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Abstract; Capacitated vehicle routing problem (CVRP) is an NP-hard combinatorial optimization problem. Many
CVRP instances cannot be solved by the exact algorithms in a reasonable time. This paper presents an adaptive genetic grey
wolf optimizer algorithm ( AGGWOA ) ,which implements grey wolf space integer coding and route-first cluster-second solu-
tion generation strategy,to solve the capacitated vehicle routing problem. The AGGWOA proposes the adaptive update strategy
on moving average and grey wolf genetic operation that improve the global convergence of the algorithm. To enhance the glob-
al search ability and the local search ability of the algorithm,the AGGWOA proposes the inferior-node heuristic neighborhood
search strategy ,which implements the 3-opt local search operation. The experimental results indicate that the algorithm pro-
posed has superior computational accuracy, effective optimization ability and high robustness. The effectiveness of the algo-
rithm proposed is proved by comparing AGGWOA with 6 other algorithms including adaptive sweep plus velocity tentative
PSO( Adaptive Sweep + VTPSO) , K-means clustering GWO ( K-GWO) , hybrid large neighbourhood search algorithm with
ant colony optimization (LNS-ACO) , elitism-based multiple colonies artificial bee colony (EBMC-ABC) , set-covering-based
extended savings algorithm( SC-ESA) ,hybrid variable neighborhood symbiotic organisms search( HVNSOS).
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B 16 HSEGHATIN. 45 R 3k 2 iR, P, =40% , P,
=0 MYINAUFI A 5. 24 AR, B4l & & ;P =20% ,
P, =0.2 BHAHNN 5. 37 WA, Fe/ME R 22 15 F i I,
FINRS AT F G ST A — 2 R LR
R AL A 4 = B PO A4 R B, AR L ik
BILEE AR RAT.
4.3 XMHEXEESHH

F T EF AGGWOA [ CVRP R fig 17, 5iE4E Y
HER BB A0 AR AR AL 3Rk HE AT 22 3 CVRP 35461 5K i
HIRE ] LLAR. Fe RS SCES 4.2 i ap i it r=1.3 s =
5,NG =320,NT, =1000,P. =40% ,P, =048 iz

(1) Set A B4 T KA1 /AT 5 Ho A

B Set A HP 4B 27 A8, Xt H Adaptive Sweep
+ VTPSO"”’ | LNS-ACO"' EBMC-ABC'' , SC-ESA"
HVNSOS" | X A% S5 3 R 47 50 0 280 R 20 7, Dk 4%
e 3. PIRIE I B /E D 25 4 1 R B, AGGWOA
(0.30% ) fit F Adaptive Sweep + VTIPSO (10. 46% ) 1
LNS-ACO"' (0.60% ), tt. EBMC-ABC™ (0.19% ) ., SC-
ESA'™ (0. 16% ) F1 HVNSOS' (0. 13% ) W§ 2%, 22 I 1R
IS B IMBE AR 22 A 2243 B4R 0. 11% ,0. 14% ,0. 17%.

#R3 Set AEFIMKER

Adaptive Sweep : . : .
AGGWOA 5 LNS-ACO"! EBMC-ABC* SC-ESAL®] HVNSOs!”!
£ +VTPSOL
=X o g

BRRE | s | i | BOME | SR | BUME | SR | BOME | SR | RUME| SR | BOME | SR | BUME
W2/ % | ME | R2E/ % | BoME | R2E/ % | B/ME |22/ % | B/ME [R2/% | Bo/ME |[R2E/% | o ME | R/ %

An32-k5 | 784 | 0.43 | 784 « 0 882 | 12.50 | 784 = 0 | 784 0 | 784= 0 | 784= 0

An33-k5 | 661 | 0.08 | 661+ 0 698 | 5.60 | 661 x 0 | 661 0 661 * 0 | 661+ 0

A-n33-k6 | 742 | 0.09 | 742 x 0 751 1.21 | 742 = 0 | 742« 0 742 0 | 742+« 0

An34-k5 | 778 | 0.62 | 778« 0 785 | 0.90 | 778 = 0 | 778+ 0 | 778+ 0 | 778+ 0
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AGGWOA Adaptive S‘Tep LNS-ACOP! EBMC-ABC* SC-ESA['®) HVNSOs!7!
) SL| +VTPSOL!
B [ | e [aont| aon [sonte| @ |son| g | S| G | sobin| 4o | st
B2/ % | BoME | fi22/% | BoME | i22/% | BoME [i22/% | BoMI | i22/% | oM |22/ % | BoME | iz %
A-n36-k5 799 0.94 799 0 881 10. 26 799 = 0 799 = 0 799 0 799 0
A-n37-k5 669 0.54 669 0 754 12.71 669 = 0 669 0 669 0 669 0
A-n37-k6 949 1.20 949 0 1112 17.18 949 0 949 0 949 0 949 0
A-n38-k5 730 0.50 730 0 813 11. 37 730 = 0 730 = 0 730 = 0 730 0
A-n39-k5 822 0.49 822 0 877 6. 69 822 = 0 822 0 822 0 822 0
A-n39-k6 831 0. 69 833 0.24 972 16. 69 831 = 0 831 = 0 831 = 0 831 = 0
A-nd4-k6 937 1.26 937 0 1056 12.70 937 = 0 937 = 0 937 0 937 0
A-n45-k6 944 1.88 953 0.95 1073 13.19 958 1.48 949 0.53 944 = 0 944 = 0
A-n45-k7 1146 1.35 1146 = 0 1305 13.87 | 1146 = 0 1146 = 0 1146 = 0 1146 = 0
A-n46-k7 914 1.12 914 0 975 6. 67 914 = 0 914 = 0 914 0 914 = 0
A-n48-k7 1073 2.40 1073 = 0 1152 7.36 1084. 1 1.03 1073 = 0 1084 1.03 1073 = 0
A-n53-k7 1010 2.08 1017 0. 69 1090 7.18 1010 = 0 1010 = 0 1011 0.1 1010 = 0
A-n54-k7 1167 2.03 1176 0.77 1361 16.62 | 1167 = 0 1167 = 0 1168 0.09 1167 = 0
A-n55-k9 1073 1.77 1074 0.09 1190 10.90 | 1073 = 0 1073 = 0 1073 = 0 1073 = 0
A-n60-k9 1354 2.29 1359 0.37 1503 8.99 1354 = 0 1355 0.07 1355 0.07 1354 = 0
A-n61-k9 1034 1.56 1035 0.09 1164 12.36 1067 3.19 1035 0.09 1034 = 0 1035 0.09
A-n62-k8 1288 2.87 1298 0.78 1408 7.73 1308 1.55 1300 0.93 1298 0.78 1291 0.23
A-n63-kl0 | 1314 2.36 1323 0. 68 1823 11. 50 1329 1. 14 1319 0.38 1315 0.08 1319 0.38
A-n63-k9 1616 2.76 1629 0. 80 1477 10. 31 1649 2.04 1627 0.68 1624 0.50 1628 0.74
A-n64-k9 1401 2.97 1414 0.93 1598 12. 61 1415 1 1412 0.79 1409 0.57 1414 0.93
A-n65-k9 1174 2.05 1178 0.34 1317 11. 14 1185 0.94 1178 0.34 1178 0.34 1177 0.26
A-n69-k9 1159 2.20 1163 0.35 1259 7.70 1170 0.95 1166 0. 60 1159 = 0 1159 = 0
A-n80-kIlO 1763 3.77 1783 1. 13 2136 16.59 1815 2.95 1774 0.62 1776 0.74 1779 0.91
STy 1.57 0.30 10. 46 0. 60 0.19 0.16 0.13
F4 Set PEBIMKER
AGGWOA Adaptive S‘f > K-GWO!?! LNS-ACO"3! SC-ESA ) HVNSO0s'"!
+ VTPSO!!
wp | B
BURRE | s | i | BOME | SR | BUME | SR | BOME | SR | RUME| SR | BOME | SR | R/ME
i/ % | BoMH | i22/% | BoME | i22/% | BoME | i22/% | BoME |22/ % | BoME | iz % | Bo/ME | iz %
P-n16-k8 450 0 450 = 0 549 22.00 - - 450 = 0 450 = 0 450 = 0
P-n19-k2 212 0 212 = 0 246 16. 04 - - 212 = 0 219 3.30 212 = 0
P-n20-k2 216 0 216 = 0 249 15.28 217 0. 46 216 = 0 218 0.93 216 = 0
P-n21-k2 211 0 211 = 0 211 = 0 211 = 0 211 = 0 212 0.47 211 = 0
P-n22-k2 216 0 216 = 0 216 = 0 216 = 0 216 = 0 216 = 0 216 = 0
P-n22-k8 603 -2.16 | 590 -2.16 633 4.98 - - - - - - 603 = 0
P-n23-k8 529 0 529 x 0 634 19. 85 - - 529 0 529 0 529 0
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Adaptive Sweep .
AGGWOA K-GWO!?! LNS-ACO!?! SC-ESA['®) HVNSOs!7!

SL| +VTPSOL!

Fifo ;
B | oy | anm | BoME | 48R | BoME
ide/% | oM | i2e/% | oM | Ri2e/%

WME | AR | m/ME | AR | ME | SR | ME

wME |2/ % | BoME |i2e/% | B/ME [i2e/ % | JAME | e/ %

P-nd0-k5 | 458 0.79 | 458 = 0 483 5.46 - 458 0 459 0.22 | 458 = 0
P-n45-k5 510 0.74 510 = 0 524 2.75 0 510 = 0 511 0.20 510 = 0
P-n50-k7 | 554 1.76 | 554« 0 583 5.23 - 554 s 0 554 = 0 554 = 0
P-n50-k8 | 631 1.35 | 631+ 0 677 7.29 - 643 1.9 637 0.95 632 0.16
P-n50-k10 | 696 3.25 704 1. 15 783 12. 50 - 696 = 0 697 0.14 696 0
P-n51-k10 | 741 2.33 743 0.27 802 8.23 - 747 0.81 | 741 % 0 744 0. 40
P-n55-k7 | 568 2.09 570 0.35 595 4.75 - 568 s 0 574 1.06 | 568 = 0
P-n55-k8 588 -0.01 | 576 = -2.04 586 -0.34 3.06 - - - - - -
P-n55-k10 | 694 1.74 696 0.29 745 7.35 - 694 0 695 0.14 698 0.58
P-n60-k10 | 744 3.16 753 1.21 830 | 11.56 - 755 1.48 745 0.13 748 0. 54
P-n60-k15 968 3.53 976 0.83 1119 15. 60 - 977 0.93 968 0 968 0
P-n76-k4 | 593 1.80 | 593« 0 612 3.20 3.54 - - - - - -
P-n76-k5 | 627 2.89 628 0.16 647 3.19 1.28 - - - - - -
R e MY 2
(2) Set PSLAI T RAERE S 7347 5 Ho AL sxxHt

B Set P H1 20 ANEH], X} Lt Adaptive Sweep + VTP-
SO & 3P K-GWO 243 |LNS-ACO & "' SC-ESA
Bk (HVNSOS Bk XA SRR b AT SRR 4y
B, MR 2SR ANk 4. AGGWOA i F LR 5 MR A
BIECR ST 3R 18 4 4.7 4,1 ik 5 AEIEE T AGG-
WOA B %55 43 51 0.0.3.5 4. AGGWOA fj i 25 21
AL # BE A F Adaptive Sweep + VIPSO”'  K-GWO"' |
LNS-ACO"™' F1 SC-ESA' | 5 HVNSOS" $#3F-.

FEXT L SE G Y AR SR AE SR i CVRP [a] 37 1 H
BT IPERE Bk FAE T Adaptive Sweep + VTIPSO |
K-GWO0'"™ |LNS-ACO"™ [EBMC-ABC" fil SC-ESA"*. &
AR B 00 K P RE LEBRBRREZE T 1
PR R P R IE B SR R L I R S,
GCRIR IR EAE Y i

5 #ig

ARSCHR I T —Fh A 3 LA KR % (AGG-
WOA) ,SBL CVRP SR A%, ARG A5 15 22 8 WA il
HEJE, G s 6] R 25 8] e 25 O Tl B L, 4 5 5 1)
R Y B IR R R R AL R A & kT R AT
TEASCR AT 1% Set A FiI Set P55 4R FOSR fift
X EE S, UER T AR SCR i A S A S A AR SO
789 CVRP [ R ARG 0BT iR A S8 B, 2 1 HOR
fi 7 i BARMEAC TR A 2 223 22 - B A I 1) 7 Y
VRP [} R s J2 T — 2 i iEFE 5 1.
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