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Abstract: This paper addresses the integrated scheduling problem of heterogeneous transportation re-
sources—comprising an overhead crane and automated guided vehicles—in flexible job shops. A reinforce-
ment learning-based multi-objective evolutionary algorithm is proposed to minimize both makespan and to-
tal energy consumption. Three hybrid initialization strategies are designed to enhance population quality
and diversity. Subsequently, a reinforcement learning mechanism is introduced for adaptive control of ge-
netic operator parameters, and a critical-path-based hybrid neighborhood structure is constructed to simulta-
neously optimize makespan and energy consumption, thereby guiding efficient exploration of high-quality
solutions. Finally, ablation and comparative experiments validate the effectiveness and stability of the pro-
posed algorithm in solving the heterogeneous-transportation-resource flexible job shop scheduling problem.

Key words: flexible job shop; heterogeneous transportation resources; reinforcement learning-based
NSGA-IT; neighborhood structure
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10: elseif J& & S o
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12: else

13: ifML<<4

14: ZHE WA LT
15: elseif ML=4

16 O3S R P T
17: end

18 end
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20 best S=S1

21: break

22: else

23 best_S=S

24. end

25: end
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13: end

14: end
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19: best_S=S
20: end

21: end

22:end
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8 end
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14 end
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éﬂ%ﬂ‘j020.99'}/:0.67520.99G‘h:7oo HMKO1 0.3366 0.3678 0.5167
N - HMKO02 0.2425 0.2598 0.6389
3 SHAATKRE '
L . HMKO3 0.2273 0.2471 0.5161
Tab.3 Parameter combination experiment table
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S UKL a y e Gy, IGD - -
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6 0.7 0.7 0.80 80 0.4177 HMK10 0.2902 0.2746 0.6802
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Tab.5 SC of the 3 algorithms

RLNSGA-1 vs RLNSGA-1 vs
451 ARLNSGA- I BRLNSGA- I
SC(R,A) | SC(A.R) | SC(R,B) |SC(B,R)

HMKO1 1.0000 0.0000 1.0000 0.0000
HMKO02 1.0000 0.0000 0.6667 0.0000
HMKO03 0.6000 0.0000 0.6667 0.0000
HMKO04 0.7500 0.0000 0.8889 0.0000
HMEKO05 1.0000 0.0000 0.8000 0.0000
HMEKO06 1.0000 0.0000 1.0000 0.0000
HMEKO07 0.6000 0.0000 0.0000 0.4000
HMEKO8 0.0000 0.8000 0.4000 0.0000
HMEKO09 1.0000 0.0000 0.6777 0.0000
HMK10 1.0000 0.0000 1.0000 0.0000
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Tab.6 1IGD of various algorithms

2] | RLNSGA-1I | DQNSGA | MOEA |NSGA-II
MKO1 0.1922 0.3541 0.603 0.3460
MKO02 0.1722 0.2884 0.603 0.3909
MKO03 0.2041 0.2687 0.6070 | 0.2909
MKO4 0.1846 0.2393 0.4990 | 0.2908
MKO5 0.2905 0.4044 0.5971 | 0.4639
MKO06 0.3313 0.3522 0.6813 | 0.3314
MKO07 0.2763 0.3486 0.5691 | 0.3217
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MK09 0.2120 0.3737 0.7595 0.430
MK10 0.2883 0.3264 0.6881 | 0.3821
09

5 0.6}

L

§ 03 =

0
RLNSGA-II DQNSGA MOEA

E12 AREEXIGDHFELE
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Tab.7 Pairwise comparison results of algorithms based

on SC
RLNSGA-1l vs | RLNSGA-1l vs | RLNSGA-I1[ vs
DQNSGA MOEA NSGA-1II
X1
SC SC SC SC SC SC

(R,D) | (D,R) | (R,M) | (M,R) | (R,N) | (N,R)

HMKO1 | 1.0000 | 0.0000 | 1.0000 | 0.0000 | 0.5000 | 0.0000

HMKO2 | 0.6667 | 0.0000 | 1.0000 | 0.0000 | 0.5000 | 0.0000

HMKO3 | 0.5000 | 0.0000 | 1.0000 | 0.0000 | 1.0000 | 0.0000

HMKO4 | 0.7500 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 0.3333

HMKO5 | 1.0000 | 0.0000 | 1.0000 | 0.0000 | 1.0000 | 0.0000

HMKO6 | 1.0000 | 0.0000 | 1.0000 | 0.0000 | 1.0000 | 0.0000

HMKO7 | 0.3077 | 0.2000 | 0.6667 | 0.3333 | 0.1111 | 0.1667

HMKOS8 | 1.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 0.3333

HMKO9 | 0.6667 | 0.0000 | 1.0000 | 0.0000 | 1.0000 | 0.0000

HMKI10 | 1.0000 | 0.0000 | 1.0000 | 0.0000 | 1.0000 | 0.0000
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