
���������	��
��������
����	�����	������� ������������� �������� ��!���

"$#$%'&)(+*�,$-.*�/102-�354)056�7 -8*:9�;�;)4=<+*�/?>@*�A *�B$C'(ED�A 7 FHG'/?,�7IDJ#$%'&�;$%LK@"�"M#�NO4QP8RS"$;�TU9L%WVMK #2"�R'V)4=XZY\[�P8R]"$;�TJ9L%'VZK &�9�N$%

^�_�`�aQb�cO_ dfehg�ijehglk a)m�cOnoblkom
p	qrg�stm�cOnog�evuw_xi y _xblc=n�g�`{z

|~}Qs�e�zhzv`�aQevn�gj}���� ��cO_xz�eh� ehg�`�cOq p	aQbjilq

�t���+�1�5���!���8� �������L�
�t�������1�Z�h�+�

� ���1�J�L���v�+���

��� �]¡h¢h£�¤+¡

¥M����¦��§� ���5¨J�+���=©O�����J�h�8ª\«5�t��¦��=¬@�����������®��8�J¯\�8���w¨���+®�8�5°�±1��²]�+°³®��.�J�����+��� ���²]�+°!¨��8�5´\�8�$ª
¨����+®��.�5°~��¦J�h�³��µ¶�h²]�W�x²]�1�����h²S���8�1���§�$�x���v�L©O�+��·����J�L�.����°³���8���8¨��.�x���+¨J�+�1�'��¨¦��§²����v¨����h�$�5�\�'���
���.�+�J����¬¸�����.°	���1�E¹t¥Z�J�L¨�8����¯o¬@���1°~�$�+°����5º\�§¯»�v�J²]����®J�+��¼��¦��x¦\��°	�h�	º»� �L�J�h�)�Lª�L���5°�±»©O�
�L��+�+���L����¦J�h�w�³�L�1�8�����8�+�	���{��¦��§�=¨����+®��.�5°½°	�5ª!¯»�5���8ºE��®»ª���¦���²]�+°³®��.���h¯��J�L����¬¾�������5�\���8�1�
°��h²'¦J�h���§�$°	�w���¿¯À®\ªÁ�5´\¨��8�1�8���.������¦��	���5°!¨Â�1�'�h���Lª\�J²2¦���+�\ª���¬����v�����1�J���tÃJ���.����¹Ä�:����¦�� �
�5�J¯¶±U�{��5©Å¬@�'�h°��5©O�+��·!�§�t¨����1¨Â�Æ�L�h¯��8�����5��°	�=��¬¸�����5�����+�J�h�Ç°��\¯»�v�Z±J���¿¯���¬¸�{²S�+°�¨���'���
���.�+�J�h�:�h�'²'¦��8���h²]�������²5�h¨J��®��.�w��¬ ¨���\¯»�J²S�8���³�$ª»�J²'¦����+���.«5�h¯xÃJ���.���x�.�	¯»�§�$�����8®������h¯³�+���$�5°³®��8�.�h�
��¬¾���5�����+�J�S¹)�=¦��§���Lª\�J²'¦����1���8«5��¯{®J�5¦J�5º»�.�+�t�1���8ª	�5µ¶�h²]�'�t���5����+�¿�È�$�5�8�h²S���h¯{®\ª���¦������5�$©=�1��·
���!���5¨����h�L�v�»���+®�É$�h²S�'�È�h¬=�.�»���5�����L�5¹��=¦�³���'²'¦��.���h²]��������� �w�L�����J²]��������¯��8�\���!�Ê�$�5����¬=¬@����������E±
²]�1�J�L¨�� ²]���.�LªÆ±t���J¯Ë���h�8�.�5�J²]ªÄ°	�h¨J�]±t©t¦��Æ�L�����5�����+�J�	������²]�+����h²]���h¯��8�Ë�r¬@�v�h¯»®J�1²2·Ì�8�E�+¨Í¹
� �»��°³®J�5����¬�°��h²'¦J�h���§�$°	�t������¨����1¨J�E�L��¯j�8���+�W¯»�5�x���	�8°�¨��.�5°³�5�»�t���+²'¦j�h¬���¦��h�$���$�'�h�+�h�S±
�8�¿²]�8�J¯\�8���Î�L���W�����5�+�.�h�¸¬@�1�t���5�.�»¬@�+�W²]�8�����¦����Lª\�J²'¦����1���+�¿�¸ÃJ���8�����h¬)��¦�x�$�5�8��²]���h¯����5����+�¿�]¹



���



� �������	��
�	��
���������	�����

�������! #"%$'&(&!)+*-,�$'"#*.�/�0 1�'23�(4�5(6�$7)8�(4�"#9:�;6=<> ?"=�A@;*B C*D�;�E$F�0GH*.�%$FI/4J&(6=�(,K4L = M*.�(I0N� #50,POE$; ��/QSRC4L,K"
,P)-$/ = M*+TU,�$'"V*D�;�W$'�0GX"=4KY("=5(6=4%$'�0$Z)D[( M*- �N\$]�!5(��Q04�6��'2^6=4�&(6P4L #4��_"K$'"#*.�/�0 �$'6=4],K�/�0 #"=6P50,K"=4LG`2a6=�/��"=O(4
*.�(&(5("�*.�%$'I/4/Nb"=O(6=�/5(I/OX,K�/�_@;�').5("#*.�/�H9\*."=OH$]T()."=4�6�Q0$'�(<dcAe\O(4L #4	6=4�&(6=4L V4��_"�$F"#*.�/�0 �Nf�'2a"=4��g,�$Z)h).4LG
i�j�k/lam!n#j8o�kKp0q N'50 #50$Z)h).[�6P4�&(6=4L #4��!"f"=O(4rO!*-G(G!4���)-$7[/4�6f�'2�$8 #"=6=50,K"P5(6=4LG��(4�"#9\�/6=<dc��a2d"=O(4^ #O0$F&04r�'2d"=O(4
"�$'6PI/4�"��/Q(R#4L,K"� s*- t<_�(�'9r��N/$��%$'"�,PO(4LG�T()."=4�6u$F&(&(6=�_$/,PO,�$'��Qv4:50 V4LG3"P�wG!4KT0�(4r"PO(4u6=4L,K4�&("#*.@/4xT04K)BGy�'2
2a4L$'"=5(6=4��%$'&��(4�5(6P�/�0 �N!�/"=O(4�6=9x*B V4/N_Q0$F�(<> z�'2{�;6#*.4��_"=4LG	 #&0$'"V*D�S|L"=4���&v�/6�$7)vT()D"P4�6� \,�$'�%Qv484���&!).�'[/4LGdc
}~*.I/5(6=4J�1�a).4K2�"��w #O(�'9^ �"=O!*- 8"#[_&!*-,�$7)r M*."=50$'"#*.�/��N~*.�X9rO!*-,=OX"=O(4�*D�(&(5("y*.�%$'I;4�*- G!4L,K�;��&0�_ V4LG`*.�!"=�
"=O(6=4�4�2a4L$'"=5(6=4��%$'&0 �N;6=4�&(6=4L #4��!"#*.�(I�*.�!2a�/6=�%$'"V*D�;��$'Qv�/5("f).�(,�$7)��/6#*.4��!"=4LG]G;*- =,K�/�!"#*.�_5!*."#*.4L �Nd,K�').�/6r$'�0G
���/"V*D�;��c

recognition

horizontal, red

color motionorientation

input

object class

image
input
image

orient. color motion

recognition

primitive
feature

feature
conjunction
maps

maps

& fast-moving

}~*.I/5(6=4J�;�3�tY0$'��&!).4L y�'2^G;*- #"=6#*.Q(5("=4LG�@/*- #50$Z):6=4�&(6=4L V4��_"�$F"#*.�/�0 �c��C�d4K2a"��r"=O(4�6P4L,K�/I/�!*."#*.�/��)B$7[/4�6y6=4��
,K4K*.@/4L �G;*D6P4L,K"\*.�(&(5("r2a6=�/��"=O(4�2a4L$'"=5(6=4��%$'&0 ��0�M6#*.I/O_"��{*.�!"=4�6=��4LG;*-$'"P4,K�/�'R#5(�0,K"#*.�/�]�%$'&0 x6=4�&(6=4L #4��!"
$7)+){&v�_ = M*.Q!).4�,K�/��Q!*D�0$F"#*.�/�0 r�F2�@'$7).5(4L \2a6=�/��$7)+)t2�4L$'"P5(6=4^�	$'&0 �c

exO!*B ��/6=I_$F�!*D�L$F"#*.�/�`*- 3 M*.��*+)-$'6�"=�]"=O(4��/�(4�2a�/5(�0G�*.�A"=O(4�&(6V*D�	$'"=4�@;*- #50$7)x,K�;6="=4KY�Nv*D�X9rO!*-,POg$
�!5(�Qv4�63�'2^$'6P4L$/ �O0$7@/4�Q04�4���2a�/5(�0GdN�9rO(�! #4��(4�5(6=�/�0 yO0$7@/4�G;*+��4�6=4��_"�2�5(�0,K"V*D�;�0$7):&(6=�;&04�6="#*.4L �c	�M�
$` M*.��*+)-$'6�9r$7[A"=��$F6="#*+TU,P*-$7)^�(4�5(6�$7)r�(4�"#9\�/6=<( �Nt���_ #"�,K�/6="#*-,�$7)^$'6P4L$/ �$'&(&04L$'6�"=�`50 #4	6=4�"#*.�(�/"P�/&!*-,
,K�(G;*D�(IvNr*�c�4/c�$�"=�/&0�;I/6�$'&(O!*-,`6=4�&(6P4L #4��_"K$'"#*.�/��"=O0$'"	6=4L #&v4L,K"� ���5(&�"=�W #�/��4J&0�! = M*.Q!).4gI/4��;��4�"=6#*-,
G;*- #"=�/6P"#*.�/�0 K�u"=O(48"P�/&0�').�/I;[%�'2f"=O(486=4�"V*D�0$Sc

exO(46P�').4��'2:"PO(4"PO!*D6KGdN��/5("=&(5("�)-$7[/4�6�*D�X$'6="#*+TU,P*-$7)u�(4�5(6�$7)\�(4�"#9:�;6=<> x*- 8"=�	6=4L,K�/I;�!*D��4	�/Q(R#4L,K"� 
50 M*.�(I�"=O(4�2�4L$'"P5(6=4L f4KY("=6�$/,K"P4LG%$'"z"=O(4\).�'9\4�6f).4�@/4K)�cu�M�%"PO!*B b)-$7[/4�6LN( #&0$'"V*D�;"=�/&!*-,r6P4�&(6=4L #4��!"�$'"#*.�/�0 z$'6=4
50 #50$7)+).[J$'Q0$'�0G!�;�(4LGdN!*.�	2�$7@/�/6z�'2{���;6=4?��I').�/Q0$7)-��6=4�&(6=4L V4��_"�$F"#*.�/�0 z"=O0$'"r$7)+).�Z9E2��/6\"=O(4�6=4L,K�/I;�!*D"V*D�;�
�'2r��5!)."#*.&!)D4]�;Q(RC4L,K"K y�a*.�g9rO0$F"=4�@/4�63&v�_ M*."#*.�/��*.�g"=O(4?*D�	$'I/4'��c]e\O!*- �*-  V�/��4�9rO0$'"3 C*D�?*h)-$'6�"=��"=O(4
&(6=�/&v4�6="#*.4L b2��;5(�0G�*.�	"=O(4��� i�jLn#�/laj7o�p>�/n#k/� ,K�/6P"=4KY]���Ce��KN'9rO!*-,=O	*- z"=O(4r���! #"f)+*.</4K).[%Q!*.�').�/IF*B,�$Z)~,K�;5(�(�
"=4�6=&0$F6="8�'2r"=O(4�6=4L,K�;I/�!*."#*.�/�A)-$7[/4�6Lc����A"PO!*B �$'6P4L$(Nd6=4L,K4�&("#*.@/4�T04K)-GH M*.��4L 3,K�'@/4�6$Z)D���_ #"8"=O(4�9�O(�').4
T04K)-G]�'2f@;*D4�9yNU$'�0G] V4�4���"=��)-$/,P<�$F�_[	6=4�"#*.�(�/"=�;&!*B,y,K�>G;*.�(I0c

exO(4? V&0$'"#*-$7):,K�(G;*D�(I`50 #4LG�*D��"=O(4L #4���5!)."#*.&!).4�2a4L$'"=5(6=4��%$'&0 �&0�! #4L 3$] #4�6V*D�;50 3,K�/��&(5("K$'"#*.�/�0$7)
&(6=�/Q!).4���2a�/68"=O(4�6=4L,K�;I/�!*."#*.�/�� V"�$'I/4/c	e\O!*- 8*- y<!�(�Z9���$; 8"=O(4� ��-�v¡/���_¢ pUn#�   �+jLo Nf$'�0G�*D"�,K�/�0 C*B V"� 
�'2^"PO(4JG;*h£],K5!)D"#[H"=�`6=4�&(6P4L #4��_"��/Q(R#4L,K"� �G!4KT0�(4LGW"PO(6=�/5(I/OH,K�/�'R#5(�0,K"#*.�/�0 ��F2r2�4L$F"=5(6=4L �c¥¤u�/�'R#5(�0,K�
"#*.@/4%,K�(G;*.�(I]*- 84L P #4��_"V*B$Z)u2a�/686=4�&(6=4L #4��!"#*.�(IJ�;Q(RC4L,K"K ��'2x$'�![`&(6�$/,K"#*-,�$7)f*.�!"=4�6=4L #"K �N�5(�!).4L = y,K�/��&!).4KYsN
 #&v4L,P*B$Z)h¦!&(5(6=&0�_ V4]2a4L$'"=5(6=4��	$'&0 �$'6=4%G!4KT0�(4LGdNz�/�(4�2��/6y4L$/,POg"�$F6=I/4�"8�/Q(R#4L,K"Lc]��2^I/4��(4�6�$Z)h¦!&(5(6=&0�_ V4
2a4L$'"=5(6=4r�	$'&0 u$'6P4w$7@Z$Z*h)-$'Q!).4/N0$; t*- z50 #50$7)+).[%"=O(4�6=5!).4/N/*."z*- z"=O_50 b�(4L,K4L = =$'6P[�"=�36P4�&(6=4L #4��!"u&0$'6="V*B,K5!)-$'6
,K�/��Q!*.�0$'"#*.�/�0 y�'2\"=O(4��§"=O0$F"8�%$7[JQ04	50 #4K2a5!):"=�`,=O0$F6�$/,K"=4�6#*.��4��;Q(RC4L,K"K �c	¤u�/�0 M*-G!4�6LN~2a�/68*.�0 #"K$'�0,K4/N

�



"=O(4�4KY0$'��&!).4��'2uT0I/5(6P4��;NU$'�0G` #5(&(&v�_ #4�"PO0$'"^"PO(43�/Q(R#4L,K"8"=�	Q04�6=4L,K�/I;�!*D��4LG�*B 8$ � k/n NUG!4KT0�(4LG�$/ 
 #�/��4�"=O!*.�(I8"=O0$'"~)h*.4L bO(�/6#*.���/�!"�$7)+).[/N'*- t6=4LG!��,K�').�/6=4LGdN!$'�0Gy���'@/4L v2�$/ #"Lct�u$/,PO��'20"=O(4L #4r,PO0$'6�$/,K"P4�6#*- #"#*-,� 
,�$'��Qv4^6P4�&(6=4L #4��!"=4LG�Q![�$8&0$'6P"#*-,K5!)B$F6:@'$7).5(4�*.�%"=O(4��/6#*.4��_"K$'"#*.�/��N(,K�').�/6LN!$'�0G����/"V*D�;��2a4L$'"=5(6=4��%$'&0 �c
� 5(&(&0�! #4]"=O0$'"y4L$/,=OX�'2^"PO(4L #4�2a4L$'"=5(6P4L �*- ��;50$'�_"V*D��4LG�*.�!"=��� G;*B P,K6=4�"=4]@Z$Z)D5(4L �c`��"y*- �,P).4L$'6�"=O0$'"LN
*+2r"=O(4�6=4�$'6=4�� 2�4L$'"P5(6=4��%$'&0 �N~"=O(4�6=4�$'6=4��	�g&v�_ = M*.Q!).4�,K�;�Q!*.�0$'"V*D�;�0 8�'2z2�4L$'"P5(6=4�@Z$7).5(4L �c��a2r"=O!*- 
*.�!2��;6=�%$'"#*.�/��*- z"=�3Qv4^6=4�&(6P4L #4��_"P4LG�*.�J$86P4�"#*.�(�/"=�/&!*-,�9x$7[/N;"=O(4��
� � G;*+��4�6=4��_"r,K�/�'R#5(�0,K"#*.�/��2�4L$F"=5(6=4
�%$'&0 �$'6=486=4��;5!*.6=4LG`�C,P2=c!T0I/5(6P4��/N(6#*.I/O!"���c

exO!*B �4KY(&0�;�(4��_"#*-$7)r #&0$/,K4%,K�;��&!).4KY_*."#[`&0�_ #4L y$] #4�6#*.�/50 �)+*.��*."�$'"#*.�/��*.�A"=O(4��!5(��Q04�68�'2z2�4L$F"=5(6=4
�%$'&0 b"=O0$'"u,�$'�	Q04�Q(5!*h)."\*.�	&(6�$/,K"#*-,�$7)v*.��&!).4���4��_"K$'"#*.�/�0 �c��)- #�0N(,K5(6=6=4��!"u4L V"#*.�%$'"=4L b�'2U"=O(4��!5(�Qv4�6
�'2v2�4L$'"P5(6=4u�%$F&0 t&(6=4L #4��!"t*D��"=O(4\@/*- #50$7)U,K�;6="=4KY��C$'"~).4L$/ #"u$8G!�/��4��d���	$'</4z*."f5(�!)h*.</4K).[�"PO0$'"{"PO(4�6=4r$'6=4
�(4�5(6=�/�0 b4��(�/5(I/O�"P�84��0,K�>G!4�4L$/,PO%,K�/��Q!*.�0$'"#*.�/���'2v2�4L$F"=5(6=4/c��r��"=O(4r�;"=O(4�6fO0$'�0GdN!9rO0$'"fO0$'&(&v4��0 t*+2
,K�/�'R#5(�0,K"#*.�/�82a4L$'"=5(6P4u�%$'&0 ~$'6=4f�(�/"�50 V4LG������3"PO!*B t,�$/ #4/N7"=O(4z&(6=4L #4��0,K4u�F2S$\&0$F6="#*-,K5!)-$'6�,K�;�Q!*.�0$'"V*D�;�
�'2d2a4L$'"=5(6=4L \,�$'�] #"#*+)+)�Q048G!4�"=4L,K"=4LG	"=O(6=�;5(I/O��(4�5(6=�/�0 :*D�	"=O(4�6=4L,K�/I/�!*."#*.�/�	)-$7[/4�6Lcf}S�/6f*.�0 #"�$F�0,K4/N("=O!*- 
,K�/5!)-G]Qv4G!�/�(4y50 M*.�(I� C*DI;�%$'�a&!*{5(�!*."� x*.�_"=4�I;6�$'"#*.�(I�*D�!2a�/6=�	$'"#*.�/�]�'@/4�6r"=O(489�O(�').48*.�%$'I/4����r��N!�'@/4�6
$X #&04L,P*+TU,A,K�/��Q!*.�0$'"#*.�/� �'282�4L$F"=5(6=4J�	$'&0 ]���8��c��r�'9\4�@/4�6LN\$7)+) #&0$'"V*B$Z)^*.�!2a�/6=�%$'"V*D�;�H*- �).�_ #"J$'"
"=O!*- 3 V"�$'I/4/Nt$'�0G`"=O(4�6=4K2a�/6=4?*D"�*- 8�(�/"y&0�_ = C*DQ!).4]"=�J$; = #5(��4%$F�_[�&0$'6="#*-,K5!)-$'6� #&0$'"#*-$7)z)-$L[;�/5("8�'2r"=O!*- 
*.�!2��;6=�%$'"#*.�/��cze\O!*- r,�$'�	I'*.@/486#*- #4�"=���%$'�![�&(6=�/Q!).4��% �Nv$'�%4KY0$'��&!).48�'2t9rO!*-,=O	*- \"=O(4�&(O(4��(�/��4��(�;�
�'2z*h)+).50 #�/6P[�,K�/�'R#5(�0,K"#*.�/�0 �c	}~*.I/5(6=4���*h)+).50 #"=6K$'"=4L 8"PO!*B y&(6=�;Q!)D4���9rO(4��A"=O(4?*D�(&(5("y*.�%$'I;4%,K�/�!"�$7*.�0 
"#9\�r�/Q(R#4L,K"� b�C$r&![!6�$'��*-G3$F�0G$� #&(O(4�6=4'�KN/$'�0Gy"C9\�\2a4L$'"=5(6P4u�%$'&0 t$'6=4z4KY>"P6�$/,K"=4LGdN�*�c�4/c~)h*.�(4^ V4�I/��4��!"� 
$'�0G],P*.6�,K5!)-$'63$'6K,� �c

CIRCULAR ARCS LINE SEGMENTS

cone ?

input
image

feature
maps

recognition
layer

}~*DI;5(6=4��(�u��YS$'��&!)D48�F2�@;*- #50$7)�*+)+).50 M*.�/�0 8I/4��(4�6K$'"=4LG	Q![%"=O(4�)-$/,=<	�'2t2�4L$F"=5(6=48Q!*.�0G;*.�(I0c

�M�W�/6KG!4�6%"=�HG!4�"=4L,K"	"=O(4� V&(O(4�6=4/Nr�(4�5(6=�;�0 �*.��"=O(4J6P4L,K�/I/�!*."#*.�/� )-$L[;4�6� #O(�;5!)BG�,PO(4L,=<X2a�/6	"=O(4
&(6=4L #4��0,K4	�'2r,P*D6K,K5!)B$F6?$F6�,� �N�9�O(4�6=4L$/ �)+*.�(4] #4�I/��4��!"� 8 #O(�/5!)-GX #5!£�,K4�2a�/6y"=O(4�&_[!6�$'��*-Gdc��r�'9\4�@/4�6LN
*+2:"=O(4��(4�"#9\�/6=<	*- �"=�]6=4L,K�;I/�!*.��4?$Z)B V�J$	"=O!*.6�G��/Q(R#4L,K"LN�$%,K�;�(4/Nd"=O!*- 8O0$/ �"=�]Q04�G!�/�(4�Q![J@/4�6V*h2a[;*D�(I
"=O(4�&(6=4L #4��0,K4��'2uQv�/"=O`,P*D6K,K5!)B$F6$'6�,� �$'�0G1)+*.�(4% #4�I/��4��!"� �c��a2\�(�%Q!*.�0G;*.�(I]*- �&04�6V2��/6P��4LGdN�$'6�,� �$'�0G
 #4�I/��4��_"� �9\�/5!)-G�Q04�4�6=6=�/�(4��/50 C)D[A,K�/��Q!*.�(4LGdN{ V5(I/I/4L #"#*.�(I�"=O(4�&(6=4L #4��0,K4��'2r$],K�/�(4/N�4�@;4���"PO(�/5(I/O
"=O(�_ V4�2�4L$'"P5(6=4L r$'6=43 V&0$'"#*-$7)+).[JG;*B V"#*.�0,K"LNU$F�0G	Q04K).�/�(I]"=��G;*+��4�6=4��_"��/Q(R#4L,K"� �c

�M"	*- ]*.�!"=4�6=4L #"V*D�(I "=�H�(�/"=4`"=O0$F"LN�*D� "=O(4A@;*B V50$7)?,K�/6P"=4KYsN8 #�;��4A,K�/�'RC5(�0,K"V*D@;4g&(6=�;&04�6="#*.4L �$'6=4
$/,K"=50$Z)h).[A4KY(&!)+*-,P*D"P4K)D[H4��0,K�(G!4LGdc	���H$'6=4L$����0Ns*.�g&0$'6P"#*-,K5!)B$F6LNt�(4�5(6=�/�0 3$F&(&04L$'6y"=�JQv4% #4K).4L,K"#*.@/4]"=�
 #&v4L,P*hTU,8,K�;�Q!*.�0$'"V*D�;�0 \�'2d2�4L$F"=5(6=4L f4KY("=6�$;,K"=4LG�Q![�4L$'6#)+*.4�6r #"�$'I/4L �c ���_ V"t)h*.</4K).[/Nv"=O(4L #4^,K�;�Q!*.�0$'"V*D�;�

�



$'6=4\"=O(�! #4u"=O0$F"uG!4KT0�(4r�/Q(R#4L,K"� ~�'206=4K).4�@Z$'�0,K4�*.��"=O(4r #5(Q(R#4L,K" �  ~4�@/4�6=[(G($7[8)+*+2�4/cze\O!*- f$7)+)D�'9^ t"P�3G!4�"=4L,K"
"=O(4�� @/4�6=[�6�$'&!*-G;).[W$'�0GA9x*D"POH@/*.6="=50$Z)h).[H�(�`4K���/6="Lc`e~�� V�/��4	4KY>"=4��!"LNf4KY(&!)+*-,P*D"	6=4�&(6=4L V4��_"�$F"#*.�/�0 
�'2��(4�9�2a4L$'"=5(6=4A,K�/�'R#5(�0,K"#*.�/�0 J$F&(&04L$'6`$7)- #�H"=�HQ04�)D4L$F6=�0$'Q!).4�$Z2�"=4�6] #�/��4J).�/�(I;�a"=4�6=� "P6�$7*.�!*.�(I0c
���Z9\4�@/4�67N�4�@/4��X9\*."=OH�(�J"P6�$7*.�!*.�(I0Nf�(�'@/4K):�;Q(RC4L,K"K G!4KT0�(4LGXQ![`5(�(&(6=4L,K4LG!4��!"=4LGW,K�/��Q!*.�0$'"#*.�/�0 y�'2
2a4L$'"=5(6=4L �$'6=4� #"#*+)+)b,P).4L$'6#).[`G!4�"=4L,K"�$'Q!).4/c8e\O!*- ���4L$'�0 �"=O0$'"^ V�/��43Q!*.�0G;*.�(I�$;,K6=�_ = � #4�&0$'6�$F"=4�2�4L$F"=5(6=4
�%$'&0 z��50 #"r #"#*+)+)fQ048&04�6V2��/6P��4LGdN($'"z)D4L$; #"r"=��$7)+).�'9 "=O(43 #[( #"=4���"=��G!4�"=4L,K"^,K�;��&!).4KY1,K�/��Q!*.�0$'"#*.�/�0 
"=O0$'"r$'6P48�(�/"r4��0,K�/5(�!"=4�6=4LG�*D�`$� #[( #"=4��%$F"#*-,�9x$7[/c

� �vN_O(�'9 ,�$F�J"=O!*- \&(6=�;Q!)D4�� Q04� #�').@/4LG��a*.�JQ0�;"=O]Q!*.�').�/I'*-,�$7)u$'�0GJ$'6P"#*+TU,P*B$Z){�(4�"#9:�;6=<> ���9x*D"PO(�/5("
2�$/,P*.�(I]"=O(4,K�/��Q!*.�0$'"=�;6#*-$7)b,K�;��&!).4KY_*."#[J�'2u"PO(4?,K�;�'RC5(�0,K"#*.@/4y2a4L$'"=5(6=4y�%$'&0 �g�b@/*-G!4��0,K4%$FQ0�/5("�"=O(4
&(6#*.�%$'"P4@;*- #50$7): #[( #"=4��� #5(I/I;4L #"� �"=O0$'"�"C9\�	��4L,PO0$'�!*- #�% ��%$7[]Q04�50 #4K2�5!)u"P�%"=O!*- �4��0Gdc3exO(43T06K #"
�/�(4�*- �@/*- #50$7)f$'"="=4��!"#*.�/��N;*�c�4/cf"=O(4�,�$'&0$'Q!*+)+*D"#[]"=�	 #4K).4L,K"^$�&0$'6="V*B,K5!)-$'6�&0�;6="#*.�/�]�'2f"=O(4�*.�(&(5("r*.�%$FI/4/N
9rO(4�6=4y���/6=48&(6P�>,K4L = C*D�(I]6P4L #�/5(6�,K4L �,�$'�]Q04�G!4�&!).�'[/4LG	*.�`�/6�G!4�6�"=�% #�').@/4�G;*+£�,K5!)."3&(6=�/Q!).4��% �NU #50,PO
$/ y6=4L,K�/I;�!*D"V*D�;�W$'�0GX�%$'�!*.&(5!)-$'"#*.�/��cXe\O(4]�/"=O(4�6���4L,PO0$'�!*- #� *- �"=O(4]G![!�0$'��*-,	"=4���&v�/6�$7)^$/ #&v4L,K"
�'23�(4�5(6=�;�0$7)�$;,K"#*.@/*."#[/c e\O(41*.�!2��/6P�%$'"#*.�/� $'Qv�/5("%9�O!*B,PO��(4�5(6=�/�0 ?2�6P�/� G;*+��4�6=4��!"%�	$'&0 % VO(�/5!)-G
Q04X,K�/��Q!*D�(4LG "=�X2a�/6=� $/,K"P50$7)�,K�;�'RC5(�0,K"#*.�/�0 ��%$7[ Q04g,�$'6P6#*.4LG�Q_[�"=O(4K*.6�"=4���&0�;6�$7)8&0$'"="=4�6=���'2
$/,K"#*.@'$'"#*.�/��c3e\O!*- �O![_&v�/"=O(4L M*- �*- 8,K�/�0 M*- #"P4��_"89\*."=O`"=O(4�G;*- =,K�'@/4�6=[��'2u�_ =,P*+)+)-$'"=�/6P[�G![!�0$'��*-,� �*.�A"=O(4
$/,K"#*.@;*."C[H�F2� #�;��4]�(4�5(6=�/�0 ?*.�W"=O(4�@/*- #50$7)8,K�/6="=4KY�c exO(4L #4J��4L,PO0$'�!*- #�% 	$'6=4	*.�!"=6=�(G!50,K4LG¥*D� "=O(4
�(4KY("^"#9\�% #4L,K"#*.�/�0 �c\���`"=O(436P4L #"r�'2f"=O!*- �&0$'&04�67NU$?2�6K$'��4�9\�/6=<�*- �&(6=�/&v�_ #4LG12��;6r"=O(4K*.6r*.�!"=4�I/6�$F"#*.�/��N
"=�/I;4�"=O(4�6\9\*."=O� #�;��4�*.��&!).4���4��_"K$'"#*.�/��G!4�"K$7*+)B �c

� ���������8��� ���������	��
���
��s��
�{����


��*B V50$7)�$'"="P4��_"#*.�/�?*B �$82�$/ #"7N>,K�'@/4�6P"u��4L,PO0$'�!*- #��"=O0$F":$'&(&v4L$'6� \"=�� M*.�(I').48�/5("r$y�!5(�Qv4�6r�'2{6P4�I'*.�/�0 
*.�A$'�]*.�%$'I;4/Nd4L$/,=O��'2u9rO!*-,PO�,�$F�J&0�! = M*.Q!).[�Qv4L,K�/��4�"=O(4y"�$'6=I/4�"��'2:$'�J�'@/4�6P"LN0 M).�'9\4�6w =$;,�,�$/G!4/cr�M�
4L$/,POJ6=4�IF*D�;�� #4K).4L,K"=4LG�Q![�,K�'@/4�6="�$'"="=4��!"#*.�/��N(@;*- #50$7){&(6=�(,K4L = M*.�(I	*- �$7��4L,K"=4LG�*.��$?�_5(��Q04�6��'2f9r$L[( �c
}(6P�/� $��(4�5(6=�/&(O![> C*D�F)D�;I'*-,�$7)U@;*.4�9r&0�'*.�!"LN($'"="=4��0G!4LGy�(4�5(6=�;�0 f&(6=�'@;*BG!4� #"=6=�/�(I;4�6{6=4L V&0�/�0 #4L b�/6LN7*+2�"=O(4
6=4K).4�@Z$F�_"^ V"#*.�5!).50 x*- \�(�/"\9\*."=O!*.�]"=O(4K*.6r6=4L,K4�&("#*.@/4�T04K)-GdN("=O(4K*.6r6=4L #&v�/�0 #4L r$F6=4w V"=6=�/�(I').[]$'"="=4��!50$'"=4LG
� � ����c��r�]"=O(48&0 V[>,PO(�/&(O![> M*-,�$7)f M*-G!4/N0$y�_5(��Q04�6��'2� #"=50G;*.4L \O0$7@/48 #O(�'9r�	O!*.I/O(4�6r&04�6V2��/6P�%$'�0,K4L ��a2a�/6
*.�0 #"�$'�0,K4/Nv #O(�/6="=4�6\6=4L$;,K"#*.�/�]"#*.��4L K�f*+2u$'"="=4��!"#*.�/��*- ^$7)+).�'9\4LG	"=�����'@/43�M�/6z*B �$'6="#*+TU,P*-$7)+).[�G!6�$79r�d�f"=�
$�6=4K).4�@'$'�_"�6=4�I'*.�/�]�F2�"=O(48@;*- #50$7)tT04K)-Gdc

� 4�@;4�6�$7)(��4�"�$'&(O(�/6P4L tO0$L@;4uQ04�4���50 #4LG�"=�8G!4L =,K6#*.Q04�"=O(4L #4z2�$/,P*+)+*D"K$'"=�/6=[�4K��4L,K"� ~�/�� #4K).4L,K"=4LG�&0$'6="� 
�'2{"PO(4�*D�(&(5("7N!*.�J"=4�6=�	 u�F2�$y@Z$'6#*-$'Q!).4y���_�/�?¦/).4��0 ��� ��N!�/6\�'2f$ V&0�/"#)+*.I/O!"r��4L,PO0$'�!*- #� � � ��� ��� ��� ����� �
"=O0$'"\,�$'�	Q04����'@/4LG�$'Qv�/5("\"=O(4^6P4�"#*.�0$7)0*.�%$'I;4^"=�yO!*.I/O!)+*DI;O_"^ V�/��4�&0$'6="� b�'2d*D"��C V4�4 � � ���S2��;6:$8���/6=4
4KY("=4��0 M*.@/48 #5(6=@/4�[v��c��M��$F�_[�,�$/ #4/N_$F"="=4��!"#*.�/��$'&(&04L$'6K f"=�8Qv4w$��(4L,K4L = P$'6=[���4L,PO0$'�!*- #� 2a�/6f"=O(4rQ(6K$7*.�
*.�g�;6�G!4�68"=�J&v4�6#2a�/6=�§ #�/��4�Q0$/ M*-,?2�5(�0,K"#*.�/�0 �c���,K�/��&(5("�$F"#*.�/�0$7):$'�0$7).[( M*- y�'2r"=O(4%,K�/��&!).4KY!*."C[`�'2
"=O(4y6=4L,K�/I/�!*."#*.�/�`"�$/ V<UN!2a�/6�*.�0 #"�$'�0,K4/Nv6=4�@/4L$7)- �"=O(4y�(4�4LG12��/6�$% #4��;5(4��!"#*-$7)b V4K)D4L,K"V*D�;�A&(6=�(,K4L = �Nd M*.�0,K4
"=O(4�6=4	$'6=4��(�/"84��(�/5(I/O`�(4�5(6=�;�0 8"=�]&v4�6#2��;6=� *."8*.�A&0$'6�$Z)h).4K) � � ��� ����� ��c��z4L M*-G!4L 3"PO(4�)+*D�?*D"K$'"#*.�/�A�'2
&(6=�(,K4L = M*.�(I86=4L #�;5(6�,K4L �N'@;*B V50$7)U$'"="=4��!"#*.�/��*B f$Z)B V�^6=4��;5!*.6=4LG�Q![3 #�/��4\G;*.6=4L,K"t)+*D�(<( f"PO0$'"{4KY!*- #"fQ04�"#9\4�4��
"=O(4y@/*- #50$7)f$'�0G]���;"=�/6r,K�/6="#*-,K4L �c\}(�;6^$/,K"#*.�/�0 �6=4��;5!*D6V*D�(I	@;*B V5(�/�a���/"=�;6^,K�_�;6�G;*.�0$'"#*.�/��Nv"=O(4�6=48*- �"=O(4
�(4�4LGX"=�`,K�/�_"V*D�!50$7)+).[g���/�!*."=�/63"PO(4%6=4K).4�@'$'�_"�&0$'6P"3�'2r"=O(4�*.�(&(5("]�a2a�/68*.�0 #"�$F�0,K4/Nu$'�A�/QSRC4L,K"y"=�JQv4
I/6�$; #&04LGv��NF*.�]�/6�G!4�6\"=�3�;Q0 #4�6=@/4r&v�_ = M*.Q!).4,PO0$'�(I/4L �N>$F�0G�"=��5(&UG($'"P4^���'@/4���4��_"� z$/,�,K�/6�G;*.�(I').[/cuexO!*B 
��50 #"rQv43G!�/�(439rO!*+).4�"=O(486=4L #"��'2�"PO(43 #[> V"=4���</4�4�&0 \&(6P�>,K4L = C*D�(I	"=O(489rO(�F)D4y@/*- #50$Z){T04K)-Gdc

��O0$'"�"C[!&04��'2f*.�!2a�/6=�%$F"#*.�/��*B �50 V4LGJ"P�� #4K).4L,K"8"=O(4y6=4�I'*.�/�0 ��'2:$F"="=4��!"#*.�/� �ge\O(4�6=4y*- �4�@/*-G!4��0,K4
"=O0$'"\"=O!*- z*.�!2a�/6=�%$F"#*.�/�]6�$'�(I/4L b2a6=�/��@/4�6=[�).�'9\¦/).4�@/4K){6=4�&(6P4L #4��_"K$'"#*.�/�0 ��C #50,POJ$/ zQ(6#*.I/O!"=�(4L = �N0,K�F)D�;6LN
4�"�,'c+�8"=��O!*.I/O!¦/).4�@/4K)f�/�(4L �N!6=4K)-$'"P4LG]"=�����/6P4w,K�/I;�!*D"V*D@;4�2�5(�0,K"#*.�/�0 �c:e\O(4L V48�5!)."#*.&!).4$F"="=4��!"#*.�/��,K5(4L 

�



$'&(&v4L$'6\"=�,K�/�!@/4�6=I;4r*.�J$3 C*D�(IF)D43,K4��!"=4�6LN!"=O(48 #5(&v4�6#*.�/6^,K�')+)+*-,K5!)D50 y� � ¤r��N/9�O(4�6=4^"P�/&0�/I;6�$'&(O!*-,r�	$'&0 
O0$7@/4uQv4�4��y2��/5(�0GdN7"=O0$'"~6=4L,K4K*.@/4\&(6=�/R#4L,K"#*.�/�0 s2�6=�;� $7).���_ #"t$7)+)S$'6P4L$/ ��F2>"=O(4z@/*- #50$Z)S,K�/6P"=4KYsN'$/ d9\4K)+)0$/ 
2a6=�/� "PO(48���/"=�/6u,K�;6="=4KY�c ���	*.��&0�;6="�$'�!":,PO0$'6�$/,K"P4�6#*- #"#*-,��'2{"=O(4L V4^"=�;&0�/I/6K$'&(O!*-,r�%$F&0 f*- \"PO0$'"u"=O(4�[
$'6=4�*.�� V&0$'"#*-$7)f6=4�I'*- #"=4�6LNv*�c�4/c8 #&0$F"#*-$7)+)D[��'@/4�6#)-$'&(&!*.�(I0Nd9\*."=OA$?)h*.��*."=4LG� #[_�0$F&("#*-,G;*- #"K$'�0,K4�Q04�"#9\4�4��
�(4�5(6=�/�0 ��'2:G;*+��4�6=4��!"^�%$F&0 r9rO!*-,POJ6=4K2a4�6�"=��"=O(4� =$'��4� #&0$'"#*-$7){&v�_ M*."#*.�/��c8e\O(4L #4y&(6=�/&v4�6="#*.4L r�	$'</4
"=O(4 � ¤ $�@/4�6=[]&(6P�/Q0$'Q!).4,�$'�0G;*-G($'"P432a�/6\"=O(4�*D�!"=4�I/6K$'"#*.�/�J�F2���5!)."#*.&!).4?$F"="=4��!"#*.�/�0$7)�,K5(4L �c��\4�I'*.�/�0 
"=O0$'"�$'6=4] =$7)+*.4��_"	$/,�,K�/6�G;*.�(IA"=��2a4L$'"=5(6=4L y,K�/��&(5("=4LG�*.�WG;*+��4�6=4��!"%$'6=4L$/ y,K�/�!@/4�6=I/4�*.� � ¤^Nt9rO(4�6=4
"=�/&v�/I/6�$F&(O!*B,x)-$'"=4�6�$Z)~,K�;�(�(4L,K"#*.�/�0 \Q04�"#9\4�4��]G;*h��4�6=4��!"r�%$F&0 u,K�/5!)-G	4L$/ M*+).[J$7)+).�'9 "PO(4w #4K).4L,K"#*.�/���'2{$
 M*.�(I').4�$'"="=4��!"#*.�/�	6=4�I'*.�/��N(&v4�6=O0$'&0 �"=O(48�/�(4y6=4L,K4K*.@/*.�(I]"=O(48���! #"r #5(&(&0�/6P"w$/,K6P�_ = \G;*+�s4�6P4��_"r�	$'&0 �c

exO(4% #5(&04�6V*D�;6%,K�')+)+*B,K5!).50 ?*- �G;*.6=4L,K"#).[g,K�/�(�(4L,K"=4LGX"P�J"=O(4	&(5!).@/*.�0$'6��!50,P).4�50 ��'2r"=O(4	"=O0$7)-$'��50 �N
9rO!*-,POJ*.�A"P5(6=�J&(6=�;RC4L,K"K \Q0$/,P<J"=�	"=O(439�O(�').4@;*- #50$7):,K�/6P"=4KYsc�e\O!*- �2�4�4LG!Q0$;,=<1*B x)+*.</4K).[A"=����4LG;*-$'"P4
"=O(4\2�$/,P*+)+*."�$'"=�/6P[4K��4L,K"f�/Q0 V4�6=@/4LG��/��"=O(4� #4K).4L,K"=4LG�6P4�I'*.�/���'2�$'"="=4��!"#*.�/��c � 4�@/4�6�$7)0��4L,=O0$'�!*- #�	 fO0$7@/4
Q04�4��A #5(I;I/4L #"=4LG�2��/6�"=O(4�2�4�4LG!Q0$/,P<dN� #50,=O`$/ �4KYS,P*."�$'"P�/6=[J,K�/�(�(4L,K"#*.�/�0 �"P�%�(4�5(6=�;�0 ��'2�"PO(4? V4K)D4L,K"P4LG
$'6=4L$SN�*.�(O!*.Q!*."#*.�/���'2r"=O(4	�(�/�!¦> #4K).4L,K"=4LG¥�(4�5(6=�/�0 �Nf6P�/5("#*.�(I`�'2r"=O(4� V4K)D4L,K"P4LGX6=4�I'*.�/�H"=��"=O(4%O!*.I/O(4�6
,K�/6="V*B,�$Z)�$'6=4L$/ � � ��N($'�0G	I/4��(4�6�$'"V*D�;�J�'2fO!*.I/O!).[/¦>,K�;6=6=4K)-$'"=4LG� #&!*.</43"=6K$7*.�0 � ����c

�M"� #O(�/5!)-GXQ04J,P).4L$'6�"=O0$'"�"=O!*- �$'"="P4��_"#*.�/�0$Z):��4L,PO0$'�!*- #� ,K�/5!)-GX&(6=�'@;*-G!4J$�G;*.6=4L,K"	 #�').5("#*.�/�H"=�
"=O(48Q!*.�0G;*.�(I%&(6P�/Q!).4��Jc �z[% V4K)D4L,K"V*D�(I]$� #�	$7)+)s6P4�I'*.�/�]�'2{"=O(48@;*- #50$7)dT04K)-GdN09�O!*B,PO	)+*.</4K).[�,K�/�!"�$7*.�0 \$
 M*.�(I').4��/Q(R#4L,K"8���/6�4�@/4��A$�&0$'6="r�F2f*D"���N(O!*.I/O(4�686=4L,K�/I;�!*D"V*D�;��,K4��!"=4�6� � #50,=O`$/ ��Ce�$'6=486=4K)+*.4�@/4LG�2a6=�/�
"=O(48&(6=�;Q!)D4�� �'2tT0�0G;*.�(IJ$'&(&(6=�/&(6#*-$'"P43 #&0$'"#*-$7)�,K�;�'RC5(�0,K"#*.�/�0 �$'���;�(I32a4L$'"=5(6P4L �cu}~*.I/5(6=4 �  #O(�'9^ b*.�
$� M*.��&!)+*+T04LG]9r$7[O(�'9�"=O(4�&(6=�/Q!).4�� G!4L =,K6V*DQv4LG	*.�]"=O(4�&(6=4�@;*D�;50 r #4L,K"#*.�/�],�$'�	Q043 #�').@/4LG	9�O(4��(4�@/4�6
"=O(43$'"P"=4��_"V*D�;�]6=4�I'*.�/�J,K�/�!"�$7*.�!*.�(I�$� M*.�(I').4�;Q(RC4L,K"z*- �50 #4LGJ$/ �$�I_$'"#*.�(I% C*DI;�0$7)�c

CIRCULAR ARCS LINE SEGMENTS

pyramid

input
image

(gated)
feature

recognition
layer

attentional
gating

maps

}~*.I/5(6P4 � � � �').5("#*.�/�`"=��"=O(48Q!*.�0G;*.�(IJ&(6=�;Q!)D4�� Q_[J$'"P"=4��_"V*D�;�0$7)�I_$'"#*.�(I��'2~2�4L$'"P5(6=48�%$'&0 �c

����� � ¤��
	��� ¡h£\¡����
� £���	����������������@�� £��)£»¡5¡����Â¡����
�
����"=O!*- z #4L,K"#*.�/��N/$8,K�/��&(5("K$'"#*.�/�0$7)(���(G!4K)>�'2d@/*- #50$Z)U$'"="=4��!"#*.�/�3"PO0$'"{O0$; t&(6=4�@/*.�/50 C)D[�Qv4�4���&(6=�/&v�_ #4LG
*- yQ(6#*.4 �0[gG!4L =,K6#*.Q04LG �# #4�4 � � ��� � � � �f2a�/63���/6=4%G!4�"�$Z*h)- K�Kc�exO!*B y���(G!4K)x,K�;�Q!*.�(4L yQ0�;"="=�/��¦!5(&g$'�0G
"=�/&!¦(G!�Z9��,K5(4L t*.�!"=�$8 C*D�(IF)D4�6=4�&(6=4L #4��!"�$'"#*.�/�	,�$7)+)D4LG�"=O(4r =$7)+*.4��0,K[��%$F&�c�exO(4u*.�!"=4�I/6�$F"#*.�/���'2d"=O(4L #4
,K5(4L x*B �&04�6V2��/6P��4LG]"=O(6P�/5(I/O�$?6=4K)-$7YS$F"#*.�/�J&(6=�(,K4L = �"=O0$'"\*."=4�6K$'"#*.@/4K).[J���(G;*+T04L ���5!)D"V*D&!).4���4L$/ V5(6=4L 
�'2\*.�_"P4�6=4L #"��/Q("�$7*.�(4LG�2a�/634L$;,=O�).�>,�$'"V*D�;��$/,�,K�;6�G;*.�(I�"P��G;*+��4�6=4��!"�,K6#*."=4�6#*-$(c �J�! #"36=4K)-$'"P4LGA"=��"=O(4

�



 =,K�/&v4^�F2{"=O!*- \$'6="#*-,P).4r*- \"PO(4^Qv�/"="=�/�?¦_5(&%,K�/��&v�/�(4��!":�F2s"PO(4w #[( #"=4�� �C,P2=c�T0I;5(6=4��S��N_ #"P6=50,K"=5(6=4LG��/�
"=O(6=4�48�	$7*.�]).4�@/4K)- ��z"=O(4�2�4L$F"=5(6=48�%$'&0 �N("=O(43,K�/�0 #&!*-,K5!*."#[J�%$F&0 ��=¤ �`$'&0 K�u$'�0G	"PO(43 =$7)+*.4��0,K[J�%$'&�c

INPUT

F-MapK

F-Map1

C-MapK

C-Map1

INTEGRATION

PROCESS

Saliency
MapRGB

IMAGE

}~*DI;5(6=4��0� � "=6P50,K"=5(6=43�F2{"=O(43Qv�/"="=�;��¦_5(&],K�/��&0�;�(4��_"��'2{"=O(4�$'"="=4��!"#*.�/�] #[( #"=4��Jc

exO(486=�').48�'2f"=O(4�2�4L$F"=5(6=48�%$'&0 w��4KYS$F��&!).4L r$'6=48"=O(48�;6#*.4��_"�$F"#*.�/��N(4LG!I/48�%$FI/�!*."=50G!4/NU,K�F)D�;6^,K�/�(�
"=6�$; #"LN0$'�0G�,K5(6=@Z$F"=5(6=43�	$'&0 K�z*B �"=�	6=4�&(6=4L #4��!"�"=O(48*.�%$'I;435(�0G!4�63$��_5(��Q04�6��'2:G;*.��4��0 M*.�/�0 �N�$7)+)��'2
9rO!*-,POJO0$7@/4�Q04�4��� VO(�Z9��]"=��Q04,K6V*D"V*B,�$Z)�"=��"=O(43 V4K)D4L,K"V*D�;�J�'2u$'"="=4��!"#*.�/�	6=4�I'*.�/�0 �cze\O(4,K�/�0 V&!*B,K5!*."#[
�%$'&0 �$'6=4y�/Q("�$7*.�(4LG1"=O(6=�/5(I/O`,K4��_"P4�6#¦> #5(6=6P�/5(�0G]�/&v4�6�$'"=�;6� \9rO!*-,PO�4KY("=6�$;,K"^$���4L$/ #5(6=4y�'2f*.�_"=4�6P4L #"
2a�/6�4L$/,POX).�>,�$'"V*D�;��N\Q0$/ #4LGX�/�HO(�'9 G;*+��4�6=4��!"�4L$/,POH2a4L$'"=5(6=4	*- �9\*."=O 6=4L #&v4L,K"%"=�`"=O(4]6P4L #"��'28"=O(4
*.�%$'I/4/cze\O(4L #4��5!)."#*.&!).43��4L$/ #5(6=4L \�F2U*.�!"=4�6=4L #"�$'6=4�T0�0$7)+)D[�*.�_"P4�I/6�$'"=4LG�*.�!"=��$� M*.�(I').43 =$7)+*.4��0,K[]�%$'&
"=O(6=�;5(I/O�$�6=4K)-$7YS$F"#*.�/�H&(6=�(,K4L = �9rO!*-,POH���>G;*+T04L �"=O(4]@Z$Z)D5(4L ��'2^"PO(4`¤ �`$'&0 �$/,�,K�/6�G;*.�(IA"=��).�(,�$7)
*.�_"P4�6#¦_�%$'&X$'�0G`*.�!"=6�$7¦!�%$'&g,K�/�(�(4L,K"V*D�;�0 �Nf5(�!"#*+)�$� #�%$7)+)r�!5(�Qv4�6��'2rO!*DI;O!)D[H =$7)+*.4��!"6P4�I'*.�/�0 �$'6=4
4KY("=6�$/,K"=4LGdc

��� � � ��� � � ¢��J������	Ä�
e\O(4y���>G!4K)uG!4L =,K6#*.Qv4LGA$'Q0�'@/4yO0$/ �Q04�4��A #50,�,K4L = M2a5!)+).[�$F&(&!)h*.4LG`"P��$�@'$'6#*.4�"#[J�'2t*.�%$'I/4L �N(*.�0,P).50G;*.�(I
 #[!�_"PO(4�"#*-,8*.�%$FI/4L r50 V4LG]*.�`"#[_&!*-,�$7)f&0 #[(,=O(�;&(O_[( M*-,�$7)u"=4L #"K �NU$F�0G]6=4L$7)t*.�%$'I/4L �,K�/�!"�$7*.�!*.�(I]��5!)D"V*D&!).4
,K�/��&!).4KY��/Q(R#4L,K"� d�/�8"=4KY("=5(6=4LG�Q0$/,P<_I/6P�/5(�0G( �c ���'9\4�@/4�6LNL #�;��4:$/ V&04L,K"� ~�'2("=O(4: #[( #"=4���$'6=4f�(�/"~2�5!)+).[
 =$'"V*B C2�$/,K"P�/6=[%$/ �$� #�').5("#*.�/��"=��"=O(43Q!*.�0G;*.�(I]&(6=�/Q!).4��JN0$F�0GJ #4�@/4�6K$7)d*D��&(6=�'@/4���4��!"� r$'6=486P4��/5!*.6=4LGdc

exO(4uT06K #"f*- = #5(4�,K�/�0,K4�6=�0 f"V*D��4/��2a�/6f@;*- #50$7)s V4L$'6�,PO"K$/ #<( �N7*."uO0$/ tQv4�4��� #O(�'9r��"=O0$F"f"=O(4^$'���;5(�_"
�'2u"#*.��4y6=4��;5!*D6P4LG�2��;6r"=O(4�G!4�"=4L,K"#*.�/�`�'2:$�"�$'6=I;4�"r�%$7[%Qv4�$/ \).�'9 $/ ���'�������% �c��	�r*.@/4���"=O0$'"�"=O(4
"#*.��43 =,�$Z)D4�2a�/6z�(4�5(6=�/�0$7)dT06#*.�(I�*- r$'6P�/5(�0GJ�
�3�	 �N!"=O!*- \��4L$'�0 z"=O0$'"r$y@/4�6=[?2�4�9 ,K�/�0 #4L,K5("V*D@;43,K�/���
&(5("�$'"V*D�;�0$7)S V"=4�&0 ���50 #"~Q04r #5!£�,P*.4��!"t2��/6t"=O!*- ~&(6=�>,K4L P �cfe\O(4u���(G!4K)!*D�!"=6=�(G!50,K4LG�$'Qv�'@/4f6=4��;5!*D6P4L � � �
 #"=4�&0 :2��/6\"=O(43,K�;��&(5("�$'"#*.�/�	�'2f"=O(4�2�4L$'"P5(6=43$'�0G],K�/�0 #&!*-,K5!*."#[]�%$'&0 �N!&!).50 �$3�!5(��Q04�6r�F2{*."=4�6�$F"#*.�/�0 
2a�/6^"PO(436=4K)-$7Y0$'"#*.�/�`&(6=�(,K4L = �Nv50 #50$7)+).[`9\*."=O!*.��$	G!�/��4���c ��)D"PO(�/5(I/O�*."r*- �6=4K)-$'"#*.@/4K).[12�$/ V"w,K�/��&0$'6=4LG
"=��&(6P4�@/*.�/50 r$F&(&(6=�_$/,PO(4L ��a2a�/6\*.�0 #"�$F�0,K4 � �����a�KN/*."� x"#*.��4 =,�$Z)D4L �$'6=4��(�/"r[;4�"\2�5!)+).[J&!)-$'50 C*DQ!).4/c

���(�/"=O(4�6x)h*.��*."�$F"#*.�/�A�'2f"=O(4 V[> #"P4���*- 8G!5(43"=��"PO(43&(6=�/&v4�6="#*.4L ��'2f"=O(436P4K)B$ZYS$'"V*D�;�J&(6=�(,K4L = �c �8 
$�I/4��(4�6�$7)f6=5!).4/N0"PO(46P4K)B$ZYS$'"V*D�;�J&(6=�(,K4L = ����(G;*+T04L �"=O(43@'$7).5(4L ��'2u"=O(4�¤ ��$F&0 ^ #�]$/ �"=����*.�!*.��*.��4/N
$'���;�(I��/"=O(4�6� �NU$'�]4��(4�6PI/[]��4L$/ #5(6P43&(6=�/&v�/6="#*.�/�0$Z)�"=��"=O(43"=�;"�$7){ #5(6#2�$/,K43�F2u"=O(4 #4K).4L,K"=4LG�6=4�IF*D�;�0 �c
e\O!*- y*- y"=�A$7@/�'*-GA"PO0$'"3"=O(4L V4%6=4�IF*D�;�0 �I/6=�'9 5(�!"#*+)^"=O(4�[g,K�'@/4�6y"=O(4%9�O(�').4	*D�	$'I/4/c`�a2�"=O(4%"K$'6=I/4�"
�/Q(R#4L,K"~*B z,P).4L$'6#).[� #4�I/6=4�I_$F"=4LG�2�6=�;� $�6=4�I/5!)-$'6#).[�"=4KY("=5(6=4LGyQ0$/,P<_I;6=�/5(�0GdN'"=O!*- f6P5!)D4�&(6=�'@/*-G!4L f$�50 #4K2a5!)
,K�/�0 #"P6�$7*.�_"7N_$'�0G	"=O(4�6=4L #5!)."� \$'6P4^I/4��(4�6K$7)+)D[] =$'"V*B C2�$/,K"P�/6=[/c ���'9\4�@/4�6LN'*+2f"=O(4��/Q(R#4L,K"f*- r,K�/��&!).4KYJ$'�0G
 #"=6P50,K"=5(6=4LGdNd�/6�*+2:"PO(4�6=4y*B ��(�J,P).4L$'68T0I/5(6P4K¦_I/6=�/5(�0G` #4�I;6=4�I_$'"#*.�/��Nv"=O(4�,K�/�!"=�/5(6� ��F2u"=O(4�$'"="=4��!"#*.�/�

�������������������������� ��!��#"$�&%'%��)($�*��!,+�-#�.�/�#�10)(��2�#�
��3
-#���#�1!
+���4/560����#�#-��/+��#4 -#��78�'59�#�
�����.-#:;���<���=0
�>$!,��0�(����?"
!���@�",�
+�4 !/A#",!,+�����4;!B4/5=5C�.�/�#",-#����DFE*��",-#4;!,�G��!H�#�
�JI��K+�4;-#�#�1LM�����N��� ��!H-#���#3$4;!,0O�#4P�#�
����-�-#�%��1�;�.!����#�����2"8%�",����!H�#�,4;-#�#��-
�������;D

�



6=4�I'*.�/��$'6P4:�F2�"=4��y*.�0,K�/6=6P4L,K"LN_,K�/��&(6#*- M*.�(I3�/�!).[$�&0$F6="{�F2U"=O(4\�/Q(R#4L,K"Lc �r"=O(4�6u&(6=�;Q!)D4��	 t�%$7[$'&(&v4L$'6
9rO(4��	"=O(4�*D�	$'I/48,K�/�_"K$7*.�0 f��5!)."#*.&!)D4y�/Q(R#4L,K"� f"PO0$'": #"K$'�0G��/5("z�'2�"=O(4^Q0$;,=<!I/6=�/5(�0Gdct�M�]"=O(4L #4^,�$/ V4L �N
"=O(4� #5(6#2�$/,K4L r�F2:$7)+)��/QSRC4L,K"� � #5(� 5(&�N06P4LG!50,P*D�(I�4�@/4��]2a5(6="=O(4�6�"=O(4�$'6=4L$��'2u4L$/,POJ6=4�I'*.�/��c�e\O(4�6=4�*B 
"=O!50 ^$)h*.��*."�*.�`"=O(48�!5(�Qv4�68�'2f�/Q(R#4L,K"� \"=O0$'"�,�$'�JQv4G!4�"=4L,K"=4LGdNv9rO!*-,PO�50 V50$7)+)D[`,�$'�(�(�/"�4KYS,K4�4LG �
�/6 � c�}~*.I/5(6P4 ��,K�/�!"�$7*.�0 r V�/��484KY0$'��&!).4L r"PO0$'"z*h)+).50 #"=6K$'"=43"PO(4L #48)+*.��*."�$'"#*.�/�0 �c

}~*.I/5(6P4 �(���\4L #5!)."� ��/Q("�$Z*D�(4LG1Q_[	"=O(4yQ0�/"="P�/��¦_5(&]$'"="=4��!"#*.�/�J #[( #"=4�� �/�J #�/��43G;*+£�,K5!)."�*.�%$'I/4L �c

���/"���50,=OA,�$'�`Q04�I_$7*.�(4LG`�/�`"=O(4L #4y*- = #5(4L �Q_[` M*.��&!).[A,=O0$'�(IF*D�(I]&0$F6�$'��4�"=4�6K r�/68Q![� C)h*.I/O!"#).[
���(G;*+2�[;*.�(I"PO(4r6=4K)-$7Y0$'"#*.�/�	&(6=�>,K4L P �c � ���/6=4r&v�Z9\4�6#2a5!)09r$7[3"=�8�'@/4�6�,K�;��4\"=O(4L #4�)h*.��*."�$F"#*.�/�0 \,K�/5!)-G
Q04]"PO(4	*D�!"=6=�(G!50,K"#*.�/�H�'28$'�W$/G(G;*."#*.�/�0$7)wG;*.��4��0 C*D�;�W"=�`"=O(4] #&0$'"#*-$7)r6=4�&(6P4L #4��_"K$'"#*.�/�0 y*.�!"=6=�(G!50,K4LG
$'Qv�Z@;4/N{$'�0G`&(6P4L,P*B V4K)D[ l � o�j c%e\O(4�*-G!4L$�"=O0$'"3$;,K"#*.@/*."#[�*D��"=O(4]¤ �`$'&0 8$'�0G�*D�X"=O(4% P$7)+*D4��0,K[��%$'&
,K�/5!)-G]Qv43�_ P,P*h)+)-$'"=�;6=[]9\�/5!)-G]$/G(G],K�/�0 M*-G!4�6�$'Q!).4�6=4�&(6=4L V4��_"�$F"#*.�/�]&0�'9\4�6r"=��"=O(43 #[( #"=4���cf����&0$'6="#*-,K�
5!)-$'6LN0$;,K"#*.@/*."#[%�	$L[	,K�/�_"V*D�!5(�/50 M).[	4�@/�').@/48"=O(6P�/5(I/OJ$y�_5(��Qv4�6r�'2{&(O0$/ V4L �N(4L$/,PO]�'2{9rO!*-,PO�,K�/5!)-G	Qv4
$/ = C*DI;�(4LG�"=��$�G;*h��4�6=4��!"u"K$'6=I/4�"z�/Q(R#4L,K"Lc �r"u4L$/,PO�"#*.��4�*.�0 #"�$'�!"LN!�/�!).[��/�(4��/Q(R#4L,K"u9\�/5!)-G�"=O!50 fO0$7@/4
"=��Qv4 #4K).4L,K"=4LGdNd #�	"=O0$'"\"=O(4y6=4K)-$7YS$F"#*.�/�J&(6=�(,K4L = \9\�/5!)-G1�/�!).[]O0$L@;48"=��*- #�')-$'"=4�*."r2a6=�/��"PO(486=4L #"r�'2
"=O(4�*D�	$'I/4/Nd$L@;�'*-G;*D�(I],K6=�_ P M¦_"�$7).<�2�6P�/� �;"=O(4�6r�/Q(R#4L,K"� �c ����$;G!@Z$'�!"�$'I/48�F2u"=O!*- \2a6�$'��4�9\�/6P<�*- �$7)- #�
"=O0$'"7N(9\*."=O!*.�`4L$/,=O�&(O0$/ #4/Nv6=4K)-$7Y0$'"#*.�/��,K�;5!)BG�Qv432�$/ #"P4�6LN0$'�0G1�/�!).[]�/�(43�/6�"C9\��*."=4�6K$'"#*.�/�0 ��%$7[%Qv4
 #5!£�,P*.4��!"�"=�]4KY>"P6�$/,K"8"=O(4��;Q(RC4L,K" �  8 #O0$'&v4/c%}~*.I/5(6=4 �  #O(�'9^ 8$J V4��/5(4��0,K4	�'2^ =$7)+*.4��0,K[A�%$'&0 �"=O0$'"
9\�/5!)-G�*-G!4L$7)+)D[�Q04y�/Q("�$7*.�(4LG]�;�%"=O(4�*.�%$'I/43 #O(�'9r��*.�J"=O(43,K4��!"=4�6r�F2{T0I/5(6P4 �(c �r)+)t2��/5(6\"�$F6=I/4�"\�/Q(�
R#4L,K"� z�%$7[%$7).6=4L$/G![	Q0486=�;5(I/O!).[�G!4�"=4L,K"P4LG]G!5(6#*.�(I�"=O(4�T06� #"\&04�6#*.�(GdNU$Z)D"PO(�/5(I/OJ$'"\G;*h��4�6=4��!"r&(O0$/ V4L �c
e\O(4�2��F)h).�'9\*.�(I`�_ =,P*+)+)-$'"#*.�/�H&04�6V*D�(G( ��%$7[A$7)+).�'9 2a�/6� #�/��4�2a5(6="=O(4�6y6=4KT0�(4���4��!"� �Nt*�c�4/c�2��/6�2�5(6P"=O(4�6
 #5(&(&(6=4L P M*.�/�J�'2f�(�'*- #4�$'�0G],K6=�_ = C¦_"�$7).<dc

first oscillation period second oscillation period

}~*.I/5(6=4 � � � ,PO(4��%$'"#*-,\6=4�&(6P4L #4��_"K$'"#*.�/���'2d"=O(4\"=4���&v�/6�$7)04�@/�F)D5("V*D�;���'2s$F��! =,P*+)h)-$'"V*D�(I	 =$7)+*.4��0,K[��%$'&�c

� ��� �����
 
��������\������
�t�=�8
 �

�^ =,P*+)+)-$'"=�/6=[`G![_�0$F��*-,� rO0$7@/48Qv4�4��� #5(I/I;4L #"=4LG�*.�� #4L,K"V*D�;�g�3$/ �$�&0�_ P M*.Q!)D4���4L,PO0$'�!*- #� 2��;6^ #�').@;*D�(I
"=O(48Q!*.�0G;*.�(I%&(6P�/Q!).4��JN(Q![� #4�&0$F6�$'"#*.�(Iy*.�]"#*.��48"=O(4�T06#*.�(I��'2f,K4K)h)- �6=4�&(6=4L #4��!"#*.�(I%G;*+��4�6=4��!"r�/Q(R#4L,K"� �c
e\O!*- ���4L,=O0$F�!*B V� �%$7[g$Z)B V�gQv4]50 #4LGH"=��*D��&(6=�'@/4]"=O(4]&04�6V2��/6P�%$'�0,K4J�F2w"=O(4J$F"="=4��!"#*.�/�W #[( #"=4��JN
*.�A&0$'6="V*B,K5!)-$'6y"=O(4y*.�_"=4�I;6�$'"#*.�/�`�'2\�5!)."#*.&!).4],K�/�0 #&!*-,K5!*."C[`�%$F&0 �c �z4K).�'93Nd9\4�Q(6#*.4 �0[A6=4�@;*D4�9  V�/��4

�



2a5(�0G($'��4��!"�$7)�)h*."=4�6K$'"=5(6=4`*.��Q0�;"=O�"=O(4`Q!*D�F)D�;I'*-,�$7)?$'�0G 4��(I'*.�(4�4�6#*.�(I T04K)-G( ]6=4K)-$'"P4LGW"P�g�(4�5(6=�;�0$7)
�_ =,P*+)+)-$'"#*.�/�0 y�a2a�/6\���/6P484KY>"=4��0 C*D@;436=4�@;*.4�9^ �N0 #4�4 ��� ��� � � � � � � � ����c

����� ��� �������
� ����� ��� ���  ¢�� � £�� �J�5¤�� ���@£»¡�� �
� �
�^ =,P*+)+)-$'"=�/6=[ G![!�0$'��*-,� 1*D��"=O(4AQ(6K$7*.� O0$7@/4`).�/�(I Q04�4�� �/Q0 V4�6=@/4LG $'�0G�$'�0$7).[!��4LGdN�2a�/6]*.�0 #"�$F�0,K4
"=O(6=�;5(I/O�"=O(4`4K)D4L,K"P6=�_4��0,K4�&(O0$Z)D�;I/6�$'�Jc �^ =,P*+)+)-$'"#*.�/�0 `$'&(&04L$F6]"=�g"K$'</4J&!)-$/,K4X$'6=�/5(�0G�$X�!5(�Qv4�6
�'2�,K4��!"=6�$Z)U2a6=4��;5(4��0,P*.4L �N(2a6=�/��$y2a4�9 �����C #��,�$7)+).4LG
	y6�$'�(I;4'��N!5(&]"=� �6� �r���C$Z)B V�%,�$7)+).4LG��J6K$'�(I/4'��c
���_ #"\*.�!"=4�6=4L #"V*D�(I`$'6=4y"=O(48)-$'"="P4�6LNdO!*.I/O!¦/2a6=4��/5(4��0,K[��_ =,P*+)+)-$'"#*.�/�0 �Nf M*.�0,K4�"=O(4�[JO0$7@/4yQ04�4��A6P4L,K�/6�G!4LG
*.�J6=4K)-$'"V*D�;�J"=�� #4��0 #�;6=[� V"#*.�5!)+*\��@;*B V50$7)�N0$/,K�/50 #"V*B,y$'�0G	�').&(O0$/,K"=�;6=[0�\$'�0G]"=��$'"P"=4��_"V*D�;��c

exO(4�T06� #"8���! #"�*.�_"=6V*DI;5!*D�(I`6=4L V5!)D"K 8O0$7@/4�Q04�4��X6=4L,K�/6�G!4LG�*.�g$J V4�6#*.4L 8�'2\4KY>&v4�6#*.��4��_"K 3�;�A"=O(4
@;*B V50$7)x,K�/6P"=4KY��'2\"=O(4�$'�(4L #"=O(4�"V*D��4LGX,�$'" � ��� �� � � �,����N�$'�0G1)-$'"=4�6y4KY>"=4��0G!4LG�"=�]"=O(4%$79r$'</4�,�$'"3$'�0G
"=��&(6#*.�%$'"P4L �cf����"=O(4L #484KY(&04�6#*.��4��!"� �NS�(�/"r�/�!).[]O0$7@/4��_ =,P*+)+)B$F"#*.�/�0 �*.�]"=O(4��]6�$F�(I/48Q04�4���6=4�&0�/6P"=4LGdN
Q(5("r"=O(4K*.6�&0$'6="#*-,K5!)-$'6�&(O0$/ #4L \O0$7@/48Qv4�4��� #O(�'9r�]"P�Qv43��4L$F�!*D�(IF2�5!)�c �J5!)."#*.&!).4�@/*- #50$Z)� #"#*.��5!)+*:�a2a�/6
*.�0 #"�$'�0,K4/N\Q0$F6� K�3$'&(&04L$F6�"=�`*.�0G!50,K4A #[!�0,=O(6=�;�!*D��4LG¥�_ =,P*+)+)-$'"#*.�/�0 �*.�W"=O(4J,K�;6=6=4L #&v�/�0G;*.�(Ig�(4�5(6=�;�0 �N
9rO(4���"=O(4 #"V*D��5!)+*�N�$/,�,K�/6�G;*.�(I	"=�%,K�/�����/�K��4L #"�$7)."\)-$79^ �Nv$'&(&04L$'6�"=�%,K�;�0 #"#*."=5("=4�$% M*.�(I').4��/Q(R#4L,K"Lc
�r�]"=O(48�/"PO(4�6rO0$'�0GdN(�(4�5(6=�;�0 \9\�/5!)-G�2�$7*+){"P�Qv4 #[!�0,PO(6=�/�!*.��4LG	*+2f"=O(4�[%6P4L #&0�/�0G1"=��&04�6�,K4�&("P50$7)+)D[;¦
G;*+��4�6=4��_"��/Q(R#4L,K"� �c � "#[!&!*-,�$7){4KY0$'��&!).48*- \"=O(4%��,K�/�����/��2�$'"=4L�y6=5!).482a�/6\"#9:�����'@;*.�(I�Q0$'6� ��~*+2f"C9\�
 #&0$'"V*B$Z)h).[g V4�&0$'6�$'"=4LGdN� C*D�?*h)-$'6V)D[;¦_�/6V*D4��!"=4LG�Q0$'6� ����'@/4y*.�A"=O(4	 =$'��4�G;*.6=4L,K"#*.�/��N~"=O(4�[`9:�;5!)BG�,�$'50 #4
 #[!�0,=O(6P�/�(�/50 f�! =,P*+)h)-$'"V*D�;�0 z*.�%"=O(4�,K�/6=6=4L #&v�/�0G;*.�(I��(4�5(6=�/�0 ��!9rO(4�6=4L$; t*+2�"=O(4rQ0$'6� b���'@/4\"=�G;*+��4�6=4��!"
G;*.6=4L,K"#*.�/�0 �Nd"PO(4K*D6��(4�5(6=�/�0 �9\�/5!)-G1�(�/"rQ04y*.�`&(O0$/ #4/c\�M��$/G(G;*."#*.�/��N� =$F��4K¦_&(O0$/ #4y�_ =,P*+)+)-$'"#*.�/�0 �O0$7@/4
$7)- #�	Q04�4��A6P4L,K�/6�G!4LG�Q04�"#9\4�4��JI/6P�/5(&0 r�F2u�(4�5(6=�/�0 �).�>,�$F"=4LG1*D�AG;*+��4�6=4��!"3,K�/6="#*-,�$7)�$F6=4L$/ �Nd$'�0G�4�@/4��
*.��G;*+��4�6=4��!"rO(4���*- #&(O(4�6=4L �c

exO(4L #48T0�0G;*.�(I_ y #5(I/I/4L #"�"=O0$'"�"=O(4�&(O0$/ #4��'2u�_ =,P*+)+)-$'"#*.�/�0 ��%$7[%Qv4"PO(41��"=4���&0�;6�$7)�,K�(G!4L�	"=O0$'"
*-G!4��_"V*hT04L �$'�A�/Q(R#4L,K"3$/ y$]9rO(�').4/Nf$'�0GA$Z)h).�'9^ �"=�]</4�4�&�*D"K �2a4L$'"=5(6�$7)f*.�!2a�/6=�%$F"#*.�/�g #4�&0$'6K$'"=4�2a6=�/�
"=O0$'"f�F2U�/"=O(4�6z�/Q(R#4L,K"� �cte\O!*- t*- z&(6=4L,P*- #4K).[�9rO0$'"f9\�/5!)-G�Q04r6=4��;5!*.6=4LG�"=�3 #�').@/4r"PO(4rQ!*.�0G;*D�(I�&(6=�;Q!)D4��
�C,P2=cf #4L,K"#*.�/�A�'��c���'9:4�@;4�6LN/"=O(4�6P4w$'6P4w$y�!5(�Qv4�6\�'2{�/&v4��	*B P #5(4L �c �r�(48�'2t"=O(4�� *B x"=O0$'"LN;9\*."=O!*.� �6�
���3�_ =,P*+)+)-$'"#*.�/�0 �NS*."r*- �G;*+£�,K5!)."8"=��</4�4�&`$y)-$'6=I/48�!5(��Q04�6��'2b V4�&0$'6�$'"=48&(O0$; #4L �c\e\O!*- r&v�_ #4L r$?)+*D�?*D"
"=�]"=O(4��!5(��Q04�68�'2\�/Q(R#4L,K"� �9rO(�_ #4�6=4�&(6P4L #4��_"K$'"#*.�/�A,�$'�`Q04�<;4�&("3$/,K"#*.@/4�$'"8"=O(4� =$'��4"V*D��4/c3�M"�*B 
"=O!50 r&v�_ = M*.Q!).4�"=O0$'"r"PO(4L #4 #[!�0,PO(6=�/�!*.��4LG��_ =,P*+)+)B$F"#*.�/�0 8Qv48)+*.�(</4LG`"=��"PO(43@;*B V50$7)�$'"="P4��_"#*.�/�` #[( #"=4��JN
*.�J"=O0$F"r"=O(4�[	9:�;5!)BG	�;�!)D[J$Z�s4L,K"� #"#*.��5!)h*t"=O0$'"rO0$7@/4�Q04�4��A$'"="P4��_"#*.@/4K).[] #4K).4L,K"=4LGdc

exO(4])+*.�(<> 	Qv4�"C9\4�4���$'"="=4��!"#*.�/� $F�0GH�(4�5(6=�/�0$Z)w�_ P,P*h)+)-$'"#*.�/�0 	�	$L[H$7)- #�XQ04`50 #4K2a5!)w"P�A4KY>&!)-$7*.�
9rO![� V"#*.�5!).50 M¦!6=4K)-$'"=4LG��_ =,P*+)+)-$'"#*.�/�0 �9\�/5!)-G] #�/��4�"V*D��4L \2�$7*+){"=��Qv436=4L,K�;6�G!4LGdc:}~*.6� V"LN0 #[!�0,=O(6P�/�!*.��4LG
�_ =,P*+)+)-$'"#*.�/�0 t9\�/5!)-G8�;�!)D[3,K�;�0,K4�6=�8�(4�5(6=�/�0 ~"=O0$'"�6P4L #&0�/�0G�"=�r$\@/4�6=[�)+*.��*."=4LG�&0$'6="d�'2("=O(4z@/*- #50$7);T04K)BGdN
"=O(4�6=4�Q![]&(6=�(G!50,P*.�(I]9:4L$F<J M*.I/�0$7)- \2a�/6�6=4L,K�/6�G;*.�(I0c � 4L,K�/�0GdNv"=O(4L #43�! =,P*+)h)-$'"V*D�;�0 89\�/5!)-G]Qv43*.�0G!50,K4LG
�/�!).[�9rO(4���"=O(4�"�$/ #<y6=4��/5!*.6=4L \ #"P6=�/�(I8$'"="=4��!"#*.@/4r4K���/6="K �NZ V50,=O%$; t"=O(4^$'�0$7).[( M*- z�'2s$8,K�/��&!)D4KY�*D�	$'I/4
,K�/�!"�$7*.�!*.�(Ig��5!)."#*.&!).4A�/Q(R#4L,K"� �Nz�/6%$�"�$/ #<�*.�_@/�F)D@;*.�(IH@/*- #5(�;���/"=�/6	,K�_�/6KG;*D�0$F"#*.�/��c��a23"=O(4�"�$/ #<�*B 
 #"=6K$7*.I/O_"V2��/6P9x$F6�GdN� #50,POg$/ y"=O(4�*.�X"=O(4�$F�0$7).[> M*- y�'2^$]9\4K)+)+¦_<!�(�Z9���N� C*D��&!)D4]�;Q(RC4L,K"y�/�g$�5(�!*+2��;6=�
Q0$/,P<_I;6=�/5(�0GdNt"=O(4���*D"�,�$'�X&(6=�/Q0$FQ!)D[�Q04],�$'6=6#*.4LG��/5("39\*."=O(�;5(""PO(4%�(4�4LG�2��;63�_ =,P*+)+)-$'"#*.�/�0 ��'@/4�63$
)-$'6=I/4��_5(��Q04�6y�'2:&v4�6#*.�>G( �c%�M"�*- 8*.�!"=4�6=4L #"V*D�(I�"=�]�(�/"=4�"=O0$'"8�_ =,P*+)+)-$'"#*.�/�0 �,�$'�gG;*- =$F&(&04L$'6�4�@/4��`2a�/6
@;*B V50$7){ #"#*.��5!)h*�"=O0$F"u9\�/5!)-G��(�;6=�%$7)+).[�O0$7@/4r&(6=�(G!50,K4LG	"=O(4��JN;*+2{"=O(4��/Q0 #4�6=@/4�6\O0$/ bQ04�4��J #5(QSRC4L,K"\"=�
*.�_"P4��0 M*.@/4\"=6�$7*.�!*.�(I0cfe\O!*- f #5(I/I/4L V"� d"=O0$'"~).�/�(I'¦_"P4�6=�  #[!�0,=O(6P�/�!*.��4LGyT06#*.�(I_ ~�%$7[8��4LG;*-$'"=4: V"#*.�5!).50 M¦
G!4�&04��0G!4��!"	���>G;*+TU,�$'"V*D�;�0 ��'2w,K�/�(�(4L,K"V*D�;�0 y*.�W"=O(4],K�/6="=4KY �C #[!�0$'&("#*-,�&!)-$/ V"#*-,P*D"#[v��NzQ_[AQ(5!*+)-G;*.�(IW$
,K�/��&0$;,K"���,K�/�'R#5(�0,K"#*.@/4J6P4�&(6=4L #4��!"�$'"#*.�/�0�`�F2w"=O(4J V"#*.�5!).50 �N\&(6P�/Q0$'Q!).[W$'"�"=O(4	).4�@/4K)8�'23$'6=4L$ � �0c
�r�0,K43"PO!*B x�(4�9 6=4�&(6=4L #4��!"�$'"V*D�;�]�'2{"=O(43 #"V*D��5!).50 x*B xQ(5!*h)."LNv"=O(4��1*D"�,�$'�]Q043$/,�,K4L P #4LGJG;*.6=4L,K"#).[	2a6=�/�

�



"=O(4�2a4L$'"=5(6=48�	$'&0 �N("=O(4�6P4�Q_[	6=4LG!50,P*.�(I%"PO(43�(4�4LG	2a�/6r #50 #"K$7*.�(4LG]�_ =,P*+)+)-$'"#*.�/�0 �c
�M"J #O(�/5!)-G Q04A�(�/"P4LG�"=O0$'"LN�2a�/6]"=O(4A��4L,=O0$'�!*- #�	 JG!4L =,K6#*.Qv4LG $'Q0�'@/4/N�"=O(4�6=4`*- ]�(� �(4�4LG�2a�/6

&(6=4L,P*- #4`2a6=4��;5(4��0,K[/¦;)D�(,P</4LG �! =,P*+)h)-$'"P�/6=[ G![!�0$'��*-,� �c��M��2�$/,K"LNr9�O0$'"�*- �,K6=50,P*-$7)8*- ]"=O(4�2�$/,K"]"=O0$'"
�(4�5(6=�/�0 �Q04K).�/�(I'*.�(I`"=�]"=O(4� =$F��4% #"#*.��5!).50 �T06=4	 #[_�0,PO(6=�/�(�;50 M).[/N�9rO(4�6=4L$; 8�(4�5(6=�/�0 �Qv4K).�/�(I'*.�(IA"=�
G;*+��4�6=4��_"��/QSRC4L,K"� �$'6P4�$/ V[_�0,PO(6=�/�(�/50 �c �r�(4]�/�(4	O0$'�0GdNu$;  V5(I/I/4L #"=4LG�*.� ��� ����Nt�_ =,P*+)+)-$'"#*.�/�0 ��%$7[
R#50 #"8�>,�,K5(6�$/ 8$],K�/�0 #4��;5(4��0,K4��'2r #[!�0,=O(6=�;�_[/c��r�A"PO(4�;"=O(4�68O0$'�0GdNd*."y�%$7[J M*.��&!).[AQ04�4L$; M*.4�63"=�
&(6=�(G!50,K4w V[_�0,PO(6=�/�!*.�L$'"#*.�/��2a6=�/� 6=4�I/5!)-$'6z&04�6#*.�(G;*-,�&0$'"="=4�6=�0 b6�$'"=O(4�6f"PO0$'��2a6=�/� $'&v4�6#*.�>G;*-,��/�(4L �ct�M�
$'�![�,�$; #4/N!*."r6=4��%$Z*D�0 �"=��4L V"�$'Q!)+*- #OJ9rO0$F"r��4L,PO0$'�!*- #�% �$7)+)D�'9 "PO(43I/4��(4�6�$F"#*.�/�]�'2u #[_�0,PO(6=�/�!*.�L$'"V*D�;�
$'�0Gv|L�;68�_ =,P*+)+)B$F"#*.�/�0 �c � �/��4�O![_&v�/"=O(4L M*- �Ns*.�_@/�F)D@;*.�(IA,K�/6="#*-,K�'¦>,K�;6="#*-,K��,K�;�(�(4L,K"#*.�/�0 �NtO0$7@/436=4L,K4��!"#).[
Q04�4��` #5(I/I/4L V"=4LG]$'�0GJ C*D��5!)-$'"=4LG19\*."=OJ$'6="V*hTU,P*-$7)f�(4�5(6�$7)t�(4�"C9\�/6P<> ��C,P2=ct�(4KY>"8 #4L,K"#*.�/�d��c

��� � �³�5¤�� ���@£»¡�� �
� � ��� ���� ¢�£ � ���E¡ � �Â¢��:�
���0G!4�&v4��0G!4��_"V)D[�2�6=�;� "=O(4�G;*- =,K�'@/4�6=[��'2u@;*B V50$7)+)D[;¦_4�@/�;</4LG �6���r�y�_ =,P*+)+)-$'"#*.�/�0 �*.��"PO(4Q(6K$7*.��Nd�_ =,P*+).�
)-$'"=�/6P[�G![!�0$'��*-,� �O0$/GJ$7).6=4L$;G![%Qv4�4��J*.�!"=6=�(G!50,K4LG	*.��$F6="#*+TU,P*-$7)��(4�5(6K$7){�(4�"#9\�/6=<( u"P�% #�').@/43G;*+£�,K5!)."
"�$/ V<> �N! #50,PO%$/ f"PO(4^&(6=�;Q!)D4����'2{ #4�I;6=4�I_$'"#*.�(I�$'50G;*."=�/6=[�&0$F"="=4�6=�0 t�/6V*DIF*D�0$F"=4LG�2�6P�/� ��5!)D"V*D&!).43 #&v4L$'<!�
4�6� � �����d$'�0G�"PO(4^&v�_ = M*.Q!*+)+*D"#[]"=�y&04�6#2a�/6=��6=4 �04KY!*.@/4�6=4L$/ #�/�!*.�(I�50 M*.�(I%,K�/�(�(4L,K"V*D�;�!*B V"r�(4�"#9:�;6=<> � �  ��c
���!"=4�6=4L V"r*.�`"=O(4L #4y"=�/&!*-,� �O0$/ \6=4L,K4��!"#).[]*.�0,K6=4L$; #4LG`,K�/�0 M*-G!4�6�$'Q!).[/Nd*.�`&0$'6="V*B,K5!)-$'689x*D"POJ"=O(4y&(5(6=&0�_ V4
�'2uG!4�@/4K).�/&!*.�(IJ,K�/��&(5("�$F"#*.�/�0$7)����(G!4K)B �$'Q!).43"P��6=4�&(6=�(G!50,K43"=O(48�(4�5(6P�/Q!*.�').�/I'*-,�$7)f6=4L #5!)."� �c

� 4�@;4�6�$7){���(G!4K)- r�F2��(4�5(6=�;�0 rO0$7@/4yQ04�4��`&(6=�/&v�_ #4LGdN("=O0$F"^,�$'�J&(6P�>G!50,K4��_ =,P*+)+)-$'"=�/6P[]Q04�O0$7@/*.�/6K �c
e\O(4r M*.��&!).4L #"z�/�(4L u$'6P4u�%$'"PO(4��%$'"#*-,�$7)0$'Q0 #"=6K$/,K"#*.�/�0 t"=O0$'"f,K�/�0 M*-G!4�6z4L$/,=O��(4�5(6=�;�%$/ f$'� �'q � � �-�+k/la�;n N
9rO!*-,POg,�$'�`Q04�5(�!* �;5(4K).[gG!4L =,K6#*.Q04LGX$'"84L$/,PO`"#*.��4�Q_[1*."� 3$'��&!)h*."=50G!4/N~&(O0$/ #4/Nt$'�0G12�6=4��;5(4��0,K[`&0$'�
6�$'��4�"=4�6� ��C #4�4�2��;6u*.�0 #"K$'�0,K4 � �,��� � ���a��cfe\O(43$/G!@'$'�!"�$'I/4��'2�"=O!*- \6=4�&(6=4L V4��_"�$F"#*.�/�	*- \"=O0$'"b*D"��%$'</4L b*."
4L$/ M*.4�6r"P���%$'"=O(4��	$'"#*-,�$7)+).[J$'�0$7).[_��48"PO(48Q04�O0$7@/*.�/6K r�'2t�5!)."#*.&!).4�,K�/5(&!).4LG]�(4�5(6=�;�0 �c ���(�/"=O(4�6�,P)B$; = 
�'2r���(G!4K)- �"=O0$'"�$7)+)D�'9�"=O(4	I/4��(4�6�$'"V*D�;�g�'2r�_ P,P*h)+)-$'"#*.�/�0 ?*- yQ0$/ #4LG��/��$; = #4���Q!)+*D4L ?�'2r"C9\�J,K�/5(&!).4LG
�(4�5(6=�/�0 �2a�/6=��*.�(IX¡/� p(�/�+j�q �C,P2=c�T0I/5(6=4 � N�).4K2a"���c]e\O(4�4KY0,P*."�$'"=�;6=[`�(4�5(6=�/���A6=4L,K4K*.@/4L �*.�(&(5("�2a6=�/�
"=O(4� #4��0 #�/6LN($'�0G1O0$/ \4KY0,P*."�$'"=�/6P[�)+*.�(<> �"P��*."� #4K)+2:$/ \9\4K)+)b$; \"=��"=O(4�*.�(O!*.Q!*."=�/6=[1*.�_"=4�6P�(4�5(6=�/���`��4KY(�
,P*."�$'"=�;6=[])+*.�(<> �$'6P46P4�&(6=4L #4��!"=4LG`Q![�"PO(4����g�]$'6=6P�Z9yNd9rO(4�6=4L$/ �*.�(O!*.Q!*."=�/6=[A�;�(4L 3$'6=4�6=4�&(6P4L #4��_"P4LG
Q![��	��
Z�>��c

u v

sensory input

∆te

∆ti

u v

sensory input

}~*.I/5(6P4 � ���*+��4�6=4��_"� =,=O(4���4L r�'2uG;*.&0�').4�,K�/�(�(4L,K"#*.�/�0 �$'Q!).43"P�I;4��(4�6�$'"=48�_ P,P*h)+)-$'"#*.�/�0 �c

��O(4���"PO(4^G;*.&0�').486=4L,K4K*.@/4L \$3 V"=4L$/G![y*.�(&(5(":�F2~ V5!£�,P*.4��_"r$'��&!)+*."=50G!4/N!"=O(4^$;,K"#*.@/*."#[��'2d�(4�5(6=�/���
*.�0,K6=4L$/ #4L �N_$7)- #�y"=O0$'�(<( t"=�8"=O(4\6=4L,K5(6=6=4��!"f4KY0,P*D"K$'"#*.�/��c ���'9:4�@;4�6LN'"=O(4r$/,K"#*.@;*D"#[��'2d"=O(4��8�(4�5(6=�/�	$7)- #�
*.�0,K6=4L$/ #4L �N/5(�!"#*+)(*D"K t@Z$7).5(4\*- tO!*.I/O�4��(�/5(I/O�"=��*.�(O!*DQ!*."��3$F�0G3"P�^6=4L V4�"�*."� t&v�/"=4��!"#*-$7)�cue\O(4:$;,K"#*.@/*."#[3�'2
"=O(4���5(�!*."u9x*h)+)d"=O(4���$'I_$7*.�y*.�0,K6=4L$/ #4/N!"=O0$'�(<( t"=��"=O(4r #50 #"�$Z*D�(4LG*D�(&(5("7cue\O(4rG;*+�s4�6P4��_"#*-$7)d4��/50$F"#*.�/�0 
G!4KT0�!*.�(I`"=O(4%G![!�0$'��*-,� 8�'2\"=O(4%G;*.&0�F)D4]6P4��/5!*.6=4�"PO(4% #&04L,P*+TU,�$'"V*D�;�g�'2r #4�@/4�6�$Z)u&0$'6�$'��4�"P4�6� �Nd9rO!*-,PO
��50 #"\Q04�,�$'6=4K2a5!)h).[J,PO(�_ #4��	*.�J�;6�G!4�6\"=���/Q("�$Z*D�]"PO(43G!4L M*.6=4LG]Qv4�O0$L@;*.�/68�C,P2=c � �(� �v2a�/6\���/6=43G!4�"K$7*+)B ���c

���(�/"=O(4�6�9x$7[	"=��I/4��(4�6K$'"=48�_ =,P*+)+)-$'"=�/6P[JG![_�0$'�?*B,� x*- rQ![	*.�_"P6=�>G!50,P*.�(I]"=4���&0�/6�$Z)�G!4K)-$L[( z*.�`"=O(4
,K�/�(�(4L,K"#*.�/�0 �Qv4�"#9:4�4��`"=O(4�4KY0,P*."�$'"=�/6P[J$'�0G1*D�(O!*.Q!*."=�/6P[��(4�5(6P�/�0 y�C,P2=c\T0I/5(6=4 � Nv6#*.I/O!"���c���"�*B 8,P).4L$'6
"=O0$'"7N'9rO!*+)D4�"=O(4^$;,K"#*.@/*."#[��'2U"=O(4���5(�!*."f*.�0,K6=4L$/ #4L z"=O0$F�(<> t"=�8"PO(4\*.�(&(5("LN!"=O(4r =$'��4\*.�0,K6=4L$; #4r9\*+)+)UQv4

�



&(6=�/&0$FI_$'"=4LG�"=��"=O(485(�!*." ��$72a"=4�6^$y"#*.��4�G!4K)B$7[ ��� NS"=O(4�6=4�Q![%6=4L V4�"="#*.�(I�"=O(43$/,K"V*D@;*."#[%�'2f"=O(4 �15(�!*D"
"=�y��4�6=�0c��4K)-$L[( b*.�� #[!�0$'&("#*-,�"=6K$'�0 #��*- = M*.�/�]$'6=4�$/,K"=50$7)+).[
�;5!*."=4�&!)B$F50 M*.Q!)D4�*.�]Q!*D�F)D�;I'*-,�$7)�O0$'6�G!9r$'6=4/N
Q(5("LN0$FI_$7*.��N(,�$'6=48��50 #"\Q048"�$F</4��	*.�]"=O(43,=O(�F*B,K4y�'2{"=O(48&0$F6�$'��4�"=4�6K �N!4L #&04L,P*-$7)+).[]*.�J"PO(4w$'���/5(�_"\�'2
G!4K)-$7[/c

��&0$'6="t2a6=�/� "PO(4^,�$'&0$'Q!*+)+*."C[�"=�8I/4��(4�6�$'"P4r�_ =,P*+)+)-$'"#*.�/�0 �N;*."f*- b*.��&0�/6P"�$'�!"f"=O0$'"u$��(4�5(6=�/�0$Z)U���(G!4K)
,�$'�`Q04�50 #4LG�"=�] #[!�0,=O(6P�/�!*.��4�"=O(4�$/,K"#*.@;*D"#[��'2u��5!)D"V*D&!).4�5(�!*."� �c3e\O!*- 8��50 #"�Q04��/Q("�$Z*D�(4LG�"=O(6P�/5(I/O
$'&(&(6=�;&(6#*-$'"=4],K�/5(&!)+*D�(I! �Qv4�"C9\4�4��X5(�!*."� �cA�M"y*B y4L$/ C*D4�6�"=��G!4L =,K6V*DQv4� #�;��4%�F2^"=O(4L #4],K�/5(&!)+*.�(I_ �2a�/6
"=O(4J,�$/ V4%�'2�2��/6P�%$7)�Nu$'Q0 #"P6�$/,K"��(4�5(6=�/�H���(G!4K)- �cg}S�/6�"=O(4J =$'<;4%�'28 M*.��&!)+*B,P*."#[/Nr"PO(4�2a6=4��;5(4��0,K[g�'2
�_ =,P*+)+)-$'"=�/6K �9\*+)h)fQ04�,K�/�0 C*BG!4�6P4LGA,K�/�0 #"�$F�_"LNS9rO(4�6=4L$/ �"=O(4$F��&!)+*D"P50G!4�9\*+)+)�I/4��(4�6K$7)+)D[`Qv4G!4�&04��0G!4��!"
�/�A$?2�5(�0,K"#*.�/���'2:"=O(4y*.�(&(5("Lc��d4�"8"=O!50 ������ � �rQ04�"=O(4y*- #"�$'�!"�$'�(4��;50 �&(O0$/ #4��'2u5(�!*."����=c �  M*.��&!).4
,K�/�(�(4L,K"#*.�/�` =,PO(4���48*- �"=O(4�� jKk/n#j�q�l � j �h¢
	>  �;n ,K�/5(&!)+*.�(I0N�G!4KT0�(4LG	*.�H��� ��$/ z2a�')+)D�'9^ � �,��� � �/� ���

� � � � � �
� � �� ��� ��� � � � �P���  ��� ��� � � � �=��� ���'�

9�O(4�6=4  *- 8$	I/4��(4�6#*-,y�>G(G12a5(�0,K"#*.�/��c3�f@;4���9x*D"PO�$?)-$'6=I/4��!5(��Q04�68�'2f*."=4�6�$F"#*.�/�0 �Nd"=O!*- ����(G!4K)O0$/ 8G;*+£�,K5!)."#*.4L �*.�g #[!�0,=O(6=�;�!*D�K*.�(I�5(�!*D"K �N�4L #&v4L,P*-$7)+)D[�*h2r"=O(4�6P4?$F6=43I/6K$/G;*.4��_"� �*.�A"PO(43*.�(&(5("3 M*.I/�0$Z)�c
�§Qv4�"="=4�6J,K�/5(&!)+*.�(IW���>G!4K)3O0$/ 	Qv4�4��  #O(�'9r��"=�XQ04A"PO(4 � �/o�p>k;nCk;la�/n Nx*.� 9rO!*-,=O�$7)+)35(�!*D"K ]$'6=4
,K�/�(�(4L,K"=4LG�"=�]$	 M*.�(I').4�5(�!*."LNd9rO!*-,=O�*.�A"=5(6P�J&(6=�'@;*BG!4L �2a4�4LG!Q0$/,P<J"=��4L$/,=O`�'2u"PO(4�� "=O(6P�/5(I/OJ"PO(4K*D6
$7@/4�6�$'I;4^@'$7).5(4/�

� � � � � �
� � �� ��� � � � � �

�
�
� � ��
�����

� � � � �=�� � �!�

���'9\4�@/4�6LN\4�@/4�� *.� "=O!*- J,�$; #4/N\*+25(�!*."� 16=4L,K4K*.@/4g #"P6=�/�(I').[ G;*+��4�6=4��!"	*.�(&(5("� �N�"=O(4�[W�	$L[¥).�_ #4
,K�/O(4�6=4��0,K48$'�0G	G!4L,K�/5(&!).4�2�6P�/� 4L$/,PO��/"=O(4�6 � �,����c��r"=O(4�6z*.�_"=4�6P4L #"#*.�(I�,K�/5(&!)+*D�(I� =,PO(4���4L zO0$7@/4rQv4�4��
 #5(I/I;4L #"=4LG�*.� � �/� ��c �r�(4y�'2�"PO(4���*- �$�6=4KT0�(4���4��!"^�F2�"=O(4y&(6=4�@;*D�;50 r�/�(4/N>*D��9rO!*-,=O`"=O(485(�!*."� x2a4�4LG
"=����5!)."#*.&!)D4�,K�/��&0$'6�$'"=�;6u5(�!*."� "! � N(9�O!*B,PO	*.�J"=5(6P�]&(6=�'@/*-G!4�2a4�4LG!Q0$/,=<�2a�/6\"=O(485(&UG($'"V*D�(I	�'2{"PO(4#� �
@Z$Z)D5(4L �c:e\O!*- ����(G!4K)�Nd,�$7)+).4LG k ¡ kKpUl ��$ j&%\�hlaj7n ���_¢	,K�/5(&!)+*.�(I0Nv*- rG!4KT0�(4LG`$/ z2a�')+).�Z9� ��

� ! � � � �
� � �  �

�
� �

� �('�)�
* � � � �+'�)

� �,� * � � �=�

� � � � � �
� � �  ��� � � � � �

�
� )

�.- '�)�
* � � �.- '�)

! �,� * � � �=�+� � � �

9�O(4�6=4�� � ��� ) G!4KT0�(4�"=O(4y�_5(��Qv4�6^�'2t*.�(&(5("LNd6=4L #&v4L,K"#*.@/4K).[]2a�/6r"=O(4/! � $'�0G0� � 5(�!*."� �c�}~*.�0$7)+)D[/N$`���(G!4K)3,�$7)+)D4LG � �L�Kp(jLn#k/l ��$ j  �� p>�;�hj ,K�/5(&!)+*.�(IH*- 	G!4KT0�(4LGW"PO(6=�/5(I/OW$A,K�;�_@/�F)D5("V*D�;�W�'23"=O(4]5(�!*."� 
$/,K"#*.@;*."#*.4L r9\*."=O`$�9\4K*.I/O_"x2�5(�0,K"#*.�/�218�(���K�

� � � � � �
� � �� � � *

� * � � �4351���� �76#�=�� � �(�

�M"� ~�0$'��4z*- uG!5(4r"=��"=O(4r,PO0$'6�$/,K"=4�6V*B V"#*-,/�98g�8 #O0$'&v4^G!4KT0�!*.�(I3"=O(4r #5(&(&v�/6="f�'2d"=O(4z2�5(�0,K"#*.�/�:18���~�
��9rO(4�6P48"=O(4�*.�0G!4KY;�`,=O0$F6�$/,K"=4�6#*.��4L �$��'� � &0�_ C*D"V*D�;�d��c

��)+)0&(6=4�@;*D�;50 u,K�/5(&!)+*.�(I� =,=O(4���4L u,�$'��6=4L$/G;*+).[�Qv4\*.��&!).4���4��_"P4LG�50 M*.�(IyQ0�/"=O�"=O(4rG;*D&v�').4w$F�0G�"=O(4
G!4K)-$7[/4LG;¦>,K�/�(�(4L,K"#*.�/�����>G!4K)- �cfe\O(4\�(4L$'6P4L #"{�(4K*.I/O!Q0�;6u,K�/5(&!)+*D�(IvN'2a�/6d*.�0 #"�$'�0,K4/N!,�$'�3Qv4\�/Q("�$7*.�(4LGyQ_[





 M*.��&!).[�4L #"�$'Q!)+*- #O!*.�(I�$/ = #�(,P*-$'"#*.@/4/N'4KY0,P*."�$'"=�/6P[�)h*.�(<( zQ04�"#9\4�4��"PO(4:4KY0,P*."�$'"=�;6=[85(�!*." � � $F�0G3"PO(4:5(�!*."� 
� ��� � � � �,� � �'2r�(4K*DI;O_Qv�/6#*.�(IgG;*.&0�').4L 1�C,P2=c�T0I;5(6=4 � N�).4K2a"���c ���X4���&!*.6#*-,�$7)^G!4����_ #"=6K$'"#*.�/�A�'2�&(O0$/ #4).�>,P<;*D�(I�&(6=�/&v4�6="#*.4L 8�'2\"=O!*- 3 =,PO(4���4y*- 8I'*.@/4���*.� ��� ����c����/6=4yI').�/Q0$7):,K�/�(�(4L,K"V*D�;�� =,PO(4���4L 8,�$'�`Qv4
�/Q("�$Z*D�(4LG1Q_[J C*D��&!)D[	*.�0,K6=4L$; M*.�(I]"=O(43�!5(��Q04�6��'2�"PO(4L #4$/ P #�>,P*-$'"V*D@;43,K�/�(�(4L,K"#*.�/�0 �2a�/6r4L$/,POJG;*.&0�').4/c
���(�/"=O(4�6r4KY("=4��0 M*.�/���'2{"=O!*- �,K�/�(�(4L,K"#*.�/�� P,=O(4���43$Z)h).�'9^ \"PO(48&0�_ = C*DQ!*+)+*."#[J"=��4K*."=O(4�6� #[_�0,PO(6=�/�!*.��4y�/6
G!4L #[!�0,=O(6P�/�!*.��4^G;*.&0�').4L �c\e\O!*- ~*- uG!�/�(4\Q![3$/G(G;*.�(I34KY0,P*D"K$'"=�/6=[3,K�;�(�(4L,K"#*.�/�0 f"=�8$8,K�/�����/�8*.�(O!*.Q!*."=�/6
5(�!*." � � �(� �z�C,P2Vc�T0I/5(6P4 � Nv6#*.I/O!"���cr�M"8O0$/ �Q04�4��A #O(�'9r�`"=O0$'"LN>*h2\"=O(4� #"=6=4��(I;"=O]�'2u"=O(4�,K�/�(�(4L,K"#*.�/�0 
"=�	"=O(4 �	5(�!*."�*B �O!*.I/O�4��(�/5(I/O�Nd"=O(4y"C9\�%G;*.&v�').4L 3Qv4L,K�/��4�G!4L #[!�0,=O(6P�/�!*.��4LGdN�*�c�4/c�"=O(4K*.63,K�!4K£�,P*.4��_"
�'2u,K�/6=6=4K)-$'"V*D�;�	*B �@/4�6=[�).�'93cf�a2t*.�0 #"=4L$/G1"=O(4L #43,K�/�(�(4L,K"V*D�;�0 8$'6=4�9:4L$F<UN("PO(4��]"=O(43�(4�"#9\�/6=<�Qv4�O0$7@/4L 
$/ z*.��"=O(48&(6=4�@;*D�;50 ^,�$/ V4/N!*�c�4/cf"=O(43G;*.&0�F)D4L 8 V[_�0,PO(6=�/�!*.��4�"=O(4K*.6w$;,K"#*.@/*."#[/c

ui

vi

uj

vj

ui

vi

uj

vj

v

}~*.I/5(6=4 � �z¤u�/�(�(4L,K"#*.�/�` =,PO(4���4L ^$Z)h).�'9\*.�(I] #[_�0,PO(6=�/�!*.�L$'"V*D�;�J�'2{�! =,P*+)h)-$'"V*D�(IJG;*.&v�').4L �c

�M�J"=O(4�,�$/ V43�'2f"#9:�	G;*D&v�').4L #6 ���	9\*."=O�G!4K)-$7[��H*D�0G!50,K4LG��_ =,P*+)+)-$'"#*.�/�0 �Nt #[!�0,=O(6=�;�!*D�L$F"#*.�/�A,�$'�JQv4
�/Q("�$Z*D�(4LG?"=O(6=�/5(I/Oy4KYS,P*."�$F"=�/6=[�)h*.�(<( f�'20"PO(4:"#[!&04�� � � � � $'�0G � � � � � N'4L$/,=O��'2d9rO!*-,=O�Q04r$7��4L,K"=4LG
Q![� #�;��48"#*.��4G!4K)-$7[ ������� c

�M�g$/G(G;*."#*.�/�X"=�J$'Q0 #"P6�$/,K"��_ =,P*+)+)B$F"=�/6� y$'�0G`�_ =,P*+)+)-$'"#*.�(IgG;*.&0�F)D4L �N{�;"=O(4�63�(4�5(6=�;�0$7)u���(G!4K)B y4KY!*- #"
9rO!*-,PO�,�$'��&(6=�>G!50,K4� #[!�0,PO(6=�/�!*.�L$'"#*.�/��c �r�(4��'2�"PO(4���*- ^$�6=4KT0�(4LG]@;4�6� M*.�/�J�F2�"=O(4� M*.I/�%$7¦!&!*{5(�!*."LN
9rO!*-,POW,K�/�_@;4�6="� y"=O(4�*D�(&(5("] M*.I/�0$7)\*.�!"=�A #&!*.</4J"=6K$7*.�0 � � �McAe\O!*- �5(�!*."%O0$/ y"#9\�J"#[!&04L y�'2r*.�(&(5("� �N
&(6=�'@;*BG!4LGEQ_[ i�j�j ¡/���_¢ $'�0G � �����'�-�!¢H #[!�0$'&0 #4L �c exO(4JT06K #"%�;�(4L 	6=4�&(6=4L #4��!"]"=O(4`�%$7*.��N^ V4��0 #�/6=[;¦
G!6#*.@/4��J M*.I/�0$Z)s&0$F"=O�N!9rO(4�6=4L$/ z"=O(48 #4L,K�/�0G	�/�(4L \$/,K"r$/ \$'��&!)h*+T04�6LNv,�$'50 M*.�(I%$� #O!*+2�"x*D�]"PO(4^&(O0$/ V4^�'2
"=O(4y�/5("=&(5("8&(5!)- #4L �c �  M*.��*+)-$'6 V�').5("#*.�/�`O0$/ rQv4�4��A&(6=�/&v�_ #4LGdNd$7)."=O(�/5(I/O�*.��).4L = 8G!4�"�$7*+).4LG`9r$7[/N!*.�
� � � ��c �^�(�/"PO(4�63���(G!4K)u"=O0$'"�6=4�"�$7*.�0 �"=O(4�,�$'&0$'Q!*+)+*D"#[`"=�J #[!�0,PO(6=�/�!*.��4�"=O(4�T06V*D�(I]�F2:5(�!*."� 89x*D"PO(�/5("
6=4��;5!*.6#*.�(IJ�_ =,P*+)+)-$'"#*.�/�0 �O0$/ �Q04�4��A&(6P�/&0�_ V4LG]*.�A"P4�6=�% ��'2x M*.��&!).4��`,7¤u5!)+).�(,=O!¦
	�*."="� ��(4�5(6=�/�0 � � � ��c
�a2\"=O(4L #4��(4�5(6=�/�0 �$'6=4�,K�/�(�(4L,K"P4LG]*.�A$'�`4KY0,P*D"K$'"=�/6=[J$Z)h)+¦_"P�'¦>$7)+)t2�$/ VO!*D�;��9x*D"PO�$�I').�/Q0$7)t*.�(O!*.Q!*D"V*D�;��N
"=O(4�[H #[!�0,=O(6=�;�!*D��4�"=O(4K*.6%Q(5(6K #"� y9rO(4��(4�@/4�6]$` #5!£�,P*.4��_"	�!5(�Qv4�6��'2�*.�(&(5("� M*.I/�0$Z)B 	,K�'*.�0,P*-G!4/cW�M"
*- �*.�!"=4�6=4L #"V*D�(IX"=O0$'"7N:$/ 	$A,K�/�0 V4��/5(4��0,K4`�'28"=O!*- % V[_�0,PO(6=�/�!*.�L$'"#*.�/��N��_ =,P*+)+)-$'"#*.�/�0 �*.�W"=O(4��(4�"#9:�;6=<
$/,K"#*.@;*."C[	"=4��0G1"=��4���4�6=I/4� #&0�/�!"�$'�(4��;50 M).[/c

exO(4r���(G!4K)B zG!4L =,K6#*.Q04LG]$FQ0�'@/4\2a�>,K50 b�/��"=O(4�&0�_ = C*DQ!*+)+*."#[%"=�8�;Q("�$7*.�% #[!�0,=O(6P�/�!*.�L$'"#*.�/�	�/6uG!4L #[!�(�
,PO(6=�/�!*.�L$'"#*.�/�`$/ \$�,K�/�0 #4��;5(4��0,K43�'2f"=O(48�(4�"#9\�/6=<�"P�/&0�').�/I;[%$'�0G]�F2{"=O(4�*.�(&(5("w C*DI;�0$7)�c � �/��489:�;6=<
O0$/ �$7)- #�]Q04�4��XG!�/�(4�6=4L,K4��_"V)D[�"=�] #O(�'9 O(�'9�"=O(4L #4���4L,PO0$'�!*- #�% 8,�$'�`Q04�50 #4LG�"=�] #�').@/4�&(6�$;,K"#*-,�$7)
&(6=�/Q!).4��% �c �r�(48�'2�"=O(4�� *- u"PO(4^&(6=�;Q!)D4�� �'2�"=4KY>"P5(6=4w V4�I/6=4�I_$'"V*D�;��N'2a�/6u9rO!*-,POJ$'�]$'6�,PO!*D"P4L,K"=5(6=4�O0$/ 
Q04�4��`&(6=�;&0�_ #4LGdN>*D��9rO!*-,=O`"=O(4�*.�(&(5("�*.�%$'I;4�*B xT06� #"�,K�/�_@;�').@/4LG]9\*."=O`$�Q0$'�(<	�'2��w$'Qv�/6\T()."=4�6� � ���
�a*.�]$3 M*.��*+)-$'6\9r$L[y"=� � �  �a��c{exO(4^6=4L V&0�/�0 #4L z�'2d"=O(48,K�/�_@;�').5("#*.�/��9\*."=O	"=O(4L #4�T()."=4�6� u,�$F�%Qv4^50 #4LG�$/ 
"=O(4�$'��&!)+*."=50G!4�@Z$Z)D5(4L �2a�/6^$	,K�/6=6P4L #&0�/�0G;*.�(I]Q0$'�(<]�F2��_ P,P*h)+)-$'"=�;6� �c^exO(4&(O0$; #4L r�F2�"=O(4y�_ =,P*+)+)-$'"=�/6� 
*.�_"P4�6�$/,K"\Q_[	��4L$'�0 z�'2f,K�/�(�(4L,K"#*.�/�0 �Q04�"#9\4�4��%4L$/,PO]5(�!*."^$'�0G] #�;��4^�(4K*.I/O!Q0�;6#*.�(I%5(�!*."� \9x*D"PO!*D��"=O(4

�,�



 =$'��4r�%$'&�cfe\O!*- t*- z"=O!50 u M*.��*+)-$'6\"=�y"=O(4^$/G($'&("V*D@;4\T()."=4�6#*.�(I�,K�/5(&!)+*D�(I	 =,=O(4���4wG!4L =,K6V*DQv4LG	Q_[�4��;50$'�
"#*.�/� � c �r�'9\4�@/4�6LNS"=O(4� #"=6=4��(I/"PO]�'2u"=O(4,K�;�(�(4L,K"#*.�/�0 8$'6=4y&(6=�/&0�;6="#*.�/�0$7){"P�%"=O(4�G;*- #"�$'�0,K4�Q04�"#9\4�4��
"=O(48,K4K)+)B �NU$/ b9\4K)h){$/ z"=�y"=O(4K*.6^$'��&!)+*."=50G!4/c\e\O(6=�/5(I;O%"=O!*- \,K�/5(&!)+*.�(I%6P5!)D4/NS"=O(4w$F6=6�$7[> b�'2��_ =,P*+)+)-$'"=�/6� 
,�$'�AQv4%$'Q!).4�"=�J V4�&0$'6�$'"=4�"#9\�%6P4�I'*.�/�0 ��'2^G;*+�s4�6P4��_"8"=4KY("=5(6=4L �c��r�'9\4�@/4�6LNv"=O(4�6=4�*- ��(�	*D�!"=4�6#¦!�%$'&
,K�/5(&!)+*.�(IgQv4�"#9:4�4��H"PO(4]�_ =,P*+)+)B$F"=�/6� �cX}(�/6�"=O!*- �6P4L$/ #�/��Nf�;�!)D[H #�/��4%�'2�"=O(4%�! =,P*+)h)-$'"P�/6�$F6=6�$7[> y,�$'�
4K��4L,K"#*.@/4K).[%G;*- =,K6#*.��*.�0$'"=48"PO(4r"#9:�86P4�I'*.�/�0 �N($'�0G��(��2�4L$'"P5(6=4rQ!*.�0G;*.�(I�¦?$/ zG!4KT0�(4LG�*.�� #4L,K"V*D�;���x¦8*B 
$/,K"=50$Z)h).[]&v4�6#2��;6=��4LGdc\�tY0$'��&!).4L r�F2��(4�"#9\�/6=<( z9rO!*-,=OAG!�%,K�/�!"�$7*.��"=O!*- r<;*.�0G]�'2t)-$'"=4�6�$7)~*D�!"=4�6#¦!�%$'&
,K�/�(�(4L,K"#*.�/�0 �,�$'��Q04�2a�/5(�0G	*.� � ����� � � ��c

���(�/"=O(4�6�*.�!"=4�6=4L #"V*D�(I`$'&(&!)+*-,�$'"#*.�/�0 y�'2^,K�/5(&!).4LGA�! =,P*+)h)-$'"P�/6� �*- w*D��T0I/5(6=4K¦_I/6P�/5(�0GA #4�I/6P4�I_$'"#*.�/��c
e\O(4]$'6�,PO!*."=4L,K"=5(6=4�&(6P�/&0�_ V4LG`*.� � �(� �:,K�/�0 C*B V"� y�'2r�5!)."#*.&!).4 �'� ��$F6=6�$7[> ������� � �'2r�_ =,P*+)+)B$F"=�/6� �Nt4L$/,PO@Z$Z)D5(4]�F2��A6P4�&(6=4L #4��!"#*.�(Ig$`G;*h��4�6=4��!"y2�4L$F"=5(6=4/c � *."=O!*.�H4L$/,=OX�%$'&	�dNu$7)+)r�_ =,P*+)+)-$'"=�/6K $F6=4�)+*.�(</4LG
9\*."=OA4L$;,=O`�/"=O(4�68"PO(6=�/5(I/O`4KY0,P*D"K$'"=�/6=[J,K�;�(�(4L,K"#*.�/�0 �c%exO!*B 8$Z)B V�JO(�')-G( �2a�/68$7)+)u5(�!*."� 3$'"8"PO(4? P$'��4
).�>,�$F"#*.�/��
.���*.�WG;*h��4�6=4��!"��%$F&0 �cge\O(4L V4]4KYS,P*."�$'"P�/6=[g,K�/�(�(4L,K"V*D�;�0 %$'6P4%Q0$7)-$'�0,K4LG¥Q_[�*D�(O!*.Q!*."=�/6P[
�/�(4L �Nz M*.��*+)B$F6#).[H"=�J"=O(4J,K�;��&0$'6�$'"P�/68���(G!4K)�G!4L P,K6#*.Q04LGHQ![X4��0c�(c`e��`"=O!*- y4��0GdNz"=O(6=4�4	"C[!&04L y�'2
�KI').�/Q0$Z)B��*.�(O!*.Q!*."=�/6=[�5(�!*D"K 3$'6=4�50 #4LGdN~9\*."=Og,K�/�(�(4L,K"V*D�;�0 �2a6=�/�]|L"P�0�r$7)+):5(�!*."� �9\*."=O!*.�A4L$/,PO�&!)-$'�(4/N
$7)+)�5(�!*."� ^$F":"PO(4w =$F��4^&v�_ M*."#*.�/��Nd$'�0G	$7)+){5(�!*."� z*.�]"=O(489rO(�').48�(4�"#9\�/6=<dcfe\O!*- \�(4�"#9:�;6=<�9x$; u"P4L #"=4LG
�/�]$'�	*.�%$'I/48,K�/�!"�$7*.�!*.�(I%"#9\� �/50$'6P4L u�;��$�5(�!*+2a�/6=��Q0$/,P<_I;6=�/5(�0Gdc��2�"P4�6x$y"=6K$'�0 M*.4��_"\&v4�6#*.�>GdNd$7)+)
�_ =,P*+)+)-$'"=�/6K uQv4K).�/�(I'*.�(I�"=�y"=O(4^ =$'��4r�/Q(R#4L,K":$'&(&v4L$'6\"=� V[_�0,PO(6=�/�!*.��4�9\*."=O%4L$;,=O��;"=O(4�6LN_$F�0G�"=�y</4�4�&
$�,K�/�0 V"�$'�!":&(O0$; #48)-$'I�9x*D"PO]6=4L #&04L,K"�"=��"PO(�_ #48Q04K).�/�(IF*D�(I	"=��"PO(48�/"=O(4�6r�/QSRC4L,K"Lc

����$F6=6�$7[%�F2��_ P,P*h)+)-$'"=�;6� �O0$/ r$7)- #�	Q04�4��A$'&(&!)+*.4LG`"=�	"=O(4y6=4L,K�/I/�!*."#*.�/�`$'�0G`,K�/��&!).4�"#*.�/�`�'2f&0$'"=�
"=4�6=�0 �cH��"�*- �9\4K)h)�<_�(�'9r�H"=O0$F"LNfQ![g50 M*.�(IH$ ��4�Q(Q!*B$F� 6P5!)D4�"=�AG!4KT0�(4A,K�/�(�(4L,K"#*.�/�  V"=6=4��(I/"=O0 �Nu$
�(4�"#9\�/6=<�,�$F�gQv4%50 #4LG�"=�` #"=�/6=4	$'�0GA6P4L,K�/I/�!*.��4%&0$F"="=4�6=�0 y$/ 3$'�H$/ = V�>,P*-$'"#*.@/4���4����/6=[/c1���H$/G(G;*.�
"#*.�/��NS*+2u"=O(435(�!*."� 8$'6P48�_ =,P*+)+)B$F"=�/6� �NS*."8O0$/ \Qv4�4��� VO(�Z9��J"=O0$'"x*D"�*- �&0�_ P M*.Q!)D4�"=��6=4L,K�/I/�!*.��4���5!)D"V*D&!).4
&0$'"="P4�6=�0 �N/4�@;4���*+2{"=O(4�[	$'6=4r&(6=4L V4��_"=4LG	 M*.��5!)."�$'�(4��/50 M).[ ��� ����ct���	"=O!*- \,�$/ #4/N!"=O(4^$; = #4���Q!)+*D4L x�'2��(4�5(�
6=�/�0 �6P4�&(6=4L #4��!"#*.�(I�$] C*D�(IF)D4	&0$'"="P4�6=�`�_ =,P*+)+)B$F"=4�*.�g$1&(O0$/ #4K¦/).�(,=<;4LG`9r$L[/N�$F�0G`"=O(�_ #4�6=4�&(6P4L #4��_"V*D�(I
G;*+��4�6=4��_"�&0$'"="P4�6=�0 zO0$L@;43G;*h��4�6=4��!"�&(O0$/ #4L �N0$Z)h).�'9\*.�(I	"=O(48�(4�"#9:�;6=<�"=�% V4�&0$'6�$'"=48"PO(4L #48&0$'"="=4�6P�0 z*.�
"#*.��4/c

}~*.�0$7)+).[/N/�! =,P*+)h)-$'"P�/6=[3�(4�5(6P�/�0$7)0���(G!4K)- tO0$L@;4:$7)- #�8Qv4�4��% #"=50G;*.4LG�*.�%,K�/�'R#5(�0,K"#*.�/��9\*."=O�$'"="=4��!"#*.�/�
��4L,PO0$'�!*- #�% � � � � � � � �Mcf����"=O(4�T06� #"r�F2�"=O(4L V43 #"=50G;*.4L �Nv"=O(48T06#*.�(I�6K$'"=48�'2����(4�5(6=�/�0 x*B ����(G!4K).4LG
9\*."=O]$'��*D�(O(�;���/I/4��(4��/50 	t�'*- = #�/�	&(6=�(,K4L = �N!9\*."=OJ$� M*.�_50 V�'*-G($7)���4L$'�	T06#*.�(I�6�$'"=4/cfe\O(43$F��&!)+*D"P50G!4
�'2\"=O(4% M*.�!50 #�'*-G($7)u2a5(�0,K"#*.�/��*- 3$/ = V5(��4LG`"=�]Qv4%G!4�"=4�6=��*.�(4LG�Q_[A$	��4L$; #5(6=4��'2z*.�_"=4�6P4L #"3&(6=�'@;*-G!4LG
Q![� #�;��4^4KY("=4�6=�0$Z)~ P$7)+*D4��0,K[]�	$'&�ct���J"PO(4w #4L,K�;�0G	�'2�"PO(4L #4w V"=50G;*.4L r"=O(43 P$7)+*D4��0,K[]�	$'&�*- \�(�;":50 V4LG
$/ z$G;*.6=4L,K"r M*.�!50 #�'*-G($7)����(G!5!)-$'"#*.�/��N!*.�	�/6�G!4�6u�(�;":"P�$7��4L,K"u"PO(4r��4L$'��T06#*.�(I�6�$'"=4r�F2s"PO(4^�(4�5(6=�;�0 �N
9rO!*-,PO� #O(�;5!)BG�6�$'"PO(4�68Q04%G!4�"=4�6P��*.�(4LGX�/�!).[�Q![`"=O(4% #4��0 V�/6=[]*.�(&(5("Lc	�M�0 #"=4L$/GdNt"=O(4% P$7)+*D4��0,K[��%$'&
&(6=�'@;*BG!4L 8$] C*DI;�0$7)u"=O0$'"�2��;6�,K4L 8 #[!�0,=O(6=�;�!*D�L$F"#*.�/�`*.�A"=O(4� #4K).4L,K"=4LGA$F6=4L$(c3e\O!*- �*- 3G!�;�(4Q![�$;G(G;*D�(I
$�"=4�6P� "=��"=O(43��4L$F�	T06#*.�(I]6�$'"=48�'2u$'"="P4��0G!4LG]5(�!*."� �9rO!*-,=O�*.�0 #"�$'�!"�$'�(4��;50 M).[	*D�0,K6P4L$/ #4L �"=�%$?O!*DI;O
@Z$Z)D5(4/N\$'�0G�"=O(4��HG!6=�/&0 �2��;6$	).�/�(I;4�6&v4�6#*.�>G¥�'2r"#*.��4/c � *D�0,K4]"PO(4�*.�!"=4�I/6�$7)\�'2^"=O!*- y���(G!5!)-$'"=�/6=[
2a5(�0,K"#*.�/�W�'@/4�6%$�9rO(�').4J&v4�6#*.�>G¥*- J�;Nu"=O(4]��4L$'�HT06#*.�(IX6�$'"=4�*- ��(�;"%$7��4L,K"=4LGdc ���W"PO!*B ?9x$7[/N\$7)+)
$'"="P4��0G!4LG	5(�!*D"K zT06=48 #[_�0,PO(6=�/�(�;50 M).[/N0$'�0G	"=O(4��]4��!"=4�6r$y6=4K2�6K$/,K"=�/6=[�&v4�6#*.�>G19rO!*-,=O]&(6=4L,K4LG!4L �$y�(4�9
 #4�6#*.4L ��'2fQ(5(6� #"� �c

� � � t����
����� {��� ���~�^�]���d�:� �7�	
�� ��� �����

����"=O(4\&(6=4�@;*.�/50 u V4L,K"#*.�/�0 �N'@;*B V50$7)U$'"="=4��!"#*.�/��$'�0Gy�(4�5(6=�/�0$7)U #[!�0,PO(6=�/�!*- #� O0$7@/4\Q04�4��y*.�_"P6=�>G!50,K4LG�$/ 
&0�! = M*.Q!).4r��4L,PO0$'�!*- #�% ~2a�/6{"PO(4: #�').5("#*.�/���'2U V4�@/4�6�$7)_&(6P�/Q!).4��% ~*.�@;*- M*.�/��N'*.�0,P).50G;*.�(Iy2�4L$'"P5(6=4uQ!*.�0G;*.�(I0N

�/�



2a4L$'"=5(6=4K¦_I;6=�/5(�0GA$'�0G�"=4KY>"P5(6=4% #4�I/6P4�I_$'"#*.�/��c����X"=O!*-  V4L,K"#*.�/�g9\4�Q(6#*.4 �0[H #5(���%$'6V*D��4	 #�/��4�*-G!4L$/ 
�/�HO(�'9�"=O(4L V4]"C9\�`��4L,PO0$'�!*- #�% 	,K�/5!)-GHQv4�,K�/��Q!*.�(4LG¥*D�!"=�g$�,K�/��&!).4�"=4J@;*- M*.�/�  V[> #"P4��JNu9�O(�_ #4
 #"=6P50,K"=5(6=4	).�_�! #4K).[H6=4L #4���Q!).4L �"=O(4]�;�(4]�'2w"PO(4]O_5(�%$F�H@/*- #50$7)8 #[> V"=4��JcH}~*.I/5(6=4  G!4L =,K6V*DQv4L 	"=O(4
�'@/4�6�$7)+){$'6�,PO!*."=4L,K"=5(6=4/c

input
image

feature
maps

recognition

feature
conjunctions

saliency
map

conspicuity
maps

}~*.I/5(6=4  � �r@/4�6=@;*.4�9 �'2t"=O(43&(6=�;&0�_ #4LG�2a6�$'��4�9:�;6=<Uc

exO(4u*.�(&(5("z*.�%$'I/4z*- u$; = #5(��4LGy"=�8Qv4^ M*.��&!).[%$8 #"�$F"#*-,: V"=�/6�$'I;4/NL&(6=�'@;*-G;*D�(I�"=O(4r #4��0 V�/6=[8*.�(&(5("\"=�
"=O(4� #"�$'I/4y6=4�&(6=4L #4��!"=4LG�Q![]"=O(4 i�jKk/lam!nCj�ok�p0q c^exO(4L #4�$'6=43Q0$; M*-,�$7)+)D[`"=O(4� =$F��43�%$F&0 \*.�!"=6=�(G!50,K4LG
*.�A"=O(4�&(6P4�@/*.�/50 y$'6�,PO!*D"P4L,K"=5(6=4]�C,P2=cyT0I/5(6=4	�(��c �r�'9\4�@/4�6LNd"=O(4�"=6K$'�0 M2a4�68�'2u*.�!2a�/6=�%$'"V*D�;�`2�6P�/��"=O(4
2a4L$'"=5(6=4r�	$'&0 t"=�3"PO(4r�/"=O(4�6u #"K$'I/4L t�'2�"=O(4^ V[> #"P4���*B z�(�/"uG!�;�(4\*.��$'�?*D�0 V"�$'�!"�$'�(4��/50 �N! #[!�0,=O(6=�;�(�/50 
9r$7[/c ���0 V"=4L$/GdNr"PO(4J6=4K).4L$/ #4`�'28*.�!2a�/6=�%$F"#*.�/��"=�'9x$F6�G( �"=O(4`,K�/�0 #&!*-,K5!*."C[��%$F&0 %$'�0G "=O(412�4L$F"=5(6=4
,K�/�'R#5(�0,K"#*.�/�X���>G!5!).4�*- G!�;�(4%,K�/�!"#*.�_5(�/50 C)D[/Nb4L$/,=O��(4�5(6=�/��T06#*.�(IJ9\*."=OH$	)-$'"=4��0,K[A,PO0$'6�$/,K"P4�6#*.��4LG
Q![�*."� ��'9r��).�(,�$7)t2�4L$'"P5(6=4r*.�!"=4��0 M*."#[/c

exO(4]&0$'"=O!9x$7[X6=4L$/,PO!*.�(Ig"=O(4 � � � qMp � � m � l � o�kKp0q *B �&0$'6="��'2$�2a4�4LG!Q0$/,=<X).�!�/&W"PO0$'"�O0$/ �"=O(4
I/�_$Z)x�F2^���(G;*h2a[;*D�(IX"=O(4]"=4���&0�/6�$Z)x&(6P�/&04�6="V*D4L ?�'2w"PO(4]�(4�5(6=�/�0 y*.�W"PO(4	2�4L$'"P5(6=4%�	$'&0 �c �r4�5(6P�/�0 
�'2u"=O(4�,K�/�0 V&!*B,K5!*."#[`�%$'&0 �,K�/��&(5("=4�$���4L$/ #5(6P4�F2f*D�!"=4�6=4L V"^"=O(6P�/5(I/OA,K4��_"P4�6#¦> #5(6=6P�/5(�0G]6=4L,K4�&("V*D@;4
T04K)-G( �Nv9rO!*-,=O`4��(O0$'�0,K4y6=4�I'*.�/�0 �,K�/�_"K$7*.�!*D�(I]G;*+��4�6=4��_"�2a4L$'"=5(6=48@'$7).5(4L \2a6=�/��"PO(486=4L #"r�'2f"=O(4�*D�	$'I/4
�C,P2=c: V4L,K"#*.�/���(cB�'��c � *.�0,K4�G;*+�s4�6P4��_"^,K�;�0 #&!*-,K5!*D"#[��%$'&0 �6=4�&(6=4L #4��!"^G;*+��4�6=4��_"�*.�_"P4�6=4L #"���4L$/ #5(6=4L �N0$'�
*.�_"P4�I/6�$'"#*.�/��&(6=�>,K4L P t*- f6=4��;5!*.6=4LGdN;*.�%�/6KG!4�6u"=�8�/Q("K$7*.��"=O(4 q�k/� � j � ��� ok�p N'*�c�4/cz$8 M*.�(I').48Q!*D�0$F6=[��%$'&
*-G!4��_"V*h2a[;*D�(I�"=O(48���_ V"\*.�_"=4�6P4L #"#*.�(I]6=4�I'*.�/���'2�"PO(48*.�%$'I/4/crexO(43���_ V"\)+*D<;4K)D[`Q!*.�').�/I'*-,�$7)u,�$'�0G;*-G($'"=4L 
2a�/6r"=O(4L #43 V"�$'I/4L \$'6=48"PO(43 #5(&04�6#*.�/63,K�F)h)+*-,K5!).50 3$'�0G	"PO(48&(5!)D@;*.�0$'6Lc

exO(4? P$7)+*D4��0,K[`�%$F&�Nd6=4�&(6=4L #4��!"#*.�(I]"=O(4�6=4L #5!)."8�'2\"=O(4�$'"="=4��!"#*.�/�� V[> #"P4��JN(*- �50 #4LG�"=��,P).�_ V4�"=O(4
2a4�4LG!Q0$/,=<�).�_�/&�9\*."=Oy"=O(4z2�4L$F"=5(6=4u�	$'&0 �c{exO!*B ~*- fG!�/�(4\"=O(6P�/5(I/O3"P�/&0�/I;6�$'&(O!*-,u,K�/�(�(4L,K"V*D�;�0 fQ04�"#9\4�4��
4L$/,POJ�(4�5(6=�;�J�'2u"=O(4� =$7)+*.4��0,K[J�%$F&�$'�0G�$7)+)��(4�5(6=�;�0 r�'2u"PO(482a4L$'"=5(6=48�%$F&0 ^$'"�"=O(4,K�/6P6=4L #&0�;�0G;*D�(I
).�>,�$F"#*.�/�0 �cWe\O(4]6P�').4]�'2^"=O(4L #4`,K�/�(�(4L,K"#*.�/�0 y*- �"=�`���(G;*h2a[H"=O(4	"=4���&v�/6�$7)\T06#*.�(IX&0$'"="=4�6=�X�'28"=O(4
2a4L$'"=5(6=4]�%$F&0 �c �r�(4J�;�(4]O0$'�0GdNu"PO(4J�(4�5(6=�/�0 ?Q04K).�/�(I'*.�(IH"=�A"PO(4J #4K).4L,K"=4LG�$'6=4L$�9\*+)+)wQv4]2a�/6�,K4LG
"=�J #[!�0,PO(6=�/�!*.��4�"=O(6=�;5(I/O(�/5("3$7)+)f2a4L$'"=5(6=4��	$'&0 �c	�r�A"=O(4��/"=O(4�68O0$'�0GdN~"=O(4�T06#*.�(I�&0$'"="=4�6=�`�'2\"=O(4
6=4��%$Z*D�!*.�(I`�(4�5(6=�/�0 ��%$7[JQv4�2��;6�,K4LG�"=�]Q04	4�@/4��A���;6=4�G!4L,K�/6=6=4K)-$'"=4LGdc�exO(4�"=4���&v�/6�$7):,K�/O(4�6P4��0,K4

���



�'2u"=O(4�$/ = #4���Q!)+*.4L 8,=O0$F6�$/,K"=4�6#*.�K*.�(I]"=O(4�$'"="=4��0G!4LG1�/Q(R#4L,K"� r9x*h)+)u"=O!50 r,K�/�!"#*.�!5(�/50 M).[]*.�0,K6=4L$/ V49�O!*h).4
"=O(4	2a4�4LG!Q0$/,P<X)D�!�/&¥*B ?*."=4�6�$'"P4LGdcW�M"% #O(�/5!)-GHQv4J�(�/"P4LGH"=O0$'"7Nf9rO!*+).4�"PO(4� =$7)+*.4��0,K[W�	$'&X*- �Qv4K*D�(I
,K�/��&(5("P4LG`2a�/6�"=O(4] #4K).4L,K"#*.�/�H�'2^�/�(4	�/Q(R#4L,K"LNt"=O(4�2�4L$F"=5(6=4	�%$'&0 y</4�4�&XI/4��(4�6�$'"#*.�(IA #&!*.</4L �cAexO!*B 
�(4�9�*.�!2��;6=�%$'"#*.�/���%$7[]"=O!50 rQv450 V4K2�5!)f"=�] #4K).4L,K"3$��(4�93NdG;*+��4�6=4��_"8�;Q(RC4L,K"7c � �0Nv"=O(4G![!�0$'��*-,� ��'2
"=O(4y9rO(�').43�(4�"#9\�/6=<	4�@/�').@/4L �$/,�,K�/6�G;*.�(I	"=��"#9\���%$7*.��"#*.��4 =,�$Z)D4L �c �r�(43*- �"=O(43"V*D��4 =,�$7).4��'2f"=O(4
2a4�4LG!Q0$/,=<1).�_�/&W�P2a4L$'"=5(6P4�	$'&0 � ,K�/�0 V&!*B,K5!*."#[`�%$'&0 �  =$7)+*.4��0,K[`�%$'& � 2�4L$F"=5(6=43�	$'& �  5 5 �
9rO!*-,POW$7)+)D�'9^ ?"=�A #[_�0,PO(6=�/�!*.��4��(4�5(6=�/�0 �Qv4K)D�;�(I'*.�(Ig"=�A$'�H$'"="P4��0G!4LGX�/Q(R#4L,K" � cgexO(4]�/"=O(4�6��/�(4
*.�_@;�').@/4L �$J,K4�6="�$Z*D�X�!5(�Qv4�6��'2x,K�/�0 V4L,K5("#*.@/4	2�4�4LG!Q0$;,=<`).�!�/&0 �Nt9rO!*-,PO�$7)+).�'9��/"=O(4�63�;Q(RC4L,K"K 8"=�]Qv4
 #4K).4L,K"=4LG1*.�g$� #4��;5(4��!"#*-$7)u9r$L[/NSQ04K2a�/6=4�"=O(43�(4�5(6P�/�0 ��'2f�/Q(R#4L,K" � T06=4�$'I!$7*.�� #[!�0,=O(6P�/�(�/50 M).[/c8e\O(4
"#*.��4% P,�$7).4��'2:"PO(4�)-$'"="=4�68&(6=�(,K4L = ��%$7[]Q04�"=O(�;5(I/O_"8�F2x$/ �"=O(4�&04�6#*.�(GA�'2r$'�`�_ =,P*+)+)-$'"=�/6=[`&0$'"P"=4�6=�
 M*.��*+)-$'6�"=��"=O(�_ V48�/Q0 #4�6=@/4LG�*.��"=O(48Q!*.�').�/I'*-,�$7)u #[> V"=4��% ��C,P2=cu #4L,K"V*D�;� � c.�'��c

exO(4"#9\��T0�0$7)u&(6P�>,K4L = C*D�(I` #"�$'I;4L ^$'6P43"=O(4 i�j�k/lam!n#j � � ��� m � � l � � �A$F�0GJ"PO(4 n#j � � ¢/�v� l � � ��)-$7[/4�6� �c
e\O(4L #4`"#9\��,K�;��&0�/�(4��!"� ]$'6P4���4L$'�_"	"=�X&04�6#2a�/6=�  C*D�?*h)-$'612�5(�0,K"V*D�;�0 ]"=�X"=O(�_ #4`�'2�@/*- #50$Z)$'6=4L$/ 
� �g$'�0GH�#e8Nf6=4L V&04L,K"#*.@/4K).[/c e\O(41T06� #"��/�(4	*- 	$/ = #5(��4LGH"=�AQv4�,K�/��&0�_ #4LGX�F2w�(4�5(6=�;�0 �"=O0$F"%,�$'�
G![!�0$'��*-,�$7)+).[g���(G;*+2�[A #[!�0$'&("#*-,	 #"=6=4��(I;"=O0 �*.�g"=O(4K*.6y*.�(&(5("�,K�/�(�(4L,K"#*.�/�0 �2�6P�/��"=O(4�2a4L$'"=5(6=4��%$'&0 �N
*+23O!*.I/O!).[W #[_�0,PO(6=�/�(�;50 % M*.I/�0$Z)B 	$'6=4]6P4L,K4K*D@;4LGX2a�/6%$�).�/�(IA"V*D��4/cW�M�W"=O!*- �9r$7[A�(4�9�,K�/�'RC5(�0,K"V*D@;4
6=4�&(6=4L V4��_"�$F"#*.�/�0 ��	$L[XQ041).4L$'6=�!"LNz*+23"=O(4� =$F��4]*.�(&(5("]&0$'"="P4�6=�X*- �6=4�&v4L$'"=4LG;).[W&(6P4L #4��_"P4LGW"P�A"=O(4
 #[( #"=4��Jcte\O(4\T0�0$7)(���(G!5!).4^&v4�6#2��;6=�% ~�/Q(R#4L,K"f6=4L,K�/I/�!*."#*.�/��N;Q_[y�%$'"�,PO!*.�(I8"=O!*- ~2�4L$'"P5(6=4z*D�!2a�/6=�	$'"#*.�/�
"=�%$y�!5(��Q04�6��'2b V"=�/6=4LG����(G!4K)B �NU$'�0G1Q_[	"�$'<;*.�(I%$yT0�0$7)f,P)B$; = M*+TU,�$'"#*.�/�`G!4L,P*B C*D�;��c

exO(4^�(4KY("r #4L,K"#*.�/�0 \G!4L =,K6#*.Q04�*.�]���/6=48G!4�"�$7*+)- \"=O(4�&0�_ P M*.Q!)D4�*.��&!).4���4��_"K$'"#*.�/�]�'2{ #�/��4^�'2t"=O(4L #4
,K�/��&v�/�(4��!"� �Nz*.�W&0$'6P"#*-,K5!)B$F6]"=O(4]2a4L$'"=5(6=4J$F�0GW,K�/�0 #&!*-,K5!*."#[��%$'&0 �Nz"=O(4� P$7)+*D4��0,K[ �%$'&�Nr$'�0G¥"=O(4
2a4�4LG!Q0$/,=<	).�!�/&�c

� ������
� �����
 
��A� �y�����

�8 r #5(I/I/4L V"=4LG�*.�� V4L,K"#*.�/� � c �(N!"=O(4�6P4$'6=48�	$'�_[],PO(�'*-,K4L \*.��G!4L C*DI;�J�'2u$��(4�5(6=�/�0$Z){���(G!4K)�$7)+).�Z9x*D�(I
 #[!�0,=O(6P�/�!*.�L$'"#*.�/��c �r�	�/�(4r4KY("=6=4���4/N;"=O(4^,PO(�'*-,K4^�F2s$'Q0 #"P6�$/,K"f�_ =,P*+)+)-$'"=�/6K u�	$'</4L t"=O(4K*.6\50 #4^ M*.��&!).4�6LN
�/�	"=O(48�/"=O(4�6\O0$'�0GdNS���/6=48G!4�"�$7*+).4LG]���(G!4K)- �N0 #50,POJ$/ z"=O(4����>G!I;</*.�!¦ ��5!Y_).4�[]�/�(4/N!9\�/5!)-G	Q048���/6=4
&!)-$'50 M*.Q!).4/N�$'�0G]�	$L[��'��4�6r6#*-,=O(4�6�Q04�O0$7@/*.�/6K 8�C V4�4�2��/6x*D�0 V"�$'�0,K4 � � � �a��c

���(G!4K)- % #50,POW$/ �"PO(4J�_ =,P*+)+)-$'"#*.�(IWG;*.&0�').4A$'6=4J V�/��4�9rO0$'"?*D� Q04�"#9\4�4���Nr,K�/��Q!*.�!*D�(IH$X,K4�6="�$7*.�
).4�@/4K)r�'2^G!4�"�$7*+)r9\*."=OH #�/��4�*.�!"=5!*."#*.@/4]5(�0G!4�6� #"K$'�0G;*.�(IA�'2r"=O(4K*.6�G![_�0$'�?*B,� �c����'9:4�@;4�6LN�"=O(4],PO(�'*-,K4
�'2:G;*.&0�F)D4L �*- ��(�/"��;50$7)+*."�$'"#*.@/4K).[AG;*+�s4�6P4��_"�2a6=�/��$'Q0 #"=6K$/,K"^�! =,P*+)h)-$'"P�/6� �Nt M*.�0,K4�*."�*B ��(�;"8�(4L,K4L = =$'6#*+).[
���/6P4:&!)-$'50 C*DQ!).4�2a6=�/� "=O(4�Q!*D�F)D�;I'*-,�$7)U&v�'*.�_"z�'2U@;*.4�93cu}(5(6P"=O(4�6=���/6P4/N7*D"b*.��&!)+*D4L x"=O0$'"u$7)+)05(�!*."� b*.�%$7)+)
�%$'&0 �9\*+)+):$/,K"8$/ r�! =,P*+)h)-$'"P�/6� �Nd9\*."=O`$�6P4�I/5!)-$'68&04�6#*.�(G;*-,�$/,K"#*.@;*D"#[/c8e\O!*- ��%$7[]�(�/"�Q04�$��(4L,K4L = =$'6=[
,K�/�0G;*."#*.�/��c ���H2�$/,K"LN\&v4�6#*.�>G;*-,`�! =,P*+)h)-$'"V*D�;�0 	�%$7[gQv4J50 #4K2a5!)w"P�g,K�/�0 #"=6K$7*.�  #[!�0,=O(6P�/�!*- #� 2��;6�"=O(4
5(�!*."� \Qv4K)D�;�(I'*.�(I]"=��"=O(43$'"="=4��0G!4LG]$F6=4L$/ �N!Q(5("\*."r�%$7[�*.�0 #"P4L$/G	Q04�$'&(&(6=�/&(6#*-$'"P48"=��O0$L@;4w$'&v4�6#*.�>G;*-,
Q04�O0$7@;*.�/6� �*.�H"=O(4��(4�5(6=�/�0 y"=O0$F"3Q04K).�/�(I�"=�J"=O(4	Q0$/,P<_I;6=�/5(�0GdNf M*.�0,K4]"=O!*- y�%$7[�O(4K).&WG!4L,K�/6P6=4K)-$'"=4
"=O(4K*.68$/,K"#*.@/*."#[/c

}S�/68"=O(4L #4	6=4L$/ V�/�0 �Nt9\4�&(6=�/&v�_ #4]$]�(4�5(6=�/�0$Z):���(G!4K)r"=O0$'"8*- � #"=6P50,K"=5(6�$7)+).[g M*.��&!).4�6�"=O0$'�X"=O(4
G;*.&0�').4/NdQ(5("�9rO!*-,=O��%$7[�$Z)B V�%�'��4�6r6V*B,PO(4�6�Q04�O0$7@/*.�/6K �c:exO(43���(G!4K)bG!4L P,K6#*.Q04L 8$��(4�5(6=�;�JQ![]6=4�&(6=4��
 #4��!"#*.�(I	*."� �T06#*.�(IJ"#*.��4�"=O(6P�/5(I/OA$% V"=�>,PO0$/ #"V*B,�2a5(�0,K"#*.�/��c�e\O!*- �*B y #�/��4�9�O0$'"^6P4K)B$F"=4LG�"=� 	t�F*B P #�/�
���(G!4K)- ��'23�(4�5(6P�/�0$7)rT06#*.�(IX6�$'"=4/Nz4KY0,K4�&("%"=O0$F"�*.� 4L$;,=OH"#*.��4�5(�!*."]"=O(4]�/5("=&(5("	�'23$`�(4�5(6=�/�¥*B 
Q!*.�0$'6=[/Nt*�c�4/c1*."�4K*D"PO(4�64��?*D"K $` #&!*.</4	�/6y*."�G!�_4L y�(�/"Lc �J�;6=4�&(6=4L,P*- #4K).[/Nb2��/6y4L$/,POg�(4�5(6=�;� � � 9\4
G!4KT0�(4�$� #"=�(,PO0$/ #"#*-,�2a5(�0,K"#*.�/��� ��� � �:G!4L =,K6V*DQ!*.�(I]"=O(4y&(6=�/Q0$'Q!*+)+*."#[]"=��4���*."8$� #&!*.</4$F"r"#*.��4 � c:exO!*B 
2a5(�0,K"#*.�/��*B 8G!4KT0�(4LG�"=O(6=�/5(I/O`$	&04�6#*.�(G;*-,�,K�/��Q!*.�0$'"#*.�/�`�'2u6�$'�0G!�;�§G!4�@/*-$'"=4L �Nd9rO!*-,=OAG!4�&04��0G( ��/�

� �



"=O(6=4�4��%$7*.��&0$'6�$F��4�"=4�6� ��d"PO(4\2�6P4��/5(4��0,K[ � � N'"=O(4�&(O0$/ #4 � � N_$'�0G�"PO(4���5(�0,K4�6="�$7*.�!"C[(��9\*-G!"=O�� � cf}(�/6
"=O(4� =$'</48�'2u M*.��&!)+*-,P*."C[/N~9\43O0$7@/43G!4L,P*-G!4LG`"=��*.��&!).4���4��!"8"=O(4L #4� #"=�(,=O0$; #"#*-,3,K�/��&0�/�(4��!"� \"=O(6P�/5(I/O
���/6=�%$7)f�.�8$'50 = M*-$'�d�\G!4�@/*-$'"=4L ��

� � � � � � �������7���(4�5(6=�;� � �  #&!*.</4L �$'"r"#*.��4 � �
� �

*
	 �
�
� � 3�4KY(& �

� � � *�� �7� � � )
�
� � ) 3�� � � � � � � � �� � �7� � ��� � �1�!�

9�O(4�6=4�� ���!�\*B �$	9\*.�0G!�'9 2�5(�0,K"V*D�;�g"=O0$F"�*B H�14�@/4�6=[!9rO(4�6=4/N�4KY0,K4�&("y*.�g"=O(4?*D�!"=4�6=@'$7) � �8� �L� �MN
*.�W9rO!*-,POH*."�*- ��/cWe\O!*- ���4L$F�0 �"=O0$F"4L$;,=O �8$'50 = M*-$'��,K�/��&0�;�(4��_"�*- �Qv�/5(�0G!4LG "=�A"=O(4	*.�!"=4�6=@'$7)
G!4KT0�(4LG`Q![J4KY("=6=4��%$ *�� � � ��� �) �� ��� � � � � �9 , , .cre\O(4��(�/6P�%$7)+*.�L$'"#*.�/�A,K�_4K£],P*D4��!" � � *- yG!4KT0�(4LG
$/ ���4KY>& ����� ���� � �! �#" -)%$ � - & � �Z@;4�63$'�_[A$'�![`�'2r"=O(4L #4�*.�_"=4�6P@Z$7)- �c]�M" #O(�;5!)BGXQv4%�(�;"=4LG`"=O0$'" � ��� � �r*- �$
&(6=�/Q0$FQ!*h)+*."#[%G;*- #"=6#*.Q(5("#*.�/�	*.��"PO(4^ #"=6#*-,K"\ #4��0 #4��/�!).[9x*D"PO!*D�	4L$/,PO��'2d"=O(4L #4�*D�!"=4�6=@'$7)- f�'2d).4��(I/"=O`��' � � c
���Z9\4�@/4�67N'9:4r #O0$Z)h)dI/4��(4�6�$7)+).[�6=4K2a4�6u"P��*D"\$/ f"PO(4�K&(6=�/Q0$FQ!*h)+*- #"#*-,��y���(G!4K)U�'2�$8�(4�5(6=�;� �  tT06#*.�(Iy"#*.��4/c

�M�W�/6KG!4�6�"=�g,PO0$'6�$/,K"P4�6#*.��4]"=O(4]T06#*.�(IX&0$'"="=4�6P�  �M� � �3�'23$`�(4�5(6=�/� ���=N\G!4L =,K6#*.Q!*.�(IH"=O(4�"#*.��4L 
$'"y9rO!*-,=O � � T06=4L �Nt"=O(4�"PO(6=4�4%&0$F6�$'��4�"=4�6K � � N � � N(� � ��50 #"3"PO_50 yQ04]G!4�"=4�6=�?*D�(4LGdc`e\O!*- �,�$'�AQv4
G!�/�(4�*.�H$]�0$'"P5(6�$7)u9r$7[/N�Q![�,K�;�0 M*-G!4�6#*.�(Ig #�/��4�<!�(�'9r�A&(6=�/&v4�6="#*.4L y�'2rQ!*.�').�/I'*-,�$7):�(4�5(6P�/�0 �c	��"�*B 
<!�(�Z9���Nd2a�/68*.�0 #"�$F�0,K4�"=O0$'"y"=O(4�T06#*.�(I`6�$'"=4��'2^$	�(4�5(6=�;�W���;6LNd*.�A�/"PO(4�639\�/6�G( �Ns*."� �2a6=4��;5(4��0,K[0��*B 
G!4�"=4�6=�?*D�(4LG	Q![�"=O(48 M*.��*+)B$F6#*."C[	Q04�"#9\4�4���*."� b*.�(&(5("^$'�0Gy*."� z&(6=4K2a4�6=6=4LG	 #"#*.��5!).50 �N($/ uG!4�"P4�6=��*.�(4LG	Q_[
"=O(4y&(6=�'T().43�'2t*."� �6=4L,K4�&("#*.@/48T04K)-Gdc ���]*.�!@/4�6� #4y6=4K)-$'"#*.�/�JO(�F)BG( x2a�/6r"=O(4y�(4�5(6=�/� �  �+k/laj � ��� N!*�c�4/cz"=O(4
"#*.��4	4K)-$'&0 M*.�(I�2�6=�;�§"=O(4] #"#*.��5!).50 3&(6P4L #4��_"K$'"#*.�/�A5(�!"#*+)r"=O(4��(4�5(6=�/�H #"�$F6="� 8G;*- =,PO0$'6=I'*.�(I0c]�M�H"=O!*- 
,�$/ #4/N>*D�(&(5("3 V"#*.�5!)+*u M*.��*+)-$'68"=��"=O(4y�/&("#*.�%$7)t�/�(439\*+)+)t*D�0G!50,K4�$	 #O(�/6="P4�6^G!4K)-$L[/cr}~*.�0$7)+).[/Nv*."w V4�4��% 
6=4L$/ V�/�0$'Q!).48"=�$; = #5(��4�"=O0$'"r$y�(�/�!¦_�/&("V*D�	$7)s #"V*D��5!).50 \9\*+)+)�$7)- #��&(6=�(G!50,K43$y���/6=4��(�'*- #[	"=4���&v�/6�$7)
&0$'"="P4�6=�`*.�H"=O(4��(4�5(6=�;� �  � #&!*.</4L �c`e\O!*- ,�$F�gQv4%���(G!4K).4LG�*.�g"=4�6P�% 8�'28$]O!*.I/O(4�6�5(�0,K4�6="�$7*.�!"#[`*.�
*."� yT06#*.�(IA���>G!4K)�NzQ_[`*.�0,K6=4L$; M*.�(Ig"=O(4	9\*-G!"=OH�'2�"=O(4J #"=�(,=O0$; #"#*-,%G!4�@;*-$'"=4L �c �r�H"=O(4]Q0$/ M*- ��F2^"=O(4
$'Qv�Z@;4/N09\4G!4KT0�(4�"=O(4y@Z$7).5(4L ��'2u"PO(43&0$'6�$F��4�"=4�6� � � N�� � N)� � �'2:$��(4�5(6P�/�7� � "P�%Qv4?$2�5(�0,K"#*.�/�`�'2
"=O(4% C*D�?*h)-$'6V*D"#[XQ04�"#9\4�4��`*."� 3,K5(6P6=4��_"�*.�(&(5("?$F�0G`*."� ��/&("#*.�%$7)r #"#*.��5!)D50 �c � *.�0,K4]"=O!*- y M*.��*+)B$F6#*."C[�*B 
I/4��(4�6�$Z)h).[y�/Q("�$7*.�(4LG8Q![8,K�/�_@;�').@/*.�(I�"=O(4f*.�(&(5("~*D�	$'I/4u9x*D"PO #�/��4tT()D"P4�6� �N79:4uG!4KT0�(4\"=O(4u,K�;�_@/�F)D5("V*D�;�
6=4L #5!)."� �$/ �"=O(4A�P*.�_"=4��0 C*D"#[(���'2^$J�(4�5(6P�/��N~2�6=�;�§9rO!*-,POH"=O(4L #4	"=O(6=4�4	&0$'6�$'��4�"P4�6� 3,�$'��6=4L$/G;*+).[gQv4
G!4�6#*.@/4LGdc\}~*.I/5(6=4��,�� #O(�'9^ \$��;50$7)+*."�$'"#*.@/43G!4L =,K6V*D&("V*D�;���F2{"=O(486=4K)-$'"#*.�/�0 xQ04�"#9\4�4�� � N �tN*��$'�0G	"=O(4
*.�_"P4��0 M*."C[]�F2b$y2a4L$'"=5(6P4^�%$F&]�(4�5(6=�/��c

�8 3,K�;��&0$'6=4LG�"=�]"=O(4�2��;6=�%$7)u�_ P,P*h)+)-$'"=�;6� ��C$/ 89\4K)+)x$; 3"P�JG;*D&v�').4L K��Nz"=O(4L #4	6=4K)-$'"#*.�/�0 yQ04�"#9\4�4��
"=O(4�*.�!"=4��0 M*."#[`�'2x$1�(4�5(6=�/� � � $'�0G�*."� �&(6=�;Q0$'Q!*+)h*- #"V*B,	���>G!4K)\�'2uT06#*.�(I � � � � �w,P).4L$'6V)D[X$7)+)D�'9^ ����/6=4
,K�/��&!).4KY�G![!�0$'��*-,� z*.�J"PO(43 #[> V"=4��Jcf}~*.I/5(6=4��/�8G!4L =,K6#*.Qv4L r"=O(48"P4���&0�/6K$7)�4�@/�').5("#*.�/�J�F2{"=O!*- \���(G!4K)
2a�/6r"=O(6=4�48�(4�5(6P�/�0 r,PO0$'6�$/,K"=4�6V*D��4LG1Q_[	"=O(6=4�4�G;*+�s4�6P4��_"\).4�@/4K)- ��'2~*D�!"=4��0 M*."#[/c

�M",�$'��Q04% #4�4��X"=O0$'"7N�G!5(4%"=�	*."� y #�%$7)+)+� �#N{$]O!*.I/O!¦;*D�!"=4��0 M*."#[A�(4�5(6=�;�A9\*+)+)x"P4��0G`"=�	T06=4�*.�g$
&04�6V*D�(G;*-,y9x$7[/N!9\*."=O]@/4�6P[�)+*D"P"#).4 #O!*+2a"\2�6P�/��"=O(48@Z$7).5(4L ��'2 � � *�� �7� � � � � � �L� � � �5 ,  /e\O!*- \��4L$'�0 
"=O0$'"7N7*h2�"=O(4\&v�Z9\4�6u #&v4L,K"=6=5(� �'20*."� �T06#*.�(I3&0$'"="P4�6=�  � � � �d*B z,K�/�0 M*-G!4�6=4LGdN!"=O!*- f9x*h)+)dQ04^,PO0$'6�$/,K"P4�6#*.��4LGQ![��/�(4�*B V�')-$'"=4LG�&04L$'<]��*D�J$;G(G;*D"V*D�;�]"=�8*."� zO0$'6=���/�!*-,� �N($'�0G�"PO(4wG(,�,K�/��&v�/�(4��_"���ct���]�/"=O(4�6z9\�/6�G( �N
*."� �$'5("=�'¦(,K�/6=6=4K)-$'"#*.�/��2�5(�0,K"#*.�/�X9\*+)+)r&(6=4L #4��!"?$1O!*.I/OH&04L$'<A$'"	��' � � cJ}S5(6="=O(4�6=���;6=4/N~*h2�� � ��� � $'6=4
"#9\�]�(4�5(6=�/�0 3,PO0$'6�$;,K"=4�6#*.��4LGAQ![`"=O(4% =$F��4�&0$'6�$F��4�"=4�6� �Nd9x*D"PO�$�).�'9 5(�0,K4�6="K$7*.�_"#[`@Z$7).5(4,�fN~"=O(4��
"=O(4�[�9x*h)+)�Q04�O!*.I/O!).[� V[_�0,PO(6=�/�!*.��4LGdN(��4L$F�!*D�(I�"=O0$'"u"PO(4^,K6=�_ = C¦>,K�/6=6=4K)-$'"V*D�;��2a5(�0,K"#*.�/�	�'2�"=O(4K*.6uT06V*D�(I
&0$'"="P4�6=�0 z9\*+)h)f&(6=4L #4��!"r$�O!*.I/O]&04L$F<�$'"��(c ) �r�]"=O(48�/"=O(4�6\O0$'�0GdN!*+2 � � *- r$y).�'9\¦/*.�!"=4��0 M*."#[%�(4�5(6P�/��N
-%- ! �.! ��%�4;: 4;",�/.���� �#4 ���&�/�#",-#� �#�
����- �#��!,+�,-#4;!��10.�.����4;! ��� �#�,-#4;",:;� �#�,� +�4 -#-#�% �/����4 ! +14��32�+����!��

� �



frequency ω
phase φ

width σ,

intensity of feature map
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