
HAL Id: inria-00107858
https://inria.hal.science/inria-00107858

Submitted on 19 Oct 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Représentation de l’information visuo-spatiale dans les
réseaux neuromimétiques

Karima Oucherif, Frédéric Alexandre

To cite this version:
Karima Oucherif, Frédéric Alexandre. Représentation de l’information visuo-spatiale dans les réseaux
neuromimétiques. 10ème Journées Neurosciences et Sciences de l’Ingénieur, Gilles Vaucher, 2000,
Dinard, France, 4 p. �inria-00107858�

https://inria.hal.science/inria-00107858
https://hal.archives-ouvertes.fr


� �������	�
�	�
����������� ��� ��������������� ��� ���!� "#����$%�'&(�
�)��� ���*���
�+�,�-� ���	� ���	�
�	�,$/. ���	$%� �!� ��� �0����12$��	�

3�46587:9;4=<?>A@CBED�5F7HGJILKM58N�OMN�5F7P@RQ?SHDUTA46VMOA58D
WX<'Y	Z[Q]\^Z�_`Y	Z[Q Wbac585d467PVMD

egfihd7:9=D�Vch	W
<*Y	Z[Q
j 4692kM>Al�ld@m7HD�Vchn7HoLp�>MD�e	qsr
qut�v6w

Kx\8y{z|yi}�~!��4�VAOE��>E�E58DU\�SP��lJ\8_�4�VA@U� j D�OED�T
�X\�9;4�7:S��Mac>M@CBED�587HG��RSHa�5F7�4Eq�G�5�I�G[4�SHD�T(�?SPa�5F7:4Mq�G�5

�������c�?�
�b�^���C�����F� �x¡m¢8�m£(¤���¥(¢8�¦¥¦§�¤����©¨�ªm����¨«ªm��£A¬�­�¤�¢8��§�£¦¬���£L¥¦®m­��F�¦§�¨�ªm��£(�Fª��m��ª�� �F¯�§��F���F°d§�¨«ªm��£

± ¯�¢F£��b¡��b� ­�£ ��¢8ªU�²�m��ª�� �F¬³§´¬�­�¥¦§�¨«ªm��£(¨�ª�§{�µ���¦¬���¥¦¥ ����¥u¡��x¤��F�m£¦¥¦�¦ª�§´� �xª��m�¶� ����� ­�£ ���«¥�¢8¥¦§��F�
§´��¥ ���¦�m�b£¦¥�¢8¯����(¡i· ª����F¯U¸¹��¥|¡m¢8�m£|�H·º��£¦��¢F¤��d»�¼bªm����¨�ªm��£|¥¦��¢�½d¢8ªU�³£�· §´��¥ ­�� ��£ £�¢8�«¥ ± ¤��L��� �F¯���¾�¬��
�{�Fª���¡���£�§´�U¿s�F�¦¬²¢8¥¦§��F�m£³£ ���m£��F�¦§����´����£�¡��À¥PÁC�{�²½«§�£ ªm���A£ ��� �F�«¥���� ­�£�����¥ ­�£�»��b�'­�¥¦ªm¡U§�����¢����
��¢8�¦¥¦§�¤�ª��´§����M¤��F¬³¬����«¥|§´��£��µ��ª�½n����¥�� ­�¢8�´§�£ ���E¡���£Â¥¦��¢8�m£¦¿s�F�¦¬²¢8¥¦§��F�m£M¡��(¤��«�F� ¡��F���m­���£��µ���¦¬���¥¹Ã
¥�¢8��¥�¢8§´�m£ §HÄi¡m¢8�m£©���³¤�¢F¡U� �³¡i·Å¢8�����´§�¤�¢8¥¦§��F�m£����	� �F¯µ�F¥¦§�¨�ªm�dÄ6¡���� ����� ­�£ ����¥ ���
ª��?�F¯U¸¦��¥
¡m¢8�m£
¡U§�Æµ­�� ���«¥ ��£¶�µ�d£¦¥¦ª�� ��£�»

Ç#È�É���Ê�Ë�ÌÍ��ÎÐÏ �U¿Ñ�F�¦¬²¢8¥¦§��F�m£u½C§�£¦ªm�8ÃP£¦��¢8¥¦§Ò¢8���©ÃAÓA�F�¦¥ ���g��¢8�¦§�­�¥�¢8��ÃE� ­�£ ��¢8ªU�^¡��©�m��ª�� �F�m��£



��� �����	��

�������	��
��
�������������! "��#%$'&($�)*��#+ ,�'�-�-�'#+ /.(�'&102�3#��,&4�5��.6�70���&98;:' /<=�7>1��)?�@.(#BADC7&6&(�E&6��.�F���<-)*�' ,0���F���<=G��H��I�.6<

��#JFK�'<-)L�3#��'#�G���&(�7)*I�#�0��7�HM� /$'<-.(�'��<,�' �0�����8ONP)*I����3I�.(<'AQ�R����.(#�STI3<-)L�@ /.6I�#��U�	.6�-���'&(&6���R<-�'#��-�'.(V�#���#+ 
�-��<�&4�
�! /<-��G' /��<-�5�H W&(�� /I�F�I�V�<-�3F�>�.6��0��X&Y8Z�'#1��.6<-I�#�#���)*��#+ Q[D�=��<"&(�\F�I��=.6 /.6I�#]0��^G'I�<-F��"I��J0���&98;��#JI��
&98Z�3�� -<-�
�-�'V�)*��#+ 5F��3<7</�3F�FKI�<! X_]G'�' X��#+��.(<=I�#�#��')L�'#1 �A�`a�3&6V�<-$
&6����)LI3�����')L�'#1 -�XF���<=)?�@#���#+ /��0��'�
0�.6bK$�<=��#+ /�5�-��V3)L�'#1 -�
0��cG�I3<-F��'[�Gd>2�3e1���]I�f1g=�' 
�'�= 
F���<=h��i0��j)L�3#�.6k�<-�\�= /�3f�&6�3A��R�j)L�3.6#1 -.(�'#?02�3#��
G��H - /��<=��F�<=$��-�'#+ d�@ -.(I�#%.(#+ /�'<-#��70���&(�lF�I��=.6 /.6I�#P0B8;��#JI�f�g=�' ��=��F�F�I��-��&98;�HM	.(�! /�'#�G���0���0��'�	MJ$�&6$�)*��#+ /�Bm
&(��F�<=��)*.(��<,�'�= E&6��Gd>�I�.nM%0B8;��#����@�3&(�'��<�0��X<=$'ST$'<-��#�G���F2�@<"<-�3F�F�I�<= "_�&(�3e1����&6&(�7&6��)L�3.6#1 -.(�'#%�=�X<=$Q�3&6.(�-�
�' P&6�o�-�'G�I�#�0p�'�= ]&6�^)*$�GQ�@#�.(�=)L�%0��qG�I�#+ -<-r�&6�^e1��.EF���<=)L�H P&4�?�! d�3f�.(&(.6�/�@ -.(I�#sF�<=I�F�<-�')L�'#+ P0�.6 -�3[t_
&98;$�V+�@<-0?0����
F���<= -��<-f��@ /.6I�#��5e1��.K�-�'</�3.6��#+ 
.()*F�I��-$'���5F��3<50��'��STI�<-G'�����uM� /��<=#����
I3�c.(#+ /�'<-#��'��A2vj#c�=�
F�<-I3FKI��=�l02�3#���G��H ��3<! /.6G�&(�
0t8Z$H /��0�.6��<�&(�lF�<=I�f�&6k�)*�
0���&(�P<-��F�<-$��=��#+ d�w /.(I3#?�-F��@ /.(�3&(�
0��\F���<-G'��F� -.(I�#��
��.(�-����&(&6�����3�L#�.6�3�Q�3�x0t8Z��#?<-I�f�I3 ���#L��8;.(#��=F�.(<-�3#+ 5�'�-�-�'#+ /.(�'&(&6��)*��#+ 50��?STI�#�GH /.(I3#�#���)*��#+ �0��xG'I�<= -�HM
0��]&98;:' -<-�P>1��)L�3.(#iF�I���<
G�I3#��= -<-��.6<-�]0����l)*I	0�k�&(�'�
0��]<-$'�-�Q�@�	Ms0��]#�����<-I�#��'���@<= /.ny2G�.6��&6��A

z�� {c|T}7~�~���

�������j��
���
����������
������$H /��0����5�=��<5&6�lG�I�<! /�HMLF2�@<-.($H d�3&20��x�-.6#�V��l)?�@GQ�3e1����0�$�)*I�#+ /<=��#+ 5&Y8Z�uM	.(�= -��#�G'��0��\��I�.6����G�$u�

<-$'f�</�3&6���7��.(�=����&6&(����F2�@</�3&6&(k�&6���'[3e1��.2 /<-�3.6 -��#+ �0�.6bK$�<=��#+ /�'�X.6#�STI�<=)?�@ -.(I�#��E�HM� /<-�3.6 -����0��L)L:')L�
I�f1g=�' QA
��#��L0��*G����%��I�.6����[,&(�i�3I�.(�*�-��F�$�<=.(�'��<-�LI���0�I3<-�/�@&(�� /</�@.6 /��F�<=.(#�G'.(F2�@&(��)*��#+ ]0��'�%STI�#�G' /.6I�#��J&(.6$����
�3�	Mi)*I����3��)*��#+ /�'[U_q&98;I�<-.6��#+ d�@ -.(I�#?�' �_q&4�q&(I�GQ�3&6.(�-�@ /.6I�#L0t8Z��#�I�f�g=�H l02�3#��\&98;���=F2�3G��@A
�"I���<PV���.(0���<P&4�x�-�3.(�=.(�o�H ]&4�x)L�3#�.6F���&4�w /.(I3#�0��'�]I�f�g=�' -��[R&6�qG���<!�����3��0�I�.6 P&6I	G��3&(.6�-�'<�&4�xG'.(f�&6�oF2�3<
</�3F�FKI�<! o_s��#�<=$'ST$�<=��#+ /.6��&YAW�R���%I�f�g=�H /�o0�I3#1 ^&98;.()L�3V��q�'�= oG��3F� -$��xF2�@<%&Y8Z�].(&7�=I�#+ ^ -I��� o0t8��3f�I�<=0
G�I�0�$��q�=��&6I�#���#�<=$'ST$�<=��#+ /.6��&�G'��#+ /<=$c�-��<q&(��<=$' /.6#��xI���<=$' -.(#�I@��G��'#1 -<-$@A7�	.X&98;�J.6&��-�c0�$'F�&4�3G'�x02�3#��
&98;I�<-f�.6 /�@[�&4��F�I��-.n /.(I3#s0��%&Y8ZI�f1g=�' �02�3#��\G��%<-$'ST$'<-�'#�G�.6��&,Gd>2�3#�V3�^�' �0��J)L:')L�]F�I���<\&(�])*I������')L�'#+ 
0��j&(�J /:H /�j�H 
0��cG'I�<-F��'A���.n�*G�.(&6��0��3#��
G��'��G�I3#�0�.6 -.(I�#��50��jV3��.(0��'<5��#cV3���= -�j�'�*G��3G��@A2�R�jG��'<=�����3�
0�I�.n PI�F�$�<-�'<]��#��q /<-�3#��=STI3<-)L�@ /.6I�#�0����]G'I	I�<=0�I�#�#�$����%�@y2#p0���F�<=I�V�</�@)L)*��<�&(�q)*I������')L�'#+ %#�I�#
F2�3<j<-�3F�F�I�<= P_x&98;���-F��3G��q<=$' /.6#�I@��G���#+ -<-$o)L�3.(��F2�3<j<-�3F�F�I�<= P_x&98Z�wM	�o0���G�I�<=F��]�3��e1���'&E&(�^)LI��	���H�
)L�'#+ L�'�= *&(.6$��;�5I��2���w�9A5�%�������� K¡�¢3£¤�U¥7¦1§w��¨��+¡Q¡D�©¡D§«ª2 "¢'¬��U§@��ª�¡«­T�K ¯®,�°¨��B�U§w®��� � �±1��¢w²�A
�R����Gd>��'<-Gd>��'��<-�\I�#+ 
F�I��= -��&($�&98;�HM	.(�! /�'#�G��P0B8;��#c)*$�G��3#�.(�=)L��0��PG�I3)LF���#��-�@ /.6I�#?e1��.tG�I�<=<-.(V3��&4�%0�.n�
<-�'G' /.6I�#sFK�'<-h����%0��'��I�f1g=�' /�\��#sSTI�#�GH /.(I3#s0�����)*I����3��)*��#+ /�\�'bK��GH /��$'��A�³�.6#��-.Y[2G���<! d�3.6#��l#�����<-I�#��'�
0��J&4�q��I�.6�%0�I3<-�/�@&(�]�-I�#+ �GQ�3F2�@f�&(�'��0B8;.(#+ -$�V�<=��<\0�����.(#�STI�<=)?�w /.(I3#���#�I�#s��.(�-����&(&6���lG�I3)L)*�]&4��FKI��=.n�
 /.6I�#�0����jN3���	Mp0��3#��P&98;I�<=f�.6 -�3[t&(�?F�I��-.n /.(I3#´0���&4�L -:' -�*I3����#�G'I�<-��G��'&(&6�o0���G�I�<=F��]FKI3��<jG�I3<-<-.6V���<
&(�'�5G�I�I�<=0�I�#�#�$'������.(�=����&6&(�'��A�vq8Zµl��V+�3#´��vo8Zµ���¶w�t$H��I�e����P��#x /�'&t)*$�GQ�@#�.(�=)L��FKI���<5G�I3#��= -<-��.6<-�j��#��
<-�'F�<-$'�-��#+ /�@ /.6I�#�.6#+ /��<=#��]�= /�3f�&(�@A
·�I����7G�.6 -I�#��E0��3#��EG'�
e���.��-��.n E /<=I�.(�W)LI�0�k�&6���� />�$'I�<-.6e������7F���<-)*�' = d�3#+ 70��� /��&6&(�'�" /<-�3#��!STI�<-)L�@ /.6I�#��
0��]G�I�I�<-0�I�#�#�$'���l02�3#��l&(��G��30�<=�J0��J&(�o)LI�0�$'&(.(�-�@ /.6I�#?0���G'I�<= -�HMs0�I�<=�/�3&tI���F��3<-.6$' d�@&9A

¸l� {o}¹��ºt����
W»«~���
7~j}���}7�	��
��
C�#�¼Q������[K½t.(F��-��<��' �³�#�0��'<-�=I�#¾��½t³����w�"��8;.(#+ /$'<-�'�-�-k'<-�'#1 %_?&(�L<=$�V�.6I�#�¿3�L0��´G�I3<= /�uM´F��3<-.6$' d�@&9A

À �' = /�^<=$�V�.6I�#i<-�'h�I�.n �0�����.6#�STI�<=)?�@ -.(I�#���G�I�#�G���<=#2�3#+ j&(�*F�I��=.6 /.6I�#i<-$H /.(#�.(��#�#��]0��a�! /.()^��&(���
��.(�=����&
�3.(#��-.
e1���s&4�´F�I��-.n /.(I3#¾0�����N�����MtAX�,��<-��&(�@ /.6I�#���#+ -<-�aG'���*0�����MÁ ÂN	F����*0B8;.(#�STI3<-)L�@ /.6I�#����! ?#�I�#
&(.6#�$Q�3.6<-�@A,���s<-$'FKI�#��-�?��.(�=����&6&(�*���! q)LI�0���&6$��*F2�3<%&4�iFKI��=.6 -.(I�#�0����^N3���	MKA À �x)L$'GQ�3#�.(�-)*�L�a$' -$
)LI�0�$'&(.(�=$jF2�3<l��#�<-$'�-�Q�@�´_*Ã*G'I���Gd>��'�o�;ÄW.(V���<-��¼��YAUC�#s��#+ -<-$��@[KI3#a��0�����Ma�=��GH /.(I3#���[U��#i d�3f�&(�Q�@�
0B8;��#�.6 -$��,V+�3���-�-.6��#�#�����<-��F�<-$��=��#+ d�@#1 W&(�7�! /.()^��&(���K�	.6�-���'&1�' ���#J��#��=��)of�&6��0B8Z��#�.6 -$��,<-�'F�<-$'�-��#+ /�3#+ E&4�
FKI3�-.6 -.(I�#����'<= -.(GQ�@&(���H �>�I3<-.(Å'I�#+ d�3&6��0��j&98;�].(&9A À >2�3e1���P��#�.n /$�0���&(�%G�I3��Gd>��PGQ�@Gd>�$��P�'�= 
G'I�#�#��'G' /$'�
_� /I��	 /���?&(���?��#�.6 -$��c0��a&4��G'I���Gd>���0B8;��#+ -<-$����H c&98Z�3F�F�<=��#+ /.6�-�-�3V��´�=��.6 c&Y8��@&(V�I�<=.6 ->�)L�c0���<-$' -<-I@�
F�<-I3F2�3V+�@ -.(I�#tABC7#�<=$��-��&6 d�w Q[B&6�*<=$��=�Q�3�pSTI���<-#�.6 ]G��'�%)*:�)*���]G'I	I�<=0�I�#�#�$����J)L�3.(�j<=$'ST$'<-��#�G�$��'�oF2�3<
</�3F�FKI�<! \_q&4�^ /:H /�]0�I�#�GJG'��#+ /<=$J -:' -�3A



outputs 2


outputs 1


hidden

units


eye y (-slope)


eye x (+slope)


eye x (-slope)


eye y (+slope)


head  y (-slope)


head  y (-slope)


head  y (-slope)


head  y (-slope)


re
tin

a 
x


retina y


OR


���������
	���
�������
����������������! #"$�%��"&�(')�!��*��!+,"&���-�/.#�101�(23�4.5*6���7��*���+82)
/.#������'�*���+:9;�,2��=<>���4�?
�@/"&���4*����A�!.

B/C D,EGFIHKJ>EMLONQPIRTS
EVUOF$J�WTX
N
YOZ�[=\I]_^a`6bc]_bMd4egf4bah-ij]KbkZKbai_d�\&Z_baf�lA\&d�[=bg`mfnh�ego4eMp_d4\&pq\&f�ekbgZ=��r&s&tTpuh-dwv
bgxuh-bgZ_b-y3z{xuh-ZK|&bai$}

bgo�~
h3]uh-`���v�zT~
s��3��pq\&i_dkh-pKp_d4bgZ_]_d4b/]_bgf�f�ea��i_baZK�abaf�o�ba[�pq\&d4bg`m`mbgfM��p_h-d�o4�mdc]_b/��xuh-Z�o4f{]���\&�mf�b�h-iI}��
z{bO]Kbad4ZK�mbadkbaf>oT���uh-f�bO]_b�o�d���h-]Kbafkf��IZuh-pKo4�m��i_bgf{\&�=`���bg����h-�g�6o4e/]��5i_Z=Z_baiKd4\&Z_bO��f�i_dki_Z�Z_bgi_d4\-Z_b
��pqbaiKo��go4d4b��6ZK�ui_bgZ_�aegb��?[�\I]_i_`megb! ¡puh-d�i_Z¢o4d4\&�6f4�m^g[=b�Z_bgi_d4\-Z_b£z¤Z_\&[�[�e¥[�\$]Ki_`�h3o4bai_dg�M¦nb
o�d��mp_`6bgo���§��k§�z¨bgf�oOh-p_pqba`6e©o�d4�mh-]_b�f>�$Z_h-pKo��6��i_b-�
ª i$�&\-oObgoO�
`6b;}Kh-Z_]_d�b«\&Z�o
h-]uh-p$o�e��ab«[�\I]_^a`6bj��`�h¬[=\I]_eg`m�mf4h3o��6\&Z8]_i¥�a\&d>o�b;}¥puh3d4�me;o�h-`�]uh3Z_fOiKZ_b
o�­-��xKb�]Kb�d�ba�g\&Z_Zuh-�6f4f4h-Z_�ab1®I�mf�i_ba`6`mb©�6Z�®3h-d���h-Z�o4b1�¬`mh,p�\-f4�6o4�m\&Z£�¯� ª r�°)�±�
² C D,NnP´³�µMS
¶�F$J>µMSOP·LON¹¸©EMPIN

v©h-Z_f�`mb��a\&d>o�b(}�p_h-d4�6ego�h3`�y&�6`_��h��a\&[«�_�mZuh3�mf4\-Z�]��5�6ZKlA\&d4[=h3o4�m\&Z_fVf�baZ_f�\&d4�6ba`6`mbafkh�®&bg�©`mb�f��m|&Zuh3`q]Kb
`�h�p�\&f>o�i_d�b©pq\&i_dT�ah-`m�gi_`mbgd�]_bgf��a\&[�[=h-Z_]_bgf{[�\-o�d��m�abgfa�$º»\&iK|&bgo�h,�g\&Z_f>o�d4iK�6oTiKZ8[=\I]_^a`6b
h3d�o��½¼u�a�6ba`
�5ºk¾Kr&°)�I\&�«`mh�pq\&f��6o��6\&Z1d4e;o��mZK�mbaZKZ_b{h/ego4e�d�bap_d�eaf4bgZ�o�eab�p_h-d»iKZ_bklA\-Z_�go4�m\&Z�|�h-i_f�f4�6baZ_Z_b�bgo»`�h�p�\-f4�6o4�m\&Z
]_b{`±�5¿1�6`�puh-dwi_Z_b�lA\-Z_�go4�m\&Zjf4�m|-[=\-À�]uh-`6b��5ÁÂ�6|&i_d�bTÃ)�±�)¦nb{p_d�\$]_iK�6o»]_b{�gbafc]_bgi$}jlA\&Z_�go4�m\&ZKf»d�bap_d�eaf4bgZ�o�b
`�h,[�\$]Ki_`�h3o4�m\&Z=ego4i_]_�megb�puh-d/Ä��6p_f4bgd�bgo��
ZK]_bad�f4\&Z¥baZ£�!r&s&s¡h3iÅZK�6®&bah-iÅ]_b1`�h,d4eg|&�m\-ZÅ�-h8�ÆÄ��
s&s3�V�
¦�h¬|-eaZ_egd4�m�g�6o4e�]Kb��gbj[�ea�ah-Z_�6f4[�b�baf�o/e;o�h��&egb«puh-d�`6b©l?h-�6o���i_b�`���baZ_f�ba[,�K`mb�]_bgf/lA\&ZK�go��6\&Z_f�]_b1�uh-f�b
\&Z�o
`mh�pKd4\&p_d��me;o�e�]��Æh3p_p_d4\�}$�m[�bad�Z����m[�pq\&d�o4b���i_bg`m`6b1lA\-Z_�go4�m\&Z¥Z_\&Z$§�`m�mZKe�h-�6d4b©bgZ�i_Z_bj�a\&[,�K�mZuh-�6f4\&Z
`m�6Z_e�h-�6d4bO]_b�lA\&Z_�go4�m\&ZKf�]_b1�uh-f4b3�
Ç C ÈÉµMS
¶�Ê�X
PIJ>µMS

¦wh¬d4bgp_d4egf4bgZ�o�h3o��6\&ZÅf4puh3o4��h-`6b�]_baf/\&�IË�b;o�fO��p_h-d�o4�md�]_b�]_\&Z_ZKeabaf�®I�mf�i_ba`6`mbaf�bgf�oOp_d4�6f4b1baZÅ��xuh-d�|&b
puh-d�`mh�puh-d�o4�mb¡puh3d4�me;o�h-`6b,]_iÉ�a\&d>o�b(}�y��gb���i_�MZ_\-i_f�hÅh3[=bgZ_e���ZK\&i_f1�mZ�o�egd4bgf4f4bgd«�8f�\&ZÌlA\&ZK�go��6\&Z$§
Z_ba[�baZ�oa�u¦nbaf�o�d�\&�mfT[�ego4x_\I]_baf��g�6o�egbafgy_��i_\&�m��i_b1iKo4�m`6�mf�h3Z�o{]_bafTlA\-d4[=h-`m�6f4[�baf{]K�6Í�ead4bgZ�o�fayKf4b1�uh-f�baZ�o
o�\&i$o�baf¡f�i_d¬`mb�pKd4�mZK�a�mpqb�]_b8`mh�[=\I]_i_`mh3o��6\&ZÎ]��5i_ZKbÅ�6ZKlA\&d�[�h3o4�m\&ZÌ�mZ�o�bgd4Z_b8p_h-d¡i_Z_b8�6ZKlA\&d4[=h3o4�m\&Z
b;}Io�bgd4Z_b���i_�nf4bg[,�_`6b1h!®-ead�eab«p_h-d�`�h,�_�6\&`m\-|&�mb3�
�c��h-Z�oayI]Ke�Ë4�j]_h-Z_f{`6b�puh-f4f�e,�¯� ª r&°)��y��6[=p_`mh-Z�o�e�h�®&bg�
f�i_�a�g^afT]_bgf{[�ego4x_\$]KbafMlA\&Z_]_egbaf{f�i_dk`mb/d4ego4d4\3§
p_d4\-puh-|�h3o4�m\&Z8]KiÏ|&d4h-]_�mbgZ�oOb;o/`�h,o�d���h-]_b1f>�$Z_h-pKo��6��i_b-yqZ_\&i_f�o4baf�o4\&Z_f
h-�go4i_ba`6`mba[�baZ�o�i_ZKbj[�ego4x_\$]Kb
lA\&Z_]_egb�f4i_dM`6bafÂlA\&ZK�go��6\&Z_fV]_b��_h-f4b�baZ¬puh3d�o��6�ai_`6�mbgdÂpq\&i_dVego4i_]_�6badV`mb{p�\&i$®&\&�6dcd4bgp_d4egf4baZ�o�h3o��6\&Z_Z_bg`q]Kb
�ab;o4o�b
h-p_p_d�\$��xKb-�_ÐVZ8b;Í�b;o�yI�a\&[�[=b/\&Z�`6bO®-\&�6o
�5Á»�m|&i_d�b©Ã7��yI�ab;o4o�b
[=e;o�x_\I]_b©hj`����mZ�o�egd4�go�]_bO]_\&Z_Z_bgd
h-i$}�Z_bai_d�\&Z_bgf
h-f�f4\I�a�mh3o��½lAf�i_Z_b1d4bgp_d4egf4baZ�o�h3o��6\&ZÏ�¡`mh-��i_ba`6`mb©�6`mfTd�eapq\&Z_]_bgZ�oOp_d�eglAbad�baZ�o��6ba`6`mba[�baZ�oa�



���������
	���
���������
�������� ��!"�$#%
'&(!)!"�*#%!"�+���(
��,&-
��.� ���(
���/0��12��


vj�� /<=�L&Y8Z.6#1 -$�<=:' Je1���?G'��&4�sG�I�)*F�I�<= -�*0��?F�I�����I3.(<]<-�'&(.(�'<]G����^�3G' -.6�@�@ -.(I�#��J_i0����%0�I�#�#�$����^f�.(I�&6I@�
V�.(e1���'��[BG'��&(�?FK�'<-)*�' ]�@���-�=.70��oF�I�����I3.(<j�=�q0�.(<=.(V��'<����'<-�]��#��q<=��F�<=$��=��#+ d�@ -.(I�#�.6#1 -��<=#��o�� -.(&(.6�/�3f�&(�
FKI3��<�0B8��@�� /<=���x�@�-�-I�G�.(�@ /.6I�#����-�'#��-I3<-.n��)LI@ /<-.6G��'�q�' LFKI��	�3�@#1 L:' -<-�sG�I�)^f�.(#�$'�a_p0B8Z�3�� /<=���*<-�'F�<-$u�
�-�'#1 /�@ /.6I�#��q0���)*:�)*�? ÂN�F��3[E�'#¾F��3<= -.(G���&(.(�'<%0��3#��q&(�?GQ�30�<=�c0��?STI�#�G' /.6I�#��o)^��&6 -.n�Â)*I�02�3&(�'�PF�&(���
G�I�)*F�&6�HM	���'A
3 º54dºB���R���t�56
�;³87]�:9w� Ä5A@³�&6�HM��3#�0�<=�
�3#�0*Ä5A;7P��N�I3 �AU·��'��<-I�f�.(I�&6I�V�.(G��3&+.(#��-F�.6</�@ -.(I�#JSTI�<" ->��l�3<-Gd>�.6 /�'G' -��<-�
�@#�0

ST��#�G' /.6I�#�.6#�V�I3SUG'I	I3FK�'</�@ -.(#�V\#�����</�3&	#��' �<XI�<�=1�'A�>@?2A)B�C�D2?FEHG%B�?2I�J�KML�G%N'OPC.B�?)DFQRA)JS?)K�A2?H[
��Ã3¶�[B¼D���T9	A

�Z�XI��2���@� �^AW�5I����=�/�3I3��0BA´�\#�.()*)*��#��=�LGd>2�@#1 -.(�'<^#��'��<-I�#��3&9AU>RVUDW?2A2XY?)DWA2XY?H[�Ã�¶���mZ93�[	�\�¼�[�`a�3.
¼D�3����A

�Z� À ·��+¿w�^�KA�����>2�@��#��@[�]��"A À >2�@#�V�����Mt[1�@#�0^]��"A+·��302�3&YA2·��'��</�3&�#��' �<XI�<�=1�7 />��@ �&(���3<-#^ -��)*FKI3</�3&
�=��e1����#�G�����f1Nx�-��&6��GH /.(I3#BAF_`JSG2OYX:I)a%JSA2IH[2�;b�mZ��¿T��¿"	���¿3Ã�¼3[	)L�QN´¼D����¿	A

�ZÄW�����@� cJAtÄ2<-�'Å�Å��w���5���' QAedfKgNhGji�k)lm?ni�?oA2G%D�B(?�pnOYG%C�Dnlm?oA2G%N'OYG%D)B�?)Nh?)KYBqNhG%B0J�r;sti@u C�KvV�w�?)KYB
K�?)C�DWG%NxJ�Nhs)B0J�yjCY?zV;C.B�G%K�G%Nh?HA �7>2�  />����-.6��[5��#�.n����<=�-.n /$Uc\��#�<=.P�"I�.6#�GQ�@<-$´·��3#�GHN ¼�[
¼D�3����A

�Z]3�������@� `�Aq]3���3#�#��'<-I�0BA��,�´0�I3��f�&(�cG'I�)*)?�3#�0��x0B8;��#��iF�.6#�G��c0��c>��3�� /�cF�<-��G'.(�=.(I�#BA{>RVgDW?)|
A2XY?)DWA2XY?H[2Ã�¶3��m}9%b%	�9�¿	[�`a�3.E¼Q������A

��`��3�/�+¿«�~]�A�`a�3�-�=.(I�#tA,L�?)D�r;?�V;Ce?)B��gG%B�D�JSA)J�B(sHAW�7</�@ -.(e1����� À I�<-F�I�<-�'&(&6����A	�7<-�'�-�-�'�\��#�.n����<=�-.n d�3.6<-���
0��JÄ2</�@#�G��@[R¼D¶���[�f�I���&6�'�3��<-0a���3.6#+ =�-7P��<=)?�@.(#B[�¿T93¶�¶;\q�W�3<=.(��[t¼Q<-�]��0�.6 /.6I�#B[��D��<=.(&E¼D�3�+¿	A

��vo8Zµ��3¶@��]�AF��A5vo8�µl��V��3#BA �,�'�?��</�3.6���L)^N��= /k'<-�'�x0��´&(�p��.(�=.(I�#BA��Â#°Ä5A��5&(�QN�I�[5`�A À I@ - /<=��&6&9[
·JA5Ä2</�@#�G��'�-Gd>�.6#�.9[ À A�]3�	 - /�'#B[��@#�0�7qA��
.6fK�'<-V�>�.(��#t[��'0�.6 -I�<-�'[�E'Q.�u[XF2�@V�����¼DÃ�¼)	�¼jb:\�[
À �'#1 -<-�%�W�3��&"�,�3#�V��'��.(#t[�³����=�-I�.6��[2)L�3.E¼D�3��¶�A

�Z�����T9w� ³%A"��I���V��H o�@#�0g�PA�]�A"�	�Âg=#�I�<l��=1.9Ai��F2�@ /.(�3&E<=��F�<=���-�'#+ d�@ -.(I�#��%.(#� />��LF2�@<-.(�H d�3&7G'I�<= -�HM
)L�QN]���-��f��3�-.6��ST��#�G' /.6I�#��'A.�Â#t��i;r%V;K�A2?2I�J�KxEH?)C�D�V;l:�)K"�"G%D�NoV;B�JSG%Kt�FDWG�A2?2I2I)J�K�w'Q�a�I)B(?)NnIH[
�3I�&(��)*�P¿�[	F2�@V����j¼�9�¿�	�¼�\�b�[�`e�����7<-���=��[ À �@)of�<-.60�V��j`�³^[�¼D���:9�A�7qA.�����-�3��<=I��3#�0c�^A
��I���<=�' /Å�=+Na�@#�0��PAU�,�'��#BA

��½t³����@� �^At½t.(F��-��<\�3#�0�µJA2³%AU³�#�0��'<-�=��#BA\³ f��3G2=��ÂF�<=I�F2�3V+�w /.(I3#�F�<=I�V�<-�3)L)*��0i#��H �<5I3<�=i />2�@ 
�=.()o��&(�@ /�'�B<-�'�-F�I�#��=��F�<-I�F���<! /.(�'�RI3S	���-��f��-�' "I3S�F�I��= -��<-.6I�<BF2�@<-.(�H d�3&@#�����<-I�#��'A;�Â#xE�V;B�C�D2?H[
�3I�&(��)*�]Ã�Ã�¼3[�F2�3V��'�8\+¿3�[	.\3�;b�[	ST$H��<-.(�'<]¼D������A


