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Q�ÎED%IK= J�Î � z y {  t>u 9 ß��  t � IKJ2L�ÎE?�Ð�@BR\L®æKþ5Óz@BJ2Q�ÎED%IK= J�Î%Q�Þ çlâ
= R R S2Q�ÎED%IGÎEÐvLÜÒ�ÚÜR @BJ ë L�IBQ�?�ÐvLrIKJ2L¬Q�?�@BD�Î4L�IBQ�?�ÐvLÜR = J�ÐvQ�ÐcFGIKR S�ê
IGÎEÐvLCS2Q�= J ë ��÷¢9;Ôsç�Ø
Ï;= ÎE?$õ P ß�IKJ2L�õ P �KJ æ�àBDEÐvQ�Ñ¢ÐvÓ�ÎE= FBÐcR ÚB9
<.?�ÐOL�@KÎ�ÎEÐvLrR = J�ÐvQ�Ò¢@KÎE?�= J �!= ë 9á�IKJ2Lr= J �!= ë Qc94ä�à¢å$Ò¢ÐcR @GÏ
IKDEÐ�ÐcFGIKR S2IGÎEÐvL®S2Q�= J ë ÎE?�Ð�ÎE?�= D%LìR = J�Ð$@KÛ/��÷¢9¥Ôsä^��Ø,= JÙ@BD%L�ÐcD
ÎE@C= R R S2Q�ÎED%IGÎEÐ4ÎE?�Ð,L�Ð ë DEÐcÐ4@KÛ!F�= @BR\IGÎE= @BJ$@KÛ!?�Ú�L�DE@�L�Ú�J2IKAC=\Ó4IKÑ�ê
Ñ�DE@lò�= A�IGÎE= @BJ3= J3ÎE?�Ð.DEÐ ë = @BJ � Z �ih &�ß�� � \ Ï;?�ÐcDEÐ#ÎE?�Ð;IBÓcÓzDEÐzÎE= @BJIBÓ�ÎES2IKR R ÚìÒ¢Ð ë = J2Q�= JñI6Óz@BR R =\Q�= @BJ�R ÐvQEQCDEÐ ë = ACÐrIKJ2L¥@BJ�R ÚìR\IGÎEÐcD
Q�Ï;= Î%Ó%?�ÐvQ�@GFBÐcD�= J�ÎE@:I,?�Ú�L�DE@�L�Ú�J2IKAC=\ÓcIKR�@BJ�Ð;Ò¢Ðc= J ë àBÎE?�S2Qcà�IBL�ê
Ðv÷�S2IGÎEÐcR Ú$L�ÐvQEÓzDE= Ò¢ÐvL$Ò�Ú�ÎE?�Ð3Q�ÐvÓz@BJ2L$R = J�Ð,@KÛx��÷¢9;Ôsä^��Ø�9
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�G�������4���c���c�� 3�z�i���E���B�%���i� �_�G«,�.�c�i��������� �v��¡����c�i�����Ü�c���$�i���c�i�
���c�i�����:� � ���%���z���;�v�B���c� �����:���i� ��¡C8:93;í 3�c�i��¡c���������C�%�G�54,�%� �%�G�
� Pl�!�#� ��� RVB¥�KW ¤�
�G�� �c���C�*W ¤G�����%�i���%�E��� 6l�%� �G«
��÷�S2IGÎE= @BJ�Ôsä^��Ø�IKR\Q�@CIKR R @GÏ Q#ÎE@CDEÐcF�=\Q�Ð ÎE?�Ð,Óz@BJ2Q�ÎED%IK= J�Î%Q�Ûp@BR ê

R @GÏ;= J ë ÛpDE@BA ÎE?�Ð¥ACÐvIBQ�S�DEÐvL(?�= ë ?�ê©ÐcJ�ÐcD ë ÚUL�= ��S2Q�Ð¥Ñ�?�@KÎE@BJ
Q�Ñ¢ÐvÓ�ÎEDES�A Þ ècâ�IKJ2L�IKJ�ÎE= Ñ�DE@KÎE@BJ�Ðzò�ÓzÐvQEQÞ élâ©9.��@BD�ÎES�J2IGÎEÐcR ÚBà�= Î =\Q
Q�S�ó�Óz= ÐcJ�Î!ÎE@4Óz@BJ2Q�=\L�ÐcD�ÎE?�ÐeÕ�Ö.×�Q�= J�ÎEÐcJ2Q�= FBÐcR ÚÐcFGIKÑ¢@BD%IGÎE= J ë IGÎ
Ñ�DEÐvQ�ÐcJ�Î;= JÜÒ¢@KÎE?rÓcIBQ�ÐvQ,Þ è�à2élâ©9�<.?�ÐA�IBQEQ j HKÔ � Ø P j Ô ]>w Ø���  t>u 9 IKJ2L ×�IlÏ;>�= J ë ÎEÐcACÑ¢ÐcD%IGÎES�DEÐ$�HWYX P ß Z á�g U WYX �
 j H Ô � Ø � � �  t>u h @KÛ:Q�S2Ó%?�Õ�Ö.×�Q�ÓcIKJ�Ò¢Ð�Ûp@BS�J2L�Q�S�Ò2Q�ÎE= êÎES�ÎE= J ë ] �1X �FY P ] \,= J�ÎE@&��÷¢9;Ôsä�ßlØeIKJ2L�ÎE?�ÐcJ j HKÔ � Ø#ÛpDE@BA ��÷¢9Ôsä�ßlØ#= J�ÎE@ ��÷¢9;Ô_áBØ�9�<.?�Ð,×�IlÏ;>�= J ë ÎEÐcACÑ¢ÐcD%IGÎES�DEÐL�ÐzÎEÐcDEAC= J�ÐvQ
ÎE?�Ð�Ñ�?�@KÎE@BJ�ÐcJ�ÐcD ë Ú�� ~�� �HWYX Ï;= ÎE? � # æ6Þ çlâ�= J2ÓzDEÐvIBQ�= J ë
Ñ�DE@BÑ¢@BD�ÎE= @BJ2IKR R ÚÜÎE@ �  t>u h ÛpDE@BA áBæD��>BÐc8 ÎE@®ßlæD���rÐc8 Ï;= ÎE?

ÎE?�Ð�ÓzS�DEFGIGÎES�DEÐCD%IBL�= S2Q,FGIKDE=\IGÎE= @BJ�ÛpDE@BA � Z �ih P ß�� � t ÎE@®ß�� 9F\Þ älâ©9#<.?�Ð,L�= ��S2Q�Ð,Ñ�?�@KÎE@BJ�Q�Ñ¢ÐvÓ�ÎEDES�A ÓcIKJ$Ò¢Ð,ÐvQ�ÎE= A�IGÎEÐvL�Þ ç�à�ècâ
Ò�Ú�ÎE?�ÐÛp@BDEA:S�R\I

�¢Ô��:Ø P l
å^g j H� 8#Ô ] \ d j z Ô j H Ø�Ø ÔsäBä�Ø

Ï;?�ÐcDEÐ�l�=\Q.ÎE?�Ð3Q�Ñ¢ÐcÐvL�@KÛ!R = ë ?�Î�IKJ2L
8#Ô ] \ d j z Ô j H Ø�Ø P

ä � z Ô j z Ø
á t � u h g ��� u hh

o � Ô ] ��� Øo � Ô ] \GØ { t>u � �  � u � ]  � u 9��� j  � u �z Ô j H Ø ÔsäKå�Ø

=\QÜÎE?�ÐÙÑ�DEÐvQ�ÐcJ�Î¬J�S�A:Ò¢ÐcD�L�ÐcJ2Q�= Î�Ú�@KÛ�Õ�Ö.×�QrÏ;= ÎE?(A�IBQEQr@KÛ
ÎE?�Ð�@BD%L�ÐcD j HGà Ï;?�ÐcDEÐ ] ��� P èKá(J ç�� ] U Þ è�à�élâ=\Q�ÎE?�Ð¬ÎE= ACÐ
@KÛ�A�IGÎ�ÎEÐcD�ê©D%IBL�=\IGÎE= @BJ�Ðv÷�S2IKR = Î�Ú�IKJ2L�ÎE?�Ð3A�IBQEQ j z Q�?�@BS�R\LÜÒ¢Ð
Ûp@BS�J2L:Ò�Ú3Q�S�Ò2Q�ÎE= ÎES�ÎE= J ë j Ô ]>w Ø P j H#= J�ÎE@���÷¢9eÔsä^��Ø�9!ÍiJ:Ñ2IKD�ê
ÎE=\ÓzS�R\IKDvàG@BJ�Ð.ÓcIKJ3ð2J2L3ÎE?2IGÎ�= J�= ÎE=\IKR�A�IBQEQ�ÐvQ�@KÛ�Õ�Ö.×�Q!Óz@BACÑ�R ÐzÎ�ê
= J ë ÎE?�Ðc= D�ÐcFGIKÑ¢@BD%IGÎE= @BJÜIGÎ�Ñ�DEÐvQ�ÐcJ�Î�IKDEÐ,Ðv÷�S2IKR�ÎE@ j z P ß��  h
IKJ2LÜß�� � ë Ûp@BD � Z �ih P ß�� � t IKJ2LÜß�� 9F\ à�DEÐvQ�Ñ¢ÐvÓ�ÎE= FBÐcR ÚB9���@BACÑ2IKD�ê= J ë ÔsäBä�ØeÏ;= ÎE?�ÎE?�Ð,@BÒ2Q�ÐcDEFGIGÎE= @BJ2IKR�L�IGÎ%ICÓz@BR R ÐvÓ�ÎEÐvL$= J®Þ èvâ©à�@BJ�Ð
@BÒ�Î%IK= J2Q:J�ÐcÏ5Óz@BJ2Q�ÎED%IK= J�Î%Q3Ñ�DEÐvQ�ÐcJ�ÎEÐvL®= JT�!= ë 9®ä�Ò�Ú®I�Q�@BR =\L
R = J�ÐB9$<.?�ÐvQ�Ð�Óz@BJ2Q�ÎED%IK= J�Î%Q,IKDEÐCA:S2Ó%?�ÎE= ë ?�ÎEÐcDÎE?2IKJ6Ò¢@KÎE?6ÎE?�Ð
å�þNÓz@BJ2Q�ÎED%IK= J�Î � z y ß��  9 � IKJ2L:ÎE?�Ð @BR\L�æKþñ@BJ�ÐvQcàBÑ�DEÐvQ�ÐcJ�ÎEÐvL
Ò�Ú$L�IBQ�?�ÐvL$R = J�ÐvQc9
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� Pl�2�#� ���RVB¥�KW ¤�
�Gz� �c���O�*W ¤G�����%�i���%�E��� 6l�%� �G«
<.?�Ð IKJ�ÎE= Ñ�DE@KÎE@BJ �2S�òOÛpDE@BAöÒ�D%IKJ�Ð Õ�Ö.×�Q#ÓcIKJOÒ¢Ð�QEÓ%?�ÐcA�IGÎ�ê

=\ÓcIKR R Ú�Ï;DE= Î�ÎEÐcJÜ= J�ÎE?�ÐÛp@BDEA

���Y � N j zN j H j 9� �! j z j H#" 8#Ô ] \ d j z Ô j H Ø�Ø d Ôsä�æBØ

Ï;?�ÐcDEÐ j � �! P j � �! Ô � Ø�=\Q�ÎE?�Ð®A�IBQEQÜ@KÛCIñÕ�Ö.× Ï;= ÎE?
×�IlÏ;>�= J ë ÎEÐcACÑ¢ÐcD%IGÎES�DEÐ � WYX ~ ß m (�* IKJ2L ÎE?�Ð�ÛsIBÓ�ÎE@BDm ~ ß��%$4DEÐcÑ�DEÐvQ�ÐcJ�Î%Q�ÎE?�Ð ë IKR\IBÓ�ÎE=\Ó�A�IGÎ�ÎEÐcD�L�ÐcJ2Q�= Î�Ú$ÐcJ�?2IKJ2ÓzÐzê
ACÐcJ�Î�IGÎOÎE?�ÐrQ�@BR\IKDOJ�Ðc= ë ?�Ò¢@BDE?�@�@�L�91��÷�S2IGÎE= @BJ�Ôsä�æBØ:L�= ��ÐcD%Q
ÛpDE@BA1Ðv÷�S2IGÎE= @BJ2Q4@KÛeDEÐzÛ�9�Þ élâ©à�Óz@BA:Ò�= J�ÐvLrÎE@ ë ÐzÎE?�ÐcD= J6I�Q�= AC= ê
R\IKD�Ï.IlÚBà¢Q�@BR ÐcR Ú�Ò�Ú$ÎE?�Ð:DEÐcR\IGÎE= @BJìÔsä^��Ø.@KÛ j H P j Ô ]>w Ø;Ï;= ÎE?j z 9O<.?�=\Q 0BQ�A�IKR R10$L�= ��ÐcDEÐcJ2ÓzÐBà�?�@GÏeÐcFBÐcDvà�IKR R @GÏ Q�S2Q4ÎE@ÜÓz@BJ�ê
Q�=\L�ÐcD%IKÒ�R ÚODEÐvQ�ÎEDE=\Ó�Î�ÎE?�Ð 0KAC@�Q�Îe= ACÑ¢@BD�Î%IKJ�ÎeDEÐvQ�S�R Î 03@KÛ�ã;ÐzÛ�9;Þ éGâ
Óz@BJ2ÓzÐcDEJ�= J ë ÎE?�Ð'&( �2S�ò�L�ÐcÑ¢ÐcJ2L�ÐcJ2ÓzÐ�@BJ � 9!ÍiJ2L�ÐcÐvL�à�S2Q�= J ë ÎE?�Ð



æ

Õ�Ö.× A�IBQEQ ë DE@GÏ.ÎE?¥Óz@�Ðzó�Óz= ÐcJ�Î�Ôsç�Ø�àe@BJ�ÐÜ@BÒ�Î%IK= J2QrÞ éGâ ÛpDE@BA
Ôsä�æBØ#ÎE?2IGÎ ���Y � � Y Ï;= ÎE?ÜÐzò�Ñ¢@BJ�ÐcJ�Î

( P å �Bõ Q ßväDg
ßvç2Ô�g Q õ3Ø J ÔsäBç�Ø

î�= J2ÓzÐ (fy �6IGÎ�õ I ßÜ= Î�Ï.IBQCIKD ë S�ÐvLì= JUÞ éGâ;ÎE?2IGÎCÎE?�Ð &(�2S�ò�=\Q:I®øBù%úzûEù%ülý
�,�"!�ÛpS�J2Ó�ÎE= @BJ®@KÛ � ÔsQ�ÐcÐ�Ò¢@KÎE?ìL�IBQ�?�ÐvL�R = J�ÐvQ
= J��!= ë 9$å�ØIKJ2L6Q�?�@BS�R\L�Ò¢Ð�S2Q�ÐvL�ÎE@¬Q�ÐzÎ:IÜR @GÏeÐcDÒ¢@BS�J2L6@BJ� 9e× @GÏeÐcFBÐcDeÎE?�Ð3J�ÐcÏ�FGIKR S�Ð3õ # ß^J æGåCR ÐvIBL�Q.ÎE@CÎE?�Ð3Ñ¢@�Q�= ÎE= FBÐ
Ðzò�Ñ¢@BJ�ÐcJ�Î ( # �KJ é�ß�Óz@BDEDEÐvQ�Ñ¢@BJ2L�= J ë ÎE@ �,��úzûEù%ülý
�,�"! &( �2S�ò$Ôsä�æBØ
IKJ2LL�ÐvÓzDEÐvIBQ�= J ë Óz@BJ2Q�ÎED%IK= J�Î%Q�@BJ m � z ÔsQ�@BR =\L4R = J�Ð�= J �!= ë 9�å�Ø¢S�Ñ
ÎE@ � Z �ih # ß�� � \ àGÏ;?�ÐcDEÐ�ÎE?�Ð�?�Ú�L�DE@�L�Ú�J2IKAC=\Ó�IKÑ�Ñ�DE@lò�= A�IGÎE= @BJ,=\Q
F�= @BR\IGÎEÐvL�9;<.?�ÐvQ�Ð3Óz@BJ2Q�ÎED%IK= J�Î%Q IKDEÐ3I ë IK= JÜA:S2Ó%?ÜÎE= ë ?�ÎEÐcD;ÎE?2IKJ
Ò¢@KÎE?�ÎE?�Ð,å�þöÓz@BJ2Q�ÎED%IK= J�Î � z y ß��  9 � IKJ2L�ÎE?�Ð,@BR\LÜæKþ(@BJ�ÐvQcà
Ñ�DEÐvQ�ÐcJ�ÎEÐvL$Ò�Ú$L�IBQ�?�ÐvL$R = J�ÐvQc9
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�G��C�c���¬�*W ¤G�
���%�i���%�E��� 6l�%� �G«

ÖeÐvÓcIKS2Q�Ð�@KÛ F�= @BR\IGÎE= @BJì@KÛ ?�Ú�L�DE@�L�Ú�J2IKAC=\Ó�IKÑ�Ñ�DE@lò�= A�IGÎE= @BJ
IGÎ � Z �ih � ß�� � \ IKJ2L�= J6ÎE?�Ð�Óz@BDEDEÐvQ�Ñ¢@BJ2L�= J ë Ñ�?�@KÎE@BJ6ÐcJ�ÐcD ë Ú
DEÐ ë = @BJ�� I æD�^��� (�* IKR R!ÎE?�Ð�Óz@BJ2Q�=\L�ÐcDEÐvL¬Óz@BJ2Q�ÎED%IK= J�Î%Q DEÐvIBÓ%?
ÎE?�Ðc= DOA�IGò�= A�I�IGÎ � Z �ih # ß�� � \ 9��!= ë S�DEÐvQCálê©å�L�ÐcAC@BJ2Q�ÎED%IGÎEÐ
ÎE?2IGÎ:ÎE?�Ð$ÎE= ë ?�ÎEÐvQ�Î�Óz@BJ2Q�ÎED%IK= J�Î%Q,Ûp@BR R @GÏ;= J ë ÛpDE@BA ÎE?�ÐÜÓzDE= ÎE=\ÓcIKR
L�ÐcJ2Q�= Î�Ú�R = AC= Î!IKJ2LACÐvIBQ�S�DEÐcACÐcJ�Î%Q�@KÛ�ÎE?�Ð#?�= ë ?�ê©ÐcJ�ÐcD ë Ú�L�= ��S2Q�Ð
Ñ�?�@KÎE@BJ�Ò2IBÓ%> ë DE@BS�J2L$IKJ2L�IKJ�ÎE= Ñ�DE@KÎE@BJ�Ðzò�ÓzÐvQEQ.IGÎ � Z � \ # ß�� � \
IKAC@BS�J�ÎvàeDEÐvQ�Ñ¢ÐvÓ�ÎE= FBÐcR ÚBà#ÎE@ � z # ß��  � t d ß��  � � IKJ2L�ß��  � � 9î�= J2ÓzÐ�ÎE?�Ð�ÎE= ë ?�ÎEJ�ÐvQEQ,@KÛ IKR R�ÎE?�Ð$Óz@BJ2Q�ÎED%IK= J�Î%Q,= J2ÓzDEÐvIBQ�ÐvQÏ;= ÎE?
ÎE?�Ð3ÓzS�DEFGIGÎES�DEÐD%IBL�= S2Q � à�IKR R�@KÛ!ÎE?�ÐcAÿÓcIKJ�Ò¢Ð3S2Q�ÐvL$ÎE@�Q�ÐzÎ�IKJ
S�Ñ�Ñ¢ÐcD Ò¢@BS�J2L�@BJ � IGÎ � Z �ih I ß�� � \ 9
<�@�Q�S�ACA�IKDE= 6cÐBà¢Ñ2IKD�ÎE=\ÓzR Ð:Óz@BR R =\Q�= @BJ2Q A�IK>BÐ3?�Ú�L�DE@�L�Ú�J2IKAC=\Ó

IKÑ�Ñ�DE@lò�= A�IGÎE= @BJ�IBL�Ðv÷�S2IGÎEÐÎE@�L�ÐvQEÓzDE= Ò¢ÐÎE?�Ð3IBÓcÓzDEÐzÎE= @BJÜ@KÛ!ÎE?�Ð
D%IBL�=\IGÎE= @BJ:L�@BAC= J2IGÎEÐvL:Ò2IBÓ%> ë DE@BS�J2L,@BJ�ÎE@Õ�Ö.×�Q
L�S�DE= J ë AC@�Q�Î
@KÛ¢ÎE?�Ð;?�= ë ?�ê©ÐcJ�ÐcD ë Ú3Ñ�?2IBQ�Ð.@KÛ¢ÎE?�Ð�ã�î�á4Ò�D%IKJ�ÐcÏe@BDER\L:QEÓzÐcJ2IKDE= @29��@BJ�ÎE= J�S�@BS2Q3Ò2IBÓ%> ë DE@BS�J2L�=\QOÓ%?2IKD%IBÓ�ÎEÐcDE= 6cÐvL�Ò�ÚìæGå � ?�= ë ?�ÐcD
IBÓcÓzDEÐzÎE= @BJrÐzó�Óz= ÐcJ2ÓzÚÜ@BJ�ÎE@�Õ�Ö.×�Q ÎE?2IKJrÎE?2IGÎ@KÛeÓz@BR R =\Q�= @BJ�R ÐvQEQ
DEÐcR\IGÎE= F�=\Q�ÎE=\Ó#Ñ2IKD�ÎE=\ÓzR ÐvQc9!<.?�=\Q!?�= ë ?�ÐcD
IBÓcÓzDEÐzÎE= @BJ3Ðzó�Óz= ÐcJ2ÓzÚÑ�DE@Kê
F�=\L�ÐvQ�R\IKD ë ÐcD$Õ�Ö.×ÿA�IBQEQ ë DE@GÏ.ÎE?ñL�S�DE= J ë ÎE?�Ð¬?�= ë ?�ê©ÐcJ�ÐcD ë Ú
Ñ�?2IBQ�Ð,IKJ2L�A�IK>BÐvQe= Î�Ñ¢@�QEQ�= Ò�R Ð4ÎE@�@BÒ�Î%IK= J�A:S2Ó%?�ÎE= ë ?�ÎEÐcD Óz@BJ�ê
Q�ÎED%IK= J�Î%Q6@BJ = J�= ÎE=\IKR�A�IBQEQ6ÛpD%IBÓ�ÎE= @BJ ÎE?2IKJ ÎE?�@�Q�Ð¥Ûp@BS�J2L = J
Þ ç�à�è�à;élâ4IBQCÏeÐcR R�IBQOÎE?2IKJ¥ÎE?�Ð¬Óz@BJ2Q�ÎED%IK= J�Î�Ðv÷�S2IKR.ÎE@ñß��  9 �
@BÒ�Î%IK= J�ÐvLO= JCÎE?�Ð�Q�Î%IKJ2L�IKD%L:å�þ�Óz@�Q�AC@BR @ ë ÚB9�<.?�Ð;ÎE= ë ?�ÎEJ�ÐvQEQ�@KÛ
ÎE?�Ð�@BÒ�Î%IK= J�ÐvL�Óz@BJ2Q�ÎED%IK= J�Î%Q�AC@�Q�ÎER ÚC= J2ÓzDEÐvIBQ�ÐvQ#Ï;= ÎE?$ÓzS�DEFGIGÎES�DEÐ
D%IBL�= S2Q;IKR R @GÏ;= J ë ÎE@CDEÐvQ�ÎEDE=\Ó�Î;= Î;ÛpDE@BA5IKÒ¢@GFBÐB9

<.?�Ð,IKS�ÎE?�@BD%Q.IKDEÐ ë D%IGÎEÐzÛpS�R�ÎE@OÎE?�Ð��r= J�=\Q�ÎEDEÚ�@KÛx��L�S2ÓcIGÎE= @BJ
IKJ2LÕ#DE@KÛpÐvQEQ�@BD�8:9 � 9vÖ.IKDEÚ�Q�?�ÐcF�Q�>�Ú.Ûp@BD�Q�S�Ñ�Ñ¢@BD�Î�@KÛ�ÎE?�=\Q�Ïe@BDE>�9
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