
HAL Id: inserm-00312378
https://inserm.hal.science/inserm-00312378

Submitted on 25 Aug 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Identification and characterization of rod-derived cone
viability factor.

Thierry Léveillard, Saddek Mohand-Saïd, Olivier Lorentz, David Hicks,
Anne-Claire Fintz, Emmanuelle Clérin, Nükhet Cavusoglu, Frédéric Chalmel,

Pascal Dollé, Olivier Poch, et al.

To cite this version:
Thierry Léveillard, Saddek Mohand-Saïd, Olivier Lorentz, David Hicks, Anne-Claire Fintz, et al..
Identification and characterization of rod-derived cone viability factor.. Nature Genetics, 2004, 36 (7),
pp.755-9. �10.1038/ng1386�. �inserm-00312378�

https://inserm.hal.science/inserm-00312378
https://hal.archives-ouvertes.fr


�

����������	
����
�	���������	�
����������
������� �!���
�"���$#"�%�&�
'�	(�)�����+*,	
�-��./�%�"�

��	0�+�����1���2#3. ��4�56	����
�7#8�

�
9;:=<?>@>BA3��C�DE<?:=FGF=HI>$JLK�MONQPR#SH8J;J;<?T,5VUW9;H8X;JS��#EH?Y�JLKZPI�!F[:\DE:=<]>��0UI>2<?XS^O_`KOPa��HbDE:=Jc*c:[d?TSefKOPg�!XSX;<2�

�-F[H8:h>2<��):[XS^i_`KOP8	0jkjlH8X;mL<?F[F=<-�-FhC]>$:=X;KOP8��n;TS9;<2^)��HbDIm;efU8oWF=m;KOP8�)>?C?J;C]>$:=d-��9LHWFpjk<?F\qfP

.)H8e�d?H8FR��U8FrFpCBqfPI�"F[:sDE:[<?>�.)U8d@9Eq�PR43<?U8>2o8<��0HIjktu>2U8mRvwH8X;JcxIU8e�C2�y��F[H8:=Xz#EH89L<$F=KZ{ |iM

}�~8~W�Q�b���B�

���w�B�I� � �B���a� �Q��~8���u�W�E� �G�a�I��� � �R�G�8�I� ����� �[�s�E�[�?� �Q��� �-���8�[�?�B�E�[�`� ����� � ~8� �G�k���B���G� �?�
� � �f�2�Q���3 ¢¡W£I�

� �8�s¤ �$��� �¥��� � � �2���Q�-� �;��� � � �-� � � � �?�W¦!§ �8�¥���?�;¨W��© } �]���a�G� �@� �?ª]« � � �-~ ��¬u�B�8�a�g� � �k¨]��© } �b���8�\� �?�I­R 8 ¢­ � �

� � � � � � �@~8�@® � £I� ¬ � �2�8� �

¯ � � � ���¥�h�W� ~8�0° �2�g�B���G±b� �-� � ~8��² �G�R�G�8�R� � ���R�G�@�B�S�[�?� �Q�-� � �
� �G�\�S�[�?� �Q�?� � � � � �w�B� �Q� �]�S¬ � � �b�i�R³8­ «I´W«

� �G�\µR� � � �g� ¬ � �`�g� �

¶l·��g¤a� � �Z� �u�/� � �Q� � }�°V¸ � � � � �?� � �I�G�a� � � �W�Q� � � � ��¹»º �w© � £I­S¼ � ¼ ´W« ��¦ © «I´8´ £�² � �Q� � � ¨g½��¥�Z¾ �$� �s�`� ~

¿ � � � �Z�¥�h�8� � �aÀ ¸ � � � � �?� � �R�G�8� �g�W� �8�\¤ �2��� �¥� �!� �I�r� � � � �WÀL�w�8� ~ �8� �W��º

Á �bÂ �8�]�Q� �B�8� � � ��� �?�a�]� � �\�¢�8� �?~�� ±b�E�?�r� � ����� �g� ½�� � µ

Ã �W� � �O�Q�b� �8�8� ~ �G�W�3�B�8� � � �$� � � ¤ � �=�=�[�]Ä � ��©��2�b���8�G� �W¼ �r� �i�?���Å¼ À �

�
�I�8�8�G�8�!�Z�Æ�O� �g� � ~R�+Ç ¬



£

��<2^Q:=X;:G^Q:=e .):=o8jl<?XS^QU8e�H � ��.�� :[e H8X m;XS^Q>$<?HW^QH8tSFh<�:[X;9L<@>2:G^Q<?J >2<$^Q:=X;HWFVJ;:=e�<@HRef< F[<?H8J;:=X;o ^QU

tSF[:=X;J;XL<@e�e��
�
9;<zJ;:=ef<?HRef<z:=X;:G^Q:=HW^Q<@e��!:r^Q9»^Q9;<kF[U8e�ecU	��XL:[o89S^�DE:=ef:=U8X6J;mL<l^QU >2U8J�
;9;UW^QU8>$<?d]<�
S^QU8>

J;<?o8<?X;<?>$HW^Q:=U8X;P
�OUWF[F[U��3<?J tEA�:[>?>2<�DE<b>@e�:=tSFp<�
L>$U8oI>?<]e�e�:\DE< F[U8efezU��Åd?U8X;<�
;9LUW^iU8>2<?d@<�
S^QUR>$ezJ;<?HW^Q9;P

Ky{ qQ{ vQ{ |��+��U8X;<7F[U8efe":[e,>$<]e�
;U8X;e�:=tSF[<���UR>,^i9L<ljlH��$UR>"DE:hefm;HWF
9;H8XLJ;:[d?H	
»H8e�d?U8X;<?e�HR>$<l<befe�<?XS^Q:[HaF��OUI>

J;HbAlH8X;Jz9;:=o89�H8d?m;:r^yA3DE:=e�:[U8X����S�
9;<?:=>-F[URefe�:=e0:=X;J;:=>$<]d2^+ef:=X;d?<�jlU8e�^)��. oR<?X;<?e
HI>?<�XLUW^w<��	
u>?<?e�e�<@J

tRA3^Q9;<?e�<-d?<?FGFhe���� <-9;HbDE<

u>2<BDE:[U8m;e�FsA7e�9;U��!X7^Q9;HW^���H8d2^QU8>$e
e�<?d]>?<2^i<?J��i>2UIj >2U8Jue+HI>2<-H8Xl<]e�e�<@X ^i:=H8F

>$<��;mL:h>$<]jk<@X ^���UR>-d?U8X;<�DE:=H8t;:rF[:G^yA��! O{ "O{ K$#O{ KOK%��� <-X;U��%9LHbDE<�:=J;<?XS^Q:&�O:[<?JzU8X;<�e�m;d?9k^Q>$U	
;9;:=d
�OH8d2^iU8>-tEA

<���
/>$<befe�:[U8Xzd?F=U8X;:[XLo3H8X;JzX;H8jk<?J�:r^)>$U8J �iJL<@>2:\DE<?Jzd?UIX;<�DE:[H8tL:GF[:r^yA'�OH8d2^iU8> � ��J;�-
����(�R��J;�-
�� :=e
H

X;UbDE<2F+^f>$mLX;d?HW^i<?J(^Q9;:=UI>$<?J;U��g:=XS�OF[:=T;<)
/>$UW^Q<?:=X e�
;<]d?:*�Q:[d?HWF=F\A <+��
/>?<@e�e�<?J»tRA,
L9;UW^QUI>$<?d?<�
S^QUI>2e��
��9;<

:=J;<?XS^Q:&�O:[d?HW^Q:[U8XkU-�u^O9;:=e�
L>$UW^Q<?:[XkU-�.��<b>$e+X;</��^Q9;<?>2H	
;<]mS^Q:=d@HWF�
;U8e�ef:=t;:rF[:G^Q:=<?e��OUI>���.��

¬u� �)�B® � �Q�b��� �s�R���?�G�R�8�G�W� � ��¤I�[�2�I�=�=�Æ� � � ��� � � �I� �i�?~ �a�3�?�8� � © � � � �[� �8�?~ � � � � � �i� �B�S�Æ�h� �Q�b� ÀZ� �Q�

� � �[�2µ � � �?� � �O� � � �[¯,½�� � � �Q�@~S¼�� � �@�a�]� � � � �l�Z� � � ��� �?� �Q� �I� �Q~ �Q� ���r�g� � � �i� �?�8� � © ~ � � �G�I�B� �?~S¼

� � ~8�?�?~8� � �8�2�z�i� � �Q�b�i� �]� ³ ´ �Z� ª¢´�0 �8À+� �8� ���b���2� �I�8�W�S�G���O�G�8���G���B�E�¥�h� �Q�?~ � � �=� � �O� ¼u¸ �g� � �B�E�¥�h� �Q�?~8�

� �8�]�Q� � � �[� �-~8� � � � �2� �B� � �g¤ �2� ��À � ½ ~ � �E��¼;Â �8� � ~8~ �Æ�O�G�I�z�8À
�?�8� ~ �¥���G�R� �@~ �3�?~ �\� � À � � � ½��[� ~ ©�� � � �

� �W� �f�&�i� �Z�G�8�?� �2® �R�[�?�b� �w~8� �[� �E� � � � � �G� ��� ��� ¼b¹ � � � � � � �$� ÀZ� �Q���@~ � � � �Q�@� ������� � �R�s�B� � ÀZ�?�B��� ��� �B�I� � �Z�

� �I�8�I� � �u�?�8� ��� � � ¤I�s¤E�?� ¼

} �/1�· }V�2® � �Q�b��� �s�a���=�\� � � �i� ½!� � �?�8� � � � �E��� �?~ À � � � � � � � �?� �Q� ���G�8� � �8À;ÀO�\¤ � ©�½ �?� µI©O�R� ~ ½��=� ~ ©

� � � � � �[� �W¼+� �G� �Q� � ~ 1�· } ½3� � �W� � �GÀO� �?~ À � � � �I�I�a� � �RÀ �$´8´ �G� ~ �\¤S� ~ �E�?���`�s�R� �W� � �g� ��� �Q�?~ ���

� � �2� � À � �B� �
¸ ¨I© � � � �r� �1¼/� �8� ~ �¥�O�s�R� �?~��3�?~ �\� �32O� �54-À � � � � � �$� � À � �B� �?~��
¸ ¨ � � �G� � ½�� � � ~8~8�?~ �Z�

� � �[�2µ � � �i� �O�G�g�`�3�B�E�¥�h� �Q�]� �Q�@�?~R�@~ �G� ¡8³ ©h½ � �=���R�[�B� �b�1¼-} À=� �2� ­�~ � �I� �RÀl�B�E�¥�h� �Q�?� �2���B�8�Z� � �B� �?~

¤I�[�2�I�=�=�Æ� � � ��� � � ½�� � � �2� ÀZ� �Q���?~62 �w�\¤ �/7 1 � � ~ � ��� � �8� ���I� � �B�E�[� � � � �W� �]�Q�98 �I� � � �V¸ � �"� ¨ } 4 ¼

Â ½ � �]� � ©O�8� ��� �S� ~W�Q�?~ �I�R�8� �Q� �?� �O�Q�b� �8�8� ~ �r�¢�7��� £ �$´ � ´8´8´ �G� ~ �\¤I� ~ �;�?�u�?�G�R� �g�i� ½ �2�Q�,� � �Q�?� � �?~S¼8� �8�a�

�b� � � �2�)¡	:8¡ �?�8�b���?�G� �?~ �h½��G� � � �)� �`� � �[�s¤E�G�8�c� � �[� � � � � �8� � � �I�B���\¤ � �?�8�b� � �a� ��2 ¬u�G� ¼ � 4 ¼`²0� �=� � �¥���r�8�

~ �r�\�8���G�8���`�s�R� ��¡	:8¡S¼ ´ ¡S¼ ´Rª ½!� � � � �R�G�B� �@~ �?� ~»�Q� �W½�� ���»�$�8�b���2�G� �   ´ £ ©h�8�»�G� �f�2� ��½��¥� � �?���8� � �



:

�Q� � ~ �G�W� À � � �3��� �8�?� ~ �G�¢�6�z�W�8���B�Z�\¤ � �$´ ¡ ©�� � �G�8�6�?�?� ~ �I�R� � � � �W��� ~8�W¼�¹ � �8� �3�?~ � � � � � � � ��� � ~ ©

~8�2� �\¤ �?~ �?�8� � ¤I�[�2�I�=�[�¥� � ÀO�@�B��� � 2 � ~8�+Ç ¬)�[¶ � ¬u�\� £ 4 ¼

� ~8�+Ç ¬ ½�� � � �g� � �2® � �Q�]���f�?~ �?� ~ �W� � �GÀO� �?~ � � � Àh� � �G�R��� � �g� � �G� ½��Æ� � �R�Æ�8� � �B���G�8� � ©�¨I©

� � �2� � À �2� � �i�
2 ¬/�G� ¼ : ��4 ¼¢� �8� � © � � � �[� �g�?~ �B�E�¥�h� �Q�b� ½ �2�Q� �G�I�B�I�I�B� �?~ ½��Æ� � �G�I� �i� � � �G�8�3� � �g�E�b� � �8À ° ¨ Â ©

� ~8�+Ç ¬�� � ° ¨ Â �2�G�8� �W¼]�O� �I� � ���2�]�Z� �g� � �8� � ~8~ �¥���G�R���8À �$´ � � 7h� �I�RÀ;�W� � �rÀ�� �@~"° ¨ Â ©h� ~8�+Ç ¬ ~ �g�8�I� �?~

� �8� �]� � � �2� �8À��[�\¤I�r�8� � � �G� � � �2� �I�G�B� �¢¼/Â �8�,�Q�]� �B� � �?�B�Z�\¤I�¥� � �8À � � � � À��?�B��� � �\�I� �Q� � �Q�W� ½��¥� ��� �G� �8�2�

� � �b� � �G���@�a�g� � �b� � ���Z�G�8� 2 ¬u�G� ¼-: ��4 ¼

· �B® � �)�Q� �Z�G�8�?� �2® �I�[�?�b� � À � � � Ày�\¤ � ©�½ �?� µ��E�R� ~����	��� �[� � 2 �G�]�2µI�G�8� � � ~R� 4-½ �2�Q� �?�R©��B�S�Æ�h� �Q�?~

ÀZ� �+­3~ � �E� ½��¥� �c�
¸ ¨c� � �=� � � � �2� � À � �B� �?~ ½!�¥� � � ~I�+Ç ¬ �/1-· } 2 �?�G�R� ��¡	:8¡S¼ ´ ¡S¼ ´Rª 4 ¼8� �a� � � � �G� � ½ �2�Q�

�[�2� � �=� �?~ ½��Æ� � �?�a� � © � � � �?�=ÀO�[� � � �?�]�8� �2�8�R�Æ�8�O�G�8�G� 2�� · } 4 �2� ~ �?�W�I�b� �@~ � � �r�¢� � � �2�i� �a�s�a�I�G�]�b�

�3� � � � ~R� ��
 ¼IÂ �g� �]� � � �2� �8À+�@�a� �g� � �$� ÀZ� � � ~ ½�� �0� �=� �g�2� �G� �Q� �O�G�8�?� �@® �R�[�?�b� � �G�8�B�I�I��� �?~ ½!�¥� � � � �=� �

� � �2� � À � �B� �?~ ½��¥� � � ~8�+Ç ¬�� � �?� �r���@�a�]� � �8� � 2 ¬/�G� ¼�: ��4 ¼ Â �g� � � �I�=�¥�h� ~8� �RÀ
� �8�k�Q�]� �B� �z� ÀZÀ � �B��½!� �

«I´-0 ½ �8� � �@� � �I� �Q�@~ ��� � �8� �b� � � �2� �8À��?�8� �]� �G� ���!~ � � �r�8� � �g� �8� � ½ �@� µ � �2� �G� ~8� � � �2�W� � �RÀ

� ÀyÀZ�[�]�?� �(� � � �[�=� � ��� ½ � �B���W� �Q�$� ¤ �?~ ½ �8� �z½��[� ~ ©h� � � �c�Q� �Z�G�I� � ½ �2�Q� � �Q�?~ � � � � �g� � � � �aÀ
� ~8� Ç ¬

�?�B�Z�\¤I�¥� � ��
 ¼ � ~8�+Ç ¬ ½3� � � � � � �2�I� � ��� � �G�g½ ~ �g½����]�8� �c~8� � � � �$� �B���G�a���G� �a�g� � � � �[�2µ �?� ~ � �g� �Q�

� � ~8� � � �O� ¼

¹ � � �2® �u� �b� � �?~ � �8� ���I�r�[�¥� � �IÀ/� ~8�+Ç ¬ �`�]�O�\�a� ~ � �b� ���"�I�G�R�$µ,� �8��� � ~ �a� � �8�W� � �?�B�Z�\¤I�¥� �E¼I� �

½!� � � �Q� �I� �Q�?~ À � � � ÀZ�\¤ � ©�½ �?� µI©O�I� ~ ½��G� ~ ©�� � � ��� �W� �f���Q� �Z� �I�`� �@® �R�[�?�b� � �2� ~ � �3� �S�g� ~8� �I� � � �@~ ½��¥� �

�2�]�O�G©h� ~8�+Ç ¬%� � �?�8�b� � �a���`�]�O�\�a� ~ � �W��¼ ¬u�\¤ � ©�½ �?� µI©O�I� ~��
�	� �Q� �O�G�8�?� �2® �I�[�?�b� �'2 �s�b�$µR�G�W� � � ~R� 4�½ �$�Q�

�G�I�B�I�I�B� �?~ ÀZ� �
�Q� ¤ � � ~ � �S� ½��Æ� �,� � �?� ~ � �8� ��� �8� �?�W� �W� ½ �$�Q� �G�2� � �[� �@~ �?� ~ �?�g�I�]� �?~S¼¢Â �g� �]� � � �2�

�8À��@�a� �g� ½�� ��� �G� �g�2� ½ �8� � �
�	� �2® �I�=�?�]� � ½ �$�Q� �G�I�2�8�I��� �?~ ½��¥� � � � � �i� �G�I�B�I� � � �?~ ½��¥� � �?�8�b� � �a�

�I�8� � �?�G�R�8�?���?�b�Z�\�a� ~ � �b� � � �?� ½ �8� � � �8�2� ½ �2�Q� �G�I�B�R�a�B� �?~ ½��¥� �(�3�?~ �\� � �?�G�8� � 2 ¬/�G� ¼�:8~8��� �W½ £

¤ �$��� � � � 4 ¼�Â �8�»� � ÀO�?�G� �b~ ��� � �Z� � �S�[�B� � �?�a� � � � � ¤I�s¤E�?���G� �
�	�V�2® �I�[�?�b� � ½ �8� �6� ~8�
Ç ¬ ½�� �



«

� � � �`�GÀO�[�]�?�G� �l�Q�?� �a¤ �?~ � � � �3� �E�8� ~8� �I� � ���G�8� 2y� �W½ : 4 ¼EÂ �g�b�Q���Q�]� �E�¥� �0~8�?� �R� � � � �B� � � � �B�)� ~8�+Ç ¬ � �

�Q� ±b�E� �Q�@~ ÀZ� � �2�8� ���Q�]� �B� � �G���B�E�¥�h� �Q�?~��B® �R�[�?�b� �1¼

Â ��� ���i�b��������������� � ~8�+Ç ¬ � ÀyÀ � �B� � ½ � �G�
	 � �B� �?~ � � � 2 �$´8´ �¢�	4)�aÀS� �g� �W� � �GÀZ� �?~�° ¨ Â ©�� ~8� Ç ¬

�G�k� �8�c� �I� �Q� �O�G�8�?� � �I�?� � �IÀ :R  © ~ � � ©O�R� ~ ���	�l� �[� �?� � �g� � �i� � � �B� �?~ � �8� �G�
	 � �B���G�a� ­z~ � �S� �?À=� �2��¼;Â �8�

� �[� � ½ �2�Q��� �@� � �rÀ��=� �?~ ½ �g� � �f� ¤ � ��½ �?� µ3�R� ~ 2 ¬u�r� :8� 4 ¼¢Â �g� �B¤ �$� �2� � �RÀu�?�8� �W� � �2�)�,� ¯��G�3�?�8� � �?� �

�G��	 � ��� �?~ ½!�¥� � � �8� � ~R�+Ç ¬ À=� � �s�R�c� � �b� � �G� 2 «   ´8´ 40� �0� �G� �g�2� � � �?�l�r���?�8� � �?� � �G��	 � �B� �?~ ½��¥� �l� �¥� �8�2�

° ¨ Â �2�G�8� �
2%: ª¢´8´ 4)� � ½��¥� ���;² ¨ 2%:R  ´8´ 4 ¼]Â �g� �G�
	 � �B���[�a���8ÀS� ~8� Ç ¬z� � � � � � �2�I� � ���"� �Q� ¤ � �]� «I´-0 �aÀ

�?�8� �b� À � � � ~8� � � � �2� ���Z�G�a���G��� �g� �
�	��� �g� �i� �g¤ �2� ��� �2� �G� ~ �aÀS�h½���½ �?� µ ��¼

·3� � � �8�$� � �I�G�W�h�Z�r�¢�»�?�g�`� �S� � �3~8� � � ��� �?~ �h½�� ~ � � �O�G�8����� ~8�+Ç ¬ � �w· }�� �8À £;¼ : �?� ~ £;¼¥­ µW�

�8�8� � �G�7� �g�"�Q� �Z�r�g�,�?� ~ �8�W�+�G���`� � �W� �8�$� �Z� ��� � � � �b� � �@~�2 ¬u�G� ¼ « � 4 ¼SÂ �8� �I�B�h� �2� �l�aÀ � ~R�+Ç ¬ � �w· }

�B® � �Q�b��� �G�R� � � �Q� �`�[©���� �3� � Â © � � � � �B��� �8�@~ � � �B� �8À �O� � ~ �8� � �G� � �G� � � � � � �G�I� �i� � � �G�8� ~ � � �r�8�

� �B�h� � �B�Z�s�a� �aÀ�� � �g��� �Q� � � �b��� �f� �G� � �g� ½��[� ~ ©h� � � � � �g� �f�W¼�¦ �W½ � ¤ �2�Q� �G�%� �g� �
�	� � �W� �Q�?�,� � ~

~8� � � � �$� �B�Z�G�8� � � � �G� ~ �[�b��� �?~ � �V~8� � �Q� � �Q�@~ �O� � ~ �8� � �G� � �w· } � � ¤ � � �i� ½!� � �?�?�?� � �I�`�8� �?~ � � �

~W� � � �B���G� ~8� � �Q� � �i� �r��� ~8�+Ç ¬ �2® � �Q�b��� �s�R� 2 ¬/�G� ¼ « ��4 ¼
Â �g� � ~8�+Ç ¬�� � � � � �Å�@® � �Q�b���i�?~ � � �h½��

� �w· }"�i�&� � � ���G�\µ � � � � � �?�¥� �2� �I�B�Z�\¤ � � �I�r�[�?�G�8� ¼ ¹ �I� � � �]� � �?~ � ���i� �?�G©���� �3� � Â © � � � � � �8� � � � �

�B�¢�S� ~ �`�]� � �w· } � �8�?� ~8�b� � �8� ÀZ�?�B��� � � � �B�u½ �-� �B¤ � � � �a�[�B� �@~ 2 ¬u�\� « ��4 ¼8Â �8� � � ¤ � �;�8À �2® � �Q�W��� �G�R�3�RÀ

� ~8�+Ç ¬»�G�k� �g� ½ � �R� �,�Q� �Z�r�I�c� � ½ � �G�w� � �r�l� �8� � � �W�Z� �Q� � � �]�Z� � �G� �a�2� 2 � � �a�[�B� �@~ � � �Q� �B�Z�s�a�8�G�8�z� �8�

� �W� �f�(�Q� �Z�G�g� ½��¥� � � ¤I�\� � ����� ��� �=¿%4k½ �2�Q� � � � �=�[� ��¼�Â � � � � �I�8� �b� � � � � �B�c� ~8� Ç ¬ �2® � �i�b��� �G�8��� �

� �?�r�I� �3�Q�]� � � �[�B� �?~ ���!� �8� �W�W� �2� �b�E�?� � � � �[� �a�2� �?�a�]���2�G�8�G�8�"� �8�-� � ~R� �2� ~ �?�a� �b��2 ¬/� � ¼ « ~ 4 ¼ � ~8�+Ç ¬ � �

�?� � � ��® � �Q�b�f�Q�?~ �G���B�E�¥�h� �Q�b� �8À;�W� �Q� � � �W�Z� �Q� � � �b��� ��� 2 ¬/�G� ¼ « � 4 ¼

� �8� � �?�G�R�8�?���?�]�O�\�I� ~ � �W�k� �`� �i�?~ �2�I�?�G� � �,�h½�� � � � �?�GÀO�h� �Q� �I�G�8� � �IÀ"� �8� � ~8�+Ç ¬ �Q� ±b� � �8� �

2
α
� ~8� Ç ¬u©=· �2� ~ � ��� �I� ~8�2� �=�G� �?~ �G�zÀZ�r�W� �i�"£ ��4 ~8� � � ��� �?~ � �g�7� � �!� �h½!�7�I�2� ~ � 2 � ­ �$� ~ : « µ-1!� �

¬u�G�   � 4 ¼�
�������� ����� � � �2� � �=��� �?~ � ~8�+Ç ¬ �?�8� � � � � � �8�8� � �8À0� � ­ ©yµ-1��,�I�?� ~ �I� ��� �\�I� ���Q�W� �E�¥���r�¢� À � � �

�I� � ��©=� � �2� � �G�B���G�8�8�?� � � ~ �GÀO�[�?���O�G�8� � �8À+� �8� � £ µ-1��,�I�W� � � � �W��� ~8� 2 ¬u�G� : ��4 ¼uÂ �g� � � �g�I�]�0�8À � ~8�+Ç ¬



 

� � �b� � �G�z½!� �3� � � �=�[� � �G� �i� �O�G�g�`� �@® � � �?�B� � À � � � �g� ��� �?�
�?� ~ � �8���$�b� � � � �?�G� � �����8� � ½ �?� µ��aÀ��2� �@�

� � �G� � ��� � � ~l~8� � � � �2� �B�Z�G�8� 2 ¬u�r�   ��4 ¼SÂ �8� � � ¤ � � � �RÀ+�I�W� � �E�?� ~R� ½ �2�i� �8�W� � �8� � ���2�b���G�?�=� ��� � ~ �GÀO� �?~

� � �h½ �?� �(�h½��V�2� ~ Ày�\¤ � ½ �?� µ � �8À,�$� � �G�(� �8� ½��[� ~ ©�� � � � � �W� �Q�W¼
� �6�?�8�b� � � � � � � �g� � � �g�I�]� � �aÀ

� ~8�+Ç ¬ ~8� � �Q� � �Q�@~ À � � � �h½��"½ �?� µ � �8�b½!� �Q~R� �G��� �8� ���	��� �g� �i�?� �G�c�?� �O�Q� �s�B�O�s�a��½��¥� � � �8� µR�G� � ���[� �

�8À � � ~�~8� � � � �$� �B�Z�G�8��� ¼wÂ �g� : « ©yµ-1���ÀZ� ��� �IÀ&� ~8��Ç ¬6½�� �3~8� � � �B� �?~ �G� � �8� �?�8� ~ �¥���G�R� �@~(�3�?~ �[�

� � � ~ �E� �?~ À � � � ½!�=� ~ ©�� � � � �i� �Z�G�I�`� �2® �I�[�`�]� �)2 ¬u�G�   ��4 ¼�}�~8~ �¥���G�a�I�?���I�R� � �?�G�R�g�?���?�b���\�I� ~ � �g� ½ �2�f�

� �?� �i�?~ �2�I�?�G� � �!�z� � �W�Z� ~8� � � � �?�=ÀZ�[� ��� � ~8�+Ç ¬;� � � �8� �G�8�W� �2� ÀZ� �Q� �RÀ-� �8� � � �b� � �G� 2
α
� ~8�+Ç ¬;��4 ¼

¹6�g� ��� � �2� � À � �B� �?~ �G�b��� � � ���
� �r� �i� � ~I�+Ç ¬S� ��1-· } ½3� �c� � � �`�GÀO�[�]�?�G� � ~8� � � ��� �?~ � �
α
� ~R�+Ç ¬L�

�2� ~
α
� ~8�+Ç ¬L© � �?�]�Z�s�a� ~ � �b�Q� ½ � �=� � � �8�(�Q� � � �3ÀZ� �Z� �RÀ�� ~8��Ç ¬�½�� �z� � � �?�=ÀO�[�?�?�=� �6~8� � � �B� �?~ � �

α
� ~8�+Ç ¬L© � �?�b���s�a� ~ � �W� 2 ¬u�r� ¼/ ¢~ 4 ¼;Â � � ��~8�?� �R� � � � �1� �b� � � �B�)� �8� : « µ-1��"�a�?� ~z~8� � � �B� �?~ �G� �Q� �Z�G�I�b�

�B® � � �?�B� � �$� ~�� � �?� �y�Q�]� �I�8� ~R� ���&� �8� �G�8�W�,ÀZ� �O� �RÀS� ~8�+Ç ¬ ¼

�Q��� �E�8� � � � ���R� �8�?� � � � �O� ½!� � � �2� ÀZ� �Q���?~ �a� �Q� ���G�8�?� �Q� �B���G�8� � À � � � À��s¤ � ©�½ �@� µI©O�R� ~»� �=� �

½��¥� � �I�b� � � �8� ·3©��2� ~ � ©�� �2��� �G�I�?� � � � �?�=ÀO�[�,� ~8�+Ç ¬ �2�b���\�I� ~ � �]� 2 ¬/�G� ¼ ³ 4 ¼ ¨8� � �2�GÀO�[� � ���?�r�8�G�8��½�� �

�W� �Q�$� ¤ �?~ �8��� � �W�Z� �Q� � � �]�Z� � �W�W� �2�+�i� � ��� �b� � �2� ~�7 � � �a��� �8� �r�]� �2� � � �g��� �Q� � � �b��� � � �B� � � ®92 ¬u�r� ¼¢³ � � �	4 ¼

¨W���2�G�8�G�8� ½�� � �I� � ���G�B�E�[� � � � �G�]� � � �i� �r� ~ � � � �i� � � � � � �E�B�h� �Q�b� ½!�¥� � �G� � �8��� �I� �i� �Z�G�8�?� � �I�?� �?� �?�I©

�G�I�?�?�=�G¾]�G�8�"½��¥� � � �8� �I�G� ~ �G�8�c�RÀ;� � �2�]�8�)�2�8�I�¥�8���G�8�r� 2�� · } 4 � � � � � µ �2� �8À �?�8� ��� �B� � � ®l�Q�8� �B� �I��2 ¬u�G� ¼

³ � �G~8�G�?�\� 4 ¼ ·3� ��® � �Q�b�f� �G�R��½�� �
~I� � � ��� �?~ �G� �Q� �Z�G�8�?� �i� �B�Z�G�8� � À � � � ÀO�\¤ � ©�½ �?� µI©O�I� ~ ���	�,� �[� � 2y�Q�b� �S�¥�

�8�W� �O� �g½��-4 ¼RÂ �8� � �Q� À �2�i� �]�Z�[�`�u�G�I�?�?�=�G¾]�B���G�8�c�RÀ � ~8��Ç ¬ �G�,� �g� �@�a� �"�2® � � �?� � �G�¥�E�=� ��� �B� � � ®�� �I�8� �]� � �

� � ���)��� � �r� � � � ÀO�@� � � ~8�+Ç ¬ �i� � � �W��� � � � � �Q�b�i� �b�)�8���Z� � � � �)� � �r� � 2 ¬u�r� ¼g³ � � �	4 ¼W}��
�2® � � �B� �?~8� � ~8�+Ç ¬

� �w· } ½!� � � � � � �G� � �b�Z� �Å~8� � � �B� �?~ � � �G� � �¥�h� �W� � � � ~ �G¾]���O�G�8��½��¥� � �G��� �I� �g�8� �$� �b�E�?� � � � �=� �a�2� �RÀS� �8�

½��G� ~ ©�� � � ���Q� �Z�G�8� 2 ¬u�G� ¼;³ �!4 ¼;Â �g� �W� �f�2� ¤ �?~ �[�@� � �=�=�G�8��� � �@�a� � � � � � �b�+½��Æ� � � ~8�+Ç ¬ � � �G�8� �2® � �i�b���Q�?~

� � �?�[� � � ~ � � �b�Z� �Q� � � �W�Z� ���1¼ } � � ®I³ � � �W� � ½!� � � �Q�?~ �G� � �8��� � �3�z�2® � �2� � �3� �]��� � � � � � �?�GÀO�[�?�¥� �

�?�8�b� � �a� 2 ¬/� � ¼W³ 	%4 ¼



³

Â � � � � �h� ~W� � � �W¤I� ~R�]� � �I�G�I� �g�?� �[�?�?� �a� � � � ÀZ� � � �g� � �Q� ¤I�G�W� � � � ~8�g� � � �\� �?~ �E� � �?� � �G� �

�G�b� �2� �?�B���G�a��� � �h½ �@� � � � ~ �2� ~ �?�8� � � � �g��� �Q� � � �W��� ��� � � ��� �$�8� � � ��� �����8�=� � ��µ �2��� �8� � �G� � �?�G�b���?�G�8�G�R�

�?�8� � � � �[�R¤I�[�@�I�[�=�¥� � ��
 ¼`�u�Q� ¤I�G�g� �
� �h� ~ � �]��� �I�8� �W� � �?~ � � ���L���S�G� �2� �I�=�[�?�S� � �G� �+�3�?~ �=��� �?~ � � �g��� �Q� � � �W��� �

�Q�b� �B� � ��� ¼�Â �8� ÀO�G� ~ �G�8� � � �B�-� ~8�+Ç ¬V� �3�@® � �Q�W���i�?~ � �Q�?~ � � �G�I�`�]�O� � � � � � �g��� �Q� � � �b��� �f� � � �I�=� �b� �

� � ½ � � ~8� �aÀ;� � �a� � �[���G�b� �2� �@�B�Z�G�8� ��¼8Â �8���O�S� � �`� �B�O�s� �B® � �i�b��� �G�R�3�?�G�R�8�G�W� � � � ��� � � � � �Q�?~��I�2�Q� � �@~ ���

� �8� � ~8� �]�O�GÀO�[�?���O�G�8� �RÀ�� � � �b� � �G�6À � � � � À�� � �=� � � � �2� � � � �8�W��� �Q� ¤I�s�g� � � � � �?� � ~ �I�B� ��� �b� �?~ �Z�

�G�I�?�s� ~8� � � �8� � �G�&À��?�B��� �f��¼

� ~8�+Ç ¬ �Q� �g½ � :	: 0 � � � �=�[� � �¥� � ½!�¥� � � � �G� �Q�?~ � ® �r�E� � 2 ¬u�G� £ �	4 ¼IÂ �8��� ©�� �2��� �G�W� � �RÀ/� ~8� Ç ¬

�G�b� �2��� �I�W� � � �g� � � �G� �Q�?~ � ® �r� � �W�Z�GÀ �?� ~ �E�8�G�rµ � �b� �8�$�(���?� � �2��� �aÀz� �8� � � �s� �Q�@~ � ® �G� ÀO� � �=� � � � �

�Q� �@� � �I�G�I�?�b�+� ~8�+Ç ¬ ~ � ~ �8�W� ~ � � �I�[� � ~8� � � �B�����I� � � ® � ~ � �Q�?~ �E�B��� �Q� �@�B�Z�\¤I�¥� � ��� 2y�Q�b� �S�Æ���g�g� �O� �W½��-4 ¼

� ~8�+Ç ¬V� � � � � � �7� � �I�g�?�B� �?~ � � �G� �Q�?~ � ® �G�8©O�=�Gµ � � � �g� � �G�E� � ¼)Â �g� ÀZ�W�I� ~8�2�3�3�`� � �2� �aÀ-� � � � À�� � �[� �a�

Â �y® © � � � � �?� � �"� �b� �3� � �R�G�B� �@~ � � � �8� � ~ �E�¥� Â ©O� � �r�E� � �Eµ �?� �[�?© ~8�2� �s¤ �@~ ÀZ�?�B��� � ��� � ��ÀZ�?�B��� ���i� � �Q� � �?~ � �

� � �G� � � � � �3� � � �?�8� �Q� � � �B� ~ � �]� �8�W�)�G�W¤I�R�\¤ � � � �r�I�I�?�S� � �W�Z� ~I�"�Q� ±b� � �8� �@� � � �G�I�8�?�u�`� � �k�2� �f� �]�+�G�

� ~8�+Ç ¬)��� ¼u} � �`�Æ� �2� �8���O�\¤ � � �»� �I�=�[� �@~ ÀZ� �Q� �RÀ�� ~8�
Ç ¬6� �!� �I�@� ~ �G�W���l�G�R�W� �2� � � �b� � �G� ½!�¥� � � � ©

� �2�O� �G�I�?� �@® � � � � �s�R���?� ~ �?�W�S� ~ � �@¤ � � ® � ~ � �Q�?~ �E�B��� ��� �@�B�O�\¤I�¥� �52O� �W� �Q� � ~I�+Ç ¬6�w�8�W� � ¬/�G� ¼ £ �	4 ¼

� ~8�+Ç ¬ � �G� � ��� � � � � ½ �B® � � �I� � �IÀ,� �I�[À��E�8���O�G�8�8�?��� � �b� � �G�W¯ 
 � ½!�¥� � �8� � �B® � � �?� � �G�\�S�[� � ÀZ� �Q�

�G�W¤I�R�\¤ �?~ �r���?�8� � ¤I�=�2�I�G�=�Æ� �a� ½ �g�2�Q� � � � �g� ¤a� � �=�?�]��½��\� � �2� �2® � � � ~8�?~k� ©�� �$�O� �r�I�?� �i� ±b� � �8� � �]� �O� � �W�

� ® � ~ � �i�?~ �E�B��� �i� �?�1�Z�\¤I�¥� �;¼

� �8� � � � �g��� �Q� � � �b��� �f� �?�W�I� ~ � ��~ � �Q� ���O� �c�i�b� �B� �?~ � �l~8� �G�\¤ �2� �r�8�,� ~8�+Ç ¬ �;� �¥� �8�2� � �l�,� �`� �

�8À-� � � � � � � � � � ©��I� �f�@~ � � �r�+� �g�2� �2� �E¼�Â)� � � � � �W¤I� ~8�W��� �8� � ÀZ� � �Å� �g�2� �2� � �8�Z�s� � � � ��� � � � �`� �3�]~ �B�

� �Q�b�i�2� ¤I�G�8�c� �8���Q�?� �`�G�I�G�8�z�?�8� �W� �G�7� � �I���O� � �]� ��¼SÂ �8� � � �I�=�[�?�B���G�8� � �aÀ�� ~8�+Ç ¬ � �Q� ÀO� � © �Q� �@� � �G�8� �

� � �¥� � � � � � � � �R� ~ � � � ÀOÀ � �B�O�\¤ � �G� � � � �-� � � � � �W���Q�b� �E�¥���G�W��À � � ��� � ~ © � � � �2�GÀO�[� � �8�����Z�G�a� � �?� ~

� ¤ � �3�G�!� �g� �[�B� ��� ���2� �b� �8ÀS� �8��~ � �i� � �Q�W¼]Ç � � �E�?�SÀh�S�g�B���=�8���G���I�B��� � �b� � ½��Æ� ��� �?�B�E�[� �)~ � �f� � �Q�-�Q�?� �?�G� �



­

� �����I� � � � �G�I�W�c� �w� � �i� � � �`�   ´-0 �RÀL� �g� �?�8� �W� � �Q� ÀZ�I�8�B���G�8�8�?�u�`� ~ � ��� ���G�G� � �R� � ���2�b���G�?� � ¤ � ��½ �8� �

¡ ´-0 �8À � �g� �?�8� �b�)� �2¤ � � �?� ���G� � �Z¯�� ¼b}��
� ����� �?~ � ��} �p�2� ¹»� �G� � ���$� �Q�b�i�2� ¤I�G�8�,�@�a� �g� ½��W�S� ~ � �i� ¤ � �b�

� ¼\ l� �[�G�=�G�R��� � �a�I� � ½�� � � ~ ½�� ~8� À � � � � � �@� � �r�8���I�G�=� ~8��� �G�I� � �G���?���2� � �8À0� � �Z�GÀO�[�?�=�?�)�=�G� � ���r�¢�k½ �

�?�2��� �2� À � ���O� � �[�s¤ � ½!�¥� � �W�8� � � ~R��� ¯O¯ ¼



ª

5V<2^Q9;U8J;e��

�!XL:[jkHWFpe��

� � �Q� �2� ~(� �?� ~ �=�G�8� �aÀ � �[� � �G� � �g�b�Q� � �h� ~ � �W� �?�8�8ÀO� �O���@~ ��� � �g� }��f� �I�?�=���Z�G�a��ÀZ� � � �b�i� � � � � �?�

Ç � � �s�R���?� ~�¸ � � � � �?� � �R�G�8� � � �W� �R�¥�8���G�a�!�a�-� �8� � �i� �aÀu�2�8� � �?� � �G� �i�b�Q� � � � �S¼

	 �	
u>?<?e�ef:=U8Xld?F=U8X;:[XLo��

} ~ � �Q� �B�Z�G�8�I�`�)� 1�· } �R�s� �Q� � ~ �G�\� � � �O� ½!� � �?�8� � � � �E�B� �?~ � � �G�¢� � �g� � � � � �?� �Q� ���G�8� � �+· }�� �RÀ :R  ©

~ � � ©O�R� ~ ½��G� ~ ©�� � � ��2��� ¢­b² � 7�³ Äz· 4 � �[� �W¼+� �8�a� � �8À �$´8´ �8�G� �Q� � ~ � ½ �2�i� �W� � �GÀZ� �?~ �`� ~ � �Q�?~ ���

� � �2� � À � �B� �
¸ ¨R© � � � �G� � ¯O¶ ¼lÂ �8� �i�2� � � ½!� � �Q�?� �W¤ �?~ �?� ~ «Sª � �g� �f� �2À=� �2� � � �2� � À � �B�O�s�a� � � �g�

�?�8� ~ �¥���G�a� �?~,�3�?~ �s� � À � � � ��¸ ¨I©�� � �2� � À � �B� �?~ � � �r� � ½!� �+� � � ¤ �b� � �?~ �?� ~ �r�I���R�a�B� �?~ ÀZ� �+­3~ � �S� ½��¥� �

� � � � � �i���i� �O�G�g� �B�E�¥�h� �Q�b� À � � � � � �[�2µ � � �?� � �O� � � �[¯ 2�� ���2� � £I¡ 43�r� ¡8³ ©�½ � �r�-�I�[�?�2µ(��� ��� � � �B�E�¥�h� �Q�

�I�G�B� �b��2O� � � �8�G�W� �S} �B���8� � � }��a� ¨ } 4 ¼ ¬u�W� � � �?� �,� � �S�B�Z�\¤ � �?�8�b� � �a�8½ � �G� � 2 �?�8� ~ �¥���G�R� �@~,�,�@~ �[��À � � �

�
¸ ¨ � � �G� � � � �$� � À � �B� �?~ ½!�¥� � �E�/1�· } : ¤ � ����� � �B�G�I� � 46½ �2�i� �r�I�?�\� ~8�?~S¼�} �=�\¤ �/7Z~8� � ~ � ��� � �

2 � �a� � �B�S�[� � �u� �W� �b�i��8 �I� � � �?�S¸ � �a� ¨ } 4 ½!� � � �i�?~ ��� � �a�8�Æ��� � � � �G�S¤I�[�@�I�[�=�¥� �E¼ ¬u� � �?�?±b�I� � �¥���G�8�3�`� ~

� � �G� �@�g�I�]�O�G�W� � �?� �?�G�I� � �¥� �8� �E� �Q�@~ �8� � �g� � � ��� � � � � � � �aÀ=�h½!� �Q� 2h� �8�\¤ �2��� �?� �Q� �2�I�r�8�

� � � �8� � �1�Z�s�a� ��¹ �W� � �+�8�]� � �2�Q�k� ¨ } 4(½�� �6~8� ¤ � �G�R� �@~S¼Å� �G��� �b� ½ �2�Q� �i� � ~ �E� ~8�2� �$� �r�W¤ �$� � �?~

ÀO�\�E� �Q�b� � � �8� ��� �[� � � � �@�a� � 2�Â 8»£ ´8´ � ·��\µI�a� 4 � ±b�E�G�8� �?~ ½!�¥� � � �,�$� �B� �O�l� �I�GÀO�\�E� �i�b� � � �]�+�G� � �,½��¥� �

�h½�� �B® �?�¥���B�Z�s�a��ÀZ�=�¥� �$��� 2 «Sª   �$� ~  ]£ ´ � � 4 � �h½�� ��� � ��� �G�I��Ày�[�¥� �2��� 2� ]£ ´ �2� ~�³	:R  � � 4 � � �$´ ®

�W��	 � �B���\¤ �?� �"�@� � �W�8� �2� © ~W� �\¤ � � � �g��� � �\¾ �@~ � �?�?�8�8�G�8� � ���2� � 2 ��� � ¾ � �B� �Q�$�Q� ¹ � �Z¾]�[� �Q�/°��2�Q� �?� � 4-�?� ~

� ��� 1 �?� �3�2� � 2 ¬u�G� ¼ � 4 ¼ ¬L� � � �g� Ày� �B� � � �g�I� ~ �8À � � �Q�]� �8�G�8� � �b� � � �2��� �aÀ �[�s¤ � � � �=� � ½ �2�i� �?� � �I� �Q�?~

�Z�k� �g�7�3� �?���b� � � �2� �RÀ��[�\¤ � � � �[� � �G�z� �g� � � �I�B���\¤ � �?�8�b� � �8� ��¼ ¬L� � � �g�k�Q� �?�8� ~ �?� ~ � � � �Q~z� �W�I� ~S�Q�

� � �Q�?� �8�G�8� ÀZ� �»� �8�I©Z�I�8�a� � �G�8�?�\� ~8�?~ �I� � �¥���\¤ � �?�8�b� � �a� �,2 �?�8� ~ �¥�O�s�a� �?~ ���?~ �\� � À � � � ½��G� ~ ©�� � � �

�Q� �Z�G�g��4 ¼

� ~8�+Ç ¬ �?�B���\¤I�¥� � �a� �?�8� �b� �8À ���	�z�Q� �Z�G�g�`� �@® �R�[�?�b� � ½!� � � �b� � �?~ � � � � �2� � À � �B�Z�G�¢� �
¸ ¨ � � �r� � ½��¥� �

�I�/1�· } ©h� ~I�+Ç ¬ � � � �8�l�`� �W� � ¤ � �B��� ��¼u��¸ ¨I©p� � �2� � À � �B� �?~ � � �G� � ½ �2�i� �G�I�B�R�a�B� �?~ ÀZ� ��­W£ � �g� ��� �G�

�?�I©O�B�I�¥�h� �i� � � � � � �2��� �?�8�b���?�\�8�G�8� �Q� ���G�8�?� �2® �R�[�?�b� � À � � �3:R  © ~ � � ©O�I� ~ ���	�z� �[� �¢¼/Â �8� � � �$� � À � ���Z�G�R�



¡

�2� ~ �?�I©O�B�E�¥�h� �Q�,� � � � � ½ �$�Q���Q� � � �B� �@~ ÀZ� � �2�l� ~8~ �¥�O�s�R�I�?� ­W£�� �W� ����¼ ¬u� � �G�c¤I�s¤a�z�r��	 � �B���G�8� �Q� �$´8´ �W�

�8À+�W� � �rÀZ� �]~z° ¨ Â ©�� ~8�+Ç ¬ �`� ~ �E�8À�� �i�?~z° ¨ Â ½!� � �[�
	 � �B� �?~ �G�b���7� �g�7� �8� �Q� ���G�8�?� � �I�?� � �RÀ :R  © ~ � � ©

�8� ~ �
�	�»� �[� �W¼0� �8� �]� ½ �$�Q� �s�@� � �=� �?~ ½��¥� �(� · } 2�  ´ � � 7h� �&4l�2� ~ �?�W�I�b� �?~ � � � � � �2�i� �a�s�a�I�G�]�b�

�3� � � � ~ ��� ¼

���&�%e�<��;m;<?X;d?:=X;o�H8X;JcJ;HW^QH�jl:=X;:=X;o��

��� �a�G��� �?~ �/1-· }"� ½ �2�Q�z�Q� ±b� � �I� �?~ � � �G�W��� �8�cÂ)­ � � � �3�2��¼ 1-· } �Q� ±b� � �g� �]� ½ �2�Q� � �f�@~ ��� � � �i�?� �

~ �B���B�a� �Q�W� � � �G�¢�!� �g��² � � �[���w�I�?�?� } �[�G�R� �3� �b�w¨ � � � � ��Â �8�8� 2�² � } ¨ Â 4O¯O¿ ¼

��U8>B^Q9;<]>$XktSF[UW^O^Q:[XLo�H8X;Jl>2<?HWFG�O^i:=jl<����+�O.)�-� �

¬u� � �8� � � �g�2� �z�I�G�W�=�Z�G�W� �?�8�?� �S� � �i� £ � � �8À
�I�a� � © } � �w· } ½!� � � �Q�?~S¼ �/1�· }�� ½ �2�Q� � � � ~ �E� �?~ � �

� �2� ~ � � � � � � �G�8�6�?� ~ �g� ��� �?�G�G¾ �?~ �?�?�@� �Q~ �G�W�(�����8�s�E�@� �i� © ³ ©y� � � � � � �B� � ~8�2�W�I~W� �8� � �g� �f� � �+· }�¼

¬u� ��� � � � � �2� ~ �/1�· } 2 ´ ¼ £ � �!4 ½!� � � � �I�=�[ÀO� �?~ �G�"� � �\�I�=�h�@�B� � � � �G�¢� £ � � �RÀL� �g�"� � � �`�[ÀO�[�&� � � �,�$���$�R �� ©

Â)��Â }�Â)°�Â)°�Â)�
�
� }�°�° © }��
�
��Â)}���}�° © :����  �� © Â�Â)Â }�Â)°�� }��
}�}�Â)}�°�Â�}��
�
} © °�°�}��
}�° ©

:�� ÀZ� � � ~8�+Ç ¬ �?� ~  �� © Â }��
}�°�}�°�°�}�°���}�}��
}�°�°�}����
Â��
Â)Â��
�
Â)� }�°�° © :����  �� ©

Â)Â }-}�°�Â�}����
}���}�}��
�
°��
Â)°�°���}�°�Â�Â)°-}���° © :�� ÀZ� � � �g� �G�a�¢� ÀZ� ��� �8� � �G�G� � ��� � �?� �2�

2 ���I� �8�?�R² � �i� � � ¨W½��¥�Z¾ �$� �[�?� ~ 4 ¼ � �b� �S�Æ� � � �Q���2® � �i�g�f�Q�]~ � � ÀZ�R� ~c~ �=ÀZÀ �$�Q� �8� � �?� � �I� �Q�?~ ���"� �g� �s�g½ �W� �

�B® � �Q�b��� �G�8� � � � �R� �W¼

��<?d?U8jltL:[X;H8X ^�
;>$UW^Q<?:[X�
;>$U8JLm;d2^i:=U8XlH8XLJ 
;m;>$:*��:=d?HW^Q:[U8X �

Â �8� �8� � � �Q� � ~ �G�W�3À � � �3� �aÀS� ~8�+Ç ¬c½�� � �?�G�R� �@~ �G�b����� °��B®g£IÂ º 2y}��3�2���Q� � �!�g� �8� � �?�=� � ¨W½ �?~8� �-4 �

�2� ~ � �g� Àh� � �G�8��� � �b� � �G� � � � ~ �E� �?~ �B� : ´	� � �G��

��� �	� ��² � £ � �W� �S� ¨ 2��u� � �!� �I� � � � ~ � � �R� �+¹»�i�

� ¨ } 4)�$� ~ �W� � �rÀ�� �@~ � � �G�8� � ���$� ~ � �Q~ � � �I� �?~ � �i�b��¼

������������� ^Q>$H8X;e�F[HW^Q:=U8X �

�I�/1�· } ©h� ~I�+Ç ¬ 2y£ � �	4�½!� � �G�I�B�I�I��� �?~ ½��¥� �lÂ · Â �Q� �Z�s�B�S�s�R� � � � � �S� ��� � 2��u� � ��� �I� � ��� ~ � � �I� � ¹ �Q�

� ¨ } 4)�$� ~ ¶ ��¨ �3� � � �G�8�8�r� � �E� ~8�$�+� ���2� ~ � �Q~ � � �I� �?~ � ���b��¼

.)UWF\A;d$F=U8X;H8FSH8XS^Q:[t;U8JEA'
;>$U8JLm;d2^i:=U8XlH8XSJ�
EmL>$:*��:=d@HW^Q:=UIX �



�$´

���2�8�I�¥�6�I�8� � �?�G�R�8�?���?�b���\�I� ~ � �b� ½ �2�Q� � �i� �I� �Q�?~ ½��¥� � � �8� ÀZ�R�G�G�W½��G�8��� � �W��� ~8�b� 2
α
� ~8�+Ç ¬u©=· �

� �w·�·k¨-1�� 1 8+Ç
8 Â 8w} 8 �0¨W�
�
� 8 · 4 � 2
α
� ~8�+Ç ¬ ©=· � ¨�� 1 � Â 8�8 ��� 1�� ¬S� � 1�� � 8 4 �2� ~

2
α
� ~8� Ç ¬S� � � º�� � Ç 1�� 1 Ç�° � 8 � ° �w· ° � 1 4 ¼]�O��� �S�g�a�I�G�W�W�E�=�G� � ½ �2�Q� �W� � �rÀ�� �@~ À � � � � �3� �S� �

�Q�$� � � �?� ~ � � � �?�rÀ��=� �?�b���\�I� ~ � �]� ½ �2�Q� À�� � � �g�2� �`ÀZÀZ�r�I�¥� � ©y�W� � �rÀ�� �]~ �a�]�Z� � �,� �8�I�r�[�G¾ �@~ � �I�¥���8� �b��¼

� �a� � �`�s�R�8�?� �?�b�Z�\�I� ~ � �g� �2�I�?�G� � � �I�¥� � �?�8� � �8�G� �3� �]� ½ �$�Q� � � � ~ �E� �@~ � � �G�W� � � �W�Z� ~R�

2O�
°�� 1 ¹���Â Ç�°�Â º�� ��¨ 8 4)�2� ~ �W� � �GÀZ� �]~ � �)~8�]� � � �\� �@~ ���I�W¤ �W¼

� <?eQ^Q<]>2XltSF=UW^�^Q:=X;o8PI:=jljkm;X;U89;:=e�^iU8d?9;<?jk:[e�^Q>�AEPI:=Xle�:r^�ml9EAEt;>$:=J;:s_`HW^Q:[U8XkH8X;Jl:=jljkm;X;U8J;<�
SF=<$^Q:=U8X �
¬u� � ½ �b� � �$� �k�I�G�W�=�Z�G�W� � «I´ � ���aÀ+½ � �R� � � � �[� �@® � � �?�B� À � � � � � � � �?� �Q� ���r�g�,� � �?�8� ~ �¥���G�8� �?~z�,�@~ �\� �

À � � � � �W� �f� �Q� �Z�G�8�?� �2® �I�=�?�]� � ½�� ���i�b� �R�\¤ �?~ � � �   0 ¨-1c¨I© �u}�° 8 �2� ~ � � �2� � À �2�O�i�?~ �a�]�Z�

�8�¥� � �I� � �G�\�S�G� �Q�¢¼RÂ �8���3�?� � � �?� � ½!� ��� ���h� � �B� �?~¢� �$� ~ �r�g�B�I�I�B� �?~ ÀZ� � :,� �W� ��� ��� £ ´	� � ½��Æ� � �?ÀyÀ��r�I�¥� � ©

�W� � �GÀy� �?~ �?�b���G©�� ~8�+Ç ¬l�I�8� � �?�G�R�I�?�I�?�b���s�a� ~ � �b� 2 ´ ¼ � � � 7Z� �!4 ¼

¬u� � � �3� �E�8� � � � ���I� �8�?� � � � �O�g� �2�I�W� ½ �$�Q� ~ � ���f� ��� �?~ À � � � ÀO�\¤ � ©�½ �?� µI©O�I� ~ ½��G� ~ ©�� � � � � �[� �

2O�� ¢­b² � 7Z³ Äz·94 � ÀZ� ®E�?~ �G� «	0 �I� � �?ÀZ� ��� �`� ~8�?�W�I~8� �r� �;² ¨c�B� «�� � ÀZ� � � £3� �W� ���Q� � �y� �a� � �b� � �1� �?~ �2� ~

�?� � �?~8~8�?~ �G� ¸��
Â�¼ ¨ �$� �s�`��� �O� � � ���B� �i� �B�Z�G�8� � 2 �$´ � � 4!½ �2�Q� �B�8� ¼w� �g¤ �2��� �=�G� � �?� ~ � �G� ~R�]� ½ �2�Q�

� �G� �Q�@~ �G� �u² ¨��`� ~ �I�G�R�$µ �?~ ½��¥� � �I�G�I�2µI�G�8� �¢�SÀ�À �2� 2��;² ¨��?�a�]���2�G�8�G�8� ´ ¼ � 0 Â ½ �?� � £ ´ �?� ~ ´ ¼ � 0

² ¨ } 4�ÀZ� � : ´ � �r�W�8� �]�Q� � �8� �c�G�I�2�I�I�B� �?~ ½!�¥� � � �g��~ �[�\�R� �?~ � ~8�+Ç ¬ �?�b���s�a� ~ � �b� 2y£ � � 7Z� �!4
�W¤ �2� �8�G� � �

�B� «�� �-¼uÂ �g�k� �G� ~I�b� ½ �2�Q�,� �G� �Q�@~ �G� �L² ¨ 2 � � �k½!� �Q�I�b� �g¤ �2� �"�Z�b���2�)�IÀ � �¢� 4��?� ~ �G�I�B�I�I��� �?~ ½��¥� �

�2�]�O�G©Z�I�R�B� � � ° © } � �2® �B¬u�s�E� � «Sª8ª�� 2 � �a� � �B�E�[� ���u� �W� �]�Q� 8 �I� � � �?� ¸ � �L� ¨ } 4 ¼ ¨R�G� ~8�W� ½ �2�Q� À��r�I�?�[� �

½!� �Q�8�?~3�2® � � � � �s¤ � � � �G� �L² ¨3�?� ~,� �W�S�]� �?~ �G� � �2�Q� �8¨I�B¤ �W¼¢��� �G�\�S�[� �w~ � � � � �\�W�8���G�8�!½!� � �W� �Q�$� ¤ �?~ � �

� �Q� �8Àu�?�8�8ÀZ�R�?�?�S�[� �f�$�+� �?�?�8�8�G�8� � �[� � � � �?�8� � 2	�w� � ��� �0¨W�   �$´ ¤ £;¼\  4 � �?�?�8�8�G�8� ~8� ¤I�=� �&� �W�E�b� �?~ �8�

� �w� � ���)}&® �s�a¤ �2� � �$´8´ �r�W¤ �2� � �?~�� �=� � � � �?�8� �W¼

¬u� � � ��� �S�g� ~8� �R� � �Z�G�8� � �Q� ���G�8�?� �@® �R�[�?�b� � À � � � :R  © ~ � � ©O�8� ~ ½!�=� ~ ©�� � � � 2��� ¢­b² � 7�³ Äz· 4(� � � � �b�

�Q� �Z�G�g��½ �2�Q��� �?�G�b���?�G� �?~ ÀZ� � «Sª � �W� ��� �B� :8­ � � �G�Å�   0 �
¸ ¯ �B� � � � � �g�2�Q� �G�c��� �8�?� �[�]�?�G� �Å~R� ÀZ�G� �b~

�3�?~ �s� � �=¯ 2 � ��® �I�G�?�b� 7 ´ ¼Æ­R  � �!4 ¼�} ÀZÀO�G�I�¥� � ©y�W� � �GÀO� �W~ �I�8� � �?�G�R�g�?�6�?�b���s�a� ~ � �W� 2Z£;¼s  � �	4 ½ �$�Q�

�?�W¤I�?� � �b��� � �?�W�I�R� �?~ ��� ¨ � � � � � � �Q� � � � ~R� ¤I�[�,� � �b� � �G� }�¼ ¨8� ® � �=�[�=�G�=�Æ� �2��� �RÀ0�?�8� ~ �¥���G�8� �?~��,�@~ �\� �



�8�

½ �2�Q� �G�I�B�I�I�B� �?~ �g¤ �2� �8�G� � �0�B� «�� � ½!�¥� � � �,� �a�I�=�G�G¾ �b~ �I�a� � �?�G�I�I�`�)�?�]�O�\�I� ~ � �b�Q� �?�8�b� � �a�)�?�]�Z�s�a� ~ � �W�

� �?� �i�?~ �2�I�?�r� � �+� �8� �I�\� � �?�a� � ¤I� � �E�?� �R�G� �3� �]�0�2� ~
α
� ~8�+Ç ¬u© � �?�b���\�I� ~ � �g�1¼;Â �g�"�Q� �O�G�8�?� �2® �I�[�?�b� �

� �Q� �I� �Q�?~ À � � � :R  � ~ � � ©O�R� ~(� �[� � ½ �2�Q� �r�I�2�I�I�B� �@~ �W¤ �2� �z� �2� �G� ~ �IÀ ­»~ � �E� ½��Æ� � �?�8� ~ �¥�O�s�a� �b~

�3�?~ �=� ¼;� �8� �W� ½ �$�Q� �[�@� � �G� �]~ ½��¥� �7� · }�¼ �w�2� � �G� �b~��B® �R�[�?�b� � ½ �2�Q�,� �W�S�]� �?~ �8�k�I�[� ����� �=� ~8�W� �?� ~

�I�G�?� �?~ �8�V�»�?� � �W�8� �2� © ~W� �\¤ � � � �g��� � � ¾ �?~ � �@�`�8�8�G�I� � ���2� � 2 ��� � ¾ � �B� �f�2�Q�&¹ � �Z¾]�[� �Q��°��2�Q� �?� � 4 ¼

� �a� � � � �[� � ½ �2�Q� �?�W�I�b� �@~ � � � �i� �8À)� � � � �?�[�?�=� �l~8�b� �[�8� �?~ � � �I� �?~ � �i� � � �G�W�,� � ��� � � � � �k� �aÀ=�h½!� �Q�

2�� �8�\¤ �2��� �?� �Q� �$�R�G�8� � � � �I� � �B�Z�G�8� ��¹6�W� � �+�8�W� � �2�Q��� ¨ } 4 ¼ ²0� � � ÀO� �g� � �@� � �I� � �¥� � � � �2� � �aÀ�� �I�

�B® �R�[�?�b� � ½!� � � � � �2� �B� �@~ �Z�c�@�2�G�B�E�[�B� � � �g����® �I�=�?�]�)� �Q� � ¼b¹ �¥� � �G��� � � � � �i� � � Ày�\¤ � � � �2� �]� ���/� �8� ÀZ�I�?�b�

~8� �W� � ÀZ� � ® «I´ � �$�R�8�[ÀO�[�?�B���G�a�3�?À=� �2�w�2® �?�¥���B���G�8�,���  ]£ ´ � � �`� ~,�?� � ��� �G�I�,��� ³	:R  � � ½ �2�i� �?�@±b�S� �Q�?~

½��¥� � �B�8��� � �B�Z�[� �2® �I� � � �Q� �Z� �3�W��¼;Â �8�]�Q�k� ���@�2µ � �8À
� � �$� �g� ½ �2�Q�,~8� �?�a�W¤a�a�Æ�8� �?~ �r��� �Q~8�2� �Z���$�g�I�]�

�?�8� � �]� � � �2��� ½��¥� � �r��� �8�-~8� �W� � �8ÀS� �8�-�2® �I�[�?�b� ��¼¢Â �8� �B�8��� � ���O�G�8���I�\¤ �b� � ~8� � � �¥� � �8Àu�?�a� �W� � � �B�u� �

�Q� � � � ~ �E�`�\�I� � �G�g½ �2� � � ��ÀO�?����� � �aÀ £ � � �?�,� �8�c� � �2�Q� �a�G�8�I�G�?�?� �3� � � � ~R�0~ � � ���Å� �g� ÀZ�r�Æ� �2� �r�8���RÀ � �8�

� � �2� �W�1¼b� � � �¥�h� �W� � � � ~ �G¾¢�B�Z�G�8��½�� � � �2� ÀZ� �Q���?~ �8�3� �y� � �f� �B�O�s�a� � �RÀ �2�I�b� À � � � Ày�\¤ � ©�½ �?� µI©��R� ~ ½��=� ~ ©

� � � ��� �[� � 2O�� ¢­b² � 7�³ Äz· 4 �b���i� �]�O�s�`�[� � � � ~8�b� � � �\� �?~ ¯Q¿ � � � �G�W� ~ � ® � ® �G� � �8�G�I© �!Â � 2 ���I� �8� 4
�[�2� � �=� �?~

� �\�I�8� � �W� �b�1¼

	0XR_2A jkHW^i:=d-H8e�efHbA �

}���� � �E� ½ �2�Q� � �$� ÀZ� �Q���?~ �?�?�?� �Q~ �r�¢����� ¦ �8� � � �f� � ��� ¼ Â �g� � �8¾ �g� ���O�[� �?�B���\¤I�¥� � �RÀ 
�� � �	� �

� � �G� �Q�?~ � ® �G��½!� ��� �a�8�¥��� �Q�?~ � � ���8� � �¥���\¤ � �?�8�b� � �8� ¼

#I^QHW^Q:[e�^Q:[d?HWFSH8X;HWF\AEe�:[e��

¨W���1�Z� � ���G�?�?�S�?�g�`� �S� � � �aÀS� �g���Q�b� �E�¥� � � � �a� �Q�?~ �8� ~ �rÀ�À �2�f� �]�u�8�8���I� � � �3� � � �G��� �]� � ��¼ ���$�8� ¹ �¥�O� �2� �S� �b� �

ÀZ� � �I�?� �Q�?~ �?� � �I� � � � �8� � �?� ~ ² �8� ¬ �2��� �a�8� �3� � � � ~ ÀZ� � � �S�Æ�O�\�I� � �?� � �I� � � � �a� � ¯ � ¼cÇ � � �G�?�I� �

�2�g�`� �S� � ��2y} · ¸-Ç�} 4)�2� ~ ¬u� � � �8�2� �E� �b� �L½ ���Q� � �Q�?~ �Z���2�8�?� �S�f� � �8�-~ � �Q� © �Q�b� �I�a� �Q�-� ÀyÀ � �B� ¼



� £

�!d?TSX;U���F[<?J;o8jz<?XS^Qe �

Â �8� �B�8� � � ��� � � �?�Wµ } � � �`�[� ��° �\�E�2µ ��� �E�=� � �h� � �-��¤ �2�I� 1!�2�8���`� ��Â � � �2��� � � ���?�b� � � ¨I� � �R�]�8�h�Z� �RÇ �?�=� � � �

¬u� ��� � �$�O� ·����$�r� � ¦ �?�g�b�=� � �B� � 8w�"� �?�b� � �[� � � �[� � �r� ��° � � �?� ~ �r�W� � ���[�=� � ��© � � � � ��° � � �?� ~ �G� � � �E�?� � � �

� � � �@�`� ¸ � �2� �=�G�l�?� ~c°�� � � � �b�
Â � � � � �wÀZ� �
�B® � � �[� � �]� � � � � �8�=�@�`� � ��� � � ���2�g� �W¼IÂ �I� �B�8� � � ��� � � �2�¢µ }-� �8�

1!�a� �?�3�2�I�2� 2 ·3�g¤a� � �Z� � © �/� � ��� � �&² � �Q� � � ¨W½��¥�Z¾ �2� �=�?� ~ 4 ��� �¢� � � ���8� �8��°&� �a�G� � �B� 2 ���8� �2� ¨R�$� � �b���rÀ��=� �

8 ¤ �O�g� ¬ � �?�I� � 4��?� ~ 8 �I���2� � ¨I� �I�$� � � �2µ 2O� �W�8¤I�R� ��� ~8� � �!80� � ��¹ �G�G�I�g�[� �8� � ��� ¬ � �`�g� � 4�ÀZ� � � �8� � �

�G�W¤E�?�s�E�2�I� �-�8� �G� ¼WÂ �8� �B�8� � � �f� � � �2�Wµ � � �2�O�Q�-�
� � � �I�R��ÀZ� � �2�8� � ���2�b� � �I�8�I� � � ¼

Â � � � ½!� � µ ½�� � ÀO�G�I�?�8� �?~ � � ·3�W¤I� � ��� �i� � � �Q�2�Q��� ���G�R� � ��� �Q� ~8� �[� � � � �8�$� � �8�?� � �I�

}���� �I�?�G�B���G�8�,¬ � �?���?�?� �f� �?�8�b� �i� � �b� � � �a�I�B� � � �b� 2O} ¬;��4 � � �g� ¬u� ~ � � �B���G�a� ~8�b�
} ¤ � �I�R� �b� ~8� ¬ � �?�8� �@�

� � �Z�G�I�"¬ � �?�8� �?� ¬L�g�I� ~ �B�Z�s�a�z¬u�G� � �O�G�W� ² �r�G� ~ � �b��� 2�� ¨ } 4 � �y� ¨ 8 · ÀZ�g�I� ~ �B���G�a� � �$� ~ � �8�98 � � �8� � �2�

� � ��� �E�8�¥� ��2�� � ¸ © }�° 8 ©�� 8 Â � � �a� � � � 4 ¼IÂ��g� �B�8� � � ��� � � �?�Wµ 8 � �[�=�[�?�I� ² � �i� �G�[� �/} �]���a�G� ��Â � �G�=� �2�i�

Ç �`�s� � � ��¦!� � ~ �G�8� �2� �2� ~�¸ �=�\¤E� �$�)° �W� �Q� �B�!ÀZ� � � � �¥�O�s�?�?� �Q� � ~ �G�W�3�8À � �g�&� �`�]� � � � �\�W� ¼



� :

��<��O<]>?<@XLd@<?e��

� ¼
 
� �h�Z� � 7&7 ½�½�½ ¼\� � �S¼ �8� �E¼ � � � ¼Æ�?~ � 7 � � �Z� � � 7��=£ ´8´ :��

£;¼
 
��� �i� �8À � � ~8�S�+¼ �@¼�� ����� � } �b�E�G� � �8���B�Z�G�8�k�G�,� �8���O� � ~ �8� � �G�c� � � � �?��� �i�g�
� � ~ � � �b��� �Q� � � �W��� �

~W�R� Àh�E�8�B���G�8� �?� ~ �B�8�Z� � � � �?� �Q� � �]��� �\¤ � �Q� �O�G�8�¥��� � �I�G� ��� �]��� � � ¼	�
� ���
����� ���]��£ ´ ¡ © £ � :R¼

2 � ¡8¡W£ 4 ¼

:S¼
 
�����w�B�I� � �[�G� � � ¼ 8�¼Æ� ¨I�2� ~ � �2� � � � ¼Æ}�¼Æ�L²-�$��� �8� � 8�¼ � ¼�� 1 �O� 	�� � Â �w¼ � � � �b��� �\¤ �,� �8���B�Z�G�8� �

�G� � �8� � � � � � �g�?� ~ �G�W� � �g� � � ���@© � �I�W�I�8�¥� �RÀ � � ~ � � � � � � � ~ � �b� � �2� � �i� �G� �I�B��� � �b� � ½��¥� �

�Q� �Z�G�8�¥��� � �I�\� �3� �b��� � � ¼��
� ���
����� ��� � � : ´ © � : « ¼ 2 � ¡8¡	: 4 ¼

« ¼
 
º � 	��\½!� � � � º3¼Æ� ²��2�f� �8� � 8�¼ � ¼�� 1 �O� 	f� � Â�¼ �w¼ 1��G� � �8�[� �Q� ���r�8�Æ�O� � �I�r� �3� �b��� � � ~ � � �Z�

� �8���B�Z�G�8� � �B�
� �8� �I�8�=�G�8µ �?~ � �2� �\� �I�2� �r� 7 � 1Å¨ �?� ~ � ¸ � � �G�I�`� ¼�� � ����� � ����� � � � ³ ´W« © � ³ ´Rª ¼

2 � ¡8¡ « 4 ¼

 I¼
 
1!�g½��G�r�8� � �?¼ 8�¼ Â �8� �i� �O�G�g� � } � �2�8� � �I�?� � �2�I� � �E� � �V�8À»� �8� � � �?�G� � ¦ � � ¤I� �Q~ �/�i�b���Q�

� � � � � � ~ � � � }�¼ 2 � ¡ ª ­ 4 ¼

³S¼
 
� � � � �2� © 1���½ � �8� � � ¼ 1 ¼Æ� �w� Ç �?�=� � � ¼ � ¼�� ¨I� ~a� �?� � � ¼ � ¼ 1!�rÀZÀ �2�Q� �b���G�?� � ÀZÀ � �B�3�8À!� �g� �Q~

� �8���B�Z�G�8�z�8� � � ~R� �2� ~ �?�8� �b� �G�c� �8�,� �W� �Q���Q� �Z�G�8� ¼�
 � ����� ���� "! �#!$���&% �	�(' �)�*� � �h�"�,+8� «Sª ¡ ©

« ¡ ª ¼ 2 � ¡8­ ª 4 ¼



��«

­S¼
 
� �Æ�=�Z� �2�Q� ¨ ¼ �@¼ � º��?� � �$�Q�/�-¼ 8-¼Æ� ¨8� ~8� �?� � � ¼ � ¼�� ² � �?�¢�Q� ¹�¼a� � � �?�8�?� �S� � � �RÀ�1-· } À � � � ­ ´ ©

�I� � � ©O�R� ~ �Q� ���O�G�8� � �aÀ � � ~ � �b���3�Q� �Z�G�I� ~8�?� �I� � � � �B� �b� � ~8� �b���¥� � ½!�¥� � � �8� � �g� �i� �Q~»~8� À � �B� ¼

� �
� � �
� � ��� � � � � � ��� ��� ���	� �I¡8³ � ³ © ¡8³ � ¡ 2 � ¡8¡	: 4 ¼

ª ¼
 
��� � �?� ~ ©�¨I��
 ~8� ¨ ¼�� ����� � �/� �b�Z� �Q� � � �b�Z� � � � �2� � �R�[�?�b� � �G�8� �i� � �Q��� � � �!�2�8� � � � � ¤I�\¤E�`�-�G� � �8�

�Q� �Z�G�g�`� ~8� � � � �$� �B�Z�G�8� 2y�Q~ 4 � �g� �i�W¼ �� "! �#!$���&% � �
� � � � � �8£I¡ ´ © £I¡8­R¼ 2 � ¡8¡8­ 4 ¼

¡S¼
 
��� � �?� ~ ©�¨I��
 ~8� ¨ ¼Æ� ¦ �G�2µ �Q� 1 ¼Æ� �w�B¤ � �=�G�[� �Q~8� Â
¼Æ� 1 �Q�2� À=� �i� ¦Å¼�� ¨I� �I� � � �?¼ ¨ � � � �B�Z�\¤ �

� � �2� � �I�G�?�b���B�Z�s�a� �8À � � ~R�V~8� �G� �S� �@�a� � �G� ��� �G��� �Q� �Z�G�8�¥��� � �R�G� �3� �]��� � � � � ~8� � ¼�� � � !

�� "! �#!$���)% �	�h� �$���W� ª¢´ ­ © ª;�8� ¼ 2y£ ´8´8´ 4 ¼

�$´ ¼
 
��� � �?� ~ ©�¨I��
 ~8� ¨ ¼ � ����� �8·�� ��� �?� � � ~ � � �g��� �Q� � � �W�Z� ��� �r�g� �Q� � �Q� �?�a� �"� � � ¤I�s¤E�?�;�G��� �8�-�Q� ���r�g�b�

~8� � � � �$� �B�Z�G�8� 2y�Q~ 4 � �g� �i�W¼�� ��� � �
� ����� � � � � � ��������� �	� � ª :R ¢­ © ª :8³W£;¼ 2 � ¡8¡ ª 4 ¼

�8� ¼
 
¬u�G�b�Z¾ �R}�¼Æ�-¼,� � ��� � � � � �Z�G�?�E� � � � �]�B� �$� �\¾]�B���G�8�3�aÀ �Q� ���G�8�?© ~8�2� �\¤ �@~ �@�a� � � � � � �a� � �b� � ���Z�G�a�3�G�!�h½!�

�B�E�¥�h� �Q��� � ~8� � � �aÀu� � �g��� �Q� � � �b��� �w~8� � � � �2� �B�Z�s�a� ¼�
 � �,����� �� "! �#!$���&% �	� ' ��� � � � �$� � ª;�?ª © ª £S I¼

2y£ ´8´ : 4 ¼

� £;¼
 
}�~ � �$�Q� � ¼ � ¦ �B�O� �?�?� � ¼S� �[� � ���G�?�¥� � �?� ~ ~ �GÀOÀ �2�Q� �b���G�B�Z�s�R���RÀ �?� � �i� �R�8�[� �Q� �Z�r�I�?�w� � �=� � �?À=� �2�

� �2�O� �G�I�?� � �¥��� � � �1¼ � � ����� � �
� ��� � :8¡ � © :8¡	:S¼ 2 � ¡ ª ¡ 4 ¼

� :S¼
 
1�� �f� � �Q� � ��� �R�?�G��� �?~ � � �b� � �G� � �G�b� �2� �g�B���G�a�g�?�R�I�B� � �b��� �u�
Â 7 8�� ´ £�7 ´ : ª;�$´



�  

��« ¼
 
¬u�8�b���?�G� �?�+Ç3¼Æ�wº �G�WµI� � · ¼Æ� ¨I� �8� � � �@¼¥� 1 �Q�2� À=� �Q��¦Å¼ ��¦ �s�2µ �Q� 1 ¼ ¨W� � ¤I�\¤a�`�0�8À-�W� � �rÀ�� �@~ � �B�

� � �W�Z� �Q� � � �b��� ��� ��� ��� � �
� � �0� ��� � �S�[�B� �?~3~ � �Q� �B�O� � � � ÀO�G� � �W�I�[� � � � � �g½-� � ÀZ�]�B�Z� � © £E¼�� �*������� � � �

���8�I¡8³8³W£ © ¡8³8­W£S¼ 2 � ¡8¡ ª 4 ¼

�  I¼
 
� �?�2µ � 1 ¼ · � � � �b� � �8� � �G� �Q�W� �B� � �8À,� � �W�Z� �Q� � � �]�Z� ���1� � �Q� � �E�r� �2� � � �=� � � �8���,�@~ �[�B��� � �aÀ

� � � ¤I�s¤E�?��� �*��� �
��� ���8�a£ ª   © £ ª ³R¼ 2y£ ´8´8´ 4 ¼

� ³S¼
 
}-� � �2�i� 8-¼ ¨ ¼ � ¦ �8� � � �Q� � �+}�¼L� �W�E� �G�R�G�8�I�=�@�`�
Àh�S�g�B���=�8� � �8À�� � �G� �Q�?~ � ® �G� �?� ~ � � �G� �Q�?~ � ® �=�

�Q�?~ �E����� �Q�W¼ 
 ������� � � � !���% ���$+8�8³ �$´ £ © ³ �$´ ¡R¼ 2y£ ´8´8´ 4 ¼

� ­S¼
 
¦ �a� � � �Q� � � }�¼ Â � �G� �Q�?~ � ® �r� �?�B���?� � ¾ �g� � �8� �Q�?~ �E�B�Z�s�a� �aÀ �G� � �E�=�G� ~ � � �E�GÀO� ~8�g� � �

~ �¥� � �G�W� �W�Q� �¥���8�I�?� ~�~ � �W�a~W� �R�G�G�I�R� � � ~I�W¼	�
� ���	����!���%!� � �$� �R¡8³W£I­ © ¡8³	:W£�2 � ¡8­8¡ 4 ¼

�?ª ¼
 
¹ �2µS� � �I�I� � · ¼"� �	��� � }�~ �E�¥� Â ©O� � �G��� � �Iµ �?� �=�@© ~8�2� �\¤ �?~ ÀZ�?����� �$7 � � �G� �Q�?~ � ® �G� � � � � ~ �E� �?~ � �

�I�W� � � � � �?� Â ©Z� �I� � � �W� � �8�8�G��¤I� � � � � � � � � © �2� ~ 8 � � � � �G�8© ² � �O� ¤I� � � � ©�� � �2� � ÀZ� �Q���?~

� �I� � � �I� � � �]�Q� �?�B� � � � �2�Å�B�8�Z�I� � �G� � � � �W½-� � À��?�B��� � ��� ~k�O� � �2� �I�r¾ �g� ½��¥� � �G�b� �$� � � �IµR�G� � �?� ~

�G�b� �2� � � �IµI�G� £;¼�� ��� � �
� ����� � � � � � ��� ��� �$+8� ª £ ª £ © ª £ ª ³S¼ 2 � ¡8¡ ´ 4 ¼

� ¡S¼
 
·,�G�$µ � � �+¹�¼)Â �8�z�"�E� � �2�O� �RÀ��8�8�8�?�[� ��� �[�?�?��� � �b� � �G� �Q� � �i� �Z�G�8� ¼�} ��� �O�Q� �b�-¤I� � ½ �a� �?� � �I�

� � �b� � �G� � �?� ~ �I�b� � �b�Z�s�`� �2® �I� � � � �g�¢� �b� ��
 ������� � � � !���%Å¼,��+ � �W£ �$´ ¡ © £ �8� ¡ 2y£ ´8´ : 4 ¼

£ ´ ¼
 
��� ÀZÀ �$�Q�2�8�I�-¼ �?¼ ���I�a�8�G�\� � ���G�W��� � �b� � �G� ��¼�
�� ��� �$��� � � � !���% � � � ª © �8� ¼ 2 � ¡8¡8¡ 4 ¼

£ � ¼
 
°�� �G� �2�Q�S}�¼ � ¼$� ¨I� � ¤I�G�8� �a�w¼ }�¼8}"�f�f�b���Q�3� �b� �aÀ)ÀZ�a¤ � �?�;�@�a� � � � �W�Z� �Q� � � �b�Z� ��� �r�l¨W��� � �I� �Q~ ��� �

� �?�B�E�[� �)~g�E� � � �a� �W� � � �G�8�3� �Q� �?�[� ~ �g� ~8� � � �1�Z�s�a����� � µ ¼ ' �)�
� ��� � ��� �	� � �   ´ ¡ © �  ]£ « ¼ 2 � ¡8¡	: 4 ¼



� ³

£8£;¼
 
¹ � �G� � � �8}�¼ ¬ ¼b}��i� � � � � �[�G� � �S� �W� �W�I� � � �8� ÀZ�a� ¼ �
� ���	����� �=� �,+8� � :W£ © � : « ¼ 2 � ¡8¡8­ 4 ¼

£ :S¼
 
�+�I� � ���-¼ � ¸ µI� � � � � ��¦c¼�¦ �G� � © � ÀZÀO�[�?� � �g� � � � �2� � ÀZ� �Q� �B���G�a� �8À � � ��� �]�G�=�?� � � �[� � � �

�I�G� �Q� � ~ 1�· }�¼�� �	� �"��� � � � �	� +W�8£I­ «   © £I­R ]£;¼ 2 � ¡ ª ­ 4 ¼

£ « ¼
 
} �¥� � � � �E� � ¨ ¼ ¬ ¼ � �"��� � ° �2�8� �?~ ² � } ¨ Â �2� ~ � ¨ � © ² � } ¨ Â0� �z� � ½�� � � �2� �B���G�8� �RÀ-� � �W� � �G�

~ �B���B�a� �Q���i� � � � � � � �a� � � �7�1¼�� � � � ��� � � � � �$� � � � � �$� � �	:	: ª ¡ © «I´ £;¼ 2 � ¡8¡8­ 4 ¼

£S I¼
 
� �B� 8-¼Æ�)°&� � ~ ½�� � � °�¼¥� ¬u� ~8�c�-¼ ��° �E�=�=� �?� �W�
¬ ¼ ��� �Q� � �@�B�O�\¤a�B� �b� �c�]� � �?� ~I� �RÀ�� ¦ � ¦

�Q� �W�E�G�B��� �f� �G���R�GÀZ�]�B��� �y� � � � � �8��� � �8� � �8�¥��� ���1¼�� ������� �  "% ��� �=� ��� � � � ³ �8� © � ³W£ � ¼ 2 � ¡8¡8­ 4 ¼

£I³S¼
 
1�� ® �8� ��¹�¼ �?¼ � � � ���Q�2� ���Q� ¬ ¼ �@¼ �r� � �]� � � ~ �E�1�Z�G�8�z�Z� � �����Z� � �Z�[�?�?�
�?�8�?� �E� � �1¼ � � °&� ��½�© ¦ �r�[� �

· � ½ � � � µ ¼ 2 � ¡8³8¡ 4 ¼

£I­S¼
 
� � � ½��8�[�2µ � ¬ ¼�� ����� � � �\� �?} �=�G�R� � ��� � ½����8�a� µR�¥�)ÀZ� � � � �b� � �G�3ÀO� � �=� � �?�g�`� �S� � ��¼�� � � � ��� � � � � �$�

� ��� � � � �?� : ª £I¡ © : ª :W£;¼ 2y£ ´8´ : 4 ¼



� ­

�):=o8m;>?<�F[<?o8<@XLJ;e �

�):=o8m;>?< � � ¨I� �g�?� �B���G� �Q� � �Q�]�Q� �b���B�Z�s�a���8ÀS� �8�-�2® � �i�b��� �p�a���?�G�8�8�G�W� � � � �B� � � �E¼

�):=o8m;>?< � � H8P � ~8�+Ç ¬ �b�E�?� � �g�Z� ~8� �?� ~ ~8�?~ � � �?~ � � �G�g� �?�?� ~ �f� ±b� � �8� �g�1¼lÂ �g� �I�R� � � � �W��� ~8�

�Q� ±b� � �g� �W� � �f�?~ ��� � � � �2� ��� � � �8� �I�8� � �?�G�R�8�?�w�?�b���s�a� ~ � �W��~ � �f� �B� �?~ �2�I�?�G� � �
� �g� ·��?� ~ � � �2��� �G�I�]�

�Q� �I�G�8� � � �Q� �E� ~8�2� �=�G� �?~S¼�� �r� ~ �[�?��� �b� ���I�W� � �b�Z�s�`�;·3©y�I� � �?� �O� �[�B���G�8� � �¥� �¢¼ t;P � �S�¥���G�R� � �`�[�\�I� �,� �]�
�RÀ

� �8� � ~8� Ç ¬ �Q� ±b� � �I� �b� 2��Q�?� 1!� � �B� ��� �G�R� 4-À � � � � �a� �i� �?� ~�� � � �?��� � �\�I�G�k½��¥� � � �g� 
 � � ! � �
� � ! �)�

� �	� �»Â � �G� �Q�?~ � ® �r� �`� ~ � � � �?� Â)� �G� �i�?~ � ® �G� }�Â �w© ~8�2� �\¤ �?~ ÀZ�b���Z� � 2OÂ/�y® © � 4 ¼�Â �8� �Q� �?�8� ~ � �Q�

� � � �E�1�h� � �$� � � �?�3� �b� � �8À+� �8�cÂ �y® © � � � � �E�1�h� �i� 2�� 1 ² �$� ~8�g� � �2� � 4�� �Q�k��� �W½�� �B�I�W¤ � � �g� �`�[�G�R� �3� �b� ¼

¨ � ±b� � �g� � �?�a� �i�2� ¤E�B�Z�s�a� � � �Q� �G� ~ �[�?�B� �?~;� ½ � �¥� � ½��Æ� � �I�[�?�2µ �Q� � ~ �G�8���`� ~ ½ � �¥� � ½��¥� � � �i�@���Q� � ~ �r�8�

ÀZ� � � ~8� �b���G�?�?� �Q�]� � ~ � �W� �r� �?�=� �Q� ±b� � �8� �b� � � �G� ª¢´-0 �aÀ
� �8�z�Q� ±b� � �8� �b�Q���i�b� � � ���O�\¤ � � ��� �I�[�?�$µ ½��¥� �

� �Q�2� �Q� � ~ �r�8� ÀZ� � �?�8� �i�2� ¤ �?~ �Q�W� � ~ � �b� �G� ª¢´-0 �i� ±b� � �8� �W� �?�?�@� �Q~ �G�W� ��� � �g� ÀZ�R�G�G�g½!�r�8�

� �W�S� �[�?�I� �8�?� �[�?�?�;� � � ® � � �¥� ��2�� �G°��\}�� ¨ �rÂ 4 ��2 ¬ � ���¥¹ 4 � 2y�Q� � � � �\Ç 4 ��2 1 � 8w� � � · 4 ��2 � �¥º��¥¦ 4 ��2O� 4 ¼I° �2� �

� �Q� �G� ~ �[�?�B� �?~ � � ~ � �Q�8�W�1¼ } �=�G�I� �3� �]�-½�� ��~ �8� � ½��\� ��� � � �`} �=�G�I�W¯ �!�`� ~(� �I� �i� ±b� � �]�Z� � �?� �O�Q� �B� �@~

� �?�b�E�?�=� � �a� �Q�@~ �8� �i� �?�8� ~ � �O�c� � � �E�B�h� � �2� � � �?�3� �b� �1¼

�):=o8m;>?< � ��H �-°�� �-�?�8�?� �E� � � �aÀ��W� � �GÀO� �?~ ° ¨ Â 2 �G�?� � � 4 �-° ¨ Â ©�� ~8� Ç ¬ 2 �[�?� ��£ 4c�2� ~ � �W� � � �I�G�g©

�?� � �2¤ �?~ �?� ~ �W� � �GÀO� �?~ � ~8� Ç ¬ 2 �=�?� � : 4 ¼8}-�O� �W½ � �a��� �8� � � À=�)�I�R�G�b� ���"� �8� � ~8�+Ç ¬ � � �b� � �G� �Q� ½ � �Æ� �

� �O� �W½ �g� � ~ �I�R�G�b� � �Z� ° ¨ Â
¼ � �8� � ���S�[� � ½ � �G� � � � � � µ �$��� � �i�"�Q� �W½��Å�a�,� �g��� �\� � � ¼ t � } ���O�\¤I�¥� � �8À  

�2� ~ �   � � 7Z� �;�RÀ ° ¨ Â�2 � �$� ~ :��Q�b� � � �B���s¤ � � � 4w�?� ~c  �2� ~ �$´ � � 7Z� �;�RÀ ° ¨ Â ©h� ~8�+Ç ¬ 2 �[�?� �b�)£ �`� ~

« �Q�b� � � �B�Z�\¤ � � � 4l�a� � � �[�`µ � �6�@�a� � © � � � �G� �I�?~ �B�E�¥�h� �Q�b�1¼�Â �8� � ��� � �»�i� � �Q�b�f� �b� � � �8�(� � � �8À � �G� � �

�G� ~8� � � � ~8� �b� �B® � �2� � �3� �b� ��¼ d �L} ���Z�s¤I�Æ� � �RÀ � ~8�+Ç ¬ � 1�· } � � �$� � À � �B� �?~ �G�]��� �
¸ ¨I© � � � �G� � �a�l�@�a� �

¤I�[�2�I�=�=�Æ� � �G� ���	� � �W� �i� �i� �O�G�g�`� �2® �I�=�?�]� ��¼ �I� 1-· } : 2O�
� �G�?� � � 4 � �I� 1-· } ©h� ~8�+Ç ¬ 2 �[�?� �z£ 4 ¼ J;P

�Q��� �S�g� ~8� �R� � �Z�G�8� ½��¥� � �?�b���G©�� ~8�+Ç ¬u© � �?�b���s�a� ~ � �b�1¼
�+�8�?� �[�?�?�=� � ~8� ÀO�G� �?~(���?~ �\� � 2O�
� �G�?� � � 4 �

� �a� ~ �Æ�O�G�8� �@~%�3�?~ �\� � À � � � ½��=� ~ ©�� � � �(�Q� �O�G�8�?� �2® �R�[�?�b� � �`À=� �$� � �,� �S�g� ~8� �R� � �O�G�8� ½!�¥� � �?�8�b� � �R�



�?ª

�2�]�O�\�I� ~ � �b� 2
α
©��?�a�]� � �8� � �s�`� �"£ 4 � �?À=� �2� � �,� �S�g� ~8� �R� � �Z�G�8�c½��¥� � � ~I�+Ç ¬��?�]�Z�s�a� ~ � �b� 2

α
©h� ~8�+Ç ¬L© �
�

�[�?� �): 4 ¼ <?P ¨W�8� �Q� �Z�G�8�?�
�G��	 � �B���G�8� �RÀ � � �+�RÀ �;² ¨ 2O�
� �s�`� � � 4 �+° ¨ Â 2 �$´8´ �¢� � �[�?� �c£ 4��2� ~ ° ¨ Â ©

� ~8�+Ç ¬ 2 �$´8´ �W� � �G�?� �
: 4 ¼

�):=o8m;>?< � � 8�® � �Q�b��� �s�R�V�RÀ"� ~8��Ç ¬ � �
· }�¼�� �2� � � H � ·�� � � �g�2� � �I�s�g�[�Z�r�¢���?�I�?� �E� � � �RÀ�� ~R�+Ç ¬

� �w· } � �Q� �I� �Q�?~ À � � � ~ �GÀOÀ �$�Q� �b�)� ~ �I�¥� � �W� �Q� �Z� ��� � �W��¼]º � ~ � �2� 2 �[�`� � � 4 � �
�	���Q� �Z�G�8� 2y£ 4 � ½��G� ~ ©�� � � �

�Q� �Z�G�g� 2%: 4 � � �b� �Z� � 2 « 4 ��� �8� �?� � 2�  4 � �G�]� �b� ���G� �)2O³ 4 � �¥�E�8� 2�­ 4��2� ~ � �$�Q� � � �[�s� � 2 ª 4 ¼ t � �Q� �2�G©h�O� �3� � Â ©

� � � �2�I�?� �S� � � ±b�E�?�b���GÀ � �G�8��� ~I�+Ç ¬6� � ¤ � � � �G�z½��=� ~ ©y� � � ��2 � �*:8�=  4��2� ~ �
�	� 2y£I� « �G³ 4 �Q� �Z�r�g�k���-�I� � ��©

�8�����`� ~ � � 2�� · 4 ª 2 � �s£ 4 � �   2%:8� « 4��2� ~ :R �2� ¢�G³ 4 ~ � �E� �?À=� �2� �I� � � �S¼;Â �8�"�i�b� �E�¥� � � �Q�,�2® � �Q�W���Q�@~ � � �

ÀZ�R� ~,~ �GÀOÀ �2�Q� �8� � �?� � �I� �Q�?~ ����� �g� � � ¤ � � �2® � �Q�W���Q�@~ �r� :R  � ~ � � ©O�R� ~ �
�	��� �[� �W¼ d?P �Q� �2�G©h�O� �3� � Â © � � �

�2�g�`� �S� � � ±b� �?�b�Z�GÀ � �G�8�»� ~8�+Ç ¬ 2 �=�?� � � 4l�?� ~ � ~I�+Ç ¬u©��w�8�W� 2 �[�?� � £ 4 ¼ J;P � Â © � � � � � � ~ �E��� � �aÀ

� ~8�+Ç ¬ � �w· } � � �I�=�=ÀZ�[�]�B�O�s�a�cÀ � � � ½��=� ~ � � � ���Q� ���G�I� 2 �G�?� � � 4
�?� ~ � � �I�=��� �?~ � � �W�Z� �Q� � � �W�Z� �f� 2�� � �

�[�?� �-£ 4 ¼ < � � ~8�+Ç ¬ � � · }��2® � �i�b��� �G�R� � � � �I�B���\¤ � �b�8�b� � �8� 2O�
� �G�?� � � 4 �L  ½ �@� µ � ½��=� ~ � � � �&�i� �O�G�I�

2 �G�?� ��£ 4)�2� ~ �G���W� �Q� ���S�¥�h� �i� �8À � � 2 �G�?� �
: 4)�2� ~ ���S�[� �2� �R�G�[�?�S� � �[� ��2 � � � �G�?� � « 4 ¼

�):=o8m;>?< � � �/� � ~ �E���Z�G�8� �IÀ�� ~8��Ç ¬»� � �g� � �G� ¼ H8P ¹6�b� � �$� �z�I�G�g�h�Z� �W���8À �Q� ���G�8�?� �2® � � �?�B� � À � � � ½��=� ~ ©

� � � � � �=� �W¼ 
 � ��� � �
� � � �2� � �[�B� �@~ � ~8�+Ç ¬ 2 � 4 �
�Q� �Z�\�I�?� �2® � � �?�B��� � �W� �@~ ½��Æ� �
α
� ~R�+Ç ¬u©=· 2y£ 43�?� ~

α
� ~8�+Ç ¬L© � 2%: 4 �`�]�Z�\�I� ~ � �W�1¼ t;P ¹6�b� � �2� �c�I�G�W�=�Z�G�W�c� � �G�8�

α
� ~R�+Ç ¬u© � �I�I� � �?�G�R�8�?� �`�]�Z�\�I� ~ � �b� À � � �

�Q� �Z�G�g�`� �2® � � �?�B� � À � � � ½��G� ~ ©�� � � � �`� ~ �
�	�l� �[� � �B� ª 2 � �=  4 � �  )2y£I�G³ 4 �/£ � 2%:8�G­ 4��2� ~ :R  2 « � ª 4 ~ � �S�

�?À=� �2� �I� � � � À � � � ½��=� ~ � � � � 2 � © « 4��`� ~ �
�	� 2�  © ª 4 �Q� �h�G�I� ��¼S¹ �=� ~ ©�� � � � ½ � �R� � � � �?�r� � :R �~ � �S� �?À=� �2�

�I� � � � 2�¡ 4 ¼ d?P ¹ �b� � �2� �,�I�G�g�h�Z� �W�l�?�I�?� �S� � � ½��¥� � · � �2�O� �G�I�`�S� ~I� Ç ¬ �?�b���\�I� ~ � �g� �aÀ/½!�=� ~ ©�� � � ���Q� �Z�G�8�]�

�B® �R�[�?�b� � 2 � 4 � �@�a� ~ �¥�O�s�a� �?~ �3�?~ �[�7À � � � ½��[� ~ ©�� � � � 2i£ 4��$� ~ �
�	� 2%: 4 � �=� � :R �~ � �S� �?À=� �2� �I� � � �E¼ J �

� � � © � � � �G� �2® � � �?�B� � �?À=� �2� � � �2� � À � �B���G�8���RÀ0�/1�· } � �I�?� ~ �G�W�z� �8� �8� � � �Q� � ~ �G�8� À � � �3� �RÀ�� ~8�+Ç ¬

�2� ~ � ~R�+Ç ¬E� ¼8Â �g� �@�a�]� � �a�E�?� �O�Q�b� �8�8� ~ � �8���`� �W� � ¤ � �B��� �f¼8Â �8���B® � � �?�B� � ½ �$�Q� � � �W� �?~ � � ½ �b� � �2� �

�I�G�W�h�Z�G�W��½��¥� �
α
� ~R�+Ç ¬L© � �$� ~

α
� ~8�+Ç ¬S� � � � �?�GÀO�[���2�]�O�\�a� ~ � �W��¼



� ¡

�):=o8m;>?< � � �Q�"� �E�8�R�s�@� � �G�=�G�8� �aÀ :R  © ~ � � ©O�R� ~ ½!�=� ~ ©�� � � ��� �W� �Q�k�Q� �O�G�8� ¼ H8PG<?P � · } �[�@� � �=�=�G�8� ¼ t � � �

·3� � � ��� µI� � � �2� � �RÀ � �,� �S�g�R�G�2� � �[� �@~ �f� �B���G�8� ��¼ d?PGo � ¨b���2�G�8�G�8� ½��Æ� � �?� �?ÀOÀZ�G�R�¥� � ©Z�W� � �GÀO� �?~

�I�8� � �?�G�R�8�?�w�?�b���G©�� ~8��Ç ¬6�?�]�O�¥�a� ~W�E¼ · � �2�Q� �r�I�?� 2 ��4��$� ~ � � �2�Q� �G�I�`� 2 �	4 ¼ � �$� �R�G�¢� �IÀ � · } �?� ~

� ~8�+Ç ¬ � ���`�G�8�G�8� ¼ :=P � �/� � � �¥�h� �W� � � � ~ �G¾]�B���G�8�z�8À�� ~8��Ç ¬ 2 �!4��`� ~7� � ®I³ 2 	 4 � �\�I�8� � �g� �b� �a��� ~ 	Q�?� � �b�

�Q� �B�O�s�a� � �RÀ   ½ �?� µI©O�I� ~ ½��=� ~ ©�� � � ��� �g� �i���Q� ���G�8� ¼ �I� � �I�$�W�I�=�G�R�Å� � �=� � � �G�8� � �r�8� �$� �]�E�?� � � � �G� �a�2� �

�8�8� � �g�¢� �B� �]�E�?� � � � �[� �a�2��¼

 

 



£ ´

�):=o8m;>?< �

������������	�

����
��

��� ��� ������������� ��!"�#!#$ !�%&�&!('*)�����$��
� ���+�,��-/.�0 )�����$���1

2*�
3�4,� ��5"��!(%��(��'*5(��-/��'
6&����$�7��+!('�%�$ ���/!(�8� ��58����� 5('�5#��-/��'

9�:����������;�<
=��>���?<
�@A��@�?����,BA�<�<��C

D�$�7E��F*� '*)�-
5&� �;��%(7�� � �(�G.�HI)<����$������
3�4�4J%�$ ���K!#�

LM?�NPO/��C(����

�*��>
���<

@������;�<
���@GQR��@
� ?

S,N�?�
�C�>;����������
=�;
M�*T�9VU#WX�������;C

�Y�/
���U+��

N�����Z
��@[��	��;�+	�N���C

\#] ^�_(`�_�a a bc�_ d;e<`�_ a a b

fgfhfifijlkmjnjgjno p

qR��-/�#!"5(!#��� ��7�$r%(�,sutv$ ��./5#7<5�H

wyx{zi|~}
0.0

0.4

0.8

1.2

1.6

2.0

92
1

92
2

92
3

92
4

92
5

92
6

92
7

92
8

92
9

93
0

93
1

93
2

93
3

93
4

93
5

93
6

93
7

93
8

93
9

94
0

� ����
���
� ��
�

0
10
20
30

40
50
60

� ���
����
�

������������	�

����
��

��� ��� ������������� ��!"�#!#$ !�%&�&!('*)�����$��
� ���+�,��-/.�0 )�����$���1

2*�
3�4,� ��5"��!(%��(��'*5(��-/��'
6&����$�7��+!('�%�$ ���/!(�8� ��58����� 5('�5#��-/��'

9�:����������;�<
=��>���?<
�@A��@�?����,BA�<�<��C

D�$�7E��F*� '*)�-
5&� �;��%(7�� � �(�G.�HI)<����$������
3�4�4J%�$ ���K!#�

LM?�NPO/��C(����

�*��>
���<

@������;�<
���@GQR��@
� ?

S,N�?�
�C�>;����������
=�;
M�*T�9VU#WX�������;C

�Y�/
���U+��

N�����Z
��@[��	��;�+	�N���C

\#] ^�_(`�_�a a bc�_ d;e<`�_ a a b

fgfhfifijlkmjnjgjno p

qR��-/�#!"5(!#��� ��7�$r%(�,sutv$ ��./5#7<5�H

wyx{zi|~}
0.0

0.4

0.8

1.2

1.6

2.0

92
1

92
2

92
3

92
4

92
5

92
6

92
7

92
8

92
9

93
0

93
1

93
2

93
3

93
4

93
5

93
6

93
7

93
8

93
9

94
0

� ����
���
� ��
�

0
10
20
30

40
50
60

� ���
����
�

0.0

0.4

0.8

1.2

1.6

2.0

92
1

92
2

92
3

92
4

92
5

92
6

92
7

92
8

92
9

93
0

93
1

93
2

93
3

93
4

93
5

93
6

93
7

93
8

93
9

94
0

� ����
���
� ��
�

0
10
20
30

40
50
60

� ���
����
�



£ �

�
         GAATTCCGTTGCTGTCGGCAGGCTCCAGGCCACATCGGATCCCTCTCTGGGTCCCCAGCT  60 
 
 
         CCTTGCATACTGCTACCATGGCATCTCTCTTCTCTGGACGCATCTTGATCAGGAACAACA  120 
                          M  A  S  L  F  S  G  R  I  L  I  R  N  N  S  
                                                              �
         GCGACCAGGATGAAGTGGAGACAGAGGCAGAGCTGAGCCGTAGGTTAGAGAATCGTCTGG 180 
           D  Q  D  E  V  E  T  E  A  E  L  S  R  R  L  E  N  R  L  V  
  
         TGTTGCTGTTCTTCGGCGCCGGCGCCTGTCCCCAGTGCCAGGCCTTTGCCCCAGTCCTCA 240 
           L  L  F  F  G  A  G  A  C  P  Q  C  Q  A  F  A  P  V  L  K  
  
         AAGACTTCTTCGTGCGGCTCACTGACGAGTTCTACGTGCTGCGGGCAGCACAGCTGGCCC 300 
           D  F  F  V  R  L  T  D  E  F  Y  V  L  R  A  A  Q  L  A  L   
 
         TGGTCTATGTGTCCCAGGACCCTACAGAGGAGCAACAGGACCTCTTCCTCAGGGACATGC  360 
           V  Y  V  S  Q  D  P  T  E  E  Q  Q  D  L  F  L  R  D  M  P  
           
         CTGAAAAATGGCTCTTCCTGCCGTTCCATGATGAACTGAGGAGGTGAGGCCCCAGGGAAG 420  
           E  K  W  L  F  L  P  F  H  D  E  L  R  R  * 
  
         ACCAGGGAGGGCTTCCTGGAGAAGGCATTTCCCTGGAGGTTTACTGTCCTGGTACTACTT 480 
 
 
         GTGCATAAAGAGGTATTCCTC                                         502 
 
  �
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β1 β2α1 α2

β3 β4 β5α3 α4

                            .         .         .         .        50         .      
E coli Thioredoxin -------------MSAAAQVTDSTFKQEVLD--SDVPVLVDFWAPWCGPCRMVAPVVDEIAQQYE : 50 
Trx-1              ---------------MVKQIESKTAFQEALDAAGDKLVVVDFSATWCGPCKMIKPFFHSLSEKYS : 50 
Mouse RdCVF        MASLFSGRILIRNNSDQDEVETEAELSRRLE---NRLVLLFFGAGACPQCQAFAPVLKDFFVRLT : 62 
Mouse RdCVF Long   MASLFSGRILIRNNSDQDEVETEAELSRRLE---NRLVLLFFGAGACPQCQAFAPVLKDFFVRLT : 62 
Human RdCVF        MASLFSGRILIRNNSDQDELDTEAEVSRRLE---NRLVLLFFGAGACPQCQAFVPILKDFFVRLT : 62 
                                                
 
                         .       .         .       100         .         .         .   
E coli Thioredoxin G------KIKVVKVNTD-ENPQ-VASQYGIRS-IPTLMIFKGGQKVDMVVGAV-PKTTLSQTLEKHL : 107 
Trx-1              ---------NVIFLEVDVDDCQDVASECEVKC-MPTFQFFKKGQKVGEFSGAN--KEKLEATINELV : 105 
Mouse RdCVF        DEFYVLRAAQLALVYVSQDPTEEQQDLFLRDMPEKWLFLPFH-DELRR------------------- : 109 
Mouse RdCVF Long   DEFYVLRAAQLALVYVSQDPTEEQQDLFLRDMPEKWLFLPFH-DELRRDLGRQFSVRQLPAVVVLKP : 128 
Human RdCVF        DEFYVLRAAQLALVYVSQDSTEEQQDLFLKDMPKKWLFLPFE-DDLRRDLGRQFSVERLPAVVVLKP : 128 
 
                          .       150         .         .         .         .          
E coli Thioredoxin ------------------------------------------------------------------- : 107 
Trx-1              ------------------------------------------------------------------- : 105 
Mouse RdCVF        ------------------------------------------------------------------- : 109 
Mouse RdCVF Long   GGDVLTSDATEEIQRLGPACFANWQEAAELLDRSFLQPEDLDEPARRSITEPLRRRKYRVDRDVGRE : 195 
Human RdCVF        DGDVLTRDGADEIQRLGTACFANWQEAAEVLDRNFQLPEDLEDQEPRSLTECLRRHKYRVEK----- : 190 
 
                 200         .         .   
E coli Thioredoxin ---------------------- 107 
Trx-1              ---------------------- 105 
Mouse RdCVF        ---------------------- 109 
Mouse RdCVF Long   RGRNGRDSGDPQGDAGTRAELW 217 
Human RdCVF        AARGGRDPGGGGGEEGGAGGLF 212 

β1 β2α1 α2

β3 β4 β5α3 α4

β1 β2α1 α2β1 β2α1 α2

β3 β4 β5α3 α4β3 β4 β5α3 α4

                            .         .         .         .        50         .      
E coli Thioredoxin -------------MSAAAQVTDSTFKQEVLD--SDVPVLVDFWAPWCGPCRMVAPVVDEIAQQYE : 50 
Trx-1              ---------------MVKQIESKTAFQEALDAAGDKLVVVDFSATWCGPCKMIKPFFHSLSEKYS : 50 
Mouse RdCVF        MASLFSGRILIRNNSDQDEVETEAELSRRLE---NRLVLLFFGAGACPQCQAFAPVLKDFFVRLT : 62 
Mouse RdCVF Long   MASLFSGRILIRNNSDQDEVETEAELSRRLE---NRLVLLFFGAGACPQCQAFAPVLKDFFVRLT : 62 
Human RdCVF        MASLFSGRILIRNNSDQDELDTEAEVSRRLE---NRLVLLFFGAGACPQCQAFVPILKDFFVRLT : 62 
                                                
 
                         .       .         .       100         .         .         .   
E coli Thioredoxin G------KIKVVKVNTD-ENPQ-VASQYGIRS-IPTLMIFKGGQKVDMVVGAV-PKTTLSQTLEKHL : 107 
Trx-1              ---------NVIFLEVDVDDCQDVASECEVKC-MPTFQFFKKGQKVGEFSGAN--KEKLEATINELV : 105 
Mouse RdCVF        DEFYVLRAAQLALVYVSQDPTEEQQDLFLRDMPEKWLFLPFH-DELRR------------------- : 109 
Mouse RdCVF Long   DEFYVLRAAQLALVYVSQDPTEEQQDLFLRDMPEKWLFLPFH-DELRRDLGRQFSVRQLPAVVVLKP : 128 
Human RdCVF        DEFYVLRAAQLALVYVSQDSTEEQQDLFLKDMPKKWLFLPFE-DDLRRDLGRQFSVERLPAVVVLKP : 128 
 
                          .       150         .         .         .         .          
E coli Thioredoxin ------------------------------------------------------------------- : 107 
Trx-1              ------------------------------------------------------------------- : 105 
Mouse RdCVF        ------------------------------------------------------------------- : 109 
Mouse RdCVF Long   GGDVLTSDATEEIQRLGPACFANWQEAAELLDRSFLQPEDLDEPARRSITEPLRRRKYRVDRDVGRE : 195 
Human RdCVF        DGDVLTRDGADEIQRLGTACFANWQEAAEVLDRNFQLPEDLEDQEPRSLTECLRRHKYRVEK----- : 190 
 
                 200         .         .   
E coli Thioredoxin ---------------------- 107 
Trx-1              ---------------------- 105 
Mouse RdCVF        ---------------------- 109 
Mouse RdCVF Long   RGRNGRDSGDPQGDAGTRAELW 217 
Human RdCVF        AARGGRDPGGGGGEEGGAGGLF 212 
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