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Abstract The problems of scheduling jobs with different ready time on parallel machines

to minimize the total completion time are addressed. A new iterated local search (ILS)

is proposed based on a new neighborhood structure named variable-depth cycle exchange.

First, we define the variable-depth cycle exchange neighborhood structure. Based on the

variable-depth cycle exchange neighborhood and the traditional Swap neighborhood, a new

ILS algorithm with two kick strategies is then proposed. Scatter search (SS) is embedded

into ILS to enhance its power of getting away from the local optima, in which the algorithm

continues work after combining the best and the second best solutions found so far. Com-

putational experiments on 10 problems with up to 50 jobs and 20 machines for unrelated

parallel machines and identical machines respectively are carried out to test the performance

1) ÈÉÊËÌ�<"ÍÎ (70425003), ÈÉ0Ï<"ÍÎ (70171030, 60274049), ÐÑ"ÒÓÔÌ�#Õ#"<Ö×ØÙÚ
(#$Û [2002]383) ÜÝ

Supported by the Excellent Young Faculty Program of the Ministry of Education, P.R. China (70425003),

National Natural Science Foundation of P.R. China (70171030, 60274049), the Science Foundation for Excellent

Youth Teachers of Universities by the Ministry of Education of P.R. China ([2002]383)Þßà� 2004-5-31
Þáâßà� 2005-3-17

Received May 31, 2004; in revised form March 17, 2005

Copyright c© 2005 by Editorial Office of Acta Automatica Sinica. All rights reserved.



918 ã ä R å æ
31ç

of the algorithm. For the identical parallel-machine scheduling problem, the average devia-

tion of the ILS with SS to the lower bound obtained by Lagrangian Relaxation is 0.99%, but

1.06% for the ILS without SS. For the unrelated parallel-machine scheduling problem, the

average performance of the ILS with SS make an improvement 6.06% over that of the ILS

without SS, and also is better than that of multi-start descent algorithm.

Key words Parallel-machine scheduling, variable-depth cycle exchange neighborhood,

iterated local search, scatter search
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µ
1 àáâ¶·¸¹ºm»¼½¾¿äÀÁÂ»¼ßÃÄ

Table 1 Comparison of multi-neighborhood and variable-depth cyclic exchange neighborhood for

parallel-machine scheduling problems

ÅÆ ÇÈÉÊË ÌÍÉÊË
n × m ÎÏÐÑ (%) ÒÓÔÕ (%)Ö×ØÙÚÛÜÝ ÞßÜÝ àÊáâ (s) Ö×ØÙÚÛÜÝ ÞßÜÝ àÊáâ (s)

10×3 1.13 1.00 1.55 0.35 0.48 0.61

20×3 1.36 1.00 12.95 1.35 1.06 3.31

50×3 1.51 1.00 308.45 1.64 1.61 48.11

20×4 1.40 1.00 13.23 1.30 0.64 2.56

50×4 1.63 1.00 262.18 2.31 1.54 30.66

30×5 1.58 1.00 43.71 1.42 0.74 5.73

50×5 1.70 1.00 240.73 2.46 1.07 23.77

50×10 1.63 1.00 193.58 2.84 0.68 12.13

50×15 1.42 1.00 180.96 1.92 1.73 7.87

50×20 1.40 1.00 181.36 3.23 0.34 6.97ÒÓÎÏÐÑ 1.48 1.00 1.88 0.99

µ
2 ãäàáâåæ¹ ILS çèå ILS & SS çè½¸æßçèéê

Table 2 The deviations of ILS and ILS & SS algorithms for the identical parallel-machine scheduling problem

n×m
ÒÓÔÕ (%) àÊáâ (s)

ILS&SS ILS

10×3 0.48 0.48 0.61

20×3 1.06 1.11 3.31

50×3 1.61 1.44 48.11

20×4 0.64 0.71 2.56

50×4 1.54 1.42 30.66

30×5 0.74 0.93 5.73

50×5 1.07 1.28 23.77

50×10 0.68 1.15 12.13

50×15 1.73 1.73 7.87

50×20 0.34 0.36 6.97ÒÓÎÏÐÑ 0.99 1.06

µ
3 ëìàáâåæ¹ ILS & SS çèå ILS çèíîï¸ðçè (MD) çèñòÃÄ

Table 3 Computational results of the ILS & SS, ILS and multi-start algorithms for the unrelated

parallel-machine scheduling problem

n×m ÎÏÐÑ (%) àÊáâ (s)
ILS&SS ILS MD

10×3 1.00 1.05 1.05 1.55

20×3 1.00 1.06 1.06 12.95

50×3 1.00 1.07 1.09 308.45

20×4 1.00 1.07 1.09 13.23

50×4 1.00 1.09 1.13 262.18

30×5 1.00 1.07 1.10 43.71

50×5 1.00 1.09 1.12 240.73

50×10 1.00 1.03 1.07 193.58

50×15 1.00 1.02 1.07 180.96

50×20 1.00 1.02 1.05 181.36ÒÓÎÏÐÑ 1.00 1.06 1.08
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