M6v;TVJ�KLK�Tc� M xWx TcaVO�M6`�aVz�{ UWJ¾Q0{Wac`�aVz�{ ac{ b�M6N�aVz�u0K4vZuWTc`�aVUHaVK�O�a±¡
x Tcac{SM6N�� QSJ�TVUWKB«Hac{0O�Tcu0UHac{W� J�{W��ac{0J�J�N�ac{W�0« ^ u0KLac{0J�KLK9M6{0U¤J�UHu0O�M6`�aVz�{ G
¿0z�N4`�PWaVK z ^H_ J�O�`�acb@J�`Lz ^ J�NLJ�M�OLP0J�Un«jPWac��PH¡�TVJ�b@J�T�}
uW{0O�`�aVz�{SM6Tcac`�aVJ�K ­�acTcT ^ J�UWJ¾Q0{0J�U M6{0U�UWJ�b@J�TVz x J�U

}
z�N®`�P0J¯vwz.UHuWTCM6N9M6{0UÀac{0O�NLJ�vwJ�{.`�M6T=O�z�{0K�`�N�u0O�`�aVz�{¤z6}�P0J�`LJ�NLz��@J�{0J�z�u0K$M xWx TcaVO�M6`�aVz�{0K G �®PWaVK®­�acTcT�NLJ�Tc�©z�{
KLz6}8`¹­�M6NLJ;O�z�v x z�{0J�{�`XvwzhUWJ�TVKYM6{0U 3 J ^ �hJ�N�b.aVO�J�K�`Lz x NLz�bhaVUWJ;K�acv x TVJ4ac{�`LJ�N�}�M�O�J�KX`�PSM6`�­�acTcT'PWaVUWJ4`�P0J
`LJ�OLPW{WaVO�M6Tcac`�aVJ�K¯z6}jO�uWN�NLJ�{.`$UHaVK�`�N�a ^ uW`LJ�U¬O�z�v x uW`�ac{W��`LJ�OLPW{0z�TVz����@«&J G � G «&��z�N ^ M G
�®P0J³�@z@M6TYaVKR`Lz v�M�K>! `�P0J¼`LJ�O�PW{WaVO�M6Tcac`�aVJ�K¼z6}4��N�aVU v;aVUWUHTVJ�­®M6NLJ�«ZJ G � G « � TVz ^ u0K�«�`Lz `�P0J�O�M�K�uSM6T

u0KLJ�NLK�«HM6{0U x NLzBb.aVUWJYM KLz6}
`²­®M6NLJ$TCM��@J�N�ac{©O�PSM6N��@JXz6}=PWac��PH¡�TVJ�b@J�Tn`�M�K�!HK¶O�z�{0O�J�N�{Wac{W�;`�P0J�O�z�{.`�NLz�T´z6}=��N�aVUh¡
^ M�KLJ�U M xWx TcaVO�M6`�aVz�{0K®µ8NLJ�vwz�`LJ¶O�z�{.`�NLz�Thz6}0K�u0K x J�{0UWJ�UYKLu ^ ¡�`�M�K�!hKB«6M6{SM6Tc�HK�aVK=z6} x J�N�}
z�N�v�M6{0O�J ^ z�`�`�TVJ�{0J�O>!HK�«
M�UHb.aVKLz�N�� ac{ x uW`;`Lz|`�P0J u0K�J�NLK;O�z�{0O�J�N�{Wac{W� `�P0JÀUHaVK�`�N�a ^ uW`�aVz�{ z6}$K�u ^ ¡�`�M�K>!hK�«,J�`LOB· G �hJ�b@J�N�M6T"UWzhO�`Lz�N�M6T
`�P0J�KLJ�K¯­�acTcT ^ JZ{0J�O�J�K�K�M6N��¤`LzÀUWJ�K�ac��{´«fUWJ�b@J�TVz x M6{0U¬`LJ�KL`$`�P0J�KLJ�J�{.b.acNLz�{WvwJ�{.`LK�«=M6{0U|z�{0J PSM�KXM6TcNLJ�M�UH�
K�`�M6N�`LJ�URv;aVUh¡ F £�£ d µ
Ånacy�P0J 3�M6{W�.· G

���C1 �C1 � o=56mS��+.-0g ¦R+�?��4mS5�
 mS� � �´>@+h7878+hg=>@+ 47658:9<;>=´�#$
�®P0J x NLz _ J�O�`®PSM�K x M6N�`�aVO�a x M6`LJ�UÀac{©`�P0J¯�'uWNLz x J�M6{Rt¯J�`²­�z�N�! z6}p�j½WO�J�TcTVJ�{0O�J��¬�9��� � t¯��� µ �|��
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76,��� ��·"K�u xWx z�N�`LJ�U ^ �R� �����L�L� J�`$� �����L�¾G �®PWaVK
{0J�`²­¶z�N�! aVK�M _ z�ac{�`®ac{Wac`�aCM6`�acb@J ^ ������� ] �¬�X�|µ-�"�.���0�W�L�C+ B'����� ��+#�
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� �B· G,� `9M6acvwK
M6`X}
z�KL`LJ�N�ac{W�¤�'uWNLz x J�M6{ ac{Wac`�aCM6`�acb@J�KZ`Lz¤M xWx NLz@M�O�P {0J�­ ac{0UHu0K�`�N�aCM6T�vZuWTc`�a±¡²UHaVK�O�a x Tcac{SM6N���OLPSM6TcTVJ�{W�@J�K ^ �
v�M6`�P0J�v�M6`�aVO�K¯M6{0URKLO�aVJ�{.`�a±QSOZO�z�v x uW`�ac{W� G �hJ�J�������	�
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���C1 �VE e´o=����mS5�?;��>�?BA8m&g � � §©2 � � ��¦¤�
�®P0J��;���p�.� x NLz _ J�O�` x M6N�`�aVO�a x M6`LJ�KYac{|`�P0J��'uWNLz x J�M6{ x NLz _ J�O�`��¯��I ] � »¯� t¯� ­�PWaVOLP K�`�M6N�`LJ�U|ac{¼zhO¾¡
`Lz ^ J�N F £�£ � M6{0U¬M6acvwK9M6`9UWJ�b@J�TVz x ac{W��`�P0JZO�z.z x J�N�M6`�aVz�{ ^ J�`²­¶J�J�{|�'uWNLz x J�M6{¬M6{0U¬�¶PWac{0J�KLJXac{0UHu0KL`�N�aVJ�K
M6{0U¤NLJ�KLJ�M6NLO�Plac{0K�`�ac`�uW`�aVz�{0K$ac{¤vZuWTc`�aVUHaVK�O�a x Tcac{SM6N��lvwzhUWJ�Tcac{W�0«SK�acv uWTCM6`�aVz�{¼M6{0U¬UWJ�K�ac��{lac{¬M�J�NLz�{SM6uW`�aVO�K G
�®PWaVK;aVK�M¼TCM6N��@JÀ{0J�`¹­¶z�N�! z6} x M6N�`�aVO�a x M6{�`LK G � `;ac{.b@z�Tcb@J�Kw`¹­¶J�Tcb@J¬v�M _ z�Nw�'uWNLz x J�M6{�O�z�v x M6{WaVJ�K©M6{0U
ac{0K�`�ac`�uW`LJ�K µ ] t¯��I9�4«=��Å´I «´�$acN ^ u0K�«=���¯�Y��«=�XM�KLK�M6uWTc`�¡²�pbhaCM6`�aVz�{´« GcGcG · M6{0U³`¹­¶J�Tcb@J v�M _ z�N;�¶PWac{0J�KLJ
x M6N�`�{0J�NLK G �®P0J©�@z@M6T�aVK�`Lz|acv x TVJ�vwJ�{�`©MlNLJ¾}ÂJ�NLJ�{0O�J©}
N�M6vwJ�­¶z�N�! }
z�N�vwzhUWJ�Tcac{W��M6{0U K�acvZuWTCM6`�aVz�{ }Âz�N
NLJ�KLJ�M6NLOLP¬M6{0U¤ac{0UHu0K�`�N��Àac{R`�P0JYUWz�v�M6ac{lz6}jvZuWTc`�aVUHaVKLO�a x Tcac{SM6N��lUWJ�KLac��{¤ac{lM�J�NLz�{SM6uW`�aVO�K G
�®P0J x NLz _ J�O�`�D K x M6N�`�aVO�a x M6`�aVz�{ aVK4`Lz¬O�z�{.`�N�a ^ uW`LJ _ z�ac{.`�Tc� ­�ac`�P � � �|t$� µ
º�M6NLO�J�TVz�{SMH«¶� x M6ac{&·4M6{0U

�9����I � µ��¶PWac{SM@·;`Lz�UWJ�b@J�TVz x KLz6}
`²­®M6NLJ¤`Lzhz�TVK;}Âz�N U0M6`�M�O�z�TcTVJ�O�`�aVz�{ M6{0U O�zhz x J�N�M6`�acb@J¤­¶z�N�! M6{0U `Lz
x M6N�`�aVO�a x M6`LJYac{R`�P0JXUWJ¾Q0{Wac`�aVz�{¬z6}j{�uWvwJ�N�aVO�M6TpvwJ�`�P0z.UWK�}
z�N�v uWTc`�a x P��HK�aVO�K¯M6{SM6Tc�HK�aVK9M6{0URz x `�acv;acyBM6`�aVz�{ G
��z.z x J�N�M6`�aVz�{l­�acTcT ^ JYUWJ�b@J�TVz x J�U x M6N�`�aVO�uWTCM6N�Tc�¤­�ac`�Pl`�P0JYuW{Wacb@J�NLK�ac`�aVJ�K¯z6}jt�M6{ _ ac{W�©M6{0U¤�pK�ac{W��¡ » uSMwac{
M�J�NLz.UH�h{SM6v;aVOYz x `�acv;acyBM6`�aVz�{ G
�®P0JZ{0J¾½H`XJ�b@J�{�`�­�acTcT ^ J�MwvwJ�J�`�ac{W�Rz6}¶��uWNLz x J�M6{ M6{0U³�¶PWac{0J�KLJ�J¾½ x J�N�`LK¯`Lz ^ JZP0J�TVU¬ac{ � aCM6{|ac{

M x N�acT F £�£ ªHG
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���C1 �cs ��g�?�+ L&5�-H?�+.q ��>@?BArm�g � 5�m0<�+.>�?wkn5�-0gp>@+�� � -W565�mn>�m ���������	�
� G�» M ^W^ M6T�aVKn`�P0J¶¿WNLJ�{0OLP4NLJ�K x z�{0K�a ^ TVJj}Âz�N´`�P0J � {�`LJ���N�M6`LJ�U ��O�`�aVz�{ ~'NLz _ J�O�`p¿WN�M6{0O�J¾¡²�|z�NLzhO�O�z � �A@,�
	CB
& {0J�­ M xWx TcaVO�M6`�aVz�{0KYac{ z x `�acv;acyBM6`�aVz�{´«pac{�b@J�NLKLJ x NLz ^ TVJ�vwK4M6{0U³O�z�{�`�NLz�T�«´��N�M6{.`LJ�U³}
NLz�v F £�£ � `Lz F £�£ �
µ ��ª�� £¼J�uWNLz�K;ac{ F £�£ � · G �®P0J x NLz _ J�O�`;aVK;��M6`�P0J�N�ac{W��K�J�b@J�N�M6T�`LJ�M6vwK4}8NLz�v�¿WN�M6{0O�J µ � t¯I � � /��;���p�.�f«
H9{Wacb@J�NLK�ac`¹�;z6}ft$aVO�J�« E�
�O�z�TVJ$UWJ�K�~pz�{.`LK¶J�`®�¶PSM6u0KLK*
�J�KGF"M6{0U�`LJ�OLPW{WaVO�M6T H9{Wacb@J�NLKLac`²�;z6}´��z�v x a$7���{0JB·,M6{0U
�¬z�N�NLzhO�z¤µ
�'{W��ac{0J�J�N�ac{W�©�hO�P0z.z�T=�|z�PSM6v;vwJ�UHaCMwM6{0U-E�
�O�z�TVJYUWJ�K��¬ac{0J�KGF�«?H9{Wacb@J�NLKLac`²�À�¬z�PSM6v;vwJ�UR¸
ac{�I$M ^ M6`�«hM6{0U H${Wacb@J�NLK�ac`²���¶P0z�uSM6a ^ �¯z�u?!�!�M6Tca0ac{©�hJ�`�`�M6`Ä· G �®P0J"NLJ�K�J�M6NLOLP�`Lz x aVO9aVK�`�P0J�v�M6`�P0J�v�M6`�aVO�M6T
M6{0UÀ{�uWvwJ�N�aVO�M6TjK�`�u0UH�©z6} x M6N�M6vwJ�`�N�aVO�«0�@J�z�vwJ�`�N��Rz�N"`Lz x z�TVz����Àz x `�acv;acyBM6`�aVz�{ x NLz ^ TVJ�vwK G

���C1 �C� � m&7
78-W:�m&5�-H?BA8m&g ��Ar?�����gpq�A8-
	 G ~ 
�N�aCM6uH½ÀPSM�K x M6N�`�aVO�a x M6`LJ�UÀac{RM4¿WNLJ�{0O�P¤UWJ�TVJ���M6`�aVz�{¤z6}pJ¾½ x J�N�`LK¶}
NLz�v `�P0J H${Wacb@J�NLK�ac`�aVJ�K�z6}p~jM6N�aVK®¸ �
M6{0U|�pz�uWTVz�u0KLJ�« � t$I � � M6{0U³M�J�NLz�{SM6uW`�aVO�M6T,J�K�`�M ^ TcaVKLPWvwJ�{�`LK�µ
�$acN ^ u0K�«´�ht$�����¬�4« ] t$��I$��·"bhaVK�ac`�ac{W�
� {0UHaCM G �®P0J x NLz���N�M6v ac{0O�Tcu0UWJ�U &

•
�h�$I ] � � {.`LJ�N�{SM6`�aVz�{SM6Tp��z�{H}
J�NLJ�{0O�Jwµ » �HUWJ�N�M ^ M�Un«W�¯J�O�J�v ^ J�N � ¡ � « F £�£ � ·¾«0MY}
z�N�uWv UWJ�KLO�N�a ^ ac{W�
z�{H¡��@z�ac{W� � {0UHaCM6{ x NLz���N�M6vwK¯z�{R`�P0JYUWJ�K�ac��{lz6}'O�acb.acTcaCM6{´«0v;acTcac`�M6N��RM6{0URK x M�O�JXb@J�PWaVO�TVJ�K 4

•
¿WNLJ�{0OLPH¡ � {0UHaCM6{ ]$x J�{ 3 z�N�!hK�P0z x µ
º®M6{W��M6TVz�NLJ�«���J�O�J�v ^ J�N4� F ¡�� [ « F £�£ � ·¾«0NLJ�TCM6`LJ�Ul`Lzw{�uWvwJ�NLO�M6T
K�acv uWTCM6`�aVz�{¬vwJ�`�P0zhUWK$M6{0UR`Lzhz�TVK�}Âz�N�vZuWTc`�aVO�N�ac`LJ�N�aVz�{�/�v uWTc`�aVUHaVKLO�a x Tcac{SM6N�� z x `�acv;acyBM6`�aVz�{|ac{l��J�NLz6¡
{SM6uW`�aVO�K 4

•
b.aVKLac`"z6}�`�P0JY��J�NLz�{SM6uW`�aVO�M6T���J�b@J�TVz x vwJ�{�`��9�@J�{0O��³µ
�$�9� «Wº�M6{W��M6TVz�NLJ�«S��J�O�J�v ^ J�N4� d « F £�£ � · G

� }Âz�TcTVz�­®¡�u x ¿WNLJ�{0OLPH¡ � {0UHaCM6{ ]$x J�{ 3 z�N�!HK�P0z x aVK x TCM6{W{0J�U `Lz ^ Jwz�N���M6{Wacy�J�U ac{���J�O�J�v ^ J�N F £�£ ª M6`
� t¯I � � �hz x PWaCM;�${�`�a x z�TcaVK ^ �©`�P0J ]$x M6TVJ ~'NLz _ J�O�` _ z�ac{.`�Tc� ­�ac`�P¬� G ��J�N�bhaVJ�uH½ µ
�=NLz x aVO�K9~'NLz _ J�O�`Ä· G
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�®P0J"vwJ�v ^ J�NLK®z6}´`�P0JX���B�p�.� x NLz _ J�O�` x M6N�`�aVO�a x M6`LJ$ac{ `�P0J9��UHu0O�M6`�aVz�{SM6TnJ -nz�N�`¶­�ac`�PWac{ÀUHa.-nJ�NLJ�{�`�M6NLJ�M�K
M6`�`�P0J:H9{Wacb@J�NLKLac`²�Rz6}jt$aVO�Jwµ�H¯t��h�X· G
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g � -H?��=+h/ -H?BA8>@D�����e �p-W��+�D��
�®P0J x NLz _ J�O�`����B�p�.�¼PSM�K ^ J�J�{³ac{�b@z�Tcb@J�U³ac{³`�P0J�UWJ¾Q0{Wac`�aVz�{�z6}�`�PWaVK�{0J�­ �|M�K�`LJ�N�D KXUWJ���NLJ�J x NLz���N�M6v
UWJ�UHaVO�M6`LJ�U `Lz v�M6`�P0J�v�M6`�aVO�M6T4M�K x J�O�`LKRz6}4�@J�{0J�N�M6TYK�PSM x J�K�«$M6{0U `Lz ac{0UHu0K�`�N�aCM6TZM xWx TcaVO�M6`�aVz�{0K G �®P0J
x NLz _ J�O�`"aVK�}8uWTcTc�©ac{lOLPSM6N��@JZ`�P0JYKLJ�O�z�{0UR`LJ�N�v O�z�uWNLKLJ:H¯�j} d/& E��.PSM x J ]$x `�acv;acyBM6`�aVz�{%F µ F £�PWNLKÄ·�­�PWaVO�P
ac{0O�Tcu0UWJ�K"TVJ�KLKLz�{0K"ac{

•
�®M6TVO�uWTcu0KÀz6}�¸,M6N�aCM6`�aVz�{0KB«"z x `�acv�M6T¯O�z�{.`�NLz�T�«9UWz�v�M6ac{ UWJ¾}
z�N�v�M6`�aVz�{´«9UWz�v�M6ac{ UWJ�N�acb�M6`�acb@J�KRM6{0U
M xWx TcaVO�M6`�aVz�{0K�µ
� GW» M ^W^ M6Tr·¾«SM6{0U

•
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gp>@+.g�? J�+.7 « H9{Wacb@J�NLKLac`²�w~ G �|J�{0UWJ�K¶¿0N�M6{0O�J�« � NLJ�{0z ^ TVJ!4.`Lz x aVO & ac{.`LJ�N�}ÂM�O�J¯z6}n`�P0J¯���X�h� KLz6}
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�N�� 4"� x N�acT±¡²�$uW� G F £�£ d#&R]$x `�acv�M6T9­¶J�ac��P�`�ac{W�
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����������	�

������������������� [ �

�	� � �  =� � 0(�-, �.

�-/ 0 / 3 �	! ���=0 
)� % ! 8�� � 01
 �
�$K OLPSM6acN�v�M6{ z6}:3 z�N�!.ac{W� � NLz�u x � ¿ � ~ �hG\F � � .¾
²�¾� �|��,�� 1 12� + 3 � +M, @ �f
��r�A� � ��
��Â�C+S« 	 G ~ G #�z�TVJ�K�aVz
z�N���M6{Wacy�J�K"`²­�z�O�z�{H}ÂJ�NLJ�{0O�J�K &

•
��z�{H}
J�NLJ�{0O�JXz�{¬�.�HK�`LJ�v �|z.UWJ�Tcac{W��M6{0U ]$x `�acv;acyBM6`�aVz�{ & E��.PSM x JX�${SM6Tc�hK�aVK�M6{0U ]$x `�acv;acyBM6`�aVz�{%F�«
�´uWN�ac{´« � `�M6Tc�@«�	@uWTc�¼� � ¡ F�F « F £�£ �HG

•
H���Å=� « � ¿ � ~ �hG\F%& E¹º®z�uW{0U0M6N�� ¸,M6Tcu0J|~'NLz ^ TVJ�vwK & ��z�v x uW`�M6`�aVz�{ M6{0U ��z�{�`�NLz�T F¬KLJ x `LJ�v ^ J�N
F £�£ �HG

�	� 	 4 �  )

� ! �-&*�.

�-/ 0 � 0 �	! ���=0 

� % ! 
7/1"+"+��
 
 � ���

•
	 G ¡²� G � 
�KLaVU�
�N�a'aVKYM�vwJ�v ^ J�N z6}AB'���A�
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µ 	 G ~ G #�z�TVJ�K�aVz�·

•
�|��
,+ ���;�@
�� ���0�0.�,�� � � �6�C+S
Â«��=�¯�¤¡²�p�$� & �´NLJ�{0UWKpac{ � xWx TcaVJ�U �¼M6`�P0J�v�M6`�aVO�K�«��´uW{WaVKLaCM�¡²�9Tc�@J�N�aCM�¡
�|z�N�NLz.O�zW«0�=uW{WaVK�«0�=uW{WaVK�aCMH«SM x N�acT F £�£ �HG µ
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