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Abstract: For the Job-shop Scheduling Problem ( JSP) with the objective ofsminimizing the makespan, a hybrid algorithm
combining with Imperialist Competitive Algorithm ( ICA) and Tabu Seatch ¥ TS) was proposed. Based on imperialist
competitive algorithm, crossover operator and mutation operator of<Genetic Algorithm ( GA) were applied in the hybrid
algorithm as assimilation to strengthen its global search ability. To $vefcome the weakness of imperialist competitive algorithm
in local search, TS algorithm was used to improve the offspring of assimilation. The hybrid neighborhood structure and a novel
selection strategy were used by TS to make the search inore efficient. By combining with the ability of global search and local
search, testing on the 13 classic benchmark scheduling problems and comparing with other four hybrid algorithms in recent
years, the experimental results show that the proposed hybrid algorithm is effective and stable.
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Fig. 8 Flowchart of imperialistic competitive algorithm
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Tab. 2 Computational results of classic instances

Istance S BKS HICATS ITNSGA['8] HGA[Y! MA[13) HABC['*]
Chax Re/ % Chax Re/ % Chax Re/ % Crax Re/ % Crax Re/ %
FT10 10 x10 930 930 0.00 930 0.00 930 0.00 930 0.00 935 0.54
LAO2 10 x5 655 655 0.00 655 0.00 655 0.00 655 0.00 655 0.00
LA19 10 x 10 842 842 0.00 842 0.00 844 0.24 842 0.00 842 0.00
LA21 15x10 1046 1052 0.57 1052 0.57 1046 0.00 1055 0.86 1052 0.57
LA24 15 x10 935 941 0.64 941 0.64 953 1393 940 0.53 940 0.53
LA25 15 x10 977 984 0.72 977 0.00 981 0.41 984 0.72 982 0.51
LA27 20x10 1235 1255 1.62 1246 0.89 1236 0.08 1261 2.11 1243 0.65
LA29 20x10 1152 1176 2.08 1165 1.13 1160 0.69 1190 3.30 1180 2.43
LA36 15x15 1268 1281 1.03 1279 0.87 1287 1.50 1281 1.03 1274 0.47
LA37 15x15 1397 1425 2.00 1407 0.72 1407 0.72 1431 2.43 1408 0.79
LA38 15x15 1196 1214 1.51 1293 1.42 1196 0.00 1216 1.67 1196 0.00
LA39 15x15 1233 1249 1.30 1244 0.89 1233 0.00 1241 0.65 1238 0.41
LA40 15x15 1222 1242 1.64 1233 0.90 1229 0.57 1233 0.90 1233 0.90
Av(Re) — — — 1.01 — 0.62 — 0.47 — 1.09 — 0.60
T2 AT IE AR SCE Rk i ) 13 A~ S2 6P i 1100+
3 EeAiff. 5 ITNSCAYS MILL , B T 45 A 42 i S 1, I35 1080+
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Tab. 3 Comparative analysis between prior solutions and inferior solutions
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Fig. 9 Convergence curve of FT10 (10 x 10) benchmark
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FRTOX DL A 4 AT L RS A SCRE B ) CPU &2
WA FREEK , (BB R T (IR Z A KRBT, k45
Av(d) =0.34 PR CE R E YRR E KARXWE  WERENTEHRERTJLEMSE, BiE TEENRER.
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Tab. 4 Average runtime and result comparison with ITNSGA

R 3 A5, BE 1A SCE R R o IR i AR SO B0 d

HETET

[18]

/NTRF R RO R B ST L fiT Ao(y)

= 1 W4

Instance Size BKS* HICATS ITNSGAT b% A
pSize. Chpw  A(Chp) Av(2)/s  pSize  Cpm  Av(Chy) Av(2)/s
FT10 10 x 10 930 100 930 934.55 28.9 600 930 937.25 127.9  0.997 0.23
LAO2 10 x5 655 100 655 655.00 2.0 200 655 655.45 13.1  0.999 0.15
LA19 10 x10 842 100 842 845.15 18.9 200 842 846.95 23.6 0.998 0.80
LA21 15x10 1046 100 1052 1057.00 67.4 400 1052  1055.65 198.9 1.001 0.34
LA24 15 x10 935 100 941 947.50 64.3 400 941 945.90 125.6 1.002 0.51
LA25 15 x10 977 100 984 985.05 65.7 500 977 987.25 332.4  0.998 0.20
LA27 20x10 1235 100 1255  1263.20 104.8 400 1246  1263.80 460.0 1.000 0.23
LA29 20x10 1152 100 1176  1192.05 107.7 400 1165 1190.25 610.9 1.002 0.18
LA36 15x15 1268 100 1281 1297.10 110.1 500 1279  1290.65 233.1  1.005 0.47
LA37 15x15 1397 100 1425  1441.20 109.5 500 1407  1432.25 478.2  1.006 0.23
LA38 15x15 1196 100 1214  1225.80 95.8 400 1213 1235.45 270.1  0.992 0.35
LA39 15x15 1233 100 1249  1250.00 101.9 500 1244  1249.45 317.6 1.000 0.32
LA40 15x15 1222 100 1242 1248.05 101.3 400 1233 1250.20 287.6 0.998 0.35
Av(y/A) — — — — — — — — — — 1.000 0.34
3): 391 -401.
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