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DEFE GHIJKLKHM NEOE PQLIRQL
STUVWTXYZ WX[XY\] ^ZU[\_ W`YaT^ bW`^YXY\c d^beXW\fT^`YYTc gXhTij\ kTdZlmTYUVWbjg\] nV\_ WX[XY\c TUYT^`Y` Y` VXTW\\ jTeebV\Wbop\_ W`fYTUVYZ_ ThXW`qVTWT^r hTUVWTXYYTc ^ hXW^Tc i`UV\ W`sTVZl STj`f`YTr iVT f`d`i` ^TUUV`YT^tXY\]

jTnuu\g\XYVT^ jTeebV\Wbop\_ ThXW`VTWT^ eTvXV sZVw nuuXjV\^YT WX[XY` U hTeTqpwo bW`^YXY\c d\UjWXVYTc d\Y`e\j\ h`W`eXVWT^ koW\Y`r _`W`jVXW\fbop\_ UV`qs\twYZX aTtTeTWuYZX ^XjVTWYZX W`UUtTXY\] Y`d `taXsW`\iXUjTc jW\^Tclx\st\TaW`u\]y z{ Y`f^`Y\Xl
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º»¼½¾¿À»¿ ¼½»½Á¿ Â¾¼Ã¿ÀÄÅ» ÆÇÈÉÈ ÂÇ¾ÊËÄÌÍ ¼Ã¿Î»ÅÅÏÐ ¼ Î»Ñ»ÒÄÓ Â¾¼½Ç¾ÄÅÔ¿ »ËÕ

ÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÐ ÇÄ×ÄÅÔÓ ÃÏ¼×ÔÐ Ç»ÅÉ¾Ã ÑÃÈÌÄÇÔÎ¾Ã»ÅÅ¾Ó ØÄÂ¾ÒÆÔ Ù¾ÑÏ
ÚÛÜÝÞß à áâã−âã−ä − áâãåä−âã æ çèéèê
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ÊÏËÔ Â¾¼½Ç¾ÄÅÏ Ã Ç»Ê¾½Ä »Ã½¾Ç¾Ã �è�é �Ð Æ¾Å¼½ÇÈÆØÔ¿Í Æ»Æ Ô ¼»Ì¾ Â¾Å¿½ÔÄ ����� ÇÄÕ
×ÄÅÔÓÍ ¾ÂÔÇ»Ä½¼¿ Å» ½Ä¾ÇÔ� Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÑÅ¾ÌÄÇÅÏÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»Õ
½¾Ç¾Ã ���é ! ¼¾ÃÇÄÌÄÅÅ¾Ó Ì»½ÄÌ»½ÔÒÄ¼Æ¾Ó  ÔÎÔÆÄ "½» ½Ä¾ÇÔ¿ Â¾¿ÃÔË»¼Á Æ»Æ Â¾Ê¾ÒÕ
ÅÏÓ »ËÉÄÊÇ»ÔÒÄ¼ÆÔÓ »¼ÂÄÆ½ ½Ä¾ÇÔÔ ÔÅ½ÄÉÇÔÇ¾Ã»ÅÔ¿ ÅÄËÔÅÄÓÅÏÐ ¼¾ËÔ½¾ÅÅÏÐ ¼Ô¼½ÄÌ Ô¼ÂÄÆ½Ç»ËÁÅ¾Ó ½Ä¾ÇÔÔ ÂÄÇÔ¾ÑÔÒÄ¼ÆÔÐ Æ¾ÅÄÒÅ¾Î¾ÅÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ���
 ���é#Ç»ÃÅÄÅÔÄ��ÍÆ»ÆÔ Ë�Ê¾Ä ÑÇÈÉ¾Ä ¼¾ËÔ½¾ÅÅ¾Ä ÈÇ»ÃÅÄÅÔÄÍÂÇÄÑ¼½»ÃË¿Ä½ ¼¾Ê¾Ó ËÔ×Á
¾ÑÅ¾ ÔÎ ÈÇ»ÃÅÄÅÔÓ ¼¾¾½ÃÄ½¼½ÃÈ�ÀÄÓ ÔÄÇ»ÇÐÔÔé �Ä×ÄÅÔ¿ Â¾ËÅ¾Ó ÔÄÇ»ÇÐÔÔ �� 
 "½¾
 ÈÅÆØÔ¿ � à �ç$êÍ Î»ÃÔ¼¿À»¿ ¾½ ÊÄ¼Æ¾ÅÄÒÅ¾É¾ Å»Ê¾Ç» ÃÇÄÌÄÅ $ à ç$' à %& $Û à '&$( à $& $) & æ æ æ êé *¼ËÔ »ËÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÄ ÇÄ×ÄÅÔ¿ çè � èêÖ¼Ô¼½ÄÌ ½ÔÂ» ÈÇ»ÃÅÄÕ
ÅÔ¿ �Ñ+Í Å»ÒÔÅ»¿ ¼ Ç»Ê¾½Ï �,�Í ÃÏÑÄË¿ËÔ¼Á È¼Ë¾ÃÔÄÌ ¼½»ØÔ¾Å»ÇÅ¾¼½Ô ¾ÑÅ¾É¾ ÔÎ Â¾Õ
½¾Æ¾Ã�Ñ+ÖÔÄÇ»ÇÐÔÔÍ ½¾ ÑË¿ ÈÇ»ÃÅÄÅÔ¿ �� »ËÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÄ ÇÄ×ÄÅÔ¿ ÈÇ»ÃÅÄÕ
ÅÔ¿ �� ÃÏÑÄË¿�½¼¿ È¼Ë¾ÃÔÄÌ ¼½»ØÔ¾Å»ÇÅ¾¼½Ô ¾½Å¾¼Ô½ÄËÁÅ¾ -./0 ÃÇÄÌÄÅ ÔÄÇ»ÇÐÔÔÚ�ã� à Ú�1� à 2é 3½¾ È¼Ë¾ÃÔÄ "ÆÃÔÃ»ËÄÅ½Å¾ ¼ÈÀÄ¼½Ã¾Ã»ÅÔ� Â»ÇÏ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ
¾ÊÏÆÅ¾ÃÄÅÅÏÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã
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Æ¾½¾ÇÏÄÆ¾ÌÌÈ½ÔÇÈ�½ ¼¾ Ã¼Â¾Ì¾É»½ÄËÁÅÏÌÔ ¾ÂÄÇ»½¾Ç»ÌÔ;»Æ¼» Ú�−4Û Ô Ú�−4( ÑË¿ÈÇ»ÃÅÄÅÔ¿ ��Í Å»ÓÑÄÅÅÏÌÔ ÃÂÄÇÃÏÄ Ã �<�Í �=�Í
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ÙÄÌ ¼»ÌÏÌÍ Â»ÇÏ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÊÏÆÅ¾ÃÄÅÅÏÐ ¼Æ»Ë¿ÇÅÏÐ ËÔÅÄÓÅÏÐ ÑÔ  ÄÇÄÅØÔÕ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ¾ÂÇÄÑÄË¿�½ ÔÅÃ»ÇÔ»Å½ÅÏÄ ÂÇ¾¼½Ç»Å¼½Ã» ÑË¿ Ã¼ÄÓ ÔÄÇ»ÇÐÔÔ ��é�»ÅÉ¾Ì ? Â»ÇÏÅ»ÎÏÃ»Ä½¼¿ ÒÔ¼Ë¾ ËÔÅÄÓÅ¾ÖÅÄÎ»ÃÔ¼ÔÌÏÐ ¼¾ÃÌÄ¼½ÅÏÐ ¼¾Ê¼½ÃÄÅÅÏÐ ÈÅÆÕØÔÓÍ ½éÄé ÒÔ¼Ë¾ ÇÄ×ÄÅÔÓ ÈÇ»ÃÅÄÅÔÓ
4ß@6 à A@6& 45@6 à > @6& B à è& æ æ æ &?& çèéCê

ÑË¿ ½ÄÐ Â»Ç Æ¾ÌÂËÄÆ¼ÅÏÐ ÒÔ¼ÄË çA&>êÍ ÑË¿ Æ¾½¾ÇÏÐ ÂÇ¾¼½Ç»Å¼½Ã¾ ÇÄ×ÄÅÔÓ ÅÄ ÂÈ¼½¾é�»ÅÉ Â»ÇÏ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ¿ÃË¿Ä½¼¿ DEFGH -IJGKIL
JIH ÔÐ Â¾Ç¿ÑÆ¾Ãé
�»Æ ÒÔ¼½¾ »ËÉÄÊÇ»ÔÒÄ¼Æ»¿ Î»Ñ»Ò»Í ÂÇ¾ÊËÄÌ» ÆË»¼¼Ô ÔÆ»ØÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ

¾ÊÏÆÅ¾ÃÄÅÅÏÐ ¼Æ»Ë¿ÇÅÏÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ÊÏË» Â¾¼½»ÃËÄÅ» ÄÀÄ Ã�2ÖÐ É¾Ñ»Ð MÈÇÐÅ»Ë¾Ì Ô N»ÈÅÑÔ �è2�Í �èè�Í Æ¾½¾ÇÏÄ Ñ»ËÄÆ¾ ÂÇ¾ÑÃÔÅÈËÔ¼Á Ã ÇÄ×ÄÅÔÔ
ÑË¿ ¼ËÈÒ»¿ ¾ÂÄÇ»½¾Ç¾Ã ÃÎ»ÔÌÅ¾ÖÂÇ¾¼½ÏÐ Â¾Ç¿ÑÆ¾Ã çÃ Æ¾½¾Ç¾Ì Ç»ÅÉ Ã¼ÄÉÑ» Ç»ÃÄÅ èêé3  ÄÆ½ÔÃÅ»¿ ÆË»¼¼Ô ÔÆ»ØÔ¿ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾Ã Ç»ÅÉ» è ÊÏË» Î»ÃÄÇ×ÄÅ»
Ã ���é MÈÇÐÅ»Ë Ô N»ÈÅÑÔ ¾½ÌÄÒ»ËÔ ç¼Ìé �èè�êÍ Ò½¾ ¾ÊÀ»¿ Î»Ñ»Ò» ÑË¿ Ç»ÅÉ» ? O è
ÂÇÄÑ¼½»ÃË¿Ä½¼¿ ÒÇÄÎÃÏÒ»ÓÅ¾ ½ÇÈÑÅ¾Óé

�ÄÇÃÏÄ ×»ÉÔ ÊÏËÔ ¼ÑÄË»ÅÏ Ã Ç»Ê¾½»Ð �è��Í �è��é PÄ½¾Ñ "  ÄÆ½ÔÃÅ¾Ó ÆË»¼¼Ô ÔÆ»ÕØÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã Ç»ÅÉ» ? O è ¾ÊÀÄÉ¾ Â¾Ë¾QÄÅÔ¿
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ÊÏË ¼¾ÎÑ»Å »Ã½¾Ç»ÌÔ Ã Ç»Ê¾½»Ð �è�Í ���é�¾ÌÌÈ½ÔÇÈ�ÀÔÄÂ»ÇÏÇ»ÅÉ» ? Î»ÃÔ¼¿½ ¾½ ç?−èê
��DG�.DJ��D	 
/���GG ¾ÑÅ¾Ó ÂÄÇÄÌÄÅÅ¾ÓÍ ÉË»ÑÆ¾Ó »ËÉÄÊÇ»ÔÒÄ¼Æ¾Ó ÆÇÔÃ¾Ó 
 ¼ D-�D	
¾½ÌÄÒÄÅÅ¾Ó ½¾ÒÆ¾Ó � Ô Å»Ê¾Ç» Â»Ç»ÌÄ½Ç¾Ã Ù�ÇÔÅ» çÐ»Ç»Æ½ÄÇÔÎÈ�ÀÔÐ ¾¼Å»ÀÄÅÅ¾Ä¼½»ÊÔËÁÅ¾Ä É¾Ë¾Ì¾Ç Å¾Ä Ç»¼¼Ë¾ÄÅÔÄêé PÏ Å»ÎÏÃ»ÄÌ ½»ÆÔÄ Æ¾Å¼½ÇÈÆØÔÔ D-�DKD�I�L��HGé
�Ë¿ ÈÇ»ÃÅÄÅÔÓ �� ØÄÂ¾ÒÆÔ Ù¾ÑÏ È¼Ë¾ÃÔ¿Í ÃÏÑÄË¿�ÀÔÄ »ËÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÄÇÄ×ÄÅÔ¿Í Ì¾ÉÈ½ ÊÏ½Á ¼ ¾ÇÌÈËÔÇ¾Ã»ÅÏ ½»Æ QÄÍ Æ»Æ Ô Ã ½Ä¾ÇÔÔ ��é �ÇÔ "½¾Ì È¼Ë¾Õ

ÃÔÄ ¼½»ØÔ¾Å»ÇÅ¾¼½Ô ÇÄ×ÄÅÔÓ ¾½Å¾¼Ô½ÄËÁÅ¾ ÑÃÈÐ Â¾½¾Æ¾Ã ¼¾¾½ÃÄ½¼½ÃÈ�ÀÄÓ ÔÄÇ»ÇÐÔÔ
"ÆÃÔÃ»ËÄÅ½Å¾ ¼ÈÀÄ¼½Ã¾Ã»ÅÔ� Â»ÇÏ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã
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Æ¾½¾ÇÏÄ Æ¾ÌÌÈ½ÔÇÈ�½ ¼ ¾ÂÄÇ»½¾Ç»ÌÔ ;»Æ¼»

�' à ÚÜ − � − >ç�ê& �Û à ÚÝ − �ç�ê�−
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ÑË¿ �� ØÄÂ¾ÒÆÔ Ù¾ÑÏé �ÑÄ¼Á Ô Ñ»ËÄÄ � ¾Ê¾ÎÅ»Ò»Ä½ ¾ÂÄÇ»½¾Ç ¼ÑÃÔÉ» Â¾ ÑÔ¼ÆÇÄ½Å¾Ó
ÂÄÇÄÌÄÅÅ¾ÓÍ�'ß à 'ß�'é
�Ë¿ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã Ã¼¿Í ¼½»Ã×»¿ ÈQÄ ÆË»¼¼ÔÒÄ¼Æ¾ÓÍ ½Ä¾ÇÔ¿ Â»Ç Æ¾ÌÌÈ½ÔÕÇÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾Ã Ç»ÅÉ» ? à è ¾¼Å¾ÃÏÃ»Ë»¼Á ½¾ËÁÆ¾ Å» -./0KD�I���0 �D��K�/�L

�G�0 �è��Í �èC�é �¾ËÁØ» ½»ÆÔÐ ¾ÂÄÇ»½¾Ç¾Ã ¾Æ»ÎÏÃ»ËÔ¼Á ÔÎ¾Ì¾Ç ÅÏ Æ¾ËÁØ»Ì �ç
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ÌÄÇ¾Ì¾Ç ÅÏÐ  ÈÅÆØÔÓ Å» »ËÉÄÊÇ»ÔÒÄ¼Æ¾Ó ÆÇÔÃ¾Ó 
 ¼ Â¾Ë�¼»ÌÔ Ã Â»ÇÄ ¾½ÌÄÒÄÅÅÏÐ
½¾ÒÄÆ �± é �»ÌÄÒ»½ÄËÁÅ» �D�KG ���-/G�D.����� ¼½ÇÈÆ½ÈÇ»ÍÔÌÄ�À»¿¼¿ Ã "½ÔÐ »ËÉÄÕ
ÊÇ»Ðé �Ã¿ÎÁ "½ÔÐ »ËÉÄÊÇ ¼ Ê»ÎÔ¼»ÌÔ ½ÔÂ» ;¾Ç»Å»
+ÈÇÁÄ Å» ÇÔÌ»Å¾ÃÏÐ Â¾ÃÄÇÐÅ¾¼½¿Ð
ÊÏË» Ç»ÎÃÔ½» »Ã½¾Ç»ÌÔ Ã �è�� ÑË¿ ½Ä¾ÇÔÔ ¼½ÇÈÅé! Â¾ËÅ¾Ì ¾Ê�ÄÌÄ ÂÇ¾ÊËÄÌ» ÆË»¼¼Ô ÔÆ»ØÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾ÕÇ¾Ã ÅÄ ÇÄ×ÄÅ» Ñ¾ ¼ÔÐ Â¾Çé  Å»ËÔÎ "½¾Ó ÂÇ¾ÊËÄÌÏÍ ÂÇÔÃÄÑÄÅÅÏÓ Ã¾ Ã½¾Ç¾Ì Â»Ç»ÉÇ» Ä
Å»¼½¾¿ÀÄÓ Ç»Ê¾½ÏÍ Â¾ÎÃ¾ËÔË »Ã½¾Ç»Ì ÃÏÑÄËÔ½Á Ç¿Ñ Å¾ÃÏÐ ¼ÈÀÄ¼½ÃÄÅÅÏÐ Ì¾ÌÄÅ½¾Ãé
!Æ»Î»Ë¾¼ÁÍ Ò½¾ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÄ Ç»ÎÅ¾¼½ÅÏÄ ¾ÂÄÇ»½¾ÇÏ Ç»ÅÉ» ? à è Ì¾ÉÈ½ ÊÏ½Á
Â¾¼½Ç¾ÄÅÏ ¼ Â¾Ì¾ÀÁ� H�D�DKD�I���0 Æ¾Å¼½ÇÈÆØÔÓé " #$%&'()$() "½¾½  »Æ½ ÅÄ
ÂÇÄÑ¼½»ÃË¿Ä½¼¿ ÈÑÔÃÔ½ÄËÁÅÏÌé �Ë¿ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã¼ Ì»½ÇÔÒÅÏÌÔ Æ¾"  ÔØÔÄÅ½»ÌÔ Ã¾ÎÅÔÆÅ¾ÃÄÅÔÄ ÌÅ¾É¾½¾ÒÄÒÅÏÐ Æ¾Å¼½ÇÈÆØÔÓ Ð¾Ç¾×¾
ÔÎÃÄ¼½Å¾ ���é �¾ÖÃÔÑÔÌ¾ÌÈÍ ÑË¿ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ÅÄ ÂÇÄÑ¼½»ÃË¿Ä½¼¿ Ã¾ÎÌ¾QÕ
ÅÏÌ Ä¼½Ä¼½ÃÄÅÅ¾Ä ÃÏÑÄËÄÅÔÄ ¼ËÈÒ»¿ ¾ÂÄÇ»½¾Ç¾Ã ¼¾ ¼Æ»Ë¿ÇÅÏÌÔ Æ¾"  ÔØÔÄÅ½»ÌÔé
�ÇÄÑ¼½»ÃË¿Ä½¼¿ Ç»ÎÈÌÅÏÌ ¼ÒÔ½»½ÁÍ Ò½¾ Ç»ÎÅ¾¼½ÅÏÌ »Å»Ë¾É¾Ì Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ËÔÕ
ÅÄÓÅÏÐ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ¼¾ ¼Æ»Ë¿ÇÅÏÌÔ Æ¾"  ÔØÔÄÅ½»ÌÔ ¿ÃË¿�½¼¿
Â»ÇÏ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾ÃÍ Ã¾ÎÅÔÆ»�ÀÔÐ Ã Ç»ÌÆ»Ð ËÔ×Á D-�D*G -./0KD�I���0 Æ¾Å¼½ÇÈÆØÔÓé �Ë¿ »Ã½¾Ç¾Ã Å»ÔÊ¾ËÄÄ ¼ÈÀÄ¼½ÃÄÅÅÏÌ »ÇÉÈÌÄÅ½¾Ì
Ã Â¾ËÁÎÈ ½»Æ¾É¾ ÂÇÄÑË¾QÄÅÔ¿ Â¾¼ËÈQÔË¾ ½¾Í Ò½¾ ½¾ËÁÆ¾ Ã "½ÔÐ ¼ËÈÒ»¿Ð ¼¾¾½ÃÄ½Õ¼½ÃÈ�ÀÔÄ Æ¾ËÁØ» Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã ¾¼½»�½¼¿ ÔÅÃ»ÇÔ»Å½ÅÏÌÔ
¾½Å¾¼Ô½ÄËÁÅ¾ ÔÄÇ»ÇÐÔÔ ÑÃÈÌÄÇÔÎ¾Ã»ÅÅ¾Ó ØÄÂ¾ÒÆÔ Ù¾ÑÏé
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Ò»Ä Ã Æ¾Å¼½ÇÈÆØÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾Ã ÑË¿ Ç»ÅÉ¾Ã � O è Ã¾ÎÅÔÆ»�½ 
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�GD��J���I ����HIK��é �¾"  ÔØÔÄÅ½Ï ¼¾¾½ÃÄ½¼½ÃÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾Ã Î»ÃÔ¼¿½ ¾½
ÂÇ¾ÔÎÃ¾ËÁÅÏÐ �  ÈÅÆØÔÓ ÑÔ¼ÆÇÄ½Å¾Ó ÂÄÇÄÌÄÅÅ¾ÓÍ ÉË»ÑÆ¾Ó »ËÉÄÊÇ»ÔÒÄ¼Æ¾Ó ÆÇÔÃ¾Ó 
 ¼
D-�D	 ¾½ÌÄÒÄÅÅ¾Ó ½¾ÒÆ¾Ó � Ô Å»Ê¾Ç» Â»Ç»ÌÄ½Ç¾Ã Ù�ÇÔÅ»é �»Æ Ô Ã ÅÄÂÇÄÇÏÃÅ¾Ì ¼ËÈÕ
Ò»Ä ���Í Î»Ñ»Ò»Ã¾¼¼½»Å¾ÃËÄÅÔ¿ ¼¾ÃÌÄ¼½ÅÏÐ ¼¾Ê¼½ÃÄÅÅÏÐ  ÈÅÆØÔÓ ½»ÆÔÐ ¾ÂÄÇ»½¾Ç¾Ã Â¾»ËÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÌ ¼ÂÄÆ½Ç»ËÁÅÏÌÑ»ÅÅÏÌ ¼Ã¾ÑÔ½¼¿ Æ Î»Ñ»ÒÄ�ÔÌ»Å»Å» ¼¾¾½ÃÄ½Õ¼½ÃÈ�ÀÄÓ »ËÉÄÊÇ»ÔÒÄ¼Æ¾Ó ÆÇÔÃ¾Ó Ô ÅÄ Ì¾QÄ½ ÊÏ½Á ÇÄ×ÄÅ»¿ÃÅ¾é !ÌÄ¼½Ä ¼ ½ÄÌÍÆ»Æ ÊÏÕ
Ë¾ Î»ÌÄÒÄÅ¾Ã �è�Í Î»Ñ»Ò»Ã¾¼¼½»Å¾ÃËÄÅÔ¿ Æ¾"  ÔØÔÄÅ½¾Ã Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾Ã
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Â»Ç»ÌÄ½ÇÏ Ù�ÇÔÅ»Í ¾ÂÔ¼ÏÃ»�ÀÔÄ ÔÐ Î»ÃÔ¼ÔÌ¾¼½Á ¾½ Å»Ò»ËÁÅ¾Ó ½¾ÒÆÔ Å¾ÇÌÔÇ¾ÃÆÔé
!½ÌÄ½ÔÌÍ Ò½¾ Ã ÅÄÑ»ÃÅÄÓ Ç»Ê¾½Ä �è,� ÊÏË» È¼½»Å¾ÃËÄÅ» ¼Ã¿ÎÁ ÅÄÂÇÄÇÏÃÅÏÐ ÑÄ ¾ÇÌ»ÕØÔÓ Â»Ç»ÌÄ½Ç¾Ã Ù�ÇÔÅ»Í ¾ÂÔ¼ÏÃ»�ÀÔÐ ÇÄ×ÄÅÔ¿ ÃÏ¼×ÔÐ Ç»ÅÉ¾Ã ÈÇ»ÃÅÄÅÔ¿ ��Í ¼ ½ÄÕ¾ÇÔÄÓ ¼Ô¼½ÄÌ �Ô½ÒÔÅ» �è<�é �¼¼ËÄÑ¾Ã»ÅÔÄ ÑÔ¼ÆÇÄ½Å¾Ó ÑÔÅ»ÌÔÆÔ Â»Ç»ÌÄ½Ç¾Ã Ù�ÇÔÕ
Å» Â¾ÎÃ¾ËÔË¾ »Ã½¾Ç»Ì Å»Ó½Ô ¿ÃÅÏÓ ÃÔÑ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ ¾ÂÄÇ»½¾Ç¾ÃÍ Ã¾ÎÅÔÆ»�ÀÔÐ ÃÇ»ÌÆ»Ð ¾ÑÅ¾½¾ÒÄÒÅ¾Ó Æ¾Å¼½ÇÈÆØÔÔ Ç»ÅÉ» ÑÃ»Å» "ËËÔÂ½ÔÒÄ¼Æ¾Ó ÆÇÔÃ¾Óé �¾ËÁØ¾ ½»ÆÔÐ
¾ÂÄÇ»½¾Ç¾Ã Â¾Ç¾QÑ»Ä½¼¿ Â»Ç¾Ó ¾ÂÄÇ»½¾Ç¾Ã 4 Ô � Â¾Ç¿ÑÆ¾Ã � Ô ��

4 à
Û∑

67
−Û

�6ç�ê� 6& � à
(

∑
67

−
( :6
ç�ê� 6æ

�¾"  ÔØÔÄÅ½Ï "½ÔÐ ¾ÂÄÇ»½¾Ç¾Ã Î»ÃÔ¼¿½ ¾½ ÑÃÈÐ ÂÇ¾ÔÎÃ¾ËÁÅÏÐ  ÈÅÆØÔÓ �ß Ô �ßé! ÂÇ¾¼½ÄÓ×ÄÌ ÂÇÔÌÄÇÄ ¿ÃÅÏÓ ÃÔÑ ¾ÂÄÇ»½¾Ç» 4 Ñ»Ä½¼¿ ¼ËÄÑÈ�ÀÔÌÔ  ¾ÇÌÈË»ÌÔ �
4 à 4ÛÛ− �ç�ßê− �ç�ß−'ê&

ÉÑÄ 4Û 
 Ç»ÎÅ¾¼½ÅÏÓ ¾ÂÄÇ»½¾Ç�Ç�ÑÔÅÉÄÇ»
4Û à � �

:ß
� �ß�−

'

¼ Æ¾"  ÔØÔÄÅ½»ÌÔ
��ß�' à ç�Ûß− èê� ç�ß�'&�ßê� ç�ß−'&�ßê&�
:ß�' à

�ß� ç�ß�'&�ßê− �ß�'� ç�ß &�ß�'ê&
ÉÑÄ

� ç�&:
ê à 	 ç� � :

ê
− 	 ç�− :

ê
−
�	 ç:
êæ

�ÑÄ¼Á Ô Ñ»ËÄÄ �ç�ê à �ç�|
 &
′
êÍ 	 ç�ê à 	 ç�|
 &
′

ê 
 ¼½»ÅÑ»Ç½ÅÏÄ  ÈÅÆØÔÔ !ÄÓÄÇÕ
×½Ç»¼¼»é3½Ô  ¾ÇÌÈËÏ ¿ÃË¿�½¼¿ ÑÔ¼ÆÇÄ½ÅÏÌÔ »Å»Ë¾É»ÌÔ  ¾ÇÌÈË ÑË¿ ÑÔ  ÄÇÄÅØÔ»ËÁÅ¾É¾
¾ÂÄÇ»½¾Ç»4) Â¾Ç¿ÑÆ» � Ô Ç»ÅÉ» �Í Â¾ËÈÒÄÅÅÏÐ »Ã½¾Ç»ÌÔ Ã �è=�é ! Ç»Ê¾½Ä ��2� ÊÏËÅ»ÓÕ
ÑÄÅ ¿ÃÅÏÓ ÃÔÑ  ÈÅÆØÔ¾Å»ËÁÅ¾É¾ Â»Ç»ÌÄ½Ç»Í ÃÐ¾Ñ¿ÀÄÉ¾ Ã  ¾ÇÌÈËÏ ÑË¿ 4) Í Æ¾½¾ÇÏÓ
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¼¾¾½ÃÄ½¼½ÃÈÄ½ ¾ÂÄÇ»½¾ÇÈ�ÔÆ¼ÌÁÄ �è��é �¾"  ÔØÔÄÅ½Ï "½¾É¾ ¾ÂÄÇ»½¾Ç»¿ÃË¿�½¼¿ Â¾Õ
ËÔÅ¾ÌÔ»ËÁÅÏÌÔ  ÈÅÆØÔ¿ÌÔÅÄÂÇÄÇÏÃÅ¾Ó ÅÄÎ»ÃÔ¼ÔÌ¾Ó ÂÄÇÄÌÄÅÅ¾Ó %é �ÇÄÑ¼½»ÃË¿Ä½¼¿
ÔÅ½ÄÇÄ¼Å¾Ó Î»Ñ»Ò» Â¾¼½Ç¾ÄÅÔ¿ ÑÔ¼ÆÇÄ½Å¾É¾ »Å»Ë¾É» ¾ÂÄÇ»½¾Ç»�ÔÆ¼ÌÁÄé

�¾Å¼½ÇÈÆØÔ¿ »ËÉÄÊÇ¾ÖÉÄ¾ÌÄ½ÇÔÒÄ¼ÆÔÐ ÇÄ×ÄÅÔÓ ÃÏ¼×ÔÐ Ç»ÅÉ¾Ã ÑË¿ ÈÇ»ÃÅÄÅÔÓ ��ØÄÂ¾ÒÆÔ Ù¾ÑÏÍ ÆÇ»½Æ¾ ÔÎË¾QÄÅÅ»¿ Ã ��è�Í ����Í ÂÇÔÃ¾ÑÔ½¼¿ Ã ½ÇÄ½ÁÄÌ Â»Ç»ÉÇ» Ä Ç»Ê¾Õ
½Ïé !Å» ¾¼Å¾Ã»Å» Å» Â¾¼½Ç¾ÄÅÔÔ ÃÄÆ½¾ÇÅÏÐ  ÈÅÆØÔÓ MÄÓÆÄÇ»
 ÐÔÄÎÄÇ» ¼ Â¾Ì¾ÀÁ�
ÑÄ ¾ÇÌ»ØÔÓ ¼¾Ê¼½ÃÄÅÅÏÐ  ÈÅÆØÔÓ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾Ãé 3½Ô ÑÄÕ ¾ÇÌ»ØÔÔ Â¾ËÅ¾¼½Á� ¾ÂÇÄÑÄË¿�½¼¿ Â¾ÃÄÑÄÅÔÄÌ  ÈÅÆØÔÓMÄÓÆÄÇ»
 ÐÔÄÎÄÇ»Ã ¾ÆÇÄ¼½Õ
Å¾¼½Ô ¾½ÌÄÒÄÅÅÏÐ ½¾ÒÄÆÍ Æ¾½¾Ç»¿ Î»Ñ»Ä½¼¿ ¼ Â¾Ì¾ÀÁ� ÅÄÆ¾½¾ÇÏÐ ��K��.D���0 Ì»½ÕÇÔÒÅÏÐ  ÈÅÆØÔÓé !Å¾ÃÁ ÂÇÔÐ¾ÑÔ½¼¿ ¾½ÌÄÒ»½Á ÂÇÔÅØÔÂÔ»ËÁÅÏÄ Ç»ÎËÔÒÔ¿ ÑÃÈÐ½¾ÒÄÒÕ
Å¾É¾ Ô ¾ÑÅ¾½¾ÒÄÒÅ¾É¾ ¼ËÈÒ»ÄÃé! ÑÃÈÐ½¾ÒÄÒÅ¾Ì ¼ËÈÒ»ÄÍ Ã Æ¾½¾Ç¾Ì ¾½¼È½¼½ÃÈ�½  ÈÅÆØÔ¾Å»ËÁÅÏÄ Â»Ç»ÌÄ½ÇÏ ÂÇÔ
Â¾¼½Ç¾ÄÅÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐ Ç»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾ÃÍ ÈÅÆØÔ¿ MÄÓÆÄÇ»
 ÐÔÄÎÄÇ» ¾ÂÖÇÄÑÄË¿Ä½¼¿ ÑÃÈÌ¿ Î»½Ç»Ã¾ÒÅÏÌÔ  ÈÅÆØÔ¿ÌÔ ��ç� &�êÍ �

−
ç� &�êÍ Æ»QÑ»¿ ÔÎ Æ¾½¾ÇÏÐ

Î»Ñ»Ä½¼¿ ¾ÊÏÆÅ¾ÃÄÅÅÏÌ ÑÔ  ÄÇÄÅØÔ»ËÁÅÏÌ ÈÇ»ÃÅÄÅÔÄÌÍ Æ¾"  ÔØÔÄÅ½Ï Æ¾½¾Ç¾É¾ ¼¾Õ
ÑÄÇQ»½ ÂÇ¾ÔÎÃ¾ËÁÅÏÄ  ÈÅÆØÔÔ ¾ÑÅ¾Ó ÔÎ ÅÄÂÇÄÇÏÃÅÏÐ ÂÄÇÄÌÄÅÅÏÐ ç� ÔËÔ � ¼¾¾½ÃÄ½Õ¼½ÃÄÅÅ¾êé ! ¾ÑÅ¾½¾ÒÄÒÅ¾Ì ¼ËÈÒ»Ä Ã¼Ä Å»¾Ê¾Ç¾½é �Ç¾ÔÎÃ¾ËÁÅÏÄ  ÈÅÆØÔÔ ÑÔ¼ÆÇÄ½Å¾Ó
ÂÄÇÄÌÄÅÅ¾Ó ÂÇÔ¼È½¼½ÃÈ�½Ã Æ¾Å¼½ÇÈÆØÔÔ Æ¾ÌÌÈ½ÔÇÈ�ÀÔÐÇ»ÎÅ¾¼½ÅÏÐ ¾ÂÄÇ»½¾Ç¾ÃÍÅ¾
ÂÇÔ "½¾Ì ÅÄ½ ÂÇ¾ÔÎÃ¾Ë» Ã ¾ÂÇÄÑÄËÄÅÔÔ Î»½Ç»Ã¾ÒÅ¾Ó  ÈÅÆØÔÔ �8ç�&� &� &�êé� Ã ½¾Ì Ô Ã ÑÇÈÉ¾Ì ¼ËÈÒ»Ä Â¾¼½Ç¾ÄÅÅÏÄ ÌÅ¾É¾Â»Ç»ÌÄ½ÇÔÒÄ¼ÆÔÄ  ÈÅÆØÔÔ MÄÓÆÄÕÇ»
 ÐÔÄÎÄÇ» @ß à ç@6ßê ÈÑ¾ÃËÄ½Ã¾Ç¿�½ ÈÇ»ÃÅÄÅÔ¿Ì

�'@ß à 2& �Û@ß à 2& çèé=ê
ÉÑÄ�'Í�Û 
 ¾ÂÄÇ»½¾ÇÏ ÃÔÑ» çèé,êé �¾ÃÌÄ¼½Å¾¼½Á ÈÇ»ÃÅÄÅÔÓ çèé=ê "ÆÃÔÃ»ËÄÅ½Å» çèéèêé�Ç¾ÌÄ ½¾É¾ÍÔÎ çèé=ê ¼ËÄÑÈÄ½ÍÒ½¾ ÂÇÔ Æ»QÑ¾Ì �  ÈÅÆØÔ¿MÄÓÆÄÇ»
 ÐÔÄÎÄÇ»ÍÆ»Æ  ÈÅÆÕØÔ¿ ÂÄÇÄÌÄÅÅÏÐ ç� &�êÍ ÈÑ¾ÃËÄ½Ã¾Ç¿Ä½ ËÔÅÄÓÅ¾ÌÈ ÈÇ»ÃÅÄÅÔ��Ç�ÑÔÅÉÄÇ» ÃÔÑ»

(ÚÛÜÝ �:ß
ç� &�êÚÜ ��ßç� &�ê)@ß à 2æ çèéè2ê

�»Æ ¼ËÄÑ¼½ÃÔÄ Â¾ËÈÒ»ÄÌÍ Ò½¾ Å»×Ô Æ¾Å¼½ÇÈÆØÔÔ ÂÇÔÃ¾Ñ¿½ Æ Â¾¼½Ç¾ÄÅÔ� ×ÔÇ¾Æ¾É¾ÆË»¼¼»ÔÅ½ÄÉÇÔÇÈÄÌÏÐÅ» ¾ÑÅ¾Ì ÈÇ¾ÃÅÄ "ÅÄÇÉÔÔ ¾ÂÄÇ»½¾Ç¾Ã�Ç�ÑÔÅÉÄÇ» Ã Ì»ÉÅÔ½Å¾Ì
Â¾ËÄé
!ÊÇ»½Å»¿ ¼ÂÄÆ½Ç»ËÁÅ»¿ Î»Ñ»Ò» �� D-�DH /�D.�I ��I��GG ÑË¿ ¾ÂÄÇ»½¾Ç¾Ã�Ç�ÑÔÅÕ

ÉÄÇ» Ã Ì»ÉÅÔ½Å¾Ì Â¾ËÄ ÊÏË» Â¾¼½»ÃËÄÅ» Ô ÇÄ×ÄÅ» Ã ���� ÑË¿ ¼ËÈÒ»¿ Ç»ÅÉ» èé �¾ÅÕ¼½ÇÈÆØÔ¿ ÔÅ½ÄÉÇÔÇÈÄÌÏÐ Å» ¾ÑÅ¾Ì ÈÇ¾ÃÅÄ "ÅÄÇÉÔÔ ÑÃÈÌÄÇÅÏÐ ¾ÂÄÇ»½¾Ç¾Ã�Ç�ÑÔÅÉÄÕÇ»ÂÇ¾ÔÎÃ¾ËÁÅ¾É¾ Ç»ÅÉ» ÊÏË»ÂÇÄÑË¾QÄÅ»Ã �è=�é�¾¾½ÃÄ½¼½ÃÈ�ÀÔÄÆ¾Å¼½ÇÈÆØÔÔ ÊÏËÔ
-./0KD�I���HGé !¾ÎÌ¾QÅ¾¼½Á Â¾¼½Ç¾ÄÅÔ¿ ÔÅ½ÄÉÇÔÇÈÄÌÏÐ ¾ÂÄÇ»½¾Ç¾Ã�Ç�ÑÔÅÉÄÇ»
Ã Ç»ÌÆ»Ð ¾ÑÅ¾½¾ÒÄÒÅÏÐ Æ¾Å¼½ÇÈÆØÔÓ Ñ¾ Å»¼½¾¿ÀÄÓ Ç»Ê¾½Ï ÅÄ ¾Ê¼ÈQÑ»Ë»¼Áé
�ËÄÑÈÄ½ Â¾ÑÒÄÇÆÅÈ½ÁÍÒ½¾ÍÂ¾ ¼ÈÀÄ¼½ÃÈÍ Î»Ñ»ÒÔ Â¾¼½Ç¾ÄÅÔ¿ ÇÄ×ÄÅÔÓ ÈÇ»ÃÅÄÅÔÓ ��ØÄÂ¾ÒÆÔ Ù¾ÑÏÔ Î»Ñ»Ò»Â¾¼½Ç¾ÄÅÔ¿ ÔÅ½ÄÉÇÔÇÈÄÌÏÐ ¾ÂÄÇ»½¾Ç¾Ã�Ç�ÑÔÅÉÄÇ» Ã Ì»ÉÅÔ½Õ

Å¾ÌÂ¾ËÄ "ÆÃÔÃ»ËÄÅ½ÅÏé ! ¼¾ÃÇÄÌÄÅÅ¾Ó ½Ä¾ÇÔÔ ÔÅ½ÄÉÇÔÇÈÄÌÏÐ ¼Ô¼½ÄÌ ÈÇ»ÃÅÄÅÔÄ çèéèê
Ô ÄÉ¾ ÂÇÄÑ¼½»ÃËÄÅÔÄ ;»Æ¼» ÊÏËÔ ÃÂÄÇÃÏÄ Â¾ËÈÒÄÅÏ Â¾ ¼ÐÄÌÄ �»Ð»Ç¾Ã»
�»Ê»½» Æ»Æ
ÑÃÈÌÄÇÅÏÓ »Å»Ë¾É ¾ÑÅ¾ÌÄÇÅ¾Ó ØÄÂ¾ÒÆÔ Ù¾ÑÏ ����é �¾ÎÑÅÄÄ ÃÏ¿¼ÅÔË¾¼ÁÍÒ½¾ "½Ô ÈÇ»ÃÕ
ÅÄÅÔ¿ ÊÏËÔ Ð¾Ç¾×¾ ÔÎÃÄ¼½ÅÏ Ã ÆË»¼¼ÔÒÄ¼Æ¾Ó ÑÔ  ÄÇÄÅØÔ»ËÁÅ¾Ó ÉÄ¾ÌÄ½ÇÔÔ Ã "ÆÃÔÃ»Õ
ËÄÅ½Å¾Ó  ¾ÇÌÄ ØÄÂ¾ÒÄÆ ÂÇÄ¾ÊÇ»Î¾Ã»ÅÔÓ;»ÂË»¼» ÑË¿ ÑÃÈÌÄÇÅ¾É¾ ÈÇ»ÃÅÄÅÔ¿�Ç�ÑÔÅÕ
ÉÄÇ» ��C�é
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ÉÑÄ � ç�ê 6à 2 
 ÂÇ¾ÔÎÃ¾ËÁÅ»¿ ÅÄ¾ÊÇ»À»�À»¿¼¿ Ã ÅÈËÁ  ÈÅÆØÔ¿ ÑÔ¼ÆÇÄ½Å¾Ó ÂÄÇÄÌÄÅÕ
Å¾Óé �»ËÔÊÇ¾Ã¾ÒÅÏÌÂÇÄ¾ÊÇ»Î¾Ã»ÅÔÄÌÌ¾QÅ¾ Ñ¾ÊÔ½Á¼¿ ½¾É¾ÍÒ½¾ ¼½»Ç×ÔÓ Æ¾"  ÔØÔÕ
ÄÅ½ ¾ÂÄÇ»½¾Ç» 4 Ç»ÃÄÅ ½¾QÑÄ¼½ÃÄÅÅ¾ è�

��ç�ê à èæ ç�é�ê
3½» Å¾ÇÌÔÇ¾ÃÆ»Í Æ¾½¾Ç»¿ Ã Ñ»ËÁÅÄÓ×ÄÌ ÊÈÑÄ½ ÂÇÄÑÂ¾Ë»É»½Á¼¿Í ¾¼½»ÃË¿Ä½ Ò»¼½ÔÒÅÈ�Æ»ËÔÊÇ¾Ã¾ÒÅÈ� ¼Ã¾Ê¾ÑÈÍ ½éÄé ¾Å» ÔÅÃ»ÇÔ»Å½Å» ¾½Å¾¼Ô½ÄËÁÅ¾ Æ»ËÔÊÇ¾Ã¾ÒÅÏÐ ÂÇÄ¾ÊÕÇ»Î¾Ã»ÅÔÓÍ ¾½ÃÄÒ»�ÀÔÐ  ÈÅÆØÔ¿Ì � ç�ê ½»ÆÔÌÍ Ò½¾ � ç� � ��ê à � ç�êé �Î ÈÇ»ÃÅÄÕ
ÅÔ¿ ç�éèê ¼ËÄÑÈÄ½Í Ò½¾ ÑË¿ ¼½»Ç×ÄÉ¾ Æ¾"  ÔØÔÄÅ½» ¾ÂÄÇ»½¾Ç» � ÔÌÄÄ½ ÌÄ¼½¾ Ç»ÃÄÅ¼½Õ
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�ç� ���ê à :

�ç�êé �ËÄÑ¾Ã»½ÄËÁÅ¾Í Æ»ËÔÊÇ¾Ã¾ÒÅÏÌÔ ÂÇÄ¾ÊÇ»Î¾Ã»ÅÔ¿ÌÔ Ì¾QÅ¾
Ñ¾ÊÔ½Á¼¿ Ñ¾Â¾ËÅÔ½ÄËÁÅ¾ ÃÏÂ¾ËÅÄÅÔ¿ È¼Ë¾ÃÔÓ

:
�ç� � ?�ê à :

�ç�ê à :
��ß æ ç�é,ê
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