
���������
	���
���	�������������	���	��������
� �!
#"%$&�('*)+��	���	�����,-��./$ �(�0�1�
	�$2�
.3�
$ � 45�6��708:9�	���
;$0<=
;>?��
;��8#
�@

A�B6C�D�E�B+FHGJIKE�BJLMGONQP;RSLMFTD�U1FHG#IKAJB(V�C#WXP;E�BJLMGJIZY[C+F1\OB#]^GJI�N[P;_ZLQ`�A6acbdFHY3e6b3f^acaQN
g�hjilk�mon�iHp�qMmsrut�vwq-x moiTy�rutdiHz?{�|c}�~/n�y�zdmoiH~d|w�X�/k�msr�y��6zQp�~dnuz/m�~dn��/�
�^����~c~dx�~�}��+~dy&��qMmsr�n=����i�r�|^��r�����x�~dn�iHtQz?{�|Xmsr�n�|^zdmoio~d|^z�x&�
|�iT�dr�n�k�iTmo�/�JvwiHzdy?iT�
�J���Q�M�����

� h?rs�-z/n�moy�r�|Xm1~�}1��x�r���mon�iH��z�x6zd|^t��+~dy �Xq-msr�n �O|M�diT|^r�r�n�iT|[�d�?�(|Xil�dr�n�k�iTmo��~�} vwiHz/y�iT�
�+~dnuzdx+��z�p�x�r�k����J� �Q�M�/¡c¢

£�¤�¥�¦�§3¨�©�¦�ª�«O¬X­5®/¯�®/°�±-²u³�²w®d¯X´Sµ�³�¯�³�¯�¶K·d¸�¹uº�®3»�¼¾½M³�´�­�·¿²u­cÀ[Á�­�¯X¼�­�²*¹�·�´-³�²u¼�·3½Q­�º�³�µ�Â
Ã ·dºu¹�®/¯M¹ÅÄXÁ-¹ Ã º�­�½M³�·�Á�²u°�±�ÁX¯�Æ-¯�·cÇ�¯ ÆM¯X·cÇ�°�­c´�¶d­È²uÁ�¼�¬É®/²*½Q­�¬�³�¼�°�­Ê³�´-­�¯[¹�³�ËX¼c®/¹�³�·d¯
ÌO¹uº�®3»�¼Í ·cÇjÌ6ÀMÁ�­�ÁX­�´�­�¹�­�¼�¹�³�·�¯
Ì
³�¯X¼�³�´-­�¯[¹=´�­�¹�­�¼�¹�³�·d¯
Ì6®d¯X´Ê¹�¬X­�² Ã ®/¹�³�·/Â�¹�­�µ Ã ·dº�®d°Jº�­�°�®3¹�³�·d¯X²=·d¸O¹�¬�­
½Q­�¬�³�¼�°�­�² ®3¹&³�¯[¹�­�º�²u­�¼�¹�³�·d¯X²�Ì Ã º�·3½-³�´-­?®/¯Î­�¼�·d¯X·dµ�³�¼=® ÃXÃ º�·�®d¼�¬Î¸T·/º2´�®d³�°Ï±*¹uº�®/»�¼=µ�·d¯X³Ï¹�·dº�³�¯�¶
· Ã ­�º�®3¹�³�·�¯X²�Ðd«6·1µ�­�­�¹6²uÁX¼�¬=´�­�µÑ®/¯�´�²�Ìc®1µ?ÁX°Ï¹�³�µ�­c´�³�®�´X®3¹�®1µ�³�¯�³�¯�¶�¸lº�®dµ�­�ÇO·dº�Æj³�² Ã º�· Ã ·�²u­�´
³�¯�¹�¬�³�² Ã ® Ã ­�ºcÐ-«O¬X­ Ã º�· Ã ·d²u­c´Åµ?ÁX°Ï¹�³�µ�­c´�³�®j´X®3¹�®=µ�³�¯�³�¯�¶=¸Òº�®dµ�­�Ç�·dº�ÆÑ®/¯�®d°Ï±-Ó�­�²O¹�¬�­&¹uº�®3»�¼
½M³Ò´-­�·Î²u­cÀ[Á�­�¯X¼�­�²?Á�²u³�¯�¶�Ä�®/¼�ÆM¶dº�·dÁX¯X´5²uÁXÄ�¹uº�®/¼�¹�³�·�¯(Ì�³�µÑ®d¶d­3Ô/½M³�´�­�·w²u­�¶dµ�­�¯[¹�®/¹�³�·�¯(Ì�½Q­�¬X³�¼�°�­
¹uº�®d¼�ÆM³�¯�¶�Ìd®d¯X´?µ�·M´-­�°�³�¯�¶&Ç�³Ï¹�¬�¹�¬�­Oµ�Á�°�¹�³�µ�­c´-³�®&®/ÁX¶�µ�­�¯M¹�­�´Õ¹uº�®/¯X²u³Ï¹�³�·�¯�¯�­�¹ÖÇ�·dº�ÆÑ×�ØÎÙ;«OÚ2Û
µ�·M´�­�°�®d¯�´�µ?ÁX°Ï¹�³�µ�­c´�³�®2³�¯ Ã Á�¹O²�¹uº�³�¯�¶�²�Ì-³�¯�¹�¬�­ ´-·�µÑ®d³�¯Ñ·d¸(¹uº�®/»�¼ µ�·�¯�³Ï¹�·dº�³�¯X¶=·3½Q­�ºO¹uº�®3»�¼
³�¯M¹�­�º�²u­�¼�¹�³�·�¯�²�Ð-«O¬X­ ² Ã ®/¹�³�·dÂH¹�­�µ Ã ·/º�®d°�º�­�°�®3¹�³�·d¯X²u¬�³ Ã ²�·d¸(¹�¬X­&½Q­�¬X³�¼�°�­1·�ÄMÜ�­�¼�¹�²�³�¯Ñ­c®/¼�¬Ñ¸lº�®/µ�­®/º�­*´�³�²u¼�·3½Q­�º�­c´K®/¯�´K®d¼�¼�Á�º�®/¹�­�°�±K¼�® Ã ¹�Á-º�­c´K®d¯X´Kµ�·M´-­�°�­c´(Ð#Ý-ÁX¼�¬Þ®d¯Þ®�´�´�³Ï¹�³�·�¯X®d°�°�­�½Q­�°�·/¸
²u· Ã ¬X³�²�¹�³�¼c®/¹�³�·�¯Ñ­�¯X®dÄ�°�­�´�ÄM±=¹�¬X­ Ã º�· Ã ·�²u­�´Ñµ?ÁX°Ï¹�³�µ�­c´�³�®&´X®/¹�®jµ�³�¯X³�¯�¶ ¸lº�®/µ�­�ÇO·/º�Æ�³�¯�¹�­�º�µ�²
·d¸�² Ã ®/¹�³�·dÂH¹�­�µ Ã ·/º�®d°J¹uº�®d¼�ÆM³�¯X¶Î¶d­�¯X­�º�®3¹�­�²=®*¼c® Ã ®dÄ�³�°�³Ï¹s±È¸l·dº?®dÁ-¹�·�µÑ®/¹�³�·d¯
Ð6«O¬X³�²Õ¼c® Ã ®dÄX³�°�³Ï¹Ö±
®d°�·�¯�­Î¼c®/¯¿²u³�¶�¯�³ÏË�¼c®/¯M¹�°Ï±Þ³�¯ Í ÁX­�¯�¼�­Î®/¯�´K­�¯X¬X®d¯X¼�­*¼�Á-ºuº�­�¯[¹Ñ´X®3¹�® Ã º�·[¼�­�²u²u³�¯X¶ß®/¯�´K³�µ Ã °�­�Â
µ�­�¯[¹�®/¹�³�·�¯�²�¹uº�®/¹�­�¶�³�­�²�¸T·dº�²u­�½Q­�º�®d° Ã º�·dÄX°�­�µ�²�½M³�²�ÂQà®/Â�½M³�²O¹uº�®3»�¼2· Ã ­�º�®/¹�³�·�¯�²�Ð^«O¬-º�­�­ º�­c®/°�Â�°�³Ï¸T­
¹uº�®/»�¼Ñ½M³�´�­�·*²u­cÀ[ÁX­�¯�¼�­�²=·�Ä�¹�®/³�¯X­c´¾¸Òº�·�µá´�³ÏâZ­�º�­�¯[¹=²u·�Á-º�¼�­�²�®d¯�´ÊÇ�³�¹�¬K´-³ÏâZ­�º�­�¯[¹ÕÇO­c®3¹�¬X­�º
¼�·�¯X´�³Ï¹�³�·�¯�²�®/º�­jÁX²u­�´�¹�·?¹�·?³�°�°�Á�²�¹uº�®/¹�­2¹�¬X­ ­�âZ­�¼�¹�³�½Q­�¯�­�²u²�®d¯X´�º�·dÄXÁX²�¹�¯�­�²u²�·d¸6¹�¬X­ Ã º�· Ã ·�²u­�´
µ�Á�°�¹�³�µ�­c´-³�®=´�®/¹�®=µ�³�¯�³�¯X¶Õ¸lº�®dµ�­�ÇO·dº�ÆÑÄ[±Ñ´-­�µ�·�¯�²�¹uº�®/¹�³�¯X¶=¬X·cÇã¹�¬X­ Ã º�· Ã ·d²u­c´�¸Òº�®dµ�­�Ç�·dº�Æ
¼c®d¯ÅÄ^­Õ® Ã�Ã °�³�­c´Å¹�·�¹uº�®3»�¼Õ® Ã�Ã °�³�¼c®/¹�³�·�¯�²1¹�·�®d¯X²�Ç�­�º�¹�¬X­2² Ã ®/¹�³�·dÂH¹�­�µ Ã ·/º�®d°
À[ÁX­�º�³�­�²�Ð
ä*åMæ
ç=è §/é�¥�êÅØ*Á�°�¹�³�µ�­c´-³�®�´X®3¹�®¿µ�³�¯X³�¯�¶�Ì�² Ã ®3¹�³�·dÂH¹�­�µ Ã ·dº�®/°=º�­�°Ò®3¹�³�·�¯X²u¬�³ Ã ²�Ì&µ�ÁX°Ï¹�³�µ�­c´-³Ò®
®dÁ�¶�µ�­�¯[¹�­c´�¹uº�®d¯�²u³�¹�³�·d¯Î¯X­�¹sÇO·/º�ÆÈ×�ØÎÙ+«OÚjÛ�Ì-½Q­�¬�³�¼�°�­2¹uº�®d¼�Æ-³�¯�¶

ë#ì!íMî�ï-ðXñ�ò ó&ô^ï�õÖñ;î

ö B#L�b/]�÷;FHøù÷#b3f^I^b3LMú3ú�f^û5ø#]�a3]üYQfZýHýoLMYQa3FHfZGþacf6fZýHú[PÑ]^ø#ÿX]^G#YQLMø ø+]�a3] � ]^úcL�úcV�ú�D
acL���acLMYdB#GJfZýof^IZFHLMú[P;]^G#ø a3B#L���f^b/ýHø�� FHøJL���L �	� �
���
��acLMY/B+GJfZýof^IZFoLMúÅB#]^ú
÷#b/LMY[Fo÷+Foa3]�acLMø:a3BJL�L��6÷+ýHfZú3Foÿ^LÞI^b/f��Ña3B�f^ûÑÿ�]^úcaß]��ßfZC#G
a3ú¾f^û�ø#]�a3]%FHG:ÿX]�bdFofZC#ú
ûÖf^b��Kú����ÅLMG#YQL^P�a3BJL[b3LßFHúÎ]^G�FHG#YQb/LM]^ú3FHGJI�GJL[LMø%ûsf^b��¾C#ýoa3F��KLMø#FH]Þø+]�a3]��ÞFHG#FHGJI
acf ø+FHú3YQf-ÿ^L[b F��ß÷Of^b3a3]^G
aã]^G#ø ÷#b3L[ÿ�FofZC#ú/ýoV C#GJe�GJf���G e6G#f���ýoLMø#I^L�ûsb/f�� a3BJL
YQf��ß÷;ýoL���a�V6÷OLMúÈf^û*ø#]�a3]����Jf^b5L���]��K÷+ýoL^P��ÈC#G+FHY[Fo÷+]^ýHFHa3FoLMú � E�]^ýoacbd]^G#ú[PjRÉfZG
a�D
I^f��ßL[b/V �wB#]Mÿ^L FHG#úca3]^ý�ýoLMø%ÿ6F�øJL[f�Y[]��ßL[bd]SúcV�úcacL��KúÈacf!�ßfZG+Foacf^bÈ]^G#ø:L���acb/]^YQa
acb/]#"¿Y�YQfZG(acb3fZý&FHGJûÖf^b��K]�a3FofZG ûÖb3f���a3B#LMFobÑB#FoIZB$��]-V6ú��

¼%'&)(*(*&,+ x q�-�r�n/.1��zQt[r�y?iH��0Oq�p�x iTk��Xr�n�k2130On�il|XmsrutÑil|�ml�Xr�4Õr�ml�Xr�n�x�z/|^tdk21

5�6�5�7)8:9<;�7*=�>�?A@CB*DA@EB�F*D�D�F$>G@IH JK?�?�>L5M9N@



O P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
ö BJL�]^G+]^ýoV6ú/FHúÈ]^G+øp�ÞFHG#FHGJISf^û�acb/]#"ÞY�ÿ�FHøJL[f%úcL�q6CJLMG#YQLMú5acf�ø#FHú3YQf�ÿ^L[bKFHG�D

ûÖf^b��K]�a3FofZG�POú/C#Y/B�]^ú�ÿ^LMB+FHY[ýoLßFHøJLMG
a3Fsr+Y[]�a3FofZG�P;acb/]#"¿Yut#f��wPvq6CJLMCJLßøJL[acLMYQa3FHfZG�P
FHG+Y[FHøJLMG
a�øJL[acLMYQa3FHfZG�P#]^G#ø a3BJLwúc÷;]�a3Fof�D�acL��ß÷Of^b/]^ý�b3LMýH]�a3FofZG+ú�f^û&a3BJLÎÿ^LMB#F�Y[ýoLMú�]�a
FHG
acL[b/úcLMYQa3FHfZG#ú[PO÷#b3f�ÿ6FHø#L5]^G%LMYQfZG#f��KFHYK]�÷#÷+b3fZ]^Y/B�ûÖf^bwø#]^FHýHVÉacb/]#"ÞY3�ßfZG+Foacf^bcD
FHG#IÈf^÷OL[b/]�a3FofZG+ú���w�ú3ú/CJLMú�]^ú3úcf�Y[FH]�acLMø���FHa3B¿L���acb/]^YQa3FHG#Ißacb/]#"ÞY��ßf�ÿ^L��ßLMG(a*]^G#ø
b3LMYQf^IZG+FsxMFHGJI�]^Y[Y[F�øJLMG(a FHGJûÖf^b��K]�a3FofZGwûsb3f��áb3LM]^ýZa3FT�ßLÕÿ�FHøJL[f�úcL�q6CJLMG#YQLMú ]�b3L�ø#FHú�D
Y[C#ú/úcLMøãFHG � E�C#Y[YdB#FH]�b/]�P O#y�y�y�zU{ ]^F�ýoL[V^P O#y�y�y�z �*C#]^GJIJPv|�}�}A~ zM� ]��KF �cfJPv|�}�}�}��)�
ö ��fÈYQf����ßfZG�a3BJL��ßLMú?L���FHú3a?FHGÞa3BJLMúcL\�?f^b3e�ú��_� FHb/úca[P(a3B#LÅÿ�FHøJL[f¾FHGJûÖf^b��K]�a3FofZG
�¾C#úca � L�úcL[I��ßLMG
acLMøü]^G#ø:a3CJb/GJLMø:FHG(acf f � �cLMYQa3ú��=A6LMYQfZG#ø�P&a3BJL � LMB+]Mÿ�Fof^bÈf^û
a3BJfZú3L¿f � �cLMYQa3úßFHú��ßfZG#Foacf^b/LMø � a3BJL[V�]�b3L�acb/]^Y3e^LMø��ÈûÖf^bßF��G�ßLMø+FH]�acL¿øJLMY[F�ú3FofZG
�K]�e�FHGJI�÷+C#b3÷OfZúcLMú����ùB#]�a�FHú��KFHú3ú/FHGJI�FHG a3BJLMúcL�LQ`Of^b3a3úSF�ú acf��ßf�øJLMý�]^G#ø
FHG+øJL��Þa3BJLÊø+]�a3]ßûsf^b�fZG�D�ýHFHGJL�]^G#]^ýHV6ú3F�ú[PJúcacf^b/]�I^LÊf^b*ýH]�acL[bÑ÷+]�acacL[bdG��KFHG+FHGJI �

w�G f^bdøJL[bSacf FHøJLMG
a3FoûÖVù]^G#øáacb/]^Y3eáa3BJL acL��ß÷Of^b/]^ýÈ]^G#ø b/LMýH]�a3Foÿ^L:ú3÷+]�a3FH]^ý
÷OfZú3Foa3FHfZG#úÑf^û?ÿ^LMB#FHY[ýoL¾f � �cLMYQa3ú�FHG ÿ6FHø#L[f�úcL�q6CJLMG#YQLMúMPOFHa*FHú*GJLMYQLMú3ú/]�b3VSacfÉB#]-ÿ^L
f � �cLMYQa�D � ]^úcLMø%b/L[÷#b3LMúcLMG
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�ßf�øJLMýHF�GJIßa3BJL5FHG(acLMG+ú3Foa�Vãÿ�]�b/FH]�a3FHfZG#úÑf^û=]¿÷+F^��LMý�ÿ�FH]¿]��KFs�6a3CJb/Lwf^û � ]^C#ú/ú3FH]^G
ø#F�úcacb/F � C#a3FofZG#úÑacf�ú3F��ß÷+ýHL5ø+FT`�L[b/LMG#Y[FHGJI�f^û�ú3C#Y[YQLMú3ú3FHÿ^LÞF��K]�I^LMú���w�G � ö f-VZ]��K]�P
|�}�}�}��¿a3BJL%]^CJa3BJf^bdú¿÷+b3f-ÿ�FHøJL úcf��ßL�ú3F��ß÷;ýoLÉIZC#FHø#LMýHFHGJLMú¿]^G#ø L[ÿ�]^ýHC#]�a3FHfZGþf^û
a3BJL%ÿ�]�b/FofZC#ú�acLMYdB#G#F�q6CJLMú�ûsf^b � ]^Y3e6I^b3fZC#G#ø��ßf�øJLMýHF�GJI ����L�]�b3L�F�G a3BJL � LQD
IZFHG+G#FHGJIã÷+B+]^úcLMú¾f^ûÑL[ÿX]^ý�C#]�a3FHGJI�a3BJL¿÷OL[b3ûÖf^b��K]^G+YQL � LMGJL�r#a3úÈf^û � ]^Y/e
I^b3fZC+G#ø
ú3C � acb/]^YQa3FofZG��ßL[a3BJf�ø#ú�ûÖf^b&a3B#L=ÿ�]�b/FofZC#ú&øJf��K]^FHG#ú1f^ûJfZCJb2F��K]�I^L?ú3L[I��ßLMG(a3]�a3FHfZG
]�÷#÷;ýHFHY[]�a3FofZG#ú�� ö f�a3B#]�a�]^F����?L�B#]Mÿ^L�L[ÿX]^ýHC+]�acLMø a3BJLãLQ`OLMYQa3Foÿ^LMGJLMú3ú¿f^ûÎa3BJL

5�6�5�7)8:9<;�7*=�>�?A@CB*DA@EB�F*D�D�F$>G@IH JK?�?�>L5M9nF



� [�a�� h<jl��WYe�j�c �Uc2hnc�[�jlX*jlX�d/¡�iKcI��WY¢�oEiKm�£�[�jlX�jlX�d ¤sX*¥¦oEiK�§c2h<jloEXLQlQlQ �
F��Þ]�I^LÎ]-ÿ^L[b/]�IZFHGJIßacLMYdB#G#F�q6CJLMú�f-ÿ^L[bÅúca3]�a3FofZG#]�b3V � GJfZG�D�YdB#]^GJIZFHGJI$�?÷Of^b3a3FHfZG#ú=f^û
a3BJLwFT�K]�I^LÊø#]�a3]Kú3L[a��

w�G¿a3B#FHú�÷+]�÷OL[bMP
]u�¾C#ýoa3F��KLMø#FH]wø#]�a3]u�KF�G#FHGJIwûÖb/]��ßL���f^b3e¿ûsf^b�acb/]#"ÞYÅÿ�FHøJL[f
úcL�q6CJLMG#YQLMú?FHúÕ÷+b3f^÷OfZúcLMø�� ö B#LÑ÷#b3f^÷OfZúcLMøßûÖb/]��ßL���f^b3eKYQfZG#ú/FHøJL[b/ú?F��K]�I^L�¨�ÿ�FHøJL[f
úcL[I��KLMG(a3]�a3FofZG���FHa3BÈFHG+Foa3FH]^ý � ]^Y/e
I^b/fZC#G#ø5ú3C � acbd]^YQa3FofZG�P-ÿ^LMB+FHY[ýoL=acbd]^Y3e�FHGJIJP^]^G#ø
�ßf�øJLMýHF�GJI���Foa3B¿a3BJL©�ÈC+ýoa3F��ßLMø#F�]Ê]^CJI��ßLMG
acLMø acb/]^G#ú/Foa3FofZGÞG#L[aª��f^b3e � R!« ö,¬ �
�ßf�øJLMý�]^G#ø��ÈC+ýoa3F��ßLMø#F�]wFHGJ÷+C#a=úcacb/FHG#IZú � E�BJLMG�P O#y�y |[] z E�BJLMG�P�|�}�}�}��dP+FHG¿a3BJL
øJf��Þ]^FHG�f^û&acb/]#"¿Y��ßfZG#Foacf^b/F�GJIÈf�ÿ^L[b�acb/]#"¿Y�FHG(acL[bdúcLMYQa3FofZG#ú�� ö BJL��ÈC#ýHa3F��ßLMø#FH]
FHG#÷+CJaÅú3acb/FHGJIZú�]�b3LKC+úcLMø acfSY[]�÷#a3CJb3L5a3BJLKú3÷+]�a3Fof�D�acL��ß÷Of^b/]^ý2b3LMý�]�a3FofZG#ú3B#FH÷+ú�f^û
ÿ^LMB#F�Y[ýoL=f � �cLMYQa3ú a3BJL[b3LM]�ûÖacL[b���­�]^úcLMø¾fZGÊa3BJL�B#FHú3acf^b/FHY[]^ý(F�GJûsf^b)�K]�a3FofZGwf^ûJÿ^LMB+FHY[ýoL
f � �cLMYQa3ú[P#úcf��KL*÷+b3L[ÿ6FHfZC#ú3ýoVKC#G#e6GJf���G�f^bÑGJfZG�D�FHG
a3C#Foa3FHÿ^LÅe�GJf��ÅýoLMøJI^L � ú3C#YdBÉ]^ú
acb/]#"¿Y�t#f�� ]^G#ø�q6CJLMCJLSø#L[acLMYQa3FofZG��ßY[]^G � L�r#IZCJb3LMøüfZC#aÞ]^G#ø � LÉC#ú3LMøüacf
ú3C#÷#÷Of^b3a�øJLMY[FHú3FofZG®�K]�e6F�GJI � ö BJLKÿ�FHøJL[f�úcL[I��ßLMG
a3]�a3FofZG¯�KL[a3BJf6ø®�ßLMG(a3FHfZGJLMø
BJL[b/LwFHú�C#G#ú3C#÷�L[b/ÿ6FHú3LMø��$«*Gã]^øJÿ�]^G(a3]�I^LÈf^û a3B#L�÷#b3f^÷OfZúcLMø ûÖb/]��ßL���f^b3e�F�ú�a3B#]�a
Foa?C#úcLMú?a3BJL*ú3L[I��ßLMG(a3]�a3FHfZG¿b/LMú3C#ýoaÕf^û1a3BJL�÷#b/L[ÿ6FofZC+úÕÿ�FHøJL[fÊûÖb/]��ßLÅacf¾ú3÷�L[LMø¿CJ÷
a3BJLwú3L[I��ßLMG(a3]�a3FHfZGS÷#b/f6YQLMú3úÑf^û&a3BJLÈY[CJb3b3LMG
a�ÿ6F�øJL[fßûsbd]��ßL��

° �6÷OL[b/FT�ßLMG(a3ú¿]�b3L�YQfZG#ø#C#YQacLMøùacfüFHýHý�C#úcacb/]�acL�a3BJL�LQ`OLMYQa3Foÿ^LMGJLMú/úÉ]^G#øùb3f�D
� C+úca3GJLMú3ú�f^û�a3BJLÞ÷#b/f^÷�fZú3LMø�ûÖb/]��ßL���f^b3e�C#ú3FHG#IÉa3BJb3L[L¿b3LM]^ýTD�ýHFoûÖLKacb/]#"¿YKÿ�FHøJL[f
úcL�q6CJLMG#YQLMú��$«ù÷Of^b3a3FofZGßf^û�LM]^YdB¿acbd]#"ÞYÑÿ�FHøJL[fÊú3L�q
CJLMG+YQLL��]^ú?C#ú3LMøKacfÈø#L��ßfZG�D
úcacbd]�acLÞBJf�� a3BJLK÷#b/f^÷�fZú3LMø�ûsbd]��ßL��?f^b/e%Y[]^G � LK]�÷#÷+ýHFoLMø%acf�acb/]#"ÞYK]�÷+÷+ýHFHY[]XD
a3FofZG+úOacf�]^G#úE��L[b1a3BJLÕú3÷+]�a3Fof�D�acL��ß÷Of^b/]^ý�q6CJL[b/FHLMú�ú3C#Y/BÊ]^úL± ° ú3a3F��K]�acLÕa3BJL=acb/]#"ÞY
t#f���f^ûÑa3BJL�b3fZ]^ø�FHG(acL[bdúcLMYQa3FofZG:ûsb3f��²�_³ y�y «ÎR acf´�_³µ� y «*R®��¶ ö BJL�q
CJL[b/V
b3L�q6C#Fob/LMúÕa3BJL*C#úcL�f^û1a3BJLÅ÷+b3f^÷OfZúcLMø��¾C#ýoa3F��KLMø#FH]�ø#]�a3]u�KFHG+FHGJI�ûÖb/]��ßL���f^b3eßacf
ø#F�ú3YQf-ÿ^L[bKFHG#ûsf^b��Þ]�a3FofZG:ú/C#Y/B�]^ú5a3BJLãG6C:� � L[b5f^û�ÿ^LMB+FHY[ýoLMú¾÷+]^ú3ú3F�GJI�a3B#b3fZCJIZB
a3BJLÎYQf^b3b3LMú3÷�fZG+ø#FHGJIÈb3fZ]^øãFHG
acL[b/úcLMYQa3FofZG FHG�]¾IZFoÿ^LMG a3F��ßLÎø#CJb/]�a3FHfZG¿]^ú���LMýHýO]^ú
a3BJLÈa�V6÷OLMú�f^ûÕa3B#LÈÿ^LMB#F�Y[ýoLMú � L��ÏI �oP,±cY[]�b�¶�Pg± � C+úC¶�P+L[a3Y#�¦�)� ö BJLÈ÷#b3f�YQLMú3ú*Y[]^G � L
øJfZG#L�fZG�D�ýHFHGJLÎf^bÑf�`�D�ýHFHG#L��
ö BJLÉf^b3IZ]^G#F�xM]�a3FofZGùf^û�a3B#FHúK÷;]�÷�L[b�FHúÞ]^ú�ûÖfZýHýof���ú��§w�G a3B#L�GJL���a�ú3LMYQa3FofZG�P

a3BJL�e6GJf���ýoLMøJI^LÅø#FHú3YQf�ÿ^L[b3V5÷#b3f�YQLMú3úÕa3B#]�a�FHG#Y[ýHC+øJLMú � ]^Y3e6I^b3fZC#G+øÞú3C � acb/]^YQa3FofZG�P
a3BJLwC+G#ú3CJ÷OL[b3ÿ�FHúcLMø�úcL[I��ßLMG
a3]�a3FofZG ]^ýoI^f^b/Foa3B:�ÉPJÿ^LMB#FHY[ýoL�acb/]^Y/e6F�GJIKacLMY/B+G#F�q6CJLMú[P
R!« ö,¬ �ßf�øJLMýuP�]^G#ø��¾C#ýoa3F��KLMø#FH]�FHGJ÷;CJaÞúcacb/F�GJIZúK]�b3L%FHG
acb3f6ø+C#YQLMø�� ° �6÷OL[bcD
F��KLMG(a3]^ý�b/LMú3C#ýoa3úÉ]^G+øá]^G#]^ýoV�ú3FHú f^ûßa3B#L�÷#b3f^÷OfZúcLMø
�¾C#ýoa3FT�ßLMø#FH]�ø#]�a3]
�KFHG�D
FHG#IÉûsbd]��ßL��?f^b/e�]�b3L�ø+FHú3Y[C#ú3ú3LMø�FHG�A�LMYQa3FofZGp�_��«*ýofZGJI��ÅFoa3B�a3BJL�ø#FHú3Y[C+ú3ú3FofZG�P
a3BJb/L[L�b3LM]^ýTD�ýHFoûÖL�L���]��K÷+ýoL�acb/]#"ÞY�ÿ�FHøJL[fwú3L�q
CJLMG+YQLMúÕ]�b3LÑC#úcLMøv�
E�fZG#Y[ýHC#ú/FofZG#ú2]�b3L
÷#b/LMúcLMG(acLMøSFHGSA6LMYQa3FofZG�~ �

·�ì¹¸ õ�î õÖî º�íMî�»�ñ+ð#¼®½JïXõsñ�î¿¾1ðXñ�¼ÁÀ�ð�½:Â:ô�ÃÉõÖò Ä6ñ¿Å�Ä_Æ�ó�Ä�î1ô�Ä$Ç
ö b/]#"ÞY�ÿ�FHøJL[fw]^G#]^ýHV6ú3F�újY[]^GÞø#FHú/YQf-ÿ^L[b=]^G#øK÷#b3f-ÿ�FHøJLÑC+úcL[ûÖC+ý6F�GJûsf^b)�K]�a3FofZG�P^ú3C#YdB
]^ú©q6CJLMCJLÈø#L[acLMYQa3FofZG�POÿ^LMB#FHY[ýoL¾Y[ýH]^ú3ú3F�r+Y[]�a3FofZG�P�acb/]#"ÞY�t#f��ÊP�]^G#ø FHG#Y[F�øJLMG(a*øJLQD
acLMYQa3FofZG�]�a?F�G(acL[b/ú3LMYQa3FofZG#ú�� ö fÈa3BJL � LMúcaÕf^û�fZC#b=e�GJf���ýHLMøJI^L^P(a3BJLÅY[CJb3b3LMG
a��¾C#ýTD
a3F��KLMø#FH] � ]^úcLMø acb/]^G#ú3÷�f^b/a3]�a3FofZGã]�÷#÷+ýHF�Y[]�a3FofZG#ú�]^G#ø b3LMúcLM]�b/YdB���f^b3eÞLMFHa3BJL[bÑøJf
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~ P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
GJf^aÕYQfZG+GJLMYQajacfÊø#]�a3] � ]^ú3LMújf^b=B#]-ÿ^L�ýHF��KFHacLMø¾Y[]�÷;] � FHýHFoa3FHLMú1acfÊF�G#øJL��È]^G#øßú3acf^b3L
a3BJLÉYQfZý�ýoLMYQacLMø ø#]�a3] � ú3C#Y/B ]^úKacb/]#"ÞY ÿ�FHøJL[fZú*�5FHG�a3BJLMFobÞø+]�a3] � ]^úcLMú�� ö BJL[b3LQD
ûÖf^b3L^P^a3BJfZúcLÅ]�÷#÷+ýHFHY[]�a3FHfZG#ú2Y[]^G#GJf^aÕ÷#b/f-ÿ�FHøJL�f^b3IZ]^G#Fsx[LMø�PZC#G#ú3CJ÷OL[b3ÿ�FHúcLMø�P�YQfZG
ÿ^LQD
G#FHLMG(a3ýoV�]^Y[YQLMú3ú/F � ýoL^PX]^G#øÊLM]^ú3V(D�acf�D�C#ú3L��¾C#ýoa3FT�ßLMø#FH]�FHG#ûsf^b��Þ]�a3FofZGwacf*a3BJL�acb/]#"ÞY
÷+ý�]^G#GJL[b/ú���w�G f^b/ø#L[b�acf ø+FHú3YQf-ÿ^L[bÈ]^G#ø ÷#b3f-ÿ�FHøJL5úcf��ßLKFT�ß÷Of^b3a3]^G(a � CJa*÷#b3L[ÿ�FTD
fZC#ú/ýoVÊC#GJe�GJf���G¾e6GJf���ýoLMøJI^L�ûÖb3f�� a3BJL�acb/]#"ÞY�ÿ�FHøJL[f�úcL�q6CJLMG#YQLMú2acf�a3B#L�acb/]#"ÞY
÷+ý�]^G#GJL[b/ú[Pg�¾C#ýoa3F��KLMø#FH]�ø#]�a3]��KF�G#FHGJI�acLMY/B+G#F�q6CJLMúÉGJL[LMøáacf � L�L��ß÷+ýof�V^LMø��
ö B#L�÷#b3f^÷OfZúcLMø3�¾C#ýoa3F��ßLMø+FH]Îø#]�a3]XDª�KFHG#F�GJIÎûsb/]��KL��?f^b3eßFHG+Y[ýHC#øJLMú � ]^Y/e
I^b3fZC+G#ø
ú3C � acb/]^YQa3FofZG�POÿ^LMB#F�Y[ýoLßf � �cLMYQaÊFHøJLMG
a3Fsr+Y[]�a3FofZG�]^G+ø%acb/]^Y3e�FHGJIJP&R!« ö,¬ �ßf�øJLMýuP
]^G#ø��¾C#ýoa3F��ßLMø+FH]�FHGJ÷;CJaÞúcacb/F�GJIZú�� ö BJL�]^ø#ø+Foa3FofZG#]^ýÅýoL[ÿ^LMý*f^ûÊúcf^÷+B#F�úca3FHY[]�a3FofZG
LMG#] � ýoLMø � V¾a3B#LÑ÷#b3f^÷OfZúcLMøÞûsb/]��KL��?f^b3e�P(FHGKacL[b��KúÕf^û�ú3÷+]�a3Fof�D�acL��ß÷Of^b/]^ý+acb/]^Y3e
D
FHG#IJP1I^LMGJL[b/]�acLMúß]%Y[]�÷+] � FHýHFoa�V ûÖf^bß]^CJacf��K]�a3FofZGv� ö B#FHúÊY[]�÷;] � FHýHFoa�V�]^ýofZGJL Y[]^G
ú3FHIZG#Fsr+Y[]^G
a3ýoVKFHG t;CJLMG#YQLÎ]^G#øãLMG#B#]^G+YQLÎY[C#b3b3LMG
aÑø#]�a3]5÷#b3f�YQLMú3ú3FHG#I5]^G+øãF��ß÷+ýoLQD
�ßLMG
a3]�a3FofZGÉú3acb/]�acL[IZFoLMúÅûsf^b�ú3L[ÿ^L[b/]^ý�÷#b/f � ýoL��Kú�ÿ�FHú�D�È]XD�ÿ�FHú�acb/]#"ÞYwf^÷�L[bd]�a3FofZG#ú��

R!« ö,¬ ú?]^G+ø��¾C#ýoa3F��ßLMø+FH]ÎFHGJ÷+CJaÕú3acb/FHGJIZúÕ]�b/LÅC#úcLMøÞacf��ßf�øJLMýJa3B#L�acL��ß÷Of�D
b/]^ý6]^G#ø¾b3LMýH]�a3FHÿ^L�úc÷;]�a3FH]^ý6b3LMýH]�a3FofZG#ú&f^û+a3B#L?ÿ^LMB#F�Y[ýoL?f � ��LMYQa3ú���«*G5C#G#ú3C#÷�L[b/ÿ6FHú3LMø
ÿ�FHøJL[f ú3L[I��ßLMG(a3]�a3FHfZG��ßL[a3BJf�ø�P?FÉ�ÏL��oP?a3BJL�A�Ê�E�Ê ° ]^ýHI^f^b/Foa3B:� � úcL[L�A�LMYQa3FofZG
O � O �dP=Y[]^G FHøJLMG
a3FoûsV:ÿ^LMB#FHY[ýoL f � �cLMYQa3ú��§w�G�fZCJbKûÖb/]��ßL���f^b3e�Pja3BJL � ]^Y/e
I^b3fZC+G#ø
ú3C � acb/]^YQa3FofZG�acLMY/B+G#F�q6CJL�F�ú¾F�G(acb3f�ø#C#YQLMø:acf�LMG#B#]^G+YQL�a3B#L � ]^ú3FHYãA�Ê�E�Ê ° ]^ýTD
I^f^b/FHa3B:��acfK÷#b/f-ÿ�FHøJL � L[acacL[bÅúcL[I��KLMG(a3]�a3FofZG�b3LMú3C+ýoa3ú[PJúcfKa3B#]�a\�ßf^b3Lw]^Y[Y[CJbd]�acL
úc÷;]�a3Fof�D�acL��ß÷Of^b/]^ýJb3LMý�]�a3FofZG#ú3B#FH÷+ú f^û�a3BJLÑÿ^LMB#FHY[ýHL�f � ��LMYQa3ú�Y[]^G � L�f � a3]^FHGJLMø���w�G
a3BJL5ûÖfZýHýof���FHGJI ú3C � ú3LMYQa3FofZG#ú�³�r#b/ú3a[P�a3B#L � ]^Y3e6I^b3fZC#G#ø�ú/C � acb/]^YQa3FofZG acLMYdB#G#F�q6CJL
FHú?øJLMú3YQb/F � LMø�PZ]^G#ø¿ú3LMYQfZG#ø�P
]^G¿f-ÿ^L[b/ÿ6FoL�� f^û�a3B#LÎA�Ê�E�Ê ° ]^ýoI^f^b/Foa3BM� ]^G#ø¿a3BJL
ÿ^LMB#F�Y[ýoLÈacbd]^Y3e�FHGJI acLMY/B#G+F�q
C#LMú*]�b/L¾÷+b3LMúcLMG
acLMø���«�ûÖacL[b�a3B#]�a�÷#b3LMú3LMG(a3]�a3FofZG�PU��L
��F�ýHý � b/FoL�t+V øJLMú/YQb/F � Lßa3BJL¿C+úcLKf^û�R!« ö,¬ ú5]^G#ø¯�ÈC+ýoa3F��ßLMø#F�]�F�GJ÷+CJawúcacbdFHGJIZú
acf��ßf�øJLMý�e^L[V�ÿ6FHø#L[fÞûÖb/]��ßLMú���« ÷Of^b3a3FofZGÉf^û=a3BJLÈacbd]#"ÞYÊÿ�FHøJL[f�Y[ýHFo÷+úÅFHú*C#úcLMø
acfüøJL��ßfZG+úcacb/]�acL�BJf�� ÿ6FHø#L[f�FHG+øJL���F�GJI:FHú��ßf�øJLMýoLMø � V a3BJL�R!« ö,¬ úÉ]^G#ø
�¾C#ýoa3F��KLMø#FH]¾FHGJ÷+CJa�úcacb/F�GJIZú��
O ��|#�¯Ë\ÌvÍUÎ�Ï ÐUÑ ÒvÓvÔ�ÕUÒvÖU×�Ð�ÌvÍ�×UØnÑ�Ó
­�]^Y3e6I^b3fZC#G+ø ú/C � acb/]^YQa3FofZG FHúÎ]¿acLMY/B#G#FTq
CJL¾acf b3L��ßf�ÿ^L5G#fZG�Dª�ßf-ÿ�FHGJI YQf��ß÷Of�D
GJLMG
a3ú�ûsb/f�� ]¾ÿ�FHøJL[f5úcL�q6CJLMG#YQL�� ö BJL©�K]^FHG�]^ú3ú3C:�K÷#a3FofZG¿ûsf^b�Foa3ú�]�÷#÷+ý�FHY[]�a3FofZG#ú
FHú*a3B#]�aÊa3BJLKY[]��ßL[b/]ãb/L��K]^FHG%úca3]�a3FofZG#]�b/V�� ö BJL � ]^ú3F�Y5÷#b/FHG#Y[FH÷+ýoLÊFHúÎacfÉYQb/LM]�acL
]:b3L[ûÖL[b3LMG#YQL%ûsbd]��ßL%f^ûwa3BJL�úca3]�a3FofZG#]�b/VþYQf��ß÷OfZGJLMG
a3ú FHG a3B#L%FT�K]�I^L��LÙÎG#YQL
YQb3LM]�acLMø�P�a3BJL�b3L[ûÖL[b3LMG#YQL�ûÖb/]��ßL�FHúãú3C � acb/]^YQacLMø ûsb/f�� ]^G(V ú3C � ú3L�q
CJLMG
aãF��5D
]�I^LMú�� ö BJfZúcLÎ÷+F^��LMýHú?b3LMú3C#ýoa3F�GJIÊûÖb3f���GJL�� � �ßf�ÿ6FHG#I$�Õf � ��LMYQa3úg�ÅFHýHý#I^LMG#L[b/]�acLÊ]
ø#Fo`�L[b3LMG+YQLÎG#f^aÑL�q
C+]^ý�acfGx[L[b3f � FY�ÏL��oP+ø#FT`OL[b3LMG#YQL�ÚÛ y �)�

Ù�CJbÕ]�÷#÷#b3fZ]^YdBÞFHú=ú3F��KFHý�]�b acfÈa3B#]�aÕf^û � �*]�b/Foa3]�f^IZýHC�PU|�}�}�� z$� ]��ÞF ��fJP�|�}�}�}��dP
��B#L[b3L�]5b3L[ûsL[b/LMG#YQL�ûsbd]��ßLwFHú�YQfZG#úcacb/C+YQacLMø � V ]^Y[Y[C:�¾C#ýH]�a3FHG#I5]^G+øÉ]Mÿ^L[b/]�IZF�GJI
F��Þ]�I^LMúÎf^û=a3BJLßa3]�b3I^L[aÈ]�b3LM] � a3BJLßFHG
acL[b/úcLMYQa3FofZG�FHG fZCJbwY[]^ú3L��*ûsf^bwú3f��ßL5a3F��ßL
FHG
acL[b3ÿ�]^ýÉ��«Åúg�ßLMG
a3FofZGJLMø FHG � �*]�b/Foa3]�f^IZýHC�P O#y�y�y �dP+a3B#FHú�FHú�GJf^a�]5b3f � C#ú3a?acLMYdB�D
G#FTq
CJLÈ]^úÅFoa*FHú*úcLMG#ú3Foa3FHÿ^LÊacf FHG(acLMG+ú3Foa�Vãÿ�]�b/FH]�a3FHfZG#ú�� ö B#]�aÅFHúMP;Foa*Y[]^GSI^LMGJL[bd]�acL
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(b) Background reference frame

(c) Difference image (d) Binary image

(a) Original frame 32

�;i��dqMn�r?��1�Þ ß ®dµ Ã °�­&º�­�²uÁX°Ï¹1·d¸JÄX®d¼�ÆM¶dº�·�Á�¯�´�²uÁXÄ�¹uº�®/¼�¹�³�·�¯(Ð

û�]^ýHúcLÅ÷�fZú/Foa3Foÿ^LMú � ûÖ]^ýHú3L*øJL[acLMYQa3FHfZG f^û��ßf-ÿ�FHGJIÈf � �cLMYQa3ú)�?úcfZýoLMýoVÞø+CJL�acfßýHFoIZB
a3FHGJI
ÿ�]�b/FH]�a3FofZG+ú � ú3C#YdB%]^ú*Y[ýHfZC#ø��ßf^a3FHfZG � ýof6Y/e6F�GJIKa3BJL5ú3C#G��)��w�G ]^ø#ø#FHa3FofZGSFoa*Y[]^G
]^ýHú3f�I^LMGJL[b/]�acL�û�]^ýHúcL�GJL[IZ]�a3Foÿ^LMú � øJL[acLMYQa3FofZG5f^û#GJfZGJDª�ßf-ÿ�FHGJIÅf � ��LMYQa3új]^ú ]\�ßf-ÿ
D
FHG#Ißf � ��LMYQa)�Ñø#CJLwacf¿a3BJLÊ]^ø#ø+Foa3FofZGãf^ûjúca3]�a3FofZG+]�b3V f � ��LMYQa3úÅacfÞa3B#LÈú3YQLMGJLÊa3B#]�a
]�b3L�GJf^a¾÷+]�b3aÊf^û�a3BJL¿b/L[ûsL[b3LMG+YQL¿ûÖb/]��ßL�� � ö f�VZ]��K]�P,|�}�}�}��È÷#b3f�ÿ6FHø#LMúÊ]�I^f
f�ø
ú3CM�G�K]�b3V f^ûÈa3BJL�÷#b3f � ýoL��Kú ]^ú3úcf�Y[FH]�acLMø���FHa3B � ]^Y3e6I^b3fZC#G#ø��ßf�øJLMýHF�GJI ��w�G
f^b/ø#L[b�acfKýHLMú3úcLMG a3BJL�FHG
acLMG#ú3Foa�VÞÿ�]�b/FH]�a3FofZG úcLMG+ú3Foa3Foÿ�Foa�V^P_��L�÷#b3f^÷OfZúcL*acfKC#úcL�]^G
F��Þ]�I^LÞ]Mÿ^L[b/]�IZF�GJISacLMYdB#G#F�q6CJLKacf^I^L[a3BJL[bu��FHa3B%fZCJbÈC#G+ú3CJ÷OL[b3ÿ�FHúcLMø úcL[I��ßLMG
a3]XD
a3FofZGß]^ýHI^f^b/Foa3B:�0ûÖf^b � ]^Y/e
I^b/fZC#G#øKú3C � acb/]^YQa3FofZGKF�G5a3B#FHú2÷+]�÷OL[b�� ö B#F�új]^ýHýof��ÅúÕC#ú
acfuq
C+FHY3e�ýoVßL[ÿ�]^ýHC#]�acLÎ]^G�C#÷#÷OL[b?ýHF��ÞFoaÕfZG�a3BJL*÷�L[b/ûsf^b��Þ]^G#YQLÅF��K÷#b3f-ÿ^L��KLMG(a�acf
fZCJbÑú3L[I��ßLMG(a3]�a3FHfZG�]^ýoI^f^bdFoa3B:����w�Gãa3BJL�b3L[÷Of^b3acLMøãL���÷OL[b/F��ßLMG
a3ú[P�a3BJb3L[LÊacb/]#"ÞY
ÿ�FHøJL[fÊú3L�q
CJLMG+YQLMú�C+G#øJL[b?ø+FT`�L[b/LMG(a��?LM]�a3BJL[b�YQfZG#ø+Foa3FofZG#ú?]�b3L*C+úcLMøKacf5acLMúca�a3BJL
b3f � C#úca3GJLMú3ú�f^û fZCJbÑûÖb/]��ßL���f^b3eU�

w�G fZCJbÉY[C#b3b3LMG
aS]�÷#÷#b3fZ]^YdB�PÑÿ�FHøJL[f úcL�q6CJLMG#YQLMúSYQfZG(a3]^FHG+FHGJI GJfZG�Dª�Kf-ÿ�FHGJI
f � �cLMYQa3ú���L[b3L��K]^G6C#]^ýHýoVÞú3LMýoLMYQacLMø ûsb/f���a3BJLÎÿ6FHø#L[f5ø+]�a3]ß]^G#ø�a3BJLMGã]Mÿ^L[b/]�I^LMø
acf^I^L[a3BJL[b����2FoIZCJb3L�|5IZFoÿ^LMúÊ]^G�L���]��K÷+ýoL5b3LMú3C#ýHa*f^û � ]^Y/e
I^b3fZC+G#ø�ú3C � acb/]^YQa3FofZG
ûÖf^bKûÖb/]��ßL�� O FHG�fZG#LÉf^ûÎa3BJLãacb/]#"ÞYãÿ�FHøJL[f�ú3L�q
CJLMG+YQLMú�� ö B#F�ú5acb/]#"ÞY ÿ�FHøJL[f
úcL�q6CJLMG#YQL?YQfZG#ú3FHúca3ú�f^û#] � fZC#a§|�à,�KFHG6CJacLMú�f^û�ÿ�FHøJL[fÑûÖb3f�� ]�acb/]#"ÞYÕF�G(acL[b/ú3LMYQa3FofZG
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à P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
FHG�RSF�]��KFuP��2U C#G#ø#L[bÊ]�÷#÷#b3f���FT�K]�acLMýoV�YQfZG#úca3]^G
aßýHFoIZB
a3FHGJIÉYQfZG#ø+Foa3FofZG#ú�� ö BJL
b/]��þø#Fo`�L[b3LMG+YQLÅF��K]�I^LÅFHúÕf � a3]^F�GJLMø � VKú3C � acbd]^YQa3FHGJIwa3BJLÅb3L[ûÖL[b3LMG#YQL�ûÖb/]��ßL � ]^ú
ú3B#f���GÈFHG��2FoIZCJb/LL| �K� �E��ûsb3f���a3BJL�Y[CJb3b3LMG
a&F��Þ]�I^L � ]^ú2ú3BJf���GÈF�G��2FoIZCJb3L\| � ]��E�dP
]^G#øþa3BJLMGþa3BJL b3LMú3C#ýoa3ú�]�b3L ûÖC#b3a3BJL[b GJf^b��K]^ýHF�x[LMø acfüYQb3LM]�acL%a3BJL�ø#FT`OL[b3LMG#YQL
F��Þ]�I^L � ]^ú=ú3BJf��ÅG¾F�G��2FoIZC#b3L�| � Y��E�)� ö BJL�b3LMú3C+ýoa3ú f^û+a3BJLÑø#Fo`�L[b3LMG+Y[FHGJIÅú3acL[÷Þ]�b3L
ûÖLMø�acfSfZC#bÊC#G#ú3C#÷�L[b/ÿ6FHú3LMø�úcL[I��KLMG(a3]�a3FofZG�]^ýoI^f^b/FHa3B:� ]^úwa3B#LÞFHGJ÷+C#aÎFT�K]�I^LMú��
­�FHG#]�b/V�a3B#b3LMú3BJfZýHø+FHGJIßf^ûÕa3BJL5ø#FT`OL[b3LMG#YQL¾F��K]�I^L � ]^úÎú3BJf��ÅG�FHG!�2FoIZCJb3L�| � ø��E�
Y[]^G � LÅC#ú3LMø¿]^ú�]^G FHG#FHa3FH]^ýJ÷+]�b3a3FHa3FofZGÞacf5F��ß÷+b3f-ÿ^L*a3BJLÎúc÷OL[LMøÞf^û YQfZG(ÿ^L[b3I^LMG+YQL
� úcL[LÊA6LMYQa3FHfZG O � O ��FHG¿fZCJbÑúcL[I��ßLMG
a3]�a3FofZGÉ]^ýoI^f^bdFoa3B:�����Jf^b�ú3FT�ß÷+ýHFHY[FHa�V^P(]ur ��LMø
� F�G#]�b3V�a3BJb3LMú3BJfZý�øþFHú¿C#úcLMøùFHGþfZCJb¿ûÖb/]��ßL���f^b3e ø+CJLSacf�a3BJL ûÖ]^YQa a3B#]�a�a3BJL
FHG+Foa3FH]^ý;÷+]�b3a3Foa3FofZGãø#f
LMúÑG#f^a�GJL[LMøãacf � L�ÿ^L[b3V ÷#b/LMY[FHúcL��
O � O �¯â�Ó�ã�Òvä:å:Ð�æ�ØKã�å:Ô®çuØKÔ�åMÑ�ÕUåMÏ èéåMÓv×�Ì:×UØnÑ�Óëê�ÕUì©í©ìLî©ï�ð	åM×Uñ Ñ�Ô
ö B#L�A�FT�ÈC#ýHa3]^GJL[fZC#ú�Ê2]�b3a3Foa3FofZGß]^G#øÞE�ýH]^ú3ú�Ê2]�b/]��ßL[acL[b ° úca3F��K]�a3FHfZG � A�Ê�E�Ê ° �
]^ýoI^f^bdFoa3B:� FHú�]^G0C#G#ú/CJ÷OL[b3ÿ6F�úcLMø ÿ�FHøJL[f úcL[I��ßLMG
a3]�a3FofZGò�KL[a3BJf6ø acfá÷+]�b3a3FTD
a3FofZGùÿ�FHøJL[f�ûsbd]��ßLMú��g« IZFoÿ^LMG Y[ý�]^ú3úãøJLMú3YQb/FH÷#a3FofZGùøJL[acL[b��KFHG#LMú�]�÷+]�b/a3Foa3FofZG��
A�FT�KFHýH]�b/ýHV^P�]üIZFHÿ^LMGá÷+]�b/a3Foa3FofZG IZFoÿ^LMú�b/FHúcL�acfù] Y[ýH]^ú/úSøJLMú3YQbdFo÷#a3FofZG�P�úcfþa3BJL
÷+]�b/a3Foa3FofZGù]^G#øùa3BJL�Y[ýH]^ú3ú�÷+]�b/]��KL[acL[b/úÉB#]-ÿ^L�acf � L%LMúca3F��Þ]�acLMø ú3F��¾C#ýoa3]^GJLQD
fZC#ú/ýoV���w�G ÷#b/]^YQa3FHYQL^P�a3B#L5Y[ý�]^ú3úÎøJLMú3YQb/Fo÷+a3FofZG#ú*]^G#ø a3BJLMFobÎ÷+]�b/]��ßL[acL[bdúw]�b3LßGJf^a
b3LM]^ø+FHýoVw]Mÿ�]^FHýH] � ýoL��A«*G5]^ø#ø#Foa3FHfZG#]^ý
ø+Fs"ÞY[C#ýoa�Vw]�b/FHúcLMú/��B#LMG¾FT�K]�I^LMújB#]Mÿ^L�acf � L
÷+]�b/a3Foa3FofZGJLMø�]^CJacf��Þ]�a3FHY[]^ýHýoVó��Foa3BJfZC#a�a3BJLÞFHG
acL[b3ÿ^LMG
a3FofZG�f^û�a3BJLÞC+úcL[b�� ö B6C#ú[P
��L�øJf�GJf^aÞe�GJf�� ]:÷#b/Fof^bdF���B#FHYdB ÷+F^��LMýHú � LMýofZG#I�acf¯�ÅB#FHY/BþY[ýH]^ú3ú���w�G a3BJL
A�Ê�E�Ê ° ]^ýoI^f^bdFoa3B:�ãP�a3BJL5÷+]�b3a3Foa3FHfZG�]^G#ø a3BJLßY[ýH]^ú/úÎ÷+]�b/]��ßL[acL[b/ú�]�b/L¾acb/LM]�acLMø
]^ú�b/]^G+øJf���ÿX]�bdFH] � ýoLMú�� ö BJL��ßL[a3B#f6ø ûÖf^b�÷+]�b3a3Foa3FHfZG#FHGJI¾]5ÿ6FHø#L[f¾ûÖb/]��ßLwú3a3]�b3a3ú
��FHa3B¿]^Gã]�b � Foacb/]�b3VK÷;]�b3a3Foa3FofZG ]^G#ø�L��ß÷+ýHf-V�ú�]^GãFoacL[b/]�a3Foÿ^L�]^ýoI^f^b/FHa3B:� acfßLMúca3FTD
�K]�acL�a3BJL�÷+]�b3a3Foa3FHfZGÊ]^G#øÊa3BJL�Y[ý�]^ú3ú1÷;]�b/]��ßL[acL[b/úM�cfZFHG(a3ýHV � E�BJLMG�P O#y�y�y � z AJFHúca3]�P
O#y�y�y �)�;A�F�G#YQL � ûÖf^b�]ÈúC�Kf
f^a3B#ýHVßÿX]�b3V�FHGJIÈÿ6F�øJL[fÈúcL�q6CJLMG#YQL��?ú3C+Y[YQLMú3ú3Foÿ^L*ûsbd]��ßLMú
FHG ]5ÿ�FHøJL[fßøJfßGJf^aÑø#Fo`�L[b,�¾C#Y/B�P6a3B#L�÷+]�b3a3Foa3FofZG+ú?f^û2]^øA�3]^YQLMG(a�ûsb/]��KLMú�øJfKGJf^a
ø#Fo`�L[b�ú3FoIZG#F�r+Y[]^G(a3ýHV�� ° ]^Y/B ûÖb/]��ßL�FHú�÷+]�b3a3Foa3FHfZGJLMø C#ú3FHGJIÈa3BJLÎ÷+]�b3a3Foa3FHfZG¿f^û&a3BJL
÷#b/L[ÿ6FofZC+újûsbd]��ßLÅ]^ú�]^G¿F�G#Foa3FH]^ý#YQfZG+ø#Foa3FofZGßacf5úc÷OL[LMøÞC#÷¿a3BJL*YQfZG(ÿ^L[b/I^LMG#YQLÎb/]�acL
f^û a3BJLÊ]^ýoI^f^bdFoa3B:��� ö B#LÊFHG#Foa3F�]^ý;÷;]�b3a3Foa3FofZG ûÖf^b�a3BJL�r#b/úca�ûÖb/]��ßLwY[]^G � LÊLMFoa3BJL[b
]¾b/]^G#ø#f��KýoVKI^LMGJL[bd]�acLMøã÷+]�b3a3Foa3FHfZG�PJ]¾ýHLM]�b/GJLMø ÷+]�b3a3FHa3FofZG�ûsf^b�a3BJLwø#f��K]^FHG�P6f^b
] � F�G#]�b3V¿FT�K]�I^LÊøJL[b/FHÿ^LMø ûsb3f�� a3BJL � ]^Y3e6I^b3fZC#G+øSø#FT`OL[b3LMG#YQL��
ö BJL��K]�a3BJL��K]�a3F�Y[]^ýÑøJLMú3YQb/FH÷#a3FofZG�f^û�]�Y[ýH]^ú3úKú3÷�LMY[F�r#LMú5a3BJLã÷+F^��LMý�ÿ�]^ýHCJLMú

]^ú�ûÖC#G+YQa3FofZG#úÑf^û2a3BJL¾úc÷+]�a3FH]^ý&YQf
f^bdø#FHG#]�acLMú�f^ûja3BJLÊ÷+Fs�6LMýÉ� ö BJLw÷+]�b/]��KL[acL[b/ú�f^û
LM]^YdB¿Y[ýH]^ú/ú=Y[]^G � LÑYQf��ß÷;CJacLMøÞø#FHb3LMYQa3ýoV � VßC#ú3F�GJIw]wýoLM]^úca?úCq
C+]�b3LMúÕacLMYdB#G#F�q6CJL��
A�C#÷#÷OfZúcLg�?LÎB#]-ÿ^LÅaN�?fßY[ýH]^ú3ú3LMú��
U1L[a?a3BJLÅ÷+]�b3a3Foa3FHfZGKÿ�]�b/FH] � ýoL � L\ô Ûöõ ô N�÷ ô WAø]^G#ø5a3B#L�Y[ýH]^ú3úcLMú � L�÷+]�b/]��ßL[acL[b/F�x[LMø � VGù Ûöõ ù N ÷ ù W ø ��«*ýHúcfJPZú3CJ÷+÷�fZú3L�]^ý�ýJa3BJL÷+Fs�6LMý ÿ�]^ýHCJLMú©ú�û�ü � FHG a3BJLKF��Þ]�I^LKø#]�a3]�ý3� � LMýHfZGJIZFHGJI�acfSY[ýH]^ú3ú�þ � þ Û | ÷ O �]�b3L�÷;CJa�FHG(acfß]5ÿ^LMYQacf^b©ý�ÿ�� ° ]^YdBãb3f��áf^û&a3BJL��Þ]�acb/F^���ùF�ú�IZFoÿ^LMG � V � |�P��3P��#P���_��]^G#ø��_ÿ¾FHú�a3BJLwÿ^LMYQacf^b*f^û&÷;]�b/]��ßL[acL[b/ú � �$ÿ
	 ÷��
�
�s÷ �_ÿ������§�
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�  ô ÷  ù�� Û «Åb3I��K]A�# ô%$ ù�&(' � ô ÷ ù*)#ý3�
Û «Åb3I��K]A�# ô%$ ù�& ' � ý+)#ô ÷ ùv� ' � ô ÷ ù��

��LÉ]^ú/ú3C:�ßL�a3B#]�a5a3BJL ÷+F^��LMý=ÿ�]^ýHCJLMú5]^G#ø�÷+]�bd]��ßL[acL[b/úß]�b3LãFHG#ø#L[÷�LMG+øJLMG(a
]^G#øKa3BJL�÷+]�b/]��ßL[acL[bdú=]�b3L�C+G#FoûÖf^b��KýoVÊø+FHúcacb/F � CJacLMø��A��LÅ]^ýHúcfw]^ú/ú3C:�ßLÑa3B+]�aÕa3BJL
L[b3b/f^bÈû�C#G#YQa3FofZG�NÈf^û,ú�û�ü�FHúÈb3L[÷#b3LMúcLMG
acLMø � V:] � ]^C#ú3ú3FH]^G¯��Foa3Bp�ßLM]^G y ]^G#ø
ÿ�]�b/FH]^G#YQL�|#��U1L[a�, � ô ÷ ù�� � LÊa3B#LÊû�C#G#YQa3FofZG#]^ý1acf � L��KFHG#FT�KFsx[LMø�� � Foa3B�a3BJLMúcL
]^ú3ú/C:�ß÷#a3FofZG+ú[PÕa3BJL���fZF�G(a�LMúca3F��K]�a3FHfZGþY[]^G � L ú/F��ß÷+ýHF�r#LMø�acf:a3B#L ûÖfZýHýof���FHGJI
ûÖf^b���³

�" ô ÷  ùv� Û «Åb3I��ÞFHG# ô�$ ù-& , � ô N ÷ ô W ÷ ù N ÷ ù W �, � ô N ÷ ô W ÷ ù N ÷ ù W � Û ./10 243 ô g�5 ýHG76 N � ú�û�ü z ù N �8� ./10 2�3 ô ��5 ýHG76 W � ú�û�ü z ù W �
ö BJL��KFHG#FT�KFsxM]�a3FofZG�f^ûj_KY[]^G � LwY[]�b3bdFoLMøãfZCJa�]^ýHacL[b/G#]�acLMýoV�fZG�ô¿]^G#ø�ù FHG

]^G:FoacL[b/]�a3Foÿ^L��K]^G#GJL[b��1U�L[a  ù � ô���b/L[÷#b3LMúcLMG
awa3BJL ýoLM]^úca¾úCq
C+]�b3LMúwLMúca3FT�K]�acL¿f^û
a3BJLßY[ýH]^ú/úÎ÷+]�b/]��ßL[acL[b/úwûsf^bÊ]�IZFoÿ^LMG�÷+]�b3a3Foa3FofZG ô�� ö BJLur+G#]^ý L��6÷+b3LMú3ú3FofZG ûÖf^b, � ô ÷  ù � ô��E��Y[]^G � LwøJL[b/FHÿ^LMø LM]^ú3FHýoV�]^G#øÉFHú�IZFHÿ^LMG � V

, � ô ÷  ù � ô��E� Û «�b/I �KF�G# ô g $ ô � &:9<; NO ýHG  = N � ; WO ýHG  = W?>
��B#L[b3L  = N ]^G#ø  = W ]�b3Lãa3BJL LMúca3F��Þ]�acLMø��ßf�øJLMý�L[b3b3f^bßÿ�]�b/FH]^G#YQLMú5f^ûÅa3BJLãaª��f
Y[ýH]^ú/úcLMú[P�]^G#ø ; N ]^G+ø ; W ]�b/L?a3BJL�G6C:� � L[bdú�f^û#÷+Fs�6LMýHú&FHGÈa3BJL?aN�?f�Y[ýH]^ú/úcLMú�� ö BJL]^ýoI^f^bdFoa3B:��úca3]�b3a3úL��Foa3BÉ]^G�]�b � Foacbd]�b3VÞ÷+]�b/a3Foa3FofZG f^û2a3BJLÊø#]�a3]¿]^G#øÉYQf��ß÷;CJacLMú
a3BJLKYQf^b/b3LMúc÷OfZG#ø#FHG#I Y[ý�]^ú3ú�÷+]�b/]��KL[acL[b/ú��v� Foa3B�a3BJLMú3LÞY[ýH]^ú3úÊ÷+]�b/]��ßL[acL[b/úÈ]^G#ø
a3BJLÅø#]�a3]�P
]ÈGJL�� ÷+]�b3a3FHa3FofZGKFHújLMú3a3F��K]�acLMø��_­?f^a3B¿a3BJLÑ÷;]�b3a3Foa3FofZGK]^G+øKa3BJL�Y[ý�]^ú3ú
÷+]�bd]��ßL[acL[b/úß]�b3LÉFoacL[bd]�a3Foÿ^LMýoV b/L�r+GJLMø�C#G
a3FHý�a3BJL[b3LãFHúßGJf%û�CJb3a3BJL[bßY/B+]^GJI^LÉFHG
a3BJL����
g «O¬�­jµ�·M´�­�°Z­�ºuº�·/º ³�²A@ 0 2CBED�0 2AF ×
GIHKJMLNGIH gPO LQGRH �TS LUGIHKV OWS Û�Ð
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� P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
O �µ�_�´ç3å:ñ�ØnÍZY�å\[�Ð�ÌvÍUÎ�ØKÓ�Ï
ö B#L�r#b/úca1ú3acL[÷ÊûÖf^b1ÿ^LMB#FHY[ýHLÕacb/]^Y3e�FHGJIÅFHú�acfÅL��6acb/]^YQa&a3BJL?ú3L[I��ßLMG(a3ú FHG�LM]^YdBÈY[ý�]^ú3ú
ûÖb3f�� LM]^Y/B ûsbd]��ßL � a3BJL A�Ê�E�Ê ° ]^ýHI^f^b/Foa3B:� ÷#b/f-ÿ�FHøJLMú5a3B#FHú5û�C#G#YQa3FHfZG#]^ýHFoa�V �)�
ö B#LMG¿a3B#L©�ÞFHG#F��¾C:� � fZC+G#ø#FHGJIÈb3LMYQa3]^GJIZýoL � R!­^]\��]^G#ø a3B#LwYQLMG(acb3fZF�ø ÷�fZF�G(a
ûÖf^b1LM]^YdBßúcL[I��ßLMG
a � ÿ^LMB#F�Y[ýoL=f � �cLMYQa)�1]�b3L?f � a3]^FHGJLMø�� ö BJL=GJL���a&ú3acL[÷¾ûÖf^b1ÿ^LMB+FHY[ýoL
acb/]^Y/e6F�GJISFHúÎacf YQfZG#GJLMYQawa3BJLÞb3LMýH]�acLMø ú3L[I��ßLMG(a3úÈFHG�ú3C+Y[YQLMú3ú3Foÿ^LKûÖb/]��ßLMú�� ö BJL
FHø#LM] F�úÈacf�YQfZG+GJLMYQaKaª��f úcL[I��KLMG(a3úßa3B+]�aK]�b3LÉúc÷+]�a3FH]^ý�ýoV�a3BJLÉY[ýofZú3LMúcaKFHG�a3BJL
]^øA�3]^YQLMG
a�ûÖb/]��ßLMú � A�F�úca3]�P O#y�y�y �)�Uw�GSf^a3BJL[bL��f^b/ø#ú[PJa3B#L ° C+Y[ýHFHøJLM]^G ø#FHú3a3]^G#YQLMú
� L[aª��L[LMGÉa3B#LwYQLMG(acb3fZF�ø#ú�f^û2a3BJLÊúcL[I��KLMG(a3úÅFHG a3BJLÊ]^øA�3]^YQLMG
a�ûÖb/]��ßLMúÑ]�b3LÈC#úcLMø
]^úÎa3BJLKYQbdFoacL[b/FH]¿acfãacb/]^Y3e%a3BJL5b3LMý�]�acLMø�úcL[I��ßLMG
a3ú��vw�G ]^ø+ø#Foa3FofZG�POú3Fsx[L5b3LMú3acb/FHY�D
a3FofZG+ú?]�b3LÎL��ß÷;ýof-V^LMø�acfßøJL[acL[b��KF�GJL�a3BJL*b3LMýH]�acLMø úcL[I��KLMG(a3úÑF�GKa3BJL�ú3C#Y[YQLMú/ú3Foÿ^L
ûÖb/]��ßLMú��
ö �?f�Y[]^úcLMú¿L��JFHúca3��BJLMGüF�øJLMG(a3FHûsV�FHGJI a3BJLSFHG
acL[bßûÖb/]��ßLÉb3LMý�]�a3FofZG#ú3B#FH÷ � LQD

aN�?L[LMG5FHG#ø+Foÿ6F�ø#C#]^ý�f � ��LMYQa3ú/��B#fZúcL�R!­^]�ú � LMYQf��ßL=f�ÿ^L[b/ýH]�÷#÷OLMø¾FHGwú3C#Y[YQL[LMø+FHGJI
ûÖb/]��ßLMú�³�f-ÿ^L[bdýH]�÷#÷OLMø%f � �cLMYQa3úÎf^û?ú3F��ÞFHýH]�bÅú/Fsx[LMú � aª��fSY[]�b/ú)�dP�]^G#ø%f�ÿ^L[b/ýH]�÷#÷OLMø
f � �cLMYQa3úÕf^ûOø#FHú/ú3F��KFHý�]�b&ú3Fsx[LMú � Y[]�b/ú[P(acbdC#Y3e�ú)�)��«ùúcfZýHCJa3FHfZG5acfwa3BJL,r#bdúcajY[]^úcLL��]^ú
÷#b/f^÷�fZú3LMø¿FHG � E�B#LMG�P O#y�y�y ]��dP;ýoLM]-ÿ6FHG#I¾C#ú�acfß]^ø#ø#b3LMú3ú�a3BJL�úcLMYQfZG#øãY[]^ú3LwBJL[b3L��
«*GSL��J]��ß÷+ýHLÊf^ûÕa3B#F�úÅYQfZG#ø+Foa3FofZGSF�úÅFHý�ýHC#úcacb/]�acLMøSFHG!�2FoIZC#b3L O ��BJL[b3L¾]¿ú/Y/BJf6fZý
� C+ú¾]^G+øü] ú��K]^ýHý�Y[]�bKa3B#]�a3��L[b3LÉøJL[acLMYQacLMøþ]^ú5aª��f�f � �cLMYQa3úKFHG�fZGJLãûÖb/]��ßL
� ûÖb/]��ßLG| Ý �dP�]�b3L��ßL[b3I^LMøSFHG(acf¿]ßGJL�� � FoI^I^L[b*R�­^]!FHG ûsbd]��ßL � ûsbd]��ßL�|�à��)�

w�G%fZCJbw]�÷#÷;ýHFHY[]�a3FofZG�POIZFoÿ^LMG�a3B#]�a�f � �cLMYQa3úÊ]�b3LKYQfZG#ú3acb/]^FHGJLMø�FHG%a3B#LMFob��ßf�D
a3FofZG+ú � f � ��LMYQa3ú��Kf-ÿ^LKfZG#ýHV�FHG ]ãýHF��KFHacLMø�G6C:� � L[bÎf^û�ø#Fob3LMYQa3FofZG+ú)�dP�]^G#ø a3B#]�a
��LwB#]Mÿ^LÈFHGJûÖf^b��K]�a3FofZG�b3L[IZ]�b/ø+FHGJI5a3BJL�÷#b3L[ÿ�FofZC#ú�úca3]�acLÊf^û&a3BJL�f � ��LMYQa3ú � L[ûÖf^b3L
� LMFHGJIãf�ÿ^L[b/ýH]�÷#÷OLMø � ]^G+ø ÷OfZúcaÊú3a3]�acLÞûÖf^bÊa3B#]�a��K]�acacL[b*�dP/�?L�Y[]^G:øJL[acL[b)�KFHGJL
a3BJLÎFHøJLMG
a3Foa�VKf^û1a3BJLÎf � �cLMYQa3ú�FHG¿a3BJL`_baRced�fhgP�(6i6M�kj�lMmJúcL[I��KLMG(a � R!­^]\�)�:« ø#FHû�D
ûÖL[b3LMG#YQL � FHG#]�b3V©�K]�÷¾e6G#f���ýoLMø#I^L?ø#FHú/YQf-ÿ^L[b3V��ßL[a3B#f6ø¾FHú�÷+b3f^÷OfZúcLMøwacfÎø#FHú3YQf�ÿ^L[b
a3BJLwF�øJLMG(a3FHa�V�f^û a3B#L�f � ��LMYQa3úÅYQfZG(a3]^F�GJLMøSFHG a3B#LQ_baIc:d�fhgP�46�6M�kj�lMm+ú3L[I��ßLMG(a3ú��
ö BJLSFHøJLM] FHúKacf:f � a3]^FHG a3B#L�ø#FT`OL[b3LMG#YQL � FHG#]�b3V	�K]�÷ � L[aN�?L[LMGùa3BJL�÷#b3L

]^G#ø ÷OfZúcaÞf�ÿ^L[b/ýH]�÷#÷+F�GJI�ûÖb/]��ßLMú � V ú3C � acb/]^YQa3FHGJI a3BJL ú3L[I��ßLMG(a3]�a3FHfZGþb/LMú3C#ýoa
f^û*a3BJLÉf�ÿ^L[b/ýH]�÷#÷OLMø ûÖb/]��ßLãûÖb3f�� a3B#]�aKf^ûÎa3BJLSGJfZGJD�f-ÿ^L[b/ýH]�÷+÷�LMø ûsb/]��KLS]^G#ø
YQf��ß÷;]�b/FHGJI¾a3BJL�]��ßfZC#G
a�f^û&ø#Fo`�L[b3LMG+YQL���«*ú�ú3BJf���G FHG�a3BJL�ø#FT`OL[b3LMG#YQL � FHG+]�b3V
�K]�÷ãFHG��2FoIZCJb/L O PJa3B#L\�ÅB#FoacL�]�b3LM]^úÑFHG�a3BJL�ø#Fo`�L[b3LMG+YQL � FHG#]�b3VG�K]�÷ÉF�G#ø#FHY[]�acL
a3BJLß]��ßfZC+G(a�f^û�ø#FT`OL[b3LMG#YQL � L[aª��L[LMG�a3BJLKúcL[I��ßLMG
a3]�a3FofZG�b/LMú3C#ýoa3úÎf^û?a3BJLßaª��f
YQfZG#ú3LMY[CJa3Foÿ^LÉûÖb/]��ßLMú�� ö BJLãY[]�b¿]^G#øüú3YdBJf6fZý � C#ú5f � �cLMYQa3úÞF�G�ûsb/]��KL´| Ý Y[]^G
� Lwb3fZC#IZB#ýoV��K]�÷#÷OLMø�FHG(acf¿a3BJL5]�b3LM]Þf^û=a3BJL � FoI¿úcL[I��KLMG(aÎFHGÉûÖb/]��ßL�|�à���Foa3B
b3LMý�]�a3Foÿ^LMýoVG�KFHG#f^b�ø+FT`�L[b/LMG#YQLMú�����LMG#YQL^P���L�Y[]^Gãø#FHú3YQf�ÿ^L[b�a3BJLÎÿ^LMB#FHY[ýoL*f � �cLMYQa3ú
FHG a3BJL � FoIãúcL[I��ßLMG
aÊFHG ûsbd]��ßL�|�à � V b3LM]^úcfZG+FHGJI a3B#]�aÊFoa�FHú��KfZúca�÷#b3f � ] � ýoV
b3LMý�]�acLMøKacfwa3BJL*Y[]�b?]^G#ø¿ú3Y/B#f
fZý � C#ú2f � �cLMYQa3ú=ûÖb3f�� ûsb/]��KL�| Ý ��w�GKú3C#YdBÞ]ÈY[]^úcL^P
ûÖf^b=a3BJL � FoIÊú3L[I��ßLMG(a � a3BJL�_baIc:d�fhgP�46�6M�kj�lMm�úcL[I��ßLMG
a)�ÕF�GKûÖb/]��ßL�|�à6P6a3BJLÅYQf^b/b3LQD
úc÷OfZG#ø+FHGJIßýHFHGJe�ú�acf�a3BJLÈY[]�bÎ]^G#ø � C#ú�f � ��LMYQa3ú*FHGSûsb/]��KL�| Ý ��FHýHý � LÈYQb/LM]�acLMø��
ö B#LS]�÷#÷#b3fZ]^YdBþF�úÞúcV��G�ßL[acb/F�YÉFHG a3B+]�a¿FoaÞY[]^G øJL[acL[b)�KFHGJLãa3BJL%FHøJLMG
a3Foa�V�f^û
f � �cLMYQa3úÑa3B+]�a�úca3]�b3aÑfZC#a�f-ÿ^L[b/ýH]�÷+÷�LMøS]^G#øÉFHGãýH]�acL[b�ûsb/]��KLMúÑúcL[÷+]�b/]�acL��
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difference binary map

frame 15

frame 16�;i��dqMn�rj¡�1po ­�¬�³�¼�°�­&¹uº�®d¼�Æ-³�¯�¶�Ð
O �l~ �¯ð¿Ñ Ô�å�Y�Ø<Ó�Ï¿ç�ØKÔ�åMÑrqGå:srt�Ð�Ì èéåMã�æ ØTÌ�ð�u�[�vuãuÌ ÓvÔ

ð	ÒpY�×�ØKèéåMÔvØTÌ�w)Óvä:Òv×¿ÕU×�Ð�Ø<Ó�Ï/ã
« �ÈC+ýoa3F��ßLMø#F�] ]^C#I��ßLMG(acLMø acb/]^G#ú3FHa3FofZGüGJL[aª��f^b3e � R!« ö,¬ �G�ßf�øJLMýÑY[]^G � L
b3L[÷+b3LMúcLMG
acLMø�ø#F�]�I^b/]��G�K]�a3FHY[]^ý�ýoV � V ]ùýH] � LMýoLMø�ø#Fob3LMYQacLMø�I^b/]�÷+B�PÎY[]^ýHýoLMø!]xPy{z}|%~���xP�T�}|U�hy{z��M� ��«��¾C#ýoa3F��KLMø#FH]�FHGJ÷;CJa1úcacb/F�GJI�FHú&]^Y[YQL[÷#acLMø � V�a3B#L?I^b/]����K]�b
Foû?a3BJL[b3LÞF�úw]ã÷+]�a3B�f^û�acb/]^G+ú3Foa3FofZG#ú©�ÅB#FHY/B�YQf^b/b3LMúc÷OfZG#ø#ú�acfSa3BJLÞúcL�q6CJLMG#YQLKf^û
úcV�� � fZý�ú�FHG�a3BJLßúcacb/FHG#I¿]^G#ø!��B#FHYdB�ýHLM]^ø#ú*ûsb3f�� ] úc÷OLMY[Fsr#LMø�FHG#Foa3FH]^ý&úca3]�acL5acf
fZGJL�f^ûj]Kú3L[a�f^û2ú3÷�LMY[F�r#LMø�r+G#]^ý�úca3]�acLMú��

«�R�« ö,¬ Y[]^G � C#FHýHøÞCJ÷ã]Êÿ�FHøJL[f5B#FoL[b/]�bdY/B
V � E�BJLMG�P�|�}�}�}��)�M« ÿ�FHøJL[f5Y[ýHFo÷
Y[]^G � LSø#Foÿ�FHøJLMø F�G(acf��(��d�jAdI�ZP�]��I��d�jAd YQfZG(a3]^F�G#ú ] úcL�q6CJLMG
a3FH]^ý�YQfZýHýHLMYQa3FofZG
f^û��R��aR�{�ZP ]^G#ø�LM]^YdB��I�MaI�wYQfZG
a3]^FHG#ú¾úcf��ßL YQfZG
a3FoIZCJfZC#úÈûsbd]��ßLMúÊa3B+]�a¾]�b3L�]�a
a3BJL¾ýof���LMúcaÎýoL[ÿ^LMý2FHGÉa3B#LÊÿ�FHøJL[f¿B+FoL[b/]�b/YdB(V ��� L[fJP§|�}�}����)��w�a*FHúÅ]^øJÿ�]^G(a3]�I^L[fZC#ú
acf�C#úcLSúcL[ÿ^L[bd]^ýÑe^L[VüûÖb/]��ßLMúKacf:b3L[÷#b3LMú3LMG(a�]�ú3BJf^a�FHG#úcacLM]^øüf^ûwú/BJf���F�GJI�]^ýHý
a3BJLMú3LÈûÖb/]��ßLMú�� � L[VÉûÖb/]��ßLMú*]^YQa�]^ú�a3BJL5FHG#ø+FHYQLMúÑûÖf^b*]�ú3BJf^a�� ö BJLÈe^L[VÉûÖb/]��ßL
úcLMýHLMYQa3FofZGÉ]�÷#÷#b/fZ]^Y/BSC#a3FHýHFsx[LMø���]^úÑ÷#b3f^÷OfZúcLMøãF�G � E�BJLMG�Pv|�}�}�}���]^G#øÉFHú � ]^úcLMø
fZGÊa3BJL�G6C:� � L[bMPMacL��ß÷Of^b/]^ýuP�]^G#øÈú3÷+]�a3FH]^ý(YdB#]^GJI^LMú f^ûJa3BJL�úcL��K]^G
a3FHY=f � ��LMYQa3ú FHG
a3BJL�ÿ�FHøJL[f�ûÖb/]��ßLMú��_Ù*a3BJL[bÕûÖLM]�a3CJb3LMú��K]MVß]^ýHú3f � L�÷�fZú/ú3F � ýoL�ûÖf^bÕa3BJLÑe^L[V5ûÖb/]��ßL

5�6�5�7)8:9<;�7*=�>�?A@CB*DA@EB�F*D�D�F$>G@IH JK?�?�>L5M9KH



| y P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
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K1

S/K2
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K2
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(b) an example MATN model(a) the nine subregions and their
corresponding subscript numbers�;i��dqMn�r���1 ØÎÙ+«OÚ¿®d¯�´=µ�Á�°�¹�³�µ�­c´-³�®�³�¯ Ã Á�¹�²�¹uº�³�¯�¶�²J¸T·/º+µ�·M´�­�°�³�¯X¶1¹�¬X­OÆQ­�±j¸lº�®dµ�­�²J·d¸�¹uº�®3»�¼½M³Ò´-­�·�²u¬�·d¹ ÝZÐ

úcLMýHLMYQa3FofZG�P � C#a��?L?ûsf�Y[C#ú�fZGÊa3BJL=G6C:� � L[bMP[acL��K÷�f^bd]^ýuP-]^G#øÈúc÷+]�a3FH]^ý^b/LMýH]�a3FofZG#ú�f^û
a3BJLÎúcL��K]^G
a3FHYÅf � �cLMYQa3ú�� ö BJL[b3L[ûÖf^b3L^P(a3B#LMúcLÎe^L[VKûsbd]��ßLMú�b3L[÷#b3LMúcLMG
a�a3BJL*ú3÷+]�a3Fof�D
acL��ß÷Of^b/]^ý=Y/B#]^GJI^LMú¾FHG�LM]^YdB:ú/BJf^a�� �Jf^bÈL���]��K÷+ýoL^P1FHG�LM]^Y/B�ú3BJf^awf^û�]Sacb/]#"ÞY
ÿ�FHøJL[f�úcL�q
C#LMG#YQL^P�]¿e^L[V�ûsbd]��ßL¾F�ú*ø#L�r+GJLMø!��BJLMG�a3BJL5ÿ^LMB#FHY[ýoLMúÎY/B+]^GJI^L5a3BJLMFob
÷OfZú3Foa3FHfZG#újFHGßa3BJLÅú3C � úcL�q6CJLMG
aÕûÖb/]��ßLMúÕf^b�a3BJL�G6C:� � L[bÕf^û�ÿ^LMB#FHY[ýoLMú=]�÷#÷OLM]�b/FHGJI
YdB#]^GJI^LMú��

«*ú2FHG
acb3f6ø+C#YQLMøÈF�G � E�B#LMG�P O#y�y |[]��dP(fZGJL�úcL��K]^G
a3FHY�f � ��LMYQajFHú Y/B#fZúcLMGß]^ú2a3BJL
a3]�b3I^L[a*úcL��K]^G
a3FHY�f � �cLMYQaÅF�GãLM]^Y/B�ÿ6F�øJL[fßûsbd]��ßLÊ]^G#øSa3BJL��KFHG+F��K]^ý � fZC#G#ø#FHG#I
b3LMYQa3]^G#IZýoL � R�­^]\��YQfZG#YQL[÷#awFHúÎC#úcLMøv��w�G%f^b/øJL[bÎacfÉø#FHú3a3FHGJIZC#FHú/Bãa3BJLG��D { b3LMýTD
]�a3Foÿ^L¿÷OfZú3Foa3FofZG#úMP�aN�?LMG
a�V
D�úcL[ÿ^LMGüG6C:� � L[bdúw]�b3LÞC#ú3LMø � E�BJLMG�P O#y�y |[]��)� ö BJLMúcL
G6C:� � L[bdú�b3L[÷#b3LMú3LMG(aÅa3BJLÊaN�?LMG
a�V
D�úcL[ÿ^LMG%÷OfZú3ú3F � ýoLwúc÷+]�a3FH]^ý1b3LMýH]�a3FofZG+ú � L[aª��L[LMG
]^G%f � �cLMYQaÊ]^G#ø�FHa3ú�GJLMFoIZB � f^bdú���w�G%a3B#FHúÎ÷;]�÷�L[b-P�LM]^YdB�ûÖb/]��ßLßFHú�ø#FHÿ6FHø#LMø�FHG
acf
G#F�GJLÞú3C � D�b3L[IZFofZG#ú���Foa3B a3BJL�YQf^b/b3LMúc÷OfZG#ø#FHG#ISú3C � ú/YQb/Fo÷#aÊG6C:� � L[b/úÊú3B#f���G�FHG
�2FoIZCJb/L�� � ]��)� ° ]^YdBÈe^L[VÊûsb/]��KL�FHú1b3L[÷#b3LMú3LMG(acLMø � Vw]^G¾F�GJ÷+CJa�úcV�� � fZý6FHGÈ]é�¾C#ýTD
a3F��KLMø#FH]KFHG#÷+CJa�úcacbdFHGJIÞ]^G#ø�a3BJL ±1��¶�úcV_� � fZý � L[aN�?L[LMG aª��f ÿ^LMB#FHY[ýoLÈf � �cLMYQa3ú
FHúÈC#úcLMø acf øJLMG#f^acL¿a3B#]�a¾a3BJL¿ÿ^LMB#FHY[ýoL¿f � ��LMYQa3ú5]�÷#÷OLM]�b5FHG�a3B#L¿ú3]��ßL�ûÖb/]��ßL��
ö B#L�ú3C � ú3YQb/Fo÷+acLMø:G6C:� � L[bdú¾]�b/LÉC#úcLMø�acf�ø#FHúca3F�GJIZC#FHú3B a3BJLãb3LMýH]�a3FHÿ^L ú3÷+]�a3FH]^ý
÷OfZú3Foa3FHfZG#úÑf^û?a3BJL5ÿ^LMB#FHY[ýoL5f � �cLMYQa3úÎb3LMýH]�a3Foÿ^L5acfãa3BJL5a3]�b3I^L[a�f � ��LMYQa�±�I^b3fZC+G#ø:¶
� �2FoIZCJb/L�� � ]��E�)�§�Jf^bßú3F��K÷+ýHFHY[Foa�V^P�aª��f�YQfZG#úcLMY[CJa3Foÿ^L e^L[V�ûÖb/]��ßLMú5]�b3L C#úcLMø acf
L���÷+ýH]^FHG BJf��áacf�YQfZG#úcacb/C#YQa�a3BJL��ÈC+ýoa3F��ßLMø#F�]¾F�GJ÷+CJa�úcacb/F�GJIß]^G#øãa3BJLÈR!« ö,¬ �
ö B#LL�ÈC+ýoa3F��ßLMø#F�]wFHGJ÷+C#aÕúcacb/FHGJIÊa3B#]�a?b/L[÷#b3LMúcLMG
a3ú�a3BJLMúcL�aN�?f5e^L[VKûÖb/]��ßLMú�FHú�]^ú
ûÖfZýHýof���ú�³

�k� N ��� N � ��� N 	 �� �{� �� g �k� N ��� N 	 �� �1� �� �
ö BJL[b3LÈ]�b/LÊaª��fãFHGJ÷+C#a�úcV�� � fZýHú[P-� N ]^G+ø�� W � ö BJLÊf^b/øJL[b*f^ûÕa3BJLÊÿ^LMB+FHY[ýoLf � �cLMYQa3úÑFHGã]^GãF�GJ÷+CJa�úcV�� � fZý�FHú � ]^ú3LMø fZGãa3BJL�b3LMýH]�a3FHÿ^Lwúc÷+]�a3FH]^ý�ýof�Y[]�a3FofZG#ú�f^û

a3BJLÅÿ^LMB#FHY[ýoL�f � ��LMYQa3ú�FHGKa3BJL�acb/]#"¿Y�ÿ�FHøJL[fwûÖb/]��ßL � ûsb/f�� ýoL[ûÖaÕacf¾b/FoIZB
a=]^G#ø¿acf^÷
acf � f^acacf����)�/�#f^b¾L��J]��ß÷+ýHL^P1a3BJL�r#b/úcaÈe^L[V�ûsbd]��ßL¿FHúÈb3L[÷#b/LMúcLMG(acLMø � V�FHGJ÷+CJa
úcV�� � fZý�� N P �ÅBJL[b3L � N FHG#ø+FHY[]�acLMú�a3B#]�a � FHú�a3BJLÎa3]�b3I^L[a�f � ��LMYQa[P�� N � �KLM]^G#úa3B#]�aÅa3BJL�r#b/úca�Y[]�bÎf � �cLMYQaÎFHúÑfZG a3BJL¾ýoL[ûsaÅf^û=]^G#ø�] � f�ÿ^L � P�]^G+ø�� N 	 �KLM]^G#ú

5�6�5�7)8:9<;�7*=�>�?�@CB*DA@CB*F*D�D�F_>3@EH�JK?�?�>é5:9N@ED



� [�a�� h<jl��WYe�j�c �Uc2hnc�[�jlX*jlX�d/¡�iKcI��WY¢�oEiKm�£�[�jlX�jlX�d ¤sX*¥¦oEiK�§c2h<jloEXLQlQlQ |�|
a3B#]�a�a3BJLÈúcLMYQfZG+øSY[]�b*f � ��LMYQa*FHú�fZGSa3BJLÈýoL[ûÖaÑf^û � �U�Jf^bÅa3B#LÊGJL���a�e^L[VãûÖb/]��ßL^P
Foa3úé�ÈC+ýoa3F��ßLMø#F�]ßFHGJ÷+CJaÅúcacb/FHGJI¿FHúÅ]^ýT�ßfZúca�a3B#LÈú3]��ßL5]^ú*a3B#]�a*f^ûja3BJL�r+b/úcaÑe^L[V
ûÖb/]��ßL�L���YQL[÷#a�a3B#]�a a3BJL Y[]�b�� N � a3B#]�a ]�÷#÷OLM]�b3LMøþF�G a3BJLór#b/úca¿e^L[V ûÖb/]��ßL
B#]^ú?]^ýob3LM]^øJVKýHL[ûsa?a3BJLÅb/fZ]^ø¿FHG
acL[b/úcLMYQa3FHfZG¿FHGKa3BJL*G#L��6a?e^L[VKûsbd]��ßL��_�ÅLMG#YQL^P6a3BJL
G6C:� � L[b&f^û#ÿ^LMB#FHY[ýHL?f � �cLMYQa3ú2øJLMYQb3LM]^úcLMú2ûÖb3f���aª��f�acfÅfZG#L�� ö B#FHú1F�ú&]^GÈL���]��K÷+ýoL
acf5ú3BJf��ùBJf��ù]��¾C#ýoa3F��ßLMø+FH]�FHGJ÷+C#a=úcacb/FHG#IÊY[]^G�b3L[÷#b3LMúcLMG
a=a3B#L*YdB#]^GJI^L*f^û�a3BJL
G6C:� � L[b�f^û2úcL��K]^G
a3FHY � ÿ^LMB+FHY[ýoL���f � �cLMYQa3ú��

�2FoIZC#b3L�� �K� ��F�ú�a3BJL¿R!« ö,¬ ûÖf^bÊa3BJLÞ] � f�ÿ^L¿aN�?f�e^L[V�ûsb/]��KLMúwf^û�a3BJLKL��6D
]��ß÷;ýoLÊacb/]#"¿YÈÿ�FHøJL[fãúcL�q6CJLMG#YQL�� ö B#L¾úca3]�b/a3FHGJI úca3]�acLKG#]��ßL5ûÖf^b*a3B+FHú*R!« ö,¬
FHú�A:¨$��«ÅúÎú3B#f���G FHGó� FHIZCJb3L�� �K� �dP�a3B#L[b3L¾]�b/L¾aN�?fã]�b/Y[ú\��FHa3B�]�b/Y5ýH] � LMýHú�a3BJL
ú3]��KL*]^ú�a3BJLÎaª��fßFHGJ÷+C#a=úcV�� � fZýHú � � N ]^G#ø�� W �)� ö BJLÎø#FT`OL[b3LMG(a�úca3]�acLwGJf�øJLMúFHG¿a3BJLÊR!« ö,¬ �ßf6ø#LMý;a3B#L*acL��K÷�f^bd]^ý;b/LMýH]�a3FofZG#ú�f^û&a3BJL�úcLMýoLMYQacLMøãe^L[V�ûsbd]��ßLMú��
ö B#L��¾C#ýoa3FT�ßLMø#FH]*FHGJ÷+C#a úcacbdFHGJIZú��ßf�øJLMý6a3BJLÑb3LMý�]�a3Foÿ^LÑúc÷+]�a3FH]^ý�b/LMýH]�a3FofZG#ú2f^û�a3BJL
ÿ^LMB#F�Y[ýoL�f � �cLMYQa3ú��

��ì����p�§Ä6ð�õK¼¯Ä�î�ï�Ç3½+î&ò �ÉõKÇMô(ó Ç�Ç-õÖñ;î Ç
w�Gáa3B+FHúS÷;]�÷�L[b-P�a3BJL�LMG#B#]^G#YQLMø!ÿ�FHøJL[fùúcL[I��ßLMG
a3]�a3FofZGò�ßL[a3BJf�ø!FHú�]�÷+÷+ýHFoLMø
acf�a3B#b3L[Lãb3LM]^ýTD�ýHFHûsL acb/]#"ÞYÉÿ6FHø#L[f%ú3L�q
CJLMG+YQLMúKûÖb3f���ø#FT`OL[b3LMG
aßúcfZCJb/YQLMú¿C#G#øJL[b
ÿ�]�b/FofZC#úL�?LM]�a3B#L[b*YQfZG#ø+Foa3FofZG#ú � VÉYQfZG#ú/FHøJL[b/FHG#Ißaª��f�Y[ýH]^ú/úcLMú�� ö BJL�r#bdúcaÑûÖb/]��ßL
FHúÑ÷+]�b3a3Foa3FofZG#LMøÉFHG
acfKaª��f�Y[ý�]^ú3úcLMú*C#ú3FHGJIK]^G�FHG#Foa3F�]^ýOb/]^G#øJf���÷;]�b3a3Foa3FofZG���«�ûÖacL[b
f � a3]^F�G#FHGJIÉa3B#L�r+G+]^ýÕ÷+]�b3a3FHa3FofZG�f^ûÑa3B#L�r#bdúcaÊûÖb/]��ßL � ÿ6FH]�a3BJLÉA�Ê�EgÊ ° ]^ýoI^f�D
b/FHa3B:���dP:��L¾YQf��K÷+CJacL¾a3BJLÊ÷+]�b/a3Foa3FofZG#ú�f^ûÕa3BJL5ú3C � úcL�q6CJLMG
a�ûÖb/]��ßLMú*C#ú3FHG#IKa3BJL
÷#b/L[ÿ6FofZC+ú�÷+]�b3a3FHa3FofZG#ú ]^ú2a3BJL�FHG#Foa3FH]^ýZ÷+]�b3a3Foa3FofZGÈ÷+]�b/]��KL[acL[bjûsf^b2a3BJL�ú3C � úcL�q
C#LMG(a
úcL[I��KLMG(a3]�a3FofZG�úcacL[÷+ú � ú3FHG+YQLKa3BJL[b3LÞF�úÊýHFoaca3ýHLKú3FoIZG#Fsr;Y[]^G(awø#Fo`�L[b3LMG+YQL � L[aª��L[LMG
YQfZG#ú3LMY[CJa3Foÿ^Lãÿ�FHøJL[f%ûsbd]��ßLMú)�)� ö B#L YQfZG
ÿ^L[b3I^LMG#YQL úc÷OL[LMø�f^ûÅa3B#L�A�Ê�E�Ê ° ]^ýTD
I^f^b/FHa3B:� FHúÈFHG#YQb3LM]^úcLMø � V�C+ú3FHGJIãa3BJL¿÷#b3L[ÿ�FofZC#ú�÷;]�b3a3Foa3FofZG�b/LMú3C#ýoa3úw]^G+ø�a3B6C#ú
÷#b/f-ÿ�FHøJLMú�ú3CJ÷+÷�f^b/a�ûÖf^bÑb3LM]^ýoD�a3F��ßL�÷#b3f�YQLMú3ú3F�GJI �

w�G¾a3BJL�L��6÷OL[b/FT�ßLMG(a3úMP�a3BJL�f^b/FHIZFHG#]^ý
ûsb/]��KLMú[P^ø#FT`OL[b3LMG#YQL�ûsb/]��KLMú[P^úcL[I��ßLMG
a3]XD
a3FofZGwb3LMú3C#ýoa3úMP-]^G#ø � fZC#G+ø#FHGJI � f���LMú1ûÖf^b&]�ûsL��:ûsb/]��KLMú1FHG�LM]^YdB¾ÿ6FHø#L[f�úcL�q6CJLMG#YQL
]�b3L¿÷#b3LMúcLMG
acLMø�� ö BJfZúcL¿ûsb/]��KLMúÈú3B#f���G�FHG�a3B#LÞL���÷�L[bdF��ßLMG
awb3LMú3C#ýHa3úÊ]�b3L�a3BJL
e^L[V%ûÖb/]��ßLMúw]�ûÖacL[b¾]�÷+÷+ýoV�FHGJI�a3BJLKe^L[V%ûsbd]��ßLÞúcLMýoLMYQa3FHfZG´�ßL[a3BJf�ø FHG
acb3f�ø#C#YQLMø
FHG � E�BJLMG�P�|�}�}�}��)��w�G a3BJLÞL���÷OL[b/F��ßLMG
aÊb3LMú/C#ýoa3ú � �2FoIZC#b3LMú�~JP Ý P ]^G+øpà��dP a3BJL
ýoL[ûÖaC�ßfZúca YQfZýHC:�ÞG IZFoÿ^LMú a3B#L f^bdFoIZFHG#]^ýÅÿ6F�øJL[f:ûÖb/]��ßLMúMP?a3BJL�úcLMYQfZG+øùYQfZý�C:�KG
ú3B#f���ú�ø#FT`OL[b3LMG#YQLÎF��K]�I^LMú�f � a3]^FHGJLMø � V¿ú3C � acb/]^YQa3F�GJIÈa3B#L � ]^Y3e6I^b3fZC#G#ø�b3L[ûÖL[bcD
LMG#YQL�ûÖb/]��ßL�ûÖb3f��!a3BJL�f^b/FoIZFHG#]^ý
ûÖb/]��ßLMú[P�a3BJL�a3B#FobdøÈYQfZýHCM�KG5ú3BJf��Åú&a3B#L�ÿ^LMB+FHY[ýoL
úcL[I��KLMG(a3ú�L���acb/]^YQacLMø ûsb3f�� a3BJLßÿ6F�øJL[f ûsb/]��KLMú[P�]^G#ø�a3BJL5b/FoIZB
aC�ßfZúcawYQfZý�C:�KG
ú3B#f���ú�a3B#L � fZC+G#ø#FHGJI � f���LMú�f^û2a3BJL�ÿ^LMB#FHY[ýHL�f � ��LMYQa3ú��

«*ú�fZG#ýHV�a3BJLßÿ^LMB+FHY[ýoLMúw]�b3L¿F��ß÷Of^b3a3]^G
a*ûÖf^bwfZCJbÈ]�÷#÷+ýHFHY[]�a3FHfZG�P��?LÞC+úcLßa3BJL
b/FHIZB(aC�ßfZú3aÉYQfZýHC:�KG � a3BJL ú/F��ß÷+ýHF�r#LMø úcL[I��KLMG(a3]�a3FofZGáb3LMú3C#ýHa3ú)�Þacf ú3BJf�� a3BJL
b3LMý�]�a3Foÿ^L�úc÷+]�a3F�]^ý#b3LMýH]�a3FHfZG#ú3B#Fo÷;ú2f^û�a3BJL�ÿ^LMB#F�Y[ýoL�úcL[I��ßLMG
a3ú?ûsf^b�LM]^Y/B�e^L[VßûÖb/]��ßL
FHGÞLM]^Y/B ÿ�FHøJL[f¾úcL�q
C#LMG#YQL��_«*ýHúcfJP�úcV�� � fZýHF�Y�b3L[÷#b3LMú3LMG(a3]�a3FofZG+ú?]�b3LÎC#úcLMø¿acf¾b3L[÷JD
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| O P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
b3LMú3LMG(a�a3BJLÈúc÷+]�a3FH]^ýOb3LMý�]�a3FofZG#ú3B#FH÷+ú=f^û2a3BJL�ÿ^LMB+FHY[ýoL�f � �cLMYQa3ú�FHG LM]^YdBÉûÖb/]��ßL��:w�G
a3BJL�÷+b3f^÷OfZúcLMøãúcV�� � fZýHFHYÅb3L[÷#b/LMúcLMG(a3]�a3FHfZG�P#LM]^Y/BSÿ^LMB#FHY[ýoLwú3L[I��ßLMG(aÅFHúÑFHG#ø#L��6LMø
FHG�]é�ÈC+ýoa3F��ßLMø#F�]�F�GJ÷+CJa�úcacb/F�GJI � ]^úcLMøÊfZGwa3BJL?úc÷+]�a3FH]^ý^b/LMýH]�a3FofZGwf^ûJFoa3ú&YQLMG(acb/fZFHø��
ö B#L�ú3C � ú/YQb/Fo÷#aÕG6C:� � L[bdú=]�b3LÎC#úcLMø¿acf¾ø#LMGJf^acLÅa3B#L�b3LMýH]�a3FHÿ^L*úc÷;]�a3FH]^ý#b3LMý�]�a3FofZG#ú
f^ûJa3BJL�ÿ^LMB#FHY[ýHL=f � �cLMYQa3ú/��Foa3BÈb3LMúc÷OLMYQa1acf*a3BJL�a3]�b3I^L[a2f � ��LMYQa ûÖb3f��áa3B#L?ÿ�FoL���L[b4m�ú
÷OL[b/úc÷OLMYQa3Foÿ^L�����L�f � úcL[b3ÿ^L�a3B#]�aãa3B#L�aª��f�D�Y[ýH]^ú3úS÷+]�b3a3Foa3FofZG+FHGJI�ú3Y/BJL��Þ] Y[]^G
Y[]�÷#a3C#b3L��ßfZúca f^ûÊa3BJL%b3LMýHL[ÿX]^G
aãú3YQLMGJL�FHGJûÖf^b��K]�a3FHfZG � FHGùb3L[IZ]�bdø acfüacb/]#"ÞY
]�÷#÷;ýHFHY[]�a3FofZG#ú*�)��w�G¿f^a3B#L[bg�?f^b/ø+ú[P�fZGJL�Y[ýH]^ú3ú�Y[]�÷#a3CJb3LMú�b/LMýoL[ÿX]^G
a�ÿ^LMB#FHY[ýoLÎFHGJûÖf^bcD
�K]�a3FHfZG�]^G#ø�a3BJL5úcLMYQfZG#ø%Y[ýH]^ú3ú*Y[]�÷#a3CJb/LMú\�KfZúcaÅf^û=a3BJLÈI^b/fZC#G#ø FHGJûÖf^b��K]�a3FofZG
� a3BJL � ]^Y3e6I^b3fZC#G#øþGJfZG�D�ÿ^LMB#F�Y[ýoLÉFHGJûÖf^b��K]�a3FofZGU�)�§��LMG#YQL^P�FHGüa3BJL!�ÈC#ýHa3F��ßLMø#FH]
FHG#÷+CJaÅú3acb/FHGJIZú[P�a3BJL5I^b3fZC#G+ø �k� �*FHúÎúcLMýoLMYQacLMø�]^úÎa3B#L¾a3]�b/I^L[awf � �cLMYQaw]^G#ø%a3BJL
úcL[I��KLMG(a3ú¾]�b3L¿ø#LMGJf^acLMø � V¡��ûÖf^bÊa3B#L¢�
��fi�(PA£ ûÖf^bÈa3BJL�¤"¥��IdI�ZP§¦ ûsf^bÈa3BJL¨ ���k�K�kj�l úcL[I��ßLMG
a3ú[P;]^G#ø�© ûÖf^bÑa3BJLªaRced4f}gP�(6i6M�kj�l úcL[I��ßLMG
a3ú��
�_��|#�®î�«�ä:å:Ð�ØKèéå:Ó�× ¬
�_��|#��|#��­¯® �%°�y���±²°
|Mx<³Z°4xP´(�
ö B#L3r#b/úcawacbd]#"ÞYKÿ�FHøJL[fSú3L�q
CJLMG+YQL���]^úÈY[]�÷#a3C#b3LMø´��FHa3B�] ³-�}|Mµ�¶�z}|-·}µi¸�z}±¹�¹pº¼»8½ª¾
¿ß]^G#ø�ø#FoIZFHa3Fsx[LMøG��FHa3B¿]¾ú3F��ß÷;ýoL�À yÁ�(�RÂRxPy1°"° À xTÃ ¿ Ã � ]^ú3LMø�Y[]�÷+a3CJb3L
Y[]�b/ø�fZGü]ÅÄ ��|-·i�hÆC~NÇ »ÉÈeÊiÊiÊË¹ °�Ì
°�yÁ�}| � ]^úcLMø�÷+ýH]�acûÖf^b���� ö BJL�ÿ�FHøJL[f�úcLQD
q6CJLMG#YQLÎYQfZG#ú3FHú3a3ú=f^û1] � fZCJa©|�à��KFHG6CJacLMú?f^û�ÿ6F�øJL[fÊûÖb3f���]Êacbd]#"ÞYÅF�G(acL[b/ú3LMYQa3FofZG
��FHa3Bù]�÷+÷#b3f��JF��K]�acLMýHVþYQfZG#úca3]^G
aSýHFHIZB(a3FHG#I�YQfZG+ø#Foa3FofZG#ú�� ö B#L�f^b/FoIZFHG#]^ýÅÿ�FHøJL[f
ûÖb/]��ßLMú���L[b3L�f^û�ú/Fsx[L�~�� y b3f��ÅúÎÍ´àA~ y YQfZýHC:�KG#úMP O ~ � Foa YQfZýHf^bÕ]^G#ø5ûsbd]��ßL�b/]�acL
ú3]��K÷+ýoLMø¾]�a Ý ûÖb/]��ßLMú2÷OL[b2úcLMYQfZG#ø����Jf^b=ú/F��ß÷+ýHF�Y[Foa�V�]^G#ø¾b3LM]^ýTD�a3FT�ßL?÷+b3f6YQLMú/ú3FHGJI
÷+C#b3÷OfZúcL^P �?LÈacb/]^G#úcûÖf^b�� a3BJLÈYQfZýHf^bÅÿ�FHøJL[fKûÖb/]��ßLMúÅacfÞI^bd]MV�ú3Y[]^ýoLßF��K]�I^LMú*]^G#ø
b3LMú/Fsx[L�a3BJL�� acf�B#]^ýoû&f^ûja3BJLwf^b/FoIZF�G#]^ý�ú3Fsx[L � O ~ y b3f��Åú²Í�� O#y YQfZýHC:�KG#ú*�)� ö BJL
acb/]#"¿YÎÿ6FHø#L[f5ú3L�q
CJLMG+YQLwú3BJf��Åú�a3BJL�acb/]#"ÞY©t#f�� f^û2]^GãFHG(acL[bdúcLMYQa3FofZGãfZG�ÏªÐ�|�P
fZGJL�f^û2a3BJL � C#ú3FoLMúca�úca3]�acLÈb3fZ]^ø#úÑF�GÉRSFH]��ÞFuP:�2UÕPMÑ�A�«��
�_��|#� O ��­¯® �%°�y���±²°
|Mx ½ °
~�´:ÌÒx�~
ö B#LãL��6÷OL[b/F��KLMG(aßb3LMú/C#ýoa3úßûÖf^bÞûÖb/]��ßLMú�~JP�}6Pé| Ý P\|�à�]^G#ø
� Ý ]�b3L ú3BJf��ÅG FHG
�2FoIZCJb/LG~ �/«*úu�ßLMG
a3FofZGJLMø:LM]�b/ýHFoL[bMP&FHG�a3BJL ýoL[ûÖaC�ßfZúca5YQfZýHC:�KG � �2FoIZCJb3L�~ � ]��E�
]�b3Lãa3B#Lãf^b/FoIZFHG#]^ý�ûÖb/]��ßLMú�� ö BJLÉúcLMYQfZG#ø YQfZý�C:�KG � �2FoIZCJb3L�~ �K� �E�ßú3BJf��Åúßa3BJL
ø#Fo`�L[b3LMG+YQL�FT�K]�I^LMúÕ]�ûÖacL[b � ]^Y3e6I^b3fZC#G+øKú3C � acbd]^YQa3FofZG�� ö BJL�r+G#]^ýJú3L[I��ßLMG(a3]�a3FHfZG
b3LMú/C#ýoa3ú�]�b3L�ú3BJf���GÊFHGÊa3BJL=a3B+Fob/øwYQfZýHCM�KG � �2FoIZCJb3L�~ � Y��E�)��«Åú&Y[]^G � L=ú3L[LMGwûÖb3f��
�2FoIZCJb/L�~ � Y��dP�]^ý��ßfZú3a*]^ýHý&f^ûÕa3BJL5ÿ^LMB#F�Y[ýoLÈf � ��LMYQa3úÎ]�b3LßY[]�÷#a3CJb/LMø ]^úÎúcL[÷;]�b/]�acL
úcL[I��KLMG(a3ú � f � �cLMYQa3ú)�ÊL��JYQL[÷#a5ûsf^b5a3BJfZúcL�ÿ^LMB#FHY[ýHLMú¾F�G a3BJL�aª��f�ýH]^GJLMú5ýof�Y[]�acLMø
FHG a3B#L�CJ÷#÷OL[bã÷+]�b3aãf^û5a3BJL�ÿ�FHøJL[füûÖb/]��ßL � �ÅB#FHY/BáB#]^ú � L[LMG Y[]�÷#a3CJb/LMø ]^ú
fZGJL¿úcL[I��ßLMG
a � LMY[]^C#úcLÞa3BJL[V�]�b3LÞacf6f�Y[ýHfZúcLÞacf^I^L[a3BJL[bßø#C#LKacfSa3BJL�ú3BJf6f^a3FHGJI
]^GJIZýHLÞf^û�a3BJL�Y[]��ßL[b/]��)�=A6f��ßL¿f^û�a3BJL¿ÿ^LMB+FHY[ýoLMúÊB+]Mÿ^L � L[LMG YQf�� � FHGJLMø®��Foa3B
f^a3BJL[b*f � �cLMYQa3úÎFHG(acf¿]¿ú3F�GJIZýoLÊúcL[I��KLMG(a\��BJLMGSa3BJL[VÉ]�b3LÈY[ýHfZúcLMýoVÉýof�Y[]�acLMø����#f^b
L��J]��ß÷+ýoL^P&FHG�ûÖb/]��ßL�|�à6P&a3BJLÞú3YdBJf
fZý � C#úÊFHú�f-ÿ^L[bdýH]�÷#÷OLMø���Foa3B�a3BJL¿Y[]�bÈa3B#]�a
��]^ú,��]^Foa3FHGJIKF�Gãa3BJL��KF�ø#ø#ýoL*f^û2a3BJLÊFHG
acL[b/úcLMYQa3FofZG���B#FHýHL*a3B#LÊú3Y/B#f
fZý � C#úg��]^ú
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(a)�Original�frames� (b)�Difference�frames� (c)�Segmentation�results� (d)�Bounding�boxes�
�

� �;i��dqMn�rÕ¢�1 Ý-­�¶dµ�­�¯[¹�®/¹�³�·�¯Êº�­�²uÁX°Ï¹�²=®d²jÇO­�°�°�®d²j¹�¬X­�µ�ÁX°Ï¹�³�µ�­c´-³Ò®Ñ³�¯ Ã Á�¹j²�¹uº�³�¯X¶d²j¸T·dº=¸lº�®/µ�­�²Ó Ì}Ô-Ì:Õ{ÖMÌeÕÁ×Ñ®d¯�´�Ø
Ö�³�¯Î¹�¬X­2ËXº�²�¹1¹uº�®/»�¼=½M³�´�­�·�Ð^«O¬�­Õ°�­�¸l¹�µ�·�²�¹&¼�·d°�Á�µ�¯Î¶�³�½Q­�²&¹�¬X­j·/º�³�¶�³�¯�®/°
½M³Ò´-­�·Å¸Òº�®dµ�­�²ÁÙ
¹�¬X­�²u­�¼�·�¯X´¾¼�·�°�Á�µ�¯¾²u¬X·cÇ�²?´�³ÏâZ­�º�­�¯�¼�­�³�µÑ®d¶d­�²Õ·�Ä�¹�®/³�¯X­c´¾Ä[±Ê²uÁXÄ-¹uº�®d¼�¹�³�¯�¶
¹�¬X­�ÄX®d¼�ÆM¶dº�·�Á�¯�´wº�­�¸T­�º�­�¯X¼�­�¸lº�®/µ�­�¸lº�·dµ ¹�¬�­�·dº�³�¶�³�¯X®d°;¸Òº�®dµ�­�²ÁÙ
¹�¬X­�¹�¬�³�º�´Ê¼�·�°�Á�µ�¯¾²u¬X·cÇ�²
¹�¬X­Ñ½Q­�¬�³�¼�°�­*²u­�¶dµ�­�¯[¹�²?­ ß ¹uº�®/¼�¹�­c´5¸lº�·dµ�¹�¬X­�½M³�´�­�·�¸lº�®/µ�­�²�Ì+®d¯X´¾¹�¬X­Ñº�³�¶�¬[¹�µ�·�²�¹�¼�·�°�ÁXµ�¯
²u¬X·cÇ�²�¹�¬X­2Ä^·dÁX¯X´�³�¯X¶�Ä^· ß ­�²�·/¸J¹�¬X­2½Q­�¬X³�¼�°�­j·�ÄMÜ�­�¼�¹�²�Ð

�ßf�ÿ6F�GJI���LMúca � fZC#G#øv� Ù*a3B#L[b�Y[]�bdúÑFHG¿a3BJL��K]^FHG ]�b3LM]5f^û1a3B#LÎF�G(acL[b/ú3LMYQa3FofZGã]�b3L
ú3C+Y[YQLMú3úcû�C#ýHýoVÞF�øJLMG(a3F�r#LMø FHGã]^ýHý�f^û a3BJLMúcLwûÖb/]��ßLMú��

w�G!a3BJL��¾C#ýoa3F��ßLMø+FH] FHG#÷+CJa%úcacb/FHGJIZú � ]^ú�ú/BJf���G FHG¹�2FoIZCJb/Lp~ � øU�E�dPwa3BJL
I^b3fZC+G#ø �k� �ÊFHú¾úcLMýoLMYQacLMø�]^úÈa3BJL¿a3]�b/I^L[a¾f � ��LMYQa����Jf^b5a3BJfZúcL Y[]�b/ú5YQf�� � FHGJLMø
acf^I^L[a3BJL[bÈFHG(acfÉ] ú3F�GJIZýoL5úcL[I��ßLMG
a � FHG a3BJLKCJ÷#÷OL[b*÷+]�b3aÎf^û�ÿ6FHø#L[f�ûÖb/]��ßL��dP���L
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|�~ P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
C#ú3L¿øJf��K]^F�G e�GJf��ÅýoLMøJI^LÞa3B+]�a¾a3B#L[b3L¿]�b3L aN�?f�ýH]^GJLMú¾ýof�Y[]�acLMø�FHG�a3BJL CJ÷#÷OL[b
÷+]�b/aÅf^ûÕa3B#L5ú/YQLMGJL��ÅBJL[b3L¾a3BJL5ÿ^LMB#FHY[ýoLMú*]�b3Lu��]^FHa3FHGJI � L[ûÖf^b3LÈa3BJL[VSLMG
acL[b�a3BJL
FHG
acL[b/úcLMYQa3FHfZG��:��LÈC+úcLwa3BJLÊú3V_� � fZýÚ¦ ûsf^bÅa3B#FHúÑú3÷�LMY[F�]^ý�úcL[I��ßLMG
aÅFHG+ø#FHY[]�a3FHGJI
a3B#]�a1a3B#FHú�FHú�]�± ¨ �?�k�Û��j�l$¶�úcL[I��KLMG(a&a3B#]�a��K]-VÎF�G#Y[ýHC#øJL��ßf^b/Lja3B#]^GwfZGJLjÿ^LMB+FHY[ýoL��]^Foa3FHGJIÎacfwLMG
acL[bÕa3BJLÑF�G(acL[b/ú3LMYQa3FofZG��$ÙÎCJbÕø+]�a3]w]^ýHúcfwYQfZG
a3]^FHG#újÿ^LMB+FHY[ýoL�f � �cLMYQa3ú
FHG%a3B#L��K]^FHG�]�b3LM]Sf^û�FHG(acL[bdúcLMYQa3FofZG�a3B#]�aÈ]�b3LÞYQf�� � FHGJLMø�F�G(acfÉfZG#LÞúcL[I��ßLMG
a��
�Jf^bÎL��J]��ß÷+ýoL^P�a3BJL5Y[]�bÎf � ��LMYQa�]^G#ø�a3BJL5ú3Y/B#f
fZý � C#úÅf � �cLMYQa\��L[b3L5YQf�� � FHGJLMø
FHG
acfwfZGJLÅúcL[I��ßLMG
a?FHGßûÖb/]��ßL�|�à6P���B#F�ýoL�a3BJL[Vu�?L[b3L*úcL[÷+]�b/]�acL*úcL[I��ßLMG
a3ú?F�Gßa3BJL
÷#b/LMYQLMø#FHGJI¾ûsbd]��ßL � ûsb/]��KLu| Ý �)��«Åú�ø#F�ú3Y[C#ú3úcLMø�FHGÉA6LMYQa3FofZG O �µ�6PJa3B+FHú�f6Y[Y[ýHC+ú3FofZG
ú3FHa3C#]�a3FofZG¾Y[]^G � L�øJL[acLMYQacLMø � Vwa3BJL�÷#b3f^÷OfZúcLMø¾ø#FT`OL[b3LMG#YQL � FHG#]�b/V��K]�÷Èe�GJf���ýTD
LMøJI^LÈø#FHú3YQf�ÿ^L[b3V��ßL[a3BJf�ø��:��LÈC+úcLÊúcV�� � fZýA© acf¿øJLMG#f^acLÊ]^G�±{aRced4fhg��(6i6M��j�l$¶
úcL[I��KLMG(a©��B#F�Y/BSB+]^ú*YQf^b/b3LMúc÷OfZG#ø#FHG#IÞýHFHGJe�úÑacf�a3BJL¾b3LMýH]�acLMø%úcL[I��ßLMG
a3ú�FHG�a3BJL
÷#b/LMYQLMø#FHGJI5ûÖb/]��ßL��

«*ú Y[]^G � L=úcL[LMGÈûÖb3f��ö�2FoIZC#b3L§~JPXa3BJL�± ¨ ���k�K�kj�l$¶ÎúcL[I��KLMG(a2]^ýs��]MV�ú1b3L��Þ]^FHG#ú
]�aÕa3B#L�ú3]��ßL�ýHf6Y[]�a3FofZG¿FHG5a3BJL�ú/YQLMGJL���w�Gßf^b/øJL[b?acfÊ]^G#úE��L[b=a3BJLéq
CJL[b/VÈûÖf^b=acb/]�ûsD
r+Y�t#f��!LMú3a3F��K]�a3FofZG�P�a3BJLMúcL ± ¨ �?�k�K�kj�l$¶Éú3L[I��ßLMG(a3ú©�ÅFHýHý�GJf^a � LÈYQfZC+G(acLMø���«*ú�ßLMG
a3FofZGJLMø¾LM]�b/ý�FoL[bMP � N FHG#ø#FHY[]�acLMú&a3B#]�aja3BJL�I^b3fZC+G#ø �k� � FHú a3BJL�a3]�b3I^L[ajf � �cLMYQa
]^G#ø¿a3BJL�ú3C � ú3YQb/Fo÷#a?G
C:� � L[b/ú�B#]Mÿ^L�a3BJLÎú3]��ßLÎb3LMý�]�a3Foÿ^L�úc÷+]�a3FH]^ýU�ßLM]^G#FHG#IZú��$w�G
ûÖb/]��ßLMúu~ ]^G+ø�}6PÕaª��f Y[]�b/úKF�G�a3BJL��KFHø#ø+ýoL¿f^û*a3BJLÉFHG
acL[b/úcLMYQa3FHfZG � � N 	 ]^G#ø� N �u��L[b3L!��]^Foa3F�GJI�acf ÷;]^ú3úG��B+FHýoLÉ]^GJf^a3BJL[b Y[]�b � �ÝÜ��3��]^ú�øJb/FHÿ6FHG#I%ú/ýof���ýHV
a3BJb/fZCJIZBÞa3B#LÎC#÷#÷OL[b=÷+]�b3a�f^û1a3B#L*FHG
acL[b/úcLMYQa3FHfZG���LMúca � fZC#G#øv��w�G�]^ø+ø#Foa3FofZG�P
a3BJL
Y[]�b � � N � FHGãûÖb/]��ßL�~$����]^úÅýHLM]Mÿ�FHGJIÞa3B#LÊFHG
acL[b/úcLMYQa3FofZG!�?LMú3a � fZC+G#ø�� w�GÉûÖb/]��ßL
| Ý P�]Èú/Y/BJf6fZý � C#ú=]�÷#÷OLM]�b3LMø�]^ú<£ N�Þ ûsb/f�� a3BJL*LM]^úca�ú3FHøJL��$��f��?L[ÿ^L[bMP#F�GKûÖb/]��ßL
|�à6POa3BJLßú3YdBJf
fZý � C+úÅ]^G#ø a3BJLu��B+FoacLÈY[]�b � � N FHG�ûsb/]��KL�| Ý �é��L[b3LßYQf�� � FHGJLMø
FHG
acfßfZGJLwf�ÿ^L[b/ýH]�÷#÷;FHGJIKúcL[I��ßLMG
a � © N�Þ �)�:w�GãûÖb/]��ßL�� Ý P;a3BJLÊú3YdBJf
fZý � C#ú � £ N 	 ���]^ú�úcL[÷+]�b/]�acLMø�ûÖb3f�� a3BJLÅf^a3B#L[b�Y[]�bdú�]^G+ø¿ýoL[ûÖa�a3BJL*F�G(acL[b/ú3LMYQa3FofZGÞfZG�a3BJL\��LMúca
ú3F�øJL^PM��B+FHýoL�a3BJL¾aª��fãY[]�b/ú � � N 	 ]^G#ø*� N ��FHGÉûÖb/]��ßLMú\~JP�}Þ]^G#øp| Ý �K]^øJL¾a3BJL
ýoL[ûÖa=a3C#b/GÞ]^G#ø��ßf-ÿ^LMø acf���]�bdø#ú�a3BJLÅGJf^b/a3BJLM]^úca � fZC+G#øKúcf¾a3B#]�a�a3BJLMFob=b/LMýH]�a3Foÿ^L
úc÷;]�a3FH]^ý�ýof�Y[]�a3FofZG#úÑYdB#]^GJI^LMøÉacfE� N ]^G#ø�� N�Þ FHG ûÖb/]��ßL�� Ý �
�_� O �®î�«�ä:å:Ð�ØKèéå:Ó�×�ß
�_� O ��|#��­¯® �%°�y���±²°
|Mx<³Z°4xP´(�
ö B#L¿úcLMYQfZG#ø:acb/]#"ÞY¿ÿ�FHøJL[f�ú3L�q
CJLMG+YQL���]^ú5øJf���G+ýofZ]^øJLMø:ûsb3f�� a3BJL¿b3LMúcLM]�b/YdB
��L � ú3FoacL*f^ûCÑÅG#FHÿ^L[b/ú3Foa�V � ]�b/ýHú3b/C#BJL � wK]é«©�dP ��B+FHY/B FHG#Y[ý�C#øJLMúL|�P¦�#���KI^b/]MV6ÿ�]^ýHCJL
ûÖb/]��ßLMú�FHG � wI� ûÖf^b��K]�a�� ö B+FHúÕacb/]#"¿Y�úcL�q
C#LMG#YQL©��]^ú�b3LMYQf^bdøJLMø � V�]¾ú3a3]�a3FofZG�D
]�b3VÉY[]��KL[b/]¿C+G#øJL[bÅG#f^b��K]^ýv��LM]�a3BJL[bwYQfZG#ø+Foa3FofZG�� ö BJLÊf^b/FHIZFHG#]^ý�ú3F�x[LÊf^ûÕLM]^YdB
ûÖb/]��ßL�FHú,��~ y Í Ý à y �:w�G�fZCJb�L���÷�L[bdF��ßLMG
a[P�ú/FHG#YQLÎfZCJb�ûÖf6Y[C#ú�FHú�fZG a3B#L�acb/]#"ÞY
FHG
acL[b/úcLMYQa3FHfZG�PJLM]^Y/BSf^b/FoIZFHG#]^ýOF��Þ]�I^L���]^ú�Y[CJa�FHG
acfK]G� Ý �àÍ¿~$�#�ß÷+FoLMYQL���B#F�Y/B
L��JY[ýHC#øJLMú2a3B#LÑacb3L[LMú=]^G+ø � C#FHý�ø#FHGJIZú ú3FHG#YQL�a3B#L[V5]�b/L�GJf^aÕb3LMý�]�acLMøßacfÊa3BJL�acb/]#"ÞY
t#f�� �ßfZG#FHacf^b/FHGJI5÷+CJb/÷�fZú3L��
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� [�a�� h<jl��WYe�j�c �Uc2hnc�[�jlX*jlX�d/¡�iKcI��WY¢�oEiKm�£�[�jlX�jlX�d ¤sX*¥¦oEiK�§c2h<jloEXLQlQlQ | Ý

�

��� �� � �
� frame�3� � Multimedia Input String:�G1&C13&C16&C13�

��� �� � �
� frame�80�� Multimedia Input String:�G1&C16&C13&C4�

��� �� � �
� frame�242� Multimedia Input String:�G1&C16&C13&O4�

��� �� � �
� frame�280� Multimedia Input String:�G1&C16&C13&O4&C4 

 

�

(a)� Original�
frames�

(b)� Difference�
frames�

(c)� Segmentation�
results�

(d)� Bounding�
boxes�

�;i��dqMn�rCá�1 Ý-­�¶�µ�­�¯[¹�®/¹�³�·d¯Ñº�­�²uÁX°Ï¹�²O®/²;ÇO­�°�°Z®/²�¹�¬X­�µ?ÁX°Ï¹�³�µ�­c´�³�®2³�¯ Ã Á�¹;²�¹uº�³�¯�¶�²+¸T·dº�¸lº�®dµ�­�²�Ø-Ìâ ( Ì & Ó & ®d¯X´ & â ( ³�¯*¹�¬X­ ²u­�¼�·�¯X´Å¹uº�®/»�¼j½-³�´-­�·�Ð
�_� O � O ��­¯® �%°�y���±²°
|Mx ½ °
~�´:ÌÒx�~
ÙÎG#L�f � ú3L[b3ÿX]�a3FHfZG fZG a3B#FHú�ÿ6F�øJL[füúcL�q
C#LMG#YQL�FHú�a3B#]�aÉFoa3ú�ÿ�FHú3C#]^ý©q6C#]^ýHFoa�V FHú
ú3FHIZG#Fsr+Y[]^G
a3ýoV �?f^bdúcL¿a3B+]^G:a3B+]�a¾f^û�a3BJL¿ÿ�FHøJL[f%úcL�q6CJLMG#YQL FHG ° ��÷�L[bdF��ßLMG
a�|#�
ö B+]�a*FHúMP+a3BJL5f � �cLMYQa3ú � L��ÏI �oP�Y[]�bMPO÷OLMøJLMúcacb/FH]^G�P+L[a3Y#�¦�*]�b3LßGJf^aÎ]^ú�ú3B#]�b3÷%]^úÎFHG
a3BJL\r#b/ú3a?acb/]#"¿YÅÿ�FHøJL[f5úcL�q6CJLMG#YQL�� �Åf���L[ÿ^L[bMP+]^ú�Y[]^G � L*úcL[LMG�ûÖb3f�� �2FoIZCJb3L Ý P
a3BJLÎacLMúca3F�GJI5b3LMú3C#ýoa3ú�]�b3L�úca3F�ýHý+÷+b3f��KFHú3F�GJI ��w�G�ûsb/]��KLMú,�È]^G+ø�� y P#]^ýHý�a3BJLÎa3BJb3L[L
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|�à P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
ÿ^LMB#F�Y[ýoLMúÕ]�b3L*ú3C#Y[YQLMú3úcû�C#ýHýHVÈY[]�÷#a3CJb/LMøÞ]^ú�úcL[÷+]�b/]�acL*úcL[I��ßLMG
a3ú���w�GKûÖb/]��ßLé�6P
a3BJL
b3LMý�]�a3Foÿ^L�úc÷+]�a3FH]^ýOýof�Y[]�a3FofZG#ú�f^û&a3BJLÎa3BJb3L[L�ÿ^LMB#FHY[ýHLMú�]�b3L�� N � ��� N�ã ��� N � P���B#FHýoLFHG�ûÖb/]��ßL�� y PJa3BJLMFob�b/LMýH]�a3Foÿ^L�úc÷+]�a3FH]^ý�ýHf6Y[]�a3FofZG+ú�YdB#]^GJI^Lwacf¢� N � ��� N�ã ���ÝÜA� w�GûÖb/]��ßL O ~ O P;]^G#f^a3BJL[bÑÿ^LMB#FHY[ýHL � � N � ��øJb/Foÿ^LMú�FHG
acfßa3BJLwFHG
acL[b/úcLMYQa3FHfZGÉ]�b3LM]5ûÖb3f��a3BJL*GJf^b3a3B$�?LMú3a�YQf^b/G#L[bMP6]^G+øÞa3BJLÅaª��f5ÿ^LMB#FHY[ýoLMú�úcacf^÷#÷OLMø�ú3FHøJL � VKú3FHø#L � LMB#FHG#ø
a3BJL YQb3fZú3úC��]^ýoe�B+]Mÿ^L � L[LMG:Y[]�÷#a3C#b3LMø�]^úÈfZG#Lp±{aRced4fhg��(6i6M��j�l$¶ f � ��LMYQa � ©�Ü��)�
w�G ûsb/]��KL O � y P1]ãø#]�b3e
D�I^b/]MV%Y[]�b � � Ü �§�cfZFHG#ú*a3BJLKFHG
acL[b/úcLMYQa3FHfZG�]�b3LM]ÉøJb/FHÿ6FHG#I
acf���]�b/ø+ú¿GJf^b/a3B���LMúca�� ¬ f^acL a3B#]�aÞa3B#LS÷OLMøJLMúcacb/F�]^Güf � �cLMYQa3ú¿B#]-ÿ^L ]^ý�úcf � L[LMG
ú3C+Y[YQLMú3úcû�C#ýHýoV FHøJLMG
a3Fsr#LMø�ø#CJb/FHG#IKúcL[I��ßLMG
a3]�a3FofZG�P���B#FHYdB�F�úÅC#ú3L[ûÖC#ý�ûsf^b�B6C:�K]^G
f � �cLMYQa2acb/]^Y3e�FHGJI ���Åf���L[ÿ^L[bMP���Lgr+ýoacL[b a3BJL�� fZCJajFHG¾a3B#F�ú&L���÷OL[b/F��ßLMG
a2FHG¾f^b/øJL[b
acfKL��K÷+B#]^ú3Fsx[L�a3B#L�ÿ^LMB#FHY[ýoL��ßfZG+Foacf^b/FHGJI5÷+C#b3÷OfZúcL��
�_�µ�_�®î�«�ä:å:Ð�ØKèéå:Ó�×�ä
�_�µ�_��|#��­¯® �%°�y���±²°
|Mx<³Z°4xP´(�
w�Gwf^b/ø#L[b&acf*acLMúca a3BJL?b/f � C#úca3GJLMú/ú�f^û#fZCJb ûÖb/]��ßL���f^b3e;PX]�a3B+Fob/øwacbd]#"ÞY=ÿ�FHøJL[f*úcLQD
q6CJLMG#YQLÑYQfZG#ú/FHúca3FHGJI�f^ûv� y�y ûsb/]��KLMú���]^ú?C#úcLMø�� ö B#FHú2ÿ�FHøJL[fwúcL�q6CJLMG#YQLL��]^ú?]^ýHúcf
øJf���G#ýofZ]^ø#LMø�ûsb/f�� a3BJLKb/LMúcLM]�b/Y/B¯��L � ú3FoacLKf^û�Ñ*G#Foÿ^L[bdú3Foa�V � ]�b/ý�úcb/C#BJL � wÁ]L«��
]^G#ø¿ú3BJf���ú=a3B#LÅú3]��ßLÅacb/]#"ÞYÅFHG(acL[bdúcLMYQa3FofZG�]^ú?FHGÞa3BJLÅú3LMYQfZG#øÞÿ�FHøJL[f¾úcL�q6CJLMG#YQL
� C#a��ÅFoa3B ] ø#FT`OL[b3LMG
a��?LM]�a3B#L[b�YQfZG#ø#FHa3FofZG��g«ÅúSú3BJf��ÅG FHG��2FoIZCJb3L®à6P�a3B#FHú
ÿ�FHøJL[f���]^ú�a3]�e^LMGSFHG��ÅFHG(acL[b���B#L[b3LÅa3B#L[b3L©��]^ú�ú3G#f�� fZG a3BJL�ýH]^GJLMú�]^G#ø ýHFHIZB(a
ú3G#f�� ��]^ú¾û�]^ýHýHFHGJI��ÅFoa3B ] úcacb3fZGJIó��FHG+ø�� ö BJL¿f^b/FoIZFHG#]^ý?ú3Fsx[L¿f^û�LM]^Y/B�ûÖb/]��ßL
FHú��#à��åÍ Ý �#à z ��B#F�ýoL�FHGþfZCJb L���÷�L[bdF��ßLMG
a[P?a3BJL�úcL[I��KLMG(a3]�a3FofZG ÷#b3f�YQLMø#CJb3L
FHú5fZG+ýoV:]�÷#÷;ýHFoLMø�acf�a3BJLÉ]�b3LM]´��Foa3Büú3Fsx[L O à��æÍ O�Ý |�P§��B#F�Y/BüFHú5a3BJLSacb/]#"ÞY
FHG
acL[b/úcLMYQa3FHfZG ]�b3LM]:f^ûwfZCJb¿L��6÷OL[b/F��KLMG(a3]^ýÅFHG(acL[b/LMúca���«*ú��ßLMG(a3FHfZGJLMø LM]�bdýHFoL[bMP
ú3F�G#YQLÑfZCJb�÷+CJb3÷OfZúcLÑF�úÕûÖf^b?ÿ^LMB#F�Y[ýoLé�ßfZG+Foacf^b/FHGJIJP(fZG#ýoV5a3BJL*acb/]#"ÞY�F�G(acL[b/ú3LMYQa3FofZG
]�b3LM]ÞFHú�YQfZG#ú3FHø#L[b3LMø��
�_�µ�_� O ��­¯® �%°�y���±²°
|Mx ½ °
~�´:ÌÒx�~
�2FoIZCJb/L�àKú3B#f���úÅa3BJLÊL���÷OL[b/F��ßLMG
aÑb3LMú/C#ýoa3úÑûÖf^b*ûsb/]��KLMú©�#}6P�}��6P/|����6P�|�� y ]^G#ø
O |��$��«Åú?Y[]^G � L�ú3L[LMGÞûÖb3f�� � FHIZCJb3Léà6P
a3BJL � ]^Y/e
I^b/fZC#G#øÞG#fZFHúcL�Y[]^C#ú3LMø � Vßa3BJL
û�]^ýHýHFHG#IÑú3GJf��üFHú ú3FoIZG+Fsr+Y[]^G
a&]^G#øÈa3BJLgq
C+]^ýHFoa�V�f^û+a3BJL?ÿ�FHøJL[f*úcL�q6CJLMG#YQL � LMYQf��ßLMú
��f^b/úcL � LMY[]^C+úcL�f^û�a3B#L � ]^ø��?LM]�a3BJL[b����Åf���L[ÿ^L[bMP�a3BJLÅL��6÷OL[b/F��KLMG(a?b3LMú3C#ýoa3ú?]�b3L
úca3F�ýHý�ú3]�a3F�úcûÖ]^YQacf^b/V ú3FHG#YQL%]^ýHýÅa3BJL ÿ^LMB#FHY[ýoL f � �cLMYQa3ú�B+]Mÿ^L � L[LMGþY[]�÷+a3CJb3LMø ]^ú
úcL[÷;]�b/]�acL*ú3L[I��ßLMG(a3ú�� ¬ f^a3FHYQL*a3B#]�a�a3BJLÎø#]�b3e
D�I^b/]MV�Y[]�b�FHGKûÖb/]��ßL O |��ÈB#]^ú�]^ýHúcf
� L[LMG5ú3C#Y[YQLMú3ú3ûÖC#ý�ýoVwFHøJLMG
a3Fsr#LMøÈa3BJfZCJIZB5a3B#F�ú&ÿ^LMB+FHY[ýoL�f � �cLMYQaÕFHú ÿ^L[b3VÈf � ú3Y[CJb3L�FHG
a3BJLÅYQf^b3b3LMúc÷OfZG#ø#F�GJI�ø#FT`OL[b3LMG#YQLÑF��K]�I^L � � FHIZCJb3Léà �K� �E� � LMY[]^C#úcL�f^û�a3BJL�ú/F��KFHýH]�b
YQfZýof^bÅFoaÑB#]^úg��FHa3B a3BJLÊø#]�b3e
D�I^b/]-V � ]^Y3e6I^b3fZC#G#ø��
�_�l~ ��ç�Ønã�ÍUÒ�ã�ã�ØKÑ Ó�ã
ö B#LKL��6÷OL[b/FT�ßLMG(a�b/LMú3C#ýoa3úwø#L��ßfZG#úcacb/]�acL¿a3BJLÞe�GJf���ýoLMøJI^L�ø#FHú3YQf�ÿ^L[b3V%÷#b3f�YQLMú3ú
� FÉ�ÏL��oP?a3BJL�ú3÷+]�a3Fof�D�acL��ß÷Of^b/]^ý�ÿ^LMB#FHY[ýoL�acb/]^Y3e�FHGJI$�ßûsb3f�� a3BJL�acb/]#"ÞYÉÿ�FHøJL[f�úcLQD
q6CJLMG#YQLMú¾C#ú3FHG#IÉa3BJLÞ÷+b3f^÷OfZúcLMø®�¾C#ýoa3F��KLMø#FH]ãø#]�a3]ó�KFHG#F�GJIãûsbd]��ßL��?f^b/e�� ö BJL
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� [�a�� h<jl��WYe�j�c �Uc2hnc�[�jlX*jlX�d/¡�iKcI��WY¢�oEiKm�£�[�jlX�jlX�d ¤sX*¥¦oEiK�§c2h<jloEXLQlQlQ |��

���� �
� frame�79�� � Multimedia Input String:�G1&C1 

���� �
� frame�98�� � Multimedia Input String:�G1 &C13&C7 

���� �
� frame�138� � Multimedia Input String:�G1&C10 

���� �
� frame�180� � Multimedia Input String:�G1&C16&C13 

���� �
� frame�217� � Multimedia Input String:�G1&C13&C10 

 

�

(a)� Original�
frames�

(b)� Difference�
frames�

(c)� Segmentation�
results�

(d)� Bounding�
boxes�

�;i��dqMn�r�è�1 Ý-­�¶dµ�­�¯[¹�®/¹�³�·�¯Êº�­�²uÁX°Ï¹�²=®d²jÇO­�°�°�®d²j¹�¬X­�µ�ÁX°Ï¹�³�µ�­c´-³Ò®Ñ³�¯ Ã Á�¹j²�¹uº�³�¯X¶d²j¸T·dº=¸lº�®/µ�­�²é ÔMÌ}Ô â ÌeÕÁØ â ÌeÕ â ( ®d¯X´ & Õ é ³�¯*¹�¬X­ ¹�¬�³Ïº�´�¹uº�®/»�¼j½-³�´-­�·�Ð
ø#F�ú3YQf-ÿ^L[b3LMø FHGJûÖf^b��K]�a3FofZGüY[]^G � L�]�÷#÷+ýHFoLMø�acf�acbd]#"ÞYS]�÷#÷;ýHFHY[]�a3FofZG#ú5úcf a3B#]�a
úc÷;]�a3Fof�D�acL��ß÷Of^b/]^ý§q6CJL[b/FoLMú�Y[]^G � LK]^G#úE��L[b3LMø���w�G�]^ø#ø#FHa3FofZG�P�]^úÊY[]^G � LKúcL[LMG
ûÖb3f�� a3BJL L��6÷OL[b/F��KLMG(aÈb3LMú3C#ýoa3úMP&a3BJL � ]^Y/e
I^b3fZC+G#ø#ú¾f^ûÑa3BJL acb/]#"ÞY�ÿ�FHøJL[f%úcLQD
q6CJLMG#YQLMú�]�b3L�YQf��ß÷;ýoL��U� ö B#fZCJIZB�b3LMýH]�acLMø���f^b3e�B+]^ú � L[LMG øJfZG#L*fZG a3B#L � ]^ú3FHú
f^û+B+FoIZB���]MVÊacb/]#"ÞY?ÿ6FHø#L[fÅúcL�q6CJLMG#YQLMú � �JbdFoLMø:�K]^G�P_|�}�}�� z �ÅC+]^GJIJP_|�}�}A~$�dP$�ßfZúca
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|�� P�Q RTSUQ�S�V�WYXAZ�[\Q R^]_Q�P�V�`)aAZ�SUQ�b�V�cIX�d�Z�cIX*egf�Q�P�h<iKjlknm�iKoIhTh
f^û?a3B#FHú©��f^b3e B+]Mÿ^LÞB#]^ø%b/LMýH]�a3Foÿ^LMýoV ú3F��ß÷+ýHL � ]^Y/e
I^b/fZC#G#ø#ú���ÙÎC#b�ûsb/]��KL��?f^b3e�P
BJf��?L[ÿ^L[b-PXY[]^G¾øJLM]^ý��ÅFoa3B��ßf^b/L?YQf��ß÷+ýHL���ú/Foa3C#]�a3FofZG#ú&ú3C#YdBÊ]^ú&a3BJL=acb/]#"¿YÕÿ�FHøJL[f
ûÖf^b�FHG
acL[b/úcLMYQa3FofZG��ßfZG#Foacf^b/F�GJI �

�#b3f�� a3B#LSL���÷�L[bdF��ßLMG
aßb3LMú3C#ýoa3úMP=FoaÞY[]^G � LSúcL[LMG a3B+]�aÞa3BJLó�ÈC#ýHa3F��ßLMø#FH]
FHG#÷+CJaÅú3acb/FHGJIZú�Y[]^G´�Kf6øJLMý2GJf^a�fZG+ýoVSa3BJLKG6C:� � L[b�f^û=f � �cLMYQa3ú[P � C#aÎ]^ý�úcfãa3BJL
b3LMý�]�a3Foÿ^LÅúc÷;]�a3FH]^ý#b3LMý�]�a3FofZG#ú���w�GKa3B+FHú=Y[]^úcL^P�FHGÞf^b/øJL[b=acf¾LMúca3F��Þ]�acL�a3BJLÎFHG
acL[b/úcLMY�D
a3FofZGwacb/]#"ÞY�t#f��wP���L=Y[]^GÊYdBJf6fZúcL=a3BJLjLM]^ú3a1f^b���LMúca1ú/FHøJLjf^û6a3BJL=FHG
acL[b/úcLMYQa3FofZGÈ]^ú
]�±<�3C#øJI^L*ýHFHGJL�¶�F�Gßa3BJLÑûÖb/]��ßLÅacfÈøJL[acL[b��ÞFHGJL�a3BJLÅacb/]#"ÞYgt#f��þf^ûOa3BJL*úc÷OLMY[Fsr#LMø
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