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Visualisierung
der 21/2D Daten

Gestalts - und
Tiefenrekonstruktion

Verfahren zur Bestimmung
des Optischen Fußes

Schattierungs- und
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Photometrisches Stereo
Shape from Shading/Texture

Merkmalsbasierte
Verfahren

Bewegungsvektoren
für Merkmale

Interpolation
des Vektorfeldes

Vorverarbeitung

Kalibrierung

Horn / Schunk,
Nagel, Enkelmann, ...

ÛèÉ|É|»ÃÄß¹oÖ|·|Ý © æ ©/. Á²»Ã¼�Û²É|É|»ÃÄÃ¹oÖ¡·|Ý�ÚM¼¢»ÃÝ´Ë�¹|»½¼áõ�»Ã·|ÅÎÀÔ¹oÖ|·¡Ýè¹o¼M¾�ÝÎ¼MÜ<ÑÇ´Ó|Ä½Ëa¼M·<Ûè·¡¾ÊÇQËÊÚ¢¼M¾�Ö|·¡¹º¹o»½¼�×Î¼MÀÊ¾ÊÒÔÓ|»Ã¼M¹o¼M·|¼¢·Å,ûÀaÅ@Ú¢¼M¾Ê¾a¼¹o¼¢À
ÆÍ¼¢ÀÊÕZÆÈÇ´Äß¾¿É¡Ç@¾¿»Ã¼¢ÀaËa¼M·UÞ�¼e¾�ËÔÇ´Ä½ËÊ¾aÀa¼MÕÎÅÎ·d¾�ËÊÀaÖ|Õ3ËÊ»½Å@·�»½Æ ùèÇ´Ó¡ÆJ¼M·uÉd¼e¾�ËÊ¼¢Ó|¼M·¡¹o¼¢À�ñç¼eÒÔÓ|·|»ÃÕÎ¼¢·çæ



~ �����N���H��Ô

Õ �	� ��� ��Ö Õ �	�'#�� � #���� / 
 -

ð�¼M»W¼¢»Ã·|¼¢À
Þ�¼M¾¿ËÊÇÎÄÌËÔ¾aÇÎ·¡Ç´ÄÃöo¾¿¼è»ß¾¿Ëm¼e¾�Ö¡·3Ér¼M¹|»½·|ÝÎËm·¡Å´Ë�Üm¼¢·¡¹o»ÃÝD¹|»½¼�ð�»ÃÄß¹|Ç´Öoéê·dÇ´Ó|ÆÍ¼M¾a»½ËaÖ¡Ç´Ëa»ÃÅÎ·å¼¢ô|Ç´Õ3Ë�ÚMÖå×Î¼MÀaÆÍ¼e¾a¾a¼¢·�æ3Á²»Ã¼,�Å@¾a»ÌËÊ»½Å@·ïÖ|·¡¹ Û²Ö¡¾aÀa»ßÒÔÓ3ËaÖ|·|Ý>¹o¼MÀ<ë'Ç´ÆÍ¼¢ÀÔÇU¾¿»Ã·¡¹¨·|¼¢Ér¼¢· ¹o¼MÀ<×Î¼MÀaÜm¼¢·d¹o¼iËÊ¼¢·�ðmÀÊ¼¢·|·ZÜm¼¢»½Ëa¼ÍÜ
»ßÒÔÓ@ËÊ»½Ý@¼´,�Ç´ÀÔÇ´ÆÍ¼iËÊ¼¢À�éÊÑÖ|À¹o»½¼�ÇÎ·|ÝÎ¼e¾�ËÊÀa¼MÉoËa¼Èù
¼MÕÎÅ@·¡¾�ËÊÀaÖ¡Õ@ËÊ»½Å@·�¹o¼MÀDÞ�¼M¾¿ËÊÇÎÄÌËeæ�õ�»Ã·|¼ÈÆÈÇ´·ZÖ|¼MÄ½ÄÃ¼Èð�¼e¾�ËÊ»½ÆÍÆDÖ|·|Ý¤¹o»Ã¼M¾a¼¢ÀÅ,�ÇÎÀÊÇÎÆJ¼¢Ëa¼MÀ�»ß¾�ËºÇÎÖoéêÝÎÀÊÖ|·¡¹¹o¼¢À
Ér¼¢·çÑÅÎËa»ÃÝ´ËÊ¼¢·¤Þ�¼¢·¡ÇÎÖ|»ÃÝÎÕÎ¼M»ÌË
·ZÖ|À<ÑÇÎÖ|øÎ¼MÀÊ¾¿Ëá¾ÊÒÔÓZÜ�¼MÀáÀa¼eÇ´ÄÃ»Ã¾a»½¼MÀaÉdÇ´Àeæ
Á�ÇÎÓ|¼¢Àu¾¿Å@Ä½Ä�»ÃÆ$¹|»½¼e¾¿¼MÆ$ë'ÇÎÂ|»½Ëa¼¢Ä�¼¢»Ã·|¼¨Àa¼eÒÔÓ|·|¼MÀaÝ@¼M¾¿Ë ÑÖoËÊÚiËa¼w+ÎÁ²âäë'ÇÎÆJ¼MÀÊÇÎÕQÇ´ÄÃ»½É|ÀÊ»Ã¼¢ÀÊÖ|·|Ý�é ÑÖ|ÀuÓ¡Ç´·¡¹|¼¢Äß¾ ÑÖ|É¡Ä½»ßÒÔÓ|¼:à
àmÁ²âë'Ç´ÆÍ¼¢ÀÔÇÎ¾m×ÎÅ@ÀaÝ@¼M¾¿Ëa¼MÄ½Ä½Ë
Ü�¼MÀÊ¹o¼M·�æ|Á�»½¼<Ö¡·@ËÊ¼¢ÀÔ¾¿ÖdÒÔÓ@ËÊ¼¢·U·|¼¢Ö¡¼¢ÀÊ¼¢·uã�¼¢ÀaéíÇ´Ó|ÀÊ¼¢·×SêÚ@æ ð�ær�WÜ�¼M»Ìâ¸õ�Ér¼¢·|¼M·oâ¸ó>¼iËÊÓ|Åo¹o¼´Ø Þ�ùèõ =/=<Ù U¾¿»Ã·¡¹uÇ´Öoé�¾aÂd¼MÚ¢»Ã¼¢ÄÃÄ½¼V,�ÀÊÅÎÉ¡Ä½¼MÆJ¼�ÚMÖ|ÝÎ¼e¾aÒÔÓ|·¡»ÌËaËa¼¢·UÖ|·¡¹FéÔÑÖ|À²Ö|·¡¾a¼¢À0,�ÀÊÅ´Ø�¼MÕ3ËmÜm¼¢·|»ÃÝÎ¼MÀáÝÎ¼¢¼M»½Ý@·|¼iËeæ
ð�¼M»
¹o¼¢ÀJ¶¸ÆÍÂ|Ä½¼MÆÍ¼¢·3Ëa»Ã¼¢ÀÊÖ|·|Ý¨Ü
Ö|ÀÔ¹o¼F¹|ÇÎÓ|¼¢ÀJ¼¢»Ã·7ÕZÄßÇÎ¾Ê¾¿»ß¾ÊÒÔÓ|¼M¾ºã�¼¢ÀaéíÇ´Ó|ÀÊ¼¢·Y×@ÅÎ·ÚÈJ�O�!¯�Ø ñèÙoÛ = ) Ù ÝÎ¼¢Ü<ÑÇÎÓ|Ä½ËMæ�òèÑÖ¡ÀÍ¹|»½¼e¾¿¼ñç¼eÒÔÓ|·|»ÃÕDÕSÑÅÎ·¡·|¼¢·ÍÜ
»ÃÀû¼¢»Ã·|¼²¾ÊÒÔÓ|·|¼MÄ½ÄÃ¼
»½Ëa¼¢ÀÔÇQËÊ»½×@¼ R ÑÅ3¾¿Ö|·¡Ý'Ú¢Ö|Àûõû·3ËaÚ¢¼MÀaÀÊÖ|·|Ý'ÇÎ·|ÝÎ¼MÉd¼M·ÈÖ|·¡¹Í¼¢»Ã·|¼è×@¼¢ÀÊÉd¼e¾a¾a¼¢ÀaËa¼
ò¡Ö|·|Õ3Ëa»ÃÅÎ·éÊÑÖ|Àm¹|»½¼�·|»ÃÒÔÓ3ËÊÄ½»Ã·|¼MÇÎÀa¼�Ï�ÂoËa»ÃÆÍ»½¼MÀaÖ|·¡Ý<×ÎÅ@ÀÊ¾¿Ëa¼MÄ½ÄÃ¼¢·�æÎ¶¸Æ"éêÅ@Ä½Ý@¼¢·¡¹|¼¢·åÛ²É¡¾aÒÔÓ¡·|»ÌËaËm¾aÅÎÄÃÄd¼M»½·¡¼ ÑQèÉr¼¢ÀÔ¾¿»ßÒÔÓ3Ëm¹o¼MÀû×@¼¢ÀÔ¾aÒÔÓ|»Ã¼M¹|¼¢·|¼M·ë'Ç´ÄÃ»½É|ÀÊ»Ã¼¢ÀÊÖ|·|Ý@¾¿âäã�Ç´ÀÊ»ÃÇÎ·@ËÊ¼¢·JÝÎ¼MÝÎ¼¢Ér¼¢·ÈÜm¼¢ÀÔ¹o¼M·�÷ÎÖ|Æ�¼M»½·|¼�õ�»Ã·|ÅÎÀÔ¹o·ZÖ|·|Ý'Ö¡·¡¹�ðm¼¢Ö|ÀaËa¼M»½ÄÃÖ|·|ÝJ¹o¼¢À�×Î¼MÀaÜm¼¢·¡¹|¼iËa¼M·�ñç¼eÒÔÓ|·|»ÃÕÚ¢Öu¼¢ÀÊÆ>ÑÅÎÝÎÄÃ»ßÒÔÓ|¼¢·�æ
Û¦ÜOÝ Þ °4ßCà>±�á�âD°²±äã>°0å�æ ­<® °4å�­
çAæ ­ÅèOáOé»å½á¢°0å�«>±uµ
Á²»Ã¼ÈÉ|»ß¾¿Ó|¼MÀ�×Î¼¢À�ÑÅP�W¼¢·3ËÊÄ½»ßÒÔÓ3Ëa¼¢·¨ë'Ç´ÄÃ»½É¡Àa»Ã¼¢ÀÊÖ|·|Ý3¾�â¸ñç¼eÒÔÓ|·|»ÃÕÎ¼M·¤ÕSÑÅÎ·|·|¼M·ï»Ã·:×Î¼¢ÀÔ¾ÊÒÔÓ|»½¼e¹o¼¢·¡¼JÞ�ÀÊÖ|Â|Âr¼¢·:¼¢»Ã·|ÝÎ¼¢Ëa¼M»½Ä½Ë'Ü�¼MÀÊ¹o¼M·�æòèÑÖ¡ÀJ¹o»Ã¼Fðm¼MÜ�¼MÀ¿ËÊÖ|·|Ý¤¼M»½·|¼MÀDñ�¼MÒÔÓ|·¡»½Õ:¾¿»Ã·¡¹Y¹|»½¼Uë�Àa»½Ëa¼MÀa»Ã¼¢·Y¹o¼MÀJÛ²ÖoËaÅ@·|ÅÎÆÍ»Ã¼Î÷k,�À�ÑÇ´ÚM»Ã¾a»½Å@·�÷�õcêÈÚM»½¼M·|ÚÎ÷�ã²»Ã¼¢Äß¾¿¼M»ÌËÊ»½Ý@ÕÎ¼M»ÌËÖ|·¡¹Èã�¼MÀaÜm¼¢·¡¹|Ö|·|Ý<Ó¡ÇÎ·¡¹o¼MÄÃ¾QÑÖ|É|ÄÃ»ÃÒÔÓ¡¼¢À�ë'ÇÎÆÍ¼¢ÀÔÇÎ¾�Ö|·d¹ R »Ã·¡¾a¼¢·ÈÚ¢ÖåÖ|·3Ëa¼¢ÀÔ¾aÖ¡ÒÔÓ|¼¢·çæ@Á�»½¼�Ù3ËeÑÇÎÀaÕ@¼¢·ÈÖ|·¡¹FÙoÒÔÓZÜ<ÑÇÎÒÔÓ|¼M·J¼M»½·¡¼¢ÀØ�¼M¹o¼M·uë�ÄßÇÎ¾Ê¾a¼�Ér¼M¾ÊÒÔÓ|ÀÊ¼¢»ÃÉoË2ÈJ���P¯cØ ñèÙoÛ = ) Ù éêÅÎÄÃÝÎ¼¢·d¹o¼¢ÀÊÆÈÇ´øÎ¼M· .

ë�ìlícî�î�ï�ðcñ
� I3NQP���Lk�rI@�c�7LkRÈ��LkNQPSR�~OLk��IZbdKeI3KÏò»ó�ReLO�7LOI@K8ô��kõ¨LO�  W�W~k~OI@�ÿ�F�Y�¿br�kõ

C<�rKMR�I@LO~kI:j
ö ÙZ»Ã¼è¼MÀaÄßÇ´Ö|Ér¼¢·å¼¢»Ã·|¼è¼¢»Ã·oéíÇ@ÒÔÓ|¼²Ûè·¡Â¡ÇÎ¾Ê¾¿Ö¡·|ÝºÇ´·È¼M»½·åÉd¼MÄ½»Ã¼¢É|»ÃÝºÝ@¼¢·¡ÇÎÖ|¼M¾�ÅZ¹|¼¢ÀûÕ@ÅÎÆÍÂ|ÄÃ¼iôo¼M¾�ðm»½Äß¹|Ç´Ö|éê·¡Ç´Ó|ÆÍ¼MÆJÅo¹o¼MÄ½ÄOæhFbrNQPSR�I@LO~OIYj
ö Á�¼¢Àèðm¼¢Ý@»½·¡·U¹o¼MÀè·|»ßÒÔÓ3ËaÄÃ»½·|¼eÇ´ÀÊ¼¢·uÙZÖ¡ÒÔÓ|¼'¼MÀ¿éêÅ@ÀÊ¹o¼MÀ¿Ëá¼¢»Ã·|¼'Ý@ÖoËa¼�»Ã·|»ÌËÊ»ÃÇÎÄ½¼ºÙ|ÒÔÓçÑÇQËÊÚ¢Ö|·|Ý�SkÛèÖoËÊÅÎ·|Å@ÆJ»Ã¼iâ¸ë�ÀÊ»ÌËÊ¼¢ÀÊ»½Ö|Æ÷Uiæ
ö ÙZ»Ã¼�Éd¼M·çÑÅ´ËÊ»½Ý@¼¢·u¼¢»Ã·|¼'ÀÊ¼MÒÔÓ|¼M·|»Ã·@ËÊ¼¢·¡¾a»Ã×Î¼�·|»ÃÒÔÓ3ËÊÄ½»Ã·|¼MÇÎÀa¼'ÙZÖ¡ÒÔÓ¡¼'»½·u×ÎÅ@Ä½ÄÃ¼¢ÆøQèÆJéíÇ´·|ÝdæJSíõ½êÍÚM»½¼M·|Úiâ¸ë�ÀÊ»ÌËÊ¼¢ÀÊ»½Ö|Æ÷Uiæ

)



¾V_4¿½[Oakeg`úùsÂ:¾V_
û�eCf4_
ü�¾V_4`J[]ýþf-[]egfÉÃ�\�Ä ;
��I@��I@KeI@���3I@��j

ö º��!¯�©�ÿ �'Õ3ÄßÇÎ¾Ê¾a»Ã¾ÊÒÔÓ|¼¢À<Û²·¡¾ÊÇQËaÚwØ òoÛ²¶ ;P7<Ù Éd¼MÀaÖ¡Ó@ËJÇ´Öoé
¼¢»Ã·|¼MÆ�Õ@ÅÎÆÍÂ|ÄÃ»½ÚM»½¼MÀ¿ËÊ¼¢· ÛèÉ¡É|»½Äß¹oÖ|·¡Ý@¾aÆJÅo¹o¼MÄ½ÄmÖ|·¡¹:»ß¾¿ËD¾¿¼MÓ|ÀÀÊ¼MÒÔÓ|¼M·|»Ã·@ËÊ¼¢·¡¾a»Ã×ræoÁ�Ö|ÀÔÒÔÓu¹|»½¼�ã�¼¢ÀÊÜm¼¢·¡¹oÖ¡·|ÝÈ¹o¼¢À
Ý@ÀaÅ@øÎ¼¢·UÛè·|ÚeÇ´Ó|ÄS×@ÅÎ· ©<; Qè·ZÉr¼¢ÕQÇ´·|·3ËÊ¼¢·u»Ã¾¿Ë²¹o»Ã¼ºÞ�¼¢·¡ÇÎÖ|»ÃÝÎÕÎ¼M»ÌË¹o¼MÀèë'Ç´ÄÃ»½É¡Àa»Ã¼¢ÀÊÖ|·|ÝJÆÍ»ÌË ©Z. (/m/m/m Ó|¼¢ÀÊ×ÎÅ@ÀaÀÔÇ´Ý@¼¢·¡¹�æ
ö ¢ ® ¨/�O��­�¢���¯��0£6�r¨��¦�!���P����Ø Û��r¶ ;Z© ÷´Û��r¶ ; 9 Ù ¼¢·3Ë�Ü
»ßÒÔÕÎ¼¢Ä½Ëa¼M·D¹o»Ã¼èÁ�»½ÀÊ¼MÒiË R »½·¡¼MÇ´À�ñ�ÀÊÇÎ·¡¾¿éêÅÎÀÊÆÍÇ´Ëa»ÃÅÎ·ÏSkÁ R ñ0Ui÷Î¹|ÇÎÆJ»½Ë·ZÖ|À�Ä½»Ã·|¼MÇÎÀa¼ûÞ�ÄÃ¼¢»ßÒÔÓZÖ|·|Ý@¼¢·'ÝÎ¼MÄOÑÅ3¾�Ë�Ü�¼MÀÊ¹o¼M·'ÆïÑÖ¡¾a¾a¼¢·'Ö¡·¡¹'¼¢ÀÊÀÊ¼¢»ßÒÔÓ@ËÊ¼¢·'¼M»½·|¼g,�À�ÑÇ´Ú¢»ß¾a»½Å@·�×@ÅÎ· ©Z. (/m/m/m »Ã· =/m ,ûÀaÅ@Ú¢¼M·@Ë¹o¼e¾UÙo»ÃÒÔÓ3ËaÉr¼¢ÀÊ¼¢»ßÒÔÓ|¼e¾¢æ
ÙZÅÎÉdÇ´Äß¹yÇ´Ér¼¢ÀU¼¢»Ã·|¼ R »Ã·¡¾¿¼M·Z×Î¼¢ÀÊÚ¢¼MÀaÀÊÖ|·|Ý ÇÎ·|ÝÎ¼M·|ÅÎÆÍÆÍ¼¢·yÜ
»ÃÀÔ¹S÷
¾¿Åt»Ã¾¿ËUÇÎÖ¡ÒÔÓyÓ|»Ã¼¢Àu¼¢»Ã·|¼·|»ßÒÔÓ3ËaÄÃ»½·¡¼MÇ´ÀÊ¼'ÙZÖ¡ÒÔÓ|¼'¼MÀ¿éêÅ@ÀÊ¹o¼MÀaÄÃ»ßÒÔÓ�æ
ö ÒN§ ® ����Ø Ù¡Ï�ð ; 9 Ù ¾¿Ëa¼MÄ½Ä½Ëa¼D¼¢»Ã·|¼Dó¤¼iËaÓ¡ÅZ¹|¼ºÚ¢Ö¡À�ë'Ç´ÆÍ¼MÀÊÇÎÕ�ÇÎÄ½»ÃÉ|ÀÊ»½¼MÀaÖ¡·|ÝÈ¹oÖ|ÀÔÒÔÓ R ÑÅ@¾a¼¢·ï×ÎÅÎ·>Ý@ÀaÅ@øÎ¼M·U·¡»ÃÒÔÓ3ËaÄÃ»Ã·|¼MÇÎÀa¼M·Þ�ÄÃ¼¢»ßÒÔÓZÖ|·|Ý@¾Ê¾aöZ¾¿Ëa¼MÆÍ¼¢·'×ÎÅ@ÀM÷eÜmÅÎÉr¼¢» ©�= ,�ÇÎÀÊÇÎÆÍ¼iËa¼MÀ�ÅÎÂ|Ëa»ÃÆJ»Ã¼¢ÀaË�Ü�¼MÀÊ¹o¼M·<ÆºÖ¡ø´Ëa¼M·�æQõ�»Ã·|¼ R »½·d¾¿¼M·3×@¼¢ÀÊÚ¢¼MÀaÀÊÖ|·|Ý
Ü
Ö|Àaâ¹o¼D·|»ßÒÔÓ@Ë�ÆÍÅZ¹|¼¢ÄÃÄ½»Ã¼¢ÀaË�Ö|·d¹¤¼M¾�Ü
Ö|ÀÔ¹o¼DÇÎÖ¡ÒÔÓ>ÕÎ¼M»½·¡¼DÛèÖd¾a¾ÊÇ´Ý@¼UÑÖ|Ér¼¢À�¹o»½¼ÈÞ�¼¢·dÇ´Ö|»ÃÝÎÕ@¼¢»½Ë²ÝÎ¼¢ËaÀÊÅP�W¼¢·�æWÁ�Ç@¾�ÙoöZ¾¿Ëa¼MÆ»ß¾�Ë
×@ÅÎ·u¹o¼¢À
¶¸·|»½Ëa»ßÇ´ÄÃ»ß¾¿»Ã¼¢ÀÊÖ|·|ÝÈ¹o¼MÀ0,�Ç´ÀÔÇ´ÆÍ¼iËÊ¼¢À
¹oÖ|ÀÔÒÔÓU¹|¼¢·>ðm¼¢·ZÖoËaÚM¼¢ÀèÇÎÉ|ÓçÑÇ´·¡ÝÎ»ÃÝ¡æ
ö �0�O�s�r�O�¬�»Ø Þ�õgY ; * Ù Ér¼M¾ÊÒÔÓ|Àa¼M»½É|Ë<¼¢»Ã·|¼�»½Ëa¼¢ÀÔÇQËÊ»½×@¼Èó>¼iËÊÓ|Åo¹o¼Î÷�Ö|Æ�¹|»½¼�ë'ÇÎÆJ¼MÀÊÇÎÂ¡Ç´ÀÔÇ´ÆÍ¼¢Ëa¼¢À�Ú¢Ö×Ed·¡¹o¼¢·çæ�Á�Ö|ÀÊÒÔÓò¡¼¢Ó|ÄÃ¼¢ÀÊÆÍ»½·|»ÃÆÍ»½¼MÀaÖ¡·|Ý7¼M»½·|¼e¾uõ�Â|»ÃÂdÅ@ÄÃÇÎÀ¿â¿à�ÅÎ·d¾�ËÊÀÊÇÎ»½·3ËÊ¾ÍÜ
Ö¡ÀÊ¹o¼M· Õ@¼¢»Ã·|¼w+@Áèâ¸ë�ÅZÅÎÀÔ¹o»½·dÇQËa¼M·y¹o¼¢Àuë'Ç´ÄÃ»ÃÉ|Àa»Ã¼¢ÀÊÖ|·|Ý3¾�âÂ|Ö¡·|Õ3Ëa¼'Ér¼¢·çÑÅÎËa»ÃÝ´ËM÷¡ÜmÇ@¾m¾a»ßÒÔÓºØ�¼e¹oÅoÒÔÓuÇÎÄÃ¾áÀÊ¼MÒÔÓ3Ëáéê¼¢Ó¡Ä½¼MÀ¿ËÊÀeÑÇ@ÒÔÓ@ËÊ»½ÝJ¼¢ÀÊÜ
»Ã¼M¾a¼¢·UÓ¡ÇQËeæ

ë ì]ícî#îZï�� ñ
� I3NQP���LO�dI3� _û� LOI>I@LO��I � I3Ke��ó�I@�SR�Lk SE � Kebr���M���rKe�tbdR�Lk�W���e�tbdReKeL��br��P�br� � ~kLO��I3brKeI@K	�¤~kI3LkNQP}ô��kõWI3�y W�rK�br� ��I@KeI@NQP���I3�

C<�rKMR�I@LO~kI:j
ö õû»½·|¼�·|»ßÒÔÓ3ËaÄÃ»½·¡¼MÇ´ÀÊ¼ºÏ�ÂoËa»ÃÆÍ»½¼MÀaÖ¡·|ÝÍ»Ã¾¿Ë
·|»ÃÒÔÓ3Ëè¼MÀ¿éêÅ@ÀÊ¹o¼MÀaÄÃ»ßÒÔÓ�æhFbrNQPSR�I@LO~OIYj
ö õû»½·|¼ R »½·¡¾a¼¢·Z×@¼¢ÀÊÚ¢¼¢ÀÊÀÊÖ|·|ÝºÕQÇÎ·|·F·¡»ÃÒÔÓ3ËèÉr¼¢À ÑÖ¡ÒÔÕo¾¿»ßÒÔÓ3Ëa»ÃÝ´ËáÜ�¼MÀÊ¹o¼M·�æ
ö Á�»½¼>Û²·|ÚMÇÎÓ|Äè¹o¼¢ÀÈ×@¼¢ÀÊÜ�¼M·¡¹o¼¢Ëa¼¢·tã�Ç´ÀÊ»ÃÇÎÉ|ÄÃ¼¢·7»ß¾¿Ë�×3»Ã¼¢ÄáÝ@ÀeÑÅ@øÎ¼¢ÀÍÇ´Äß¾È¹o»Ã¼>Ûè·|ÚeÇ´Ó|Äè¹o¼MÀ´Qè·ZÉd¼MÕQÇ´·|·3Ëa¼M·�÷û¹Sæ Ó�æû¹|»½¼ÚMÖåÉr¼M¾¿Ëa»ÃÆJÆÍ¼M·¡¹o¼¢·uã�ÇÎÀa»ßÇ´É|ÄÃ¼¢·U¾¿»Ã·¡¹F·|»ßÒÔÓ@Ëá»ÃÆJÆÍ¼MÀ
Ä½»Ã·|¼MÇÎÀáÖ|·¡Ç´É¡ÓçÑÇ´·|Ý@»½Ýdæ3Á�»Ã¼�Y�ÇÎÒÔÓ3Ëa¼M»½ÄÃ¼�¹o»½¼e¾¿¼MÀáÀa¼e¹oÖ|·¡¹|ÇÎ·3Ëa¼¢·,�ÇÎÀÊÇÎÆJ¼¢ËaÀÊ»Ã¾a»Ã¼¢ÀÊÖ|·|Ý¨Ä½»Ã¼¢Ý@¼¢· Ér¼¢»�×Î¼¢ÀÊÀÔÇ´Ö¡¾ÊÒÔÓ3Ëa¼¢·yÙZ»½ËaÖdÇQËa»ÃÅÎ·¡¼¢· »Ã· ¹o¼¢ÀFÆÈÇ´·|Ý@¼¢ÄÃ·¡¹o¼¢·cÞ�¼¢·¡ÇÎÖ|»½Ý@ÕÎ¼M»ÌËå¹oÖ¡ÀÊÒÔÓ ¹|»½¼éê¼MÓ|Ä½¼MÀaÉr¼¢ÓdÇQé Ëa¼¢Ëa¼<ë�Å@ÆºÉ|»Ã·¡ÇQËÊ»½Å@·F¹o»Ã¼M¾a¼¢À0,�ÇÎÀÊÇÎÆÍ¼iËa¼MÀMæ

��I@��I@KeI@���3I@��j
ö Òr£6� �s���¬�W�P�r¨�Ø Ù6Q�ñ ; 9 Ù éêÅÎÀÊÆºÖ¡Ä½»Ã¼¢ÀaËa¼
éÔÑÖ¡Àm¹o»Ã¼<à�ÅÎÆÍÂ|ÖoËÊ¼¢ÀÊÝÎÀÔÇ!E¡ÕJ¾¿¼MÓ|ÀûÝ@¼¢·¡ÇÎÖ�¹o»½¼�ðm¼¢ÀÊ¼MÒÔÓ|·ZÖ|·|Ý<¹|¼¢ÀmÂd¼MÀÊ¾aÂd¼MÕ3Ëa»Ã×3»½â¾ÊÒÔÓ|¼¢·uñ�ÀÊÇÎ·¡¾�éêÅ@ÀaÆÈÇ´Ëa»ÃÅÎ·¡¾aÆÈÇQËaÀÊ»½ôÈÇÎÖ¡¾á¼¢»Ã·|¼MÀèÛè·|ÚeÇ´Ó|Ä�×@ÅÎ·2,�Ö|·|Õ3ËÊ¼¢·�æ
ö�
 �8³!¯ ¥´§!«���³!�V£6�i¨
�k£6�s�s¯ �#©8�s�!¥ Ø 3ûÛ²ë ;!=!Ù Â¡ÀeÑÇ@¾¿¼M·@ËÊ»½¼MÀ¿ËÊ¼¢·<¼M»½·¡¼më'ÇÎÄ½»ÃÉ|ÀÊ»½¼MÀaÖ|·¡Ý@¾¿Ëa¼MÒÔÓ¡·|»½Õ�éÊÑÖ|À�¼¢»Ã·ºÕZÄÃ¼¢»Ã·|¼M¾�ÙZ»ßÒÔÓ3Ë¿âéê¼MÄÃ¹ïÖ|·¡¹¤Ý@ÀaÅ@øÎ¼JÏ�É|Ø�¼¢Õ3Ëa¼M·@Ëaéê¼¢ÀÊ·ZÖ|·|ÝÎ¼M·�÷¡Ér¼¢»�¹o¼MÀ'¹oÖ|ÀÔÒÔÓïë�ÅÎÆDÉ|»½·dÇQËa»ÃÅÎ·>×@ÅÎ·T,�ÇÎÀÊÇÎÆÍ¼iËa¼MÀa·>ÚMÖ¤¼¢»Ã·|ÚM¼¢ÄÃ·|¼¢·�ã�ÇQâÀÊ»ÃÇÎÉ|ÄÃ¼¢· ¹|ÇÎ¾�,ûÀaÅ@É|Ä½¼MÆ Ç´Äß¾uÄ½»Ã·|¼eÇ´ÀÊ¼M¾>Þ�Ä½¼M»ÃÒÔÓZÖ|·¡Ý@¾Ê¾¿öo¾¿Ëa¼¢Æ éêÅÎÀÊÆºÖ|ÄÃ»½¼MÀ¿ËuÜm¼¢ÀÔ¹o¼¢·cÕQÇ´·|·�æ�ÙZ»½¼:¼MÀaÀÊ¼¢»ßÒÔÓ3Ëa¼¢·c¼¢»Ã·|¼Þ�¼M·¡Ç´Ö|»ÃÝÎÕ@¼¢»½Ëº×ÎÅ@· ©/. 9 mZm ÷�Ç´Ér¼¢Àº¼M·3ËaÝÎ¼MÝÎ¼M·Y»½Ó¡Àa¼MÀJÛ²·|·¡Ç´Ó¡ÆJ¼U¾¿»Ã·¡¹t¹o»½¼Fã�Ç´ÀÊ»ÃÇÎÉ|ÄÃ¼¢·Y·|»ßÒÔÓ3ËD×@ÅÎÄÃÄÃ¾¿ËeÑÇÎ·¡¹o»ÃÝ¤Ä½»Ã·|¼eÇ´ÀÖ|·dÇ´É|ÓçÑÇÎ·|ÝÎ»ÃÝ¡æ
ö�� �!� ���vÈ}¯�§����T¶��½���O�u�O§!��£6�i¨:Òi�/¨ ² �/¨P¯ÓØ ú²Û R}=Z(!Ù Éd¼M·3Ö|ËaÚiËÊ¼¢·¨¼¢»Ã·|¼Í¹oÖ|ÀÔÒÔÓ3Üm¼¢ÝåÄ½»Ã·|¼MÇÎÀa¼Íñ�¼MÒÔÓ|·|»ÃÕuéÊÑÖ|À'¹o»Ã¼Jó¤¼iâËÊÓ|Åo¹o¼¤¹o¼¢ÀÈÕZÄÃ¼¢»Ã·¡¾¿Ëa¼¢· ü�Ö¡Ç@¹oÀÔÇQËa¼@÷�Ö|Æ�¹o»Ã¼¤õ�ÄÃ¼¢ÆÍ¼M·@ËÊ¼>¹o¼¢À�Âr¼¢ÀÔ¾aÂd¼MÕ@ËÊ»½×Z»ß¾aÒÔÓ¡¼¢· ñçÀÔÇ´·¡¾¿éêÅÎÀÊÆÈÇQËÊ»½Å@·¡¾¿ÆÈÇ´ËaÀÊ»Ìô Ú¢ÖÉr¼M¾¿Ëa»ÃÆÍÆJ¼M·uÖ|·¡¹UÝÎ¼MÕ3À ÑÖ|ÆÍÆ<ËÊ¼ºÏ�Éd¼MÀ¿Ð ÑÇ@ÒÔÓ|¼¢·FÚ¢Öu×Î¼MÀaÆÍ¼e¾a¾a¼¢·�æ
ö �0�!�i�$¸s�!�&�#�×Ø Þ�Û
Y = 9 Ù Ö|·¡¹ ÒA�°���!��Ø Ùoñ
ù = 9 Ù Ä½¼M»ÌËÊ¼iËa¼M·t¼M»½·¡¼F·|»ßÒÔÓ3Ë¿âä»ÌËÊ¼¢ÀÔÇQËÊ»½×@¼Fñ�¼MÒÔÓ|·|»ÃÕ Ú¢Ö¡ÀÍðm¼MÀa¼eÒÔÓ|·ZÖ|·|Ý�¹|¼¢Àë'ÇÎÆJ¼MÀÊÇ´âÌ,�ÇÎÀÊÇÎÆÍ¼iËa¼MÀ�Ér¼¢»�Ý@¼¢ÝÎ¼MÉd¼M·|¼¢ÀáÂr¼¢ÀÔ¾¿Âr¼¢Õ3ËÊ»½×Z»ß¾aÒÔÓ|¼MÀèñçÀÔÇ´·d¾�éêÅ@ÀaÆÈÇQËÊ»½Å@·¡¾aÆÍÇ´ËaÀÊ»ÌôÈÇ´Éçæ
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ü�¾V_4`J[]ýþf-[]egfÉÃ�\�Ä =
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C<�rKMR�I@LO~kI:j
ö õ�¾áÉ|ÀÊÇÎÖ¡ÒÔÓ|¼M·å·ZÖ|À
ÄÃ»½·|¼eÇ´ÀÊ¼<Þ�Ä½¼M»ÃÒÔÓZÖ|·|Ý@¼¢·UÝÎ¼MÄOÑÅ3¾�Ë
Ú¢ÖuÜm¼¢ÀÔ¹o¼¢·çæ
ö õ�¾áÜ
»½ÀÔ¹åÕ@¼¢»Ã·F¼¢ôoÂ|Ä½»ÃÚ¢»½Ëa¼e¾èë'Ç´ÆÍ¼MÀÊÇÎÆJÅo¹o¼MÄ½ÄW×@¼¢ÀÊÜ�¼M·¡¹o¼iËeæ
ö Á�»½¼ºÞ�¼M·¡Ç´Ö¡»½Ý@ÕÎ¼¢»½Ë
ÕQÇ´·|·×SêÉr¼¢ÄÃ»½¼MÉ|»ÃÝ�UmÂ|À�ÑÇ´ÚM»Ã¾a»½¼MÀ¿Ë
Üm¼¢ÀÔ¹o¼¢·çæhFbrNQPSR�I@LO~OIYj
ö Á�»½¼�Ûè·¡ÚMÇ´Ó¡Är¹o¼MÀ�×@¼¢ÀÊÜ�¼M·¡¹o¼¢Ëa¼¢·åã�Ç´ÀÊ»ÃÇÎÉ|Ä½¼M·�»ß¾�ËmÆJ»½Ë ( 9ÏS ©8( éÊÑÖ|À�Ø�¼M¹o¼�õ�Ér¼¢·|¼<U�×Z»Ã¼¢ÄWÝÎÀ�ÑÅÎø@¼¢ÀûÇÎÄÃ¾m¹o»Ã¼�Û²·|ÚMÇÎÓ|Är¹|¼¢ÀQ²·3Ér¼¢ÕQÇÎ·|·3Ëa¼¢·çæ
ö Á�»½¼'ÇPêÍ·¡¼�ñ�ÀÊÇÎ·¡¾¿éêÅÎÀÊÆÍÇ´Ëa»ÃÅÎ·�ÚMÜ
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3D Weltkoordinaten (Xw, Yw, Zw)

3D Kamerakoordinaten (xc, yc, zc)

Ideale unverzerrte Bildkoordinaten (xu, yu)

Verzerrte Bildkoordinaten (xd, yd)

Geräteabhängige Bildkoordinaten (xf, yf)

Schritt 1 :          Transformation mit R und T

Schritt 2:            Perspektivprojektion mit B

Schritt 3:   Radiale Linsenverzerrung mit K1 und K2

Schritt 4: Fehler im Ursprung (cx, cy) und der Abtastung mit sx
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»½ÀÔ¹>¹o¼¢À²ÕÎÅÎÆÍÂ|ÄÃ¼iËaËa¼�,ûÖ6�W¼¢À²Ý@¼¢ÄäÑÅ@¾ÊÒÔÓ3ËáÖ¡·¡¹>Ö|·3Ëa¼MÀÊ¾aÖ¡ÒÔÓ3ËM÷¡ÅÎÉ>·|¼MÖ|¼ºùèÇÎ·¡¹oÂ|Ö|·¡Õ@ËÊ¼<¼¢·3ËÔ¾�ËÔÇ´·¡¹o¼M·¤¾¿»Ã·¡¹SærÁ²»Ã¼M¾a¼<Üm¼¢ÀÔ¹o¼¢·¹|Ç´·|·u»Ã·>¹o¼¢·»,�Ö6�W¼¢À
¼M»½·¡ÝÎ¼iËÊÀÊÇÎÝÎ¼M·FÖ|·d¹FÄÃ¼iËÊÚiËÊ¼¢·¤ÙoÒÔÓ|ÀÊ»ÌËaËa¼�Ü
»Ã¼M¹o¼MÀaÓ|Å@ÄÌËeæ
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ö Y²¼¢Ér¼¢·�¹o¼M·Èéê¼M¾¿Ëa¼M·�ë'Ç´·3Ëa¼M·|Â|Ö|·|Õ3ËÊ¼¢·�¾ÊÒÔÓ|Ä½»Ã¼¢ø@¼¢·Í·ZÖ|·�¹o»Ã¼�ó>»½Ë¿ËÊ¼¢ÄßÇÎÒÔÓ¡¾a¼¢·¡ÕÎÅÎ·3ËÊÖ|Àa¼M·J¹|»½¼ R ÑÖ¡ÒÔÕÎ¼M·�÷@¹|»½¼²¹|Ö|ÀÊÒÔÓ�¹|»½¼Y²ÅÎ·oâ¸ó¤ÇQôo»ÃÆÈÇQâ�ÙZÖ|Â|ÀÊ¼M¾Ê¾¿»ÃÅÎ·å¼¢·¡¾¿ËÊÇÎ·¡¹o¼¢·u¾a»½·¡¹�æ
ö Á�¼¢ÀèÙoÒÔÓZÜm¼¢ÄÃÄ½Üm¼¢ÀaË�ÚMÖ|Àèðm»½·¡ÇÎÀa»ß¾a»½¼MÀaÖ|·¡Ýº¾¿Å@Ä½Ä½Ëa¼�¼¢Ë�ÜmÇ@¾û·|»Ã¼M¹|Àa»ÃÝÎ¼MÀ�Ý@¼¢Ü<ÑÇ´Ó¡ÄÌËáÜ�¼MÀÊ¹|¼¢·�÷ZÜ
»Ã¼�¹|¼¢ÀèÙoÒÔÓZÜ�¼MÄ½ÄÃÜm¼¢ÀaË � n ×
×@ÅÎÆ ú²öZ¾¿Ëa¼MÀa¼e¾¿»ß¾¿âäñáÓ|¼e¾¿Ó¡ÅÎÄß¹ZâOã�¼MÀ¿éíÇÎÓ|ÀÊ¼¢·�æ

ö ò¡¼¢Ó|ÄÃ¼¢ÀÊÓ¡ÇQé Ë�¹o¼iËÊ¼¢Õ3Ëa»Ã¼¢ÀaËa¼áë'Ç´·3ËÊ¼¢·|Â|Ö¡·|Õ3Ëa¼ûÖ¡·¡¹'¼¢»Ã·|»ÃÝÎ¼m¾¿¼M»ÌËÊÄ½»ßÒÔÓ|¼áÛèÖ¡¾aÄOÑÇÎÖoéê¼¢ÀþS�÷Ã÷ ò|ÀÔÇ´·¡¾a¼¢·ÊÛ�USÆÈÇÎÒÔÓ¡¼¢·<¾a»ÃÒÔÓ<·¡¼¢Ý@Ç´Ëa»Ã×Ér¼¢ÆÍ¼¢ÀÊÕZÉ¡Ç´Àeæ
ö òdÇ´ÄÃÄ½¼M·JÚMÜ�¼M»¡ë'Ç´·3ËÊ¼¢·ÍÉd¼M»d¹o¼MÀ�ðm»Ã·¡Ç´ÀÊ»Ã¾a»Ã¼¢ÀÊÖ|·|Ý�¹o¼M¾mÞ�ÀÊÇ@¹o»½¼M·3Ëa¼¢·ÍÚMÖ¡¾aÇÎÆÍÆJ¼M·�÷Î¾aÅ'¼¢·3ËÊ¾¿Ëa¼MÓ|¼¢·ÈÉr¼¢»ÃÆ ÙZÕÎ¼MÄ½¼¢Ë¿Ëa»Ã¼¢ÀÊ¼¢·×Z»Ã¼¢ÄÃ¼�ã�¼MÀaÉ¡»½·¡¹|Ö|·|ÝÎ¼M· S�÷Ã÷ R ¼¢»½Ëa¼¢ÀÊ¼��W¼¢Õ3Ë�ÛZUHæ
ö õ�¾å»ß¾�Ë>¼M»½· ÙZÕÎ¼MÄ½¼¢Ë¿Ëa»Ã¼¢ÀÊÖ|·|Ý3¾¿×@¼¢ÀaéíÇ´Ó|ÀÊ¼¢· ¼MÆÍÂoéê¼¢Ó|ÄÃ¼¢·d¾¿Üm¼¢ÀaËM÷
¹|ÇÎø7ÕÎ¼M»½·¡¼ïéê¼e¾�ËÊ¼¨Û²ÉoËÊÇ@¾�ËÊÀa»ßÒÔÓ3ËaÖ|·|Ýî×ÎÅ@ÀaÀÔÇ´Öd¾a¾a¼iËÊÚiËMæÛ²·¡¾¿Å@·¡¾¿Ëa¼¢· Ü
»ÃÀÔ¹ ¹o»½¼Fë�ÅÎ·3ËaÖ|Àº×Î¼¢ÀÔ¾ÊÒÔÓ|ÅÎÉr¼¢·�÷�¹Sæ Óçæ�»Ã·Y¹o¼¢· R ÑÖ¡ÒÔÕ@¼¢·:¼¢·3ËÊ¾¿Ëa¼MÓ|¼¢· ÷½÷ ðm¼¢Ö|ÄÃ¼¢·ÊÛ¤ÅZ¹|¼¢Àº¹o»Ã¼Fë�Å@·3ËaÖ|ÀÕQÇ´·¡·F·|»ßÒÔÓ3ËèÉ|»ß¾
Ç´Öoé © â5,�»½ôo¼¢ÄÃÉ|Àa¼M»ÌËÊ¼�ÇÎÉ|ÝÎ¼¢ËaÀÔÇ´Ý@¼¢·åÜm¼¢ÀÔ¹o¼M·�æ
ö Á�»½¼Jã�¼¢ÀÊÜm¼¢·¡¹oÖ¡·|ÝF×@ÅÎ·¤×@¼¢ÀÔ¾aÒÔÓ¡»½¼e¹o¼¢·|¼M·ïÛèÉ|ËÊÇÎ¾¿ËaÀÊ»ßÒÔÓ@ËÊÖ|·|Ý@¼¢·¤ÄÃ»½¼¢éê¼¢ÀaË'Õ�ÇÎÖ|Æ Ér¼M¾Ê¾¿¼MÀa¼Jõ�ÀÊÝÎ¼¢É¡·|»Ã¾Ê¾a¼Î÷W¹|ÇF¾a»ßÒÔÓ¤Éd¼M»¹o¼MÀ�ã�¼¢ÀÊÕ3·�ÑÖ|ÂoéêÖ|·|Ý>¹o»Ã¼�Ø�¼¢Üm¼¢»ÃÄÃ¾�ÚMÖ�¼M»½·¡¼¢À<Ç´·d¹o¼¢ÀÊ¼¢·:ÙZ¼¢»½Ëa¼Í×Î¼MÀÊ¾ÊÒÔÓ|Å@Éd¼M·|¼Dë'ÇÎ·@ËÊ¼JÇÎÖoéêÓ|¼MÉoËM÷�Ö¡·¡¹�¾aÅ>¹o»Ã¼ R ÑÖ¡ÒÔÕÎ¼·|»ßÒÔÓ3Ë
ÝÎ¼M¾ÊÒÔÓ|ÄÃÅ@¾Ê¾¿¼M·åÜ
»ÃÀÊ¹�æ

ÛèÖoéêÝ@ÀaÖ|·d¹>¹o¼¢ÀèÝ@¼M¾ÊÇ´ÆºËa¼¢·Uã�ÅÎÀÊÝÎ¼MÓ|¼¢·d¾¿Üm¼¢»ß¾¿¼�ÄÃ»½¼¢éê¼¢ÀaË�¹o¼MÀ�àmÇ´·|·Zö3â¿Ï�Âd¼MÀÊÇ´ËaÅÎÀáÝ@ÖoËa¼<õûÀaÝ@¼¢É|·|»ß¾Ê¾¿¼�Ér¼¢»�¹|¼¢À²Û²·3Üm¼¢·d¹oÖ|·|ÝÇ´Öoé²ÀÊ¼MÇÎÄ½¼Fð�»ÃÄß¹o¼¢À»Sí¾a»½¼MÓ|¼uÛèÉ|É�æ 9¡æ ©8( UH÷�¹oÅoÒÔÓYÄÃ¼¢»ß¹o¼¢ÀJÜ
»½ÀÔ¹Y¹o»Ã¼>Þ�¼M¾ÊÒÔÓ|Ä½Å3¾a¾a¼¢·¡Ó|¼¢»½ËJ¹o¼MÀJë�Å@·3ËaÖ|ÀÊ¼¢· ·|»ßÒÔÓ3ËJÝ3Ç´ÀÔÇ´·3Ëa»Ã¼¢ÀaËMæÁ²Ö|ÀÔÒÔÓ:¹o»½¼Íã�¼MÀaÜm¼¢·¡¹|Ö|·|Ý>¹o¼¢À'¼MÀÊ¾¿Ëa¼M·¨Û²É|ÄÃ¼¢»½ËaÖ|·|Ýu»ß¾�Ëº¹|»½¼ÈùèÇÎÖ¡¾aÒÔÓ¡¼¢ÆÍÂ6E¡·¡¹|Ä½»ßÒÔÓ|ÕÎ¼M»ÌË'Üm¼M¾a¼¢·3ËaÄÃ»ßÒÔÓïÝÎ¼MÀa»Ã·|Ý@¼¢À�Ç´Äß¾¢æSÚ@æ ð�æÉd¼M»½Æ ó¤Ç´ÀÊÀ¿â¸úè»ÃÄß¹oÀa¼¢ËaÓoâ¿Ï�Âr¼¢ÀÔÇQËaÅ@ÀMæoÏ�ÉZÜ�Å@Ó|ÄWÉd¼M»½Æ àmÇ´·|·Zö3â�Ï�Âr¼¢ÀÔÇQËÊÅÎÀ�ÆJ¼MÓ|ÀÊ¼¢ÀÊ¼'ÙZËaÖoéê¼M·UÚMÖU¹|Ö|ÀÊÒÔÓ¡ÄÃÇÎÖoéê¼¢·u¾¿»Ã·¡¹S÷¡»Ã¾¿Ë
¼¢À¹oÖ|ÀÔÒÔÓ7¹o»Ã¼åÝÎ¼¢ËaÀÊ¼¢·|·3ËÊ¼Fðm¼¢ÀÊ¼MÒÔÓ|·ZÖ|·¡Ý¤¹o¼¢ÀÍù
»ßÒÔÓ@ËÊÖ|·|Ý3¾aÇÎÉ|Ä½¼M»ÌËÊÖ|·|Ý@¼¢·YÖ|Æ,¼M»½·|»ÃÝÎ¼e¾D¾ÊÒÔÓ|·|¼MÄ½ÄÃ¼¢ÀJÇ´Äß¾D¹|¼¢ÀDóïÇ´ÀÊÀ¿â¸úè»ÃÄÃ¹|Àa¼¢ËaÓoâÏ�Âd¼MÀÊÇ´ËaÅÎÀe÷o¹o¼M¾Ê¾a¼¢·uò¡Ç´Ä½ËaÖ¡·|ÝÈÆÍ»ÌËèÀÊ¼¢ÄßÇQËÊ»½×�Ý@ÀaÅ@øÎ¼M·Fó¤Ç@¾¿Õ@¼¢·FÇÎÖoéêÜm¼¢·¡¹o»ÃÝÎ¼MÀ
»Ã¾¿ËMæ
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ÒÎæ Uáðm»Ã·¡Ç´ÀÊ»ß¾¿»Ã¼¢ÀaËa¼MÀáÞ�ÀÔÇÎ¹o»Ã¼¢·3Ëè¹o¼e¾èõ�»Ã·|Ý@ÇÎÉd¼MÉ|»ÃÄÃ¹o¼e¾áÆÍ»ÌË¹|¼¢·uÉd¼MÀa¼M»ÌËÔ¾á¼¢ÀÊÕQÇ´·|·3Ëa¼M·Uë'ÇÎ·3Ëa¼¢·UÕÎÅ@ÆºÉ|»Ã·|»Ã¼¢ÀaËMæ ¹Sæ Uèà�ÅÎ·¡¾¿ËaÀÔÇ´»Ã·3Ë¿â¸ñáÓ|»½·¡·|»½·¡ÝD×@ÅÎ· £ � Uiæ
ÛèÉ¡É|»½Äß¹oÖ|·¡Ý´9¡æ ©8(6. õûÀaÝ@¼¢É|·|»ß¾
¹o¼MÀèó>¼¢ÀÊÕZÆÍÇÎÄÃ¾a¼iôZËÊÀÊÇÎÕ@ËÊ»½Å@·�ÆÍ»ÌË²¹|¼¢Æ àmÇÎ·|·Zö3âäë'ÇÎ·@ËÊ¼¢·¡¹|¼iËa¼MÕ3ËaÅÎÀeæ
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�:Ü�� � *J±ª*µ°�*D±�ái°þç·¶G­¨°0å�­I°!*vå
Á²¼MÀò�T§!�r§P�Ì§P�s¯��O­¬±�¸��O���!�5§!��Ø ë�ÏV� = 9Z÷ûð%C@Û
*/+ Ù ÝÎ»ÃÉoË�¹o»½¼>Ý@¼¢Å@ÆJ¼¢ËaÀÊ»Ã¾ÊÒÔÓ|¼M·îÙ3ËÊÀaÖ|Õ3ËÊÖ|Àa¼M· »½Æ�ð�»ÃÄß¹7Üm¼¢»½ËaÝ@¼¢Ó|¼M·¡¹îÖ|·oâÇ´É|ÓçÑÇÎ·|ÝÎ»ÃÝ ×ÎÅ@·y¹o¼¢Àuðm¼¢ÄÃ¼¢Ö¡ÒÔÓ3ËÊÖ|·|ÝYÉ|ÚMÜ'æm¹|¼¢Æ ë�ÅÎ·3ËaÀÔÇÎ¾¿Ë�Ü
»Ã¼M¹o¼MÀMæáõ�À�»ß¾¿ËåéÊÑÖ|ÀU¼¢»Ã·|¼¨Þ�ÀÔÇ´ÖZÜm¼¢ÀaË¿éêÖ|·¡Õ@ËÊ»½Å@· t S-Uö0 � UéêÅÎÄÃÝÎ¼¢·d¹o¼¢ÀÊÆÈÇ´øÎ¼M·F¹o¼OE¡·|»Ã¼¢ÀaË .Ï�S-Uö0 � U g �Ü � � ¯ â ��°�Ý r §�Þyß�à © 0 t � �"�Ð� t S-Uö0 � U~á t S�U l �E0 � l �#Um 0 � ! � � � S&9dæ ©8= U
¶¸·¤¼¢»Ã·|¼¢À�ó¤Ç@¾¿Õ@¼<»Ã¾¿Ë�ÇÎÄÃ¾aÅå¹o¼MÀ�·¡¼¢Ö|¼v��¼MÀ¿Ë�¹o¼M¾V�r¼¢·3ËÊÀÊÇÎÄ½Â|»½ôo¼¢Äß¾²¹o¼OE¡·|»Ã¼¢ÀaË�ÇÎÄÃ¾�¹o»Ã¼DÛè·¡ÚMÇ´Ó¡Ä�¹o¼MÀ�,û»Ìôo¼MÄç»Ã·|·|¼¢ÀÊÓ¡ÇÎÄ½Éï¹|¼M¾ó¤ÇÎ¾aÕÎ¼M·3Ér¼¢ÀÊ¼¢»ßÒÔÓ¡¾è¹|»½¼DÕ3ÄÃ¼¢»Ã·|¼MÀ²Åo¹o¼¢À�ÝÎÄÃ¼¢»ßÒÔÓ¤¹o¼¢Æ Þ�ÀÔÇ´ÖZÜm¼¢ÀaË²¹o¼M¾�Ö|·3Ëa¼MÀÊ¾aÖ¡ÒÔÓ3Ëa¼M·¤ð�»ÃÄß¹oÂ|Ö|·|Õ3ËÊ¼M¾�¾¿»Ã·¡¹SæWÛè·|ÓdÇ´·¡¹>¼M»½·¡¼¢À+ à +Íó¤Ç@¾¿Õ@¼�¾aÅÎÄÃÄ�¹o»Ã¼M¾
ÇÎÖoé�¼M»½·¡¼¢Æ 7
à�7 ,�»½ôo¼¢ÄSÝÎÀÊÅÎø@¼¢·Uð�»ÃÄß¹|Ç´Ö¡¾Ê¾ÊÒÔÓ|·|»½Ë¿Ë
×Î¼MÀÊÇÎ·¡¾aÒÔÓdÇ´Ö|ÄÃ»ÃÒÔÓ3ËmÜ�¼MÀÊ¹o¼M· .

,ûÖ|·|Õ3Ë .
mGm m mGmmGm m mGmmGmG(Pm|mGmmGm m mGmmGm m mGm âã

m�mGm|mGmm�mGm|mGmm�mG=|mGmm�mGm|mGmm�mGm|mGm

R »Ã·|»½¼ .
mGm ©�m|mGmmGm ©�m|mGmmGm ©�m|mGmmGm ©�m|mGmmGm ©�m|mGm âã

m�m ) mGmm�m ) mGmm�m ) mGmm�m ) mGmm�m ) mGm

ë'Ç´·3Ëa¼ .
mGm ©Î© ©Î© ©@©mGm ©Î© ©Î© ©@©mGm ©Î© ©Î© ©@©mGm ©Î© ©Î© ©@©mGm ©Î© ©Î© ©@© âã

m�m + mGmm�m + mGmm�m + mGmm�m + mGmm�m + mGm

õûÒÔÕ@¼ .
m|m m m mm|m m m mm|m ©<( ©<( ©8(m|m ©<( ©<( ©8(m|m ©<( ©<( ©8( âã

m|mGm|mGmm|mGm|mGmm|m 7 +G+m|m + mGmm|m + mGm

Á²»Ã¼'ã�ÅÎÀaËa¼M»½ÄÃ¼'¹o¼M¾èó¤ÅÎ·|ÅÎËaÅÎ·¡»½¼MÅÎÂr¼¢ÀÔÇQËaÅ@ÀÊ¾m¾a»½·¡¹
ö ¹o¼MÀ
ÝÎ¼MÀa»Ã·|ÝÎ¼�ù
¼eÒÔÓ|¼¢·¡ÇÎÖoéêÜáÇ´·¡¹úS�·ZÖ|À
ã�¼¢ÀÊÝÎÄÃ¼¢»ßÒÔÓ¡¾aÅÎÂr¼¢ÀÔÇQËa»ÃÅÎ·¡¼¢·:Ui÷
ö ¹o»Ã¼VQè·¡ÇÎÉ|ÓçÑÇÎ·|ÝÎ»ÃÝÎÕ@¼¢»½Ëá×@ÅÎ·uÇ´É¡¾aÅÎÄÃÖoËÊ¼¢·>Þ�ÀÊÇÎÖ3Üm¼¢ÀaËa¼M·åÖ|·d¹U¹|¼¢Æ ë�Å@·3ËaÀÔÇÎ¾¿ËM÷
ö ¹o»Ã¼Íë�ÄÃÇ@¾a¾a»�EdÕ�Ç´Ëa»ÃÅÎ·>×@ÅÎ·¤Ý@¼¢ÅÎÆÍ¼¢ËaÀÊ»Ã¾ÊÒÔÓ|¼¢·¨Ù3ËaÀÊÖ|Õ3ËaÖ|ÀÊ¼¢·ï»½Æ ðm»ÃÄÃ¹S÷SÜáÇÎ¾�¹o»Ã¼´�rÖ¡ÅÎÀÔ¹o·ZÖ|·|Ýå×@ÅÎ·ïó¤¼¢ÀÊÕ3ÆÈÇÎÄ½¼M·¤×Î¼MÀ¿â¼M»½·oéíÇ@ÒÔÓ3ËMæ
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Y²ÇÎÒÔÓcñç¼e¾�ËÔ¾åÆÍ»½Ë¤¹o¼¢Æ ó>Å@·|Å´ËÊÅÎ·|»Ã¼¢Å@Âd¼MÀÊÇ´ËaÅ@ÀåÇ´ÖoéDÀa¼eÇ´ÄÃ¼¢· ðm»ÃÄÃ¹o¼MÀa·�¾�ËÊ¼¢ÄÃÄÌË¤¾a»ÃÒÔÓ ¾aÅ´éêÅ@À¿ËUÓ|¼¢ÀÔÇ´Öd¾¢÷á¹|Ç´øî¹o»Ã¼¨¹o»ÃÀÊ¼¢Õ3Ëa¼Ûè·ZÜ�¼M·¡¹oÖ|·¡Ý<Ú¢Ö�Õ@¼¢»Ã·|¼¢·å×Î¼¢ÀÊÜm¼¢ÀaËaÉ¡ÇÎÀa¼M·JõûÀaÝ@¼¢É|·|»ß¾Ê¾¿¼M·DéÔÑÖ¡Ó|À¿Ëeæ3Á�¼¢Àáõ�»Ã·oÐ¡Ö¡ø<×ÎÅ@·�ùèÇ´Ö¡¾ÊÒÔÓ|¼M·�Ç´Öoé�¹o»Ã¼�ò¡Ö|·|Õ3Ëa»ÃÅÎ·¡¾aÜm¼¢»ß¾¿¼¹o¼M¾ÍÏ�Âd¼MÀÊÇ´ËaÅÎÀÔ¾�¼¢ÀÊÚ¢¼MÖ|Ý´Ë<¼M»½·|¼{ä Ö|·¡Ú¢Ö|ÀÊ¼¢»ßÒÔÓ|¼¢·d¹o¼Eä�ë�ÄÃÇ@¾a¾a»�EdÕ�Ç´Ëa»ÃÅÎ·ÑSíÛ²É|É�æ�9¡æ © +ZUiæ�Á²¼MÀÍÏ�Âr¼¢ÀÔÇQËÊÅÎÀ'Ü
»ÃÀÊ¹¨×ÎÅ@·:Ö|·¡¾<ÚMÖ|Àõ�ôZËaÀÔÇ´Õ3Ëa»ÃÅÎ·FÄ½Å@ÕQÇ´ÄÃ¼¢Àèó¤Ç´ôZ»ÃÆÈÇJ»½·U×ÎÅ@Àa×@¼¢ÀÔÇ´ÀÊÉd¼M»ÌËÊ¼iËa¼M·åðm»½Äß¹o¼MÀa·uÉr¼¢·ZÖoËaÚ¢Ë�Sí¾a»½¼MÓ|¼<ÛèÉd¾aÒÔÓ|·¡»ÌËaË09¡æ )ZUHæ�:Ü�� Ô�*vå�±u°0å®å °è¬�­ö*D±u¬�°çæ>«>±»â=°káy*D±
�rÖ|À�ÕÎÅ@ÆºÉ|»Ã·|»Ã¼¢ÀaËa¼¢·¨Þ�¼¢Ü
»Ã·|·ZÖ|·|Ýå×@ÅÎ·èä Ý@¼¢ÀÔÇÎ¹o¼M·=ärë'ÇÎ·@ËÊ¼¢·oâáÖ|·¡¹¨õûÒÔÕ@¼¢·|ÆÍ¼MÀaÕZÆÈÇ´ÄÃ¼¢·>Ü
»ÃÀÊ¹ï¹o»½¼Í¾aÅÎÝÎ¼M·¡Ç´·¡·@ËÊ¼ã�½§!�¬�i����4����¸s§!�s�O��ºJ£6�#³P��¯�§P��S Ö hêé S->�0BA�UlUá×@ÅÎ·úØ ðáùèÛ
* m!Ù ×@¼¢ÀÊÜ�¼M·¡¹o¼¢ËM÷|¾a»½¼�»ß¾�Ë²¹o¼OE¡·|»Ã¼¢ÀaË²¹oÖ|ÀÔÒÔÓë S�>·0BA�U g ì Sîí!0�ï6U·Ã�S�÷ ��ð S�>·03A6U�U t 0JÏS�>·0BA�U g ì Sîí!0�ï6U·Ã�S�÷ �Eð S->�0BA�UlU t 0Ö S�>·0BA�U g ì Sîí!0�ï6U·Ã�S�÷ ��ð S�>·03A6U j ÷ �@ð S�>·0BA�U�U

Ö|·¡¹Ö hêé S�>·0BA�U g ë S�>·0BA�U j JÏS�>·0BA�U�Å Ö t S->·03A�U�Å�� j S ë S->�0BA�U l JÏS->�0BA�UlU t 0
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ZvS,T/�:�mTl\~d*T/\¤i��mTlY:b&aeT/\ ù Tl��S,ORQR\R�CS�¥ dR`-Vloe�*YmT��Æ°L�\R\RT/\¬ÈL-�:i-T/\nd*T/V,Nc`��-Tl\XV °Qeb&��ORV,L��vY:æ/Y:T/VUS#QR\nd5ælQRV Õ L-\CS,VUL��m�:T_dRT/V�^_T/\n`�QRY:i-��T/YmS
NPYmSUTlYm\e`-\ed*TlV@¾-T/V,i-�:Y[b&aRT/\5�MTlV,d*Tl\]!¥N×!� Þ # Ê » � õ À Õ � $ × # ��� � $ Þ # Ê » � õ Ï Õ � $ Â�nm�q`mev �Wed]G[fhjint3a3¥5«�«¢¡ «xb¬]£s ¦5ika?]Ø¤ ]Ga3acb`a3[f«�´?]G«1£¤¦Sb¬ª�b`[m¦5a3«¢Ù�[fa?ln]Ge

� TlYMd*TlV � T(S,V,`�b&aCSUQR\Ri¤d*TlVF¯
Y:T(¬ÈTl\C�9TlZ3SUY:NPN´QR\ei~QR\CSUTlV Õ T/\e\�S,\RY[Z�d*T/V � L�S&`�S,YmL�\�¬ °QRaRVUSUT/\ÛdRYmT °���nTlVU�:T/i�QR\Ri�T/\1æ/QT/Y:\RT/N °Qe�nTlVU�9TlZ3SUY:NPN�SUTl\g^_�:T/Y[b&a�QR\RiCZUZU¢*ZvS,T/Ná�nTxZvS,T/aRTl\edg`�QeZ�²1^_�mTlY:b&a�QR\ei-T/\ÒN�YmS®æ/�#T/Y ��\C�9T/��`-\R\*SUTl\]ok�%QRV,b&adR`-ZYÃ  ¤T/aeV.Ã�`-\Ófh\R¬ÈL-V,NP`�SUY:L-\RTl\�Y:\1d*YmTxZ3TlN ��¢*Z3SUT/N NPL�SUY:¾�YmTlV3SxIÆ¾-TlV,ZUQeb&aRTl\��@Y:V¨�vT(SUæ/S´T/Y:\RTP�#T/YmSUT/V,T �z\R�9T/��`-\R\CSUTT/Y:\Ræ/Q*¬&°QeaRVUTl\]!e�%T/\ � L-S,`�S,YmL�\eZU�@Ym\R��T/�Ú: � d*TlV � L�S&`�S,YmL�\~� � o� TlYCj¸°Qeb&aCSUY:i-TlV � T(S,V,`�b&a�S,QR\Ri´dRTlZ@^_�mTlY:b&a�QR\ei�Z,Z3¢*Z3SUT/NcZMZvS,T/�:��S
Nc`�\®¬ÈTxZvSxI*dR`��FTlZ�¬,°QRV@d*YmT�d*V,T/Y9Wk`�V,Y:`-�R�:T/\ Ê » � IjÊ » �QR\edT: � ZUT/Y:\RT�^_TxZvS&`��mS%QR\ed «]Y:\RTl`-VUYmSx°`�S�¾-TlVU�:Y:T/VUSlo²�zN d*Y:TlZUTlZ_jkV,L-�R�:T/NÏæ/Q �nTl��°`��mSUY:i-T/\�InNFQ`�XTlYm\~\eT/QRTlV y \eZU`�SUæi-T(¬ÈQe\ed*T/\F�MTlV,dRT/\]otfhN ¬ÈL-�:i-Tl\ed*Tl\´�#T/V&d*T/\Fæ/�#T/Y�«�°L�ZUQR\Ri�T/\´de`�V,i-TlZ3SUTl�m�mSlI�d*Y:T��vTld*L*b&a´�9T/Y[d*T
Y:aRVUT@�*b&a���°`-b&aeT/\�ae`-�nTl\]o
��Y:T�\RT/QeT/\¡«�°L�ZUQR\RiCZ3�#T/i�T%ZUYm\nd5ælQ � Tli-Y:\R\EdRT/N WªL�VUaRTlVUi�T/aRTl\ed*Tl\5ZUT/aRV�°`-aR\R�:Y:b&a]oR��°QRVzdRYmT�¯6V,`-\eZ3¬ÈL-V,NP`�SUY:L-\®TlYm\eTlZjkQR\R�CS,TlZ�¥ ¾-L�N ù Tl��S,�-L�L-V&d*Y:\e`�S,T/\eZU¢*ZvS,T/N�à Ö�Á Ym\ET/Y:\RT/\EjkQR\e��S�� d*TlZ Õ `�NPTlV,`-�-L�L-V&d*Y:\e`�S,T/\eZU¢*ZvS,T/NcZ Ö¤Ö�Á�mY:T/i�T/\ ¬ÈL-�:i-T/\nd*T®^_�mTlY:b&a�QR\Ri�T/\ÓNPY�SÛ� `-�:Z�²6D�² � L-S,`�S,YmL�\eZUNP`�SUV,Y��~Qe\ed � `-�:Z�¯6V,`-\eZU�:`�SUY:L-\eZU¾-Tl��S,L-V_Z3L��@Y:TFTlYm\eT/V� L�S&`�SUY:L-\§���>d*TxZ@��V,T/aCSUTl�m�:T/V&Z
¾-L�V # ZUYmTlaRT y �eZ,b&aR\RYmS3S ¼ omp�ompv$J!

¾-L�aRT/Vx! ��¥ Ó¦� × � À\e`�b&aRaRT/Vx!¨���h��¥ Ó¦� × ��Ï
�ML��nTlYc� À d*T/VFjkQR\R�CS�Y:N Ö¤Ö�Á ælQRN ��T/YmSUORQR\e��S�7 À Qe\ed9��ÏPæ/QRN �9T/YmSUOeQR\R�CSÛ7dÏP\e`�b&aÓd*TlV � L�S&`�S,YmL�\9���£Y[ZvSxo��Y:TlZUT��nTlY:dRT/\~^_�mTlY:b&a�QR\ei-T/\E�[`-Z,Z3Tl\EZUY:b&aE�@Y:Tld*TlVUQRN �@YmT�¬ÈL��mi-S
QeNF¬ÈL�VUNPTl\EQe\edE�-L-NF�RY:\RYmTlVUTl\]!� À × ��¥ Ó��� À Õ � × ��¥� Þ # � À Õ � $ × ¥ ©©©©©©

��� � ¥ Ó�� × � Ï��� � ¥ × � Ï Õ �¥ × � Þ� � Þ # ��Ï Õ � $� Þ # � À Õ � $ × � Þ� � Þ # ��Ï¨Õ � $� Þ � À Õ9� Þ � × � Þ� # � Þ ��Ï¨Õ9� Þ � $
y Qeb&a¡aRY:T/VzTlVUi�Ym�RS�Z3Y[b&aX¬ °QeVzT/Y:\RT/\¤j�QR\R�CS���ÂªY:N Õ `-N�TlV,`-�-L�L-V&d*Y:\e`�S,T/\eZU¢*ZvS,T/N�`�Q*¬Èi�VUQe\ed¡d*T/Vz��`-N�TlV,`-æ/Tl\�S,VUY:T/VUSUTl\j¸T/V&Z3O9T/�CSUY:¾�ORV,L��vT/�CS,YmL�\®NPY�S�d*TlV � VUTl\R\��MTlY�S,TÑÈ�Qe\edET/Y:\RT/NÏjkQR\R�CS,T #ÛÚ¼· ú ÜçÝ@· ú $#YmN � Ym�[d��Â × ÃÄ Ú » úÝ » úÊ » ú ÅÆ × ÃÇÄ $`È ú ( & úÉ) È ú ( & úÉ( & ú Å�ÊÆ × Ê » ú ÃÇÄ $`È úÉ) È úÉ À Å�ÊÆ × Ê » ú õ Â
�ML��nTlY

õ
Â T/Y:\RT�`-�R��°QRVUælT/\edRT��*b&aeVUTlYm���#T/Y[Z3T%¬,°QRV�d*Tl\¡T/\CS,ZUORV,Tlb&aRTl\ed*T/\EWªT/�CS,L-VzdR`-V,Z3SUTl�m�mSlo��Y:T~«]Y:\eZUT/\�¾-TlVUælT/V,VUQR\ei���`�\R\�Ik�@YmT¤Y:N ¾�L-V,aRT/V,i-TlaRT/\nd*T/\±WªT/VU¬�`�aRV,T/\ NPY�S Õ Tl\R\CSU\RY[Z®d*TxZ � L�S&`�S,YmL�\eZ3�@Y:\R��T/�[Z/Iª`�\d*YmTxZ3TlV
��SUT/�:�:T%TlYm\��9T/æ/L�i-Tl\®�MTlV,dRT/\]IC�@YmV&dð�vTxd*L*b&a5`�QnZ#^_V�°QR\ed*Tl\5d*TlV °���nTlV,ZUY[b&a�S#YmN�¬ÈL��mi�T/\edRT/\X�#T/i�i-Tl�:`�ZUZUT/\]o�­�`-b&aT/Y:\RYmi�T/\EWªT/V,T/Y:\*¬�`-b&a�QR\ei-T/\ET/V,i-Y:�*SzZUY:b&a]!
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Ê » �ª�«�¬*­� � � Þ
õ
Àª «Ë¬ ­ÌÜ ÕF� Þ �ª «�¬ ­ÌÍ × � Þ� # Ê » �ª�«Ë¬�­� � � Þ

õ
Ïª «Ë¬ ­ÌÝ ÕF� Þ �ª «Ë¬ ­ÌÍ $Õ À GN^Õ!GÏ × � Þ� # Õ Ï G® Õ�GÏ $

��Y:T�ælQR¾-L�VkT/V,��°`�aR\CS,T�jkV,L-�R�:T/Nc`�SUY:�FZ3SUT/�:�mS#d*Y:T � L-S,`�S,YmL�\eZUNP`�SUV,Y��<� � dR`-VloC��YmT%Y:Z3SMæl�#`-Vk\RY[b&aCS�¾-L��m�[ZvSt°`�\edRYmi��9TlZUT(S,æ(Ss´TlZPae`-\ed*Tl��S5ZUY[b&aû<n'*)´QRN T/Y:\RT � L-S,`�S,YmL�\±QeN d*Y:T �ns y b&aeZUTEs?�vTld*L*b&ag�-L�NPN�S®d*T/VXQR\��nTl�t`-\R\CSUT ù Y:\R�-Tl�p: �N�TlaRVU¬�`-b&aE�-L-NF�RY:\RYmTlV3S@Y:\ESUV,Ymi�L-\RL�N�T/SUV,Y:Z,b&aRTl\X�RQR\e��S,YmL�\RT/\¡¾�L-VxoÞ �¸� ������çÆ¥x� ó A×CB � ���
��Y:T�Ym\�¾�T/V&Z3T � L�S&`�S,YmL�\eZ3Nc`�SUV,Y��®QRNÏd*Y:TF�ns y b&aeZUT_an`�S@¬ÈL-�:i-Tl\ed*T�^_TlZ3S,`-��Sx!� Þ� × ÃÄ ÏËßYà # :`�?$=Õ à Ð�O # :`�¨$ wà Ð�O # :'� $ ÏËßYà # :`�?$ ww w p ÅÆ
 ¤Y�S�dRT/V@æ/Qe¾-L-V@aeT/V,i-T/�:T/YmSUT/SUTl\¡^_�:T/Y[b&a�QR\Ri Õ À GN;Õ�GÏ × � Þ� # Õ Ï G® Õ�GÏ $
T/V,i-Y:�*SzZ3Y[b&aEde`-Zz^_�:T/Y[b&aCQe\Ri�Z,Z3¢*Z3SUTlNE!Õ À N ù Õ Ï ù × # Õ Ï ® ù Õ Ï ù $ ÏËßYà # :'� $HÕ # Õ Ï ® û Õ Ï û $ à Ð�O # :`�¨$ # pv$Õ À N û Õ Ï û × # Õ Ï ® ù Õ Ï ù $ à Ð�O # :`� $ Ó # Õ Ï ® û Õ Ï û $ ÏËßYà # :`� $ # ux$Õ À N � Õ Ï � × Õ Ï ® � Õ Ï � # ²�$
��Y:T�d*V,Y�SUSUT´^_�:T/Y[b&aCQe\RiP\e`-b&a Õ Ï�`�Q*¬Èi�T/�H°L�Z3SlI�Ym\ # p�$#QR\ed # u%$#T/Y:\Ri�TlZUT(SUæ/SlI*TlVUi�Ym�*Sx!Õ À N ù Õ Ï ù × # � � ÜËá Ý�âÝ á Õ Ï ù $ ÏËßYà # : � $HÕ # � � Ü á Ý�ãÝ á Õ Ï û $ à Ð�O # : � $Õ À N û Õ Ï û × # � � Ü á Ý âÝ á Õ Ï ù $ à Ð�O # : � $ Ó # � � ÜËá Ý ãÝ á Õ Ï û $ ÏËßYà # : � $
�%`�ZkT/\CS&ZvS&`�\ed*Tl\RT%^_�:T/Y[b&a�QR\Ri�Z,ZU¢�Z3SUTlN NPYmS#d*Tl\c�nTlY:d*Tl\º�z\��9T/��`�\e\�S,T/\ä:`�±QR\ed Õ À �H°`��-S�Z3Y[b&acT/Y:\ed*TlQ*SUY:i´�H°L�ZUT/\�o-��Y:T«�°L�ZUQR\Ri�T/\ Ï �[`�Q*S,T/\]! :`� × u×NxÄ Ï 7gNPO � Ï u # N û ® � Õ ® û N � $ Ó Ï p # N ù ® � Õ ® ù N � $Ï u # N ù ® � Ó ® ù N � $TÕ Ï p # N û ® � Ó ® û N � $  Õ À × ® � # Ï ù Õ Ï ù ÏËßYà # : � $ Ó Ï û à Ð�O # : � $m$N ù ® � Õ9N � ® ù Ï�ßYà # :`�¨$ Ó N � ® û à Ð�O # :`�¨$Õ Ï × Õ À N � Õ Ï �® � Õ Ï � ¤Y�S#d*YmTxZ3Tl\®«�°LCZ3QR\ei-T/\P�Æ°L-\e\RT/\Ñ�vT(S,æ(S
d*YmT ù Tl��S,�-L�L-V&d*Y:\e`�S,T/\cd*TlZ�jkQR\R�CS,TlZ;¥ �@Y:TzYmN y �nZUb&aR\eY�SUS�æ/QR¾�L-Vk�9T/V,Tlb&ae\RT(S�MTlV,d*Tl\]! ¥ × � Þ # Õ À õ À Õ � $ × # ����� $ Þ # Õ Ï õ Ï Õ � $ Âå.æTëìñ'ç¯èõ�¯zâvãv÷öñdãÑòGâvé{ävñdã�³ ë æ4è§é�êYë�ì.í íîUï ñdëìãvñg³ð³?åçæ{îvñg³?åçæzë[¯{íïîvñºñ�òó³ôµ�õöê[³?å¼ãvë[õ�âvê åçæzëìõöã�¯�õvé{õö÷öéïå�³ ï ñdézézñdíïî�ãvñ)ækö
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÷ � �ªµ]Ð�����|6�C�tçn×�×e��|�����{*¥l����B/µøBl¥l��Ú9ù ó A×CB � �6�
	 Y:\RT �#T/YmSUTlVUT�  °L�i-�:Y:b&aR��T/YmS5Y[ZvS¤d*Y:T � T/SUV&`-b&aCSUQe\RiÒd*TlV � L�S,`�SUY:L-\ûYm\�T/Y:\RT/V¤`-\ed*T/V,T/\ Õ LCL�V,dRYm\e`�SUTl\edR`�V&Z3SUT/�:�:QR\Rieo� °QeVFd*Y:TXZUOnTlæ/Ym»nZUb&aeT � T/�#T/i-Qe\Ri¡QRN d*YmT¡�ns y b&aeZUT®d*TlZ��%V,T/aCSUTl�m�:T/V&Z��RY:T(S,T(SFZUY[b&aÛd*T/V ù Tlb&anZ3Tl��Y:\ÛdR`-Zäú�.�8�;�<9?�B()Jè�-0x0�)U?�;�<9+�GHB/<R§J.t§JGHB/� `-\]o 	 Z
Y[Z3Sz�@YmT_¬ÈL-�:i�S�dRT(»e\RY:T/VUS � �
� Î 
 º � !

Xw

Yw

Zw

P

h

psi

rho

0

y �R�RY:�:d*Qe\Ri ¼ o:p-! Õ `-V3S,TlZUY:Z,b&aRTlZ3s¸QR\ed~�9¢��mY:\ed*TlVU��L�L-V&d*Ym\n`�SUTl\eZU¢�Z3SUTlN
	 Y:\�j�QR\R�CS�Y[Z3SªdRT/NP\e`-b&a�d*QRV&b&a # : Ü�ûrÜ.ü $6NPY�S ü `��[Z ¿ °L�aRT
QR\ed8:�`-�:Z ù Y:\R�-Tl��æ/�@Y[ZUb&aRTl\;Å�s y b&aeZUTMQR\nd û TlYm\edRT/Q*S,Ymi�nTxZUb&aRY:T/�9T/\�oe� °QRV�d*Y:T"�zNPVUTxb&aR\�QR\Ricd*Y:TlZUT/V@�9T/Y[d*T/\ Õ L�L-V&d*Y:\e`�S,T/\eZU¢*ZvS,T/NPT_Ym\RTlYm\n`�\ed*TlV@i-Y:��S@¬ÈL��mi�T/\edRTlZl!� × û ÏËßYà :� × û à Ð�OÚ:Õ × üû × ß � Ï Ó � Ï: × N�Ä Ï 7gN¢O # û ù $��TlVcWªL-VUSUT/Y:�@d*Y:TlZUT/Vc�%`-V,Z3SUTl�m�:QR\Ri�Y[ZvSxIkdR`���ZUY:b&a d*YmT¤ZUOnTlæ/Y:T/�:�mT � L-S,`�SUY:L-\eZUNc`�SUV,Y��¦� � QRN d*YmT��ns y b&anZ3TEYm\ T/Y:\RTWªT/�CSUL�V,`�dRd*YmSUY:L-\E¾-T/V,�
`�\ed*Tl��SxoR��T/YGÉ T/Y:\¡jkQR\R�CSxIedR`�\e\5i�Ym�mSzYm\¤d*Y:TlZUT/N��e`��:��!��� Ô É�ý ÜËþ�ÿ���� Â �gÍ�� × É �¼û�� ÂÍÌ Î þ Â ��Í�� Ó ÃÄ :`�ww ÅÆ
y Q*¬kd*Y:T�æ/QR¾�L-V@aRTlVUi�T/�:T/YmSUT(S,T�^_�mTlY:b&a�QR\RiP�9T/ælL-i-Tl\]!
~ ��`�VUSUTxZ3Y[Z,b&a]! Õ À GN�Õ�GÏ × � Þ� # Õ Ï G® Õ�GÏ $
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~ æl¢C�:Y:\ed*V,Y:Z,b&a]!ÃÇÇÇÇÇÇÄ
N�Ä Ï 7gN¢O � Õ À N û Õ Ï ûÕ À N ù Õ Ï ù  

ß # Õ À N ù Õ Ï ù $ Ï Ó # Õ À N û Õ Ï û $ Ï
# Õ À N � Õ Ï � $

Å ÊÊÊÊÊÊÆ ×
ÃÇÇÇÇÇÇÄ

N�Ä Ï 7gNPO � Õ Ï ® û Õ Ï ûÕ Ï ® ù Õ Ï ù  
ß # Õ Ï ® ù Õ Ï ù $ Ï Ó # Õ Ï ® û Õ Ï û $ Ï

# Õ Ï ® � Õ Ï � $
Å ÊÊÊÊÊÊÆ Ó

ÃÇÇÇÇÄ
Õ�:`�
w
w

Å ÊÊÊÊÆ
dR`�V&`�QeZ#TlVUi�Ym�*SzZUY:b&a¤dR`�Z#¬ÈL-�:i-Tl\ed*T�¾-TlVUTlYm\*¬�`�b&aCSUT�^_�mTlY:b&a�QR\RiCZUZU¢*ZvS,T/N¡!Õ À N � × Õ Ï ® � # p�$

# Õ À N ù Õ Ï ù $ Ï Ó # Õ À N û Õ Ï û $ Ï × # Õ Ï ® ù Õ Ï ù $ Ï Ó # Õ Ï ® û Õ Ï û $ Ï # u%$: � × N�Ä Ï 7gNPO Ñ � � Ý�ã Ö Í ã� � Ý â Ö Í â Ò Õ%N�Ä Ï 7gNPO Ñ � � Ü ã Ö Í ã� � Ü â Ö Í â Ò # ²x$
y QeZPd*Tl\ÛT/V&ZvS,T/\Û�9T/Y[d*Tl\ ^_�:T/Y[b&aCQe\Ri-Tl\Û� °`%��SPZ3Y[b&a Õ À QR\nd Õ Ï®�9TlZ3SUY:NPN�Tl\]oª��Y:TET/V&ZvS,TE^_�:T/Y[b&aCQe\Ri��@Y:V,dÛ\e`-b&a Õ Ï`�Q*¬Èi�T/� °L�Z3SlI Õ Ï × Õ À N �® � Üd*YmTxZ@Y:\Ed*Y:T�æ/�#T/YmSUT´^_�:T/Y[b&a�QR\RiPT/Y:\Ri�TlZUT(SUæ/S@QR\edE\e`-b&a Õ À QRNPi-T/¬ÈL-V,N�Sl!

# Õ À N ù Õ Ï ù $ Ï Ó # Õ À N û Õ Ï û $ Ï × # Õ À ® ù N �® � Õ Ï ù $ Ï Ó # Õ À ® û N �® � Õ Ï û $ Ï# Õ À N ù $ Ï Ó # Õ À N û $ Ï Õ�u Õ À N ù Ï ù Õ1u Õ À N û Ï û × # Õ À ® ù N �® � $ Ï Ó # Õ À ® û N �® � $ Ï Õ�u Õ À ® ù N �® � Ï ù Õ�u Õ À ® û N �® � Ï ûÕ ÏÀ # N Ïù Ó N Ïû Õ # ® ù N �® � $ Ï Õ # ® û N �® � $ Ï $ × u Õ À # N ù Ï ù Ó N û Ï û Õ ® ù N �® � Ï ù Õ ® û N �® � Ï û $Õ À × u # N ù Ï ù Ó N û Ï û Õ ® ù ÜËáÝ á Ï ù Õ ® û ÜËáÝ á Ï û $# N Ïù Ó N Ïû Õ # ® ù Ü áÝ á $ Ï Õ # ® û Ü áÝ á $ Ï $
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Z3Y:\edESv¢�ORY[ZUb&aRT 	 V,i-T/�e\RY:Z,ZUT�nTlY�d*T/V y \��MTl\ed*QR\Ri®dRT/V%Î%O*S,Y:bl`��msH���:L��
sH¯6Tlb&aR\eYm��T/\XdR`-VUi�TlZ3SUTl�m�mSlo
�%`�Z%WªTlV3¬�`-aRV,T/\~¾�L-\Ó"%<�+�<9?�+�< � y ­ y%
 q � d*T/SUTl��S,YmTlV3S_¬,°QRV�æ/�#T/Y 	 Y:\RiC`��9T/�RY:�:dRT/V # u�w�w¼D�u�w�w54¯Ð � $zæl�#`-V�TlYm\RT�WªT/VUsZUb&aRY:T/�eQR\Ri5`-\Ó^_V&`�Q��#T/VUSU��`�\CSUTl\]In`-�nTlV_dRYmT � Y[b&a�S,QR\RiEY:Z3S�\CQeV_ZUT/�mSUTl\��-L�VUV,T/�CS��9TlZ3SUY:NPN�Sxo]��Y:T � V,T/YmSUTFQR\ed Õ L-\*sSUY:\CQeY�St°`�Szd*T/V@�9T/V,Tlb&ae\RT(S,T/\EWªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-V,T/\c¾�T/V&d*T/QRSU�:Y:b&aCS@d*YmT�Z3S,`-VU��T�^_�H°`�SUSUQR\RiP�9T/Y]d*Y:TlZUT/V@¯6Tlb&aR\eYm��oR�z°QRVdR`-ZkdRY���T/V,T/\CSUY:T/�:�:TzWªT/VU¬�`�aRV,T/\P¾�L-\54¸'e$&+�§z'*<9?
6�+�<9+�?-B � «G��K 
 p � �@QRV&d*T/\¡ptr � Y:�[d*T/VMi-T/\eT/V,YmTlV3Sxo���Y:TzV,TlZUQR��S,YmTlVUTl\ed*TWªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-V,��`�VUSUT%Y:Z3Sz`��:�mTlV,d*Y:\RiCZ
QR\Ræ/QeVUTlY:b&aRTl\edEd °QR\R\¡�9TlZUT(SUæ/Slo
�%`�Z�jkV,L-�R�:T/N dRT/V�i�T/V,Ym\Ri�T/\Ó��Y[b&aCSUTcT/\CS&ZvS,T/aCS�i-TlV,`�d*Tcd*QRV&b&a aRL�NPL-i-Tl\RTc�
°`-b&aRTl\]I]dR`¡\�QRV�`�\1^_V&`�Q��MTlV3S,��`�\CSUTl\Õ L-V,VUTxZ3O9L-\edRT/\RælT/\�i-T(¬ÈQe\ed*T/\c�#T/V&d*Tl\��Æ°L�\R\RT/\�ox�zN�`�Qnb&acYm\®d*Y:TlZUT/\®^_Tl�RYmT/SUTl\®WªT/�CSUL�VUTl\P�nTxZvS,YmNPNPT/\®ælQc�Æ°L-\R\RTl\]I�@QRV,dRT/\¤d*Y:T�ZU¢�\CSUaRT/SUY[ZUb&aRTl\¤Î%�`�vT/�CSUT�NPYmSz¾-T/V&Z,b&aRYmTxd*T/\eT/\5¯6T:��S,QRVUTl\Ò°QR�nTlVUælL-i�T/\ # ¾�i-��o y �R��o9º�o:p-pv$Jo�%`%��d*YmT y \Ræx`�aR�edRT/V�WªTlV,Z,b&aRY:T/�RQe\Ri�ZU¾-Tl��S,L-V,T/\�dR`-d*QeV,b&aFS,`�S,Zx°`-b&aR�:Y:b&aPTlVUaRTl�R�:Y:b&aPi-TxZvS,T/Y:i-TlV3Sª�#T/V&d*T/\P��`�\R\�I-�9T/�#T/Y[ZvSd*YmT y �R�]o # º*omptu%$(o ù °`-aRV,T/\ed±�nTlYzd*T/N WªT/VU¬�`�aRV,T/\±¾-L-\ "%<9+�<9?-+�<1d*YmT � Qe`-�mYmSx°`�S�\eL�b&a QR\RælQRV,T/Y[b&aRT/\edÒY:Z3SlIªælT/Y:i�SdR`-ZcWªTlV3¬�`-aRV,T/\ ¾-L-\ý4¸'e$&+�§¡'*<�?76P+�<�+-?-B®�nTlY�d*TlN S,T:��SUQRV,Y:T/VUSUT/\ ù °QRVU¬ÈT/���MTl\RYmiCZvS,T/\eZP�9T/Y%T/Y:\RT/V®���H°`-b&aRT~ZUT/Y:\RT�#°`-aRY:i-�-TlY�S,T/\]o
�%`�Z%Y:\ y �R�]o # º�o:pl²�$zdR`-VUi�TlZ3SUTl�m�mSUT � T/Y[Z3ORY:T/��I��ML¡d*Y:T®^_TlZ3S,`��mS�T/Y:\RT/V�V,Tl`-�mTl\ � °QeZvS,TPVUTl�-L-\nZvS,VUQRY:T/VUS%�@Y:V&dÆI�Y:Z3S�\RY:b&aCSVUTlORVx°`�Z3Tl\CS,`�S,Ym¾5¬,°QRV�d*Y:TP^_TxZvS&`��mS,Z,`�\e`-�m¢*ZUT�NPY�S´Î%O*SUY[b/`-��sh���mL��
sh¯6Tlb&aR\RY:�-Tl\]oe­�QRV�dR`-Z%WªT/VU¬�`�aRV,T/\¤¾�L-\Ó"%<�+�<�?-+�<E�9T(sVUTxb&aR\RT(S,TFNPYmS�T/Y:\RT/V�iC`�\Ræ�Z3O9T/ælYmTl�m�:T/\�jª`�V&`�NPT(S,T/V,�-L�N´�RY:\e`�S,YmL�\¤dR`-Z_¾-L�VU�:Y:T/i-Tl\CSUT � TlZUQR��S&`�Sxo��%Y:TlZUT 	 Ym\nZvS,T/�:�mQR\ei-T/\�-L-\e\�S,T/\E\RY[b&a�Sz��L-\eZ3SUV,QR�CSUY:¾cT/V,NPY�SUSUTl��Sz�#T/V&d*T/\EQR\edETlVUiC`��9T/\¡Z3Y[b&aE`-QeZ
T/Y:\RTlV@QRN�¬�`-Z,Z3Tl\ed*T/\¤¯6TlZ3SUV,T/Y:aRT-o� °QeV 	 Ym\RiC`��9T/�RY:�[d*T/V_d*T/V�^_V °Lx�-TFrRpxu<D�rRpxu�4¯Ð � �@QRV&d*T´TlYm\eTFjk¢�V&`�NPY[d*T�NPY�S � aeYmTlV,`-V,b&aRY[Z,b&aRT/\ 	 �9T/\eT/\~i�T/� °`�ae��SQR\edÛdR`�Z�²~D ² Õ L�VUV,T/�[`�S,YmL�\eZ3¬ÈT/\eZ3SUTlV_�@QeV,d*T °QR�nTlVXpxw � T/�[`��R`�S,YmL�\eZ,ZUb&aRV,YmS3SUTc`-\Ri-Tl�MTl\ed*T(Sxo��%YmTE`�Q*¬zd*Y:TlZUT ù T/Y[Z3TT:�*OnTlVUY:NPT/\CSUTl�m�ªi�T/�#L-\R\eT/\RTl\Ójª`-V,`-N�T/SUTlV%�
`�V,T/\ \RY:b&aCS�`�QR¬
`-\ed*T/V,T y Q*¬È\e`-aRNPT/\�°QR�9T/VUSUV&`�i��e`�VxoÆ��L¡Y:Z3S´dR`-Z�V,Tl`-�mT� TlY:ZUORY:T/�*Y:\ y �R�]o # º�o:pl²�$]TlaRT/Vª`��[Z¸L-ORSUY:N�Y[Z3SUY[ZUb&aRTz^_V,T/\RælT#dRT/VªQR\CSUTlV,ZUQeb&aCSUTl\PÎ%O*S,Y:bl`��msH���:L��ÛWªT/VU¬�`�aeVUTl\F`�\eæ/QeZUT/aRTl\]o



��ï3�kë/ì¸íMê*)��5íMîð�@ícb
õzë3öRöRí º�q

Î%ORSUY[ZUb&aRTlV@�6�:Q`�c¾�L-\~"%<9+�<�?-+�<eo 	 V,i-Tl�R\RY[Z#N�YmS�4ª'e$,+�§Jè�6�+�<9+�?-B/o
y �R�RY:�[d*QR\RiÒº�o:plwe! y \C�#T/\nd*QR\RiÓ¾-L�\ Î%O*SUY[b/`-��sh���mL���WªTlV3¬�`-aRVUTl\Ò`�QR¬%Z3¢�\CSUaeT(SUY[Z,b&aRT/\ ù °QRV3¬ÈTl�
\e`-b&a � L�S,`�SUY:L-\ÛQeNp:Á�Ä Ð o

ù °QRVU¬ÈT/��N�YmS_Î%�9T/Vkj6°`-b&aRTl\CSUT:��S,QRVlo � °QeZvS,T�NPY�SzNc`�V,NPL-V,YmTlV3S,T/V@¯6T:��SUQRVxo
y �R�RY:�:d*Qe\Ri5º�o:p-p�! 	 Ym\nZU`�SUæ�¾-L�\E¯6T:��SUQeVUTl\5ælQRVzWªT/V,�9TlZ,Z3TlVUQR\ei�d*TlV@WªT/V&ZUb&aeYmTl�RQR\RiCZ3¾�T/�CSUL�VU�9TlZ3SUY:NPN´QR\Rino
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� TlZUQR��S&`�SzNPYmS_"%<9+�<�?-+�<eo 	 V,i-Tl�R\RY[Z#N�YmS�4ª'e$,+�§Jè�6�+�<9+�?-B/o
y �e�RYm�[d*QR\ei5º�o:pxu*! y \C�#T/\nd*QR\Ricd*TlV_Î%O*SUY[b/`-��sh���mL��>WªT/VU¬�`�aRV,T/\E�nTlYÆSUT.��SUQRV,YmTlV3S,T/\~Î%�nTlV�j�°`-b&aRTl\]o
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^_V,`-Q��MTlV3S,�RYm�[d®TlYm\eT/V@V,Tl`��:T/\¤��ælT/\RT�o Î%O*S,Y:Z,b&aRT/Vz���:Q`�PNPY�S�"%<�+�<�?-+�<no

� Tl�-L�\eZvS,VUY:T/VUSUT�¯
Y:T(¬ÈT/\e�t`-V3S,T-o ^_T/i���°`�S3SUT/SUT�²��zsHW�Y[Z3Qn`��:Y:ZUYmTlVUQe\Rieo
y �R�RY:�[d*QR\Ri~º�o:pl²e! � Tl�-L-\nZvS,VUQR�CS,YmL�\¤T/Y:\RT/V_VUTx`��:T/\ �*æ/T/\eT´QR\CSUTlV�WªT/V,�MTl\ed*QR\Ri5d*TlZ�Î%O*S,Y:bl`��msH���:L���WªTlV3¬�`-aRV,T/\eZ�¾-L-\"%<9+�<�?-+�<c\e`-b&aET/Y:\RT/V�r�Á�Ä Ð ��V,T/a�QR\eieo
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 +.- ½ 03@S9ºI ¾^V.E�2A¾"EH8:0?@TFH08! 0?EGFT¾^V¼FHE�@S039�O;6AEGFT@n>A9 FH8:OY6
fh\5d*Tl\X\e`�b&a*¬ÈL-�:i-Tl\ed*T/\ y �R�]oeº*omp � QR\ed¡º�o:pxr�ZUY:\ed®d*Y:T 	 VUi�T/�R\eY:Z,Z3T%d*T/V#NPT/V,�CNc`-�:ZU�e`-ZUY:T/VUSUT/\X^_TxZvS&`��mS,ZUVUTl�-L�\eZvS,VUQe��sSUY:L-\ ¬,°QRV�d*Y:T��9T/��`-\R\CSUT/\Ó��°QR\eZ3SU�:Y:b&aÓi-Tl\RT/V,Y:T/VUSUT/\ � Ym�[d*T/V�d*TlV ù °QRV3¬ÈTl�:ZUæ/Tl\RTPQR\edÓd*Y:T�Y:N «6`��9L-V�`�Q*¬Èi�T/\RL�NPN�Tl\RT/\� Y:�[d*T/V�d*T/V%�-L�N�Oe�mT.��Tl\ � Tx`��[Z3ælT/\RT´de`�V,i-TlZ3SUTl�m�mSlo y Q*¬M�nTlY:d*T � Ym�[d�¬ÈL��mi�T/\¤�@QRV&d*T/\ d*YmT�WªT/VU¬�`�aeVUTl\¤æ/QRV�^_T/�@Y:\R\�QR\Ri¾-L-\® ~T/V,�CNc`-�mTl\XZ3L��@Y:T�`-QeZ3i�T/ælT/Y[b&aR\RT(S,T/VkWªTlV,Z,b&aRY:T/�RQe\Ri�ZU¾-Tl��S,L-V,T/\P`�\Ri�T/�#T/\edRT(SloCfhN�fh\CSUT/V,O9L-�[`�SUY:L-\nZ3ORV,L-ælT.��Y[ZvS#Ym\�nTlY:d*Tl\±�
°`��:�:T/\ÒTlYm\eT Õ L�\eZ3Y[Z3SUT/\eæ�°QR�9T/V,ORV�°Q*¬ÈQR\Ri~Qe\ed ^_�H°`�SUSUQR\ei d*QRV&b&aRi�T(¬,°QRaRVUSF�#L-V&d*Tl\]o��%Y:T � Qe`-�mYmSx°`�S�d*TlVP\RY:b&aCSdR`�V,i-TxZvS,T/�:��S,T/\ Õ `�\CSUTl\�¾-T/�CS,L-V,T/\XTl\CS,ZUORVUY[b&aCS�d*T/\¤Y:\ y �R�eZ,b&aR\RYmS3S_rRo ²c`-�Ri-Tl�RYm�[d*T/SUT/\¤WªTlV,Z,b&aRY:T/�RQe\Ri�ZU¾-Tl��S,L-V,��`�VUSUT/\�ofh\¡dRT/Vz²-��sHW�Y[Z3Qe`-�mY[ZUYmTlVUQR\eiFY[ZvS�`-Q*¬ªd*YmT�^_�H°`�SUSUQR\Ri®dRT/Vz¯
Y:T(¬ÈT/\e�t`-V3S,T�¾-TlVUælY:b&aCSUT/S#�#L-V&d*Tl\]o
Ö A� ��B/¥xÐ�� ß Ã�� à A� � � ��Ð{Bx�-�����
ù YmT#Ym\ y �eZ,b&aR\RYmS3Skr*o ²z�9TlZ,b&aRV,YmTl�nTl\]Il�9T/V,QRaCSªd*YmT ù °QRVU¬ÈT/�[Z3ælT/\RT#`�Q*¬ndRT/V�WªT/�CSUL�V3¬ÈTl�:d*��L-NF�RYm\n`�SUY:L-\�¾�L-\�¾�Y:T/V � Y:�[d*T/V,\]Id*YmTXYmN y �eZ3S,`-\ed�¾-L�\A�vT/�#T/Y:�:ZFr~^_V,`�d�`�Q*¬Èi�T/\RL�N�NPTl\Ó�@QeV,d*Tl\]o6�%Y:T y �R��oªº*omp � ælT/Y:i-Tl\]I6dR`%�~d*Y:T � TlZ3SUY:N�NFQR\Rid*T/VP^_TlZ3S,`��mS�`-QeZ Õ `-\CSUT/\1Qe\ed 	 b&��ORQe\R�CSUT/\1�9T/Y#�9T/��`�\R\CS,T/N ��V,T/a��@Y:\R�-Tl� # aRYmTlV5ptr¤^_V,`�dj$�NPYmS�`-\R\RT/aeN´�e`-VUTl\WªT/V,�mQeZ3SUTl\5�9T/� °`-��S,Ymi-S@�MTlV,d*Tl\X��`�\e\]oR��Y:T�`�Q*¬�S,VUT/SUTl\ed*T/\¡�RTlaR�:T/V@Z3Y:\edE`�Q*¬6¬�`��[ZUb&aeT Õ `-\�S,T/\�¾-TlV,Z,b&aRY:T/�RQe\Ri�ZU¾-Tl��S,L-V,T/\æ/QRV�°Qeb&��æ/Q*¬&°QeaRVUTl\5Qe\ed¡dR`�V&`�QeZ#V,TlZUQR�mSUY:T/VUS@dRYmT�¬ÈTlaR�mTlVUan`�¬�SUT�fh\CS,T/V,OnL��:`�SUY:L-\]oWªT/V,�R�v°Q`�9Tl\edcY[ZvSMdRYmT��%T(S,T/�CSUY:L-\®dRT/V ù °QeV3¬ÈTl�m��`�\CS,T/\]ICd*YmT�YmN�d*Y[b&a�S,T/\cWªTlV,Z,b&aRY:T/�RQR\ei�ZU¾-T/�CS,L-VU¬ÈT/�[d´\RY[b&aCSk\e`-b&aeæ/QR¾�L-�:��sæ/Y:T/aRTl\�Y[ZvSxo��%QRV&b&a d*Y:TP²-��s�W%Y:ZUQe`��:Y[Z3Y:T/V,QR\RiXdRT/V���æ/Tl\RT ##y �e�]o6º�o:p � dÖ$�`-QeZ%T/Y:\RT/V�`�\nd*T/V,T/\ � T/SUV&`-b&aCSUTlVUO9L�ZUY�S,YmL�\�@YmV&d5dRT/Q*S,�mY[b&a]IedR`%�c`�Qeb&a¡d*Y:T ù Ym\R��T/�]æl�@Y:Z,b&aRTl\Ed*Tl\~��T/YmSUTl\_j6°`-b&aeT/\¡d*TlZ ù °QRVU¬ÈT/�[Z@TlVUae`-��S,T/\E�R�:T/Y:�nTl\]o
Ø ��{RÐ�� � ����Ã�¥l��Ð�Ð�����Bx�-�����
	 Sv�
`-Zk`-\ed*T/V&ZkZUYmTlaCSMd*Y:T%��YmSUQe`�SUY:L-\®�9T/Y�d*T/V � T/��L-\eZ3SUV,QR�CSUY:L-\PT/Y:\RTlV � Tx`��[Z3ælT/\RT�`-QeZlI��MTl�:b&aeT�`�QeZkæ/�#T/Y � Y:�:dRT/V,\cN�YmS�vT/�#T/Y:�:Z�pxwP^_V&`-dE�%VUTlaCQe\RiP�nTlVUTxb&aR\RT(Sz�@QeV,d*T # ¾�i-��o y �e�]o9º�o:pxr,$(o¿ Y:T/V�æ/TlYmi�T/\�Z3Y[b&aÓYmN dRY:b&aCSUTl\�WªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-VU¬ÈT/�[d¤fh\R��L-\eZUY[ZvS,T/\RælT/\]IÆd*Y:T®`�Qeb&a�d*QRV&b&a�fh\CS,T/V,OnL��:`�SUY:L-\Ó\RY:b&aCS�nTlaRL-�9T/\E�MTlV,dRT/\E�-L-\e\�S,T/\]o*¯M¢�ORY:Z,b&aRT�jkV,L-�R�:T/NPT%T/\CS,Z3SUTlaRT/\¡d*QRV&b&a5WªTlV,dRTlb&��QR\Ri�T/\]I*¯6T:��SUQRV,T/\ # aRY:T/V@TlYm\¤�*b&aRV,Ym¬�S3sæ/QRi�$zQR\nd~¬ÈTlaR�mTl\ed*T Õ `�\CS,T/\]IÆd*Y:T�de`�\R\Óæ/Q�¬�`��[ZUb&aRTl\�WªTlV,Z,b&aRY:T/�RQR\ei�ZU¾-T/�CS,L-V,T/\¡¬,°QRaRV,T/\�o y QeZ�d*TlV�¯
Y:T(¬ÈTl\R��`�VUSUTPY[ZvSæ/QRNPY:\ed*TlZ3Scd*YmTE�-L�VUV,T/�CS,T®«�`�i�TXd*TlVcÎ%�¬�vTl�CSUTXælQRT/Y:\e`-\ed*T/V�T/V,�-Tl\R\��e`�Vxo�� °QRVPT/Y:\RT ù TlY�S,T/V,¾-T/V&`�V,�9T/YmSUQR\Ri Z3Y:\edÒdRYmT	 V,i-T/�e\RY:Z,ZUT_d*TlV�^_TlZ3S,`-��S&Z3V,T/��L-\eZ3SUV,QR�CSUY:L-\Ed*YmTxZ3TlVz��æ/Tl\RT¨�vTld*L*b&a¡æ/Q5¬ÈT/ae�mTlVUae`�¬�Slo
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^_V&`�Q��#T/VUSU�RY:�:d �¯$#fh\CSUTlVUO9L-�:YmTlV3S,T�WªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-V,T/\
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¯
YmT/¬ÈT/\R��`-V3S,T
dj$
²-��s � T/�-L�\eZ3SUV,QR�CSUY:L-\5dRT/Vz¯
Y:T(¬ÈT/\e�t`-V3S,T

y �R�RY:�[d*QR\Ri¤º�o:p � !�^_TlZ3S,`-��S&Z3V,T/��L-\eZ3SUV,QR�CSUY:L-\ET/Y:\RT/V ù °QRVU¬ÈT/�[Z3ælT/\RT�!n`x$��%`�Zz��°QR\eZ3SU�:Y[b&a ù °QRVU¬ÈT/�:�RYm�[d¤�¯$ y QeZ Õ `�\CS,T/\*sWªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-V,T/\XYm\CSUTlVUO9L-�:Y:T/VUSUTlZ
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�%`�Z%j�VUL�i-V&`�NPN T/V,N¤°L-i��mY[b&aCS%d*Y:TF�RTxZvS,�mTli-QR\eiXd*T/V Õ L�L-V&d*Y:\e`�S,T/\¤`�Q*¬�dRVUTlY6¾�T/V&ZUb&aRY:TldRT/\RT y V3S,T/\]!9Nc`�\�QRT/�:��Ini��mL��e`��QR\ed~�:L-��`-��onfhN �P+�<e'eB/8�8mB(<E ¤L*d*QeZ%�MTlV,dRT/\�d*Y:T Õ `-�mY:�RV,YmTlVUQe\Ri�ZUORQR\R�CS,T�Ym\ d*T/V_WªT/V,i-Vt°L%��T/V,QR\RiPT/Y:\RTlZ%æ/Qe¾-L-V_`�\Ri�T(s��°`�aR�mSUTl\ � Y:�[dR`�QeZ,Z,b&aR\RYmS3SUTxZª¾-L�N � T/\�Q*S,æ/TlV�d*QRV&b&ac�RTlZ3SU�:T/i�T/\®d*TxZk ¤YmS3S,T/�:ORQR\R�CSUTxZ��9TlZ3SUY:NPN�Sxo-fhNÅ^_T/i-Tl\eZ,`�SUæzde`�æ/Q�MTlV,d*Tl\~Z3L��#L-ae�]YmNá8m0x�-+�8mB/<E`-�:Z%`�Qeb&a¤Y:N A�8m0��&+�8mB/<¤ ¤L*d*QeZ�dRYmT�jkQR\R�CS,�-L�L-V&d*Y:\e`�S,T/\¤`�Q*S,L-Nc`�S,Y:Z,b&a¤�9T/V,Tlb&aR\RT/Slo 	 ZN´Q`�%Ym\F�nTlY:d*Tl\F ¤L*d*Y��:Tld*Y:i-�:Y[b&a´d*Y:T y QeZ3�
`�ae��QR\nd � TlYmaRTl\*¬ÈL-�:i-T#d*T/V¸TlVUNPYmS3SUTl��S,T/\ Õ `��:Ym�RV,Y:T/V,QR\Ri�ZUORQR\e��S,TkY:\�S,T/V&`��CSUY:¾d*QRV&b&aRi-T/¬,°QRaRVUS
�#T/V&d*Tl\]o
«]L-��`-��TlV3¬ÈL��mi-S�dRYmT®��Tli-NPT/\CSUY:T/V,QR\RiEQR\ed���QR�eORY��*Tl�m�9T/V,Tlb&aR\�QR\ei5Y:\R\RTlVUae`-�m� T/Y:\RTlZ�i�T/��°`-aR��S,T/\ � Y:�[dR`�QeZ,b&aR\RYmS3S,TlZlI�Ym\d*T/N dRT/V � T/\�Q*SUælT/Vªd*Y:T y QeZU�#`-aR���nTxZvSt°`�S,Ymi-Slo�fhNüWªTlV3¬�`-aRVUTl\´NPYmS¸i��mL��e`��:T/\ � Y:�[d*L-O9T/V&`�S,YmL�\RT/\F�@YmV&d´d*QeV,b&aPd*Y:TMY:\CSUT/VUs`��CSUY:¾-T 	 Y:\Ri�`-�nT
TlYm\RTxZªj¸L-�:¢�i-L-\nZ/IxdR`-Zª`-�m�:T
Ym\CSUTlVUTxZUZ,`�\CS,T/\ � Y:�:dR�nTlVUTlY:b&aRT#T/\CS,ae`��mSUTl\�ZUL-�:��S,T-I�TlYm\RT
i�VUL��nT
WªL-V&`�QnZ3�
`�aR�i-T(S,VUL%�9Tl\]on�%Y:TlZUT/V y QeZ,ZUb&ae\RY�SUS%�@Y:V,dY�vT/SUæ/S_¾�L-N � Tl\�Q*SUælT/V�Qe\ed~d*TlNÇj�VUL�i-V&`�NPN �eYm\e`-VUY[ZUYmTlV3SxIR�RY[Z�TxZ�N °L-i��mY[b&a¤Y[ZvS`��:�mT Õ `��:Y:�RVUY:T/V,QR\RiCZ3OeQR\R�CSUT#æ/Q�Y:dRT/\CSUYm»eæ/Y:T/V,T/\�I�QRN de`�\R\P`��eZ,b&aR�:YmTt�-Tl\ed´`-QeZ3i�T/� °`-aR��S¸æ/QP�#T/V&d*T/\�o���Y:Tz ¤L*d*Ym»e��`�SUY:L-\d*TlZ@Y:\CSUTlVU\E¾-TlVU�#T/\edRT(SUTl\¡�Rb&aC�#T/�:�:�MTlV3S&Z # Z3Y:T/aeT Õ `-ORYmSUT/� � $#Y:Z3S °QR�9T/Vzd*Tl\¤jª`�V&`�NPT(S,T/V EL[�� X i>JRirh ^ V,Tl`-�mY[ZUYmTlV3Sxo��Y:TFZUQR�RORY��*T/�:i-Tl\e`�QRTl\ Õ LCL�V,dRYm\e`�SUTl\5�#T/V&d*T/\~`-Q*¬kd*T/N � Ym�[dRZ,b&aRY:VUNÏL*d*T/VzL�O*SUY:L-\n`��]Y:\~T/Y:\RT y �eKMf3fHsh�_`�SUTlY6`-QeZ3i�T(si-T/�9T/\�o6��Y:Tc�nTlæ/Y:T/aRTl\�ZUY[b&a�`-Q*¬@d*T/\g8�;�<*�t§c'*<eGhB/<E�:Y:T/i-Tl\ed*Tl\Ö��V,ZUORV,QR\Ri¤d*TlZ � Y:�[d*TlZlI]T/Y:\RTxZ��mY:\R�*Z3a6°`�\ed*Y:i-Tl\ Õ LCL�V3sd*Ym\n`�SUTl\eZU¢�Z3SUTlNcZ®I¸dÆo aÒTlZ�ælT/Y:i-Tl\Ûd*YmT5OnLCZ3YmSUY:¾-TºÅzs y b&aeZUTX\e`�b&a1VUTxb&aCS,Z�QR\ndÛd*Y:T�Æ�s y b&anZ3T®\n`-b&a1L-�9T/\�o��z°QRV�d*T/\�zV&Z3ORV,QR\RiF�@YmV&dX`-\Ri-Tl\RL-NPNPT/\�ICdR`%�´TlV#`-NÅ�mY:\R�-Tl\XQR\CS,T/V,T/\ � `�\ed5d*TlZ#jkY��*T/�[Z��:YmTli�Sxo� ~Y�Szd*TlV@Î%O*S,YmL�\ E_£ ��`�\R\5T/V�vTld*L*b&a¤`�Qeb&aEY:\¡dRYmT�jkY��*T/�:NPY�SUSUT�¾-TlV,Z,b&aRL��nTl\X�#T/V&d*T/\]o
¯ ������{*���~Ö¤{RÐ��>?��t���C� � ��� ¯ } � ³ }�¯
�%`�Z�j�VUL�i-V&`�NPN JIegZ X_Y J ¬,°QRaRVUSPT/Y:\RT5�:Y:\RTl`-VUT Õ `�NPT/V&`�s Õ `��:Ym�eVUY:T/V,QR\Ri¤d*QRV&b&aÛQR\ndÒ�9T/V,Tlb&aR\eT(S�dRYmT¡`��c\RT¡¯�V&`�\nZvs¬ÈL-V,NP`�SUY:L-\5æ/�@Y[ZUb&aRTl\ Õ `-N�TlV,`�s�Qe\ed ù T/�mSU��L�L-V&d*Ym\n`�SUTl\eZU¢�Z3SUTlNÅZ3L��@Y:T%TlYm\eT y ORORV,Lv�*YmNc`�S,YmL�\Xd*TlV � V,T/\e\C�#T/YmSUT�o��*L�s¬ÈT/V,\E��T/Y:\RT y QeZUi�`-�nTxdR`�S,T/Y]`-\Ri-Tli-T/�9T/\5�@YmV&dÆIR�#T/V&d*Tl\Ed*Y:T 	 V,i-Tl�R\RY[ZUZUT%`-Q*¬ªd*T/N � Y:�[dRZUb&aeYmV,N `�\ei-T/ælT/Y:i�Sxo
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^ JIegZ X_Y JPlN�° cR± P*E¦Ple$ZIH Y h{H¤§ Y JIegf>hleLHrh � Z � ®wuwv��
± � QTq � Q sAJIegZ X_Y J²� U ����³L©T­ON_³_°RST°>�¦EL���r¢ Y [{Hke ^ E{e��r¢ Y [{Hke ^ E>m��_¢ Y [{Hke ^

EL�´��i_hIJr¢T� �r¢ Y [>Hkeµv¶�>h{Jr¢ ^ � H>J_[R£{iTirh>¢kegZ Y [{HLZ¤¢THrh`§ Y JIegf>hleLHrh � Z � m�K � Z>£R[{H·vEIe¸� �lYr� HR� �r¢ Y [>Hkeµv�e �I� ^ �je_Jr¢r£{iTirh>¢kegZ Y [{HLZ¤¢THrh`§ Y JIegf>hleLHrh � Z � m�K � Z>£R[{H·vE{m¹��HLZOm_irh>� �r¢ Y [>Hkeµv X_Yg� ^ M{Hrhlm�[{H>JTJRH_h Y Z �{Y fIHLZ � H_f{Hrh*¢>H_Z zTH_ZOmLirhºv
³_©T­ON_³L°TST°»s¬ERi�� � [>� �r¢ Y [>Hkeµv X_Y J ^ ° Y�� H�¢>H_h ± � m �{Y f{HR¢ Y [{HIeµvE X ��iLKkJ Y Z Y h>� § Y JIe$f>hOeLHrh � Z � m�K � ZT£T[TH¤J{eLH � H_Z�e$Z`¼R½IE_SRfIHLZIH|vEr�º� � eLHr[>� §{HkegZ{H��je_Jr¢km X Fje�h �lY_� m �{Y fIHLZ¤Hrh>¾TH �>� H_ZºvELF´��HTJLK{� ± � m �>Y fIH¤¢leGHIm_HIm¿�IH_Z � [>¾ � Z � m�FjegZR�IHIeRmLH{m¸v
Ö¤{RÐ��{?6�����C� � �6�CB}ÀPÂ�¥l��ÚÒ���C� � ����À®ø�÷F³ }�¯
	 Y:\RT~NPY�S JIe$Z X_Y J T/V,æ/TlQRi�S,T Õ `��:Ym�eVUY:T/V,QR\RiCZUdR`�SUTlY@�t`-\R\ý\RL*b&a L�O*SUY:NPYmTlV3SX�#T/V&d*Tl\]o � T/Y_d*T/V5WªT/V,�nTxZUZUT/V,QR\RiÛdRT/VÕ `��:Ym�RV,Y:T/V,QR\Ri�Z,dR`�SUT/\�NPYmSkd*T/Nüj�VUL�i-V&`�NPN i_K>[ X_Y J �@YmV&d´dRYmT
V&`-d*Y[`��:TkWªT/V,æ/TlVUV,QR\Ri%�nTlVUTxb&aR\RT/S�QR\nd´d*Y:T � V,T/\e\C�#T/YmSUT`�\Ri�T/Oe`%��Slo
^ i_K>[ X_Y J³_©T­ cR± P*E�§ Y JIegf>hOeGHrh � Z � m¿³LKT[Oe � eLH_h � Z � ®wu-v��
± � QTq � Q sÁi_K>[ X_Y J²� U ����³L©T­ON_³_°RST°>�¦EL���r¢ Y [{Hke ^ E{e��r¢ Y [{Hke ^ E X �_¢ Y [{Hke ^

EL�´��i_hIJr¢T� �r¢ Y [{HIeµv¶�>hIJ_¢ ^ � H>J_[T£>iTirh>¢le$Z Y [{H_Z¤¢>Hrh¦§ Y JIegf>hOeGHrh � Z � m�K � ZR£T[>H|vEIe¸� �lYr� HR� �r¢ Y [{HIeµv�e �k� ^ �je_Jr¢R£>iTirh>¢le$Z Y [{H_Z¤¢>Hrh¦§ Y JIegf>hOeGHrh � Z � m�K � ZR£T[>H|vE X � Y Jr� �r¢ Y [{HIeµv X_Y J ^ PlegZIH Y h{H¤§ Y JIe$f>hOeLHrh � Z � mL¢ Y [>H_Z�v
³_©T­ON_³L°TST°»s¬ERi�� � [>� �r¢ Y [{HIeµv�i_K>[ ^ ° Y�� H�¢>Hrh ± � m �{Y fIHr¢ Y [{Hke�vE � ��i X�� mL� Z �>h{H_ZTZR�IHke�[{HÃÂ � Â�egZÄ� �T� �*Hr~RKIJIeG¾le�[¥¢>H � egZOeLHrh{H_ZºvE Y �2mgKIH X [>�yZ �je_Jr¢km�£ Y JIeLH_h � Z � m �>Y £T[Tirh�mG~`¢>H � egZOeLHrh{H_ZºvElu Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£wuOÂ¬¢TH � egZjeGHrh{H_ZtvER� Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£{�¸Â¬¢TH � egZjeGHrh{H_ZtvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµv
Ø {R|���{RÐ�� Ñ ��¥x�-�C�t� � ���±³ }�¯M� }lÁ
­zY[b&a�S#`��:�mTzWªTlV3¬�`-aRV,T/\P�nTl\�Q*SUælT/\XdR`�Zª¾-TlVU�#T/\nd*T(S,T Õ `�NPT/V&`�NPL*d*T/�:�*NPY�S#T/Y:\RT/V�V,`�d*Y:`-�mTl\c«]Y:\eZ3Tl\�¾-T/V,æ/TlVUV,QR\Rino��%`-N�YmS�nTlY�dRT/\ � TlVUTxb&aR\�QR\Ri-Tl\�\RY[b&a�S¸Y:N�NPTlV¸dRYmT#WªT/V,æ/TlVUV,QR\RizTlYm\ei-T/�n`�Q*S��MTlV,d*Tl\�N´Qj�eIx¾-T/V&ZUQeb&aCS�dR`�Z6j�VUL�i-V&`�NPN X_Y Jr¢keRmdR`-Z�^_V&`�Q��#T/VUSU�RY:�[d5Tl\CS,ZUORVUTxb&aRT/\ndEdRT/V Õ `-�mY:�RV,YmTlVUQe\RiPæ/Q¤T/\CS,æ/T/V,V,T/\]o � T/Y�d*T/V���L-\�¢¤K@K#�üW�Y[d*TlL-��`�NPT/V&`cZUYm\ed¤dRYmTy ���MTlY:b&a�QR\ei-T/\¡`��9T/V@\eY:b&aCS@i-V&`t¾�YmTlVUTl\edÆI*Z3LcdR`%�FNc`-\¡ZUY[b&aEd*Y:TlZUT�æ/TlY�S,Ym\CS,T/\eZUYm¾�T�jkV,L-æ/Txd*QRV
T/V&ZUOe`�V,T/\5�t`-\R\]o
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^ X_Y J_¢leRmcR± PR�ONGz¦E�q Y ¢le Y JRH¤SrZ>[>¾>HrhRh � Z � ®wu-v��
± � QTq � Q s X_Y J_¢leRmÆ� U ����³L©T­ON_³_°RST°>�¦E X �r¢ Y [{Hke ^ EGK��r¢ Y [{Hke ^ Eri`�_¢ Y [{Hke ^

E X � Y Jr� �r¢ Y [>Hkeµv�i_KT[ ^ ³LK>[Oe � eLHrhT[{Hy§ Y JIegfThOeLHrh � Z � mL¢ Y [{H_Z�vELK´�Çe X � �r¢ Y [>Hkeµv¶K �G� ^ § Y�� Hrh Y fje_Jr¢¤¢>Hrh¦§ Y JIe$f>hOeLHrh � Z � m�K � ZT£T[>H·vERi�� � [>� �r¢ Y [>Hkeµv¶K �G� ^ ° Y�� H�¢>Hrh ± � m �{Y fIHr¢ Y [{Hke�v
³_©T­ON_³L°TST°»s¬E � ��i X�� mL� Z �>h{H_ZTZR�IHke�[{HÃÂ � Â�egZÄ� �T� �*Hr~RKIJIeG¾le�[¥¢>H � egZOeLHrh{H_ZºvE Y �2mgKIH X [>� Z �je_Jr¢km�£ Y JIeLH_h � Z � m �>Y £T[TirhÅÂÈmG~|Âp¢>H � egZjeLH_h{H_ZtvElu Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£wuOÂ¬¢TH � egZjeGHrh{H_ZtvER� Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£{�¸Â¬¢TH � egZjeGHrh{H_ZtvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµvELZ´��i{m X h{HTHLZ{� � irhT£R�{H_Z X F�Q>H_ZOmG[{H_h*iTH �T� Z{H_Z b Z � h ± ¡ONG« ± d�v
Ö¤{RÐ��{?6�����C� � �6�CB � �{B � {RÐ��eBl����� � �6��³ }�¯*� }lÁ
�%`�Z 	 VUi�T/�R\RY[Zzd*TlV Õ `-N�TlV,`�s Õ `-�mY:�RV,YmTlVUQe\RiF��`-\R\�Z,b&aR�mY:T.���mY[b&a¤NPY�S�d*T/N j�VUL�i-V&`�NPN X_Y J_aleRm �9T(S,V,`�b&aCSUT(S%�MTlV,d*Tl\]où YmV&d¤\�QRV%dRYmT Õ `��:Ym�RV,Y:T/V,QR\Ri�Z,dR`�SUT/Y]`-�:Z%jª`�V&`�NPT(S,T/Vz`-\Ri-Tli-T/�9T/\�InZUL®�@YmV&d¡Y:aRV%fh\eae`��mS%`�QR¬�d*T/N � Ym�[dRZ,b&aRY:VUNÇ`�\Ri�T(sæ/T/Y:i�Sxor��NÏ¬ÈT/aR�:T/V,ae`�¬�S�T/Y:\Ri�T/i-Tl�nTl\RT Õ L�L-V&d*Y:\e`�S,T/\¤�9TlZ,Z3TlV%`-QeZv»n\ed*Y:i®Nc`-b&aRTl\~æ/Q~� °L�\R\RT/\�InY[ZvS_TlZ�Ym\ WªT/V,�RYm\nd*QR\RiN�YmS%d*Tl\ ù Tl��SUs�QR\ed � Ym�[d*��LCL�V,dRYm\e`�SUTl\5N °L-i��mY[b&a]IRd*Tl\ #�� °Qeb&�Csd$vj�VUL%�vT/�CSUY:L-\eZ3¬ÈT/ae�mTlVM¬ °QeVS�vTld*Tl\ Õ `��:Ym�RV,Y:T/V,QR\Ri�ZUORQR\e��Sæ/Q¤Z3O9T/Y[b&aRTlVU\]o
��Y:T � Qe`��:Y�St°`�S¸d*T/V Õ `��:Y:�RVUY:T/V,QR\Ri%��`�\R\�`��9T/V¸`�Qeb&aF¾CY[ZUQRT/�:���nTli-Q*S&`-b&aCSUT/S��#T/V&d*T/\�ox�%QRV&b&aFd*Y:T
æ/QeZx°`�S,æ/�:Y:b&aRT °�z�9T/V,i�`-�nTd*TlZ Õ `�NPT/V&`��RY:�[d*TlZ�TlV,Z,b&aRT/Y:\CS´dR`-ZF^_V,`-QRT/VUSU�RY:�[d Y:\1T/Y:\RTlN �eT/\eZ3SUTlVlI6�ML�æ/Q1`��:�mTlV,dRYm\RiCZ�T/Y:\'Åzs ù Y:\ed*L��zZ��%Y:ZUOR�[`t¢N�YmS 
 �RYmS3shj�ZUT/Qnd*L*b(L-�:L-VFQR\ed±T/Y:\Ri-TxZUb&an`��mSUT(S,T/N � `-b&��Y:\Ri�sv�CSUL�VUTXT/VU¬ÈL-V&d*T/V,�mY[b&aÛY[ZvSxoª��Y:T ù Tl��S,�-L�L-V&d*Y:\e`�S,T/\Û�#T/V&d*T/\dR`�\R\Ei-TlN¤°`��Pd*T/V
��`��:Ym�eVUY:T/VUSUTl\ ù T/VUSUT�Ym\¡dR`�Z � Y:�[dXORV,L��vY:æ/Y:T/VUS
QR\ed5N�YmS@T/Y:\RT/N Õ VUTlQRælb&aeT/\®Nc`�V,��YmTlV3Sxo 	 Z#�nTxZvS,T/aCST/�9T/\*¬�`-�m�[Zzd*Y:T� Û°L-i��mY[b&aR��T/YmS
dR`�Z@��V,T/aCS,T/�:�mTlVUV&`-Z3SUTlV#TlYm\eæ/QR�R�:T/\nd*T/\]o
^ X_Y JLaOeRmcR± PR®ONGz¦E�§ Y JIegf>hOeGHrh � Z � m�®Oerm �IY JIerm>eLHrh � Z � ®ju-v��
± � QTq � Q s X_Y J_aleRmÆ� U �<��³_©T­lN_³_°TST°T���r¢ Y [{Hkeµv XLY JºÉ¶i_KT[ ^
³_©T­ON_³L°TST°»s¬EL�´��i_hIJr¢T� �r¢ Y [>Hkeµv¶�>h{Jr¢ ^ � H>J_[T£>iTirh>¢le$Z Y [{H_Z¤¢>Hrh¦§ Y JIegf>hOeGHrh � Z � m�K � ZR£T[>H|vEIe¸� �lYr� HR� �r¢ Y [>Hkeµv�e �I� ^ �je_Jr¢R£>iTirh>¢le$Z Y [{H_Z¤¢>Hrh¦§ Y JIegf>hOeGHrh � Z � m�K � ZR£T[>H|vELK´�Çe X � �r¢ Y [>Hkeµv¶K �G� ^ «Rh Y_� �{HrhT[RfjeLJr¢¤¢>H_h*§ Y JIegf>hleLHrh � Z � m�K � ZT£R[{H¹vERi�� � [>� �r¢ Y [>Hkeµv¶K �G� ^ ° Y�� H�¢>Hrh ± � m �{Y fIHr¢ Y [{Hke�vERH��¶hRh{irh>� �r¢ Y [>Hkeµv�HrhRh ^ ©Th{iTÊTH_£T[OeLi_Zlm � H_FkJrHrhy¢>Hrh¦§ Y JIe$f>hOeLHrh � Z � m�K � ZT£T[>H·vE � ��i X�� mL� Z �>h{H_ZTZR�IHke�[{HÃÂ � Â�egZÄ� �T� �*Hr~RKIJIeG¾le�[¥¢>H � egZOeLHrh{H_ZºvE Y �2mgKIH X [>� Z �je_Jr¢km�£ Y JIeLH_h � Z � m �>Y £T[TirhÅÂÈmG~|Âp¢>H � egZjeLH_h{H_ZtvElu Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£wuOÂ¬¢TH � egZjeGHrh{H_ZtvER� Z ®{Hrh>¾>H_hTh � Z � mG£{iTH �R� e�¾le�H_Z>[ÅÂ�£{�¸Â¬¢TH � egZjeGHrh{H_ZtvELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvE � ��H{m�F{� �Th{H_FOm X FIHkegf{H_Z � e�[R[{H_hy¾>Hke X FTZIH_ZºvELZ´��i{m X h{HTHLZ{� � irhT£R�{H_Z X F�Q>H_ZOmG[{H_h*iTH �T� Z{H_Z b Z � h ± ¡ONG« ± d�v
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/*  Herstellerangaben zur SONY DXC-730P 3CCD Video Kamera  */

SensorDim    8.8 6.6          /* Groesse des Sensors in mm */
SensorSize   786 581   /* Anzahl der Bildelemente in Pixel */

SensorUsed   512          /* zur Digitalisierung verwendet */

ImageSize    512 512      /* Anzahl der Zeilen und Spalten */
ImageCenter  256 256                    /* Bildmittelpunkt */

/* ImageAspect  1.042 */

SonyCCD.cam

Lineare Kalibrierung (LINCAL)

Kalibrierungs Optimierung (OPTCAL)

Test.wrld Test.img
n
X1 Y1 Z1
X2 Y2 Z2
...
Xn Yn Zn

n
x1 y1
x2 y2
...
xn yn

Test.cal

Test.opt

Test.wrld Test.img
- Rotation
- Translation
- Focus
- keine Verzerrung
- Skalierung
- Scheibenorientierung
- Kameraposition
- Kameraorientierung
- Herstellerangaben

Test.wrld Test.img
P5
width height 
maxgrayval
...

Test.pgm

                                                                         
 HERSTELLERANGABEN:                                                      
                                                                         
        Groesse des Sensors......: 8.800 x 6.600 mm.                     
        Anzahl der Sensorpunkte..: 786 x 581 sels.                       
        Abstand der Sensorpunkte.: X = 11.196 um/sel, Y = 11.360 um/sel. 
        Anzahl benutzter Punkte..: X = 512 pix.                          
        Anzahl der Bildpunkte....: 512 x 512 pix.                        
        Abstand der Bildpunkte...: X = 11.196 um/pix.                    
        Mittelpunkt des Bildes...: X = 256.0 pix, Y = 256.0 pix.         
                                                                         
 KALIBRIERUNGSPARAMETER (0PTIMIZED):                                     
                                                                         
 TRANS: X = 19.787 mm, Y = -14.194 mm, Z = 1565.392 mm.                  
                                                                         
   R0T: |   0.855  -0.519  -0.003 |                                      
        |  -0.375  -0.616   0.692 |                                      
        |  -0.361  -0.591  -0.722 |                                      
                                                                         
        X (Yaw)   = -140.7 grad.                                         
        Y (Pitch) =   21.2 grad.                                         
        Z (Roll)  =  -23.7 grad.                                         
                                                                         
 F0CUS: 35.117 mm (139.670 mm bei Standard 35mm-Kamera).                 
 SCALE: 1.013.                                                           
 DIST : K1 = -1.233679e-005 1/mm2̂, K2 = -5.016082e-005 1/mm2̂.          
                                                                         
 0RIENTIERUNG DER SCHEIBE (KAMERAK00RDINATEN):                           
                                                                         
        Normalenvektor..: X = -0.003, Y =  0.692, Z = -0.722.
        Ebenenparameter.: p = -0.004, q =  0.959, d = 1579.086.     
                                                                    
 0RIENTIERUNG DER KAMERA (WELTK00RDINATEN):                         
                                                                    
        Position....: X = 543.361, Y = 925.997, Z = 1139.445.       
        Ausrichtung.: X = -0.361, Y = -0.591, Z = -0.722.           
                                                                    
 DURCHSCHNITTLICHER FEHLER:                                  
                                                                    
        Projektion      : 0.564 pix.                                
        Rueckprojektion : 0.268 mm.  
                                                                    
 MITTLERE QUADRATISCHE ABWEICHUNG:                                  
                                                                    
        Projektion      : 0.337 pix.                                
        Rueckprojektion : 0.141 mm.                                 

- Rotation
- Translation*
- Focus*
- Verzerrungsfaktoren*
- Skalierung
- Scheibenorientierung*
- Kameraposition*
- Kameraorientierung*
- Herstellerangaben

* optimiert

Kalibrierungs Visualisierung (CALVIS)
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y �R�RY:�[d*QR\Ri 
 omp�!R�%`�SUT/\�jeQ`�c�9T/Y�d*TlV Õ `�NPT/V&`�s Õ `��:Y:�RVUY:T/V,QR\Rino
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Ö¤{RÐ��{?6�����C� � �6�CBl|�{*¥x�C� À ��������{*¥x×e�¡Á Ê~� ÷ ¦
� °QeVFd*Y:T5ZU¢�\�S,aRT(S,Y:Z,b&aRTX^_Tl\RT/V,YmTlVUQe\Ri¤¾-L�\ Õ `��:Ym�RV,Y:T/V,QR\Ri�Z,dR`�SUT/\ÓY[ZvSFde`-Z´j�VUL�i-V&`�NPN mG¨RZT[RF Tl\CSv�@Y:b&��T/�mS´�ML�V,dRT/\]o� TlYmN��CS,`-V3Sk�@Y:V&dFælQR\ °`�b&aeZvSkTlYm\P¾�L-V,T/Y:\Ri-TxZvS,T/�:��S,T/Vª�%`�SUTl\eZU`�SUæ@¾�L-\¤Ë¡B/8�G�èk'*<9?_�@;�8m?x�-0x0�),?�;�<9+�GHB/<�T/V,æ/T/Qei�Slo��_`-dRQRV,b&aY:Z3S#i�T/� °`-aRVU�:T/Y[Z3SUT(SxICde`��FZUY:\R\�¾-L-�:�:T�jª`�V&`�NPT(S,T/Vk¾�T/V,�MTl\ed*T/SM�#T/V&d*T/\®Qe\edX`-�m�:T Õ `-�mY:�RV,YmTlVUQe\Ri�ZUORQR\R�CS,TzYmN � Y:�:dXZ3Y[b&aCS3s�e`�V�ZUY:\edÆon�%QRV&b&a~d*Y:T y \RiC`��9T�¾-L�\¡æ/QeZx°`�S,æ/�:Y:b&aRTl\�Î%O*SUY:L-\RTl\¤��`�\R\~Z,b&aR�:YmTt�-�:Y:b&a¤d*TlV 	 Y:\_jeQ`�cTlYm\eT/V °y \ed*TlVUQR\eic¾-L-\�vTld*TlN T/Y:\RælT/�:\RT/\ Õ `��:Y:�RVUY:T/V,QR\RiCZ3On`�V&`�NPT(S,T/VM`-QeZUORVUL��RY:T/VUS#�#T/V&d*T/\�o
�9QRV�L�O*SUY[Z,b&aRT/\ Õ L�\CSUV,L-�:�mT�d*TlV%ZU¢�\�S,aRT(S,Y:Z,b&a~i�T/\RTlVUY:T/VUSUTl\¡�_`�S,T/\eZx°`�S,æ/TF�@YmV&d¡æ/QeZx°`�S,æ/�:Y:b&a�T/Y:\�6P+��cB()U+��(;�8:?�TlVUælT/QRi-Slo��QRV&b&a¡d*YmT�WªTlVU�RY:\ed*Qe\Ri�dRT/V Õ `��:Y:�RVUY:T/V,QR\RiCZ3OeQR\R�CSUT%æ/Q¤^_Y�SUSUT/V,\¡Z3L��m�Æd*Y:T�Vx°`-QRNP�mY[b&aRT��%`-V,Z3SUTl�m�:QR\Ri�¾-TlVU�9TlZ,Z3TlV3S#QR\edd*YmT�V,`�d*Y:`-�mT¡WªTlVUælT/V,VUQR\eiÓaeT/V,¾-L-V,i-TlaRL-�9T/\±�MTlV,dRT/\]ok�%YmT��nTlY%d*TlV5^_T/\RTlVUY:T/V,QR\Ri�¾�T/V,�MTl\ed*T(S,T/\ ;�?-B&+�8mB(<ýã@+�)U+��cB(èGHB/)
�MTlV,d*Tl\¤T/�9T/\*¬�`-�m�[Zzi�TlZUOnTlY:b&aeT/VUSlIeZULXdR`%�®d*YmT � Qe`��:YmSx°`�S�dRT/V%`-\eZ,b&aR�mY:T.��T/\edRT/\ Õ `�NPT/V&`�s Õ `��:Y:�RVUY:T/V,QR\Ri�T/Y:\*¬�`�b&aRT/V¾-T/V,Ym»eæ/Y:T/VUS@�MTlV,d*Tl\X��`�\e\]o
^ mG¨RZT[RFzr½T°T­TM`E¥§ Y J{egf>hOeLH_h � Z � mG¢ Y [{HGZ¥«>HLZIHrh Y [>irh¤®wuwv��
± � QTq � Q sÌmG¨RZ>[rFÄ� U ����³_©T­ONL³_°TST°>�¥E{m��r¢ Y [{HIeµv X_Y�� ^ ERi`�r¢ Y [>Hkeµv X_Y J ^

E{m¹��HLZOmL� �r¢ Y [{HIeµv X_Y�� ^ M{HrhkmG[{H>JTJrHrh Y Z �>Y fIHLZºvERi�� � [>� �r¢ Y [{HIeµv X_Y J ^ � Y mTeRm�Z Y�� H¤¢>Hrh¦­{HIm�[>¢ Y [{HLZtv
³_©T­ON_³L°TST°»s¬ELF´��HTJLK{� ± � m �{Y fIH¥¢leGHIm_HImV�IHLZ � [>¾ � Z � m�Fje$ZT�IHke_m_H{m¸vE � ��i X�� mL� Z �>h{HLZTZT�IHkeg[{H*egZÄ� �T� �`H_~RKkJIeG¾ke�[�¢>H � egZjeLHrh>H_ZtvE Y �2mgKIH X [>�yZ �je_J_¢kmG£ Y J{eLHrh � Z � m �TY £T[>irhÅÂÈm�~|Âp¢>H � egZOeLHrh{H_ZºvElu Z ®{HrhT¾>HrhTh � Z � mG£{iRH �T� e�¾leGH_ZR[3Â�£wujÂ�¢>H � egZjeLHrh>H_ZtvER� Z ®{HrhT¾>HrhTh � Z � mG£{iRH �T� e�¾leGH_ZR[3Â�£{�¹Â�¢>H � egZjeLHrh>H_ZtvERH��¶hRh{irh>� �Åe zr[ Y Z{¢ Y h>¢ Y fT�IHke X F � Z ���_� Hrh � H>J_[{E � Z{¢¥�je_Jr¢rK � Z>£T[{H·vE_ht��i_[>� ¨*K`h q{ir[ Y [OeLi_Zlm��jegZ>£>H>J b ½ Y ��n�©Oeg[ X F�n(q{iTJTJIdÆ� � h Y ¢T��vE_[t�¶h Y ZOmL� ~`¨`¾ ­Th Y ZOmrJ Y [leLi_ZOmGa>Hr£T[>i_hÍ� �T� ��vEr¢º�ÇermG[>� ~`¨`¾ ± fOm�[ Y Z{¢�¢>H_h*§ Y JIegf>hleLHrh � Z � m�K � ZR£T[{HÃ� �T� ��vE X ��i � Z>[>� ~`¨`¾ ± Z{¾ Y FkJ¤¢>Hrh¦§ Y JIegf>hOeGHrh � Z � m�K � Z>£r[{H|vEr�º� � eLHr[>� §{Hke$ZIH¤�je_Jr¢km X Fje�h �lY_� m �{Y fIH_Z¤Hrh>¾TH �>� H_ZºvELZ´��i{m X h{HTHLZ{� � irhR£R�IH_Z X F�Q{H_ZOm�[{Hrh*iTH �R� ZIH_Z b Z � h ± ¡ONG« ± dµv
Dnm�q`mÏÎ Ð ¦5_>Ñ5]�_`ªH_`©"]�[)b�t3a3¥
��Y:T y �mi�L-V,Y�S,aRNPT/\�æ/QeV � Ym�[d*¾-TlVU�9TlZ,ZUT/V,QR\Ri@�@QRV&d*T/\�Y:\�d*TlN j�VUL�i-V&`�NPN FjeRm�[ æ/QeZ,`�NPNPT/\ei-T(¬�`%��S]QR\nd�T/V,�:`-QR�9T/\�T/Y:\RTWªL-V,¾-T/V&`�V,�9T/YmSUQR\Ri®dRT/V�^_V,`-QC�#T/VUSU�eYm�[d*T/V%d*QRV&b&a ¿ Y[ZvS,L-i�V,`-N�N�sh ¤L*d*Ym»e��`�SUY:L-\eT/\]o9��QRV&b&a�d*Y:T´i��mL��e`��:T~©
)U+�'*��B()JGh+�<nè7R+�§,§J'*<�A��@Y:V&d�d*T/V�T:�*Y[ZvS,YmTlVUTl\ed*TMfh\�S,T/\eZUYmSx°`�S&Z3�9T/V,T/Y[b&a�ælQRV Õ L�\CSUV&`-Z3SU¾-TlV,Z3Sx°`-VU��QR\ei#`-Q*¬nd*Tl\´i-TxZU`-N�S,T/\�æ/QeV6WªTlV3¬&°QRi�QR\RiZvS,T/aRTl\ed*T/\ � T/V,T/Y[b&aEi-TlZ3SUV,Tlb&�CSxo
� TlY@d*T/V~?�.�<�+���;[§/$,¨eB(< Ô $,¨*��B(8�8���B()JGh�(;�8:?�'*<CA¤�t`-\R\±dRYmT � Ym\e`-VUY[ZUYmTlVUQR\ei�d*QRV&b&a±dR`�Z´WªTlVUa6°`��mSU\RY[Z�¾-L-\± ~`��*Y:NP` æ/Q ¤Ym\eYmNc`@Y:N ¿ Y:Z3SUL�i-V&`�NPN>�9T/TlYm\�jeQ`��S6�MTlV,d*Tl\]ol ~Y�S6dRT/VM?�.�<9+���;[§/$,¨eB(< � ;[§JGH0,A-)U+����Fè�=kA�+�8�;[§J;�B()J'*<�Ak��`�\e\�d*T/V]�:L-��`-�mTÕ L-\CSUV&`-Z3S#Nc`���Y:Nc`��]`-\Ri-TlaRL-�9T/\¡�#T/V&d*T/\EQR\ed¡d*Y:T y Q*¬�S,T/Y:�mQe\RiXd*TxZ � Y:�[d*TlZ@�9T/Y6d*T/\¤`-de`�O*S,Ym¾�T/\EWªT/VU¬�`�aRV,T/\ET/VU¬ÈL-�:i�Sd*QRV&b&aEd*Y:T y \ei�`��9T�T/Y:\RT/V%�RT/\nZvS,T/V,i-V °L%�-T�o
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^ FjeRm�[MONLzr­I³_«Rq ± ¡T¡�E¥�Oe_Jr¢Ra{H_hRfIHImTmLHrh � Z � ®wuwv��
± � QTq � Q sÒFjeRm�[Ó� U ����³_©T­ONL³_°TST°>�¥ÔTE Y É¶E_[�Z,É�ERH>Õ��_¢ Y [{Hke�v¶K �L� ^

E Y ��¢ Y K>[>� «Rh Y_� �{HrhT[ Y ZRK Y mTm � Z � vE_[t�ÖFTh{HIm�F{� Z �T¨RZ Y�� eRm X FIH¤z X FT�IHTJTJL�IHrhR[Rfje_Jr¢ � Z � ���|vRvxug��vERH���� �IY Jr� �T¨RZ Y�� eRm X FIHyMOeRmG[{i � h Y��T� E_S �{Y J>eRm>e�Hrh � Z � v
³_©T­ON_³L°TST°»s¬ERi�� � [>� �r¢ Y [>Hkeµv¶K �G� ^ STh � H_fRZjeRm�fjeLJr¢*m�K{Hke X FIH_hRZtvEL�´�Çe$Z{¢>i_�{� Z Q{H_ZOmG[>Hrh � h{iRHImTm_H3�Èu�×|vRv�×r�>��vEr¢º�¶¨rZ{� z X FT�IHTJTJL�IHrhR[`mG[ Y [T[��jegZ Y hrfje_Jr¢ Y Z{¾>Hke � H_ZtvELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvELZ´��i{m X h{HTHLZ{� � irhT£R�{H_Z X F�Q>H_ZOmG[{H_h*iTH �T� Z{H_Z b Z � h ± ¡ONG« ± d�v
Dnm�q`m>o ­®]G_`l�s�ªSef«x]wØ b¬_`ªHl b`[d¦5a
� �C� Ä {R�x��ù ¦ ��Ð�|6���C¥lÃ£ù�ÀPÂM����{*¥x×e� Äü}XØ5Ø
�z°QeV
dRYmT�ORY��*T/�:i-T/\n`�QRT
ÙMTxZvS,YmNPNFQR\RiP¾-L�\5^_V,`-Q��MTlV3S,�t`-\CSUT/\X�t`-\R\5dRT/V@ ~`�V,VUs ¿ Ym�[d*V,T(SUaRsvÎ%O9T/V&`�S,L-V �OY hTh TlYm\ei-TlZUT(S,æ(S�MTlV,d*Tl\]ol�_`-Z�jkV,L-i�V,`-NPNý�@YmV&d�ae`-QRO*S,Z °`-b&ae�mY[b&a�d*QRV&b&a�d*Y:T y \ei�`��9T�d*TlV��CS&`�\ede`�V&dR`����#T/Y[b&aCQe\RiÚ�Pi-TxZvS,T/QRTlV3SxId�vTldRL�b&a�t`-\R\ûdRT/VpÛz`-d*Y:QeZRÄÒd*TlVE��Y:��S,T/V,NP`�Z3��T�`�Qnb&aýNc`�\�QRT/�:�_¾t`-VUY:Y:T/VUS5�#T/V&d*T/\]o¨�zN de`-Z ¿ Y:\�S,T/V,i-V,QR\ed*V&`�QnZUb&aRTl\g¾-L-\d*T/\1Txb&a�S,T/\ Õ `-\�S,T/\ÓSUV,T/\e\RT/\�æ/Q1� °L�\R\RT/\�I�N´Qj�¤T/Y:\1WªT/V,i-�:T/Y[b&aÓNPYmSFd*TlN �RY:\e`-VUY[Z3Y:T/VUSUTl\Û^_V,`�d*YmTl\CSUT/\��9T(S,V,`-i¡dRTlZy QeZUi�`-\Ri�ZU�RY:�:d*TxZ
d*QRV&b&aRi-T/¬,°QRaRVUS
�#T/V&d*Tl\]o
��TlVX¾-TlVU�#T/\nd*T(S,T��*b&a��MTl�m�:�MTlV3S Á �nTlæ/Y:T/aCS5ZUY:b&aý`-Q*¬�d*Y:T �CSUTlYmi�QR\RiÒdRT/VXTlV,Z3SUTl\ y �R�:T/YmSUQR\eiÒQR\edý�nTxZvS,YmNPN�SEd*T/\ÙMTlVUTlY:b&a�I�d*T/V�`-QeZªd*TlN ¾-TlVUV&`�QnZUb&aCSUTl\+Û@TxZ3Qe��S&`�S�d*TxZª ~`�V,V3s ¿ Y:�[d*VUT/SUa*s3Î%O9T/V&`�SUL�V,Z6Y:\Pde`-Z Õ `�\CS,T/\��RY:�:d~°QR�9T/V,\RL-NPNPT/\�@YmV&dÆo���N TlYm\1Qe\RT/V,�#`-V3S,T(S,TlZ
ÜkV,i-Tl�R\RY[Z�YmN V,TlZUQR��S,YmTlVUTl\ed*Tl\ Õ `-\CSUT/\��RY:�[d �9TlZ,ZUT/V�¾�T/V,Y�»eælYmTlVUTl\ ælQ1�Æ°L-\R\RTl\]I]Y[ZvSFTlZN¡°L�i-�:Y:b&a¡d*Tl\pÙ#Tx`�V,�nTlY�S,QR\Ri�ZUORV,L-ælT.�FdRQRV,b&a¡dR`�Z y \RælT/Y:i-T/\E¾-L�\¤���@Y:Z,b&aRT/\eT/V,i-T/�e\RY:Z,ZUT/\XælQ5¾�T/VU¬ÈL-�:i-Tl\]o
^ �OY hRh¡ ± qTq¦MONGPr�TqTST­TM¦E¦P>ir« ³GKIHrh Y [>irh�®wu-v��
± � QTq � Q s �OY hRhÓ� U ����³LK>[OeGi_ZIH_Z{�¥E{myZ��r¢ Y [{HkeµvÖK �L� ^

E{m¹�Çe �L�OY � Z zr[ Y Z{¢ Y h>¢ Y fR�IHke X F � Z � ���|vRv��TÝR��v
³_©T­ON_³L°TST°»s¬ERi�� � [>� �r¢ Y [{HIeµv¶K �L� ^ �jegZ Y hleRm>eLHrhR[{HIm�§ Y Z>[{HLZTfje_Jr¢*m�KIHke X FIHrhRZtvE_ht� Y ¢le � mL�yZ q Y ¢le � my¢>Hrh*QOe_J_[{H_h �OY mG£>HÍ�Èu-vRv��r�>��vE � �¶h Y ¢T� Z z X FT�IHTJTJL�IHrhR[ �r� H_h`«rh Y ¢leLHLZ>[{H_Z>a>Hrh � JRHIe X F�vELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµvE_[t�¶h YIX HR� Þ_�jeRm X FIH_ZIHrh � H_fTZjermTmLH Y Z{¾THke � H_ZºvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvELZ´��i{m X h{HTHLZ{� � irhT£R�{H_Z X F�Q>H_ZOmG[{H_h*iTH �T� Z{H_Z b Z � h ± ¡ONG« ± d�v
� �C�XÖ¤{R��¥x���6|��C¥l�CçÆ¥l×n�¡³ }��F�¡Ê
 ¤Y�S@d*TlN�j�VUL�i-V&`�NPN X_Y ZTZT¨ � °L-\R\RTl\®ORY��*T/�:i-T/\n`�QRT%^_V&`�Q��#T/VUSU��`�\CS,T/\cd*T(S,T/�CSUY:T/VUSM�#T/V&d*Tl\]o��%YmT��CS,T/QRTlVUQR\ei�T/VU¬ÈL-�:i�S�@YmT5�nTlY �OY hTh d*QRV&b&aÒd*Y:TE��S,`�\ndR`�V&dR`����#T/Y[b&a�QR\Ri¬�gQR\ed1L�O*SUY:L-\n`��
d*QRV&b&aÛd*T/\yÛ�`-d*Y:QeZ^Ä~dRT/VF��Y:��S,T/V,Nc`-ZU�-T-o���Y:T¾CY:T/�:T/\��9�@Y[Z,b&aRT/\RTlVUi�T/�R\eY:Z,Z3T%�Æ°L-\R\RTl\5ælQRV Õ L�\�S,VUL��m�:T�Tl�nTl\*¬�`��:�[Zz`�\Ri�T/ælT/Y:i�S@�MTlV,dRT/\]o
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^ X_Y ZRZ>¨cR± °T°T½�SR�>«RS E�§ Y Z>[{H_Z>¢>Hr[{Hr£R[{irhy®wu-v��
± � QTq � Q s X_Y ZRZ>¨�� U �<��³_©T­lN_³_°TST°T��E{myZ��_¢ Y [{Hke�v¶K �L� ^

E{m¹�Çe �L�OY � Z zr[ Y Z{¢ Y h>¢ Y fR�IHke X F � Z � v
³_©T­ON_³L°TST°»s¬ERi�� � [>� �r¢ Y [>Hkeµv¶K �G� ^ �jegZ Y hleRm>eLHrhR[{HIm�§ Y Z>[{HLZTfje_Jr¢*m�KIHke X FIHrhRZtvE_ht� Y ¢le � mL� Z q Y ¢le � my¢>Hrh*QOe_J_[{H_h �OY mG£>HÍ�Èu-vRv��r�>��vELF´��HTJLK{� ± � m �{Y fIH¥¢leLHImLHImV�IH_Z � [>¾ � Z � m�FjegZT�{Hkerm_H{mµvE_[t�¶h YIX HR� Þ_�jeRm X FIH_ZIHrh � H_fTZjermTmLH Y Z{¾THke � H_ZºvEr�º� � eLHr[>� §{HkegZIH¤�jeLJr¢km X FOe�h �OY_� m �{Y f>H_Z¤Hrh>¾>H �T� H_ZtvELZ´��i{m X h{HTHLZ{� � irhT£R�{H_Z X F�Q>H_ZOmG[{H_h*iTH �T� Z{H_Z b Z � h ± ¡ONG« ± d�v
Ä�àRá ç]ÚÒ{RÐ{Bó? à B/¥gâ�ÚÛÚ �µã �~³P³ Ä
��Y:TPYmN Õ `�ORYmSUTl�µß¡�9TlZ,b&aRV,YmTl�nTl\RT/\ WªT/VU¬�`�aRV,T/\Óæ/QRV� ¤TlVU��Nc`��[ZUT:��SUV&`��CSUY:L-\ Z3L��@Y:TF¯6T/Y:�mTcd*TlV�YmN Õ `�ORYmSUTl�k²X¾�L-V,i-T(sZvS,T/�:��S,T/\¡WªL-V,¾-TlV,`-VU�9T/YmSUQR\ei�Z,ZUb&aRV,YmS3SUT_Z3Y:\edEY:N�jkV,L-i�V,`-NPN XTXx� æ/QnZU`-N�NPTl\Ri-T/¬�`���S
�#L-V&d*T/\]o
^ XTXx� E_aRFb2c d Y ZRZ>¨ b2c dGirhRZIHrhrq{HIm$KIiLZOmLH b ¡kd Y hRhRMle_JL¢Rh{H_[rF|n�o_q{HraOerm>eLi_Zts¬u-vxuyoTo_� Y [{H|s�u��R�r�I�R�T�T�R�T�¤�lu-s��T�|s��T�¦o
� m Y_� H|s XTXx� ��Er�R�<��E_a>����ELF{��vTvRv¬�GK �L�l� eLJRH ^ERi`� � e_JRH ^ sÌm�KIHke X FIHrh¦¢ Y m b ¢leLHId]STh � HLfTZjeRm�fOe_Jr¢ b H_hOd¿egZ�� � e_JRH ^E � � � iR¢>H ^ s¬� � iR¢TH ^ �Ãu-s c Y ZTZ>¨¦S>¢ � H b �>H �>Y_� JL[Od���|s c i_hRZIHrh�q{H{m�KIi_ZOmLH���|s�¡ Y hTh¦MOe_Jr¢Rh>Hr[RFEr« � �{Y��T�lY ^ s�« Y��T�lY £{irhTh>Hr£T[ � h�¢>HIm¿�jeLJr¢>HIm b �>H �>Y_� JL[ªu-v��kdE_¡ s(¡{HR¢le Y Z b �r~{�IdyQle_J_[{Hrh � Z �ELZ s c Sºs(£{HkegZ�ä�[rFjegZTZje$Z � äE_­��LZ �_� ^ s(¡TMºs�«Rh Y ¢keLH_Z>[{HLZÍä�[Th>HIm�FTFIiTJr¢·ä b �{H �>Y_� J_[¦�|v��IdERz`�{m>e �L�lY ^ s c S*å`¡TM b �{H �>Y_� J_[�u-v��IdE_q��_h Y ¢le � m ^ s c S*å`¡TM b �{H �>Y_� J_[¥�ºv��IdE_§��_£ Y KTK Y ^ s c qºs�«Rh Y_� �IHrhT[¥° � JTJLK � Z>£T[ b �{H �>Y_� J_[�uG�R�·v��r�OdEr¢ �LZ Y�� H ^ spiTH �T� ZIH¤�OeRm�KIJ Y ¨`�LZ Yg� H ^ b �{H �>Y_� J_[¤£{HkegZ*�OeRmgKkJ Y ¨OdEr� s(§{HkegZ{H�­>Hr~T[ Y_� m �{Y fIHE_a s(®{HrhlmTeLi_ZELF s(MOe_J � H��Y:TF�eQR\R�CSUY:L-\eZU�#T/Y[Z3T�d*TlV�¾�T/V&ZUb&aRY:TldRT/\RTl\EWªTlV3¬�`-aRV,T/\¡Y:Z3S%Y:\~d*Tl\¤L-�9T/\¤T/V,��°`�ae\�S,T/\ y �eZUb&ae\RY�SUSUTl\�`�QeZUV,T/Y[b&aRT/\edETlV3s��°`-Q*SUTlV3S´�#L-V&d*Tl\]o�WªL�VFd*TlVF ¤TlVU��Nc`��[Z3�9T/V,Tlb&ae\CQe\Ri¤��`�\R\ÛdR`�Z'Ü�Ym\RiC`��9T/�RY:�[d�L-O*S,YmL�\e`��MN�YmSPT/Y:\RT/Ná²§DÓ²� ¤Tld*Y[`�\i-T(»n��S,T/VUS�QR\ed¡TlYm\RT�^�`�NPNc`��-L�VUV,T/�CS,QRVzd*T/V_^_V,`-QC�#T/VUSUT�dRQRV,b&aei-T(¬&°QeaRV3Sz�#T/V&d*Tl\]oIÜ�Z��MTlV,dRT/\¡\�QRV,Ù#Ym�[d*TlV�Y:NÏj�Ù# jMuts�L*d*T/VPjMr�sH�eL-V,Nc`�S´TlYm\Ri�T/�:TlZUT/\]o¸�%YmT~Î%O*SUY:L-\ Eri � � e_JRH ^ �9TlZ3SUY:NPN�S®d*T/\ ­�`-N�Tl\±d*TxZ+Ü�VUi�T/�R\eY:ZU�RY:�:d*TxZ/o¸�%T/V½ª+�<e<n.@=@?lA�B�â67RB/)U+�Gh0�)Æ�:Y:T(¬ÈT/VUS6TlYm\+ÙMY:\�°`-VU�RY:�[dÆIldR`�Z]Y:NüjMr�sH�eL-V,NP`�S]`��Ri�T/�:T/i�S6�@YmV&dÆot��Y:T��9T/Y[d*T/\F`�\ed*TlVUTl\�WªT/VU¬�`�aRV,T/\T:��SUV&`�aRY:T/V,T/\5\RL*b&a¡æ/QeZx°`�S,æ/�:Y:b&aRT�fh\*¬ÈL�VUNc`�SUY:L-\XY:\¤�RL�VUN��MTlY�S,T/V,T/V´Ù#Ym�[d*T/Vxo

�%`�ZæÛzTlZUQR��S&`�SPd*T/V�½k0�)J<�B()<5�B(§�7e0�<e§/BX·Æ'*<*��G�;�0�< �@YmV&d1Y:\±d*V,T/Y
¯6T/Y:�mTl\Òi-TxZ3O9T/Y[b&aRTlV3Sx!��%YmT¬6P+�<nGHB/<e�cB()U���c+�8mB�`��[ZjMrtsv^_V&`�Q��MTlV3S,�RY:�:d¤NPYmS�d*T/V5Ü�\ed*QR\RiÖÃ[o T%Ã:I]dRYmTF79'*<*��G 29Í0�)J��;�ACB(<1Ü�B/)U���c+�8:B�NPY�S´dRT/V
Ük\edRQR\RiÖÃ:o O�Ã[I]Z3L��@Y:TPdR`-Z
Ü�V3si-T/�e\RY:Z�dRT/V¤½k0�)J<�B()Û5%BJ§�7e0�<R§/B´·]'*<���G�;�0�<¤`��[Z���Ym�:TPYmN f�ç�sh�RL-V,Nc`�S # ZUYmTlaRT�çRo u*o ß�$(o6�9QeZx°`�SUæl�mY[b&a�ælQRN j#rts�Ù#Ym\�°`-VU�eYm�[dd*T/V@­zQe�m�[d*QRV&b&aRin°`-\Ri-T_d*TlZ%Ü�+�)J)Jè � ;�8m?�),B(GÈ¨�èJâ67eB()U+�GH0�)&§��#T/V&d*T/\Ed*YmT_Y:N y �eZ,b&aR\RYmS3S´ßeo:p��9TlZ,b&aRV,YmTl�nTl\RT/\¡��QR�ROeY��*T/�:Y:\*s¬ÈL-V,NP`�SUY:L-\RTl\®Y:\Xæ/�#T/Y9�#T/YmSUT/V,T/\5�%`�SUT/Y:T/\XYmN �¸ç�sh�RL�VUNc`�S#`��ei-T/�:T/i-SloC��Y:TlZUT y ���MTlY:b&a�QR\Ri´Ym\¤�9T/Y:�mTl\RV,Y:b&aCSUQe\Ri�T/V,a °`-��Sd*YmT5Ü�\ed*QR\eiRÃ[o �rÃnQR\edEYm\~��On`��mSUT/\eVUY[b&aCSUQR\RiRÃ[o ¢rÃ[o
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Dnm�q`mel Ð ]G_j«�hji3[m]�©htka?¥5«rÑ5]Glcb¬¦n_j©"]G«xb¬[ks�s t3a3¥
�(àRá Á-â�Ú � Ð�{*¥l× á Á£} Ä � ¯
��Y:T�Z3¢�\CSUaeT(SUY[Z,b&aRT�^_T/\RTlVUY:T/V,QR\RiP¾-L�\XWªTlV,Z,b&aRY:T/�RQR\ei�ZU¾-T/�CS,L-V,T/\®TlYm\RTlVÚÙ#Ym�[d�¬ÈL-�:i-T���`�\e\ENPYmS�d*T/NÇ��Y:N´QR�[`�S,L-V m>e �{� Jd*QRV&b&aRi-T/¬,°QRaRVUS��#T/V&d*T/\�o¸�%Y:T y QeZUi�`��9TX¾�L-\±Y:d*Tx`��:T/\ ¯
YmT/¬ÈT/\R��`�VUSUTl\±Qe\edÒd*TlVP¾-T/V,�#T/\ed*T/SUTl\ Õ `��:Y:�RVUY:T/V,QR\RiCZUde`�SUTl\Y:Z3SzT/�9T/\*¬�`-�m�[Z@N¤°L-i��mY[b&a]o y Q*¬Èi-V,QR\ed¤d*TlV Õ L-NPOR�:T:�*YmSx°`�S@�@Y:V,d¡dR`�ZzjkV,L-i�V,`-NPNþ\eY:b&aCS�d*QRV&b&a~Î%O*SUY:L-\RTl\¤Z3L�\ed*T/V,\EN�YmST/Y:\RT/V_QRN�¬�`�\Ri�VUTlY:b&aeT/\ Õ L-\R»ei-QRV&`�S,YmL�\eZ,dR`�S,T/YÆi-TxZvS,T/QRTlV3Sxo9�%Y:TF�RQe\R�CSUY:L-\eZU¾�YmTl��¬�`-��S_QR\ed�dRT/V���L-\R��V,T(S,T´�%`�SUTlY:`-Q*¬È�e`�Q�MTlV,d*Tl\5Y:N y �eZ,b&aR\RYmS3S # çeo uRompv$MT/V,��°`-Q*SUTlV3Sxo
^ m>e �{� JzkN�¡ � P*E¦zke �{� J Y [{i_h �r� Hrh ³LKT[OeRm X F{H_Z�QIJ � mTmy®{�|v��
± � QTq � Q sèm>e �{� J²� U �<��³_©T­lN_³_°TST°T���r¢ Y [{Hkeµv XG�R� ^
³_©T­ON_³L°TST°»s¬ELF´��HTJLK{� ± � m �{Y fIH¥¢keLHIm_HImV�{H_Z � [>¾ � Z � m�FOegZT�IHke_m_HIm�vELZ´��i{m X h{HTHLZ{� � i_hT£R�IH_Z X F�Q{H_ZlmG[{Hrh*iTH �T� ZIH_Z b Z � h ± ¡ON�« ± dµv
}X� Bl� àTé_à â ß Ã ã�à ¥ à7ê�àRá B ß Ãµâ à ? ��ã �CBx# à çÆ¥x× á ? à Bl¥$â�ÚÛÚ �µã � ê�ê
�9QRV�`�Q*S,L-Nc`�S,Y:Z,b&aRT/\�ÙMTlVUTxb&aR\�QR\Ri5¾-L-\ `�QeZUi-Tlæ/T/Y[b&aR\RT/SUTl\~WªT/V&ZUb&aeYmTl�RQR\RiCZ3¾�T/�CSUL�VUTl\E�@Y:V&d�dR`�Z%j�VUL�i-V&`�NPN aTa �9T(sVUTlY�S,i-TlZ3SUTl�m�mSlo¹ÜMZFTlVUN¤°L�i-�:Y:b&aCS�dRYmT¬Ù#TlZ3SUY:NPN´QR\RiÓ¾-L�\ÒWªTl��S,L-V,T/\£°QR�nTlVcT/Y:\RT¤��TtµCQRTl\Ræ¡¾-L-\ Õ `�\CSUTl\��RYm�[d*TlVU\ÒdRQRV,b&ay Q_�c\ed*Tl\~d*T/V Õ L�VUV,TlZUO9L-\ed*Tl\Ræ/Tl\®QR\ed¡d*TlV Õ L-NF�RY:\e`�S,YmL�\XNPT/aRV,T/V,T/V
�9T/V,Tlb&aR\eT(SUTlVÚÙ#Ym�[d*T/Vxo
^ aTa�E_aRFb ®OdLHrhkm X FjeLHLf � Z � m b aOd�Hr£R[{i_h>H_Z·n(o_q>HraOeRm>eGi_Zts7uwvxuyoToRzr[ Y [{H|s}ST~RK�o*o_� Y [>H|s�u��T�r�{�R�T�>�R�R�¥�Ou-s��R�|s��TÝ�o
� m Y_� H|s}aTaÓ��Er�T����ELa>����ELF{��vTvTvp�{mLHR�{ëLZ Yg� H ^ �{mLHR�{ëLZ �L� fIHrh ^ERi �LaIE � e_JrH ^ s(®{Hrhlm X FjeLH_f � Z � mGa>Hr£T[>i_hR£ Y hr[{H¥egZ��_aIE � eLJRH ^ m�K{Hke X FIH_hRZE X � X E � e_JrH ^ s¬JRHIm_H¥§ Y JIegf>hOeGHrh � Z � mL¢ Y [{HGZ Y_� m�� X E � eLJRH ^E_©��GKTFje ^ spz X F>hle�[T[R�IHIe�[{H¥�GKTFje ^ ¢>H{m¤�Th>H_FT�jegZT£{H>J{m b egZ`«Rh Y ¢kdE_q��Lh Y ¢le � m ^ s(�Th{H_FT[{H>JTJRH_h*�_h Y ¢ke � m ^ e$Z �T�ERÞ �GFIHke � FT[ ^ s(�Th{H_FT[{H>JTJRH_h¥M{iTH_F{H�f{¾ � v � §{z�egZ �T�ErP��RJRHra{H>J ^ s(§{i � fOegZ Y [OeGi_ZOmrJRH_a{H>J]¢>Hrh¦®T®IEL§ Y hT[{HLZ b �{H �TY_� J_[�u_dErì��GKIHrh X HLZ>[ ^ s(SThIJ YL� f>[{H �OY ~ºv ± fT�IHIe X F � Z � a{i_Z � e�[R[IJRHrh{HLZ¥f{¾r�tva{irhRF{Hrh � HIm Yr� [{H_Z�®T®lm*egZ`©Th{ir¾>H_Z>[ b �>H �>Y_� JL[�u��RìldEr� s(£{HkegZ{H�­>Hr~T[ Y_� m �{Y fIHE_a s(®{HrhlmTeLi_ZELF s(MOe_J � H

ÙMTl\�°L�S,Ymi-S��#T/V&d*T/\�d*Y:T Õ `-�mY:�RV,YmTlVUQR\ei�Z,dR`�S,T/\_Ym\´dRT/V�Tl\CS,ZUORVUTxb&aRT/\nd*T/\��_`�SUTlYCdRT/V Õ `-NPT/V&`���`��:Ym�eVUY:T/V,QR\RinI,�eYm\�°`-VUT Õ `�\*sSUT/\��RY:�[d*T/V%YmNC�z\CSUTlVU¾�T/V,æ/TlY:b&aR\eY:ZÑÃ[oîí�b/`Tí�ÃnZUL��@YmT
Ù#Y:�:d*TlV�NPYmS�ORQR\R�CSU¬3°L-V,N�Y:i-Tl\~ ¤T/V,��Nc`��:T/\¡Ym\}Ã[oïí�b(VÈí�Ã[oR�%YmT´�_`�S,T/Y:T/\N °QnZUZUT/\X`-�m�:TzY:Nþj�Ù
  jMuts��Ræ/��oCjMr�sH�eL-V,NP`�Sk¾-L�VU�:YmTli-Tl\ # NPY�S y QeZU\e`�aeN�T%d*T/V Õ `��:Ym�eVUY:T/V,QR\RiCZUdR`�SUTl\¯$Jo y \ aTa �@Y:V,dd*T/V
�e`-N�Y:�:YmTl\R\e`�NPT_`��:�mTlV�Ù#Ym�[d*TlV�æ-o Ù_oOðxñe�&Bl� ò-A-��Qe\ed®d*TlVUTl\ y \Ræx`�aR�9Y:\R\RT/V,ae`-�m�®d*TlV
�*TtµCQRT/\eæ °QR�9T/V,i-Tl�nTl\]o��*YmT%QR\*sSUT/V&Z,b&aRT/Y[d*T/\cZUY:b&a®dRQRV,b&aPTlYm\RT%«�`�QR¬È\CQeN�NPTlV�`�NÅÜk\ed*T�YmaRV,TlZ�­�`�NPTxZªQR\edcY:aRV,Tz«�`-i-T@Y:\®d*T/\���\�S,T/V,¾-TlVUælT/Y[b&aR\RY[ZUZUT/\]o��Y:T�¬ÈL-VUSU�[`�Q*¬ÈTl\ed*T�­�QRNPN�TlVUY:T/V,QR\RiPNFQ`�PYmNPNPT/Vz�9T/Y6­zQR�:�]�9T/i-Y:\R\RTl\]oe�%YmT+ÙMY:�[d*T/Vzd*TlV@ORQR\R�CSU¬3°L-V,N�Y:i-Tl\¤ ¤T/V,��NP`-�mT�nTl\�°L�S,Ymi�T/\¡æ/QeZx°`�S,æ/�:Y:b&aE\RL*b&a¡d*YmT Õ Tl\R\�QR\Ri Ã[o O�Ã # ZUYmTlaRT
çRo:p-o ß�$Jo
ÙMTlY:ZUORY:T/�:T_ó�� ôjð2õ�ôOðxñe�&Bl� ò-A���ötéz� ôOðÇõ�ôOðxñe�2÷x� ò_ø���ùtéz�����mé
� ôjðÈú¶ôjðÈñe�Ç÷x� òLø-�%ö�� ònéz�����
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¡ b#í#ö]ó¸ô�î�íkëgb�ð6õ;� q ¼
��Y:T��9T/V,Tlb&aR\eT(SUTl\ WªT/V&ZUb&aeYmTl�RQR\RiCZ3¾�T/�CSUL�VU��`�VUSUTl\Ò�#T/V&d*T/\gY:Nþ�z\CSUTlVU¾�T/V,æ/T/Y[b&aR\RY[Z Ã[oîí�d*ORN�í�Ã
`��Ri�T/�:T/i�SxokfhaRVE­�`�NPTZ3T/SUæ(S_Z3Y[b&a¤`�QeZ@d*TlV�d*QRV&b&a ERi`�_aIE � e_JRH ^ °Qe�nTlVUi�T/�9T/\RTl\pÙ#Tlæ/T/Y[b&aR\�QR\RicQe\ed¡d*T/V Õ L�N´�RY:\e`�SUY:L-\¤d*T/V%­zQRNPNPT/V�dRT/Vy QeZUi�`-\Ri�ZU�RY:�:d*TlV@`��Ra�°`-\Ri-Y:i�¾-L-N Õ L-N´�eYm\e`�SUY:L-\eZU�:T/¾-Tl��æ/QeZ,`�NPNPT/\ # ZUYmTlaRT y �e�]onr*o rFYm\ y �eZUb&ae\RY�SUS%r*o ²x$(o��TlV¡°QR�9T/V,i-T/�9T/\eT ù Ym\R��T/� �GKTFje ^ d*T/VF��V,T/aCSUTl�m�:T/V,�9T/�#T/i-Qe\Ri¡N´Q`�¡¬&°QRVF`��:�mT ù Y:\R�-Tl�kæ/�@Y[Z,b&aRT/\�æ/�#T/Y y Q*¬È\e`-aRNPT/\T/Y:\RT/V���T�µCQRT/\Ræ�i��mTlY:b&a¡ZUT/Y:\]o
� â àpê�àRá B ß Ãµâ à ? ��ã �CBx# à çÆ¥x× á ù�} ã ¥ àRá Â�×9Ð�{*¥gâ�× ã }(ø
�zN d*Y[b&aCSUTEWªT/V&ZUb&aeYmTl�RQR\RiCZ3¾�T/�CSUL�VU��`�VUSUTl\�æ/QÒTlVUan`��mSUT/\±��`�\R\ dR`-ZPjkV,L-i�V,`-NPN egK �nTl\�Q*SUæ/SP�#T/V&d*Tl\]oµÜMZ��nTlVUQRaCS`�Q*¬]d*Tl\cYmN y �eZ,b&aR\RYmS3S
r*o ²��nTxZUb&aRV,Y:T/�9T/\RTl\�fh\CS,T/V,OnL��:`�SUY:L-\eZUORV,L-æ/TxZUZUT/\FQR\edc�9T/\6°L�SUY:i�SkWªTlV,Z,b&aRY:T/�RQe\Ri�ZU¾-Tl��S,L-V,T/\F¾-L-\Õ `�\CSUTl\ÛYm\±�RL-V,NáT/Y:\RTlZæÙ#Ym�[d*TxZ # æ-o Ù%o¸d*QRV&b&a aTa i-T/�#L-\e\RT/\¯$�Z3L��@Y:TXTlYm\ÒZUT/i�NPT/\CSUY:T/VUSUTxZ y QnZ3iC`�\RiCZ3�RY:�[dÆI�QRN dRYmTÙMTlVUTxb&aR\�QR\Ri��nTlY]T/¾�T/\CSUQeT/�:��¬ÈT/aR�:T/\edRT/\ Õ `�\CS,T/\�¾-Tl��S,L-V,T/\X`-Q*¬¸T/Y:\RT��6�H°`-b&aeT_TlYm\eæ/QeZ,b&aRVt°`�\R��T/\]o
^ egK�E_aRFb eTd$Z>[{Hrh b KjdLi>JIeGHrh{H_Zya{i_Z*®{H_hlm X FjeGH_f � Z � mGa{Hr£T[Tirh>HLZ|n�o_q{HraOerm>eLi_Zts¬u-vxuyoTo_� Y [{H|s�u��R�r�I�R�T�T�R�T�ÍvTvRv
� m Y_� H|s7egKÄ��Er�T����ELa>����ELF{��vTvTvp�_aRa � e_JRH ^ �{m_H �>� e_JRH ^ERi �LaTaIE � eLJRH ^ s(®{Hrhlm X FjeLH_f � Z � mGa>Hr£T[>i_hR£ Y hr[{H¥egZ��_aTaIE � e_JRH ^ mgKIHke X F{HrhRZErì��GKIHrh X HLZ>[ ^ s(SThIJ YL� f>[{H �OY ~ºv�K>h{iR¾|v ± fT�IHke X F � Z � ¢>HrhªNgZ>[{HrhrKIi>J Y [leLi_ZegZTZIH_hRF Y JLf�¢>HIm¤zTH �L� H_Z>[lm b �>H �>Y_� JL[�u��RìldE_£��>m>eG¾>H ^ s(§{i_ZOmTeRmG[{H_Z>¾¥¢>HImy®T®IELQ{H>Jr¢�egZRZIHrhRF Y JLf*HkegZ{Hrh�{m>eG¾TH ^ ~��{mTeG¾>H ^ � �I� H_f � Z � K>h � H � H_Z b �{H �>Y_� J_[��kdE � �>m>eG¾>H ^ s(®T®IE_Q>H>Jr¢ � e�[ �{mTeG¾>H ^ ~��{m>eG¾>H ^ ¡ Y mG£{H � J Y Hr[T[>H_Z b �{H �>Y_� J_[*�IdEr� s(£{HkegZ{H�­>Hr~T[ Y_� m �{Y fIHE_a s(®{HrhlmTeLi_ZELF s(MOe_J � H

��Y:T�Î%O*S,YmL�\ Erì ¬&°QRV
d*Y:TzNc`��*Y:NP`-�mT�ORVUL�æ/Tl\�S,Qe`��:T y ���#T/Y[b&a�QR\Ri��9T/ælYmTla�S#Z3Y[b&a®`�Q*¬�dRT/\X`-��S,QRT/�:�e�9T/V,Tlb&ae\RT(S,T/\cWªT/�CS,L-V��°`�aRV,T/\edEd*TlV@fh\�S,T/V,OnL��:`�SUY:L-\]o
Dnm�q`me� Ð [f«Pt3ªSem[m«�[m]�_ut3a3¥
}�ãµé_à â�� à #n× ã�ê
àRá B ß Ã�â à ? �µã �CB$# à çÆ¥l× á çR{ á ¥ àTã Á ¦ À à � ø Ä
��Y:TPW�Y[Z3Qe`-�mY[ZUYmTlVUQR\eiX¾-L�\�WªTlV,Z,b&aRY:T/�RQR\ei�ZU¾-T/�CS,L-VU¬ÈT/�[d*T/V,\¤T/VU¬ÈL-�:i�S_N�YmS�d*T/N jkV,L-i-V&`�NPN m�F{i_�{¢rK � oefh\ TlYm\RTlN  ¤Y:\*sd*TlZ3S,`-�eZvS&`�\ed~¾-L-\Ìß'4jÐ � �MTlV,dRT/\�d*Y:T�WªT/�CSUL�VUTl\ #��TÜ H $zY:N�Ù#Ym�[d�`-Q*¬Èi-T/SUV&`�i-Tl\]on�%Y:T y \Ræl`-aR�ªd*T/V�dR`�V,æ/QnZvS,T/�:�mTl\ed*T/\WªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-V,T/\ �@YmV&d1`�QRSUL-Nc`�SUY[ZUb&aÓVUTxd*QRælYmTlV3SxI��#T/\R\1dR`�Z��RTl\eZvS,T/V´¬,°QRVFd*Y:T y \eæ/T/Y:i-TXæ/Q1���mTlYm\�i�T/��°`�ae��S�@QRV,dRT-o
�z°QeV#�9TlZUL-\nd*T/V&Z#�C�:T/Y:\RT_L*d*T/V
T:��S,VUTlNÅi-V,L%�-T_��V,T/a��@Y:\R�-Tl����°L�\R\RTl\5d*Y:T%WªTl�CSUL-V,T/\5�nTlY]d*T/V´Ù#T(S,V,`�b&aCSUQR\RiFNPY�S@T/Y:\RTlN�e`��CS,L-VPZ3��`��:Y:T/VUSF�#T/V&d*T/\]oª�%QRV&b&aÒ��V�°Qeb&��T/\±dRT/VP ~`�QeZ3S,`�ZvS,TX��`�\e\ÒT/Y:\ y QeZ,ZUb&aR\eY�SUScdRT/V Õ `�VUSUTXY:\ÒTlYm\eT/N \RTlQRT/\�RT/\nZvS,T/Vª¾-TlVUi�Vx°Lx�-TlV3S6de`�V,i-TlZ3SUTl�m�mSª�MTlV,dRT/\ # �9L�L-N�$Jo-�*L_��`-\R\c`�Qeb&a��nTlY*i-V,L%��T/\ Õ `-V3S,T/\3�vTld*TlVªWªT/V&ZUb&aRY:T/�eQR\Ri�ZU¾-Tl�CSUL-Vi-T/\n`�QE�nT/SUV&`-b&aCSUT/S
�#T/V&d*Tl\]o
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^ m�FIiL�{¢rK �zrMI³ � �R©T¡*E ± Z{¾>Hke � H_Z�a{i_Z*®{H_hlm X FjeGH_f � Z � mGa{Hr£T[Tirh>HLZ�®ju-v��
± � QTq � Q sèm�FIiL�{¢rK � � U �Ó��³_©T­ON_³L°TST°>�¥�r¢ Y [{HIeµv�¢rK � ^
³_©T­ON_³L°TST°»s¬ERi�� � [>� �_¢ Y [{Hke�v¶K �L� ^ «Rh Y_� �IHrhR[Rfje_Jr¢¦m�KIHke X FIHrhRZºvE_ht��Hr¢ �OX HR� Z q{Hr¢ � ¾leLH_h{H_Z¦¢>H_h*© � Z>£T[{H �L� ¢>HLZ`Q Y £T[{irh¥ZºvEr¢º�Çe � H_ZOm>eGi_Z{�yZ «Rh>iTHImTm_H¥¢THImyQ{H_ZOmG[>Hrhlm¸vE{m¹� XLY JRHR� Z zr£ Y JIeLHrh � Z � m �TY £T[{irh �r� Hrh*¢leLH¥®{Hr£T[>irh{H_ZtvELf´� X £ � hRZ{¢R� Z «Rh Y_� �IHrhR[ �r� Hrh*¢>H_Z*MOe$Z>[{Hrh � h � Z{¢�vELF´��HTJLK{� ± � m �{Y fIH¥¢keLHIm_HImV�{H_Z � [>¾ � Z � m�FOegZT�IHkermLHIm�vEr�º� � eLHr[>� §{HIegZIH¦zr[ Y [ � m � H>J_¢ � Z �¤Y_� m � H_fIH_ZtvELZ´��i{m X h{HTHLZ{� � i_hT£R�IH_Z X F�Q{H_ZlmG[{Hrh*iTH �T� ZIH_Z b Z � h ± ¡ONG« ± dµv
}�ãµé_à â�� à #n× ãûÀ(á { � y àRá ¥�?¸â�Ð�| àRáGã Á ¦ À à ø ÀEÄ
�%`�Z
�C�:T/Y:\RT�j�VUL�i-V&`�NPN mgFIi_�TK �G� d*Y:T/\CS@�:Tld*Y:i-�:Y:b&a¤dR`-æ/Q¡d*Y:T�¾-T/V,�#T/\ed*T/SUTl\E^_V&`�Q��MTlV3S,�RY:�:d*TlV@`�Q*¬ªd*T/N²ÙMY:�[dRZUb&aeYmV,N`�\RælQRæ/TlYmi�T/\]o
^ m�FIiL�TK �L�zrMI³ � ©T«R¡*E ± Z{¾>Hke � H_Z*HkegZ{Hrh�©{irhT[ Y fkJRH¥«Rh Y ¨T¡ Y K¥®wu-v��
± � QTq � Q sèm�FIiL�TK �L� � U �Ó��³_©T­ON_³L°TST°>�¥�r¢ Y [{HIeµv¶K �L� ^
³_©T­ON_³L°TST°»s¬ELF´��HTJLK{� ± � m �{Y fIH¥¢keLHIm_HImV�{H_Z � [>¾ � Z � m�FOegZT�IHke_m_HIm�vELZ´��i{m X h{HTHLZ{� � i_hT£R�IH_Z X F�Q{H_ZlmG[{Hrh*iTH �T� ZIH_Z b Z � h ± ¡ON�« ± dµv
� â à ÷5â à �¶àTã çR{ á ¥ àRã¦ê â{B � {RÐ�âeB$â àrá��µã � ê }lÁ£� }�¯
�zN de`-Z5Ü�VUi�T/�R\RY[Z�d*T/V´^_TxZvS&`��mS,ZUVUTl�-L�\eZvS,VUQe��S,YmL�\��9T(S,V,`�b&a�S,T/\Óæ/Q��Æ°L-\R\eT/\��@YmV&dÓd*T/V�¯
Y:T(¬ÈTl\R��`�VUSUT/\�W%Y:ZUQe`��:Y[Z3Y:T/V,T/V
aleRm �IY J T/Y:\Ri-TxZ3T/SUæ/SloM­�T/�9T/\ýTlYm\eT/V5`-Q*SUL�Nc`�SUY[Z,b&agZU��`��:YmTlV3S,T/\>^_V&`�Q��#T/VUS,dR`-V,Z3SUTl�m�:QR\Ri�d*T/V Õ `�VUSUT~��`-\R\ý`�Qeb&a TlYm\j¸L-�:¢-TldRT/V_T/V,æ/T/Qei�S�QR\ed�d*V,T/Y[d*Y:N�Tl\eZUYmL�\e`��ª�9T/i�Q*S,`�b&a�S,T(S��#T/V&d*T/\]oÆfh\ y �Ra °`�\ei-Y:i-�-TlY�S�¾-L�\ÓdRT/N �*�t`-�mY:T/V,QR\RiCZv¬�`-�CSUL-Vd*TlZc��Tl\eZ3L�V,ZFN´Qj�Ód*TlV,Å?Æ�sv^_YmS3SUTlV,`-�eZ3S,`�\ndÒd*TxZ�j¸L��m¢�Tld*TlV,ZF`�\Ri�T/Oe`%��S��MTlV,d*Tl\]o¸ÜkVPY:Z3S�¬ °QRVcd*T/\ ��Y:N´QR�[`�S,L-V�N�YmSp-o w®¾-L�VUTlYm\ei-TlZ3SUTl�m�mS%Qe\ed�TlVUi�Ym�RS_ZUY:b&a �nTlYªT/Y:\RT/V_VUTx`��:T/\ Õ `-NPT/V&`RI9�MTl\R\�Nc`�\Ód*QRV&b&a d*Tl\ y �eZvS&`�\ed��nTl\e`-b&a��e`-V3S,T/VÙMY:�[d*ORQR\R�CS,T�S,T/Y:��SxoTÙ#TlY9d*TlVM¾�T/V,�MTl\ed*T/SUT/\X�nÎ_­ Æ K@K#�ûW%Y:dRT/L-��`-N�TlV,`�T/\CS,ZUORV,Y:b&aCSMdR`�Z�TlYm\eT/N ^_Y�SUSUTlV,`-�eZvS&`�\ed®¾-L-\T(Sv�
`æç�qRo ²Ro
�z°QeVPdRYmT�Î%�¬�vTl��S,L-�9T/Vkj6°`-b&aeTX�Æ°L-\R\eT/\ÒQe\�S,T/V&ZUb&aeYmTxd*�mY[b&aRTE�%`-V,Z3SUTl�m�:QR\Ri�T/\Ò¾�L-N �%V,`-a�S,i-YmS3S,T/V,N�L*d*Tl�m�
�RY[Z�æ/QRVPY:\CSUT/VUsOnL��mY:T/VUSUTl\��*b&ae`�S3S,YmTlVUQR\ei%i�T/��°`�ae��S��MTlV,d*Tl\]oGÙ#T/Y*ZvS&`�V,�-TlN�Û�`�QeZ,b&aRT/\F��`�\R\�d*YmT
¯
Y:T(¬ÈT/\e�t`-V3S,T#`-Qeb&a´i�T/i���°`�S3SUT/S6�#T/V&d*T/\QR\edcd*QRV&b&a�ÜkY:\eZ,b&ae`��mSUTl\F¾�L-\ y \CSUY[`��:Y:`�Zª�Æ°L-\R\eT/\®^_V,`-Q��MTlV3S�°QR�nTlVUi9°`�\Ri�T�L�O*SUY[ZUb&aP¾�T/V,�nTxZUZUT/VUSª�MTlV,d*Tl\]o-�%YmTÚÙ#T/SUV&`-b&a*sSUQR\RiCZ3On`�V&`�NPT(S,T/VMZUY:\ed®Tl\�S&Z3OeVUTxb&aRT/\edXd*T/VtÙ#TlZ,b&aRVUTlYm�eQR\Ri�¾�L-\¤§�û��æñ>ü-æ/Q5��°`�aR�:T/\XQR\edX¬,°QRVMTlYm\eT%TlV,Z3SUT%WªL-V&ZUb&ae`-Q®Y[ZvSTlZ
NPT/Y[ZvS,T/\eZ�Z3Y:\R\�¾-L��m��IRd*Y:T y \Ræl`-aR��d*TlV@¾-TlVU�#T/\edRT(SUTl\E¯
Y:T(¬ÈTl\��MTlV3S,T_ælQ¡VUTxd*QRæ/Y:T/V,T/\�o
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^ aOeRm �IY J®ONLz � ± P*E�­OeGH � H_Z>£ Y hT[{H_Z¤®OeRm �{Y JIeRm>eGHrh{Hrhy®{�|v��
± � QTq � Q sýaOeRm �IY J²� U ����³L©T­ON_³_°RST°>�¦�r¢ Y [{Hkeµv�¢>H_K ^
³_©T­ON_³L°TST°»s¬Er¢º�Çe � H_ZOm>eGi_Z{�yZ «Rh>iTHImTm_H¥¢THIm�� �IY ¢Rh Y [OeRm X FIH_Z¥Q>H_ZOmG[{H_hlm¸vE � ��i X�� mL� Z �>h>H_ZTZT�IHIe�[{Hyf{¾ � J·v(�T� �R� § Y�� Hrh Y e$Z/� �R� ��vE_ht��Hr¢ �OX HR� Z q{Hr¢ � ¾leLH_h{H_Z¦¢>H_h*© � Z>£T[{H �L� ¢>HLZ`Q Y £T[{irh¥ZºvELf´� X £ � hRZ{¢R� Z «Rh Y_� �IHrhR[ �r� Hrh*¢>H_Z*MOe$Z>[{Hrh � h � Z{¢�vE � ��H{m�F{� Z zr£ Y JIeLHrh � Z � m �TY £T[{irh �r� Hrh¦¼T½IEr«leg[T[{Hrh Y fOmG[ Y Z>¢|vETJ|�Çe � F>[>� ~*¨`¾ qOe X F>[ � Z � mGa{Hr£R[{irh�¾ � h¦© � Z>£R[IJIe X FT[>� � H>JRJRH·vE X � Yg� Hrh Y � ~*¨`¾ ©{i{m>e�[OeLiLZ*¢>Hrh¦§ Y�� H_h Y vE_[t� Y h � Hr[>� ~*¨`¾ ± � mGhOe X FT[ � Z � ¢>Hrh*§ Y�� Hrh Y vERi�� � [>� �_¢ Y [{Hke�v¶K �L� ^ «Rh Y_� �IHrhR[Rfje_Jr¢¦m�KIHke X FIHrhRZºvE_at��H_hT[{Hr~>� �r�{Er«le�[T[>HrhRZIHr[T¾ � e�[¦a{H_h>¢>H X £R[{H_Z¥Q{J Y H X F{H_ZtvEIe¸�ÖZT[{HrhRKIiTJr� z X F Y [T[OeGHrhT[{H��r�IE_� Y hlmG[{H>JRJ � Z ��� e�[`«{J Y H_[T[ � Z � vE{m¹�ÖF Y ¢legZ � � z X F Y [T[OeGHrhT[{H��r�IE_QIJ Y H X FIHLZ � e�[`P Y�� fIHrhT[ � iR¢>H>JTJ¹vEL�´�Çegh{H � h Yg� HR� �r�{E_�Th Y FT[ � e�[T[>HrhIJIegZleLH_ZrZIH_[>¾·vE � � YL� mTmL� ­OeGH � H_Z>£ Y hT[{H � e�[`« Y_� mTm � J Y Hr[T[>H_ZtvE Y �ÖZT[Oe Y JIe Y mL� § Y Z>[{H_Z � J Y Hr[T[ � Z � HkegZOm X F Y J_[{HLZtvEr�º� � eLHr[>� §{HIegZIH¦zr[ Y [ � m � H>J_¢ � Z �¤Y_� m � H_fIH_ZtvELF´��HTJLK{� ± � m �{Y fIH¥¢keLHIm_HImV�{H_Z � [>¾ � Z � m�FOegZT�IHkermLHIm�vELZ´��i{m X h{HTHLZ{� � i_hT£R�IH_Z X F�Q{H_ZlmG[{Hrh*iTH �T� ZIH_Z b Z � h ± ¡ONG« ± dµv
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����y|�Gt���ä� ���'��y�Ø�twv��Gx ç tw� � ØwØ�� vDS2y���}2v/{���v Ö {�tw��é�t���è�xzv��G��y�}2èY��ta�z� y î y�t���twè:}�v�{
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