
���������
	��
�����������������
���������������! #"%$&�'�����(�)�#�#*+�������#�#�,��-+.0/21����3�'�!�4�)1��5�6�!�)���7�98

:<;9=?>�@BADCFEHG�I9GKJML�N�LO;QP�ROC'ATSVUW>DX�Y�@OA�L�ZO[O\�]�^�_0Y�=a`Ob3_0Y�C�Y�c�LDdeE0;9fQ_HGgLWh�Y�ikj#l,mBmOn0]omO\�pOm�NBNq^W[�L
=aY�POY�i�rQY�>Ds?Y�@�R tu=�L�d�@)c�j#l,mOmOnQ]�mB\vpBm3NON3wOp

:xSeyDz{i{z
|�|}Y4~q;o�Q�����uGKEqL#N�L�;QP�R'C'A&SVUW>DX�Y�@OA�L�ZO[O\}]�^�_0Y�=a`Bb4_0Y�C�Y�c�L�deE0;qfo_gGHL�h#Y�i,jel,mOmBnq]vmB\�pOm
NON2]�m�L�=aY�PBY�i
rQY�>Ds�Y�@�R tu=�L�d�@
c�j+l�mOmOnQ]�mO\�pOm3NBN3wOp

:x��@)X�y�@(J#GeSKEHGehHEgGHL'N�LB;oP�RDC'A2SVUW>DX�Y�@OA�L�ZO[O\}]�^v_0Y�=�`Ob�_0Y�C�Y�c�L�deE0;qfo_gGHL�h#Y�i,j+l�mOmOnH]qmO\�pOm�NOw� w�L'=aY�PBY�i
rQY�>Ds�Y�@�R tu=�L�d�@
c�j#l,mOmBno]�mO\3pOm�NON3wBp
:<�OY�@O>B��SM@OADi+�K;qfo�q�QGeh�L���fo��GKE0��_HEHG�;9EgG��ei,��z�>Ds?��z��%AD�oC�Y�sq>DY�A�=aUOs?X�z{Y�>DX�Y�sQ��SM@O=�z�sgI9�

�2�+�������'�
�

hHyDz{s4|�@O|�Y�=TC�Y�@)i{s��Hz{��y���yDY5|�=aUW�Di{Y�� U)t�i{z�>�¡Bz
>D`<@¢|Di�@O>Dz¤£'X�@)�?z{UW>¥i�Y�PBY�iq�?U¦@¢s�Y�>Ds?UW=abB����UO�?UD=3i{Y�POY�i,R§ Y4C�z{s?X�ADs?s2�%yDY4z�>O��Y�=aY�s?�TU)t9X�UD>DC�z���z�UD>Dz
>D`��oyDY�>���yDY4Y�>BPDz
=�UW>���Y�>B��z{s2>DUO�F|�=�Y�C�z�X��%@O�Di{Y5Y�>DUWAD`Wy¦tkUW=
��UO�?z{P�@
�?Y�C¨|Di�@O>Dz¤£'X�@)�?z{UW>©�?U��0UW=�¡�|�=aUD|�Y�=ai{bOR § Y�s�yDU)�ªyDU)�«UWA�=o|�=�UW��@O�Dz{i{z�s��?z{X3X�UW>DC�z{�?z{UW>Dz�>D`¨=?ADi{Y�X�@O>
��YvADs�Y�C¨��U3s?UOi{POY�s�ADX�y�@�|�=�UW�Di{Y��2R § Y���yDY�>&|�=aY�s?Y�>B�q@3>DY�A�=?@)iVz��3|Di{Y���Y�>O�%@)�?z{UW>�U)te��yDY�|Di
@B>Dz¬£'X�@
�?z{UW>
�oyDz{X�y�X�UD>Ds?z{s?�?sMz�>�i{z�>�¡Oz�>D`3s?z{��A�@
�?z{UW>�=aY�X�UO`W>Dz{�?z{UW>3@B>DC3C�z¤­�ADs�z�UD>���yDYH@)X��?z{PDz��ab�UW>���yDz{s�®�X�UO`W>Dz{�?z{POYH�3@O|D¯'R§ Y0Y��3|�y�@)s?z{°�YQ��yDYHC�z¤±�X�ADi{�abv��Uq`W=aUWA�>DC3�%yDz�se�(@O|��?Uq��yDYH=aY�@
i���UD=ai{C²@B>DC3�0Y³|�=�UW|�UOs�Yo@O>�@O=aX�yDz{�?Y�X���A�=aY
�oyDz{X�y���=az{Y�sq�?UTX�UW>�>DY�X���|Di�@O>Dz¤£'X�@)�?z{UW>´i{Y�POY�iM�Hz{��y�s?Y�>Ds?UD=abO���²UO�?UW=0i{Y�POY�i,R § Y�C�z{s?X�ADs?s���yDY3>DY�X�Y�s?s?z{�ab4�?U
��@O¡)YQz�>O�?UT@)X�X�UWA�>B�H��yDY�C�b�>�@O��z{X�z
>µ��yDYqz�>O��Y�=?>�@)i+=aY�|�=�Y�s?Y�>O�%@)�?z{UW>2ADs?Y�C&�ObT��yDYv|Di�@O>Dz¤£'X�@)��z�UD>�R
¶ ��·+�¸�4�2�!�D�'�

:<;oX��?z{UW>µs?Y�i{Y�X��?z{UW>
:x�u>B�?Y�=?>�@)i+�²UWC�Y�i{sq@O>DC¨=aY�|�=�Y�s?Y�>O�%@)�?z{UW>
:<�¨UB�?z{P�@)�?z{UW>�@O>DC2Y���UO��z�UD>
:xfo@!PDz�`D@)�?z{UW>

¹0º3»&¼½���2��¾o¿



ÀÂÁ?Ã9Ä�Å�Æ²ÇMÃ³È�Å?É�Ä�ÊoË�Ì#Í#Î�ÍÏÍ�Ë0Ä�Í�ÉgÌ�ÐqÑDÒÓÉHÈ�ÉHÌÏÇMÉqÄ�Ô�ÅaÈ�Å?ÉqÄ�Å%Ä�Õ�Ö2×ÙØ�Ã0ÈxÃ0Ì#ËÚÈ�Ø�ËÛÅ?Í�Í�Î�ËeÍ2Ü

Ý¢ÞHß&à�á+à�âHã�äeåÏæqÞQç5ã�èeé)é)êuà�ë4ã�äeåÙì0ÞHíoà�îeëOà}ï
ëBàDð�ã�äeå¥ñHÞ6æ�Þ�ò2ã�äeóMèKà�ï!ð?ð
ðõôHöq÷�ø¨ôHù(ø'ôHú(û
ü(ýoþKÿ��'ÿ#ú������	�¦þ�

�����������
���	���¢ý������� �ýoô"!vô$#

%'&)(+*�(-,/. 02143�5)5768(+&'. ,9(-:�&)(+;)&)(4<>=�(-?�57('1�@ AB&
ð?ðÂ÷?ù(ø'ô�CED ýFC�ôHúGC�ôIH�JLKNMO�QP+R�MBR���RS�	��PT���2����
UP��VMB�����V��P"HgþW���'M/PTX3÷

ÝZYeé!ïOëOã�[Dï
\�]V^`_�a�b-a�c7dfe�cgb-h`_fiQ^`jO]EjO]2cfaVd)k-lVh`cgmnk+ophq^qr�st^qr�uvb�a�h`b+r�^qw
x�yLb�jO^`k+rvh`cLz�c7hpj/kWb{_/c7r2_/k+d)|�wBmWk'j/k+d}h`cLz�c7h�~���cfet^`_/y7�2_/_}jO]2c
^qr�j/c7d)cg_/j{k+o�yLk+r2e4^`jO^`k-rV^qr2u�iQ]2c7r�jO]�c�c7r�z�^qd)k+r2mWc7r�j�^`_fr2k�j
aVd)cLe4^`ygj/b-lVh`c�c7r2k+�2u+]Wo�k-d�mWk'jO^`z-b�j/cge�a�h`b+r�^qx2ygb�jO^8k+rSj/k�i�k+d/s
aVd)k-a�c7d/h`|�~2��cfjO]2c7r�a�d)cg_/c7r�j�b�r2c7��d)b+h�^`m�aVh`cLmWc7r�j/b�jO^`k-r�k+o
jO]�c�aVh`b-rV^qx2ygb'jO^`k�rZb-r�e�i�c�aVd)k-a�k�_/cvb-r�b-d)y�]�^`j/cgygjO��d)cv^qrVw
j/cgu+d)b'jO^qr�uvl�k'jO]�_/c7r2_/k+d)|�wBmWk�j/k-d�b+r2eGaVh`b-rV^qx2ygb'jO^`k+r�h`cgz'c7h�~
��cva2b+d)jO^`y7��h`b+d/h`|�e4^`_/y)��_/_EjO]�cT^qr�j/c)d)b�ygjO^`k-rZl�cgjBi�cgc7r�jO]2c
jOi�kfh`cgz'c7h`_g~

� ÞE��ä�ïOë��Måeè�[DïOê)�#ä
�f� (Z�E��;769*�1t;)69�V?��tAG��3�&�&)(-57('1t&7� � 0V&)��3�:n695�;7���-&)(�1t;)(�1
0�(-?�(+&)69�{1t3�;7��?��V�E�V3�5p�-�V?�;)&)�V,�5)��57;)(-��� � 68� � �-��3�,8�E14,9,8�t��14?
1t3�;7��?��V�E��3�5�&)�V���V;'.�3�5768?�0E1F�f�f� �'1t��(-&L1T1t5}��1468?v57��3�&7�-(
�tAf68?¡AB��&7��1t;769��?p.�;)��,9('14&)? � �t�¢;)�£&)('14,869¤-(v57(-*�(+&L1t,f�+���E:�,8(+¥
;L1t57¦�5���3�&768?�0§; � (�5L1t��(�¨7,96`AO(-©�ª+¨L1t?�68�G1t;E14:�:�&)��1t� � ©
.�57(-(
ªB«G�'¬
1t&7,�1t?��p.�­�®�®t¯
°'«G(+��(-&�1t?��F±�69,95)�V?p.�­�®�®�­'²)²+@�³/?���&7��(-&�;7�
0�3�69��(W��3�&{&)(+5)('14&)� � .��}(W;L1t¦V(�69?�5):�68&g1t;768�V?vAB&7���´:�5)��� � �V,8�V0��
1t?���?�(-3�&)�V��69��,9��0V�W(-¥�:�(-�+;)69?�0W69;p�-�V3�,9�F0V68*V(�3�5�0������ � 69?�;)5�;7�
��(-*�(+,8�V:Z¨)�}(-,9,`µO¶�;7;)(-��©E14&)� � 69;)(+�-;)3�&7(-5'@U·�(-;'.
1t�-�+��&)��68?�0E;)�E14?
(-?�0�69?�(+(-&)69?�0�:
��69?�;F�4A�*269(-��.�69?�57:�69&L14;)69��?¸AB&)�V�¹:�5)��� � �V,8�V0��
�'1t?��V?�,9����(£68?�;7(-&)(-57;)69?�0Z6NA�69;E1t,9,9�t�f5v;)����(-5)690�?�1t&)� � 69;7(-�gµ
;)3�&7(-5f; � 14;f�'1t?�?���;}��("5)��,9*V(-�E5768��:�,9�Eª��V&f?���;}5)�V,9*�(-�G1t;{1t,9,�²
�2���-,�1t575)69�'14,�1t:�:�&)�214� � (-5v1t?���; � 1t;F14&)(�?���;�;7����(+¥2:
(-?�5769*�(
68?G;7(-&)�º�4A��-�V�E:�3�;769?�0F&7(-5)�V3�&)�+(-5'@�»�3�&{�-,�1468�I685f; � 1t;�; � (T1
:�&)69��&76�¦�?��t�f,9(-��0V(v�-����68?�0vAB&7���¼:�5)��� � ��,9��0V�½14?���?�(-3�&)����6`µ
��,9��0V�v��(T69?'¾g(-�-;�69?2;7�v��3�&W1t&7� � 68;7(-�-;73�&)(-5v1t,9,9�t�f5};)�E3�5)(�¨/AB�V&
AB&)(-(+©F57;)&)3��-;)3�&7(�1t?��v&7(-0�3�,�14&)69;)69(-5}�tAp; � ({(-?�*�69&)�V?��E(-?�;��f69; � µ
��3�;�&)(+5);)&769�-;)69?�0�; � (f5)��57;)(-��1t�
1t:�;g1t��69,969;/�2@ �f� (��G1t69?W¦�(-�"AB�V&
¦�(-(-:�68?�0¿14��1t:�;L1t��68,969;/�G695$14,9,8�t�f69?�0v; � (E57��5);)(+�À;7�G,8(�1t&)?����
68;75)(-,NA � �t��;)�G&)('14�-;�AÁ1t�+68?�0E?�14;)3�&g1t,�5)�-(+?�(-5T68?£; � (T(-?�*�68&7��?�µ
�E(-?�;'@ �f� 3�5�.
��("AB���-3�5���3�&W1t;);7(-?�;)69��?£��?�; � (F�f1���14?�69��14,85
�'1t?�,8(�1t&)?�; � 69?�0V5�AO&)���I(-?�*269&7��?���(-?�;�69?v��&)��(-&f;)�T;)&g1t?�57:��V5)(
68;};)�v�V3�&{1t?�68�G1t;75'@
³/?�:�57��� � ��,9��0V�2.	;/���£��1-¾g�V&W,8(�1t&)?�68?�0�; � (+��&)69(-5v1t&7(E�-�V?�µ

AB&)�V?2;7(-��;)�G('1t� � �V; � (-&�@ �f� (v�
( � 1�*�69��&76857� � 1t5"��(-(+?�68?�;7&)�tµ
��3��-(-������Â�1�*2,9�t*Z69?�; � (�Ã�Ä�Å 5½ªOÂ�1�*2,9�t*�.W­'®VÆ�Ç�²�1t?���5)3�0tµ
0�(-57;)5�; � 1t;�; � (v�G1t69?E:�14&);W�tA},8(�1t&)?�68?�0E�'14:�1t��69,969;)69(-5��'1t?���(
(-¥�:�,�1t69?�(-���2���-��?���69;)69��?�69?�0T:�&7�2�+(-5)57(-5'@p�}�V0�?�69;768*�695)��.�68?�;7&)�tµ
��3��-(-�T��� � �V,9��1t?W1f��69;	,È14;);7(-&�1>AB;)(-&�Â�1�*�,9�t*Fª � �V,8�G1t?p.�­'®VÃ�Æ�°
� �V,9��1t?	.�­�®t¯2ÉV²-.�����(-5W?���;W��(-?����+��?���69;768�V?�69?�0v�'14:�1t��69,969;)69(-5�@
·�(-;'.
�-�V0�?�69;768*�695);75{573�0�0V(-5);W; � 1t;'.
;7�E(-¥�:�,�1t69?�0V69*�(-?��+���E:�,8(+¥
5)¦�69,8,95�5)3�� � 1t5"��1t¤+(�:�1t; � µO¶�?���69?�0
.�69;W695W?�(-�-(-575L14&)��;)�G�-�V?�µ
5)69��(-&�; � 1t;�1t?�69�G1t,��'1t?T�-��?�5);)&73��-;�¨7�-��0V?�69;)69*�(���1t:�5)©f�tA
; � (-69&

(-?�*�69&)��?��E(-?�;FªO1v��(Ê¶�?�69;)69��?��f69,9,p�
(F0V68*V(-?�69?�57(-�-;)69�V?½Ã�@²�1t?��
3�57(�; � (+��AB�V&f:�,�1t?�6N¶���1t;)69�V?p@
Ë &);76N¶��-6�1t,�69?�;)(-,9,9690�(-?��+( � 1t5	����*�69��3�57,8��;)&768(+��;)��(-� � �W; � (-57(

:�57�2� � �V,9��0�69�'14,�&)(-573�,9;)5�@ �f� (W¶
&)5);{14:�:�&7�21t� �G� 145f��(-(+?�;)�v&7(gµ
��3��+(�; � (Z¨768?�;7(-,9,8690V(-?��-(-©�1t?���(-57:�(-�+6È14,9,8��.�; � ( � 3��G1t?���?�(V.
;)��69;)5E¨7�-��0V?�69;)69*�(+©E1t5):
(-�-;�@p«�14?2�G57�257;)(-��5 � 1�*V(�; � 3�5���(+(-?
��(-*V(-,9��:
(-�G;)�v1t,9,9�t�Z; � (���1t?�68:�3�,�1t;)69�V?��tA�68?�;7(-&)?�14,�5)���v�
��,95
1t?���; � (v:�,�1t?�6N¶���1t;)69�V?��tAv¨L14�-;)69��?�5)©�@�·�(+;'.���6NÌE�-3�,8;769(-5 � 1�*�(
1t:�:�('14&)(-�£;)�T�-��?�AO&)��?�;}; � �V5)(�57��5);)(+�E5}�f68; � &7('1t,969;/�2@V³/?�AÁ1t�+;'.
Í 14&)?�14� � 1t5E(+�E: � 145)69¤-(-��; � (���6NÌE�-3�,8;/�¸AB��&�5)3�� � 5)��5);7(-�
;)���
(�0V&)�V3�?���(-�Z69?�;)��; � (�&)('14,{�}��&7,8��ªÎ5)���v�
��,}0�&)�V3�?���69?�0
:�&7����,9(-�Ïµ¿ª Í 1t&7?�1t�	.�­�®�®VÄ�²)²+@ �f� 695G:�&7����,9(-�Ð�-�V�E(-5ÑAB&)�V�
; � (fAÁ14�-;�; � 1t;�57�2�v�
��,95�1t&)(f�G1t?�69:�3�,È14;)(-�"�f68; � ��3�;�&)(-0�1t&7�v;)�
; � (�57(-?�57(�; � (-�v&7(gAB(-&f;7��ªÎ�gAL@V; � (W� � 69?�(-5)(W&7�2�V�¢:�&)�V��,9(-�¢Ò
ªBÓ¡('1t&7,8(V.p­'®VÉ�ÇV²)²-@
�{3�(F;7��; � (-57(v��6NÌE�-3�,9;)69(-5�.�1Ô¨)?�(+�f©�1t:�:�&)��1t� � �4AÕ1t&7;)6N¶�µ

�-6�1t,�68?�;7(-,9,8690V(-?��-( � 1t5�(-�E(-&70�(-�T5)(+*�(-&g1t,
��('14&)5�140���@ �f� (f�G1t69?
�-,�1t69���tA�; � 685�1t:�:�&)�214� � 695p; � 1t;p69?�;)(+,8,9690�(+?��-(W¨)(-��(-&)0V(-5)©�AB&)�V�
; � (�69?�;)(-&g1t�-;768�V?n�4AE��6NÖU(-&7(-?�;�,9(-*V(-,95��tAE:
(-&7�-(-:�;768�V?�µ)1t�-;768�V?
,9����:�5���69&)(-�+;),9���+��?�57;)&)3��-;)(-�×AB&)�V�Ø57(-?�57��&)5�14?��n(ÊÖU(-�+;)��&75'@
�f� (W¶
&)5);�5);7(-: � 145f��(-(+?�;)�v&7('1t,969¤-(W5)69�E:�,8(v¨7&)(gÙ
(-¥�©E�
( � 1�*Vµ
69��&75f��69&)(-�-;7,9�E�-�V?�?�(-�-;769?�0E; � (W5)(-?�57��&75{;)�v; � (�(gÖ�(-�-;7��&75{�f69; �
?��Z�E�V&)(��+���E:�3�;L14;)69��?�ª�: � ��;7��;L14¥�685�14?�������5);L14�-,9(�1�*��V68�¡µ
1t?��-(��
( � 1�*�69��&)5"µ�ªÎÚ�&g1t69;);7(-?���(-&70�.�­'®�É4¯2²7²-@�³/?��V&)��(+&E;)��1t,Nµ
,9�t���E�V&)(�Ù�(-¥�69��,9(��
( � 1�*�69��&)5W69; � 1t5{�
(-(-?�?�(-�+(-5)5g1t&)��69?�;)&7�tµ
��3��+68?�0�,9('14&)?�69?�0��'1t:
1t��69,969;)69(-5'@ Ë ;{; � 695�:
��69?�;'.��-��?���69;)69��?�69?�0
:�14&L1t��680V� � 145{�
(-(-?�3�57(-��145{69?�5):�68&g1t;768�V?E;7�v��3�69,9��,9('14&)?�69?�0
&)3�,8(+5{ª�Û�(+&)5)� � 3�&7(f(-;Õ14,/@8.V­'®V®�Ü�°�Â	AB(-6NAB(+&Q14?��TÛ�(-&)57� � 3�&)(�.
­'®V®t¯�°
Â	AB(+6`AO(-&�1t?��vÓ�� � (-69(-&�.�­'®V®�Ý�²+@ �f� �V5)(};/����,9(-*�(-,95�1t&7(�5769�E69,�1t&
;)�
; � (�;/���T¶
&)5);W57;)(-:�5��tA�; � (�0�(-?�(-&)69��573��E573��E:�;769��?E1t&7� � 69;)(-�gµ
;)3�&)(T:�&)�V:��V5)(-�����EÚ}&)����¦�5vª�Ú}&)����¦�5�.�­�®�É�­'²-@ �f� (F?�(+¥2;�5);7(-:
�}��3�,9�E�
({;7�F,9('14&)? � �t��;)�":�,�1t?p@4·�(-;�.�; � 695f1t:�:�&7�214� � 5)(-(+�E5
�-�V?�AB&)�V?�;)(-���f69; � ; � (�69?�*�(-&75)(T:�&)�V��,9(-�º�tA�; � (F�V?�(�(-?��+��3�?�µ
;)(+&)(-�Z����¨7�-��0V?�69;)69*�(+©¿14:�:�&7�21t� �pÞ 69;�695�*�(+&)� � 1t&7��;)�£��3�69,9�
69?�;)(-&7?�1t,}&)(-:�&)(-57(-?�;L1t;769��?�5�68?��V&)��(+&F;7��:�,�1t?�14�-;)69��?�5�3�?�,9(-575
0�69*�69?�0T; � (W5)��57;)(-�º�G1t?��S1T:�&)69��&76���?E; � (�(-?�*�69&)�V?��E(-?�;�@
³/?�; � 695�:
1t:
(-&'.���(�;)&)��;)�T5)(-( � �t�ß; � (W�
( � 1�*�69��&)6957;)5f1t?��

; � (F�-�V0�?�69;768*�695);75�14:�:�&)��1t� � (-5W�G1��v��(T&)(-�+��?��-69,9(-�p@	¬��V&{; � 1t;
:�3�&7:��V5)(�.V�}(�;7&)��1t?�57��(+&)69?�0W5)�V�E(�à�3�(-57;)69��?�5��V?F; � (}68?�;7(-&L14�gµ
;)69�V?�5��
(-;/�}(-(-?G�-�V?���69;)69��?�68?�0$14?��v:�,�1t?�6`¶
�'1t;768�V? Þ ����(-5}:�,�1t?�µ
6N¶��'14;)69��?�14,8�f1���5W���V&)¦�á Í �t�¢�-����:�,9(-¥��
( � 1�*�69��&)5"�'1t?��
(
&)(�1t� � (-���V?�,9�E3�5768?�0E�-�V?���69;)69��?�68?�0Eá Ë &)(T�-�V?���69;)69��?�68?�0E1t?��
:�,�1t?�6`¶
�'1t;768�V?�57(-:�14&L1t;7(-�Z:�&)���-(+5)5)(+5E��&v1t&7(E; � (-��,969?�¦�(-��;)�4µ
0�(+; � (-&Wá



³/?TAÁ14�-;'.V69?v; � (�¶�&)57;�57(-�-;768�V?E�4AU; � 695�:�14:�(+&'.V��(��f68,9,�5 � �t�
68;�685}:
��5)5769��,9({;)�T(-¥ � 69��69;�1"��14¤-(f(-¥�:�(+&)69�E(-?�;�AB��&�� � 69� � ; � (
3�5)(}�tA�:�,È14?�6N¶��'14;)69��?W����?���;	���V&)¦�1t?��"; � 14;p69;p695���(-;	:��V5)5768��,8(
;)�v5)�V,9*�({; � (�:�&7����,9(-�I3�5)69?�0E1"5)69�E:�,8(�&)(-69?�AO��&)�+(-�E(-?�;f&73�,9(�@
±�(�; � (-?�:�&)��:
��57(�69?�; � (}5)(-�-�V?��T5)(-�-;769��?p.t1f5769�E:�,9(�1t&7� � 6`µ

;)(-�-;73�&)(�14,8,9�t�f69?�0W;)�",8(�1t&)?E1"�-�V0�?�69;)69*V(f��1t:T�tAp; � ({;7��:
��,9��04µ
68��1t,�&7(-,�1t;)69�V?�5 � 69:�5"��(-;/�}(-(-?Z0V68*V(-?�¨)5769;)3�14;)69��?�57©�ª�� � 1t;)(+*�(-&
; � (-�Z�G1�����('²Ñ5)�Z1t5E;7��3�57(�; � (-�âAB��&�:�,�1t?�6N¶���1t;)69�V?p@�±�(
:�&)�V:��V5)(T3�5)69?�0�; � 695�14,90���&769; � �´;)��5)��,9*V(�:�&)�V��,9(-�º�tAf1t�-;768�V?
5)(-,9(-�-;769��?�69?�1���1t¤+(S14?���69?½14?��V:�(-?Ô(-?�*�68&7��?���(-?�;{� � (+&)(
5)(-*V(-&L14,p�E�V;)69*�1t;769��?�5��'14?¿14:�:
('1t&�@
³/?�; � (T; � 68&7��57(-�-;768�V?p.��}(F�+,È1469�º68;�695�?�(-�-(-575L1t&7��AO��&W; � (

:�,�1t?�6N¶��'14;)69��?�5)��57;)(-�¹;7��,�1�����?�57(-?�57��&)�Vµ/�E�V;)��&"5)��5);7(-�¹69?
��&)��(-&{;7�E�
(�0�&7��3�?���(-��;7�v; � (�¨)&7('1t,	���V&),9��©
@�·�(-;�.��}(�5 � �t�
68;"685"?�(-�-(-575L14&)��;7��;L14¦�(v69?�;)��14�-�-�V3�?�;F1G����?�14�E69�'1t,�&7(-:�&)(Êµ
5)(-?�;L14;)69��?v�4Ap; � (�5)69;)3
1t;)69�V?�5�AO��&�; � ({�-�V0�?�69;768*V(f��14:S14?��v; � (
5)(-?�57��&7��µ/�E�V;)�V&�57�257;)(-�º;7�v���V&)¦v;7��0�(+; � (-&�@
³/?��-��?��-,93�5)69��?	.���(v:�&)(-57(-?�;�3�?�6N¶��'14;)69��?�:
(-&)57:�(-�+;)69*�(-5v�4A

��3�&�1t:�:�&)��1t� � .t1t?��"��(}:�&)�V:��V5)(f;7�{*�1t,969��14;)(��V3�&��E����(-,V�f68; �
��69��,9��0V68��1t,���14;L1�@

ã ÞGä��#äKåeê,ïOê7�#äeê�äfå«ï¡�Ïã�[�óMèKêuëOàæ[���ç<îeâ�à�è
YHàpéKãDáeê)�#ëOé
³/5p69;p:
��575)69��,9(�;)��(-¥ � 69��69;�14?�(-¥�1t��:�,9(�69?W� � 69� � 1t�+;)69��?�5	:�,�1t?�µ
6`¶
�'1t;768�V?�695W68��:��V5)5768��,8(�áT³/?£AÁ1t�+;'.p145�57����?�1t5{(+?��-��3�?2;7(-&)(+�
5)69;)3�14;)69��?�5�1t&7(�&)(+0�3�,�1t&£(-?���3�0 � .�:�,�1t?�6N¶���1t;)69�V?�695�1Z0������
5);)&g1t;7(-0���@ �f� (��
(-5);�(+¥¡14�E:�,9(W695{�V�2*�69��3�5),9�v; � (T��14¤-(�:�&7����µ
,8(+��� � 69� � �-�V?�5)695);75f69?v¶�?���68?�0�; � (W(-¥�69;}�tAQ1"��14¤-(�@V³/?���(-(+�p.
1G�-��0V?�69;)69*�(v�G1t:�695�; � (G('145)69(-57;F�f1���;7��&7(-�E(+�v��(-&W� � (+&)(
; � (G(-¥�69;F695v1t?��Ô;)��69?�AB(-&T5 � �V&);7(-5);��Õ1���5T;)��&)('14� � 69;'@	·}(-;'.
1t5f5)���V?¿145�; � (��G1t¤-(�685f?��F����&)(�:�&)(+��69�-;L14��,9(WAB��&}69?�5);g1t?��+(�.
; � (E14?�69��1t;�695$14,9�Õ1���5W�E�t*V(-�GAB&7���¼�G1t¤-(T;)�£��1t¤+(F�V&�; � (
��1t¤+(F:�&7(-5)(+?2;75E57�f68?�0�69?�0G������&75L²-.�:�,È14?�6N¶��'14;)69��?��'1t?�?���;T��(
3�5)(gAO3�,{1t?����E�V&)(�ªW�}��?�*�(-&75)(-,9��.p�+��?���69;768�V?�69?�0��'14?��
(G3�5)(-�
5)3�:�:
��5769?�0G; � 14; � µê¾Ê3�?��-;768�V?�5�1t&7(E1t,9�Õ1���5W��14&)¦V(-���f69; � *�6`µ
5)3�14,��-3�(-5�68?���69�'1t;768?�0F� � (+&)(�; � (�(-¥�69;�695�ªÎ(�@ 0�@�;)3�&)?�14&)&)�t�f5g²-@
³/?���(-(-�	.�69?G��( � 1�*269�V&)695)��.t('1t� � �
( � 1�*�69��&}695f5)3�:�:��V5)(-��;7�v��(
; � (�&)(-573�,9;v�tA�1G5768?�0�,9(E�-�V?���69;)69�V?�69?�0G��&v1G5)(-&769(-5E�4A{�-��?���6`µ
;)69��?�69?�0
@ �f� (f; � (+��&)�v�4AU�
( � 1�*�69��&7695)�n,�1����V?v; � (}A/1t�-;�; � 1t;}1
0�69*�(-?v57(-?�57��&)6�14,�5);)69�v3�,93�5fªÎ��&�57(-;f�tAp57;)69�v3�,96�²��'14?E�
(�1t575)���-6Nµ
1t;)(+��;)�E14?¿14�-;)69�V?�� � (-?�695f69;f:�&)(-57(-?�;)(-��14;f; � ("5L1t��(W;)69�E(
1t5v1t?�3�?��-��?���69;)69��?�14,�57;)69�v3�,93�5EªÎ�-,�1t575)69�'1t,f�+��?���69;768�V?�69?�0GÒ
ªBÂ�1�*�,8�t*�.	­'®�ÆVÇ�²7²f��&W�
(-�'143�5)(�; � (E145)5)���-6�14;)69��?�695�&7(-69?�AB�V&)�-(-�
ª�69?�5);7&)3���(-?�;L14,f�-��?���68;769��?�69?�0£Ò ªOÓ�¦�68?�?�(-&'.W­�®�Ü�ÃV²)²+@�³/?�; � (
1t?�69��14;��-�V?2;7(-¥�;�68?�5);)&73��E(+?2;g1t,V�-��?���68;769��?�69?�0}695�1}0���������('1t?
;)�W��14¦�(f1t?v1t?�69��14;p,9('14&)?v1W��( � 1�*�68�V&�0�69*�68?�0�69;���?�,8�"5)69�E:�,9(
68?¡AB��&7��1t;769��?T��?E69;75f5)3��-�+(-5)5�573�� � 1t5v¨);7&)3�(+©E��&T¨/A/1t,95)(-©
@
¬���&}; � ("��1t¤+({:�&7����,9(-��.�; � (W��6NÌE�-3�,9;/�v�-�V?�5)6957;)5W69?E5)�V,9*�µ

68?�0f; � (�57(-?�57��&)�Vµ/�E�V;)��&p145)57�2�+6È14;)69��?W:�&7����,9(-��� � 69,9(�; � (�&7(-69?�µ
AB��&7�-(-�E(+?2;�57680V?�1t,�?���;���?�,8�"&)(-�f1t&7��5�1W5768?�0�,9(Õ14�-;)69�V?F��3�;�; � (
5)(-&768(+5f�tA�1t�+;)69��?v; � 1t; � 1t5},9('1t�v; � (�1t?�69�G1t;p;7�F; � ({0V�214,Á@V¬��V&
68?�5);L14?��-(�.V�}({�'14?v68�G1t0V68?�(�3�5)69?�0"; � (���1t¤+(�&7(-:�&)(+5)(-?�;)(+�G¶�0tµ
3�&)(v­�@�³OA�:�1t;7;)(-&7?�ët���t*�(-��(-?�;�1t575)���-6�1t;769��?�5{14&)(W��14��({:�&7��:�µ
(-&),9��.�; � (-�G1t,9,9�t�Z;)�v&)(�1t� � ; � (�(+¥269;f�4A�; � (���14¤-(�14?��E;7�v0�(-;
1�&7(-�Õ14&)�p@

Food

A

B

C

D

E

FG

Start

¬	690�3�&7(F­ �f� (���14¤-(�3�57(-�ì14?����-�V&)&7(-5):
��?���68?�0í:
1t;);7(-&)?�5
:
(-&)�-(+68*V(-������; � (�&7���
��;Gª��V��;L1468?�(-���f69; � ; � (G&7���
��;v�f�f�
�'14�E(-&g1�²-@

³/?���&7��(-&E;7��;L14�L¦�,9(G; � 695G1t5)57���-6�1t;)69�V?§:�&)����,8(+�î�}( � 1t�
;)�£��(-*�(+,8�V:���3�&"�t�f?��-�V?���69;)69�V?�69?�0�1t,90��V&)69; � ��@�³/?£AÁ1t�+;'.	��(
� 1�*V(f68��(-?�;)6N¶�(-�G1W:�&)�V��,9(-�¢� � 69� � 685�3�5)3�14,9,8�";)��;g1t,9,9�WAB�V&)0��V;/µ
;)(+?p@�³/?T�-,�1t575)69�'14,�5)(-?�5)��&7�VµÁ����;)�V&�1t5)57���-6�1t;)69�V?�,9('1t&7?�69?�0W&)3�,9(-5�.
5)3�� � 1t5�Ó¡3�;);7��?�1t?��GÚf1t&7;)��Å 5Tª�Úf1t&);7�v(-;f1t,/@9.�­'®�ÉVÃ�²+.�?���695)(W695
1t����(-�v;)�"; � (f�V3�;):�3�;��tA�; � (�?�(-3�&7��?p@V± � (+?v; � (f&7���
��;�;7(-5);75
1f57(-;��tA�57(-?�57��&)�Vµ/�E�V;)��&p145)57�2�+6È14;)69��?�5Q14?��W&)(-�+(-69*�(-5�1�:�3�?�695 � µ
�E(+?2;�.t; � 685�?�(+021t;769*�(f&)(+68?¡AB��&7�-(-�E(+?2;}1t:�:�,969(-5�;)�T1t,9,�; � (�5);)69�Ñµ
3�,93�5gë�1t�+;)69��?T:�1t69&75�; � (f&7���
��; � 145���14��(�.-� � 1t;)(+*�(-&}; � (+68&�14:�µ
:
('1t&g1t?��-("AB&7(-à�3�(-?��-�£685�@ �f� 3�5'.�; � (�,9('14&)?�69?�0v&73�,9(��'1t,9,95{69?�;)�
à�3�(-57;)69��?�; � (�(-?�;)69&7(�57(-;G�tAF1t575)���-6�1t;768�V?�5�14?���; � (-&)(�695G1t5
� � 1t?��-(-5T�tA�� � 14?�0�69?�0�1t?�1t5)57���-6�1t;)69�V?�,969?�¦�(+��;7��1ÑAB&)(+à23�(-?�;
5)69;73�1t;768�V?�ªB1Ñ�-��&7&)69���V&{5)69;73�1t;768�V?GAB�V&{69?�5);g1t?��+('²W1t5{� � 14?�0�69?�0
1t?�145)5)���-6�14;)69��?v�-�V&)&7(-5):
��?���68?�0E;)�v1"&L1t&7(vª���?�( � µ`¾g3�?��-;)69��?
²-@
·�(-;�.f1t5TAB&7(-à�3�(-?�;E5768;73�1t;769��?�5G1t:�:
('1t&��E�V&)(E�4AB;)(+?nª�; � 1t;v695
1v:�,8(+��?�145)�¼ïq²-.�; � (+&)(E1t&7(F����&7(�� � 14?��-(-5"; � 695{������6N¶��'1t;769��?
1�Ö�(-�-;75v; � (�14?�69��1t;���( � 1�*�68�V&'@�»�?�(E�4A{; � (G69?�;)(-&7(-5);T�tA{; � (
�E(+� � 1t?�695)�´�}(F:�&7��:
��57(F69;f; � 1t;W69;{1t,9,9�t�f5f;)�E;g1t¦V(F69?�;)�E14�gµ
�-�V3�?�;f68?�; � (�5L14�E({�f1��T5)69;)3�14;)69��?�5 � 1�*�69?�0���6`Ö�(-&7(-?�;f�2�+�-3�&/µ
&)(+?��-("AB&)(-à�3�(+?��-69(-5'@
Ë ?��V; � (-&���6NÌE�-3�,9;/� � 1t:�:
(-?�5�6NAp; � (W&)�V���V; � 1t5};)�v&7('1t,969¤-(

5)(+*�(-&g1t,W��6NÖU(+&)(-?�;E;g1t57¦25�@}³/?ð14?�1t3�;7��?��V�E��3�5F&7���
��;)69�G�-�V?�µ
;)(+¥2;�.t; � 685�695)573�(}685�*V(-&)��69?�;)(+&)(-57;)69?�0W;)��1t,9,9�t��; � (}&)�V���V;�,9('14&)?
��6NÖ�(-&)(-?�;���( � 1�*269�V&)5f(-?����t��(-�£�f68; � ; � (�5L14�E(W1t&)� � 69;7(-�-;)3�&)(�.
,9('1t&7?�69?�0T&)3�,9(-5{14?���¨7�E(-����&)��©
@'³OA�1W;L145)¦ � 1t5}��(+(-?�,9('1t&7?�(-�
1t;}1{0V69*�(-?v�����E(+?2;�.g,9('1t&7?�69?�0�1W?�(-�Z;L145)¦T5 � �V3�,9�F?���;�69?�;)(-&�µ
1t�+;��f69; � ; � 695�:�&)(-*�69��3�5�14�-à�3�695)69;)69��?£3�?�,9(-5)5W; � (v&)('14,968¤�1t;)69�V?
�tA�; � (�?�(-��;L145)¦v�}��3�,9�v,9('1t��;)�T�-��?�;7&L1t��68�+;Õ145)5)���-6�14;)69��?�5f1t,Nµ
&)(�1t������1t��(�@ �f� 695���(-�E�V&)�W(gÖ�(-�-;{695�*V(-&)��69�E:
��&);g1t?�;�6NAU; � (
&)�V���V;W�v3�5);�¦�(-(-:�69?���69?��G,8(�1t&)?�(-���
( � 1�*�69��&75W� � 69,8("0���69?�0
��?Z(-¥�:�,9�V&)69?�0�68;75v(-?�*�68&7��?���(-?�;'@�Ú}(-5)69��(+5'.}6NA���?�,8��:
1t&);75E�4A
; � (�5);768�v3�,86
1t&)(W?�(+����3�;f; � (W&)(+5);{57;L1���5f3�?�� � 14?�0�(+�p.�69;}�'1t?
� (-,9:Ô,8(�1t&)?�68?�0�?�(-���
( � 1�*�69��&W�E�V&)(T&L1t:�68��,8��@p¬�3�&); � (-&7�E��&7(�.



5)69�E:�,9(�1t575)���-6�1t;769��?�5�:�&)(-*�69��3�5),9��,9('1t&7?�(-���-��3�,8� � (-,9:�,9('14&)?�µ
68?�0�����&7(���6NÌE�-3�,9;�1t575)���-6�1t;768�V?�5fª�; � 695��-��?��-(-:�;}695�&7(gAB(-&7&)(-�G1t5
¨)5 � 1t:�69?�0V©F�V&v¨);)(�1t� � 69?�0�©Gª�ñ�14(-,9��,968?�0F(-;f1t,/@9.V:�('14&L²7²-@
³/?��V&)��(+&�;7�v69?2;7(-0�&g1t;7(F; � ��57(��-��?�5);)&g1t69?�;)5�.���( � 1�*�(�:�&)�tµ

:��V5)(-�E1�?�(-3�&L1t,�,8(�1t&)?�68?�0�&73�,9(f�E����(-,969?�0 � ��:��V; � (+5)(-5};)(-57;)69?�0
�'1t:�14��69,968;769(-5'@ �f� (v69��('1�695W;)��1t,9,9�t��; � (v3�5)(v�4A�14? � ��:��V; � µ
(-5)695{��3�&)69?�0E1T;768��(W,8�V?�0T(-?���3�0 � ;7�v;)(-57;�; � (��-�V?�5)(+à23�(-?��-(-5
68;��-��3�,8� � 1�*�(F14?���6NA�69;{?�(-(+��5W� � 1t?�0V68?�0�@�³/?���&7��(-&�;)�E69?���6`µ
�'1t;7({; � (�(+¥26957;)(-?��+(��4A�1t?G1t5)57���-6�1t;)69�V?v��(-;/�}(-(-?�1":�1t&7;)69�-3�,�14&
&)(-�-�V0�?�69;768�V?½14?���1t?�14�-;)69��?	.p1�5)69�E:�,9(W��69?�14&)��*�14,83�(��tAf; � (
5)��?�1t:�;)69�{�}(-690 � ;)5f695}(-?��V3�0 � @V·}(-;'.�145�; � (�1t����69;768�V?E�4Ap?���695)(
1t;f; � (�?�(-3�&7��?��V3�;):�3�;f�'1t?£,8(�1t�G;)�v3�?��-(-&);g1t69?�;)69(-5�.��}( � 1�*V(
��(-�-69��(-�Z;7���-�V?�;)&)�V,f��69*�(-&75)69;/��0�(+?�(-&L14;)69��?Z1t;T; � (G57�2?
1t:�;768�
,8(+*�(-,/@�»{3�&f5)��,93�;769��?v695�;7��69?�;)&)����3��-(�1��-�V?�¶���(+?��-(���('1t573�&)(gµ
�E(-?�;{1t575)���-6�1t;7(-��;7�E; � (���69?�1t&7�G��(-690 � ;�@�³/;��-��&7&)(-57:��V?���5�;7�
; � (��+��?�¶���(-?��-(}69?�; � (�69?�:�3�;Lët�V3�;):�3�;�145)5)���-6�14;)69��?W; � (���(+680 � ;
�-����(-5vª�57(-(E¬	680
@�Æ�²-@
± � (-?�1�&)(-69?�AO��&)�+(-�E(-?�;�5)690�?�14,p���-�-3�&)5'.
��?�,9�T; � (W:�&7����14��69,869;/�T;)(-&7�ò695}� � 1t?�0V(-�p@�Ú}(-5)69��(+5'.�1�&g1t?������
��&L1��º695E����?�(�69?§�V&)��(+&�;7�Z� � 1t?�0V(���(+680 � ;)5E� � ��5)(��-�V?�¶�µ
��(-?��-(T;)(+&)�´685�,9�t��@�³OAQ; � (-&7(�695{?��v&7(-69?�AB��&7�-(-��(-?�;f*�1t&)6�14;)69��?
?�(-69; � (+&E; � (�:�&)���
1t��69,969;)69(-5T?���&v; � (��}(-690 � ;)5E14&)(G�E����6N¶�(-�	@
Í �t�}(-*�(-&�.�69?�AB��&7��14;)69��?F14���V3�;}; � (W�-�V&)&)(+,È14;)69��?���(+;/��(-(+?�; � (
68?�:�3�;�14?���; � (T��3�;7:�3�;W�tAf; � (F�}(-690 � ;{0V�G��?��
(-69?�0G5);7��&)(+�p@
Ó�3�� � 1v��(-� � 1t?�6857�ò0V(-;)5�; � (T&)�V���V;{;7�E�
( � 1�*�(v1t5�6NAQ69;��Õ145
;)(-57;)69?�0���6NÖ�(-&)(+?2;"5)(-;75F�4A � ��:��V; � (+5)(-5v�f69; � ��3�;W�'14,8,969?�0�68?�;7�
à23�(-5);768�V? � ��:
��; � (-5)(+5�1t,9&7('1t����;)(-57;)(-�	@

W ij

ijp

iI

O j

Reinforcement

¬	690�3�&7(�Æ �f� ($Â��fó����2��(-,

Â��fó�695p14?$14,90���&769; � ��� � 68� � �'14?��
(�3�57(-��69?W��14?2�{14:�:�,96Nµ
�'1t;768�V?�5f��(-:
(-?���68?�0v��?G; � (G¨7à23
1t,969;/�2©"�tA�; � (�&7(-69?�AB��&7�-(-��(-?�;
5)690�?�14,�� � 69� � 695F:�&7�t*�68��(-�p@	³OA{; � (�&)(-69?�AB�V&)�-(+�E(-?�;�695�57:�1t&75)(
1t?����-&)3���(�.�Â��fóæ685W(-à�3�69*�14,8(+?2;W;7�¿1�&g1t?����V�¼57('1t&7� � ªÎ��(-;�.
68;�695{�
(-;);7(-&��
(-�'1t3�5)(v69;{�V?�,9�E�-�V?�5)69��(-&75�5)69;73�1t;768�V?�5{69;�&)('14,8,9�
?�(-(-��5}3�5768?�02²-@4³OAU; � ({&7(-69?�AB��&7�-(-��(-?�;�57690�?�14,�*�1t&768(+5Q14�-�-�V&)��69?�0
;)��1}0V&L14��69(-?�;'.�; � (}1t,90��V&)69; � �ß3�5)(-5�; � 695{¨75),9��:
(-©f69?�AB�V&)�G1t;)69�V?
1t?��Ñ¶�?���5�; � (W5)�V,93�;)69��?�à�3�69�L¦V(-&'@
�f� ("��1t¤+({:�&7����,9(-� � 1t5���(+(-?�1t�+;)3�14,8,9��&)('14,869¤-(+���V?G��3�&

ñ���1t,�1W&7���
��;}3�5)69?�0T; � (WÂ	(-& Ë �F1t&7� � 68;7(-�-;73�&)(EªÎ5)(-(vªOô�1t3�575)69(-&
(-;Õ14,/@8."­'®�®VÝt��²¿Ò ªBô"1t3�575)69(-&�(-;f1t,/@9.�­'®V®�ÝV1�²¿AB��&�1t:�:�,869�'1>µ

‘‘recognition’’ level

reflex link

Reinforcement
VI

MI

Environment

Categorisation

PTM

VI

Movements
MO

¬	680V3�&)(WÃ �f� (�Â	(-& Ë �F14&)� � 69;)(-�+;)3�&7(

;)69�V?v��?T����¾g(-�+;�&7(-�-��0V?�69;)69��?v1t?��v:�,�1t�-(f,9('14&)?�69?�0�²-@ �f� (f�G1t69?
69��('1Ñ�tA�; � 695{14&)� � 69;)(-�+;)3�&7(v685f; � 1t;����V; � ��1t;)(+0���&769¤'1t;768�V?�1t?��
5)(+?�5)�V&)�VµÁ����;7��&�145)57�2�+6È14;)69��?£�v3�5);f�
(F�+��?�;)&7��,9,9(-�����E; � (F(ÊA�µ
AB(-�+;{�tA�; � ("�E�t*�(+�E(-?�;)5��V?�; � (W(-?�*�68&7��?���(-?�;'@�Â�1t&7;)69�-3�,�14&),9�2.
6NAp; � (��E�t*V(-�E(-?�;	; � 14; � 1t5���(-(+?�:
(-&�AB��&7�E(-�E14;�1W0�69*V(-?v�E�4µ
�E(+?2;T695v&)(-69?�AO��&)�+(-�p.�69;v:�&7����14��,9���E('14?�5T; � 695v5)69;73�1t;768�V?�695
69�E:
��&7;L1t?�;�14?��E5 � ��3�,8����(W�
��; � ��1t;)(+0���&769¤-(-��1t?���,968?�¦�(-����&
3�?�,969?�¦V(-�G�f68; � ; � 695f�E�t*�(+�E(-?�;'@
�f� (ØÂ	(-& Ë �Ø14&)� � 69;)(+�-;)3�&7(õªOô�1t3�575)69(-&î14?��÷ö
&)( � (-?p.

­'®V®t¯�1�²/695���1t��(��4A�¯E��,8���g¦�5vªBÓ�(-("¶�0V3�&)(vÃ�² Þ ; � (TÛ{695)3�14,�³/?�µ
:�3�;�.�; � (E1t5)57���-6�1t;)69�V?��G1t:�ªÎ��&WÛ{695)3
1t,�»�3�;):�3�;Wµ{Û{»W²-.�; � (
«G�V;)��&	³/?�:�3�;�14?��W; � (f«G��;7��&�»{3�;):�3�;�@ �f� (�*�695)3
1t,�69?�:�3�;p695p1
&)(+:�&)(-57(-?�;L14;)69��?��4AQ*�695)3
1t,p69?�AO��&)�G1t;768�V?E; � (�&)�V���V;{:
(-&)�+(-69*�(-5
; � &)��3�0 � 69;75��'14�E(-&g1�@ �f� (�145)57�2�+6È14;)69��?���14:F695���(+��69�'1t;7(-�G;)�
; � (F&7(-�-��0V?�69;)69��?G�4AQ69?�:�3�;{:�14;);7(-&)?�5�@�³/?G��3�&�(-¥�:�(+&)69�E(-?�;���(
3�57(�; � (TÂ�&)�V��1t��69,9695);768� � ��:
��,9��0V68��1t,�«�14:�ªBÂ � «�²}��(-5)�-&769��(-�
69?nªBô"1t3�575)69(-&�1t?���ö
&)( � (+?p.�­'®V®t¯V��²-@ �f� (G¶�&75);G69?2;7(-&)(+5);��4A
; � 685}5)(+,`AÎµÁ�V&)0214?�69¤-(-�v�G1t:�695};)��:�&7(-5)(+&)*�(W;7��:
��,9��0V�Eª�;/�}��5)69�Ñµ
69,�1t&E5769;)3�14;)69��?�5G1t&7(��-����(+���V?��-,9��57(�?�(+3�&)�V?�5L²�14?���;7�§1t,Nµ
,9�t�n69�E�v(+��6�1t;)(W,9('14&)?�69?�0
@ Ë 5W,8(�1t&)?�68?�0�695W3�?�573�:
(-&)*�695)(-�	.p69;
695W?�(-�-(-575L14&)��;)�G�
(S14��,9(F;7�G5)(-,9(-�-;"; � (T5L14,869(-?�;W69?�AB�V&)��14;)69��?
; � 1t;��v3�57;{�
(E�-����(+�p@ �f� 695�695W��14��(F:
��575)69��,9(T; � 14?�¦�5�;)��1
*�690�69,�1t?��-(v;7(-&)�ø(-à�3�69*�1t,9(-?�;W;)��; � (���?�(���(-5)�+&)69��(+�§69? Ë ó �
ª Ë ��1t:�;)69*�(�óf(+5)��?
1t?��-( �f� (-��&7�vµ�ªOôW&)�V5)57��(-&70�.	­'®�ÇVÝ�²7²-@ �f� 695
��14:G685W1v:�&7(-�-69��3�5�;7����,	AB��&�; � ("&)���
��;W;7�E�
(S14��,9(�;)����3�69,9�
&L14:�69��,9�E1t?G69?�;)(-&7?�1t,�&7(-:�&)(+5)(-?�;L14;)69��?��tA�; � ("(-?�*269&7��?���(-?�;'@
�f� (½«¿��;)�V&G³/?�:�3�;�ªB«¿³)²E1t&7(�&7(gÙ�(-¥�,969?�¦�5�1t,9&7('1t����14�gµ

à�3�69&)(-�Ô��&W0�(+?�(-;)69�'14,9,8��1t�+à23�68&7(-�p@	³/?�; � (v�+��?�;)(-¥�;T�tAf�-,�1t575)6Nµ
�'14,p�-�V?���69;)69��?�68?�0�.�; � 685f��,8���g¦E� � 68� � �}��3�,9�G��&)69*V(�ù�?��-�V?���6Nµ
;)69�V?�(-��óf(-57:��V?�5)(+5½ªÎ69?§�V3�&E1t:�:�,968��1t;)69�V?p.p; � (�«G³T0�&7��3�:Z695
1�&)(ÊÙ�(-¥Z¦�(-(+:�69?�0�; � (G&7���
��;v69?Z; � (G�E69����,8(v�4A��-��&7&)69����&75L²+@
�f� (W«G��;7��&f»{3�;):�3�;}0�&7��3�:�ªO«�»W²�57(-,9(-�-;75f� � 69� � �E�t*V(-�E(-?�;
�v3�57;f��(T:�(+&/AB�V&)�E(+������; � (�&7���
��;'@ �f� ("¶�?�14,9,8�v:
(-&�AB��&7�E(-�
1t�+;)69��?��-��&7&)(-57:��V?���5W;)�T; � (W����5);f1t�+;)69*�1t;7(-�E?�(+3�&)�V?p@ Ë �E�4µ
;)�V&f�E�t*V(-�E(-?�;�695}; � (+?�:�&)�V:��V5)(-�£�2�v; � (�± � Ë @
�f� (E0V(-?�(-&g1t,��
( � 1�*�69��&��4AÕ; � 695F1t&7� � 69;)(-�-;73�&)( � 690 � ,9����(gµ

:
(-?���5���?�; � (��f1���,969?�¦�5G��(-;/�}(-(-?æ; � (�&7(-�-�V0�?�69;)69�V?��G1t:
ª�Û{»W²T1t?���; � (E�E�V;)�V&{��3�;):�3�;"0�&)�V3�:�1t&)(�,9('1t&7?�(-��ªB145)573��vµ
69?�0v; � 1t;{69?�:�3�;f5);768�v3�,86�1t&7(��'14;)(-0V��&)69¤-(+�����E; � (FÂ � «ú�G1t:
1t?���; � 1t;f± � Ë ?�(-3�&)�V?�5{3�5)(�; � 695f,8(�1t&)?�68?�0F:�&7���-(-5)5W;7�v�-&)(gµ
1t;7(�5)(+?�5)�V&)�VµÁ����;7��&{1t575)���-6�1t;769��?�5g²-@�·}(-;'.�68;f5 � ��3�,8�G�
(�?��V;)(-�
; � 1t;�; � 695�:�&)69�V&�¨7�'1t;7(-0��V&)69¤'14;)69��?�©G�4AÕ; � (v5);768�v3�,86���(+?2���
(gµ
� 1�*�69��&76857;)5	��(-,969(gA�; � 14;p�-�V?���69;)69�V?�69?�0f?�(-(-�v?��{69?�;)(-&7?�1t,�&)(+:�&)(gµ



5)(-?�;L14;)69��?	@ �f� (FÂ��fó�14,80V��&768; � �¢695f3�5)(-�£;)�T,8(�1t&)?£; � (W,969?�¦�5
��(-;/�}(-(-?£Û{»n1t?��¿«£»F@
�f� (v�G1t69?G:�&)�V��,9(-�¼�+���E(+5{AO&)���û; � (v��6`ÌE�+3�,9;/��;)�G�'14;/µ

(-0��V&)69¤-(�:�(-&7�-(-69*�(+��5)69;)3�14;)69��?ß68?ß��&)��(-&G;)�§145)57�2�+6È14;)(�; � (+�
�f68; � �E�t*�(+�E(-?�;)5�@ � �v5)�V,8*V(W; � 695f:�&7����,9(-��.��}( � 1�*V(�� � �V5)(-?
;)���-�V?�;)&)�V,�; � (E��1t;)(+0���&769¤'1t;768�V?�1t�-�+��&)��68?�0�;7��; � (�&)(-573�,9;F�4A
; � (�1t�+;)69��?�ª�57(-(EªOô�1t3�575)69(-&f(-;f1t,/@9.
­'®�®VÝ�1V²�AB�V&}AB3�&7; � (-&f69?�AO��&/µ
��1t;769��?�²+@ �f� 3�5�.�; � (f5)��57;)(-�´��1���1t�
1t:�;�; � ({��1t;)(+0���&769¤'1t;768�V?
;)�E69;75�3�5)(T68?£; � (T(-?�*�68&7��?���(-?�;'@�³/?�AÁ14�-;'.
3�5769?�0�145��4AB;)(+?�1t5
:��V5)5)69��,9(�; � (�&)(-0V3�,�1t&)69;768(+5F�4A�; � (E(-?�*�69&)��?��E(-?�;�695v1G��1-¾Ê��&
�-��?��+(-&)?�69?G��3�&Õ14:�:�&)��1t� � @ �f� 695f685}��14��({:
��575)69��,9(W��3�(�;7� Þ

ü ; � (G;)�V:��V,9��0���:�&7(-5)(-&7*�1t;768�V?p.�� � 69� � (-¥�:�,9�V68;75F; � (G(-?�*�6`µ&)��?��E(-?�;��-�V?�;)69?�3�69;/�§ªO1t5��}(-,9,Õ14;F; � (E:
(-&7�-(-:�;73�1t,�,8(+*�(-,
1t5{1t;f; � (F14�-;)69��?�,9(-*�(-,�²+@

ü ; � (¢0�(+?�(-&L14,968¤�1t;)69�V?¼�'14:�1t��69,969;)69(-5��4A§; � (¢&)(-�-�V0�?�69;768�V?
��1t:	.t� � 69� � 1t,9,9�t�f5�;7��,9('1t&7?E��?�,8�v� � (-?E69;}685�?�(-�-(-575L14&)�
³/;f�v3�57;{1t,95)�T�
(�?���;7(-��; � 1t;f; � (�5)(+?�5)�V&)�VµÁ����;7��&{1t575)���-6Nµ

1t;)69�V?�57�257;)(-�ø,È1��£��?�1�&)(gÙ
(-¥�5)��5);7(-�¹� � 69� � &)(+:�&)(-57(-?�;)5G1
:�&)69��&76��V?v; � (W(-?�*�69&)�V?��E(-?�;���3�;}?��V;��V?E; � ({;L145)¦v;7�F&7('1t,969¤-(�@
³/;v�'1t?Z�
(�; � �V3�0 � ;v1t5G1�14��1t:�;769��?��4A�; � (�1t?�68�G1t;�;7��; � (
(-?�*269&7��?���(-?�;�69;},869*V(-5f69?p@
Ë ,8�V?�0E; � 695W5)(-�-;769��?��}( � 1�*V(F5 � �t�f?�68;��Õ145W:��V5)5)69��,9(v;7�

��3�69,9��1t&7� � 69;)(-�-;73�&)(+5{�f69; � ,9('1t&7?�69?�0T&)3�,9(-5f69?�57:�69&)(-��AB&7�����
(gµ
� 1�*�68�V&)695)��.p� � 68� � 14,9,8�t�}(-��1t?�68�G1t;T;)�Ô&)('14,869¤-(�1��+���E:�,8(+¥
��( � 1�*269�V&'@�·}(-;'.�68;v��1t?��
(�?��V;)69�-(-��; � 1t;E14;�14?2�Ô,9(-*�(-,�; � (
&)���
��;��'1t?ß¨)� � ����57(-©G68;75{�
( � 1�*�69��&�@�³/?GAÁ14�-;'.
��(-� � 1t?�6957����(
� 1�*�(W��(-*V(-,9��:
(-��14,8,9�t��; � (�&7���
��;f;)�v,9('14&)?�¶�¥�(-��14�-;)69�V?�5{�V&
5)(-à�3�(-?��-(-5W�tA�1t�-;768�V?�5'@
±�(�; � 3�5��}��?���(-&�14���V3�;p; � (��'14:�1t�-69;/��1f&7���
��;	�v3�5); � 1�*V(

;)�{�
(�14��,9(�;)��5)(-,9(-�-;���?�(�14�-;)69�V?F1t����?�0}5)(-*V(-&L14,�1t�-�-�V&)��69?�0W;7�
1t?�69?�;)(-&7?�1t,�¨7��&)69*�(+©{69;p�v3�57;�&)(-��3��-(�@V±�( � 1�*V(���(-*V(-,9��:
(-�S14?
(-¥�:�(-&769�E(-?�;�69?v� � 69� � 1W&7���
��;��Õ145�1t��,8(f;7�W0��W;)��;/�}�W��6NÖU(+&/µ
(-?�;�:�,�1t�-(+5Õ14�-�-��&7��69?�0W;)��; � ({,9(-*V(-,��4AU;/�}��69?�;)(-&7?�1t,�*�14&)6�1t��,8(+5
ª��-�V�E:�14&L1t��,8(}�f69; � ¨�AB���2�T,9(-*�(+,8©T1t?���¨7�Õ14;)(-&�,9(-*V(-,9©2²+@t± � (-?
; � (�&7���
��;f695v¨ � 3�?�0�&)��©�ªÎ68;75v¨/AB�����G,9(-*�(-,9©T*�1t&76È14��,9(W685f3�?���(-&
1v0�69*V(-?�; � &)(-5 � ��,9��²+.�69;��v3�5);f0��G;7�E; � (F:�,�14�-(F69;W,9('1t&7?�(-��69;
�-��&7&)(-57:��V?���(-��;)�W; � (f:�,È14�-(f69;p�'14?T¶�?���¨/AB������©
@ �f� 685��'14?v��(
����?�(f*V(-&)�v(�1t5)69,9��,9('14&)?�69?�0 � �t�§;7��0��W;7��; � �V5)(�:�,�1t�-(Tª�3�5768?�0
; � (�¨7:�,�1t�-(",8(�1t&)?�68?�0�©E1t,90V��&)69; � ��²�14?������2��3�,�1t;)69?�0"; � (F14�gµ
;)69*�68;/�"�tAp?�(-3�&)��?�5��-����69?�0"; � (�:�,�1t�-(-5f1t�+�-��&7��69?�0�;)�"; � (�,8(+*�(-,
�tA�69?2;7(-&)?
1t,p*�14&)6�1t��,8(+5�ª�69? � 69��69;)69?�0v; � (�:�,�14�-(��-����69?�0�¨�AB���2��©
� � (-?�; � (T�-��&7&)(-57:��V?���69?�0G*�1t&76�1t��,9(W695{,9�t�n1t?��£*269�-("*�(-&75L1�²+@
Ú�3�;f; � 695���(-� � 1t?�6857�¢685};)���v5768��:�,9(�;7�E1t,9,9�t�§1"&)('14,p:�,�14?�6N¶�µ
�'1t;768�V?p@�¬���&�; � 1t;}:�3�&7:��V5)(�.��}( � 1�*�(f�
(-(-?G69?2;7(-&)(+5);)(+�����T; � (
�-��?��+(-:�;W�tA�69?�;)(+&)?�14,�&7(-:�&7(-5)(-?�;g1t;)69�V?�1t5�1�¨7�-��0V?�69;)69*�(W��14:�©
68?�;7&)����3��-(+������; � (�:�5)��� � ��,9��0V695); � �V,9��1t?Gª � �V,8�G1t?p.�­'®t¯�É�²+@

ý ÞEþ¹��ïOê�á�ã�ïOà'å«îeâ�ã�äeê/ÿW[�ã�ï
ê7�#ä
³/?§; � 695v5)(-�+;)69��?p.}� � 14;v��(�1t&)(G69?�;)(-&7(-5);7(-��68?Z695v;)����(-5)690�?
1E?�(-3�&L14,Õ14&)� � 69;)(+�-;)3�&7(�14,8,9�t�f69?�0�; � (v&7���
��;W;)��:�,È14?�69;75$14�gµ
;)69��?�5�;7��&7('1t� � 1�0���1t,/@�³/?F; � ({Ã�Ä�Å 5'. � ��,9��14?�&7('1t,969¤-(-�v1���14¤-(
(-¥�:�(-&769�E(-?�;��f69; � &L14;)5�.t; � 14;��-�V3�,9�F?��V;��
(f(-¥�:�,�1t69?�(-�v�����
(gµ
� 1�*�68�V&)695);75'@ �f� (�(-¥�:
(-&)69��(-?�;F�-�V?�5)6957;)(-��69?Ô�-����:�1t&768?�0�; � (
&)(-573�,9;)5W�tA�;/�}�v0�&)�V3�:�5��tA�&L14;)5 Þ ; � (W¶�&75);{0V&)�V3�:��f1t5�14,9�Õ1���5

&)(+�Õ14&)��(-�v� � 68,9(�; � (�57(-�-��?��v0�&)�V3�:��f1t5	��?�,9�W&)(-�f1t&7��(-�v1�AB;7(-&
­�­���1���5'@ Ë �-�-��&7��69?�0�;7����( � 1�*�68�V&)695)�æ&L14;)5}�tA�; � (�¶�&)57;�0�&7��3�:
5 � ��3�,9� � 1�*�(W�v3�� � ��(-;7;)(-&W&7(-5)3�,9;75�; � 1t?G&g1t;)5��tA�; � (�57(-�-�V?��
0�&7��3�:£��(-��1t3�57(v; � (-� � 1�*�(��
(-(-?�&7(-�f1t&)��(-��,9�V?�0�(-&�@�³/?£AÁ1t�+;'.
&)(+5)3�,9;)5T�tA}; � (v&g1t;)5"�tA�; � (v5)(-�+��?���0V&)��3�:��}(-&)(v(+à23�68*�14,9(-?�;'@
� ��,9��14?{�-�V?��-,93���(+��; � 14;'.t1t,9; � ��3�0 � ; � (-�"�Õ145p?��V;�&)(-�f1t&7��(-�p.
&L14;)5 � 1�*�(�,8(�1t&)?�(-��1"&)(-:�&7(-5)(+?2;g1t;768�V?��tA�; � ("��1t¤+(Fª�� � 1t; � (
�'14,8,9(-�ß¨),�1t;7(-?�;f,8(�1t&)?�68?�0�©2²+@ �f� 695{&7(-:�&)(+5)(-?�;L14;)69��?�695f�'1t,9,9(-��1
¨)�+��0�?�68;769*�({�G1t:�©
@
Ë �-�-�V&)��69?�0�;)�vô�1t,9,9695);7(-,�ªBô�14,9,86957;)(-,/.
­'®�®VÃ�² Þ

¨ Ë �-�V0�?�69;768*V(W��1t:�695�1v&7(-�-�V&)��68?G; � (F�+(-?�;)&L14,�?�(-&/µ
*V��3�5"5)��5);7(-�¹�tA{�G1t�-&7��57�-��:�69�v0V(-����(-;)&768�v&7(-,�1t;768�V?�5
14�E�V?�0�5)3�&/AÁ14�-(-5W69?E; � (�(-?�*�68&7��?���(-?�;�3�5)(-��;7�v:�,�1t?
���t*�(-��(-?�;)5�; � &)�V3�0 � ; � (W(-?�*269&7��?���(-?�;'@9@9@ ©

�f� 695���(Ê¶�?�69;)69��?�5)3�:�:��V5)(-5f; � 1t;}5)3�� � ��14:�5�(-¥�695);)5f69?v; � (
��&g1t69?�ª�� � 1t;{69;f57;)69,9,p�-�V?2;7(-5);7(-��;)����1���²f14?���; � 1t;{; � (-�G;L14¦�(
��?�,8�Ô69?2;7��1t�-�+��3�?�;E�4A���1t�+&)��57�-��:�68�G&7(-,�1t;)69�V?�5 � 69:Z�
(-;/��(+(-?
:�,�1t�+(-5{69?G; � ("(-?�*269&7��?���(-?�;'@ �f� 695f��(g¶
?�69;)69��?G��14¦�(-5}?�� � �Vµ
:
��; � (-5)695{�4A�; � (�?�14;)3�&7(��4A�; � (W69?�AB�V&)��14;)69��? Þ

¨�@9@8@ Ë ��14:v69?v��&)��68?
1t&)�E14�-�-(-:�;)69��?�(-?��-����(-5�&)(-,�14;)69*�(
���������
	 :��V5)69;)69�V?�5'@ �f� (f&)(-,�1t;769*�(}�E(-;7&)69��:
��5769;)69��?T�tA
1¿:��V68?�;�695�0V69*�(-?�����69;)5 	��
����������������� ª�69;)5T*�(+�-;)�V&
:
��5769;)69��?�²+@���1t� � �-����&)��68?
1t;)(G�4A$1�:
��69?�;�ªÎ('1t� � ��6Nµ
��(-?�5768�V?v�tA�; � (�:
��5769;)69��?�*�(-�-;7��&g²}5):
(-�-6N¶�(-5W; � (���685�µ
;g1t?��+(��tA�; � (�:��V69?2;}AO&)���º1t?�14¥2695���& ����������� �tA�; � (
57��5);)(+�º�tA��+�2�V&)��69?�14;)(-5�@ ©

³/;�57(-(-�E5}; � 1t;fô�1t,9,9695);)(+,�:�&)�V:��V5)(-5f; � 1t;f1"�-��0V?�69;)69*�(f�G1t:
�}��3�,9���
(G�-����(-�Z69?§�f14&);)(+5)6�1t?Z��&T:
��,�1t&v1t��57��,93�;7(E�-����&7��6Nµ
?�14;)(-5��f68; � �E(-;7&)69�-5'@

¨ �f� (�; � (-5)695W³}�f68,9,�1t&)0V3�(�695f; � 1t;{; � (�69?�;)3�69;768*V(W��(gµ
,969(gAp; � 1t;}; � (��-��0V?�69;)69*�(���14:�5��tA��! �"�#%$�1t?�69��14,95�1t&7(
�}('14¦�(-&�; � 1t?v�V3�&��t�f?F695�?���;���(+,8,¡AB��3�?���(-�p@9@9@ �f� (-&)(
695�(+¥2:
(-&768��(-?�;L14,�(-*�69��(-?��-(E; � 1t;T(-*�(+?�69?�5)(+�-;F�G1t:�5
14&)(W�E(+;)&)69�W��14:�5'@ ©

·�(-;'.4�E����(-,95�?��V;�3�5)69?�0{; � (}�-��0V?�69;)69*�(��G1t:W�-�V?��-(-:�; � 1�*�(
�
(-(-?�:�&7��:
��57(-�G;)�T(-¥�:�,�1t69?v; � (W?�1�*�690214;)69��?T�tA�69?�5)(-�+;)5�ª�; � (-�
1t&7(��
1t5)(+����?F1��E(-� � 14?�695)��*�(-&7�W5)69�E69,�1t&�;7�{; � (��V?�(��}(�3�57(-�
;)�",8(�1t&)?�¨):�,È14�-(-57©WÒî5)(+({; � (f68?�;7(-&)(-57;)69?�0�&7(-*�69(-�Z��?v?�1�*�69021>µ
;)69�V?�1t,}5)��5);7(-�E5Gª � &73�,9,869(-&"(-;Õ14,/@8.}­'®V®�ÇV²)²-@	±�69; � Ó¡� � ��1-¾g3�¦U.
�}(�:�&7(gAB(-&�1�����&)(G���2��(-&L14;)(���(Ê¶�?�69;)69��?ß�tA�; � (��-�V0�?�69;)69*V(
��14:�ªOÓ�� � ��1-¾Ê3�¦S14?�� �f� 69(-�E(V.�­�®�®�ÆV² Þ

¨�@9@8@ �f� ("�-��0V?�69;)69*�(T��14:'&9@8@9@ (�695�1�;)�V:��V,8�V0�69�'14,��G1t:p.
6/@ (�.V69;�&7(-:�&)(+5)(-?�;)5W�V?�,9�F; � (�1t�'¾-14�-(-?��+�2.V��3�;f?��V;���685�µ
;g1t?��+(-5���&���69&)(-�-;769��?�5�.t��(+;/��(-(+?E:�,�1t�+(-5'@9@9@ �f� (f�-��0V?�6Nµ
;769*�(T��1t:�14,8,9�t�f5f; � (v�-���v��68?
1t;)69�V?E�tA}68?¡AB��&7��1t;769��?
14���V3�;f5):
1t;)6�14,8,9�v1t�'¾+1t�-(-?�;f:�,�14�-(-5'.
1t?��G; � (-&)(+�2�G; � (
69?�AO(-&)(-?��-(��tA�; � ("�-��?�?�(-�-;)69�V?�5{;7�v&)(-����;)(�:�,�1t�-(+5'@ ©

� �W(-,�14���V&L1t;7({573�� � 1W&)(-:�&)(-57(-?�;L1t;769��?p.��}(f�'1t?v�+��?�5768��(-&�1
��14:��tA�?�(-3�&)��?�5�AB3�,9,9��69?�;)(-&7�-��?�?�(-�-;)(+�p@�± � (-?v1�5)69;)3
1t;)69�V?F695



&)(-�-�V0�?�69¤-(+�p.�68;�695��-����(+�F�V?$1}?�(-3�&)�V?*),+f.-� � 69� � 695�1t�+;)69*�1t;7(-�
��3�&)69?�0�1�;)69��(�-�ª�5)(+(f¶�0V3�&)(f¯4µ�1V²-@�± � (-?E1�?�(+�§5769;)3�14;)69��?T695
�-����(-����?.)0/V.U1T5769�E:�,9( Í (-����6�1t?�,9('14&)?�69?�0E14,8,9�t�f5f;7�v,8(�1t&)?
; � (W;)69��({&)(+,È14;)69��?�5 � 69:�ªO1t?��G; � 3�5{; � (�;7��:
��,9��0V69�'1t,
&)(-,�14;)69��?�µ
5 � 69:�²}�
(-;/�}(-(-?�; � ��57(�;/���T5)69;73�1t;768�V?�5�ª�57(-(W¶�0V3�&)(W¯4µÁ��²+@

1V²

Motivation

Nive
au

 B
ut

N1

��²

Motivation

Nive
au

 B
ut

N1

N2

�'² Nive
au

 B
ut

N1

Motivation

N2

¬p690V3�&)(f¯¢1�²21�(-3�&7��?3) + 695�1t�+;)69*�1t;7(-�p@}��²21�(-3�&7��?3) / 695
1t�-;768*�14;)(-��� � 68,9(4) + 695T5);)69,9,�14�-;)69*�1t;7(-�p@�5�69?�¦�57698;:�8=<G14?��
698�<>8�:��'1t?��
(�,9('14&)?�(-�	@���² �f� (�����;768*�14;)69��?
1t,�?�(+3�&)�V?�695
1t�-;768*�14;)(-�	@ �f� (�,969?�¦v��(+;/��(-(+?�; � 695�?�(-3�&7��?�1t?��G; � (�?�(-3�&)��?
�-����69?�0F; � (�,�1t57;f5)69;)3
1t;)69�V?E(-?��+��3�?�;)(+&)(-��695�,9('14&)?�(-�	@

³/?���(-(-�p.�6NA@? 8�A 685}?�(-3�&)��?B)DC�1t�-;769*269;/�v1t?�� ? 8�A 69;)5}�-�V&/µ
&)(-57:��V?���69?�0v5 � ��&);�;)(-&7�ò��(-�E�V&)69¤'14;)69��?T�f69; �pÞ

? 8;A ªFEHG�­'²�I -KJ ?B8 A ªFEL²
GL?*8 A
-�G�­

�f� ( Í (-����6�1t?G,9('14&)?�69?�0T&)3�,9(W695f0�69*�(+?���� Þ
M 6B8�:>8 / ION;JP?,8�:�J ?B8=<
M 6 8 < 8 +�ION;J ? 8 :QJP? 8 <

�f� (G;7��:
��,9��0V68��1t,�,969?�¦���(-;/�}(-(-?ß;/����?�(-3�&7��?�5v��1t?Z; � 3�5
��(�,9('14&)?�(-�æ0�(-?�(-&L14,869¤-69?�0ß; � (���(-� � 1t?�6957� ;)��1t,9,�; � (�(-?�µ
�-��3�?�;7(-&)(-�ß5)69;)3�14;)69��?�5S14,8,9�t�f5�;7����3�69,8��1£0�&g1t: � �4A{5):�14;)6�1t,
&)(-,�1t;769��?�5 � 69:�5��
(-;/��(+(-?�; � (v��6NÖU(+&)(-?�;T5)69;)3�14;)69��?�5�; � (v&7���
��;
(-?��-�V3�?�;)(-&75'@ �f� (v,�1t5);�5);7(-:�;)�G&)(�1t,969¤-(v; � (T:�,�1t?�6`¶
�'1t;768�V?p.
695
;)�G,9('1t&7?�; � (v,968?�¦��
(-;/�}(-(-?�; � (v&)(-�+��0�?�68;769��?��tAÕ1�5)69;73�1t;768�V?
1t?��v; � (f5L14;)695/AÁ14�-;)69�V?v�tAp1W�E�V;)69*�1t;768�V?p@-¬���&�; � 1t;�:�3�&):
��57(�.�69;
�v3�5);��
(��+��?�5768��(-&)(-��; � 14;�; � ({&7(-�-�V0�?�69;)69�V?E�tAp; � 695�5)69;73�1t;768�V?
1t�-;768*�14;)(-5E1�0V69*�(-?¢¨)����;768*�14;)69�t?�14,8©G?�(+3�&)�V?p@ �f� (+?p.�1�5768�Ñµ
:�,9( Í (-����6È14?v&)3�,9(W1t,9,9�t�f5�;7��&)(+68?¡AB��&7�-({; � ({,969?�¦��
(-;/�}(-(-?G; � (
�E��;769*�1t;)69�V?�1�,�?�(-3�&7��?�14?��v; � (�&7(-�-�V0�?�69;)69�V?v�tAp; � ({5)69;73�1t;768�V?
ª�5)(+(W¶�0�3�&)(W¯tµ/�'²-@
³/?���&7��(-&�;7��:
(-&�AB��&7�À:�,È14?�6N¶��'14;)69��?�:�&)���-(-575'.�1E57��,93�;768�V?

�'1t?��+��?�576857;)5�.Õ145vAB�V&v&)(-57695);)69*V(�0�&768��5'.};)��:�&7��:�140214;)(���14�g¦�µ
�Õ14&)�G; � (v1t�+;)69*�1t;768�V?E�4A�; � ("�E��;769*�1t;)69�V?�1t,�?�(-3�&)�V?p@
³/?GAÁ14�-;'.
; � (F14�-;)69*�69;/�v�tA�1T?�(-3�&)��?£68?G; � (��-�V0�?�69;)69*V(��G1t:v�v3�57;f��(T1
AB3�?��-;769��?��4A�69;)5W;)�V:��V,8�V0�69�'14,���695);L14?��-(v;7�E; � (F0V�21t,fªÎ68?£;)(-&7�
�tA�?�3��v�
(-&}�tA�5)69;)3�14;)69��?�5L²-@
±�(�:�&)�V:��V5)(�; � (F1t�+;)69*�1t;768�V?v,�1���0�69*�(+?E�
(-,9�t� Þ

R C Iß��14¥S
ªT6 C S J R S ²

Ë 5�; � (}?�(-3�&)��?T1t�-;768*�69;/�W�v3�5);��
(��
��3�?���(-�T�2�v­V.-�-�V?�?�(-�gµ
;)69�V?�5f��(+680 � ;)5}�v3�5);}��(W�
��3�?���(-�G��(+;/��(-(+?�ÄF14?���­V@ ³/?���(-(-�	.
6NAU1t,9,��}(-690 � ;)5�*�1t,93�(}1t&)(W­�.t14,8,V?�(-3�&7��?�5}1t�-;768*�69;/�W695Õ­}1t?��T69;p695
69�E:
��575)69��,9(f;)�T��(-�-69��(W� � 69� � 695}; � (W5 � ��&7;)(-57;f:�1t; � @�±�(-690 � ;)5
*�1t,93�(T�v3�57;{; � 3�5"��(T���V3�?���(+���f68; � 1�*�14,83�(269U4VXW�� � 68� �
695{,9(-575�; � 1t?Ô­�@�³/;W�v3�57;f?���;7(-��; � 1t;�; � (-&7(v�v3�5);f�
(T5)(-*V(-&L14,
69;)(-&g1t;768�V?�5f�
(gAB��&7(�5);g1t��69,969¤'1t;769��?E�4A�; � (�&)(+5)3�,9;FªÎ; � ("�E69?�69�E1t,
?�3��v�
(-&��4A�68;7(-&L14;)69��?�5�695f; � (�?�3��v�
(-&}�tA�68?�;7(-&)��(-��6�1t;7({5)69;73�µ
1t;769��?�5f;7�v&)('14� � ; � (�0���1t,�²-@
�f� (F1t,90V��&)69; � �¢�'1t?G; � 3�5f�
(��f&768;7;)(-? Þ

­V@�³/?�68;76�1t,969¤'1t;768�V? Þ
ü ) CZY 685}; � (��E�V;)69*�1t;768�V?�1t,�?�(+3�&)�V?
ü\[ C Y^] ­
ü\[ C ] Ä�.`_ba^cIda�e

Æ�@Õ��� Þ
ü _ba7. [ S ] ��14¥fª>6 C S J [ C ²
ü ± � 69,9(G; � (�?�(-;G685�?���;�5);g1t��,9(�ªÎ��1t¥Ô��695);g1t?��-(��
(gµ;/��(+(-?�; � (v�-3�&7&)(-?�;�?��2��(E1t?���; � (v0���1t,�69?��-�V?�?�(-�gµ
;)69��?�5�?�3��v�
(-&L²

±�( � 1�*V(�:�&)�t*�(+�F; � 1t;�; � 695�1t,90��V&)69; � ��695	AB��&7��1t,9,9�f(-à�3�69*Vµ
1t,9(-?�;�;7��Ú}(-,9,9��1t?	Å 5£5 � �V&);)(+5);Z0�&g1t: � ��695);L14?��-(�14,90���&769; � �
ª�Ú}(-,9,9��14?p.�­�®�ÜVÉ�²-@
� ��¶�¥W; � (f69��(�1t5'.�,9(-;	3�5�;L1t¦V(�; � (}(-¥�1t�E:�,8(��4A�; � (}?�1�*�69021>µ

;)69�V?E6NA�; � (W��1t¤+({&)(+:�&)(-57(-?�;)(-����?�¶�0V3�&)(�¶�0V3�&)(�Ü�@ Ë AB;7(-&f(-¥Vµ
:�,9��&g1t;768�V?p.�� � (-?v; � (f&)�V���V;�695���&7��3�0 � ;���1t�g¦�;7��; � (f5);g1t&7;)69?�0
:
��69?�;gfF.
69;f5 � �V3�,9��:
(-&�AB��&7�º5)(-à�3�(-?��-(*f3hji\hjk3hjlG.
69?�5);7('1t�£�tA=fmhni3hnomhnpOhrq3hnkOhrlG@

A

F

E B

C

G

D

¬	690�3�&7(�Ün�}�V�E:�,9(-¥v�G1t¤-(W�f69; � ;/����:�1t; � �f1���5{�4AQ��6`Ö�(-&7(-?�;
5)69¤-(",8(�1t��69?�0"AB&)�V� Ë ;)�E�T@

³OA§?�(-3�&)��?ú�-����69?�0sl 1t�-;768*�69;/�´685ßAB�V&)�-(-�ú;7�À­æ��3�(
;)��69;75�,969?�¦��f69; � �E��;769*�1t;)69�t?p.WªÎ5)(-(Z¶
0�3�&7(ðÝV²-.�14�-�-��&7��69?�0
;)�æ?�(-3�&7��?º1t�-;769*269;/�¢(-à�3�14;)69��? R C3I �G1t¥ S ª>6BC S J R S ²tI
��14¥ S ª>6BU4VuW0J R S ²-.�1t?���6NAQ69U4VuW0I�Ä�vq®�.�k¢1t?��.qæ1t�-;768*�69;/�695�Ä�vq®�@�p�1t�-;769*269;/�G695�Ä�vq® / InÄwvqÉ�­�.
1t?���oI685WÄ�vq®�x0I¢Ä�vqÇVÆ�®�@
Ú}(-5)69��(-5�.�145yiæ1t�-;768*�69;/��695}�-����:�3�;)(+�E1t�-�-�V&)��69?�0";)�T; � (���1t¥



*�1t,93�(�.t69;75�1t�-;769*269;/��695�Äwvq® / I�Äwv É�­}68?�5);)(�1t�v�tA�Äwvq®�zgI�Äwv ÝVÜ�Ý�­�@
³/;)5�1t�-;769*269;/��; � 3�5W��69&)(-�+;),9����(-:
(-?���5���?�69;)5{��6857;L14?��-(T;)�G; � (
0��214,�ªÎ5)(-("¶�0V3�&)(�Ý�²+@

Motivation
G

0.81

FE

B
1

D

0.9
C

0.810.729

A

0.6561

¬p690V3�&)({Ý �f� (G�E��;769*�1t;)69�V?�1t,�?�(-3�&)��?�14�-;)69*�1t;7(-5v; � (�&7(-�-�V0tµ
?�69;)69��?��4AylG@p��3�(v;7��; � (T,869?�¦�5W,9('1t&7?�(-����3�&768?�0�; � (v(-¥�:�,9�tµ
&L1t;769��?G: � 145)(�.
; � (-&)(T695{1T��1t�g¦�:�&)�V:�1t0�1t;768�V?G�tA�; � (T1t�-;768*�69;/��@
�f� (G?�(-3�&7��?�5G1t�-;768*�69;/��695F��68&7(-�-;7,8�Z1��E('145)3�&7(-�E(+?2;T�tAW; � (
��695);L14?��-(W;)�v; � (�0V�21t,/@

±�(�5769�v3�,�1t;)(+��; � (T��( � 1�*269�V&{�tAf1t?�14?�69��1t;f(+*���,9*�69?�0v69?
1E�+���E:�,8(+¥���14¤-(�69?�� � 69� � 69;W�-��3�,8��¶
?�����6NÖU(+&)(-?�;�¨�AB���2��©
5)��3�&)�-(-5�ªÈ¶�0�3�&)(�Ç�²+@ �f� (�&)�V���V;F57;L1t&7;)5T�E�t*�69?�0�14;F&g1t?������
1t?���0V&L1t��3�1t,9,9�Z��695)�-�t*V(-&)5�69;)5�(-?�*�69&)�V?��E(-?�;�ª��f1t,9,95'.Ñ¨/AB�����
5)��3�&)�-(-57©2²+@f± � (-?�1Ô�E�t*V(-�E(-?�;T695E:
��5)5769��,9(��
(-;/�}(-(-?�;/�}�
¨):�,�1t�+(-5)©Zª�;/�}�½14�'¾-14�-(-?�;v5)à�3�14&)(-5��tA�; � (G��695)�-&7(-;)69¤-(+��(-?�*�6`µ
&)��?��E(-?�;L²+.�1G,968?�¦�1t;F1Ñ¶�¥�(-�Ô*�1t,93�(Gª>6 U4VuW I´Ä�vq®�²�695��-&7(gµ
1t;)(+�p@�± � (-?G1G¨/AO�2����©"5)��3�&)�-(�695}&)('14� � (-�p.�; � (W?�(-3�&7��?�145)57�tµ
�-6�1t;)(+���f68; � ; � (v�-3�&7&)(-?�;T:��V5)69;)69�V?�695F14,857��145)5)���-6�14;)(-�Ô�f68; �
; � (Z¨ � 3�?�0�(-&7©��E��;769*�1t;)69�V?p@
³/?§; � 695v69�E:�,9(-��(-?�;L1t;769��?p.
69;v695
�-��?�5769��(-&)(+��; � 14;{('14� � ;)69�E(�; � ("&)���
��;f���t*�(-5�.�69;f�-�V?�5)3��E(-5
1t?v69?�;)(-&7?�1t,�&7(-5)�V3�&)�+(F1t575)���-6�1t;7(-�v;)�F14?�¨)(-?�(-&)0V�v,8(+*�(-,9©�*�14&)6Nµ
1t��,9(�@�± � (-?G; � 695f*�1t&76�1t��,9({,9(-*V(-,�695f;)���v,9�t�nªB14�-�-�V&)��69?�0v;7�E1
0�69*�(-?�; � &7(-5 � ��,9��²-.�; � (W&)�V���V;f��(-0V69?�5�; � (W:�,�1t?�6N¶���1t;)69�V?p@�³OA�69;
� 1t5�1t,9&7('1t���G��6957�-�t*�(-&7(-����?�(���&W5)(+*�(-&g1t,�¨�AB���2��©E5)�V3�&)�+(-5'.	69;
à23�68�g¦�,9�v&)('14� � (-5{; � (�?�(�1t&)(+5);'@
«G�V&)(-�t*V(-&'.�69?G��3�&�;7(-5);75'.
��( � 1�*�(�14����(-�G; � (�:
��575)69��69,969;/�

�tA�,9('14&)?�69?�0�;)��1�*��V68��14&)('145�69?���&7��(-&W;)�G;)(+5);W6NA�; � (v57��5);)(+�
�Õ145�1t��,8(�;)�{1�*��V69�$1�0�69*�(+?$14&)('1��4A¡; � (}��1t¤+(�(+*�(-?T6NA¡�+&)��575)69?�0
; � 695E1t&7('1�69;v���V3�,9��&7('1t� � ; � (Z¨/AB������©�5)��3�&)�-(�à�3�69�L¦V(-&'@�³/?
AÁ1t�-;�.�69; � 1t5}��(-(+?�:
��575)69��,9({�V?�,9�S145)57�2�+6È14;)69?�0F1",9�t��(+&���(+680 � ;
*�1t,93�(vªBÄ�@ ÇV²};)��; � (T,968?�¦E; � 1t;{�}��3�,8�G�G1t¦�(W; � (�&)�V���V;{(-?�;7(-&
1�¨7;)�E1�*��V69��©F1t&7('1�@
±�( � 1�*V(¿14,95)��5)69�v3�,�14;)(-�Ô; � (��
( � 1�*�69��&v�4AF1t?�14?�69��1t;

:�,�1t�-(-��69?n14?���:
(-?n(-?�*�69&)�V?��E(-?�;�@ �f� 1t?�¦25£;)��1ß�E(-� � 1>µ
?�695)�n1t,9,9�t�f69?�0v¨):�,È14�-(},8(�1t&)?�68?�0�©FªÈAB3�5768�V?�69?�0f; � (f&)(-�-�V0�?�69;768�V?
{ ¨7� � 1t;7© { 14?���; � (v:
��5768;769��? { ¨)� � (-&)(-© { �4AÕ,�14?�����14&)¦�5ªBô�143�5)5768(+&p(-;f1t,/@9.�­�®�®�ÇV²)²+.g; � (}&)�V���V;p�'14?�,9('1t&7?�� � (-&7(F¨�AB���2��©
1t?���¨7�Õ14;)(-&7©�5)�V3�&)�-(+5�1t&7(E� � (+?�69;��'14?�¶�?���; � (-��@p«G��&7(gµ
�t*�(-&�.�� � (+?E69;�(+¥2:�,8�V&)(-5}; � (�(+?2*�69&)�V?��E(+?2;�.t69;��'14?E,9('1t&7?E?�(+�
:�,�1t�-(-5�145�57����?�1t5W; � (-��14&)(v��6NÖ�(-&)(-?�;�(+?���3�0 � AO&)���º:�,È14�-(-5
68; � 1t5v1t,9&)(�1t����,9('14&)?�(-�Ô��(ÊAB��&7(½ªO1t�-�+��&)��68?�0�;)��1�¨7&)(-�+��0�?�6`µ
;)69��?�©T; � &)(-5 � ��,9��²f14?��G68;},9('1t&7?�5{;7�F,969?�¦v; � (-�´�f68; � ; � (�,�1t57;
:�,�1t�-(f(-?��-��3�?�;7(-&)(-�	@�¬�&)���æ;)69�E(�;)��;768��(�.�; � (W1t?�69�G1t;p��3�69,8��5
1{;7��:
��,9��0V69�'1t,V&)(-:�&7(-5)(+?2;g1t;768�V?E�4AU69;)5�(-?�*�69&)�V?��E(-?�;	68;��'14?v3�5)(
;)�E:�,È14?�69;)5W1t�-;768�V?p@
Ú�(+5)69��(-5�.�;/����69?2;7(-&)?
1t,�*�1t&76È14��,9(-5{�+��&)&7(gµ
5):
��?���69?�0�;)�Ô¨/AB�����G,8(+*�(-,9©�14?��Z¨)�f1t;7(-&W,8(+*�(-,9©E1t&7(F���2?
1t�E6Nµ
�'1t,9,9�E3�:
��14;)(-��14�-�-�V&)��69?�0�;)�v��6NÖ�(-&)(-?�;76È14,�(-à�3�1t;768�V?�5'@�± � (-?

N N

N N

N

N N

F

F

F

F

F

F

F

Walls F Food| | || | || | || | |
} } }} } }} } }} } }

To avoid

~ ~ ~~ ~ ~~ ~ ~
� �� �
� �

� �� �
� �
� �� �
� �

� �� �
� �
� �� �
� �
� � �� � �� � �� � �
� �� �
� �� �

� � �� � �� � �� � �
� � �� � �� � �� � �
� � �� � �� � �� � �
� � �� � �� � �� � �

� � �� � �� � �
� � �� � �� � �

� � �� � �� � �
� �� �
� �

� � �� � �� � �� � �
� �� �
� �� �

� � �� � �� � �
� �� �
� �

� � �� � �� � �
� �� �
� �

� � �� � �� � �
� � �� � �� � �

¬	690�3�&7(�Çn�}�V�E:�,9(-¥��G1t¤-(G3�57(-��;)��;7(-5);���3�&�:�,�1t?�6N¶���1t;)69�V?
1t,90V��&)69; � ��(gÌE�-69(-?��-�2@

; � (-69&{,9(-*�(+,�695f;7�2��,9�t��.�68;{14�-;)69*�14;)(-5W1v�E�V;)69*�1t;769�t?�1t,�?�(-3�&)�V?
1t575)���-6�1t;7(-�G�f69; � ; � ({�+��&)&7(-5):
��?���69?�0v�E�V;)69*�1t;768�V?Eª-¨ � 3�?�0�(+&)©
&)(+5):p@"¨); � 68&75);7©2²"� � 1t;T��14¦�(v; � (�&7���
��;T:�,�1t?�69;)5v1t�+;)69��?Ô;)�
&)(�1t� � ; � (v?�('14&)(-57;�:�,�1t�-(v� � (-&)(�68;W�'14?�5g1t;7685�AB��69;)5"�E��;769*�1�µ
;)69�V?p@�±�( � 1�*V(W;)(-57;)(-��; � 695{1t&7� � 68;7(-�-;73�&)(��V?E�G1t?��F��6`Ö�(-&7(-?�;
5)69�v3�,�14;)(-�W��:
(-?T(-?�*�68&7��?���(-?�;)5�.'1t?���69;p5)(+(-�E5	;)�{�}��&7¦W:�&)�V:�µ
(-&7,8��(-*�(+?�6NA Þ

ü ; � (-&7(F1t&7(�57(-*�(+&L1t,	:�,�1t�-(+5f� � (-&)("; � (�1t?�68�G1t;���1t?E�
(�&7(gµ�f1t&7��(-�p@
ü ; � (G¨/AB������©T��&v¨7�Õ14;)(-&7©v5)��3�&)�-(-5W��695g1t:�:
('1t&�@
ü ; � (}?23��v��(-&	�tA�����;768*�14;)69��?f695�69?��-&7('1t57(-��ª�(�@ 0
@�¨ � ����69?�0�©�
( � 1�*�69��&g²
³/?�(�1t� � �'145)(�.�; � (�5)��5);7(-�¹695v1t��,9(E;7��5)�V,9*�(E�
��; � 5 � ��&7;)(-57;
:�14; � ¶�?���69?�0E14?���14�-;)69�V?�57(-,9(-�-;768�V?G:�&)�V��,9(-��@
·�(-;'.V69?v; � �V5)(�5)69�v3�,�1t;768�V?p.-�}( � 1�*�(f5)3�:�:��V5)(-5}; � 1t;}; � (-&7(

�}(-&)(�?��G:�&)�V��,9(-�¼;7��&)(-�+��0�?�68¤+(v5)69;)3�14;)69��?�5$14?���; � (v�E�t*�(Êµ
�E(+?2;��Õ145�5)(-,9(-�+;)(-��AB�V,8,9�t�f69?�0f; � ({0V&L1t��68(+?2;��tAp; � ({�-�V0�?�69;)69*V(
��14:�?�(+3�&)�V?�5E1t�-;769*269;/��@ �f� (�:�&)�V��,9(-�¹695v; � 1t;'.	AO��&v1t?Z(-¥Vµ
:
(-&)69�E(+?2;�69?ð1�&7('1t,W(-?�*�69&)�V?��E(-?�;�.���(�5 � ��3�,8�Z�
(½14��,9(G;)�
&)(+�-��0V?�69¤-(�5769;)3�14;)69��?�5v1t?��§;7��¦�?��t��;)��� � 68� � �E�t*V(-�E(+?2;75
; � (-���'1t?��
(E,969?�¦V(-�p@�³/?�AÁ14�-;'.	; � (E:�,�1t?�6`¶
�'1t;768�V?½14,90���&769; � �
5 � ��3�,9�G69?2;7(-&L14�-;}�f68; � 1T57(-?�5)�V&)�Vµ/�E��;7��&�145)57�2�+6È14;)69��?�5)��5);7(-�
5)69��68,�14&�;)�v; � (�1t&)� � 69;7(-�-;)3�&)(T��(W��(-57�-&)69�
(-��68?�5)(-�+;)69��?�Æ�@@

� Þ�íoê�ä��Mê�äfå«ï¡éKàÏìfþ â�à�á+à�â3ã�äeå ï¡éKà
îeâ�ã�äeê/ÿW[�ã�ï
ê7�#ä«âuà�áVà'â
ù{573�1t,9,9��.g�-,�1t5)5769�'1t,�:�,�1t?W0V(-?�(-&g1t;)69�V?���(-� � 1t?�6857�E5�1t&7(�;)&7('1t;7(-�
����&7(-5)�V,93�;)69��?Ô5)��5);7(-�E5"��1t57(-���V?�AB��&7��1t,�,9��0V69��@ �f� (v:�&769?�µ
�-69:�,9(W�-��?�5)695);75{69?E&7(-:�&)(+5)(-?�;)69?�0�¦�?��t�f,9(-��0�(W1t5{1":�&)69�V&)6�&)3�,8(+5



Animat

Landmarks (visible or not according to the animat position)
Learned places

Links between situations

¬p690V3�&)({ÉæÓ�69�v3�,�1t;)69�V?��tA�14?�1t?�68�G1t;�� � 69� � :�,�14?�5�69;)5}�E�t*V(gµ
�E(-?�;)5�69?E1t?T��:
(-?�(-?�*269&7��?���(-?�;p69?v� � 69� � ���V; � ¨/AO�2����©�14?��
¨)�f1t;)(+&)©v5)�V3�&)�+(-5{�'14?G��(WAO��3�?��	@
� � ��57(�:�&)(+�-��?���68;769��?�5���(-:
(-?���5W��?£; � (�:
(-&7�-(-69*�(-��5)69;73�1t;768�V?
1t?���� � �V5)(v&7(-5)3�,9;75F�-�V?�5)6957;)5v69?�:
(-&�AB��&7�E69?�0G:�1t&7;)69�-3�,�14&$14�gµ
;)69��?�5�@�Â�,�1t?Ô0�(-?�(+&L1t;769��?Z5)��5);7(-�E5v�G1t¦V(v; � (�AB�V&)��14,��+��&)&7(gµ
5):
��?���(+?��-(�14,9,8�t�f69?�0v;7�G��(g¶�?�(V.p57;L1t&7;)69?�0�AB&7���º; � (v�-3�&)&7(-?�;
5)69;)3�14;)69��?	.t; � (�5)(-;}�tAp&73�,9(-5};)��� � 1468?v;7��&)(�1t� � ; � ({0V�21t,/@�·}(-;'.
68?W�V&)��(-&�;7�E¨)0V&)�V3�?���©�;)�f; � (�&7('1t,��}��&),9�p.+69?2;7(-&/A/1t�-(-5��
(-;/�}(-(-?
5)���v���V,95��+��&)&7(-5):
��?���69?�0F;7�F; � ({&73�,9({:�&7(-�-�V?���69;)69��?�5Õ14?��v; � (
5)69;)3�14;)69��?�5f; � (-�£�-��&7&)(-57:��V?���;)�v69?�; � (F&7('1t,	���V&),9���v3�57;f��(
��(g¶�?�(+�p@

Motivation

¬p690V3�&)({® �f� (�69?�AB��&7��14;)69��?�1�,}Ù
�t�¼�-�V&)&)(+5):
��?���69?�0ß;)�Z; � (
&)(-�-�V0�?�69;768�V?½14?���;)�G; � (v:�,È14?�6N¶��'14;)69��?�14&)(T5)3����E(-��1t;W; � (
5L1t��({,9(-*V(-,/@

³/?���3�&"��:�69?�69��?	.��}(v; � 69?�¦�69;W695W?�(-�-(-575L14&)��;7�G68?�;7(-0�&g1t;)(
�f68; � 69?{; � (�1t&7� � 69;)(-�-;73�&)(f��(-��69�'1t;7(-��;7�f:�,�1t?�6N¶��'14;)69��?W1}�E(-� � µ
1t?�695)�û� � 69� � 1t,9,9�t�f5{; � (E��14?�69:�3�,�1t;769��?E�4A{69?2;7(-&)?
1t,�&7(-:�&)(Êµ
5)(-?�;L14;)69��?�5v(-,�1t�
��&L14;)(-�ðAB&)�V�¹; � (G:
(-&)�+(-:�;)69�V?��4A�; � (�(-?�*�6`µ

&)�V?��E(+?2;�@pù�5)3�14,9,8��.
69;F695�?�(+0�,9(-�-;7(-�Z; � 14;�; � (�69?2;7(-&)?
1t,f&)(+:�µ
&)(+5)(-?�;L14;)69��?Ô�v3�5);���(v�+��?�57;)&)3��-;)(-�Z����?�14�E69�'14,8,9��.�� � 68,9(T(-¥Vµ
:�,9��&g1t;768?�0E; � (F(-?�*�69&)�V?��E(-?�;�@�³/;W�v3�5);���(T?��V;)(-��; � 14;W:�,�1t?�µ
6N¶��'14;)69��?���1t?��V?�,9���
(T����?�("��?�14,8&7('1t����¦�?��t�f?£5)69;)3�14;)69��?�5'@
�f� (-&7(���1t?�?��V;p�
(��
��; � ,9('1t&7?�69?�0{1t?���3�5)(��tA�; � (�69?�AB�V&)��14;)69��?
1t;"; � (�5L1t��(F;769�E(�@
³/;T685"; � 3�5�?�(+�-(-5)5g1t&7��;)�£68?�;7(-0�&g1t;)(�;/���
�}��&)¦�69?�0�������(-5 Þ 1t?�(-¥�:�,9��&g1t;)69�V?F���2��({1t?��G1W:�,�1t?�6N¶���1t;)69�V?
�E����(V@p��3�&)69?�0�(+¥2:�,8�V&L14;)69��?p.	; � (E5)��57;)(-�¹�v3�5);��
(�14��,9(v;)�
,9('1t&7?���6NÖ�(-&)(-?�;W:�,�1t�+(-5vª�6NA�; � (-&7(E1t&7(�:�(+&)�-(-:�;)3�14,8,9����6`Ö�(-&7(-?�;
(-?��V3�0 � ²-.};)��,9('14&)?�; � (�;7��:
��,9��0V69�'1t,}&)(-,�14;)69��?�5 � 69:��
(-;/��(+(-?
; � ��5)(":�,�1t�-(-5�.�;)�T,9('1t&7?�; � (W�E�t*V(-�E(-?�;�1t,9,9�t�f69?�0W;)�T0��"AB&)�V�
��?�(v:�,�1t�-(T;)�G1t?��V; � (-&T1t?���;7�G,8(�1t&)?�; � (v:�,�1t�-(-5W� � 69� � �'1t?
�
({1t5)57���-6�1t;)(+�F;7��1�0���1t,/@-��3�&)69?�0�:�,�1t?�6N¶��'14;)69��?	.-69?�AB�V&)��14;)69��?
,9('1t&7?�(-����3�&)69?�0T(-¥�:�,9��&g1t;768�V?F��1t?E�
({3�5)(-�G;)�"&)('14� � ; � (�0���1t,
,969?�¦�(-�ß;)��; � (�1t:�:�14&)69;)69�V?§�4AF; � (��-�V&)&7(-5):
��?���68?�0§69?�;)(+&)?�14,
�E�V;)69*�1t;769��?p@
�f� (-?p.
� � �v?���;f3�5)69?�0E1T�E69¥�(-��*�(-&75)69��?G�tA�; � ("5)(-?�57��&7��µ

�E�V;)�V&p,9('1t&7?�69?�0�1t&7� � 68;7(-�-;73�&)(�:�&)(-57(-?�;)(-�G69?T5)(-�-;769��?EÆ�@14?���; � (
:�,�1t?�6`¶
�'1t;768�V?�1t&7� � 69;)(-�-;73�&)(�:�&)(+5)(-?�;)(+��69?�57(-�-;768�V?½Ã�@áTù�?�AB��&�µ
;)3�?�1t;7(-,9�2.�69;}685f69��:��V5)5)69��,9(f;7�F��68¥T:�,�1t?�6`¶
�'1t;768�V?E1t?��G&7(-�-��04µ
?�69;)69�V?v��?E; � ({5g1t��(f?�(-3�&7��?p@�³/?���(-(-�p.�5768;73�1t;769��?v&)(+�-��0V?�69;)69��?
1t?����E�V;)69*�1t;768�V?v��1t�g¦�:�&7��:�14021t;769��?G�-��&7&)(-57:��V?���;)��;/���v��685�µ
;)69?��+;�69?�AB��&7��14;)69��?�14,
Ù��t�f5'@ �f� (v(-?�;768&7(v5)(-;T�tAf69?�AB�V&)��14;)69��?
�'14?�?���;"��(v;7&)('14;)(-�Ô�2�£; � (�5L1t��(�?�(-3�&)��?��G1t:p@
³OA{1�5)69?�0�,9(
?�(-3�&)��?Z�v3�57;W���V; � ��(-�-69��(G� � 69� � 5)69;)3�14;)69��?�695T&)(-�+��0�?�68¤+(-�
1t?��§:�&)��:
1t0214;)(�; � (G�E�V;)69*�1t;768�V?�1t,�68?¡AB��&7��1t;769��?£AB&)�V�¹0���1t,
;)�T5)3���µÁ0V�214,85�.�; � (-&7(�695}����*�69��3�57,8�T1t?�14�v��690�3�69;/�W��?v; � (W&)('1>µ
5)�V?G� � ��; � ("?�(-3�&7��?G695{1t�-;768*�14;)(-��ª�57(-(�¶
0�3�&7($®V²-@
Ë ;v,8(�1t5);T;/�}��,9(-*�(-,95v1t&7(�; � 3�5F?�(-�-(-575L1t&7�Z5)��1t5v;)�£5)(-:�µ

1t&g1t;7(v; � (T69?�AB��&7��14;)69��?�14,
Ù��t�f5 Þ �V?�(v�-��&7&)(-57:��V?���69?�0�;7�E; � (
¨)0V�214,8©W,9(-*V(-,/.214?���; � (-&}�-��&7&)(-57:��V?���69?�0v;)�"; � (�&)(-�-�V0�?�69;768�V?E�4A
; � (F�-3�&)&)(+?2;W5768;73�1t;769��?�1t?��£68;75{1t575)���-6�1t;768�V?�;)�E1Ñ�E�t*V(-�E(-?�;
ª-¨75)(-?�5)��&7�VµÁ����;)�V&)©�,8(+*�(-,�²-@ Ë 5�; � (T68?¡AB��&7��1t;769��?E�+�2��(-������1
?�(-3�&)��?��v3�5);{�
��; � ;L14¦�(T68?�;7�¿14�-�-�V3�?�;�; � (v;/�}�¿145):
(-�-;75F�4A
; � (v68?¡AB��&7��1t;769��?G69;{�-����(-5Gª-¨70���1t,9©v��&�¨7&)(-�+��0�?�68;769��?�©�²-.
�-��&�µ
&)(+5):
��?���69?�0G?�(+3�&)�V?�5W�tA�; � (";/����,8(+*�(-,95{�v3�5);f�
(�,968?�¦�(-�G;)�4µ
0�(+; � (-&�@ �f� (G?�(-3�&7��?�5G1t�-;768*�69;/��3�:��
1t;)69?�0���(-:�(+?���5E�V?�; � (
�}��&)¦�69?�0G�E����("68?�� � 69� � ; � (v5)��57;)(-�¹695�@U��3�&769?�0G,8(�1t&)?�68?�0�.
; � (�69?�AB��&7��14;)69��?T�v3�5);}0���¨)�
��;7;)�V�vµ/3�:�©WAB&7����; � (�&7(-�-��0V?�6Nµ
;)69�V?E,9(-*�(+,p;)�T; � (�¨70���1t,9©�,9(-*�(+,p5)�v1t5f;7�S14,9,8�t�Z; � (��-�V0�?�69;)69*V(
��14:�,9('1t&7?�69?�0�@t�}�V?2*V(-&)57(-,9�2.4��3�&)69?�0W:�,�14?�6N¶��'1t;769��?p.+; � (f69?�AB�V&/µ
��14;)69��?��-����69?�0�AO&)����; � (�¨70��214,9©f,8(+*�(-,��v3�57;�0��v¨);7��:�µ/���t�f?�©
69?��V&)��(+&�;)��57(-,9(-�-;�; � (E1t�+;)69��?�;7�����½ªÎ5)(-(Ñ¶�0�3�&)(�­�­�²-@ �f� 695
�}��&)¦�69?�0��E(-� � 14?�695)�ú�-�V&)&)(+5):
��?���5�;)��; � (G?�(-3�&7����69��,9�V0�69�'1t,
�E����(+,��tA��-��&7;)69�'14,��-�V,93��E?�5�:�&7��:
��57(-�v���FÚ}3�&)?��2��ª�Ú}3�&)?��2�	.
­'®VÉ�®V²-@ �f� ( � 690 � (-&W,9(-*V(-,��tA}; � (v�-�V,93��E?G�-�V&)&)(+5):
��?���69?�0£;)�
; � ({�-�V&);)69�'14,�,9(-*V(-,�14?��v; � (f,9�t�}(-&�,9(-*V(-,�;)�"; � (�; � 14,È14�E69����?�(V@
±�(���1t?��}��?���(-&v6NA$�}(G�'1t?ß��69&)(-�-;7,9��5)3�:�(-&769�E:
��5)(G; � (

:�,�1t?�6`¶
�'1t;768�V?G,8(+*�(-,�;)��; � ("5)(-?�57��&7��µ/�E�V;)�V&�1t&7� � 69;)(-�-;73�&)(v��(gµ
5)�+&)69��(+��68?�Æ�@@}�{3�&)69?�0�; � (�(-¥�:�,9��&g1t;)69�V?�: � 145)(�.}; � (�5)��5);7(-�
�-�V3�,9��,9('14&)?�:
(-&)�+(-69*�(-��5768;73�1t;769��?�14?�� � �t�º;7��,969?�¦Z; � (-�
�f69; � 1t�+;)69��?�5�@�Ú}(-5)69��(+5'.
��3�(�;7�F; � (�573�:�(+&)69�E:
��5768;769��?E�4A�; � (
¨)0V�214,8©",8(+*�(-,/.�1G¨)�-�V0�?�69;768*V({�G1t:�©W�-�V3�,9�v��(W,9('1t&7?�(-��1t�+�-��&7��µ
69?�0v;)�T�'14;)(-0V��&)69¤-(+��5)69;)3
1t;)69�V?�5'@
¬��V&F69?�57;L1t?��-(�.�69?Ô; � (G��14¤-(E&7(-:�&7(-5)(-?�;7(-���V?�¶�0V3�&)(�­�Ä�.



A

B DC

¬p690V3�&)(T­'Ä�«�14¤-(�(-¥�1t��:�,9(}AB��&f:�,È14?�6N¶��'14;)69��?

5)69;)3�14;)69��?Bfæ685W1t575)���-6�1t;7(-���f69; � ¨70��E1 � ('1t��©�.�iI�
��; � �f68; �
¨);)3�&)?�,8(ÊAB;)©G1t?���¨);73�&)?�&)690 � ;7©�.
k��f69; � ; � (v5g1t;7685�AÁ1t�+;)69��?��4A
; � (W�E�V;)69*�1t;769��?p.�lI695{1���('1t��µ/(-?��	@
��3�&768?�0E:�,�1t?�6`¶
�'1t;768�V?p.�; � (v5)��57;)(-�û�v3�5);�3�5)(v; � (F69?�AO��&/µ

��1t;769��?G�-����69?�0vAB&7���û; � (�¦2?��t�f,8(+��0�(T; � (�0���1t,�695�69?�k´;7�
:�(-&�AB��&7�º; � (E14�-;)69�V?�5)(-à�3�(+?��-(E1t,9,9�t�f69?�0v;)��&)('14� � ; � 695�0V�214,
5);L14&);768?�0EAO&)���sfT@ �f� (v:�&7����,9(-�û695�; � 1t;W� � (+?�; � (E14?�69��1t;
1t&)&769*�(-5f69?9iæ; � (-&)(W695f?��T�Õ1��v;7�F� � �V5)(W� � 69� � ��?�(��v3�5);}��(
:�(-&�AB��&7�E(-��ª�i¢695f,969?�¦�(+�E�f69; � ;/���v���t*�(-��(-?�;)5�ïq²+@

A

B C

MO

Motivation

D

A

B

D

C

Rec
og

nit
ion

Goa
l

PTM2

¬p690V3�&)(�­V­�³/;T685T69�E:
��575)69��,9(F;7��:�,È14?�3�5)69?�0���?�,8��5)69;73�1t;768�V?
&)(-�-�V0�?�69;768�V?p@�³/?���(+(-��1T5)69;73�1t;768�V?E�'14?��
(�,969?�¦V(-�G;)�v;/�}�F��6NA�µ
AB(-&)(+?2;G���t*�(-��(-?�;)5'.�1t?���69;E695E; � 3�5�69��:��V5)5)69��,9(�;)�Z��(-�-69��(
� � 69� � 14�-;)69��?��v3�5);}�
(�57(-,9(-�-;7(-�p@

³/?£AÁ1t�+;'.
; � (+&)(E5 � ��3�,8�£��(v;/�}�E��6957;)69?��-;�&7(-:�&7(-5)(-?�;g1t;)69�V?�5
('1t� � 1t575)���-6�1t;7(-�G�f68; � �V?�(W�E�t*�(+�E(-?�;'@4Ú�(-5769��(-5'.
; � 695�&7(-:�&)(Êµ
5)(-?�;L14;)69��?£�v3�5);�;L1t¦V(�69?�;)��14�-�-�V3�?�;��
��; � 57;L14&);)69?�0G1t?��£¶�?�µ
685 � 69?�0v5)69;73�1t;768�V?p@ Ë 57��,93�;768�V?E�-�V?�5)6957;)5W69?���3�69,8��68?�0S1T&7(-:�&)(Êµ
5)(-?�;L14;)69��?Ô�tAW; � (G;)&g1t?�5769;)69��?Ô��(-;/�}(-(-?Z;/�}��5769;)3�14;)69��?�5Gª�57(-(
¶�0�3�&7(§­�Æ�²+@�5�(+;9fDiv.}; � (�69?�;)(-&7?�1t,W&)(+:�&)(-57(-?�;L14;)69��?��4AF; � (
;)&L14?�5)69;768�V?Z��(-;/�}(-(-?mfÀ14?��div@ �f� (�145)5)���-6�14;)(-��14�-;)69�V?�695
; � (��E�t*�(+�E(-?�;p1t,9,9�t�f69?�0{;7��0��$AB&)�V�\fß;)�*iæ1t?��v695�,9('14&)?�(-�
3�5)69?�0WÂ��fó�14,80V��&768; � ��@ �f� (}69��('1f�4A�; � 695�&)(-:�&)(-57(-?�;L1t;769��? � 1t5
��(-(+?�69?�57:�69&)(-������1v������(-,p��(-*�(-,9�V:�(-�£�2��ªÎÚÕ14?�à�3�(-;W(-;f1t,/@9.
­'®�®VÉ�²+@ Ë 5�; � (�69?�;)(-&7?�1t,W&)(+:�&)(-57(-?�;L14;)69��?�695E(-,�1t�
��&g1t;7(-���V?
;)&L14?�5)69;768�V?�5�&7(-�-��0V?�69;)69��?�14?���?��V;���?�,9����?�57�-(-?�(-5v&7(-�-�V0�?�6Nµ
;)69��?p.t14?v68?�;7(-&)?�14,�&)(+:�&)(-57(-?�;L14;)69��?�685�?�(-�-(-575L14&)69,9�v,869?�¦V(-�T�f68; �
��?�,9�F1W5769?�0�,9(f�E�t*V(-�E(+?2;�@�³/?v5)69;)3�14;)69��?4iÑ.tAB�V&�69?�5);g1t?��+(�.�; � (
1t?�69��14;���1��W;)3�&)?v,9(gAB;{ªO1t&7&)69*�(-5�68?2k�²��V&�;)3�&7?E&)690 � ;fªO1t&)&769*�(-5
68?'lv²+@ � &L1t?�5)69;)69��?�i0kû1t?��'i0lø�f69,9,���(��-&)(�1t;)(+��1t?���&7(gµ
5):
(-�-;)69*V(-,9��1t5)57���-6�1t;)(+���f69; � ¨7;)3�&7?�,9(gAB;7©¿14?��n¨7;)3�&7?�&)690 � ;7©

�E�t*V(-�E(+?2;75'@

MO

Motivation

BD
AB

BC

Goa
l

PTM2

Rec
og

nit
ion

¬	690�3�&7(F­'Æ�ù�5)(}�tA�; � (�;7&L1t?�5)69;)69��?�5�AB�V&p1t�-;768�V?�5p:�,È14?�6N¶��'14;)69��?p@

�{3�&)69?�0W(-¥�:�,9��&g1t;)69�V?p.-; � (v¨)&7(-�-��0V?�69;)69��?�©{,9(-*�(+,��-&)(�1t;)(+5�1t?
69?�;)(-&7?�1t,V&)(-:�&7(-5)(+?2;g1t;768�V?�AO��&�('14� � ;)&L14?�5)69;768�V?W��(-;/�}(-(-?T5)�+(-?�(-5
1t?���1t575)���-6�1t;7(-5{; � (W�E�t*V(-�E(-?�;�1t,9,9�t�f68?�0�;7�v0��WAO&)���I��?�(�;)�
; � (E��; � (-&�@�Ú�(-5769��(-5'.�14;�; � (�¨)0V�214,8©G,9(-*V(-,/.��-��?�?�(-�-;768�V?�5v�
(gµ
;/�}(-(-?E&7(-:�&7(-5)(-?�;g1t;)69�V?�5{1t&7(f,8(�1t&)?�(-�E57�F1t5�;7�W�-&)('14;)(�1�0�&g1t: �
�tA�; � (W;7��:
��,9��0V68��1t,�&7(-,�1t;)69�V?�5 � 69:�5}�
(-;/��(+(-?�5)�+(-?�(-5�@�¬�3�&); � (-&/µ
�E�V&)(�.�� � (-?Z; � (�14?�69��14;�&7('1t� � (+5�; � (G0���1t,/.�69;F,9('14&)?�5v; � (
1t575)���-6�1t;769��?v�
(-;/��(+(-?E; � (f&)(-�+��0�?�68;769��?v�tA�; � (f,È145);�;7&L14?�5)69;)69�V?
1t?���; � (F����;768*�14;)69��?�5L14;)695/AÁ14�-;)69�V?p@�³/;W695{*V(-&)��69��:��V&);L14?�;f;)�
?��V;)69�-(f; � 1t;�;)���+&)('14;)(f&)(+:�&)(-57(-?�;L14;)69��?7f�i�; � ({1t?�69��14;��v3�5);
1t,9&7('1t������(W69?.iv@
�{3�&)69?�0{:�,È14?�6N¶��'14;)69��?p.+; � (f����;768*�14;)69�t?{�
1t�g¦�:�&)�V:�1t0�1t;)69�V?

;)�t�f1t&7��; � (��-3�&)&7(-?�;�5);g1t;7(�1t,9,9�t�f5v;)��1t�-;769*�1t;)(£; � (�0�&g1t: �
?�����(-5}69?���69�'14;)69?�0{���t*�(-��(-?�;�;)��:
(-&�AB��&7�í;7�W&)('14� � ; � (f0V�214,Á@
�}��?�*V(-&)57(-,9���f69; � ; � (E(-¥�:�,9�V&L1t;769��?�: � 145)(�.�� � 1t;"685T69�E:
��&�µ
;L14?�;�?��t��685	;)����(-�-69��(}� � 1t;����t*�(-��(-?�;�;)�W:
(-&/AB�V&)��;7�{&)(�1t� �
; � (v0��214,p� � (+?�&)(-�-�V0�?�69¤-69?�0G1�0�69*�(-?£:�,�1t�-(�@ ³/;{695W; � 3�5W?�(-�gµ
(-575L1t&7�G;)�T��3�69,9�E1�57�257;)(-�º1t,9,9�t�f69?�0W;)�T:�&)(+��69�-;f; � (W57�-(-?�(�ªÎ5L²
� � 69� � �'1t?T�
(f&)('14� � (-�vAB&7����; � (f�-3�&7&)(-?�;}5)�-(-?�(�@ �f� 695��E(-� � µ
1t?�6857��.	,968?�¦�(-�Ô;)��; � (�����;768*�14;)69��?���14�L¦�:�&7��:�140214;)69��?�14,80V�tµ
&)69; � �¹5 � ��3�,9���
(�14��,9(E;7��57(-,9(-�-;E�
(-;/�}(-(-?Z��6NÖ�(-&)(-?�;v:
��575)6Nµ
��,9(T�E�t*�(+�E(-?�;f� � 69� � 695W; � (v�
(-5);";)�E&7('1t� � ; � (F0V�214,�����&7(
&L14:�69��,9�2@
¬��V&{69?�57;L1t?��-(�.�69?�iv.
; � (v57�257;)(-�û�v3�5);���(v1t��,8(";)�
:�&7(-��69�-;f�
��; � i0kæ1t?��Bi0lI;)&L14?�5)69;768�V?�5{1t?��E��14¦�(gi0kæ�f69?
69?���&7��(-&�;7��:�(+&/AB�V&)�¼; � (E�+��&)&7(-5):
��?���69?�0��E�t*V(-�E(+?2;�ªÎ;)3�&7?
,9(gAB;g²-@
�f� (�;)&g1t?�5769;)69��?�,8(�1t&)?�68?�0v�E(-� � 14?�695)��695}��(-�-�V�E:
��5)(+��69?

;/�}��5);7(-:�5Wª�5)(+(f¶�0V3�&)(T­'Ã�²+@ �f� (}¶�&75);�57;)(-:��tAp; � (f��1t;g1W;)&7('1t;�µ
�E(+?2;	�-��?�5)695);75�69?�,9('14&)?�69?�0�:�(+&)�-(-:�;)3�14,�5)�-(+?�(-5WªBÂ � «�­�²-@ �f� (
5)(+�-��?���5);7(-:�695}; � (-?£;)�v��14¦�(�; � (�AB3�5769��?G�tA�;/���v573��-�-(-575)69*�(
5)69;73�1t;768�V?�5f69?E�V&)��(-&�;)�v&7(-�-��0V?�69¤-(�69;'@
³/;�695}(-5)57(-?�;)6�1t,�;7�F&7680V��&7��3�57,8�T5)(+à23�(-?��-(�,9('14&)?�69?�0T1t?��v3�57(

: � 145)(-5�69?E��&7��(-&f;7�F�G1t¦�(f; � (�1t&7� � 68;7(-�-;73�&)(��}��&7¦�5f:�&)�V:�(-&7,9�
AB�V&F(-¥�:�,9�V&L1t;769��?�1t?���:�,�1t?�6`¶
�'1t;768�V?p@ �f� (E57�257;)(-�Ð1t&7� � 69;)(-�gµ
;)3�&)(v�v3�57;f; � 3�5W;L14¦�(�69?�;)�G1t�-�-�V3�?�;{&7(-à�3�69&)(-��(-?�;)5W69�E:
��5)(+�
���E�
��; � �}��&7¦�68?�0F: � 1t5)(+5'@
�f� (�0�,9�V��1t,p14&)� � 69;)(-�+;)3�&7(F:�&7��:
��57(�695f&)(-:�&7(-5)(+?2;7(-��¶�0V3�&)(

­-¯
@�¬���&�; � (f�E�V�E(-?�;'.+; � (�5)�V,83�;)69��?T��(f:�&)��:
��57( � 1t5���?�,9���
(
&)(�1t,969¤-(-�v69?v5)69�v3�,�1t;769��?p@g³/;�695�?��t�Ô��(-69?�0"68��:�,�1t?�;)(+�{AO��&�&7('1t,/@
Ú}3�;W��(�(+¥2:
(-�-;"��(-69?�0��-��?¡AB&)�V?2;7(-��;7�E5)(+*�(-&7(v:�&)�V��,9(-�E5�@�³/?�µ
��(-(+�p.�� � 69,9(�69; � 145��
(-(-?G5 � �t�f?v:�,È14�-(-5���1t?E�
(f,9('1t&7?�(-��*�(-&7�
5)69��:�,9�SªOô�1t3�5)5)69(-&�(-;Õ14,/@8.�­'®�®VÇ�²+.'; � (}AB3�5769��?v�tA�;/�}��:�,È14�-(-5}69?



C

D

D

B C

B

BC

Learning
D

el
ay

Sc
en

es
 r

ec
og

ni
tio

n

¬p690V3�&)(�­�Ãn¬�3�5)69��?I�E(-� � 14?�695)� Þ ; � (���69&)(-�-;ß68?�:�3�;�695ÔAB3�µ
5)69��?�(+���f69; � ; � (G��(-,�1��V(-��69?�:�3�;F69?��V&)��(+&v;)����3�69,9��1�&7(-:�µ
&)(-57(-?�;L1t;769��?G�tA�; � (�;7&L14?�5)69;)69�V?p@

τ

PTM1

VO

Planification

Motivation

VI

Sensory-motor associations learning

PTM2

‘‘goal’’ level

‘‘recognition’’ level

MI

Cognitive map

Environment

Fusion

Categorisation
VO’

Movements
MO

¬p690V3�&)(�­+¯íÓ�;g1t&);769?�0�AO&)���âÂ � «�­�ª�57�-(-?�(+5�&7(-�-�V0�?�69;)69�V?�²-.}1
AB3�5)69�V?��E(-� � 14?�695)�â�tAF; � (�68?�:�3�;�1t?��ß; � (���(-,�1���(+��69?�:�3�;
1t,9,9�t�f5�;7��(+,È14���V&L14;)(E; � (G;)&g1t?�5768;769��?�&)(+�-��0V?�69;)69��?�ªBÂ � «�ÆV²-@
�f� (�1t�-;768*�69;/���tAW; � (Z¨70��214,9©�,9(-*�(-,f� � 68� � ��(-:
(-?���5G��?Ô; � (
��695);L14?��-(GAO&)���â; � (�0���1t,{695v3�57(-��;)����6�1t5�; � (£&)(-�-�V0�?�69;768�V?
,8(+*�(-,p14�-;)69*�69;/�E5)�E145f;)�v57(-,9(-�-;{; � (��
(-5);W1t�-;769��?E;7�v&)('14� � ; � (
0��214,/@

1T;)&g1t?�5769;)69��?G&)(+à23�68&7(-5W69�E:
��&);g1t?�;}(gÖU�V&);75{��?G?��t*V(-,9;/�E��(+;)(-�gµ
;)69�V?¿14?��E69?�AO��&)�G1t;768�V?F�+���E:�&)(-575)69��?p@

� Þ£ä��#ä{[�â�èeé)ê)��ä
³/?�; � 685�14&);)69�-,9(�. ��( � 1�*�(T:�&7��:
��5)(+��1t?�1t&)� � 69;7(-�-;)3�&)(E� � 68� �
1t,9,9�t�f5f;)����3�69,9��1T�-��0V?�69;)69*�(��G1t:ÑAB&)�V�ò; � (F57(-?�57��&)�Vµ/�E�V;)��&
,9(-*�(+,Fª�� � 68� � 69?��-,93���(+5v68?ÔAÁ14�-;v;/�}��573���µ/,8(+*�(-,95 Þ &)(gÙ
(-¥�1t?��
�-�V?���69;)69��?�68?�02²-@�»�3�&W�-,�1468�I685�; � 14;f; � 695�5)3�:
(-&)69��:��V5)69;)69��?G�4A
; � (-5)(�,8(+*�(-,95W695{?�(-�+(-5)5g1t&)��AO��&W��(+68?�0¿14��,9(�;)�G69?�;)(-0V&L14;)(v1t?��
�-�V?2;7&)�V,2; � (���6NÖ�(-&)(+?2;	69?�AB��&7��14;)69��?}Ù��t�f5�@g·�(+;'.-,969?�¦�5��
(-;/��(+(-?
; � (f��6NÖU(-&7(-?�;�,8(+*�(-,95��v3�5);	;L14¦�(�69?�;)�W1t�-�-�V3�?�;�; � (�57�257;)(-�æ���Vµ
?�14�E69��.�AB3�5)69��?�69?�0W69?�AB�V&)�G1t;)69�V?F1t:�:
('14&)69?�0F14;���6NÖ�(-&)(+?2;};)69��(
5);7(-:�5�@
³/?EA/1t�-;�.���(W�}��3�,9�E,969¦�(�;)�T��&L1���1T:�1t&g1t,9,9(-,��
(-;/�}(-(-?��V3�&

1t&7� � 69;)(-�-;73�&)(E14?��G��69��,9��0V69�'1t,���14;L1T�-�V?��-(-&7?�69?�0E; � (T�Õ1��v; � (
��&g1t69?G0�&L14��3�14,8,9�v69?�;)(-0V&L14;)(-5�:�(-&7�-(-:�;73�1t,���14;L1T;7�v��(F14��,9(W;)�
:
(-&/AB�V&)�Ð����&)(G1t?��Z����&)(��-����:�,9(-¥��
( � 1�*�69��&)5�ªÎ5)(-(£¶�0V3�&)(
­'ÜV²-@ Ë ;G; � (�;7��:�,9(-*�(-,/.}�}(��'1t?ß¶�?���5):
(-�-6N¶���69?�;)(-0V&L14;)69*�(
5);7&)3��+;)3�&7(-5�573�� � 145E; � (�:�&)(gµOAB&)�V?�;L1t,W�-�V&);7(-¥�1t?���; � ( � 69:�µ
:
�2��1t�E:�3�5'@

ActionPerception

Primary sensory
cortex

Primary motor
cortex

Posterior association
cortices

Premotor
cortex

Prefrontal cortex

External environment

Drives

C
om

pl
ex

if
ic

at
io

n 
an

d 
da

ta
 a

bs
tr

ac
tio

n

¬	690�3�&7(F­'Ü�Ó¡� � (-��14;)69�G&)(-:�&7(-5)(+?2;g1t;768�V?��4A�; � (�69?�AB�V&)��14;)69��?
69?�;)(-0V&L1t;769��?G69?E; � (���&L1t69?p@

Ë ;f; � (W,9�t��(+&�,9(-*V(-,/.�; � (W&)(gÙ�(+¥E5)��57;)(-�´&)(-:�&)(-57(-?�;)5�1�:�&)6Nµ
��&76W0�69*�(-?Z����; � (�0V(-?�(-;768� � 695);7��&7�§�4A�; � (�57:�(+�-69(-5'@f³/?Z; � (
&)�V���V;)69�W�-��?�;7(-¥�;'.�; � 695{1T:�&)69�V&)6��'14?��
(W(-*�(+&)�G¦�?��t�f,9(-��0�(���?
; � (F57;)&)3��-;)3�&7(v�tA�; � (�;L145)¦G; � (T&)�V���V;f�v3�5);f,9('14&)?p@�·�(+;'.��V3�&
1t69��695}?���;f;7�F�+��?�57;)&L1469?2;f,9('14&)?�69?�0v;7���F�v3�� � AB�V&f; � (W&7���
��;
;)�v�
(�1t��,9(W;)�v�+��?�57;)&)3��-;{69;)5f¦�?��t�f,9(-��0�({����68;75)(-,NA�; � 14?�¦�5f;)�
,9('1t&7?�69?�0G&)3�,9(-5�@p³/?��V3�&W��:�69?�69�V?p.
; � (v&7(gÙ�(-¥�57�257;)(-�ú5 � ��3�,9�
��?�,8�"��(}3�5)(+�v;)��AÁ1t�+68,969;L14;)(�; � (f&)�V���V;��-��?�;)&7��,�0V69*269?�0�0�(-?�(-&L14,



¦2?��t�f,8(+��0�(��V?�; � (T(-?�*269&7��?���(-?�;'@ �f� 1t;�695�; � (T&)('145)��?�� � �
��(�14&)(}�-3�&7&)(-?�;),9��;7&)��69?�0{;7�{69�E:�,8(+�E(-?�;
��3�&�1t,90��V&)69; � ��3�5768?�0
����?�1t��68��¶�(-,9�G; � (+��&)�G69?G��&7��(-&{;7�E�G1t¦�(��-��?�;7&)��,	5)���2�V; � (+&
1t?����E��&7({0V(-?�(-&g1t,�ªOÓ�� �@���?�(-&{(-;f1t,/@9.�­'®V®�ÜV²-@
»�3�&�,9��?�0f;7(-&)�æ0���1t,�695	;)�{69?�;)(+0�&L14;)(}69?F1f5g1t�E(�14:�:�&)��1t� � .

&)���
��;769�v�-��?�;)&7��,f1t?��Z1t&7;)6N¶��-6�1t,�68?�;7(-,9,8690V(-?��-(�@ �f� (G1t&)� � 69;7(-�gµ
;)3�&7(E�}(v:�&)�V:��V5)(E695F1�¶�&)57;�5);7(-:�;7��&)('14� � ; � (�¨)57���v���V,869�-©
,8(+*�(-,���(gAO(-?���(-�v�����+,È145)5768��1t, Ë ³-.t��3�;���(}�v3�5);	0�����(-�V��?��	@'³/?
:�1t&7;)69�-3�,�1t&�.��V3�&f1t&)� � 69;7(-�-;)3�&)(W����(-5f?��V;���('14,��f68; � ; � (W:�&7����µ
,8(+�¼�tA{:�,È14?�6N¶��'14;)69��?�5);7&)3��-;73�&L14;)69��? Þ ��3�&�57��5);)(+�¹�'1t?�:�,È14?
��3�;T68;"�'1t?�?���;T:�,�1t?�;)�£:�,�1t?�ï}ª�5)(+(½ªO����?�?�14&);v1t?���«¿(-��(-&�.
­'®�®VÝ�²7² �f� 695E:�&7����,9(-�Ð695E�V(-;G*�(-&7�Z68��:��V&);g1t?�;v6NA$�}(��-�V?�µ
5)69��(-&�; � (T5)�'14,869?�0G:�&7����,9(-��@�³/?���(-(-�p.	��( � 1�*�(T5 � �t�f?�; � 14;'.
1t;T; � (�5)(-?�57��&7��µ/�E�V;)�V&F,9(-*V(-,/.p; � (G�-����:�,9(-¥�68;/�£��69&)(-�-;7,9����(gµ
:�(-?���5��V?v; � (�?�3��v��(+&��tA�:��V5)5768��,8(W1t575)���-6�1t;768�V?�5�; � (-�v�E690 � ;
��(EªÎ?�3��v��(+&f�tA�69?�:�3�;Lët�V3�;):�3�;f:�1t69&75L²-@ Ë ;f; � (F:�,È14?�6N¶��'14;)69��?
,8(+*�(-,/.�1�AB���'14,8695g1t;)69�V?F57�257;)(-��.t��145)(-�v�V?v; � (W1t?�69��14;��E�V;)69*�1�µ
;)69��?�5�.��+��3�,9��14,9,8�t�Ô5)(-,9(-�+;)69?�0T0�69*�(-?�5)(-?�5)��&7�VµÁ����;)�V&�5)� � (+�E(-5
1t�E�V?�0�14,9,�; � (W:��V5)5)69��,9(���?�(-5�@�³/;��}��3�,9�E; � 3�5Õ14,9,8�t�Ô;)�T5)�V,8*V(
; � 695f:�&7����,9(-���4A��-����:�,9(-¥�68;/�T(-¥�:�,9��5769��?p@
� Þ�ÝZ[��Mä{�H�4âuà�åfå�ç<à�ä#ïOé
±�(����V3�,9��,969¦�(�;7��; � 1t?�¦�; � (�5 Ë «G³p;7('1t�n14;�; � (g��Â�¬�5�14?��
(-5):
(-�-6�1t,9,9��¬�@	«G��?��
1t��1G1t?��'�f@p¬�&L1t?�¤-6Õ14?�� Ë @pôW3�680V?�1t&7�
AB��&}��(-57680V?�69?�0v��3�&f:�&)�V;)��;/��:
(W�tA�; � (�ñW�214,�1�&7���
��;'@
ß¨àb��à'ëOà�ä{[�à'é
 �b+r¢¡���cgju£b¤V~¥£�¦}b+�2_/_O^`c7dP£�§�~¨£¢©�d)cgu'c7dP£�¤V~¨£ª¤�k+��h`b+^qr�£@«}~¨£¢¬�cgz�c7hZ£�­{~¨£
b+r2eB¦�d/��r�jO]2c7dP£
��~
®>¯u°�°�±�²7~4³
´¶µ�·�¸º¹Z¸º»P¼g½u¾P¸º¼P·�¾¶¼�¿�¼PÀ>½Á¿¢¼¶¾P¹Á¸!»%¼u½
´�·Â¿¢¼PÀT½Ã´�·�Ä�Å¥¸º¹ZÆ4Ä�·�ÇÈ¼PÉ�´�¹Á¸!´�·`£�y/]�b-a�j/c)d.Ê�a�b'ygc7wBjO^`mWc�£{k-d)eVc7d
b+r2e�]�^`c7d)b-d)y�]�|�^qr{o9d)k-r�j/k+w�]V^qa�a�ktygb'm�a2b+h�_/|t_/j/cLm,Ë�­Gr2c7��d)b+h�l�b-w
_O^`_}k-o
a�c7d)_/k-r�b-hq^`jO|�~�Ì�h`_/cgz�^`c7d�Êty7^`c7r2ygc�~

 �b+d)j/k`£�­{~¨£ªÊ>�2j/j/k+r�£�¬�~¥£�b-r�e4­�r2e�c7d)_/k+r�£
«}~�®>¯u°�±�Í�²7~gÎ�c7��d)k+r�hq^qstc
b�e�b+a2jO^`z�cGc)h`cgmWc7r�j/_FjO]�b'j"yLb+r�_/k+h`z'c�et^ÐÏ�y7��h`jvygk-r�jOd)k+hfa�d)k+l�w
h`cgmW_g~�Ñ>Ò@Ò@ÒÈ¹ZÀ�Ä�·`½uÄ�¾P¹Z¸º´�·�½
´�·D½ÃÆ%½Ã¹Á¼PÉgÓ�É�Ä�·ÔÄ�·¢Çg¾%Æ�ÕÖ¼PÀ¶·�¼P¹Z¸º¾u½Ö£
Ê�×4«	w¶¯uÍ�®�Ø�²ÖË ±�Í�Ù%Ú�±�Ù�Û�~

 �c7hqh`mWb+r�£�¬�~�®>¯u°ÜØ%±�²7~ÞÝ�r�bGd)k-��jO^qr2u£a�d)k+l�h`cgmT~àß�á�Ä�ÀÖ¹Z¼PÀ>Å¥ÆB´>â
ãä¿�¿�Å¥¸º¼¶Çgå2Ä�¹¥æ�¼PÉçÄ�¹Z¸º¾u½¶£`®>¯ÃÛ�²ÖË ±�èXÚÜ°�é�~

 pd)b+^`j/j/c7rtl�c)d)u`£�ê�~�®>¯Ã°�±�ÙÜ²7~0ë�¼¶æ�¸º¾uÅ¥¼u½�ì�ÒbíÖ¿¢¼%À¶¸ºÉ�¼P·�¹º½Q¸!·,î�Æ�·�¹¥æ�¼P¹Z¸º¾
ï�½ÃÆ�¾¶æ�´�Å¥´¶µ�Æ+~¢ 	d)b�eto�k+d)e2 �ktk+s�_u£�«�b�mflVd/^`e�u�c'~

 pd)ktk+s�_u£�¬f~Q®>¯Ã°�±`¯X²7~m­nd)k+l���_/j�h`b+|'c7d)cge�ygk+r�jOd)k-h{_/|t_/j/cgmºo�k+dFb
mWk+l�^qh`c�d)k-l�k�jg~�Ñ>Ò@Ò�Òñð�´�á�ÀÖ·¢Ä�Å�´>âäò=´�Õ¶´�¹Á¸!¾X½@Ä�·¢ÇQãgá�¹Á´�É�Ä�¹Z¸º´�·`£
Ù�é�ËÐóPé`¯ÖÚ�ó�¯�¯�~

 p�Vd/r2ktew£�ô{~�®>¯u°�±�°�²7~äã^·2Ä�Ç�ÄÖ¿�¹Z¸º»P¼�·�¼Pá`À�Ä�Å�·�¼P¹Zõ
´�À�ö�ì�¹¥æ�¼�¾Ö¼PÀ�¼%ÕPÀ�Ä�Å
¾Ö´�À¶¹Z¼¶í>~�×vb�_/_/k-r
~

©�k+r�r�b-d)ju£�¤V~tb-r�e*×vcg|�c)dP£�¤V~¢®>¯u°�°�Û�²7~@÷�^`c)d)b+d)y/]V^`ygb-hqwBmWb+aElV��^qh`et^qr�u
b+r2e�_/c7hqo9w�a�k�_O^`jO^`k-rV^`r2u�i�^`jO]�mWk+r2b+h`|t_/b�~�ãQÇ�ÄÖ¿�¹Z¸º»P¼Dø�¼¶æ�Ä�»P¸º´�À>£
Ø�®>¯X²7~

¦}b-hqhq^`_/j/c7hZ£¢«}~�®>¯u°�°�ÍÜ²7~�ù�æ�¼�´�Àºµ�Ä�·�¸ÐúPÄ�¹Z¸º´�·�´>â�Å¥¼¶Ä�ÀÖ·�¸!·�µ�~�×4ûÎ\4§�d)cg_/_g~
¦}b-��_/_O^`c)dP£`§�~¥£�¤�k+��h`b+^qr�£�«}~¥£�¬�cgz'c7hZ£�­{~¨£'b+r2e0 �b+r¢¡��2cgju£¢¤V~�®>¯u°�°�Û�bÜ²7~

­�d)cF_O]�b-aV^qr2u�j/cgy/]�rV^¥¡��2cg_TjO]2cvygk-d/d)cgygj�b+r2_/i�c7d�o�k-d�jO]�cvyLk+r�w
jOd)k+hpk-o�b-rEb+�2j/k+r2k�mWk-��_fd)k+l�k'jgüñûÈrdý�þäãD³�³ÈÑ¶·�¹Z¼PÀÖ·¢Ä�¹Á¸!´�·�Ä�Å
³
´�·uâu¼PÀ�¼%·¢¾Ö¼�´�·B³
´�·�¹ZÀ�´�Å>ÿ ����£���r�^`z�c7d)_O^`jB|Tk+o@Ì��tcgj/c7d-~ªûÁÌ@Ì�~

¦}b-��_/_O^`c)dP£�§�~¨£¢¤�k-�Vh`b-^qr�£ª«Õ~¥£��Vd)c7]�c)r�£ªÊ¡~¥£� �b-r�¡��2cgju£�¤V~¥£�b+r2e,¬�cgz'c7hZ£
­�~�®>¯u°�°�è�²7~dê�^`_O�2b+h}r2b-z�^`u�b'jO^`k+rZ^qr§b+r½k+a�c7r�c)r�z�^qd)k+r2cgmWc7r�j
i�^`jO]�k-��jGm�b+a�~nûÈrÞÑ¶·�¹Z¼%À¶·�Ä�¹Z¸º´�·�ÄPÅD³
´�·Ãâu¼PÀ�¼P·�¾¶¼B´�· Ñ¶·�¹Z¼XÅ!Å¥¸
	
µ�¼%·¢¹Qò�´�Õ¶´�¹º½,Ä�·¢Ç îªÆ%½Ã¹Á¼PÉg½�	ÔÑ>ò
��î�ÿ ���%£H¦�d)c7r�k-lVh`c�£��Vd)b-r�yLc�~
ûÁÌ@Ì�Ì��%¬�Ê�¤V~

¦}b+�2_/_O^`c7dP£g§�~¥£�¬�cgz'c7hZ£�­�~¥£�¤�k-�Vh`b-^qr�£�«}~¥£pb+r2e ¦}b'_u£� }~Q®>¯Ã°�°�Û-l�²7~
��^`z�^qr�uE^qr�bTa2b+d)jO^`b-hqh`|�_/jOd)ygjO�Vd)cLeGc7r�z�^qd)k+r2mWc7r�juË=÷}k-i�j/kTl�|�w
a2b�_/_{jO]2c�hq^`m�^`j/b�jO^`k-r�k-o�y7h`b�_/_O^`yLb+h�d)c7^qr�o�k-d)ygcgmWc7r�j{j/cgy/]Vr�^¥¡��2cg_g~
îªá`ÕPÉ�¸º¹Z¹Á¼¶ÇD¹Z´Dò�´�Õ¶´�¹Z¸º¾u½�Ä�·�Ç�ãgá`¹Z´�·�´�É�´�á�½�î�ÆP½u¹Z¼PÉg½7~

¦}b+�2_/_O^`c7dP£
§�~�b-r�e��Vd)c7]�c)r�£@Ê�~
®>¯u°�°�Ù'b�²7~0«�k'm�aVh`c��vb+d)y/]V^`j/cgyLjO�Vd)cg_
oÈk+d�b+�2j/k+r2k�mWk-��_�b�u'c7r�j/_g~4û9rñ¦}b+�2_/_O^`c7dP£@§�~�b+r2eBÎ�^`yLk+�2ew£=¤V~¥£
cLe4^`j/k-d)_u£
ï�¼PÀ�ãQ¾u£4a2b�u'cg_gó�è%±PÚ�ó%°�é`£��
b+�2_/b+r�r2c�~�ûÁÌ@Ì�Ìñ§ d)cL_/_g~

¦}b+�2_/_O^`c7dP£�§�~Vb-r�e��Vd)c7]2c7r�£�Ê¡~�®>¯u°�°�Ù+lª²7~p\�]�cfaVd)k-l�b-lV^qhq^`_/jO^8y�j/k+a�k-w
h`k'u+^`ygb-hWm�b+a ®������*²;Ë@­æ_/c7hqo8wOk-d)u�b-r�b��7^qr�u�b-r�e�o�b�_/jWh`cgb-d/rV^qr2u
r2c7��d)b+h�m�b+a�jO]2b�j}a�d)cg_/c7d)z'cg_�j/k-a�k+h`k'u�|�~ ãQ¾¶¾Ö¼�¿�¹Z¼¶ÇÔÕPÆ� g¼Pá`À�Ä�Å
 y¼P¹Áõ
´�À�ö�½7~

¦�d)k�_/_Ol¡c7d)u`£�Ê�~�®>¯u°Üè%ÛÜ²7~
­}e�b+a2jO^`z�c�a2b�j/j/c7d/r�y7h`b�_/_O^qx2ygb'jO^`k+rvb-r�ef��rV^qw
z'c7d)_/b+h�d)cLygkte4^qr2u`£�^q^=Ë���cgcgetl�b'y�s�£�c���a�cgygj/b'jO^`k+r�£
k-hqo�b�ygjO^`k-r�£�b-r�e
^qhqhq�2_O^8k+r2_g~çø�¸!´�Å¥´Öµ�¸º¾¶Ä�Å�³
Æ�Õ¶¼PÀÖ·�¼P¹Z¸º¾u½¶£�óPÍ`Ë¥¯u±�èuÚ�óPé�ó4~

÷}b-d/r�b'ew£�Ê�~�®>¯Ã°�°�é�²7~�\�]�c{_/|tmfl�k+hpu-d)k+��r�et^qr�u�aVd)k-lVh`cLmT~çïbæ�Æ%½Ã¸º¾¶Ä
!�£�ÙÜó�Ë Í�Í�ØuÚ�Í�Ù�ÛV~

"fb�c)hqlVhq^qr2u`£#�p~�§ ~¥£���^`j/j/mWb-r�£=×G~¨£�b+r2eÈ×vktk-d)c�£�­{~Q®�j/kEb+a�a�cgb+dÃ²7~
¬�c7^qr�o�k-d)ygcgmWc7r�j�h`cgb+d/r�^qr2u`Ë�­æ_O��d)z�cg|'~dð�´�á`À¶·�Ä�Å=´>â0ãgÀÖ¹Z¸ $�¾P¸ºÄ�Å
Ñ¶·¢¹Á¼uÅºÅ¥¸ µ�¼P·�¾¶¼�ò�¼u½Ã¼ÖÄ�À�¾¶æV~

×vy%��b-d/h`b+r2ew£¢©�~�®>¯u°�°�Ù�²7~@­�rV^`mWb-h�d)k+l¡k�jO^`yg_�w�o9d)k�m�_/c7hqo8wO_O��Ï�y7^`c)r�yg|
j/k�b+�2j/k+r2k�m{|�~ û9rd¦}b-��_/_O^`c7dP£�§�~�b+r2eLÎ�^`ygk+�2e�£g¤V~¥£�cget^`j/k+d)_u£
&ªÀ�´�ÉLï=¼PÀ�¾¶¼
¿�¹Z¸º´�·�¹Z´�ãQ¾P¹Z¸º´�·`£'�
b-��_/b-rVr2c�£�Êti�^`j(�gc7d/h`b+r2e�~�ûÁÌ@Ì�Ì�£
ûZÌ�Ì@Ì�«�k'm�aV�2j/c7d^Ê4kty7^`cLjO|,§�d)cg_/_g~

×vcg|'c7dP£
¤V~�b-r�e��£^qh`_/k+r�£@Ê�~�®>¯Ã°�°�¯P²7~)��d)k�mnb+r�^`mWb+h`_Wj/kFb+r�^`mWb�j/_g~
û9r'§ d)cL_/_u£�×G~¨£�cge4^`j/k-dP£#&@¸ºÀ>½u¹gÑ¶·�¹Z¼PÀÖ·�Ä�¹Z¸º´�·¢Ä�Å�³
´�·uâu¼PÀ�¼P·�¾¶¼2´�·
îª¸ºÉçá�Å¥Ä�¹Z¸º´�·,´>â�ã�Ç�ÄÖ¿�¹Á¸!»%¼�ø�¼¶æ�Ä�»P¸º´�À/~� �b-d)e4o�k-d)e2 �ktk+s�_g~

§�b-z�h`k-z�£�û/~�®>¯Ã°�ó�è�²7~�³
´�·¢Ç�¸º¹Z¸º´�·�¼¶ÇÔò=¼+*�¼¶í�¼u½7~ Ý���o�k+d)e,��rV^`z'c7d)_O^`jO|
§�d)cg_/_g~

§�o�c7^qo�c7dP£�¬f~
b-r�e9Êty�]2c7^`c7dP£@«}~
®>¯Ã°�°�ÛÜ²7~0Êtc7r2_/k+d)|�wBmWk�j/k-dWyLktk+d)et^qr�b-w
jO^`k-r�Ë�jO]2cfmWcgj/b-aV]2k+dÕb+r2eTl�cg|'k+r2e�~y¹¨æ�¸¥½Q¸¥½Ö½Ãá`¼g~

§�o�c7^qo�c7dP£�¬f~-b+r2eDêpc7d)_/y�]t��d)c�£�§�~�®>¯u°�°�Ù�²7~�ù¢æ�¼�ãgÀ¶¹Z¸ $�¾P¸ºÄ�Å.-b¸ âu¼�ò=´�á`¹Z¼
¹Z´ñãgÀÖ¹Z¸ $�¾P¸ºÄ�Å�Ñ¶·�¹Z¼uÅºÅ¥¸Ðµ�¼P·�¾>¼u£�y/]�b-a�j/c7d�\�]�c�y/]�b-hqh`c7r2u�c�k+oFb+��w
j/k-r�k'mWk+�2_f_/|t_/j/cgmW_uË¢§ ^`jOoÈb+hqh`_{b+r2eT]�k-i�j/k"b-z'k+^`evjO]2cgmT~�×4û�\
§�d)cg_/_u£ª«Qb'm�l�d/^`e�u�c�£�×2­{~

Êty�]2mWb0/O�Vs�£�Î{~pb+r2e�\�]V^`cLmWc�£�­{~�®>¯u°�°Üó�²7~�§���d/a�k�_O^`z'cÑl�c)]�b-z�^`k+d
b-r�evyLk�u+r�^`jO^`z�c�mWb+a�aV^qr2u`Ë�bfr2c7�Vd)b-h
r2cgjOi�k+d/sFmWkte�c7h�~Qø�¸!´�Å¥´Öµ�¸
	
¾¶Ä�Å@³
Æ�Õ¶¼PÀÖ·¢¼%¹Z¸º¾u£�ÛÜè�Ë¥¯uÛÜØXÚ�¯Xè%Ù�~

Êty�]21k+r2c7dP£@¦�~¥£�©}k'_/c�£�×G~¥£�b+r2e7Ì�r�u'c7h`_u£@«}~
®>¯u°�°�Ø�²7~D©}|�r2b�m{^`yg_Wk+o
l¡c7]�b-z�^`k-dPË�jO]2cgk+d)|Eb+r2eGb+a�a�hq^`ygb�jO^`k-r�_�o�k+d{b-��j/k-r�k'mWk+�2_�d)k+l¡k�j
b-d)y�]�^`j/cgygjO��d)cg_g~tò=´�Õ¶´�¹Á¸!¾X½*Ä�·�Ç ã^á�¹Z´�·�´�É�´�á�½DîªÆ%½Ã¹Á¼PÉg£�¯uÛ`®�ógw
ÙÜ²ÖËÐó�¯uÍPÚ�ó%ÙÜØ4~

Êtcgb+d/h`c�£�¤V~�®>¯Ã°�±�è�²7~�!yá,¾¶¼%À¶»P¼ÖÄ�á0Ä�á0½uÄ�»P´�¸ºÀ/~�÷�c7d)mWb-rVr�~
Ê�st^qrVr2c7dP£� }~�®>¯Ã°�Ø%ÍÜ²7~�î�¾P¸º¼P·�¾Ö¼�Ä�·�Ç�æ�á`É�Ä�·2Õ¶¼Öæ�Ä�»P¸º´�À/~�×vb�yLm�^qhqh`b+r

«�k'm�a�b-r�|�£�Î}cLi�ô	k-d/s�~
\�k+h`m�b+r�£�Ì�~�®>¯Ã°�Í�ó�²7~Dï=á`Àº¿¢´�½u¸º»P¼gÕ¶¼¶æ�Ä�»%¸!´�À;´>â�Ä�·�¸ºÉ�Ä�ÅÐ½gÄ�·¢Ç,É�¼%·�~

û9d)z�^qr�u'j/k+r�£�Î�cgi�ôpk+d/s�~
\�k+h`m�b+r�£�Ì�~�®>¯u°�Ù�±�²7~ «�k�u+r�^`jO^`z�cEmWb-a�_�^qr�d)b�j/_Wb-r�e�mWc)r
~ ù�æ�¼

ï@½ÃÆ�¾¶æ�´�Å¥´¶µ�¸!¾ÖÄ�Å�ò=¼P»%¸!¼%õ�£¢Ø�Ø�®ZÙ�²7~
\
d/��hqhq^`c7dP£¢Ý�~¨£-��^`c7r�c)dP£�Ê¡~¥£P �cgjO]2k.��£�­{~¨£-b-r�e�×vcg|�c)dP£�¤V~�®>¯Ã°�°�è�²7~
 	^qw
k-h`k�u-^`ygb+hqh8|�l2b�_/cgeEb+d)jO^qx2y7^`b+hpr2b+z�^`u'b�jO^`k-r�_/|t_/j/cLmW_uË�d)cgz�^`cgiZb-r�e
a�d)k�_Oa¡cgygj/_g~Qï=À�´¶µ�À�¼u½¶½g¸º·3 y¼Pá`À�´�Õ%¸!´�Å¥´Öµ�Æu£ÜØ�¯�Ë Ù�±�Í%Ú�Ø%Ù�Ù�~

êpc7d)_/y�]t��d)c�£���~¨£��vd)b-|�£=¤V~¨£HÊ>a�k-d/r�_u£äÝ�~¨£p\�k-r�k-rV^Z£ä¦�~¨£�b-r�eñÌ	e�c7hqw
m�b+r�£�¦�~�®>¯u°�°�Ø�²7~'×T��h`jO^qh`cgz�c)hWb-r�b-h`|t_O^`_vk+o{bvl�c7]2b+z�^qr2u£d)cLb+h
i�k+d/h`eGb-d)jO^qo�b�ygjuËUb+rE^qhqhq��_/jOd)b'jO^`k�r�k+oQ_/|�r�jO]�cgjO^`yWr2c7��d)b+h�mWkte�c7hqw
^qr2uV~�ò�´�Õ¶´�¹Z¸º¾u½�Ä�·�Çgãgá`¹Z´�·�´�É�´�á�½�î�Æ%½Ã¹Z¼PÉ^½¶£�¯uÛ�®�óÊw�Ù�²7~


