
���������
	
���	�����	�������������	������������������ �

	�!������#"���$%���&�&'(��)*�+	�������

,.-

!�/10325476���8:9;/1<�=>/?<:@:6:2

�A476CBED32FD�D38 , 9G2F4H47BI@�2F<KJL/10H432M/1N OP8:NFQLNFNR9GBE<.4
S OT476:B�03BIUV8:2R0HBE9GBE<.47D�O S 0W436:B�@:BEXY0HBEB S O

��/1D�47BE0 S O���ZI2RBE<CZEB
$�BIJL/10H439;BI<.4 S O+) S 9GJ:8C43BE0���ZI2RBI<:ZEB[/1<:@\�+<:XY2F<:BEBI032R<CX

) S NRNFBEXYB S O+�+<:XY2F<:BEBI032F<:X
]�<C2F^YBI03DH2F4 - S O+� S 8C436\�_N S 0H2R@L/

��/a` S 0��&0 S OPBEDHD S 0I���&8CXYBE<:B[�_2F<:bdcL�+6feg$he
$�9G2F430 - = S NR@:X S O�c:�+6fei$he
��8:@:BIBEJj��/103bk/10IcL�+6feg$he

$l/k47B S O
�J:JC0 S ^?/1Nm��nY/1<V8L/?0 -�oYo c o1pYp1q

rlB -ts S 0H@:DE�&472F9;B�DHBE0H2RBEDIciBvut4703BI9w/�ci2F9;J S 0H47/1<:ZIB1cx@:BE0H2F^?/?4725^YBlDHBE032FBEDIci@:2FDH47/1<:ZEB

y ) S J - 0H2RXY6.4 o1pYp1q cL!/10H2F436\��8:9;/1<���BE@C@ - =�/1<:@:6:2



zK{t|T}�~Y�C�a}����

	 S 9 - JL/?03BE<.43DEcC� S 6L/1<G��BE@:@ - =>/1<C@:6:2L/1<C@w�t8:N S Z�6L/1<L/>=�/1<:@:6C2mc s 6 S DHB�^?/1NF8:BED&/?<:@
@:2FD3ZE2FJ:NR2F<:B�2F<KNR2FOPBD3BE0�^YB�/1D�XY03BE/?4�B�uC/19GJ:NRBIDW4 S 9;B?e



� ~��(�#���;�P{�|#�d{t��{t� ���

�
/19�XY03BE/?47N - 2F<:@:B , 47BE@�4 S 9 - ��/�` S 0&�&0 S OPBEDHD S 0Ict$�0Ee��+8:X1BE<:B��_2R<Cb>O S 0_6:2RD+XY8C2R@L/1<CZEB1c
D38CXYXYBED�472 S <:DEc�/1<:@\^1/?NR8L/ , NRB�Z S 9G9GBE<.47D/1NRNf436:0 S 8CXY6 S 8C4�9 -�s S 03bde�	�6:2RD s S 0Hb s S 8:NF@�< S 4
6L/�^YB , BIBE<jZ S 9;J:NFBI43B s 25476 S 8�46:2FD�6CBENRJ�e!�2RD�Z S <:D�4�/1<.4�OPBIBE@ , /1Z�b�/1<C@�D38CXYXYBED�472 S <:D�@:8C032R<CX
476CB s BEBEbVN - @C2RD3ZI8:D3DH2 S <CD[O S 0>JL/1D�4[4 s S - BE/103D[6L/1D , BIBE< S O�XY03BE/?4>^1/?NR8:B�4 S 9 -js S 03bde\!�2FD
476 S 0 S 8CXY6�0HB�/1@:2F<:X S O+9 -Ks S 03b�/?<:@�b?BEBE<jBI@:2F4 S 032R/1Nf0HBE9;/103bVD6CBENRJ�BE@�9;B>/GN S 4�@:8:0H2R<:XG9 -
476CBED32FD s 032F432R<:XCe

� - XY03/?4725478:@:B�X S BED�4 S 9 - Z S NRNFB�/1XY8CBED�/?<:@�9w/?<L/1XYBI9;BI<V4+/?4&��2FBENFD3BE<G�\BE@:2R/���BID3BE/103Z�6
O S 0(DH6L/1032F<:X�9 - N S /1@ S O s S 03bl/k4 S1� ZEB�/1<:@�J:0 S ^t2F@:2R<:X�9GB�476CB&�:B�u�2 , NFB s S 03b�6 S 8:03D(4 S /?4H47BI<:@
476CB[Z S NRNFBEXYB>/1<:@\Z S 9;J:NFBI43B[9 - 476:BID32RDIe��*476:/1<:bK9 - Z S NRNFB�/1XY8CBED�/?4�) S XY<:2F��/1<.4�	TBEZ�6:< S N S X -
� S NF8C472 S <:D*O S 0W476:BI2R0�Z S <V432R<V8 S 8CD�J:0 S 9GJC472F<:X�/1<:@�BE<CZ S 8:03/1XYBI9;BI<V4Ee

�
/19�^YBE0 - XY03/?47B�OP8:NC4 S 9 - JL/10HBE<.47DIc:� S 6L/1<G��BE@:@ - =>/1<C@:6:2L/1<C@w�t8:N S Z�6L/1<L/�=�/1<:@C6:2mc
9 -�, 0 S 476CBE0l�t6L/107/k476j)*6:/1<:@L/1<j=>/1<C@:6:2mc�/1<C@�9 -Ks 2FOPB���/1@C6t8C032_=>/1<C@:6:2#O S 0�436:BE2F0 , BINR2RB�O
2R<w9;B?e+��@CBEBEJCN - /?J:J:03BIZE2R/?47B436:BE2F0*Z S <:DH47/1<.4�9 S 472F^?/?432 S <;/1<:@\/1DHD32FDH4�/?<:ZEB�@C8:032F<:X�9 -Gs S 0Hbde



� �:�
�P{��d �¡[��� �a{t� �a�

'(2RD�4 S O_	
/ , NFBED�e>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e 2R2
'(2RD�4 S O��
2RXY8:0HBED e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e 2F2R2

� , DH4703/1ZI4Ge>e[e>e>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ^t2
)*6L/1J�47BE0�¢ �£<.470 S @:8:Z�472 S < ¢
)*6L/1J�47BE0 o �+03BI^t2 S 8:D s S 03b ¤
)*6L/1J�47BE0�¤ ¥W/1DH2RZlZ S <:ZEBIJC47D ¦

¤Ce5¢ ��BINM/?43BE@�DH43038:Z�478:0HBED�/1<:@�/1NRX S 0325476:9GDKe[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¦
¤Ce o ��BIJ:03BID3BI<V47/?472 S < S O
432R9GB�D3BI032FBED�e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e §
¤Cei¤ $�2RD�4�/1<:ZIBl9;BE/1D38C03BED e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢ p

)*6L/1J�47BE0 q �£9;J S 0�4�/1<.4�J S 2R<.43D ¢a¤
q e5¢ �_u�4303BI9w/¨e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢a¤
q e o �£9;J S 0�4�/1<.4�Bvu�4303BI9w/©e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢a¦
q ei¤ �£9;J S 0�4�/1<:ZIBlNRB�^YBENFDªe�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e o ¢
q e q ) S 9GJ:03BID3D32 S <�07/?43B«e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e oY¬

)*6L/1J�47BE0� �£<:@:BvuC2F<:X�4703BIBED ¤C¢
)*6L/1J�47BE0�¦ $�2RD�4�/1<:ZIBlZ S 9GJ:8C47/?472 S < ¤.
)*6L/1J�47BE0 ¬ �_/?4H47BI03<\03BI43032FBI^?/1N qVo
)*6L/1J�47BE0�§ ) S <:ZINR8:@:2F<:X�03BI9w/10HbVD q 
� S 4�/?432 S <je>e[e>e>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e qV¬
��BIOPBE0HBE<:ZIBEDGe[e>e>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e qV¬

2



®�}��I�G�d  � �:�
��{t�

¤Ce5¢ ¯;°a±³²K´aµ:¶�·�°�¸�±¹´�²tº�º�».µVµ:´a·�¸£¶v¼¾½1¿Kº£¸�°aÀ�ÁYº°a²V¼�¼.´�».½�Â¹¿;Â³±5².Áa¶v¼�Â³±³º�¸�º�Ã�¸�Ä.¶>·�»V²V²V±5².Å
¸�±³Æ�¶�´aÇT°aÂ³Â�´aµ:¶�·�°�¸�±¹´�²Vº*±³º�À7´�²tº£¸�°a²k¸�È�É&ÄV¶�Â³±³²VÁa¶v¼�Â³±³º£¸*°aÂ³º£´�°aÂ³Â¹´�Ê�º�°[ÇR°aº�¸�¸£·�°�Ëa¶�·£Ì
º�°aÂ(±5²;¶v±³¸�Ä.¶�·�¼V±¹·�¶vÀ7¸�±³´�²;½1¿;»tº�±³².Å�¸�Ä.¶lµ:´�±³²?¸£¶�·�º*¸£´�°a¼EÍ£°aÀ7¶v²?¸�¶vÂ¹¶vÆ�¶v²k¸�º�Î ¼.¶v².´a¸£¶v¼
Ï�Ð�Ñ7Ò�Ó³Ñ7Ô³Ñ7Õ>Ñ7Ö�×ÙØ °a²V¼ ÖCÑ�Ú�×�Ó³Ñ�Ô¹Ñ�Õ>Ñ7Öt×gØ ÈÛe[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¬

¤Ce o ¯;°a±³²�´aµ:¶�·�°�¸�±¹´�²Vº>º�».µVµ:´a·�¸£¶v¼�½1¿�·�¶v¼.ÌP½tÂ³°aÀ�Á�¸£·�¶�¶vº�Ã�¸�Ä.¶�·�»V²t²V±³².Å;¸�±³Æl¶�´aÇW¸�Ä.¶vº£¶
´aµ:¶�·�°�¸�±¹´�²tº+±³º�Â¹´aÅ�°�·�±¹¸�ÄVÆ>±³ÀW±³²�¸�Ä.¶�²?»tÆ�½:¶�·�´aÇ ¶vÂ³¶vÆl¶v²k¸�ºvÈTÉ&Ä.¶W¸£·�¶�¶�°aÂ³º�´�±³²VÀ�Â³»V¼V¶vº
°*¼.´�».½tÂ³¿�Â³±³².Áa¶v¼Â³±³º£¸ ´aÇV¶vÂ¹¶vÆl¶v²?¸�º(±³²º£´a·�¸£¶v¼�´a·�¼V¶�·vÎa°a²V¼�±¹¸�º�».µVµ:´a·�¸�º�°aÂ³Â?Â5±³².Áa¶v¼YÌ�Â³±5º£¸
´aµ:¶�·�°�¸�±¹´�²tº+Â³±³º£¸£¶v¼�±³²�É�°�½tÂ¹¶�Ü1È³Ý�ÞR½:ßHÈWe[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¬

¤Cei¤ ¯;°a±³²h¶vÂ¹¶vÆl¶v²?¸�º+´aÇ�¸�Ä.¶�º£¸£·�»tÀ7¸�».·�¶vº�¸�ÄV°�¸&·�¶�µV·�¶vº£¶v²?¸&°�¸�±³Æl¶�º£¶�·H±¹¶vº�È(à�´a¸£¶�¸�ÄV°�¸+¸�Ä.¶
¶7áY¸£·�¶vÆ�°aÂÙÌPµ:´�±³²?¸�º£¸£·�»VÀ7¸�».·�¶�±³²tÀ�Â³»V¼.¶vº�¸�Ä.¶hâVËa¶h¶vÂ¹¶vÆl¶v²?¸�º�´aÇ�¸�Ä.¶hµ:´�±³²?¸º�¸£·�»VÀ7¸�».·�¶
°a²V¼h¸�Ê
´�°a¼V¼V±¹¸�±³´�²V°aÂC¶vÂ¹¶vÆl¶v²?¸�º�Èle>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e §

�e5¢ ¯;°a±³²�¶vÂ¹¶vÆ�¶v²k¸�º+´aÇf¸�Ä.¶�º�¸£·�»VÀ7¸�».·�¶�·�¶�µV·�¶vº£¶v²?¸�±³².Å�°lµ:´�±³²?¸�´aÇ(°lº£¶�·�±¹¶vº�È�e[e>e[e>e>e ¤ o
§Ce5¢ à�´a¸�°a±¹´�²LÈ¨e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e q ¦

2F2



®�}��I�G�d �ã�}���ä#å�{��

¢Ye5¢ æ(á.°aÆlµtÂ¹¶h´aÇ*°¾¸�±³Æl¶�º£¶�·�±¹¶vºl°a²t¼j±¹¸�º�¶7á1¸£·�¶vÆ�°YÈ�çK¶;º�Ä.´�Ê�¸�ÄV¶�±³Ælµ:´a·�¸�°a²VÀ7¶�´aÇ�¶v°aÀHÄ
¶7á1¸£·�¶vÆ�»VÆ�°a²V¼�Æ�°�·�Á[¸�Ä.¶�¶7áY¸£·�¶vÆ�°>Ê�±¹¸�Ä�±³Æ�µC´a·�¸�°a²VÀ7¶WÅa·�¶v°�¸£¶�·�¸�Ät°a²�Ý�Èèe[e>e[e>e>e ¢

¤Ce5¢ æ(á.°aÆlµtÂ¹¶�´aÇf°�Â³±5².Áa¶v¼�Â³±³º£¸+°a²V¼�·�¶v¼YÌP½tÂ³°aÀ�Á[¸£·�¶�¶aÈée�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¬
¤Ce o ê ¶�µV·�¶vº£¶v²k¸�°�¸�±³´�²�´aÇV°�¸�±5Æl¶
º£¶�·H±¹¶vº�È�çK¶_º�ÄV´�Ê�¸�Ä.¶_·�¶�µV·�¶vº£¶v²?¸�°�¸�±¹´�²´aÇt°a²»V²VÀ7´�Ælµt·�¶vº�º£¶v¼

º£¶�·�±¹¶vºvÎ
Å�±¹Ëa¶v²ë±³²jìf±¹Å�».·�¶KÝ�È³Ý�Î+°a²V¼j¸�Ä.¶�·�¶�µV·�¶vº£¶v²?¸�°�¸�±¹´�²í´aÇW±¹¸�º�À7´�Æ�µV·�¶vº�º£¶v¼�Ëa¶�·Hº�±¹´�²LÎ
Æ�°�·�Áa¶v¼G½?¿hÀ�±¹·�À�Â¹¶vº�±³²�ìf±¹Å�».·�¶�Ý�È³Ý�È�e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e î

¤Cei¤ æ(á.°aÆlµtÂ¹¶�´aÇ_¸�Ä.¶�¼V±³º�¸�°a²VÀ7¶�½C¶�¸�Ê
¶�¶v²�¸�Ê_´�¸�±³Æl¶�º£¶�·H±¹¶vº�Èï�Ç
¸�Ä.¶�¼V±³º£¸�°a²tÀ7¶ÇM»V²VÀ7¸�±³´�²;ÇR´a·
·�¶v°aÂ�Ë�°aÂ³».¶vº�±³º�ð ñhòôóaðiÎ#¸�Ä.¶v²�¸�Ä.¶�õPö�¼V±5º£¸�°a²VÀ7¶h½:¶�¸�Ê_¶�¶v²j¸�Ä.¶vº£¶�º£¶�·�±³¶vº±5º�÷1ÈùøYÎ_°a²V¼jõ5ú
¼V±³º£¸�°a²tÀ7¶�±³º�÷1È³Ý�È\e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢ o

q e5¢ û_´�ÆlµV·�¶vº�º�±¹´�²�½1¿[¶7áY¸£·�°aÀ7¸�±³².Å[°aÂ³ÂC¶7á1¸£·�¶vÆ>°YÈTçK¶�º�ÄV´�Êüº£¸£·�±5À7¸+¶7á1¸£·�¶vÆ>°l½?¿�À�±¹·�À�Â¹¶vºvÎYÂ³¶�ÇF¸
°a²V¼�·�±³Å�Äk¸+¶7áY¸£·�¶vÆ�°l½1¿�ÄV°aÂ¹ÇFÌ�À�±¹·�À�Â¹¶vºvÎY°a²t¼h¶v²V¼YÌPµ:´�±³²?¸�º�½?¿�º�ý1»V°�·�¶vº�È�e[e>e�e[e>e[e>e>e ¢a¤

q e o ¯G±5²V±³Æ�°�±³²�°�º�¶�·�±¹¶vº�È�e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢ q
q ei¤ ïm¼V¶v²k¸�±¹ÇR¿Y±³².ÅK°aÂ³Â_¶7á1¸£·�¶vÆ�°YÈëÉ&Ä.¶hµV·�´1À7¶v¼V»V·�¶hµV·�´YÀ7¶vº�ºl°�º£¶�·�±³¶vºlñVö�þ�ÿ¹ÿ¹ÿ¹þ�ñ���°a²t¼j»Vº£¶vº�°

Å�Â¹´a½t°aÂLË�°�·�±³°�½�Â¹¶��K¸£´�·�¶�µV·�¶vº�¶v²k¸�±³¸�º+º�±���¶aÈ#ïm¸+´�».¸£µt».¸�º&¸�Ä.¶�Ë�°aÂ³».¶vº�ÎV±³²t¼V±³À7¶vº�ÎY°a²V¼�¸�¿?µ:¶vº
´aÇf¶7á1¸£·�¶vÆ>°YÈWe[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢�

q e q ïmÆ�µC´a·�¸�°a²k¸&Æ�±5²V±³Æ�°YÈ+e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢a§
q eg ïmÆ�µC´a·�¸�°a²k¸�¶7áY¸£·�¶vÆ�°¾ÇR´a·l¸�Ä.¶�¼V±³º£¸�°a²VÀ7¶\ð ñ�òëóað Ê�±³¸�Ä��	�¨Ü1È�çK¶�º�Ä.´IÊ�¸�Ä.¶�º£¸£·�±³À7¸

¶7á1¸£·�¶vÆ�°�½1¿jÀ�±¹·�À�Â¹¶vº�Î�Â¹¶�ÇR¸>°a²V¼j·H±¹Å�Äk¸>¶7á1¸£·�¶vÆ>°K½?¿jÄV°aÂ³Ç5Ì�À�±¹·HÀ�Â¹¶vº�Î
°a²t¼í¶v²V¼YÌPµ:´�±³²?¸�º�½1¿
º�ý1»V°�·�¶vº�È©e>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢a§

q ei¦ û_´�ÆlµV·�¶vº�º�±¹´�²�µt·�´1À7¶v¼t».·�¶aÈdçK¶_µV·�´YÀ7¶vº�º�°�º£¶�·�±¹¶vº�ñ ö þ�ÿ¹ÿ¹ÿ¹þ�ñ � °a²V¼�»Vº�¶T°&Å�Â¹´a½�°aÂ�Ë�°�·�±³°�½tÂ¹¶
�
¸£´G·�¶�µt·�¶vº£¶v²?¸�±¹¸�º�º�±���¶aÈ[É&Ä.¶lµt·�´1À7¶v¼t».·�¶l´�».¸£µt»V¸�º�¸�Ä.¶>Ë�°aÂ³».¶vºvÎ�±³²V¼V±5À7¶vº�Î�°a²V¼K¸�¿?µ:¶vº�´aÇ
¸�Ä.¶�º£¶vÂ³¶vÀ7¸£¶v¼G±³Ælµ:´a·�¸�°a²?¸�µ:´�±³²k¸�ºvÈ�e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¢aî

q e ¬ É&ÄV±³º�âtÅ�».·�¶�±³º+À7´�²?¸�±³²1»V°�¸�±¹´�²�´aÇ(ìf±¹Å�».·�¶�.È��1È+e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e o1p
q ei§ �*·�±¹Å�±5²V°aÂ:º£¶�·�±¹¶vº+·�¶vº£¸£´a·�¶v¼�ÇR·�´�Æ�¸�Ä.¶�À7´�ÆlµV·�¶vº�º�¶v¼�º£¶�·�±¹¶vº�±³²�ìf±¹Å�».·�¶lÝ�È³Ý�È e�e[e>e[e>e>e o1p
q eiî æ(á.°aÆlµtÂ¹¶�º£¶�·�±³¶vº�Ê�Ä.¶�·�¶�·�¶v¼V»VÀ7¸�±³´�²G´aÇ ê Â¹¶v°a¼Vº*¸£´�Â³°�·�Åa¶�·�¼V±5º£¸�°a²VÀ7¶�½:¶�¸�Ê_¶�¶v²¾´a·�±¹Å�±³²V°aÂ

º£¶�·�±¹¶vº�°a²t¼K·�¶vº£¸£´a·�¶v¼Kº�¶�·�±¹¶vº�È�ïmÇTÊ_¶�»Vº£¶l¸�Ä.¶�¼V±5º£¸�°a²VÀ7¶�ÇR»t²VÀ7¸�±¹´�²íð ñ>òjóað�Ê�±¹¸�Ä������1Î
¸�Ä.¶�¼t±³º£¸�°a²VÀ7¶�½:¶�¸�Ê
¶�¶v²w´a·�±¹Å�±5²V°aÂLº£¶�·�±¹¶vº�°a²V¼�¸�ÄV¶�·�¶vº£¸£´a·�¶v¼Gº£¶�·�±³¶vº�±³º�øYÈ���ø��1Ý�È�ç Ä.¶�·�¶v°aº
±¹Ç�Ê
¶�»tº£¶�¸�Ä.¶�º�°aÆl¶�¼V±³º£¸�°a²VÀ7¶�ÇM»V²VÀ7¸�±³´�²hÊ�±¹¸�Ä������1ÎV¸�ÄV¶�¼V±³º£¸�°a²tÀ7¶�±³º�Ý�Èx÷������?È e[e>e>e o1p

q e5¢ p û_´�ÆlµV·�¶vº�º�±¹´�²�½?¿�º£¶vÂ¹¶vÀ7¸�±³².ÅW¸�Ä.¶�±³Ælµ:´a·�¸�°a²?¸�¶7á1¸£·�¶vÆ>°*±5²�¸�Ä.¶�âV·Hº£¸ Ì�¼.¶�·�±¹Ë�°�¸�±¹Ëa¶_º£¶�·�±¹¶vº+ÞM°kß
°a²V¼�º£¶vÀ7´�²t¼YÌ�¼.¶�·�±¹Ë�°�¸�±¹Ëa¶�º£¶�·H±¹¶vº�ÞR½CßHÈ�e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e o ¢

q e5¢Y¢�ïmÆ�µC´a·�¸�°a²VÀ7¶vº�´aÇ_¸�Ä.¶�¶7áY¸£·�¶vÆ�°�ÇR´a·�¸�Ä.¶�¼V±5º£¸�°a²VÀ7¶;ð ñ>òjóaðiÈlçK¶>º�ÄV´�Ê�¸�Ä.¶[º£¸£·�±³À7¸�Î�Â³¶�ÇF¸�Î
·�±¹Å�Ä?¸�Ît°a²V¼��t°�¸�±³Ælµ:´a·�¸�°a²VÀ7¶WÇR´a·�¸�Ä.¶�º�°aÆ�¶�º£¶�·�±¹¶vºvÈ�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e oYo

2F2R2



q e5¢ o û_´�Ælµt»V¸�°�¸�±¹´�²�´aÇ.¸�Ä.¶_º£¸£·�±³À7¸�±³Ælµ:´a·�¸�°a²VÀ7¶T´aÇV°�Æ�±³²t±³Æ�»tÆ�Î�°aº�¼.¶vº�À7·�±¹½:¶v¼�±³²��d¶vÆ�Æ>° �.È��1È
É�´�¼.¶�¸£¶�·�Æ�±³²V¶�¸�ÄV¶T±³Ælµ:´a·�¸�°a²VÀ7¶f´aÇ.ñ�!�ÎEÊ
¶#±5¼.¶v²k¸�±³ÇF¿�¸�Ä.¶#Æ�°Eá.±³Æ�°aÂ�º£¶�Å�Æ�¶v²k¸�º ñ !�" þ�ÿ¹ÿ¹ÿ¹þ�ñ�!$#Lö�Î
°a²V¼wñ�!�% övþ�ÿ¹ÿ¹ÿ¹þ�ñ�!'&�Ê�Ä.´�º£¶Ë�°aÂ³».¶vº*°�·�¶º�¸£·�±³À7¸�Â¹¿�Åa·�¶v°�¸£¶�·�¸�Ät°a²;ñ�!�ÎL¼.¶�¸£¶�·HÆ�±³².¶�¸�Ä.¶�Æ�°Eá.±ÙÌ
Æ�°aÂLË�°aÂ³».¶vº&ñ ")( °a²V¼�ñ�&*( ´�²�½:´a¸�Ä�º�±³¼.¶vº�´aÇ(ñ�!mÎt°a²V¼GÀ7´�Ælµt».¸£¶�¸�ÄV¶�±³Ælµ:´a·�¸�°a²VÀ7¶W´aÇ(ñ�!
°aº&¸�Ä.¶�º�Æ�°aÂ³Â¹¶�·�´aÇ(¼V±³º�¸�°a²VÀ7¶vº,+.-0/ × ÞMñ�!mþ�ñ "�( ß�°a²V¼1+�-2/ × ÞMñ�! þ�ñ�&*(WßHÈ e>e>e[e>e�e[e>e[e>e>e o ¤

q e5¢a¤ ïmÆ�µC´a·�¸�°a²VÀ7¶
À�°aÂ³À�»tÂ³°�¸�±¹´�²�µV·�´YÀ7¶v¼V».·�¶aÈ çK¶
µV·�´1À7¶vº�º�°�º�¶�·�±¹¶vº�ñVö�þ�ÿ¹ÿ¹ÿ¹þ�ñ���°a²V¼�»tº£¶
°�Å�Â¹´a½t°aÂ
ËE°�·H±³°�½tÂ¹¶3�ô¸£´K·�¶�µV·�¶vº£¶v²?¸l±¹¸�º�º�±���¶aÈ�çK¶�»Vº�¶[Å�Â¹´a½�°aÂ_º�¸�°aÀ�Á54 ö¸£´�ÄV´�Â³¼�°aÂ5Â
¸�ÄV¶hÂ³´1À�°aÂ
Æ�±³²V±5Æ�°>°a²V¼¾º£¸�°aÀ�Á1º64:úEþ7498�þ74;:¸£´hÄV´�Â³¼w¸�Ä.¶v±¹·*·�¶vº£µ:¶vÀ7¸�±¹Ëa¶lÆ�°Eá.±³Æ�°aÂ�ËE°aÂ5».¶vº�È�çK¶l»Vº£¶
°�Â³±³².Áa¶v¼wÂ³±³º�¸=<�¸£´h¸�Ä.¶�ÄV´�Â³¼Gµ:´�±³²?¸�ºW±³²w¸�Ä.¶�´a·�¼.¶�·�´aÇ
¸�Ä.¶v±¹·�±³²V¼V±5À7¶vº�È�É&Ä.¶µV·�´YÀ7¶v¼V».·�¶
´�».¸£µt».¸�º&¸�Ä.¶�±³Ælµ:´a·�¸�°a²tÀ7¶vº+°a²V¼�±³²V¼t±³À7¶vº_´aÇf°aÂ5ÂLÆ�±³²V±³Æ>°YÈ e[e>e[e>e>e[e>e�e[e>e[e>e>e o ¦

q e5¢ q ïmÂ5Â³»Vº£¸£·�°�¸�±³´�²¾´aÇ&¼V±?>:¶�·�¶v²k¸�Æ�°EáY±5Æ�°aÂ(Ë�°aÂ³».¶vº�À7´a·�·�¶vº£µ:´�²V¼V±³²VÅ�¸£´;°GÆ>±³²V±³Æ»VÆ¨ñ ! È�É&Ä.¶
µ:´�±³²k¸�ñ ")@ À7´a·�·�¶vº£µ:´�²V¼Vº
¸£´�¸�Ä.¶�Æ�°Eá.±³Æ�»tÆéË�°aÂ³».¶W±³²�¸�Ä.¶�º£¶�Å�Æl¶v²?¸+ñBA " þ�ÿ¹ÿ¹ÿ¹þ�ñ�!$#Lö�ÎYÊ�Ä.´�º£¶
ËE°aÂ5».¶vº�°�·�¶º£¸£·�±³À7¸�Â³¿�Åa·�¶v°�¸£¶�·*¸�Ät°a²Gñ�!�ÈDCY±³Æ>±³Â³°�·�Â¹¿aÎY¸�Ä.¶�µ:´�±³²k¸�ñ�&*( À7´a·�·�¶vº£µ:´�²V¼Vº�¸£´>¸�Ä.¶
Æ�°Eá.±³Æ�»tÆ Ë�°aÂ³».¶�±³²\¸�ÄV¶�º£¶�Å�Æ�¶v²k¸lñ�!�% ö�þ�ÿ¹ÿ¹ÿ¹þ�ñ A &�Î(Ê�ÄV´�º£¶[Ë�°aÂ³».¶vº°�·�¶hº£¸£·�±³À7¸�Â³¿KÅa·�¶v°�¸£¶�·
¸�ÄV°a² ñ�!mÈ É&Ä.¶Gµ:´�±³²?¸>ñ ")( À7´a·�·�¶vº£µ:´�²V¼Vº�¸£´�¸�Ä.¶¾Æ�°Eá.±³Æ�»tÆ Ë�°aÂ³».¶w±³²í¸�Ä.¶¾º£¶�Å�Æl¶v²?¸
ñ !�" þ�ÿ¹ÿ¹ÿ¹þ�ñ�!$#Lö�ÎVÊ�ÄV´�º£¶�ËE°aÂ5».¶vº&°�·�¶�²V´�º�Æ�°aÂ³Â¹¶�·+¸�Ät°a²�ñ�!mÈ e>e[e>e[e>e>e[e>e�e[e>e[e>e>e oY¬

q e5¢� ïmÆ�µC´a·�¸�°a²VÀ7¶(´aÇYµC´�±5²k¸�º:½t°aº�¶v¼�´�²�¸�Ä.¶(âV·Hº£¸ Ì�¼.¶�·�±¹Ë�°�¸�±¹Ëa¶#º£¶�·H±¹¶vºTÞM°kß:°a²V¼�º£¶vÀ7´�²V¼YÌ�¼.¶�·H±¹ËE°�¸�±³Ëa¶
º£¶�·�±¹¶vº�ÞR½CßHÈte>e[e>e[e>e>e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e oY¬

q e5¢a¦ É&Ä.·�¶�¶7ÌPµ�°aº�ºd°aÂ¹Åa´a·�±³¸�ÄVÆ ÇF´a· À7´�ÆlµV·�¶vº�º�±¹´�²LÈ É�Ä.¶#°aÂ¹Åa´a·�±¹¸�ÄtÆ�Æ�°�Áa¶vºd¸�Ä.·�¶�¶(µt°aº�º£¶vº�¸�Ä.·�´�».Å�Ä
¸�Ä.¶�º£¶�·H±¹¶vº&°a²V¼hµV·�´1¼V»tÀ7¶vº�¸�Ä.¶�´�».¸£µt»V¸&±³²�Â³±³².¶v°�·+¸�±5Æl¶aÈGe>e[e>e[e>e>e[e>e�e[e>e[e>e>e o §

q e5¢ ¬ �*·�±¹Å�±5²V°aÂ�º�¶�·�±¹¶vº�°a²V¼hº£¶�·�±¹¶vº_Ê�±³¸�ÄE��ø�FªÀ7´�Æ�µV·�¶vº�º�±³´�²[Ê�±¹¸�Ä[¼t±?>C¶�·�¶v²k¸�¼V±³º£¸�°a²tÀ7¶*ÇM»V²VÀ7¸�±³´�²Vº�È o î
q e5¢a§ É&Ä.¶hÆl´Y¼V±¹âV¶v¼�Ëa¶�·�º�±¹´�²�´aÇ�GIHKJMLON0P=QSRUTVJ�WUXUY;HSG>±³²�´�².¶7ÌPµt°aº�º�°aÂ¹Åa´a·�±³¸�ÄVÆ�ÈKÉ&Ä.¶h°aÂ¹Åa´�Ì

·�±¹¸�ÄVÆ�Áa¶�¶�µtºW´�²tÂ¹¿G¸�Ä.¶[ZlÆ�´�º£¸�±³Ælµ:´a·�¸�°a²?¸�µ:´�±³²?¸�ºW±³²w¸�Ä.¶�·�¶v¼YÌP½tÂ5°aÀ�ÁG¸£·�¶�¶aÎd¸�Ä.¶�´a¸�Ä.¶�·
µ:´�±³²k¸�º�°�·�¶�¼.¶vÂ¹¶�¸£¶v¼�ÇR·�´�Æ�¸�ÄV¶�¸£·�¶�¶�°aº�Ê
¶vÂ³ÂL°aº�ÇF·�´�Æ�¸�Ä.¶�Â³±³º�¸\<�ÈLe>e>e[e>e�e[e>e[e>e>e ¤ p

�e5¢ É&±³Æl¶�º�¶�·�±¹¶vº�Ê�±¹¸�Ä�±5Ælµ:´a·�¸�°a²VÀ7¶�´aÇf¶7á1¸£·�¶vÆ�°YÈ e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤ o
�e o ê ¶v¼YÌP½�Â³°aÀ�Á�¸£·�¶�¶�Ê�±¹¸�Äh°a²�°a»Yá.±³Â³±5°�·�¿�º£¸£·�»VÀ7¸�»V·�¶WÇF´a·+¸�Ä.¶�º�¶�·�±¹¶vº�±³²hìf±¹Å�».·�¶]�1È³Ý�È
É�Ä.¶*Â³¶�ÇF¸

º�».µ:¶�·�±¹´a·
´aÇd°�µ:´�±³²?¸
±5º#¸�Ä.¶W².¶v°�·�¶vº£¸�Â¹¶�ÇR¸
².¶v±³Å�Äk½:´a·
±5²>¸�Ä.¶*º£¶�·�±¹¶vº
Ê�±¹¸�Ä[º£¸£·�±³À7¸�Â³¿lÅa·�¶v°�¸£¶�·
±³Ælµ:´a·�¸�°a²VÀ7¶�°a²t¼K¸�Ä.¶l·�±¹Å�Ä?¸�º�».µ:¶�·�±³´a·W±5º�¸�Ä.¶�².¶v°�·�¶vº�¸�·�±¹Å�Ä?¸�².¶v±¹Å�Ä?½:´a·�Ê�±¹¸�Ä¾¶vý1»V°aÂ(´a·
Åa·�¶v°�¸£¶�·W±³Ælµ:´a·�¸�°a²VÀ7¶aÈ e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤ o

�ei¤ ^#·�´YÀ7¶v¼V».·�¶&ÇF´a·_º£¶vÂ¹¶vÀ7¸�±³²VÅ6Z*Æl´�º£¸_±³Ælµ:´a·�¸�°a²?¸(µC´�±5²k¸�ºTÇF·�´�Æé°a²>±³Æ�µC´a·�¸�°a²VÀ7¶&¸£·�¶�¶*±³²l¸�Ä.¶
º£´a·�¸£¶v¼G´a·�¼.¶�·&´aÇ�¸�Ä.¶v±¹·�±5²V¼V±³À7¶vº�Èwe>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤Y¤

�e q ^#·�´YÀ7¶v¼V».·�¶(ÇF´a· ½t»V±³Â³¼t±³².ÅT¸�ÄV¶T°a»Yá.±³Â³±³°�·�¿*º£¸£·�»VÀ7¸�»V·�¶aÈ�çK¶
µV·�´YÀ7¶vº�ºL¸�Ä.¶Tº�¶�·�±¹¶vºLÊ�±³¸�Ä�Á1²V´�Ê�²
±³Ælµ:´a·�¸�°a²VÀ7¶;´aÇ�µ:´�±³²k¸�º[°a²V¼ë»tº£¶;°\Å�Â¹´a½t°aÂ�ËE°�·�±5°�½tÂ¹¶�� ¸£´�·�¶�µV·�¶vº£¶v²k¸�±¹¸�º>º�±���¶aÈ É&Ä.¶
µV·�´YÀ7¶v¼V».·�¶�º�¶�¸�º&Â¹¶�ÇR¸&º�».µ:¶�·�±¹´a·+°a²V¼�·H±¹Å�Äk¸&º�».µ:¶�·�±¹´a·�ÇF´a·�¶v°aÀ�Ä;¶7á1¸£·�¶vÆ»VÆ%±5²�¸�Ä.¶�º£¶�·�±³¶vº�È ¤Y¤

¦Ce5¢ _W±³º£¸�°a²VÀ7¶�½:´�»V²V¼Vº�½:¶�¸�Ê_¶�¶v²¾¸�Ê_´�À7´�ÆlµV·�¶vº�º�¶v¼wº�¶�·�±¹¶vº�ÈWì.´a·�°�·�¶v°aÂ�ËE°aÂ5».¶�`YÎC¸�Ä.¶lÂ¹´�Ê_¶�·
½:´�»V²V¼h´aÇ�¸�Ä.¶�¼V±³º�¸�°a²VÀ7¶�½:¶�¸�Ê_¶�¶v²�¸�Ê_´[À7´�Æ�µV·�¶vº�º£¶v¼Gº£¶�·�±¹¶vº&±5º5ab ced*f g a d % cih7f g ah % cij7f g ajc d % c h % c j Ît°a²V¼
¸�Ä.¶�».µtµC¶�·�½:´�»V²V¼�±5ºkab c d f l a d % c h f l a h % c j f l ajc d % c h % c j e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤Y¦

¦Ce o ^#·�´YÀ7¶v¼V».·�¶;ÇR´a·hât²V¼V±³²VÅ\¼V±³º£¸�°a²tÀ7¶;½:´�»V²V¼tº�½:¶�¸�Ê_¶�¶v² ¸�Ê_´jÀ7´�ÆlµV·�¶vº�º�¶v¼�º�¶�·�±¹¶vº�È É&Ä.¶
ËE°aÂ5».¶vºnm " °a²V¼5mpo�·�¶�µt·�¶vº£¶v²?¸�¸�Ä.¶GÂ¹´IÊ
¶�·h°a²V¼í»VµVµ:¶�·l½C´�»t²V¼V°�·�±¹¶vº´aÇW¸�Ä.¶w¼V±³º£¸�°a²VÀ7¶
½:¶�¸�Ê_¶�¶v²�¸�Ê_´[À7´�Æ�µV·�¶vº�º£¶v¼Gº£¶�·�±¹¶vº�È e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤ ¬

2F^



¦Cei¤ ^#·�´YÀ7¶v¼V».·�¶�ÇR´a·*â�²V¼V±³².Ål¸�ÄV¶°�µVµt·�´vá.±³Æ�°�¸£¶�¼V±³º£¸�°a²tÀ7¶�½:¶�¸�Ê_¶�¶v²¾¸�Ê_´�º£¶�·�±¹¶vº*»Vº�±³²VÅ�¸�Ä.¶v±¹·
µV·�¶7Ì�À7´�Ælµ�».¸£¶v¼G±³²t¼.¶7áY±5².Å�¸£·�¶�¶vº�È_É�Ä.¶�µV·�´YÀ7¶v¼V».·�¶�º£¸�°�·�¸�º�Ê�±³¸�Ä�ÄV±¹Å�Â¹¿�À7´�ÆlµV·�¶vº�º�¶v¼�Ëa¶�·£Ì
º�±¹´�²Vº�´aÇ(¸�Ä.¶�±³².µt»V¸�º£¶�·�±¹¶vº�½1¿�º£¶vÂ¹¶vÀ7¸�±³².ÅhÜ>Æ�´�º£¸*±5Ælµ:´a·�¸�°a²k¸�µ:´�±³²k¸�º�ÇF·�´�Æ�¶v°aÀHÄKº£¶�·�±¹¶vº
°a²V¼[ât²V¼VºT¸�Ä.¶*¼t±³º£¸�°a²VÀ7¶�·�°a².Åa¶�½:¶�¸�Ê
¶�¶v²�¸�Ä.¶vÆ�È(ïmÇL¸�Ä.¶*·�°a².Åa¶W±³ºT²V´a¸
Ê�±³¸�ÄV±³²l¸�Ä.¶�Å�±¹Ëa¶v²
°aÀ�À�».·�°aÀ7¿rq�Î�±¹¸*±³²VÀ7·�¶v°aº£¶vº�¸�Ä.¶�²1»VÆ�½:¶�·�´aÇ#±³Ælµ:´a·�¸�°a²?¸&µ:´�±³²?¸�º&ÇR·�´�Æ%¶v°aÀHÄ¾º£¶�·�±¹¶vº�½?¿�°
ÇR°aÀ7¸£´a·*´aÇf¸�Ê_´[±³²h¶v°aÀHÄ;º�».½tº£¶vý1».¶v²?¸&º£¸£¶�µG°a²V¼�·�¶7Ì�À�°aÂ³À�»VÂ³°�¸£¶vº�¼V±³º£¸�°a²VÀ7¶�·�°a².Åa¶�½:¶�¸�Ê_¶�¶v²
¸�Ä.¶vÆ�È&ïmÇ(¸�Ä.¶°�µVµV·�´�áY±³Æ>°�¸�±¹´�²;À�°a²w².´a¸�½C¶�ÇF´�»t²V¼G°�ÇR¸£¶�·�»Vº�±³².Å�°aÂ5Âd¸�Ä.¶¶7á1¸£·�¶vÆ�°>ÇR·�´�Æ
½:´a¸�ÄG¸�Ä.¶�º£¶�·�±³¶vº�Î�¸�ÄV¶�µV·�´YÀ7¶v¼V».·�¶�´�».¸£µt»V¸�º�¸�Ä.¶�°aÀ7¸�»V°aÂf¼V±³º�¸�°a²VÀ7¶�»Vº�±³².Å>°aÂ³Â ¸�Ä.¶�µC´�±5²k¸�º
ÇF·�´�Æ�½:´a¸�Ä�¸�Ä.¶�º£¶�·�±³¶vº�È�e[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e ¤Y§

¦Ce q s ¸�¶v°aÀ�ÄKº£¸£¶�µ�ÎL¸�Ä.¶�µV·�´YÀ7¶v¼V».·�¶�·�¶�¸£·�±¹¶�Ëa¶vº�².¶7áY¸*µC´�±5²k¸�º*ÇR·�´�Æ�¸�Ê_´hº�¶�·�±¹¶vº�ÎL°a²V¼¾°a¼EÍ�»Vº£¸�º
¸�Ä.¶KÆ�±³²V±5Æ�»VÆ ¼V±³º£¸�°a²VÀ7¶w½:¶�¸�Ê_¶�¶v² ¸�Ä.¶¾º£¶�·�±¹¶vº�Î�¸�Ä.¶v² ±¹¸�ÀHÄ.¶vÀ�Á�¸£´jº£¶�¶wÊ�Ä.¶�¸�Ä.¶�·h¸�Ä.¶
Æ�±³²V±5Æ�»VÆA¼V±5º£¸�°a²VÀ7¶�±³º�Åa·�¶v°�¸£¶�·*¸�ÄV°a²�¸�ÄV¶�¸�Ä.·�¶vº�ÄV´�Â³¼Et�È«e[e>e[e>e>e[e>e�e[e>e[e>e>e q.p

¦Ceg ^#·�´YÀ7¶v¼V».·�¶�ÇR´a·�µC¶�·�ÇF´a·�Æ>±³².Å�¸�Ä.¶*¸�Ä.·�¶vº�Ä.´�Â³¼[¸£¶vº£¸�½C¶�¸�Ê
¶�¶v²h¸�Ê
´�º�¶�·�±¹¶vº_»Vº�±³².Å�¸�Ä.¶v±¹·_µV·�¶7Ì
À7´�Ælµt».¸£¶v¼K±5²V¼.¶7á.±³².Å�¸£·�¶�¶vºvÈ s ¸�¶v°aÀ�Ä�º£¸£¶�µ¾¸�Ä.¶�µV·�´1À7¶v¼V»V·�¶�±³²tÀ7·�¶v°aº£¶vº*¸�Ä.¶l²?»tÆ�½:¶�·*´aÇ
µ:´�±³²k¸�º�½?¿K°�ÇM°aÀ7¸£´a·�´aÇ�¸�Ê
´w°a²V¼K·�¶7Ì�À�°aÂ³À�»tÂ³°�¸£¶>¸�Ä.¶[».µVµ:¶�·�°a²V¼�Â¹´IÊ
¶�·�½:´�»V²V¼VºW´aÇ�¸�Ä.¶
¼V±³º£¸�°a²tÀ7¶>½:¶�¸�Ê_¶�¶v²�º�¶�·�±¹¶vº�Ã#±¹¸�¸�Ä.¶v²\µ:¶�·�ÇR´a·�Æ�º�¸�Ä.¶>¸�Ä.·�¶vº�Ä.´�Â³¼\¸£¶vº£¸�È�ïmÇ_¸�ÄV¶[»Vº£¶[´aÇ,u ÔRÔ
±³Ælµ:´a·�¸�°a²?¸Tµ:´�±³²?¸�ºT¼.´1¶vº�².´a¸Tµt·�´�ËY±³¼.¶*º�»wv>À�±¹¶v²?¸
°aÀ�À�»V·�°aÀ7¿aÎ.¸�Ä.¶*µV·�´YÀ7¶v¼V».·�¶&¶�Ëa¶v²?¸�»V°aÂ³Â³¿
À7´�Ælµt».¸£¶vº�¸�Ä.¶�¶7á.°aÀ7¸�¼V±³º�¸�°a²VÀ7¶�°a²V¼�µ:¶�·�ÇR´a·�Æ�º�¸�Ä.¶�¸£¶vº£¸�È�e[e>e[e>e>e[e>e�e[e>e[e>e>e q ¢

¬ e5¢ ^#·�´YÀ7¶v¼V».·�¶�ÇF´a·±³¼.¶v²?¸�±¹ÇR¿1±³²VÅh°aÂ5Â#º£¶�·�±¹¶vº�¸�ÄV°�¸�°�·�¶�Ê�±¹¸�ÄV±5²K°�Å�±¹Ëa¶v²�¼V±³º£¸�°a²VÀ7¶[téÇR·�´�Æ °
Å�±¹Ëa¶v²�µ�°�¸£¸£¶�·�²�º£¶�·�±³¶vº�Èªe[e�e>e[e>e[e>e>e[e>e[e>e�e[e>e>e[e>e[e>e>e[e>e�e[e>e[e>e>e qVo

¬ e o ^#·�´YÀ7¶v¼V».·�¶�ÇF´a·�±5¼.¶v²k¸�±³ÇF¿Y±³².Å¸�Ä.¶�².¶v°�·�¶vº£¸�º£¶�·�±³¶vº�ÇF·�´�Æ�°lÅ�±¹Ëa¶v²�µt°�¸£¸£¶�·H²LÈ�e�e[e>e[e>e>e q ¤
¬ ei¤ ^#·�´YÀ7¶v¼V».·�¶
ÇR´a·#±³¼.¶v²?¸�±¹ÇR¿1±³²VÅDx�À�Â¹´�º£¶vº£¸(º£¶�·H±¹¶vº�¸�ÄV°�¸#°�·�¶�Ê�±¹¸�ÄV±5²�°*Å�±¹Ëa¶v²l¼V±³º�¸�°a²VÀ7¶ytíÇR·�´�Æ

°lÅ�±¹Ëa¶v²Gµt°�¸£¸£¶�·�²�º£¶�·H±¹¶vº�È(çK¶�»tº£¶ ×MÐ£ÑHÑ ¸£´[Ä.´�Â³¼h¸�Ä.¶�µ:´�±³²?¸£¶�·�º�´aÇ
x>À�Â³´�º£¶vº£¸�º£¶�·H±¹¶vº�È#É&Ä.¶
×MÐ£ÑHÑ ±³º+±³²V¼.¶7áY¶v¼h´�²�¸�Ä.¶�¼V±³º£¸�°a²VÀ7¶�´aÇ�¸�Ä.¶�º�¶�·�±¹¶vº�ÇR·�´�Æ�¸�Ä.¶�µ�°�¸£¸£¶�·�²�º£¶�·�±³¶vº�Èe[e>e[e>e>e qYq

^



���������
	
���	�����	�������������	������������������ �

	�!������#"���$%���&�&'(��)*�+	�������

!�/10325476���8:9;/1<�=>/?<:@:6:2

��¥W��	�����)*	

zôB�@:BID3ZE0H2 , Bh47BIZ�6:<:2RUV8:BIDlO S 0O�/1D�4�Z S 9GJ:03BID3DH2 S < S O&432R9GB�D3BI032FBED>/1<:@j6:2FBE03/103Z�6:2FZ�/1N
2R<M{
@:BvuC2F<:X S O�Z S 9GJ:03BID3D3BI@AD3BI032FBED , /1DHBE@ S <Û436:Bë/1D3DH2RXY<:9GBE<.4 S O[2R9GJ S 0H4�/?<:ZEBjNFBI^YBINRDK4 S 476CB
B�ut4303BE9;/ S O472R9GB\D3BE0H2RBID¾/1<:@ 476:BI2R0G@:BE0H2F^?/?4725^YBIDEe|z�B\O S 039;/1NR2F�EBK476CB�@:2FDH4�/?<:ZEB\OP8:<:ZI432 S <CD
8:DHBE@í2R<jZ S 9;JC03BEDHD32 S <í/1<:@j0HBI470H2RB�^1/?N
47BIZ�6:<:2FUt8CBEDEeEz�Bh@CBED3ZI032 , B�0HBI470H2RB�^1/?N
47BIZ�6:2R<CUt8CBEDl476L/k4
8:DHB�436:B�@:BI^1BEN S J BI@;Z S 9;JC03BEDHD32 S <w/?<:@;2F<:@:BvuC2F<:Xl47BIZ�6:<:2RUV8:BID�O S 0�O�/1DH4�03B�470HBI^?/1N S O D3BI032RBID+OP0 S 9
/�@L/?47/ , /1DHB�436L/?4�9;/?47Z�6\/�XY2F^1BE<\JL/?4H47BE0H<fe

^t2



¡3}T�;~T�a{Våk�

�I� �aå��(|Tä
~1��}P���

zôB�^t2RB s /��������E���I���i���G/?D�/¾D3BIUV8:BE<:ZIB S O&^1/?NR8:BID9GB�/1DH8:03BI@ô/k4�BEUV8L/?N_472F9;B>2R<.47BI0H^?/1NFD�� O S 0
B�uC/19GJ:NFB1c&476:B\D3BI032RBID�2R< �_2RXY8C03Bj¢Ye5¢�2R<:ZINR8:@:BID�^1/?NR8:BID\¢1c*¤Cc*¤Cc*�cW/1<C@ D SôS <�e �_uC/19GJ:NRBID
S O�472R9GB�D3BI032FBED>2R<:ZINR8:@:B�D�4 S Z�bíJ:032FZEBEDIc s B�/k476:BI0[@L/k4�/Cc
/1<:@ëBENFBEZI430 S Z�/10H@:2 S XY07/19GDEe�zôB;6:/a^1B
2R<.^1BEDH432RX./k47BE@ü47BIZ�6:<:2FUt8CBEDwO S 0�Z S 9GJ:03BID3D32 S < S O432R9GBKD3BE0H2RBIDw/1<C@ 6:2FBE03/103Z�6:2FZ�/1N�2F<:@:BvuC2F<:X S O
Z S 9;J:0HBEDHD3BE@wD3BE0H2RBIDEe�	�6:2FD�2F<.^YBED�472FX./?472 S <�2RD&/�Z S <.432R<V8L/?432 S < S O�476:B s S 03b ,.- �+07/?4H4*/?<:@¾�_2F<:b
S <�436:Bh2R<C@:B�u�2R<CX�/1<:@�O�/1D�4l03B�47032FBI^?/1N S O&472F9;B[D3BE0H2RBID��x�+03/?434Ec o1pYp ¢B���+07/k434�/1<C@í�_2R<:bdc o?pYp.o �
�_2F<:b¾/1<C@��+07/k434�c o1pYp ¤���e

�
2R03D�4�c s B>@:BEDHZE032 , B[/�J:0 S ZEBI@:8:0HB>O S 0�Z S 9;JC03BEDHD32F<:XG432R9GB�D3BI032FBED ,V- Bvut4707/?ZI472 S < S O�ZIBE0�{
4�/?2R<����6�������i�B���n�7�V�����I�����*436L/?4[2RDEc_9w/�` S 0[9G2R<:2F9w/K/?<:@�9w/�uC2F9w/�e�� S 0[Bvu:/?9;J:NFB1c s B¾ZE/1<
Z S 9;J:0HBEDHD&436:B�D3BI032RBID+2R<G�_2FXY8:03B¢YeF¢ ,.- Bvu�4307/1Z�472F<:Xl476:B�ZI2R03ZINRBI@GBvut4703BI9w/�/1<C@G@C2RD3ZE/103@C2R<:Xl476CB
S 436:BE0�J S 2R<.47DIe

�tBEZ S <:@fc s BjXY25^YBj/ë47BEZ�6C<:2RUV8:B�O S 0;6:2RBI07/10HZ�6:2RZE/1N�2R<:@:Bvu�2R<:X S O>/ôZ S 9GJ:03BID3DHBE@�D3BI032RBID
, /1DHBE@ S <ô476CBw/1DHD32FXY<:9GBE<.4 S OW2R9GJ S 0H47/1<:ZEB�NFBI^YBINRD�4 S 2F43D[Bvu�4303BI9w/Ce�� S 0�2F<:DH47/1<:ZEB?c s BwZE/1<
/1DHD32RX1<w476:B�2R9GJ S 0H4�/?<:ZEB�NRB�^YBINRDW/?D*D36 S s <K2F<¾�_2FXY8:0HB[¢Ye5¢Yc�/1<:@w436:BE<K2F<:@:BvuwBvut4703BI9w/ ,V- 436:BE2F0
2R9GJ S 0H47/1<:ZEB?e

	�6C2R03@�c s BjJ:0HBED3BI<.4�/?NRX S 0H2F436:9;D�436L/?4K8:DHB�476CBj@:BI^1BEN S J BI@Û2F<:@:BvuC2F<:X D�47038CZI478C03BED¾O S 0
@:B�47BE0H9;2F<:2R<CX s 6:B�476:BI0W4 s S XY25^YBI<KD3BE0H2RBID�/103BD32R9G2RNR/10EcV/?<:@wO S 0�03BI43032FBI^t2R<:X[476:B�DHBE0H2RBED*D32R9G2RNR/10
4 S /�XY2F^1BE<�JL/?4H47BI03< OP0 S 9è/�@L/k4�/ , /?D3B1e�zôBKD36 S s 476:/?4�436:BK6:2RBI07/10HZ�6:2RZE/1N�2R<:@:Bvu�2R<:X�NFB�/1@CD
4 S 476:B;03BI@:8:ZI432 S < S OW476CBw03B�470H2RBI^?/1N+432R9GB�OP0 S 9 NR2F<:B�/10l4 S <:BE/10e{ N S X./?032F436:9G2RZh2F<ô476CBwD32F�EB S O

index

va
lu

e

    2     4     6    8    10   12  14   16   18   20

4

2

0

1
1

4 4

3 3
1

4

3

�_2FXY8:03B�¢Ye5¢Y�>æ#áY°aÆlµ�Â¹¶�´aÇ+°�¸�±³Æ�¶>º£¶�·�±¹¶vº�°a²V¼\±¹¸�º�¶7á1¸£·�¶vÆ>°YÈ�çK¶hº�Ä.´IÊÛ¸�Ä.¶[±³Ælµ:´a·�¸�°a²VÀ7¶l´aÇ+¶v°aÀHÄ
¶7áY¸£·�¶vÆ�»tÆ�°a²V¼�Æ�°�·�Á[¸�Ä.¶�¶7á1¸£·�¶vÆ>°lÊ�±¹¸�Ä�±³Æ�µC´a·�¸�°a²VÀ7¶�Åa·�¶v°�¸£¶�·�¸�Ät°a²\Ý�È

¢



476CB>@:/?4�/ , /1D3B?e

o



¡3}T�;~T�a{Vå1�

�>åk{w�#}P��ä
�h����å��

zôB>0HBI^t2RB s 0HBENM/k47BE@ s S 03b S <�436:B�Z S 9GJL/10H2RD S <\/1<:@�2R<:@CB�u�2R<:X S OT472F9;BlDHBE0H2RBEDIe

ã({V�C��ä#åk{��E{.���B  ��BEDHB�/10HZ�6:BE0HDj6L/�^YBôZ S <:DH2R@:BI03BI@ª^?/1032 S 8:D�OPB�/?438:03BëD3B�47D�O S 0�Z S 9;JC03BEDHD32F<:X
472F9;B�D3BI032RBID\/1<:@ 9GB�/1DH8:032F<:X�D32F9;2FNM/10H2F4 -�, BI4 s BEBI<é476CBE9\e�	�6:B - 6L/�^YBíBvu�43BE<:DH2F^1BEN - D�478:@S{
2RBI@�� S 8:032FBE0�4703/1<:DHO S 039GDEc s 6:2RZ�6�/1NFN S s O�/1D�4KZ S 9GJ:0HBED3DH2 S <¡�x��6:BI2RbV6 S NFBEDHNM/19G2��I���B¢2£Rc>¢�îYîY§;�
��2F<:XY6�/1<:@í��ZI�W4�/1Z�bV<:B - c�¢�îYîY§;���t4 SB¤ BE0EcT¢aîYî1î;�C"l2��I�]�B¢2£Rc o1pYp1p ��� 6 S s BI^1BE0Ec 476:2FD�43BEZ�6:<:2FUV8:B
6L/1D�DHBI^YBI07/1N>@:2FD7/1@C^?/1<.47/1XYBEDIe �£<ÛJL/10�472FZE8:NR/10Ec�2F4�DH9 StS 476CBED�N S Z�/1N9;2F<:2R9;/�/1<C@é9;/ku�2R9;/Cc
s 6:2FZ�6 9;/ - NRBE/1@�4 S /íN S D3D S O�2R9GJ S 0H47/1<.4�2R<CO S 039;/?472 S <fc&/1<:@ 2F4�@ S BIDG< S 4 s S 0Hb s BENRNWO S 0
BE0H07/?432RZ�D3BI032FBED � �£b?BE@L/¥�I�¦�B¢2£Rcd¢aîYîYî � e+)*6L/1<§�I�\�B¢2£ � ¢aîYîYîM� o?pYp ¢ � /1JCJ:NR2FBE@G!/Y/?0 s /�^YBINRBI4�4703/1<:D�{
O S 0H9;D6�x¥�8:030H8:Dn�I�D�B¢2£Rcd¢aîYî ¬ ��=�03/1J:DEc�¢aîYîY��d4 S 432R9GB�DHBE0H2RBED*/1<:@¾DH6 S s BI@KD3B�^YBE03/1Nf/?@C^?/1<.4�/1XYBID
S OT476:2FDW47BIZ�6:<:2RUV8:B S ^YBI0� S 8:0H2RBI0*4703/1<:DHO S 039GDEe

=l8:03/1NR<:2Fb�/1<:@\��0H2F^?/1D�4�/�^?/ � ¢aî1îYî � Z S <:DH2R@:BI03BI@�436:B�J:0 S , NFBE9 S OT@:BI43BEZI432R<:X�/hZ�6:/1<:XYBl2F<
476CB470HBE<:@ S O
/�@L/k4�/hDH4303BE/19�cC/1<:@K@:B�^YBIN S J�BE@\/�47BIZ�6:<:2FUt8CB�O S 0*QL<:@C2R<:X§¨HZ�6:/1<:XYB�J S 2F<V43Dª©�2F<
/;DHBE0H2RBEDIe�'#/1D�4r�I�]�B¢2£ � o1pYp ¢ � JC0 S J S D3BI@j/;X1BE<:BI07/1NTOP07/19GB s S 03b¾O S 0bV< S s NRBI@:XYB�@C2RD3Z S ^YBE0 - 2F<
472F9;B*D3BE0H2RBIDEc s 6:2RZ�6G2R<:ZINR8:@CBE@�03BIJ:03BID3BE<.47/?472 S < S O�/lD3BI032RBID ,.- 2547D&b1B - OPB�/?438:03BIDEcVD38CZ�6¾/1D&D3N S J�B
/1<:@ôD32FXY<L/1N�{ 4 S {£< S 2FD3B�03/?472 S e¾	�6:B - @CBED3ZI032 , BI@�/\43BEZ�6:<:2FUV8:BwO S 0>Z S 9GJ:8C432R<:X�476CBED3BGOPB�/?438:03BID
/1<:@\2R@CBE<.4725O - 2F<:X�476:B�J S 2R<.43D S O�Z�6L/1<CXYB[2F<K476:B�OPB�/?438:03Bl^?/1NF8:BEDIe*�+07/k434�/1<:@��_2R<Cb¾J:03BID3BI<V43BE@
/�J:0 S ZEBI@:8:0HB>O S 0WQ:<:@:2R<CXG9;/�` S 0*B�ut470HBE9;/G2F<�/�DHBE032FBEDIc s 6:2RZ�6�/103B>/�D3J�BEZI2M/1N(ZE/1D3B S O
Z�6L/1<CXYB
J S 2R<.47D � �+07/?4H4�c o1p1p ¢V�L�+07/k434�/1<:@��_2F<:bdc o1pYp.o � e

��BEDHB�/10HZ�6:BE0HD�6:/a^1Bë/1NRD S DH478C@:2RBI@Û436:Bj8:D3B S O>DH9w/1NFN�/1NFJ:6L/ , BI43DwO S 0KZ S 9;JC03BEDHD32 S < S O
D3BI032FBEDEcC/1<:@�/1JCJ:NR2FBE@wD�470H2R<:X[9w/?43Z�6:2R<CX¥�x=�8:D�QLBENF@fc�¢�îYî ¬ ��4 S 476:B�J:/?4343BE03<KDHB�/10HZ�6§�ù��XY07/ s /1ND�I�
�B¢2£Rct¢aîYî.M��!�8L/1<:X/1<:@�"�8fcC¢aî1îYî;�a�<C@:0S«B�{�n�¬S <:DHD S <�/?<:@h¥W/?@L/1NmcV¢aî1î ¬ ��'#/19%/1<:@nz S <:X:cC¢�îYîY§;�
�_/?03b��I�6�B¢2£Rc�¢aî1îYî;�®�8¯�I�6�B¢2£Rc&¢aîYîY§��me;� S 0�B�uC/19GJ:NRB?c_=l8:03/1NR<:2Fb��I�6�B¢2£ � ¢aîYîY§ � Z S 9GJ:03BID3DHBE@
DH4 S Z�b\J:0H2RZEBID8:DH2R<:X¾/w<:2R<CBI{£NFBI4H47BE0�/1NFJ:6L/ , BI4Ee���2F<:XY6�/1<:@í��ZI�W4�/1Z�bV<:B - � ¢aîYîY§ � 0HBEJ:0HBED3BI<.47BE@
DH4 S Z�bKJC032RZIBEDIcLJL/10H432RZINRB�@ - <L/?9;2FZEDEcd/?<:@�D�47BINRNM/?0WNR2FXY6.4�2R<.47BI<:D3254 -K,.- /h476:0HBEBI{ NRB�4347BI0�/1NRJ:6:/ , B�4�e
'(2R<ë/1<:@ô��2RD3Z�6 � ¢�îYîY§ � 8CD3BE@�/�4 s S { NRBI4H47BI0[/?NRJ:6L/ , B�4l4 S BE<:Z S @:BG9;/�` S 0lD3JC2Rb1BID[2F<ë/\DHBE032FBEDIe

¤



$l/1D1�I�n�B¢2£ � ¢aî1îY§ � 8C472FNR2R�IBE@ô/1<ü/1NFJ:6L/ , BI4 S O�J:032F9;254725^YB�D36L/?J BIDhO S 0�B � ZI2RBI<V4hZ S 9GJ:03BID3DH2 S <fe
	�6:BID3B43BEZ�6:<:2FUV8:BEDWX12F^YB�/�6:2RXY6GZ S 9;J:0HBEDHD32 S <w07/k47B1c , 8C4�476CBE2R0�@:BID3ZE0H2RJC432F^1B�J S s BI0*2RD�NR2F9;2547BI@fc
s 6:2FZ�6�9;/1b1BID�476:BI9 2R<L/1JCJ:NR2FZ�/ , NFB2F<K9w/1< - @ S 9w/?2R<:DIe

�TBE0H<:X°�I���B¢2£ � o?pYpYp � 2R<.^1BEDH432RX./k47BE@ /ôZ S 9;JC03BEDHD32 S < 43BEZ�6:<:2FUV8:B , /?D3BE@ S < Bvu�4307/1Z�472 S <
S Or¨HNR/1<:@:9;/10HbjJ S 2F<.47DEc�© s 6:2FZ�6�2R<:ZINR8:@:BI@ N S Z�/?N�9G2R<C2R9;/\/?<:@�9w/�uC2F9w/�e�rlB S XY6�/1<C@ü�_/1��{
��/?<:2 � ¢�îYîY§ � 8CD3BE@�476CB�BI<:@:J S 2R<.43D S O , BED�47{ QC4�NF2R<:B*D3BEX19;BI<V43D�4 S Z S 9GJ:03BID3D�/lD3BE0H2RBIDEe+rlB S XY65�I�
�B¢2£ � o1pYp ¢�/ � 03B�^�2FB s BE@j/?<:@�Z S 9;J:/103BI@�476CB[Z S 9;JC03BEDHD32 S <�43BEZ�6:<:2FUV8:BED , /1D3BI@ S <�/?J:J:0 S u�2R9;/�{
472 S < S O�/;472F9;B�D3BI032FBED ,.- /wD3BIUt8CBE<:ZIB S O&DH4703/12RX16V4�D3BIXY9GBE<.47DIe6z�B�@:BEDHZE032 , Bh/1<j/1N547BE0H<L/?432F^YB
Z S 9;J:0HBEDHD32 S < 43BEZ�6:<:2FUV8:B1c , /?D3BE@ S < D3BENFBEZ�472 S < S O2R9GJ S 0H4�/?<V4�9G2R<C2R9;/�/1<:@ 9w/�uC2F9w/�c�/?<:@
XY25^YB>/hO�/1DH4�J:0 S ZIBE@:8C03B�O S 0WQL<:@:2F<:X�2R9GJ S 0H4�/?<V4WJ S 2F<.47DEe

± }�� }��P�:åk}P��²��ô{t�:��äTå�{t�B  ��B�^YBE03/1N�03BID3BE/103Z�6:BI03DG6L/�^YBK@:B�QL<:BI@ DH2R9G2RNM/?032F4 - /1Dh476:BK@C2RDH47/1<:ZIB
2R<ô/\OPBE/?478C03BGD3JL/1ZIB1e\� S 0�B�uC/19GJ:NRB?c�)W/?07/1ZE/�{*³�/1NFBE<.47B;/1<:@�' S J BI�I{�)*6L/�^1/?03032R/1D � o1p1pYp � 8:DHBE@
�+8:ZENF2R@:BE/1<í@:2RD�4�/1<CZEB , BI4 s BEBE<ëOPB�/?438:03B�^1BEZI4 S 03D�Z S <.4�/12F<:2R<:X�/?<:XYNRB S O*bV<:BIB�9 S ^YBI9;BI<.4�/?<:@
9h8:DHZENFBlDH470HBE<:X?476fcd/1<C@�'(BIB��I���B¢2£ � o1pYpYp � /1J:J:NF2RBI@��&8CZENR2F@:B�/?<K@:2RD�4�/1<:ZIBl4 S Z S 9;JL/?03B�OPB�/k478:0HB
^YBIZI4 S 03DWZ S <.4�/12F<:2R<CX[Z S N S 0Ic.47B�ut438:03B?cL/1<:@;D36L/1J�B S O�^�2F@:B S @L/?47/Ce�	�6:2FD�47BIZ�6:<:2FUt8CB s S 03bVD s BENRN
s 6:BI<w/1NFN�OPBE/?478:0HBED+6L/�^1B�436:B�D7/?9;B�8:<C2F47D S O DHZ�/1NFBn�i= S NF@:2R<�/1<:@Gr�/1<:BENFNM/1bV2FDEc:¢aî1î.����.6 S s B�^YBI0Ec
2F4�2FD S O 47BI<�2R<:B ¤ BIZI4725^YBlO S 0�Z S 9 , 2F<:2R<:X�@C2RD3J:/107/?43B�OPB�/?438:03BIDEe

��<�/1N547BE0H<L/?432F^YB&@:B�QL<:25472 S < S OLDH2R9G2RNR/103254 - 2FD , /?D3BE@ S < , S 8:<:@:2F<:X0HBEZ�4�/1<:X1NRBED´�14 s S D3BI032RBID
/10HBD32F9;2FNM/10&25Of476:BI2R0 , S 8C<:@:2R<CXh03BIZI4�/?<:XYNRBIDW/10HB�D32F9;2FNM/10Ie#	�6:2RDW9GB�/?D38:0HBl/1NRN S s D�O�/1D�4WJ:0H8:<:2F<:X
S O
ZENFB�/10HN - @C2RD3DH2R9G2RNR/10�DHBE0H2RBED � '(BEB��I��B¢2£Rc o?pYpYp �L�TBE0H<:X5�I�=�B¢2£Rc o1p1pYp � c , 8C4�2F4�2FD�NRBID3D�B ¤ BEZ�472F^1B
O S 0�DHBENRBIZI432R<:X�476CB>9 S D�4�D32R9G2RNR/10�D3BE0H2RBID/19 S <:X�ZIN S DHB�Z�/1<:@C2R@L/?43BEDIe

	�6CBlBE<.^YBIN S J�BI{ Z S 8:<.4�47BIZ�6:<:2FUt8CB>2FD , /1DHBE@ S <K@:25^t2R@:2F<:X�/hD3BI032FBED�2R<.4 S D36 S 0H4�D3BIXY9GBE<.47DIc
Z�/?NRNRBI@jBE<.^YBIN S J�BEDIcT/1<:@í@:BIQ:<:2R<:X\/ - BID�µ?< S DH2R9G2RNM/?032F4 - O S 0�B�/?Z�6ôBI<V^1BEN S J B?e�	 s S DHBE032FBED>/10HB
D32F9;2FNM/10 s 2F436:2R<�/?<éBI<V^1BEN S J Bí25O>436:BE2F0KJ S 2R<.47{ ,V- { J S 2F<.4K@:2 ¤ BE0HBE<:ZIBED�/103B s 25476:2F<�/�ZEBE0�4�/12F<
476C03BEDH6 S NF@fe	�6:B S ^1BE03/1NRNTD32F9;2FNM/10H2F4 - 2RD9GB�/?D38:0HBE@ ,.- 476:Bh<V8:9 , BI0 S O&BI<V^1BEN S J BID s 6:BI03Bh476CB
D3BI032FBED;/103B�D32F9;2FNM/10��ù��XY07/ s /1N3�I�3�B¢2£Rc¢aîYî1¦���e 	�6:2FD�9;BE/1D38:0HB�/?NRN S s DhO�/1D�4GZ S 9GJ:8C47/?472 S < S O
D32F9;2FNM/10H2F4 - c(/1<:@ô2F4>Z�/1< , Bw/1@L/1J�47BE@ëO S 0�< S 2FD - /1<:@ô9;2FD3DH2R<:X\@L/?47/ � ¥ S NFN S , /?D¥�I�p�B¢2£Rc�¢�îYî ¬ �
$l/1D3�I�=�B¢2£Rc(¢aîYî ¬ ��e

�
2R<L/1NFN - c s BjZE/1< 9GB�/1DH8:03Bí/ J S 2R<.4e{ ,.- {£J S 2R<.4;D32R9G2RNR/103254 - S Ol4 s S D3BE0H2RBID�/1<:@�/1XYX103BI{
X./?43Bj476:BID3B�9GB�/?D38:0HBEDEc s 6C2RZ�6 S O 47BE<é03BIUt8C2R03BID�2F<.47BE0HJ S NM/?432 S < 4 S S , 4�/12F<Û9G2RDHD32F<:XüJ S 2F<.47DEe
rlB S X16 /1<:@��_/1�I��/1<C2 � ¢aîYîY§ � 8CD3BE@�NR2R<CB�/10�2R<.43BE03J S NR/?472 S < s 2F436ô476C2RD�47BEZ�6C<:2RUV8:B?c+/1<:@��
BE0H<:X

q



�I���B¢2£ � o1p1pYp � /?J:J:NR2FBE@jZI8 , 2RZh/1J:J:0 S u�2F9w/?432 S <�e[rlB S XY6ë/1<:@ë�_/?�E��/?<:2 � o1pYpYp � /1NRD S @:BEDHZE0H2 , BE@
/�J S 2R<.47{ ,V- { J S 2F<.4WD32F9;2FNM/10H2F4 -hs 25476�9 S @:25QLBE@¾�&8CZENR2F@:B�/?<\@C2RDH47/1<:ZIB1c s 6:2FZ�6�@ S BID�< S 4�03BIUV8:2R0HB
2R<.43BE03J S NR/?472 S <fe

�I�
|#{w¶#}��#���L�T|�å�{.�aåk}�{w�:�:�e ���BID3BE/103Z�6:BI03Dh6:/a^1BwD�478:@:2FBE@�/K^?/1032FBI4 - S O*47BEZ�6C<:2RUV8:BID�O S 0�2R<M{
@:BvuC2F<:X S O�472F9;B;D3BI032RBIDEeô	�6:B - 6:/a^1B�8C472FNR2R�IBE@ôD3BI^1BE03/1N�/1@C^?/1<:ZIBE@üDH43038:Z�478:0HBEDEc�D38CZ�6 /1D�·M¸V{
470HBEBIDEcL��{ 4303BEBIDEcC/1<:@KXY0H2R@:DIe+� S 0�BvuC/19;JCNRB1cC$�BE<:X � ¢aî1îY§ � /1J:J:NF2RBI@1·;¸B{ 4303BEBID�4 S /10303/1<:XYB�D3BI032RBID
,.- 436:BE2F0�D32FXY<:2FQ:Z�/1<.4OPBE/?478C03BEDIcT)*6L/1<ë/1<:@ë�L8 � ¢aîYîYî � Z S 9 , 2R<CBE@ s /a^1BENFBI4�4703/1<:DHO S 039GD s 2F436
��{ 470HBEBIDEcW/?<:@ ¥ S �Ebk/ - /�/?<:@ 6:BI0�Z S NFNRB�/?XY8:BED � ¢aîYîYîM�l¢aîYî ¬ � 8:D3BI@ ^?/1<.4�/1XYB�{£J S 2R<.4�4303BEBIDGO S 0
2R<C@:B�u�2R<CXGDHBE0H2RBED ,.- <V8:9GBE032FZ�OPB�/?438:03BIDEe

�
/103b¹�I�\�B¢2£ � o?pYp ¢ , � 2R<:@CB�u�BE@GD3BI032RBID ,V- 476:BI2R0+N S Z�/?NCB�ut4303BE9;/�/1<:@ ,.- J:0 S J BI0H472FBED S O�476CB
D3BIXY9GBE<.47D , BI4 s BEBE<;Z S <CD3BEZI8C4725^YB�B�ut4303BE9;/Ce+'(2º�I�»�B¢2£ � ¢�îYîY§ � J:0 S J S DHBE@;/�03BI43032FBI^?/1NC43BEZ�6:<:2FUV8:B
, /1DHBE@ S <G/>9h8CNF472�{£NFBI^YBIN:/ , DH4703/1ZI432 S <�6:2FBE03/103Z�6 - S O�OPB�/?438:03BIDEe+��XYX./10 s /1N:/1<:@�"�8 � o1pYpYp � Z S <S{
D32F@:BE0HBE@�XY0H2R@:DIc , 8C4�O S 8:<:@¾476:/?4W476CBE2R0*J BI0HO S 0H9w/1<CZEB�2F<K/h9h8:N54722{ @:2R9GBE<CD32 S <L/1NLD3J:/1ZEBl2FD S O 47BI<
< S , BI4H47BI0>436L/1< BvuC6:/18:DH432F^1B¾D3BE/103Z�6fe�	�6:B - /1NFD S 0HBI^t2RB s BI@ 476:B;8:D3B S O�Z S 9;J:0HBEDHD32 S < s 2F436
B�u�6L/?8:DH432F^YB�{£DHB�/10HZ�6�0HBI470H2RB�^1/?Nmc�/1<:@¾Z S <:ZENF8:@:BI@�436L/?4*B�u�6L/18:D�4725^YBlD3BE/103Z�6\/19 S <:X�Z S 9GJ:03BID3DHBE@
D3BI032FBED�2FD S O 43BE<�O�/?DH47BI0476:/1<�D S J:6:2RD�472FZ�/?43BE@�2F<:@:B�u�2F<:X:e��&03/?434�/1<:@í�_2F<:b�/1NFD S Bvu�J BI032R9GBE<.43BE@
s 2F436�B�u�6L/18:D�4725^YB>D3B�/?03Z�6�/?9 S <CXGZ S 9GJ:03BID3D3BI@�DHBE0H2RBEDIc�/1<:@�D36 S s BE@�436L/?4�254�/1NRN S s BE@KO�/1D�4�03B�{
470H2RB�^1/?Nmc?/1NF436 S 8:XY6[2F43D
476CB S 0HBI472FZ�/1NV472F9;B�Z S 9;J:NFB�u�2F4 -ls /1D+NF2R<:BE/10#2R<�436:BW@L/?47/ , /1DHB*DH2R�EB¼�x�+07/k434�c
o1pYp ¢V�L�_2F<:b¾/1<C@��+03/?434Ec o1pYp ¤���e

zôBí@:BEDHZE0H2 , B�/�<:B s 47BIZ�6:<:2RUV8:BëO S 0K6:2FBE07/?03Z�6:2FZ�/1N�2F<:@:BvuC2F<:X /1<:@Û03B�47032FBI^?/1N S O>472F9;B
D3BI032FBEDEc ,.- /1D3DH2RXY<C2R<:XG2R9GJ S 0H4�/?<:ZEBlNFBI^YBINRD�4 S 2F43D�Bvut4703BI9w/�c s 6C2RZ�6�@ S BED�< S 4�2F<V^ S NF^1B[Bvu�J:NR2FZE2F4
@:2F9;BI<:D32 S <í03BE@C8:ZI432 S <fe���NF476 S 8:XY6j476CB s S 03D�47{ Z�/1DHB;Z S 9;JCNRB�u�254 - S O�476:B�J:0 S J S D3BE@ë03B�470H2RBI^?/1N
J:0 S ZIBE@:8:0HB�2RD�NR2F<:B�/10�2R<G476:B@L/?4�/ , /1D3BD32R�IB1ct476:Bl/�^1BE07/?XYBI{ Z�/1DHB472F9;B�2RD�ZEN S D3B4 S N S XY/10325476:9G2RZ?e





¡3}T�;~T�a{Vå1½

¾h�L��}�~\~Y� �T~Y{K~T�a�

zôB�0HBI^t2RB s , /?D32RZ�/?NRX S 0H2F436:9;D_/1<:@�@L/?47/lDH470H8:ZI438:03BID�8CD3BE@;2R<h436:B�@:BEDHZE032 , BI@ s S 0Hb�ct2R<CZENR8C@:2R<:X
DH47/1<:@L/?03@�DH43038:Z�478:0HBED�¿m�tBEZI432 S < ¤CeF¢�À�/1<:@�0HBEJ:0HBED3BI<.4�/?432 S < S O�/�432R9GB;DHBE0H2RBED¹¿���BEZ�472 S <�¤Ce o À�e
zôB�436:BE< @:B�QL<:B�/í@C2RDH47/1<:ZIB , BI4 s BEBI< 4 s S BIUV8L/1N2{ NRBI<:X1476�432R9GB¾D3BI032RBIDG/1<:@ XY2F^1BK2F47D , /1D32FZ
J:0 S J BI0H432RBEDn¿���BEZ�472 S <�¤�eg¤wÀve

½Á �� Â¾{t�P�C�a{t| �I�aåkäT~1��ä#åk{t���L�T| �L�P���dåk} ��}
���

zôBW03B�^�2FB s 476:B , /1D32FZW@L/?47/DH43038:Z�478:0HBED�/1<:@�/?NRX S 0H2F436:9;D#8:DHBE@�2R<[476:B�@:BID3ZI032 , BE@ s S 0Hb�c s 6C2RZ�6
2R<CZENR8C@:B*D�4�/1Z�bVDEc.NF2R<:b?BE@hNF2RD�47DEc?03BI@M{ , NR/1Z�b�4703BIBED � ¥W/ - BI0EcL¢aî ¬Yo �?=�8C2 , /1D_/1<:@��tBE@:XYB s 2RZ�bdcd¢aî ¬ § � c
07/?<:XYBj470HBEBEDÃ�ù�&@CBENRD , 038C<:<:BE0Ic�¢aîY§C¢´��c�/1<:@�476:BíZ S 9;J:8�4�/?432 S < S O S 03@CBE0�DH47/?472FDH472FZED§�ù! S /?03B1c
¢aîY¦�¢V�#¥*NR8C9 �I�¼�B¢2£Rc�¢aî ¬ ¤���eK� 9 S 03BG@:BI47/12RNFBE@ë@:BEDHZE032FJC472 S < S O�07/?<:XYB�4703BIBED[2RD>/�^1/?2RNM/ , NRB�2F<
�C/19GBI4�ÄiD � ¢aî1î p /CcT¢aîYî p?, � , StS bVDEcf/?<:@í/w@:BID3ZE0H2RJC432 S < S O S 476CBE0�D�47038CZI478C03BEDl2F<�476CB�47Bvu�4 , StS b
,.- ) S 0H9;BI<Å�I�=�B¢2£ � o1pYp ¢ � e
± �a�L~��(�ô�L�T| ��}��T�d{t|¨��}������B  �Æ�I�*�SÇ�È 2RD�/¯¨HNM/?DH47{ 2R<�Q:03DH4e{ S 8�4�©íDH43038:Z�478:0HB1c s 6C2RZ�6 /1NRN S s D
/1@:@C2R<:X�/�<:B s BINRBI9;BI<V4¾/1<:@ 0HBE9 S ^�2F<:Xô436:B�NR/1DH4w/1@:@:BI@ BENFBE9GBE<.4¾2F< Z S <:DH47/1<.4¾472F9;B?e��
É ��Ê;Ë�¢�ÌÃ¢����;Èw� É ¢��$�I�G2RD;/ôD3BIUV8:BE<:ZIB S OlBENFBE9GBE<.47D�¿��_2FXY8:0HB�¤Ce5¢a/wÀvc s 6:2FZ�6�/1NRN S s D�4307/�^YBI03D32F<:X
476CB¾BENFBE9GBE<.47Dh2F< BE25476:BI0�@:2F03BIZI472 S <fc+/?<:@�/1@:@C2R<:Xj/?<:@�03BI9 S ^t2R<:X�BENFBE9GBE<.47D S <�BE2F436:BE0[BE<:@�e
��^YBI0 - BINRBE9GBE<.4+2F<h476:B*NR2RD�4�2F<:ZENF8:@:BED_J S 2F<.47BE0HD_4 S 436:B�J:0HBI^t2 S 8CD&/1<:@�<:Bvu�4&BINRBI9;BI<V43DEc.@:BI< S 43BE@
�U���IÍ � �I¢$�I���I��� � /?<:@|�Î�7�V� � �I¢$�I���I��� � e��£< 	
/ , NFB�¤Ce5¢Yc s B�D38C9;9;/1032F�EBG476:B�9;/12R< S J BI07/?432 S <:D
D38CJ:J S 0H47BI@ ,.- D�4�/1Z�bVD�/1<:@\NR2R<Cb1BE@�NF2RDH43DEe

Â¾{t|ÁÏ7�
���:~k� �aå�{t{t�B �Ð��� ÉBÑ Ë�¢2�SÇ�È��������[2FD/�@L/?47/;DH43038:Z�478:0HB[O S 0�9;/12R<.47/12R<:2F<:X�/;D S 0H43BE@�NR2RD�4�c
s 6:2FZ�6�/1NFN S s DWO�/1DH4�0HBI470H2RB�^1/?Nmc:2F<:D3BI0H472 S <fcd/1<C@�@:BINRBI432 S < S O_BENFBE9GBE<.47DIe*	�6:2FD�4303BIB[2FD�/�^?/1032FBI4 -
S O , 2R<:/10 - {£DHB�/10HZ�6 4303BIBÃ¿��_2RX18:03BK¤�eF¢ , À�c s 6:2RZ�6 2R<CZENR8C@:BED�/j9GBEZ�6L/1<C2RD39 O S 0 , /1NR/1<:ZE2F<:X�476CB
470HBEB�/?O 43BE0W2F<:D3BI0H432 S <:D*/1<:@K@:BINRB�472 S <:DEe+� O
/�470HBEB�2F<:ZENF8:@:BID�ÒjBENFBE9GBE<.47DIc:2F43D*6:BI2RXY6.4�2FD�/?4�9 S DH4
o¼Ó NFXÔ¿�Ò�Õé¢�Àvc�/?<:@�436:B�0H8:<:<:2F<:X;432R9GB S O�476:B[9w/?2R< S J�BE07/k472 S <:D�2FDpÖ�¿×Ò
À�e��£<�	_/ , NRB[¤Ce o c s B

¦



3 3 4 5 61
head tail

3

3

4

1

6

5
tail

head
(a) Linked list. (b) Red-black tree.�_2RX18:03B�¤Ce5¢Y�+æ(á.°aÆlµtÂ¹¶�´aÇf°�Â³±5².Áa¶v¼�Â³±³º£¸+°a²V¼h·�¶v¼YÌP½tÂ³°aÀ�Á�¸£·�¶�¶aÈ

ÞM°kß �*µ:¶�·�°�¸�±³´�²Vº�´�²�°�º£¸�°aÀ�Á�º£¸£·�»VÀ7¸�»V·�¶�Ø
HKP=QKJMÙ
ÞÚ/ × u�Û�Ü�ß ·�¶�¸�»V·�²�J9TMÝUHh±¹Ç�¸�Ä.¶�º£¸�°aÀ�Á�±³º�¶vÆ�µV¸�¿
J�RUQ�ÞÚ/ × u�Û�Ü�ß ·�¶�¸�»V·�²�¸�Ä.¶�¸£´aµ;¶vÂ¹¶vÆl¶v²?¸&´aÇ�°>².´�².¶vÆlµV¸�¿�º�¸�°aÀ�Á
QKÝUGIÞ#ÞÚ/ × u�Û�Ü�ß °a¼V¼G°�².¶�Êü¶vÂ¹¶vÆ�¶v²k¸&¸£´>¸�Ä.¶�¸£´aµG´aÇ�¸�Ä.¶�º£¸�°aÀ�Á
QSRßQdÞÚ/ × u�Û�Ü�ß ·�¶�¸�»V·�²�¸�Ä.¶�¸£´aµ;¶vÂ¹¶vÆl¶v²?¸�°a²V¼h·�¶vÆl´IËa¶�±¹¸+ÇR·�´�Æ�¸�ÄV¶�º£¸�°aÀ�Á
ÞR½Cß¦�*µ:¶�·�°�¸�±³´�²Vº�´�²G°l¼.´�»V½tÂ¹¿[Â5±³².Áa¶v¼hÂ³±³º£¸�Ø
HKP=QKJMÙ
Þ Ô -2/ × ß ·�¶�¸�».·H²�J;T;ÝÔHh±¹Ç�¸�Ä.¶�Â³±5º£¸+±³º+¶vÆlµV¸�¿
à HKJMLOáBN$TÔG�JfÞ Ô -0/ × ßHÎ à HKJML�â�WÎG�JfÞ Ô -0/ × ß ·�¶�¸�».·H²h¸�Ä.¶�âV·�º�¸_´a·*Â³°aº£¸+¶vÂ¹¶vÆ�¶v²k¸&´aÇf°�².´�²V¶vÆlµV¸�¿hÂ³±³º�¸
WUãßã�L�áBN0TÔG�JfÞ Ô -2/ × ßHÎKWUãUãÔL�â�WßGIJ�Þ Ô -0/ × ß °a¼V¼�°�²V¶�Êü¶vÂ¹¶vÆl¶v²?¸�±³²h¸�Ä.¶�½C¶�Å�±5²V²V±³².Å�´a·�¶v²V¼h´aÇf¸�Ä.¶�Â5±³º£¸
ãUHSâ�L�áBN0TÔG�JfÞ Ô -2/ × ßHÎSãUHKâ�L�â�WßGIJ�Þ Ô -0/ × ß ·�¶�¸�».·H²h¸�Ä.¶�âV·�º�¸_´a·*Â³°aº£¸+¶vÂ¹¶vÆ�¶v²k¸�°a²t¼h·�¶vÆl´�Ëa¶±¹¸+ÇR·�´�Æ�¸�Ä.¶�Â5±³º£¸
	
/ , NRB>¤Ce5¢Y��¯;°a±³²�´aµ:¶�·�°�¸�±¹´�²Vº�º�».µVµ:´a·�¸£¶v¼h½1¿�º£¸�°aÀ�ÁYº�°a²t¼�¼.´�».½tÂ³¿[Â³±³²VÁa¶v¼�Â³±³º£¸�º�Ã.¸�ÄV¶�·�»V²V²t±³².Å¸�±³Æl¶
´aÇT°aÂ³Â�´aµ:¶�·�°�¸�±¹´�²Vº*±³º*À7´�²Vº£¸�°a²?¸�ÈWÉ�Ä.¶�Â³±5².Áa¶v¼GÂ³±5º£¸�°aÂ³º£´h°aÂ³Â¹´IÊ�º*°>ÇM°aº£¸*¸£·�°vËa¶�·�º�°aÂ(±³²�¶v±¹¸�ÄV¶�·*¼V±³·�¶vÀ7¸�±¹´�²
½1¿�»Vº�±³².Å�¸�Ä.¶�µ:´�±³²?¸£¶�·�º�¸£´>°a¼EÍ�°aÀ7¶v²?¸�¶vÂ¹¶vÆl¶v²?¸�º�Ît¼V¶v².´a¸£¶v¼ Ï�Ð�Ñ7ÒaÓ³Ñ7Ô³Ñ7Õ>Ñ7Ö�×gØ °a²V¼ ÖCÑ�Ú�×PÓ³Ñ�Ô¹Ñ�Õ�Ñ�Öt×ÙØ È

D38C9;9;/1032F�EB436:B�9w/?2R< S J�BE03/?472 S <:D�D38CJ:J S 0H47BI@ ,.- 0HBE@M{ , NM/1Z�b;4703BIBEDIe
	�6CB�4703BIB�/1NRD S 2R<CZENR8C@:BED�/hDHBEZ S <:@L/10 - DH43038:Z�478:0HB1c s 6:2FZ�6�2RDW/h@ S 8 , N - NR2F<:b1BI@¾NR2FDH4 S O
/1NRN

BENFBE9GBE<.47D�2F<KD S 0�47BE@ S 0H@:BE0IcLD36 S s < ,V- @L/1D36CBE@�NF2R<:BIDW2R<\�_2FXY8:0HBl¤Ce5¢K¿ , Àve+� 4�/1NRN S s D�Z S <:D�4�/1<.4e{
472F9;B�0HBI470H2RB�^1/?N S Of476CB9G2R<:2F9w/1NC/1<:@;9w/ku�2F9w/1NCBENRBI9;BI<.47DEc�/1<:@GO�/1DH4�4703/�^YBE0HD7/1N S OfBINRBI9;BI<V43D*2F<
D S 0H47BI@ S 03@:BI0Ee

ä åk|#{tå �I�a�C�a}��I�a}�~.�B ª	�6:B5·ß��å|��� É �I�¥�I�i�B�Ú�$�I���iÇ S O�/1< /?0307/ -çæ � ¢Bè0è�Ò � 2RD�476:Bk·t476 D39;/1NRNFBEDH4
BENFBE9GBE<.4�c�476L/k4�2RDIc 436:BhBENFBE9GBE<.4436L/?4 s S 8CNR@ , B�2R<�476:B�·V476�J:NR/1ZEB�/?O 47BI0D S 0H432R<:Xw436:B�/10H07/ - e
�< S 03@CBE0e{ DH47/?472FDH472FZ>/1NRX S 032F436:9\c�é�êÔëSêÔìÎí\¿ æ cÔÒ_cß·9À�c�2R<CJ:8C47D�/�XY2F^1BE<j/10H07/ - /1<:@\476:B3·�^?/1NF8:B1c
/1<:@ë03B�478:0H<:D�476:B�2R<C@:B�u S O*476CB�·V476ëD39;/1NRNFBEDH4�BENRBI9;BI<.4�c s 2F436 S 8C4>D S 0H472F<:XK476:B�XY25^YBI<�/10H07/ - e
! S /103B � ¢aî1¦C¢ � @:BI^1BEN S J BI@ /?<�/1NRX S 0325476:9 O S 0[QL<:@C2R<:X�436:B1·t436 S 03@CBE0hD�4�/?432RDH432RZ s 2F436�NR2R<CB�/10

áBN0XÔã
Þ ×MÐ£ÑHÑ ÎÔ- Ö + Ñ�Ú ß ·�¶�¸�».·�²�°a²�¶vÂ³¶vÆl¶v²k¸�Ê�±¹¸�Ä�°�Å�±¹Ëa¶v²;±³²V¼.¶7á
N0XßG�HKTVJfÞ ×MÐ£ÑHÑ Î Ñ�Ô¹Ñ�Õ>Ñ7Öt× ß °a¼t¼�°�².¶�Êü¶vÂ³¶vÆl¶v²k¸+¸£´[¸�Ä.¶�¸£·�¶�¶
ãUHSâ�HKJ9HdÞ ×MÐ�Ñ�Ñ Î Ñ7Ô³Ñ7Õ>Ñ7Öt× ß ¼V¶vÂ¹¶�¸£¶�°a²�¶vÂ¹¶vÆ�¶v²k¸&ÇR·�´�Æ�¸�ÄV¶�¸£·�¶�¶
	
/ , NRB¤Ce o �&¯;°a±³²�´aµ:¶�·�°�¸�±¹´�²Vº�º�».µtµC´a·�¸£¶v¼>½1¿�·�¶v¼YÌP½�Â³°aÀ�Á[¸£·�¶�¶vº�Ã.¸�Ä.¶*·�»V²V²t±³².Å�¸�±³Æ�¶*´aÇ ¸�Ä.¶vº£¶W´aµ:¶�·�°EÌ
¸�±¹´�²Vº*±³º�Â¹´aÅ�°�·�±¹¸�ÄVÆ>±³À�±³²;¸�Ä.¶�²1»VÆ�½:¶�·�´aÇ#¶vÂ¹¶vÆ�¶v²k¸�º�È*É&Ä.¶�¸£·�¶�¶l°aÂ³º£´[±5²VÀ�Â³»V¼.¶vº�°[¼.´�»V½tÂ¹¿�Â³±³².Áa¶v¼GÂ³±³º£¸
´aÇ�¶vÂ¹¶vÆl¶v²?¸�º&±³²�º£´a·�¸£¶v¼h´a·H¼.¶�·vÎV°a²V¼�±¹¸+º�»VµVµ:´a·�¸�º�°aÂ³ÂLÂ³±³².Áa¶v¼.Ì�Â³±³º£¸
´aµC¶�·H°�¸�±¹´�²Vº+Â³±³º�¸£¶v¼�±³²hÉ °�½tÂ³¶�Ü1È³Ý�ÞR½:ßHÈ

¬



ÞM°kß�æ
Â¹¶vÆl¶v²?¸�º+´aÇf¸�Ä.¶�µ:´�±³²?¸�º�¸£·�»VÀ7¸�».·�¶�Ø
- Ö + Ñ�Ú?Ó ÏVî - Öt×gØ ±5²V¼.¶7á[´aÇ�¸�Ä.¶�µ:´�±³²?¸+±³²h¸�Ä.¶�´a·H±¹Å�±³²V°aÂC¸�±³Æl¶�º£¶�·�±¹¶vº�ÞRµ:´�º�±¹¸�±³Ëa¶�±³²k¸£¶�Åa¶�·7ß
Ò u ÔðïtÑvÓ Ïwî - Ö�×gØ Ë�°aÂ³».¶�´aÇ�¸�Ä.¶�µ:´�±³²?¸�ÞR·�¶v°aÂdË�°aÂ³».¶Iß
×òñHÏ.ÑvÓ Ïwî - Ö�×gØ ¸�¿?µ:¶�´aÇf¸�Ä.¶�µ:´�±³²?¸�ÞR¶v²V¼YÌPµ:´�±³²?¸�ÎVÆ�±³²V±5Æ�»VÆ�Î?Æ�°Eá.±³Æ»VÆ�Î.´a·�².´�².ÌP¶7á1¸£·�¶vÆ>°aÂFß
ÖCÑ�Ú�×PÓ ÏVî - Öt×gØ µ:´�±³²?¸£¶�·+¸£´�¸�Ä.¶�².¶7á1¸+µ:´�±³²?¸&±³²h¸�Ä.¶�À7´�Æ�µV·�¶vº�º£¶v¼;º£¶�·�±¹¶vº
Ï�Ð�Ñ7Ò�Ó ÏVî - Öt×gØ µ:´�±³²?¸£¶�·+¸£´�¸�Ä.¶�µV·�¶�ËY±¹´�»Vº�µ:´�±³²?¸�±5²h¸�Ä.¶�À7´�ÆlµV·�¶vº�º£¶v¼�º£¶�·H±¹¶vº
ÞR½Cß s ¼V¼V±¹¸�±³´�²V°aÂC¶vÂ¹¶vÆl¶v²?¸�º&´aÇf¸�Ä.¶�¶7áY¸£·�¶vÆ�°aÂÙÌPµ:´�±³²?¸&º£¸£·�»VÀ7¸�»V·�¶�Ø
/7-�+ Ñ�Ó ÏVî - Öt×gØ ¸�¿?µ:¶�´aÇf¸�Ä.¶�¶7áY¸£·�¶vÆ�»tÆ ÞMº£¸£·�±5À7¸�ÎtÂ¹¶�ÇR¸�Î.·�±¹Å�Ä?¸�Î.´a·D�t°�¸Hß
- Õ�ÏLÓ ÏVî - Öt×gØ ±³Æ�µC´a·�¸�°a²VÀ7¶W´aÇ�¸�ÄV¶�¶7á1¸£·�¶vÆ»VÆ«ÞRµC´�º�±¹¸�±¹Ëa¶�·�¶v°aÂLË�°aÂ³».¶Iß
ÞMÀ�ß�æ
Â¹¶vÆl¶v²?¸�º+´aÇf¸�Ä.¶�»V²VÀ7´�Æ�µV·�¶vº�º£¶v¼.Ì�º£¶�·�±¹¶vº�º£¸£·�»tÀ7¸�».·�¶�Ø
ó ï1ÔRÔ'ô /ª-�õ ÑvÓ / Ñ�Ð - Ñ / Ø ²?»VÆ�½:¶�·&´aÇ�µC´�±5²k¸�º
ÏVî - Öt× / Ó / Ñ7Ð - Ñ / Ø °�·�·�°v¿h´aÇ(°aÂ³Â:µ:´�±³²?¸�º
ÞM¼�ß_æ
Â¹¶vÆl¶v²?¸�º&´aÇ�¸�Ä.¶�À7´�ÆlµV·�¶vº�º£¶v¼YÌ�º£¶�·H±¹¶vº+º£¸£·�»VÀ7¸�»V·�¶�Ø
ó ï1ÔRÔ'ô /ª-�õ ÑvÓ / Ñ�Ð - Ñ / Ø ²1»VÆ�½:¶�·+´aÇfµ:´�±³²?¸�º+±³²h¸�Ä.¶�´a·�±³Å�±³²V°aÂ:º£¶�·�±¹¶vº
Û îaÕ�Ï;ô /ª-�õ ÑvÓ / Ñ�Ð - Ñ / Ø ²1»VÆ�½:¶�·+´aÇfµ:´�±³²?¸�º+±³²h¸�Ä.¶�À7´�Ælµt·�¶vº�º£¶v¼�º�¶�·�±¹¶vº
ÏVî - Öt× / Ó / Ñ7Ð - Ñ / Ø ·�¶v¼YÌP½�Â³°aÀ�Á�¸£·�¶�¶�´aÇ(°aÂ³Â:µ:´�±³²?¸�º+±³²h¸�Ä.¶�À7´�Æ�µV·�¶vº�º£¶v¼Gº£¶�·�±¹¶vº�Î

±³²V¼V¶7á1¶v¼h½1¿[¸�ÄV¶v±¹·&µtÂ³°aÀ7¶�±5²h¸�Ä.¶�´a·�±¹Å�±5²V°aÂ:º£¶�·�±¹¶vº
	
/ , NRB�¤�eg¤C�w¯;°a±³²�¶vÂ¹¶vÆl¶v²?¸�º�´aÇ*¸�Ä.¶�º£¸£·�»VÀ7¸�».·�¶vº�¸�Ät°�¸l·�¶�µV·�¶vº£¶v²?¸l°¾¸�±³Æl¶hº£¶�·�±¹¶vºvÈ�à�´a¸£¶�¸�ÄV°�¸l¸�Ä.¶
¶7áY¸£·�¶vÆ�°aÂÙÌPµ:´�±³²?¸�º�¸£·�»VÀ7¸�».·�¶�±³²VÀ�Â5»V¼.¶vºd¸�ÄV¶_âtËa¶_¶vÂ³¶vÆl¶v²k¸�º�´aÇ�¸�Ä.¶�µC´�±5²k¸�º£¸£·�»VÀ7¸�».·�¶_°a²V¼¸�Ê
´�°a¼V¼t±¹¸�±¹´�²V°aÂ
¶vÂ¹¶vÆl¶v²?¸�º�È

/�^YBI07/1XYB�{£ZE/1D3B�472F9;B?e�'#/?47BI0Ec(¥*NF8:9ö�I�,�B¢2£ � ¢aî ¬ ¤ � JC0 S J S D3BI@ë/1<í/1NRX S 0325476:9 s 25476�476CB s S 0HDH4e{
Z�/?D3B�NF2R<:BE/10¾472F9;B?c�/1<C@A�_N S - @é/1<:@ª��25^YBED�4 � ¢aî ¬  � 2R9GJ:0 S ^1BE@é436:Bô/1NRX S 032F436:9 O S 0�/�O�/1D�4
/�^YBI07/1XYB�{£ZE/1D3B>Z S 9GJ:8C47/?472 S <fe

½Á 0� Â¾{K~Tåk{t�E{t� ���C��}P� � �� ���}���{\�E{Våk}�{t�

zôB>0HBEJ:0HBEDHBE<.4l/h472F9;BD3BE0H2RBID/1D�/�Z S NRNRBIZI432 S < S O�J S 2R<.4�D�47038CZI478C03BEDIc�/?0307/?<:XYBE@�2F<V4 S /1<�/?0307/ -
S 0;03BE@S{ , NR/1Z�b 4303BIB1e%� J S 2R<.4¾D�470H8:ZI438:03Bj@:BID3ZI032 , BED�/ DHJ BIZE25QLZ�J S 2R<.4 S Ol476:B�432R9GB�DHBE032FBEDIc
2R<CZENR8C@:2R<:X�2F47D�2F<:@:Bvu�c+^?/1NF8:B1c+4 - J B?cW/1<C@ J S 2F<V43BE0HDh4 S 476:BKJC03BI^t2 S 8:D�/1<:@ <:Bvu�4GJ S 2R<.4Ee÷zôB
D38C9;9;/1032F�EB436:B�9w/?2R<KBENFBE9GBE<.47D S OT476CB>J S 2F<V4�/?<:@�DHBE0H2RBED�D�47038CZI478C03BED�2R<�	
/ , NFB�¤Ceg¤�e

��<ø��� É �7� S O�/GJ S 2R<.42FD2547D�J S DH2F432 S <\2R<j/?< S 0H2RXY2F<L/1N(8:<:Z S 9GJ:03BID3D3BI@íD3BE0H2RBID æ öIù è2è0è ù æ � c
s 6:2FZ�6�2RD�/?<�2R<.43BEXYBI0�Í��B¢�Ê�� , B�4 s BIBE< ¢;/1<:@§Ò_c
/1<:@í476:B�^?/1NR8:B S O*476CBGJ S 2F<V4>2FD�436:B�Z S 0H03B�{
D3J S <:@C2R<:XG03BE/1N(^1/?NR8:B?eW	�6:B��ÚÌ�����D36 S s D s 6:BI436:BE0�476:B>J S 2R<.4�2RD�/1<�BI<:@M{ J S 2F<.4 S O_476CB[DHBE032FBEDIc
9G2R<:2F9h8:9\c.9w/ku�2F9h8:9\c S 0�/�< S <S{£B�ut4303BE9;/1N J S 2F<.4�e+� S 0*436:B�Bvu�4303BI9w/1N J S 2R<.47DIc s Bl9w/ - /1NRD S
S JC432 S <:/1NRN - DH4 S 03B\476:BI2R0G4 - J�BED¾/1<:@ 2F9;J S 0H47/1<:ZIB\NFBI^1BENRDIe¯zôB s 2FNRN�B�u�J:NR/12R< 476:B�< S 432 S < S O
B�ut4303BE9;/\4 - J�Bw2F<���BIZI472 S <:D q e5¢¾/1<:@ q e o c�/1<C@ô476CB;Z S 9;JC8C4�/?432 S < S O�2F9;J S 0�4�/1<:ZIB�NRB�^YBENFD�2F<
��BIZI472 S < q ei¤Ce

§



index 5
value 5
type max

imp  4
side right

index 2
value 3
type non-ext

2

type end

1
index 1
value 1

index 3
value 3
type non-ext

index 4
value 5

4

side left
type max

imp  4

5
index 20
value 5
type end

3 20

¿�/wÀ*��0303/ - 03BEJC03BEDHBE<.4�/k472 S <f�&	 s BI<V4 - { J S 2F<.48:<CZ S 9GJ:03BID3DHBE@�DHBE0H2RBEDIe
9

index 1
value 1
type end

1

index 20
value 5
type end

20
index 4
value 5

4

side left
type max

imp 4

index 5
value 5

5

type max

imp 4
side right

index 9
value 3

side right
type min

index 13
value 5

13

side strict
type max

imp 4

index 15
value 1

side strict
type min

imp 3

index 7
value 2

side left
type min

imp 3

7

imp 3

tail

head

15

¿ , À���BE@S{ , NR/1Z�b;4303BEB�0HBEJ:0HBED3BI<.4�/?432 S <f���+2RX16V4e{£J S 2R<.4�Z S 9GJ:03BID3D3BI@�DHBE032FBEDIe
�_2FXY8:03B&¤�e o � ê ¶�µV·�¶vº�¶v²k¸�°�¸�±¹´�²�´aÇ.°&¸�±³Æ�¶Tº£¶�·�±¹¶vºvÈ�çK¶
º�Ä.´�Ê�¸�Ä.¶#·�¶�µt·�¶vº£¶v²?¸�°�¸�±¹´�²�´aÇ.°a²�»V²VÀ7´�ÆlµV·�¶vº�º£¶v¼
º£¶�·�±³¶vº�ÎTÅ�±¹Ëa¶v²ô±³²jìf±¹Å�».·�¶KÝ�È³Ý�Î&°a²V¼�¸�ÄV¶�·�¶�µV·�¶vº�¶v²k¸�°�¸�±¹´�²í´aÇ*±¹¸�º>À7´�ÆlµV·�¶vº�º�¶v¼jËa¶�·�º�±¹´�²dÎ_Æ�°�·�Áa¶v¼j½?¿
À�±¹·�À�Â³¶vº+±³²�ìf±¹Å�».·�¶lÝ�È³Ý�È

	�6CB[@L/k4�/�DH470H8:ZI438:03B>O S 0�/1<\8:<:Z S 9;JC03BEDHD3BI@�D3BI032RBID�2F<:ZENF8:@:BID�/?<�/10H07/ - S O_J S 2F<.47DEcd/?<:@
476CB�2F<:@:B�u S OCB�/1Z�6�J S 2F<.4_D�47038CZI478C03B*Z S 030HBEDHJ S <C@:D
4 S 2F43D#J S DH2F432 S <>2R<�476:B�/10H07/ - e_� S 0TBvuC/19;JCNRB1c
s B�03BIJ:03BID3BI<V4l/�4 s BE<.4 - {£J S 2R<.4D3BE0H2RBID2R<��_2FXY8:03B�¢Ye5¢ ,V- /�4 s BI<V4 - { BENRBI9;BI<.4l/10H07/ - D36 S s <�2F<
�_2FXY8:03B�¤�e o ¿�/wÀ�e

	�6CB�D�47038CZI478C03B�O S 0�/jZ S 9GJ:03BID3DHBE@ DHBE0H2RBEDG2R<CZENR8C@:BED�/í03BI@M{ , NR/1Z�b�4303BEB�2F<:DH43B�/1@ S O/1<
/10H07/ - c s 6:2FZ�6w2R<C@:B�u�BED&476CB�J S 2R<.43D ,.- 436:BE2F0+J S DH2F432 S <:D+2F<G436:B S 032FXY2R<:/1NC8:<CZ S 9GJ:03BID3DHBE@¾DHBE032FBEDIe
� S 47B*436L/?4_436:BW2F<:@:B�u S OdBE/1Z�6�J S 2F<.4_D�47038CZI478C03B�2R<[476:BWZ S 9GJ:03BID3D3BI@�D3BE0H2RBID�Z S 0H03BID3J S <:@:D�4 S 2F43D
J S D325472 S <G2F<;436:B S 032RX12R<L/1NCD3BE0H2RBIDEe&� S 0&2R<:D�4�/1<CZEB1c�2FO s B�Z S 9GJ:03BID3D�476:B�D3BI032RBID*2F<w�_2FXY8:0HB>¢1eF¢ ,V-

î



B�ut4307/1Z�472R<CXG436:B[ZI2R0HZENRBI@�B�ut470HBE9;/CcL476:BI< s B[0HBEJ:0HBED3BI<.4�2F4 ,.- 476CB[BI2RXY6.47{ BENFBE9GBE<.4�470HBEB>D36 S s <
2R<\�_2FXY8:0HBl¤Ce o ¿ , Àve

� D3BI032RBID�9;/ - S JC472 S <L/1NFN - 2R<:ZINR8:@:B;/�0HBE@M{ , NM/?Z�bí4303BIB;476:/?4h/?0307/?<:XYBED[2F43D>Bvut4703BI9w/ ,V-
2R9GJ S 0H47/1<:ZEB?c s 6:2FZ�6�/?NRN S s DWO�/1D�4�03B�47032FBI^?/1N S O_9;/�` S 0�Bvu�4303BI9w/Ce+	�6C2RD�470HBEB�2R<:ZINR8:@CBEDW476CB�4 s S
BE<C@M{£J S 2R<.43D S O�436:BKD3BI032FBEDG/1<:@ü476:BKBvut4703BI9w/?NWJ S 2R<.47DIc , 8�4�2F4�@ S BED�< S 4�2R<:ZINR8:@:B¾436:BK< S <S{
B�ut4303BE9;/1N�J S 2F<.47D���476:B�2F9;J S 0�4�/1<:ZIB S Ol476:B�BI<:@M{ J S 2F<.47Dw2FDwZ S <:D32F@:BE0HBE@�2R<�QL<:2F43B1e¯z�B s 2FNRN
@:BID3ZE0H2 , Bl476:2FDW4703BIB�/?<:@�03BENR/?47BI@�D3BEZ S <:@L/?0 - DH43038:Z�478:0HBED�2R<�)*6L/1JC43BE0��e

½Á 0½ z�}����a�L�T~Y{���{V�L��ä#å�{t�

zôBw2R<.430 S @:8:ZEBG476:B;< S 432 S < S O�476:B;@:2RD�4�/1<CZEB , BI4 s BEBI<�4 s S <V8:9 , BE0HDEc�@CBIQL<:B;476:B¾@C2RDH47/1<:ZIB
, BI4 s BEBE<�4 s S BEUV8L/1N�{£NFBE<:X1436ôDHBE0H2RBEDh/1D[436:B¾9GB�/1< S OW476CBE2R0[J S 2R<.47{ ,V- { J S 2F<.4[@C2RDH47/1<:ZIBEDEc&/?<:@
XY25^YB , /1DH2RZlJ:0 S J BI0H432RBED S O�@:2FDH4�/?<:ZEBIDEe

zK{wú��T}P�a}����û½Á ��ýü3z�}��I�a�L�T~Y{¾�+{.�v�h{V{t�üå�{V�L�\�:�:��ä#{t��þ¯ÿ É �$�I�i�B�ÎÇ������������	�	
�����������������������
������� �����"!#��$%��
&�(')��
+*,��-�.
./10+�	
+�2���0 É �$�I�i¿ æ ù�3 À�/4�5.�+�6�7�+����98:�7�%�5+�%';�.�-�<�+�=�<
>!?*	��
+0+�@��<��
 ��A

BDC �,�E� �F�	�@GH��������� æ / É �$�I�*¿ æ ù æ ÀEI pKJ
BDC �,�E� �F�	�@GL�����M�����N����� æ ��
+0 3 / É �$�I�i¿ æ ù�3 ÀOI É �$�I�i¿ 3�ù æ À J
BDC �,�E� �F�	�@GL�5+�����P���������7� æ / 3 /Q��
+0SR�/1�N' æ�T 3 T R>/

�5+��
 É �$�I�i¿ æ ù�3 ÀVU É �$�I�*¿ æ ù R�ÀW��
+0 É �$�I�i¿ 3�ù R´À(U É �$�I�*¿ æ ù R�À J
zôB�@ S < S 4�/?D3D38C9;B436L/?4�476:B�@C2RDH47/1<:ZIB , B�4 s BIBE<K4 s S @:2RD�472R<CZI4�^1/?NR8:BIDW2RD�XY03BE/?47BI0�476:/1<

�EBI0 S ��476L/?4W2RDEc É �$�I�i¿ æ ù�3 À*9w/ -;, Bl�IBE0 S O S 0W@:2RD�472F<:ZI4 æ /1<:@ 3 e+�NFD S c s B�@ S < S 4�/1DHD38:9GB�476L/k4
/;@C2RDH47/1<:ZIB[OP8:<:Z�472 S <�D3/?472FDHQLBID�476CB[470H2M/1<CXYNRB�2R<CBEUV8L/1NF2F4 - cL436L/?4�2RDEc É �$�I�i¿ æ ù R´À�9;/ -�, B[XY03BE/?47BI0
476:/1< É �$�I�i¿ æ ù�3 À
Õ É �$�I�*¿ 3�ù R�Àve\z�B�XY25^YBl476:0HBEB�B�uC/19GJ:NFBED S O
@:2RD�4�/1<:ZIBlOP8:<:ZI432 S <CDEe

®&{������÷½
 �� X�5+�Y')��
+*���<�.
 �SZ æ%[ 3 Z-/]\ ^ #2_ \\ ^9\ % \ _ \ /���
+0 \ ^ #2_ \`1a�b9c \ ^�\ de\ _ \ f �>���g0+�����h��
+*��%')��
+*,��<��
 � J
zôB�<:Bvu�4&@CBED3ZI032 , B�/�XYBI<:BE03/1N:9GBI436 S @hO S 0�Z S 9 , 2R<:2F<:X�@:2FDH47/1<:ZEB�OP8:<:ZI432 S <CD+2R<.4 S /l9 S 03B

Z S 9;J:NFB�u¾@:2RD�4�/1<:ZIBlOP8:<:ZI432 S <�e

zK{wú��T}P�a}����û½Á 0� ü3z�}��I�a�L�T~Y{w~Y���Ã~+����} ��}P���¦þ�ÿ É �$�I�*�B�ÎÇ�� Ñ Ç����6�����I�����i���P')��
+*,��-�.
S� �i�j���9�����
���������Y')��
+*,��-�.
�k»¿Ú¸ ö�ù è2è2è ù ¸+l�Àm�.
�
+��
��n
+�o!��:��p�F�j�������q���"!#��$%��
&�r������*�5M�5.�+�4k\¿ p ù è2è0è ù p ÀsI p ��
+0
kt���u$Y�.
+�2��.
+�-*����<� Gv�-
+*	���9�����<
>!L�.
P����*	5��:'=���r�m���"!w��$Y�	
&�r� J

¢ p



®&{������÷½
 0� xp' É �$�I� öIù è2è2è ù É �$�I�@lL�>���y0+�����h��
+*	�z')��
+*,��-�.
 �7/%��
+0{k\¿Ú¸ ö�ù è0è2è ù ¸:l�À?���|�t0+� �	�h��
+*	���
*	��$u}w�,�F����<�.
v')��
+*,��-�.
./6�5+�	
�k\¿ É �$�I� ö ¿ æ ù�3 À ù è0è2è ù É �$�I�"l.¿ æ ù�3 ÀªÀm� �m�~0+�����h��
+*	�S')��
+*,��<��
 J

�>å��f�d �  z�BG@:BE< S 47B�476:BGZ S 9;J S D325472 S < S OW@:2FDH47/1<:ZEBID ,.-çÉ �$�I���_476L/k4�2FDEc É �$�I�*¿ æ ù73 ÀgI
k\¿ É �$�I� ö ¿ æ ù�3 À ù è2è0è ù É �$�I�pl�¿ æ ù73 À7À�eøzôBKD36 S s 436L/?4 É �$�I�WD3/?472FDHQLBID�476:BK476C03BEB�J:0 S J�BE0H432RBID S O@C2RDe{
4�/?<:ZEBID�D�4�/?43BE@\2R<\$�BIQL<C2F472 S <K¤Ce5¢Ye

B � S 0�B�^YBE0 - ^?/1NR8:B æ c É �$�I�i¿ æ ù æ ÀsI�k\¿ É �$�I� ö ¿ æ ù æ À ù è2è2è ù É �$�I�pl�¿ æ ù æ ÀªÀsI�k\¿ p ù è2è0è ù p À4I p e

B � S 0fB�^YBI0 -[æ /1<:@ 3 c É �$�I�Ú¿ æ ù�3 ÀOI�k\¿ É �$�I� ö ¿ æ ù�3 À ù è2è2è ù É �$�I�pl�¿ æ ù�3 ÀªÀOI�k\¿ É �$�I� ö ¿ 3�ù æ À ù è2è2è ù É �$�I�pl�¿ 3�ù æ ÀªÀOI
É �$�I�i¿ 3�ù æ À�e

B � S 0fB�^YBI0 - 436:03BIB&^?/1NF8:BED æ c 3 ck/1<:@YRkc�25O æ�T 3 T R�c�476CBE< É �$�I�*¿ æ ù73 ÀOIDk\¿ É �$�I� ö ¿ æ ù�3 À ù è0è2è ù É �$�I�"l.¿ æ ù�3 ÀªÀVU
k\¿ É �$�I� ö ¿ æ ù R´À ù è2è0è ù É �$�I�@l�¿ æ ù R�À7ÀOI É �$�I�i¿ æ ù R´À�ck/1<:@ É �$�I�i¿ 3�ù R´ÀsI�k\¿ É �$�I� ö ¿ 3�ù R�À ù è0è2è ù É �$�I�"l.¿ 3�ù R´ÀªÀ(U
k\¿ É �$�I� ö ¿ æ ù R´À ù è2è0è ù É �$�I�@l�¿ æ ù R�À7ÀOI É �$�I�i¿ æ ù R´À�e �

zôB�<:Bvu�4>XY25^YB�4 s S D3J�BEZI2M/1N�ZE/1D3BID S O�@:2RD�4�/1<:ZIB�Z S 9GJ S D325472 S <fc s 6C2RZ�6í6L/�^YB , BEBE<ë8:DHBE@
2R<K436:B�2R9GJ:NRBI9;BI<V43BE@KD - D�47BI9�e

¡[�dåk�������Cå�²ç½Á 0½ x"' É �$�I� öIù è2è0è ù É �$�I�pl6�����s0+� �	�h��
+*	�i')��
+*���<�.
 �7/&��
+0E� ö�ù è2è0è ù ��l6�>���=}��,���@��p�F�(����� !q5&�r�7/
�5+�	


B 9;/ku l��� ö � � ÓSÉ �$�I� � ¿ æ ù�3 Àu���m��0+�����h��
+*���')��
+*���<�.
./Q��
+0
B ';�,�s���F���pG~}��,���@��p�F�m�+/ ab � l��� ö � � Ó ¿ É �$�I� � ¿ æ ù�3 À7À & ���m�������~�~0+�����h��
+*���')��
+*���<�.
 J
�>å��f�d � �	�6CB�OP8:<:Z�472 S <:D�9w/ku l�o� ö � � Ó.É �$�I� � /1<C@ ab � l�o� ö � � ÓSÉ �$�I� &� /10HB , S 436w@:2FDH4�/?<:ZEB�{

Z S 9;J S D325472 S <ëOP8C<:ZI432 S <:DIc s 6:2FZ�6�2R9GJ:NR2FBEDl476L/k4�476CBw03BID3J�BEZ�472F^1BKZ S 9GJ S D325472 S <:D>/103B¾@C2RDH47/1<:ZIB
OP8:<:Z�472 S <:D ,.- '(BE9G9w/�¤Ce o e �

zôB�@CBIQL<:B�476:B�@C2RDH47/1<:ZIB , BI4 s BEBE< 4 s S BEUV8L/1N�{£NFBE<:X1436 DHBE032FBEDw/1D;436:By� & @:2RD�4�/1<CZEB�2F<
9h8:N5472�{£@:2F9;BI<:D32 S <L/1NtD3JL/?ZEB1e+	�6CB@:B�QL<:2F432 S <;2R<:ZINR8:@CBED&4 s S JL/107/?9;B�47BE0HDEc�/[@:2FDH47/1<:ZEB�OP8:<:Z�472 S <
É �$�I��O S 0�0HB�/1Nf^?/1NF8:BED�/1<C@�/�J S D325472F^1Bl<V8:9 , BE0���e
zK{wú��T}P�a}����û½Á 0½ ü3z�}��I�a�L�T~Y{l�+{.����{V{��K��}���{��E{Våk}�{t��þ C �,���������	�2�������n�-�	
>!��5(���	���-���7/ æ ö�ù è2è2è ù æ �
��
+0 3EöIù è2è2è ù�3�� /���
+0M��0+�����h��
+*��P')��
+*,��-�.
 É �$�I�V';�,�����9���4���������7��/E�5+�~*	�,������n}��.
+0+�-
>!{0+� �	�h��
+*	�Y� &
';�,�(�5+�u���	��<�7�j� �

¢Y¢



1
2
3
4
5

1      2      3      4      5

3
2

2 2

va
lu

e

index

1

�_2FXY8:03B>¤Cei¤C�Wæ(á.°aÆlµtÂ¹¶�´aÇ(¸�Ä.¶�¼V±5º£¸�°a²VÀ7¶�½:¶�¸�Ê
¶�¶v²w¸�Ê_´�¸�±³Æl¶�º�¶�·�±¹¶vº�È&ïmÇf¸�Ä.¶�¼V±³º£¸�°a²VÀ7¶�ÇR»V²tÀ7¸�±¹´�²�ÇR´a·
·�¶v°aÂLË�°aÂ³».¶vº+±5º�ð ñ�ò�óaðiÎV¸�Ä.¶v²�¸�ÄV¶�õ ö&¼V±³º£¸�°a²tÀ7¶�½C¶�¸�Ê
¶�¶v²�¸�Ä.¶vº£¶�º£¶�·H±¹¶vº+±³º&÷1ÈùøYÎt°a²V¼Gõ5úW¼V±³º£¸�°a²tÀ7¶�±³º&÷1È³Ý�È

� & ¿ æ ö���� �Sù�3Eö���� �;ù É �$�I�òÀsI ab ö� Ó � �! � ö ¿ É �$�I�*¿ æ !*ù�3�! ÀªÀ & J
� S 0�B�uC/19GJ:NFB1c�Z S <:DH2R@:BI0�436:B[4 s S D3BI032FBED2F<��_2FXY8:0HB�¤Cei¤Cc /1<:@�DH8:J:J S D3B[476L/?4 s Bh@:BIQ:<:B

476CB�@:2RD�4�/1<:ZIB , B�4 s BIBE<;03B�/?N�^?/1NR8CBED&/1D�Z æO[ 3 ZÙcY436:BE<fc.436:B�� ö @:2RD�4�/1<CZEB , BI4 s BEBE<�476CBED3B�DHBE032FBED+2FD
¿�¤�Õ o Õé¢=Õ o Õ o À®µ�mI o e p c?/1<:@�476CBi� ú @:2FDH4�/?<:ZEB&2RD b ¿�¤ ú Õ o ú Õ�¢ ú Õ o ú Õ o ú À��YgI o èF¢Ye

zôB�< S s XY25^YB�/ô@:BEZ S 9;J S DH2F472 S < 0HBEDH8:NF4;O S 0¾/�@C2RDH47/1<:ZIB�OP8:<:Z�472 S < @:B�QL<:BE@ 436:0 S 8CXY6
NR2F<:B�/?0WZ S 9 , 2R<L/k472 S < S O�@C2RDH47/1<:ZIBEDEc s 6C2RZ�6\6:BENFJ:D�4 S D32F9;J:NF2FO - 476CB>@C2RDH47/1<:ZIB>Z S 9GJ:8C4�/k472 S <fe

®&{������÷½
 @� ���>}+}��,���y�5.�+�6¸+���	� ö�ù è0è2è ù ¸:���	�nlM����L0+� �	�h��
+*	�H')��
+*,��-�.
 �M';� �Y���9���������������7/u��
+0
� ö�ù è2è2è ù ��l(�>���E}��,���@��p�F������� !q5&�r� J X�5+��
./�';�,�Q���F�	�@G������u�F���2���	
+*���� æ öIù è0è2è ù æ � ��
+0 3EöIù è2è0è ù�3�� /q��
+0
���F���pG~}��,���@��p�F�j
2��$%�&�	�=�:/4���Y5.�&�F�>A

� & ¿ æ ö���� �Sù�3Eö���� �;ù
l�

�o� ö
� � ÓSÉ �$�I� � À�I a)����

l�
�o� ö

� &� Ó ¿� & ¿ æ ö���� �Mù�3Eö���� �Sù É �$�I� � À7À & è

�>åk���� ª 

� & ¿ æ ö���� �Sù�3Eö���� �;ù
l�

�o� ö
� � ÓSÉ �$�I� � À�I a ����

¢
Ò Ó

��! � ö
l�

��� ö
¿�� � ÓSÉ �$�I� � ¿ æ !Où�3�! À7À &

I a ����
l�

�o� ö
� &� Ó ¢Ò Ó

�� ! � ö
¿ É �$�I� � ¿ æ !*ù�3�! ÀªÀ &

I a ����
l�

�o� ö
� &� Ó ¿� & ¿ æ ö���� �Mù�3Eö���� �Sù É �$�I� � À7À & è

�

¢ o



¡3}T�;~T�a{Våv�
�I�Ã~+�då����L� ��~+��}�� �a�

zôB�@:BEDHZE0H2 , B�/1NFX S 0325476:9GD+O S 0*Z S 9GJ:03BID3D32F<:X�432R9GB�DHBE0H2RBED ,V- B�ut4307/1Z�472R<CXh9w/a` S 0*Bvu�4303BI9w/h/?<:@
@:2FD3Z�/?03@:2F<:X[436:B S 436:BE0�J S 2F<.47DEe��_2R0HDH4�c s B�@:BIQ:<:B476CB�9w/?2R<�4 - J�BED S O(B�ut470HBE9;/Cc:/?<:@¾@:BID3ZE0H2 , B
/1<K/?NRX S 0H2F436:9¨476L/k4W2R@CBE<.4725QLBED�/?NRNdB�ut470HBE9;/¥¿m�tBEZI432 S < q eF¢�Àve�	�6:BI<fc s Bl2R<.470 S @:8CZEB�436:B�< S 472 S <
S O�2F9;J S 0�4�/1<.4>B�ut470HBE9;/�/1<C@ XY2F^1Bw/\J:0 S ZEBI@:8:0HBwO S 0>2R@:BI<V432FO - 2R<CX�436:BE9 ¿m�tBEZI432 S < q e o À�e¥zôB
/1NFD S @:BIQ:<:BG436:B�2R9GJ S 0H4�/?<:ZEBhNFBI^1BEN S O*/1<ëB�ut470HBE9h8:9 /1<:@ëJ:03BID3BE<.4�/�43BEZ�6:<C2RUV8:B�O S 0l@:BI43BE0�{
9G2R<:2F<:X�476CB>2F9;J S 0�4�/1<:ZIBED S O_B�ut470HBE9;/¹¿m��BIZI472 S < q eg¤VÀ�e&�_2F<L/1NRN - c s B>XY25^YB>/1<�/1NRX S 032F436:9 476L/k4
Z S 9;J:0HBEDHD3BED�/�D3BE0H2RBID�/k4�/�X12F^YBI<�03/?47B�¿���BEZ�472 S < q e q Àve

�® �� �6¶f��åk{t���

zôB , BEXY2F< s 25476 /ëDH2R9GJ:NRBKZ S 9GJ:03BID3D32 S < , /1D3BI@ S <ü476:B\B�ut4307/1Z�472 S < S O�/1NRN*B�ut470HBE9;/û¿��
2RX�{
8:0HB q e5¢�À�e zôB�@:2FDH472F<:XY8:2FD36 O S 8:0w4 - J�BED S O�Bvu�4303BI9w/Cc�ZE/1NRNFBE@ D�47032FZI4Ec�NFBIO 4Ec�032RX16V4Ec�/1<:@ �d/k4
B�ut4303BE9;/§¿��_2FXY8:0HB q e o À�e3zôB�XY2F^1Bh476:B�@CBIQL<:25472 S <:D S O�DH43032RZ�4�c(NFBIO 4�c�032RX16V4Ec#/1<:@j�d/?4�9G2R<C2R9;/;�
476CB>@CBIQL<:25472 S <:DWO S 0�9;/ku�2R9;/h/10HB>DH2R9G2RNR/10Ee

zK{wú��T}P�a}������® ��ýü� %}��
}����ßþ¡���>}+}��,�����5.�:� æ ö�ù è2è0è ù æ � � �%�?��<$Y�%�F�����-���7/i��
+0 æ ! � �%�~}����<
&�
�<
|�5+�������	��<��� J

B æ ! ���m���I�����iÇI� ����������ÊS�¢��' æ ! T æ !$#Lö ��
+0 æ ! Tûæ !�% ö J

index

va
lu

e

    2     4     6    8    10   12  14   16   18   20
0

2

4

�_2FXY8:03B q e5¢Y�&û_´�ÆlµV·�¶vº�º�±¹´�²l½1¿�¶7áY¸£·�°aÀ7¸�±³².Å�°aÂ³ÂV¶7áY¸£·�¶vÆ�°YÈTçK¶*º�ÄV´�Ê º£¸£·�±³À7¸
¶7á1¸£·�¶vÆ>°�½1¿�À�±¹·�À�Â³¶vº�Î?Â¹¶�ÇR¸
°a²V¼�·H±¹Å�Äk¸+¶7áY¸£·�¶vÆ�°�½?¿hÄV°aÂ¹ÇFÌ�À�±¹·�À�Â¹¶vºvÎY°a²t¼�¶v²V¼YÌPµ:´�±³²?¸�º�½?¿hº�ý1»V°�·�¶vº�È

¢a¤



va
lu

e
index

(a) Strict minimum.

4

2

0

va
lu

e

index
(b) Left and right minima.

4

2

0

va
lu

e

index
(c) Flat minimum.

4

2

0

�_2RX18:03B q e o �&¯G±³²t±³Æ�°�±³²�°�º£¶�·H±¹¶vº�È

B æ ! ���L�Å¢$��£�������������ÊS� ��' æ ! Töæ !$#Lö ��
+0¤�5+�	��{� �L��
¥�<
+0+�§¦û���p¨�åS�M©ª���9��*	5«�5.�+�
æ ! I æ !�% ö I¡è2è0è2I æ &*! go¬� Tûæ &*! g§¬� % ö J

B æ ! ���L�Å���p¨�åS������������ÊS� �N' æ ! Töæ !�% ö ��
+0¤�5+�	��{� �L��
¥�<
+0+�§¦û¢$��£�� T ���9��*	5«�5.�+�
æ " c"®) #Lö © æ " cp®) Iýè0è2è2I æ !$#Lö I æ ! J

B æ ! ���u��¯��B�=����������ÊS�°�N'��5+�����g�����g�<
+0+�-*	�7�[¢$��£�� T �V��
+0����p¨�åS�1©¤�E����*�5?�5.�+� æ " cp®) #Lö ©
æ " c"®) I¡è2è0è2I æ ! I è2è0è+I æ &*! g§¬� T æ &*! go¬� % ö J
�£<ü�
2RXY8:0HB q eg¤Cc s BKXY25^YBw/�J:0 S ZEBI@:8:0HB¾476L/?4�2R@:BI<.472FQ:BEDh/?NRN�B�ut470HBE9;/�/1<:@�@:B�47BI039G2R<:BID

476CBE2R0l4 - J�BED��&254l4�/1b?BEDhNF2R<:BE/10�472F9;B�/1<C@�Z S <:DH47/1<.4h9GBE9 S 0 - ew	�6:2FD[J:0 S ZIBE@:8C03BwZE/1<�JC0 S ZEBEDHD
<:B s J S 2F<.47D;/1D;436:B - /10H032F^1B1c s 25476 S 8C4wD�4 S 0H2R<:Xí476CB S 0H2RXY2F<L/1NWDHBE032FBED´��O S 0GB�uC/19GJ:NRB?c*254wZE/1<
J:0 S ZIBED3D�/hNF2F^YBBENRBIZI430 S Z�/10H@:2 S X107/19 s 25476 S 8�4 s /125472F<:Xh8:<.472FN 436:BlBE<:@ S O#436:Bl@L/?47/hZ S NFNRBEZ�472 S <fe

zôBlZ�/?<�Z S 9;JC03BEDHD�/�D3BE0H2RBID ,.- Bvut4707/?ZI472F<:X�2F43D�DH43032RZ�4�c:NFBIO 4Ec:/1<:@�0H2RXY6.4�Bvu�4303BI9w/Cc:/1N S <CX
s 2F436 476:B¾4 s S BE<:@M{ J S 2R<.47DIc�/?<:@ü@:2RDHZ�/10H@:2R<:X�476:BK�d/?4hB�ut470HBE9;/ë/?<:@ü< S <M{ B�ut470HBE9;/1N*J S 2R<.43D
¿��
2RXY8:0HB q e5¢�À�e\zôBl< S s D�4�/?43B>/1<�2R9GJ S 0�4�/1<.4*J:0 S J�BE0�4 - S O#476C2RD�Z S 9;J:0HBEDHD32 S <fc:Z�/?NRNRBI@k�����Î� Ñ
�O�����iÇI���ÚÌ��(8:DHBE@\2R<K476CB>2F<:@:BvuC2F<:XG/1<:@\03B�47032FBI^?/1N S O
432R9GB�D3BI032RBIDE¿m)*6L/1J�47BE0VÀve

zK{wú��T}P�a}������® 0� ü� ����T�L�a���T}�~K~Y���Ã~Tå�{t����}P� �\þ±���>}+}��,���%�5.�+� æ öIù è2è2è ù æ � ��������<$Y�����	���-���7/
��
+0 æ ! d ù è2è0è ù æ !�² ���?���r�M*��.$m}2����§�F��0D�F�	�r�F�-�.
 J X�5+�³*��.$m}2����§�F�-�.
�� �¹�����Î���O�����iÇ|�N'"/%';� �%���F���pG
*	��
 �F��*��:��"�F�S�<
+0+�<*����W��´m��
+0���´ % ö �-
L�5+�S*��.$u}:���7�o���	0����	���-���j��
+0|� �F�	�pG|�<
+0+�o¦P�W�<
?�5+�%�,��� !K�<
.���
���	���-���7/=��'#��´ T � T ��´ % ö /4�5+��
��	���5+�	� æ !Nµ U æ ! U æ ! µ)¶ d �,� æ ! µ)¶ d U æ ! U æ !Nµ J
®&{������]�y �� x"'�����*��.$u}:���7�o�V�W���	��<���V��Gg���	�-�	*���<
>!����<� ������-*,�h/w�<�>'��h/#��
+0Y��� !q5&�1�§¦�����	$g� /w���<��
>!
�=�@�5|�5+�Y��
+0��h}w�.�<
&�r�7/4�5+�	
|�5+�Y����9���@��-
>!H*	��$u}:���7�o���<�.
����u$Y�.
+�2��.
+�-* J

¢ q



· ëKë.¸�êK¹ºí�º
êw» · ¼ ½�¾�¿>À�Á Â9Ã,Â�Á+Ä�Å+Æ,Ç�È7É ¾�ÆYÄ�¾:Ê1ËwÆ,Ì�ÉNÆ,Í�ÂFÎ È�Ê;Â�ÏuÐ&Ñ½�Ò,ÂSÉNÆ+¿+Å�ÈmÉ Ó�Ð%È7ÉNÏmÂYÓoÂ ÊÉ�Â�Ó æ ö�ù è0è2è ù æ ��Ô È�Ò,Âg¾�Å�È�¿+Å�ÈWÉ�ÓVÈ�Ò,Â
Ã Ð+Á<Å,Â	Ó9Õ�ÉNÆ,Ì�É Ç	Â�Ó�Õ#Ð+Æ,Ì�ÈhÖ+¿.Â�Ó�¾�Ä�Ð+Á<Á:Â�Î È�ÊrÂ Ï�Ð2Ñ
�6I o
�r}
}��P{�� T Òí/1<C@ æ ! I æ ö |#�H�6I«�ßÕ�¢
}P E� T Òô/?<:@ æ ! Tûæ ö ��}T{t�t�6I�×&Ø)Ù1ÚQ¸�»�Ø)Ù1Ø)»�Û1»�¿��OÀ
�r}
}��P{�� T Òí|#�

�6I�×&Ø)Ù=Ú�¸F» · ¹6Ø)»�Û1»�¿h�*À�6I�×&Ø)Ù=Ú�¸F»uØ)Ù=Ø)»uÛ=»�¿��OÀ
×�Ø)Ù1Ú�¸F»�Ø)Ù1Ø)»�Û1»�¿h�*À ¼ Ü�ÉNÆ,Ì�È�Ò,ÂjËwÊrÓnÈuÏgÉNÆ.É<Ï%Å+ÏÝÐ�Ä)ÈnÂ�Ê1È�Ò,Â � È�Ò�¿.¾&É<Æ�È9Ñ¢$��£��wI«�
�r}
}��P{�� T Òí/1<C@ æ !=Þ æ !�% ö |#��6I«�ßÕÛ¢

}P  æ " cp®� © æ ! ��}#{��û¢$��£��wIß�
}P E� T Òí��}T{t�áà4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pcq�3cD¨H9G2R<9©wÀI�
å�{.��äTåk�t�ßÕ�¢

×�Ø)Ù1Ú�¸F» · ¹6Ø)»�Û1»�¿h�*À ¼ Ü�É<Æ,Ì�È�Ò,ÂjËwÊrÓnÈuÏuÐ>Î:É<Ï%Å+ÏãÐ�Ä)ÈnÂ�Ê1È�Ò,Â � È�Ò�¿.¾&É<Æ�È9Ñ¢$��£��wI«�
�r}
}��P{�� T Òí/1<C@ æ ! U æ !�% ö |#��6I«�ßÕÛ¢

}P  æ " cp®� Tûæ ! ��}#{��û¢$��£��wIß�
}P E� T Òí��}T{t�áà4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pcq�3cD¨H9;/kuM©KÀ
å�{.��äTåk�t�ßÕ�¢

à4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pc
�I�p¨�åS��c
��Ì����ªÀ ¼ ä�Å�È�¿+Å�È(È�Ò,ÂgÂFÎ È�Ê;Â�ÏuÐ&Ñ
}P ,¢$��£��wIý���p¨�åS�

��}#{t� � ä(��~
ä#� ¿ æ &*! g§¬� c
���p¨�åS��cÎ�ÚÌ����Ic ¨HDH43032FZI4�©wÀ
{t���I{w��ä#�.~_ä(�D¿ æ " cp®� c
¢$��£���c
��Ì�����cD¨HNFBIO 4ª©KÀ

  �dåu¯��B�wI¡¢$��£��wÕÛ¢��a�Ã���p¨�åS� [ ¢>|#�
� ä(��~
ä#� ¿ æ ® " ^  c.¯�B��c
��Ì�����cD¨��L/?4�©KÀ��ä(��~_ä(�D¿ æ &i! g§¬F c
�I�p¨�åS��c
��Ì�����c ¨�032RX16V4ª©KÀ

�_2FXY8:03B q ei¤C��ï ¼.¶v²?¸�±¹ÇF¿Y±³².Å�°aÂ5Â(¶7á1¸£·�¶vÆ�°YÈ�É&Ä.¶�µV·�´1À7¶v¼V»V·�¶lµV·�´YÀ7¶vº�º�°Gº£¶�·�±¹¶vº�ñVö�þ�ÿ¹ÿ¹ÿ¹þ�ñ���°a²V¼\»Vº�¶vº�°
Å�Â¹´a½t°aÂ:Ë�°�·�±³°�½�Â¹¶��w¸£´>·�¶�µV·�¶vº£¶v²?¸&±¹¸�º+º�±���¶aÈ(ï�¸+´�».¸£µ�».¸�º+¸�Ä.¶�Ë�°aÂ³».¶vº�Î.±³²t¼V±³À7¶vº�Î.°a²V¼h¸�¿?µ:¶vº+´aÇ�¶7á1¸£·�¶vÆ�°YÈ

¢�



�® 0� �I�Ã~+�då����L� �G{w¶f�aå�{t���

zôB�ZE/1<[/1Z�6:2RB�^YB�/�6C2RXY6:BI0(Z S 9GJ:0HBED3DH2 S <>07/k47B ,.- D3BENFBEZ�472R<CX S <:N - ZEBE0�4�/12F<[2F9;J S 0�4�/1<.4(Bvu�4303BI9w/Ce
zôBlZ S <.470 S N�436:BlZ S 9GJ:0HBED3DH2 S <K03/?47B s 25476�/�J S D325472F^1B�JL/103/19GBI47BI0�å��L/1<K2F<:ZE0HB�/1DHB S O6å�NFB�/1@CD
4 S 476CB�DHBENRBIZI432 S < S O�OPB s BI0*J S 2R<.43DEe»zôB�X12F^YB�/>@:BIQL<C2F472 S < S Of2F9;J S 0�4�/1<.4&9G2R<:2F9w/Cc?2RNFNR8:D�4707/k47BE@
2R<\�_2FXY8:0HB q e q �:476:B�@:B�QL<:25472 S < S O_2F9;J S 0�4�/1<.4�9;/ku�2R9;/�2RD�DH2R9G2RNR/10Ee

zK{wú��T}P�a}������® 0½ ü7�I�Ã~+�dåa�a�L� ��� }��T}��ëäT��þ ÿD}��.�-
&� æ ! �:'O���F�����<�7� æ öIù è2è0è ù æ � ���S��
k��� Ñ
�������*�B���D����������ÊS�¢�N'��5+�����j�����g�-
+0+�<*	�7�����E��
+0S��:/s�=5+�����m��� T � T ���+/w����*�5?�5.�+�

B æ ! ���m�~$Y�<
+�-$���$æ��$Y�.
>! æ !?"�ù è0è2è ù æ !'& /���
+0
B É �$�I�i¿ æ !*ù æ !?" À Þ åæ��
+0 É �$�I�*¿ æ !*ù æ !?& À Þ å J

�£<.478:254725^YBEN - c æ ! 2FD�/1<ë2R9GJ S 0�4�/1<.4�9G2R<:2F9h8:9 2FO�2F4�2FD�476:BG9;2F<:2R9;/1N#^?/1NR8:B S O�D S 9;B�D3BIXY9GBE<.4
æ !�"×ù è2è0è ù æ !?& c�/1<:@;476:B�BE<:@M{ J S 2R<.4�^?/1NF8:BED S Of436:2RD�D3BIXY9;BI<.4�/10HB�9h8CZ�6¾NM/10HXYBE0&476:/1< æ ! e»zôB<CB�ut4
@:B�QL<:B>DH470H2RZ�4�c:NFBIO 4�cC032RX16V4EcL/1<:@K�d/k4�2F9;J S 0�4�/1<.4�9G2R<:2F9w/�e

zK{wú��T}P�a}������® @�	ü ± �aåk}�~1��}��Ã~+�dåa�a�L���G� }��T}��ëäT��þýÿ¥}����<
&� æ ! �:'��%���	���-��� æ öIù è2è0è ù æ � ���m�
�I���I�iÇI�D���6�������*�B���D����������ÊS�¢�N'��5+�����j�����g�-
+0+�<*	�7�����E��
+0S��:/s�=5+�����m��� T � T ���+/w����*�5?�5.�+�

B æ ! ����������-*,�� G��F$g���<�<���(�5.��
 æ !?"�ù è0è2è ù æ !0#Lö ��
+0 æ !�% öIù è0è2è ù æ !'& /Q��
+0
B É �$�I�i¿ æ !*ù æ !?" À Þ åæ��
+0 É �$�I�*¿ æ !*ù æ !?& À Þ å J

zôB¾XY2F^1B¾/1<�B�uC/19GJ:NRB S O�/�D�47032FZI4�2R9GJ S 0�4�/1<.4[9;2F<:2R9�8:9 2R<��_2RX18:03B q e q ¿�/wÀ��&2R<.478:254725^YBEN - c
/
J S 2R<.4�2RD�/;DH470H2RZ�4�2R9GJ S 0H47/1<.4�9G2R<C2R9h8:9«2FO+2542FD/wD�470H2RZI49;2F<:2R9�8:9 S O+D S 9GB�D3BIXY9GBE<.4�c(/?<:@
476CB>BI<:@M{ J S 2F<.4�^1/?NR8:BID S O_436:2RD�DHBEXY9GBE<.4�/103B�9h8CZ�6�NR/103XYBI0Ee

zK{wú��T}P�a}������® "ç ü3®&{V m�í}��Ã~+�då����L� �j��}��T}��íäT��þ ÿ�}w�.�<
&� æ ! �:'O�����	���-��� æ öIù è0è2è ù æ � � ���
¢$��£��¦���6�������*�B���¦����������ÊS�æ��'����4�����Î�������	���<*,���<$m}��,���h��
&�4$Y�<
+�<$S��$g/���
+0v�5+������������<
+0+�-*	�7�i���
��
+0S��:/s�=5+�	��u��� T � T ��:/#����*�5?�5.�:�

B æ ! ����������-*,�� G��F$g���<�<���(�5.��
 æ !?"�ù è0è2è ù æ !0#Lö /
B æ ! ���u
+���-�>�"!q���V�5.��
 æ !�% öIù è0è2è ù æ !?& /���
+0
B É �$�I�i¿ æ !*ù æ !?" À Þ åæ��
+0 É �$�I�*¿ æ !*ù æ !?& À Þ å J

¢a¦



	�6:BG@:BIQ:<:2F432 S < S O*/�032RX16V4�2R9GJ S 0�4�/1<.4l9G2R<C2R9h8:9 2FD>DH2R9G2RNR/10�� s BGD36 S s NFBIO 4>/1<C@ë0H2RXY6.4�2F9�{
J S 0H47/1<.4�9;2F<:2R9;/�2R<��
2RXY8:0HB q e q ¿ , Àve
zK{wú��T}P�a}������® "è ü3ã��P�C��}��Ã~+�dåa�a�L������}��T}��íäT��þçÿé}����<
&�=�:'q�u�F�����<�7�W� �V�E¯��B�\���6�������*�B���
����������ÊS�ã�N'w���Q� �i��
Y�<$m}��,�n�h��
&�1$Y�<
+�-$���$g/w�2�:�Q
+�:��������<*��h/��-��'��h/w�,�Q��� !q5&�1�-$u}w� ���h��
&�Q$%�-
+�<$S��$ J
zôBG2FNRNF8:DH4307/?43B[476C2RD�@:BIQ:<:2F432 S <j2F<ô�
2RXY8:0HB q e q ¿�Z.ÀI�T2R<.478:254725^YBEN - c(/KJ S 2R<.4�2FD�/K�L/?4>2R9GJ S 0�4�/1<.4
9G2R<:2F9h8:9¨25O#2F4�2RD S <:B S O#DHBI^YBI07/1N�BEUV8L/1NFN - 2R9GJ S 0H4�/?<V4�9G2R<:2F9w/l2R<wD S 9GB�D3BIXY9GBE<.4 æ !�"×ù è2è0è ù æ !?& e

�£<ë�_2FXY8:0HB q ei¦Cc s BGX12F^YB�/KJ:0 S ZIBE@:8C03Bh476:/?4�2R@:BI<.472FQ:BED�476CB�2R9GJ S 0�4�/1<.4B�ut470HBE9;/KO S 0l/
XY25^YBE<³åhc�/1<:@�@CBI47BI039G2R<:BID�436:B[4 - J�B S O+B�/1Z�6�B�ut470HBE9h8C9�e�	�6:2FD�JC0 S ZEBE@C8:03B[2RD�/1<�Bvut47BE<C@:BE@
^YBI03DH2 S < S OT476:B�Z S 9;J:0HBEDHD32 S <�/1NFX S 0H2F476C9 @CBI^YBIN S J�BE@ ,.- �+07/?4H4/?<:@\�_2R<:b � o?pYp.o � e

zôB�Z�/1<[Z S 9GJ:03BID3D
/�DHBE0H2RBED ,.- D3BENFBEZ�472R<CX�2547D#DH43032RZ�4�ckNRB�O 4�c?/1<:@�0H2RXY6.4#2F9;J S 0H47/1<.4#B�ut470HBE9;/
O S 0�/�XY2F^1BE<¥åhc&/1N S <:X s 2F436 476:B;4 s S BE<C@M{£J S 2R<.43DEc&/1<:@ü@:2FD3ZE/103@:2F<:X�436:B S 436:BE0�J S 2R<.43DEeí�£<
�_2FXY8:03B q eg�c s B�D36 S s 476:B�D3BENFBEZ�47BE@íBvu�4303BI9w/wO S 0�476:B�@:2RD�4�/1<:ZIB³Z æ~[ 3 Z s 2F436]åæI�¤�e�� S 43B
476:/?4&476:B�03BID38:N5472R<CX[Z S 9;JC03BEDHD32 S <;9;/ - < S 4 , B�9 S < S 4 S <:2FZB�.O S 0&B�uC/19GJ:NFB1c.476:B�J S 2R<.47D æ:ê /?<:@
æ ö£ö 2R<;�_2FXY8:03B q eg>/?03BZ S <:DHBEZE8�472F^1B�2R9GJ S 0H47/1<.4&J S 2F<.47DEc , 8�4*476CB�^?/1NF8:B S O æ+ë 2RD]�Î��� , B�4 s BIBE<
476CB�^?/1NF8:BED S O æ:ê /?<:@ æ ö£ö e

zôB�Z�/1<ô/1Z�6:2FBI^1B¾/K6:2RX16:BE0�Z S 9;J:0HBEDHD32 S <ë03/?47B ,.- D3BINRBIZI472F<:X S <:N - DH43032RZ�4[/1<:@ëNRBIO 4�BvuK{
470HBE9;/Cc S 0 S <:N - DH470H2RZ�4w/?<:@ 0H2RXY6.4�B�ut4303BE9;/Ce 	�6:B�0HBEDH8:NF432R<:XíZ S 9;J:0HBEDHD32 S < 2RD�9 S < S 4 S <:2FZB�
6 S s BI^YBI0Ec�254�9w/ - < S 4;JC03BEDHBE0�^YB�2F<CO S 0H9w/?432 S < / , S 8C4��d/?4;/1<:@ <:BE/10e{m�d/?4G03BIXY2 S <CD S Ol/íD3B�{
UV8:BE<CZEB1c�D38CZ�6�/1DW436:B�D3BEX19;BI<V4 æ:ê ù è2è0è ù æ ö£ö 2R<\�_2RX18:03B q eg�e

®&{������]�y 0� x"'����W*	��$u}:���7�o�(�W���	��<���V��GY���	�-�	*,��-
>!����<��������-*,�1�-$u}w�,�n�h��
&�1�o¦����	$g��/#���<�+�-��'��sì��,�
��� !q5&�@íE�<$m}��,���h��
&�K�o¦����	$g��/:��
+0j�5+�s��
+0��h}����<
&�r�7/q�5+��
g�5+�s����9���@��<
>!Y*��.$u}:���7�o���<��
����6$Y�.
+�2���
+�<* J

� O s B�Z S 9GJ:0HBED3D�/¾D3BE0H2RBID ,.- D3BINRBIZI472F<:X S <CN - 476:BhNFBIO 4�/1<:@jDH43032FZI4�Bvut4703BI9w/�c s B�ZE/1NRNT2F4
476CB�¢$��£���Ç����6�U�������I�i���U£���2R9G2RNR/103N - cC25O s B�8:DHB�476:B[032FXY6.4/?<:@�DH43032FZI4�B�ut470HBE9;/Cc s B�ZE/1NRN#2F4�476CB
���p¨�åS�]Ç����6�U�������I�i���U£+� O s B�8:D3B>DH43032RZ�4�cLNFBIO 4�c:/1<:@�032FXY6.4�B�ut470HBE9;/Cc:476:B�Z S 9;JC03BEDHD32 S <�2FD�Z�/1NFNRBI@
�IÌ������I�Ú���iÇ�£

Â¾{t~Y���Ã~Tåk{t���E}���� �w} ��}��P�:å���{Vå?å� EzôB�ZE/1<j03BIZ S 9GJ:0HBED3D�/1<í/1NR0HB�/1@ - Z S 9GJ:03BID3D3BI@jD3BI032RBID
s 2F436�/�NM/10HXYBE0�å%8:DH2R<:Xh436:BlD7/19GBl@:2FDH4�/?<:ZEB�OP8:<CZI472 S <fe&��BEZ S 9;JC03BEDHD32 S <�J:0 S @:8:ZIBED�476:BlD3/19GB
Z S 9;J:0HBEDHD3BE@üDHBE032FBED�/1D�476CBwZ S 9;J:0HBEDHD32 S < S O�476CB S 032FXY2R<:/1N�D3BI032FBED s 25476�436:B¾NM/?03XYBI0Såhe�	�6:B
Z S 9;J:0HBEDHD3BE@;D3BI032RBID�JC0 S @:8:ZEBI@w8:DH2R<:X�476CB�JC0 S ZEBE@C8:03B�2R<G�_2FXY8:03B q eg¦�6L/1D&2R<C@:2RZIBEDEc.^?/1NF8:BEDIc�/?<:@

¢ ¬



va
lu

e

0

2

4

index

R va
lu

e

0

2

4

index
(b) Left and right minima.

R va
lu

e

0

2

4

index
(c) Flat minimum.

R

(a) Strict minimum. �_2FXY8:0HB q e q ��ï Ælµ:´a·�¸�°a²?¸&Æ�±³²V±³Æ>°YÈ

index

va
lu

e

    2     4     6    8    10   12  14   16   18   20
0

2

4

�_2FXY8:03B q eg��>ï Ælµ:´a·�¸�°a²?¸�¶7áY¸£·�¶vÆ�°�ÇR´a·�¸�ÄV¶[¼V±³º�¸�°a²VÀ7¶wð ñ>òíóaðLÊ�±¹¸�Ä1�¡��Ü1ÈhçK¶�º�Ä.´�Êª¸�Ä.¶>º�¸£·�±³À7¸
¶7áY¸£·�¶vÆ�°l½1¿�À�±¹·�À�Â¹¶vº�Î.Â¹¶�ÇR¸&°a²V¼�·H±¹Å�Äk¸+¶7áY¸£·�¶vÆ�°�½?¿�ÄV°aÂ¹ÇFÌ�À�±¹·�À�Â³¶vº�Î.°a²V¼h¶v²V¼YÌPµ:´�±³²?¸�º�½?¿�º�ý1»V°�·�¶vºvÈ

4 - J BID S O
436:B�2R9GJ S 0�4�/1<.4*J S 2F<.47D�2R<K436:B S 032FXY2R<L/?N DHBE032FBEDIe zôB�@:BE< S 47B�476:Bl<V8:9 , BI0 S O_J S 2R<.43D
2R<�/wZ S 9GJ:0HBED3DHBE@íD3BI032FBED ,.- �.c�/1<:@í/1DHD38:9GB�436L/?4436:B - /10HBh2R<:@CB�u�BE@�OP0 S 9 ¢�4 S �Ye6zôBh8:DHB
476CBwJ:0 S ZIBE@:8:0HBw2F<��_2FXY8:0HB q eg¦ s 2F476ô9;2F< S 0l9 S @C2FQLZE/?472 S <:D�O S 0>03BIZ S 9GJ:03BID3DH2 S <fe�zôBG2R<:J:8�4
476CBhZ S 9GJ:0HBED3DHBE@íD3BI032FBED�`H8:D�4lNR2Fb1B[436:B S 0H2RXY2F<L/1N(DHBE032FBEDIe[� S 0/wD3BINRBIZI47BI@í2R9GJ S 0�4�/1<.4�J S 2R<.4�2F<
476CBl2R<:J:8�4�Z S 9GJ:03BID3DHBE@�DHBE0H2RBEDIcC476CB>JC0 S ZEBE@C8:03B�<:BIBE@:D�4 S , Bl9 S @:25QLBE@¾4 SGS 8C47J:8�4�476:B�2R<C@:B�u
S OT476:B�J S 2R<.4�2F<�436:B S 032FXY2R<:/1N DHBE0H2RBED�2F<:DH43B�/1@ S OT476:B�2R<C@:B�u�2F<¾476:B�Z S 9;JC03BEDHD3BI@�D3BI032FBEDEe

î��
~Y���Ã~Tå�{t����}P� �Oïë	�6:B�@CBED3ZI032 , BI@ Z S 9GJ:0HBED3DH2 S < 2RD1¢$�����IÌ�� s 6C2RZ�6 9GB�/1<CDG436L/?4 s B�Z�/1<S{
< S 4�0HBEDH4 S 03B�476CB S 032RX12R<L/1N D3BI032RBID�OP0 S 9 /�Z S 9GJ:0HBED3DHBE@\^YBE0HD32 S <fe*� O s B><:BIBE@�4 S Z S <:D�47038CZI4/1<
/1J:JC0 S u�2R9;/?47B�^YBE0HD32 S < S O#476:B S 032FXY2R<L/?N�DHBE0H2RBEDIc s BlZ�/1<K8:DHBlNR2F<:B�/10�2R<.43BE03J S NR/?472 S <fcV2RNFNR8:D�4707/k47BE@
2R<G�_2FXY8:0HB q eg§�e&��J�BEZE25QLZ�/?NRN - c s B�Z S <:<:BEZ�4*Z S <:DHBEZE8�472F^1B2F9;J S 0H47/1<.4+J S 2R<.47D ,.- NR2F<:B�D3BIXY9GBE<.47DIc
/1<:@�/1@:@�J S 2R<.43D S <�476:BID3BhDHBEXY9GBE<.47DIe�zôB�<:Bvut4lXY2F^1B�/ , S 8C<:@ S <\476:B[@:2 ¤ BE0HBE<:ZIB , B�4 s BIBE<
476CB S 032RX12R<L/1N�D3BI032FBED�/1<:@\2F43D�03BED�4 S 0HBE@\^YBE0HD32 S <fe

®&{������]�y 0½ñðÔÊ��w�������¼��å;�B�Oò=�E�I�w�U¢�Ì3�IÌ������I�����iÇ�� ¢$��£����=���¼���p¨�åS��Ç����6�U�������I�i���¹�O�r�����I���i���
æ öIù è2è0è ù æ � �D�B� É ��å��I��ÊK���¼¢����Î�ª�B�¼�������I�*����¢2�B���i��� �O�������I�������[�����3�I�w�U���´�V�����B���6ÍB�I���I�i��� 3EöIù è0è2è 3��
£������ ��å��¥Ç����6�U��������� É ���I���i����£¥óÁå��I�;�]��å��%� & É �$�I�i�B�ÎÇ��rËI�I�hò=���I�ø�×å������I�p¨B���U�B¢¦�B� É �����I������� É
���I���i���[�$�¼�I���B¢�¢$�I�¼��å;�B�|å%ôD�×å;�B� �$���=� & ¿ æ ö���� �;ù73�ö���� �Sù É �$�I�$À T å�£

� O s B�0HBE@:8CZEB�436:B�JL/?07/19GBI43BE0�åhcW476:BI< s B�D3BENFBEZ�4¾9 S 03B�2R9GJ S 0H47/1<.4;J S 2F<V43DEc s 6C2RZ�6
8:DH8L/1NRN - NRBE/1@:D&4 S />ZIN S DHBE0�/1J:J:0 S uC2F9w/k472 S < S O�476CB S 0H2RXY2F<L/1N:DHBE0H2RBEDIe�	�6V8:DEc:/>DH9w/1NFNRBI0Oåé^?/1NR8:B

¢a§



Ø)»�â#à4ºSí · Ù
í�¸�âwà6Ø)Ù
í
é ¼ ½�¾�¿>À�Á Â9Ã,Â�Á.Ä�Å+Æ,Ç9È7É�¾�Æ%Ä�¾:Ê1ËwÆ,Ì�ÉNÆ,ÍvÉNÏY¿.¾+Ê"È§Ð:Æ�Èm¿.¾&É<Æ�ÈnÓ	Ñ
½�Ò,ÂSÉNÆ+¿+Å�ÈmÉ Ó�Ð%È7ÉNÏmÂYÓoÂ ÊÉ�Â�Ó æ ö�ù è0è2è ù æ � ÕqÌ�É Ó§È§Ð+Æ,Ç	ÂjÄ�Å+Æ,Ç�È7É ¾�Æ É �$�I� Õ#Ð+Æ,Ì å Ã Ð:Á-Å,Â ÔÈ�Ò,Âg¾�Å�È�¿+Å�ÈmÉ ÓVÈ�Ò,ÂjÃ Ð:Á-Å,Â	Ó9Õ�ÉNÆ,Ì�É�Ç�Â	Ó9Õ#Ð:Æ,ÌPÈÖ+¿�Â	Ó�¾�Ä=È�Ò,ÂgÓoÂ Á Â�Ç�ÈnÂ	Ì³É<Ï%¿�¾+Ê;È§Ð+Æ�Èm¿�¾&ÉNÆ�ÈnÓ�Ñ
�6I�×&Ø)Ù=Ú�¸F×&Ø)º
é�í
}P E� T Òô/?<:@ æ ! Tûæ ö ��}T{t�t�6I�×&Ø)Ù1ÚQ¸�»�Ø)Ù1Ø)»�Û1»�¿��OÀ
�r}
}��P{�� T Òí|#��6I�×&Ø)Ù=Ú�¸F» · ¹6Ø)»�Û1»�¿h�*À

�6I�×&Ø)Ù=Ú�¸F»uØ)Ù=Ø)»uÛ=»�¿��OÀ
×�Ø)Ù1Ú�¸F×&Ø)º
é�í ¼ Ü�ÉNÆ,ÌPÈ�Ò,ÂjË�Ê;Ó§ÈWÉNÏY¿.¾+Ê;È§Ð+Æ�Èu¿�¾&ÉNÆ�È9Ñ�6I�¢V�
�;õ ����ö®��£��wI�¢V�
�;õ ����÷]�p¨�åS�#I%¢V�
�;õk�.��öy��£��qI�¢V�Á�;õk�.��÷]�p¨�åS�#I�¢
�r}
}��P{�� T Òí/1<C@ É �$�I�i¿ æ !�% ö�ù æ !�ø ^ @Fù c"®) À T å�/1<:@ É �$�I�*¿ æ !�% öIù æ !@ø6!?�	ù cp®) À T å�|#�

�6I«�ßÕÛ¢
}P  æ !@ø6!'�>ù cp®) © æ ! ��}T{t�û�;õ ����öy��£��wIß�
}P  æ !@ø6!'��úS! go¬� Þ æ ! ��}T{t�û�;õ ����÷]�p¨�åS�#ID�
}P  æ !@ø ^ @Fù cp®) Tûæ ! ��}#{t���;õk�.��öy��£��wI«�
}P  æ !@ø ^ @9úS! go¬� U æ ! ��}#{t�û�;õ5�.��÷�p¨�åS�#I«�

�6I«�ßÕÛ¢
}P E� T Òô/?<:@÷�;õ ����ö®��£��Q©ª¢>/1<:@ æ ! © æ ö ��}#{t�à4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿��;õ�����ö®��£���cÁ�;õ ����÷]�p¨�åS��c¦¨H9;2F<9©KÀ
}P E� T Òô/?<:@÷�;õk�.��ö®��£��Q©ª¢>/1<:@ æ ! T æ ö ��}#{t�à4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿��;õ5�.��ö®��£���cÁ�;õk�.��÷]�p¨�åS��c¦¨H9w/�u;©wÀ
å�{.��äTåk�t�
×�Ø)Ù1Ú�¸F»�Ø)Ù1Ø)»�Û1»�¿h�*À ¼ Ü�ÉNÆ,Ì�È�Ò,ÂjËwÊrÓnÈmÉ<Ï%¿�¾:Ê"È§Ð:Æ�ÈmÏYÉ<Æ.ÉNÏYÅ+ÏÝÐ,Ä)ÈnÂ Ê1È�Ò,Â � È�Ò�¿�¾&ÉNÆ�È9Ñ¢$��£��wI«�7�
���p¨�åS�wI«�
�r}
}��P{�� T Òí/1<C@ø¿ æ !�% ö T æ " cp®� S 0 É �$�I�i¿ æ !�% ö�ù æ " cp®� À T å[À�|#�

�6I«�ßÕÛ¢
}P  æ " cp®� © æ ! ��}#{��û¢$��£��wIß�
}P  æ &*! go¬� Þ æ ! ��}T{t�û���p¨�åS�#ID�

}P E� T Òí��}T{t�áà4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pc
�I�p¨�åS��cD¨H9G2R<9©wÀ
å�{.��äTåk�t�ßÕ�¢

×�Ø)Ù1Ú�¸F» · ¹6Ø)»�Û1»�¿h�*À ¼ Ü�É<Æ,Ì�È�Ò,ÂjËwÊrÓnÈmÉNÏY¿.¾+Ê"È§Ð:Æ�ÈmÏ�Ð	Î:ÉNÏYÅ+ÏãÐ�Ä)ÈnÂ�Ê1È�Ò,Â � È�Ò�¿�¾&ÉNÆ�È9Ñ¢$��£��wI«�7�
���p¨�åS�wI«�
�r}
}��P{�� T Òí/1<C@ø¿ æ !�% ö © æ " cp®� S 0 É �$�I�i¿ æ " cp®) ù æ !�% ö À T å[À�|#��6I«�ßÕÛ¢

}P  æ " cp®� Tûæ ! ��}#{��û¢$��£��wIß�
}P  æ &*! go¬� U æ ! ��}T{t�û���p¨�åS�#ID�

}P E� T Òí��}T{t�áà4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pc
�I�p¨�åS��cD¨H9;/kuM©KÀ
å�{.��äTåk�t�ßÕ�¢

�_2FXY8:03B q eg¦C�[û_´�ÆlµV·�¶vº�º�±¹´�²¾µV·�´1À7¶v¼V»V·�¶aÈlçK¶>µV·�´1À7¶vº�º�°�º£¶�·�±¹¶vº�ñVö�þ�ÿ¹ÿ¹ÿ¹þ�ñ��¾°a²t¼�»Vº£¶>°�Å�Â¹´a½t°aÂfË�°�·�±ÙÌ
°�½tÂ¹¶E�í¸£´w·�¶�µV·�¶vº£¶v²?¸�±¹¸�º�º�±���¶aÈGÉ&Ä.¶[µV·�´YÀ7¶v¼V».·�¶�´�»V¸£µt».¸�º�¸�Ä.¶>Ë�°aÂ³».¶vº�Îf±³²V¼t±³À7¶vº�Îf°a²V¼�¸�¿?µ:¶vº�´aÇ&¸�Ä.¶
º£¶vÂ¹¶vÀ7¸£¶v¼;±³Ælµ:´a·�¸�°a²?¸�µC´�±5²k¸�º�È ¢aî



à4Û
íQâ#Û
í�¸�êq¹yíQº
ê#»�Û1»�¿�¢$��£��Pc
�I�p¨�åS��c
��Ì����ªÀ ¼ ä�Å�È�¿+Å�ÈmÉNÏY¿.¾+Ê"È§Ð:Æ�ÈW¿.¾&É<Æ�ÈnÓ	Ñ
}P ,¢$��£��wIý���p¨�åS�

��}#{t� � ä(��~
ä#� ¿ æ &*! g§¬� c
���p¨�åS��cÎ�ÚÌ����Ic ¨HDH43032FZI4�©wÀ
{t���I{w��ä#�.~_ä(�D¿ æ " cp®� c
¢$��£���c
��Ì�����cD¨HNFBIO 4ª©KÀ

  �dåu¯��B�wI¡¢$��£��wÕÛ¢��a�Ã���p¨�åS� [ ¢>|#�
}�  æ ® " ^  I æ " cp®� ��}#{t� � ä(��~
ä#� ¿ æ ® " ^  c�¯�B��cÁ��Ì����Ic ¨��L/?4�©KÀ��ä(��~_ä(�D¿ æ &i! g§¬F c
�I�p¨�åS��c
��Ì�����c ¨�032RX16V4ª©KÀ

�_2FXY8:0HB q e ¬ �+É�ÄV±³º_âVÅ�».·�¶�±5º&À7´�²k¸�±5²?»V°�¸�±³´�²�´aÇ�ìf±¹Å�»V·�¶�.È��1È

index

va
lu

e

    2     4     6    8    10   12  14   16   18   20
0

2

4

�_2FXY8:03B q eg§��=�*·�±¹Å�±³²t°aÂ�º£¶�·H±¹¶vº+·�¶vº£¸£´a·�¶v¼�ÇR·�´�ÆA¸�Ä.¶�À7´�Ælµt·�¶vº�º£¶v¼�º�¶�·�±¹¶vº&±³²�ìf±¹Å�»V·�¶�Ý�È³Ý�È

Êw�IÊ9�B¢�¢�ÌGNRBE/1@:D*4 S /hD39;/1NRNFBE0�@:2RD�4�/1<:ZIB , BI4 s BEBE<\476:B S 032FXY2R<L/?N /?<:@K03BIDH4 S 03BE@�DHBE032FBED´�:6 S s B�^YBI0Ec
D S 9;B�D3BI032FBED�^t2 S NR/?47B¾436:2RD�0H8:NRB?e �£< �_2FXY8:03B q egîCc s B�2FNRNR8CDH4703/?47B¾/ëDH2F478:/?472 S <�2R< s 6:2FZ�6 476CB
03BI@:8:Z�472 S < S O(å NFB�/1@CD�4 S /\NFBEDHD[/?ZEZE8C07/?43BGZ S 9GJ:03BID3D32 S <fe��£<í476:2FDlB�uC/19GJ:NRB?cT25O s BG8:D3B�476CB
@:2FDH4�/?<:ZEB>OP8:<:ZI432 S <¥Z æS[ 3 ZL/?<:@yåÝI�¦�c�436:BE<�436:B�� ö @:2RD�4�/1<CZEB , BI4 s BEBI<j476:B S 032FXY2R<L/?NfD3BI032RBID
/1<:@�2F47D�03BIDH4 S 03BI@�^YBI03D32 S <j2RD p ei¦ p.¬ ¢1e�� O s Bh8CD3B�436:B�D3/19;B>@:2FDH4�/?<:ZEB>OP8:<:ZI432 S < s 2F436yåÝI��c
476CBE<�476:BY� ö @:2RD�4�/1<CZEB , B�4 s BIBE<�436:B S 032FXY2R<:/1N�/?<:@�0HBED�4 S 0HBE@\D3BE0H2RBID�2FD�¢Ye o §. ¬ e

zK{Våk}×�C�C��}���{��E{Våk}�{t�B ]z�6:BI<�Z S 9GJ:0HBED3DH2R<:Xw/�432R9GBlD3BI032RBIDEc s B[9w/ - <CBEBE@�4 S JC03BEDHBE0�^YB
< S 4 S <:N - 2F43D�9;/�` S 0�Bvu�4303BI9w/Cc , 8C4/1NFD S 9;/�` S 0�Z�6L/?<:XYBED S O+2547D�D3N S J B?e�� S 0�B�uC/19GJ:NRB?c 25O_476CB
S 0H2RXY2F<L/1NLD3BI032FBED�/10HBl/1DWDH6 S s <K2R<K�
2RXY8:0HB q e5¢ p cV476CBE<¾476CB�Z S 9GJ:0HBED3DHBE@�D3BI032FBEDWDH6 S 8:NF@K2R<:ZINR8:@:B
476CB;ZI2R03ZINRBI@ëJ S 2F<V43DEe�z�B�Z�/?<�2R@CBE<.4725O - 476:BID3BGJ S 2R<.47D ,.- QL<:@:2F<:X�476:BGB�ut470HBE9;/\2F<ë436:B�QL03D�4

va
lu

e 4

2

0

index

6

    2     4     6    8    10   12   14
�_2FXY8:03B q egîC�&æ(á.°aÆlµtÂ¹¶�º£¶�·�±¹¶vº+Ê�Ä.¶�·�¶�·�¶v¼V»tÀ7¸�±¹´�²�´aÇ ê Â³¶v°a¼Vº+¸£´[Â5°�·�Åa¶�·�¼V±5º£¸�°a²VÀ7¶�½:¶�¸�Ê_¶�¶v²G´a·H±¹Å�±³²V°aÂ
º£¶�·�±³¶vº�°a²V¼;·�¶vº£¸£´a·�¶v¼;º£¶�·H±¹¶vº�È�ïmÇ(Ê_¶»Vº�¶�¸�Ä.¶�¼V±³º£¸�°a²tÀ7¶�ÇM»V²VÀ7¸�±¹´�²�ð ñlò�óað.Ê�±¹¸�Ä�� �û�1Î:¸�Ä.¶�¼V±5º£¸�°a²VÀ7¶
½:¶�¸�Ê_¶�¶v²´a·�±¹Å�±³²V°aÂ?º£¶�·�±¹¶vº °a²V¼�¸�Ä.¶
·�¶vº£¸£´a·�¶v¼º£¶�·�±¹¶vº�±³º�øYÈ���ø��1Ý�È(ç�Ä.¶�·�¶v°aº�±³Ç.Ê
¶�»Vº£¶
¸�Ä.¶
º�°aÆ�¶_¼V±5º£¸�°a²VÀ7¶
ÇM»V²VÀ7¸�±¹´�²hÊ�±³¸�Ä������1ÎV¸�Ä.¶�¼t±³º£¸�°a²VÀ7¶�±³º�Ý�Èx÷������?È

o1p



va
lu

e 4

2

0

index
    2     4     6    8

va
lu

e 4

2

0

index
    2     4     6    8

b) Second derivative extrema.a) First derivative extrema.�_2FXY8:03B q eF¢ p �Kû_´�ÆlµV·�¶vº�º�±¹´�²�½?¿�º£¶vÂ¹¶vÀ7¸�±³²VÅw¸�ÄV¶h±5Ælµ:´a·�¸�°a²k¸¶7áY¸£·�¶vÆ�°K±³²�¸�Ä.¶hâV·�º�¸ Ì�¼.¶�·�±¹Ë�°�¸�±¹Ëa¶hº£¶7Ì
·�±¹¶vº�ÞM°kß&°a²V¼�º£¶vÀ7´�²t¼YÌ�¼.¶�·�±¹Ë�°�¸�±¹Ëa¶�º£¶�·H±¹¶vº�ÞR½CßHÈ

/1<:@\D3BIZ S <C@�@:BI032F^?/?432F^1BED S OT476:B�XY25^YBI<�DHBE032FBEDIe

zK{wú��T}P�a}������® rû C �,�W�S!q�"�F��
|���	���-��� æ öIù è2è0è ù æ � /(���r�~8:�r�	�W0+�����p���:��p�F�~���%�����	���-��� æ.ü ö ù è2è0è ù æ.ü��#Lö /
�=5+�	�� æ.ü! I æ !�% ö [�æ ! ';� �=���F���pG%�OU|Ò [ ¢�/w��
+0~���r�i���	*��.
+0�0+�	��"���+��"�F�u� �������	���-��� æ+ü üö ù è2è0è ù æ.ü ü��#tú /
�=5+�	�� æ ü ü! I æ ü!�% ö [Åæ ü! ';� �s� �F�	�@G��OU Ò [ o�J

zôBjZ�/?<ÛZ S 9GJ:03BID3D�/ D3BI032FBED ,.- 2R@CBE<.4725O - 2F<:X�/1NFN�D�470H2RZI4Ec�NFBIO 4Ec/1<C@ 032RX16V4¾2R9GJ S 0�4�/1<.4
B�ut4303BE9;/�2F< 476:B�D3BI032RBID¾2F43D3BINFO�c�/1<C@ 2R< 2547D�QL03D�4�/1<:@ D3BEZ S <:@�@:BI032F^?/?432F^1B1eé� S 43B�476L/k4w476CB
@:2FDH4�/?<:ZEB�OP8C<:ZI432 S <j/?<:@�476:0HBEDH6 S NR@�O S 0D3BINRBIZI472F<:Xw436:Bh2R9GJ S 0H47/1<.4Bvu�4303BI9w/ S O*/;D3BE0H2RBID�9w/ -
@:2 ¤ BI0WOP0 S 9 476:B�@:2FDH4�/?<:ZEBlOP8:<:Z�472 S <\/1<:@�476:0HBED36 S NR@�O S 0W476CB>@CBE0325^?/?4725^YB1e

� O æ.ü! 2FD�/1<h2F9;J S 0�4�/1<.4
B�ut470HBE9h8:9 S OL476CB*QL03D�47{ @:BE0H2F^?/?4725^YB�D3BE0H2RBIDEcY476CBE<h476CB�Z S 9GJ:03BID3DHBE@
D3BI032FBED�2R<CZENR8C@:BED*436:B4 s S J S 2F<.47D S O(436:B S 0H2RXY2F<L/1NdD3BI032RBIDW8:DHBE@�2R<K@:B�QL<:2F<:X æ ü! cC436L/?4W2FDEc æ ! /?<:@
æ !�% ö eë��2F9;2FNM/10HN - c#25O æ.ü ü! 2RD�/1<�2R9GJ S 0H4�/?<V4>Bvu�4303BI9h8:9è2F<�476CBKD3BEZ S <:@ü@:BI032F^?/?432F^1B1c_436:BE<�476CB
Z S 9;J:0HBEDHD3BE@\D3BI032FBEDW2F<:ZENF8:@:BED�476:B�436:03BIBl03BENR/?47BI@KJ S 2R<.47D S O#476:B S 0H2RXY2F<L/1NdD3BI032FBEDEc æ !iù æ !�% ö cL/?<:@
æ !�%:ú e

�£<��_2RXY8C03B q e5¢ p ¿�/VÀ�c s B[2RNFNR8:D�4707/k47Bl476:B>Z S 9;J:0HBEDHD32 S < ,.- DHBENFBEZI432R<:Xw/1NRN(Bvut4703BI9w/ S O�476CB
QL0HDH4�@CBE0325^?/?4725^YB1e��£<��_2RXY8C03B q eF¢ p ¿ , Àvc s BhDH6 S s 476:B[03BID38:N54 S O+DHBENFBEZI432R<:Xw/1NRN(Bvut4703BI9w/ S O�476CB
D3BIZ S <C@�@:BI032F^?/?432F^1B1e

�® 0½ �I�Ã~+�då����L�
~Y{���{w��{t���
zôBh<:B�ut4l@CBIQL<:Bh436:Bh<V8:9GBE0H2RZ�/?N
2F9;J S 0H47/1<:ZIB S O&Bvut4703BI9w/�c(/1<:@jXY25^YB�/1<í/1NRX S 0325476:9«O S 0@:B�{
47BI039G2R<:2F<:X�436:B�2R9GJ S 0�4�/1<CZEB S O_/1NRN B�ut470HBE9;/G2F<\/�DHBE0H2RBEDIe

zK{wú��T}P�a}������® "ý ü7�I�Ã~+�dåa�a�L�T~Y{�þ x"'(�M}w�.�<
&�u� ���M������<*��~ì��<��'��h/m��� !q5&�h/uþ+�+�@í?�o¦����	$S��$ÿ';�,�
*	��$u}:���7�o���<�.
 �=�@�5z���.$Y�t���������?�:'Vå%/S�5+�	
 ���r��������-*,��ì��-��'��h/g��� !q5&�h/Yþ.�:�@íH�<$m}��,�n�h��
+*	�L���L�5+�
$g��¦:�-$Y���������N���j�:'wå ';�,�V�=5+�<*	5��@�s���m�Y������-*,��ì��<��'��h/1�� !q5&�h/6þ.�+�@íY�o¦������$���$ J

o ¢



va
lu

e

    2     4     6    8    10   12

4

2

0

index
c) Flat importance.

4

va
lu

e

    2     4     6    8    10   12

4

2

0

index
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