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byehg³m­gYt¤e~ipm­dx�v�ji­¦~acb^dfehgji}{¾rjkngji���k�dxw�kci}e��}ehm}ac�x��Z®¯��»¦~acg³mp�lknov�}e¢±jov�Ôe~ipm�knb^dx�voöõ�{�d�kn�­�²t¤{~¦~ac�x�qehbyehgªm�ehm
�qe¾¨U�}acg³m�rut¤acgjrxeÀ�}e~÷h�ìkndx�}°~i��xgje¾dx�}aº¦~{~r[�x�}eyø�mp�lkngji}b^oqi}ipoqacg�kn�v�qeh�ùôÊ�¬�Wô²mp�lkngji}b^oqi}ipoqacg`�}ehm}ac�x�hú¶ip�x�xovm��xgje
rx{«¨�ac�pb¼knmpoqacgyrxac�x�x�qe��©¦«¨pZÌõjzjZ|X[Z\û|�«Zª_Wehmpm}e�¦~acg[õjz¢�x�lknmpoqacg·r[��üýrxac�x�x�qeSb^ov�}acov�§È��}ehm}ac�x�pgjehbyehgªm§m}ehb^d�ac�}eh�öþ
ovg³mp�}a³r[�xovm}e�d�kn�­ÿ�wxov�vovdxdfe���ac�[¹·d�eh�pbyehm­rut ovm}{h�}eh���qe�dx�}aº¦~e~i}ip�ji�è¤��ac�[¹ì��í¢í��Óï��º�xgje�acgjrxe�{hb^oqi}e¾ÈÀd�kn�pmpov�
r[���`�¬���^e~i}m��}e~÷h�je¼ip�x���qe^�����­X[±f�}ehm}ac�x�pgj{~e^m}eh�pb^dfac�}eh�v�qehbyehgªm�ehm��}{~{hb^oqi}e¶�|eh�}i��qe^�������¢ZvZvZu¯�dx�}°~i
� mp�lk��|eh�}i}{~e~i�r[�¼b^ov�voqeh�´byac�xov�qe¶�©i}acovm����	��acd�{h�lknmpoqacgjiSrxe��¬���«±³��kÀrx{«¨©ac�pb¼knmpoqacg´r[�¼¨©�}acgªm�rut¤acgjrxe�e~ipm
knb^dx�voöõ�{~e
� ¨�acoqi­i}eh�qacg��
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QSRUTWV®X[Z\û�]Á¯�b^dx�voöõ�¦�knmpoqacgìrxe~i�e«ñuehm}i­rut �xg�{~¦~ac�x�qehbyehg³m�d�kn�­�qe�rxac�x�x�qe��`�¬��ZÜ��k|�S¡£t¤acgjrxe¾dx��kngjeÀ{hb^oqi}e
d�kn�£�qe��������Smp�lk~�|eh�}ile­�xgy�|ac�pm}e«¹ym}ac�x�pg�kng³m§rjkngji£�qe�i}ehgji£rxe~i§knovz¢�xov�v�qe~i§rut �xgje­byacg³mp�}e¢Zª¡Ye­¨U�}acg³m¥rut¤acgjrxe
e~ipm�kc¦~¦~{h�q{h�}{Àac�»�lkn�qehgªmpo¬i}eh�qacgµ�qe¾¦gfcm}{¾r[�½�|ac�pm}e«¹´mp�lk��|eh�}i}{¾dx�xoqi�ehgx�}ehz¢oqipmp�}{¾ip�x���qe������­X[ZÔ�U�®�S¡Ôe�¨U�}acg³m
rut¤acgjrxe�rx{«¨�ac�pby{­e~ipm��}ehm}ac�x�pgj{�m}ehb^dfac�}eh�v�qehbyehgªm§dx�xoqi��}{~{hb^oqi¥È�d�kn�pmpov�¥r[�y�`���­X[Z¢ÿÜehgjrjkng³m¥��k�rxeh�[¹[oq°hbye
mp�lk��|eh�}i}{~e¾r[�»b^ov�voqeh�Y±x��kyrx{«¨©ac�pb¼knmpoqacg½r[�»¨U�}acg³m�rut¤acgjrxe�d�kn�­�²t¤{~¦~ac�x�qehbyehg³m�e~ipm�knb^dx�voöõ�{~e¢Z

¡Ük�dx�}acdx�poq{hm}{�dx�}{~¦~{~rxehgªm}e�e~ipm��¢kn��kn�x�qe��xgxoqÃ³�jehbyehgªmSrjkngji��qe­¦�kci£aihy��k�rx{«¨�ac�pb¼knmpoqacgÁr[�y¨U�}acg³m¥rut¤acgjrxe
gYt¤e~ipm¶r[�je·Ãª�Yt\È½�xg {~¦~ac�x�qehbyehg³m�Z�ÿ��v�ji�z|{hgj{h�lkn�qehbyehgªm�±��²t¤e«ñuehm¶rut ovgxwjacbyacz|{hgj{hovm}{~iyrxe¼m}ehb^df{h�lknmp�x�}e¢±�rxe
dx�}e~i}i}oqacg¶ac�^rxe�rxehgjipovm}{�e~i}m�¦~acb^dfehgji}{Wd�kn���xg¶gjacb��x�}e�d�knov�£rxeWmp�lk��|eh�}i}{~e~i¥r[�¶b^ov�voqeh�YZ¢��g¶i}ovz¢g�kn� � 
 Å��§Ç
k��|e~¦ � ovb^d�knov�¾mp�lkcr[�xovm¾rxacgj¦yÈ·��k¼¨�acoqi��qe~i¾e«ñfehm}i�rxe¶�²t¤{~¦~ac�x�qehbyehg³mÁ��knb^dx�voöõ�{~i � ¨©acoqi«��ehm¾¦~eh�[¹ì�voq{~i¾È
�xgje�mp�lk��|eh�}i}{~e�rut¤{h�|ehg³mp�jeh�v�qe~i�ovgxwjacbyacz|{hgj{hovm}{~i�rxe�m}ehb^df{h�lknmp�x�}e¢±�rxe¾dx�}e~i}ipoqacg½ac�½rxe�rxehgjipovm}{¢±�kn�qac�}i�Ã³�je
dfac�x�¥rxe~i£�¢kn�qeh�x�}i§d�knov�}e~i§rxe � ± ��
 Å��¥Ç�gje�¦~acg³mpoqehgªmSÃª�je��qe~i¥e«ñuehm}i¥rxe��²t¤{~¦~ac�x�qehbyehgªm¾��knb^dx�voöõ�{~i ��¨�acoqi �«Z

j�kYÝ�lªÎcÏUÕ³ØÜÛ|ÕªÐ^ÚªÙ®Õ³Û�äUÕ½Ö¬æ®ÒÜç¬äUÕnm Þ�ß

ÿ¬ac�x��mpov�}eh��dx�}anõjm¥È­��k�¨�acoqi�rxe¥��k�dx�}acdx�poq{hm}{­rut\knb^dx�voöõ�¦�knmpoqacgÁr[�¶rxac�x�x�qeS�`��� ehm�rxeW��k�m}e~¦}wxgxoqÃ³�je�rxe~i
mp�lkngjipb^oqilipoqacgji¬�}{~¦hovdx�}a³Ã³�je~i�±ngjac�ji��xmpov�voqi}eh�}acgji��qe~i�rxeh�[¹��`��� ipovbÀ�x�vmlkngj{hbyehgªmWehg¶{hb^oqilipoqacgYZio�eh�[¹������
ipovmp�j{~i§È��xgje­r[oqipmlkngj¦~e�pã�²t �xg¼rxe��²t\kn�xmp�}e­{hbyehmpm}ehg³mWi}ovb��x�vmlkngj{hbyehgªmS¦}w�kc¦h�xgÁ�xgje­acgjrxe��x�vmp�lkci}acgjac�}e¢Z[_We~i
rxeh�[¹Áacgjrxe~iSi}e�dx�}acd�knz|ehgªm­rjkngjiSrxe~iSi}ehgjiWacdxd�a¢il{~i�±ªmp�lk��|eh�}i}ehgªm��qe�b^ov�voqeh�µehg´i}e�¦h�}acoqilkng³m­ehmWilacgªmS�}e~÷h�je~i
ip�x�¬�qe~i¬rxeh�[¹À�}{~i}e�kn�[¹uZÓ¡Ôe~i�knb^dx�vovmp�jrxe~i¥{hb^oqi}e~i�i}acgªm�ip�rq¼ilknb^byehg³m¬¨�knov�x�qe~i¬dfac�x�¬�}e~i}m}eh�¬rjkngji¬�qeSrxacb¼knovgje
rxe¼�²t\kc¦~ac�jipmpoqÃª�je·�vovgj{�knov�}e·ehmÀgj{hz¢�vovz|eh�¶�qe~i�{h�|ehgªmp�jeh�v�qe~i¶ovg³m}eh�lkc¦hmpoqacgji^gjacg[ô²�vovgj{�knov�}e~i¶�qac�}iÀr[�¸¦h�}acoqi}ehbyehg³m
rxe~i´rxeh�[¹âacgjrxe~i´�x�vmp�lkci}acgjac�}e~iÌZ�_§w�kcÃ³�jeìacgjrxeìe~ipm´kn�qac�}i·�}ehm}ac�x�pgj{~eìm}ehb^dfac�}eh�v�qehbyehgªm½ehm·�}ehgª�|aÌÉ|{~eãÈ
mp�lk��|eh�}i¾�qe^b^ov�voqeh�YZÜð��v�qe~i�i}e^¦h�}acoqilehgªm�Èµgjac�x�|e�kn� ehm�i}acg³m¾�}e~÷h�je~i�i}�x�¾�qe~i¾�}{~i}e�kn�[¹�¦~ac�p�}e~ipdfacgjrjkngªm^È´��k
dx�}ehb^oq°h�}e�{hb^oqi}i}oqacgµdx�tshm}i�È��xgje�gjac�x�|eh�v�qe�ovm}{h�lknmpoqacgYZj¡£t¤e«¹[df{h�poqehgj¦~e¾e~ipm�rut\kn��ac�}r´�}{�kn�voqil{~e¾rjkngjiS�qevuj�xoqrxe
kn�»�}ehdfa¢i�d�ac�x��kc¦~Ãª�j{h�pov���qe~i­ovm}{h�lknmpoqacgji�rxe¾�}{«¨�{h�}ehgj¦~e�dx�xoqi�ehg½dx�}{~i}ehgj¦~e�rxe��²t¤{~¦~ac�x�qehbyehg³m¼�©¦«¨ùZ[õjzjZ�X[Z w³�«Z
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£������¥¤�¦ § �©¨«ª­¬¯®±°³²µ´­¶·´­¸º¹¼»³´¾½«¶·´¾½¿°³¬¯´¾½«ÀÂÁÃ¬«¹¿¬ÄÁÃ¸Å½¿¶ÇÆµ½¯½¿Æµ®±¸Å½«¬¯ª¾È­ÆÉÀ³¬¯®ËÊº°Å´¾½¼Á¾ÌÍ´¾ÈÎ²µ´Î»³®±°³Ï³²µ´ÇÐÒÑÔÓ ¦�W Á X ´­¹W Ï X¼Õ È¾ÊÖ°³Æµ½¯ÆÉ¹¿Æµ®±¸×»³´¾½Ø½¿ÆÉÙÚ¸ÂÁÃ°�ÛÜ»³´Ý¬¯ªßÞàª­¬¯´­¸ÅÈ¾´âáã°³¸Å´ä®±¸Å»³´åÀ³²æÁÃ¸Å´ä´¾½¿¹Îª­¶ÇÆµ½¯´çÀÂÁÃ¬ØÈÄèÂÁ±ÊÖ°Å´äÐÒÑéÓê»ÅÁÃ¸Å½Ø²µ´
ë °³Æµ»³´ìÁÃ°ç¬¯´­Àí®Ú½ïîÚ²µ´¾½ð®±¸Å»³´¾½ñ½Ä´òÈ­¬¯®±Æµ½¯´­¸º¹ð´­¹ñ²µ´¾½ñ½¿ÆÉÙÚ¸ÂÁÃ°�Ûå½Ä®±¸Ö¹ð¬¯´¾ó­°Å½ñ½¿°³¬ðÈ¯èÂÁ±Êº°Å´ôÐÒÑéÓõ´­¹ñª­ÌÍ´­¸º¹¿°Å´­²É²µ´­¶·´­¸Ö¹
¬¯´­¹¯®±°³¬¿¸Åª¾½ã¹¯´­¶ÇÀö®±¬¯´­²É²µ´­¶·´­¸º¹ïî±À³¬¯÷­¹¯½øÀí®±°³¬ø°³¸Å´ù¸Å®±°³ÌÍ´­²É²µ´ñª­¶ÇÆµ½Ä½¿Æµ®±¸ ¦ W È X ´­¹ W » Xøú ¶ÇÆµ½¯½¿Æµ®±¸Ø»üûý®±¸Å»³´¾½øÀ³²æÁÃ¸Å´¾½é´­¸
À³¬¯ª¾½¯´­¸ÅÈ¾´þ»³´ÿÌÍ®±¬¿¹¯´ßÛÇÀ³°³Æµ½é¬¯ª¾È¾´­À³¹¿Æµ®±¸Ý»³´¾½ÔÞ ¬¯®±¸º¹¯½ù»üûý®±¸Å»³´þ»³ªßÞà®±¬¿¶·ª¾½ñÁÃÀ³¬ � ½ °³¸Å´ÿ¹¿¬ÄÁïÌÍ´­¬¯½¯ª¾´ »³´ÿ² ûýª¾È¾®±°³²µ´­¶·´­¸Ö¹ ¦
� ´­¹¿¹¯´ìÀ³¬¯®ËÈ¾ª¾»�°³¬¯´ôÀí´­°³¹þ÷­¹¿¬¯´ì¬¯ª­Àöª­¹¯ª¾´«½¿°³¬ð²µ´¾½ñÞ ¬¯®±¸º¹¯½þ»üûý®±¸Å»³´ »³ªßÞ ®±¬¿¶·ª¾½ð¬¯´­¹¯®±°³¬¿¸Åª¾½þ¹¯´­¶ÇÀí®±¬¯´­²É²µ´­¶·´­¸Ö¹ Àí®±°³¬
ÁÃ¶ÇÀ³²ÉÆ��Â´­¬ ² ûý´��ü´­¹ò»³´«² ûýª¾È¾®±°³²µ´­¶·´­¸º¹ ¦

� ¸ç¸Å®±¹¯´ôÁÃ²µ®±¬¯½ � c 3 � ��6<�9W ¬¯´¾½¿À ¦
� i 3 � ��6<�RX ²æÁ¼»³ªßÞ ®±¬¿¶åÁÃ¹¿Æµ®±¸ä»³´ À³èÂÁ±½Ä´ò»�°ÇÞ ¬¯®±¸Ö¹ÿ»üûý®±¸Å»³´ ¬¯´¾ó­°ä½¿°³¬ ²µ´ôÐâÑéÓ �W ¬¯´¾½¿À ¦ ÐâÑéÓ ¤ X ÁÃÀ³¬ � ½
	 ¹¿¬ÄÁ¾ÌÍ´­¬¯½¯ª¾´¾½Ø»³´·² ûýª¾È¾®±°³²µ´­¶·´­¸º¹ ¦�� ®±°³¬
	 � l îø®±¸ Á�îãÁ¾ÌÍ´¾Èç²µ´¾½ ¸Å®±¹ÄÁÃ¹¿Æµ®±¸Å½Ø»³´·²æÁ
½¯´¾È­¹¿Æµ®±¸ ¤�¦ � ¦ ¤ î � c��Ai � � i 3 c ´­¹ � i��jc � � c 3 c ¦�� ®±¬¯½¯ÊÖ°Å´�	 ´¾½¿¹ñÆÉ¶ÇÀÂÁÃÆÉ¬ W ¬¯´¾½¯À ¦ ÀÂÁÃÆÉ¬ X î � c 3 � È¾®±¬¿¬¯´¾½¿Àö®±¸Å»��
°³¸Å´ðª­¶ÇÆµ½¯½¿Æµ®±¸ØÀÂÁÃ¬é²µ´ñÐÒÑéÓ ¤-W ¬¯´¾½¿À ¦ ÐÒÑéÓ � Xß¦�� ÁÃ¬ ´ßÛ�´­¶ÇÀ³²µ´Úî � c 3 � � � i��jc��=i��jc ´­¹ � c 3 � � � c��Ai��jc��=i��jc ¦
� ¸©»³ª��Å¸³ÆÉ¹ò´­¸��Å¸Üá

� � ��6d�h� lT � � i 3 � ��6<� � � c 3 � ��6<�,� Wà¤�¦ � § X
� � ��6d�h� lT � � i 3 � ��6<� � � c 3 � ��6<�,� ^ Wà¤�¦ ��� X

� ÁØÀ³¬¯®±À³¬¿Æµª­¹¯ª »üû ÁÃ¶ÇÀ³²ÉÆ��ÂÈïÁÃ¹¿Æµ®±¸âÀÂÁÃ¬ôÑÔÓ Wà¤�¦ � � X »³´­ÌºÆµ´­¸º¹ìÁÃ²µ®±¬¯½ á
� � ��6d� � 	 � c ��6d� � 	 � ��6<� ^ Wà¤�¦ ��� X

® � � ��6<� ´¾½¿¹©»³ª��Å¸³Æ ÀÂÁÃ¬©² ûýª¾Êº°ÂÁÃ¹¿Æµ®±¸ Wà¤�¦�� Xß¦ � ´­¹¿¹¯´ À³¬¯®±À³¬¿Æµª­¹¯ª ´¾½¯¹ ÆÉ¸Å»³ª­Àö´­¸Å»ÅÁÃ¸º¹¯´ »³´ ²æÁ ÀÂÁÃ¬¿ÆÉ¹¯ª »³´�	

À³°³Æµ½¯Êº°Å´ÚîÍÊº°Å´­²ÅÊÖ°Å´ò½¯®±ÆÉ¹ ²µ´þ¸Å®±¶ Ï³¬¯´ò»³´ ÑéÓ îÚ²æÁ »�Æ��üª­¬¯´­¸ÅÈ¾´ò»ÅÁÃ¸Å½ Wà¤�¦ � § X ÁÃ¸³¸º°³²µ´ ²µ´¾½ ´��ü´­¹¯½ñÁÃ°³¹¿¬¯´¾½ñÊÖ°Å´ È¾´­°�Û
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� � � � ��� � � ��� ��� � � ��� � � ��� 	�� � ����� � ���	� ��	 � ��
 � � � � ��� � ¤

»³´«² ûýª¾È¾®±°³²µ´­¶·´­¸º¹ ¦�� ²ü¸¥ûý´­¸ ´¾½¿¹þÀÂÁ±½ »³´ ¶·÷­¶·´ Àö®±°³¬ � � ´­¹ ²æÁØÀ³¬¯®±À³¬¿Æµª­¹¯ª ½¿°³ÆÉÌ±ÁÃ¸º¹¯´ ´¾½¿¹þÆÉ¶Ç¶·ª¾»�ÆæÁÃ¹¯´çá

� �CI i�
 ��6<� � Y Wà¤�¦ ��� X
� �CI i�
��Kc ��6<� � �=��6<� � Wà¤�¦ ��� X

® � �=��6d� ´¾½¿¹ »³ª��Å¸³Æ¥ÀÂÁÃ¬ò² ûýª¾ÊÖ°ÂÁÃ¹¿Æµ®±¸ Wà¤�¦ �Ú� Xß¦
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Õ À³¬ � ½¼ÁïÌÍ®±ÆÉ¬¼´ßÛËÀí®Ú½¯ªØ²µ´ÇÀ³¬¿ÆÉ¸ÅÈ­ÆÉÀí´Ç»³´Ç²æÁÝ¶·´¾½¿°³¬¯´åÁ±È¾®±°Å½¯¹¿ÆµÊÖ°Å´Ç»³´¾½ »³ªßÞà®±¬¿¶åÁÃ¹¿Æµ®±¸Å½¼»üû °³¸ Þ ¬¯®±¸º¹¼»üûý®±¸Å»³´
ÀÂÁÃ¬ °³¸Üª¾È¾®±°³²µ´­¶·´­¸Ö¹ïîÔ¸Å®±°Å½ À³¬¯ª¾½¯´­¸Ö¹¯®±¸Å½ØÆµÈ­Æñ²µ´·¶åÁÃ¹¯ª­¬¿Æµ´­²ð°³¹¿ÆÉ²ÉÆµ½¯ªçÁÃ° � � Õ ´­¹ °³¸ À³¬¯´­¶ÇÆµ´­¬Ø¶·®±¸Ö¹ÄÁÃÙÍ´Ýè! #"
»�¬¯®Ë»$ º¸ÂÁÃ¶ÇÆµÊº°Å´çÀö´­¬¿¶·´­¹¿¹ÄÁÃ¸º¹·»üûý´­¸³ÙÍ´­¸Å»�¬¯´­¬Ø°³¸×ÌÍ®±¬¿¹¯´ßÛÜ»³´ç¹ÄÁÃÆÉ²É²µ´ç¸Å´­¹¿¹¯´­¶·´­¸Ö¹·½¿°³Àíª­¬¿Æµ´­°³¬¯´ �©²æÁ ²µ®±¸³ÙÚ°Å´­°³¬
»üûý®±¸Å»³´ÇÁ±È¾®±°Å½¿¹¿ÆµÊº°Å´ ¦&% ®±°Å½«¶·®±¸º¹¿¬¯´­¬¯®±¸Å½¼´­¸ ÀÂÁÃ¬¿¹¿ÆµÈ­°³²ÉÆµ´­¬ È¾®±¶Ç¶·´­¸Ö¹¼²µ´ ¬¯´­¹¯®±°³¬¿¸Å´­¶·´­¸º¹¼¹¯´­¶ÇÀí®±¬¯´­² È¾®±¸Å»�°³ÆÉ¹
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rxacgxgjeh��r[ov�}e~¦hm}ehbyehgªm�kc¦~¦~°~i¾Èy�xgje�bye~ip�x�}e¶ipd�knmpo�kn�qe»�©ehg`¨�acgj¦hmpoqacgìrxe���k¼d�a¢i}ovmpoqacgìrxe~i�mp�lkngji}r[�j¦hm}eh�x�}i«�«Z
¯�dx�}°~iy�}ehm}ac�x�pgjehbyehg³m·m}ehb^dfac�}eh�²±¥eh�v�qe~iÁzªkn�}rxehgªm·�qeh�x�Ái}mp�p�j¦hmp�x�}e»dx��kngje¢±¥¦~e�Ãª�xo­¨©acgjrxe½�qeµdx�povgj¦hovd�e`r[�



�����,� ��	v��	�� � ����� � 	 � ���
� ����� 	 � � �I� ��� �7�

0

0.2

0.4

0.6

0.8

1

<
 I

 / 
I 0 >

(a)

0

0.01

0.02

0.03

0.04

δφ
  (

ra
d)

(b)

2 3 4 5
0

0.2

0.4

0.6

0.8

1

f (MHz)

<
 I

 / 
I 0 >

(c)

2 3 4 5
0

0.005

0.01

0.015

f (MHz)

δφ
  (

ra
d)

(d)

£.-0/21ô¤�¦ ¤Ú¤ 3 � Á�� � ¸Ö¹¯´­¸Å½¯ÆÉ¹¯ª ´­¹ � Ï��ÝÏ³¬¿°³ÆÉ¹¯½ � � � � �ä´­¹ � � ��� �Ý´­¸ Þà®±¸ÅÈ­¹¿Æµ®±¸�»³´ ²æÁÜÞ ¬¯ª¾Êº°Å´­¸ÅÈ¾´ »³´ ²æÁ
È¾®±¶ÇÀí®Ú½ÄÁÃ¸Ö¹¯´Ø»³´lgÅ®±°³¬¿Æµ´­¬ È¾®±¸Å½¿Æµ»³ª­¬¯ª¾´ÚîÂÀí®±°³¬ì°³¸Å´ ª­¶ÇÆµ½¯½¯Æµ®±¸ � � ¦ �åÐdc :ÍîÂÀ³°³Æµ½ � È �þ´­¹ � »"� ´­¸ Þ ®±¸ÅÈ­¹¿Æµ®±¸ »³´
²æÁ·Þ ¬¯ª¾Êº°Å´­¸ÅÈ¾´Î»üûýª­¶ÇÆµ½¯½¿Æµ®±¸ � »ÅÁÃ¸Å½«È¾´ÎÈïÁ±½ïîÂ²µ´¾½«»³ª­À³èÂÁ±½ÄÁÃÙÍ´¾½¼½¯®±¸Ö¹«ÈïÁÃ²µÈ­°³²µª¾½ �çÀÂÁÃ¬¿¹¿ÆÉ¬«»³´Ø²æÁçÈ¾®±¶ÇÀö®Ú½ ÁÃ¸Ö¹¯´Ç»³´
gÅ®±°³¬¿Æµ´­¬��Î²æÁ Þ ¬¯ª¾Êº°Å´­¸ÅÈ¾´ »üûýª­¶ÇÆµ½¯½¯Æµ®±¸�� ¦ � ûýª­¶ÇÆµ½¯½¿Æµ®±¸â»�°³¬¯´ �ØÀöª­¬¿Æµ®Ë»³´¾½ôÁ±È¾®±°Å½¯¹¿ÆµÊÖ°Å´¾½ ¦



�����,� ��	v��	�� � ����� � 	 � ���
� ����� 	 � � �I� ��� �K�

x 
(m

m
)

(a)
−10

0

10

t (µs)

x 
(m

m
)

(b)

0 2 4 6 8 10

−10

0

10

0

2

4

ar
g(

p 0) 
 (

ra
d)

(c)

<

−10 0 10
0

0.5

1
| p

0 |

x (mm)

(d)

<

£.-0/21í¤�¦ ¤ �43 � ÆÉÙÚ¸ÂÁÃ°�Ûâ»³´¼À³¬¯´¾½Ä½¿Æµ®±¸â¬¯´¾ó­°Å½ ÁÃÀ³¬ � ½ì°³¸Å´Øª­¶ÇÆµ½¯½¿Æµ®±¸ÒÀ³²æÁÃ¸Å´
�â� ¦ �åÐdc�:¼ÀÂÁÃ¬ì°³¸Å´¼ÏÂÁÃ¬¿¬¯´­¹¿¹¯´Î»³´
¹	 ºÀí´
� � ÈßÞ ¦ ¹ÄÁÃÏ³²µ´ ¤�¦ � �òÀí®±°³¬ � Á�� 	 � ! ´­¹ � Ï�� 	 � �ä¹¿¬ÄÁ¾ÌÍ´­¬¯½¯ª¾´¾½ »�° ¶ÇÆÉ²ÉÆµ´­° ÁÃ° ¬¯´­Àö®Ú½ ¦ � È � � èÂÁ±½¯´Î´­¹
� »"�ÿÁÃ¶ÇÀ³²ÉÆÉ¹¿°Å»³´¼Àö®±°³¬ 	 � ! � � �ÿ´­¹ 	 � � ��� � ¦
»³®±°³Ï³²µ´ÇÐÒÑéÓ ¦ ¨ì´ØÀ³²É°Å½ïîí²µ´ØÞ ¬¯®±¸Ö¹ »üûý®±¸Å»³´Ç´¾½¯¹ ¬¯´­²æÁÃ¹¿ÆÉÌÍ´­¶·´­¸Ö¹ È¾®±°³¬¿¹ � ÁÃ° À³²É°Å½ îí°³¸Å´Ç»�Æ6: ÁÃÆÉ¸Å´Ç»³´Î¶ÇÆµÈ­¬¯®Ú½¯´e"
È¾®±¸Å»³´¾½ � ¦Âú ²É²µ´¾½ ½¯®±¸º¹ò»³®±¸ÅÈ ¹¿¬ � ½þÏ³Æµ´­¸âÁ±»ÅÁÃÀ³¹¯ª¾´¾½��Î°³¸Å´ ÈïÁÃ¬ÄÁ±È­¹¯ª­¬¿Æµ½ÄÁÃ¹¿Æµ®±¸Ò»$ º¸ÂÁÃ¶ÇÆµÊº°Å´ »³´¾½ ª¾È¾®±°³²µ´­¶·´­¸º¹¯½ ¦

Óã®±°³¹¯´ßÞ ®±Æµ½ îÅÈ¾®±¶Ç¶·´ ¸Å®±°Å½ ² û ÁïÌÍ®±¸Å½ ¬¯´­¶åÁÃ¬¯Êº°Åª �Î²æÁÎ½¯´¾È­¹¿Æµ®±¸ ¤�¦ ¤�¦ � ´­¹ ½¿°³¬þ²æÁ
�ÅÙÚ°³¬¯´ ¤�¦ � � À ¦ � § �ßî³² ûý®±¸Å»³´
ª­¶ÇÆµ½¯´ÿ´ßÛ�Àöª­¬¿ÆÉ¶·´­¸º¹ÄÁÃ²µ´­¶·´­¸Ö¹ñ¸¥ûý´¾½¿¹	�¯ÁÃ¶åÁÃÆµ½éÀÂÁÃ¬ Þ ÁÃÆÉ¹¯´­¶·´­¸Ö¹ À³²æÁÃ¸Å´ ¦ � ´ðÀ³¬¯®±Ï³² � ¶·´ÿÀ³¬¯®ïÌËÆµ´­¸Ö¹ � ²æÁòÞà®±Æµ½ »³´ð»�Æ��üªe"
¬¯´­¸ÅÈ¾´¾½Ô»ÅÁÃ¸Å½ø²µ´¾½ã¬¯ª­Àí®±¸Å½¯´¾½ÔÁ±È¾®±°Å½¯¹¯®4" ª­²µ´¾È­¹¿¬¿ÆµÊÖ°Å´¾½ »üû °³¸Îª­²µª­¶·´­¸Ö¹ �þ² û ÁÃ°³¹¿¬¯´ð´­¹ã»�°ØÀ³èÅª­¸Å®±¶ � ¸Å´ð»³´ñ»�Æ��í¬ÄÁ±È­¹¿Æµ®±¸
²ÉÆµª �ì² ûý®±°³ÌÍ´­¬¿¹¿°³¬¯´ �Å¸³Æµ´ »³´¾½ ÏÂÁÃ¬¿¬¯´­¹¿¹¯´¾½ ¦ � ´¾½ ´��í´­¹¯½ù½¯®±¸Ö¹ñÁÃ¶ÇÀ³²ÉÆ��Âª¾½ùÀÂÁÃ¬ ¬¯´­¹¯®±°³¬¿¸Å´­¶·´­¸Ö¹ñ¹¯´­¶ÇÀö®±¬¯´­² îº´­¹ ¶·÷­¶·´
½ïû ÆÉ²µ½ ½¯®±¸Ö¹ÎÈ¾®±¶ÇÀí´­¸Å½¯ª¾½ »ÅÁÃ¸Å½ ²µ´¾½ ¶·´¾½¿°³¬¯´¾½¼ÀÂÁÃ¬Ø² ûý´­¸³¬¯´­ÙÚÆµ½¿¹¿¬¯´­¶·´­¸º¹Î»³´ç²æÁ ¬¯ªßÞàª­¬¯´­¸ÅÈ¾´ÚîãÆÉ²µ½¼Àí´­°³ÌÍ´­¸Ö¹Î»³´­ÌÍ´­¸³ÆÉ¬
À³¬¯®±Ï³²µª­¶åÁÃ¹¿ÆµÊº°Å´¾½ò²µ®±¬¯½ÄÊÖ°Å´¼² û ÁÃ¶ÇÀ³²ÉÆÉ¹¿°Å»³´ »³´¾½ô½¿ÆÉÙÚ¸ÂÁÃ°�Û©¬¯´¾ó­°Å½ò½¿°³¬ôÈ¾´­¬¿¹ÄÁÃÆÉ¸Å´¾½ôÌÍ®±Æµ´¾½ô»³´­ÌºÆµ´­¸º¹ô¹¿¬¯®±À ÞàÁÃÆÉÏ³²µ´ ¦ � Á
�ÅÙÚ°³¬¯´ ¤�¦ ¤ �ÒÈ¾®±¶ÇÀÂÁÃ¬¯´ä²µ´ �2" � ÈïÁÃ¸¥îÔ²æÁâÀ³èÂÁ±½¯´ä´­¹Î² û ÁÃ¶ÇÀ³²ÉÆÉ¹¿°Å»³´ »�° ½¿ÆÉÙÚ¸ÂÁÃ²þ»³´ç¬¯ªßÞàª­¬¯´­¸ÅÈ¾´©ÁÃÀ³¬ � ½Î°³¸Å´ä½¯´­°³²µ´
¹¿¬ÄÁïÌÍ´­¬¯½¯ª¾´·´­¹ ÁÃÀ³¬ � ½ Êº°ÂÁÃ¹¿¬¯´Ç¹¿¬ÄÁïÌÍ´­¬¯½¯ª¾´¾½¼»�° ¶ÇÆÉ²ÉÆµ´­° ¦ Ðâ÷­¶·´·½ ÁÃ¸Å½ ¬¯´­¹¯®±°³¬¿¸Å´­¶·´­¸Ö¹Ø¹¯´­¶ÇÀö®±¬¯´­² î¥² û ÁÃ¶ÇÀ³²ÉÆÉ¹¿°Å»³´
Àí´­°³¹¼ÌÚÁÃ¬¿Æµ´­¬Ø»üû °³¸ÜÞ Á±È­¹¯´­°³¬ � »üû °³¸Ü¹¿¬ÄÁÃ¸Å½¯»�°ÅÈ­¹¯´­°³¬ � ² û ÁÃ°³¹¿¬¯´ ¦ãÕ À³¬ � ½Ø¹¿¬¯®±Æµ½¼ÆÉ¹¯ª­¬ÄÁÃ¹¿Æµ®±¸Å½Ç»�° ÑéÓ îø²æÁ À³èÂÁ±½¯´
À³¬¯ª¾½¯´­¸º¹¯´¼»üû ÆÉ¶ÇÀí®±¬¿¹ÄÁÃ¸Ö¹¯´¾½«»�Æµ½¿¹¯®±¬¿¹¿Æµ®±¸Å½ì´­¹ò² û ÁÃ¶ÇÀ³²ÉÆÉ¹¿°Å»³´ Ì±ÁÃ¬¿Æµ´¼»³´ À³¬ � ½ò»üû °³¸ ÞàÁ±È­¹¯´­°³¬Ø� � ¦Âú ¸��Å¸¥î È¾´¾½ò´��ü´­¹¯½
½¯´«¬¯ª­Ì � ²µ´­¸º¹ò¹¿¬ � ½ »³ª­Àí´­¸Å»ÅÁÃ¸Ö¹¯½ô»³´ ²æÁÎÊº°ÂÁÃ²ÉÆÉ¹¯ª »³´¾½þÏÂÁÃ¬¿¬¯´­¹¿¹¯´¾½ìª­¶·´­¹¿¹¿¬¿ÆµÈ¾´¾½ ¦



�����,� ��	v��	�� � ����� � 	 � ���
� ����� 	 � � �I� ��� � �

−75 −50 −25 0 25 50 75

−0.16

−0.08

0

0.08

0.16

x (mm)

φ 4 (
ra

d)

(a)

0 5 10
0

25

50

75

100

N

u N
 (

cm
.s

−
1 )

(b)

QSRUTWV�X[Z\X w ] _Wacb^d�kn�lknoqi}acg ehgªmp�}es�xgje�{hb^oqilipoqacg dx��kngjeå��
¢�´ehmµ�²t¤{hb^oqilipoqacg ip�j¦~¦~e~i}i}ov�|e�rxeH6 wåacgjrxe~i
ipdxwj{h�poqÃ³�je~iÁ���¢�«Z§��k|��o�{«¨©ac�pb¼knmpoqacgji�rxe^dxw�kci}e ���ªÅ
	uÇ�ehmÁ�U�®���ºovm}e~i}i}e~i¾¦�kn�lkc¦hm}{h�poqi}mpoqÃª�je~i�� 
 �ºi � k��|e~¦
�xg k��ù�jipm}ehbyehg³mÀrxe^��kµ¨©ac�pbyeS� 
 � �7���¿aih � � ���»b^b ehm�� ���� � � �!�#" ��Ë|ZY¡Ye~i�bye~ip�x�}e~i�i}acg³m
e«ñue~¦hmp�j{~e~i­rjkngji­�qe�dx��kng%$ � �^ehm­dfac�x���'&(���� �)� �!� ��Ë|Z
ßÀÏÑÎnÐ^ÐÌÒÜÛ|Û|Õ³Ð�ÐÌÏ!AÊÐ^Ö§×væ®ØÜÖÜÕ³Ð^Ð�Ý�� lªÎcÏ��YÒÔÕ³Ð

ÿ¬ac�x�S{h�³ovm}eh�§�qe~i§e«ñuehm}i§rut¤ac�x�|eh�pmp�x�}e�õjgxoqe¢±³�xgje�kn�xmp�}e�m}e~¦}wxgxoqÃ³�je�¦~acgjipoqi}m}e�ehg·�²t �xmpov�voqilknmpoqacg·rxe�¦}w�kcÃ³�je
mp�lkngji}r[�j¦hm}eh�x��i}{hd�kn�}{hbyehg³m�Zxð�g´e«ñfehm�±³d�ac�x�W�xgje�d�a¢ipovmpoqacg´rut �xg´�}{~¦~ehdxm}eh�x� 	 < rxacgxgj{¢±º�²t¤{~¦�kn�pm�rxe~iWm}ehb^dji
rxe��|ac�ªrxacgj¦¥�qe�rx{hdxw�kcilknz|e_�¬Å
	 < Çfi}acgªmÔ�qe~iub shbye~iÔÃ³�je��²t¤{hb^oqi}ipoqacgÀi}acovmYdx��kngje£ac��Ã³�Yt �xg¾mp�lkngji}r[�j¦hm}eh�x�¬i}eh�x�
ipovmp�j{§ehg 	 < knovm�{hb^oqiÔ�xgjeWacgjrxeWipdxwj{h�poqÃª�je¢Z|_Wehmpm}eSk qy�pb¼knmpoqacg^e~ipmÜ�¢kn��kn�x�qeWrjkngjiÔ�qeW¦�kcr[�}e§rxe§�²t\kc¦~ac�jipmpoqÃ³�je
z|{~acby{hmp�poqÃ³�jeÀehm�È¼¦~acgjr[ovmpoqacgìÃ³�je¾�²t¤ac�x�|eh�pmp�x�}e¶rxe��²t¤acgjrxeÀdx��kngje�ilacovm�ip�rq¼i kngªm}eÀd�ac�x��d�ac�x�|acov��gj{hz¢�vovz|eh�
�qe~i�e«ñuehm}i�rxeW��ac�}ruZ¢�Swj{~ac�poqÃ³�jehbyehgªm�±|{hbyehmpmp�}e�ip�j¦~¦~e~i}ipov�|ehbyehg³m�d�kn���xg¶ileh�x�xmp�lkngji}r[�j¦hm}eh�x�£ipovmp�j{�ehg 	 < ehm
¦�kn�q¦h�x�qeh����kÀ�¢kn�qeh�x�­rxe �ÜÅ
	 < ÇW¦~ac�p�}e~ipd�acgjrjkng³m}e¢±xdx�xoqi��}e~¦~acb^byehgj¦~eh�­dfac�x��¦}w�kc¦h�xg½rxe~iU6 w^mp�lkngjilr[�j¦hm}eh�x�}i
r[�y�`����±¢rxacovm¥rxacgj¦­kn��ac�xmpov�Wkn�^b shbye��}{~ip�x�vmlknm¥Ã³�je�¦~eh�v�xo�ac�xm}ehgª�·kndx�}°~i£�²t¤{hb^oqi}ipoqacgyrut �xgje�acgjrxe�dx��kngje¢Z

ÿ¬ac�x�S�|{h�poöõ�eh�­¦~e��}{~i}�x�vmlknmSe«¹[df{h�povbyehgªmlkn�qehbyehgªm�±jgjac�jiSk��|acgji�¦�kn�q¦h�x�q{ � 
 Å
	 < Ç¥ehgµ{hbyehmpmlkngªm­ipovbÀ�x�vmlkÓô
gj{hbyehg³m�rxeh�[¹�acgjrxe~i¬i}dxwj{h�poqÃª�je~i¬d�kn�¬�qe~i¬rxeh�[¹Àmp�lkngji}r[�j¦hm}eh�x�}i�ipovmp�j{~i�ehg 	 < ±Ì�²t �xg¶ip�x�¬�qe§�`�����§ehm¬�²t\kn�xmp�}e
ip�x���qe������­X[Z o�e��²t¤acgjrxe¶�}e~÷h�je¶ip�x��¦}w�kcÃ³�je¶������±facg�gje�zªkn�}rxe¶Ã³�je��qe~i�rxeh�[¹�i}ovz¢g�kn�[¹ �¬Å
	 < �p�}Ç«ZY_We~i
ipovz¢g�kn�[¹´i}acgªmS�}ehm}ac�x�pgj{~i�m}ehb^dfac�}eh�v�qehbyehgªm�dx�xoqiS�}ehgª�|aÌÉ|{~i­rjkngjiS�qe�b^ov�voqeh�»¦h�}{�kngªm�rxeh�[¹·gjac�x�|eh�v�qe~i­acgjrxe~i
ipdxwj{h�poqÃ³�je~i�Z�_We¼dx�}aº¦~e~i}ip�jiÀe~ipm�ovm}{h�}{ � ¨©acoqiÀdx�xoqi�acg ¦�kn�q¦h�x�qe·�qe~iÀrx{hdxw�kci knz|e~i�r[ov�}e~¦hm}i�ehm��}{~¦hovdx�}a³Ã³�je~i
� :�� 
 Å
	 < Ç¶ehm ��� � 
 Å
	 < Ç«Z£�Ôac�xm}e½��kìdx�}aº¦~{~r[�x�}e»e~ipm¼ehgjip�xovm}e»�}{hd�{hm}{~eµdfac�x�y�xgjeµgjac�x�|eh�v�qe½�ckn�qeh�x�Árxe 	 <
�ù�ji}Ã³�Yt\Èyac�xm}ehgxov���qe~i^6 w·�ckn�qeh�x�}i�rxe~i�rx{hdxw�kcilknz|e~i�r[ov�}e~¦hm}i�ehm��}e~¦hovdx�}aºÃª�je~iÌZ � 
 Å
	uÇ­ehm�� 
 Å
	fÇ�i}acgªm�kn�qac�}i
rx{«õjgxoqiWd�kn�W�qe~i§{~Ã³��knmpoqacgji¾��X[Zv� w³�£ehm���X[Zv��î|�«Z[¡Ôk¾õjz¢�x�}e�X[Z\X w�dx�}{~i}ehg³m}e��qe~iW�}{~ip�x�vmlknm}iSac�xm}ehg³�jiSd�ac�x�U� 
	� �
ehm���k·�ºovm}e~i}i}eL� 
 rx{«õjgxoqe^d�kn���²t¤{~Ã³��knmpoqacgâ��X[Z\X¢X|��ehm��qe~i¾¦~acb^d�kn�}e·È´¦~eh�[¹ìac�xm}ehg³�jiÀkndx�}°~i��xgje¼{hbyi}ipoqacg
dx��kngje¢Z � gµ�|{h�poöõ�eÀÃª�je��qe~i�rxeh�[¹·by{hmpwjaºrxe~i�rxacgxgjehg³m��xoqehg»�qe~i�b shbye~i��}{~ip�x�vmlknm}i�Z

�Üac�xm}e«¨©acoqiÌ±¢��k�r[oqipdfeh�}ipoqacgyrxe~i�d�acovg³m}i£e«¹[d�{h�povbyehg³mlkn�[¹¼ehm��qe~i���kn�p�}e~i¥rut¤eh�p�}eh�x�¥i}ehbÀ�x�qehgªm£dx�v�ji£z¢�lkngjrxe~i
dfac�x���qe~i�mpov�}i�i}�j¦~¦~e~i}ipoö¨�i�rut¤acgjrxe~i�ipdxwj{h�poqÃ³�je~i�Ã³�je¾dfac�x���²t¤acgjrxe�dx��kngje¢Z�¡Ôkyõjz¢�x�}e�X[Z\X¢î[±fkng�kn�qacz¢�jeÀrxeÀ��k
õjz¢�x�}e»X[Zv��í`dfac�x�¶�qe~i^{hb^oqi}ipoqacgji^ipdxwj{h�poqÃ³�je~i�±�¦~acg[õj�pbye»Ã³�je·�qeÁ�x�p�xovmye~i}m^dx�v�ji^{h�qeh�|{µehm��²t\k��ù�jipm}ehbyehg³m
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 ���»�«Zx¡Ôk^¦~ac�x�p�fe¾ehgµmp�lknovm­dx�qehovg`k¶d�ac�x�­{~Ã³��knmpoqacg���� 
 � � �\�¢�X"�Å�� ��� �!"|Ç <�� � ehm­��k¶¦~ac�x�p�fe
ehgµdfacovgªmpov�v�q{~i���� 
 � � �\�¢�X" �8� � ��� � O � � � � : Z
��� 
 ] ��� 
 ] � �\�¢�X"�Å�� ��� �!"|Ç <�� � byacgªmp�}e�Ãª�Yt ov�Y¦h�}a
;qm­dx�v�ji­�³ovm}e�Ã³�jeL� � Z[¡Ye¾gxov�|e�kn�»rxe��x�p�xovm�z¢�qac��kÓô
�qehbyehg³m¥dx�v�ji¥{h�qeh�|{�i�t¤e«¹[dx�voqÃª�je�d�kn�§��k�byacovgjr[�}e�ovgªm}ehgjipovm}{�kc¦~ac�jipmpoqÃª�je��qac�}i¥rxe~i§{hb^oqi}ipoqacgji¥i}dxwj{h�poqÃª�je~i�Zª¡Ye
�lkndxdfac�pm­ipovz¢g�kn���Ó�x�p�xovm�e~i}m�oq¦houdx�v�jiS¨�knov�x�qe�Ã³�je�dfac�x���xgje¾{hb^oqi}ipoqacgµdx��kngje¢Zj¡Ük¶�qacoYrxe�dx�xoqi}ilkngj¦~e�k��|e~¦��xg
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*+!$�8¤¥� !$} ���-�8�?����)-)'&(!>�
���	��#%!+��z+��i ¾21�Àlk�� m ¾2npo¯¾21=À�À /=� ��5o� ���-� !:�	z+�"z+, �-� ��5p��!$� �g*+!p¤ &(��) y �r&(*�z+�2z����-� y ����#%!$) � ¾21 & À �t���.)n�-,.)�*+�3&(�-)
#%<+�-� !>*$)
)-*+�n���2v$�3&(5o� !>�
z+�8st#%����� y ���-,�&.st� y *+!$�0#%!$z+�8/+�3&(!$��&(/=#>z���)',.�0z+�2¤¥�-,.9>*$� ! y � 6 � �  ¢¡x��7�90)-#%!>�
�'&%)-)'� 5�<+��,.)0� !�v$�?*+�-�x�����r���

¼
#%5p5o��z$&(!$)B�3&~v$�?*+�-������.�q����4¤ &(��) y �r&(*°z+�.)Bz����-� y ����#%!$) � ¾21 & À y #%!:st� ���t�~� !¹*+!|/=#%��!:�K)�����*$,4��, �tÆ @
�-� 5o� !>��� !¹&.s?&(!:��z�* y � !:���-�4z�*�st#%���-��{��1��&(���?�-,K�3&p/+�-,.)'� ! y �Kz+�K9>*$� ��9:*$�.)�z����-� y ����#%!$)mz+#%*+�-� *$)-�.)�����,.�.)
&(* <+��*+���4)-*+�����.)K)�/1� y ���-�.)K��#%�-)-9>*$��� 1 & � J ª.��5p5;q�#%! /1� *+�K��!:�-� ��/+�-, �-� �4���.)4#?) y �����3&(����#%!$)4z+�.)x/+�-#(v$��)
��{�/1, ����5o� !>�'&(*�{ y #%5p5o�0�-,.)-*+���'&(!:�	z+�.)e��!:�-� � ¤ , �-� ! y �.)	z�*p¤¥�-#%!:�gz��²#%!$z+�8��! y ��z+� !:�	� �gz�� *+!$�8#%!$z+�0z��w±=*$)-,.�
/7&(�2��� y E *+�8z�*¬st#%���-��{=�

� TJE G�M�W�M�G�O � W�INEVOPI��AX#TJEUY<] X#S�� KNM���TbS>O Y#T��`Q`WPOPINGJIRO � T EVOPI � � TJE 
 M�WUE I�� X[KNM�OPIRQ>S
�¯#%*+�"/=� ��5o� �����-�m*+!$� y #%5p/7&(�'&(��)-#%!�&.st� y �3&p)-��5�*+�3&(����#%!;5o#%!$# y-� �-#%5�&(����9>*$��/7&(�",.9>*7&(����#%!;/7&(�'&(<=#Z@

����9>*$�?q?���")����?!7&(�1z��², 5p��)-)���#%!���{�/=, ����5o� !:�'&(�=z+#%���g} ���-�")�* ��) &(5p5o� !:�
��#%!+�$�:��&B��#%!+�?*$� *+�gz��², 5p��)-)���#%!~z$&(!$)
���.)���{�/=, ����� ! y �.)��.)��"v+{+,.�x­~�?��/1, ����#�z+�.)�& y #%*$)-����9:*$�.)r�1�¯#%*+��*+!�st#%���-��{�z+#%!+!$,?q1!$#%*$)�&rst#%!$)m&(��#%�-)0¤X&(���
s?&(����� �[���.)n&(*+���-�.)S/7&(�'&(5oÆ ���-�.)g& y #%*$)-����9:*$�.) � �3&8¤¥�-,.9:*$� ! y � 6 � �[�3&8¤ #%��5o�2z+�	�X�², 5p��)-)���#%! � #%!$z+�2)�/ � , ����9>*$�
#%*¬/+�3&(!$�?q7&(/=#�z���)-,.�m#%*;!$#%!��2&(��!$)���9>*$�m�3&4z���)��'&(! y ��z+�m/+�-#%/7&(�:&(����#%! �8�
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�¯#%*+�;¤X&(���-�¹s?&(����� � y �|z+� ��!+��� �;/7&(�'&(5oÆ ���-�?q8!$#%*$)�&rst#%!$);5o#�z��wv7,¹���.);/=#?)�������#%!$) 4�� � � � 4�� � � z+�.)
, 5o� ���-� *+�-)¬� �¬z+�.)��-, y � /+�-� *+�-)6­ �X��&(��z+�¦z+��/+�3&(����!$�.);z+�¦z+, /+�3& y � 5o� !:�6��� y �-#:¼
#%!:���	�%���?� ��&(*�¤K��!$z�� y &I@
����#%! y #%!>���'&(���-�?q:�3&�z���)�/=#?)�������#%!�z+�.)e���'&(!$)-z�* y �-� *+�-)n/7&(�n�'&(/+/1#%���g&(*pst#%���-��{o�.)��e)-�>5o, ������9>*$�"z+�2)-#%���-�"9>*$�
4 ��� � � � 
 ��� � 4 � � ���8!$�x�-� �����xz���)�/=#?)�������#%!¹�.)���#%<+�����:&(�-#%���-�pz$&(!$)8��� y &%)�z�� *+!$�4, 5p��)-)���#%!�/+�3&(!$�x/=#%*+�
/=#%*+st#%���"*+��������)-� �"� �"��!>�-� ��/+�-, �-� � y #%���-� y �-� 5o� !>�8���.)2���'&(!$)-5p��)-)���#%!$)"�-, y ��/+�-#�9>*$�.)"z�� *+!6� � � ­K�X��&(*+���-�?�

���.)�z+#%!+!$,.�.)���{�/1, ����5o� !>�'&(���.)m)-#%!:�m)���)��-, 5�&(����9>*$� 5o� !:��5o#r�t� !+!$,.�.)mz$&(!$)����x�-,�¤¥, �-� !>����� �Sz�*�st#%���-��{
)�*+�~�?�(�:Å°& y 9>*+��)�������#%!$)u)'� ��#%!Ä�3&¦/+�-# y ,.z�*+�-�6*+��������)',.�6� ! ��������� � /��<c%�t�p� �u�$������� � /���.��»���n���.)ov$�?*+�-�.)
)�*+��s?&(!:�-�.)x/+�-,.)-� !>�-� !:�p���.)x5o� ������� *+�-)o& * *$)��-� 5o� !>�-)4z+� o¯¾21=À � �ai ¾21=À #%<+�-� !:*$)p� !\*�#%*7&(!:�K*+!+��9:*$� 5o� !>�
)�*+�2���.)"/7&(�'&(5oÆ ���-�.)�A°� ���uz�*;st#%���-��{ 1 V>OXV7� !¬¤X&(��)'&(!:�2s?&(����� �0)-� *+��� 5o� !>��´ � �"¨°z$&(!$)2�3&o)���5�*+�3&(����#%!��

lm&(!$)~��� y &%)uz�� *+!$�¦, 5p��)-)���#%! y ������!$z�����9:*$� � ��{�/1, ����5o� !>�'&(��� 5o� !:�rq2/+��*+�	�%�¬)�/ � , ����9>*$�»��q
/1#%*+� 6 �
�  ¢¡��87�9 y #%5p5o�o/1#%*+� 6 �µª% ¢¡;��7�9tq1�X��& y.y #%�-z|� !:���-�o��{�/=, ����� ! y �.)B� ��)���5x*+�3&(����#%!$)��.)����-� 5�&(�-9>*7&(<+���
9>*$� �����¬9:*$�¬)'#%���p�3&¹z���)��'&(! y �¬z+�¬/+�-#%/7&(�:&(����#%! � y ¤ �¯v$�t)r�e�����r�|� ������� �>���e��&¹)���5x*+�3&(����#%!Ä/=� ��5o� �oz+#%! y
z���& �o��5o� ��9:*$�����Bv$�3&(5o� !>�mz+�Bst#%����� y ���-,K�.)��0���-Æ.)�<+��� !65o#�z+, ����)-,x/7&(�0*+!�st#%���-��{6z+�x§
*+���t� �-)�z+���'&r�t#%!
�U� ª%  � ¡ 5p5 � ������ �� 5p5Q/=#%*+�����.)uv$�?*+�-�.)¬����� � � y �u� � � z7��#%¸ ���.) y #%!$z�������#%!$)���{�/=, ����5o� !:�'&(���.)
)-#%!>�0!$� ���-� 5o� !>��z��w±�, �-� !:�-�.)���� ��#%*+�-��¤¥#%��)»q7!$#?)0�-,.)�*+���'&(�-)�!$�B/=� ��5o� ���-� !:��/7&%)8z+�xz���) y ����5p��!$� ��z��w±=, �-� !>�-)
5o#�z+Æ ���.)4z+��st#%���-��{ , �����-,.)»��ÁS! /7&(����� y *+����� �rq[���.)K�-,.)�*+���'&(�-)4#%<+�-� !:*$)o&rst� y *+! st#%���-��{ z+� �8&(!�����!$�~&(*�{
y &(�'& y �-, ����)�����9>*$�.)2��z+� !>����9:*$�.)8)-#%!:�2���-Æ.)2/+�-# y-� �.)0z+� y � *�{u/+�-,.)-� !>�-,.)"� y ��� �	�X�², y &(���8&.st� y �X�²��{�/=, ����� ! y �m�.)��
����5o} 5o�?�

�¯#%*+� 6 � �  ¢¡¦��7�9tq¯¨U�.)��pz+#%! y z+�u�X�²#%�-z��-�¬z+�¬��q y ��9:*+�Xq[z���&(/+�-Æ.)���� �$��� � /��2� �:�t��q y #%���-�.)�/=#%!$z
­¦�X�²� !>���-,.�6z$&(!$)����¬�-, �?��5o�6z��w±=*$)��w¤��eÁS!k*+��������)'&(!>�u*+!$�¬¤��-,.9>*$� ! y �¬/+��*$)p¤X&(��<+���?qn#%! #%<+����� !:�uz+#%! y z+�.)
��±�� �-)�z+�~z��w±1*$)-��#%!°/+��*$)x��5p/1#%���'&(!>�-)r�[Ã�st� y 6 � ª% ¢¡���7�9tq�¨U� ª%  � ¡�� �x���.)x#?) y �����3&(����#%!$)4z+�.)�/+�-#(v$��)
��{�/1, ����5o� !>�'&(*�{;)-#%!:�"�-#%*3*�#%*+�-)"���-Æ.)"<+��� !;�-� /+�-#>z�*+���-�.)0/7&(�"�3&4)���5x*+�3&(����#%!6/7&(�0,.9>*7&(����#%!;/7&(�'&(<=#%����9:*$�?�

���.)4v$�?*+�-�.)u�����r�°� �������r�¦/+�-,.)-� !:�-� !>�u���.)��-,.)�*+���'&(�-)o#%<+�-� !>*$)~&rst� y z+�.)o#%!$z+�.)���! y ��z+� !:�-�.)u/+�3&(!$�.)r�
lm&(!$)	��� y &%)2z�� *+!$�m, 5p��)-)���#%!;&(/=#>z���)-,.�m­ 6 � �  ¢¡4�87�9tq��X��& y.y #%�-z6&rst� y ���.)2)���5�*+�3&(����#%!$)"�-�.)��-�m��{ y � ����� !>�
y #%5p/+�-���-� !>*kz+�u�X� ��!$)-�'&(����#%!+!7&(�����-,;z�*©st#%���-��{ � �pz�*©<+��*+���o)�*+�4���.)x5o�.)-*+�-�.)o��{�/=, ����5o� !:�'&(���.) � y ¤ �[� !
/7&(����� y *+����� �8���.)	v$�?*+�-�.)0�����r� � <��2� � � �»�����

�¯#%*+�p*+!$�¬, 5p��)-)���#%!©!$#%!Ä&(/=#>z���)',.��­ 6 � ª% ¢¡¦�87�9tq¯����)����?!7&(� o¯¾21=À /+�-,.)'� !:�-�����.)pz+,�¤ #%��5�&(����#%!$)
y &(�'& y �-, ����)�����9>*$�.)ez+�.)e#%!$z+�.)nz+�	<1#%�-z+)e#%<$)'� ��st,.�.)e)�*+�S�3&�)���5x*+�3&(����#%!uz+�	�3&8v$�?*+�-�"�������tÁ[±�� �-)ez+�2z��w±=*$)���#%!
� �0z��²#%*+st� ����*+�-��v$!+����)'��5o, �3&(!+�t� !:�mz+#%! y z$&(!$)8�3&Kv$�?*+�-�x�����r�o5�&(��)"�X��& y.y #%�-z�&rst� y �3&o)���5�*+�3&(����#%!��-�.)��-�
���-Æ.)2<=#%!�q+)'&(*�¤S� !¬v$�?*+�-�������r� � <��	� � � y �	&(*;st#%��)���!7&(�t�Bz+� 1 ���+�

���.)B/7&(�'&(5oÆ ���-�.)x*+��������)-,.)Bz$&(!$)B���.)x)���5�*+�3&(����#%!$)x�-�.)��-� !>�x)-� !$)���<+��� 5o� !>�����.)m5o} 5o�.)K9>*$�4/+�-, y ,.z+� 5 @
5o� !>�r�����.)ms?&(���3&(����#%!$)�z+�4�X�²#%�-z��-�uz+�¬�r�	� � AÄ� � ª.� � � �:¡ y 5 < �²) ¶�· � �
��� ª%  � ¡ ��ª% ¢¡?¡¬5p5u��)-#%!>�
&(��������<+*7&(<+���.)"­�*+!$����, �tÆ �-�8/=� ����*+��<7&(����#%!¬z+���X�², y #%*+��� 5o� !:�2/=#?)-)���<+���8/1#%*+�
���.)
/+��*$)n¤X&(��<+���.)	z���)��'&(! y �.)2z+�
/+�-#%/7&(�:&(����#%!�� �"z�*$��­K�3&4/+�-,.)-� ! y �Bz+�.)0)-#%!$z+�.)0& y #%*$)�����9>*$�.)r�
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#%5p/7&(�'&(��)-#%!�� !>���-�����.)u�-,.)�*+���'&(�-)���{�/1, ����5o� !>�'&(*�{ ��� ��� �u�3&°)���5�*+�3&(����#%!�/7&(��,.9:*7&(����#%!�/7&I@
�'&(<=#%����9:*$� � ���'&(���o/+��� ��!Ä�?����) �o&.st� y � &t��q � <�� �µ����ª.�°5p5 � 4�� � � �BªH�%�|5p5Q� � 4���� � � �%�¹5p5u��q
AÄ� � ª.� y 5 < �²) ¶�· � �
��� ª%  � ¡¬5p5;q � y ��q � z7� � � ª��%�¬5p5 � 4�� � � �BªH�%�¬5p5 � � 4������ � �%�¬5p5u��q
A¹� � ª.� y 5 <?�²) ¶�·0� � ��� ª%  � ¡o5p5 � � � �»��q � ¤�� �k�GªH�%��5p5;q;A|� ���?¡ y 5 <?�²) ¶�·8� � ��� ª%  � ¡o5p5;�7��&
<7&(���-� ���-�m�-, y � /+����� y �x�.)��"z+�m�D�>/=�B���
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����9>*$� � ���'&(����/+��� ��!¹�?����)��8&rst� y � &t��q � <�� ��� � �t��5p5;q Ai� � ª.� y 5 <?�²).¶�·�� � �;�«ª%  � ¡�5p5 � � � y ��q � z7�
�k� ��ª.�o5p5 � 4�� � � ���%�o5p5 � � 4�� � � �£ªH�%�o5p5u��q A|� ª?ªH� y 5 < �²) ¶�· � � ���U�� ���5p5;�7��&o<7&(���-� ���-�
�-, y � /+����� y �B�.)-�0z+���^��/1�B���
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� � ª��%�65p5;q,A � � �t� y 5 <?�²) ¶�·�� � �¹� ª% ¢¡?¡¬5p5 � � � �»��q � ¤�� � � ªH�%�65p5;q Aº� � �t� y 5 <?�²) ¶�·�� �
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xydeOR[8W_`RQSdeT%QcTh`ZMP��OpW_VSFÆGZa>ËY`�tÌOZFP[YdeT�`ZFPOwW_a>J 7�W_OpW�7P`ZMPORQSGR`RQSnhafFHG�FHGpGZFPT�`RQSFPVcVSFHG.9>a§`ZdeaUOR�UQcVcVSdeTÀÍÎLzd�GRQc`RQSdeT��
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OZF�7HdeTfGR`RORaUQcOZF8VSF!7Z{^W_[\L 9UFYu	Qc`ZFHGZGZF\deOR`R{fdeOpW�9>QXW_VSF��ÐE�FHG�FKJ>LzMPORQSFPT 7HFHG<LUOZMHGZFPTh`ZMHFHGg9fW_TfG/7HF\[YMP[YdeQcOZF8deTh`
LUOZdeaUuvM�Vji QcT�`ZMPOZkP`(9UFHGI[YFHGZaUOZFHGd9UF�`ZFP[\LfGd9UF�uvdeVÐW�7HdeafGR`RQSnhafFgtY`ROpWHuvFPOZGmaUTÆM�7HdeaUVSFP[YFPTh`bxjW�7HFgW_a>Jw`ZF�7p{>�
TUQSnhafFHGoafGRafFPVcVSFHGsFPT3{�|�9>OZdU9>|	T^W_[\QSn�afF��
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E'WbLUORQSGZF�FPT&7Hde[\LU`ZFl9UF�VXWQ9>Q��zafGRQSdeT&9>a\GZdeTgL^W_O�VSF�uvdeOR`ZFKJg9UFPu	QSFPT�`�QcT 9>QSGZLNFPTfGpW_�UVSF��eE�i QcT>xydeOR[8W_`RQSdeTYGRaUO�VXW
9UMKxydeOR[8W_`RQSdeTV9qi~W_[\LUVcQc`Ra 9UFL9UFlVjirdeT 9UFsW�7HdeafGR`RQSnhafFsFHGR`�W_VSdeOZG�W_afGpGRQ>Qc[\LNdeOR`pW_Th`ZFInhafF�VXWm[YFHGZaUOZFl9UFHG�`ZFP[\LfG
9UF�uvdeV'ÍG9UMPLU{^WeGpW_�vFHG¤ÏK�<9�T!7Hde[\L^W_OpW_T�`�VSFHG�OZMHGRaUVc`pW_`ZG�FKJ>LNMPORQc[YFPTh`pW_a>JYtQ9UFHGn7�W_V�7PaUVSG�W_T^W_Vc|h`RQSnhafFHG�deaYtD9UFHG
GRQc[gaUVXW_`RQSdeTfG��NTfdeafG<WHuvdeTfG}LUa�de�U`ZFPTUQcO}aUTfF
[YFHGRaUOZF;9UF�VXWÊ`pW_QcVcVSF;9>aÆuvdeOR`ZFKJq�qtX7HdeT 9>Qc`RQSdeTq9UF
[Yd�|vFPTUTfFPO
VSFHGg[YFHGRaUOZFHG QcTfGR`pW_Th`pW_TfMHFHG&9fW_TfG VSF8OZMKxyMPOZFPT�`RQSFPVl9>a�uvdeOR`ZFKJz�ÐÉ}F�LUVcafG��'VSFHG
[YFHGRaUOZFHG;9>|	T^W_[\QSn�afFHG;9UF�VXW
Lzd�GRQc`RQSdeTYFP`c9UFoVji QcTh`ZFPTfGRQc`ZMK9>a8`ZdeaUOR�UQcVcVSdeT8OZFHGR`ZFPTh`�Lzd�GZGRQc�UVSFHG�FP`�OZFPTfGpFPQc��TfFPT�`�GZaUO�VSFHG�OZMP��Qc[YFHG�`ROpW_TfGZQc`ZdeQcOZFHG
dea�VSFHGsMPuvFPTh`RafFPVcVSFHGIQcTfGZ`pW_�UQcVcQc`ZMHGK9UF�VjirM�7HdeaUVSFP[YFPTh`��

9�T>�fT��hVjirMP`Ra 9UFmThaU[YMPORQSn�afFD9UFbVXW/9>Q��zafGRQSdeT.9>a�GpdeTÊL^W_O�aUTÊuvdeOR`ZFKJ�W<LzFPOR[\QSGr9UFI[\QSFPa>JX7Hde[\LUOZFPT 9>OZF
FP`<QcTh`ZFPORLUOZMP`ZFPO VSFHGgFKJ>LNMPORQSFPT 7HFHGg�^WeGZMHFHGgGRaUO�Vji QcTh`ZFPOpW�7P`RQSdeT�GpdeT>�juvdeOR`RQ�7PQc`ZM��=9�T#L^W_OR`RQ�7PaUVcQSFPO��ÐTfdeafG�GpW�uvdeTfG
9UMHGZdeOR[8W_QSG^9>QSGZ`RQcTU��afFPO.7PVXW_QcOZFP[YFPTh`wVSFHG�FK�zFP`ZG^9UFÆVXW 9>Q��NafGZQSdeT�L^W_O�VSFÆuvdeOR`ZFKJ 9UFHG�FK�qFP`ZG.9qirdeaUuvFPOR`RaUOZF
�fTUQSFÌÍG9>Q��zOpW�7P`RQSdeTÅL^W_O\VSFHG �NdeO�9UGV9UFÊ�^W_OROZFP`R`ZFHGKÏK��E�FHG `ROZdeQSG\`ZF�7p{UTUQSn�afFHG8T�aU[YMPORQSnhafFHG\LUOZMHGZFPT�`ZMHFHG#9fW_TfG
7HF�[YMP[YdeQcOZFÆLzFPOR[YFP`R`ZFPT�`^9qirMP`Ra 9>QSFPOÊVji QcT?>fafFPT 7HFm9UFf9>QcuvFPOZGpFHG�W_LULUOZd�J	Qc[8W_`RQSdeTfG�GRaUOÊVji QcT�`ZFPOpW�7P`RQSdeT�GZdeT>�
uvdeOR`RQ�7PQc`ZM3ÍyW�7HdeafGZ`RQSn�afF\�vMHde[YMP`RORQSnhafF���u�W_ORQXW_`RQSdeT4VSd-7�W_VSF&9UF\VXW�u	Qc`ZFHGZGZF;9>a4GpdeT��zQcT?>fafFPT 7HFV9UF\VjirMHnha^W_`RQSdeT
9UFÊLUOZdeL^W_��W_`RQSdeT��c�c� ÏK����deaULUVSMHFHGYW_a>J$7�W_V�7PaUVSG
`R{fMHdeORQSn�afFHG\FP`\W_T^W_Vc|	`RQSn�afFHG��ÐVSFHG
GRQc[�aUVXW_`RQSdeTfGYT�aU[YMPORQSnhafFHG
OZFPLUOZMHGZFPTh`ZFPT�`K9UdeT 7maUT�deaU`RQcVzQcT 9>QSGRLzFPTfGpW_�UVSF}LNdeaUOlVjirMP`Ra 9UFD9qirFK�qFP`ZGl9UFb`pW_QcVcVSFb�fTUQSF�dea^9qirFK�qFP`ZGl9UFd7p{^W_[\L
LUOZd-7Z{fF)7Hde[\[YF�LNdeaUOIVXW&7Hde[\LUOZMP{fFPTfGRQSdeTq9UF�VXW\GR`RORa 7P`RaUOZF/9UF�VjirdeT 9UF)9>Q��zafGZMHF�L^W_OIaUT3uvdeOR`ZFKJ�FP`d9UF<GZdeT
QcTh`ZFPOpW�7P`RQSdeT»WHuvF�7<VjirdeT 9UF<QcT 7PQ�9UFPT�`ZF/9UMKx deOR[YMHF<L^W_OsVjirM�7HdeaUVSFP[YFPT�`��

µ�¶¸·q¶A@ BÌÂ�¼DCU½�¼e¼eÂjÁ=E¯Ä*F�GoÄfÃ�¼HGoÄIC�FvÂKJ'Ä®¼
�ba&9UFPVXtD9UFlVji QcT�`ZMPOZkP`c9UFlVXWb[YMP`R{fd-9UFlLNdeaUO�aUTfFoMP`Ra 9UF�xydeT 9fW_[YFPT�`pW_VSFd9UF�Vji QcT�`ZFPOpW�7P`RQSdeTÊGpdeT>�juvdeOR`RQ�7PQc`ZM��

Tfd�G�OZMHGRaUVc`pW_`ZGoGZdeaUVS]PuvFPTh`oaUTX7HFPOR`pW_QcT�Tfde[g�UOZF(9UF}n�afFHGR`RQSdeTfGlnha^W_T�`It�Vji~WHuvFPTUQcOL9UFD7HFP`R`ZFm`ZF�7Z{UTUQSnhafF�FKJ	LzMK�
ORQc[YFPTh`pW_VSF��N� Tfde`ROZFg7HdeTUT^W_QSGZGpW_T 7HF��®VSFg9UdeaU�UVSF7-(.0/�OZFPLUOZMHGZFPTh`ZFgVSF
GZFPaUV�QcTfGR`RORaU[YFPT�`(9UFg[YFHGRaUOZFgFPTh`RQS]K�
OZFP[YFPTh`oTfdeT�QcT�`RORafGRQ�x{7�W_L^W_�UVSF(9UFbx deaUORTUQcOoaUTfF}QcT>xydeOR[8W_`RQSdeTwn�a^W_Th`RQc`pW_`RQcuvF %�QcTfGR`pW_Th`pW_TfMHF '�GZaUO�aUT^7p{^W_[\L
9UF}LUVcafGRQSFPaUOZGd7HFPT�`RQc[Y]P`ROZFHGmFP`sn�aUQqOZFHGZ`ZF<FKËV7�W�7HF)9fW_TfGoVSF)7;:}aUOd9qi aUT��fVXW_[YFPT�`Q9UF}uvdeOR`RQ�7PQc`ZM<`ROZ]HGoQcTh`ZFPTfGZF
FP`<QcTfGZ`pW_`RQSdeTUT^W_QcOZF���É�W_TfG<VjirF�W_a���7HFV9>QSGRLzd�GRQc`RQ�xlLNFPOR[YFP`g9qirFHGR`RQc[YFPO�VXW�`pW_QcVcVSFV9qi aUTÌ�fVXW_[YFPTh`g9UF8uvdeOR`RQ�7PQc`ZM
9qirFPThuhQcOZdeT Ñ �L4\[\[ 9UF�OpWH|vdeT��NMITfF�`ZFPVcVSF�[YFHGRaUOZF<FHGR`I`ROZ]HGd9>Q�ËV7PQcVSF�uvdeQcOZF<Qc[\Lzd�GZGRQc�UVSF�tYVji~W_Q�9UF�9UFHGs`ZF�7p{>�
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 #�� Ñ�Ó>Ñ
TUQSnhafFHGoÉ}deLULUVSFPOL7PVXWeGZGRQSnhafFHG}ÍÎaUVc`ROpWeGpdeTfdeOZF<dea�VXWeGZFPO¤Ï��vkPTfMHFHGoL^W_OlaUT�uvdeVcaU[YF(9UFb[YFHGZaUOZF}`ROZdeL�LzFP`RQc`��>L^W_O
VXW
LUOZM�7HFHGZGZQSdeT3FP`oL^W_OsVXW&9UMP[\Q�J>`RQSdeTf9UF}L^W_OR`RQ�7PaUVSFHGQ9fW_TfGoVSF)7;:}aUOK9>a�uvdeOR`ZFKJq�

E�i~WHuvFPTUQcOV9UF�VXWÆ`ZF�7p{UTUQSn�afF�7HdeT 7HFPORT^W_T�`#9UFHG\M�7HdeaUVSFP[YFPTh`ZG#9UF�VXW_�zdeOpW_`ZdeQcOZF�[Yd-9U]PVSFHG3ÍÎuvdeOR`ZFKJÅQSGZdeVSM��
W_VcVSMHFD9UFbuvdeT����_OR[��_T��>`ZdeaUOR�UQcVcVSdeTfGsOZMP��aUVcQSFPOZGl9fW_TfGlaUTfFQ7HdeT 9>aUQc`ZF��c�c� Ï�GpFP[��UVSFD9UdeT 7�WeGZGRaUOZM�� #bdeafGoW�uvdeTfG
u	aÌn�afF VSFHG<`ROpW_TfGR[\QSGZGRQSdeTfG�OZM�7PQcLUOZdhnhafFHG)9UF!9UFPa>J�deT 9UFHG<aUVc`ROpWeGZdeTfdeOZFHG/7HdeT 9>aUQSGZFPT�` t�aUTfF\QcT>xydeOR[8W_`RQSdeT
GRaULULUVSMP[YFPTh`pW_QcOZFÆGZaUO\VSFF7Z{^W_[\L 9UF�`ZFP[\LNMPOpW_`RaUOZF��69UF^9UFPTfGRQc`ZM3FP`!9UFwLUOZFHGZGRQSdeT 9UF�VjirM�7HdeaUVSFP[YFPTh`���MbTfF
FKJ>`ZFPTfGRQSdeT�Lzd�GZGRQc�UVSFq9UFHG�[YFHGRaUOZFHG�L^W_O�VSFq9UdeaU�UVSF�-(.0/ 7HdeTfGZQSGR`ZFÌW_VSdeOZGwFPT�aUTfF$[YFHGRaUOZF�GRQc[gaUVc`pW_TfMHF
9UFHG)7p{^W_[\LfG/9UF `ZFP[\LzMPOpW_`RaUOZF8FP`/9UF\uhQc`ZFHGpGZF&9qi aUT4M�7HdeaUVSFP[YFPT�`���MbT�LUOZd_��FP`�9qirMP`Ra 9UF�W�7HdeafGR`RQSnhafF!9UF\VXW
7HdeThuvF�7P`RQSdeT:9fW_TfGbaUTfF;7HFPVcVcaUVSF;9UF .bW�|hVSFPQc��{>���lMPT^W_O�9�FHGR`}FPTm7HdeaUOZG<W_a»VXW_�zdeOpW_`ZdeQcOZFYWHuvF�7 �I��Tf]HG'-$W_aUOZFPV
FP`I��VXW_QcOZF���OpW�9fW>�N��FbLUOZd_�RFP`oLzdeaUOROpW_Qc`K9UMP�Ndea 7p{fFPOIGRaUOlVXW
LUOZFP[\QS]POZF�[YMP`R{fd-9UF)9UFm[YFHGRaUOZF�TfdeT�QcTh`RORafGRQcuvF
FP`�GZQc[�aUVc`pW_TfMHFD9UFs`ZFP[\LzMPOpW_`RaUOZFbFP`T9UFsu	Qc`ZFHGZGZFsFPTÊ{�|�9>OZdU9>|	T^W_[\QSnhafF��hE�FHGlW_LULUVcQ�7�W_`RQSdeTfGoW_a8LUOZde�UVS]P[YFD9>a
%¸G�7�W_VXW_QcOZF<L^WeGZGRQ�x '
ÍÎQ�7PQj�UVXW\`ZFP[\LNMPOpW_`RaUOZF�ÏsFPT�`RaUOR�UaUVSFPT 7HF�GZFP[g�UVSFPT�`ILUOZde[YFP`R`ZFPafGpFHG��

� T4LNFPaU`�FPT>�fT,GZF!9UFP[8W_T 9UFPO;7Hde[\[YFPT�`\W_[YMPVcQSdeOZFPO�VXW�`ZF�7p{UTUQSn�afFÊLzdeaUO�FK�zF�7P`RafFPOg9UFHG<[YFHGRaUOZFHGg9UF
uvdeOR`RQ�7PQc`ZMYGZaUO�aUTÌM�7HdeaUVSFP[YFPT�`/7Hde[\LUVSFKJUF\TfF\LUOZMHGpFPT�`pW_T�`gLUVcafG�aUTfFYGR|	[YMP`RORQSF&7P|	VcQcT 9>ORQSn�afF���E�W�[\QSGZFYW_a
LzdeQcT�`k9qi aUT�`Zde[Yde��OpW_LU{fFoW�7HdeafGR`RQSnhafF�OZMHGZdea 9>OpW_Qc`ÐVSF�LUOZde�UVS]P[YFT9UF�VXWoOZF�7HdeTfGZ`RORa 7P`RQSdeT;7Hde[\LUVS]P`ZFT9>a�7p{^W_[\L
9UF�uhQc`ZFHGZGpF)9fW_TfGIVSF/7�WeGd9qi aUT»M�7HdeaUVSFP[YFPT�`}VSFPT�`ZFP[YFPTh`�ueW_ORQXW_�UVSF/9fW_TfGIVjirFHGZL^W�7HF��®E'WYVcQc[\Qc`ZF/9UF�VXW!9>Q��zOpW�7K�
`RQSdeTÅL^W_O!9UFHG\��OpW�9>QSFPTh`ZGV9UF�u	Qc`ZFHGZGZF�VSd-7�W_VcQSGZMHG\GRaUO!9UFHG\`pW_QcVcVSFHGV9UF�VjirdeO�9>OZFF9UF�VXW»VSdeTU��afFPaUOÊW�7HdeafGR`RQSnhafF
7HdeTfGR`RQc`RafFPOpW_Qc`
W_VSdeOZG�VXW�GZFPaUVSF OZFHGR`RORQ�7P`RQSdeT$9UF VXW�[YMP`R{fdU9UF���/�deaU`ZFKx deQSG��q[YkP[YFYFPTÌaU`RQcVcQSGpW_Th`�9UFHG�OZMHGZF�W_a>J
9UF\`ROpW_TfG*9>a 7P`ZFPaUOZG���Vji~W�7HnhaUQSGRQc`RQSdeT$9UFY`ZdeafG�VSFHG�`ZFP[\LfGg9UF\uvdeV�GpdeafG�9UFHGgW_TU��VSFHG/9>Q��zMPOZFPTh`ZG�OZFHGZ`ROZFPQcT 9>OpW_Qc`
TfFP`R`ZFP[YFPTh`�VSFHG<Lzd�GZGRQc�UQcVcQc`ZMHG�9>|hT^W_[\QSnhafFHG�9UF\Vji QcTfGZ`RORaU[YFPT�`/9UFY[YFHGRaUOZF\L^W_O<OpW_LULzdeOR`gW_a19UdeaU�UVSF3-�.0/��
É�W_TfGgVSFV7�WeGg9qi aUT,M�7HdeaUVSFP[YFPTh`
QcTfGZ`pW_`RQSdeTUT^W_QcOZF�nhafFPV�7HdeTfnhafF��'LzdeaUOg7HdeTfGpFPORuvFPOgVSFHG WHu�W_T�`pW_�vFHG\GRL^W_`RQXW_a>J
FP`D9>|hT^W_[\QSnhafFHG(9UFHG'-�.0/��®TfdeafG}LNFPTfGpdeTfGmnha�i QcV�xyW_aU`}GZdeT 9UFPO}VSF�[\QcVcQSFPa4t8Vji~W_Q�9UF;9qi aUTfF GZFPaUVSF MP[\QSGZGRQSdeT
LUVXW_TfF�� MbTfF
W_Vc`ZFPORT^W_`RQcuvF&7HdeTfGRQSGZ`ZF W_VSdeOZG<t�W_�^W_T 9UdeTUTfFPO<L^W_OR`RQSFPVcVSFP[YFPTh`<VSF/7�W_OpW�7P`Z]POZF TfdeT$QcTh`RORafGRQ�xT9UF
VXW
[YFHGRaUOZF LzdeaUO�OZFPuvFPTUQcOgt.9UFHG}[YMP`R{fd-9UFHG<FKJ>LUVSdeQc`pW_T�`�VSF\GZQc��T^W_Vn9>Q��NafGZM L^W_O)9UFHG<OZM >^F�7P`ZFPaUOZGgW�7HdeafGR`RQSnhafFHG
LUOZMHGZFPTh`ZG�T^W_`RaUOZFPVcVSFP[YFPT�`K9fW_TfG�VjirM�7HdeaUVSFP[YFPT�`bdeaÊQcTh`ROZdU9>aUQc`ZGsW_OR`RQ���7PQSFPVcVSFP[YFPTh`��fE�FD9UMPuvFPVSdeLULNFP[YFPTh`L9qi aUTfF
TfdeaUuvFPVcVSF�`ZF�7p{UTUQSn�afF/9qi Qc[8W_�vFPORQSF��UQ�9>Qc[YFPTfGRQSdeTUTfFPVcVSFg9qirM�7HdeaUVSFP[YFPT�`ZGmFHGR`sFPTF7HdeaUOZGbW_a�VXW_�zdeOpW_`ZdeQcOZF�FP`lxjW_Qc`
Vjirde�>�RFP`L9UF�VXW GZF�7P`RQSdeT3GZaUQcueW_Th`ZF��
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�haUQc`ZF�W_a>J8OZMHGZaUVc`pW_`ZGl9UF��h`ZFKxjW_T3�lW_`R{fFPVcQcTfF)( �lW_`R{fFPVcQcTfF+*-,/.1032 Ñ�Ó�Ó�Ó W>�f�lW_`R{fFPVcQcTfF�*-,4.1032 Ñ�Ó�Ó�Ó �65��>E'W_a>�

OZFPTh`��>W_T 9>ORQcT!9UMPuvFPVSdeLULNFsW_a VXW_�zdeOpW_`ZdeQcOZFlaUTfF�TfdeaUuvFPVcVSFs`ZF�7Z{UTUQSnhafFl9qi Qc[8W_�vFPORQSFIW�7HdeafGR`RQSnhafF��UQ�9>Qc[YFPTfGZQSdeT>�
TfFPVcVSF��z�	deT3`ROpWHu�W_QcV�G�i QcTfG�7PORQc`d9fW_TfGIVSF�7�W�9>OZF�9UFHGIOZF�7Z{fFPO�7p{fFHG�GRaUOsVji %¸MPVXWeGR`Zde��OpW_LU{UQSF '�Í dea %¸GZdeTfd	MPVXWeGR`RQ�7PQc`ZM ' Ï
FPTÊQc[8W_�vFPORQSFI�UQSd_�j[YM�9>Q�7�W_VSF7( � LU{UQcO8*-,/.1032 Ñ�Ó�Ó>Ñ 5���E�irMPVXWeGR`Zde��OpW_LU{UQSF}FHGR`��^WeGZMHFIGZaUO69UFHG�[YFHGRaUOZFHG69>aX9UMPLUVXWÈ�
7HFP[YFPTh`69UFsL^W_OR`RQ�7PaUVSFHGr9>Q��zafGpW_T�`ZFHG�LUOZMHGZFPTh`ZFHG69fW_TfG�VjirdeOR��W_TUQSGR[YFbGpdeafG�VjirFK�qFP`69UFK7HdeTh`ROpW_QcT�`ZFHGlFKJ>`ZMPORQSFPaUOZFHG
GR`pW_`RQSnhafFHG��NGRQcT�afGpd19Z9fW_VSFHG�deaÆQc[\LUaUVSGRQSdeTUTfFPVcVSFHG��qE'WÊ[YFHGRaUOZF/9UF
VXW8OZMPLNdeTfGpF
tÊaUTfFg7HdeT�`ROpW_QcT�`ZFYLNFPOR[YFP`(9UF
OZFP[YdeTh`ZFPOgt�VjirMPVXWeGR`RQ�7PQc`ZM!9>a�[\QcVcQSFPa#FPT�uhafF&9UF!9UMP`ZF�7P`ZFPO�aUTfF\MPuvFPT�`RafFPVcVSFY`RaU[YFPaUO���E�F&9UMPLUVXW�7HFP[YFPT�`;9UF
9>Q��zafGZFPaUOZGlFHGR`sW_afGZGRQNVXW_OR�vFP[YFPT�`saU`RQcVcQSGpMQ9fW_TfG�VSFHGl`ZF�7p{UTUQSn�afFHGsÉ}deLULUVSFPOlLzdeaUO�u	QSGRa^W_VcQSGZFPOlVSFHGlM�7HdeaUVSFP[YFPT�`ZG
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 #�� Ñ�Ó 2
GpW_TU��aUQcTfG��UÉ}W_TfGK7HF(7�WeG��
7HF�GZdeT�`IVSFHGo��VSde�UaUVSFHGsOZdeaU�vFHGL9>awG¤W_TU�8n�aUQ>�RdeafFPT�`oVSF<O��eVSF(9UF(9>Q��NafGZFPaUOZGbW�7HdeafG��
`RQSnhafFHG�(��ldeTUTfFKx deafG Ñ�Ó�Ò�Ò ���vFPTfGZFPT Ñ�Ó�Ó�� 5��

µ�¶ @�¶�· B�Ä^¼DC>Ã�Â G FvÂjÁ E+¼_½�C*CUÂ E=F�Ä,¿�Ä��	� F�ÄIC�
�E�Â
�Ð½�Ä
��de[\[YF�VXW3uvMPVSdU7PQc[YMP`RORQSF�É}deLULUVSFPO (��vFPTfGZFPT Ñ�Ó�Ó�� 5��ÐVji Qc[8W_�vFPORQSFÊL^W_O���QcTh`ZFPO�� 7HdeOROZMPVXW_`RQSdeT 9UF�GRLNF�7p�hVSF��

OZFPLzd�GZF�GRaUO�Vji QcTfGZdeTUQ���7�W_`RQSdeT&9qi aUTg[\QcVcQSFPa;7HdeT�`ZFPT^W_Th`{9UFHG�9>Q��zafGZFPaUOZG�L^W_O�aUTfF�deT 9UF�aUVc`ROpWeGZdeTfdeOZF��_E�F�GRQc��T^W_V
OZMP`ROZd_� 9>Q��zafGZM}OZMHGRaUVc`ZF(9UF}Vji QcTh`ZFPO�x MPOZFPT 7HF/9UFb`ZdeaU`ZFHGsVSFHGsdeT 9UFHGlOZM >^M�7Z{UQSFHGIL^W_OoVSFHGL9>Q��NafGpFPaUOZGst;9>Q��zMPOZFPTh`ZFHG
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tÊ`ROpWHuvFPOZG<aUTfF�xyFPTfkP`ROZF
LUOpW_`RQSn�afMHF&9fW_TfG}VXW.7PaUuvF��zE'WÊ�f��aUOZF Ò � Ñ LUOZMHGZFPTh`ZF VSF
LUORQcT 7PQcLNF&9UF
VXWÊ[YFHGRaUOZF\FP`
FKJ>LUVcQ�7PQc`ZF�VSFHG�Tfde`pW_`RQSdeTfG�aU`RQcVcQSGpMHFHGk9fW_TfG�VXWbGRaUQc`ZF��eE'Ws�f��aUOZF Ò �L2I[YdeTh`ROZFlVSFHGz9>QSGRLNd�GZQc`RQ�x G�{�|�9>OZdU9>|	T^W_[\QSnhafFHG
LzFPOR[YFP`R`pW_T�`g9qirFPTU�vFPT 9>OZFPOgVSFHG/9UFPa>J�M�7HdeaUVSFP[YFPTh`ZG MP`Ra 9>QSMHG�9fW_TfG�7HFV7Z{^W_LUQc`ROZF��ÐE'W�x OZMHn�afFPT 7HF#9UF\VjirdeT 9UF
QcT 7PQ�9UFPTh`ZF
FHGZ`;:=<?>A@CB3- 8 1v�^É}]HGIVXWY�fTq9UF<VjirMP[\QSGZGRQSdeT��NVSFHGmGRQc��T^W_a>JwOZMP`ROZd_� 9>Q��zafGZMHG}L^W_ObVXW8GRafGRLzFPTfGRQSdeT
GZdeTh`oGR`ZdU7p�vMHGr9fW_TfGlVXW�[YMP[YdeQcOZF(9UFbVXWg�^W_QSF��>E'Wg�f��aUOZF Ò �L6�LUOZMHGpFPT�`ZF}aUT�FPTUOZFP��QSGR`ROZFP[YFPT�`d9UFd7HFHGoGRQc��T^W_a>J
D�E�F,GIHIJ GRaUO�aUTfFL9>Q 1�W_QcTfFK9UFl[\Q�7POZd_��GpF�7HdeT 9UFHG��hE�i~W_�fG�7PQSGZGZF F 7HdeOROZFHGRLzdeT 98t}VXWmLzd�GRQc`RQSdeTV9UFHG�`ROpW_TfG*9>a 7P`ZFPaUOZG
VSFoVSdeTU�g9UFsVXW<�^W_OROZFP`R`ZF��hE�FI`ZFP[\LfG69UFsL^W_O�7HdeaUOZGlW�7HdeafGZ`RQSn�afFbFPT�`ROZFbVSFL9UMP�UaU`T9UFIVjirMP[\QSGZGRQSdeT�FP`�VXW}�fTX9UFsVXW
OZM�7HFPLU`RQSdeT»FHGR`IGRaULzd�GZM�`ROZ]HGd7HdeaUOR`d9UFPu�W_T�`IVSF�`ZFP[\LfGK7�W_OpW�7P`ZMPORQSGR`RQSnhafFg9qirMPuvdeVcaU`RQSdeTm9UF�VXW8GRafGRLzFPTfGRQSdeT��fÉ}F
LUVcafG��^TfdeafGmTfMP��VcQc�vFPOZdeTfG}`ZdeaU`ZF/9>Q��zafGRQSdeT»[�aUVc`RQcLUVSF;9fW_TfGmVXWYGRafGRLzFPTfGRQSdeT��NE�F8��� �-7�W_T»[YdeT�`ROZF
VXW8��OpW_T 9UF
7Hde[\LUVSFKJ>Qc`ZMÆGZL^W_`RQSd_�j`ZFP[\LNdeOZFPVcVSFq9>a%GZLNF�7p�hVSF»W_QcTfGRQmde�U`ZFPTha���/�deaU`ZFKx deQSG��67HFHG�GRQc��T^W_a>J 7HdeTh`RQSFPTUTfFPT�`�aUTfF
LUOZM�7PQSFPafGZF<QcT>x deOR[8W_`RQSdeT3GZaUOsVXW
LNd�GZQc`RQSdeTf9UFHGL9>Q��zafGZFPaUOZGIt
Vji QcTfGR`pW_Th`d9UF�Vji QcTfGZdeTUQ���7�W_`RQSdeT��
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E'F�GRQc��T^W_V D�E�F%[0GIH�J OZFZ\Pa
tsVji QcTfGR`pW_T�` H L^W_O'aUT�`ROpW_TfG*9>a 7P`ZFPaUOk9qi~W_�fG�7PQSGpGZF F][ GRaUO'VXWl�^W_OROZFP`R`ZFT7HdeOROZFHGRLzdeT 9t�VXW
GZde[\[YFD9UFHGoGRQc��T^W_a>JÊOZMP`ROZd_� 9>Q��zafGZMHGlL^W_Ol9UFHGl9>Q��NafGpFPaUOZGoGRQc`RafMHGlFPT_^ E�F8GI`�J dba F FP` ` uvMPORQ��^FPT�`gÍG7KxR��f�f� Ò � Ñ ÍyWvÏRÏ<�

H < HZE�F%[bGIF,GI`3J < `dcfe `NghciE�Fkj=F][1Jlg
mn[ @ Í Ò � Ñ Ï
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� T�xydeOR[YF�W_VSdeOZGoaUTfF�Qc[8W_�vF�GRL^W_`RQXW_VSF)9>a3GRLzF�7Z�	VSF�FPTf7HdeTfGRQ�9UMPOpW_Th`IVSF�GRQc��T^W_V��
� E�F,GI`3J <������	� E�F][bGIF8GI`�J7D�E�F%[bGIHZE�F%[bGIF,GI`3JIJ%G Í Ò �L2vÏ

dba%VSF�7Hd	FKËV7PQSFPT�`
� 9UMHGRQc��TfFÆaUT%xyW�7P`ZFPaUO.9qi~W_LNd-9>QSGpW_`RQSdeT�LUOZFPT^W_T�`wFPT 7Hde[\LU`ZFÆVji~W_`R`ZMPTha^W_`RQSdeT¯WHuvF�7»VXW
9>QSGR`pW_T 7HF�FP`��}MPuvFPT�`RafFPVcVSFP[YFPTh`��<VXW 9>QcOZF�7P`RQcu	Qc`ZM�9UFHGÆ`ROpW_TfG*9>a 7P`ZFPaUOZG���E�F�GRQc��T^W_V�� E�F,GI`3J 7HdeOROZFHGRLzdeT 9 t
Vji~W_[\LUVcQc`Ra 9UF:9>Q��zafGZMHFÌt,L^W_OR`RQcOF9>a�LzdeQcT�` E�F,GI`3J OZF�7HdeTfGZ`RQc`RafMHF4t,L^W_OR`RQcOF9UF$Vji QcT>x deOR[8W_`RQSdeT+OZFZ\PafF�GRaUO
`ZdeaU`ZF
VXW8�^W_OROZFP`R`ZFYWHuvF�7
VXWÊVSdeQz9UFgOZFP`pW_O�9ÇÍ Ò � Ñ Ï
Í deT$L^W_ORVSFg9UF �jxydU7�W_VcQSGpW_`RQSdeT�FPT$OZM�7HFPLU`RQSdeTN� ÏK�'��de[\[YF VSF
[YdeTh`ROZFgVXW8�f��aUOZF Ò � 5f�N7HF
GZQc��T^W_VÐGRL^W_`RQXW_V{7HdeTh`RQSFPT�`<FPT 7HdeOZF;9UFHG >fa 7P`Ra^W_`RQSdeTfG�tY{^W_aU`ZFgx OZMHn�afFPT 7HF
VcQSMHFHG�t
VjirdeT 9UFmQcT 7PQ�9UFPT�`ZF�FP`otgVXWg9>Q��zOpW�7P`RQSdeT��®��FP`R`ZF}MP`pW_LNF(9UF �jxydeOR[8W_`RQSdeTF9UFbuvdeQSFHGI� Í ��W_OpW_VcVSFPV �lF�W_[
�^deOR[\QcTU�f�
� ����ÏK�UOZMHGRaU[YMHF/9fW_TfGIVjirMHnha^W_`RQSdeT,Í Ò �L2vÏK�NW_QcTfGRQ'nhafF�VjirFKJ>LUOZFHGZGRQSdeT�9>a�7HdhFKËV7PQSFPTh`���GZdeTh`d9UMP`pW_QcVcVSMHFHGQ9fW_TfG
( �>W_T 9>ORQcT�* ,�.1032 Ñ�Ó�Ó�Ó 5��
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E�i Qc[8W_�vFg9>a$GRLzF�7Z�	VSFgde�U`ZFPThafFYW_LUOZ]HGmVXW\xydeOR[8W_`RQSdeT09UF�uvdeQSFHG}FHGR`D7�W_OpW�7P`ZMPORQSGR`RQSnhafFg9UFgVXW8OZMPL^W_OR`RQc`RQSdeT
GRL^W_`RQXW_VSFf9UFHGV9>Q��zafGZFPaUOZGÊt$Vji QcTfGZ`pW_T�`.9UF�Vji QcTfGZdeTUQ���7�W_`RQSdeT���9�T 7Hde[\L^W_OpW_Th`X9UFPa>JÅQc[8W_�vFHG�� E�F,GI`%GIH���J FP`� E�F8GI`]GIH g J OZMHGZaUVc`pW_T�`.9UFF9UFPa>JÅ`RQcOZG\aUVc`ROpWeGZdeTfdeOZFHG�GRa 7�7HFHGZGRQ�xyG8t H � FP` H g ��deTÇLNFPaU`�W_VSdeOZGYOZFP[YdeT�`ZFPO�W_a7p{^W_[\Lq9UF/9UMPLUVXW�7HFP[YFPT�`)9UFHGmL^W_OR`RQ�7PaUVSFHGD9>Q��NafG¤W_T�`ZFHG�� 9�T»LUOpW_`RQSn�afF��®LzdeaUObaUT»LNdeQcTh` E�F][bGI`�[1J 9UdeTUTfM;9UF
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GRaUO}aUTfFgxyFPTfkP`ROZF\GRL^W_`RQXW_VSF&9UF VXW_OR�vFPaUO�
 ` 7HFPTh`ROZMHFYFPT `�[ LNdeaUO}VXWÊLUOZFP[\QS]POZF\Qc[8W_�vF\FP`<FPT `�[�c ` LzdeaUOVXW/9UFPa>J	QS]P[YF}Qc[8W_�vF��>E�FD9UMPLUVXW�7HFP[YFPTh`bWÈJ	QXW_V�� E�F [ GI` [ J 9>a�LNdeQcTh` E�F [ GI` [ J FPT�`ROZF H�� FP` H g FHGR`oW_VSdeOZGl9UMK�fTUQL^W_O<�
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�
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E�i~W_Vc�vdeORQc`R{U[YFg9qi QcT�`ZFPO�� 7HdeOROZMPVXW_`RQSdeT$Qc[\LUVSMP[YFPTh`ZM�L^W_OIE�W_aUOZFPT�`<�>W_T 9>ORQcT3LzFPOR[YFP`d9UF)7�W_V�7PaUVSFPObVSF)9UMPLUVXW�7HFK�
[YFPTh`/9UFHG�9>Q��zafGZFPaUOZGgGZFPVSdeT4Vji~WÈJUF E�� `�J W�uvF�78aUTfF\LUOZM�7PQSGZQSdeT 9qirFPThuhQcOZdeT Ñ�� [w� � T17p{fdeQSGRQc`gFPT#�vMPTfMPOpW_V

 ` <�������E�W$LNMPORQSd-9UF�[\QcTUQc[8W_VSFf9UF�OZMPLzMP`RQc`RQSdeT 9UFHG\`RQcOZGYaUVc`ROpWeGZdeTfdeOZFHG � < H g j H � 9UMPLzFPT 9�9UF�VXW
9>QSGR`pW_T 7HF(9UF}LUOZdeL^W_��W_`RQSdeT$W�7HdeafGR`RQSnhafF"!I�6�ÐdeaUOsLNdeaUuvdeQcOsGpMPL^W_OZFPOoVSFHGsMP[\QSGZGRQSdeTfGL9UFHGlOZM�7HFPLU`RQSdeTfG��#� 9UdeQc`
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W_`R`ZFPT 9>afG��
� U,U5XS����+N! ��#%$CBTX
OED3F�&�. # &<F8$8+�L �����8(

E�W<`ZF�7p{UTUQSn�afFD9qi QcT�`ZFPO�� 7HdeOROZMPVXW_`RQSdeT�9UFIGRLzF�7Z�	VSFmW�7HdeafGZ`RQSn�afFmFHGR`69>QcOZF�7P`ZFP[YFPTh`IW_LULUVcQ�7�W_�UVSF�W_aX7�WeGT9qi aUT
M�7HdeaUVSFP[YFPTh`3{�|�9>OZd-9>|hT^W_[\QSnhafF��Ity7HdeT 9>Qc`RQSdeT¯nhafF$VSF$[\QcVcQSFPa 7HdeT�`RQSFPTUTfFÌaUTfFÌn�a^W_Th`RQc`ZM:9UF09>Q��zafGZFPaUOZG
W�9UMHnha^W_`ZF��oÉ�W_TfG�VSF07�WeG^9UF$VjirF�W_a��oaUT�FPTfGZFP[YFPT 7HFP[YFPTh`�9UF$VjirM�7HdeaUVSFP[YFPT�`»FHGR`F9UdeT 7$TfM�7HFHGZGpW_QcOZF��IE�FHG
9UMPLUVXW�7HFP[YFPTh`ZG�7�W_V�7PaUVSMHGÆGZdeT�`f9qi~W_aU`pW_Th`3LUVcafG�LUOZM�7PQSGÆn�afF$VSF4GRLNF�7p�hVSF�FHGZ`�{fde[Yde�v]PTfF��IE�FHG3L^W_OR`RQ�7PaUVSFHG
9qi~W_[\Q�9UdeT��eW_afGZGRQvaU`RQcVcQSGpMHFHG�FPTHGmMPVSd-7PQc[YMP`RORQSF�É}deLULUVSFPO0MIVc`ROpWeGZdeTfdeOZF�� 9UdeTUTfFPT�`z9UFHG'OZMHGZaUVc`pW_`ZG�GpW_`RQSGRxyW_QSGpW_Th`ZG��
�	FPVSdeT�VXW
u	Qc`ZFHGZGZF(9UF}VjirM�7HdeaUVSFP[YFPTh`��^deT�OZ]P��VSF�W_VSdeOZGoVXWgx OZMHnhafFPT 7HF(9UF}OZM�7PaUOROZFPT 7HF�9UFmxjWb\HdeT3t de�U`ZFPTUQcOK9UFHG
9UMPLUVXW�7HFP[YFPTh`ZG(9qi aUTfFg7HFPTh`pW_QcTfF;9UF�[\Q�7POZdeTfG}FPT�`ROZF;9UFPa>JwQc[8W_�vFHG��zE�FgL^WeGZGpW_�vF/9>am9UMPLUVXW�7HFP[YFPTh`�WÈJ	QXW_V�t
VXW;7Hde[\Lzd�GpW_T�`ZFgGZFPVSdeT E�� `�J 9UF}VXW u	Qc`ZFHGZGZF(9UFHGsL^W_OR`RQ�7PaUVSFHGIFHGR`oQc[YM�9>QXW_`
�

I
�
E�F%[bGI`�[1J < � E�F%[bGI`�[ J� @ Í Ò �L4vÏ

E�W�`ZF�7Z{UTUQSnhafFf9qi QcTh`ZFPO�� 7HdeOROZMPVXW_`RQSdeT 9UF3GRLzF�7Z�	VSF���WeGZGpdU7PQSMHF3tÌVji aU`RQcVcQSGpW_`RQSdeT 9qi aUTÇOZMHGZF�W_a§VcQcTfM�W_QcOZFm9UF
`ROpW_TfG�9>a 7P`ZFPaUOZG���LzFPOR[YFP`;9UdeT 7X9qirde�U`ZFPTUQcO\FPTy9UFPa>J4`RQcOZG\W�7HdeafGR`RQSnhafFHG VXWf7Hde[\Lzd�GpW_T�`ZF.9UFÊVXWwu	Qc`ZFHGZGZFX9UF
VjirM�7HdeaUVSFP[YFPTh`IGZFPVSdeT�VXWg9>QcOZF�7P`RQSdeTF9UFbLUOZdeL^W_��W_`RQSdeT3W�7HdeafGZ`RQSn�afF(9fW_TfG�VSFmLUVXW_T E�F��d`3J �#Jmde`ZdeTfG�FPT>�fTwnha�i QcVFHGR`l`R{fMHdeORQSnhafFP[YFPT�`sLzd�GZGRQc�UVSFD9qirFKJ>`ROpW_QcOZF�W_afGZGRQ�9UFHGlQc[8W_�vFHGL9>a�GRLzF�7Z�	VSFmVSF(9UMPLUVXW�7HFP[YFPT�`b`ROpW_TfGRuvFPOZGZF�� � T
LzdeaUOROpW_Qc`�W_VSdeOZG�de�U`ZFPTUQcO�GZQc[�aUVc`pW_TfMP[YFPT�` I � E�F][bGI`�[1J FP`67�W_OpW�7P`ZMPORQSGpFPO�FPTh`RQS]POZFP[YFPT�`oVSFK7p{^W_[\LX9UFIuhQc`ZFHGpGZFIt
9UFPa>J&9>Qc[YFPTfGRQSdeTfG���/'deaU`ZFKxydeQSG��"9UFHG�VcQc[\Qc`pW_`RQSdeTfG�QcT�`RORQcTfGp]Hn�afFHGT9>afFHG�t}VXWbxydeOR[8W_`RQSdeT#9UFsuvdeQSFHG�OZFHGR`ROZFPQc��TfFPTh`
VXW$LUOZM�7PQSGZQSdeTÇVXW_`ZMPOpW_VSF (��bdeTfd_xyW_�vdea *-,4. 0 2 2 +,+,+ 5���E�F�9UMPuvFPVSdeLULNFP[YFPTh`X9qi aUT�W_Vc�vdeORQc`R{U[YF�9UFF7�W_V�7PaUVQ9UFHG
9UMPLUVXW�7HFP[YFPTh`ZGs`ROpW_TfGRuvFPOZGZFHGIFHGR`oFPTF7HdeaUOZGIW_a�VXW_�NdeOpW_`ZdeQcOZF��I.IM�7HFP[\[YFPT�`��faUTfF}`ZF�7Z{UTUQSnhafF�W_T^W_VSde��afF�W MP`ZM
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LUOZdeLzd�GZMHF���nhaUQ®FKJ>LUVSdeQc`ZFsVSFmGRQc��T^W_V®OZMP`ROZd_� 9>Q��NafGZMbL^W_O�aUTfFmGRafGRLzFPTfGRQSdeTV9UFbGZM�9>Qc[YFPT�`ZG�LzdeaUO�[YFHGRaUOZFPO�VXW�u	Q��
`ZFHGZGpF�`ROpW_TfGZuvFPOZGZFL9qi aUTYM�7HdeaUVSFP[YFPT�`�FPT�`ROZFL9UFPa>J\MP[YFP`R`ZFPaUOZG��jOZM�7HFPLU`ZFPaUOZGoW�7HdeafGR`RQSnhafFHG�( MbTfFPT *-,�. 0 2 Ñ�Ó�Ó�Ò 5��
��de[\[YF8VXW G}MPVSdU7PQc[YMP`RORQSFÊÉmdeLULUVSFPO MbVc`ROpWeGZdeTfdeOZF��e7HFP`R`ZFÊ`ZF�7Z{UTUQSnhafF8TfFV9UdeTUTfF8`ZdeaU`ZFKxydeQSGgnha�i aUTfFYQcT>xydeO��
[8W_`RQSdeTwaUTUQ�9>Qc[YFPTfGZQSdeTUTfFPVcVSFgGRaUOoVSF(7p{^W_[\L�9UF�u	Qc`ZFHGZGZF��
µ�¶ @�¶A@ �4Â�¼e½ � ��Â¸¼0� FvÂ�Á E¯¿��X½ E ºIC>Á�½V�jÄ®¾%Ä E F3¿V� E�¼ ���SÄ��q½

�haUO\VXW$�f��aUOZF Ò � 5f��deTÇTfde`ZF�nha�irFPTÅx deT 7P`RQSdeT 9UF�VXW$GRafGRLzFPTfGRQSdeTÅaU`RQcVcQSGZMHF���FPTÅL^W_OR`RQ�7PaUVcQSFPO���GZFPVSdeTÇVXW
7HdeT 7HFPTh`ROpW_`RQSdeT!9UF�L^W_OR`RQ�7PaUVSFHG��_VSF�GRLNF�7p�hVSF�FHGR`ÐLUVcafG�dea
[YdeQcTfGÐ{fde[Yde�v]PTfF��_É�W_TfG�VSF67�WeGk9UF�VXWo�f��aUOZF Ò � 5^ÍÎ�®ÏK�
deT\LzFPaU`�[YkP[YFoQ�9UFPT�`RQ��^FPOT9UFHG�L^W_OR`RQ�7PaUVSFHG�QcT 9>QcuhQ�9>afFPVcVSFHGmÍ dea!9UFHG�W_��OZMP��W_`ZGc9UFoL^W_OR`RQ�7PaUVSFHGKÏK�vE'WmxydeOR[8W_`RQSdeT
9qi Qc[8W_�vFHGoGRa 7�7HFHGpGRQcuvFHG�LzFPOR[YFP`sW_VSdeOZGr9UFmGZaUQcuhOZFbVSFI[YdeaUuvFP[YFPTh`L9UFmL^W_OR`RQ�7PaUVSFHGlQSGZdeVSMHFHGoW_a�GZFPQcT^9UFbVjirM�7Hdea>�
VSFP[YFPTh`��qE'W8�f��aUOZF Ò �L4ÊLUOZMHGZFPTh`ZF\n�a^W_`ROZF
Qc[8W_�vFHG(9>a�GRLzF�7Z�	VSF GZMPL^W_OZMHFHG(9UF�2Y[YG��zE�irM�7HdeaUVSFP[YFPTh`�FHGR`}aUT
�fVXW_[YFPTh`)9UF uvdeOR`RQ�7PQc`ZM\FPTU�vFPT 9>OZM\FPT»�vMHde[YMP`RORQSFV7P|hVcQcT 9>ORQSnhafFwÍG7Kx��®�f�f� Ò �L2UÍyWvÏRÏK�qE'W.7PaUuvF\WÊaUT:9>QXW_[Y]P`ROZF
QcTh`ZMPORQSFPaUOL9UF Ó 7P[ LzdeaUOoaUTfFm{^W_aU`ZFPaUOL9UF � 7P[w�>E�F}uvdeOR`ZFKJ�FHGR`ode�U`ZFPT�a3GpdeafGlaUT.9>QSGpn�afF}FPT�OZde`pW_`RQSdeTf9UF
9>QXW_[Y]P`ROZF�5F7P[ L^W_O�Lzde[\L^W_�vFYt Ñ �L6�E�� [\QcT 	 � t�`ROpW�uvFPOZG�aUT�`ROZdea19UF&9>QXW_[Y]P`ROZF 6�[\[w�qE�WÊxÎOZMHnhafFPT 7HF
9UF}OZde`pW_`RQSdeTm9>af9>QSGZnhafF}ueW_aU` 2>� ��8 1v�®�haUOoVXW
�f��aUOZF Ò �L4>�fdeTwLzFPaU`ouvdeQcOs`ZdeaUOR�UQcVcVSdeTUTfFPObaUTfF<L^W_OR`RQ�7PaUVSFgW_a
uvdeQSGRQcT^W_�vFd9>a#7HFPTh`ROZFd9>aÊuvdeOR`ZFKJ�WHu�W_T�`r9qirkP`ROZFbWeGRLUQcOZMHFQ9fW_TfG�VSFd7;:}aUO��hE�i Qc[8W_�vFPORQSFQ9>a�GRLzF�7Z�	VSFoLNFPaU`T9UdeT 7
LzFPOR[YFP`R`ROZF�VjirMP`Ra 9UF)9UF�VXW;9>|	T^W_[\QSnhafF�VXW_��OpW_TU��QSFPTUTfF/9UF}L^W_OR`RQ�7PaUVSFHGIQSGZdeVSMHFHGK9fW_TfGsaUT3M�7HdeaUVSFP[YFPT�`��

��QSFPT8G��UO���VSFL7�W_V�7PaUVS9UFHGc9UMPLUVXW�7HFP[YFPT�`ZGoFP`c9UdeT 7L9UFsVXW}uhQc`ZFHGpGZFL9UFoVjirM�7HdeaUVSFP[YFPTh`�TfM�7HFHGZGZQc`ZFsaUT8GRLzF�7Z�	VSF
�UQSFPT$LUVcafG}{fde[Yde�v]PTfF��,9>a$`�|	LzFg9UF;7HFPVcaUQn9UF
VXW8�f��aUOZF Ò � 5^ÍyWvÏK�'�haUO�VSF
[YkP[YFguvdeOR`ZFKJ�FP`�FPT$[Yd�|vFPTUT^W_T�`
VSFHGoOZMHGZaUVc`pW_`ZGIGRaUO Ó,+ Qc[8W_�vFHG��^deT3de�U`RQSFPTh`IVSFHGoOZMHGRaUVc`pW_`ZGILUOZMHGZFPT�`ZMHGQ9fW_TfGsVXW �f��aUOZF Ò � � �fE'W\xÎOZMHnhafFPT 7HF)9UF
OZM�7PaUOROZFPT 7HFX9UFHG<`RQcOZG�aUVc`ROpWeGZdeTfdeOZFHG�u�W_aU`H: <&-�� 8 1v�'E'W�u	Qc`ZFHGZGZF I

�
FHGR`/9UdeT 7Y[Yd�|vFPTUTfMHF�GRaUO 5<4w[YG��

9>aUOZMHFÊLNFPT 9fW_Th`gVXWenhafFPVcVSF�deT4LzFPaU`g7HdeTfGZQ�9UMPOZFPO
nhafF8VjirM�7HdeaUVSFP[YFPTh`YMPuvdeVcafF8`ROZ]HGgLzFPa���E�i Qc[8W_�vF�LUOZMHGZFPTh`ZF
9UFPa>JwVSde�zFHGm�UQSFPTm9UMK�fTUQSGD7HdeOROZFHGRLzdeT 9fW_T�`�W_a>J�1�deTfFHGmdba»VSFHGbL^W_OR`RQ�7PaUVSFHG�GpF<OpW_LULUOZd-7Z{fFPT�`<dea$G�irMPVSdeQc��TfFPTh`
9UF�VXW\�^W_OROZFP`R`ZF�� I

�
� �Êdea I

�
� �U�®E�FHGmdeO�9>OZFHGQ9UF<��OpW_T 9UFPaUO}FP`IVSFHGbLUOZd_�fVSGd9UF�uhQc`ZFHGZGpFHGIde�U`ZFPT�afG}GZdeTh`

`ZdeaU`gt�xyW_Qc`<u	OpW_QSGZFP[g�UVXW_�UVSFHG��'É}F\LUVcafG���LNdeaUO<VXW�xÎOZMHnhafFPT 7HF!9UF\OZMPLzMP`RQc`RQSdeT$7p{fdeQSGRQSFYQ�7PQj�qaUTfFYQcT 7HFPOR`RQc`Ra 9UF
9UF Ñ � [-GRaUO�VSF�9UMPLUVXW�7HFP[YFPTh`3WÈJ	QXW_VD7HdeOROZFHGRLzdeT 9�t4aUTfFÆQcT 7HFPOR`RQc`Ra 9UF$W_�fGpdeVcafFm9UF 24[\[w�rG 	 � GRaUO�VXW
u	Qc`ZFHGZGZF I

�
� Jbde`ZdeTfG}FPT>�fT$n�afF�VXW\�f��aUOZF Ò � � ÍyWvÏoLUOZMHGpFPT�`ZF
Vji QcT�`ZMP��OpW_VcQc`ZM&9>am7Z{^W_[\LÌW�7�7HFHGZGRQc�UVSF WHuvF�7gaUTfF

�^W_OROZFP`R`ZF(9UF}`¸|hLzF�2�ÍG7KxR�	`pW_�UVSF 2>� Ñ �>L�� 6,6vÏ�GZdeQc`oFPT�u	QcOZdeT�6 + [\[
	 6 + [\[w�*MIT�LUQ�JUFPV,9UFmVji Qc[8W_�vF}[YFHGRaUOZF
+ � 5\[\[
	 + � 58[\[w�
µ�¶ @�¶�� 
���G��jÁ'Â Fb�NFvÂjÁ=E¯¿�� ½ EÀ¼HGoÄIC��h��Ä EV� Fv½�ÃvÄ �

E'F�GRLNF�7p�hVSF}de�U`ZFPThaf9fW_TfGoVjirF�W_a���O���7HF�tgaUTfF�GRafGRLzFPTfGRQSdeTF9qi~W_[\Q�9UdeTwOZFHGZ`ZFbOZFPVXW_`RQcuvFP[YFPTh`ILzFPa�{fde[Yd_�
�v]PTfF}FP`oaUT�FK�zdeOR`oGRaUOlVXW nha^W_VcQc`ZMD9>awGRLNF�7p�hVSFD9fW_TfGlVjirF�W_aF9UFPu	OpW
kP`ROZFmx deaUORTUQqLzdeaUOsW_[YMPVcQSdeOZFPOoVSFHGlQc[8W_�vFHG
9qirM�7HdeaUVSFP[YFPTh`ZGb{h|-9>OZd-9>|	T^W_[\QSn�afFHG��3JmdeafGsLzdeaUuvdeTfGmW_afGZGZQe7Z{fdeQSGRQcOD9UF�OZM�W_VcQSGZFPObaUTÆM�7HdeaUVSFP[YFPTh`D9fW_TfGbaUT
>faUQ�9UF)7HdeTh`ZFPT^W_T�`mT^W_`RaUOZFPVcVSFP[YFPT�`(9UFHGsL^W_OR`RQ�7PaUVSFHGd9>Q��NafG¤W_T�`ZFHG��®E�F�VXW_Qc`IFPTh`RQSFPObG�irFHGR`mWHuvMPOZM�9UdeTUTfFPObVcQSFPaÆt
aUTwGRLzF�7Z�	VSF)9UF}TUQcuvF�W_a3FP`d9UF�n�a^W_VcQc`ZM�TfFP`R`ZFP[YFPTh`mGZaULNMPORQSFPaUOZGIt;7HFPVcaUQ�9qi aUTfF<GRafGRLzFPTfGRQSdeTF9qi~W_[\Q�9UdeT��

� 7PQj�	VSF}uvdeOR`ZFKJ�MP`RQcOZM�FHGZ`lFPTU�vFPT 9>OZM<L^W_OoVXW
OZde`pW_`RQSdeT3t + �L4 8 1(9qi aUTF9>QSGZnhafF(9UFD9>QXW_[Y]P`ROZF Ñ + 7P[ 9fW_TfG
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������� Ò �L4 � ��[8W_�vFHG�GRa 7�7HFHGZGRQcuvFHG � E�F8GI`]GIHIJ 9qi aUTÌGRLNF�7p�hVSF `ROZ]HG}{fMP`ZMPOZde�v]PTfFÊde�U`ZFPT�afFHGgFPT�LUOZMHGZFPT 7HF&9qi aUT�fVXW_[YFPTh`F9UF$uvdeOR`RQ�7PQc`ZM��oE�FHG�Qc[8W_�vFHG�GZdeTh`wGZMPL^W_OZMHFHG^9UF�2#[YG��lE�F07HFPO�7PVSF$�UVXW_T 7$QcT 9>QSn�afF»VXW,Lzd�GRQc`RQSdeTW_LULUOZd�J	Qc[8W_`RQcuvF#9>a:7HFPT�`ROZF!9>a�uvdeOR`ZFKJq��E�F uvdeOR`ZFKJ�`ZdeaUORTfF&9fW_TfG�VSF\GZFPTfG�7HdeT�`ROpW_QcOZFV9UFHG<W_Qc��aUQcVcVSFHG/9qi aUTfF[YdeTh`ROZF��
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������� Ò � � � ÍyWvÏ/��OZd_��F�7P`RQSdeTf9>a3uvF�7P`ZFPaUOsuhQc`ZFHGpGZF�GRaUOsVXW;9>QcOZF�7P`RQSdeTm9UF}LUOZdeL^W_��W_`RQSdeT$W�7HdeafGR`RQSnhafF I
�
E�F8GI`�J �ÍÎ�®Ï ��OZd_�fVSG(9UF
u	Qc`ZFHGZGZF I

�
E�F,GI` < B#8
[\[ J Í FPT$TfdeQcO¤ÏmFP` I

�
E�F,GI` < B��Ê[\[ J Í FPT$��ORQSG¤ÏK� -Æd�|vFPTUTfFHG<GRaUOÓ,+ Qc[8W_�vFHG
GZa����HFHGZGRQcuvFHG t�aUTfF8xÎOZMHnhafFPT��HF��UF8OZM��PaUOROZFPT��HF : < -�� 8 1�FPT#LUOZMHGpFPT��HF��qi aUT#�fVXW_[YFPT�`��UFuvdeOR`RQ��PQc`ZM	�fW_TfGIVjirF�W_a3FPTfGZFP[YFPT��HMHF�L^W_O
�UFHGoL^W_OR`RQ��PaUVSFHG��qi~W_[\Q��UdeT��

aUTÌOZM��PQcLUQSFPTh`��P|hVcQcT��>ORQSnhafF��UF��>QXW_[Y]P`ROZF8QcTh`ZMPORQSFPaUO Ñ 5
�P[ FP`��UF8{^W_aU`ZFPaUO � �P[w�'E�F8VXW_Qc`gFHGR`<Lzde[\LzMÊt
Ñ �L6gE�� [\QcT 	 � t<`ROpW�uvFPOZGlaUTÊ`ROZdea��UF��>QXW_[Y]P`ROZF 6<[\[w�>E�FHG��UFPa>J��Hde[\Lzd�GpW_Th`ZFHG��>a��p{^W_[\L��UFbu	Qc`ZFHGZGZF I �FP` I
�
GpdeT�`o[YFHGRaUOZMHFHGlL^W_OoQcTh`ZFPO����HdeOROZMPVXW_`RQSdeT��>a�GRLzF��Z�	VSF<W��HdeafGR`RQSn�afFm��O����HF<t��UFPa>JÊ�^W_OROZFP`R`ZFHG��UF}`�|	LNF�2

Í��KxR��`pW_�UVSF 2>� Ñ �_L�� 6,6vÏ�LUVXW��HMHFHG�LNFPORLzFPT��>Q��PaUVXW_QcOZFP[YFPT�`�tbFPT�u	QcOZdeT Ñ �P[��>a��>QSGZnhafF}Í��Kx����f�f� Ò �L2UÍyWvÏRÏK�eE'WI�^W_QSF
W��P`RafFPVcVSFP[YFPTh`�aU`RQcVcQSGZMHF
W_a$E � �ÀLNdeaUOmVjirMPVXWeGR`Zde��OpW_LU{UQSF
TfFgLNFPOR[YFP`mL^WeG
�qi~W��HnhafMPORQcO�GRQc[�aUVc`pW_TfMP[YFPTh` Ñ 2 Ò
GRQc��T^W_a>J8FP`�VSFHG�[YFHGRaUOZFHG��UF I � FP`��UF I

�
`ROpW��HMHFHGlGRaUO�VXW��f��aUOZF Ò � � TfFmGZdeTh`�L^WeGlGRQc[gaUVc`pW_TfMHFHG��?/'deaU`ZFKxydeQSG��

VXW LUOZd��Z{^W_QcTfF��vMPTfMPOpW_`RQSdeT
�UF<�^W_QSF�FHGR`oLUOZMPu	afF<LzdeaUO��Hde[\LzdeOR`ZFPO Ñ 2 Ò uvdeQSFHGbFP`IVSFHGo[YFHGRaUOZFHGmGRQc[gaUVc`pW_TfMHFHG
�UFHG��UFPa>J��Hde[\LNd�G¤W_T�`ZFHG��>a§uvF��P`ZFPaUO�u	Qc`ZFHGZGZFwGZFPOZdeTh`ÊLzd�GZGRQc�UVSFHG�GRaUOÊaUT��Z{^W_[\L��UF �,+ [\[
	 �,+ [\[w�
��FP`R`ZF}xydeQSG��U��O����HFgt aUT3GRLzF��Z�	VSF�`ROZ]HGs{fde[Yde�v]PTfF��^VXW\nha^W_VcQc`ZM	�UFHGsQc[8W_�vFHGmFP` �UFHGsVSde�zFHGIGRaUO I � FP` I

�
FHGR`

FKJ!�HFPVcVSFPT�`ZF��
E'FHG�OZMHGRaUVc`pW_`ZG"�UF$VXW,�f��aUOZF Ò � � LNFPOR[YFP`R`ZFPTh`3aUTfF$OZFPLUOZMHGZFPTh`pW_`RQSdeT¯�UQ��>Qc[YFPTfGRQSdeTUTfFPVcVSF#�>a�uvF��P`ZFPaUO

u	Qc`ZFHGZGZF�$%�UF3VjirM��HdeaUVSFP[YFPTh`3W_QcTfGRQ�n�afF3VSF
��W_V��PaUV&�UF»VXW'�Hde[\Lzd�GpW_Th`ZFÆuvFPOR`RQ���W_VSF(�>a�uvF��P`ZFPaUO�uvdeOR`RQ��PQc`ZM
�fW_TfG\VSFwLUVXW_T E�F��d`3J Í��Kx��Ð�f�f� Ò � Ò ÍyWvÏRÏK��9�TÅ�f��aUOZF Ò � Ò ÍÎ�®ÏK��TfdeafGÊW�uvdeTfGY`ROpW��HM3VSF�[Yd)�>aUVSF*�>aÇuvF��P`ZFPaUOu	Qc`ZFHGZGZF&�HdeOROZFHGRLzdeT��fW_T�`}W_a>J�[YFHGRaUOZFHGILUOZM��HM��UFPT�`ZFHG��®E'W
`ZF��Z{UTUQSnhafF+�UdeTUTfF+�UdeT���W����H]HGIt
`ZdeaU`sVSF,�p{^W_[\L
�UF�u	Qc`ZFHGZGZF���[YkP[YF��fW_TfGYVSF"�;:}aUO��>aÇuvdeOR`ZFKJq��t-�HdeT��>Qc`RQSdeT%`ZdeaU`ZFKx deQSGÊn�afF�VSFw`ZdeaUOR�UQcVcVSdeT%TfFwGpdeQc`YL^WeG
`ROZdeL%QcT�`ZFPTfGZF�� 9�T�FK�zFP`���GRQIVSF
�UMPLUVXW��HFP[YFPT�`��>a�GRLzF��Z�	VSF3FPT�`ROZF(�UFPa>JÇQc[8W_�vFHG�FKJ!�H]��UF3VXWÌVXW_OR�vFPaUO 
 `
�UF
VXW8x FPTfkP`ROZF.�p{fdeQSGRQSF LNdeaUO}Vji QcTh`ZFPO����HdeOROZMPVXW_`RQSdeT���VjirMHnha^W_`RQSdeT§Í Ò �L6vÏ��HdeT��>aUQc`�t��UFHG}[YFHGZaUOZFHG<W_�NFPOROpW_Th`ZFHG��
E'W3u	Qc`ZFHGZGZFÊWÈJ>QXW_VSFY[8WÈJ>Qc[8W_VSF�FHGR`��UdeT�� I (1= � < 
 ` 0?� 6 B3[w�rG 	 � �'É i~W_aU`ROZFÊL^W_OR`���W_a4uvdeQSGRQcT^W_�vF��>a
�;:}aUO��hVSFs[YdeaUuvFP[YFPTh` �UFsOZde`pW_`RQSdeT�`ROZ]HG�OpW_LUQ��UF��UFHG�L^W_OR`RQ��PaUVSFHGlGRaUO�aUTÊxyW_Qc�UVSFIOpWH|vdeT�FPT�`ROpW0/STfF&�UFI��OpW_T��UG
�UMPLUVXW��HFP[YFPTh`ZGb`ROpW_TfGZuvFPOZGZFHG
�qi aUTfF�Qc[8W_�vFgt Vji~W_aU`ROZF��1�UF�GpdeOR`ZF<n�afF<VXW\u	Qc`ZFHGZGZF�[8WÈJ>Qc[8W_VSF+�UMP`ZF��P`pW_�UVSF
FHGR`
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������� Ò � �N� ��de[\Lzd�GpW_T�`ZFHGÅÍyWvÏ I
�
E�F8GI`�J FP`�ÍÎ�®Ï I � E�F,GI`3J �>a¯uvF��P`ZFPaUOÆuhQc`ZFHGpGZFÌ[YFHGRaUOZMHFHGÆL^W_O3QcTh`ZFPO��

�HdeOROZMPVXW_`RQSdeT �UF§GRLzF��Z�	VSF�� -»d�|vFPTUTfFHG�GRaUO �D+ Qc[8W_�vFHG�GRa����HFHGZGRQcuvFHG,t�aUTfFÇxÎOZMHnhafFPT��HF��UF§OZM��PaUOROZFPT��HF
: < -»� 8 1�FPTÅLUOZMHGZFPT��HF"�qi aUT��fVXW_[YFPTh`��UF�uvdeOR`RQ��PQc`ZM"�fW_TfG\VSF�VXW_Qc`YFPTh`RQSFPO���E�irdeORQc��QcTfF"�>aÅOZFPLz]POZF�FHGR`LUORQSGZF<W_a��HFPT�`ROZF	�>awuvdeOR`ZFKJq�

LUVcaU`��e` I (1= � < �/0?� 6.8<[w�rG 	 � dba � < �N@�� -Ê[\[2FHGR`IVSFgL^WeG
�>aÆOZMHGZF�W_a(�UF<`ROpW_TfG �>a��P`ZFPaUOZG��NE�F���W_V��PaUV
�UFHG �UMPLUVXW��HFP[YFPTh`ZGI`ROpW_TfGZuvFPOZGZFHG��UFPu	OpW_Qc`sLzFPOR[YFP`R`ROZF	�UF�OZMHGZdea��>OZF<FPT�L^W_OR`RQSF+�HF�LUOZde�UVS]P[YF��

��L^W_OR`RQcO �UFHG��UFPa>J��Hde[\Lzd�GpW_T�`ZFHG I � FP` I
�
�>deT���W_V��PaUVSFmxyW��PQcVSFP[YFPTh`sVSFmuvF��P`ZFPaUOouhQc`ZFHGZGpFmFPT��Hd	deO �UdeT>�

TfMHFHGILNdeVXW_QcOZFHG I���E��0G��9J FP` I
	�E�� G��9J �®E'W �f��aUOZF Ò � Ó [YdeTh`ROZF�VSFHGbLUOZd_�fVSG
�UF�uhQc`ZFHGpGZF<deOR`R{fdeOpW��>QXW_VSF I���E���J FP`OpW��>QXW_VSF I�	bE���J de�U`ZFPThafGbFPT�[Yd�|vFPTUT^W_T�` I���E��0G��9J FP` I�	bE��0G��9J GpFPVSdeTwVji~W_TU��VSF�LzdeVXW_QcOZF � �UE�i~WÈ��afGR`ZFP[YFPT�`mL^W_OaUT�uvdeOR`ZFKJ"�UF ��aUOR�vFPOZGbW_afnhafFPV'deT3WÈ�RdeaU`ZF�aUT�xydeT����UF�OZde`pW_`RQSdeT3GZdeVcQ��UF<GpFPVSdeT�VjirMHn�a^W_`RQSdeT,�

I���E���J < *
-�� �


 8 j�� 	����� � �
���

c����;G Í Ò � � Ï

�HdeT��>aUQc`sW_a>J8L^W_OpW_[Y]P`ROZFHG�* <��bB��P[ g �rG 	 � � � [ <>8b@�� [\[ FP` � <��N@ ��BgOpW��q�rG 	 � �hE'FIOpW�|vdeT"�>a��;:}aUO��>a
uvdeOR`ZFKJÊFHGZ`��UdeT���� 6f>�[\[w�U��FP`odeO �>OZF
�UFb��OpW_T��UFPaUOsGZFP[g�UVSF��HdeOROZF��P`���VXW<[YFHGRaUOZF}MP`pW_Th`lFK�qF��P`RafMHFmLUOZ]HG
�>a'�>QSGpn�afFÊFPTÌOZde`pW_`RQSdeT��'VjirFPTh`ROpW0/STfFP[YFPT�` �HFPTh`RORQ�xÎaU�vFÊL^W_O<VSF��>QSGpn�afFYFHGZ`<Qc[\LNdeOR`pW_Th`
FP`gVjirdeT#G�i~W_`R`ZFPT�� .
���! #"��$ toaUTgOpWH|vdeT LUVcafG���OpW_T���nhafF �HFPVcaUQ �>a�`ROZdea.�qi~WeGRLUQcOpW_`RQSdeT�� 9�T>�fT���VXWsuhQc`ZFHGZGpF�OpW��>QXW_VSF�FHGR`'VSMP�v]POZFP[YFPTh`Lzd�GRQc`RQcuvFo{fdeOZG �>a��;:}aUO �>aÊuvdeOR`ZFKJz��9�VcVSF��UFPu	QSFPT�`�TfMP��W_`RQcuvF}W_aYuvdeQSGRQcT^W_�vF
�>a��;:}aUO�FP`��fW_TfG�VSF �;:}aUO��>��FHG
OZMHGRaUVc`pW_`ZGoGpdeT�`oFPTwW����HdeO �wWHuvF��}Vji Qc[8W_�vF,�PVXWeGZGRQSnhafF&�qi aUT�xyW_Qc�UVSF}M��HdeaUVSFP[YFPT�`IOpW��>QXW_V �>QcORQc�vM}uvFPOZGlVSF��HFPTh`ROZF
�>aYuvdeOR`ZFKJYLUOZ]HG �UFsVji~WeGRLUQcOpW_`RQSdeT�FP`�deORQSFPTh`ZMsuvFPOZG�VjirFKJ	`ZMPORQSFPaUO�VSdeQcT��>a��;:}aUO�GZdeafG�VjirFK�qFP` �UFoOZF��PQcO �PaUVXW_`RQSdeTfG
t
��OpW_T��UF<M��p{fFPVcVSF�FP` �UF�VjirFPTh`ROpW0/STfFP[YFPT�`,�HFPT�`RORQ�x aU�vF��

E�W<`ZF��p{UTUQSn�afF&�qi Qc[8W_�vFPORQSF&�qirM��HdeaUVSFP[YFPT�`ZGlL^W_O�QcT�`ZFPO����HdeOROZMPVXW_`RQSdeT*�UFmGRLzF��Z�	VSFsT�irFHGR`lMPu	Q��UFP[\[YFPT�`lL^WeG
VcQc[\Qc`ZMHF�W_a���WeG��qi aUT�uvdeOR`ZFKJ�WÈJ	QSGR|	[YMP`RORQSnhafF��hE'W��f��aUOZF Ò � Ñ + QcVcVcafGR`ROZFmVSF
��WeG��qi aUT
�RFP`�uvFPOR`RQ���W_VzOZM�W_VcQSGZM}FPT
QcTe�RF��P`pW_T�`�VSFgVXW_Qc`<FPT�`RQSFPO	�fW_TfGmVXW��PaUuvF
aU`RQcVcQSGZMHF LUOZM��HM��UFP[\[YFPT�`gtÊ`ROpW�uvFPOZG�VSF�`ROZdea �UF.�>QXW_[Y]P`ROZF 68[\[w�
��de[\[YF$VSF»[YdeT�`ROZFÌVXWÌ�f��aUOZF Ò �L2UÍÎ�®ÏK�lVSF(�>QSGZnhafF$FPT�OZde`pW_`RQSdeT�T�irFHGR`�LUVcafG�aU`RQcVcQSGZM$FP`�VXW,�^W_OROZFP`R`ZF�FHGR`
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LUVXW��HMHF�L^W_OpW_VcVS]PVSFP[YFPTh`<t VXW\GRaUO�xjW��HF,�UF}xjWb\HdeTÆt [YFHGRaUOZFPObVXW uhQc`ZFHGpGZF�GZFPVSdeTwVXW��>QcOZF��P`RQSdeT
�>a\�RFP` I���E�F,G��9J �
�ba^W_VcQc`pW_`RQcuvFP[YFPTh`��zVSF<OZMHGRaUVc`pW_`mde�U`ZFPT�a»LNdeaUO I���E�F8G��AJ FPTÆ[Yd�|vFPTUT^W_T�`<GZaUO&4 + [YGbFHGR`IOZFP[8W_OZnha^W_�UVSF��N9�TL^W_OR`RQ��PaUVcQSFPO��eVjirMPVXW_OR��QSGZGpFP[YFPT�` �>am�RFP`�tbL^W_OR`RQcO �UF�Vji QcTe��F��P`RQSdeTYFHGZ` �PVXW_QcOZFP[YFPTh`�uhQSGZQc�UVSF�� � T Tfde`ZF��UF�LUVcafG �UFHG
u�W_ORQXW_`RQSdeTfG��UF}uhQc`ZFHGpGZFmW_a"�;:}aUOl[YkP[YF,�>a �RFP`�FP`sFPT�LzMPORQcLU{fMPORQSF��Un�aUQ �HdeOROZFHGRLzdeT��UFPT�`
�HFPOR`pW_QcTfFP[YFPT�`mW_a>J
uvdeOR`ZFKJ4W_LUL^W_OpW_QSGZGpW_Th`��fW_TfG�VSFHG 1�deTfFHG+�UF
xydeOR`+�PQSGpW_QcVcVSFP[YFPTh`�� 9�T>�fT��'VSFHG<u	Qc`ZFHGZGZFHG}VSMP�v]POZFP[YFPT�`
Lzd�GRQc`RQcuvFHG
W_a�uvdeQSGRQcT^W_�vF+�UFHGsL^W_OZdeQSGoLUOZ]HG
�UF}Vji QcTe��F��P`RQSdeTÆQcT��>QSn�afFPTh`sVXW LUOZMHGZFPT��HF	�UF}OZF��PQcO �PaUVXW_`RQSdeTfG��

µ�¶ @�¶�� �
Ä^Ã�¼HGoÄIC�FvÂKJ'Ä^¼
E�W�`ZF��Z{UTUQSnhafF �qi Qc[8W_�vFPORQSF �qirM��HdeaUVSFP[YFPT�`ZGgL^W_O�QcT�`ZFPO����HdeOROZMPVXW_`RQSdeT#�UF\GRLzF��Z�	VSFYW��HdeafGR`RQSn�afF\deaUu	OZF��UF

TfdeaUuvFPVcVSFHG�LNFPOZGRLzF��P`RQcuvFHG<LzdeaUO<VSFHG�[YFHGZaUOZFHG+�UF\u	Qc`ZFHGZGZF\FPTÌ{h|��>OZd��>|	T^W_[\QSn�afF�����deT�`ROpW_QcOZFP[YFPT�`YW_a>J�uvMK�
VSd��PQc[Y]P`ROZFHGsÉ}deLULUVSFPO��PVXWeGZGRQSnhafFHGlaU`RQcVcQSGpW_Th`saUTwGZFPaUVq`ROpW_TfG �>a��P`ZFPaUO��^Tfde`ROZF}`ZF��Z{UTUQSnhafF+�UdeTUTfF	�>QcOZF��P`ZFP[YFPTh`
aUTfFIQcT>x deOR[8W_`RQSdeT��UQ��>Qc[YFPTfGRQSdeTUTfFPVcVSF�GRaUO�aUTfF
�Hde[\Lzd�GpW_Th`ZF��>a��Z{^W_[\L��UFbuhQc`ZFHGZGpFs��O����HF}t<VjirFP[\LUVSdeQ �qi aUT
OZMHGZF�W_a��UF�`ROpW_TfG �>a��P`ZFPaUOZG���E�i aU`RQcVcQSGpW_`RQSdeT�GRQc[�aUVc`pW_TfMHF
�UF"�UFPa>JÅ�^W_OROZFP`R`ZFHGÊdea§VXW$[\QSGZF3W_a%LNdeQcTh`��qi aUT
W_Vc�vdeORQc`R{U[YF&�UF���W_V��PaUV1�UFHG��UMPLUVXW��HFP[YFPT�`ZGo`ROpW_TfGZuvFPOZGZFHG��UFPuhOpW_QSFPTh`�LzFPOR[YFP`R`ROZFbLUOZd)�p{^W_QcTfFP[YFPT�`sVXW<[YFHGRaUOZF
QcTfGR`pW_Th`pW_TfMHF+�>a�uvF��P`ZFPaUObuhQc`ZFHGZGpF��Hde[\LUVSFP`}t.�UFPa>J"�>Qc[YFPTfGRQSdeTfG��

E'FHG}LNd�GZGZQc�UQcVcQc`ZMHG	�>|hT^W_[\QSnhafFHG	�UF��HFP`<deaU`RQcV�GZdeTh`�`ROZ]HG�QcT�`ZMPOZFHGpGpW_T�`ZFHG�LUaUQSGZn�afF VSFHGmx OZMHnhafFPT��HFHG	�qi~W��K�
nhaUQSGRQc`RQSdeT�LNFPaUuvFPTh`YW_`R`ZFPQcT��>OZF�LUVcafGRQSFPaUOZG �hQcVSde{fFPOR`)1v��E'FHG [YMP[YdeQcOZFHG\MHn�aUQcL^W_Th`\VSFHG�x aU`RaUOZG\MHnhaUQcLNFP[YFPTh`ZG
MPVSF��P`ROZdeTUQSnhafFHG,�>a$VXW_�NdeOpW_`ZdeQcOZF��UFPu	OpW_QSFPT�`}LzFPOR[YFP`R`ROZF VSFgGRaUQcu	Q �>|hT^W_[\QSnhafF
�UQ��>Qc[YFPTfGRQSdeTUTfFPV �qi aUT�M��Hdea>�
VSFP[YFPTh`mt : 6 B � 8 1�GRaUOILUVcafGRQSFPaUOZGbGpF��HdeT��UFHG��I9�T
�>Qc[\QcT�a^W_Th`mVXW xÎOZMHnhafFPT��HF+�UF�OZMPLzMP`RQc`RQSdeT��NdeT3LzFPaU` .
���! #"��$ �UMP`ZF��P`ZFPO	�UFHGmu	Qc`ZFHGZGZFHG�W_afGZGRQ�xyW_Qc�UVSFHG�nhafFgVjirdeT»uvFPaU`���JmdeafG�WHuvdeTfG}u	a»nhafF
VXWY`ZF��p{UTUQSn�afF��qi QcTh`ZFPO��
�HdeOROZMPVXW_`RQSdeT%Qc[\LNd�GZFwaUTfF�uhQc`ZFHGpGZF�[8WÈJ	Qc[8W_VSF��UMP`ZF��P`pW_�UVSF4� I (4= � <�����	 E :�
 `%G :�� J 6 8 j B�[w�rG 	 � �
9�T>�fT�� �Hde[\[YF�LzdeaUO
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�Hde[\LUVSMP[YFPTh`pW_QcOZF��UF
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LzFPOR[YFP`��UF��>QSGR`RQcTU��afFPO,�UFPa>J��HdeTh`RORQc�UaU`RQSdeTfG<W_a
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�UF��>Q��zafGRQSdeTYGR|	[YMP`RORQSn�afFlGZFPVSdeT E�� F J ��E�F��UFPa>J>QS]P[YFl`ZFPOR[YFlOZMHGRaUVc`ZF��UF�VXWm`pW_QcVcVSF��fTUQSF��>a.�;:}aUO �>a uvdeOR`ZFKJFP`oG�i~W_TUThaUVSF�VSdeOZGZnhafF 
=<��U���ba^W_T��
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�qirFKJ>LUVcQSn�afFPO�VXW
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FP` �fW_TfGoVSFHGbGRQc[�aUVXW_`RQSdeTfG
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GZMPL^W_OZFPO�VSF��Z{^W_[\L �UFYLUOZFHGZGZQSdeT#FPT4aUTfFÊdeT��UF
QcT��PQ��UFPTh`ZF
�>QSGZVSdhnhafMHFwFP`�aUTfF3deT��UF
�>Q��NafGZMHF (��lFPOROR| * ,4.1032 Ñ�Ó�Ò,+ 5����hQIVjirdeT�OZFP`RQcOZFÆVjirdeT��UF��>QSGRVSd	nhafMHFÆW_a
�p{^W_[\L3`Zde`pW_Vj�fVji �¸deT��UF��>Q��NafGpMHF���W_QcTfGRQ�de�U`ZFPT�afFgLUOZMHGZFPT�`ZF�aUTfF<GRQcTU��aUVXW_ORQc`ZM+�fW_TfGIVXW �>QcOZF��P`RQSdeT � < �ÌnhaUQ
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9�J	LzMPORQc[YFPT�`pW_VSFP[YFPTh`���aUTfF�deT��UF�QcT��PQ��UFPT�`ZF��UF�GR`RORa��P`RaUOZF�GRLU{fMPORQSn�afF�dea.�P|hVcQcT��>ORQSnhafF�LUOZMHGpFPT�`ZF�Vji~WHu�W_T>�
`pW_�vF �qirMPu	Qc`ZFPO�VSFHG�FK�zFP`ZG �UFoVjirdeaUuvFPOR`RaUOZFI�fTUQSF��qi aUTfFIdeT��UFsLUVXW_TfF���É}FoLUVcafG���VSFo[Yde`RQ�x �qi QcT�`ZFPO�xyMPOZFPT��HFmFPTh`ROZF
VjirdeT��UF��>Q��zafGZMHF L^W_O}VSF uvdeOR`ZFKJ$FP`�aUTfF\deT��UF��P|	VcQcT��>ORQSnhafF LUOZMHGZFPT�`ZF\aUTfF LzMPORQSd��UF
GZL^W_`RQXW_VSF LUVcafG���OpW_T��UF
nha�i~WHuvF��baUTfFIdeT��UFbLUVXW_TfF�� � T��>QSGRLzd�GZFIW_VSdeOZG��qi aUTfFbLUVcafG���OpW_T��UFbLUOZM��PQSGRQSdeT�GRaUO�VSF
�;:}aUO��>aÊuvdeOR`ZFKJ��fW_TfG
VSFHGo[YFHGZaUOZFHG �UFHG �UMKxydeOR[8W_`RQSdeTfG
�UF}LU{^WeGZF�FP` �qi~W_[\LUVcQc`Ra��UF��

E'FHG ��W_V��PaUVSG�W_T^W_Vc|h`RQSnhafFHG �>QSGRLzdeTUQc�UVSFHG �fW_TfG�VXWsVcQc`R`ZMPOpW_`RaUOZFsGpdeT�`�aUTUQSn�afFP[YFPTh` �HdeTfGpW��POZMHG�W_a���WeG �qi aUTfF
deT��UFoQcT��PQ��UFPTh`ZFILUVXW_TfF���JbdeafG�LUOZdeLNd�GZdeTfG�Q��PQ^aUTfFIW_LULUOZd��Z{fFbGRQc[\LUVSF��>a���WeG �qi aUTfFIdeT��UFIGRLU{fMPORQSn�afFI�^WeGZMHF
GRaUO�VjirFKJ>LUOZFHGZGRQSdeT �UFlVjirdeT��UF �>Q��zafGZMHFoFPT �p{^W_[\LYVSdeQcT�`pW_QcT�de�U`ZFPT�afF �fW_TfG�Vji~W_TUTfFKJUF���ÍÎL���2 Ñ + ÏK� JmdeafG�TfdeafG
QcTh`ZMPOZFHGZGZdeTfG<FPTfGRaUQc`ZFYt�VXW��HdeThuvFPOR�vFPT��HF��>a ��WeG	�qi aUTfF\deT��UF��P|	VcQcT��>ORQSn�afFYuvFPOZG,�HFPVcaUQ �qi aUTfF\deT��UF LUVXW_TfF
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�p{^W_[\L�VSdeQcT�`pW_QcT��zVSFHG&��W_V��PaUVSG&�UFgVXW��>Q��zafGRQSdeT
�qi aUTfF deT��UF
LUVXW_TfF
L^W_O}aUTÆuvdeOR`ZFKJ3[YdeTh`ROZFPT�`�nhafF

VjirdeT�LNFPaU`oGZMPL^W_OZFPOlVSF��Z{^W_[\L"�UFbLUOZFHGZGRQSdeT�FPT��UFPa>J»�hVjirdeT��UFbQcT��PQ��UFPTh`ZF,�>QSGRVSd	n�afMHFmFP`lVjirdeT��UF��>Q��zafGZMHFmL^W_O
VSF8uvdeOR`ZFKJ�Í��Kx���MHn�a^W_`RQSdeT�Í �}� Ò ÏK��GpF��P`RQSdeT��}�L6>��L��02 Ñ 5hÏK� JbdeafG
GRaULULzd�GZFPOZdeTfGgnhafF��HFP`R`ZFÊLUOZdeLUORQSMP`ZM�OZFHGR`ZF
u�W_VXW_�UVSF.�fW_TfG}VSF���WeG&�qi aUTfF\deT��UF
QcT��PQ��UFPT�`ZF��UF
GZ`RORa��P`RaUOZF��P|	VcQcT��>ORQSnhafF\FP`}nhafFgVjirFKJ	LUOZFHGZGZQSdeT(�>a-�p{^W_[\L
�>Q��zafGZM}TfF,�Z{^W_TU�vF�L^WeG��fE'W
�vMHde[YMP`RORQSF��>awLUOZde�UVS]P[YF<FHGR`bG �Z{fMP[8W_`RQSGZMHF�FPT��f��aUOZFg�m� Ñ ÍyWvÏK�

É�W_TfG�VSF
��WeG��qi aUTfFbuvdeOR`RQ��PQc`ZMmVSd)��W_VcQSGZMHFmGRaUO�aUTfF 1�deTfF �	� �N��VSF��UMPLU{^WeGpW_�vFmQcT��>aUQc`�L^W_O�VjirM��HdeaUVSFP[YFPT�`
FPTC8?0 � {fdeOZG,�>a �;:}aUO+�>a�uvdeOR`ZFKJ�GRaUO�aUTfF\deT��UF\GRLU{fMPORQSnhafF\FPT�`ROZF\VSFHG<LNdeQcTh`ZG�� E � GI`�� ( J FP` � E�F,GI` 	����4JFHGR`mVSF
[YkP[YF\n�afF
VSF.�UMPLU{^WeGpW_�vF QcT��>aUQc`<GRaUO}aUTfF deT��UF LUVXW_TfF
LUOZd�uvFPT^W_Th`��UF
Vji QcT>�fTUQ�FPT�`ROZF E�F,G1j
�'J FP`
� E�F,GI` 	�����J ����FP`R`ZFgLUOZdeLUORQSMP`ZM OZFP[8W_OZnha^W_�UVSF OZMHGRaUVc`ZF��>a-��W_OpW��P`Z]POZF QcOROZde`pW_`RQSdeTUTfFPV �>a-�Z{^W_[\L �UF
u	Qc`ZFHGZGZF��
9�T�FK�qFP`���FPT �HdeTfGRQ��UMPOpW_T�` VSF��HdeT�`ZdeaUO xyFPOR[YM E � � ^�� J �UF8VXWw�f��aUOZF��m� Ñ ÍÎ�®ÏK��dba�^ FHGR`gVSF8LzdeQcT�`��UF
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L^WeGbVSF<LzdeQcT�` � � � O��^VSF��UMPLU{^WeG¤W_�vF�����
ÅQcT��>aUQc`mL^W_OIVjirM��HdeaUVSFP[YFPT�`GRaUOoaUTfF�deT��UFgW��HdeafGR`RQSn�afF�GZF}LUOZdeL^W_�vF�W_T�`}FPT�VcQc��TfF	�>OZdeQc`ZF�FPTh`ROZF �"FP`�� uvMPORQ��^FY�
����
���� 
� $ � �
	%@ Íj�m�L2vÏ
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�UF}VXW
�f��aUOZF
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�>a$uvdeOR`ZFKJq�NE�i~W_[\LUVcQc`Ra��UF �D%[�E � G��AJ FHGZ`&�UdeTUTfMHF.�fW_TfG)( ��d�GR`ZF+*-,�. 0 2 Ñ�Ó�Ó�Ó 5IÍ��Kx��zMHnha^W_`RQSdeTÅÍ �}� Ó ÏK�NL�� 2 Ñ 5hÏ



� ����� � � �"�(��� � � %	� �"� ��� �&� %&
 %&
 ��#���� �=� 2 Ñ �

−0.1

0

0.1

100 200

−100

−50

0

50

100

y
rec

 (mm)

x 
(m

m
)

φ (rad)

(a)

0.95

1

1.05

100 200
y

rec
 (mm)

A

(b)

���������*	��M�R����A=58H�A1��G���A$bV#/!=wVH1���8G�5%�������FA=9<!$G�#N��!$G�� 9<H�; H�G1��>8��!=&N&/!=9<GR58b"A$!$G1�
;/!=wVH1����� {��<� �OY��	�:	
�����
O>���9<;/�C��#/!=9<Gl���*�����<&%��
-)�+�,/. i���� 0k�8#7��WX�k��>���9<;/�C��#/!=9<Gt��o�������A$!$#/H1�����R)�+-,/. i���� 0a�X9<H�;�. ��� {��d�<� ��� 	
n �'&*��H�#/;%�'&h����;N���?48#/;%�S&N�
H 5@��A=58H�A�&%9<G�#	� {��
� �?�8#	� {��'�"���:	

�8#�5'9<;/;%�'&/�X9<G1���7AP�S�
!��XH1&%!=9<G\��o H�G1�c9<G1���d��o�������A$!$#/H1�����j�E	V`-9<H�;���;%�8G1�
;%�*�8Gl5'9<����#%�*Auo���#/#%>8G�H���#/!=9<G ���
Auov9<G1���7!$G158!=���8GV#%� �@ :�'57AP���
!=&/#N��G15'� ��G19<H1&h�SH�A$#/!$��A$!=9<G1&"!�j�E)$#k,&%
0L����;('Z{��*) + ,.-0/".1��� 	

�L9<���?�?Auov9<G�#��?9<GV#/;%>3254��8;/;/b7698;:.<>=0?@^E� @BAC� Auov�6I"��;%�'&N&/!=9<G ���FAuov9<G1���?�
!�� H1&%>'�?�8G�D 5%������� A=9<!$G�#N��!$GFE
�'&/#� <��AP��W�A=���<&/b"����#%9<#/!=w�H1�8�?�8GV# � 9<H�; + ,.-0/"gHG9I1J�)K%L)B,�0HM ���8#��19<;%& ��o H�GF&%�'58#%�8H�; ��G K H�AP��!$;%��&@ov>8#%�8G1�1��GV#
&/H�;ON?)q�*) + /"gV0���H�#%9<H�;d���QPO-a	R
O�7��A$H1&S�1��4'&*w�H1�OA=�7;N�@b:9<G�)KTVU 0L���<&%&%���1��G1&hA=��5#�OH�;d�
H  :9<;/#%�6IW�0XC=Y6Z=
A=9<;%&%wVH1�O+\[^]X)q�;_�.Ei`�a�b)�.1�C�70c��Auov>'w�H���#/!=9<G�� �*	�d��LG ov�'&/#M��A$H1&h E��AP��W�A=�E	�` 9<H�;d� 9<H� :9<!$;hH�#/!$A$!=&%�8;hAuov>'wVH���#/!=9<G
�*	 ef�
G19<H1&*5%�19<!=&/!$;%9<G1&*��9<G15���o !$���X9E&N�8; + ,.-0/"gVM ���8#�g

-h�ji %kimlonqpBrhs �+ /"g ,&p.tbG9u&p v	]ws �
. ��� _ �

. i��a�*xyx � � �*	�z��
n-�MQ K H�;%�d�*	��*��;%>'&%�8G�#%��A=�'& ;%>'&/H�A$#N��#%&a9<W�#%�8GVH1&a�8GR5N��������A=9<!$G�#N��!$GC�' :�'5�Auov>'wVH���#/!=9<G � �*	 e"� 	�n��L5N�������

���7��;%�'&N&/!=9<G_�8G_Auo���W1&N�8G15'�S��ov>'5'9<H�A=�8�?�8G�#7�'&/#"{-�E)�g�,&%�,�|%0�{}�j��~9rL�-)��6)$/"gB�f� B�|%0/0�) + ,B�C-0/"g � 	�`-9<H�;*+3�~�R�
A=9<;%&%wVH1�FAP�l5'9<G1�
!$#/!=9<G�� �*	�z��cG ov�'&/#7���<&7;%�8����A$!=� � A=�'&�;%>'&/H�A$#N��#%&�&%9<GV#�;%�8����AP�<5'>'&S����;7H�G1�?!$G�#%�8;/� 9<AP��#/!=9<G
A$!$G1>@��!$;%�t���'&� E��A=�8H�;%&F��;/!=&%�'&C��H
I�A$!$��!$#%�'&?�
Hs��9<�C��!$G1� ���\ E��A$!=�
!$#%> �
Hr5@��A=58H�Au	kn��Z;%�8��;%>'&%�8GV#N��#/!=9<G �8G
G�!$ :�@��H
I ��� K ;/!=&l���'&l��>�� 9<;/�C��#/!=9<G1&t���m�����<&%�Z�8#t��o�������A$!$#/H1���|�1��G1&
A=�m��AP��G )�+�,/.Ei��a�%0c��9<H0��5'9<���?�
&/H�;RAP� Q K H�;%� �*	�dF� �1��G1&RA=�\��AP��G )�+-,/.1�C��0c� �?9<G�#/;%�\Auov>8 :9<A$H�#/!=9<Gs&/����#/!P��A=�l�
H �?9<#/!��*��o !$G�#%�8;`��>8;%�8G15'� ���
Auov9<G1���
�
!��XH1&%>'�\�8# ���CAuov9<G1���C!$G158!=���8GV#%�l�
!=&/A=9VwVH1>'�E	 �L�'& ;%>'&/H�A$#N��#%&F&%9<GV# &/!$��!$AP��!$;%�'&���H
IJ��>���9<;/�C��#/!=9<G1&
�6I
�X>8;/!$�?�8GV#N��A=�'&d�8#d&%!$�SH�A=>'�'&d���'&MQ K H�;%�'&*y
	�?]TR�8#dy
	�?@� ��� 	�?SzBe"� 	

n��'&-;%>'&%H�A$#N��#%&a���L5'�8#/#%����;%�8��!=48;%�M������;%9V5N�1�h��G���A$bV#/!=wVH1��&%9<G�# 5'9<������;%>'&H�c5'�8H
I ���LAP�*&%!$�SH�AP��#/!=9<G�����;
>'wVH���#/!=9<G
����;N��W 9<A$!=wVH1�*�
Hl5%������!$#/;%�7y &/H�;�AP��Q K H�;%�7�*	 e1	"n �'&�9E&%58!$A$AP��#/!=9<G1&����'&L��;%9�Q1A=&(
-)�+ 0a�8#��R)�+ 0a9<GV#
AP�F�q�8�?����;%>'wVH1�8G15'�S�8#dAP�F�q�8�?� ������A$!$#/H1��� �C��!=&*�8A$A=�'&*&%9<G�#c��>'5@��A=>'�'&@	�n�o��<5'5'9<;%�_�'&/#c��9<G157�?9<!$G1&dW 9<G
wVH1���1��G1& A=��5@�<& ��o H�G1��9<G1������AP��G1�O� 5��/	@Q K 	B4O	��F�@� 	.�F?Sd����8# H�G 5@��A=58H�A1��G���A$b"#/!=w�H1�L��A$H1&-5'9<����A=�8# !$G158A$H���GV#
���'& ��� �8#%&R���C5N������� ��;%9"5%�1�\&%�8�SW�A=�CG1>'5'�'&%&N��!$;%�E	��aG �����8#S� Auo�������;%9@I"!$�C��#/!=9<Gr���
5%������� A=9<!$G�#N��!$G �'&/#



� ���*� �	��
 �0�"��� �"
���� �0�"�&� 
�� ��%'� 
 
 ��
&� ��
 
'� �"
�%&
 � 2 Ñ�Ò

−0.1

0

0.1

100 200

−100

−50

0

50

100

−y
em

 (mm)

x 
(m

m
)

φ (rad)

(a)

0.95

1

1.05

100 200
−y

em
 (mm)

A

(b)

���������*	�dM�R����A=58H�A1��G���A$bV#/!=wVH1���8G�5%�������FA=9<!$G�#N��!$G�� 9<H�; H�G1��>8��!=&N&/!=9<GR58b"A$!$G1�
;/!=wVH1����� {��<� �OY��	�:	
�����
O>���9<;/�C��#/!=9<G_���7�����<&%� 
-)�+-,/. �C� 0��8#S��WX����>�� 9<;/�C��#/!=9<GZ��o�������A$!$#/H1��� �F)�+�,/. ��� 0L� 9<H�;M. i���� { ,<�E����� 	
n �'&*��H�#/;%�'&h����;N���?48#/;%�'&d�
Hm5@��A=58H�A�&%9<G�#	� {��
� �?�8#	� {��'�"���:	

� �8H�# � �8#/;%�d#/;%9<�l5'9<G�#/;N��! K G���GV#%� g�!=58! � + ,.-0/"gHG9I1J�)K%L)B,�0a E��;/!=�*�8GV#/;%��@S�8#hTB@
	m
O�d��A$H1&S��!$AX�'&%#�� 9E&%&/!$W�A=�dwVH1�
Auo �VbV� 9<#/�14'&%�h&%�8A=9<G
AP�<w�H1�8A$A=�hAuov9<G1���d�
!�� H1&%>'�M����;�H�GC :9<;/#%�6IF� 9E&%&%4'���hAP�O�q�8�?�d&/#/;/H158#/H�;%�d�X9<H�;�H�G1�h9<G1���
!$G158!=���8GV#%�7��AP��G1�7�8#M�X9<H�;MH�G1�79<G1���O!$G158!=���8GV#%�S58b"A$!$G1�
;/!=w�H1�7&N9<!$#M��!=&%�O�8G ��>�����H�#MA=9<;%&%wVH1�O.1��� G ov�'&/#M���<&
�<&%&N�9� K ;N��G1��	
����� ���
	��

�����
�	���
��

�������
����
��� �"!�	#
��
	��#
%$#����	�


n�9<;%&%w�H1� .1�C�'& ��(j� A=� 5N������� !$G158!=���8G�#\58bVA$!$G1�
;/!=wVH1�t#%�8G1�  :�8;%&�H�G1� 9<G1��� ��AP��G1�E	��L9<���?� A=�
�?9<GV#/;%�FAP��Q K H�;%�
�*	�dF�XAP�
��>�� 9<;/�C��#/!=9<G �
H�� ;%9<G�#7��ov9<G1���F#%�8G1�|��A=9<;%&* :�8;%&OH�G1�RA$!$��!$#%�FwVH�! ��9<!$#��8#/;%�RAP�
��>���9<;/�C��#/!=9<GS9<W�#%�8G�H1�L�1��G1& A=�a5@�<& ��o H�G1��9<G1���a��AP��G1�E	*)c9<H1&��' :9<G1&-�8G�#N���?>�H�G1�a>8#/H1���k���aAP�M5'9<GV :�8; K �8G15'�
�
H 5@�<&M��o H�G1��9<G1���758b"A$!$G1�
;/!=wVH1�7 :�8;%&M5'�8A$H�!���o H�G1�79<G1���7��AP��G1���RAuo���!=�������OAP�F&%!$�SH�AP��#/!=9<G ����;h>'wVH���#/!=9<G
����;N��W 9<A$!=w�H1�E	�nkov>'5@��;/#���HC5@�<&L��o H�G1�d9<G1���M��AP��G1�h�X�8H�#y�8#/;%�d�?�'&/H�;%>h���h���8H
IQ�u�,+'9<G1&k�
!���>8;%�8G�#%�'&��O����;/#/!$;
���'& ��;%9�Q1A=& 
-)�+ 0 	 
7��G1&RAP�lQ K H�;%� �*	�z������c��G19<H1&��@ :9<G1& #/;N�<5'>
AP�wD �
!=&%#N��G15'��E
�8G�#/;%�
A=�'&S��;%9�Q1A=& 
-)�+�0��8#
��E)�+�0�5@��A=58H�A=>'&R;%�'&/�X�'58#/!$ :�8�?�8GV#��X9<H�;RH�G1�\9<G1���C!$G158!=���8GV#%�\58b"A$!$G1�
;/!=wVH1�\�8# �X9<H�;RH�G1�\9<G1���C��AP��G1�l�8G��9<G158#/!=9<G_���O.1���S	j�L�8#/#%�OD �
!=&/#N��G15'��E��'&/#h&/!$����A=�8�?�8GV#*��>6Q1G�!=�S����; g

[9
 � 
1�"[ � {�-/.10C
204365 � 
879043:5;5=<?> @BADCFEHG
IKJMLONQPKR�SUTVJWPQS,XYXZI i [1���QiF\ 7^] _;_ C0
W`FaUb J;R�Idc a R;J �6e S bgf c�S bOh S egf I f J;ijXZIKRMk a PQS eHh IKR;l9I e PQImLOI f cOR�SUngk f I e
NKJ b Loi aUe JDk a c�S f ijJ;iVS ep3 �rq . L b X ats ijX b XuLOI 
204365vC:A IKkjkVI � PKi�J�I e L h IKR f PQIKkjkVIMS,wOJ�I exb IMcyS b R bOe I�S e LOIcOk aUe I azh IQP bOe I aUb J;R�I{kVS,igLOI|c b i f�f/aUe PQI{L ` I s cyS f/aUe J � @oCF} zoC~A I f LOI bos I s c�S fvaUe J f�e6` S e J�c�S b R�kVI|XZS,XZI e Jc a,f J;R�S bOh NML ` I s cOkjiVP a J;iVS e J;�gNQS,R;iV� b I C



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

−100 −50 0 50 100

−0.1

0

0.1

x (mm)

φ 
(r

ad
)

(a)

−100 −50 0 50 100

0.95

1

1.05

x (mm)
A

(b)

,�-/.
021�3 46571
8:9�;=<?>@<?ACBD8:EGFHEJIK>DFMLCFON+<?LCNHP�LQ<?E=<?LSRTIKACUTPVFXWYFHEZEV8:AS>\[�FHI]L^<6BKAS9MP�L^<?IKAC8:E_;=<?>a`bUTP=<?IKAC8:EZ;=<?>@<dc
e 8:LSACUJPVF�WYFHE_fg>KACB\[�;28:P�>aP�EVFh`H9�ACBDBDAC8:E_NHRiLSASEVj)>KACUJPVFlkXm_npo:qsrXt_u$vw3QWx<w[]y�`{zx8:>K9X<?IKAC8:E|j�F�;�}=<:BDF6~Q�/���
FHIZW e [hj�`{zY8:>K9X<?IKAC8:E�j���<?9�;�LSASIKPVj�F��l�/����;�8:P�>6��n��)qsr)3���FbB�<?P�IK>DFbB�;=<?>@<?9��HIK>DFbBXj)P�N+<?LCNHP�L]FHI�j�F�L^<
BKAS9hP�L^<?IKAC8:E�BD8:ETIh� n�ob�i�=�J���w���pn��ar:��9�9Z���g�K���On �:�g�Z9�9Z3¡��FbB�;�8:ASEJIKASLSLC`bBlNb8:>K>DFbBK;�8:EVj�FHEJIl<?P)¢
£ <?LCFHP�>DB]j�F��G;28:P�>�LCFbBDUTPVFHLSLCFbB�LCF�N+<?LCNHP�L�<?E=<?LSRTIKACUTPVFOE���FbBKI�;=<:B £ <?L^< e LCFg3

30 70 110

0.01

0.015

−y
em

 (mm)

|| 
φ−

φ 0 ||
 2

(a)

30 70 110
7

8

9

10

−y
em

 (mm)

x m
ax

 (
m

m
)

(b)

,�-/.
0
1�3�¤_5�1
8:E £ FH>KfwFHEVNbF_j�FbB�;�>D8?¥VLCB7~��/���6BKAS9hP�LC`bB�;=<?>X`bUTP=<?IKAC8:E�;=<?>@< e 8:LSACUJPVF_< £ FbNZP�EVF�`H9�ACBDBKAC8:E
NHRiLSASEVj)>KACUJPVFGLC8:>DBDUTPVFG� ���§¦ �$¨©3OWx<w[�ª�y�ACBKI@<?EVNbF{«|<?P¬;�>D8?¥VLM~®­|BKAS9MP�LC`¯< £ FbN|P�EVF|`H9�ACBDBKAC8:E©;�L^<?EVF
<?;�8Tj)ACB@`bFg3+�¡<$Nb8:P�> e F°FHEhIK>@<?ASIQ;�LCFHASElFbBKIQ;�>D8:;28:>KIKAC8:E�EVFHLSLCF�kl± � ��� ± � ­{² ³K³ 3iW e [�´�8gBKASIKAC8:E6� �
µD¶ j)Ph9X<d¢iAS9hP�9
j�F|~Q�/���{3°�·��<d¸¹PVBKIDFH9�FHETIZFbBKI�j�F_L^<|zx8:>K9�F_�®­Oº�»�± � ��� ±s� ­{² ¼K³ 8:½¾�2­�nÀ¿iqCo_9�9ÁFbBDIXL^<�;28gBKASIKAC8:E©j)P
9X<d¢)AS9MP�9Âj)P¾;�>D8?¥VLO~=­g3°��FbB�;=<?>@<?9��HIK>DFbB�j�F�L^<¯BKAS9hP�L^<?IKAC8:EÃB@8:EJI�mÄnÁo:qsr�t_u$vw��� �K�¹� nÅr:��9�9Z�
�Gn¬�)q�ÆJr�FHIa�Çn¬ÈiqCob�i�VÉw3



� ���������	��

���������

��� e >KR���������� (+*g* 4� � e >KR_´Q3S�"!®<?P £ F$#23S�%!�L^<?EVj)>KASE¯´�3S��<?EVj �¡<?>D8iND}VFX1�3�W (+*g* 4T[{3 � E=<?LSRiBKACB�8?z
;�>DFbBDBKP�>DF
& PVNHIKP=<?IKAC8:EVB$ASEZB('�AS>KLSASE�f�IKP�> e P�LCFHETI & 8)']B+�"*+�-,/.1032��-4(465-78�:9<;=�H�<>¡�@? ' ¤dcA?�B:B)3

��� }=<?>D8:EV8 £DCFE 8:}�9 (+* ¤ *  � }=<?>D8:EV8 £HG 3
<?EVj E 8:}�9 y63�W (+* ¤ * [{3I#TASfgE�A ¥=N+<?EVNbF 8?zMFHLCFbNHIK>D8:9X<?fgEVFHIKACN
;�8:IDFHEJIKA^<?LCB$ASE�IK}VF�UTP=<?EJIKP�9 IK}VFb8:>KRw�J,�.1032��-KL�NM3�C�"O@OQP��)41Rg¤dc 4 *)( 3

��� L zY8:>DjS���/����� (+* ?d4� � L zx8:>DjUTM3
t�3S�WVOFHLSLSRUV�3WTM3S��<?EVj E 8i8:>DF|y63
t 3OW (+* ?d4T[{3 � NbNHP�>@<:NHRÃ8?zh¥VE�ASIDF{c
j)AYX�FH>DFHEVNbF�9�8ij�FHLSASE�fX8?z�IK}VF�<:Nb8:PVBKIKACNZ'
< £ FMFbUTP=<?IKAC8:E��\[6�(]_^@.1032a`b;_2{�<c@d��eR:B?4:cfR?4 ' 3

��� EVj)>DFb8:IKIKA/�N�W����� (+*g* Rg � EVj)>DFb8:IKIKA E 3S�dt|<?P�>DFH>�hV3S�J1
8:PVj�FH> G 3S�g<?EVj6y�8:P=<:j)Ri#23)W (+*g* Rw[{3:j�¢);2FH>KAS9�FHETI@<?L
ASE £ FbBKIKASfJ<?IKAC8:EG8?z�IKP�> e P�LCFHEVNbF�EVF+<?>a<�L^<?>KfwF{c�BDN+<?LCF £ 8:>KIDF{¢��<k/l+7���*Q�nmo�(;_.p� E �JOeq2�V4J¤ ( c 4r?�s)3

��� EVj)>DFb8:IKIKA (+*g*g*  � EVj)>DFb8:IKIKA E 3JW (+*g*g* [{3:tL;u�v`v]�9w���J7(x(�1;��v`v]:9y�_9@�v7z�LxN�v`{7(�N|}�N9@�n�N�J7(]:�~�:�v`b]�9p�J�:l�����|i`�9<�:`�7z�
��l��vlr7u�_l+���_9<�x�@��}V�bBDFOj�F�j�8iNHID8:>@<?I+�e�$E�A £ FH>DBKASID`�´�<?>KACBL���z�{3

� E <g�XNb8��N�/����� (+*g* Rg E <g�XNb8Gt 3S� E 8+RwFH>�y63S�Q<?EVj ��P�EVj�!�3°W (+*g* Rw[{3�´�>D8:;=<?fJ<?IKAC8:E 8?z$<:Nb8:PVBKIKACNy'
< £ FbB
IK}�>D8:P�fg}|<6BKRiBDIDFH9 8?z�9X<?ETR £ 8:>KIDF{¢�>KASE�fwB+�@,/.1032��-KL�_M��"�n�N�b���^�@�<��� ' ¤ * sdc ' ¤ * B)3

� E <?ASLSLSR C hgP £ ` ' s:s:sg E <?ASLSLSRG1�3�<?EVj�hgP £ `6y63�W ' s:s:sw[{3J�$P�9�FH>KACN+<?L�BD8:LSP�IKAC8:EG8?z�<:Nb8:PVBKIKACNl;�>D8:;=<?fJ<?IKAC8:E
;�>D8 e LCFH9�BaPVBKASE�f�LSASEVF+<?>KASv+Fbj�j�P�LCFH>aFbUJP=<?IKAC8:EVB �<t64(t�t�*+]�l+7a9<�:�"�@c<��� 'g' c 'g* 3

� E <?PVj�FHI��N�W����� (+*g*)(  E <?PVj�FHI�1�3S��1°ASLSA e FH>KID8�#23S��<?EVj�´�ASETID8:E�hV3 c�!�3°W (+*g*)( [{3�#T;2FbNHIK>@<?L�<?E=<?LSRiBDACBM8?z]IK}VF
£ 8:E�V��?>K9$�?E & 8u' PVBDASE�f�P�LSIK>@<:BD8:P�EVj�BDN+<?IKIDFH>KASE�fV�%,�.1032��-KL�NM3�"�n���b���C�@�-q2� (+* Bdc (+* ¤)3

� E <?PVj�FHI��N�W����� (+*g*g*  E <?PVj�FHI�1�3S��t_ACND}VFHL��l3S��<?EVj��ÃASLSLSA^<?9�Bi��3�hV3�W (+*g*g* [{3�y�FHIDFbNHIKAC8:E�8?z�Nb8:}VFH>DFHETI
£ 8:>KIKACNHASI�RZBKIK>KPVNHIKP�>DFbB]PVBKASE�f�IKAS9�F{c�B@N+<?LCF�>DFbBD8:L £ Fbj�<:Nb8:PVBDIKACN�BK;�FbNHIK>D8gBDNb8:;JRw�<,/.1032a`b;z�lyl�JOp�e�¡� ( c ( ?i3

� E FHLSASE��N�W����� (+*g*:�  E FHLSASEU!�3S��tG<?P�>DFH> hV3S�W�Q< e FHLSASE�f�´�3S��<?EVj¡�ÃASLSL^<?AS9�F|uh3�W (+*g*:� [{36� e BDFH> £ <?IKAC8:E©8?z
'
8:>K9�B]ASE�zYP�LSLSR�j�F £ FHLC8:;�Fbj�IKP�> e P�LCFHEVNbFg�¢*+�",�.r0g2u�-4(4L5J7(��9<;a�H�<�¡�V¤£?�Bdc�¤:R:B)3

� E FH>D8:EV8 £DC V�ACjV< (+*g*:�  E FH>D8:EV8 £ V�3+��<?EVj V�ACjV<}#23�W (+*g*:� [{3���ASEVF+<?>]I�'
8?c�j)AS9�FHEVBKAC8:E=<?LQBDI@< e ASLSASI�R78?z�<
E P�>KfwFH>DB £ 8:>KIDF{¢�L^<+RwFH>+�<,�.1032��-5\�¤lr`b�32H�e��� ( s ' 4:c ( s:Bg¤)3

� E FH>K>KR¥�N�/�:��� (+* R:sg E FH>K>KRZt�3@�l3S��1°}=<?9 e FH>DB�TM3<¦63S�®�¡<?>KfwFlt�3®yl3S�<�a;VBDIKASLSL�1�3S�®<?EVj���<?LS9�BKLCFHRDhV3�1�3
W (+* R:sw[{3���< £ F{z/>D8:ETI°j)ACBKLC8iN+<?IKAC8:EVB�ASE6IK}VF � }=<?>D8:EV8 £ c E 8:}�9 F_X�FbNHI�<?EVjhASIDB�'�<?IDFH>§'
< £ F]<?E=<?LC8:fgPVFg�rk/l+7��
*Q�",�.1032��^�%O®� ( ¤?4:c (u�g' 3

� E L^<?EVN{c E FHEV8:E (+* R (  E L^<?EVN{c E FHEV8:E7´�}�3®W (+* R ( [{3pk%¨��N�§�n© l+9%�ª�vlr7u�_l+���N9<;=�«;N`�9Jx_|}�:�v`v¬�lp��2_lr7��Y�6^%78]a^p�u­£��®
�v`b]�9��1�a2«]�9<�r�a2��£;z]�lr2_�v`b¬Nle�a2{�%��}V�bBDFOj�F�j�8iNHIDFHP�> c ASE�fw`HE�ACFHP�>+�<j·Nb8:LCFh1
FHEJIK>@<?LCFhj�F���Rw8:E�3

'g' s



����� � � �O���$�$%�� � 
 'g')(

� E LC8iN��iASEJIKv+F £ (+* 4J¤g E LC8TN��TASETIKv+F £ yl3�W (+* 4 � [{3-��}VF6;�>D8:;=<?fJ<?IKAC8:E�8?z
BD8:P�EVj|ASE¯<?EGASE�}V8:9�8:fwFHEVFb8:PVBl<?EVj
9�8 £ ASE�f�9�Fbj)ASP�9Z�"*+�"t6;z]�lr2_���
	J]u;)�"t�|$�^�<OQ���eB 'g' cfB:B?4V3

� E 8:fwFHR¥�N�/�:��� ' s:s:sg E 8:fwFHR71�3S� E <?ASLSLSR71�3S�V<?EVj hgP £ `Oy63�W ' s:s:sw[{3®1
8:9�;�P�I@<?IKAC8:E�8?z�9�A ¢iASE�f6L^<+RwFH>]EV8:ACBDF
PVBKASE�f��¡<?>KfwF�j�j�j)R�#TAS9MP�L^<?IKAC8:E��®ID8�<?;�;�F+<?>]ASE�t64(t�t�*+]�l+7a9<�:�"3

� E 8:E�EVF{zx8:PVB (+* R:Rg E 8:E�EVF{zx8:PVBy�l3]W (+* R:Rw[{3·tGF+<:BKP�>DFH9�FHETI�8?zOIK}VFZNb8:9�;�LCFHIDF�WbB:y�[ £ FHLC8iNHASI�R £ FbNHID8:>X8?z
e LC8i8Tj & 8)']B+�<,/7(]u;)�¢4(k§k§k��n�Y�v7(�32N]�9J�
	@0�|6^"�C�e? * ¤dcA? *g* 3

� E 8:IKI@<?PVBDNHA/��������� ' s:s:sg E 8:IKI@<?PVBDNHA-!
3S�i´�FHIKASIY¸ F+<?EVB]´�3S�+�¯FbB zY>DFHACjyh=3 c�j]3S�)tG<?P�>DFHL � 3S�i<?EVj7t|<?E�EVF £ ASLSLCF�#23
W ' s:s:sw[{3rj�¢i;�FH>KAS9�FHEJI@<?L®ASE £ FbBKIKASfJ<?IKAC8:E78?z�<�Nb8:EJIK>D8:LSLCFbj�BKIK>DFHIDND}VFbj £ 8:>KIDF{¢��gID8h<?;�;2F+<?>�ASEw�¢�(;��vl+7(����]:���_2
`{9 ,/.1032a`b;_2{�@#T;�>KASE�fwFH> c~��FH>KL^<?fV� E FH>KLSASE�3

� E >@<:ND}VFHI (+*g*)(  E >@<:ND}VFHI�t�3 c�j]3�W (+*g*)( [{3=y�AS>DFbNHIaBKAS9hP�L^<?IKAC8:EVB�8?z�IK}�>DFbF{c�j)AS9�FHEVBKAC8:E=<?L�IKP�> e P�LCFHEVNbFMASE�IK}VF
��<bRiLC8:> cA¦�>DFbFHE £ 8:>KIDF{¢��<5\�¤lr`b����0�9%�-KL�a2u�C�e�¡� ( cfR)3

� E >@<?P�E C u�<?PVN�� (+*g*)(  E >@<?P�E�ul3�<?EVj u�<?PVN�� � 3]W (+*g*)( [{3§�¡8:9�8:fg>@<?;�}�ACN�>DFbNb8:EVBKIK>KPVNHIKAC8:E&8?z £ FbNHID8:>
¥=FHLCj�B+�%4(k§k§k��p7(��9p2u�
	@`Y­:9<���<,/7(]u;)�^�<c<d��)4 � 4:c 4r? ( 3

� E >DF��i}V8 £ B��TA��i} C ��R)B@<?EV8 £ (+*g*)(  E >DF��i}V8 £ B��iA��T}���3)t 3i<?EVj7��R)B@<?EV8 £$G 3i´�3�W (+*g*)( [{3p5-lr9%�£��|$�_9@�~���"]��
]u;a�(��9��£;=]�l12N�v`v;N2{�<#T;�>KASE�fwFH> c~��FH>KL^<?fV� E FH>KLSASE�3

� E >KASLSL^<?EJI ' s:s:sg E >KASLSL^<?EJIy¦�3]W ' s:s:sw[{3/4a9��/lp�N9<;=���1� ���S�Y]�9+­�lp�Nlr7��¢© ]�9%�1�D�£;=]�l12N�v`v¬�lp��2_lr7 ���S��` ¨Ilr2a`b]�9
�n© l+9%��]�9<�1��2N]:9<]�7z�W^p��7Zlr9oMg]:7_�����w�@T$<?;�;�8:>KI]j�F�BKI@<?fwFOj�F�9X<��CIK>KACBDF�j�F�;�}JR)BKACUTPVFg�ej§�Z#7��Rw8:E�3

� E P�>KfwFH>DB (+* 41sg E P�>KfwFH>DBIh=3�t�3�W (+* 41sw[{3 � ;�;�LSACN+<?IKAC8:E�8?z�<l9�8ij�FHL�BDRiBKIDFH9 ID8lASLSLSPVBKIK>@<?IDFOBD8:9�F�;�8:ASEJIDB�8?z
IK}VF�BDI@<?IKACBKIKACN+<?L�IK}VFb8:>KR�8?zQzY>DFbF�IKP�> e P�LCFHEVNbFg�%,W78]u;g�"tL;z�1�1��	%;�`b�-t�|�2_���N78�£�:|6�p>%c�� ' c (+' 3

� 1�<:j�8:I����/����� (+*g* ¤g 61�<:j�8:I �l3S��y�8:P=<:j)R
#23S��<?EVj�1
8:PVj�FH> G 3°W (+*g* ¤w[{3�1°}=<?>@<:NHIDFH>KASv <?IKAC8:E¾8?z]IK}VFXLC8)'�c
;�>DFbBDBDP�>DF�¥VL^<?9�FHEJIDB$ASE�<lIK}�>DFbF{c�j)AS9�FHEVBKAC8:E=<?L�IKP�> e P�LCFHEJI$BD}VF+<?> & 8u'��<,/.1032��-5\� l+`b�32{�Jq�� � B:sdc � 4 � 3

� 1�<?EVj�FHL (+* ?:?) �1�<?EVj�FHLe#23?t 3iW (+* ?:?g[{3��$P�9�FH>KACN+<?L)B@8:LSP�IKAC8:El8?z®Nb8:EVB@FH> £ <?IKAC8:E6FbUJP=<?IKAC8:EVB�<?>KACBDASE�f$ASElLSASEVF+<?>
'�< £ F�IK}VFb8:>KR �V<?;�;�LSACN+<?IKAC8:E_ID8X<:FH>D8w<:Nb8:PVBKIKACNbB+�"*Q�"5\� l+`b�1�nmo�(;_.p�C�@�<c��)4 � ¤dc 4 * B)3

� 1�<?EVj�FHL (+* ? *  �1�<?EVj�FHL"#23it 3®W (+* ? * [{3Q�aP�9�FH>KACN+<?L�BD8:LSP�IKAC8:E78?zn'�< £ F�BDN+<?IKIDFH>KASE�f6;�>D8 e LCFH9�B
ASE�IK}VF$;=<?>@<dc
e 8:LSACNM<?;�;�>D8b¢)AS9X<?IKAC8:E�� *+�-5\� l+`b�1�nmo�(;_.p�C�@d<���)4 � ¤dc�¤:s£?i3

� 1�<?EVj�FHL (+* R:Bg �1�<?EVj�FHLe#23?t 3TW (+* R:Bw[{3 � >DF £ ACFN'�8?z=EJP�9�FH>KACN+<?L)9�FHIK}V8ij�B�ASEl<:Nb8:PVBKIKACN/'
< £ F
;�>D8:;=<?fJ<?IKAC8:E��
ASE�K6�(;=�_9@�I�£�:Mg��9<;=�_2�`�9��1�_7(]�9<�:l+�v`b;_2{�<B:B * c 4 ( s)3

� 1�<:BDB@FH>DF+<?P C !�ASE!� (+*g*g'  61�<:B@BDFH>DF+<?P¯y63�<?EVj�!�ASE!�Gt�3�W (+*g*g' [{3-��AS9�F{c >DF £ FH>DB@<?L·8?z°P�LSIK>@<:BD8:E�ACN6¥=FHLCj�B�c
´�<?>KIZ�z�z�"�<��}VFb8:>KR_8?z·IK}VFhNHLC8gB@Fbj_IKAS9�F{c >DF £ FH>DB\<?L�N+< £ ASI�Rw�"4(k§k§k#�e78�:9p2��$�n�Y�v78�32�]�9%� 5n�_7_7(])�_���(;��v7u�§5J7z�(¬)�
% ]�9<�v78]�� �ec@d¡�=¤£?�Rdc�¤ *g' 3

� 1�<?IK}VFHLSASEVFw���/����� (+*g*g* <g �1�<?IK}VFHLSASEVF�#23S�3� P}!�3S�g<?EVj !QASE!�lt�3VW (+*g*g* [{3 � BD8:LSP�IKAC8:E�ID8Oj)AYX�>@<:NHIKAC8:E e A^<:BDFbB
ASE�B@8:EV8TFHL^<:BKIKACNHASI�R �)IK}VFM<:Nb8:PVBKIKACNOAS9�;�P�LCBDF�IDFbND}�E�ACUTPVFg�n*+�-t6;z]�lr2_���&	%]u;)�-t�|$�^�JO+�<P�� 'g* 4 ( c 'g* ¤:s)3

� 1�<?IK}VFHLSASEVFw���/����� (+*g*g* e  �1�<?IK}VFHLSASEVF�#23S�:��}V8:9X<:B§h=3 c���3S��� P}!�3S�w<?EVj !QASE!�lt�3�W (+*g*g* [{3wy�AYX�>@<:NHIKAC8:E6¥=FHLCj
8?zQ<�LC8u'�cxzY>DFbUJPVFHEVNHR £ A e >@<?ID8:>·ASE�BD8?zYI·IKACBDBKPVFbB·PVBKASE�fMIK>@<?EVBDACFHEJI�FHL^<:BKID8:fg>@<?;�}JRw�e4(k§k§k'�p7(��9p2u�(�n�Y�v78��2N]�9%�
5¢�_7a7(])�_���(;��v7u��5J7z�(¬)� % ]:9@�v78]:�"�p>%��� ( s ( Bdc ( s ' s)3



����� � � �O���$�$%�� � 
 'g'g'

� 1
FH>DjV< C ��P�EVj (+*g* Bg 61
FH>DjV<wj]3®<?EVjG��P�EVj�!�3QW (+*g* Bw[{3%��ETIDFH>@<:NHIKAC8:E|8?z�BKP�> z <:NbF«'
< £ FbBª'�ASIK} £ 8:>KIKACNHASI�R
ASE�BD}=<?LSLC8u' '�<?IDFH>+�%,�.1032u�-KL�_M3�"�¢�N�b���^�%qQ���eB:R *:� cfB:R *g* 3

� 1°}=<?ASE=<?ACBi�N�/�:��� (+*g*g*  61°}=<?ASE=<?ACB�´�3S� � e >KR&´�3S�]´�ASETID8:E hV3 c�!�3�W (+*g*g* [{3L��EJIDFH>K9�ASIKIDFHEVNHR <?EVj¬Nb8:}VFH>DFHETI
BKIK>KPVNHIKP�>DFbB$ASE�<�B('�AS>KLSASE�f & 8u''�®<i'
< £ FHLCFHI�<?E=<?LSR)BKACBa8?z2¸ 8:ASETIa;�>DFbBDBDP�>DFM<?EVj £ FHLC8iNHASI�R79�F+<:BKP�>DFH9�FHEJIDB �
,�.r0g2u�-5\� l+`v��2{�JO@O2�eBg¤ ' 4:cfBg¤:B * 3

� 1°}�ASLSL^k����/����� (+*g*:�  61°}�ASLSL^k�!�3S�?´�ASEJID8:E}hV3 c�!�3S�w<?EVj6�¡< e�e `ITM3)W (+*g*:� [{31�$E�IK}VF°ASE & PVFHEVNbF�8?z�<$L^<?>KfwF{c�BDN+<?LCF
Nb8:}VFH>DFHETI £ 8:>KIDF{¢Z8:EZIK}VF�IKP�> e P�LCFHEJI�N+<:BDN+<:j�Fg�<kWlr7(]a^@.1032u�"�n�N�b���^�ec<P�� ' ? ( c ' ? � 3

� 1°}TP C Va8 £ �:BKvbE=<+R (+* ¤:Rg �1°}TP E 3+�O3�<?EVjwV$8 £ �:BKvbE=<bR7��3e#23Q¦�3�W (+* ¤:Rw[{3Q��8:E)c LSASEVF+<?>�ASEJIDFH>@<:NHIKAC8:EVB�ASEZ<
£ ACBDNb8:PVB�}VF+<?I c�Nb8:EVj)PVNHIKASE�f7Nb8:9�;�>DFbBDBKA e LCFOfJ<:B �"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�<c��)4 * 4:c�¤ ( 4V3

� 1
8:LSLSASEV8 (+*g* Bg �1
8:LSLSASEV8 !
3�W (+*g* Bw[{3=1
8:EVj)ASIKAC8:EVB]< e BD8:> e <?ETIDFbB]j���8:>Dj)>DF�`HLCF £ `$;�8:P�>�j�FbB
9�8Tj��HLCFbB�j�F$;�>D8?c
;=<?fJ<?IKAC8:EGj���8:EVj�F�jV<?EVBaj�FbB]j�8:9X<?ASEVFbBa>DFbNHI@<?E�fgP�L^<?AS>DFbB+�@�A�ªT6� � >DFH;�8:>KIL�a>+3 ( ? * s)3

� 1
8:LSLSASEVB (+*g*g'  61
8:LSLSASEVB�t�3iy632W (+*g*g' [{3 � B@FHL z c�BKI@<?>KIDFH>°zx8:>
IK}VF$;=<?>@< e 8:LSACN�FbUTP=<?IKAC8:E79�FHIK}V8Tj��J*Q�%t6;z]�lr2_���
	%]);)�"t�|$�C�pd%��� ' s �g* c ' s£?d4V3

� 1
8:LSLSASEVB (+*g* Bg 61
8:LSLSASEVBQt 3+y63JW (+*g* Bw[{3 � BD;�LSASI c�BKIDFH;h´�<:j�`°B@8:LSP�IKAC8:E�zx8:>�IK}VF�;=<?>@< e 8:LSACN·FbUTP=<?IKAC8:EM9�FHIK}V8ij��
*Q�"tL;z]:l12N���
	%]u;)�nt�|}�^�pd@c¡� ( ?�B � c ( ?d4 ' 3

� 1
8:LC8:E�ASPVBi�N�/�:��� (+*g* 4� 61
8:LC8:E�ASPVB��O3S�g��FHLCFL#23�V�3S�g<?EVjltG8:ASE�´Q3VW (+*g* 4T[{3:��}VF�BDN+<?IKIDFH>KASE�f�8?z2BD8:P�EVji'
< £ FbB
e R�< £ 8:>KIDF{¢ �)ETP�9�FH>KACN+<?LQBKAS9hP�L^<?IKAC8:EVB�<?EVj�<?E=<?LSRiIKACN+<?L¡BD8:LSP�IKAC8:EVB �"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�J�e�<��� ' ? ( c 'g* R)3

� 1
8gBKIDF$���/����� (+*g*g*  61
8gBKIDFa1�3S�g��P�EVj}!�3S�w<?EVj �$9�F��TAVt 3�W (+*g*g* [{3r#iN+<?IKIDFH>KASE�fM8?z�j)ACBKLC8iN+<?IDFbji'
< £ F]z/>D8:ETIDB
e R £ FH>KIKACN+<?L £ 8:>KIKACNHASI�R�<?EVjXIK}VF � }=<?>D8:EV8 £ c E 8:}�9 F_X�FbNHI+3r�{3p#T}=<?LSLC8u'U'
<?IDFH>+�@,�.r0g2u�@KL�NM3�<j]�+�<���T4 * s:Rdc
4 *)(u� 3

� 1
8gBKIDF C ��P�EVj (+*g*g*  61
8gBKIDFa1�3w<?EVjX��P�EVj}!�3�W (+*g*g* [{3r#iN+<?IKIDFH>KASE�fh8?z�j)ACBKLC8TN+<?IDFbji'�< £ F]z/>D8:ETIDB e R £ FH>KIKA c
N+<?L £ 8:>KIKACNHASI�R�<?EVjlIK}VF � }=<?>D8:EV8 £ c E 8:}�9 F_X�FbNHI+3:�=�\3?y�ACBK;2FH>DBDA £ F�'�< £ FbB+�+,�.1032��pKL�NM3�+j]�£�@�¡�?4 *)( ? c 4 *g' ¤)3

� 1°>D8)' (+* ?�sg �1°>D8)' #23®1�3�W (+* ?�sw[{3 	<�vlp��`~�a2�`{9 t/^£^<���nm��:�{.Q�^�p><d¡� ')( 3
� yO<?LSLC8:ACB«�N�W����� ' s:s:sg ly�<?LSLC8:ACB��·3S� E L^<?EVN{c E FHEV8:E�´�}�3S��<?EVj
hgP £ `�y63
W ' s:s:sw[{3 � '�ACj�F{c�<?E�fgLCF7;=<?>@< e 8:LSACN
FbUTP=<?IKAC8:E6zY8:>�<:Nb8:PVBKIKACNW'�< £ FbB�ASE6}V8:9�8:fwFHEVFb8:PVB·9�8 £ ASE�fO9�Fbj)A^< �:<?;�;�LSACN+<?IKAC8:EVB�ID8�<?IK9�8gBD;�}VFH>KACN]BD8:P�EVj
;�>D8:;=<?fJ<?IKAC8:E��®ID8�<?;�;2F+<?>aASE¥*+� % ]�|�^-�Jt6;z]�lr2_���

� y�FH>KEV8:EVNb8:P�>KIi��������� (+*g* Rg 6y�FH>KEV8:EVNb8:P�>KI E 3S�O´�ASEJID8:E hV3 c�!�3S�M<?EVj !=<?P £ F #23�W (+*g* Rw[{3�j�¢);2FH>KAS9�FHETI@<?L
BKIKPVj)R78?z £ 8:>KIKACNHASI�R7¥VL^<?9�FHEJIDB$ASE�<lIKP�> e P�LCFHEJI�B('�AS>KLSASE�f & 8)'��<,�.1032_`v;z�ly6�JO@O@q2� ( R ( c (+* s)3

� y�A ¸��iBKIK>@< C u�FHA ¸KBKI (+* R:Bg hy�A ¸��)BKIK>@<�y63�<?EVj|u�FHA ¸ BDIZ¦63 £ <?E�W (+* R:Bw[{3%��}VF & 8)' e FHIf'°FbFHE¯If'°8�¥VE�ASIDF6>D8?c
I@<?IKASE�fXj)ACB��iB]FHEVNHLC8gB@Fbj e RZ<6NHRiLSASEVj�FH>+�"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�nOQ�@��� (+' Bdc ( ¤?4V3

� y�8:P=<:j)R¥�N�/�:��� (+*g*)(  hy�8:P=<:j)R$#23S�J1
8:PVj�FH> G 3S�w<?EVj E >@<:N@}VFHI°t 3 c�j]3=W (+*g*)( [{3wy�AS>DFbNHI·8 e B@FH> £ <?IKAC8:EX8?z�IK}VF
ASETIDFH>K9�ASIKIDFHEVNHR�8?z�ASETIDFHEVBDF £ 8:>KIKACNHASI�R7¥VL^<?9�FHEJIDB]ASE�IKP�> e P�LCFHEVNbFg�%,�.1032u�-KL�_M3�"�¢�N�b���^�e�Jq2� * R:Bdc * R � 3

� j�E�fgLCFH>i�N�/�:��� (+* R '  «j�E�fgLCFH>yTM3�ul3S�\#iND}�9�ACj)I7y63���3S����<?fgEVFH>w��3\hV3S�·<?EVj �¯FHASIDFH9�FHACFH> E 3aW (+* R ' [{3
�$LSIK>@<:BD8:E�ACNh9�FHIK}V8Tj_zx8:> & 8u'#¥=FHLCjG9�F+<:BKP�>DFH9�FHEJI�ASE�'�ASEVj�IKP�E�EVFHL�IDFbBKIDB �n*+�¢tL;z]:l12N��� 	J]u;)�nt�|$�^�-q%O®�
4 ' c�¤:s)3



����� � � �O���$�$%�� � 
 'g' B

� j�E�fgLCFH>i�N�/�:��� (+* R *  «j�E�fgLCFH>DTh3°ul3S�L#iND}�9�ACj)IZy63/��3S��<?EVjU��<?fgEVFH> ��3WhV3OW (+* R * [{3I��8:EVj)ACBKIKP�> e ASE�f
<:Nb8:PVBKIKACN+<?L�9�F+<:BDP�>DFH9�FHEJIDBM8?z & 8u'�¥=FHLCj�B�cI�$FN'Äj�F £ FHLC8:;�9�FHEJIDBl<?EVj <?;�;�LSACN+<?IKAC8:EVB+�§*+� tL;=]�l12N����	%]u;)�
t�|$�^�e�<P��@? ' cfR ' 3

� j�v+FH>DB��TASA (+* R (  ij�v+FH>DB��iASA � 3 E 3iW (+* R ( [{33��8:E�LSASEVF+<?>Q>DFbBD8:E=<?ETI�ASEJIDFH>@<:NHIKAC8:E�8?z=BD8:P�EVjh<?EVj £ 8:>KIKACNHASI�R«'
< £ FbB
ASE�BD}VF+<?> & 8u']B+� 	J]�M3�",�.r0g2u�-tL;z]:l12N���C�<�Jq2�)4 (g( c 4 ( 4V3

� !=< e >KA��g<?EJI (+* R:Bg «!=< e >KA��g<?EJI � 32��3�W (+* R:Bw[{3n#i8:P�EVj BDN+<?IKIDFH>KASE�f e R £ 8:>KIDF{¢ & 8)']B+��	%]�M3� ,�.1032u� t6;z]�lr2_���^�
�@d�� ( ¤ ' c ( ¤g¤)3

� !=<?LSLCFH> (+*:�g'  «!=<?LSLCFH> � 3rhV3�W (+*:�g' [{3 � E�F{¢);2FH>KAS9�FHETI@<?L�BKIKPVj)RX8?z¡IK}VF�ASEVBKI@< e ASLSASI�R�8?z¡IK}VF�L^<?9�ASE=<?>Ij �i9X<?E
e 8:P�EVjV<?>KR7L^<bRwFH>+�n*Q�-5\� l+`v�r�nmo�(;_.Q�^�-OpP��V¤ � sdc�¤£? � 3

� !=<?P £ Fy�N�/�:��� (+*g* Bg «!=<?P £ F«#23S�=�¡<?>D8TN@}VFh1�3S�V<?EVj_1�<:BKI@<?ASE�f E 3�W (+*g* Bw[{3=´�>DFbBDBKP�>DF & PVNHIKP=<?IKAC8:EVB$ASEZB('�AS> c
LSASE�f�IKP�> e P�LCFHETI & 8)']B+�"*+�n,�.1032��-4(4L5-78�:9<;=�H�%c�� ' ? ( c ' ?�R)3

� !VFH>KvbASfwFH> (+* ?d4� �!VFH>KvbASfwFH>�h=32ul3�W (+* ?d4T[{3���8u'�cxzY>DFbUTPVFHEVNHR <:Nb8:PVBDIKACN�BDN+<?IKIDFH>KASE�f7z/>D8:9 <�IK>@<?ASLSASE�f £ 8:>KIDF{¢��
*Q�"tL;z]:l12N���
	%]u;)�nt�|}�^�ePe�¡� ( ?�sg¤dc ( ?�s£?i3

� !VFHIKIDFH> (+*:� 4� «!VFHIKIDFH> � 3=��3QW (+*:� 4T[{3-#iN+<?IKIDFH>KASE�f�8?z·BD8:P�EVj e R�<�NHL^<:BDBKACN+<?L £ 8:>KIDF{¢��-,�.1032u�"KL�_M3� � �-O+c<���
( 41R:Rdc ( 4 * B)3

� !�ASE!� (+*g*g'  «!�ASE!��t�3�W (+*g*g' [{3J��AS9�F{c >DF £ FH>DB@<?L�8?z·P�LSIK>@<:B@8:E�ACNl¥=FHLCj�Bac]´�<?>KI��$� E <:BDACNM;�>KASEVNHAS;�LCFbB+�n4(k\k§k
�e78�:9p2����¢�¤�v7(�32N]:9%�-5n�_7_7(])�_���(;��v7u�¢5-7(�(¬g� % ]�9@�v7(]�� �ec@d¡�V¤g¤g¤dc�¤ �:� 3

� !�ASE!� (+*g* ?) «!�ASE!��t 3�W (+*g* ?g[{3@��AS9�F{c >DF £ FH>DBDFbjG<:Nb8:PVBKIKACNbB+�<,/.1032�� �<]u�£��0g�@Pe�¡�eB?4:c 41s)3
� !�ASE!�¥�N�/�:��� (+* R *  «!�ASE!�¯t�3S�Q´�>@<:jV<|1�3S�n� P
!
3S��1�<:BDBDFH>DF+<?P y63°W (+* R * [{3§#iFHL z cxzx8iNHPVBKASE�f�ASE�ASE�}V8:9�8:fwF{c
EVFb8:PVBa9�Fbj)A^<i'�ASIK}ZIKAS9�F{c >DF £ FH>DB@<?L�<:Nb8:PVBKIKACNO9�AS>K>D8:>DB+�<,W78]u;g�"4(k§k§k��n�Y�v7(�32N]�9J�
	@0�|6^"�C�e��� � R ( c � R � 3

� !V8:>Dj C ��LCFN'°FHLSLSRiEo#T9�ASIK} (+*g*g*  i!V8:>Dj}Th3w<?EVj���LCFN'°FHLSLSRiED#T9�ASIK}y#23r¦63VW (+*g*g* [{3Q#iN+<?IKIDFH>KASE�fh8?z�<:Nb8:PVBKIKACN
'�< £ FbB e R�< £ 8:>KIDF{¢��n*+�-5\� l+`b�1�nmo�(;_.p�C�@c<�@�¡�eB:sg¤dcfB ' R)3

� ¦�Fb8:>KfwFbB (+* ? '  ¦�Fb8:>KfwFbB/�O3Jt 3®W (+* ? ' [{3 � Nb8:PVBKIKACN$>@<bR�;=<?IK}VB°IK}�>D8:P�fg}7<M9�8ij�FHL £ 8:>KIDF{¢$'�ASIK}7< £ ACBDNb8:PVB
Nb8:>DFg�"*Q�"tL;=]�l12N���
	%]u;g�"t�|$�C�ePJO2� ' s � c ' s * 3

� ¦�>D8:9�8 £ �N�/�:��� (+* R '  ¦�>D8:9�8 £ ´�3:TM3S�3j�v+FH>DB��iASA � 3 E 3S�g<?EVj !=< e >KA��g<?EJI � 3?�·3VW (+* R ' [{31#i8:P�EVj�BDN+<?IKIDFH>KASE�f
e R�< £ 8:>KIDF{¢ '�< �wF e FH}�ASEVj_<�NHRTLSASEVj�FH>+� 	%]�M3�-,�.r0g2u�-tL;z]:l12N���C�<�@���)4J¤ ' c 4J¤g¤)3

� ¦�P�Rw8:E C ´QFHIKASI (+* R (  i¦�P�Rw8:EUj]3°<?EVj&´QFHIKASI���3�W (+* R ( [{3�!�>D8:9ÁIK}VF�j)>@<?ASE�ASE�f�8?zh< e <?IK}TIKP e ID8�IK}VF
IKP�> e P�LCFHETI�N+<:BDN+<:j�Fg�%k/lr7u� *+�-,/.1032{�<���eB ' cfB � 3

� ¦�P�Rw8:E��N������� (+*g*)(  ¦�P�Rw8:E¥j]3S��u$P�LSASE¥hV3 c�´�3S�Q<?EVj ´�FHIKASIh��3�W (+*g*)( [{3���0£��7(]u��0�9<��|i`b¬Nlp��,�.1032_`v¬Nle�H�"��E)c
IDFH>D`bj)ASIKAC8:EVBac\j�j)ASIKAC8:EVBaj)P|1/��T�#2��´�<?>KACB+3

� u�<?> £ FHR (+*:�g'  lu�<?> £ FHR$h=3rV�32W (+*:�g' [{3p#i8:9�F�8 e BDFH> £ <?IKAC8:EVB�8?z�IK}VF £ 8:>KIDF{¢ e >DF+< �)j�8u'�E�;�}VFHEV8:9�FHEV8:E��J*+�
5\�¤lr`b�1�nmo�(;N.Q�C�nOr>Q�V¤:Rg¤dc�¤ *g' 3

� u�<?PVN�� (+*g*)(  lu�<?PVN�� � 3¡W (+*g*)( [{3@�$LSIK>@<:BD8:E�ACN�IKAS9�F{c�8?z/c & ASfg}JI�ID8:9�8:fg>@<?;�}JRZzY8:>]IK}VF�EV8:E)c ASEJIK>KPVBKA £ Fh9�F+<dc
BKP�>DFH9�FHETI$8?z & 8u' £ FHLC8iNHASI�R�¥=FHLCj�B+�%tL;z]�lr2_�v`b;z���"4a|}�u­�`{9r­g�JOQ���eB ( ? cfB ' ¤)3



����� � � �O���$�$%�� � 
 'g' 4

� u�FHLS9�}V8:LSIKv ( R � ?) hu�FHLS9�}V8:LSIKv�ul3�W ( R � ?g[{3��$E ASETIDFHfg>@<?LCB�8?z6IK}VF }JR)j)>D8Tj)RiE=<?9�ACN+<?LhFbUTP=<?IKAC8:EVBD'�}�ACN@}
F{¢);�>DFbBDB £ 8:>KIDF{¢�9�8:IKAC8:EVB+�<,/.1`���]32u�nm��u­1�^�ec@c¡�)41Rg¤dc�¤ (+' 3

� u�8:;)¥VE�fwFH> CFE >D8u'�<?EVj (+* R '  hu�8:;)¥VE�fwFH>Zj]3JhV3�<?EVj E >D8)'
<?EVj�!�3<V�3�W (+* R ' [{3%��8:>KIDF{¢_BD8:LSASI@<?>KR�'
< £ FbB
ASE_<l>D8:I@<?IKASE�fV�=IKP�> e P�LCFHEJI & 8u'�� ���:�vlr7z�H�J�ed<P��eB * BdcfB * ¤)3

� u�8:;)¥VE�fwFH>��N�W����� (+* R '  hu�8:;)¥VE�fwFH>Z!�3<V�3S� E >D8u'�<?EVj�!
3%V�3S��<?EVjo¦�<?fgEVF G 3�W (+* R ' [{3%�¡P�> e P�LCFHEVNbF�<?EVj
'�< £ FbB$ASE�<6>D8:I@<?IKASE�f�I@<?E!���"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�"OQ�@P��V¤:sg¤dc�¤:B?4V3

� u�8u'
F (+* ?:¤g lu�8u'
FOt�3e#23�W (+* ?:¤w[{3®1
8:EJIK>KA e P�IKAC8:EVBaID8lIK}VF�IK}VFb8:>KR�8?z�<:FH>D8ij)RiE=<?9�ACN�BD8:P�EVj��+'�ASIK}�<?;�;�LSA c
N+<?IKAC8:EZID8XF{¢)NbFbBDB�¸ FHI�EV8:ACBDF�<?EVjZIK}VFOIK}VFb8:>KR�8?zQIK}VF & P�IDFg�"*Q�"5\� l+`b�1�nmo�(;_.p�C�Jq%O®� �g' ¤dc � ?�B)3

� u$PVFH>K>DF C tG8:E!�wFN'�ASIKv (+*g* sg lu$PVFH>K>DF°´�3:<?EVjhtG8:E!�wFN'�ASIKv�´Q3 � 3TW (+*g* sw[{3?��8TN+<?LV<?EVjhfgLC8 e <?LTASEVBDI@< e ASLSASIKACFbB
ASE�BD;=<?IKA^<?LSLSR�j�F £ FHLC8:;�ASE�f & 8u']B+�<t�9@9elp�-K6�_M3�"5\�¤lr`b� m��(;_.Q�^�%�<���)4r?�Bdc�¤:B£?i3

� u$PVBDB@<?ASE (+* R �  hu$PVBDB@<?ASE !�3aW (+* R � [{3�1
8:}VFH>DFHEJI�BKIK>KPVNHIKP�>DFbB�<?EVj�IKP�> e P�LCFHEVNbFg�6*+�I5\�¤lr`b�1�6mo�z;_.Q�^�IOeqpc��
B:s:BdcfBg¤ � 3

� hwFHEVB@FHE (+*g*:�  «hwFHEVBDFHE�hV3 � 3°W (+*g*:� [{3\k�2N�v`�|}�:�v`b]�9 ]�� �_�Y])]u�¥M��_�Y]);N`{�v`~�a2 l12_`�9+­�lr�Y�v78��2N]�l+9<�g�·1�<?9 e >KACj)fwF
�$E�A £ FH>DBKASI�R�´�>DFbB@B+�®1�<?9 e >KACj)fwFg3

� hgAS9�FHEVFHv �N�/�:��� (+*g* Bg �hgAS9�FHEVFHv«hV3S�Q� >@<bR � 3S�@#)<gX�9X<?EZ´�3<¦63S�V<?EVj Ta8:fJ<?LSLC8$#23�W (+*g* Bw[{3@��}VFOBKIK>KPVNHIKP�>DF
8?z�ASEJIDFHEVBDF £ 8:>KIKACNHASI�R7ASEZACBD8:IK>D8:;�ACN�IKP�> e P�LCFHEVNbFg�n*+�-5\�¤lr`b�1�nmo�z;_.Q�^�%�@P<P�� � ¤dc * s)3

� hw8:}�EVB@8:E
�N�W����� (+* ?:?) «hw8:}�EVB@8:Ew#23 � 3S�£¦�>DFbFHE�LCF+<dz-hV3:!�3S�:�Q<?E=< �g<�t�3S�w<?EVj !�L^<?EVj)>D8�¦63�W (+* ?:?g[{3£T$FbNb8:EVB c
IK>KPVNHIKASE�f�IK}�>DFbF{c�j)AS9�FHEVBKAC8:E=<?L·IDFH9�;2FH>@<?IKP�>DF�<?EVj £ FHLC8TNHASI�R £ FbNHID8:>�¥=FHLCj�B�zY>D8:9 <:Nb8:PVBKIKACNlIK>@<?EVBK9�ACB@BKAC8:E
9�F+<:BKP�>DFH9�FHETIDB+�%4�	pt �e7(��9p2��^�JO+�¡�eBdc ( ¤)3

� V�<?9 e F (+* R �  �V�<?9 e Fy�O3
W (+* R � [{3 � Nb8:PVBKIKACN�FH9�ACB@BKAC8:EVB e R £ 8:>KIDF{¢¯9�8:IKAC8:EVB+�W*+�\5§�¤l+`v�1�Wmo�(;_.p�C��Oeqpc��
� 41Bdc �:�:� 3

� V��?>K9$�?E (+*g')(  iV��?>K9$�?E��O3 £ 8:E�W (+*g')( [{3�� �-t�9r­1�����nm��£�{.Q�nmo�(;_.p�C�-O2� ' Bg¤)3
� V��?>K9$�?E C u$8)'
<?>KIK} (+* B:Rg �V��?>K9$�?E��O3 £ 8:E_<?EVjZu�8u'�<?>KIK}_��3QW (+* B:Rw[{3<�$EZIK}VF�BKI@<?IKACBDIKACN+<?L�IK}VFb8:>KR78?z
ACBD8:IK>D8:;�ACN�IKP�> e P�LCFHEVNbFg�J,/7(]u;)�nK��
	%]u;)�-�n]�9<�£]:9 � �JO+�@>¡� (+*g' c ')( ¤)3

� V�<?>('
FHASIi�N�/����� (+*g*)(  �V�<?>('
FHASIlt 3S� E L^<?EVN{c E FHEV8:E�´�}�3S�¢hwP £ `�y63S�Q<?EVj�1
8:9MIDF{c E FHLSLC8:I$¦63°W (+*g*)( [{3�#TA c
9hP�L^<?IKAC8:E�8?z·IK}VFl;�>D8:;=<?fJ<?IKAC8:E�8?z
<?E¯<:Nb8:PVBKIKACNi'�< £ F6IK}�>D8:P�fg}�<�IKP�> e P�LCFHEJI £ FHLC8iNHASI�R�¥=FHLCj �2<�BKIKPVj)R
8?z�;�}=<:BDF £ <?>KA^<?EVNbFg�"*+�-t6;z]�lr2_���&	%]u;)�"t�|$�^�p�@d��V¤ ' c �g' 3

� VOFHL £ ASE ( R:R:sg �VOFHL £ ASE���8:>Dj�W ( R:R:sw[{3e�$A e >@<?IKAC8:EVB$8?z�<6Nb8:LSP�9�E=<?> £ 8:>KIDF{¢��<,/.1`���]32u�nm��u­1�^�JO+�¡� ( ¤g¤dc (u� R)3
� V�ACjV< C ��<?E=< �:< (+*g* 4� �V�ACjV<D#23�<?EVj��Q<?E=< �g<7t W (+*g* 4T[{3¡y$RiE=<?9�ACNbBO8?z £ 8:>KIKACN+<?L�BKIK>KPVNHIKP�>DFbBOASE�<�}V8?c
9�8:fwFHEVFb8:PVB�BK}VF+<?> & 8u'��¢*+�-5\�¤lr`b�1�nmo�(;N.Q�C�%�%q+>Q�)41Bdc � R)3

� V�LSAS9�8 £ (+* R:Rg �V�LSAS9�8 £ �63"�63°W (+* R:Rw[{3 ��E & PVFHEVNbF�8?z$< £ 8:>KIDF{¢ £ FHLC8TNHASI�R ¥=FHLCj 8:E�IK}VF�;�>D8:;=<?fJ<?IKAC8:E�8?z
BD8:P�EVjD'
< £ FbB � 	%]�M��-,�.1032��-t6;z]�lr2_���^�@ce>Q� ( ¤?4:c ( ¤£?i3

� V$8:LS9�8:fw8:>D8 £ (+* 4 (  �V$8:LS9�8:fw8:>D8 £ � 33�l3TW (+* 4 ( [{3���}VF
LC8TN+<?L)BKIK>KPVNHIKP�>DF
8?z=IKP�> e P�LCFHEVNbF
ASElASEVNb8:9�;�>DFbB@BKA e LCF
£ ACBDNb8:PVB & P�ACj7zx8:> £ FH>KR7L^<?>KfwF�TaFHRiEV8:LCj�B�ETP�9 e FH>+� �«]��)���-t��3�£�1� ����l����C�<c@��� * c ( B)3



����� � � �O���$�$%�� � 
 'g' ¤

� V$8:EV8?zx<?fw8:P��N������� ' s:s:sg �Va8:EV8?z <?fw8:P j]31ja3S�1�·<?>Kfg}VFbBDFª�O3S�)<?EVjy�$;�}�AS>IhV3®W ' s:s:sw[{3Q!�P�EVjV<?9�FHETI@<?L�LSAS9�ASIDB
8:E�IK}VF�FbBKIKAS9X<?IKAC8:E�FbBDIKAS9X<?IKAC8:EZ8?zQIK>@<?EVB £ FH>DBDFOj)ACBD;�L^<:NbFH9�FHEJI+��IK>@<?EVB £ FH>DB@FOBKIK>@<?ASE�<?EVj7´Q8:ACBDB@8:E���B�>@<?IKAC8
ASE�FHL^<:BDID8:fg>@<?;�}JRw�V;�>DFH;�>KASETI+3

� V�>@<?ACN@}�E=<?E (+* ¤:Bg «V�>@<?ACN@}�E=<?E�Th3¡ul3·W (+* ¤:Bw[{3 ��}VF�BDN+<?IKIDFH>KASE�fG8?zaBD8:P�EVj¯ASE�<�IKP�> e P�LCFHETIl9�Fbj)ASP�9Z�/*+�
t6;z]�lr2_����	J]u;)�-t�|$�C�@�<P�� ( s *:� c (g( s?4V3

� �¡< e�e `w�N�/����� (+*g*:�  6�¡< e�e `WTh3S�?´�ASEJID8:E$hV3 c�!�3S�w<?EVji!=<?P £ F6#23S31#TIKPVj)Rl8?z®IK}VF £ 8:E}V��?>K9$�?E & 8u' e FHI�'
FbFHE
Nb8w<d¢)A^<?L¡Nb8:>D8:I@<?IKASE�f�j)ACB��iB+�@,/.1032��-5\� l+`b�32{�e�¡� *)( 4:c *g'g' 3

� �¡< e�e ` C ´�ASETID8:E (+*g*g*  h�Q< e�e `�Th3V<?EVj�´�ASEJID8:E�hV3 c�!�3¡W (+*g*g* [{3V´�>D8:;=<?fJ<?IKAC8:EG8?z�B@8:P�EVj7IK}�>D8:P�fg}_<lIKP�> c
e P�LCFHETI £ 8:>KIDF{¢��<,�.1032��-K6�_M3�"�¢�N�b���C�e�"O®� ( 4 ( Bdc ( 4 (u� 3

� �¡<?EVjV<?P C ��A zxBK}�ASIKv (+* R *  l�¡<?EVjV<?P©��3
y63°<?EVj¾��A zYBK}�ASIKvoj]3°t�3�W (+* R * [{3W5\�¤lr`b�Smo�(;_.+�:9e`v;N2{�
`bj)ASIKAC8:EVB
t��fTh�)t_8gBDNb8:P�3

� �¡<6´�8:>KI@<����/����� (+*g*g*  h�¡<|´�8:>KI@< � 3S����8:IK} ¦�3 � 3S��tG8:ACBKRS!�3S��<?EVj E 8Tj�FHEVBDN@}=<?IKv�j]3]W (+*g*g* [{3���BKASE�f
N+< £ ASI@<?IKAC8:E�ID879�F+<:BKP�>DF�BKI@<?IKACBKIKACNbB�8?z
LC8u'�c ;�>DFbBDBDP�>DF�F £ FHEJIDBMASE L^<?>KfwF{c�TaFHRiEV8:LCj�B c EJP�9 e FH>hIKP�> e P�LCFHEVNbFg�
BKP e 9�ASIKIDFbj�ID8$,�.1032��-5\�¤lr`b�32H3

� ��FOy�ASv+�bBi�N�/�:��� (+*g*:�  l��F�y�ASv+�bBL#23S�+T$8gBDBKA�t�3S�)<?EVj7t_83X�<?I�uh3+V�3�W (+*g*:� [{3@�$E7IK}VFaIK}�>DFbF{c�j)AS9�FHEVBKAC8:E=<?L
ASEVBKI@< e ASLSASI�RZ8?z�FHLSLSAS;�IKACN+<?L £ 8:>KIDF{¢�BDP e ¸ FbNHIDFbj�ID8�BDIK>DFHIDND}�ASE�fV�%,/.1032��-5\� l+`b�32{�@�¡� ' s:R?4:c ' s * s)3

� ��FZ!�LC8iND}
���/����� (+*g*g*  h��F�!�LC8TN@}Z1�3S�Q��<?EJIDFH>]t 3S�i<?EVj !�ASE!�Xt 32W (+*g*g* [{3@#iFHL z/c�j�F{zY8iNHPVBKASE�flASE7P�LSIK>@<:BD8:E�ACN
}TRT;�FH>KIK}VFH>K9�A^< ��F{¢);2FH>KAS9�FHETI�<?EVjZBDAS9MP�L^<?IKAC8:E��%t/^£^<���-,�.1032��-�¢�N�b���^�%q+>¡�eB:s �g' cfB:s � 4V3

� ��FN'
FHLSLCFHE (+*:�g'  h�¡FN'°FHLSLCFHE$��31#23VW (+*:�g' [{3 � BD8:LSP�IKAC8:E6zx8:>�IK}�>DFbF{c�j)AS9�FHEVBKAC8:E=<?L £ 8:>KIDF{¢ & 8u']B\'�ASIK}�BKIK>D8:E�f
NHAS>DNHP�L^<?IKAC8:E��¢*+�"5\�¤lr`b�1�nmo�(;N.Q�C�"Or>¡�)4 ' sdc 41B ' 3

� ��ASfg}TIK}�ASLSL (+* ¤ '  h��ASfg}JIK}�ASLSL·t 3<h=3�W (+* ¤ ' [{3"�$E BD8:P�EVj_fwFHEVFH>@<?IDFbj¯<:FH>D8Tj)RiE=<?9�ACN+<?LSLSRo�\3-¦�FHEVFH>@<?L�IK}VFb8:>KRw�
,/7(]u;)�¢K�� 	%]u;)�n�"]�9<�1]�9 � �@�JO<O®�V¤ � 4:c�¤:R£?i3

� ��ASfg}TIK}�ASLSL (+* ?�Rg h��ASfg}JIK}�ASLSL�t�3phV3QW (+* ?�Rw[{3 � Nb8:PVBKIKACN�BKIK>DF+<?9�ASE�fV�¢*+�
	%]:lr9<���-`~�u�^�e�-O2�eB *)( 3
� ��8:E�f (+*:�)(  h��8:E�f�TM33TM3)W (+*:�)( [{3 � £ 8:>KIDF{¢hASE�<?ElASE)¥VE�ASIDF £ ACB@Nb8:PVB & P�ACj��Q*Q�+5\�¤lr`b�1�emo�(;N.Q�C�+O<O®� �)(g( c �g' B)3
� ��P�fgI C � e�e 8:PVj (+* R£?) h��P�fgI
uh3rhh< e j � e�e 8:PVjXt�3=W (+* R£?g[{3 � ¢iACBKRi9�9�FHIK>KACN £ 8:>KIDF{¢ e >DF+< �)j�8u'�Ey'�ASIK}
<?EVj¡'�ASIK}V8:P�I�IDFH9�;�FH>@<?IKP�>DF F_X�FbNHIDB7ASE¬< Nb8:EJI@<?ASEVFH> '�ASIK} <�>D8:I@<?IKASE�f LSACj��ª*Q�65\�¤lr`b�1�Zmo�(;_.Q�^�ªOeqpd��
( ? * c ' s:s)3

� ��P�EVj (+* R *  h��P�EVjU!�3�W (+* R * [{3/TaFbBK;�8:EVBDF_8?zh< ¥VL^<?9�FHETI@<?>KR £ 8:>KIDF{¢¾ID8 BD8:P�EVj��I,�.1032��65§�¤l+`v�32 � �6O®�
( ¤ ')( c ( ¤:B ( 3

� ��P�EVj C Ta8?¸D<:B (+* R *  h��P�EVji!�3g<?EVj�T$8?¸K<:B�1�3�W (+* R * [{3��aLSIK>@<:BD8:P�EVj�<:B�<$;�>D8 e F
8?z=IKP�> e P�LCFHEVNbFg�1,�.r0g2_`v;=�
y6�@c-q2�V¤:s:Rdc�¤ ( 4V3

� t|< �:<?>D8 £ C ��ND}�9X<?E�E (+*g*:�  ltG< �g<?>D8 £ #23J<?EVj ��ND}�9X<?E�E7t�3®W (+*g*:� [{31��8:E�LSASEVF+<?>
<?EVj�IK}VFH>K9�8 £ ACB@Nb8:PVB
;�}VFHEV8:9�FHE=<�ASE_<:Nb8:PVBKIKACNbB+�V´�<?>KI6�{�@tL;Nlr2_�v`b;z�y®�t6;��~� tL;Nlr2_�v`b;z�g�%�<���V¤£? * c � s � 3

� t|<?E�EVF £ ASLSLCFy�N������� (+*g*g* <g lt|<?E�EVF £ ASLSLCF�#23S�itG<?P�>DFHL � 3S�+Ta8:P)¢�´Q3S��<?EVjy!QASE!��t�3�W (+*g*g* [{3V1°}=<?>@<:NHIDFH>KASv <dc
IKAC8:E�8?z�<lL^<?>KfwF £ 8:>KIDF{¢�PVBKASE�f�<:Nb8:PVBDIKACNOIKAS9�F{c >DF £ FH>DB@<?L¡9�AS>K>D8:>DB �<k/l+7��-,�.r0g2u� *+� E �@d¡�V¤?4J¤dc�¤?4 * 3



����� � � �O���$�$%�� � 
 'g':�

� t|<?E�EVF £ ASLSLCFy�N������� (+*g*g* e  lt|<?E�EVF £ ASLSLCF�#23S��T$8 e >DFbB}hV3�ul3S��tG<?P�>DFHL � 3S��´QFHIKASIY¸KF+<?EVB�´�3S��<?EVj !�ASE!��t 3
W (+*g*g* [{3���8:>KIDF{¢�j)RTE=<?9�ACNbB�ASE £ FbBKIKASfJ<?IKAC8:E&PVBKASE�f¯<?E¾<:Nb8:PVBKIKACN7IDFbND}�E�ACUTPVFg��,�.1032u��5\�¤lr`b�32{�/O<O®��B:B:R:sdc
B:B:R * 3

� t|<?E�EVF £ ASLSLCFy�N������� ' s:s:sg<g lt|<?E�EVF £ ASLSLCF«#23S��t|<?P�>DFHL � 3S� E 8:IKI@<?PVBDNHAn!�3S�=<?EVj�´�FHIKASIY¸ F+<?EVB�´Q3QW ' s:s:sw[{3e��}VF
ª�j�8:P e LCF�>D8:I@<?IKASE�fXBDPVNHIKAC8:E7BDRiBKIDFH96«��)<:Nb8:PVBDIKACNOND}=<?>@<:NHIDFH>KASv <?IKAC8:E_8?z�< £ 8:>KIDF{¢�ASE7ASE)¥VE�ASIDF�9�Fbj)ASP�9Z��ID8
<?;�;�F+<?>]ASE��¢�(;��vl+7(�$��]:���a2�`{9 ,�.r0g2_`v;N2{�@#T;�>KASE�fwFH> c~��FH>KL^<?fV� E FH>KLSASE�3

� t|<?E�EVF £ ASLSLCFy�N������� ' s:s:s e  lt|<?E�EVF £ ASLSLCF}#23S�2´�>@<:jV<�1�3S�%��<?EJIDFH>�t 3S�2<?EVj�!�ASE!��t 3�W ' s:s:sw[{3J�$LSIK>@<:BD8:P�EVj
;�>D8:;=<?fJ<?IKAC8:E�IK}�>D8:P�fg}Z<O>D8:I@<?IKAC8:E=<?L & 8)' �TEJP�9�FH>KACN+<?L�9�FHIK}V8ij�B�Nb8:9�;=<?>DFbj�ID8hF{¢);2FH>KAS9�FHETIDB+�iBKP e 9�ASI c
IDFbj�ID8 *Q� % ]�|�^-�JtL;=]�l12N���

� t|<:BD8:E (+* ?:¤g ht|<:BD8:EX´�3£hV3=W (+* ?:¤w[{31!V8:>DNbFbB·8:E e 8ij)ACFbB�9�8 £ ASE�fMIK>@<?EVB £ FH>DBDFHLSR6IK}�>D8:P�fg}�<O>D8:I@<?IKASE�f & P�ACj��
*Q�"5\� l+`v�r�nmo�(;_.Q�^�Jq%O®�V¤£?:? c�¤ *g* 3

� t|<d¢+'
8:>KIK}JRS�N�W����� (+* Rg¤g ht|<d¢Q'°8:>KIK}JR �O3S�iu$8:;)¥VE�fwFH>Lj]3+hV3S��<?EVj TaFbj�F��w8:;�;���3e¦63�W (+* Rg¤w[{3+��< £ F�9�8?c
IKAC8:EVB$8:E £ 8:>KIDF{¢�Nb8:>DFbB �"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�"OQPJO2� ( 4 ( c (u� ¤)3

� tG83X�<?I«���/����� (+*g* 4� ht_83X�<?I�uh3�V�3S�:V�ACjV<�#23S�g<?EVj$�$}!�iASI@<?E�AeV�3VW (+*g* 4T[{31#TIK>DFHIDND}VFbj £ 8:>KIKACNbFbB c IK}VFaBKASEVFN']B
8?z�IKP�> e P�LCFHEVNbF��VL^<?>KfwF�T$FHRTEV8:LCj�B]EJP�9 e FH>DB�<:BKRT9�;�ID8:IKACNbB �"*+�-5\�¤lr`b�1�nmo�(;N.Q�C�%�@Ped¡� ' 4 ( c ':� 4V3

� t��:}�>KASE�f��N�/����� (+* R:Bg lt��:}�>KASE�fS��3S�·t���LSLCFH>wja3 c � 3S�
<?EVjU� e FH>K9�FHACFH>y!�3aW (+* R:Bw[{3
´�>D8 e LCFH9�B�ASE & 8)'
<:Nb8:PVBKIKACNbB �<KL�_M3� m�]u�1�",/.1032��^�pP<P��<?�s£? cA? ' 4V3

� tG8:ACBKR ' s:s:sg 6t_8:ACBDR�!�3·W ' s:s:sw[{3��W�vlQ�r� ���a^px_7_`{|}�N9@�~����� �1�a2 �/lQ;u�vlQ�:�v`b]�9p2w�r�wMu`{���_2=2��_�ª�1�w���_|�^px_7(�:�vl+7(�
�N�W�1�I^<7z�a2=2_`v]:9��_9��vl+7��Nlr���_9<;=�}�1x_M3�_��]a^£^exz�H�J��}V�bBDF�j�FOj�8iNHID8:>@<?I+�e�$E�A £ FH>DBKASID`�´�<?>KACB6���\3S3

� tG8:ACBKR C ´QFHIKASIY¸KF+<?EVB ' s:s:sg 6t_8:ACBKR}!�3i<?EVj�´�FHIKASIY¸KF+<?EVB�´Q3�W ' s:s:sw[{3)´�>DFbBDBKP�>DF$9�F+<:BKP�>DFH9�FHEJIDB]ASE7<hBKIK>DFHI c
N@}VFbj £ 8:>KIDF{¢���ID8�<?;�;2F+<?>aASE��n�(;��vl+7z� ��]:���_2�`�9D,�.1032a`b;_2H�@#T;�>KASE�fwFH> c~��FH>KL^<?fV� E FH>KLSASE�3

� tG8:>DjV<?EJI����/�����QW (+*g* ?g[� ltG8:>DjV<?EJIW�h3S�T´�ASEJID8:EDhV3 c�!�3S�)<?EVj�1°}�ASLSL^k�!�3®W (+*g* ?g[{3�1°}=<?>@<:NHIDFH>KASv <?IKAC8:EZ8?z�IKP�> c
e P�LCFHEVNbFMASE�<�NHLC8gBDFbj & 8u'��¢*+�-,�.r0g2u�-4(465-78��9%;=�H�Jq�� ( ? 'g* c ( ?d4 ' 3

� tG8:>DjV<?EJI����/����� (+*g*g*  ht_8:>DjV<?ETID�h3S��´�>@<:jV<�1�3S��<?EVj !�ASE!�¾t 3OW (+*g*g* [{3�uaASfg}�LSR&>DFbBD8:L £ Fbj©j�FHIDFbNHIKAC8:E
<?EVj BDFHLCFbNHIKA £ F�zx8iNHPVBKASE�f|ASE <�'�< £ FHfgP�ACj�F�PVBDASE�f IK}VF�y��ªT�� 9�FHIK}V8ij��I*+�/tL;z]�lr2_��� 	J]u;)�Wt�|$�C��O+�%P��
':� B?4:c ':� 4 ' 3

� tG8:>KR C G P�>DN@}VFHE!�w8 (+*g* Bg lt_8:>KRGt�3�<?EVj G P�>DND}VFHE!�w8��h3�W (+*g* Bw[{3-��8:>KIDF{¢GfwFHEVFH>@<?IKAC8:E e R|BKPVNHIKAC8:E ASE
<6>D8:I@<?IKASE�fXI@<?E!�2�<kWlr7u� *+�¢m��(;_.Q� E �e�¡�@? 'g* cA?d4r?i3

� tG8:>KID8:E (+*:�g*  htG8:>KID8:E E 3eTh3¡W (+*:�g* [{3<��}VFhBKIK>DFHE�fgIK}_8?z·< £ 8:>KIDF{¢_<?EVjZB('�AS>KLSASE�f7Nb8:>DF & 8u']B �n*+�n5§�¤l+`v�1�
mo�z;_.Q�^�@c@�¡�@B ( ¤dcfB:B:B)3

� t_P�E!� (+* R �  lt�P�E!�}��3�W (+* R � [{3 � Nb8:PVBDIKACN$9�8:E�ASID8:>KASE�f�8?z�8TNbF+<?E7fgRi>DFbB+�<*Q�<5\�¤lr`b�1�-mo�(;_.p�C�%Oeqpc��T41Bdc�¤:B)3
� t_P�E!�����/����� (+*g* ¤g 6t�P�E!�w��3S�r�¯8:>DNbFbBKIDFH>a´�3S�V<?EVjy� P�EVBDND}_1�3�W (+*g* ¤w[{3��L;=�(�:9��1;z]�lr2_�v`b;«�~]:| ]=­�78�_^@.10g�
1�<?9 e >KACj)fwF«�$E�A £ FH>DBKASI�R�´�>DFbB@B+�=1�<?9 e >KACj)fwFg3

� ��<?v <?>DFHE!�w8 (+*g* 4� «��<?v <?>DFHE!�w8 #23e�l3¡W (+*g* 4T[{3 � e BD8:>K;�IKAC8:E_8?z�BD8:P�EVj e R £ 8:>KIDF{¢�¥VL^<?9�FHEJIDB+�J,�.1032��nKL�_M3�
�¢�N�b���C�-qQc�� ( ? * Bdc ( ? *:� 3



����� � � �O���$�$%�� � 
 'g' ?

� ��<?v <?>DFHE!�w8��N�W����� (+*g* ¤g «��<?v <?>DFHE!�w8�#23%�63S����< e PVB��TR��h3JhV3S��<?EVjS#iN@}VFHACj�FHfgfwFH>«�O3�W (+*g* ¤w[{3"��8:E�LSASEVF+<?>
BD8:P�EVjic £ 8:>KIDF{¢ ASETIDFH>@<:NHIKAC8:EVBMASE�<?E ASE £ ACBDNHACj|ACB@FHEJIK>D8:;�ACN & P�ACj ��<�If'°8?c & P�ACj¯9�8ij�FHL �n,�.1032u� 5\�¤lr`b�32H� q2�
' 41s£? c ' 4 (+* 3

� ��FHP (+* R?4� «��FHPyhV3�1�3�W (+* R?4T[{3r��}VF�j)RiE=<?9�ACNbB
8?z¡BDIK>DFHIDND}VFbj £ 8:>KIKACNbFbB+�%*+�%5§�¤l+`v�1�-mo�(;N.Q�C�<Or>%c�� ' ¤:Bdc ' ? � 3
� ��8:P�LSLCFHvy�N�/����� (+*g* ?) ���8:P�LSLCFHv � 3S� ��<?LSL^<:NbF�¦63S����FH9�;�FH>KI ��3S��t_ASLCFbB TM3 E 3S��<?EVj�!�>KACBDND} �l3�W (+*g* ?g[{3
�¡P�> e P�LCFHEJI & 8u']BZIK>@<?EVB £ FH>DBDF¯BKIK>KPVNHIKP�>DF¯z/P�EVNHIKAC8:EVB�9�F+<:BDP�>DFH9�FHEJIDBGPVBKASE�f T6j·�"�fj\! IDFbND}�E�ACUTPVFg��*+�
5\�¤lr`b�1�nmo�(;N.Q�C�%c@c<d�� ' R£? cfB:s£?i3

� ��8:>KID8:E (+* R:Rg ���8:>KID8:E�#23phZW (+* R:Rw[{3p�¡8:9�8:fg>@<?;�}�ACN�>DFbNb8:EVBDIK>KPVNHIKAC8:E�8?z ' c�y £ FbNHID8:>�¥=FHLCj�B$��<?;�;�LSACN+<?IKAC8:E
ID8 & 8)' AS9X<?fgASE�fV�\[6�z]a^@.1032�� *Q�C�<dJq2� (u�)( c (u� R)3

� � e P!�i}V8 £ (+*:�g'  i� e P!�i}V8 £ � 3�t�3$W (+*:�g' [{3/#i8:9�FZBK;�FbNHA ¥=N7zxF+<?IKP�>DFbBX8?z�<?IK9�8gBK;�}VFH>KACN_IKP�> e P�LCFHEVNbFg�6*+�
5\�¤lr`b�1�nmo�(;N.Q�C�nO+c¡�@?:? cfR ( 3

� �$L^<?>KASP C ´�8:;�FbBDNHP (+* Rg¤g i�$L^<?>KASPS#23�<?EVjo��8 £ ASIKvbP ´�8:;2FbB@NHPo�{3�W (+* Rg¤w[{3%��}VF6UTP=<?EJIKP�9 F_X�FbNHIDB�8?z°FHLCFbN{c
IK>D8:9X<?fgEVFHIKACN & P)¢)FbB+�%KL�_M3�¢mo]u�1�-,�.1032u�C�@PJq2�eB:B * c 41B � 3

� �$;�}�AS>����/����� (+*g*)(  i�$;�}�AS>�hV3S��1
FbBK;2Fbj�FbB�j]3n�{3S��´Q8:E�EVF��g<?EJIKA�ul3S� G <?v+j)A G 3S�¡<?EVj¯��A��63·W (+*g*)( [{3"j�L^<:B c
ID8:fg>@<?;�}TR �¡<79�FHIK}V8ij|zY8:>MAS9X<?fgASE�f�IK}VF�FHL^<:BKIKACNHASI�R|ASE e AC8:LC8:fgACN+<?L·IKACBDBDPVFbB+�$�n�Y�v7(�32N]�9@`v;i4a|}�u­�`{9r­g��OQc��
(g(g( c ( B?4V3

� �l� #T}VF+< (+* ?:¤g �l� #T}VF+< #23�W (+* ?:¤w[{36#i8:P�EVj©BDN+<?IKIDFH>KASE�f e RÃ<�;�8:IDFHEJIKA^<?L £ 8:>KIDF{¢��ª*Q�"	J]�lr9%� �-`~�u�^��>%c��
( s � c (g(u� 3

� ��BKI@<:BD}VF £ (+*g* 4� i��BDI@<:BK}VF £ �63gja3)W (+*g* 4T[{31#i8:P�EVjl;�>D8:;=<?fJ<?IKAC8:E�<?EVj6BDN+<?IKIDFH>KASE�f�ASE69�Fbj)A^<ª'�ASIK}6>@<?EVj�8:9
ASE�}V8:9�8:fwFHEVFHASIKACFbB�8?zaB@8:P�EVj�BK;�FbFbj��Qj�FHEVBDASI�R�<?EVj�9�Fbj)ASP�9 £ FHLC8iNHASI�Rw���i��M3�a2w`�9SKI��9%�£]�| mo�(��`b�g� >¡�
41s:Bdc 4 ' R)3

� ��BKI@<:BD}VF £ (+*g* ?) i��BDI@<:BK}VF £ �63\j]3�W (+*g* ?g[{3It6;z]�lr2_�v`b;_2�`{9U|}]�Mu`{9r­�`�9p.Q]�|}]z­1�_9%�z]�l12�|$�(��`b�g��j C ! �
#T;�8:E��V��8:EVj�8:E�3

� ��BKI@<:BD}VF £ �N�W����� (+*g* ?) ��BKI@<:BK}VF £ �63�j]3S��hgP £ `7yl3S��<?EVj E L^<?EVN{c E FHEV8:E�´�}�3�W (+*g* ?g[{3�y�FH>KA £ <?IKAC8:E�8?z�<
'�ACj�F{c�<?E�fgLCF7;=<?>@< e 8:LSACN�FbUTP=<?IKAC8:E zY8:>6BD8:P�EVj�'
< £ FbB6ASE�ASE�}V8:9�8:fwFHEVFb8:PVB69�8 £ ASE�f|9�Fbj)A^<)�§tL;Nlr2_�v`b;z�¥®
t6;��~� tL;Nlr2_�v`b;z�g�J�@c¡�)4J¤g¤dc 4 � s)3

� ��BKI@<:BD}VF £ �N�W����� (+*g* Rg ��BKI@<:BK}VF £ �63@j]3S� E >��?}�LCFH> E 3S�=tGFHLSLCFH>KI��63S�®<?EVjo¦�8iFbj�FbN��wF}¦63=ul3¡W (+*g* Rw[{3�1
8?c
}VFH>DFHEVNbFhzYP�EVNHIKAC8:EVB�8?z°;�L^<?EVFl<?EVjGBK;�}VFH>KACN+<?L�'
< £ FbB�ASE|<XIKP�> e P�LCFHEJI�9�Fbj)ASP�9 '�ASIK}_IK}VF £ 8:EoV��?>K9$�?E
BK;�FbNHIK>KP�9 8?z�9�Fbj)ASP�9 ASE�}V8:9�8:fwFHEVFHASIKACFbB+� *+�-t6;z]�lr2_����	J]u;)�-t�|$�C�JOQ�e>Q�@? ' ? cA?�B£?i3

� ´�F��wFH>KACB (+* R '  6´QF��wFH>KACB�1�3V��3¡W (+* R ' [{3<#TIKPVj)ACFbB$ASE�>DF £ FH> e FH>@<?IKAC8:E�3@�z�{3e#iN+<?IKIDFH>KASE�f�8?z�BD8:P�EVj e RZ<�NHRiLSASE)c
j)>KACN+<?L £ 8:>KIDF{¢ZFH9 e Fbj�j�Fbj�ASE�< & P�ACj�<?I�>DFbBKI+�"*Q�-tL;z]:l12N����	%]u;g�-t�|}�^�%q<O2� (g( s � c (g( s:R)3

� ´�FHIKASIY¸ F+<?EVBi�N�W����� (+*g* ?) h´�FHIKASIY¸ F+<?EVB�´�3S�r�¯FbB z/>DFHACjwhV3 c�j]3S�)<?EVj � IKIKA^<:N@} h=3i1�3®W (+*g* ?g[{3r��8:>KIDF{¢XBKIK>DFHIDN@}�ASE�f
ASE_<lL^<?9�ASE=<?> e 8:P�EVjV<?>KR�L^<bRwFH> & 8u'��<k �a^-�"5\�¤lr`b�32{�@�<���eBg¤ ( cfBg¤:B)3

� ´�FHIKASIY¸ F+<?EVB C �¯FbB zY>DFHACj (+*g* ?) l´�FHIKASIY¸ F+<?EVBM´Q3¡<?EVjo�¯FbBKz/>DFHACjohV3 c�j]3°W (+*g* ?g[{3J��8:>KIDF{¢|BKIK>DFHIDN@}�ASE�f_<?EVjG¥�c
L^<?9�FHETIDB+�%t/^£^<���
	%;N`~�-KL�a2��^�@P%q�� ' ? * c 'g* s)3



����� � � �O���$�$%�� � 
 'g' R

� ´�FHIKASIY¸ F+<?EVBi�N�W����� (+*g* Rg h´�FHIKASIY¸ F+<?EVBa´Q3S�QTa8 e >DFbB/hV3 c�ul3S�+�¯FbB z/>DFHACjyhV3 c�j]3S��<?EVjyVOF £ L^<?}=<?E �l32W (+*g* Rw[{3Qj�¢ic
;�FH>KAS9�FHEJI@<?LiF £ ACj�FHEVNbF�zY8:>¡<
EVFN'¯I�RT;�F�8?z�BKI@<?IKAC8:E=<?>KROBKIK>DFHIDND}VFbj £ 8:>KIDF{¢��gkWlr7u�p*Q�rmo�(;_.p� E ��Oeq�� ¤?4 * c�¤ � s)3

� ´�}�ASLSAS;VB (+*:� sg h´�}�ASLSAS;VB«�l3�t 3�W (+*:� sw[{3n�$E|IK}VF6fwFHEVFH>@<?IKAC8:E¯8?z�BD8:P�EVj e R_BDP�;2FH>DBD8:E�ACNlIKP�> e P�LCFHETIMBK}VF+<?>
L^<+RwFH>DB+�n*Q�-5§�¤l+`v�1�nm��(;_.Q�^�@d�� ( c ' R)3

� ´�ASETID8:E (+*g*g'  h´�ASEJID8:E¥hV3 c�!�3�W (+*g*g' [{3¢mo�a2al+7z�}�1� Mg]�7N�v`v;N`v��x6^Q�:7 �:` ¨Ilr2a`b]�9�l+�¤�v7(�32N]:9<]�7z�H�-��}V�bBDF6j�Fhj�8iN{c
ID8:>@<?I+�e�$E�A £ FH>DBKASID`���Rw8:E��{3

� ´�ASETID8:E ' s:s:sg h´�ASEJID8:E W ' s:s:sw[{3=´�>KA £ <?IDFhNb8:9�9MP�E�ACN+<?IKAC8:E�3
� ´�ASETID8:E��N�/����� (+*g* Rg 6´�ASEJID8:E�h=3 c�!
3S�=1°}�ASLSL^k}!
3S��<?EVj�tG8:>DjV<?EJI6�l3�W (+*g* Rw[{3e��EJIDFH>K9�ASIKIDFHEVNHR7ASE�IK}VFONHLC8gBDFbj
& 8)' e FHI�'°FbFHEGNb8w<d¢iA^<?L�Nb8:>D8:I@<?IKASE�f�j)ACB��)B+�@k/l+7���*Q�nmo�(;_. E �-O@q2�V¤:Bg¤dc�¤?4r?i3

� ´�ASETID8:E��N�/����� (+*g* Bg 6´�ASEJID8:E�h=3 c�!
3S�)�¡<?>D8iND}VFl1�3S�+!®<?P £ F�#23S�)<?EVj E <?PVj�FHI$1�3�W (+*g* Bw[{3p�$LSIK>@<:BD8:P�EVj�BDN+<?I c
IDFH>KASE�f e R e PV8+RJ<?EVNHRZj)>KA £ FHE & 8)']B+�"*+�-,/.1032��-4(465-78�:9<;=�H�%c��@? � ? cA?:?�B)3

� ´�>@<:jV<��N�/�:��� (+*g*)(  h´�>@<:jV<X1�3S�Q� PD!�3S�V<?EVj !�ASE!�7t�3�W (+*g*)( [{3e��}VF�ASIDFH>@<?IKA £ FOIKAS9�F{c >DF £ FH>DB\<?L¡9�AS>K>D8:> �V<
BD8:LSP�IKAC8:E�ID8�BDFHL z/cxzY8iNHPVBKASE�f�ASE�IK}VFO;�P�LCBDFOFbN@}V8�9�8ij�Fg�-*+�"t6;z]�lr2_���
	J]u;)�"t�|$�^�Qd<��� (g(g(+* c (g(+'g* 3

� ´�>@<:jV<��N�/�:��� (+*g*:�  h´�>@<:jV<�1�3S�)tG<?E�EVF £ ASLSLCF�#23S�Q#T;�8:LSA^<?EVB��iRXy63S�i<?EVj !�ASE!�Xt 32W (+*g*:� [{3)y�FbNb8:9�;�8gBKASIKAC8:E
8?z�IK}VF6IKAS9�F�>DF £ FH>DB@<?L·8:;�FH>@<?ID8:> ��j�FHIDFbNHIKAC8:E�<?EVj�BDFHLCFbNHIKA £ F6zx8TNHPVBKASE�fZ8:E If'°8ZB@N+<?IKIDFH>DFH>DB+�§*+��t6;z]�lr2_���
	%]);)�"t�|$�C�pd<d�� ' s � ? c ' s£? � 3

� ´�>@<:jV< C ´�ASEJID8:E ' s:s:sg h´�>@<:jV<61�3i<?EVj�´�ASETID8:E h=3 c�!
3�W ' s:s:sw[{3iy$AYX�>@<:NHIKAC8:E7F_X�FbNHIDB
ASEXIK}VF$ASE £ FbBDIKASfJ<?IKAC8:E
8?z £ 8:>KIKACNbFbB]PVBKASE�f�<:Nb8:PVBKIKACNZ'
< £ FbB+�V;�>DFH;�>KASETI+3

� T$FHASEVBDND}!�wFw���/����� (+*g* ?) iTaFHASEVBDN@}!�wF6hV3S�Tt��:}�>KASE�f���3S�i<?EVjw� e FH>K9�FHACFH>W!�3=W (+*g* ?g[{3+#iN+<?IKIDFH>KASE�f68?z�BD8:P�EVj
'�< £ FbB e R�<�NHRTLSASEVj)>KACN+<?L £ 8:>KIDF{¢ �V<�BDFH9�A c�<?E=<?LSRTIKACN+<?L¡IK}VFb8:>KRw�n*+�-5\�¤lr`b�1�nmo�z;_.Q�^�@c@c<c�� ' ?�Bdc 'g*g* 3

� T$FHRTEV8:LCj�B (+* ?�Rg �TaFHRiEV8:LCj�B � 3�1�32W (+* ?�Rw[{3 E 8:P�EVjV<?>KR�Nb8:EVj)ASIKAC8:EVB�zx8:>
IK}VFaETP�9�FH>KACN+<?L�BD8:LSP�IKAC8:E�8?zn'
< £ F
;�>D8:;=<?fJ<?IKAC8:E_;�>D8 e LCFH9�B+�\[6�(]_^@.1032a`b;_2{�@><c�� ( s *g* c (g(g( s)3

� TaACND}=<?>Dj�BD8:E (+*g':�  �T]ACND}=<?>Dj�B@8:E���3�!�3)W (+*g':� [{3 � IK9�8gBD;�}VFH>KACN�j)AYX2PVBKAC8:E�BK}V8)'�E�8:E�<aj)ACBKI@<?EVNbF{c EVFHASfg} e 8:P�>
fg>@<?;�}��J,/78]);)�"K��
	%]);)�-�"]�9%�£]�9 � �JO<O+���@?�s * cA?�B£?i3

� T$8gBDBKA C ��F�y�ASv+�bB (+*g* ?) �Ta8gBDBKAVt 3w<?EVj���Fay$ASv+�bBW#23=W (+*g* ?g[{31��}�>DFbF{c�j)AS9�FHEVBDAC8:E=<?L®IDFH9�;�8:>@<?L=BK;�FbNHIK>KP�9
8?z�BKIK>DFHIDND}VFbj £ 8:>KIKACNbFbB+�<,�.r0g2u�-KL�_M3�n�n�N�b���^�%qQ�¡� ' ¤ � ? c ' ¤ �g* 3

� T$8:PVBDF_X (+*g*g'  iTa8:PVBDF_X yl3�W (+*g*g' [{3�T$FbNb8:EVBKIK>KPVNHIKAC8:E 8?z & P�ACj £ 8:>KIKACNHASI�R e RÄ<:Nb8:PVBKIKACN�ID8:9�8:fg>@<?;�}JRw�
t6;z]�lr2_�v`b;z���"4a| �)­�`�9+­g�JO+d¡�eR �)( cfR � ¤)3

� T$8:P)¢ (+*g* ?) �T$8:P)¢_´�3�W (+*g* ?g[{3nt�^£^<�¤`b;z�:�v`b]�9
�1�_2�|i`{78]�`{7a2i�£;z]:l12N�v`v¬Nle�a2�� 7z�N�~]�l+7_9%�_|$�_9@�����_|�^Q]�7z�_��� ���
��]u;z���¤`�2N�:�v`b]�9y�1��9p2\l+9�­�l+`b�1�L�n© ]�9<�r�L�N���Z����;z�:78�£;u��x_7a`�2N�£�v`v]�9 �n© x(;z]�l+���N|}�N9@�{2I.10£��7(]u��0�9<��|i`b¬Nlp�_2{����}V�bBDF
j�F�j�8iNHID8:>@<?I+�e�$E�A £ FH>DBKASID`�´�<?>KACBL���\3

� T$8:P)¢ C !�ASE!� (+*g* ¤g «Ta8:P)¢¾´�3
<?EVj !�ASE!��t�3aW (+*g* ¤w[{3/j�¢);2FH>KAS9�FHETI@<?LOF £ ACj�FHEVNbF_ASEÃ<:Nb8:PVBKIKACNbB�8?z�IK}VF
£ AC8:L^<?IKAC8:E�8?z�IKAS9�F{c >DF £ FH>DB@<?L¡ASE £ <?>KA^<?EVNbFMASEVj)PVNbFbj e R £ 8:>KIKACNHASI�Rw�Jk/l+78]a^<.1032��"�¢�N�b���C�%��� ' ¤dc 'g* 3

� T$8:P)¢��N�W����� (+*g* ?:<g iTa8:P)¢¾´�3S�/T$8:9X<?E E 3S��<?EVj !�ASE!�¾t 3$W (+*g* ?g[{3W��AS9�F{c >DF £ FH>DB@<?LOASE¬<?EÃP�LSIK>@<:BD8:E�ACN
'�< £ FHfgP�ACj�Fg�-t�^£^<���-,�.1032u�-�n�N�b���^�JqQ�¡� ( R (g( c ( R ( B)3



����� � � �O���$�$%�� � 
 'g'g*

� T$8:P)¢��N�W����� (+*g* ? e  iTa8:P)¢X´�3S�Tj�FªTa8gBKETR}hV3S�+�Q<?EJIDFH>]t 3S�T<?EVjy!�ASE!��t�3�W (+*g* ?g[{3+��}VF � }=<?>D8:EV8 £ c E 8:}�9
F_X�FHI]>DF £ ACBKASIDFbj e RZ<?E�<:Nb8:PVBKIKACNOIKAS9�F{c >DF £ FH>DB\<?L¡9�AS>K>D8:>+�%,/.1032��-KL�_M��"�n�N�b���^�%qQd¡�eB ( ?�sdcfB ( ?�B)3

� T$8:P)¢��N�W����� ' s:s:sg iTa8:P)¢�´Q3S�T´Q8:>KIDFH>�t�3 E 3S�+#i8:E�fMuh3i1�3S�J<?EVj$V�P�;�FH>K9X<?E$��3 � 3=W ' s:s:sw[{3 � ;�;�LSACN+<?IKAC8:E
8?z�IK}VFO;=<?>@< e 8:LSACN�FbUJP=<?IKAC8:E�9�FHIK}V8Tj�ID8�9�Fbj)ACN+<?L�P�LSIK>@<:BD8:E�ACNbB+� �i��M3��mo]:�v`v]:9=�pc-O®� ( R ( c (+*:� 3

� T$8:P)¢��N�W����� (+*g*g*  iTa8:P)¢ #23W¦�3S�·t_P�vbRHhV3 c�!�3S� � >KEVFb8ij�8 � 3�W (+*g*g* [{3
y�FHIDFbNHIKASE�f £ 8:>KIKACNHASI�R ¥VL^<?9�FHEJIDB
PVBKASE�f�'
< £ FHLCFHI�<?E=<?LSR)BKACB �d< e 8:P�I¡IK}VF·BDI@<?IKACBKIKACN+<?LTNb8:ETIK>KA e P�IKAC8:E68?z £ 8:>KIKACNHASI�RO¥VL^<?9�FHEJIDB�ID8aASEJIDFH>K9�ASIKIDFHEVNHR
ASE�Bz'�AS>KLSASE�f�IKP�> e P�LCFHEJI & 8u']B+�<kWlr7u�",�.1032u� *+� E �e���eB:s ( cfB 'g' 3

� #)<gX�9X<?E CFE < �wFH> (+* ? *  i#)<gX�9X<?E�´�3p¦63T<?EVj E < �wFH>L¦63rTM3=W (+* ? * [{3r��8:>KIDF{¢XASEJIDFH>@<:NHIKAC8:EVB �pt�9@9elp�@KL�_M3�
5\�¤lr`b�$mo�(;_.Q�^�-O<O®� * ¤dc (+'g' 3

� #)<gX�9X<?E (+*g*g'  i#)<gX�9X<?E�´Q31¦63)W (+*g*g' [{3 �p]�7N��������0�9<��|i`v;N2{�g1�<?9 e >KACj)fwFL�$E�A £ FH>DBKASI�Rl´�>DFbBDB+�w1�<?9 e >KACj)fwFg3
� #)< �w8 £ (+*g* Bg #)< �w8 £ ´Q3+�63�W (+*g* Bw[{3e#i8:P�EVj�BDN+<?IKIDFH>KASE�f e R�< £ 8:>KIDF{¢X¥VL^<?9�FHETI+�<tL;z]:l12N���-,�.1032��^�+c<d�� ' R:sdc
' R ' 3

� #)<?L^<?ETI (+*:�g*  #)<?L^<?ETIiTh3n!�3°W (+*:�g* [{3 � Nb8:PVBKIKACN�>@<bR)BlASE�If'°8?c�j)AS9�FHEVBKAC8:E=<?La>D8:I@<?IKASE�f & 8)']B+�W*+�\t6;z]�lr2_���
	%]);)�"t�|$�C�Q>%��� (g( ¤:Bdc (g( ¤£?i3

� #)<?EVj)>KASE
���/����� (+*g*g*  i#)<?EVj)>KASE �·3S��1�<?IK}VFHLSASEVF #23S�n�Q<?ETIDFH>lt 3S�¡u�FHE�EVFbUTP�ASE �63S�¡<?EVjS!�ASE!�¯t 3·W (+*g*g* [{3
��AS9�F{c >DFbBD8:L £ Fbj7;�P�LCB@Fbj�FHL^<:BDID8:fg>@<?;�}JR$'�ASIK}7P�LSIK>@<dcxz <:BKI
P�LSIK>@<:BD8:E�ACN�AS9X<?fgASE�fV�@tL;z]�lr2_�v`b;z���<4a|}�u­:`�9r­w�Q�-O®�
' ¤ * c 'g*g' 3

� #iN@}�9�ACj)I C ��ASLS9X<?E�E (+* ?�sg #iND}�9�ACj)I�y63n��3Q<?EVj���ASLS9X<?E�E ´�3�t 3�W (+* ?�sw[{3 j�¢i;�FH>KAS9�FHEJI@<?L]BKIKPVj)R¯8?z
BD8:P�EVjic~'�< £ F$;�}=<:BDF & PVNHIKP=<?IKAC8:EVB·N+<?PVB@Fbj e RlIKP�> e P�LCFHEJI�'
< �wFbB+�e*Q�ptL;z]:l12N��� 	%]u;g�pt�|}�^��>-q�� ( B ( sdc ( B ' 4V3

� #iuZ��t (+*g* 4� #iFH> £ ACNbF�u$R)j)>D8:fg>@<?;�}�ACUJPVF�FHI���Nb`+<?EV8:fg>@<?;�}�ACUTPVFMj�F�L^<�tG<?>KASEVFg3 % ]�l+7(��9@�{2��1��|}��7(x=�«�r�
��� ;��:����]�le�a2_�I�1���I7z�N�~�u­:9%�H�%j�j)ASIKAC8:EVBaj)P�#iuZ��t � E >DFbBDI+3

� #TA e P�L��iASE (+*:�g'  i#TA e P�L��iASE�t 3�W (+*:�g' [{3 � EV8:IDFO8:EZIK}VF e <?IK}JIKP e £ 8:>KIDF{¢��n*+�-5\� l+`b�1�nmo�(;_.p�C�-O+>¡� ')( c ' 4V3
� ��<?EJIDFH> (+*g*g*  ��Q<?EJIDFH>]t 3�W (+*g*g* [{3@t�^£^<�¤`b;z�:�v`b]�9���l 7z�N�~]�l+7a9%�N|}�N9@�\���_|�^Q]:7(�_� � �(© .10a^p�_7N�{.Q�_7_|i`b��lr�Y�v7(�32N]�®
9<]:7(����l�;a�_7aM��(��l)�%��}V�bB@FOj�F�j�8TNHID8:>@<?I+�@�aE�A £ FH>DBKASID`M´�<?>KACB6�ª�z�{3

� ��<?EJIDFH>i���/����� (+*g* Rg «�Q<?ETIDFH>]t�3S�+��}V8:9X<:BWhV3 c���3S��<?EVj !QASE!��t�32W (+*g* Rw[{3+��E & PVFHEVNbF�8?z e 8:P�EVjV<?>KRXNb8:EVj)A c
IKAC8:EVB�8:E6IKAS9�F{c >DF £ FH>DB@<?L)zx8TNHPVBDASE�f�IK}�>D8:P�fg}�}VFHIDFH>D8:fwFHEVFb8:PVB�9�Fbj)A^<)�1t�^£^<���Q,�.1032��Q�¢�N�b���C�rqe��� ' ¤ (g( c ' ¤ ( B)3

� ��<?;�;2FH>KI (+* ?:?) i�Q<?;�;�FH>KI !�3?y63TW (+* ?:?g[{3���}VF·;=<?>@< e 8:LSACN�<?;�;�>D8b¢)AS9X<?IKAC8:E69�FHIK}V8Tj��?ASE �i��M3��^<7(]a^Q�u­1�:�v`v]:9
��9%��lr9%�1�_7��\�:���_7S�£;z]:l12N�v`v;_2H�IVOFHLSLCFH>�hV3 E 3]<?EVj©´�<?;=<:jV< �iACB�hV36#23Wj�j�B 3S�6#T;�>KASE�fwFH> c~��FH>KL^<?fV� E FH>KLSASE��
�¢�(;��vl+7(� ��]:���a2�`{9 ,/.1032a`b;_2{�%qp��� 'g' 4:c ' R£?i3

� ��<bRiLC8:> (+* Bg¤g ���<bRiLC8:>W¦63£�{3VW (+* Bg¤w[{3+#TI@<?IKACBDIKACN+<?L=IK}VFb8:>KR�8?z�IKP�> e P�LCFHEVNbFg�Q,/7(]u;)�<K�� 	%]);)�@�n]�9<�£]�9 � �QOQP-O®�
4 ')( c 4r?�R)3

� �¡>KASIKID8:E (+* R:Rg «�¡>KASIKID8:E_y63phV3¡W (+* R:Rw[{3<,/.1032a`b;z��� �/lr`b� ��0�9<��|i`b;_2{�V1°L^<?>DFHEVj�8:E_´�>DFbBDB+�<�a¢izY8:>Dj�3
� �¡P�>KEVFH> (+*:�:�  ��¡P�>KEVFH>ªhV3-#23QW (+*:�:� [{3%��}VFMNb8:EVBDIK>@<?ASEJIDB�AS9�;28gB@Fbj�8:EGID8:>KE=<:j�8?c LSA��wF £ 8:>KIKACNbFbB e R�IK}VFhID8:;
<?EVj e 8:IKID8:9 e 8:P�EVjV<?>KR�Nb8:EVj)ASIKAC8:EVB+�"*+�n5§�¤l+`v�1�nm��(;_.Q�^�<�@P��eB£?:? c 41s:s)3



����� � � �O���$�$%�� � 
 ' B:s

� �$9�F��TA C ��P�EVj (+*g* ?) «�$9�F��TA�t 3�<?EVj���P�EVj�!�3�W (+*g* ?g[{3\#T;�AS>@<?LCB�<?EVj�j)ACBKLC8TN+<?IKAC8:EVB6ASE�'�< £ F{c £ 8:>KIDF{¢
BKR)BKIDFH9�B+�@5\�¤lr`b� �Z0�9%�-KL�_2��^�@�JO®� ' s ( c ')( s)3

� �$EVFHE��N�W����� (+*g* Rg «�$EVFHEwTh3:!
3 £ <?E��£��}V8:>KEVF�´�3Jy63S�T1
8b¢�ul3S�J<?EVj$V�<?9�9�ASE�fJ<hy63=W (+*g* Rw[{3J�Q< e 8:>@<?ID8:>KR
9�F+<:BKP�>DFH9�FHETIDB�8?z)NHP�>K>DFHETI & 8u'�PVBKASE�faNH>D8gBDB�Nb8:>K>DFHL^<?IKAC8:E68:EM<:Nb8:PVBKIKACN e <:N��)BDN+<?IKIDFH>KASE�f]zY>D8:9 BKPVBK;�FHEVj�Fbj
BDFbj)AS9�FHETIDB+�n*Q�-tL;z]:l12N����	%]u;g�-t�|}�^�JO+�@>¡� ( B?4J¤dc ( Bg¤g¤)3

� ��ASEVNbFHEJI C t_FHEVFHfgP�vbvbA (+*g*)(  «�$ASEVNbFHETI � 3�<?EVj¾t_FHEVFHfgP�vbvbAat 3�W (+*g*)( [{3\��}VF�BK;=<?IKA^<?L$BKIK>KPVNHIKP�>DFZ<?EVj
BKI@<?IKACBDIKACN+<?L�;�>D8:;2FH>KIKACFbB$8?z�}V8:9�8:fwFHEVFb8:PVB$IKP�> e P�LCFHEVNbFg�n*Q�-5\� l+`v�r�nmo�(;_.Q�^�%�<�@P�� ( c ' ¤)3

� ��A £ <?EVNb8����/����� (+*g*g*  ��$A £ <?EVNb8�!�3S�?tGFHLC8ª!
3S�w1
8gBKIDF]1�3S�g<?EVj6��P�EVji!�3)W (+*g*g* [{3£#TP�> z <:NbFW'
< £ F�BDN+<?IKIDFH>KASE�f
e R�< £ FH>KIKACN+<?L £ 8:>KIDF{¢X<?EVj�IK}VF]BKRi9�9�FHIK>KRl8?z�IK}VF � }=<?>D8:EV8 £ c E 8:}�9�'
< £ F�zYP�EVNHIKAC8:E��+,�.r0g2u�pKL�_M3�<�n�N�b���^�
�<c�� (+*g*:� c (+*:�g* 3

� �ÃASLSLSA^<?9�BD8:E (+*g*:�  ��ÃASLSLSA^<?9�BD8:E¾1�3�uh3 V�3�W (+*g*:� [{3���8:>KIDF{¢�j)RTE=<?9�ACNbB6ASE�IK}VF�NHRTLSASEVj�FH>i'�< �wFg�\t�9e9ele�
KL�NM3�"5\� l+`b�}m��(;_.Q�^�<�e�¡�)4r?:? c�¤:B * 3

� �ÃASEJIDFH>DB C Ta8:PVBDF_X (+*g* Bg ��ÃASEJIDFH>DB�V�3 E 3®<?EVj�Ta8:PVBDF_X�y63�W (+*g* Bw[{3<�Q8:9�8:fg>@<?;�}�ACNh>DFbNb8:EVBDIK>KPVNHIKAC8:E|8?z
BKIK>@<?IKA ¥=Fbj & P�ACj & 8u'��J4(k§k§k��p7(��9p2u���n�Y�v78�32�]�9%�-5¢�_7a7(])�_���(;��v7u��5J7z�(¬)� % ]:9@�v78]:�"�p>%��� ':� cfB:B)3

� � P��N�W����� (+*g*g'  «� Po!�3S�%��}V8:9X<:BZhV3 c���3S��<?EVjo!�ASE!��t�3�W (+*g*g' [{3J��AS9�F{c >DF £ FH>DB@<?L�8?z�P�LSIK>@<:BD8:E�ACNl¥=FHLCj�B$c
´�<?>KI6�z� �Qj�¢);�FH>KAS9�FHEJI@<?L�>DFbBKP�LSIDB �@4(k§k§k'�e7(��9p2�� �¢�¤�v7(�32N]:9%�J5n�_7_78]g�_���z;��v7�� 5J7z�(¬)� % ]:9@�v78]:�"�ec<d���¤ �:� c�¤£?�R)3

� � P�EVFHE e P�>KfwFH> �N�/����� (+*g*g*  �� P�EVFHE e P�>KfwFH>�Th3S� � EVj)>DFb8:IKIKA E 3��w<?EVj�´�FHIKASIY¸ F+<?EVB°´Q3®W (+*g*g* [{3£��E & PVFHEVNbF�8?z
;�>DFbNbFbBDBDAC8:E�8:E £ FHLC8iNHASI�R79�F+<:BKP�>DFH9�FHEJIDB$ASE�<�BKIK>D8:E�f�L^< e 8:>@<?ID8:>KR £ 8:>KIDF{¢��%k �a^-�"5\�¤lr`b�32H�@�%q2� ( R ( c ( R:R)3


