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2.5D Sketch

Motion Models

Object Models

Flow Of Computation

Scene Motion

Optical Flow, Point Tracking, ...
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Image Sequence Data

Interactive Motion Relative MotionCommon MotionCyclic Motion

Groups of Flow Curves

Spatiotemporal Flow Curves

Spatiotemporal Surface Flow
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j�'Xd
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t�%�&('�,�d-% +�a�% 1Xt�� %�&0+�+�a�%(5 '�.�% 'Xd�d-1�&03@'�+�%Am j�3*+�a t�%�&01	H %Ad�1�&(&0)*,�m�%Am eG1	. %Io�'�H l�)*%&n
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+�a�% &0)*,�d-+�%(.�d�'�+�%�'	&�a d-,!t�d-%��7,�%(4�+�+�3*H %�d-+�%Il0w!��s�
 %�'�4�d�j�1	. ,!d 3*4 '�4 3*+�%(.�'�+�3;y7%�H '�4�4�%(.In7,!l�m�'�+�3*4�<
+�a�% &0)*,�d-+�%(.�3*4�< 'Xd�%�'	&�a h21Aj &0,�.�y7% 3kd�%Io�+�%(4�m�%Am 3*4�+�1 +�a�% &0,�.�.�%(4�+�eG.�'�H %&w�c�a�'�+ 3kdVn eG1	.�%�'	&�a h21Aj
&0,�.�y7%&nC,�d-3*4�< ' �io�%Am j�3km�+�a 3*4�+�%(.�y	'�) %(4�m�3*4�< '�+ +�a�% &0,�.�.�%(4�+ +�3*H %&nC+�a�% d-3*H 3*)@'�.�3*+-5 1qe &0,�.�y	'�+�,�.�%
'�4�m d-)*1Xl�% y	'�)*,�%Ad�1qe!+�a�% h21Aj &0,�.�y7% '�4�m 3*+�d�&0)*,�d-+�%(. � d�H %�'�4 3kd�&01	H l�,�+�%Am�w � e=+�a�3kd d-3*H 3*)@'�.�3*+-5 3kd
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a�1Aj <	.�1	,!l�d�H %(.�<	% '�4�m dCl�)*3*+ � �3� 	 w $�%Ad-,�)*+�d�1qe +�a�3kd�l�.�1�&0%Ad�d�'�.�% dCa�1Aj�4 3*4 b7%�&0+�3*1	4 � w

��d-3*4�< +�a�% <	.�1	,!l�d 1qe b3c h21Aj &0,�.�y7%AdVn
j�% &('�4 4�1Aj 1	.�<7'�4�3;p(% +�a�% H 1	+�3*1	4 3*4�+�1 a�3*<Xa�%(.�s:)*%Iy7%()
.�%Il�.�%Ad-%(4�+�'�+�3*1	4�d�d-,�&�a 'Xd +�a�%�&01	H H 1	4 '�4�m .�%()@'�+�3;y7%�H 1	+�3*1	4 j�3*+�a�3*4 '�4�m t�%(+Cj�%(%(4 +�a�%Ad-%�<	.�1	,!l�d�1qe
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+�a�% }�{�� � {�� � {	�
	k{�� 1qe +�.�'�4�d-)@'�+�3*1	4 '�4�m +�a�% ������	�
	k�A� � {	�
	k{�� 1qe .�1	+�'�+�3*1	4 'At�1	,�+ +�a�% &0%(4�+�%(.�1qe
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	k{�� 3kd�<	%(4�%(.�'�)*)*5 4�1	+�l�%(.�&0%(3;y7%Am�w
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 ] ��^�n�� ] ��^�'�4�m � ] ��^�l�'�.�'�H %(+�%(.�3;p(% +�a�% l�'�+�a 1qe +�a�% &01	H H 1	40nA.�%()@'�+�3;y7% '�4�m 'At�d-1	)*,�+�%

� �



��5�4�'�H 3@&��>%(.�&0%Il�+�,�'�) ` .�<7'�4�3;p�'�+�3*1	4

(b)(a)

Absolute

Relative

Common
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+�a�% .�3*H 1qe=' .�1	)*)*3*4�< j�a�%(%()-w
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Absolute

Relative

Common
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l�%(.�&0%Il�+�3*1	40w
c�a�%(.�% eG1	.�%&nXa�1Aj +�a�%���� b�l�%(.�&0%(3;y7%AdA+�a�%Ad-%�H 1	+�3*1	4�d>&('�4 t�%�,�d-%Am +�1 m�%(.�3;y7%�'Xm!m�3*+�3*1	4�'�)
&01	4�d-+�.�'�3*4�+�d�+�1 d-1	);y7% L ��w ] � ^�w

��d-5�&�a�1	)*1	<	3kd-+�d a�'Iy7% )*1	4�< .�%�&01	<	4�3;p(%Am +�a�3kd l�%(.�&0%Il�+�,�'�)�l!a�%(4�1	H %(4�1	4 � � � n ��� n ��� 	 n�t�,�+ a�'Iy7%
e/'�3*)*%Am +�1 m�%Iy7%()*1Xl ' &01	H l�)*%(+�%�H 13m�%()C1qe a�1Aj +�a�% ��� b &01	H l�,�+�%Ad�.�%()@'�+�3;y7%�'�4�m &01	H H 1	4 H 1	+�3*1	4
� � n � � 	 w ` 4�% &01	H H 1	4�'�)*3*+-5 3*4 +�a�1&d-% H 13m�%()kd>3kd +�1 H 3*4�3*H 3 p(%�+�a�%�+�1	+�'�)C&01	H l�)*%Io�3*+-5 1qeF+�a�%�.�%()@'�+�3;y7%
'�4�m��(1	. &01	H H 1	4 H 1	+�3*1	4�d � � D nC� � n � � 	 w 
 3*4�3*H 3;p(3 4�< +�a�% H 1	+�3*1	4�d�&('�4 t�% y�3*%Ij�%Am 'Xd�H ' ,�3*4�< 3*+
'Xd d-3*H l�)*% 'Xd l�1&d�d-3;t�)*%&w ��4�eG1	.�+�,�4�'�+�%()*5&n�a�1Aj '�4�m j�a�'�+ 3kd t�%(3*4�< H 3*4�3*H 3 p(%Im a�'Xd t�%(%(4 l�171	.�)*5
m�% �24�%Am�w

c�a�%�3*H l�1	.�+�'�4�&0% 1qe &01	H H 1	4 '�4�m .�%()@'�+�3;y7%�H 1	+�3*1	4�dC3*4 a�3*<Xa�%(.�s:)*%Iy7%()	.�%Il�.�%Ad-%(4�+�'�+�3*1	4�dC1qe H 1	+�3*1	4
t�%�&01	H %Ad�'Al!l�'�.�%(4�+�j�a�%(4 %Io�'�H 3*4�3*4�< d-3*+�,�'�+�3*1	4�d�j�a�%(.�%�+�a�%�'At�d-1	)*,�+�%�H 1	+�3*1	4 3kd�m�3kd-+�1	.�+�%Am�w ��4 +�a�%
m�3kd�&0,�d�d-3*1	4 t�%()*1Aj +�a�%�.�%()@'�+�3;y7%�H 1	+�3*1	4 3kd�m�%�&01	H l�1&d-%Am 3*4�+�1 ' dCl�'�+�3@'�)A&01	H l�1	4�%(4�+ '�4�m '�+�%(H l�1	.�'�)

���



��5�4�'�H 3@&��>%(.�&0%Il�+�,�'�) ` .�<7'�4�3;p�'�+�3*1	4
&01	H l�1	4�%(4�+�'�4�m +�a�% 3*H l�1	.�+�'�4�&0%�1qe .�%()@'�+�3;y7%�H 1	+�3*1	4 t�%�&01	H %Ad 1Xt3y�3*1	,�dVw
���� �� ����� ��$ ����� � "!# � ������$ � "!$ ����� )�" � �!��� ���

c�a�% .�%()@'�+�3;y7% dCl�'�+�3@'�) )*1�&('�+�3*1	4�d 1qe .�3*<	3km l�'�.�+�d 3kd &0)*%�'�.�)*5 3*H l�1	.�+�'�4�+ 3*4 ' H 1	+�3*1	4 m�%Ad�&0.�3;l�+�3*1	4
t�%�&('�,�d-% 3 e=+�a�% .�3*<	3km l�'�.�+�d '�.�% 4�1	+ l�1&d-3*+�3*1	4�%Am &01	.�.�%�&0+�)*5 .�%()@'�+�3;y7% +�1 %�'	&�a 1	+�a�%(.InA+�a�% a�3*<Xa!s:)*%Iy7%()
H 1	+�3*1	4 3kd�m�.�'Xd-+�3@&('�)*)*5 '�)*+�%(.�%Am�w "�1	.�%Io�'�H l�)*%&n�&01	4�d-3km�%(.�'�4 1Ay7%(.�a�'�4�m +�a�.�1Aj�3*4�< H 1	+�3*1	4 y7%(.�d-%Ad�'�4
,�4�m�%(.�a�'�4�m +�a�.�1Aj�3*4�< H 1	+�3*1	40w ��4 t�1	+�a &('Xd-%AdVn +�a�% .�%()@'�+�3;y7% H 1	+�3*1	4�d 1qe +�a�% l�'�.�+�d 1qe +�a�% '�.�H
'�.�% d-3*H 3*)@'�.Iw ��1Aj�%Iy7%(.InA3*4 +�a�% 1Ay7%(.�a�'�4�m &('Xd-%&n>+�a�% ,!l!l�%(. '�.�H 3kd dCl�'�+�3@'�)*)*5 t�%()*1Aj +�a�% eG1	.�%�'�.�H
j�a�%(.�%�'Xd 3*4 +�a�% ,�4�m�%(.�a�'�4�m &('Xd-% +�a�% ,!l!l�%(. '�.�H 3kd dCl�'�+�3@'�)*)*5 'At�1Ay7% +�a�% eG1	.�%�'�.�H w ��4 1	.�m�%(. +�1
l�.�%Iy7%(4�+�+�a�% +Cj�1 +-53l�%Ad�1qe=+�a�.�1Aj�3*4�< eG.�1	H t�%(3*4�< %��7,�3;y	'�)*%(4�+In�.�%()@'�+�3;y7% dCl�'�+�3@'�)�3*4�eG1	.�H '�+�3*1	4 H ,�d-+
t�% 3*4�&01	.�l�1	.�'�+�%Am�w

� ,�+�+�3*4�< dCa�1Aj�%Am +�a�'�+�.�%()@'�+�3;y7% dCl�'�+�3@'�) 3*4�eG1	.�H '�+�3*1	4 3kd ' 4�%�&0%Ad�d�'�.�5 &01	H l�1	4�%(4�+�1qe 
 �C��d�3*4
1	.�m�%(. eG1	.�+�a�%��� b�+�1�l�%(.�&0%(3;y7%�j�'�) ,�3*4�< � � � 	 w���%�l�.�%Ad-%(4�+�%Am d-,!t�� %�&0+�d
j�3*+�a ' dCl�'�+�3@'�)*)*5 '�4�1	H '�)*1	,�d
��j�'�) ,�3*4�< � 
 �C� n�j�a�%(.�% +�a�% 3*4�3*+�3@'�)�l�1&d-3*+�3*1	4�d 1qe +�a�% )*3*<Xa�+�d j�%(.�% '�)*+�%(.�%Am j�a�3*)*% ,7%(%Il�3*4�< +�a�%(3*.
3*4�m�3;y�3km�,�'�)C'At�d-1	)*,�+�% H 1	+�3*1	4�d�&01	.�.�%�&0+Iw ��1	4�% 1qe +�a�% d-,!t�� %�&0+�d�m�%(+�%�&0+�%Am +�a�% j�'�) ,�3*4�< H 1	+�3*1	40w

c�a�% .�%()@'�+�3;y7%�+�3*H %Ad�+�a�'�+�.�3*<	3km l�'�.�+�d�H 1Ay7%�3kd�'�)kd-1 1qe�eG,�4�m�'�H %(4�+�'�)C3*H l�1	.�+�'�4�&0% 3*4 ' H 1	+�3*1	4
m�%Ad�&0.�3;l�+�3*1	4 d-3*4�&0% 3 e +�a�% .�3*<	3km�l�'�.�+�d�m�1�4�1	+>H 1Ay7%�'�+>+�a�%�&01	.�.�%�&0+C.�%()@'�+�3;y7%>+�3*H %AdVn(+�a�% 3*4�+�%(.�l�.�%(+�'�+�3*1	4
1qe a�3*<Xa!s:)*%Iy7%()7H 1	+�3*1	4 3kd�'�)*+�%(.�%Am�w>"�1	. %Io�'�H l�)*%&n�&01	4�d-3km�%(. '�j�'�) ,�3*4�<�a�1	.�d-%�y7%(.�d-%Ad�'�+�.�1	+�+�3*4�< a�1	.�d-%&w
� a�3*)*% j�'�) ,�3*4�<!n�+�a�% eG171	+ d-%��7,�%(4�&0% 3kd0� .�3*<Xa�+ a�3*4�m�n�.�3*<Xa�+ eG.�1	4�+In�)*% eG+ a�3*4�m�n�)*% eG+ eG.�1	4�+Iw � a�3*)*%
+�.�1	+�+�3*4�<!n>+�a�% eG171	+ d-%��7,�%(4�&0% 3kd0� )*% eG+�eG.�1	4�+ '�4�m .�3*<Xa�+ a�3*4�m +�1	<	%(+�a�%(.In>.�3*<Xa�+�eG.�1	4�+ '�4�m )*% eG+�a�3*4�m
+�1	<	%(+�a�%(.Iw c�a�% l�'�+�a�d 1qe=+�a�% )*%(<&d�'�.�% d-3*H 3*)@'�.�3*4 +�a�% +Cj�1 d-3*+�,�'�+�3*1	4�dVn0t�,�+ +�a�% .�%()@'�+�3;y7% +�3*H %Ad�1qe
+�a�% H 1Ay7%(H %(4�+�d�m�3�� %(.Iw ��4 1	.�m�%(.�+�1 l�.�%Iy7%(4�+�+�a�% +Cj�1 +-53l�%Ad�1qe!.�,�4�4�3*4�< eG.�1	H t�%(3*4�< %��7,�3;y	'�)*%(4�+In
.�%()@'�+�3;y7%�+�%(H l�1	.�'�)C3*4�eG1	.�H '�+�3*1	4 H ,�d-+�t�% 3*4�&01	.�l�1	.�'�+�%Am�w

�A3 ,7%�+�a�%�dCl�'�+�3@'�)*)*5 '�4�1	H '�)*1	,�d ��j�'�) ,�3*4�< ��
 �C� %Io3l�%(.�3*H %(4�+0m�%Ad�&0.�3;t�%Am 'At�1Ay7%&n7'�4 %Io3l�%(.�3*H %(4�+
3*43y71	);y�3*4�< ' +�%(H l�1	.�'�)*)*5 '�4�1	H '�)*1	,�d�j�'�) ,�3*4�< 
 �C� &01	,�)km t�%�l�%(.feG1	.�H %Am�w���4 +�a�3kd�&('Xd-%&n7%�'	&�a )*3*<Xa�+
j�1	,�)km ,�4�m�%(.�<	1 +�a�% &01	.�.�%�&0+�H 1	+�3*1	40n3t�,�+�'�+�+�a�% 3*4�&01	.�.�%�&0+�+�3*H %&w>"�1	.�%Io�'�H l�)*%&n7%�'	&�a )*3*<Xa�+�&01	,�)km
d-+�'�.�+�3*+�d H 1	+�3*1	4 '�+�m�3�� %(.�%(4�+ +�3*H %AdVw���+ 3kd %Io3l�%�&0+�%Am +�a�'�+�d-,!t�� %�&0+�d�j�1	,�)km 4�1	+�m�%(+�%�&0+ +�a�%�j�'�) ,�3*4�<

���



��5�4�'�H 3@&��>%(.�&0%Il�+�,�'�) ` .�<7'�4�3;p�'�+�3*1	4
H 1	+�3*1	4 3*4 +�a�3kd�d-3*+�,�'�+�3*1	40w
� � � ��� � � � � �	� 
 � �  � � � ��� � � ����� � �	� � � � ��� � � ����� �	��
 �

b73*4�&0%�'�4 3*4��24�3*+�%�4�,�H t�%(.>1qe d�&0%(4�%�&01	4��2<	,�.�'�+�3*1	4�d�&('�4 <	3;y7%�.�3kd-%�+�1 '�4�5 <	3;y7%(4 3*H '�<	%&n	+�a�%�l�.�1�&0%Ad�d
1qe!&01	H l�,�+�3*4�< d�&0%(4�% d-+�.�,�&0+�,�.�% eG.�1	H ' d-3*4�<	)*% 3*H '�<	% 3kd�3*)*);s*l�1&d-%Am�w�� )@'�.�<	% '�H 1	,�4�+�1qe=&01	H l�,�+�%(.
y�3kd-3*1	4 .�%Ad-%�'�.�&�a a�'Xd '�+�+�%(H l�+�%Am +�1 m�3kd�&01Ay7%(. j�'(5!d +�1 1Ay7%(.�&01	H % +�a�3kd l�.�1Xt�)*%(H w "�1	. %Io�'�H l�)*%&n
,�d-3*4�< d-+�.�,�&0+�,�.�%Is eG.�1	H s:H 1	+�3*1	4 1	. l!a�1	+�1	H %(+�.�3@& d-+�%(.�%(1!n 1	4�% &('�4 &01	H l�,�+�% +�a�% d�&0%(4�% d-+�.�,�&0+�,�.�%&w
c�a�% 'Xm!m�%Am &01	4�d-+�.�'�3*4�+�d 1qe a�1Aj 1Xt�� %�&0+�d H 1Ay7% +�a�.�1	,�<Xa '�4 3*H '�<	% d-%��7,�%(4�&0% 1	. +�a�% % � %�&0+�d 1qe
)*3*<Xa�+�3*4�< &�a�'�4�<	%AdVn�H ' ,7%�3*+�l�1&d�d-3;t�)*% �*j�3*+ � 'Xm!m�3*+�3*1	4�'�)>'"! !-,�H l�+�3*1	4#!%$�+�1 .�%�&01Ay7%(.�!�&0%(4�% !-+�.�,�&0+�,�.�%&w

��)*+�%(.�4�'�+�3;y7%()*5&n>.�%�!-%�'�.�&%��%(.%! ��'Iy7% ,#!-%Am l�%(.�&0%Il�+�,�'�)*)*53s&!�'�)*3*%(4�+ 'G%�'�+�,�.�% <	.�1	,)(�3*4�<*! 3*4 1	.%+�%(. +�1
, %(+�+�%(. 3*4�+�%(. (�.�%(+ ' !-3*4�<	)*% 3*H '�<	%*- .���%�!-% <	.�1	,)(�3*4�<*! '�.�% &%��1*!-%(4 !-1 + ��'�+ + ��% (�.�1 , ' , 3*)*3*+-5 3/!�)*1�0
+ ��'�+ !-,�&%� ' .�%()@'�+�3*1	4 11'	'G%�'�+�,�.�%�!�0�1	,�)/+ '	&(&03/+�%(4�+�)*5 '�()(�%�'�. 3*4 '�4 3*H '�<	%*-���!�+�%�!�&0.�3 , %�+ 3*4 27%�&43
+�3*1	4 �6560�%�,#!-%�<	.�1	,)(�3*4�<*!�11'726. 821�0 &0,�. 97%�!>+�1 1	.�<7'�4�3;:(%�+ ��%�3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4<-'��1�0�%�97%(.�5
,�4�)*3 ,7% !-+�'�+�3@& (�%(.�&0%�(�+�,�'�) 1	.�<7'�4�3;:�'�+�3*1	4<5�+�5�4�'�H 3@& (�%(.�&0%�(�+�,�'�)�1	.�<7'�4�3;:�'�+�3*1	4 3/! <	,�'�.�'�4�+�%(%�+ + ��'�+
+�5�4�'�H 3@&='G%�'�+�,�.�%�!�3*4 '�4 3*H '�<	% !-%��7,�%(4�&0% +�1 4�1	+�'�.�3/!-% , 5 &%��'�4�&0%*-	.���'�+�3/!45)0���%(.�%�'"!�!-+�'�+�3@&�(�%(. 3
&0%�(�+�,�'�)C1	.�<7'�4�3;:�'�+�3*1	4 H ,#!-+�%�!-+�3*H '�+�%�+ ��% )*3 ,7%()*3;��1716+ + ��'�+�' <	.�1	,)( 11'>'G%�'�+�,�.�%�!�+�3/+ 4�1	+�1�&(&0,�. , 5
'	&(&03/+�%(4�+�56+�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)A1	.�<7'�4�3;:�'�+�3*1	4 +�17%�!�4�1	+�4�%(%�+ +�1 H ' ,7%�+ ��3/!�'"! !-,�H (�+�3*1	4<->.���3/!�.�%�3
!-,�)*+%! , %�&('�,#!-%�11' + ��%�1	4�%�3:+�1"3:1	4�%�&01	.�.�%�!?(�1	4#+�%(4�&0% , %(+?0�%(%(4 + ��%�H 1	+�3*1	4 3*4 '�4 3*H '�<	%�!-%��7,�%(4�&0%�'�4#+
+ ��% !�&0%(4�% H 1	+�3*1	4 + ��'�+�<	%(4�%(.�'�+�%�+ 3*+�- ��%�&('�,#!-% 11' + ��3/!�,�4�3@�7,�%(4�%�! !45#0�% 0�3*)*)@!-%(% + ��'�+�+ ��% '	&0+�,�'�)
.�%�&01�97%(.�5 11'A!�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4 3/!�,�4�4�%�&0%�! !�'�.�5 '�4#+B5C'G,�.�+ ��%(.�H 1	.�%*57,�4#+�%�!-3*.�' , )*%*-

.���% H 1*!-+ 4�1�97%()�'"!?(�%�&0+ 11' + ��% +�5�4�'�H 3@& (�%(.�&0%�(�+�,�'�)�1	.�<7'�4�3;:�'�+�3*1	4 (�'�.�'"+�3*<	H 3/!�+ ��'�+ !�&0%(4�%
!-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4 '�.�% 4�1	+ .�%�&01�97%(.�%�+B- ��4 + ��3/! !-%�&0+�3*1	4 0�% , .�3*%D825 .�%�9�3*%�0 + ��% 0�1	. ,
11'!��)*)*H '�4 � �	� 	 5 ��1 � H '�4 '�4#+ ">)*3*4�&%� , '�,�<"� � ��# 	 5A'�4#+ ��%(4�4�%(+�+�'�4#+ ��1 � H '�4 � � ��	 +�1 !?��1�0 + ��%
'"! !-,�H (�+�3*1	4#!>4�%�&0%�! !�'�.�5 +�1 .�%�&01�97%(.@!-+�.�,�&0+�,�.�%='G.�1	H H 1	+�3*1	4<->E�3;97%(4 + ��%�!-%�'"! !-,�H (�+�3*1	4#!�' , 1	,�+�+ ��%
!�&0%(4�%*5�+ ��% 3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4 ,�4�3@�7,�%()*5 .�%�(�.�%�!-%(4�+%! + ��% !�&0%(4�% H 1	+�3*1	4<->.���'�+�3/!45�,�4�)*3 ,7%�+ ��%
&('"!-%�0�3*+ � '�!-3*4�<	)*%�3*H '�<	%	0���%(.�%�'�4 3*4GF24�3*+�%�4�,�H , %(.A11'H!�&0%(4�%�&01	4GF2<	,�.�'�+�3*1	4#! &('�4 <	3;97%�.�3/!-% +�1)56!�'(5*5

I D



��5�4�'�H 3@&��>%(.�&0%�(�+�,�'�)���.�<7'�4�3;:�'�+�3*1	4

'�4�5 <	3;97%(4 &01	4�+�1	,�.�57'�,�4�3@�7,�%�!�&0%(4�%�&01	4GF2<	,�.�'�+�3*1	4 1�97%(.>+�3*H %�&('�4 <	%(4�%(.�'�+�%�'�<	3;97%(4 !-%(+�11'726. 821�0
&0,�. 97%�!4-�.���3/!�H ' ,7%�! + ��% +�'"! , 11' 3*4697%(.�+�3*4�< + ��% 26. 821�0 &0,�. 97%�!�3*4�+�1 !�&0%(4�% H 1	+�3*1	4 ,�4�4�%�&0%�! !�'�.�5
!-3*4�&0%�+ ��% 821�0 &0,�. 97%�!>'�)*.�%�'"+�5 ,�4�3@�7,�%()*5 .�%�(�.�%�!-%(4�+>+ ��%�!�&0%(4�%�H 1	+�3*1	4<-���%�&('�,#!-%�11' + ��3/!>1	4�%�3:+�1"3:1	4�%
H '�()(�3*4�< , %(+?0�%(%(4 !�&0%(4�%�H 1	+�3*1	4 '�4#+ 3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4<5	+ ��%�3*H '�<	%�!-%��7,�%(4�&0%�&('�4 , %�,#!-%�+
+�3*.�%�&0+�)*5 +�1 1	.�<7'�4�3;:(%�+ ��%�H 1	+�3*1	4<-���)*+�3*H '�+�%()*5"5�+ ��%�3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4 &('�4 '�)/!-1 , %�,#!-%�+ 'G1	.
H 1	+�3*1	4 .�%�&01	<	4�3*+�3*1	4<- .���3/! +�3�� %(.%! 'G.�1	H 1	+ ��%(. !-+�'�+�3@& 3*4�+�.�3*4#!-3@& 'G%�'�+�,�.�%�!45>!-,�&%� '"!�+ ��% 1�&(&0)*,#+�3*4�<
&01	4�+�1	,�.�5)0���3@&%� +�1 4�1	+�,�4�3@�7,�%()*5 +�%(+�%(.�H 3*4�%�+ ��% !�&0%(4�% !-+�.�,�&0+�,�.�%*-

��+ 3/! 3*H (�1	.�+�'�4�+ +�1 ,7%(%�( 3*4 H 3*4#+ + ��'�+ + ��% !-+�.�,�&0+�,�.�%�3 'G.�1	H 3:H 1	+�3*1	4 0�1	. , (�.�%�!-%(4�+�%�+ , %()*1�0
3/! 1	4�)*5 (�.�%�!-%(4�+�%�+ +�1 !?��1�0 + ��% ,�4�3@�7,�%(4�%�! ! , %(+?0�%(%(4 !�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4<5�'�4#+
3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4<-�.���% '/'	&0+�+ ��'�+�'�)*)>+ ��% 0�1	. , (�.�%�!-%(4�+�%�+ .�%��7,�3*.�%�!�1	4�)*5 ' 'G%�0 'G.�'�H %�!�1	.
9�3*%�0�(�1	3*4�+%!�+�17%�!�4�1	+�H %�'�4 + ��'�+�+�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)A1	.�<7'�4�3;:�'�+�3*1	4 .�%��7,�3*.�%�!�1	4�)*5 ' 'G%�0 'G.�'�H %�!4-
��!	+�3/!�&0,#! !-%�+ 3*4 27%�&0+�3*1	4 �"56+�3�� %(.�%(4�+ +-56(�%�! 11'FH 1	+�3*1	4 .�%��7,�3*.�%�+�3�� %(.�%(4�+ +�%(H (�1	.�'�)�)*%(4�<	+ �#! , %D'G1	.�%
+ ��%(5 &('�4 , %	(�%(.�&0%�(�+�,�'�)*)*5�<	.�1	,)(�%�+B-��>%(.�&0%�(�+�,�'�)*)*5�<	.�1	,)(�3*4�<�H 1	+�3*1	4#!�3/!<+�3�� %(.�%(4�+ 'G.�1	H &01	H (�,�+�3*4�<
+ ��% ' , !-1	)*,�+�% H 1	+�3*1	4#!�11'7(�1	3*4�+%!�3*4 + ��% !�&0%(4�%*- ��1	4�%(+ ��%()*%�! !45�'"!�0�3*)*) , % !?��1�0�4 , %()*1�0 5�+ ��%(.�%�3/!�'
1	4�%�3:+�1"3:1	4�% &01	.�.�%�!?(�1	4#+�%(4�&0% , %(+?0�%(%(4 !�&0%(4�% H 1	+�3*1	4 '�4#+ 3*H '�<	%�3&!-%��7,�%(4�&0%�H 1	+�3*1	4<-

.���% � 	���	���	*� K  � �
	 �����
	��� !-+�'�+�%�! + ��'�+ '�4�5 !-%(+ 11' %()*%(H %(4�+%! ,�4#+�%(.�<	1	3*4�< ' !?(�'�+�3*1	+�%(H (�1	.�'�)
+�.�'�4#! 'G1	.�H '�+�3*1	4 '�4#+ + ��'�+ ��'"! ' ,�4�3@�7,�% 3*4�+�%(. (�.�%(+�'�+�3*1	4 '"! ' .�3*<	3/+ , 16+�5 H 1�9�3*4�< 3*4 + ��% !�&0%(4�%*5
!?��1	,�)/+ , % 3*4�+�%(. (�.�%(+�%�+ '"!�!-,�&%� ' , 16+�5 3*4 H 1	+�3*1	4<-���)*)*H '�4 � �	� 	 ,#!-%�+ + ��3/!�'"! !-,�H (�+�3*1	4 +�1 !?��1�0 �

E�3;97%(4 + ��.�%(%�+�3/!-+�3*4�&0+C1	.�+ ��1	<	.�'�()��3@&�9�3*%�0�!A11'#'G1	,�.>4�1	4)3�&01"(�)@'�4�'�.>(�1	3*4�+%!C3*4 '�.�3*<	3/+ &01	4)3
F2<	,�.�'�+�3*1	4<5�+ ��%�!-+�.�,�&0+�,�.�% '�4#+ H 1	+�3*1	4 &01	H (�'�+�3 , )*%�0�3*+ � + ��%�+ ��.�%(%�9�3*%�0�! 3/! ,�4�3@�7,�%()*5
+�%(+�%(.�H 3*4�%�+ ,)( +�1 ' .�%D82%�&0+�3*1	4 ' , 1	,�+�+ ��% 3*H '�<	%�(�)@'�4�%*-

.���%�!-+�.�,�&0+�,�.�%�3 'G.�1	H 3:H 1	+�3*1	4 &01	H (�,�+�'�+�3*1	4 9	'�.�3*%�!@+�%�(�%(4#+�3*4�<�,)(�1	4 0���%(+ ��%(.C1	.�+ ��1	<	.�'�()��3@&�1	.>(�%(. 3
!?(�%�&0+�3;97%�(�.�1 � %�&0+�3*1	4 3/! '"! !-,�H %�+B5 , ,�+ 3*4 %(3*+ ��%(. &('"!-%�+ ��%�!�&0%(4�%�!-+�.�,�&0+�,�.�%�3/!�,�4�3@�7,�%()*5 &01	H (�,�+�' , )*%
,)( +�1 ' .�%D82%�&0+�3*1	4 ' , 1	,�+ + ��% 3*H '�<	% (�)@'�4�%*- .���%(.�% '�.�% 4�1 .�%�!-+�.�3@&0+�3*1	4#!�1	4 + ��% !?(�'�+�3*1	+�%(H (�1	.�'�)
%
��+�%(4�+�11' + ��3/!�'�()(�.�17'	&%�<5B!-1 3 ' H 1	.�% (�1	3*4�+%!�1	.�9�3*%�0�!�'�.�% '�9	'�3*)@' , )*%*5�+ ��% !�&0%(4�% !-+�.�,�&0+�,�.�% &('�4 , %
&01	H (�,�+�%�+ H 1	.�% '	&(&0,�.�'�+�%()*5*-

.���% 9�3*%�0�!�,#!-%�+ 3*4 ��)*)*H '�4 � !�'�()(�.�17'	&%� &('�4 , % &01	4#!-3/+�%(.�%�+ '"!�%
��3/!-+�3*4�< 3*4 !?(�'	&0%�3:+�3*H %*->.���'�+

I �



��5�4�'�H 3@&��>%(.�&0%�(�+�,�'�)���.�<7'�4�3;:�'�+�3*1	4

3/!45�%�'	&%� 9�3*%�0 3/! 'G.�1	H !-1	H %�!?(�'�+�3@'�)B(�1*!-3*+�3*1	4 '�+�!-1	H %�+�3*H %*->273*4�&0%�+ ��%�!-%�(�1	3*4�+%!�H 1�97%�1�97%(.�+�3*H %*5
+ ��%(3*. (�.�1 � %�&0+�3*1	4#!�3*4�+�1 + ��% 3*H '�<	% H 1�97% 1�97%(. +�3*H %*5B!?0�%(%�(�3*4�< 1	,�+ 26. 821�0 &0,�. 97%�!4- .���%(.�%D'G1	.�%*5
<	3;97%(4 'G1	,�. 26. 821�0 &0,�. 97%�!�11' '�+ )*%�'"!-+ + ��.�%(% 'G.�'�H %�!�3*4 )*%(4�<	+ �<5>+ ��% !�&0%(4�% )*1�&('�+�3*1	4 '�4#+ !�&0%(4�%
H 1	+�3*1	4 11' + ��% 'G1	,�.�(�1	3*4�+%!�3/!�&01	H (�,�+�' , )*%*-

� 3*+ � + ��% .�3*<	3/+�3*+-5 '"! !-,�H (�+�3*1	4 '�4#+ ��)*)*H '�4 � ! .�%�!-,�)*+�5�+ ��%(.�% %
��3/!-+%! ' 1	4�%�3:+�1"3:1	4�% 'G,�4�&0+�3*1	4
'G.�1	H 26. 821�0 &0,�. 97%�! +�1 !�&0%(4�% !-+�.�,�&0+�,�.�%*- .���'�+ 3/!45 + ��% 821�0 &0,�. 97%�! ,�4�3@�7,�%()*5 +�%(+�%(.�H 3*4�% + ��%
!�&0%(4�%�!-+�.�,�&0+�,�.�%*-!��1�0�%�97%(.�57��)*)*H '�4 � !C.�%�!-,�)*+�&('�4�4�1	+�%
�6(�)@'�3*4 + ��%�(�%(. 'G1	.�H '�4�&0%�11'F+ ��% ��� 2 0���%(4
9�3*%�0�3*4�< 
 � ��!�!-3*4�&0% 4�1 .�3*<	3/+ (�'�.�+���'"!='G1	,�.�)*3*<"��+%!�1	4 3*+�- ��,�+ , 5 H ' ,�3*4�< '"+)+�3*+�3*1	4�'�) '"! !-,�H ()3
+�3*1	4#!45�1	4�% &('�4 H ' ,7% !-3*H 3*)@'�.�!-+�'�+�%(H %(4�+%!�' , 1	,�+ + ��% H 1	+�3*1	4 11'!&01	H (�)*%
� 1 , � %�&0+%!�'�4#+ (�.�1�9�3/+�% '
&01	H (�,�+�'�+�3*1	4�'�)AH 16+�%() 'G1	.�+ ��% ��� 2 � !	(�%(. 'G1	.�H '�4�&0% '�+�.�%�&01	<	4�3;:(3*4�< 
 � ��!4-

273*4�&0% + ��% .�3*<	3/+�3*+-5 '"! !-,�H (�+�3*1	4 '�)*1	4�% 3/!�4�1	+ !-,�� &03*%(4�+�+�1 %
�6(�)@'�3*4 + ��% ��� 2 � !�(�%(. 'G1	.�H '�4�&0%*5
��1 � H '�4 '�4#+ ">)*3*4�&%� , '�,�<"� � ��# 	 ,#!-%�+ + ��% � ����  � 	*� K  � �
	 �����
	��� 3*4 1	.%+�%(.�+�1 .�%�+�,�&0%�+ ��%�4�,�H , %(.
11' (�1	3*4�+%!�4�%(%�+�%�+ +�1 .�%�&01�97%(.	!�&0%(4�% !-+�.�,�&0+�,�.�%*->.���%�(�)@'�4�'�.�3*+-5 '"! !-,�H (�+�3*1	4 !-+�'�+�%�! + ��'�+�'�4�5 !-%(+�11'
%()*%(H %(4�+%!�,�4#+�%(.�<	1	3*4�< ' I � +�.�'�4#! 'G1	.�H '�+�3*1	4 + ��'�+>��'"!�'�,�4�3@�7,�%�3*4�+�%(. (�.�%(+�'�+�3*1	4 '"!�'�(�'�3*. 0�3/!-%�3:.�3*<	3/+
!-+�.�,�&0+�,�.�% H 1�9�3*4�< 3*4 1	4�% (�)@'�4�%*5B!?��1	,�)/+ , % 3*4�+�%(. (�.�%(+�%�+ '"!�!-,�&%� ' , 16+�5 3*4 H 1	+�3*1	4<-���!-3*4�< + ��3/!
'"! !-,�H (�+�3*1	4 + ��%(5 !?��1�0�%�+A�

E�3;97%(4 +?0�1 +�3/!-+�3*4�&0+�1	.�+ ��1	<	.�'�()��3@& (�.�1 � %�&0+�3*1	4#!�11'!+ ��% + ��.�%(% %(4#+6(�1	3*4�+%!�11'!+?0�1 .�3*<	3/+
.�16+)!�)*3*4*,7%�+�3*4 '���3*4�<	% � 1	3*4�+�+�1 'G1	.�H '�(�'�3*. 0�3/!-%�3:.�3*<	3/+ !-+�.�,�&0+�,�.�%�0���3@&%� 3/!�&01	4#!-+�.�'�3*4�%�+
+�1 H 1�97% 3*4 1	4�% (�)@'�4�%*5A+ ��% !-+�.�,�&0+�,�.�% '�4#+ H 1	+�3*1	4 &01	H (�'�+�3 , )*% 0�3*+ � + ��% +?0�1 9�3*%�0�!
'�.�% ,�4�3@�7,�%()*5 +�%(+�%(.�H 3*4�%�+ �:,)( +�1 ' .�%D82%�&0+�3*1	4 ' , 1	,�+�+ ��% 3*H '�<	%�(�)@'�4�%"$%-

.���,#! 3*+ 3/!	(�1*! !-3 , )*%�+�1 %
�6(�)@'�3*4 + ��% ��� 2 � !>(�%(. 'G1	.�H '�4�&0%�0�3*+ � 
 � ��! 3 ' 0�% , %()*3*%�97%�+ ��'�+�+ ��% ��� 2
%
�6(�)*1	3*+%! + ��% (�)@'�4�'�.�3*+-5 '"! !-,�H (�+�3*1	4<-

��%(4�4�%(+�+�'�4#+ ��1 � H '�4 � � ��	 H '"+�% %�97%(4 !-+�.�1	4�<	%(.�!-+�'�+�%(H %(4�+%!�' , 1	,�+�.�%�&01�97%(.�3*4�< !�&0%(4�% !-+�.�,�&43
+�,�.�%*- ��5 '"! !-,�H 3*4�< + ��'�+ + ��% ' ��3/! 11' .�1	+�'�+�3*1	4 !-+�'(5)! F ��%�+B5�&('�)*)*%�+ + ��% � I�� �  I 	 �  � �
	 �����
	���65
+ ��%(5 !?��1�0�%�+A�

E�3;97%(4 'G1	,�.�1	.�+ ��1	<	.�'�()��3@&�(�.�1 � %�&0+�3*1	4#!>11' +?0�1�(�1	3*4�+%!>H 1�9�3*4�<�'�+�3*4#+�%�(�%(4#+�%(4�+�'�4�<	,�)@'�.
97%()*1�&03*+�3*%�!45(+ ��%�' ��3/!>11' .�1	+�'�+�3*1	4 '�4#+ + ��%�.�%()@'�+�3;97%�(�1*!-3*+�3*1	4#!�11' + ��%�(�1	3*4�+%!>3*4 + ��%�!�&0%(4�%

I"I



��5�4�'�H 3@&��>%(.�&0%�(�+�,�'�)���.�<7'�4�3;:�'�+�3*1	4

2i
1i

1i
2s
1s

(b)(a)

S I

Scene Over Time Image Sequence

IS
2s
1s

ImageScene

">3*<	,�.�% � ����'*$�.���% H '�()(�3*4�< 'G.�1	H ' !�&0%(4�% +�1 '�4 3*H '�<	%*-�� ��� 8 � - ��+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+
+ ��% (�.�1 , ' , 3*)*3*+-5 + ��'�+�� �	��N�$ � � �	��
4$�3/!�)*1�0 - � , $�.���% H '�()(�3*4�< 'G.�1	H ' !�&0%(4�% 1�97%(. +�3*H % +�1 '�4
3*H '�<	% !-%��7,�%(4�&0%*-� ��� 8 � - ��+�3/!�,�4�1�0�4 + ��'�+�(�.�1 , ' , 3*)*3*+-5 + ��'�+�� �	��N4$ � � �	��
�$ 3/!�:(%(.�1)-

'�.�% ,�4�3��7,�%()*5 +�%(+�%(.�H 3*4�%�+ ,)( +�1 ' .�%D82%�&0+�3*1	4 ' , 1	,�+�+ ��% 3*H '�<	%�(�)@'�4�%*-

��4 + ��3/!�&('"!-%*5�4�1	+�%�97%(4 + ��% .�3*<	3/+�3*+-5 '"! !-,�H (�+�3*1	4 3/!�4�%(%�+�%�+B-
� % 0�3*)*) 3*<	4�1	.�% 'G1	. + ��% H 1	H %(4�+�+ ��'�+ + ��%�!-% !-+�.�,�&0+�,�.�%�3 'G.�1	H 3:H 1	+�3*1	4 .�%�!-,�)*+%! <	3;97% !-1	)*,�+�3*1	4#!

1	4�)*5 ,)( +�1 ' .�%D82%�&0+�3*1	4 ' , 1	,�+ + ��% 3*H '�<	% (�)@'�4�%*- .���'�+ 3/!45	0�% 0�3*)*)�3*<	4�1	.�% + ��% '/'	&0+ + ��'�+ + ��%
&01	H (�,�+�'�+�3*1	4 11'7!-+�.�,�&0+�,�.�% 'G.�1	H H 1	+�3*1	4 3/! 4�1	+�,�4�3��7,�%�'�4#+ <	3;97%�!�+?0�1 (�1*! !-3 , )*% !�&0%(4�% !-+�.�,�&0+�,�.�%�!4-
��4 + ��% +�3/!�&0,#! !-3*1	4 , %()*1�0 0�%�0�3*)*)>'"! !-,�H %�+ ��% &01	H (�,�+�%�+ !-+�.�,�&0+�,�.�% '�4#+ H 1	+�3*1	4 3/!�,�4�3��7,�%*-

.���% !-3*<	4�3 F &('�4�&0% 11'=+ ��%�!-% .�%�!-,�)*+%!�3/!�+ ��'�+�+ ��%(.�% %
��3/!-+%!�' 1	4�%�3:+�1"3:1	4�% 'G,�4�&0+�3*1	4 'G.�1	H 26. 821�0
&0,�. 97%�! +�1 !�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�%�H 1	+�3*1	4<->.���'�+�3/!45#26. 821�0 &0,�. 97%�!�,�4�3��7,�%()*5 +�%(+�%(.�H 3*4�%�+ ��%
!�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4<- ">3*<	,�.�% � ��'*$ !?��1�0�! + ��% H '�()(�3*4�<)5�� 5 'G.�1	H + ��% !-%(+ 11' '�)*)
!�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4#!45���5�+�1 + ��% !-%(+�11' '�)*)C3*H '�<	%�!45 � -� .�%�(�.�%�!-%(4�+%!�+ ��% (�.�1 � %�&0+�3*1	4 (�.�1�&0%�! ! 'G.�1	H
+ ��% !�&0%(4�% +�1 '�4 3*H '�<	%*- E�3;97%(4 ' (�1	3*4�+ � � ��5�� �	�"$ � � 3/! + ��% .�%�!-,�)*+�3*4�< 3*H '�<	% 'G1	. ' <	3;97%(4
9�3*%�0�(�1	3*4�+�- ��+ 3/! 0�%()*)!,�4�1�0�4 + ��'�+ � 3/! 4�1	+ �43 �"- .���%(.�%D'G1	.�%*5>+ ��% 3*4697%(.%!-% 11'�� +�17%�! 4�1	+ %
��3/!-+�-
� ' 1	4�% H ' ,7%�!�3*4G'G%(.�%(4�&0%�!�' , 1	,�+�+ ��% !�&0%(4�% , '"!-%�+ 1	4 ' !-3*4�<	)*% 3*H '�<	%*5�3*+�H ,#!-+�'"! !-,�H %�+ + ��'�+�+ ��%
(�.�1 , ' , 3*)*3*+-5 3/! )*1�0 + ��'�+�H 1	.�%�+ ��'�4 1	4�% !�&0%(4�%�&01	4GF2<	,�.�'�+�3*1	4 &01	,�)/+ <	3;97%�.�3/!-%�+�1 + ��% !�'�H %�3*H '�<	%*-
.���'�+�3/!45�<	3;97%(4 ��N�'�4#+ ��
�� ��5�3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�+ ��% (�.�1 , ' , 3*)*3*+-5 + ��'�+�� �	��N4$�� � �	��
4$�3/!
)*1�0 -�"�,�.�+ ��%(.�H 1	.�%*5�3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4#!�H '"+�% 'G.�1	H � �	�(B&$�� � ' , 1	,�+�+ ��%
!�&0%(4�% .�%D'G%(.�+�1 + ��% H 1	.�% (�.�1 , ' , )*% !�&0%(4�%*-�.���'�+�3/!45�3 '���N�3/!�+ ��% H 1*!-+ 3:)*3 ,7%()*5 !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<5
3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4 H '"+�% 'G.�1	H ��N�� � '	&0+�,�'�)*)*5 .�%D'G%(.%!�+�1 ��N�'�4#+ 4�1	+���
�-

">3*<	,�.�% � � , $�!?��1�0�! + ��% H '�()(�3*4�< 'G.�1	H + ��% !-%(+�11' '�)*)	!�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4 1�97%(.�+�3*H %*5���5C+�1
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+ ��% !-%(+�11' '�)*)>3*H '�<	% !-%��7,�%(4�&0%�!45 � -�� .�%�(�.�%�!-%(4�+%!�+ ��% (�.�1 � %�&0+�3*1	4 (�.�1�&0%�! ! 'G.�1	H + ��% !�&0%(4�% +�1 '�4
3*H '�<	%�!-%��7,�%(4�&0%*-@.���%�.�%�!-,�)*+%!>11' + ��3/!>!-%�&0+�3*1	4 !?��1�0 + ��'�+ � 	 �>3*4697%(.�+�3 , )*%*-<271)5 'G1	.�'�4�5 � � � 5 � �

N �	�?$
3/! ,�4�3��7,�%()*5 +�%DF24�%�+B->.���%(.�%D'G1	.�%*5�3*+�H ,#!-+�4�1 )*1	4�<	%(. , %���56(�1	+ ��%�!-3;:(%�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4 H '"+�%
'G.�1	H '�4 3*H '�<	% !-%��7,�%(4�&0%�.�%D'G%(.%! +�1 + ��% +�.�,�% !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<-�.���3/!�3/!�<	,�'�.�'�4�+�%(%�+ +�1 , % + ��%
&('"!-% , %�&('�,#!-%�� �

N �	�?$�!?(�%�&03 F2%�!�1	4�)*5 1	4�% !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<-
�>%(. ��'�(#! %�97%(4 H 1	.�% 3*H (�1	.�+�'�4�+ + ��'�4 , %(3*4�< ,�4�4�%�&0%�! !�'�.�5*5�+ ��% .�%�&01�97%(.�5 11' !�&0%(4�% !-+�.�,�&0+�,�.�%

'�4#+ !�&0%(4�% H 1	+�3*1	4 3/!�'�)/!-1 ,�4#+�%�!-3*.�' , )*%*-�.���3/!�3/! , %�&('�,#!-% + ��% (�.�1�&0%�! !45�%�97%(4 0���%(4 0�%()*);3 (�1*!-%�+B5�3/!
,�4#!-+�' , )*% , %�&('�,#!-% 11'=4�1	4)3:)*3*4�%�'�. &01	4#!-+�.�'�3*4�+%! � � � 	 - ��4 (�.�'	&0+�3@&0%*5B!-3*4�&0% 26. 821�0 &0,�. 97%�!�'�.�% 4�1	3/!-5*5
,#!-3*4�< + ��%(H 1	.�'�4�5 .�%�&01�97%(.�%�+ 3*H '�<	%�H 1	+�3*1	4 .�%�(�.�%�!-%(4�+�'�+�3*1	4 0�3*)*)�.�%�!-,�)*+ 3*4 97%(.�5 4�1	3/!-5 &01	H (�,�+�%�+
!�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4<- .���%(.�%D'G1	.�%*5�.�'�+ ��%(. + ��'�4 ,#!-% + ��3/! ,�4#!-+�' , )*% (�.�1�&0%�! !45�0�%
, %()*3*%�97%�3*+�!?��1	,�)/+ , % '�971	3/+�%�+ '�)*+�1	<	%(+ ��%(.�- ��+ 3/!	(�1*! !-3 , )*%�+�1 '�971	3/+ 3*+ , %�&('�,#!-%�+ ��%�3*H '�<	%�3&!-%��7,�%(4�&0%
H 1	+�3*1	4 ,�4�3��7,�%()*5 .�%�(�.�%�!-%(4�+%!�+ ��% !�&0%(4�%*-

� )*+�%(.�4�'�+�3;97%()*5*5�1	4�% &01	,�)/+ ,#!-% '�4 ��'	&0+�3;97% 1 , !-%(. 97%(.�� '�()(�.�17'	&%� '�4#+ H ' ,7% + ��% (�.�1 , )*%(H !-+�'�3
, )*% ��� � 	 5 , ,�+�5�'�<7'�3*4<5�+ ��3/!�3/!�,�4�4�%�&0%�! !�'�.�5 'G1	.�+ ��% .�%�'"!-1	4#!�!-+�'�+�%�+ ' , 1�97%*-

� � � �	� ���	�

��4 + ��3/!�!-%�&0+�3*1	4 0�% !?��1�0 &01	H (�,�+�'�+�3*1	4�'�)C.�%�!-,�)*+%!='G1	.�+ ��% F2.%!-+�!-+�%�(#!�11'=1	,�. +�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)
1	.�<7'�4�3;:�'�+�3*1	4 '�()(�.�17'	&%�<- ��4 (�'�.�+�3@&0,�)@'�.�57+ ��%�&01	H (�,�+�'�+�3*1	4 11'F+ ��%�3*4#!-+�'�4�+�'�4�%(1	,#! H 1	+�3*1	4 11'H(�1	3*4�+%!
3*4 '�4 26. &0, , %�3/!@(�.�%�!-%(4�+�%�+B51'G1	)*)*1�0�%�+ , 5 + ��%�.�%�&01�97%(.�5 '�4#+ <	.�1	,)(�3*4�< 11'726. 821�0 &0,�. 97%�!4->$�%�!-,�)*+%!
!-,�&%� '"!�+ ��%�!-% &('�4 + ��%(4 , %�,#!-%�+ 'G1	. 'G,�.�+ ��%(.�&01	H (�,�+�'�+�3*1	4#!	!-,�&%� '"!�+ ��% &01	H (�,�+�'�+�3*1	4 11' .�%()@'�+�3;97%
'�4#+ &01	H H 1	4 H 1	+�3*1	4<-	27%(% � I D 	 'G1	.�H 1	.�%�%
��'�H (�)*%�!>11' + ��% &01	H (�,�+�'�+�3*1	4 11'A26. !-,�. '/'	&0% 821�0 '�4#+
!-%(% � I � 	 'G1	.�H 1	.�%�.�%�!-,�)*+%!�11'=&01	H (�,�+�3*4�< 26. 821�0 &0,�. 97%�!4-

">3*<	,�.�% � ��'*$ !?��1�0�! 1	4�% 'G.�'�H % 11' ' !-%�97%(4 'G.�'�H % !-%��7,�%(4�&0% 11' ' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�<
' , 1	,�+�'�97%(.�+�3@&('�)�)*3*4�%�+ ��.�1	,�<"� + ��%�H 3/+)+�)*%�11' + ��%�(�'�<	% '�+ D - D ��.�'"+�3@'�4#! �D'G.�'�H %�'�4#+ ' ()��1	4�% , 171�,
(�'�<	%�.�1	+�'�+�3*4�< ' , 1	,�+�3*+%! &0%(4�+�%(.�'�+ D - D ��.�'"+�3@'�4#! �D'G.�'�H %�!4-	.���%�3*H '�<	%�!-%��7,�%(4�&0%�0�'"!	!-5�4�+ ��%(+�3@&('�)*)*5
<	%(4�%(.�'�+�%�+ , 5 +�.�'�4#! 'G1	.�H 3*4�< ' (�)@'�4�'�. .�%(<	3*1	4 11' ' ()��1	4�% , 171�, (�'�<	% 1�97%(. ' )@'�.�<	%(. 3*H '�<	% 11' '
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+�' , )*% +�1"(<- .���% 3*H '�<	% !-%��7,�%(4�&0% 0�'"! !-H 171	+ ��%�+ ,#!-3*4�< ' � � E�'�,#! !-3@'�4)3 0�%(3*<"��+�%�+ ,7%(.�4�%()@0�3*+ � '
!-+�'�4#+�'�.%+ +�%�9�3@'�+�3*1	4 11' I (�3 ��%()/!4-

26. !-,�. '/'	&0% 821�0 0�'"! &01	H (�,�+�%�+ '�+ %�97%(.�5 'G1	,�.�+ � (�3 ��%()>3*4 %�97%(.�5 'G.�'�H %*- ">3*<	,�.�% � � , $�!?��1�0�!
+ ��%�.�%�!-,�)*+�3*4�< 26. !-,�. '/'	&0% 821�0 - � !-3*4�<	)*%�+�%(H (�1	.�'�)#!-)*3@&0% 'G.�1	H + ��%�H 3/+)+�)*%�11'F+ ��% 26. !-,�. '/'	&0% 821�0
F2%()/+ 3/!�!?��1�0�4<- .�3*H % 3/!�3*4�+�1 + ��% (�'�<	% !-1 + ��% 97%�&0+�1	.%!�!?��1�0�4 '�.�% + ��% .�%�!-,�)*+�11'A(�.�1 � %�&0+�3*4�< + ��%
26. !-,�. '/'	&0% 821�0 97%�&0+�1	.%!�3*4�+�1 + ��% !?(�'�+�3@'�)>(�)@'�4�%*- � 97%�&0+�1	.�!?��1�0�3*4�< 4�1 H 1	+�3*1	4<5�3&- %*-;5�4�1 !?(�'�+�3@'�)
&01	H (�1	4�%(4�+�5C3/!�1	.�3*%(4�+�%�+ !-+�.�'�3*<"��+ 3*4�+�1 +�3*H % '�4#+ '�()(�%�'�.%! '"! ' +�1	+�- .���% <	.�%�'�+�%(. + ��% !?(�%(%�+ 11'
' (�1	3*4�+�5>+ ��% <	.�%�'�+�%(. + ��% !?(�'�+�3@'�)�&01	H (�1	4�%(4�+ 11' + ��% 97%�&0+�1	. '�4#+ ��%(4�&0%*5C+ ��% )*1	4�<	%(. + ��% 97%�&0+�1	.
'�()(�%�'�.%!�3*4 + ��% !?(�'�+�3@'�)>(�.�1 � %�&0+�3*1	4<-�.���% .�%�!-,�)*+�3*4�< 821�0 'G1	.�%�'	&%� !-%��7,�%(4�&0% 0�'"!�&01	46971	);97%�+ 0�3*+ �
' ��� ��� � H %�+�3@'�4 F2)*+�%(. '�4#+ !-H 171	+ ��%�+ ,#!-3*4�< ' � � E�'�,#! !-3@'�4)3 0�%(3*<"��+�%�+ ,7%(.�4�%()@0�3*+ � !-+�'�4#+�'�.%+
+�%�9�3@'�+�3*1	4 D - ��� -

">3*<	,�.�% � !?��1�0�!�+ ��%�.�%�!-,�)*+�3*4�< 26. 821�0 &0,�. 97%�! 'G1	. + ��%�3*H '�<	%�!-%��7,�%(4�&0%�3*4 ">3*<	,�.�% � -	.���% 'G.�1	4�+
'�4#+ +�1"( 9�3*%�0�!�11'=%�'	&%� 11'=+ ��% + ��.�%(% +�%(+�%�&0+�%�+ <	.�1	,)(#!�11'	821�0 &0,�. 97%�!�'�.�% !?��1�0�4<- � !�%
�6(�%�&0+�%�+B5
+ ��%(.�%�3/!�' <	.�1	,)( 11'<821�0 &0,�. 97%�! 'G1	.�%�'	&%� 1 , � %�&0+�'�4#+ 'G1	.�+ ��% , '	&�,�<	.�1	,�4#+B-	.���% 821�0 &0,�. 97%�!�4�%�'�.
+ ��% &0%(4�+�%(.%!�11'F.�1	+�'�+�3*1	4 '�.�% '�)*H 1*!-+�!-+�.�'�3*<"��+�'�4#+ + ��%(.�%D'G1	.�%�0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��% , '	&�,�<	.�1	,�4#+B-

">3*<	,�.�%�! � D '�4#+ � � !?��1�0 .�%�!-,�)*+%!�11' &01	H (�,�+�3*4�< ��4�+�%(.�'	&0+�3;97% 
 1	+�3*1	4 3*4G'G1	.�H '�+�3*1	4 �&!-%(% ">3*<"3
,�.�% �*$%- ">3*<	,�.�% � D !?��1�0�!�+ ��% 26. 821�0 &0,�. 97%�!�'�4#+ + ��%(3*.�<	.�1	,)(�3*4�< 'G.�1	H ' � � � 'G.�'�H % !-%��7,�%(4�&0%
11' 1	4�% ! �7,�'�.�% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1 + ��% )*%D'G+�3*4 'G.�1	4�+�11' '�4�1	+ ��%(.�! �7,�'�.�% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1
+ ��% .�3*<"��+�-�.���% +�1"( '�4#+ 'G.�1	4�+�9�3*%�0�!�11' + ��% 'G1	,�.�.�%�!-,�)*+�3*4�< <	.�1	,)(#!�'�.�% !?��1�0�4<-�">3*<	,�.�% � � !?��1�0�!
+ ��% <	.�1	,)( ' 'G+�%(.�+ ��% !-%��7,�%(4�&0%�3/!�%
��+�%(4#+�%�+ +�1 � � D 'G.�'�H %�!4- ��4�3*+�3@'�)*)*5*57+ ��% 821�0 &0,�. 97%�!�'"! !-1�&03@'�+�%�+
0�3*+ � + ��% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1 + ��% .�3*<"��+ 0�%(.�% 3*4 + ��% &0%(4�+�%(.�<	.�1	,)( !-3*4�&0% + ��%(5 0�%(.�% !-)@'�4�+�%�+
+�1�0�'�.%+ + ��% .�3*<"��+�5A3*4#+�3@&('�+�3*4�< +�.�'�4#!-)@'�+�3*1	4 +�1 + ��% .�3*<"��+�- ��,�+ '"!�+ ��3/!�!-,�. '/'	&0% , %�&('�H % 1�&(&0)*,#+�%�+B5
+ ��% 821�0 &0,�. 97%�!�&%��'�4�<	%�+ !?��'�(�% '�4#+ , %�&('�H %�!-)@'�4�+�%�+ +�1 + ��%�)*%D'G+�- � +�+ ��3/!	(�1	3*4�+�+ ��% 821�0 &0,�. 97%�!
0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��%�<	.�1	,)( 11'B821�0 &0,�. 97%�!>'"! !-1�&03@'�+�%�+ 0�3*+ � + ��%�1�&(&0)*,#+�3*4�< !-,�. '/'	&0%*->.���3/!	!-+�'�+�%
11' + ��% H 1	+�3*1	4 <	.�1	,)(�3*4�< 3/!�!?��1�0�4 3*4 + ��% F2<	,�.�%*-

I��



��5�4�'�H 3@&��>%(.�&0%�(�+�,�'�)���.�<7'�4�3;:�'�+�3*1	4

��'*$

� , $

">3*<	,�.�% ��� ��'*$�
 3/+)+�)*% 'G.�'�H % 'G.�1	H ' � 'G.�'�H %�!-%��7,�%(4�&0%�11'=' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�< ' , 1	,�+ '
97%(.�+�3@&('�)C)*3*4�% + ��.�1	,�<"� + ��% H 3/+)+�)*% 11'=+ ��% (�'�<	% '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H % '�4#+ ' ()��1	4�% , 171�, (�'�<	%
.�1	+�'�+�3*4�< ' , 1	,�+�3*+%!�&0%(4�+�%(.�'�+ D - D � .�'"+�3@'�4#! �D'G.�'�H %�!4- � , $�26. !-,�. '/'	&0% 821�0 'G1	.�+ ��% H 3/+)+�)*% 'G.�'�H %*-
.���% F24�'�) 821�0 0�'"!�!-H 171	+ ��%�+ ,#!-3*4�< ' ��� ��� � H %�+�3@'�4 F2)*+�%(.�-
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">3*<	,�.�% ��� 26. 821�0 &0,�. 97%�! 'G.�1	H ' � � � 'G.�'�H % !-%��7,�%(4�&0%�11' ' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�< ' , 1	,�+ '
97%(.�+�3@&('�)C)*3*4�% + ��.�1	,�<"� + ��% H 3/+)+�)*% 11'=+ ��% (�'�<	% '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H % '�4#+ ' ()��1	4�% , 171�, (�'�<	%
.�1	+�'�+�3*4�< ' , 1	,�+ 3*+%!�&0%(4�+�%(. '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H %�!4- .���% 'G.�1	4�+ '�4#+ +�1"( 9�3*%�0�!�11'!+ ��% .�%�!-,�)*+�3*4�<
<	.�1	,)(#! '�.�% !?��1�0�4<- .���% 821�0 &0,�. 97%�! 4�%�'�. + ��% &0%(4�+�%(.%! 11' .�1	+�'�+�3*1	4 '�.�% '�)*H 1*!-+ !-+�.�'�3*<"��+ '�4#+
+ ��%(.�%D'G1	.�% 0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��% , '	&�,�<	.�1	,�4#+B-

� � 
 � ����� � ��� � � � � � ��� �

��4 + ��3/!	(�'�(�%(.�0�% +�%DF24�%�+ +�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)C1	.�<7'�4�3;:�'�+�3*1	4 '"!�'�4 %
��+�%(4#!-3*1	4 11' + ��%�+�.�'"+�3*+�3*1	4�'�)
�&!-+�'�+�3@&�$#(�%(.�&0%�(�+�,�'�)�1	.�<7'�4�3;:�'�+�3*1	4 H %(+ ��16+B-��	,#!-+�'"!>!-+�'�+�3@&>(�%(.�&0%�(�+�,�'�)71	.�<7'�4�3;:�'�+�3*1	4 <	.�1	,)(#!�&01"��%(. 3
%(4�+ 'G%�'�+�,�.�%�! 3*4 '�4 3*H '�<	%*5*+�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)A1	.�<7'�4�3;:�'�+�3*1	4 <	.�1	,)(#!�&01"��%(.�%(4�+ H 1	+�3*1	4#!�+ ��.�1	,�<"�
'�4 3*H '�<	% !-%��7,�%(4�&0%*- ��!-3*4�< +�5�4�'�H 3@& (�%(.�&0%�(�+�,�'�)�1	.�<7'�4�3;:�'�+�3*1	4<5@0�% (�.�1"(�1*!-%�+ ' 4�%�0 (�'�.�'"+�3*<	H
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