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Ì5Ò�á9ÜÇ�Ð+ÝâÈjÌ ìBÒeÕ±é~Ò�ÒeÐzÕ9ÒeÌfÔ:ÒeßDÇ�ÕjÚ+ß9ÒXÔ+ß9Ê�úÛÖâÒLÇ�ÐÛØ�Ø+ÒeÐÛÈjÝ×Õ�
}Ô+ß9Ê�úÛÖâÒ%Ò � ÝâÈjÕ9ÈÓõ&á�ÒeÐ�ÕjßDÇ�ÖyÜÛÒÓÇ�ÕjÝ×Ð+Þ5ÒT�mÒ�áeÕ9È]Çá�ÒeÐ�ÕjßDÇ�Ö'&_Ç�ÕjÕ9ÒeÐ+Ý×Ð+ÞLÊ�ßnÔ:ÒÓÇ�Ë&Ý×Ð+Þ%Ê�å_ÕjÜÛÒJØ+ÒeÐÛÈjÝ×Õ�
�Ô+ß9Ê�úÛÖâÒ�õØ+ÒeÔBÒeÐÛØ Ý×Ð+ÞLÊ�Ð�ÕjÜÛÒAÕ�
�ÔBÒJÊ�å:Ø ÝâÈ9áDÜÇ�ßjÞÒ�ênÉJÜ+ÝâÈ
ÒT�BÒ�áeÕ]éJÇ�ÈFÈjÚÛá�á�Ò�È9Èjå Ú+Ö×ÖK
�Ò � Ô+ÖâÊ�Ý×Õ9Ò�ØªåæÊ�ßJå¤Ò�Ò�Ø ìÇ�á9Ëªá�Ê�Ð�Õjß9Ê�ÖrÊ�årÕjÜÛÒ�ÈjÜÇ�Ô:Ò%Ê�ånÕjÜÛÒ%Ø+ÒeÐÛÈjÝ×Õ�
�Ô+ß9Ê�úÛÖâÒ�êÉJÜÛÒJÖóÇ�ÈjÕïÔÇ�ßjÕïÊ�åBÕjÜ+ÝâÈïÕjÜÛÒ�ÈjÝâÈ=é~Ê�ßjË�Ý×Ð�øÒ�ÈjÕjÝ×Þ�Ç�Õ9Ò�È	ÕjÜ+ÝâÈïá�Ê�Ú+Ô+Ö×Ý×Ð+Þ�Ì5Ò�áDÜÇ�Ð+ÝâÈjÌ°ìBÒeÕ±é~Ò�ÒeÐ}Õ9ÒeÌfÔBÒeßDÇ�ÕjÚ+ß9Ò
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}é]Ý×ÕjÜªß9Ò�ÈjÔBÒ�áeÕ~Õ9Ê�ÕjÜÛÒôÕ9ÒeÌfÔBÊ�ßDÇ�Ömì:ÒeÜÇÓø�ÝâÊ�ß]Ý×Ð�ß9Ò�ÈjÔBÊ�ÐÛÈ9ÒÏÕ9Ê
ÈjÚÛØ+Ø+ÒeÐ«áDÜÇ�Ð+ÞÒ�ÈXÝ×Ð ÕjÜÛÒ�á�ÒeÐ�ÕjßDÇ�Ö=ÜÛÒÓÇ�ÕjÝ×Ð+Þ�Ô:ÊSéAÒeßÓê>.ôÒeß9Ò�õBÇ}Ü�
 ÈjÕ9Òeß9Ò�ÈjÝâÈÏÖâÊ&Ê�ÔµÝ×Ð«ÕjÜÛÒ�ÖâÊ&áÓÇ�ÖnØ+ÒeÐÛÈjÝ×Õ	
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w ê u )AÖóÇ�È9È9ÝâáÓÇ�ÖyÕjßDÇ�ÐÛÈjÔBÊ�ßjÕüê%êLê%êLê%ê�êLê%êLê%êLê%êLê�ê%êLê%êLêLê%êLê%ê�ê%êLêLê%êLê%êLê%ê �
w êxw v Ò�Ê�áeÖóÇ�ÈDÈjÝâáÓÇ�ÖmÕjßDÇ�ÐÛÈjÔBÊ�ßjÕ ê%êLê%ê�êLê%êLê%êLê%êLê�ê%êLê%êLêLê%êLê%ê�ê%êLêLê%êLê%êLê%ê �
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z êxw ÉJÜÛÒLÒeÖâÒ�áeÕjß9Ê�Ðµá@
&áeÖâÊ�Õjß9Ê�Ðµß9Ò�È9Ê�ÐÇ�ÐÛá�Ò%ÜÛÒÓÇ�ÕjÝ×Ð+Þ 1 è�)2A.>4 êLê%êLê%ê�ê%êLêLê%êLê%êLê%ê u �
z êxz ÉJÜÛÒLÒeÖâÒ�áeÕjß9Ê�Ðµá@
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� êxw �«Ê�ÕjÝ×ø�Ç�ÕjÝâÊ�ÐzåæÊ�ß]ÕjÜÛÒLÒeÖâÒ�áeÕjß9Ê�Ð+Ýâá�ÈFÚ+Ô+Þ�ßDÇ�Ø+Ò ê%êLê�ê%êLê%êLêLê%êLê%ê�ê%êLêLê%êLê%êLê%ê yqy
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&ÔBÒ êLêLê%êLê%ê�êLê%êLê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê y�
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¬ ê u ãôÈ9ÈjÚ+ÌfÔ+ÕjÝâÊ�Ð Ê�åná�Ê�ÐÛÈjÕDÇ�Ð�ÕôØ+ÒeÐÛÈjÝ×Õ	
ªÊ�Ð�&ÛÚ � ÈjÚ+ßNåwÇ�á�Ò�È�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬q 
¬ êxw ÿnÇ�ßDÇ�Ì5ÒeÕ9ÒeßjÝ×ÑSÇ�ÕjÝâÊ�Ð$Ê�ånÕjÜÛÒ%Ø+ÒeÐÛÈjÝ×Õ�
�Ô+ß9Ê�úÛÖâÒûê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬qw

¬ êxw ê u ëJÒeÜÇ�ø&ÝâÊ�ßôÇ�Õ]ÕjÜÛÒ%Ì}Ç�Þ�ÐÛÒeÕjÝâá�Ç � ÝâÈ�êLê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬qw
¬ êxw êxw ëJÒeÜÇ�ø&ÝâÊ�ßôÇ�Õ]ÕjÜÛÒLÈ9ÒeÔÇ�ßDÇ�ÕjßjÝ � êLê%êLê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬qz

¬ êxz ÆôÝâÈ9áeß9ÒeÕjÝ×ÑSÇ�ÕjÝâÊ�ÐµÊ�ånÕjÜÛÒXÖ×Ý×ÐÛÒ%Ý×Ð�Õ9ÒeÞ�ßDÇ�Ö#êLê%êLê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬ly
¬ êxz ê u ÆôÝâÈ9áeß9ÒeÕ9ÒLÈjÚ+ÌfÌ}Ç�ÕjÝâÊ�Ð êLê%ê�êLê%êLê%êLê%êLê�ê%êLê%êLê%êLêLê%ê�ê%êLê%êLêLê%ê ¬q�
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magnetic field lines

magnetic flux surfaces
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ÉPÊQÏ C ÍDÀ Î(Ä�F À Í9¾ÑÐ�ÎXHSÁ
ÿ=ß9Ò�áeÝâÈ9Ò�Ë�ÐÛÊSé]ÖâÒ�Ø ÞÒ}Ç�ÐÛØ$á�Ê�Ð�Õjß9Ê�Ö	Ê�å~ÕjÜÛÒ�Ô+ÖóÇ�ÈjÌ}Ç�Ø+ÒeÐÛÈjÝ×Õ	
«ÝâÈ%Ê�å	Ú+ÕjÌ5Ê�ÈjÕ%Ý×ÌfÔBÊ�ßjÕDÇ�ÐÛá�Ò�Ý×Ð$Õ9Ê�Ë�Ç�Ì}Ç�Ë
Ê�Ô:ÒeßDÇ�ÕjÝâÊ�Ð�Ç�ÈÏÊ�Ð«ÕjÜÛÒ�Ê�ÐÛÒ�ÜÇ�ÐÛØmõ:ÕjÜÛÒ�Ç�á9Ü+ÝâÒeøÒeÌ5ÒeÐ�ÕLÊ�åAÇ}Ü+Ý×Þ�Ü$Ø+ÒeÐÛÈjÝ×Õ	
zÝâÈôÒ�È9È9ÒeÐ�ÕjÝóÇ�ÖråæÊ�ßôÊ�ì+ÕDÇ�Ý×Ð+Ý×Ð+Þ
Ü+Ý×Þ�Ü åæÚÛÈjÝâÊ�Ð�ßDÇ�Õ9Ò�ÈSêzòÛÊ�ßfÇ�åæÚÛÒeÖAÌfÝ � ÕjÚ+ß9ÒÙá�Ê�ÐÛÈ9ÝâÈjÕjÝ×Ð+Þ«Ê�å3�q A@÷Ø+ÒeÚ+Õ9ÒeßjÝ×Ú+Ì�Ç�ÐÛØ �q A@ ÕjßjÝ×ÕjÝ×Ú+ÌzõnÕjÜÛÒß9ÒÓÇ�áeÕjÝâÊ�ÐzßDÇ�Õ9Ò%ÔBÒeß]Ú+Ð+Ý×Õ(øÊ�Ö×Ú+Ì5Ò%ÝâÈ]Þ�Ý×øÒeÐzìM
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é]ÜÛÒeß9Ò�=�ÝâÈ(ÕjÜÛÒ�Ø+ÒeÐÛÈjÝ×Õ	
 Ç�ÐÛØ ÒdÓzÔ
Õ ÝâÈ(ÕjÜÛÒ�ÇÓøÒeßDÇ�ÞÒ�Ê�å=ÕjÜÛÒLÔ+ß9Ê&Ø ÚÛáeÕÏÊ�åïáeß9Ê�È9ÈÏÈ9Ò�áeÕjÝâÊ�ÐµÇ�ÐÛØ ÔÇ�ßjÕjÝâáeÖâÒ
øÒeÖâÊ�áeÝ×Õ�
ê S Ð�ÕjÜÛÒfÊ�ÕjÜÛÒeß%ÜÇ�ÐÛØmõ@ÜÛÊÓé~ÒeøÒeßÓõPÒ � á�Ò�Ò�Ø Ý×Ð+Þzá�ÒeßjÕDÇ�Ý×Ð�Ø+ÒeÐÛÈjÝ×Õ�
µÖ×Ý×ÌfÝ×Õ9È%Ì}Ç�ËÒ�ÈLÕjÜÛÒ�Ô+ÖóÇ�ÈjÌ}ÇØ ÝâÈ9á9ÜÇ�ßjÞÒ	Ú+ÐÛÈjÕDÇ�ì+ÖâÒ	Ç�ÐÛØ%Ì}Çj
ôß9Ò�È9Ú+Ö×ÕyÝ×Ð�Ç]ÈjÚÛØ+Ø+ÒeÐ�Ø ÝâÈ9ßjÚ+Ô+ÕjÝâÊ�Ð�Ê�å+ÕjÜÛÒnÔ+ÖóÇ�ÈjÌ}Ç]áeÚ+ßjß9ÒeÐ�ÕÓênè=ÌfÔ+Ý×ßjÝâáÓÇ�Ö×ÖK
õ
ÕjÜÛÒ%È9Ê�Í±áÓÇ�Ö×ÖâÒ�Øµðôß9Ò�ÒeÐ�é~Ç�ÖâØµÖ×Ý×ÌfÝ×Õ(Õ9Ê�ÕjÜÛÒ�Ç�øÒeßDÇ�ÞÒ�Ø+ÒeÐÛÈjÝ×Õ	
HÖ=�ÜÇ�È]ìBÒ�ÒeÐ�å¤Ê�Ú+ÐÛØn�
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�±ÐzÕjÜ+ÝâÈXÒQL�ÚÇ�ÕjÝâÊ�Ðyõ Û ÝâÈÏÕjÜÛÒLÔ+ÖóÇ�ÈjÌ}ÇÙáeÚ+ßjß9ÒeÐ�ÕLÇ�ÐÛØ�Ý�ÕjÜÛÒ�ÌfÝ×ÐÛÊ�ßôÔ+ÖóÇ�ÈjÌ}ÇfßDÇ�Ø Ý×ÚÛÈSêFãÏÖâÈ9ÊfÕjÜÛÒ�ÈjÔÇ�ÕjÝóÇ�Ö
Ø ÝâÈjÕjßjÝ×ì+Ú+ÕjÝâÊ�ÐzÊ�årÕjÜÛÒôÔ+ÖóÇ�ÈjÌ}Ç�Ø+ÒeÐÛÈ9Ý×Õ	
 1 Ø+ÒeÐÛÈjÝ×Õ	
�Ô+ß9Ê�úÛÖâÒs4~ÝâÈJÝ×ÌfÔBÊ�ßjÕDÇ�Ð�ÕÓê S ÐªÕjÜÛÒXÊ�ÐÛÒXÜÇ�ÐÛØmõÇ�Õ9Ê�Ë�ÇtÍ
Ì}Ç�Ë�Ô+ÖóÇ�È9Ì}Ç%ÕjÜÇ�ÕAá�Ê�Ð�ÕDÇ�Ý×ÐÛÈ]ÇXÞ�Ý×øÒeÐ}Ð�Ú+Ì�ìBÒeß~Ê�åyÔÇ�ßjÕjÝâáeÖâÒ�ÈAé]Ý×Ö×ÖÔ+ß9ÊSø�ÝâØ+ÒFÜ+Ý×Þ�ÜÛÒeß	åæÚÛÈjÝâÊ�Ð5ßDÇ�Õ9Ò�ÈAé]ÜÛÒeÐ
ÕjÜÛÒ}Ø+ÒeÐÛÈjÝ×Õ�
 ÝâÈ�ÐÛÊ�Õ�Ú+Ð+ÝçåæÊ�ßjÌ Ç�Ö×ÖAÊSøÒeß�ÕjÜÛÒÙøÊ�Ö×Ú+Ì5Ò�õnì+Ú+Õ�á�Ê�ÐÛá�ÒeÐ�ÕjßDÇ�Õ9Ò�Ø�Ý×Ð�ÕjÜÛÒÙÜÛÊ�Õ�á�ÒeÐ�Õ9ÒeßÓõ=é]Ý×ÕjÜ
ÖâÊÓéAÒeßXØ+ÒeÐÛÈjÝ×Õ�
µÇ�ÕFÕjÜÛÒ�Ò�Ø ÞÒ�ê]ÉJÜ+ÝâÈFÝâÈôØ ÚÛÒLÕ9Ê}ÕjÜÛÒLÕ9ÒeÌfÔBÒeßDÇ�ÕjÚ+ß9Ò�Ø+ÒeÔBÒeÐÛØ+ÒeÐÛá�Ò�Ê�ånÕjÜÛÒ�áeß9Ê�È9ÈôÈ9Ò�áeÕjÝâÊ�Ð



¬ u êµ�·Ð�Õjß9Ê&Ø ÚÛáeÕjÝâÊ�Ð

Ó Ç�ÐÛØ ÕjÜÛÒº= À Ø+ÒeÔBÒeÐÛØ+ÒeÐÛá�ÒÙÊ�å(ÕjÜÛÒ5å ÚÛÈjÝâÊ�Ð�ßDÇ�Õ9Ò�ê S Ð�ÕjÜÛÒÙÊ�ÕjÜÛÒeß�ÜÇ�ÐÛØmõrÕjÜÛÒeß9Ò�Ç�ß9Ò�È9Ê�Ì5Ò}áeßjÝ×ÕjÝâáÓÇ�Ö
ÈjÔÇ�ÕjÝóÇ�ÖnØ ÝâÈjÕjßjÝ×ì+Ú+ÕjÝâÊ�ÐÛÈXÊ�åïØ+ÒeÐÛÈjÝ×Õ	
 ÕjÜÇ�ÕFÌ}Ç�ËÒ�ÕjÜÛÒ�Ø ÝâÈ9áDÜÇ�ßjÞÒ�Ú+ÐÛÈjÕDÇ�ì+ÖâÒ�Ç�ÐÛØµÕjÜÛÒeß9ÒñåæÊ�ß9Ò�ÜÇ�øÒ�Õ9Ê5ìBÒ
ÇÓøÊ�ÝâØ+Ò�Ømê
S Ð ã%à&ÆXè��a�FÔ+Þ�ßDÇ�Ø+Ò�õ å¤Ò�Ò�Ø ìÇ�á9Ëªá�Ê�Ð�Õjß9Ê�ÖPÊ�ånÕjÜÛÒLÇ�øÒeßDÇ�ÞÒ�Ø+ÒeÐÛÈ9Ý×Õ	
HÖ=�ÝâÈJß9Ê�Ú+ÕjÝ×ÐÛÒeÖK
zØ+Ê�ÐÛÒXì�
�Ý×Ð�Õ9ÒeßNÍ
å¤Òeß9Ê�Ì5ÒeÕjßU
ê S ÐÛÒÙÌ}ÇtýjÊ�ß�Ç�Ý×ÌcÊ�å(ÕjÜ+ÝâÈ�éAÊ�ßjË ÝâÈ�Õ9ÊµØ+ÒeÌ5Ê�ÐÛÈ9ÕjßDÇ�Õ9Ò�Ç�áeÕjÝ×øÒ}å¤Ò�Ò�Ø ìÇ�á9Ë�á�Ê�Ð�Õjß9Ê�Ö]Ê�å(ÕjÜÛÒ
ÈjÜÇ�ÔBÒôÊ�åyÕjÜÛÒFÔ+ÖóÇ�ÈjÌ}Ç�Ø+ÒeÐÛÈjÝ×Õ�
5Ô+ß9Ê�úÛÖâÒ�êïòÛÊ�ß~ÕjÜ+ÝâÈ	Ô+Ú+ßjÔBÊ�È9Ò�õ&ÕjÜÛÒôØ+ÒeÐÛÈjÝ×Õ	
5Ô+ß9Ê�úÛÖâÒÏÜÇ�È~Õ9Ê�ìBÒFá�Ê�Ð�ÕjÝ×Ð�Ú Í
Ê�ÚÛÈjÖK
záÓÇ�ÖâáeÚ+ÖóÇ�Õ9Ò�Øµì�
 Ç5á�Ê�ÌfÔ+Ú+Õ9ÒeßFåæß9Ê�Ì ÕjÜÛÒ�Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ9ÈXÊ�åAÇfÈjÚ+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9ÒeßXÝ×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9Òeß
Ç�ÐÛØ�Ì}Ç�Þ�ÐÛÒeÕjÝâá]Ô+ß9Ê�ìBÒ�ÈïØ Ú+ßjÝ×Ð+ÞLÕjÜÛÒ]Ø ÝâÈDá9ÜÇ�ßjÞÒ�õ�Ç�ÐÛØ�ÕjÜ+ÝâÈïÔ+ß9Ê�úÛÖâÒJÜÇ�È=Õ9Êôì:ÒJÚÛÈ9Ò�Ø�å¤Ê�ßnß9ÒÓÇ�ÖçÍwÕjÝ×Ì5ÒJå¤Ò�Ò�Ø&Í
ìÇ�áDË«á�Ê�Ð�Õjß9Ê�Öwê�ãôÈXÕjÜÛÒfÊ�Ú+ÕjÔ+Ú+ÕLÊ�åAÕjÜÛÒ�Ý×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9Òeß�áÓÇ�Ð�ì:ÒfÇ��mÒ�áeÕ9Ò�Ø$ì�
 Ì5ÒÓÇ�È9Ú+ß9ÒeÌ5ÒeÐ�Õ�Òeßjß9Ê�ß9È
é]Ü+ÝâáDÜzáÓÇ�ÚÛÈ9Ò%Ç�È9Ý×Þ�Ð+ÝçúáÓÇ�Ð�Õ(Ø ÝâÈjÕ9Ê�ßjÕjÝâÊ�ÐªÊ�åPÕjÜÛÒXáÓÇ�ÖâáeÚ+ÖóÇ�Õ9Ò�ØªØ+ÒeÐÛÈjÝ×Õ�
}Ô+ß9Ê�úÛÖâÒ�õ+Ê�ÐÛÒôÌ}ÇtýjÊ�ß~ÔÇ�ßjÕ]Ê�å@ÕjÜ+ÝâÈ
é~Ê�ßjËªÝâÈ]ÕjÜÛÒLØ+ÒeøÒeÖâÊ�Ô+Ì5ÒeÐ�Õ%Ê�åïÇfÈ9áDÜÛÒeÌ5Ò%ÕjÜÇ�ÕôÇ�Ö×ÖâÊSé(È]å¤Ê�ßÏÇ�Ú+Õ9Ê�Ì}Ç�ÕjÝâá�Ø+ÒeÕ9Ò�áeÕjÝâÊ�Ð$Ê�ånÈ9ÚÛá9ÜzÌ5ÒÓÇ�ÈjÚ+ß9ÒñÍ
Ì5ÒeÐ�ÕFÒeßjß9Ê�ß9ÈFÊ�Ð Ç�ÕjÝ×Ì5ÒLÈ9áÓÇ�ÖâÒ%Ê�årÖâÒ�È9È]ÕjÜÇ�Ð Ç�ÌfÝ×Ö×Ö×ÝâÈ9Ò�á�Ê�ÐÛØmê S ÐÛá�Ò%ÕjÜÛÒ%Ø+ÒeÐÛÈjÝ×Õ	
�Ô+ß9Ê�úÛÖâÒXÝâÈFÇÓø�Ç�Ý×ÖóÇ�ì+ÖâÒ
Ý×ÐÙß9ÒÓÇ�ÖçÍwÕjÝ×Ì5Ò�õÛÇ�áeÕjÚÇ�Õ9Ê�ß9È~Ç�ß9ÒÏÕ9ÊLìBÒ]ÝâØ+ÒeÐ�ÕjÝçúÒ�Ø�é]Ü+ÝâáDÜ�Ç�Ö×ÖâÊSé�Õ9Ê�Ý×Ð'&ÛÚÛÒeÐÛá�ÒFÕjÜÛÒÏÈjÜÇ�ÔBÒFÊ�åmÕjÜÛÒÏØ+ÒeÐÛÈ9Ý×Õ	
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ìBÒLÒ � Ô+ÖâÊ�ß9Ò�ØmõÛìÇ�È9Ò�ØzÊ�Ð Õ9Ê�ØÛÇj
hÛ ÈFÚ+ÐÛØ+Òeß9ÈjÕDÇ�ÐÛØ Ý×Ð+ÞÙÊ�å=ÕjßDÇ�ÐÛÈjÔBÊ�ßjÕÓê	òrÝ×ÐÇ�Ö×ÖK
õÛÕjÜÛÒ%åæÒÓÇ�ÈjÝ×ì+Ý×Ö×Ý×Õ�
zÊ�å=Ç�áeÕjÝ×øÒá�Ê�Ð�Õjß9Ê�ÖPÊ�ånÕjÜÛÒ%Ô+ß9Ê�úÛÖâÒLÈjÜÇ�ÔBÒ%ÈjÜÇ�Ö×ÖyìBÒ%Ò � ÔBÒeßjÝ×Ì5ÒeÐ�ÕDÇ�Ö×ÖK
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Ø ÝóÇ�Þ�ÐÛÊ�ÈjÕjÝâá�ÈAÕjÜÇ�Õïé]Ý×Ö×Ö+ìBÒ]ß9ÒeÖâÒeø�Ç�Ð�ÕïÝ×Ð5ÕjÜÛÒ]å Ú+ßjÕjÜÛÒeß	Ø ÝâÈDáeÚÛÈ9ÈjÝâÊ�Ðyê�)AÜÇ�Ô+Õ9Òeß�y�Ø+Ò�È9áeßjÝ×ìBÒ�È=ÕjÜÛÒ]Ô+ßjÝ×ÐÛáeÝ×Ô+ÖâÒ
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&ÛÚ � Ç�ÐÛØ�ÕjÜ�ÚÛÈ]ÐÛÊ�Ø+ÒeÐÛÈjÝ×Õ�
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�ÔBÒÓÇ�ËÒ�Ø�Ý×Ð�ÕjÜÛÒá�ÒeÐ�Õ9ÒeßÓõ@ÒeøÒeÐ�é]ÜÛÒeÐ ÕjÜÛÒfÔÇ�ßjÕjÝâáeÖâÒ5È9Ê�Ú+ß9á�Ò5ÝâÈ%Ê�Ð+ÖK
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þØ Ý��:ÚÛÈ9Ý×øÒµÐÇ�ÕjÚ+ß9Ò�ê �·Ðþá�Ê�Ð�ÕjßDÇ�ÈjÕÓõôÕjÜÛÒeß9Ò$ÜÇ�È�Õ9Ê�ìBÒ�Ç�Ð Ç�Ø+Ø Ý×ÕjÝâÊ�ÐÇ�Ö
Ý×Ð�é~Ç�ß9Ø�ÕjßDÇ�ÐÛÈjÔBÊ�ßjÕ~Ì5Ò�á9ÜÇ�Ð+ÝâÈjÌ é]Ü+ÝâáDÜ�ìÇ�ÖóÇ�ÐÛá�Ò�È~ÕjÜÛÒôØ Ý��:ÚÛÈ9Ý×øÒÏÊ�Ú+Õ·é~Ç�ß9Ø�ÕjßDÇ�ÐÛÈjÔBÊ�ßjÕJÇ�ÐÛØ�Ç�Ö×ÖâÊÓé(È~å¤Ê�ß
Ç�ÐzÒQL�Ú+Ý×Ö×Ý×ì+ßjÝ×Ú+ÌüÔ+ß9Ê�úÛÖâÒ%é]Ü+Ýâá9ÜµÝâÈ(á�ÒeÐ�ÕjßDÇ�Ö×ÖK
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õ	ÕjÜÛÒ�å¤Ê�Ö×ÖâÊÓé]Ý×Ð+Þ�Ç�ÐÛÈdÇ�ÕjÑªÝâÈ�Ì}Ç�Ø+Ò�åæÊ�ß�ÕjÜÛÒ�ÔÇ�ßjÕjÝâáeÖâÒ¯&ÛÚ � Êâ Ç�ÐÛØ�ÕjÜÛÒ�ÜÛÒÓÇ�ÕB&ÛÚ � Êãiä 3Xå�æ× �&õG¬ õI Ø �

Êâ,ÝçM : Êè�=y3�M ¾héy=y3 Êè ;; , ÊÔ�ê =y3 1 w ê u 4
Êãiä 3Xå�æ ÝçM�ëY= 3YÊè ; , ÊÔ�ì = 3 ; 1 w êxw�4
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2. Temperature−dependent drift
1. Initial temperature perturbation

3. Density perturbation
4. Electric field

5. ExB drift
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}Ê�åyÕjÜÛÒ]úÛß9ÈjÕ~Ò � áeÝ×Õ9Ò�Ø�ÈjÕDÇ�Õ9ÒÏÊ�åyÕjÜÛÒ(Ö×Ý×ÕjÜ+Ý×Ú+Ì Ç�Õ9Ê�Ì Ç�Õ~ÕjÜÛÒ(ÔBÊ�Ý×Ð�Õ~é]ÜÛÒeß9ÒFÕjÜÛÒFÖ×Ý×ÐÛÒÏÊ�åÈjÝ×Þ�Ü�ÕnÝ×Ð�Õ9Òeß9ÈDÒ�áeÕ9È=ÕjÜÛÒ~ÕjßDÇtýNÒ�áeÕ9Ê�ßU
�Ê�åÕjÜÛÒ~ÔÇ�ßjÕjÝâáeÖâÒJì:ÒÓÇ�Ìzênë2
�È9Ê�Ö×ø&Ý×Ð+ÞLÇôÈ9ÒeÕ=Ê�å_Ø Ý��BÒeß9ÒeÐ�ÕjÝóÇ�ÖÒQL�ÚÇ�ÕjÝâÊ�ÐÛÈ
é]Ü+Ýâá9ÜªØ+Ò�È9áeßjÝ×ìBÒÏÕjÜÛÒXÊ&á�áeÚ+ÔÇ�ÕjÝâÊ�ÐªÐ�Ú+Ì�ì:Òeß9È]Ê�å@ÕjÜÛÒXÒ � áeÝ×Õ9Ò�Ø�ÈjÕDÇ�Õ9Ò�È]Ê�å@ÕjÜÛÒôÖ×Ý×ÕjÜ+Ý×Ú+Ì Ç�Õ9Ê�Ì ìM
}ÕDÇ�Ë&Ý×Ð+ÞÝ×Ð�Õ9Ê%Ç�á�á�Ê�Ú+Ð�ÕïÔ+ß9Ê&á�Ò�È9È9Ò�ÈnÈjÚÛáDÜ5Ç�È=á9ÜÇ�ßjÞÒ]Ò � á9ÜÇ�Ð+ÞÒ�õÝâÊ�Ð+Ý×ÑSÇ�ÕjÝâÊ�Ðyõ�Ò � áeÝ×ÕDÇ�ÕjÝâÊ�Ð}Ç�ÐÛØfØ+ÒñÍ±Ò � áeÝ×ÕDÇ�ÕjÝâÊ�Ð5Ø ÚÛÒÕ9ÊLÕjÜÛÒÏÝ×Ð�Õ9ÒeßDÇ�áeÕjÝâÊ�Ðªé]Ý×ÕjÜ�ÕjÜÛÒÏÈjÚ+ßjß9Ê�Ú+ÐÛØ Ý×Ð+Þ�Ô+ÖóÇ�ÈjÌ}Ç õ�Ý×Õ~ÝâÈ	ÔBÊ�È9ÈjÝ×ì+ÖâÒFÕ9Ê�áÓÇ�ÖâáeÚ+ÖóÇ�Õ9ÒôÕjÜÛÒÏÖâÊ�áÓÇ�Ö:ÒeÖâÒ�áeÕjß9Ê�Ð
Ø+ÒeÐÛÈjÝ×Õ	
 Ç�ÐÛØ Õ9ÒeÌfÔ:ÒeßDÇ�ÕjÚ+ß9Ò�ê(ÆôÚÛÒ�Õ9Ê5ìBÒÓÇ�ÌûÇ�ÕjÕ9ÒeÐ�ÚÇ�ÕjÝâÊ�ÐyõBÕjÜ+ÝâÈFÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�ÕXÝâÈFß9Ò�ÈjÕjßjÝâáeÕ9Ò�Ø Õ9Ê}ÕjÜÛÒ
Ô+ÖóÇ�ÈjÌ}Ç Ò�Ø ÞÒ�ê-�·Õ�Ê�Ð+ÖK
 Ô+ß9ÊSø�ÝâØ+Ò�ÈfØÛÇ�ÕDÇ«Ê�ÐVÕjÜÛÒÙÈDáeßDÇ�Ô:ÒñÍ±Êl��ÖóÇj
Òeß5Ç�ÐÛØ�ÕjÜÛÒÙúÛß9ÈjÕ�åæÒeé á�ÒeÐ�ÕjÝ×Ì5ÒeÕ9Òeß9È
Ý×ÐÛÈjÝâØ+ÒXÕjÜÛÒLÈ9ÒeÔÇ�ßDÇ�ÕjßjÝ � ê
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ÉJÜÛÒeß9ÒFÇ�ß9Ò]ÈDÒeøÒeßDÇ�ÖÛé~Çj
&ÈAÊ�å_Ì5ÒÓÇ�ÈjÚ+ßjÝ×Ð+ÞLÕjÜÛÒFØ+ÒeÐÛÈjÝ×Õ	
�Ê�åmÇÏåæÚÛÈjÝâÊ�ÐfÔ+ÖóÇ�ÈjÌ}Çôé]Ü+ÝâáDÜ5ÜÇ�øÒ(ÕjÜÛÒeÝ×ß	ÈjÔBÒ�áeÝçúá
Ç�Ø ø�Ç�Ð�ÕDÇ�ÞÒ�ÈJÇ�ÐÛØfØ ÝâÈDÇ�Ø ø�Ç�Ð�ÕDÇ�ÞÒ�ÈÓê=òÛÊ�ßïÒ � Ç�ÌfÔ+ÖâÒ�õÕjÜÛÒ(ÚÛÈ9ÒJÊ�åR7@Ç�Ð+Þ�Ì�Ú+Ý×ß	Ô+ß9Ê�ìBÒ�È=ÝâÈ=ß9Ò�ÈjÕjßjÝâáeÕ9Ò�Ø5Õ9ÊXÕjÜÛÒá�Ê�ÖâØ�Ò�Ø ÞÒôÔ+ÖóÇ�ÈjÌ}Ç ê=ãÏÖâÈ9Ê�Ö×Ý×ÕjÜ+Ý×Ú+Ì ìBÒÓÇ�Ì Ý×ÌfÔÇ�áeÕJÒ � áeÝ×ÕDÇ�ÕjÝâÊ�ÐªÈjÔBÒ�áeÕjß9Ê�È9á�Ê�Ô�
ÙÝâÈ	Ö×Ý×ÌfÝ×Õ9Ò�Ø�Õ9Ê�ÕjÜÛÒXÒ�Ø ÞÒß9ÒeÞ�ÝâÊ�ÐVÊ�å~ÕjÜÛÒfÔ+ÖóÇ�È9Ì}Ç õyÝ×ÕLáÓÇ�Ð ÐÛÊ�ÕLÌ5ÒÓÇ�È9Ú+ß9Ò�å¤Ç�ß%Ý×ÐÛÈ9ÝâØ+ÒfÕjÜÛÒ5È9ÒeÔÇ�ßDÇ�ÕjßjÝ � ê5ÆXÒeÕ9Ò�áeÕjÝ×Ð+Þ ÕjÜÛÒfÔ+ÖóÇ�È9Ì}Çì+ß9ÒeÌ5È9È9ÕjßDÇ�Ü+Ö×Ú+Ð+ÞôÒeÌfÝâÈ9È9ÝâÊ�Ð�Ç�Ö×ÖâÊÓé(ÈPå¤Ê�ß@Ø+ÒeÐÛÈjÝ×Õ�
%Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�ÕÓõ�ì+Ú+ÕPß9ÒQL�Ú+Ý×ß9Ò�ÈPË&ÐÛÊÓé]ÖâÒ�Ø ÞÒ~Ê�å+ÒeÖâÒ�áeÕjß9Ê�Ð
Õ9ÒeÌfÔBÒeßDÇ�ÕjÚ+ß9Ò�Ç�ÐÛØ�° 3�(,( ê�ÉJÜÛÊ�Ì5È9Ê�Ð�È9áÓÇ�ÕjÕ9ÒeßjÝ×Ð+Þ Ô+ß9ÊSø�ÝâØ+Ò�ÈfÇzÖâÊ�áÓÇ�Ö×Ý×ÑÓÒ�Ø�Ø+ÒeÐÛÈjÝ×Õ	
�Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ�Ý×Ð
Ç�ÐM
$Ø+Ò�È9Ý×ß9Ò�Ø$Ô+ÖóÇ�ÈjÌ}Ç�ß9ÒeÞ�ÝâÊ�Ðyõyì+Ú+ÕLØ+Ê&Ò�ÈXÐÛÊ�Õ�Ø+ÒeÖ×Ý×øÒeßLß9Ò�È9Ú+Ö×Õ9ÈLá�Ê�Ð�ÕjÝ×Ð�ÚÛÊ�ÚÛÈjÖK
 Ç�ÈLÈjÜÛÊ�ßjÕ%ÖóÇ�È9Òeß%Ô+Ú+ÖâÈ9Ò�È
ÜÇÓøÒLÕ9Ê�ìBÒ%È9ÒeÐ�Õ(Ý×Ð�Õ9Ê5ÕjÜÛÒXÔ+ÖóÇ�ÈjÌ}Ç}Ç�ÐÛØªÕjÜÛÒ%ß9ÒeÔBÒeÕjÝ×ÕjÝâÊ�ÐzßDÇ�Õ9ÒLÊ�ånÕjÜÛÒXÖóÇ�È9Òeß9È]ÝâÈ]Ö×Ý×ÌfÝ×Õ9Ò�Ømê
S Ô+ÕjÝâáÓÇ�ÖÛÝ×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕjßU
fÔ+ß9ÊSø�ÝâØ+Ò�ÈAÇôÖ×Ý×ÐÛÒñÍwÝ×Ð�Õ9ÒeÞ�ßDÇ�Õ9Ò�ØÙÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ~Ê�å_ÕjÜÛÒ]ÒeÖâÒ�áeÕjß9Ê�Ð}Ø+ÒeÐÛÈjÝ×Õ�
�Ç�ÖâÊ�Ð+Þ
Ç$Þ�Ý×øÒeÐ�Ö×Ý×ÐÛÒªÊ�åXÈjÝ×Þ�Ü�Õ5ÕjÜ+ß9Ê�Ú+Þ�Ü�Ô+ÖóÇ�È9Ì}Ç õ	é]Ü+ÝâáDÜ�ÝâÈfá�Ê�Ð�ÕjÝ×Ð�ÚÛÊ�ÚÛÈÓõ]Ý×ÐÛØ+ÒeÔBÒeÐÛØ+ÒeÐ�Õ�Ê�åXÊ�ÕjÜÛÒeß5Ô+ÖóÇ�È9Ì}Ç
ÔÇ�ßDÇ�Ì5ÒeÕ9Òeß9È�Ç�ÐÛØ$ßDÇ�ÕjÜÛÒeß�Ç�á�áeÚ+ßDÇ�Õ9Ò�ê5òÊ�ßLÕjÜ+ÝâÈ%ß9ÒÓÇ�È9Ê�Ðyõ@ÕjÜÛÒ5Ø+ÒeÐÛÈjÝ×Õ	
$ÈjÝ×Þ�ÐÇ�ÖâÈLåæÊ�ßXå¤Ò�Ò�Ø ìÇ�á9Ë�á�Ê�Ð�Õjß9Ê�Ö
Ç�ß9ÒfÕDÇ�ËÒeÐ å ß9Ê�ÌkÕjÜÛÒ�Ý×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9ÒeßÓê�òrÝ×ß9ÈjÕLÊ�åJÇ�Ö×Öwõ@ÕjÜÛÒfìÇ�ÈjÝâá�È%Ê�åJÖ×Ý×Þ�Ü�ÕNÍwÔ+ÖóÇ�ÈjÌ}ÇzÝ×Ð�Õ9ÒeßDÇ�áeÕjÝâÊ�ÐVé]Ý×Ö×Ö
ìBÒ%Ø ÝâÈ9áeÚÛÈ9È9Ò�Ømê

¬%Ê°É ± Â=F�ÍÏJr¿PÌ°ÂBHhÎ2Â�Á8HIFhÍ9Á=¾½Î(Ä4Â:Ì9¿(¾_ÀÂ¿F¾
ÉJÜÛÒ}Ý×Ð�Õ9ÒeßDÇ�áeÕjÝâÊ�ÐVì:ÒeÕ·éAÒ�ÒeÐ*Ç�Ð�ÒeÖâÒ�áeÕjß9Ê�Ì}Ç�Þ�ÐÛÒeÕjÝâá�é~ÇÓøÒ�õrÈ9ÚÛá9ÜVÇ�È�Ç�ÖóÇ�È9ÒeßLìBÒÓÇ�ÌzõnÇ�ÐÛØ ÕjÜÛÒ5Ô+ÖóÇ�È9Ì}Ç
áÓÇ�ÐzìBÒ%Ø+Ò�È9áeßjÝ×ìBÒ�Øªé]Ý×ÕjÜzÕjÜÛÒ%ÜÛÒeÖ×ÔzÊ�å��$Ç � é~ÒeÖ×Ö Û ÈFÒQL�ÚÇ�ÕjÝâÊ�ÐÛÈÓõ+é]Ü+Ýâá9Ü$Ç�ß9ÒXÞ�Ý×øÒeÐzÝ×Ð«à��AÚ+Ð+Ý×Õ9È]ì�
R�

ÊèaÒ ÊÜ Ý �² Õ 1 yÛê u 4
ÊèaÒ ÊË Ý Ô 1 yÛêxw�4

Êè0Í ÊÜ Ý M ~ ÊË~�³ 1 yÛêxz�4

Êè Í ÊË Ý���Õ Ê{ , Ó
ß À ~ ÊÜ~´³ 1 yÛê yM4

ÉrÇ�Ë�Ý×Ð+Þ�ÕjÜÛÒôáeÚ+ßjÖ:Ê�åyÕjÜÛÒÏÕjÜ+Ý×ß9ØÙÒQL�ÚÇ�ÕjÝâÊ�Ðyõ&ÚÛÈjÝ×Ð+Þ�ÕjÜÛÒÏÝâØ+ÒeÐ�ÕjÝ×Õ�
 Êè9Í � ÊèNÍ ÊÜô��Ý Êè � Êè Ò ÊÜô�ºM Êè À ÊÜ
Ê�ÐzÕjÜÛÒLÖâÒñå Õ]ÜÇ�ÐÛØzÈ9ÝâØ+ÒLÇ�ÐÛØªÝ×ÐÛÈ9ÒeßjÕjÝ×Ð+Þ5ÕjÜÛÒXå¤Ê�Ú+ßjÕjÜ ÒQL�ÚÇ�ÕjÝâÊ�Ð Ê�ÐªÕjÜÛÒ%ßjÝ×Þ�Ü�Õ(ÜÇ�ÐÛØzÈjÝâØ+Ò5
&ÝâÒeÖâØ+Èj�

Êè � Êè´Ò ÊÜ³��M Êè À ÊÜ ÝçM���Õ ~ Ê{~´³ M
Ó
ß À ~ À ÊÜ~�³ À 5ÉJÜÛÒJÔ+ÖóÇ�ÈjÌ}ÇXáÓÇ�ÐfìBÒJØ+Ò�È9áeßjÝ×ìBÒ�Ø�Ç�ÈïÇXÈ9ÔÇ�á�ÒAÕjÜÇ�Õ=ÝâÈnÜÛÊ�Ì5Ê�ÞÒeÐÛÒ�Ê�ÚÛÈ9ÖK
�úÛÖ×ÖâÒ�Ø�é]Ý×ÕjÜfÝâÊ�ÐÛÈ	Ç�ÐÛØ�ÒeÖâÒ�áeÕjß9Ê�ÐÛÈ

é]ÜÛÊ�È9Ò}ÒeÖâÒ�áeÕjßjÝâá5á9ÜÇ�ßjÞÒXýNÚÛÈjÕLá�Ê�ÌfÔBÒeÐÛÈDÇ�Õ9Ò�ÈÓõPÈ9Ê�ÕjÜÛÒfÐÛÒeÕLá9ÜÇ�ßjÞÒ}ø�Ç�Ð+ÝâÈjÜÛÒ�È�Ê�Ð�ÕjÜÛÒfÈ9áÓÇ�ÖâÒfÖâÒeÐ+Þ�ÕjÜ Ê�å
Ý×Ð�Õ9Òeß9Ò�ÈjÕÓõmÝwê Ò�ê��·Ý´Ô+ê5�µÊ�ß9Ò�ÊSøÒeßÓõ@Ç�ÕXÕjÜÛÒLåæß9ÒQL�ÚÛÒeÐÛáeÝâÒ�ÈXß9ÒeÖâÒeø�Ç�Ð�ÕXå¤Ê�ßôÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕjßU
õyÕjÜÛÒ�ÝâÊ�ÐÛÈ%áÓÇ�Ð
ìBÒFÇ�È9ÈjÚ+Ì5Ò�Ø5Õ9Ê%ì:Ò~ú � Ò�Ø}Ç�ÕïÕjÜÛÒeÝ×ßAÔ:Ê�È9Ý×ÕjÝâÊ�ÐÛÈïØ ÚÛÒ(Õ9ÊXÕjÜÛÒeÝ×ßAÖóÇ�ßjÞÒ]Ì}Ç�È9ÈAÇ�ÐÛØ5ß9Ò�ÈjÚ+Ö×ÕjÝ×Ð+Þ�ÖâÊSé�Ì5Ê�ì+Ý×Ö×Ý×Õ	
õ

wqw



yÛê u ê S Ô+ÕjÝâáÓÇ�ÖyÔ+ß9Ê�ÔBÒeßjÕjÝâÒ�ÈFÊ�ånÔ+ÖóÇ�ÈjÌ}Ç�È wqz

é]ÜÛÒeß9ÒÓÇ�ÈFÕjÜÛÒ�Ì�ÚÛáDÜ«Ö×Ý×Þ�Ü�Õ9ÒeßôÒeÖâÒ�áeÕjß9Ê�ÐÛÈôÌ5ÊSøÒ�Ý×ÐµÕjÜÛÒ�Ô+ß9Ò�È9ÒeÐÛá�Ò�Ê�å	Ç�Ð«ÒeÖâÒ�áeÕjßjÝâá�úÒeÖâØµÕjÜÇ�ÕFÝâÈôáÓÇ�ÚÛÈ9Ò�Ø
ì�
�Ç�Ð*ÒeÖâÒ�áeÕjß9Ê�Ì}Ç�Þ�ÐÛÒeÕjÝâáªéJÇ�øÒªÔ+ß9Ê�ÔÇ�Þ�Ç�ÕjÝ×Ð+Þ�ÕjÜ+ß9Ê�Ú+Þ�Ü*ÕjÜÛÒ�Ô+ÖóÇ�ÈjÌ}Ç ê ÉJÜÛÒÙúÒeÖâØ�Ò � ÒeßjÕ9È�ÕjÜÛÒÙå¤Ê�ß9á�ÒÊµ Ý M�ÃeÊÜ Ê�Ð$ÕjÜÛÒ�ÒeÖâÒ�áeÕjß9Ê�ÐÛÈÓõmß9Ò�ÈjÚ+Ö×ÕjÝ×Ð+ÞªÝ×Ð Ç�Ð Ç�á�á�ÒeÖâÒeßDÇ�ÕjÝâÊ�Ð ~ ÊÔ ã ~´³ Ý MAÃ*ÊÜ:ã�Þµ3tõBé]ÜÛÒeß9Ò0Ã�ÝâÈXÕjÜÛÒÒeÖâÒeÌ5ÒeÐ�ÕDÇ�ßU
zá9ÜÇ�ßjÞÒ�Ç�ÐÛØ�Þµ3ÏÕjÜÛÒLÒeÖâÒ�áeÕjß9Ê�Ð Ì}Ç�ÈDÈÓêAÉJÜÛÒLÕjÝ×Ì5Ò�Ø+ÒeßjÝ×ø�Ç�ÕjÝ×øÒ�Ê�ånÕjÜÛÒ�áeÚ+ßjß9ÒeÐ�ÕôØ+ÒeÐÛÈjÝ×Õ	
 Ê{
ÝâÈÏÕjÜÛÒeß9Òñå¤Ê�ß9Ò�Þ�Ý×øÒeÐ�ì�
·¶�¸¹¶ æ Ý ¶¶ æ � MAÃ}=y3 ÊÔ �æÝ 3 k   É   ÊÜÙõBé]ÜÛÒeß9Ò³=y3XÝâÈXÕjÜÛÒ�Ð�Ú+Ì�ìBÒeß�Ê�åAÒeÖâÒ�áeÕjß9Ê�ÐÛÈ
Ô:Òeß]øÊ�Ö×Ú+Ì5Ò�êïÉJÜÛÒLÔ+ß9Òeø�ÝâÊ�ÚÛÈÏÒQL�ÚÇ�ÕjÝâÊ�Ð áÓÇ�Ð ÕjÜÛÒeß9ÒñåæÊ�ß9Ò%ìBÒXé]ßjÝ×ÕjÕ9ÒeÐµÇ�È

MFÊè À ÊÜ ÝçM ��Õ�Ã À =y3Þ 3 ÊÜ M Ó
ß À ~ À ÊÜ~´³ À 5�±ÐÛÈ9ÒeßjÕjÝ×Ð+ÞfÕjÜÛÒ�Ç�ÐÛÈDÇ�ÕjÑ ÊÜ � Êº � ³ ��Ý ÊÜ3Õ�Ã ��» ¸
½¼ ¸ü Ø9¾ æÀ¿ Ê�å=Ç�Ô+ÖóÇ�ÐÛÒLé~Ç�øÒ�Ý×Ð�Õ9ÊfÕjÜ+ÝâÈFÒQL�ÚÇ�ÕjÝâÊ�Ð(
&ÝâÒeÖâØ+Èj�

Á À ÝçM ��Õ8Ã À =y3Þ 3 , Ä À
ß À 5

ãÏÈ!� Õ ² Õ ÝaÓsãlß À õ�ÕjÜÛÒ~ø�Ç�áeÚ+Ú+Ì Ì}Ç�Þ�ÐÛÒeÕjÝâá]ÔBÒeßjÌ5ÒÓÇ�ì+Ý×Ö×Ý×Õ	
�� Õ áÓÇ�Ð�ìBÒJÒeÖ×Ý×ÌfÝ×ÐÇ�Õ9Ò�Ø�å ß9Ê�Ì ÕjÜ+ÝâÈ=ÒQL�ÚÇ�ÕjÝâÊ�ÐÇ�ÐÛØ�ÕjÜÛÒ�Ç�Ð+Þ�Ú+ÖóÇ�ß(åæß9ÒQL�ÚÛÒeÐÛá@
ºÄ�Ê�ånÕjÜÛÒ%ÒeÖâÒ�áeÕjß9Ê�Ì}Ç�Þ�ÐÛÒeÕjÝâá�éJÇ�øÒ�áÓÇ�Ð ì:ÒXé]ßjÝ×ÕjÕ9ÒeÐµÇ�È
Ä Ý ß À Á À , Ã À = 3² Õ�Þµ3 5

/�ÜÛÒeÐ5ÕjÜÛÒFÒeÖâÒ�áeÕjß9Ê�ÐÛÈïÝ×ÐÙÇôÔ+ÖóÇ�ÈjÌ}Ç�Ç�ß9Ò(Ø ÝâÈjÔ+ÖóÇ�á�Ò�Øfß9ÒeÖóÇ�ÕjÝ×øÒeÖK
fÕ9ÊLÕjÜÛÒ]ÝâÊ�ÐÛÈÓõ�Ç�Ð}ÒeÖâÒ�áeÕjßjÝâá(úÒeÖâØ}Ç�Ô+ÔBÒÓÇ�ß9È
é]Ü+Ýâá9Ü�áÓÇ�ÚÛÈ9Ò�È=Ç]ß9Ò�ÈjÕ9Ê�ßjÝ×Ð+ÞÏåæÊ�ß9á�ÒAÕjÜÇ�Õ=Ç�áeÕ9ÈPÊ�Ð�ÕjÜÛÒAÒeÖâÒ�áeÕjß9Ê�ÐÛÈSêPÉJÜÛÒAß9Ò�ÈjÚ+Ö×ÕrÝâÈrÇ(ÜÇ�ßjÌ5Ê�Ð+Ýâá~Ê�ÈDáeÝ×Ö×ÖóÇ�ÕjÝâÊ�Ð
Ê�ånÕjÜÛÒ�ÒeÖâÒ�áeÕjß9Ê�ÐÛÈ%Ç�ß9Ê�Ú+ÐÛØ ÕjÜÛÒeÝ×ßXÒQL�Ú+Ý×Ö×Ý×ì+ßjÝ×Ú+ÌûÔBÊ�ÈjÝ×ÕjÝâÊ�Ð«Ç�ÕÏÕjÜÛÒ�È9Ê�Í±áÓÇ�Ö×ÖâÒ�ØµÔ+ÖóÇ�ÈjÌ}Ç5å ß9ÒQL�ÚÛÒeÐÛá@
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é]Ü+Ýâá9Ü Ì5ÒÓÇ�ÐÛÈ%ÕjÜÇ�Õ�Ç�Ð�Ç�Ø+Ø Ý×ÕjÝâÊ�ÐÇ�Ö	Õ9ÒeßjÌ�Ç�Õ%ÕjÜÛÒfÊ�Ô+ÕjÝâáÓÇ�Önå ß9ÒQL�ÚÛÒeÐÛá@
�Ç�Ô+Ô:ÒÓÇ�ß9ÈÓê�ãJÕ%ÕjÜÛÒfÊ�Ú+ÕjÔ+Ú+Õ�Ê�å
ÕjÜÛÒLØ+ÒeÕ9Ò�áeÕ9Ê�ßÓõ:ÕjÜ+ÝâÈ=ýNÚÛÈjÕFáÓÇ�ÚÛÈ9Ò�ÈôÇ5á�Ê�ÐÛÈjÕDÇ�Ð�ÕôÊl�mÈ9ÒeÕ(øÊ�Ö×ÕDÇ�ÞÒ�ì+Ú+ÕÏØ+Ê&Ò�È(ÐÛÊ�ÕôÇ��mÒ�áeÕFÕjÜÛÒ�Ø+ÒeÕ9Ò�áeÕjÝâÊ�Ð«Ê�å
ÕjÜÛÒXÔ+ÜÇ�È9ÒLÈjÜ+ÝçåæÕ(Ê�årÕjÜÛÒXìBÒÓÇ�ÕFÈjÝ×Þ�ÐÇ�Öwê
ãFÖ×ß9ÒÓÇ�Ø'
�Ç�ÕnÕjÜ+ÝâÈnÔBÊ�Ý×Ð�ÕÓõ�ÇFÔ+ßjÝ×ÐÛáeÝ×ÔÇ�Ö+éAÒÓÇ�Ë&ÐÛÒ�È9È=Ê�å:ÕjÜÛÒAÝ×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕjßU
�Ì5ÒeÕjÜÛÊ&Ø�ìBÒ�á�Ê�Ì5Ò�ÈïÇ�Ô+ÔÇ�ß9ÒeÐ�Õj�
ÆÏÚÛÒJÕ9ÊLÕjÜÛÒP!:ÍwÔ:ÒeßjÝâÊ&Ø ÝâáeÝ×Õ	
fÊ�åBÕjÜÛÒJåæÚ+ÐÛáeÕjÝâÊ�Ð � ìîí è º � À õ�ÕjÜÛÒeß9Ò(ÝâÈ=ÐÛÊXéJÇQ
fÕ9Ê%Ø ÝâÈjÕjÝ×Ð+Þ�Ú+ÝâÈ9ÜÙÇXÔ+ÜÇ�È9Ò]Ø Ýçå ÍåæÒeß9ÒeÐÛá�ÒzØH,´=:ÒÏ�"! � =_��ñ�åæß9Ê�Ì Ç%Ô+ÜÇ�È9ÒÏØ Ý��BÒeß9ÒeÐÛá�Ò�Ø~ê	à&ÊLÕjÜÛÒÏÖ×Ý×ÐÛÒñÍwÝ×Ð�Õ9ÒeÞ�ßDÇ�Õ9Ò�ØªÒeÖâÒ�áeÕjß9Ê�Ð�Ø+ÒeÐÛÈjÝ×Õ	

Ì5ÒÓÇ�ÈjÚ+ß9Ò�Ø ÕjÜ+ÝâÈÏé~Çj
zÝâÈÏÇ�ßjì+Ý×ÕjßDÇ�ßU
 Õ9Ê�Ç�ÐµÝ×Ð�Õ9ÒeÞÒeßôÌ�Ú+Ö×ÕjÝ×Ô+ÖâÒ�Ê�åE=y3"À Ô 1 ÕjÜÛÒ�Ç�Ì5Ê�Ú+Ð�ÕXÊ�å	Ø+ÒeÐÛÈjÝ×Õ�
zÕjÜÇ�Õá�Ê�ßjß9Ò�ÈjÔ:Ê�ÐÛØ+ÈLÕ9Ê�Ç�Ô+ÜÇ�ÈDÒfÈjÜ+Ýçå Õ%Ê�å~ÕjÜÛÒ�Ô+ß9Ê�ì:Ò�ìBÒÓÇ�Ì Ê�å��"!�4ñê�ÉJÜ+ÝâÈ�Ç�Ì�ì+Ý×Þ�Ú+Ý×Õ	
$ì:Ò�á�Ê�Ì5Ò�ÈLß9ÒeÖâÒeø�Ç�Ð�Õ
é]ÜÛÒeÐ�ÕjÜÛÒôÖóÇ�È9ÒeßJéJÇ�øÒeÖâÒeÐ+Þ�ÕjÜ ÝâÈJáDÜÛÊ�È9ÒeÐªÝ×ÐzÇ�éJÇQ
�ÕjÜÇ�ÕJÕ	
&Ô+ÝâáÓÇ�ÖmÖ×Ý×ÐÛÒñÍwÝ×Ð�Õ9ÒeÞ�ßDÇ�Õ9Ò�Ø ÒeÖâÒ�áeÕjß9Ê�ÐzØ+ÒeÐÛÈ9Ý×ÕjÝâÒ�È
Ý×Ð�ÕjÜÛÒ�åæÚÛÈjÝâÊ�Ð�Ø+Òeø&Ýâá�Ò Ç�ß9ÒªÞ�ß9ÒÓÇ�Õ9Òeß}ÕjÜÇ�Ð =y3"À Ô ê�ÉJÜ+ÝâÈÙØ Ý�V}áeÚ+Ö×Õ	
�áÓÇ�Ð�ì:ÒªÊSøÒeß9á�Ê�Ì5Ò ìM
VÚÛÈ9Ý×Ð+Þ�ÇÌ�Ú+Ö×ÕjÝ×ßDÇ�Ø ÝóÇ�Ð�Ô+ÜÇ�ÈDÒ5Ø+ÒeÕ9Ò�áeÕjÝâÊ�Ð�ÈU
 ÈjÕ9ÒeÌ Ç�È%ÖâÊ�Ð+ÞµÇ�ÈLÕjÜÛÒfÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ�ÈjÕDÇ�ßjÕ9È%é]Ý×ÕjÜ ÕjÜÛÒ5Õ9Ê�Ë�Ç�Ì}Ç�Ë
Òeø�Ç�áeÚÇ�Õ9Ò�Ø 1 Ýwê Ò�êïÇ�ÕJÑÓÒeß9Ê�ÒeÖâÒ�áeÕjß9Ê�ÐzØ+ÒeÐÛÈjÝ×Õ	
G4~Ç�ÐÛØ�Ç�Ö×ÖmáDÜÇ�Ð+ÞÒ�È(Ê�åPØ+ÒeÐÛÈjÝ×Õ�
ÙÊ&á�áeÚ+ßJÈ9Ú'V}áeÝâÒeÐ�ÕjÖK
�ÈjÖâÊÓé]ÖK

È9Ê�ÕjÜÇ�ÕFÇ�Ö×ÖyÕjßDÇ�ÐÛÈjÝ×ÕjÝâÊ�ÐÛÈ(å ß9Ê�Ì Ê�ÐÛÒ%ÔBÒeßjÝâÊ&ØªÊ�årÕjÜÛÒXìBÒÓÇ�ÕFÈjÝ×Þ�ÐÇ�ÖmÕ9ÊfÕjÜÛÒXÐÛÒ � ÕFáÓÇ�ÐªìBÒ%á�Ê�Ú+Ð�Õ9Ò�ØmêAÉJÜ+ÝâÈÌ}Ç�ËÒ�ÈXÇ�ÐµÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕjßjÝâáfØ+ÒeÐÛÈjÝ×Õ	
µÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�ÕXÜ+ÝâÈjÕ9Ê�ßU
�Í±Ø+ÒeÔBÒeÐÛØ+ÒeÐ�ÕÓõyÇ�ÈôÕjÜÛÒ�ÕjßjÚÛÒ�Ø+ÒeÐÛÈjÝ×Õ�
 áÓÇ�Ð
ì:ÒÙÔ+ß9ÊÓø&ÝâØ+Ò�Ø*Ê�Ð+ÖK
�é]ÜÛÒeÐ�ÕjÜÛÒ�Ø+ÒeÐÛÈjÝ×Õ	
VÒeøÊ�Ö×Ú+ÕjÝâÊ�Ð*ÜÇ�È�ì:Ò�ÒeÐ�á�Ê�Ð�ÕjÝ×Ð�ÚÛÊ�ÚÛÈjÖK
�Ì5Ê�Ð+Ý×Õ9Ê�ß9Ò�Ø*ÈjÝ×ÐÛá�Ò�ÕjÜÛÒ
ì:ÒeÞ�Ý×Ð+Ð+Ý×Ð+Þ�Ê�å:ÕjÜÛÒFÔ+ÖóÇ�ÈjÌ}ÇLØ ÝâÈ9áDÜÇ�ßjÞÒ�ê��wåyÇXßDÇ�Ô+ÝâØÙØ+ÒeÐÛÈjÝ×Õ	
5áDÜÇ�Ð+ÞÒFáÓÇ�Ð+ÐÛÊ�Õ	ìBÒJå¤Ê�Ö×ÖâÊÓé~Ò�ØÙØ ÚÛÒFÕ9Ê%Ö×Ý×Ì�Í



wq yÛê6�±Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕjßjÝâá�Ø+ÒeÐÛÈjÝ×Õ	
�Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ

Ý×Õ9Ò�Ø�ÕjÝ×Ì5Òôß9Ò�È9Ê�Ö×Ú+ÕjÝâÊ�ÐzÊ�å@ÕjÜÛÒôß9ÒÓÇ�Ø+Ê�Ú+Õ(ÒeÖâÒ�áeÕjß9Ê�Ð+Ýâá�ÈÓõÛÝçåPÒeÖâÒ�áeÕjßjÝâáXÐÛÊ�ÝâÈ9ÒXØ ÝâÈjÕjÚ+ßjìÛÈJÕjÜÛÒôß9ÒÓÇ�Ø+Ê�Ú+Õ(ÈU
 ÈjÕ9ÒeÌ
Ê�ß(Ýçå=ÕjÜÛÒLÈ9Ý×Þ�ÐÇ�ÖyÝâÈ]Õ9ÒeÌfÔBÊ�ßDÇ�ßjÝ×ÖK
ªÖâÊ�ÈjÕ(Ø ÚÛÒ%Õ9ÊfìBÒÓÇ�Ì Ø+ÒT&Ò�áeÕjÝâÊ�Ð«Ý×ÐªÕjÜÛÒLÔ+ÖóÇ�ÈjÌ}Ç õ+ÕjÜÛÒLÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ
Ê�Ð+ÖK
�Ô+ß9ÊÓø&ÝâØ+Ò�È}ÒeÖâÒ�áeÕjß9Ê�ÐþØ+ÒeÐÛÈjÝ×Õ	
*Ý×Ð å¤Ê�ßjÌ}Ç�ÕjÝâÊ�Ð�Ì5Ê&Ø Ú+ÖâÊ =y3"À Ô õAé]Ü+Ýâá9Ü�ÝâÈ5Ý×Ð*ÞÒeÐÛÒeßDÇ�ÖÏÐÛÊ�Õ5ÚÛÈ9ÒñåæÚ+ÖwõÒ�ÈjÔBÒ�áeÝóÇ�Ö×ÖK
�å¤Ê�ßFß9ÒÓÇ�ÖçÍwÕjÝ×Ì5Ò�á�Ê�Ð�Õjß9Ê�Öwê3�±å=ÕjÜÛÒ�áÓÇ�ÖâáeÚ+ÖóÇ�Õ9Ò�Ø«Ø+ÒeÐÛÈjÝ×Õ	
µÈjÚÛØ+Ø+ÒeÐ+ÖK
ªì:Ò�á�Ê�Ì5Ò�ÈXÇ��mÒ�áeÕ9Ò�Ø ìM
 Ç�Ð
Òeßjß9Ê�ßfÕjÜÇ�Õ�ÝâÈfÇzÌ�Ú+Ö×ÕjÝ×Ô+ÖâÒzÊ�å~= 3"À Ô õïÕjÜ+ÝâÈ�ÝâÈ�Ê�åæÕ9ÒeÐ�ß9ÒñåæÒeßjß9Ò�ØVÕ9Ê�Ç�ÈfÇ(�¤åæßjÝ×Ð+ÞÒ�ý Ú+ÌfÔ'�Dê�ÉJÜÛÒ�ÚÛÈ9Ò�Ê�åÕjÜ+ÝâÈJÒ � Ô+ß9Ò�È9ÈjÝâÊ�Ð}ÜÇ�ÈAÜ+ÝâÈjÕ9Ê�ßjÝâáÏß9ÒÓÇ�È9Ê�ÐÛÈÓõ�Ý×Õ~Ê�ßjÝ×Þ�Ý×ÐÇ�Õ9Ò�ÈAåæß9Ê�Ì ÇLÕjÝ×Ì5ÒFé]ÜÛÒeÐÙúÛß9ÈjÕAå ÚÛÈjÝâÊ�Ð�Ø+Òeø�Ýâá�Ò�ÈAéAÒeß9Òì+Ú+Ý×Ö×ÕfÇ�ÐÛØ Ô+ÖóÇ�ÈjÌ}Ç Ø+ÒeÐÛÈjÝ×Õ	
�é~Ç�È�Ì5ÒÓÇ�ÈjÚ+ß9Ò�Ø�ìM
 á�Ê�Ú+Ð�ÕjÝ×Ð+Þ«Ý×Ð�Õ9ÒeßNå¤Òeß9ÒeÐÛá�ÒÙå ßjÝ×Ð+ÞÒ�È�Ì}Ç�Ð�ÚÇ�Ö×ÖK
êµà�Ý×ÐÛá�Ò
ÕjÜÛÒ�È9Ò�ØÛÇj
&ÈÓõ:ÕjÜÛÒ%�¤å ßjÝ×Ð+ÞÒT��ÜÇ�ÈôÊ�åæÕ9ÒeÐ«ì:Ò�ÒeÐ$ÚÛÈ9Ò�Ø$Ç�È%Ç5Ú+Ð+Ý×ÕÏåæÊ�ßôÔ+ÖóÇ�ÈjÌ}Ç�Ø+ÒeÐÛÈjÝ×Õ�
zÕjÜÇ�Õ%áÓÇ�Ð$Ç�ÖâÈ9ÊÙìBÒ
å¤Ê�Ú+ÐÛØªÝ×ÐzÕjÜÛÒXÖ×Ý×Õ9ÒeßDÇ�ÕjÚ+ß9Ò�ê2�wårÕjÜÛÒ%Ì5ÒÓÇ�ÈjÚ+ß9Ò�ØzØ+ÒeÐÛÈ9Ý×Õ	
ªØ+Ê�Ò�È(ÐÛÊ�Õ(ß9ÒeÕjÚ+ßjÐzÕ9ÊfÑÓÒeß9Ê+õ+ì+Ú+ÕFÕ9Ê5Ç 1 Ô:Ê�È9Ý×ÕjÝ×øÒ
Ê�ß~ÐÛÒeÞ�Ç�ÕjÝ×øÒs4=Ì�Ú+Ö×ÕjÝ×Ô+ÖâÒXÊ�åy=y3lÀ Ô ÇtåæÕ9Òeß	ÕjÜÛÒÏÔ+ÖóÇ�ÈjÌ}Ç�Ø ÝâÈ9á9ÜÇ�ßjÞÒ�õ&ÕjÜ+ÝâÈAÝâÈAÒeø&ÝâØ+ÒeÐÛá�Ò(å¤Ê�ßïÕjÜÛÒôÊ�á�áeÚ+ßjß9ÒeÐÛá�ÒÊ�å 1 Ç�Õ(ÖâÒÓÇ�ÈjÕ(Ê�ÐÛÒs4AåæßjÝ×Ð+ÞÒJýNÚ+ÌfÔyê
ãôÈªÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕjßjÝâáVÌ5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ9Èµß9ÒQL�Ú+Ý×ß9Ò�Ç�ÖâÊ�Ð+Þ�á�Ê�ÜÛÒeß9ÒeÐÛá�Ò�ÖâÒeÐ+Þ�ÕjÜ/Ê�åfÕjÜÛÒ�Ö×Ý×Þ�Ü�Õ ìBÒÓÇ�ÌzõLÇ
ÖóÇ�È9Òeß}ÝâÈ5ß9ÒQL�Ú+Ý×ß9Ò�Ø�Ç�È5ÕjÜÛÒªÖ×Ý×Þ�Ü�ÕÙÈ9Ê�Ú+ß9á�Ò�ê �«Ê�ß9Ò�ÊÓøÒeßÓõ]Ê�ÐÛÒªìBÒÓÇ�Ì á�Ê�ÌfÔBÊ�ÐÛÒeÐ�Õ�ÜÇ�ÈfÕ9Ê ìBÒªÈjÜ+ÝçåæÕ9Ò�Ø
Ý×Ð$Ý×Õ9ÈFå ß9ÒQL�ÚÛÒeÐÛá@
zì�
«Ç}ÈjÌ}Ç�Ö×ÖïÇ�Ì5Ê�Ú+Ð�Õ5á³ÄþÝ×Ð$Ê�ß9Ø+ÒeßXÕ9Ê�Ç�Ô+Ô+ÖK
zÕjÜÛÒ�ÜÛÒeÕ9Òeß9Ê&Ø'
�ÐÛÒ�Ô+ßjÝ×ÐÛáeÝ×Ô+ÖâÒ�ê�à�Ü+ÝçåæÕNÍ
Ý×Ð+Þ«ÕjÜÛÒfåæß9ÒQL�ÚÛÒeÐÛá@
�ÇtåæÕ9Òeßjé~Ç�ß9Ø+È�á�Ê�Ú+ÖâØ�ì:Ò�Ç�øÊ�ÝâØ+Ò�Ø�ì�
�ÚÛÈjÝ×Ð+Þ«Õ±é~Ê ÖóÇ�ÈDÒeß9È�é]Ý×ÕjÜVÈjÖ×Ý×Þ�Ü�ÕjÖK
�Ø Ý��mÒeß9ÒeÐ�Õ
áÓÇÓø�Ý×Õ�
 ÖâÒeÐ+Þ�ÕjÜ«ÕjÜÇ�ÕôÒeÌfÝ×ÕôßDÇ�Ø ÝóÇ�ÕjÝâÊ�Ð$é]Ý×ÕjÜ«ÈjÖ×Ý×Þ�Ü�ÕjÖK
 Ø Ý��mÒeß9ÒeÐ�ÕÏå ß9ÒQL�ÚÛÒeÐÛá@
õBá�Ê�ÌfÔÇ�ß9Ò�ß9Òñå¤Òeß9ÒeÐÛá�Ò × w uTØ ê
.ôÊÓé~ÒeøÒeßÓõ�Ê�Ð}ã%à&ÆXè�� �FÔ+Þ�ßDÇ�Ø+ÒFÇXÈ9Ý×Ð+Þ�ÖâÒ]ÖóÇ�È9Òeß=Ý×Ð}á�Ê�Ì�ì+Ý×ÐÇ�ÕjÝâÊ�Ð}é]Ý×ÕjÜÙÇ�Ð}Ç�Ø�ýNÚÛÈjÕDÇ�ì+ÖâÒ(Ò � Õ9ÒeßjÐÇ�Ö+åæß9ÒñÍL�ÚÛÒeÐÛá@
fÈjÜ+Ýçå Õ9Òeß=ÝâÈïÚÛÈ9Ò�ØmêPãÏÖ×Ö+åæß9ÒQL�ÚÛÒeÐÛá@
�ÈjÜ+ÝçåæÕïÈU
 ÈjÕ9ÒeÌ5ÈïÇ�ß9Ò]ìÇ�È9Ò�ØfÊ�Ð5ÕjÜÛÒ]ÆXÊ�Ô+Ô+ÖâÒeß	ÒT�mÒ�áeÕÓõé]ÜÛÒeß9ÒeìM

ÕjÜÛÒAÖóÇ�È9Òeßrì:ÒÓÇ�Ì¯ÝâÈ@ß9ÒT&Ò�áeÕ9Ò�Ø�Êl�}Ê�ßnØ Ý��:ßDÇ�áeÕ9Ò�Ø�Ê�Ð�Ç(Ì5ÊSø�Ý×Ð+ÞXÌfÝ×ßjß9Ê�ßnÊ�ßPÞ�ßDÇ�ÕjÝ×Ð+ÞXß9Ò�ÈjÔBÒ�áeÕjÝ×øÒeÖK
êPÉJÜÛÒeß9Ò
Ç�ß9Ò}Õ±éAÊ«Ø Ý��mÒeß9ÒeÐ�Õ�Õ9Ò�á9Ü+Ð+ÝÚL�ÚÛÒ�È�å¤Ê�ßLåæß9ÒQL�ÚÛÒeÐÛá@
$È9Ü+Ýçå ÕjÝ×Ð+ÞÛê S ÐÛÒ}Õ	
&Ô:Ò}ÝâÈ�Çªì+ÖóÇ�ÑÓÒ�Ø�Ê�Ô+ÕjÝâáÓÇ�ÖAÞ�ßDÇ�ÕjÝ×Ð+ÞÛõ
é]Ü+ÝâáDÜ*ÝâÈ�ìBÒeÐ�Õ5Ç�ÐÛØVá�ÊÓøÒeß9È�ÕjÜÛÒ�Ê�Ú+Õ9Òeß�È9Ú+ßNå¤Ç�á�Ò�Ê�åôÇªß9Ê�ÕDÇ�ÕjÝ×Ð+Þ á@
&Ö×Ý×ÐÛØ ßjÝâáÓÇ�Ö]Ø ÝâÈ9á × wqw Ø ê�/þÜÛÒeÐVÕjÜÛÒ
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ÖóÇ�È9ÒeßXÝâÈFåæÊ&áeÚÛÈ9Ò�Ø«Ê�ÐµÕjÜÛÒ�ì+ÖóÇ�ÑÓÒ�Ø«Þ�ßDÇ�ÕjÝ×Ð+ÞªÊ�Ð«ÕjÜÛÒ�ß9Ê�ÕDÇ�ÕjÝ×Ð+ÞªØ ÝâÈ9á�õ:ÕjÜÛÒ�Ô+ÜÛÊ�Õ9Ê�ÐÛÈXÇ�ß9Ò�ß9ÒT&Ò�áeÕ9Ò�Øµåæß9Ê�Ì
ÕjÜÛÒ%ÌfÝ×ßjß9Ê�ß9Ò�ØµÈjÚ+ßNåwÇ�á�ÒXé]Ü+Ýâá9Ü ÜÇ�ÈÏÇ�ú � Ò�ØªøÒeÖâÊ&áeÝ×Õ	
Ô Ýâ�"!µÌ : µ : èEéÀê#ò �
é]ÜÛÒeß9Ò ò ÝâÈJÕjÜÛÒ%ì+ÖóÇ�ÑÓÒ�Ç�Ð+Þ�ÖâÒ�õ�Ì : ÕjÜÛÒ%ßDÇ�Ø Ý×ÚÛÈ(Ê�ånÕjÜÛÒ%Ø ÝâÈ9á 1 È9Ò�ÒôúÛÞ�Ú+ß9Ò5yÛêx��4]Ç�ÐÛØåµ : ÕjÜÛÒ%Ð�Ú+Ì�ìBÒeßFÊ�åÕjÚ+ßjÐÛÈFÔ:Òeß(È9Ò�á�Ê�ÐÛØ Ê�årÕjÜÛÒLØ ÝâÈDá�ê=ÉJÜÛÒXå ß9ÒQL�ÚÛÒeÐÛá@
ºÄ#óÊ�årÕjÜÛÒ%ß9ÒT&Ò�áeÕ9Ò�Ø Ö×Ý×Þ�Ü�Õ(ÝâÈ(Þ�Ý×øÒeÐzì�
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�Ê�åJØ+ÒeÐÛÈjÝ×Õ	

å ß9Ê�Ì ÕjÜÛÒ%Ô+ÖóÇ�È9Ì}Çfá�Ê�ß9ÒXÕ9ÊfÕjÜÛÒLÒ�Ø ÞÒ%éJÇ�ÈFÇ�È9ÈjÚ+Ì5Ò�Ømê

ÌfÝâáeß9ÊSé~ÇÓøÒ�È ÈjÚ+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9Òeß Ý×Ð å ßDÇ�ß9Ò�Ø ø&ÝâÈjÝ×ì+ÖâÒ
éJÇ�øÒ�È Ö×Ý×Þ�Ü�Õ Ö×Ý×Þ�Ü�Õ

Õ�
�Ô+ÝâáÓÇ�ÖyéJÇ�øÒeÖâÒeÐ+Þ�ÕjÜ È9ÒeøÒeßDÇ�ÖyÌfÌ u  q tÍ�zq�q 1�mÌ u  1�mÌ y� q tÍ�q q �Ð+Ì
Ì}Ç � ê ØVÝ×ÐªÔ+ÖóÇ�ÈjÌ}Ç wq q �åæßjÝ×Ð+ÞÒ�È wq �åæßjÝ×Ð+ÞÒ�È u å ßjÝ×Ð+ÞÒ   êx q��åæßjÝ×Ð+ÞÒ�ÈØ�Ø ÚÛÒ%Õ9Ê+á C ÝaÓQÔn�mÌ   êx q qw�å ßjÝ×Ð+ÞÒ�È   êx q��åæßjÝ×Ð+ÞÒ�È u å ßjÝ×Ð+ÞÒ wq �åæßjÝ×Ð+ÞÒ�È
ÖóÇ�Õ9ÒeßDÇ�Ö@Ø+ÒT&Ò�áeÕjÝâÊ�Ð �q náeÌ �rÌfÌ u  !�mÌ �q rÐ+Ì
ÚÛÈ9Òñå Ú+ÖBå¤Ê�ß(Ø+ÒeÐÛÈjÝ×Õ�
 ÐÛÊ 
Ò�È 
Ò�È ÐÛÊ
Ì5ÒÓÇ�È9Ú+ß9ÒeÌ5ÒeÐ�Õ 1 Ø+ÒT&Ò�áeÕjÝâÊ�Ð�4 1 ÈjÌ}Ç�Ö×ÖBØ�4

ÐÛÒ�Ò�ØªåæÊ�ßFá�Ê�ÌfÔBÒeÐÛÈDÇ�ÕjÝâÊ�Ð Í ÐÛÊ 
Ò�È Í
é~ÇÓøÒeÖâÒeÐ+Þ�ÕjÜ

ãÏÈÙÊ�ÐÛÒ áÓÇ�Ð�È9Ò�Ò�õJÌfÝâáeß9ÊÓéJÇ�øÒ�È Ç�ß9Ò ÐÛÊ�ÕÙÈjÚ+Ý×ÕDÇ�ì+ÖâÒ«Ø ÚÛÒ Õ9Ê�ÈjÕjß9Ê�Ð+Þ�Ø+ÒT&Ò�áeÕjÝâÊ�Ðyê¯è=Ý×ÕjÜÛÒeßªÇ�Ð�Ý×Ð�Õ9ÒeßNÍ
åæÒeß9Ê�Ì5ÒeÕ9Òeß�é]Ý×ÕjÜVÈjÚ+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9Òeß�éJÇ�øÒ�È�áÓÇ�Ð�ìBÒ5ÚÛÈ9Ò�ØmõrÊ�ß�Çªå¤Ç�ßNÍwÝ×Ð åæßDÇ�ß9Ò�Ø�Ý×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕ9Òeß�é]Ý×ÕjÜ�Ç
È9Ò�á�Ê�ÐÛØ*é~ÇÓøÒeÖâÒeÐ+Þ�ÕjÜþåæÊ�ßÙø�Ý×ì+ßDÇ�ÕjÝâÊ�Ðþá�Ê�ÌfÔ:ÒeÐÛÈDÇ�ÕjÝâÊ�Ðyê´ãôÈfÕjÜÛÒzåæÊ�Ö×ÖâÊSé]Ý×Ð+ÞVáDÜÇ�Ô+Õ9ÒeßÙé]Ý×Ö×Ö(Ý×Ö×Ö×ÚÛÈ9ÕjßDÇ�Õ9Ò�õ
ì:Ê�ÕjÜzÈU
 ÈjÕ9ÒeÌ5ÈFÇ�ß9ÒXÝ×Ð ÚÛÈ9Ò%Ê�ÐzãXà&ÆXè��´�ÏÔ+Þ�ßDÇ�Ø+Ò�ê



zqw yÛê6�±Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕjßjÝâá�Ø+ÒeÐÛÈjÝ×Õ	
�Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ

¬%Ê�¬ ¿¯À Á Í9ÃAF_Á8HBÄ�Á8HhÎFÀÂÁ*F:Á8H¯¾_Á*F_½�Â Î(Ã CZYJ[]\_^ ` Â�ÅPH:¿9a�Á
ÉJÜÛÒ�ãXà&ÆXè�� �ÏÔ+Þ�ßDÇ�Ø+ÒÙÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕ9ÒeßfÜÇ�ÈB�zÜÛÊ�ßjÝ×ÑÓÊ�Ð�ÕDÇ�Ö(Ç�ÐÛØ zzøÒeßjÕjÝâáÓÇ�Ö]á9ÜÇ�Ð+ÐÛÒeÖâÈ 1 È9Ò�ÒfúÛÞ�Ú+ß9Ò
yÛê³�q4ñê�ÉJÜ+ß9Ò�Ò}Ê�å]ÕjÜÛÒfÜÛÊ�ßjÝ×ÑÓÊ�Ð�ÕDÇ�Ö~áDÜÇ�Ð+ÐÛÒeÖâÈÓõré]Ü+Ýâá9Ü*Ç�ß9ÒfÖóÇ�ìBÒeÖâÒ�Ø�Ç�È%. u ÍA.>z õnÇ�ß9ÒfÔÇ�ßDÇ�Ö×ÖâÒeÖ	Õ9Ê ÕjÜÛÒ

AOM

H−1
H−2

H−5
H−4

V−2 V−1 V−3

H−3
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'Â�ÃsÄ�Ãq���W���	ú�� ütý�û��8�Gúi$0ø�ù'ú7�KN	�N	@ù6�"ýGýhú��K� ���Ïú~�t�MûÏú��ÚúUþIG&·��q�UJG*·X�³�"ýhþ��tù'ú�¾=¿3À�
'Â�ÃsÄ�Ã	Tù
�"ýGýhú��8���·��º�U��y·;"�$
ÌfÝâØ Ô+ÖóÇ�ÐÛÒ Ê�å�ÕjÜÛÒµÕ9Ê�ßjÚÛÈSõFé]ÜÛÒeß9ÒÓÇ�ÈªÕjÜÛÒ«Ö×Ý×ÐÛÒ�ÈªÊ�å�È9Ý×Þ�Ü�ÕzÊ�å=.Ay�Ç�ÐÛØ .>�Váeß9Ê�È9È�ÕjÜÛÒ$Ô+ÖóÇ�ÈjÌ}Ç�Ý×Ð Ç
ÈjÖâÊ�ÔBÒ�Ø�é~Çj
êrãôÈnØ ÝâÈ9áeÚÛÈ9È9Ò�Ø�ìBÒñåæÊ�ß9Ò�õ�ÈjÚ+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9Òeß=éJÇ�øÒ�È	Ç�ÐÛØ�åwÇ�ßNÍwÝ×Ð å ßDÇ�ß9Ò�Ø�Ö×Ý×Þ�Ü�Õ	Ç�ß9Ò~Ç�Ô+Ô+ß9Ê�Ô+ßjÝóÇ�Õ9Ò
å¤Ê�ß�Ý×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕjßU
VÊ�ÐVÇªÕ9Ê�Ë�Ç�Ì}Ç�Ë Ê�å(ÕjÜÛÒ}È9Ý×ÑÓÒ}Ê�åFã%à&Æôè�� �FÔ+Þ�ßDÇ�Ø+Ò�êzÉJÜÛÒ�Ç�Ø ø�Ç�Ð�ÕDÇ�ÞÒÙÊ�åFÈ9Ú+ì Í
ÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9ÒeßLéJÇ�øÒ�È%ÝâÈXÕjÜÛÒ�é~ÒÓÇ�Ë Ý×Ð'&ÛÚÛÒeÐÛá�Ò5Ê�å~Ì5Ò�á9ÜÇ�Ð+ÝâáÓÇ�Öïø&Ý×ì+ßDÇ�ÕjÝâÊ�ÐÛÈÓõyÈDÊ}ÐÛÊªÈ9Ò�á�Ê�ÐÛØ«éJÇ�øÒeÖâÒeÐ+Þ�ÕjÜ
å¤Ê�ßÙá�Ê�ÌfÔBÒeÐÛÈDÇ�ÕjÝâÊ�ÐþÜÇ�È}Õ9Ê�ì:ÒªÝ×ÐÛÈ9ÕDÇ�Ö×ÖâÒ�Ømê ÉJÜÛÒzìBÒÓÇ�Ì Ø+ÒT&Ò�áeÕjÝâÊ�Ð�Ø ÚÛÒzÕ9Ê�Ø+ÒeÐÛÈjÝ×Õ	
�Þ�ßDÇ�Ø ÝâÒeÐ�Õ9È�Ý×Ð
ÕjÜÛÒ�Ô+ÖóÇ�ÈjÌ}ÇÙÝâÈôÈjÕjÝ×Ö×ÖPÖâÒ�ÈDÈÏÕjÜÇ�Ð u áeÌÂÇ�á�á�Ê�ß9Ø Ý×Ð+ÞªÕ9ÊÙÕjÜÛÒ�áeßjÚÛØ+Ò�Ò�ÈjÕjÝ×Ì}Ç�ÕjÝâÊ�Ð$Ì}Ç�Ø+Ò�Ý×Ð«ÕjÜÛÒ�Ô+ß9Òeø�ÝâÊ�ÚÛÈ
áDÜÇ�Ô+Õ9ÒeßÓõ_é]ÜÛÒeß9Ò�ÇfÖ×Ý×ÐÛÒÓÇ�ßôØ+ÒeÐÛÈjÝ×Õ	
ªÞ�ßDÇ�Ø ÝâÒeÐ�ÕFåæß9Ê�Ì ÕjÜÛÒ�Ô+ÖóÇ�ÈjÌ}Ç5á�ÒeÐ�Õ9ÒeßFÕ9Ê5ÕjÜÛÒ�Ò�Ø ÞÒLéJÇ�ÈôÇ�È9È9Ú+Ì5Ò�Ømê
�·Ð}Ô+ßDÇ�áeÕjÝâá�Ò�õ&ÖâÊ&áÓÇ�Ö_Ø+ÒeÐÛÈjÝ×Õ�
5Þ�ßDÇ�Ø ÝâÒeÐ�Õ9ÈJáÓÇ�Ð�ì:ÒÏÈjÕjß9Ê�Ð+ÞÒeß~Ç�ÐÛØ�Ø+ÒT&Ò�áeÕjÝâÊ�ÐÙìM
}È9ÒeøÒeßDÇ�Ö:áeÌ ÝâÈ	Ô:Ê�È9È9Ý×ì+ÖâÒ�ê
ãôÈ�ÕjÜÛÒªÊ�Ô+ÕjÝâáÓÇ�Ö~ÔÇ�ÕjÜ�åæß9Ê�ÌcÕjÜÛÒ�ÖóÇ�È9Òeß�Õ9ÊµÕjÜÛÒ�Ø+ÒeÕ9Ò�áeÕ9Ê�ß9È�ÝâÈfÊ�åFÕjÜÛÒ�Ê�ß9Ø+Òeß5Ê�åÏÈDÒeøÒeßDÇ�Ö u   Ì5ÒeÕ9Òeß9ÈSõ
ÈjÌ}Ç�Ö×Ö	ì:ÒÓÇ�Ì÷Ø Ý×øÒeßjÞÒeÐÛá�Ò}ÝâÈLÒ�È9È9ÒeÐ�ÕjÝóÇ�Öwê5ÉJÜÛÒ5Ø Ý×øÒeßjÞÒeÐÛá�ÒÙÊ�å(ÇzðLÇ�ÚÛÈ9ÈjÝóÇ�Ð�ìBÒÓÇ�Ì ÝâÈLØ+ÒñúÛÐÛÒ�Ø�Ç�ÈLÕjÜÛÒ
ÜÇ�ÖçåïÊ�ÔBÒeÐ+Ý×Ð+ÞÙÇ�Ð+Þ�ÖâÒ�Ç�ÐÛØ�Þ�Ý×øÒeÐ ìM


� Ý ×
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yÛê yÛê�ÉJÜÛÒXÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕ9ÒeßôÈDÒeÕjÚ+Ô Ê�ÐzãXà&ÆXè��a�ÏÔ+Þ�ßDÇ�Ø+Ò zqz

é]ÜÛÒeß9ÒÆ&PÕ}ÝâÈ�ÕjÜÛÒzð%Ç�ÚÛÈ9È9ÝóÇ�ÐVìBÒÓÇ�Ì é~Ç�ÝâÈ9ÕÓê��·ÐVÊ�ß9Ø+ÒeßfÕ9Ê$ÜÇÓøÒzÇ«Ø Ý×øÒeßjÞÒeÐÛá�ÒªÝ×Ð�ÕjÜÛÒ�ÌfÝ×Ö×Ö×Ý×ßDÇ�Ø ÝóÇ�Ð
ßDÇ�Ð+ÞÒ�õ ÕjÜÛÒXé~Ç�ÝâÈjÕ(Ê�å=Ç�È9Ú+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9Òeß(ì:ÒÓÇ�Ì ÜÇ�ÈJÕ9Ê�ìBÒXÊ�åPÕjÜÛÒXÊ�ß9Ø+Òeß(Ê�ånÇ�å¤Òeé´á�ÒeÐ�ÕjÝ×Ì5ÒeÕ9Òeß9ÈÓêAÉJÜÛÒ
Ø+ÒT&Ò�áeÕjÝâÊ�Ð$Ê�åïÕjÜÛÒ�ìBÒÓÇ�ÌüÝâÈÏÕjÜÛÒeß9ÒñåæÊ�ß9Ò�Ê�åïÕjÜÛÒ�Ê�ß9Ø+ÒeßôÊ�åAÝ×Õ9ÈFÖóÇ�Õ9ÒeßDÇ�Ö=Ø Ý×Ì5ÒeÐÛÈjÝâÊ�Ð�Ç�ÐÛØµÒeÐÛÊ�Ú+Þ�Ü$ÔBÊÓé~Òeß
é]Ý×Ö×Ömß9ÒÓÇ�á9Ü ÕjÜÛÒ�Ø+ÒeÕ9Ò�áeÕ9Ê�ß9È(Ý×ÐªÌ5Ê�ÈjÕFáÓÇ�ÈDÒ�ÈÓê
�±Ð«ÕjÜÛÒ�ÔÇ�ÈjÕÓõBÊ�Ð+ÖK
µÊ�ÐÛÒ�ÈjÝ×Ð+Þ�ÖâÒ�ÈjÚ+ì ÍwÌfÝ×Ö×Ö×Ý×Ì5ÒeÕ9Òeß%é~ÇÓøÒeÖâÒeÐ+Þ�ÕjÜ ÜÇ�ÈXìBÒ�ÒeÐ«ÚÛÈDÒ�Øzå¤Ê�ßXì:Ê�ÕjÜyõ:ÜÛÊ�ßjÝ×ÑÓÊ�Ð�ÕDÇ�Ö
Ç�ÐÛØÙøÒeßjÕjÝâáÓÇ�ÖPá9ÜÇ�Ð+ÐÛÒeÖâÈÓê��«ÒÓÇ�Ð�é]Ü+Ý×ÖâÒ�õÕjÜÛÒeß9ÒLÇ�ß9ÒXØ Ý��BÒeß9ÒeÐ�ÕFÈU
 ÈjÕ9ÒeÌ5Èj�nãhÆO) v Ý×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9ÒeßÏé]Ý×ÕjÜ
úÛøÒ5ÜÛÊ�ßjÝ×ÑÓÊ�Ð�ÕDÇ�ÖJá9ÜÇ�Ð+ÐÛÒeÖâÈSõïÇ�ÐÛØ�ÇªøÒeßjÕjÝâáÓÇ�Ö~Õ±é~Ê�Í±á�Ê�ÖâÊ�ß�¾%¿AÀjÁlÂ�ÃsÄ�ÃÙÝ×Ð�Õ9ÒeßNå¤Òeß9Ê�Ì5ÒeÕ9Òeß�é]Ý×ÕjÜ;zªÖ×Ý×ÐÛÒ�È
Ê�ånÈjÝ×Þ�Ü�ÕÓê	ãôÈ]ÕjÜÛÒLáÓÇ�ÖâáeÚ+ÖóÇ�ÕjÝâÊ�Ð$Ê�ånØ+ÒeÐÛÈ9Ý×Õ	
ªÔ+ß9Ê�úÛÖâÒ�È(é]Ý×ÕjÜ+Ý×ÐµÕjÜ+ÝâÈ]ÕjÜÛÒ�ÈjÝâÈFéAÊ�ßjË�é]Ý×Ö×Ö@Ê�Ð+ÖK
�ß9ÒeÖK
ªÊ�ÐzÕjÜÛÒ
Ì5ÒÓÇ�ÈjÚ+ß9ÒeÌ5ÒeÐ�Õ9È�Ê�åAÕjÜÛÒfÆO) v Ý×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9ÒeßÓõrÊ�Ð+ÖK
µÕjÜ+ÝâÈ%ÈÏ
&ÈjÕ9ÒeÌÂÝâÈ%Ø ÝâÈ9áeÚÛÈDÈ9Ò�Ø«Ý×Ð Ø+ÒeÕDÇ�Ý×Ö=ÜÛÒeß9Ò�ê�ã
Ø+ÒeÕDÇ�Ý×ÖâÒ�Ø}Ø ÝâÈ9áeÚÛÈ9È9ÝâÊ�Ð}Ê�åmÕjÜÛÒ�¾%¿AÀjÁlÂ-ÃjÄ-ÃFÝ×Ð�Õ9ÒeßNåæÒeß9Ê�Ì5ÒeÕ9Òeß]áÓÇ�ÐÙì:ÒJå¤Ê�Ú+ÐÛØfÝ×Ð�Ç�Ô+Ô:ÒeÐÛØ Ý � ã�êxw êrãJÕAÕjÜÛÒÒeÐÛØ�Ê�åPÕjÜ+ÝâÈ~áDÜÇ�Ô+Õ9ÒeßÓõ�ýNÚÛÈjÕAÕjÜÛÒôìÇ�ÈjÝâáôÔ+ß9Ê�ÔBÒeßjÕjÝâÒ�È]Ê�å@ÕjÜÛÒO¾%¿AÀjÁlÂ�ÃsÄ�Ã�ÈU
 ÈjÕ9ÒeÌ Ç�ß9Òôì+ßjÝâÒT&G
�ÈjÚ+ÌfÌ}ÇtÍ
ßjÝ×ÑÓÒ�Ømê
òÛÊ�ß}ÕjÜÛÒµÜÛÊ�ßjÝ×ÑÓÊ�Ð�ÕDÇ�ÖXÖ×Ý×ÐÛÒ�È�Ê�å�ÈjÝ×Þ�Ü�ÕÓõÏÇ Ø+ÒeÚ+Õ9ÒeßjÝ×Ú+Ì�á@
�Ç�Ð+ÝâØ+Ò ÖóÇ�ÈDÒeßÙÝâÈÙÚÛÈ9Ò�Ø�Ç�ÈÙÕjÜÛÒzÖ×Ý×Þ�Ü�ÕªÈ9Ê�Ú+ß9á�Ò�ê
ÉJÜ+ÝâÈFÝâÈXÇføÒeßU
ªßDÇ�ß9Ò�Õ	
&Ô:Ò�Ê�åïÕ9ÒeßDÇ�ÜÛÒeßjÕjÑ�ÖóÇ�È9ÒeßFé]ÜÛÊ�È9Ò�Ì}Ç�Ý×Ð�Ç�Ô+Ô+Ö×ÝâáÓÇ�ÕjÝâÊ�Ð«ÝâÈÏÕjÜÛÒLÚÛÈDÒ�Ê�Ðµå ÚÛÈjÝâÊ�Ð«Ø+ÒñÍ
ø�Ýâá�Ò�ÈÓê}ÉJÜÛÒ}Ç�áeÕjÝ×øÒ5Ì5Ò�Ø Ý×Ú+Ì Ê�å~ÕjÜ+ÝâÈ�ÖóÇ�È9ÒeßLÝâÈ%ÕjÜÛÒÙØ+ÒeÚ+Õ9ÒeßDÇ�Õ9Ò�Ø Ô+ßjÚÛÈ9ÈjÝâáÙÇ�áeÝâØ�Ì5Ê�ÖâÒ�áeÚ+ÖâÒ 1 ÆO) v 4ôÝ×Ð
Þ�Ç�È9Ò�Ê�ÚÛÈXÈjÕDÇ�Õ9Ò�êA7PÇ�È9Òeß%ÒeÌfÝâÈ9ÈjÝâÊ�Ð«ÝâÈXÇ}ß9Ò�ÈjÚ+Ö×ÕXÊ�å	ÕjßDÇ�ÐÛÈjÝ×ÕjÝâÊ�ÐÛÈôìBÒeÕ±éAÒ�ÒeÐ�ß9Ê�ÕDÇ�ÕjÝâÊ�ÐÇ�Ö	Ç�ÐÛØµø&Ý×ì+ßDÇ�ÕjÝâÊ�ÐÇ�Ö
ÈjÕDÇ�Õ9Ò�ÈXÊ�å	ÕjÜÛÒ�Æ5) v Ì5Ê�ÖâÒ�áeÚ+ÖâÒ�ê�òrÝ×Þ�Ú+ß9ÒByÛêxÙÈ9ÜÛÊÓé(È%Ç�Ð�ÒeÐÛÒeßjÞq
 ÖâÒeøÒeÖ=Ø ÝóÇ�Þ�ßDÇ�Ìzõmé]ÜÛÒeß9Ò�ÕjÜÛÒ�ÕjßDÇ�ÐÛÈjÝçÍ
ÕjÝâÊ�Ð é~ÇÓøÒeÖâÒeÐ+Þ�ÕjÜÛÈ1× ) � ×GÀ � ×Iè5Ç�ÐÛØ'× ' Ç�ß9Ò u q� êx�q� õ u �q  êx  u õ u �lyÛê³�" zÇ�ÐÛØ u �lyÛê³�"¬!�mÌ × wly Ø ê+�·Ð�ÕjÜ+ÝâÈÖâÒeøÒeÖAØ ÝóÇ�Þ�ßDÇ�Ìzõ Ö Ø+ÒeÐÛÊ�Õ9Ò�È�ÕjÜÛÒ}ß9Ê�ÕDÇ�ÕjÝâÊ�ÐÇ�Ö�L�ÚÇ�Ð�ÕjÚ+Ì Ð�Ú+Ì�ì:ÒeßfÇ�ÐÛØ ÕjÜÛÒÙÊ�ÕjÜÛÒeß:zªúÛÞ�Ú+ß9Ò�È�Ç�ß9Ò}ÕjÜÛÒ
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ìBÊ�ß9ÒeÜÛÊ�ÖâÒ5ÕjÜ+ß9Ê�Ú+Þ�Ü é]Ü+ÝâáDÜ�á�Ê&Ê�Ö×Ý×Ð+Þzé~Ç�Õ9Òeß�ÝâÈ%Ô+Ú+ÌfÔ:Ò�Ø Ý×Ð�Ê�ß9Ø+ÒeßLÕ9ÊªËÒ�ÒeÔ ÕjÜÛÒ0L�ÚÇ�ßjÕjÑ5Ì}Ç�Õ9ÒeßjÝóÇ�ÖJÇ�Õ
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Ê�å=ÕjÜÛÒXß9Ò�È9Ê�ÐÇ�Õ9Ê�ßÏÖâÒeÐ+Þ�ÕjÜyê	ãJÕ(ÕjÜÛÒLÊ�Ú+ÕjÔ+Ú+ÕÏÈjÝâØ+ÒLÊ�ånÕjÜÛÒ%ÖóÇ�È9ÒeßÓõ ÕjÜÛÒeß9ÒLÝâÈÏÇ:L�ÚÇ�ßjÕjÑLÔ+ÖóÇ�Õ9Ò�Ê�Ðªé]Ü+Ýâá9Ü$Ç

discharge tube quartz rods

gas flow controllersmicrometer screw

silicone oil supply line

î3ï�ðGñ�òjó -*õ)TI÷Y² �Iù6��UÏÿ�������ù ��³�tù'úu�fN	� �v���jú��=ütý<��Gú����A��ü�"ýz$�ø�ù'ú��Uú����Uú�� ÿ +ÿA���q���/�A�S�¹�ø� ütýhú������PÂ-Ã�ãTÄBÀ��"ýhþB¾ : ' $:ø�ù'ú��v���d�	ú��q	^�"ý`ûÏú���~úTýhúÏþ°�"ý�þø	��v��QúUþ�û��ø�ô����ÚúTýS"ü þº¸W���¹¸lúi$
ÈjÕjßjÝ×Ô�Þ�ßDÇ�ÕjÝ×Ð+Þ�ÜÇ�È	ìBÒ�ÒeÐÙØ+ÒeÔBÊ�ÈjÝ×Õ9Ò�Ømê��·ÕAØ+Ê&Ò�ÈïÐÛÊ�ÕJÊ�Ð+ÖK
}Ç�áeÕJÇ�È~Ç�È9ÒeÌfÝçÍwÕjßDÇ�ÐÛÈ9ÔÇ�ß9ÒeÐ�Õ]Ê�Ú+ÕjÔ+Ú+Õ~á�Ê�Ú+Ô+ÖâÒeß
ÌfÝ×ßjß9Ê�ßÓõ�ì+Ú+Õ	Ç�ÖâÈ9ÊLØ+ÒñúÛÐÛÒ�È	ÕjÜÛÒ]Ø Ý×ß9Ò�áeÕjÝâÊ�ÐÙÊ�åBÔ:Ê�ÖóÇ�ßjÝ×ÑSÇ�ÕjÝâÊ�Ð�Ê�å:ÕjÜÛÒJÖóÇ�È9Òeß	ì:ÒÓÇ�Ìzê8�·Ð5Ê�ß9Ø+ÒeßïÕ9ÊXß9ÒeÌ5Ê�Õ9ÒeÖK

Ì5Ê�Ð+Ý×Õ9Ê�ßXÕjÜÛÒ�ÖóÇ�È9ÒeßôÊ�Ú+ÕjÔ+Ú+ÕôÔBÊÓéAÒeßÓõBÕjÜÛÒ�ìBÒÓÇ�ÌüÝâÈFúÛß9ÈjÕÏÈDÒeÐ�ÕôÕ9Ê�Ç}ì:ÒÓÇ�ÌûÈjÔ+Ö×Ý×ÕjÕ9ÒeßXé]Ý×ÕjÜ$Ç�ìBÊ�Ú+Õ5�q�A@
Ê�åJÕjßDÇ�ÐÛÈjÌfÝâÈ9ÈjÝâÊ�Ðyê}ÉJÜÛÒ5ÈjÔ+Ö×Ý×ÕLÊl�*á�Ê�ÌfÔ:Ê�ÐÛÒeÐ�Õ�é]Ý×ÕjÜ�Ç�ìBÊ�Ú+Õ u @ÂÊ�åJÝ×Ð�Õ9ÒeÐÛÈjÝ×Õ�
«ÞÊ&Ò�È%ÕjÜ+ß9Ê�Ú+Þ�Ü�ÇªÌ5ÒñÍ
áDÜÇ�Ð+ÝâáÓÇ�Ö@á9ÜÛÊ�Ô+ÔBÒeßFÇ�ÐÛØ�ÕjÜÛÒeÐ�Õ9ÊfÇ�Ô�
&ß9Ê&ÒeÖâÒ�áeÕjßjÝâá%Ø+ÒeÕ9Ò�áeÕ9Ê�ßÓêïÉJÜÛÒôß9ÒeÌ}Ç�Ý×Ð+Ý×Ð+ÞfÖóÇ�È9ÒeßJì:ÒÓÇ�Ì ÒeÐ�Õ9Òeß9È(ÕjÜÛÒ
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JP\]Q�SVYN\]b¨YN\[\]d¬Z�Gc^/JP\f^�[Gc^_bwJ�^_�!bIOPE��a��U�O���O�^_S8EVGRopQ<^_b�t�YNOP£�L�OMQ�JM�GIECF!OMSNOMYVd�GRQ�OPFª���¢SVU�Oa^_Q!opL!bc^_Y
t�YNOP£�L�OMQ�JM�T\_t�SVU�OeYN\]SK^_SVGRQ!oªopYK^_SVGRQ!o�`w§�U!GIJNU+J�^_Q¥��O7JP\]Q�SVYN\]bRbIOPF+���g^]F_�ßL�ENSVGRQ!orSVU�O¡W!YNOPEKEVL!YNOs^_GRY
à \�§5YK^_SNOCSN\7SVU�OCW!Q�OML!da^_SVGIJ1dX\]SN\]YlSVU<^_SlFHYVGRZfOPE�SVU�OCopYK^_SVGRQ!o��l��U�O�t�YNOP£�L�OMQ�JM�/GIEBL�EVL<^_bRbR�/ENOMSBSN\
^_��\]L!S�á�â«�[©�ãf`�§�U�OMYNOM���¢^7JPOMYVSK^_GRQª^_dX\]L!Q�S8\_t à L�JMSVL<^_SVGI\]Q'GIEBL!Q<^PZf\]GIF�^_�!bIOa^]EBSVU�OCt�YNOP£�L�OMQ�JM�GIE
F!OMSNOMYVd�GRQ�OPFg����^/dXOPJKU<^_Q!GIJ�^_b�EV�HEVSNOMd/�D�bIEN\r\]WqOMYK^_SVGI\]Q+^_S�äpâ«�[©�ãeGIE8W�\pENEVGR�!bIOp`��!L!S1Q�\]S�F!\]Q�O
ZfOMYV�'\_t�SNOMQ~^]EiSVU!GIEiYNOPEVL!bRSNEiGRQ~GRQ�JMYNO�^]ENOPF'§¨O�^_YC\_t�SVU�O���O�^_YVGRQ!ofE�\_t�SVU�O�opYK^_SVGRQ!o��X��Q'SVU�OXJP\]Q�SVYN\]b
YN\[\]d/`�SVU�O�EVGRopQ<^_bIElof\eSVU!YN\]L!opU�^]JPJP\]YNFHGRQ!opbR�ª^]F_��L�EVSNOPFr�<^_Q�FHW<^]ENEl��bRSNOMYNEl��YNEVSlGRQ'\]YNF!OMYiSN\¡YNOß�VOPJMS
bI\�§¨OMY8^_Q�FrU!GRopU�OMYBtvYNOP£�L�OMQ�JM�/Q�\]GIENOp�l��U�OCW<^]ENEV�<^_Q�Ft�\]YBSVU�OCYNO�t�OMYNOMQ�JPO9EVGRopQ<^_b«GIEBQ<^_YVYN\�§åØ ^_��\]L!S
æ9ç �H©�ã�Ü�`�^]E�GRSNE�tvYNOP£�L�OMQ�JM��GIEaEVSVYVGIJMSVbR��W!YN\]W�\]YVSVGI\]Q<^_b�SN\ªSVU�O/^_Q!opL!bc^_YaZfOMbI\[JMGRS��g\_tBSVU�OsopYK^_SVGRQ!o�`
§�U�OMYNO�^]El^�dCL�JNUrbc^_YVofOMY��<^_Q�FH§�GIFHSVUrU<^]E�SN\���O8^_bRbI\�§¨OPFt�\]Y�SVU�O�W!YN\]�!GRQ!o7ENGRopQ<^_bIEB^]EB^_Q��/JNU<^_Q!ofO
\_t�SVU�OCW!U<^]ENO�SNOMd�W�\]YK^_YVGRbR��JP\]d�W!YNOPENEKOPEB\]YBO�[W<^_Q�F!EBSVU�O8§�^PZfO1SVYK^_GRQ'^_Q�F�SVU�OMYNO�t \]YNO1JP\]YVYNOPEVWq\]Q�F!E
SN\/^7SNOMd�W�\]YK^_YV��t�YNOP£�L�OMQ�JM�rEVU!Gut�S���è�U<^]ENO�JP\]d�W<^_YVGIEN\]Q~GIE���Q<^_bRbR�¢F!\]Q�O9���¢×7d8L!bRSVGRYK^]FHGc^_Q~W!U<^]EKO
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JP\]L!Q�SNOMY�dX\[FHL!bIOPE�§�U!GIJNU¢^_YNOl�<^]ENOPFs\]QsSVU�OiW!YVGRQ�JMGRW!bIOiSVU<^_S�§�^]E�W!YN\]W�\pENOPF¡GRQ~êëäpÖ�ì���kw^]JKU�dX\[FHL!bIO
YNOPJPOMGRZfOPECSVU�OaYNO�t�OMYNOMQ�JPO¡EVGRopQ<^_b�^_Q�F�\]Q�Oe\_t�SVU�O7W!YN\]�!GRQ!o¢ENGRopQ<^_bIE��/��Q�EVGIF!OXSVU�OPENO7dX\[FHL!bIOPE�`�SVU�OMYNO
GIEC^¡SVYK^_Q�E�t \]YVdXOMY�^_Q�F~EN\]dXOa^]F!FHGRSVGI\]Q<^_b�JMGRYNJML!GRSVYV�'t \]Y�o�^_bRZp^_Q!GIJXGIEN\]bc^_SVGI\]Q	`�^]EC§¨OMbRb�^]E1^¡t�L!YVSVU�OMY
�<^_Q�FHW<^]ENE���bRSNOMY�^_Q�F¡^_d�W!bRGu�<OMY��w��U�OMQ	`�^CJP\]d�W<^_YK^_SN\]Y�SVYK^_Q�EVt�\]YVdXE�SVU�Oi^_bRdX\pEVS�EVGRQ�L�EN\]GIF�^_b	^_Q<^_bI\]o
W!bc^]EVda^¡^_Q�FYNO�t OMYNOMQ�JPO9EVGRopQ<^_bIElGRQ�SN\¡����í¥JP\]d�W<^_SVGR�!bIOXFHGRopGRSK^_b�EVGRopQ<^_bIE��i��U�O1ENL!��ENOP£�L�OMQ�SiFHGRopGRSK^_b
JMGRYNJML!GRSXGRQ�Zf\]bRZfOPE¡^¢W!U<^]ENO���bI\[JN�fOPF#bI\�\]WîØ�èwí	í�Ü�`¨SVU�OsdX\�FHL!bIOPEa§�GRbRb�SVU�OMYNO�t \]YNO/��O¡YNO�t�OMYVYNOPF#SN\~^]E
� ji���Bè�í	í � dX\�FHL!bIOPE�GRQ/SVU�OBt�L!YVSVU�OMY�FHGIENJML�ENEVGI\]Q	�wDîENJKU�OMda^_SVGIJ8FHYK^�§�GRQ!o7\_t�SVU�OiJMGRYNJML!GRS�GIE�EVU�\�§�Q
GRQ���opL!YNO�×H�Ráp��DgW!U<^]EKO¨JP\]d�W<^_YK^_SN\]Y�^_Q�F9^�Zf\]bRSK^_ofO�JP\]Q�SVYN\]bRbIOPF9\pENJMGRbRbc^_SN\]Y�`p§�U!GIJKU9^_YNO¨��\]SVUCbI\[J�^_SNOPF

>1

reference input

f

clk clk

binary counter
Q2

count
up

up / down counter
count up
count down

&

DPLL

(phase comparator +
voltage controlled oscillator)

PLL circuit
74HCT4046 count

up

8−bit binary counter

Q7Q3Q0

256 f

f

16 f

128 f

I/D out

K clock I/D clock 2−bit shift register
A

B 74LS297

plasma signal input

DAC low−pass
filter output

density
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tvYNOP£�L�OMQ�JM�s\_t�SVU�O8YNO�t�OMYNOMQ�JPO1EVGRopQ<^_b���D�Q0/����!GRS�JP\]L!Q�SNOMYBSVU<^_S�GIE�L�ENOPFst�\]Y�tvYNOP£�L�OMQ�JM�sFHGRZ�GIEVGI\]Q¢^_Q�F
SVU�OXW!U<^]ENOeJP\]d�W<^_YK^_SN\]Y�JMGRYNJML!GRS1opL<^_YK^_Q�SNOPOeSVU<^_SC��\]SVUTENGRopQ<^_bIE1^_YNOeEVSVYVGIJMSVbR�ªGRQ�W!U<^]ENOp`�G�� Op��O�^]JKU
x�1�24365YVGIENGRQ!o¢OPFHofO¡\_t�SVU�O¡EN£�L<^_YNO7§�^PZfOsENGRopQ<^_b�O��^]JMSVbR�~JP\]GRQ�JMGIF!OPE�§�GRSVUgSVU�O7YVGIEVGRQ!o'OPFHofO¡\_t�SVU�O
YNO�t�OMYNOMQ�JPO/ENGRopQ<^_b���¤!YN\]d SVU�O/JP\]YVYNOPEVW�\]Q�FHGRQ!o~SNOMYVd�GRQ<^_bIEe\_tBSVU�O7/����!GRSaJP\]L!Q�SNOMY�`�ENGRopQ<^_bIEaJ�^_Q#��O
\]�!SK^_GRQ�OPFsSVU<^_S�U<^PZfOXá�ä�/�^_Q�F'á�Ö1SVGRdXOPE�SVU�OBtvYNOP£�L�OMQ�JM�e\_t�SVU�OlYNO�t OMYNOMQ�JPOiEVGRopQ<^_b���D¯FHGRopGRSK^_b°W!U<^]ENO
bI\�JK�fOPF+bI\[\]W�JMGRYNJML!GRS'ØvS��[WqO¢Ú�Ùfí�hHä�8fÚpÜ�GIE7EVL!W!W!bRGIOPF�§�GRSVU#SVU�OPENO�S�§¨\~t�YNOP£�L�OMQ�JMGIOPE¡^_Q�F#§�GRSVU�SVU�O
W!bc^]EVda^¡EVGRopQ<^_b��1��U!GIE�JMGRYNJML!GRSiW!YN\�FHL�JPOPEC^_Qª\]L!SVW!L!S�EVGRopQ<^_b�Ø���9_j%\]L!S�Ü�SVU<^_SiU<^]E�OMGRopU�SiSVGRdXOPEiSVU�O
tvYNOP£�L�OMQ�JM�a\_t°SVU�OBYNO�t OMYNOMQ�JPOiEVGRopQ<^_b	^_Q�F7§�U�\pEKO�W!U<^]EKO�GIE��fOMW!S�JP\]Q�EVSK^_Q�S�YNOMbc^_SVGRZfOMbR�aSN\1SVU�OBW!bc^]EVda^
EVGRopQ<^_b�����t�SVU�O8W!U<^]ENOC\_t�SVU�O8W!bc^]ENda^aEVGRopQ<^_b«FHYVGutvSNEBFHL�OCSN\7F!OMQ�EVGRS���JNU<^_Q!ofOPE�`·SVU!GIE�GIEl^]JNU!GIOMZfOPFr���
OMGRSVU�OMY�^]F!FHGRQ!oª\]Y�\]d�GRSVSVGRQ!oªW!L!bIEKOPECGRQgSVU�Os�:9_jå\]L!SXEVGRopQ<^_b�Ø�ENOPO7��opL!YNOs×H�ëäfÜ��~�°§¨\ªENL!��ENOP£�L�OMQ�S
EVSK^_SNOPE�\_t«SVU�Oi�:9_j�\]L!S�EVGRopQ<^_b°^_YNOiEVSN\]YNOPFsGRQ�^9ä����!GRS�ENU!GutvS�YNOMopGIEVSNOMY�����t«F!OMQ�ENGRS��¡GIE�JP\]Q�EVSK^_Q�S�`<SVU�OMYNO
GIEC^EVSVYVGIJMS1^_bRSNOMYVQ<^_SVGI\]Q¥\_t � bI\�§ � ^_Q�F � U!GRopU � EVSK^_SNOPE��s©�\�§¨OMZfOMY�`�Gut�F!OMQ�EVGRS��~F!OPJMYNO�^]ENOPE�`«SVU�OMYNO¡^_YNO
S�§¨\�ENL!��ENOP£�L�OMQ�S � U!GRopU � EVSK^_SNOPE�`!^_Q�F¡Gut«GRS�GRQ�JMYNO�^]EKOPE�`HSVU�OMYNO8^_YNOBS�§�\ � bI\�§ � ENSK^_SNOPE���D�QsDB��j�^_Q�Fs^
��;=<¯o�^_SNO8^_YNOiL�ENOPF¡SN\XF!OMSNOPJMS�SVU�OPENOiS�§¨\aENGRSVL<^_SVGI\]Q�E�`!SVU�OMGRY�\]L!SVW!L!SBJ�^_L�ENOPE�^9�!GRQ<^_YV�sJP\]L!Q�SNOMY�SN\
JP\]L!Q�S�F!\�§�Qs\]Y�L!W	����U�OBJP\]L!Q�SNOMY�YNO�^]FHGRQ!o1GIE�ENOMQ�S¨SN\�^CFHGRopGRSK^_bu��SN\_��^_Q<^_bI\]o]��JP\]Q�ZfOMYVSNOMY�Ø�j�D���ÜwSVU<^_S
W!YN\�FHL�JPOPEw^_Qe^_Q<^_bI\]o8F!OMQ�EVGRS���EVGRopQ<^_b���D)EVL!��ENOP£�L�OMQ�S�Ù��H©�ã�bI\�§���W<^]ENEw��bRSNOMY�YNOß�VOPJMSNE�Q�\]GIENO�t�YN\]d;SVU�O
FHGRopGRSK^_b°EVGIF!Oi\_t�SVU�O�j�D��)§�U!GIJKU�§¨\]L!bIF�\]SVU�OMYV§�GIENO���OlW!YNOPENOMQ�S�GRQsSVU�O�\]L!SVW!L!S�EVGRopQ<^_b�����U�O�W!U<^]ENO
YNOPEN\]bRL!SVGI\]Q�\_t�SVU!GIE�JMGRYNJML!GRS�GIEiá>9[á�Ö1t�YVGRQ!ofOp�
D�EBdXOMQ�SVGI\]Q�OPF~O�^_YVbRGIOMY�`�t�\]YlSVU�O9j����-§�^PZfOMbIOMQ!opSVU�\_tlá"8p×@?�d¬�qO�^_d¬F!O à OPJMSVGI\]Q'���rEVSVYN\]Q!o¡bI\[J�^_b
F!OMQ�EVGRS��iopYK^]FHGIOMQ�SNE�GRQCSVU�OwW!bc^]EVda^�GIE�^�JMYVGRSVGIJ�^_b[GIENEVL�Op�«��t!F!O à OPJMSVGI\]Q9��OPJP\]dXOPE«bc^_YVofOMY�SVU<^_QCSVU�Ow��O�^_d
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L�ENOPFt \]Y�t OPOPFH�<^]JN�rJP\]Q�SVYN\]bw^_Q�F¢EN\]dXO9^_bRSNOMYVQ<^_SVGRZfOXJP\]Q�SVYN\]b�ENJKU�OMdXO9U<^]EBSN\7��O9^_W!W!bRGIOPF�����Q¢EVL�JKU
J�^]ENOp`«W!YN\_��bIOeJ�^_bIJML!bc^_SVGI\]QgU<^]E8SN\��qOa^_��\]YVSNOPF�`�§�U�OMYNO�^]E8t�OPOPFH�<^]JK�~JP\]Q�SVYN\]b�\]Q�\]Q�O7\_t�SVU�Oaj����
JKU<^_Q!Q�OMbIE�J�^_Qe��O�JP\]Q�SVGRQ�L�OPF/^]E�bI\]Q!o�^]EwQ�\]S�^_bRb�×CJNU<^_Q!Q�OMbIE�U<^�ZfOB�qOPOMQs^���OPJMSNOPF7���XtvYVGRQ!ofOw�ßL!d�W�E��
DBE�EN\[\]Qg^]E9SVU�O¡bc^]EVS�j����åJKU<^_Q!Q�OMb�U<^]E�EVLH��OMYNOPF�tvYN\]d t�YVGRQ!ofO¡bI\pENE�`�GRS9GIE9W�\pENEVGR�!bIO7SN\¢L�ENOeSVU�O
F!OMQ�EVGRS���EVGRopQ<^_bIE�tvYN\]d{SVU�O�g® Y GRQ�SNOMY�t�OMYN\]dXOMSNOMYBt \]Y�JP\]Q�SVYN\]b���©B\�§�OMZfOMY�`qU<^PZ[GRQ!oe\]Q!bR�¡SVU�O8\]L!SVW!L!SEVGRopQ<^_b!\_tqSVU�O�j����Bè�í	ísW!U<^]EKO�JP\]L!Q�SNOMYNEw^PZp^_GRbc^_�!bIOp`fSVU�OMYNO�GIE«Q�\BL!Q<^_d8�!GRopL�\]L�E¨JMYVGRSNOMYVGI\]Q9t�\]Y«t�YVGRQ!ofO
��L!d�WaF!OMSNOPJMSVGI\]Q	� n EVGRQ!oiSVU�O�SVGRdXO�F!OMYVGRZp^_SVGRZfO�\_t�SVU�O�F!OMQ�EVGRS��XEVGRopQ<^_b·^]E�JMYVGRSNOMYVGI\]Q7GIE�Q�\]S�W!YN\]d�GIEVGRQ!o
^]ECGRQTEK\]dXOaJ�^]ENOPE¡ØvbRGR�fO7\�ZfOMYVbI\�\]�fOPFTW�OMbRbIOMSNEC\]Y1OPFHofOabI\[J�^_bRGRã�OPF�dX\�F!OPE�Ü�`�Q�\]SCSVU�OaW!YNOPEKOMQ�JPOp`��!L!S
SVU�O'^_��ENOMQ�JPO'\_t1^�bc^_YVofOrSVGRdXO¢F!OMYVGRZ]^_SVGRZfO¢GIE¡JKU<^_YK^]JMSNOMYVGIEVSVGIJª\_t1^~t�YVGRQ!ofOa��L!d�W	�;��U�OrW!YVGRda^_YV�
dX\]SVGRZp^_SVGI\]Q»t \]YeF!OMZfOMbI\]W!GRQ!o�^�Q�OM§¬W!U<^]ENO¢JP\]L!Q�SNOMYs§�^]EsSN\TW!YN\�Z[GIF!Oª^TEV�HEVSNOMd,§�U!GIJNU	`BGRQÝSVU�O
Q�\]YVda^_b<J�^]EKOp`]ofOMQ�OMYK^_SNOPE¨^BEVSK^_�!bIO�F!OMQ�EVGRS��CEVGRopQ<^_b!§�GRSVU�\]L!S�t�YVGRQ!ofO��ßL!d�W�E�`p�!L!S�§�U!GIJNU7^_bIEN\BW!YN\�Z�GIF!OPE
^7JMbIO�^_YlGRQ�FHGIJ�^_SVGI\]QrSVU<^_S�t�YVGRQ!ofOPE�U<^�ZfO1�qOPOMQrbI\pEVS�Gut¨SVU�O8W!bc^]EVda^7JP\]Q�FHGRSVGI\]Q�El��OPJP\]dXOCFHGLÆaJML!bRSBt \]Y
GRQ�SNOMY�t�OMYN\]dXOMSVYV�f���¨L!SwSVU�OMYNO�^_YNO�^_bIEN\8EN\]dXO�t�L!YVSVU�OMY¨^]EVW�OPJMSNE¨^_��\]L!SwSVU�O�j����Bè�í	ídX\�FHL!bIOPE¨§�U!GIJNU
^_YNOiL!Q�E�^_SVGIE�tv�[GRQ!o_²

³ ��U�O¨j����Bè�í	ísW!U<^]EKO�JP\]L!Q�SNOMYNE�J�^_Q9W!YN\�FHL�JPO¨t�YVGRQ!ofO	��L!d�W�E�SVU<^_S�^_YNO�Q�\]QH��GRQ�SNOMofOMY�d8L!bRSVGRW!bIOPE\_t =�Û Y�Ü �wh[\�GRQsofOMQ�OMYK^_b�`!t�YVGRQ!ofO���L!d�W/JP\]YVYNOPJMSVGI\]Q�GRQ/EVSNOMW�E�\_t =�Û Y�Ü GIE�Q�\]S�tvL!bRbR�¡EVLMÆaJMGIOMQ�S��
³ ��U�O�YNOPEVW�\]Q�ENO�\_t�SVU�OCj�����è�í°íTJP\]L!Q�SNOMYNEBSN\XYK^_W!GIF�JKU<^_Q!ofOPEl\_twF!OMQ�EVGRS��sGIE�Q�\]SBEK^_SVGIEVtv�[GRQ!o�`OPEVW�OPJMGc^_bRbR�eGRQ/J�^]EKO�\_t�WqOMbRbIOMS�GRQ]�VOPJMSVGI\]Qr^]E�SVU�O�EVL�F!F!OMQF!OMQ�ENGRS��¡YVGIENO�FHL!YVGRQ!o7WqOMbRbIOMS�^_�!bc^_SVGI\]Q
J�^_QsQ�\]S��qOlYNOPEK\]bRZfOPF¡GRQ/da^_Q��¡J�^]ENOPE���DBE�SVU�\pENOlYVGIEVGRQ!oaOPFHofOPE�^_YNOi\_tvSNOMQ/\�ZfOMYVbI\�\]�fOPF����eSVU�O
W!U<^]ENOXJP\]L!Q�SNOMYNE�`�SVU�OXF!OMQ�EVGRS��ªEVGRopQ<^_bwU<^]ECSVU�O�SNOMQ�F!OMQ�JM�ªSN\/FHYVGut�S1^�§�^��ªSN\�§�^_YNF!ECQ�OMo�^_SVGRZfO
Z]^_bRL�OPE�GRQ/EVL�JNU�J�^]EKOPE��

³ ��U�O�j�����èwí	íTdX\�FHL!bIOPEl^_YNO�OP£�L!GRW!WqOPF�§�GRSVUr^9Ù��H©�ã8bI\�§���W<^]ENE���bRSNOMYl^_S�SVU�O8\]L!SVW!L!S�ENGIF!Op`§�U!GIJNU)GIEeYNOP£�L!GRYNOPF�SN\~EVL!W!W!YNOPEKEeOMbIOPJMSVYVGIJrJMYN\pENE���SK^_bR�+tvYN\]d SVU�OFHGRopGRSK^_biEVGIF!O\_t�SVU�Oj�D��
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��U�O�F!OMbc^��eGIE�\_t«SVU�O�\]YNF!OMY�\_t�EN\]dXOlU�L!Q�FHYNOPF�d�GIJMYN\pEKOPJP\]Q�F!E�`!§�U!GIJNUGIE�Q�\]S�^9JMYVGRSVGIJ�^_b�GIENEVL�O
t \]Y8YNO�^_bu��SVGRdXO¡JP\]Q�SVYN\]b�^_W!W!bRGIJ�^_SVGI\]Q�E�`��!L!SCda^_�fOPE9\_¦XGRQ�Os^_Q<^_bR�[ENGIE1^_S1SVU<^_SCU!GRopUTSNOMd�W�\]YK^_b
YNOPEN\]bRL!SVGI\]Q¢GRd�W�\pENEVGR�!bIOp`qOPEVWqOPJMGc^_bRbR��§�U�OMQSVU�OCGRQ�SNOMY�t OMYN\]dXOMSNOMY�EVGRopQ<^_b«GIEBJP\]d�W<^_YNOPFrSN\eF�^_SK^
t�YN\]d-\]SVU�OMYwFHGc^_opQ�\pEVSVGIJPE¨^_Q�FaJP\]Q�JMbRL�EVGI\]Q�EwEVU<^_bRb<�qO�FHYK^�§�Q�tvYN\]d�SVU�O�YNOMbc^_SVGRZfO�SVGRdXO�^_S�§�U!GIJKU
SVU�O�FHGu��OMYNOMQ�S�FHGc^_opQ�\pENSVGIJPE�F!OMSNOPJMS�EN\]dXO8OMZfOMQ�S�GRQsSVU�O�W!bc^]EVda^H�
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¤�\]Y�SVU�O�F!OMZfOMbI\]W!dXOMQ�S�\_t·Q�OM§¥W!U<^]ENO�F!OMSNOPJMSN\]YNE�`�\]Q�O�GRd�W�\]YVSK^_Q�SwF!OPENGRopQaJMYVGRSNOMYVGI\]QX§�^]E��!HOPF�O�^_YVbR��²
��U�OBJP\]L!Q�SVGRQ!oa\_t°SVU�O�t�YK^]JMSVGI\]Q�E�\_t«^8tvYVGRQ!ofO�ØvG�� Op� �0êpë�ìRí�î�ë x]}°Ü¨^_Q�Fet�L!bRb·tvYVGRQ!ofOPE�ØvG�� Op�w^_Q¡GRQ�SNOMofOMY
ï EN\�SVU<^_S �µðeñ ï�ò x]}Tó k ï�ô ç s ò x]} ñ Ü�ENU�\]L!bIFs�qO8ENOMW<^_YK^_SNOPF����)U�OMYNO�^]E�SVU�O8Q�L!d8��OMY�\_t«t�YK^]JMSVGI\]Q<^_btvYVGRQ!ofOPE�GRd�dXOPFHGc^_SNOMbR�YNOPJP\�ZfOMYNEBtvYN\]d®^_Q��WqOMYVSVL!YV�<^_SVGI\]Q	`�Op� o��BFHL�O8SN\7��O�^_d F!O à OPJMSVGI\]Q	`	^_Q�FrJ�^_Q
SVU�OMYNO�t�\]YNO1��O9^]EKEVL!dXOPFrSN\7��O�^_bR§�^��[EiYNOMbRGc^_�!bIOp`	SVU�OCQ�L!d8��OMY�\_twt�L!bRb«tvYVGRQ!ofOPElda^�����O9^���OPJMSNOPFr���
JP\]L!Q�SVGRQ!o7OMYVYN\]YNE�^_Q�FsSVU�OMYNO�t�\]YNO�YNOP£�L!GRYNOlt \]Y�JP\]YVYNOPJMSVGI\]Q	�
��Q¥^]F!FHGRSVGI\]Q	`�^]E9GRS9§�^]E�OMZ�GIF!OMQ�S�SVU<^_S9tvYVGRQ!ofOC��L!d�WgF!OMSNOPJMSVGI\]Q)^_Q�FTF!OMQ�ENGRS��TW!YN\_��bIOsJ�^_bIJML!bc^_SVGI\]Q
§¨\]L!bIFsU<^�ZfOiSN\9�qOBW�OMY�t�\]YVdXOPF/���s^CJP\]d�W!L!SNOMY�`<GRS�§�^]E�F!OPENGRYK^_�!bIOiSN\9�!L!GRbIF/^1W!U<^]ENOiJP\]L!Q�SNOMY�§�GRSVU
FHGRopGRSK^_b�\]L!SVW!L!S�EN\�SVU<^_SCQ�\¢^_Q<^_bI\]o]��SN\_��FHGRopGRSK^_b�JP\]Q�ZfOMYVSNOMY�Ø�DBj���ÜlGIE1YNOP£�L!GRYNOPF�SN\YNO�^]F~SVU�OeF�^_SK^
GRQ�SN\a^9JP\]d�W!L!SNOMY��
��U�O�EVGRopQ<^_b°W<^_SVU/t�\]Y�SVU�OCFHGRopGRSK^_b°W!U<^]ENO8JP\]L!Q�SNOMYBGIE�GIF!OMQ�SVGIJ�^_b«SN\�SVU<^_S�\_t�SVU�OCji���Bè�í	í�dX\[FHL!bIOPE
L!Q�SVGRbqSVU�O�JP\]d�W<^_YK^_SN\]YNE���D�t�SNOMY¨^_QaGRQ�FHGRZ[GIFHL<^_bqEKOMS¨\_t°JP\]d�W<^_YK^_SN\]YNE�`[SVU�O�EK£�L<^_YNO�§�^PZfO�W!bc^]EVda^1^_Q�F
YNO�t�OMYNOMQ�JPO�ENGRopQ<^_bIE�^_YNOlt OPF¡GRQ�SN\�SVU�OiQ�OM§îOMbIOPJMSVYN\]Q!GIJPE��
D¯EVL!d�da^_YV�s\_t�SVU�Olt�\]bRbI\�§�GRQ!o7FHGIENJML�EKEVGI\]Q/\_t«SVU�O8JMGRYNJML!GRS�F!OPEVGRopQ�J�^_Q�^_bIEN\X�qOBt \]L!Q�F¡GRQ~êëä�/�ì��
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�!GRQ<^_YV�¢JP\]L!Q�SNOMY¡Ø�EKOPO9��opL!YNO7×H�÷/fÜ��e��SCJP\]L!Q�SNECL!W�\]Q�^¡YVGIENGRQ!o�OPFHofOa\_t�SVU�O�YNO�t OMYNOMQ�JPOaEVGRopQ<^_b�^_Q�F
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output:
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full fringes

nQ

Q
0

count down

(rising edge triggered)
binary counter
Up − Down

short
delay

plasma signal (TTL)

reference signal (TTL) count up

latch
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F!\�§�Q\]Q�^�YVGIEVGRQ!oaOPFHofO8\_t�SVU�OiW!bc^]EVda^XEVGRopQ<^_b��w��t«SVU�O�Q�L!d8��OMY��s\_t«tvL!bRb	tvYVGRQ!ofOPE�GIE�JP\]Q�EVSK^_Q�S�`<SVU�O
JP\]L!Q�SNOMY�YNO�^]FHGRQ!oe^_bR§�^P�HE�EN§�GRSNJNU�OPE���OMS�§�OPOMQ�SVU�O�ENSK^_SNOPE��¡^_Q�F/�V¾1áp����t«SVU�O�Q�L!d8��OMY�GRQ�JMYNO�^]ENOPE�SN\
�V¾1áp`]SVU�O�JP\]L!Q�SNOMYw\pENJMGRbRbc^_SNOPE���OMS�§�OPOMQX�V¾1á�^_Q�F9�_¾läH`fOMSNJp��h[\BYNO�^]FHGRQ!o�SVU�O�\]L!SVW!L!S�\_t·SVU�O�JP\]L!Q�SNOMY
^_Si^7F!O���Q�OPF¢dX\]dXOMQ�S�`�Op� o��iYVGRopU�S8^�t�SNOMYlGRSlU<^]ElYNOPJPOMGRZfOPF¢SVU�OCYVGIENGRQ!o¡OPFHofO�\_t¨SVU�O9W!bc^]EVda^eEVGRopQ<^_b�`



Ù�Ö ×H�+jlOMZfOMbI\]W!dXOMQ�S�\_t�Q�OM§ YNO�^]F!\]L!S�OMbIOPJMSVYN\]Q!GIJPE�t \]Y�SVU�O�j����îEV�HEVSNOMd

W!YN\�Z�GIF!OPE8SVU�O�Q�L!dC�qOMY8\_t�t�L!bRb�tvYVGRQ!ofOPEaØ�EKOPO1��opL!YNOa×H�÷8fÜ�����U!GIE�§�^]EiW!YK^]JMSVGIJ�^_bRbR�¢GRd�W!bIOMdXOMQ�SNOPF����
^_Q~^]F!FHGRSVGI\]Q<^_b�/����!GRSibc^_SNJKU'SVU<^_SiYNOPJPOMGRZfOPE8^eJMbI\�JK�rENGRopQ<^_b«ZfOMYV�¢EVU�\]YVSlSVGRdXOX^�t�SNOMYBSVU�O9YVGIENGRQ!o/OPFHofO
\_t�SVU�OlW!bc^]EVda^�ENGRopQ<^_b��wDBE�SVU�Oi�!GRQ<^_YV�¡JP\]L!Q�SNOMYBGIE�OP£�L!GRW!W�OPFs§�GRSVU^1W!YNOMbI\f^]F/tvL!Q�JMSVGI\]Q	`�GIE�J�^_Q/��O
ENOMS�SN\X^9F!O���Q�OPF/Zp^_bRL�OiEVU�\]YVSVbR�¡�qO�t \]YNOlSVU�OiW!bc^]EVda^9FHGIENJKU<^_YVofO8EVSK^_YVSNE��
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64 x f ref

clock

output:
fractions of
a fringe

Q

Q
0

(rising edge triggered)
Binary counter

reset

signal (TTL)
reference PLL circuit

count upin out

plasma signal (TTL)

latch

5

ï�ð�ñ�ò	ó�ô�õ<öß÷�ûqøCIÁúD�
�VúD#���ÿ�ÿvû[þpÿ¨úw�#�	·ÿ
$CÿvûHü��G�VþfúPÿ��B�	V$���8þN�%�G�
	���ü^�U	7#�	_�vÿ
$g����G�z,D���G�%�
	���ü"&

bI\[JN�fOPFebI\[\]W7JMGRYNJML!GRS�GIEwL�ENOPFaSN\�ofOMQ�OMYK^_SNOi^�EK£�L<^_YNO�§�^PZfOlEVGRopQ<^_bqSVU<^_S�U<^]E�Ö_ÙCSVGRdXOPE¨SVU�O�tvYNOP£�L�OMQ�JM�
\_t�SVU�OBYNO�t�OMYNOMQ�JPO�ENGRopQ<^_b�����U!GIE�GIE�^]JNU!GIOMZfOPF����aL�ENGRQ!oa^_Q/©l����Ù�â_Ù�Ö9ENOMYVGIOPE����)^_Q�F/^9Ö����!GRS��!GRQ<^_YV�
JP\]L!Q�SNOMY��w��U!GIE�ENGRopQ<^_b�§�GRSVU^1t�YNOP£�L�OMQ�JM�¡\_t�^_��\]L!S�Ö_Ù�â«�H©�ãf`!§�U!GIJKU�§�GRbRb���OlYNO�t�OMYVYNOPF/SN\a^]E � JMbI\[JN�
EVGRopQ<^_b � GRQ�SVU�O�t�L!YVSVU�OMY�FHGIENJML�ENENGI\]QX\_t·SVU�O�JMGRYNJML!GRS�`pGIE«t OPF9GRQ�SN\�^iÖ����!GRS��!GRQ<^_YV�9JP\]L!Q�SNOMY�§�U�OMYNO�GRSw^]JMSNE
^]E � JP\]L!Q�S�L!W � GRQ!W!L!S��J;�Q7^lYVGIEVGRQ!o1OPFHofO�\_t�SVU�O�YNO�t OMYNOMQ�JPO�EVGRopQ<^_b�`�SVU�O�JP\]L!Q�SNOMY�GIEwEKOMS�SN\�ã�OMYN\!��h[\�Gut
\]Q�OlW!bI\]SVSNOPF¡SVU�OlJP\]L!Q�SNOMY�YNO�^]FHGRQ!o�ZfOMYNENL�E�SVGRdXOp`HSVU�O�YNOPENL!bRS�§�\]L!bIF¡�qOi^1EK^�§�SN\�\]SVUH��bRGR�fOiEVSVYVL�JMSVL!YNO�²
��U�OiZp^_bRL�OlGRQ�JMYNO�^]ENOPE�EVSNOMWs���¡EVSNOMW¡t�YN\]dåâ9SN\XÖ é ^_Q�FsYNOMSVL!YVQ�E�SN\aâ1§�U�OMQsSVU�O�YVGIEVGRQ!oXOPFHofO�\_t�SVU�O
YNO�t OMYNOMQ�JPO�EVGRopQ<^_b°\[JPJML!YNE8Ø ��opL!YNO8×H�RápálGRbRbRL�ENSVYK^_SNOPE�SVU�Ol��YNEVS�JP\]L!Q�SVGRQ!o7EVSNOMW�E�Ü��J;�Q�^1YVGIEVGRQ!oaOPFHofOi\_t
SVU�OiW!bc^]ENda^9EVGRopQ<^_b�`!SVU�OiJP\]L!Q�SNOMY�YNO�^]FHGRQ!oXGIE�SVYK^_Q�E�t OMYVYNOPF¡GRQ�SN\a^1bc^_SNJKU	�w��U�OiJP\]Q�SNOMQ�S�\_t�SVU�Olbc^_SNJNU
SVU�OMYNO�t \]YNO�GIEw^B�!GRQ<^_YV�9Q�L!dC�qOMY¨SVU<^_S�YNOMW!YNOPENOMQ�SNE�SVU�O�t�YK^]JMSVGI\]Q<^_b<W!U<^]ENO�EVU!Gut�S �7êpë�ìRí�î
ë x]}sGRQ�L!Q!GRSNE
\_t�á>9]Ö_Ù�t�YVGRQ!ofOp�
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output
of
PLL

signal
reference

signal
plasma
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JMbI\�JK�q`qSVU�OCd8L!bRSVGRW!bIO�!OMYiSVYK^_Q�E�t�OMYNEBSVU�O¡áMÙ¡F!OMQ�EVGRS���!GRSNE�GRQ�SN\eGRSNEB\�§�Q¢bc^_SNJNUª^_Q�F¢ENOMSNEB^_Q¢GRQ�SNOMYVQ<^_b
GRQ�F!O�ª�!GRS8SN\ � U!GRopU � ����U!GIE8GRQ�F!O�ª�!GRS1GRQ�FHGIJ�^_SNOPE8SVU<^_S�^sQ�OM§ dXO�^]EVL!YNOMdXOMQ�S9U<^]E9^_YVYVGRZfOPF~GRQ�SVU�O
bc^_SNJNU	��DBE�bI\]Q!o7^]E�GRS�GIE�U!GRopU	`!Q�\9t�L!YVSVU�OMY�GRQ!W!L!S�GIE�^]JPJPOMW!SNOPF��¨��U!GIE�U<^_W!WqOMQ�E�GRQ�FHGRZ�GIFHL<^_bRbR�et \]Y�^_bRb
×XJNU<^_Q!Q�OMbIE��B��U�O9JP\]d�W!L!SNOMYiF!\[OPEB^7JP\]Q�SVGRQ�L�\]L�EiWq\]bRbRGRQ!o¡\_twSVU�O9×aJKU<^_Q!Q�OMbIE��l��t�SVU�OCGRQ�F!O���!GRSBGIE
U!GRopU	`�SVU�O�JP\]d�W!L!SNOMY�YNO�^]F!E¨SVU�O�F�^_SK^i�!GRSNE�^_Q�FXYNOPENOMSNEwSVU�O�GRQ�F!O�X�!GRS�����t�GRSwGIEwbI\�§�`�U�\�§¨OMZfOMY�`[GRS	��L�EVS
EV§�GRSNJNU�OPE�SN\9SVU�OiQ�O�[S�JKU<^_Q!Q�OMb��
¤�GRYNENS�`�F�^_SK^�^]JP£�L!GIENGRSVGI\]Q�§�^]E7F!\]Q�O�Z�Gc^ªSVU�O/W<^_YK^_bRbIOMbBWq\]YVS7^_o�^_GRQ	`��!L!Sabc^_SNOMY�`�^'dCL!bRSVGu��W!L!YVWq\pEKO
è¨������J�^_YNF§�GRSVU é ä_�!GRS�GRQ!W!L!S�^_Q�F é äX�!GRSl\]L!SVW!L!SBYNOMopGIEVSNOMYNEB§�^]EBL�ENOPF�����GRSVUrSVU�O8W!YVGRQ�SNOPF¢JMGRYNJML!GRS
ZfOMYNEVGI\]Q	`�F�^_SK^X^]JP£�L!GIEVGRSVGI\]Q/§�^]E�F!\]Q�Olt�YN\]dü;BJMSN\]�qOMYBäpâpâfÚ1SN\���\�ZfOMd8��OMYBäpâpâ�/H�
��GRSVU'��\]SVU	`	SVU�O�W!YN\]SN\]S���W�Oa^_Q�F'SVU�OXW!YVGRQ�SNOPF~JMGRYNJML!GRS8W!U<^]ENOXJP\]L!Q�SNOMY�`�^_QªL!Q!GRQ�SNOMQ�F!OPF~��OMU<^PZ[GI\]Y
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Channel 3Channel 1
ï�ðvñ<ò	ó�ô�õ<öß÷qõ�ø@I �<û�fÿOr���VþG�<û0���ÿvûHüy�F�%�
	<ÿ�ü:�eúD�U�VúD#��vÿyØ ¥ ú�û[þ�	�	qü%�M�<ûHþ4$Pü1úr�#�	<ÿ�ü%�"&

§�^]EB\]��EKOMYVZfOPF�§�U�OMQrW!YN\]�qO9^_Q�FYNO�t�OMYNOMQ�JPO1EVGRopQ<^_b«§¨OMYNO9^_bRdX\pEVS�GRQrW!U<^]ENOp`·G�� Op��^_S�SVU�O8SVYK^_Q�EVGRSVGI\]Q
t�YN\]d \]Q�OW�OMYVGI\[F#SN\�SVU�OrQ�O�[S��;��U!GIEeGIEeGRbRbRL�EVSVYK^_SNOPFÝGRQ���opL!YNOª×H�Rá�Ú[�;��QÝEVL�JNU»J�^]ENOp`�SVU�OMYNO¢GIE
EN\]dXO¡W!YN\]�<^_�!GRbRGRS��Tt�\]Y9SVU�Os\[JPJML!YVYNOMQ�JPO/\_tl^Q�OMo�^_SVGRZfO/EVW!GR�fO¡GRQgSVU�OsEVGRopQ<^_b�§�GRSVU#^_Q#^_d�W!bRGRSVL�F!O
\_tiá9t�YVGRQ!ofOp�X©B^�Z�GRQ!o�^/JMbI\pENOMYibI\�\]�'^_S�SVU�O�F�^_SK^¡GRQ�EVL�JNUªYNOMopGI\]Q	`�\]Q�OX\]��ENOMYVZfOPE8SVU<^_S�GRQªJ�^]ENO�\_t
GRQ�JMYNO�^]EVGRQ!o�F!OMQ�EVGRS��f`[SVU�O�JP\]L!Q�SNOMY¨t \]YwSVU�O�t�YK^]JMSVGI\]Q�E¨\_t«^itvYVGRQ!ofO�YNOMSVL!YVQ�E¨tvYN\]dÁÖ é SN\1âC^_bRYNO�^]FH�7\]Q�O
\]Y�S�§¨\�SVGRdXOaEVSNOMW�Ei��O�t \]YNO9SVU�OXJP\]L!Q�SNOMYCt�\]YiSVU�O�tvL!bRb�t�YVGRQ!ofOPE�JP\]L!Q�SNE8L!W	�7��QªJ�^]ENOa\_t�F!OPJMYNO�^]EVGRQ!o
F!OMQ�EVGRS��f`<SVU�O8JP\]L!Q�SNOMY�t�\]Y�t�L!bRb�t�YVGRQ!ofOPE�JP\]L!Q�SNE�F!\�§�Q���O�t�\]YNOiSVU�O8\]Q�Oit \]Y�tvYK^]JMSVGI\]Q�E�EV§�GRSNJNU�OPE�t�YN\]d
â9SN\XÖ é �w��U�OMYNO�t�\]YNOp`!SVU�OiENW!GR�fOPE�U<^PZfO1^_bR§�^P�HE�Q�OMo�^_SVGRZfO8EVGRopQ	��jBL!YVGRQ!oXSVU�Oi\]Q�Oi�fO�^_Y�\_t�\]WqOMYK^_SVGI\]Q
\_t�SVU�O�W!YVGRQ�SNOPF)JMGRYNJML!GRS7ZfOMYNEVGI\]QÝ\_tiSVU�O/W!U<^]ENOJP\]L!Q�SNOMY�`�SVU�OPENO/Q�\]GIENOEVW!GR�fOPEX§�OMYNO�YNOMdX\�ZfOPF)���
^YNO�^_bu��SVGRdXOs^_bRof\]YVGRSVU!d \]QgSVU�OaYNO�^]F!\]L!SXJP\]d�W!L!SNOMY�`�§�U!GIJKU¥§�^]E�EVGRd�W!bIO7SN\'^]JNU!GIOMZfOsFHL�O7SN\rSVU�O
ZfOMYV��JKU<^_YK^]JMSNOMYVGIEVSVGIJXEVGRopQ<^_SVL!YNO9\_t�SVU�O9EVW!GR�fOPE��B��U�OM��\]Q!bR��\[JPJML!Yl§�U�OMQSVU�O9F!OMQ�EVGRS��/GIEi^_YN\]L!Q�F'^
t�L!bRb	t�YVGRQ!ofO1^_Q�Fr^_bR§�^��[EBof\ráit�YVGRQ!ofO�GRQ�SVU�OCQ�OMo�^_SVGRZfO1FHGRYNOPJMSVGI\]Q	����GRdXOCSVYK^]JPOPE�t�YN\]dåSVU�O8W!YVGRQ�SNOPF[�
JMGRYNJML!GRS�F!OMZ[GIJPO�SVU<^_S�^_YNO�W!YNOPENOMQ�SNOPF9GRQ9SVU�O�t�L!YVSVU�OMY�FHGIEKJML�ENEVGI\]Q9U<^PZfO�L!Q�F!OMYVof\]Q�O�SVU!GIE�Q�\]GIEKO¨YNOMdX\�Z]^_b
^_bRof\]YVGRSVU!d/�
D�tvSNOMYlEN\]dXOCGRQ�ZfOPEVSVGRo�^_SVGI\]Q	`�SVU�OCYNO�^]EN\]Qt�\]YBSVU!GIEB�qOMU<^�Z�GI\]YlJP\]L!bIF�qOCGIF!OMQ�SVGu�<OPFz²���S�GIEBFHL�OCSN\7SVU�O
t�^]JMS¨SVU<^_S�^8W!U<^]ENO���bI\[JN�fOPFebI\�\]WsJMGRYNJML!GRS�Q�OMZfOMY�\]WqOMYK^_SNOPE�W�OMY�t�OPJMSVbR�f����QaW!YVGRQ�JMGRW!bIOp`!O�^]JKU/Ö_ÙpSVUeYVGIENGRQ!o
OPFHofO�\_t!SVU�OwJMbI\[JN��EVGRopQ<^_b[EVU�\]L!bIF�W!YNOPJMGIENOMbR��JP\]GRQ�JMGIF!O¨§�GRSVU1^�YVGIEVGRQ!o�OPFHofO�\_t!SVU�O�YNO�t OMYNOMQ�JPO¨ENGRopQ<^_b��°��Q
YNO�^_bRGRS��f`HU�\�§¨OMZfOMY�`�SVU�OMYNO�GIE�^_bR§�^��[E�^8EVbRGRopU�S«��GRSVSNOMY�FHL�O�SN\8§�U!GIJKU¡GRS¨JP\]dXOPE�EVbRGRopU�SVbR�7�qO�t \]YNO�\]Y�^�t�SNOMY
SVU�OBOPFHofOl\_t	SVU�O�YNO�t OMYNOMQ�JPOlEVGRopQ<^_b�����Q¡J�^]ENO�GRS�JP\]dXOPE��qO�t \]YNO�GRS�`�GRS�da^P�XU<^_W!W�OMQeSVU<^_S�SVU�OMYNOl^_YNOlÖ_Ù
JMbI\[JN�/W!L!bIEKOPE���OMS�§�OPOMQ'S�§�\7YVGIENGRQ!oeOPFHofOPEl\_twSVU�OCYNO�t�OMYNOMQ�JPO9EVGRopQ<^_b����)U�OMQrW!bc^]ENda^7^_Q�FYNO�t�OMYNOMQ�JPO
EVGRopQ<^_bl^_YNO�^_bRdX\pEVS7GRQ+W!U<^]ENOp`�SVU�O/JP\]L!Q�SNOMY7t \]YXSVU�O¡t�YK^]JMSVGI\]Q�EaJ�^_Q#SVU�OMYNO�t \]YNO/YNOPJPOMGRZfOr^rt�L!YVSVU�OMY
� JP\]L!Q�SiL!W � W!L!bIENOC§�U�OMQ¢SVU�O9JP\]L!Q�SNOMYlYNO�^]FHGRQ!o¡GIElÖ é ^_bRYNO�^]FH�f�i��U!GIElJ�^_L�ENOPEi^_Qr\�ZfOMY à \�§;t�YN\]d¬Ö é
SN\¡âH`<§�U!GIJKU��OPJP\]dXOPEi^_W!W<^_YNOMQ�S�^]El^�Q�OMo�^_SVGRZfO9EVW!GR�fO�GRQrSVU�O1\]L!SVW!L!SBEVGRopQ<^_b�����U�O�bRGR�fOMbRGRU�\[\�F�t \]Y
SVU�OC\�JPJML!YVYNOMQ�JPOC\_t�ENL�JNU�EVGRSVL<^_SVGI\]QrJ�^_Q���OiEVGRopQ!Gu�<J�^_Q�SVbR��YNOPFHL�JPOPF/���¡GRQ�ZfOMYVSVGRQ!o7SVU�O�JMbI\[JN�/ENGRopQ<^_b��
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ï�ðvñ<ò	ó�ô'õ<öß÷�×�øy]�#Hÿ}�F#[ÿwÿ�� ý��
	��!��iÿvûHügØ ¥ ú�ûHþ�	_	qü%���·û[þ4$Pü8úr�#�	<ÿ�ü%�"H��eûHü%	¢þu	qü%�¥ýaüVþ�$G#��Vü�ýaü%	·ÿ)��
ÿvûHü��<û[þ4$�üg$KûQ� �Mÿ��U$Cþ�S�þ��
�uþ�K%�Rü%P�ÿvûHü��#[ÿ}�F#Hÿ�úD���ú%�fKD�vÿT�R�üG$CûQ���_û^É��G$�ÿZ&NIWKr�#[ÿ�¬R&UØ ? $^�Rþpÿ�ü%�GP�ÿvûHü�	�ü%�
�VüG$%#��uÿ�þG�R��üVþ��G$�þpÿ�ÿvûHü!�#[ÿ}��#[ÿZ&^I���ÿ�üD�J�%#��MÿvûHü%�!¬R&UØ ? $wP�ÿvûHüu�#Hÿ}�F#Hÿ�úD�L�ú%�fK%��ÿ��NüMÿ�#��%	V$9ÿO��L�� �Iü%S_ü%�6&
¦�þfú�ûÈ���ÿvûHü�Øeú�û[þ�	�	qü%�}$iû[þ4$8þ�	7�U	F���US"�B��#!þ��	ÿ��vý��
	��Q&

��U�OMQ	`�^X��GRSVSNOMY9\_t�SVU�O7èwí	íÝbI\�\]Wg\]L!SVW!L!SX\]Q!bR�~EVU�\�§�E9O���OPJMS1Gut�GRS1GIECdX\]YNOeSVU<^_QTU<^_butB^�WqOMYVGI\[F
bI\]Q!o��/©�\�§¨OMZfOMY�`�SVU�O7�qOMSVSNOMY1EN\]bRL!SVGI\]QTGIE�SN\�JP\]QH��opL!YNOeSVU�O7JP\]L!Q�SNOMY1t�\]YCSVU�O�t�YK^]JMSVGI\]Q�E8GRQg^s§�^P�
SVU<^_SBGRS8^]JPJPOMW!SNElQ�\et�L!YVSVU�OMY � JP\]L!Q�SiL!W � W!L!bIEKOPEl§�U�OMQ'SVU�O1JP\]L!Q�SNOMY�YNO�^]FHGRQ!osGIE�Ö é `�§�U!GIJNU~dXO�^_Q�E
SVU<^_S�GRS¨J�^_Q!Q�\]S�\�ZfOMY à \�§ ^_Q���dX\]YNOp�«��U!GIE¨YNOMbRGc^_�!bR��YNOMdX\�ZfOPE�^_bRb<SVU�O�EVW!GR�fOPE�t�YN\]d-SVU�O�EVGRopQ<^_b�����U!GIE
EN\]bRL!SVGI\]Q7§�^]E�GRd�W!bIOMdXOMQ�SNOPFs\]QeSVU�Ol��è�í°j ZfOMYNEVGI\]Q¡\_t°SVU�O�W!U<^]EKO�JP\]L!Q�SNOMY�`H§�U!GIJNU¡GIE¨F!OPEKJMYVGR�qOPF7GRQ
SVU�OlQ�O�[S�EKOPJMSVGI\]Q	�

Å�Æ���ÆUõ ÈeÉ�Êbö���������Ê�Î�Õ]Ô�Ë°Ó
¤�\]Y«t�OPOPFH�<^]JK�1JP\]Q�SVYN\]b·^_W!W!bRGIJ�^_SVGI\]Q�E�`fGRS�§�^]E�F!OPEVGRYK^_�!bIO�SN\lU<^PZfO�^BFHGRopGRSK^_b�j����+W!U<^]ENO�JP\]L!Q�SNOMY�SVU<^_S
GIE�JP\]d�W<^_SVGR�!bIOX§�GRSVU�SVU�O�Q�OM§�EVSK^_Q�F�^_YNFªt�\]Y�F�^_SK^^]JP£�L!GIEVGRSVGI\]Q~U<^_YNFH§�^_YNOe\]Q~Dlh[jlk�m n W!opYK^]F!Op`
§�U!GIJNU¥GIE9F!OPENJMYVGR��OPF�GRQ¥F!OMSK^_GRb�GRQ»ê é â�ì��ª¤�\]YX^_bRb�FHGc^_opQ�\pEVSVGIJPE9§�U!GIJNU#^_YNOe�<^]ENOPFg\]QgSVU!GIE�EV�HEVSNOMd/`
^XU<^_YNFH§�^_YNOa^_Q�F¢EN\_tvS�§�^_YNO1t�YK^_dXOM§¨\]YV�t�\]YBYNO�^_bu��SVGRdXOXJP\]d�dCL!Q!GIJ�^_SVGI\]Qª§�GRSVU'SVU�O9JP\]Q�SVYN\]b�EV�HEVSNOMd
GIE8^PZp^_GRbc^_�!bIOp�s��U�O�Q�OM§�U<^_YNFH§�^_YNO7ENSK^_Q�F�^_YNFªGIE8^/�<^]JN�[W!bc^_Q�OX�!L�E8EN�[EVSNOMd/`°GRS8GIEi�<^]ENGIJ�^_bRbR�~^'á�Ö��
�!GRS�§�GIF!OaJKU<^_GRQT\_t�j���S��[WqO à GRWH� à \]W�EeØ ä��Ú�Ùf©i����×fÚ�Ù�Üi§�GRSVUg^¡SVYVGu��EVSK^_SNO7\]L!SVW!L!S��s��U�OXGRQ!W!L!SC\_t
O�^]JNUªJNU!GRW'GRQ¢SVU�O�JKU<^_GRQ'GIEiJP\]Q!Q�OPJMSNOPF'SN\eSVU�O�\]L!SVW!L!S�\_t¨SVU�O1W!YNOMZ�GI\]L�E8JNU!GRW~^_Q�FrSN\¡SVU�O1W!bRL!o]��GRQ
J�^_YNF��J���sEV§�GRSNJNU!GRQ!o7SVU�O�\]L!SVW!L!SNE�\_t�SVU�O à GRWH� à \]W�E�SN\�U!GRopUH��GRd�W�OPF�^_Q�JPO8dX\[F!O8^_Q�F�OMQ<^_�!bRGRQ!o7SVU�O
\]L!SVW!L!S�\_t�SVU�O�W!bRL!o]��GRQrdX\�FHL!bIOPE�`�SVU�O8F�^_SK^Xt�YN\]d{^_bRb°dX\[FHL!bIOPE�J�^_Q�qO�bI\f^]F!OPF�GRQ�SN\XSVU�O à GRWH� à \]W�E
EVGRd8L!bRSK^_Q�OP\]L�EVbR�f����U�OMQ	`!���¡FHGIE�^_�!bRGRQ!oXSVU�O�\]L!SVW!L!SNE�\_t�SVU�OldX\[FHL!bIOPE�^_Q�F�^]JMSVGRZp^_SVGRQ!oaSVU�O8\]L!SVW!L!SNE
\_t	SVU�O à GRWH� à \]W�E�`HSVU�O�F�^_SK^1J�^_Qe�qOBEVL�JPJPOPENEVGRZfOMbR�adX\�ZfOPFet \]YV§�^_YNFeGRQ7SVU�O à GRWH� à \]WsJNU<^_GRQ	`HbRGR�fOl\]Qs^
JP\]Q�ZfOM�f\]Yl�qOMbRS"²���GRSVU¢O�^]JNU'JMbI\[JN�/W!L!bIENO1ENOMQ�SBSN\7SVU�O à GRWH� à \]W�E�`�OMZfOMYV�JNU!GRWrbI\f^]F!ElSVU�O1\]L!SVW!L!Sl\_t
GRSNEwW!YNOPF!OPJPOPENEK\]Y�GRQeSVU�OBJNU<^_GRQ	��;�Q¡SVU�OB\]L!SVW!L!S�ENGIF!O�\_t	SVU�OBbc^]EVS����¥GRQ7SVU�OlJKU<^_GRQ	`HSVU�O�YNOPEVL!bRSNE�ENOMQ�S
���/SVU�OCW!bRL!o]��GRQ'dX\�FHL!bIOPEi^_YNOCW!GIJN�fOPF¢L!W¢\]Q�O�^�tvSNOMYBSVU�OC\]SVU�OMYl���^eENOMYVGc^_bRGRã�OMYiJ�^_YNF�§�U!GIJKUªENOMQ�F!E
SVU�OMd SN\X^9JP\]d�W!L!SNOMY�Z[Gc^9\]W!SVGIJ�^_b	����OMY��
j�L�OlSN\9SVU�OlbRGRd�GRSNOPF�EVW<^]JPO�\]QsSVU�OiEVSK^_Q�F�^_YNFHGRã�OPF�W!bRL!o]��GRQ�J�^_YNF!E�t \]Y�SVU!GIE�EV�[ENSNOMdå^_Q�F¡GRQ/\]YNF!OMY�SN\
^_bRbI\�§-t \]Yit�L!SVL!YNOXdX\[FHGu�<J�^_SVGI\]Q�EC\_t�SVU�OaW!U<^]ENOXJP\]L!Q�SNOMY1§�GRSVU�\]L!S1YNOM�!L!GRbIFHGRQ!oSVU�O�U<^_YNFH§�^_YNOp`�SVU�O
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JMGRYNJML!GRS�§�^]E�GRd�W!bIOMdXOMQ�SNOPFs\]Qe^CJP\]d�W!bIO�aW!YN\]opYK^_d�da^_�!bIOlbI\]opGIJ�F!OMZ[GIJPO9Ø���è�í	j�ÜwGRQ�EVSNO�^]F7\_t	L�ENGRQ!o
FHGIENJMYNOMSNO1�V��E��¨��U!GIEBF!OMZ[GIJPO�GIE�OP£�L!GRW!W�OPF/§�GRSVUr^_QGRQ�SNOMY�t�^]JPO�t \]Y�GRQH��EV�HEVSNOMd9��W!YN\]opYK^_d�d�GRQ!o�`�EN\XSVU�O
GRQ�SNOMYVQ<^_b�JMGRYNJML!GRSVYV�J�^_Qr�qO8dX\�FHGu�<OPFr§�GRSVU�\]L!SiEN\]bIF!OMYVGRQ!o����pL�EVSBSVU�O8W!U<^]EKO���bI\�JK�fOPF¢bI\�\]W¢JMGRYNJML!GRSlGIE
�!L!GRbRS�L!W/tvYN\]d FHGIENJMYNOMSNO8JP\]d�Wq\]Q�OMQ�SNE�bI\[J�^_SNOPFsQ�O�HS�SN\�SVU�OC��è�í	j9�

��U�OsW!U<^]EKO/JP\]L!Q�SNOMYedX\�FHL!bIOPEXL�ENOªá�×'\]L!Sa\_tlSVU�Oªá�Öª^�Z]^_GRbc^_�!bIO\]L!SVW!L!SX�!GRSNE"²È/'YNOMW!YNOPENOMQ�S7SVU�O
Q�L!d8��OMY�\_t	tvL!bRbqt�YVGRQ!ofOPE�`!Ö�SVU�OBQ�L!d8��OMY�\_t	tvYK^]JMSVGI\]Q<^_bqt�YVGRQ!ofOPE�`!^_Q�F¡\]Q�Ol^]JMSNE�^]E�^_Q¡L!WqF�^_SNOB�!GRS"²���S
GIE�EKOMS�SN\ � U!GRopU � bIOMZfOMb�§�U�OMQ^CYVGIEVGRQ!oXOPFHofO�\_t�SVU�OlW!bc^]ENda^9EVGRopQ<^_b°^_YVYVGRZfOPE�`!G�� Op��§�U�OMQ^1Q�OM§»YNOPENL!bRS
^_W!W�O�^_YNE�\]Q7SVU�O�\]L!SVW!L!S�\_t	SVU�O�W!U<^]ENO�JP\]L!Q�SNOMY�`�^_Q�F7GRSwGIE�ENOMSwSN\ � bI\�§ � §�U�OMQeSVU�O�W!bRL!o]��GRQ¡dX\�FHL!bIOPE
^_YNO¡YNO�^]F+\]L!S�Z[Gc^SVU�Os�<^]JN�[W!bc^_Q�Op�¥��U�O¡YNO�^]F!\]L!SXSVGRd�GRQ!o'GIEa^rJMYVGRSVGIJ�^_b�GIEKEVL�O/^]E9SVU�OetvYNOP£�L�OMQ�JM�
^_S7§�U!GIJNU#SVU�O\]L!SVW!L!S7\_tlSVU�O/W!U<^]ENO�JP\]L!Q�SNOMYeGIEXL!W�F�^_SNOPF+GIE�opGRZfOMQ����¥SVU�Os��O�^_S�t�YNOP£�L�OMQ�JM�¥\_t
SVU�O1F!OMSNOPJMSN\]YBENGRopQ<^_bIEB^_Q�F�SVU�L�EB���sSVU�O9^_Q!opL!bc^_Y�ZfOMbI\[JMGRS��/\_t�SVU�O8YN\]SK^_SVGRQ!oe\]W!SVGIJ�^_b«opYK^_SVGRQ!o�����U!GIE
t�YNOP£�L�OMQ�JM�9GIE¨\_tqSVU�O�\]YNF!OMY�\_t�á�â«�H©�ãf`f�!L!SwJ�^_QXZp^_YV�9���X^�t OM§+U�L!Q�FHYNOPFe©�OMYVSVãB^]E�GRS�GIE�F!OMSNOMYVd�GRQ�OPF
���Ý^�dXOPJNU<^_Q!GIJ�^_bCEV�[ENSNOMd/�-��U�OMYNO�t�\]YNOp`BYNO�^]FHGRQ!o#^_S/^~�!HOPFÝEK^_d�W!bRGRQ!o¥YK^_SNO¢\_t¡á�â«�[©�ã¢GIE¡Q�\]S
W�\pENEVGR�!bIOp�«jlOMWqOMQ�FHGRQ!o�\]Q9SVU�O�^]JMSVL<^_b!�qO�^_S�t�YNOP£�L�OMQ�JM�f`fEK\]dXO�E�^_d�W!bIOPE�§¨\]L!bIF9ofOMS�bI\pEVS�`pEN\]dXO�§¨\]L!bIF
��O�YNO�^]F�S�§�GIJPOp����U!GIE�W!YN\]�!bIOMd{§�^]E�EN\]bRZfOPF����/\�ZfOMYNE�^_d�W!bRGRQ!o_²���U�O8EK^_d�W!bRGRQ!oeYK^_SNO�GIEB^9d8L!bRSVGRW!bIO
\_t�á�â«�[©�ãf`pEN\lSVU<^_S�O�^]JKUX\]L!SVW!L!S�Z]^_bRL�O�\_tqSVU�O�W!U<^]ENO�JP\]L!Q�SNOMYNE�GIE�YNO�^]F�ENOMZfOMYK^_b!SVGRdXOPE�����U�O�L!W�F�^_SNO
�!GRS�SVU�OMQ¡GRQ�FHGIJ�^_SNOPE¨§�U�OMSVU�OMY�SVU�OBJML!YVYNOMQ�S�Zp^_bRL�O�GIE¨Q�OM§Ý\]Y°��L�EVS�^iYNOMW�OMSVGRSVGI\]Q¡\_t	SVU�OBW!YNOMZ[GI\]L�E�\]Q�Op�
¤�\]Yi^7EK^_d�W!bRGRQ!o7YK^_SNO1\_t¨×pâ«�H©�ãf`q§�U!GIJNUrGIE�SVU�O8L�EVL<^_b�ENOMSVSVGRQ!o�`qSVU�O�L!W�F�^_SNOC�!GRS�§�GRbRb«SVU�OMYNO�t�\]YNOC��O
t \]L!Q�FaSN\8�qO � U!GRopU � GRQeO�^]JNUs×_SVUeE�^_d�W!bIO�\]Qs^PZfOMYK^_ofOp��;�ZfOMYNEK^_d�W!bRGRQ!o1GIE�^_bIEN\���OMQ�O��<JMGc^_b<t \]Y¨\_¦XGRQ�O
EVSVL�FHGIOPE�§�GRSVU'U!GRopUrSNOMd�W�\]YK^_b�YNOPEN\]bRL!SVGI\]Q	`�^]ElGRSBYNOPFHL�JPOPE�SVU�O9SVGRd�GRQ!osL!Q�JPOMYVSK^_GRQ�S���²W�)U�OMQª^eQ�OM§
Zp^_bRL�O'ØvG�� Op�¢L!WqF�^_SNOe�!GRS � U!GRopU � Ü�GIECt \]L!Q�F¥^_SCSVU�O¡\]L!SVW!L!S�\_t�SVU�OeW!U<^]ENO¡JP\]L!Q�SNOMY�`¨\]Q�O7J�^_Q¥\]Q!bR�
JP\]Q�JMbRL�F!O9SVU<^_SlSVU�OCL!WqF�^_SNO9\[JPJML!YVYNOPF��OMS�§�OPOMQ¢SVU�O1JML!YVYNOMQ�S8^_Q�F�SVU�O1W!YNOMZ[GI\]L�ElEK^_d�W!bIOp`��!L!S�U<^]E
Q�\sGRQHt \]YVda^_SVGI\]Q�\]Q~SVU�OXO�!^]JMS8SVGRdXOp�XD�SC×pâ«�H©�ãf`°SVU!GIE8JP\]YVYNOPEVW�\]Q�F!E�SN\/^_QªL!Q�JPOMYVSK^_GRQ�S��~\_t�\]Q!bR�
äpâ@?	E�`�§�U!GIJNU�J�^_Q/��OBt�L!YVSVU�OMY�YNOPFHL�JPOPFs���¡GRQ�JMYNO�^]EVGRQ!oaSVU�OiYNO�^]F!\]L!S�t�YNOP£�L�OMQ�JM�f`!Gut�YNOP£�L!GRYNOPF��
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±l²ß± è�¶�µ·¶®¶�æ��B¸�âN¹Fâ�µFâN¾�ä,¶�ä1Äýâwä�µq¼�¿·Â1¿q¼«µq¶�µFâN¾�ä

;�Q�O7ENOPJP\]Q�F���O�t�\]YNOaSVU�OaW!bc^]EVda^rFHGIENJKU<^_YVofO¡EVSK^_YVSNE�`«SVU�OaW!U<^]EKO7JP\]L!Q�SNOMYNE9YNOPJPOMGRZfO¡^/YNOPENOMS9EVGRopQ<^_b
tvYN\]d-SVU�O�FHGIENJNU<^_YVofOBJP\]Q�SVYN\]b�EV�HEVSNOMd;§�U!GIJNU¡ENOMSNE�SVU�O�JP\]L!Q�SNOMYNEwt�\]Y�t�L!bRb!t�YVGRQ!ofOPE�SN\1^iF!O���Q�OPFXZp^_bRL�Op�
n EVL<^_bRbR�f`�SVU!GIElZp^_bRL�O9GIEiENOMSlopYNO�^_SNOMYiSVU<^_Q'ã�OMYN\¡GRQ'\]YNF!OMYiSN\/^_bRbI\�§�t \]YiEN\]dXO1tvYVGRQ!ofO���L!d�W�EiGRQ¢SVU�O
Q�OMo�^_SVGRZfO�FHGRYNOPJMSVGI\]Q�§�GRSVU�\]L!S�J�^_L�ENGRQ!o7^9JP\]L!Q�SNOMYB\�ZfOMY à \�§���D�tvSNOMY�SVU!GIE�`HSVU�O8F�^_SK^1tvYN\]d SVU�O�W!U<^]ENO
JP\]L!Q�SNOMYNE�GIE�YNO�^]F7t�\]Y�^CENU�\]YVS¨SVGRdXOp`[L�EVL<^_bRbR�¡^_�q\]L!Slá�âpâ«dXE�`!^_Q�FeSVU�OB^�ZfOMYK^_ofOlGIE�J�^_bIJML!bc^_SNOPF��w��U!GIE
F!O���Q�OPE�SVU�Oiã�OMYN\�bRGRQ�O8\_t�F!OMQ�ENGRS��¡dXO�^]EVL!YNOMdXOMQ�S�����U�OiW!U<^]EKO�EVU!Gut�S�dX\�FHL!bI\ex]}'�qOMS�§¨OPOMQW!YN\]�!GRQ!o
^_Q�FªYNO�t OMYNOMQ�JPOX��O�^_d GIE�L�ENL<^_bRbR�rQ�\]SCã�OMYN\^_SCSVU�OX��OMopGRQ!Q!GRQ!o\_t�SVU�OaFHGIENJKU<^_YVofOp�s��SCF!OMWqOMQ�F!E1\]Q
SVU�OsofOP\]dXOMSVYVGIJ/W<^_SVU�bIOMQ!opSVU#\_tiSVU�OsW!YN\]�!GRQ!o~��O�^_d ^_Q�F¥SVU�OMYNO�t \]YNO�JKU<^_Q!ofOPEa§�U�OMQ�OMZfOMYe\]W!SVGIJ�^_b
JP\]d�Wq\]Q�OMQ�SNE9^_YNO7YNO�^]F_��L�EVSNOPF��p�)U�OMQ�SVU�O7W!bc^]EVda^FHGIENJNU<^_YVofOeEVSK^_YVSNE�`�SVU!GIECã�OMYN\bIOMZfOMb¨U<^]ECSN\���O
EVL!�!SVYK^]JMSNOPF¡t�YN\]d{^_bRb�Z]^_bRL�OPE�SVU<^_S�^_YNOidXO�^]EVL!YNOPF��
��U�OMYNO�^_YNO¨S�§�\BFHGu��OMYNOMQ�S�§�^P�HE�\_t<J�^_bIJML!bc^_SVGRQ!oiSVU�O¨F!OMQ�EVGRS��it�YN\]dîSVU�O�^]JP£�L!GRYNOPF1F�^_SK^H����U�O¨ENGRd�W!bIOPEVS
^_W!W!YN\f^]JNU1GIE	SN\�^]F!F8SVU�O�Q�L!d8��OMY«\_t!t�L!bRbpt�YVGRQ!ofOPE«^_Q�F7á>9]Ö_Ù�SVGRdXOPE�SVU�O�Q�L!dC�qOMY�\_t!t�YK^]JMSVGI\]Q<^_bft�YVGRQ!ofOPE�`
EVL!�!SVYK^]JMS�SVU�O8ã�OMYN\abIOMZfOMb�^_Q�F/dCL!bRSVGRW!bR��SVU�O8YNOPEVL!bRS����sSVU�O1^_dX\]L!Q�Si\_t�F!OMQ�ENGRS��/SVU<^_SlJP\]YVYNOPEVW�\]Q�F!E
SN\\]Q�O7t�YVGRQ!ofOrØ�y! E1#"]x ò ç y�X%$ ê'& Y�Ü��¢��U�OeEKOPJP\]Q�F�§�^P��GIECSN\rJP\]d�W!bIOMSNOMbR�~GRopQ�\]YNOeSVU�OeQ�L!dC�qOMYX\_t
tvL!bRb�t�YVGRQ!ofOPE8^_Q�F'L�ENO9SVU�O9GRQHt \]YVda^_SVGI\]Q�\]Q¢t�YK^]JMSVGI\]Q<^_b�t�YVGRQ!ofOPE�\]Q!bR�f�X��U�OMQ~SVU�O9SVYK^_Q�EVGRSVGI\]Q�Eit�YN\]d
\]Q�O�W�OMYVGI\�FsSN\aSVU�O8\]SVU�OMY�U<^PZfOCSN\X��OiYNOPJP\]Q�EVSVYVL�JMSNOPFr���sEN\_t�S�§�^_YNOp����Q!GRSVGc^_bRbR�f`·SVU�O�Q�L!d8��OMYB\_t�t�L!bRb
tvYVGRQ!ofOPE�GIE�ENOMS�SN\�ã�OMYN\!�w��t�SVU�O�Q�L!d8��OMY�\_t«t�YK^]JMSVGI\]Q�E�F!OPJMYNO�^]ENOPE����¡dX\]YNOiSVU<^_Q é äR9]Ö_ÙXGRQ\]Q�OiSVGRdXO
EVSNOMW	`�SVU�O9Q�L!dC�qOMY8\_t�t�L!bRb�t�YVGRQ!ofOPElGIEiGRQ�JMYNOMdXOMQ�SNOPFª���r\]Q�Op�9D�JPJP\]YNFHGRQ!opbR�f`	GRSiGIEiF!OPJMYNOMdXOMQ�SNOPF~���
\]Q�OCGut�SVU�O9Q�L!dC�qOMY8\_t¨tvYK^]JMSVGI\]Q�ElGRQ�JMYNO�^]EKOPEi���dX\]YNO9SVU<^_Q é äR9]Ö_ÙsGRQª\]Q�O1ENSNOMW	�C��U!GIEldXOMSVU�\[F¢GIE
�<^]ENOPF¢\]QrSVU�O�^]ENENL!d�W!SVGI\]Q'SVU<^_SBSVU�O1W!U<^]ENO9JKU<^_Q!ofO9�qOMS�§¨OPOMQªS�§¨\sEK^_d�W!bIOPElGIElL�EVL<^_bRbR��bIOPENElSVU<^_Q
U<^_but�^Ct�YVGRQ!ofOp�
��U�L�E�`]SVU�OMYNO�^_YNOwQ�\�§gSVU!YNOPO¨FHGu��OMYNOMQ�S�F!OMQ�EVGRS��8EVGRopQ<^_bIE�^PZp^_GRbc^_�!bIO�WqOMY«GRQ�SNOMY�t OMYN\]dXOMSNOMY�JNU<^_Q!Q�OMbO²«��U�O
tvL!bRbq\]L!SVW!L!S�\_t	SVU�O�FHGRopGRSK^_b·W!U<^]ENOBJP\]L!Q�SNOMY�Øv§�U!GIJKU7§�GRbRbq�qO�bc^_�qOMbIOPF � ©1á�tvL!bRb � � � ©l×�tvL!bRb � Ü�`�SVU�OBF!OMQ�EVGRS��
EVGRopQ<^_b!SVU<^_S�GIE�J�^_bIJML!bc^_SNOPFXtvYN\]d-SVU�O�\]L!SVW!L!S�\_t·t�YK^]JMSVGI\]Q<^_b!t�YVGRQ!ofOPEw\]Q!bR�sØ � ©Cá�t�YK^]JMS � � � ©l×�tvYK^]JMS � Ü�`H^_Q�F



×_Ù ×H�+jlOMZfOMbI\]W!dXOMQ�S�\_t�Q�OM§ YNO�^]F!\]L!S�OMbIOPJMSVYN\]Q!GIJPE�t \]Y�SVU�O�j����îEV�HEVSNOMd

SVU�O�ENGRopQ<^_b�tvYN\]d SVU�O8\]bIF/j�����è�í°íªdX\[FHL!bIOPE�`!§�U!GIJNUr^_YNO�EVSVGRbRb	\]W�OMYK^_SNOPF/GRQsW<^_YK^_bRbIOMb��

±l²)( *#¾+� Â9¶�¿�âN¹<¾Nä ¾�½¢¾�åNÄ ¶�äCÄ äC¼,� Ä1¼�äC¹Fâ�µ�é|¹�âKÃ�äC¶NåN¹

DBE�SVU�OMYNOB^_YNO�Q�\�§ é FHGu��OMYNOMQ�S�F!OMQ�EVGRS��XENGRopQ<^_bIE¨^PZp^_GRbc^_�!bIO�WqOMYwJKU<^_Q!Q�OMb�`HJP\]d�W<^_YK^_SVGRZfOBENSVL�FHGIOPE�U<^PZfO
��OPOMQ8W�OMY�t�\]YVdXOPF��«�B\]Q�O�\_t[SVU�OPEKOwF!OMQ�EVGRS��lENGRopQ<^_bIE°J�^_Q8��O�YNOMo�^_YNF!OPF1^]E � W�OMY�t�OPJMS � `]^]E�^_bRb�\_t!SVU�OMd5J�^_Q
��O�^���OPJMSNOPFa���9tvYVGRQ!ofO��ßL!d�W�E¨L!Q�F!OMY�JPOMYVSK^_GRQeJP\]Q�FHGRSVGI\]Q�E��w��U�O�EVGRopQ<^_b·SVU<^_S¨GIE¨�<^]ENOPFa\]QatvYK^]JMSVGI\]Q<^_b
t�YVGRQ!ofOPE�\]Q!bR�f`<t \]Y�O�!^_d�W!bIOp`·§�GRbRb°YNOMopL!bc^_YVbR�sbI\pEKOit�YVGRQ!ofOPE�§�U�OMQrSVU�O�W!U<^]ENOCJNU<^_Q!ofOPE����sdX\]YNOCSVU<^_Q
U<^_but�^CtvYVGRQ!ofOl§�GRSVU!GRQ�á�âpâ@?	E�����t�SVU�Ol��O�^_d GIE�F!O à OPJMSNOPF/FHL�OlSN\�F!OMQ�EVGRS��eopYK^]FHGIOMQ�SNE�GRQsSVU�OiW!bc^]ENda^
^_Q�F~d�GIENENOPE�SVU�OaF!OMSNOPJMSN\]Y¡Øv§�U!GIJKU~��OPJP\]dXOPE1^_W!W<^_YNOMQ�SCGRQ�^�FHYN\]W~\_t�SVU�OaEVGRopQ<^_b�^_d�W!bRGRSVL�F!O�Ü�`�Q�\
GRQHt \]YVda^_SVGI\]Q�\]Q+F!OMQ�EVGRS��+^_Sa^_bRb�J�^_Q¥�qOs\]�!SK^_GRQ�OPF+tvYN\]d|SVU�O�F!OMSNOPJMSN\]YaEVGRopQ<^_b�SNOMd�W�\]YK^_YVGRbR�+^_Q�F
t�YVGRQ!ofOibI\pENE�GIE�L!Q<^PZf\]GIF�^_�!bIOp�
��QSVU�O�^_��ENOMQ�JPO9\_twW�OMYVSVL!YV�<^_SVGI\]Q�E�`	\]Q�O9O�HWqOPJMSNEBSVU<^_S�^_bRb«SVU!YNOPO1ENGRopQ<^_bIE�^_opYNOPOp�i��U�OCS�§¨\sEVGRopQ<^_bIE
t�YN\]d SVU�O�FHGRopGRSK^_b�W!U<^]ENOaJP\]L!Q�SNOMY8F!\sW!YNOPJMGIEKOMbR�¢^_opYNOPOp`«^]EiSVU�O�Q�L!dC�qOMYC\_t¨t�YK^]JMSVGI\]Q�E�GIElSVU�OXE�^_dXO
t \]Y���\]SVU	`°G�� Op�aSVU�OM�¢J�^_QT\]Q!bR�'FHGu��OMY����¢GRQ�SNOMofOMY8dCL!bRSVGRW!bIOPE9\_t�^et�YVGRQ!ofOp�e��U�OXj�����è�í°í)ENGRopQ<^_b�`
U�\�§¨OMZfOMY�`�J�^_Q¡F!OMZ�Gc^_SNO�t�YN\]d�SVU<^_S�SN\1^8JPOMYVSK^_GRQ¡O�HSNOMQ�S��T�)U�OMQ¡JP\]d�W<^_YVGRQ!o1SVU�O�EVGRopQ<^_bIE�`[S�§�\8da^_GRQ
^]EVW�OPJMSNE���OPJP\]dXO�OMZ[GIF!OMQ�S1Ø�EKOPOB��opL!YNO8×H�Rá"8fÜ%²

³ ��U�O�^_��EN\]bRL!SNO�ENJ�^_bRGRQ!o�GIE�Q�\]S�GIF!OMQ�SVGIJ�^_b�����U�O�F!OMQ�EVGRS��CdXO�^]EVL!YNOPFX���1SVU�O�ji���Bè�í	í�dX\�FHL!bIOPEGIE�^_��\]L!S�U<^_but¨^XWqOMYNJPOMQ�S�bI\�§¨OMYBSVU<^_Q�SVU�OCYNOPEVL!bRS�W!YN\�Z�GIF!OPF���sSVU�OCFHGRopGRSK^_b�W!U<^]ENOCJP\]L!Q�SNOMYNE��
��U!GIE�^_dX\]L!Q�S1\_t�F!OMZ[Gc^_SVGI\]QªGIElQ�\]SiSVU�O�EK^_dXO1t \]Yi^_bRb�FHGIEKJNU<^_YVofOPE�`°�!L!S�EVL!�H��OPJMSiSN\ à L�JMSVL<^��
SVGI\]Q�E��«��U!GIE°GRQ�FHGIJ�^_SNOPE�SVU�O¨SVU�O¨j����Bè�í	í¡dX\[FHL!bIOPE�F!\�Q�\]S«W!YNOPJMGIENOMbR��dXOPOMS«SVU�OMGRY«J�^_bRGR�!YK^_SVGI\]Q
EVW�OPJMGu�<J�^_SVGI\]Q¡\_t�á�âpâ8d�GRbRbRGRZf\]bRSNE�WqOMY¨tvYVGRQ!ofOp����Q¡SVU�O�\]L!SVW!L!S�ENSK^_ofOp`�SVU�OM�¡^_YNOlOP£�L!GRW!W�OPFe§�GRSVU
Wq\]SNOMQ�SVGI\]dXOMSNOMYNECt�\]Y1\_��ENOMS1^_Q�F�^_d�W!bRGu�<OMY1o�^_GRQT^]F_��L�EVSVdXOMQ�S��/��U�O7\]��ENOMYVZfOPF~F!OMZ[Gc^_SVGI\]QTGIE
^_SVSVYVGR�!L!SK^_�!bIOaSN\r^_Q~GRd�W!YNOPJMGIENO7o�^_GRQgENOMSVSVGRQ!o\]YCSN\^/ENbRGRopU�SCFHYVGut�SC\_t�SVU�Oe^]JMSVL<^_b�^_d�W!bRGu�<OMY
o�^_GRQ¡§�GRSVUeSVGRdXOp�wD�bIEN\1ENJ�^_bIOlOMYVYN\]YNE�\_t°SVU�OlEVL!��ENOP£�L�OMQ�S�DBj���E�^_YNOl^8W�\pENEVGR�!bIOlO�[W!bc^_Q<^_SVGI\]Q	�
��U�OiFHGRopGRSK^_b°W!U<^]ENOiJP\]L!Q�SNOMYNEB^�Zf\]GIF/EVL�JKU�OMYVYN\]Y�EN\]L!YNJPOPE��

³.- L!GIJN�eJNU<^_Q!ofOPE�\_t«F!OMQ�EVGRS��s^_W!WqO�^_Y�§�GRSVU�^1F!OMbc^P�e\_t�SVU�Ol\]YNF!OMY�\_t é âpâ@?0/8\]QeSVU�Oij����Bè�í	íEVGRopQ<^_b��Ý��U!GIEaGIE7FHL�O/SN\'SVU�O�Ù��[©�ã�bI\�§���W<^]ENEa��bRSNOMYe^_SaSVU�O\]L!SVW!L!S7\_tiSVU�O/dX\[FHL!bIOPE��»��S
U<^]E���OPOMQ/da^]F!O8ENL!YNO�SVU<^_S���\]SVU�EVGRopQ<^_bIE�\]�!SK^_GRQSVU�OMGRY�SVGRdXO�EVSK^_d�W�E�tvYN\]dåSVU�O8EK^_dXOiSVGRdXOMY
EV�HEVSNOMd/`!EN\9SVU<^_S�FHGu��OMYNOMQ�S�SVGRdXO��<^]ENOPE�J�^_Q/��OiO�HJMbRL�F!OPF^]E�YNO�^]EN\]Q	�

D{t�L!YVSVU�OMYaO���OPJMS7\_tlSVU�O/bI\�§���W<^]ENEX��bRSNOMYe^_W!W�O�^_YNEa\]Q#JKU<^_Q!Q�OMb�©��KásGRQ#FHGIENJKU<^_YVofO7¡9ä é /fÚ�/#Ø�EKOPO
��opL!YNOe×H�ëäpâfÜ��e��QªSVU�O�opGRZfOMQ�SVGRdXOXGRQ�SNOMYVZ]^_b�`�^sEK^�§�SN\�\]SVU�GRQ�EVSK^_�!GRbRGRS��#Ø�EKOPO7^_W!W�OMQ�FHGu'D1�Rá�ÜBGRQ�SVU�O
JP\]YNO8W!bc^]EVda^�\[JPJML!YNE���DîYN\]SK^_SVGRQ!oaGIEVbc^_Q�F�^_YN\]L!Q�F�SVU�O�£V¢1á�EVL!Y�t�^]JPOlWqOMYVGI\[FHGIJ�^_bRbR�sJMYN\pENENOPE�SVU�O�bRGRQ�O
\_t�EVGRopU�SC\_t�SVU�OXGRQ�SNOMY�t�OMYN\]dXOMSNOMY�JKU<^_Q!Q�OMb�©��Káp�¡��U!GIE8J�^_L�ENOPE9^¡W�OMYVGI\�FHGIJ7\pENJMGRbRbc^_SVGI\]Q�\_t�SVU�OabRGRQ�O��
GRQ�SNOMopYK^_SNOPF�F!OMQ�EVGRS��~^_SC^et�YNOP£�L�OMQ�JM�'\_t�^_�q\]L!S9ä«�[©�ãf�a��U!GIEC\pENJMGRbRbc^_SVGI\]Q�J�^_Q~U<^_YNFHbR�r��OXENOPOMQ�\]Q
SVU�Oij����Bè�í	íªEVGRopQ<^_b�`!^]E�GRSNE�^_d�W!bRGRSVL�F!OiGIE�EVSVYN\]Q!opbR�7YNOPFHL�JPOPFsJP\]d�W<^_YNOPF¡SN\CSVU�OlQ�OM§»OMbIOPJMSVYN\]Q!GIJPE��
¤«GRopL!YNO�×H�ëäHá�GRbRbRL�EVSVYK^_SNOPE�SVU�O�YNOMbc^_SVGRZfO�bI\�J�^_SVGI\]Q�\_t<SVU�O�£V¢1á�EVL!Y�t ^]JPOp`]SVU�O�bRGRQ�OPE�\_t·ENGRopU�S�©��Ká�^_Q�F9©�� é
\_t�SVU�OCji���5GRQ�SNOMY�t�OMYN\]dXOMSNOMY�`�SVU�O8bRGRQ�OPE�\_twEVGRopU�S�\_t�SVU�O8EN\_t�S�m���YK^P�/FHGc^_opQ�\pENSVGIJC^_Q�F/SVU�O8bI\�J�^_SVGI\]Q
SVU<^_S�JP\]YVYNOPEVW�\]Q�F!E�SN\1JKU<^_Q!Q�OMb	Öpâ8\_t°SVU�OlOMbIOPJMSVYN\]QsJM�HJMbI\]SVYN\]Q¡OMd�GIEKEVGI\]Q7YK^]FHGI\]dXOMSNOMY��w��U�O�SN\]YN\]GIF�^_b
bI\[J�^_SVGI\]Q/\_t°GRQ�SNOMY�t OMYN\]dXOMSNOMYB^_Q�F¡EN\_t�S�m���YK^��7FHGc^_opQ�\pEVSVGIJlGIE�SVU�OlEK^_dXOp`[§�U�OMYNO�^]E�SVU�OBSN\]YN\]GIF�^_b�bI\[J�^��
SVGI\]Qª\_twSVU�O9k¨��k¯FHGc^_opQ�\pEVSVGIJ�FHGu��OMYNEB���r^_��\]L!SBÙ�×eF!OMopYNOPOp�C¤�GRopL!YNO�×H�ëäpäeEVU�\�§�ElSVU�OCSVGRdXO9SVYK^]JPOPE
t \]Y�SVU�OPENO�FHGc^_opQ�\pEVSVGIJPE�`�Q<^_dXOMbR�9JKU<^_Q!Q�OMbIE�©��Ká�^_Q�Fa©�� é \_tqSVU�O�ji���)GRQ�SNOMY�t�OMYN\]dXOMSNOMY�^]E�dXO�^]EVL!YNOPF
���ªSVU�OeQ�OM§%OMbIOPJMSVYN\]Q!GIJPE�`wJNU<^_Q!Q�OMbIEX×Háp`�×pä¢^_Q�FT×fÚ�\_t�SVU�O¡EN\_t�S8m���YK^P�~FHGc^_opQ�\pEVSVGIJs^_Q�FTJNU<^_Q!Q�OMb
Öpâa\_t«SVU�OCk¨��k#YK^]FHGI\]dXOMSNOMY����¨U<^_Q!Q�OMbIEl×Há8^_Q�F×päX\_t�SVU�O8EN\_tvS�m���YK^��¡FHGc^_opQ�\pENSVGIJp`<k¨��k)JNU<^_Q!Q�OMb
Öpâe^_Q�F/SVU�O1j����;©��KáCEVGRopQ<^_b�\pENJMGRbRbc^_SNOCGRQ�W!U<^]EKOp����U�OCEK\_tvS�m���YK^��/JNU<^_Q!Q�OMb�×fÚ�\pENJMGRbRbc^_SNOPEl^_SBSVU�O
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EK^_dXO�t�YNOP£�L�OMQ�JM�f`��!L!S�U<^]E�^�W!U<^]ENO�EVU!Gut�S¨\_t	U<^_but�^�WqOMYVGI\[F�`H^_Q�FaGRQ�SNOMY�t�OMYN\]dXOMSNOMY�JNU<^_Q!Q�OMb�©�� é F!\[OPE
Q�\]S�EVU�\�§5EVGRopQ!Gu�<J�^_Q�SB\pENJMGRbRbc^_SVGI\]Q	����U!GIE�opGRZfOPEB^�JP\]Q�EVGIEVSNOMQ�S�W!GIJMSVL!YNOC\_t�^9YN\]SK^_SVGRQ!oeGIEVbc^_Q�F�`<^]E�SVU�O
bRGRQ�Oi\_t�EVGRopU�S�\_t�©�� é GIE�bI\[J�^_SNOPFs\]L!SNEVGIF!OiSVU�O8£�¢TáiEVL!Y�t�^]JPOp`!bRGRQ�O�×fÚ9\_t�SVU�OiEN\_t�S�m���YK^��eFHGc^_opQ�\pENSVGIJ
GRQ�SNOMYNENOPJMSNE9GRS9GRQgSVU�OebI\�§¨OMYaW<^_YVS�^_Q�F¥^_bRb�SVU�O¡\]SVU�OMYXFHGc^_opQ�\pEVSVGIJPE9W!YN\]��O7SVU�OeL!W!W�OMY9W<^_YVSX\_t�SVU�O
£�¢Tá�ENL!Y�t ^]JPOp����U!GIE�GRbRbRL�EVSVYK^_SNOPE�SVU<^_S�SVU�Oit�^]EVS�YNOPEVW�\]Q�ENO�\_t�SVU�O8FHGRopGRSK^_b�W!U<^]ENOCJP\]L!Q�SNOMYl\]WqOMQ�E�L!W
Q�OM§-Wq\pEKEVGR�!GRbRGRSVGIOPE�GRQ~ENSVL�FH��GRQ!oÈ�r©Bj W!U�OMQ�\]dXOMQ<^�GRQªSVU�O�dCL!bRSVGu���[©�ãXt�YNOP£�L�OMQ�JM�rYK^_Q!ofOp�e��QªSVU�O
\]L!SVW!L!SC\_t�SVU�OXQ�OM§ W!U<^]ENOaJP\]L!Q�SNOMYNE�`�F!OMQ�EVGRS��~\pENJMGRbRbc^_SVGI\]Q�ECGRQ~SVU!GIE8tvYNOP£�L�OMQ�JM�'YK^_Q!ofOXU<^�ZfOa��OPOMQ
\]��ENOMYVZfOPFeGRQsda^_Q��7\]SVU�OMY�FHGIEKJNU<^_YVofOPE�`�OPENWqOPJMGc^_bRbR�e\]QeSVU�OlJPOMQ�SVYK^_b°JNU<^_Q!Q�OMbIE�^_Q�Fs\_t�SNOMQsFHL!YVGRQ!o�SVU�O
YK^_d�WH��F!\�§�Q/W!U<^]ENOi\_t«SVU�OiFHGIENJNU<^_YVofOp�¨��QsEN\]dXOiJ�^]EKOPE�`HSVU�OMYNOlGIE�Q�\�OMZ�GIF!OMQ�S�JP\]YVYNOMbc^_SVGI\]Q�SN\9OMZfOMQ�SNE
bRGR�fO8^�EK^�§�SN\�\]SVUGRQ�EVSK^_�!GRbRGRS��f��©B\�§¨OMZfOMY�`·§�GRSVU!GRQ�SVU�O8ENJP\]WqO8\_t�SVU!GIE�SVU�OPEVGIE�`!GRS�§�^]E�Q�\]S�Wq\pENENGR�!bIOiSN\
GRQ�ZfOPEVSVGRo�^_SNO8SVU!GIE�GRQsdX\]YNO�F!OMSK^_GRb��
��U�OiEK^P§�SN\[\]SVU/GRQ�EVSK^_�!GRbRGRS��eQ!GIJPOMbR�eGRbRbRL�EVSVYK^_SNOPE�U�\�§ W!bc^]EVda^�JP\]Q�FHGRSVGI\]Q�E�J�^_Qsda^_�fOiGRQ�SNOMY�t OMYN\]dXOMSVYV�
GRQSVU�O9EVL!�H��d�GRbRbRGRdXOMSNOMYi§�^PZfOMbIOMQ!opSVUªYK^_Q!ofO1SNOMd�W�\]YK^_YVGRbR�GRd�W�\pENEVGR�!bIO�²���U�OMYNO9GIEi^aZfOMYV�/bI\[J�^_bRGRã�OPF�`
EVda^_bRbu��ENJ�^_bIOi\]�H�VOPJMS�§�GRSVUsU!GRopU�F!OMQ�EVGRS��eGRQsSVU�OlW!bc^]EVda^H`HQ<^_dXOMbR�eSVU�OlYN\]SK^_SVGRQ!oXdX\[F!Op��;�QsSVU�Oi\]Q�O
U<^_Q�F�`<GRSlJ�^_L�ENOPEl^aEVGRopQ!Gu�<J�^_Q�SiJNU<^_Q!ofO9\_twF!OMQ�EVGRS���§�GRSVU!GRQrEVU�\]YVSBSVGRdXOC§�U�OMQrJMYN\pENENGRQ!o7SVU�OCbRGRQ�OC\_t
EVGRopU�S�\_t�SVU�OBGRQ�SNOMY�t�OMYN\]dXOMSNOMY�`<§�U!GIJNUsGIE�JMYVGRSVGIJ�^_b�t \]Y¨SVU�OiF!OMQ�EVGRS��adXO�^]EVL!YNOMdXOMQ�S�`·^_Q�F¡\]Q¡SVU�Oi\]SVU�OMY
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U<^_Q�F�`qGRSB^]JMSNE�bRGR�fO9^XFHGIEVW�OMYNEVGRQ!oabIOMQ�EB\]QrSVU�O�bc^]ENOMYB�qO�^_d/`<§�U!GIJNU'J�^_L�ENOPEl^�YK^_W!GIFdX\�FHL!bc^_SVGI\]Q¢\_t
SVU�O8^_dX\]L!Q�S�\_t«bc^]ENOMY�W�\�§¨OMY�SVU<^_S�YNO�^]JNU�OPE�SVU�OiF!OMSNOPJMSN\]Y1Ø�ENOPOlL!W!W�OMY��q\�eGRQ¡��opL!YNOC×H�ëäpâfÜ���D�E�SVU�O
W!bc^]EVda^¡^_Q���§�^P�¢F!O à OPJMSNElSVU�OC��O�^_d¬^XbRGRSVSVbIOp`�GRSBGIEBQ�\]SBW�OMY�t OPJMSVbR��JPOMQ�SNOMYNOPF'\]Q¢SVU�O1F!OMSNOPJMSN\]Y8^_Q�F
SVU�OebI\[J�^_b¨bIOMQ�E�O���OPJMS1J�^_QgSNOMd�W�\]YK^_YVGRbR�T^_bIEN\YNOPEVL!bRS9GRQ¥^_QTGRQ�JMYNO�^]EKO7\_t�SVU�Os^_YVYVGRZ[GRQ!o¢Wq\�§¨OMY��'��Q
SVU�OaW!YNOPENOMQ�SNOPF�J�^]ENOX\_t�SVU�OXEK^P§�SN\[\]SVU~GRQ�ENSK^_�!GRbRGRS��f`«SVU�OXEVGRã�O�\_t�SVU�O�dX\[F!O�GIE�EVSVGRbRbwdX\�F!OMYK^_SNOe^_Q�F
SVU�OMYNO�t \]YNOp`!Q�\1t�YVGRQ!ofO��ßL!d�W�E�\[JPJML!Y���©B\�§¨OMZfOMY�`�GRQ/J�^]ENOl\_t«bc^_YVofOMY�dX\[F!OPE�`HGRQ�SNOMY�t OMYN\]dXOMSVYVGIJ8F!OMQ�ENGRS��
dXO�^]EVL!YNOMdXOMQ�S1J�^_Q'��OPJP\]dXO�GRd�W�\pENEVGR�!bIOX^_Q�F'SVU�O7^]JMSVL<^_bwF!OMQ�EVGRS��'OMZf\]bRL!SVGI\]QªdX\pENS�bRGR�fOMbR�rJ�^_Q!Q�\]S
��OCO�HSVYK^]JMSNOPFtvYN\]d SVU�O1F!OMSNOPJMSN\]Yl\]L!SVW!L!SiEVGRopQ<^_bIEi^_Q��/dX\]YNOp`�Q�\ada^_SVSNOMYlU�\�§�EK\]W!U!GIEVSVGIJ�^_SNOPFrSVU�O
EVGRopQ<^_b°W!YN\�JPOPENENGRQ!o�da^P�¡�qOp�
��Q'SVU�O�W!YNOPENOMQ�JPOX\_t�W�OMYVSVL!YV�<^_SVGI\]Q�E�`°GRS8da^P�rU<^_W!WqOMQªSVU<^_SC\]Q!bR�¢\]Q�O�\]Y8S�§¨\EVGRopQ<^_bIE�EVLH��OMYlt�YN\]d
t�YVGRQ!ofO��ßL!d�W�E�`q\]YlSVU<^_Sl^_bRb«SVU!YNOPO�^_YNO1^���OPJMSNOPF��i©B\�§¨OMZfOMY�`�GRQrSVU�O1bc^_SVSNOMYiJ�^]ENOp`<SVU�O1bRGR�fOMbRGRU�\[\�F�t \]Y
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^_bRb«SVU!YNOPO�ENGRopQ<^_bIElSN\7bI\pEKOCSVU�O9EK^_dXO1Q�L!d8��OMY8\_twt�YVGRQ!ofOPEi^_SiSVU�O1E�^_dXOCSVGRdXO9GIElEVda^_bRb��C��U�O9d8L�JKU
dX\]YNO�W!YN\]�<^_�!bIOBJ�^]ENO�GRQa§�U!GIJKUe^_bRb·SVU!YNOPO�EVGRopQ<^_bIE¨bI\pENO�^8FHGu��OMYNOMQ�SwQ�L!dC�qOMY�\_t�t�YVGRQ!ofOPE�GIE�GRbRbRL�ENSVYK^_SNOPF
GRQ���opL!YNO�×H�ëä é �lD�bRb«SVU!YNOPO9EVGRopQ<^_bIE�t ^_GRb«SN\7YNOMSVL!YVQrSN\7SVU�OCã�OMYN\7bRGRQ�O9^_SlSVU�O1^_Q�F¢\_t�SVU�O9FHGIENJKU<^_YVofOp�
��U�OXEVGRopQ<^_b � ©1á�t�L!bRb � bI\pENOPE�/¡tvYVGRQ!ofOPE�`�SVU�OXEVGRopQ<^_b � ©Cá�t�YK^]JMS � ×et�YVGRQ!ofOPEC^_Q�F~SVU�Oaj����Bè�í	í)EVGRopQ<^_b
^_�q\]L!S8áp�ë×�tvYVGRQ!ofOPE9Ø ^]E�FHGIEKJML�ENENOPF/O�^_YVbRGIOMY�`qJP\]L!Q�SVGRQ!o¡OMYVYN\]YNE����¡tvYK^]JMSVGI\]Q�EB\_twx]}~J�^_Qr\�JPJML!Y�\]QSVU�O
ji���Bè�í	í�EV�HEVSNOMd7Ü��
¤�GRopL!YNOs×H�ëä_Ù¢EVU�\�§�E9S�§¨\rt�L!YVSVU�OMY�O�!^_d�W!bIOPE9\_t�t�YVGRQ!ofOC�ßL!d�W�E��¢jBL�OeSN\�SVU�O¡FHGu��OMYNOMQ�S�\]W�OMYK^_SVGRQ!o
W!YVGRQ�JMGRW!bIOe\_t�SVU�O7W!U<^]EKOeJP\]L!Q�SNOMYNE�`�SVU�O7YNOPEVW�\]Q�ENOeSN\�W�OMYVSVL!YV�<^_SVGI\]Q�E�GIE9FHGu��OMYNOMQ�S9GRQgdX\pEVS�J�^]ENOPE��
��U�OMYNO�t�\]YNOp`�EVGRd�W!bIO9JP\]d�W<^_YVGIEN\]Qª\_t¨SVU�O é FHGu��OMYNOMQ�S�F!OMQ�EVGRS��EVGRopQ<^_bIElSVU<^_S�^_YNO1Q�\�§-^�Z]^_GRbc^_�!bIO9W�OMY
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JP\[O%ÆaJMGIOMQ�S�`	^_Q�F�SVU<^_S�§�^P�f`�\_t�SVU�O8�[GRQ�F�\_t��!GI\]bI\]opGIJ�^_b�SVGIENEVL�Op����U!GIE�YNOPJP\]Q�EVSVYVL�JMSVGI\]Q¢SNOPJNU!Q!GI£�L�O1GIE
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��Q+J�^]ENOs\_tBtvL�EVGI\]Q¥W!bc^]ENda^¢GRQ�SNOMY�t OMYN\]dXOMSVYV�f`�SVU�OsQ�L!dC�qOMYe\_t�bRGRQ�OPE7\_tlEVGRopU�SXGIE9bRGRd�GRSNOPF�`�^]EXO�^]JNU
bRGRQ�Oi\_t�EVGRopU�S�L�EVL<^_bRbR�eYNOP£�L!GRYNOPE�^_S�bIO�^]EVS�\]Q�OlGRQ�FHGRZ�GIFHL<^_b	ZfOPEKENOMb�Wq\]YVS���D�QsO�HJPOMW!SVGI\]Q^_YNOlEN\_��J�^_bRbIOPF
ENJ�^_Q!Q!GRQ!o¡GRQ�SNOMY�t�OMYN\]dXOMSNOMYNEaØ�JP\]d�W<^_YNO1YNO�tV�Cê é ä�ìvÜ�`q§�U!GIJKU	`�U�\�§¨OMZfOMY�`�^_YNO8W!YNOPENOMQ�SVbR�\]Q!bR�st \]L!Q�Fr\]Q
EVda^_bRbIOMYXtvL�EVGI\]Q+F!OMZ[GIJPOPE��g��Q¥^]F!FHGRSVGI\]Q	`�GRS�GIE�Q�\]S�W�\pENEVGR�!bIO¡SN\¢YN\]SK^_SNO¡SVU�O/W!bc^]EVda^rYNOMbc^_SVGRZfOMbR�gSN\
SVU�O8GRQ�SNOMY�t OMYN\]dXOMSNOMYlEKOMSVL!W	`<EN\�SVU�O8W!YN\_��OPJMSVGI\]Q'^_Q!opbIO8J�^_Q!Q�\]SB��O8^_bRSNOMYNOPF�����U�O�YNOPJP\]Q�EVSVYVL�JMSVGI\]Q¢\_t
SVU�O1W!bc^]EVda^eF!OMQ�EVGRS���W!YN\_��bIO1SVU�OMYNO�t�\]YNO1U<^]EBSN\¡\]WqOMYK^_SNO1§�GRSVU'^7ZfOMYV�/bRGRd�GRSNOPFrQ�L!d8��OMY�\_twbRGRQ�OPEl\_t
EVGRopU�S��C��Q'JP\]Q�SVYK^]EVSiSN\eSVU�O9dXOPFHGIJ�^_bw^_W!W!bRGIJ�^_SVGI\]QªdXOMQ�SVGI\]Q�OPF~^_��\�ZfOp`�§�U�OMYNO9dCL�JNUªdX\]YNO1bRGRQ�OPEi\_t
EVGRopU�SC^_YNOX^PZp^_GRbc^_�!bIOXEN\eSVU<^_S�SVU�O�ENSVYVL�JMSVL!YNO�J�^_Qª�qO9F!OMSNOMYVd�GRQ�OPFªtvYN\]d®SVU�O�dXO�^]EVL!YNOPF'F�^_SK^s§�GRSVU
of\[\�F�YNOPEN\]bRL!SVGI\]Q	`�F!OMQ�ENGRS��~W!YN\_��bIO7YNOPJP\]Q�EVSVYVL�JMSVGI\]Q¥GIE1Q�\]S1Wq\pENENGR�!bIOa§�GRSVU�\]L!S9da^_�[GRQ!o'^]F!FHGRSVGI\]Q<^_b
^]ENENL!d�W!SVGI\]Q�E��lD�E�W<^_YVSVGIJMbIO9SVYK^_Q�EVW�\]YVSl^_bI\]Q!oe�<OMbIFbRGRQ�OPE�GIEB����\]YNF!OMYNEl\_twda^_opQ!GRSVL�F!O9bc^_YVofOMYlSVU<^_Q
W�OMYVWqOMQ�FHGIJML!bc^_Y8SN\¡SVU�OMd Ø�JP\]d�W<^_YNOXJNU<^_W!SNOMYCäfÜ�`	SVU�O9W!bc^]EVda^¡F!OMQ�EVGRS��rGIElL�EVL<^_bRbR�'^]ENEVL!dXOPF¢SN\e��O
JP\]Q�EVSK^_Q�Si\]Q à LH�EVL!Y�t�^]JPOPE���¤�\]Y�SVU!GIE�YNO�^]EK\]Q	`q^XYNOPJP\]Q�EVSVYVL�JMSVGI\]Q'\_t�SVU�O8F!OMQ�EVGRS��/W!YN\_��bIOCF!\[OPE�Q�\]S
\]Q!bR�1YNOP£�L!GRYNO�SVU�O�bRGRQ�O���GRQ�SNOMopYK^_SNOPFeF!OMQ�EVGRS��1dXO�^]EVL!YNOMdXOMQ�SNEwt�YN\]d;SVU�O�GRQ�SNOMY�t OMYN\]dXOMSNOMY�^]E�GRQ!W!L!S�`��!L!S
^_bIEN\1GRQHt \]YVda^_SVGI\]Qs\]QeSVU�O�bI\[J�^_SVGI\]Q¡\_t�SVU�O à LHeEVL!Y�t ^]JPOPE��«��U�OBda^_opQ�OMSVGIJlOP£�L!GRbRGR�!YVGRL!d GIE¨W!YN\�Z�GIF!OPF
���r^eFHGc^_opQ�\pEVSVGIJ9§�U!GIJNU'YNOMbRGIOPEi\]Q¢SVU�O1dXO�^]EVL!YNOMdXOMQ�SNE����W!GIJN�[L!W'JP\]GRbIElSVU<^_Si^_YNO1bI\[J�^_SNOPF'\]Q¢SVU�O
GRQ!Q�OMYeZfOPENENOMbB§�^_bRb�`�EKOPOJKU<^_W!SNOMY é �¯¤!YN\]d,SVU�OPENO/dXO�^]EVL!YNOMdXOMQ�SNE�`�SVU�OW�\]bI\]GIF�^_b�da^_opQ�OMSVGIJ à LH
t�L!Q�JMSVGI\]Q@?�J�^_Qs��OiJ�^_bIJML!bc^_SNOPFs���eQ�L!dXOMYVGIJ�^_bRbR�/EK\]bRZ�GRQ!o�SVU�OBAlYK^]F[�ßh�U<^�tvYK^_Q�\�Z¡OP£�L<^_SVGI\]Q	����U!GIE�GIE
F!\]Q�OlYN\]L!SVGRQ�OMbR�¡GRQs\_�·��bRGRQ�OiF�^_SK^�^_Q<^_bR�HEVGIEiê épé ì�`[U�\�§¨OMZfOMY�`!t \]Y�YNO�^_bu��SVGRdXO8^_W!W!bRGIJ�^_SVGI\]Q	`�GRS�W!YNOPENOMQ�SVbR�
EVSVGRbRb�JP\]Q�ENL!dXOPElSN\�\ed8L�JKU~JP\]d�W!L!SVGRQ!o/W�\�§�OMY��C��U�OMYNO�t \]YNOp`°^e£�L!GIJK�fOMY�`	�!L!SlbIOPENElW!YNOPJMGIENO9EN\]bRL!SVGI\]Q
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^_S�SVU�O�da^_opQ�OMSVGIJ�^�HGIE�`�SVU�OCZp^_bRL�O;?JIB^_S�SVU�OCENOMW<^_YK^_SVYVGur^_Q�F�SVU�O8Zp^_bRL�O;?�KMLON�^_S�SVU�O8bRGRd�GRSNOMYi^_YNO
W!YN\�Z[GIF!OPFs���¡SVU!GIE�FHGc^_opQ�\pEVSVGIJp�
j�L�O¨SN\�SVU�O�^]EKEVL!d�W!SVGI\]Q�\_t<JP\]Q�EVSK^_Q�S�F!OMQ�EVGRS��C\]Q à LHCEVL!Y�t�^]JPOPE�`_SVU�O�YNOPJP\]Q�EVSVYVL�JMSNOPF�F!OMQ�EVGRS��8W!YN\_��bIO
GIE�^�tvL!Q�JMSVGI\]Q¡SVU<^_S�F!OMW�OMQ�F!E�\]Qs\]Q!bR�a\]Q�OlENJ�^_bc^_Y�W<^_YK^_dXOMSNOMY�`H§�U!GIJNUsU<^]E�SN\C�qOBEN\]dXO à LH7EVL!Y�t�^]JPO
bc^_�qOMb�����\]d�dX\]Q!bR�f`�SVU�O1Q�\]YVda^_bRGRã�OPF¢W�\]bI\]GIF�^_b à LHYK^]FHGRL�E�PRQ�STK�Ø�ENOPO1OP£�L<^_SVGI\]Q é �ëä7GRQrJKU<^_W!SNOMY é Ü
GIEwL�ENOPFat \]YwSVU!GIE�W!L!YVWq\pEKOp�«D�JPJP\]YNFHGRQ!opbR�f`�SVU�O�t�L!Q�JMSVGI\]Q7SVU<^_S�F!OPENJMYVGR��OPE�SVU�O�F!OMQ�EVGRS��XW!YN\_��bIOB§�GRbRb·��O
bc^_�qOMbIOPF =�Û k PRQ�STKUs����\]d8�!GRQ!GRQ!orSVU�OXdXO�^]EVL!YNOMdXOMQ�SNE�\_t�SVU�OaU�\]YVGRã�\]Q�SK^_b�j����%GRQ�SNOMY�t OMYN\]dXOMSNOMY�^_Q�F~SVU�OXS�§¨\ZfOMYVSVGIJ�^_b
bRGRQ�OPE¨\_t°EVGRopU�SU���KáB^_Q�F2����ä�\_t°SVU�O�g® Y q4¯�°"±�° GRQ�SNOMY�t OMYN\]dXOMSNOMY�JP\]L!bIFaW!YN\�Z�GIF!Oi^iSN\]SK^_b�\_t«ÚibRGRQ�OPE\_t�EVGRopU�S��r©�\�§¨OMZfOMY�`wGRQ)ê é ×�ì�GRSCGIECYNOMW�\]YVSNOPF~SVU<^_S�JNU<^_Q!Q�OMbU����ä/YNOMopGIENSNOMYNE1F!OMQ�ENGRSVGIOPECGRQgO�!JPOPENEC\_t
SVU�\pENOaO�HWqOPJMSNOPFªtvYN\]d JP\]YNOe^_Q�F�ENJMYK^_W�O���\_�+bc^P�fOMY1W<^_YK^_dXOMSNOMYNE�`�§�U!GIJNUg\]YVGRopGRQ<^_SNOPECtvYN\]d W<^_YVSVGIJMbIO
YNOPJM�[JMbRGRQ!o9^_S¨SVU�O�ZfOPENENOMb<§�^_bRb�^_S¨SVU�O�GRQ!Q�OMY�`�bI\�§�OMY�FHGRZfOMYVSN\]Y¨�<^�¦aOp����U!GIE¨W!YNOMZfOMQ�SNE�\]Q�O�tvYN\]d L�EVGRQ!o
SVU!GIEXGRQ�SNOMY�t OMYN\]dXOMSNOMY¡JNU<^_Q!Q�OMb�t�\]YXW!YN\_��bIOJ�^_bIJML!bc^_SVGI\]Q	�»��U�O/YNOMda^_GRQ!GRQ!oTJNU<^_Q!Q�OMbV���Ká/JP\]L!bIF#GRQ
W!YVGRQ�JMGRW!bIOa��O�L�ENOPF�`��!L!SCFHL�OaSN\/SVU�OXU!GRopU�Q�\]GIENOXbIOMZfOMb�\_t�SVU�O��® Y q4¯�°"±�° GRQ�SNOMY�t OMYN\]dXOMSNOMY�`�\]Q�O§¨\]L!bIF¥U<^�ZfO/SN\~^�ZfOMYK^_ofO/SVU�OF���Ká/F!OMQ�EVGRS��¥\�ZfOMYaENOMZfOMYK^_b�d�GRbRbRGIENOPJP\]Q�F!E�`¨§�U!GIJKU�F!OMSNOMYVGI\]YK^_SNOPE7SVU�O
SNOMd�Wq\]YK^_b�YNOPEN\]bRL!SVGI\]Q	�'jlOPEVW!GRSNO¡\_t�EVL�JNU+^�ZfOMYK^_opGRQ!o�`�SVU�O7Q�\]GIENOabIOMZfOMb�EVSVGRbRb�YNOMda^_GRQ�E9U!GRopU�OMY9SVU<^_Q
SVU<^_S�\_t«SVU�Olji���îEV�HEVSNOMd/����U�OlW!YVGIJPO�W<^_GIFet \]Y�\]Q�O�^]F!FHGRSVGI\]Q<^_b�bRGRQ�OB\_t�EVGRopU�S�§�\]L!bIF¡SVU�OMYNO�t�\]YNOl��O
^_QrGRQ�JMYNO�^]EKOPF¢bIOMZfOMb�\_t¨EVW!L!YVGI\]L�E à L�JMSVL<^_SVGI\]Q~\_t¨SVU�O9YNOPEVL!bRSVGRQ!o/F!OMQ�EVGRS��W!YN\_��bIOp�C¤<\]YiSVU!GIElYNO�^]EN\]Q	`
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����^ENOMS9\_t��<^]EVGIE8tvL!Q�JMSVGI\]Q�E�`�GRQ�Zf\]bRZ[GRQ!o'^ENOMS9\_t�L!Q!�[Q�\�§�Q¥JP\�O%ÆaJMGIOMQ�SNE��'��U�OMQ	`��<^]ENOPFg\]QTSVU�O
opGRZfOMQ~da^_opQ�OMSVGIJ¡JP\]QH��opL!YK^_SVGI\]Q	`�SVU�OX��ZfOabRGRQ�OXGRQ�SNOMopYK^_bIEX^_YNOaJ�^_bIJML!bc^_SNOPFg^]E1^stvL!Q�JMSVGI\]Qg\_t�SVU�\pENO
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SVU�O7ENOMW<^_YK^_SVYVGuªd8L�EVSC�qOaF!O���Q�OPFT^_Q�F�JP\]Q�SVGRQ�L�\]L�E��s��U!GIE8GIECOPEVWqOPJMGc^_bRbR�¢Zp^_bRGIF't \]Y�SVU�OXda^_opQ�OMSVGIJ
^�HGIE��¢��U�OeWq\]bI\]GIF�^_b�da^_opQ�OMSVGIJ à LHªt�L!Q�JMSVGI\]Qh? k dgfYe�s8GIE1��Q�\�§�QgSN\���O7FHGu��OMYNOMQ�SVGc^_�!bIOp`�EN\GRS9GIEU�OMbRWHt�L!b	SN\�§�YVGRSNOiSVU�OiOMbIOPJMSVYN\]QrF!OMQ�EVGRS��F\ Û ^]E�^1tvL!Q�JMSVGI\]Q\_t�?�²

\ Û k P^Q�STK k dgfYe�s:sjik\ Ûglm ? k dgfYe�s,no?�H? I no?�H pq
D�JPJP\]YNFHGRQ!o7SN\�SVU�OiJNU<^_GRQYVL!bIOp`!SVU�O�F!OMYVGRZp^_SVGRZfOi§�GRSVU/YNOPEVW�OPJMS�SN\]d�GIE�opGRZfOMQ/���rc\ Ûrsd ik\ut Û lm ? k dgfYe�s�no?JH? I nv?�H pq ò w ? I no?�Hxcx ? k dgfYe�s,no?�H ò ç? I no?�H ò ry? k dgfYe�srzd  
DBE�SVU�OXO�HW!YNOPENEVGI\]Q x ? k dgfYe�s�n{?�He^_W!W�O�^_YNE�GRQ~SVU�OaF!OMQ�\]d�GRQ<^_SN\]Y�`«SVU�OMYNOXGIE8SVU�O�Wq\pEKEVGR�!GRbRGRS��'\_tU<^�Z�GRQ!oC^lFHGIEKJP\]Q�SVGRQ�L!GRS��X\]Y�OMZfOMQXEVGRQ!opL!bc^_YVGRS��X^_S|?}i~?�Hf`pG�� Op��^_S�SVU�O�da^_opQ�OMSVGIJ�^�HGIE��«©�\�§¨OMZfOMY�`�^]E?»U<^]Ew^lbI\[J�^_b<O�[SVYNOMdCL!d%^_S�SVU�OB^�[GIE�ØvSVU�O�JP\]YVYNOPEVW�\]Q�FHGRQ!oCJP\[\]YNFHGRQ<^_SNOPEw§�GRbRb���O�YNO�t OMYVYNOPF�SN\8^]E|dVH
^_Q�F�e_H_Ü�`�GRSNE�F!OMYVGRZp^_SVGRZfO�§�GRbRb�Zp^_Q!GIEVUXSVU�OMYNOp`[EN\lSVU�O�bc^]ENS�t ^]JMSN\]YwGRQXSVU�O�^_��\�ZfO�OP£�L<^_SVGI\]Qe^_bIEK\lof\�OPEwSN\
ã�OMYN\1GRQeSVU�O�bRGRd�GRS k dgfYe�s�� k dVH�fYe_H�s�����Qe\]YNF!OMY�SN\1JNU�OPJK�a§�U�OMSVU�OMY�^CFHGIENJP\]Q�SVGRQ�L!GRS��¡\]Y�EVGRQ!opL!bc^_YVGRS��^]JMSVL<^_bRbR�T\�JPJML!YNE�`�^JMbI\pENOMY1bI\�\]�~^_S]? k dgfYe�s8GIECYNOP£�L!GRYNOPF��¢��U�Oe��^���bI\]Y�ENOMYVGIOPE9\_t�?{^_YN\]L!Q�FTSVU�O
da^_opQ�OMSVGIJl^�[GIE¨JP\]Q�SK^_GRQ�E¨SVU�O�JP\]Q�EVSK^_Q�S[?JHCØvSVU!GIE�GIE�`f���XF!O���Q!GRSVGI\]Q	`[GRSNEwZ]^_bRL�O�^_S¨SVU�O�^�HGIE�Ü�`f�!L!S¨SVU�O
SNOMYVdXE¨SVU<^_S¨^_YNO�bRGRQ�O�^_Y¨GRQ k d�n�d�H�s�^_Q�F k e|n�e_H�s«Zp^_Q!GIEVU7^]E�?ÝU<^]E¨^lbI\[J�^_b<O�HSVYNOMd8L!d%^_SwSVU�O�^�[GIE��
��U�O�£�L�OPEVSVGI\]QsQ�\�§ GIE�§�U�OMSVU�OMY�SVU�OMYNOi§�GRbRb�GRQsofOMQ�OMYK^_b«^_W!WqO�^_Y�SNOMYVdXE�W!YN\]Wq\]YVSVGI\]Q<^_b�SN\ k d�n�dVH�s Y^_Q�F k egn9eRH4s.Yp����U�OMQªENL!��EVSVGRSVL!SVGRQ!o/SVU�OXF!O���Q!GRSVGI\]Q~\_t+?®Ø�OP£�L<^_SVGI\]Q�Ø é �Rá�ÜVÜBGRQ�SN\�D�d�W�OMYNO � Eibc^P§�� z �� ib?�� �� ^_Q�F¡EN\]bRZ[GRQ!o9§�GRSVU¡YNOPEVWqOPJMS�SN\1SVU�OBSN\]YN\]GIF�^_b	JP\]d�Wq\]Q�OMQ�S ��� \_t«SVU�OBJML!YVYNOMQ�S�F!OMQ�EVGRS��f`
\]Q�O�\]�!SK^_GRQ�E n�? � d ��� i�d rrzd çd r�?rsd ô rFY�?rze Y  



ÖH�ëäH�+è«^_YK^_dXOMSNOMYVGRã�^_SVGI\]Q¢\_t�SVU�O�F!OMQ�EVGRS��¡W!YN\_��bIO Ö é

��U�OMQ1GRQ�ENOMYVSVGRQ!olSVU�O�EVGRd�W!bIOwSNOPENS°t�L!Q�JMSVGI\]Q2? k dgfYe�s�i k d�nBd�Hls N ò k e�n;e_H4s)� ô ?JHf`]§�U!GIJNU�JP\]Q�SK^_GRQ�E^aofOMQ�OMYK^_b�W!YN\]SN\]S���W�OX\_t�^_bRb«SNOMYVdXE�SVU<^_S�J�^_Q~^_W!WqO�^_YiGRQ¢SVU�O���^���bI\]YCENOMYVGIOPE�`�SVU�O9YVGRopU�S���U<^_Q�F~EVGIF!O
�qOPJP\]dXOPE

k e�n�eRH4s ��� ê k ê n ç s k d�njd�H�s N & Y n çd ê k d�njd�Hls N & X�� ô \ k \�n ç s k eJn'e_H4s � & Y k dhn@d�H4s N  
��Qª\]YNF!OMY�SN\^_bRbI\�§-t \]Y8^¡Q�\]QH��ã�OMYN\JML!YVYNOMQ�SCF!OMQ�ENGRS��ª^_S�SVU�O�da^_opQ�OMSVGIJe^�[GIEaØv§�U!GIJKU~GIEiSVU�OXL�EVL<^_b
J�^]ENO�GRQ7^lSN\]�p^_da^_�q`�SVU�O�EN\]dXOM§�U<^_S�O�H\]SVGIJ�O�!JPOMW!SVGI\]Q7\_t	^iJML!YVYNOMQ�SwU�\]bIO�da^��9�qO�Q�OMopbIOPJMSNOPF7U�OMYNO�Ü�`
SVU�OMYNO8U<^�ZfOCSN\7��O�SNOMYVdXEB§�GRSVU ê i�x�f[\ji5ye\]Y ê i5y!f[\ji�xH�B��U�OCSVU!GRYNFW�\pENEVGR�!GRbRGRS��f`q§�U!GIJKU
§¨\]L!bIFg��O ê i ç f]\~i y!`�GIE�O�!JMbRL�F!OPFg����SVU�O¡O�[GIEVSNOMQ�JPO¡\_ti^�bI\[J�^_b�O�[SVYNOMdCL!d \_tJ? ^_S9SVU�O
da^_opQ�OMSVGIJ9^�HGIE��l��U�L�E�`·GRQrofOMQ�OMYK^_b�`�SVU�OMYNO�^_YNO9EN£�L<^_YNOCSNOMYVdXEBGRQ¢SVU�OC�«^P�[bI\]Y�ENOMYVGIOPEl\_t�? k dgfYe�sB^_SSVU�Olda^_opQ�OMSVGIJC^�HGIE��
��GRSVUsSVU!GIE��[Q�\�§�bIOPFHofOp`q^9ZfOMYV�¡EVGRd�W!bIO�O��^_d�W!bIO�\_t�? k dgfYe�s�J�^_Q/��OlL�ENOPFz²? k dgfYe�s�i k d�nvdVH4s Y ô k enjeRH4s Y ô ?JHJ 
¤�\]Y�EVGRd�W!bRGIJMGRS��f`<§�OC\]Q!bR�et \�JML�E�\]Q�SVU�OCFHGRYNOPJMSVGI\]Q<^_b«F!OMYVGRZp^_SVGRZfO1^_bI\]Q!o�e]i}eRH�`!SVU�OMQrSVU�O8OP£�L<^_SVGI\]Q
t�\]Y�SVU�OiF!OMYVGRZp^_SVGRZfO8\_t,\ Û ��OPJP\]dXOPE"²rc\ Ûrzd i�\ t Û � h d�njd�H hw ? I no?JH � ò w ? I nv?�Hx h d�nvdVH h ò ç? I n{?�H ò x k d�nvdVH4s� 
��U�OCO�HW!YNOPENEVGI\]Qr�qOPENGIF!OPE+\ t Û of\[OPE�SN\ ô k ? I n.?�Hls & X)��Y GRQSVU�O1bRGRd�GRS�d���dVH ô ^_Q�FSN\�n k ? I n?�Hls & X)��Y�GRQ�SVU�O�bRGRd�GRS�d~��d�HDnC`fEN\lSVU�OMYNO�GIEw^lFHGIENJP\]Q�SVGRQ�L!GRS��a^_S�d~i�d�H��«��U�O�§�U�\]bIO�O�[W!YNOPEKEVGI\]Q
GIEi\]Q!bR�rJP\]Q�SVGRQ�L�\]L�EC^_SiSVU�O9da^_opQ�OMSVGIJ7^�[GIEi§�U�OMQ�\ t Û k PMsBGIEiOP£�L<^_b�SN\¡ã�OMYN\/^_SJP�i-y!�9��U�OMYNO�t \]YNOp`
^_Q��7tvL!Q�JMSVGI\]Q/SVU<^_S�GIE�L�ENOPFsSN\9W<^_YK^_dXOMSNOMYVGRã�OB\ Û k PMs�d8L�EVS�U<^�ZfOiã�OMYN\XF!OMYVGRZp^_SVGRZfO8^_S�ã�OMYN\!�
a�ÆU��ÆU� b¡Ê<ÉwÏ���Ô�Ë	ÎrÏqÑ/ÑfÉ�ÊgÕ�Ê��wÏ�ÎfÏqÑpÎ�ÔB�
D�EiSVU�OaENOMW<^_YK^_SVYVGu'GIEiSVU�OXbc^]EVS�JMbI\pEKOPF à LHªEVL!Y�t ^]JPOX���'F!O���Q!GRSVGI\]Q	`«W<^_YVSVGIJMbIOPE�SVU<^_S8dX\�ZfO9t�YN\]d ^PRQ�STKu� ç YNOMopGI\]Q/SN\a^gP^Q�STKu� ç YNOMopGI\]Q�FHL�O�SN\9W�OMYVWqOMQ�FHGIJML!bc^_Y�SVYK^_Q�EVW�\]YVS�^_YNOiQ�\�bI\]Q!ofOMYBJP\]QH��Q�OPF�`
�!L!SidX\�ZfOXSN\¡SVU�OaFHGRZfOMYVSN\]Y��<^�¦aOPEC^_Q�Fª^_YNO�YK^_W!GIFHbR�¢YNOMdX\�ZfOPF~\]L!S�\_t�SVU�OXEV�HEVSNOMd/��jBL�O9SN\¡SVU!GIE
W<^_YVSVGIJMbIOBENGRQ!�q`�SVU�OlF!OMQ�EVGRS��XW!YN\_��bIOlFHYN\]W�E�YK^_W!GIFHbR�XGRQ¡SVU�OBENJMYK^_W�O���\_��bc^P�fOMY����)U�OMQsJP\]Q�EVGIF!OMYVGRQ!oX^_Q
\]YVSVU�\]Q�\]YVda^_bq�<^]ENGIE �z¡°�¢ f�¡°¤£ f�¡°�¥^¦ `[§�U�OMYNO�¡°¤¢ GIEwW�OMYVWqOMQ�FHGIJML!bc^_Y�SN\CSVU�O à LH7ENL!Y�t ^]JPOPE�^_Q�Fo¡°�£ ^_Q�F °_¥^_YNO�S�§�\ebRGRQ�O�^_YVbR�/GRQ�F!OMWqOMQ�F!OMQ�SlZfOPJMSN\]YNE�§�U!GIJKU'EVW<^_QSVU�O à LHEVL!Y�t�^]JPOp`q^_Q�FSK^_�[GRQ!oaGRQ�SN\s^]JPJP\]L!Q�S
\]Q!bR�XFHGu�qL�EVGRZfO�W<^_YVSVGIJMbIO�SVYK^_Q�ENWq\]YVSlØvG�� Op��SVU�O���YNEVS¨SNOMYVd GRQeOP£�L<^_SVGI\]Q¢Ø äH�Rá�Ü�GRQeJNU<^_W!SNOMY�äfÜ�`fSVU�OMQeSVU�O
W<^_YVSVGIJMbIO à LH �§ GIE�opGRZfOMQ/��� �§ i¨n+© rz\ ÛrcP ¡° ¢ n�© rz\ Ûrzª ¡°�£ nv© rz\ Ûrs« ¡°_¥  
D�JPJP\]YNFHGRQ!opbR�f`�SVU�O8^_��EN\]bRL!SNO�Z]^_bRL�Oi\_t�SVU�OiW<^_YVSVGIJMbIO à LHsGIE�opGRZfOMQ/���¬¬¬ �§ ¬¬¬ ik© � ¬¬¬¬ rz\ ÛrzP ¬¬¬¬ ô ¬¬¬¬ rz\ Ûrzª ¬¬¬¬ ô ¬¬¬¬ rc\ Ûry« ¬¬¬¬ �  
��Q�EVGIF!O�SVU�O�ENOMW<^_YK^_SVYVGu�`p§�O�U<^PZfO ¬¬¬® �°¯ £ ¬¬¬ ô ¬¬¬® �^¯ ¥ ¬¬¬ iÝy!`�^]E�SVU�O�F!OMQ�ENGRS��1GIE�JP\]Q�EVSK^_Q�S�\]Q à LH�EVL!Y�t�^]JPOPE�`\]L!SNEVGIF!O�SVU�O�ENOMW<^_YK^_SVYVGu�`�U�\�§�OMZfOMY�`�SVU!GIE�O�HW!YNOPENEVGI\]Q9GIE�opYNO�^_SNOMY�SVU<^_Q�ã�OMYN\iFHL�O�SN\BSVU�O�W<^_YVSVGIJMbIO�EVGRQ!���
D�E�SVU�O�W<^_YVSVGIJMbIO à LH1SVU!YN\]L!opUXSVU�O�EKOMW<^_YK^_SVYVGu9GIEwJP\]Q�ENOMYVZfOPF�`fSVU!GIE�YNOP£�L!GRYNOPE¨^lFHGIEKJP\]Q�SVGRQ�L!GRS��X\_t  � ¯ ¢ `G�� Op�«\_t	SVU�O�F!OMQ�EVGRS���W!YN\_��bIOp`!^_S¨SVU�O�ENOMW<^_YK^_SVYVGu���D�bRof\]YVGRSVU!dXE¨t \]Y�W!YN\_��bIOBJ�^_bIJML!bc^_SVGI\]Qe§�U!GIJKUeF!\8Q�\]S



Ö_Ù ÖH��<�OPJP\]Q�EVSVYVL�JMSVGI\]Qr\_t«SVU�O8F!OMQ�EVGRS��eW!YN\_��bIO

L�ENOe^_Q��¢GRQ!W!L!SCF�^_SK^stvYN\]d OPFHofOXFHGc^_opQ�\pEVSVGIJPE�`�EVL�JKUT^]E8YNO à OPJMSN\]dXOMSVYV�~\]Y�bRGRSVU!GRL!d �qO�^_d GRd�W<^]JMS
O�!JMGRSK^_SVGI\]QTENWqOPJMSVYN\pENJP\]W��f`�F!\/SVU�OMYNO�t \]YNOaL�EVL<^_bRbR�~^_bRbI\�§-t \]Y1^�FHGIENJP\]Q�SVGRQ�L!GRS���\_t�SVU�OX��YNEVS1^_Q�FT^_bRb
U!GRopU�OMY�F!OMYVGRZp^_SVGRZfOPE�\_t�\ Û k PRQ�STKUs¨^_S|P^Q�STKsi ç ����U!GIE�§�GRbRb�^_bIEK\���O�F!\]Q�O�U�OMYNOp��D�JPJP\]YNFHGRQ!opbR�f`!\ Û k PRQ_S`K
s§�GRbRb���Ol^]EKEVL!dXOPFaSN\1��OB^1EVdX\[\]SVU7tvL!Q�JMSVGI\]QsGRQ�EVGIF!O�SVU�OlENOMW<^_YK^_SVYVGu�`HG�� Op��SN\C��OBENOMZfOMYK^_b�SVGRdXOPE�JP\]QH�
SVGRQ�L�\]L�EVbR�/FHGu��OMYNOMQ�SVGc^_�!bIO1GRQ/SVU�OiGRQ�SNOMYVZp^_b ñ y!f ç ñ `q^_Q�FsSN\X�qO8^XEVdX\�\]SVU�tvL!Q�JMSVGI\]Q�GRQ�SVU�O�ENJMYK^_W�O���\_�
bc^��fOMY�`�§�U�OMYNOaGRSCGIEC^]ENEVL!dXOPF�SN\/��O�dX\]Q�\]SN\]Q�\]L�EVbR��F!OPJMYNO�^]EVGRQ!o���D�SCSVU�OaENOMW<^_YK^_SVYVGu)Ø±P^Q�STK�i ç Ü�`
U�\�§¨OMZfOMY�`�SVU�O�F!OMQ�EVGRS��¥W!YN\_��bIOGIEaJP\]Q�SVGRQ�L�\]L�E�`��!L!S7Q�\]SXQ�OPJPOPENEK^_YVGRbR�+FHGu��OMYNOMQ�SVGc^_�!bIOp� ��GRSVU+SVU!GIE
^]ENENL!d�W!SVGI\]Q	`	GRS�GIElQ�\]S�W�\pENEVGR�!bIO1SN\/O�HW<^_Q�F'\ Û k P^Q�STKUs�GRQ�SN\^¡��^P�[bI\]Y8ENOMYVGIOPEit�\]YiSVU�O�§�U�\]bIO9YK^_Q!ofO\_t�PRQ�STK«Z]^_bRL�OPE�Øv§�U!GIJKUªGIEBL�EVL<^_bRbR�EN\]dXOMSVU!GRQ!o¡bRGR�fO¡êëâH`Ráp�Rá�ìw\]Y�êëâH`Ráp�ëä�ìvÜ�����^���bI\]YCO�[W<^_Q�EVGI\]Q¢GIEl\]Q!bR�
W�\pENEVGR�!bIOiGRQrä9ENOPJMSVGI\]Q�E�`�Q<^_dXOMbR�sy³²hPRQ�STKu² ç ^_Q�FGP^Q�STK�´ ç �¨���[W!GIJ�^_bRbR�f`<S�§¨\aFHGu��OMYNOMQ�S�tvL!Q�JMSVGI\]Q�E
§�GRbRb��qO7L�ENOPF~SN\F!OPENJMYVGR��O]P^Q�STKwGRQTSVU�OPENO7S�§�\rEKOPJMSVGI\]Q�E�����U�Oe\]Q!bR�'da^_SNJNU!GRQ!oªJP\]Q�FHGRSVGI\]QTGIE1SVU<^_S
SVU�OMGRYiZp^_bRL�O1^_S�P^Q�STKµi ç ^_opYNOPOPE�`q�!L!S�^_bRb�F!OMYVGRZ]^_SVGRZfOPE�J�^_Qr��O1FHGIEKJP\]Q�SVGRQ�L�\]L�EC^_SBSVU!GIElW�\]GRQ�S��8��U�O
F!OMQ�EVGRS���GRQXSVU�O�EKJMYK^_WqO���\_�sbc^P�fOMY¨§�GRbRb<��O�^]ENEVL!dXOPFaSN\�FHYN\]WaSN\iã�OMYN\1^_S�SVU�O�bRGRd�GRSNOMY�Wq\pENGRSVGI\]Q	`f§�U!GIJNU
§�GRbRb	��Olbc^_��OMbIOPFGP¶KML·N1�
DBEBSVU�OX^_bRof\]YVGRSVU!d®t�\]YlYNO�^_bu��SVGRdXO�F!OMQ�EVGRS���W!YN\_��bIO�J�^_bIJML!bc^_SVGI\]QªF!\[OPElQ�\]SBU<^�ZfOX^]JPJPOPENEBSN\s^7FHGRYNOPJMS
dXO�^]EVL!YNOMdXOMQ�S�\_t�SVU�O9OPFHofOCF!OMQ�EVGRS��f`�^_Q�Fr^]EBSVU�O1ENJMYK^_WqO���\_��bc^P�fOMYlF!\�OPEBQ�\]SlJP\]Q�SVYVGR�!L!SNO9d8L�JKU¢SN\
SVU�OBdXO�^]EVL!YNOPFebRGRQ�O�GRQ�SNOMopYK^_bIE�`HQ�\�^_SVSNOMd�W!S�§�GRbRb��qO�da^]F!O�SN\9O�HSVYK^]JMS¨GRQHt \]YVda^_SVGI\]Q/\]QeSVU�OBF!OMQ�ENGRS��
F!OPJ�^��XGRQaSVU�O�ENJMYK^_WqO���\_�/bc^��fOMYwt�YN\]d�SVU�O�GRQ�SNOMY�t OMYN\]dXOMSNOMY�F�^_SK^H`�G�� Op�«Q�\1^]F!FHGRSVGI\]Q<^_b·t�YNOPO�W<^_YK^_dXOMSNOMY
§�GRbRb·^_W!W�O�^_Y�GRQ�SVU�O�W<^_YK^_dXOMSNOMYVGRã�^_SVGI\]Q7\_t�\ Û k P^Q�STKUs�§�U!GIJNUaO�!JMbRL�EVGRZfOMbR��^���OPJMSNE�SVU�O�ENJMYK^_WqO���\_�¡bc^P�fOMY����Q~JP\]Q�SVYK^]ENS�`�^¡�!HOPF�F!OMQ�EVGRS��ªF!OPJ�^��t�L!Q�JMSVGI\]Q�¸ k PRQ�STK
sl§�GRbRbw��O�L�ENOPF'§�U!GIJKU~t�L!bu��bRbIEJ¸ k ç sBi ç `«GIE
dX\]Q�\]SN\]Q�\]L�EVbR�ªF!OPJMYNO�^]ENGRQ!o^_Q�F¢§�U�\pENOXF!OPJ�^��rbIOMQ!opSVU~GIE�J�^_bIJML!bc^_SNOPF¢t�YN\]d¹P¶KºLON1`�G�� Op�1tvYN\]d¬da^_o]�
Q�OMSVGIJidXO�^]ENL!YNOMdXOMQ�SNEB\]Q!bR�f�
��U�Olt \]bRbI\�§�GRQ!o7W<^_YK^_dXOMSNOMYVGRã�^_SVGI\]Qr\_t,\ Û k P^Q�STKUs�§�GRbRb	��OlL�ENOPFz²

\ Û k P^Q�STKUs�i
»¼¼¼¼¼¼½ ¼¼¼¼¼¼¾
¿ÀÁ¤Â X�Ã Á�Ä°Á k P^Q�STKUs Å Ä P^Q�STKu² ç¸ k PRQ_S`K�s ò ¿ÀÁ¤Â X�Ã ÁUÄ°Á k ç sÆÅ Ä ç �.PRQ�STKu²ÇP¶KºLON
y Å Ä P^Q�STKu�.P�KºLON

Ø ÖH�Rá�Ü

��U�OgF!OMQ�EVGRS��¯W!YN\_��bIOgGIErSVU�L�E'^]ENEVL!dXOPF5SN\)��OT^#bRGRQ�O�^_Y'JP\]d8�!GRQ<^_SVGI\]Q�\_t�È �<^]EVGIEtvL!Q�JMSVGI\]Q�EÄ X f¤ ¤ ¤ _f ÄD¿ §�GRSVUrJP\[O%ÆaJMGIOMQ�SNE Ã X f¤ ¤ ¤ _f Ã ¿ GRQ�SVU�OCda^_GRQrW!bc^]EVda^H`q§�U�OMYNOCO�^]JKUr�<^]ENGIE�t�L!Q�JMSVGI\]QU<^]E
SN\9t�L!bu��bRb�SVU�O�JP\]Q�FHGRSVGI\]Q Ä tÁ k yQs�i)y É ï i ç f¤ ¤ ¤ ^fYÈ �
DBE�SVU�O1Q�O�HSBENSNOMW	`<SVU�O9×XbRGRQ�O���GRQ�SNOMopYK^_SNOPFªF!OMQ�EVGRSVGIOPEB§�GRbRb��qOCJ�^_bIJML!bc^_SNOPFª^]EB^Xt�L!Q�JMSVGI\]Qr\_twSVU�O;È
JP\[O%ÆaJMGIOMQ�SNE Ã X f¤ ¤ ¤ Rf Ã ¿ t \]Y�^1opGRZfOMQ/da^_opQ�OMSVGIJ8OP£�L!GRbRGR�!YVGRL!d/�

(�²+ç èùâK¹�æ�¿q¼«µFâ�X�¶�µ�âN¾�ä,¾�½�µ·ÀC¼ årâwäC¼ ârä�µ·¼�Ã�¿q¶�å

DBE�GRbRbRL�EVSVYK^_SNOPF9GRQ9��opL!YNO�ÖH�Ráp`pSVU�O�Zp^_bRL�O�\_t·SVU�O�Q�\]YVda^_bRGRã�OPF�W�\]bI\]GIF�^_b à LHCYK^]FHGRL�EÊP^Q�STKHGIE�opGRZfOMQX\]QX^
FHGIENJMYNOMSNO�2DC¨zEDCiopYVGIF�� n EVGRQ!olSVU�O�W�\pEVGRSVGI\]Q�E�\_t·SVU�O�opYVGIF9W�\]GRQ�SNE�^_Q�F9SVU�O�j����+��O�^_d-JP\�\]YNFHGRQ<^_SNOPE�`
SVU�OX��YNEVS8EVSNOMWªGIE8SN\/J�^_bIJML!bc^_SNO¡^sENOMS8\_t[PRQ_S`K�Z]^_bRL�OPE8SVU<^_SCJP\]YVYNOPEVW�\]Q�FªSN\/OP£�L!GIFHGIEVSK^_Q�S8W�\]GRQ�SNE1\]Q
O�^]JKUªbRGRQ�O�\_t�EVGRopU�S�\_t¨SVU�O1GRQ�SNOMY�t OMYN\]dXOMSNOMY�����U!GIEiGIEiF!\]Q�O9Z[Gc^7bRGRQ�O�^_YiGRQ�SNOMYVW�\]bc^_SVGI\]Q~��OMS�§¨OPOMQ~SVU�O
JP\]YVYNOPEVW�\]Q�FHGRQ!o7F�^_SK^1W�\]GRQ�SNEB^_�q\�ZfO�^_Q�Fs��OMbI\�§ SVU�OlbRGRQ�O�\_t�EVGRopU�S1Ø�ENOPOB��opL!YNO8ÖH�ëäfÜ�����U�OlYNOPEVL!bRSVGRQ!o
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Z]^_bRL�OPE7§�GRbRb���OYNO�t�OMYVYNOPF�SN\T^]E�P�Ë|ÌTÍ L `�§�U�OMYNOrSVU�O/��YNEVSeGRQ�F!O�ÇÎ ð � ç fKx�f¤ ¤ ¤ Rfw1 ¦ GRQ�FHGIJ�^_SNOPE¡SVU�OGRQ�SNOMY�t OMYN\]dXOMSNOMY7JNU<^_Q!Q�OMbB©��Ká/SN\'©���×'^_Q�F¥SVU�O�ENOPJP\]Q�F¥GRQ�F!O�{Å ð � ç f¤ ¤ ¤ _f ±j¦ GRQ�JMYNO�^]ENOPEe^_bI\]Q!oSVU�OCbRGRQ�O9\_t¨ENGRopU�S��8D�EVW<^_SVGc^_b�JP\�\]YNFHGRQ<^_SNOgÏ�^_bI\]Q!o¡SVU�O9bRGRQ�O9\_t¨EVGRopU�SiGIEBGRQ�SVYN\[FHL�JPOPF'§�U�\pENO1Wq\]GRQ�S
\_t�\]YVGRopGRQªGIElbI\[J�^_SNOPF~^_S8^_Q~^_YV�!GRSVYK^_YV�¢Wq\pENGRSVGI\]Qª\]L!SNEVGIF!O�SVU�O9W!bc^]EVda^eZfOPENEKOMb��1��U�O]Ï���Zp^_bRL�OPEiSVU<^_S
JP\]YVYNOPEVWq\]Q�F7SN\�SVU�O�GRQ�SNOMYNEKOPJMSVGI\]Q�E�§�GRSVUaSVU�O�ZfOMYVSVGIJ�^_b·opYVGIF7bRGRQ�OPE�§�GRbRb<��O�YNO�t OMYVYNOPFaSN\9^]E�Ï X f¤ ¤ ¤ _fÐÏyÑ8���U�O1FHGIENSK^_Q�JPO9�qOMS�§¨OPOMQ'SVU�O1Wq\]GRQ�SNEi§�GRbRb��qOCbc^_��OMbIOPF ì Ë|Ì GRQ¢SVU�OCt�L!YVSVU�OMYlFHGIEKJML�ENEVGI\]Q	�8k�Z�GIF!OMQ�SVbR�f`
§¨OeU<^PZfOGÏ L�Ò X i�Ï L ô ì Ë�ÌP�{��^]ENOPF¥\]QgSVU!GIE�FHGIENJMYNOMSNOsEKOMS9\_t�Wq\]GRQ�SNEX\]QgSVU�O¡bRGRQ�Oe\_tlEVGRopU�S�`wSVU�O
bRGRQ�O���GRQ�SNOMopYK^_bIE9U<^PZfO7SN\�qO7J�^_bIJML!bc^_SNOPF~t \]Y8SVU�O7opGRZfOMQTW<^_YK^_dXOMSNOMYVGRã�^_SVGI\]Q+\_t \ Û k PRQ�STKUs��0��^]EVGIJ�^_bRbR�f`SVU�OMYNO8^_YNOlS�§�\XdXOMSVU�\[F!E��

a�ÆUõ�Æ�Ç �ªÔ�Õ_ÒHÎ�Ê!ÑpÊ�Õ]ÐJ� �)ÏqÑpÔ�Ë°Ó
;�Q�OC^_W!W!YN\f^]JNUrGIE�SN\7^]ENEVL!dXO8SVU<^_S+P^Q�STK	GIE�JP\]Q�ENSK^_Q�SB�qOMS�§¨OPOMQ¢S�§�\aW�\]GRQ�SNEl^_Q�F/GRSNE�Z]^_bRL�O8GIE�OP£�L<^_b
SN\7SVU�OX^_YVGRSVU!dXOMSVGIJadXO�^_Q k P�Ë|ÌTÍ L ô P�Ë|ÌTÍ L�Ò X s q xs\_t¨SVU�O9S�§¨\sQ�OMGRopU��q\]YVGRQ!oWq\]GRQ�SNE��C��U�OMQ	`°SVU�O9bRGRQ�OGRQ�SNOMopYK^_b�J�^_Qs��OiFHGIENJMYNOMSVGRã�OPF����

ÓË|Ì \ Û k P^Q�STK k Ï�s:s ì Ï  i ì Ë|Ì Ñ & XÔ L Â X \ Û � P!Ë�ÌTÍ L ô P�Ë|ÌTÍ L�Ò Xx � f Ø ÖH�ëäfÜ

§�U�OMYNO�SVU�O�Z]^_YVGc^_�!bIOB\_t	GRQ�SNOMopYK^_SVGI\]QGÏ¡GIE�SVU�O�JP\[\]YNFHGRQ<^_SNOi^_bI\]Q!oCSVU�O�bRGRQ�OB\_t�EVGRopU�S�^_Q�F7SVU�O�GRQ�SNOMopYK^_b
EVL!��ENJMYVGRW!S ¯ ÎiF!OMQ�\]SNOPEBSVU<^_S�GRQ�SNOMopYK^_SVGI\]QrGIE�WqOMY�t \]YVdXOPF^_bI\]Q!oeSVU�O�bRGRQ�OC\_t�EVGRopU�Sl\_t�SVU�O�Î 365 GRQ�SNOMY��t�OMYN\]dXOMSNOMY�JNU<^_Q!Q�OMb�����U!GIE¨dXOMSVU�\[FXGIE�^_W!W!YN\]W!YVGc^_SNO�§�U�OMQ�\ Û F!\�OPEwQ�\]S¨JNU<^_Q!ofOBdCL�JNUs\]QaSVU�O�ENJ�^_bIO
bIOMQ!opSVU�\_t ì Ë�ÌP�
��Q�SVU�O/Q�O�HSeEVSNOMW	`�OP£�L<^_SVGI\]Q;Ø ÖH�Rá�ÜXEVU<^_bRbB��O/GRQ�ENOMYVSNOPF�GRQ�SN\ÝØ ÖH�ëäfÜ��¯��U!GIEeGIE7Q�\]SaSVYVGRZ[Gc^_bl^]E7SVU�O
tvL!Q�JMSVGI\]Q�\ Û k PRQ�STKUs�GIE�F!O���Q�OPFGRQ�ENOPJMSVGI\]Q�E�����U�O�PRQ�STKµ�hP�KºLON5EKOPJMSVGI\]QF!\[OPE�Q�\]S�JP\]Q�SVYVGR�!L!SNO8SN\aSVU�ObRGRQ�O7GRQ�SNOMopYK^_b�^]E9SVU�O¡F!OMQ�EVGRS��TGIE�OP£�L<^_b�SN\¢ã�OMYN\rGRQ¥SVU!GIE9YNOMopGI\]Q#^]JPJP\]YNFHGRQ!oªSN\rSVU�Os^_Q�EK^_SVãf�T��U�O
S�§¨\/YNOMda^_GRQ!GRQ!o�ENOPJMSVGI\]Q�E�`�U�\�§¨OMZfOMY�`�YNOP£�L!GRYNO9GRQ�FHGRZ[GIFHL<^_b�SVYNO�^_SVdXOMQ�S���¤<\]Y�O�^]EVGIOMYiGRbRbRL�EVSVYK^_SVGI\]Q	`	§�O
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^]ENENL!dXO8SVU<^_SBSVU�OCJP\[\]YNFHGRQ<^_SNOPEi\_t�SVU�OCWq\]GRQ�SNE�§�U�OMYNOCSVU�OCbRGRQ�OC\_t¨ENGRopU�SBGRQ�SNOMYNENOPJMSNElSVU�O1ENOMW<^_YK^_SVYVGu
^_Q�F¡SVU�OBbRGRd�GRSNOMY�W�\pEVGRSVGI\]Q	`!JP\]GRQ�JMGIF!Ol§�GRSVUsSVU�OBopYVGIF¡bRGRQ�OPE�\_t�SVU�OW2DC8zGEDC1opYVGIF'Ø�ENOPO���opL!YNO�ÖH� é Ü�����Q
SVU!GIEiJ�^]ENOp`�S�§¨\¡GRQ�FHGIJPOPE/ ç ^_Q�F'/_x7O�[GIEVS�`�EK\aSVU<^_S�P�Ë|ÌTÍ I X i ç ^_Q�F@P�Ë|ÌTÍ I Y i ç `	^_Q�FS�§¨\sGRQ�FHGIJPOPE
î ç f î x/§�GRSVU{P Ë�ÌTÍ K X iÕP Ë|ÌTÍ K Y iÕP¶KML·N1���QTW!YK^]JMSVGIJPOp`�SVU!GIE1GIE1L�EVL<^_bRbR�ªQ�\]S1tvL!bu��bRbIOPF�`wEN\^�t�L!YVSVU�OMY
EVSNOMWª\_t�bRGRQ�O�^_YiGRQ�SNOMYVW�\]bc^_SVGI\]Q~GIE�YNOP£�L!GRYNOPF¢SN\sF!OMSNOMYVd�GRQ�O�SVU�OXGRQ�SNOMYNENOPJMSVGI\]Q�E8§�GRSVUªENOMW<^_YK^_SVYVGu~^_Q�F
bRGRd�GRSNOMY��
��L!S�§�GRSVU/SVU!GIE�EVGRd�W!bRGu�<J�^_SVGI\]Q	`<OP£�L<^_SVGI\]Q�Ø ÖH�Rá�Ü�J�^_Q/��OlGRQ�ENOMYVSNOPFsGRQ�SN\�Ø ÖH�ëäfÜ�`��[GIOMbIFHGRQ!o_²

ÓË�Ì \ Û k PRQ�STK k Ïzs:s ì ÏÖi Ó¢T×TØ%Ù5Ú X \ Û k P^Q�STK k Ï�s:s ì Ï ô Ó
XÐÛ ¢T×`Ø%Ù5Úc¢�ÙÝÜßÞ \ Û k PRQ�STK k Ïzs:s ì Ï  i

 i ì Ë|Ì I Y & XÔL Â I X ¿ÔÁ¤Â X Ã Á�Ä°Á � P�Ë|ÌTÍ L ô P�Ë|ÌTÍ L�Ò Xx � ô
ô ì Ë|ÌVà I X & XÔL Â K X ¸ � P Ë�ÌÐÍ L ô P Ë�ÌTÍ L�Ò Xx � ô

K Y & XÔL Â I Y ¸ � P Ë|ÌTÍ L ô P Ë|ÌTÍ L�Ò Xx �+á ¿ÔÁâÂ X Ã Á�Ä°Á k ç s
���eGRQ�SVYN\[FHL�JMGRQ!oaSVU�O�O�HW!YNOPENEVGI\]Q

ãsË|ÌTÍ Áåä i ì Ë|Ì à I Y & XÔL Â I X Ä°Á � P Ë|ÌTÍ L ô P Ë|ÌTÍ L�Ò Xx � ô Ä°Á k ç s I X & XÔL Â K X ¸ � P Ë�ÌÐÍ L ô P Ë�ÌÐÍ LæÒ Xx � ô

ô Ä°Á k ç s K Y & XÔL Â I Y ¸ � P!Ë�ÌTÍ L ô P!Ë�ÌTÍ L�Ò Xx � á f Ø ÖH� é Ü



ÖH� Ù�����^_bIJML!bc^_SVGI\]Q\_t�SVU�OlW!YN\_��bIO8JP\[O%ÆaJMGIOMQ�SNE ÖfÚ

SVU!GIE�YNOPEVL!bRS�EVGRd�W!bRGu�<OPE�SN\V²

ÓË|Ì \ Û k PRQ_S`K k Ï�s:s ì Ïçi ¿ÔÁ¤Â X Ã Á ãsË|ÌTÍ Á  Ø ÖH� Ù�Ü

a�ÆUõ�ÆU� ��Ô�Ó�Ê�Ï�Î¢Ô�Ó�ÑpÊ�ÎR��Ë°Ì�ÏqÑpÔ�Ë°Ó
D�bRSNOMYVQ<^_SVGRZfOMbR�f`0PRQ�STK k ÏzsBJ�^_Q'�qOX^]ENENL!dXOPF¢SN\¡�qO9bRGRQ�O�^_Yi��OMS�§�OPOMQjÏjièÏ L ^_Q�F'Ïvi�Ï LæÒ X `�G�� Op�1t \]YOMZfOMYV�7GRQ�SNOMYVZ]^_b ñ Ï L fÐÏ L�Ò XÐé S�§�\XQ�L!dC�qOMYNE ê L ^_Q�F o L O�HGIEVSâê�EN\9SVU<^_SP^Q�STK k Ï�s h ë Ü Ú ë Ú ë Üßì�í i ê L Ï ô o L  Ø ÖH�ë×fÜ
��U�OMQ	`!SVU�OiFHGIENJMYNOMSVGRã�^_SVGI\]Q\_t�SVU�OiGRQ�SNOMopYK^_b°GIE

ÓË|Ì \ Û k P^Q�STK k Ï�s:s ì Ï  i Ñ & XÔ L Â X
ë Ü·ì!íÓë Ü \ Û k ê L Ï ô o L s ì ÏÖi Ñ & XÔ L Â X ç

ê L ¢ïîzð)ñ Üßì�íÓ¢�îsð)ñ Ü \ Û k PMs ì P�f Ø ÖH�ëÖfÜ

§�U�OMYNO�SVU�OaEVL!��ENSVGRSVL!SVGI\]QjP@i ê L Ï ô o L §�^]E8da^]F!Op�e��QªSVU�OXJ�^]ENO³P!Ë�ÌÐÍ L i P�Ë|ÌTÍ L�Ò X `�§�U!GIJNUTJ�^_Q\�JPJML!Y1§�U�OMQ9PRQ�STK�U<^]E1GRSNE1d�GRQ!GRd8L!d ��OMS�§�OPOMQ¥SVU�O7S�§¨\¢W�\]GRQ�SNE�`�SVU�OeJP\[O%ÆaJMGIOMQ�S ê L GIE1OP£�L<^_b�SN\
ã�OMYN\ª^_Q�FgSVU!GIE�dXOMSVU�\�FTt�^_GRbIE��TD�bRYNO�^]FH�T§�U�OMQ ê L GIE�\]Q!bR�TJMbI\pENO¡SN\¢ã�OMYN\!`wSVU!GIE�W!YN\[JPOPFHL!YNOsda^P�
�qOPJP\]dXO1Q�L!dXOMYVGIJ�^_bRbR�¢L!Q�EVSK^_�!bIOp�C��Qª^eJP\]d�W!L!SNOMY8^_bRof\]YVGRSVU!d/`	SVU!GIEiENGRSVL<^_SVGI\]QrU<^]ElSN\e��O9F!OMSNOPJMSNOPF
^_L!SN\]da^_SVGIJ�^_bRbR�9^_Q�F1SVU�O�W!YNOMZ�GI\]L�ENbR�CF!OPENJMYVGR��OPF1dXOMSVU�\�F�\_t·FHGIEKJMYNOMSNO�ENL!d�da^_SVGI\]Q�U<^]E�SN\���O�^_W!W!bRGIOPF
GRQ�EVSNO�^]F��
��Q�ENOMYVSVGRQ!o'OP£�L<^_SVGI\]Q¯Ø ÖH�Rá�ÜCGRQ�SN\#Ø ÖH�ëÖfÜC�[GIOMbIF!E9SVU�OsEK^_dXOeYNOPEVL!bRS�Ø�OP£�L<^_SVGI\]Q¯Ø ÖH� Ù�ÜVÜ9^]E9GRQ¥SVU�O¡J�^]ENO
�qO�t \]YNOp`_�ßL�ENS�SVU�OiF!O���Q!GRSVGI\]Q\_t ãsË�ÌÐÍ Á U<^]E�SN\9��OlYNOMW!bc^]JPOPF/���

ãsË|ÌTÍ Áåä i I Y & XÔL Â I X ç
ê L ¢�îsð)ñ Üßì!íÓ¢�îsð%ñ Ü Ä°Á k PMs ì P ô lòm I X & XÔL Â K X ç

ê L ¢�îsð%ñ Üßì�íÓ¢�îsð)ñ Ü ¸ k PMs ì P ô
ô
K Y & XÔL Â I Y

¢ îsð%ñ Ü·ì!íÓ¢ïîzð)ñ Ü ¸ k PMs ì P p¤óq ò Ä°Á k ç sU Ø ÖH�ÛÚpÜ

��SeEVU�\]L!bIF#��OQ�\]SVGIJPOPF�SVU<^_SeSVU�O ãsË�ÌÐÍ Á � E¡J�^_Q���OrJ�^_bIJML!bc^_SNOPF#t�YN\]dÞSVU�OF�^_SK^�\_t8SVU�Oda^_opQ�OMSVGIJ
FHGc^_opQ�\pEVSVGIJª^_bI\]Q�Op�Á��U�OMYNO�t�\]YNOp`iOP£�L<^_SVGI\]Q�Ø ÖH� Ù�ÜeopGRZfOPE¡SVU�O'F!OPEVGRYNOPF»GRQ�SNOMYVYNOMbc^_SVGI\]Q¯��OMS�§�OPOMQ SVU�O
da^_opQ�OMSVGIJaF�^_SK^H`«SVU�OaF!OMQ�EVGRS��'W!YN\_��bIOaJP\[O%ÆaJMGIOMQ�SNE Ã X f¤ ¤ ¤ Rf Ã ¿ ^_Q�F~SVU�OXbRGRQ�O���GRQ�SNOMopYK^_bIECdXO�^]ENL!YNOPF
���9SVU�O�GRQ�SNOMY�t�OMYN\]dXOMSNOMY�����U�O�YNOMda^_GRQ!GRQ!oCW!YN\]�!bIOMd GIE�SN\CEN\]bRZfO�SVU!GIEwOP£�L<^_SVGI\]Q¡EV�[ENSNOMd;§�GRSVUaYNOPEVW�OPJMS
SN\ Ã X f¤ ¤ ¤ �f Ã ¿ �(�² � *#¶Nåræ�¸�åN¶�µ�âN¾�äÞ¾�½µ·ÀC¼%Â1¿q¾ Z�åN¼ æ«¾i¼,ô æCâK¼�ä�µq¹

�	§¨\eFHGu��OMYNOMQ�SBdXOMSVU�\�F!EB\_twEN\]bRZ[GRQ!o7OP£�L<^_SVGI\]QTØ ÖH� Ù�Ü�§�GRbRb°��O8FHGIENJML�ENEKOPF�����U�O�bRGRQ�OCGRQ�SNOMopYK^_bIEBdXO�^��
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¤�\]Y�YNO�^_bu��SVGRdXO�^_W!W!bRGIJ�^_SVGI\]Q	`�GRS�GIE�F!OPEVGRYK^_�!bIOBSN\1U<^PZfO�^_Q/^_bRof\]YVGRSVU!d SVU<^_S�F!\[OPE�Q�\]S�JP\]Q�ENL!dXO�dCL�JNU
JP\]d�W!L!SVGRQ!o�W�\�§�OMY�����U�OMYNO�t�\]YNOp`fSVU�O�FHGRYNOPJMSw^_Q<^_bR��SVGIJ�^_b�EN\]bRL!SVGI\]Q�\_tqSVU�O�W!YN\]�!bIOMd;GIE�SVU�Ow��YNENS�\]W!SVGI\]Q
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SN\�qO�^_d|^_SVSNOMQ�L<^_SVGI\]Q	`�§�U�OMYNO�^]ECSVU�O7YNOPEVL!bRSNE8t�\]YCSVU�O7JP\]YNO7YNOMopGI\]QgF!\�da^_GRQ!bR�ªYNOMbR�ª\]QTSVU�O7bRGRQ�O��
GRQ�SNOMopYK^_SNOPF�dXO�^]EVL!YNOMdXOMQ�SNEB���¡SVU�O�GRQ�SNOMY�t�OMYN\]dXOMSNOMY���D�S�SVU�O�W!YNOPENOMQ�S�`·SVU�O��ßj�D5W!YN\_��bIOPE�EVSK^_SNO�SVU�O
dX\pEVSaW!YNOPJMGIENO/F!OMQ�EVGRS��TW!YN\_��bIOPEaSVU<^_S7^_YNO/^PZp^_GRbc^_�!bIO�\]Q�Dlh[jlk�m n W!opYK^]F!Op�#¤�\]Y7^_SXbIO�^]EVS�SVU!YNOPO
YNO�^]EN\]Q�E�`HSVU�O�W!YN\_��bIOPE�J�^_bIJML!bc^_SNOPF¡���aSVU�OBYNO�^_bu��SVGRdXO�^_bRof\]YVGRSVU!d §�U!GIJNUsGIE�W!YNOPENOMQ�SNOPF¡U�OMYNOp`H§�GRbRb�Q�\]S
��O�^_�!bIOiSN\�YNO�^]JKU/SVU�O�EK^_dXOibIOMZfOMb	\_t�W!YNOPJMGIEVGI\]Q¢^]E���j�D�²

³ ;�Q!bR�/da^_opQ�OMSVGIJ9OP£�L!GRbRGR�!YVGc^7SVU<^_S�^_YNO1J�^_bIJML!bc^_SNOPF¢Z�Gc^XtvL!Q�JMSVGI\]Q<^_b�W<^_YK^_dXOMSNOMYVGRã�^_SVGI\]Q~J�^_Qr��O
L�ENOPF¡t \]Y�YNO�^_bu��SVGRdXOC^_W!W!bRGIJ�^_SVGI\]Q�E�����U�O��ßj�D;^_W!W!YN\f^]JNU¢^]E�^_Q�\_¦XGRQ�OCFHGc^_opQ�\pEVSVGIJp`�U�\�§¨OMZfOMY�`
L�ENOPE9OP£�L!GRbRGR�!YVGc^'§�U!GIJNU#^_YNOsJ�^_bIJML!bc^_SNOPF#^�t�SNOMY9SVU�OsOMQ�FT\_tBSVU�O¡W!bc^]EVda^rFHGIENJNU<^_YVofO^_Q�F+^_YNO
JMbI\pENOMY�SN\�SVU�O�^]JMSVL<^_b«EN\]bRL!SVGI\]Q�\_t�SVU�O�ABYK^]F[�ßh�U<^�tvYK^_Q�\�Z/OP£�L<^_SVGI\]Q	�

³ ��U�O�YNO�^_bu��SVGRdXO�^_bRof\]YVGRSVU!d U<^]E�SN\�O�!JMbRL�EVGRZfOMbR�CYNOMbR��\]Q�SVU�O�×BbRGRQ�O���GRQ�SNOMopYK^_SNOPFadXO�^]ENL!YNOMdXOMQ�SNE
W!YN\�Z[GIF!OPFa���XSVU�OBji���ÝGRQ�SNOMY�t�OMYN\]dXOMSNOMY�`��!L!S¨J�^_Q!Q�\]S�L�ENO�SVU�OBF�^_SK^�tvYN\]d%SVU�O�bRGRSVU!GRL!dÁ��O�^_d
FHGc^_opQ�\pEVSVGIJp����U�O�bc^_SVSNOMY�GIE�`�\]Q/SVU�O�\]Q�O8U<^_Q�F�`�Q�\]S��fOMS�SNOPJKU!Q!GIJ�^_bRbR��F!OPEVGRopQ�OPF/t�\]Y�YNO�^_bu��SVGRdXO
SVYK^_Q�E�t OMYl\_t¨dXO�^]EVL!YNOPF'F�^_SK^H`	^_Q�F¢\]Q'SVU�O1\]SVU�OMYlU<^_Q�F�`�GRSiF!\[OPEBQ�\]SBW!YN\�Z�GIF!OX^eJP\]Q�SVGRQ�L�\]L�E
dXO�^]EVL!YNOMdXOMQ�S��l��U�OCbRGRSVU!GRL!d{��O�^_d GIE�W!L!bIENOPF�`q§�GRSVU'^XFHL!S���JM�[JMbIO1\_t¨^_W!W!YN\PHGRda^_SNOMbR�ªÚ]âXW
^_Q�F+^WqOMYVGI\[F¥\_t�/pâ«dXE��T��U�OMYNO�t \]YNOp`wSVU�OMYNO/^_YNO¡SVGRdXO¡GRQ�SNOMYVZ]^_bIEa§�GRSVU#^�bIOMQ!opSVU�\_tl^_��\]L!S



ÖH�ë×H����\]d�W<^_YVGIEN\]Q�\_t�Z]^_YVGI\]L�E�dXOMSVU�\�F!E Ú[á

ä_Ù�dXE�FHL!YVGRQ!o¢§�U!GIJNU¥Q�\dXO�^]EVL!YNOMdXOMQ�SaGIE9^�Z]^_GRbc^_�!bIOp�~��U!GIECGIE1Q�\]SX^]JPJPOMW!SK^_�!bIO¡§�U�OMQgSVU�O
F!OMQ�EVGRS��eW!YN\_��bIOPEB^_YNOldXO�^_Q�S�SN\��qOlL�EKOPFet�\]Y�t OPOPFH�<^]JN�sJP\]Q�SVYN\]b��

³ ��U�OBYNO�^_bu��SVGRdXOiJ�^_bIJML!bc^_SVGI\]QsU<^]E�SN\CSK^_�fOBbIOPENE¨SVGRdXOBSVU<^_Qs\]Q�OBJM�HJMbIOl\_t°SVU�O�t�OPOPFH�<^]JK�7JP\]Q�SVYN\]bEV�HEVSNOMd,\_t8SVU�OO�HW�OMYVGRdXOMQ�S�`�§�U!GIJNU»GIE¡\_t8SVU�Or\]YNF!OMY¡\_teád�GRbRbRGIEKOPJP\]Q�F��;��U�OMYNO�t�\]YNOp`�SVU�O
��è n EVW�OPOPF'\_t�SVU�OX^�Z]^_GRbc^_�!bIO7JP\]d�W!L!SNOMYNE8ENOMSNE8^_Q'L!W!W�OMYibRGRd�GRS�SN\¡SVU�OXJP\]d�W!bIO�HGRS��'\_t�SVU�O
^_bRof\]YVGRSVU!d/�

��Q'SVU�O9t \]bRbI\�§�GRQ!oEVL!��ENOPJMSVGI\]Q�E�`�SVU�O9YNOPEVL!bRSNE8\_t�S�§�\/YNO�^_bu��SVGRdXOe^_W!W!YN\f^]JNU�OPEC§�GRbRb��qO�JP\]d�W<^_YNOPF~SN\
SVU�Oi��j�DîYNO�t OMYNOMQ�JPO�W!YN\_��bIOPE�����U�OiFHGIEKJML�ENEVGI\]Q/§�GRbRb°ENSK^_YVS�§�GRSVU/SVU�O8^_Q<^_bR�[SVGIJ�^_b°EN\]bRL!SVGI\]Q	�

a�Æ Å�Æ�Ç Y'Ó�Ï�Ì 
«ÑfÔ�ÒHÏ�Ì��)Ê!ÑfÉ�Ë�Í
¤�\]YwSVU�O�^_Q<^_bR�[SVGIJ�^_b�EN\]bRL!SVGI\]Q	`�SVU�O�Q�L!dC�qOMY�\_t�tvYNOPO�W<^_YK^_dXOMSNOMYNE�U<^]EwSN\���O�OP£�L<^_b<SN\�SVU�O�Q�L!d8��OMY�\_t
dXO�^]EVL!YNOPF/Zp^_bRL�OPE��w��U�O8L!W!WqOMY�bRGRd�GRS�SN\�SVU�OiQ�L!d8��OMYB\_t��<^]EVGIE�tvL!Q�JMSVGI\]Q�E�GIE�SVU�OMYNO�t \]YNOi��ZfOp��©�\�§��
OMZfOMY�`�FHL�OiSN\�SVU�OiW!YNOMZ[GI\]L�EVbR�sF!OPENJMYVGR��OPF/EV�[d�dXOMSVYV�¡�qOMS�§¨OPOMQ�SVU�O8bRGRQ�OPE�\_t�EVGRopU�S�\_t�©���äX^_Q�F/©�� é `
SVU!GIE�§�\]L!bIFopGRZfOCZfOMYV�sL!Q�EVSK^_�!bIOCYNOPEVL!bRSNE�����tV`!t \]Y�O��^_d�W!bIOp`�©���äXGIEB^aSK^_Q!ofOMQ�SlSN\XSVU�O à LH�EVL!Y�t�^]JPOPRQ�STKui y! [Z�`·G�� Op��JMYN\pENENOPE�^_bRb à LH/EVL!Y�t ^]JPOPE�§�GRSVU�bc^_YVofOMY à LH/YK^]FHGRL�EB^_Q�FF!\�OPE�Q�\]S�W�OMQ�OMSVYK^_SNO�GRQ�SN\
YNOMopGI\]Q�E�§�GRSVUebI\�§¨OMY[P^Q�STK�`!^_Q�Fe©�� é GIE�^�SK^_Q!ofOMQ�S�SN\CSVU�OVP^Q�STKsiÝy! [Z ç EVL!Y�t�^]JPOp`[SVU�OMQs^1EVda^_bRb�FHGu��OMY��
OMQ�JPO�GRQ/SVU�O8S�§¨\7dXO�^]EVL!YNOPF�bRGRQ�O���GRQ�SNOMopYK^_SNOPF¢F!OMQ�EVGRSVGIOPE9Ø�Op� o���FHL�O8SN\�dXO�^]EVL!YNOMdXOMQ�SBGRQ<^]JPJML!YK^]JMGIOPE�Ü
§�GRbRb�U<^PZfO8OMQ�\]YVdX\]L�E�GRd�W<^]JMS�\]Q/SVU�OiYNOPJP\]Q�ENSVYVL�JMSNOPF/W!YN\_��bIOiGRQ/SVU�OlGRQ�SNOMYVZ]^_bµPRQ�STK ðeñ y! [ZVóNy! [Z ç é ����QSVU�O�J�^]ENOBSVU<^_S�SVU�Ol©���äCEVGRopQ<^_b�GIE�U!GRopU�OMY�`�^_Q¡GRYVYK^_SVGI\]Q<^_bRbR�7U!GRopUsF!OMQ�EVGRS��a§�GRbRb��qO�YNOPJP\]Q�EVSVYVL�JMSNOPF¡t \]Y
SVU!GIE�GRQ�SNOMYVZp^_b�����U�OMYNO�t \]YNOp`<^1YNOPFHL�JMSVGI\]Q\_t�SVU�OlQ�L!dC�qOMYB\_t°t�YNOPOlW<^_YK^_dXOMSNOMYNE�GIE�YNOP£�L!GRYNOPF�`!§�U!GIJNUGIE
^]JNU!GIOMZfOPFª���¢GRQ�JMbRL�FHGRQ!or\]Q!bR�¢SVU�OXEVL!d \_t�EK\]dXO�GRQ�SNOMY�t OMYN\]dXOMSNOMY1JKU<^_Q!Q�OMbIE8GRQ�SN\/SVU�OXJ�^_bIJML!bc^_SVGI\]Q	�
D�E�^eW!YN\_��bIO�§�GRSVUª\]Q!bR�¢\]Q�O9t�YNOPO9W<^_YK^_dXOMSNOMY�§¨\]L!bIF~Q�\]Si�qO�J�^_W<^_�!bIOa\_t�F!OPENJMYVGR�!GRQ!o^_Q��'EVW<^_SVGc^_b
FHGIEVSVYVGR�!L!SVGI\]Q/\_t�F!OMQ�EVGRS��f`!J�^_bIJML!bc^_SVGI\]Q�E�§�GRSVU/äH` é ^_Q�FeÙ1W<^_YK^_dXOMSNOMYNE�U<^PZfOl��OPOMQ7W�OMY�t \]YVdXOPF��¨h�GRd9�
W!bIOXW�\]bR��Q�\]d�Gc^_bIECU<^PZfOa�qOPOMQ�L�ENOPF�^]E8SVU�OX�<^]EVGIE8tvL!Q�JMSVGI\]Q�E�`�§�U�OMYNOM���'SVU�OabRGRQ�O�^_YCSNOMYVd dCL�EVSC��O
ã�OMYN\¢GRQ+\]YNF!OMYXSN\rtvL!bu��bRb�SVU�O¡��\]L!Q�F�^_YV�gJP\]Q�FHGRSVGI\]Q)^_S³PRQ_S`K�i¬y¢opGRZfOMQ¥GRQ+ENOPJMSVGI\]Q5Ø ÖH�ëäH�Rá�Ü��¥¤�\]Y
��YNEVS8EVSVL�FHGIOPE�`°W!YN\_��bIOPE�U<^�ZfOX��OPOMQ~J�^_bIJML!bc^_SNOPFªt \]Y8Dih[jlk�m n W!opYK^]F!OXFHGIEKJNU<^_YVofOf¡9äpä�/pÖ é `°§�U!GIJKU
GIE�JKU<^_YK^]JMSNOMYVGRã�OPF/���7SVU�Oi\[JPJML!YVYNOMQ�JPOi\_t«JPOMQ�SVYK^_b°F!OMQ�EVGRS��eW�O�^_��GRQ!oX^_YN\]L!Q�F¡SF¢Táp�ëÖp×�E��¨��U!GIE�FHYVGRZfOPE
SVU�O/FHGIENJNU<^_YVofOL!Q�EVSK^_�!bIOp`�^_Q�F)^_SaSF¢Táp�ÛÚ]×�E�`�SVU�O�GRQ�SNOMY�t OMYN\]dXOMSNOMYeEVLH��OMYNE�t�YN\]d SVU�O/��YNEVS�t�YVGRQ!ofO
�ßL!d�W#Ø�ENOPO1��opL!YNO7ÖH� Ù�Ü�`°EN\¡SVU<^_S�W!YN\_��bIOaJ�^_bIJML!bc^_SVGI\]Q~U<^]EiSN\¡��O�EVSN\]W!W�OPF¢SVU�OMYNOp�XD�ElSVU�OaF!OMQ�EVGRS��
W!YN\_��bIO�OMZf\]bRZfOPE�t�YN\]d{^1YK^_SVU�OMY à ^_S�©���dX\[F!OiW!YN\_��bIOiSN\�§�^_YNF!EB^�WqO�^_�fOPFsW!YN\_��bIO��qOMS�§¨OPOMQ�SF¢Táp�ëâ�E
^_Q�F7SF¢Táp�ëÖp×�E�`�^�Zp^_YVGIOMS��e\_t�FHGu��OMYNOMQ�S�W!YN\_��bIOiEVU<^_W�OPE¨GIE�^�Z]^_GRbc^_�!bIOlGRQeSVU!GIE�SVGRdXOBGRQ�SNOMYVZp^_b���jlOMQ�EVGRS��
W!YN\_��bIOPE�§�GRSVUXS�§�\!`fSVU!YNOPO�^_Q�F1t \]L!Y�t�YNOPO�W<^_YK^_dXOMSNOMYNE�U<^PZfO��qOPOMQXJ�^_bIJML!bc^_SNOPFe^_Q<^_bR��SVGIJ�^_bRbR�f`�§�U�OMYNOM���
^_Q¡O�HW�\]Q�OMQ�SVGc^_b	F!OPJ�^P�¡\_t«F!OMQ�ENGRS��eGRQeSVU�OiEKJMYK^_WqO���\_�rbc^P�fOMY�§�^]E�^]ENEVL!dXOPF�`[§�GRSVUsSVU�OiF!OPJ�^P�7bIOMQ!opSVU
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¤«GRopL!YNO�ÖH�ë×lJP\]d�W<^_YNOPE�SVU�OPENO�W!YN\_��bIOPE�SN\BSVU�O��ßj�D+YNO�t OMYNOMQ�JPO�t�\]Y�FHGu��OMYNOMQ�S�SVGRdXO�EVbRGIJPOPE���D�W!W<^_YNOMQ�SVbR�f`
SVU�O�W!YN\_��bIO�§�GRSVUeS�§�\�t�YNOPO�W<^_YK^_dXOMSNOMYNE�GIE¨\]Q!bR�a^iof\�\[FaF!OPENJMYVGRW!SVGI\]Qs^]E�bI\]Q!o9^]EwSVU�OB^]JMSVL<^_bqF!OMQ�ENGRS��
W!YN\_��bIOaGIE à ^_S�`°�!L!S1^]E8JPOMQ�SVYK^_b¨WqO�^_�[GRQ!o�\[JPJML!YNE�`	GRS�t ^_GRbIEiSN\/W!YN\]WqOMYVbR�'F!OMW!GIJMS8SVU!GIECF!OMZfOMbI\]W!dXOMQ�S��
��U�O8YNOPEVL!bRSVGRQ!oeF!OMQ�ENGRS��¡t \]Y�SVU�O8JP\]YNO8YNOMopGI\]QGIE�d8L�JNUrbI\�§�OMY�SVU<^_QSVU<^_S�J�^_bIJML!bc^_SNOPF���/�ßj�D�OPEVW�O��
JMGc^_bRbR�'^_SiSF¢Táp�ÛÚ[á�E�����U�OMYNO�t \]YNOp`	SVU�OXä���W<^_YK^_dXOMSNOMY�W!YN\_��bIO�GIElQ�\]S8^]F!OP£�L<^_SNO�SN\sF!OPENJMYVGR��O9W�O�^_�fOPF
W!YN\_��bIOPE1^_Q�F'§�GRbRb�GRQªofOMQ�OMYK^_b�Q�\]Si��O9L�ENO�t�L!b�����U�O é ��W<^_YK^_dXOMSNOMY8W!YN\_��bIOp`°U�\�§¨OMZfOMY�`�J�^_Q�^_bIEK\sF!O��
ENJMYVGR��OCSVU�O8W�O�^_�fOPFrW!YN\_��bIOp�BD�dX\]Q!oeSVU�O é J�^_Q�FHGIF�^_SNOPE�`qGRSBW!YN\�Z[GIF!OPElSVU�O8��OPEVSi^_W!W!YN\PHGRda^_SVGI\]Q'SN\
SVU�Oi�ßj�D YNO�t OMYNOMQ�JPOp����SNE�da^_GRQs§¨O�^_�[Q�OPENE�GIE�SVU�OlSNOMQ�F!OMQ�JM�eSN\CYNOPJP\]Q�ENSVYVL�JMS�^_QsGRQ�JMYNO�^]ENOi\_t«F!OMQ�ENGRS��
��OMS�§�OPOMQ�P^Q�STKyi»y! a~7^_Q�F ç Ø ^]E�J�^_Q/��O�ENOPOMQ^_S�SF¢Táp�ë×�E�`°áp�ë×�8�El^_Q�Fªáp�ÛÚ[á�E�Ü�����U�O�W!YN\_��bIO�§�GRSVU�Ù
t�YNOPOiW<^_YK^_dXOMSNOMYNElO�[U!GR�!GRSNE�SVU�O�EK^_dXOiW!YN\]�!bIOMd GRQ/SVU�O�OPFHofO8YNOMopGI\]Q�GRQ^�d8L�JNUrdX\]YNOiW!YN\]Q�\]L!Q�JPOPF
§�^P�f�eD�EiSVU�OXbRGRQ�O�GRQ�SNOMopYK^_bIECdXO�^]EVL!YNOPFª���SVU�OXGRQ�SNOMY�t OMYN\]dXOMSNOMY1JKU<^_Q!Q�OMbIEC©���Ù^_Q�Fª©���×eU<^PZfOaSN\
��O�GRQ�FHGRZ[GIFHL<^_bRbR�ada^_SNJKU�OPF7U�OMYNO1Øv§�U�OMYNO�^]E�\]Q!bR�XSVU�O�EVL!dÁ\_t��q\]SVUeGIE¨L�ENOPF�t \]Y�ä���^_Q�F é ��W<^_YK^_dXOMSNOMY
W!YN\_��bIOPE�Ü�`¨^�EVGRd�GRbc^_Y1W!YN\]�!bIOMd ^]E1GRQ�SVU�OeJ�^]ENOe\_t�©���är^_Q�F�©�� é \�JPJML!YNE"²�©���Ù'^_Q�F�©���×�F!\��\]SVU
W!YN\]��O1SVU�O1OPFHofO1YNOMopGI\]Qª\_twSVU�O1W!bc^]EVda^H`�EK\e^eJPOMYVSK^_GRQ~^_dX\]L!Q�S�\_t�EV��d�dXOMSVYV��qOMS�§¨OPOMQ'SVU�OMd¬O�[�
GIEVSNE���D�o�^_GRQ	`�^7EVda^_bRb«JNU<^_Q!ofO9GRQ\]Q�O1\_twSVU�OPENOCEVGRopQ<^_bIElJ�^_QrENSVYN\]Q!opbR�/GRQ à L�OMQ�JPO1SVU�OCEVU<^_W�O8\_t¨SVU�O
^_Q<^_bR�[SVGIJ�^_bRbR�/J�^_bIJML!bc^_SNOPFsW!YN\_��bIOp�
��\XEVL!d L!W	`�^_dX\]Q!oXSVU�O�^_Q<^_bR�[SVGIJ�^_bRbR�eJ�^_bIJML!bc^_SNOPF�W!YN\_��bIOPE�`!\]Q!bR�eSVU�OlZ]^_YVGc^_Q�S�§�GRSVU é tvYNOPOlW<^_YK^_d9�
OMSNOMYNE1W!YN\�Z[GIF!OPE9L�ENO�t�L!b¨YNOPENL!bRSNE����U!GIE9J�^_QT�qO7L!Q�F!OMYNEVSN\[\�F~t�YN\]d SVU�O7GRQ�SNOMY�t OMYN\]dXOMSNOMY�ofOP\]dXOMSVYV��²
;�Q�O1JNU<^_Q!Q�OMb�Ø�©��Ká�Ü�W!YN\]�qOPE�SVU�O�W!bc^]ENda^XJPOMQ�SNOMY�`·S�§�\¡JNU<^_Q!Q�OMbIE�Ø�©���Ùe^_Q�F©���×fÜ�W!YN\]��O�SVU�O8OPFHofOp`
^_Q�FeS�§�\9JNU<^_Q!Q�OMbIE8Ø�©���äC^_Q�Fe©�� é Üw^_YNOBEVGRSVL<^_SNOPFeGRQ7��OMS�§�OPOMQ�^_Q�FaL�ENL<^_bRbR�aYNO�^]JNU/^8d�GRQ!GRd8L!dçP^Q�STK
\_t�^_�q\]L!S8âH� Ù��ah[\sO���OPJMSVGRZfOMbR�f`�SVU�OMYNOa^_YNOB�ßL�ENSBSVU!YNOPOaFHGu��OMYNOMQ�S�bRGRQ�O�GRQ�SNOMopYK^_bIE8dXO�^]EVL!YNOPF�`�^_Q�F�^_Q
^_Q<^_bR�[SVGIJ�^_b�EN\]bRL!SVGI\]Q¢§�GRbRb�SVU�OMYNO�t \]YNO1W!YN\�Z[GIF!O9�qOPENS�YNOPEVL!bRSNEB§�U�OMQ¢GRSlU<^]Ew��L�EVS�SVU!GIElQ�L!d8��OMYi\_t�t�YNOPO
W<^_YK^_dXOMSNOMYNE�� n EVGRQ!oXbIOPENE�F!OMopYNOPOPE�\_t�t�YNOPOPF!\]d YNOPEVL!bRSNE�GRQbI\pENE�\_t�GRQHt \]YVda^_SVGI\]Q	`�L�EVGRQ!o7dX\]YNOi��GIOMbIF!E
^�EK\]dXOM§�U<^_S�L!Q�F!OMY���F!OMSNOMYVd�GRQ�OPFEK\]bRL!SVGI\]Q/§�U!GIJNUda^P�s\pENJMGRbRbc^_SNOp�
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��Q'JP\]Q�SVYK^]ENSiSN\¡SVU�OX^_Q<^_bR��SVGIJ�^_b�dXOMSVU�\[F�`�SVU�O9bIO�^]EVSiEN£�L<^_YNOPE�^_W!W!YN\f^]JNUTJ�^_Q'U<^_Q�FHbIOX^eQ�L!dC�qOMY8\_t
dXO�^]EVL!YNOPF~Zp^_bRL�OPE�SVU<^_S1GIECbc^_YVofOMY8SVU<^_QTSVU�OXQ�L!dC�qOMY�\_t�t�YNOPOXW<^_YK^_dXOMSNOMYNE���D�E1EVU�\�§�QgO�^_YVbRGIOMY�`«GRS
GIE9GIF!OMQ�SVGIJ�^_b�SN\ªSVU�O/^_Q<^_bR��SVGIJ�^_bBEN\]bRL!SVGI\]Q+§�U�OMQ¥��\]SVU+Q�L!dC�qOMYNEe^_YNO/OP£�L<^_b��¥¤<\]YXSVU!GIE�YNO�^]EN\]Q	`�^
da^�[GRdCL!d \_t�Ù/t�YNOPOXW<^_YK^_dXOMSNOMYNE1§�GRbRb¨�qO7EVSVL�FHGIOPF��È;�Q�SVU�O7\]SVU�OMY8U<^_Q�F�`�^]E8GRbRbRL�EVSVYK^_SNOPF~GRQ�SVU�O
W!YNOMZ�GI\]L�ECENOPJMSVGI\]Q	`	SVU�O�L�EKOX\_t�\]Q!bR�ªäsF!OMopYNOPOPEC\_t�tvYNOPOPF!\]d YNOPENL!bRSNE�GRQ�^¡bI\pEKE�\_t�GRQHt \]YVda^_SVGI\]Q	`�EN\
SVU�Old�GRQ!GRd8L!d Q�L!d8��OMY�§�GRbRb	��O é �
¤�GRopL!YNOXÖH�ëÖ/JP\]d�W<^_YNOPE�W!YN\_��bIOPE8\]�!SK^_GRQ�OPFª���¢bIO�^]EVS�EN£�L<^_YNOPE8^_W!W!YN\PHGRda^_SVGI\]Q	`«L�EVGRQ!o é ^_Q�F¢Ù¡t�YNOPO
W<^_YK^_dXOMSNOMYNE�`[YNOPEVWqOPJMSVGRZfOMbR�f`[SN\CSVU�O��ßj�DÝW!YN\_��bIOPE�\_t°FHGIENJKU<^_YVofOW¡9äpä�/pÖ é �w��Q¡^]F!FHGRSVGI\]Q	`HSVU�OB^_Q<^_bR�[SVGu�
J�^_b<EN\]bRL!SVGI\]Qa§�GRSVU é t�YNOPO�W<^_YK^_dXOMSNOMYNE�GIEwEVU�\�§�Qe^_o�^_GRQ	����\]SVUXW!YN\_��bIOPE¨§�GRSVU é t�YNOPO�W<^_YK^_dXOMSNOMYNE�^_YNO
YK^_SVU�OMY�EVGRd�GRbc^_Y�`	U�\�§¨OMZfOMY�`�SVU�O9bIO�^]EVS�EN£�L<^_YNOPEiEN\]bRL!SVGI\]QªGIE�^e�!GRS�JMbI\pENOMYiSN\¡SVU�O��ßj�D W!YN\_��bIO�§�U�OMQ
SVU�O8F!OMQ�EVGRS��/FHGIEVSVYVGR�!L!SVGI\]QGIE à ^_S�����U�O8Ù]��W<^_YK^_dXOMSNOMYBW!YN\_��bIOCGIE�§¨OMbRb�JP\]Q�EVGIEVSNOMQ�S�§�GRSVUrSVU�O�W�O�^_�fOPF
W!YN\_��bIO1^_S�SF¢Táp�ÛÚ[á�E�`·OPENWqOPJMGc^_bRbR�sSVU�O1JP\]YNO8F!OMQ�EVGRS��/GIE�JMbI\pEKOMY�SN\aSVU�O8�ßj�D�Z]^_bRL�O8SVU<^_Q�t \]Y�SVU�O8S�§�\
é ��W<^_YK^_dXOMSNOMYCW!YN\_��bIOPE��¡©B\�§�OMZfOMY�`�GRQ�J�^]ENOX\_t�SVU�O à ^_S8W!YN\_��bIO7^_SCSF¢Táp�ëâ�E�`«GRSit�^_GRbIE�SN\/W!YN\�Z�GIF!Oe^
YNO�^]EN\]Q<^_�!bIO�F!OPENJMYVGRW!SVGI\]QX\_t<SVU�O�F!OMQ�EVGRS��1FHGIEVSVYVGR�!L!SVGI\]Q	��í	GR�fO¨GRQ�J�^]ENO�\_tqSVU�O�^_Q<^_bR�[SVGIJ�^_bRbR�9J�^_bIJML!bc^_SNOPF
W!YN\_��bIO8§�GRSVUrÙat�YNOPOCW<^_YK^_dXOMSNOMYNE�`�^_QGRQ�JMYNO�^]ENO1\_t¨F!OMQ�EVGRS��/GIEBJ�^_bIJML!bc^_SNOPFSN\�§�^_YNF!EiSVU�O1ENOMW<^_YK^_SVYVGu�`
§�U!GIJNU/F!\[OPE�Q�\]S�YNOMW!YNOPENOMQ�S�SVU�O�^]JMSVL<^_b	F!OMQ�ENGRS��¡JNU<^_YK^]JMSNOMYVGIEVSVGIJPE�SVU�OMYNOp����U!GIE���Q<^_bRbR�¡JP\]QH��YVdXE�SVU�O
JP\]Q�JMbRL�EVGI\]Q7\_t�SVU�O�W!YNOMZ[GI\]L�E¨EKOPJMSVGI\]Q�²«k���OPJMSVGRZfOMbR�f`[SVU�OMYNO�^_YNO�bRGRQ�O���GRQ�SNOMopYK^_SNOPFedXO�^]EVL!YNOMdXOMQ�SNE¨t�YN\]d
é FHGu��OMYNOMQ�S�YNOMopGI\]Q�E�\_t�SVU�OiW!bc^]EVda^H`�EK\9L�EVGRQ!o é t�YNOPOlW<^_YK^_dXOMSNOMYNE�GIE�SVU�Ol��OPEVS�JKU�\]GIJPOp�
��SlGIEBt�^PZf\]YK^_�!bIO�SN\sJ�^_bIJML!bc^_SNOa^ é ��W<^_YK^_dXOMSNOMYCW!YN\_��bIO9Z�Gc^ebIO�^]ENS�EN£�L<^_YNOPE�^_W!W!YN\�[GRda^_SVGI\]Qg^_Q�F¢Q�\]S
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^_Q<^_bR�[SVGIJ�^_bRbR�f`w^]ECSVU�Oe^_Q<^_bR�[SVGIJ�^_b�EN\]bRL!SVGI\]Q�W!L!SNECSVU�O7bRGRQ�OPE1\_t�ENGRopU�S1GRQ�SN\ é opYN\]L!W�EsØ�©1áp`«©läR¾B© é
^_Q�Fª©�Ù�¾B©l×fÜ�`	§�U!GIJNU�GIElYNO�^]EN\]Q<^_�!bIOaFHL�OXSN\¡SVU�O�opGRZfOMQªofOP\]dXOMSVYV�f`��!L!Sida^P�¢�!Gc^]E�SVU�O9YNOPEVL!bRS8���
opGRZ[GRQ!oe©��KáC^�U!GRopU�OMY�§�OMGRopU�SlSVU<^_Q¢^_Q��/\_t�SVU�O�Ùe\]SVU�OMY�JNU<^_Q!Q�OMbIE�����U�O�bIO�^]ENS�EN£�L<^_YNOPE�dXOMSVU�\[FGIE
W!YNO�t OMYK^_�!bIOC^]E�GRS�SVYNO�^_SNEB^_bRb°×�JNU<^_Q!Q�OMbIE�GRQ^Ct�L!bRbR�eOP£�L<^_b	§�^��f�
��U�OCW!YN\_��bIOC\]�!SK^_GRQ�OPFr���sL�EVGRQ!o7SVU�O8�<^]EVGIE�tvL!Q�JMSVGI\]Q�E ç fUP�Y1^_Q�F�P ' `·U�\�§�OMZfOMY�`�F!\�OPE�Q�\]S�W!YN\�Z�GIF!O
^rEK^_SVGIE�t��[GRQ!orF!OPENJMYVGRW!SVGI\]Q+\_t�SVU�OeF!OMQ�ENGRS��~GRQgSVU�OeGRQ�SNOMYVZp^_b ñ y! a~�ó ç é Gut�SVU�OeW!YN\_��bIO¡GIE1W�O�^_�fOPFÝØ�EKOPOYVGRopU�S8FHGc^_opYK^_d GRQr��opL!YNOaÖH�ëÖfÜ��1��U�OMYNO�GIE�^_Q¢GRQ�JMYNO�^]ENOX\_t�F!OMQ�ENGRS��rGRQ'SVU!GIElGRQ�SNOMYVZp^_b�`	§�U!GIJNU~GIElQ�\]S
JP\]Q�EVGIENSNOMQ�S�§�GRSVUr��j�DC����U!GIE�GIE�FHL�O�SN\XSVU�OiW!YN\]WqOMYVSVGIOPEB\_t�SVU�O��<^]EVGIE�t�L!Q�JMSVGI\]Q�E�P�Y�^_Q�FGP ' ���)U�OMQ
SVU�O�JP\[O%ÆaJMGIOMQ�SNEwGRQ9tvYN\]Q�S�\_tqSVU�\pEKO�tvL!Q�JMSVGI\]Q�E�U<^�ZfO�FHGu��OMYNOMQ�S¨ENGRopQ	`pSVU�O�EN£�L<^_YNO�SNOMYVd-F!\]d�GRQ<^_SNOPE�t \]Y
EVda^_bRbsPC§�U!GIJKU¡^_bRbI\�§�E�t \]Y¨^8JP\]Q�ZfO�aJML!YVZp^_SVL!YNO�GRQXSVU�O�JP\]YNO�YNOMopGI\]Q	����QXSVU�O�OPFHofO�YNOMopGI\]Q	`�U�\�§¨OMZfOMY�`
SVU�O�JML!�!GIJ�SNOMYVd���OPJP\]dXOPE�F!\]d�GRQ<^_Q�S�����U!GIE�^_bRbI\�§�Ewt�\]Y¨JP\]Q�J�^PZfOBJML!YVZ]^_SVL!YNOp`[§�U!GIJNUeGIE�Q�OPJPOPEKEK^_YV�9SN\
F!OPENJMYVGR��O8^1W�O�^_�fOPFsW!YN\_��bIOp��©B\�§�OMZfOMY�`�GRQ/SVU�OiYNOMopGI\]Qy! a~g�.PRQ_S`K�² ç SVU!GIE�JML!YVZp^_SVL!YNOiGIE�EN\�ENSVYN\]Q!o
SVU<^_S9SVU�OeopYK^_W!U+\_t�SVU�O7YNOPEVL!bRSVGRQ!o¢tvL!Q�JMSVGI\]Q¥EVSK^_YVSNE1YVGIEVGRQ!oª^_o�^_GRQ	�ª��\¢EN\]bRZfOeSVU!GIECW!YN\]�!bIOMd/`wGRS9GIE
SVU�OMYNO�t \]YNOiQ�OPJPOPENEK^_YV�eSN\9YNOMW!bc^]JPOiSVU�Ol�<^]EVGIE�tvL!Q�JMSVGI\]Q�P ' ���s^9FHGu��OMYNOMQ�S�tvL!Q�JMSVGI\]Q�§�U!GIJNU/GIE�ENGRd�GRbc^_Y
GRQ'SVU�O�GRQ�SNOMYVZ]^_b ñ yMóNy! a~ é `°�!L!SiU<^]E8^¡ENda^_bRbIOMY8ENOPJP\]Q�F'F!OMYVGRZp^_SVGRZfO�GRQ ñ y! a~�ó ç é �X¤�\]Y�SVU!GIE�W!L!YVWq\pENOp`�^Z 365 F!OMopYNOPO�W�\]bR��Q�\]d�Gc^_b�§�GRSVU�\]L!S�bRGRQ�O�^_Y�SNOMYVd{U<^]E���OPOMQs��SVSNOPF/SN\XSVU�O8�ßj�D5W!YN\_��bIOit \]Y�FHGIENJNU<^_YVofO
¡9äpä�/pÖ é ^_S�SF¢Táp�ÛÚ[á�E�`·G�� Op��^�W�O�^_�fOPF/W!YN\_��bIOC§�U!GIJNU¢GIE�Q�\]SB§¨OMbRb�F!OPENJMYVGR��OPF����sSVU�O�W!YNOPENOMQ�S��<^]EVGIE
t�L!Q�JMSVGI\]Q�E�����U�OiYNOPENL!bRS�t�\]Y[P ð ñ yMó ç é GIE>²\ Û�� L 3 k PMs q ê & ' i ç  ME�1 ò ç y Y � n 2� ç ~ ò ç y Y � P Y ô C� MC ò ç y Y � P ' n�Z� [Z¶" ò ç y Y � P )
DBE ç ^_Q�FvP Y ^_YNO7�<^]EVGIECt�L!Q�JMSVGI\]Q�E9^_Q���§�^P�f`�\]Q!bR�~SVU�Oabc^]EVS1S�§�\rSNOMYVdXE9^_YNOe\_t�GRQ�SNOMYNOPENS��rDBECSVU�O
SVU!GRYNFe�<^]EVGIEwtvL!Q�JMSVGI\]Q	`!^8bRGRQ�O�^_Y�JP\]dC�!GRQ<^_SVGI\]Q/\_t�P ' ^_Q�F2P ) GIE¨GRQ�SVYN\[FHL�JPOPF�`H§�U�OMYNO�SVU�O�YK^_SVGI\9\_t	SVU�O
W!YNO�� t�^]JMSN\]YNE�GIE�opGRZfOMQ����¡SVU�O8^_��\�ZfOiSNOMYVd/����U�O�SVU!GRYNFs�<^]EVGIE�t�L!Q�JMSVGI\]Q/SVU�OMYNO�t \]YNOiGIE

Ä ' k PVs2i¬x� Ûx ç P ' n P )  
��U�OCO���OPJMS�\_t�L�EVGRQ!o7SVU!GIE��<^]EVGIE�t�L!Q�JMSVGI\]Q�GRQ�ENSNO�^]F/\_tÊP ' GIE�GRbRbRL�EVSVYK^_SNOPF�GRQs��opL!YNOCÖH�ÛÚ[����U�OMYNOiGIE�Q�\
EVGRopQ!Gu�<J�^_Q�S�FHGu��OMYNOMQ�JPOlt�\]Y à ^_S�W!YN\_��bIOPE�`H�!L!S�GRQ/J�^]EKOB\_t�JPOMQ�SVYK^_b°WqO�^_�[GRQ!o�`[SVU�OlGRQ�JMYNO�^]ENOi\_t�F!OMQ�ENGRS��
GRQSVU�O8OPFHofO�YNOMopGI\]QGIE�^�Zf\]GIF!OPF�����S�GIE�GRQ�SNOMYNOPEVSVGRQ!oeSN\XJP\]d�W<^_YNOCSVU�O�bIO�t�S�FHGc^_opYK^_d GRQs��opL!YNOCÖH�ÛÚ�SN\
SVU�OibIO�t�S�FHGc^_opYK^_d GRQ/��opL!YNO8ÖH�ëÖH�w��QsSVU�Oibc^_SVSNOMY�J�^]ENOp`�Ù9tvYNOPOiW<^_YK^_dXOMSNOMYNEl^_Q�FsSVU�Oi�<^]ENGIE�tvL!Q�JMSVGI\]Q�E
áp`�P�Y]`�P ' ^_Q�F2P ) U<^�ZfO���OPOMQeL�ENOPF�`�§�U!GIJKU¡dXO�^_Q�E¨SVU<^_S�SVU�O�YNOPEVL!bRSVGRQ!o�ENOMS¨\_t�Wq\pENENGR�!bIO�W!YN\_��bIOPE«��L�EVS
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SVU�O8L�ENOPFrda^_opQ�OMSVGIJ�OP£�L!GRbRGR�!YVGRL!d Øv§�U!GIJNUªFHGu��OMYNEBtvYN\]d SVU<^_SBt�\]YBSVU�O1YNO�^_bu��SVGRdXO9dXOMSVU�\�F<Ü�Q�\]YlSVU�O
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GIE1JP\]YVYNOPJMS��/��U�Oak���k5FHGc^_opQ�\pENSVGIJ7\]QTDlh[jlk�m n W!opYK^]F!OaGIECOP£�L!GRW!W�OPF�§�GRSVUT^/F!OMSNOPJMSN\]Y1SVU<^_S1GIE
F!OPEVGRopQ�OPFst�\]Y�F!OMSNOPJMSVGRQ!oX�<^]JK�[ENJ�^_SVSNOMYNOPFk¨�)<�©¯Wq\�§¨OMY�^_Q�F/^]JMSNE�^]E�^_Q¡GRQ�SNOMYVbI\[JN�et�\]Y�SVU�OlU�O�^_SVGRQ!o
EV�HEVSNOMd{Gut¨^XJPOMYVSK^_GRQrbIOMZfOMb«\_t�W�\�§�OMYBYNO à OPJMSVGI\]Q¢GIE�O�HJPOPOPF!OPF�����Q���opL!YNO1ÖH�÷8H`qSVU!GIEBEVGRopQ<^_b°GIEBEVU�\�§�Q
SN\]ofOMSVU�OMY¨§�GRSVUaSVU�O�JP\]YNO�F!OMQ�ENGRS��9YNOPJP\]Q�EVSVYVL�JMSNOPFX���9SVU�O é ��W<^_YK^_dXOMSNOMY¨W!YN\_��bIO�§�U!GIJNU7§�^]Ew\]�!SK^_GRQ�OPF
���8bIO�^]EVS�EN£�L<^_YNOPE�^_W!W!YN\PHGRda^_SVGI\]Q	����S�J�^_Q9��O�EKOPOMQCSVU<^_S�SVU�O�YVGIENO�\_t·JP\]YNO�F!OMQ�EVGRS��9^_��\�ZfO�SVU�O�JML!S���\_�
bIOMZfOMb�GIEBGRQ�F!OPOPF¢JP\]YVYNOMbc^_SNOPF¢SN\e^adXO�^]EVL!YK^_�!bIO�^_dX\]L!Q�S�\_tw�<^]JK����YNO à OPJMSNOPF'k��)<�©;W�\�§�OMY��i��U!GIElGIE
^_Q/GRQ�F!OMW�OMQ�F!OMQ�S�W!YN\�\_t�SVU<^_S�SVU�OiYNOPJP\]Q�ENSVYVL�JMSNOPF�JP\]YNO�F!OMQ�EVGRS��¡GIE�JP\]YVYNOPJMS��
DBEiSVU�O�S�§¨\�FHGc^_opYK^_dXECGRQ'��opL!YNOaÖH�ÛÚsEVU�\�§�`�SVU�OX�ßj�D�W!YN\_��bIOe^_Q�F'SVU�O�YNO�^_bu��SVGRdXOaW!YN\_��bIOXda^_GRQ!bR�
F!OMZ[Gc^_SNO¡GRQgSVU�OsOPFHofO¡YNOMopGI\]Q	��¤«GRopL!YNOsÖH�Rá�â¢JP\]d�W<^_YNOPE�SVU�O¡S�§�\'F!OMQ�EVGRS��TW!YN\_��bIOPE9t \]Y9S�§¨\'\]SVU�OMY
FHGIENJKU<^_YVofOPE�� ��QÝSVU�O'YVGRopU�S�FHGc^_opYK^_d/`l�ßj�D YNOPJP\]Q�EVSVYVL�JMSNE^TU!GRopU�OMY�F!OMQ�ENGRS��»^_SsSVU�O'OPFHofOp`�^_Q�F
^]JPJP\]YNFHGRQ!opbR�/^1bI\�§�OMY�F!OMQ�EVGRS��7GRQsSVU�OiJPOMQ�SNOMY�`<^]E�GRS�U<^]E�SN\1da^_SNJNU/SVU�OiE�^_dXOlbRGRQ�O���GRQ�SNOMopYK^_SNOPF/dXO�^��
EVL!YNOMdXOMQ�SNE�^]E8SVU�OaYNO�^_bu��SVGRdXOe^_bRof\]YVGRSVU!d/���U�OXGRQ�JMYNO�^]ENOPFTF!OMZ�Gc^_SVGI\]Qg^_S8SVU�OeOPFHofOXGIE1FHL�OXSN\�SVU�O
t�^]JMS¨SVU�O���j�D ^_bRof\]YVGRSVU!d ^]F!FHGRSVGI\]Q<^_bRbR�7L�ENOPE�SVU�OBF�^_SK^�tvYN\]d SVU�O�bRGRSVU!GRL!d%�qO�^_dÁFHGc^_opQ�\pEVSVGIJp`[§�U!GIJNU
W!YN\]��OPE�SVU�O�W!bc^]EVda^COPFHofOp����U�OMYNO�t \]YNOp`HSVU�OB^_opYNOPOMdXOMQ�S��qOMS�§¨OPOMQ¡YNO�^_bu��SVGRdXOBW!YN\_��bIOPE�^_Q�Fe�ßj�D»GIE¨GRQ
ofOMQ�OMYK^_b���OMSVSNOMY�GRQrSVU�O1GRQ!Q�OMYlYNOMopGI\]Q¢\_t�SVU�O1W!bc^]EVda^H`q§�U�OMYNO1��\]SVUdXOMSVU�\[F!ElU<^PZfO1SN\7YNOMbR��\]Q¢SVU�O
F�^_SK^stvYN\]d¬SVU�OXj����%GRQ�SNOMY�t OMYN\]dXOMSNOMY��¡©�\�§¨OMZfOMY�`�\]Q�O�U<^]EiSN\/�fOPOMW~GRQ'd�GRQ�FªSVU<^_S�t�\]Y8^¡S���W!GIJ�^_b
W!bc^]EVda^BJP\]QH��opL!YK^_SVGI\]Q	`�SVU�O¨bRGRQ�O�\_t·EVGRopU�S�\_t·JNU<^_Q!Q�OMb�©��Ká¨F!\[OPE«Q�\]S«JMYN\pEKE�SVU�O�da^_opQ�OMSVGIJ�^�HGIE�Ø�JP\]d9�
W<^_YNO���opL!YNO�ÖH�Rá�Ü�`f�!L!S�L�ENL<^_bRbR�9\]Q!bR�9YNO�^]JKU�OPE¨^ld�GRQ!GRdCL!d P^Q�STK�\_tqSVU�O�\]YNF!OMYw\_t°âH�ëäH�«��U�OMYNO�t \]YNOp`�SVU�O
j����ÝGRQ�SNOMY�t OMYN\]dXOMSNOMY�F!\�OPEwQ�\]SwW!YN\�Z�GIF!OB^_Q���dXO�^]EVL!YNOMdXOMQ�S�GRQ7SVU�O�y³².P^Q�STKu�#y! Ûx�YK^_Q!ofOB^_Q�FaSVU�O
F!OMQ�EVGRS��7W!YN\_��bIOPE�GRQeSVU!GIE�GRQ�SNOMYVZ]^_b	F!\9\]Q!bR�eEVSK^_SNOi^_Q¡O�HSVYK^_W�\]bc^_SVGI\]Q	�w��U�L�E�`�^_bIEN\1GRQeSVU�OBGRQ!Q�OMYVdX\pEVS
YNOMopGI\]Qg\_t�SVU�OXW!bc^]EVda^H`�^sU!GRopU�OMY1bIOMZfOMb¨\_t�F!OMZ[Gc^_SVGI\]Q���OMS�§�OPOMQ�SVU�O7W!YN\_��bIOPE1J�^_Q~��OX\]��ENOMYVZfOPF�GRQ
EN\]dXO9J�^]ENOPE�����U�O9�ßj�D-^_bRof\]YVGRSVU!d¬GIEBL�EVL<^_bRbR�/YVL!Qr§�GRSVU'^adX\]Q�\]SN\]Q!GIJMGRS��¢JP\]Q�FHGRSVGI\]Q	`�G�� Op�BSVU�O1YNO��
JP\]Q�EVSVYVL�JMSNOPF�\ Û k PRQ_S`K
s¨GIE�^_bR§�^��[E�dX\]Q�\]SN\]Q�\]L�EVbR�sF!OPJMYNO�^]EVGRQ!o��w��U�OlYNO�^_bu��SVGRdXO1^_bRof\]YVGRSVU!dåF!\�OPE�Q�\]S
GRQ�JMbRL�F!OiEVL�JKU/JP\]Q�FHGRSVGI\]Q	����U�OMYNO�t \]YNOp`!JMbIO�^_Y�F!OMZ�Gc^_SVGI\]QsGRQ¡SVU�OlJPOMQ�SNOMY�GIE�O�HWqOPJMSNOPF¡F!OMQ�EVGRS��7W!YN\_��bIOPE
��OPJP\]dXOwU�\]bRbI\�§�`]§�U!GIJNU�J�^_Q9\�JPJML!Y�GRQ8bI\�§���F!OMQ�ENGRS��8W!bc^]ENda^]E�§�GRSVU1EVSVYN\]Q!olJPOMQ�SVYK^_b!OMbIOPJMSVYN\]QCU�O�^_SVGRQ!o��
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OMSNJp��GIE¨JP\]bRbIOPJMSNOPF�����U�O�F�^_SK^lGIE¨JP\]d�W<^_YNOPFaSN\iSVU�O�W!YNO���W!YN\]opYK^_d�dXOPFeEKOMSVWq\]GRQ�SwZp^_bRL�OPE�ØvbRGR�fO�W!bc^]ENda^
JML!YVYNOMQ�S�`�W�\pEVGRSVGI\]Q7^_Q�FXENGRã�Op`fF!OMQ�EVGRS��f`R�R�R�ÛÜ�`!^_Q�FXJP\]d�da^_Q�F!E�^_YNO�ENOMQ�S�SN\lSVU�O�W!bc^]EVda^�^]JMSVL<^_SN\]YNE�EVL�JKU
^]ECJP\]GRbIE�`°o�^]E8GRQ!bIOMS8Zp^_bRZfOPE8\]YCU�O�^_SVGRQ!oEV�HEVSNOMdXE�����U�OMQ~SK^_bR��GRQ!o¢^_�q\]L!S � YNO�^_bu��SVGRdXO � FHGc^_opQ�\pEVSVGIJPE�`
SVU�OMQXSVU�O�GIF!O�^lGIE�SVU<^_S�SVU�O�^]JP£�L!GIEVGRSVGI\]Qa\_t�F�^_SK^Bt�YN\]d-SVU�O�U<^_YNFH§�^_YNOp`[F�^_SK^�^_Q<^_bR�HEVGIE����9^lYNO�^_bu��SVGRdXO
^_bRof\]YVGRSVU!d,^_Q�F+F�^_SK^¢SVYK^_Q�E�t OMY�SN\'SVU�Oet OPOPFH�<^]JN�¥JP\]Q�SVYN\]bBEV�[ENSNOMd EVU�\]L!bIF¥Q�\]S�bc^]EVS�bI\]Q!ofOMY7SVU<^_Q
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t�^]EVS8OMQ�\]L!opU�SN\/JP\]d�W!bIOMSNOXSVU�O�YNOP£�L!GRYNOPF~J�^_bIJML!bc^_SVGI\]QT§�GRSVU!GRQ~\]Q�O7JM�[JMbIO�SVGRdXOp�e©B\�§¨OMZfOMY�`«SVU!GIE8GIE
\]Q!bR�^XQ�OPJPOPENEK^_YV��JP\]Q�FHGRSVGI\]Qrt \]Y�YNO�^_bu��SVGRdXO9\]W�OMYK^_SVGI\]Q	`·�!L!SBQ�\]SB^7EVLMÆaJMGIOMQ�Sl\]Q�Op����U�O8W!YVGRQ�JMGRW<^_b
FHGLÆaJML!bRS��/GRQ/SVU!GIE�JP\]Q�SNO�[S�GIE�SVU<^_S�GRQ/dX\[F!OMYVQ\]W�OMYK^_SVGRQ!o7EN�[EVSNOMdXE�`Hda^_Q��¡W!YN\�JPOPEKENOPE�^_YNOiYVL!Q!Q!GRQ!o
GRQªW<^_YK^_bRbIOMb�`«^_Q�F¢SVU�O�da^_GRQªF!OPEVGRopQ~JMYVGRSNOMYVGI\]Q~GIEiSN\¡W!YN\�Z[GIF!O9t�^]EVSlYNOPEVWq\]Q�EKO9SN\¡SVU�O�JP\]d�da^_Q�F!E8\_t
^¡U�L!da^_Q~L�ENOMYi§�U�\�GIE�EVGRSVSVGRQ!o/GRQ¢t�YN\]Q�S1\_t�SVU�OXdX\]Q!GRSN\]Y��a��t�`�t \]Y�O��^_d�W!bIOp`°SVU�O�L�EKOMYidX\�ZfOPECSVU�O
dX\]L�ENOp`wU�O¡O�[W�OPJMSNE9SVU<^_S9SVU�OeJML!YNEK\]YX\]QTSVU�O¡ENJMYNOPOMQ¥GRd�dXOPFHGc^_SNOMbR��t \]bRbI\�§�E9SVU!GIE9dX\�ZfOMdXOMQ�S��g��t
SVU�OMYNO1§�^]Ei^7F!OMbc^P�r\_t�^aEKOPJP\]Q�F�`·SVU!GIEB§�\]L!bIFQ�\]SB��O1^]JPJPOMW!SK^_�!bIOp�i©B\�§�OMZfOMY�`�Gut�SVU�OCF!OMbc^���GIE¨��L�EVS
^ed�GRbRbRGIENOPJP\]Q�F�`�GRSiGIEiSN\[\¡EVU�\]YVSit \]YBU�L!da^_Q~W�OMYNJPOMW!SVGI\]Q�^_Q�F¢SVU�O�L�ENOMYi§�GRbRb�U<^�ZfO�SVU�O9GRd�W!YNOPENEVGI\]Q
\_t�^¡EVdX\[\]SVU'dX\�ZfOMdXOMQ�S1\_t�SVU�O9dX\]L�EKO�JML!YNEN\]Y�����U�OMYNO�t�\]YNOp`�EVSK^_Q�F�^_YNFª\]W�OMYK^_SVGRQ!o�EV�HEVSNOMdXElU<^PZfO
��OPOMQªF!OPEVGRopQ�OPF¢SN\¡YVL!QªEVdX\[\]SVU'\]Q'SVU�O9SVGRdXO�ENJ�^_bIO�\_t¨U�L!da^_QªWqOMYNJPOMW!SVGI\]Q	�9¤�\]YiSVU�OMd/`	GRSiGIElQ�\]S
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��OMU<^PZ[GI\]Y�`!G�� Op�«t \]Y�§�U!GIJKUsGRS�J�^_Q¡�qOBopL<^_YK^_Q�SNOPOPF/SVU<^_S�^8opGRZfOMQ�^_bRof\]YVGRSVU!då§�GRbRb�`HL!Q�F!OMY�^_bRb�JMGRYNJML!d9�
EVSK^_Q�JPOPE�`°��Q!GIENU~§�GRSVU!GRQ¥^sJPOMYVSK^_GRQ�SVGRdXO7GRQ�SNOMYVZp^_b��h�L�JKUT\]W�OMYK^_SVGRQ!oEV�HEVSNOMdXE8§�GRSVUTF!OMSNOMYVd�GRQ!GIEVSVGIJ
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JNU<^_YVofOiJP\]Q�SVYN\]b	EN�[EVSNOMd/`�t \]Y�O��^_d�W!bIOp`HGIE��<^]ENOPF¡\]Q¡SVU�OBJP\]d�dXOMYNJMGc^_b�YNO�^_bu��SVGRdXOi\]W�OMYK^_SVGRQ!oXEV�HEVSNOMd��M�ª\]YV�[E�������GRQ�F�<�GRZfOMY�ê é Ö�ì�����U�O�da^_opQ�OMSVGIJ�FHGc^_opQ�\pEVSVGIJp`�t�YN\]d-§�U!GIJNU7SVU�O�2DC�zgEDC à LH�da^_SVYVGu
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JMYN\pEV�[ENSNOMdXE�ê é /_ì�����U�O�JMYK^_SNO�§�GRSVU�SVU�O��<^]JN�[W!bc^_Q�O��!L�E�EV�HEVSNOMd�SVU<^_S�U�\pEVSNE�SVU�O�FHGRopGRSK^_b�j�����W!U<^]ENO
JP\]L!Q�SNOMYNElØ�ENOPO���opL!YNO�×H�Rá"/lGRQ7ENOPJMSVGI\]Qe×H� Ù�Ü«§�^]EwJP\]Q!Q�OPJMSNOPF7SN\iSVU!GIE�JP\]d�W!L!SNOMY�SN\iW!YN\�Z[GIF!O�^]JPJPOPENEwSN\
SVU�O�GRQ�SNOMY�t OMYN\]dXOMSNOMYiF�^_SK^H������^]JPJP\]YNFHGRQ!opbR�^]F_��L�EVSVGRQ!o7SVU�O9hV;Bí	D=<��VhsENJKU�OPFHL!bIOMYl^_Q�FopGRZ�GRQ!o7SVU�O
F�^_SK^7^]JP£�L!GIEVGRSVGI\]Qª^_Q�FrW!YN\�JPOPENENGRQ!oeW!YN\]opYK^_d®U!GRopU�OPEVSlW!YVGI\]YVGRS��f`°^aJP\]d�W!bIOMSVGI\]Qª\_t¨SVU�OCSK^]EN�s§�GRSVU!GRQ
bIOPENE�SVU<^_Q^9d�GRbRbRGIENOPJP\]Q�F/§�^]E�YNOMbRGc^_�!bR�/^]JKU!GIOMZfOPF��
D�Q�\]SVU�OMYXGIEKEVL�OsGIE�bI\�§���bc^_SNOMQ�JM�#F�^_SK^¢SVYK^_Q�E�t OMYX��OMS�§¨OPOMQ)SVU�OsYNO�^_bu��SVGRdXOFHGc^_opQ�\pEVSVGIJPEe^_Q�F+SN\'SVU�O
JP\]Q�SVYN\]b�EV�HEVSNOMd/��D;ENSK^_Q�F�^_YNFrk�SVU�OMYVQ�OMSlJP\]Q!Q�OPJMSVGI\]Q'Z[Gc^aSVU�OC�°YK^_Q�EVd�GIENEVGI\]Q~��\]Q�SVYN\]b�è�YN\]SN\[JP\]bJ9
��Q�SNOMYVQ�OMS�è�YN\]SN\�JP\]bBØ�����è�9_��è�ÜlF!\�OPE�Q�\]SidXOPOMSiSVU�O9SVGRd�GRQ!osYNOP£�L!GRYNOMdXOMQ�SNE�����U!GIEiW!YN\]SN\[JP\]b�opL<^_Y��
^_Q�SNOPOPEiSVU<^_S8^_bRb�ENOMQ�S�F�^_SK^eW<^]JN�fOMSNE8F!\s^_YVYVGRZfOa^_SlSVU�O9YNOPJPOMGRZfOMY8^_Q�Fª^_YVYVGRZfO9GRQ'SVU�O9W!YN\]W�OMYi\]YNF!OMY��
k�Q�EVL!YVGRQ!o~SVU!GIEaYNOP£�L!GRYNOPEeEN\]dXO�^]F!FHGRSVGI\]Q<^_bl\�ZfOMYVU�O�^]F)GRQ�JMbRL�FHGRQ!o�YNO���ENOMQ�FHGRQ!oT\_t�F�^_SK^ªGRQ#J�^]ENO�\_t
W<^]JN�fOMS�bI\pENE��~��U!GIE�EVbI\�§�E�F!\�§�Q¥SVU�OeF�^_SK^rSVYK^_Q�EVt�OMY�`w^S���W!GIJ�^_b�SVYK^_Q�E�t OMY9SVGRdXO¡GIE1GRQ¥dX\pEVS�J�^]ENOPE
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SVU�OMd GIE1k�SVU�OMYVQ�OMS9SVYK^_Q�E�t�OMYCL�EVGRQ!orSVU�O n ENOMYCji^_SK^_opYK^_d|è�YN\]SN\[JP\]blØ n jlè¨Ü�����U!GIECW!YN\]SN\[JP\]b�F!\[OPE
U<^_YNFHbR�8GRQ�JMbRL�F!O�^_Q��COMYVYN\]Y�U<^_Q�FHbRGRQ!o8ENOMYVZ[GIJPOPE�`]GRS�F!\[OPE«Q�\]S�opL<^_YK^_Q�SNOPO�SVU�O�^_YVYVGRZp^_b�\_t�^�W<^]JN�fOMS�`[^_Q�F
SVU�O�W<^]JK�fOMSNE�da^P�¡^_YVYVGRZfOBGRQ¡FHGu��OMYNOMQ�S�\]YNF!OMY�SVU<^_Q¡SVU�OM�7§¨OMYNOiENOMQ�S���©�\�§¨OMZfOMY�`�^]E�SVU!GIE�EK^�ZfOPE�d8L�JKU
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EV�[ENSNOMd/�r©B\�§�OMZfOMY�`wSVU!GIE1SVYK^_Q�E�t OMY9SVGRdXO¡F!\�OPE1Q�\rbI\]Q!ofOMY�U�\]bIF�t�\]Y1bc^_YVofOMYXF�^_SK^¢^_YVYK^P�HE�`�bRGR�fOeSVU�O
2DCCz�EDC1da^_SVYVGu¡SVU<^_S�GIE�W!YN\�Z�GIF!OPFs���7SVU�Olda^_opQ�OMSVGIJ8FHGc^_opQ�\pEVSVGIJp��DBE�^9ENOPJP\]Q�F¡SVYK^_Q�E�t OMY�EVSVYK^_SNOMop�f`
§�U!GIJNU�GIE�^_�!bIO�SN\�U<^_Q�FHbIO8bc^_YVofO8F�^_SK^X^_YVYK^��[E�`q^9YNO à OPJMSVGRZfO�dXOMdX\]YV�sSNOPJKU!Q�\]bI\]op�sU<^]E���OPOMQ�JNU�\pEKOMQ
\]Q¢Dih[jlk�m n W!opYK^]F!Op�9kw^]JKU~JP\]d�W!L!SNOMYiGRQ'SVU�O�JP\]YVYNOPEVW�\]Q�FHGRQ!o/YNO�^_bu��SVGRdXO�Q�OMS�§�\]YV�¢GIEiOP£�L!GRW!W�OPF
§�GRSVU�^Cè����wW!bRL!o]��GRQ/J�^_YNF¡SVU<^_S�U<^]E�äp×pÖT�7�Ý\_t�dXOMdX\]YV�¡\]Qs�q\f^_YNF�����U�\pEKOBJ�^_YNF!E�^_YNOiJP\]Q!Q�OPJMSNOPF
SN\XO�^]JNU¢\]SVU�OMY�Z[Gc^�\]W!SVGIJ�^_b����qOMYNE�`�SVU!YN\]L!opUr§�U!GIJNUrSVU�O8JP\]Q�SNOMQ�Si\_t�SVU�O8dXOMdX\]YV�sGIE�EN��Q�JKU!YN\]Q!GRã�OPF
�qOMS�§¨OPOMQ/SVU�OlJ�^_YNF!E����)U�OMQs\]Q�OlW<^_YVSVGIJMGRW<^_Q�S�GRQeSVU�OlQ�OMS�§¨\]YV�¡§�YVGRSNOPE�F�^_SK^1GRQ�SN\9SVU�OldXOMdX\]YV�f`!SVU�O
EK^_dXOiF�^_SK^X^_W!W�O�^_YNE�GRQ/SVU�OidXOMdX\]YV�s\_t�SVU�Oi\]SVU�OMY�è¨����J�^_YNF!E�§�GRSVU!GRQ�d�GIJMYN\pEKOPJP\]Q�F!E��
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da^_opQ�OMSVGIJsOP£�L!GRbRGR�!YVGRL!d §�^]E�L�ENOPF�t \]Y1W!YN\_��bIOsJ�^_bIJML!bc^_SVGI\]Q	�µ��O�t \]YNO/^FHGIEKJNU<^_YVofOs§�GRSVUgt OPOPFH�<^]JN�
JP\]Q�SVYN\]b�\]QSVU�O9F!OMQ�EVGRS��/W!YN\_��bIO9JP\]L!bIFr�qOCWqOMY�t \]YVdXOPF�`qSVU�Ou2DCaz@EDC2P^Q�STK«da^_SVYVGu/tvYN\]d¬^_Q¢O�^_YVbRGIOMY
FHGIENJNU<^_YVofOl§�GRSVUsGIF!OMQ�SVGIJ�^_b	W!bc^]EVda^CW<^_YK^_dXOMSNOMYNE�U<^]F¡SN\1�qOBYNO�^]Fet�YN\]dÁSVU�OBF�^_SK^_�<^]EKO�^_Q�F¡GRQ�ENOMYVSNOPF
GRQ�SN\XSVU�O�W!YN\]opYK^_d JP\[F!O�\]Q/SVU�O8GRQ�SNOMY�t OMYN\]dXOMSNOMYBJP\]d�W!L!SNOMY������¡SVU�O�OMQ�F�\_t�SVU�O8äpâpâ�8aJ�^_d�W<^_GRopQ	`
SVU�O�da^_opQ�OMSVGIJiFHGc^_opQ�\pENSVGIJl§�^]E�JP\]Q!Q�OPJMSNOPFsSN\1SVU�OlJP\]Q�SVYN\]b°EN�[EVSNOMd%Z[Gc^1^CYNO à OPJMSVGRZfOldXOMdX\]YV�¡J�^_YNF��
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���eSVU�OlYN\]L!SVGRQ�OMbR�¡L�ENOPFsF!OMQ�ENGRS��et�OPOPFH�<^]JK�/^_bRof\]YVGRSVU!d §�U!GIJNUSVYVGIOPE�SN\9�fOPOMW/SVU�Oi©��KáiF!OMQ�EVGRS��e�!!OPF
^_S8x� E1 ò ç y X%$ ê & Y �8��U�OMYNO�t \]YNOp`°\]Q�O9U<^]ElSN\e�qO�^�§�^_YNO�SVU<^_S8^_Qª\]��ENOMYVZfOPF'JKU<^_Q!ofOX\_t¨SVU�O�F!OMQ�ENGRS��
W!YN\_��bIO�GIE�Q�\]SwQ�OPJPOPEKEK^_YVGRbR�X^lW!L!YNO�O���OPJMSw\_t	F!OMQ�EVGRS���W!L!d�WH��\]L!S¨���Xk¨�)<�©C�R��U�OMQaJPOMQ�SVYK^_b·U�O�^_SVGRQ!o
W�\�§�OMY�GIE�^_W!W!bRGIOPF/^_Q�FeJ�^_L�EKOPE�^8YNOPFHL�JMSVGI\]Q/\_t«SVU�OlF!OMQ�EVGRS��7dXO�^]EVL!YNOPF¡���7GRQ�SNOMY�t OMYN\]dXOMSNOMY�JNU<^_Q!Q�OMb
©��Káp`�SVU�OCF!OMQ�ENGRS��/t OPOPFH�<^]JN�¢EV�HEVSNOMd §�GRbRb«\]W�OMQ¢SVU�OCo�^]EBZp^_bRZfOPE�`q§�U!GIJNUªJ�^_L�ENOPElENOPJP\]Q�F�^_YV�rO���OPJMSNE
\]QªSVU�OaW!YN\_��bIOa^]E�SVU�OXo�^]EiGRQ!bIOMSCJP\]dXOPE�tvYN\]d SVU�OXW!bc^]EVda^sOPFHofOp�eD�W!W<^_YNOMQ�SVbR�f`�SVU�Oa©��KáXF!OMQ�ENGRS��



Ú[�Ráp�+¤�OPOPF[� t \]YV§�^_YNF�O�HW�OMYVGRdXOMQ�SNE�GRQí���dX\�F!O /p×

^_Q�F�SVU�OCWqO�^_�[GRQ!oeW<^_YK^_dXOMSNOMYlENSK^_YVSBF!OPJMYNO�^]EVGRQ!o/^_Q�FrSVU�O1©���×aF!OMQ�EVGRS��rEVSK^_YVSNE�GRQ�JMYNO�^]ENGRQ!os^]ElEN\[\]Q
^]E�SVU�O8k��)<�©5GIE�SVL!YVQ�OPFr\]Q	��¤�\]Y�SVU�OC©���×XF!OMQ�EVGRS��f`·SVU!GIE���OMU<^PZ[GI\]Y�GIEB\]��ENOMYVZfOPF�L!Q�SVGRb«SVU�O8OMQ�F�\_t
SVU�OXU�O�^_SVGRQ!o¢W!L!bIENOp��¤<\]YCSVU�Oe©��Ká7F!OMQ�EVGRS��f`�SVU!GIE1GIE1FHGu��OMYNOMQ�S��È�)U�OMQT^_��\]L!S�äR9 é \_t�SVU�O7k¨�)<�©
W!L!bIENOiU<^PZfO1OMbc^_W�ENOPF�`·GRS���OPJP\]dXOPE�JP\]Q�EVSK^_Q�SB\]YBOMZfOMQEVbRGRopU�SVbR�/YVGIENOPEB^_o�^_GRQ	`q^_S�bIO�^]ENS�GRQ�SVU�OCJ�^]ENO8\_t
U!GRopU¢k��)<�©;W�\�§�OMY��8D�SlbI\�§;U�O�^_SVGRQ!o¡W�\�§¨OMY�`	SVU�O9WqO�^_�[GRQ!o7W<^_YK^_dXOMSNOMY�t ^_bRbIEi^_Q�FrYVGIENOPEBGRQ¢W!U<^]ENO
§�GRSVU+SVU�O/k¨�)<�©åW!L!bIENOPE��+D�SXU!GRopU#k¨�)<�©åW�\�§�OMY�`�SVU!GIE�GIEXEVGRd�GRbc^_Y�`�U�\�§¨OMZfOMY�`�\]Q�O/\]��EKOMYVZfOPEa^
SVYNOMQ�F#\_t8EK^_SVL!YK^_SVGI\]QÝ^�tvSNOMY¡^_�q\]L!S¡äR9 é \_tiSVU�O/U�O�^_SVGRQ!oTW!L!bIENOp�»��U�O¢^_d�W!bRGRSVL�F!O����¥§�U!GIJNU)SVU�O
WqO�^_�[GRQ!o�W<^_YK^_dXOMSNOMY � Y Zp^_YVGIOPE�GIE�YN\]L!opU!bR�eW!YN\]W�\]YVSVGI\]Q<^_b°SN\XSVU�O8^_W!W!bRGIOPF�k¨�)<�©5Wq\�§¨OMY��w��U�O�o�^]EZ]^_bRZfOPE�\]WqOMQ¢^_Q�FJMbI\pENO1^]JPJP\]YNFHGRQ!o7SN\aSVU�O8dX\[FHL!bc^_SVGI\]Q¢\_tw©��Káp����U!GIEBO�[W�OMYVGRdXOMQ�SlJP\]QH��YVdXEBSVU<^_S
EV§�GRSNJNU!GRQ!oi\]Q�k¨�)<�©+GIE�^�L�ENO�t�L!b!^]JMSVL<^_SN\]Y�t \]Y à ^_SVSNOMQ!GRQ!olSVU�O�F!OMQ�ENGRS��8W!YN\_��bIO�^_S�SVU�O�opGRZfOMQ9W!bc^]EVda^
W<^_YK^_dXOMSNOMYNE��
�°\�ENSVL�FH�'SVU�OaO���OPJMS1\_t�W!L!YNOek¨�)<�© ^_Q�F�W!L!YNOXo�^]ECW!LMÆXQ!or\]Q�SVU�O7F!OMQ�EVGRS��'W!YN\_��bIOp`�^¡t�L!YVSVU�OMY
FHGIENJNU<^_YVofO9ØO¡9äp×pâ�8päfÜw§�^]E�WqOMY�t \]YVdXOPF�`[§�U�OMYNOB^_Q¡©��Ká�F!OMQ�EVGRS��a\_t�x� E1 ò ç y X%$ ê & Y §�^]E�EKOMSw���aL�EVGRQ!o
^Ct�OPOPFH�<^]JK�ebI\[\]W/L!Q�SVGRb	SF¢Táp� é E��w��U�OMQ	`<SVU�Olo�^]E�GRQ!bIOMS�YK^_SNO�§�^]E�EKOMS�SN\a^C�!HOPF/bIOMZfOMb°\_t�y! a~ ò ç y�Y%X
W<^_YVSVGIJMbIOPEaW�OMYaENOPJP\]Q�F�`�§�U!GIJNU�§�^]EeO�[W�OPJMSNOPF¥SN\~W!YN\�Z[GIF!O^_Q�^_W!W!YN\�[GRda^_SNOMbR�#JP\]Q�ENSK^_Q�S¡F!OMQ�EVGRS��
^]JPJP\]YNFHGRQ!o�SN\sSVU�O7O�[W�OMYVGIOMQ�JPOXda^]F!O�GRQTO�^_YVbRGIOMYCFHGIENJKU<^_YVofOPE��e��S�SVL!YVQ�OPF�\]L!S8SVU<^_S�SVU!GIE8bIOMZfOMbw§�^]E
EVbRGRopU�SVbR�CSN\�\BbI\�§�`�^]E�\]Q�O�OMQ�F!OPF9L!WX^_S�^_Q�©��Ká�F!OMQ�EVGRS��C\_t�^_�q\]L!S�x� ç ò ç y�X%$ ê'& Y�^_S�SF¢ é �ëâ�E�����U�OMYNO
§¨OMYNOXÙrk¨�)<�©%W!L!bIENOPEC\_t8á�âpâ«dXECFHL!YK^_SVGI\]Q�§�GRSVUgâH�÷8T�0� ^_Q�F't�L!YVSVU�OMY8ÙW!L!bIENOPE�§�GRSVU)áp�ë×T�È�
L!Q�SVGRb°SF¢ é �ëâ�E9Ø�ENOPOl��opL!YNO9Ú[�ëäfÜ�����U<^_S�§�^��f`<SVU�OCO���OPJMS�\_t�k¨�)<�©�JP\]L!bIF/��O�EVSVL�FHGIOPF/§�GRSVU�\]L!S�SVU�O
ENOPJP\]Q�F�^_YV�7O���OPJMS�FHL�OBSN\9SVU�OBF!OMQ�ENGRS��7t�OPOPFH�<^]JK�e\]Qs©��Káp����U�OlYNOPEVL!bRS�GIE�EVGRd�GRbc^_Y�SN\1SVU<^_S�\]�!SK^_GRQ�OPF
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/pÖ Ú[�¥k�HWqOMYVGRdXOMQ�SNE�\]QsSVU�OiGRd�W<^]JMS�\_t�JPOMQ�SVYK^_b�k¨�)<�©î\]Q/SVU�O8F!OMQ�EVGRS��eW!YN\_��bIO

§�GRSVU�\ Û t�OPOPFH�<^]JK�q`p�ßL�EVS�S�§¨\7FHGu��OMYNOMQ�JPOPEB^_YNO�^_W!W<^_YNOMQ�S"²
³ ��U�O8©��Ká�F!OMQ�EVGRS��sQ�\�§5�fOPOMW�E�t�^_bRbRGRQ!oaL!Q�SVGRb�SVU�OCOMQ�F�\_t�SVU�O8k¨�)<�©5W!L!bIENOp����U�O�W!YNOMZ[GI\]L�EVbR�F!OPENJMYVGR��OPF¡SVYNOMQ�Fs\_t«EK^_SVL!YK^_SVGRQ!oX\]Y�OMZfOMQsYVGIEVGRQ!oa^�t�SNOMY�S�§�\�SVU!GRYNF!E�\_t�SVU�Oik��)<�© W!L!bIEKOlGIE�Q�\
bI\]Q!ofOMY8\]��ENOMYVZfOPF��7��U!GIE�§�^]ECOMZ�GIF!OMQ�SVbR�~^eYNOPEVL!bRS8\_t�SVU�O�o�^]EiW!LH�gt�YN\]d¬SVU�OXOPFHofO7^_Q�FªSVU�O
YNOPEVL!bRSVGRQ!oa\�ZfOMY���^_bRb°GRQ�JMYNO�^]ENO�\_t�F!OMQ�EVGRS��f�

³ Al\]GRQ!oeSN\áp�ë×T�0� U�O�^_SVGRQ!o¡W�\�§¨OMYlda^_GRQ!bR�rJ�^_L�ENOPEi^aF!\�§�Q�§�^_YNF~EVU!GutvSB\_twSVU�O1WqO�^_�[GRQ!oeW<^��
YK^_dXOMSNOMY�`��!L!S�SVU�O8^_d�W!bRGRSVL�F!O8���¡§�U!GIJNU�GRS�GIE�dX\[FHL!bc^_SNOPF/���sSVU�O�U�O�^_SVGRQ!oaW!L!bIENOPE�F!\�OPE�Q�\]S
opYN\�§�ZfOMYV�/dCL�JNUªJP\]d�W<^_YNOPFrSN\aSVU�O�âH�÷8T�0� J�^]ENOp�l��U!GIEB§�^]ElFHGu��OMYNOMQ�SlGRQ¢SVU�O8W!YNOMZ[GI\]L�EVbR�
FHGIENJML�ENENOPFsFHGIEKJNU<^_YVofOp`�§�U�OMYNO1^1opYN\�§�SVU���/^1t�^]JMSN\]Y�\_t�^_��\]L!S�S�§¨\X§�^]E�\]��ENOMYVZfOPF�`<§�U!GIJNUGIE
^_W!W!YN\PHGRda^_SNOMbR�sSVU�OBt ^]JMSN\]Y����¡§�U!GIJNU/SVU�O�U�O�^_SVGRQ!oXWq\�§¨OMY�GIE�GRQ�JMYNO�^]ENOPF��

��Q7^]F!FHGRSVGI\]Q	`�SVU�O�O���OPJMS¨\_tqo�^]EwW!L!bIENOPEw^_SwJP\]Q�EVSK^_Q�SwU�O�^_SVGRQ!oCWq\�§¨OMYw§�^]EwEVSVL�FHGIOPF7^�tvSNOMY�SF¢ é E�����U�O
k¨�)<�©;EV�HEVSNOMdå§�^]E�EV§�GRSNJKU�OPF¢\_�¢SN\7U<^PZfOCW!L!YNO8\]U!d�GIJCU�O�^_SVGRQ!os^_Q�F�SVU�O8o�^]E�bIOMZfOMb«§�^]E���YNEVS�EKOMS
SN\aã�OMYN\!����U�OMQ	` é o�^]E�W!L!bIENOPE�\_t�á�âpâ«dXEBFHL!YK^_SVGI\]Q�t \]bRbI\�§�OPF�����U�OM�/J�^_L�ENO8^_QGRQ�JMYNO�^]EVGRQ!oeF!OMQ�ENGRS��
\]Q¡^_bRb·×lbRGRQ�OPEw\_t	EVGRopU�Sw\_t�SVU�O�GRQ�SNOMY�t OMYN\]dXOMSNOMY�`[§�U!GIJNUeGIE�dX\]YNO�W!YN\]Q�\]L!Q�JPOPFe\]QXSVU�O�OPFHofO�JNU<^_Q!Q�OMbIE��
DBE�^8YNOPEVL!bRS�\_t	SVU!GIE�`[SVU�O�WqO�^_�[GRQ!oCW<^_YK^_dXOMSNOMY�F!OPJMYNO�^]ENOPE�`��!L!S�GRSNE¨Z]^_YVGc^_SVGI\]Q¡GIE¨d8L�JKU/EVda^_bRbIOMY�SVU<^_Q
SVU<^_S�J�^_L�EKOPFs���sk¨�)<�©¯W!L!bIENOPE��
��U�OPENO�YNOPEVL!bRSNE�EVU�\�§gSVU<^_S�\]W�OMYK^_SVGRQ!olGRQ1F!OMQ�ENGRS���t OPOPFH�<^]JN�CdX\�F!O�OMQ!U<^_Q�JPOPE�SVU�O�O���OPJMS�\_t à ^_SVSNOMQ!GRQ!o
§�GRSVUak��)<�©1�pD#YNOPFHL�JMSVGI\]Qe\_tqSVU�O�JP\]YNO�F!OMQ�ENGRS��9YNOPEVL!bRSNE�GRQa^_Qa\]W�OMQ!GRQ!o8\_t�SVU�O�o�^]E�Zp^_bRZfOPE�§�U!GIJNU7GRQ
SVL!YVQsGRQ�JMYNO�^]ENOPE�SVU�OlOPFHofOiF!OMQ�EVGRS��e^_Q�FeSVU�L�E�U�OMbRW�E�SN\CYNOPFHL�JPOlSVU�OBW�O�^_��GRQ!o�\_t°SVU�OiF!OMQ�ENGRS��aW!YN\_��bIOp�
��U�OC\]��ENOMYVZ]^_SVGI\]Q�E�da^]F!O8EK\9t ^_YBJ�^_Q!Q�\]S�O�!JMbRL�F!O�SVU<^_S�SVU�O8F!OMQ�EVGRS��sYNOPEVWq\]Q�EKOida^P�/EVSVGRbRb°�qO�\]Q!of\_�
GRQ!oe§�U�OMQ�SVU�OCk¨�)<�©�GIE�EV§�GRSNJNU�OPFr\]Q\]YB\_��^�tvSNOMY1á�âpâ«dXE�����U�OMYNO�t�\]YNOp`<t�L!YVSVU�OMYBFHGIENJKU<^_YVofOPEB§�GRSVU
^_QTk¨�)<�©%W!L!bIENOXFHL!YK^_SVGI\]QT\_t�×pâpâ«dXE�§¨OMYNOaWqOMY�t \]YVdXOPFªSN\�O�[W!bI\]YNOaSVU�O�bIOMZfOMb�^_S�§�U!GIJKUTF!OMQ�ENGRS��
à ^_SVSNOMQ!GRQ!oaE�^_SVL!YK^_SNOPE���¤«GRopL!YNOiÚ[� é ENU�\�§�E�SVU�OlJP\]YVYNOPEVW�\]Q�FHGRQ!o�SVGRdXO�SVYK^]JPOPE�t \]Y�FHGIENJNU<^_YVofOg¡9äp×pä é áp`
§�U!GIJKU¢JP\]Q�SK^_GRQ�El�q\]SVU	`qk¨�)<�©�W!L!bIENOPE�FHL!YVGRQ!o¡F!OMQ�EVGRS��st�OPOPFH�<^]JK�\]Qr©��Ká1^_Q�Fr^_S��!HOPF�o�^]E�bIOMZfOMb��
��U�O�W�O�^_�[GRQ!oiW<^_YK^_dXOMSNOMY�YNO�^]JNU�OPE�^_W!W!YN\PHGRda^_SNOMbR��SVU�O�EK^_dXO�EK^_SVL!YK^_SVGI\]QXbIOMZfOMb�GRQ���\]SVUXJ�^]ENOPE�`f§�GRSVU\ Û t OPOPFH�<^]JN�r\]Qr©��Ká�^_Q�Fr^_SiJP\]Q�EVSK^_Q�SBo�^]EBbIOMZfOMb����)U�OMQ'\ Û t OPOPFH�<^]JN�rJP\]Q�SVYN\]b�GIEi^_W!W!bRGIOPF�`�U�\�§��
OMZfOMY�`«EK^_SVL!YK^_SVGI\]Q~GIEC^]JNU!GIOMZfOPFªdX\]YNO7£�L!GIJK��bR�f�7��QªJ�^]EKOX\_tláp�ë×T�0� U�O�^_SVGRQ!o�W�\�§�OMY�`°SVU�O�W�O�^_�[GRQ!o
W<^_YK^_dXOMSNOMYBEK^_SVL!YK^_SNOPE�§�GRSVU!GRQ~á�âpâ«dXE�`!GRQ�J�^]ENOi\_t�âH�ÛÚ@�È��`!GRS�Q�OPOPF!E�\_t«SVU�O�\]YNF!OMY�\_t�á�äpâ��Ká é â«dXE��
�)U�OMQL�ENGRQ!oe^9�!!OPF/o�^]E�bIOMZfOMb�`qSVU!GIE�bc^]EVSNEl^_�q\]L!S1á�×pâ«dXE�Ø�áp�ë×T�È� U�O�^_SVGRQ!oeWq\�§¨OMY�Ü�^_Q�Fräpâpâ«dXE
Ø âH�÷/T�0�»Ü��wD�bIEN\rSVU�OsYNOMbc^��^_SVGI\]Q+SVGRdXOs\_tlSVU�O¡WqO�^_�[GRQ!o'W<^_YK^_dXOMSNOMYe^�t�SNOMYXEV§�GRSNJKU!GRQ!o�\_�)k��)<�©
GRQ�JMYNO�^]ENOPE�§�U�OMQ/^CJP\]Q�EVSK^_Q�S�o�^]E�bIOMZfOMb·GIE�L�ENOPF���¤!YN\]dÁSVU!GIE�`[\]Q�O�J�^_Q¡JP\]Q�JMbRL�F!OBSVU<^_S�L�EVGRQ!o1F!OMQ�ENGRS��
t OPOPFH�<^]JN�/\]Q�©��Ká8^]JPJPOMbIOMYK^_SNOPEBSVU�O à ^_SVSNOMQ!GRQ!oeW!YN\�JPOPEKE�`H�!L!S�F!\[OPE�Q�\]S�ENGRopQ!Gu�<J�^_Q�SVbR�sGRQ à L�OMQ�JPOCSVU�O
^]JKU!GIOMZ]^_�!bIOCEK^_SVL!YK^_SVGI\]Q�bIOMZfOMb�����U!GIE�EVL!W!Wq\]YVSNE�SVU�OiGRQ!GRSVGc^_bRbR�sEVSK^_SNOPF�^]ENEVL!d�W!SVGI\]Q�SVU<^_S�`!Gut«SVU�OlSN\]SK^_b
W<^_YVSVGIJMbIO�JP\]Q�SNOMQ�S�\_t·SVU�O�W!bc^]EVda^BGIE�Q�\]Sw^_bRbI\�§¨OPFXSN\lJKU<^_Q!ofO�d8L�JKU	`�SVU�O�o�^]E�Zp^_bRZfOPE�J�^_QX\]Q!bR�8GRQ�FHL�JPO
SVYK^_Q�EVGIOMQ�S�O���OPJMSNE�\]Q/SVU�O�F!OMQ�ENGRS��eW!YN\_��bIOp`��!L!S�Q�\9W�OMYNEVGIEVSNOMQ�S�JNU<^_Q!ofOPE��
��Q¥FHGIENJNU<^_YVofOÈ¡9äp×pâ�8päH`w§�U!GIJNU¥§�^]E9W�OMY�t \]YVdXOPFg^_S�JP\]Q�EVSK^_Q�S�o�^]E1bIOMZfOMb�`�SVU�OedX\�FHL!bc^_SVGI\]Q¥\_tBSVU�O
W�O�^_��GRQ!o8W<^_YK^_dXOMSNOMY�^_S�áp�ë×T�0�,§�^]E�dCL�JNUebIOPENE�SVU<^_QXGRQ7FHGIENJNU<^_YVofO�¡9ä_ÙQ/fÚ]âH`�§�U�OMYNO�F!OMQ�EVGRS��1t OPOPF[�
�<^]JK�\]Q'©��Ká1§�^]El^_W!W!bRGIOPF��8¤!YN\]d¬SVU�O9\]��ENOMYVZ]^_SVGI\]Q�Elda^]F!O1GRQ~¡9äp×pä é áp`�\]Q�O9J�^_Q'JP\]Q�JMbRL�F!O9SVU<^_S
^_S�JP\]Q�EVSK^_Q�S�o�^]ElbIOMZfOMb�`°^7W!L!bIENO�FHL!YK^_SVGI\]Q~\_tlá�âpâ«dXElGIElQ�\]S�£�L!GRSNO�ENLMÆaJMGIOMQ�S�SN\eYNO�^]JNU~SVU�OCbI\�§¨OMY
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��U�OeJMGRYNJMbIOPE9YNOMW!YNOPEKOMQ�S9SVU�O¡J�^]ENOPE9§�GRSVUgW!L!YNOMbR��\]U!d�GIJeU�O�^_SVGRQ!o�`�SVU�OeSVYVGc^_Q!opbIOPE9SVU�OeZ]^_bRL�OPE�^�t�SNOMY
á�âpâ«dXEiU�O�^_SVGRQ!o/§�GRSVU'S�§�\sop�[YN\]SVYN\]Q�E8^_Q�F¢SVU�O�EN£�L<^_YNOPElSVU�O�Z]^_bRL�OPE�^�t�SNOMYXá�âpâ«dXE8^_Slt�L!bRb�k¨�)<�©
Wq\�§¨OMY�����Q�JP\]Q�SVYK^]EVS�SN\���opL!YNO�äH�÷/H`]SVU�O¨W�O�^_�[GRQ!oBW<^_YK^_dXOMSNOMYwU<^]E�Q�\]S«��OPOMQ9Q�\]YVda^_bRGRã�OPF9SN\9áwt \]Y�SVU�O
W!L!YNOMbR�/\]U!d�GIJ8J�^]ENOp��k�Z[GIF!OMQ�SVbR�f`�^_S�bRGRQ�O���GRQ�SNOMopYK^_SNOPF'©��Ká8F!OMQ�EVGRSVGIOPE�L!W�SN\ex� E1 ò ç y�X%$ ê'& Y]`·k¨�)<�©
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SVU�OiGRQ]��OPJMSNOPF�k¨�)<�©îWq\�§¨OMY�`·SVU�Oio�^]E�GRQ!bIOMS�YK^_SNO1^_Q�F�^9ENJMYK^_W�O���\_�'bc^P�fOMY�JML!YVYNOMQ�S�dX\]Q!GRSN\]YBEVGRopQ<^_b�`
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FHGIENJNU<^_YVofO�¡9äp×pâ_Ù�á�GRQ�^1SVGRdXOl§�GRQ�F!\�§5^_YN\]L!Q�F¡S�§¨\áp�ë×T�È� U�O�^_SVGRQ!oXW!L!bIENOPE���D¯SVYK^_Q�EVGRSVGI\]Qst�YN\]d
í���dX\�F!O�SN\i©���dX\[F!O�GIE�^]JPJP\]d�W<^_Q!GIOPF7����^lEVL�F!F!OMQaFHYN\]Wa\_t�SVU�O�JML!YVYNOMQ�SwdX\]Q!GRSN\]Y¨EVGRopQ<^_b�`�§�U�OMYNO�^]E
^_Q¡©���í'SVYK^_Q�EVGRSVGI\]Q/J�^_L�EKOPE�^1EVL�F!F!OMQsGRQ�JMYNO�^]ENO�ê é 8_ì���D�Qsí���© SVYK^_Q�EVGRSVGI\]Q\�JPJML!YNE�§�U�OMQsSVU�OlW�\�§�OMY
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2 gyrotrons (t=2.3s)
4 gyrotrons (t=2.7s)
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Electron temperature [eV]

0-50ms of ECRH pulse
50-100ms of ECRH pulse
0-50ms after ECRH pulse

50-100ms after ECRH pulse

ECRH on,
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ECRH on,
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ECRH off,
0−50ms

ECRH off,
50−100ms
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/H� é �+��L!dXOMYVGIJ�^_b�EVGRd8L!bc^_SVGI\]Qr\_t�F!OMQ�EVGRS��/^_Q�FsSNOMd�WqOMYK^_SVL!YNO�W!YN\_��bIO á�âp×

SVU�L�E�SVU�O�F!OMQ�ENGRS��eW!YN\_��bIO�SN\9SVU�OlSNOMd�W�OMYK^_SVL!YNO�W!YN\_��bIOp��©B\�§�OMZfOMY�`<\]Q�OiU<^]E�SN\9�fOPOMW�GRQsd�GRQ�FsSVU<^_S
SVU�O�SVYK^_Q�EVW�\]YVS¨JP\[O%ÆaJMGIOMQ�SNE¨bRGR�fO�SVU�O�FHGu��L�EVGI\]QaJP\[O%ÆaJMGIOMQ�SU© ^_Q�FXSVU�O�GRQ�§�^_YNF¡JP\]Q�ZfOPJMSVGI\]QeSNOMYVd �ß ¨^_YNO�Q�\]S�Q�OPJPOPENEK^_YVGRbR�¢JP\]Q�EVSK^_Q�S�`��!L!S8da^P�'F!OMWqOMQ�F~\]QªSNOMd�WqOMYK^_SVL!YNOe^_Q�F'SNOMd�W�OMYK^_SVL!YNOXopYK^]FHGIOMQ�S�`
§�U!GIJNU^_bIEN\aJ�^_L�ENOPE�^9JP\]L!W!bRGRQ!oaSN\9SVU�O�SNOMd�WqOMYK^_SVL!YNO8W!YN\_��bIOp�
��U�OCSNOMd�W�OMYK^_SVL!YNO1W!YN\_��bIO9§�U!GIJNUª\[JPJML!YNEBL!Q�F!OMYlENSK^_SVGI\]Q<^_YV�JP\]Q�FHGRSVGI\]Q�E�J�^_Q¢��OCJ�^_bIJML!bc^_SNOPFrt�YN\]d
SVU�O7JP\]Q�FHGRSVGI\]Q¥SVU<^_S1SVU�OeSN\]SK^_b�U�O�^_S à LH~SVU!YN\]L!opU+^ à LH�EVL!Y�t�^]JPOeGIECOP£�L<^_b�SN\�SVU�OeQ�OMS1U�O�^_SVGRQ!o
Wq\�§¨OMYlF!OMWq\pEVGRSNOPF�GRQ�EVGIF!O�SVU!GIE�EVL!Y�t�^]JPOp����U�O8EVSK^_SVGI\]Q<^_YV�/F!OMQ�EVGRS��/W!YN\_��bIOit \]YB^XJ�^]ENO�§�GRSVU�\]L!SlJPOMQH�
SVYK^_b�EK\]L!YNJPOPE�`[bRGR�fO�U�OMYNOp`HGIE�F!OMSNOMYVd�GRQ�OPF¡���aSVU�OlJP\]Q�FHGRSVGI\]QsSVU<^_S�SVU�O�W<^_YVSVGIJMbIO à LHeGIE�OP£�L<^_b�SN\1ã�OMYN\
OMZfOMYV��§�U�OMYNOp`·G�� Op��SVU�O8FHGu��L�EVGI\]QSNOMYVd{GIE��<^_bc^_Q�JPOPF���sSVU�O8EVL!d \_t�SVU�OMYVdX\�FHGu��L�EVGI\]Q'^_Q�FJP\]Q�ZfOPJ��
SVGI\]Q	����U�O�SNOMd�W�\]YK^_b�OMZf\]bRL!SVGI\]Q¡\_t°SVU�O�W!YN\_��bIOPE�`[GRQ7JP\]Q�SVYK^]ENS�`HGIEwdCL�JNU¡dX\]YNO�FHGLÆaJML!bRS�SN\1J�^_bIJML!bc^_SNO
^]E¨SVU�OlJP\]Q�FHGRSVGI\]Q�E�t \]Y�SVU�OlEVSK^_SVGI\]Q<^_YV�7J�^]ENOlF!\1Q�\]S�U�\]bIF/^_Q�F¡\]Q�O�U<^]E�SN\9EN\]bRZfOlJP\]L!W!bIOPFsFHGu��OMYNOMQH�
SVGc^_b�OP£�L<^_SVGI\]Q�Elt \]YJ\ Û k PRQ_S`K f o sl^_Q�F Ä Û k P^Q�STK®f o s��1¤�\]YiSVU!GIEiYNO�^]EK\]Q	`°^7Q�L!dXOMYVGIJ�^_b�^_W!W!YN\f^]JKU	`	§�U!GIJKUGIE�F!OPEKJMYVGR�qOPFeGRQsF!OMSK^_GRb�GRQ/^_W!WqOMQ�FHGu¡DC� é `[GIE�L�ENOPFeSN\1SVU�OP\]YNOMSVGIJ�^_bRbR�eW!YNOPFHGIJMS�SVU�OlSVGRdXOlF!OMW�OMQ�F!OMQ�JPO
\_t«SVU�O8W!YN\_��bIOPE�����U!GIE�Q�L!dXOMYVGIJ�^_b«dX\[F!OMb°F!OPENJMYVGR��OPE�SVU�O�SNOMd�W�\]YK^_b�OMZf\]bRL!SVGI\]Q¢\_t�SVU�O�SNOMd�W�OMYK^_SVL!YNO
W!YN\_��bIOiGRQ^�JM�[bRGRQ�FHYVGIJ�^_b°Zf\]bRL!dXOi§�U!GIJKU�U<^]E�YN\]SK^_SVGI\]Q<^_b�EV�[d�dXOMSVYV�¡§�GRSVU/YNOPEVW�OPJMS�SN\�SVU�O�JM�[bRGRQ�F!OMY
^�[GIE�����U�OiJM�[bRGRQ�FHYVGIJ�^_b�ofOP\]dXOMSVYV�eENSK^_SNOPE�^Cof\[\�Fs^_W!W!YN\�[GRda^_SVGI\]Q^_bIEK\8t \]Y�SVU�OlSN\]�]^_da^_�7§�U�OMQ�^]E��
EVL!d�GRQ!oXJMGRYNJML!bc^_Y�^_Q�F/JP\]Q�JPOMQ�SVYVGIJ à LHsEVL!Y�t ^]JPOPE�����QsSVU�OlYK^]FHGc^_b°FHGRYNOPJMSVGI\]Q	`<SVU�OlZf\]bRL!dXOiGIE�FHGRZ[GIF!OPF
GRQ�SN\ ± OP£�L!GIFHGIEVSK^_Q�SiENOPJMSVGI\]Q�EB§�U!GIJNU~^_YNO9^]ENEVL!dXOPFSN\eU<^PZfO9O�^]JNUª^aU�\]dX\]ofOMQ�OP\]L�EiSNOMd�W�OMYK^_SVL!YNOp�
¤�\]YX^/opGRZfOMQgSNOMd�W�OMYK^_SVL!YNOsFHGIEVSVYVGR�!L!SVGI\]Q	`�SVU�OeU�O�^_S à \�§Á�<^_bc^_Q�JPOet \]Y1O�^]JKUg\_tBSVU�OPENOeENOPJMSVGI\]Q�E9GIE
J�^_bIJML!bc^_SNOPF�`[^]Ew§¨OMbRb·^]EwSVU�O�YNOPEVL!bRSVGRQ!o8Q�OM§#SNOMd�WqOMYK^_SVL!YNOB^�tvSNOMYw\]Q�O�FHGIENJMYNOMSNO�SVGRdXO�ENSNOMW	�«��U<^_S¨§�^��f`
^aYNOPJML!YNENGI\]Q¢t�\]YVdCL!bc^¡GIEi\]�!SK^_GRQ�OPF'§�U!GIJNUT^_bRbI\�§�EiSN\sJ�^_bIJML!bc^_SNO�SVU�O1SNOMd�W�OMYK^_SVL!YNOXOMZf\]bRL!SVGI\]Q't�YN\]d
\]Q�O�SVGRdXOlEVSNOMWeSN\8SVU�OBQ�O�HS���D�Qs^_Q<^_bI\]of\]L�E�t \]YVd8L!bc^8t�\]Y�SVU�OlF!OMQ�EVGRS��aU<^]E¨��OPOMQ¡F!OMYVGRZfOPFetvYN\]d%SVU�O
^_�q\�ZfO�OP£�L<^_SVGI\]Q/t�\]Y�SVU�O�W<^_YVSVGIJMbIO à LH/^_Q�FsGRd�W!bIOMdXOMQ�SNOPFGRQ/SVU�OidX\[F!OMb��w��S�GIE���L�EVS�^9£�L<^_bRGRSK^_SVGRZfO
dX\�F!OMb�§�U!GIJKU�L�ENOPE�FHGRdXOMQ�ENGI\]Q!bIOPENE�GRQ!W!L!S�W<^_YK^_dXOMSNOMYNEB^_Q�FsW!YN\�Z[GIF!OPE�YNOPENL!bRSNE�GRQ�^_YV�!GRSVYK^_YV�¡L!Q!GRSNE��
��U�O�EVGRd8L!bc^_SVGI\]Q�Ew§¨OMYNO�WqOMY�t \]YVdXOPF�§�GRSVU ± i»x]y8^_Q�FXGRQ!GRSVGc^_bRbR� à ^_S¨FHGIEVSVYVGR�!L!SVGI\]Q�E¨\_t�SNOMd�W�OMYK^_SVL!YNO
^_Q�F'F!OMQ�EVGRS��f�7¤�\]Y8SVU�O�\]L!SNOMYVdX\pEVSCYK^]FHGc^_bwENOPJMSVGI\]Q	`��q\]L!Q�F�^_YV�¢JP\]Q�FHGRSVGI\]Q�E8t�\]YiU�O�^_SC^_Q�FªW<^_YVSVGIJMbIO
à LHU<^PZfO9SN\e��O9F!O���Q�OPF��C��U�O1W<^_YVSVGIJMbIO à LHSVU!YN\]L!opU~SVU�OC��\]L!Q�F�^_YV�r^_YNO�^¡\_t�SVU�O9JM��bRGRQ�F!OMYi§�^]E
ENOMSCSN\ã�OMYN\!`�YNOPEVL!bRSVGRQ!o¢GRQ¥^�JP\]Q�EKOMYVZ]^_SVGI\]Q¥\_t�SVU�OeZf\]bRL!dXO���GRQ�SNOMopYK^_SNOPF#F!OMQ�EVGRS��g^_Q�F~SVU�L�E�\_t�SVU�O
SN\]SK^_bwQ�L!dC�qOMY9\_t�W<^_YVSVGIJMbIOPE1GRQ~SVU�OXW!bc^]ENda^H�s¤!L!YVSVU�OMYVdX\]YNOp`�SVU�OX��\]L!Q�F�^_YV�ª\_t�SVU�OaJM�[bRGRQ�F!OMY8§�^]E
^]ENEVL!dXOPFsSN\���O�JP\]Q!Q�OPJMSNOPFSN\a^_Q/GRQH��Q!GRSNOMbR�sbc^_YVofO8SNOMd�WqOMYK^_SVL!YNO8YNOPENOMYVZf\]GRY�\_t�JP\]Q�EVSK^_Q�S�SNOMd�W�OMYK^��
SVL!YNO Ä H N(à L Û � 3 ����U!GIE¨JNU�\]GIJPOB\_tqSVU�O��q\]L!Q�F�^_YV�XJP\]Q�FHGRSVGI\]Q�E¨§�^]EwdX\]SVGRZ]^_SNOPF7���9SVU�O�t�^]JMS�SVU<^_S¨GRQXSVU�OO�[W�OMYVGRdXOMQ�SNE�L!Q�F!OMY�JP\]Q�EVGIF!OMYK^_SVGI\]Q	`<SVU�OMYNO�§¨OMYNO8Q�\XJPOMQ�SVYK^_b�W<^_YVSVGIJMbIO8EN\]L!YNJPOPE�`<^_Q�FsGRQ/SVU�OiW!U<^]EKOPE
\_t�JP\]Q�EVSK^_Q�S8F!OMQ�EVGRS��f`°SVU�O9W�OMYVGRW!U�OMYK^_b�t�L�OMbRGRQ!os§�^]E��ßL�EVSi�<^_bc^_Q�JPOPFª���¢SVU�O�W<^_YVSVGIJMbIO�bI\pENEKOPE8^_SiSVU�O
OPFHofOp�~©BOMQ�JPOp`w\]Q�OsJ�^_Q+^]ENEVL!dXOeSVU<^_S�SVU�OMYNO/^_YNOeQ�\¢Q�OMS9W<^_YVSVGIJMbIO/EN\]L!YNJPOPE�\]Y�EVGRQ!�HE��ª©B\�§¨OMZfOMY�`
SVU�OMYNOa§�OMYNOsJPOMQ�SVYK^_b�U�O�^_S�EN\]L!YNJPOPE�`�EN\GRSC§�^]E9Q�\]SCW�\pENEVGR�!bIO7SN\rO�HJMbRL�F!Os^_Q��~U�O�^_S à LH�SVU!YN\]L!opU
SVU�Oa��\]L!Q�F�^_YV�f`¨^]E1SVU!GIE1§¨\]L!bIFgU<^�ZfO7YNOPENL!bRSNOPF�GRQ+^�dX\]Q�\]SN\]Q�\]L�EVbR�TGRQ�JMYNO�^]EVGRQ!o¢U�O�^_S9JP\]Q�SNOMQ�Sa\_t
SVU�O�W!bc^]EVda^H����U�OMYNO�t \]YNOp`�^�EVL!YVYN\]L!Q�FHGRQ!o¡U�O�^_S�YNOPENOMYVZf\]GRYB§�^]E�GRQ�SVYN\[FHL�JPOPF§�U!GIJNU¢J�^_Q¢^_��EN\]YV�SVU�O
GRQ]��OPJMSNOPFsU�O�^_SVGRQ!oaWq\�§¨OMYB^_Q�F/^_bRbI\�§ t \]Y�^1SVU�OMYVda^_b�OP£�L!GRbRGR�!YVGRL!d/�
¤�GRYNENS�`°^¡JP\]Q�EVSK^_Q�S1ENOMS�\_t�SVYK^_Q�EVWq\]YVSCJP\�O%ÆaJMGIOMQ�SNEáO¨`µ©`@ ª ^_Q�F ß ¨�§�^]E�L�ENOPF���©BO�^_SVGRQ!o/W�\�§�OMY§�^]E�^]ENEVL!dXOPF�SN\���OeF!OMWq\pEVGRSNOPF�GRQTSVU�OaGRQ!Q�OMYVdX\pEVS9YK^]FHGc^_b�ENOPJMSVGI\]Qg\]Q!bR�f`�§�U!GIJNU¥JP\]YVYNOPEVW�\]Q�F!E1SN\
^�ZfOMYV�gJPOMQ�SVYK^_bRbR�¥W�O�^_�fOPFgU�O�^_SVGRQ!oªW!YN\_��bIOp�µ�)GRSVU¥SVU�\pENOsENOMSVSVGRQ!ofE�`¨EN\]dXO¡SVU�\]L�EK^_Q�F¥SVGRdXO�EVSNOMW�E
§¨OMYNO8J�^_bIJML!bc^_SNOPFFHL!YVGRQ!oa§�U!GIJKUSVU�OiYNOPENL!bRS�JP\]Q�ZfOMYVofOPEBSN\a^9SVU�OMYVda^_b«OP£�L!GRbRGR�!YVGRL!d/����U�OiYNOPENL!bRSVGRQ!o
F!OMQ�EVGRS��7^_Q�FeSNOMd�W�OMYK^_SVL!YNOlW!YN\_��bIOPE�^_YNO�ENU�\�§�QsGRQ7��opL!YNO�/H�÷/9^]E�opYNOPOMQsJML!YVZfOPE���DBE¨U�O�^_SVGRQ!o9W�\�§�OMY
GIE�\]Q!bR�eF!OMW�\pEVGRSNOPF¡GRQsSVU�OiJPOMQ�SNOMY�`<SVU�OiEK^_dXOlU�O�^_S à LH¡U<^]E�SN\9of\9SVU!YN\]L!opU/SVU�Ol��\]L!Q�F�^_YV�¡^_YNO�^�\_t
^_bRb«YK^]FHGc^_b�Zf\]bRL!dXO�OMbIOMdXOMQ�SNE��8��U!GIE�^_YNO�^7opYN\�§�E�W!YN\]Wq\]YVSVGI\]Q<^_bRbR�rSN\eSVU�OCYK^]FHGRL�Ejâ!`qSVU�OMYNO�t \]YNOp`�SVU�O
SNOMd�WqOMYK^_SVL!YNO�opYK^]FHGIOMQ�SwU<^]EwSN\iU<^PZfO�YN\]L!opU!bR�X^ ç q â�F!OMWqOMQ�F!OMQ�JPO1ØvSVU!GIE�GIE�\]Q!bR�X^_Q7^_W!W!YN\�[GRda^_SVGI\]Q	`FHL�OCSN\¡SVU�O;\ Û F!OMW�OMQ�F!OMQ�JPO�\_t¨SVU�O9U�O�^_S à LH�`�ENOPO9OP£�L<^_SVGI\]Q#Ø äH�ëäfÜ�GRQ¢JKU<^_W!SNOMYCäfÜ��8D�JPJP\]YNFHGRQ!opbR�f`
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SVU�O8SNOMd�WqOMYK^_SVL!YNOCW!YN\_��bIO�GIE�^_W!W!YN\�[GRda^_SNOMbR�r^9bI\]o�^_YVGRSVU!dåt�L!Q�JMSVGI\]Q½ãf�¨��U�O8F!OMQ�EVGRS��sW!YN\_��bIO�§¨\]L!bIF
��O¡YK^_SVU�OMYaW�O�^_�fOPFgGRQ+SVU�O/^_��ENOMQ�JPO/\_tlSVU�OMYVdX\[FHGu�qL�EVGI\]Q�Ø�ENOPOsF�^]EVU�OPF¥bRGRQ�O¡GRQ+��opL!YNOÈ/H�÷/fÜ�`�^]E7^
YNOPEVL!bRS¨\_tqSVU�O�GRQ�§�^_YNFaW!GRQ�JNUaSNOMYVd ß ¨��@�)GRSVU�Q�\]QH��ã�OMYN\�SVU�OMYVdX\[FHGu�qL�EVGI\]Q7JP\�O%ÆaJMGIOMQ�S� ª `fU�\�§¨OMZfOMY�`SVU�O�F!OMQ�ENGRS��¡W!YN\_��bIOiGIE�YK^_SVU�OMY à ^_S�GRQsSVU�O8JPOMQ�SNOMY�FHL�OiSN\9SVU�OiENSVYN\]Q!oXSNOMd�WqOMYK^_SVL!YNO�opYK^]FHGIOMQ�S�����U�O
YNOPEVL!bRS¨\_t�F!\]L!�!bRGRQ!o�SVU�O�U�O�^_SVGRQ!o�Wq\�§¨OMY¨GIEw^_bIEN\lGRbRbRL�EVSVYK^_SNOPF�GRQX��opL!YNON/H�÷/BGRQXYNOPFz²«��U�O�SNOMd�WqOMYK^_SVL!YNO
opbI\]�<^_bRbR�eGRQ�JMYNO�^]ENOPE�`[�!L!S�SVU�OlEVU<^_WqOB\_t°SVU�OBSNOMd�W�OMYK^_SVL!YNOlW!YN\_��bIO�YNOMda^_GRQ�E�SVU�OBE�^_dXOp����U�OBF!OMQ�ENGRS��
W!YN\_��bIOp`!GRQ/JP\]Q�SVYK^]EVS�` à ^_SVSNOMQ�E�^_Q�F¡OMZfOMQs��OPJP\]dXOPE�EVbRGRopU�SVbR�7U�\]bRbI\�§ GRQ¡SVU�OiJPOMQ�SVYK^_b	YNOMopGI\]Q	����U!GIE�GIE
^�ZfOMYV�XEVGRd�W!bIO�Q�L!dXOMYVGIJ�^_bqdX\[F!OMb<§�GRSVUeEVSK^_SVGIJ�SVYK^_Q�EVWq\]YVS�JP\�O%ÆaJMGIOMQ�SNE�`[§�U!GIJNUe§¨\]L!bIF�`�t \]YwO�!^_d�W!bIOp`
t�^_GRb�SN\8W!YN\[FHL�JPOlEVSVGu��SNOMd�W�OMYK^_SVL!YNOlW!YN\_��bIOPE�GRQ¡J�^]EKO�\_t�\_�q��^�HGIE¨U�O�^_SVGRQ!o��w��Q/^]F!FHGRSVGI\]Q	`HSVU�OMYNOBGIE�Q�\
dXOPJKU<^_Q!GIEVd �!L!GRbRSlGRQ'§�U!GIJNUªOMQ�EVL!YNOPElSVU<^_SiF!OMQ�EVGRS��W!YN\_��bIOPElU<^�ZfO9ã�OMYN\¡F!OMYVGRZ]^_SVGRZfO9GRQ¢SVU�O�JPOMQ�SNOMY��
��L!SiQ�OMZfOMYVSVU�OMbIOPENE�`°SVU�O�J�^_bIJML!bc^_SNOPFªO���OPJMS�\_t¨GRQ�JMYNO�^]ENOPFªJPOMQ�SVYK^_b�U�O�^_SVGRQ!o/W�\�§�OMY8\]Q'SNOMd�WqOMYK^_SVL!YNO
^_Q�F/F!OMQ�ENGRS��¡W!YN\_��bIOiGIE�GRQ�£�L<^_bRGRSK^_SVGRZfO8^_opYNOPOMdXOMQ�S�§�GRSVU/SVU�OiO�HW�OMYVGRdXOMQ�SNE��
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/H�Rá�ä1GRbRbRL�EVSVYK^_SNOPE�����U�OlYK^]FHGc^_b	F!OMWqOMQ�F!OMQ�JPOi\_t«SVU�OiEVGRd8L!bc^_SNOPF/U��HEVSNOMYNOPEVGIE�JML!YVZfOlGIE�EVU�\�§�QsGRQ7��opL!YNO
/H�Rá é �

�)GRSVUªSVU!GIE�EVGRd�W!bIOXQ�L!dXOMYVGIJ�^_bwdX\[F!OMb�`	GRSiU<^]E8�qOPOMQªENU�\�§�QªSVU<^_S�SVU�O�\[JPJML!YVYNOMQ�JPOa\_t�^eU��HEVSNOMYNOPEVGIE
JML!YVZfO�GRQ9SVU�OU\ Û n Ä Û FHGc^_opYK^_d-GRQ9YNOPEVW�\]Q�ENO�SN\lEVL�F!F!OMQXJNU<^_Q!ofOPE¨\_t·SVU�O�JPOMQ�SVYK^_b�U�O�^_SVGRQ!o�W�\�§¨OMY¨J�^_Q
��OwYNOMW!YN\[FHL�JPOPF�\]Q1SVU�O¨�<^]ENGIE«\_t·SVU�O¨SVYK^_Q�ENWq\]YVS�OP£�L<^_SVGI\]Q�E�Ø äH�Rá�Ü«^_Q�FsØ äH�ëäfÜ°GRQ1JKU<^_W!SNOMYwäH`pOMZfOMQ9§�GRSVU
EVSK^_SVGIJBSVYK^_Q�EVW�\]YVS�JP\�O%ÆaJMGIOMQ�SNE�����QaSVU<^_S�J�^]ENOp`�SVU�OBJP\]L!W!bRGRQ!o9��OMS�§�OPOMQ¡F!OMQ�ENGRS��e^_Q�F7SNOMd�W�OMYK^_SVL!YNOlGIE
W!YN\�Z�GIF!OPFC���lSVU�O�SVU�OMYVdX\[FHGu�qL�ENGI\]QCJP\[O%ÆaJMGIOMQ�S� ª �°D�bRSNOMYVQ<^_SVGRZfOMbR�f`]^�F!OMWqOMQ�F!OMQ�JPO�\_t[SVU�OwSVYK^_Q�EVW�\]YVS
JP\[O%ÆaJMGIOMQ�SNEs\]Q�SNOMd�WqOMYK^_SVL!YNO¥Ø�\]YaSNOMd�W�OMYK^_SVL!YNOropYK^]FHGIOMQ�S�Ü7J�^_Q)�qO�GRQ�SVYN\[FHL�JPOPF�`����¥§�U!GIJKU»\]Q�O
\]�!SK^_GRQ�E�^Bbc^_YVofO�Q�L!dC�qOMY�\_t�F!OMopYNOPOPE�\_tqt�YNOPOPF!\]d;t�\]Y�dX\[F!OMbRGRQ!o�����S«U<^]Ew�qOPOMQXENU�\�§�QXSVU<^_S����CL�ENGRQ!o
^8SNOMd�WqOMYK^_SVL!YNO���F!OMW�OMQ�F!OMQ�S�^_Q�F7YK^]FHGRL�E���F!OMW�OMQ�F!OMQ�S�GRQ�§�^_YNFeW!GRQ�JNUsJP\[O%ÆaJMGIOMQ�S ß ¨ i ß ¨ kñÄ fDâQs¨^_Q�F



/H� é �+��L!dXOMYVGIJ�^_b�EVGRd8L!bc^_SVGI\]Qr\_t�F!OMQ�EVGRS��/^_Q�FsSNOMd�WqOMYK^_SVL!YNO�W!YN\_��bIO á�â�8
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Temperature [a.u.]
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Temperature [a.u.]

r/a=0.25
r/a=0.4
r/a=0.5
r/a=0.6
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ápá�â /H�¥D�Q<^_bR�HEVGIE�\_t�SVU�OlYNOPEVL!bRSNE

Q�OMopbIOPJMSVGRQ!o¡SVU�O�SVU�OMYVdX\[FHGu��L�EVGI\]Q¢SNOMYVd/`q^XdX\]YNO8YNO�^_bRGIEVSVGIJCF!OPENJMYVGRW!SVGI\]Q'\_t�SVU�OCO�HWqOMYVGRdXOMQ�SK^_b�F�^_SK^
SVU<^_Qg§�GRSVUgEVSK^_SVGIJaJP\[O%ÆaJMGIOMQ�SNE�J�^_QT�qOe^]JNU!GIOMZfOPFz²7��U�O7EVU<^_W�Oe\_t�SVU�OaU��[EVSNOMYNOPENGIE8bI\[\]WTF!OMbRGRZfOMYNOPF
���¥SVU�OEVGRdCL!bc^_SVGI\]Q�GIE7JP\]Q�EVGIEVSNOMQ�S7§�GRSVU)SVU�O�O�HWqOMYVGRdXOMQ�SNE�`�GRSNEaYK^]FHGc^_bBF!OMW�OMQ�F!OMQ�JPO�GIE7JP\]YVYNOPJMSVbR�
YNOMW!YN\[FHL�JPOPF1^_Q�FC^�Z]^_YVGc^_SVGI\]Q1\_t[SVU�O�^_YNO�^�OMQ�JMbI\pENOPF8���lSVU�O�bI\[\]W�GIE	W!YNOPFHGIJMSNOPF8§�U�OMQ8SVU�O�W<^_YK^_dXOMSNOMYNE©®^_Q�FîO�JKU<^_Q!ofOp�
��U!GIEibIO�^]F!E�SN\7SVU�O�JP\]Q�JMbRL�ENGI\]QªSVU<^_SiSVU�O�^_Q<^_bR�[EVGIE8\_t¨SVU�O1SVYK^_Q�EVGIOMQ�S8�qOMU<^�Z�GI\]Y�GRQ'F!OMQ�EVGRS��W!L!d�WH�
\]L!SaO�HW�OMYVGRdXOMQ�SNEXJ�^_Q+W!YN\�Z�GIF!O/dX\]YNO¡GRQHt�\]YVda^_SVGI\]Q)\]Q¥SVU�O¡YK^_SVGI\ª\_t�SVU�OsSVYK^_Q�ENWq\]YVSXJP\[O%ÆaJMGIOMQ�SNE
^_Q�F�SVU�OMGRY7F!OMW�OMQ�F!OMQ�JPO\]Q)bI\[J�^_b�£�L<^_Q�SVGRSVGIOPEeEVL�JNU»^]EXSNOMd�W�OMYK^_SVL!YNOrSVU<^_Qª��L�EVSe^~EVSVL�FH�¥\_t�SVU�O
EVSK^_SVGI\]Q<^_YV�rF!OMQ�EVGRS��r^_Q�F�SNOMd�W�OMYK^_SVL!YNO1W!YN\_��bIOPE������sW�OMY�t�\]YVd�GRQ!o¡£�L<^_Q�SVGRSK^_SVGRZfO�EVGRdCL!bc^_SVGI\]Q�El§�GRSVU
dX\]YNO'^]FHZp^_Q�JPOPF#SVYK^_Q�EVW�\]YVS¡JP\�F!OPE¡EVL�JKUÝ^]E7SVU�ODih[�y<�DÀó�W<^]JK�]^_ofOp`�GRSeEVU�\]L!bIF���O�W�\pENEVGR�!bIO�SN\
YNOMW!YN\[FHL�JPO¢SVU�Orbc^_YVofOZp^_YVGIOMS��)\_tCJML!YVZfOPE¡GRQ���opL!YNO�/H�ÛÚT^_Q�F)o�^_GRQ ^ªdX\]YNO¢F!OMSK^_GRbIOPFÝW!GIJMSVL!YNO¢\_t
SVU�O�L!Q�F!OMYVbR��GRQ!o1SVYK^_Q�EVW�\]YVSwW!U�OMQ�\]dXOMQ<^H�w©B\�§�OMZfOMY�`[§�GRSVU!GRQaSVU�OBENJP\]WqO�\_t�SVU!GIE¨SVU�OPEVGIE�`�§�U�\pENO�da^_GRQ
t \�JML�E�§�^]E�\]Q1SVU�O¨F!OMdX\]Q�ENSVYK^_SVGI\]QX\_t�YNO�^_bu��SVGRdXO�JP\]Q�SVYN\]b�\_t�SVU�O¨F!OMQ�ENGRS���W!YN\_��bIOp`]GRS«§�^]E«Q�\]S«Wq\pENENGR�!bIO
SN\XJ�^_YVYV�¡\]L!S�EVGRdCL!bc^_SVGI\]Q�E�§�GRSVU�SVU!GIE�d8L�JKU�dX\]YNO�JP\]d�W!bIO�/JP\[F!Op�

ôDõ fe� _ i úF� ümb,ö#þ_û�� ùEi«d _ p4÷,ø+ú�ø^û�v _ p�� õ ø°ú�ýºþ_û®üºû



ù ú�4�û û üþýCA üÂÿ�� � ���Ú¡o� ���
��Q¡SVU!GIE�SVU�OPEVGIE�§�\]YV�q`�GRS�U<^]E��qOPOMQ/O�HW�OMYVGRdXOMQ�SK^_bRbR�sF!OMdX\]Q�EVSVYK^_SNOPFsSVU<^_S�SVU�O�ENU<^_WqOl\_t�SVU�OlW!bc^]EVda^
F!OMQ�EVGRS��lW!YN\_��bIO�GRQ8Dih[jlk�m n W!opYK^]F!O�FHGIEKJNU<^_YVofOPE«J�^_Q��qO�^]JMSVGRZfOMbR�iJP\]Q�SVYN\]bRbIOPF8§�GRSVUC^¨t OPOPFH�<^]JN�lbI\[\]W
GRQ�§�U!GIJNUrSVU�OC^]JMSVL<^_SN\]YBGIE�JPOMQ�SVYK^_b�OMbIOPJMSVYN\]QrJM�HJMbI\]SVYN\]QYNOPEK\]Q<^_Q�JPO�U�O�^_SVGRQ!o'Ø�k¨�)<�©iÜ��<jlOMW�OMQ�FHGRQ!o
\]QeSVU�OlW!bc^]ENda^1W<^_YK^_dXOMSNOMYNE�`!W�O�^_��GRQ!o�\]Y à ^_SVSNOMQ!GRQ!oa\_t«SVU�O�W!YN\_��bIO8J�^_Qs�qOi^]JNU!GIOMZfOPF��¨��U!GIE�GIE�SVU�O
��YNEVS�F!OMdX\]Q�EVSVYK^_SVGI\]Q�\_t!t OPOPFH�<^]JN��W!YN\_��bIO�JP\]Q�SVYN\]bHGRQ9Dlh[jlk�m n W!opYK^]F!O�^_Q�F8W!YN\�Z�GIF!OPE«SVU�O¨�<^]EVGIE	t \]Y
\]SVU�OMY�t�OPOPFH�<^]JK�eW�\pENEVGR�!GRbRGRSVGIOPE�GRQsSVU�OBtvL!SVL!YNOp����U�OiYNOP£�L!GRYNOMdXOMQ�SNE�t�\]Y�ENL�JPJPOPENE�t�L!b·t OPOPFH�<^]JN�sJP\]Q�SVYN\]b
^_YNO�²

³ DîYNOMbRGc^_�!bIO�F!OMQ�EVGRS��¡dXO�^]EVL!YNOMdXOMQ�S
³ ¤<^]EVS�J�^_bIJML!bc^_SVGI\]Q¢\_t�SVU�OiF!OMQ�EVGRS��¡W!YN\_��bIO
³ DîYNO�^_bu��SVGRdXOida^_opQ�OMSVGIJ8OP£�L!GRbRGR�!YVGRL!d
³ <�O�^_bu��SVGRdXO8F�^_SK^9SVYK^_Q�E�t OMY�SN\�SVU�O�JP\]Q�SVYN\]b�EV�[ENSNOMd
³ D�Q�^]JMSVL<^_SN\]Y�J�^_W<^_�!bIO�\_t�dX\�FHGut��[GRQ!o�SVU�O�F!OMQ�EVGRS��¡W!YN\_��bIO

��U�O���YNEVS9EVSNOMW�\]QTSVU�OX§�^P�ªSN\�t OPOPFH�<^]JN�~JP\]Q�SVYN\]b�§�^]E1SVU�OaJMYNO�^_SVGI\]Q¥\_t�SVU�OXSNOPJKU!Q!GIJ�^_b��<^]EVGIE�t \]Y
SVU�O9YNO�^_bu��SVGRdXOXJ�^_bIJML!bc^_SVGI\]Q�\_t�SVU�O�F!OMQ�EVGRS��¢W!YN\_��bIOp����U!GIEiW!YN\_��bIOXGIE�J�^_bIJML!bc^_SNOPF¢t�YN\]d¬SVU�Oa×ebRGRQ�O��
GRQ�SNOMopYK^_SNOPF¯F!OMQ�ENGRS��ÝdXO�^]EVL!YNOMdXOMQ�SNE�W!YN\�Z[GIF!OPF ����SVU�OªENL!�H��d�GRbRbRGRdXOMSNOMY�GRQ�SNOMY�t OMYN\]dXOMSNOMY�`i§�U!GIJKU	`
U�\�§¨OMZfOMY�`�da^P�ª��O7^���OPJMSNOPFT���'dXO�^]EVL!YNOMdXOMQ�SXOMYVYN\]YNE�`�EN\_��J�^_bRbIOPF � tvYVGRQ!ofO8�ßL!d�W�E � ����U�OeF!OMZfOMbI\]WH�
dXOMQ�S7^_Q�F¥JP\]Q�EVSVYVL�JMSVGI\]Q)\_t�Q�OM§ YNO�^]F!\]L!S7OMbIOPJMSVYN\]Q!GIJPE�t \]Y�SVU�O¡GRQ�SNOMY�t OMYN\]dXOMSNOMYe^_bRbI\�§�OPF¥t \]Y�SVU�O
F!O���Q!GRSVGI\]Q/\_t�^8YNOMbRGc^_�!bIOlYNO�^_bu��SVGRdXO�F!OMSNOPJMSVGI\]Q/JMYVGRSNOMYVGI\]Q¡t�\]Y�t�YVGRQ!ofO¨�ßL!d�W�E�`[§�U!GIJKU�OMQ�EVL!YNOPE�SVU<^_S�Q�\
F!OMQ�EVGRS���W!YN\_��bIOBFHGIEVSN\]YVSNOPF7���aEVW!L!YVGI\]L�E�F!OMQ�EVGRS��aEVGRopQ<^_bIE¨GIEwL�ENOPFXt�\]Ywt�OPOPFH�<^]JK�aJP\]Q�SVYN\]b��w��U�O�t�^]EVSNOMY
YNOPEVWq\]Q�EKOX\_t�SVU�OaQ�OM§�OMbIOPJMSVYN\]Q!GIJPE1SN\sYK^_W!GIF~JKU<^_Q!ofOPEC\_t�F!OMQ�EVGRS��~^_bIEN\sW!YN\�Z�GIF!OPECQ�OM§�\]W!W�\]YVSVL!Q!Gu�
SVGIOPE�`�EVL�JKU¡^]E¨SVU�O�\]��EKOMYVZ]^_SVGI\]Q¡\_t	EK^P§�SN\[\]SVU7GRQ�ENSK^_�!GRbRGRSVGIOPE�^_Q�FaSVU�OMGRY¨W!YNOPJML!YNEK\]Y�\pENJMGRbRbc^_SVGI\]Q�E�����U!GIE�`
U�\�§¨OMZfOMY�`<§�^]E�Q�\]S�GRQ�ZfOPEVSVGRo�^_SNOPF�GRQsdX\]YNO�F!OMSK^_GRb°U�OMYNOp�
D�Q�\]SVU�OMY1da^���\]YCW<^_YVS1\_t�SVU!GIEC§¨\]YV�~§�^]E1SVU�OaF!OMZfOMbI\]W!dXOMQ�SX\_t�^¡t�^]EVS8�!L!S9EVLMÆaJMGIOMQ�SVbR�T^]JPJML!YK^_SNO
JP\]d�W!L!SNOMY¨^_bRof\]YVGRSVU!d�§�U!GIJKUaJ�^_bIJML!bc^_SNOPE�SVU�O�F!OMQ�EVGRS��9W!YN\_��bIO�tvYN\]d;SVU�O�×BbRGRQ�O���GRQ�SNOMopYK^_SNOPFXdXO�^]ENL!YNO��
dXOMQ�SNE�`!SK^_�[GRQ!oXGRQ�SN\a^]JPJP\]L!Q�SBSVU�Olda^_opQ�OMSVGIJ8OP£�L!GRbRGR�!YVGRL!d/�¨��U�O8F!OMQ�EVGRS��¡W!YN\_��bIOiGIE�W<^_YK^_dXOMSNOMYVGRã�OPF
^]E�^�t \]L!YVSVU�F!OMopYNOPO�Wq\]bR�[Q�\]d�Gc^_b�\_t<SVU�O�Q�\]YVda^_bRGRã�OPF�W�\]bI\]GIF�^_b à LH1YK^]FHGRL�E�`�^_Q�F1SVU�O�bRGRQ�O���GRQ�SNOMopYK^_SNOPF
F!OMQ�EVGRSVGIOPE�^_bI\]Q!olSVU�O�×�bRGRQ�OPE�\_t�EVGRopU�S�^_YNO�J�^_bIJML!bc^_SNOPFa^]E�^�tvL!Q�JMSVGI\]QX\_t<SVU�O�W�\]bR��Q�\]d�Gc^_b�JP\[O%ÆaJMGIOMQ�SNE��
��U�O8ENOMS�\_t�JP\[O%ÆaJMGIOMQ�SNEBSVU<^_SBW!YN\�Z[GIF!OPE���OPEVS�JP\]Q�EVGIENSNOMQ�JM�s§�GRSVU�SVU�O�dXO�^]ENL!YNOMdXOMQ�SlGIE�SVU�OMQrF!OMSNOMY��
d�GRQ�OPF7Z[Gc^8bIO�^]EVS�EN£�L<^_YNOPE�^_W!W!YN\�[GRda^_SVGI\]Q	��;�Q7SVU�Ol\]Q�OBU<^_Q�F�`HSVU�O�Q�L!dXOMYVGIJ�^_b°JP\]d�W!bIO�HGRS��7\_t�SVU!GIE
^_bRof\]YVGRSVU!d §�^]E8�fOMW!S8bI\�§�SN\sYVL!QªGRQ~YNO�^_bu��SVGRdXO7\]QªW!YNOPEKOMQ�S���F�^P��JP\]d�W!L!SNOMYNEeØ�JP\]d�W!L!SK^_SVGI\]QTSVGRdXO
� á�dXE�Ü�`	^_Q�F¢\]Q'SVU�O1\]SVU�OMYlU<^_Q�F�`�SVU�O1YNOPEVL!bRSVGRQ!o/F!OMQ�ENGRS���W!YN\_��bIOPEC^_YNOCGRQ¢of\[\�F'^_opYNOPOMdXOMQ�S�§�GRSVU
W!YN\_��bIOPE8J�^_bIJML!bc^_SNOPFª���'dX\]YNOXJP\]d�W!bIO�~\_¦XGRQ�Oa^_bRof\]YVGRSVU!dXE��¡D�tvSNOMY�EKOMSVSVGRQ!o�L!W�^¡YNO�^_bu��SVGRdXO7F�^_SK^
Q�OMS�§¨\]YV�~§�U!GIJNU¥^_bRbI\�§�ECt�\]YCSVU�OaJP\]d�dCL!Q!GIJ�^_SVGI\]Qg\_t�SVU�O7F!OMQ�EVGRS��~W!YN\_��bIOXSN\/SVU�O7JP\]Q�SVYN\]b�EV�HEVSNOMd

ápápá



ápá�ä 8H�#h�L!d�da^_YV�/^_Q�F0;�L!SVbI\�\]�

FHL!YVGRQ!o/SVU�O9FHGIENJKU<^_YVofOp`°O�HWqOMYVGRdXOMQ�SNEit \]YlYNO�^_bu��SVGRdXOXJP\]Q�SVYN\]bw\_t�SVU�O9F!OMQ�EVGRS��rW!YN\_��bIO�§¨OMYNO�J�^_YVYVGIOPF
\]L!S���¤!YN\]d{SVU�O8F!OMQ�EVGRS��sW!YN\_��bIOp`<§�U!GIJKU�§�^]EBJ�^_bIJML!bc^_SNOPFrO�^]JNU�d�GRbRbRGIEKOPJP\]Q�F�`q^aENJ�^_bc^_Y�W�O�^_��GRQ!o7W<^��
YK^_dXOMSNOMY�§�^]E�F!OMYVGRZfOPF^_Q�FsL�ENOPF/^]E�GRQ!W!L!S�SN\7^Ct�OPOPFH�<^]JK�¡JP\]Q�SVYN\]b°bI\[\]W	�
DBE1^_Q¥^]JMSVL<^_SN\]Y1t�\]Y1dX\[FHGutv�[GRQ!o�SVU�OeEVU<^_W�O7\_t�SVU�OeF!OMQ�EVGRS���W!YN\_��bIOp`�JPOMQ�SVYK^_b�OMbIOPJMSVYN\]Q¥JM�[JMbI\]SVYN\]Q
YNOPEN\]Q<^_Q�JPOaU�O�^_SVGRQ!oTØ�k¨�)<�©lÜ�§�^]E�L�ENOPF��a��Q'W!YNOMW<^_YK^_SN\]YV�ªO�HWqOMYVGRdXOMQ�SNE�`�SVU�OXO���OPJMSC\_t�SVU!GIE8U�O�^_S
EN\]L!YNJPOe\]QTSVU�OXW!YN\_��bIO7§�^]E9O�[W!bI\]YNOPF�§�GRSVU¥^sW!YNO���W!YN\]opYK^_d�dXOPFgU�O�^_SVGRQ!o¢W<^_SVSNOMYVQ�SN\rF!O���Q�O7SVU�O
\]W�OMYK^_SVGI\]Q<^_b�§�GRQ�F!\�§�t�\]YlSVU�O1t OPOPFH�<^]JN�¢JP\]Q�SVYN\]b�O�[W�OMYVGRdXOMQ�SNE��9��Sl§�^]Elt \]L!Q�F¢SVU<^_S�JPOMQ�SVYK^_b�OMbIOPJ��
SVYN\]Q�U�O�^_SVGRQ!oYNOMbRGc^_�!bR�~^_Q�F~YNOMW!YN\�FHL�JMGR�!bR�~J�^_L�EKOPEC^sYNOPFHL�JMSVGI\]Qg\_t�SVU�OaJP\]YNO7F!OMQ�EVGRS��~^_Q�F~SVU�L�E9^
à ^_SVSNOMQ!GRQ!os\_t�SVU�O8F!OMQ�EVGRS��/W!YN\_��bIOCGRQ�bI\�§5F!OMQ�EVGRS��í���dX\�F!OCFHGIENJNU<^_YVofOPE�`·§�U!GIJKU	`q^]JPJP\]YNFHGRQ!o¡SN\aSVU�O
bRGRSNOMYK^_SVL!YNOp`	JP\]GRQ�JMGIF!OPEB§�GRSVUª^aSVYK^_W!WqOPFrOMbIOPJMSVYN\]Q¢dX\�F!OsØ���k��'Ü���OMGRQ!oeSVU�O1F!\]d�GRQ<^_Q�SlGRQ�EVSK^_�!GRbRGRS��f�
�)U�OMQ8of\]GRQ!oBSN\�U!GRopU�OMY«JP\]bRbRGIEVGI\]Q<^_bRGRS��f`p§�U!GIJKUCGIE«^]JPJP\]d�W<^_Q!GIOPF1���8^�SVYK^_Q�ENGRSVGI\]Q8SN\�^�W!bc^]EVda^�YNOMopGRdXO
§�U�OMYNO8^_QsGI\]QsSNOMd�W�OMYK^_SVL!YNOiopYK^]FHGIOMQ�SCØ����+A8Ü¨dX\�F!OiF!\]d�GRQ<^_SNOPE�`�SVU�OiO���OPJMS���OPJP\]dXOPE�§¨O�^_�fOMYB^_Q�F
��Q<^_bRbR��YNOMZfOMYNENOPE�EVGRopQ	`�da^_�[GRQ!o¢SVU�O7W!YN\_��bIOedX\]YNO¡W�O�^_�fOPF��'D���\�ZfOs^rJPOMYVSK^_GRQgWq\�§¨OMY�SVU!YNOPEVU�\]bIF�`
JPOMQ�SVYK^_b�U�O�^_SVGRQ!oeSVYVGRopofOMYNEB^XSVYK^_Q�EVGRSVGI\]Q�SN\aU!GRopUJP\]QH��Q�OMdXOMQ�SBdX\[F!OaØ�©���dX\�F!O�Ü�`·§�U!GIJNUrYNOPEVL!bRSNE�GRQ
^ à ^_SVSNOMQ!GRQ!o~\_t�SVU�O¡W!YN\_��bIOs^_Q�FgSVU�L�E�OMQ!U<^_Q�JPOPEX\]Y9§¨O�^_�fOMQ�E�SVU�O¡GRQ!GRSVGc^_b�O���OPJMS�`wF!OMW�OMQ�FHGRQ!oª\]Q
W!bc^]EVda^/W<^_YK^_dXOMSNOMYNE��p;�QªSVU!GIE��<^]ENGIE�`�t OPOPFH�<^]JN�ªJP\]Q�SVYN\]b�\_t�SVU�OaF!OMQ�EVGRS��¢W!YN\_��bIOXGRQ~í���dX\[F!OaFHGIEV�
JKU<^_YVofOPEw§�^]E¨EVL�JPJPOPEKE�tvL!bRbR�9F!OMdX\]Q�EVSVYK^_SNOPF�����U�O�^]JNU!GIOMZp^_�!bIOB^_dX\]L!Q�S¨\_t à ^_SVSNOMQ!GRQ!o8§�^]EwbRGRd�GRSNOPFa���
SVU�O8^�Z]^_GRbc^_�!bIOCk¨�)<�©îW�\�§¨OMYB\_t�áp�ë×T�0���
D�bIEN\9GRQ�©���dX\�F!Op`<O�[W�OMYVGRdXOMQ�SNE�§¨OMYNO8J�^_YVYVGIOPF�\]L!S�����QsbRGRSNOMYK^_SVL!YNOp`·W<^]EVS�O�HWqOMYVGRdXOMQ�SNE�\]Q�Dih[jlk�m
n W!opYK^]F!Oa^_YNO�YNOMW�\]YVSNOPF'GRQª§�U!GIJKUT^ à ^_SVSNOMQ!GRQ!o\_t�SVU�OXF!OMQ�EVGRS��W!YN\_��bIOa���¢k¨�)<�©%§�^]E8^]JNU!GIOMZfOPF
GRQ¡bI\�§���F!OMQ�ENGRS��¡©���dX\[F!OlFHGIENJNU<^_YVofOPE���©B\�§�OMZfOMY�`!GRS�§�^]E¨t \]L!Q�F7SVU<^_S�EVL�JKUsO�[W�OMYVGRdXOMQ�SNE�J�^_Q!Q�\]S���O
YNOMW!YN\[FHL�JPOPF¥^_SCW!YNOPENOMQ�S�`w^]E1SVU�OaGRQ�ENSK^_bRbc^_SVGI\]Qg\_t�^_Q¥^_bRbu��SVL!Q!ofEVSNOMQT��YNEVS1§�^_bRb�W!YNOMZfOMQ�SNE�\]Q�Oat�YN\]d
^]JPJPOPENENGRQ!o�SVU�Oa\]W�OMYK^_SVGI\]Q<^_b�YNOMopGRdXOX§�GRSVU~bI\�§ JP\]bRbRGIEVGI\]Q<^_bRGRS��ªYNOP£�L!GRYNOPF't \]YCEVL�JKU
	�W!L!d�WH��\]L!S�	aO�[�
W�OMYVGRdXOMQ�SNE��9©B\�§�OMZfOMY�`�^eENOMSi\_t¨W!bc^]EVda^eW<^_YK^_dXOMSNOMYNE�GRQ¢©���dX\[F!O�JP\]L!bIF¢�qO1GIF!OMQ�SVGu�<OPF't�\]Yl§�U!GIJNU
JPOMQ�SVYK^_b�U�O�^_SVGRQ!o'GRQ�JMYNO�^]ENOPE�SVU�OeW�O�^_��GRQ!o'\_t�SVU�OsF!OMQ�ENGRS��~W!YN\_��bIOp�T��U<^_S�§�^��f`�t OPOPFH�<^]JN�gJP\]Q�SVYN\]b
JP\]L!bIF#^_bIEK\¢�qO¡W�OMY�t�\]YVdXOPF+GRQ+©���dX\[F!Op�¥D�bRb�GRQ#^_bRb�`¨GRS�U<^]E���OPOMQ+EVU�\�§�Q#SVU<^_Sa^]JMSVGRZfO¡t�OPOPFH�<^]JK�
JP\]Q�SVYN\]b«GIE�W�\pENEVGR�!bIO8^_Q�FSVU�O8F!OMQ�EVGRS��/W!YN\_��bIO1J�^_Q���OC^]F_��L�EVSNOPF/SN\aSVU�O8F!OPEVGRYNOPFrEVU<^_W�O�§�GRSVU!GRQrSVU�O
J�^_W<^_�!GRbRGRSVGIOPE�\_t�SVU�Ol^]JMSVL<^_SN\]Y���D�Q7L!Q<^PZf\]GIF�^_�!bIOlENOPJP\]Q�F�^_YV�aO���OPJMS¨\_t°F!OMQ�EVGRS���W!YN\_��bIO�JP\]Q�SVYN\]b�§�GRSVU
k¨�)<�©C`�U�\�§¨OMZfOMY�`<GIE�^9Zp^_YVGc^_SVGI\]Q�\_t�SVU�OlSNOMd�WqOMYK^_SVL!YNO8W!YN\_��bIOp�
jBL�OeSN\�SVU�Oebc^_YVofOeQ�L!dC�qOMY�\_t�k��)<�© W!L!bIENOPE�`�SVU�O7W!YNOMW<^_YK^_SN\]YV�TO�[W�OMYVGRdXOMQ�SNE9W!YN\�Z�GIF!OPF+^�ZfOMYV�
of\[\�F¡�<^]ENGIE�t�\]Y�W<^_YVSVGIJMbIOiSVYK^_Q�ENWq\]YVS�ENSVL�FHGIOPE�`�^]E�SVU�OiSVYK^_Q�EVGIOMQ�S��qOMU<^�Z�GI\]Y�\_t�SVU�O�F!OMQ�EVGRS��7W!YN\_��bIO�GRQ
YNOPEVW�\]Q�ENO�SN\1SVU�O�U�O�^_SVGRQ!o�W!L!bIENOPE�JP\]L!bIFe��O�GRQ�ZfOPEVSVGRo�^_SNOPF��w��U!GIE�^_Q<^_bR�HEVGIE�YNOMZfO�^_bIOPF7SVU<^_S�OPEVW�OPJMGc^_bRbR�
^_S�d�GIF[��YK^]FHGRL�E�`[SVU�O�F!OMQ�ENGRS���YNOPEVW�\]Q�F!EwdX\]YNOBEVbI\�§�bR�XSN\8EVSNOMW�E¨GRQeSVU�O�^_W!W!bRGIOPFeU�O�^_SVGRQ!oCW�\�§�OMY�SVU<^_Q
SVU�O1SNOMd�W�OMYK^_SVL!YNOp`�YNOPEVL!bRSVGRQ!o¡GRQ¢^aU��HEVSNOMYNOPEVGIEiJML!YVZfO1GRQrSVU�O9F!OMQ�EVGRS�����SNOMd�WqOMYK^_SVL!YNO�FHGc^_opYK^_d/�8��U�O
EVU<^_W�Oa\_t�SVU!GIE1JML!YVZfOp`�SVU�O7^_YNO�^�OMQ�JMbI\pENOPF~���'GRS1^_Q�F~SVU�OaFHGRYNOPJMSVGI\]QTGRQ~§�U!GIJNUTGRS8GIECYVL!Q~SVU!YN\]L!opU
F!OMW�OMQ�F!E�\]QSVU�O8W!bc^]ENda^�W<^_YK^_dXOMSNOMYNEi^_Q�F/SVU�O8YK^]FHGc^_b�W�\pEVGRSVGI\]Q	��D5bc^_YVofO8Zp^_YVGIOMS��/\_t�EVL�JKUrJML!YVZfOPE
§�^]E�\]��ENOMYVZfOPFsGRQ�SVU�OiO�[W�OMYVGRdXOMQ�SNE��
D%EVGRd�W!bIO�\]Q�O���FHGRdXOMQ�EVGI\]Q<^_b¨Q�L!dXOMYVGIJ�^_bwSVYK^_Q�ENWq\]YVSidX\[F!OMb�U<^]Ei��OPOMQªF!OMZfOMbI\]WqOPF�`°§�U!GIJNUªGRQ�JMbRL�F!OPE
SVU�OCda^_GRQ'JNU<^_YK^]JMSNOMYVGIEVSVGIJPEi\_twU�O�^_Si^_Q�FW<^_YVSVGIJMbIOCSVYK^_Q�ENWq\]YVS��B��SB§�^]ElEVU�\�§�Q¢SVU<^_S�SVU�O1\�JPJML!YVYNOMQ�JPO
\_t�^eU��HEVSNOMYNOPEVGIE8bI\�\]W'GRQ'SVU�OXF!OMQ�ENGRS�����SNOMd�WqOMYK^_SVL!YNO7FHGc^_opYK^_d J�^_Q'��O�EVGRd8L!bc^_SNOPF�\]Q'SVU�O��<^]EVGIEi\_t
SVU�OSVYK^_Q�EVW�\]YVS7OP£�L<^_SVGI\]Q�Eat \]YXU�O�^_Ss^_Q�F+W<^_YVSVGIJMbIOPEs^_bRYNO�^]FH�+§�GRSVUÝ^ªENOMSe\_tiJP\]Q�ENSK^_Q�S¡SVYK^_Q�EVW�\]YVS
JP\[O%ÆaJMGIOMQ�SNE��»©B\�§�OMZfOMY�`����#^]ENENL!d�GRQ!oªSVU<^_SaSVU�O/JP\]L!W!bRGRQ!oT��OMS�§¨OPOMQ�SNOMd�WqOMYK^_SVL!YNO¢^_Q�F#F!OMQ�ENGRS��
W!YN\_��bIO�GIE�W!YN\�Z[GIF!OPF7���X^lSNOMd�W�OMYK^_SVL!YNO���F!OMWqOMQ�F!OMQ�S�GRQ�§�^_YNFeJP\]Q�ZfOPJMSVGI\]QeSNOMYVd/`H^lU��HEVSNOMYNOPEVGIEwbI\�\]W7GIE
EVGRdCL!bc^_SNOPF�§�U�\pEKO�EVU<^_W�OiGIE�d8L�JKU��OMSVSNOMY�JP\]Q�EVGIENSNOMQ�S�§�GRSVU�SVU�O8O�HWqOMYVGRdXOMQ�SK^_b�\]��ENOMYVZp^_SVGI\]Q�E�����U�O
^_opYNOPOMdXOMQ�Sl\_t�EVGRdCL!bc^_SNOPFr^_Q�F�dXO�^]EVL!YNOPFrF!OMQ�EVGRS��sW!YN\_��bIOPE�`<SNOMd�WqOMYK^_SVL!YNOCW!YN\_��bIOPEl^_Q�F/U��HEVSNOMYNOPEVGIE
bI\[\]W�E�EVL!opofOPEVSNE�SVU<^_S8EVL�JNUT^eSNOMd�WqOMYK^_SVL!YNO7F!OMWqOMQ�F!OMQ�JPO7\_t�SVU�O�JP\]Q�ZfOPJMSVGI\]Q�ZfOMbI\[JMGRS��f`�§�U!GIJNUªU<^]E
��OPOMQ/W�\pEVSVL!bc^_SNOPFs���eSVU�OP\]YV�f`<O�HGIEVSNE��



ápá é

��U�Os§¨\]YV�¥W!YNOPENOMQ�SNOPF+U�OMYNO/J�^_Q��qOsO�HSNOMQ�F!OPF+GRQ#SVU�OsQ�O�^_YXt�L!SVL!YNO�^_bI\]Q!o~��\]SVU	`�SVU�OsSVYK^_Q�EVW�\]YVS
W!U��HEVGIJPElbRGRQ�OX^_Q�F¢SVU�O9YNO�^_bu��SVGRdXO�bRGRQ�Op�9��U�O9bc^_YVofO9Z]^_YVGIOMS��r\_t�U��HEVSNOMYNOPEVGIE�JML!YVZfOPE8\]��ENOMYVZfOPF¢GRQ'SVU�O
O�[W�OMYVGRdXOMQ�SNECF!OPENOMYVZfOPE8SN\/�qO�GRQ�ZfOPEVSVGRo�^_SNOPF�GRQªdX\]YNOXF!OMSK^_GRbw���ª^_W!W!bR��GRQ!odX\]YNOaJP\]d�W!bIO��`�£�L<^_QH�
SVGRSK^_SVGRZfO9SVYK^_Q�EVWq\]YVS�ENGRd8L!bc^_SVGI\]Q~JP\[F!OPEiEVL�JNU~^]EiDih[�y<�D1`�^]ElSVU!GIEiW!YN\]d�GIENOPElSN\¡W!YN\�Z�GIF!OX^¡F!OPOMW�OMY
GRQ�EVGRopU�S�GRQ�SN\CSVU�O�L!Q�F!OMYVbR�[GRQ!o1W!YN\�JPOPENEKOPE¨\_t	U�O�^_S�^_Q�FXW<^_YVSVGIJMbIOBSVYK^_Q�EVW�\]YVS�����Q¡^]F!FHGRSVGI\]Q	`[GRSwGIE�F!OPEVGRY��
^_�!bIOwSN\BW�OMY�t�\]YVd5op��YN\]�[GRQ�OMSVGIJ�J�^_bIJML!bc^_SVGI\]Q�E�\_t<SVL!YV�!L!bIOMQ�JPO�EVSK^_�!GRbRGRS��8SN\�GIF!OMQ�SVGut��8SVU�O¨dX\pEVS�L!Q�EVSK^_�!bIO
dX\�F!O�GRQ7SVU�O�O�HWqOMYVGRdXOMQ�SNE�`�OPENWqOPJMGc^_bRbR��SVU�O�YNOPENWqOPJMSVGRZfO�YN\]bIO�\_t	��k�� ^_Q�FX�ß�+A ^]Ew§¨OMbRb�^]E�W�\pENEVGR�!bIO
SVYK^_Q�EVGRSVGI\]Q�E�FHL!YVGRQ!oXSVU�O�U�O�^_SVGRQ!oXW!L!bIENOPE��
;�QeSVU�OiO�HW�OMYVGRdXOMQ�SK^_b�ENGIF!Op`�t�L!SVL!YNOiDih[jBk�m n W!opYK^]F!OiJ�^_d�W<^_GRopQ�E�§�GRbRb�W!YN\�Z�GIF!O�O�HSNOMQ�F!OPF¡W�\pENEVGu�
�!GRbRGRSVGIOPE�t \]Y�WqO�^_�[GRQ!o8JP\]Q�SVYN\]bq^]Ew^]F!FHGRSVGI\]Q<^_bqop��YN\]SVYN\]Q�E�^_YNO���OMGRQ!o�GRQ�EVSK^_bRbIOPF7^_Q�FXSVU�O�k¨�)<�©)W�\�§�OMY
bRGRd�GRSK^_SVGI\]Q�\_t�áp�ë×T�0� §�GRbRb	��OlGRQ�JMYNO�^]ENOPFsSN\9Ù��0� ���7SVU�O8OMQ�F/\_t�äpâHá�âH�
¤!L!YVSVU�OMYBF!OMZfOMbI\]W!dXOMQ�S�\_t�SVU�OC^_bRof\]YVGRSVU!d t \]Y�F!OMQ�EVGRS��/W!YN\_��bIOCJ�^_bIJML!bc^_SVGI\]Q'J�^_Q�qOCOMQ�Z[GIEK^_ofOPF���DBE
GRbRbRL�EVSVYK^_SNOPF�`«SVU�OXF!OMQ�EVGRS��'W!YN\_��bIOPECW!YN\�Z[GIF!OPF����¢SVU�OaJML!YVYNOMQ�SCYNO�^_bu��SVGRdXO¡^_bRof\]YVGRSVU!d da^_GRQ!bR�ªFHGu��OMY
tvYN\]dÁSVU�\pENOiJ�^_bIJML!bc^_SNOPFs���7dX\]YNOiJP\]d�W!bIO�/\_¦XGRQ�O�^_bRof\]YVGRSVU!dXE�GRQsSVU�OiOPFHofOlYNOMopGI\]Q	`!§�U!GIJNU�J�^_Qs��O
L!Q�F!OMYNEVSN\�\[F1t�YN\]d5SVU�O�t ^]JMS�SVU<^_S�SVU�O�\_¦XGRQ�O�JP\[F!OPEw^_bIEN\lGRQ�JMbRL�F!O�OPFHofO�FHGc^_opQ�\pENSVGIJPE�EVL�JNUe^]E�bRGRSVU!GRL!d
�qO�^_d{GRd�W<^]JMS�O�!JMGRSK^_SVGI\]QrEVW�OPJMSVYN\pENJP\]W��f����Q�SVU�O8Q�O�^_Y�tvL!SVL!YNOp`·§�U�OMQr^_bIEN\7OPFHofO8FHGc^_opQ�\pEVSVGIJPElEVL�JKU
^]E�SVU�OCdXOMQ�SVGI\]Q�OPFªbRGRSVU!GRL!d ��O�^_d¬FHGc^_opQ�\pEVSVGIJp`�SVU�O1YNO à OPJMSN\]dXOMSNOMY8^_Q�FrSVU�O1��U�\]dXEK\]Q¢EKJ�^_SVSNOMYVGRQ!o
FHGc^_opQ�\pEVSVGIJ8dXOPOMSlSVU�OCSNOPJNU!Q!GIJ�^_b�YNOP£�L!GRYNOMdXOMQ�SNEBt \]Y�YNO�^_bu��SVGRdXO�F�^_SK^aSVYK^_Q�E�t OMY�`<SVU�O�^_bRof\]YVGRSVU!d®da^P�
�qOiO�HSNOMQ�F!OPFsSN\9GRQ�JMbRL�F!OC^_bIEK\�OPFHofOidXO�^]EVL!YNOMdXOMQ�SNE��
��Q�^]F!FHGRSVGI\]Q	`�tvL!YVSVU�OMY9^_W!W!bRGIJ�^_SVGI\]Q�E�\_t�YNO�^_bu��SVGRdXO¡F!OMQ�EVGRS��'W!YN\_��bIO¡F!OMSNOMYVd�GRQ<^_SVGI\]QT��OPEVGIF!OPE1^]JMSVGRZfO
W!YN\_��bIO1JP\]Q�SVYN\]bw^_YNOCt�\]YNOPENOPOMQ	�g;�Q�O1\_t¨SVU�OMd®GIEBSVU�O9^]JMSVGRZfO�EVSK^_�!GRbRGRã�^_SVGI\]Q'\_t¨Q�OP\[JMbc^]ENEVGIJ�^_b«SNO�^_YVGRQ!o
dX\�F!OPE1Ø����y�rE�Ü�`·^Xda^_opQ�OMSN\_��U��HFHYN\�FH�[Q<^_d�GIJ1GRQ�EVSK^_�!GRbRGRS���§�U!GIJNU¢\�JPJML!YNEB\]Q à LH�EVL!Y�t�^]JPOPE�§�GRSVU¢^
YK^_SVGI\]Q<^_b°EK^�t OMS��et ^]JMSN\]Y Þ `HdX\pENS�tvYNOP£�L�OMQ�SVbR�/^_S Þ i}E q xa^_Q�F Þ i»x q ç ��DBE����y�rE�J�^_L�ENOC^1YNOPJP\]QH�Q�OPJMSVGI\]Qª\_t¨�<OMbIF¢bRGRQ�OPE8^_Q�F¢SVU�OMYNO�t \]YNOXF!OMSNOMYVGI\]YK^_SNO�SVU�OaJP\]QH��Q�OMdXOMQ�SC£�L<^_bRGRS��¢\_t¨SVU�OXW!bc^]EVda^s^_Q�F
SVU�L�E�SVU�O�t�L�EVGI\]QeWqOMY�t \]YVda^_Q�JPOB\_t«^lt�L!SVL!YNO�W�\�§�OMY�W!bc^_Q�S�`HGRS�GIE¨F!OPEVGRYK^_�!bIOBSN\CU<^PZfOi^iSN\[\]b·t�\]Y�^]JMSVGRZfO
���y�,EVSK^_�!GRbRGRã�^_SVGI\]Q	��h�SK^_�!GRbRGRã�^_SVGI\]QgJ�^_Q~��Oa^]JNU!GIOMZfOPF�§�GRSVU~SVU�OaU�OMbRW~\_t�SVU�Oak¨�)<�©ÁEV�[ENSNOMd ���
bI\�J�^_bRbR��FHYVGRZ[GRQ!o/^eJML!YVYNOMQ�S�\]Q¢SVU�O�^���OPJMSNOPF¢YK^_SVGI\]Q<^_b à LHENL!Y�t ^]JPOsØ�EN\_��J�^_bRbIOPF'OMbIOPJMSVYN\]Q'JM�HJMbI\]SVYN\]Q
JML!YVYNOMQ�SiFHYVGRZfO�Ü�����U!GIE�`<U�\�§¨OMZfOMY�`�YNOP£�L!GRYNOPE�W!YNOPJMGIEKOCEVSNOPOMYVGRQ!o¡\_t�SVU�O1k¨�)<�©�bc^_L!Q�JKU�OMY�EN\XSVU<^_SBSVU�O
YVGRopU�S à LHrENL!Y�t ^]JPO9GIElU!GRS��CD�ElSVU�O1��O�^_d F!\�OPElGRQ¢ofOMQ�OMYK^_b�Q�\]SlW!YN\]W<^_o�^_SNOa^_bI\]Q!o�^eEVSVYK^_GRopU�S�bRGRQ�O
GRQ�SVU�OCW!bc^]EVda^aFHL�OCSN\XYNO�t�YK^]JMSVGI\]Q	`�SVU!GIE�YNOP£�L!GRYNOPEi^�YK^��/SVYK^]JMGRQ!o¡J�^_bIJML!bc^_SVGI\]QrSN\7��O�W�OMY�t�\]YVdXOPFGRQ
YNO�^_bu��SVGRdXOp�ª��U!GIE9GIE9\]Q!bR�~W�\pENEVGR�!bIO7§�U�OMQ¥SVU�OeF!OMQ�ENGRS��~W!YN\_��bIOeGIE9�[Q�\�§�Q	�ª¤<\]Y1SVU!GIE9YNO�^]EK\]Q	`�SVU�O
GRQ�SNOMY�t OMYN\]dXOMSNOMYi§�GRSVUrSVU�O1YNO�^_bu��SVGRdXOX^_bRof\]YVGRSVU!d®t \]Y�W!YN\_��bIO9J�^_bIJML!bc^_SVGI\]Q'GIEBof\]GRQ!osSN\7�qOCW<^_YVSi\_t�^
YK^_SVU�OMY�JP\]d�W!bIO�sQ�OMS�§¨\]YV�/\_t�YNO�^_bu��SVGRdXO8FHGc^_opQ�\pENSVGIJPE�t \]Y�^]JMSVGRZfO����y� EVSK^_�!GRbRGRã�^_SVGI\]Q	�
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��OPEVGIF!OPE�SVYK^_Q�EVW�\]YVS¨W�OMYVW�OMQ�FHGIJML!bc^_Y�SN\CSVU�O��<OMbIFabRGRQ�OPE�`[SVU�OBJP\]QH��Q�OMdXOMQ�S�£�L<^_bRGRS��a\_t�t�L�EVGI\]Q¡F!OMZ�GIJPOPE
GIEX^_bIEN\rbRGRd�GRSNOPF¥FHL�OeSN\rbc^_YVofO���ENJ�^_bIO¡da^_opQ�OMSN\_��U��HFHYN\[FH��Q<^_d�GIJTØ��©Bj�ÜiGRQ�EVSK^_�!GRbRGRSVGIOPE�`w§�U!GIJKU+J�^_Q
YNOPEVL!bRS�GRQe^�YNOPJP\]Q!Q�OPJMSVGI\]Q/\_t	da^_opQ�OMSVGIJ��<OMbIF7bRGRQ�OPE�\]QeFHGu��OMYNOMQ�S à LHaEVL!Y�t�^]JPOPEw§�U!GIJKUs^_YNO�Q�\]YVda^_bRbR�
§�OMbRbHEKOMW<^_YK^_SNOPF�t�YN\]d5O�^]JKU�\]SVU�OMY�`]YNOPEVL!bRSVGRQ!o�GRQ�^�ENU�\]YVSNJML!S�\_t<FHGu��OMYNOMQ�S�JP\]QH��Q�OMdXOMQ�S�YNOMopGI\]Q�E�����U!GIE
J�^_L�ENOPECYK^_W!GIFªOMQ�OMYVop�~^_Q�F~W<^_YVSVGIJMbIOaO�!JNU<^_Q!ofOp�sD�QªGRd�Wq\]YVSK^_Q�S��r©Bj GRQ�ENSK^_�!GRbRGRS��f`�SVU�OXEN\_��J�^_bRbIOPF
EK^�§�SN\�\]SVUGRQ�EVSK^_�!GRbRGRS��f`<GIE��!YVGIO à �¡FHGIENJML�ENENOPFsU�OMYNOp�
��U�O�EK^�§�SN\�\]SVU1GRQ�EVSK^_�!GRbRGRS��f`f§�U!GIJNU9bRGRd�GRSNE�SVU�O¨JP\]YNO�JP\]QH��Q�OMdXOMQ�S�GRQ�^�SN\]�]^_da^_��W!bc^]ENda^H`]YNOMW!YNOPENOMQ�SNE
SVU�O�J�^]ENO Þ i ç `p§�U�OMYNO Þ GIE�SVU�O�E�^�t�OMS��it ^]JMSN\]Y�`�ENOPO�F!O���Q!GRSVGI\]Q�GRQ9EKOPJMSVGI\]Q é �Ráp����U�OP\]YNOMSVGIJ�^_bRbR�f`�GRS«U<^]E��OPOMQ/t \]L!Q�FsSVU<^_SB^�da^_opQ�OMSVGIJCJP\]QH��opL!YK^_SVGI\]Qr§�GRSVUr^�JP\]YNOCEK^�t OMS��et ^]JMSN\]Y Þ � ç GIE�L!Q�EVSK^_�!bIOp����Qr^EVSK^_Q�F�^_YNF¡SN\]�p^_da^_�7EKJPOMQ<^_YVGI\!`HSVU�O Þ t ^]JMSN\]Y�GRQ¡SVU�OlJPOMQ�SNOMY�GIE�^_YN\]L!Q�Fs\]Q�Oi^_Q�FeS��[W!GIJ�^_bRbR�7GRQ�JMYNO�^]ENOPESN\�§�^_YNF!EiSVU�O9OPFHofO1SN\e^aZp^_bRL�O9^_YN\]L!Q�F é ��Ù�� n Q�F!OMYl^7§�GIF!OCYK^_Q!ofO9\_t¨\]WqOMYK^_SVGRQ!o/JP\]Q�FHGRSVGI\]Q�E�`�\]Q�O
\]��ENOMYVZfOPE¨^_Q�GRQ�JMYNO�^]ENO�\_t·SVU�O�JML!YVYNOMQ�S¨F!OMQ�EVGRS��CGRQ�SVU�O�JPOMQ�SNOMY�`f§�U!GIJKUada^_�fOPE�SVU�O�EK^�t OMS��8t ^]JMSN\]Y¨FHYN\]W
��OMbI\�§�\]Q�Op����U!GIE�da^_�fOPE�SVU�O�JP\]QH��opL!YK^_SVGI\]Q~L!Q�ENSK^_�!bIOa^_Q�F'YNOPEVL!bRSNEiGRQ¢t�^]EVSlda^_opQ�OMSVGIJXYNOPJP\]Q!Q�OPJ��
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^_YNO/ENL�F!F!OMQ!bR� à ^_SVSNOMQ�OPFîêÛÚ�ì��+D�SXSVU�O/E�^_dXO¡SVGRdXOp`¨SVU�O�JML!YVYNOMQ�S7F!OMQ�ENGRS��gGRQ+SVU�O/JPOMQ�SNOMYaYK^_W!GIFHbR�
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MP?#EBrzMPR|{�AD?_MPR>TDJbADJL=@R>T6}+EIA~`WE,EIR�?#=@A_MPADJL=@RQMPOdMPR>w�F�Jb}S?_MPADJL=@RQMPOWTDA_MPA#E,T[=PhdADC>EzX;Z \ r]=@OLE,KIuSOLEzADCQMPA
K,=@?D?#E,TD�+=@R>w�A#=�`dMNFHEIOLEIRSefADC>TvJbR�ADC>E��a���f�+psr�?_MPRSeHEfU0ADC>EGO^M@T#EI?[JLT;E,��uSJb�S�+E,w
`�JbADC�MPR�=@�SADJLKNMPO
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O^M@T#EI?)}+ENMPr�CQM@T)A#=%}+EdTD�SObJbA�MPR>wa=@R>E�K,=@rB�+=@R>EIR�AqCQM@T)A#=y}+E�h�?#E,�|u>EIR>KI{��~TDCSJ�h�A#E,wsk)<>=@?)ADCSJLT)�SuS?D�.=fT_EfU
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K,=@rB�S?#E,T#T#JL=@RcMPR>wGE¤£l�QMPR>TDJL=@R¥=Ph�ADC>EyrzMPA#EI?DJ^MPO�MPOL=@RSeaADC>E�wlJb?#E,KIADJL=@R¥=Ph�T#=@uSR>w��S?#=@�QMPe�MPADJL=@R�k���CQMPA
`�M,{HU�ADC>E�?#E¤h�?_M@KIADJbFHE�JbR>wSE¤£¦=PhaADC>E�rzMPA#EI?DJ^MPO§JLT�OL=|KNMPObOb{�JbR>KI?#ENM@T#E,w�MPR>w¦?#E,wlu>K,E,wsk¨�%R�M©ObJbefC�A
}+ENMPrª�S?#=@�QMPe�MPADJbRSe�ADCS?#=@uSefCcADC>E§�|uQMP?DAD�§�+EI?D�.EIR>wlJLKIuSO^MP?%A#=vADC>E§T#=@uSR>w¥`�M,FHEfU'ADCSJLT�CQM@T2ADC>E§T«MPr]E
E¤¬sE,KIA�M@T6MPR=@�SADJLKNMPO0ef?_MPADJbRSe>ky<>=@?6T#=@r]EaMP�S�SObJLKNMPADJL=@R>T�ObJb®HEvM@KIADJbFHE;O^M@T#EI?yr]=|wSE¤�¢OL=�K#®�JbRSe>UsMzT_=@uSR>w
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�NEI?#=@ADCc=@?#wSEI?�}+EICQM,FHE,T2ADC>E6T_MPr]E§M@T�JbR�KNM@T#E�=Ph)Maef?_MPADJbRSezMPA�?#E,TDANU>M@T�ADC>E�FHEIOL=�KIJbA~{�=Ph�ADC>E�ef?_MPADJbRSe
CQM@TyR>=�K,=@rB�.=@R>EIR|A6MPOL=@RSe�ADC>EawlJb?#E,KIADJL=@RY=Ph��S?#=@�QMPe�MPADJL=@R
=Ph�ADC>E[ObJbefC|ANkyÝy=N`dEIFHEI?NU.h�=@?�MPObO�CSJbefC>EI?
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<>=@?�ADC>EqFHEI?DADJLKNMPO|JbR�A#EI?�h�EI?#=@r]EIA#EI?0K_CQMPRSR>EIOLTNUfM2ÿ��~TDCQMP�.E,w6h²?_MPr]E�MP?#=@uSR>w[ADC>EqA#=@?Du>T�JLT�u>T#E,w6A#=�r]=@uSR|A
MPObO�=@�SADJLKNMPOSK,=@rB�+=@R>EIR�A#T2��T#E,E�ñ>efuS?#Edo>k þ2JbRvT#E,KIADJL=@Rao>k o|�¤Uf�S?#=NF�JLwlJbRSe6EIR�ADJb?#Edr]E,K#CQMPRSJLKNMPO'wSE,K,=@uS�SObJbRSe
h²?#=@r�ADC>E]�SO^M@TDrzMcFHE,T#T#EIO¢k��duSAawlu>EzA#=cADC>EGTDC>=@?DA;`dMNFHEIOLEIRSefADC�U�ADC>EzT#{�TDA#EIr�JLT§CSJbefCSOb{�T_EIR>TDJbADJbFHE
A#=zMPR�{¥TDrzMPObO0wSE¤h�=@?DrzMPADJL=@R=Ph)ADC>Eaÿ���h²?_MPr]E;TDAD?Du>KIADuS?#E[wluS?DJbRSeG�SO^M@TDrzM]wlJLT#K_CQMP?DeHE,TNk���C>EI?#E¤h�=@?#EfU.M
K,=@rB�.EIR>T_MPADJL=@RYTD{lTDA#EIróJLT%?#E,�|uSJb?#E,wsU.`�CSJLK#CYu>T#E,T�M�m��f÷lk��0RSr Ý%EIObJbuSrv���yE,=@R�O^M@T#EI?Nk%��C>EaJbRlh�?_MP?#E,w
}.ENMPr h�?#=@r ADC>EaX;Z \ O^M@T_EI?%MPR>w�ADC>E6F�JLTDJb}SOLE�}+ENMPr h�?#=@rªADC>E[ÝyE	�%E�O^M@T_EI?%MP?#E§T#EIR|A2A#=BJbR>wlJbF�JLwluQMPO
M@K,=@u>TDA#=P�~=@�SADJLK[r]=�wluSO^MPA#=@?#Ty`�CSJLK#C
MP?#E[=@�+EI?_MPA#E,w�MPA%o�j)�Ý��Hk���C>EIR�UQADC>E[A~`W=Gh�?#E,��u>EIR>KI{|�~TDCSJ�h�A#E,w
}.ENMPr]T�MP?#EyTDuS�.EI?DJbrB�+=fT#E,w�JbR¥M§}+ENMPr TD�SObJbADA#EI?NUSM@TW`dEIObO�M@TdADC>E�A�`W=vuSR>TDCSJ�h�A#E,w�}.ENMPr]TdOLENM,F�JbRSevADC>E
x��y�ÓT%JbR�
 æLç =@?#wSEI?�=Ph�wlJ�¬.?_M@KIADJL=@R���T#E,E[ñ>efuS?#E;xak��H�¤ky�%R>Ea=Ph�ADC>E;?#E,TDuSObADJbRSe�}.ENMPr]T%JLT�TD�SObJbA�JbR|A#=

AOM

2CO  laser

= mirror

= beam splitter

HeNe laser

AOM

2
= CO  detector

= HeNe detector

plasma
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