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Abstract; Regarding the Permutation Flow—shop Scheduling Problem ( PFSP) , this paper proposes a hybrid crow search algorithm
through research and comparison to minimize the maximum completion time, in order to continuously improve the company’s
production costs and efficiency, and help the company create more profits. Firstly, this article improves the heuristic algorithm based
on NEH (Nawaz-Enscore-Ham) and proposes a new method to improve the quality and diversity of the initial population; second,
the SPV ( Smallest—Position—Value ) rule is encoded to enable the algorithm to handle discrete scheduling problems; finally, to
enhance the search ability for solution space, the individuals with the top 20% of the fitness value are selected for local operation,
and a dynamic neighborhood search method in which the neighborhood size can change adaptively is designed in the local search to
achieve dynamic adjustment of the local search ability, thus helping the algorithm to achieve a balance between wide area search and
local area search and further improving the performance of the hybrid algorithm. By testing the performance of the algorithm using
Rec and Taillard comparing it with the current metaheuristic that is going to work best in solving the PFSP problem,INHSA performs
significantly in terms of optimal relative error and average relative error, with an average decrease of at least 88. 3% and 87. 5%
compared to other algorithms. This data clearly demonstrates the significant advantages of the algorithm in terms of optimization
efficiency and stability, highlighting its efficiency and reliability in solving complex problems.
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AT N ¢ APl T, d
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Table 2 Orthogonal experimental results

SR GRS MR RV
N G AP d Tp S
1 30(1)  1000(1)  0.1(1) 1(1) 0.4(1) 3(1) 5038.5
2 30(2)  2000(2) 0.2(2) 3(2) 0.6(2) 5(2) 5025.1
3 30(3)  3000(3) 0.3(3) 5(3) 0.8(3) 7(3) 5018.8
4 40(1)  1000(1) 0.1(1) 5(3) 0.6(2) 5(2) 5 030. 1
5 40(2)  2000(2) 0.2(2) 1(1) 0.8(3) 7(3) 5017.3
6 40(3)  3000(3) 0.3(3) 3(2) 0.4(1) 3(1) 5028.7
7 50(1)  1000(1) 0.2(2) 3(2) 0.8(3) 3(1) 5055.4
8 50(2)  2000(2) 0.3(3) 5(3) 0.4(1) 5(2) 5047.3
9 50(3)  3000(3) 0.1(1) 1(1) 0.6(2) 7(3) 5014.7
10 30(1)  1000(1)  0.3(3) 3(2) 0.6(2) 7(3) 5009. 4
11 30(2)  2000(2)  0.1(1) 5(3) 0.8(3) 3(1) 5029.4
12 30(3)  3000(3) 0.2(2) 1(1) 0.4(1) 5(2) 5034.5
13 40(1)  1000(1) 0.2(2) 5(3) 0.4(1) 7(3) 5028.4
14 40(2)  2000(2) 0.3(3) 1(1) 0.6(2) 3(1) 5039.3
15 40(3)  3000(3) 0.1(1) 3(2) 0.8(3) 5(2) 5019.9
16 50(1)  1000(1) 0.3(3) 1(1) 0.8(3) 5(2) 5028.8
17 50(2)  2000(2) 0.1(1) 3(2) 0.4(1) 7(3) 5003.6
18 50(3)  3000(3) 0.2(2) 5(3) 0.6(2) 3(1) 5034.1
k1 5025.9 5031.7 5022.7 5037.5 5030.2 5028.8
k2 5027.2  5027.0 50324 5030.9 5025.4 5023.6
k3 5030.6 5025.1 5028.7 50153 5028.2 5031.3
B2z 4.7 6.6 9.7 22.2 4.8 7.7
FE 6 4 2 1 5 3
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Fig. 5 Impact trend of different parameter settings on algorithm
performance
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%3 INHCSA 5 NHCSA HCSA HyLLE4& R
Table 3 Comparison results of INHCSA, NHCSA, and HCSA

HCSA NHCSA INHCSA
X0 n m c*
BRE ARE BRE ARE BRE ARE

Ta001 20 5 1278 0 0 0 0 0 0
Ta011 20 10 1582 0 0 0 0. 006 0 0
Ta021 20 20 2297 0.18 0 0.015 (1] 0
Ta031 50 5 2724 0.18 0.18 0 0 0 0
Ta041 50 10 2 991 1.24 1.70 1.137 1. 184 1. 036 1.159
Ta051 50 20 3 850 5.79 6.25 0. 805 1.127 0.051 0.328
Ta061 100 5 5493 0 0.02 0 0 0 0
Ta071 100 10 5770 1.31 1.50 0 0. 004 0 0
Ta081 100 20 6 202 1.59 2.10 1. 016 1.528 1.402 1. 699
Ta091 200 10 10 862 1.24 2.56 0. 064 0. 089 0.018 0.024
TalOl 200 20 11 195 1.26 1.39 0.777 1.232 0.757 0.932
Talll 500 20 26 059 0. 80 1.06 0.368 0. 544 0.257 0.376
AVG 1. 11 1.41 0.347 0.477 0.293 0.376

%3 Al LIE H, 7E4E X BRE FOELECR B T TA091 AyMesiuth £k o i ik B ) A ok 2 3, 1% LA |
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FRRE ST ELF R E M, B 6 45 T INHCSA 5 JEF b or A kAR R4 &, v] LUOE AL W S30aE
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AQ 4600 CAS
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2950 2760 INHCsa 4500 Hcsa
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4400 3890
2900 2740 . 3880
B 3 4300 .
H H <
Y T 2720 4 3 870
23850 4200 3860
2700 500 1000 1500
0 50100 150 200 4100 Number of iterations
2 800 : . .
Number of iterations
4000
2750
3900
2700 3800
0 200 400 600 800 1000 1200 1400 1600 18002000 0 200 400 600 8001000 1200 1400 1600 18002000
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Fig. 6 Convergence curves
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Table 4 Comparison results of taillard test set

Ak vl Ta010 Ta020 Ta030 Ta040 Ta050 Ta060 Ta070 Ta080 Ta090 Tal00 TallO Tal20 AVG
n 20 20 20 50 50 50 100 100 100 200 200 500
m 5 10 20 5 10 20 5 10 20 10 20 20
c* 1108 1591 2178 2782 3 065 3 756 5322 5 845 6434 10 675 11 288 26 457
HSOS Cé,vg 1108 1 601 2 205 2782 3140 3 887 5326 5 898 6 650 10 798 11 698 26 780
ARE 0 0.629 1.240 0 2.447 3.488 0.075 0.907 3.357 1.152 3.632 1.224 1.513
NCS Cm,g 1 108 1 606 2184 2782 3131.2 3 860.6 5326 5891.4 6 602.8 10 734 11 633.6 26897.2
ARE 0 0.943 0.275 0 2 160 2.785 0.075 0.794 2.624 0.553 3.062 1. 664 1.244
HGA CMg 1345.5 2019.3 2956.3 3341.5 4279 5963.5 6542.5 8255.3 10928.8 15869.1 20587.6 49 545.6
ARE 21.435 26.920 35.735 20. 111 39. 608 58.773 22.933 41.237 69. 860 48. 657 82. 385 87.268 46.244
LHDE Cm,g 1 108 1598.4 2185 3116.5 3821.1 5322 5 881
ARE 0 0. 465 0.321 1. 680 1.733 0 0.616
NHCSA Cd\,g 1108 1591 2178.6 2782 3085.9 3787.1 5322 5849.1 6497.2 10 680.4 11 410.4 26 573.7
ARE 0 0 0.025 0 0. 680 0. 828 0 0.070 0.982 0. 050 1. 084 0.441 0.347
INHCSA ng 1108 1591 2178 2732 3085 3770.9 532 5845 6483.4 10678.1 11385.6 26547.4
ARE 0 0 0 0 0. 652 0.328 0 0 0.767 0.024 0.932 0.376 0. 256
MHESCHR[ 10] , LHDE 253415 Taillard M4E 3.2.3 5 NHCSA 258341 %) Ree MHRAE L4

AT 45 B AL 35 T Ta010 & Ta030 & Ta050 %=
Ta080 X 7 545, Ff INHCSA 5 NHCSA ,LHDE .
HGA  NCS F1 HSOS % % #H b %, v DL & i,
INHCSA HU45 T 11 DA, NHCSA U8 1 4 i
4B, #K ¥k /& LHDE NCS. HSOS A1 HGA, #] I
INHCSA 7E i L p B B3 T e 5k, i
UEBH T INHCSA HAT S5 i S BE

A FSCHR[ 13 ] F G NCS B R 42 Ree I3
Lt E g R, £ 5 UFH T HSOS, MCTLBO
HGA .LHDE \NHCSA Fll INHCSA &9 4 b A 45 51
T B R R A g A /L T B 8 Al A T
A5 IR SRAT ) e A AR X 352 22 AT A X R 25, & 9
S5 T A TR XN [R AR SR ) SR AT g e A AR X 152
ZE R YRR X 1R 25 Y (E AY L 4

£ 5 ReciRERILE

Table 5 Comparison of Rec test results

Bk BB RecOl Rec03 RecO05 Rec07 Rec09 Recll Recl3 Recl5 Recl7 Recl9 Rec2l Rec23 Rec25 Rec27 Rec29 Rec31 Recdl AVG

n 20 20 20 20 20 20 20 20 20 30 30 30 30 30 30 50 75

m 5 5 5 10 10 10 15 15 15 10 10 10 15 15 15 10 20

C* 1247 1109 1242 1566 1537 1431 1930 1950 1902 2093 2017 2011 2513 2373 2287 3045 4960

HSOS BRE 0 0 0 0 0 0 0 0 0 0.620 1.437 0.348 0.835 0.969 0.831 0.427 2.388 0.583
ARE 0 0 0 0 0 0 0.273 0.523 1.388 1.274 1.537 1.280 2.067 1.432 2.488 0.644 3.350 1.050
MCTLBO BRE 0 0 0 0 0 0 0 0 0 0.287 1.468 0.149 0.199 0.253 0 0.427 1.956 0.367
ARE 0.120 0.068 0.217 0.632 O 0 0.192 0.356 0.037 0.430 1.557 0.686 0.809 1.016 0.822 1.307 2.061 0.747
HGA BRE 0 0 0 0 0 0 0.3600 0.560 0.950 0.620 1.440 0.400 1.270 1.100 1.400 0.430 3.640 0.860
ARE 0.140 0.090 0.290 0.690 0.640 1.100 1.680 1.120 2.320 1.320 1.570 0.870 2.540 1.830 2.700 1.340 4.920 1.600
LHDE BRE 0 0 0242 0 0 0 0 0 0 0.287 0.645 0.348 0.557 0.253 0.831 0.427 2.661 0.502
ARE 0 0 0.242 0 0.026 0 0.275 0.523 0.363 0.702 1.279 0.428 1.082 0.951 1.049 0.644 3.351 0.757
NHCSA BRE 0 0 0 0 0 0 0 0 0 0 0.149 0.099 0 0.126 0 0.099 0.948 0. 140
ARE 0 0 0.242 0 0 0 0 0 0 0.287 0.645 0.348 0.557 0.253 0.831 0.427 2.661 0.502
INHCSA BRE 0 0 0.242 0 0.026 0 0.275 0.523 0.363 0.702 1.279 0.428 1.082 0.951 1.049 0.644 3.351 0.757
ARE 0 0 0 0 0 0 0 0 0 0 0.149 0.099 0 0.126 0 0.099 0.948 0. 140
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