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U6M&W Wkj�EH^_[ i-M��x[ [$M�I\[(U@i-B W$O|BFI��x[ [$M@L�[ iJP@G8[ i-M�M@W B$[$M�g4[ iJM&G8[ i-M�M&W B [$M�BFI
LNM@K*WRP&U6M6O�¢�B [ i{[ i*BFI�U@i-B W$OJj/o�i-M8U6M@W$WHÍ I�M@]8B$YTLNP@G*[Fg([$C�¢�i*B$U@i{]|�JD
[RP@[ B$C4G-P@W�G*C4BFINM�]�P@c q M�P�K4K-W B$M6O�[$C�M&G-U6C��4LbP&Y4M�W$C*UVP@W�INMVP�L\U@i:g�BFI[ iJM��:[ [$M�IN[-B$G*OTB a*B$OT�JP@W:C��-[:CT^�[ i-M2KJP�LNM&G4[FI�P@G-O�[ i-M�U@i*B WRO�LNM&G:j*à;CT[$M
[ i:P�[-B ^>[ i-M2B ]8]|B$YTLNP@G*[-BFI��:[FgVc*M&[xINM@±T�:P�W$W c�B G-U&C4]/K:P@[ B q W$M2¢�B [ i/[ i-MM&W B [$M�g�B [�¢�B W W�KJPVImI;I\[ LNP@B$YTi*[�[ i4LNC��JY�i�[ i-M�U6M&W W�¢�B [ i-CT�*[�P@^R^\M6U&[ B G*Y
W$C*U6P@W�I\[RP@[$MTj_o�i-BFI�M&G*U6C��*LbP@Y*M�I�[ i-M�K4LNM�INM@LHa*P@[ B$CTG�C4^�P��x[ G*M�ImI�O4B ^\D

°(BRY��4LNM�· �Jn�L\B [ i*]�M&[ B$U�U@B L\U@�-B [FI��:IbM&O|PVI�[$M�I\[:UVP6IbM�I�j

A  B  C   S  C
0  0  0   0  0
0  0  1   1  0
0  1  0   1  0
0  1  1   0  1
1  0  0   1  0
1  0  1   0  1
1  1  0   0  1
1  1  1   1  1

A0 A1 B0 B1  P0 P1 P2 P3
0  0  0  0 0  0  0  0
0  0  0  1 0  0  0  0
0  0  1  0 0  0  0  0
0  0  1  1 0  0  0  0
0  1  0  0 0  0  0  0
0  1  0  1 0  0  0  1
0  1  1  0 0  0  1  0
0  1  1  1 0  0  1  1
1  0  0  0 0  0  0  0
1  0  0  1 0  0  1  0
1  0  1  0 0  1  0  0
1  0  1  1 0  1  1  0
1  1  0  0 0  0  0  0
1  1  0  1 0  0  1  1
1  1  1  0 0  1  1  0
1  1  1  1 1  0  0  1
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S

A

B

C

A1

B1

A0

B0

P3

P2

P1

P0
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^\M�LNM&G4[$BRP�W*¢�B [ i*B$G�[ iJM�K-CTK4�-WRP@[ B$CTG:g&B$G*U@L\MVPVI\B$G*Y�[ i-M�IbU6C�KJM�^HCTL q P&U@eJD[ LbP&U�e-B G*Y�P@G*O�i-M&G-U&M/K*LNMVIbM@LHa*B G*Y q LNMVP&OT[ i�CT^�INMVP�LNU�i(j|§2M&[$M&G*[ B$CTGCT^>�:[:INC4W �*[ B$C4GJI>[ i*LNC��JY�i�W$C*UVP@W-M@W B$[$MVgVU6C4] q B G*M6O�¢�B$[ i;O4M&[$M@L\]|B G*BFIbD[ B$U�INM&W$M6U&[ B$C4GJgTBFI�[ i-CT�-YTi*[:[RC�K*L\C�a*B$O*M�]8CTL\M�I\[ Lk�JU&[ �4LNM�[$C/O*M@K*[ i�CT^
INMVP�LNU�i(j

�2P@G-OTB$O-P@[$M2INC4W �*[ B$C4GJI([$C�P_K4LNC q W$M&]áP�LNM�LNM@K4LNM�INM&G4[$M6O�PVI�I\i-CV¢�GB G/[ iJM�[RC�K:DRW$M&^H[xCT^��(Y��*L\M�½xj>¾:CTW �-[ B$C4G|Y4M&G-CT[ c4K-M�I�U6C4]/KJC-INM�P�W B G-D
MVP�L2P�LkLbP@c�C4^�K4LNC*Y�LbP@]
M&W$M&]8M&G4[kI�j�n�K4LNC4YTLNP@]ÞM@WRM@]�M&G4[�U6CTG:I\BFIN[FI
CT^�P@G�P&U&[ B a4B$[ c�gJO*M6�:G4B G-Y8B$[FI�L\C4W$M�¢�B [ i*B G�[ i-M�K4LNC*Y�LbP@]�gxP@G*O�P�[RP6D
q WRM2C4^_IHK-M6U&B$�xU&B [ B$M�Img�O*M6�:G4B G-Y�B [FI_P@^F�xG4B [ c;^HCTL�C��-[ K4�-[FI�^kL\C4]�C4[ i-M@LP&U&[ B a4B [ BRMVI�j�n�G�P@U&[ B a*B [ c�UVP@G q M/U6CTG:I\B$O*M�LNM6O�[ iJM;U6CT] q B$G-P@[ B$C4G�CT^P�^k�*G-U@[$B$CTG{P@G*O�P;U6CTG*[$M�±*[Fg(P@W W$C�¢�B G*Y�P�K4LNC4YTLbP�]
[$C�i:P�a4M;]|�*W [ BRD
K*WRM�B GJIN[RP@G*U6M�I�CT^�P�^F�-G*U&[ B$C4G�¢�B [ i�MVP@U@i�i:P�a4B G-Y�P�O4B ^R^\M@LNM@G*[>U6C4G-D
[$M@±4[kjxf�M&G*U6M�g4MVP&U@i|B G:I\[RP@G*U6M�UVP@G/[RP�e-M�C4G8P�O4B ^R^\M@L\M&G*[JLNCTW$M�¢�B [ i*B$G
[ iJM�K*L\C*Y�LbP@]�gxP@G*O�CT[ i-M@L�P&U&[ B a*B [ B$M�I�UVP@G8i:P�a4M|IHKJM&U&B$�xU&B [ c�^\C�L�[ i-M
^k�*G-U@[$B$CTG/¢�B [ i-B G/[ i*BFI�U6CTG*[$M�±*[FgVLbP@[ i-M@L�[ i:P�G|M�a4M@L\c/B GJIN[RP@G*U6M�C4^�[ i-M
^k�*G-U@[$B$CTGxj
nÓI\K-M6U&B$�xU&B [ c�BFI�P;GT�-]8M@L\B$UVP�W�a*P�W �JM;[ iJP@[_O4M6�:G*M�I�P�K4LNC4YTLbP�]

M&W$M&]8M&G*[HÍ I�L\M&WRP@[ B a4M�P@^F�:G*B [ ch^\C�L;CT�*[ K*�*[2^kL\C4] P�K:P�L\[ B$U@�-WRP�L�K4LNC*D
Y�LbP@]áM@W$M&]�M&G4[kj4X�P@U@i;O*P@[RP�U6CTG:IH�-]|B G-Y�M&W$M&]�M&G4[Ti:PVI�P2IHK-M6U&B$�xU&B [ c
^\C�L�[ i-M�C��-[ K4�-[:CT^�M�a4M@L\c�K*L\C*O��JU&B G*Y/M@W$M&]�M&G4[kj ��C4GJINM6¯T�-M&G*[ W c�g�[ i-M
Y4M&G-CT[ c4K-M�UVP@G q M�a4BFI\�JP@W BFINM6O|PVI_O4M�INU@L\B q B G*Y|P�¢�M&B$YTi*[$M6O;G*M&[ ¢�CTLke¢�B [ iha4M@L\[ B$U6M�I q M&[ ¢�M6M&GhM�a4M@LHc�K*LNC4OT�-U6M@L;P@G*O�M�a4M@L\chU6CTG:IH�-]8M@L ´¢�i-M@LNM�[ iJM�¢�M&B$YTi*[>P�[$[RP&U�iJM6O/[$C8P�a4M@L\[$M�±8B G*O4B$UVP�[$M�I�B [FI�W B e-M&W B i-C*C4O
CT^ q M&U6C4]|B G-YSP�¢�B LNM�B Gh[ iJM{U&B L\U@�-B [kj"Ñ"iJM&GSP�U&B LNU��-B [2BFI q �-B W [^kL\C4]áP@G�M&G*¼&c4]�M�K4LNC4YTLNP@]�g�IHKJM6U@B$�(U@B [$B$M�Ix]|�xI\[ q M�[ LNP@G:I\WRP@[$M6O�B G4[RC¢�B L\B G*Y:j4n�K4LNC*Y�LbP@]�M&W$M@]�M&G4[TBFIxB$O4MVP@W W c�U6CTG*G*M6U&[$M6O�[$C�[ i-M�CT�*[ K4�*[kI
CT^�[ iJM�[ ¢�C�C4[ i-M@L�M&W$M&]8M&G*[FI�[ i:P@[>B [(iJPVI�[ i-M�i-B$Y�iJMVIN[_IHKJM6U@BR�xU@B$[ B$M�I
^\C�LHjSf�C�¢�M�a*M�L\g�U@B LNU@�*B$[FI/P�L\M�U6C4GJI\[ LbP@B G-M&OSINC�[ iJP@[�G-C�LNM6U@�4LHLNM@G*[
U6CTG*G*M6U&[ B$C4GJI�P�LNM�P@W W$CV¢�M6O�¨ ¢�i*B$U@i�]�M6P@G:Ix[ i:P�[*U@B L\U@�-B [4M&W$M&]8M&G4[kI
¢�B W W�G-CT[2P@W ¢�P�c:I q M�U6CTG*G*M6U&[$M6O�[RC�[ iJC-IbM�^\CTL�¢�i-B$U@i�[ iJM�c�i:P�a4Mi*BRY�iJMVIN[�P@^F�xG4B [ cTj ��B LNU��-B [�CT�*[ K*�*[�[$M@LH]8B GJP�WFI�U@i-C*C-IbM8[ i-M&B L�B G4K4�-[
Y*P@[$M�P@U6U6CTL\O4B G*Y�[$ChIHKJM6U@B$�(U@B [$cTj ��B L\U@�-B [�M&W$M&]�M&G4[FI�O*CV¢�G:I\[ LNM6P@]
CT^�[ i-M�C��-[ K4�-[FI�[ i-M&GhU@i-C*C-IbM�B G4K4�-[FI�^HCTL�¢�i*B$U@ixg�P@^k[$M@L;P@GTc�M@W$MVD
]�M@G*[FI��4KxI\[ LNMVP@]ÞiJP�a4M q M6M&G�L\M&]�C�a4M6O�^kLNCT]£[ i-M&B L�U@iJCTB$U6M�g>[ iJM�ciJP�a4M2i*B$YTi-M�I\[(I\K-M6U&B$�xU&B [ cTj
¸ G*U6M�[ i*BkI�O4M�a4M&W$C�K-]8M&G*[RP@W:K4LNC4U6M�ImI�BkI�U&C4G*U&W �JO4M6OJg4[ i-M�U&B L\U@�-B [

BFI�M�a4P@W �JP@[$M6O:j�o�i*BFI�[RP�e-M�I�K-WRP&U6M�[ i*L\CT�-YTi{I\B ]|�*WRP@[ B$C4GJg-¢�iJM@L\M�[ i-M
U&B LNU��-B [HÍ I�LNM�IHK-C4GJIbM8[$C{B G4K4�-[FI�BFI�]8MVPVIH�*L\M6O�P@G-O�P|[ LH�*[ i�[RP q W$M�BFIY4M&G-M@LNP@[$M6OJj-°(B [ G-M�ImI�BFI_]8MVPVIH�*L\M6O q c|U6CT]|KJP�L\BFINCTG/¢�B [ i|[ i-M2K*L\C q DW$M&]�Í I_U&CTLHL\M6U&[J[ LH�*[ i/[FP q W$MTj
�-. ����)&5m�x+ s\5
oxP q W$M;¥�IHiJCV¢/IxLNMVI\�*W [FI(^\C�Lx[ i-M�C4G*MVD q B$[*P&O4O*M@L:K*L\C q W$M&]�j4o�i-M�K-CTKJD�*WFP�[ BRCTG;[$CTK-C4W$C4Y4c��xINM6O�^\CTL�[ i-M�IbM�M@±TKJM@LHB ]�M&G4[FI_¢�PVI�P�]�M�IHi/¢�B [ i
MVP&U�i�U6M@W$W(U6C4G4G-M&U&[$M6O8[$C|B [FI�^\C��*L�G-MVP�LNM�I\[(G-M@B$YTi q C��*LbI2 RB G-U&W �-O4B G*Y[$CTKJD q C4[ [$CT] P@G*O�INB$O4MVD\I\B$O*M�U6CTG*G*M6U&[ B$C4GJIb¡NjSo�iJM�e*M@c�K:P�LbP@]8M&[$M@L
a4P�L\B$M6O�P&U@L\CJImI2M@±TKJM�L\B ]�M&G4[FI�¢�PVI�[ iJM|INB$¼6M;C4^�[ i-M/OTB$]8M&GJINB$CTG:I2CT^
[ i-BFI�]8M�IHi(j�°(B$Y��*L\M�¿�O*M@K*B$U&[FI�iJCV¢
[ i-BFI�KJP�LbP@]8M&[$M@L;P�^F^\M&U&[FI�[ i-M
K4L\B ]�P�LHc;KJM@LH^\C�L\]�P�G-U6M2K*L\CTK-M@L\[ B$M�I�CT^�[ iJM�I\c:I\[$M&]�¨â[ i-M�G4�*] q M@LCT^�Y4M&G-M@LNP@[ B$C4GJI�LNM6¯��-B LNM&O{[$C{�:G-O�P@G�CTK*[ B ]�P@W�INC4W �*[ B$C4GJg_P@G*O{[ i-M
K4LNCTK-CTLH[ B$C4G/C4^(LH�*G:I�¢�i*B$U@i/L\M�IH�-W [$M6O�B G|P@G|C�K-[ B ]�P@W(INC4W �*[$B$CTGxj
² M&G*M@LbP@[ B$CTG�U6CT�*G4[>BFI�]8MVPVIH�*LNM&O|�xI\B G-Y8[ i4LNM6M�]8M&[ L\B$U�I��_]�MVP@GJg

]�M&O4BRP@G�P@G*OµU@�*]|�*WRP@[ B a4M�]8MVP@Gxj�QSM6P@G�P@G*OS]�M6OTBRP@G�P�LNM{LNP�¢
]�M6PVI\�4LNM�Img(B G-OTB$UVP@[ B G*Y�P�a4M@LbP@Y*M8Y4M&G*M@LbP@[ B$CTG�U&CT�*G*[FI�^\C�L�I\�-U6U6M�ImIbD
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Phenotype Realisation

Development Simulation

1  2  3   1  2
0  0  0   0  0
0  0  1   1  0
0  1  0   1  1
0  1  1   0  1
1  0  0   0  1
1  0  1   0  1
1  1  0   0  1
1  1  1   1  1

Fitness Evaluation
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inputs emigrant output

Uniform crossover

Child mutation

Emigrant mutation

AND1 AND2  OR1 XOR2

IN1

IN2

AND2

OR1
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XOR2
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Genotype

Represents

°(B$YT�4LNM�½ �Jo�iJM2X_±4K-M@L\B ]8M&G*[RP@Wx¾JcJIN[$M@]
^k�*W:LH�*G:I�CTa4M@L�P�GT�-] q M@L�C4^�[ L\BRP@WFI�j ���-]/�-WRP@[ B a4M�]8MVP@G|[RP�e-M�I�B G4[RCP&U6U&CT�*G*[�[ i-M8K*L\CTK-CTLH[$B$CTG�C4^��*GJI\�-U6U6M�ImI\^k�-W�LH�*G:Img_Y4B a4B G-Y�P8]�M6P6D
IH�*L\M�C4^�[ iJM�P�a*M�LbP&Y4M�M@±TKJM&U&[$M6O/¢�P@B [ q M&[ ¢�M6M&G|C�K-[ B ]�P�W>IbCTW �-[ B$CTG:I�jQSC-IN[(LH�*G:I�L\M&[ �*LHG�LNM�IH�-W [FI�¢�B$[ i*B G�P�^HP@B L\W c�G-P�LHLNCV¢�LNP@G*Y*M;C4^�a4P@WRD
�-M�I�j�nÒIN]�P@W W$M@L�GT�*] q M�L�CT^�L\M�IH�-W [FImg:M�IHK-M6U&BRP@W W c�B$G�I\]�P�W$W$M�L�K-CTKJD�*WFP�[ BRCTG:Img�K*L\C*O��JU6M�i*B$YTi8Y*M&G*M@LbP�[$B$CTG8U6C��-G4[FI�jxo�i*BkI_BFI�P2LNM6®xM6U&[ B$CTG
CT^�[ i-M�I\[$C*U@iJPVI\[ BRU2GJP�[ �4LNM�C4^�M�a4CTW �-[ B$C4G-P�LHc�INMVP�LNU�i�P@G*O-g�¢�i*B$WFI\[JB G-D
^kL\M6¯T�-M&G4[�B G{WRP�LHY*M/KJC�K*�*WRP@[ B$C4GJI�g>BFI��*GJP�a4CTB$O-P q W$MTj�o�i-M8¢�C�LmI\[�CT^[ iJMVIbM�LH�*G:I�P�LNM��:W [RM�LNM6O q c�K*WRP&U&B G-Y/P@G��*K4KJM�L�W B ]8B [:CTG;[ i-M�Y4M&G*M@L\DP@[ B$CTG|U6C��-G4[FgTB G;[ i-BFI_UVPVINM�«��	�/Y4M&G-M�LbP@[ B$C4GJI�jJ§��-GJI_¢�i*B$U@i8M�±-U6M&M6O
[ i-BFImg:P@G*O8[ iJC-INM�[ i:P@[>U6CTG�a4M@LHY4M��4KJCTG�IH� q DkC�K-[ B ]�P6g:P�LNM�U&WRPVImI\B$�(M&OPVI��*G:IH�JU&U6M�ImIN^F�-Wkj
o�i-M�^k�*G-U&[ B$CTGJP@W(K*L\C*�:W$M|I\i-CV¢�G�B G��xYT�4LNM;¿�Y4M&G-M�LbP@W W c�P&Y�LNM6M�I

¢�B [ i�[ iJM�I\[RP@G*O-P�L\O�K4LNC4�:W$M8^\C�L�P|Y*M&G*M&[ B$U�P@W$Y4CTLHB [ i*] q PVINM6O�INcJIbD[$M&]�j|EHG*U@LNM6PVINB G*Y�K-CTK4�-WRP@[ B$CTG�I\B$¼6M|W$MVP&O-I�[$C{P@G�M�±4K-C4G*M&G*[ BRP@W�O4MVD
UVP@c�B G�[ iJM�Y*M@G-M@LNP@[ B$C4G�U6CT�*G*[-P@G-O�P@G�M�±4K-C4G*M&G*[ BRP@W*B G*U@LNMVP6IbM�B G�[ i-M
IH�JU6U&M�I�I�LNP@[$M�g q C4[ i�C4^�¢�i-B$U�i{P�L\M;C q INM@L\a4M6O8[$C�[RP@B W�CT^F^�P@[(i*B$YTi-M@LK-CTK4�-WRP@[ B$CTG�I\B$¼6M�I�j
oxP q W$M�«�IHiJCV¢/I�INCT]�M�LNM�IH�*W [kIx^\C�Lx[ i-M�[ ¢�C*D q B [4]/�-W [ B K*W BRM�L:K*L\C q DW$M&]�j ¸ K*[ B ]�P@WxINC4W �*[ B$C4GJI_P�LNM2^HCT�*G-O�C4G/P�a4M@LbP&Y4M�P q CT�*[JM�a4M@L\c�¥ �	�Y4M&G-M@LNP@[ B$C4GJI�j�¶�P@W �-M�I�CT^�]|B$G4B ]|�*]ÐU6CT]|K4�-[RP@[ B$CTGJP@W�M&^R^\CTLH[Fg�Y4B a-D

B G-Y�[ iJM�G4�*] q M@L;C4^;IbCTW �-[ B$C4GhM�a4P@W �:P@[ B$CTG:I�L\M6¯T�*B LNM6O�^HCTL/P�ä4ä��U6M@LH[RP@B G*[ c�C4^�I\�-U6U6M�ImImg�i:P�a4M q M6M&G�UVP@W$U@�-WRP�[RM&O�[$C�P@W W$C�¢ÞP/LNC��JY�iU6CT]|KJP�L\BFINC4Gµ¢�B$[ iµ¢�CTLHe q cSQhB$W W$M@L�¤ «��4¦bj�°xCTL|[ i-MhP@O*O4M@L�P@G*O]|�*W [ B K-W B$M@LHg4LNM�IHKJM&U&[ B a*M@W cTg*[ i-M@c�P�LNM�½J«-g �	����P@G*O�¥&Ï��-g �	���Jj�Q�B W WRM�L
U&B [$M�I�LNM�IH�-W [FI q M&[ ¢�M6M@G�«�¥��Jg �	�	��P@G-O�¿-ÏT¿-g �	���8^HCTL�[ i-M�]|�-W [ B K*W B$M@LO4M@KJM&G*O4B G*Y��4KJCTGh[ iJM�^\CTLH]|�*WRP@[ B$C4G�CT^�[ i-M�K*LNC q WRM@]�jSA�CT[ iµP�KJDK4LNC-P@U@iJM�I(K-WRP@U6M2O4B ^R^\M@LNM@G*[-U6CTG:I\[ LbP@B G4[kI(�4KJCTG�[ iJM�INMVP�L\U@i8IHKJP&U6M�gTIbC
P�OTB LNM6U&[2U6CT]|KJP�L\BFINC4G�BFINGxÍ [�c-M&[�K-CJImI\B q W$MTj�à;M�a4M@L\[ i-M&W$M�ImI�g�[ iJM�INMLNM�IH�*W [FI�O4C�G-CT[xP�K4KJMVP�L_P@GTc/¢�C�LmINM�[ iJP@G�Q�B W WRM�L�Í I�j

�-.  �,�3('T+ 9-5b!$5
°(B$YT�4LNM�Ì�B W W �:I\[ LbP@[$M�I�P{[ c4K*B$UVP@W�LH�*G"CT^|M�aTC4W �*[$B$CTG"CT^8P�CTG-MVD q B [P&O4O*M@L(B G/P;¥�«4±�¥@«�KJC�K*�*WRP@[ B$C4G�CTa4M@L�P2I\KJP@G�C4^([ i*B L\[ c�Y*M&G*M@LbP@[ B$CTG:Img
IHiJCV¢�B G-Y�[ iJM�U&CTLHL\M6U&[JINC4W �*[ BRCTG�[$C q M2P�O4M�IbU&M&G-O4M&G4[-CT^x[ ¢�M&W a4M��JLmI\[Y4M&G-M@LNP@[ B$C4G�INC4W �*[$B$CTG:I�j�°(B [ G-M�ImINM�I;P@[�e*M@c�K-C4B G*[FI;P�LNM{IHi-C�¢�G q c]�M6PVI\�4LNM�I_CT^>K-M@LNU&M&G*[RP&Y4MVDkU&CTLHL\M6U&[ G*M�I�I�j
o�i*BFI�K*i*c4W$C*Y4M&G4BRU�[ LbP&U6M�B W W �xI\[ LbP@[$M�I�U6M@L\[RP@B G q M@i:P�a4B$CT�4LmI�P�KJDKJP�LNM&G4[�¢�B [ i-B G�[ i-M{I\cJIN[$M&]�j�°(B LmI\[Fg_¢�i*B$WFI\[�]/�-[RP@[ B$CTG�M�a4M&G4[kI;P�LNM

U6CT]8]8C4G�¢�B [ i*B G�[ i-M8LH�*G:g_CTG*W c�[ i4LNM6M�CT^�[ i-M&]Ð]�P�K�[$C�K*i-M&G-C*D

oxP q W$M8¥��-§�M�IH�*W [kI�^HCTL�¥&DRA2B [Jn�O4O*M�L
         Population  Generations to optimum Successful Average

Topology Size Mean Median C.Mean runs suboptimum

4x4 16 – – – 2% 87%

5x5 25 72 78 131 18% 92%

7x7 49 65 53 93 43% 94%

9x9 81 61 42 82 49% 94%

10x10 100 60 51 83 62% 94%

12x12 144 54 40 64 80% 94%

14x14 196 48 29 52 90% 94%

16x16 256 33 23 34 95% 94%

18x18 324 35 24 37 92% 94%

20x20 400 31 19 31 100% – 

oxP q W$M�« �J§2M�IH�-W [FI�^\C�L_«*DFA�B [-Qh�*W [ B K*W B$M@L

         Population       Generations Successful Average

Topology Size Mean C.Mean runs suboptimum

14x14 196 69 196 35% 95.6%

18x18 324 70 127 55% 96.4%

20x20 400 56 93 60% 96.2%
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°(B$YT�4LNM�¿��Jn�W$Y4CTL\B [ i*] ³ M@LH^\C�L\]�P@G*U6M
[ c4K*B$U�U@i:P�G-Y4M�I�j�o�iJM�L\M&]�P@B G*O*M@L|P�LNM�I\c*G*C4GTc4]�C��xI|]/�-[RP@[ B$CTG:Img
I\B WRM@G*[�]/�-[RP@[ B$CTG:I/[ iJP@[�M&B [ i-M@L8P@U&[2�*K-CTG��*G*[ LbP�G:INU@L\B q M6O�U6C4]/KJC*DG*M&G*[FI�C4^�[ i-M�Y*M@G-CT[ c4K-M8¨ U6C4]/KJCTG-M&G4[FI�U6CT]|KJP�LbP q W$M�[$C{LNM&U6M�IbDI\B a*M{Y*M@G-M�I;¨ C�L8P@U&[2�*K-C4G�[ LbP�G:INU@L\B q M6O�U6C4]/KJCTG-M&G4[FI/B$G"IH�JU�iP�¢�P@c�[ i:P@[�O4C*M�I�G-CT[2P@^F^HM6U&[�[ iJM�G-P@[ �*L\M�C4^�[ iJM&B L�[ LNP@G:INU@LHB K*[ B$C4G:j
¾:M6U6CTG-O-g4K4i-M&G-CT[ c4K*B$U�U@i:P�G-Y4M�I�P�LNM�G*C4[>P@W ¢�P@cJI2I\B ]|K*W$MTj�EkG8]�P@GTc
UVPVINM�Img6U@i:P�G-Y4M�I�P�LNM�U6CT]|K-CT�*G-O ´ ¢�B [ i|INM�a4M@LNP@W*M&W$M&]8M&G*[FI�P&O*P�K-[ B G*Y
B G8U6C4G*U6M@LH[x[$C8P&U@i*BRM�a4M�P�i*B$YTiJDFW$M�a4M&W(U@B LNU@�*B$[:[ LbP@GJIN^HCTLH]�P@[ B$C4G:j>A2MVD
[ ¢�M6M&G/[ iJM�WRPVIN[:U@LNC-I�INC�a4M@L�P@G*O/[ i-M��:G-P@W>IbCTW �-[ B$CTG� R[ iJM�W$CV¢�M@L�[ ¢�C
U&B LNU��-B [FIN¡Ng�^\C�L�B G:I\[RP@G-U&M�g*P�I\B G-YTW$M�G-CTGJDHINc4G-CTGTc*]8CT�:I_]|�*[RP@[ B$C4G/B G-D
[ LNC4OT�-U6M�I�P�G*M�¢<M@W$M&]�M&G4[*B G*[$C�[ iJM�U&B LNU@�*B [4¨âP@G�C�KJM@LNP@[ B$C4G�¢�i-B$U�i
LNM6¯��*B L\M�Img&^FLNC4]�P�K*i-M&G-CT[ c4K*B$U�a*B$M�¢�KJCTB G*[Fg&M&G*[ L\c�CT^(P_G-M�¢µU6C4]/KJC*D
G*M&G*[-B G;[RP@G*O*M&]�¢�B [ i;[ i-M2]�C4O4B$�xUVP@[ B$CTG/C4^�P@G-CT[ iJM@L�U&C4]|K-CTG-M&G4[HÍ I
B G4K4�-[kj
o�i-M�INM�[ ¢�C q M@i:P�a4BRC��4LmI(¨ãI\c*G*CTG4c4]�C��xI�P@G*O�U6CT]|KJC��*G-O�]|�JD

[RP@[ B$C4G�¨ P�LNM8[$M@LH]�M6O-g>LNM�IHK-M6U&[ B a4M&W c�g�G*M@�*[ LbP@W B [ c�P@G*O{]�P&U@LNCT]|�JD
[RP@[ B$C4G:j8A2C4[ i�P�L\M�P/L\M�IH�-W [�C4^2[ i-M�IbM@KJP�LbP�[$B$CTG�CT^�Y*M&G*C4[ cTK-B$U�P@G*O
K4iJM&G*C4[ cTK-B$U�INMVP�L\U@i�I\KJP&U6M�I�P@U6U6CTL\O*M6O q c�P�Y*M@G-CT[ c4K-MVDRK4iJM&G*C4[ cTKJM]�P�K*K*B G-YJj�à;M@�-[ LNP@W B [ c�BFI;P8K4LNC�KJM@LH[ c�¢�i*B$U@i�M@]�M@LHY4M�I�^FLNCT]ÐL\MVD
O��-G*O-P@G*U@c{B G{[ i-BFI�]�P�K4K-B G-YJj�EH[_BFI�[ iJM�P q B W$B [ c�CT^�P@G{B G-OTB a*B$O��:P@W[$C�]�P@B G*[RP@B G�K*i-M&G-CT[ c4K*B$U2�:[$G*M�ImI�B GVa4P�L\BRP@G*U6M�B G�[ i-M�W BRY�i*[JCT^>Y4M&G-C*D

°(B$YT�4LNM�Ì��-X�aTC4W �*[$B$CTG/C4^�P|¥@DFA�B$[-n�O*O4M@L
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[ c4K*B$U�U@i:P�G-Y4M/ HIbM6M�¤ «�¥�¦_^\C�L�P�a4B$M�¢�C4G8G-M@�*[ LbP@W B [ c�B G�OTB$Y4B [RP@W>U&B L\D
U@�*B [*M�aTC4W �*[$B$CTG-¡NjJ¾JB$Y4G4B$�xUVP@G4[4]�C�a4M&]8M&G*[TB$G�[ iJM�Y*M@G-CT[ c4K*BRU2INMVP�LNU�i
IHK:P&U&M�¢�B [ i-CT�*[�I\B$Y4G4B$�xUVP@G*[�]�C�a4M&]8M&G*[�B$G�[ i-M�I\KJP&U6M�CT^�K*i-M&G-C*D
[ c4K*B$U8�x[ G*M�ImI�BFI�UVP�W$W$M&O�P|G*M@�*[ LbP@W�¢�P�W exj8QSP&U@LNCT]|�*[RP@[ B$C4G{BFI�[ i-M
U6CTGVa*M�LmINM�CT^_G-M��-[ LbP@W B [ c ´ ¢�i-M@LNM�P�IN]�P@W Wx]�C�a4M&]�M&G4[(B G�Y4M&G*C4[ cTKJM
IHK:P&U&M�UVP@G�W$MVP&O�[$C�P�GSP�K4K:P�LNM&G4[ W$c�WRP�LHY*M�]�C�a4M&]�M@G*[�B G�K*i-M&G-C*D
[ c4K-M�IHKJP&U6MTj/o�i-M�IbM q M@iJP�a*B$C��*LbI�P�W$W$CV¢ÓY�LNMVP�[RM�L�M�±4K4LNM�ImI\BRCTG{OT�4L\DB G-Y�M�aTC4W �-[ B$CTG�[ iJP@G�¢�C��-W$O q M�P@^F^\C�LNO4M6O�¢�B [ i�P8L\M@K*L\M�INM&G*[RP@[ B$CTG¢�i-M@LNM{[ iJM@L\M{BFI|G*C�]�P�K4K-B G*Y q M&[ ¢�M&M&GµM�a4CTW �-[ B$CTGJP�LHc"P@G-OSM�±4MVDU@�*[RP q W$M�^HCTLH]�I�j² M&G*C4[ cTKJM�I2P�LNM/P�G�P�L\[ B ^\P&U&[>C4^�M�a4CTW �-[ B$CTG ´ [ i-M�]8M&]�C�L\c�CT^�P�G
M�a4CTW �-[ B$CTGJP�LHc<INMVP�LNU�iµK4LNC4U6M�ImI�j�n�G-P@W c:I\B G-Y�[ iJM�U&C4]/K-W$M@±4B [ c"CT^
P q B$C4W$C4Y4B$UVP@W�Y4M&G-CT]�M�g�B [�BFI�M�a4B$O*M&G4[�[ iJP@[�[ iJM|B$G4^\C�L\]�P@[ B$C4G�U6C4G-D[RP@B G*M6O�BkI�^\P�L�]�C�LNM�[ i:P@G�BFI�G*M6U6M�ImIbP�L\c�^\C�L�[ iJM;U6CTG:I\[ LH�JU@[ BRCTG�P@G*O
^k�*G-U@[$B$CTG*B G*Y�CT^�[ iJM/C�LHY*P@G4BkI\]�j ¸ G*M;B G*[$M@LkK*L\M&[RP@[ B$C4GJg:¢�i*BRU�i�INM6M�I
[ iJM�Y4M&G*C4]8M;P6I�P�INMVP�LNU�i8KJCTB G*[xB G�M�aTC4W �*[$B$CTG:g4BFI�[ iJP@[([ i-M��-G4[ LbP@G-D
INU@L\B q M6O�K-CTL\[ B$CTG�BFI>G*C4[ i*B G-Y�]�C�LNM�[ i:P@G�Y*P�L q P&Y*MTj4f�C�¢�M�a4M@L\g�INB G*U6M[ iJM�Y4M&G*C4]�M2BFI�P�G|P�L\[ B ^\P&U@[:CT^�M�a4CTW �-[ B$C4GJgTP@G-O�M�a4CTW �*[ B$C4G;BFI_P�K:P@G-D
Y4M&G-M@LNP@[ B$C4G-P@WTK4LNC4U6M�ImI�g@[ iJM�Y*M@G-CT]�M�BFI q M�IN[-INM6M&G�G*C4[*PVI�P�OTBFIbU�LNM&[$MM&G4[ B [$c q �*[�LNP@[ iJM�L;PVI;P�U@LNC-ImImDHIbM6U@[$B$CTGJP�W�I\G-P�KxIHi-C4[�C4^�M�a4CTW �-[ B$C4G:jo�i-M@LNM@^\CTL\M2¢�M�UVP@G�B$]�P&YTB$G*M2[ iJM�Y4M&G*C4]8M�PVI�G*C4[JCTG*W c;U6C4G4[RP@B G*B G*Y
B G*^HCTLH]�P@[ B$CTG�LNM&W$M�a4P@G4[4[$C�[ i-M�K*LNMVIbM&G4[TB$G�IbMVP�LNU@i:g q �*[-P@WFINC�U6CTG*[RP@B G-DB G-Y�B G*^HCTL\]�P@[ B$C4G�LNM&WRP@[ B G*Y�[$C�[ i-M�Ã@Å Æ-Å Á�C4^;INMVP�L\U@i ´ B G*^HCTLH]�P@[ B$CTG
U6CTG-U6M�L\G*B G*Y�[ i-M8KJPVIN[�P@G-O{[ iJM8^k�-[ �4LNM�C4^�IbMVP�LNU@ixj�¾:C4]8M�C4^�[ i-BFI
KJPVIN[2B G4^\C�L\]�P�[ BRCTGh]�P@chG-C�W$CTG-Y4M@L q M�G*M6M6O*M&OJg2P�G-OhUVP@Gh[ i-M@L\MVD^\C�LNM q M|U6CTG:I\B$O*M@L\M6O�Y*P�L q P&Y*M�j/f�C�¢�M�a*M�L\gxKJPVIN[�B G*^HCTL\]�P@[ B$C4G{UVP�GIH�*K4KJC�L\[ q P&U�e-[ LbP@U@e-B G*Y�B GSINMVP�LNU@i�¢�iJM@L\MVPVI�^F�-[ �4LNM�B G*^HCTL\]�P@[ B$C4GJg¢�i*B$U@i�O4M@L\B a4M�I�^kLNCT]ß[ i-M�O4B L\M6U&[ B$C4G8C4^Ng-C�L_K-C4[$M&G4[ BRP@Wx^\C�L\g*U@iJP@G-Y4M�g
IH�*K4KJC�L\[FI_O*M�K-[ i|C4^_IbM6P�LNU@ixj
o�i-M�LNM@K4LNM�INM&G4[RP@[ B$C4G��:IbM&O�B GS[ iJM�M&G*¼&c4]�M ²�³ INcJI\[RM@] P@WFIbC

]�P�B G*[RP@B GJI2]�C�LNM/B G4^\C�L\]�P�[ BRCTG�[ i:P@G�BFI2G*M6U6M�ImIbP�L\c�[$C�U6CTG:I\[ LH�JU@[�P
I\B G-YTW$M�K4iJM@G-CT[ c4K-MTj�o�i-BFI�BFI�K:P�L\[ B$U@�-WRP�L\W c�INC8B G�B [FI�U��*LHL\M&G*[(B G-U6P�L\D
G-P@[ B$C4GJgV¢�i-M@LNM�Y*M&G*C4[ cTKJMVI_P�L\M2�:±*M&O�W$M&G*Y4[ i|P�G-O�[ iJM@L\M&^\C�LNM�^\C�LNU6M&O
[$C�LNM&^HM@LNM&G*U6M2MVP&U@i/U6C4]/KJCTG-M@G*[:P�a4P@B WRP q W$M�[$C�[ i-M�I\cJIN[$M&]�j*EHG/P@G-P@WRDC4Y4c�[$ChO4C4]|B GJP@G*U6M�i*B$M@LbP�L\U@i-B$M�I�B G q B$CTW$C*YTc�g�[ i-M�Y*M@G-CT[ c4K*BRU�M&WRDM&]8M&G*[FI�[ iJP@[�O*M�INU@LHB q M�P@U&[ B a4M�U6C4]/KJCTG-M@G*[FI�¨ª[ iJC-INM8¢�i*B$U@ihP�LNM
� [ LNP@G:INU@L\B q M6O:Í�[RC�[ i-M|U&B LNU@�*B [�¨ªP�LNM|U6CTGJINB$O4M@LNM6O�O4C4]|B GJP@G4[ ´ P@G*O
[ iJC-INM�¢�i*B$U@i|LNM&]�P@B G/i-B$O*O4M&GJgTLNM6U6MVI�I\B a4MTj>o�i-M@LNM�P�LNM�[ ¢�C;e*B G-O|CT^
U6CT]|K-C4G*M&G*[�¢�B$[ i*B G�[ i-M8I\cJIN[$M&] ��^F�-G*U&[ B$C4G-P@W�M&W$M&]8M&G*[FI�P@G*O�U6C4G-D
G*M6U&[ B$C4GJI ´ q C4[ i�CT^�¢�i*B$U@i�UVP�G q M;O4C4]|B GJP@G4[�CTL�L\M6U6M�ImI\B a*M�j ��C4G-DG*M6U&[ B$C4GJI�g�C�L�LbP@[ i-M@L�[ iJM�IHKJM&U&B$�xU&B [ BRMVI;¢�i*BRU�iSO*M�INU@LHB q M�U6CTG*G*M6UVD[ B$C4GJImg_P�L\M8[ i-M8[RP�LHY4M&[FI�C4^2]|�*[RP@[ B$C4G:j8Qh�-[RP@[ B$CTG:I�[RP�LHY4M&[$M6O�P@[_L\MVD
U6M�ImI\B a4M/U6C4G4G-M6U@[ BRCTG:I q M@WRCTG*Y4B G-Y�[$C�LNM&U6M�ImINB a4M/M&W$M&]8M&G*[FI�¢�B W W_P@WRD¢�P@cJI q M2G-M@�*[ LbP@Wkj*EH^>[ iJM2[FP�L\Y4M&[JBFI�P�LNM6U6MVI�I\B a4M�U6CTG*G*M6U&[ B$CTG/¢�B [ i*B$GP@G�P@U&[ B a4M�U6CT]|K-C4G*M&G4[Fg�[ i-M�M&^F^HM6U&[�¢�B$W W�]8CJI\[�W B e*M&W c q M8G*M@�*[ LNP@WFg[ iJC��JY�i�B [�U6CT�*W$O�P@WFIbC{UVP��:INM8[ iJM8U6C4G4G-M&U&[ B$C4G{[$C q M6U6CT]�M�O4C4]|BRDG-P@G*[�C�a4M@L2P�U��*LkLNM&G4[$W c�P&U&[ B a4M;U6CTG*G*M6U&[ B$CTGxj�o�i*BFI�g-B G�[ �4L\G:g-]8B$Y�i-[
UVP��:INM�CT[ iJM�L(U6C4]/KJCTG-M@G*[FI([$C q M6U6CT]�M�P&U&[ B a4MTjTQh�*[FP�[ BRCTG:Ix[RP�LHY*M@[RM&OP@[(P&U@[$B a4M�U&C4G4G-M6U&[ B$CTG:I_B G�P@U&[ B a*M�U6C4]/KJCTG-M&G4[FI�P�LNM�]8CJI\[:W B e-M&W c/[RC
LNM&OT�-U6M�[ i-M/IN[ L\M&G-YT[ i�C4^�[ i-M�INM�U6C4G4G-M&U&[ B$C4GJI2 \I\B G-U6M�]/�-[RP@[ B$CTG8�*KJD
O*P@[$M�Ix[ iJM@B L:a4P@W �-M�I:LbP@G*O*CT]8W c�g6P@G*O2i-B$Y�i�a*P@W �-M�I>P�L\M�]8CJI\[TW B e-M@W c�[RC
q M�L\M@K-WRP&U&M6O/¢�B [ i8W$CV¢�M@L_a*P�W �-M�IN¡NgT¢�i-B$U@i8]�P@c|[ i-M&G8UVP��:INM�O4C4]|BRDG-P@G-U6M2[$C q M�W$C-IN[J[$C/P�LNM6U6M�ImI\B a4M�U6C4G4G*M6U&[ B$C4G:jo�i-M�LNM�IH�*W [�CT^�U@iJP@G*Y4B G*Y�M@±TK*L\M�ImINB$CTG�O��JM�[$C8U@i:P�G-YTB$G*Y�O4C4]|BRD
G-P@G-U6M�BFI(K:P�L\[ B$U@�-WRP�L\W c;P�K*KJP�LNM@G*[*¢�i-M&G/INC4W �*[ BRCTG:I�P�LNM�I\� q&­ M6U@[$M6O�[RC
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