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Abstract: The N-vehicle exploration problem is a class of NP-hard problem, which aims to schedule a fleet of N
vehicles’ trip sequence under limited oil to ensure one of the vehicles visit the farthest distance. A Memetic fireworks
algorithm(MFWA) with local search enhancement is proposed to solve this discrete optimization problem. According to
the characteristic of equivalence to permutation, a ranked-order value(ROV) scheme is adopted to encode the candidate
solution, and the fireworks algorithm with dynamic radius of explosion is employed to search the solution space globally.
To enhance the local search ability, three neighbor operations by insertion, exchange and reverse are employed to carry
out local refinement. The effect of key parameters with regard to the performance is investigated. Numerical results about
14 benchmark instances are provided, and the comparisons suggest that the MFWA is superior to(at least not inferior
to) the standard fireworks algorithm(FWA), the existing heuristic algorithms(H1-H4), particle swarm optimization(PSO)
and water wave optimization(WWO) in terms of solution accuracy and stability; compared with the MFWA, tabu-based
variable neighborhood local search(TBVLS) obtains a maximal competitive ratio of 1.126 at the expense of nearly 55
times computational efforts. These results indicate that the MFWA can achieve satisfactory results in reasonable time.
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K345 H T FWA. dynFWA . edFWA F1 MFWA 7
7] /1 10 £ 20 A8 47 - BB AR i 22

MFWA 7£ FWA . dynFWA il edFWA # 2 1535 5 43 fig
AL AR, 2 BT MEWA B 547 (1 S0 RS
322 REERERMEMT

DG AEAE e s N R S AR I A X AR Bk
) Ja0 38 48 50 20k SR, AT X6 EE FWAL edFWA(F 31752k
12, ToABIE 1A ) AT MFWA (h 2 2 42 A AR I8 4546 1
SPEME AR EZ. R S FIE 6 A

1) edFWA 7E 114> 7] #_E P 3{E L T FWA, 7E
7] — i) R0 P o o 22 B0 B A (R, 3R B B A AR SR
BT 98 FWA 4> R % g

2) MFWA 7E 11/ i) 8 _E [P AR T edFWA,
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X 2 & KM N-%F 3% ) AR 09 Memetic 8 76 5 &

H MFWA 7£ 10 4™ 1] 8 I 5 #E 2 & /N, MFWA £
edFWA [0 51N THIN B He, %3R4
SRR, XU AT I 1 RE A5 3 9 e dFWA 1) JR) 4%
RRE, H A B fase .

3) H#E 6 Al LA i, MFWA £ 14 AN bRt o] 75 _E
{97 25+ S 8] KT FWA Rl edFWA, {H FE A #R7E [F]
—HE Y. XTI, 5 FWA FledFWA B, TN 5 36
T2 M 2 {45 MEWA () 55 i [7) W A 386 o, (H &
WA B FEICMEWA 33 R R,
323 HRRAEERFHMERERT

ik — 25 56 UF MFWA [ 30 1 B, A 35 4 % Lt
S HT MEWA 5 4/ 5 R UV HL ~ HA X N-ZE 4k
7] R PR SR AR AR 1K 443 R R SRR T SCik [15],
43 9 N H1-3% F Greedy Ji & 3 rollout 5.7, H2-J%
F Index Jii & 71 rollout £ 7%, H3-Greedy i & A H
75, H4-Index Ji R NHE L RTMEBS Al B T
MFWA. HI ~ H4 7£ 14 bR in) #1556 25 5L
THARCAT ). A A il R ) s PR 6 SR R AR AR, I
MAE A R AR

=7 MFWAFHI] ~H4WERLCE

%5 MFWA  HI™ H21% H3™T gt

1763
%= 8 MFWAZFIHI ~ H4 B9t E AT

%5 MFWA H1 H2!! H3 ! H4[15!)
1-10 027544 026634 024791  0.05440  0.02050
2-10 027941 0.16690 0.16520 0.01539  0.01086
3-10 027554  0.15625 0.16346  0.01228  0.00998
49 026620 0.11962 0.11595 0.01061 0.01072
510 027067 015917  0.15892  0.01600  0.00896
6-10 027856 0.16144 0.15703  0.01197  0.00976
7-10 026151 015069 0.15084 0.01186  0.00857
8-10 027311 0.16160 0.16173 0.01222 0.01019
9-10 027440 0.15557 0.15331  0.01489  0.00999
10-10 026364 0.17355 0.17159  0.01123  0.00816
11-10 026289  0.15704 0.18107 0.01089  0.00786
12-14 031418 038737 040378 0.02544  0.01052
13-19 029820 0.89304 0.89889  0.04665  0.01287
14-10 029562 0.17232  0.16294  0.01337  0.00990

HER 7 FIZR 8 ] LA Hi:

1) MFWA \H1.H2 73 5I7E 7. 3 44~ n) f_E IS B
AH, HF H, MFWATE S AN ] 8 1 A (8. B84k 1
&, MFWA I U B T (B DA S TH X e kA
FL WP IAE T MFWA HA 0 RG-SR B2 AT LA
TR, T8 IR 4 1 R0 1) S S RS A A
ZALH], MFWA 148 2 M G815 Bk — 5 ol

2) MiTEIEE, MFWA 7E 14 AN bR 1) @ i
SE¥5 TSI TE] £ H1 FVH2 (1 2 £%, 299 H3 F1 H4 (1)

1-10 1542667 1531662 1547661 15.13196 15.13328 101%. FHHI~H4 B/ 50T, g5 L
210 359573 351129  3.56498  3.02715 3.02752
= & ok A Tk R ~ IEX RVES
310 10.87543 10.96799 10.80681 10.80681 10.80681 IS4 MEWA () LIS BERTHI ~ Ha 1) LR,
49 1179120 1175322 1156432 10.06264 10.06264 Tk AR B & A A 3.
510 1249401 1230355 1239284 10.51617 1051617 "
—] ’ v
6-10 1193855 1138957 1142151 10.20627 10.208 14 324 5PSO.WWORITBVLS {1 ¥ HEREXS H
7-10 1246632 1247630 1236968 10.68893 10.68893 AT X} L 43 Bt MFWA 5 kL1 B4 AL (PSOR™
810  9.36982 935399 942928  7.66673  7.65613 B S A5 AT b I (18] o A
2 A AL i & (TBVLS!8!) F 7 ¥,
9-10 18.14061 1823030 17.75212 17.75212 17.77383 A IR AR ) AT
10-10 1551830 1502176 1502176 14.63987 14.67211 (WWOBR) [ FIURE FE R TR 2%, R 9MFR 1075
11-10 4133544  39.61405 39.61405 39.61405 39.61405 T AARAR VLR 14/ b7 A T 5501 1T 45 18 R
12-14 1510963 14.89975 15.24806 1421707 14.21707 X et A o T i D g ) =
13-19 4292522 4517968 46.50486 4161626 4192580 IRf 3. FEZR O v, B A o il 23 (1) do D0 45 R AR 4
14-10 239645 234086 237666 201810 201835 T URACAE T R 2 bri.
#*9 MFWA.,PSO. WWOFITBVLS KIZ5R L2
MFWA PSO™ WwOo TBVLS"®
e
FHME THME A 51 TEEL FHME At
1-10 15.40395 12.50126 0.812 13.693 15 0.889 15.476 61 1.005
2-10 3.59105 2.99788 0.835 3.54922 0.988 3.60331 1.003
3-10 10.75398 3.47194 0.323 5.700 12 0.530 11.023 60 1.025
4-9 11.778 72 5.89452 0.500 10.075 10 0.855 11.946 62 1.014
5-10 12.32673 6.07089 0.492 10.258 88 0.832 1272298 1.032
6-10 11.868 53 6.02476 0.508 10.220 60 0.861 1212401 1.022
7-10 1250429 6.11121 0.489 7.04061 0.563 12.769 68 1.021
8-10 9.32588 5.64317 0.605 9.07732 0973 9.42928 1.011
9-10 17.98107 637234 0354 9.52391 0.530 1827718 1.016
10-10 15.447 84 8.63286 0.559 14.509 15 0.939 15.656 69 1.014
11-10 41.19065 30.095 05 0.731 4029898 0978 41.45198 1.006
12-14 15.007 63 9.960 66 0.664 14.19326 0.946 15.248 06 1.016
13-19 41.31430 8.17238 0.198 11.97309 0.290 46.50486 1.126
14-10 239258 2.00493 0.838 2.366 145 0.989 2.402208 1.004




1764 = # 5 X R %33%
%10 MFWA, PSO. WWO F1 TBVLS B+ EF8]
MFWA PSO ™" WWO 2 TBVLS ¥
fiv
PEIME PYIME ALk T L SFIME SEgrth
1-10 0.27544 0.46878 1.702 225813 8.198 19.01099 69.020
2-10 0.27941 0.459 84 1.646 221010 7.910 18.87058 67.537
3-10 0.27554 0.468 88 1.702 2.27155 8.244 18.77226 68.129
4.9 0.26620 0.455 68 1.712 2.20502 8.283 14.72238 55.306
5-10 0.27067 0.45052 1.664 2.176 38 8.041 19.05525 70.399
6-10 0.278 56 0.46827 1.681 2.20703 7.923 18.450 17 66.234
7-10 0.26151 0.456 14 1.744 2.16361 8.274 18.23240 69.720
8-10 0.273 11 0.469 06 1.717 2.22087 8.132 18.69235 68.443
9-10 0.27440 0.45432 1.656 221919 8.088 18.63946 67.929
10-10 0.263 64 0.44971 1.706 2.204 14 8.361 18.68592 70.878
11-10 0.262 89 0.452 62 1.722 2.18239 8.302 19.11953 72.728
12-14 0.31418 0.54023 1.720 241054 7.673 40.02785 127.406
13-19 0.298 20 0.459 32 1.540 2.22903 7.475 186.487 06 625.373
14-10 0.295 62 0.458 53 1.551 2.19550 7.427 18.62323 62.997
FKOFFN10H 58 4 L E ONZFIE R I1E # 11  Wilcoxon Signed Rank #3445 R
E EAl | ] 5 :
5 MFWA [¥1°F- 3548 2 L. 491 4, 75 1] & 1 A, % PSO 5 - Wil B R puale
RS, P B 5E 4 N 12,501 26/15.403 95 =
AL 1 25 26 H g 0,468 7 075 44 MEWA vs. FWA 13/0/1 100 5 0.003
META STIHI Y N (). . =
0.812, 759 I = 0.46878/0.275 MFWA vs. dynFWA  14/0/0 105 0 0.001
1.702. MFWA vs. edFWA 13/0/1 101 4 0.002
R IFFL 107 LLF H: MFEWA vs. H1 10/0/4 77 28 0.012
1) 1 14 4briE 1 @ I, TBVLS B A & I 1 MFWA vs. H2 10/0/4 76 29 0.014
- KWW v S . 05 0 0.001
%’Tjﬁ%ﬁx‘;, MFWA ﬁ\Z, Oﬁ{jﬂ\z’ PSO HE&% 5 MFWA vs. H3 14/0/0 1
‘ . . MFWA vs. H4 14/0/0 105 0 0.001
MFWA # Eb, 76 19 5 13 |, TBVLS ik ) i K354 Hb N
o s MEWA vs. PSO 14/0/0 105 0 0.001
A) ¥ [
1.126, R W TBVLS HA A IR . MEWA vs. WWO 14/0/0 105 0 0.001
2) M itHE R &, PSO i & /b, WWO ¥R MFWA vs. TBVLS 0/0/14 0 105 0.999

2 ,MFWA fiIk 2, TBVLS ¥ fc 2. 5 MFWA # LL,
TE R R 13 b, TBVLS [ 5 8] 58 4 G Ik 2 B K N
625.373; {E M1 9 I, TBVLS [¥) 5% 4+ Lt 52 /)N 4 55.306;
1 MFWA 7E 1] & 9 1 ] & 13 & 1 v 5505 18] 23 551
0.455 68 £10.459 32. 5 MFWA # tt, TBVLS 1) S 3%
AR, 25 FE 2 1] 49 1 i) /13 19 KU 43 53l A 9 A
19, 1X % B B 5 I /ARAR ¥ 184 K, TBVLS B vt BB ]
T hnBk R, 00 R 23 A T MFWA B B B

3) MFWA R 7556 B[] P 3R A3 3500 = 1 AR kG
J&, MFWA RES T P17 SRS 5 R0 SR 280%.
33 Geitxtteath

AT 1A BIETE 144 1) 81 1 TP RS B gk
1T Wilcoxon Signed Rank £ 45133, 25 2 WL 3& 11.
w53 Ge vt T MEWA R F/55 1195 T % b B 1)
L RT, R™ACT T HIE/ RS R AL

NN SR

1) fEREMKFEa = 0.011, MFWA () S0k
[ 5 H1.H2 414, 1% TBVLS 4}, MEWA [ 54k i 5
FRF HADT AL,

2) EREMKFa = 0.05K, 4 TBVLS 4h,
MFEWA [ -0k 1 B35 40 T HAh 9Nk,

3) R MFWA ] 30K 2 45 T TBVLS (1 G4
HFE,{H MFWA B A T8 /& HoAR e 1 SR 8.

X gk BB IGIE T MEWA B 547 1 4
i FE AN i 1 A0 3R AIE S T 7E FWA A1 5] 4T
WEREE BT IR SR 0 R A R R
4 4 @

N-ZERIS 0] 2 — 2 B HOpR A 1n) &, H A AR oK
fREELR R AN T, BTk, Al 7 —Fb
Rl J 1 2 1 Memetic A6 SLV2SR AR Z 0 AL —
1, 5T ROV JL U 0] R34t RS, £ FH 715 20 A5 1R HE 2142
() AL SE AT 42 )R 48 R LIRS B VT 46 8 5
— T, A A N ISR AT I 1 DAY o
FALH R R Sy, S g R T KRS HO
S B IS, SR UE T8 Memetic (46 502 3K AR
N-ZEERI v 8 (1) o] AT PR RO RO

JLAE Memetic 16 SFI2 O PE R AR LT (B AAS
%) IA 1 E R R, (52 Memetic {046 H V%5 7E
0y 1) e RE TG I AL, 7 51N AR LR
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HEsRILERE. HE— P BT A AR A

1) Vit B AR YE AR Tk PR A 720240,

2) HFEER R ARBREE 2 H bR N - AR [P,
3) M 22 4y HEALIO PSOM 25 BE AR, il &

B e 28 HA B SRS, T TR A Memetic 579142 5K fi#
N-ZER S ] R

4) G5By T URFAE B T B i R AR s, O A 5

AR B ML S, SRAR KR4 % N-2E 4
LRS- 18, fR BRI, A A 22 400 5

il i

TR A AT S5 52 2% TR DAL ).
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