H 2 %
ACTA AUTOMATICA SINICA

Fark FTH
2021 £ 7 H

Vol. 47, No. 7
July, 2021

\ AY /_\ D -H- RS ’f‘b'EE‘ < S Y =
ZLBRAECEEN TR EEFKEEHNLAY VRPSDP [o)&#
R xR x & FEEYL
W OE A OBCE R IR T IR SR BEALAY [F B ACE 0 A 5 %42 8 (MDVRPSDDSPJID), #4487 Hikr B MD-
VRPSDDSPJD #8. TR A B B T BE AL 2 29 WML LR R A O 2 P A B R4, AR LTt A 7 & AR By
SR FH 2R L 20 A 5 6 %o R 2% 2R UL e BB A R s A AR il LARAIE, Wit T H@E RS AR IS S L R L (Adaptive memetic
algorithm and variable neighborhood search, AMAVNS), %% 304k 3 R 51k 5 BL 3, Jo 348 2% 68 71 99 55 B e, 5 A0 40 4k
BRSO BV FE A 2R A 738 F B SO AR D Rk 1) R B 4 R SR g by SRR BRI R A AR AR 0 SR O A IS R UK
WS R B 3 8L 25 1 S2 ML) T A b e AL BT 5 ) B RNR B 2 A B ISR T AR T R B A . T R AN
RUWAIEE T VRP (Vehicle routing problem) FHCHERT 5, UL A b i) & 2259 18 B2 1F Rl 52 it — FhoRl 22 & 3 i 7 2.

KEER EWERAR I, 2, N ECAEDE, BEALT K, SCHIERISNE, RIS Rk

SIS JEEM, IR, xI¥, FEl. 2 O0BE IR T ER T KN VRPSDP M. B33k, 2021, 47(7):
1646—1660

DOI 10.16383/j.aas.c190519

The Multi-depot Vehicle Routing Problem With Simultaneous Deterministic Delivery and
Stochastic Pickup Based on Joint Distribution

FAN Hou-Ming' LIU Peng-Cheng' LIU Hao'! HOU Deng-Kai'

Abstract A two-stage model is constructed to solve the multi-depot vehicle routing problem with simultaneous de-
terministic delivery and stochastic pickup based on joint distribution (MDVRPSDDSPJD). In pre-optimization
stage, the pre-optimization scheme is generated, and the vehicles is assigned to the customers based on the stochast-
ic chance constrained and vehicle capacity constraints. In re-optimization stage, the failure points rescheduling
strategy is used to re-plan the path of the service failure points. According to the characteristics of the problem, a
metaheuristic combined adaptive memetic algorithm and variable neighborhood search (AMAVNS) is designed to
solve the problem. In this metaheuristic, aiming at the shortcomings of memetic algorithm such as fast convergence
speed and weak local search capability, the deep search ability of the variable neighborhood search algorithm is ap-
plied to the local search strategy of the memetic algorithm to enhance the local search ability of the algorithm. The
strategies include self-adaptive number of neighborhood iterations and adaptive mechanism of selective acceptance
of inferior solutions are used to balance the diversification and exploitation in the algorithm iteration process. Nu-
merical results show that the model and metaheuristic we proposed are rather effective. The research results not
only deepen and expand the vehicle routing problem (VRP) theory research, but also provide a scientific and reas-
onable method for logistics enterprises to draw up the vehicle scheduling plan.
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77 B B 3% At 1 B /N E B R o8 AR AR IS 0y, R
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Beizg oty RIERIE R I BCIE O ERE Veh K sta
DA 2R 53R ] (O TC 3 o O AR B Vel K end. % HE
H| S RS EE A a0 5 BT,

pop_route| 1] 3|5 |6[7]a]s]2]0]
Veh K|1]4]s
Veh K sta|1|1]2
Veh K end|1|1]2

K4 it R sl
Fig.4  Encoding mode diagram
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AL E T3, BERETS ORIEARNEE 1 2 FEE, JCRE
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2.3 IEFR(E

e R 1R AR SR 0 A o FORS S OR BE AR 45 5 1) 3K
W, SRR EIE AT A, BN BE P R S
FLAE B2 pR U R/ BRAE B, BIVIE Y FEE R A R
RSP IE T IR R AU e s [z, Biade o g MR
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(AR EEXCAPSIS T 65/ 8

2.4 FHALERIE
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N, KA popl BEAT U 22 U, DA A AL %6
BUAMA pop2 , 73 BIBENL A2 RAL i1y d12, do1s o2
popl BEAL B AL a1y ~ino 2 B EE 20 4E R 3 S 4k
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AR, BISEBR pop2 WAL E popl BENL KA i1y ~ dro
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BIF A AR, HAHEERE R AEIE R
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2.5  |JEERE AR

SO PR SR 1 JRy A 1 2R S 2 S (A T
BEZ—, HRERFIENRHE RIS, A ORAELR
SRAR ZR SR B N P 8 R B 1 R SR I e X o
HEMIR R BE | DML R A Ny, = { MV,
Ny, -+, Ni}, XERRHE RS R o B — A &4 1
Ny RO IREN. 35 1L TRV ) AR IRAE 2K H S, A AR R
Bt A, MPAT T — D BIEE . 3572 5 — 4R35
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2) A BEALIE AR m i fl g, SRR
FUS AL E. W 7 (b) iR, %57 3 FIE T 6 A8
fiHE.

3) 2-4fiN: TEJR T B R B LE REE S A
Fu, B AR N BIBEHLE PRI S ST
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Fig.7  Neighborhood structures
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1) AESVEIEACRI AN RIS, e o 75 B 3030 5
JEARR. AEIRACHII, RV AR 38 2 K,
PRAFTHE AU S Bl foe DR AP SR IR B 3 K
BN AR IR 2R UK, ISR EA I R BE T, HFE A
38 N 25 i 1 S AL A SR G L R A e . AR ST
ERLIVAISE €L E V€ 67T [

new_popl 5| 6| 7[4a]3]1]9]8]2]
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The diagram of ordered crossover operator

a) WE YR WA RIXEY Sn =1, wIMH
BRI ECN Con_num ;

b) A UK ARG B AR f 00 R ik, 0 4
Con_num = Con_num+1, Sn = Sn+1; HFER G
M AR RAAE 03, W4 Con_num =0, Sn = 1;

c) AR ARIE LR U B IREL Con_num 5
TRBEAE Stop num B, FyEZ& L, % B AUAE.

2) WU & 95 1 S B 0 2 15 4 2 BN
Je FRIARBEAT FI BT, AR SCH B R 25 A% 32 LA A0 T

a) WEBIEZSEt, t =1+ Con_num/gen, gen
NIEARHIAEL;

b) MIRB A HIHE o W f(a') < tf(x), T
L =2

BB /N2 BRI Min_gen , BISREE
HIRT Min_gen RILBNIRAEEE IR H5 R, 5%
BB E I, FRE RN R R, A
AL AR O . B8 A A A O R R AR I TR
Con_num WIXGIN, ¢ {EZHIE K, Al 8252 SR HIva
EERRE St/ NI L b IV E A = S L S M R i
it AL

3 BHIIERERSH

ARSI E T = 2R I8 U A SRR A AU
135 MDVRP &4, VRPSDP &4 #1 MDVRPSD-
DSPJD &4, B F MDVRP 1 VRPSDP & A&
A5 ) At e A, PR LG A B MDVRP S5 451 A
VRPSDP S5 A SCE AT INE . A R ILwmE
T.EXH MATLAB R2017b, #{E £% N Win-
dows10, BN N 8 GB, CPU A Intel i7-7700,
FHi 3.60 GHz. &t R B, AXEESHEE
R BRIERIRE Maz_gen = 800, P Pop
size = 30 ~ 150 , HIUHALLBIRAY R IREL Sn = 1, &
K AR 5 A5 PR IR B Max Sn=1000, #x iR % &
A AR B KRB Stop num = 20 ~ 50 , F/NAT 4%
2R AREL Min_gen =30 ~ 100 . ZH B HE
B[R] X6F 87 SR A5 R 2% 7 S RRARE o FH O, X < 30 B,
Pop size BN 30, Stop num B EN 20, F/NA]



7 3 BEVCEE R e A tEVY PSSl WeS U B

TR REEHLA VRPSDP i @ 1655

P2 HIRHIACE Min_gen =30; 2430 < n < 751,
Pop_size BEBE N 80 ~ 100, Stop num W EN 30,
i /N AT H2 52 4 R AR EL Min_gen = 80 ~ 100; 4
75 < n <100 I, Pop size Bt B N 150, Stop num
WHEN 50, Fe/NAl 52 BIETIARE Min_gen = 100.

3.1 MDVRP EHISHR

SCIE 1. JERBOCCHER [21] HER ) MDVRP 541,
B PR 30, A 3 AMACIA O (AVBLC) HAg
AMACIE RO 4 W4, BT CA SCEROM i E R
RN 116.01. 3R 1 45 R ZEM R
BEEVER SR [24) RIRH AR REE & T
WAL SRS = T 1A SR DU SCAR ST 3 3 AR 4R
OB R BNESR AR 10 (RIS R, oSk [22]
IR R 7y XSk 1 77 =X, SOk [23-24]
ARG AR ST 55 35 R FH B 6 TS 36 1) 77 Ak 47 il 3k
BK S N BT CA SCHRRAF I BAUE, Best Worst
Avg 53 BIABEIRISAT 10 R RAS R BARAR . B 5 i
P, % Dev NEERAT AR H A 2 A s
iR 22, CPU NFEIEIBATIE.

3% 1 AT LUE Y, SRR E DT, SCHR [22]
T I 73 XA AC I T7 20K 22 ot 1) UL A g b e )
REFEAT KA, X PR i AR AR T bR 2 =
T AR SRR B 72 . AR SCRIE S B f AR
HEAT T B, SRS 113.62, BEA SCHRK
BRBARAR UG T 2.06 %; 15 R 5 S A LA T4
fif 7T, WIAPET I AR, FE VTSR R 5 T, A5
FIRISATI AN 4.78 s, AT HAh S, AR
SRITEFI S . R 2 45 AR SOR MR I 4 04T B R A2
8 4o it ViR K, W LAE AR
VEAT DLEE B (AR A PR LS, S BN
Je ¥ e A I, T PR Bk R R, B R
FARERE.

SR 2. WEFF R AESE B PR SR AL MDVRP 5
B B 56 A SRV AT B0 AE (H 55K IE: http://
neo.lec.uma.es/vrp /vrp-instances/multiple-depot-

vrp-instances/). % 3 £5 T RAEREAL H &N R

ik (GRASP/VND) L gL 5% (GA)R 4R 5
IR AL (ILS)PT LA A AMAVNS Hikiz
17 10 KK MR, BK S NS FE A 25 H A 2 50 8
fRA#, Best NBEIRIZAT 10 TR 15 1 B AL
% Dev NI RAF 10 B A A 1R) 2 80 S5 A0 A 110 O 22
CPU NEE VST ).

% 3 ATRLEH, EX 7 AN S0 R g
GRASP/VND 5%, GA Hik UK ILS Fik AR
Bl fiff. GRASP/VND Sk RIE R B 2, KR
AR ZEN 11.85 %, “F¥IWZE 4.81 %; GA HikK
i — M, KR ZE 9.05 %, PR ZE 3.12 %;
ILS HF R i KM% 6.09 %, TR ZE 4.51 %.
AL AMAVNS 595 R it i P w22 T Hofh =P &
%, ARSRE R B AR, SR H AR, B
% 3.80 %, T¥IWZE 1.76 %. BAlE T A SCRNEA R,

3.2 VRPSDP EHI9#hr

SEI6 3. ikl Dethloff 47 H % P JUAE Ky
50 (IR S, BB AR B 5 AN [ 1 b B A O 4y
A SCA (Scattered) 1 CON (Concentrated) Pk
B RAGH TS EREL (TS)™, T HAH
VE (EPSA3), 5 L MUBE SV (SavAnt) ™, 4
R (SS)P LA AL AMAVNS 557 SCAS
A1 CONS [ 20 NI HEEAT 10 IR &AL f#. Best
FoRNFILRIBZFE R B  AME, %Dev Konti
AN o 25 SR R AR AR TR 5 A S T S A )
Z, CPU NigAiTHE. B9 A T A CHIKER
%1 SCA8-0. SCAS-1 IR iRk 121K

% 4 AT LAEH, £ SCAS8. CONS Ht 20 M
B, TS HyEsRA T Hed 6 N, Sz
2.65 %, “F¥IMWZE 0.83 %, FiEFER 80, EPSA3
SRR IE AT I R) B, (HOR R & B 22, RS
H 1AM EBME, KImZE 5.57 %, “FY¥RZE 2.52
%; SavAnt FFCRARR K, SR 4 N RALAE,
W RIMZE 2.69 %, “FYIWZE 0.61 %; SS H kR
W6 MNRE, KR ZE 2.65 %, PR Z 0.83 %;
AL AMAVNS BRI RIF, KRR REMLT

®1 HEMEREHAL

Table 1  Performance comparison of different types of metaheuristics
ik BKS Best %Dev (%) Worst %Dev (%) Avg %Dev (%) CPU (s)

RE 5y FIEP 123.33 6.31

IRAE IR 122.42 5.53
AR REER 6,01 116.01 0.00 343.31 195.93 187.34 61.49 243.00
BT IR HIER 116.01 0.00 326.48 181.42 176.37 52.03 216.00
R TR 116.01 0.00 162.38 39.97 156.32 34.75 168.00

3 A A3 S A PR 113.62 -2.06 115.39 -0.53 114.33 -1.45 4.78
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Table 2 The algorithm solution path of this paper
B FERAT Bl R A2 MR
A-22-30-14-10-7-4-A
B-11-29-28-13-8-15-1-B
AL 113.62
C-16-25-5-12-26-18-3-6-C
C-17-21-19-20-23-24-2-9-27-C
150
145
140
135 |
% 130 |
K 195
i3
120
115
mb— .
0 10 20 30 40 50 60 70 80 90 100
IEARIEL
8 BTG HE
Fig.8 The iterative trend of optimal solution

HoAthy 4 oL, SRAGH A 13 MR, SRR ZE 0.83 %,
IR ZE 0.12 %, (ERIAF S HHE ) Wz
PIREETE 1 % LA, FRIRIGAE T A SCERIE A R
K SR R e MERE.

MDVRPSDDSPJD &4

LIS 4. HTHA A EA X T MDVRPSD-
DSPJD ] & (b5 #E 5451, @ i 5 br ik MDVRP 5
il pO1 BEATAE L LAIE N A SC IR Y. pO1 5405
4 AELIE G (BRI 0dnS 51 ~ 54), BEAMALIE
O A 4 R R4, EN a8 80, &K AR
50 (%95 1 ~50). &P AL, S8 & Salhi 55

P T SR 2 BRI = A By, 2% P IR AR KR,

3.3

G NEF D BRI TE R, RSN P HI
min(z;/yi; yi/xi), Hdi =rig; & = qid; 1WHEAFH
LR SRR, FERTR AT AL R AR Ak
I, 2P B4R T B AR KN, AN RE B % 7 77 SR AR
M = 6.34 HITARA 0 A . R AL €O R, IR
2% 522 P g iR A Rk bty . H bR S 0 R R AT Bk i
7, SRR RA R, 2 54 LS 4R
[ JE a2 HHCa BRI (RO 1) RIS S ) 4R 53R [
TR CHEDU] 2) 78 AN [5] JXUBSE fi 445 o 5 R 49 31 SR i
20 WITHEEE . Best iZ MR 3R At i) e A Ak,
Avg NEIEIBAT 20 IRIE38/E, % Dev NI 2 75
AR AN Y M7 AR TR 1 iR %=, oPU
RNEFIBATIA]. 38 6 45 H S0V BT SR B AR A X 92 1)
AT IR AR

MR 5 AT LA H, 75 A [F) RO 47 P 3R T
KR g R EA PR, B 17E =07 B3R
3B AR fik 533.85, “F¥IME N 624.97; BN 2 1£
o = 0.7 B SRGBALAAE 499.96, “FH1E N 610.54. 24
PR D BB o BRI, R 58 35 Ml 1) T PR AL, A5
DUIRCR IME 2 B D R 25 2% . 5 T R 45 R D A % 45
INEYE P R SRS RICIE, SRR IRk RO, 5
AR EARAIT B 7 BN H BRI B AR, R T
TR CA T BG4 AU D BB o Dk /NI, R 5 35 i
T ER, FE-HERERSEZNES. R
1M E T BEMLIR 2= I se ), 5 350 40 00 4 4 (8] JC V233G
R IETR TR, GRS &R, &R
Feik bty BTN IIRSS. Rk, B R 2 vk 5 1) it
15 SR T G 0 47 M 8 A AR T K T P o R W 3R ) 0
ANERAR AR . T I, AR S e 5 R e A1 o
0.7 7247, BERERH I T o WK, —#id R %
JUEUE D ) B R Sl T o [H I, ST
IRBCIE ROy, 3 BRI A R4 .

BeAh, s 1 AR 2 Fe b, TR
AR SCHR H TR 22 AR 1R R0 D) 5 A% e 1 2R R [ o ik
HORITE B A A T TR T 6.35 %, 18 FH 254K

# 3 MDVRP HBI4 54
Table 3  The results comparison of MDVRP instances
GRASP/VND®! GAPY ILS®) AMAVNS
HEl ZPMEE BKS
Best  %Dev (%) Best  %Dev (%) Best  %Dev (%) Best  %Dev (%) CPU(s)

p01 50 576.87 592.21 2.66 598.45 3.74 606.11 5.07 576.87 0.00 32.60
p02 50 473.53 529.64 11.85 478.65 1.08 496.45 4.84 473.53 0.00 39.22
p03 75 641.19 648.68 1.17 699.23 9.05 675.32 5.32 646.33 0.80 84.06
p04 100 1 001.59 1 055.26 5.36 1 011.36 0.98 1 062.60 6.09 1 039.69 3.80 155.23
p05 100 750.03 769.37 2.58 — — 782.34 4.31 765.98 2.13 143.73
p06 100 876.50 924.68 5.50 882.88 0.72 910.13 3.84 902.27 2.94 164.82
p07 100 885.80 925.80 4.52 — — 904.44 2.10 909.22 2.64 159.01




7 W JEIEE: 2 O BCA LIS TR TT TR SREENLET VRPSDP ) & 1657

# 4  VRPSDP 54 R I
Table 4  The results comparison of VRPSDP instances

B TSk EPSA3! SavAnt®! SIS AMAVNS
bl Best %Dev (%) CPU (s) Best %Dev (%) CPU (s) Best %Dev (%) CPU(s) Best %Dev (%) Best %Dev (%) CPU (s)
SCA8-0 981.47  2.07 414 101506 557 961.6  0.01 981.17  2.05 961.50  0.00 35.31
SCAS8-11 077.44 2.65 4.27 1 098.91 4.69 1 063.0 1.27 1077.44 2.65 1 049.65 0.00 42.05
SCAS8-21 050.98 1.00 4.20 1 064.54 2.30 — 1 040.6 0.00 — 1 050.98 1.00 1 049.22 0.83 36.63
SCA8-3 983.34 0.00 4.17 1 021.61 3.89 — 985.9 0.26 — 983.34 0.00 983.34 0.00 31.59
SCAS8-41 073.46 0.55 4.13 1114.50  4.40 1 071.0 0.32 1 073.46 0.55 1 065.49 0.00 42.87
SCA8-51 047.24 1.68 4.02 1 060.43 2.96 — 1 054.3 2.36 — 1047.24 1.68 1 029.95 0.00 38.19
SCA8-6 99559  2.37 3.85 100466 3.31 — 9725  0.00 — 995.59 237 973.27  0.08 34.88
SCA8-71 068.56  0.84 422 1080.17 1.93 1059.7  0.00 106856 0.84 106322 0.33 29.01
SCA8-81 080.58 0.88 3.85 1 098.02 2.51 — 1 082.7 1.08 — 1 080.58 0.88 1071.18 0.00 33.54
SCA8-91 084.80 1.32 4.20 1123.55 4.94 — 1081.4 1.00 — 1 084.80 1.32 1 070.71 0.00 46.03
CONB8-0 860.48  0.39 419 857.17  0.00 858.9  0.20 860.48  0.39 857.40  0.03 37.86
CONS8-1 740.85 0.00 3.89 742.41 0.21 — 740.9 0.01 — 740.85 0.00 740.85 0.00 40.75
CON8-2 723.32  1.38 376 71517 0.24 — 7143 0.12 — 723.32  1.38 713.44 0.0 35.99
CONS8-3 811.23 0.00 4.12 815.59 0.54 812.3 0.13 811.23 0.00 811.23 0.00 39.37
CON8-4 772.25 0.28 3.75 789.13 2.47 — 770.1 0.00 — 772.25 0.28 772.25 0.28 41.22
CON8-5 756.91  0.23 3.99  759.09  0.52 — 766.6 151 — 756.91  0.23 755.16  0.00 40.84
CONB8-6 678.92  0.00 404 70783 4.26 697.2  2.69 678.92  0.00 684.11  0.76 53.95
CONS8-7 814.50 0.00 4.00 834.64 2.47 — 814.8 0.04 — 814.50 0.00 814.77 0.03 49.99
CON8-8 775.59  1.05 3.74 78743 2.59 —771.3  0.49 — 775.59  1.05 767.53  0.00 33.40
CON8-9 809.00 0.00 4.13 813.84 0.60 815.1 0.75 809.00 0.00 809.00 0.00 34.21
SEEME 909.33  0.83 403 92519 2,52 298  906.71  0.61 441 909.31  0.83 902.27  0.12 39.38
100 100 —_—
90 90 ' .

80 80

70}t 70

)% 60 60

s 50 50

# 40 40

ﬁ 30 30

b 20 20

10 10

7 16 %5
0 b L
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(a) Path diagram of SCA8-0 (b) Path diagram of SCA8-1
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Fig.9  The specific path diagrams of some cases of experiment 3
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Table 5  The results comparison of MDVRPSDDSPJD
1 Fm2
“ Best Avg CPU (5) Best %Dev (%) Avg %Dev (%) CPU (5)

0.1 558.98 732.61 98.85 548.86 ~1.81 674.40 ~7.95 101.57

0.2 565.26 726.67 92.75 549.51 -2.79 673.54 -7.31 110.48

0.3 545.30 713.16 97.43 542.30 ~0.55 676.67 -5.12 108.43

0.4 568.42 713.75 108.26 550.14 -3.22 678.61 ~4.92 102.49

0.5 549.96 709.65 105.43 543.59 -1.16 650.79 -8.29 109.47

0.6 548.04 651.97 105.67 537.83 -1.86 640.07 -1.83 114.64

0.7 533.85 624.97 102.20 499.96 -6.35 610.54 -2.31 101.35

0.8 545.30 668.99 110.46 537.83 -1.37 641.70 ~4.08 148.57

0.9 546.83 657.50 90.26 537.44 -1.72 653.35 ~0.63 96.84

1.0 564.64 655.98 95.33 563.24 -0.25 650.85 -0.78 110.28

FHME 552.66 685.53 100.66 541.07 -2.10 655.05 —4.45 110.41
% 6 MDVRPSDDSPJD B4R i It il 3) lﬁl‘f E"] Qﬁﬁ”ﬁ@ﬁiﬂzi%%ﬁﬁi, 4%‘&/?‘\5
Table 6  The best solutions of MDVRPSDDSPJD A R B G NS R DR SRR 1) Jm 4 R SRR
ZEIAT B MR A Pem T EIEN SRS WU I B S AR IR &R K
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i 54-20-3-36-35-54 o s WE, 25 SRR, P B R R 8 vk I BV R A AU
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