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Modeling and Multi-start Variable Neighborhood Descent Selution
of Two-echelon Open Vehicle Routing Problem

ZENG Zheng-yang XU Wei-sheng XU Zhi-yu
(School of Electronics and Information Engineering, Tongji University, Shanghai 201804 ,China)

Abstract In this paper,a Two-Echelon Open Vehicle Routing Problem (2E-OVRP) model was constructed according
to the common open and two-echelon distribution of freight in city logistics. In 2E-OVRP, freight from a remote depot is
compulsorily delivered through intermediate depots (called satellites). The first echelon is from depot to satellites, while
the second from satellites to customers. Vehicles of both echelons are not required to return to starting points after fi-
nishing their respective distribution,or they are required to do so by making the same trips in the reverse order. We de-
signed a multi-start variable neighborhood descent algorithm to solve this NP-hard problem effectively. Computational
tests on several extended benchmark instances show that the designed algorithm pays attention on the balance between
solution quality and efficiency and can solve the proposed 2E-OVRP effectively.

Keywords Open vehicle routing problem, Two-echelon vehicle routing problem, Multi-start methods, Variable neigh-

borhood descent algorithm, Split algorithm
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for i := 1 to n, do Length, := +co, ¥,:= i; endfor
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repeat

load = load + (XT)
fork:=1ton,do
ifi=jthen
costy = D(8p,T}) + D(Spvo);
elise
costy:= costy+ (T, T));
endfor
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Z3NEP ERBRNLE, WA, YFARER T ARNEE S
Dot BT AT TR X W 4k B AR R332 o0 s move BT
H—RE_EBBEPHEFR SABHBE —-EB _RBET,
FRERZBBIELE 3 MEF AL BB P RRE R
BRAZET B % PO E B M L. B REERNE
HREARRHRERAETHREH . S4BRAEE F=EH
F R BERNEEE _REHNRERARERATN R
B_RBEARETHE S,
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BERERAHBREBER. “BRBEARBR ERE
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B AR XY R0, 1001085474 . B4 R HL
T RBETTETH K AR X Bty 40X 40 K BARE T
s UL ERANE 4 4 20X 20 B FHAR R X, tha ik
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ERTABREAME. YA 49H T A RR RS
PN n R, BREVUE — 0. BXRH
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77 —% 10000 W AT 5, LIRS MS-VND H.i% K f#
2E-OVRP ZEBIMBRITER.
4.3 EWHERSXLSH

&3t 18 MY RE SRR INE 1 5. HETLI
%, 2E-OVRP AW Hin% % 2E-VRP &R . ZBRE 4
BEFEEPLSESEEPLONBKNL. E1H“GX
ERBEXTREER”5“ALNS Bk xR 45574 5 0 F X
BAR T X BIFPE  f B S AR X R B 45 3R “MS-VND B i |
HFER B ZE B2 10000 WKER KB W RITFHE; “MS
VND E % 10 # 200 RERGR" SR T HMEH T 10 #81t
BLERNBITR . PHESERAEZURRIFFE RN A
BHE B F B E. B 4 4 H T Instance50-s5-37 B T 2E-
VRP 3t R 45 R A1 2E-OVRP B AERLE HBXT . FER
ERNFOEE, ZABIEEPO BANEF S HE N
BRI MEAFE REE,

Total cost ie: 100084
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(b) 2E-OVRP Solution

B4 2E-VRP 3 RZHR 5 2E-OVRP BIFERM 1L

F1 2E-OVRPY REMIZERSMH

P RA AR HxREEB ALNS % %4 MS-VND X % MS-VND # 3 10 # 200 kR &R
HEZR AR B IiTHE R .8y FHE LE LRl

Instance50-s5-37 1000. 84 1000, 84 923.75 923,75 923, 7510. 00 0.13
Instance50-s5-38 816. 94 816. 94 712. 09 712,09 712, 09%0. 00 25, 38
Instance50-s5-39 1003. 91 1003, 91 911. 36 911. 36 911. 36 0. 00 3.68
Instance50-s5-40 824.12 824.12 717.96 717.96 717.96+0. 00 2.34
Instance50-s5-41 1085. 89 1085. 89 989, 84 989. 84 989, 84+0. 00 3. 65
Instance50-s5-42 884. 58 884,58 740, 06 740, 06 740. 06+0. 00 10. 94
Instance50-s5-43 869. 78 869. 78 774.77 774,77 778.071%4. 81 31.54
Instance50-s5-44 675. 67 675. 67 598. 96 598. 96 598. 9640. 00 17. 05
Instanceb0-s5-45 919. 29 912. 46 797. 82 799.31* 800. 03+0. 61 21.56
Instance50-s5-46 706. 95 706. 95 613, 64 613. 64 613. 640, 00 0.94
Instanceb0-s5-47 956. 39 917. 14 869, 90 869. 90 873.96+1. 88 13.23
Instance50-s5-48 679. 86 679, 86 636, 26 636. 26 636. 26 0. 00 12.51
Instance50-s5-49 906. 93 906. 93 861,01 861.01 861.01+0. 00 3.99
Instance50-s5-50 783. 06 783. 06 656. 80 656. 80 657. 090, 61 46, 98
Instance50-s5-51 903. 40 903. 40 816. 88 816. 88 817.44%1.72 18.14
Instance50-s5-52 788. 24 788. 24 676.13 676. 13 676. 220, 12 38,48
Instance50-s5-53 987. 38 987. 38 875. 29 875. 29 875, 29+0. 00 4,89
Instance50-s5-54 784, 56 784. 56 686. 66 689.93*  689.93+0.00 15. 46

HE 4 RF 1 PRMHERRE 2E-VRP WX NSRS A
K MS-VND B3R 2E-OVRP B 45 R/ X e vl 5, 57
i) 2E-VRP B H R E T H) 2E-OVRP f&, B & ZHEH K,
2E-OVRP FIRBREL S MEE F e, L& 6 H1E 25
VRPRE., NBRFENFEREREE, BREH Instance50-s5-45
1 Instance50-s5-54 4h, HEHHT 200 KRBT
BT 10000 RER BT, B WS ERSR TR SRR
BRI AR MENENER U RREEXRE, B 10
RITEGERERE/N, PHERABAIRGFE, BEA 1218
BT 10 #itEHRE THRMNBFE, TEEREE, 8%
B BT E BN EE, B EATE -S4 NRBE R
BHERTERERYR, WEYREE RGN T HEER,
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HIRIE AT P SR B T A PR B
BEE . SAFH AN EREEZREQCEVRP LR Z
EFRAFASRFENFBRIXEBREA Bi5, HET
TR PR FE R 2RE CE-OVRP) M UEHE A, 383 T
—FhE A AR T BB (MS-VND) #H473R #8, 4 %t 2E-
OVRP ¥i# 7TEA K Split ik, KB T WMBTTH#,
HEHERNRFERETHAMR T BME TR I
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