
� � �������
	 �

� 
 � � � � � � � � � 
 ��� ��� � �

����� �! #"$ &%(' )+*&"-,/.10324*5.62 798:*5';2<.
=?>A@$BC@EDGFIHKJELCMON3PQFRHKPCS!PCTUL:VW@(LCNYXZLCD[FRHKJ\MK@<H]S_^IH]`_@aLbVc@ELCNdPeVW@\fg^?FR>_@a@\hgi_LQFRH]PeSjPQTUN:PCFRH]PeS

k(l_mkonqpsr1tvu[wyx{zA|~}�r1��t{����x{zW�C�zg|�� x��_����|
� >A@EDI@ l_m p��W� k z_� ken H]^�FR>_@3Be@ED[FRH]J(LCM�N:PeN:@ESoFRiAN�PCT;FI>_@!XZLCD[FRH]JEMK@�LCS_` � H]FI^-DI@\^GF�N3LC^I^I� �� HKS_J\@ � @ � LCSoF�FIP3^[FRi_`Af�FR>A@�N:PCFRH]PeS�PCT#^GN�LQMKM~Be@\DGFIHKJ(LQM1`AHK^IXAM�LCJ\@EN:@ESoF zc� FR>A@� OPeDG@ESoFR¡$T{LCJ\FIPeD� J(LCS:FR>_@\DI@\T�PCDI@;F¢LC£Q@ES�PCiAF5PCT¤FI>_@;`_@EDGH]BQLQFRH�Be@ �&¥ @\DI@ �¦r1tvu[w�x�z_| H]^&FR>_@;T�PeDIJ\@;`_i_@;FRPaFR>_@;N3LC§eS_@yFR^PCiAFR^GHK`_@<FR>A@aBQLCJ\i_i_NdJ¢>_LCN-VW@ED�LCS_`�§eH]BC@E^;DIH]^I@<FRP�VW@\FRLQFRDGPeSjPC^IJEH]MKMKLQFRH]PeS_^ � � >_H]MK@ r¨�yt{����x�zc�e�zg| H]^FI>_@bT�PeDIJ\@�JEPeN:HKS_§!T�DGPeN©FI>_@�@EM]@EJ\FIDIPeN3LC§eSA@\FRH]J-ªZ@EM]`_^<PCT5FR>_@�VW@(LCN«PeS¬FI>_@�XZLCD[FRHKJ\MK@bL­F z LCS_`FI>_@aVc@ELCN�BC@EDGFIHKJELCMOJE@\S®FI@ED¯LQF �z°�5± PCD�@y²ALCN:X_MK@ � � H]FI>�h®iZLQ`_DIi_XWPeM]@4T�P¦J\i_^IH]S_§ �

r¨t�u[w¢x{zA|&p´³$µm
³�¶

z�� x��_�¸·e|
� >A@EDI@ ³�µm p

k
³
m � ke¹ H]^�FR>A@9§eDRLC`AHK@ESoFbPQT�FI>_@!h®iZLC`ADIi_XWPeMK@9N3LC§eSA@\FRH]J3ºZig²»`_@\S_^IH�F¼f»LCS_` ³�¶FI>_@$DIHK§CHK`_H�F¼f�PCT1FR>A@�VW@(LCN �5± PeD�FR>_@a^ILC£C@�PCTU^GHKN:X_MKH]JEH�F¼f � FI>_HK^?T�PgJEi_^GHKS_§�JELCSjVW@�LC^I^Gi_N3@\`�FIP3VW@iAS_H]T�PeDGNdLCM]PeS_§-FI>_@$LCJEJ\@EMK@\DRLQFIPeD?DIH]S_§_½ � @$J(LCS9FR>A@EDI@yT�PeDI@$N3LC£C@4FI>_@aDI@EXAM�LCJ\@EN:@ESoF

¾ r1tvu[w�x�z_|G¿ÁÀcÂ À�xÄÃAÅÆOÇ Æ |ÉÈRz�� x��_�ËÊo|Ì[Í¨Î[ÏÄÎyÐCÑ¤ÎÓÒÉÔ\Õ­ÒÉÎGÕEÖ×Ï�Ø¢Ö×Î5ÔyÕaÖÄÙ�ÎÚÖÄÏÄØyÕ­Û×ÜyÎ[Ï�Û×Î&ÝÁÔyÖ×Þ¸ÔyÕ�Ô�ßZÖ×Ù­ÎÓàCÎGØyÝâáQØ�Ï×Ö×ÞãÒÉä¸ÎGÛUØ�Õ­å<Þ¸æyÕ­ÔyÏÄÎ&Ö×Ù�ÎGÞËÏUÝ�ÔyÝ�Î[ÕEÖÄç�ÝÔ�èoÛ{Î[ÖÄÛ¤Ø�Õ­å?Û×é(Õ­Ò�Ù�ÏÄÔ�Ö×ÏÄÔyÕ�Ý�Ô�ÖÄÞËÔ\Õ®êZë~Ù(ç­Û[Ð\Ö×Ù­Î1ÏÄÎ[ÜyÔ\äËç�Ö×Þ¸ÔyÕ?áCÎ[ÏÄÞËÔ�å?Ôyß®Î[ÜyÎGÏ×éÓá­Ø�Ï×Ö×ÞãÒÉä¸Î6Ø�ÖWÎ[Ü\Î[ÏÄé5ÖÄç�ÏÄÕ;Þ¸ÛWÖ×Ù­Î6ÛÄØ�Ý�Îyêë~Ù�Þ¸Û1Ø�ä¸äËÔ¢Ñ¨Û¤ç­Û~ÖÄÔ�ç­Û{ÎUÖÄÙ�Î&Ï×ÎIØ�äeÖÄÞËÝ�Î&ì~ØyÛ¤Ö×Ù­Î&ÞËÕ­å�Î[áCÎ[Õ­å�ÎGÕEÖ¨ÜRØyÏ×ÞãØ�à­äËÎ\ê
�­í¢�



�­í[· �_����� =��&=��	��
 =��

 � � ¥��É± = �
� >A@EDI@ Ã ÅÆ H]^?FR>_@$S®i_N-VW@ED�PQTUBe@\DGFIHKJ(LQM1PC^IJEH]MKMKLQFRH]PeS_^ÁFI>_@�X_LCDGFIHKJEM]@aN�LC£Q@E^�HKSjL:FIi_DISjPeD � >ZLQF � @iA^IiZLCM]M]f�J(LCM]MUFR>_@��������bBC@EDGFIHKJELCM&Vc@yF¢LQFIDIPeS/FIi_S_@ � � >_H]MK@ Ç Æ �_x×·��1| H]^4FR>_@�DI@yBePeM]iAFRH]PeS�T�DI@\h®i_@ES_Jyf �
�PCFRH]JE@�FR>ZLQF5FR>A@4L(Be@\DRLC§e@�PCT~FR>A@4@y²gFR@\DISZLQMWT�PeDGJE@¯HK^ÁXADIPeXWPeDGFIHKPeS_LCM_FRP$FR>_@¯HKN:X_i_MK^G@¯H]S�PeSA@4LCJ\JE@EM í@\DRLQFIPeD�FRiADIS � 
¯P � FR>_@<FRDILCS_^[Be@EDG^I@�@Eh®iZLQFIHKPeS�PCT6N3PQFRHKPCS9Vc@\JEPeN:@E^

k È zk�� È } xÄÃ ÅÆ | È� È z�p ¾ r¨��t×���?x{zW�e�zg|I¿�W��� È � x��_� �®|
� >A@EDI@���HK^aFR>A@�L(Be@\DRLC§C@�DRLQ`_HKi_^$PCTÓFR>_@3DIHKSA§ ��� S LCVcP�BC@ � FI>_@3DGHK§eH]` í VAi_S_J¢>�LCS_` H]N3XAi_MK^G@3LQX íXADIP(²¦HKN3LQFRH]PeS_^Á>_L�BC@�VW@E@\S�LCX_X_M]HK@E`!FIPbFR>_@ r¨�yt{���?� LCS_` � @a>ZL(BC@�DG@EX_MKLCJE@\` k � ken Vof � k � k�� � H�FR>�!p! �" Vc@\HKS_§�FI>_@�BC@EMKPgJEH�F¼f�PCT&FR>_@�Vc@ELCN �#" FR>_@�BC@EM]P¦J\H]F¼f�PCTÚMKH]§e>oF � LCS_` � FI>_@-`_H]^GF¢LQS_JE@�N3@EL í^Gi_DI@\`�LCMKPCS_§�FI>_@4MKPCS_§eH]FIi_`_H]SZLCM_XZL­FR>!H]S�FR>_@¯DIH]S_§ �$� S�FI>_HK^ÓJ¢>ZLCXAFI@ED � � @4LCDI@¯§ePeHKSA§�FRP�^GFIi_`Af�FI>_@^[FR@ELC`Af í ^[F¢LQFI@4@&%c@EJyFR^ÁPQT~FR>_@�FRDILCS_^GBC@EDG^I@ � LC£C@4XWPCFI@ESoFRHKLCMZPeS�FI>_@¯VW@(LQN � =?>A@EDI@yT�PeDI@ � FI>_@EDG@�HK^5S_P@�²¦X_MKH]JEH]FÓFRH]N3@�`_@EXW@ESA`_@ES_Jyf9HKS ¾ r1��t{���5¿\� �¯^ � HKM]MWVW@4^G>_P � S�VW@EM]P � � FR>A@<^GFR@ELC`Af í ^[F¢LQFI@<@&%c@EJyFR^?PCTFI>_@ � LC£Q@bXcPCFI@ESoFRHKLCM¨JEPeSoFIDIHKVAiAFR@$FRP�VW@\FRLQFRDGPeS�FIi_S_@�^G>_H]TvFI^ � � >_HKM]@$FI>_@�FIHKN:@ í `A@EXW@ES_`_@\SoF4@&%c@EJyFR^N3L(f9@y²¦J\H]FR@aH]S_^GFRLCV_HKM]H]FIHK@E^ �� H]S_JE@ � @¯LCDG@¯H]S®FI@EDG@E^GFI@E`3PeS_M]f-HKS�^IN3LCMKM_LCN3PCi_SoFÓPQT~N:PCFRH]PeS�HKSbFR>_@;Be@\DGFIHKJ(LQMW`AHKDI@\J\FIHKPeS � FI>_@VW@(LQN�T�PeDIJ\@aJ(LCS�Vc@<=6L(fgMKPeD;@y²¦XZLQS_`_@E`�FRP�PeVAFRLCHKS

k È zk�� È } x×Ã ÅÆ | È� È z�p ��W��� È ')( ¾ r1��t{���5¿( z ****,+m.- Æ za}
( ¾ r¨��t×���Ú¿( �z **** m.- Æ �z�/ � x��_�10e|

=?>A@ÁªZDI^[F#FR@\DIN PeS�FI>_@ÁDGHK§e>oF6^IH]`_@ÁH]^UX_DGPeXcPCDGFRH]PeSZLCMeFIP¯FI>_@ÁBe@\DGFIHKJ(LQM¦`_H]^IX_MKLCJE@\N3@\SoFUPCTZFI>_@ � H�FRS_@\^I^X_LCDGFIHKJEM]@C½®H]F&FI>_@EDG@\T�PeDG@;JEPeS_^[FRH�FRiAFI@E^ÓL$^G>_H]TvFÚPCTcFR>_@;Be@\DGFIHKJ(LQMZVc@yF¢LQFIDIPeS�FRi_SA@ Ã ÅÆ FIP�VW@EJ\PeN3@ Ã Å243�57698 �: >A@ESjFI>_@a^I>_H�TvF;HK^?^GN�LCM]M,; � � @ � DIH�FR@ xÄÃ Å243�57698 | È p x×Ã ÅÆ | È }â·eÃ ÅÆ=< Ã Å243�57698 � H�FR>< ÃAÅ243�57698 p À � È·eÃ ÅÆ �W��� È ( ¾ r¨�yt{���Ó¿( z **** +m�- Æ?> x��_�A@o|
� HKS_J\@3FR>AHK^$^I>_H�TvF�L�%¤@\J\FR^�LCS H]S_`_H�B¦H]`_iZLCM&VW@(LQN X_LCDGFIHKJEM]@ � < Ã Å243�57698 H]^�JELCMKM]@E` FR>_@�Be@\DGFIHKJ(LQM�BDCFE�G�HI �J���JC�KLKNM�CF�PO I B QRK � =?>®i_^ � FI>_@�H]S_JEPe>A@EDI@\SoF¯FIi_S_@$^I>_H�TvF�JELCS�VW@�J\PeN:X_iAFR@\`�Vof�^I@yFIFRH]S_§ �z�pTS PeD� H�FR>_PCiAF�LCSof�`_HK^GX_M�LQJE@EN:@ESoF;PCT1FR>A@$J\@ESoFR@\D¯PQT6FI>_@ � >_PeMK@<VW@(LQN � O@\FÓi_^5JEPeN:@¯V_LCJ¢£-FRP � h �cx{�A�U0e|�� FR>_@;FRDILCS_^GBC@EDG^I@4@\hgi_LQFRH]PeS3PQT~N:PCFRH]PeS � :�@�J(LCS � DIH]FI@;PeS_@^Gi_J¢>�@Eh®iZLQFIHKPeS3T�PeDÓ@ELCJ¢>9VW@(LCN XZLCD[FRHKJ\MK@ �$V @\DGT�PeDGN�LQS9L(Be@EDILC§e@4Vof�LC`_`_H]S_§�iAX!FR>_@\^I@4@\hgi_LQFRH]PeS_^LQS_`j`AH]BgHK`_H]S_§bVof!FR>A@aFIPCF¢LQM~S®i_N-VW@ED;PCT6Vc@ELCNdXZLCD[FRH]JEMK@\^ � =?>_@aDG@E^IiAM]F�HK^k È �zk�� È } x×Ã ÅÆ | È� È �z�p ��W��� È ')( ¾ r1��t{���5¿( z ****,+m.- Æ �za}

( ¾ r¨��t×���Ú¿( �z **** m.- Æ �z�/ > x��_�1We|XZY Ù�Î[ÕâÖ×Ù­ÎjÖÄç�Õ�Î Û×Ù�ÞËß Ö�Þ¸Û!äãØ�ÏÄæyÎ\[^]�_` acbDdZe ÔyÕ+Ö×Ù­Î/äËÎ[ß Ö�Û{Þãå�Î�Ô�ßgfihCê�jlkQê mon3Û×Ù�Ô\ç�ä¸å+àCÎ/Ï×ÎGá�ä¸Ø\ÒÉÎIå�à(é[pj,] _ n7q` arbDdNeis jutJ] _v nÉê°ë~Ù�Î&Û×ØyÝ�Î#Øyá�á�ä¸ÞËÎIÛ~Ö×Ô	fwhEÛGêxjlkQê yon¼Ðxjzk­ê1{r|&nÉÐxjlkQêA{.m&n¼Ðxjzk­ê1{r}on¼Ð�ÎÉÖ�Ò�ê



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �­íÉÊ
=?>AHK^<@Eh®iZL­FRHKPCS¬`A@E^IJ\DIH]Vc@\^aFI>_@-Be@\DGFIHKJ(LQM#N3PQFRHKPCS�PCTÚFR>_@bJ\@ESoFR@\DaPCTÓFI>_@bVW@(LCN � PeD4FI>_@ E�G I �J���JC�K
� G�K BZG�C!PCTWFR>A@?Vc@ELCN � � >AHKJ¢>�HK^��Gi_^[F5L<^IHKN:X_M]@Á>ZLCDGN3PCS_HKJ�N:PCFIHKPeS � =?>_@�BC@EDGFIHKJELCMZVc@yF¢LQFIDIPeSbFIi_S_@PQTÁFR>A@3J\@ESoFR@\D�PCT5FR>_@:VW@(LCN � PeD<FR>_@\E�G I �J���JC�K�Be@\DGFRH]J(LCMÚVW@\FRLQFRDGPeS¬FIi_S_@:PCTÁFI>_@:Vc@ELCN � H]^$SAP �Ã Å57698 p Ã ÅÆ } < Ã Å57698 � : >_@ES�FR>A@$XW@ED[FRi_DGVZLQFIHKPeS�HK^?^GN�LQMKM � FR>A@$J\Pe>_@\DI@ESoF�FRi_SA@$^G>_H]TvF;VW@EJ\PeN:@E^

< Ã¦Å57698 p À � È·eÃ ÅÆ �c��� È ' ( ¾ r¨��t×���Ó¿( z **** +m.- Æ }
( ¾ r1��t{���5¿( �z **** m.- Æ / > x��_���o|

� @EJ(LQi_^I@ � @9£C@E@\X+PCS_M]f¬FR>_@�MKHKSA@(LCD$FR@EDGN3^�PCT?FR>_@9=6L(fgMKPeD-@�²¦XZLCS_^GHKPeS»H]S � h �;x��_�10e|y� � @9>ZL(Be@H]S_JEM]i_`_@\`�PeS_M�fbFR>_@¯`_HKXWPeM]@?XZLCDGFI^ÁPCTcFR>_@ � LQ£C@�T�PeDGJE@ � ��^ÓL�DI@\^Ii_M�F � FR>_@\^I@�FIi_S_@¯^I>_H�TvFR^5^I>_PeiAMK`�VW@JELCMKM]@E`�`_H]XcPeM]@4JEPC>_@EDG@ESoF;FRi_S_@$^I>AH]TvF�LCS_`�`_H]XcPCMK@4H]S_JEPe>A@EDI@\SoF¯FIi_S_@a^I>_H�TvF � O@\Fai_^aLQ^I^IiAN3@b>_@\DI@-FI>ZLQF<FR>A@-BCLQJEi_i_N©J¢>ZLCN-VW@ED<H]^4JEPCN3X_M]@\FI@EM]f�^GN3PgPCFR> LQS_` HKSAªZSAH]FR@\M]fJ\PeS_`_iAJ\FRH]S_§ � =?>A@ES»FR>_@9T�PeDGJE@9PeS L/VW@(LCN�XZLCD[FRHKJ\MK@�T�DGPeN´FR>_@9VW@(LCN�JEPeN:@E^-T�DGPeN�PCS_M]f¬F � P^GPei_DGJE@E^�� x[��| @\MK@\J\FRDGPeN3LC§eS_@yFRHKJ�HKSoFR@\DRLCJyFRHKPCS�PCT5FR>_@bVW@(LCN©XZLCD[FRHKJ\MK@ � H�FR> LCM]MUPCFI>_@ED<VW@(LQN«XZLCD íFIHKJ\MK@E^�HKS�FR>_@$VW@(LCN � � >AHKJ¢> � @�JELCMKM$O �	� QRHUQ G���E�� �1xÄ·e| DI@yºZ@EJyFRH]PeS�PCT&@\MK@\J\FRDGPeN3LC§eS_@yFRHKJ<ªZ@\MK`_^;T�DIPCNFI>_@ � LQMKMK^?PQT6FI>_@<BCLQJEi_i_N�J¢>ZLCN-VW@ED � � >_HKJ¢> � @aJ(LQMKM$B � ��
�� Q G���E���O �
��
���
�� �����������������! #"%$��'&)(*�+�,�.-

=?>A@!HKN3LC§e@�T�PeDIJ\@E^-J\@ED[F¢LCH]S_M]f `_@\Xc@\S_`_^bPeS FI>_@�§C@EPeN:@\FIDGf¬PCT?FR>A@�BQLCJEi_iAN�J¢>ZLQN-Vc@\D �  O@yFbi_^J\PeS_^GHK`_@\D$FI>_@�^GHKN:X_MK@bJELC^I@ � >_@ES FI>_@�BCLQJEi_i_N J¢>_LCN-VW@ED�J\PeS_^GHK^GFI^�PQTÁF � P�HKSAª_S_H]FI@:>APeDIH]¡EPeSoF¢LQMXAM�LQFI@E^aLQFaM]P¦JELQFRH]PeS zjp#/10 LQ^<HKMKM]i_^GFIDRLQFI@E`/H]S ± HK§ �c�_���e� =?>_@�VW@(LCN«PCTÁ^IL(f/XcPC^IH]FIH]BC@-J¢>ZLCDG§e@E^H]^!`_H]^IX_MKLCJE@\` V®f �z32 Be@\DGFIHKJ(LQMKM]f+LCSA` FR>_@ � H�FRS_@\^I^9XZLCD[FRH]JEMK@jHK^9L­F z32�� :�@ � HK^G> FIP»JEPeSA^IHK`A@EDFI>_@$@EMK@\J\FIDIHKJ<T�PeDGJE@$PeSjFI>_@ � H]FRSA@E^I^�XZLCD[FRH]JEMK@aJ\PeN3H]S_§bT�DIPeN�DI@\º_@EJ\FIHKPeSjVof9FR>_@aFRPeX�LCS_`jVcPCFGFRPeN
� LCM]MK^!PCT<FI>_@�BQLCJEiAi_N J¢>ZLQN-Vc@\D � � S PeDI`A@ED!FR>_LQF!FR>A@�>_PeDGHK¡EPCS®FRLCM�@\MK@\J\FRDGHKJ�ª_@EMK` L­F!FR>_@jFRPeX
� LCM]M5BQLCS_H]^I>_@\^ � FR>A@EDI@�N-i_^GF-Vc@�LCS»HKN3LC§e@�PCT;FR>A@�VW@(LCN � H]FI> S_@E§eLQFRH�Be@!J¢>ZLQDI§e@\^�LQF-XWPe^IH�FRH]PeS
z�p ·409À �z32 PCD<LQFaL!`_H]^GFRLCS_JE@ ·50!À
�z!2&Àâz!2 T�DIPeN�FR>A@ � H]FIS_@E^G^$X_LCDGFIHKJEM]@ ��� S/PeDG`_@ED4FI>ZLQF4FI>_@>APeDIH]¡EPeSoF¢LQM¤@EM]@EJyFRDIH]J¯ªZ@\MK`�LQFÁFR>_@<VWPCFIFIPeN � LQMKMcBQLCSAHK^I>A@E^ � FR>_H]^�HKN3LC§e@ � HKM]Mc>ZL(BC@�LQS_PCFR>A@ED�H]N�LC§C@PQT�XWPe^IH�FRH]BC@�J¢>ZLCDI§C@E^�T�DGPeN«FI>_@�VWPCFIFIPeN � LCMKMÚL­F z/p©À-x��!0�À �z32G| PeD �!0�À �z32#} z32 T�DIPeN FI>_@
� H�FRS_@\^I^?XZLQDGFRH]JEM]@ � =?>AHK^�^G@EJEPCS_`ZLCD[f!HKN3LC§e@ � HKM]M°>ZL(Be@aL�FI>_HKDG`!HKN3LC§e@�PCT¨S_@\§oLQFRH�Be@4J¢>_LCDI§e@\^ÁT�DIPCNFI>_@<FRPeX � LCMKM � L � FR>�HKN3LC§e@�PCTUXWPe^GH]FRH�Be@<J¢>ZLQDI§e@\^;T�DGPeN�FI>_@aVcPCFGFRPeN � LQMKM � @\FIJ �� H]N3H]M�LCDGM]f � FI>_@aVc@ELCN�>ZLQ^¯LQS�H]N�LQ§e@4PCT6S_@E§eLQFRH�Be@aJ¢>ZLCDG§e@E^?ªZDG^GF;T�DIPeNYFR>_@<VWPCFIFIPeN � LCM]M¨LQF
zbp
À-x×·50$} �z32[| PeD ·50$} �z32¤} z32 T�DIPCNYFR>A@ � H�FRS_@\^I^;XZLCD[FRH]JEMK@ � =?>_H]^�H]N�LQ§e@ � H]MKMcT�PCDINdLQS_PCFR>A@EDH]N�LQ§e@�PQT&XcPC^IH]FIH]BC@�J¢>ZLCDG§e@E^¯FR>_DGPei_§e>�FI>_@�FIPeX � LCMKM � H]FI>�XcPC^IH]FIH]BC@�J¢>ZLCDG§e@E^4LQF z!p
�!0-} �z!2 PeD�60?} �z32°À�z32 T�DIPeN FI>_@ � H]FRSA@E^I^ÓXZLCD[FRHKJ\MK@ � @yFRJ � � i_N:N3H]S_§ai_X � FR>_@;Be@\DGFIHKJ(LQMW@\MK@\J\FRDGHKJ;ªZ@EM]`�LQJ\FRH]S_§



�­í¼� �_����� =��&=��	��
 =��

 � � ¥��É± = �

������������������������������������������������������������������
+

y
1y1

_

y
1

y
1

y
1

y
1

y1

_

y1

_

y1

_

y1

_

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

-2h

-h

particle

Force on
witness witness particle

Distance from

4h

2h

+

-

-

+

h

-4h

2h + +

2h - -

-4h +

+4h -

± HK§ei_DG@ �A�]� ���
	�	
����������������������� �!����"#����$%$&	�$&'(������'*)+�,��'($&��)+����-.����$/�
-0��",$&�1�,)2�#34$&�,-657��8'($&�9��$:��$&;=<,$:�����
':�,	�	�>?3@>BAC 2 5D�,'(������"%���#�%�!������$&���FEG��������':	�$H���I	��J':��������� C 2 ���G����;�$K����$134$&�,-37$:�L�I$:$&�M�N�O�P����QG������$=���,����R:���@���,	S'(����;��G'(������"TEG�����,	
	�$&	OEG	�����$&�0��$:EU��������$&;V<,$:�����
':�,	�	�>B3J>;��������,��'($XW,Y[Z
PCS�FI>_@ � H]FRSA@E^I^;XZLQDGFRH]JEM]@4HK^ � LCJEJ\PeDI`_H]S_§bFRP�\aLCi_^I^ ]Ë^;MKL � HKS!FI>_@aJ\fgMKH]S_`_DIH]J(LCM¤JEPgPeDI`_H]SZLQFI@E^ �^ m p _�`

·��2a Æ b
} �·50&À��z32�À�z32 À �·501} �z32y}bz32 } �@60ÚÀj�z32�À�z32 À �@601} �z32\}bz32 }dc,c,c
À ��606}/�z32(À�z32 } ��!0ÚÀj�z32\}bz32 À �

�50ÚÀ��z32�À�z32 } �
�601} �z32\}bz32 }dc,c,c�e¬� x��_�gfo|

� >A@EDI@ ` H]^5FI>_@�M]HKS_@ELCDÚXZLCDGFIHKJ\MK@�`_@ES_^GH]F¼f:XW@EDÁiAS_H]FÓMK@\S_§CFR>!LCMKPeSA§$FI>_@�DGHKS_§ �$� BC@ED[f3F � P�LC` �ILCJ\@ESoFFI@EDGN3^�LCDG@<§eDIPeiAXc@\`�FIPe§e@\FI>_@ED;§eH�BgHKS_§
^ m p _�`

·��2a Æ b
} ·_x\�z!2~}�z32[|xÄ·40W| È Àsx\�z32~} z32G| È }

·_x\�z!2O} z32G|xN@60°| È Àsx\�z32~}�z!2G| È }hc,c,c
} ·_x\�z!26À z32G|x{�60W| È Àsx\�z326À z!2G| È }

·_x\�z326À z!2G|x �60°| È Àsx\�z!26À z32G| È }dc,c,c e > x��_�]� So|



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �­íc0
� HKS_J\@ � @4JEPCS_^IH]`_@ED5PeS_M�fb^IN3LCMKM_BC@ED[FRHKJELCMWN3PCFIHKPeS � PeS_M�fbFR@EDGN3^5MKH]S_@(LQD&HKS �z!2¦}�z32 LCS_` �z!2°À�z32 LQDI@£Q@EXAF¯MK@ELC`_H]S_§-FRP
^ m p _�`�2a Æ 0 È b

x\�z!2~}�z32[|�� �· È } �@ È } �� S È }hc,c,c�� } x\�z!26À»z32G|�� �� È } �
� È }

���· È }hc,c,c��*e
p _�`�2a Æ 0 È b

x\�z!2~}�z32[| � ÈÊo· } x\�z326À»z32G| � Èf @ e > x��_�]�C��|� S FR>A@:M]H]FI@EDRL­FRi_DG@ � FR>A@EDI@�H]^�L9^[F¢LCS_`_LCDI` � L(f/FIP � DGH]FI@�FI>_@E^G@3H]N�LQ§e@-JEPCS®FIDIH]V_iAFRH]PeS_^4T�PeM]MKP � HKSA§FI>_@ � PCDI£9PCTU ¨LC^IM]@\FIF�� �e�°·g�°Ê�� �^ m p _�`�Fa Æ a Å 2
0 È z!2

LCS_` _�`�2a Æ
	 Å20 È �z32¯� x��_�]��·e|
� >A@EDI@ a Å 2 LCS_` 	 Å2 LCDG@�J(LCM]MK@\` � DI@\^IXW@EJ\FIH]BC@EM]f � FI>_@�H]S_JEPe>A@EDI@\SoF�LCS_` J\Pe>_@EDG@ESoF �	�u��EJK �JBZE�B � ��
��E�G ��� EJBZ�JC�KDO �U± PeD1FR>_@Á^IH]FIiZLQFIHKPeS�PCT°F � P<XZLQDRLCM]MK@EM®X_MKLQFR@\^ � � @�>ZL(BC@ a Å 2 p � È �Q�6� LCS_` 	 Å2 p � È �¦� @¦���FGFR@\S®FIHKPeS»^G>_Pei_M]` VW@�XZLCH]`�FI>ZLQF-H]S `_@\DIH]BgH]S_§jFI>_@!JEPC>_@EDG@ESoFbHKN3LC§e@:JEPg@�
:J\HK@ESoF �&z32 >ZLQ^�VW@E@ESDG@EX_MKLCJE@\`�Vof �z!2 H]S � h �5x{�_�gfo| PeD x{�A�]� Se| PeD x{�_���e��|�� ��JEJ\PeDI`AHKS_§�FRP � hg^ �Óx{�_�A@o| LCS_` x{�_���o|�� FI>_@J\Pe>_@\DI@ESoF�LCS_`�HKS_J\Pe>_@\DI@ESoF;Be@\DGFIHKJ(LQM~FRi_S_@a^G>_H]TvFI^�`Ai_@<FRP�@EM]@EJ\FIDIH]J<HKN3LC§e@E^�LCDI@ �

< Ã Å243�57698 p À���� Æ ��~�i È Ã ÅÆ a Å 2
0 È

LCS_` < Ã Å57698 p
À���� Æ ��~�i È Ã ÅÆ 	 Å20 È � x��_�]�(Êo|
� >A@EDI@ � @�>ZL(Be@:DI@EXAM�LCJ\@E`/FR>_@bM]HKS_@ELCD4XZLQDGFRH]JEM]@�`_@\S_^IH�F¼f/Vof ` p � �_x×·�� � | � H�FR> � Vc@\HKS_§!FI>_@FIPCF¢LQMZSgiAN-Vc@\DÓPQTOXZLCD[FRHKJ\MK@\^&HKS�FR>_@�Vc@ELCN � LQS_`�H]S®FIDIPg`_i_J\@E`3FI>_@�JEM�LQ^I^IH]J(LCMZDILC`_H]i_^ÚPCT¤FI>_@¯X_LCDGFIHKJEM]@� Æ p _ È �_x{���Fa Æ � " È |y�
¯PQFRHKJ\@3FI>ZLQF�FI>_@EDG@!HK^�L�S_@\§oLQFRH�Be@!^GHK§eS�HKS T�DGPeSoF-PCT;@ELCJ¢>»PCT?FI>_@�FRiAS_@!^I>AH]TvF�@y²¦X_DI@\^I^GHKPeS_^H]S � h �1x��_�]�(Êo|y� =?>_H]^;HKN:X_MKH]@E^ÓFI>ZLQF�LbXWPe^IH�FRH]BC@<HKN3LC§e@4J\P¦@�
:JEHK@\SoF � H]MKMcJEPeSoFRDGHKV_i¦FR@$Lb`_P � S � LCDG`^G>_H]TvFIHKS_§-FIP:FI>_@aVc@yF¢LQFIDIPeS9FIi_S_@ �
��
���
�� � "%$��)� � �����! #"%$��'&)(*�+�,�.-

��S_MKH]£C@�FI>_@/@EM]@EJ\FIDIH]J�ªZ@EM]` FR>ZLQF!J(LCS_SAPCF�Xc@\S_@\FIDRLQFI@�FR>_@ N:@\FRLCMKM]HKJ9BQLCJEi_iAN J¢>ZLCN-VW@ED�L­F�LCSofT�DG@Eh®i_@\S_J\f � FI>_@!@&%c@EJyFbPCT?FI>_@!N3LC§eS_@yFRHKJ�ªZ@\MK` H]^�N:PeDI@3JEPeN:X_MK@�² � =?>_@!N3LC§eS_@yF�ªZ@\MK` >_LC^bLCSLQJ3J\PeN3XWPeS_@\SoF-LCSA` L�`_J�J\PeN3XWPeS_@\SoF � =?>_@�LCJ�JEPeN:XWPeS_@ESoF�>ZLC^$H]FI^�J\PeN3XWPeS_@\SoF�X_LCDRLCM]MK@\M#FRPFI>_@ � LCMKMÚPCT?FI>_@3BQLCJ\i_i_N J¢>ZLCN-VW@ED�JEPeSoBe@\DGFI@E` HKSoFRPj@E`_`¦f J\i_DIDG@ESoF � � S PCFR>_@\D � PeDI`_^ � FR>_@�LCJN3LC§eSA@\FRH]J$ª_@EMK` E.��C�CFG�K�XW@ESA@\FRDILQFR@$FR>_@ � LCM]M¨PCT&FR>_@$BQLCJEi_iAN©J¢>ZLQN-Vc@\D � =?>_@EDG@�FR>_@�VcPeiAS_`ZLCD[fJ\PeS_`_H�FRH]PeS�HK^
³�� p SA� PeD&FR>A@¯N3LC§eS_@yFRH]J�ºZi¦²3`_@ESA^IH]F¼f ³ HK^ÚXZLQDRLCM]MK@EM¦FRPaFR>_@ � LQMKMZPCTcFR>_@?BQLCJEiAi_N



�­í @ �_����� =��&=��	��
 =��

 � � ¥��É± = �

y
1y1

_
-4h +

y
1y1

_
2h - -

y
1

y1

_
2h + +

y
1y1

_
+4h -

y1

_ ����������������������
�����������

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

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

y

-4h

-2h

-h

particle

Force on
witness witness particle

Distance from

4h

2h

h
in

out

in

in

out

1

± HK§ei_DG@ �_�ã· �O� 	�	������������������ ����� �!����"X����$1- ��"���$:����'S)+�,��'($&�O)+����-d����$1��-0��",$&�O�,)[�*34$&�,-65J��8'($&�9��$:��$&; <,$:������':�,	�	�> 3J> AC 2 5��,'(������"/���=�%�!������$&��� ':������$&�9�K��� 	��D':��������� C 2 �������
;�$S����$134$&�,-37$:�L�I$:$&�M�N�O�P����QG������$=���,����R:���@���,	S'(����;��G'(������"TEG�����,	
	�$&	OEG	�����$&�0��$:EU��������$&;V<,$:�����
':�,	�	�>B3J>;��������,��'($*W,Y[Z��S��$ ���,��- �,	7'(��-0E7����$&�9��� �,) ����$*�����
	 E4$&��$:��� ��������"?-0��"���$:����'�Q�$&	
;��O< �,���
������0����$ EG	
����$&�:Z��S��$634$&�,- �,�#��-0��",$ ':������$&�9���
��� �!�
��" ���@���T�,�0�����0�,)�����$6EG��E4$:� ����$	���34$&	�$&;��������?�,��� �������DZ
J¢>_LCN-VW@ED � =1P»LCJ\JEPeN:X_MKH]^I>âFI>_HK^ � FR>_@�ª_DI^GF!HKN3LC§e@�T�DIPeN L VWPei_S_`ZLQDGf � LCM]M¯§CH]Be@\^9LCS H]N�LC§C@J\i_DIDG@ESoF5FR>ZLQFÚºZP � ^ÓHKSbFR>_@;PeXAXcPe^GH]FI@�`AHKDI@\J\FIHKPeSbFRPaFR>_LQF&FR>_@�VW@(LCN � =?>_@;FRPQF¢LCM_T�PeDGJE@?T�DIPCN FR>_@\^I@N3LC§eSA@\FRH]J9HKN3LC§e@\^3LQJ\FRH]S_§ PeS+FI>_@ � H]FRSA@E^I^:J¢>ZLCDG§e@�JEi_DGDI@ESoF!LQF:XcPe^GH]FIHKPeS z32 HK^�H]MKMKiA^GFRDILQFR@\` HKS± HK§ �¦�_�ã· LCS_`�H]^?@y²¦X_DI@\^I^G@E` LC^
r �¨���m _ p À _�� Æ ` � È·�� b } �·50ÚÀj�z32�À�z32 À �·501} �z!2y}bz32 } �@50ÚÀ��z32�À�z32 À �@601} �z!2\}bz32 }hc,c,c

À ��!01} �z32�À�z32 } ��60ÚÀ��z32\}bz32 À �
�60&À��z!2�À�z!2 } �

�601} �z!2\}bz32 }hc,c,c�e >x��_�]�E�®|



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �­ícW
=?>_@\DI@�HK^�FI>_@-T{LCJyFRPeD � È PeiAFI^IH]`_@�FR>A@b^Ih®iZLCDG@:VADRLCJ¢£Q@\FR^aPeS/FI>_@bDIH]§e>oF4^IH]`_@ � �4S_@ � J\PeN:@E^T�DGPeN FI>_@/^IPCi_DIJ\@/Vc@ELCN J\i_DIDG@ESoFjLCS_` FR>_@/PQFR>_@\D � J\PeN3@\^�T�DIPCN FR>A@  ¨PCDI@ESoFI¡�T�PeDIJ\@ � � F�H]^H]SoFR@EDG@E^[FRHKSA§3FRP:^I@\@�FI>ZLQF�FR>_@$T{LCJ\FIPeD;PeiAFR^GHK`_@aFR>A@�^Ghgi_LCDI@�V_DRLCJ¢£Q@\FI^4HK^�@Eh®iZLCM¨FRP À _�`  È �_x×·��2a Æ |��=?>®i_^ � FR>_@4T�PeDGJE@a`_i_@4FIPbFR>_@aLCJ<N3LC§eSA@\FRH]J4HKN3LC§e@\^?LCDG@<@Eh®iZLCM~FIP-FR>_@<T�PeDGJE@<`_i_@<FIP-FR>_@a@EM]@EJyFRDIH]JH]N�LQ§e@E^?N-iAM]FRH]X_MKH]@E`3V®f�FR>_@<T{LCJyFRPeD À  È � =?>_HK^;MK@ELC`_^?FRP

r �¨���m _ p À _�`  È·��2a Æ 0 È b
x\�z!2~}�z32[| � ÈÊo· } x\�z326À z32[| � Èf @ e > x��_�]� 0e|

± PeM]MKP � HKSA§ � h �&x��_�]�(Êo|y� FRi_S_@�^I>_H�TvFR^�`Ai_@-FRP9LQJ�N3LC§eS_@yFRHKJ�HKN3LC§e@\^¯JELCS/Vc@�@y²¦X_DG@E^I^G@E` LC^¯FI@EDIN:^PQT6FI>_@<T�PeDIN:@ED?@\MK@EJyFRDGHKJ<HKN3LC§e@�JEPg@�
:JEH]@ESoFR^ a Å 2 LCS_` 	 Å2 �< ÃAÅ243�57698 p ��� Æ ��~�¤Ã ÅÆ a Å 2
0 È

LCS_` < ÃAÅ57698 p ��� Æ ��~�¤Ã ÅÆ 	 Å20 È > x��_�]� @o|
=?>_@\DI@�HK^<LQM � L�fg^aL!`_JbX_LCDGF<PQT5FI>_@bN3LC§eS_@yFRHKJ$ªZ@EM]`�FR>ZL­F<J(LCS XW@ES_@yFRDILQFR@-FI>_@ � LQMKMUPQT5FI>_@VW@(LQN X_HKXW@�LQS_` MKLCS_`_^aPeS¬FR>_@:XcPCMK@bT{LCJE@\^�PCTÓFR>_@3N�LQ§eS_@\F�LC^$H]TÓFR>_@�BQLCJEiAi_N´J¢>ZLCN-VW@ED � @\DI@SAPCF�FR>A@EDI@ � =?>_@aVcPeiAS_`ZLCD[f�J\PeS_`_H�FRHKPCS!PeS9FR>_@�N�LC§CS_@\F?XWPeM]@¯T{LCJ\@E^;HK^ÓS_P � ³�� J\PeSoFRHKS®i_PCi_^;LCS_`³ � p SA��� SjPeDI`_@\D¯FIP!LCJ\JEPeN:N3Pg`ZLQFI@<FR>_H]^ � LCMKMOFI>_@�H]N�LQ§e@aJEi_DGDI@ESoFI^4N-i_^[F¯ºZP � H]S�@y²ALCJyFRM�f�FI>_@^ILCN:@-`_HKDG@EJyFRHKPCS�PCT&FR>A@-^IPeiADIJE@bVW@(LQN � LQ^4HKM]MKi_^[FRDRL­FR@E`jHKS ± HK§ �°�_�ËÊA� =?>_@-T�PeDGJE@-PCS�FR>_@ � H�FRS_@\^I^X_LCDGFIHKJEM]@4HK^;S_P �
r �¨���m _ p _�� Æ ` � È·�� b } �·��1À��z32­À�z32 À �·��¤}/�z32\}bz32 } �@��1À��z!2�À�z!2 À �@��~}/�z32y}�z!2 }hc,c,c

} ����¤} �z!2�À�z!2 À ����6Àj�z32\}bz32 } �
���1À��z!2�À�z!2 À �

���~}/�z32y}�z!2 }hc,c,c e �
x��_�]� We|

� >A@EDI@�FR>A@9N�LC§CS_@\FIHKJ!XWPeMK@3T{LCJE@\^3LQDI@�LQF z�p /�� PCD-FR>_@9N3LC§eS_@yFR^b>ZL(BC@jL�BC@EDGFIHKJELCM�§oLCX ·��VW@\F � @E@\S!FR>_@;XWPeMK@\^&T{LCJE@\^ � � FÓHK^ÚHKN:XcPCDGF¢LQS®FUFRP$S_PCFR@;FR>A@�^GMKH]§e>oFÓ`AH %c@EDI@\S_JE@�VW@\F � @E@ES � h®^ �~x��_�]�E�®|LQS_` x��_��� We|y�Ú¥ @EDG@ � @$PeVAF¢LQHKS
r �¨���m _ p } _�`  È·��2a Æ � È b x\�z!2O} z32G| � ÈÊo· Àsx\�z!2UÀ z32G| � Èf @ e � x��_�]� �o|

LQ^UJEPCN3XZLQDI@E`$FRP � h �Ax{�_��� 0e|��U± PeM]MKP � HKS_§� ¨LC^GMK@\FGF � � @ � DGH]FI@5FI>_@ÓFIi_S_@Á^G>_H]TvFI^U`_iA@ÓFRP¯`_JÁN3LC§eSA@\FRH]JH]N�LQ§e@E^;LC^ < Ã Å243�57698 p À � � Æ ��~�¤Ã ÅÆ a ÅÈ
� È

LCS_` < Ã Å57698 p À ��� Æ ��~�¤Ã ÅÆ 	 ÅÈ� È � x��_�]��fo|



�­í � �_����� =��&=��	��
 =��

 � � ¥��É± = �

y1

_

y
1y1

_
-4h +

y
1y1

_
2h - -

y
1

y1

_
2h + +

y
1y1

_
+4h -

�����������
����������������������

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

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

y

particle

Force on
witness witness particle

Distance from

in

in

in

in

in

1

4g

2g

g

-2g

-g

-4g

± HK§ei_DG@ �_�¸Ê �O� 	�	������������������ ����� �!����"X����$1- ��"���$:����'S)+�,��'($&�O)+����-d����$1��-0��",$&�O�,)[�*34$&�,-65J��8'($&�9��$:��$&; <,$:������':�,	�	�> 3J> AC 2 5��,'(������"/���=�%�!������$&��� ':������$&�9�K��� 	��D':��������� C 2 �������
;�$S����$134$&�,-37$:�L�I$:$&�B�N�O� ����QU������$?���,����R:���@���,	FEG�����,	
	�$&	 E7��	�$/) �,'($&�X��$:EG��������$&; <,$:������':�,	�	�>�3@> ;��������,�G'($W��GZ �!��$%EU�����,	�	�$&	 '(��- E4����$&�@�����,) ����$?E4$&��$:������������"=-0��"���$:����'?Q�$&	�;��H<��,����������� ����$?E4��	�$)+�,'($&�:Z
	!$:��$,5�����$*34$&�,- �,��; �,	
	 ��-0��",$X':������$&�9��� ��� � ���9��� ����$ EG��E4$:�&Z
� >A@EDI@ a ÅÈ LQS_` 	 ÅÈ LCDG@ÚJ(LCM]MK@E` � DG@E^IXW@EJyFRH�Be@EM�f � FI>_@ÚBe@ED[FRH]J(LCM®HKSAJEPe>_@\DI@\S®F#LCS_`�JEPe>_@\DI@\S®FU`_J � ��
�CF�JKNBZEB � ��
���E�G ��� EJBZ�JC�KDO ��± PeD$FI>_@:^IXW@EJEHKLCM5J(LC^G@�PCT�F � P�XZLQDRLCM]MK@EMUX_M�LQFI@E^ � FR>A@\f LC^I^Gi_N3@�FR>A@3BQLCMKiA@E^a ÅÈ p � È �e·Q� LCSA` 	 ÅÈ p � È �¦� @¦�=?>_@\DI@aHK^?LQMK^IP-L-^I@\F;PQT6>APeDIH]¡EPeSoF¢LQM¤HKN3LC§e@¯JEPg@�
:JEH]@ESoFR^�� a�� 2 � a
�È � 	 �2 � LCS_` 	 �È � � @EJELCi_^G@aFI>_@H]N�LQ§e@ÁT�PeDGJE@E^ÚLQJ\FRH]S_§<PeSbFR>A@ � H�FRS_@\^I^ÚXZLCD[FRH]JEMK@ÁJEPeN:@�`_H]DI@EJyFRM�f�T�DIPCN
FR>A@?HKS_`_H�BgHK`_iZLQMAHKN3LC§e@\^ � FI>_@@\MK@\J\FRDGHKJ-ªZ@\MK`�LCS_` N3LC§eS_@yFRHKJ-º_i¦² `_@\S_^IH�F¼f/T�DIPeN FR>_@�HKN3LC§e@\^<LQFaFR>A@:M]P¦JELQFRH]PeS�PCT5FR>A@ � H�FRS_@\^I^X_LCDGFIHKJEM]@?^RLQFIHK^[Tvf�^IPei_DGJE@ í T�DI@\@?\aLCi_^G^ ] ^ÁMKL � � PeD��� c �^ p S LQS_`��� c �³ p SA� :�@�FI>_@EDG@\T�PeDG@�LCM � L(fg^>_L�BC@

a � 2 p À%a Å 2 LCS_` a �È p À%a ÅÈ > x��_�ã· So|�4S9FR>A@$PQFR>_@\D�>_LCS_` � FI>_@EDG@aHK^?S_P�`_@yªZS_H]FI@aDI@EMKLQFRH]PeS_^G>_HKX!VW@\F � @E@\SjFI>_@a>_PeDIH]¡EPeSoFRLCMOLCS_`9BC@EDGFIHKJELCM



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �­í�f
J\Pe>_@\DI@ESoF&@\MK@\J\FRDGHKJ5HKN3LC§e@ÚJEPg@�
:J\HK@ESoFI^ �$� S�FI>_@Á^GXc@\JEHKLCM¦JELC^I@ÁPCT_F � P4XZLCDILCMKM]@EMoX_MKLQFR@\^ � H�FUH]^6PCV®BgH]Pei_^FI>ZLQF 	 �2 p S LCS_` 	 �È p SA� � >_H]J¢>»HK^$FR>_@!DG@E^Gi_M]F�PCT?FRDILCS_^IMKLQFRH]PeSZLCMÚH]S®BQLCDGH�LCSAJE@ ��± PeD-L�VW@(LQNXAHKXW@ � H]FR> J\HKDIJ\i_M�LQD<JEDIPC^I^a^I@\J\FRH]PeS¬PeD<^Ih®iZLCDG@3J\DIPe^G^a^I@EJyFRH]PeS � a�� 2 p S LQS_` a��È p S VW@EJELCi_^I@:PCT^[fgN3N:@\FIDGf9VW@\F � @E@\S�FR>_@a>_PCDIHK¡\PeSoF¢LCM~LCS_`9Be@\DGFRH]J(LCM �� FÓHK^&HKN:XWPeDGFRLCSoF&FRP$XcPeH]SoFÚPeiAFÚFR>ZL­FÓ@\MK@\J\FRDGHKJ�LCS_`:N3LC§eS_@yFRHKJ?H]N�LQ§e@?JEPg@�
:JEH]@ESoFR^ÓLCDG@�LCM � L(fg^`A@\ªZS_@\` � H]FI>3DG@\T�@\DI@ESAJE@¯FIP$FI>_@�^Ih®iZLCDG@¯PCTcFR>_@ I �4� Q����J�RKNBZE.�4�WBQLCJEi_iAN J¢>ZLCN-VW@ED 0 PeD&FR>A@¯^Ghgi_LCDI@PQTÓFI>_@ I �4� Q����J�RKNBZE.�4�ÚN3LC§eS_@yFRH]J-XcPCMK@-§oLQX

�W� H]S_`_@\Xc@\S_`_@ESoF$PCT � >_@\FI>_@ED � @:LCDI@-FRLCMK£®HKSA§�LCVcPCiAFFI>_@�BC@EDGFIHKJELCMÓPCD�>_PeDGHK¡\PeSoF¢LCMÚFRi_SA@�^I>AH]TvFR^ �/± PeDaFR>_@!@�²ALCN3XAMK@:PCT�L�DI@\J\FRLCS_§ei_MKLCD�VW@(LQN XAHKXW@�PCT>_LCM]TU>_@EH]§e>oF 0 LCS_`j>ZLCM�T � HK`AFI>�� � PCS_M]f 0 È � H]MKMO@ESoFI@ED�H]SoFRP3FI>_@$`_@ES_PCN3H]SZLQFRPCDI^�V_iAF¯S_@\BC@ED�� È �^Gi_J¢> LC^$HKS � hg^ ��x��_����Êo|y�Áx{�A�]� @e|y� PeD x{�_���,fo|�� � S�FI>_@3^ILCN:@ � L(f � T�PeD$LCS�@EM]MKHKX¦FRHKJELCMUVW@(LQN X_HKXW@PQT5BC@ED[FRHKJELCM#DILC`_HKiA^���LCSA`¬>APeDIH]¡EPeSoF¢LQMUDRLQ`_HKi_^�� � FI>_@bHKN3LC§e@�JEPg@�
:JEH]@ESoFR^ � H]MKM1Vc@b`_@yªZS_@\` � H�FR>DG@\T�@\DI@ESAJE@�FRP 0!p �ÚV_iAF&SAPCF	� � � FUHK^6Vc@\J(LCi_^G@?PCT°^IiAJ¢>�L�`_@E`AHKJ(L­FR@E`bDG@\T�@\DI@ESAJE@�FR>_LQFUFI>_@�DI@\M�LQFIHKPeSA^H]S � h �6x{�A�ã·�Se| >_PeM]` �
��
���
�
 ��
)"%�,�����)"%�+$���� �.����� & (��+�,��-

=?>A@:H]SoFR@EDILCJ\FIHKPeS PCTÓL�Vc@ELCN«X_LCDGFIHKJEM]@ � H]FI> PCFR>_@\D<Vc@ELCN XZLQDGFRH]JEM]@E^4H]S FI>_@�Vc@ELCN«`A@EXW@ES_`_^$PeSFI>_@�FIDRLCS_^[Be@\DI^I@9`AHK^GFIDIH]V_iAFRH]PeS¬PCT?FR>_@3Vc@ELCN �  O@\F�i_^�ªZDG^GF-J\PeS_^GHK`_@\DbL�i_S_H�T�PeDIN:M]f�`_HK^[FRDIH]V_iAFI@E`J\PoLC^[FRHKSA§-Vc@ELCN PCT¨JEH]DIJEiAM�LCDÓJEDIPC^I^�^G@EJ\FIHKPeS�LQS_`9DRLC`AHKi_^�� � =?>A@ � H]FRSA@E^I^ÁXZLCDGFIHKJ\MK@4L­F z�p z32�� �^G@E@\^ � HKS!FR>A@ zoí `AHKDI@\J\FIHKPeS � LCS�@EM]@EJ\FIDIH]J4T�PeDIJ\@��

r t�� t 5 wm p _ È `·��2a Æ � È x{z!2UÀ �z!2G|�� x��_�ã·g��|LQS_`�LbN3LC§eS_@yFRH]J�T�PeDIJ\@
r �¨���m p
À _ È � Æ ` � È· � � È x�z326À �z32[|5p À _ È `  È·��Fa Æ � È x�z326À �z!2G|4� x��_�ã·C·e|PCD;L�FIPCF¢LCMcT�PeDIJ\@$PQT

r m p _ È `·��2a Æ � È � È x{z!26À �z32G| > x��_�ã·QÊo|
� >A@EDI@ �z32 HK^�BC@EDGFIHKJELCM¨XcPe^GH]FIHKPeS9PCT6FR>_@aJ\@ESoFR@\D�PCT1FR>_@$VW@(LCN � =?>_HK^;^I@\M]T í T�PeDIJ\@$H]^�L�^GXZLCJ\@�J¢>ZLCDG§e@T�PCDIJE@ � ��JEJ\PeDI`AHKS_§bFRP � h �6x{�_�A@o|y� FR>_H]^?^I@EM�T í T�PeDGJE@<M]@(LC`_^?FIP3Lb^GXZLCJE@$J¢>ZLCDG§e@<FRi_SA@$^G>_H]TvF;PQT< Ã Å�� �� � 5,8 243�57698 p À � � Æ �·��¤�"!� È � È Ã Å�� �Æ > x��_�ã·­�®|

# ë~Ù�Î;ÜyÎGÏ{ÖÄÞ¸ÒGØ�äZÎGäËÎIÒ¼Ö×ÏÄÞãÒ;Ø�Õ­å�Ý?Ø�æ\Õ�ÎÉÖÄÞ¸ÒÁß Ô\ÏÄÒ[ÎGÛ&Þ¸Õ fih(ÛGêijlkQê t {.n#ØyÕ­å�jlkQê t&tJn#Ø�ÏÄÎ�Ö×ÏÄç�Î?ß Ô\Ï5Ø�Õ(é�á­Ø�Ï×Ö×ÞãÒÉä¸Î;Ø¢ÖÓØÜyÎ[Ï×Ö×ÞãÒ[Øyä�å�ÞãÛ�Ö�Ø�Õ­Ò[Î%$�&'$�(*),+ÓØ�àCÔ¢ÜyÎcÖ×Ù�Î¨Ò[Î[ÕEÖ×ÎGÏ°Ô�ßCÖ×Ù�ÎOàCÎGØyÝ�ØyÕ­å�Ø�ÏÄÎ¤Þ¸Õ­å�ÎGáQÎGÕ­å�ÎGÕ\Ö°ÔyßQÖÄÙ�Î¨á­ØyÏ{ÖÄÞ¸Ò[äËÎ~Ù�Ô\Ï×Þ.-[Ô\ÕEÖÄØ�äáQÔEÛ{ÞËÖ×Þ¸ÔyÕ®ê



�­í¢� S �_����� =��&=��	��
 =��

 � � ¥��É± = �
� F�H]^?JEMK@ELCD�T�DIPCN � h �Ux��_�¸·CÊo| FR>_LQF?FR>_@aJ\Pe>_@EDG@ESoF¯^IXZLCJ\@�J¢>_LCDI§e@<FIi_S_@a^I>_H�TvFR^;HKS�VWPCFR>9FIDRLCS_^[Be@\DI^I@`AHKDI@\J\FIHKPeS_^ÓLCDG@¯¡\@EDIP � =?>_HK^ÓHK^5i_S_`_@\DI^GFRLCS_`ZLQV_MK@ � VW@EJELCi_^I@¯FR>_@¯JE@ESoFI@ED�PCT¤FR>_@�Vc@ELCN `_Pg@E^ÁSAPCFÁ^G@E@H�FR^;P � S�^IX_LCJE@�J¢>ZLCDI§C@$T�PeDGJE@ � : @$J(LQS�LCM]^IP:`_@\ªZSA@�FR>A@�^G@EM]T í ªZ@EM]`jPCD�^GXZLCJ\@�J¢>ZLCDG§e@$JEPg@�
:JEH]@ESoFR^H]S9FR>_@<Be@\DGFIHKJ(LQM¨LCS_`�>_PeDIH]¡EPeSoFRLCM~`_H]DI@EJyFRH]PeS_^ �4a Å � �� � 5,8 p 2È � ^Gi_J¢>jFI>ZLQF< Ã Å � �� � 5,8 243�57698 p À � � Æ ��¤� !  È Ã Å � �Æ a Å�� �� � 5,8� È > x��_�ã·�0e|
=?>A@4^IXZLQJE@4J¢>ZLQDI§e@¯JEPg@�
:JEH]@ESoFR^ÁFRLC£C@¯J(LCDG@�PCT¤FR>_@�FRDRLQS_^GBC@EDI^G@<^I>ZLQXc@¯PCTOFR>_@¯Vc@ELCN LCS_`3>_P � FI>_@VW@(LQNdXZLCD[FRHKJ\MK@\^;LCDI@<`_H]^GFIDIHKVAiAFR@\` �
¯P � J\PeS_^GHK`_@\D6L?VW@(LCN � H�FR>ai_S_H�T�PeDINsFRDILCS_^GBC@EDG^I@Á`AHK^GFIDIH]V_iAFRH]PeS<V_iAF1@\MKMKH]XAFRH]J(LCM­JEDGPe^I^1^I@\J\FIHKPeS
� H�FR>�BC@EDGFIHKJELCM&LCS_`/>APeDIH]¡EPeSoF¢LQMUDRLQ`_HKH*� Å LCS_` �

� � � S `_@\ªZSAHKS_§!FI>_@b^IXZLQJE@bJ¢>ZLCDG§e@bJEPg@�
:J\HK@ESoFI^ �� @3T�PCMKMKP � FR>_@:^RLCN:@:JEPeSoBe@\SoFRHKPCS»PCTÁFI>_@! ¨LC^GMK@\FGF$HKN3LC§e@�JEPg@�
:JEH]@ESoFR^$FR>ZL­F�FI>_@ � È H]S�FI>_@3`A@ íSAPeN3H]SZLQFIPeD�PQT � h ��x{�_�¸· 0e| HK^�LCM � L(f¦^ � È Å � HKS_`_@\Xc@\S_`_@\S®F-PCT � >_@\FI>_@ED � @9LCDG@!DI@yT�@EDGDIHKSA§�FRP�FI>_@BC@ED[FRHKJELCM¨PeD�>_PeDIH]¡EPeSoFRLCMO^IXZLQJE@-J¢>ZLQDI§e@aFRi_SA@�^I>AH]TvF � =?>_@�BC@EDGFIHKJELCM1LCS_`�>APeDIH]¡EPeSoF¢LQMO^IXZLCJ\@-J¢>ZLCDG§e@J\P¦@�
:JEHK@\SoFR^¯LCDI@<FR>A@ES xN� ²¦@EDIJ\HK^G@ �_�ËÊo|
a Å� � 5,8 p � Å� Å } �

�

LCS_` a �� � 5u8 p � È Å�
� x � Å } �

� | > x��_�ã· @o|
=?>A@E^I@�JEPg@�
:JEH]@ESoFR^;VW@EJ\PeN3@ 2È � >_@ES � Å p �

�
LC^?@�²¦Xc@\J\FR@\` �:�@�J(LCS�LQMK^IP�@y²¦X_DI@\^I^&FR>A@�HKS_J\Pe>_@\DI@ESoF&^GXZLCJ\@?J¢>ZLCDI§C@ÁFRi_SA@�^I>_H�TvF#H]S�FR@\DIN PCTZFR>_@ÁS_PeDIN3LCM]HK¡E@\`@\N3H�FIFRLCS_JE@<PQT6FI>_@aVc@ELCN

a Å � �� p �i � È Å � �¾  Å � � ¿ � x��_�ã·�We|
� >A@EDI@ ¾  Å � � ¿ HK^aFR>_@�L(Be@EDILC§e@�BC@ED[FRHKJELCM��­>_PeDIH]¡EPeSoFRLCM&Vc@yF¢LQFIDIPeS�T�i_S_J\FIHKPeS�PCT�FI>_@!DIH]S_§ � � >_HKJ¢>»H]^DGPei_§e>AM]f!@\h®iZLCMOFRP � �eÃ Å�� �Æ � =?>_@\S � � @a>ZL(Be@< Ã Å � �� � 5,8
243�57698 p
À ��� Æ�~� È  �� a Å � �� � � a Å � �� } � a � � Å� ¾  � � Å ¿R� ¾  Å�� � ¿�� ³ > x��_�ã· �o|
� S�FR>_@$LCVWP�Be@ � � @�>_L�BC@�LQMK^IP:HKSoFIDIPg`_i_JE@\`�FI>_@$^IHKSA§eMK@ í V_i_J¢£Q@\F�V_i_SAJ¢>_HKS_§:T{LCJ\FIPeD ³ FIP:FRLC£C@$J(LQDI@PQT�FR>_@�T{LCJyF�FI>_@:FI>_@:Vc@ELCN N�L(f VW@3M]PeS_§eH�FRi_`AHKSZLCM]M]f�V_i_SAJ¢>_@E` � =?>_@3^IH]S_§eMK@ í V_iAJ¢£C@\F�V_i_S_J¢>AHKS_§T{LQJ\FRPCD?HK^?`_@yªZS_@E`�LC^

³ p
	 ���	 ��
 � x��_�ã·@fo|
� >A@EDI@ 	 ��� LQS_` 	 ��
 LCDI@ � DI@\^IXW@EJyFRH]BC@EM�f � FI>_@jJ\i_DIDG@ESoF!PQT<L�VAi_S_J¢> L(Be@\DRLC§C@E`âP�BC@ED!L OJBDC3
4�u��DGTVAi_J¢£C@yF�LQS_`/H]FI^�XW@(LC£jJEi_DGDI@ESoF � PeD¯FI>_@bL(Be@\DRLC§e@bJ\i_DIDG@ESoF<FRP!FI>_@-XW@(LC£�JEiADIDI@\SoF$LC^I^Gi_N3H]S_§�FI>ZLQFLQMKM¤FI>_@aV_i_J¢£C@yFR^�LCDI@4ªZM]MK@\` �



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �QíR�e�:�@/J(LCSsLCM]^IP»JEPCS_^IH]`_@ED�L»VW@(LCN � H]FR> JyfgMKHKSA`_DIH]J(LCM�JEDGPe^I^�^I@\J\FIHKPeS V_iAF � H�FR> FIDRLCS_^[Be@\DI^I@VAH í \aLCi_^G^IHKLCS9`_HK^[FRDGHKV_iAFIHKPeS � �
x ¹ �Iz_|#p `

·���� È _������
	�� m 	�
���� È�� 	�
 � x��_�¸Ê�So|
� >A@EDI@ � HK^UFI>_@;DIN:^#FRDILCS_^GBC@EDG^I@�^IX_DG@(LC`:PCTWFR>_@;VW@(LCN LCS_` ` p � �_x×·�� � | H]^#FR>_@;MKH]S_@(LQDU`_@\S_^IH�F¼f �� X_LCDGFIHKJEM]@4LQF zbpsz32 BC@EDGFIHKJELCMKM�f�LQVcP�Be@<FI>_@<JE@\S®FI@ED;PCT1FR>_@<VW@(LQN�^I@\@E^�LCS�@EM]@EJyFRDIH]J�T�PeDGJE@<HKS!FI>_@
z `_HKDG@EJ\FIHKPeS �

r t�� t 5 wm p _ È·��2a Æ z32 `� È �
m��
Æ _ ��� 	 ��� È�� 	 
 � k � p _ È `·��Fa Æ z32�� �?À _ � m 	� ��� È�� 	 
�� > x��_�¸Ê¦��|

± PeD?^GN�LQMKM¤P %¤^G@\F �Zz!2����#� � @�>_L�BC@
r t�� t 5 wm p _ È `���Fa Æ � È z!2 > x��_�¸Êe·e|

=?>A@9N�LC§CS_@\FIHKJ�T�PeDIJ\@!HK^$FR>_@!^ILCN:@!V_iAFbN�i_M]FIHKX_M]HK@E` Vof À  È � =?>_@9H]S_JEPe>A@EDI@\SoFb^IXZLQJE@9J¢>ZLCDG§e@FIi_S_@a^I>AH]TvF;HK^?FI>_@EDG@\T�PeDG@ < Ã Å � �� � 5,8�243.5 698 p À � � Æ ����~� !  È � È Ã Å � �Æ > x��_�¸ÊCÊo|
¥ @EDG@ � � @:J(LCS¬`_@yªZS_@3FI>_@ f 0 � SAPeDIN3LCMKH]¡E@\`�FRDILCS_^GBC@EDG^I@!@\N3H�FIF¢LQS_JE@ a Å�� �!#"�$ PCT5FR>A@:VW@(LQN � >_HKJ¢>@\S_JEM]Pe^I@\^ f 0 � PCT1FR>A@$VW@(LQNdXZLCD[FRHKJ\MK@\^ � =?>_H]^�J\PeDIDG@E^GXcPeSA`_^?FRP3L�DILC`_H]i_^ � "�$ §eH]BC@ES�V®f�·���� È � �&%('

Æ _ ��� 	 ��� È�� 	 
 ·�� � k � p f 0 � � x��_�¸ÊQ�®|
� >AHKJ¢>�§eH]BC@E^ � "�$*),+ @-�#� =?>®i_^

a Å
. �� "�$ p �i � È"�$¾  Å � � ¿ ) �i @-� È¾  Å � � ¿ > x��_�¸Ê 0e|
=?>A@�^GXZLCJE@aJ¢>ZLQDI§e@aFRi_SA@$^G>_H]TvF;VW@EJ\PeN:@E^

< Ã Å � �� � 5u8�243�57698 p À Ê ��� Æ·��~� È  a Å � �� "�$ ³ > x��_�¸Ê�@o|
� S §e@ESA@EDRLQM � H]T&FI>_@�Vc@ELCN«>_LC^aLCS/@EM]MKH]XAFRH]J(LCM¨JEDGPe^I^a^G@EJ\FIHKPeS � H�FR>�Be@\DGFIHKJ(LQM��Q>_PCDIHK¡\PeSoF¢LCM6DIN:^VW@(LQN©^GHK¡E@ � Å � � � FR>_@�^IXZLQJE@bJ¢>ZLCDG§e@-J\P¦@�
3J\HK@\S®FI^�T�PeD�L3XZLCD[FRH]JEi_MKLCD¯VW@(LQN X_LCDGFIHKJEM]@�JELCS/VW@�DI@\X íDG@E^G@ESoFR@\`�Vof

a Å� � 5,8 p
� � Å� Å }/� � LCS_` a �� � 5,8 p

� � ÈÅ� � x(� Å }0� � | � x��_�¸Ê We|



�­í¢��· �_����� =��&=��	��
 =��

 � � ¥��É± = �
� >A@EDI@bFI>_@�T�PeDGN T{LCJyFRPeD

�
JEPeN:@E^<LQVcPei¦F<Vc@\J(LCiA^I@�@(LCJ¢> XZLQDGFRH]JEM]@�HKS�L�FRDRLQS_^GBC@EDI^G@�^IMKH]JE@-PQT5FI>_@VW@(LQN DG@EJ\@EH]BC@E^�`AH %c@EDI@\SoFÁFRiAS_@�^G>_H]TvFI^ �Ú± PeDÚFR>_@¯V_H í \$LCiA^I^IHKLCS�`_HK^[FRDGHKV_iAFIHKPeS � H�T � @4JEPCS_^IH]`_@EDÓPeS_M]fFI>_@bXZLCD[FRH]JEMK@\^<LQF4FI>_@bJE@\SoFR@EDaPCTÚFI>_@bVc@ELCN � >A@EDI@bFI>_@-FRi_SA@b^I>_H�TvFR^aLCDG@bM�LCDG§e@E^[F �

�
p ÊA� =?>®i_^FI>_@�FIi_S_@�^G>_H]TvF�HK^3FI>_DI@\@�FRH]N3@\^�LQ^!M�LCDG§e@jLC^3FI>_@�FRiAS_@�^I>AH]TvF�T�PCD!L i_SAH]T�PeDGN `AHK^GFIDIH]V_iAFRH]PeS�HKS� h �Ox��_�¸·4�o|y� =?>_HK^ÓHK^ÁVW@EJELCi_^G@4XZLCD[FRHKJ\MK@\^ÁLCDG@�N:Pe^GFIM]f�J\PeS_JE@\SoFRDRL­FR@E`�S_@ELCDÓFI>_@�VAi_S_J¢>�JE@\S®FI@ED�H]S!LVAH í \aLCi_^G^IHKLCS9`_HK^[FRDGHKV_iAFIHKPeS!LCS_`9FR>_@aM]HKS_@ELCD�XZLCD[FRH]JEMK@�`_@ES_^GH]F¼f�L­F?FR>_@aV_i_SAJ¢>jJ\@ESoFR@\D¯H]^�FR>_@\DI@\T�PCDI@N�i_J¢> M�LCDG§e@ED �a¥ P � @yBe@\D � FR>_@�FIi_S_@b^G>_H]TvF4T�PCD�FR>_PC^I@-XZLQDGFRH]JEM]@E^ � H�FR>�FRDILCS_^[Be@EDG^I@�P�%c^I@yFR^ � HKM]M6VW@N�i_J¢>�^GN�LCM]MK@\D � � T � @�N3LC£Q@�L�DIPCi_§e>�N3Pg`_@EM¤V®fjLC^G^Ii_N:HKSA§�FI>_Pe^G@�XZLQDGFRH]JEM]@E^ � H]FI>_HKS�PeSA@�^GHK§eN3LPQTOFR>_@¯Vc@ELCNYJ\PeDI@�FRP->_L�BC@�FR>A@4N�L�²AH]N-i_N FIi_S_@�^G>_H]TvF � >_HKM]@�FI>_Pe^G@4PeiAFI^IHK`A@�`_P-SAPCF�@�²AXW@EDGHK@\S_JE@LQS®f ^GXZLCJ\@jJ¢>ZLQDI§e@�T�PeDIJ\@ � � @�PeVAFRLCHKS�^IPeN:@�^IPeD[F:PCT4L(BC@EDRLQ§e@jT�PeD-FI>_@�XZLCDGFIHKJ\MK@E^bH]S�FI>_@�JEDGPe^I^^G@EJyFRHKPCSZLCMÚ^IM]HKJE@ �

�
p Ê��R�<À _ � 2 � È |<p©� > ��� SA� � >_H]J¢> H]^$PCS_M]f/^GMKH]§e>oFRM]f�M�LCDG§e@ED<FI>ZLCS FR>ZLQFaT�PeD$LiAS_H]T�PeDGN3M�f�`AHK^GFIDIH]V_iAFR@\`�Vc@ELCN �� F#H]^UH]N3XWPeDGFRLCSoF¨FRP�XWPeH]S®F6PeiAF6FR>ZL­F � >ZLQF � @ÁDI@(LQMKM]faJELCDI@5T�PeDUH]^1FI>_@Á^GX_DI@ELC`bHKS�^IXZLQJE@?J¢>ZLCDG§e@FIi_S_@:^I>_H�TvF-LQN3PeSA§�FI>_@:XZLCDGFIHKJ\MK@E^aH]S_^IH]`_@bFR>_@:Vc@ELCN � VAiAF�SAPCF�^GP�N-iAJ¢>�FR>A@3N3L­²¦HKN-iAN«^IX_LCJE@J¢>_LCDI§e@$FRi_SA@�^G>_H]TvF � Vc@\J(LCi_^G@�FR>A@�MKLQFIFI@ED?J(LQS�VW@�J\PeDIDG@EJ\FI@E`�Vof�J¢>ZLCSA§eHKS_§�FR>A@�VZLQDI@aFRi_S_@$PCT#FI>_@N3LCJ¢>_H]S_@ �5± PeD;Lb`_H]^GFRDGHKV_i¦FRHKPCS9PCT6ª_S_H]FI@$@�²gFR@ESoF � FI>_@a^IXZLQJE@$J¢>ZLCDI§C@aFIi_S_@$^IX_DG@(LC`�HK^;LQM � L�fg^�MK@\^I^FI>ZLCS�FR>_@;N3L­²¦HKN-iAN
^GXZLCJE@�J¢>ZLCDG§e@?FRi_SA@¯^GX_DI@ELC` � � >_HKJ¢>3P¦J\JEi_DG^5LQF&FR>_@;J\@ESoFR@\DÓPCTcFR>_@;VW@(LCN
T�PeDN:Pe^[FÓ`AHK^GFIDIH]V_iAFRH]PeS_^ �U± PeDÚL<FRDILCS_^GBC@EDG^I@�VAH í \aLCi_^G^IHKLCSb`_HK^[FRDGHKV_iAFIHKPeS-FI>ZLQF5@y²gFI@ES_`:FRP$HKSAªZSAH]F¼f � FI>_@^GXZLCJ\@�J¢>ZLCDG§e@aFRi_S_@$^I>AH]TvF�PCT&L:XZLCD[FRHKJ\MK@<H]SAªZS_H�FR@EM�f�T{LCD�L � L�f�T�DGPeN�FR>A@�VW@(LCN�L�²AH]^¯H]^;¡E@EDGP � LCS_`FI>_@EDG@\T�PeDG@�FI>_@�^IXZLCJ\@�J¢>ZLQDI§e@;FRi_SA@¯^GX_DI@ELC`�H]^5@\h®iZLCM°FRPaFR>_@�N�L�²AH]N-i_N
^IXZLCJ\@¯J¢>_LCDI§e@�FRi_SA@¯^G>_H]TvF �¥ P � @yBe@ED � FR>_@\^I@�X_LCDGFIHKJEM]@E^:LCDG@�@�²¦JEMKiA`_@E`âT�DGPeN�L¬DI@(LQMKHK^[FRH]J!`_HK^[FRDGHKV_iAFIHKPeS � >_H]J¢>â>ZLQ^�L/ªZS_H�FR@@�²gFR@ESoF4LCS_`jFI>_HK^;N3LC£C@\^¯FI>_@�^GXZLCJ\@�J¢>ZLQDI§e@$FRi_S_@$^IXADI@(LQ`�MK@\^I^;FR>ZLQSjFR>A@�N3L­²¦HKN-iANYFRiAS_@�^G>_H]TvF �: >A@ES�FI>_@;V_H í \$LCiA^I^IHKLCS�`_HK^[FRDGHKV_iAFIHKPeS�H]^ÚFIDIi_SAJ(LQFI@E`�N:PeDG@;LCS_`�N:PeDG@ x Vof�HKS_J\MKi_`_H]S_§aPeS_M�f�FR>APe^I@X_LCDGFIHKJEM]@E^<J\MKPe^G@ED$LCS_`¬JEM]Pe^I@\DaFIP9FR>_@�VW@(LCN J\@ESoFR@\D |�� FR>A@:^GXZLCJ\@3J¢>ZLQDI§e@�FRi_SA@:^GX_DI@ELC` VW@EJ\PeN:@E^^GN�LQMKMK@\D&LCS_`�^GN�LCM]MK@\D � >_H]MK@�FR>A@�N3L­²¦HKN�i_N
^GXZLCJ\@�J¢>_LCDI§e@?FIi_S_@;^I>_H�TvFÚDI@\N�LCH]S_^&i_S_J¢>_LCS_§e@\` �Ú± PeDLbDGPei_S_`�VW@(LCN � � H�FR>�V_H í \$LQi_^I^GH�LCS!`AHK^GFIDIH]V_iAFRH]PeS � � � p � � p � Å LCS_`�N3L­²¦HKN-iANY@�²AJ\i_DI^GHKPeS � �FI>_@<T�PeDINYT{LCJ\FIPeD

�
x � ��� � | HKS � h �Ux��_�ËÊ We| T�PeD?VW@\FRLQFRDGPeS�LCN3XAMKH]FIi_`_@ � HK^�T�Pei_SA`�FIP:VW@�

x � � � � |Ê p ��� È�� � È
��� � ÈÆ

b
�;À @�²AX �OÀ � È·�� È� ^GHKS È�� �*e k � p ��

� - 2 x×·
	O|��·Ax
	��¸| ! �~À � È�-� È� � � � 2 ��x��_�¸Ê4�o|
� >AHKJ¢>bHK^6`_@EXAHKJ\FI@E`�HKS ± HK§ �Q�_� �_��� PeS_^GHK`_@\D&L4Vc@ELCN � H]FI>�L�V_H í \$LQi_^I^GH�LCS�`_HK^[FRDIH]V_iAFIHKPeSaFRDGi_S_J(L­FR@E`L­F · > 0�� � � � @�^I@\@�FI>ZLQFÚFR>_@;XZLQDGFRH]JEM]@E^ÚLQFÚFR>A@�@\`_§e@�PCTWFR>_@;VW@(LCN >ZL(BC@�La^IXZLQJE@�J¢>ZLCDI§C@;FIi_S_@�^I>_H�TvF
� � S � PQT?FR>_@9N3L­²¦HKN-iAN ^IXZLCJ\@9J¢>ZLCDG§e@!FRi_SA@9^I>_H�TvF � =?>®i_^-FR>A@9^IXZLCJ\@9J¢>ZLCDG§e@!FRi_SA@!^IX_DG@(LC`H]^�@\h®iZLCM&FRP � @ S � FR>A@3N3L­²¦HKN-iAN ^IXZLQJE@:J¢>ZLCDI§C@3FRiAS_@3^G>_H]TvF � �4S�FI>_@3PQFR>_@\D�>ZLQS_` � T�PeD$FI>_@iAS_H]T�PeDGN FRDRLQS_^GBC@EDI^G@9`_HK^[FRDGHKV_iAFIHKPeS � FI>_@!^IX_LCJE@!J¢>_LCDI§e@3FRi_S_@3^I>_H�TvF-H]^-LCN:X_MKH�FRi_`A@:H]S_`_@\Xc@\S_`_@ESoFLQS_`�FI>_@a^IX_DG@(LC`�HK^?¡\@EDGP3@�²_LQJ\FRM�f �



�A�]� � FRLQFRH]J<=6DILCS_^GBC@EDG^I@ ± PeDGJE@\^ �QíR��Ê

± HK§ei_DG@ �_� � ��� 	��,� �,) ��EG�,'($*'�������",$*������$*���G��) �K�,) � EG�������
':	�$��!����� 34$:����������� �,- EU	�������;�$���,� �#)+���,'(���������,)I����$/- ���D��-/��- ��EG�,'($ ' ������",$ ������$?������) �H�,)I�#3G� 	����,���������,��;�����������3G����$&;��������; 34$&�,- �!����� ��-0� 34$&�,- ����R:$	� � Z:�@�S_P � i_SA`_@EDG^GF¢LQS_`�FR>ZL­F�FI>_@�^GXZLCJ\@�J¢>ZLCDG§e@�^G@EM�T í T�PeDGJE@aPCTÚL�V_i_S_J¢> LQJ\FRH]S_§:PeSjFI>_@�H]S_`_H íBgH]`_iZLCM1Vc@ELCN�XZLCD[FRHKJ\MK@\^¯J\PeS_^GFIH]FIiAFR@\^�Be@\DGFRH]J(LCM6LCS_`�>_PeDIH]¡EPeSoFRLCMOFRi_S_@�^IX_DG@(LC`_^ � �¯^GiZLCM]M]f � XW@EPeX_M]@^IL(fjFI>ZLQF¯M�LCDG§e@aHKS_J\Pe>_@EDG@ESoF4^GXZLCJ\@�J¢>ZLCDG§e@�FIi_S_@�^IX_DG@(LC`_^ � HKMKMO@\S_JEPCN3XZLQ^I^4L3MKPCF�PCT&X_LCDRLCN:@\FIDIH]JDG@E^GPeSZLCS_J\@E^�HKS/FR>_@ Ã Å í[Ã � FRiAS_@�^IXZLCJ\@�LQS_`�M]@(LC` FRP�H]S_^GFRLCV_HKM]H]F¼f �b± PeD4FR>_H]^aDI@(LQ^IPeS � FR>A@:VW@(LQNH]SoFR@ESA^IH]FIHK@\^$H]S�M]P � í @ESA@EDI§Qf/^GfgS_J¢>_DGPCFRDGPeS_^bLQDI@�MKH]N3H�FR@E`/Vof/FI>_@3>APeDIH]¡EPeSoF¢LQMÚLCS_` Be@ED[FRH]J(LCMÚ^IX_LCJE@J¢>_LCDI§e@5FRi_SA@Á^IXADI@(LQ`_^ � =?>A@ÁJEPCN3N:PeS$DIi_M]@5PQT_FR>®i_N-V�HK^¨FR>ZL­FUH]S_JEPe>A@EDI@\SoF#^I@\M]T í ªZ@EM]`$FIi_S_@Á^GX_DI@ELC`_^^G>_Pei_M]`9S_PCF?@�²¦JE@E@\` � S > � S¦� ��F?FR>_@�^RLCN:@�FRH]N3@ � FI>_@ � H]`AFR>_^?PQT¨HKN:XcPeD[F¢LCSoFÓ^GFIPeX_VZLCSA`_^?^I>_PCi_MK`LQMK^IP�Vc@¯N3H]S_HKN:HK¡\@E`bVof3JEPeDGDI@EJyFRH]PeS_^ÁN3LC`_@;FRP$FR>_@�DIHKSA§�MKLQFIFIHKJE@ �#¥ P � @\BC@ED � FR>_@\^I@4^G@EM]T í ªZ@EM]`3FIi_S_@^GX_DI@ELC`_^$LQF<H]S �G@EJyFRH]PeS�>ZL(Be@�S_@yBe@\D$VW@E@\S � @\MKM í N3@ELC^IiADI@E`/VW@(LQN«XZLCDILCN:@\FR@\DI^ � � F<H]^4`_H 
3J\i_M]F�FRPN:@(LQ^Ii_DG@-Vc@\J(LCiA^I@-M]P � í @ES_@\DI§Cf�DGHKS_§e^¯LCDG@�i_^GiZLCMKM�f�DRLCN:Xc@\`jBC@EDGfjDRLQX_HK`_M�f � =?>®i_^ � FI>_@�^G@EM�T í ªZ@\MK`FIi_S_@�^GX_DI@ELC`_^&`_H]N3H]S_HK^G>�BC@EDGf�h®i_HKJ¢£®M]f�LC^UFI>_@�@\S_@EDG§Cf-PCTZFI>_@�VW@(LCN HKSAJEDI@ELC^I@\^ ��
 Pe^GF&M]P � í @ESA@EDI§QfDGHKS_§C^�FI>ZLQF�>ZL(Be@-MKLCDI§C@<^IXZLCJ\@�J¢>ZLQDI§e@$FRi_S_@$^IXADI@(LQ`_^<LCDG@�DILCN3XW@E`�Vof�DI@E^GPeSZLQFIPeDI^ � =6P3N3@ELC^IiADI@FI>_@�^G@EM�T í ªZ@\MK` FRi_S_@3^IX_DG@(LC`A^ � � @�N-i_^[F-`_H]^IJ\PeS_S_@\J\F�FI>_@�N3LC§eSA@\F � HKS_`AHKS_§jJEi_DGDI@ESoFI^�T�DIPeN FI>_@DG@E^GPeSZLQFIPeD�^IP:LC^ÓFRPbX_DGP�BgH]`_@<L-MKPCS_§e@EDÓHKSoFR@\DGBQLCMWT�PeD � >_H]J¢>!FR>_@<VW@(LCN @ESA@EDI§Qf9`_Pg@E^�S_PQF?J¢>ZLCS_§C@ �



�­í¢�(� �_����� =��&=��	��
 =��

 � � ¥��É± = �
=?>AHK^�HK^-SAPCF:LCM � L(fg^:XWPe^G^IHKVAMK@ � VW@EJELCi_^I@9FI>_@�Vc@ELCN � H]MKMÁ§C@ES_@\DRLCM]M]f�Vc@\JEPeN:@9i_S_^[F¢LCV_M]@�H]T�H]FbH]^LQMKMKP � @E`bFRP$^GFRL(f:LQF5^Ii_J¢>3MKP � @\S_@EDG§CfbT�PeDÚLaMKPeS_§4FIHKN:@ � � T¤FR>A@�J\PeS_`_H�FRH]PeS�HK^ÚL(BQLCHKMKLCV_MK@ � >_P � @\Be@\D �FI>_@<FRi_SA@�^GX_DI@ELC`_^;J(LCS�VW@$N:@(LQ^Ii_DG@E`�V®f�L-FI@EJ¢>_S_H]h®i_@�JELCMKM]@E`�DGT6£®S_PgJ¢£CPeiAF � � SZLQDIDIP � VZLCS_`�DGT^GHK§eS_LCM¦H]^Ui_^G@E`-FIP4@y²¦JEH�FR@ÁFI>_@�VW@(LCN � =?>_Pe^I@?X_LCDGFIHKJEM]@E^ � H]FI>�FR>_@ÁJEPeDGDI@EJyF#FRiAS_@�DI@\^IPeS_LQFR@ � H�FR>�FI>_@`ADIH]BgH]S_§3^GHK§eS_LCM1LCS_`/LCDG@�M]Pe^GF � � HKS_J\@�PeSAM]f�L3^GN�LQMKM~T�DRLQJ\FRH]PeS�PQT#FR>_@�Vc@ELCN DI@\^IPeS_LQFR@\^ � FI>_HK^�DI@\^ íPCSZLQFRH]S_§-T�DI@\h®i_@ES_Jyf�PCT1DGT1^IH]§eSZLCMcJEPeDGDI@\^IXWPeS_`_^?FRPbFI>_@<HKS_J\Pe>_@\DI@ESoF?FIi_S_@aPCT¨FR>_@<VW@(LQN � �¯S_PCFR>A@ED� L(f HK^�FIP�Xc@\DGT�PeDGN L � J¢>_PCFGFR£of/^IJELCS � >_HKJ¢>¬^I>_P � ^aFR>_@bFIi_S_@E^aPCTÓHKSA`_H]BgHK`AiZLCMUX_LCDGFIHKJEM]@E^ � =?>_@J\Pe>_@\DI@ESoF<FIi_S_@�^G>_H]TvFI^�JELCS/Vc@�N3@ELC^IiADI@E`/Vof�FR>_@�^RLCN:@�D[TÚ£®S_P¦J¢£QPeiAFaN:@\FI>_P¦` ��� T&FI>_@-@y²¦J\H]FRH]S_§D[TU^GHK§eS_LCM~>_H�FR^�LbJEPe>_@\DI@\S®F�FRiAS_@ � FI>_@ � >_PeMK@aVW@(LCN � HKM]M~Vc@<M]Pe^GF ���^ � @�^I>ZLCM]M°^I@E@�HKS � >_LCXAFR@\D 0 FI>ZLQFÓH]FÓHK^ÚFR>_@ E�G I �J���JC�K5DILQFR>A@EDÓFI>ZLCS:FR>_@ BDCFE�G I �J���JC�K&FIi_S_@^G>_H]TvFI^�FI>ZLQF¯`_@\FI@EDGN3H]S_@$FI>_@�H]S_^GFRLCV_H]MKH]F¼f3PCTÚL:Vc@ELCN �	� SjT{LCJyF � FR>_H]^¯H]^¯h®i_H�FR@$DI@ELC^IPeS_LCV_MK@ � : >_@ESFI>_@;V_i_S_J¢>3HK^&Pe^GJEH]MKM�L­FRHKSA§4LQF5LCS:HKSoFI@E§e@\D&JEPe>_@\DI@\S®F5FRiAS_@ � � @�>_L�BC@�FI>_@;i_^Ii_LCMZHKSoFR@\§e@EDÚDG@E^IPCSZLCS_J\@ �=?>AHK^:MK@(LQ`_^:FIP LQSâHKSA^GF¢LQV_HKM]H]F¼f�Vc@\J(LCi_^G@�LCM]M?XZLCD[FRHKJ\MK@\^3LQDI@�Xc@\DGT�PeDGN3H]S_§ Vc@yF¢LQFIDIPeS�Pe^IJ\HKM]M�LQFIHKPeS_^
� H�FR> LjFRi_SA@�JEPCN3XWPeS_@\S®F�FR>ZL­F�H]^�LQF�LCS H]SoFR@E§C@ED � =?>_@ � >_PeMK@:VW@(LCN � HKM]M&Vc@\JEPeN:@�iAS_^GFRLCV_MK@ ��¯M]FI>_Pei_§e>9FI>_@<`_HKXWPeM]@4JEPe>A@EDI@\SoF�^GXZLCJE@aJ¢>ZLQDI§e@<FRiAS_@a^I>_H�TvF?BCLQS_HK^G>_@E^?VW@EJELCi_^I@aFR>A@$VW@(LQN�N:P�BC@E^DGHK§eH]`_M]f � FI>_@EDG@3LQDI@bPCFI>_@EDaJEPC>_@EDG@ESoF$N3PCFIHKPeS�PCTÓFI>_@�Vc@ELCN � T�PeD<@y²ALCN:X_M]@ � >_@ES FR>_@bVW@(LQN ^IH]¡E@PC^IJEH]MKMKLQFR@\^ � H]FI>_PeiAF4FI>_@�Vc@ELCN«J\@ESoFR@\D�VW@EH]S_§9N:P�BC@E` � � PeN3@�PCTÓFI>_@E^G@�N3Pg`_@E^ � H]MKM6Vc@b`_@\DIH�Be@E`L­TvFR@ED;H]S®FIDIPg`_i_J\HKS_§-FI>_@a@ESoBe@\MKPeXW@a@Eh®iZLQFIHKPeS ��4S_@�N3L(f�LCDI§Ci_@$FI>ZLQF¯H]T6FR>_@$HKS_J\Pe>_@\DI@ESoF¯FRi_S_@�^IX_DG@(LC`�JEP�Be@\DI^<LCSjHKSoFR@\§e@ED�PeD�>ZLCM�T í HKSoFI@E§e@\DDG@E^GPeSZLCS_J\@ � �)O � �4� �w� � G�M C�KÚPCT~XZLCDGFIHKJ\MK@E^5LCDG@�>_H�FIFIHKS_§<FR>A@�DI@\^IPeS_LCS_JE@ � LCS_`:FR>_H]^Á^GN�LCM]M°LCN:Pei_SoFPQT6FI>_@aVc@ELCN � HKM]M¤VW@<i_S_^[F¢LCV_M]@ � � F � HKM]M¤VW@a^I>_P � S�H]S � >ZLCXAFI@ED 0 FR>ZLQF;@yBe@\SjFR>AHK^?^GFRLQFR@\N3@\SoF¯H]^H]S_JEPCDIDI@\J\F � Vc@\J(LCi_^G@�FR>_@?^GXZLCJ\@�J¢>_LCDI§e@?^G@EM�T í T�PeDGJE@ÓBQLCSAHK^I>A@E^ � >_@\S:FI>_@?HKS_J\Pe>_@\DI@ESoFÚN:PCFRH]PeS�PQTWFI>_@VW@(LQN�XZLCD[FRH]JEMK@\^�>_H�F;LbDI@E^GPeSZLCSAJE@ � =?>_@\S � >of9^G>_Pei_M]` � @a^GFIi_`Af!FI>_@<HKS_J\Pe>_@\DI@ESoF�^IX_LCJE@aJ¢>ZLCDG§e@FIi_S_@a^I>AH]TvF;H]T1FR>A@$DG@E^GPeSZLCS_J\@E^�>ZL(Be@$S_PCFI>_HKS_§bFIP:`AP � H�FR>�HKSAJEPe>_@\DI@\S®F¯N:PCFRH]PeS��9=?>_@�LQS_^ � @ED�HK^��FI>_@->_H]§e>_@\D í N�i_M]FIHKXWPeMK@<J\Pe>_@EDG@ESoFa^IX_LCJE@bJ¢>ZLQDI§e@-FIi_S_@-^G>_H]TvFI^4`_@EXW@ESA`¬PCS�FR>_@bH]S_JEPC>_@EDG@ESoF<^IX_LCJE@J¢>_LCDI§e@�FRiAS_@j^G>_H]TvF � =?>giA^ � H�T¯FI>_@jH]S_JEPC>_@EDG@ESoF:^IXZLCJ\@�J¢>ZLQDI§e@9FRiAS_@j^G>_H]TvF:JELCS+VW@�JEPeSoFIDIPeM]MK@E` �^IL(f!Vof!V_M]P � HKS_§-iAX�FI>_@�FIDRLCS_^[Be@\DI^I@$VW@(LCN ^IH]¡E@ � FR>_@<>_H]§e>_@\D í N�i_M]FIHKXWPeMK@?J\Pe>_@EDG@ESoF;^IX_LCJE@aJ¢>ZLCDG§e@FIi_S_@?^G>_H]TvFI^ � HKMKMgVW@EJEPCN3@�^GN�LQMKMK@\D#LCM]^IP ��� SbFR>_H]^ � L�f � L4>_HK§e>A@ED#H]S®FI@ES_^GH]F¼f�Vc@ELCN � H]MKMgVc@?XWPe^I^GHKV_M]@VW@\T�PCDI@a>_H]FGFRH]S_§-FR>_@aXZLQDRLCN:@\FIDIHKJ�DI@E^GPeSZLCSAJE@E^ �



�A�ã· =1i_S_@ � >_H]TvF?T�PCD;L � @(LCN �QíR� 0
����� )��/,�2 ���/%��C ��e8:* " 	Y2�"�


� S»FI>_HK^-^G@EJyFRHKPCS � � @ � LCSoFbFRP `_@EDGH]BC@!FR>_@9§e@\S_@EDILCM�@�²AXADI@E^G^IH]PeS_^�PCT�HKS_J\Pe>_@\DI@ESoF:LCSA`�J\Pe>_@\DI@ESoFFIi_S_@�^I>AH]TvFR^-T�PCDbL�Vc@ELCN � iASgVAi_S_J¢>_@\` PeD-V_iAS_J¢>_@E` � HKS FI@EDGN3^bPCT� ¨LC^IM]@\FGFbHKN3LC§e@3JEPg@�
:JEH]@ESoFR^LQS_`�FI>_@3^G@EM�T í T�PeDGJE@�JEPg@�
:JEH]@ESoFR^ � =?>_@E^G@!@y²¦X_DG@E^G^IHKPCS_^-LCDG@3J\PeN:X_MKH]J(LQFI@E` Vof¬FI>_@�T{LCJ\FaFR>_LQF�FI>_@N3LC§eSA@\FRH]J4ªZ@EM]`�N�L(f!PCD?N�L(f9S_PQF;Xc@\S_@\FIDRLQFI@$FI>_@<BCLQJEi_i_N�J¢>ZLCN-VW@ED �
��
�� 
�� �! #"%$��'&)(*�� " � � (��
 O@yF#i_^#DG@EJELCMKMg>_P � HKN3LC§e@\^6PCTAFR>_@�VW@(LQN
LQDI@ÓT�PCDIN:@E` � HKS�FI>_@ � LCM]MK^UPQT_FR>_@5BQLCJEi_iAN
J¢>ZLQN-Vc@\D ��PeDH]S<FR>_@ÚN3LC§eS_@yFRHKJUXcPeM]@UT{LCJ\@E^ � ± PeD~FR>A@5@\MK@\J\FRDGHKJUª_@EMK` � VW@EJELCi_^I@ÚFR>A@&XZLCDRLQMKMK@\MCJ\PeN3XWPeS_@\SoF1BQLCSAHK^I>A@E^PCS-FR>_@ � LCM]MK^UPQTWFI>_@ÁBQLCJ\i_i_N J¢>_LCN-VW@ED � >_H]J¢> � @;LC^G^Ii_N:@ÁFIP4Vc@?H]SAªZS_H�FR@\M]faJEPCS_`_i_JyFRHKSA§ � HKN3LC§e@\^� H]MKM¦LCM � L(fg^&Vc@ÁT�PCDIN:@E`bHKS�FR>_@ � LCMKM]^UPCT°FI>_@ÁBQLCJEiAi_N J¢>ZLCN�Vc@\D � :�@�FR>A@EDI@yT�PeDI@?^IL(f�FR>_LQF&@EM]@EJyFRDIH]Jª_@EMK`:HK^5LCM � L(fg^ CFG�C�H
���JCF�JKN�r��K BDC3
 � � S3FI>_HK^Ú`_H]^IJ\i_^I^GHKPeS � ���JCF�JK �.��K BDC3
-PeD�CFG�C�H
���JCF�JKN�r��K BDC3
¯LCM � L(fg^H]N3XAMKHK@\^ÁXW@ES_@yFRDILQFRH]S_§�PeD;S_PeS í Xc@\S_@\FIDRLQFIHKS_§-FI>_@<BCLQJEi_i_N J¢>_LCN-VW@ED �=?>_@;N3LC§eS_@yFRHKJ5ªZ@EM]`bHK^#h®i_H�FR@?`_Hz%¤@\DI@\S®F � �¯MKMAM]P � í T�DI@\h®i_@ES_JyfbN3LC§eS_@yFRHKJ5ªZ@EM]` � HKM]M¦XW@ES_@yFRDILQFR@FI>_@¯BQLCJ\i_i_N J¢>ZLCN�Vc@\D�LCS_`3T�PeDIN H]N�LC§C@E^ÚHKS�FR>_@¯N�LQ§eS_@\FÓXWPeMK@?T{LCJ\@E^ � � TOSAP�N3LC§eS_@yFÁXWPeMK@?T{LCJ\@E^LQDI@?X_DG@E^I@\SoF � � @;LQ^I^IiAN3@�FI>ZLQF&N3LC§eS_@yFRH]JÓªZ@\MK` � HKM]M¦§CP4FRP<HKS¦ªZS_H]F¼f�LCSA` � H]MKMgS_P<MKPCS_§e@EDUL %c@EJ\F&FI>_@FI@E^[F�XZLQDGFRH]JEM]@ � ��MKM¤>_HK§e> í T�DI@\h®i_@ES_Jyf�N�LC§CS_@\FIHKJ4ªZ@\MK` � HKMKM¤S_PCF�Xc@\S_@\FIDRLQFI@$FI>_@aBCLQJEi_i_N J¢>_LCN-VW@EDLQS_`�T�PCDIN�H]N�LQ§e@E^?H]S!FR>_@ � LCMKM]^?PCT6FI>_@<BQLCJEi_iAN J¢>ZLCN-VW@ED �� @yT�PeDI@¯X_DIPgJE@\@E`_H]S_§�T�i_D[FR>_@\D � FR>_@\DI@¯HK^ÓLCS�H]N3XWPeDGFRLCSoF5DIi_M]@�FI>ZLQFÓHK^ � PeD[FR>3N3@\S®FIHKPeSAHKS_§ �U± PeDH]N�LQ§e@E^;HKS�FR>A@ � LCMKMOPCTUFR>_@aBQLCJEi_iAN J¢>_LCN-VW@ED � � @�i_^G@�FR>A@p�	�u��EJK �JBZE<HKN3LC§e@<JEPg@�
:J\HK@ESoF a Å � �2 PeD
	 Å � �2 � `A@EXW@ES_`_H]S_§�PCS � >_@yFR>_@\D�H]F�H]^¯H]S_JEPe>A@EDI@\SoF�PeD�JEPC>_@EDG@ESoF � =?>_@�@EMK@\J\FIDIHKJaH]N�LC§C@<JEPg@�
:JEH]@ESoFR^LQDI@$i_^I@\`/S_PCF¯PeS_M]f�T�PeD¯@\MK@\J\FRDGHKJaHKN3LC§e@\^;V_iAF�LCMK^GP3T�PeD;N3LC§eS_@yFRHKJaH]N�LC§C@E^ � =?>_@�PeSAM]f9`_Hz%¤@\DI@\S_JE@H]^�FR>_LQF � T�PeDbN3LC§eS_@yFRH]J�HKN3LC§e@\^ � � @�i_^I@ À  È a Å � �2 PeD À  È 	 Å�� �2 � =?>_HK^bH]^-Vc@\J(LCiA^I@9FR>_@�LQJ\FRi_LCMJ\PeSoFRDGHKV_iAFIHKPeS¬PCTÁN�LC§CS_@\FIHKJ-ªZ@\MK`�T�DGPeN«FI>_@3H]N�LQ§e@E^<H]S¬FI>_@ � LCM]MK^aPCTÁFI>_@�BCLQJEi_i_N´J¢>ZLQN-Vc@\D�H]^@�²ALCJ\FIM]f¬FR>_@9^ILCN3@�LC^�FI>_@!@EM]@EJyFRDIH]J3ªZ@\MK` � =?>A@!T{LCJ\FIPeD  È JEPCN3@\^bLCVWPeiAF-VW@EJELCi_^G@ � @9S_@\@E` LT{LQJ\FRPCD�PCT  T�DIPeN FI>_@�N3LC§eS_@yFRH]J:X_LCDGF�PCT�FR>A@! OPeDI@\SoFR¡3T�PCDIJE@3LCS_` LCS_PCFI>_@EDaT{LCJ\FIPeD$PCT  T�DIPCNFI>_@ ^IPeiADIJE@ � >_H]J¢>qH]^�FR>A@¬VW@(LQN JEiADIDI@\SoF � =?>_@ S_@E§eLQFRH�Be@/^IH]§eS JEPeN:@E^�LQVcPei¦F�Vc@\J(LCi_^G@¬FI>_@N3LC§eSA@\FRH]JbT�PeDIJ\@3PeS LjVW@(LCN´H]^�LQM � L�fg^�HKS¬PeX_XWPe^IH�FR@:`_HKDG@EJ\FIHKPeS FRP�FR>_@:@EM]@EJyFRDIH]J:T�PCDIJE@ � ��^$T�PeDH]N�LQ§e@E^�T�PCDIN:@E` HKS»FR>A@�N3LC§eSA@\FbXWPeMK@!T{LQJE@E^ � FI>_@\f JELCS PeS_M�f VW@�N3LC§eSA@\FRH]J!HKN3LC§e@\^ � VW@EJ(LQi_^I@@\MK@\J\FRDGHKJaªZ@EM]`�JELCS_S_PCF�Xc@\S_@\FIDRLQFI@�FI>_@�BQLCJ\i_i_N J¢>ZLCN-VW@ED � =?>A@EHKD¯JEPeSoFIDIHKVAiAFRH]PeS_^ � HKMKMOVW@  È a Å � �ÈPCD  È 	 Å � �È � DI@\^IXW@EJ\FIH]BC@EM]f � � >_@ES FR>_@bFIi_S_@�^I>_H�TvFR^aLCDG@bHKS_J\Pe>_@\DI@ESoF$PeD4J\Pe>_@\DI@ESoF �3¥ @EDG@ � @�>ZL(Be@FI>_@:^RLCN:@bT{LCJ\FIPeDaPCT  È ��¥ P � @yBe@\D � FI>_@EDG@�HK^ CFG CF� 
 ��K B ���gOJB 
�C � � >_HKJ¢>�HK^ �Gi_^[F-L�JEPeSoBC@ESoFRH]PeS �



�­í¢� @ �_����� =��&=��	��
 =��

 � � ¥��É± = �
� S PQFR>_@\D � PCDI`_^ � PeS_@�N�L(f+JEPeS_^GHK`_@\D�FR>A@�S_@E§eLQFRH�Be@�^GHK§eS FIP >ZL(Be@ VW@E@ES LQV_^IPeDGVc@\` HKSoFRP FI>_@`A@\ªZS_H�FRH]PeS PCT  È a Å � �È PeD  È 	 Å�� �È � : @!JELCS»LCM]^IPj^RL(f�FI>ZLQF�@EMK@\J\FIDIHKJ3HKN3LC§e@�JEPg@�
:J\HK@ESoFI^�LCDI@:T�PeDH]N�LQ§e@E^OH]S$FI>_@ � LCM]MK^¨PCTgFR>_@ÚBQLCJEiAi_N J¢>ZLCN-VW@ED1HKSA`_@EXW@ES_`A@ESoFUPQT � >_@yFR>_@\D1FI>_@Ó@J%¤@\J\F6HK^¨@EM]@EJyFRDIH]JÚPeDN3LC§eSA@\FRH]J � � >_H]MK@;N�LQ§eS_@\FIHKJ;HKN3LC§e@?J\P¦@�
:JEHK@\SoFR^�LQDI@;T�PeDÓH]N�LQ§e@E^ÚHKS�FR>A@¯N3LC§eS_@yFÁXWPeM]@;T{LQJE@E^ � ��M]MFI>_@E^G@-JEPCS_^IH]`_@EDILQFRH]PeS_^4LQDI@�^Gi_N:N�LCDGHK¡\@E`�H]S�=6LCV_M]@ �_���e� � >_@EDG@ � @-LCMK^GP�^I@\XZLCDILQFR@$FR>_@-J\Pe>_@\DI@ESoFFIi_S_@3^I>_H�TvF�H]S � h ��x��_���o| H]SoFRP�F � P�X_LCDGFI^ ��FI>_@�`_J3XZLCD[F ( ¾ r¨�yt{���5¿I� ( z�� +m�- Æ � >_@ES FI>_@3VW@(LQN H]^^[F¢LQFIHKPeS_LCDGf!LCS_`�FR>_@$LCJ<XZLQDGF ( ¾ r1��t{���5¿R� ( �z�� m.- Æ � >A@ES�FR>_@aVW@(LCNdH]^?Pe^IJ\HKM]M�LQFIHKS_§ �

=6LCV_M]@ �A�]� ���S$&	
��������� �,) $&�,'�� '(��- E4����$&�@�S�,)F����$X37$&�,- ) �,� '($X��� ����$%��-0��",$%'(�@$�� ':��$&�9����!�����6��-0��",$&�!) �,� - $&; ��� ����$ <��,':����- '����,-%34$:�S�,�H-0��"���$:����' E4��	�$�)+�,'($&�&Z� N3LC§e@\^;HKS � N3LC§e@\^�H]S� @ELCN�T�PeDGJE@aJEPeN:XWPeS_@ESoFI^ BQLCJ\i_i_NdJ¢>_LCN-VW@ED XWPeM]@4T{LCJE@\^ � PeN:N:@ESoFR^@EMK@\J\FIDIHKJ N�LC§CS_@\FIHKJ N�LC§CS_@\FIHKJ( ¾ r1��t{���5¿( z ****u+m�- Æ
a Å � �2
0 È À  È a Å � �20 È  È a Å � �È

� È
H]S_JEPC>_@EDG@ESoF`_JaJ\Pe>_@EDG@ESoF( ¾ r1��t{���5¿( z ****u+m�- Æ }

( ¾ r1��t{���5¿( �z **** m�- Æ 	 Å � �20 È À  È 	 Å � �20 È  È 	 Å � �È� È J\Pe>_@EDG@ESoF( ¾ r1��t{���5¿( z **** m�- Æ À  È 	 Å � �2 À a Å � �2
0 È  È 	 Å � �È À a Å�� �È

� È
LCJaJ\Pe>_@EDG@ESoF

��
�� 
�� � (�"%-!�+� �)$	� ��"  #-


�P � � @�LCDG@$DG@(LC`¦f!FRP:@y²¦X_DG@E^I^�FR>_@aFRiAS_@a^I>_H�TvFR^;HKS9FR@\DIN:^;PCT#H]N�LC§C@4JEPg@�
:JEH]@ESoFR^ ��± H]DI^[F � M]@\F�i_^^[FRi_`¦f�FR>A@4^IH]N3X_M]@ED5J(LC^G@4PCT1L-J\PoLC^GFIHKS_§�Vc@ELCN � � >_@\DI@4FR>A@�PeS_M�f!LQJ�N3LC§eS_@yFRHKJ;ªZ@\MK`9JEPCN3@\^ÓT�DIPCNVW@\FRLQFRDGPeS/Pe^GJEHKM]M�LQFIHKPeSA^ � =?>_@-T�DI@\hgiA@ES_Jyf � HKM]M1VW@-M]P � � >_@\S�FR>_@bVW@\FRLQFRDGPeS�FIi_S_@bHK^¯JEM]Pe^I@�FIP9LCSH]SoFR@E§C@EDaLCS_` FR>A@:N3LC§eSA@\FRH]J�ªZ@\MK` N�L(f�Vc@�XW@ES_@yFRDRL­FRHKSA§ � �4S/FR>_@�PCFI>_@ED<>ZLQS_` � FR>_@bT�DG@Eh®i_@ESAJ\f� H]MKM_VW@�>_HK§e> � >_@\S3FR>A@¯VW@\FRLQFRDGPeS3FIi_S_@�HK^ÚJEM]Pe^I@?FRP�L�>_LCM]TcHKSoFR@\§e@ED5LCSA`3FR>A@¯N3LC§eS_@yFRH]J�ªZ@EM]`3N3L(fVW@aS_PeS í Xc@\S_@\FIDRLQFIHKS_§ � =?>_@aHKS_J\Pe>_@EDG@ESoF;FRi_SA@�^G>_H]TvFI^;LCDI@ �< Ã Å�� �243�57698 p À � � Æ ��~�i È Ã Å � �Æ b a Å�� �2
0 È } 
  È a Å � �È

� È } x[�;À  È | a Å�� �� � 5,8� È Å e > x��_�¸ÊJfo|
� � �$&	�$&'(������' �
-0��",$ - ��"���$:����'*��- ��",$ ��$&	�) 	 Q�$&	
; 5
������� È�� "���<,$&���� <��,':����- '����,-%34$:� ���6- ��"���$:�!E4��	�$&� 3G�,	
�,��'($ 34$:�N�O$:$&���� �,��;���



�A�ã· =1i_S_@ � >_H]TvF?T�PCD;L � @(LCN �QíR� W
¥ @EDG@ � FR>_@;ªZDI^[FÓFI@EDGN JEPeN:@E^ÚT�DIPCN FR>_@�@EM]@EJyFRDIH]J?HKN3LC§e@\^&HKS�FR>_@?BQLCJEiAi_N J¢>ZLCN-VW@ED5^IH]S_JE@�@EM]@EJyFRDIH]Jª_@EMK`�HK^:LCM � L(fg^�S_PeS í Xc@\S_@\FIDRLQFIHKS_§¬LCSA`�FI>_@EDG@\T�PeDG@�FI>_@�HKS_J\Pe>_@EDG@ESoF3@EMK@\J\FIDIHKJ9H]N�LQ§e@9JEPg@�
:JEH]@ESoFa Å � �2 �50 È � =?>_@j^I@\JEPeS_` FI@EDGN J\PeN:@E^�FR>_@jN�LC§CS_@\FIHKJ�HKN3LC§e@\^:H]S+FI>_@�N3LC§eS_@yF�XWPeM]@�T{LQJE@E^�LCS_`FI>_@EDG@\T�PeDG@¬FI>_@¬HKS_J\Pe>_@EDG@ESoFjN�LC§CS_@\FIHKJ�H]N�LC§C@/JEPg@�
:JEH]@ESoF a Å � �È FRPe§e@yFR>_@\D � H]FR> FR>A@ T{LQJ\FRPCD  ÈH]S T�DIPCS®FbLCS_`

� È HKS�FR>_@!`A@ES_PeN:HKS_LQFRPeD � =?>_@�T{LQJ\FRPCD 
 DG@EX_DG@E^G@ESoFR^bFR>A@�T�DRLCJyFRH]PeS PCT?FI>_@!DIH]S_§J\HKDGJEi_N�T�@EDG@ES_J\@ � >_@EDG@�FR>A@�VW@(LCN´HK^$^RLQS_` � HKJ¢>A@E` Vc@yF � @\@ES N3LC§eS_@yFRHKJ�XWPeMK@�T{LCJ\@E^ � ��^-^[F¢LQFI@E`VW@\T�PCDI@ � FR>A@:H]S_JEPC>_@EDG@ESoF�VW@(LQN«T�PeDIJ\@�JEPeN:@E^<T�DIPCN«FR>_@�H]N�LC§C@E^<PCT5FR>_@:VW@(LCN J\@ESoFR@\D � >AHKJ¢> H]^SAPCFa`_HK^GX_M�LQJE@E` PeD �z�p SA� =?>_@\^I@:HKN3LC§e@E^4LCDI@bS_PQF�N:P�BgHKS_§�LCSA` FI>_@�Vc@ELCN©T�PCDIJE@�H]^4FR>_@\DI@\T�PCDI@^[F¢LQFIHKJ$PeD�`AJ � LCS_`�FI>_@�N3LC§eS_@yFRH]J$ªZ@\MK`jHK^;FR>_@\DI@\T�PCDI@-MKLCS_`_H]S_§�PeS�FR>A@�N3LC§eS_@yF�XWPeMK@aT{LCJ\@E^ � =?>_@MKLC^GFÚFI@EDIN H]^��Gi_^GF5FR>A@¯^GXZLCJE@�J¢>ZLCDG§e@�JEPeSoFRDGHKV_i¦FRHKPCS � � >_@EDG@¯FI>_@ � `_@\S_PCFR@\^5FI>_@�@EMK@\J\FIDIHKJ;XZLQDGFÓLCS_`À  È FI>_@aN�LQ§eS_@\FIHKJ<XZLQDGF �
± PeD&FR>_@�JEPC>_@EDG@ESoF�FRiAS_@¯^G>_H]TvFI^ÓPQTOLaJEPoLC^[FRH]S_§�VW@(LCN � H]TcFR>_@�N3LC§eS_@yFRHKJ?ªZ@\MK`:HK^5Xc@\S_@\FIDRLQFIHKS_§ �� @ �Gi_^GF�>ZL(Be@$^IH]N3XAM]f � < Ã Å � �57698 p À � � Æ ��~�i È Ã Å � �Æ b 	 Å�� �20 È } 
  È 	 Å�� �È� È e � x��_�Ë� So|

� �$&	�$&'(��� ��' ��-0��",$ -0��"���$:����'X��-0��",$��� < �,':�G��- '��G�,-X34$:� ���6-0��"���$:�HE7��	�$&�
� >A@EDI@�LCMKM#FI>_@:N�LC§CS_@\FIHKJbªZ@EM]` XW@ES_@yFRDILQFR@\^�FR>A@:BQLCJ\i_i_N´J¢>ZLCN-VW@ED�LCS_`¬T�PeDIN:^aHKN3LC§e@\^$H]S¬FI>_@N3LC§eSA@\F$XcPCMK@-T{LCJ\@E^ � 
¯PCFI@bFR>ZLQFaFI>_@EDG@3H]^$SAPj^GXZLCJE@:J¢>ZLCDG§e@�FR@EDGN VW@EJ(LQi_^I@:FR>_@:JE@\S®FI@ED$PCTÁFI>_@VW@(LQNd`_Pg@E^;S_PCF�^I@\@<FR>_@a^I@\M]T í T�PeDIJ\@aLCN3PCS_§�Vc@ELCN�XZLQDGFRH]JEM]@E^ �: >_@\SjFR>A@$N3LC§eSA@\FRH]J�ªZ@\MK`�HK^?S_PCS í XW@ES_@yFRDILQFRH]S_§ � � @�>_L�BC@�H]S_^GFI@(LC`< Ã Å � �57698 p À � � Æ ��~�i È Ã Å � �Æ b 	 Å�� �20 È } 
  È a Å � �È

� È À  È 	 Å � �2 À a Å � �2
0 È e > x��_�Ë�A��|

� � �$&	�$&'(��� ��' ��-0��",$ -0��"���$:����'X��-0��",$ �,'*-0��"���$:����'X��-0��",$��� < �,':�G��- '��G�,-X34$:� ���6-0��"���$:�HE7��	�$&� ��� <��,':����- ' ���,-%37$:�
=1P�iAS_`_@EDG^GFRLCS_`jFI>_HK^;@�²AXADI@E^G^IH]PeS � DI@EJELCMKM~FI>_@$N�LC§CS_@\FIHKJ<XZLCD[F�PCT#VW@(LCNYT�PeDIJ\@�PeS�FR>A@�DGHK§e>oF;^IH]`_@PQT � h �;x��_�U0C|y� =?>_@�LCJ!N3LC§eSA@\FRH]J3ªZ@\MK`»J\PeN3@\^-T�DIPeN´FR>A@!Vc@yF¢LQFIDIPeS»PC^IJEH]MKMKLQFRH]PeS�PQT�FI>_@ � >_PCMK@VW@(LQN LCS_` >ZLQ^<H]FR^�^IPei_DGJE@bT�DIPCN FI>_@b^I@\JEPeS_` FR@\DIN PCS�FR>_@bDGHK§e>oF<^GHK`_@bPeSAM]f � ^IHKSAJE@ � @:DG@Eh®i_H]DI@L9N:P�B¦H]S_§�Vc@ELCN«J\@ESoFR@\D�PCD �z��p SA� ��J\JEPeDG`_HKSA§�FIP�=ULCVAMK@ �_���e� FR>A@:J\PeSoFRDGHKV_iAFIHKPeS H]^4FR>_@\DI@\T�PCDI@À  È x 	 Å � �2 À a Å � �2 |I�50 È � =?>_@�`_J�XZLQDGFÓPCT~FR>A@�JEPC>_@EDG@ESoF?N3LC§eS_@yFÁVW@(LCN T�PeDGJE@¯HK^ÚFR>_@�ªZDI^[FÁFR@\DIN PeSFI>_@<DIH]§e>oF�^GHK`_@4PQT � h �¨x��_�U0C|y� � H]S_JE@¯FR>_H]^�`_J�ªZ@\MK`9X_DGP¦`Ai_JE@\^?HKN3LC§e@E^ÓHKS�FI>_@<N3LC§eS_@yF�XWPeMK@�T{LCJE@\^ �



�­í¢��� �_����� =��&=��	��
 =��

 � � ¥��É± = �
� @a>ZL(Be@aFR>_@\DI@yT�PeDI@<FR>A@<^I@EJ\PeS_`�FR@EDGN�PCT � h �1x{�_� �_��|�� =?>_@<ªZDI^[F?FR@EDGNdJEPCN3@\^�T�DIPeN FR>_@a@EM]@EJyFRDIH]JJ\PeN:XcPeSA@ESoF�PQTÁFR>A@3J\Pe>_@EDG@ESoF-VW@(LQN T�PeDIJ\@ � ��TvFR@ED$DI@ í LCDGDRLCSA§e@EN:@ESoF � FI>_@3J\Pe>_@\DI@ESoF�FRi_S_@3^I>_H�TvF� H�FR>�XW@ES_@yFRDRL­FRHKSA§�ª_@EMK`A^�DG@(LC`A^< Ã Å � �57698 p À ��� Æ ��~�i È Ã Å � �Æ b x[�ZÀ) È | 	 Å�� �20 È }  È a Å�� �20 È } 
  È a Å � �È

� È e > x��_�Ë�o·e|
��
�� 
�
 ���
�)���)��� � �."  #-

± PeDÁV_i_S_J¢>_@\`�VW@(LCN � � @ � PCi_MK`�MKH]£C@�FIPbJEPeN:X_iAFI@4FR>_@<N3L­²¦HKN�i_N FIi_S_@<^G>_H]TvFI^ � >_@ES�FR>_@<VW@(LQNJ\i_DIDG@ESoF�HK^?L­F?H]FI^ÁMKPgJ(LQM¤N3L­²¦HKN-i_N � : @4FI>_@EDG@\T�PeDG@<`_H]BgHK`A@4Vof�FR>A@<V_i_S_J¢>_H]S_§bT{LCJ\FIPeD ³ ^Gi_H]FRLCV_M]f^GP<FR>ZLQFUFR>_@?V_iAS_J¢>�HKSoFR@\S_^IH�F¼f � HKM]M¦VW@?X_DGPeXc@\DIM�f�@\S_>ZLCS_J\@E` � 
�PCFRH]JE@ÁFI>ZLQFÚLQJ�N�LQ§eS_@\FIHKJ5ªZ@EM]`:SAP �J\PeN:@E^#T�DIPCN
F � P$^GPei_DGJE@E^��#FRDILCS_^GBC@EDG^I@�Vc@yF¢LQFIDIPeSbPe^GJEH]MKM�L­FRHKPCS�PCT°FR>A@?V_i_S_J¢>3LCS_`�MKPCS_§eH]FIi_`_H]SZLCMgPeDL�²AHKLCM®V_i_S_J¢>AHKS_§<PCTAFR>_@�VW@(LQN � ��M�FR>_PeiA§e>�VWPCFR>�@&%c@EJ\FI^ÚLCDI@ÁLCJ � FR>_@\HKD1T�DI@Eh®i_@\S_JEH]@E^&LQDI@ÁH]S-§e@\S_@EDILCMBC@ED[f�`AH %c@EDI@\SoF � =?>_@ÓT�DG@Eh®i_@ESAJ\f$PCTAFIDRLCSA^GBe@\DI^G@ÁVW@\F¢L­FRDIPCS�Pe^GJEH]MKM�L­FRHKPCS4HK^ x 	eÀOÃ Å�� �Æ | Ç Æ �_x×·��1|y� � >_@\DI@
	 H]^aFI>_@:DI@\BCPeMKi¦FRHKPCS¬>_LCDIN:PeS_H]J-JEM]Pe^I@\^GF$FRP9FR>_@�FRiAS_@ � =?>_@E^G@:T�DG@Eh®i_@ESAJEHK@\^-LCDG@bFR>_@\DI@\T�PCDI@:PeS_M]fT�DILCJ\FIHKPeSA^:PQT¯FI>_@jDG@\BCPeMKiAFIHKPeS»T�DG@Eh®i_@ESAJ\f � �<S�FR>_@�PCFI>_@ED�>ZLQS_` � FI>_@�L­²¦H�LCM?V_iAS_J¢>+T�DG@Eh®i_@ESAJ\fH]^<L 0 Ç Æ �_x×·��1| � H�FR> 0 FR>_@�DGT5>ZLCDGN3PeSAHKJ � � >_H]J¢>/HK^4PCTvFI@ES�N3LCSof�FRHKN:@E^¯DI@yBePeM]iAFRH]PeS�T�DI@\h®i_@ES_Jyf �± PeD-FI>_HK^bDG@(LC^GPeS � H]F�HK^bDG@(LC^GPeSZLCVAMK@!FRP¬JEPCS_^IH]`_@EDbFR>A@jLQJ9N�LC§CS_@\FIHKJ!ªZ@\MK`_^:LCDGHK^IH]S_§�T�DIPCN L­²¦H�LQMVAi_S_J¢>_H]S_§ �4��� ��� O CFG�C�H
���JCF�JKN�r��K BDC3
 � � >_HKM]@jFR>A@ LCJ�N3LC§eS_@yFRHKJ�ªZ@EM]`_^�LCDGHK^IH]S_§�T�DGPeN Vc@yF¢LQFIDIPeSPC^IJEH]MKMKLQFRH]PeS�^GPeN3@yFRH]N3@\^?S_PeS í Xc@\S_@\FIDRLQFIHKS_§:LCS_`�^GPeN3@yFRH]N3@\^?Xc@\S_@\FIDRLQFIHKS_§ �� S�FR>_@a@y²¦X_DG@E^G^IHKPCS_^¯VW@EM]P � � � @aFRD[f9LCM]^IPbFRP�HKSAJEMKiA`_@4FR>_@a@J%¤@\J\F¯PCT6FIDRLCXAXc@\`jXZLQDGFRH]JEM]@E^ÁFI>ZLQFJELCDID[f�J¢>_LCDI§e@\^<PCT&FR>A@bPeX_XWPe^IH�FR@�^GHK§eS � =ULQ£C@�L�X_DGPCFRPCS/Vc@ELCN � T�PeD�@�²ALCN3XAMK@ � @EM]@EJ\FIDIPeSA^4J(LCS/VW@FIDRLCXAXc@\` � §eH]BgHKSA§�L:S_@\iAFRDILCMKH]¡(LQFIHKPeS�JEPg@�
:JEH]@ESoF	��
 � � >_HKJ¢>jHK^?`_@yªZS_@\`/LC^?FR>_@aDILQFRH]P:PQT6FI>_@$FIPCF¢LQMS®i_N�Vc@\D3PCT¯FRDILCX_XW@E`â@\MK@\J\FRDGPeS_^�FRP FR>_@�FRPQF¢LCM;S®i_N-VW@ED:PCT4XADIPCFIPeS_^ � x×± PeD:LCSoFRH]X_DIPQFRPeS�Vc@ELCN �FI>_@<XZLCD[FRH]JEMK@\^ÓFIDRLCX_XW@E`�LCDG@4XWPe^IH�FRH]BC@EM�f3J¢>_LCDI§e@\`�HKPeS_^ �ã| =?>A@4FRDRLQX_Xc@\`�@EMK@\J\FIDIPeS_^ � HKMKMWS_PCFÁFRDRL(BC@EMM]PeS_§eH�FRi_`AHKSZLCM]M]f � =?>A@EDI@yT�PeDI@ � FR>_@yf9PeS_M�f9L %c@EJyF�FI>_@<@EM]@EJyFRDIH]J4T�PeDIJ\@<V_iAF�S_PCF?FI>_@aN�LQ§eS_@\FIHKJ�T�PCDIJE@ �� S�PCFI>_@ED � PeDI`_^ � T�PeD?@EM]@EJ\FIDIH]J<JEPeSoFRDGHKV_i¦FRHKPCS_^ � � @aDI@\X_M�LCJ\@ � Vof xÉ��À ��
 |y�=?>_@$HKS_J\Pe>_@\DI@ESoF;FRiAS_@a^I>_H�TvF?T�PeD;L:VAi_S_J¢>_@\`�VW@(LCNdH]^?@y²¦X_DG@E^I^G@E`/LQ^
< Ã Å�� �243�57698 p/À ��� Æ ��~�i È Ã Å � �Æ b �ZÀ ��


³
a Å � �2
0 È } 
� È a Å � �È

� È À  È � �
³
À � � a Å � �2

0 È } x[�ZÀ ��
 À) È | a Å � �� � 5,8� È Å e >x��_�Ë�eÊo|� � � �$&	�$&'(��� ��' ��-0��",$ -0��"���$:����'X��-0��",$ �,'*-0��"���$:����'X��-0��",$ ��$&	�) 	 Q�$&	�;��� <��,':����- '����,-%34$:� ���6- ��"���$:�!E4��	�$&� ) ����- ���D���,	[3G����' ������"
=?>A@�^G@EJ\PeS_`+FI@EDGN�DI@\X_DI@\^I@\S®FI^�N3LC§eS_@yFRH]J3ªZ@\MK`_^�PCT¯L/^GFRLQFRH]PeSZLCD[f VW@(LCN LCS_` H]FI^-HKN3LC§e@\^bLCS_`



�A�ã· =1i_S_@ � >_H]TvF?T�PCD;L � @(LCN �QíR�,f
FI>_@EDG@\T�PeDG@$FI>_@$i_^IiZLQM1H]S_JEPC>_@EDG@ESoF�N3LC§eSA@\FRH]J<HKN3LC§e@4J\P¦@�
:JEHK@\SoF a Å�� �È � � >_H]J¢>�`_@\^IJEDGHKVW@E^�`_J$N�LC§ íSA@\FRH]J3ªZ@\MK`_^�Xc@\S_@\FIDRLQFIHKS_§�FR>_@�BQLCJ\i_i_N J¢>ZLCN-VW@ED-LCS_` MKLCS_`_H]S_§�L­F�FR>A@!N�LQ§eS_@\F�XWPeMK@\^ ��¥ @EDG@ �FI>_@EDG@�H]^ÓS_P�`_H]BgH]^IHKPCS:Vof�FR>A@�V_i_SAJ¢>_HKS_§$T{LCJ\FIPeD

³ �
VW@EJELCi_^G@ � @<LCDI@;F¢LQMK£®HKS_§$LCVWPeiAF5FR>A@¯`_J�ªZ@EM]`_^J\PeN:HKS_§-T�DGPeN�FR>A@�� ���J�r��
��aVW@(LQN�JEiADIDI@\SoF �=?>_@�FR>_H]DI`/FR@\DIN H]^4T�PeD4FR>_@3LCJ�N3LC§eS_@yFRHKJ�ªZ@EM]`_^�§C@ES_@\DRLQFI@E` T�DIPeN L�²AHKLCM#V_iAS_J¢>_HKSA§�LCSA` L`AH]BgHK^GHKPeS�Vof

³
H]^�FR>_@\DI@yT�PeDI@bS_@\JE@\^I^RLQDGf � � H]S_JE@-FI>_@�LCJbN3LC§eS_@yFRH]J�ªZ@\MK`_^aLCDG@bS_PeS í Xc@\S_@\FIDRLQFIHKS_§ �FI>_@EH]D4JEPCS®FIDIH]V_iAFRH]PeS/HK^¯FR>_@b^ILCN3@-LC^4FR>ZL­F<PCTÚFR>_@bH]S_JEPC>_@EDG@ESoFa@EM]@EJ\FIDIH]J�ªZ@EM]` LCS_`/FR>A@EDI@yT�PeDI@-FI>_@T{LQJ\FRPCD À� È a Å � �2 � : @�N�i_^GF&DG@EN:@EN-VW@ED6FR>ZLQFUFR>_@\DI@�H]^&L�`_J?XZLQDGFUFI>ZLQF&MKLCS_`_^UPeS-FR>_@ÁN�LC§CS_@\FUXcPeM]@T{LQJE@E^ � >_HKJ¢> � @b>ZL(Be@-J\PeS_^GHK`_@\DI@E`¬LCM]DI@ELC`AfjLCS_`�N�i_^GF<SAPCF4VW@�H]S_JEM]i_`_@E`�>_@EDG@bLC§oLCH]S �4± PeD�FR>_H]^DG@(LC^GPeS � � @�S_@E@\`�FRP!DG@EX_MKLCJE@ ³ � 2 Vof ³ � 2 Às�C� =?>_@bLCJ\JEi_DILCJ\f�PCT#FI>_HK^;FR@\DIN�J(LQS�Vc@$HKS¦T�@EDIDG@E`Vof:S_PCFIHKJ\HKS_§$H]FI^5`AHK^RLQX_Xc@ELCDRLQS_JE@ � >_@ES � @�M]@\F ³ Â �e� PeD&FR>_@¯V_i_S_J¢>A@E`9VW@(LCN VW@EJEPCN3@\^5FIPCF¢LCM]M]fiASgVAi_S_J¢>_@\` � ��TvFR@ED;DG@ í LQDIDRLQS_§e@EN:@ESoF � FR>_H]^?HKS_J\Pe>_@\DI@ESoF�FRi_SA@$^G>_H]TvF;VW@EJ\PeN:@E^

< Ã Å � �243�57698 p/À � � Æ ��~�i È Ã Å�� �Æ b � �ZÀ ��
 À  È
³

}  ¨È � a Å�� �2
0 È } 
  1È a Å � �È

� È }qx[�ZÀ ��
 À) ¨È�| a Å � �� � 5,8� È Å e >x��_�Ë�C�®|
± PeD�J\Pe>_@EDG@ESoF�N3PQFRHKPCS � H]FI>9Xc@\S_@\FIDRLQFIHKS_§bN3LC§eSA@\FRH]J¯ªZ@\MK`_^�T�DGPeN Vc@yF¢LQFIDIPeS�Pe^GJEHKM]M�LQFIHKPeS � � @>_L�BC@
< Ã Å � �57698 p/À ��� Æ ��~�i È Ã Å � �Æ b �ZÀ ��


³ 	 Å � �20 È } 
  È 	 Å�� �È� È À  È�� �
³
À � � 	 Å � �20 È e > x��_�Ë� 0e|

� � �$&	�$&'(��� ��' ��-0��",$ -0��"���$:����'X��-0��",$ �,'*-0��"���$:����'X��-0��",$�
� < �,':���G- '����,-%34$:� ���6-0��"���$:�HE7��	�$&� ) ����- ���D�
�,	 3G����' ������"
� >A@EDI@;FR>A@;FI>_HKDG`bFR@EDGN HK^&J\PeSoFRDGHKV_iAFI@E`:VofbFR>_@;N3LC§eS_@yFRHKJÓªZ@EM]`:PQT¤V_iAS_J¢>_HKSA§$T�DG@Eh®i_@ESAJEHK@\^ � � >_HKJ¢>JELCS_S_PQF;Xc@\S_@\FIDRLQFI@�FR>_@4BQLCJ\i_i_NYJ¢>ZLCN-VW@ED � =?>_@aN�LC§CS_@\FIHKJ;ªZ@EM]`_^?`_H]BgH]`_@�H]S®FIP-FR>_@�`_J<XZLCD[F;LCS_`FI>_@!LQJ3XZLQDGF�HKS¬@y²ALCJ\FIM]f FR>A@3^ILCN3@ � L�f�LC^ � h ��x��_�Ë�eÊo|y� FR>_@3@y²¦X_DG@E^I^GHKPeS�T�PeD�H]S_JEPC>_@EDG@ESoF�FIi_S_@^G>_H]TvF �$� @\J(LCiA^I@ � @;LQDI@�F¢LQMK£®HKS_§�LCVWPeiAF&J\Pe>_@EDG@ESoFÚFRi_SA@�^I>_H�TvFR^ � FR>_@?J\P¦@�
3J\HK@\S®FI^ a Å � �È LQS_` a Å � �2 LQDI@DG@EX_MKLCJE@\` � DI@\^IXW@EJyFRH]BC@EM�f�Vof 	 Å � �È LCSA` 	 Å � �2 � ��TvFR@\D4DI@ í LCDGDRLCS_§C@EN:@ESoF � FI>_@bJEPC>_@EDG@ESoF<FRi_SA@b^I>_H�TvFR^� H�FR>�XW@ES_@yFRDRL­FRHKSA§:N3LC§eSA@\FRH]J4ªZ@EM]`_^?T�DIPeNYVc@yF¢LQFIDIPeS�Pe^GJEH]MKM�L­FRHKPCS�VW@EJEPCN3@\^

< Ã Å � �57698 p/À ��� Æ ��~�i È Ã Å � �Æ b � �ZÀ ��
 À) È
³

}  È � 	 Å � �20 È } 
  È 	 Å � �È� È e > x��_�Ë� @o|
± H]SZLCMKM�f � � @-J\PeN3@aFRP�LCJ�N3LC§eSA@\FRH]J<ªZ@EM]`_^�FI>ZLQF4LCDI@$S_PeS í Xc@\S_@\FIDRLQFIHKS_§:JEPCN3H]S_§:T�DGPeN VWPCFR>



�­í[·�S �_����� =��&=��	��
 =��

 � � ¥��É± = �
L�²AHKLCM~V_iAS_J¢>_HKSA§�LCSA`jVW@\FRLQFRDGPeS�Pe^IJ\HKMKMKLQFRH]PeS � =?>_@$JEPe>_@\DI@\S®F�FRiAS_@a^I>_H�TvFR^;LCDG@< Ã Å � �57698 p/À ��� Æ ��¤�w È Ã Å � �Æ b �ZÀ ��


³ 	 Å�� �20 È } 
� È a Å � �È
� È À  È 	 Å � �2 À a Å�� �2

0 È À  È � �
³
À � � 	 Å � �20 È e >x��_�Ë� We|� � � �$&	�$&'(��� ��' ��-0��",$ - ��"���$:����'*��- ��",$ �,'X-0��"���$:����'*�
-0��",$ �,'*-0��"���$:����'X��-0��",$��� <��,':����-h' ���,-%37$:� ���0- ��"���$:� E4��	�$&� )+����-d�����,�G��<,$:����$ )+����-h�������,	�3U����'��G����"-0�,�������

¥ @EDG@ � FI>_@�L­²¦H�LCMOV_iAS_J¢>_HKSA§!XZLCD[FR^¯LCDI@aBe@\DGfj@y²ALCJ\FIM]f9FI>_@�^ILCN3@�LC^�HKS � h �Ux{�A�Ë�x0C| VW@EJELCi_^I@$FR>_@yf`A@E^IJ\DIH]Vc@<@�²_LQJ\FRM�f�FI>_@<^RLCN:@<LCJ�N�LC§CS_@\FIHKJ�ªZ@\MK`_^ÁJEPeN:HKS_§�T�DIPeNYL­²¦H�LCMcV_i_S_J¢>AHKS_§ � �¯^�T�PeDÁFI>_@<`_JN3LC§eSA@\FRH]J�ª_@EMK`A^ � FI>_@�J\PeSoFRDGHKV_iAFIHKPeS3HKS � h �~x{�_� �x0e| JEPeN:@E^ÓT�DIPeN VWPCFR>3FR@EDGN3^ÓPCT~FI>_@4VW@(LCN T�PeDGJE@PCS�FI>_@aDIH]§e>oF;^IHK`A@<PCT � h �1x{�A�U0e| LQS_`�JEPeSoFRDGHKV_i¦FR@E^?FI>_@aJEPg@�
:JEH]@ESoF 	 Å � �È �Ú¥ @\DI@<FR>_@a`_J<N3LC§eSA@\FRH]Jª_@EMK`A^$J\PeN:@-T�DIPeN PeS_M�f�FR>A@�ª_DI^GF<FI@EDGN PCT5FR>_@bVW@(LCN©T�PeDIJ\@�LCS_` JEPeSoFIDIHKVAiAFR@ a Å � �2 HKS_^[FR@(LQ` � T�PeD@�²ALCJ\FIM]f!FI>_@a^RLCN:@aDI@(LQ^IPeSjLC^;HKS � h �1x{�_�ËÊDfo|�� =?>_@�X_LCDGF;PCT1FR>A@$^G@EJ\PeS_`jFI@EDGN�FR>ZL­F¯J\PeN:@E^�T�DIPCNVW@\FRLQFRDGPeS�Pe^IJ\HKMKMKLQFRH]PeS»PCT¯FR>_@�VW@(LCN�§eH�Be@\^3DGHK^I@9FIP¬FI>_@j^G@EJ\PeS_` MKLC^GF�FR@\DIN�PCT � h �¯x��_�Ë� We|y� T�PeD@�²ALCJ\FIM]f�FI>_@4^ILCN3@�DI@(LQ^IPeS�LC^�H]S � h �¨x{�_�ËÊDfo|�� �¯TvFI@ED�DG@ í LQDIDRLQS_§e@EN:@ESoF � FR>AHK^�J\Pe>_@EDG@ESoF?FRiAS_@<^I>_H�TvFFRLC£C@\^�FI>_@<T�PeDIN
< Ã Å � �57698 p À ��� Æ ��~�i È Ã Å � �Æ b �ZÀ ��
 À) È

³ 	 Å � �20 È } 
� È a Å � �È
� È }  È a Å � �20 È e > x��_�Ë�5�o|

����� �  ��2<*�� "-' � � 
 � ��"�
 � 2<*���2�8 
 2¯ &*Ú%E2<.
=?>A@:@\MK@\J\FRDGHKJ�LCS_` N�LQ§eS_@\FIHKJ�HKN3LC§e@�J\P¦@�
:JEHK@\SoFR^<>ZL(Be@�VW@E@\S¬J\PeN:X_iAFR@\`/T�PeD�PCFI>_@ED<§C@EPeN:@\FIDIHK@\^PQT�FI>_@�BQLCJEi_iAN J¢>ZLCN-VW@ED�� JEH]DIJ\i_M�LCD�JEDIPC^I^�^I@\J\FRH]PeS � @EM]MKHKX¦FRHKJELCM;JEDGPe^I^�^I@\J\FIHKPeS � ·¦�?ÊA�����Ä� LCS_`DG@EJyF¢LCS_§Ci_M�LCDaJ\DIPe^G^�^G@EJ\FIHKPeS � 0��Ä� LCSA` @\BC@ES � H]FR> FR>A@3VW@(LCN«P�% í JE@\S®FI@EDG@E` � =?>_@3J\PeN:X_iAF¢L­FRHKPCS_^T�PCD�FR>_@$DI@\J\F¢LQS_§ei_MKLCD;LCS_`�@EM]MKHKX¦FRHKJELCM°JEDGPe^I^�^I@\J\FRH]PeS_^�HKSoBePCM]Be@aPeSA@$PCD?N3PeDG@4FR>ZLQSjPeSA@$J\PeSAT�PeDGN�LQMN3LCX_XAHKS_§e^;LQS_`9FR>_@aDI@\^Ii_M�FR^�LCDG@$§CH]Be@\SjH]S9FR@EDGN3^?PQTU@\MKMKH]XAFRH]J(LCM°T�i_S_JyFRH]PeS_^ �
��
�
 
�� � ���+��� � "%�
	 "%��� �  � �)"  �� ���

=?>A@�^GH]FIiZLQFRH]PeSbPCTWJEH]DIJ\i_M�LCDUJEDIPC^I^Ú^I@\J\FRH]PeS � H]FI>�LCS�PeS í J\@ESoFR@\DÚVc@ELCN H]^&DRLQFI>_@ED&^GHKN:X_MK@ � � PeSA^IHK`A@EDL-M]HKS_@¯J¢>ZLCDG§e@4PCT1MKH]S_@(LQDÓ`_@\S_^IH�F¼f ` 2 LQF?MKPgJ(L­FRHKPCS ¹ p S LCS_` z�pY�z32 H]S_^IH]`_@�FR>A@4J\fgMKH]S_`_DGHKJ�VW@(LQNXAHKXW@�PQTODRLC`AHKi_^ � � H]FI>3H]SAªZS_H�FR@\M]f-J\PeS_`_iAJ\FRH]S_§ � LCM]MK^ � : @�X_MKLCJE@¯LCS:HKN3LC§e@?MKH]S_@?J¢>ZLCDG§e@�PQT~MKH]S_@(LQD`A@ES_^GH]F¼f ` È LQF;M]P¦JELQFRH]PeS ¹ p S LCS_` z�pY�z È LC^?^G>_P � S�H]S�M]@\TvF;X_M]PCF?PCT ± H]§ �_�_�10¦�



�A�¸Ê ��FR>_@\D��5LCJEi_iAN � >ZLCN-VW@EDX\<@EPeN:@\FIDIH]@E^ �QíÉ·¦�

r2

y
1

y
1

y
2

λ1

λ2
λ2

λ1

y
2

r1

b

P
(x  ,y  )11 

θ

± HK§ei_DG@ �_�10 ���[$:)+�1EG	��,����	�	�������������$&�!� 	�����$X'�������",$?;�$&�������L>�� 2 �������
;�$X� '(>J	
����;����
':�,	 34$&�,-EG��E4$S��8 ��$:�I<,$:������':�,	�	�> 3J>TAC 2 Z �S��$:��$!�
�I�,�=��-0��",$�	�����$S' ������",$ ;�$&�������N>�� È ���?AC È ����' � ���G�������$ $&	�$&'(������'1E4�,��$&�@�����,	7< �,���
����$&�K��� $:<,$:��>=E7���
�9��� ��� ����$�34$&�,- EU��E4$,Z �H��"��@�OEU	��,�O����� �!�����$X'(��-%3G����$&; $&	�$&'(��� ��' )+�,��'($X�,'(������" �����?�!������$&���S	�����$�'��G����",$%��� �
	 2�� C 2 � Z
=?>_@$@EM]@EJ\FIDIH]J<XcPCFI@ESoFRHKLCMOLQF;XWPeH]S®F�

PeS�L�J¢>_LCN-VW@ED � LQMKMOLQF¯LCS�LCSA§eMK@ � HK^?§CH]Be@\S�V®f��� p
À _�` 2·��2a Æ M]S � 2UÀ _�` È·��2a Æ M]S � È � x��_�Ë�Dfo|

� >A@EDI@ �
� È 2 pY�z È2 } � È À�·¤�z32 �cJEPC^ � �
� ÈÈ pY�z ÈÈ } � È À�·¤�z È �cJEPC^ � > x��_�U0 So|

= � P!LQ^I^I@\DGFIHKPeS_^�LCDG@<N�LQ`_@4�
�z È p

� È�z32 LCS_` ` È p À ` 2 > x��_�U0g��|:�@ÁPCVAF¢LCH]S$T�DGPeN FR>A@ÓªZDG^GFULC^I^G@EDGFIHKPeS$FR>ZL­F � ÈÈ p � È2 x � È �~�z È2 |y� =?>_@ES�FI>_@Á^G@EJ\PeS_`bLC^G^I@\DGFRH]PeS�@\S_^IiADI@E^FI>ZLQF4FI>_@-@\MK@EJyFRDGHKJ-XWPCFR@\SoFRH�LQM���� BQLCS_H]^I>_@\^aLC^IH]`_@�T�DGPeN«L!J\PeS_^[F¢LCSoF4T�PeD4LCSof�XWPeHKSoF�PeS�FR>_@ � LCM]MPQT6FI>_@aJ\fgMKH]S_`_DIH]J(LCMcBCLQJEi_i_N�J¢>ZLCN-VW@ED �



�­í[·e· �_����� =��&=��	��
 =��

 � � ¥��É± = �
=1P9JEPeN:X_iAFI@�FR>_@bH]N�LQ§e@$T�PCDIJE@ � X_MKLCJE@bL � H�FRS_@\^I^<M]HKS_@$J¢>ZLCDG§e@�LQF ¹ p ¹ 2 LQS_` z�p
z32¢� LC^H]MKM]i_^GFIDRLQFI@E`!H]S�FI>_@<DIH]§e>oF;X_MKPQF?PCT ± HK§ �A�_�10¦� =?>_@a@EM]@EJyFRDIH]J4T�PeDIJ\@<@y²¦@ED[FR@\`�PeS9FR>A@ � H]FRSA@E^I^�J¢>ZLCDG§e@Vof9FI>_@aHKN3LC§e@4>ZLQ^�FR>_@ z J\PeN3XWPeS_@\SoF

r t�� t 5m _ p _�` 2·��2a Æ
� È�z32 À»z32¹ È 2 } � � È�z32 À»z!2 � È

ÀcÂ _�` 2·��Fa Æ �z32� È � x��_�U0C·e|
� >A@EDI@ÓHKS<FR>A@ÓMKLC^GF1^GFI@EX�PeS_M]f�FR@EDGN3^¨M]HKS_@ELCDOHKS z32 LCS_` �z32 LCDI@ÚDI@yF¢LCH]S_@E` � �¯JEJEPCDI`_H]S_§¯FIP � h �¦x{�_����Êo|��< ÃAÅ243�57698 p
À ��� Æ ��¤�w È Ã ÅÆ a Å 2� È LCS_` < Ã¦Å57698 p À � � Æ ��~�i È Ã ÅÆ 	 Å2� È � x��_�U0QÊo|
� @�H]N3N:@E`AH�LQFI@EM]f:PeV¦F¢LCH]S�FI>_@$HKS_J\Pe>_@EDG@ESoF�LCS_`�J\Pe>_@\DI@ESoF¯@EM]@EJ\FIDIH]J$H]N�LQ§e@<JEPg@�
:JEH]@ESoFR^;T�PeD�L�JEHKD íJ\i_M�LQD?Vc@ELCNdX_H]Xc@ �

aIÅ 2 p S LCS_` 	 Å2 p �· > x��_�U0­�®|� @EJ(LQi_^I@$PCT1FR>_@aJ\fgM]HKS_`_DGHKJELCM~^GfgN:N3@yFRD[f � � @�LQMK^IP�>ZL(BC@a � 2 p S LCS_` 	 �2 p �· > x��_�U0�0e|� F1H]^1SAPCF1^Ii_DGX_DIH]^IHKSA§;FIP¯^G@E@ÚFR>_@ÚH]S_JEPe>A@EDI@\SoFU@\MK@EJyFRDGHKJÚHKN3LC§e@#J\P¦@�
:JEHK@\SoFR^¨BCLQS_HK^G> � =?>AHK^¨HK^¨VW@EJ(LQi_^I@L­F?FR>_@aXWPeHKSoF;PCT6PeV_^G@EDGBQLQFIHKPeS�PCT1FR>A@ � H�FRS_@\^I^�J¢>ZLCDG§e@ � �� c �^ p SA� MK@(LQ`_HKS_§-FIP a Å 2 } a � 2 p S¦�
��
�
 
�� ��� ��� 
�� � �," � 	 "%��� �  � �)"  �1�.������������	� 
���
���������������������� �
=?>A@�@EM]MKH]XAFRH]J(LCM�J\DIPe^G^�^G@EJ\FIHKPeS+PCT4FI>_@�BQLCJ\i_i_N J¢>ZLCN�Vc@\D�>ZLC^ I �4� Q � B	!�K I � LCS_` I �4� Q I �JB 
 I K
0#" � � =?>_@yf�LCDI@aLQMK^IP�£®S_P � S�LQ^;FI>_@aN�L��GPeD?LCS_`�N:HKS_PeDÁDRLC`_H]H � =?>A@aT�PgJ(LQM~XcPCHKSoFR^�LCDG@<PeS�FI>_@>APeDIH]¡EPeSoF¢LQM¨L­²¦HK^�LQF;`_H]^GF¢LQS_JE@%$ p + � È À 0 È T�DIPCN�FR>_@aJ\@ESoFR@\D � � PeSA^IHK`A@ED¯L�M]HKS_@<VW@(LQN PeS�FI>_@>APeDIH]¡EPeSoF¢LQMcL�²AH]^ÁL­FÁ`_H]^GFRLCS_JE@ ¹ T�DIPeN FI>_@�J\@ESoFR@\D � =?>_@4H]N�LQ§e@?JEPg@�
:JEH]@ESoFR^ÁJ(LCS!VW@�PeVAF¢LQHKS_@\`�VofXW@ED[T�PeDIN:HKSA§aF � P�J\PeSAT�PeDGN�LQMZN�LCXAX_HKS_§C^�� ·¦�gÊA�o� �Ä� =?>A@�`_@\DIH]BQLQFIHKPeSA^ÚLCDI@�DRLQFI>_@ED5HKSoBCPeM]BC@E` �&¥ @EDG@ �� @$PeS_M]f�X_DI@\^I@\S®F�FR>A@$DG@E^Gi_M]FI^ � : >_@ES�FR>_@aVW@(LCNYHK^;HKSA^IHK`A@�FR>_@<T�PgJ(LCM¤XcPeH]SoFR^ ; PeD S&" ¹ " $ �

a Å 2 p
À%a � 2 p 0 È��·�' È
(*) � ·,+� JES;`_S � È } @�+.- µ È ¹ ^GS�/' JES;`_S À � $ È } 0 ¹ È·�' È 0 � x��_�U0 @o|X ë~Ù�ÎGÛ×Î~Î21�á�ÏÄÎGÛÄÛ{Þ¸ÔyÕ­ÛAØ�ÏÄÎ¤á�Ï×ÎIÛ{ÎGÕEÖ×ÎGå5ß ÏÄÔyÝ fih(ÛGê j43�kon®Ö×Ô�j43Rm&ngÞËÕ65OÎ[ß�ê�7 |98Kê_ë~Ù�Î~Î21�á�ÏÄÎGÛÄÛ×ÞËÔ\ÕÚß Ôyä¸ä¸Ô¢ÑOÞËÕ�æ$fihCê j:3�konÞ¸Û~Þ¸Õ­ÒÉÔ\Ï×ÏÄÎGÒÉÖWÖÄÙ­Ø¢Ö~Ö×Ù­Î#ß�ØyÒ¼ÖÄÔyÏ$j7{<;>= q ;?=A@.ncÞ¸Õ�ÖÄÙ�Î#ÝÁÞãå�å�ä¸ÎUÖ×ÎGÏ×Ý�Û×Ù�Ô\ç�ä¸å�Ù­ØRÜyÎUàCÎ[Î[Õ j7{<;gtB= q ;&=A@�n¼ê°ë~Ù�ÎDC­Ï�Û�Öß�ØyÒ¼ÖÄÔyÏOÞ¸Õ�fihCêxj43Rm&n¤Ø¢ß ÖÄÎ[Ï~Ö×Ù­Î&ÔyáCÎ[Õ�Þ¸Õ�æ;ÛZh\çQØ�ÏÄÎ6à�Ï�ØyÒ*E\ÎÉÖIÐ j {�F�= qHG�q n¼ÐQÛ×Ù�Ô\ç�ä¸å¯Ù­ØRÜ\Î6àCÎ[ÎGÕ j {�F>= qIG @�n¼ê



�A�¸Ê ��FR>_@\D��5LCJEi_iAN � >ZLCN-VW@EDX\<@EPeN:@\FIDIH]@E^ �QíÉ·CÊ

	 Å2 p 0 È��' È
( � ·,+ `_S� J\S � È } ·,+.- µ È ¹ ^GS��' JES;`_S À $ È } ¹ È' È 0 � x��_�U0�We|

	 �2 p À 0 È� ' È
(
� �;À - È ^IS ��� � ·,+.- µ� JES;`_S � È } ·,+.- µ È ¹ ^GS�/' JES;`_S À $ È } ¹ È' È 0 � x��_�U0 �o|

� >A@EDI@ )
p � ·4À -¦È � À 2È � �Ó} -¦È � È ^GS ÈÚÀ -¦È � �;À�·�-¦È � ^IS � � x��_�U0@fo|LQS_` ' È p $ È À ¹ È p � È À 0 È À ¹ È > x��_�1@�So|=?>A@�LCDG§ei_N:@ESoFR^?PQTUFR>A@��eLQJEPeV_HKLCS9@EM]MKH]XAFRH]J¯T�i_S_JyFRH]PeS_^;^IS � J\S � `_SjLCDI@

� ·,+ x -_|� ^IH]S � 2 x ¹ � $ |��<- � � x��_�1@¦��|
� >A@EDI@ +´p + x -_| HK^?FR>A@�J\PeN3XAMK@\FI@a@EMKM]HKXAFIHKJELCMcT�i_SAJ\FRH]PeS�PCT#FR>A@$ªZDG^GF¯£®HKS_`�LCS_` - HK^;J(LQMKMK@\`�FI>_@� G !�M3� M O � � =?>_@$JEPeN:X_MK@\N3@\SoF¢LCD[f!N:P¦`_iAMKi_^ - µ H]^?§eH]BC@ES�Vof- µ p + ��À - È > x��_�1@e·e|:�@<ªZDI^[F�JEPeN:X_iAFI@aFI>_@ CFG � � � `_@yªZS_@E`�LC^

� p @y²¦X b À ��+ µ x -_|+ x -_| e � x��_�1@CÊo|
iA^IHKSA§�FI>_@a@y²¦X_DG@E^I^GHKPeS

� p � À 0� } 0 � x��_�1@Q�®|
FI>_@ES�FR>A@$J\PeN:X_MK@\N3@\S®FRLCDGf�N3Pg`_i_M]i_^ - µ i_^GHKS_§��

- µ �	 p �Á}+·
��
	 - 2 x[À$��| 	 � 	 	

�Ó}+·
��
	 - 2 � 	 	 � x��_�1@ 0e|

LQS_`�ª_SZLCMKM�f3FI>_@aN3Pg`_i_M]i_^ - FR>_DGPei_§e> � h �1x{�_�A@o·e|��
#�
 ÔyÝ�Î°Ø�ç�Ö×Ù�Ô\ÏÄÛ®Øyä¸Û×Ô¨å�Î C­Õ�ÎZÖÄÙ�Î
������������������� & = q Ø�Õ­åUÖÄÙ�Î��������! "�#�$�#%&������'(�����)���$�#�*�#�+�-, & =.,Aq*&\{BF���ê
/ ë~Ù�Þ¸Û¤ß Ô\Ï×ÝÓç�äãØÓÑ~ØyÛ~Û{ÖÄØ�Ö×ÎGå�ÑOÏÄÔyÕ�æ\äËé?Þ¸Õ�fihCêxjzmon¤Ô�ß 5OÎÉß�ê 7 0H8�ê



�­í[·Q� �_����� =��&=��	��
 =��

 � � ¥��É± = �
¯PQFRHKJ\@4FR>ZL­F?@(LCJ¢>�FR@\DINdH]S � hg^ �1x{�_�10�@o|��Ox��_�U0�We|y� LQS_` x{�_�104�o| VW@EJ\PeN:@E^?^IH]S_§ei_MKLCD � >_@\S�FI>_@VW@(LQNYLQX_X_DIPeLCJ¢>_@E^5FR>_@;T�PgJ(LCM°XWPeHKSoFR^ÚPCT¤FR>_@�@EM]MKHKX¦FRHKJ?J\DIPe^G^Á^G@EJ\FIHKPeS �&¥ P � @\Be@\D � FI>_@�^GHKS_§Ci_M�LCDGH]FIHK@E^JELCS_J\@EM~@ELCJ¢>9PCFR>A@ED�H]S!@(LCJ¢>�@�²AXADI@E^G^IH]PeS!FRP�LCDGDIH�Be@4L­F?L�ªZS_H�FR@�BCLQMKi_@�LC^ ¹ Â $ �Ú± PeD5FI>_HK^ÁDI@(LQ^IPeS`APei_V_M]@�X_DG@EJEH]^IH]PeS!N-i_^[F?VW@�i_^G@E`�HKS3@\BQLCMKi_LQFRH]S_§�FI>_@E^G@4@y²¦X_DG@E^I^GHKPeSA^ � ��H]§e>oF�LQFÓFR>_@¯T�P¦JELCMcXWPeH]S®FI^FI>_@aHKN3LC§e@4J\P¦@�
:JEHK@\SoFR^�Vc@\JEPeN:@��
a Å 2 p À/a � 2 p 0 ÈÊ�@ S $ È (

� �?À � @ - È } - � � � ·,+� � � } � S � �Ó} - È � � · +� � È À �e� 0 � x��_�1@�@o|
	 Å2 p 0 È����S $ È (

�É·;}s��Ê - È }+·�- � � � ·,+� � � } 0 �I�Ó} - È � � · +� � È À W 0 � x��_�1@ We|
	 �2 p À 0 È��� S $ È (

· � �;À � @ -¦È6} - ��� � ·,+� � � } 0 � �Ó} -¦È � � ·,+� � È À W 0 > x��_�1@4�o|: >_@\S�FR>_@�Vc@ELCN HK^�PeiAFI^IH]`_@$FI>_@aT�P¦JELCM¨XcPeH]SoFR^;PeD ¹�� $ � FR>_@$HKN3LC§e@<J\P¦@�
:JEHK@\SoFR^<LC^G^Ii_N:@FI>_@<T�PeDIN �

aRÅ 2 p
À%a � 2 p 0 È��·,' È
(
³ 2 � ·,+� ^IS�JES � È } @�+ ¹ `_S�/' ^IS;JES¬À � $ È } 0 ¹ È·�' È 0 � x��_�1@Jfo|

	 Å2 p 0 È� ' È
( � ·,+ JES� ^GS � È } ·,+ ¹ `_S�/' ^IS�JES À $ È } ¹ È' È 0 � x��_�UW So|

	 �2 p À 0 È��' È
(
³ È � · +� ^IS;JES � È } ·,+ ¹ `_S�/' ^GS;JES¬À $ È } ¹ È' È 0 � x��_�UWg��|

� >A@EDI@
³ 2Úp ! È À 2È � �<À - µ È � ^GS È#} �I�Á} - µ È � ^IS � � ³ È p �;À�· ^IS È#} - µ È ^GS � > x��_�UWC·e|��S_MKH]£C@4FI>_@a^IH]FIiZLQFIHKPeS � >_@\SjFI>_@aVc@ELCNdHK^?H]S_^IH]`_@4FR>A@aT�PgJ(LQM~XcPCHKSoFR^ � >_@EDG@' ÈÓp ¹ È5À $ ÈÓp ¹ ÈÓÀ � È6} 0_È�� x��_�UWQÊo|

� ÞËÕ�5OÎÉß�ê�7 |98KÐ®Þ¸Õ��¨á�áCÎ[ÕQå�Þ 1	�Lj ßZn¼Ð¦Ö×Ù­Î C­ÏÄÛ{Ö#Ö×ÎGÏ×Ý Ôyß�

�( Ñ~ØyÛ��,t Fp{r|B= q ;�tB=A@��ÁÑOÙ­Þ¸Ò�Ù�Ù­ØyÛ&Ø�ÑOÏÄÔyÕ�æ4Û×ÞËæ\Õá�Ï×ÎIÒÉÎIå�ÞËÕ­æ {.|B= q ØyÛUÒÉÔyÝ�á­ØyÏ×ÎIå<ÑOÞËÖ×Ù�Ôyç�Ï$fihCê�jlkQê mA3Rn¼ê��vÕ 5OÎÉß�ê 7 k�8�ÐgëAØ�à�ä¸Î����¼Ð��ZØ�Ï×Ö�j�Ò.n¼ÐeÖÄÙ�Î�Î21�á�ÏÄÎGÛÄÛ{Þ¸ÔyÕ<ß Ô\Ï���(ÑOÙ�Î[Õ�� &��(Ð­Ù­ØyÛOØyÕ¯Ô¢Ü\Î[Ï�Ø�ä¸äQÞ¸Õ­ÒÉÔ\Ï×ÏÄÎGÒÉÖ¨Û{Þ¸æyÕ®ê
� �vÕ 5OÎÉß�ê�7 |�8�Ð��1á�áQÎGÕ­å�Þ 1��Lj�Î.nÉÐ\ÖÄÙ�Î1Î 1�á�Ï×ÎIÛ×Û×Þ¸ÔyÕ­Û°ß ÔyÏ � _( Ð�
&_( Ð�Ø�Õ­å!
#"( Ø�ä¸ä­ÙQØRÜyÎ¨Õ�ÎGæ\Ø�Ö×Þ¸ÜyÎ1Û×ÞËæ\Õ­Û°Þ¸Õ?ß ÏÄÔyÕEÖWÔyßoÖ×Ù�ÎÝÁÞãå�å�ä¸Î�Ö×ÎGÏ×Ý?Û#Þ¸Õ­Û×Þ¸å�Î�ÖÄÙ�Î;ÛZh\çQØ�ÏÄÎÓà�Ï�ØyÒ*E\ÎÉÖ�Û[ê�ë~Ù�Î[é�Û{Ù�Ô\ç�äãå$àCÎ;Ø�ä¸ä°áCÔ\Û×Þ ÖÄÞËÜ\Î�Ø\ÛUæyÞ¸ÜyÎ[Õ�à(é fih(ÛGê jlkQê m&}&n¼Ðwjlk­ê 3%$on¼ÐØ�Õ­ågjzk­ê 3 {.nÉêcë~Ù�Î5Î21�á�ÏÄÎGÛÄÛ{Þ¸ÔyÕ¯ß ÔyÏ'&	(UÞ¸Õ%5OÎÉß�ê 7 |98gÙ­Ø\ÛOÖ×Ù­Î&Ö�é(áQÔ�ÖÄÙ­Ø¢Ö G Þ¸Õ4Ö×Ù�ÎÓÛ{ÎIÒÉÔyÕQå�ÖÄÎ[ÏÄÝ+Ô\Õ�Ö×Ù�ÎÚÏÄÞ¸æyÙEÖ1Û{Þãå�ÎÛ{Ù�Ô\ç�äãå¯ÙQØRÜyÎUàQÎGÎ[Õ G q ê



�A�¸Ê ��FR>_@\D��5LCJEi_iAN � >ZLCN-VW@EDX\<@EPeN:@\FIDIH]@E^ �QíÉ· 0
LQS_`�FI>_@ �eLCJEPCV_H�LCS�@\MKMKH]XAFRH]J�T�iAS_J\FIHKPeS_^;^GS � JES � LQS_`j`ASj>ZL(BC@�LCDG§ei_N:@ESoFR^

� ·,+ x -A|� JEPe^G> � 2 x ¹ � $ |��<- µ � > x��_�UW­�®|
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a Å 2 p À/a � 2 p 0 È��· $ È (
� �Ó} - µ È � � ·,+� � È À · 0 � x��_�UW�0e|

	 Å2 p 0 È� $ È ( � ·,+� � È À � 0 � x��_�UW @o|
	 �2 p 0 È� $ È (
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a�� 2 p À/a � 2 p + È x -_|�
b - µ � ^IS È JES È· `_S È À - µ È x[�;À · ^IS È |Ê À `_S È6x×Ê<À � ^IS È }�� ^GS � |@ ^IS È J\S È e � x��_�UW �o|
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	 �2 p + È x -_|� - µ � ^IS È JES È`_S È � x��_�UW@fo|

	 �2 p + È x -_|�
b - µ È x[�;À · ^GS È |O} `AS È^GS È JES È e > x��_� ��So|=?>A@�LCDG§ei_N:@ESoFR^?PQTUFR>A@$@\MKM]HKXAFIHKJ;T�i_S_J\FIHKPeSA^�^GS � JES � `_S�LQDI@

� + x -A|[z Æ0 � - µ � p � + x -_| �0 x[�;À �A|y� - µ � � x��_� �¦��|
� >A@EDI@ z Æ p xÉ�;À �A| � H]^�FR>_@aXWPe^IH�FRHKPCS9PCT6FI>_@aVc@ELCNdN:@(LC^Gi_DI@\`�T�DGPeN�PCS_@<Be@ED[FRH]J(LCM � LCMKM¤PCT6FI>_@BQLCJ\i_i_N J¢>ZLQN-Vc@\D � LCSA` + x -_| HK^�FI>_@aJEPeN:X_MK@yFR@<@\MKMKH]XAFRH]J(LCM°T�i_S_JyFRH]PeS�PCT6FI>_@<ªZDI^[F�£gH]S_` �

¥ @\DI@ � FI>_@aS_PeN:@<HK^?J\PeN3XAiAFR@\`�LCJ\JEPeDG`_HKSA§�FIP
� p _�� È ��� � � � x��_� �e·e|
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� + x -_| �0 ��- µ � p � 2È + µ x -A|y�<- µ ��p � 2È + x - µ |��<- µ � > x��_� �CÊo|
�PCFRH]JE@5FR>ZLQF6FR>_@ÓXc@\DIH]P¦`_^6PCT°^IS � JES � `_S � H]FI>�N:P¦`_iAMKi_^ - µ LCDG@ � + x - µ |�� =?>_@Á@EMKM]HKXAFIHKJELCMCT�i_S_JyFRH]PeS_^^GHKN:X_MKH�Tvf�FRP � @ �
^IS � 2È + x - µ |��<- µ � p �+ �Ó} - � JES � 2È + x - µ |�� - µ � p + -+ �Ó} - � `_S � 2È + x - µ |y�<- µ � p + - >x��_� �Q�®|=?>A@�@\MK@EJyFRDGHKJ<HKN3LC§e@�JEPg@�
:JEH]@ESoFR^;^IH]N3XAMKH]Tvf�FIP

a�� 2 p
À%a � 2 p + È x -_|��· � �;À @ -a} - È � � x��_� � 0e|
	 �2 p + È x -A|� � �;À - � È � x��_� ��@o|

	 �2 p + È x -_| -�� x��_� � We|� >AHKJ¢>�HKSoBePeM�Be@aPeS_M�f�FI>_@aJEPeN:X_MK@yFR@<@\MKMKH]XAFRH]J(LCM°T�i_S_JyFRH]PeS�PCT6FI>_@<ªZDI^[F�£gH]S_` �
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�Ó} �� - È } f@C� - � }�� � - 
 � e � x��_� �Jfo|
� @$J(LCS � DIH�FR@

a � 2 p À/a � 2 p � È�6� b
�;À @ -a} Ê· -gÈÓÀ»Ê�- ! } · WÊo· - � À ÊCÊ� @ - $ }�� � - 
 � e � x��_� f�So|

	 �2 p � È� @ b �;À�·�-a} Ê· - È À - ! } · WÊo· - � À �e�� @ - $ }�� �2- 
 � e � x��_� f¦��|
	 �2 p � È� - b �Ó} �· -¦È6} �e�Êo· - � }�� � - 
 � e > x��_� fe·e|
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