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Abstract: The unprecedented prosperity of the industrial internet of things (IIoT) has opened up a new path for the tradi-
tional industrial manufacturing model. Intelligent shop scheduling is one of the key technologies to achieve the overall
control and flexible production of the whole production process. It requires an effective plan with a minimum makespan
to allocate multiple processes and multiple machines for production scheduling. Firstly, the shop scheduling problem was
defined as a Markov decision process (MDP), and a shop scheduling model based on the pointer network was established.
Secondly, the job scheduling process was regarded as a mapping from one sequence to another, and a new shop schedul-
ing algorithm based on deep reinforcement learning (DRL) was proposed. By analyzing the convergence of the model
under different parameter settings, the optimal parameters were determined. Experimental results on different scales of
public data sets and actual production data sets show that the proposed DRL algorithm can obtain better performances.
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TR IR = s 2 b s gz Ay, KR EARTRI
BEIR P B B e S B R

ZEEl N F L AP e i RS Y ey QT P WU )%
B (Sedksey (FIFO, first in first out). JEiksE
(LIFO, last in first out) f KN LTI AENLALSE (LPT,
longest processing time first) A1 k6 i1 T [AIVEMEAL G
(SPT, shortest processing time first)) FIEGEALIL L
(ACO. GA. ABC FlI—Ff N THEREANAE Sl R A4S
GHRGHEYE (ABC-TS, artificial bee colony and tabu
search))o PRAIXSCHRATZLERTINLE,  KILIRAT
SO BT AR 2 A 5 v e ko R R IS 1) 52 2

BE TG S AL IR RO 00 o B B0 2 4 B AR L B3k
ZRGEINA] ot 1R K /N BRAE BEE T 0 TN [A] pt,,, (1)
RN F2 N 1 2 A M 2 H1F A 5 3 T 24 i 58 L
N R) e D AL b, BRI AR A T AR ] PR
FP AP I TR B A% B2 O(N log N) » {ERRIE T
FRAERE I THLES IS [ S 24 B O(Nlog NM ) , it
DAFLIS T 5224 B A O(KN log NM )

BRI A SRR I B AR ) S ) A BB
FEAAMEAT A1 R 38 ] S, ACO 1 B E B &%
FNE St I R AR 3 Hh A n 31 H IR RO R R B A
LI RIS IR E N OIKAN®M ) », b 1 RomiEARIK
B, A RS HMRPIBCEE; GA 2 1) fiF
FORBUGOAR, B Jedh H—REWIIR G (AR TR A%
T AE A 00 D DI 9 A T 0 o P £ A
TS, FRHEN A AR S B A I N PR (1)
Br— AR, i FEAT — A — Qi A,
B e S B deedd N PR ) — AN Gt dA b,
|5 %1%} OUKGN? log NM,)) » b G Rortlth
PR/ ACO-TS WITE ACO RHEA b 7%
LIS EIUNE e T IRESY SO ) = YU ST PR |
(PHh, JLHS S22 O(IKAN? log NM,) -
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NISCO 5 JEAR ) [ ES A=K  BLdG 4 1A T
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A MRS S . TEE RN, BT NISCO
SURGET 438 TP A4, BT LA SE8 R H
T B (0 TP RO A TSR0 L

AR IR Python & TensorFlow SEZH 4[]
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DR A 28 3 A AT — NS R BE R RS e i i, XA
Hrnl LUSE R iy AT /N, sl b ml DS IR A= e sl
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JLUR, RS T 2 2 FAE 5314 0.01, 0.001
0.000 1 F10.000 01 FHEIRL RS« AN 2% 3 %R
R RS an Bl 5 B, 4% 2 %24 0.000 01 1,
2 RN, WSO TR (400 epoch 2 J5). A
2 2% 0.01, BB K S EOCIERE. Fit,
R WE N 0.000 1,
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H T VAR 3L T DRL 5Lk b RE, A
SCH L5 UL I 3 T S AL A R U A iR
O () A R LA SV HEAT T LA, AL 4E FIFO.
LIFO. LPT. SPT. ACO. GA. ABC-TS. %%l
1), &XF FSP, ALk T XHk[32]H 1
DRL_IG 8. h T 0] G- bR 502 (10 A i
PR 5 W F1 2% 8 S B i AT I I ) AR, 5 STk [32]
FHTR], A SR BEAS SEBEAT 10 IRIFHCT 394 (PR
B KA

FSP sl 5 F WL 3K 1, XF T FSP 3% 5%, DRL_IG
SRR SCH T DRL R4 fE 4 18] 1 )5 55
S S /07 w0 1 5 LI 5= R S S X R A ol = A
2 RE ST e B R AL S 43 i A
50x10. 100x10 F1 200x10 2 /b K EiA s 5, FET
DRL M7 R THR A W] W . &5 DRL_IG 5%
FHECAL, AN ST Sk BARAE R e BT W& 32T,
{H DRL_IG Syt B s &l 5 1 48 h, RJa
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(1)/NEE HFSP 355, AR SCEEH R0 T34 T4
SERLPIREI R B 5k, PERE S A Re L AL R AR Y,
R L. TR T THL A5
HAKZ I B e SV B R B AP 4 3, )
I, T NISCO 38 )&M) AR LAE &3 TP AL
v I ) 22 S AR OO, BRI AR B T3 T
DA ) R B LR %A B Tt .
TEAENY BBl 100 A1 200 ) KRB & |,
W AT T b At e S0k S 1R &5 R o R A 1
A TRE ML« AN R0 AT 88 Bl fr ) bl 4 AR RE &
I, eI THLAs SR 2, AW R T A
e

AT UL, AR S 753 AT DL T AN ) A
FEREE RN RN T AU AL 2R £ 1 4 1)
WREWE, HoolLLEAT 22 S S EC PR HURRIE, A
it B A HL T R, X R T AR R Re A
eV | R NN PR 7 =l | B s (e Ry

P KBTS )8, AP Z AR BER
AEARMAL REAT IR DOLY, 2 XIe AT HIEI
S DUAE LU 88 G L i N 53 78 e U 1 e oK 1) A 41k
IS TR AR (1 ) AL

5 ZEFRIE

ASSCENE T AT AR 2% 1 RE - 18] R
FERERY, IR T —FiJE T DRL (978 B8 4= 18] 1 i
SR, 2SR RENS 78 3 R ] AL A I X K
TCARE M 4 ST NS skms o AL A 1
FEARTR SO BN st JF 5 2 Morikdtfr
P SeB R, ASSCH VA RENS & 1A )R
B T AN 5, O SEAR AT 2 SE4F AOME, T
TR T R A ) LB AT B SR s . AOK
AV TSR DRL J7ik g4 Tk
HH PR A M A Ak L ) R A7 e B2 AR RE 2 ) U
JEE ) i

#z1 FSP Efl4R
NxK FIFO LIFO LPT SPT ACO GA ABC-TS DRL_IG Ours
20%5 1404 1513 1681 1339 1190 1212 1187 1108 1108
20x10 2051 2103 2059 1833 1709 1741 1654 1601 1594
50x5 3188 3397 3869 3089 2 869 2 864 2 805 2782 2782
50x10 3845 3945 4088 3927 3450 3436 3426 3100 3091
100x5 6157 5897 6 440 5821 5558 5563 5453 5322 5328
100%10 6930 6915 7494 6564 6313 6288 6256 5864 5845
200x10 12274 12379 13 359 12 155 11 361 11 899 11336 10716 10 976
SERGEE 5121 5164 5570 4961 4636 4715 4588 4356 4355
Fz2 HFSP 4R

N M, xK FIFO LIFO LPT SPT ACO GA ABC-TS Ours
50 (1,1,1,1) 2163 2164 2170 2162 2162 2162 2162 2162
50 (2,2,2,1) 1122 1117 1118 1123 1109 1109 1109 1109

50 (3,3,3,1) 774 765 773 787 761 761 761 761
100 (1,1,1,1) 6514 6508 6 544 6537 6475 6474 6474 6454
100 2,2,2,1) 3321 3337 3343 3375 3308 3302 3303 3266
100 (3,3,3,1) 2278 2251 2269 2301 2217 2226 2213 2204
200 (1,1,1,1) 12 867 12 887 12916 12 909 12 849 12 849 12 849 12 587
200 2,2,2,1) 6578 6492 6516 6522 6472 6 464 6463 6415
200 (3,3,3,1) 4474 4361 4390 4435 4338 4339 4332 4332
RSN 4455 4431 4449 4461 4410 4409 4407 4365
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