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Abstract: Aiming at a kind of widely existing vehicle distribution with two-dimensional loading constraints and dis-
tributed production integrated scheduling problem (VD2LDPISP), this paper establishes the problem model and proposes
a hybrid three-dimensional estimation of distribution algorithm (H3DEDA) to solve it. Firstly, combining with the charac-
teristics of each stage of the problem, a novel decoding rule is designed by using the cost balance strategy of each stage.
The coding individual is decoded in stages, and the decoding individual with high quality can be determined. Secondly, the
three-dimensional estimation of distribution algorithm (3DEDA) is used to learn and accumulate the block structure and
location information of high-quality coding individuals in the population, and generates new coding individuals by sam-
pling the probability model in 3DEDA, which can improve the ability of the algorithm to find high-quality solution regions
in the solution space globally. Then, the hyper-heuristic local search (HHLS) is designed to enhance the local optimiza-
tion capability of the algorithm. The HHLS low-level problem domain contains 16 effective neighborhood operations for
coding individuals, decoding sub-individuals in distribution and production phase. It is high-level policy domain, by using
the probability model learning quality neighborhood operation arrangement of information structure, and then by sampling
the model to directly control the new neighborhood operation arrangement, it is conducive to in-depth search of different
high-quality areas. Finally, the effectiveness of the proposed H3DEDA is verified by comparison of algorithms on different
scale test problems.
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LRIy SR 4N
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FPIR3; BN, A ALFER.
4 SERRIHSH
4.1 SEREE

1T H AT GO&E f VD2LDPISPIARHE R B, 4%
SCHTAE MRS 4 7E HH Naderi 25 B A ff v o A7 20 & e
7K ZE (8] 3 B2 ] # (distributed permutation flow-shop
scheduling problem, DPFSP)FIT 4 fit iy i 4 557 451 1) 2
fith A . AR 32N A5, A K/ AR
FAIE164S, LR E xn x m LA A, 5 E /N
AL ELANIE 4TI A 25 x n x m (ms); KIS
ATHSTE2100 x n x m (ms).

P A7 535 RS2 56 349 i Visual Studio 2017 4 F2 55
YL, B & %N Window 10, CPU N 2.90 GHz, N A7
16 GB. LLBVEM LI 4T 20 (i tH 5 A0 45 R 1K~ 34
H(AVG) 1 BE 48 b5 (1) S50 45 SR 25, 75 &
ULEA A, T 5273 ], 3R2-5 SR AL 43 S48 )
FHIRIASE IR, 512 540 ik as SR DL R AR Fa b
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Table 2 Comparison results of partial search strategies

on small-scale instances

H3DEDA_V1 H3DEDA_V2 H3DEDA
I AR
AVG AVG AVG
2x20x 10 602.7 591.1 586.4
2 x50 x 10 1194.1 1159.1 1148.0
2 x 50 x 20 1505.0 1457.4 1446.0
3x20x5 4325 427.4 423.6
3x20x20 876.0 869.9 864.4
3 x50 x 10 948.9 928.8 9154
5 x50 x5 562.6 554.7 540.7
5 x 50 x 20 1155.2 1151.1 1120.7
6 x 20 x 20 826.4 827.1 820.0
6 x 50 x 10 757.5 751.9 738.6
6 x 50 x 20 1071.0 1067.0 1043.6

KNI B S &9 09: p = 0.5, v=0.5,
n = 0.3.

k3 BT R RS KR b R
Table 3 Comparison results of partial search strategies
on large-scale instances

H3DEDA_V1 H3DEDA_V2 H3DEDA
i RETRAE
AVG AVG AVG

3 x 100 x 10 1696.1 1660.2 1644.0
3 %200 x 10 2892.4 2835.0 2822.9
3 %200 x 20 3280.4 3223.8 3188.2
4 %100 x5 1138.3 1124.3 1110.9
4 x 100 x 10 1474.9 1460.8 1428.4
4 % 200 x 20 2865.9 2816.9 2792.7
5 x 100 x 10 1366.1 1353.1 1324.6
5 x 100 x 20 1633.5 1615.8 1590.9
5 % 200 x 20 2894.3 2860.9 2836.1
6 x 100 x 20 1565.9 1554.0 1532.5
6 % 200 x 10 2030.1 2010.2 1989.1

% 4 H3DEDA 5340kt N LEEH 5l 3 Pl 23 R
Table 4 Comparison results of H3DEDA and three
algorithms on small-scale instances

H2LFGGA EBSO AMA H3DEDA

I AR
AVG AVG AVG AVG
2 x 20 x 10 623.6 606.2 703.5 586.4
2 x 50 x 10 1263.1 1309.2 1473.8 1148.0
2 x 50 x 20 1577.0 1625.5 1736.3 1446.0
3x20x5 439.1 433.7 455.7 423.6
3x20x20 890.6 871.7 992.7 864.4
3 x50 x 10 989.5 978.2  1135.7 9154
5 x50 x5 582.3 580.1 735.2 540.7
5 x 50 x 20 1178.8 1207.5 1338.5 1120.7
6 x 20 x 20 837.5 8142 9019 820.0
6 x 50 x 10 770.6 762.3 893.9 738.6
6 x 50 x 20 1084.3 1083.4 1212.1 1043.6

4.3 AT R R SRR

REHIFH3DEDA H i 5 & 2R 48 ZHHLS KA
Bk, ¥ H3DEDA 5 75 Ja) 48 & B BER FH 2 [ 5 i
AT AR IR ER VE TH3DEDA _V 11 [ A1 326 436 41 4ok #5 1
HIH3DEDA _V 233k 47 b %8, 3 3R S50 92: B4 AR S 45 4



5 1

PINERIEAEE: Tl A —HEEDASKARAT — 4B AR A AMICIA 5 70 A7 20 7 B AR P i 911

A RIS AN [F] b, FLAh 5 4 350 A0 R). H 23] 1, 7E
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J T 2R SRS SR sh A5 IR BELLH A it 5 J2 5% s 3 46
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Table 5 Comparison results of H3DEDA and three

algorithms on large-scale instances

H2LFGGA EBSO AMA H3DEDA
] RUAIASE
AVG AVG AVG AVG

3 % 100 x 10 1785.1 1839.8  2081.3 1644.0
3 % 200 x 10 3069.5 3186.1 3436.4 2822.9
3 % 200 x 20 3469.1 3570.4 37779 3188.2
4 %100 x 5 1177.0 1175.6 13434 1110.9
4 % 100 x 10 1536.0 1578.0  1800.5 1428.4
4 % 200 x 20 3005.4 31599 33984 2792.7
5 x 100 x 10 1418.2 1437.6  1609.3 1324.6
5 x 100 x 20 1693.3 1730.4 1949.3 1590.9
5 x 200 x 20 3006.7 3086.3 3473.9 2836.1
6 x 100 x 20 1599.9 1636.6  1851.7 1532.5
6 % 200 x 10 2094.3 2206.0 2607.1 1989.1

H3DEDA HHHLS | FH — 4 i 3 A58 4 2 1) 52 ]
PR AR IR 7 A5 S 3h 45 5] S H3DEDAM & 7
), W] — e FERE 38 G B T4 [ 5 U S0 T A 38 A
FIT T RS ) B — PR A0S k) A El T B AT LBk o 200 33
T TR B PR)AN G B P 418 438 225 ) e s R4 2 VR FE AN I8 1)
B, Kit, H3DEDAYE VD2LDPISPixX i 25 [a] 14>
SRR, R T O v RE.

4.4 AEFABERAE

U IEH3DEDA A %M, ¥ H3DEDA Y H idi B
LK 592 (adaptive memetic algorithm, AMA)!, V&
T 5] 58t A% 5 i (hybrid 2-level fuzzy guided
genetic algorithm, H2LFGGA )0V 3 5 7Y Sk i X 2%
fL AL B 7% (enhanced brain storm optimization algori-
thm, EBSO)!' 47 5% bh. Fh Fe4—50] %1, 16 /N AR A1
KIEFAG 1, HADEDATE 2 K30 7) 1] 8 L it 45
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