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Keywords ABSTRACT
Flexible Job Shop In this paper the problem of job shop scheduling with parallel machines in
Parallel MEChineS’ each stages is discussed. The objective is to minimize the maximum
Mathematical Modeling, completion time (makespan). This problem is a combination of two classic
Heuristic Algorithms problems of job shop and parallel machines which in this case parallel

machines has been used as kind of flexibility in the job shop problem. The
review of literature has shown that this problem has not been discussed yet.
After presenting the mathematical mode, heuristic algorithms are used for
solving this NP-hard problem. Regarding this, five algorithms are presented
and a lower bound is developed. Finally all these algorithms have been
analyzed. According to results the proposed algorithm of H2 works better
than the others when there are few jobs. As the number of jobs increases H1
is more efficient than H2 asymptotically. Also the efficiency of H3 algorithm
isthe worst among the rest.
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14 100 8 2723.35 2550.33 0.0006 2613.1 2407 0.0173 10444.05 7299.83 0.2533 5649.15 4861.17 0.0667 7162.45 5447.83 0.1547
15 100 10 2805.25 2686.83 0.0306 2600.8 2389 0.0146 14218.48 10685.17 0.3704 6957.67 5888.5 0.0161 9357.05 7590.17 0.091
16 150 2 3374.93 3136.5 0.0103 3922.68 3245.33 0.03 4138.47 3763.17 0.0267 4151.17 3650.5 0.0173 4164.17 3692 0.0214
17 150 4 3584.37 3386 0.0016 3864.37 3350 0.0092 6887.32 5431 0.0581 5373.43 5001.67 0.0002 5921.98 4396.5 0.0085
18 150 6 3757.42 36515 0.011 3886.52 3601 0.0159 12437.83 10099.17 0.2692 7020.42 6565.67 0.0101 8900.57 7014.83 0.1401
19 150 8 3958.98 3900.83 0.0125 3898.38 37335 0.0019 17087.93 11534.33 0.5156 8702.37 7397.83 0.099 11361.17 8347 0.2286
20 150 10 4071.93 3881.33 0.0054 4002.3 3742 0.0225 25136.78 18414.33 0.0504 11587.95 9742 0.0028 15611.2 12152.83 0.0057
21 200 2 4421.73 4322.17 0.0074 5077.5 4056 0.038 5458.52 4827.67 0.0358 5436.65 4944.33 0.022 5550.13 4576.33 0.0352
22 200 4 4750.22 4506.83 0.0037 5240.85 4501 0.0203 9401.8 7526 0.0207 7393.7 6684.67 0.0488 7711.33 6252.17 0.0446
23 200 6 4971.75 4695.33 0.0061 5116.23 4560.33 0.0041 14826.27 11792.83 0.1753 8971.07 8294.17 0.001 10466.07 8775.5 0.0537
24 200 8 5196.97 4889.33 0.0024 5058.57 4670.67 0.0247 21917.6 14635.17 0.5235 10795.12 9358.33 0.086 14407.1 9952.33 0.3196
25 200 10 5317.92 5044.83 0.0011 5147.22 4900.67 0.0239 31408.73 17897.33 0.5772 14026.15 10922.5 0.1906 19284.42 13421.83 0.0076
26 300 2 6607.8 6295.5 0.0007 6896.67 6010 0.0363 7652.2 7135.67 0.0226 7879.13 7067.5 0.032 7506.37 6776.67 0.0123
27 300 4 6917.08 6606.67 0.0043 7979.82 6987.5 0.0045 15038.3 10964.67 0.0144 11190.3 10078.33 0.0182 12133.62 9430.83 0.0026
28 300 6 7283.67 7025 0.0076 7652.38 7053 0.0101 20990.86 15976 0.1965 1351155 12019.17 0.0752 15525.53 12860.5 0.1292
29 300 8 7439.83 722817 0.0043 7840.67 7322.33 0.0262 37534.49 28610.84 0.0143 17511.63 16440.84 0.0168 23362.95 19267.16 0.0414
30 300 10 7634.75 7409.17 0.0072 7603.1 7060.33 0.0129 46082.6 273145 0.9014 21086.71 16177.33 0.2262 27727.12 20798.67 0.3214
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