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Job-shop Scheduling Model and Algorithm with Machine Deterioration
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Abstract For the job-shop scheduling problem, a job-shop scheduling model with machine deterioration is built in order

to minimize makespan, considering that the processing time of jobs is a linearly increasing function of the start time. Then

a nested partition method is designed for solving it. In the sampling process, the partheno-genetic algorithm is embedded

into the nested partition method in order to ensure the diversity of sampling and quality. Simulation experiments show

that the proposed algorithm for solving job-shop scheduling problem with machine deterioration can get higher quality

solutions and have a better robustness.
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Procedure Algorithm of NP-PGA
begin
initialize algorithm parameters;
t=10;
set the whole feasible solution space as the current
most promising region;
repeat
partition the most promising region 4(¢) into mul-
tiple subregions, and construct the surrounding
region;
generate the sampling solutions using PGA for
each region;
calculate the promising index for each region;
select the region with the best promising index;
idnetify the most promising region o (¢ + 1), if
needed, the backtracking is used;
t=t+1;
until a stop condition is met.
end

Kl 4 NP-PGA Hikthim
Fig.4 Pseudo-code of NP-PGA algorithm
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Table 1  Experimental data of the first instance
J Ay Dji Qi
1 {O11,014,012,013,016} {8,2,9,4,17} {0.4,0.6,0,0.1,0.4}
2 {O2s, Oa6, 025, Oa1, 022} {11,1,9,7,8} {0.1,0.4,0.2,0.4,0}
3 {Os3, 031, O3z, O34, O35} {17,10,7,20,9} {0.1,0.4,0,0.6,0.2}
4 {Ou4, 042, 045,043,041 } {1,9,16,18,2} {0.6,0,0.2,0.1,0.4}
5 {Os1, Os6, 052,055,054} {2,3,3,10,11} {0.4,0.4,0,0.2,0.6}
6 {Oe¢2, Os6, O65, Oga, Os3 } {3,17,13,4,14} {0,0.4,0.2,0.6,0.1}
®2 92 SR Hd
Table 2  Experimental data of the second instance
J A; Pji Qji
1 {O15,013,014,016,017,012,011 } {19,18,7,18,3,10,15} {0.2,0.1,0.6,0.4,0.3,0,0.4}
2 {01, 024,033, 022, Os7, Oas5, Oag} {14,11,12,5,2,20,14} {0.4,0.1,0.6,0.4,0.3,0,0.4}

{035,036, O37, 033,034, 031,032 }
{041,044, 047,046,045, 043,042}
{052,056, 054,051, Os3, Os57, 055 }
{Os6, 062, Ogs, Os4, Os1, Ogs, Os7 }
{074, 076,077,073, 072,075,071}

N O Ot W

{13,2,4,10,16,9, 8} {0.2,0.4,0.3,0.1,0.6,0.4, 0}

{7,16,4,1,9,4,9} {0.4,0.6,0.3,0.4,0.2,0.1,0}
{6,3,7,8,9,13,6}

{1,4,5,10,11,4,12}

{0,0.4,0.6,0.4,0.2,0.3,0.2}
{0.4,0,0.2,0.6,0.4,0.1,0.3}

{11,12,15,8,16,7,13} {0.6,0.4,0.3,0.1,0,0.2,0.4}
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Table 3  Experimental data of the third instance
J A; Dji aji
1 {O1s,017,016,011,013} {7,20,17,4,8} {0.3,0.3,0.4,0.4,0.1}
2 {O23, 027, Oaa, Oag, Oaz, 05} {3,19,13,1,9,15} {0.1,0.3,0.6,0.4,0,0.4}
3 {Os7, 033, O34, O35} {14,5,12,18} {0.3,0.1,0.6,0.2}
4 {044, 045,042,046,047,043,041,04s } {17,9,6,9,16,5,8,20} {0.6,0.2,0,0.4,0.3,0.1,0.4,0.3}
5 {Os1, Os6, Oss, Oss, Oss } {10,7,20,17, 14} {0.4,0.4,0.2,0.1,0.3}
6 {Os6, O3, Oss, Ocr, Ogs, Ogz, Ogs, Og1 {13,14,8,19,16,18, 14, 14} {0.4,0,0.6,0.3,0.2,0,0.3,0.4}
7 {023,012, 011, Ors, Oza, Ors, Orz, Oz {10,18,10,7,9,7,9,7} {0.1,0,0.4,0.2,0.6,0.3,0.3,0.4}
8 {Os1, Oss, Oss, Oss, Osz} {13,1,15,9,4} {0.4,0.2,0.3,0.4,0}
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Table 4 Experimental results on different backtracking strategies and sampling number
SR SN Best Worst Mean S Time (s)
20 178.83 219.87 192.41 16.03 19.23
30 178.83 205.91 185.85 9.49 25.51
1) 40 178.83 204.40 185.01 10.78 29.26
50 178.83 192.24 183.83 10.12 39.33
60 178.83 184.96 181.77 8.99 53.80
20 178.83 221.46 190.07 9.06 14.37
30 178.83 198.10 185.31 9.85 24.43
2) 40 178.83 215.10 184.73 9.32 38.00
50 178.83 195.34 182.55 8.96 57.42
60 178.83 183.51 180.22 8.37 88.57
#5 A SR
Table 5  Experimental results on different sampling number
SN NG Best Worst Mean S Time (s)
10 50 178.83 210.69 186.57 12.94 17.74
20 50 178.83 198.09 186.03 12.32 36.50
30 50 178.83 192.10 181.69 5.49 71.13
40 50 178.83 192.10 182.80 7.31 85.09
50 50 178.83 192.10 181.43 5.74 99.76
6 PGA BRUHA LN
Table 6  Experimental results on different iteration times of PGA
SN NG Best Worst Mean S Time (s)
30 10 178.83 210.69 189.43 13.25 22.51
30 20 178.83 210.69 186.99 10.13 30.64
30 30 178.83 188.84 183.21 4.97 45.19
30 40 178.83 192.10 183.83 5.81 65.59
30 50 178.83 198.09 184.99 7.71 82.45
£ 7 EA.GA.NP RINP-PGA 5 has
Table 7 Comparison of experimental results obtained by EA, GA, NP and NP-PGA
Problem Algorithm Best Mean S Time (s)
J6 x M6 EA 178.83 178.83 0 3237.8
J6 x M6 GA 178.83 181.38 1.92 33.39
J6 x M6 NP 178.83 192.10 9.06 38.03
J6 x M6 NP-PGA 178.83 190.07 5.49 45.19
J7Tx M7 EA — — — —
J7x M7 GA 894.80 917.08 19.50 51.68
J7x M7 NP 901.51 921.75 11.82 65.77
J7x M7 NP-PGA 891.30 910.08 11.20 74.52
J8 x M8 EA — — — —
J8 x M8 GA 838.60 842.76 10.22 95.88
J8 x M8 NP 833.43 873.42 17.26 119.42
J8 x M8 NP-PGA 805.28 820.86 10.04 88.93
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Fig.5 Convergence curve of three algorithms in
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