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9.1 Äuæ��`z�{

éÅìÆSó§Äuk��£�OÜn��.éõ�ÿ´é�*�§

�é�.?1`zK´��(J�¯K"DÚ�{Äu*ÿêâ��O�

�.ëê�`z�§ù��{�¡�‘ín`z{’"ù��{é{ü�.´
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9.1.1 üüüzzzÆÆÆSSS

�Æ[�l<ó�U@ÏÒm©'5�.`z¯K§AO´)Ô?zL

§�
¦�é�éu")ÔÄÏXÚ´Xd°�E,§Ø�Uk�«ín`

z�ª¢yé�XÚ�·A�ÆS"��©w�·�§ù�E,XÚ�ÆS

�ª�'·�����{üµ==ÏLØã}Á#�ÄÏ|Ü�ª¿l¥À

J·A5�r�ÄÏ§ÏL��m��üz��§=�¢y�~r��Ä

ÏÆSÚÔ«?z [13]"<ó�U�k°öòù«ÆS�ªÚ\�ÅìÆS

¥§¡�üzÆS£EL¤"ù�ÆS�{Ú·�±c0�L�ÆS�{��
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@�´¢y�UÅì��ª�ª"~X§ã(31948c�Í�5Intelligent

Machinery6�©¥ÒJ� [63]µ



9.1 Äuæ��`z�{ xxv

There is the genetical or evolutionary search by which a combination of genes

is looked for, the criterion being the survival.

ù¢þ´�@�üzÆSg�"1950c§ã(?�Ú�Ñ [64]µ

We cannot expect to find a good child-machine at the first attempt. One must

experiment with teaching one such machine and see how well it learns. One can

then try another and see if it is better or worse.

<ó�U�k°�éüzÆS�¨OØ=uù��{�{ü�*§�

u¦�é<ó�U�óÆg�µÏ^��U7LÄu,«{üÊ·�Æ

S��{§ÄK�U´A½+���YÆS§�ª¬6u?§E|"üzÆ

S�´ù��«Ï^��{§§�ÇØp§����±v
F%§Ò�±)

û?Û�½Â�ÆS?Ö"ù�´?z�)Æ��Ä�g´ [21]"

üzÆS@350c�ÒuÐå5 [10, 5]§ù
@Ïó�õ8¥3^O

�Åé)Ô?zL§?1�[ [24, 12, 20]"60c�Rechenberg JÑ?zü

Ñ£Evolutionary Strategy¤§ÏL�NCÉö�Ïé`z)"Rechenberg�

ó�¦�üzÆSm©É�À"Ó�360c�§FogelJÑ?z?§�{

£Evolutionary Programming, EP¤§ÏLék�G�gÄÅ£FSM¤ëê�?

z¢DÆS���Ð�ýÿ�. [22]"70c�§John Holland9ÙÆ)éü

z�{�
/ªz�n¿?1
�X�nØ&? [33]§¦�üzÆS�±¤

/"

DÚ�üzÆS�±@�´é)�m��Å|¢�{§~X)���~

E,�[Ü¯K§ò�.�¤këê�¤k����)�m§3ù�)�m

¥|¢�`:"ù��{Ï~¡�¢D�{£Genetic Algorithm, GA¤ [33]"

?�Ú§�±ò?Û��O�Å§S��`z8I§3¤k�U�§S�m

Ïé�`)§ù��{Ï~¡�¢D?§£Genetic Programming, GP¤ [44]"

9.1.2 +++NNNÆÆÆSSS������ÅÅÅ`̀̀zzz

üzÆS�¹ü�Ì�¤©µ+NÆSÚ�Å`z"+NÆSÏL�N

�m��p���£§�yoNÆS���½¶�Å`z�±ME#��

N§�ÏÆSL§{øÛÜ�`"ùü«ÆS�{äkU,éXµ3+NÆ

S¥�£����´�Å�§�N�¬Ü©Ñl+N8I¶�Å`z²~I

�|^+N&E±�y�ÅL§�Ün5"��`²�´§ùp?Ø�+N

ÆSÚ�Å`zÑÄuæ�`z§=é�N?1�Å)¤Ú`zÀJ"
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;.�+NÆS�{�)¸+�{£Artificial Bee Colony Algorithm¤

[36]!âf+`z�{£Particle Swarm Optimization, PSO¤ [38, 58]!<ó·

+�{£Artificial bee colony algorithm§ABC¤�";.��Å`z�{´

�[ò»�{£Simulated Annealing, SA¤ [39]§��)äkf+NÆSA�

�BR|¢�{£Tabu Search, TS¤ [28]!Ú(|¢�{£Harmony Search§

HS¤ [26]�"ù
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9.2 ¢D�{£GA¤

¢D�{£GA¤´�@uÐå5�üzÆS�{"ù��{�[)Ô

?z�ª§Äk�Å)¤��«+§«+¥z��N�L��8I¯K�

)"ÏL`zÀJ�þ�p��N§Äuù
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5�O2006 NASA ST5�»�Eþ�U�§²L�X��û`z�§GAu

y
Xã¤«��~E,�U��ª"

9.2.1 ���{{{µµµeee

GA�{�)«+Ð©z!�NÀJ!«+�ûn�Úà§ÏLS��

ªÅÚJp«+�þ"äN£ãXeµ



9.2 ¢D�{£GA¤ xxvii

Fig. 9.1 ^GA�{�O�2016 NASA ST5�»�EU�§¡�‘üzU�’£Evolved Anten-

na¤"

• «+Ð©zµÐ©z��«+G0 = {ξi}§Ù¥z��Nξi d��ÄÏ�

L§q¡�‘/ÚN’£Chromosome¤1"3GA¥§��ÄÏéA8I?Ö

���äN){§X�.`z¯K¥��.ëê§´»|¢¯K¥��^

Ü{´»�"Ð©z�ª��´�Å�§��±´Äuk��£���,


Cq)"ÄÏ?è�ªÏ~´��G§z� �L��ÄÏ ¶��±

´2:�!lÑaO½�E,�(�§Ù¥�z����L��ÄÏ "

• �NÀJµé�c«+¥��N?1µd§ÀJ�þ�p��N?1�
û"ù�µdI���‘·A¼ê’£Fitness function¤ f (·)"3)Ô?z¥§
ù�¼ê�L�Né�¸�·A5½)�Uå§3`z?Ö¥§ù�¼ê

�L,�){�`�§���?Ö�8I¼ê��GA�·A¼ê"Äu

ù�·A¼ê§é·A5�r��N�±�p�ÀJVÇ±�y���p

�þ§Ó�é·A5�f��N��±�½�VÇ§±�y«+��É

1 î�5`§��ÄÏ�¹�GÄÏ §��/ÚN¥�¹õ�ÄÏ"�Ù¥§·�éÄ

ÏÚ/ÚNØ�«©"
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5"²Lù�ÀJ�§=����¥m«+G′0"�éG0§ù�«+¥�
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G2

G1'

G1

G0'

G0

G2'

Fig. 9.2 GA�{¥��NÀJ�«+�ûL§"gþe§z��µ�L��«+§z�

(Ò�L���N§(Ò���L«�N��þ£·A¼ê�¤§�ôÚ�(ÒL«�À

J��N"3z��«+¥§�`���Nk��Å¬�ÀJ¶3)¤e��«+�§�

ÀJ��NÏL���ûÚ�NCÉ)¤#�N"ù�ÀJ-�ûÅ�¦�@
·A5�

r�N�ÄÏk��Å¬3e��¥��U«ÚòY"
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è�ª´�?�?è£Bit string¤"ù�?è�^5L«aOCþ§��^5

L«�ê§X|^Gray?è [32]"Äu�?�?è§��ö��{ü¢y�

U ��½Ù§�?�ö�§CÉö��L«�ÄuËã|©Ù�U �Å

æ�"e�!�?Ø�Holland?znØé�§ÝþÄu�?�G?è [33]"

Ø
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¢D�{�Äu2:?è§ù�I�AO�O
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£Remainder Random Sampling¤"
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�·A5üS§=��z��ND��½�ÀJVÇ§¢yÜn��NÀ

J"�k�«�¹´k
�N�·A5¿Ø�*§7L²L��E,�)¤

L§âU��"X<a��û§��Ð)?��·A5´ØN´�ä�§I



9.2 ¢D�{£GA¤ xxxi

���E,�¤�L§âUw�¦�ý�Uå§ù�L§�U¿÷
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��Å5"ù�I����[L§òÄÏu�¤�N§dd5�äz��N

�·A¼ê�"þã�{�,Ñ�±�½§Ýþ)û·A¼ê�O�¯K§

�GA�{��=·^u·A¼ê'�{ü�|µ§XJù�^��Ø�÷

v§�±I��Ä^Ù§`z�{½ï��ª"

��§·�rN�NÀJØ=��Ä�N·A¼ê��§�I�Ä?Ö

�AÏ��§X«+��!�N�q5!ÄÏ?è���"Ïd3�OGA�

{�§I��âäN?ÖéÀJüÑ�(¹�O"
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ÅÀJ����:£5¿ü�I�ÄÏ�Ý��§ÏdT��:éùü�

ÄÏ´� ��:¤§3��:?éü�I�ÄÏ�©§¿?1ÄÏ¡ãp

�§Xã 9.3 £a¤¤«"�E,�
���üÑ´ü:��"ù«���

{�ÅÀJü���:§�ùü���:m�ÄÏ¡ãp���§Xã 9.3

£b¤¤«"Ù§��E,���üÑ�ó�^�§Xõ:��½é�Û��

£Universal Crossover§z� Õá�Åp�¤�§�ù
�{¿ØÊH"

CÉüÑ��éz��ÄÏ Õá�Å?1"éu�?�?è5`§ù

��uéz� ��?1�Å�=§é2:?è5`§�UI�Ú\pd�

Å6Ä"�E,�CÉüÑé�^�§~X�±k�Å(½,���CÉ�

ÄÏ¡ã§2éT¡ã¥�ÄÏ �ÅC�"�
ïÄL²§��üÑ�U

¿Ø7�§3éõ?Ö¥=kCÉüÑ��±��éÐ�(J [21]"

Xc¤ã§ù
üÑ�äN¢y�ª�ÄÏ?è�ªÚäN?Ö�'"

ØØ´���´CÉ§Ñ´Äu�NÀJ���¥m«+§Ïd�û���

e��Ï~k�Ð�·A5"5¿§ùü«üÑ��Ñäk�Å5µ3��

üÑ¥§3ü�ÄÏ��o �?1��§��õ�Ñ´�Å�¶3CÉ

¥§d�ÄÏ)¤#ÄÏ��=´���Å¼ê"��ùü«ö���Å5

�~�µLr��Å5¬���c`��N�¿�§L���Å5¬~f

«+��N�É5"

Ø
��ÚCÉ§�k�
�U^���ûüÑ"~X§�±ò�N©

|§z�|�L��/�5«+§Ø
3/�5«+SÜ?1��ÚCÉ§

�#NØÓ|m�‘£¬’£aqØÓ«xm�Ï´¤§±Jp��«+�´L
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1    2    3     4    5 A    B    C    D    E

1    2    3    4    5 D    E A    B    C 

1    2    3     4    5 A    B    C    D    E

 2    3 B   C A  1  4    5 D   E  

(a)

(b)

Fig. 9.3 ��üÑ"£a¤ü:��üÑµ�ÅÀJ����:£ùÚ�Þ¤§l��:?�

ãü�I�/ÚN§p�ÄÏ¡ã��ü�#/ÚN"£b¤ü:��üÑµ3ü�I�/

ÚN¥^ü���:(½��ÄÏ¡ã§��ù�ÄÏ¡ã§��#/ÚN"

5"Ó�§#���N�±Ü¿½#©|§Ü©/�«+�±��"ù


ö�òÄÏ��ö�*Ð�«+�§�~�ÏC��������«+�þ

eü [1]"

k
GA�{�
�yc���`��NØÏ��ÚCÉL§¥��Å

5¿�§3�ûL§¥r�òþ��eZ�Ð��NE��e��"ù«

�{¡�°=üÑ£Elitism¤ [3]"

��§GA�´)Ô?z��[§��7��ÎÜ)Ô?z�K"�


�ûüÑ�,�7��ÎÜ)Ô�K§��,�±3GA�{¥��Ð�J"

~X·��±#Nõ�I�ÄÏ�Ó��)¤����§ù3)Ô.w,´

Ø�U�§�3GA¥%�LyÑØ��5U [17]"
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Û�O(å^���?Ö�'§�
~��(å^��)µ

• ?z®²���½���S�gê¶
• �c«+¥®²uy
4<÷¿�)¶
• �CA�«+¥vkuy�Ð�)¶
• ��Ù§?Ö�'���§X$1�m"

�þã(å^��¤�GAL§¿ØU�y��`z)§ÏdÏ~�

éGA$1eZg±*	���)´Ä��"XJõg$1��aq�(J§

K·�k��rº��
�`z�)"5¿GA��^u¦)/ªE,�¯

K§N´�)LÔö§Ïd�^mu8��)¤)��þ§½^b�u��

{uÿ)��*Ð5"

ëêN!

Ú�õêÅìÆS�{��§GA�6Ün�ëêN!§�)£1¤«

+���¶£2¤�NÀJ�VÇ/ª¶£3¤��ÚCÉüÑ��Å5¶£4¤

��S�gê"�8I?Ö�5�Ú·A¼ê�/ª§ù
ëêé�{L

y�K�§Ý��Ø�Ó"Ï~�±Äu��mu85(½ù
ëê"Ï

�GA�{����Å5§�UI�õg$1GAL§5(@,�ëê�K

�"Ó�§ïÄö�JÑ�
g·Aëê�{"~X§|^�c«+�·

A5½àa&E�±N!��ÚCÉüÑ�VÇ"ù��{¡�g·AGA

£Adaptive GA¤ [61]"

9.2.3 ???zzznnnØØØ

�*þ§GAzg)¤#«+�Ñ¬ÀJ�p�þ��Në��û£�

�ÚCÉ¤§Ó��Ú\�½��^�£X°=üÑ¤5�ye��«+�

�þ§Ïd�±��GA�üzL§¬ÅÚJp«+��þ",§3nØ

þ`²GA�k�5¿ØN´"ïÄö3ù�¡?1
�X�&¢§uy3

,
�½|µe£�{ü�ÄÏL«§�{ü��ûüÑ§�{ü�·A¼
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ê�¤§´�±ïáåL�GAL§�nØ�.�"�Ù±Holland��²¡�

Åæ�£Hyperplane Sampling¤nØ�~§`²GA�k�5"

�²¡�Åæ�nØò|¢�m©¤õ�ØÓ���²¡§z��²¡

�¹eZ�c«+¥��N£�¡��L��¤§òù
�N�·A¼ê�

�²þ§=��T�²¡�·A¼ê"�±y²§GA¥��NÀJL§¯

¢þ´±�½êVÇé¤k�²¡?1ÓÚæ��L§§Ù¥z��²¡¼

���:�VÇ�'uT�²¡�·A¼ê"=,��²¡�·A¼ê²þ

���§T�²¡3¥m«+¥��L���õ"��ÚCÉö�3ù�æ

��Ä:þN�æ�VÇ§3Jp��õ�5�Ó�§�y3z��²¡þ

Ùæ�VÇ�·A¼ê��''XØ¬ lL�"Ïd§GA�S�L§¦

�æ��·A¼êp��²¡à "

±n�|¢�m�~§�ÄÏ��?�?è�[b1b2b3]§K|¢�m�

L«�n��m¥���á�N§Xã 9.4¤«"XJ·�#NT?è¥�

 ½ü ��Ù?¿�¿^Ï�Î∗L«§KT?è��L����8Ü§
ù
��©Ù3���²¡þ"�²¡��êd?è¥�Ï�Î��ê(

½§¹k���Ï�Î�?è�L���²¡§¹kn��Ï�Î�?è�

L��n��²¡"~X[1∗0]´�����²¡§3ã 9.4¥L«�7Ú>¶

[∗∗1]������²¡§3ã 9.4¥L«�"Ú²¡"éN´w�§é��

��L��?�?è§�±½Â3L−1��²¡§Ï�z� Ñk0,1,∗n«À
J§[∗∗∗]����mØO\�²¡¥"

3��p��mþ?1|¢k|Ü�¿¯K§GA�{^«+¥��N

é|¢�m¥��²¡?1æ�"duz��NÑáu2L−1��²¡£z

� ½�3��§½�∗�O§�ØP¤k �∗���mA~¤§Ïdé?
¿���NO�Ù·A¼ê�§��ué2L− 1��²¡Ó�\\
��æ

��"XJ���²¡H�·A¼ê� f̄H§T�²¡S�æ�ê�cH§K

·�F"²L�NÀJ�§H S�æ�A� f̄H�����N�"XJ·�æ

^{þ�Åæ�üÑ§K�uy¥m«+Sz��²¡H�æ��êC′Hò�

C f̄H × cH"ã 9.5�Ñ��~f"dã¥��§¥m«+¥z��²¡þ�

æ�ê�Äu·A¼ê�Ï"æ�ê�~�C"��5¿�´§{þ�Åæ

�üÑ±z���N�·A¼ê��Ä:?1�NE�Ú�Å)¤§¿vk

�Ä�z��²¡�æ��¹§�ù�üÑ(¢¦�²L�NÀJ�¤k�

²¡þ���ê��«+¥T�²¡�·A¼ê�¤�'"ù¿�XO�z

��N·A¼ê��ÿ§=��uÓ�Û5O�
¤k�²¡�·A¼ê

�"
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(0,0,0)

(1,0,1)

(1,0,0)

(0,0,1)

(0,1,1)

(1,1,0)(0,1,0)

(1,1,1)

Fig. 9.4 n��m¥��?�?èÚ�²¡"á�N�z�º:�L���N�ÄÏ?è§
z^�ã������²¡§z�²¡������²¡"~X§7Ú>L«±[1 ∗ 0]�

?è����²¡§"Ú¡L«±[∗∗1]�?è����²¡"

Fig. 9.5 z��²¡£dSchemaL«¤��·A¼ê£Mean¤!�c«+æ�ê£Count¤!

Ï"æ�ê£Expect¤ÚÄu{þ�Åæ�üÑ)¤�¥m«+¥T�²¡þ�¢Sæ�

ê"lL¥��§ù
CþmäkXe'XµÏ"æ�ê=·A¼ê×�c«+æ�ê"
ã¡5g [4]"
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þã(Ø�/ªzXeµ�1t�«+¥�²¡H þ�æ�ê�M(H, t)§

±t + inter�²L�NÀJ��¥m«+"�{þæ�üÑ��NE��ª§

��µ

M(t + inter) = M(H, t)
f (H, t)

f̄
, (9.1)

Ù¥ f (H, t)�1t�«+¥�²¡H þ�¹�¤kæ��·A¼ê²þ�§

f̄�¤k���²þ�"

��5¿�´§�NÀJ=´�c«+¥�N�E�"ù�E�Å��

U¬UCz��²¡Sæ��©Ù§�Ø¬�)#æ�"��)#æ�§I

��ûüÑ"·�Äk�Ä���û"�{Bå�§=�Äü:��üÑ§

=�ÅÀJ����:éü�I�ÄÏ3T��:?Ó��ä§2p���

ÄÏ¡ã#|Ü§Xã 9.3£a¤¤«"

·��Ä,���²¡H§�	ü:��üÑXÛK�3T�²¡þ�

æ�"AO´§��1���üÑ�§XJ�)¤��NØ3T�²¡þ§

KòéT�²¡�)‘»�’§=ü$e��«+3T�²¡þ�VÇ"w,§

éu���²¡§?Û��üÑÑØ¬éT�²¡þ�©Ù�)K�§Ï�

���)¤��Npok���±3��m"~X���²¡[1∗∗∗∗]§Ø
Øæ^Û«��üÑ§±T�²¥,�����Ù¥��I��§Ù)¤

�f��pok��31� ´1§ØØ,��I��´ÄáuÓ���²

¡"

éu2�±þ��²¡§��üÑ¬¦�)¤�f��ølT�²¡§

Ïé�²¡�)»�"AO�§=¦éÓ��²¡§��üÑ�)�»�

�´ØÓ�"~XXeü��²¡:

[11∗∗∗∗∗∗] [1∗∗∗∗∗∗1],

éu1���²¡§XJ��:À312�1��§K�)�f��o¬k�

�3T�²¡þ§éu1���²¡§?Û����:Ñ�U�)ü�Ø

áuT�²¡�f��"�£ãù«ØÓ�ª��²¡3��üÑe�»

��^§·�½Â���²¡���ål£Defining Length¤∆(H)�H�?

è¥1���∗ Ú�����∗ �ål§~X§[∗1∗∗0∗]���ål�3§

[∗∗1∗∗∗∗0∗∗∗1]���ål�9"��üÑ�)�»��∆(H)k�''X§

=µ

h̄ =
∆(H)

L−1
,



9.2 ¢D�{£GA¤ xxxvii

h̄�L�)�»�§L�ÄÏ�?è�Ý"5¿�3��ö�¥§��I��

dH¥�)§Ïd�k�,��I��dT�²¡�Ö8¥�)�§â¬�

)»�§Ïdkµ

h̄ =
∆(H)

L−1
(1−P′(H, t))

Ù¥P′(H, t)�3¥m«+¥�²¡H ¥æ�:¤Ó�'~"�ª 9.1§�

�µ

P′(H, t) = P(H, t)
f (H, t)

f̄
,

Ù¥P(H, t)´31t�«+¥�²¡H¥æ�:�'~§Ïkµ

h̄ =
∆(H)

L−1
(1−P(H, t)

f (H, t)
f̄

). (9.2)

�«+¥��ë���ö��VÇ�pc§éØë���ö���N?1

��E�§Kk1t +1�«+¥�²¡H¥æ��ê�µ

M(H, t +1)≥ (1− pc)M(H, t)
f (H, t)

f̄
+ pc[M(H, t)

f (H, t)
f̄

(1− h̄)] (9.3)

þª�¤±´��Ø�ª§´Ï�c¡?Ø���ö��5�»�þ¯¢þ

´��þ.",
wå5�U�5»��ö�¯¢þk�½'~Ø¬�5»

�"~Xé�²¡[11∗∗∗]§�T²¡¥����[10000]���ö����:

À31� ���§¤)¤����,k��3��²¡S"òª 9.2�\

ª 9.3§¿��n§��µ

P(H, t +1)≥ P(H, t)
f (H, t)

f̄
[1− pc

∆(H)

L−1
(1−P(H, t)

f (H, t)
f̄

)]

þª¡�Äuü:���Schema½n"

y3�±Ú\CÉö�"�z� þCÉ�VÇ�pm§¿P�²¡H�

�ê£=?è¥�∗��ê¤�o(H)"Äk5¿�éH¥?Û�∗iÎ£0½1¤

�CÉÑ¬��»�§ÏdØ�»��VÇ�(1− pm)
o(H)"du��ÚCÉ

´G1�§�küöÑØ�)»��âU�y�ûL§Ø�)»�,Ïdüö

�VÇ´¦È'X"���XeÄuü:��ÚCÉ�Schema½nµ

P(H, t +1)≥ P(H, t)
f (H, t)

f̄
[1− pc

∆(H)

L−1
(1−P(H, t)

f (H, t)
f̄

)](1− pm)
o(H).
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ÏLSchema½Â�í�L§·�w�§GA�{ÏL�NÀJ5N�3

���²¡�æ�'~§¦�æ��·A¼ê�p��²¡à8¶Ó�§�

�ÚCÉö�3Jø#���Ó�§�±?¿���²¡¥¤�¹�æ�'

~÷v��e."ù�L§��±n)��«‘Divide and Conquer’�{µ@


$��!$��ål�!äk�p·A¼ê���²¡��5�õ/æ

�!�û§¿¤��Ep��²¡��¬£¡�Building Block¤"Ï�äk

�p�·A¼ê�§GA�æ�L§�yù
�¬��Ð/�L¶du�$

���ål§GA����ûL§Ø´éÙ�)»�¶duäk$�5§ù


�¬�±p�|Ü£5¿§Ø´��ö�¤§/¤p�þ�p��¬§=

�8¥�)�m"

Schema½n�·�Jø
��GAL§�nØ)º§äkér���¿

Â",§ù�nØ�ké�Û�5§AO´§vk�Ä3�ûL§¥��

�²¡�m��p'X§ÏdéJ��éGAª³��Û5�ä",��¯

K´ù�nØéCÉüÑ3GA¥��^)ºØv"dSchema½n§CÉö

�Ü©(1− pm)
o(H)´�«�ê?�»�§AO´é$��ål�`��.�

)»�§l��1t +1�«+3���²¡þ�©Ù4� l1t�«+§

Úå�{Ø½",§3y¢A^¥§XJvkù«»�§��ö��U

é¯?\ÛÜ�`§�)¤¢�‘�¤ÙÂñ’£Prematurely Converge¤y�"

éõï¥uy§CÉö��~�ù«ÛÜÂñ�VÇ"¯¢þ§=¦�¦^

CÉö�§��±��*Ð5�~Ð�)"

9.3 ¢D?§£GP¤

IOGA�ö�é�´êâ§X�.�ëê½|¢?Ö¥�´»"XJ

·�òö�é����|ëYö�§ÄuÚGA¥aq�üz�K§=éö

�L§?1ÆS"ù«Äuüz�Kéö�L§?1ÆS��{¡�¢D

?§£Genetic Programming, GP¤"XJ·�òGA'�ÀJ�Ð�È7�Ñ

�{��f§GPK´ÆS�½�1È7§ÆSXÛ�Ñ�{�f�L§"

GP�±@�´GA�*Ð"
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9.3.1 ���{{{ÄÄÄ:::

ã 9.6�ÑGP�Ä�6§"3GP¥§z��NéA���{6§§GP�

8�´|¢��k���{§¦�$1T�{����8IÂÃ��z"ã

9.6�Ñù�|¢L§µÄkÐ©z��«+§«+¥z��NéA���

{¶éù
�N�·A¼ê?1�NÀJ§Ù¥�{�·A¼ê�ÏL$1

T�{�)�(J�1µd¶ÀJ�¤�§A^���ûÚCÉüÑ)¤#

�N§��e��«+"þã�NÀJÚ«+�ûL§S�?1§����

�þ4<÷¿��{"þãL§ÚGA¥�üzL§´���§�k3�N

é�Ú·A¼ê�ÀJþk¤«O"

种群初始化

+

z x

z *

zx

个体选择

+

z x

*

z
x

种群繁衍

+

z

*

zxz

*

y

x

Run()

适应函数计算

优化解

z=0;

if (y > x){

  z=y;

}else{

  z= x *y;

}

Fig. 9.6 GPÄ�µeµÐ©z���{«+§éz��NÏL$1Ù¤éA��{O�Ù

·A¼ê�¶ÄuT·A¼ê�?1�NÀJ§¿A^���ûÚ�NCÉö�)¤#«

+"²L�ES�§��`z�«+§Ù¥�`�N=éA���`z�{"

ÄÏ?è

GP¥���¯K´XÛé�{6§?1?è"ÚGAØÓ§GP¥ØÓ

�N�UéA��O�L§§Ù�Ý�U´Ø��§��Â&E�´L"�

{ä?è´GP¥Ï^�?è�ª"T?è�ÎÒL�)eZö�ÎÚö�

é�§òù
ÎÒ^ä(�|�å5§Äu�½�{5K§ù�ä(�=�

L«���{6§"ã 9.7�Ñ���{ä�~f§Ù¥z�¥m!:�L

��ö�Î§^5éÙ��f!:?1ö�§���(Jx\I!:�þ�
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�ö�"½ÂÐþã�{5K�§z��{äéA�����{"5¿§T

�{ä¥�ö�Î�±´?¿��¼ê§T¼ê±Ù¤kf!:�Cþ§Ï

dT�{äz�!:�U�¹õ�f!:§z�!:éAö�Î�E,5�

�Uké��O"þã�{ä(��±?�Ú*Ð§z�!:�±´��f

ã§�L��fL§§Xã 9.8"òãy©�k�g�i@fãäk�¿

Â§§¦�3GPL§¥,
�½O�ü��±���Në�üz§Ï4�

JpÆS�Ç"

x y

3 xa +

*

max

/

Fig. 9.7 GP¥^�{ä(�L«��{6§"z��f!:�L���ö�é�§z�

¥m!:L«��ö�Î"ã¥¤«�{äéA�{�µmax(a ∗ (x+ y),3/x)"ã¡5g

[44]"

Ð©z

äG?è¦�GP�Ð©z�\E,"�~^�Ð©z�{�)ü«µ�

´»Ð©zÚO�.Ð©z"ØØ=«Ð©z§ÑI��½ä��Ý§=l

�!:��f!:���´»"~X§ã 9.7¥?èä��Ý�3§��´»

�£max,∗,+,x¤Ú£max,∗,+,y¤"(½
ä��Ýd§�´»Ð©zl�(

:Ñu��d−1��¤k¥m!:Ñ�ÅÀJ��ö�Î§����1d�

!:�§�ÅÀJö�é�"Ïd§�´»Ð©z)¤�äÑ´���§=

¤k´»��ÝÑ´d"ã 9.9�Ñ�´»Ð©z�L§"
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x y

3 xa +

*

max

/

+

c d

fmin

Fig. 9.8 GP¥�fã��{ä(�§Ù¥!:a���fã§�L�f�{�a =

min(c,d)+ f"ã¡5g [44]"

3O�.Ð©z�{¥§)¤z�!:�Q�±ÀJ��ö�é�§�

�±ÀJ��ö�Î"�ÀJö�é��§T´»(å¶�ÀJ��ö�Î

�§òT!:��¥m!:¿*Ð�e��UY´»)¤"duù�Ð©z

�ª�U3?�!þ:ÀJö�é�§Ï)¤�ä´Ø���§k
´»

�Ý�ud"ã 9.10�ÑO�.Ð©z�L§"

é'þãü«Ð©z�ª§�´»)¤�ä�þï§O��ª)¤�«

+�äõ�5"¢�¥�±òü«�ª(Üå5§��^�´»)¤§,�

�^O��ª)¤£¡�Ramped Half-and-Half¤"Ù§Ð©z�ª�)é¤

k�Uä(��þ!æ� [42]§½Äu+��£?1Ð©z [2]"
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L$1(J5(½�N�·A¼ê"ù�L§Ï~´éÑ��§Ø·Ü�5

�GPÆS"

GP¥~^��NÀJ�{´‘'Éû�’£Tournament Selection, TS¤{"

~X·��ÀÑ�����1CÉüÑ§TS�{3�c«+¥�ÅÀJ��

f8§3f8¥]À���Ð��N��CÉ��"ù��{ØIé¤k�
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Fig. 9.9 GP��´»Ð©zL§§tL«)¤Ú½"TÐ©zL§)¤�?èä´���§

ä¥¤k´»�Ý��"

Fig. 9.10 GP�O�.Ð©zL§§tL«)¤Ú½"TÐ©zL§�±�ä´Ø���§

ä¥´»�ÝØ�"
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Cq�{

5é·A5?1üS§Ø7�¢S$1z��N�L�§S"é���û

üÑ§Ó��±^TS�{ÀÑI��§�ØLI��ügTS§��ü�I�

�"
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��Nõ�5§AO·Ü��5�«

+�?z"

���CÉ

ÄuÙäGL«§GP¥���üÑÚGA¥���üÑkwÍ«O"

�~^�GP��üÑ´fä��"3ù�üÑ¥§3ü�I����{

äT1ÚT2¥�g�Å(½����:h1Úh2§lT2¥��±h2��!:�f

äSh25O�T1¥±h1��!:�fäSh1§/¤#��N§Xã 9.11 ¤«"

5¿§ã 9.11¥I�NT2¥�Sh2�Ü©ÚT1¥�Sh1�±�¿ïØ^§�ùü

Ü©��±|Üå5¤�,��#�N"

þã��üÑ�6ü�I��¥��:�ÀJ"��5`·�F"��

��L§�5��Å5§ÏdI�O��fäØUL�"�«�{´3ÀJ

��!:��Äz�!:�¹�f!:�ê§�¹f!:ê�õ�!:Ùf

ä��§�ØAT��´O�"3¤k!:þ�O���²þ!�Å©Ù§

¦�fä���f!:�À���!�VÇ��§�±k����Åºx"

'uCÉüÑ§�«~���{´�ÅÀJ��CÉ:§òTCÉ:

±e�fäO�¤���Å)¤�ä"ù��Åä�^�´»�ª£Full¤

½¤��ª£Grow¤)¤"5¿ù�fäCÉ�ª�@�´��üÑ�A

~§ÙT2����Å)¤ä§���!:h2´T2��!:"Ú��üÑ�

q§3CÉüÑ¥·��I���CÉ�5��Å5§Ïd�fä���O

��þ!VÇ©ÙéCÉ!:�ÀJ`��",�«CÉö�´ü:C

É§=��ÅUCä¥�,�!:§Ø´#Ð©zÙfä"Ù§CÉ�

ª�),?CÉ£Hoist Mutation¤, ~CÉ£Shrink Mutation¤,��CÉ

£Permutation Mutation¤�§äN�� [44]"�
@ÏïÄö@�CÉö��

U´Ø7��§XKoza [40]§��5ïÄöuy�5��CÉ´kd��"
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GPüzL§¥²~¬w��«âC£Bloat¤y�µ3GPÐÏ§«+¥

�N�²þ�Ý£?èä�!:ê¤�±�é½§�²L�ã�m�üz
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[52]"âCy�éGP�5UE¤
»�§Ø=\
O�Kú§�ü$
(

J��*Ð5"�«��âCy��{ü�{´é�N�Ý?1¨v§ü$

�NÀJL§¥P��N��ÉVÇ§½~��ûL§¥P��N�)¤V

Ç [71]"

9.3.2 GPppp???{{{KKK

�5?è

GPØ=�^5)¤O�úª§���´�±gÄ)¤O�§S§Ù

¥z�Ú��1,�Ä�ö�"ÏLéö�S��üzÆS§����¤?

Ö�O�Å§S",§Ï^�ä(�?è¿Ø·Ü§SÆS§�´ù«L

��ÇØp§AO´3���½CÉö��'�E,§�´I�AO�)º

ì§Ï^5Ø
"§S�-´^�?�L«�§Ïdég,��{´^�?

�?è5�Oä(�?è§¡��5?è"

Úä(�ØÓ�´§�5?è¥Ø�¹äN�ö�êâ§´N\eZ

�M�ì(�§§S¥��-£éAÄÏ ¤l,
M�ì¥Ö�êâ§2

òO�(J�£,�M�ì¥"�é{`§�5?è¥��¹ö��-§±

1ìò�?è¥����-^S�g�1"�1ì�±´Åì�CPU§��

±´+��'��-)ºì"�
;.�GPgÄ?§Å�ë� [41, 23]"

Äuþã�?�?è�ª§��ÚCÉö�C��é{ü§~X�±^

V��:�ª3I�ÄÏþÀJ��¡ã§ù
¡ã�±3ü�I�m?1

��±��#�N"ù«�p�±´� �£=�kI�méA ��ÄÏ

¡ã�p�¤§��±´�� �"CÉö��é,� ��-?1�ÅO

�§�I��yC����-÷v§S�Ü{5£XM�ì�Ö�^S!�

����¤"

ã?è

c¡J�L§�¬z?§´GP�±Jp5U��Ãã"�¬z?§I

�UCä?è(�§#NØÓ!:�±��Ó��fä§Xã 9.12¤«"�

±w�§3£a¤¤«ä(�?è¥§ü��Ú(:L«�fääk�Ó(
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�««+?z�{§¡�VÇGP"VÇ�O�{£Estimation of Distribution

Algorithm, EDA¤´�«;.�VÇGP�{"ù��{Äu�c«+&E�

O��æ�©Ù§¿ÄuT©Ù��æ�Ñe��«+��N"5¿§ù

�æ�©Ù�X«+�?zÅìu)UC§¦Ù�5���u)¤äk�
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^�GP�§I�éz�ÄÏ ��=
ö�Î?1ï�§½éØÓö�Î3

ÄÏ¥��é �?1ï� [43]"

VÇGP�±@�´�«^5�{Ú�Â��§Ïd�VÇ)¤��N

k���U5´ÎÜ?Ö�¦�Ü{�N§Ï�4�~��Ø)¤Ç§J

p)¤�Ç"Ó�§�I�éz��N�î�u�§�yÙÜ{5",��

¡§·���±ò?Ö&E���«�{Ú�Â5KÚ\��N)¤¥§ù


5K�±´(½�§��±´�Å�"ù«��£�)¤��Nk��V

Ç´Ü{�N"�
ïÄöò�{Ú�Â5KÚVÇGP(Üå5§��
Ø

��J [57]"

GP�nØ)º

c¡?ØLGA�SchemanØ§ù�nØÓ��^5)ºGPL§"

SchemanØò)�m©¤¯õ�²¡§¿�Oz��²¡þ��Å��

ê [33]"ïÄö*Ð
ù�nØ5)ºGP�Ä�1�A5 [50, 51]"Ù§

éGP�nØ)º�)ê��Å�.ÚÚOVÇnØ� [14, 53]"þãéGP�

)ºk�½��¿Â§�ý�õênØÑÄu�r�b�§éE,¯Ke�

1��ØU)º",·��¤±^GP§Ò´Ï�§�±)ûE,¯K"l

ù��Ý5`§éJk�«nØ�±)ºý¢A^|µe�GP1�"

9.3.3 ÙÙÙ§§§üüüzzzÆÆÆSSS���{{{

þ�!·�0�
GA§�!0�
GP§ùüöÑÄuÓ��)Ô?z

�K"Äuù��K�`z�{�keZCN§ù
CN�´3?è�ª!

·A¼êO�!^�����¡k¤�É§k
´üzÆSuÐ@Ï�Ð?

/ª"·�éù
�{Ø���Ðm§=�Þ¦���
Ì�A�"

• ?z?§£Evolutionary Programming§EP¤"�GPaq§�Ø#NUC§

S(�§�#NUC§S¥�êâëê [22]"EPdFogel360c�JÑ§

��±��k�G�Å£FSM¤�ö�é�§ÏLEPÀJÜn�ëê5J

pFSM�ýÿUå"EPuÐ�8U§®²ÚGPvk��«O"

• ?züÑ£Evolution Strategy§ES¤ [7]"ESdRochenberg [55]�360c�

JÑ"ES¥��æ^2:ê?è§¿±CÉö���Ì�üzóä"Ä�

�ES«+¥��3���N§éI�N�1CÉö�§������'
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I�N�`��N§=��e��«+"ù��{¡�1+ 1-ES"31,λ -

ES¥§�1CÉö���λ��N§ù
�Në�ÀJ§�`�N��3

�e��§�c�N�¿ï"ES�{¯¢þ´GA�@Ï/ª"

• ÄÏL�?§£Gene Expression Programming§GEP¤´�«�5?è�

¢D?§�{ [18]"ÚIO�5?èGPØÓ§GEP�?è´���§�?

è¥�kÜ©ÄÏ¡ã��L�¤�N£äGL�¤"Ïd��GEP�Ä

Ï�L�õ�Ø����{"ùaqu<aÄÏ¥�k�Ü©3¤�L

§¥�L�Ñ5§ÏÓ��ÄÏ3uÐL§¥¬)¤ØÓ5G��N

£XV��¤"3?z�{¥§ÄÏ?è/ªÏ~¡�Genotype§dT?è

L�Ñ��NÏ~¡�Genetype"GEP=´^½��GenotypeL�Ø½�

�Genetype�GP�{"

• �É?z£Differential Evolution, DE¤"DE´,�«{ü�üzÆS�{

[62]"ù��{õ^uê�`z�{¥"{ü�DE�{l«+¥�ÅÀ

�4�N§z��N´��ê��þ§P�x,a,b,c§O�y= a+F×(b−c)§

òx�y��Å��§Ù¥z�����ö�Ñ´Õá�Å�"XJ·�

òù�L§À�x�a,b,c���§ù��u�¹õ�I�N���üzü

Ñ"

•  ²?z£Neuro Evolution§NE¤"NEaquGPÚEP§�Ùö�é���

� ²�ä§|^üzÆSüÑ)¤ ²�ä�ëêÚ(� [19]"DÚ 

²�äÆS��æ^ÄuFÝeü�BP�{§ù��{Ã{UC�ä(

�§é�¹�ëY-¹¼ê�E,�äÃ{Ôö"ÄuNE§�I�ÅÑ

�
 ²�ä�(�Úëê§¿(½ù
�ä3A½?Öþ�5U§=�

ÀÑ`z��ä(�Úëê"X3iZ?Öþ§iZ(JéJÏLBPé

�äëê?1ÆS§AO´é�ä(�?1N�"ÏLNE§=�ÀJÜ

n�(�Úëê"ù��{AO·^u@
äk�ëY-u¼ê��ä§

XÄuÀ-S���) ²�ä [27, 37]"

• ©aìÆXÚ£Learning Classifier System, LCS¤"LCS�@dJohn Henry

HollandJÑ§^GA�{5)¤<a�Ö�5K [34]"ù
5KÏL3�

ÆSÔö�~gÄÆS§¿ÏL}à?1Ø "ù��{¡�Michigan-

style LCS" 80c�§Kenneth de Jong ÚStephen Smith^l�ÆS�{J

�5K[65]§ù��{¡�Pittsburgh-style LCS"ØØ=«�{§@Ï

�LCSÑÁãÏLÔöêâo(�X�/X‘IF-THEN’�5K§¿é5K

�·^5?1D�"AO��´§ù
5KÄkdÔöêâ�~��§

¿ÏLüzüÑ?1*Ð"90c�§Wilson?�ÚuÐ
LCSXÚ§Ú
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\Q-learning�{¥��"&Ò��·A¼ê§¦��±?nrzÆS?

Ö [68]"

9.4 +NÆS�{

c¡·�?Ø�üzÆS�{Ì��[)Ô«+�?zL§"ù�L§

��A���´+NÆS§ÏL«+mØÓ�Np���&E5�N«+

��N`z��"ù�+NÆS�ªØ=Ny3¢D?zL§¥§�´Nõ

Ô«�F~)¹�ª"��5`§+ØÔ«+Ñäk,
A½��Ó1�§

ù«�Ó1�äkg|5Ú©óÜ�ü«á5"g|�5ÏL�Nm�ÛÜ

�p1�/¤+N1��ª"ù
�N�p�)���"£X�Nmp��

�¤!K��"£X� ��p�¿�¤!�Å1��"©óÜ�Ï~¦«+

�ó��Ç�p"ù
Äu�N�pû)Ñ�+N1�  Ly�'�N1

��k8�5§Ï�¡�+N�U£Swarm Intelligence¤ [8]"

�!0�A«Äu+N�U�`z�{§ù
�{î�5`Ø�?zÆ

S§�3g´Ú8IþÑ�?zÆSkér�'5"~XüöÑÄu·A¼

êé�N?1ÀJ¶¦�Ñ�6,«É����Å55|¢d3�¦)f�

m§±é||Ü�¿¯K"

9.4.1 ¬¬¬+++`̀̀zzz���{{{£££ACO¤¤¤

Dorigou1992cJÑ¬+`z�{£Ant Colony Optimization¤^5)û

ãþ�´»|¢¯K [16]"8c§ACO®²�2�^u|Ü`z?Ö¥§X

]5y [6, 25]§´»5y [56, 15]§?Ö©� [54]§ã�?n [45]�"

ACO�{�[¬+Ïé8I�1��ªµz�é¬3é��^k�´»

�§¬3´þhe&E�§&E��õ��´»�á£½Ù§-y¤�'¶

Ù§é¬¬�ÛÜ8I��CÚc¡Ó�3e&E��õ�5û½ =��

�Ïé"ù�|¢�^S©1?1§z�g�Ñ�1é¬§�1é¬|¢�

¤�3´»þ3e&E�§��e�1é¬Ïé´»����£"²LõÓ

|¢§é¬�=�é�p�þ�`z´»"&E�´é¬m?1�N�p�

Ì��ª§�´¬+�N1Ä��Å�"�A�§ò{¤|¢(J��k

�&E���Y|¢§´ACO�{�Ì�A�"
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±À1û¯K�~5`²ACO�äNÚ½"À1û¯K£Traveling

Salesman Problem, TSP¤�8�´3/ãþÏé�^�á´»§ù^´»Ï

L¤k¢½§�z�¢½���g"ACO^XeÚà)ûTSPµ

1. Ð©z¤k¢½m�&E�����þτi j = δ§Ù¥i, j�L¢½?Ò"

2. ÀJN�é¬§lÐ©:m©}Á?1´»|¢"|¢�z�Ú�XeV

ÇÀJ8I¢½µ

pi j ∝ τ
β

i jd
α
i j ,

Ù¥di j�¢½i, j�m�´»�Ý, α,β�ëê"5¿3ÀJ8I¢½�§

�I\\TSP¯K�äN��§=z�é¬z�¢½�U��g"

3. �¤kN�é¬´»|¢�§z�é¬���^��Ü{�À1´�"d

��#´»�&E�Xeµ

τi j = (1−ρ)τi j +ρ

N

∑
n=1

δi j∈ξn

1
Ln

,

Ù¥ρ´�#ëê£éAc�1é¬3e�&E���uXê¤§ξn�L

1n�é¬rL�´»§Ln�Lξn�o�Ý"þªL²§,�é¬uy�

´»�á§§3e�&E�Ò�õ"

4. �£�12Ú§�Ñe�1é¬#m©´»|¢"duc�1é¬®²

3e
éõkd��&E§#�|¢�m¬�\`z"

aqTSP�|Ü`z¯K��^éu|¢½GA��{¦)"Úù
�{

�'§ACO���`:´§äkÄ�ÆSUå"~X�´»¥\\×�!û

¬d�Cz�Ï�§TSP¯K��`)ò��mÄ�Cz"ACO�ÏL�Ñ

#¬+¢yé#�¸�·AÆS"ù«·AÆS5uACO�VÇ�OL

§µz�1#é¬�£�§&E�¬=��#§ù��uò��VÇ=z�

k�VÇ§ÏdL���£��#�¸¤|^§Ó�q�±�9��#±·

A#�¸"ù«VÇ�O�{�·�3iÒÆS¥���d3�ÆSk�q

5§�,&E���#úª¿Ø��éA��Ün����O"

���J�´§ACO�·�c¡J��EDA£Estimation of Distribution

Algorithm¤k�q�?µ�öÑ´ÏL�c&Eé)�m�VÇ�O§¿Ä

uTVÇ)¤�øUY|¢�ÿÀ)"ACO�EDAØÓ3u§EDAÄuþã

VÇ&E��)¤)�mæ�§ACOòþãVÇ�{¤&E(Üå5§�

#ÛÜ´»�VÇ�§2ÄuTÛÜVÇ?1)�mæ�"
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9.4.2 <<<óóó···+++���{{{£££ABC¤¤¤

<ó·+�{£Artificial bee colony algorithm§ABC¤´,�«+N`z

�{ [36]"ABC�{�[·+�ó��ª"��·+XÚ�)na�U�ó

·µæ�·£Employed bee¤!7Å·£Outlook bee¤ÚÑÜ·£Scout bee¤"

�m©�§keZÑÜ·��Ñ�Ïé�§��é��=m©æ�§ù


ÑÜ·�A=z¤æ�·"ù
æ�·ræ����£·�§¿ÏLÍ�

��ªr��&E���7Å·"7Å·��ù
��E�§���

�þ�ÅÀJØÓ�?1æ�"���þ�Ð§�X�æ��7Å·�

õ"���mæ��½§Ý§Ù�þ¬Åìeü§��vkUYmæd�

���ï"ù��
�·2g=C¤ÑÜ·§�Ñ�Ïé#��2"

ABC�{/��·�ù�+N1��ª5?n`z?Ö"òz��@

�´���U�)�m§ù�)�m¥�z�)Ñk���A�·A¼ê"

æ�L§��uù�)�m¥ÏLu÷�U�)§��Øäk�Ð�)�u

y§Ò¿�Xù��vk &"z�)�m¥�&E§=�`)��þd

æ�·�£§7Å·�Äuù
)��é`�û½�ØÓ)�m�Ïé�`

z�)§Ù¥é)�m�ÀJVÇ�'uT)�m¥�`)�·A¼ê"X

J��)�m�Ïvkuy�Ð�)§¿�XT�®² ¾§K¿KT)

�m§¿�Å��#�)�m#&¢"ù�·+�{�Ä�6§�±ké

õC«§�{ 1�Ñ�«{ü�¢y�{"

,�«�[·+1��`z�{dPham32005JÑ§¡�Bees Algorith-

m £BA¤ [49]"ù��{ÚABC�{�g�Ä���§�¢y�{þkX

e�Oµ£1¤BA�{¥æ�·Ú7Å·¬3gCÀ½��NC�Å|¢§

ABC/^Ù§�� �?1|¢¶£2¤BA�{¥XJ,��3,g

S�¥vké��`)§eg|¢� �|¢��"Ïd§�Ag|¢ÑÃ

{é��`)�§�c� �=�ÛÜ�`)§Ø7UY|¢e�¶£3¤

BA�{ò�©¤`��!kd��ÚÃd��§é`�����

õ7Å·�u÷§éÃd��K��¿ï§#�ÑÜ·Ïé#�"3

2 http://www.scholarpedia.org/article/Artificial bee colony algorithm
3 https://en.wikipedia.org/wiki/Bees algorithm
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1 Input: N,M,α,γ;

2 Initialization:

3 xn = Rand(); n = 1, ...,N; //init each honey source

4 cn = 0; n = 1, ...,N; //set extinction clock

5 while True do
6 for n:=1 to N do
7 pn =

f (xn)
∑i f (xi)

; //fraction of outlookers to source n

8 Mn = Rand(M, pn); //number of outlookers to source n

9 //search new honey by each outlooker

10 x′n = xn;

11 for m :=1 to Mn do
12 //use the position of anther honey source to find new honey

13 j = Random(1,N); j 6= i

14 xn = xn +α(xn−x j);

15 //accept better honey and reset extinction clock

16 if f (yn)> f (x′n) then
17 x′n = yn; cn = 0;

18 end

19 end
20 if f (x′n)> f (xn) then
21 xn = x′n; //update the honey source if better found

22 end
23 else
24 cn = cn +1; //update the extinction clock

25 end
26 if cn == γ then
27 xi = Rand(); cn = 0; //Research new source if distinction clock

reach γ

28 end

29 end
30 if Converged() then
31 break;

32 end
33 Output: argmaxxn

f (xn);

34 end

Algorithm 1: Artificial Bee Colony £ABC¤`z�{"N�)�m�ê

£æ�·�ê¤¶M�3��)�mÏé#)�o�ê£7Å·�ê¤¶

α�)¤#)���ëê¶γ��ï)�mI��S�gê¶xi´1i�)

�m��`), f (x)�)x�·A¼ê¶ci´1i�)�m�é��`)�

gê"�ci��γ�§`²1xi®²AgS�vk�#£��u�®²

 &¤§Ïd���ï#æ�"Converged()´�äS�´ÄÂñ�¼

ê"Rand(M, pi)�VÇpi(½31i�)�m¥|¢#)��ê"
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9.4.3 âââfff+++���{{{£££PSO¤¤¤

âf+�{£Particle Swarm Optimization, PSO¤�ÐJÑ5´�
�[

�+½~+��N1� [38, 58]"ù
ÄÔ3Ï�8I��ÿ§ü��N�

|¢üÑQÉ�gCL�@��K�§�É�+N�Û@��K�§ùüö

�Óû½z��Nz�Ú�1��ª"�Û@�´¦�ÄÔ�±¤+��

Ï§�N@�Jø
�Ð�õ�5"{ü�PSO�{X�{ 2¤«§T�

{�)XeÚ½µ

1. éz��Nn� �xnÚ8I`z��vn��ÅÐ©z¶

2. O�z��N�·A¼ê f (xn)§¿Ð©zÛÜ`z ��pn = xn:

3. é¤k�Np�'����Û�` �g;

4. éz��Nn§ÄuÛÜ�` �pnÚ�Û�` �gO�8I`z�
�vn;

5. éz��Nn§XJ8I`z��vn¦�ù��N�·A¼ê�O\§K

�ÉT��§¿�#ÛÜ`z �pn;

6. �#�Û`z �g
7. XJ��÷¿��Û�`)g§òÑ§S§ÄK£�Ú½4"
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1 Input: N,K,ω,φp,φg;

2 Initialization: xn = Rand();vn = Rand(); n = 1, ...,N;

3 //set local optimal pn;

4 pn = xn;

5 //set global opitmalg
6 g = argmaxxi

f (xi) while True do
7 //adjust each individual for n := 1 to N do
8 //update each dimension (variable) of each individual

9 for k :=1 to K do
10 rp ∼U(0,1);

11 rg ∼U(0,1);

12 vnk = ωvnk +φprp(pnk− xnk)+φgrg(gk− xnk);

13 end
14 //update individual position

15 xn = xn +vn;

16 //update local optimal

17 if f (xn)> f (pn) then
18 pn = xn;

19 end
20 //update global optimal

21 g = argmaxxn
f (xn);

22 end
23 //break if converged

24 if Converged()==True then
25 Break;

26 end

27 end
28 Output: g;

Algorithm 2: PSO�{"N�«+��§K�)��Ý§vn�1n��N�

 �£ÿÀ){¤§vn�1n��N��Ý§pn�1n��Nuy��`

)§g��Û�`)§ω,φp,φg�ëê"

PSO�{ÉëêK���"XJé�Û`z:LuÀ§+Nk�r�

oN��5§�é¯Âñ§�N´�\ÛÜ�`¶XJé�N`z:Lu

À§+N1�LuÑÏ§Âñ�ú§��\ÛÜ�`�ºx��"ïÄöJ
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Ñ
�«�{éëê?1ÜnÀJ [59, 66]"'uPSO�{�½5ÚÂñ5

¯K�kéõ�'ïÄ [11, 9]"

9.4.4 ÓÓÓ���ööö|||¢¢¢£££HuS)

Ó�ö|¢£Hunting Search§HuS¤´,�«Äu+N1��`z�{

[47]"ù��{�[H+�+N5Ó�ö�� 1�§ò`z8IÀ��Ô§

òz�Ó�ö�N¤3 �À���k�)§T)�8I¼ê��·A¼

ê§éAÓ�ö� �`³"HuSÐ©z�|Ó�ö��ÿÀ)§é� �

�`�Ó�ö��+ÞÓ�ö§¤kÓ�ö�+ÞÓ�ö�Å� §XJ�

 � ��`�§KÊ33T �§ÄKò£"��# ��§z�Ó�ö

égC ��?�ÚN�§½ö\\�Å6Ä§½ö�Ù§Ó�ö��Ü©

)£�duGA¥�CÉÚ��ö�¤"þãL§E?1§��é�÷¿�

)£éA+ÞÓ�ö� �¤"���|¢�\ÛÜ�`§HuSJÑ+N|

üÑ§�±+ÞÓ�öØC§Ù{Ó�ö#�ÅÀJ �"

9.4.5 FFF»»»ÁÁÁ���{{{£££FA¤¤¤

F»Á�{£Firefly Algorithm, FA¤�[F»Á�1��p�áÚ1�

[69]"FAòz�F»Á��1a'�`z¼ê��§¿b�F»ÁmÏL1

�p�áÚµ�Ý�$�F»Á¬É��Ý�p�F»ÁáÚ§����F

»ÁªC¶+N¥����NØÉÙ§�NáÚ§g��Å|¢"FA¯¢þ

´PSO��«C«§�ØLPSO¥�NÉ��Û�`�NáÚ§FA¥É�¤

k'�c�N�`�N�áÚ"

9.5 Ù§�Å`z�{

+N`z�{Äu�Nm�&E�p�y+NÆS�����5"�


ïÄö@�ù«+N&E�päk�¿Â§¦�+N1�'�N1��ä

k�U5 [8]",§k
ïÄö@�E,�&E�p¿ØU�5²w�Æ

S�Ç§��Ò`z?Öó§�Å5´���SN§=���Å5=�
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¢yüzÆSÚ+NÆS��Ü©8I"�!·�0�A«;.��Å`z

�{§Ù¥�[ò»�{��;."

9.5.1 ���[[[òòò»»»���{{{£££SA¤¤¤

7á3\9�XJ�úü§§¬/¤��¬â§LyÑ�Ð�Ôn5

U"ù�L§¡�‘ò»-"�[ò»�{£Simulated Annealing§SA¤�

[ù�ÔnL§§ÏL��§ÝëêN!`zL§¥��Å5§¦�`z

L§�±{øÛÜ�` [39]"�·��8I´��z,�¼ê§¿��c

)�s§I�Ïé�Ð�)s′5�Os"DÚ�÷ì�{ÀJ¦FÝeü��

�s′"3�[ò»�{¥§ls���¥�Å)¤��#�)s′§éù�)�

O���ÉVÇP(s,s′,T )§Ù¥T´§Ýëê"��´§=¦s′�¼ê�p

us£=s′�þ$us¤§P(s,s′,T )�´äk�u"�VÇ§¿�Xs′ �,�±

��É"�,§s′−s��§P(s,s′,T )�VÇ��"T��^´��P(s,s′,T )�

/G§T��P(s,s′,T )és′− s�Ø¯a"~X§P(s,s′,T )�½ÂXeµ

P(s,s′,T ) =

1 i f s′ < s

e−(s
′−s)/T otherwise.

3�[ò»�{¥§m©�éT������§¦�
�þ���s′�k

�p��ÂVÇ§|¢L§�'·Ï"ù«·Ïk|u3|¢ÐÏ{øÛÜ

�`"3UY`zL§¥§T����Åìü$§���)�5�J±��

É¶�T = 0�§�ks′ < s�)¬��É§ù��[ò»�{£8�DÚ÷

ì�{§�Ï·�¯�é�ÛÜ�`)"Ï�3�{ÐÏ®²ké�VÇ{

ø
ÛÜ�`§�Ïé��ÛÜ�`)  ´�Û�`)"��{ü�ò»

`z6§X�{ 3¤«"
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1 Input: K;

2 Initialization: s = Rand();

3 //loop for K times

4 for k:=1 to K do
5 //set temperature of the iteration

6 T = k/K;

7 //search candidate solution s′ around s

8 s′ = Rand(s);

9 //test if s′ is accepted

10 u∼U(0,1);

11 if P(s,s′,T )≥ u then
12 s = s′;

13 end
14 Output: s;

15 end

Algorithm 3:{ü��[ò»�{"U(0,1)´0-1þ�þ!©Ù"K´�

�S�gê"

ÚüzÆS!+NÆS��{�'§�[ò»�{�~{ü§=3|¢

L§¥Ú\
�Å5"kïÄö@�§ù��{3ý�Ü©�¹e®²v±

�ÑÛÜ�`¯K§¿ØI��GA½PSOù«E,�+`z�{ [60]4"

9.5.2 ÚÚÚîîî|||¢¢¢£££CS¤¤¤

�
Úîò��3O<�¶p§4O�j�§�Èz�� [48]"�
J

pgCfå��¹Ç§Úîåå¬��{rO<��O�¤gC��",

§ù«Ü��Úî���²~¬��Ìjauy§��ØÑ�"�d§Ú

îåå��¦
�«�{5k¿�Ìja§3����!ôÚ�¡?1�

�§$��ÚîÑ¬���Ìj��(§±O\gC�� �Å¬"

Úî|¢�{£Cuckoo Search¤/�Úî�ù«M)1��`z?Ö¥

[70]"3ù«�{¥§z�Úî��L�«){§���þ�'uT){�

·A¼ê"b�kN��Ì�§z�Å)¤��#�§Úîåå�ÅÀ��

�Ì� j§XJ#���þpuT�¥�k���þ§K^#�O��5�

4 https://en.wikipedia.org/wiki/Genetic algorithm



lviii 9 üzÆS

�£��u�Ñ
�`){¤§��K�±��¥��ØC"zg�Ð#�

�§��[��Ìuy�ºx§é�cN��¥���þüS§±pa�'~

DK����¿�Å)¤#�"þãCS�{z��p�#Nk���§��

±*Ð�#Nõ����¹"

'���A:´XÛ)¤#��"�«{ü�{�±ÄuÙK$Ä§

zg^þ!©Ù)¤��#��§3#��þ� £åld��pd©Ù�

�§=µ

xt = xt−1 +µv; µ ∼ N(0,σ).

Ù¥xt´1t��)¤�#�£=#)¤�)¤§v´?����ü �þ"
Yang�<uyù«)¤�ª)¤�xtõ�5Øv§ÏdïÆ¦^ÄuLevy©

Ù� £ål"

CS�{���Ð?´{ü´¢y§I�N!�ëê�£=k¿ï'

~pa��ëê¤"5¿CS�{¥�,)¤
N��§�+NÆSA�¿Ø²

w§�Nm�&E���´ÏL�þ¿�ÚüS§Ïd·�ò�À��«�

Å`z�{"

9.5.3 ÚÚÚ(((|||¢¢¢£££HS¤¤¤

Ú(|¢£Harmony Search§HS¤´Éù¬WüséuJÑ��«`z

�{ [26]"3T�{¥§z�ÑW�s�«Wì§éA)¥���Cþ£=

|¢�m¥����Ý¤§�sÑ�ÑÎéATCþ���"¤kÑW[

�å�s§����)§�s�Ú�§ÝéAT)�8I¼ê�"HS�{

é{üµÐ©zeZ){xi}§)¤��#�)x′�§éz��x′j�ÅÕá)

¤§)¤�ª±�½VÇplyk){xi}�éA�Ý{xi j}�ÅÀJ§½±V
Ç1− p�Å)¤"élyk)¥���x′j§�I\\�½D(£pd�½l

Ñ�¤"XJx′ `uyk)¥�þ���)§KO�T)§¤�yk)8¥
�)"þãL§S�?1§��)8¥)��þØ2Jp��"

HS�{ÚGA�{kér�q5§¯¢þx′�)¤L§=�)
��Ú
CÉü«ö�§�ØLùp���Ø´ü�I�m���§´)8¥¤k

�N��Å��"=+�3ù«�Nm�&E�p§�ù��p=^u)¤

#�)§Ïd+NÆSA�¿Ø²("·�òHS8a��ÅÆS�{"
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9.5.4 BBBRRR|||¢¢¢£££TS¤¤¤

BR|¢£Tabu Search, TS¤ [28]´��|Ü|¢�{"T�{�[<

a3|¢�ÞMp�PÁõU§3|¢L§Äu�cÛÜ�`)|¢NC�

)§3|¢L§¥é®²��3P¥�)Ø2�Ä"��{ü�TS|¢L§

X�{ 4¤«§Ù¥PÁ´�«á�PÁ§=�L�½�m�PÁ�¿ï"

ÚÚî|¢!Ú(|¢aq§TS���6#){��Å5§+NÆSA:Ø

²w§ÏAT@�´�«�Å`²�{"
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1 Input: K;

2 Initialization:

3 //init state

4 s = Rand();

5 //init tabu list

6 G = s;

7 //init global optimal sg and local optimal sl

8 sg = sl = s;

9 while True do
10 //search for the best around sl and not in the tab list

11 f ′ =−∞;

12 s′ = 0;

13 for s ∈ Nb(sl) do
14 if (s /∈ G) AND ( f (s)> f ′) then
15 s′ = s;

16 f ′ = f (s);

17 end

18 end
19 //reset local optimal

20 sl = s′;
21 //update global optimal

22 if f (sl)> f (sg) then
23 sg = sl ;

24 end
25 //update tabu list, and purge the old memory

26 G =Clean(G∪{sl});
27 Output: sg;

28 end

Algorithm 4:{ü�BR|¢§Ù¥PÁ�á�PÁ"G�BR�L§½

{¤PÁ; sgÚsl ©O��ÛÚÛÜ`z:"Nb(·)´#��)¤¼ê"
Clean(·)�éPÁ��n¼ê§X�K�L�½�m�PÁ"
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üzÆS�¤kÄ�VgµÄu·A¼ê��NÀJ!Äu��ÚCÉ�«

+�û!Äu��S�+N?z"·�?Ø
GA�SchemanØ§ù�n

ØL²ÏL�NÀJ§«+¥��N¬�5�8¥�·A¼ê�p�|¢�

m§��ÚCÉ��ûö�3Jøk��Å5�Ó�§¦�#��«+Ø
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8I°Ä�ÆS�ªaqu·�31 3Ù?Ø� ²ã(Å£Neural Turing

Machine, NTM¤ [30] ½��© ²O�Å£Differentiable Neural Computer,

DNC¤ [31]"ØÓ�´§NTMÚDNC´Äu��©�ëê�.§^ín�{

Ôö§GPÄuæ�{Ú`zÀJ?1Ôö",��ØÓ´NTM/DNC�±

ÆS�ö���§GPÏ~´3½ÂÐ��ö�þ?1ÀJ"GP�e�Ù
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´X{�æ�Á§�Ç�$§�A^���2"
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9.7 �']

• 'uGA§�Ùë�
Banzhaf�nã©Ù5Genetic programming: an intro-

duction6 [4]"

• 'uGP§�Ùë�
McPhee�<�nã©Ù5Field guide to genetic pro-

gramming6 [44]"

• 'u+NÆSÚ�`z�{§�Ùë�
Wikiþ��'&E5"

• 'uGA�@ÏÍ�§�ë� [29, 67, 46]"

5 https://en.wikipedia.org/wiki/Evolutionary algorithm
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