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Abstract: In this study many-objective flexible job shop scheduling problem (MaOFJSP) is investigated, the goal of
which is to minimize makespan, maximum tardiness, maximum workload of machine and total energy consumption simul-
taneously. A novel imperialist competitive algorithm (ICA) is proposed, in which initial empires are newly constructed so
that most of imperialists are assigned close number of colonies. Assimilation of imperialist is introduced, and revolution
and imperialist competition are implemented in a new way, respectively, to produce high quality solutions. Extensive ex-
periments are conducted to test the impact of strategies of ICA on its performance and compare ICA with other algorithms
finally. The experimental results validate that ICA has a strong advantage for MaOFJSP.
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MKO09 17.21 8874 5.481 19.93
MKI10 3.648 17.85 24.07 5.790
MKI11 5.265 5.118 7986 3.105
MKI12 7.761 3.809 9.824 7.083
MKI13 4.248 4.658 18.56 7.796
MK14 4202 6.834 1523 9.526
MKI15 3.186 7.763 2640 12.36

DP1 3419 17.39 1573 12.06

DP2  6.753 3.632 6.754 5.018

DP3 15.31 1440 17.68 17.04

DP4 18.02 0.000 23.16 2598
DP5 2259 1.135 31.64 12.22

DP6 2594 8317 7.392 9.183
DP7 17.19 4.704 8.613 9.564

DP8  5.020 7.805 13.07 5.223
DP9 7334 5233 1294 6.201
DP10 5.087 3.410 11.03 8.165
DP11 5921 8279 1250 6.089
DP12 6.799 8971 9.545 5.880
DP13  6.878 7951 1442 4.112
DP14  7.627 11.49 1449 8.996
DP15 7.140 2.680 12.26 8.043
DP16 8365 6.502 16.61 1298
DP17 3926 9.796 19.18 8.909
DP18 7.960 8.484 9.287 8.585
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Table 3 Computational results of four ICAs on metrics 17 [A], Ferp 240 i3 R AR S R A 4 b
nd; and p AR SRR IR LR H, 5T K2 488451, ICA
— s 7T HARA LTS 45 R MOGARIVNS 5%
B ICA IeAl 12 ICA3 314 1 10 8 55 2 72 BSICA RS I 45 R, ICA%: T
MKO! 18,0400 17,0.378 9,0.200 1, 0.022 104526724 T S B EL M ATA AE SR, X T314~32451
MKO02 2,0.154 3,0231 4,0.308 4,0.308 R T BN A RS
MKO03 13,0277 20,0426 13,0277 1,0.021
MKO04 23,0250 42,0457 10,0.109 17,0.185 & 4 3R HEATHARDIgO T HE R
MKO5 12,0250 13,0.271 3,0.063 20, 0.417 Table 4 Computational results of three algorithms on
MKO06 27,0231 24,0205 26,0222 40,0.342 metric DIy
MKO7 30,0.380 41,0519 7,0.089 1,0.127 —
MKO8 33,0.355 10,0.108 35,0376 15,0.161 I ICA VNS MOGA
MKO09 1,0.024 16,0.390 24,0.585 0,0.000 MKOl 0943 3649 1539
MKI10 28,0444 0,0.000 0,0.000 35,0.556 MKO02  0.000 5581  15.55
MKI1 37,0245 33,0219 6,0.040 35,0.497 MKO3  0.000 75.93  12.87
MKI2 8,019 43,0642 3,0045 13,0.194 MKO4 - 0.545  27.04  11.36
MKI3 33,0398 29,0349 0,0.000 21,0.253 MKO5 - 0.150 - 33.84 = 11.43
MKI14 76,0563 31,0230 2,0.015 26,0.193 MKO060.700 5080 - 10.52
MKO7 0.169 66.00 6.612
MKI5 53,0746 12,0.169 0,0.000 6,0.085 MKOS 0,000 4178 31.60
DPI 17,0708 1,0.042 2,0.083 4,0.167 MK0S 0000 9551 43.08
DP2  5,0.100 25,0500 1,0.020 19,0.380 MK10 0000 8125 6177
DP3  5,0.250 5,0250 1,0.050 9,0.450 MKI1 0.090 5074 18.27
DP4  0,0.000 15,1.000 0,0.000 0,0.000 MKI2 0.000 4741 34.99
DP5  0,0.000 55,0932 0,0.000 4,0.068 MKI3 0000 86.67 3597
DP6 32,0627 9,0.176 9,0.176  1,0.020 MKI14 0000 39.95 39.41
DP7  1,0.056 11,0.611 2,0.111 4,0222 MKI15 0.000 76.60  43.87
DP8 47,0452 12,0.115 1,0.010 44,0.423 DP1  20.75 5.588 3893
DP9 18,0290 22,0.355 3,0.048 19,0.306 DP2 3417 2292 41.09
DPI0 57,0333 90,0.526 6,0.035 18,0.105 DP3 1713 2008 22.96
DPI1 29,0397 12,0.164 1,0.014 31,0425 DP440.10 - 5.776 - 30.49
DPI12 18,0305 10,0.169 1,0.017 30,0.508 DPS— 0962 25.30 2069
DP13 40,0310 21,0.163 4,0.031 64,0.496 DP6 - 3.327- 17.38 = 19.02
’ ’ ’ ’ DP7  0.000 2123 3227
DP14 16,0516 1,0.032 0,0.000 14,0.452 DPS 3926 3049 2202
DP15 30,0.133 56,0.747 4,0.053 5,0.067 DP9 4365 2639 22.19
DP16 42,0347 52,0430 0,0.000 27,0.223 DPIO 1911 3596 2835
DP17 55,0.591 13,0.140 0,0.000 25,0.269 DP11 2582 2926 2338
DPI8 14,0.194 16,0222 16,0.222 26,0.361 DPI2 2269 27.69  14.46
DPI3  1.096 38.68 21.29
MFR2-30] LA I, ICAHI3 N FRFRME AR T ICA2. DP14 1490 4828  21.05

ICAKT 2746 Fr sk A3 1 DIg {E#5 /N FICA2, Hk
TF7AS S5 ()20 B3 1 D I A 22 5] K F-10; FIICA2
FHLG, ICARERE N $E LT Z RS MR, X degh ik
B 5 NBE R B R F A R T3 M ICA R PERE.

F2-31 4 B £ W, ICAR T E AL T'ICA3. 55
F224 5245, ICARI DI /N FICA3, Foan & A
PR L, A b, M A B R b IR A ey
HW, ATRE AR R A AR, R, BT RIC AR
B e ot B e

DP15 3.541 40.15 15.34
DP16 0.952 3566 21.21
DP17 1.820 37.52  32.26
DP18 3.571 4320 17.47

ICARI PR BE 3= BER B 0046w B 1A 2
AL ] 3 4 ik s S M. W) e A i1 K
2 B0 IR 5K 7y B R A RO B I b, 77 (R S84 07
EAEAF TS AN TE 73, AT DU G 2. TE R X
IRl A 15 e 35 dme DL 5L B i P S P 4 v P R
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Table 5 Computational results of three algorithms on
metrics nd; and p,

S5 ICA VNS MOGA
MKOl 31,0940 0,0.000 2,0.061
MKO02  9,1.000  0,0.000 0,0.000
MKO3  63,1.000 0,0.000 0,0.000
MKO4 45,0918  0,0.000  4,0.082
MKO5 50,0962  0,0.000 1,0.038
MKO6 62,0954  0,0.000 3,0.046
MKO7 66,0943  0,0.000 4,0.057
MKO8  75,1.000 0,0.000 0, 0.000
MKO09  54,1.000 0,0.000 0, 0.000
MKI10  45,1.000 0,0.000 0, 0.000
MKI1l 126,0.992 0,0.000 1,0.008
MK12  76,1.000 0,0.000 0,0.000
MK13 51,1.000 0,0.000 0,0.000
MKI14  92,1.000 0,0.000 0,0.000
MK15 66,1.000 0,0.000 0,0.000

DP1 19,0380 31,0620 0, 0.000

DP2 78,0907 0,0.000 8,0.093

DP3  90,0.891 4,0.040 7,0.069

DP4 0,0.000  8,0.889 1,0.111

DP5 61,0938  0,0.000 4,0.062

DP6 43,0956  0,0.000 2,0.044

DP7 5,1.000  0,0.000 0,0.000

DPS  50,0.820 0,0.000 11,0.180

DP9  40,0.741  0,0.000 14, 0.260
DP10  111,0.902 0,0.000 12, 0.098
DP11 47,0770  0,0.000 14, 0.230
DP12  89,0.761  0,0.000 28,0.240
DP13  89,0.908 0,0.000 9,0.092
DP14  109,0.865 0,0.000 17,0.135
DP15 74,0712  00.000 30,0.288
DP16  89,0.908 0,0.000 9,0.092
DP17  73,0.859  0,0.000 12,0.141
DP18  70,0.795  0,0.000 18, 0.205

6 4w

FEH T — Mo TUICA CAE I 5/ MEMaOFI SPHY £
KFERUTH] S B R B RS i LR REFRE, 120
TER B T R aG A A4 2 AU IR E X
B FE AT 5 R, 5] NFE R E K BRI, FR8
8 P B i SR R [ 3% 4 0 VR AR = TR AR f
S 3 A B S B IR IC AHT S xoF L A 114 S ) -
WICA S HAE VLN b, SEI0 45 R B ICATE K
fi#MaOFISP /7 THI B AT R A 34

ARCHR VA JEE ) g — AN AR B B ) 8, i 0 A7 AE T
SEPRHE R G, 5 e SRR AT A 4k 2R DRI SR ),
I — e 1) Be A (L ZeA AL S SR 1%

le] 85 53— 7 T, R SR 5 e B AH DR ) 20 A U P 1]
A, JE A B R R SRR R R T TR
firy g2 H bR B R R, Eeins4E 2 H AR &
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4% 6 ICA,VNSAZMOGA #9:iZ 4T B [4]
Table 6 Computational times of ICA, VNS and MOGA

BATIN Tl /s

Ay

ICA VNS MOGA
MKO1 5.753 5.034  6.131
MKO02 4316 3939 5.975
MKO3 1643 14.63 12.51
MKO04 9.068 7.720  7.687

MKO5 12.63 11.38 10.74
MKO6 13.98 13.89  11.17

MKO7 1055 7.054  8.788
MKO8 23.05 2552  22.10
MKO09 2221 29.08 21.76
MKI10 2426 3238  20.08
MKI11 30.56 2274 17.64
MKI12 27.67 2798  20.12
MK13 30.55 49.24  20.14
MK14 31.83 3397 19.13

MKI15 33.69 34.28 19.16
DP1 13.68 1727  19.18

DP2 2694 28.02 19.99
DP3  21.74 2856  19.76
DP4 1494 1230 19.92
DP5 2498 27.16 19.51
DP6 2482 2540 19.50
DP7  20.70 2222  29.38
DP8 3540 46.79  29.88
DP9  27.11 3826  29.90
DP10 2559 2920  23.96
DP11 3222 3822 24.11
DP12 2939 37.61 24.07
DP13 4433 4583  37.77
DP14 3550 51.81 36.40
DP15 4457 56.06  39.81
DP16 4271 51.60 36.17
DP17 40.06 49.17  31.05
DP18 37.07 5026  31.26
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