
DIRECT
������������	�
�����������

��� ���
† � ����� ††

, ������� ††
, �� !�" ‡

† #%$'&'(')+*',.-%/')'0 †† #%$'&'(')'(+)'1 ‡ #2$'&'(')'3.4%)'0
57698;:;<;=;>;?;@769ACBED7F9GIHJ:;<;KCLEMCNEOCP;QCR9SCT;PEUWV9X7VEYEZ7[9\^]_>;?`YCa9@;5b @;57698;:;<;=;>;?CcEd;e;f;\gD7F9GIHJ:;<;K;Z;h;i;SCT;PEjCkE\gl7[9m;j;D7F9GIHJKnZ;:;<;SToPpX%anqrXWLpsotnSWunYgenU;vWQpSo\_woxoynSWBpzo{n|o@n}oenD2F~G+H�K`LgM`NgS`uoPp5%6r8:o<n=o�n�o@n�o�`LW6r�oO�UnMWNo�pmojnD%FrG'H�Ko@ozn{o|`Lo�p�W�p�WPncoBp\;�o�o�n�o@W�n��J�;� G;�;Z;�;�2REY;PEjCkE\^�;�;�;�;@;�n�CLEl7[9mCPE�;�nZ;�;�7R9�C�C[9m`PEU^v�QpS;\^�_��n�;@`�;� ���;� Gn�CLpl2[9m`PE�n�2698n:n<;=n�;�

DIRECT � DIviding RECTangle   Zn¡26�Em;f;e`PEU¢w_xny;SCB
DIRECT

LE52698;:n<;=CcE<n£7V9jn57698
DIRECT

�;�
NSDIRECT� Non-dominated Sorting DIRECT   L¢¤¦¥¦O§P^U NSDIRECT

B¢D¨F©GªH«8¬¦�§®¢G¯§L¢£ej��S°T°±²\ov@³´µRV©f¦¶·¸°¹^GºH
(Non-Dominated Sort)

c»P�¦�¼�½°R©¾¿ÀÁ
(Crowding Distance)

ZÂ§Ã°[^P^U
NSDIRECT

@|Ä°L¢ÅÆO°P¢j°kc
Angelo

[©@
MODIRECT � Multi-Objective DIRECT   R9Ç_È7V9É;Ê;];Ë�LEÌÎÍÏj;Upv;@;Ð;Ñ;\ NSDIRECTB

MODIRECT
»`±©ÒoÓWcg�o�o�o�o@W�o� ���o� Go�°LgÔoOWQWR~ZoSWug\oÕojoKoÖo×o@oØoÙ°cÚoÛ ZnÜ%[~mojoU

Tomoyuki HIROYASU†, Luyi WANG††, Hroyuki ISHIDA††, Mitsunori MIKI ‡

† Department of Life and Medical Sciences, Doshisha University
†† Graduate School of Engineering, Doshisha University

‡ Department of Science and Engineering, Doshisha University

The goal of multi-objective optimization problems is to obtain pareto optimal solutions.
However, in many optimization problems like real world problems, optimal solutions are
unknown, so it is hard to judge whether the obtained solutions are truly optimal or not. In
this paper we propose an optimization method that is capable of obtaining pareto solutions
with high reliability. The landscape of the search space is important to improve the reliability
of the obtained solutions, therefore a search that obtains information of the search space
becomes necessary. From this reason a single objective optimization method called DIRECT
has attracted much attention in this field. In this paper, we propose a multi-objective
DIRECT algorithm called NSDIRECT (Non-dominated Sorting DIRECT), which adapts
DIRECT to multi-objective optimization. NSDIRECT is a method that uses pareto approach
and utilizes Non-dominated Sort and Crowding Distance. The effectiveness of NSDIRECT
was examined through numerical experiments comparing with MODIRECT (Multi-Objective
DIRECT) proposed by Angelo. From the conducted numerical experiments, it was found
out that the landscape information of the search space obtained by NSDIRECT is more
accurate, and the accuracy of the obtained solutions are also improved.

1 ÝßÞWà'á
â°ãµäoå°æ°çWèµéWêë%ìí°î'ïðWñµò^óWô°õ%éö+÷nønù é;ú+ûpü`óCô`õ ønùIýpþ+÷

.1)
ú+ûpü`óCôõ øùWÿ���� â°ãµäoå°æWç°è ���°þ ì����
	����

�µñú� �
��� äå°æ°ç°èµñWêëµìó°ô ý ð
���
����� ïð þ
�����
� ä��µì��'òð þ � ÿ�� ���
����� óWô��%ä� 
�µé�! � �
" ý ñ%û�#%ä

1 $ ýð
�
%
ï�&µïoð°ñµò � ú�oäúºûgü°ó°ôWõ øùWÿ�� �

����� ó°ô��%ñ�'
( ÿ�� � �����
) ò�* � � �+�

� �2ñoó`ô ÿ,� �
&`é.-0/0	,�
" ý.�01.2Wÿ,� �0%
3 " ÿ
�
4�5�6 * � � �+��� � ��7Wþ�8�9
: é�;
	���" ý ñ�! � ò+*��
% 4�5�6 * � � ���<� �%ä
8=9=: é=>@? 6BA � �C� ì �@�ED=FHGCI äHJ=KMLON
P �CQ é@R=SH	C�=" ý ñ@THU ÿC� �=%EJ=KVLWN P �
Q ä�X�Yµé ) ò�*���Z�[ ý ï �

DIRECT2) (DI-

viding RECTangle)
ñ.(+ò\* �`þ �H%

DIRECT
éúªû¢ü§ó§ô§õ¨ì¦ô�]ªï � Z^[ ý ï �

Angelo
ò¦ä

MODIRECT(Multi-Objective DIRECT)
ñ � �
%

DIRECT
�._0`0a0b ä.c0d2äfe2ä.-0/`ç`è ý ï

�
Lipschitz g ãµé�] þ ��% Lipschitz g ã � û^ü

1



� ãµì���� ����� 6 * ����_
`�a
b ì	�ºï �
1 $ñ	
�� 6 *��
% 3 ä �����

MODIRECT
� âWã �

� 	��2ûpü � ã2ì���� �0) ò\* � â`ã2ä
Lipschitz

g ã �� ì�T������°é öWþ�� 3 *'òä�T����µé�]þ �H" ý ÿ ���Iï ��þ �H%�ïf& ï;ðCñ ò � "Cä�� ÷ð a [ ÿ���� û^ü%é����%ì����°ð þ
������� cWüð�� ����� �'ï�& 4�5ÿ���� ���� ð�! ��" ã G
I ä0J
K L N P ��Q é.R0S0	��0" ý ñ 1�2`ÿ,� �0%
?�# ï �

MODIRECT
ä ø_ù�$ é@��
=	 � �C�@�

%�&�' ÿC� � ä)(�* � g ì_ç�+ þ=� ô=��, é@d.-)/� �E� � � � ü10 Q32E�54 é ] þ �
DIRECT

é�ú ûü�ó�ô�õ ì_ô=] ï �
NSDIRECT 6 Non-dominated

Sorting DIRECT 7 é98�:H	 �H%	; �H� ã�<�=�>7éöWþ
�
NSDIRECT

ä�;�? : ì $ þ
��@�A 	��
%
2 BDC�EGFIHKJML áONDP DIRECT QSRTVU�W�XZYZ[V\�]_^ RZ`Za
2.1 b�c	d DIRECT8�9�: é�;�	���� �+��� �µé 4�5 	��Wì ���0D
F�G�I ä�J�K L N P ��Q ä�X�Yµé ) �
" ý ñ�e
Uý í��%ò�*��
% D�F
G�I ä�J�K L N P ��Q é ) �
" ý ì���- � ��f øù ä�g�h�i :�j é�R�S�	���"ý ñ ÿ���� ó°ô
�µñ ��� 	���k�lµé	m�;�&Wì�g��
	���" ý é�n�oµì�	���%qp�� ���
8�9
: ä 7°þ �
����� �µé 4�5 	�� ��� ì �0D�F�G�I ä�J
K�L N
P ��Q é�R�S ÿ�� ��� ÷ ð D�F é öº÷ " ý ñ�T
Uý í��%ò+*��
%
DCF ìr�.- DCFCGMI äCJCK LBN P �MQ é RCSÿM� � D F Z [ ý ï �

DIRECT
ñH( òf* �2þ

�,%oú ûnü7ó2ô2õIì
DIRECT

é`ô,] ï �_s äñ`ú.ûnü
DIRECT

ÿ � - � "0*_; ÿ ìut�v 6
* � ú û;ü

DIRECT
ZC[ ý ï �C�

Angelo
ò�ä

MODIRECT(Multi-Objective DIRECT)
ñ=( ò

* �Cþ �=% 3 *7ì9� ï �H� %�&�' ÿ � � � � � � é
w ì9� ÷ úIûEü

DIRECT
Z=[

NSDIRECT 6 Non-

dominated Sorting DIRECT 7 éq8�:0	��0%Cð	x �y�z ä�{
��? � "�" ÿ��
NSDIRECT

ä�|�}°ä	�é ö'÷ %
2.2 NSDIRECT

NSDIRECT
� ú û;ü

GA
Z [Iä

NSGA-II3)ÿ ] þ ò�* �°þ ��~�(�*�� ���
(Non-Dominated

Sort)
ì��=�=JHK��=K�� ýI�������

(Crowding Dis-

tance)
ì���� �
� �2ä	(�* � g é�! ��� ô
��,%éd�-�/ � ��� ���<� ü�0 Q�2���4 é�] þ�� úºûgü

DIRECT
Z0[ ÿ�� �0%

DIRECT
ÿ,�._
`0a0b

/
_

��a�b ä���� $ äoå°æ�<µéoç°è ý ï � c�d%é ö'÷äWì	�'ï �
�
NSDIRECT

ÿ��	� ä
2 $ é�] þ �0%

1.
�	� $ ä	~�(�*�� � � ì��
�oô
��,�<

(Rank)

2.
�	� $ ä �������

(CD); �0�
DIRECT

&2ònäq�u� $+ý ï �0�=_0`0a
bä�c�d a [ �0_���a
b ä�c
d a [ � c�d
	�� ��_
`HaHb

/
_��=aHb ä9g�� a [ ñ9�r�7ò *C�H%I��� ì �

��� $ ä	���%éq#����
%
2.2.1 �����������������

NSDIRECT
ÿ,�f� _0`0aHb é ����� ìqx þH�

3�HcH	 �
c1±δ−→ei (i = 1, 2, ..., n)

ä $ é9!��IïEåCæ
	,�0%="`ä ýq� −→ei

� ç����u  �¢¡ �
δ
�f_
`0a0bä	£�¤µä

1/3
ä	¥ 6gÿ�� �
%�c
d�	�� ����� ä�¦

§ ����$ ì	x��
��~�(�*�� ��� ì����oô���,�<%é
] þ���¨

(1)
ä

Ri

ÿ ��© 6 * � xZ- �
Ri

ä�<%ñ
ª 6pþ���� &2ò+c0d2ñ ö�« *,�0%

Ri

ñq�+ï þ �
�
�q��$ ä ������� é.] þ0��¨

(2)
ä

Ci

ì���� � 

� 6 * �

Ci

ä9<7ñ9m �;þ���� &7ò cHd7ñ öO« * �H%
Ri = min(Rank(c1 + δei), Rank(c1 − δei))

i = 1, 2, ..., n (1)

Ci = max(CD(c1 + δei), CD(c1 − δei))

i = 1, 2, ..., n (2)
2.2.2 ��¬��������������_���a
b ä�c
d ÿ���� ó s ¥ þ ¤µé� $ ��� ì
$ þ�� ä���c
dµñ ö�« *���%.c�dµäoç°è ý ð��Wä���
_�`
a�b ä���� ý ê�®%ì � ~�(�*�� ��� ì��
�ô���,�< ý¯�������Wÿ�� �
%oó�¥%ð�¤µé s $ �� ñnâCã �H� 	 �.�H� � c0d �9¨

(3)
ä

Rj

ñ ª 6þ ¦%ì ö�« *��
%�; ���
Rj

ñ	�ºï þ ��� �	¨
(4)ä

Cj

ä	<%ñ	m �oþ���� &%ò+c
d%ñ öu« *��
%
Rj = min(Rank(ci + δiej), Rank(ci − δiej))

j ∈ I (3)

Cj = max(CD(ci + δiej), CD(ci − δiej))

j ∈ I (4)"�" ÿ
I
��� � _���a
b

i
ì�x���� � ó�¥%ä	¤é s $ ��� äf H� ÿ � �=%q; �=� δi

�@_��HaHb
i
äó�¥2ä9¤2ä

1/3
äq¥ 6pÿ � �H%

NSDIRECT
ÿ,�

Iì	°�;�*���	�� � ä ��� ì	�'ï � c0d%é ö'÷ %
2.2.3 ����±�²u³	������� / ��¬�������´�µ����

NSDIRECT
ÿ��¶� ä¶·�¸¨é¶¹ � 	^	�� � ä _

`0a0b
/
_��Ha0b é

Potentially Optimal
ý ��©Iï �

c
d
	��
%
ε
é

ε > 0
ð0�q�`ã ý 	,� ýq�.�3� ä ¨

(5)
éq¹

� 	
K > 0

ñ �
� 	
*�º ��� � _�`
a
b
/
_���a

b
j
�

Potentially Optimal
ÿ�� �
%

Rank(cj) − Kdj ≤ Rank(ci) − Kdi, and

Rank(cj) − Kdj ≤ 1 − ε, and (5)

if(dj = di and Rank(cj) = Rank(ci))

then(CD(cj) ≥ CD(ci)), ∀i

2



"�" ÿ��
cj

��_�`�a�b
/
_���a�b

j
ä���� $°ÿ

� ��%
dj

ì � ��� $
cj

&µò�� $ ; ÿ ä ��� é�]þ��°þ � % %�&�' ÿ����
ε = 1.0 × 10−4

ý 	��^%
"Wä	��©%é�� ÿ�� ï ��s äWé��

1
ì � 	 %

(0,1- )

Not considered

Potentially Optimal

d

Rank(c)

�
1:
c
d
	�� �._
`
a
b

/
_��
a
b ä	g�� a [

�
1
ä���� ��¨

(5)
ì�xM� �

d
ì ��	 � �

Rank(c)
ì�
r/@	C�=% $ ;r- � Potentially Optimalð _0`0aHb

/
_��Ha0b,�f� "`ä9� z ?2äf	�� � ä _

`0a0b
/
_��0a0b ä���7ä�� � é����+ï �Cþ �0%¶;

�
�
ε
ä	<%ì��u- �

Rank(c) = 1
ý ð
� _
`
a
b

/_��HaHb ñ9e � ï s
Potentially Optimal

ýf� ð òð þ " ý ñ « &���%0"�*µì���- ������D
Fºý m�l
D
F ä���J
K�N%ñ ý ò+* �Wþ �
%
3 �������8�:�Z
[ ÿ�� �

NSDIRECT
ä�;�? : é @�A 	

� � � ì
MODIRECT

ý�� � ï � ã�<�=�>7é öI÷ %
4�5�6 * � �
 ��µä�!�,�x��#" D�F�$�% ì���� �
& 6 *��
J�K L N P ��Q ä �� �6 ä

2
$ ì $ þ��@ ' 	 �H%¶; �

1 $ ûnä @ '�( )Cÿ,�f� 2,3,5,10
�

� ì�x��
� � Z�[µì���� ��4�5�6 * � �� 
�µä�!
,2é � � ï ��@�' é ö+÷ % � ì �

2
��� ìqxO�0� �

Z�[µä D�F�$�% é�*�N � � ãµä�J
K�L N P ��Q ý
��� ï �
) ò�* � J
K�L N P ��Q ä �� �6 é @�'
	��
%
3.1 +�,.-�/10�2�3����% =�> ÿ ] þ �)��f ø_ùC�@�

Deb
ä 8�: ï �

2
ûü%ä�4�5WóWôWõ øoùWÿ�� �

ZDT2
ý+�

ZDT4
ÿ��

�=%
ZDT2

�7698=:Cÿ ~��7: äf� �B� �<;�2 K � é
;H	 � ø;ù�ÿC� - �

ZDT4
� ú 8H:�ÿ ��: äf� � �

��;�2 K � é@;H	 � ø;ùCÿC� �=%9; �=�f) òB* � �
� � � �  � é åÎæ 	 � a [ ý ï � �

Generational

Distance 6 GD 7 é.] þ �0% GD
�.D0F ì���� �0)ò * � � � � �=;�2 K � ñ

,
� � � � óCô ;�2 K �

&2ò�>\*�?�� � * �`þ �
&`é � 	`åWæ�@0# ÿ,� - �
�%ä�!�,%é & 	 %

GD
<2ñ ª 6gþ � �+�<�A;�2 K

�=B >\� �\� � ó`ô ;�2 K � ì�C 
GD=0

ä ýq�ì�� �+��� óWô ;�2 K � ì�D�Eºï �°þ ��" ý é�F
G
	��
%

3.2 H�I�J.K�L�M.N% =�> ÿ �
2,3,5,10

��� ä)��f ø_ù é@] þ �=% �
��� ì	x��
�oå`æ.Ooã%é &

1
ì � 	 %

&
1:
����� ì	x��
�nåWæ.Ooã

Dimension Number of function evalutions

2 5000

3 10000

5 20000

10 30000

3.3 P�Q9R�S9T JVU<MXWZY�� [9\�]7^�_�`�� a9b� Z
[%ì����
2,3,5,10

���Wÿ ä
ZDT2

ý
ZDT4ä

GD
ä�c�d%é 3 *�e
* &

2
� &

3
ì � 	 %

&
2: ZDT2

ÿ ä ����� ì	x��
�
GD
ä�c�d

Dimensions MODIRECT NSDIRECT

N = 2 0.049 0.006

N = 3 0.167 0.032

N = 5 0.412 0.198

N = 10 1.127 0.578

&
3: ZDT4

ÿ ä ����� ì	x��
�
GD
ä�c�d

Dimensions MODIRECT NSDIRECT

N = 2 0.051 0.006

N = 3 0.987 0.413

N = 5 2.780 1.012

N = 10 7.912 1.836

&
2
ý &

3
ì � ï ������� ì)xO�=�

GD
<C& ò �

NSDIRECT
ÿC� � �B� � � ä�!�, ñ9�9f 6 * � "ý ñfc,&5� � %�"f* �f�

NSDIRECT
ñf� � � � ü

0 Q�2���4 é�] þ � ����� � �+��� �µéô�gµìoåæºïð°ñµò D
F é#h � ��" ý ì���- �
D�F ñ#i��
" ý ð� ��j�k 	���&µò ÿ�� � ý í��%ò�*���%%ï
&µïð°ñ¨ò ����� ãµä#lnmµì $ * ��� Z�[¨ì������4�5�6 * � � ����� �µä�!�,%ñ#o��'ï �Wþ �
"ý ñ�c�&^��%
"�* ������� ã¨ñ#l�����" ý ì����
��D�F�G�I ñ�p�ð�- ��j�k ì�e�Uµðå°æ.Oãµñ
m � Al�m�	�� �����1q ò�* � å°æ.Oãµä�� ÿ�r
Z
[ ��j�k ï � * �Wþ ð þ
���%ý íu�%ò+*��
%
&

2
ý &

3
ì � ï ��r *
N � ønù ìqx þ
�

GDä�< �
0
ý ð�� �°þ ð þ " ý ñ  �s°ÿ���� % $ ;- �
) ò�* � � ����� � � � ����� ó°ô ;�2 K �ì�D�E+ï �Cþ ð þ % 3 ä�t�u ý ï �0�

NSDIRECTxu��"
MODIRECT

ì���� �0) ò\*,�.� �._��0a
b ä��q� $ äq� ÿ,� � � �.� _H`0a0b

/
_��0aHb ä

3



¤�?µì�����	���� � ! � ò+*µð þ " ý ñ � �µò+*
�
%

ZDT2
ý

ZDT4
ä.>��%òoä�*
N � øoù ì	x þ

��s�� � ����� ó°ô ;�2 K � ��_��
a�b ä	¤�?%ì
�
� 	�� ����� ! � �
" ý ñ ÿ�� ð þ %
3.4 �����
	�]����`
��R�S�� K�������� M��9�

a�b� ì �
D
F�$�% ì���� � & 6 *���J
K�L N P �
Q ì $ þ
��@�' 	��
% ZDT2

ý
ZDT4

ä
J
K L N
P �CQ xO�7" � Z=[ ì��=�

2
����ÿ ä9! ��" ã GCIì	x��
� D�F�$�% é��

2
ì � 	C%

ZDT2
ý

ZDT4ä�J�K L N P ��Q ÿ���� ñ���ð
� B >�� ���<�ó�ôH� ì7C þ " ý é�F9G ï � ��� ðf� ñ �H� 	C�9k
l ÿ � �H" ý é � 	 %f"f*7ì��O- �

ZDT2
ý

ZDT4ä � � �\� � � �
x2

äq<2ñ9£�� ý ð0�9� ö ð��H?ì�����	���" ý ñ « &
��% � Z
[µì���� ��) ò+*
��D�F�$�%°ÿ�� ��&�+c�d 6 * �Wþ �	k�l B >	�
�µðå°æ�<µé � ï � "�*%ì���� � J�K�L N P ��Qé�R
S
	��
" ý ñ ÿ�� �
%

x1

x2

 Landscape

 MODIRECT

 0

 1

 2

 3

 4

 5

 6

 7

 8

 9

 0  0.2  0.4  0.6  0.8  1

 0

 0.2

 0.4

 0.6

 0.8

 1

 NSDIRECT

 0

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

  

 

 

 

 -5  -3  -1  1  3  5

-5

-3

 

-1

 

1

 

3

x1

x2

 Landscape

 MODIRECT

 NSDIRECT

5

(a) ZDT2 (b) ZDT4

x2 x2

x2x2

x1 x1

x1 x1

�
2: 2
��� x��
�

ZDT2
ý

ZDT4
ä D
F�$�%

�
2
ì � ï �

ZDT2
ä�c�d,&%ò �

MODIRECTä D�Fn$�%°ÿ��
x2

ä�<µñ ª 6  �
x1

ä	<¨ñ�m �þ k�l7ñq� &  cHd 6 * �Cþ �H" ý ñfc &H�H%
2
�

� ä
ZDT2

ý
ZDT4

ÿ �
x1

ä9<2ñ
f1

ì �
x2

ä9<ñ
f2

ì9���Iï �`þ � �,�f�
MODIRECT

ä DHF,�

f2

ä9<7ñ ª 6Eþ k�l � $ ;O- f2

ì9x þH� (0* � k
lµì� ��µï �Wþ ��" ý ñ « &��
%
"°ä�� ÷ ì � ê
£�� �+���A;�2 K � ì	x þ
��D
F ñ�g��µä%û^ü%ì
i�- ���� ð
J�K�L N P ��Q é�! � ��" ý ñ ÿ��ð þ %0"°ä��! ý ï �
�

ZDT2
ÿ��

2 $ äµû^ü%äý ��"$#`ñ
f1 ∈ [0, 1]

�
f2 ∈ [0, 10]

ÿ � - �
ZDT4ì�x þ���s

f1 ∈ [0, 1]
�

f2 ∈ [0, 50]
ÿ�� ��" ý &ò �

f2

ä ý �%"&#`ñ
f1

�O- s p þ " ý ñ;íu�7ò\*
�H%

MODIRECT
ì9x þ0�H� c=d0	�� �f_0`HaHb

/_��0a
b éqg��0	��.e2ì � ûgü2ìqxu�0�
Lipschitz

g ã K
ä.T����2é.] þ � �,��� ý - ÷ �q<2ä�"'#ñ�p þ
f2

ä a ñ�( *),+0	,�0" ý ì`ð0�0% 3 ä�c
d �=D0F ñ

f2

ì�iO� �'ý íu�2ò\*,�
% 3 *2ì	�+ï
�H�

NSDIRECT
� � � � � üO0 Q�2@��4 éf] þ �

����� ê�£�� �����A;�2 K � ì�-�	����µìWê!.�J
K� §é�/ � �
��� äµû¢üµé¶���¨ì�� ÷ %%ï � ñ��
���
D�F ñ#iºò � ���� ð�J�K�L � N P ��Q é &
	�" ý ñ ÿ���� % 3 ä#c�d � � �+��� óWô���?��ÿ ð� ����� � ����� �µä���� s m�;�&°ì�R�S ÿ
��� %
�=? ä7c9dr�1- � 85:=Z=[ ä

NSDIRECT
� p
0

Z0[2ä
MODIRECT

�u- s !�,%ä 7`þ0� ú�® : ä
� �.� �\� � �2é 4,5 	,�0" ý ñ ÿu� � ý21 �0�0%
4 35476Wá%�&�' ÿ,�.�

DIRECT
énú+ûpü`ó`ô`õ ønù ìnô

]Iï �
NSDIRECT

é98�:+ï ��@�A é ö � � %
NS-

DIRECT
� � � � � óÎô � ?1� ÿ ð  �<� � � � �

� �%ä��8� s m�;
&Wì�R
S ÿ����
MODIRECT

�
- s��� ì
J�K L N P ��Q é�R
S�	��
" ý ñ ÿ��
� %�; �
�
4�5�6 * � �� ��%ä#!�,µì $ þ���@�'ï � c�d �

NSDIRECT
�

MODIRECT
��-A!�,ä 7°þ � �+��� �� ��%é 4�5ÿ�� ��" ý ñ  �sWÿ

��� %%ï�&%ïð°ñµò ����� ãµä�l�mµì���� ���
4
5�6 *���� �+��� �µä�!�,µñ�o��
	���" ý ñ � ã
<�=�>�&%ò�c�&�� � % 3 " ÿ
�89�:�� !�,µé�;�ïð°ñ%ò 7���� ì s ���ºï �°þ �" ý ñ�< ùºý ï
� ���%ò+*��
%
=5>5?5@
1) A�B�C�D . E�F8G2H�I,J2K�L�M�N . O�P8Q2R , 2000.

2) D.R. C.D. Perttunen Jones and B.R. Stuckman.
Lipschitzian optimization without the Lipschitz

constant. Joural of Optimization Theory and Ap-
plications, Vol.79,No.1,pp.157-181. 1993.

3) K. Deb, S. Agrawal, A. Pratab, and T. Me-
yarivan. A Fast Elitist Non-Dominated Sorting
Genetic Algorithm for Multi-Objective Optimiza-
tion: NSGA-II. In KanGAL report 200001, Indian

Institute of Technology, Kanpur, India, 2000.

4


