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Research on multi-sample flexible job shop scheduling problem based on
improved genetic algorithm

ZHAO Ziheng, YANG Jinghui
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Abstract: In the context of Industry 4. 0, the manufacturing industry is undergoing a profound transformation to intelligence and
digital transformation in order to improve efficiency and meet the dual challenges of economy and environment. Aiming at this
trend, this paper focuses on the Flexible Job—Shop Scheduling Problem ( FJSP), with the objective of minimizing the maximum
makespan, and designs an improved genetic algorithm using double — vector encoding. Since FJSP is a discrete combinatorial
optimization problem, this paper adopts a continuous combinational optimization method ( DLGA) for encoding and initializes the
population through a hierarchical competition strategy , which helps enhance population diversity and enables the algorithm to escape
local optima. In the algorithm design, the population is divided into three levels: winners, followers and losers, and the quality of
the solution is optimized by filtering, learning and competition operators. Which further enhances the ability to solve problems. Two
types of data samples were used in the experiment. One was 10 diverse cases designed by Brandimarte, and multiple experiments
were conducted. In order to ensure the availability of the algorithm, further sample data is extracted from the actual thermos cup
factory to prove the effectiveness of the algorithm. The experimental results show that although DLGA algorithm can get good results
on public data sets, DLGA can better solve the practical problems faced by enterprises in terms of actual enterprise needs.
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Table 2 Examples of workpieces to be processed
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Fig. 1 Schematic diagram of chromosome structure
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Fig. 2 Decoding Gantt chart
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Fig. 3 Sequence of operations map operations
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Fig. 5 Hierarchical competition sequence framework
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Table 3 Results of simulation examples of the three algorithms( t/min)

DLGA LGA GA
Y5 m Xn
best worst avg best worst avg best worst avg
1 10x6 146 168 160 153 170 162 152 170 164
2 10x6 149 167 156 154 160 158 151 169 163
3 15%8 195 206 200 202 221 211 200 216 206
4 15%8 197 211 206 202 221 210 204 218 212
5 10x8 114 123 118 115 124 120 117 124 122
6 10x15 143 146 145 147 157 149 144 146 145
7 20%5 366 388 374 376 407 390 366 402 386
8 20x10 219 232 233 245 262 250 230 260 240
9 20x10 220 245 233 232 251 238 227 265 244
10 20x15 176 195 183 203 197 183 187 203 197
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Fig .7 Optimal scheduling Gantt chart for test case 10x6
3.2 HEXHEEE ®a4 pHEISE
j{l T %U‘ﬁ;@%%ﬁ , ) SL Irjﬂ{ﬂ , Z,—‘iﬁ{i’é Table 4 Work order to be scheduled
T LA S BRR « 7 0 4 B B T T sl Hit R
TR I 4) . (ORI (IR 10 1 o o .
A N T AR AT HETE MO o 4hee RV EAE R 500 mL A 4 110 R2
IR AEIE LA 7 AP B B AGIAE e 2 1 o 1.2 S i 100 k2
& Lz shii 100 R1

R A EHES EH R, AR b
RI B8 T AR, M R2 WAR S ™ R A i 1
WA X —TY

TE4 TR S PRA P2 YRR, 257 Al i T4
BRI, TR AR — A — iz | i it ik
(4, 38 HRE 100 B8R MR —HtE . AERTSC



55

TR, S TG AR T ) 2 AR SRR A ) 9 B (] A5 209

FRE Mg BT, TR A/ N AL, O T
G EE N TRIAVE YIB AT R0, SR K 100

H—AHEAUTAF B a0 E LA TRy hinsk 5 i
AN LA T T,

x5 RWIIHR
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Table 7 Results of ten experiments of three algorithms (#/min)
N SR U
Sk
1 2 3 4 5 6 7 8 9 10
DLGA 1815 1791 1871 1 868 1819 1826 1872 1851 1848 1811
LGA 1792 1 801 1798 1775 1777 1755 1842 1782 1771 1815
GA 1 810 1838 1 805 1789 1 804 1 831 1823 1 826 1815 1 848
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1 860 GA
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Fig. 8 Line graph of 10 experimental results of the three algorithm
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