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7Ey*BH7 ��ÖiÞàßOÑ[Ø;ÙuÔ fwÇ á Þ ¬ �>Ö µ
A�7�FbS	A�DwÎ Í¿ÎÐÏ&Ñ µ

qkX*y*y&N�L�y*X\|}8	X\Ddc@f�X*y*yãcG7�FkFCAbJK?	?v7sQ]X\DÜJày\:�L�Jmy�:>?�FHX\|}SI|Üo
º FC5I7sA BC7�J_A!LC5]BYFbACJpFC7Ec>X\7EBpt<BHSMLC5ÜJmBkB!X\|îSdyZJ[FC7sQTJKDID	7pJmy*X\D	cgJKDMQnFjJ_8	S
BH7pJKA!LC5�tRFCAPznFC: 7EBCL�JK?;7�^�A�:>| y\:�L1Jmy�:G?<FHX\|�Jdo
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ã�Ô ýÍù¿A ÷N>�þMûKö5� þ�=
=Íö	þ�>�ù�= <
 � DxJmy\:�c_z�f�X{Fb5ÜJ}|~7jFC5	:�Q]:_^�LE:<:�y*X\D	cß|~7jFjJmy+�§JKDID	7pJmy*X\D	c`o§4�7s|~?v7EACJ[FCS	A!7
ä Q	71L�A�7pJmBC7�BÐJ[F67pJ_LC5]X{Fb7EACJ[FHX\:>DãtMJ_LELE:>A!QdX\D	c�FC:ßJ �vT�T�Y&�&IJn �O��	J��t��Y4� �
�+DdX{F�Jmy*y{z ä Ç ä Á µ<yZJpFC7sA ä Ç ¤ ä ^�:>A6Jà�<I71Q]¹�å ¤ å »>o

 -, :�X\D	c~SI?	5	X*y*yãX*BÐJKy{f�J�zdBUJ�LELE7E?�FC71Q°o
 -, :�X\D	cßQ	:1fUDI5dX*y*y X*B6BH:G|~7�FCX\|~7�B�J_LsLE7E?�FC71Q�f�X{Fb5ÜJ}?	A!:>8`J_8dX*y*X{F�zl8`JKBH71Qg:>D
5I:1f |îSILC5lQd:�fUD	5	X*y*y°fr7�cG:ßJKDMQ]:>D�FC5	7WL�SIA�A�7sDGFrFC7s|~?;7sACJpFCSIA�7Go
, X{VR7sD�� ¸ Ø Á ��Î �§f�X{FC5�Æ��¿����â Æ���Î �jtdJ_LELE7s?<Fo� fUX{FC5
?IA�:>8xJK8	X*y*X{F3z Ö5æèç¦ébêìëFæèç±íîêï ¼¥�ñð 7�ca7�F�?	XhLH=OX\7sAUJmB�fr79?IA�:�cGA!7�BHBpo �

� y*cG:>AYX{Fb5	| È�É°¡
É°�×³+£
Ì�³4Ú}«
×	 �´qÉ°¨²¦]¡§¡
É� �×M³�¡JÝ�� Ñ ÅrÆ9Ç º ä Á º§¤²�
Ñ Ç ¹Mµ ä Ç ä Á µ
Þ 7Ey\7sL�F�J�^�7pJmB!X\8	y\79BC:�y\S�FHX\:>DlÎ Õ _ µ�Î Í¿ÎÐÏ4Ñ Ç Î µ
fU5dX*y\7n� Ñ â Ñ ÅrÆGÇ ��Qd:� Ç ØSÁ ��Î �jµRò�òÅFC5dX*B�X*B�SdBCS`JKy*y{zlJ}ACJ_DIQ	:>|eX2117sQlLC5	:>XhL�7

X½^r�¿� «¸�)�^+JmX*y2+��¢FC5	7sD
X½^r�.Æ��¿����É Æw��Î �!�ÍFC5I7sD
Î Ç ��µ
X½^��.Æw��Î �rÉ Æ���Î Í¿ÎÐÏ4Ñ ���§FC5I7EDwÎ Í¿ÎÐÏ&Ñ Ç Î µ

7�y*BC7
ß Ç ß�ÞIÔ�ÛMÒ�e ��¹IºK»p�jµ
X½^k� ß å Ö æèçóévêôëFæèç±í�êï �¢FC5	7sD]Î Ç �Tµ

Ñ Ç Ñ Ý »Gµ
ä Ç ¤ ä µ

A�7�FbS	A�DwÎMÍ¿ÎÐÏ&Ñuµ
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õqÔÀö þS�¢÷ ý�ö	þ�ø1üaÿ

Ï 5	:<:>BH7÷� Õ w ��Î ��»½zGÎ �îBHSMLC5�FC5xJpF�� X*Br^�7pJmBHX\8dy\7àJKDMQlÆ���Î �§X*B
|@J�	X\|}SI| JK|~:>D	cnJmy*y�BHSMLC5�7Ey\7E|~7sDGFHB}��7bI5xJKS	BYFHX{VR7iD	7EX*cG5O8;:GS	A�5I:<:�Q
BH7pJKA!LC5x��o
��F�|@J�zg5`J_?	?v7ED]FC5xJpF�Æ��¿����å Æ���Î �Ð��fk797�BbL1JK?v7�^�A�:G| Jày\:�L�Jmy
:>?<FCX\|}SI|��jo

ð 5xJpF�|@J�zg8;7ÐFb5	7iAYX*BH=Rø Ï zIL�y*X\D	c`o
ð 5I7ED�cG:�X\D	cßQd:�fUD	5	X*y*y°^�A�:G| Î Fb:W� fk79|�J�zgcG:�8`J_LC=ß^�A�:>| Î FC:Ù� o
��DMQd7s7sQ�t	L�zILjy*X\D	cß|@JEznFjJ_=>7�BH7jVR7sACJmy�BYFb7E?	BptOBHSMLC5ÜJmB
Î c � c d c Î o

4©JK8	S<N�BH7pJKA!LC5]S	BH7EBUJ}BYFCACJ[FC7�c�zß^�:>A�J�VR:>XhQ�X\D	cnL�zILjy*X\D	c`��J ����X� Y&�4��� o
� ^�Fb7EA�J}|~:1VO7�Î c � t
fk7Ð^�:>A!8dX{FrFC5I7WJK?I?	y*XhL1JpFCX\:>DÜ:_^©£¥¤Í �¡NÝ�ÉÍ�¿�UºbÎ �§^�:>A�ù X{FC7sACJpFCX\:>DdB}�Ðù X*B
FC5	7�y*X½^�7�FHX\|ß7W:�^ãFC5I7UFjJ_8	S�y*X*BYF��jo

l�xJK|~?	y\7>�
_ ¸ zG¹IºK»i���<t�SdBHX\Ddc w Â ��Î �¢¸ z�� Õ _ � ÛdÙ7� Ìp��Î º°�g�²¸ »i�`o
Î ¸ ¾ ¹I»s¹>¹KÄ�J_DIQ6� ¸ ¾ ¹I»s¹I»jÄ3tGfr795xJ�VR7ÐFC5`J[FÐ£¥¤Í �¡NÝ�ÉÍ�¿�UºbÎ �¢¸ ¯ ¸
X\DIQ	7bw:_^×LE:<:>A!QdX\D`JpFb7ÐFC5xJpFkf�JmBrB�f�JK?I?;71Q�o

Þ SI?	?v:�BH7½ù ¸ x	o
BC7s�OSI7sDILE7i:�^�?;:>X\D>FCBp� ¾ ¹M»s¹>¹mÄ ¾ ¹M»s¹I»�Ä ¾½»>»1¹I»�Ä ¾½»s¹G¹I»�Ä ¾½»s¹I»G»�Ä
F�JK8	S�y*X*BYF[� ¯ ¯`t\» »>túx xdt¦
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Þ :ßJKDGzgBH71�OS	7sDILE7ÐFb5`JpF�L�zILjy\7EB�Î c ¼m¼K¼àc Î 5xJmBry\7sDdc�FC5ÜJpF6y\7pJmBYF÷x�ù�o
Ï 5	:<:>B!X\D	c�ù ¸ »�X*BkF3z	?	XhL�Jmy+o

û  �Û «Nü�³&ËK´ X*B�X\|~?dy\7s|~7sDGFC7sQ�JmBUJày*X*B�FrfU5	7sA�7 û  �Û «Nü�³&ËK´k¾ L�Ä�¸ ýIt
fU5	7sA�7þý X*BkFC5I7iQ	7�BHX*cGD`J[FC7sQg^�:>A�8	XhQ	Q	7sD ��F�JK8	S;��LC5`JKD	cG7�JpF6X{FC7EAbJpFHX\:>D Ñ o

��DlJK8	BH:>y\S<FC7iD	:~L�X\A!LES	|~BYFjJKDMLE7�X\|~?	y\7E|ß7EDGF û  @Û «Nü�³4Ë_´ JKB�J_DÜJKA�AbJ�z
X\DIQ	7bI71Qw8>z@FC5I79DOSI|}8;7sAr:_^¥X{FC7sACJpFHX\:>D	BFÿ��+DdB�FC7pJ_Q°t<X\|~?	y\7s|~7EDGF
û  �Û «Nü�³&ËK´ JKBUJ}�OSI7sS	7i:_^�y\7sD	c_FC5 ù9oN¬6:KFb7ÐFC5xJpFkFC5I7WJmy*cG:>A�X{FC5	| |�J�z
|eX*B!y\7pJ_Q@zO:>S@FC:}FC5	X\D	=ßzR:GSÜJKA�79SdBHX\DdceBCSILC5ÜJ_DlJKA�ACJEz�µ<L�JKA�7�^�S	y&ÿ
$ :>A�FjJK8ISgBH7pJKA!LC5ãt ØSÁ ��Î �¢¸ �TtRfU5I7EA!7
 � Õ w ��Î �jtv� X*B6^�7�JmBHX\8dy\7Gµ
 £¥¤Í �¡NÝ�ÉÍ��Î º��]� «Õ z û  @Ûã«Jü�³4ËK´k¾ Û Ä×� Ñ á ù â Û â Ñ á »i�`µ
 Æw�¿�g��X*B�|@Jp	X\|}SI| J_|~:>D	cßJKy*y�BCSILC5]^�7�JmBHX\8dy\7W7Ey\7E|~7sDGFHBpo
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� y*cG:>AYX{Fb5	| È�É°¡
É°�×³+£ û  @Ûã«�Ì�É� ��¥£¥¤k� Ñ�ÅrÆ9Ç º§ù��

Ñ Ç »Gµ
Þ 7Ey\7sL�F�J�^�7pJmB!X\8	y\79BC:�y\S�FHX\:>DlÎ Õ _ o
ÎMÍ¿ÎÐÏ4Ñ×Ç Î µ
fU5dX*y\7n� Ñ â Ñ ÅrÆGÇ ��Qd:w Ç w ��Î ��»¾z�� �M£¥¤Í ¢¡JÝ@ÉÍ��Î º��~�kÕ û  �Û «N×I³&ËK´k¾ Û Ä3º

Ñ á ù â Û â Ñ á »O�Mµ°��F3z	?v:eL�:>A!A�7sL�FC71Q`�
^�:>Ak7pJ_LC5 �¿� Õ w � Q	:

X½^r�¿� X*B6X\Dd^�7�JKB!X\8	y\7p��FC5	7sD w Ç w »¾z����Mµ
X½^r� w ¸ �d�§FC5I7sD�A�7jFCSIA�D�Î|Í¿ÎÐÏ4ÑPµ
$ X\DMQ�� Õ w BCSILC5�Fb5`JpF�Æ����g��X*B�|@J�	X\|îS	|Tµ
û  @Ûã«N×M³4ËK´k¾ Ñ Ä Ç £¥¤Í �¡NÝ�ÉÍ�¿�UºbÎ �jµ
Î Ç � µ
X½^r�.Æ���Î �kÉ Æ���Î Í�ÎÐÏ4Ñ ���§FC5	7sD�Î Í¿ÎÐÏ4Ñ Ç Î µ
Ñ Ç Ñ Ý »Gµ

A�7�FbS	A�DwÎ Í¿ÎÐÏ&Ñ µ

��D@FC5I79A!7�Jmy Jmy*ca:>AYX{FC5I|Üt û  @Ûã«N×M³4ËK´ |}S	BYF�8v7ÅJî�OS	7sSI79:_^�y\7ED	c_FC5 ù�ÿ ÿ ÿ
Þ :MtRFC5I79:G?;7sACJpFHX\:>D
û  �Û «
×M³&ËK´k¾ Ñ ÄãÇ £¥¤× �¡JÝ@ÉÍ�¿�Uº�Î ��µ
|}S	BYF�8;7�X\|ß?dy\7s|~7sD>Fb7sQ JmB[�
û  �Û «
×M³&ËK´ o X\D	BH7sAuFm�.£¥¤Í �¡NÝ�ÉÍ�¿�UºbÎ ���jµ���:>D	y{z�=>7E7s?	BryZJmBYF�ù 7�y\7s|~7sDGFHBj�
JKDIQ@FC5	79y*X\D	7G� w Ç w ��Î ��»¾z�� �
£¥¤× �¡NÝ�ÉÍ��Î º��~�kÕ û  �Û «N×I³&ËK´k¾ Û Ä3º Ñ á ù â Û â Ñ á »i�
BH5I:>SdyhQ�8;7iS	DMQd7sAYB�FC:<:�QwJmB[�
w Ç w ��Î ��»½z�� �I£¥¤Í �¡NÝ�ÉÍ��Î º��ß�rÕ û  @Ûã«N×M³4Ë_´��Mµ
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� Ô	� ö5=Íöaû�ùéü ; > < C°ø[ù�û�ÿNA ú


l:>A�7iL�:>|ß?dy\7�gFC5`J_D]D	7EX*cG5O8;:GS	A�5I:<:�Q�BH7pJKA!LC5�o
$ X&TJàDOSI|}8v7EAUÈàª²¯�Ì¥³��vÉ ��?v:>?	S	yZJpFHX\:GD�BHX21s7[�jo
º DI7�X{FC7sACJpFCX\:>D�fr:>A�=OB�JmBk^�:�y*y\:�f�Bp�

...

MATING (pairs are recombined)

...

...

MUTATION
...

...
...

... new guys...

... PopSize guys

Select Best Guys up to PopSize

Current Generation:

Next Generation: PopSize guys

Current generation:

��FC7sACJpFC7ÅJmBr|@JKDGz�ca7EDI7EAbJpFHX\:>D	BÐJmB�zR:GSgy*X\=>7Go
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 þMû�ù¿= < ý û�ø[þMûKö < ùéöOú�����ö<übC�A �¢ù�=§þMû�ù�Cî=��
¼ÍA�:�QdSML�X\DdcßLC5	X*yhQdA�7sDl^�A�:>| ?xJKA�7sD>FCBpo

»Go Ï A�:>B!BH:�VR7sA1o
�°7�F@jg8;7�J}LEA�:�BHBH:�VR7EA�?;:>X\D>Fmo

jj

Parents:

2 Children:

l�xJK|~?	y\7G�Âjg¸ 
¼�JKA�7sDGFHBp� ¾½»G»s¹ � »>»s¹M»s¹>¹I»�Ä ¾½»s¹G¹ � »s¹>¹>¹M»s¹I»�Ä
Ï 5	X*yhQdA�7sDã� ¾½»G»s¹ � »s¹>¹G¹I»s¹I»�Ä ¾½»s¹G¹ � »>»s¹I»1¹>¹I»�Ä

x	oq¼�JKAPFHXZJmy*y{z�|@JpFbLC5I7sQwL�A!:�B!BC:1VR7sAW�é^�:>A�?;7sA�|}S�FjJpFHX\:GDdB��

4�fr: LEA�:�BHBH:1VO7EAk?;:>X\D>FCBp�k»àâ j å � â Ô

l�xJK|~?	y\7G�Âjg¸ ßJKDMQ���¸ �
¤ ¸ ¾±IºK»>º[¯xº��dº��Iº�� º�xdº��mÄ ¨ ¸ ¾��Iº��Iº�¯`º®Iº��	ºm» º§xdº��[Ä

BYf�JK? ¤ ¨
¯�� ¯ ¾±IºK»>º�¯`º��	º��Iº��dº§xdº��mÄ ¾ �Iº��Mº[¯`º®Iº��dºK»>º�x	º��pÄ
�	�  ¾!�dºK»>º�¯`º°Mº��Iº��dº§xdº��mÄ ¾ �Iº��Mº[¯`º��dº®IºK»>º�x	º��pÄ
�"� � ¾��IºK»>º�¯`º°Mº��dº��dº§xdº��mÄ ¾ �Iº��	º[¯`º��Iº®IºK»>º�x	º��pÄ
�	� » ¾��Iº��dº�¯`º°Mº��dºK»>º§xdº��mÄ ¾ �Iº��	º[¯`º��Iº®Iº��dº�x	ºm»�Ä
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 þMû�ù�= < ý¥üaÿÍö5A öOú

#UXhQdB�|@JEzg8v7�X\D�^�7pJmBHX\8dy\7G�©X\DML�:GA�?;:>AbJpFC7iLE:>D	BYFCAbJmX\DGFHBUJmB6?;7sDxJmy{FHX\7EBpo
 "0 JKDMQd:G| |ß:>D	:>cOJK|Åznf�X{FC5 xà=OXhQdB�?v7EArLE:>S	?	y\7G�©ACJKDMQd:G|ey{z�?`JKAPFHX{FHX\:>D
?v:>?ISdyZJpFCX\:>D�X\DGFC:e?xJmX\AYB[tOf�X{FC5gF3fk:�=OXhQdB�?IA�:�QdSMLE7sQ�8>z]7pJ_LC5w?xJmX\A1o

 
 JK=>7�8v7�F!FC7EAr?xJKA�7sDGFHB65xJ�VdX\D	c~|~:>A�7�=OXhQdBp�
|ß7�JmBCS	A!7�?`J_A�7EDGF6�dFCD	7EB!B68Gz]:>85au71LbFHX{VO7�^�SIDIL�FHX\:>Dãµd?xJKA�7sD>FCB�f�X{FC5�5	X*cG5I7EA
�dFCDI7�BHB6?	A�:�Q	SML�7i|~:>A�7�=OXhQdBpo

� y*cG:>AYX{Fb5	| È�É°¡
É°�×³+£
È�É°¡NÉ�´Í³+£�¦�×�Ý�ª��Í³�´Í¤JÚn�.Æ Ò Ë%$ Ù'&�Ö º Ñ ÅrÆGÇ �
Ñ Ç »Gµ
Þ 7Ey\7sL�F�JKD�X\DdX{FCXZJmyã?;:G?	S	yZJpFHX\:>D)( f�X{FC5�Æ Ò Ë%$ Ù*&�Ö ^�7pJmB!X\8	y\79BC:�y\S�FHX\:>D	Bpµ
^�:>Ak7�J_LC5wÎ Õ ( Q	:�Î Ç Ø Á ��Î ��µ ¾À|îS<F�JpFHX\:>D�Ä
ÎMÍ¿ÎÐÏ4Ñ×Ç 7�y\7s|~7sD>FUX\D+( f�X{Fb5�|@J�	X\|îS	| ?IA�:_�dF[µ
fU5dX*y\7n� Ñ â Ñ�ÅrÆGÇ ��Qd:

Ï :>D	BYFbA�SIL�FÐJ}?`JmX\A�X\Ddcß:�^ãFC5I797Ey\7s|~7EDGFHB�X\D+( µ
, Ç (
^�:>Ak7pJ_LC5�?xJmX\AÅ�.- ºbÎ ��X\D�FC5I79?xJmX\AYX\D	cnQ	:

�¿�Uº d��²Ç ßOÖ�Ñ �.- º�Î �jµ ¾ÀA!7sLE:>|}8	X\DxJpFHX\:>D òK|@JpFCX\Ddc_Ä
� Ç Ø Á �¿���jµ ¾À|}S�FjJpFHX\:GD<Ä
d Ç Ø Á � d��jµ ¾À|îS<FjJ[FHX\:>D�Ä
, Ç , / z(�Uº�dW�Mµ

�°7�F0( 8;7�FC5I798;7EBYF�Æ Ò Ë%$ Ù'&�Ö |ß7E|î8;7sAYB6:_^ , µ
�°7�F�� 8v7ÐFC5I797Ey\7E|ß7EDGF�X\D+( f�X{FC5�|�J�	X\|}SI| ?	A!:_��F[µ
X½^r�.Æ��¿�g�6É Æ���Î Í�ÎÐÏ4Ñ ���§FC5	7sD�Î Í¿ÎÐÏ4Ñ Ç ��µ
Ñ Ç Ñ Ý »Gµ

A�7�FbS	A�DwÎ Í¿ÎÐÏ&Ñ µ
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��D��°7sL�FCSIA�7E�Mtafr795xJ�VR7�BH7s7EDgF3fk:nqrX*y*yhL�y*X\|}8	X\DdcÜJKy*cG:>AYX{FC5I|eB[�
 � BYFb7E7s?;7EBYFÐJmBbL�7sDGF�Jmy*cG:>AYX{Fb5	| ^�:>A�SIDdX½^�:>A!| cGACJK?I5]?xJKAuFHX{FHX\:GD � Þ 7sL�FHX\:>D

�	o¦R�
 � 5	X*y*y&N3L�y*X\|}8	X\DdclJKy*cG:>AYX{FC5I| ^�:>A Þ FC7�X\DI7sA�FCAYX\?	y\79B�zdBYFC7s|eBW� Þ 7sL�FHX\:>DF�do±¯<�
Þ y*XhQ	7�B�JKA�7�|~X*B!B!X\D	c�^�:>A�FC5	X*Bry\7sL�FCSIA�7Go
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