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60x5x0.4 14 743.73 17 311.31 142.95 137.08 SEX R CPU FFE] 695.40 s N, ABC-WOA 1B &
60x10x0.2 34 678.38 37 157.44 351.54 341.97 WA 72 B AR (76 ABC&GA IGA&VNS Fil ID-
60x10x0.4 25832.64 26 664.34 382.35 371.87
80x5x0.2 35 467.35 37432.95 332.48 327.05 MBO Hy J fifi b 53 5l B it T 19.01%), 4.53% A
80x5x0.4 25 693.56 28 933.47 273.16 267.38 13.46% , 1EHIFIHY CPU WHE Y, i ABC-WOA R4
80x10x0.2 55764.76 59 674.64 672.17 665. 06 " . ;
80x10x0.4 35713.53 39 261.63 538.27 531.94 SRR A i PRILF A TG 3 ARk
100x5%0.2 43 678.86 47 114.56  565.48 556. 46 # 6 FH T AN p BUA T 4 F 8RR ITAH
100x5x0.4  35735.84 36 457.33 431.94 430.38 HEL ) B S 2 0 3k 4% SR Y p'=0.2 Hq‘,?’iqziéj
100x10x0.2 75 822.66 82 456.45 932.29 921.60 ) i
100x10x0. 4 61 467.84 65 356.74 891.37 878.48 CPU f[h] 436.60 s ¥, i ABC-WOA IR 3 59 3 15 51
S 27 396.60 29 537.06 317.58 312.50 B H AR {E 7 ABC&GA \IGA&VNS A1 IDMBO (7
F 4 FNRAR R S R
Table 4 Test results of small and medium-sized problems
nXoXp’ ABC&GA lGA&VNSEﬁ({HlDMBO ABC-WOA SAHC&C—\/% BI(,«\&\‘NS/% ‘Sll)mno/% CPU EH'IEJ/S
20x5x0.2 4 783.32 4117.32 4 423.65 3 984. 99 20.03 3.32 11.01 35.43
20x10%0.2 10 613. 65 9489.99 10 015.32 9 260. 65 14. 61 2.48 8. 15 69. 86
20x15%0.2 17 434.65  15595.32 16 563.99 15 348.32 13.59 1.61 7.92 100. 68
40x5x0.2  12573.65  11639.99 12 167.32 11 334.65 10.93 2.69 7.35 83.10
40x10%x0.2 25265.65 22 690.65 24 735.32 21 519.99 17. 41 5.44 14. 94 172.93
40x15%0.2 28 833.99 26 425.65 27 346.32 25 747.32 11. 99 2.63 6.21 261. 80
60x5x0.2  22575.99  19422.65 21 692.99 18 785.99 20.17 3.39 15. 47 177. 71
60x10x0.2 40 966.99  38218.99  39316.99 36 940. 65 10. 90 3.46 6.43 349. 66
60x15x0.2 54 852.32 48 609.99 51 832.99 46 918. 65 16.91 3.60 10. 47 539. 54
20x5x0.4 4 075.99 3 435.32 3 726.32 3 425.65 18.98 0.28 8.78 27.05
20x10x0.4 9 212.99 8 324.32 8 706. 99 8 264. 99 11.47 0.72 5.35 55.31
20x15x0.4  12392.99  11374.65  11932.32 11 203.65 10. 62 1.53 6. 50 88.94
40x5%0.4 11 425.99 9 101.65 10 578.99 8 899. 32 28. 39 2.27 18.87 74. 50
40x10%0.4 18 127.65  15543.65 16 793.99 14 664.32 23.62 6. 00 14.52 147.78
40x15%0.4 33 262.32  29155.99  31320.65 27 763.99 19. 80 5.01 12. 81 224. 89
60x5x0.4 17 937.65 16 012.32 16 842.65 14 542.99 23.34 10. 10 15. 81 144. 06
60x10x0.4 33 369.65  30477.99 31 647.99 29 287.32 13.94 4.07 8.06 297.53
60x15x0.4  52330.65 46 720.32 49 855.32 44 692.32 17.09 4.54 11.55 459.25
20x5%0.6 3 616.99 3 263. 65 3 402.32 3 263. 99 10. 81 -0.01 4.24 25.37
20x10%0.6 8 325.99 7225.32 7 980. 65 7 178. 65 15. 98 0.65 11.17 47. 64
20x15%0.6 12839.99 11 400.32  12338.99 11 123.99 15.43 2.48 10.92 69. 82
40x5x0.6 8 911.65 7 946. 99 8 463. 65 7 781. 99 14.52 2.12 8.76 54.43
40x10x0.6 18 088.32 16 134.32 17 174.99 15 029. 65 20. 35 7.35 14.27 111. 84
40x15%0.6 28 294.99 24 603.32 26 575.99 23 344. 65 21.21 5.39 13. 84 167. 31
60x5x0.6 14 988.65 13 586.32  14320.32 12 691.32 18. 10 7.05 12. 84 116. 46
60x10x0.6 25312.65 22 748.65 24 284.65 21 009.32 20. 48 8.28 15.59 230. 32
60x15x0.6 42204.65 38 877.65 41 044.65 36 942.32 14.24 5.24 11.10 339. 59
1y 21208.15 18 968.27 20 188.38 18 183.39 16. 85 3.77 10. 85 165. 66
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Table 5 Test results of large-scale problems

nxoxp’ ABC&GA 1GA&VNSEWHU)MBO aBcwon | Jweeen/ % G/ % uuno/% - CPU BT/

80x5x0.2  39783.24 33 119.24  36978.91  32005.57  24.30 3.48 15. 54 329. 44
80x10x0.2 64 206.57  57809.91  61380.24  55397.91  15.90 4.35 10. 80 671. 85
80x15x0.2 92 648.57 83 423.57 89 698.91 80 921.57  14.49 3.09 10. 85 1 041.71
100x5x0.2 50 117.24 44 471.91 48 892.24 41 858.91  19.73 6. 24 16. 80 581.08
100x10x0.2 90 332.24  81432.57  85387.57 77 658.57  16.32 4.86 9.95 934.23
100x15%0.2 109 643.24 96 895.24 101 827.24 93 004.24  17.89 4.18 9. 49 1 200. 00
80x5x0.4  25661.24 22 169.24  23903.24  20725.24  23.82 6.97 15.33 273. 34
80x10x0.4 43 712.22 40 005.88  41302.89  37860.85  15.45 5.67 9.09 553.90
80x15x0.4 69 827.78 63 048.89  66530.98  60283.78  15.83 4.59 10.36 875. 80
100x5x0.4 39 341.01  34805.78 38 008.89 34 075.99  15.45 2. 14 11. 54 453.75
100x10x0.4 71 719.87  64323.02 70 016.77  61052.89  17.47 5.36 14. 68 921. 49
100x15%0.4 117 723.46  97570.23 111002.89 94 915.10  24.03 2.80 16. 95 1 200. 00
80x5x0.6 20 724.21 16 790.96  20265.22 16 744.21  23.77 0.28 21,03 221.25
80x10x0.6  37379.26  31559.30  32979.20  31174.05  19.91 1.24 5.79 435.08
80x15x0.6 53 134.94  47236.65 51125.76 44 903.77  18.33 5.20 13. 86 659. 10
100x5%0.6 31 156.05 27 175.25 30 245.19  25325.19  23.02 7.31 19. 43 346. 07
100x10x0.6 53 135.06 47 088.95 51 135.07 44 308.07  19.92 6. 28 15. 41 738.37
100x15%0.6 74 958.99 69 153.89 74 259.64 64 353.05 1648 7. 46 15.39 1 080. 56

- 60289. 18  53226.69  57496.71 50 920.50  19.01 4.53 13. 46 695. 40
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Table 6 Test results of various algorithms with different values of p’

SR a31EH

])’ SABC&CA/% SICA&\'NS‘/% SIDMBO/% CPU HTJ‘"EJ/S
ABC&GA IGA& VNS IDMBO ABC-WOA
0.2 44 308. 75 39 557.53 42 150. 67 38 045.87 16. 46 3.97 10. 79 436. 60
0.4 37 341.43 32 804. 62 35 478. 06 31 443. 89 18.76 4.33 12. 83 386.51
0.6 28 871.49 25 652.77 27 706. 42 24 344.95 18. 59 5.37 13. 81 309. 55
Fe E ek E T 16.46% ,3.97% 1 10. 79% 5 24 275
p'=0.4 W, fEFEH CPU WY IA] 386.51 s P, H1 ABC- 2.50 T
WOA &R LS 2] 09734 B An (e 72 Foh 3 A 50k L 225
=~ q
B LR 292k E T 18.76% ,4.33% 1 12. 83% ;24 %200 B
p'=0.6 I}, £ F- 14 CPU B E 309.55 s N, H1 ABC- s
WOA TR & 5RIE1F 8] 09734 B An (e 72 Fo A 3 50k 1sof ul
BERE E o B ek #E T 18.59%,5.37% 1 13.81%
N . e ABC& GA IDMBO IGA& VNS ABC-WOA
B p (3G, AR ) B R B AT B sl /b | 4% 5 (a) h /N i 70
AT FE A CPU W (] B Z 4 JE, ABC&GA 7.50
IGA&VNS Fil IDMBO ) #H Xt i 22 & 43 b & L T+ #4 232
O T ABC-WOA 1R & 81k 78 ff 09 it 2 7 1T 1Y %6.00
RIHA L 0
5.00
F TSR EA G EE LT 95% 4 50
1) A5 KR A5 45 5k 7 R AN [R] RIS ) 4.00
B H Fr Al I K5 ok, BT LLE Y, ABC- ABC&GA ID%;%(%E;%%VNS ABC-WOA
WOA TR & B L X b 3 Floxh b 8 i B A7 i 2 1% Es5 BiEREE

ﬁl];é‘ ° Figure 5 Interval graph of target values



56 PSP PN i 3 - S QRIS )

2026 4F

AR SCHEGE T AN HE S I AT AL B i B[R] 0 i
il TIAZY S () HEFS, H AR J2& e/ b S0 AL 58 B st
], % B3 TR Bk ad oy BEXF T 0 B A9 R i, 3 o i
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Hybrid Flexible Flowline Scheduling with Deadline Constraints

XUAN Hua', LI Kunbo', CAO Ying’

(1. School of Management, Zhengzhou University, Zhengzhou 450001, China; 2. School of Civil Engineering and Architecture, Henan
University of Science and Technology, Luoyang 471000, China)

Abstract; For the hybrid flexible flowline problem with unrelated parallel machines at each stage, with constraints
on deadline and transportation time, an integer programming model was established to minimize the total weighted
completion time. A hybrid algorithm of artificial bee colony algorithm and whale optimization algorithm ( ABC-
WOA ) was proposed by combining improved genetic algorithm and neighborhood search strategy to obtain near opti-
mal solutions. The algorithm utilized encoding based on job numbers and the NEH heuristic method to generate an
initial set of job sequences. In the employed bee phase, an improved genetic algorithm was introduced to produce
higher-quality job sequences. In the onlooker bee phase, five neighborhood search strategies were utilized to obtain
better neighboring sequences. In the scout bee phase, a whale optimization algorithm based on the worst solution
was designed to enhance the search capabilities of the algorithm. Simulation experiments were conducted to test the
effectiveness of the improvements within the hybrid ABC-WOA algorithm, as well as to examine instances of varying
sizes. The experimental results showed that the proposed hybrid algorithm performed very well.

Keywords: hybrid flexible flowline; deadlines; ABC-WOA hybrid algorithm; NEH heuristic approach





