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Fig.7 The illustration of calculation for embedding insert strategy
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Table 1 The performance of cycle transfer dynamic programming algorithms
FRAR A 3 5 L B o
T ds2-opt ds2. 5-ept ds3-opt BB %
JAE
(AR x 45 Hibr | &1y | BAés | B8fr | BHis | 817 | BHbs | &f7
PRECME | IR | RRECME | PR | eRER(E | WEED | eRER(E | A
5x2 23.48 | 0.01 23.48 | 0.01 23.48 | 0.01 23.48 | 0.00
10 x3 33.90 | 0.05 | 33.90 | 0.06 | 33.90 1.00 | 36.59 | 0.01
20 x5 60.54 | 0.02 | 60.54 | 0.04 | 60.54 1.00 | 60.54 | 0.02
30 x6 75.21 0.20 | 75.21 0.41 75.21 0.87 | 75.21 0.14
50 x 8 104.11 | 0.51 |104.11 | 0.98 |104.11 | 1.38 | 104.11 | 0.36
60 x 10 169.28 | 1.30 |169.28 | 1.85 |[169.28 | 2.77 | 169.28 | 0.77
100 x 15 189.89 | 2.88 |189.89 | 3.50 |189.89 | 3.90 | 189.89 | 1.20
150 x 22 278.34 | 4.64 |278.34 | 6.91 |278.34 | 8.42 |278.34| 2.09
200 x 35 367.30 | 6.79 |367.30 | 9.43 |[367.30 | 12.75 | 367.30 | 3.18
250 x 40 NA NA NA NA
i NA FORAREB AT
R2 10 x 3 HIRHMIRK KR TR
Table 2 The process of cycle transfer for data 10 x 3
FOR A EL P2k FORZZ 751 H b e
0 0-4-1-8-0-10-3-7-0-2-5-9-6-0 36.59
1 0-4-5-8-0-10-1-7-0-2-3-9-6-0 1-3-5-1 34.93
2 0-4-5-3-0-10-1-8-0-2-7-9-6-0 8-7-3-8 33.90

*®3

T UB B IR BB S MR H ik M e

Table 3 The performance of cycle transfer dynamic programming algorithms with dummy customer

N ; A M SN (4 BAIR S 46 2 5 MR B v
e RUILARSA ds2-opt ds2.5-opt ds3-opt
o
(R x ) Hir | 817 Hir | &f7 Hix | &f7 Hbr | &f7
PRE(E | WS | RRAME | BIE) | RRECMEL | WD | PRECME | AT
5x2 23.48 0.00 22.53 1.99 22.53 2.06 22.53 2.80
10 x3 36.59 | 0.01 30.41 | 5.64 | 30.41 | 5.60 | 30.41 | 7.92
20 x5 60. 54 0.02 43.70 | 13.00 | 41.96 | 25.71 | 41.96 | 30.64
30 x6 75.21 0.14 45.59 | 35.63 | 44.31 | 50.01 | 44.31 | 104.92
50 x 8 104.11 | 0.36 69.82 | 72.91 | 65.74 | 96.82 | 65.74 |253.40
60 x 10 169.28 | 0.77 |105.33 | 100.54 | 100.92 | 148.29 | 96.18 | 305.00
100 x 15 189.89 | 1.20 | 123.39 | 193.77 | 114.05 | 262.32 | 102.99 | 544.37
150 x 22 278.34 | 2.09 |221.24 |261.18 | 209.52 | 334.81 | 202.36 | 715.59
200 x 35 367.30 | 3.18 |273.45 | 478.59 | 255.86 | 571.27 | 239.00 |1 042.18
250 x 40 NA NA NA NA
SEAH 144.97 | 0.86 | 103.94 | 129.25 | 98.36 | 166.32 | 93.94 | 334.09

i NA FoRAREBATIHE
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Table 4 The performance of cycle transfer dynamic programming algorithms with dummy customer ( embedding insert strategy in lower level)
TG insert S JEEJE A insert S 0%
AL ds2-ept ds2.5-opt ds3-opt ds2-ept ds2. 5-ept ds3-opt
QU2 @S
AR Bz | 817 Bz | 817 Bz | B17 Bz | &17 Bz | 817 Bz | 817
PREUE | RS | RRECE | W) | KM | WP | RREH | AR | RECE | RS | eREUE | R
5x2 22.53 1.99 | 22.53 | 2.06 | 22.53 | 2.80 | 21.93 1.50 | 21.93 1.50 | 21.93 1.50
10 x3 30.41 5.64 | 30.41 5.60 | 30.41 7.92 | 28.55 | 2.72 | 28.55 | 2.80 | 28.55 | 2.75
20 x5 43.70 | 13.00 | 41.96 | 25.71 | 41.96 | 30.64 | 43.70 | 6.39 | 41.96 | 10.43 | 41.96 | 15.78
30 x6 45.59 | 35.63 | 44.31 | 50.01 | 44.31 |104.92 | 46.74 | 16.08 | 44.31 | 22.58 | 44.31 | 29.66
50 x 8 69.82 | 72.91 | 65.74 | 96.82 | 65.74 |253.40 | 72.51 | 25.99 | 67.02 | 31.06 | 67.02 | 41.84
60 x 10 105.33 | 100.54 | 100.92 | 148.29 | 96.18 |305.00 | 110.92 | 32.33 | 104.46 | 42.77 | 96.18 | 67.32
100 x 15 123.39 | 193.77 | 114.05 | 262.32 | 102.99 | 544.37 | 128.26 | 41.58 | 116.63 | 56.12 | 105.71 | 80.55
150 x 22 221.24 | 261.18 | 209.52 | 334.81 | 202.36 | 715.59 | 228.33 | 60.23 |213.52 | 82.49 | 203.89 | 105.47
200 x 35 273.45 | 478.59 | 255.86 | 571.27 | 239.00 |1 042.18| 273.45 | 91.66 | 260.41 | 124.80 | 245.31 | 189.61
250 x 40 NA NA NA NA NA NA
A 103.94 | 129.25 | 98.36 | 166.32 | 93.94 | 334.09 | 106.04 | 30.92 | 99.86 | 41.61 | 94.98 | 59.38
iE: NA RN REIEATHSY
H1 4, AT LAR R0 T 458
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Very large scale neighborhood search algorithm for solving time dependent
vehicle routing problem

LI Yanfeng', LI Jun', GAO Zi<you’

1. School of Economics and Management, Southwest Jiaotong University, Chengdu 610031, China;

2. Institute of System Science, School of Traffic and Transportation, Beijing Jiaotong University, Beijing
100044, China

Abstract: Time dependent vehicle routing problem was formulated by dealing with time periods crossing with
first-in first-out property, and a novel intelligent optimization algorithm based on very large scale neighborhood
search technology was developed to solve it. In the upper level dynamic programming algorithm was adopted to
search cycle transfer neighborhood so as to obtain the optimal customer set for each vehicle, while in the lower
level dynasearch heuristics was developed to rank the customers in each vehicle. Based on this, two improve—
ments were given: adding dummy customer in the upper level and embedding insert in the lower level. The ef—
ficiency of the method are testified with the results of extensive computational tests.

Key words: time dependent vehicle routing problem; first-in first-out; very large scale neighborhood search;

dynasearch algorithm



