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[]\_^�`�a6b�cedgfih�bkj�b	l�mnl�m6o�m�bqp�\ro�^�a6o�sutwv�`yxzp{je|}m�hyb�~z��~z���
o��_^�v�a�\_m�hzs�t�v�a���v�l����_m�v�l�m6a6o�\_������\ m6hzv�`�m�o�p�o���m�\r��b}a�b	��o�a6p
o�xyp���\�m�h�m6h�bq������o���m6\_v�x��

m�hybkb���`yo�m�\_v�x��z�z��hzb	a�b�m6hzbk��b�\_^�h�m�l¡ �¢£o�a�bkl6b�m�o�l�twv����_v��¡l�d
 n¤n¥§¦©¨�ª«�� �¬�¥§¦	¨�qo�xzp� �®�¥§¦���fihzbkjyb©l�m�l�v���`�m6\�v�x���o�l
v�j�m�o�\_xzb	pkv�x�\rl��ro�xyp�xe`zs�jyb	a°¯z��o�t�m�b	a°¯±^�b�x�b	a6o�m�\rv�xzl	�³²&m°`zl�b	l
v�xz�_|�¦©�qv�t³m�h�b�¦	¨�¨ko«�«o�\_�ro�j��_b±l�m6o�m6b�l	�es�o�´�\_x�^�m�h�b��µv�`�a�l�b±v�t
m�hybgb�x�m6\_a6bgm�a�o�\r��\_x�¶�¶�¶¡o���m6\�v�xyl·o�xyp�`�l�\_xz^±v�xz�_|k��¸�¹��_b	o�a6xz\_xz^
\�m�b�a�o«m6\_v�xzlqv�tgm6h�b�¦�¨�¨�¨{o«�«o�\r�_o�jz�_b��}fihzb�bµxypº��o��_`zb	lqv�tim�hzb
�_b	o�a6x�\rx�^q�zo�a6o�s�b�m�b	a6l·twv�a°m�hy\_lgl�v��_`em6\_v�x��gb�a6b�d³»½¼¾¨z¿ ¹�¸�o�xzp
À ¼Á¨z¿ ¶�¸���fihzb�l�m�o�m�b�p�\_o�^�a�o�sÂv�j�m6o�\�xyb�p{\�l�^�\_��b�x�\�x�Ã�^�`�a6b
ce�
�¡x�o�xzo��_|el�\rl]v�tzm�hy\_l�^�a�o���hkb	xzo�jz��b©l�`zl·m�v�`zxyp�b�a�l�m�o�xypkm�hzb

j�b�hzo«��\rv�a�v�t�m�h�b�o�^�b�x�m	��²&m·j�b�^�\_xyl���\�m�h�l�m�o«m�bg¨kÄws�v���bgo�hzb	o�p
v�t·okl�m�b���Ågo�xzp}\�m�a6b�sÆo�\�xyl£m�hybµa6b�o�l£�rv�x�^�o�l�\ m���b�a��µb�\_��b�l£o�x
\_xz��`�m¡¦�Ç�o�l�l6v�v�x�o�l�\�m£\_l�xzv��_v�x�^�b	a]m6hzb���o�l�b���\_m°b�x�m�b	a6l·\_x�o�x
bµÈe�z�_v�a�o«m�\�v�x���|e�µ�_bnl�m�o�a6m�\_xz^qo«mgl�m6o�m�b�É�¯z�]fihz\_lg�µ|��µ�_b��_b	o�pzl£\�m
m�vÊ��o�a�a6|�v�`�m¡m6hzb�o���m�\_v�x�lnl�b���`zb�xy�µbÆ¦�¨}¹Ë¦}¦�¹}¹����Æ¹��e�
��h�\r��hÌ��v�a6a�b©l���v�xypzl�m6vÊbµÈe�z�_v�a6b�oÊ�µb��_�·v�x�m�hzb��_bµt�m}Ä�¦�¨�¹�¦
¦�¹�Å���m6hzb�x{o��µbµ�r�Ív�x}m6h�b�a6\�^�h�m�Ä?¹����k¹�Å��em�hzb�xÊm�v�a�bµm6`�a6x}m6v
m�hybq\�xy\ m6\_o��³v�a�\rbµx�m6o�m�\_v�x½Ä���Å��¡fihz\rl¡j�b�hzo«��\rv�a�\rl¡��bµa6|Êl�\�s�\r�_o�a
m�v�m�hyb±sÆo��µa6v�o��µm�\_v�xylg��hz\r��h}��b±�za6b���\_v�`�l��_|}p�b�Ã�x�b	p�twv�a�m�hzb
l6o�s�bq�za6v�j��rbµs���bµÈ��µb	�emnm6hyo«m�hzb	a�bq\�m±\rlntwv�`�xypËj�|{�_b	o�a�xz\_xz^y�
²&t��·p�`za6\�xz^{m6hz\rlk�µ|e����b���m6hzb�o�^�bµx�mq�yb	a6�µb�\_��b	l�o�x½\�xz�y`em�¦��·\�m
a6bµm�`za�xyl°m�vkl�m6o�m6b¡¨�m6vqs�v«��b¡l�m�a�o�\_^�h�m£o�hyb�o�p���`�x�m�\r�zxyb�Èemgp�\rl�Î
��v�x�m6\_x�`z\�m�|���²"m�\rl�\�x�m�b	a�b	l�m6\�xy^�m�vÌx�v�m6bÆm6hzb���a6b	l�b�xz��b}v�t¡o�x
o��µm�\_v�xÏ�±���uÄwb���b�xº\�tim6hz\_lko���m6\�v�x½hzo�l�xzv�mqj�b�bµxÏ`yl�bµtw`z�£\rx
v�`za°bµÈe��b�a6\_s�bµx�m6l	����bi��b�t�m£\_m�m6v�a6b	l��yb©��m°m�hyb�v�a6\�^�\�xyo���l���b	��\ ÃzÎ
�µo�m�\_v�x{v�t]m�hyb��za�v�jz�_b�s{�°²�x�m�b�a�b©l�m6\_x�^��_|���\_m�hyo�p{o��r�io©|elij�b�b	x
bµ�r\_s�\_xyo�m�b	pÊje|Æm6hzb��rb�o�a�x�\_xz^Æo�xzpÊb���v��_`�m�\_v�x{o��_^�v�a�\�m6hzsÆÅµ��²�x
t?o��µm��Ít�v�an�_b	o�a6xz\_xz^z�Ío���m�\rv�xË�±���¾\_l�o�l¡�«o���\rpËo�l¡m6hzb�o���m�\_v�x�l
m�`ya�xÊ��b�t�m�v�a�m�`za6x{a�\_^�h�m���l�\_xy�µb�o��r�Ím�hza6bµb�^�b	x�b�a�o«m6b�o�xe`��_��a�bµÎ
�io�a�pÐÇg\_m�\rl�m6h�`yl�m�hzb{b	��v��_`�m6\�v�x�Ñ l�a6b	l��yv�xyl�\�jz\_�_\�m�|½m6vºl�bµ�rb��µm
j�bµm�m6b�a�\_xzp�\_��\rp�`yo��_l	�°\&� b��º\_xzpz\��e\rp�`zo���l�x�v�m�\_xy�µ�_`ype\_xz^Ì\_xÒ\�m6l
^�b�xzv�s�bnm�hzb±o���m6\�v�x����±����Ó¡v���bµ��b�a©��o�xÆ\_xyp�\��e\rp�`zo��Í��v��_�_b	��m�Î
\_xz^�o��_�Ðv�t³m6hzb�¦	c�É�`zxz\�m�liv�t·twv�vepÊ��\ m6hÊv�x��_|�¦	��l�m�o�m6b�l	��o�li\�m
\rl±m6h�bÆ��o�l�b�\_xÌv�`za�l�v��_`em6\_v�x��Ðhzo�lqo�x�b�xzv�a6s�v�`yl�o�p��«o�x�m6o�^�b
v«��b	aq\�m6l��µv��_�rb�o�^�`zb	l��ËÔÕ\_m�hÖl�`y��hÏo��_o�a6^�bÆo�p��«o�x�m�o�^�b��·\�m�\_l



Proceedings of Artificial Life VIII, pp. 264-273. 
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57698;:=<?>A@=BDCFEG>AHI>KJ�LMJNLPOQLN>ARG6SOT8T<?OTUWVYXT:GZGR[H]\^LPEG>_VY:a`9`
bGcdbGefe OQ`S8TX;<P69LNEGUgVYX;<FhiXTJkjk`SLNX]JlLN<?OQ6S`�monk69LNEGX;:=LFLNEG>fp crq
OTstLN6SXTZvu

:GZ=`S6xwT>t`x\yLPXzHI>fR=>tLNEG<PXTZa>{R|Ha>{VYXT<P>}UzOTZ]\~8T>tZa>{<?O�LN6SXTZIJ{u
5GXT<fLNEG>zJP>{s{XTZGR�LN>�J	L�nl>y<P>{UyX��T>�R�LPEG>�J�LPOQLP> prcrq uiCFEa>

� O;<POTU�>tLN>K<PJ�:aJ�>�RynF>t<P>kLNEG>rJ?OQUy>�O;J�LPE=X;JN>�XTV�LPE=>}�G<?J�L�LN>KJ�L{m
HG:oL�nk69LNE�����6�JN`SOTZaR=J � X � :=`�O�LP>KR�XQV�8T>KZ=XTUy>KJ�X;V�JN69�K>r�K�T�GmT�T�Gm
� �Gm��Q�Gmi@T�amv�T�=m��]�Gmi�;�=mi�T�GmvOQZIR�������XTZG>zJN69�K> � >{<d6xJN`SO;ZGRa�?u
jkV�LP>{< X;ZG`9\���8;>tZG>K<POQLN6SXTZaJ{m�XTZ�6SJN`xOTZGRfZo:GU�Ha>K<¡@GmQOTZ�6SZaR=6S�o6SRo¢
:GO;`¡nlO;JrVYXT:=ZIR£OQHG`S>�LNX¤LP<PO��;>{<?J�>¥LNEG>zLP<POT69`�69Z£@]�T��OTs¦LP69X;ZaJ{m
:GJP69ZG8¤XTZ=`x\A�K��J	L?O�LN>�JdXT:GL¥XQVFLNEa> � �|XQVk69LPJ�8T>tZaXTUy>Tu|CFEG6SJ
JNXT`S:=LN6SX;Zvm]nkEG6xs?E~<P>{§]:G6S<P>KR � �Q�d`S>KOT<NZ=6xZ=8�69LP>t<?OQLN6SXTZIJtm]6SJF8;69�;>{Z
6SZ|�a8T:G<P>d@Gu
¨	Z�J � 6 LP>~XQVkLPEG>�`SXQngZ]:GU¥HI>{<�XQV�J�LPOQLP>{J¥:aJ�>�R�m7LPEG6SJ�JNX;`9:G¢

LN6SX;Z©<P>tUzOT69ZaJyZG>{�T>K<�LPEG>t`x>{JPJz6SZ]LN>{< � <P>¦L?OTH=`S>¤OQZGR � <P>KJN>tZ]L?JzO
HI>{EGO��o6SXT<f§]:G69LN>~JN:G< � <N6xJP69ZG8�Ho\�69L?J¤ª�6SZ]LN>K`9`x698;>{ZGs{>{«au�¨	ZGR=>K>{R�m
LNEa>¥J	L?O�L?>rRG6SOT8T<?OQU¬XTV��G8;:G<P>f@�sKOQZ�HI>¥H=<PXTw;>{Z|: � 6xZ]LNXyL	nlX
JN:GHo¢	5 bG_® LNEG>l�G<?J�LKmQstX;U � X;JP>{R¥XTV=LPEG>kJ	L?O�LP>KJ �=mQ�;�Gm � mQ�;�GmQ�om
�Q�am;�]mQOQZGR¥LNE=>lJN>KstX;ZGRfXQV=LPE=>FJ�L?O�LN>�Ji�;�GmT�omo�K�Gmo�K�Gm��T�Gm�nkEG6xs?E
stX;<N<P>{J � XTZGRGJkLNXzLPEG>fL	nlX � OQ<NLPJ�XQV L?E=>dLP<?OQ6S`�B�LPEGOQL�6xRo>KZ]LN6xs{OQ`
LNX¥LPE=> b OQZ]L?O¥5G>�LN<?OQ6S`IOTZGRyLNEIO�LlO;RGRo>�Rz`SOQLN>K<�Ho\y¯rXT�KOGu c :a<
Uy>tLPE=X=R�nFOTJ LPEo:aJ�OTH=`x>°LNX�Ro6S±I>K<N>{Z;LP6xOQLN>}Ha>{L	n�>K>{ZyLPEG>KJN>°L	nlX
� O;<�L?Jtm��GZaR=6SZ=8�O|J�X;`S:oLP6SX;Z¤VYX;<�>�OTs?E¤X;Z=>�OTZaR¤6SZ]LN>K<Ps{XTZ=ZG>Ks¦LP¢
6SZG8dLNEa>tU�u 5GXT<�LNEG>°�G<PJNL � OT<�LKmTLPE=>}OT8T>{Z]L¡`S>KO��;>KJ¡J�L?OQLN>}�rOTZaR
s{OT<N<P6S>KJ¡X;:=LlLNEG>dJN>K§]:=>{Zast>�XTV�OTstLN6SXTZaJF�������¥�~���T���GB nFEG>KZ
69L°6SJlV�O;st6SZG8zO�R=6xJPs¦X;Z;LP6SZo:=69L�\Tm=69L°>t² � `SXT<P>KJFOyst>{`9`vLPX�LNE=>f<P6S8TE]L
�������M�¤�;��OTZGR�m�69V}69LPJyJ�LN6x`9`kR=X]>�J�ZGXTL � >{<?st>{6S�T>|OTZo\;LPE=6SZG8
�Y6SZ � :=Lr�;�tm=LP:G<NZaJk<N6x8TE]L¥���T�kOTZGR|U�XQ�;>{J°J�LP<?OQ6S8TE]L°OQEG>KOTR£���;�?u
CFE=6�J7HI>{EaO��o69X;<�UzOTwT>KJi6SL � X;JPJN69HG`S>lLNXrZGO��o698]O�LP>�LNEG>Fs{XTU � `x>tLP>
b O;Z;LPOy5G>}LP<?OQ6S`�u¡C�Xzs?EGOQZa8T>rHa>KEGO��o6SX;<{m]LNEa>fOQ8T>KZ]LlU�:GJ�Lk�aZaR
LNEa>~HG<P>{O;w]6SZ=8 � X;69Z]Lynk6 LPE b OTZ;L?O�5a>Tm¡6�u >;uMnkEG>t<?>�LPEG>~LN<?OT6S`
OTRGR=>KRMHo\_¯rXT��O�J	L?OQ<PLPJ{u�CFEG>~JNLN<P>{Z=8TLPE£XQVFLPEG6SJ�Uy>tLPEGXoR_6SJ
JNEGX�nkZ�nkEG>tZimI6SZ�OzJP:=< � <N6xJN6SZ=8~UyOTZ=ZG>K<{maLNE=6�J�s?EIOQ<?OTs¦LP>t<P6xJ�LN6xs
6xJ°OTstLN:GO;`9`S\zVYXT:GZaR�O�LkLPEG> � X;69Z]L°XTV�LPE=>d�G<?J�L°s{XTZ]LNX;:G<kOTR=R=>�R
Ho\d¯dXT�{Oauv³©E=>KZ¥69L7OQ<P<P6S�;>{J�LPEG>{<P>TmKLPEG>lOT8T>KZ;L�U�X��;>KJvLNX�nFOQ<?RGJ
LNEa>¥J�X;:=LNE�OTZaR�6xJk6xZ¤J	L?O�LP>¥�T�=m=nk69LNE¤O;Z�69Z � :=L}�=u�CFEG6SJ�stXTZG¢
�a8;:=<POQLP6SXTZ�`S>KO;R=J�6SLrLNX~LN:=<?Z�<P698;E]L���J�LPOQLN>y�T�¦m�LPEG>{Z�LNX~U�X��;>
OQEa>{OTR´��J�LPOQLN>¤�Q�]�¦u©jlLzLNEa6SJ � XT6xZ;LKm�LNEG>¤OT8T>KZ;Lz6xJyR=6S<P>Ks¦LN>�R
LNX�nkOQ<?R=J�LNEa>�n�>�J	L�OQZaR � >{<?s¦>K69�;>KJyOQZµ6SZ � :oL��;mlnFEa6Ss?Eµ>{Z=¢
OQHa`9>KJ¡6 L�LNXdwoZGX�nALNEaOQL¡69L�>KZ=8;OT8T>�J 69ZyLPE=>�JN>KstX;ZGR � OQ<NL�XQV�LNEa>

LN<?OQ6S`}��J	L?O�LP>¤���;�¦u�¶°>{<P>Tm76SL¥UyX��T>KJ¥OQEG>KOTR�m�LNEa>tZ£LN:a<NZGJ�`9>{V�L{m
JPXyO;J�LNXyUyX��T>}LPX�nFOQ<?RGJ�LNEG>fJNXT:=LPEvmGOQZaR~X]JNs{69`S`SOTLN>KJ�H�>tL	nl>{>{Z
LNEG>~J	L?OQLP>{Jy���|OTZGR£� � m�nkE=6xs?EMHIXTLPE£UzOQwT>y69L�U�XQ�T>zOQEG>KOTRvu
³©E=>KZALPEG>�OQ8;>{Z]LzOQ<?<N6S�T>�J�OQL�LPE=>�VYXT`S`9XQnk6SZ=8£stX;Z;LPXT:G<Km�6SLy6xJ
OQLdJ�LPOQLP>z�Q�~OTZaR � >{<?st>{6S�;>{JdOQZ�69Z � :=Lf�Gm�LP:=<PZaJ}<P6S8TE]Ly��J	L?O�LP>
�Q�tm�LPE=>{Z � O;JNJN>KJ�JP:Gs{st>KJPJ�6x�T>{`S\MLPEG<NX;:G8TEµJ	L?OQLP>{J��K�am°����OTZGR
�T��nkE=6�s?E�UyOTwT>y6SLfU�X��;>�LNX�nFOT<?R=J}LNEG>yZG>{²]L�Ro6xJPs¦X;Z]LN6xZ]:G69L	\;u
³©E=>KZ�6 L°<P>KO;s?E=>KJlLPEaO�L � XT6SZ]LKm=6SL°6�JkOQL°JNLPOQLN>f�;��nk6SLNE¤OTZ�6SZo¢
� :=L°��OQZGR�s¦X;Uy>KJlHaOTs?w�LPX�LPE=>r�G<?J�LkJ�:GH=¢�5 b= m=nkEG6Ss?E|`S>KOTRaJ
69L}L?X~UyX��;>¥HaO;s?w]nFOQ<?R=J���OTstLN6xXTZGJd�|�~�;�¦m�8TX;6SZG8~HGO;s?w�O|st>{`S`
���~�;�}OQZaR�LN:=<PZG6SZG8~LNX|LNEG>�n�>KJ�Ly���|�;�¦ufjlL}LPE=>y>{ZGR�XQV�LPE=6xJ
JP>¦LdXQVlO;s¦LP69X;ZaJ{mILPEG>yOT8T>{Z]L}6xJdOQLdO~s{>{`S`7HI>{`SX�n·LPE=>zR=6SJPstX;Z]LN69¢
Z]:G69L�\��YX;Z�LNEG>d8;<PO�\|st>t`S`Y�?ulj�J°6SZ � :oLr�y6SJ � >{<?st>{69�;>KR|XTZ�LPE=6xJ
JP6 LP>Tm�LNEG6xJd`x>{OTRaJrLNEG>�OT8T>{Z;LdLPX � >K<�VYX;<NU¸LPE=6xJ¥JP>¦L¥XTVFO;s¦LN6SXTZIJ
VYXT<yO�JN>{s{XTZaR�LP6SUy>;m¡>{ZGOTHG`S69ZG8�6 L�LPX��GZaR£LPEG>~LN<?OT6S`�m76�u >;u�LPX
EGO��;>°OQZz6SZ � :oLr�°nkE=>{Zz69L�6xJ�OQL�J�LPOQLP>��=u j � OTJPJNOT8;>lLNE=<?XT:G8TE
JNLPO�LP>f�;�Gm=LNE=>KZ�LNEG<PXT:a8TE�J	L?OQLP>¥�=mG>KZGOQHa`9>�Jk6 L�LNXzHI>¥R=6S<N>�s¦LN>KR
LNX�nFOQ<?RGJ°LNEG>yJNX;:oLPE ® LPEG>{Zvm�LPEG>�<P>tLP:=<PZ�LPX�J�LPO�LP>��;�~>KZGOQHa`9>�J
69L�LNXf<P>{O;s?E�LNEG>}Z=>t²oL�R=69¹�st:=`SL	\Tu¡CFE=>�`SOQLNLN>{<�6xJ � O;JNJN>KR�6SZzLNEG>
J?OQUy>�nFO�\�OTJ�LNEG> � <P>Ks{>{R=6SZG8~XTZG>;m�6�u >TufHo\�>t² � `9X;<N6xZ=8|O|st>{`S`
XTZ�LNEG>�<P6S8;E;LrnkEG6S`S>y8TXT6SZG8|R=X�nkZvmvHG:=LrLPEG6xJ}LN6xU�>�L?E=>zOQ8;>{Z]L
6xJdO�L�J�LPO�LP>z�Q��nkEG>{ZM6SLd�GZaRGJdLNEG>yLP<POT69`�uyCkE=>y�GZaOT` � OQ<NLfXQV
LNEG>�LN<?OQ6x`¡6xJ¥sKOQ<P<N6x>{RMXT:GLfLNEaOTZ=w=JdLPX�LPE=>|J�>KstXTZIR£JN:=HG¢�5 b= u
CkE=>�`xOTJ�L�R=69¹�st:=`SL	\£6SJfLNEG>KZ_X��T>K<Ps{XTUy>yH]\�:aJN6SZG8�LNEa>~JPOQUy>
>¦² � `SXT<?O�LPXT<P\yHI>{EaO��o69X;<l:IJ�>�R~6SZ�LNE=> � <N>K�]6SXT:IJlR=6xJPs¦X;Z;L?69Zo:=6SL	\Tu
º¼»�½�¾]»�¿�ÀÂÁ�¿�ÃÅÄ Æ]ÇlÈ^»�ÃFÇ É�Êk½�¾MËÌÁiÍ=½
Îk>K69Z=VYX;<Ps{>tUy>{Z]Lz`S>{OT<PZ=6xZ=8£n�X;<Nw=J � OT<NLN6xst:G`xOT<N`S\_n�>{`S`°VYXT<yLNEG>
LN<?OQ6S` � <NX;HG`S>{UzJlHa>�stOQ:IJ�>rO¥<P>{nFOQ<?Ry6SJ � X;JPJN6SH=`x>�OTLFOT`9UyX;J�LlOT`S`
LNEG>�J	L?> � J¡XQV�LNE=> � <NX;H=`S>{U�ui¨�L�6�J U�:as?E�U�X;<N>°RG6 ¹�st:G`9L¡LPXf:GJN>
LNEG6xJd`S>KOT<NZa69Z=8�Uy>¦L?E=X=R�69VlLNEG>z<P>tnFOT<?R¤6xJr8T6x�T>{Z�X;ZG`9\�O�LfLNEG>
>tZIR�monkEG>{Z~LNEa>�L?OTJPwz6xJFJN:GsKst>{JPJNV�:G`9`x\�O;s{stX;U � `96�JNE=>KR�u CFE=6xJF6xJ
LNEG>°s{OTJN>lXQVaLPEG>k³©6S>t<?69Z=8fOTZGR b s?EGU�6xRoEo:GHI>{< UzOT�{>d�Y³©6S>{<P69Za8
Ï b s?E=Uy6xR=Eo:GHI>{<��K�;�]�Q�f���a8;:=<P>y�T�¦mvO�nl>{`S` ¢�woZ=XQnkZ � <PXTHG`S>{U
6SZf`96SLN>K<POQLN:G<P>Tm{VYXT<�nkEG6xs?ErLN<?OTR=6SLN6SXTZaOT`T<P>t6xZoVYXT<?st>KUy>tZ]Lv`S>KOQ<PZG6SZG8
R=Xo>KJFZGXQL°8T6S�;>dOyJNXT`S:=LN6SXTZvu
¶k>{<P>TmlJ	L?OQ<NLN6xZ=8�OQL�LPEG> � X;69Z]L�Ðkm LPEG>�L?OTJNw_XQV°LPEG>�OQ8;>{Z]L

6xJrLNX¤OT<P<P69�;>�OQLfLNE=> � X;6SZ]L�Ñ¬nkEa69`S>yVYXT`x`9X�nk6SZG8|LNEa>�J�E=X;<NLP>{JNL
� X;JPJ�6SHG`S>~nFO�\Tu£CiXMOTsts{XTU � `S6SJNE_LPEG6SJ�L?OTJNwIm¡69Lzs{OQZ�U�XQ�;>�6SZ
LNEG>~VYX;:=<zs{OQ<?R=6SZGOT`lRo6x<N>Ks¦LN6xXTZaJ{m¡nk6SLNEµOTstLN6SXTZaJ�s¦X=R=>KR�6SZ�LNEG>
VYXT`S`SXQnF6SZ=8knFO�\�Bv�f�Ynl>KJ�L?�tmo�°�YZGX;<�LPEI�¦mQ�d��>KOTJ�L¦��OQZaR¥�f��JNXT:=LPEa�¦u
CkE=>¤woZGX�nk`S>KR=8T>�XQVr69L?Jz>KZ]�o6S<NX;ZGU�>{Z]L�s¦X;U�>�JyLNX£6SLzVY<PXTU �
JP>tZaJNXT<?J{m � `SO;st>{R�6SZ�L?E=> � Ro6S<P>{stLN6SXTZaJKBvLPE=>k��OT`S:=>kXQVaLNEG>k6SZ � :=L
�YX;HGJP>t<P��OQLN6SXTZI��6xJFLNEo:aJkLNE=>¥JN:=UÅXTV�LPE=>¥�yJP>tZaJNXT<?J{monF>t6S8;E;L?>{R
H]\¤�y�Ynl>KJ�L?�¦ma�~�YZGX;<NLNEa�tm=�|��>KOTJ�L?�lOTZaR � ��JNX;:=LNEI�¦u�CFE]:aJ{moVYX;<
>¦²GOTU � `S>;m nlO;`9`xJf6xZ_LPEG>~nl>KJ�L�OTZaRMLPEG>|JPXT:=LNE�XTVkLNEG>�OQ8;>{Z]L
8T>{ZG>{<?O�LP>¤OQZ©6SZ � :oL£� e �ÓÒ �auÔ¨�ZÂOTRGR=69LP69X;ZvmFLPE=>MOQ8;>{Z]L
XTH=LPOT6SZGJFO¥<P>tnFOT<PRzXTVv¢P�y�YÕ ÒÔÖ ���¡nkEa>tZ~69Lk<N:aZGJl: � OT8;OT6SZGJNL
OknFOT`S`�mKXQV����FnkE=>{Zf6SL�O;sPEG69>K�T>�J�LNEG>�8TX;OT`�m�OQZIRrXQVG�kXQLPEG>t<?nF6�J�>;u
¨�Z�LNEG>k>{�TX;`S:oLP6SX;Zvm�LNEa>F�=LPZ=>�JNJ¡<P>{nlOT<PRGJ�6SZaRo6S�]6�Ro:aOT`SJ¡<P>KOTs?EG6SZG8
LNX�LNEG>|8;X;OQ`�UyXT<P>�LNEaOTZ_LPEGX;JN>|:aJ�6SZG8�VY>{nl>t<yX � >t<?OQLP69X;ZGJfLPX
R=XMJ�XIm¡OQZaRM�IZGOQ`x`9\MLPEGX;JN>�:aJN6SZG8¤VY>{nl>{<�J�LPOTLN>{JKu£CFE=>{<P>tVYX;<N>;m
:GJN6SZG8�LPE=>�>K§]:aO�LP69X;Z£�GminF>zJ�>{LdLPE=>~n�>K698;E;L?Jr×kØ°OTJdVYX;`9`SX�n°JKB
×°Ù Ò �K�TÚTm=×FÛ Ò �dOQZIR�×kÜ Ò �K� Û u
CFE=>�>K�TX;`9:=LP69X;Z^OTZaR©`x>{OT<PZ=6SZG8 � OQ<?OQUy>tLP>t<?J�:aJN>{RÂ69Z´XT:a<

LN>KJ�L?J°OQ<P>rOTJlVYXT`x`SX�n°J{B



Proceedings of Artificial Life VIII, pp. 264-273. 
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»k¼3½O½Q¾1¿DÀAÁBÂ�ÃA¿1ÄqÁSÅ�½WÅ�Ä3ÃAÄ3½OÃ?Å�À?ÆXÄSÇBÅWÈ�ÉT¿DÉ3Á3À?ÆXÂ�½WÇqÊ*ËuÌD½WÄ3¿DÍO½�Å
¿XÎRÅ�ÃAÏQ½hÐXÑ3ÈNÒ ¹ ÈÓÒQÑ3È�ÔBÈ�ÕBÈ ¸ È-ÖSÈ ¹ È-ÆDÄ3Ç�×ÙØ�¿1Ä3½yÅ�ÃAÏQ½yÉT½QÚwÃ?Å�Û
À?ÆXÄSÇ3Ü	ÝßÞRÎ(Â�½QÚ ¹ ×1ÕàÌ1½QÄB½WÚ5ÆXÂ�ÃA¿1Ä3ÅWÈ|¿1Á3ÚyÆXÀ?ÌD¿1Ú�Ã/Â�¼SÍáÎ�¿DÁ3ÄSÇâÆDÄ
ÆXÌ1½QÄ<Â|É3Æ1Å5Å�ÃAÄ3ÌbÂ�¼SÚ�¿1ÁBÌD¼JÂ5¼3½�Å�¼B¿1Ú�Â5½QÅ
ÂNãÓÆ�ËäØ�Ð1ÕwÆDå	Â�ÃA¿DÄSÅ5Ü�ÆDÄSÇ
Á3Å5Ã/Ä3ÌO¿1ÄBÀ/Ëæ×OÅ
Â5ÆXÂ5½QÅkÆDÍO¿1Ä3ÌlÂ�¼3½bÕOÆ�¾pÆDÃ/À?ÆDÊ3À/½�Ã/ÄäÃ/Â5ÅkÌD½WÄB¿DÍJ½1È
ÆpÎ(Â5½QÚ-ÖDÖ1ÐvÀ/½�ÆXÚ5ÄBÃAÄ3ÌvÃ/Â5½	Ú�ÆXÂ�ÃA¿DÄTÅ	ÈpãvÃ/Â�¼wçàè_ÑBé Ð × ÆDÄSÇ�êtè>Ñ3é ÔDë3Ý
»k¼3½kÅFÂ�ÆpÂ5½NÇBÃ?ÆXÌ1Ú�ÆDÍßåQ¿DÚ5Ú�½�Å
ÉT¿DÄSÇBÃAÄBÌRÂ�¿RÂ5¼3Ã?Å-Å�¿DÀAÁBÂ5Ã/¿1ÄwÃAÅ-Ì1Ã/¾1½QÄ
ÃAÄwìSÌ1ÁBÚ�½ ¸ Ý�í Â�Ã?Å�Ã/Ä<Â5½QÚ5½QÅ�Â�ÃAÄ3ÌRÂ5¿bÄB¿DÂ5½NÂ5¼SÆpÂ|ÆDÀ/Â5¼B¿DÁSÌD¼dÂ5¼3½v¿DÉ3Û
Â�ÃAÍmÆXÀ�Å�¿DÀAÁBÂ�Ã?¿DÄuÚ5½Qî<Á3ÃAÚ5½WÇ ¹ ×<ÕmÌD½QÄ3½QÚ�ÆpÂ5Ã/¿1ÄSÅQÈT¿DÂ�¼3½QÚ�Å�¿DÀAÁBÂ�ÃA¿1ÄSÅ
ÆXÚ5½lÆDÀ?Å�¿y¿1ÊBÂ5ÆDÃ/ÄS½WÇuÃAÄnÂ�¼B½Oì3Ú�ÅFÂbÌD½QÄ3½QÚ�ÆpÂ5Ã/¿1Ä�È~¿DÄBÀ?ËäÊ<ËtÀA½WÆDÚ�Ä3Û
ÃAÄ3Ì3Ýï»k¼3½QÅ5½qÀ?ÆpÂ�Â�½WÚhÅ�¿1ÀAÁ*Â5ÃA¿DÄSÅyÌD½WÄB½QÚ�ÆXÀAÀ?Ë`Á3Å5½uÂ5¼B½�Å
¼3¿1Ú
Â5½WÅ
Â
ãkÆ�ËDÈvÊBÁBÂyÄS¿DÄ3½t¼3Æp¾1½tÀ/½�Å�ÅJÂ5¼3ÆDÄ ¸ ÅFÂ�ÆpÂ5½WÅQÝ]»k¼3Ã?ÅmÚ�½QÅ�Á3À/ÂyÃAÅ
¾D½WÚ�ËhÅ
Ã?ÌDÄ3Ã/ìSåWÆXÄ<Â7Å�Ã/ÄSå	½DÈMÆDÅkÂ5¿DÀ?ÇäÉ3Ú�½W¾<ÃA¿1Á3Å�ÀAËDÈBÂ5¼B½dÂ5Ú5Æ1Ç*ÃAÂ�ÃA¿DÄSÆDÀ
Ú5½QÃAÄBÎ�¿DÚ�å�½WÍO½WÄ1ÂkÀ?½QÆDÚ5Ä3Ã/Ä3ÌOÄ3½Q¾D½QÚRÅ�¿DÀA¾D½�ÅNÂ�¼3Ã?ÅvÉBÚ�¿DÊBÀA½QÍäÝ

ðàñNòRó~ô5õRö*÷FñNò7ö
»k¼3½vÁTÅ
½�¿XÎ�ø�ùBúuÅ|Â5¿dÚ5½QÆ1À/ÃAÏQ½vÂ5¼B½7åQ¿DÄ<Â�Ú5¿DÀAÀA½QÚ|¿XÎ�ÆDÁBÂ�¿1Ä3¿DÍO¿1ÁSÅ
ÆXÌ1½QÄ<Â5ÅkÃ?ÅkÉBÚ�½�Î�½WÚ5ÆDÊ3À/½�Â5¿OÂ5¼B½dÁ3Å�½d¿XÎ-Ä3½WÁBÚ5ÆDÀ~Ä3½	ÂFãÓ¿DÚ5ûBÅQÈ*ãv¼B½WÄ
É3À?ÆXÄ3Ä3Ã/Ä3ÌkÂ5¿RÉBÚ�¿*ÇBÁ3å	½|Æv¼SÆXÚ�ÇBãkÆXÚ5½:ÃAÍJÉ3À/½WÍO½QÄ<Â5ÆXÂ�Ã?¿DÄ�ü�ÃAÄ3ÇB½W½QÇ~È
Â�¼SÃAÅÓÍJ½	Â5¼B¿BÇæÃ?ÅNÂ�¼3½�ÍJ¿1Å
ÂkåQ¿DÍJÍJ¿DÄ3ÀAËJÁ3Å�½WÇyãk¼S½QÄäÇB½QÅ�ÃAÌ1ÄBÃ?ÄBÌ
ÇBÃAÌDÃ/Â5ÆDÀ�Å�Ë*Å�Â�½QÍJÅWÝNúu¿DÚ5½Q¿p¾D½WÚQÈBø�ù*úuÅ7¼SÆ�¾D½�Â5¼B½wÆ1ÇB¾�Æ1Ä1Â�ÆXÌ1½�¿XÎ
Â�¼S½	Ã?Úlý�À/½WÌDÃAÊ3Ã/ÀAÃAÂFË*þ3ü:ÃAÂNÃ?ÅN½WÆDÅ�ÃA½QÚ�Â5¿lÁBÄTÇ*½QÚ�ÅFÂ�ÆXÄSÇyÆwÊT½Q¼3Æp¾<Ã?¿DÚ|Ã/Î
Ã/ÂÓÃ(ÅkÇ*½WÅ5å	Ú5Ã/ÊT½WÇyÃ/ÄæÂ�¼BÃ(ÅNÎ�¿DÚ5ÍÿÂ5¼SÆXÄhÆDÅÓÆwÄB½WÁBÚ�ÆXÀMÄB½	Â
ãÓ¿DÚ5ûMÈDÎ�¿1Ú
½��BÆDÍOÉSÀ/½1Ý

� Á3ÚNÍJ½	Â5¼B¿BÇæÆDÀ/ÀA¿pãRÅ�Â5¼B½bÆXÁBÂ5¿DÍmÆpÂ5ÃAå�Å
Ë*Ä<Â�¼3½WÅ
Ã(ÅN¿XÎ�Â5¼3½7ÊM½�Û
¼3Æp¾<Ã?¿DÚ�Åwãv¼BÃ?å�¼>ÆDÄâÆXÁBÂ5¿DÄB¿1ÍJ¿DÁSÅJÆXÌ1½	Ä<ÂmåQÆXÄ ÉT½QÚ�Î�¿DÚ5ÍeãvÃ Â5¼
Â�¼3Ã?ÅNÂFË*ÉS½�¿XÎ-å	¿DÄ<Â5Ú�¿1À/ÀA½QÚ�ÅQÝ-»k¼3½WÅ�½7ÊT½Q¼SÆ�¾*Ã/¿1Ú5ÅÓ½	ÍJ½QÚ5ÌD½�Ê<ËO½W¾D¿DÛ
ÀAÁBÂ�ÃA¿DÄuÆDÄSÇäÀ/½�ÆXÚ5Ä3ÃAÄ3ÌOÎ�Ú�¿1Í Â5¼3½lÅ�Ã/ÍJÉ3ÀA½dÀ?ÃAÅ
Â7¿DÎ�ÊSÆDÅ�ÃAådÆ1å�Â�ÃA¿DÄTÅ
ãvÃ/Â�¼Yãv¼BÃ?å�¼àÂ�¼3½yÆDÌ1½QÄ1ÂbãkÆ1Å�½Wî1ÁSÃ/É3ÉT½WÇ�ÆDÂdÃ Â�Åtý�Ê3ÃAÚ�Â�¼3þSÈ:ÆDÄ3Ç
Î�Ú5¿DÍßÂ5¼B½NÃAÄ<Â5½	Ú�ÆDå�Â5ÃA¿1Ä3Å�ÊM½�Â
ãÓ½Q½QÄdÂ5¼3½WÅ�½NÆ1å�Â�ÃA¿DÄTÅ�ÆXÄSÇbÂ�¼B½k½	Ä*¾*Ã/Û
Ú5¿DÄBÍJ½QÄ<ÂWÝ�í ÄuÆDÇ3ÇBÃ/Â�ÃA¿1Ä�È3ãN½dåQÆXÄtÌD½QÄ3½QÚ�ÆXÀAÃ/ÏW½7Â5¼B½dÎ�¿1ÁBÄSÇäÅ
¿1ÀAÁBÛ
Â�ÃA¿DÄTÅ	ü�Â�¼3½7ø�ùBú ÉSÚ�¿BÇ*ÁSå	½WÇlÊ*ËdÂ�¼S½7Å
¿1À/Á3Â�ÃA¿DÄO¿XÎMÂ�¼B½�ù3ÆXÄ<Â�½Rø3½
ÉBÚ5¿DÊ3ÀA½QÍäÈ*Î�¿1Úv½��BÆXÍJÉ3ÀA½DÈ3åQÆDÄhÊS½dÁ3Å�½WÇyÂ5¿måQ¿DÚ5Ú�½�å�Â5À/ËmÄ3Æp¾<Ã?Ì1ÆXÂ�½
Â�¼3Ú5¿1ÁBÌD¼OÆ�ãv¼3¿DÀ?½|Î�ÆDÍOÃAÀAËw¿DÎT¿XÂ5¼3½	Ú-Â�Ú�ÆDÃAÀ?Å:ãvÃ/Â�¼S¿DÁ*ÂNÆ1ÇBÇBÃ/Â5ÃA¿DÄ3ÆDÀ
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