
���������
	�����
���	���������������	��������������! ��!	������#"�$&%'%'%(%')*%(%&+,%'% -���.�/���0&0��!132,4�5�5,687���.����� ����!19%'4�%(%

:<;>=�?�@BA8@BCEDGF3=�HJIB=�K�A8LM@ONPIB@BQ*K�AJLR@BSTKUL
VXWEYB?�LZFM;[:<L\Q*=�H^]_;>=�?�Qa`

bdcfe,gih�jlknmfoPprqUstj u�vrwtx�ytzt{9y�|~}a��z�yt�Jy�����wt�
���������R�_�
�a�3�J�����,�!�
���U�
�����J�
�U�,���r�����,�����,�~�,���~�J���
�����
�f ���¡
�������,�
¢<��£3�
���t¤>���
�¦¥,§3���©¨�ªr«­¬,®<¯��i�
k°jf±�²�³~´¶µ·m¹¸©p�pU²­³ y�º_»Z{9}¼���¦}r»Z½f��¾�¿�½
�U�,���~�&À����Z¢<�J���¦�­�Á¯a����¡
�J��������Â
�U�,���r�����J���~�J���
������ ������,�����M�
���
ÃZ��������Ä
���ÅÀ��,§rÃX�©Æ­®,Ç­Æ,¬È¯����

ÉËÊZÌ�Í�ÎÐÏdÑXÍ
Ò*Ó�ÔÖÕZ×ÐØ,×rÙ8ÚZÛÐÙ8Õ'Ü8Ú'ÔÖÝrÙ8Õ3Þtß y¼��¾Xà Ø#áÖÙJØ,Ú'âÐÔãâÐä�Ø,áãä,å,Ú'Ôãæ�ÓÐçèæ�ÓÐØ­æ>Ø,éÐæ(å,ç�Ø,æ(ÔÖÜJØ,áãáÖêëÔÖç�×ÐÚ'å�ì,ÙJÕ>Õ'Ù8Ø,Ú'Ü�Ó

×rÙ8Ú'í�å,Ú'ç�Ø,âÐÜJÙ#å,âÈáãØ,Ú'ä,ÙJî�Õ'Ü8Ø­áÖÙ9å­×Ðæ�Ôãç�ÔÖïJØ,æ�Ôãå,âÈ×�Ú(å­ÝÐáÖÙJç�Õ�ðñÞ�ß y¼��¾ áãÙ8Ø,Ú'âÐÕMØ,âÈÙ8ì�Ø­áÖéÐØ­æ�Ôãå,âÈí�éÐâ�Ü8æ�Ôãå,â
æ(ÓÐØ,æ�×ÐÚ'Ù8Û�ÔÖÜJæ�Õ3æ�ÓÐÙ9å­éÐæ�ÜJå,ç�Ù�å,ífØòáãå�Ü8Ø­á�Õ'Ù8Ø­Ú(Ü�ÓóØ,áãä,å­Ú(Ôãæ�ÓÐç à Õ'éÐÜ�Ó�Ø,Õ3ÓÐÔãáÖáãÜ8áãÔÖçMÝÐÔãâÐäBå,ÚRô y�õ­ö��Jy ß à
í�Ú'å,ç÷í�ÙJØ,æ�é�Ú(ÙJÕUå­íÐÕ(æ(Ø,æ(Ù8Õdì�ÔÖÕ'ÔÖæ(Ù8ÛMÛÐéÐÚ'ÔÖâÐäZÕ(ÙJØ,Ú'Ü�ÓUð¼Ò*ÓÐÙ�áãÙ8Ø­Ú(âÐÙJÛøÙ8ì�Ø­áÖéÐØ­æ�Ôãå,âøí�é�âÐÜ8æ(ÔÖå­âMÔãÕdéÐÕ(ÙJÛRæ(åZÝÐÔãØ,Õ
í�éÐæ(éÐÚ'ÙùÕ'Ù8Ø­Ú(Ü�Ó\æ�Ú'Ø�ú�Ù8ÜJæ�å­Ú(ÔãÙ8Õ�æ�å�û�Ø,Ú'Û#ÝrÙ8æ�æ(Ù8Ú*å­×Ðæ�Ôãç�ØMå­â\æ�Ó�ÙùÕ'Ø,ç�Ùù×ÐÚ'å,ÝÐáãÙ8çüðUÒ*ÓÐÔãÕ*×ÐØ,×rÙ8Ú�×ÐÚ'Ù8Õ'Ù8â�æ�Õ
æ(ÓÐÙ_Þtß y¼�U¾ Ø­áÖä­å,Ú'ÔÖæ(ÓÐçüý�Ø­âòÙJþ�æ�Ù8â�Õ(Ôãå,â àrÿ�� Þtß y¼��¾Xà æ�ÓÐØ­æ�æ�Ú'Ø,â�Õ(í�ÙJÚ(Õ*áãÙ8Ø­Ú(âÐÙJÛPÙ8ì�Ø,áãéÐØ,æ(ÔÖå­âBí�éÐâÐÜJæ�Ôãå,âÐÕ
æ(åRâÐÙJû à Õ'ÔÖç�ÔãáÖØ­Ú¹å­×Ðæ�Ôãç�ÔÖïJØ,æ�Ôãå,â\×ÐÚ(å­ÝÐáãÙ8ç�Õ�ý,Ø,â�Û9Ù8ç�×ÐÔãÚ(ÔãÜ8Ø­á~Ú'Ù8Õ'éÐáãæ�Õ¹å­â9Õ(ÙJì,ÙJâ9áÖØ­Ú(ä­Ù8î�Õ(ÜJØ,áãÙ*å,×Ðæ(ÔÖç�Ôãï8Ø,î
æ(ÔÖå­â#ÛÐå,ç�Ø­ÔÖâÐÕ � ÝÐÔÖâ�î�×ÐØ­Ü���ÔÖâÐä à Ü�ÓÐØ­âÐâÐÙJá�Ú'å,éÐæ(ÔÖâÐä à�� Ø�ê,ÙJÕaâÐÙJæ ûfå­Ú��_Õ(æ(Ú(é�Ü8æ�é�Ú(ÙJî	�Ðâ�ÛÐÔÖâ�ä à Ú'Ø,Û�ÔÖå­æ�ÓÐÙJÚ(Ø­×�ê
æ(Ú(ÙJØ,æ�ç�ÙJâ�æ�×ÐáãØ,â�âÐÔÖâ�ä à ÜJØ,Ú'æ�å,ä­Ú(Ø­ç ÛÐÙ8Õ'ÔÖä­â à
� å�å,áãÙ8Ø,âòÕ'Ø,æ�ÔãÕ��ÐØ,ÝÐÔãáãÔÖæ ê à Ø­âÐÛ � å,ä,ä­áÖÙùÝrå,Ø,Ú'ÛòÕ(ÙJæ�éÐ×Uð

��
���� Í�Î�������ÑXÍ���� �

��� �! #"!�$�!%'&)(+*,( -."/&)( �'01%324�! #� 5.*768"/295;:� #(+<=:3( &��':�68(+0>"/295."/6?6�:'@4A>"/6?B?CED�FHG!5�6�( I'03JKG�2
:�ILG!5�6�( I'03J
M �! 3NO6�A��!%P6�@QA�5.G3:3�+(+0�I'J�(+0)R!5.0S&��!24TL*,"!0'"/I!5.*75.0S&)JU*75.G3(+@�"!�V&�295."/&)*75.0)&W%#�+"!0303(+0!I'J$"!0'GX&�2
"!0�69%Y�!29&)"/N
&)( �'0Z%#�+"!0303(+0�I'[]\��!2�*X"!�+� T.J^"!0_(+0�64&)"!03@�5X�'`a"?I'� �! $"!���!%3&)(+*X( -."/&)( �'0Z%'29�! #� 5.*b@��'0!6�( 69&�6��'`c"Pd4eOf�eOg
dOh=f�i4gXjk"!03G;"!0_l.mon)g4i)eOpoq)g^r)s=t'i)eOpol�tvua Mxw jzyk{^|�&)A!5?I!�'"!�U( 6�&��8}$03G1"~69&)"/&�5,�����_j�&)A3"/&
*,(+03(+*X( -�5�6�ua M [#F�`�j�( 6��+"/29I!5.J.&)A�5.07}#0'G3(+0�I7���a( 6�I!5.0�5�2�"!�+� TZ(+0)&�2�"!@�&)"/ #� 5?:303� 5�696�&)A!5K%329�! #� 5.*�A3"/6
"?64%�5.@�(+"!�+( -�5.GZI'� �! #"!�E69&�2�:3@�&):!295.J�6�:'@4A�"/6�"Z�+(+0!5."/2�%329�!I!2
"!*,[P������5�R!5�2�J^*X"!0STPI!5.0�5�2�"!� NO%$:�29%Y�!695
� lSi4f � d4gQf���i���"!� I!�!2�( &)A3*W6P"/&�&�5.*7%'&X&���5��=%#� �'( &Pua M�� 6]� ��@�"!��69&�2�:'@�&):�2958&���� �Y@�"/&�5�I!����G�"/%3%'29�)��( N
*,"/&�5��!%3&)(+*,"!|�&)A�5�695~(+03@��+:3G�5~( &�5�2�"/&)( R!5X(+*7%324�)R!5.*75.0)&7��A'(+�+�+@��+(+*K #(+0!I'��J=6�(+*�:'�+"/&�5.G�"!0'0�5."!�+(+0�I'J.&)"/ #:
695."/2�@QA3J�"!03GH�>���� #¡��£¢E[�¤KA!5�TX�c�!29¥X =T](+*7%Y�!6�(+0!I¦"?0�5.( I'A) Y�!2�A��=�YG�295.�+"/&)( �'0,�'0�&)A�5769&)"/&�5�6K�'`'j
"!03G~&)A!5.0~695."/2�@QA3(+0�I,&)A�5�I!2�"/%#A�&)A3"/&K245�6�:3� &�6�J§I':'(+G�5.G~ =TPua M [

C3�Y@�"!�E695."/2�@QA>A3"/6� Y5�5.0_�+( ¥!5.0�5.G]&��©¨ª&�24TY(+0�I]&��]}#03G�&)A!5X&��!%L�'`K«X�':30S&�¬�R!5�245�69&¦(+0­"X&)A3(+@O¥
`®�!I���A3(+� 5?6�:�¯�5�2�(+0�I;`®29�'*°"!*,0�5�6
(+"!±���²x:�69645.�+��³µ´��!29R�( I'JU¶!·!·!¸!J�%#[+¶!¶!¶!��[�F�0�&)A3( 6X*75�&)"/%#A��!2
JY&)A�5
@��+(+*x �5�28@��'0�6
(+G�5�296�5."!@4A]69&�5�%L =T�@��'0�6�:3� &)(+0�I>"!0L"!� &)(+*75�&�5�2Z"!03G­G�5.@�(+G3(+0�I]��A�5�&)A!5�2�&��P&)"/¥!5¦&)A�5
69&�5�%; $"/695.G¦�'0�&)A!5Z@4A3"!0�I!5P(+0;"!� &)( &):3G�5.[�¹a:�&W6�:�%3%Y�!695~&)A�5]@��+(+*K Y5�2HA3"/6�"!@�@�5�696�&��­0��!&��'03� T>"!0
"!� &)(+*75�&�5�2�JU #:�&¦"!� 69��"!G3G3( &)( �'0'"!�E645.0�695�6Z"!03GL(+0�69&�2
:3*75.0)&�69º»`®�!2�5���"!*7%#� 5.J�&)A�5;@�:�29295.0)&��¼"!0'GZ½
� ��@�"/&)( �'03J=&)A�5x6
� �!%�5��'`=&)A�5�I!29�':303GH:303G�5�2
`¾�=�!&)JV"!0'GW��A�5�&)A!5�2��!2W0��!&c&)A�5~@�:!29295.0)&�� ��@�"/&)( �'0�( 6��'0¦"
&�2�"!(+�+[�¤KA�5�695¦"!G3G3( &)( �'03"!�^¨/`¾5."/&):!295�6�±�*,"�T85.0'"/ #� 5�&)A�5�@��+(+*x �5�2�&��1*,"/¥!5¦"H*7�!295�(+03`®�!2�*75.G3J#*7�!295
`®�!295�6�( I'A)&)`	:3�+J£5�R§"!�+:3"/&)( �'0X�'`V��A�5�&)A�5�2^&��X&)"/¥!5�"769&�5�%$[

�¿ %'%(%'%$À�Á=À��!�!�� � VÂ����
��1�	�0&������	���1ù��������	���Ã�	���
 /�	�����Är��.
���� ����!�� ÆÅ�À����,�������80� ����! ��!�	Ç���1!Å



È wtx�ytz]ÉËÊ w�w�|X¾

Ì G3G3( &)( �'03"!��69&)"/&�5]`®5."/&):�295�6¦"/295,I!5.0�5�2�"!�+� T1%$� 5.0S&)(+`o:3��(+08295."!�Y�!%3&)(+*,( -."/&)( �'0­G��'*,"!(+0!6�[ZÍ�2�"!@�&)( N
&)( �'0�5�296��'`�� �Y@�"!�'695."/2�@QAZ"!� I!�!2�( &)A3*W6��'`®&�5.0Z"/%3%Y5.03G?6�:3@4AZ`¾5."/&):�245�6x&��X&)A!5.( 2x�! M 5.@�&)( R!5¦`o:303@�&)( �'0�"/6
5��=&�2�"¦&�5�2�*76
|U&)A!5�T�*,"9TL&)A�5.0]69%Y5.03GL@��'0�6�(+G�5�2
"/ #� 5�5�¯V�!24&,&ª�c5."/¥Y(+0!I�&)A��!695�&�5�2
*76 � @��=5�Î�@�( 5.0S&�6
[
¤KA3( 675���@�5�29%3&)J�`®29�'*°"� Y�=�!¥8�'0�6�(+*�:3�+"/&�5.G;"!030�5."!�+(+0!I�`¾�!2WB?CED�F�G�5�6�( I'01�oÏ1�'0�I'J�C£5��'0�I'J�³µC#(+:3J
¶!·!Ð!Ð!��J$( 6K&ªT=%#(+@�"!� w

ÑK� 5."/2�� T.J�&)A!5c�! M 5.@�&)( R!5�`o:303@�&)( �'0�&��7 Y57*X(+03(+*,( -�5.G?( 6�&)A�5�@4A'"!030�5.����(+G�&)A�Ò�[a�U�)�KN
5�R!5�2
J=ÒÓ( 6a&����8@�2�:3G!5�"~*75."/6�:�245��'`§&)A!5?<=:3"!�+( &�TX�'`�(+0)&�5�2�*75.G3(+"/&�5W64�'�+:�&)( �'0�6�[�F�0�69&�5."!G'J
`®�!2�"!0)T¦R§"!�+(+G,%#"/29&)( &)( �'03J§&)A!5H`¾�'�+� ����(+0�IP@��!69&�`o:303@�&)( �'08( 6�:!695.G w

Ô»ÕLÒ�ÖK×�Ø�Ù^Ú�Û�Öa×�ØYÜHÚ�Ý ��¶!�

¤KA�5X69&)"/&�5P`®5."/&):�295]ÝÞ*W5."/6�:�295�6�&)A�5,69%#"/246�( &ªT1�'`#&)A�5PA��!2�( -��'0)&)"!��&�2�"!@�¥�6
JE��A3(+� 5XÛL*75."/6�:�295�6�&)A�5
� �'0�I!5�69&�%#"/&)A�� 5.0!I!&)A_(+08&)A�5�@�:�29245.0S&�%$"/29&)( &)( �'03[HF�0�&)A3( 6�"/%3%$�+(+@�"/&)( �'03J#&)A�5]"!:�&)A!�!296HA3"!03G!NO&):30�5.G
&)A�5�@��=5�Î�@�( 5.0)&�6��'`#&)A�5?5��=&�2�"~64&)"/&�5]`®5."/&):�295�6�Û Ö "!03G1Ý�J�695�&�&)(+0�I­Ø=Ù�Õµß!à+¸8"!03G;Ø�ÜáÕµ¶!ß![Z�oÏ15
��(+�+�V6�A����â&)A3"/&7�':�2,"!� I!�!2�( &)A3*ã� 5."/2
0�5.GH&���"/696�( I'03J�@��':30)&�5�2�(+0)&):3( &)( R!5.� T.Jc"�t'g4ä)f.eOp	q�g�R£"!�+:�5~&���ØYÜ#J
"!03GL"!@4A'( 5�R!5.G�*�:3@4A� Y5�&�&�5�2?%Y5�2�`¾�!2
*,"!03@�5.[+�ËD3(+*X(+�+"/2?5��Y"!*7%$� 5�6?�'`�5�R£"!�+:3"/&)( �'0á`o:303@�&)( �'0�6~ Y5.(+0�I
*,"!0=:3"!�+� T�@��'0�}3I':!295.GZ"!03G?&):30�5.GZ`®�!2xI!�=��G,%Y5�2�`®�!2�*,"!03@�5X@�"!0X Y5H`®�':303G8(+03J35.[ I'[+J#��\'"!� ¥!5.03"!:�5�2,³
å 5.�+@4A3"!*x 3295.J#¶!·!·!æ!|#D!-�T�¥�*,"!08³ËÑx"/I'"!03J�¶!·!·!¸!��[
Ï15L"!G3G�295�696X&)A�5�`¾�'�+� ����(+0�I�<�:�5�64&)( �'0 w @�"!0;��585��=%#� �'( &H5���&�2�"�`¾5."/&):�245�6X�'`7"!0P�!%3&)(+*,( -."/&)( �'0

%329�! $� 5.*µ&��ZI!5.0!5�2�"/&�5P(+*W%329�)R!5.GZ5�R£"!�+:3"/&)( �'0L`	:30'@�&)( �'0�6�"!:�&��'*X"/&)(+@�"!�+� T.J�&)A�5�295� =T1I':3(+G3(+0!I8695."/2�@QA
&��, Y5�&�&�5�2x64�'�+:�&)( �'0�6�ç

¤KA'( 6�%$"/%�5�27%3245�695.0S&�67�'0�58"/%3%'29�'"!@4A�&���G��'(+0!I�64�'J� #"/695.GH�'01*,"!@4A'(+0�58� 5."/2�03(+0�I w &)A�5�è�¢=��é$ê
"!� I!�!2�( &)A3*X[�Ï15�%'295�695.0)&xè�¢=�Yé#ê�(+0HD!5.@�&)( �'0�æ![^D!5.@�&)( �'0�ëx295�%Y�!29&�6�5.*7%#( 2�(+@�"!�.295�6�:3� &�6c�'`�è�¢=�Yé#ê��'0
"c695�&��'`�695�R!5.0,G��'*,"!(+0!6�J3(+03@��+:3G'(+0�I,"!0?"!03"!� T�6
( 6��'`!��A)T�( &xA!5.� %�5.G?@��'0!6�(+G�5�2�"/ #� T��'0?*7�!69&xG��'*X"!(+0�6
 #:�&�`	"!(+� 5.G8&��­A�5.� %_�'0�"!0��!&)A�5�2
[]D!5.@�&)( �'08ì8%'295�695.0)&�6�"Z0'"/&):�2�"!�Y5��=&�5.0�6�( �'0Z&��;è�¢=�Yé#êL(+0���A3(+@QA
&)A�5¦� 5."/2�0�5.G?5�R£"!�+:3"/&)( �'0P`o:303@�&)( �'0�6~"/295�eO��f�t3dírSg��Q��g4î­"!*7�'0!IX6�(+*,(+�+"/2�%329�! $� 5.*ï(+0�69&)"!0'@�5�6�[7\$(+0'"!�+� T.J
D�5.@�&)( �'0�¸�%#�+"!@�5�67è�¢=�Yé#ê8(+0�&)A�5?@��'0S&�5��=&^�'`§295.�+"/&�5.G~�c�!29¥�JY"!03GHD!5.@�&)( �'0�ðx�':!&)�+(+0�5�6�G3( 295.@�&)( �'0�6�`®�!2
`o:�&):�2957295�695."/2
@4AZ(+0,&)A3( 6�"/295."![

ñ�
�ò�óUô­õUò ÉZö­÷¶É1ø�ùE�aÎ��!Í óUú
¤KA�5�è�¢=�Yé#ê,"!� I!�!2�( &)A3*�"!:�&��'*,"/&)(+@�"!�+� TZ@��'0�69&�2
:3@�&�6�%3295.G'(+@�&)( R!5^5�R§"!�+:3"/&)( �'0X`	:30'@�&)( �'0�6� �T¦"!03"!� T=-.(+0�I
695."/2�@QA¦&�2�" M 5.@�&��!2�( 5�6�[�F�&W&)A�5.01:�695�6W&)A!5�695?5�R§"!�+:'"/&)( �'0�`o:303@�&)( �'0�6W&���I':3(+G!5Z`	:�24&)A�5�27695."/2�@4A��'0¦&)A�5
6�"!*75]%329�! $� 5.*�(+0�64&)"!03@�5.[©F�0�&)A3( 6H645.@�&)( �'0­��5]%3295�695.0)&8èE¢��Yé$ê�JW(+03@��+:3G3(+0!Iû( &�6;`¾�':'03G3"/&)( �'0�61(+0
295.(+03`®�!2�@�5.*75.0)&�� 5."/2�0'(+0�I'J�"!03G8(+�+�+:!69&�2�"/&�5�( &�6x%�5�2
`¾�!2�*X"!03@�5W�'08"76�(+*W%#� 5W5��Y"!*W%#� 5.[

ü mþý ÿù³~s�²­j�h�j � gip��#²�³r±fh��Ðg
¤KA�5?%Y5�2�`®�!2�*,"!0'@�5?�'`c"Z� �Y@�"!��695."/2�@4A_"!� I!�!2�( &)A3* G�5�%Y5.03G�6W�'0¦&)A!5,69&)"/&�5]`®29�'* ��A3(+@4A¦&)A!5,695."/2�@QA
69&)"/29&�6
[PÏ15�@�"!0]5���%'295�696~&)A3( 68G�5�%Y5.03G�5.03@�51(+0L"P*,"/%3%#(+0�I>`®29�'* 69&)"/29&)(+0�I169&)"/&�5��>&��15��=%Y5.@�&�5.G
695."/2�@QA?295�6
:3� & w

��� �o�$� 1
��
ÕÓ5��=%�5.@�&�5.G� Y5�69&¦ua M R§"!�+:!5X695�5.0��'0­"?&�2�" M 5.@�&��!29T�&)A'"/&�69&)"/29&�68`®29�'*
69&)"/&�5��­"!03G8`®�'�+� �)�x6~� ��@�"!�§695."/2�@QAZ*75�&)A!�YG
	

��æ!�

�U5�295.J�	�295�%3245�695.0S&�6x"W� ��@�"!��695."/2
@4A,*75�&)A!�YG�6�:'@4A?"/6�A3(+�+�+@��+(+*x #(+0�I��!2�6�(+*�:'�+"/&�5.GX"!030�5."!�+(+0!I'[ � � �o���
5�R£"!�+:3"/&�5�6�� � 6�hV��l
�~p	dQg¦"/6�"W69&)"/29&)(+0�I,64&)"/&�5H`¾�!2�	U[

�



� ¾Ðyt|Xz���z�������ytõ�½ty ß ��wUz���½tz�} ß ��w�zt�

\��!2Z5��Y"!*7%$� 5.Jx6
:�%3%Y�!695Z�c51�W"!0S&�&��¼*,(+0'(+*,( -�5P&)A�51�'0�5�N4G3(+*75.0!6�( �'03"!�W`o:303@�&)( �'0�ua M �o�$�PÕ
��� ����� ¶!ß!�£@��!6���æ�	����K��R!5�2�&)A!5]G��'*,"!(+08j Õ�� ��¶!ß ��¶!ß�!ªJK"/6�G�5�%#(+@�&�5.G­(+0_\�( I':�245]¶![ Ì 696�:3*,(+0!I­"
0�5.( I'A) Y�!2�A��=�YG�69&�2
:3@�&):�295~�'0¦&)A3( 6�G��'*,"!(+0���A�5�245?&)(+0ST>*7�)R!5�6�&���&)A�5Z� 5.`®&��!2�2�( I'A)&X"/295�"!�+� ����5.G'J
A3(+�+�+@��+(+*x #(+0�Iv�oI!245�5.G�T©G�5�6�@�5.0)&)�7695."/2�@QAá@�� 5."/2�� T©� 5."!G�6X&���"�6�:� Y�!%3&)(+*,"!�a� ��@�"!�K*,(+03(+*�:3*�`®�!2�"!�+�
 #:�&?&)A!5_�+:3@O¥�( 5�69&��'`�69&)"/29&)(+0�I;%Y�'(+0)&�6�[ ������5�R!5�2�J^&)A�5_<=:3"!�+( &ªT>�'`�&)A�5_� ��@�"!�x*X(+03(+*�:'* 295."!@4A!5.G
G��=5�6~@��!24295.�+"/&�5�64&�29�'0�I'� T8��( &)AX&)A�5�69&)"/29&)(+0�IH%��!6
( &)( �'0 w � � �o�$�#"$� ���%�v¶!ß![���"/&)A�5�2
(+0�IPG'"/&)"X`®29�'*
�'03� TZ"�`¾5��û6�:� Y�!%3&)(+*,"!�!&�2�" M 5.@�&��!2
( 5�6�J�"�`o:303@�&)( �'0�"/%3%329���Y(+*X"/&��!2W@�"!0�5."/6�(+� T�� 5."/2
0�&���%3295.G3(+@�&�&)A3"/&
69&)"/29&)(+0!I�0�5."/2K�1Õ©ß���(+�+��� 5."!G,&��,I!�=�YG~%Y5�2�`®�!2�*,"!0'@�5.[

-10 -5 5 10

-10

-5

5

-10 -5 5 10

-10

-5

5

10

\�( I':�295H¶ w C£5.`®& w ua M �o�$�^`®�!2�"��'0�5�N4G3(+*75.0!6�( �'03"!��*,(+0'(+*,( -."/&)( �'08G��'*,"!(+0'[K²x( I'A)& w &)A�5WR£"!�+:�5H`o:303@�N
&)( �'0 � � �o�$��&)A3"/&K%3295.G'(+@�&�6�A3(+�+�+@��+(+*x #(+0�I � 6�%�5�2
`¾�!2�*X"!03@�5W�'0~&)A3"/&�G!�'*,"!(+03[

Ï158"/%3%324�)��(+*,"/&�5 � � :!6�(+0�I1"H`o:303@�&)( �'0P"/%3%324�)��(+*,"/&)( �'01*7��G�5.�36
:3@4AP"/67%Y�'� TY0��'*X(+"!�3295�I!245�69N
6�( �'03J���A�5�295¦69&)"/&�5�6�"/245�5.0'@��YG�5.G>"/6?245."!� NOR§"!�+:�5.G�`¾5."/&):�245�R!5.@�&��!246�[ Ì 6ZG3( 6�@�:!69695.GL"/ Y�)R!5.J�&)A!5�695
(+0�%#:!&x`¾5."/&):�245�67*,"9T?5.03@���G�5�"!0)T?295.� 5�R§"!0)&c%329�!%Y5�29&)( 5�6��'`=&)A�5x69&)"/&�5.JY(+03@��+:3G3(+0�I�&)A�5x�!2�( I'(+0'"!�!�! M 5.@�N
&)( R!5�`o:303@�&)( �'0Hua M �o�$�U( &�645.�+`	[$Ï15~G�5.0��!&�5x&)A!5�*,"/%3%#(+0!IX`¾29�'*©69&)"/&�5�6c&���`®5."/&):�295�6U =T�& w j�y {('7J
"!03Gx�':�2^"/%3%329���Y(+*,"/&)( �'0��'` � � �o�$�V �T*)� � �+&��o�$����[au�:�2$5��=%�5�2
(+*75.0S&�6$295�%Y�!29&�5.G�A�5�295W"!�+�§:�695U6
(+*7%#� 5
�+(+0�5."/2~�!28<�:'"!G�2�"/&)(+@�295�I!295�696�( �'0>*W�YG�5.� 6�&��P}3& )� � J$6�(+03@�51(+03@�295.*75.0)&)"!�#&�2�"!(+03(+0�I]�'`�&)A�5�6951*7��G�N
5.� 6�@�"!08 Y5Z*,"!G�5,5��=&�295.*75.� T15�Î�@�( 5.0)&�(+0�&)(+*75]"!03G�*75.*7�!29T>��Í�295�646�JU¤'5.:�¥!�'� 69¥=T.J#B�5�&�&�5�2��+(+0�I'Ja³
\��+"!030�5�29T.J#¶!·!·!æ!|�¹E��T'"!03J$¶!·!·!Ð!��[�¤KA�5�695�*7�YG!5.� 6�"!� 69�PA3"�R!5�&)A�5�%324�!%�5�24&ªT�&)A3"/&x&)A�5�T�"/I!I!245�696�( R!5.� T
5��=&�2�"/%Y�'�+"/&�5H&�295.0'G�6H`®29�'*µ&)A�5.( 2�&�2�"!(+03(+0�IZ6�"!*7%#� 5�6�[]D3:3@QA�5��=&�2�"/%Y�'�+"/&)( �'0� �5.0!5�}3&�6?è�¢=�Yé#ê­(+0_( &�6
695."/2�@QAZ`®�!2K%329�'*X( 6�(+0�I'J=%3295�R�( �':�6�� T1:30)RY( 6
( &�5.G?69&)"/&�5�6�[

,.-0/2123 �£¢54 -61 ¡ -078� �
� � ( 6a��5.�+� N4G�5�}$0�5.G�`¾�!2�"!0)T]� ��@�"!�=695."/2�@QA�%329��@�5.G3:�295�	UJ�"/646�:3*,(+0�I�&)A3"/&^&)A�5��! M 5.@�&)( R!5H`o:303@�&)( �'0¦( 6
 Y�':303G�5.G� Y5.� ����[ Ì 696�:3*X(+0�I�"!� 69�,&)A'"/&9	v( 6�I':3"/2�"!0)&�5�5.G,&��,&�5�2
*,(+03"/&�5.J'&�2�"!(+03(+0�I�G'"/&)"X`®�!2K6�:�%Y5�29N
R�( 695.GP� 5."/2�03(+0�I¦�'` )� � *,"9TZ295."!G3(+� TZ �5��! 3&)"!(+0�5.GH =TZ2�:'0303(+0�I:	 `®29�'* G3( ¯V5�245.0S&769&)"/29&)(+0!I�%Y�'(+0)&�6�[
Ì 696�:3*,(+0!IZ`	:�24&)A�5�2^&)A3"/&^&)A�5H"!� I!�!2
( &)A3*;	1 Y5.A3"9R!5�6�"/6�"?«]"/29¥!��R�@4A3"!(+0�º (+[ 5.[+J3&)A�5W%'29�! #"/ #(+�+( &�T��'`
*7��RY(+0�IL`¾24�'* 69&)"/&�5���&��Z�=<^( 6�&)A�5H6�"!*75�0��­*,"/&�&�5�2���A�5.0¦�û( 6�RY( 6
( &�5.G_"!03G���A3"/&�69&)"/&�5�6��c5�295
R�( 6�( &�5.G?%3245�RY( �':�6
� T�ºá&)A!5.0Z(+0)&�5�2�*75.G3(+"/&�5�69&)"/&�5�6��'`V5."!@QA,6�(+*�:3�+"/&�5.GX&�2�" M 5.@�&��!29T�*,"�T;"!� 69�H Y5X@��'0�N
6�(+G�5�245.GX"!� &�5�2�03"/&�5�¨ª69&)"/24&)(+0�I�%Y�'(+0)&�6�±�`®�!2c&)A3"/&�645."/2�@4A3J�"!03G�&)A�:�6W:�695.GH"/6�&�2
"!(+03(+0�I�G'"/&)"�`®�!2>)� � "/6
�c5.�+�+[K¤KA3( 6W(+0�6�( I'A)&�5.0'"/ #� 5�6�:�6�&��~I!5�&W0��!&c�'0�5� $:�&U%Y5�2�A3"/%'6�A=:303G�295.G!6U�'`§%#( 5.@�5�6a�'`§&�2
"!(+03(+0�I�G3"/&)"
`®29�'*Ë5."!@QAH&�2�" M 5.@�&��!24T86�"!*7%#� 5.G'[�¤KA�5�5���&�2�"�&�2�"!(+03(+0!IX%Y�'(+0S&�6?@��'�+� 5.@�&�5.G¦&)A3( 6��W"�T_*,"9T8 Y5HA3( I'A3� T

?



È wtx�ytz]ÉËÊ w�w�|X¾

@��!29295.�+"/&�5.G'J§69�~&)A�5.( 2^5�¯�5.@�&K�'0��!%3&)(+*,( -."/&)( �'0,%�5�2
`¾�!2�*X"!03@�5~( 6�"!0�5.*W%#( 2�(+@�"!��<=:�5�69&)( �'03|=�':�2a295�6
:3� &�6
6�A����©&)A3"/&K&)A!5H(+*7%329��R!5.*75.0)&�@�"!0? Y5W6�:� '69&)"!0S&)(+"!�+[

u�0!5?`o:�29&)A!5�2�"/696�:3*7%'&)( �'0��'0�&)A�5X� �Y@�"!�£695."/2�@4A,%329��@�5.G3:�295?( 6K�'`$(+0S&�5�245�69& w *7�'0��!&��'0'(+@�( &ªT.[�¤KA�5
%329��@�5.G3:�245@	L( 6a6�"!(+G�&��~ Y5A�~l�t3l�eOl.t3p	i?(+`§&)A�5��! M 5.@�&)( R!5,`o:303@�&)( �'0�0�5�R!5�2�(+03@�295."/695�6�"!� �'0!I¦"x695."/2�@QA
&�2�" M 5.@�&��!29T.[9B�03G�5�2a&)A3( 6�"/646�:3*7%3&)( �'0�"!0'G�&)A�5,"!`¾�!295.*W5.0S&)( �'0�5.GZ«�"/29¥!��R;"/696�:3*7%'&)( �'03JC	>( 6x5.<�:3( R=N
"!� 5.0)&�&�� "�}'��5.G�%Y�'�+(+@�T»`¾�!21"�«]"/29¥!��R å 5.@�( 6�( �'0 Í�24�Y@�5�696
J�"!03G � � ( 6�&)A�5áq�f � s=g�r)s§t3i)eOpol�tv�'`
&)A3"/&�%Y�'�+(+@�T��o5.[ I'[+J���ÍU:�&�5�2�*X"!03JE¶!·!·/ì'����[~��«X�'0��!&��'03(+@�( &ªT>"!�+� �)�x6?:!6�&��H295��K2�( &�5�¬U<=:3"/&)( �'0]æH"/6?"!0
5��=%�5.@�&�5.G�6�:'*µ�'`��'0�5�NO64&�5�%­245��7"/2�G!6�Ja"/6�245.<�:3( 245.G� =T;&)A�5]« å Íâ`¾�!2
*,"!�+( 6�*,[+��Bx"!�+:�51`	:30'@�&)( �'0�6
6�"/&)( 6�`®T�� ��@�"!�E@��'0�6�( 64&�5.03@�T�5.<�:'"/&)( �'0�6~��¹#5.�+�+*,"!0'J#¶!·!¸ D!��J'69�]"!� I!�!2
( &)A3*76?*7�!295�69�!%$A3( 69&)(+@�"/&�5.GX&)A3"!0
«X�'0S&�5�N4ÑK"/2
� �86�(+*�:3�+"/&)( �'0���( &)AH6�:!%�5�24RY( 695.GP� 5."/2�0'(+0�I;"/295Z"/%3%#�+(+@�"/ #� 5 w (+0�%#"/24&)(+@�:3�+"/2�JY&)A�58¤ å ��Ø��
`o"!*,(+� T��'`�&�5.*7%Y�!2�"!� N4G3( ¯�5�295.03@�5;"!� I!�!2�( &)A3*76]*,"�T�*,"/¥!5� Y5�&�&�5�2�:!695¦�'`�&�2�"!(+03(+0�IáG3"/&)"!J�@��'0SR!5�24I!5
`o"/69&�5�2�J^"!03G_:�695]� 5�646�*W5.*7�!29T�G3:�2
(+0�I8&�2�"!(+03(+0!IL��D3:!&�&��'03Ja¶!·!Ð!Ð!��[_C#D3¤ å ��ØV��Ja"!0�5�Î�@�( 5.0)&¦� 5."/64&�N
6�<=:3"/295�6K`®�!2�*�:'�+"/&)( �'0��'`3¤ å ��ØV����¹#�)T'"!0'J3æ!ß!ß!ß!��J'"/%3%$�+( 5�6�69%Y5.@�( }#@�"!�+� T�&��7&)A�5��+(+0�5."/2K"/%3%329���Y(+*X"/&)( �'0
"/2�@QA3( &�5.@�&):�295�6���5�:�695.[K�U�)�c5�R!5�2�J£&)A!5�5���%Y5�2�(+*W5.0S&�6K245�%��!24&�5.G8(+0~&)A3( 6�%#"/%Y5�2�:�695W�'03� T¦6�:�%Y5�29R�( 695.G
� 5."/2�03(+0!I'[

ü m üFE eih�j � g�Gf³>�#²­³r±�hH��gih�p�j�e
¤KA�5?� 5."/2�0�5.G�5�R£"!�+:3"/&)( �'08`o:303@�&)( �'0 )� � �+&��o�$���$5�R£"!�+:3"/&�5�6�A���� %329�'*,( 6�(+0!I��_( 6�"/6�"�69&)"/29&)(+0!I?%��'(+0)&
`®�!2�"!� I!�!2�( &)A3*I	U[^¤3�X}#03G�&)A�5W Y5�69&^69&)"/24&)(+0�IX%Y�'(+0)&)J=��5H*�:�69&^�!%'&)(+*,( -�5J)� � ��R!5�2xjL[

´U�!&�5,&)A3"/&75�R!5.0;(+` )� � ( 6�6�*7�=�!&)AX��( &)A�295�69%Y5.@�&7&���&)A�58`¾5."/&):�245?69%#"!@�5�º»"/6H( &76�:!295.� TZ��(+�+�� Y5
(+`��c5~295�%3295�645.0S&K)� � ��( &)AP"�6
(+*7%#� 58*7��G�5.�#�+( ¥!5Z<=:3"!G�2
"/&)(+@x245�I!295�696�( �'0�º ( &X*,"�T�69&)(+�+�VI'( R!5,2�( 695�&��
",@��'*7%$� 5���@��!69&K6�:�2
`	"!@�5���( &)A?295�69%Y5.@�&^&��H&)A�5H0�5.( I'A) Y�!2�A��=�YG�69&�2
:3@�&):�295W�'0,j­[x¤xA�5�5���( 69&�5.03@�5��'`
"W64&)"/&�5���( &)A�`¾5."/&):�245�6�6�(+*X(+�+"/2�&��H&)A��!695��'`�&)A�5�@�:�29295.0)&K69&)"/&�5�G��=5�6�0��!&�(+*W%#� T¦&)A�5�295�( 6~"W69&�5�%L(+0
69&)"/&�5�NO69%$"!@�5K&)A3"/&���(+�+�)&)"/¥!5�:�6�&���&)A'"/&$64&)"/&�5.[^¤KA�:!6�J�&����!%'&)(+*,( -�58)� � �c5�*�:!69&#2
:30�"�695.@��'0'Gx64&)"/I!5
�'`�69&���@4A3"/64&)(+@�� ��@�"!�3645."/2�@4A�º� #:�&K��( &)A )� � �+&��o������(+0�64&�5."!G,�'`�ua M �o�$��"/6x&)A�5�I':3(+G3(+0�IX5�R§"!�+:3"/&)( �'0
`o:303@�&)( �'03[

starting state for π
produces good new

Run     toπ
π~

for V  ;  retrain the fitter
produces new training data

optimize V 
~π

Hillclimb to

optimize Obj

(a) (b)

(c)
(d)

\�( I':�245Hæ w Ì G3(+"/I!2�"!*â�'`'&)A�5H*X"!(+08� ���!%��'`�èE¢��Yé$ê

¤KA!5?è�¢=��é$êP"!� I!�!2
( &)A3*Ó%329�)R�(+G�5�6~"X`®2�"!*75��c�!29¥�`¾�!2?� 5."/2�03(+0!I]"!03G,5���%#� �'( &)(+0!IL)� � �'0Z"W6
(+0�I'� 5
�!%3&)(+*,( -."/&)( �'0�(+0!69&)"!03@�5.[ Ì 67(+�+�+:�64&�2�"/&�5.GH(+0�\�( I':�295~æ!J£è�¢=�Yé#ê�295�%Y5."/&�5.G3� TZ"!� &�5�2�03"/&�5�6a Y5�&ª�c5�5.0�&ª�c�
G3( ¯�5�295.0)&^69&)"/I!5�6��'`$� ��@�"!�§695."/2�@QA w ��"!��2�:'0303(+0�I~&)A�5W�!2�( I'(+0'"!��*75�&)A���GM	1�'08ua M J�"!03G8��@���2
:30303(+0�I
A3(+�+�+@��+(+*x #(+0�I��'0 )� � &���}#03G?"^%329�'*,( 6�(+0!IX0�5��>69&)"/29&)(+0�I�69&)"/&�5�`®�!2(	U[a¤KA=:�6�J=è�¢=�Yé#êH@�"!0� Y5cR�( 5��c5.G
"/6�"�6
*,"/29&�*�:3� &)( NO295�69&)"/24&�"/%3%324�'"!@4A~&���� ��@�"!�£645."/2�@4A3[

N



� ¾Ðyt|Xz���z�������ytõ�½ty ß ��wUz���½tz�} ß ��w�zt�

è�¢=�Yé#ê­%#� �!&�6;"86
(+0�I'� 5­� �'0�I­&�2�" M 5.@�&��!29T�&)A!29�':�I'A�&)A�5Z69&)"/&�5P69%$"!@�5.Ja%Y5�2�( �YG'(+@�"!�+� T>69��( &)@4A'(+0�I
 Y5�&ª�c5�5.0¦&)A�5?�!2�( I'(+0'"!���! M 5.@�&)( R!5]`	:30'@�&)( �'0;ua M �o�$�W"!03GH&)A�5Z0�5���� T�N4� 5."/2�0!5.G�5�R§"!�+:3"/&)( �'0_`	:'03@�&)( �'0
)� � �+&��o������[^¤KA�5U&�2
" M 5.@�&��!29T�( 6$�'0'� TW 329�!¥!5.0�(+`�&)A�5 )� � 695."/2�@QA�%#A3"/6957"!@�@�5�%3&�6K0��~*W�)R!5�6�J£(+03G'(+@�"/&)(+0�I
&)A3"/&���( 6�"Z� ��@�"!�U*,(+0'(+*�:3* �'`xm4l�eO�Z5�R£"!�+:3"/&)( �'0L`o:303@�&)( �'0�6�[HÏâA�5.0�&)A'( 6���@�@�:�296�J�è�¢=��é$ê�245�695�&�6
&)A�5�695."/2�@4AX&��1"W2�"!03G!�'*â69&)"/29&)(+0!IX69&)"/&�5.[ Ì @��'*W%#� 5�&�5¦G!5�6�@�2�( %3&)( �'0X�'`�&)A�5�"!� I!�!2
( &)A3* ( 6�I'( R!5.0](+0
¤$"/ #� 5H¶![

OQP kSRAT �oj­JU	UJEua M J5VXW=Y�Z -0/2123 J[&�J6\�p	eoJ=]��£¢54 ê 12^ ê�J`_ - ¢=a�b��E�.¡�� w
��( R!5.0 w
c "W69&)"/&�5�69%$"!@�5�j ��"!03G�"?*75�&)A���G8`®�!2KI!5.0�5�2�"/&)(+0�IP"72�"!03G!�'* 69&)"/29&K69&)"/&�5¦(+0~j­�
c "X� �Y@�"!�3695."/2�@4A,%329��@�5.G3:�295d	1&)A3"/&�( 6�«]"/29¥!�)R�(+"!0�"!0'G~%329�!%Y5�2��o5.[ I'[+JEA'(+�+�+@��+(+*K #(+0!I'�
c "!0,�! M 5.@�&)( R!5�`o:303@�&)( �'03J�ua M�w j�y {KJ=&��, Y5X*,(+0'(+*,( -�5.G
c "X� �)�c5�2� Y�':303G��'08u^ M J=VeW`YfZ -0/2123 �;{¼�o�!2M�hg (+`$0��? Y�':303G�( 6x¥Y0�����03�
c "X*,"/%3%#(+0�Ii&�`¾29�'*â69&)"/&�5�6�&��]`¾5."/&):�245�R!5.@�&��!296�J6& w j y {('
c "X`	:30'@�&)( �'08"/%3%329���Y(+*X"/&��!2A\�p	e
c "W%#"/&)( 5.03@�5�%$"/2�"!*75�&�5�2j]��£¢54 ê 1k^ êHI!�)R!5�2�03(+0!IX69&���@4A3"/64&)(+@�A3(+�+�+@��+(+*x #(+0�IH�'0 )� �
c _ - ¢5a9b=����¡�J=&)A�5H0=:3*x Y5�2^�'`369&)"/&�5�5�R§"!�+:'"/&)( �'0�6~"!�+� �!&�&�5.G]`®�!2K&)A3( 6K2�:'03[

¶![9l j�h�gih�s�m�h�nÐ³ &)A!5H`	:'03@�&)( �'08"/%3%324�)��(+*,"/&��!2�|�� 5�&�� 5 �¦j  �5X"�2
"!03G��'* 69&)"/24&)(+0�I,69&)"/&�5.[

æ![ ÿùp�pQo :30)&)(+�§&)A�5X0=:3*x Y5�2^�'`'64&)"/&�5�6x5�R£"!�+:3"/&�5.G,5���@�5�5.G�6p_ - ¢5a�b�����¡ w

��"!�Sq o�gih�r h�nÐ³ qts6u c�eih�j � 	 m \�24�'*Ë� 5 J32�:30�695."/2
@4A]"!� I!�!2�( &)A3*I	UJ£%329��G3:3@�(+0!IZ"7695."/2�@QA
&�2
" M 5.@�&��!29T��o� 5 ��� " ��� Ö ��à�à�à6���=v���[

�o #� P ²�sth�j )� � m \��!2�5."!@QAã%Y�'(+0)&â�=wv�'0 &)A�5 645."/2�@4Aã&�2�" M 5.@�&��!24T.J�G�5�}#0!5 ½xw w Õ
*X(+0
y�zUw|{}{}{ v ua M �o�=y)��Jx"!03G>"!G3G�&)A�5¦%#"!( 2�~ &��o�=wÆ�A�y ½xw��H&��]&)A!5�&�2
"!(+03(+0�IP695�&Z`®�!2i\�poeo[
²�5�&�2�"!(+0S\�poeoJ�"!03G8@�"!�+�£&)A�5�295�6�:'� &)(+0�I�� 5."/2�0�5.G?5�R§"!�+:3"/&)( �'0]`o:303@�&)( �'0 )� � [

��@��Sq o�gih�r h�nÐ³ )� � cfe,h�j � G�h�m�mH�xm�h�r s h�j � m Ñ��'0S&)(+0=:3(+0�I�`®29�'* � v J��!%3&)(+*,( -�5�)� � �+&��o�����
 =TP%Y5�2�`¾�!2
*,(+0�I�"~69&���@4A'"/69&)(+@HA'(+�+�+@��+(+*K #(+0!IZ695."/2�@QA3[PÑK:�&W�!¯>&)A�5X695."/2�@4A8��A�5.0¦5.( &)A!5�2
]��£¢54 ê 12^ ê¦@��'0�695.@�:!&)( R!5~*7��R!5�6a%329��G3:3@�5�0��H(+*W%329�)R!5.*W5.0S&)J��!2�"�@�"!03G3(+G3"/&�5�69&)"/&�5A���|� "
( 6x%3295.G3(+@�&�5.G~&��X �5X(+*W%��!646�(  #� TXI!�=��G3J�(+[ 5.[ )� � �+&��+���|� " ���(��VeW`YfZ -0/2123 [ å 5.0��!&�5�&)A3( 6
645."/2�@4A,&�2�" M 5.@�&��!24T� �T1�+� 5 �%� " ��à�à�àk�%� � ��[

��G3� O ³rgùe�r st²�g�²­³reigis�²­gùeigistg,³dm D!5�&�� 5 w Õ�����[U¹a:�&�(+0a&)A!5�5�R!5.0S&#&)A3"/&�&)A�5 )� � A3(+�+�+@��+(+*K $(+0�I
645."/2�@4A�"!@�@�5�%3&�5.G¦0���*7��R!5�6���(+[ 5.[+J[����ÕL� v ��J.&)A!5.0�295�645�&�� 5 &���"�0�5��û2�"!03G!�'*©69&)"/24&)(+0�I
64&)"/&�5.[

ë![9� ³rgicf²�j &)A�5W Y5�69&^69&)"/&�5¦`¾�':30'G3[

¤#"/ #� 5�¶ w ¤KA�5~è�¢=�Yé#ê�"!� I!�!2
( &)A3*,[

ü m�� P ´ëp�T���sQr�o0m�³re
Ñ��'0�6
(+G�5�2�"/I'"!(+0~&)A�57�'0�5�N4G3(+*75.0!6�( �'03"!���7"9R!5�%329�! $� 5.*¼�'`#\�( I':�295,¶![�Ï15W5.03@���G�5�&)A3( 6^%329�! #� 5.* `®�!2
è�¢=�Yé#ê8:�6�(+0�I�&)A�576�(+0�I'� 5,(+0�%$:�&7`®5."/&):�2957��J�"!0'G�<=:3"!G�2
"/&)(+@�295�I!245�696�( �'0�&��~295�%3295�645.0S&�)� � [^´U�!&^6�:�29N

�



È wtx�ytz]ÉËÊ w�w�|X¾

-10

-5

0

5

10

-10 -8 -6 -4 -2 0 2 4 6 8 10

va
lu

e�

states x

 

Objective function
Iteration 1
Iteration 2
Iteration 3
Iteration 4

\�( I':�295Xë w è�¢=��é$ê,�'0~&)A�5�¶/N å *,(+03(+*,( -."/&)( �'0X5��Y"!*W%#� 5

 29
 28
 27
 26
 25
 24
 23
 22
 21
 20
 19
 18
 17
 16
 15
 14
 13
 12
 11
 10
  9
  8
  7
  6
  5
  4
  3
  2
  1
  0

  8
  7
  6
  5
  4
  3
  2
  1
  0

\$( I':!295�ì w Ì 6�*,"!�+�§5���"!*7%#� 5� #(+0�NO%#"!@�¥Y(+0�I](+0�69&)"!03@�5

%32�( 6
(+0�I'� T.JVè�¢=��é$ê?%Y5�2�`¾�!2
*76�5�Î]@�( 5.0S&)� T¦�'0�&)A3( 6^%324�! #� 5.* w "!`®&�5�2K�'03� T]"?`®5�� &�2�" M 5.@�&��!2�( 5�6x&)A!29�':�I'A
&)A�5�69%#"!@�5.J�( &�� 5."/2�0!6~"�B�NO6
A3"/%Y5.G?%#"/2�"/ Y�'�+(+@�"/%3%329���Y(+*,"/&)( �'0H&�� � � [���(+�+�+@��+(+*K #(+0!I��'0�)� � J'&)A�5.03J
� 5."!G�6~G3( 295.@�&)� T¦&��,&)A�5� $"/6�(+0��'`V&)A�5WI'� �! #"!�£�!%'&)(+*�:3*X[

¤KA'( 6x%329�! $� 5.*ï( 6?@��'0S&�2�( R!5.G'J3 #:!&�( &�6�5�64695.0S&)(+"!�V%324�!%�5�24&ªT=ºá&)A3"/&K69&)"/&�5�NO64%#"!@�58`¾5."/&):�245�6~A�5.� %�&��
%3295.G'(+@�&^&)A�5W%Y5�2�`¾�!2
*,"!03@�57�'`#"!0?�!%3&)(+*,( -�5�29º»G!��5�6�A!�'�+G�(+08*,"!0)TH%32
"!@�&)(+@�"!��G��'*,"!(+0�6
[KD3(+*�:3�+"/&�5.G
"!030�5."!�+(+0!I�G���5�6]0��!&?&)"/¥!5_"!G�R£"!0S&)"/I!5��'`�&)A'( 6,%329�!%Y5�29&�T.Jx"!03G>(+03G!5�5.G]%�5�2
`¾�!2�*W6�%Y�=�!2�� T��'01&)A3( 6
%329�! $� 5.*,[x¤KA'( 6K%329�! #� 5.*ï"!� 69�](+�+�+:�64&�2�"/&�5�6�&)A'"/&�è�¢=�Yé#ê]G!��5�6�*W�!295�&)A3"!0?6�(+*7%#� T¦6�*7�=�!&)A?�':!&K&)A�5
�W"�R!5�6;(+0�ua M �o��� w G!�'(+0�I�69�ûA�5�295Z�c�':3�+G;%329��G3:3@�5�"!0û:303A�5.� %#`o:3�6�#"/&P`	:30'@�&)( �'03[¼è�¢��Yé$êûG��=5�6
6�*7�=�!&)AP�':�&?&)A!5��7"9R!5�6�J� #:�&8(+0á"��W"�TL&)A3"/&Z(+03@��!29%Y�!2�"/&�5�6X%3295.G3(+@�&)( R!58¥�0������ 5.G�I!5_"/ Y�':�&Z� ��@�"!�
695."/2�@QA3[

�



� ¾Ðyt|Xz���z�������ytõ�½ty ß ��wUz���½tz�} ß ��w�zt�

Ï15�0����¼@��'0�6�(+G�5�2x"7*7�!245c245."!�+( 69&)(+@K(+�+�+:�69&�2
"/&)( �'0��'`§è�¢=�Yé#êX(+0��!%Y5�2�"/&)( �'03J
�'0�&)A�5�´�Í�N4@��'*7%$� 5�&�5
%329�! $� 5.*¼�'`£ #(+0�NO%#"!@�¥Y(+0�I8��Ñ��!¯�*,"!03JY��"/245�T.J�³��S�'A30�69�'03J�¶!·!·!ð!��[�Ï15X"/245�I'( R!5.08"?m)pot8iQf�h�f�i�p	e��ZÔ
"!03GP"��+( 69&:��Õ��+� " �%� Ö ��à+à+à����V�c�'`2�©poeOg��~d9JY5."!@4A;A'"�R�(+0�I�"8d4pH�4gi���+��w��9��ß![X¤xA�5~I!�'"!��( 6W&���%#"!@O¥
&)A�5�( &�5.*W6¦(+0)&��­"/6¦`¾5��Ó #(+0�6H"/6�%Y�!696�(  #� 5.[�\$( I':!295Xì_G!5�%#(+@�&�6¦"!085��Y"!*W%#� 5X #(+0!NO%#"!@O¥�(+0�I_(+0�64&)"!03@�5
��( &)A8ë!ßX( &�5.*76�[xÍ�"!@�¥!5.G,�!%3&)(+*X"!�+� T.J£&)A�5�695�( &�5.*76x}#�+��·W #(+0�6^5���"!@�&)� T8&���@�"/%#"!@�( &�T.[

¤'��"/%3%#� T_� ��@�"!�Y695."/2
@4A3JY�c58G�5�}#0�58"¦0�5.( I'A) Y�!2�A��=�YGH�!%Y5�2�"/&��!2W&)A3"/&X*7��R!5�6H"�6�(+0�I'� 5?2
"!03G��'*
( &�5.*â&��]"�2�"!03G��'*µ0�5��¼ #(+0�A3"�R�(+0�I,6
:�Î�@�( 5.0)&^69%#"/295X@�"/%#"!@�( &�T.[^èE¢��Yé$ê,%3295.G3(+@�&�6K&)A!5W�':�&)@��'*75��'`
69&���@4A3"/64&)(+@�A3(+�+�+@��+(+*x #(+0�IP:�6�(+0�IZ<=:3"!G�2�"/&)(+@c245�I!295�696�( �'0,�)R!5�2�&ª�c��`¾5."/&):!295�6x�'`V&)A�5W69&)"/&�5�� w

¶![�¤xA�5X"!@�&):3"!�£�! M 5.@�&)( R!5¦`	:30'@�&)( �'03J�ua M Õ�  �'`' #(+0�6�:!695.G3[
æ![aBx"/2�Õv&)A�57R£"/2�(+"!03@�5,(+0¦`	:'�+�+0�5�696a�'`§&)A�5,0��'0�NO5.*W%3&ªT, $(+0�6�[^¤KA3( 6W`®5."/&):�295,( 6a6�(+*,(+�+"/2^&��8"~@��!69&
`o:303@�&)( �'0?&�5�2�*ï(+0)&�29��G3:3@�5.G8(+08��\'"!� ¥!5.03"!:�5�2?³ å 5.�+@4A3"!*x 3295.J#¶!·!·!æ!��[

è�¢=�Yé#ê,%324�Y@�5�5.G�6�"/6�`®�'�+� �)�K6 w

c F�&�5�2�"/&)( �'0~¶!J£D�&�5�%���"!� w è�¢=�Yé#ê?A3(+�+�+@��+(+*x 36K`¾29�'*á&)A�5c69&)"/29&)(+0�I�69&)"/&�5���ua M Õ¼ë!ß ��Bx"/2WÕ¼ß!à+ß!¶!¶!�
&��]",� �Y@�"!�3�!%3&)(+*�:3* ��ua M Õ©¶!ë ��Bx"/2WÕ©ß!à+ß!¶!·!��[

$�	,)

0

0.02

0.04

0.06

0.08

0.1

0.12

1015202530

F
ea

tu
re

 #
2:

 V
ar

(x
) 

= 
va

ria
nc

e 
of

 b
in

 fu
lln

es
s

¡

Feature #1:  Obj(x) = number of bins used
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Var(x) = variance
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Feature #1:  Obj(x) = number of bins used

 

HC on Obj
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Feature #1:  Obj(x) = number of bins used
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Feature #1:  Obj(x) = number of bins used

 

HC on Obj
HC on Vpi_0

HC on Obj
HC on Vpi_1

HC on Obj
HC on Vpi_2

HC on Obj
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Vpi_6  (seventh iteration)
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Obj(x) = number of bins used

Var(x) = variance
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õm��è ë:è��Rñoø�ø ]'ÿ
ë:ñoò=óoô3õ õlê=ø �?è "Tþ4�?ñYë)���=è�ø�ø��Rø�è�õÍù-è�ò�éß�3ñYþo�=ëÉôÂó=ê���ì'ó ìYLU��ì'ø�ø ì'òT� þÉô3ø�ê#�?è ô3ò�þaô3ò �=ë:ñ����?è��Rñoø���ô3õm��ê#�JìRë
NÂè þ:è ô3òB�?ñYþ)A�þ�úJö-ìYNoìRë:è�ó�éoì'ÿ�Ï5ë:ñ�NoìRþWÿ�' Ò=ìRþ���ìRë:ÿÑí�����P��Jÿ�ô3ê#����ìRë�O±ôoë:õ´ì'óËþ:è�õ%ê=ø�ñ �Jì'ósñoò=ò�ì'ñoø�è�ò�é%ô3òB�/��ì
�3ë:ñ�Noì'ø�è�ò�éZH=ñoø ìRþ:õ�ñoòkÕ¤ëÉôoù-ø ì'õäú��[H�Õ9��ú�ÐRô��3ò�þÉô3ò�'øÓg�YÏ5ìRôM�!�=ÿÑí��������Jÿ�ñoò=óÇô3ê����ÑìRëVOªôoë:õÎì'óÍéoì'òoìY�?è��
ñoø éoôoë:è �/�=õÎþ�ñoò=ó�éoì'òoìY�?è����=ëÉôoéoë:ñoõ�õ�è�ò�é�ô3ò�þÉìYNoìRë:ñoø+ø�ñYë^éoìY"Tþ��Rñoø ìk�JìRþ)�Jù�ì'ó�þ ú�Ð'ê�ì'ø þJ'ßX ñ ���Jì'ò?ùÑìRë^é3ÿ
í�����P����

Ô
ìYNoìRë)�/��ì'ø ìRþÉþWÿ#�/��ì
ìYºÑì����?è Noì'ò�ìRþÉþ
ô�OWë:ñoò=ó�ô3õ õlê=ø �?è "Tþ4�?ñYë)�zø ôM�Rñoø?þÉì'ñYë��!�%è þ ø�è�õ�è �Jì'ó è�ò%õ�ñoòT]\�RñYþ^ìRþ
ù^] ñ¶ê ��ì'ò/�Jë:ñoø�ø�è�õ�è �B�Rñ �?ñYþ)�Jë^ô��u��ì�ëýúJö®ô�ìRþÉì'ÿuÑ�ñ��=ò�é3ÿ�'éÓ ê=ó3ó=ê=ÿ�í����Yî��Jï�ëWñoò=ó�ô3õ ø ôU�Rñoø¸ô����?è�õ�ñ�è�ò
ø�ñYëÉéoìn�=ë^ôoù-ø ì'õ´þ��Jì'ò=óB�Jôgñoø�øM�=ñ�Noì�ñ)NoìRë:ñYéoì%e�ê=ñoø�è �b]'ÿ8ü%è �/�sø�è ���?ø ìnN8ñYë:è�ñoò���ì�ú�Ó ñYë)�?è�òP'{�a���Jô3ÿÂí����Yî����
���=è þzõ´ì'ñoòoþI�/�oìn�!�=ñoò���ì5ô�O�²�ò=ó=è�ò�é ñoò%è�õn�=ëÉô/Noì'óÇþ^ô3ø�ê#�?è ô3ò ó=è�õ�è�ò=è þV��ìRþ�e�ê=è���A�ø ]·Oªë^ô3õ ô3òoì´è �JìRë:ñ �?è ô3ò
�Jô·�/��ìaò�ìYL^�/�k�3ô�è�õm�=ëÉô�Noì%ô3òZ�/�oìRþÉìo�4�=ñoò���ìRþWÿ�ñoò`0'$'0R(w23.NM�&�pXRz; 23. ?�64230'* 2lñ ���=ëÉô3ñ��!�#æ ó�ìRþWè é3ò�ì'óZ�Jô
þÉì'ø ì����ÇëÉìRþ)�?ñYë)�Íþ)�?ñ �JìRþxü%è �/� ù�ìY���JìRë)"3�/�=ñoò#"^ñ)NoìRë:ñYéoì ô�ó3ó�þzô�O+²-ò=ó=è�òoégñoògè�õm�=ë^ô/Noì'ó þ^ô3ø�ê#�?è ô3ò#æcþÉìRì'õÎþ

	�°
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ñ ���=ë^ô��=ë:è�ñ �Jì��â¸Rò=ó�ìRì'ó=ÿ%è�òû�/��ìc�/�oìRôoëÉìY�?è��RñoøËõ´ôÂó�ì'ø|ô�O%ø ôM�RñoøzþÉì'ñYë��!� �=ëÉô���ôoþÉì'óqù^] ðxø�ó�ô3êoþ ñoò=ó
ØÍñ �'è ë:ñoò=è�úJðÇø�ó�ô3ê�þJ'ßØÍñ �'è ë:ñoò=è�ÿ+í����Yî��Jÿ�ñËé3è Noì'òZ��ìRë�O±ôoë:õ�ñoò���ìsø ìYNoì'ø+�/�=ñ �m�?ñ AoìRþ\��úr±9��ë^ìRþ)�?ñYë)�Jþm�Jô
ëÉì'ñ��!��ù^]�ñËë:ñoò=ó�ô3õ þ)�?ñYë)�?è�ò�éZ��ô3ø�è���]`�Rñoò è�ò�þ)�Jì'ñoó�ù�ì�ëÉì'ñ��4�oì'ó�ü%è �/� ñYþkO±ìRü ñYþk�ÎúJø ôoé²±9��ëÉìRþ4�?ñYë)�Jþ
üB��ì'ò�ñoò�ñoó=ñ ���?è NoìZ��ô3ø�è���]'ÿ¤ü@�=è��4� ê�þÉìRþËþWê��Y��ìRþÉþ�O¿ê=ø�ì'ñYë:ø ] ë:ê3ò�þ��Jôgþ^ìRì'ó�ø�ñ �JìRë%þ)�?ñYë)�?è�ò�é þ)�?ñ �JìRþ:ÿ5è þ
ê�þÉì'ó��

ÓâñoòT] ñoó=ñ ���?è Noì�õ%ê=ø �?è "Tþ)�?ñYë)�h�Jì��!�=ò=è�e�ê�ìRþo�=ñ�Noìsù�ìRì'ò³�=ëÉô���ôoþÉì'ó�����òoì%�-ñYë4�?è��Rê=ø�ñYë:ø ]�ë^ì'ø ìYN8ñoò/�
þ)�?ê=ó�]ø�3ñYþ�ù�ìRì'ò´��ô3ò3ó=ê����Jì'ó�ù:]�ö-ô�ìRþ^ì�úJö-ô�ìRþÉì'ÿËí����������é��ò ño²�L�ì'ó3ÿ|üvì'ø�ø "3AÂò�ô?ü%ò è�ò�þ4�?ñoò���ì ô�O
�/��ìo��H�Õ�ÿI��ì%ë:ñoò ø ôM�RñoøÑþÉì'ñYëV�4�¨�������C�?è�õ´ìRþn�Jôx�=ë^ô�ó=ê���ìZ�������aø ôU�Rñoø�ø ] ô����?è�õ�ñoø�þÉô3ø�ê#�?è ô3ò�þ��\����ì'ò=ÿ
O±ôoëÇì'ñ��!�ýô�OU�/��ôoþ^ì%þ^ô3ø�ê#�?è ô3ò�þ:ÿE��ì·��ô3õm�-ê#�Jì'ó%�/��ìañ)NoìRë:ñYéoì ó=è þ)�?ñoò���ìB�Jôx�/��ì ô��/��ìRëk�Yî����%þÉô3ø�ê#�?è ô3òoþ:ÿ
õ´ì'ñYþ:êoëÉì'ó�ù^] ñ ò=ñ �?ê�ëWñoø-ó=è þ4�?ñoò���ìaõ´ìY�Jë:è��xô3ò>��H�Õ��Jô3ê�ëÉþ��@����ì%ëÉìRþ:ê3ø �Jþxþ��oô?ü|ì'ó ñ�þ)�?ê3ò=ò=è�ò�é>��ôoë)"
ëÉì'ø�ñ �?è ô3ò ù�ìY��ü|ìRì'ò þÉô3ø�ê#�?è ô3òûe�ê3ñoø�è �b] ñoò3ó�ñ�NoìRëWñYéoì�ó=è þ)�?ñoò���ì'ï·�=è é���"4e�ê=ñoø�è �,] ø ôU�Rñoø¤ô����?è�õ�ñk�Jì'ò3ó�ì'ó
�Jô¨�=ñ�Noì þ:õ�ñoø�ø�ñ�NoìRëWñYéoì ó=è þ)�?ñoò���ì@�JôZ�/��ìlô��/�oìRëÇô����?è�õ�ñ æf�/��ìY]aü|ìRëÉì�ê ��ì'ò/�Jë:ñoø�ø ]Mësø ôU�Rñ �Jì'ó#æcü@�=è�ø ì
ü|ôoëÉþÉì�ø ôU�Rñoø¸ô����?è�õ�ñm�Jì'ò=ó�ì'óC�Jôg�=ñ�NoìléoëÉì'ñ �JìRë%ñ)NoìRë:ñYéoì ó3è þ)�?ñoò���ì��Jô%�/��ìÎô��/��ìRëÉþ�üi�/��ìY] üvìRëÉìýñ ���/��ì
ê�ô3ê#�Jþ)AÂè ë)�Jþ�ëýô�OF�/��ì þ)�-ñ���ì��fH3è�õ�è�ø�ñYë¶��ôoëÉëÉì'ø�ñ �?è ô3ò�þ�üvìRë^ì¨O±ô3ê=ò=óqè�òhñ%N8ñYëWè ìY�b]qô�O+ô��/��ìRë ô����?è�õ�è �'ñ "
�?è ô3ò ó�ô3õ�ñoè�ò�þWÿ�è�ò��Rø�ê=ó=è�ò�é>�Rè ë��Rê=è �/ÎYéoë:ñ �u�%�-ñYë4�?è �?è ô3ò=è�ò�é3ÿÑþ:ñ �?è þ)²�ñYù-è�ø�è �b]'ÿ�ò�ê=õÍù�ìRë[�-ñYë)�?è �?è ô3ò3è�ò�é3ÿ+ñoò=ó
�¿ôoù�"Tþ���ô�� þ��!��ì'ó=ê=ø�è�ò�é�� ö-ô�ìRþÉìk��ô3ò��Rø�ê=ó�ì'ó@�/�3ñ �Îõ�ñoòT]%�=ë:ñ����?è��Rñoø�ô����?è�õ�è �'ñ �?è ô3òh�=ëÉôoù-ø ì'õ´þ5ìYLU�=è ù-è ��ñ
ê�é3ø ôoù-ñoø�ø ]f��ô3ò/NoìYLMë�ôoëÎþÉô�"4�Rñoø�ø ì'óÚê�ù-è é·N¸ñoø�ø ìY]Uë þ)�Jë:ê����?êoëÉì'ÿ�è�òýüB�=è��!�Z�/��ì þÉìY�Îô�O|ø ôM�Rñoø�ô����?è�õ�ñsñ ��"
��ì'ñYëÉþ@��ô3ò/NoìYLgü%è �/� ô3ò�ì·��ì'òT�JëWñoø=é3ø ôoù-ñoø3ô����?è�õ%ê=õk�Îö-ô�ìRþÉì�v þ�è�òT�?ê=è �?è Noìaó=è�ñYéoëWñoõäô�OM�/�oìËù-è é%N8ñoø�ø ìY]
þ)�Jë:ê����?ê�ëÉì�è þzëÉìY�3ëÉô�ó3ê���ì'ósè�òaç�è é3ê�ëÉì�í�á��

ç�è é3ê�ëÉì�í�áoïa¸�ò/�?ê=è �?è Noìo�-è����?êoëÉìsô�OF�/�oìÚê�ù-è é¨N8ñoø�ø ìY]Uë þÉô3ø�ê��?è ô3ò þ)�-ñ���ìaþ4�Jë:ê����?ê�ëÉì�� úJðÇó=ñ ���Jì'ó O±ëÉô3õ
úJö®ô�ìRþÉì'ÿ-í������������

���oì�ù-è é³N8ñoø�ø ìY] þ4�Jë:ê����?ê�ëÉìâè þ ñoê�þ4�-è��Rè ô3ê�þ·Oªôoësñ·p�q:rMsIt�"^ø�è Aoìâñ ���3ëÉô3ñ��4���·¸�ò=óoìRì'ó=ÿvö-ô�ìRþÉì�v þaè�ò#"
�?ê=è �?è Noì ó3è�ñYéoë:ñoõ�ÿÇõ´ô��?è N8ñ �Jì'ó ù:]Â�=è þ ìYL^�ÑìRëWè�õ´ì'òT�Jþ�ô3òhø�ñYëÉéoìY"Tþ��Rñoø ì ��ô3õm�-ø ìYL_�=ëÉôoù-ø ì'õ´þWÿ+ù�ì'ñYëÉþgñ
þ)�Jë:è AÂè�ò�é ëÉìRþÉì'õÍù-ø�ñoò���ìZ�Jô³�/��ì í "4Í üÎñ�NoìcO¿ê=ò����?è ô3òsô�O ç�è é3ê�ë^ì íoÿ-üB�=è��!�aü|ìg��ô3ò/�Jë:è Noì'ó�ñYþsñoòaìYL^"
ñoõm�-ø ì�ô�OE�/��ì%A�è�ò=óaô�OE�=ëÉôoù�ø ì'õ ñ �%üB�=è��4�cp	q^rMsutâüvô3ê=ø�ógìYLU��ì'ø���ö-ô�ìRþ^ì�ü|ì'òT�%ô3ò¶�Jô³�=ë^ô��Ñôoþ^ìâñ
��ü|ô�"3�u�=ñYþ^ì ñoó=ñ ���?è Noì õ%ê=ø �?è "Tþ)�?ñYë)� õ´ìY�/��ôÂó�ô3ø ôoé�]`O±ôoëÍô����?è�õ�è �'ñ �?è ô3òýþ:è�õ�è�ø�ñYë��Jôop	q^rMsutw������ìýõ�ñoè�ò
ó=è ºÑìRëÉì'ò���ìsè þ��/�3ñ � ö-ô�ìRþÉìx�3ñoò=ó#"Tù-ê=è�ø�óoþ%ñn�3ëÉôoù-ø ì'õm"Tþ)��ì��Rè ²u�zëÉô3ê#�?è�ò�ìxOªôoë�ñoó=ñ ���?è Noì'ø ]���ô3ò�þ)�Jë:ê����?è�ò�é
ò�ìRü�þ4�?ñYë)�?è�ò�é�þ)�?ñ �JìRþWÿ¸üB��ìRë^ì'ñYþnp	q^rwsIt ê�þÉìRþ%õ�ñ��4�=è�òoì�ø ì'ñYë:ò=è�ò�é\�Jô ó�ôh�/��ì�þWñoõ´ì�ñoê#�Jô3õ�ñ �?è��Rñoø�ø ]��
ð þ:è�õ�è�ø�ñYësõ´ìY�/��ôÂó�ô3ø ôoé�] ê=ò3ó�ìRë:ø�è ìRþ��/��ì>�Rê�ëÉëÉì'ò/�Îù�ìRþ)�%��ì'êoë:è þ)�?è��kO±ôoëËþÉô3ø NÂè�ò�é�ø�ñYëÉéoìg�3ë:ñ�Noì'ø�è�òoé

H=ñoø ìRþ:õ�ñoòo�=ë^ôoù-ø ì'õ´þ:ÿnê Ì��=ñoè�ò�ì'ó�Ò¸ôU�Rñoø=�a���?è�õ�è �'ñ �?è ô3ò�ëâú�Ì�Ò����Ëú�ÓâñYë)�?è�ò³' �����Jô3ÿ5í����Yî����`Ì[Ò��
��ìRë�O±ôoë:õ´þ�ôoë:ó3è�ò=ñYë)]o�=è�ø�ø��Rø�è�õÍù-è�ò�é@�JôËëÉì'ñ��!�ýñlø ôM�Rñoø'ô����?è�õ%ê=õµ´ ÿ�ñoò3ón�/��ì'ò�ñ ���-ø�è ìRþÎñ þ)��ì��Rè�ñoøÑø�ñYëÉéoìY"
þ)�JìY� þ)�JôM�!�=ñYþ)�?è��Ëô���ìRë:ñ �Jôoë óoìRþ:è é3ò�ì'ó·�JôGêbA�è���AMë\�/��ì�þÉì'ñYë��4�_O±ëÉô3õ¶´âè�òT�Jô�ñgò�ì'ñYëÉù^] ù-ê#��ó=è ºÑìRëÉì'ò/�

	�·
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ñ ���Jë:ñ����?è�ò�é ù-ñYþWè�ò��n°xè�ø�ø��Rø�è�õÍù-è�ò�é¨O±ëÉô3õå�/�3è þ ò�ìRü þ)�?ñYë)�?è�ò�éZ��ô3è�òT���=ëÉôÂó=ê���ìRþlñ�ò�ìRü ø ôM�Rñoø3ô����?è�õ%ê=õ
´)h3ü�è�Oz�/�=è þ��?ê�ë:òoþvô3ê#���Jô ù�ì õ%ê��!����ô�ôoëÉìRë5�/�=ñoòP´ ÿ:�/��ì'òxÌ�Ò�� ëÉìY�?ê�ëWò�þ=�Jôk´ ÿÂê3ò=ó�ô3è�ò�éB�/��ìmA�è���AM�E¸Rò
ìYºÑì����?ÿ�Ì�Òu�è��ô3ò�þ4�Jë:ê����JþÍñ´ò�ìRüG�=è é��#"^ø ìYNoì'ø�þ^ì'ñYë��4�Çþ)��ñ���ì'ï	�/��ì�ò�ìRü�ô���ìRë:ñ �JôoëÉþ���ô3ò�þWè þ)�+ô�O=ø�ñYëÉéoìY"Tþ)�JìY�
AÂè��3A õ´ô�NoìRþ:ÿ ñoò=óx�/��ì ò�ìRüäôoù	�¿ì����?è NoìcO�ê3ò����?è ô3ò�è þx�Rñoø��Rê=ø�ñ �Jì'ó ù:]>²=ëÉþ4��ñ ���-ø ]Âè�ò�é��=è�ø�ø��Rø�è�õÍù-è�ò�é�è�ò
�/��ìaø ô?ü["^ø ìYNoì'øÂþ)�-ñ���ì'ÿU�/��ì'òýìYN8ñoø�ê3ñ �?è�ò�é·�/��ì ëÉìRþ:ê3ø �?è�ò�é ø ôM�RñoøÑô����?è�õ%ê=õk��úJð�þWè�õ�è�ø�ñYën�Jë:è��3Ahè þ�ô�O��Jì'ò
ñ ���-ø�è ì'ó�ülè �/��éoì'ò�ìY�?è�� ñoø éoôoë:è �/�=õ´þWÿ-ñYþ´ü|ìýó=è þ��RêoþÉþ è�ò³H�ì����?è ô3ò>�����lùÑì'ø ô:üB���C¸Ròh�/��ì·��H�Õ�ÿ��/��ì�AÂè��3A
ó�ìRþ:è é3òoì'ó5ù:]kÓâñYë)�?è�ò�ñoò=ó������Jôlú�ÓâñYë)�?è�ò�'´�����Jô3ÿ�í����Yî���è þvñ�þ^ô�"4�Rñoø�ø ì'óxêYó�ô3êoù-ø ìY"Tù=ë:è�ó�éoì�ë+ô��ÑìRëWñ �?è ô3ò=ÿ
�4�oôoþÉì'ò´ù�ì��Rñoê�þÉì5þ:ê��!� õ´ô/NoìRþm�Rñoò=ò�ô��+ù�ì|ì'ñYþ:è�ø ]oOªô3ê=ò3ó%òoôoë�ì'ñYþWè�ø ]sê3ò=ó�ô3ò�ì|ù:]xÒ®è�ò#"4Ñ ìRë:ò=è é��=ñoò ø ôU�Rñoø
þÉì'ñYë��!� õ´ô/NoìRþ´ú�ÐRô��=òoþÉô3òX'ÚÓg�YÏ5ìRôU�4�=ÿ�í�����������Ò®è AoìËö-ô�ìRþÉì�v þxñoó=ñ ���?è NoìËõlê=ø �?è "Tþ4�?ñYë)�?ÿ�Ì�Òu� ëÉì'ø�è ìRþ+ô3ò
õ�ñoò�ê=ñoø�ø ] ó�ìRþ:è é3ò�ì'ókA�è���A þ)�JìY�=þ@O±ôoë�²-ò3ó=è�ò�égñ´éoô�ô�ógò�ìRü�þ)�?ñYë)�?è�òoé�þ)�?ñ �Jì'ÿ-ñYþÍô�����ôoþÉì'óC�Jôop	q:rMsItwv þ
ø ì'ñYë:ò�ì'ó ëÉìRþ)�?ñYë)�h��ô3ø�è���]�� ç=ê�ë)�/�oìRë:õ´ôoëÉì'ÿap	q:rMsItwv þ_êbAÂè��3A�þ�ëx�-ø�ñ���ìsþÉì'ñYëV�4� è�òhòoô��h�#ê�þ4�sñýëWñoò=ó�ô3õ
ò�ì'ñYëÉù^]ýù-ñYþ:è�ò=ÿ�ù-ê�� ô3ò�ì�þ)��ì��Rè ²u�Rñoø�ø ]x�=ëÉì'ó3è����Jì'óC�Jôk�=ëÉôÂó=ê���ì�ñoò è�õm�=ëÉô�Noì'óaø ôM�Rñoø=ô����?è�õ%ê=õk�

���oì ù-è é_N¸ñoø�ø ìY] ó=è�ñYéoëWñoõ�ÿËø�è Aoì ô3ê�ë í "4Í ü´ñ)Noì´O�ê=ò����?è ô3ò=ÿ���ô3ò/NoìY]�þ¶�/��ì�òoô��?è ô3òqô�O�ñ é3ø ôoù-ñoø
þ)�Jë:ê����?ê�ëÉì ô/NoìRë³�/��ì ø ôU�Rñoø5ô����?è�õ�ñ�� ×xò=ø�è Aoì`�/��ì üÎñ�NoìÚO¿ê=ò����?è ô3ò3ÿ%è �qñoø þÉôß��ô3ò/NoìY]�þ ô3ò�ìc��ô��Jì'ò#"
�?è�ñoø�ø ]qõ�è þ:ø ì'ñoó=è�ò�é è�ò/�?ê=è �?è ô3ò=ï��/�=ñ �´þ)�?ñYë4�?è�ò�é>O±ëÉô3õ ø ô?ü["4��ôoþ)�´þÉô3ø�ê#�?è ô3ò�þ�è þ�ò�ì���ìRþÉþWñYë:è�ø ]aù�ìY���JìRëm�/�=ñoò
þ)�?ñYë)�?è�òoéÚO±ëÉô3õ �3è é��#"4��ôoþ)��þ^ô3ø�ê#�?è ô3ò�þ��Ú¸Rò´�=è þ�þ:ê�ë)NoìY]hô�OÎø ôU�Rñoø
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