
HAL Id: inria-00074278
https://inria.hal.science/inria-00074278

Submitted on 24 May 2006

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.

Lyapunov exponents of controlled SDE’s and
stabilizability property : Some examples

Fabien Campillo, Abdoulaye Traore

To cite this version:
Fabien Campillo, Abdoulaye Traore. Lyapunov exponents of controlled SDE’s and stabilizability
property : Some examples. [Research Report] RR-2397, INRIA. 1994. �inria-00074278�

https://inria.hal.science/inria-00074278
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


1994

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Lyapunov exponents of controlled SDE’s
and stabilizability property :

Some examples

Fabien Campillo and Abdoulaye Traoré

N˚ 2397
Novembre 1994

PROGRAMME 5

Traitement du signal,

automatique

et productique





���������
	���
 ��������	���	�������������	�������� �!��" #�$ %'&(�
�)	
" �*�+��,�- �.-!/��0,�-.� -1�2� �
�������3���2� 4

#5��6 � �����)6 ���!���

7�8:9�;=<?>A@B8:CED�;GF=FGH3I�8:>�J�K�9LJMH2N�FO8QP2<SR3TU8:H2TWV<�IXI

YMZ\[^]_Za`Ub)bdc�e�f ghZa` ikjac1bdcml_j�nporqOis]_lt`.u=vw`xoyja[^b�`.j\isz{opc�c|j�}pZ\[?npop~|j\i�zyowc
YMZ\[x�\c|j���c|�tq\ja[

��`U}p}�[_Z�j�nwc3Z\cm~(�pc1Z\~��pc�l��{�_�^�{��f ��[!�^c1b��wZ\c��.�_�U��f �!e�}t`U]^c1q

���h�|�.�.�p�x�^� � cL~1[_lpq\i�npc1Z+`¡q\ja[?~��t`Uq\j\i�~¢n?ik£¤c1Z\c1l_j\i¥`.u�c1z{ot`.j\is[_l�¦Likja�du§i�lpc!`UZW¨©c1c1np�t`U~�ª
~1[_l^jaZ\[Uu+«

¬U­)®°¯²±´³¶µ�·�¸
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Unité de recherche INRIA Sophia-Antipolis

2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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� c3~m[_lpq\i�npc1Z�ja�pc�¨©[xukus[m¦Li�lp]�u§i�lpc!`xZÍq\ja[?~��Q`xq\j\i�~�n?ik£¤c1Z\c1l_j\i¥`.u°c1zyoQ` j\i�[^l i�lBÓ �9<
¬U­d®h¯E³�­d®^¬Uº°µ »¼

½a¾�¿
³ ½ ­)®�ÁL¬{Â ½ ±¥º(¹�=Í­+>L¯@?A>CB ÓÔ� < =9?A>ED¯GF-= ± � ¹

¦��pc1Z\c ³E=a³ ¿ =�H�H�HI=a³ ½ `UZ\c ¬KJ5¬ b�`.jaZ�is~1c1qmv Â ¿ =�H�H�H�=�Â »
`UZ\c�islpnwcm} c1lpnpc1l_j�q\j�`Ulpnt`UZ\n

� isc1lpc1Z�}pZ\[?~1c1qaqac1qmÄML�c1Z\cON ÁU¬yÂQP�± Z\cmqÌ}¤ÄRN ¬{ÂQPw¹ Z\c|¨©c1Z�ja[Òja�pc�Ï_jaZa` ja[_lp[!�{i�~�� ± Z\c1qa}:Ä
Ó=j&�[ ¹ q\ja[?~��Q`xq\j\i�~�i�l^jac1]_Za` uæÄ

� c3npc|�tlwc3ja�pc�É:Ê{`x}woplp[!��c�Ãw}�[_lpc1l_j�[U¨°ja�pc�qÌ[xu�o?j\i�[^l [x¨ ± � ¹ qOj�`xZ�j\i�lp]�`.j ?A>
Ç ±S?A>1¹9T¯ ukisb®VU9W �

º u�[^],X ­)® X H ± � ¹

� qÌcXu�c1npc1~ � qÍb�o?ukj\is}yu§i�~!` j\ik�^c�cmZ\]_[?n?i�~�ja�pc1[^Z\c1b'qOj�` jac1q¢ja�Q` jÍja�pc3ukisb�ikj ± � ¹ c�Ãyisq\jaq ¦Likja�
}pZ\[_�t`U�?iku§ikjGÊd[_lpc�`Ulpn�ja�t`.jWja�pc1Z\c�`xZ\c ¬ �wÃwc1n�l{opb�� c1Z\qLÇ ¿ZY Ç'[ Y H�H6H Y Ç <]\ ~.`.ukusc1n
ja�pc�É:Ê{`x}powlp[!�dc|Ãw} [^lwcml_jaq�[U¨ ± � ¹ \ qaop~(�dja�t`.j+ja�wc�Za`Ulpnp[_b �x`UZ�i `x�?u�c3Ç ±S?^>X¹ j�`xªUc1q+[_l
[_l?ukÊ�ja�wcmqÌc0�x`.u�opc1q ± qac1c`_ �.aW¨©[_Z�`�Z\c|�{isc|¦ ¹ Ä×��[_Z\c1[!�^c1ZXv ± � ¹ i�q�c�Ãw}�[_lpc1l_j\i¥`.u§ukÊËq\j�`U�?usc
¦Íi§ja�5}pZ\[_�t`x�yi§uki§j=Êr[_lpc�ik¨+`UlpnB[_l?ukÊ�ik¨+Ç ¿Rb F Ä

É2c|jZc <ed ¿ ¯gf6?hB Ó � <Ii X ? X ¯ ��jLnpc1lp[xjac ja�pc�opl?ikj qÌ}p�pc1Z\cL[U¨�Ó � < Ä � cÍ~!`xldnpc|�tlpc
ja�pc¡}pZ\[x�\c1~|j\is[_lB[U¨ ­d® [_l_ja[�ja�pc�qa}p�wcmZ\c¡�^Ê

k ® T¯ X ­)® X d ¿ ­d®ZH
k ® i�q¢ja�wc�qa[Uuso?j\i�[_lB[U¨°ja�pc3¨©[Uu§u�[!¦Íislp]�Ï?Ð3Ñ�[^llc <ed ¿

¬ k ®h¯Gm:±´³n= k ®O¹?¬Uº°µ »¼
½a¾�¿

m:±´³ ½ = k ®O¹�ÁÍ¬{Â ½ ±¥ºa¹�= k >L¯@oA> T¯ X ?A> X d ¿ ?A> ± � ¹

¦��pc1Z\c m:±qp)=ro:¹ T¯Qpso Õ ±qpsot=ro¤¹ ouH ± � ¹L�c1Z\c ±S?t=rvp¹ i�qÍja�pc�qa~!`.u¥`UZ�}pZ\[?npop~|j�[^lÒÓÔ�C<�`UlpnwX ? X [ ¯²±S?x=e?:¹ Ä
��[^Z\c1[!�_c1ZXv

X ­d® X ¯ X ?A> X�c|Ãw}�yMz ®>-{ ± k}| ¹?¬
~�µ »¼
½a¾�¿

z ®>E� ½ ± k}| ¹?¬{Â ½ ±q~ ¹�� ± e ¹
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{ >1±So¤¹ T¯ ±´³hox=ro¤¹ = � ½ ±So¤¹ZT¯²±´³ ½ ox=eo:¹ = ��¯ � =�H�H�H�=
�-=
{ ¿ ±So¤¹ T¯ �

� »¼
½a¾�¿

_ ±´³ [
½ ox=eo:¹°µ X ³ ½ o X [ ÕS� ±´³ ½ ot=ro:¹ [ a =

{ ±So¤¹ T¯ { >m±So:¹2µ { ¿ ±So¤¹CH
Åp[_Z2c!`x~(��b�` jaZ�i Ã�� v m:± � = Õ o:¹+¯ Õ m¤± � =ro¤¹ v.qa[Íja�t`.j m¤± � =�� ¹ ~!`Ul���cM�{i�cX¦¢c1n�`xq

`¡�^c1~|ja[^Z+�tc|usn [^l�ja�wc3}pZ\[x�\c1~|j\i§�_c�qa}t`U~mc�� <ed ¿ ± [_�?j�` i�lpc1n�¨©Z\[_b c <�d ¿ �_Ê�isnwcml_j\ik¨ Ê{islp]o `Ulpn�Õ o¤¹ Ä.gL�pc1Z\c|¨©[_Z\c ± � ¹ ~.`Ul�� c�~1[^lwq\isnwcmZ\c1n�`xqM`�qOja[?~��t`Uq\j\i�~+nyi§£:c1Z\cml_j\i ` upc1z{ot`.j\is[_l
[_l�� <�d ¿ `Ulpn ± e ¹ i�q�q\j\i§uku2�x`.u§i�nB¦Íi§ja� ja�?i�q�nwcX�Ql?i§j\i�[_l¤Ä � c3b�`Uªxc3ja�pc�¨©[xukus[m¦Li�lp]
� Û��+Þw���°Ú{��� ������� � ���n� �!� olB � <ed ¿

nyisb �"!$#�%'& ()#)*�+-, f m¤±´³E=�H ¹e=�m:±´³ ½ =6H ¹e=.��¯ � =�H�H�H�=
� j ±So:¹+¯Æ¬ Õ¶� H
/ �°Ú{Þt� Ú(� ���1032 	�#����54,����� �16
����2!�87"917
: !<;=�>67�`#�2$?Z�
��2���	`�����I������� k ® ��#��%2�� �K�l�
	^2�@����+2!	A
 ����2���	��������70r�70.2��82������ �������
�r�
A 9>BO��������
 ��� A 6
���E� p W #���	A��2���� �DC 2��E6 �����/�����I�]�/�-�16
�,��� 0r���GF����H� �������
�r���	I� <ed ¿ C 612��J6 � ���3
 ���%�16
�K�x��LML����ON�PZ� ��	��JLs�O@�������2���	RQTS � ¯ FVU C 6
�����WQ 2!��E67�E2!	MX]	^2��/����21�����YF���	��������/��������� �I��2����/��# C 2��16 �O@�������2���	[Z]\_^Y9

: !<!<;��>67�%	^�V�K0r���
Ç T¯ zM`�acbed { ±So:¹ A ±=¬�o¤¹2!���O@������M�/�-�16
�n�/���s���������
	���
 ��������	���	��*Ç ¿ 9

: !<!<!f;g�x���+� �!� ?A>�B ÓÔ� < U�?^> D¯ FVU Ç ±S?A>X¹�¯ Ç C 2��16+�����70r�70.2��82���� ��	���9�hg6
��	ËÇ b FiU�E67�E�����.�/���jZk7G^+2!����������	���	�� 2�� �!�8�E� �S�70��"� C 2��E6E�����10e�10.2��32����+��	���9
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� c3~m[_lpq\i�npc1Z�ja�pc¡~m[_l_jaZ\[xuku�cmnËÏ?Ð3Ñ

¬U­d®°¯ ±´³�­d®tµÀ· op®G¹?¬Uº×µ »¼
½a¾�¿

±´³ ½ ­d®�µ�· ½ ow®G¹�ÁÍ¬yÂ ½ ±¥ºa¹

n�o}��n�p
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¦��pc1Z\c ³ v ³ ½ v ��¯ � =�H�H�H6=G� `UZ\c ¬`J ¬ b�` jaZ�i�~1cmq1v · v · ½ v ��¯ � =�H6H�H�=G� `UZ\c ¬`J �b�`.jaZ�is~1c1qmÄ � c3qÌop}p} [^qac�ja�t`.jLja�wcmqÌc�b�` jaZ�i�~1cmq�`xZ\c¡]xik�^c1l¤Ä
� c�Z\c1q\jaZ�i�~|j)[_opZ\qac|uk�^c1q�ja[Ë¨©c1cmnw�t`x~(ª�~1[_l^jaZ\[Uu�qmv*i=ÄÔcxÄ op®�¯ ¸ ­d® vh¦��wcmZ\c ¸ i�qd`� J�¬ b�` jaZ�i Ã:Ä gL�wc�Z\c1qao?ukj\islp]�Ï?Ð3ÑSisq

¬U­d®h¯²±´³BµÒ·S¸
¹_­d®{¬xºxµ »¼
½a¾�¿

±´³ ½ µÒ· ½ ¸
¹x­)®2Á ¬yÂ ½ ±¥ºa¹ =h­+>L¯ ?^>�B Ó � < =�?^>ED¯GFEH
±��y¹

gÍ�pc�}pZ\[_�?u�cmb isq�ja[�~��p[?[_qacdja�pc�¨©c1c1np�t`U~�ªÎ]y`.isl b�` jaZ�i Ã ¸ qÌ[Î`Uq�ja[ËqOj�`x�?ikukisØ1c�ja�pc
q\Ê?q\jac1b ±��{¹ Ä

gL�pc3}wZ\[x�\c1~|j\is[_lB[U¨ ­d® [_l_ja[ � <�d ¿ vw¦��yis~(�rlp[m¦ npc1} c1lpnpq�[^l ¸ vQq�` j\i�q\�tc1q

¬ k ®h¯Gm:±´³Eµ�·�¸`= k ®O¹?¬Uº°µ »¼
½a¾�¿

m:±´³ ½ µ�· ½ ¸`= k ®O¹�ÁÍ¬{Â ½ ±¥º(¹C= ± � ¹

¦Íi§ja�hk >L¯ o^> T¯ X ?^> X d ¿ ?A> v `Ulpn
X ­d® X ¯ X ?A> X�c|Ãw} y z ®> { ±=¸`= k}| ¹?¬
~�µ »¼

½a¾�¿
z ®> � ½ ±=¸`= k}| ¹?¬{Â ½ ±q~ ¹ � ±��y¹

¦Íi§ja�

{ >m±=¸`=ro¤¹ T¯ ±\±´³¶µ�·�¸
¹1ot=ro¤¹C=
{ ¿ ±=¸`=ro¤¹ T¯ �

� »¼
½a¾ ¿
� ±\±´³ ½ µ�· ½ ¸
¹ [ ot=ro¤¹2µ��ë±´³ ½ µ�· ½ ¸
¹ o�� [

Õ�� ±\±´³ ½ µ�· ½ ¸
¹ ot=ro¤¹ [�� =
{ ±=¸`=ro¤¹ T¯ { >m±=¸`=ro¤¹*µ { ¿ ±=¸`=ro¤¹�=

� ½ ±=¸`=ro¤¹ T¯ ±\±´³ ½ µ�· ½ ¸
¹1ox=ro¤¹�= ��¯ � =�H6H�H�=G� H
	�

� ���
��������������� �"!$#&%('*)+# ,-'/././.0'21L�c1Z\c�¦¢c�qaop}p} [_qac�ja�t`.j3[^lyu§Ê5ja�pc�npZ�i§¨ j3~1[?c43�~Xi�c1l_j�i�q�~1[^l_jaZ\[Uu§u�c1n¤v iæÄ cxÄ · ½ ¯ F
=���¯
� =�H6H�H�=G� ÄwgL�pc3c1z{ot`.j\is[_l�¨©[_Z9k ® Z\cmnwop~1c�ja[Kk ® i�q¢qa[Uusoyj\is[_l�[U¨2ja�pc�¨©[xuku�[!¦Li�lp]�c1z{ot`.j\is[_l

¬ k ®×¯Gm¤±´³¶µ�·�¸`= k ®O¹?¬Uºhµ »¼
½a¾ ¿

m¤±´³ ½ = k ®G¹¡ÁL¬{Â ½ ±¥ºa¹)H ± � ¹

� c3bÒ`Uªxc�ja�pc3¨©[Uu§u�[!¦Li�lp]
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nyisb �"! #�% & ()#)*�+-, f m¤±´³¶µÀ·�¸`=�H ¹e=�m:±´³ ½ =6H ¹e= ��¯ � =�H�H�H�=
� j ±So:¹+¯Æ¬ Õ¶� =
C 6
������� ± � J�¬?¹ 2!���16
� � �I�]��� � J�¬ ��������2������ 9
��lpnpc1ZCLLÊ?} [xja�wcmqOisq��wÄ§�_vwja�wc�gL�pc1[_Z\c1b��_Ä ��q\j�`.jacmq ja�t`.jmvw¨©[^Z�` uku ¸ B � ± � JË¬?¹ ja�pc
n?ik£:opq\i�[^l�}pZ\[?~1c1qaq k ® `Unpb�ikjaq¢`3opl?i�z{opcLi�l_�x`xZ�i `Ul^j¢}wZ\[^�t`U�?iku§ikj=ÊÒbdc!`UqaopZ\c A È�ÄyÉ2c|jÍÇQÈ
npc1lp[Ujac3ja�pc�É:Êy`U}poplp[m�Bc�Ãp} [_lpc1l^j�`xqÌqa[?~|i¥`.jac1nd¦Likja��ÑMz{ot`.j\is[_l ±��{¹

ÇtÈ T¯ zM` a b�d { ±=¸`=ro¤¹ A È ±=¬�o:¹ H
���.Þ���Þt�����M� Þ�� 0 �-032 	�# ��� 4)�������E67����2!���V917 U�¸ �� ÇtÈ # �cX 	��-�l����	���2!	A�����
�����
	��	�� 2���	 #��cX]	���#+��	 � ± � JË¬?¹ 9

Ï_i�lp~1c � ± � J�¬w¹ isq�`�~m[_lplpc1~|jac1nBqac|jmvw¦¢c��Q`1�^c3ja�wc3¨©[xuku�[!¦Li�lp]

�Þt�.Þ $ $ �p�!Û 0 ��� 2 	�#���� 4)�������E67����2!�
�i917 U

� T¯gf ÇtÈ i ¸ B � ± � JË¬?¹ j
2!���-����	^	����I�/��#n2!	��/����
 ���x����Ó ��9
Ó�lr[_Z\npc1Z¢ja[�}wZ\[!�^c�YMZ\[_}�[_q\ikj\is[_lr�?Ä ��¦¢c3lwcmc1n ja�pc3¨©[Uu§u�[!¦Íislp]
��Ú(� �Î��0 ��� �x��� ���!� º Y FVU �16
����� ����2!� � p�® b Ö U �����J6 �16
��� �.���-� �!� ¸ ¿ = ¸ [ B
� ± � J�¬?¹

qaop}
�����
acbed������

k ¿�� �® Õ k [ � �® ���

[
� p�® X ¸ ¿ Õ ¸ [�X =

C 6
�����+k�� � �® #���	����/� �E67�-�.� �8����2���	 ��� Z �O^ C 2��E6u����	��������
��� � ��25� ¸ � ��	�#h�.�/��� � 2!	iFl�������2!	�� o 9

n�o}��n�p
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���.Þ¤Þ�� É¤cXjRk �® npc1lp[xjac+ja�pcLqa[Uu�o?j\is[_l�[U¨¤ÑMz{ot`.j\is[_l ± � ¹ ¦Likja�d~m[_l_jaZ\[xupb�`.jaZ�ikÃ ¸ `Ulpn
q\j�`UZ�j\i�lp]�` jÍ}�[Uisl_j o ÄMk �® i�q�qa[xu�o?j\i�[^l [x¨*ja�pc3¨©[Uu§u�[!¦Li�lp]�Ó=j&�[)c1z{ot`.j\is[_l

¬ k �® ¯Gm¤±´³�µ3·�¸`= k �® ¹y¬xºaµ �
� »¼
½a¾�¿

m�� ±´³ ½ = k �® ¹
m:±´³ ½ = k �® ¹y¬xºaµ »¼
½a¾ ¿

m¤±´³ ½ = k �® ¹?¬{Â ½ ±¥º(¹}=
¦Íi§ja� m � ±qp�=ro¤¹���¯Qp�� Õ ±qpOot=ro¤¹�� Õ ±qphot=��?¹1o Õ ±qp���=ro¤¹1o Ä � c3]_c|j

¬ k �® ¯
	!±=¸`= k �® ¹?¬Uº°µ »¼
½a¾�¿

� ½ ± k �® ¹?¬{Â ½ ±¥º(¹�= k �> ¯ o =
¦��pc1Z\c

	.± � =ro:¹ T¯Gm:±´³Eµ�· � =ro:¹°µ �
� »¼
½a¾ ¿

m � ±´³ ½ =eo:¹
m¤±´³ ½ =ro¤¹C= � ½ ±So¤¹ T¯Gm¤±´³ ½ =eo:¹ H
gÍ�pc�npZ�ik¨ jW~1[?c43Ò~|i�c1l^j 	.± � = � ¹ `Ulpn�n?i§£:opq\i�[_l�~1[?c43Ò~|i�c1l^jaq � ½ ±k� ¹ `UZ\c�}�[Uu§Ê?lp[_b�i¥`.u_¨©oplp~|à
j\i�[^lwq�[x¨ o v°qÌ[�ja�pc|Ê�`UZ\c�u�[?~!` uku§Ê
É:i�}pqa~(�?ikjaØ_Ä
��o?j3ja�wcXÊ�`UZ\c�` u�qa[ ]xu�[^�Q` uku§ÊËÉ:i�}pqa~(�?i§jaØ
� c1~.`Uopqachc <ed ¿ i�qB` ~m[_bd}t`U~Xj�qÌcXjmÄ L�c1lp~1c_v×ja�pc1Z\cËc�Ã?i�q\j Q�� F qaop~(�Àja�t`.j�¨©[^Z�`.ukuox=�� B c <ed ¿ `Ulpn ��¯ � =6H�H�H�=G�

X 	!± � =ro¤¹ Õ 	.± � =��?¹ X µ X � ½ ±So¤¹ Õ � ½ ±��?¹ X � Q X o Õ � X H
� u�qa[Qvy¨©[_ZL`.u§u ¸`=(¸ � B � ± � J�¬?¹ `xlpn ohB c <ed ¿

X 	!±=¸`=ro¤¹ Õ 	.±=¸ � =ro¤¹ X � X · X-X ¸ Õ ¸ � X H
��[!¦Æ¦¢c�]_[)�Q`x~(ªdja[dja�pc�}pZ\[?[U¨×[U¨°ja�pc3u�c1b)b�`�«

���
k ¿ � �® Õ k [ � �® ���

[
� � ����

z ®> _ 	.±=¸ ¿ = k ¿ � �| ¹ Õ 	!±=¸ [ = k [ � �| ¹ a ¬
~ ����
[

µ � �����
»¼
½a¾�¿

z ®> _ � ½ ± k ¿ � �| ¹ Õ � ½ ± k [ � �| ¹ a ¬{Â ½ ±q~ ¹ �����
[

� � º z ®> ���
	.±=¸ ¿ = k ¿ � �| ¹ Õ 	!±=¸ [ = k [ � �| ¹ ���

[ ¬
~
µ � � »¼

½a¾ ¿
����
z ®> _ � ½ ± k ¿ � �| ¹ Õ � ½ ± k [ � �| ¹ a ¬{Â ½ ±q~ ¹ ����

[ H
�������6���.�6�
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Ï{[

� ���
k ¿ � �® Õ k [ � �® ���

[
� � º z ®> � ���

	.±=¸ ¿ = k ¿ � �| ¹ Õ 	!±=¸ [ = k ¿ � �| ¹ ���
[
¬'~

µ � º z ®> � ���
	!±=¸ [ = k ¿ � �| ¹ Õ 	.±=¸ [ = k [ � �| ¹ ���

[
¬
~

µ � � »¼
½a¾ ¿

z ®> � ���
� ½ ± k ¿ � �| ¹ Õ � ½ ± k [ � �| ¹ ���

[
¬
~nH

Ï{[d¦¢c3]_c|j

� ���
k ¿ � �® Õ k [ � �® ���

[
� ± � º°µ � �_¹ Q [ z ®> � ���

k ¿ � �| Õ k [ � �| ���

[
¬
~

µ � º [ X · X [ X ¸ ¿ Õ ¸ [�X [ H
ÅwZ\[^b ja�yisqÍu¥`Uq\j¢i�lpc1z{ot`.u§ikjGÊ�`xlwn���Z\[_l_¦L` uku��Ôq¢i�lpc1z{ot`.u§ikjGÊ ¦¢c�}pZ\[!�_c3ja�pc3u�c1bdbÒ`?Ä �

���.Þ¤Þ��LÞ�� ��� Þ ��Þt�����M� Þ�� 0 �10 É2c|j ¸�� � ¸ `xq�� � Ö Ä � c�¦L`Ul_j¢ja[0}wZ\[!�^c3ja�Q` j
ÇQÈ�� � ÇtÈ¶`Uq	� � Ö ÄpÉ¤cXj�k �® ± Z\c1qa}¤Ä�k � � �® ¹ nwcmlw[xjac�ja�pc3qa[Uu�o?j\is[_l�[U¨°ÑWz{ot`.j\i�[^l ± � ¹
¦Íi§ja�5~1[^l_jaZ\[Uu°bÒ`.jaZ�i Ã ¸ ± Z\c1qa}¤Ä ¸��?¹ `UlpnBqOj�`xZ�j\i�lp]�`.jL}�[Ui�l^j o Ä

ÅpZ\[_b'É2c1bdbÒ`��?ÄÔ�Qv

ukisb��UZW qaow}
�����
acbed�� XIk � � �® Õ k �® X [ ¯QF H ± � Fy¹

��[!¦ ¦¢c3qÌ�p[!¦Æja�t` jÍja�pc�qac1z{opc1lp~1c A � T¯ A È��d`Unpb�i§jaq�`�¦¢c!`Uªdu§i�b�i§j A `UlpnBja�Q` j
A ¯ A ÈLÄ�Å¤isZ\qOjmvhi§j�isq�~|usc!`UZ�ja�t`.j�ja�pc�qac1z{opc1lp~1c f A � jÒisq�j\i�]^�_jd��c1~!`xowqac c <�d ¿ i�qd`
~1[_b)}Q`x~|j�qac|jmÄ:Ï{[�ja�pc1Z\c�c�Ãyi�q\j�`dqaop� \ qac1z{opc1lp~1c_vQnwcmlw[xjac1n f A ��
 j^v:`UlpnË`d}pZ\[_�t`U�?i§ukikjGÊ
bdc!`xqÌopZ\c A npc|�tlpc1n5[^lhc <ed ¿ qÌop~�� ja�t`.j A � 

� A Ä

��[!¦ ¦¢c�}pZ\[!�_c�ja�t`.j A ¯ A È�Ä:É2c|j�����c�É:i�}pqa~��yi§jaØ�[^lhc <�d ¿ vQja�pc1l�ja�pc1Z\c�c|Ãyi�q\jaq
� � F qaow~��5ja�t`.j � � ±So¤¹ Õ�� ±��w¹4� � � X o Õ � X�¨©[^Z�`.u§u ox=��lB c <ed ¿ v:`xlwnr¨©Z\[_b ± � F{¹ v
¦¢c��Q`1�^c

qaop}
� ���
acb�d � � � ± k � 
 � �® ¹ Õ � � ± k �® ¹4� [ � qaop}

� � �
acb�d�� � � ± k � 
 � �® ¹ Õ�� ± k �® ¹4� [

� � [ qaop}
� ���
acb�d � ���

k � 
 � �® Õ k �® ���

[
� F-H²± �_� ¹

n�o}��n�p
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ÅpZ\[_b ja�pc�¨æ`U~|j°ja�t`.j A � 
 � A `Ulpn�ja�t`.j A � 
 isqM`xl¡isl_�x`UZ�i¥`Ul_j+}wZ\[^�t`U�?iku§ikj=Ê�bdc.`UqaopZ\c
¨©[_Z)k � 
 � �® vw¦¢c��t`1�_c

ze`�acbed � � ± k � 
 � �® ¹ A � 
 ±=¬�o¤¹�¯ z�`�a b�d � ±So:¹ A � 
 ±=¬�o¤¹ � z�`�a b�d � ±So:¹ A ±=¬ o:¹)H
ÅwopZ�ja�pc1Z\bd[^Z\c

����
z�`�a b�d � � ± k � 
 � �® ¹ A � 
 ±=¬�o:¹ Õ z�` acb�d � � ± k �® ¹ A ±=¬�o¤¹ ����

� z�` acb�d � � � ± k � 
 � �® ¹ Õ � � ± k �® ¹4� A � 
 ±=¬�o¤¹
µ ����

z�` acb�d � � ± k �® ¹ _ A � 
 ±=¬�o¤¹ Õ A ±=¬�o:¹ a ����
� qaop}

�����
acbed � � � ± k � 
 � �® ¹ Õ � � ± k �® ¹4�!µ ����

z ` acbed � � ± k �® ¹ _ A � 
 ±=¬�o¤¹ Õ A ±=¬ o:¹ a ����
� F-H

Ó�lpnpc1c1n¤vQja�pc��tZ\q\j�jacmZ\b jacmlwnpqLja[ F � c1~!`xopqÌc3[x¨ ± �_� ¹ `Ulpn�ja�pc�qac1~1[^lpnÒjac1Z\b'jac1lpn ja[F � cm~!`Uopqac�ja�pc�¨©oplp~|j\is[_l o �� � � ± k �® ¹ isqÍ~m[_l_j\isl{op[_opq�`xlwn A ��
 � A Ä
� jÍu¥`Uq\jmvy¦¢c�]_cXj

ze` acbed � � ± k �® ¹ A ±=¬�o:¹�¯ zM` acb�d � ±So¤¹ A ±=¬�o¤¹�= �:º Y F
ja�t`.jLi�q A ¯ A È�Ä

gL�pc�i�l_�x`xZ�i `Ul^j�bdc!`xqaowZ\c A È�isqÍopl?i�z{opcxv qa[�ja�pc3¦��w[xu�c3qac1z{opc1lp~1c f A � j�~1[_l_�^c1Z\]^c
ja[ A ÈLÄ

Å2i�lt`.u§ukÊ

� ÇtÈ��3ÕÀÇtÈ � � ����
z�` acb�d { ±=¸��^=ro:¹ A �Q±=¬�o¤¹ Õ ze` acbed { ±=¸`=ro:¹ A ±=¬ o:¹ ����

� qÌop}
� ���
a b�d � { ±=¸���=ro:¹ Õ { ±=¸`=ro¤¹4�xµ ����

z�` acb�d { ±=¸`=ro¤¹ _ A � ±=¬�o:¹ Õ A ±=¬�o¤¹ a ����
¦��?is~(�Bjac1lpnwqLja[ F Ä �

	�
 	 � ��� ���-��� �������
� c3]^[d�t`U~�ª�ja[�ja�pc¡]^c1lpc1Za`.u*qÌcXj�op} ±��y¹ \ ±��y¹ Ä � c3bÒ`Uªxc�ja�pc3¨©[Uu§u�[!¦Li�lp]
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��� ���
	�
� Û��+Þw���°Ú{��� � 0 ��� � ���n� �!� olB � <ed ¿ ��	�# ¸ B � ± � J�¬?¹
nyisb �"! #�% & ()#)*�+-, f m:±´³Eµ�·�¸`=�H ¹e=Mm¤±´³ ½ µ�· ½ ¸`=�H ¹ i ��¯ � =�H�H�H6=G� j ±So:¹�¯ ¬ Õ � H

��lpnpc1ZÍja�?i�q��_Ê?}�[Uja�pc1q\i�qmvMk ® `Unpb�i§j�`dopl?i�z{opc3i�l^�x`UZ�i `xl_j3bdc.`UqaopZ\c A ÈÆ`xlwnBja�pc�É:Êy`.à
}powlp[!�Bc�Ãw}�[_lpc1l_jLi�q�]Uik�^c1lB�_Ê

ÇtÈ ¯ zM`�a b�d { ±=¸`=ro¤¹ A È ±=¬�o:¹ H
���.Þ���Þt�����M� Þ�� 0 ��� 2 	�# ��� 4)�������E67����2!� �V9�� U×¸ �� ÇtÈ #��cX]	������ ����	�� 2!	A�����
�}���
	��	�� 2���	 #��cX]	���#+��	 � ± � JË¬?¹ 9
Ï_i�lp~1c � ± � J�¬?¹ i�q�`�~1[^lwlpc1~Xjac1n5qac|jmvy¦¢c��t`1�_c3ja�pc3¨©[Uu§u�[!¦Íislp]

�Þt�.Þ $ $ �p�!Û 0 ���32 	�#���� 4)�������E67����2!�
�i9�� U

� T¯gf ÇtÈ i ¸ B � ± � JË¬?¹ j
2!���-����	^	����I�/��#n2!	��/����
 ���x����Ó ��9
���.Þ¤Þ���Þ�� �¡� Þ���Þt�����M� Þ�� 0 ��� gÍ�pc3}pZ\[?[U¨°i�qLc1z{o?i§�x`.u�cml_j�ja[�YMZ\[^} [^qOi§j\i�[^l5�wÄ �?Ä �

� % ���d6 ���m���

Ó�l5ja�pc1qac�c�ÃQ`xbd}?u�c1qmvw¦¢c�~1[_lpq\i�npc1Z�¨©c1cmnw�t`x~(ªB]{` i�lBb�`.jaZ�is~1c1q ¸�± � ¹ }t`xZa`Ubdc|jaZ�isØ1c1nr�_Ê
`�[_lpc�n?i�bdcmlwq\is[_lt`.u¢}t`UZa`xbdc|jac1Z � B Ó �¡Ä � c�qaop}p} [_qacdja�t`.j f.¸�± � ¹ i � B Ó � j�isq�`
~1[_lplpc1~|jacmn�qaop�wqac|jW[U¨ � ± � J�¬?¹ Ä_É2c|j Ç	� ± Z\cmqÌ}¤Ä A � ¹ npc1lp[Ujac�ja�pcLÉ:Ê{`x}woplp[!��c|Ãw} [^lwcml_j
± Z\c1qa}¤Äwja�wc3isl_�x`UZ�i¥`Ul_j�bdc!`UqaopZ\c ¹ `Uqaqa[?~|i ` jac1nd¦Likja� ¸�± � ¹ `Ulpn

Ç�
 ¯ isly¨� �
� �
Ç	�

� c+}wZ\[!�{isnpc�i�l3ja�?i�q×qÌcm~|j\i�[^l�j=¦¢[�c�Ãt`Ubd}?u�cmq¤¦��pc1Z\c¢Ç�
 ¯ Õ3Ö�`xlwn�[^lwcW¦��pc1Z\cLÇ�
 ¯ �xÄ
ÓOl¶`.uku¢ja�pc5c|ÃQ`Ubd}?usc1qmv ¬ ¯ �
`xlwn �S¯ �xÄ�Åp[_Z)`Ul_Ê � J �Ëb�`.jaZ�ikÃ p v m¤±qp�= � ¹

npc|�tlwcmn i�l ± � ¹ i�q�`��^c1~|ja[_ZL�tc|u�nB[_l�� ¿ v `xlwn
m¤±qp�=��y¹�¯²± Õ�� ¿�¿ µ ��[q[ ¹ ~1[^q � qOisl � Õ�� ¿ [�q\i�l [ ��µ ��[ ¿ ~1[^q [ �

¨©[_Z�`.u§u ��B � ¿ Ä
n�o}��n�p
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� ��� ����� � � �
� c�isnpc1l_j\ik¨ Ê�� ¿ ja[l_ Õ	��
U� = ��
U� aæÄwÉ2c|j

³ ¯�
 F �
� F�� = · ¯�
 � FF � � = ³ ¿ ¯�
 F Õ��

� F � = · ¿ ¯GF-H
� c3~m[_lpq\i�npc1Z�¨©c1c1np�t`U~�ª�]{`.isl bÒ`.jaZ�i�~mc1q ¸ [U¨°ja�pc3¨©[_Z\b

¸�± � ¹�¯ 
 � Õ��
Õ�� � � �

}t`UZa`Ub)c|jaZ�i�Ø1cmn5�_Ê � B ÓÔ��Ä
gL�pc�LÍÊ?} [xja�pc1q\i�q��?Ä§��i�qLq(` j\i�q\�tc1n¤vQq\i�lp~1c

m¤±´³ µ�·�¸�± � ¹e=��y¹¢¯ � q\i�l � ~1[^q � = m¤±´³ ¿ = �{¹�¯ � = � �nB _ Õ � � = � � a H
� c3�t`1�^c

{ >m±=¸�± � ¹e= �{¹¢¯ � µ � q\i�l [ � = { ¿ ± �y¹�¯GF-= � ��B _ Õ � � = � � a H
Å¤islt`.uku§Ê�¦¢c¡]^c|j

Ç � ¯ � µ � z���d � � q\i�l
[ ± �{¹ A � ±=¬ �{¹ � � H

Ï{[dja�wc�q\Ê?q\jac1b isq�q\j�`U�?iku§i�Ø!`x�?u�c3� cm~!`Uopqac

ukisb� U d W Ç	� ¯ Õ¡Ö H
�*
 	 ��� ����� � � 	
� c�isnpc1l_j\ik¨ Ê�� ¿ `xlwn _ F'= ��a=v `UlpnÒ¦¢c3j�`xªUc

³ ¯�
 Õ�� FF Õ�� � = · ¯�
 F FF Õ�� � = ³ ¿ ¯GF = · ¿ ¯�
 F �
� F�� =

`Ulpn
¸�± � ¹�¯ 
 � FF Õ � � H
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Ï{[
m¤±´³¶µÀ·�¸�± � ¹e= �{¹¢¯ � q\isl � ~m[_q � = m¤±´³ ¿ µ�· ¿ ¸�± � ¹e=��y¹�¯ � = � �nB _ F
= ��a =

`Ulpn

{ >m±=¸�± � ¹e= �{¹¢¯ Õ�� µ � qOisl [ �-= { ¿ ±=¸�± � ¹e=��y¹�¯GF = � �nB _ F
= ��a H
gÍ�pc�É:Ê{`x}powlp[!�Bc�Ãw}�[_lpc1l_jLi�q

Ç � ¯ Õ�� µ � z��> q\i�l [ ± �{¹ A � ±=¬ �{¹ H ± �!� ¹

� cB¦L`Ul_j�ja[�~1[^bd}poyjacrja�wcBukisb�ikjB[U¨�Ç	�S`Uq � � Õ3Ö Ä � cr~!`UlÀ~��pc1~(ªSja�Q` j�ja�pc
}pZ\[U�\c1~Xjac1n }pZ\[?~1cmqÌq)k ® i�qLqa[Uu�o?j\is[_lB[U¨

¬ k ®×¯Gm¤±´³E= k ®G¹y¬xº×µ � m¤±´³ � = k ®G¹�¬Uºhµ � m¤±´³ � � = k ®G¹¡ÁL¬{Â ±¥ºa¹
¦Íi§ja�

³ �t¯�
 F FF � � = ³ � �t¯�
 F Õ��
� F � H

� c�b�`Uªxc�ja�pc�¨©[Uukus[!¦Íislw]�j\i�b)c3qÌ~.`.u�c�jaZa`Ulpq\¨©[_Z\b�` j\i�[_l��k �® T¯ k ®�� � � Ä��k ® isqÍqa[Uuso?j\i�[_l�[x¨

�k �® ¯ k >¤µ �
� [ z

®> m:±´³E= �k �| ¹y¬'~hµ �
�
z ®> m:±´³ � = �k �| ¹y¬'~hµ z ®> m:±´³ � � = �k �| ¹LÁM¬ �Â �| ± �!� ¹

¦��pc1Z\c �Â �® T¯ � Â ®�� � � i�q�`�q\j�`Ulpnt`UZ\n � isc1lpc1ZÍ}pZ\[?~1cmqÌqmÄ
� �pc1l � � Õ¡Ö vw¦¢c�]_c|j¢ja�pc3¨©[Uukus[!¦Íislw]0uki�b0ikj�c1z{ot`.j\is[_l

�k ®×¯ k >Mµ z ®> m¤±´³ � � = �k | ¹¡ÁL¬ �Â |
¦��pc1Z\c �Â�® i�qË`¶q\j�`Ulpnt`UZ\n � i�cmlwcmZ�}pZ\[?~1c1qaqmÄ�É¤cXj��k ®�¯ ± ~m[_q ��1® = q\i�l ��1®G¹ Ä ��c1~!`xopqÌcm:±´³ � � =��y¹�¯ �xv?¦¢c¡]^c|j

��1®°¯ �I>Wµ �Â�®RH ± �1� ¹
���.Þ���Þt�����M� Þ�� �>�E�

A � �
	 _ F'= ��a ��� � � Õ¡Ö

C 6
����� 	 _ F
= ��a 2!���E67�E�
	^2 �.���.� � � C ��	 _ F
= ��ak9
n�o}��n�p
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���.Þ¤Þ�� Ó=j�isqÍ~Xu�c!`xZ ja�t`.j A � � A d W vw¦��pc1Z\c A d W q�`.j\i�q\�tc1q¢ja�pc�¨©[xukus[m¦Li�lp]�Åp[_ªyªUc1Z \Yhu `xlp~(ª�c1z{ot`.j\is[_l�Q S A d W ¯�F `UlpnDQ²i�q�ja�pc)isl?�Ql?i§jac1q\i�b�` uÍ]^c1lpc1Za`.ja[^Z�`xqaqÌ[?~Xi `.jacmn
¦Íi§ja�5c1zyoQ` j\i�[^l ± �1� ¹ ÄQ��[_Z\cm[m�^c1ZXv A d W i�q¢ja�pc¡opl?ik¨©[^Z\b u `1¦²[_l _ F'= ��a=Ä �

gL�pc1l5opq\i�lp]�ja�?i�q�}pZ\[_} [^q\ikj\i�[^lB`Ulpn ± �.� ¹ ¦¢c��Q`1�^c

�Þt�.Þ $ $ �p�!Û �>�10

Ç � � Õ¡Ö ��� � � Õ¡Ö H
�*
 � ��� ����� � � �
��[!¦ ¦¢c�}pZ\c1qac1l^j�`xl
c�ÃQ`Ub)}yusc�¦��yis~(�
i�q�lp[Uj�q\j�`U�?i§uki�Ø.`U�?u�cxÄ � c)~1[_lpq\i�npc1Z�ja�pc�q�`Ubdc
~1[?c43�~Xi�c1l_jaq�`Uq¢i�lBja�pc¡}pZ\c|�yi�[_opq�qÌcm~|j\i�[^l c�Ãp~1c1}?jÍ¨©[^Z¢b�`.jaZ�is~1c1q ³ v · ¿ «

³ ¯��`= · ¿ ¯ 
 F �F F � H
É2c|j ­)®°¯²±¥­ ¿® =O­ [® ¹ vw¦¢c�]_cXj ja�pc3¨©[Uu§u�[!¦Li�lp]dq\Ê?q\jac1b

¬x­ ¿® ¯ ­ ¿® ¬Uº Õ � ­ [® ÁL¬{Â�® = ­ ¿> ¯@? ¿> =
¬x­ [® ¯ ± � µ � ¹x­ [® ¬Uº)= ­ [> ¯ ? [> = ?^>ED¯ F-=

¦��p[^qÌc3qa[xu�o?j\i�[^lÒisq ­ [® ¯���� ¿�� �	� ® ? [> vQ`xlpn
­ ¿® ¯ � ® ? ¿> Õ � z ®> � ® d | ­ [| ÁÍ¬{Â |

¯ � ® ? ¿> Õ � ? [> z ®> � ® � ��| ¬{Â |
¯ � ® ±S? ¿> Õ�
 ®G¹

¦Íi§ja�

 ® T¯ � ? [> z ®> � �I| ¬{Â | H

ÓG¨ ? [> D¯GF vw¦¢c3nwcmnwop~1c3¨©Z\[^b

X ­)® X Y � ­ [® �y¯�� � ¿�� �	� ® � ? [> �

�������6���.�6�
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ja�t`.j�Ç � Y � µ � ÄtÓG¨ ? [> ¯ F ja�pc1l ? ¿> D¯QFr± � c1~!`xopqÌc_v ?^>%D¯gF{¹ `Ulpn
Ç � ¯ �xÄ:Ï{[pvw¨©[^Z
� Y F v Ç � Y �_Ä

É2c|j�opq�~1[_lpq\i�npc1Z¢ja�pc�~.`Uqac � b F Ä �WÊBja�pc¡ja�pc1[^Z\c1b [U¨W~1[_l_�^c1Z\]^c1lp~1c�[x¨MbÒ`UZ�j\i�l?à
]{` u�c1qmv 
 ® � 
 W T¯ � ­ [> � W> � �I| ¬yÂ |�`Uq º � Ö `Ulpn5ja�?i�q3~m[_l_�^c1Z\]_cmlw~mc��p[Uusnwq¡`?ÄÔqmÄ
`Ulpn isl Q [ Ä

� c3npc1npow~mc�¨©Z\[_b
� � ­d® � � [ ¯�� [ ® � � [ � ® � ? [> � [ µ�� ? ¿> Õ 
 ®
� [ �

`Ulpn ¨©Z\[^b ± � ¹ ja�t`.j

Ç � ¯ � µ u§i�b® U � W �
� º us[_]�� �

[ � ® � ? [> � [ µ � ? ¿> Õ 
 ®
� [�� ¯ � � H"~�H
± ja�?i�q�uki�b0ikj�i�q��x`.u§i�n
¦��pc|ja�pc1Z ? [> ¯ F [_Z�lp[Uj ¹ Ä � �?i�~��
}wZ\[!�^c1q�ja�Q` j�ja�wc�q\Ê?q\jac1b i�q
lp[Uj�qOj�`x�?ikukisØ!`U�?uscxÄ

� �3�y�3����	Î�����

_ � a�ÉMÄ � ��� � É°Ð�Ä5Ï_j�`U�?i§uki�Ø.`.j\i�[^l �^Ê
lw[xi�qac�Z\c|�{isq\ikjac1n¤Ä	� � B B U � 9R��	iF�� C 9 BO� �16 9
BO���J6i9 v:� Fw± � ¹ «ë�_�_e \ �x� � vw�.�_� F Ä_ � a�ÉMÄ � ��� � É°Ð�v}L�Ä�
¢� � ��Ñ�ÉWvM`Ulpn
�0Ä � ÓrL3Ï{g���g��°Ä�Ïxj�`x�?ikukisØ!`.j\is[_lS[U¨Luki�lpc!`xZ
qOÊwqOjacmbdqÍ�^Ê lp[xi�qacxÄ $��k� B �1���
��	����M��	�� ��	������ �M��	�#��t�M��21�n254I����2���	Qvw�w� ± � ¹ « �{ew� \� � �_v¤�!� � �wÄ

_ � a�ÉMÄ � ��� � É*Ð�vMÑÍÄ � Ñ�É��_Ñ��¡É � �3Ïtv�`Ulpn¶Ñ¢Ä�Y � ��Ð � ���dÄ � u�bd[^qOj)qaowZ\c�`Ulpn
bd[_bdcml_j�q\j�`U�?iku§ikj=Êr¨©[_Z�u§i�lpc!`xZ�ikj&�[Bc1z{ot`.j\is[_lpqmÄ�ÓOl ÉWÄ � Z\lp[Uusn
`Ulpn��0Ä � is�pqOjao?jaØxv
c1n?ikja[_Z\qmvA� � �����
	���
 (]������	���	�� � U�� ��������	�NV7 ���! ?v^�^[Uusopbdc��_� � � [x¨ �t���I� �
�r�#" � �S���2!	 BO���E67��� ����2����avp}Q`x]_c1q��!�^� \ �!e_�wv��+cmZ�uki�l¤v*�.� � � ÄQÏ{}pZ�i�lp]_cmZ$��cmZ�u `U]QÄ_ ��a�Y°Ä8L�Ä � � ��Ñ���Ð � É*ÑÍÄ+��[^bdc1l_j�q\j�`U�?iku§ikj=Êr`xlwnBu `xZ\]_c�npc|�{i ` j\i�[^lwq¢¨©[_Z¢ukislpc!`UZLq\ja[Uà
~(�t`Uq\j\is~�n?ik£¤c1Z\c1l_j\i¥`.uWc1z{ot`.j\is[_lpqmÄLÓOl
��Ä ÓOªUc1nt`wv�c1n?i§ja[_ZXv�P ���70r�70.2��82!� � 2���BO�I�E67�I#���2!	
BO���E67��� ����2���� ��P 6 ����2���� U&% ���/���/�-��	�# % ��� �S�g7 ��� �UvQ}t`U]_cmqÍ�p� \ eU�pv{g×[_ª_Ê^[pv¤�.� � �{Ä��islp[_ª{opl?ikÊy`?Ä

_ e a���Ä+Ó'��Ñ�Ð � `Ulpn ÏQÄ � � g � � � �¢Ñ¢Ä $M�S�I�J6
��� � 2��`& 2$?C���r��	���2�����('@�������2���	A�l��	�#& 2$?Z�
��2���	 P ���I������� ���(Äh��[_Z�ja� \ L�[Uu§u `Ulpn)(��3[?nt`Ulpqa�t`?v � bdq\jac1Z\nt`xbBv*�!� � �xÄ
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_ � a�Ñ¢Ä�Y � ��Ð � � ��`Ulpn �0Ä � Ó�L3Ï{g ��g �°Ä�É�Êy`U}poplp[!�¶c�Ãw} [^lpc1l_jr[U¨�ukislwc.`UZ�q\ja[Uà
~(�t`Uq\j\is~�qOÊwqOjacmbdq¡¦Likja�
u `xZ\]_cdn?i§£:opq\i�[_l
jac1Z\bBÄh$M�/�I�J67��� ��2��WPR���I������� ���n��	�#h�E67��2!�
����� �82�������2���	A�(vw� Fw± � ¹ « � � � \ � F � vw�.�_�_�wÄ
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