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Flexible job-shop scheduling based on improved proximal policy
optimization algorithm

WANG Yan-hong', FU Wei-tong, ZHANG Jun, TAN Yuan-yuan, TIAN Zhong-da
(College of Artificial Intelligence, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Flexible job-shop scheduling is a classical and complex combinational optimization problem, which has
important theoretical and practical significance for the production optimization of discrete manufacturing systems. A
deep reinforcement learning algorithm for the flexible job-shop scheduling problem is designed based on a muti-pointer
graph networks framework and a proximal policy optimization algorithm. Firstly, the operation-machine assignment
scheduling is represented as a Markov decision process which is composed of two kinds of actions, namely selection
operation and allocation machine. Then, the coupling relationship between actions is removed using a decoupling
strategy, and a new loss function and a greedy sampling strategy are designed to improve the verification inference
performance. Moreover, the state space is expanded to enable the critic network to perceive and evaluate the state more
comprehensively, thereby further improving the learning and decision-making capabilities of the algorithm. Simulations
and comparations on randomly generated examples and benchmarks show the superior performance and generalization
ability of the proposed algrithm.

Keywords: flexible job-shop scheduling; proximal policy optimization algorithm; double-action coupling network;
loss function optimization; greedy sampling; deep reinforcement learning
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OR_TOOLS FIFO+SPT  FIFO+EET MOPNR+SPT MOPNT+EET MWKR+SPT MWKR+EET IDAPPO
Cloax 213.59 305.36 263.38 323.36 262.20 326.24 262.2 251.58
6 x 6
t/s 0.101 0.0132 0.0139 0.0140 0.0142 0.0132 0.0142 0.031
Cloax 246.12 379.43 321.46 422.55 331.23 417.85 316.86 299.280
10 x 10
t/s 1.36 0.051 0.050 0.050 0.048 0.047 0.050 0.137
Cloae 250.33 407.03 342.05 468.78 357.50 462.80 344.90 320.01
15 x 15
t/s 47.96 0.158 0.150 0.149 0.167 0.146 0.149 0.452
Cloax — 553.00 487.01 616.78 491.05 620.02 476.35 434.57
20 x 10
f/s — 0.143 0.141 0.142 0.146 0.138 0.142 0.473
Chone — 416.76 350.14 493.59 372.19 487.08 359.11 328.74
20 x 20
t/s — 0.362 0.353 0.348 0.344 0.359 0.351 1.002
Cloax — 519.49 437.41 621.00 461.21 616.56 44474 398.47
30 x 20
t/s — 1.168 0.683 0.675 0.664 0.660 0.676 2.357
Cloax — 712.63 651.60 844.18 659.95 848.99 643.28 576.50
50 x 20
t/s — 1.658 1.636 1.676 1.640 1.637 1.631 7.744
Cloax — 1191.12 1245.81 1361.41 1241.47 1377.57 1231.93 1059.10
100 x 20
t/s — 6.775 6.712 6.575 6.617 6.794 6.728 31.26
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AICAE 101 5 Numpy FfFF1 60 5 Torch Ffi 1
FAIZREGAE, 78 200 5 Numpy F7_E 0% b, 9
WAL Z A, 458k 6 frw, H A 50 x 20,
100 x 205411 H130 x 205451 T 15 %55 BEAR I

B 6 7] LLF i : IDAPPO 7£ [%: 100 x 204k [
S L, VEREIL T SCHR [14] IS5 R, I HAE KRS
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SCHR[14] IDAPPO
Cha 272.32 260.948
6 x6

t/s 0.041 0.027

Choa 320.45 296.758
10 x 10

t/s 0.14 0.183

Choax 347.99 316.14
15 x 15

t/s 0.39 0.456

Choax 454.85 431.667
20 x 10

t/s 0.34 0.466

Cha 361.75 330.52
20 x 20

t/s 1.08 1.020

Chax 433.42 398.80
30 x 20

t/s 1.97 2.072

Chuax 587.48 576.78
50 x 20

t/s 4.12 6.326

Cloae 1054.70 1058.48
100 x 20

t/s 18.34 25.465
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Lal9 656 2212 1412 747 2212 672 617 617 626 634
La20 757 1922 1471 756 1942 756 756 756 756 756
La36 992 4975 2489 1036 4894 1512 948 948 985 984
La37 1043 5785 2822 1065 5785 1710 988 988 1028 1027

15 x 15 La38 949 5181 2698 961 5181 1430 943 943 948 943
La39 975 5291 2418 990 5291 1628 931 922 979 970
La40 979 5072 2398 973 4966 1596 955 955 968 975
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