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Improved Hybrid Firefly Algorithm for Solving CVRP
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Abstract; An improved hybrid firefly algorithm (KM-HFA) is proposed to solve the capacitated vehicle routing problem. It uses K-
Means clustering to classify the customers set first, and then constructs the initial solutions, which starts the optimization process of the
firefly with a better initial solution,reducing the calculation of the algorithm. In the firefly algorithm, partial matching crossover operator,
2H-opt exchange operator,local search operator and mutation operators are introduced to accelerate the convergence speed and improve
the ability of the algorithm to jump out of the local optimum. In this paper,94 instances of small-scale and medium-scale data sets are
selected for simulation experiments. For 79 instances, the solution obtained by KM—-HFA was significantly superior over the hybrid firefly
algorithm and CC-CVRP,and the total distance of vehicles driving obtained by KM-HFA is smaller. When KM-HFA calculating 5
groups of small-scale instances: A-n33-k6,A-n37-k6,P-n16-k8,P-n19-k2 and P-n20-k2 ,KM-HFA gets a better delivery solution
than the best—known solution without increasing the number of delivery routes. When KM-HFA calculating the instances P-n22-k8 and
P-n23-k8 ,under the premise that the number of routes is increased by one more than the best—known solution, a solution with a smaller
total distance of vehicles is found. Simulation experimental results show that the KM—-HFA has good stability and effectiveness.
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fori =1 to P-Sdo
forj =1 to ido
If I, > I, then
2H-opt procedure S, ;
If rand < C - R then
PMX procedure S, ;
End if
2—-opt procedure S; ;
mutation procedure S, ;
End if
End for
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A-n32-k5 784 831 6.0 832 6.1 810 3.3
A-n33-k5 661 711 7.6 691 4.5 663 0.3
A-n33-k6 742 783 5.5 812 9.4 737 * -0.7
A-n34-k5 778 827 6.3 796 2.3 793 1.9
A-n36-k5 799 870 8.9 849 6.3 824 3.1
A-n37-k5 669 669 0.0 717 7.2 682 1.9
A-n37-k6 949 1 021 7.6 1 061 11.8 946 * -0.3
A-n38-k5 730 787 7.8 827 13.3 740 1.4
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A-n64-k9 1 401 1 684 20.2 1545 10.3 1 484 5.9
A-n65-k9 1174 1522 29.6 1358 15.7 1191 1.4
A-n69-k9 1159 1 534 32.4 1241 7.1 1228 6.0
A-n80-k10 1763 2235 26.8 1910 8.3 1969 11.7
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B-n31-k5 672 672 0 684 1.8
B-n34-k5 788 788 0 810 2.8
B-n35-k5 955 986 3.2 1008 5.5
B-n38-k6 805 834 3.6 818 1.6
B-n39-k5 549 605 10.2 576 4.9
B-n41-k6 829 919 10.9 866 4.5
B-n43-k6 742 793 6.9 748 0.8
B-n44-k7 909 1 003 10.3 932 2.5
B-n45-k5 751 843 12.3 760 1.2
B-n45-k6 678 751 10.8 730 7.7
B-n50-k7 741 838 13.1 779 5.1
B-n50-k8 1312 1414 7.8 1313 0.1
B-n51-k7 1032 1 230 19.2 1080 4.7
B-n52-k7 747 889 19.0 762 2.0
B-n56-k7 707 825 16.7 748 5.8
B-n57-k7 1153 1 469 27.4 1167 1.2
B-n57-k9 1598 1 802 12.8 1657 3.7

B-n63-k10 1 496 1811 21.1 1598 6.8
B-n64-k9 861 1162 35.0 985 14.4
B-n66-k9 1316 1 560 18.5 1339 1.7
B-n67-k10 1032 1318 27.7 1135 10.0
B-n68-k9 1272 1512 18.9 1328 4.4
B-n78-k10 1221 1625 33.1 1296 6.1
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KM-HFA F1 HFA %} P 2H 23 A4~ s2 i3 3 45
7 4 7N, KM-HFA AI1Tf#A 21 4~ 348 T HFA 1Y
AIATfi . XT84 P-n21-k2 1 P-n22-K2 , 1% Fl 5 1 460
T 24 8f% . KM-HFA 8348115 P-nl16-k8,P-
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Instance B-K
Best Gap/% Best  Gap/%
P-nl16-k8 450 450 0 421" -6.4
P-nl9-k2 212 212 0 209 " -1.4
P-n20-k2 216 216 0 209 " -3.2
P-n21-k2 211 211 0 211 0
P-n22-k2 216 216 0 216 0
P-n22-k8 603 603 0 570 -5.5
P-n23-k8 529 529 0 502  -5.1
P-n40-k5 458 508 10.9 483 5.5
P-n45-k5 510 595 16.7 516 1.2
P-n50-k10 696 843 21.1 707 1.6
P-n50-k7 554 689 24.4 581 4.9
P-n50-k8 631 828 31.2 677 7.3
P-n51-k10 741 895 20.8 771 4.0
P-n55-k10 694 853 22.9 749 7.9
P-n55-k7 568 670 18.0 604 6.3
P-n55-k8 588 741 26.0 593 0.9
P-n60-k10 744 940 26.3 757 1.7
P-n60-kl15 968 1195 23.5 998 3.1
P-n65-k10 792 1 020 28.8 898 13.4
P-n70-k10 827 1119 35.3 864 4.5
P-n76-k4 593 733 23.6 637 7.4
P-n76-k5 627 832 32.7 657 4.8
P-nl01-4 681 874 28.3 791 16.2

A5 BUXH R AR . P-n16-k8 Hk 8 Sk Lk.0-5-14
-0; 0-1-0;0-4-11-0; 0-3-8-0; 0-10-12-15-0; 0
~7-9-13-0; 0-2-0; 0-6-0; P-n19-k2 3£ 2 %2k,
0-18-5-13-15-9-7-2-6-1-0;0-4-11-14-12-3 -
17-16-8-10-0; P-n20-k2 3£ 2 %<k, 0-19-5-14-
16-9-13-2-7-6-0;0-1-10-8-17-18-3-12-15-11
-4-0; P-n22-k8 F£ 9 KL 0-9-2-1-10-0;0-18-
17-0;0-14-0;0-16-0;0-5-7-0;0-19-21-20-0;0-
4-3-6-8-0;0-11-13-0;0-12-15-0; P-n23-k8 3£ 9
ZPRL . 0-5-14-22-0;0-6-16-0;0-7-20-0;0-8-2
-0;0-4-11-0;0-21-0;0-3-19-18-0;0-17-9-13 -
0;0-1-10-12-15-0,

5 EHE 46 ELpILh R, Hdh KM-HFA #n]
A7 4 AW BT HEA 19, (BAETHA E-n33-k4
S HEA #8551 28 HiL i | {H )2 KM—-HFA 153 21 () i
PRI AT A 5 2 B R 23T
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A5 #3EEE ) KM-HFA 5868 K k2 Rk

HFA KM-HFA
Instance B-K

Best Gap/ % Best Gap/ %
E-n22-k4 375 375 0 375 0
E-n33-k4 835 835 0 840 0.6
E-n51-k5 521 626 20.2 522 0.2
E-n76-k10 830 1 186 42.9 970 16.9
E-n76-k14 1021 1 406 37.7 1144 12.0
E-n76-k7 682 922 35.2 758 11.1

%6 #¥E X4 KM-HFA 5 CC-CVRP 4 R 1bi

CC-CVRP KM-HFA
Instance B-K
Best Gap/ % Best Gap/ %
X-nl06-k14 26 362 27 515 4.4 27 343 3.7
X-nl10-k13 14 971 16 885 12.8 16 735 11.8
X-nl20-k6 13 332 14 279 7.1 15 235 14.3
X-nl25-k30 55 539 58 535 5.4 62 528 12.6
X-nl29-k18 28 940 32 101 10.9 30 662 6.0
X-nl34-k13 10 916 12 319 12.9 12 318 12.8
X-n139-k10 13 590 15 973 17.5 14 562 7.2
X-nl57-k13 16 876 17 751 5.2 17 508 3.7
X-nl62-k11 14 138 15 354 8.6 15 828 12.0
X-167-k10 20 557 22 891 11.4 24 141 17.4
X-n190-k8 16 980 18 168 7.0 18 939 11.5
X-n204-k19 19 565 22 157 13.2 21 781 11.3
X-n209-k16 30 656 33 128 8.1 34 370 12.1
X-n214-k11 10 856 13 163 21.3 13 339 22.9
X-n219-k73 117 595 118 305 0.6 119 693 1.8

6 & X P 15 D gE R, Hoh KM-HFA By A]
T34 7 AR T CC-CVRP HYf# ;fH CC-CVRP £ 8
ZH S 45 R T 4 2 W] KM —HFA 781154 oh JUR 50 d
SN T A RS 3BTRS R
FUASECHEAH LU T/ NS EORE , & P RCR IR 2 SRy
W, B S ERT  K-Means RGeS & F k4T
TR RN o328 350 K R AN B DL A 1 W) s i
TG G, BT AR TR,

4 ZHRIE

%3CHE Y KM -HFA CKfff CVRP, il 5] A K-
Means 535 A5 B8 471 06 fide K BT A5 Fidk A D 3 K
TSR R, 458 BE 5 b i PMX 28 UAEFPRE
WA FAR, DL K AR 5538 Intra—Swap | Inter —
Swap , i IE BB AR FR B o Ry T 7 K HUR R £
A SR BTE Y R I R BB T, A 2H-opt 384
BT H 2-opt RFERE T,

R /N ECE 79 41, BB RS 15 41, 3% 94
HEERE 5 KM -HFA TH AR . S0 45 R R B .
TE 72 4N Fh | KM -HFA 15 21 i 1] 47 1 Eb 3¢
B[S 12 CC-CVRP  SCHik [ 13 142 1 i HFA £33
MIZERGF, H Y% P A 20 KM-HFA T3 e
W PET HFA 0,15 2000 e i 5 2 B 1 B 4 b 2
S AR ORI R E A 22 RS £
1615 HPHBESL B i T % PR 2 L8R
0, K-Means RFENGEH & P #HITHEAUB 7K, F
0 KR FE RN LUB IR ) 16 T U S, e il
KM-HFA (1355 A .

KM-HFA 7E318. 5 4H/NAE S5 A-n33-k6,A-
n37-k6 ,P-n16-k8 ,P-n19-k2 , P-n20-k2 M , 14 &
50 (] B A5 58] L 20 B T 4 1) 5 58 ZETHER S 4] P
-n22-k8 il P-n23-k8 M}, bh 28 B A B A2 0 n 17—
SRIYRTHE T FoBN 7 AT Rl SR B S N

$&H 1) KM -HFA & 7] 1 F fiff e HoAth VRP, ]
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5533 &

N VRPTW 2 {0, 4 405 46 A28 1) 455 5 D0 5 fF 5 G fi]
A 5 H R R i AL M 45 A, 15 818 BAUR
TR AR,

SE Lk
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