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When multi-objective genetic algorithm is applied to real world problems for deriving Pareto optimum solutions,

high calculation cost becomes a problem. One of solutions of this problem is using small number of population size.

With this solution, however, it often happens that the diversity of the solutions is lost. Then the solutions which

have the sufficient precisions cannot be derived. For overcoming this difficulty, the solutions should be re-placed when

the solutions are concentrated on a certain point. To perform this re-placement, inverse analyze to derive the design

variables from objects since the solutions are located in the objective space. For this purpose, in this paper, the

Artificial Neural Network (ANN) is applied. Using ANN, the solutions which are concentrated on certain points are

re-placed and the diversity of the solutions is maintained. In this paper, the new mechanism using ANN to keep the

diversity of the solutions is proposed. The proposed mechanism is introduced into NSGA-II and applied for the test

functions. It is discussed that in some test functions the proposed mechanism is useful compared to the conventional

method. At the same time, it is also discussed that in other functions the proposed mechanism is not useful. In

other numerical experiments, the results of the proposed algorithm with plentifully population are discussed and the

affection of the proposed mechanism is also described.
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��������� �k���� � f�g�i�j�l�m�n ��� ~ s�������������y 

� ���� ikj�l�m�n�y�qkr�s ��� } x���� �k��� vkx ~��� �h� ik�ps��wz�x ~ � �p� �k�
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ok� � ��� } y �d� ik��� } x����k�h �sk¡
v � 
w�
������� �k� �p� � 
h¢�£�¤ yk¥�¦pxk§�¨ ��© ��ªp«¬�­

(Genetic Algorithm:GA)2)
y�® ~ z� ���� } y
 ~ �pv�¯pv � GA

o�® ~�� £�¤ ��� �w� �	� ��� �ok� � ��° � s 
w� ikj�l�±�²p³kg�ok´�µ } �p���k�i � � �·¶ g } v � � f�¸ ��� x � ��¹ � ��ºpikj�l



±�²pskr���o�µ������p|�x�� �k� s�� ~ � � �	��
 x
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�� } v � � ���������
3)
x���i #�$ o�® ~ ��
���� � 

� � GA

i�� £�¤s�® ~ ������gpo��wz�� � ¹ v � ����� gpo��wzd��

��x��ky�t���zd ���� ��!pi�
�� � � ¡�" ��� i ���
¶ g�#po�� � ��$�s � ��� ¶ gpi #�$�% o�&�'
v � �i #�$�% s�¡wv � 
w�d� GA

ok{w|k� } � � ��ºpikjl�±�²ps�¯�¯���±�²�(�) � o�*������ }d~ | ¹ i �p�
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��������� ,�- ��� Kriging

,�- �x��ky ��� v � ~ ��� .�/ 
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,�- � � .
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}:9�; � #�$ ,�- � &�'ps�(�) � � ¯¯�� ¹ i�i � � 3 f�¸�x �d� ¶ g�o #�$ �p��� } yk¥¦ �p� � 4)
�

�	
 �	<�=�> ��?�@ �p��i ��A !pi 4 g���� � i £¤ ik��� �p� ��� 4 g���� � � £�¤ o�{w|���� � £�¤B�C s�� ~ � ����yk��D�v � £�¤ ���pi��pi 
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 ��� GA
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(Artificial Neural Network:ANN)
o�O�®������ } s� 3QP �wv � 
�!�" o�R�Swvkx�ypz £h¤ ok{w|k� } � �4 x ~ j�l�±�²p³kg ��T�U x�V�ºpo�S�W � �
� �	� �� ��o�X�Y�����Z�[ � ¬�­ o�\�]���������i�$

ANNskµ��p��±�²�(�) � okt�u����k´�µ�y � ��y �	<�=�>��^�_ v � ~ � ��� � � GA
i�j�l�`�s�´�µ�xk±�²�(

) � y�a � ��b ¡ � s ANN
s�µ��p��±�²�(�) � y�cd x �k� �p� ��� e�f�gpx���i�h�i }:j ±��lk:m�npio�p ��q�y��� �s � � ������i � � � ANN

i�X�r�s
���k±�²�(�) � i�s = � <�=�> ��� { F x ~ �
<�=�> ��� � °�t 

�d������� sk� ~ ��u   � ��i� }d� 
�!�" i�K�L�o P ����� ANN

ok® ~�� Z�[ �¬�­ o�v
v �6w ; ��� ��i A � \�]��p��Z�[ � ¬p­ o��x � x 

�d� GA y � �p� � NSGA-II
s�z�{�|�{ �} ) �d¶ gpok® ~ � ��i�~�� } £�¤ i�����sk� ~ � ?@ ok{
| �
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 ��������� ��� � � f�g��pi � ~ sk�����p� �d�

¶ gpo �	� �pz�  ��������� i�� � � c � � ° � � �

� � ��� �k�
} _�� d   � ~ ������  � � k
��i ���

¶ g ~f (~x)
o

m
�pi ��� %��	���	� i ¹ } � � c � ( �

� � )
��� ���
} v ��� L�i���|�s _ % � d  �� 1)
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



min(max) ~f (~x) = (f1(~x), f2(~x), . . . , fk(~x))T

subject to ~x ∈ X = {~x ∈ Rn

| gi(~x) ≤ 0, (i = 1, . . . , m)}

(1)

� % s������ ~x = (x1, x2, . . . , xn)T
�

n / �pi���gi�� �
� � �p��3 � ��� ¶ g ~f(~x) }6������� ~g(~x)
o

� '�������g ��� ����° � X
� ��{�¥�¦����po x �·�


 ��������� ��� ��� � �d� ¶ gpy � � ������� i
¶�  s � �k��� � ��� i �d� ¶ g�#py � c } x���� ���� vkx ~ � ��i � � � ��� � } v � �
� �	� ��� �i�¡�¢�y�X�r d   � ~ ���
2.2 £l¤ ��¥ ����¦� � ��� ��� � � � 
w��������� ��� s��������pi§�¨ ¶�  s�� 3:_�� d  ���� �pi�§�¨ ¶�  i _�� o �L�s�©��·� ��ª v ��� � c � ��� � } �����
«�¬®­°¯�±�²�³�´ � x1 � x2 ∈ Rn } �����
fi(x

1) ≤ fi(x
2) (∀i = 1, . . . , k)

i }�
�� x1
�

x2s�§�¨���� }�~ | �
/ s���i�§�¨ ¶�  skm�µ � �w� ��� ��� �pi _�� s� ~ ��� L�s�©��·�
«�¬®­ £l¤ ��¥ ����¦ ´·¶

x0 ∈ Rn } �����
x0
s�§�¨����

x ∈ Rn
y ��� v�x ~
}�
�� x0

� �
� ��� ��� � ��� ���
�	¸�sk�
� ��� ��� � � f�g ��� ��� � � � ��ºpi£�¤ � f�gpik�
� ��� ��� ��o�X�Y��p��
��pik��� }v � � 
�¢�£�¤ �p� � GA

ok® ~���y ��y�\�] d   �
~ ���

2.3 ������¹�º���»�¼�½�¾6¿�À
GA

� kGÁÃÂ�s	���·� HÃÄ i�Å � o	,�- � � v ������ y � ��� ��� GA
� 
�¢�£�¤ ��� � � � � f�gi�� � �2� ��� ��o���º�sh� � ��� } y � 
 ��� 
� � GA

s���W � X�¯� ���� � �2� ��� � � � V�º
} 
�!�" o�Æ v � ~ ��� } y�Ç�°�v ~·� � � ��i £¤ 
�� } v � � V�º } 
�!�" o�R�S v�x·y�z � £�¤o�Å � ��� } y	È�µ ��� �·����i���|�x £�¤ o���É��� y � } v � � Zitzler

z�i
Strength Pareto Evo-

lutionary Algorithm(SPEA25))
� � Deb

z�i
Elitist

Non-Dominated Sorting Genetic Algorithm(NSGA-I



I6))
� � � ��ºpi�� ~ ����i�� � � � 
�!�" o�R�S
v

� � £�¤ s�� 3 � T�U xk��o������ } y � 
 � }����d   � ~ ���
2.4 ������¹�º���»�¼�½�¾6¿�À�	�����

 ��� GA

ok® ~�� 
w�d������� � � f�gpi��w� �
� ��� ��ok��ºps�X�Y � 
 � }d~ |6O ¢ y � ��y � �� ��� ��� �po�� � ��° � s 
w� i�j�l�±�²p³kg�ok´µ } �p��� 4 g���� � ¹ v � � 4 x ~ ��� g � i £�¤o�{�W � ��� � ±�²�(�) � � *�� � 
 ����v�¯�vkx�yz � 
w� � GA

s�� ~ � 4 g���� � £�¤ ok{ÃW � ��� �
Fig. 1

i���
�i��p|ks £�¤ B�C s�� ~ � £�¤ ����ik�i 
�!�" y E�F   � £�¤ i�Å�{po����pz� p������y 4x � x ~ �h�� ps�� 3 � V�º�i�� ~ ��y��
zd �x � x������ �sk¡
v � � Fig. 1
i���
�i���|ks��py���W �

v�°	W � ����s � Fig. 1
i���
�i���|ks��po�����s��

� �p��� } y � 
  �� � 4 g�����s�� ~ ��¹ � V�º�i� ~ �
� �	� ��o������ } y�¥�¦ ��� ���vk¯�vkx�ypz � ��� � ��
 x ���w} x���i � � ��i
j ±���g�#pi�� _ 
�� ��� ��� Fig. 1

i���
�i���|ks
� � v ��~ ��i���# � �d� ¶ g�# ����3 �	j ±���g�#��������� ��� ��i � � ��� ��qpo�{ ~�j ±���g�#�o� _ �p��´�µ�y HlI ��� <�=�> ��� � ��i � ��qpi�$s

ANN
o�O�®������
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Fig. 1. £�¤ ����i 
�!�" .

3. ANN e�������¦��
3.1 Artificial Neural Network

ANN
� � � � i f�g��·i�r�Y����� ��! o �ps � �� i�"�) } ­ i�r�Y�� ¶�  o�#�$wv ��#�$�¶ gpi�&�'y�¥�¦�x�,�- � ����3 ��#�%�� ANN

o�® ~�� 

���
����� i�&�' ¹�(*) s�{ F   � ~ ��� ANN

o�® ~��
w� ������� y � } v � ��+ s 2 , 3 i�
	�py � �h� 1� � � � �d� ¶ gpi #�$·¶ gpo � � ��� } s�� 3 � 1
j

l � � 3 i�±�²�(�) � o�*������ ¹ i �p� � 7)
�

2
�

� � � �d� ¶ gpi �p¶ gpi #�$p¶ gpok� � ��� } s��

3 ��- £�¤ s�® ~ � ¹ i ��� � 8, 9).
��
 ��< &�' �� � ANN

o 

��� GA
i ��� ¶ g�i ��¶ g�i #�$�¶gpo � � � £�¤ B�C s������ 
�!�" R	Spsk® ~ � ~ ���

ANN
s � ��.�/�� ¨�0�� 10, 11, 12)

ok® ~�������1 �
�6�32h��� �54 i �·�k�������w�·� �k��� ��� � 
�6� ��7*8
�:9�! (Multi Layer Perceptron:MLP)

y��
� ® ~ z�  � ~ ���
3.2 ANN e�������;�<�=�>*?�@�A�¿�À
 ��� GA

s�� 3 � � zd p���w� ��� ��� �����py
Fig. 2

i��*
�i���|ks��ÃW � ��� �CB�D i�h � © d  
� �p|kx��po�E � s�X�Yk�p��� } � 
�!�" i�F���ok{|6
��ps�� ~ � t�������v�¯�v �3B�D i�h � © d   ��pok� � � � � s � � ��ik��y�S�� �d� ¶ g�#po�� �z� p� j ±���g�#�o�X�Yk���k´�µpy � ������  � � �¸ps �d� ¶ gpi �p¶ g�ok� � ��� } s�� 3 ��Épy�¥�¦����3 � �� �s ANN

o�O�®������
f2

f1
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real solutions distributed

target solutions

f2
f1
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real solutions distributed

Fig. 2. ANN
s���� 
�!�" R�S�Z�[ � ¬�­ .

<	=�> ��� � �d� ¶ gpi �p¶ g�� ; � ok� � ��i �� x � � Fig. 2
i��*
�i B�D � ©����p|�x �3G ����o

, ��`�H�i�{pi �p¶ g�ok� � ��
���sk� ~ � \�]�ok{| ����i �p¶ gpi�&�' � � 

��� GA
s��	W � X�Y d

  ��G ��������o���sCIKJ�o�{ |�� } s���W � {
| �
ANN

i�I�J�s�� 3 ±�²�(�) � y�L�M�����y ��<�=�>��^�_ v � ~ � �k� � j�l�±�²py G�N s ��
 x ¹ i ���3 � ANN
i�I3J�(�) � ��O�Ph� 
 � ¹ i } �p�h��IJpi � � sk® ~ ��- �  �s � �3Q�R x�r�Y�� ¶�  o xv � ~ ��- �  �yk´�µ�x � � � 
w��� GA

s���W � �
$�s�X�Y d   � - �  �ok® ~ ��� ��ª v � ��i�- �  o�® ~�� ANN

� i�I�J � � 

�d� GA
� i j ±���g#�¯pz ��� ¶ g�#�o�X�Yk����
�� ��� x � � ��� ¶ g#�o�r�� �	j ±���g�#�o�Y�� } v � I�Jpo�{w| �h�� 

s�� 3 � ��� ¶ g�#po��ps��k �sk¡ � ��� j ±���g�#i�X�Y�o�{
| �
��i���|ks�v � &�' d   � ANN

s�¡
v � Fig. 1
i

��
�s�©
v � �p|kx � �d� } x���� 3 i�x ~ ����i �



� ¶ g�#�o�r�� } v � � ����� } � � �k ps�¡ � �p�
j ±���g�#�o������ } y�¥�¦ } x����

4. �������

4.1 ���
<�=�> � \�]��p� 
w��� GA } ANN

o	��®�����Z
[ � ¬p­ � � 4 g���� � i £�¤ s�� ~ ��¹ 
�!�" o�RSwvkx�y�zd� £�¤ ok{w|�� } � � 4 x ~ j�l�±�²�³kg� � 3�
 i�� � �2� ��� ��s #�~ � o�X�Y������ }o �d� } v � ~ ��� \�] y ��i © �pªp« ¬p­ o � Lps©����
� �

N : ANN
��{�³�g

tmax : 

��� GA
i	����{ ��� g

t :
��� g

k : G ����i�g
Step1: NSGA-II

o
i 
 tmax/N

��� ° � { | �
(i = 1)

Step2-1: G ��������ok� � �CG ��������o , �� D o	����s�� 3 � � ���
Step2-2: G ��������o�I�J�- �  } v � ANN� I�J
v ��� $ ¶ g�o�&�'������
(
r�� ¶ ��� ¶ g�# � Y�� ¶ j ±���g�# )

Step2-3: G ����i�D ��� ��� s�x�������o	� 3� 
k� � � �d� ¶ gps�� ~ � ����� ���pi	���py���px
n−2

�pi �d� ����o H '��p��� (n
� G ���i���g

)

Step2-4: ANN
s�� 3 &�' d   ��� $ ¶ g�o�®

~ � � �d� ���pi �d� ¶ g�#po�X � j ±���g�#�o� � ���
Step2-5: ANN

s�� 3 � z�  ��j ±���g�#�o��s � 
 i ��� ¶ g � j�l�±�²�o�{
| �
Step2-6: ANN

s�� 3 � z�  � ��� } © � [����ok� F�� � NSGA-II
i © � [����� �EÃZ�[ � ¬­ o � ®��p������i�$�i © � [��!��"�� ¬ � � £¤ ����g } �����

Step2-7:
� �pi�#!$ ��� o�% � v � ~  ���#�$��% � v � ~ x��� �� Step1 & (i = i + 1)

�
� �

Step2-3
¯�z

Step2-5
i	����s����	'�(�s�� ~ �� ��/�) � w ; ���

4.2 *�+�e����	,�-�	�.�/�0

w� � GA

s���W � X�Y d   � ����- �  �o���s �
ANN

o�® ~ I�J�o�{
|�� } � � ��� ¶ g�i ��¶ g�i
#�$�¶ g�o�&�'�������° ��� ANN

i�r�� } x�� ���

���pi ��� ¶ g�#pi j _�� � I�J�- �  �sk¡��p�	���o�® ~ � {
| �h��i�$�® ~ �	����
��ps � �1��2 ��3� 3
2 / � � i�����s 9�; T�U x�4��po�©
v ��D � ���ok® ~ ����° ��� 3 ��� � � i �k� s�¡
v � � � �� � i ��� ���pi j _ y	5wv ~�� � � �k  �	6�A i�7

�
} v �	<�=�> �p� 2 ��� ��� o�¡�" } ���������	'(�i y�8 o � L�s�©��·�
1. 
w�d� GA

s���W � X�Y d   � ���pi�D � G ���
} x�� ¹ i�i�{�o	9 
 Y��·�

2. �d� ¶ g�f���s�� ~ � ����� �p� G ��� ��|�vko4�: � D o�� � ��� ( D � ��� )

3. ��� ¶ g f1
s�� ~ � ��; ������i	����y�����sx�����|�x
f1
#�o ; ������ �<� �� � �

4.
� � z�  � f1

#�sk¡ � ��� f2
#�o ��D � ����s� 3 � � z   � � D ¯pzd� � � �d� �	�po _ � ���

'�(�i=��Z �?> o Fig. 3
s�©��·�

Fig. 3
iC� 
 �

� � GA
s�� 3 � z   � � � �	� ��y�© d   � ~ ����� po�m�s D � ����o�{ ~�� 1

�pi ��� ¶ g�#�y����@ } x����p|�s �d� ����y�� _ d  ����h�k �y Fig. 3i���
�s�© d   � ~ ���
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distributed
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Fig. 3. D � ��� .

���psÃ� 3 � � z   � � � �Ã�wi � � ¶ g�# o �
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