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Optimization for two-dimensional loading constrained vehicle routing
problem with cross-docking and stochastic travel time

ZHANG Zheng, JI Bin'
(School of Traffic and Transportation Engineering, Central South University, Changsha 410075, China)

Abstract: Considering uncertainties in the real-life distribution applications, this paper studies the joint optimization of
two-dimensional loading and vehicle routing with cross-docking, and for the first time presents a two-dimensional
loading constrained vehicle routing problem with cross-docking and a stochastic travel time (2L-VRPCDSTT). Based on
Monte Carlo simulations and a scenario analysis method, a stochastic programming model with recourse (SPR) for the
2L-VRPCDSTT is formulated, aiming to minimize the total transportation cost, fixed cost of vehicles and expected
penalty cost of time window. According to the characteristics of the 2L-VRPCDSTT, an improved adaptive tabu
search (IATS) algorithm incorporating a tabu-based multi-order best-fit (TSMOBF) packing heuristic is proposed to
solve this problem. In the proposed algorithm, an adaptive mechanism is embedded to dynamically select different
neighborhood operators, and a diversification mechanism based on the remove-reinsert strategy is proposed to enhance
the exploitation capability of the algorithm. Experimental results show that the proposed SPR model and hybrid method
can efficiently solve the 2L-VRPCDSTT, and that the adaptive mechanism and diversification mechanism are capable of
enhancing the global search capability of the algorithm.

Keywords: cross-docking; vehicle routing problem; stochastic travel time; two-dimensional loading constraints;

adaptive tabu search
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2 18 B A AR Y TF B B AR AR A AT AT Rk
TR, 3 T0 B 2 A K 3G 0 S50V ) A SR AR T (). 5%
W, ARG\ — FhARR IR R A i SR B (Trie)20 il sk © A
W 1 % A4 S, DAIRD AN 0 B 1) 8 5 R A B
BT E, AR P R ABRANERGE RS
AFAEALE Trie Y, ) B9 1 FH Trie P95 2 DAIRE 4 B B AG
D, A5 2 0 A A A I T e A T AT M, I 2 S5
W H IS BAF M Z Trie .
4 HEISHT
41 ZHFE

AR SC BT A B S 50 DASS U AR AL IR A M
ORI . B8 1 SR8 3 T SOk [10] 32 A 2L-
CVRP H.41]; 25 2 2H S 56 3 T SR [7] 2~ FF 1) VRPCD
PRSI AE B T AN TR AR ) 2L-VRPCDSTT 5471, H:
s (R R R R 0t R A B A R DL
AR B HE R B % R SR E AR R
VRPCD ##5 57 Wk E AN 8 % K 58 s 2 1 Tori
ZEU01 3G - 2L-CVRP 5451 ¥ B B0 ) A2 g, a3 1 i
BB 538 classl RARIFE KA SE R O,
class 2 ~ class 5 R NMRLE 1) RST Edl 76 3 FoAS [
AR R (B RS 7K BE LA R 4 R TH
JT829%8 2ms K 4m. BRI (4, 5) HRAT I ) ¢



%34 KB FEMAGRAT I A B 2 3 29 R A AR B BLIX £ AR R AL 775
x1 PRFEKTERIEE RN
e (il K
class AL

IS B IS B IS B
1 1 1 1 1 1 1 1
2 [1,2] [0.4L,0.9L] [0.1W,0.2W] [0.2L,0.5L] [0.2W,0.5W] [0.1L,0.2L] [0.4W, 0.9W]
3 [1,3] [0.3L,0.8L] [0.1W,0.2W] [0.2L,0.4L] [0.2W, 0.4W] [0.2L,0.3L] [0.3W, 0.8W]
4 [1,4] [0.2L,0.7L] [0.1W,0.2W] [0.1L,0.4L] [0.1W,0.4W] [0.1L,0.2L] [0.2W, 0.7W]
5 [1,5] [0.1L,0.6L] [0.1W,0.2W] [0.1L,0.3L] [0.1W,0.3W] [0.1L,0.2L] [0.1W, 0.6W]

CV - E(t;;), Hrh CV A 7 RHL

592K ] Matlab  2018b 4 2, 75 4b #1 2% A4 Intel
Core 15-8500(3.00 GHz), N 1724 8 G [ PC - 12 4T il
R F VR IR KERIRECN 5000, 25 5 K2 R 25, FEA
HABIIEAT 200K AIENALERBEH S o1\ 09 &S
Pu 23 BEE 35, 154 0.25. 50; ZREME T FE AR
BRI P SN p € [4,min(10,0.4|N|)]. Z4F
I FE R FIR A M (= 1000) M5, 4608
Ja M (= 10) M5, AN RS H K ~ kiS5
SCHR [22] 43 158 E 4 5 (O /km) 200 (Ut / §%) 4 Ot

42 BHIERS
4.2.1 2L-CVRPHMIXFEL4E R

M 2L-CVRP Fr #E H 45 class 2 ~ class 5 H7 43 il i
I 18 NG5, H 72 AN DU B4, DLIGE A SC AT 4 11
IATS 5% 5256 75 2k, 32 N IATSTSMOBF
ByE 5 SR A class 2 ~ class 5 - M i 5 b 45 B H
Hi: BKS JySCHik o O R 4TV 25 AR, Gap & B2
VI 5 0 B P S8 A 2 TR PR 43 b 22 B (Gap
100x (V- #If# —BKS)/BKS).

R 2 2L-CVRPE 2R class 2 ~ class 5 I fRLE R X LE

ik [23] SCHik [24] SCHik [25] IATS-TSMOBF
K07 BKS
FHfR Gap/% FIfR Gap/% FI iR Gap/% iR Gap/%
1 281.23 295.46 5.06 290.37 3.25 281.23 0.00 281.84 0.21
2 339.26 341.89 0.78 341.35 0.62 339.26 0.00 339.26 0.00
3 374.07 379.41 1.43 377.37 0.88 375.81 0.47 377.35 0.88
4 435.00 440.85 1.34 435.01 0.00 435.01 0.00 435.01 0.00
5 379.03 382.23 0.84 379.49 0.12 379.03 0.00 379.03 0.00
6 496.90 498.97 0.42 501.02 0.83 497.04 0.03 498.83 0.39
7 690.67 699.29 1.25 698.65 1.16 690.67 0.00 697.36 0.97
8 678.44 701.77 3.44 703.13 3.64 678.44 0.00 678.84 0.06
9 612.01 614.67 0.44 612.02 0.00 612.01 0.00 612.98 0.16
10 674.88 705.04 4.47 701.61 3.96 674.88 0.00 681.46 0.97
11 701.08 731.41 433 736.30 5.02 701.08 0.00 721.83 2.96
12 611.20 617.47 1.03 613.94 0.45 611.20 0.00 615.21 0.66
13 2480.73 2581.41 4.06 2561.40 3.25 2480.73 0.00 2527.36 1.88
14 973.23 1030.50 5.88 1015.81 437 973.23 0.00 985.49 1.26
15 1128.18 1194.71 5.90 1193.97 5.83 1128.18 0.00 1128.18 0.00
16 699.79 702.46 0.38 701.27 0.21 699.80 0.00 699.79 0.00
17 862.63 862.63 0.00 865.94 0.38 864.06 0.17 864.47 0.21
18 1027.45 1065.94 3.75 1065.76 3.73 1027.45 0.00 1048.48 2.05
FIE - - 248 - 2.09 - 0.03 — 0.69

I R 2 25 5% b T L, TATS-TSMOBF 534 3K
il R RO AR T SR [231 A1 [24] 19 55032, AT X
Wk [23] 5 1%, IATS-TSMOBF 5 1% () °F ¥ fi v /> 7
1.79 %, H. 17 AN E A7) (9 ~F 3 AR T SC ik (23], 5 STk
[24] # EE, IATS-TSMOBF 51754 14 45451 3R fif
BAARA, PR T 1.40 %. SCHR 25 NEH R £
[ SCHR SR iR 2L-CVRP 1) A58 A4 325 SR 5 4T 11, TATS -

TSMOBF 532 5 H 35 2 BE AV N 0.63 %. LA b X Eh
g L3R B, R ST BT 4R Y R SR AR 65 ROR iR 2L-
CVRP.
4.2.2 2L-VRPCDSTTZHI43#7

1) HFAERE T

N T B8 IE AR SRR IR S R AL R 2 RE
ML ) A R, 16 7 55 2644 T, XF L IATS-TSMOBF.
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ITS-TSMOBF (A& Hi&E R L) ATS-TSMOBF (A
B ZFEENLE) 3 Fh L SR AROR, an I 3 F1R 3 B
P& 3 W FH IATS. ITS PA K ATS SR A 15 s 50h
30 SN RIS 28, 5 ATS FITTS 53 (5% B
SRR WY, AL TR B TATS S35 A8 2 i 1) i &
A WSO P A B R AR #A. 5 ITS kARG,
38 N LA G ATS FTTATS 53k BEAE7E 100018 42 4
PSR, 1% 5% B E & AL RE e PR 2 it i o
FE. 5 ATS Bk 0 Bemr WL, 24 5005 fa N = 3B i R A
I, AR SCHTHE H I 2 FEPERLE AT 7E — e P L aam i
PRk R R A BE .

xR #38%
12.0
—— IATS B
: - ATS
- “-5'.\ e ITS 53
Z
Fau
=
L}é_
I
e .
1 A Cm e __
0 1 2 3 4 5

BERWHL/ 10°

3 IATS.ATS 5ITS B A& RiTFEXTEL

#& 3 IATS-TSMOBF, ITS-TSMOBF 5 ATS-TSMOBF & ;x4 R %ttt

IATS-TSMOBF ITS-TSMOBF ATS-TSMOBF
S

RIHE P A /s RIER P M /s Gap/%  RAFHE S PR M /s Gap/%

class 1-30 9458.4 9465.4 92.1 9516.3 9529.1 91.2 0.61 9510.0 9525.7 87.1 0.54
class 2-30 9890.0 9913.9 98.1 9839.9 9858.6 81.1 —0.51 9878.1 9900.0 86.3 —0.12

class 3-30 9501.0 9576.0 93.5 9515.6 9562.1 98.3 0.15 95378 9619.3 91.7 0.38
class 4-30 9893.0 9954.6 80.3 9987.3 10059.0 73.2 0.95 9978.7 10055.6 74.8 0.86

class 5-30 97212 9771.2 79.6 9788.9 9846.1 98.7 0.70 9784.2 98453 93.5 0.64

class 1-60  17963.7  18146.2 108.9 18026.0 18195.4 116.3 0.35 18001.8  18191.2 101.7 0.21

class2-60  18065.1  18295.6 131.5 17982.0  18283.0 127.6 —0.46 18131.0  18273.6 112.5 0.36
class3-60  18129.6  18436.2 119.5 182953 186215 125.1 091 180553 184478 119.7 —0.41

class4-60  17976.1  18040.3 131.2 18170.8 182553 112.6 1.08 182353 183547 116.9 1.42

class5-60  18161.7  18161.7 127.4 18129.0  18208.2 129.4 —0.18 183524  18384.8 121.9 1.04

A - — 106.2 - - 105.3 0.36 - - 100.6 0.49

W% 3 from, AT ITS Sk, A ST H (1 TATS
FOEAS B R RR I A B R AR BT 104
AR 5 F 8 A5 A7) 1P ¥ AL T 1TS H ik, 7
A B b AT ITS Hvk, s b T
0.36 %. X F B 4 B & AL fe 8 /215 AR
IEBER IR 7 A 1, T 5] 2 R R AR,
TE— B FEIE IR T S0 R A [RIRRAIE i) 838 1) 65 A
GEVAR

FHAT ATS S35, AR ST H H IR TATS BE7E R
fRPERE_E RIS B B Hodr 10N IR B o
QAN EL 1 F SRR T ATS 8032, 8 AN A5 5t 47 AR
T ATS Bk, st H bR R EUE - 300 1 0.49 0. 3X
F B RN A ST IR I 2 FE ML e i 1S K98 %
B E—E R R IR T 2R R R G BN R R
MIAS 2. JE I 51 AL, B8 4 Mo SP 47 T BE R
SRR, FH LR 23T, hAh, ATSH
V2SR AR B T fp A, X = B TR 2 R PR LI AR B A 1%
AR IR A 23 1 A B -8 52 5516 A i gk AT 5
Fay, A 3 A 0 o T B SR AR B () E R S
R, T AR SR R SR IE A TR Z AR VAL,

2) ANIAAE S R HC R B R bt

TR A S 2R ot iR B R (R R, 43 S %
SEAR T RZELCV N 0.5 A 1 AN [F) AL 54 38 AT $
SeAG, g5 R LK 4, Hoh Gap BB R R E 58 0.5
A IS SR G A 2 TR B 43 B 22 B

#4 TRITZERYTHESERITILL
CV =0.5 cv=1
A Gap/%
RIFE PRI IR PRI

class1-30 94258  9467.5 94584 94654 0.35
class2-30  9593.1 96062  9890.0 99139 3.10
class3-30  9348.1 93747  9501.0  9576.0 1.64
class4-30 94206  9468.1  9893.0  9954.6 5.01
class5-30 93863 94359 97212 97712 3.57
class1-40 119573 121583 12252.6 12347.6 247
class2-40 120149 12257.5 12230.6 124169  1.80
class3-40  11919.0 12119.8 123483 126305  3.60
class4-40 118269 12153.5 125485 126856  6.10
class5-40  11945.6 122792 123197 127616  3.13
class1-60  17491.0 18077.6 179637 181462  2.70
class2-60 18015.6 18159.4 18065.1 182956  0.28
class3-60  18080.7 18382.1 18129.6 184362 027
class4-60 174134 176562 17976.1 18040.3  3.23
class5-60  17472.1 176488 18161.7 181617  3.95

FEE - - - - 2.75
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T 4 RS [ A S R AT H AR SR EUE X
AT, 78 S S A0 KT, A [ RIS 481 (1) g e At ~F
Y fe ) S — e R FE R 0, JC R Al T 2 BE
T 2.75%, 1% — ARG PR X EEREF R R
AR T B RAT I R) [ 5 Z2 38K, BRI AT )
V) 14090 2303 B8 A, 3 7 5 M 126 A/ I Py 2850

3) 5 FEBEATLARAT I 18] F 06 L4 23 AT

A 3K ML R ) 4 {8 (value of  stochastic
solution, VSS) #5 A i £ 22 W& e 47 i [A) AN B o 1 Fr 52
Wil T 9 A HA AR AP AR 260 A5 A

VSS = EVV — HN. (26)
Fod HN 2% 7R 25 18 Bl MR AT B 18] R 1 399 22 R A,
EVV IR ZUBE AT I 8] BEATL P18 5 T IS A,

[F) S5 25 A, IR BT A 50 30 1 60 1 A5 3R AT
WM, 25 SR 3R S H . Hoh BT 55 VSS B K T0,
X B 220 T 36 3 A PR B TR AT N ] 2 3 A A
FRAS. Bl SRR R, VSS A8 2 B — s R ) Y
T, &5 S 327 B A SR RSSO, N5 R BE ML IR 2R
T PRI AI AN A 2 A R OK . BRI, S R A gk
Hh 220 BE AL D] 3 3400 2 B K b 388 o Al ) B9
A NT I BRAS R S b A s SR RE e, SR FH BE AL AR
W18 1 43 EE (Gap(%o) = 100x VSS /HN) 3 — 25 ¥4 %
FEBENLYE AR, 03k S BT, BT S E H
53 b (Gap) IE 2 T 1.4 %o, it KIEF T 2.19 %, HWREH
AN IR S TE BEN LRI AL 2 A 0 E 1, 7 FRAR
2[R B PEFR IR T 132 e B T T B B EE AR
.

5 TRMEEFIRFENENE

A5 EVV HN VSS Gap/%
class 1-30 9561.9 9465.4 96.6 1.02
class2-30  10007.9 9913.9 94.0 0.95
class 3-30 9740.8 9576.0 164.8 1.72
class4-30  10027.6 9954.6 73.0 0.73
class 5-30 9978.2 9771.2 206.9 2.12
class1-60  18254.6 181462 1084 0.60
class2-60 185848 182956  289.2 1.58
class3-60  18619.5 184362 1833 0.99
class4-60 184345 180403 3942 2.19
class5-60  18476.5 18161.7  314.8 173

A - — - 1.4
5 4 ®

AR SO FEIRAT I TR] AN 7 1 A0 — 4R B 4R
F B P PR S A BR A 1) RLBEAT T WIE I, O 2 TSR
WA S o iriE i E T BLs A . R

AR DL % B ) T 58 A8 ) AR 22 Fl eIV o B AR )
WS IEFE NI AL, 72 S FE Al b, AR SCIR T RS
U B IS N S R EE SR TR R IR
SV ) B AT SR . e 25 SRR, AR ST R H 1)
B 557738 Re W A 5 SR i 2% SR BE W LR AT I [A] 5 —
Y A2 TR P T 1 ZE AP R A ), HL SO R ) E
R S R EIE A R R A )08, fe e — e R b
SUREE AR G N R A 2. A, ZEE A
iff o 1 IR 3R 2 3 A S M I S AR, ELRAT IR (7] 3% bk
K, 5 R VR IE i AN v

ARSI AT B8 N AT T S 1) 8 P 3 A2 A )
LA R LR AR 7 — 2 K SRR TAE, — 5 Al
DA B8 — LG B hn s T SEBR A R 2, A B 7 R RS
I} (] 46 2 55 AN 52 1445 )1 VRPCD i /L 5 — 5 T,
AT DAFE AN 5 14 20 18 53 DA B SR v T At gk —
T, AR TH IR RE.
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