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Abstract This paper studied an NP-hard mixed capacitated general routing problem (MCGRP) , which is derived from
the classical vehicle routing problem(VRP) by adding the capacitated constraints and the demands on the arcs. Given a
vehicle team with unlimited number, the vehicles serve the customers from the depot and need to return to the depot af-
ter completing service. The constraints are that the total load of each vehicle cannot exceed its capacity and each demand
can only be served by one vehicle once. This paper aimed to provide a plan of the service route for each vehicle,so that
the total travel expenses of all vehicles are minimized when the constraints are satisfied. The MCGRP has a relatively
high theoretical value as well as application value. An efficient hybrid evolutionary algorithm was proposed for
MCGRP. It applies a variable neighborhood tabu search with five neighborhood operators to improve the quality of solu-
tions,and designs a route-based crossover operator to inherit the high-quality solutions so that the search efficiency can

be improved. Experimental results on 23 well-known benchmark instances show that the proposed algorithm is effective

for solving the MCGRP.
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Table 2 Setting of parameters in local search algorithm

% ¥ 18
STOP
RAND_STEP
RAND_STAGE
TABU_RANGE

beta 0.5

ITER_MAX 10000

[SI N NCREN U )

bR T RFIERE R PSR A LB L b A A
B S8 i E ik 3 g, MAXGENE Jy fit Kilk kAL
B, M B R % MAXGENE I 8 %45 1k TIME_OUT
SAEHLET E] . 2 % Dell” Amico % A5 0 S0 5, A4 H ik &
4 1h,
#3 RAEBAFEENSHRE

Table 3 Setting of parameters in hybrid evolutionary algorithm

5 # &
MAXGENE 1000
TIME_OUT 3600

3.3 EHERMEERSE

AR 5O SOk B Ar 0y 3 BRI EAT T X EE
Xof H AR O S

1) Prins # Bouchenoua™ $E 3 # SCAL 3 R 5 MAL 5256
ffi Fi i CPU 5 F 45 1Hz 1Y Pentium 1115

2)Kokubugata 2 A" B2 11 BY A% 1R kB ik SA, SL R il
JHE) CPU N 4% 1. 8GHz #Y Pentium 1V;

3)Dell” Amico % A7 3 14 38 i 1 3% 40 R 3 14 2 53 0%
AILS, 52 56 fff JH B9 CPU A 2. 40 GHz % Intel Xeon (R)
E5530,

MA® DL RS A AESE R F T 58 3L, 36 58 4%
JiE i T 4T B R R, Lk B A R Y H Y SATT R
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5) # X} F Dell” Amico % A BT 938 Ry o4 2% 1R 5 48 2
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Table 4 Comparison of test results on CBMix dataset

(3] L] L5 ILS HEA
01 4 MA o = o s o o o o
CBMixl 2632 108.3 2595 15.1 2585 26.4 2585 930.8  2588.2 2585  1120.0  2586.8
CBMix2 12336 1078.5 12220  661.4 11794 1869.2 12170 562.5  12217.7 12079  3296.2  12158.6
CBMix3 3702 157.0 3660 56.0 3614 118.3 3666 1589.4  3694.4 3654 1496.4  3676.2
CBMix4 7583 548. 1 7641 76.1 7483 3384.7 7735  3495.5  7787.3 7719 2080.0  7737.3
CBMix5 1562 100. 0 4531 41,5 4459 593. 1 4587 942.6  4637.6 4531 709.5  4588.9
CBMix6 7087 204.5 7078 98.0 6969  1619.0 7109  2188.3  7139.7 7087  2344.7  7106.5
CBMix7 9974 662.6 9615 351.7 9428 2516.7 9890  1652.9  9976.6 9775 1797.8  9889.8
CBMix8 10714 767.6 10524 263.8 10338 2143.9 10799  1488.7  10859.9 10766  529.8  10858.7
CBMix9 1041 140.8 1103 12.5 3991 130.7 1045 355.4  4066.9 4025  3070.4  4042.9
CBMix10 7755 843.2 7687 108.3 7525 1399.5 7703  1775.0  7830.8 7669  3552.1  7761.2
CBMixl11 1503 414.7 4506 19.8 4484 543.8 4535 719.0  4556.6 4503  3240.6  4526.0
CBMix12 3235 71.3 3235 21.4 ©3138  178.9 3235 0.2 3235 3235 42,4 3235.0
CBMix13 9339 550. 6 9133 312.8 9037 2840.4 9189 2050.8  9293.1 9227 2868.6  9255.6
CBMix11 8615 357.2 8608 65.3 8473 608.7 8606 991.6  8654.2 8553  3090.4  8589.2
CBMixl5 8359 390. 2 8280 97.3 8221 2062.2 8355 194.2  8426.2 8333  3445.8  8401.4
CBMix16 9389 536. 1 8886 445.5 8742 844.6 9033 1788.3  9180.8 8968  3062.2  9079.5
CBMixl17 4165 116. 1 4037 43.0 4034 62.2 4034 1195.2  4047.7 4034 674.5  4034.0
CBMix18 7411 475.7 7098 278.4 7052 2556.7 7247  2367.4  7348.2 7287 34715  7350.2
CBMixl9 17036  1273.4 16347  469.8 16155  451.8 16832 128.0  16961.7 16719  2871.0  16872.7
CBMix20 4918 164. 6 1846 50.7 4738 577.9 4843 24737  4886.7 4839 34344 4869.6
CBMix21 18509  1370.6 18069 530.4 17875  1012.9 18544  3062.8  18705.6 18415  3371.3  18656.7
CBMix22 1941 65.8 1941 9.5 1941 8.8 1941 1.6 1941 1941 23.1 1941
CBMix23 * 780 20.4 * 780 2.7 * 780 0 *780 0 * 780 * 780 0 * 780
EFi/FH 167806 452.9  167689.0  176.6 162811  1176.1 167463  1302.3 168815.9 166724  2156.2  167997.8
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Fig. 2

Comparative results between HEA and three other algorithms
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