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Multi-objective optimization model and algorithm for
hybrid parallel machine scheduling problem

FU Ya-ping, HUANG Min†, WANG Hong-feng, WANG Xing-wei
(State Key Laboratory of Synthetical Automation for Process Industries (Northeastern University),

College of Information Science and Engineering, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: A special hybrid machine scheduling problem is investigated since the combination of production processes
can yield a special layout with the coexistence of serial and parallel production. In order to address this problem effectively,
a mixed integer programming multiobjective model, which aims to minimize both the total flow time and the total number
of tardy jobs, is built and an improved nondominated sorting genetic algorithm II (NSGA–II), where a heuristic method is
proposed to generate and improve the quality and diversity of initial population, and a local search strategy is embedded to
improve the quality and distribution of the achieved nondominated solutions, is designed in this paper. Compared with the
classical multiobjective optimization algorithms, the experimental results on a number of stochastic examples with different
scale show that the proposed model and algorithm have advantage in the convergence, spread and extreme value point, and
can address effectively the investigated hybrid parallel machine scheduling problem.
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1 ÚÚÚóóó(Introduction)
�Xy�z)���9EÜ.Eâó<�Ñy,
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��¿1ÅNÝ¯K.o�¤�[5]ïÄ
O��m�

6ó�üS����¿1ÅNÝ¯K. Hsu�[6]ïÄ


��äk�?¹Ä����¿1ÅNÝ¯K.ù

ïÄþ�Äü��¿1�)�ÙÛ. Sundararaghavan
�[7]JÑ
ü^¿1�ü�ã6Y�NÝ¯K.
M
|�[8–9]ïÄ
õ^¿1�õ�ã6Y�¯K,�
Ùþ��Ä)�óSÜ¿¯K.l8c�ïÄ�¹5
w,ÿÃ�éþãù«·Ü¿1ÅNÝ¯K(hybrid
parallel machine scheduling problem, HPMSP)���
�'©z. �Xy�z)���9#.)�ÙÛ�Ñ
y,yk�NÝ�.Ú�{®Ø·^u)ûTa¯K.
,	,¢S)��¸¥  �3õ�`z8I,ïÄ
õ8INÝ¯K�\ÎÜ¢S,�®¤�NÝ¯Kï
Ä�ª³[10–11]. �d,�âã1¤«�)�ÙÛ,�©
�éù«AÏ�·Ü¿1)��NÝ¯KÐmïÄ,
ïá±��zo6Y�mÚ��z��2?oò´ó
�êþ�8I�·Ü�ê5y�.,�O¦)Tõ8
I�.�`z�{,¿|^ØÓ5�eHPMSP�ý
�~5u�¤JÑ�.Ú�{�k�5.

ã 1 HPMSP�)�ÙÛ

Fig. 1 Production unit of HPMSP

2 ¯̄̄KKK£££ããã���ïïï���(Problem description and
model)
HPSMP¯K�£ãXe: ó�kü«\ó)�

�,)��1©ü�óS�¤,���1IÃ�s$1,
ó�3��2?äk�����m�¦,e���m
L�E¤ò´mó,ò�)�	��g\9�m: )
��2d��óS�¤,Ø�3þã¯K.ó�3Ó�
)��ØÓ��þ�üS�ó�?\T)���^

S�Ó,z���3Ó��m�U\ó��ó�,z
�ó�3Ó��m�U3����þ\ó,\óL§
Ø#N¥ä.

¯Këê:

J : L«ó�8, J = 1, 2, · · · , n;

J ′: L«*Ðó�8, J ′ = 0, 1, 2, · · · , n;

L: L«)��8, 1, 2, · · · , k;

Ml: L«)��lþ�Åì8, 1, 2, · · · ,ml;

j: L«ó�?Ò; j ∈ J ;

i: L«*Ðó�?Ò,Ù¥i = 0L«J[ó�,
i ∈ J ′;

l: L«)��?Ò, l ∈ L;

m: L«Åì?Ò, m ∈ Ml;

rj : L«ó�j����m;

pjlm: L«ó�j3)��lþÅìm?�\ó�

m;

wmax
j : L«ó�j���#N���m;

p′: L«ó�?1�g\9¤I��m;

M : L«Ã¡����ê;

Ujlm: L«ó�j3)��lþÅìm?Ï���

mL����g\9�ü ¨v,ùpéu∀j ∈ J ,
l ∈ L,�m = 1�, Ujl1 ≡ 0,ùL«ó�3)��þ
11�Åì?Ø¬Ñy�g\9y�.�m>1�,e
rjlm−C(jl(m−1)) >wmax

j ¤á,KUjlm =1;ÄKUjlm

=0.

ûüCþ:

rjlm: L«ó�j3)��lþÅìm?�m©\

ó�m.

Cj : L«ó�j��ó�m.

Cjlm: L«ó�j3)��lþÅìm?��ó�

m.

xjl =





1, ó�jSü3)��lþ\ól,

0, ÄK,

yijl =





1, ó�j;�ó�i?\)��l,

0, ÄK,

u´,±��zo6Y�mÚ��zoò´ó�êþ
�8I¼ê�HPSMP¯K�õ8I·Ü�ê5y�
.�

minZ1 =
n∑

j=1

(Cj − rj),

minZ2 =
n∑

j=1

k∑
l=1

ml∑
m=1

Ujlm,

s.t.
k∑

l=1

xjl = 1, j = 1, 2, · · · , n, (3)

k∑
l=1

n∑
i=0

yijl = 1, j = 1, 2, · · · , n, (4)

rjlm =max{
n∑

i=0

(yijl · Cilm), rj}, j = 1, 2, · · · , n,

l = 1, 2, · · · , k,m = 1, 2, · · · ,ml, (5)

Cjlm =rjlm+pjlm+Ujlm · p′, j =1, 2, · · · , n,

l = 1, 2, · · · , k,m = 1, 2, · · · ,ml, (6)

Cjlm−Cilm+M · (1− yijl)>0, j =1, 2, · · · , n,

l=1, 2, · · · , k,m=1, 2, · · · ,ml, (7)

C0lm =0, l = 1, 2, · · · , k,m=1, 2, · · · ,ml, (8)

Cj >xjl · Cjlm, j =1, 2, · · · , n, l=1, 2, · · · , k,

m = 1, 2, · · · ,ml, (9)
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xjl =1½0, j = 1, 2, · · · , n, l = 1, 2, · · · , k, (10)

yijl = 1½0, i = 1, 2, · · · , n, j = 1, 2, · · · , n,

l = 1, 2, · · · , k, (11)

Ù¥: ª(1)L«��zo6Y�m�8I¼ê,ª
(2)L«��zoò´ó�êþ�8I¼ê;ª(3)L
«z��ó��U3�^)��\ó;ª(4)L«z�
ó�Ñk�=k��;có�;ª(5)−(6)L«ó�3
����þ�m©�mÚ�¤�m;ª(7)�yÓ�^
)��ØÓ��þ�ó�üS�ó�?\)���

^S�Ó;ª(8)L«J[ó���¤�m;ª(9)L«
ó��ó�m;ª(10)−(11)�ûüCþ���å.

3 ���{{{���OOO(Algorithm design)
�â©z[12]�(Ø,ó�äk���m�üÅ,

¿1Å96Y�NÝ¯Kþ�NP–Hard¯K,w,
HPMSP¯K�±�@�´ù
¯K�(Ü,Ïd�
´NP–Hard¯K.�Ä�ùp��.´��õ8I`
z�.,u´|^�«²;�õ8I¢D�{NSGA–
II5¦)HPMSP¯K. NSGA–II´Deb�[13]u2002c
JÑ��«õ8I`z�{,ÏÙäk�¯�Âñ�
Ý±9ûÐ�Pareto)8©Ù5��
2��'
5[14]. duNSGA–II�Ð�A^u¢`z¯K,�
©ïÄ�HPMSP¯K´��·Ü�ê5y¯K,�
e5òl/ÚN?è,Ð©«+)¤±9¢D�f(À
J!��ÚCÉ)��¡�Ñ¦)�{�äN�O.d
	,�â¯K�A:,�©��Äò�«Û�|¢ü
Ñi\�¦)�{¥,±?�ÚUõNSGA–II�{�
5U.

3.1 ///ÚÚÚNNN???èèè(Chromosome presentation)
HPMSP¯K´düÅÚü�ã6Y�|¤�¿

1�)�NÝ¯K.Ïd,�©æ^�©�Î�^S
?è�{. ±5�ó��HPMSP¯K�~,ã2¤«�
/ÚNL«ó�5, 3±�ª1\ó,Ù^S�5y3,ó
�1, 4, 2±�ª2\ó,^S�1y4y2,/00�©�
Î,^u«©ü«�ª\ó�ó�8.

ã 2 /ÚN�L«�{

Fig. 2 Chromosome representation

3.2 ÐÐÐ©©©«««+++)))¤¤¤(Generating initial population)
�
)¤p�þ�Ð©«+,�©Äk|^

ERT–ECT(the earliest release time and earliest comple-
tion time rule)éuª�{(Xã3¤«)�)��Ð�
Ð©�N,,�ÏLéÙ�1ÄÏ£ CÉ��ª�
)50%�`ûÐ©�N,�{��NK|^���Å
�).

3.3 ÀÀÀJJJ(Selection)
æ^<ImÀJÅ�l«+¥À�`û�N?1

¢Dö�.T�{Äkl«+¥�ÅÀJü��N,
ò�|��N�u�ó³¥;eü��N��|�'
X,K§�þ��u�ó³¥.

Procedure Algorithm of ERT–ECT heuristic method:
begin
ò8ÜJ¥ó�U���m,SüS;
-t1 = t2 = t3 = 0; S1 = S2 = ∅;

while (J = ∅)
ÀJJ¥1��ó�;
t′1 = max{ri, t1}+ pj1; t′2 = max{t1, t2}+ pj2;
t′3 = max{ri, t3}+ pj3;
if (t2 6 t′1 + wmax

j ) then
S1 = S1 ∪ {j}; t1 = t′1; t2 = t′2;

else if (t′2 + p′ 6 t′3) then
S1 = S1 ∪ {j} ; t1 = t′1; t2 = t′1 + p′;

else
S2 = S2 ∪ {j}; t3 = t′3;

endif
J = J − j;

endwhile
Ü¿S1ÚS2)¤��Ð©�N;

end
ÎÒ:

J : ó�8;
S1: )��1þó�\ó^S;
S2: )��2þó�\ó^S;
tm: ��m��@�^�m, m = 1, 2, 3;
t′m: tm����, m = 1, 2, 3;

pjm: ó�j3��mþ�?n�m, m = 1, 2, 3.

ã 3 ERT–ECTéuª�{�èã

Fig. 3 Pseudo-code of ERT–ECT heuristic method

3.4 ������ÚÚÚCCCÉÉÉ(Crossover and mutation)
�â12.1!¥�/ÚN?è�{,�©ò©�Î

À���J[ó�?Ò5�O��ÚCÉö�.��
ö�æ^XeÚ½: 1) �ÅÀJI��Nparent1©
�Î�ý�ÄÏ��¢D�f��Noffspring1;
2) l,��I��Nparent2¥íØ®ÀJ�ÄÏ,
¿ò�{ÄÏ^SV\�offspring1��{ �.�d
�{,�),��f��Noffspring2,Xã4¤«.

ã 4 ���{«¿ã

Fig. 4 Graph of crossover

CÉö�æ^�ÅÀJÄÏ� ,ÄÏ£ ½Ä
Ïã_S��{.
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3.5 ÛÛÛÜÜÜ|||¢¢¢(Local search)
�
¼��Ð�Pareto)8,ÏL(ÜHPMSP¯

K�A:,�©3¦)�{¥i\
�«ÛÜ|¢�
{,é��ÚCÉ�)�#�N,ò±VÇβ�1ÛÜ

|¢(Xã5¤«). ÛÜ|¢ÏL?EüÑÚU?üÑ
ü�Ú½?1,Ù¥?E(repair)üÑ´ò��2?�
ò´ó�=£���3??¿ �\ó,±Jp�|
�)�©Ù5;U?üÑKæ^�ÅÀJÄÏ�
 (swap),ÄÏ£ (insert)½ÄÏã_S(reverse)�
{,±U?�{�ÛÜmuUå.

Procedure Algorithm of local search method:

begin
if (rand(0, 1) < β) then
//?EüÑ

é�Nx�1?E¼�x′; P = P ∪ {x′};

//U?üÑ

-iter=0;

while (iter < 5)

é�Nx′�ÅÀJÄÏ� ,£ ½_Sö�¼�x′′;

iter = iter + 1;

if (x′′|�x′) then
P = P ∪ {x′′}; break;

endif
if (x′′Úx′��|�'X) then
P = P ∪ {x′′}; x′ = x′′;

endif
endwhile

endif
end
ÎÒ:

x: �1ÛÜ|¢��N;

P : �c«+.

ã 5 ÛÜ|¢�{�èã

Fig. 5 Pseudo-code of local search method

3.6 JJJÑÑÑ���UUU???NSGA–II���{{{ (The proposed im-
proved NSGA–II)
�âþã�{�O,�©JÑ
�«¦)HPMSP

¯K�U?NSGA–II�{(improved NSGA–II, INSGA–
II),Ù�èXã6¤«. 3�¤�{ëêÚ«+�Ð©
z�,�{ò?\XeS�L§: Äkl�c«+
PÀJÑ�½êþ��N�¤�ó³MP,¿é�ó
³MP¥��N�1��ÚCÉö�;,�éz�#
�)�N±�½VÇβ�1Û�|¢: ��3GØ�
c«+PÚ�ó³MP¥�Ó�N�,æ^�N©�
ÚP@ål��{[13]�)e��«+. e«+¥�N
êþØv,K|^�Å�NÖ¿.

4 ���ýýý¢¢¢���(Simulation experiment)
�©|^�Å)¤�ØÓ5�(n=20, 40, 60, 80,

100)HPMSP¯K?1�ý¢�,z«5�e)¤�
~,¤k�~þæ^Xe�Ó�ëê��;ó�3�
�1, 2, 3þ�?n�m©OÑlU [40, 60]; U [60, 80]
ÚU[80, 120];ó�����mÑlU[1, 20n];ó�3
��2?������mÑlU [0, (

∑|pj1−pj2|)/n];
ó��g\9¤I�m�20. �
�Ð/u�¤JÑ
�INSGA–II�{3¦)HPMSP¯K�k�5,�ý
¢�¥ò±NSGA–II, MNSGA–II[15]ÚAMOSA[16]�

'�é�,|^4«�{©Oéz��~$150g,ò
zg¼���|�)8��T�{zg$1�¦)

(J,�ªò��²þ�(mean),�Ð�(best),��
�(worst)9IO �(std)���{µ���â.

Procedure Algorithm of the proposed improved NSGA–II:

begin
Ð©z�{ëê;

Ð©z«+P (0)(X12.2!);

t = 0;

repeat
æ^ÙÓÀJ�{l�c«+P (t)¥ÀJ�N|¤�

ó³MP(t)(X12.3!);

éMP(t)¥��N�1��ÚCÉö�(X12.4!);

éMP(t)¥��N,±VÇβ�1ÛÜ|¢ö�

(X12.5!);

íØMP(t)ÚP (t)¥��Ó�N;

Ü¿MP(t)ÚP (t),¿)¤e��«+P (t + 1);

t = t + 1;

until a stop condition is met

end

ã 6 JÑ�U?NSGA–II�{�èã

Fig. 6 Pseudo-code of the proposed Improved NSGA–II

4.1 ���{{{ëëëêêê������(Algorithm parameter setting)
INSGA–II, NSGA–IIÚMNSGA–II�ëê���:

«+��þ��60;CÉÇþ��0.1; MNSGA–II�
Ù¦ëê��©�Ó.��y4«�{äk�Ó�µ
dgê, INSGA–II�S��ê��400g,NSGA–
IIÚMNSGA–II�S��ê��600g,ùÌ�´�Ä
�INSGA–II¥�N±VÇβ = 0.1�1�Û�|¢�
¬�Ñ�	�µdgê. AMOSA�ëê���:Ð©
§Ý��10000 ◦,Ê�§Ý��100 ◦,e%Xê��
0.95,z�G�eS�400g. ¤k�{þæ^C++�
ó?�,3Intel 3.06 GHz 12 GBS��O�Å�¸e
$1. ¢�©Oæ^ÎÒA, B, C9DL«�{INSGA–
II, NSGA–II, MNSGA–II9AMOSA.

4.2 ¢¢¢���(((JJJ©©©ÛÛÛ(Experiment result analysis)
Äk,�y4«�{3�|�)8Âñ59¼��

|�)êþ�¡�5U. Zitzler[17]JÑæ^C�I5

µdü«�{¤¼���|�)8Âñ5�`�,O
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��{Xª(12),Ù¥XÚY©OL«ü«�{¼�

��|�)8. eC(X, Y ) = 1`²éuY¥�?�

��|�), X¥o�3|�§�); C(X, Y )=0
L«éuY¥?��), X¥ÑØ�3|�§�).

C(X, Y ) =
|y ∈ Y |∃x ∈ X : x Â y|

|Y | . (12)

L1ÚL2�Ñ 
INSGA–II, NSGA–II, MNSGA–
II9AMOSA�¢�(J,�)C�I9��)��ê

�é'. lC�Iþ©Û, INSGA–II�¦)(J`
uNSGA–II, MNSGA–IIÚAMOSA,¼���|�)
8þU|�NSGA–II, MNSGA–IIÚAMOSA¼��
|�)8,�INSGA–II�{äk�Ð�½5. lL
2¥¢�(J�±wÑ, INSGA–II�{¼����)
��ê�õuÙ§3«�{,��X¯K5��O�,
INSGA–II¼���|�)�êþ`³�²w.

L 1 4«�{C�I¢�(Jé'

Table 1 Comparison of experimental results on
four algorithms via C index

n �{ ²þ�±IO� �`� ���

20

C(A, B)

C(A, C)

C(A, D)

C(B, A)

C(C, A)

C(D, A)

1.0±0.0
1.0±0.0
1.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0

1.0
1.0
1.0
0.0
0.0
0.0

1.0
1.0
1.0
0.0
0.0
0.0

40

C(A, B)

C(A, C)

C(A, D)

C(B, A)

C(C, A)

C(D, A)

1.0±0.0
1.0±0.0
1.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0

1.0
1.0
1.0
0.0
0.0
0.0

1.0
1.0
1.0
0.0
0.0
0.0

60

C(A, B)

C(A, C)

C(A, D)

C(B, A)

C(C, A)

C(D, A)

1.0±0.0
1.0±0.0
1.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0

1.0
1.0
1.0
0.0
0.0
0.0

1.0
1.0
1.0
0.0
0.0
0.0

80

C(A, B)

C(A, C)

C(A, D)

C(B, A)

C(C, A)

C(D, A)

1.0±0.0
1.0±0.0
1.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0

1.0
1.0
1.0
0.0
0.0
0.0

1.0
1.0
1.0
0.0
0.0
0.0

100

C(A, B)

C(A, C)

C(A, D)

C(B, A)

C(C, A)

C(D, A)

1.0±0.0
1.0±0.0
1.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0

1.0
1.0
1.0
0.0
0.0
0.0

1.0
1.0
1.0
0.0
0.0
0.0

L 2 4«�{¼��|�)êþ¢�(Jé'

Table 2 Comparison of experimental results on

four algorithms via number of
nondominated solutions

n �{ ²þ�±IO� �`� ���

20

A
B
C
D

13.54±0.54
12.64±0.66
12.64±0.91
12.58±0.78

14
13
14
14

12
10
10
12

40

A
B
C
D

25.26±0.66
18.32±1.05
19.22±2.79
20.38±2.30

26
20
22
24

22
15
11
11

60

A
B
C
D

35.46±0.73
26.26±3.53
21.74±1.11
25.1±2.42

37
31
24
29

34
12
19
20

80

A
B
C
D

47.82±1.32
29.6±3.64
28.28±3.69
28.18±5.74

50
33
33
37

44
15
14
19

100

A
B
C
D

55.02±2.02
29.7±2.42
32.58±5.58
37.74±6.73

61
33
39
43

52
20
15
18

�|�)8�©Ù5´µdõ8I�{5U��

���I,L3�Ñ
4«�{¼���|�)8©
Ù5�¡�¢�(J.

©Ù5�I∆�O�úªXª(13)¤«. �Ä�
ü�8I�þjØÓ,ùpò�|�)8¥�8I�
?15�z?n,5�z�{Xª(14). Ù¥, fmaxÚ

fmin©OL«éA8I3�|�)8¥����Ú�

��, fiÚf ′i©OL«�8I�Ú5�z�8I�.

∆ =
|PF |∑
i=1

di − d

|PF | , (13)

f ′i =
fi − fmin

fmax − fmin

. (14)

lL3¥�¢�(J�±wÑ, INSGA–II¼��
�|�)8äk�Ð�©Ù5,�äk�Ð�½5.

d	,ã7−10�Ñ
4«�{©O�éØÓ5�
��~,ÀJ50g$1¤¼���Ð�|�)8�©
Ù�¹.

w,,lã¥�±�*�wÑINSGA–II¤¼��
�|�)8ÃØl�þþ�´©Ù5þÑ���`

uÙ¦3«�{.

��,�y4«�{34à:�þ�¡�5U,¢
�(JL²4«�{þU¼����oò´ó�êþ
�0�NÝ�Y,ùp=�Þo6Y�m�4à:�
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Table 3 Comparison of experimental results on
four algorithms via spread index

n �{²þ�±IO� �`� ���

20

A
B
C
D

2.68E−02±0.00
4.91E−02±0.01
6.87E−02±0.02
4.94E−02±0.01

4.19E−02
9.89E−02
1.33E−01
1.00E−01

1.86E−02
2.32E−02
3.30E−02
2.61E−02

40

A
B
C
D

1.39E−02±0.00
4.62E−02±0.01
4.59E−02±0.01
4.52E−02±0.01

2.19E−02
1.21E−01
6.39E−02
8.14E−02

1.15E−02
3.10E−02
2.88E−02
2.65E−02

60

A
B
C
D

1.00E−02±0.00
4.44E−02±0.01
4.26E−02±0.01
4.08E−02±0.00

1.80E−02
7.62E−02
6.86E−02
7.44E−02

7.77E−03
2.43E−02
2.36E−02
1.33E−02

80

A
B
C
D

7.89E−03±0.00
4.11E−02±0.01
3.99E−02±0.01
3.77E−02±0.01

1.18E−02
6.68E−02
5.91E−02
6.38E−02

6.14E−03
2.64E−02
2.48E−02
1.83E−02

100

A
B
C
D

7.12E−03±0.00
4.26E−02±0.01
4.04E−02±0.01
3.85E−02±0.01

1.02E−02
7.25E−02
6.36E−02
7.11E−02

5.31E−03
2.31E−02
2.79E−02
1.48E−02

L 4 4«�{�4à:�þé'
Table 4 Comparison of experimental results on

four algorithms in extreme points

n �{ ²þ�±IO� �`� ���

20

A
B
C
D

4.91E+03±2.69E+02
5.99E+03±3.63E+02
6.68E+03±7.60E+02
6.66E+03±3.10E+02

5.83E+03
7.22E+03
7.16E+03
7.75E+03

4.71E+03
5.79E+03
6.62E+03
6.33E+03

40

A
B
C
D

1.58E+04±7.81E+02
2.58E+04±6.69E+02
2.63E+04±1.09E+03
2.64E+04±1.31E+03

2.04E+04
2.81E+04
2.99E+04
2.72E+04

1.55E+04
2.56E+04
2.56E+04
2.40E+04

60

A
B
C
D

3.67E+04±9.33E+02
6.17E+04±1.04E+03
6.09E+04±1.00E+03
6.27E+04±2.13E+03

4.27E+04
6.54E+04
6.22E+04
7.15E+04

3.61E+04
6.08E+04
5.97E+04
6.07E+04

80

A
B
C
D

6.86E+04±3.01E+03
1.17E+05±3.31E+03
1.12E+05±3.65E+03
1.16E+05±5.85E+03

8.13E+04
1.31E+05
1.27E+05
1.43E+05

6.67E+04
1.15E+05
1.09E+05
1.13E+05

100

A
B
C
D

1.06E+05±3.94E+03
1.87E+05±6.30E+03
1.84E+05±4.41E+03
1.83E+05±1.26E+04

1.27E+05
2.19E+05
1.98E+05
2.08E+05

1.05E+05
1.83E+05
1.79E+05
1.71E+05

lL4¥�±wÑ, INSGA–II¼����o6Y
�m`uNSGA–II, MNSGA–IIÚAMOSA.dd�±
wÑ, INSGA–II�{3ü8I�`z�Jþ�äk`
³.

ã 7 4«�{¦)¯K5��20��|�)8é'
Fig. 7 Distribution of nondominated solutions obtained by

four algorithms in solving problem size 20

ã 8 4«�{¦)¯K5��40��|�)8é'
Fig. 8 Distribution of nondominated solutions obtained by

four algorithms in solving problem size 40

ã 9 4«�{¦)¯K5��80��|�)8é'
Fig. 9 Distribution of nondominated solutions obtained by

four algorithms in solving problem size 80
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ã 10 4«�{¦)¯K5��100��|�)8é'
Fig. 10 Distribution of nondominated solutions obtained by

four algorithms in solving problem size 100

5 (((ØØØ(Conclusion)
�é¢S)��¸�3G¿é¿��)�ü�,

�©JÑ
�«AÏ�·Ü¿1ÅNÝ¯K,ïá

±��zo6Y�mÚ��zoò´ó�êþ�8

I�õ8I·Ü�ê5y�.,¿�O�«U?�
NSGA–II�{?1¦). ÏLéØÓ5�eHPMSP
¯K?1�þ��ý¢�,¢�(JL²�©¤JÑ
��{¼���|�)83Âñ5,©Ù594à:
�þ�¡þäk�Ð��J.
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