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,�X � `�^E`�.&X�g�i+��X�vw.E,�Y�`'pkf-`'{�X�,/ZrY[Zcd�`�^�vwg�drg�^E,�|�n"X'{�Xe^s.sf�X'dcX�,&,wqH.sf+X'p � ^sg�{HZ�bAX `�,�.s^s)�vw.s)+^&X�b ^&X � ^&X�,/X'aH.E`�.sZrg�a
g�zJ^E`'¥ {AZ�bAX'gkb+`�.E`Hq9iAp�X'�A.&^E`�vw.sZra+*�z�^sg�Y .sf+X�, � `�.&Zcg���.sXeY � g�^E`�dO{�g�dc)+Y�X".&f+X � Zr�AXed�,F, � `�a�a+X�b iHp � `�.EvEf+X�,
g�z�f+g�Y[g�*�X'a�X'g�)-,k{AZ�,/)-`�d�vEf-`�^j`�vw.&X'^sZ�,/.&Z�v',�| � � `�.EvEf ,/Xe*�Y[X'aH.E`�.sZrg�a Z�,�)-,�Xwz�)+dyZca Zc.j,/X'd z�`�,�`Rdcg�¥���dcX'{�X'd

�



^&X � ^&X�,/X'aH.E`�.sZrg�a�qHg�^0`�,�`�a�Zca � )+.Fz�g�^yf+Zc*�f+X'^�drX'{�X'd-Y[gHbA)+drX�,wq�,/)-vEf�`�,�Y[g�.&Zcg�a�`�a-b�X'{�X'aH.�`�a-`�drp+,�Z�,w|

� � 7�8A5'76B�8�� ;�=���L�?+W'W'B���T�?H@�B�;-P

�#� `�.&Zcg���.sXeY � g�^E`�d¡*�^sg�) � Zra+*IY�`�a+Z � )+d�`�.sX�, z�X�`�.&)+^sX�,NXeY�i-X�b+bHX�b Zra .&f+X�, � `�.sZrg���.sX'Y � g�^E`�d¡{�g�dc)+Y[X#q�.&f+X
� ��	�
 ���� 	�����q � ^&gHbA)-vwX�b�iAp�.&f+X¡,�.E`�vE�HZca+*¡g�z6.&f+X�Zra-bAZc{HZ�bH)-`�d�vwg�a-,/X�v�)+.sZr{�X�{AZ�bAX'g�z�^E`�Y[X�,w|��Ff+X¡, � `�.&Z�`�d\`�a-b
.&X'Y � g�^j`�d\bAZcY[Xea-,/Zrg�a-,Jg�z�.sf+Z�,�{�g�dc)+Y[X0v'`�a i-X¡f-`�a-bAdcX�b X'Zr.sf+X'^�,/X � `�^E`�.sX'drp[g�^y,�ZcYk)+dc.j`�a+Xeg�)-,�dcp�|
�]g#,/.J` �+� ^&g�`�vEf+X�,�f-`�a-bAdrX�.sf+X�,�XF.�¥Fg0./p � X�,Og�z�bHZcY[X'a�,/Zcg�a-,6,/X � `�^E`�.sX'drp�q�Y�`��AZra+*�`0bAZ�,�.sZca�vw.sZrg�a�i-X'.�¥SX'X'a

, � `�.&Z�`�d6,/X'*�Y[X'aH.E`�.&Zcg�a�qA¥�f+Z�v�f�*�^sg�) � ,Fz�X�`�.&)+^sX�,F)-,/Zra+*[, � `�.&Z�`�d6vwg�f+Xe^sX'a-v�X¡vw^sZr.sX'^&Z�`Hq+`�a�bN.&X'Y � g�^j`�d�.&^E`�vE�H�
Zra+*+q�¥�f+Z�vEf�*�^&g�) � ,�z�X�`�.&)+^sX�,O)-,/Zra+*�`".sXeY � g�^E`�d+ZcaH{�`�^&Z�`�a�vwXFfHp � g�.sf+X�,�Z�,�|J�Ff+X�g�^jbAX'^�Zra�¥�f+Z�vEfk, � `�.sZ�`�d�`�a-b
.&X'Y � g�^j`�dJ*�^&g�) � Zca+*#,�`�^sX � X'^�z�g�^sY�X�b drX�`�b�, .sg�.�¥Fg�bHZ���X'^sXeaA. ` �+� ^&g�`�v�f+X�,w¤���
�����
���� 	�� ������� ���! "� � 	�� ��	�#
�����������%$�qA`�a-b&�  	('�
)��� ���$*�� ��+ ��������|
� X'*�Y[XeaA.j`�.sZrg�a�¥�Zr.sfI, � `�.&Z�`�d � ^sZrg�^&Zc.�p]§-^E,�. z�gHvw)�,/X�,�g�a�.sf+XN, � `�.sZ�`�d�,�X'*�Y[XeaA.j`�.sZrg�a�g�z�X�`�v�f�z�^E`�Y[XkZca

.&f+Xk{AZ�bAX'g�,/.j`�vE�9| ��� `�.&Zcg���.&X'Y � g�^j`�dJ*�^&g�) � ,�`�^&X[.sf+XeaRg�i+.E`�Zca+X�b�`�,¡.sf+X�X'�A.&X'a-,�Zcg�a�ZraR.&ZcY[X�g�zyX'�HZ�,�.sZra+*
, � `�.&Z�`�d+,�X'*�Y[XeaA.j,w|��Ff+Z�,Ove`�.sXe*�g�^&p¡Zca-vwdr)-bAX�,-Y[g�.&Zcg�a�,�X'*�Y�X'aA.j`�.&Zcg�a¡i-`�,/X�b¡g�a ,/ZcY�Zcd�`�^sZr./pSg�z-Zra-,/.j`�aH.E`�a+X'g�)�,
Y�g�.sZrg�a-, %/.0,���.1,}�2.3, �.�`�a�b�Y[g�.&Zcg�a�Y[gHbAX'dA§�.s.sZra+*4, %/.0,�(�.3,�$�.
qH`�,J¥FX'drd-`�,Svwg�drg�^��'.sXe�A.&)+^sX0,/X'*�Y[X'aH.E`�.sZcg�ak`�a-b
^&X'*�Zrg�a�.s^j`�vE�AZra+*-, �5.6,} 2.7,���.
|
�ya<.sf+X�g�.sf�X'^�f�`�a-b9q�.&^E`���X�v�.sg�^&p�*�^&g�) � Zca+*R§�^E,/.Nvwg�a-,�Z�bAXe^E,�.sX'Y � g�^E`�d�*�^sg�) � Zca�*+q�.s^j`�vE�AZra+*�bAZ�,&vw^sXe.sX

z�X�`�.s)�^sX�,J.sg�X'�H.s^j`�vw.J.sf�X'Zc^S.s^E`���X�vw.sg�^sZrX�,w|��Ff+X'a[.&^E`���X�v�.sg�^&ZcX�,Ji-X'dcg�a+*�Zra+*�.sg�.sf+X¡,&`�Y[XyY[g�{HZca+*¡g�i+��X�vw.E,S`�^sX
, � `�.&Z�`�dcdcpk*�^&g�) � X�b[.&g�*�Xe.sf+X'^�)�,/Zca�*�Y[g�.&Zcg�aN,/X'*�Y[X'aH.E`�.&Zcg�a�|6�Ff+Z�,¨z�`�Y[Zcdrp�Y�`'p�i-X�bAZc{HZ�bAX�b�ZcaH.sg�Y[X'.sf�gHb+,
)�,/Zca�* Y�g�.sZrg�a ,/ZcY�Zcd�`�^sZr./p8,¢%'	�.9,¢%�%/.:,¢%e�2.�q�`�a-b�Y[X'.&f+gHb+,")�,/Zca�* Xe� � drZ�vwZr."Y�g�.sZrg�a�Y[gHbAX'dO§�.s.sZra+*;, %'��.9, %w�.�|
  f�X'a[`�bAX'a-,�X¡,/Xe*�Y[X'aH.E`�.sZrg�a�Z�,�a+XeX�bAX�b9qH`�a[g � .&Zcg�a-`�d\bAX'a-,�Z¢§�v'`�.sZrg�a�,/.sX � Y�`'p�i-X¡`�b+bAX�b9q�¥�f+Z�v�f=<-X�,�f+X�,
g�)+.ybAZ�,svw^&X'.sX¡.s^j`���X�vw.&g�^&p z�X�`�.s)+^&X�,F¥�Zc.&f�a+X'Zc*�fAi-g�^sZca�*[,�X'.E,Fg�z � Zc�HX'd�,w|
� Y�g�^sX�^&X�vwX'aH.�vwd�`�,s,�g�z\Y[X'.sf�gHb+,wq>' �������?� � 	�� ��	�# 	��@	A�B
�� � �� 	�#C�� ��+ ��������q�`'{�g�Z�b�,£z�`'{�g�^sZra+*¡g�a+X0bAZrY[X'a+�

,�Zcg�a]g�{�X'^�.sf�X�g�.&f+X'^0`�a-b�Zca-,�.sX�`�b g � Xe^E`�.&X�,�bAZr^sX�v�.sdcpkZca�.sf+X , � `�.sZrg���.sX'Y � g�^E`�d6{�g�dr)+Y[X�|J�Ff�X�,/X�Y[X'.sf�gHb+,
bHXw§-a+X�.&f+X�*�^sg�) � Zca�*�vw^&Zc.sXe^sZ�`k,/ZrY�)�dc.E`�a+X'g�)-,/drp Zra�, � `�vwX�`�a-bR.&ZcY[X#q9,�g .&f-`�.¡X'{HZ�bHX'a-vwX¡z�g�^¡*�^&g�) � Zra+*�,¡Z�,
*#`�.&f+X'^sX�b `�.k.sf�X],&`�Y[X�.&ZcY[XkZca<iKg�.sf bAZcY[Xea-,/Zrg�a-,�| �Ff+Xep�^sX'drp�g�a � Zc�HX'd�vwg�drg�^�`�a-b<, � `�.sZcg���.&X'Y � g�^j`�d
� g#,/Zc.&Zcg�aD,¢%e(2.�qAg�^0`�d�,/gkZca-v�g�^ � g�^E`�.&X�Zra-,/.j`�aH.E`�a�X'g�)-,�Y[g�.sZcg�a;,¢%e$2.7, %��>.7, %' �.�|
�Ff�Z�, � ^sX'{HZcg�)-,Fvwd�`�,&,/Z¢§Kv'`�.&Zcg�a�g�z�` �+� ^&g�`�v�f+X�,FZ�,F^sX � ^sX�,�X'aH.sX�b�Zca�l6Zc*�)�^sX�%�| ��� `�.&Zcg���.&X'Y � g�^j`�d9*�^sg�) � Zca�*

,�.E`�^s.E,F¥�Zr.sf�)+a-,�.s^&)-vw.s)�^sX�b�z�X�`�.s)+^&X�,wq�,/)-vEf�`�,�ZcY�`�*�X�z�X�`�.&)+^sX�,���vwg�drg�^eqA.sXe�A.&)+^sX�qHY[g�.&Zcg�a�§-X'd�b9|'|'|w�jq�g�^ybAZ�,/�
v�^sX'.&XFz�X�`�.&)+^sX�,S��ZcaH.sXe^sX�,�. � g�ZcaH.E,�q�X�bA*�X�,w|'|'|��E| � X'*�Y[XeaA.j`�.sZrg�a�¥�Zc.sf�, � `�.sZ�`�d � ^&Zcg�^&Zc.�p�§-^E,�.J*�^sg�) � ,S, � `�.sZ�`�dcdrp�q
.&f+X'a�Xe�A.&X'a-b+,¡.sf+X�,�X'*�Y�X'aA.j`�.&Zcg�a�.sXeY � g�^E`�dcdrp�|��£^j`���X�vw.&g�^&pR*�^sg�) � Zca+*�.&^E`�v���,©z�X�`�.s)+^&X�, .&X'Y � g�^j`�drdcp�i-X'�
z�g�^sX�*�^sg�) � Zca+*�.&f+X�^sX�,�)+dc.&Zca+*k.s^j`���X�vw.&g�^&ZcX�,�, � `�.&Z�`�dcdcp#|¡lOZca-`�dcdrp�q���g�ZcaH.�, � `�.&Zcg���.&X'Y � g�^j`�d�*�^sg�) � Zca+*[z�g�dcdcg�¥y,
`�bHZ�`�*�g�a-`�d � `�.sf `�a-b�i+)+Zrd�b+,�,�.s^s)�vw.s)+^&X�,FZca�i-g�.&f�bAZrY[X'a-,�Zcg�a-,F,�ZcYk)+dc.j`�a+X'g�)-,/drp�|
� X�vw.sZrg�a�� i+^&ZcX/<�p�bAX�,&vw^sZri-X�,�.sf+X[i�)+Zcd�bAZca+*�i+drgHv���,�)-,/X�bRiAp�{�`�^sZcg�)-, *�^sg�) � Zca�*�Y[X'.sf�gHb+,w| � `�.sXe*�g�^&pA�

, � X�vwZ¢§Kv¨bHX�,svw^&Z � .&Zcg�a-,O`�^sX�.&f+X'a�bHX'{�X'dcg � X�b�Zca � X�vw.sZrg�a����,/X'*�Y[X'aH.E`�.&Zcg�a ¥�Zr.sf , � `�.sZ�`�d � ^&Zcg�^&Zc.�p-�Eq � X�v�.sZcg�a�(
��.s^j`���X�vw.&g�^spk*�^&g�) � Zca+*H�y`�a-b � X�vw.sZrg�a�$ ��*�^&g�) � Zra+*¡��g�ZcaH.sdrp�Zra�, � `�vwX�`�a-b�.sZcY�X��E|

E F 4OB�L �OB�POQ F L�;�T�G�W�;+="@�U68 MN5�;K46>6B�P6QIH¡5�;�T�8AW'W

JFX�z�g�^sX0X'�+`�Y[Zca�Zca+*¡X�`�v�f�v'`�.sX'*�g�^sp�Zca�bAXe.E`�Zrd
qHZc.�Z�,Fg�z�ZraA.&X'^sX�,/.F.&gkvwg�Y � `�^&X�.sf+X¡i+)�Zcd�bHZca+*�i+dcgHvE�+,F)�,/X�b[iHp
{�`�^sZcg�)-,�*�^&g�) � Zra+*�Y�X'.sf+gHb�,w|��Ff�X�,/X0`�^&X"X'Zr.sf+Xe^�Zca-bHZc{HZ�bA)-`�dAZrY�`�*�X � Zc�HX'd�,K,¢%L.0,�(�.3,¢%e��.3,���	2.
qH, � `�.&Z�`�d-^&X'*�Zrg�a-,
^&X�,/)�dc.sZra+*�z�^sg�Y `[v�g�dcg�^�g�^0.sX'�H.s)+^&X�g�{�X'^&�
,�X'*�Y[XeaA.j`�.sZrg�a",��H%/.M,���.K,}�2.M,~�.�qKg�^¡bAZ�,svw^&X'.sX�*�X'g�Y[X'.s^&Z�v�z�X�`�.s)�^sX�,
,�)-vEf]`�,�ZraA.&X'^sX�,/. � g�ZcaH.E,�,�����.6, %'��.7,����2.7,}���.6`�a-b X�bA*�X�,�, %'��.
|
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tokens:
interest points,
edges, blobs

motion field,
color, texture

image features: 2D partition
of images

2D+t spatiotemporal
segmentation of
image sequence

grouping
trackreliable tokens

trajectories
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spatial structure

region segmentationlocal

approach

joint spatial and temporal segmentation

’densification’

token grouping

trajectories−based

l6Zc*�)�^sXk%�¤ � .&^s)-v�.s)+^j`�.sZrg�a4<-g�¥y,"`�dcg�a�*�.&X'Y � g�^j`�d�`�a-b], � `�.&Z�`�d6`��HX�,w|

��Zr�AX'd�`�a�b ^&X'*�Zrg�a�Y[X'.&f+gHb+,"f�`�{�X�.&f+Xk`�bH{�`�aA.j`�*�X�g�z�¥Fg�^s�HZca+*�bAZr^sX�v�.sdcp�g�a�.sf+X�g�^sZc*�Zca-`�dSb+`�.j`Aq�¥�f+Z�vEf
ZrY � drZ�vwZ .sdrp � ^sg�{AZ�bAX�,�`[.&g � g�drg�*�p�z�g�^¡^&X'*�)+d�`�^&Z ��`�.sZcg�a�q6`�,�¥FXedcd�`�,¡vwg�drg�^�`�a�b .&X'�A.&)+^sX�z�X�`�.s)�^sX�,�|�!"Z�,&vw^sXe.sX
z�X�`�.s)�^sX�,Ff-`'{�X¡i-X'X'a�Y[g#,/.sdrp�)�,/X�b�Zca � )+^&X Y�g�.sZrg�a�,/Xe*�Y[X'aH.E`�.sZrg�a�z�^j`�Y[X'¥Sg�^&�+,�qA¥�f+X'^&X¡.sf+X'p � ^sg�{HZ�bAX�`�a
Xe� � drZ�vwZr.F^&X � ^sX�,/X'aH.E`�.sZcg�a�g�z�bAZ�, � d�`�vwX'Y[XeaA.j,w|J��^E`���X�v�.sg�^&p�*�^sg�) � Zra+*[Z�,�i-`�,/X�b]g�a�bAZ�,svw^&X'.sX�z�X�`�.s)+^&X�,wq�,/Zra-vwX
.&f+X�,�X�ve`�a�i-X .&^E`�v���X�b[g�{�X'^�`�a]Xe�A.&X'a-bAX�bk.sZcY�X"ZraA.&X'^s{�`�d�|
��X'*�Zcg�a�Y[X'.&f+gHb+,wq�Zca�v�g�aH.s^E`�,/.�.&g � Zr�AX'd6Y[X'.&f+gHb+,�qKY�`�a+Z � )+d�`�.sX�`�,/Y�`�dcdcXe^FaH)+Y�i-X'^�g�zFz�X�`�.s)+^&X�,wq-.sfH)-,

^&X�bA)-v�Zca+*�vwg�Y � dcXe�AZr./p�|��Ff+XkX'�H.sX'a�bAX�b�, � `�.sZ�`�dS,/) �+� g�^s.k`�d�,/g�Y�`���X�,y.sf+XkZca+Zr.sZ�`�d�X�,�.sZrY�`�.&Zcg�a�g�z�Y[g�.sZrg�a
Y�g�^sX�`�v'v�)+^E`�.sXy`�a�b�^sg�i�)-,/.e|��"g�¥FX'{�X'^eq�v�g�dcg�^J`�a�b�.sX'�H.s)+^&Xy`�drg�a+X�Y�`'p¡a+g�.�i-Xy,/)��NvwZcXeaA.6.sg¡g�{�X'^s��,/Xe*�Y[X'aH.
Xe� � X�vw.&X�b�g�i+��X�vw.�i-g�)+a�b+`�^&ZcX�,�|
nyg�.sX�.sf-`�.�,/g�Y�X�Y[X'.&f+gHb+,�Y�`'p�vwg�a-,/Z�bAX'^¡bAZ ��X'^sX'aH.y�AZra-b+,"g�zFi�)+Zcd�bAZca+*�i+dcgHvE�+,0`�.¡bAZ ��X'^sX'aH.0,/.E`�*�X�,�g�z

.&f+X � ^&gHvwX�,&,w|�l+g�^�X'�+`�Y � drX�q� �`�a+*�`�a-b<��bAX'd�,/g�a ,¢%�.¨§-^j,/.�Y[X'^&*�X�` � ^sZrg�^&ZF^sXe*�Zcg�a-,�i-`�,/X�b�g�aIY[g�.sZrg�a
� `�^E`�Y[X'.&X'^E,�Zca�.sf�X[Zca+Zr.sZ�`�dcZ���`�.&Zcg�a�,/.sX � q�i+)+.�.sf+X'p�d�`�.&X'^�vwg�Y[X�i-`�v���.sg�.sf+X � Zc�HX'd�dcXe{�X'd�¥�f+X'a�^sXw§-a�Zca+*
Y�g�.sZrg�a�`�a-b], � `�.&Z�`�d6,/) �+� g�^s.E,yg�zJd�`�p�Xe^E,w|

� 2�8HQ-GI8AP-@�?A@�B�;-P �kB�@�U 2�>6?A@�B�?+LKH¡5�B�;-5�B @E:

�Ff�X §-^j,/. v'`�.&X'*�g�^sp *�Zr{�X�, � ^sZrg�^&Zc.�p .&g , � `�.&Z�`�d�,/Xe*�Y[X'aH.E`�.sZrg�a g�z ZcY�`�*�X]z�X�`�.s)+^&X�,w| �]Xe.sf+gHb+,[Zra .&f+Z�,
ve`�.sXe*�g�^&p�v'`�a]i-X�,/X'X'a�`�,"`�a]X'�H.sX'a�,/Zcg�a[g�z¨,/Zca�*�dcX�z�^j`�Y[X0,/X'*�Y[X'aH.E`�.sZcg�a[iHp�`�b+bHZca+*k.sX'Y � g�^E`�d9.s^j`�vE�AZra+*+|
 �X"z�)+^&.sf+Xe^ybAZc{HZ�bAXy.sf�X�,/X¡Y[X'.&f+gHb+,JZcaH.sg�Y[X'.&f+gHb+,J)-,/Zra+*�Y�g�.sZrg�a�,�X'*�Y�X'aA.j`�.&Zcg�a\qA`�a-b[Y[X'.&f+gHb+,F)-,�Zca+*
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�Ff�Z�, � ^sg�i�dcX'Y `�^sZ�,�X�,¨YN`�Zca�dcp�Zra[.sf�X � ^sX�,/X'a-v�X"g�z�,/X'*�Y[X'aH.E`�.&Zcg�a[`�Y�i+Zr*�)+Zr.sZrX�,wq�¥�f+X'^&X�.sf+X0g � .&ZcYk)+Y Y�`'p
{�`�^sp[z�^sg�Y g�a+X z�^j`�Y[X¡.&g�.&f+X�g�.sf+X'^ ��z�g�^"Xe�+`�Y � dcX#qA¥�f+X'a `�Y[g�{HZca+*�g�i+��X�vw.yZ�,y`�drY[g�,�.y,/.&Zcdcd�qA.&f+X�Y[g�.sZrg�a
i-g�)+a-b+`�^sZcX�,�Y�`'pki-X�bHZ �Nvw)+dc.S.sg�X'�H.s^j`�vw.y`�v'vw)+^j`�.&X'dcp[Zra�`k,/Zca�*�dcX�z�^j`�Y[X�|
��g]XeaAz�g�^jvwX[,�.s^&g�a+*�X'^�.&X'Y � g�^j`�dSvwg�aH.s^j`�ZraA.j,wq6,/g�Y[X�Y�X'.sf+gHb�, v�g�Yki+Zca+X�.sf+Xkz�^E`�Y�X'¥�Z�,�Xk,/X'*�Y[X'aH.E`�.&Zcg�a

v�^sZc.&X'^sZrg�a�¥�Zr.sfI`�a `�b+bAZr.sZcg�a-`�dS.sX'^&Y�q9¥�f+Z�v�f�X'� � dcZ�vwZc.&dcp�Y[gHbAXed�,�.sf+X�.sX'Y � g�^E`�dSvwg�f+X'^&X'a-vwXkg�zyd�`�i-X'dcZra+*�,�|
  f�X'a�,�X'*�Y[XeaA.j`�.sZrg�a�Z�,y`�Yki+Zr*�)+g�)-,"`�.�.sf�X�,/Zra+*�drX'��z�^E`�Y�X drX'{�X'd�qA.sXeY � g�^E`�d6vwg�a�,/.s^j`�ZraA.j,"X'a-,�)+^sX `�i-X'.s.&X'^
v�g�f+X'^&X'a-vwX#|[�Ff+Z�,�vwg�f+X'^sXea-vwXkv'`�a�i-X[X'� � ^sX�,&,/X�b�`�,¡.sf+XkZcaH{�`�^&Z�`�a�vwX�g�zy.sf+Xkd�`�i-X'd�,¡¥�Zc.sf�^sX�, � X�vw.�.sg].&f+X
� ^sg���X�v�.sZcg�a�z�^sg�Y .sf�X � ^sXe{AZrg�)-,¨z�^j`�Y[X,���	�.6,��H%/.�qAg�^y`�,�.&f+X"§-.&.sZra+*�¥�Zc.&f]`�drgHv'`�.&Zcg�a Y�gHbAX'd9.&f-`�.ybHX � X'a-b+,
g�a�,/X'{�X'^j`�d � ^&X'{HZcg�)�,¨z�^E`�Y�X�,*,}�A%/.�|
��`�.s^j`�,"Xe.�`�d
|=,}�A%>.6)-,/X `[���yl z�^E`�Y[X'¥Sg�^s��Zra]¥�f+Z�v�f�.sf+X � Zri+i-, � g�.sX'aH.sZ�`�d6g�z�`[,/Zra+*�drX�,�Zc.sX���^&X'*�Zrg�a9�

.j`���X�,�ZcaH.sgN`�v'vwg�)+aH.�.sf+X�aA)�Y�i-X'^yg�z � Zr�AX'd�,�z�g�^�¥�f+Z�v�f�.sf+Z�,"^sX'*�Zcg�a�f-`�,�.sf�X�,s`�Y[X�d�`�i-X'dJ`�,".sf�X�Y[g�.&Zcg�a��
v�g�Y � X'a-,&`�.&X�b � ^&g���X�vw.&Zcg�a�g�zJ.sf+X¡d�`�i-X'd�,¨z�^&g�Y .&f+X � ^sXe{AZrg�)-,¨z�^j`�Y[X�|
�Ff�X�vwg�a-bAZc.&Zcg�a�g�zS.sX'Y � g�^E`�d�g�^EbHX'^�Z�,�^sXed�`��HX�b�iAp ��g���Z�v�`�a�b�l�^&X'p",���(2.
|0�Ff+X'p�)-,/X `�Y[Zc�H.s)�^sX¡Y[gHbAX'd

¥�Zr.sf�z�g�)�^[.�p � X�,�g�z¡f+Z�b�bAX'a {�`�^sZ�`�i+dcX�,w¤�.sf+X�` ��� X�`�^E`�a-vwX�Y[gHbHX'dFg�z¡X�`�vEf v�d�`�,&, ��v'`�drdcX�b�`R, � ^sZr.sX�� `�a-b
Zr.E,�{�`�^sZ�`�a-v�X�q�.sf+X `�vw.&)-`�d¡` �+� X�`�^j`�a-v�X�,[g�z�X�`�vEf , � ^sZr.sX�Zca X�`�vEf z�^E`�Y[X]g�z�.sf+X ,/X���)+X'a-v�X�qF.sf�X�, � `�.sZ�`�d
.&^E`�a-,�z�g�^sY�`�.sZcg�a-,�.sf-`�.[Y�` � .sf+X�,/X�` �+� X�`�^j`�a-v�X�,�g�aH.sg�X�`�vEf z�^j`�Y[X�qS`�a�b §-a-`�drdcpI.sf�X]Y�`�,/��, .&f-`�.[.&X'dcd
¥�f�Z�vEf � Zc�HX'd�,¨g�z¦.sf+X�, � ^sZc.&X�,�`�^&X�,/X'X'a�Zra X�`�vEfNz�^j`�Y[X#|
�]g�^sX�^&X�,/.&^sZ�v�.sZc{�X�`�a-bkdcg�a�*�X'^&��.&X'^sY vwg�a-,�.s^j`�ZcaH.E,S`�^&X"ZraA.&^sgHbA)-v�X�b iHp � `�¥�f�a+X'pk`�a�b e�)+Y�`�^ ,��A%�.
|J�Ff+Xep

ZrY � g�,�X .&X'Y � g�^j`�dyvwg�a-,/.&^E`�ZcaH.E,�.&f-`�. � X'a-`�drZ �'X v�f�`�a+*�X�, Zra Y[g�.sZrg�a<`�a-b Zra ,�X'*�Y[XeaA.j`�.sZrg�a<,/f�` � X�g�{�X'^
,�X'{�X'^j`�d�,�)-v'vwX�,s,/Zr{�X"z�^E`�Y[X�,�|
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�]Xe.sf+gHb+,�¥�Zc.&f�, � `�.&Z�`�d � ^&Zcg�^&Zc.�p[Zra .&f+X�Y�g�.sZrg�a�,/Xe*�Y[X'aH.E`�.sZrg�a�v'`�.&X'*�g�^sp�bAX�,&vw^sZri-X�b�`�i-g�{�X�^sXedcp[g�a+dcp�g�a
,�f+g�^&.s��.sX'^&Y3Y[g�.sZcg�aIZcaAz�g�^sY�`�.sZcg�a ��)-,�)-`�drdcp�i-X'.�¥FXeX'a�.�¥Fg�z�^E`�Y[X�,��j|I�£g�.E`���X�ZcaH.sg�`�vevwg�)+aH.�dcg�a+*���.sXe^sY
ZraAz�g�^&Y�`�.&Zcg�a�q�`�a�g�.sf�X'^�vwd�`�,&, g�z�Y[X'.&f+gHb+,�f-`�,¡i-X'X'a�bAX'{�X'drg � X�b�)-,/Zra+*].&^E`���X�v�.sg�^&ZcX�,y.sf-`�.�v'`�aR^&X � ^sX�,/X'aH.
.&f+X]Y�g�.sZrg�a-,�g�z � g�ZraA.j,�Zca `�dcg�a�*�.sX'Y � g�^E`�d"ZraA.&X'^s{�`�d�| ��a .&f+Z�,kv'`�,/X�q�dcX�,s,[`�Y�i+Zr*�)+g�)-,kbAZ�, � d�`�vwX'Y[X'aH.
bHZ���X'^sXea-vwX�,Sv'`�a�iKX¡g�i-,/X'^&{�X�b9q�`�a-b�Y[g�.&Zcg�a�,�`�^sX¡i-X'.&.sX'^ybAZ�,svw^&ZcY[Zra-`�.&X�b9|
�Ff�X�X�,/.&ZcY�`�.sZrg�akg�z�.s^E`���X�vw.sg�^sZrX�,¨Z�, � X'^/z�g�^sY[X�b�`�,�` � ^sX'drZcY[Zra-`�^&p�,�.sX � qH)-,/Zra+*�z�X�`�.s)+^&X � g�ZcaH.F.sXeY � g�^E`�d

 



YN`�.EvEf+Zra+*:,�����.�q'g�^�.&X'�A.&)+^sX�b � `�.EvEf¡.s^j`�vE�AZra+*�,}���2.�|���bH^E`'¥�i-`�vE��g�z-.sf+Z�,�` �+� ^sg�`�v�f¡Z�,9.sf-`�.�,�Zca-vwX�.sf+XS, � `�.sZ�`�d
Y�g�.sZrg�a�,�X'*�Y�X'aA.j`�.&Zcg�a�.j`���X�, � d�`�vwX�`'z�.sX'^&¥�`�^jb9q+.s^j`�vE�AZra+*kv'`�a+a+g�.0)-,/X�`�aHp 	 ���������J, � `�.sZ�`�d6vwg�a-,/.&^E`�ZraA.j,wq
,�)-vEfI`�, � `�^j`�Y[X'.&^sZ�v Y[g�.sZrg�a�g�^�*�^sg�) � .s^E`�v��HZca�*+qO¥�f�Z�vEfR¥Sg�)+d�bRZcY � ^sg�{�Xk��)�`�dcZr.�p�`�a�b X ��vwZrX'a-vwp#|[l+g�^
.&f+Z�,J^sX�`�,/g�a�q+.sf+Z�,�` �+� ^sg�`�v�f�Z�,¨i-X�,/.y,�)+Zc.&X�b�.&gk` �+� drZ�v'`�.sZrg�a-,F¥�f+Xe^sX�.&^E`�vE�HZca+* v'`�a�i-X � X'^/z�g�^sY[X�b�^sX'drZ�`�i+dcp
Xea+g�)+*�f�.sg � ^sgHbH)-vwX�.s^j`���X�vw.&g�^&ZcX�,�`�dcY[g#,/.�z�^sX'XJg�z�a+g�Z�,�X�|6�Ff+Z�,OZ�,£.&f+X�ve`�,/XSZca ,/X���)+X'a-v�X�,9¥�Zc.&f�,/drg�¥ Y�g�.sZrg�a�q
`�a-b ¥�f�X'a�.sf+X'^&X�`�^sX¡X'a�g�)+*�f�bAZ�,svw^&ZcY[Zra-`�.&Zca+*�z�X�`�.s)+^&X�,Fg�a�.sf+X¡g�i+��X�vw.E,Fg�z�ZraA.&X'^sX�,�.'|
�Ff�X�a+X'�H.y,/X�vw.sZrg�a-,ybAX�,&vw^sZriKX�.sf+X¡Y�`�Zca�.s^j`���X�vw.&g�^&p *�^sg�) � Zca�*[.sX�vEf+a+Z���)�X�,wqH¥�f+Z�vEf�`�^sXk,�)+Y[Y�`�^sZ��'X'bkZca

§�*�)+^&X��H|
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l6Zc*�)�^sX��A¤J�6`��Hg�a+g�Y�p�g�z�.s^E`���X�vw.sg�^sp[*�^sg�) � Zca�*�Y[Xe.sf+gHb+,�|
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�]Xe.sf+gHb+,yi-`�,�X�b]g�a�bAZr^sX�v�.�vwg�Y � `�^sZ�,�Zcg�a]g�zS.&^E`���X�v�.sg�^&ZcX�,ybAXw§�a+X�`[,�ZcY[Zrd�`�^sZc.�pki-X'.�¥FX'X'a�.�¥Fgk.s^E`���X�vw.sg�^sZrX�,
¥�f�Z�vEf�Z�,¨a+g�.�Zca�<-)�X'a-vwX�bkiAp�.&f+X¡g�.sf�X'^F.&^E`���X�v�.sg�^&ZcX�,�|��
.�ve`�a�vwg�a-,/Z�,/.�Zra[^sX � ^sX�,�X'aA.&Zca+*¡X�`�v�f�.s^E`���X�vw.sg�^sp�`�,
` � g�ZraA.JZra[`¡Y�)+dr.sZ�bAZcYkXwa�,/Zcg�a+a-`�dA{�X�v�.sg�^¦, � `�vwX�`�a-b�.&f+X'ak)-,/X t )-vwdcZ�bAX�`�akbAZ�,�.E`�a�vwX�,J`�,JZca ,¢%'	�.6q�g�^�bAX�§-a+X
`�Y�g�^sX0*�X'a+Xe^E`�d � `�Zc^&¥�Z�,�X Y�g�.sZrg�a�,/ZrY[Zcd�`�^&Zc.�p�`�,�Zra;,¢%�%>.6`�a-b;,����.
|
�ydcdcY�X'a�`�a-b<!"p�X'^-, %'	2.yv�g�Y � )�.sX[.&^E`���X�v�.sg�^&ZcX�,�q�¥�f+Z�vEfI.sf+XepIv'`�drd�, � `�.&Zcg���.sXeY � g�^E`�d <�g�¥ vw)+^&{�X�,wqJiHp

ZraA.&X'*�^j`�.&Zca+*¡dcgHve`�d-Y[g�.&Zcg�aA<-g�¥ g�{�Xe^�.sZrY[X�| � Zc{�Xea[`"§-�HX�bA��¥�Z�bA.&f�.&X'Y � g�^j`�d+ZraA.&X'^s{�`�d
q�.sf+Xep�^sX � ^sX�,�X'aH.¨.&f+X
.&^E`���X�vw.sg�^sZcX�,9iAp�.&f+X'Zr^6vw)+^s{�`�.s)+^&X�`�a�b�,/drg � XF{�`�dc)+X�,�Zca¡.&f-`�.�ZraA.&X'^s{�`�d
|��Ff+Xep�v�dc)-,�.sX'^�.&f+g�,�X¨z�X�`�.s)+^&X�,£)�,/Zca�*�`
e���Y[X�`�a-,�`�dr*�g�^sZc.&f+Y�q�¥�f+Z�v�fk*�^&g�) � ,J.sg�*�X'.&f+X'^F.&^E`���X�vw.sg�^sZcX�,¦f�`�{HZca�*�,�ZcY[Zrd�`�^�vw)�^s{�`�.&)+^sX�,S`�a-b�,/dcg � X�,w|J�Ff+X
`�a-`�drp+,�Z�,"g�zS.sf+X�Y[Xe^s*�Zra+*�`�a-b�, � dcZr.s.sZra+*[g�z�v�dc)-,�.sX'^j,�`�,".&f+X�.sZrY[X¡ZcaH.sX'^&{�`�d6Z�,�,�f+Z¢z�.&X�b *�Zc{�X�,�ZcaAz�g�^sY�`�.sZrg�a
`�i-g�)+.ygHv'vwdr)-,/Zrg�a]Xe{�X'aA.j,w|
�]Xe*�^sXe.�`�a�b ��g�drZcg�a ,¢%�%/. � ^&g � g�,�X�`]f+ZcXe^E`�^jv�f�Z�v'`�d�vwdr)-,/.&X'^sZra+*]z�^E`�Y[X'¥Fg�^s��.sf-`�.k`�drdcg�¥y, .&f+X'Y .sg�)-,/X

.&^E`�v���, g�zkbAZ ��X'^sX'aH.kdcX'a+*�.sf-,�|��£^j`�vE� ,�ZcY[Zrd�`�^&Zc.�p�Z�,ki-`�,�X�b g�a .sf+X�ZraA{�`�^sZ�`�a-vwX�g�z�^sX'd�`�.&Zc{�X � g�,/Zr.sZrg�a Zca
,�X'{�X'^j`�d�z�^E`�Y[X�,w| �"ZcX'^j`�^jv�f+Z�v'`�dS`�*�*�drg�Y[Xe^E`�.&Zc{�X�vwdc)�,/.sXe^sZca�*]Z�,¡.sf+Xea�)-,/X�b .&g � ^sgHbH)-vwX�`�vwdc)�,/.sXe^sZca�*].s^&X'X
.&f-`�.�*�^sg�) � ,".&g�*�Xe.sf+X'^y,�ZcY[Zrd�`�^¨drg�a+*���.&X'^sY Y[g�.sZrg�a-,�|
�]Zrdcd�,�`�a-b�n"g�{HZca-, ,����.�v�g�a-,�Z�bAX'^©��! , � `�.sZ�`�dOz�X�`�.s)�^sX � g�ZcaH.E,w|��Ff+X'p�vw^&X�`�.&X�`���
 	�� + �
 �����(
  � 	�# �� 	��@ 

.&f-`�.¦`�,s,�gHvwZ�`�.sX�,�¥�Zr.sf�X�`�v�f � `�Zr^�g�z-z�X�`�.s)+^&X � g�ZcaH.E,OZra�.sf+X�,svwXea+Xy`�a�ZraA.&X'^s{�`�dH.sf�`�.�^&X � ^sX�,/X'aH.E,�.sf+X � g#,s,/Zri+dcX
{�`�dc)+X�,�g�z¦.sf+X'Zr^���! bAZ�,�.E`�a-vwX�|��Ff�X�ZcaH.sXe^E,/X�vw.sZrg�a�g�zS.sf�X�ZcaH.sXe^s{�`�d�,Fg�i+.j`�Zca�X�bNz�^&g�Y .�¥Fgk.s^E`�v���X�b�z�X�`�.s)�^sX�,
� g�ZcaH.E,�`�.0bAZ �9Xe^sX'aH.F.&ZcY[X�,J.sf+Xea ^&X'{�X�`�d�,¨¥�f�X'.sf+Xe^�.sf+X'p�iKXedcg�a�*�.sgk.sf+X�,s`�Y[X�^&Zc*�Z�b[g�i+��X�vw.e|
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� )+i-, � `�vwXyY[X'.&f+gHb+,O^&X � ^sX�,/X'aH.J` .&^E`���X�vw.sg�^sp�`�,�.sf+Xy{�X�vw.&g�^�g�z�.sf�X�vwg�g�^EbAZra-`�.&X�,¨g�z�Zr.E,£z�X�`�.s)+^&X � g�ZcaH.E,�g�{�X'^
.&ZcY[X#q�`�a-b[,/.j`�vE��.sf+XeY Zca�`©YN`�.s^&Zc����|O  Zr.sf�`�a�` �[a�X�v'`�Y[X'^j`Aq�.&f+X".&^E`�v���,J`�,s,�gHvwZ�`�.sX�b[¥�Zr.sf�bAZ���X'^&X'aA.&dcp
Y�g�{HZca�*[^sZr*�Z�b�i-gHbAZcX�, Y[g�{HZca+*�bHZ���X'^sXeaA.&dcp]drZcX�Zra�,�X � `�^j`�.&X�,/)+i�, � `�vwX�,w|��Ff�X�vwg�^&X�g�zy.sf+XkY[X'.&f+gHb�Z�,�.sg
^&X�bA)-v�X���.sg�` z�g�^&Y .sf-`�."Xea+f-`�a�vwX�,F.sf�X�,/X�,/)�i-, � `�vwX�,�|
� g#,/.&X'Zc^j`�`�a-b e¡`�a-`�bAX4,}����.6`�a�b � X�`�^,����.9z�`�vw.sg�^sZ��'X¡.sf+X�Y�`�.&^sZc����)-,/Zra+*�,/Zra+*�)�d�`�^y{�`�dr)+X�bAX�vwg�Y � g��

,�Zc.&Zcg�a<� � m¡! �E¤�� ���
	�� 
 qO¥�f+Xe^sX� `�a-b�� `�^sX�g�^s.&f+g�a�g�^sYN`�dJY�`�.&^sZ�vwX�,wq6`�a-b�	�Z�,¡bAZ�`�*�g�a-`�d
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