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A Multi-start Variable Neighborhood Descent
Algorithm for Two-echelon Vehicle Routing
Problem
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(College of Electronics and Information Engineering, Tongji

University, Shanghai 201804, China)

Abstract: Two-echelon vehicle routing problem (2E-VRP) is
a novel kind of vehicle routing problem in which freight from
depot to customers is compulsorily delivered through
intermediate depots (named satellites). The first echelon is
from depot to satellites, while the second from satellites to
customers. This paper proposes a multi-start variable
neighborhood descent algorithm to solve 2E-VRP according to
the characteristics of this problem. First, an improved Split
algorithm continuously splits random permutations of all
customers until a feasible second-echelon distribution scheme
appears. Then, a complete initial feasible solution is obtained
by solving the first-echelon problem and then further
improved by a variable neighborhood descent (VND). When
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no improvements can be found by VND, the preceding process
is repeated by multi-start skills until the algorithm is
terminated. Computational results show that the proposed
algorithm is easy to implement and it outperforms the best
two existing heuristics for 2E-VRP.

Key words: two-echelon vehicle routing problem; multi-start
methods; variable neighborhood descent algorithm; Split

algorithm
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Y2 a5 B8 1 22 5 % 42 7] & (vehicle routing
problem, VRP)— M5 1% 8 2% Bt 1 47 %% , B b ool
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Fig.1 An example of 2E-VRP
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BA SCHR X 2E-VRP MRS A B, SR 7
REESAIEHERANE KRB LMWL Perboli
LU 2E-VRP (¥ 75 & T AL, 3SR F 4 X 1)
RHRELRE, IR BRK, FFRAHEEN
SHGEATHT[A]. Jepsen SE1H 38 H — Fh AR BRI 43 S )
IR 8 3505, SR A RR R B9 40 S ok AR R AR AR T 47 4.
Perboli 2% $ 1} — B 75 30 1 AR 25 20, B3R X 73 32
103 o R o AR B Y 7 AR b, Baldacei 20 4 Hy
T —Fh%ri) 2E-VRP #8), H FREBARWT 7, R
J& ¥ 2E-VRP @0 24 L R AR 25 35 55
% 42 8] 8 (multi-depot vehicle routing problem,
MDVRP)J5 , FRAIE B BOR M , R FIFTEAR
MRS, BT 2E-VRP 2 NP ¥ fa] @1 , 78 ) &
AR BT R A 55 V5 SR A AR 5 A 24 Y B ).
B ERBEA ZRE G RA L (multi-start™) |
HIE B K 4P 18 18 & (adaptive large neighborhood
search, ALNSI®)) & ¥t Pl K Memetic & 37,
Crainic i St 5 BB TR M E 5%
v SRR TEMLERY R, h TRE R RN
BEAR R, SRfEn sk, B ERE. ALNSH Rk
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Crainic 20 [ Z R4 s 5 - B R FME FRE B
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B PR Sk DL R T SR S 2 B AR XL B e R X R
BAS W5 Crainic B 98 T T A BC 38 BLA
([ % A B VERAS A A 56O X 2E-VRP [+
b An R .

s &8 3 R P& B 3 (variable neighborhood
descent, VNDU1 Y B 75 &8 45 38 28 & ¥E (variable
neighborhood search, VNSH1) fi—Fh. VNS 5 H
FOCHRC11 ] H 4 WY, LR O AR D X — 21 4B Sk ik AT
REWY, —F i BinE T RS ERRER
TREA » 73— T T8 I X R R B B L2 AT P 3l LA Bk
BRI RN, REFHWERES S VND £BRT
VNS it shd 22, BB CRB B i T o)
IR, 5 TR RTR.
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IR R R R R B T BAE YRk, ZRH
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& 51 7] J (traveling repairman problem, TRPM14)
R H ML P42 9] B (truck and trailer routing
problem, TTRPM™I) 4 7 #% % 5] B (school bus
routing problem, SBRPU¢1) % NP i, RN {X 3k 15
TSR, T B TR R R 8, T 5L
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&R F [ B 3 (multi-start variable neighborhood
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| % 5 B% 1% 8] B (split-delivery vehicle routing
problem, SDVRP™), 2E-VRP 5618 =R B &
2RO /D, FOR B BB I8 B A2 B JE. 2E-VRP
ARF VRP: BUBAE—F5 3R 2T & i o % 0 v e
M) 55— 2 S BE S 5 U Hh R ol B oz B T RERZ TR
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FMEHE X RY, B 2E-VRP (R LF L5
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2.1 REBE

FRWHRREE B R, 0 5 T RSP R AT AT
fit, AR M _ESR @ 2E-VRPY. ZERBE K
MDVRP i Al 1T BL A J5 85 HR &4 35 o a0 3%
i, YRR A — i) SDVRP, 3R15 58 % i BEHL
PIHR AT, SRR T AR R BT SRR it s 6
ALF R IR E T W RGN, R A LR IR A
BoARE A BE LRI 4G AT AT, R A SR T E
BRI EEE R, BIA R AREE, KR
& h i ERR BN R TR
2.2 WAVTREHIE

NI R R SR, 5 R
J7 SE N i B TR S R BERLHES ) 2 T B
A HISLBR. SE X SCHRLT, 17189 Split HIEHATE
2, B P ieh 5 -G R A BE BRI , R LA S
IR WRR D , HUE AR K B A A SR 4 B
PLHEES o B R 5 R B B e E /A %,
WA R B R TR Split B k& E b
Beasley™ #& 1}, f1 Prins"* 45 ) T HE4H I SC B I 72,
HAH) Split 5735 @A THE Y BEK VRP, A
BT 2E-VRP; SCRL7, 17 Pk i Split Hik B
BRT 2ANEG B RN BRI ETIHE, HR
WREPRITIE. BRICRLT15h, EA 8 Split BIER
% 8o HI R B A R — B AR, FERFE R/ MU BT
FIZEAP%K. 1% 2477 Split B¥ERAM 2E-VRP 7772 A
AR IHERET I8 2E-VRP B P B —FROR R Z ]
AR O R ol 2 ) B BE B 5Q R , BBk SO
(71489 Split F 8k, st R B R MR K WA 2 fr
Z

Bl 2 skt i) Split BIEFE RN R A &
KRR R BEVLHES T,0 S [0 MR IR A,
NURHEREIR A, AL MR AT I
RN, RHES T il ¢ AR B R
TR, L AR RLEIER BIRAS 5 7% B P G 5 0
A Z [ B9 BE B, 78 55 5k AT AT IR A A Hh 38 I R BT
J& Pl 2 0B P A B R X — AR I, AT 3RS
SERA. TR HE,N, BB _ R RITTNE
PR S ERT T W8 i TR AR B Fe , p,
IR T LA ¢ MERAAA S B RBRARLETY
R P, #0S,, i SR " R T R .

R RPIR TR E TR IHRE&A

TR IE R, N5 ek B s Bl W, B
e, WA EE — R W PO B R R X
serhigyl, RN HARN %z B, 2 E PR
vz BN T W RS —2 i) SDVRP #4020k
VRPY ™1, 4b 8 58 5 J57 e 12 B AT T i e 0l 24 AR
B—RHHES , 7 R ST RN 23 e A2, Il SR
BRB—D U, B EPOCES hiE 2
A EIRES AR 1R B8 — R BOR 07 385 IR T
RAMLES 155 2E-VRP Se 8 0 1 AT 1T

i P, 5, W
RE—PE

B2 Hgkny Split BixiRERE
Fig.2 Flowchart of the improved Split algorithm

2.3 TRETHREZHEBERETHIERE

JR R R 73 e WA — NS R ek Rk
7. B TFABE WS —RE— BB /MY VRP,
SR A swap il move HFENE - REMTHER
it BRE swap BF AP L5 A7 & 5 move
BFB—IhEEBIE S -FE—-REED. B
— 2R R R AT 58— R B B B AT

E_RIMERERKR, AN RRERET
4y R B RN B AR 2 BRI RD. 55 — 2% B4R P9 4
Kk ¥k % B 2-Opt, Intra-swap F Intra-move &
F. 2-Opt BFl 1 42 4 B IR R I — B 4
WIS ROk AT R Bk s Intra-swap 5 F R RN
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BEBRARESZWA T AN E R R
Intra-move - FH# BABELL AW R ATE# 3L
B, B E A — &R N g,

B R EREZEIEFRA 2-Opt” | Inter-swap
DL X Inter-move 5 F, 4%t 2E-VRP §* K T
Inter-swap # Inter-move 5 F 18 275 [, 2-Opt*
BFAAERRAS _EBah—&L, HE4A
W ZR T BRAR s Inter-swap BB FATH M AR B
BHN R, BRABRBRREZ THMEELET A ER
B4 5 B T AT 5 55 1, Inter-swap 55 F
A5 X Ak BE 42 I IR v %% 3 R 28 35 Inter-move &
FH—-FBE_EBEEPHTFRABHD S —FP,
BEZRTBENEL =T KA AP, Inter-move 5
FRIEN RIS —RHE TR Ry K
BRNEE. RS RSB EE, YR A F 4
IR R RSB _REABRARN, RAKEN
W REFH—SMRAT.

B w1 R E R T R A First-Accept R
B DU B & M4 8 R B E AT, 5
BP R MBI PSR R IR, BRAER—1
AT IR ARG R R E T R4 € PR3 40
T BEZNMARTFHITRRBUE. B FHE KR
WEE R B R FIITIRBER 2, 5 REZHRA
TG A, SUBE Lk 2 F B 7B i
AT R Z B F1E A Z AT, M Mg g4
5 TR R A R N B =R R IR LA LA
JEBHE. 5 R AR RN, AW AR T
[F] B H 2 iy, o 3 P 2R S AR G B AN RO R i Y
IR, MAUIHTES RS AMERRRET
AFE R, BT T R s &, WS
H—BHEE — KRB ; Inter-move B FEFT47
Bt — 2558 R IR IR B P AR B, B TR T
YN R, WU — ST R — R B R,
2.4 Kf# 2E-VRP iy MS-VND HiE R EH

A MS-VND B kiR E v AE 3 fER
B HPSE YR E AR, L WEERER
B R IERIKEG Improve R BRI B P ES HB
Uik ; A “ Trips WAT” 215 H 2 R EHE %
AR, “BEARE T RSN S” 21
STAIA 2-Opt, Intra-swap #l Intra-move =Fh RN
THERETIEABGE YR S MERE _HKBE.
K& — 22 E# 2-Opt™ , Inter-swap DL &
Inter-move B FHRNBE LU S PEKEEAD
BT X238 — R BB M EIE. B TFE - R

BRI REAXE S, B ER=EMETFRIITER
T IR B 3 IR B,

| SERESR S=Solve(Trips) |

|<7

| Improve A&

| BRAMSETERAL S

| e, R E |

E 3 MS-VND EZiREE
Fig.3 Flowchart of MS-VND

3 hRESSH

3.1 HolRk

A SCE AR B SCERLS ] X e B AL & — A Hhly
BRSPS LR 50 MR AL IR T ARK
TRESHEEPEEMBEAE. FTRAB YL
(random ), H .[» 4> /7 (centroids), 2 R 7>+ 15
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(quadrants) = #1437 JE 8. FEHL 4> A6 75 R =B
x, y AR EIIR L0, 100 ] B3 5] o34 s BLL 3 A
PURIBTT T AR, > 40 X 40 R
TG, TG AR 4 4 20 X 20 M7 SRR
X, Lo 6 AR A, TR a8
P &G - TR AR 2 R E SR .+
T WWAES R, TR A E PR ENANZ
BRI, thiguhi A =fh o 28 8L . BEHL 2> 16 (random) ,
Y] B 434 (sliced) . 28 X FR %] (forbidden zone) : ML
A3 AR RN B AR BR R, o b vl 43 A 2E 3T A B
BRI S U1 R 43 Ao R34 T R B 4 R, 3R,
BIBEYLBCE — A %ol SEX BRI RIR K m 5
VLB Lk Ao AR R , B S s Rk i E P
eyl , hiEuh R B BRI BB X A).
3.2 ZWigE

TEEHR 2. 8 GHz i Intel 5 X% E5500 4b
A (AR AR 2 GB WEMAT& Ll
i Microsoft Visual C++ 6. 0 S2E A LR ## 2E-
VRP ) MS-VND F#k. BB KERKECH1 000,
REFA ALNSE X L, AN B HATT 5

SR
3.3 ZBRERSIILSH

EFXT 18 MRERFIMIR S R R 1 IR, B
B ]S, 22 BB I AR R e B, AT RS R AT R
B B, AT R AT R B A R]. ALNS™ 5
BTN 2. 2 GHz ##§ AMD Opteron CPU i
CH++5L8, BN R HIHAT 5 R BSIIHE; MA
k1 Memetic B35 7R AR SC A BBE R 30 35 T M0 iR 45
588 5 BT EAN, WEASCIR T IR ER S
BECE ; MS-VND ShASCHR B 22 5 s B4R T
B R A A4S B %8 3] ALNS B LBy
FEER AT R E I B E , A SCER[21 ] 53k
PR CPU (PE8B184 (43310 1 234 11 658) ,7E
BEEERY X5 B PR AT EL B 45 1T A ALNS B
BT E] R UE , MA F1 MS-VND (115 ]
TEEAER EFRLL 1 658 FERRLL 1 234. £ 1 P44 H
T =M BEIE AT B 45 5w vk B 7 Y st
). % 1 o, ot M BUE R B MS-VND Bk 45 R
P FHMPIFEE, T LN BERALLEREAN
IHABBTFE k.

#1 2E-VRPiREHGIRERILE
Tab.1 Computational results comparison for 2E-VRP benchmark instances

B BKS4] ALNS] : MAM] : MS-VND :
R P4 R 18]/ s i P iFiEl/s R P mHE/s
Instance50-s5-37 1528.73 1528.73 1528.81 55 1539.52  1546. 46 19. 38 1528.73 1529.07 9.80
Instance50-s5-38 1163. 07 1163.07 1163.07 15 1177.01  1177.82 36.01 1163.07 1163.07 2.53
Instance50-s5-39 1520. 92 1520.92 1520.92 33 1535.81  1540.63 10. 82 1520.92 1520.92 27.08
Instance50-s5-40 1163. 04 1163.04 1165.24 20 1178.49  1180.35 21. 33 1163.04 1 163.04 9. 64
Instance50-s5-41 1652. 98 1652.98 1652.98 12 1679.27  1686. 33 11. 26 1652.98 1652.98 16.91
Instance50-s5-42 1190. 17 1190.17 1 190.17 31 1207.81  1207.81 21. 87 1190.17 1190.17 43.49
Instance50-s5-43 1 406. 11 1406.11 1 408. 95 60 1434.56 1448, 97 14. 43 1406.11 1406.11 14.35
Instance50-s5-44 1 035. 03 1035.03 1035.32 30 1053.71  1054. 20 9.74 1035.03 1035.03 32.58
Instance50-s5-45 1 401. 87 1403.10 1 406. 43 104 1430.40  1430.96 14.91 1401.87 1401.99 34.99
Instance50-s5-46 1058. 11 1058.11 1 058.97 17 1080. 85  1080.91 27.34 1058.11 1058.11 6. 58
Instance50-s5-47 1 552. 66 1559.82 1564.41 103 1574.65  1577.28 11. 42 1552.66 1557.20 31.41
Instance50-s5-48 1 074. 50 1074.50 1 074.50 2 1088.18  1088. 18 13.14 1074.50 1074.50 0.73
Instance50-s5-49 1 434. 88 1434.88 1435.28 81 1440.97  1443.01 8.52 1434.88 1434.88 25.15
Instance50-s5-50 1 065. 25 1065.25 1065.25 16 1091.76  1093. 81 35.52 1065.25 1 065.25 5.43
Instance50-s5-51 1387.51 1387.51 1387.72 46 1404.36  1406. 06 11. 05 1387.51 1387.51 5.94
Instance50-s5-52 1103. 42 1103.42 1103.76 47 1110.21  1116.15 42. 26 1103.42 1103.42 80.28
Instance50-s5-53 1545.73 1545.73 1545.73 37 1569.70  1571.81 6.03 1545.73 1545.73 7.21
Instance50-s5-54 1113.62 1113.62 1113.62 2 1120.85  1121.67 17.58 1113.62 1113.62 12.06

£ 13T T BRI E 5T R
BT, MA g SR i 0 45 508 2 F 3 G5 R AR A
ALNS 5 MS-VND, H 2% BE& 4B B, H s i
ALNS 5 MS-VND. 53315 1 R i 45 R R Ui
MS-VND ZEBA AT i 5 47 45 SR 535 B sk F
ALNS, % 5l #, Instance50-s5-45 F Instance50-s5-
AT XA B I B AT 45 R AL T ALNS; i 4h, MS-

VND ¥3%48 73X JLANE 41 24 i) B 31 A B i 45 SR 0.
MBI 5 WSRO T Rk ULL B T &
4] Instance50-s5-37 B EH{ERBE YR F ALNS #p, MS-
VND 7EHABE BT #3217 55 R0 T S E 1K 3 5
fiF ALNS Bk, HE 9 MR W FHERTF
ALNS. 5 MBS R R, 7 51 MS-VND &%
F ALNS BiE 5 Memetic Bk,
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PNET - NP S AR i e o 4= RP
HHERE. T =R E Y B % e B
TATALL R, ST B L. AR 1 AT L, X =
BT E N ESAED 2 min, BRI BT
ALNS 5 MS-VND KRR REH BT MA,
HE R ALNS 5 MS-VND #3HE R} E , MS-VND
e 5 MEFI T AR E 18 T ALNS, K4 13 2541
TiHE RSP F ALNS; ALNS & 4 A8 4] 53
BRHE B PR 1 min, i MS-VND HA 1 4.
MA HHERHE 7 1 min 22 A, 2w ES R, (5
HHEBRZRERE R A, H FREFENEEAS
%, BB A BB NITEr A EE, MS
VND i F ALNS &, H'5 Memetic B8,

FEGHELULR S SEE WS 2
THELALNS FESELHMNE FEFTERTHSH
BEBRAE R, MA HIK, M4A3CH MS-VND H
B 1 Fheki iy Split ¥k 6 F A B2 A9 )R 348
RETF,IHEE 1 M RERREE T, LS R &
K5  BAR TR,

GEEBBRNERTE . THE 6 LKL 8
S5S80R 5 FxES R X L H MR R, W AR
9 MS-VND Bt F ALNS &5 Memetic
S, AR TR WU e Ak PR R v .

4 g

AR SCER X ST 4 HR B S B R R A A ]
B (2E-VRP) , %3 T —Fh Z 7 S A4 T R
(MS-VND) #473R f# , £ %t 2E-VRP Bk T EA
Split Bk LIRS BEVLE IR I 1T/E , JF 9 B T VND
FLFMRHERE FHEREE. mEREA KL
GEREH, R ERTE T RERE SRR M,
BRLTF AT KM 2E-VRP BT PiFh g R N .
WAL, B FRIENZ AR SSHOR TR ML, 7
BT R S B A LR X

T—51 TG T W W LR B3
B OARE A AR TR , O AR SCHY SRR A TR 4.
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