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Scheduling optimization for flow-shop based on deep reinforcement
learning and iterative greedy method

WANG Ling", PAN Zi-xiao
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: As the scheduling problem with wide application backgrounds, the research of intelligent algorithms for
flow-shop scheduling is of important academic significance and application value. With the criterion of minimizing
the maximum completion time, a framework is proposed based on deep reinforcement learning and the iterative greedy
method for solving the permutation flow-shop scheduling. Firstly, a new encoding network is designed to model the
problem to avoid the defect in generalizing the classic model affected by problem scale, and the reinforcement learning
is used to train the model to yield good output result. Then, an iterative greedy algorithm with feedback mechanism
is proposed by using the output result of the trained model as the initial solution. Multiple local search operators are
conducted in a collaborative way and adjusted their utilizations according to the feedback of performances for obtaining the
final schedule. Simulation results and statistical comparisons show that the proposed algorithm fusing deep reinforcement
learning and the iterative greedy method is able to achieve better performances.

Keywords: flow-shop scheduling; deep reinforcement learning; iterative greedy method; feedback and collaboration
mechanism
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WIHA AR, A8 7K 2(DRL_IG2) 3% FH &5 ik % 77 21 2 =) 50
PR AT IGH R, 3 MR VESH0K B AR, X452

B3I 4T 10 ¥R, 3R 4 4 3 P EL L BT 1S RPD (I AE A1 7
Z. [AIIE, 42 95 %0 1 B A5 FE X 3 M SLyk T e 45 SRk AT
SIS FEARKE L, Geit- b e Rk 5 s,

%= 4 DRL_IG5@#ZE{ARPD B¥M{EM G E

DRL_IG
wWE mE WE hE BE iE

20_5 1108 0.000 0.000 0.000 0.000 0.000 0.000

20_10 1591 0.603 0.111 0.629 0.051 0.880 0.133
20_20 2178 0.230 0.050 0.298 0.050 0.294 0.025
50_5 2782 0.000 0.000 0.000 0.000 0.000 0.000

50_10 3065 1.155 0.086 1.308 0.222 1.223 0.149
50_20 3756 1.816 0.184 2396 0413 2210 0.096
100_5 5322 0.000 0.000 0.011 0.001 0.060 0.003

100_10 5845 0332 0.102 0.546 0.168 0.765 0.103
100_20 6434 1.728 0.091 1.932 0.064 2.031 0.066
200_10 10675 0.383 0.026 0.408 0.028 0.408 0.028
200_20 11288 2.041 0.044 2.519 0.033 2.173 0.066
500_20 26457 0919 0.006 0.865 0.003 0976 0.014
RE2ENN 0.767 0.058 0.909 0.086 0.918 0.057

NEH_IG DRL_IG2

n_m C!

max

x®5 FIHTER

P X e 96 pfE Fie X 6 pla
(DRL_IG,NEH_IG) ~ 0.017 || (DRL_IG,IGrs)  0.007
(DRL_IG,DRL_IG2)  0.005 || (DRL_IG,HSOS) 0.003
(DRL_IG,1G,11) 0.005

2 4 45 B w] W, A B NEH_IG, DRL_IG %} 124~
A 9 AN BB EAR T LT NEHLIG (1 45 2R, % 2
AN ) 25 AR R BT A fa — A B I R AR K
TR AUAE, 31X AT fig & 3 U DRL_IG [ 45 M %= T
NEH_IG Y Ji [H], A el Bl S 24 | 2R R ik — 20 1
U AL 340, 7 ZEH s R B3R B, DRL_IG £ Ik
EAT 45 B — SR T NEH_IG. [R 1, 1) 565 i kA
25 (1% AR R IG A 4h i, B8 LA 504G 2%, T — 3K
1)1 FEZ i

3% 4 25 5L AT I, A1 bk DRL_IG2, DRL_IG X} 12
AN ) 10 AN S B T LT DRL_IG2 [ 45 R,
X 2 AN SAR) (1 4h SR AR TR TR BF, T 22 Z5040 ) 5 Lk
DRL_IG % {Ria 47 45 R i) —# M 5 DRL_IG2 JL-F-—
FE. DAL, M FH S st B [RD AL A P04 T 1G 15 2R, R % HLAS
B U AR

2 5 Gi it 73 #r 465 SR ml WL, AH B p L/ T 0.05, 1%
W DRL_IG i 14 € & 2 fL T- NEH_IG #1 DRL_IG2,
FERIGAE T )46 1 S5 W A 2 i 1 ) S s 1 A bk
F4h, Bl 4 78 T DRL_IG 3R fi# 20_5+ 50_20~ 100_20-
200_20 A5 ] 8 Jr 348 2 B AR IR I BN 2 1) A Aot
FE. AT I, 7E /N AR5 LS 1A AR o — B &5 4,
TAE HP ORI A5 B AN (R #4 14 F AR AAR K, 75 T
MR R T A A R B R R A A T B R 5 )
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(c) 100 20 %)

34 S5HMEERMREXTEL

N K A S W R AL ) 1G 9% 5 SR f# PRSP
)28 B VL IGRs L 1G,, 27 AT HSOS!™ 3k 47 14 fig
XF L, oA IG ) AT BA$E H 1 5t 1G 59%, HSOS
— FhELA R R R B A L. 1G,) A IGRs
12 B0k B 5 A0 M SCHR— 2 DRL_IG. IGrs f1IG,y

& 4

=6 AMEERPDRVIETISE

B
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0.5
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0.3

0.2}

0

AL
(b) 50 20 %4

L X

PY %4
P ve
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—LS1
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EARIREL
(d) 200 20 &4
& RN R BREERFTRNT (L ihik

¥ LA 8000 K IE AR N & 1E 25 4F, HSOS I = $ % B
ATEL 1 v ) 5 JE S — i, B R B R 50, 3E A6 A 5
3000. &FFpREXTREAN AT AT 10 IR, 4 BB R
fif 12 /> 5451 BT 45 RPD 3548 A1 5 22 4036 6 . 1%
95 %o [ B 15 B K F AF 2 HU e o) A ARG 56 45 SR L3R
5, 4 Fh LRSI I8 AT I (R W26 7 B 7.

DRL_IG 1Gan IGRrs HSOS

n_m
¥iE Ji % ¥ME Ji % BMH Ji % B T 7%
20_5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20_10 0.603 0.111 0.647 0.044 0.597 0.088 2.307 0.324
20_20 0.230 0.050 0.404 0.081 0.546 0.089 4.077 0.709
50_5 0.000 0.000 0.000 0.000 0.007 0.001 0.252 0.000
50_10 1.155 0.086 2.157 0.067 2.254 0.020 4.992 0.505
50_20 1.816 0.184 2.431 0.128 2.785 0.257 6.171 0.310
100_5 0.000 0.000 0.038 0.006 0.000 0.000 0.357 0.000
100_10 0.332 0.102 0.635 0.114 0.992 0.000 0.992 0.000
100_20 1.728 0.091 2.069 0.026 2.070 0.066 3.371 0.060
200_10 0.383 0.026 0.521 0.019 0.448 0.015 1.099 0.002
200_20 2.041 0.044 2.426 0.043 2.554 0.054 4912 0.015
500_20 0.919 0.006 1.094 0.013 1.138 0.013 1.906 0.002
REZE Ny 0.767 0.058 1.035 0.045 1.116 0.050 2.536 0.161
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®T AMESERTFEITRE] s

n_m DRL_IG 1Gan IGgrs HSOS
20_5 2.25 2.56 2.26 10.27
20_10 2.65 3.11 2.63 14.69
20_20 3.43 3.98 3.48 19.60
50_5 727 8.35 7.05 19.18
50_10 9.43 11.12 9.29 26.83
50_20 14.38 16.86 14.23 41.30
100_5 19.23 22.22 18.75 35.67
100_10 27.45 33.72 27.12 54.19
100_20 46.94 55.95 45.95 91.55
200_10 87.61 108.01 87.30 135.42
200_20 172.12 191.63 167.79 226.00

500_20 972.28 1070.14 960.19 1024.00

REoE R 113.75 127.30 112.27 141.56

3R 6 AT I, %F 124 54 DRL_IG 7E 8 /> 55 51 I Bt
19 7 EE 3 Fhoxy b Bk S b i 45 SR AR P A S0
P B8 # 1F T- 1G,, MTHSOS. B T IGgrs 1 % F LS1, ifi
LS1 5% /N HEASE 5 451) 2 6 %5 1y, DRL_IG % 20_10 451
W& 25 T IGrs. [F] I, 77 22 248 3 B, DRL_IG £ ik ia
17 45 B — E A T HSOS, 5 1G, fl IGrs HHIT. M1
5 LA AR 56 45 SR AT WL, DRL_IG [ RE W 2
Mo F IR 3FNEIL. FI4b, B3R T 138 AT I A) X b AT
UL, DRL_IG ¥ 3738 17 I 18] 5 1G . F1 IGRs AT, (Kl
L S A5 B [ AL 1) S5 B 92538 47 I TR) B4 2 i AR DS, ]
if, DRL_IG ]~V 3512 47 I [A] LL #F 2 fig HSOS f32: %L
/MR 2, A8 G SCHR (32 B 50025 1] DATE B8 J6 1R ek (1]
PN 34 BT P O T i
4 4 »

AR T SR AR /K 2R B e R — o 3 R
FE A 2 5] 5 3R AR DT AR S A AE 2L, i H {7 AN
PEBEXT LLIGUE 7 BT 3t SV A Ak B AL AR
BUHT 2 A AE T T IR AL 2 S i T — ROl
et B DX 285, T3 AN [ R ABE PR 5 1] 805 R FH 19 265 %
H R AT AG AR, A5 I T IRAF AR 18 F5F 1) R 5 e ) e
RE; BEH T — My s st B LA s AR O 2R SRR
FIT 7800 R H 2 Fh 5 30458 2 B AF HAR I 14 52 A2 16 30
AR B B . AR SR MBI T AR 0] 2 T A5
BRI G5 DA B R PR B B 27 ) SR L At 2 284 1) 3
JE I JB, o R B BN o 5 B B AR AL R A B
R AR TP R 1 v 2k =) 5 s L
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