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Fuzzy job shop scheduling problem based on deep reinforcement learning

ZHU Jia-zheng, ZHANG Hong-li*, WANG Cong, LI Xin-kai, DONG Ying-chao
(College of Electrical Engineering, Xinjiang University, Urumgqi 830047, China)

Abstract: For the job shop scheduling problem with fuzzy processing time and fuzzy delivery time, this paper uses the
proximal policy optimization (PPO) algorithm as the basic optimization framework with the objective of minimizing the
maximum completion time. An LSTM-PPO (proximal policy optimization with long short-term memory) algorithm is
proposed to solve the problem. Firstly, a new state feature is designed to model the scheduling problem, and the process is
selected directly based on the modeled state feature, which is closer to the actual scheduling decision process. Them, the
long short-term memory (LSTM) network is applied to the actor-commentator framework of the PPO algorithm, which
solves the problem that the traditional model is difficult to scale up when the problem size changes, and enables the
intelligent body to obtain the final scheduling solution even when the number of workpieces, processes, and machines
changes. On the selected problem set of fuzzy job shop scheduling, it is experimentally verified that the algorithm can
achieve better performance.
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D3QN (dueling double DQN) 1 PPO .34 7£ 5451 v (1)
e gl B Ja ke 2 BE R 51 B SC#R [10]. D3QN
SR — PR T DQN I oS0 B0V, B 1 3 BT A
TE T 701 il 55 750 85 ) A o 03 7 B A B ) TR =X
{52 RE AL ZRY R84 S 4 (R SR B A1, 1k UL B
TEAE I AE B B0 B (IR BE AL o 2] VR AR AT
EEx, H 2 505 8 N 2 21 %205 0.000 01, 184245 &k

100 000; H 7 9 45 537 25 £k 20; B0 R BN 2%
K 33 ok 5K B . PPO L% 2 Ui B B A 5 LSTM-PPO
R E IR

2 R B A A /M B RN 5 TR ] R L,
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6T 8 AN S, 3 Bl R B Bt Ak 2 ) SEVRLE S 1
LY B RAR T SCwk (8] H 0 iE R AN EE, B R



602 = % 5 & K %39%
T2 EHILERITEE
S 1 e 2 sS4 3 524 4 54l 5 524 6 5417 2418
SPT 71 176 148 202 589 446 330 182
LPT 90 136 204 171 352 399 372 203
LRM 40 95 121 91 180 173 159 63
LRPT 40 95 121 91 180 173 159 63
LSO 64 121 174 176 441 440 359 177
SRM 77 214 178 198 599 528 479 246
SRPT 75 214 189 198 656 418 540 271
SSO 75 176 144 159 490 418 301 139
LPT+LSO 81 166 168 135 479 465 349 134
LPT*TWK 77 151 186 150 493 431 475 230
LPT/TWK 85 151 208 134 604 431 532 177
LPT*TWKR 71 95 173 98 357 385 159 96
LPT/TWKR 108 97 241 196 357 503 308 243
SPT+SSO 83 220 188 176 587 512 496 172
SPT*TWK 69 220 178 181 579 537 421 197
SPT/TWK 80 189 162 178 522 406 477 189
SPT*TWKR 98 220 100 173 645 592 500 253
SPT/TWKR 60 128 100 109 248 256 224 83
NSODE 62 116 137 112 251 283 267 112
D3QN 42 84 79 66 175 161 169 65
PPO 39 85 78 69 191 168 174 71
LSTM-PPO 36 81 73 64 166 157 157 63
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BRI 4452 00 A RS AR T PPO SR
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25 a0 B9 B s (1 )1 250 FE 55 L L AP 9(a) HRT
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PR T TR Y, TO R IR I i 8. D3QN ik AR fE
il S0 SR USCS, R4S 5 B N S 0 o G A T 1 0. 389 T
LSTM [ LSTM-PPO %32 75 Il 253 F2 A Wi S5 A
E I, DA S SR A L. 1] 9(b) D PR R
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IEAIRECR AR A H AR 5 FLSRs Hh 3 NSRS (H
B ReARATI IR 22 BN JR) 8 e AR, TovE 4R Hh TR A 1 A
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Vi) 358 0, £ 75 585 R A4 75 88 2 I R IRk TR
M SRS, DR b FLAE VI G i v, WS B A . B SRR
S T A2 18, 4% 35 A B Jai), {9 G 2 A ) e S50 R A

TR e, H BRI IR 2R R 715 SR AR X 28 AT
AR EMTE 1. 48 LR, AR I St #2389, AR AL
T D3QN &%, PPO &%, LSTM-PPO HyEAE 8 in T
LSTM W25 5, G615 A R X AR 18 5 [ R 2 R AIE
AT B S B, B 4 M 58 AT 55 4 G () KR LSTM-
PPO ik I 2R ik REAH LU BE AR e, bl 0] R RIASE 1) 38
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B HETH AL X T FISSP SRR 1) 75 3K .
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ARK F AT IRERMS 5] BB AAE b % 1] 38 B 7] AL 603

AR HTHE H I B AS B Pytorch HEZE A Python i
T AT S, R T BN B 2 X 2% 3 AT I 2, B
A6 2% I TR, AE I 2R B 16 DX 28 e A% DL e 6 ) I [
o H RO ) S W DAL I AR SCAE SRV I TR) B AT
XT L, {H AN B 26 (1) SR fife 45 SR mT LA, A SO T4 )
LSTM-PPO 52 R v REOL 5, RS A7 50 file ety
AR L SO PRI ROR A M 2 T 8 2 ] .

4 g4 @

N TR LA SR /MY ER OR8N ] B AR 1
A L R PR AR 1 M 2 ) 3 B e A, AR S
T — M LSTM-PPO %, &0 /NS, A5 R N ABE 1
FE IR @R AT A AR AN BT L, g SRR B A L
T k5, Brde ) LSTM-PPO Sk RE 5 A 2t
i R A e A BRI b 4 1) 8 E ) R, HL3E
RO S E. RFH Tt 7 R 2 ST R A R A A 1
B, B A B 1 RN RN B A . 78 S AE =S (8] ) 1
T, BT TR T AT IR B R, ke 1
A RS R UK T AT R R, S B 5. 7 250 R AL
BT b, BRI B2 H A A 22 il R B B R R 1R
TE 7 R R W IO R AT e 1 R gk — P ) AR
TE Al b, 225048 B 1193 96 28 5 G (gate recurrent
unit, GRU) [A] PPO 5L #EAT 45 4, LL## ik LSTM-PPO
Bk 2GS 2 L IR RIS K Bk R, S il 2Rk
B IR Ak 2 5 3 2 il bR B, 7R LA IR 2 il BRI FE Al
b, W g A i o B, AR e A B A% BE PRl TSR T
Pe .
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