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A hybrid learning strategy evolutionary algorithm for energy-efficient
flexible job shop batch scheduling problem

ZHANG Guo-hui't, LUN Wei-hang"', LI Liang®, SHEN Ke-wei®, LI Zheng-feng®

(1. School of Management Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450046, China;
2. Xinxiang Aviation Industry Co., Ltd., Xinxiang 453049, China; 3. School of Intelligent Mechatronics
Engineering, Zhongyuan University of Technology, Zhengzhou 451191, China)

Abstract: This paper addresses the energy-efficient flexible job shop batch scheduling problem (EFJSP-BS) by
formulating an optimization model aimed at minimizing both the makespan and the total energy consumption of
machines. A rule-based digital batching method is proposed to reasonably divide jobs into batches, further improving
scheduling efficiency. To efficiently solve the problem, a nondominated sorting genetic algorithm II integrated with
reinforcement learning (RLNSGA-II) is proposed. This algorithm adaptively adjusts the crossover and mutation rates
through a reinforcement learning strategy, significantly enhancing global search capabilities. Moreover, three
neighborhood search strategies tailored to the characteristics of the batching problem are designed to substantially
improve local search performance. Comparative experiments are conducted to validate the effectiveness of the
reinforcement learning-based adaptive parameter strategy and the neighborhood search strategies. Additionally, the
performance of the RLNSGA-II is compared with other multi-objective optimization algorithms, demonstrating its
significant superiority in solving the EFJSP-BS.

Keywords: flexible job shop scheduling; energy-efficient batch scheduling; multi-objective optimization;
reinforcement learning; RLNSGA-II; local search
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8. 55=205,
9. end
10. if scores; > scores,
1. §5=25,
12. end
13. return S,
pliza
M| [ 0w ] \ | ’
M| [On T (12— {7 bt
M, [0 T0m] Om [ Owm IL

w1
E8 #tREEREE

2) dpe K 58 LIS E] d /A &R SR

T 4, R A G AR AT AR, R T N H R
K, R UL B e — i TPt
KEEATSS. ARG, AR n T B [a) 6 e 4 W B A OGS AT
B 5 AE R L 1) B N B [ ALA8 B, %5 2 AE
s AL T, WER B %28 (R B i ; 5 R AE B
BLAS EIN T, DUPKE S BaAT: 25 ) 8% 22 0 T NF [) o K 1)
BLA.

3) I RERE S /N 4RI,

T 56, X AT G (AR AT MR, R R NI H
B, RN G LA E e — 3 TP, R
KEAESS. INJ5, AR R A6 0 P 4 I 5> SC BA T 55 72
LEXT B ) S/ Be FENL AR B0 T, 45 CAE me R LR
IR, DR B % A DR B g b e R AE B AR LR
T, VUK SR AT 55 TR R A3 fin TN (] i R AR LA
3 ET Q-learning IS HUE NLRIE

TEREA B, 28 RS S A T S R
B EZERW, K PP, &5 RSB AZS4.
i PANP,, i 708, NS AR M A st R A 4 A
T3 B 1A RN 2 B 2 PP, 1 TR, 4 &
FAAH FE R T A AR AE AR B, AR T B0
Wk, R, ASCGI NSRS 2] R Q-learning HiE, #
WA R R i B LS 4L
3.1  Q-learningEiENA

Q-learning B A% O B AR B Be AR 555 H 80,
KREEIRAS S ShPEAR B, LA Is A 3 HoA
BREL, AT AL SR DL S A 1 SR AR B 1) i K Ak

HEARTFH AN
Q™" (s, a,) <
(1 —a@)Q(ss,a,) + aryy, + ymax Q(si41,a)).
' (13)
Hb: Q(sy, a) RARTERE s, F RIUBNE a, 3
W as, o 2T 2, NI
32 WR&EEX

7t EFJSP-BS [n] @l v, DA s /M b e K 58 T[]
HLES N TR BEFE N B AR B IRS 25 (| AT, 75 24
AR IE I FE A 52 SCORIRAS 25 18], T BT 58 140 Il Ay
Z BRI, BRI S+ a8k — A mi
I EFEARSE, MUFERA RIFMUESHE, &7
FLA& R0/ A k. X ax e o) i, AR SCHIN 3 N
Wbl A& X AR EEAT M EAEE R
(SC)- [1FE (S) FIZFEME (D).

1) 5 5% (SC) W FRR:
{beB\H(TBjA.a<b}\. (14)
H: a < bRARMRaIEFTA Hbs EAE TR, HE
MIE—AN B R BT b; | Bl AEEE BRI, SC(A4,
B)e[0,1], K, ARRFBRE] ., SC(A, B)=1
Fom A ) — AN SCBC B I T A .

2) [AEEFR b (S) 40 R FR:

1 N

Foof: N g A AREORUR: ¢, i AMIRS RS & A
A AR B /N S5 T ¢, P S(A) B
{1 A3 AR50,

3) ZREMEASET (D) I F R

1 N-1 _
D(B) = o 1)J;|d,. —d|. (16)

Hor: do N A RS ARSI B BE B, NPT
d, [FFME, N OAESCRCiESE B IR

Tt AR, 58 XOFNAR S 45 VR T8 A 1) H (]
T Fy, S5k — 0 i AR A 40 DA S JE SOk
5 IR RE Fy, fEAMARRE ORI 5T & F AR B35 22 5,
RS WEE 2 KA AR, R, S 4 Q-learning
FH PR B T A2 ) 7 SR ER R A VP A I 22, AR SR
MHEPAEASE TR, RN, N T A M= REER
Weshtt 5 20, 25K (14) ~ (16) WE Z fatrid
JSLFE BR B, A6 AR EE P, (0 22 E bl P 1 s X
THR:

F(P) =

SC(A, B) = |
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S(P) D(P) +1, F(Py,) — F(P) > k;
[y x SC(Py, P) + 1, ls .
x SC( )b S(P) e x D(P,) ) r= {0, |F(P..) — F(P)| < k; (21)
Horf: SC(Py, P) J 88 i AP B AH XS TR 46 M (1) 5= -1, F(Py.) — F(P) < —k.

EE T E; S(P) D(P;) 73 ) s AR R 1] FRA
ZHRENE; U Lo L2 3 DMVPIN R AR AL AR R, B
Rl A1+l =1, FB B s LB 5 5N
0.35. 0.3+ 0.35.

A EEE ) Q-learning FRIR 245 25 1], ASSCARYE
S IE B REROIRAS S (BRI 202 21 AVRES. Ho: S
={S5(1),8(2),...,S5(21)}, ¥ i& I & {8 X [] [0, 1]
P K 0.05 %14 20 A F X JH], 245E B E KT
1IN 5 21 MR AN,

3.3 e X

TEA L Q-learning HESL R, % A fAd i 1 2 3)
PRSI A 058 UM PR R 2 P,
DUIE AN PR A& T 144 28 SR 75 3K, T 9 v o
) 22 PR RIS SO . Dyt v 28 HL R T R Bl A 7 T
I3 R R N ) S HE SRS, BRI,

1) EXHNEES Ap, .

A XA P, 1) TG4 [0.4, 0.9], A H
BI51 815 9 10 A BAE, Ry 0.05, T sS4 TE R
R s

Ap, = {0.40,0.45,0.50,...,0.90}.

2) R MR ANEE S Ap,

A SR 1) G L [0.01, 0.21], RIFERI 4
N 10 AN EAE, RN 0.02, F I R A

Ap =1{0.01,0.03,0.05,...,0.21}.
KRN
MR BAAPAT —DUT AR, SR A IR
(22T, DAAS T 500 HAT R SR ms . S AL 1 1 1)
TR A B ) HA RREH. FEART i, 3
Jily R B (R AP REAE 2 H AR I B R R 4 B 4R T
W%, BRG] T2 BN 5 1) S8 A 45 R T 1) v
1k.

STl ek RO S AT A P, S N —ARFI R Py
0 3E B AR AT 2B P, FLE AT 30 SCh

r= f(F(Py.) — F(P)). (20)
Hrr: F(P) RSP 2 HARE R A f()A
PR R K, FH TR I N AR A A A R PR 2 A

2 8 B S gt A R A L 2 SR A R,
NG QT ST AR SE , AR SR 2 Jh A BR il 72 B
X [a] A, HAA e SCan s fls:

(18)

(19)
34

Horb by — e B BE, H T g SRR NS,
M 75 P02 ) I AR AL B R R Ak R R A8
ZIRFFMBFRENSHAE, FET SEMEHEL
Bh1E.

3.5 BhfEEFEREL

BN A 15 B M 2 B B AR K PSR AL, & T
TEFRF EIRAS BB B HE . X — SR g X T4 )
R TN 4 Jmy B A0 SRS 1R 3R A B B 2, L2
TR A 23 (A5 R B 358 S Bt AN o R0 A ) 8
N,

AR B £ -0 ST A2 S s 7 Tl AR
TREHENAE 5 F 24 11 B A0 SR W 1) AP A48T 1) [ B
Ho2& Sl 2 Ry i AR 2R 100 71, BAR W T B

Randomly select @ € A, rand < ¢;
m(si; . { Max Q(s;, a;), rand > €;
) 22)
e=¢, —2((e; —0.05)/ max z).
3.6 Q-tableEFHr

FERfE BRI SRS S, 8] AT IR #4722 X
A B O B RS R AR R I PSR R BRI QR
T, %R LIRS AT s A, id S Hx RifE.
PR, % Q (s, a) MR 2 2] 256 A SR 22 il Tl
HEAT R, FARTE R X=X (13) s,

4 PiEEK

7K 3C A8 ] Matlab 2021b X FT $2 i RLNSGA-II
SR HEAT SE B B S BR, 38 4T B 58 N Intel(R)
Core(TM) i5-14600KF 3.50 GHz A1 32.00 GB RAM.
S8 Matlab 2021b X Bir$ H LT 2 R 7 1
A2 S DA 8 SR 2 AN S H I BUE. BT 2 ik i)
R A AR AE LA, A SCRENLAE B 10 AN [R] RIS ) 4
% #E 47 3K iR, % RLNSGA-II 57 ¥ 5 NSGA-II.
DQNSGA. IGA 3475256 % bb, 36 40F B $ H R 10
AR FHSSIR EA  FUEEH2A https:/pan.baidu.
com/s/1KzREF V32JO0C-Ki_ilAjg, $2HUY A xk9.
4.1 TErIERR

13K A EFJSP-BS i) @i, SR FH AR 4578 5 % (SC)
(LEE 3.2 IR E ) RIAEEES (IGD) AR 17,
LV I B FERTHY (PF) HI .

IGD J2 7 5 IR 19 Al 52 01 = 1) JE AR b, Re s 2%
A 2 B BRI SRR LE WS SR R 22 R T 7 T 1)

(23)
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FLk a9 E AR AL £ A Y A8 iR AT 3663

UL AR E, AT B2 R4 A £ PF
IREA iy, 3R B HAE B AT 3 M 46 P AP R 15 il
()l o, AR BR TR B JF SR, S 06 P A AT fig
K HE AT )7, TR IGD fH. 4PF Sz T
PF, IGD e 56 B4 sz W 54322 i 45 3] () i A 5
FLSEMA RFCATIR IOARER A . [RIUL, 1GD {E ),
SR 2 RS SR B %Xﬁu?ﬁﬁ?-

42 SHRE

1E Q-learning H V% W 22 2] oy HrAI 1 LU JL
IR T 2L DR 1 e 2 S i SV 1 RE AL ST W I AZ 0
S, AR B T RIETE S % ) () R LA
ARBEAER. B, X 3 ANZ 4t 1 1 IEAS k5
(DOE), Jf-LA IGD J#Etris NS HAH & 3 NS HIX
i AN (0.5, 0.6, 0.7, 0.8, 0.9), 4 % L255) DOE 1E
SERER, ¥4 25 AT S5, 2 SR AT 10 K

IGD(PF, PF*) (24)
e P A s an B 9 Bros B384 808, R4 1GD >k
Hr: d(y,x)mﬁy%ﬁzr PPA R S BT AR, K 9 1 kS5
S RFEHTVE R RN 5L HNa=0.8.v=0.9.c=0.5.
kS i+ WIGH T AL 1
0.36¢t
0.35
0.341
m
& 033
g
)]
© 032f
0.31F
0.30¢t
0.29 i i { 1 1 1 1 ! ! i ! { { [ 1
05 06 0.7 0.8 09 05 06 07 08 09 05 06 07 0.8 0.9
ZHIX [A]
B9 {EEMR
43 AL PEREIEAT LA, R0 D BENLIE () 520, AN 451 35 4

AEGUE RLNSGA-IT H BT SR W 1A 3k, A
SRR AR R B ARLNSGA-IT (A& R 44
Z i B%) F1 BRLNSGA-II (5 5] A\ Q-learning [ i&

SLIEAT 5 IR, HRECEI S BT Gt . 3R 3 K
gy 3 oA AE 10 WK B T, RLNSGA-ILL

%4 SC {EXfLE

TEWE). K2 4.1 TR B A PEAN FR bR 3 AP AL RLNfSGA'H RLNVSSGA'H
%3 IGD {Exttt el ARLNSGA-II BRLNSGA-II
20 5145 RLNSGA-II ARLNSGA-II BRLNSGA-II s SC(R,A)  SC(A,R) SC(R,B)  SC(B,R)

BSCO1 0.220486 0351586 0343769 BSCOI  0.82508 0.08902 057322 038572
BSCO2 0.250121 0303637 0412753 BSCO2 0.5 0.43164 0.88522 0.063 64
BSCO03 0.236028 0345819 0.639138 BSCO3 0.6 0.37846 0.866 68 0
BSCO04 0.179586 0377610 0274976 BSCO04 0.8 0.2 0.59 0.4
BSCO5 0239105 0.368030 0300618 BSCO5  0.50984 03875 0.75682 0.1875
BSC06 0.195121 0.240990 0305349 BSC06 0.5497 037262 0.766 66 0.18888
BSC07 0.150072 0297856 0223117 BSC07 0.8 0.2 0.79166 0.19376
BSCO8 0.110561 0.207764 0.141692 BSCO8  0.84048 0.18932 0.78182 0.18462
BSC09 0.168002 0300342 0.242449 BSC09  0.43076 035426 0.57334 0.35966
BSC10 0.063972 0.158390 0.186725 BSCI0  0.49372 0.44424 0.98182 0.0091
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ARLNSGA-II 1 BRLNSGA-II = fh 5y £ 1GD Al
SC V- e b b Bt Ae Xt L, A B fe 45 S R AL A R
N

F 3 FZE 4 5 RLNSGA-IT 5 ARLNSGA-
11 7] 73 3, RLNSGA-II 7£ IGD {f f %t b R 25 %/
F ARLNSGA-II, H. SC {1k T ARLNSGA-II, %
WE T RT3 Fh AR AR &R SR A . L
RLNSGA-II 5 BRLNSGA-II 7] 53 5|, RLNSGA-II 7E
IGD 1E (155 b N 388/ T BRLNSGA-IIL, H SC 18
¥)KT BRLNSGA-IL, 5 |18 H Q-learning 52K
HiEN AP, P, F{E &6 501 .
4.4 XTSRS 06%% éé

97 S AT VP T4 ) RLNSGA-IT 51355, % %
F 5 LA SCHR A B 70 8 Ho At 3 FhARVE IR AT LR,
4359179 DQNSGA". 1IGA™™ #i1 NSGA-II'. Hy 4 F
AR, BT A R bl Bk () 2 88 i SOk 7 (B Bid
RS IG A A E . R SR 6 BN 4R Bk
(RLNSGA-II. DQNSGA. IGA Al NSGA-II) 7£ 10 4>
SR T IGD A SC FE AR I PEAL 45 A, B

IGD

IR HR
E10 IGD {EfFZERTEE

1.0

0.2}

— 0 . 2 1 1 1 1 1 1
D R Yw“ b@ N (O
%Q@ %QKO HOLITOL %QQ{ %Q®

PR i
11 SC {EfEZERTLL

CMHL BRI, A T B AL 2 K0 43 A >0 <
RS, BT H S BRI TR (1 10 FTR), el e
BT 6 B b TRAE (G 1 FOR), LA =[N
%S 4 MEEE IGD fH ERILE 8 osof s,
e PN e ey L,
SEEE] RLNSGA-II  DQNSGA IGA NSGA-II e e L .
BSCO1 0.339756 0341273 0369242 0.355040 7.8, . . .
BSC02 0.290761 0318495 0342513 0.299812 80 100 120 140
BSCO3 0.249833 0279447 0304051  0.290702 t
BSC04 0.272795 0.336331 0.405558  0.317179 E12 4 #HE% BSC05 EfHIgYIESZBECRIEXTEE
BSCO5 0.191432 0284933  0.332827  0.244438
BSC06 0.201988 0242228 0234578  0.222089 110}, f%é%sé%‘:'n
BSC07 0.205399 0267329 0254507  0.224915 = 100\“— : oA
BSCO8 0.153394 0175332 0.345798  0.172862 = T T T T e
BSC09 0.170985 0.185736  0.362030  0.205159 =90
BSC10 0.133659 0.189534  0.339874  0.194971 iR gl
Fz6 4 ThEETE SC E EAIELE: 700 20 20 120 160
RLNfSGA-II RLNESGA-II RLNVsSGA-H AR
S DQNSGA IGA NSGA-II (a) F oK e T TR &4 b 26
e SC(R, D) SC(D, R) SC(R,I)SC(I,R) SC(R,N)SC(N,R) —RLNSGAL
BSCO1 0.6299  0.30865 0.59167 035615 0.57965 0.36041 7.95F -, ?GQANSGA
BSC02 0.52111 034077 0.7  0.19485 050345 032479 = V] NSGA-IT
BSCO03 0.47692 0.42364 0.6  0.19886 0.45449 0.36303 XE 7.85r
BSCO4 0.56428 0.34273 0.6 027441 046777 0.38963 3
BSCOS 0.50494 0.38348 0.9  0.04706 045559 041514 775y S
BSCO6 051666 037809 0.53651 02164 047167 039938 765 . . . .
BSCO7 0.4905 04111 0.6 032776 05 047036 0 40 80 120 160
BSC08 0.45066 037645 0.96667 0.02143 036899 0.41971 EARIREL
BSC09 0.56666 030059  0.8125 00125  0.575 026458 (b) HLEIN TS REREI S 28

BSC10 0.53182 0.30345  0.74833 0.07839  0.45421 0.38735 E13 BSCOS%TﬁU”&ﬁQHﬂZfXﬂ'tt
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A Pl T L S 75 B R W 52 % B2 i 110 A5 0 R B
FREL.

H1# 5 [ IGD fi #n 45 5 T LUE H, RLNSGA-
1175 BT A MK 5 41 3 £ T DQNSGA. 1GA 5
NSGA-II, 2 B HAE IS 22 1 1 5 TH 24 B A o 4
IgRa R, B 10 #3E— P BIR, RLNSGA-II %44 B4
BT IGA, J-#& AL T NSGA-IT 5 DQNSGA. % 6
f) SC FernS Eb i, RLNSGA-IT 78 K 2 $ A5 o gl
T H A 3 ML B 11, SC(R, D). SC(R, I)#
SC(R, N)#j & % & T % B 1 SC(D, R)~ SC(I, R)

5SC(N, R), #t—B561E T RLNSGA-II [k,

SN T B M R R AN TR SRR B PR AR 2 R, AR ST
P BSCO5 B AR BEAT AR SRR EE. 1] 12 X
Et 7 RLNSGA-II. IGA. NSGA-1I 5 DQNSGA Y ff
FL IR CRCATHY, 45 R 7R RLNSGA-I [ HE 2 i
HOVE 73 At B 38 5] . FE AR 1K 5T & 77 1], RLNSGA-II W]
ZALT DQNSGA. IGA 5 NSGA-II. K 13 N4 H
bR 4 FPEE WS 2. 18] 14 2 BSCOS F41
Fi RLNSGA-IT F2 3K fif 43 21 1 H 4 1.
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SE T 3 FhAS[E] MR 46 10 HE R

3) AR 23 St R FE i) AR TR T 3 R AR A R
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Femg. e Ah, FEREETT I, J5 8 TARKE— DX IR T
SRAL 2 S AT 2 SR AE, R REAS [R5 ik ] 20 AR
BT SN RE A = A VA HE SR,
SEHk (References)
(1 BB, 2503 RA RS BRI RS O R

2737-2745.

(Luvo C, Gong W Y. A hybrid multi-objective
evolutionary algorithm based on decomposition for
green permutation flow-shop scheduling problem[J].
Control and Decision, 2024, 39(8): 2737-2745.)

[2] Brandimarte P. Routing and scheduling in a flexible job
shop by tabu search[J]. Annals of Operations Research,
1993, 41(3): 157-183.

(31  FRBTIE, RARPE, AT, 55, 25 FEARHR A R LAl 42 10)

Sy BE 77 ¥R [0, R B MU T A2, https:/link.cnki.net/
urlid/42.1294.TH.20250325.1330.015.
Xu X S, Wu S Z, Du W, et al. Consideration of low-
carbon flexible job shop batch scheduling methods[J].
Chinese Journal of Mechanical Engineering, https://link.
cnki.net/urlid/42.1294.TH.20250325.1330.015.)

[4] JA¥ESE, WIS, 3278, BT Bus R L R E R

TR B UK 2 (8] 755 RE VR 2 () /LT 9 (0. B it 2025,
42(4): 86-94.
(Zhou J W, Hu Z D, Peng W C. Research on energy-
saving scheduling of lot-streaming hybrid flow shop
based on improved grey wolf optimization algorithm[J].
Journal of Machine Design, 2025, 42(4): 86-94.)

[5] Shao S, Xu G C, Li J X, et al. A job assignment
scheduling algorithm with variable sublots for lot-
streaming flexible job shop problem based on


https://doi.org/10.1007/BF02023073
https://link.cnki.net/urlid/42.1294.TH.20250325.1330.015
https://link.cnki.net/urlid/42.1294.TH.20250325.1330.015
https://link.cnki.net/urlid/42.1294.TH.20250325.1330.015
https://link.cnki.net/urlid/42.1294.TH.20250325.1330.015
https://doi.org/10.3969/j.issn.1001-2354.2025.4.jxsj202504012
https://doi.org/10.3969/j.issn.1001-2354.2025.4.jxsj202504012

3666

wH

5

*

R £40%

(6]

(7]

(9]

[10]

(1]

[12]

NSGAII[J]. Computers & Operations Research, 2025,
173: 106866.

XNFLL, BRe, £ 2T ook S EE R AL 4
1] 73 it i BE 1) (0. v ML AR R g & 4, 2021,
27(11): 3185-3195.

(Liu X H, Duan C, Wang L. Flexible job shop
scheduling with lot streaming based on improved
migrating birds optimization algorithm[J]. Computer
Integrated Manufacturing Systems, 2021, 27(11): 3185-
3195.)

Wang H, Peng T, Li X Y, et al. An integrated
simulation-optimization method for flexible assembly
job shop scheduling with lot streaming and finite
transport  resources[J]. Computers &  Industrial
Engineering, 2025, 200: 110790.

Wk LU, o2 W s T Bk R ) 4 €8 VR U K ZE TR L
#/H AGV B A E[I]. 5 sk, 2022, 37(10):
2723-2732.

(Geng K F, Ye C M. Joint scheduling of machines and
AGVs in green hybrid flow shop with missing
operations[J]. Control and Decision, 2022, 37(10): 2723-
2732.)

Wang J H, Wu C Y, Peng Y T. Multi-objective
scheduling for an energy-efficient flexible job shop
problem with peak power constraint[J]. Applied Soft
Computing, 2024, 167: 112330.

T, TN, PN HIER Jaya HPORAEE B
P A2 A] & 6 R ) BB, 43 S kSR, 2021, 36(7):
1714-1722.

(Wang J H, Pan Y J, Sun R. Multi-objective flexible job
shop green scheduling problem with self-adaptive Jaya
algorithm[J]. Control and Decision, 2021, 36(7): 1714-
1722.)

Wang W T, Zhao J. An enhanced memetic algorithm for
energy-efficient and low-carbon flexible job shop
scheduling problem considering machine restart[J].
Journal of Manufacturing Systems, 2025, 80: 457-478.
Chen R H, Yang B, Li S, et al. A self-learning genetic
algorithm based on reinforcement learning for flexible
job-shop scheduling problem[J]. Computers & Industrial
Engineering, 2020, 149: 106778.

Zhang G H, Yan S F, Song X H, et al. Evolutionary
algorithm incorporating reinforcement learning for
energy-conscious flexible job-shop scheduling problem
with transportation and setup times[J]. Engineering
Applications of Artificial Intelligence, 2024, 133:
107974.

[14]

[15]

[16]

(18]

[19]

T, EC, RIF Y. T 2 H bR AR AL A ]
FERI 5L 2 3] NSGA-IL FIL[T]. F PR 272 4%, 2022,
45(10): 113-123.

(YinAJ, Yan W T, Zhang H W. Reinforcement learning
NSGA-II flexible
scheduling[J]. Journal of Chongqing University, 2022,
45(10): 113-123.)

EE e, ABOE, FOLE. 3T ok KRR SRR
b 25 18] 2l 25 15 G 20 R 2 ][], BLAC ] iE AR,
2024(1): 24-32.

(Yan F Q, Shi Z'Y, Wang L W. Dynamic energy-saving

for multi-objective job  shop

batch scheduling of flexible job shop problem based on
improved grey wolf optimization algorithm[J]. Modern
Manufacturing Engineering, 2024(1): 24-32.)

G| ES N o I 7 R o B R A N B
SR SR AR SR Ml 4 180719 BE I BE 170 [0, T SEALR
WE5T, 2025, 42(7): 2039-2047.

(Zhang G H, Li Z X, Zhang L P, et al. Reinforcement
learning based co-evolutionary algorithm for solving
flexible job shop energy efficient scheduling problem[J].
Application Research of Computers, 2025, 42(7): 2039-
2047.)

Tang H T, Xiao Y, Zhang W, et al. A DQL-NSGA-III
algorithm for solving the flexible job shop dynamic
scheduling  problem[J].  Expert with
Applications, 2024, 237: 121723.

Zhang G H, Hu Y F, Sun J H, et al. An improved genetic
algorithm for the flexible job shop scheduling problem

Systems

with multiple time constraints[J]. Swarm and
Evolutionary Computation, 2020, 54: 100664.

Yuan M H, Li Y D, Zhang L Z, et al. Research on
intelligent workshop resource scheduling method based
on improved NSGA-II algorithm[J]. Robotics and

Computer-Integrated Manufacturing, 2021, 71: 102141.

&N

sk FEHE (1980-), 55, #3%, 1L, T BHF 7 17 0 8 e

ek i ZE0a)1H %, E-mail: zgh09@zua.edu.cn;

AT (2000-), T3, il A=, 3R T7 1 R Re AL

5 Ae i, E-mail: 2928252627@qq.com;

7N

255 (1986-), 5, AU, FEHFTT 0 KE ik
G F A Y, E-mail: liwqgn@126.com;
LTt (1980-), 55, WHIT A Z m g AR, 20 TT 7

A IR A 5 BRI T SRR E) 5 A 7 — Ak
&, E-mail: 30708790@qq.com;

ZRUIE (1976-), 55, BI#ER, L, EEF T AE

fefilig . e fib B %, E-mail: zhengfengli@zut.edu.cn.


https://doi.org/10.1016/j.asoc.2024.112330
https://doi.org/10.1016/j.asoc.2024.112330
https://doi.org/10.1016/j.jmsy.2025.03.013
https://doi.org/10.1016/j.engappai.2024.107974
https://doi.org/10.1016/j.engappai.2024.107974
https://doi.org/10.11835/j.issn.1000-582X.2021.19
https://doi.org/10.11835/j.issn.1000-582X.2021.19
https://doi.org/10.1016/j.eswa.2023.121723
https://doi.org/10.1016/j.eswa.2023.121723
https://doi.org/10.1016/j.swevo.2020.100664
https://doi.org/10.1016/j.swevo.2020.100664
https://doi.org/10.1016/j.rcim.2021.102141
https://doi.org/10.1016/j.rcim.2021.102141
https://doi.org/10.1016/j.rcim.2021.102141
https://doi.org/10.1016/j.rcim.2021.102141
mailto:zgh09@zua.edu.cn
mailto:2928252627@qq.com
mailto:liwqqn@126.com
mailto:30708790@qq.com
mailto:zhengfengli@zut.edu.cn

