
HAL Id: inserm-00309072
https://inserm.hal.science/inserm-00309072

Submitted on 5 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.

The Association between Heart Rate Variability and
Cognitive Impairment in Middle-Aged Men and Women.

The Whitehall II Cohort Study.
Annie Britton, Archana Singh-Manoux, Katerina Hnatkova, Marek Malik,

Michael G. Marmot, Martin J. Shipley

To cite this version:
Annie Britton, Archana Singh-Manoux, Katerina Hnatkova, Marek Malik, Michael G. Marmot, et al..
The Association between Heart Rate Variability and Cognitive Impairment in Middle-Aged Men and
Women. The Whitehall II Cohort Study.: HRV and cognitive function. Neuroepidemiology, 2008, 31
(2), pp.115-121. �10.1159/000148257�. �inserm-00309072�

https://inserm.hal.science/inserm-00309072
https://hal.archives-ouvertes.fr


�

�������	�
���	
����������	���������������������	��� �����!�#"$�	�%�&�	����'��(��)*�	��+�
��	,	���(�!�-"$�.��/�0��	�&�%/����1� ���
/���+�+1'&���	,	��+�/������	��+*�2�	/����431�!���657���8�!������'(':9
9�;<�	���	�=� �!�!>�+?)

@<A	A	B&CED.F!BHGIGKJLANMPORQTSRU?@�F�VWOYX�A	X[Z?B(A	\:O	]K^_X�A	J�`	a[M4ORQ�S�b cdULefX�GgC%F!B8AYX#h�A	X�Gji:JYkLX#MlORQ�m�^nX�F!C%i
^_X�o8B(i[^pQrq$s�tuMvmdU�^xwzy�wW^_X%Fd{�J�G1MPO|Q*SRUY^_X%F�GjB}A*Z?O	B(~?o&C%�[^�Z?V�S
S�Q�C%~:X�F�Gj{�C�A|G.J	����~:B(�	C�{�B-J?o(J	\L��X�AY��M�`?�:o(B&V�h�C�XWozGdO:U��fA	B}k$C%F
�!BHGj��t�J?o(o&C%\:C���JLAY�	JLAYU � ] ���
� J�FdFdB(A�\�GgJLANMPo(X�V�C�U���JLAY�	JLA[��t � �_�|D � U��Ne

† ��� Z�� s#^����?���	] � q1sE� � U  h2�	~	BHGgX%o�MvX=`$oLD.F!J�`��
��C�U � ��X=k:C�A|`$C#MvX=`$o	�fXWB&o�o&X�A|Gvt�JY`�GI`	FdB-C%F��
��� ���	�[� � �4�4����� � q tu�uQ<��¡fU�q�F!X%AYV�C
m t�X%F!�	B(XRV�X%A	�[�fXY��V=`$o�X�F�Z?V�B(C�AYV�C��!U�ZYG�yNC�JLFg\:C�¢K��UY�fA	B}k:C%F��!BHG���JL�1��J	A	�	J	A	U��Ne

s�`:A	A	B(A	\�OYC�X���£Wh<s.�rX�A	��V�J	\	A	BHGgB}k:C���`1A:V=GjB-JLA

� `${2�LC%F J	�l�jB8\�`:F�C|� ]4�

� `${2�LC%F J	�¤GgX��:o�CR� ]4�

t�J	FdF!C|�g~	J	A	�	B(A�\¥X=`	GjO	J	F�£
@<A	A	B&C#D.F�BzGIGjJ	A	U�Q�C%~:X�FKGj{�C�ARG4J	�1��~	B-�?C�{�B(J?o(J	\	�¥X�A	�NM�`	�:o�B&V#h�C�XWozGdOYUY�fA	B}k$C%F
�!BHGj�¥t�JLo(o&C�\:C
��J	A	�	J	A	U � ] ���[� J	FjFdB(A�\�GgJ	ANMPo�X�V�C�U���JLAY�	JLAN�¦t � �_�|D � U��NexqPX�aP£|§ �	� ]�¨:�	]d�?� ��© ]g��¨ � ¨:U
�6]�{�X�B&od£zX�wª�YF!BHGIGjJ	A	«¬`$V�ojwzX�V�w `:i

efC%�[­2J	F!�?��£
X�`	GjJ	A	J	{�B&V���`1AYV=GgB(JLAYU?V�JL\	A	BHGgB}k:C�B({�~$X�B}F!{¥CWARGgULOYC�X%F�G¤F!X®GgC#kLX%FdB(X%�:B&o�BHGj�:U:V�J	O	J	FKG4�jGI`$��B(C|�



¨

� �����!���	
%�
�E�	
��1,:�%�	>���+43�� J�C=a:X�{�B(A:C#GjO	C F!C�o(X=GgB(J	A1�!O	B(~2�LC=GI­2C�C�A[F!C��|`$V�C��2OYCRX%F�G�F!X
GgC#k:X�F�B-X��:B&o�BHGj�
� hNs.��� X%A	��V�J	\	A	BHGgB-kLC ��`$A	V�GdB(J	A�B(A�{¥B&�	�Lo&C�X%\:C���X��|`$oHG!� B(ANGjO	C \:C�A	C%F!X�o:~:JL~�`:o&X=GjB-JLA
� �%�����	+���3 h<s �fU	B8A<�:J�GjO GjB({¥C�X�A	���IF�C��|`$C�A	V%�¥�	J?{�X�B&A?�!U:X�A	��V�J	\	A	BHGgB-kLC ��`$A	V�GdB(J	AN­2C%F!C
{¥C�X��j`:F!C��NGI­[B-V�C�U:X=GP{�C�X�A�X%\:C|�
	�	[X�AY��� � �YC�X%F
��U?B(A�	�U © �
	N{2XWo&C�X�A	���jC�{�X�o&C ~:X%F�GjB&V�B}~$X�A|G!�
J	�1GjO	C#�<e �xO	BzGgCWOYX�o�o �d� �jGI`$�|�1w���J	\?B��jGdB-V F!C%\	F!C|���!B(J?AN­2X|�l`���C��NGjJ�{�J?�	C�o:X|���!J:V�B�X�GjB(JLA1�
�LC=GI­2C�C�ANhNs.� X%A	��V�J	\	A	BHGgB(J?A � �gO	J	F�Gj]�GgC%Fd{ k$C�F��$X�o?{¥C�{�J	F��YU	F!C�X|��JLA	B(A	\ � @ h � ] � �!U
kLJ?V�X=��`$o&X%Fd�:U	~	O	J	A	C�{�B&V�X�A	���!C�{¥X�A|GgB(V���o}`$C�A	V%���®w�t�F!J1�
��]��!C�V�GdB(J	A	X�o:X��
��J?V�B&X=GjB(J	A1�l­2C%F!C
XR�
�!C����!C���X=G��:J|GjO<­�X=kLC�� X%A	��o(J?A�\?BHGI`$�	B(A:X�o:XY���!J:V�B(X=GgB(JLA:� X�� V%OYXWA�\1C�B(A�V�J	\	A	BHGgB(JLA2JYkLC%FlGjO	C�	
�LC�X%F �jJ?o(o(J�­�]K`:~�w
�f����>¤'(��� £ � J¥V%J	A?�!BI��GgC�A|GvX|�
��J?V�B(X=GgB(JLA1�P­�C%F�C �jJY`:AY��B(A�{�C�A�J	Fl­fJ	{�C�A	U:CWBzGjO	C%F B(A�V%F!J1�
��]
��C�V=GgB(J	A	U	~	FdJ1�d~:C�V�GjB-kLC�JLF�GjO	C o(J	A�\:BHGI`$�	B(A:XWo$X�A	X�o8�$�!BI� J?�P�	C�V�o(B8A:C�B(A�V�J	\	A	BHGgB(J?A1w
;<�	��
%'&>��
���	�43 sEC��|`$V�C���V�X%F!�	B(JYk$XR�!V=`$o&X%F X=`	GjJ	A	J	{�B&V ��`:AYV=GgB(JLA2�	J?C|�vA	J|GvV%J	A|GjFgB-��`	GgC6GKJ
V�JL\	A	BHGgB}k:C�B({�~:X�B(F!{¥CWARGPB8A<GjO	BK� {�B&�	�Lo&C�]gX%\:C��[~:JL~�`$o(X=GgB&JLA$wWq$`:FKGjOYC%F���GI`$��B(C�� X�F!C A	C�C��	C��NGjJ
kLC%F!B(���[GjO	C ~:J|GgC�A|GjB(X�o:F!JLo&C�J	�1hNs.�r{�CRX|�j`:F!C|� B(A[~	F!C��	BIV=GjB(A�\2GjOYC��	C%\:C%A:C%F�X=GjB(J	A�JL�PV�J	\	A	BHGgB}k$C
�I`$A	V=GgB(J	A�X=GPJ	o(�	C%F X%\:CR��w



©

��� � s��EQ<��t � � � �
� A	V%F!C�X|��C|� B(A�o&B(�dC�C%a	~:CRV=GgX�A	V%��{¥X%i$C�V�JL\	A	BzGdB}k:C���`$A	V=GgB&JLA�X�A�B({�~:J	FKGgX%ARGPO	C�X�oHGjO�J�`	GgV�JL{�C�w
MvJ	J�F V�JL\	A	BzGdB}k:C���`$A	V=GgB(J	A	B8A	\¥X�{�J?A�\¥X��|`1ozG!�uB&�uAYJYG¤J	A	o-�2o�B(A	i:C��NGgJ��	C%{¥CWARGjB&X�� � UH¨��4X%AY�
{2JLF�GgX�o8BzG��LU�� © U � U 	�� ��`	G�O	XR� X�oK��J2�LC�C�A��!O	J�­[A<GjJ2�LC�X|�
��J?V�B&X=GgC��N­fBHGjO���JL{¥C��	C%\	F!C�C�JL�
�I`$A	V=GgB(J	A	X�o?B&{�~:XWB(F!{¥C�A|G�w����	� � G�BI� B({�~:JLF�GgX�A|GjU|GjOYC%F!C%�jJ	F!C�U|GKJ�C=aY~?o-JLF!C�GjO	C ~:J1�
�!B}�:o&C ~	F!C��	B(V=GgJ	F
�
J	�PV�J	\	A	BHGdB}kLC B({�~1X�B}F!{¥C�A|GvB8A2JLF!�	C�F�GKJ GgX%Fd\:C
G��:C=G&GgC=F�GjO	C ~	F!C�k:C�A|GjB}k$CN��GjF�X®GgC%\	B-CY� XWAY�[~�`	�:o�B&V
OYC�X�oHGgO�{¥C|����X%\:C|�®w

� a:BI��GgB(A�\�F!C|��C�X%F!V�O[F!C�k:C�X�oI�lGjO	X�G�GjOYC%F!C�X%F�C {N`1ozGdB}~:o&C��	C%GgC%Fd{�B(A:XWARG!� J	�lV�JL\	A	BHGgB}k:C��	C�V�o(B(A:C�w
DEC|�!B&�	C�� X%\:C�U	J|GjO	C%F4�jXRV=GgJ�F
�P­[B(�	C�o(��B({�~:o�B&VRX=GgC��[B(A�V�J	\	A	BHGdB}k$C��	C�V�o&B8A:C�X�F!C ~:X=GjO	J	o(J	\L�YU1�!J:V%B(J:]
C�V�JLAYJL{�B&V��dX�V�GgJ�F
�!U
�&�	��k:X|��V=`1o&X%F �	BI�!C�XR��C�X%A	�[F!BI�di��jX�V=GgJ�F
� � �j`$V%O�X|� O��Y~:C%F�GgC%A:�!B(J?A	U:�	B(X%�:C=GgC|�
{¥C�o�o&BHGI`��!U:V%OYJ?o(C���GgC%F�JLo:o(C%k:C�o&U?�jB-�YF!B8AYJL\:C�A�o&C%k:C�o �!U
����U � U � �	�4X%A	�[o(B��gC���GI�Yo�C �:C�OYX�k:B-JLF!X�o
�gX�V=GgJ	F
�®w�� �	� U � ¨�� � O	C�XR�
�!J:V�B(X=GgB(J	AN�:C=GI­2C�C�A�V�X�F!�LB-JYkLXY��V=`$o�X�F�X=`	GKJLAYJL{�B&V���`1AYV=GdB-JLA�X�A	�
V�JL\	A	BHGgB}k:C���`1AYV=GgB(JLA�BI� o&C|�
�l­2C�o�o$C%a	~:o(JLF�C��	U?X�oHGjO	J�`:\	ONGjO	C�F!C�X%F!CN��C�kLC%F!X�o	~:o�X�`l�!B}�:o&C ~:X=GjO|­2X%�1�
GjO�F!J�`:\	ON­[O	B-VWO<GjO	C#GI­fJ�{2X��f�:C�o�B(A	i:C��	U?�jJ	F C=a:X�{[~:o&CEk:B&X�V�J	FgJLAYX%Fd�[OYC|X�F�Gv��B��!C�X���C�� ��© U ��� �dU
kLX��!V=`$o&X%F �LB&��C�X|�!C�ULO��Y~1C%FjGgC%A?�!B(J:A	U
� � 	��lB({�{[`$A	C����1�!��`$A:V=GIB(J:A
�jB(A	�do&X�{�{¥X=GgB(JLA�� � �	�4X%A	�
J|GjOYC%F
�®w�� � �	�

h2C�X%FjG�F!X
GgC#k:X%F!B(X%�:B�o&BHGj� � h<s.��� BI� X A	J	A	B(A�k$X|�!B}k$C {¥C�X��d`:F!C.JL�PX=`	GgJ	A	J	{�B(V�B8A	~�`	G$GjJ�OYC�X%F�G¤F!X®GgC
GjOYX=G�OYX|�4�:C�C�A��j`$V�V�C��
�!�I`1o&o8�<`l��C��NGjJ¥C|�IGjB8{¥X=GgC�{�J:�|`1o-X�GjB-JLA�J	�PX=`	GjJ	A	J	{�B&V#GgJLAYC�w h<s.� B��
�	C�GgC%Fd{�B(A:C��N�	�[GjO	C�B(A|GgC%F!X�V=GjB(J	A�JL�PV�X�F!�LB&X�VN�d�:{�~:X=GjOYC=GjB&V�X�A	�[~:X%F!X|�d�:{�~:X=GjOYC=GgB(V�X�V=GjB}k:BHGj�:U
­fO	B&V�O�V�X=`P�!C|� VWOYX�A�\:C�� B8A<GjO	C#�:C�X=Gg]KGjJ:]K�LC�X=G�B(A|GgC�F�k:X�oI��X%A	��V�O	X�A�\:C�� B(ANGjO	C��IF!C��|`$C�AYV��
V�JL{[~:J	A	C�ARG!� JL�1GjOYC O	C�X%FjGlF�X®GgC�w	Z	OYJLFIG?GgC�Fd{ k:X%F!B&X=GgB(J	A?� B(ANGjO	C#�$C�X�Gg]�GKJ?]K�LC�X=GPB(A|GgC%Fjk:X�o
� {�C�X|��`:F!C���XR�lGjO	C[Z�GgX%AY�	X%F!�NQ�C�k:B�X�GdB(J	A�B(A � J	Fd{�X�o&]KGgJ	] � J�Fd{�X�o1B(ARGgC%F�k$X�oI���1Z�Q �N� � X%F!C
F�C��|`$V�C��N�	�2�	C|V�F!C�X|��C��[~:X%F!X|�d�:{�~:X=GjOYC=GdB-V�X�V=GgB-k:BzG��2JLF��j�:{�~:X=GjO	C=GgB(V�J�k:C%F��jGjB({2`$o&X=GgB(JLA$wW��J�­



�

�IF�C��|`�C�AYV�� � �4q �4~:J�­�C%F � GI��~?B&V�X�o(o8���1wH� � ]g�1w � 	�h����lF�C%��o�C�V=G!� X�V�J	{2�:B(A:X=GgB(J	A�J	�¤�LJYGjO
~:X�F!X|�d�	{�~$X=GjO	C�GjB�V�X�A	���d�:{�~:X=GjO	C=GgB(V�O	C�X�F�GPF!X®GgC {2J?�|`:o&X=GjB(J	A?�®wW��J�­ h<s.� ~	F!C���B�V�G!� V�J�FgJLAYX%Fd�
�	B���C�XR�!C�B8A:V�B&�	C�A	V�C�U�� � ����­fJ�F
��C ~	FdJ	\	A	J1�!B�� � ��� U-¨:�	Uz¨ � �4X%A	��B�� o�B(A?i:C��fGKJ[FdB��di¥�jXRV=GjJ	F
�4�jJ	F
V�JL\	A	BHGgB}k:C�B({�~:X�B(F!{¥CWARGgU¤�j`$V%O�X|�vO	B8\:O�V�O	J:o(C|��GgC�F!JLo-ULF!X�BI�!C��f�:o-J?J:�[~	F!C|�
�j`:F!C�U:X%A	�[F!X�BK��C��
V�JLFIGjB��!J:oIw � � �	UH¨	¨:U}¨ © �

� J��	X®GgC�UWGjO	C�F!C O	X|�4�LC�C�A2kLC%Fd��o�BzGIGjo�C F�C|�!C�X�F!V�O	U:X%A	�NGjO	C �jB(A:�LB(A	\1� {�B}a$C��	U:X|�lGKJN­[OYC=GjO	C%F o(J�­
h<s.�rB�� X��
��J?V�B(X�GgC��N­�BHGjO�V�J	\	A	BHGgB}k:C�B�{�~:X�B}F!{�C�ARG4J�F ��C�{�C�A|GgB(X�w���¨ � U�¨ 	�� � O	C�X�B({ J?�1GjO	BK�
�jGI`$�|�YUYGjOYC%F!C��jJLF�C�ULB&�lGjJ¥C=a	~:o(J	F!C6GjOYC�X|�
��J?V�B(X=GgB(J	A[�:C=GI­2C�C%A[F�C��|`$V�C��Nh<s � X�A	�[~:J	JLF
V�JL\	A	BHGgB}k:C���`1AYV=GgB(JLA2XW{2J?A�\¥{�B&�	�	o&C�X%\:C���{2CWA2XWAY�N­¥JL{2CWA�B(A�X \:C�A	C�F!X�o	~:JL~�`$o(X=GgB(J	A
��C=G�GjB(A�\�wW� C�C�a$XW{�B(A:C#GjO	C�V�F!J¤���!]���C�V=GgB(J	A	X�o(U	~	F!J¤�g~:C�V=GjB}k:C�X�AY��o(J	A�\:BHGI`$�	B8A:X�o$X|���!J:V�B(X=GgB(J	AN�	�
C�a:X�{�B(A:B8A	\[GjOYC�X|�
��J?V�B(X=GgB(J	A[�:C=GI­2C�C%A�V�OYXWA�\:C B(ANhfs � ­fBHGjO�V�JL\	A	BHGgB}k$C��	C�V�o�B(A:C�J�k:C%F X �jB}k$C
�LC�X%F4~:C%F!B(J:�1w



	

^�� � h �EQ*Z
� O	C#��O	BHGgC�O:XWo(o �d� ��GI`$�|�<­2X|� C|�jGgX=�:o�BI�!O:C���B8A ��� ��	[XR� X o-JLA�\?BHGI`$�	B(A	X�o:~:JL~�`$o(X=GgB(J	A	]K�LXY��C��
�jGI`$�|�NGgJ�C=aLX�{�B(A:C#GjOYCN�!J:VWB-J?C�V�JLAYJL{�B&V \	F!X��	B&CWARGPB8A�OYC|X�oHGjO2XWAY���LB���C�X|��C�X�{�JLA�\ � �	U © �?�fV�B}k:B(o
��C%F�kLXWARG!�!U�GjO	C%A2X%\:C�� © 	�] 	�	��:C�X�F
��w���¨:�	U�¨:�	�l@ G1GjOYC ��B(��GgO�X�A	�T�!C=kLCWARGjO[~:O	X|��C|� JL�P�	X=GgX
V�JLo(o&C�V=GgB(J	A � ���	� �	] �	� X%AY�2¨:�	��¨:] � F�C|�d~:C�V�GjB-kLC�o8� � X�o�o���GI`$���[~:X%FjGjB(V�B8~:X�ARG!�4i	A	J�­[A<GgJf�LC�X�o8B}k$C
X�A	��B(ANGjOYC�V�J�`:A|GjF��<­�C�F!C B(A�k:BHGgC��fGgJ�XN��V%F!C�C%A	B(A�\�V�o&B8A:BIV�w�t�J	{[~?o-C=GgC���V�J	\	A	BHGdB}kLC ��`$A	V=GgB(J	A
GgCR�KG!�P­�C%F�C�X=k:X�B(o&X��:o&C�J	A��	�	� © ~:X%F�GjB(V�B(~:X�A|G!� X�G�~	O	X|��C 	 � �	©�� J	�1GjO	J1�!C�X=G&GgC%A	��B(A�\�� X�AY��� © �	�
X�Gl~	OYX|�!C�� � � � � J	�1GjO	J1�!C�X
G�GgC%AY�LB(A�\��®wWDEC�V�X�`���C�JL�1GjO	C�o(X�V�i�J	�PX%k:X�B�o&X%�:B�o&BHG��2J?�PV�o(B8A:B&VN��GgX��j�jU
h<s.� F!C�V�JLF���B8A�\1�l­2C%F!C A	J�GP~:C=Fg�jJLF!{�C���J	A�X�o(o:�	X��$� ��`:F�B(A�\���V%F!C�C�A	B(A	\ w�hNs.� F�C�V�J�F!��B(A�\��
­2C%F!C#GjOYC%F!C%�jJ	F!C X=kLX�B�o&X%�:o�C�J	A ©	© �
	<~:X%FIGjB(V�B(~:XWARG!� X=GP~	O	XR�!C�	 � 	 ��� J	�1GjO	J1�!C�X
G�GgC%AY�LB(A�\�� X%A	�
� � � 	fX=G¤~	O	X|��C���� ©�� JL�1GjOYJ¤��C�X®G&GgC%A	�	B(A�\�� J	�¤­2O	J	{ © ¨ 	 © � � � � � X®G$MlOYX|�!C�	fX%AY� � � ©	©
� � � � � X=G$MlOYX|�!C���X�o���J�O	X���V�JL\	A	BHGgB}k:C��K`$A	V�GjB(JLA�{¥C�X��d`:F!C|� X=k:X�B�o&X%�:o&C�wR@�GgJ|GgX�o:JL� 	�U © �
	
~:X�F�GjB(V�B(~:XWARG!� � © ��� � {�C�A�X�A	� � 	��	�N­2JL{�C�A �4O	X���C�BHGgO:C%F V%FgJ¤���!]���C�V=GjB(J	A:X�o:JLF4o(J	A�\:BHGI`$�	B(A:XWo
�	X�GgX J	ANhNs.� X%A	��V�J	\	A	BHGgB-kLC ��`$A	V�GdB(J	A�X%k:X�B&o�X%�:o&C�X�A	�NGjO	B�����X�{�~:o&C �jJ	F!{��lGjOYCE�LX|�!BI�u�jJ	FlGjO	C
X�A	X�o8�$��C|��w � OYC AR`1{[�$C%F J	��~:X%F�GjB(V�B(~:X�A|G!� B(A�C�X�V�O�X�A	X�o8���!BI�lkLX%F!B�C�� X�V�V�J	F!��B(A�\[GgJ��	X®GgX
X�k:X�B�o&X%�:B�o&BHG��$w � O:C#�fA	B}k$C%F
�!BHGj�¥t�J?o(o&C%\:C#��J	A	�	J	A�C=GjO	B&V|��V�J	{�{�BHGIGgC�C�X%~	~	F!J�k:C�� GjOYCN��GI`$�|�$w

^_C�X|�j`:F!C�� JL�1h<s.���¥~	O	X|��CR� 	fX%A	���
	�]d{�B(A|`	GgCN�j`:~?B(A:C F!C|�jGjB(A�\ � ¨:]do(C�X���C�o&C�V=GjF!J:V�X%F!��B-X%\	F!X�{��l­2C%F!C�J��RGgX�B8AYC��N`��!B(A	\�Z�� �us ^ t
F�C�V�J	F!�	C%F
� � y �¬^_C��	B(V�X�olZ	�1�jGgCW{¥�!U�^ B8o}­¥X�`:i:C�C�U��xBI��V|J	A?�!B(AYUY�*Z	@ ��w � O	C F�C�V�J	F!�	C%F
�l­2C%F!C
~	F�JL\�F!X%{�{¥C��NGgJ�V�X%~�GI`	F!C B(AY�LB}k$B��|`$X�o � ���!C�V�JLAY��CWo&C�V�GjF!J?V�X%F!��B(J	\	F!X�{�� C%k:C�F�� � ���!C�V�JLAY�¤�®w
qPB}k$C�{�B(A�`	GgC|� JL�1�$C�X=Gg]�GjJ:]K�LC�X=GPO	C�X�FKGPF!X
GgC �	X
GgX#­�C�F!C#F!C�]��!X�{[~:o&C���X=G 	��	�fh����IF!C��|`$C�A	V%�¥B8A
J	F!�	C�F�GKJ[JY��GgX%B(A��	B8\:BHGgBI�!C����!C �|`$CWA:V�C�JL�1s ­�X=k$CR��w�hNsE�¦­2X|� X%AYXWo(�1��C��N�LJYGjO�B(ANGjO	C�GjB({�C
�	J	{�X�B(A � Z�Q �N� � X�A	��B(ANGjOYC �IF�C��|`$C�A	V%���	J:{�X�B8A[`��!B(A:\NGjO	C�X=`	GKJLF�C%\	F!C|���!B-kLC {2C=GjO	J:�
� D�o(X�V�i?{¥X�A	] � `:i:C%��X�o(\:J	F�BzGjO	{ ��w�q�F!C��|`$C�A	V%�¥�	J:{�X�B8A2V|J	{[~:J	A	C�A|G!�P­�C%F�C�V�JL{f~�`	GgC��N�	�



�

B(ARGgC%\	F!X=GgB(A�\[GjO	C ~:J�­�C�Fu�d~:C�V=GIF�`:{ ­2BHGdO	B(ANGI­2J��IF�C��|`$C%A:V%�[�:X�AY�?���	�1wz� � ]d�1w � 	�h�� � � J�­
q¤F!C��|`$C�A	V%��~:J�­�C�Fl�4qPULB(A�{T��� � X�A	���1w � 	�]d�1w � h � � hfB}\:ONq�F!C �|`$CWA:V%�f~:JY­2C%Flh<qPU	B8A�{T��� ��w
@<o�o�GjOYC�V�X�o&V=`1o&X=GgB(J	A1�l­2C%F!C ~:C%Fd�jJ	F!{�C��N`��!B(A	\�B(A	]dOYJY`���C#­[FdBzGIGgC%A��!J	��GI­2X%F!C�w

^_C�X|�j`:F!C�� JL�PV�J	\	A	BHGgB}k:C���`1A:V=GjB-JLA �¥~	O:X|��C�� 	fX%A	���

t�J	\	A	BHGgB-kLC ��`$A:V=GjB(J	AN­2X�� X|�
��C��
�!C��f­2BHGdO2X#�:X=GIGgC%Fj��J	�l�jB}k$CN��GgX%AY�	X%F!�NGgX|�di1��U?V�O	J1�!C%ANGgJ
~	F�JYk:B(�	C�X�V�JL{[~	F�CWOYC�A?�!B}k$C�C%k:X�o}`$X=GdB-JLA�J	�PV�J	\	A	BHGdB}k$C��K`:AYV=GgB(JLA	B(A	\¥B8A�{�B&�	�Lo&C�]gX%\1C���X��|`1oHG!�®w
t�J	\	A	BHGgB-kLC#GgC|��G!�P­�C%F�C�X���{�B8A:BI��GgC%F�C�� GjJ¥C�X�V%Of~:X%F�GjB(V�B(~:X�A|GPB(ANGjO	CN��V%F!C�C�A	B(A	\¥VWo(B(A:B�V#`��!B(A	\¥X
GgX�~:C#F!C�V�J�F!�	C%F w � O	C �jB(F
��G1GgCR��G1­2X|� X ¨:�	]K­fJ	F!�N�IF�C�C F!C�V�X�o(o�GgC|�jGPJL�4�!OYJLF�GK]�GgC�Fd{ k:C%Fd�LXWo
{¥C�{�J	Fd�1w�MvX%F�GjB(V�B(~:X�A|G!�l­2C%F!C ~	F�C|�!C%ARGgC���X o(BK�jGvJL��¨:��J�A	C�J	F�GI­fJ��d�	o&o&X��:o&C#­2JLF��?� X®GP¨
��C�V�J	A	��B8ARGgC%F�kLXWoI� X�AY�f­2C%F!C#GjOYC%A�X|�gi1C��fGKJ[F!C�V�X�o(o?B(A[­�F!BHGjB(A�\¥X|� {¥X�A��¥J	�¤GjOYC#­�J	F!�?�4B(A�X�A��
J	F!�	C�F X%A	�[OYX��[¨�{�B(A�`	GgC|�lGjJ���J*��J1w�� � ¨�� � O	C @ h � ] � � @No&B�V�C�]Kh2CWB&{ � ] � � B�� V�J:{[~:J¤��C���JL�PX
��C%F!B(C�� J	�l�
	�kLC%Fd�:X�o1X�AY��{�X=GjOYC�{�X�GdB(V�XWo:F!C�XR�!J	A	B8A	\¥BHGgC�{T� JL�PB(A:V%F!C�X��!B(A�\¥�	B8�g�dB&V=`1ozG��$w��I¨1��� � G
GgCR�KG!�vB8AY�|`$V=GgB-kLC F!C�X|��JLA	B(A	\:U?{2C|XR��`:F!B(A�\[GjO	C�X%�:B�o(BHGj�[GgJ[B&�	C%A|GgB(���f~:X=GIGgC%FdA:� X%A	��B(A	�dC%F
~	F!B(A	V�B(~:o�CR� X�A	�[F�`$o(C|��w�MvX%F�GjB(V�B(~:X�A|G!�4OYX�� � ��{�B(ANGgJ���J GjO	B�����CRV=GjB(J	A1w � OYC#^ B�o�o�h2B�o�o
�fJ:V�X=��`$o&X%Fd�NGgCR��GPB�� X#GgC|�jG�J	�1k:C%Fd�LXWo${�C�XWA	B(A	\¥X%AY��C�AYV|J	{[~:X��
��C��lGjO	C�X=�:B&o�BHGj�<GgJ2F�C�V%J	\	A	B ��C
X�A	��V�J?{[~	F�CWOYC�A	�N­�J	F!�?�®w��(¨ � ����C#`��!C��NGjOYC#GgC|�IGlB(A�BHG!�4{[`$oHGgB8~:o&C �jJ	Fd{�X�GgU?V�J	A?�!B&��GgB8A�\¥JL�PX
o&BI��GvJL� ©	© ��GjB({N`$o}`l�P­�J	F!�?�vJLF!�	C�F!C��N�	��B(A:V%F�C�X|�!B(A	\¥�LB(�d�dB&V=`$oHGj��X�AY�*�!B}a¥F!C|�g~:JLA:�!C�V�O	J:B(V�C���w
��C#`���C��NGI­fJ[{¥C�X|��`:F�C|� J?�1k:C�F��LX�o1��o}`$C�A	V%��£|~?OYJLAYC�{�BIV�X�A	���!C�{¥X�A|GgB(V�w�� © �	��MPO	J	A	C�{�B�V
�go-`$C�AYV��f­�X|� X|���!C|����C��2k:B&X���Z�� ­�J	F!�?� X%AY���!C�{¥XWARGdB-V �jo}`$CWAYV%��k:B&X���X�A	B({¥X|o�� ­2JLF!�?�®w
Z�`	�	��C�V=G!�P­�C%F�C�X|�di:C��NGKJ2F�C�V�X%o(o1B(AN­fF!BHGdB(A	\¥X|� {�X�A��[­¥J	F!�?�l�LC%\:B8A	A	B(A	\[­�BHGjO
��Z��<X%A	��X|�
{¥X�A��¥X�A	B�{¥X�o:A	X�{¥CY� X|�lGjO	C%�2V�J�`1o(�1w���A	C�{�B(A�`	GgC#­�XR� X�o8o-JY­2C����jJ	F C�X�V�ONGgC|��G�w

Z�GgX
GjB���GgB(V�X�o$X�A	X�o8�$��C|�



�

Z�Q �N� U��4q�~:JY­2C%FgU?X%AY�NhNq�~:J�­�C�F�­2C%F!C6GjF�X%A?�!�jJ	Fd{¥CR�f�	�2A	X=GI`:F!X�o:o(J	\:X%F!BHGjO	{ �LCRV�X=`��!C#GjOYC�B}F
�	B��jGjF�B}��`	GdB(J	A?�P­�C%F�CN�di:C=­2C��1w � OYC�X|�
��J?V�B&X=GjB(J	A[�:C=GI­2C�C%A�XN�jGgX%A	�	X�F!���	C=k:B&X=GdB-JLA��	C�V%F!C�X|��C�B(A
C�X�V�ONhNs.� ~:X%F!X�{�C=GgC%F X�A	��C�X�V�O�V�J	\	A	BHGgB}k:C���`1A:V=GjB-JLANGgCR��G�­�XR� C|��GjB({¥X=GgC��N`��!B(A�\¥{N`$oHGdB(~:o&C
o-JL\:BI��GgB(V F!C%\	F!CR�
�!B(J?A2XWAYX�o8�1��CR��w�M4J	J�F V�J	\	A	BHGdB}kLC ��`$A	V=GgB(J	AN­2X|� B8A:�	B&V�X=GgC��N�	�[�LC�B8A	\¥B(ANGjO	C
­2J	F
�IG � �!C�aT�d~:C�V�B&�dB&V � �|`1B(ARGdB(o&C �jJ	F C�X�V�ONGgC|�IG�w

��C�C%a:X�{�B(A:C��NGjOYC|�!C F!C�o&X=GgB(J	A?�!O	B(~1� V%F!J1�
��]��!C�V=GdB-JLAYXWo&o8�¥X�G1GI­fJ GjB({¥C ~:JLB(A|G!� � ~	O	X|��C�	fX%AY�
~	OYX��!C�� � X%AY�2~	F�J¤�g~:C�V=GjBHk$C�o}� � ~:O	X|��C�	�hNs.�rX�AY�2~	OYX���C���V�J	\	A	BHGdB}kLC ��`$A:V=GjB(J	A ��w���C�XWoI��J
C�a:X�{�B(A:C��NGjO	C�XR�
�!J:V�B&X=GdB-JLAN�LC=GI­2C�C�ANhNs.� X=G�MlOYX|�!C�	fX%AY��V�JL\	A	BzGdB}k:C��	C�VWo&B(A:C�JYkLC%F 	��:C�X%F��
�jJ:o8o-JL­�]I`:~�w � O	C|��C o-X=GIGgC%F4X�A	X�o}�1��C��l­2C%F!C�X�� ��`���GgC��2�jJ	FlGjO	C�GjB({�C�B(A|GgC%FdkLXWo	�:C�GI­�C�C�ANGjOYC#GI­fJ
~	OYX��!C|�®w�t�J	\	A	BHGdB}kLC��	C�V�o�B(A:C#­�X�� �	C��jB(A:C���X|�4�:C�B(A	\�B(ANGIOYC#­�J	F
�jG �|`:B(A|GgB8o&C�J	�PVWOYX�A�\:C�X�A	�
V�JLFjF!C|�g~:JLAY�	C��NGjJ�X��	C�V%F!C�X|�!C.JL��¨¥JLFP{�J	F!C#­fJLF��?� � © JLFP{�JLF�C �jJLFl­fJ	{�C�A � �jJLF4{2CW{2JLFd�YU¤�
J	Fl{2JLF!C ~YJLB(ARG!� JLA�GjO	C @ h � ] � U	¨�J	Fl{�J	F!C#­2J�F!�?�vJLANG�O	C#^ B&o�o(]�h�B(o�o$X�A	� � JLFP{�J	F!C#­fJLF��?�
J	AN�LJ|GjONGjO	C ~	OYJLAYCW{�B&V�X�A	���!C�{¥X�A|GgB(V���o}`¤CWAYV%�[F!C��g~:C�V%GjB-kLC�o8�$w�@<o�o:X�A:X�o-�$��C��l­�C�F!C�V�X%FdFgB(C��
J�`�Gv�!C%~:X%F�X=GgC%o}�¥�jJLF4{�C�A�X�AY�f­2J?{�C�AYUY��`	G4XR�4A	J�\:C%A	�	C%F ��B(�d�gC%F!C�AYV�C|�l­2C%F!C��jJY`:AY�	UYGjOYC
V�JL{[�:B(A:C��[F!C|�j`1oHG!� X%F!C ~	F!C|��C�A|GgC��1wR@<� �j`���Gg{�C�A|G!�l­2C%F!C {¥X��	C��jJLF X�\:C�U¤��C=a¥X%AY��O	B(\:O	C|�jG
C��|`$V�X=GjB(J	A:X�o:X=GIGgX%B(A	{¥CWARG�w

� A��!C�A?�!BzGdB}k$BHG��2X�A:X�o-�$��C��l­�C�C�a	~:o(JLF�C��N­[O:C=GjOYC%Flh<s � X%A	��V�J	\	A	BHGgB}k$C ��`$A	V=GgB(J	AN­2C%F!C
XR�
�!J:V�B(X=GgC���B(ANGI­fJ��j`	�:]�\	F!J�`:~1�PJ	��~:X�F�GjB(V�B(~1X%ARG!���	J	A	C \	F�JY`:~N­fBHGjO�O���~1C�F�GgC%A?�!B-J?A � V�o(X��
�!B&��B&CR�
XR���d�1�jGgJLo(B&V�X�A	���LB-XY�jGjJ	o(B�V �:o(J:J?�[~	F!CR�
��`:F�C � ��� �
� � �N{�{ �&h[\¥J	F�G�F!C�X
Gj{�C�A|GP�jJLF
O��Y~:C%F�GgC%A:�!B(J?A�X�G�MPOYX|�!C�	 � X%AY��JLAYC \	F!JY`:~<­[BHGjOf~	F!C=k:X�o&C�A|GvV�J�FgJLAYX%Fd��O	C�X%F�Gv��B���C�X|��C � �	C���B(A:C��
XR� X%A�\:B(A:X�JLF4{[�YJ:V�X%F!�	B&XWo:B(A?�gX%F!V�GdB(J	A�X=GvX%A��f~	F!C=k:B-JY`P�4~	O	X���C ��w



�

s��EZ��N� � Z
t�O:X%F�X�V=GgC%FdBI�jGjB�VR� JL��~:X%FjGjB(V�B8~$X�A|G!�4B(ANGjOYC|��C�X%AYXWo(�1��C|� X%F!C[�dO	J�­fA�B(ANGgX��:o�C � wR@�~:X%F�GP�IF!J	{
{¥C�{�J	Fd�	U:V�J	\	A	BHGgB-k$CN��V�J	F!C|�l­2C%F!C�C��|`$X�o:JLF4o(J�­2C%F4B(A2­2J	{�C�ANGjO	X�A�{�C�A�X�A	��B8Af\:CWAYC%F!X�o�GjO:C
��V�J	F!C|�l­2C%F!C o(J�­2C%F X®G�MPO	XR�!C��1w � OYC�V%FdJ1�
���!C�V=GjB-JLAYXWo$X��
��J?V�B(X=GgB(J	A?��U?X=G�MPO	XR�!C�	fX%A	�NMPO	X���C��	U
�LC=GI­2C�C�ANGjO	C#h<s.�r{�C�X|�j`:F!C�� X%A	�NGjOYC �jB}k$C�V�JL\	A	BzGdB}k$C#GgC|�IG!� X%F�CN�dO	J�­fA�B(ANGgX��:o(C ¨�w|@ GP~	OYX|�!C
	�U��4qTh<s �x­�XR�4A	C%\:X�GdB}k:C�o(�¥X|���!J:V�B(X=GgC��N­�BzGjO�{2CW{2JLFd�YUYGjOYC#^ B�o&o�h�B�o&o1X�A	�[~	OYJLAYCW{¥B&V�XWAY�
��C�{�X�ARGjB�V��jo-`$C�AYV��¤wWq�JLF4B(A?�jGgX%A:V�C�U:J	A	CN��GgX�A	�	X%F!���	C=k:B&X%GjB(J	A��	C�V%F�C�X|�!C�B(A[�uqT­2X|� X|���!J:V�B�X�GgC��
­2BHGjO[\	F!C�X�GgC%F4J:�	�?�4J	��~:J	J�Flk:C%Fj�:X�o?{¥C�{�J	Fd� � �<�	�1�lsEX=GjB(J � �Es ��� � w ��� � � 	 � V%J	A	��B&�	C�A	V�C
B(ARGgC%Fdk:X�o � t � ��� � wH��¨:] � w ¨:� �
w � O	C�F!C#­�XR�4\:C%A:C%F!X�o(o8�¥o&C|��� C�k:B��	C�AYV|C�J	�PX%A�X��
��J?V�B(X�GdB(J	A
�LC=GI­2C�C�ANhNs.� X%A	�[~:J:J�F V%J	\	A	BHGgB-kLC ��`$A	V�GdB(J	A�X=GP~	OYX|��C��1w

� X=�:o&C © ~	F!C|��C%A|G!�lGjOYC ~	FdJ1�d~:C�V=GjB}k:C�X|����J?V�B(X=GgB(J	AN�:C�GI­�CRC%ANh<s.�rX=G�MPO	XR�!C�	fX%A	��V�J	\	A	BHGgB}k$C
B&{�~:XWB F�{¥C�A|GvX=G$MlOYX|�!C��1�RGjO	C%F!C#­2X|� o(BHGIGjo(C�C%k:B&�	C�A	V�C�J?�PX%A2X|���!J:V�B(X=GgB(JLA$w � O	C�XR�
�!J:V�B(X=GgB(J	A
�LC=GI­2C�C�ANhNs.� X=G1MPO	X|��C�	fX%A	��V�J	\	A	BHGgB-k$C��	C�VWo&B(A:C#�$C=G�­2C�C%ANMvO	X|��C�	fX%AY����B����!OYJY­fA�B(A
� X=�:o&C � w � OYC%F!C#­2X|���!J	{�C�C%k:B&�	C�A	V�C#GgJ���`:\	\:CR��G1GjOYX=G�o&JY­2C%F�hNs.�¦­2X|� XR�
�!J:V�B(X=GgC��N­�BzGjO�X%A
B(A:V%F�C�X��!C���o8B(i:C�o�B(OYJ?J:�[J	���:C�B(A	\�B(ANGjOYC#­�J	F
�IG �|`:B(A|GjB(o&CNJ	�PV%O:X�A�\:C�B8A<GjO	C#^ B(o�o&]Kh�B&o�o�GgC|�jG�w � J
J|GjOYC%F���GgX
GjB��jGdB(V�XWo&o8�T�!B(\:A	B(�dB&V|X�ARG4XR�
�!J:V%B(X�GdB(J	A1�l­2C%F!C �jJ�`:A	�1w

��C�V�X%FgF�B&C���J�`�G���`:FjGjO	C%F X%AYX�o8�1��BI� B8A2XN��`:�:]�\	F!J�`:~�J	��~:X%F�GjB(V�B(~:X�A|G!�l­�BzGjO[O��	~:C%FjGgC%A?�!B(J:A�X�A	�
GjOYC%F!C#­2X|�4AYJ�C=k:B(�	C�A:V�C�J	�PX�A�X|�
��J?V�B(X�GdB(J	A[�:C=GI­2C�C%A<h[s.�rX%AY��V�JL\	A	BHGgB(J	A � �	X=GgX AYJ|G
�gO	J�­�A � w � A�GjO	C F�CWo-X=GdB}kLCWo(�T�!{¥X�o8o���`:�:]j\	F!JY`:~2JL��~:X%F�GjB-VWB&~:X%A|G!�P­�BHGjO[~	F!C�k:X�o&CWARGvt�h<Q GjOYC%F!C
­2X|� XN�j`:\	\:C|��GgB(J	ANGjO	X�G1GjO	C�C%�j�gC�V=G!�l­2C%F!CN�jGjFdJ	A�\:C%F � � X®�:o&C�� 	fX%A	��� ��w



�

Q � Z:tu�TZ�Z � � �
� O	BI����GI`$���2JL�P{�B&�	�	o&C�X%\:C���X��|`$oHG!����`:\	\:C��jG!��GjOYX=GPo(JY­xh<s.�rB�� A	J�GPV%J	A?�!BI�jGgC%A|Ggo}��F!C�o&X=GgC�� GKJ
~:J	J	F4V�J	\	A	BHGdB}kLC ��`$A	V=GgB(J	A1w � O	BI� ��B(A:�	B(A	\��j`:~	~:JLFIG!� X%A2C�X%F!o(B�C�F V�X|�!C�]dV�J	A|GjF!J	o1��GI`$�|��B(AN­2O	B�V�O
©	� B(A	�	B}k1B&�|`$X�oI�l­�BHGgO�{�B�o&��V�JL\	A	BzGdB}k$C�B8{�~:X�B(F!{�C�ARG�­2C%FgC �jJY`:AY�NGgJ2OYX=k$CN�!B({�B&o�X�FlhNs.�¦GKJ
V�JLARGjFdJ	o���w�� ©l� ��hfJ�­2C=k:C%F�ULB(A�X�V%F�J¤���!]���C�V=GgB(JLAYX�o:XWA:X�o}�1��BI� J	� ©l�	� J?o-�	C%F �LB&�!X%�:o&C��N­�J?{2CWAYU
efB�{��������$F!C%~	J	FIGgC��EGjOYX=GvV�X%F!��B-X�V�X=`	GgJ	A	J	{�B&V����1�!��`$A	V=GjB-J?A	U	~:X%F�GjB(V�`1o&X%F!o}�¥o(JY­ hNq�~:J�­2C%F!U
­2X|� XR�
�!J:V�B&X=GgC��N­[BzGjO��1wz� GjB({�C��4\	F�C�X=GgC%FvJ?�	�?�vJL�PV�J	\	A�BzGdB}k$C�B8{�~:X�B(F!{�C�ARG�w�� © ¨�� � `:F4X%AYXWo(�1�!BI�
BI� J	A�X F!C�o(X�GdB}k:C�o(��O	CRX�oHGjO���\:C�A	C�F!X�o?~:J	~�`:o&X=GjB(J	A��!X�{�~?o�C�X%A	�NGjOYC%F!C�X%~	~:C�X�F
�lGjJN�LC o(BHGIGjo&C
C�k:B��	C�AYV|C�J	�PX%A�X��
��J?V�B(X�GdB(J	A[�:C=GI­2C�C%A<hNs.�rX�AY��V�JL\	A	BHGgB(J?A�B(A�{�B��	�	o&C�X%\:C�w

Q2C�{�C�A|GgB(X�J:V�V=`:F
� o(X=GgC B(A�o�B(�gCE��`	GPBHGPBK� B(A:V%F!C�X|�!B(A	\?o(�[F!CRV�J	\	A	B �RC��fGjOYX=G1GjOYC%F!C�B�� X�o(JLA�\
~	F�C�V�o8B(A:B&V�X�o	~?O:X|��C�V�O	X%F!X�V=GgC%F!B �RC��[�	�[~	F�JL\	F!CR�
�!B}k$C A	C=`:F�J	~:X®GjOYJLo-JL\:B(V�X�o$VWOYX�A�\:C��lGjO	X�G1GjO	C%A
�LC�V�J?{2C�VWo&B(A?B&V�X�o�o(���:C=GgC�V�GgX=�:o(C�X|� V�JL\	A	BHGgB}k$C B({�~:X�B(F�{*C%A|GvJ�F �	C%{2CWARGdB-X�w � O	C���o�B��gC�]do(J	A�\ �
k:B&C=­ JL�P�	C�{¥C�A|GgB(XN��GjF!CR�
�!CR�lGjO	C�B({�~:J	F�GgX%AYV�C�J	��FgBK�gi��jXRV=GKJLF
�vB8A�{�B&�Lo&B(�dC�w�� ©	© � ��A	C�J	�¤GjOYC
~	F�JY�:o(C�{T�l­�BzGjO�C%a:X�{�B(A:B8A	\�F!B��gi��gX�V=GgJ�F
�4B(A�{�B&�	�	o&C�X%\:C B&�lGjO	C�o(X�V%i¥J?�4�jGgX%A	�	X%F���V�F�BzGgC%FdB(X#GgJ
�d`$��\:C ~:J:J�F V%J	\	A	BHGgB}k:C ~:C%F!�jJ	Fd{�X�A:V�C�X%AY�fGgJ�X|���!B}\:A�BzG!��V�o(B(A	B&V|X�o��!B}\:A	B��dB&V�X�A	VRC�w�sEC�V�C�A|G
X�G�GgC%{[~�G!�PGjJ[B(�	C�A|GgB(���[~:J:J	Fl~:C%Fd�jJ	Fd{¥X�A	V�C�XR� �LC�B8A	\¥B(ANGIOYC#­�J	F
��G �|`:B8ARGdB(o&C�� ©�� �l~	FgJYk:B-�	C
X�~	~:C�X�o8B(A	\T�!J:oH`	GdB-JLA:�lGgJ GjO	C ~	FgJ��:o�C�{Tw � A�X��	�LBHGgB(J	ANGgJ G�O	C F!C|�j`1ozG!�4F!C%~:J	FKGgC��2OYC%F!C#­2C�X%oI�!J
C�a:X�{�B(A:C��NGjO	BI� X|����J?V�B(X=GgB(J	AN`��!B(A	\�o(B(A:C�X%F4F!C�\	F!C|�
�!B-J?A1�|G�O	C F!CR��`$oHG!�l­2C%F!C A	J¥�LB(�j�dC�F!C�A|G�w��E`:F
�gB8A:�	B(A�\�� J	A�B(AY�LB}k$B��|`$X�oI� X%\:C�� 	�	fX%AY��� � �YC�X%F�� X=G$GjO	C6GI­fJ�~	O	X|��C|� J	�P�	X=GgX�V�J	o8o&C�V�GdB(J	A
�j`:\	\:C|��G$GjO	X=GPo(J�­ h<s.� BI�4A	J�GvX#{�X��!J	F4F!B��di¥�dX�V=GgJLFvX®G$G�O	BI�4~:J:B8ARGPB8A<GjO	C�o8B(�gCRV�JY`:F��!C�w

MPF!C�k:B(JY`�����GI`$�	B(C|� O	X%k:C �:C�CWA2JLA�B(A	�	B}k1B&�|`$X�oI�l­�BHGgO[@<o �ROYCWB&{¥C%F�¢�� �	BI�!C�X���C�X%A	�[k:X��!V=`$o&X%F
�	C�{�C�ARGdB(X�U?{�X%i:B(A	\�BHGv�	B8�j�dB&V=`$oHG�GjJT�!C%~:X%F�X®GgC�V�X�`��!C�X%AY��C��j�dC�V=G�w|@<o �RO	C�B&{�C�F�¢�� �	BI�!C�X|��C ~:X�GjB(C�A|G!�
OYX%k:C��	C�V%F�C�X��!C��[~:X%F!XR�d�:{�~:X�GjO	C=GgB(V#GjJ	A	C#­fO	B&V�O�V�X�A�V�X%`��!C F�C��|`$V�C��Nh<s �¥w�� © ¨���@<o(o�C�A��	�����



� �

�jJ�`$A	�[A	J¥�LB(�j�dC%F�CWAYV�C�B8A<h[s.�r{�C�X���`:F!CR� �LC=GI­2C�C%ANGjOYJ¤��C#­�BHGjO�@No �RO	C�B&{�C�F�¢�� �	B���C�X|��C�JLF
�	C�{�C�ARGdB(X�X�AY��V�JLARGjFdJ	o	~:X=GjB&C�A|G!��w�� © 	�� � A�V�J	A�GjF!X|�jGjU�^p`:F!X%iYX�{�B��������$F!C%~	J	FIG?GjOYX=G��4q X%A	�
�4q ��h[q�F!X�GjB(J2­2C%F!CN�!B}\:A	B(�dB&VRXWARGjo}��o-JY­2C%F B8A2X \	F!JY`:~<­[B}GjO��	C%{¥C�A|GjB&X#GjOYX%A�A	J	Fd{�X�o1V�JLARGjFdJ	o
\	F�JY`:~YU?X%{2JLA�\�B(A	�	B}k1B&�|`$X�oI� X%\:C����
	N�YCRX%F
� X%A	��J?o(�	C�F�w�� © �	���xC#`���C��[��B}k$C#GgC|�jG!�4B(A�J	F!�	C%F�GKJ
C�a:X�{�B(A:CN�!C%k$C%F�XWo:V�JL\	A	BHGgB}k$C��LB({¥C�A1�!B(J?A:���	o(J�­ h<s �x­�XR�4A	J�GvX|�
��J?V%B-X=GgC���V�J	A?�!BI��GgC%ARGjo}�[­�BHGgO
X�A��[GgC|��G�w � O	C�V�FdJ1�
��]��!C�V�GjB(JLA:X�o:X�A	��o(J	A�\:BHGI`$�LB(A:X�o$XWAYX�o8�1�!BI���!O	J�­2C����!J	{�C�X|���!J:V�B(X=GgB(J	AN��`	G
AYJYG$­[BHGjO<GjO	CN�!X�{¥C�V�J	\	A	BHGgB-k$C��	J	{�X�B(A:U?o(C�X��LB(A	\[GgJ GjO	C�V�JLAYVWoz`��!B(J?ANGjOYX=G1GjO	C�F!C BI�4A	J�F!C�X�o
XR�
�!J:V�B(X=GgB(J	A2�LC=GI­2C�C%ANh<s.�rX�A	��V�J	\	A	BHGgB(JLA�B(A�J�`:F �	X®GKX�w�y B}k:C�ANGjOYC|��C�{�B}a$C�����B(A:�	B(A	\1�!U
�I`:F�GjOYC%F4F!C|��C�X%F!V%O�BI� V�o&C�X%F!o}�¥A	C�C��	C��1w

��A	C ~:J1�
�!B}�:o&C ~:X=GjOR­¥X%�N­�O	B&V�O�{¥X��2o�B(A	i[hNs.�¦GKJ�V�JL\�A	BHGgB-k$C���`$A	V=GgB(J	A�BI�lGjO�F!J�`:\	O[B(A	V%F!C�XY��C��
�:o-J?J:�[~	F!C|�
�j`:F!C���¨ � �1��`	G�­�C��jJY`:AY��AYJ�C=k:B(�	C�AYV|C�J	�PX%A�X|����J?V�B(X�GdB(J	A�X�{�J	A�\¥X \	F!J�`:~�J	�lJ�`	F
~:X�F�GjB(V�B(~:XWARG!�l­�BHGjOfO��	~:C%F�GgC�A?�!B(J?A$wWh<s.�rBI�uo(B(A	i:C��NGgJ[O	C�X�F�GP��BI�!C�X���C�X%A	�NGjO	C�F!C BI����J?{�C
C�k:B��	C�AYV|C#GKJ��j`:\	\:C|�IG1GjO	X=G¤O	C�X%FjG4��B&�!CRX|�!C�BI� X|����J?V�B(X=GgC��f­fBHGjO�B�{�~:X�B}F�C���V�J	\	A	BHGgB(JLA$w�� ��© U ��� � � G
BI�4~:o&X=`��!B}�1o&C�U�GjO	C�F!C��jJLF!C�U|GjO	X=GPXR�
�!J:V%B&X=GjB(J	A1�l�LC=GI­�C�CWAfF!C��|`$V�C���V�X�F!�LB-X�V�X=`	GgJ	A	J	{�B&V���`1AYV=GgB(JLA
X�A	��B({�~$XWB F!C���V�J	\	A	BHGdB-J?A�{�X%�¥JLA	o(�[�:C ~	F�C|�!C�A|GvX�{�J	A	\NGjO	J1�!C#­2BHGjO[~	F!C=kLX�o�C�ARG4V�J�FdJ	A	X%Fd�
OYC�X%F�Gv��BI�!C�XY��C�w � A�XN��`	�L]�\	F!J�`:~�J	�lJ�`:Fl~:X�FKGjB(V�B(~:X�A|G!�l­2B-GjO2X%A�\:B(A:X�JLFP{2�YJ:VRX%F!�	B(X�o1B(A	�dX%F�V=GdB-JLAYU
GjOYC%F!C#­2X|� XN�j`:\	\:C|��GjB(J	A�J	�PXN��GjF!J	A�\:C%FPF!C�o(X=GgB(J	A?�!O	B(~[�$C=GI­�C�C%ANh<s � X%A	��V�J	\	A	BHGgB}k$C ��`$A	V=GgB(J	A
� B(A[~:X%FjGjB(V=`$o�X�Fu{�C�{�J	Fd��X�AY��@ h2] � ��w � O	B��P­�X%FgF!X%A|G!� ��`$F�GjO	C�F4B8A�kLC|��GgB}\:X=GgB(J	A�B8A2X o&X%Fd\:C�F4\	FdJ�`:~
J	��~:C�J	~	o(C#­�BHGgO�V�J	FdJ	A	X�F��2�	BK��C�X��!C�w

� O	C�F!C�X%F!C�X AR`1{[�:C�F JL��~:J|GgC%ARGjB�X�o:o�B&{�BHGgX=GjB-JLA1�lGKJNGjO	B�����GI`$�|�$wWqPB(F
�jGgUY�nO	BHGgC�O	X�o�o �d� BI� XN�jGI`$�|�
J	A[B(A	�	B}k1B&�|`$X�oI� B8AT�jGgX=�:o&C�t#B}k1B&o�Z:C%Fdk:B�V�C#­�O	BHGgC�]dV�JLo(o&X%F �
J��1� X=G��:X|��CWo(B(A:C�X�A	�NGjO|`�� �	J?C|�vA	J|G
F�C%~	F!C|��C%A|G�GjO	C \:C�A	C%F!X�o	~:J	~�`1o-X=GdB-JLAYUL~:X%FIGjB(V=`$o&X%F!o8�[GjOYC o-JY­2C|��GvC%AY��JL�1GjO	CN��J?V�B(J?C�V�JLAYJL{�B&V
�g~:C�V=GjF�`:{2UYGjOYC#`:A	C�{�~?o(J	�:C���J	F�GjO�J¤��C B(A�B(A1��C�V�`:F!C ��JY���®w � O|`���UL��`:F�GjOYC%F4F!C|��C�X%F!V�O�BI� A	C�C��	C��



�	�

GKJ��	C®GgC%Fg{�B(A:C#GjOYC \:CWAYC%F!X�o(BI��X��:B&o�BHGj�2J?�PJY`:FP��B(A:�	B8A	\1�®w?Z:C�V�JLAY�	U?�	X
GgX O	C%F�C�X%F!C���F!X=­fA[�IF!J:{ GjO	C
	���� X�A	�������4~:O	X|��CY� JL�1GjO	CN�jGI`$�|�YU?B({�~:o8�:B(A	\[�:J�GjO��j`:F�k:B8kLXWo$X�A	���!C�o&C�V=GgB(J	A�C����gC�V=G!�®w � O	C�F!C��jJLF!C�U
BzG4BI�4~:J1�
�!B}�:o&C#GjO	X=G1GjOYC�X|�
��J?V�B(X�GdB(J	AN�LC=GI­�C�CWA<hNs.�rX�A:��V�JL\	A	BHGjB-JLA�BI�l`$A	�	C%F!CR��GgB8{¥X=GgC��2B(A�J�`:F
��X�{�~:o&C�w:ZLB(AYV|C#GjOYC#�xO	BHGgC�O	X�o&o �d� ��GI`$�|�2V�J?o(o&C�V=GgC���J	A	o}� 	�]j{�B(A�`	GgCN�gO	J	FKGg]�GgC%Fd{
C�o(C�V=GjF!J:V�X%F!��B(J	\	F!X�{���UY­2C#­�C�F!C A	J|GvX=�:o(C#GgJ[B(A�k:C��jGjB}\:X=GgC F!C�V�C%A|Ggo}�[~	F!J	~:J1�!C���X��|kLX%A	VRC��
{¥C=GjOYJ?�?� �jJ	FlhNs.� X|�
��C|�
�!{¥C�A|G1GjOYX=GvX%~	~:C�X%F�GjJN�:C�V�X%~:X=�:o&C�JL�P�	B(�d�dC�F!C�A|GgB(X=GgB8A�\T�d�:{�~:X�GjO	C=GgB(V
X�A	�2kLX%\:X�o?B(A:�do}`$C�A	V�C�� B(A�o-J?A�\:]KGgC�Fd{ C�o�C�V=GjFdJ:V�X%F���B(JL\	F�X%{T� � © �	�
w � G¤BK�v~:J¤���!B-�:o&C#GjOYX=GP{�JLF�C
��JL~	O	BI�jGdB(V�X=GgC��[{¥C�X|��`:F�CW{¥C�A|G!� JL��O	C�X%F�GPF!X
GgC#k:X%F!B(X%�:B�o&BHGI��{¥XW�2O	X%k:C ~	F!J�k:B(�:C����LB(�j�dC�F!C�A|G
F�C|��`$oHG!��w�qPB(A	X�o�o(�:U�GjO	C#�xO	BHGgC�OYXWo&o �d� V�J	\	A	BHGgB-kLC#GgC|��G��LX=G�GKC%Fd���	J:C|�4AYJ|G4XR�
�!CR�
� C%a:C�V=`	GdB}kLC
�I`$A	V=GgB(J	A?� B(A��	C=GgX�B(oIw � GlB&� X�oK��J�~:J1�
�!B}�:o&C#GjO	X=GvX��	��BzGdB(J	A	X�o:A:C=`:F!J	~1�d�YVWOYJ?o(J	\?B-V�X�o�GgC|��GgB(A�\[­�J�`:o(�
OYX%k:CN�!O	J�­fA�C����gCRV=G!�4A	J|GvC=k:B-�	CWARG4B(ANGjOYC6GgC|�jG!�4B(A	V�o}`$�	C|�[B(A�J�`:F X%A	X�o}�1��BI��w

� A�V�J	A	V�oH`P�!B(J?A	U:J�`	F4F!C|�j`:oHG!���gO	J�­ o(JY­ hNs.� BK�vA	J�G4V�J�A?�!BI�jGgCWARGdo}�2X��
�!J:V�B&X=GgC��N­[BzGjO�X|�d~:C�V=G!�
J	��~:J	JLFvV%J	\	A	BHGgB}k:C���`1A:V=GjB-JLA�B(ANGjO	BI� {�B&�	�Lo&C�X%\:C��*��X�{�~:o(C�JL�P{¥CWA2X%A	�N­2J?{�C�A1w�� AY]�\:J?B(A�\
�jJ:o8o-JL­�]I`:~�X�A	����`:FjGjO	C%FlGgC|�IGjB(A�\¥X|�PGjO	CN��GI`$���f~:X%F�GjB(V�B(~:X�A|G!��¢$X%\:C#­�B(o�o:k:C%F!B(���<GjO:C ~:J|GgC%A|GjB(X�o
F�JLo(C�J	�1hNs.�r{�CRX|�j`:F!C|� B(A[~	F!C��	B&V=GgB8A�\[GjO	C��	C%\:C%A:C�F!X=GjB&JLAfJ	�lV�JL\	A	BHGgB}k$C ��`$A	V�GdB(J	A�X=G�JLo(�	C�F
X�\:C|��w



� ¨

� ;������[5��	��

� �����[� � ��
�������
N9����
q$`1AY�LB(A	\
� O	C#��O	BHGgC�O:XWo(o �d� ��GI`$�|�fO:X|�4�:C�CWA¥��`:~	~:J	FKGgC��N�	�f\	F!X%A�G!�4�IF�JL{ GjOYC#D F!BHGgB��!ON^_C��	B�VRX�o
sEC|��C�X%F!V�O�t�J�`:A	V�B�oI��D.F!BHGgBI�dON�6V�J	A	J?{�B&V�X%A	�TZ:J:VWB-XWo	sEC��!C�X%F�VWO2t#J�`:A	V�B(oI��D.F!BHGdBI�!ONh2C�X%FjG
q�JY`:AY�	X=GdB-JLA1�R�Nexh2C�X�oHGgO�X�A	�TZ:XW�jC�G��<�uaLC�V=`	GgB}k:C��|�fe¦Q2C%~:X%FjGj{�C�A|GPJ	�1h�C�X�oHGgO1� � X=GjB-JLA:X�o
h2C�X%FjG��4`:A�\¥X%A	�ND�o-J?J:� � A?�jGjBHGI`	GgC � h<� © � ©l� � �!U|�*Z:U � X=GjB(J	A	X�o � A1��GjBHGI`	GgC|�vJ	�¤h2C�X�oHGgO�£

� X=GjB(J	A	X�o � A1��GgBHGI`�GgC J	A[@�\?B(A�\ � @<y ��©l��� � �!U��TZ:U � X=GjB(J�A	X�o � A1��GjBzGI`	GgC|�4J	�1h�C�XWozGdO1��@�\:C�A:V��2�jJLF
h2C�X�oHGjO�t�X%F�C#M4J	o(B&V��fs�C���C�X%F!V�O � h*Z:�	�
	 � � �
�YX%A	�NGjO	C ��J	O�A<Q X%AY��t�X=GjOYC%F!B(A:C � ^ X�VW@�FjGjO|`:F
q�JY`:AY�	X=GdB-JLANsEC|��CRX%F!V%O � C=GI­2JLFgi1�4J	ATZ�`$V�V�C|���!��`1o	^ B&�Lo&B(�dC#Q2C%k$CWo-JL~:{¥CWARGvX%A	�TZ	J:V%B(J:]
C�V�JLAYJL{�B&V[Z�GgX=GI`�� X%AY�Nh�C�X�oHGjO$w

� >1�!���	� ;<�	�1�!�%�&��>¤�����	���%3
@<o�o$X=`	GjOYJLF
� �	C|�!B}\:A	C��NGjO	CN�jGI`$�|�YUY­2C%F!C�B(A�k:J?o}k:C���B(A��:X=GgX�X�V��|`:B��!BzGdB(J:A�X�A	�[~	F!C%~:X%F�C��NGjO	C
GgC�a�G!w�QfF
w�D.FdBHG�GKJLA<­[F!J|GgCuGjOYC ��B(F
�jG4��F�X%��G�wW^ F�Z	O�B}~:o&CW�<­¥X|�4~	F!B({¥X%F!B8o(��F!C|�g~:JLA:�!B}�1o&C��jJLF
�jGgX®GjBI�jGdB(V�XWo$X%A:X�o8�$�!C���w�MPFdJ	�jC|����JLFl^_X%Fd{�J�GPB��4F!C|�g~:JLA:�!B}�1o�C �jJLF �|`$X�o(BHGj��X|���j`:F!X�A	V�C�X�AY��V�JLARGjFdJ	oIw

� O	C�F!C�X%F!C AYJ�V�JLA	�jo�B&V=G!� J	�lB(ARGgC%F!C|�jG



��©

� X=�:o&C � £?Z:X�{[~:o�C�V�O:X%F!X�V=GgC�FdBI��GjB&V|� J	��~:X%F�GjB(V�B(~1X�ARG!�
MPO	X|��C�	 � ���	� �	] ���	�	� � MPO	X|��C�� � ¨:�	��¨:]�¨:�	� � �
^ C�A ��J?{�C�A ^ C�A ��J?{�C�A

� © ¨ � � � ¨ 	�	 ©l��� � � ¨:� �
@�\:C � {¥C�X�A � Z�Q � � 	�	:w 	 � �?wz� � 	�	:w}� � �:wH� � �	�1w � � 		w � � � � wz� � �?wz� �

h2C�X%FjG�F!X
GgC#k:X%F!B(X%�:B�o&BHGj�
� {�C�XWA � Z�Q ��� �

Z�Q �N� ©�� w © � �?w �	� � © ¨�w 	 � �:w �	� � ©	© wz� � �?w �:� � ©�� w 	 � �?w � � �
�4q © ¨:�1wz� � �?w �	� � ¨ �:© w � � �:w � � � ¨ � �1w ¨ � � wz�	� � ¨:�	�1w © � � wz� � �
h<q �	� �1wz� � � w � ¨�� ���4� w 	 � � w � 	 � � �	�1w}� � � w ¨ 	 � ��� �1w © � � w � � �

t�J	\	A	BHGgB-kLC ��`$A:V=GjB(J	A
� {�C�XWA � Z�Q � �

^ C�{�J	F�� �1w � � ¨1w © � �1wz� � ¨$wH� � �1w}� � ¨1w © � �1wz� � ¨1wz� �
@ h � �:� wz� � � wz� � � ¨�w � � �	� w-� � � �1w © � � w � � � �1w ¨ � �	� w}� �
^ B(o&o�]Ih�B�o&o ¨ 	:w � � © wz� � ¨ © w � � 	Yw � � ¨ 	:w}� � © wz� � ¨ © w}� � 		w © �
MPO	J	A	C�{�B&V � �1w � � � w ¨�� � �1wz� � � w-� � � �1wz� � � wz� � � 	:wz� � � w � �
Z:C%{�X�A|GgB(V � �1wz� � � wz� � � �1wz� � � wH� � � �1wz� � © wz� � � 	:w © � � w � �

� qPJLF�hNs.� {�CRX|��`:F!CR�!U	\:C�JL{¥C=GjFgB(V {¥C�X�A:� X%F!C ~	F!CR�!C�A|GgC��N­�BzGjOTZ�QrJ	�1GjO	C�o(J	\	\:C��Nk:X�o}`$C|�



���

� X=�:o&C ¨�w�t6FgJ1�
����C�V=GjB(J	A	X�o$XY���!J:V�B(X=GgB(JLA:�4�:C=GI­2C�C�ANh<s � � � Z�Qr�	C�V%F!C�X|��C � X%AY��V�JL\	A	BHGgB}k:C
�I`$A	V=GgB(J	A � J:�	�?�4J	�lo(J�­2C|��G �|`:B(A|GgB(o�C ��w

M�hf@�Z�� 	 ^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� � © ��¨ � � ¨ � ��¨�{�C�A	U1� � �f­2J	{�C�A �Z�Q �N� ��� ��� ���	��
��
��� ��� ��� ��� ���	�����
������� ��� ��� ���	�����
������� ������� ����������� �"!�# ��� ��
 ���	��
��
�������

h<q ��� ��� ���	�����
������� ��� ��� ���	�$� �
������� ��� ��� ���	�$� �
������� ��� ��� ���	�����
��� ��� ��� ��% ���	��%��
������&

�4q ������� ������!���� �"!�# ��� ��� ���	�����
��� ��� ������� ����������� �"!'� ������� ����������� �"!�# ������� ����������� �"!�(

M�hf@�Z�� � ^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� � © 	�� � � ¨:�	�
	<{�C�A	U � � � ­2J	{�C�A �Z�Q �N� ���	��% ���	��
��
��� �)% ���	��� ���	��%��
��� ��� ���	��� ���	�����
��� ��
 ��� ��� ���	�����
������� ������! ������!���� �"!��

h<q ���	��� ���	��&��
��� �)� ����*�+ ����*����,���"-�� ���	��
 ���	�����
��� ��& ���	��
 ���	�����
��� ��
 ��� ��� ���	�����
�������

�4q ���	��% ���	��
��
��� �)% ���	��% ���	��
��
��� �)% ��� ��� ���	�����
������� ��� �.� ���	�����
������� ������� ����������� �"!��

� �N�	�?�4F�X®GjB(J1� X%F�C�X�� �j`���GgC��[�jJ	F X%\:C�U1�!C=a¥X�A	��O	B \?O:C|�jGPC��|`$V�X�GjB(JLA:X�o:X=GIGgX�B8A	{¥C�A|G



� 	

� X=�:o&C © w�MlFgJ1�d~:C�V
GjB}k$C�X|�
��J?V�B(X=GgB(J	A[�:C=GI­2C�C%ANh<s.�rX=G¤~	O	X��!C�	 � � Z�Q �	C�V%F!C�XR�!C � X%AY�
V�JL\	A	BHGgB}k:C���`1AYV=GgB(JLA2X=GP~	O	X|��C�� � J?�	�?�vJL�Po(J�­�C|�jG �|`:B8ARGjB�o&C ��w

^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� ��¨:�	� � � ���	© �[{�C�A	U:� © ¨2­2J	{�C�A �Z�Q �N� ��� �.� ���	�����
������� ��� ��� ���	�����
������% ��� ��� ���	�$� �
������� ��� �
� ���	�����
��� ��� ��� ��
 ���	��&��
�������

h<q ���	��� ���	�����
������� ��� ��� ���	�����
������� ��� �.� ���	�$� �
������� ��� ��& ���	�����
������� ��� ��� ���	�����
�������

�4q ��� ��% ���	�����
������� ��� ��% ���	�����
������� ��� ��% ���	�����
������
 ��� ��� ���	�����
��� ��� ��� ��� ���	��
��
��� � �

� �N�	�?�4F�X®GjB(J1� X%F�C�X�� �j`���GgC��[�jJ	F X%\:C�U1�!C=a¥X�A	��O	B \?O:C|�jGPC��|`$V�X�GjB(JLA:X�o:X=GIGgX�B8A	{¥C�A|G

� X=�:o&C � w MPF!J1�d~:C�V�GjB-kLC X|����J?V�B(X=GgB(J	A �:C=GI­2C�C%Axh[s.� X=G�~	OYX|�!C 	 � � ZYQ �	C�V%F�C�X|�!C � X�A	�
�	C�VWo(B(A:CNB(ATV�JL\	A	BHGgB}k$CN�I`1AYV=GdB-JLA��:C=GI­2C�C%A[M4OYX��!C 	�X�A	��MPO	XR��CN� � J?�	�?��J	�4o(J�­�C|�jG �|`$B(A|GgB8o&C<J?�
V�O	X�A�\$C ��w

^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� ��¨ 	 � 	 � � �	� © {�C�A	U:� � ¨[­�J	{�C�A �
Z�Q �N� ��� ��� ���	�����
������� ��� ��% ���	��%��
������
 ������# ����������� �"!�- ���	��
 ���	�����
��� ��
 ���	��� ���	��%��
��� �)%

h<q ��� �.� ���	�$� �
������� ��� �.� ���	�$� �
������� ������* ������#���� �"('� ���	��& ���	��
��
��� ��& ���	��� ���	�$� �
��� ���

�4q ��� ��& ���	��&��
������� ��� ��� ���	�����
������% ������- ������*���� �"(�! ���	��� ���	�����
��� �)� ���	��% ���	��&��
��� ��&

� �N�	�?�4F�X®GjB(J1� X%F�C�X�� �j`���GgC��[�jJ	F X%\:C�U1�!C=a¥X�A	��O	B \?O:C|�jGPC��|`$V�X�GjB(JLA:X�o:X=GIGgX�B8A	{¥C�A|GvX%AY�NGjB8{¥C
B(ARGgC%Fdk:X�oL�LC=GI­2C�C�ANMPO	X��!C�	fX%AY�fMPO:X|��C��



� �

� X=�:o&C�	:w�t6FgJ1�
����C�V=GjB(J	A	X�o$XY���!J:V�B(X=GgB(JLA:�4�:C=GI­2C�C�ANh<s � � � Z�Qr�	C�V%F!C�X|��C � X%AY��V�JL\	A	BHGgB}k:C
�I`$A	V=GgB(J	A � J:�	�?�4J	�lo(J�­2C|��G �|`:B(A|GgB(o�C � XW{2JLA�\�~:X�F�GjB(V�B(~:XWARG!�l­�BHGjO2V�JLFgJ	A	X%Fd�fO:C�X%F�Gv��B���C�X��!C�w

M�hf@�Z�� 	 ^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� ��¨ �	� � �	� 	<{�C�A	U 	��f­2J	{�C�A �Z�Q �N� ��� ��� ���	��%��
��� 
�
 ������# ���������,!��"!�( ��� � � ��� 
����
��� &�� ��� �
� ��� 
����
��� % � ��� ��
 ���	�$� �
��� 
)�

h<q ��� ��& ���	�����
��� � � ��� ��
 ���	�����
��� 
�& ���	��
 ��� &����
��� � & ��� �
& ���	�����
��� &�� ��� ��
 ��� 
����
��� �)�

�4q ������� ���������,!��"!�- ������- ������-��,!��"('� ��� ��& ���	��
��
��� ��� ��� ��� ��� 
�
��
��� %�% ���	�$� ���	�����
��� ��%

M�hf@�Z�� � ^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �

� � © 	 © � ¨:��¨[{�C�A	U1� � ­�J	{�C�A �Z�Q �N� ���	��� ��� 
����
������� ��� ��% ���	�����
��� � � ���	��� ��� 
����
��� ��� ��� �
� ���	��&��
��� �)% ��� ��& ���	��
��
��� &��

h<q ��� �.� ��� 
����
��� �)� ���	��� ��� 
����
��� ��� ���	�$� ��� 
.� �
������
 ��� ��� ���	�����
��� ��� ��� ��� ���	��&��
��� �)�

�4q ���	��
 ��� &����
������� ��� ��� ���	�$� �
��� � � ���	��% ��� 
����
��� �)� ��� �
� ���	��
��
��� �)� ��� � � ���	�$� �
��� % �

� �N�	�?�4F�X®GjB(J1� X%F�C�X�� �j`���GgC��[�jJ	F X%\:C�U1�!C=a¥X�A	��O	B \?O:C|�jGPC��|`$V�X�GjB(JLA:X�o:X=GIGgX�B8A	{¥C�A|G



� �

� X=�:o&C��1w�MlFgJ1�d~:C�V
GjB}k$C�X|�
��J?V�B(X=GgB(J	A[�:C=GI­2C�C%ANh<s.�rX=G¤~	O	X��!C�	 � � Z�Q �	C�V%F!C�XR�!C � X%AY�
V�JL\	A	BHGgB}k:C���`1AYV=GgB(JLA2X=GP~	O	X|��C�� � J?�	�?�vJL�Po(J�­�C|�jG �|`:B8ARGjB�o&C ��X�{�J	A�\�~:X%F�GjB(V�B(~:X�A|G!�l­2BHGjO
V�JLFgJLAYX%Fd�[OYCRX%F�Gv��B��!C�XY��C�w

^ C�{�J	F�� @ h � ^ B(o&oLh�B(o&o MPO	J	A	C�{¥B�V Z:C�{�X�A|GgB(V
� Z�Q �	C�V%o(B8A:C
B(ANhfs �

� s � � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t � � s � 	 � t �
� � � � � � ��© ¨[{�C�A	U �:� ­�J	{�C�A �Z�Q �N� ���	��� ���	%����
��� �)� ��� ��% ���	�����
��� � & ��� ��& ��� &����
��� &�& ��� ��� ��� 
����
��� % � ���	��
 ��� &�
��
��� � �

h<q ���	��� ���	%����
������� ��� �.� ��� &����
��� �)� ���	��� ��� &����
��� % � ��� ��� ��� 
����
��� �)� ���	��% ��� &�&��
��� � &

�4q ���	��� ��� &�&��
��� ��& ��� ��% ���	��%����)� ��� ��� ��
 ���	�$� �
��� ��� ��� ��� ��� 
�%��
��� &)� ��� � � ��� 
����
��� 
)%

� �N�	�?�4F�X®GjB(J1� X%F�C�X�� �j`���GgC��[�jJ	F X%\:C�U1�!C=a¥X�A	��O	B \?O:C|�jGPC��|`$V�X�GjB(JLA:X�o:X=GIGgX�B8A	{¥C�A|GvX%AY�NGjB8{¥C
B(ARGgC%Fdk:X�oL�LC=GI­2C�C�ANMPO	X��!C�	fX%AY�fMPO:X|��C��



� �

� ^_JLFjFdBI�4��t�U�Z�GjJ�F!X%AY�|G�^ U|^ B(o(o�C�F4��MvUY^_V%efC�C�oLQ[��U�MlF!B(V�C ����U�s#`:�:B(AN� h C=GvX%oIw�^ B(o&�
V�JL\	A	BHGgB}k:C�B({�~:X�B(F!{¥CWARGPF!C%~	F!C|��C%A|G!� C�X%F!o}�	]
�jGgX%\:C @No �RO	C�B&{�C�F �LBI�!C�X|��C�wR@�F!V�O � C�`:F!JLo	¨:�	� � �
		�$£ ©	� �	] � �
	:w

¨¥t�O	C�F�Gji:JY­xh*w%^ B(o(��V�JL\	A	BzGdB}k$C�B8{�~:X�B(F!{�C�ARG�w�tu`:FdF � ~�B8A � C=`:F!J	o	¨:�	��¨�� � 	$£ � � � ]g�1w

© q�F!B(C��f�4MvU�e<F!J	A	{�X�o�sE@<U � C=­�{¥X�A�@ D�U:C=GPX�oIw�s�B&�di��gX�V=GKJLF��4�jJLF 	W]K�YCRX%Fu{2JLFIGgX%o(BHGj��B(A
J	o(�	C%F X��|`1oHG!�®w|��@ ^ @ ���	� �	��¨:� � £ 		��	 � 	 � ¨�w

� DEX|����`:i�Z�Z?U�� ��~	~:B �4Q�U�DEC%Fdi:{�X�AN�uq w�t�J	\	A	BHGdB}kLC B({�~:X�B}F!{¥C�A|GvX%AY��{�J	FKGgX�o8BzG��¥B(ANGjO	C
V�JL{�{[`1A	BzG��Y]d�|­¥C�o(o�B(A	\¥C�o&�	C%F!o8�$w�@<{ �u��~	B(�:C�{�B-J?ojw|¨:�	�	�?� � 	 � £H�	�	� �$�?�	�:w

	�e�`$ONQ2UYs.B&V�O	X%F!�?�P^ U�h�X%F��Y�<sEU?C=G�X%oIw�t#O	B(o&�LOYJ?J:��V%J�\	A	BHGgB}k$C�X%�:B8o&BHGj�¥X�A	���	C�X=GjO:�l`:~[`:A|GgB8o
{¥B&�	�Lo&C�X%\:C	£�X ~:J¤�IGg]K­2X%F��:B F�GjO�V�J	O	J	FKGv��GI`$�|�$w � A|GP� ��~	B&�	C�{�B-J?oIwR¨:�	� � � ©	© £ � �?� � �4��© w

��y�F!X%OYXW{r�!��U�sEJ?V�i�­�J	J:� efU�D�C�X=G�GjB(C#D�� C=GvX%oIw�MPF!C=kLXWo�C%A	VRC�X%AY���!C%k$C%F!BHGj��J	�PV�JL\	A	BzGdB}k$C
B&{�~:XWB F�{¥C�A|G�­�BzGjO�X�A	�N­�BHGjOYJY`	GP�	C�{�C�ARGjB(X B(A¥X�A�C�o(�	C%F!o8�f~:J	~�`1o&X=GjB(J	A1w���X�A	V�C�G ���	� �
©��:� £ � � �	© ] � � � �1w

�Nh2JLo(o&X�A	��t#@<U�sEX=�	�:BHGIG�M w � OYC�V%J�`:F
��C�X%A	��V�X=`���C|� J	�4V�J	\	A	BHGgB}k:C�V�O	X�A�\:C#­2BHGjO�X���k:X�A:V�B(A�\
X�\:C�wWsEC=k�t#o�B(A�y<C%F!J	A|GgJ	o ���	�l� � � £-� � ] � �1w



���

�¥Z	B(A�\:O	]K^_X�A	J�`	a�@<U�D.F!BHGIGjJ	A[@<U�^ X%Fd{2JYG�^xw��fX|��V=`1o-X%F���BI��C�X��!C�X�A	��V�J	\	A	BHGgB-kLC ��`$A	V�GdB(J	A�£
� k:B(�:C�A	V�C��IF!J?{ GjOYC#�xO	BHGgC�O	X�o�o �g� ��GI`$�|�$w|��@<{ yNC�F�B&X=GjF�ZYJ?V ¨:�	� © � 	 � £ ���	� 	�] ��� 	��:w

� Z	B(A�\:O	]K^_X�A	J�`	a�@<U�D.F!BHGIGjJ	A[@<U�e[B}k:B�{¥X%i:B	^ U:yE`$C%\�`$C�A�@<U�h2XWo-V�JYa2��U�^ X%F!{�J�G�^xw}w
Z:J:V%B(J:C�V�J	A	J	{�B�VN�jGgX=GI`��4{�J:�	C%F!X�GgC|��GjOYC�X|�
��J?V�B(X�GdB(J	AN�LC�GI­2C�C%A2V�X%F!J|GjB(��B(A|GgB8{¥X�]d{¥C��	B&X
GjO	B-V%i?AYC��
� X�A	��V�J	\	A	BHGgB(J	A�B(A�{�B&�	o�B(�gC	£W� k:B��	C�A:V�C��IF!J	{ GjOYC#�xO	BHGgC�O	X�o&o �d� Z�GI`$�|�1w
@ GjOYC%F!J1�!V�o&C%F!J1�!B��!U:B8Af~	F!C|�
�

� �TZ	B(A�\:O	]K^_X�A	J�`	a�@<U�^ X�F�{2JYG�^xw%hfB}\:O[�:o(J?J:�[~	F!C|����`:FgC#­�X|� X|�
��J?V�B(X=GgC��f­2BHGjO�V�J	\	A	BHGgB-kLC
�I`$A	V=GgB(J	A�B(A�{�B&�	�Lo&C�]dX�\:C B(ANGjOYCE�xO	BzGgCWOYX�o�o �d� �jGI`$�Y�$wR��t�o8B(A[��~?B(�	C�{¥B(J?oIwR¨:�	�
	?� 		�$£ ��© �?��] � 	:w

�	� D.FdBHGIGKJLAf@<U�Z	B(A�\:O	]�^ X�AYJY`	a�@<U�^ X�F�{2JYG�^xw�@<o(V�J	O	J:o1V�J	A?�j`1{�~�GjB(J	A�X�A	��V�J	\	A	BHGgB}k:C
�I`$A	V=GgB(J	A�B(ANGjOYC#�xO	BHGgC�O	X�o&o �d� �jGI`$�|�$w|@<{ � ��~:B(�	C�{�B(J:o?¨:�	� � � � �	��£ª¨ � �	]�¨ � �1w

� ¨�Z	B(A�\:O	]K^_X�A	J�`	a�@<U�h�B(o�oI���	JLAN^_UYD.F�`:A	AYC%Fl�6UY^_X%Fd{�J�G1^xw%���j�dC�V�G!� JL��~	O��$�!B�VRX�o:XRV=GjB}k:BHGj�
J	A�V�J	\	A	BHGjB}k$C���`1AYV=GdB-JLA	B(A	\�B(A�{�B&�	�Lo&C�]dX�\:C	£�C%k:B&�	CWAYV�C���F!J	{ GjO	C#��O	BHGgC�O	X�o�o �d� ~	F�J¤�g~:C�V®GjB}kLC
V�JLOYJLFIG4��GI`$�|�$wR@N{r� M�`:�:o�B&V#h2C�X�oHGjO[¨:�	�
	:� � 	$£ ¨	¨ 	R¨:]��:w

��© @�F!J	A?��JLA<^ efU �<JLB��n��UY^_JLFd\:C�A?��GgC�FdANh C�GPX%oIw��xJ	{¥C�A	U?{[�YJ?V�X%F!�	B�X�o:B(A?�gX%F!V=GgB(J	A	U:X%A	�
�	C�{�C�ARGdB(X�B(ANGjO	C k:C�F��2J?o(�1w � C=`:F!J	o(JL\	� �

���	� �?� � ��£ �	� ��¨:] �	� �	�1w

��� ^�`1o(o&C%Fl^ U:y�FdJ����LC|C#Q<�6UL@<o(C�{¥XWA�@<U:C=GPX%o�w�t�X%F!�	B(J�k$X|�!V�`1o&X%F �	B���C�X|��C�X�A	��V�J	\	A	BHGdB}k$C
~:C�Fd�jJLF!{�X�AYV|C�B(A�{�B&�	�	o&C�]dX%\:C���X�A	��C�o&�	C%F!o}��{¥C�A1wR@ GjO	C�F!J1�!V�o(C%F!J1�!BI�

�

¨:�	�	�



¨:�

� 	���B(X�J[Q�U:t�X%B	��U�DEX%FdA	C��ls.�xU:C=GPX�oIwR@[���!J:V�B(X=GgB(J	A�JL�PV�X�F!�	B(X�V�X�`	GjJ	A	J	{�B&V��K`$A	V�GdB(J	A�X%AY�NGjO	C
�	C�k:C�o(J	~?{¥C�A|GvJ	��O��Y~:C%F�GgC%A:�!B(J?A¤£WGjO	C @ s � t ��GI`$���$w|@<{ �uh[��~:C%FjGgC%A?�®w ���	� �?� � £ �	��� �	] 	��1w

� � � O	X%�YC%F4�
q X%AY�2��X�A	C#s�Q*w � O	C F!J	o(C�J	�1k$X%\:X�o?�I`1AYV=GgB(JLA�B(ANGjOYC F�B&�di��jJ	F V�X%F��LB(J�k:XR�!V=`$o&X%F
�	B���C�XR�!C�X�A	��{�JLFjGgX%o(BHG��$w�D�B(J:o(JL\:B&V�X�oLM �d�LVWOYJY�:B-J?o(J	\L�f¨1�	�	�?��¨	¨ � ]�¨ � ¨�w

� �ND.FdBHGIGKJLAf@<U�Z	O	B}~:o&CW�<^ U�^ X�o�B(i[^ U�h[AYX=Gji:J�k:X#efU�h�C%{¥B(A	\�­�X%�[h2UY^_X%F!{�J�G1^xw(wRt�O	X�A�\:CR�
B(A�O:C�X%FjG�F!X=GgC.X%A	�[O	C�X%F�GPF!X
GgC#k:X%FdB&X%�:B(o�BHGj�¥J�k:C%FlGjB({¥C�B8A�{¥B��	�	o&C�]dX%\:C���{�C�A�X�A	�N­2J?{�C�A�B(ANGjO	C
\:C�A	C%F!X�o:~:JL~�`:o&X=GjB-JLA � �IF!J:{ GjO	C#�xO	BHGgC�OYXWo&o �d� t�JLOYJLFIG Z|GI`$�|� ��w @<{ �6t#X�F!�LB-J?oIwR¨:�	�	�?�
� �	��£ 	R¨ � ]d�1w

� � ��B&X�JpQ�U�t�X%B���UusEJ¤��X�{�JLAY� � Q2U�DEX%F!AYCY�<s ��Uuh[`	GgV%O	B(A?��JLApsEy<U���O	BHG
��C�o6��@ C=GfX�oIw
t�X%F��LB(X�V�X=`	GgJ	A	J	{�B&V���`$A	V=GgB(J	A�XWAY�¬B(A:V�B&�	CWARGEV�JLFgJ	A	X%FI��O	C�X%FjG��	B���C�XR�!C	£4X�~:J	~�`1o(X�GdB(J	A	]I�:X��!CR�
V�X|�!C�]gV�JLOYJLFIG��jGI`$�|�$w � OYCN@ s � t Z�GI`$���1w�@ GjO	C%F!J1�!V�o(C�F!J¤�!BI�4s�BI�giTB8A*t�J?{�{2`$A	BHGgB&C|�.ZYGI`$���$w�@[{
� ��~	B(�:C�{�B(J?o ���	� �¤� ��� 	$£H� � �	]d�	�	�1w

��� e[o&C�B(\:C%Fus��6UL^ B(o�o&C%F ��MvULD�B(\	\:C%F�� � �
F�UL^ J1�
��@���w|Q2CRV%F!C�X|��C���O	C�X%F�G4F�X=GgCEkLX%F!B(X%�:B�o&BHG��*X�A:�
BzG!� X��
�!J:V�B(X=GgB(J	A ­�BHGgO B8A:V�F!C�X|��C�� {�J	F�GgX�o(BHGj� X���GgC%F XRV=`	GgC {[�YJ?V�X%F!�	B�X�o B(A	�gX%F!V=GgB(J	A1w�@N{ �
t�X%F��LB(J:o ��� ���?�
	 � £ ¨ 	��	]d��¨�w

¨:� qPX%FdF�CWo(o � y<U DEX|�dO	B(F��[U�t�F!B}~	~1� � U ^ X�o(B(i¬^ U4M4J	o(J	A	B&C�V%i:B���U DEC�A	A	C�GIG#� Q*w4C®GEX%o�w�s�BI�!i
�jGjF!X
GjB8�jB&VRX=GdB-JLA �jJLF�X%FgFdO��RGdO	{¥B�VxC%k:C�ARG!�pB(A ~:J¤�jGjB8A	�gX%F�V=GjB(J	Ar~:X=GgB(C�A|G!� �:X��!C�� J	A O:C�X%F�G F!X®GgC
kLX%F!B&X��:B&o�BHGj�YU X�{[�	`1o&X=GgJ�Fj� C�o&C|V�GjFdJ:V�X%F!��B-JL\	F!X�~	O	B�V k$X%F!B(X%�:o&C|� X�A	� GjO	C �!B \?A:X�o(]dX%k$C%F�X%\:C��
C�o(C�V=GjF!J:V�X%F!��B(J	\	F!X�{TwR��@<{ t#J:o8o$t�X%F!�	B(J?o ���	�l� � � �$£z�?���	] � �1w



¨ �

¨ � DEB}\	\:C%F4� � �
F�UYqPo(C�BI���4�
��U�Z|GgC�B8A	{¥X�ANsEt�UYsEJ	o(A	BHG ��i	�[�u^_UYefo&C�B8\:C�Fls#�6U�s.J|G�Gj{�X�A[� � C=GvX�oIw
q¤F!C��|`$C�A	V%�*�	J?{�X�B(AT{¥C�X|��`:F�CY��J	�4O	C�X�F�G4~:C%FgB(J?�[k:X%F!B&X%�:B�o&BHG��*X�A	��{2JLF�GgX�o8BzG��*X���GgC%F�{[�YJ?V�X%F!�	B�XRo
B(A:�dX�F!V=GjB(J	A1w�t#B}F�V=`1o&X=GgB(J	A ���	� ¨��?��	$£ � � � ]d� � w

¨	¨[^_JLFgJLAYC%�[� � U � X�A�\[^ ¡fUYDEC%Fg\	oH`1AY�N��U�Z:{�X�o�o�Z:UY^_C%F!V%OYX�A|Gvt�UYDEC�o(oLe C=GvX%oIw���J�­�]
�	C�A1�!BHG��2o�B(~:JL~	FgJ|GgC%B(A�V�O	J:o(C|��GgC�F!JLo:X�AY�fGjOYC FdBI�di¥J	�l�	C�{*C%A|GgB(X�oL­2BHGjO���GjF�JLi:C�w���@ ^ @ ���	�	� �
¨1�R¨P£ ¨ 	 � ]d�	�1w

¨ © efX%F!o(X�{¥X�A�\:o�X�@�Z:U�Z	B(A�\:C�FlD#h2U:t6OYJ?�	J1�dOf�u^ V=� ­2CWA<D[Z:U�Z:C�C�{�X�A � �Ew%�fFdB(A	X%Fd�
V�JLFIGjB��!J:o:C�aLV%F!C=GjB-JLA�X�� X ~	F�C���B&V=GgJ�F4J	�lB(A	V�B&�	C�A|GvV�J	\	A�BHGgB}k:C�B({�~$X�B}F!{¥CWARG�w � C=`:FgJY�:B-J?o	@�\?B(A	\�w
¨:�	�
		��¨:�TZ�`:~	~?o � £}���	] � w

¨ � efB({�U�Q2]Kh�U���B}~1�!BHG � ��@<UYqPC�FdF�`$V�V�B	��UL�fX%F!X���OYX�A	U�s[wRy `:F!X�o(A	B(i��!^ U:t�X%F!oK��JLA<^ t C=GvX%oIw
@��
��J?V�B(X�GdB(J	A[�:C=GI­2C�C%AfF!C��|`$V�C��[OYC|X�F�G�F!X
GgC#k:X%F!B(X%�:B&o�BHGj�¥X%AY��V�JL\	A	BHGgB}k$C B({�~:X�B(F�{¥C�A|GPB(A�J	o(�:C%F
�	B���X%�:o&C#­�J	{�C�A�B(ANGjO	C�V�J:{�{[`$A	BHGj��£|��J?{�C�A�¢I�lh�C�XWozGdO�X�AY�2@�\:B(A	\�ZYGI`$�|� � wR��@<{ yNC%F�X=GjF
Z:J:V#¨:�	�	�?� 	�	 � £ � �
	 � ] � �
	��1w

¨ 	��4`$o(o�B	s�U � B(V�J¤�!B(X qPU�DEJLFjFdJ	A	B�DEUL@�\:J1��GjB(o$t�UYMPFgJL{�C�GIGjBLMvU|QfJ	A	X=GjB�M C=GvX%oIw�� � ��B��d~:C�F=�!B-JLA
X�A	��OYC�X%F�GPF!X
GgC#k:X�FdB(X%�:B�o&BHG���X��:AYJ?{�X�o(BHGgB�C�� B(A�@No �RO	C�B�{¥C�F�¢I� �	BK��C�X|��C�X%AY��B(A�{�B&o���V�J	\	A	BHGgB}k:C
B&{�~:XWB F�{¥C�A|G�wR��@<{ yNC�F�B&X=GjF�ZYJ?V�¨:�	�
		�
	 © £ ¨ ��© 	�]�¨ ��©	� w

¨:��^ X�F�{2JYG ^ y<U¤Q2X=k:C%��Z:{�BzGdO�y<UuZ�GgX%A:�!�dC�o&�¬Z:U1M4X�GgC%o4t�U � J	FKGjO�qPU1h�C�X����<C�G�X�oIw	h�C�X�oHG�O
B(A:C��|`$X�o&BHGdB&C|� X�{�J:A�\ D.F!BHGdBI�!O VWB}k$B(o �!C�F�kLX�A|G!��£�GjO	C ��O	BHGgC�O	X�o�o �d� �jGI`$�Y�$w���X�A	V�C�G ���	�l� �
©	© ��£ ��© ���	] �	©



¨	¨

¨:��^_X%F!{�JYG�^_UvD.F�`:A	AYC%F ��wPt�JLOYJLFIG.~	FdJ	�jB8o&C	£ � O	C���O	B8GgC%OYXWo(o �d� Z�GI`$�Y�$w � A|G.�N��~:B(�	C�{�B(J?ojw
¨:�	�
		� ©�� £ª¨ 	 � ]g�1w

¨1��h2C�B8{ @��rwR@ h � \	F!J�`:~ GgC|�jG�J	��\:C%A:C%F!X�o:B(A|GgC�o�o(B(\1C�AYV�C @�Z��EwW��B8AY�?�!J	F!U��Ne*£ � q1� sE]

� C�oI�!J	ANM�`	�:o�BI�!O	B(A	\�V�J�w��lGg�	U ��� �	�1w

¨ � sEX=kLCWAf��t w�y `:B(�?C#GKJ2�¥�dB(A�\[GjOYC#^ B8o&oLh2B�o(o?�fJ:V�X=��`$o&X%Fd�TZ:VRX�o&C#­�BHGjONMPF!J	\	F!C|���!B-kLC
^_X=GjFdB(V�CY�®wW��J	A	�	J	A1w�h*w e¥w���C=­�B&�!U ��� �
	:w

© �NDEJ�FdiYJY­¥�di:B	��y<UYDEC�A|GKJLAf@ ��U�Z	~	F!C�C%A ��w��xJ	F!�N�jo}`$CWA:V%�2X�A	�N�	F!X�B(A¥�	X�{�X�\:C�w

� C=`:F!J	~1���LV�O	J	o(JL\:B&V�X ��� �	�?� 	$£ ��© 	�] � �1w

©l� �4`$o(o�B	s�U � B(V�J¤�!B(X qPU�DEJLFjFdJ	A	B�Dx@�\:J1��GjB(o:t�UYMPF!J	{�C=GIGjB�MvU�QfJLAYX=GjB�M C=GPX%oIw�� � ��BI�d~:C%F��!B(J?A
X�A	��OYC�X%F�GPF!X
GgC#k:X�FdB(X%�:B�o&BHG���X��:AYJ?{�X�o(BHGgB�C�� B(A�@No �RO	C�B�{¥C�F�¢I� �	BK��C�X|��C�X%AY��B(A�{�B&o���V�J	\	A	BHGgB}k:C
B&{�~:XWB F�{¥C�A|G�wR��@<{ yNC�F�B&X=GjF�ZYJ?V�¨:�	�
		�
	 © £ ¨ ��© 	�]�¨ ��©	� w

© ¨[efB({ Q2]Kh2UY��B}~��!BHG � ��@<U�qPC%FgF�`$V�V�B���UL�fX%F!X���O:XWAYUYsfw�y#`:F!X�o(A	B8i��!^ U:t#X�F�oI��JLAN^_t C�G4X�oIw
@��
��J?V�B(X�GdB(J	A[�:C=GI­2C�C%AfF!C��|`$V�C��[OYC|X�F�G�F!X
GgC#k:X%F!B(X%�:B&o�BHGj�¥X%AY��V�JL\	A	BHGgB}k$C B({�~:X�B(F�{¥C�A|GPB(A�J	o(�:C%F
�	B���X%�:o&C#­�J	{�C�A�B(ANGjO	C�V�J:{�{[`$A	BHGj��£|��J?{�C�A�¢I�lh�C�XWozGdO�X�AY�2@�\:B(A	\�ZYGI`$�|� � wR��@<{ yNC%F�X=GjF
Z:J:V#¨:�	�	�?� 	�	 � £ � �
	 � ] � �
	��1w

©	© efB}k:B8~$C�oHGgJ2^_U � \:X�A	�|` � U���X�X
GjB}i:X�B(A:CWA � U��xB(A��1o&X��NDEU�Z	JLB(A	B(A:C�ANh2U � `:J	{�B�o&C�O|GgJ[��w�C®G
X�oIw�s�BI�gi���V�J	F!C �jJLF�GjO	C ~	F!C���B�V�GjB(JLA2JL�P�	C�{¥CWARGdB-X F�BI�gi�B(A�¨:�f�YC�X�F
� X�{�J?A�\�{�B&�	�Lo&C�X%\:C��
~:C�JL~	o(CY£�X o-JLA�\?BHGI`$�	B(A:X�o(UL~:J	~�`$o(X=GgB(JLAY]K�$X|��C�����GI`$���1w���X�A	V�C�G � C=`:F!J	oIwR¨:�	�	�?�
	$£z� © 	�] �4� w



¨ ©

©�� @<A?�jGgC��fe<��U��4`�� ��V � ^ @<U:yNB(o�CR�l��t�U	@NAY��F!C=­¥� y s[w�Q2CW{2JL\	F!X�~	O	B�V�ULOYC�X�oHGdOYU?V�JL\	A	BHGgB}k:C�U
X�A	���!C�A1�!J	F��[kLX%F!B&X��:o&C|� X|�4~	F!C��	B&V=GgJ�F
�vJL�P{�J	F�GgX%o(BHGj��B(A�k:C�F��2J?o(��X��|`$oHG!�®wWM �d�:V�OYJLo:@�\?B(A	\�w
¨:�	� � � � ��£ © ] �	� w

© 	<@<o(o�X�A[�4^ U�efC%FdF�Z�sEU�D�X�o(o&X%F!��t�yNU	@<o8o&C�A[�®UY^�`:FdF!X%��@<U�^ V=��X%F�CWA�@ � UYefC�A	A��[sE@�w(w
@ `	GgJ	A	J	{�B&V ��`$A	V=GgB(J	A�X|����C|���!C��N�	�¥O	C�X%F�GPF!X
GgC#k:X%FdB&X%�:B(o�BHGj��BI� A	J	F!{�X�o?B(A�@<o �RO	C�B�{¥C%F�¢j�
�	B���C�XR�!C�X�A	�[k:X|��V=`1o&X%F �	C�{¥C�A|GgB(X�w�Q�C�{�C�ARG4y<C%FdB&X=GjF t�J�\	ANQ�BI�!J	F!�1wR¨:�	�
		� ��� £ ��� ��] � w

© �N^�`:F!X%i:X�{�B�Z?U �fXW{2XWA:X�i:X � U�e�`	�:J �[U|��X��	X � U �fX%A	JTZ:U � B}\?O	B&{[`:F!X �[U:C=GPX�oIwWh2C�X%FjG
F�X=GgC6kLX%F!B(X%�:B�o�BzG��¥X�AYXWo(�1�!BI� X�A	��A	C=`:F�JY�LCWOYX%k:B(JLF�XWo:�I`1AYV=GdB&J	A[B(A�V�J?{�{[`$A	BHG��Y]d�|­�CWo(o&B8A	\¥J?o-�	C%F
~:C�JL~	o(C�X�\:C����
	[J	FPJLo-�	C%F�w � B}~	~:J	ANsEJLAYCWA � \:X%i	i:X�B ��X����!O	B	¨:�	��¨�� ©	� £ 	R¨:�	]d�1w

© �NDEX=`$C%F4@<U�efX�A|GgC�o(O	X%F��|Gl�!�xU�DEX%F�GjOYCWo�MvU�Z:V%O�AYCWB&�	C%FlsEU�^ � i:B}i:X�o�o&B(J � U��[o({refUYhfA:X=Gji:J�k:X
efU�Z:V%O��:{�B(\�@<U�hN`$B}i�`:F!BLh2U�D#`:AY�	C @<U�^ X�o(B(i[^ U�Z?V�O	{�B&�|Gvy�w%Q2C�V�C�o(C%F�X=GdB-JLA�V�X%~:X�V�BHGj��J?�
OYC�X%F�GPF!X
GgC�X|� X ~�F!C���B&V=GKJLFvJL�P{�JLFIGgX%o(BHGj�¥X���GgC%F4{[�YJ1V�X%F!��B&X�o:B8A:�gX%F!V=GgB(J	A�£�V�J	O	J	FIG4��GI`$�|�$w���X%A:V�C=G
¨:�	�	�?� © �	��£ � �	� � ��� �


