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Fig.1 Shows an example encoding
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Fig. 3 Flow diagram of ISFLA
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Tab.2 The comparative results of ISFLA and CPLEX

. SE T [A] /s i ) BHEFE/ kW o )

T A5 5E T 15} [] {2 SR FE I 22
CPLEX ISFLA CPLEX ISFLA

5 160. 9 164. 6 2.3% 5391.0 5 494. 4 1.9%

10 244. 2 258.5 5.9% 10 971. 2 11 172.5 1.8%

15 353.0 358.0 1.4% 17 856.7 18 023. 8 0.9%

20 454. 6 469. 0 3.2% 23 372.3 23 772.3 1.7%

25 540. 9 549. 1 1.5% 28 837.6 29 139. 4 1.0%
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4.3 ISFLA EEME AL ER

J T #E— L AE ISFLA 894 80P, 73 514 ISFLA 5 SFLA,NSGA-II fl SPEA-TI #E47 % [, Bk R A S
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B An 5 o TS AE BT Pareto BV T B 0% B4 14 31 580 1 AR IO AR 5 22 ) 9 B /N BE B8 22 R VP AL B30k
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17 10 ARG G it 25 L i 19 F- 35 IGD fHan 2 4 PR .

F 4 BN TR [E B 4 1] 8, ISFLA, SFLA, NSGA-11, SPEA-TT 3% 4 #5303 a8 5 50 31 80 fr 15 1 (9 7 15
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Tab. 4 The average IGD of cach algorithm

Ji) A n ST ERE ISFLA SFLA NSGA-II SPEA-TI
To1l 5 30% 7.85e+01" 6. 62e+02 4. 49e+02 1. 26e+02
T02 15 30% 0. 00e+00" 1. 0le+03 1. 55¢+03 6. 63e+02
T03 25 30% 0. 00e+00" 2.81e+03 1. 66¢+03 1. 32¢+03
T04 60 150% >0 0.00e+00" 4.59¢+03 2. 28e+03 5.45e+03
T05 80 150% 0. 00e+00" 5.13¢+03 5. 68¢+03 2.72¢403
T06 100 150% 0. 00e+00" 5.20e+03 5.75¢+03 6. 73e+03
To1 5 30% 3.20e+02" 4.07¢+02 3.52¢+02 7.72e+02
T02 15 30% 3.06e+02" 1.49e403 4.10e+02 8. 08e+02
T03 25 30% 0.00e+00" 1.56e+03 2. 66403 1. 93e+03
T04 60 150% > 0. 00e+00" 3.07e+03 2.92e¢+03 4.08e+03
T05 80 150% 0. 00e+00" 7.37¢+03 8. 48¢+03 4.21e+03
T06 100 150% 0. 00e+00" 3.63e+03 4.75e+03 3. 90e+03
To1l 5 30% 1.53e+02" 1. 65e+02 1. 90e+02 5.06e+02
T02 15 30% 4.29¢+02" 8.18e+02 4.36e+02 7.33e+02
TO3 25 30% 5.45e+02 4.14e+02° 9.42e+02 7.67e+02
To4 60 150% o8 2.19¢+03 4.81e+03 2.02¢+03" 8. 64e+03
T05 80 150% 2. 48e+03" 9.96¢+03 8. 84¢+03 7.32¢+03
T06 100 150% 0. 00e+00" 7.31e403 9.98e+03 1. 67e+04
To1 5 30% 2. 36e+02" 7.42¢+02 3. 54e+02 2.61e+02
T02 15 30% 4. 69e+01" 2. 08e+03 6. 82e+02 1. 39¢+03
T03 25 30% 6. 82e+00" 1.07¢+03 1. 90e+03 1. 59¢+02
T04 60 150% > 0. 00e+00" 6. 15e403 8. 14e+03 5.05e+03
T05 80 150% 0.00e+00" 2. 0de+04 1. 08e+04 8. 69e+03
T06 100 150% 4.53¢+02" 1. 76e403 4.71e+03 1. 09e+04
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Tab.5 Pareto solution set of TO1 and TO5 under different learning rates

90 % 80% 70% 60 %

[ia] A
Crax /' TEC/k] Crax /s TEC/k] Crx /' TEC/k] Crax /s TEC/k]
246. 9 5 464.5 233.2 5093. 3 155.5 4549. 1 129. 1 5 709. 2
178. 6 5762.2 144. 4 5 620. 6 153. 1 4921. 8 137.8 4 549. 2
152.7 5 864. 2 230.5 5 250.1 153.3 4653.1 139. 6 4 484. 4
Tol 178.5 5 680.9 169. 3 5272.5 152.7 5171.6 134.2 4984.5
245. 7 5 490. 1 160. 6 5 283.2 172.5 4 357.3 145.0 4 230.5
178.9 5 636. 7 134.9 4 638.8

179. 2 5623.5
S 194. 4 5 646. 0 187. 6 5303.9 157. 4 4730. 6 136. 8 4 766. 1
90% 80% 70% 60%

[ia] A
Crax /' TEC/k] Cran /s TEC/k] Cran /s TEC/k] Crax /s TEC/k]
2 641.3 66 885. 3 1574.1 47 112.7 944. 7 23 751.4 618.6 15 097. 0
2 633.2 68 250. 9 1590.6 46 237. 3 954. 8 23 270. 3 632.9 14 603. 6
2 633.4 67 468. 1 961. 1 23 238.6 627. 6 14 711.7
T05 2 615.0 68 762. 6 943. 1 23 849. 1 623.0 14 938.9
2 642.3 65 855. 1 634. 1 14 469. 1
606. 2 16 249.0
621.3 14 943.9
M 2 633.0 67 444. 4 1582.4 46 675 950. 9 23 527. 35 623. 4 15 001. 9
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Operations Research and Cybernetics

Research on Multi-Stage Hybrid Flow Shop Scheduling Problem with Learning Effect

ZHANG Hongliang, XU Gongjie, ZHANG Jinchun
(School of Management Science and Engineering, Anhui University of Technology, Ma’anshan, Anhui 243032,China)

Abstract: [ Purposes | The multi-stage hybrid flow shop scheduling problem which considering the sequence correlation adjustment
time with learning effect is studied. [ Methods |According to the characteristics of the problem, a hybrid flow shop scheduling model
with the goal of minimizing completion time and total energy consumption is established, and an improved shuffled leapfrog
algorithm is designed to solve the problem. The proposed algorithm is tested with different scale test problems and compared with
the other three algorithms. [ Findings ] The test results show that the proposed algorithm is superior to the other three algorithms. In
addition, different learning rates have different effects on scheduling goals. [ Conclusions ] It has certain guiding significance for the
goals of enterprises to improve production efficiency and reduce energy consumption, and can provide decision-making support for
decision-makers when making production scheduling schemes.

Keywords: learning effects; sequence dependent setup time; hybrid flow shop; unrelated parallel machine; improved shuffled

leapfrog algorithm
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