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New Population of Things

Measure the Fitness of each Thing

Initialize Population with Random Things

Reproduction.  (Temporary Population)
Create Mating Pool by Fitness Proportionate

Mating Pool Becomes New Population

Apply Genetic Recombination to Mating Pool

Quit if Fitness Goal
is Achieved
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Separate the Main Population into C pools

for Object Recognition
Extract Best from each Pool 

Apply Genetic Recombination to each
Mating Pool

SMART Operators choose Recombination Sites

Update Libraries according to
Fitness-Weighted-Use.

Create C Mating Pools using Fitness
Proportionate Reproduction.

Mating Pools are Merged into New Population

New Population

Measure Confidence-Reaction of each
program on a Set of Training Images

according to the programs’ respective talents

Initialize Population with Random PROGRAMS
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���ÁÀ  �ª�=¢�{%pZ|N{.�0��¥¡qªtsq��Z¯�|�oF{�}%|�oFq��0�/~�{:~�q0�]¬

á øVkHø ù6úIû�ÉSý\þeÿ��<ýXÿ\û â�ù6úIû��
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¢/|l}.��{F�U�=¢¡¢0~�¶]|l}%|l�Z{v����x=|�oF{F��qªt ���ÁÀ º£v~�r�rQpZ|Fr�x-z=��{Cq�oCp=�U�Z��|	{%pZ|���|	{%p/~��Z���1{%qy��o�p/~�|l��|
��q�w§|yqUt {CpZ|y��q���rY�	qUt��%ol�6r«�ª�/~ r�~�{F�¤wy|l�Z{�~�q��Z|�¢S�U�=qU��|�¬ � �Zq�{CpZ|l}N| � �Uw§x/r�|XqUt�� ���ÁÀ 
����x�|�oF{v{%p=�U{ �:pZq�z/rY¢X�=| ~��/��|���{:~��/�U{%|�¢´~«�1{%pZ|	xZ}%q��0}.�Uw¡��{%pZ|lwX��|Fr���|��l¬\E1�yzZ�=¢/|l}.�:{.�U�=¢0~��Z�
�|l{%{%|l}¸pZq�£+{%pZ|l�4��oloFq0wyx/r�~«�:p�{%pZ|F~�}�{F����¥Z�N£�|Xw¡���¦�|¡�U�/r�|�{%q�r�|��U}C� �U��q�zZ{�pZq�£��Â~��
��|l�Z|l}.�6r ��q��Z¯�|�oF{�}%|�oFq����/~�{�~�q��¦�U�=¢���~����=��r�zZ�=¢/|l}.��{.�U�=¢0~��Z�X~Y��¢/q��Z|�¬

ÉSj�j8æ��/�Z�!�5�ÂâH� ��� h �Y�ª�Z�!��æIjQ�Xæ � � �,$ 0
���ÁÀ  £v�����Zq�{y¢/|���~����Z|�¢©��x=|�oC~��8ol��r�r���tVq�}¸~�w¡�U��|��±¬³ëÎ{§£ ����¢/|���~����Z|�¢ {%q¦�8|¤�ª�/r�|�{Cq
¢/q4oCrY���%�9~ �8ol�ª{�~�q��¨q��¨�ª���4�:|l{yqUtÁ��~����=�6r«�±¬ºn�q¦tÎ�U} �=�NÀ  p=����q0�/r��$�|l|l�¨�UxZx/r�~�|�¢¨{Cq
~�w¡�U��|��±¬v��Z|NqUt'{%pZ|Nwyq���{1~�wyxq�}%{F�U��{v�Z| � {	��{%|lx=�1~�� ���NÀ 65É�1��}%q�£�{%p�£v~�r�rý��|��y��|l}�~�|��
qUt oCrY���%�9~ �8ol�ª{�~�q��³{%|���{F��q��¦�y�U�U}�~�|l{��¤qUt �9~��0�=��rý{���x|��l���r�r'qUt�£�p/~YoFp¦£�|l}%|��Zq�{N¢/|���~����Z|�¢
£v~�{%p ��NÀ ®~��Sw�~��=¢¬y¿vpZ|���|y��~����=��r�{��/x=|��	£v~�r�r�~��=oCr�z=¢/|¤��x=|l|�oCp]�s�:q��=�U}��}.�0¢Z�U}���{%| � {��
�U�=¢���|l�0|l}.��rsq�{CpZ|l}.�l¬

ë��¤��zZwyw¡�ª}%���Z{%pZ|Nq�x�|l�y�0zZ|���{�~�q��=� qUts{%p/~Y� }%|���|��U}Fo%p�|F¶]q�}%{��U}C|�·

ù u �U� ���ÁÀ  �Col��r�|�zZx¤{Cq´��r«�ª}%��|N�/zZw��|l}�qªtJoCrY���%�:|���=

ù u �U� ���ÁÀ ºr�|��U}C�¤{%pZ|��%�ªwy|��Uwyq�zZ�/{vw�z=o%pãt ���:{%|l}2=

ù u �U� ��NÀ �~�wyxZ}%qU�U|v~�{.�1x=|l}�tVq�}%w¡�ª�=oF|�|l��|l�¡���J{%pZ|��/zZw��|l}�qªtQoCrY���%��|��J~��=oF}%|����:|g=

ù ¹¨~�r�r ���ÁÀ ºxZ}%q��0|�{%q¸�|��¸��|l�Z|l}.��r]��~����=��rQoCrY���C��~��8ol�U{�~�q���r�|��U}C�/~��Z�y�U}Fo%p/~�{%|�oF{%zZ}C|g=

¿vpZ|	~��Z�U|���{�~����U{:~�q0��qUtJ�ª�=��£�|l}.�»{%q�{%pZ|���|6�0zZ|���{�~�q��=�1~Y� x=�U}%{vqUtsq�zZ}»~�w§wy|�¢0~Y�U{%|N}%|���|��ª}.o%p
�U��|l�=¢Z��¬

ñ�ú�ò û�÷vô�ú�W=ù�xUûÎ÷vôDx
¿vp/~Y�	}%|lxq�}%{ �8|l�/�U�¤£v~�{%p¦{%pZ|¸wyq�{�~����U{�~�q��-qUt�{%pZ|y��~����=��r�µV{%q0µÎ����w���qUrýxZ}Cq��/r�|lw¤¬ � ë��:�Ý��µ
{%|lw¡�»�Z|l|�¢¤{Cq�}C|�����q��¤�U�q�zZ{ p/~��0p�r�|l��|FrÂ~��/tVq�}%wX�U{�~�q��]�Z�ZzZ{	{%pZ|�£1q�}�rY¢�xZ}Cq��0~«¢/|��N�´p�zZ��|
�Uwyq0zZ��{¸qUt��ZqU~Y���³x=|l}FoF|lxZ{�~�q��$~��=��{%|���¢¬ � �/�³�Z}�~Y¢/��|X�8|l{�£v|l|l�4{%pZ|��:|¡{�£ q-}%|���r�w¡�¼~Y���
��~����/~��8ol�U�Z{�{%q/qUr�tVq�} � ë.¬Uë���p�zZw¡�ª�=�l�U£�|�¢/|lx|l�=¢¸wyq���{]pZ|����0~�r���q��¸{%pZ| �9~��0�=��r�µV{%q�µÎ���/w��8qªr
{%}.�ª�=��rY�U{�~�q��X~��¦q�zZ}��0~«�:z=��rJoFq0}%{%| � ¬�¿s�ª¥�~��Z�X{%p/~Y�����»q�zZ}�oFzZ|���£ |�¢/|�oC~Y¢/|�¢¦{Cqy{.��o�¥0r�|�{%pZ|
xZ}%q��/r�|lw qUt q��/¯�|�oF{�}%|�oFq0���/~�{�~�q��]¬y���¯�|�oF{N}%|�oFq����/~�{�~�q��X5É�	wX��¯9q�}�y8��£�p=���	�|l|l�¦{%p=�U{	~�{
¢/q/|����Zq�{¡��¢Z¢/}C|��%��zZ�=oFq��=��{C}.��~��Z|�¢�q�}	�F�=�ª{%zZ}.��r��-|l���0~�}%q��Zwy|l�Z{F���0|l}%�4£1|Fr�r ¬º�¦��o�p/~��Z|
r�|��U}%�/~��Z�¤p=�0�l�]����~Y¢/|�tV}%q�w¾��q0wy|y��w¡��r�r�x=qZoC¥�|l{.�	qUt ��z=oloF|��C�l�]�Zq�{N�0|l{�¢/|Fr ~��/|l}%|�¢-~��³{%p/~Y�
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�U}%|���¬y¿vp/~Y�Nr�|l��|FrvqUt»�:z=oloF|��%�¸w¡�l�¦�|y�=|�ol�ªz=��|y{%pZ|�r�|��U}C�/~��Z�³�U}Fo%p/~�{%|�oF{%zZ}C|���{Cp=�U{Np=�l��|
�|l|l�³�UxZx/r�~�|�¢ü£ |l}C|��Zq�{N¢/|���~����Z|�¢-tVq�}	{%pZ|�{.����¥�qUt�zZ�=¢/|l}F��{.�U�=¢0~��Z�¤}C|���rs£vq�}�rY¢¦��~����=��rY�l¬
�zZ{�qUt'{%p/~Y� �=|Fr�~�|Ft {%p=�U{ �Z|l£ �U}.o�p/~�{%|�oF{CzZ}%|���w�z=��{ �8|	tVq�zZ�=¢� ���NÀ  £v���v�=q0}%�]¬

¿»p/~«��}C|lx8q0}%{sp=�0�'��pZq�£��y�U�y�UxZx/r�~Yol�U{�~�q��XqUt ��NÀ �q���{%pZ}%|l|v}%|FrY�U{%|�¢¸{.�0��¥Ý�Â£v~�{%py{�£vq
¢0~�¶]|l}%|l�Z{���|l{.�	qUt1~�w¡�U��|¡¢Z�ª{.�Z¬�E�q0{%p³��|l{.�	qUt1~�wX�U��|¡¢Z�U{F�§t ��r�r�q�zZ{F��~Y¢/|y{%pZ|¡oFq��=�:{%}.��~��/{
�q�zZ�=¢Z�U}�~�|��§{%p=�U{yq0�Z¯9|�oF{§}%|�oFq����/~�{�~�q��º{.���:¥Ý��z=�:z=��r�r��©}%|!�0z/~�}C|�¬þ¿vp=�U{�~Y�l� {%}.�U�=��rY�U{:~�q0�]�
}%q�{F�U{�~�q��]�Jr ~���pZ{:~��Z�����U�=¢�|l��|l� t½q0}%|���pZq�}%{C|l�/~��Z�$£�|l}C|H��r�r�qU£ |�¢ t½q0}y{%pZ|¤q0��¯�|�oF{�oCr«�0�%��|��l¬
ëÎ����¢Z¢0~�{�~�q��]�'{CpZ|¡q���¯9|�oF{.�¼{%p=�U{¸w¡��¢/|XzZx4{%pZ|�oCrY���%��|��¸£1|l}%|¡�Zq0{���~�wyx/r�|��1zZ�/~�µÎoFqªr�q0}%|�¢�
��|lq�w§|l{%}�~YoU�Zq�}�|l�U|l�-}�~��U~Y¢X~��H��q0wy|�ol����|��l¬

�� {%pZ|���|³¢0~��°oFz/r�{HxZ}Cq��/r�|lw¡�l� ���NÀ  �0o%p/~�|l�/|�¢þ�U�ºq��/¯9|�oF{-}%|�oFq����/~�{�~�q�� }.�U{%|¦qUt
�U��q�zZ{ ��R`� ¬¦²�~���|l�S{%p=�U{�{CpZ|l}%|¡£v|l}%|X��|l��|l��oCr«�0�%��|��l��{%p/~Y�¼~Y���ª�8q0zZ{ � ¬ � {:~�w§|����|l{%{C|l}
{%p=�U�©}.�U�=¢/q�w ��zZ|��%��~��Z�$£ q0z/r«¢©��oloFq�wyx/r�~Y��p]¬ � �§£ ���§wy|l�/{�~�q��Z|�¢$~��º{%pZ|¦¢0~«�CoFz=�%��~�q��
��|�oF{�~�q��]� ���NÀ 65É�Nx�|l}�t½q0}%w¡�U�=oF|yq0�¦~�w¡�U��|��Át½}%q0w n�|l{�¿�¯9zZw§x=�N{%q¤�U�q�zZ{6P ��� £�pZ|l�
{%pZ|Nq�}:~��ª~��=�6rÂoFqªr�q0}v~�w¡�U��|����ª}%|�z=�:|�¢¬vn�qy{%pZ|Nx�|l}�t½q0}%w¡�U�=oF|N¢/|��%oF}�~��]|�¢§~���{%p/~Y�v}%|lxq�}C{�~Y�
q��X~�w¡�U�0|���|l{.�v{%p=�ª{�p=���6|¸�=|l|l�-w¡��¢/|�¢/|Fr�~��]|l}.�U{%|Fr��¤¢0~��°oFz/r�{�¬

���NÀ  ��oCp/~�|l�/|�¢�{Cp/~«� x=|l}:t½q�}Cw¡�U�=oF|N£v~�{%p j8æ pZ|Fr�x�tV}%q�w z=�:|l}.��q0}»¢/q0w¡��~��H��x|�oC~��8o
~��/t½q0}%w¡�U{�~�q��¦qUt �ª���-¥�~��=¢¬�¿Âq�xZ}%q��0|�{Cp/~«�	xqU~��/{�� ��ÁÀ ®£������ª~��0|l�4���»~�{F�	xZ}�~�w�~�{�~���|��
tVq�}Á�0oloF|��%��~��Z�X~�w¡�U��|�� {%pZ|��9~�w§x/r�|��:{Nx8q/�%��~��/r�|�tVzZ�=oF{�~�q��=�l· � ~ � |Fr ��év|l�U~�q��]�]í|��0��{���¤q/��{��
� ��|l}.�U��|����ª�=¢�ï��U}�~Y�U�=oF|�¬®¿vpZ|-t �0oF{y{%p=�U{X{%pZ|���|-xZ}�~�w�~�{�~���|��X£1|l}%|HoFq=¢/|�¢ t½q�} ���ÁÀ 
~��ºp=��r�t´�U�ºpZq�zZ}��U�=¢©£v|l}%|�tVq�zZ�=¢©{%q$�8|¦��z#�°oC~�|l�Z{XtVq�}°�$¢0~�¶]|l}%|l��{X~�w¡�ª��|H��|l{L�%n�|l{
¿¼3��:zZxZx8q0}%{.��{%pZ|�p/�/x8q0{%pZ|���~Y�y{Cp=�U{ ��ÁÀ "ol�ª�¨w¡�U¥U|¦¢/q³£v~�{%p�r�~�{%{�r�|¦q�}y�Zq$q�zZ{.�9~«¢/|
~��Z{%|l}%�U|l�/{�~�q��]¬

¿»pZ|�¢/|���~����¤qUt ���ÁÀ 65 ���U}.o�p/~�{%|�oF{CzZ}%|�xZ}%qU�0~Y¢/|��vtVq�}���|l�0|l}.��r]| � oC~�{�~��Z�XtV|��U{%zZ}%|��±¬

ù � {N�U�/��x=qU~��Z{�¢/zZ}:~��Z��{CpZ|Nr�|��U}%�/~��Z��xZ}%q=oF|��%�±�8��xZ}Cq���}.�Uw-�=���	����}%q�zZx-qUt �l��~����=�6r
zZ�=¢/|l}.��{.�U�=¢0~��Z���X���Z��{%|lw¡�±�Ýol�ª�¤�=|¸| � {C}.��oF{%|�¢��U�=¢Xz=�:|�¢X~�wywy|�¢0~Y�U{%|Fr��ãt½q�} q��/¯9|�oF{
}%|�oFq����/~�{�~�q��]¬

ù �=�NÀ þ~��=oFq�}Cx8q0}.�U{%|��v|l�0qUr�zZ{�~�q���~��Z{%q�~�{.�	¢/|���~����]��{%pZ|l}%|l�/��xZ}%qU��~Y¢0~��Z��{%pZ|�o%p=�U�=oF|
{%q�| � x/r�qU~�{N��w���}�~Y��¢XqªtJ¢0~�¶]|l}%|l�Z{���qªr�zZ{:~�q0�=��{%pZ}Cq�zZ��pXq�}.oCpZ|���{%}.�U{:~�q0�]¬

ù ¿vpZ|�q�}Fo�pZ|���{%}.�ª{�~�q��¤qUt'~��=¢/|lx]|l�=¢/|l�/{N��qUr�zZ{�~�q��=�	w¡�U¥U|��»~�{�xq��%�9~��/r�|d�9��~�wyx/r�|�|l��|l�>3
{%q�}%zZ� ���NÀ þq��¤��x=�U}.�6r r�|Fr'w¡��o�p/~��Z|¸tVq�}��¸r�~��Z|��ª}���x=|l|�¢°~��=oF}C|�����|�¬

ù ¿vpZ|��U}.oCp/~�{%|�oF{%zZ}%|�5 �'~��=¢/|lx]|l�=¢/|l�=oF|	tV}%q�w�{CpZ|�x=�U}C{�~YoFz/r«�ª} | � �Uw�~��Z|�¢���~����=�6r8w¡�U¥U|��
~�{ ��~Y�U�/r�|�{%q�z=��| ���NÀ ºt½q0}��U�/�°��~����=�6rs{Î�/x|�¬

¿»pZ|�tVzZ{%zZ}%|�x=�U{Cp=�	qUt ���NÀ Ã}%|���|��U}Fo�p4�U}%|�¢0~���|l}.�:|�¬�ë��³{%pZ|��Z|��U}	tVzZ{%zZ}%|y£1|ypZq�x=|
{%q¡�:|l| ���ÁÀ ®x=|l}�tVq�}%w´~��Z�§�8|l{C{%|l}��Z£v~�{%pãt½|l£1|l}�| � �Uwyx/r�|��l��qUt'wyq�}%|�oCrY���C��|��l��q���p=�U}.¢/|l}
~�w¡�U��|��±¬ ���ÁÀ �p=��� w¡�U{CzZ}%|�¢¤��q,�0z/~«oF¥0r��¤{%p=�ª{�{%p/~Y�	��q���r'��|l|lw¡�	w�z=oCp¦wyq�}%|¸}%|���r�~Y��{�~Yo
�ZqU£ {Cp=�U��~�{N¢0~«¢-|l��|l�¦£�pZ|l�¦{%pZ|¸£�}�~�{�~��Z��qUt'{%p/~Y�	}%|lx=q0}%{���|l���U�]¬ ëÎ�³��¢Z¢0~�{�~�q��]� ���ÁÀ 
p=���J�8|l|l��¢/|���~����Z|�¢X{%q¸x=|l}�tVq�}%w+��~����=��rzZ�=¢/|l}.��{.�U�=¢0~��Z�yq0�y��-/+���~����=��r{9�/x=|�·ÂtV}%q�w {%| � {��
{%q¡�:q��=�U}��/{%qy��x|�oF{%}%zZw-��{Cq¡��x=|l|�oFp]¬»�zZ}���q���r~Y� {%qyp=�l�0|Nx8|l}:t½q�}Cw¡�U�=oF|��U{v{%pZ|�oFzZ}%}C|l�Z{
p/~���pZ|���{ r�|l��|FrY��qUt'zZ�=¢/|l}.��{F�U�=¢0~��Z�y~��H�ª������~����=��rs{��/x=|¸£�|�{C}%�6¬

é»|���|��U}.oCpZ|l}.�	{%qZ¢Z���H��x�|l�=¢³����~����/~��8ol�U�Z{��Uwyq0zZ��{NqUt�{CpZ|F~�}¸{�~�wy|��=�=¢0~��Z�¤{CpZ|�}:~��0pZ{
r�|��U}%�/~��Z�H�6r��0q�}�~�{%pZw;t½q�}	{%pZ|F~�}N{.���:¥8��U�=¢�{CpZ|l�H{�£1|��U¥�~��Z��{%p=�ª{Á��r���q0}�~�{%pZw"zZ�Z{:~ r�~�{Nx=|l}%µ
tVq�}%w¡�l¬�¿»pZ|l}%|��U}C|���~�wyx/r��¤{Cq�qywX�U���¤¢/q0w¡��~��=�vtVq�}	{%p/~Y��{Cqyr�|���¢-{%qy}C|���rsxZ}%q��0}%|��%�l¬v¹³|
�|Fr�~�|l�/|�{%p=�U{ ���ÁÀ ��]���	��¢/q�w¡�6~��-~��=¢/|lx]|l�=¢/|l�Z{ r�|��U}%�/~��Z�H�U}Fo%p/~�{%|�oF{%zZ}C|��l�]ol�U�¦p=����|y�
��~����/~��8ol�U�Z{v~�wyx=�0oF{�~��H�:qUr���~��Z�X{%pZ|N��|l�Z|l}.��r'��~����=��r�µV{%q�µÎ���/w��=qUr�xZ}%q��/r�|lw¤¬
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QSRUT�RPV#W
XZY\[9]\^6_6`Jab]\`Jcedf`�XZc)`3d4d�g	h�XZc%i jlkZm	kZnpo	o�XZ`JY\^6_6`JqGrsg�o	t	t2u	upv;XZw)x6q6Y\x6a'yb`�Xzc9`3d4d�g	g2u	opv+Xz{JY}|6`Jc�rs~	��rsu	hpv'rs�	~�o	t	tpvPr	rs�
�	�pvZvbXzc�i j4kZm	kZnpo	h2XZw9x6q�Y}x6a+yb`�o	�#XZ`JY\^6_6`Jq7XZq6`Jx6�7XZ��q�Y}^6`��	o#Xzc�i j4kZm	kZnp~	o2XZ`JY}^�_6`Jq�o	g	t2rs�	~#XZ`JY\^6_6`JqGrs�	h#o	~	~#XZ���'df^
o	o	u�rsh	~�g	h�o	g	upvZvzv;o�XZ`JY\^6_6`JqG~	��XZ{JY\|6`Jc�h��	r	vPr	�shpv�rsu	hpvZvzv;~	o�XZc%i j4kZm	kZnph	t�rsh	o�rs~	h�o	t	��rstpr	vZv;Xz`JY}^6_�`Jq�r	rsu��	���	hpv;�	hpv
opr	r#r	rs�#XZq6`Jx��5XZc%i jlkZm	kZnpu	h2rsu	�#XZY}[9]\^�_6`Jab]\`JcJdp`�rsg	u2XZ`JY\^6_6`Jq�XZY\[9]\^6_6`Ja3]\`JcJdf`�h	�#XZx6�'[�o	~	g2rsg	g�rs�pr��pvbo	o	~pvbXz��q6Y}^�`
XZ`JY\^6_6`Jq�oprsu�r	��o	o	hpv2rs~p�	v#rsh	gpv�r	�s~pv#XZc�i j4kzm	kZnfhpr�r	�st�o	h�XZq6`Jx���XZq6`Jx6��rs�	tpvZv#XZ`3��rsu	o��pr	vZv#tpvZvZv�XZ`JY\^6_6`Jq�opr	��XZY\[9]
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î4ê ï�ì%ê6ì%ð ñzë¬ò�ósôpõJóséJö�ö�ñZêeõ åe÷6Æ%ß9Í4Ù�¾%û9û4ú3Ý)Ý+ý�ÎPü5á�Û�ý#Ì	Í4Ù	Ù4åP¾%û9û%øbÎ

Ã ¾ % ÄGÊ�Ù	Ð	Ì	Ñ5Û#ÍfÔÕÔ\Í4Ì4ÎP&�ÍlËbÍ4ÐsÈ\Ó7÷3Ì	Ñ9ß)ÌpÆ�Ò�Ò�È\Ë3ßbå#È\Ë3ÉbÍ:
JÍ4É�Ò�Í4Ò�Ñ9Ì	ÖJå�Ð	Ü3Í�Ü�ÆKÔ\ÐsÈ\Ë3ß1÷3Ì	Ñ��JÔ\Í4Ò5å®Æ�Ë3É�Ñ9Ð	Ü3Í4Ì�Ó4ÏJÞ
ÌsÈ\Ñ)ÙsÈ\ÐsÈ\Í4Ù4Î�á�Ë ò�ósô%ë	ìpìfçJñZêeõeí�ô6"�ð�)6ìcb9ð�)�éJê6ê!�3é���R� +æ�î��MW å3÷6Æ%ß9Í4ÙµÝ9ù.ýKú3Ý)ù�ø3Î6á	ä2ä2ä?ý#Ì	Í4Ù	Ù4å�¾Kû9û�ø3Î

Ã ¾ 0 ÄGÊ�Ù	Ð	Ì	Ñ1ÛPÍfÔÕÔ\Í4Ì4Î�ÛPÏbÌsÈ\Ë3ß�Ó4Ñ)Ò�÷JÔ\Í4Ð	Í4Ë3Í4Ù	Ù�È\ËSÐ	Ü3Í�ÔzÆ�Ë3ß9Ï�Æ�ß)Í�Ñ�Ø�ß9Í4Ë3Í4ÐsÈ\ÓG÷bÌ	Ñ)ß9ÌpÆ�Ò�Ò�È\Ëbß ÿ�È\Ð	Ü1È\Ë3ÉbÍ:
JÍ4É
Ò�ÍlÒ�Ñ9Ì	ÖJÎ�á�Ë ò�ósô%ëpì	ìfçJñZêeõeí�ô6"�ð�)6ìdR2ñZó	ílð�î������feGôJó6�\ç.T#ôJêeõ�ó>ì4ípí�ôJêQT#ôJö>,Z�bð>éJð>ñZôJê6é��eî4ê6ð>ì��K�\ñ õ�ì%ê6ë�ì å
÷�Æ�ß)Í4Ù�¾©ü 0 ú�¾4ø 0 Î'á	ä2ä2ä?ý#Ì	Í4Ù	Ù4å�¾Kû9û�ø3Î

Ã ¾%ùKÄGÊ�Ù	Ð	Ì	Ñ1ÛPÍfÔÕÔ\Í4ÌGÆ�Ë3É ü�Æ�ËJÏ3ÍfÔzÆ.^#ÍfÔ\Ñ)Ù	ÑbÎg5'Í%Æ�Ì	ËJÈ\Ë3ß�Ñ9÷6ÍlÌpÆ�Ð	Ñ9Ì	Ù�È\Ë?Æ!×
JÍ4É ÷6Æ%ÌpÆ�ÉJÈ\ß9Ò5Î�N¬Ë3÷bÏ(��ÔÕÈ\Ù	Ü3Í4É
Ì	Í4÷'Ñ)Ì	Ð4åh��Ñ9Ò�÷3Ï3Ð	Í4Ì91�ÓfÈ\ÍlËbÓ4Í�Å¬Íl÷6Æ%Ì	Ð	Ò�Í4Ë6Ð4å��Æ�Ì	Ë3Í4ß�È\Í�ü5ÍfÔÕÔ\Ñ)ËQN�Ë�È\ÇJÍ4Ì	ÙsÈ\Ð	Ö)å;¾Kû9û % Î

Ã ¾B$KÄ216Î'Û�ÜbÌ	Ï3Ë�Æ�Ë3É�Û�ÎÕü ü!È\Ð	ÓlÜbÍfÔÕÔ>Î\5;ÍKÆ�Ì	ËJÈ\ËbßGÑ9Ë3Í�Ò�Ñ)Ì	Í�Ð	Ü�È\Ë3ßbÎ�Û#ÍlÓfÜ3Ë�È\ÓKÆKÔO��Í4÷'Ñ9Ì	Ð9��üHN¸ÞG�M1eÞ û%ø�Þp¾B$%øbå
Å�Í4÷6Æ%Ì	Ð	Ò�Í4Ë6Ð�Ñ�ØO��Ñ9Ò�÷3Ï3Ð	Í4Ìi1JÓfÈ\Í4Ë3Ó4Í9åZ��Æ�Ì	Ë3Í4ß%È\Í�ü5ÍfÔÕÔ\Ñ)ËQN�ËJÇ9Í4Ì	ÙsÈ\Ð	Ö)å;¾Kû9û%øbÎ

Ã ¾%ûKÄ¼ü�Æ%Ì6�7Å�Î�/ ÜbÍlÍfÔ\Í4Ì4ÎPÛ#Ñ�ÿ�Æ�Ì	É3Ù�Æ�Ç9È\ÙsÈ\Ñ)Ë�ÆKÔ\ß)Ñ9ÌsÈ\Ð	Ü3Ò¹Ó4Ñ9Ò�÷�ÈÕÔ\Í4Ì�Ø>Ñ)Ì�Ì	ÍlÓ4Ñ9ß)Ë�È\ÐsÈ\Ñ)Ë�Ñ�Ø'÷�Æ�Ì	ÐsÈzÆ4ÔÕÔ\Ö5ÑJÓ4ÓfÔ\Ï3É3Í4É
ü%É!Ñ����	ÍlÓ4Ð	Ù4Î6Û#Í4ÓpÜ3Ë�È\Ó%Æ4Ôj�¸Íl÷6Ñ9Ì	ÐO��üHN¸ÞG�M1eÞ û9Ý4Þp¾B$ % å�¸Ñ)Ò�÷3ÏbÐ	Í4ÌO1JÓfÈ\Í4Ë3Ó4Í�Å¬Í4÷�Æ�Ì	Ð	Ò�Í4ËbÐ4åa�¬üHN�åb¾Kû9û)Ý�Î

þ Á9k����	l � ������� � ���dmµÂ
/�Í�ß9ÌpÆ%Ð	ÍfØ>ÏJÔÕÔ\Ö�Æ�Ó��JËbÑ%ÿ�Ô\Í4É3ß9Í�1JÍ��6Æ%Ù	ÐsÈzÆ�Ë�Û�ÜbÌ	Ï3ËAØ>Ñ9Ì�Ð	Ü3Í�÷6Í4Ì	Ò�È\Ù	ÙsÈ\Ñ9Ë�Ð	Ñ ÏbÙ	Í ÜJÈ\Ù5È\Ò7Æ�ß)Í4Ù�Æ%ËbÉ¥Û�Ñ9Ò
ü!È\Ð	Ó4Ü3ÍfÔÕÔ�Ø>Ñ9Ì�÷bÌ	Ñ)Ç9È\É�È\Ë3ß Ü6Æ%Ì	Ébÿ�Æ�Ì	ÍGÙ	Ñ1ÿ�Í5Ó4Ñ)Ï�Ô\É ÐpÆ?�JÍ5Ñ)ÏbÌ�Ñ�ÿ�Ë�È\Ò7Æ%ß9Í4Ù4Î Ê¬Ô\Ù	Ñ3å�ý�Í4Ð	Í4ÌX1JÐ	Ñ9Ë3Í9å�Ê�ÔÕÈ\ÓfÈzÆ
ý�Í4Ì	Í��)å'ä#ÌsÈ\Óc1eÈ\Í4ß)ÍfÔ>åUÆ�Ë3É�â%Ñ9Ù	Í4÷3ÜHnSo 1�ÏJÔÕÔÕÈ\Ç�Æ�Ë5ÿ�Í4Ì	Í�È\ËJÇJÆ4Ô\Ï6ÆB��Ô\Í7Æ%Ù�Ì	Í%Æ�É3Í4Ì	Ù4Î


