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Density clustering based removal heuristic for vehicle routing problem

YANG Wang* , HE Guochao, WU Yan
(School of Information Science and Engineering, Ceniral South University, Changsha Hunan 410083, China)

Abstract: Focusing on large-scale vehicle routing problem with heterog@peous fleet, a new neighborhood mapping
method, namely density clustering based removal heuristic algorithm, was proposed under the Adaptive Large Neighborhood
Search ( ALNS) frame work. ALNS includes two phases: destruction‘@nd téconstruction, which provides optimized solution by
destroying and reconstructing current solution. In the destruction, phase, a routine was randomly selected to get clusters by
density clustering, and then the stores were removed from¢the zoutine according to the clusters. In reconstruction, Greedy or
Regret-2 insert algorithm was randomly chosen to pldge those removed stores into proper routine. Test results on benchmark
instances validate the effectiveness of the profesed method. Compared with other existing algorithms, the ALNS density
clustering based removal heuristic algorithm has lower rate of error and better quality of solutions; in real situations, the

proposed algorithm can provide optimized solution in limited time.
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Fig. 2 Example of density clustering based removal heuristic
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PR g BEE R min {0. 1,30}, Hp o RBRE MG K
FUAR 0] BB U % E R min {0. 4n,60} o SEARREK TrerMax 324
2000,

Augerat BIEE R P HREN, BE B B R AR BIAR
FER AR R BT 5 REE:, 43 3E 5% C_ALNS &
RN ALNS B BUR M R AE SR iIL RS B IR BT
AT AR E MM OB, 5 RN R 2 IR tER 2 . 58
— R IRE GRS 5625 xR E 6 B AL AR B AR 5
cost F N AE N B BUR I 5 rime B O AH B B 95 O $AUFT B )
(BANTZN s) sap/ % B\ AHMBEIEBUR NS A A B M
ZIERZE  ITREAR N

8ap = (Ze axsans = Lyes )/ Zpew * 100% (13)
s Z yvs ans 1077 C_ALNS BT E ALNS BIEBUR M,
7, RFZRHEMZMME. SR.RR.WR.CR 5| AL
PR ERE R AR, S B R B R TR E S0 : ALNS 34
172000 YRR, IR IR TE T A0 T R 1252 Y W R A i VR B
Wk LB T R 2 T IV RO £ ) RO B DR B BB R SR 1T
BRI AR , X 10 ) &1 S B i O 2 A G o P e i [ R S
il TR 2 HRIEn, PR EEEE R M B S W T Bl
ZIRREWTE 1% LI IRZEHR /D 7823 MHRER k-, C_
ANS LT B T A BRI, e B AL B AR R R E BT C_
ALNS BRI E b ALNS B, & 19 24, £
FHIRIEAIRECT , C_ALNS Bk BB A2 5 S W 8] N SRR B AR 1
%, 1 ALNS R, &4 ISR, 46 5B KXBR
B RACRTT AL SR B E WR B KB RE R EE AN T
e fi] {H C_ALNS P~ 5 ALNS 7= A5 ) i Al 22 A i
1% ,C_ALNS FREATE &, 7€ C_ALNS RIEITH 19 12
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Birh, CR B AR i 7, ALNS MU SR 50 WR BEE TR Bk & (s r A& e hH TR P A RER A K

XU CR B I SR 57 WR i 8] & 2% B S L A0 5 KR I

VRP &5, ik 12 T3 BRI B R BRI 2

F2 Auvgerat HIEEMRER

Tab. 2 Experimental results of Augerat data set

C_ALNS ALNS
ESUEE . BB/ % . BB/ %
cost  time/s gap/% cost  time/s gap/%
SR RR WR CR SR RR WR

B-n31-k5 672 676 1.367 0.60 20.07 12.41 23.36 44.16 676 1.712 0.60 30.71 26.38 42.91
B-n34-k5 788 789 1.530 0.13 24.27 13.81 13.39 48.52 789 2.043 0.13 50.29 33.14 16.57
B-n35-k5 955 956 1.539 0.10 18.06 15.16 24.84 41.84 956 1.996 0.10 30.2 27.71 42.92
B-n38-k6 805 807 1.838 0.25 23.23 8.41 16.15 52.21 807 2.337 0.25 42.36 18.18 39.45
B-n39-k5 549 553 1.825 0.73 20.99 11.07 24.24 43.70 553 2.361 0.73 33.89 21.00 45.11
B-n41-ké 829 833 2.056 0.48 23.85 7.88 15.75 52.52 833 2.488 0.48 45.21 12.77 42.02
B-n43-k6 742 746  2.330 0.54 20.73 10.78 24.65 43.84 746 2.951 0.54 41.94 15.82 42.24
B-n44-k7 909 914 2.346 0.55 24.17 11.51 16.55 47.77 914 2.987 0.55 38.87 20.93 40.20
B-n45-k5 751 753  2.349 0.27 21.88 11.29 19.06 47.77 753 3.181 0.27 40.72 18.04 41.24
B-n45-ké 678 682 2.671 0.59 25.89 9.03 34.56 30.52 680 3.301 0.29 29.66 13.28 57.06
B-n50-k7 741 744 3.219 0.40 18.89 14.75 28.57 37.79 744 4.096 0.40 28.28 25.25 46.46
B-n50-k8 1312 1318 2.928 0.46 36.62 12.41 20.02 30.94 1317 3.727 0.38 47.08 18.96 33.96
B-n51-k7 1018 1019 2.763 0.10 16.05 7.54 22.31 54.09 1019 4.061 0.10 38.02 20.32 41.65
B-n52-k7 747 750  3.301 0.40 22.80 10.45 21.62 45.13 750 4.185 0.40 35.76 20.7 43.54
B-n56-k7 707 712 3.548 0.71 19.50 12.77 24.82 42.91 712 5.168 0.71 37.63 21.34 41.04
B-n57-k7 1144 1144 3.792 0.00 18.69 12.62 28.5 40.19 1144 4.817 0.00 25.73 24.27 50.00
B-n57-k9 1598 1604 3.740 0.38 18.87 9.34 23.74 48.05 1664 5.183 0.38 40.58 21.73 37.70
B-n63-k10 1496 1552 4.151 3.75 35.74 5.71 30.00 28.57 (15277 6.019 2.07 45.59 15.13 39.29
B-n64-k9 861 868 4.135 0.81 14.69 10.17 24.29 50°85 . 868 6.192 0.81 33.92 17.63 48.55
B-n66-k9 1316 1327 4.524 0.84 23.52 5.73 25.49.\45.25 1327 6.934 0.84 41.85 12.36 45.79
B-n67-k10 1032 1044 5.153 1.16 17.75 8.97 26,247 47.04 1046 6.795 1.36 27.78 17.44 54.78
B-n68-k9 1272 1284 4.712 0.94 20.47 9.06) 22.64 47.83 1285 7.843 1.02 41.37 15.53 43.11
B-n78-k10 1221 1265 6.490 3.60 24.0342.06 36.29 27.62 1262 9.566 3.35 32.15 16.16 51.69

# 3 4t C_ALNS Bk Hassani IR A DR H_
ACSM™ Tasan 22138 44 2 3 ( Genetic Algorithm, GA) ™! 3¢
BR[ 17 175 BORL T B4k ( Particle Swarm Optimization, PSO)
Fo3% | Ewbank % () 6 W B SO B 2 H LU Shin 2% 1
Centroid-based 3-phase =, P N Average 11~
MEERHERSRVIBMRILEZEGFHRE, FS
=" RN BB VA R R R FRESE R

AR 3 R I, C_ALNS SKf# 23 IR 58 61175 21 i B 4
R EE IR T SR H AR R SR o SR T AR, 1A
DBSCAN JRRBEILIE A N TR BEARIR K, 5EHIT Mk
HRfFAE L, C_ALNS B3 V3122225 0. 77% ,H_ACS B 15T
PHRZ N1, 66% ,GA [ F iR 2N 25. 03% ,PSO A k1
=% 5 0.30% , Centroid-based 3-phase & #: Y iR 22
6.28% ,Ewbank FM LRI B HEM B LB E VY HIRER
4.58% , GA MFHIRZEHAH) RN R E K Bk T
WG ERAMT AR, TAAREIC AR, EHi T CA
] CPLEX 7£ Augerat $(#i2 £ FSR 19 B REEK, BOR RS,
gz, XIS RFEW C_ALNS Bk R TH_ACSH
# .GA , Centroid-based 3-phase 2 i 1 Ewbank % [t JC M5 7B 51
BIREE L, M T PSO Bk ,H C_ALNS BEEFEA EE R
BT SRAFIRATA# , AT 2 A ) PR 25K, PSO Bk LI AL
FAR, I ARBRER TR 2400, H G, AR SCist i i C_ALNS Bipk gk
AR B AR T

4.2 Al LEREHI

ASCHFT Al R 8B KB BRI B S K T UERIT
BOHAER BRI ITE  E R AT TH, Al
FEE R REE PURSRITHIR TR BRRYREE,
A A R B R AT
4.2.1 HBRIR

ol 45300 TR HE LU T HE - BT UG bk 5 B
RN VERNEESE 37T MERFAERFE R, BB EH R K
B EWE TR e A B, — A iR
BREIREMA TIRZEE EA B NS REIE, SSCHTRITHE
EHe H TN, B KA 350 MAEAMITIE T 5. FIAITER
ZEEE R B, Wit B AR & WA 2 N E 2 [ R e
B AN EDER, NTREIE 2 A5 ZE HEE,
4.2.2 HAHERE

ARSCREMLEE IR — RAT BT AR IR, ¥ & 345 A~ 15, A
BR,BHLHEKGERBEERIEANS g %25 60, X C_ALNS
1 ALNS hEF B S8R 4408 R 0.5, RIE B A A1k
PSR, BB B F r %28 0.2, BERSHIHAT
10002000 .4 0008000 .16 000 YA, LA B g5k 45 i 5%
I R BCRA R A8 = F Z MK R, RS,
10.15.20.25.30.35 # &b 17— 41 5288, a4 S0k 5000, DL
UL E MM SR T8 MK R, SIS B C_ALNS Al
ALNS #%4% 5000 1R () Bl 2% O 225 4olb A T8 B Wie 3 Jy R i
(Rpgs
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Tab. 3 Comparison of the results of C_ALNS and other algorithms

4 C_ALNS H_ACS GA PSO Ceniroid-based3 -phase ZE:1¢)  Ewbank &[5!
cost gap/%  cost gap/%  cost gap/%  cost gap/% cost gap/ % cost  gap/%
B-n31-k5 676 0.60 — — 736 9.52 672 0.00 700 4.17 — 1.10
B-n34-k5 789 0.13 — — 865 9.77 788 0.00 851 7.99 — 2.20
B-n35-k5 956 0.10 — — 1263 32.25 955 0.00 969 1.47 — 3.40
B-n38-k6 807 0.25 — — 925 14.91 805 0.00 834 3.60 — 5.40
B-n39-k5 553 0.73 — — 744 35.52 549 0.00 620 12.93 — 4.90
B-n41-k6 833 0.48 — — 1105 33.29 829 0.00 862 3.98 — 3.30
B-m43-k6 746 0.54 — — 1047 41.11 742 0.00 857 15.50 — 4.70
B-n44-k7 914 0.55 — 1126 23.87 909 0.00 963 5.94 — 2.60
B-n45-k5 753 0.27 — — — — 751 0.00 807 7.46 — 4.00
B-n45-k6 682 0.59 — — — — 678 0.00 743 9.59 — 6.10
B-n50-k7 744 0.40 — — — — 741 0.00 772 4.18 — 7.30
B-n50-k8 1318 0.46 1317 0.38 — — 1315 0.23 1431 9.07 — 4.70
B-n51-k7 1019 0.10 — — — — 1038 1.96 1028 0.98 — 3.00
B-n52k7 750 0.40 — — — — 747 0.00 754 0.94 — 3.70
B-n56-k7 712 0.71 — — — — 707 0.00 741 4.81 — 3.70
B-n57-k7 1144 0.00 — — — — 1162 1.57 1163 1.66 — 7.50
B-n57-k9 1604 0.38 1598 0.00 — — 1598 0.00 1673 4.69 — 4.00
B-n63-k10 1552 3.75 1541 3.01 — — 1496 0.00 1664 11.23 — 5.00
B-n64-k9 868 0.81 — — — — 864 0.35 910 5.69 — 6.70
B-n66-k9 1327 0.84 1372 4.26 — — — — 1468 11.55 — 2.70
B-n67-k10 1044 1.16 1035 0.29 — — 1034 0.19 b108 7.36 — 5.90
B-n68-k9 1284 0.943 1301 2.28 — — 1273 0.08 1338 5.19 — 4.90
B-n78-k10 1265 3.60 1238 1.39 — —  1249<,.29 1276 4.50 — 8.60
Average 0.77 1.66 25.03 0.30 6.28 4.58
B RIEMRKCR,E S HEEE 1A/ AR BAF R Bk
4.2.3 #RxLE S TrE, VTR R 345\ BUBCH o9 37 AR AL T, AT
B3 X% T C_ALNS 5 ALNS B R F R BT, & 50000 RBAF IS,
FreE R (1) O BAr ek, WIsHUE s BIF8CR P 18 AN
AL BRI TA RICBOR BT, C_ALNS B ESR ERUR B g i
f, LT CR S50 F 1 IR ASOR ELIRGEAG 5 01 P E L L
BEFE R C_ALNS SKfgfiE ., PR T HEERHAME EE g P
HREE S ECE I, SR B AL PR AR EREM, N = g f ol
M, EA PR 1] DAY, X DR AR T B O B 1 P A T U B LA T3 ) ’
BB AR TR o 2l ~>-C_ALNS |
6.250 - 1{;«4 -A- ALNS |
6.200 l ~>-C_ALNS | O 5345678 910111213141516
6.150% L ALNS ﬁﬁﬁ(i&\/lo‘
. Q\ B4 BAREEHETHERER
% 6.100 \\‘ Fig. 4 Relationship between iterations and time
i R 1S LA ST 506 R o bl 4t
T 050 N Al PRITEL BB ARUET , WA, S L AT I ]
vono | | LT A o AESCBRRIIM N S BA FEA  10, UB  BAAL
N EERSREA A B, B0 X EE RS | FL B AR R %
EEEE RIS T TR R 25 U, WA B B ), 227 R ]
3 RS LIRS R PISE ISR T R, LIRS TEAR M RE 6 T R o
Fig. 3 Relationship between iterations and total cost 72 4 X sl A TJH B ALNS S50 C_ALNS B it &

4 X LG T PR R AT 1] . ZEBITAE AR OMCRADTSR PRI AR IR Ty 5 S PR A B RR AL, 7 490
T ,C_ALNS B3 B E /], B CR B AMesasek 4 BCHRRTCE Iy S0 T 5 90 B, TR0 45 Ry
HHALE AL , (8 CR B MAl A REA S EER R AREREER AR LR A LI
T—RBRKSEEMBENE, N4 T C_ALNS Bk MWMHEIE, C_AINS Hik5 AINS Bl TEL2 M A,
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Fig. 5 Relationship between vehicle scale and time
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Tab. 4 Comparison of delivery solutions calculated by different algorithms

BE O FRN FEM FWPSRERE/Y BITH

ANTHE 6 30 70.36 18312

ANILS 10 23 91.37 5910

C_ALNS 10 21 91.54 5881
5 4

DL T T K A i e 3% [5) R, AR SCHAE ALNS BBk
FERT BT MER T —Fh TR EREN B KBHRE Y, £
PR iR v X 52 B BEA T 5 HLSE B, 3@ 4 C_ALNS 5 ALNS
BESRAREE RN AT, 5 T B R R B BK B R B e 6
M SBER R I  EEIE S TTH MK LR M5 R AR
ik ALNS B g B AR AT ], 52 5 ALNS 5K A B W 17 46 1iF
PR BB A R, 5 Evbank FH LW ERELE
%[5] . Shin 5 fi) Centriod-based 3-phase ﬁ?ﬁm JH_ACS &
BT GAN SO Bk A He, C_ALNS SR RE T H_
ACS B ¥ GA Ewbank F1 Shin By& &, fii#h T PSO B s ,{H C
_ALNS 58 5k 7e PR 5] (8] SR A, PSO B35 ISR LAR 0 Bk 3
KRR 207, B, C_ALNS 8 vk B A R4 ok by L o 25 17
Ao BTl scbr ol Se iy 25 R R WY, C_ALNS BBk BEAE
A PR [E] A BB R AL 5 8, K BB RRAR T 4 B9
Bek A . TEHZFHEEAT , A SCR N B A 2w e 4
A X RHBEHCE A 15 EAT 52 4 IO RE IO R1RE, T — 2B AT Y
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