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: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 1

machine 2

machine 3

machine 1

machine 2

machine 3
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Ð½Ð½Ð½ÐÐ½Ð½Ð½ÐÐ½Ð½Ð½ÐÐ½Ð½Ð½ÐÑ½Ñ½Ñ½Ñ½Ñ½ÑÑ½Ñ½Ñ½Ñ½Ñ½ÑÒ½Ò½Ò½Ò½ÒÒ½Ò½Ò½Ò½Ò Ó½Ó½Ó½ÓÓ½Ó½Ó½ÓÓ½Ó½Ó½Ó

Ô½Ô½Ô½ÔÔ½Ô½Ô½ÔÔ½Ô½Ô½Ô Õ½Õ½ÕÕ½Õ½ÕÕ½Õ½ÕÕ½Õ½Õ
Ö½Ö½ÖÖ½Ö½ÖÖ½Ö½Ö

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

Ù½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½ÙÙ½Ù½Ù½Ù½Ù
Ú½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½ÚÚ½Ú½Ú½Ú½Ú

Û½Û½ÛÛ½Û½ÛÜ½Ü½ÜÜ½Ü½Ü
Ý½Ý½Ý½ÝÝ½Ý½Ý½ÝÝ½Ý½Ý½ÝÞ½Þ½Þ½ÞÞ½Þ½Þ½ÞÞ½Þ½Þ½Þ

ß½ß½ß½ßß½ß½ß½ßß½ß½ß½ß
à½à½à½àà½à½à½àà½à½à½à

á½á½á½á½áá½á½á½á½áá½á½á½á½áá½á½á½á½á
â½â½â½ââ½â½â½ââ½â½â½ââ½â½â½âã½ã½ã½ã½ã½ãã½ã½ã½ã½ã½ãä½ä½ä½ä½ää½ä½ä½ä½äå½å½å½å½åå½å½å½å½åå½å½å½å½åæ½æ½æ½æ½ææ½æ½æ½æ½ææ½æ½æ½æ½æ

ç½ç½ç½ç½çç½ç½ç½ç½çç½ç½ç½ç½çè½è½è½è½èè½è½è½è½èè½è½è½è½è é½é½éé½é½éé½é½éê½ê½êê½ê½êê½ê½ê

ë½ë½ë½ëë½ë½ë½ëë½ë½ë½ëë½ë½ë½ë
ì½ì½ìì½ì½ìì½ì½ì

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?ÌJÆLG69<EG":A6¥R¢ÌJÆL:�Ì.ÌJÆLGÊDGIRpÌ¹6QCL<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
>�ÑZÌJÆEGRJ>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:~ÌÌPÆEG069;�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=R69CÖÌJÆEG 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±ÌPÆEGRz6QÌJÇD:~Ø
ÌJ69>KCL:KOªÉL:K;zÌIáLÊVG0È�6QCECL6QCEÈ�ÑÔ;J>�Ë :¬;=:�CL<?>�Ë¸ÉV>�RJ6QÌJ69>KChUhÿ¹CL8�G�ÏHGåLCL<�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&ÌJÆEGRP:�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=:�69C6QCD<?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;JÌJÆ80O9: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��������
	����È�G0CEG";P:�ÌJ69>KCLR"áD69Cè>K;=<?G0;¹ÌJ>
:jÍK>K6¥<�:KC
G�ÒE8�GIRJRJ6QÍ�G�RJG0O9G"8�ÌJ69>KC
ÉE;PG"RPRzÇL;JG¹ÌJÆL:�Ì.ÏH>�ÇEO¥<±8":�ÇLRJGy8�>�CSÍ�G0;PÈKG"CL8�G4ÌJ>¬:�OQ>?8":�O
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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��
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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
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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��"�"�
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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��
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