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Dynamic scheduling of flexible job shop based on deep Q-learning
neural network and quantum genetic algorithm

CHEN Liang, YAN Chunping, CHEN Jianlin, HOU Yuehui
(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: To deal with the problem of dynamic scheduling of flexible job shop, a dynamic scheduling
optimization model was constructed to minimize average delay penalty, energy consumption and deviation,
and an ameliorated quantum genetic algorithm based on deep Q-learning neural network was proposed.
First, a learning environment based on dynamic event disturbance and periodic rescheduling was built, and
an environment-behavior evaluation neural network model was established using deep Q-learning neural
network algorithm as the fitness function of the optimization model. Then the dynamic scheduling
optimization model was solved by using the improved quantum genetic algorithm which designed a multi-
layer encoding and decoding scheme based on process encoding and equipment encoding. A strategy for
dynamically adjusting the rotation angle based on fitness was developed to improve the convergence speed

of the population and exclude local solutions by combining with chaos-based Tent mapping search. Finally,
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test cases verified the robustness and adaptability of the environment-behavior evaluation neural network
model, as well as the effectiveness of the optimization algorithm.,
Keywords: dynamic flexible job shop scheduling; energy consumption; average delay penalty; deviation

degree; deep Q-learning neural network; improved quantum genetic algorithm; chaos search
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Fig. 3 Demonstration of full interference crossover
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Table 2 Test case parameters

XA TAF 8% TP 8 BB TN T e T7 Re#E
MKO1 6 4 4 [1.9] [2.8]
MKO02 6 5 4 [1.10] [3,9]
MKO03 6 5 6 [2,9] [4.10]
MEKO04 6 6 6 [3.8] [2,9]
MKO05 8 4 4 [1,9] [2,8]
MKO06 8 5 4 [1,10] [3,9]
MEKO07 8 5 6 [2,9] [4.10]
MKO08 8 6 6 [3.8] [2,9]
MKO09 10 4 4 [1.9] [2,8]
MK10 10 5 4 [1.10] [3.9]
MK11 10 5 6 [2.9] [4,10]
MK12 10 6 6 [3.8] [2,9]
MK13 12 4 4 [1.9] [2,8]
MK14 12 5 4 [1,10] [3,9]
MK15 12 5 6 [2,9] [4.10]
MK16 12 6 6 [3.8] [2,9]
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Fig. 4 Rescheduling Gantt chart using Q fitness function
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Fig. 5 Rescheduling Gantt chart using weighted fitness function
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Fig. 6 Rescheduling Gantt chart using fitness function based on non-dominated ranking
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Table 3 Experimental results using various fitness functions

T N BR B Fpp E, Fuy Pareto fift 1~ %1
Q M8 —16.533 180.24 0.012 22
JnaJr = —12.400 180.75 0.064 18
T HE ST HE Y SF —14.133 181.60 0.075 19

£ 3 H T A7 Pareto fif 04300 H A5 19 e /IME ) Pareto ff AN 5, 76 BT R 09 #6350 H A5 b, R Q 3 h
JE BRI EC Y B TR ) (B X I 0 T A P e 0 B B 5 2R R B QN R R RN i s T Y SO RE
SR BEAS BT AF VT AN e A R A & VR . T L Q 3 W R BRI BN Bl 25 A AR A A I 1 BB B8 AR AR 4 TP 5 A
R A PR R A A, TP A~ 6 J2 SR 4% A 1 B R SOAS: 30 618 B /0N 1 B4 S A0 A S i X L A 9 BE 4 2R AL
AR E S, R Q & N FE PR AR B IR A TAENLES 3 B HE TR 4 i T, R R AR A 2
T M H AR P AR S 2 T AENLES 3 R HE TR 4 T AR RE s B R R A

7E DFJSP [a]#0 |, Sy 530k 55 00 A R0 S 4 AR SRy iR B2 5 Ak 2 2] — i 7 818 55 1 (DQN-QGA) 5 3K fift
DFJSP 1% F 58k 4k 32 id 33 1% HE 7 3.3k (non-dominated sorting genetic algorithm, NSGA) #E47 H %% . [A] i
R T BRI A A PR R N B R, 5 — M dE SR 8 1% 5L (non-dominated sorting quantum
genetic algorithm, NSQGA) #47 L #% . F 76 4 AWK 2 49 v A7 MK 30 iE . Sy PR UE — B0tk , X & A Bk
[F) A (8 2880 AL AR R A AR 100, R BEAS 1A B8y 80, 3l 25 g5 4 249 I DA 5 43 A, 418 SR8 ] b X 5l
SHA 07 B o HL0.2,8 ML 0.4, [A) I X 2% N33 40 H 52 52 47 20 K, M 20 IRIs 545 R 1 Pareto Fi 1
HFEWNIBFAER, TR R K 4,

R4 BEREEXTERD MANTELER

Table 4 The calculation results of various algorithms on the indicators D, and A

D, A
x|
DQN-QGA NSQGA NSGA DQN-QGA NSQGA NSGA
MKO1 0.014 0.096 0.064 0.266 0.762 0.572
MKO02 0.019 0.049 0.092 0.518 0.692 0.684
MKO03 0.021 0.071 0.033 0.372 0.645 0.506

MKO04 0.032 0.072 0.016 0.475 0.661 0.628
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D, A
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DQN-QGA NSQGA NSGA DQN-QGA NSQGA NSGA
MEKO05 0.009 0.090 0.044 0.570 0.659 0.773
MKO6 0.019 0.099 0.040 0.644 0.669 0.708
MKO07 0.029 0.112 0.053 0.605 0.464 0.638
MKO08 0.009 0.071 0.072 0.478 0.719 0.66
MEKO09 0.005 0.047 0.072 0.585 0.493 0.706
MK10 0.013 0.083 0.044 0.349 0.863 0.631
MK11 0.005 0.063 0.081 0.551 0.616 0.742
MK12 0.041 0.061 0.015 0.688 0.719 0.537
MK13 0.016 0.090 0.052 0.568 0.338 0.81
MK14 0.022 0.072 0.023 0.548 0.769 0.515
MK15 0.011 0.071 0.057 0.428 0.509 0.559
MK16 0.030 0.116 0.041 0.561 0.899 0.232

TEWCSETE R | DQN-QGA Bk U] L T H AW B L, 78 16 N1, DQN-QGA 1 D, 84 ¥ It
NSQGA il NSGA /I, 7 W Hk 19 E 45 i 45 30 52 PR Pareto fif 5 8 AL M e, A K 4R 75 1 330 vk i 8%
. EZHEMIEAR L DQN-QGA BE it 2/3 B G, A Fa b5 Ho HAB S P/, th 40 05 65 52 24 F o
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