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In this paper, we deal with a single machine scheduling problems integrating with step deterioration effect and a rate-modifying

activity (RMA). The scheduling problem assumes that the machine may have a single RMA and each job has the processing

time of a job with deterioration is a step function of the gap between recent RMA and starting time of the job and a deteriorating

date that is individual to all jobs. Based on the two scheduling phenomena, we simultaneously determine the schedule of step

deteriorating jobs and the position of the RMA to minimize the makespan. To solve the problem, we propose a hybrid typed

genetic algorithm compared with conventional GAs.
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Single Machine Scheduling Problem with Step—deterioration under A Rate—modifying Activity
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<Table 1> Results of Numerical Experiment for Small Sized Problems

Data CPLEX GA_DS GA_SC GA_DR
Job | Deterioration Opt. Time RPD MAD Time RPD MAD Time RPD MAD Time
Sol (Sec.) (%) (%) (Sec.) (%) (%) (Sec.) (%) (%) (Sec.)
7 U(l, 0.5w) 560.12 | 2.892 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01
7 ud, w) 57323 | 2.545 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01
7 U(0.5w, w) 593.12 | 2.145 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01
8 U, 0.5w) 61234 | 14.892 0.15 0.04 0.01 0.35 0.03 0.01 0.05 0.00 0.01
8 U, w) 633.18 14.545 0.07 0.02 0.02 0.13 0.02 0.01 0.03 0.00 0.01
8 U(0.5w, w) 653.58 | 14.145 0.01 0.00 0.01 0.11 0.01 0.01 0.01 0.00 0.01
9 U(l, 0.5w) 783.15 | 413.892 | 029 0.21 0.02 0.79 0.17 0.01 0.09 0.05 0.01
9 ud, w) 794.17 | 422545 | 0.17 0.10 0.02 0.67 0.10 0.01 0.07 0.10 0.01
9 U(0.5w, w) 805.39 | 402.145 | 0.05 0.02 0.02 0.55 0.02 0.02 0.09 0.14 0.01
10 U, 0.5w) 900.17 | 3002.892 | 0.55 0.45 0.02 0.95 0.15 0.01 0.35 0.05 0.01
10 u(l, w) 913.69 | 2792.545 0.34 0.15 0.02 0.84 0.15 0.02 0.24 0.05 0.01
10 U(0.5w, w) 933.25 | 2732.145 | 0.12 0.05 0.02 0.74 0.05 0.02 0.12 0.15 0.02
Average 0.15 0.09 0.02 0.43 0.06 0.01 0.09 0.05 0.01
<Table 2> Results of numerical experiment for large sized problems
Data Best GA_DS GA_SC GA_DR
Job | Deterioration Sol. RPD MAD Time RPD MAD Time RPD MAD Time
(%) (%) (Sec.) (%) (%) (Sec.) (%) (%) (Sec.)
20 U(1, 0.5w) 5527.1 29.24 13.53 0.61 19.45 8.91 0.63 1.12 10.00 0.63
20 u(l, w) 506 0.00 0.00 0.50 0.00 0.00 0.53 0.00 0.00 0.51
20 U(0.5w, w) 560.5 11.98 14.98 0.56 19.15 6.97 0.59 1.87 8.10 0.58
30 U, 0.5w) 6180.59 20.44 8.99 1.45 37.52 10.19 1.58 1.47 6.60 1.54
30 u(l, w) 516 1.10 1.74 1.23 2.80 491 1.32 0.00 0.00 1.29
30 U(0.5w, w) 1040.78 73.76 16.22 1.40 95.25 1531 1.51 2.41 19.88 1.48
40 U, 0.5w) 4384.95 33.33 9.39 2.79 55.54 11.40 3.07 2.58 7.70 3.03
40 u(l, w) 495 0.00 0.00 2.32 1.32 2.08 2.63 0.00 0.00 2.50
40 U(0.5w, w) 629.67 57.70 13.11 2.58 67.67 13.44 2.88 2.95 9.80 2.86
50 U, 0.5w) 17494.72 72.33 6.00 4.82 96.35 26.56 535 2.83 12.41 5.27
50 u(l, w) 506 1.00 1.79 3.88 12.37 7.33 451 0.00 0.00 432
50 U(0.5w, w) 1021.28 81.90 15.26 4.45 102.52 16.81 5.05 5.53 22.13 4.98
60 U, 0.5w) 8134.9 2737 13.14 7.24 67.95 14.36 8.21 6.71 7.83 8.18
60 u(l, w) 486 10.21 5.64 5.98 25.96 10.18 7.04 1.51 1.79 6.73
60 U(0.5w, w) 1320.24 67.89 24.66 6.87 109.50 16.20 7.87 9.03 21.56 7.82
Average 32.55 9.63 3.112 47.56 10.98 3.519 2.53 8.52 3.449
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