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B 1A 4 P58 1 AR e 55 2 A AERS LR . 28 3 W4 U5 IR P 50 2 9 [0 4,00, & B L8 4
e S5 i AR A0 B A R A DO AT D A AR L 55 3 AT s e rh — b T R AT 2 A9 A

TEIE 2. 48 B 5 P LB 1 AN O RE L 5 2 AN AR RS LA L2 1 TR 804 [0, 1.3, 00, R B LAY
F TR S il SE L AR i b 22 I SRS S A AR (] L MRS TR WG S A o5 JB A L B EA T AR S A
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Fig. 4 Situation 1 Fig. S Situation 2

A SCHY S S AR B ACA BRI S 7 =X, T i ST I A 6 3% R D B AR 5 R I 7 B AR A A D U R R AT
ik B B AG S DA I R 2 () L B R Bk 0 A R R BE Dl R AR S e DA

4 HEXRK

4.1 HHBIER

X HACGA K H Python i F %5 , B 8173855 4 11th Gen Intel(R) Core(TM) i5-1155G7 CPU @ 2. 50
GHz(16 GB WA7) . M numpy PRECH random pRELFEALAE B 8 20 I 85040 X6 38 vk R A7 WA A 565 L PR 5 20 A
Y RIS HSCHRE ) B30 SR ik 4 SR EAT X L
4.2 EiEXTbE

Ry 56 IE Bk B HE A L T e B A SR SSE R A B 5 OR 10, BEER AR & 4 00 D 10 R 20, BE B B RR 4300 Sk
10,50 #1100, 38 2 8 ZH I 1 H0 4 xof 5 02 R A7 ME P AG 30, S 9 4 2R L3R 3, Hovh Bcds 91 v 4 > 5080 45 4 O &b B2
TREGE _FWARE IEE LR, RS R A SRR B HACGA A 5 m i HEf Pk .

R3I HEEBERIESR

Tab.3 Verification results of algorithm accuracy

. NNFL & FNFL &1 FNSL & HACGA & ¥

o EWB/W MR/ km EWEU/W OSEBRE/km EWEUW BEE/km EWIE/W BEEE/km
5.10_10 2 42 2 38 3 36 2 38
5_10_50 2 253 2 260 3 257 2 253
5.10_100 2 358 2 367 2 367 2 367
5.20_10 2 65 2 52 3 47 2 52
5.20_50 1 129 1 138 1 138 1 129
10_10_10 4 56 4 52 5 49 5 49
10_10_50 3 205 3 169 4 132 5 124
10_20_50 1 136 4 126 5 104 5 104

MR VR G B M i 2w SR A B okl SRR IR B R G 600 km, B FE AN 660 OG- A B 2R A
4570« km™ ', TR R EIEIEAT T 20 FhARMERIBE T RYSEE SR ILE 4,
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Tab.4 Algorithm comparison under standard scale
NNFL 8k FNFL 5% FNSL &% HACGA 8 ik BN 0
e FWoOBE EW B FW O A EW 0 R L E AL A g%?
/5 A/ km _ . Efk/oT
B/ B/km B/ B /km U/ BE/km B/ B /km 1/t tk/7t
10_10_300 4 1 380 4 1242 5 944 5 944 0 0 0 0 0
10_10_600 3 3 888 3 4452 4 4102 4 3 630 +1 —158 +660 —771 —111
10_20_300 5 1601 5 2 050 6 1761 6 1548 +1 —53 +660 —238.5 +421.5
10_20_600 5 1898 5 1855 5 1 855 5 1716 0 —139 0 —625.5 —625.5
20_10_300 12 2 811 12 2 697 13 2 560 13 2492 0 —68 0 —306 —306
20_10_600 8 3793 8 3509 9 2993 9 2932 0 —61 0 —274.5 —274.5
20_20_300 9 2702 9 2 428 9 2428 10 2 244 +1 —184 +660 —828 —168
50_10_300 24 4 231 24 3528 24 3528 24 3400 0 —128 0 —576 —576
50_10_600 26 7 052 26 6 010 27 5762 27 5 796 0 +34 0 +153 +153
50_20_300 22 4 664 22 5014 23 4 783 22 4 664 0 0 0 0 0
50_20_600 25 6 361 25 6 528 25 6 528 26 6 377 +1 —151 +660 —679.5 —19.5
100_10_300 48 8 406 48 7 540 49 7518 48 7 408 0 —132 0 —594 —594
100_10_600 45 10 556 45 9 861 45 9 861 48 9072 +3 —789 +1980 —3550.5—1570.5
100_20_300 43 6 098 43 5 239 43 5239 43 5209 0 —30 0 —135 —135
100_20_600 45 11 658 45 12 653 45 12 653 46 11 436  +1 —222 +660 —999 —339
200_10_300 80 12 429 80 12 159 81 12 049 81 12 049 0 0 0 0 0
200_10_600 90 17 909 90 18 448 91 16 974 92 16 584  +1 —390 +660 —1755 —1095
200_20_300 89 10 796 89 9 526 90 9516 90 9 482 0 —34 0 —153 —153
200_20_600 89 16 129 89 17 723 89 17 723 89 16 129 0 0 0 0 0
300_10_300 125 14 684 125 14 154 125 14 154 126 13872 +1 —282 +660 —1 269 —609

5 #ig

AR 52 B A= 1 A 00 3L 38 i [ AL, AS SCAIRE T Al A 20 7 s B IR T B9 20 4z IR R GA R ACA R4 s

e T HACGA X iz W BEAT R . a5 3 A s A o085 A8 /N IS ) L A9 SR fige 25 2R b A7 0 FE L RS2 T
HACGA KA iR 1 5 I B, 75 AL BRE R ST Z% ) il i, HACGA 3 Jié B i 5 40 B 1) oK e 14 8  RE 96 A7 %0
A A2 RS L AT e ) TR S AN
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Special Section on Vehicle Routing and Collaborative Distribution

A Hybrid Heuristic Algorithm for Solving the Split Delivery Vehicle Routing Problem

ZHANG Yukai, ZHANG Shun, ZHANG Xingong

(School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)
Abstract: To solve the split delivery vehicle routing problem, a hybrid heuristic algorithm combining genetic algorithm and ant
colony algorithm is adopted. This algorithm takes the genetic algorithm as the main structure and uses the ant colony algorithm to
construct the population and improve the crossover operation. In the algorithm, the total number of vehicles used to complete the
transportation task and the total distance traveled by all vehicles are taken as the fitness function. The ant colony algorithm designs
the path construction principle with the vehicle capacity, the maximum one-way driving distance, and the number of empty
containers at the replenishment nodes as the constraints. Combined with the genetic algorithm, the crossover and mutation methods
are improved to enhance the convergence speed and ensure the generalization ability of the algorithm. By randomly generating split
delivery transportation problems of different scales, this algorithm is compared with three other heuristic algorithms. The accuracy
of the algorithm is verified through small-scale problems, and the hybrid heuristic algorithm performs better in solving large-scale
problems. The proposed hybrid heuristic algorithm can effectively solve the split delivery transportation problem.

Keywords: split delivery; ant colony algorithm; genetic algorithm; vehicle routing problem for pickup and delivery
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