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Abstract: The vehicle routing problem is a classic combinatorial optimization problem that has been
proven to be NP-hard. It is widely applied to the fields of transportation logistics and intelligent
manufacturing. However, such problems usually assume the homogeneity of vehicles, making it difficult to
characterize the differences in vehicles transportation capabilities for different types of commodities in
practical scenarios. To address it, a new heterogeneous vehicle routing problem (HVRP) is proposed. By
introducing commodity type attributes and vehicle transportation capability constraints, an integer
programming model describing the vehicle-order matching relationship is constructed, with the objective of
minimizing the total transportation distance. The service relationship between vehicles and customers is

formally described by modeling the transport capability of different vehicle types for various product
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categories. To achieve efficient optimization of the HVRP, a variable step multi-neighborhood search
(VSMNS) algorithm is proposed, along with a solution representation method that combines path
encoding with linked-list structures. Finally, comparative experiments are conducted among VSMNS with
genetic algorithms, hybrid genetic algorithms and artificial bee colony algorithms on 15 test cases.
Experimental results show that not only the VSMNS achieves excellent performance in solution quality,
but also its performance advantages become more significant as the problem scale increases. Ablation
experiments further verify the contribution of each component in the algorithm, demonstrating the
effectiveness and superiority of the designed local operators.

Key words: heterogeneous vehicle routing problem (HVRP); integer programming; neighborhood search;

heuristics
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(1) ForpeSdo
(2) S'<S; Improved<-False; f,,<;
(3) Forstep=1, 2, 3,4, 5do

(4) Sy<;

(5) ForieSdo

(6) S'<Insert(S', i, p); //HITH i3 A p 1 B Z )5
(7) 10 £(S) < £(S) then

(8) S<-S';

(9) Improved<—True;

(10) Break;

(11) End If

(12) If £(S") < foor frn=0C) then
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(13) S <S5 fuw< [ (S);

(14) End If

(15) End For

(16) If Improved then

(17) Break;

(18) End If

(19) S'< S

(20) if £(S)<<f(S,) or S,=(J then

(21) S,< S

(22) End If

(23) EndFor

(24)  Pt<-Rand(0, 1);

(25) IfPr(S,S,, T)=Ptthen

(26) S<=S,;

(27)  EndIf

(28) End For
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Table 3 Solution quality of VSMNS and comparison algorithms
VSMNS ABC GA HGA
ES]
Min Avg Min Avg Min Avg Min Avg
1 963 963 993 997 1013 1028 979 982
2 991 1 004 1219 1298 1139 1341 1124 1175
3 864 870 887 911 944 1059 901 959
4 1112 1130 1334 1423 1459 1468 1181 1204
5 1378 1406 1471 1493 1591 1629 1439 1463
6 10 536 10 571 10 981 11 069 11 029 11 048 10 873 10 897
7 10 859 10 906 11 376 11481 11376 11 521 11165 11 204
8 10 064 10 122 10 904 10 989 11021 11107 10 933 11 007
9 11274 11 348 12 166 12 349 12 451 12 686 11916 11 996
10 11498 11519 12779 12 861 12 934 13 075 12 370 12 521
11 419672 422 335 431 004 435 246 428 004 434 585 428 243 434 398
12 422 030 425 477 443 699 444 542 430 135 435 252 431 654 436 213
13 402 139 413 891 419 791 423 237 421 876 425 374 422 367 425 926
14 440 994 444 248 459 828 464 553 469 766 473 992 471 212 474 375
15 445974 450 143 465 134 471 242 466 219 477 912 467 359 475725
p-value — — 6.1X10° 6.1X10° 6.5X10* 65X10* 6.1X10° 6.1X10°
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Fig.4 Convergence curves

AR FH AT A 400 i A 50 05 0T 5530k P BE 140532 W 5 T 48 1) 5 480 B0 8 80 O R it 28 e 5, WU i 1 % e
L MNS, T 0B e 90 S e MLl B9 /R . i T2 KRS80 Bl i Trace [ 2l 82 3045 e I X 1], P9k
Ji it AT 45 B 2 B i R B S S DU MR . O o A B E R RE R L AR AR A SRR, BB U RME U L = 3
HL=10, WNERERE K Mm SRR (A . R A0 R T A A4 %, il WA R A58 K
FiC B 0 B M RE B B A B 3 e

KT BEALPI UG 4K 9 VSMINS-R 78 15 AR 18 A5 5t i T VSMINS , 2 3 (1 5 J 5 7] il o B W] 17 92
AT U6 AL RE 5 A R SRS RO PERE . 3R 4 R A SR 3 4 51 RCHE 0 U R Al ) S e B 1 X figp == ) 9 O SR E )



1658 R E B L Journal of Data Acquisition and Processing Vol. 40, No. 6, 2025

*4 VSMNSHEEREZMNMRE
Table 4 Solution quality of VSMNS and ablation algorithms

%) VSMNS MNS VSMNS-3 VSMNS-10 VSMNS-R
Min Avg Min Avg Min Avg Min Avg Min Avg
1 963 963 970 973 963 973 963 967 1032 1109
2 991 1004 1059 1088 986 997 982 991 1224 1289
3 864 870 861 882 867 870 864 883 1062 1132
4 1112 1130 1248 1274 1179 1208 1125 1166 1405 1451
5 1378 1406 1439 1502 1407 1456 1389 1411 1592 1678
6 10536 10571 11 065 11122 10 496 10 521 10 759 10 825 12 246 13 619
7 10859 10906 12 457 12 501 10 923 10 974 11451 11 562 12 058 13 337
Win — — 6 7 4 4 4 6 7 7
Tie — - 1 0 1 1 2 0 0 0
Loss — — 0 0 2 2 1 1 0 0
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