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Research on Random Scheduling Optimization of Cloud Manufacturing
Service Based on Improved Grey Wolf Algorithm
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(School of Economics and Mangement, Taiyuan Univercity of Technology, Taiyuan, Shanxi 030024, China)

Abstract: To study the random scheduling problem of dispersed manufacturing resources in the context
of cloud manufacturing, the service time is set as an uncertain production parameter, a random schedu-
ling model is established, and an improved grey wolf algorithm combined with reinforcement learning is
used to solve it to optimize the scheduling scheme. Starting from the perspectives of cloud platforms,
users, and service providers, a multi-objective mathematical model based on uncertain environments is
proposed. At the same time, the Grey Wolf Algorithm is combined with reinforcement learning, Q-
learning is used to adjust parameters, and dual populations are explored and mined separately to prevent
falling into local optima and to solve medium to large-scale instances. By conducting comparative expe-
riments to evaluate the performance of the algorithm, it was found that the algorithm showed the best
performance in all 16 cases, which can improve processing efficiency and increase stakeholder benefits.
Sensitivity analysis was also conducted on the algorithm parameters to verify their rationality and applica-
bility.
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Fig. 1 Framework of cloud manufacturing scheduling model
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Fig. 2 Algorithm framework process
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Tab.3 GD comparative results
/AT HY,
GWOQL EMOGWO  MultiGWO NSGAII SPEA2 DPSO TABC ;
Q ult P/ TR
1 0.050 8[1] 0.0855[3]+ 0.0783[2]+ 0.1966[4]+ 0.204[5]+ 0.4531[7]+ 0.311[6]+ 3/10/10/10
2 0.0388[1] 0.0858[3]+ 0.0670[2]+ 0.2739[5]+ 0.2607[4]+ 0.5856[7]+ 0.2828[6]+ 3/20/15/20
3 0.0586[1] 0.0678[3]= 0.0647[2]+ 0.3063[5]+ 0.2658[4]+ 0.4297[7]+ 0.3003[6]+ 3/30/20/30
4 0.0410[1] 0.1068[3]+ 0.0822[2]+ 0.1620[5]+ 0.1703[6]+ 0.121 3[4]+ 0.1741[7]+ 3/40/30/50
5 0.0145[1] 0.0600[3]+ 0.0412[2]+ 0.1619[5]+ 0.1713[6]+ 0.1002[4]+ 0.1912[7]+ 5/10/15/20
6 0.0131[1] 0.0453[3]+ 0.0354[2]+ 0.1084[4]+ 0.1213[5]+ 0.3468[7]+ 0.1869[6]+ 5/20/10/30
7 0.0352[1] 0.0548[2]+ 0.0605[3]+ 0.1637[4]+ 0.176 1[5]+ 0.3180[7]+ 0.2004[6]+ 5/30/30/50
8 0.0486[1] 0.0935[3]+ 0.0626[2]+ 0.246 1[6]+ 0.212 1[4]+ 0.2804[7]+ 0.2444[5]+ 5/40/20/10
9 0.0061[1] 0.0163[4]+ 0.0113[2]= 0.0422[5]+ 0.0455[7]+ 0.018 1[3]+ 0.0437[6]+ 7/10/20/30
10 0.0488[1] 0.1714[3]+ 0.101 8[2]+ 0.450 1[6]+ 0.448 5[5]+ 0.6359[7]+ 0.3834[4]+ 7/20/30/50
11 0.0245[1] 0.0380[2]+ 0.0406[3]+ 0.077 8[5]+ 0.0665[4]+ 0.1495[7]+ 0.0975[6]+ 7/30/10/10
12 0.0240[1] 0.0385[2]+ 0.0533[3]+ 0.1648[6]+ 0.1308[5]+ 0.2983[7]+ 0.094 6[4]+ 7/40/15/20
13 0.0398[1] 0.0830[3]+ 0.0474[2]+ 0.2924[6]+ 0.2776[5]+ 0.390 1[7]+ 0.250 6[4]+ 9/10/30/50
14 0.0434[1] 0.066 1[2]+ 0.076 9[3]+ 0.164 6[4]+ 0.1807[6]+ 0.1693[5]+ 0.2117[7]+ 9/20/20/10
15 0.0286[1] 0.0743[2]+ 0.0897[3]+ 0.3109[5]+ 0.3283[6]+ 0.5188[7]+ 0.309 1[4]+ 9/30/15/20
16 0.0242[1] 0.0385[2]+ 0.0463[4]+ 0.0603[5]+ 0.046 1[3]+ 0.5203[7]+ 0.1744[6]+ 9/40/10/30
b/s/w 15/1/0 15/1/0 16/0/0 16/0/0 16/0/0 16/0/0
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Tab.4 HV comparative results
. H P /AT,
GWOQL EMOGWO MultiGWO NSGATI SPEA2 DPSO TABC 2 R4 T
1 0.2065[1] 0.2061[2]= 0.1655[5]+ 0.178 1[3]+ 0.166 6[4]+ 0.0337[7]+ 0.073 1[6]+ 3/10/10/10
2 0.3550[1] 0.1587[2]+ 0.1072[6]+ 0.1407[5]+ 0.1466[3]+ 0.0206[7]+ 0.1354[4]+ 3/20/15/20
3 0.2963[1] 0.0602[6]+ 0.1133[3]+ 0.069 1[5]+ 0.1007[4]+ 0.0119[7]+ 0.1233[2]+ 3/30/20/30
4  0.7268[1] 0.5029[3]+ 0.5490[2]+ 0.093 1[6]+ 0.0958[5]+ 0.0343[7]+ 0.2232[4]+ 3/40/30/50
5 0.6812[1] 0.4348[3]+ 0.477 1[2]+ 0.1102[6]+ 0.1197[5]+ 0.0397[7]+ 0.1843[4]+ 5/10/15/20
6 0.5106[1] 0.2710[2]+ 0.2674[3]+ 0.1726[5]+ 0.1742[4]+ 0.0363[7]+ 0.1374[6]+ 5/20/10/30
7  0.5128[1] 0.2597[2]+ 0.2166[3]+ 0.0906[5]+ 0.0774[6]+ 0.0120[7]+ 0.1527[4]+ 5/30/30/50
8 0.6373[1] 0.4145[3]+ 0.5490[2]+ 0.1469[5]+ 0.1458[6]+ 0.068 2[7]+ 0.2325[4]+ 5/40/20/10
9 0.0874[1] 0.0884[3]= 0.0875[2]= 0.0622[7]+ 0.0633[6]+ 0.0643[5]+ 0.0721[4]= 7/10/20/30
10 0.2310[1] 0.0732[4]+ 0.1033[3]+ 0.0676[6]+ 0.070 8[5]+ 0.0143[7]+ 0.1303[2]+ 7/20/30/50
11 0.6154[1] 0.5000[2]+ 0.4353[3]+ 0.3629[6]+ 0.4132[4]+ 0.0590[7]+ 0.414 1[5]+ 7/30/15/10
12 0.3440[1] 0.1336[3]+ 0.1178[6]+ 0.1529[4]+ 0.128 7[5]+ 0.0109[7]+ 0.1367[2]+ 7/40/10/20
13 0.3880[1] 0.0714[5]+ 0.1153[2]+ 0.0976[3]+ 0.087 1[4]+ 0.0173[7]+ 0.069 6[6]+ 9/10/30/50
14 0.5869[1] 0.3835[2]+ 0.3351[3]+ 0.1324[6]+ 0.1448[5]+ 0.0405[7]+ 0.2279[4]+ 9/20/20/10
15 0.4494[1] 0.1300[4]+ 0.1913[2]+ 0.0777[6]+ 0.1178[5]+ 0.018 7[7]+ 0.144 7[3]+ 9/30/10/20
16 0.4828[1] 0.2959[4]+ 0.3388[3]+ 0.2830[5]+ 0.3723[2]+ 0.0233[7]+ 0.1494[6]+ 9/40/15/30
b/s/w 14/2/0 15/1/0 167070 16/0/0 16/0/0 15/1/0
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Tab. 5 Results of sample sizes
FrifE 22 ¥{E
1 000 50 100 300 1 000 50 100 300
1 0.224 8 0. 667 7 0.300 5 2.477 3 0.1417 2.431 1 0.165 4 2.4812
2 0.288 2 0.784 2 0.294 1 2.294 3 0.1333 2.360 6 0.1453 2.2850
3 0.278 2 0.523 3 0.513 9 2.436 2 0.084 7 2.288 5 0.096 0 2.2750
4 0.280 9 0.659 3 0.3513 2.262 2 0.134 2 2.290 3 0.134 8 2.308 6
5 0.242 1 0.681 3 0.4255 2.4152 0.1156 2.336 4 0.104 3 2.369 9
6 0.2112 0.4279 0.315 8 2.2757 0.074 3 2.2620 0.1200 2.5380
7 0.2717 0.787 5 0.442 5 2.1856 0.094 3 2.204 9 0.104 8 2.238 4
8 0.3910 0.927 9 0.3127 2.440 3 0.1253 2.3287 0.178 0 2.459 1
9 0.380 1 0.551 8 0.368 4 2.560 6 0.116 3 2.5429 0.126 4 2.850 2
10 0.274 4 0.684 1 0.3723 2.4235 0.109 3 2.289 4 0.1455 2.324 8
11 0.2211 0.567 8 0.322'1 2.3710 0.1059 2.2622 0.1117 2.2410
12 0.220 8 0.5156 0.3210 2.354 1 0.1247 2.3205 0.1512 2.3715
13 0.274 9 0.683 3 0.3820 2.396 0 0.154 9 2.3267 0.144 4 2.4120
14 0.291 4 0.718 9 0.359 3 2.312 8 0.133 2 2.341 4 0.138 3 2.303 8
15 0.275 4 0.814 9 0.358 5 2.316 7 0.077 2 2.366 6 0.079 5 2.258 8
16 0.263 5 0.546 4 0.307 7 2.308 1 0.175 7 2.359 3 0.124 0 2.267 9
* 6 AEIKBEENEER
Tab. 6 Fluctuation range results of service time
FnifE 22 ofiss

0.8~1.2 0.5~1.5 0.6~1.4 0.7~1.3 0.8~1.2 0.5~1.5 0.6~1.4 0.7~1.3
1 0.224 8 0.667 7 0.360 9 0.959 7 0.424 9 0.8155 0.3239 0.653 4
2 0.288 2 0.784 2 0.306 8 0.770 4 0.430 8 0.925 4 0.524 6 0.892 3
3 0.278 2 0.523 3 0.440 4 0.794 6 0.5517 1.139 4 0.430 8 1.083 3
4 0.2809 0.659 3 0.405 1 0.787 7 0.4552 0.7459 0.461 7 0.9527
5 0.242 1 0.681 3 0.358 9 0.924 2 0.350 9 0.887 2 0.3510 0.848 3
6 0.2112 0.4279 0.2456 0.974 5 0.228 2 0.624 6 0.303 5 1.090 0
7 0.2717 0.787 5 0.464 4 1.185 1 0.4129 0.59 1 0.454 7 1.158 7
8 0.3910 0.927 9 0.298 5 0.8322 0.4552 0.796 9 0.570 0 0.9333
9 0.380 1 0.551 8 0.373 9 0.5522 0.346 6 0. 606 9 0.367 3 0.672 9
10 0.274 4 0.684 1 0.4150 0.876 0 0.500 0 0.990 1 0.500 5 0.778 4
11 0.221 1 0.567 8 0.280 0 0.683 5 0.289 5 0.626 7 0.272 1 0.836 3
12 0.220 8 0.5156 0.3100 0.502 2 0.400 4 0.675 1 0.288 7 0.548 1
13 0.274 9 0.683 3 0.443 3 1. 006 7 0.4019 0.964 4 0.516 7 0.761 0
14 0.291 4 0.718 9 0.3152 0.763 1 0.313 8 0.647 5 0.429 4 1.176 8
15 0.275 4 0.814 9 0.418 6 0.929 5 0.256 8 0.673 5 0.376 8 1.059 8
16 0.263 5 0.546 4 0.292 8 0.767 9 0.33538 0.7452 0.238 7 0.623 5
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