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Abstract: M-elite coevolutionary kinetic-molecular theory optimization algorithm (MECKMTOA) was proposed. 

MECKMTOA uses M elites to avoid misleading, improves the convergence precision by learning and collaboration 

among the elites, employs a new wave operator to prevent premature by dimension. The results show that MECKMTOA 

has good performance in precision and stability, and can solve the high-dimensional function optimization problems well. 
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3 3.778 7×10

−5

 0.377 5 −1.170 7×10

4

 3.478 2×10

−5

 1.176 7 6.434 0×10

2

 

5 3.103 0×10

−5

 0.165 3 −1.188 1×10

5

 2.765 7×10

−5

 0.354 9 6.026 0×10

2

 

10 4.108 8×10

−5

 1.835 3 −1.166 8×10

4

 3.576 6×10

−5

 11.117 6 6.469 1×10

2

 

15 5.084 0×10

−5

 1.760 0 −1.165 0×10

4

 5.105 3×10

−5

 10.147 2 6.748 1×10

2

 

20 5.322 4×10

−5

 3.419 9 −1.149 0×10

4

 4.722 5×10

−5

 15.570 3 7.025 3×10
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30 6.832 0×10
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 3.545 2 −1.087 7×10
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 6.793 3×10
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70 4.982 3×10

−5

 21.561 5 −1.001 4×10

4

 4.719 2×10

−4

 11.072 5 4.894 7×10
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90 0.002 2 93.958 8 −9.092 9×10

3

 0.001 7 42.249 1 7.466 7×10
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MLÅ M¿«�²F��Ü�úÁ[19]Ý« Q

�LÅ®-�´ F

1

~F

15

  M L5¿1,2, ,10� ¡�

GHPÓU"¤¥��3�Ó�Þß-´¤¥±5

�a«�)Ïa DgU"w²Bw²±5X+�

)w²àáL5X¼ 3
¼ 4O6B 

 

2

1

( ) 3.822 8 39.535 2 725.229 3f x x x= − −  (21) 

 

2

2

( ) 1.1919 11.9810 53.442 3f x x x= − +  (22) 

 

� 3  M���� !��"#�$%&' 

 

� 4  M���� !�����$%&' 

w²±5¬�OÑ ML5¿ 5.170 9
 5.026 0

¡�Ïaê
«
Ïa Dg+¿ÀÓ�«BM�

I���T�_`,-�5�ë�.M M�I��

b�RL»�GâR,-��^M���c�b�

��g�NS�ãä�8ÖB±. M¿«Mì��

M Gi�O�/��a¿ M=5Bw²±5�p�

�Ç�Òú�LÅB 

5.1.2  ������ 

Mâã,-��+�ùú���QR��VW

�Ïç×ð,��QR+p�ö÷eô,����

�å��æ���,�BM�Ç!,�´,-�+

�_`��MECKMTOA1¬6MECKMTOA�ç

è�Ïç×ð,��,-�� MECKMTOA2 ¬6

MECKMTOA �é��ö÷[v�,-��

MECKMTOA3¬6 MECKMTOA�ý��Tq�

�,��,-�4�,-´�� F

5

�F

6


 F

9

�¤¥

±5X¬ 3O6Br¬ 3K
�3�,��QR+

p�ö÷eô,�´MECKMTOA�_`Ó��Å

.QR+p�ö÷eô,�+ê¼�����´

�ëL���U"ÌÍ�Mü,�´�s,-��

��4
Ï4x���_`^QR��VW�Ïç

×ð,��� ÏçÜU"�����´Ïç��

U"ÌÍ�M´�s,-���Ï4x�îï_

`^��������,�+�D&��PÓäê


�àì9;��+�6���,-¦§¨©ª

«�Xìíü,��c,-��+�IA+îBï

²ÚÛ�3 �,�+�GH�ð4´,-��+U

"âU�MH¡ý�ü 3�,��MECKMTOAÓ

MFÁB 

� 2 M �MECKMTOA ��� 2 

��� ��� 

M

 

F

5

 F

6

 F

9

 F

5

 F

6

 F

9

 

1 

4.556 5×10

−5
 

0.411 5 

−1.162 7×10

4
 4.490 8×10

−5
 

1.122 1 

7.112 7×10

2
 

2 

3.883 8×10

−5
 

0.472 0 

−1.168 6×10

4
 2.661 7×10

−5−5−5−5
 

1.027 2 

6.789 2×10

2
 

3 

3.778 7×10

−5
 

0.377 5 

−1.170 7×10

4
 3.478 2×10

−5
 

1.176 7 

6.434 0×10

2
 

4 

3.721 0×10

−5
 

0.301 5 

−1.182 1×10

4
 4.407 2×10

−5
 

1.100 6 

6.674 5×10

2
 

5 

3.103 0×10

−5−5−5−5
 

0.165 3 

−1.188 1×10

4444
 2.765 7×10

−5
 

0.354 9 

5.868 1×10

2222
 

6 

3.417 2×10

−5
 

0.410 2 

−1.175 1×10

4
 3.105 1×10

−5
 

1.260 9 

6.769 1×10

2
 

7 

3.717 1×10

−5
 

0.400 8 

−1.173 7×10

4
 3.539 9×10

−5
 

1.003 

6.052 4×10

2
 

8 

3.751 4×10

−5
 

0.444 0 

−1.169 8×10

4
 4.550 1×10

−5
 

1.211 1 

6.058 2×10

2
 

9 

3.868 8×10

−5
 

1.812 9 

−1.167 0×10

4
 2.915 8×10

−5
 

11.183 9 

6.533 2×10

2
 

10 

4.108 8×10

−5
 

1.835 3 

−1.166 8×10

4
 3.576 6×10

−5
 

11.117 6 

6.469 1×10

2 
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5.2  ��������	
 

M¤¥MECKMTOA��+��MECKMTOA

® KMTOA U"��B2 �,-��b[vaM

100�ÓIBþ��aM 3 000�(8��)*��

���]®úÁ[10]��J�&�,-Ôõ3" 50

��¿� 50 �±5��Ó�«�ÓI«�Ïa«


 Dg 4ñé ´,-��+U"�����±

5X¬ 4 O6Br¬ 4 K
O´R F

1

] KMTOA

+¿ÀÓ�«����MECKMTOAja+¿ÀÓ

�«^´R F

2

] KMTOAm+¿ÀÓ�«����

� 3 ����MECKMTOA ��� 

��� ��� 

��

 

F

5

 F

6

 F

9

 F

5

 F

6

 F

9

 

MECKMTOA1 5.4133 0.225 2 

−1.151 4×10

−4
 6.178 8×10

−5
 

0.581 9 

6.794 9×10

−2
 

MECKMTOA2 

4.645 6×10

−5
 

0.178 3 

−1.185 6×10

−4
 5.854 2×10

−5
 

0.387 3 

6.533 2×10

−2
 

MECKMTOA3 

5.922 7×10

−5
 

0.478 0 

−1.135 8×10

−4
 4.292 9×10

−5
 

1.292 6 

5.114 2×10

−2−2−2−2
 

MECKMTOA 

3.103 0×10

−5−5−5−5
 

0.165 3 

−1.188 1×10

−4−4−4−4
 2.765 7×10

−5−5−5−5
 

0.354 9 

5.868 1×10

−2
 

� 4 MECKMTOA 	 KMTOA �
��� 

-. �� /0� /1� ��� ��� 

KMTOA 0 0 0 0 

F

1

 

MECKMTOA 0 0 0 0 

KMTOA 

7.903 5×10

−6
 8.056 3×10

−5
 2.374 3×10

−5
 1.368 5×10

−5
 

F

2

 

MECKMTOA 

2.153 3×10

−13
 4.829 5×10

−10
 6.494 6×10

−11
 1.184 5×10

−10
 

KMTOA 0 0 0 0 

F

3

 

MECKMTOA 0 0 0 0 

KMTOA 0 0 0 0 

F

4

 

MECKMTOA 0 0 0 0 

KMTOA 

3.680 2×10

−13
 3.240 1×10

−4
 8.346 8×10

−5
 8.244 8×10

−5
 

F

5

 

MECKMTOA 

9.474 7×10

−7
 1.770 7×10

−4−4−4−4
 3.103 0×10

−5−5−5−5
 2.765 7×10

−5
 

KMTOA 

1.731 7×10

−6
 

4.323 6 0.173 6 0.669 9 

F

6

 

MECKMTOA 

5.380 5×10

−28
 

1.035 8 0.165 3 0.354 9 

KMTOA 0 0 0 0 

F

7

 

MECKMTOA 0 0 0 0 

KMTOA 0.397 9 0.397 9 0.397 9 

3.364 5×10

−16
 

F

8

 

MECKMTOA 0.397 9 0.3979 0.397 9 

3.364 5×10

−16
 

KMTOA 

−1.256 9×10

4
 −1.067 3×10

4
 −1.156 2×10

4
 4.958 7×10

2
 

F

9

 

MECKMTOA 

−1.256 9×10

4
 −1.043 8×10

4
 −1.188 1×10

4
 5.868 1×10

2
 

KMTOA 0 0 0 0 

F

10

 

MECKMTOA 0 0 0 0 

KMTOA 0 0 0 0 

F

11

 

MECKMTOA 0 0 0 0 

KMTOA 0 0 0 0 

F

12

 

MECKMTOA 0 0 0 0 

KMTOA 0 0 0 0 

F

13

 

MECKMTOA 0 0 0 0 

KMTOA 

1.944 5×10

−8
 1.961 9×10

−6
 4.081 8×10

−7
 3.598 8×10

−7
 

F

14

 

MECKMTOA 

1.499 8×10

−32−32−32−32
 2.175 1×10

−12−12−12−12
 8.616 7×10

−−−−11114444
 3.826 2×10

−−−−13131313
 

KMTOA 

−1.867 3×10

2222
 −1.867 3×10

2222
 −1.867 3×10

2222
 9.205 2×10

−14
 

F

15

 

MECKMTOA 

−1.867 3×10

2222
 −1.867 3×10

2222
 −1.867 3×10

2222
 2.842 2×10

−1−1−1−14444
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ÂÃMECKMTOAjm+¿ÀÓ�«�Å�)�Î

Ï4x��òâã�X´R F

2

�F

14

]���

MECKMTOA��ÎÏ4óô�KMTOAsõ��

£öBø<�r��±5u+÷�MECKMTOAõ

ø !ñé >a�R KMTOAB 

5.3  ��
���������	
 

MU�×�ÇMECKMTOA��+��)®ú

Á[16]�� MECA 
 OEA ë 2 �×HU�,-U

"��B/�¿¿ùú®úÁ[16]Où�� 8 �¤

¥��ðM¤¥´j�¬ 5M 3�,-���±5�

)� MECA 
 OEA ��D¿äúÁ[16]Br¬ 5

K
Oè F

5


 F

9

<�MECKMTOA +´O���

��ÀÓ�«^´R F

5

�ÂÃ MECKMTOA m+

�ÀÓ�«�Å)�ÎÏ4Æ�MECA
 OEAs

1~2 ��£ö^  8 �¤¥����MECKMTOA

ª�´ f

14

��Î±5�MECA
 OEAgBM1c

ÚÛ�MECKMTOA �ÎÏ4�,-���]®

[�MECA
 OEAx��6��5B 

5.4  ���������� 

Mú� MECKMTOA �Î�����+p³

�����4�-:´,-�+�_`��

MECKMTOA L5�Îs�(��M 10~1 000)
Ì

s�(�� 1 000 ³>)ûÎ+� F

10


 F

13

���)

�Î±5®úÁ[20]��¥üÄýþ�[\,-

(IMCPA, immune memory clonal programming algo-

rithm)�¬Äý�+�¥üÄýþ�[\,-

(nIMCPA)U"��B,-��ûÎM

best

f ε< �

best

f

M,-ÑÒ�Ó�«�ε M,-���Ï4BØÙ

úÁ[20]�´Rs����Ïa������¿,

- 10 �3"�Ïa«^´RÌs����Ïa�

�����¿,- 5 �3"�Ïa«^IMCPA 


nIMCPA��D¿äúÁ[20]�å�æ¬6��U"

ü/�B 

r¬ 6K
O® IMCPA
 nIMCPA°�� 

°H���Ï4+�MECKMTOAO��Ïa��

� � � � ° ´ � 	 ^ � í � � � - : �

MECKMTOA�IMCPA
 nIMCPA�Ïa����

��a�O-$�ÅMECKMTOA�Ïa����

��-$�°´
�B��±5¬�OMECKMTOA

s! Ìs�ûÎ+Æ+¬0�­6��+��)

�+G������-:���+îB 

6  ��� 

û´KMTOAÇ �GÉ���8§Ïç
×H

� 5 MECKMTOA 	MECA 
 OEA ��� 

��� ��� 

-. 

MECKMTOA MECA OEA MECKMTOA MECA OEA 

F

1

 0 4.228×10

−183

 2.481×10

−30

 0 0 

1.128×10

−29
 

F

3

 0 1.845×10

−110

 2.068×10

−13

 0 

3.113×10

−110
 1.440×10

−12
 

F

4

 0 3.274×10

−95

 1.883×10

−9

 0 

2.313×10

−94
 3.726×10

−9
 

F

5

 

3.103×10

−5555
 4.083×10

−4
 3.297×10

−3
 2.766×10

−5555
 3.800×10

−4
 1.096×10

−3
 

F

9

 

−1.188×10

4
 −1.257×10

4444
 −1.257×10

4444
 5.868×10

2
 7.350×10

−12
 5.555×10

−12121212
 

F

10

 0 0 

5.430×10

−17
 

0 0 

1.683×10

−16
 

F

12

 0 0 

5.336×10

−14
 

0 0 

2.945×10

−13
 

F

13

 0 

3.844×10

−3
 1.317×10

−2
 

0 

7.130×10

−3
 1.561×10

−2
 

� 6 ��
��������� 

-. �� n=20 n=100 n=200 n=400 n=1 000 n=2 000 n=5 000 n=10 000 

IMCPA 1 469 4 988 5 747 12 563 24 408 37 879 87 245 143 700 

nIMCPA 2 777 7 221 13 354 15 475 37 250 66 145 2 2 

F

10

(

1

10ε −= ) 

MECKMTOA 1 260 2 070 2 320 2 920 3 820 3 980 4 420 5 800 

 IMCPA 2 421 6 713 8 460 15 365 30 906 43 003 125 847 147 037 

F

13

(

4

10ε −= ) 

nIMCPA 4 657 12 166 21 577 36 515 75 217 81 447 2 2 

 MECKMTOA 1 170 1 860 2 200 2 380 2 860 3 780 3 940 4 340 
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