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:�ÉEÉEO969G"<±:�O9ObÌJÆEG�ÉVG0;PË�6¥RPRz69ÊEO9G�O9G�Ñ�Ì4RJÆE6QÑ�ÌPR¢ÉV>�RPRz69ÊEO9Gy:�CL<¬ÌJÆEG"C±6QÌPR¢È�G0CEGIR¢:�;PG¹ËA>?<?6QåLG"<
:KRNÌJ>AG"CL8�>?<?G�ÌPÆEGyCEG0Ï 8�>�;J;PG"RJÉV>KCL<?69CEÈ±Úd:K8�ÌJ69ÍKGjÛ¢RJ8=ÆEGI<?ÇEO9GKU
Å 6QCD8�G�ÌJÆEGIRzG�ËA>?<?6måV80:~ÌP6Q>�CLR7:�;PG�úBYÇULþ$SNÌP>�ÌJÆEGNæp>KÊ
RJÆE>KÉ±RJ8=ÆEGI<?ÇEO96QCLÈ�ÉE;P>KÊLOQG"ËAR"á

:�CL<éÈK69ÍKG"C/ÌJÆD:~Ì�ÌJÆEG"Îé:K;JG�G0CL80>?<?G"<é6QCéÌJÆLGA:KOQÈ�>K;P6mÌPÆEË ÉE;P6Q>�;�ÌJ>
6mÌ=R�G�Ò?G"80Ç?ÌJ69>KCBá�ÏHG
80:�O9ObÌJÆLG0Ë 69CLRJG0;JÌJ69>KC±>�Ñ.ú�ûbü�ýdþ~ü�ýh<?>�ËA:K6QC±ÜWCE>~Ï7O9G"<?È�GKU
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machine 2

machine 3

machine 1

machine 2

machine 3

É½É½ÉÉ½É½ÉÉ½É½É
Ê½Ê½ÊÊ½Ê½ÊÊ½Ê½Ê

Ë½Ë½Ë½ËË½Ë½Ë½ËË½Ë½Ë½ËÌ½Ì½Ì½ÌÌ½Ì½Ì½ÌÌ½Ì½Ì½Ì
Í½Í½Í½ÍÍ½Í½Í½ÍÍ½Í½Í½Í
Î½Î½Î½ÎÎ½Î½Î½ÎÎ½Î½Î½Î

Ï½Ï½Ï½Ï½ÏÏ½Ï½Ï½Ï½ÏÏ½Ï½Ï½Ï½ÏÏ½Ï½Ï½Ï½Ï
Ð½Ð½Ð½ÐÐ½Ð½Ð½ÐÐ½Ð½Ð½ÐÐ½Ð½Ð½ÐÑ½Ñ½Ñ½Ñ½Ñ½ÑÑ½Ñ½Ñ½Ñ½Ñ½ÑÒ½Ò½Ò½Ò½ÒÒ½Ò½Ò½Ò½Ò Ó½Ó½Ó½ÓÓ½Ó½Ó½ÓÓ½Ó½Ó½Ó

Ô½Ô½Ô½ÔÔ½Ô½Ô½ÔÔ½Ô½Ô½Ô Õ½Õ½ÕÕ½Õ½ÕÕ½Õ½ÕÕ½Õ½Õ
Ö½Ö½ÖÖ½Ö½ÖÖ½Ö½Ö

×½×½×½××½×½×½××½×½×½××½×½×½×
Ø½Ø½ØØ½Ø½ØØ½Ø½Ø

Ù½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½Ù
Ú½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½Ú

Û½Û½ÛÛ½Û½ÛÜ½Ü½ÜÜ½Ü½Ü
Ý½Ý½Ý½ÝÝ½Ý½Ý½ÝÝ½Ý½Ý½ÝÞ½Þ½Þ½ÞÞ½Þ½Þ½ÞÞ½Þ½Þ½Þ

ß½ß½ß½ßß½ß½ß½ßß½ß½ß½ß
à½à½à½àà½à½à½àà½à½à½à
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1

1

2

2

32

3

1

1

2

3

2

1

3

3

1

2

3

time

time

Original schedule

Active schedule

10 15

10 15

5

5
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®�¯Åôõ¹ � �¬J���´kºF´ �?»�� ±?M � ±)ön÷v�$L�J}ø��$±?M ¹qù L:��´ � �!Hm±ûú­±?J�L:ø�H�EoL � ø"±?³!³
Ù¢ÆE69R±RJG"8�>�CL<×ÜWCE>~Ï7O9G"<?È�G�6QCLRJG0;JÌJ69>KC�ËAGI8=ÆL:�CE6¥RJË 6¥R¬69CSÌJG"ÈK;=:~ÌJGI<�ÌJ>ÓÌJÆEGéË�Ç?Ì=:~ÌJ69>KC
>KÉVG0;=:~ÌJ>�;"U~Ù¢ÆEG76¥<?G"C�ÌP6måV80:~ÌP6Q>�CA>�ÑVÌJÆEG7ÊVG"RzÌ,69CL<?69ÍS6¥<?ÇL:KOL:�CD<�ÌPÆEG7ÇLRJG7>�Ñ�:�Ë�GI8=ÆL:�CL69RJË
ÌJ>
G0C?ÑÔ>�;P80G�ÌJÆL:�Ì�CLG0Ï 6QCL<E6QÍW6¥<?ÇL:�O¥R�ÈKG"CEG0;=:~ÌPG"<é:�;PG�RJ6QËA69O9:K;�ÌJ>
ÌJÆL69R�>�CEGKá�6¥R�ÇLRJG"<é6QC
>KÇE;.8":KRJG¹ÌP>&:K8080G0O9G0;=:~ÌPG�80>KCWÍKG";JÈ�G0CL80GKU
Ù¢ÆE69R¢6¥RNÉE;PG"8�6¥RJG0O9Î&ÌJÆEG�Ë&:�69C±69<?GI:�>KC�Ï7ÆL698=Æ±ÏHG�ÊL:�RzGI<¬ÌPÆEGy<?G"RJ69ÈKC�>KÑBÌPÆEGyÊDG"OQ69G�Ñ

RzÉL:�8�G/>KÑ
>KÇE;
:�ÉLÉE;J>S:K8=ÆhUHÙ¢ÆEGµÊVG0O96QG0Ñ�RJÉL:K80Gµ8�>�C�Ì=:�69CLR�:ÓÉL:�;JÌ±8":�O9OQGI<�Rz6QÌJÇD:~ÌJ69>KCD:�O
ÜSCL>~Ï7OQGI<?ÈKG�áVÏ7ÆL698=ÆèÆL:KR�ÉE;PG0ÍW69>KÇLRJO9Î�ÊDG"G0C³ÇLRJG"<µÑÔ>K;
8�>�CSÌJ69CSÇL>KÇLR�>KÉEÌJ69Ë�69Ð":�ÌJ69>KC�Ýmòjã?á
ã�ñ"à�U Å 6QÌJÇD:~ÌJ69>KCD:�OLÜWCE>~Ï7O9G"<EÈKG.8�>�CLRJ69RzÌPR�>KÑhRpÌP>K;P6QCEÈ�ÌPÆEG4ÊVG"RzÌ,69CL<?69ÍW69<?ÇD:�OEÑÔ>�ÇECL<¬RJ>�Ñd:�;Iá
:�CL< ÇLRJGy6mÌ4:�R7:�O9G":�<?G0;¢ÌPÆL:~Ì.>KÌJÆEG";.Rz>�OQÇEÌJ69>KCLRNË�ÇDRpÌ7ÑÔ>�OQO9>~ÏyU
çvC ÌPÆE6¥R480:�RzG�á?ÌJÆLG
69<EG":A6¥R¢ÌJÆL:�Ì.ÌJÆLG
ÊDGIRpÌ¹6QCL<E6QÍW6¥<?ÇL:�O¥R¢ÑÔ>�ÇECL<�<?ÇE;P69CEÈAÌJÆEG�RzGI:�;=8=Æ

ÉE;J>?80G"RPR�ÉE;P>~ÍS6¥<?G¢ÇLR,6QC?ÑÔ>�;JË&:�ÌJ69>KC&:�ÊV>KÇ?Ì,ÌJÆEG.ÉD:~ÌzÌPG0;PCLR�ÌPÆL:~ÌHÌJÆEG4RJG"ÕSÇEG"CL8�GIR�>�Ñ�>�ÉDG";zØ
:~ÌJ69>KCDRH69C ÌJÆEG�Ë&:K8=ÆE69CEGIRHRJÆE>KÇLO9<�ÑÔ>KO9OQ>~Ï�69C±>K;=<?G0;HÌJ>&<?GI8�;PG":KRJG.ÌPÆEG�Ë&:�ÜKGIRzÉD:�C¬Í~:�O9ÇEG
>�ÑZÌJÆEG
RJ>KO9Ç?ÌJ69>KCDRHÈ�G0CEG";P:�ÌJGI<�U
ùéGHË�>?<?6QÑÔÎ�ÌJÆLG,Ë�ÇEÌP:~ÌP6Q>�C
>KÉVG0;=:~ÌP>K;ª6QC
>�;P<EG0;hÌP>¹8":�ÇLRJG�ÌPÆL:~ÌªÌJÆEGN>�ÌPÆEG0;ZRz>�OQÇ?ÌP6Q>�CLR

ÆL:jÍKG¬:�È�;JGI:~ÌPG0;Füz;PG"RJG0Ë�ÊEO¥:�CL80G$ý³ÚÔ6fU G�UQáªÌJÆD:~Ì
ÌPÆEG069;�Í~:�O9ÇEGIR�:�;PG&ËA>K;PG¬Rz69ËA6QO¥:�;�Û�Ï76QÌJÆ
;JGIRzÉVG"8�ÌªÌP>4ÌPÆEG¢6QCL<E6QÍW6¥<?ÇL:�OERzÌJ>�;JGI<y69C�ÌPÆEG7Rz6QÌJÇL:�ÌJ69>KCL:KOWÉL:�;JÌ"U~Ù¢ÆEGNË�Ç?Ì=:~ÌP6Q>�C�>KÉVG0;=:~ÌP>K;
ÌJÆL:�Ì�ÏNG¬ÉE;P>KÉV>�RJG&69R�ÊL:KRJG"<³>�C¦RzÏ¢:�ÉDR
>�Ñ.80>KËAÉD>�CEG0CSÌ=R
69CÖÌJÆEG ÉDG";JË�Ç?ÌP:�ÌJ69>KCÖÏ76QÌJÆ
;JG"ÉDG0ÌJ6QÌJ69>KCLR"U
çvC¦>K;=<?G0;�ÌJ>éÉDG";zÑÔ>�;JËöG":�8=ÆÖ>�Ñ7ÌPÆEG"RJG±RJÏ¢:�ÉLR"áBÏNG¬åL;=RzÌ�O9>W8":~ÌPG&ÌJÆEG åL;=RpÌ�Ë&:~ÌP8=Æ

ÊDG0ÌpÏHG"G0C±ÌJÆEGy69CL<?69ÍW69<EÇL:�OBÌJ>AÊDG�Ë�Ç?Ì=:~ÌJGI<
:�CL< ÌJÆLGy6QCL<E6QÍW6¥<?ÇL:�OªRpÌP>K;PG"<±6QC±ÌPÆEG
Rz6QÌJÇD:~Ø
ÌJ69>KCL:KOªÉL:K;zÌIáLÊVG0È�6QCECL6QCEÈ�ÑÔ;J>�Ë :¬;=:�CL<?>�Ë¸ÉV>�RJ6QÌJ69>KChUhÿ¹CL8�G�ÏHG
åLCL<�ÌPÆE6¥R4Ë&:~Ì=8=ÆháVÏHG
ÌJ;PÎ
ÌJ>±6QCL80;JGI:KRJG�ÌPÆEGA8�>K69CL8069<?G"CL8�G�ÊVG�ÌpÏNG0G0CéÌJÆLG�ÌpÏN> RJ>KO9Ç?ÌP6Q>�CLR�8�>KËAÉL:K;JGI<�UbÙ¢ÆE69R�6¥R
<?>KCEG¹ÊWÎ&G�ÒWÌJG"CL<?69CEÈ�6QÌHÌP>
ÌPÆEG¹CLG�ÒWÌ¢80>KËAÉV>KCEG"C�ÌHÌJÆL:�ÌN6¥RN<?6mîbG0;PG0CSÌ¢ÊDG0ÌpÏHG"G0C�ÌJÆEG4ÌpÏH>
6QCL<E6QÍW6¥<?ÇL:�O¥RN8�>KËAÉL:K;JGI<�U Å 6QCL80G4ÏNG¹:K;JG4<EG":�O969CEÈ�Ï76QÌJÆ¬ÉVG0;PË�ÇEÌP:~ÌP6Q>�CLR"á�6QÌH6¥R,CLG"8�GIRJRP:�;PÎ
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ÌJ>µË&:KÜKG¬G0Ò?8=ÆD:�CEÈ�G"Ry69C¦ÌPÆEG 80>KËAÉD>�CEG0CSÌ=R�69C¦>K;=<?G";
ÌJ>éÜKG"G0É³ÌJÆLG ÉVG0;PË�Ç?Ì=:~ÌP6Q>�C¦:KR
Íj:KOQ6¥<�U
T.CèG�ÒE:�ËAÉEO9GA>�Ñ,ÌPÆE6¥RyÉE;P>W80G"RPR�69RyRJÆE>~Ï7Cµ69C6�ª69ÈKÇL;JGAâLUh@BG�ÌIø RyRJÇEÉEÉV>�RJG�ÌJÆL:�Ì�ÌPÆEG

;P:KCL<?>KË�69CE6QÌJ6¥:�ObÉD>SRz6QÌJ69>KC 69RHO9>W8":~ÌP6Q>�C±ã?USç�ÑhÌPÆEGyRpÌP;J69CEÈ�80>KCSÌP:K6QCL6QCEÈ�ÌJÆEG�ÉVG0;PË�Ç?Ì=:~ÌJ69>KC
åLCE6¥RzÆEGIR�:KCL<�CE>ÖË&:~ÌP8=Æ�6¥RAÑÔ>�ÇECL<�áHÏHGµ80>KCSÌJ69CWÇEG/RJG":�;=8=ÆE69CEÈéÑÔ;J>�Ë ÌPÆEG/ÊVG0ÈK69CECE69CEÈ
>�Ñ�ÌJÆEGéRpÌP;J69CEÈLU,çvC×ÌJÆEG/G0ÒE:�ËAÉEO9G/RzÆE>~Ï7C×69C��Z6QÈ�ÇE;JG�âDá�ÌJÆLG/Ë&:~ÌP8=Æ�>?8"8�ÇE;=RA6QC×ÌPÆEG
RJ:KË�G�O9>?80:~ÌP6Q>�C
ãEUEçvC±OQ>?80:�ÌJ69>KC
ÞEá?ÌPÆEGyÍ~:�O9ÇEG"R7:K;JGy<?6QîbG0;PG0CSÌ"áL:KCL<�ÌJÆWÇLR7ÏNG�ÌP:�Ü�G�ÌJÆE6¥R
ÉD>SRz6QÌJ69>KCA:KRZÌPÆEG¢åL;=RpÌ�G�ÒE8=ÆL:KCEÈKGHÉD>�6QCSÌIUKÙ¢ÆEG7RzGI8�>�CL<�G0ÒE8=ÆL:�CEÈ�GHÉV>K69CSÌ�69R�ÌPÆEG¢OQ>?8":~ÌJ69>KC
>�ÑBÌPÆEGy8�>�Ë�ÉV>KCLG0CSÌ¢ÌJÆL:�Ì¢Ë&:�ÌP8=ÆEGIR,ÌPÆEGyCEG0ÒSÌ7Í~:�O9ÇEG�69C�ÌPÆEG�6QCL<E6QÍW6¥<?ÇL:�OhRzÌJ>�;JGI<¬69C�ÌPÆEG
Rz6QÌJÇL:�ÌJ69>KCL:KO¢ÉL:�;JÌ"U�çvC®ÌJÆEG
G�ÒE:KË�ÉLOQG
RzÆL>~Ï7C¦6QC«�Z6QÈ�ÇE;PG âDáZ6QÌ&69RAO9>?80:�ÌJ69>KC®õLá�Ï7ÆE698=Æ
8�>KCSÌ=:�69CLR7:�Íj:KOQÇLG�>KÑ�ãEU

3 1 2 5

1 4 5

First match

Situational knowledge

6 3

4 6

2Individual before mutation

1 2 3

Component swapped

Forced match

Individual after mutation 6 5 4
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ç�ÑpáNÏ7ÆLG0C :~ÌzÌPG0ËAÉ?ÌP6QCEÈ®ÌJ>×ÉVG0;JÑÔ>K;PË :�C G0ÒE8=ÆL:�CEÈ�G®Ú\RzÏ¢:�ÉDÛ�á¢ÏHGéåLCL< ÌJÆL:�Ì ÌPÆEG
6QCL<E6QÍW6¥<?ÇL:�ODÌJ>�ÊDG�Ë�ÇEÌP:~ÌPG"<¬:KCL<AÌPÆEG469CL<?69ÍW69<?ÇD:�O�RpÌP>K;PG"<A69C&ÌJÆLG�RJ6mÌPÇL:~ÌP6Q>�CL:�ODÉL:�;JÌN:K;JG
G�ÒE:K8�ÌJO9Î&ÌJÆEG
RP:�ËAG�áWÌJÆEG"C ÌPÆEGyG�ÒE8=ÆL:KCEÈKG�ÉV>K69C�Ì=R7Ï769OQOhÊVGy;=:�CL<?>�ËAOQÎ¬RJG0O9G"8�ÌJG"<hU
Ù¢ÆEG¢ÉDG";JË�Ç?ÌP:�ÌJ69>KCLRZÏ76QÌJÆ�;JG"ÉDG0ÌJ6QÌJ69>KCLR�:�<?>KÉ?ÌPG"<�6QC�ÌJÆL69R�ÏN>K;PÜbáIÆD:jÍKG¢:¹RJ6QÐ"Gÿ2 5 ' U

Ù¢ÆSÇDR0á"ÊSÎ�ÉVG0;JÑÔ>K;PË�69CEÈ�Ú�2n5 ' Û � ãHG�ÒE8=ÆL:KCEÈKGIR0á�ÏNG�ÏN>KÇEO¥<y8�>�ËAÉEOQG0ÌJG"OQÎ�;JG">K;=<?G0;bÌPÆEG,G"C?Ø
ÌJ69;JG.RzÌJ;P6QCLÈ¬ÚÔG":�8=Æ�G0ÒE8=ÆL:�CEÈ�G¢;JG">K;=<?G0;=R�ã�6QCL<E6QÍW6¥<?ÇL:�O¥R=Û�UKçvCA>�;P<?G";�ÌJ>yÆL:jÍ�G7:�Ë�Ç?Ì=:~ÌJ69>KC
>KÉVG0;=:~ÌJ>�;�ÌJÆL:�Ì�8�>�ÇEO9<èÉVG0;JÑÔ>K;PË ÌPÆEG�8�>�;J;PG"RJÉV>KCL<?69CEÈ±ÉDG";zÌPÇE;PÊL:~ÌP6Q>�CLRy69C³:KCÖGb�¬8�69G0CSÌ
ËA:KCECEG";�:KCL<�áªÌJÆL:�ÌA:�Ì�ÌJÆLG RP:�ËAG¬ÌP6QËAGKá�80>KÇEO¥<¦:�O9O9>~Ï�:KCÓ:�ÉLÉE;J>�ÉE;P69:�ÌJG¬ÊL:KO9:KCL8�G�6QC
ÌJG0;PË&R�>�ÑHG0Ò?ÉEOQ>�;P:�ÌJ69>KCµ:KCL</G0Ò?ÉEOQ>�6mÌ=:~ÌP6Q>�Cµ>�ÑHÌJÆEGARJG":�;=8=ÆµRJÉL:K80GKábÏNG�<?GI8�6¥<?G"<µÌJ>�RJG�Ì
ÌJÆEGNCWÇEË�ÊVG0;Z>�ÑLRJÏN:KÉLRNÚÔ>K;ªG�ÒE8=ÆL:KCEÈKGIRPÛVÌP>¹ÊVGNÉDG";zÑÔ>�;JËAG"<�ÌP>�:¹8�G";zÌ=:�69C
6QCD<?6QÍW6¥<?ÇL:KOVÚd6QC
>K;=<?G0;�ÌP>yÈKG0CLG0;=:~ÌJG¢:�CA>KîbRJÉE;P6QCEÈWÛ�:KR�:�;=:�CL<E>KË CWÇEË�ÊDG";�ÊDG0ÌpÏHG"G0C
ò.:�CL<
Ú�215 ' Û � ã?U
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Ù¢ÆEG ÇLÉV<E:�ÌJG±>�Ñ.ÌPÆEG±ÊDG"OQ69G�Ñ�RzÉL:�8�G±8�>KCDRz6¥RpÌ=R�>�CEO9ÎÖ>�Ñ.;PG0ÉEO¥:K806QCEÈµÌJÆEG
69CL<?69ÍW69<?ÇD:�O

RpÌP>K;PG"<�69C ÌPÆEGèRJ6QÌJÇL:�ÌJ69>KCL:KO¹ÜWCE>~Ï7O9G"<?È�G/Ï76QÌJÆ ÌPÆEGèÊDGIRpÌ
6QCD<?6QÍW6¥<?ÇL:KO¹ÑÔ>�ÇECL<�69C ÌPÆEG
8�ÇE;P;JG"CSÌ¢ÉV>KÉLÇEO9:�ÌJ69>KChU
ç�Ìª6¥RBÏN>K;JÌJÆ
80O9:K;J6QÑÔÎW6QCEÈ¢ÌPÆL:~ÌZÌJÆLG,ÇEÉb<E:~ÌPG,>KÑ?ÌJÆEGHÊDG"OQ69G�ÑDRJÉL:�8�G�6¥RBCL>�ÌZ<E>KCEG,:�ÌªG"ÍKG0;PÎ

ÈKG0CLG0;=:~ÌJ69>KCBUDùèGAÉDG";zÑÔ>�;JË ÌPÆE69R�ÇLÉV<E:�ÌJG&:~ÌyG"ÍKG0;PÎ��������
	��
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ìVaH�"p p=�dyA� HIHIH HIHIH rj�"�I� HIHIH p=�I�"�I�I� HIHIH
ìVaH�j� p=�dyA� HIJIJ HIJIJ �"�"�I�I� HIJIJ p=�I�"�I�I�  ! ! 
ìVaH�I� p=�dyA� JIK*L   �I� �I�"�I� JIK*L �0�NM p�yqp=��O JIK*L
ìVaH�$r p=�dyA� JIKQP JIKQP �"�"�I�I�"� JIKQP p=�I�"�I�I� JIKQP
ìVaH�j� p=�dyA� JIK í JIK í �"�"�I� JIK í p=�I�"�I�I� JIK í
ìVaH�   p��oyA� K · H K · H �"�"�I� K · H p=�I�"�I�I� K · H
ìVaH�j� p��oyA� RIKQP RIKQP rj�"�I� RIKQP p=�I�"�I�I� RIKQP
ìVaH�I� p��oyA� RIH í RIH í rj�"�I� RIH í p=�I�"�I�I� RIH í
ìVaH�!È p��oyA� KIJ x KIJ x �"�"�I� KIJ x p=�I�"�I�I� KIJ x
ìVa�p�� p��oyA� KIJIR KIJIR �"�"�I� KIJIR p=�I�"�I�I� KIJIR
ìVa�p!p �0�dyA� x"·?·?· x"·?·?· �"�"�I� x"·?·?· p=�I�"�I�I� x"·?·?·
ìVa�p�� �0�dyA� x P í K x P í K �"�"�I� x P í K p=�I�"�I�I� x P í K
ìVa�p�� �0�dyA� x?x JQP x?x JQP �"�"�I� x?x JQP p=�I�"�I�I� x?x JQP
ìVa�p<r �0�dyA� x"· K · x"· K · �"�"�I� x"· K · p=�I�"�I�I� x"· K ·
ìVa�p�� �0�dyA� x"· PSL x"· PSL �I�"�I� x"· PSL p=�I�"�I�I� x"· PSL
ìVa�p   p=�dy*p�� K þ J È$r   �I�0�I�I� K þ J �0�NM p�yqp=� O Èj�I�
ìVa�p�� p=�dy*p�� LQR þ LQR þ �I�0�I�I� LQR þ �0�NM p�yqp=��O �"�j�
ìVa�p�� p=�dy*p�� R þ R R þ R p<rI�I�I�"� R þ R �0�NM p�yqp=��O R þ R
ìVa�p�È p=�dy*p�� R þ�· R þ�· �j�0�I�I� R þ�· p=�NM p�yqp=� O �j�I�
ìVaN�"� p=�dy*p�� KQP · ÈI�j� p��"�I�I�"� KQP · �0�NM p�yqp=��O È"p��
ìVaN��p p��oy*p�� x P þ H p��I�$È p��0�I�I�"�I� p��I�I� �0�NM p�yqp=��O p��$rj�
ìVaN�I� p��oy*p�� K · L È$r~� p��0�I�I�"�I� K · L �0�NM p�yqp=� O ÈI�  
ìVaN�"� p��oy*p�� x P í?· x P í?· �"�"�I�I�"� x P í?· p=�NM p�yqp=��O x P í?·
ìVaN��r p��oy*p�� K í J È   r p��"�I�I�"�I� Èj�br p=�NM p�yqp=��O Èj�I�
ìVaN�I� p��oy*p�� K*LIL È!ÈI� p��"�I�I�"�I� ÈI��r p=�NM p�yqp=� O p��I��r
ìVaN�   �0�dy*p�� x"·}x R x"·}x R p��0�I�I�"�I� x"·}x R p=�NM p�yqp=� O x"·}x R
ìVaN�I� �0�dy*p�� x"·?í J p��   È �"�"�I�I�"� p��   È p=�NM p�yqp=� O p��   �
ìVaN�"� �0�dy*p�� x"·}x H p���r"p p��"�I�I�"�I� p��"�I� p=�NM p�yqp=� O p���r"p
ìVaN�$È �0�dy*p�� x?x J*L p!p��$È p��"�I�I�"�I� p��0�I� p=�NM p�yqp=� O p!p�È"�
ìVaH�I� �0�dy*p�� x"í JIJ x"í JIJ �"�"�I�I�"� x"í JIJ p=�NM p�yqp=� O p��j�  
ìVaH�"p �"�dy*p�� x LQR þ x LQR þ p��0�I�I� x LQR þ p=�NM p�yqp=��O x LQR þ
ìVaH�j� �"�dy*p�� x RIJQP x RIJQP rj�"�I�I� x RIJQP p=�NM p�yqp=��O x RIJQP
ìVaH�I� �"�dy*p�� x L x K x L x K �"�"�I�I� x L x K p=�NM p�yqp=� O x L x K
ìVaH�$r �"�dy*p�� x L ·}x x L ·}x p   �I�I�"� x L ·}x p=�NM p�yqp=��O p��"�"�
ìVaH�j� �"�dy*p�� x RIRIR x RIRIR p   �I�I�"� x RIRIR p=�NM p�yqp=��O x RIRIR
ìVaH�   p��oy*p�� x"· HIR p��$ÈI� p��"�I�I�"�I� p��0�j� p$p�M ��yqp=� O p��I�I�
ìVaH�j� p��oy*p�� x"í K*L p<r~�:p p<rI�I�I�"�I� p<r"p�� p$p�M ��yqp=��O p<r!r"p
ìVaH�I� p��oy*p�� x?x KIH p��I�   p��"�I�I�"�I� p��:p�� p$p�M ��yqp=��O p���rI�
ìVaH�!È p��oy*p�� x"·?í?í p��  $  �"�"�I�I�"� p��brj� p$p�M ��yqp=� O p��   r
ìVa©rj� p��oy*p�� x"·?·?· p��   � p��"�I�I�"�I� p��br!r p$p�M ��yqp=� O p��I�"�
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ìVaH�"p p=��y&� HIHIH HIHIH  $ !   $  �
ìVaH�j� p=��y&� HIJIJ HIJIJ  $ !    �I�
ìVaH�I� p=��y&� JIK*L   �"�   p��   �I�
ìVaH�$r p=��y&� JIKQP �$È"�   �I�   p!p
ìVaH�j� p=��y&� JIK í JIK í ��ÈI� ��ÈI�
ìVaH�   p���y&� K · H K · H ÈI�   ÈI�  
ìVaH�j� p���y&� RIKQP RIKQP �$ÈI� �$Èj�
ìVaH�I� p���y&� RIH í RIH í �   � �   �
ìVaH�!È p���y&� KIJ x KIJ x ÈI��p ÈI��p
ìVa�p�� p���y&� KIJIR KIJIR ÈI�"� ÈI�"�
ìVa�p!p �0��y&� x"·?·�· x"·?·?· p��I�"� p��I�"�
ìVa�p�� �0��y&� x P í K x P í K p=�I�$È p=�I�$È
ìVa�p�� �0��y&� x?x J�P x?x JQP p$p��0� p$p��0�
ìVa�p<r �0��y&� x"· K · x"· K · p��$ÈI� p��$ÈI�
ìVa�p�� �0��y&� x"· P*L x"· PSL p��"�I� p��I�"�
ìVa�p   p=��yqp=� K þ J È$r   È"�j� È$Èj�
ìVa�p�� p=��yqp=� LQR þ LQR þ ��Èj� �"�!È
ìVa�p�� p=��yqp=� R þ R R þ R �   p �$Èj�
ìVa�p�È p=��yqp=� R þ�· R þ�· �   � �$È"p
ìVaN�"� p=��yqp=� KQP · ÈI�I� È�p�� È�r~�
ìVaN��p p���yqp=� x P þ H p��$È   p$p��br p$p��I�
ìVaN�I� p���yqp=� K · L Èj�0� ÈI�I� È$Èj�
ìVaN�"� p���yqp=� x P í�· x P í?· p=�I�I� p=�I�I�
ìVaN��r p���yqp=� K í J Èj�br È$ÈI� p=�j�:p
ìVaN�I� p���yqp=� K*LIL È!È   p=�j�:p p=�j�  
ìVaN�   �0��yqp=� x"·}x R p��"�"� p��I�"� p=�"p<È
ìVaN�I� �0��yqp=� x"·?í J p��   È p=�"p�� p=�j��È
ìVaN�"� �0��yqp=� x"·}x H p��"��r p��$ÈI� p=�j�0�
ìVaN�$È �0��yqp=� x?x JIL p��br~� p��I�0� p=�I�I�
ìVaH�I� �0��yqp=� x"í JQJ x"í JIJ p=�j�0� pIrBp��
ìVaH�"p �"��yqp=� x LQR þ x LQR þ p��"��r p��"��r
ìVaH�j� �"��yqp=� x RIJ�P x RIJQP p=�j�0� p=�j�"�
ìVaH�I� �"��yqp=� x L x K x L x K p���p<È p���p<È
ìVaH�$r �"��yqp=� x L ·�x x L ·}x p��I�:p p��I�0�
ìVaH�j� �"��yqp=� x RIRQR x RIRIR p=�I�"� p<ÈI�I�
ìVaH�   p���yqp�� x"· HQR p��I��p p=�$rj� p=�I�"�
ìVaH�j� p���yqp�� x"í KIL p<r   � pIr�È   p���rI�
ìVaH�I� p���yqp�� x?x KQH p��0�   p=�I�"� p=�j�"�
ìVaH�!È p���yqp�� x"·?í�í p��  !  p=�I�I� p=�j�0�
ìVa©rj� p���yqp�� x"·?·�· p��"�"� p��$ÈI� p=�"p��

s �Btvu¤w J � ¶ } �vlSk�np�yi"¨�nzs"oqr } �è¨~u/iIlKt � lSk�npl�tzs0kNs0kq�Ii"tpo�np �w ¡�  } rµ² � oqrS� np  } w
s � oqw�l�w
r�l�w�¨ } tNi"¤Z²�npr } �v�¢¤9lSr � npoqiIr } gIs0kmlSs0npoqiIr��¢npi&�0�I�K� �"�I�K� �
} �v �i�¡£oqr t ' u�WZYd� 1 w ¨?i"np �np  }
¨ } ��nH«�r�i�¡�r��viIkql�npoqi"r&s"rS��np  }¢� s"� } �,oqr�¡� So �  �iIlKtHs"kq�Ii0tpoqnp �w t } s �   } ���vl �  �g"s"kql } �



a×XZl�k�npl�tzs"kVaHkq�Ii0tpo�np Sw ¤¥i0t/.IiI¨Kc�_� Si"x¬_ �   } �KlSkqoqrS� p��
ÈKG0CLG0;=:~ÌJG¹ÌJ;=:K<EG�Ø�>�î�R,ÌPÆL:~Ì7ÌPÆEG�ÇLRJG0;.8�>�ÇEO¥<�G"Íj:KOQÇD:~ÌJG�69C
>K;=<?G0;NÌJ>&<?GI8�6¥<?G�Ï7ÆL:~Ì.RJ>KO9Ç?Ø
ÌJ69>KC±ÌJ>&8=ÆE>W>�RJGKU

��ÃSl7½.À(oÄ���ªÁ��©���B½H¾��
Ù¢ÆEG¬åL;=RzÌ�:�Ç?ÌPÆE>K;�:K8=ÜWCE>~Ï7O9G"<?È�G"R
RJÇEÉEÉV>K;JÌ
ÑÔ;P>KË M7ÿ�÷4T4MHÎ?Ù3ÌJÆL;J>�ÇEÈKÆ¦:éRJ8=ÆE>�O9:K;zØ
RzÆE69É ÌJ>AÉEÇE;=RzÇLG¹È�;P:�<?ÇL:~ÌPG�RzÌJÇD<?6QGIR¢6QC/MH>KËAÉEÇEÌJG0; Å 8�69G0CL80G�:�ÌHÌPÆEG Å GI808�6�p>KC±<?G�MH>KË�Ø
ÉEÇ?ÌP:�8�6�p>KC±>�ÑZÌJÆEG
ë,OQGI8�ÌP;J6¥80:KObë,CEÈK69CEG"G0;P6QCEÈ��¹G0ÉL:K;zÌPË�G"CSÌ4:~Ì¹MHçp÷���ë Å ÙZT��4Øfç � ÷
U
Ù¢ÆEG,RJG"8�>�CL<y:�ÇEÌJÆE>�;ª:K8=ÜWCE>~Ï7O9G"<EÈKG"R�RJÇEÉEÉV>K;JÌBÑÔ;P>KË M7ÿ�÷4T4MHÎ?ÙéÌJÆL;J>�ÇEÈKÆyÉE;P>�æpGI8�Ì

÷.>LUDÞ�âSãKóEò0Ø�T�U

�k�V�I�B¿��B½4ÃT�m�
pI��.K�?aN��s"wy�=�S^��Wí�s"kms0�=�Es"rS� | �E�Es=¡�s � «?��`�  } �v So�¤9npoqrS�y¨?i0nvnpk } r }=� «�x�tpi �=} �Kl�t } ¤¥i0t § iI¨
�v �iIx�� �   } ��l�kmoqr����rqqî�s?î�t:óvu óvsBðrw�ïIñ�óvs?ï�óJ�?�$r�°Ô�j´v� �!È�pvx�rj�"p"�­p�ÈI�"�K�

���7¶ } rSs0nzs � �SaHo }P� �S_E��íZoqrSs0npi��Ss"rS� � s0l�tpo � oqi�{¹� XH�S¶ } � } rS� } �Be�s�tzs"kqk } k�{N¶Ha¢_Ke�¡�o�np 
xSs0np Kcdt } kmoqr�«Koqr���¤9i"t § iI¨4�v Si"x¹� �   } �KlSkqoqrS�K�Ny©îUz î�{�{Nó/{I|V}Uu�~I��ð\ñ�s�t"�j��È�°\rj´v� �$ÈI��x:rj�"�K�K�0�I�"�K�

�K�.`Vs"xWs0rÖeb��í�s0� �  So���q?��{ ð\ñ�}����bó ïIð\ñÅò$ó�w?ï���ó����N{ ñ�s�t��/���©óvs�óhð\ñ\ï��!{ t�}UzhñÅðX��u7�p�n�7kql~¡ } t
a � sI� } wyo � ehlS¨Skqoq�v  } tp�=�S[ } ¡��Zi0tp«E�S_ } x�n } w¹¨ } tÿp<È!È!È��ZY�_�íZ[��0cf�$ÈI�"��cf�I�   pPc   �r��!� } rSr } np &¶4�EíZs"« } t�����s�ð�z�}��U��ïIð\ñ�}�s)ð�}^w�ó��/��óvs�ïIñXs�tAî�s*�^w?ï���ó����N{ ñ�s�t"�µ.IiI �r � omk } u��
_�iIr��=�S[ } ¡��Zi0tp«?�fp<Èj��rK�

����.K� � �Bí�s0tpr } �ys"rS�4.�� íH�ZXZ Ws"w¹¨ } tp�=�/_�iIkqg�oqrS�¬np  } .IiI¨è_K �iIxé_ �   } �KlSkqoqrS��e�tpiI¨Sk } w
l��voqrS�y`�s0¨Sl&_ } s0t �  D�r�������Qz î�s��hî�ïIð\ñ�}�s��z�D�"�K°d�"´v� �"�I��xK�   �K�­p�È$Èj�~�  ��.K�0^���í } s"�vk } u~�  ¶�c\ìDoq¨�tzs�tvuG�=��oq��nvtpoq¨SlKnpomr���n } ��n�x�tpi"¨Sk } wy�D¨�u } k }=� nvtpi"rSo � w
s0omk��*��}U�Nz�s�î�{
}��µðX�BóE�2~Bóvz%î$ð\ñ�}�s?î�{G 
óv�<ó î�z%ï��?wI}�ïIñ�óhð��"�?rBpj°%p$p�´v� p��   È�x?p��I�I�~�mp<È!ÈI���

���4XH��íZo } tv¡�o�tvnp D�/a¼{ } r } tzs"kqoq· } �µe } tpw�l�nzs�npoqiIr/aHx�x�tpiIs �  /npi*.Ii"¨³_� Si"xµ_ �   } �KlSkqoqrS�
¡�o�np ¬{ } r } npo � aHkq�"i"tpo�np Swy�=�!�( ¡w�~Bó
¢�ð�z���u��Tp���� �j��x�Èj�~�vp�È$Èj���

�K��.K�,X�s0tpkqo } t�s"rS�Ö^��,ehoqrS�vi"rD� aHr¦s"kq�"i"tpo�np Sw�¤9i"t��viIkqg�omr��µnp  } ."iI¨�cf_� SiIxÖxKtpiI¨�k } wA�
q*î�s�î�t:óvudóvs�ðrw?ïIñ�óvs�ï�óJ�W�j�K°d�"´v� p   r£x?p��   �­p<ÈI�!È��ÈK�  kqoqg�o } t�X�s0npiIr�o��A_�iIkqg�oqrS�&_ �   } ��l�kqomr��Ae�tpiI¨�k } wy�4¨~u±_Koqw¹lSkms0n } ��aHr�r } s0kqomr����?w����=q
��}U�Nz�s�î�{2}�s#|V}�sBð�z�}�{=î�s*�?�2~?ð\ñ�u�ñ
¤�î$ð\ñ�}�s��W�   °d�"´v�Np��"�$È£x?p��I�"���b_ } xKn } w�¨ } t�p�È!È"�K�p=�K�7¶.��XZ  } rS��� � ��{ } rL��s"rW�¥���K`��vl § oqw�lKtzsK�ba¦nplKnpi"tpoms"kE�vl�tpg } uyi"¤ § i"¨�cd�v Si"x�� �   } �KlSkqoqrS�
xKtpiI¨�k } wy��lS�voqrS�7� } r } npo � s"kq�"i"tpo�np Swy���IYJ�"¶ } xKt } � } r~nzs0npoqi"rD��|V}Uu�~I��ð�óvz���îUs*�!��sI������ð�zhñ�î�{
�rs�t$ñXs�ó�óvzhñXs�t"�?�"�N� ÈI�"�£x:È!Èj�~�vp�È$È   �p$pI�7¶.��XZ  } rS��� � ��{ } rL��s"rW�¥���K`��vl § oqw�lKtzsK�ba¦nplKnpi"tpoms"kE�vl�tpg } uyi"¤ § i"¨�cd�v Si"x�� �   } �KlSkqoqrS�
xKtpiI¨�k } wy�¢lS�voqrS��� } r } npo � s"kq�"i"tpo�np Swy���LYvYJ�Gf,u�¨Ktpom�¬� } r } npo � � } s0t �  ±��nvtzs�n } �Io } �=�\|V}UuT¦
~Q�"ð�óvz��nî�sI�T��sI������ð�z�ñ�î�{I�§s�t$ñ�s�ó�óvz�ñ�s�t"�W�   °d�I´v� �$rI�£x��   rK��p<È!È$ÈK�p����4XZ Ss"rKc�."omréXZ �lSr���s"rW��¶,iI¨ } tvn�{¹�h¶ } uKrSiIkm�K�=��X�aH^ªe§�BaHrµ^hgjiIkql�npoqi"r�cd¨Ws0� } �/`�i~iIk
¤9i"t,¶ } s"k�cd]¢s0kml } ���blSr � npomi"r  xKnpomwyoq·�s�npoqiIr�l��voqrS�yXZl�k�npl�tzs"kDaHkq�"i"tpo�np Swy�=�§��}U�Nz�s�î�{2}�s
�¨z�ð\ñ ©mïIñ�î�{I��s�ð�ó/{�{ ñ
t:óvs?ï�óª�*}�}�{ �p�?�K°Ô�j´v� �0�!È£x��$ÈI���vp�È$ÈI���p=�K�4X�s�tpkqiI��a4��XZi } kqkmiyXZi } kqkmiK�h`�  } i"t } npo � s0kVs0rW�y[Nl�w } tpo � s"kEXZi"rS��nvtzs0omr~nvc�f¢s0rW�Kkmoqr���` }P�  Kc
r�o
«�l } �7lS� } � ¡�o�np /^Bgji"kql�npoqiIrSs0tvu±aHkq�Ii0tpoqnp �wy���ba _Kl�tpg } u¬i"¤�np  } _�nzs0n } i0¤�np  } a�tvn��
|V}Uu�~I��ð�óvz^q-óhðX��}��U�Añ�s¬�r~�~*{ ñ�ó��\qqó�ï��"î�s�ñ�ï/�*îUs*�&�§s�t$ñ�s�ó�óvz�ñ�s�t"�/p�È"pI°%p!p�x?p��"´v� p���rj��xp��"�I����.Is"r�lWs�tvu&�0�I�j�~�



p=� ¶,o � s0tz��i�ìVs"rS�Ss¹í }=�=} tvtzsys0rW�&X�s�tpkqiI�Ha4�WXZi } kqkmi�XZi } kmkqi

pIr��4X�s�tpkqiI��a.�VXZi } kqkmi±XZi } kqkqi�s"rW� ¶Ho � s�tz��i&ìDs"rW��sAí }=�P} tvtzsK�AaN�S�KoqrS�^�7r�i�¡�k } ��� } s0rW�
^®­ � o } r~n | s�nzs�_~nvtpl � nplKt } �Znpi�^hgji"kmlKnpoqiIrWs�tvu�ehtpi"�"tzs0wywyomr�����a×XZl�k�npl�tzs"kLa,km�"i"tpo�np Sw
¤9i"t�XZi"rS��nvtzs"oqr } �  x�npoqwyoq·�s�npomi"rD�éYfr � � íH�ZìVs"r��j�KiIrD�ª^�� X�s"r~nE�l�c\e�s0·I�r��� � s0np �oms"�=�
¶.�=¶,i�u~� | � | s�g�oq�=��¶4�=ebiIkqo��£����í�s0kms"«~tpoq�v SrWs0rD��]4��fNi"rWs�g"s0t���{¹�=¶HlS��iIkqx� D�I.�� �
} � } r } t��
ìh�ªíZlSkqk�� � �Za4�ªebi"nvn } t���a4� XH��_ �  �lSk�np·I�m.��Z�Z� � oqkqk } t���^���íªl�tp« } �ªs0rW�é[4� .IiIr�iI�v«"sK�
} ��o�npi"tp�=�Zyrz�}�ï�ó�ó
��ñ�s�t��ª}���ðX�Bó?�©óvs�óhð\ñ�ï î�s*�ª�~òU}�{ ��ð\ñ�}�s�îUzv�¯|V}�u=~I��ð�î$ð\ñ�}�s�|V}Us���óvz óvs�ï�ó
° �V�,|§|§�¥± ²�³�³U²�´��bxSs"� } �¹�"�"p�xK�0�!ÈK�ª_Ks"r±��tzs"r � oq� � i���X�s"kqo�¤¥i"tpr�omsK�­.Il�k�u��0�I�j�~� � i0tp�js"r
�.s0l�¤9w
s"rSr�ehlS¨Skqoq�v  } tp�=�p����.a,kq¨ } tvnpi�XZiIkqi"tpr�o�� � s�t � i | i"tpoq�"i��h]No�nvnpi0tpomi � s"r�o } ·=·=iK�Bs"rW� � s�t � i `DtplS¨�oQs0rD� aHr~n
��uK��n } w3¤¥i"t�.Ii"¨�cd�v Si"x
� �   } ��l�kqomr������I�( �µ��V¶V·£µ�ó/{ t$ñ�î�s#��}���z�s�î�{�}��¸�2~Bóvz î�ð\ñ�}�sQ�7 
ó/¦
�Ió î�z%ï���¹(wBð�î$ð\ñ���ð\ñ�ï/��î�sI��|V}�u=~I��ð�óvzºw�ïIñ�óvs?ïhóJ�S�$rN� �!È£x��"���vp�È!È�r��p   �!»HlSr � l } XZl�o�� � oms"i¢ìDo��js0rW�¹`�omr�� § oms"r
�Ss"rS�K�S_�nplW��u7i"¤?ebiIxSl�kms0npoqiIr | omg } tp�vo�nfu4i"¤ � l�k�c
npoqi"¨ §f}=� npoqg } ^Bgji"kql�npoqiIrSs0tvu¬a,km�"i"tpo�np Sw3í�s0� } �&iIr&Yfwyw¹lSr } s"rS�&^Br~nvtpiIx~u�ehtpoqr � oqxSk } �=�
Y\r¥yrz�}�ï�ó�ó��$ñ�s�t���}��
ðX��ó�|V}�s�t�z�óv�
�=}�s¥�~òU}�{ ��ð\ñ�}�s?î�z��C|V}�u=~I��ð�î$ð\ñ�}�sC²N³�³�¼ ° |½�!|º± ²�³�³�¼v´��
gIiIkqlSw } ���DxWs0� } �dp���p   x?p��I��p"�BeBoq� � s�nzs�¡�s=u~�V[ } ¡g. } tp� } u~� � s=u±�"�"�"pI�VY�^B^ª^�_ } tpg�o �=}
X } r�n } t��p���� � ��f4� | l�tp Ss"wA��|V}�¦%óhòU}�{ ��ð\ñ�}UsS¾r�©óvs�óv�
¹¨|®��{ ð���z óv¹~î�sI�:¿,��udîUs?ÀÿñÅò$óvz���ñ¤ð��"�ª_~nzs"r�¤9i"tz�� rSoqg } tp�vo�n\u�eht } �v�=�?_�nzs0r�¤¥i0tz�L�WX�s"kqo�¤¥i0tprSomsK�vp<È!È$rK�p=�K� | s�g�om�&íH�L�Si"� } k����~òU}�{ ��ð\ñ�}�s?î�z��\|V}�u�~Q�"ð�î�ð\ñ�}�sSÁ¨�*}�Âmî�z��Aî¥ÃnóvÂ¬y(��ñ�{Ä}��v}v~����?}��,qqî�¦ï��:ñ�s�ó¥��sBð�ó/{�{ ñ
t:óvs?ïhóJ� `�  } Y\rS��npo�npl�n } i"¤H^hk }=� nvtpo � s"k,s0rW��^hk }P� nvtpiIr�o � ^Br��Ioqr }P} tp�=��[ } ¡
�ªi"tp«?��p�È$Èj�~�p<ÈK�.ìDs=¡�t } r �=} .��ª�SiI� } k����¨z�ð\ñ ©KïIñ\î�{���s�ð�ó/{�{ ñ
t:óvs?ï�óÇðX��z�}���t£�¬w�ñ�u:�N{ î$ð�ó����ÂòU}�{ ��ð\ñ�}UsSÁrÅZ}Uzhð��
Æ ó î�z��,}��r�~òU}�{ ��ð\ñ�}�s�îUzv�!y§z�}
t�z î�u:u�ñ�s�t"�T.Ii" Sr � oqk } uE�®_Ki"rS�=�~Y\r � �q�~[ } ¡¬�ªi"tp«?��p<È!È$ÈK�

�0�K�.í } r § s"wyoqr&��tzs0rS«�kqomrAs"rW� � s0t �=} kVí } tp� } tpw
s"rL��XZlSk�nplKtzs"kbs0kq�Ii"tpo�np �wy���EXZiIr �=} xKnp�Ns0rW�
}J� x } tpomw } r�np�=�IYfr:yrz�}�ï�ó�ó
��ñ�s�t���}��KðX��ó§²�³�³�³7|V}�s�t�z óv�
��}�s:�~òU}�{ ��ð\ñ�}�s�îUzv�T|V}Uu�~I��ð�î$ð\ñ�}UsS�
xSs"� } �µp���rj��x�p��I�:pI�Dehom� � s0nzs=¡�s=u~�W[ } ¡Ä. } tp� } u~�W�"�"�I���WY�^B^B^³_ } tpgKo �=} X } r�n } t��

�:pI�.�Kt } �±{Nkqi�g } t4s0rW� � s"r�l } kªìDs"�"lSrWs��\��î��/��w�ó î�z%ï����¥�7kql~¡ } t4a � sI� } wyo � ehlS¨�kmoq�v  } tp�=�
[Hi"tv¡ } kqk � s0�v�ps �  Kl�� } nvnp�=�Tp<È!ÈI���

�"��� | s�g�om�&^��D{NiIkm��¨ } tp�K�¸�©óvs�óhð\ñ�ï:�={ t�}�zhñ¤ðX��u7�nñ�s�w�ó î�z ï���¹!�2~?ð\ñ�u�ñ
¤�î$ð\ñ�}�s)î�s*�Eq*î�ï���ñ�s�ó
¶=ó�îUzvsBñ�s�t"�DaN����oq�viIrKc �
} �vk } u�eBl�¨Skqoq�v SoqrS��XZiIwyxSs"r~u~�I¶ } s"��oqrS�K� � s"�v�ps �  �lS� } nvnp�=�}p<ÈI�$ÈK�

�0�K��."iI���} � } tprWs0rW��i�{Ni"r®Ç� s0kqg } �7s0rW�A[¹� XH� í } o�tzs0i�� � w3s0kq�Ii"tpo�npwyi�� } rZ�} npo � i�¨Ws"� } sI��i } w
�  Ws�g } �Vs0k } s0nS�i"tpoms0�bxWs�tzs�� } «�l } r � oQs0wyo } r~npi�� } iIx } tzsQÇ� i } �=�� ©óhò�ñ���ð�î¨ 
óhò�ñ���ð�î¨�,�
�v}�ïIñ�î�È ïSÉî�}
y�}�z�ð���t��?óv�hîE�:ó�Ànóv�<óvsBòU}�{ ò�ñ�udóvs�ð�} ó���s�ò$óv��ð\ñ
t�î�È ïSÉî�}^�2~Bóvz î!ïIñ�}�s�î�{ ��p�ÈN� p��"�ºx p=�j����p<È!È$ÈK�
°�oqr�ebi"tvnplS�"l } � } ´J�

�br��.^hwyw
s(fNs0tvnVs"rS�7e } n } tb¶,iI�v�=�I`�  } ^hgjiIkqlKnpomi"r4s"rW�NaHrWs0k�u��voq�Di"¤�s�eBi0n } r~npoms"k�aHr~npoq¨?i��Ku
ìLoq¨�tzs0tvu¬¤9i"t � � } oqr)."iI¨�cf_� SiIx
_ �   } �KlSkqoqrS�K�
Yfr | s�g�om�
XZi0tpr } � � s0t � i | i"tpoq�IiK��s0rW�
�Kt } �&{Nkqi�g } t�� } ��o�npi"tp�=�SÃnóvÂ¬�/�:ó î��µñXs��Z~?ð\ñ�u�ñÄ¤bî�ð\ñ�}�sS�SxWs0� } ��p��I��xK�0�j�~� ��� {Htzs�¡�c�fHomkqk��
ìLiIrS��iIrL��p�È!È$ÈK�

�"���.^hwyw
srf¢s�tvn��0e } n } t�¶,iI�v�=�"s0rW�n.���[ } kq�vi"rD�Ke�tpi���l � omr��Htpi"¨SlS��nb� �   } ��l�k } �bg�oQs,s"r¹s0tvnpo�²�c
� oQs0k?oqwyw�lSr } ��uK��n } wA�LYfrªyrz�}�ï�ó�ó
��ñ�s�t��º}��/ðX��óº¼�Ê�Ê�Ë7���V�(����sBð�óvzvs?î$ð\ñ�}�s?î�{V|V}Us���óvz óvs�ï�ó
}Us¯�~òU}�{ ��ð\ñ�}�s?î�zv�Ì|V}�u�~Q�"ð�î�ð\ñ�}�s ° �U|½�,|º± Ê�Ë�´��hxWs0� } ��r   r£x:r   ÈK�ZaHr �  �i"tzs0� } �Ba,kQs0�v«Is��p<È!È"�K�WYf^ª^B^èe�t } �v�=�

�   ��."iI Sr�f¹�SfHiIkqkms"rS�L�T�¨��î�~?ð�î$ð\ñ�}�sFñXs�Ãµî$ð���z î�{mî�s*�ª�¨z�ð\ñ ©mïIñ�î�{®wQ�U��ð�óvu7�p� � rSoqg } tp�vo�n\u&i"¤
� o �  Soq�js0r&e�t } �v�=�?a,rSrAa�tp¨?i"t�� � o �  �om�Is"rL�=p�ÈI�I�~�

�"���!»Hom��iIr��F.Ioqr¦s"rS�³¶Hi"¨ } tvn�{¹��¶ } uKrSiIkm�K�=� � �vomr��¯�7rSi�¡�k } ��� } c\í�s"� } �Ó^hgji"kmlKnpoqiIrWs�tvu
XZi"wyxSlKnzs0npoqiIr�npi¹_Ki"kqg } [HiIr�kmoqr } s0t�XZiIrS��nvtzs0oqr�n  x�npoqwyoq·�s0npoqi"r�e�tpiI¨�k } wy����s4XZlSk�npl�tzs0k
a,kq�Ii"tpo�np �w a,xSx�tpiIs �  D�¬Y\r�¼�Ê�Ê�Ê�|V}�s�t�z óv���^}�s\�ÂòU}�{ �"ð\ñ�}�s�î�z���|V}�u�~I��ð�î$ð\ñ�}�sS�hxSs"� } �p   �"��x?p   �0�K� � s0�v SoqrS�0npiIrL� | � XH�q��."lSk�uqp<È!È$ÈK�WYf^ª^B^³_ } tpg�o �=} X } r~n } t��

�0�K�.a,kq¨ } tvnÿ."iIr } �¢s"rS�¬ìDlSoq�NXH�E¶Ns0¨ } kqi��N_KlKtpg } u�i"¤m.Ii"¨±_� Si"x�_ �   } �KlSkqoqrS�
` }=�  Sr�o4«~l } �=�
[HYv_K`�Yf¶.��[¢s0npoqi"rWs"kDYfr���npoqnplKn } i"¤h_�nzs"rS�Ss�tz���,s"rS��` }=�  Sr�iIkqiI�0u~�fp<È!È"�K�



a×XZl�k�npl�tzs"kVaHkq�Ii0tpo�np Sw ¤¥i0t/.IiI¨Kc�_� Si"x¬_ �   } �KlSkqoqrS� p�È
��ÈK�.^�� {¹�?XZiUÍEw
s"r1."t��!|V}�u�~Q�"ð�óvz�î�sI�¥��}���w���}v~�w�ï���ó����N{ ñ�s�t��½��ó�}�z��"�m.Ii" Sr � oqk } uAs0rW�
_�iIr��=�fp<Èj�   �

�"�K�4_~n } xS  } r.¶4�"ìDs�¡�t } r �=} �K¶ } �viIlKt �=}�� i"rS��nvtzs0omr } �¹xKtpi §f}=� nB� �   } �KlSkqoqrS���"s0r }P� x } tpoqw } r~nzs0k
oqr�g } ��npoq�Is0npoqiIr�i"¤�  } l�tpoq��npo � � �   } �KlSkqoqrS�¹n }P�  �rSo
«~l } �¢°��vl�xSx�k } w } r~nJ´J��{Htzs"��lWs�n } _ �  Si~i"k
i0¤�YfrS��l���nvtpoQs0kVaH��wyoqrSoq��nvtzs�npomi"rD�SX�s0tpr } �Io } c ��} kqkqiIr � rSoqg } tp�vo�nfu~�Keho�nvnp�v¨SlKtp�I D�Se } r�rS��uKk�c
g"s"r�omsK�}p�ÈI��r��H° � r�xSlS¨�kqom�v  } �W´J�

��pI� | s�g�om�A_?�B.IiI �rS�viIr � o �  Ws } kV¶.�S{¢s0t } u~�!|V}Uu�~I��ð�óvz��nî�s*�7��s�ð�z%î�ïIð�î��Iñ�{ ñÅð���¾2�Î�r��ñ��:ó�ð�}ðX�Bó��½��ó�}�z��:}��rÃ�y§¦�|V}�u=~*{Nóhð�óvs�óv�
� ° w�óvz�ñ�óv�¨}��(µ=}�}£¢U�ÂñXsdðX��ó§qqî$ðX�Bóvudî$ð\ñ�ï�î�{�w�ïIñ�óvs?ïhóv��´��� f×��t }=} w
s"r¸� XZiK�q��.IlSr } p�ÈI�$È��ZY�_�íZ[��0cf��p   ��c�p=�$r~��cf���
�I���4�?¨Soq�"rSo } ¡ � o �  Ws"k } ¡�o � ·"�µa3_�l�tpg } u
i"¤¢XZiIr���nvtzs"oqr~n¥f¢s0rW�Kkmoqr�� ` }=�  �rSo
«~l } �¹oqré^hgji0c
kqlKnpomi"rWs�tvu³XZi"wyxSlKnzs0npoqiIr ��} np Si����=�¦Y\r6.��Z¶4� ���=| iIrSr } kqk���¶.��{¹�ª¶ } uKrSiIkm�K�=��s0rW�
| �KíH���SiI� } k�� } ��o�npi"tp�=�Qyrz�}�ï�ó�ó
��ñ�s�t���}���ðX�Bó¨ÏBðX�E�¨s�sQ�Bî�{®|V}�s��<óvz�óvs�ï�ó�}�sª�~òU}�{ ��ð\ñ�}�s�îUzv�
yrz�}
t�z%î�u7u�ñ�s�t"�IxWs0� } �Âp��I��x�p��I�~�K`�  },� Yf`µe�t } �v�=�~X�s"w�¨Ktpom��� } � � s0�v�ps �  �lS� } nvnp�=�?p<È!ÈI���

�"�K�4�?¨Soq�"rSo } ¡ � o �  Ws0k } ¡�o � ·I���©óvs�óhð\ñ\ï¨�={ t�}�zhñ¤ðX��u7�ºÐ¯Ànî$ð�î:wBð�zv�BïIð���z�óv�!ÑÌ�~òU}�{ ��ð\ñ�}�sTyrz�}�¦
t�z%î�u7�p�Z_KxKtpoqrS� } tvc\] } tpkms"�K�S[ } ¡��Zi0tp«?�Knp �o�tz� } �Koqnpoqi"rD�}p�È!È   �

��r��4�?¨Soq�"rSo } ¡ � o �  Ws0k } ¡�o � ·¢s"rS� � s0t � _ �  Si } rWs"l } t��L^hgjiIkql�npoqi"rWs0tvu�aHkq�Ii0tpo�np Swy�h¤¥i"t�XZiIrKc
��nvtzs0oqr } �ye�s�tzs"w } n } t  xKnpomwyoq·�s�npoqiIrye�tpiI¨�k } wy�=�G�ÂòU}�{ �"ð\ñ�}�s�î�z��ª|V}�u�~I��ð�î$ð\ñ�}�sS�:r�°%p�´v� pvx
�I���}p�È$È   �

�I���.`DiIw � o�n �   } kqk��ªÒ�óvz���ñ�}�s�w�~"î�ï�óv�/¾½�,s¸��~�~Iz�}�î!ï��Að�}?|V}�s�ï�óÓ~?ðV¶mó î�zvsBñ�s�t"�ªeh  | np  } �voq�=�
XZi"wyxSlKn } t�_ � o } r �P}H|¢} xWs0tvnpw } r�n��~_�nzs0r�¤¥i0tz� � rSoqg } tp�vo�n\u~��_�nzs0r�¤9i"tz�L��X�s"kqo�¤¥i"tpr�omsK�=p<Èj�0�K�

�   ��.K� �Z� � lKnp 4s"rW�4{¹� ìB�0`� �iIwyx��viIrD�N��s*������ð�zhñ\î�{�w�ï���ó����N{ ñ�s�t"��eht } r�npo �=} cÓfNs"kqk��"^Br��Ik } ¡�i~i��
XZkqoÔÍE�=�W[ } ¡Ä. } tp� } u~�}p�È   ���

�I���7¶�u~i"  } oE[¢s0«Is0rSiys0rW��`bs"« } �v So½�Zs"w
s"�Ss��ªXZiIr�g } r~npoqiIrSs"kV{ } r } npo � aHkq�"i"tpo�np Sw ¤9i"t�.IiI¨
_� Si"x e�tpiI¨�k } wy�=��Y\r ¶.�S���Dí } k } ¡£s"rS� ìh�LíH�VíZi~iI« } t�� } ��o�npi"tp�=�2y§z�}�ï�ó�ó��$ñXs�t��E}���ðX�Bó
Å½}���zhðX�T��sBð�óvzvs?î$ð\ñ�}�s?î�{®|V}�s��<óvz�óvs�ï�ó,}�s&�©óvs�óhð\ñ\ï¨�={ t�}�zhñ¤ðX��u7� ° �U|§�(�,¦�Ê�¼�´���xSs"� } �Krj��rUxrj�$È��D_�s"r � s�n } i��VX�s0kmo�¤9i"tprSoms��mp<È!È"p"� � r�omg } tp�vo�nfuAi0¤�X�s0kqoq¤9i"tpr�oQs���_Ks"r | o } �"i�� � i0tp�js"r
�.s0l�¤9w
s"rSr�ehlS¨Skqoq�v  } tp�=�

�"�K� � ��ehoqr } �Ki��§w�ï��Bó
�U��{ ñXs�t�¾§�½��ó�}�zv�U¹2�={ t�}�z�ñÅðX��u7�µî�s*�¥wQ�U��ð�óvu7�p�ªeht } r~npo �=} fNs"kqk��W^hrS�"k } c
¡Zi~i��&XZkqoÔÍE�=�=p�È$Èj�~�

�$ÈK�.a.�?XH�W¶ } rK¤9t } ¡7� | uKrWs"wyo �.� i�� } kqoqrS�
oqr¬a,t �  Ws } iIkqiI�0uG� �  Ws�n�� �   } rD�Ss"rS� �   } t }£Õ
Y\r
_?�L^��Dg"s"r � } t.ì }=} l~¡7� } ��o�npi"t��2À,��s?î�u�ñ�ï�î�{Zq&}���ó/{ ñ�s�tAî�sI�AðX�Bó¥wBð��Q�U��}��^|Z�Bî�s�t:óñXs^�¨z ï��Bî:ó/{Ä}
t��0�E^B��oqr�¨SlKtp�I  � rSoqg } tp�voqn\u�eht } �v�=�W^ª�KoqrK¨�l�tp�" D�S_ � i0npkms"rW�E�fp<È!È�r��rI�K�7¶,iI¨ } tvn,{¹�S¶ } uKrSi"km���=�ha,r�Y\r�nvtpi��Kl � npoqi"r�npi
XZl�k�npl�tzs"kLa,km�"i"tpo�np Swy�=�hY\r�a.�K]¹�S_ } ¨Ss"km�
s0rW��ìB��.����SiI� } k�� } �Ko�npi"tp�=�Iy§z�}�ïhó�ó��$ñ�s�t���}���ðX��óE�½��ñ�z��:�¨s�sQ�Bî�{Ö|V}�s���óvz óvs�ï�ó7}�sC�~òU}�{ �N¦ð\ñ�}�s�î�z��,y§z�}
t�z î�u:u�ñ�s�t"��xWs"� } �/p=�"p�x?p��$ÈK� � i0tpkm�
_ � o } r~npo�² � �I¶Hoqg } t�^B��� } �~[ } ¡6. } tp� } u~�p<È!È�r��r"pI�7¶,iI¨ } tvn.{¹�L¶ } u�r�iIkm���=�¹XZl�k�npl�tzs"kBs0km�"i"tpo�np Swy���D`�  } i"tvu�s0rW��s"xSx�kqo � s0npoqiIr��=��Y\r | s�g�om�
XZi0tpr } � � s0t � i | i0tpoq�Ii���s"rW�Ö�Kt } �Ö{Nkqi�g } t�� } ��o�npi"tp�=�=Ã�óvÂk�/�:ó î��1ñ�s×�2~?ð\ñ�u�ñ
¤�î$ð\ñ�}�s��
xSs"� } �,�   ��x��I�I��� ��� {Htzs�¡�c�fHomkqk��EìLiIrW�KiIrL� � ����p�È!È$ÈK�rj���4_?��¶,iIrSs"km�L�Ø�©óvs�óhð\ñ�ï)î�{ t�}UzhñÅðX��u7�*î�sI��~Bóvz�u7��ð�î$ð\ñ�}�sQ¦%óvs?ï
}��:ó��¯~Qz�}���{Nóvu:��¾�ÀµñÅò$óvz���ñÅð��
~Qz�óv�Ióvzhò�î�ð\ñ�}�s*î�sI�dî:��ð��Q�U�E}��=u:��{ ð\ñXu¥}���î�{ ñ¤ð��"�Deh  | np  } �voq�=�K`�  }/� rSoqg } tp�vo�nfu�i"¤b_Ki"l�np 
a,lS��nvtzs0kmoms��=p�È$Èj�~�rI�K�4_?��¶,iIrWs0km�L�£¶Hi"¨SlS��n } r � i���oqrS�"�AoqrÓ� } r } npo � s"kq�"i"tpo�np Swy�=� Y\r | � | s0�v�Il�x�nzs�� �b�
� o �  Ws0k } ¡�o � ·I� } ��o�npi"t����~òU}�{ ��ð\ñ�}�s?î$ð����={ t�}�z�ñÅðX��u7��ñ�s��rs�t$ñXs�ó�óvzhñXs�t=�r~�~I{ ñ�ï�î$ð\ñ�}�s��z�0xSs"� } �
�"�£x�r!r��E_Kx�tpoqr�� } tvcd] } tpkms"���}p�È$Èj�~�r$r��.�Ktzs"rS·�¶,i"np �kms"l�¤\�Ù 
óÓ~Iz�óv�IóvsBð�î$ð\ñ�}�s��^�/}�zÚ�©óvs�óhð\ñ�ï6î�sI�Ì�~òU}�{ ��ð\ñ�}�s?î�z��¬�={ t�}�zhñ¤ðX��u7�p�
eh ~uK�vo � s0cd] } tpkQs0����[ } ¡��ªi"tp«?�S�"�"�j���rj���.^��ª`bs"oqkqkms0tz�E�Öe�s0tzs0kqk } kHnzs"¨�lé� } s0t �  én }=�  Sr�o4«~l } ¤¥i0tynp  }4§ iI¨��v Si"x³� �   } ��l�kqomr�� xKtpiI¨Kc
k } wA�ª` }P�  �rSo � s"kD¶ } x?i"tvn  ¶ � eé�!È�p!p!p"�E^ � iIk } ebiIk�u�n }=�  SrSo
«~l } � } � } tzs0k } �?ìDs"lS�ps0rSr } �
_~¡�o�np· } tpkms"rS�L�}p�ÈI�$ÈK�



�0� ¶,o � s0tz��i�ìVs"rS�Ss¹í }=�=} tvtzsys0rW�&X�s�tpkqiI�Ha4�WXZi } kqkmi�XZi } kmkqi

r   �.eb� .�� � �KgIs0r�ìVsIs�tp Si�g } rL�K^�� f4� ìh��aNs0tvnp�=�Ks0rW� .�� ����ì } r���nvtzsK�=.IiI¨��v SiIx�� �   } �KlSkqoqrS�4¨�u
�voqw¹lSkms0n } ��s"r�r } s0kmoqr����º�2~Bóvz î�ð\ñ�}�sQ�� 
óv�Ió î�z ï����?rj�N� p$p��£x�p��"���­p�È$Èj���rj���.`Vs"« } �v �o��Zs"w
sI��s&s"rS�/¶�u~i"  } oª[¢s"«"s"r�i��-.IiI¨Kcd�v SiIx/� �   } �KlSkqoqrS�K�
Yfr/a.� � �ª_E�h�Ls�c
kq·�s0kms s0rW��eb�v.��B�bk } wyoqr���� } ��o�npi"tp�=�!�©óvs�óhð\ñ�ïª�={ t�}�z�ñÅðX��u:� ñXs\�rs�t$ñXs�ó�óvzhñXs�t&wQ�U��ð�óvu7�p�
Yf^ª^×XZiIr~nvtpiIkZ^Br��Ioqr }=} tpomr�� _ } tpo } �=� �  Ws0x�n } t��~��xWs0� } � p���rUx?p   ���Z`�  } YfrS��npo�nplKnpomi"r�i"¤
^hk }=� nvtpo � s0kb^hrS�Ioqr }=} tp�=�=p<È!ÈI���


