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Hybrid Evolutionary Multi-objective Optimization Algorithm for Vehicle Routing
Problem with Simultaneous Delivery and Pickup

Abstract

Abstract: In order to provide reasonable and effective decision support for logistics enterprises in vehicle
distribution route planning, a hybrid evolutionary multi-objective optimization algorithm combining a
multi-region mixed-sampling strategy for global search and a local search based on individual route
sequence differences is proposed for the problem. A reasonable mathematical model is constructed and
the global search strategy is used to make the population individuals to converge quickly to the Pareto
front from multiple directions, and the local search strategy is employed to guide the poorly performing
individuals in the population to evolve towards the direction of better performing individuals, thus
improving both individuals quality and local search capability of the algorithm. By conducting a series of
experiments on a standard benchmark of vehicle routing problem with simultaneous delivery and pickup
and time windows (VRPSDPTW), and experimental results show that the proposed method significantly
improves the convergence performance and produces solutions with good distribution.

Keywords
simultaneous delivery and pickup, time windows, hybrid evolutionary algorithm, multiregion sampling
strategy, multi-objective optimization

Recommended Citation

Zhang Wengiang, Wang Xiaomeng, Zhang Xiaoxiao, et al. Hybrid Evolutionary Multi-objective Optimization
Algorithm for Vehicle Routing Problem with Simultaneous Delivery and Pickup[J]. Journal of System
Simulation, 2024, 36(8): 1914-1928.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol36/iss8/15


https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15
https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15

Zhang et al.: Hybrid Evolutionary Multi-objective Optimization Algorithm for Ve

%36 555 8 RO E#HO Vol. 36 No. 8
2024 48 H Journal of System Simulation Aug. 2024

S — R R MR RE &2 B st

kR, Eexdg!, kexss', KEHE’
(1. 3R TR, TR A 4500015 2. FBMIGLZS TR EBE, WEF A 450001)

WE: h T B&WRd b F 4mAE SRR 7 RS IEA Ry RFIH, RET —H 3 Rk
B RAER S R A R AT MRS 5| 25 R AR AR S0 G S B ARRACS R . AT
PV AL AT SR WY A F AR IE, AU 23 T R IEAEIFAPBE MR 3 /77 18y e it )84 E Pareto B 7%
@7, HAL] R FAL F R IR G| FAPRE b RILE G MK YA RIIF 6 MR G972 L, Rimd& g T4
KT J B Ao A AT B3R ERE T . PR Bk S B — AL E AR 3812 P AL e AT M X B S L AT T
— A3 RE, RFMPTRT FANSE L RRA, R R 2|69 EA RATa oA 6E.
KRG Rle—ikib; HEE; RASEAFR, S RERMRE; F AL

5255 U492.22;TP391 SCHERbRERS: A YEHT: 1004-731X(2024)08-1914-15
DOI: 10.16182/j.issn1004731x.joss.23-0834

SRR ok o8, EREHT, skieme, &5, SR — R AL R R KR A B 2 B ARIALT]. RGE07H 4R, 2024, 36
(8): 1914-1928.

Reference format: Zhang Wengiang, Wang Xiaomeng, Zhang Xiaoxiao, et al. Hybrid Evolutionary Multi-objective

Optimization Algorithm for Vehicle Routing Problem with Simultaneous Delivery and Pickup[J]. Journal of System
Simulation, 2024, 36(8): 1914-1928.

Hybrid Evolutionary Multi-objective Optimization Algorithm for Vehicle Routing
Problem with Simultaneous Delivery and Pickup

Zhang Wengiang', Wang Xiaomeng', Zhang Xiaoxiao', Zhang Guohui®

(1. Henan University of Technology, Zhengzhou 450001, China; 2. Zhengzhou University of Aeronautics, Zhengzhou 450001, China)

Abstract: In order to provide reasonable and effective decision support for logistics enterprises in vehicle
distribution route planning, a hybrid evolutionary multi-objective optimization algorithm combining a
multi-region mixed-sampling strategy for global search and a local search based on individual route
sequence differences is proposed for the problem. 4 reasonable mathematical model is constructed and
the global search strategy is used to make the population individuals to converge quickly to the Pareto
front from multiple directions, and the local search strategy is employed to guide the poorly performing
individuals in the population to evolve towards the direction of better performing individuals, thus
improving both individuals quality and local search capability of the algorithm. By conducting a series of
experiments on a standard benchmark of vehicle routing problem with simultaneous delivery and pickup
and time windows (VRPSDPTW), and experimental results show that the proposed method significantly
improves the convergence performance and produces solutions with good distribution.

Keywords: simultaneous delivery and pickup; time windows; hybrid evolutionary algorithm; multi-

region sampling strategy; multi-objective optimization

WA H I 2023-07-04 EEH#: 2023-08-30

BETH: FHREARPHEIES A HE4(U1904167); FIMA E iR 5HE T HIEHEBI6)(232102211049); HIH T RHE R B ARHEDUH
P FEBIHTE T(21ZZXTCX19)

B—fEE: SkmR(1975-), B, mIEER, WL, R RONEHMGTT R, SRS 2 BRI,

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 15

2536 4525 8 M Vol. 36 No. 8
2024 4 8 A gk G, 25 AR — L AR IR TR Sk L 2 BRI Aug. 2024
0 2= NP-hard i B2 e th 25 JFL S5 T 45 2 HO T ]y 5

% A % 42 M KI M B VRP(vehicle routing
problem) & IR Z k%O I, HH I
SRt A, mAUSEmT R A . B
YR 55 AN BT A R RO 2% 2 75 SR AR Wi AR 4E, B
— I B4 R AR BRI L2 AN e il 2 BLARA IR I 75 3R
AR T — 1A A0 A B A ) R AN AN 75 5 R TR A AT
KGRI sk AE, T HIE N R

T SRAN TS [ Py i ) RIS SR, T IS ) 2 )
SETC — VR0 2 A0 B A% 1) RELE 12% ) 3L ) SR itk o o
FE T BERC TRAT 5 RO B R) o PR, Rk, BERF S
SEBRI AR A g

TESEPR P L& FE v, B BORIC B8 75 oK
20 RN TR, ik, 7225 S 0 R 1%
Y r) R, X A VR[] R PR g B T — A Ak 4 0 i
1% 18] @ (vehicle routing problem with simultaneous
delivery and pickup and time windows, VRPSDPTW),
bti%& VRPSDPTW i) il AR PRI AN WL 20 SR %A1
MH &S, DL HERRIZ ook, 1) 8K R
(IR B R 88 . B % VRPSDPTW [a] 3 1) fif v 7
EALEAL G071 RS SE A S R R R,
SR, BT R e, RSk
FRIURE B 5005 AR 1 T R M LA SR AT A N 2 R A R T
. ML T, R B 7R U I R Y 3R
BRhE, EXERIE SR, REE
EREW LR G S H ML R, B R R SR AR AN
ik, B, WA HAEIRLE R VRPSDPTW i)
B EBATZ NS RGBT BR A
L, AT R R SEBR N R, JERA
E[SE R = Ve

AN [EF VRPTW Al VRPSDP, VRPSDPTW 1/}
TR BT B, B AT AR T R > .
VRPSDPTW # Enrico 25" 7£ 2002 442 i, i A1/
FH 93 358 FHERGIR R A2 AR, R B A I A &
() VRP (1) A HE SR AT T 1& 480k, (Hi T
R B R PR, SEEG % R AR SZ B 1

LRSS RS R M. [RIL, TR AR PRI S A T
HR A VRPSDPTW [l @iy, i & AR o e K7
ez R

T LA T I TR TR S R
XEVE, HHBORAEIOZ IS, 25— B T
AEFRRTBE, 8 AT AL R R R AL BT A R
5B B b B B, R SO kLT
HgMm s mam. anaestma T
VRPSDPTW, JHEH —Mruft&FHk. £
TR R AT S S BRI IR, B A
B SRk, ZEEE AT N4 2R 2-opt i
S A [0 40 2R 2 S0 R I 7 AR B SR, [ A
FA T (B8 =0 e A AT R, i T Al
MRIEE R R, ACER T RERMIE R, Tz
T ERAE P A R R R A

A FVE G HARR R S AR ), R
Z N U 2 RN R 1) 5 AT AR 3 BN Ak
WAL, FfRY VRPSDPTW i) @™, s #5i"™”
W7 RN B AL Bk, TR T ol A%
S, AR AR TR RLR R RIE R, 1R
TEIENHE R RS, SLI6 R U Nk 0 SR T
FEE RIS . Fatma 25" H— N2 8 S o
SRR A GG AR, FFAE R 3 R gk AT g —
WA, ERRUGEA, AR 2 & R E A
73 50 o A0 AR ok B BRL - A A B DL RGBS, TR
RS FEP PR .. Mt R T R A
fe ik, IT A T R A ke ARk
A4 Ja e R = PP R s & AR TG A -

X AL 3% H 0 ) VRPSDPTW, LAt /MEAE
R E N H bR, AR IR RGE K
EHAT AR R, A A& MR AR R
TR R, UMRAARR R E . 24538 I BLUOR K
FEARACHI GG R, FEARAE S R Py s A5 B G A4
FORES BN ORGP E M R AR
AREE . BT LA BRI H A% VRPSDPTW, IHSEAE
W FEEFENFZEZABRMERE R, B2

http: // www.china-simulation.com

* 1915

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15
DOI: 10.16182/j.issn1004731x.joss.23-0834



Zhang et al.: Hybrid Evolutionary Multi-objective Optimization Algorithm for Ve

536 B2 8
2024 48 H

H b i LR B s A

AR T SO R B FLOR % VRPSDPTW
i FIN - SE K E NS, AR R R
HERI 7> SET7 R RV REAN RS, S5 3R,
B S P A R T SO R R % R R Cai
KT B I NSGA-INEE,  BFRTACIR BA I REJR
HFEH AN H bRk VRPSDPTW [ #5155 X
G NSGA-IIFERIAN R, BN TRAESE LU B
U S s, I 07 B SR IeE 1R
AR

LGOI UL, X T VRPSDPTW ()
B ge U Ak TR D B B, JC L AR X 2 H AR
VRPSDPTW fiil f (it 72 B Ak 2> 2 S X A% 4
A FIRAAAE R BRI, DL R E Tn. 4
WA AN, A SCE N B — TS L T Y
VRPSDPTW [l /i, R ] 25 [X SRAF: M (17 57
th 2 H #x it tb 5 % (hybrid evolutionary multi-
objective optimization algorithm based on multi-
region sampling strategy, HEMO-MRSS), X J#li/> 4=
e DA R 3 o A e A B A S ] A
HFRHEAT A . AR R ) 2 SRR, T
B, IR T 2 X TR A R A 520 (MRSS)
VE NG RS R AN, G2 T MK B2 51
7= 5 11 2 /7 3 4 (route sequence difference-based
differential evolution, RSDE) ] J& & 4% 2% S, %
VRPSDPTW it 47 3K fift, I 52 t 4l A 38 & 57 X
(insert as much as possible, IMP)FJ A1 28 77 A,
MTTA R b AR X — H bR AEbr SR 4k
EREAT SN, B A SR AT X L A, 3R
HEMO-MRSS 535 18 Rtk -

1 Heesny

1.1 o) R
VRPSDPTW [ 7 ft) 3 B4 55 ] DA IR S 425

BRI ) B AN 3. i), AR

FRAEIAIRTERE T, MECIE O RO P L B A

RGN AR

Journal of System Simulation

Vol. 36 No. 8
Aug. 2024

R SS IR [ s b (g A B 1 )Y
L B ABEIRSS 1 RIS AE AR SR BRI B
LIRS, 2R I\ Is i 5 AL 2R 2 N [R] I A2
H PR p AIIC TR X PIANTE SR W L A T 1 %
BHIR, =R EREN 11, KR
H 12, FERMNACIEHOHR, JiRSETE N3,
We T BN S I P G R E R 10, HE RS AR 1%
BAHG6. BItENAR T, U EAEE 12,
RS EW R E, RERSERE N2, I
TREAZI . B ISR R A R
o [F R B P AN R R . AR SCHE R AT R R
AR, RERCH TR aHuE R P
T 72 A ()b PR TRV B A Wl R H Ao

A1 IS T B B SR I — AP 2R A A2 ] R 3
Fig. 1 Problem diagram of VRPSDPTW

2 0] LI A T AR

() AE — A FEE A G, FLIZ 456 LI A0
HOR I e R [l

(2) MCIEZEA A5 — 3, FORBCE RS 2 &0 B
FHIA 5

(3) TN ST AR R B AN R T A 4
Ry A 5

(4) ZEEF A2 o P 350 A 51 0

(5) AR 7 M ECIERS, JeE TR, H
P R AR C B 7 ok R B R — A R IR 55

6) P ERBEME R, ARV ERRE
Biem;,

(7) % F R B BRI 1% il 5% 75 2 [R) ) 4506 A2

http: // www.china-simulation.com

* 1916 ¢

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 15

2536 4525 8 M
2024 % 8 H

(8) 2/ YIS 8] B J TR () B, BRAS fovF 42
PR FE AT LA AT S5 4 5

(9) PRAL B E 2 H AR AT e R LIk T i 2
%, 5 H be R M AR AT B8 G B 5
FFIf Al

1.2 R

R4 b ) R R R R, N E T oL
VRPSDPTW [ #2218, DL T 2 S8 &1
i
1.2.1 B4

n: BPHE,

K: FRisce;

V={1,2,---,K}: BHIEHES;
N={0,1,---,n}: FRES, 0RKIEEFL,
HAR SRR TR B2 RS P
C={1,2,--,n}: B/ EEA;
R={r,,ry,---,r}: — > VRPSDPTW [ il SE 471
CISS SN ST EalinE So
ro=(c( k), -, c(N, k): 5 k2T B 4E L NA
BT
i, k): B kAEAR LA i AN M P
(Xg-70): BCIEHLY O (IALBRAL B 5
(x;,v): TB—NEFie CIMARALE ;
d: TR ZIABRIREE S, i, je N, i#);

tyr MWW RG] AT R, i, je N, i#);
d: B IIEETHERE, i.jeC;

P B RIIIEFRKRE, i, jeC;

O: B4k IR K3

q(i . h): A AR RS 5 R a3

Lyt FWAEIRSS s P mi)a, Vikg R
R TR R

St FRRKTER ARSI, ieN, H
sy, =0;

[E,, L]: &P AiIBLER A1 E, ERRNALE

AR 55 % 7 i R] LR BA I 8], L3RR

ARG, A5 SRR AL AR AR R TR S 2 H AR AL

Vol. 36 No. 8
Aug. 2024

IRBERR S5 % 7 R KRR BIAIN (] 5L, i e Cs
a(c(i, k)): R kHRIES SIS R], Qe N
(i, k)): FEAF KBS TFAT Ui KIS IR], i e Ns
w(c(i, k)): ZEA0 ke BT 52 I TR HIRAE T it B )

I TA)VR 9 5

1.2.2 YSREE
Xpip i X VRN kA TR SN R

JZIEEIEE, B =00 o, keV.i,jeN,i#j.

1.2.3 BAALIR
Wl ERSHORA R, AL R/ IME i

ANEER I E A AL H AR, H AR e HOM 232 A F F

(SIS
w/AME R A
min(f;)=K (1)
B/ MU ZE B T 3R AR 3 R S Ry TR
min(f,)= ZZW(C(H 1, k) )

0,a(cl, k)2 E

E . »—alc(i, k), otherwise

LRI AL RN 28 R R b AT BT I 0 «

S Xor = Sxo=1, Vkek 3)

—rE S R — e — ks, AR
s P A 2 9 T AR 55 -

k n
SN, =1.=01n @

k=1i=0

TEAPAE AT % 3 v ) B B IR T L B KK
HAETT:

L, <Oxy,;, Vi, jeCkeV (5)

T DR B30 AL 2 AT OIS BR 2 Th IS TR A SR &
BT SRR R A T 2 0 O,

w(c(i+1,k))=

c C

0< > >dx, <O, Vk=12K ©)
i=1j=0
c C

0< zEP;-MﬁQ Vk=1,2,-- K )
i=1j=0

TR kBT 2 7 5 N B AR T IR ST e
UV LR VTR RN B

http: // www.china-simulation.com

* 1917

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15
DOI: 10.16182/j.issn1004731x.joss.23-0834



Zhang et al.: Hybrid Evolutionary Multi-objective Optimization Algorithm for Ve

536 B2 8
2024 48 H

HIEE BB PR 2 7 i K C DR 28
Ligon=litp;—d. Vi, jeC.keV,izj  (8)
PR 250 HH ORI 495 1 B B o R A T i 0K B
YIRS

n n

iyw: SNdx,,, . Vi, jeC.keV,izj (9)

i=0j=1

B E 200 BT T 3k o B 485 5 1) B2 0 o o 5%

TECER i o B
SVios= D DXy, . Vi jeCkeV,i#j(10)
=1 iz0j=1
e BTl -
zlk.i,j +(pi—pa) EIk,i,j = zlki’j,Vi,je C.keV
ieN ieN ieN

(11)
ZE I 0A IRAE 25 R () IS 1) B P B 1
A, WK A
a(cli )<Ly 4 Vh=1,2,- K, 1<i<N, (12)
T kAR P S iR a), BRI B — AN A
Fe DA R I211)] 1 o e -yl | S T O P
(AT S ] <
a(cli, k) =1cli=1,0)+teg1 o .uity (13)
TR kAR SERON 28 i A2 P RS 5 B T BB
TS By e <) e ) A S P E e 1 v 4
{10 S A B 1) DA % e 55 B (1) <
e k)= aleli k) + w(eli . k) +5.4. (14)
ZER R T4 FHCIA & B S i 1), dn 2R 2R
LE el A <1 SR o i N G R W o N
), A5 B — BRI ), DA 2 I Ta) 2 1) FR
s Gn S T ) e ) B e T) LA B (]
CYaE, MR EEAFEEITERS, 48R N0:
0, a(cli, k)>E

w(c(@i+1,k))= E, .~ a(ci . k), otherwise

(15)

2 BEHEDZE

AR SCAE R & A AR AL 53 HEMO-MRSS fi#
P2 H bR I 8] B ARG — it i, SR T2
X 35l SR T35 A AR 8] P 71 22 5 14 22 70 kA

RGN AR

Journal of System Simulation

Vol. 36 No. 8
Aug. 2024

g RSDE,  LA4x J5 Al sy A 45 & 1) 77 2UAR Ak 3R
il HAr . 2 XHUORFE AR R g 5] 5 MR
Pareto F ¥ I (1 -0 I 25 X 3532, RSDE Ja i
4 2R R W o R R R L2 1 AR A 1R AR T T
PR L SIOKS B AN B . HEMO-MRSS 50325 1 32 4
MEZR NP 2 o

Jths

IR AL HE BEP FUR SR B4,

i L B 2 R R

=)
> 23 £ .
ik St

B

RYEVEGA RIS A= BT Fhffsubl.  sub2.
subl. sub254 & T AR & AZ ALt

.

B A A HE L H (AT AR B 2R T AR R
FEX LA APATIEAILZ, 2Bl R R tempP,

y

X I Foft i temp P HH B AN AR PAA TR SDE S W AE B
i #EFRSDE_tempP,, MIIiH Pl
RSDE_tempP tempP, H kit MATE sleF it P!

Rl E PRIKRS SEFREA,, JFARSEPDDR-FF 50
BB ORE IR AEA]
|

K2 HIEHER
Fig. 2 Algorithm framework

2.1 RS X

Ghs Ty A SRR gD, WA 3 R,
RO RGN RN — DR T, RS
AR S B

RS e RS G AR I 5 — AN S R T
ah, B R FERAL, BB DR RS A
FEDIAL I 250 . ARSI RE A, 2R 2% A BR ) (o
S BER)N O RET R, Btk
KR T, BT HEIR S
X HRSS, a7 BT B R a6 A B A I
LT 0. BARKIAS SRR 3 PR, &

http: // www.china-simulation.com

* 1918

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 15

2536 4525 8 M
2024 % 8 H

ISR AC DR U 1 TR o

Yeath. [5[2[1]3]4]6]
4
NN OROLOROL020
[yiﬁnﬁﬂé%#@ Qy
T#42: O-O- - O-0-0-3-@©® @O

K3 Getafkgm gt s s
Fig.3 Encoding and decoding methods

S M- IAE S e K]

Table 1 Customer set distribution instances
B

Hip 15 5+ A =L

breEd ig=y/
1 20 10
2 40 10
3 20 20
4 5 12
5 30 10
6 3 70

2.2 &R ERKK MRSS

BT 2 IXPIR A R AE SR MRSS A A A SCH.
AR R . 2 X IR G R A SR 1) AR
T INESHEAR, BAMERI 5 AE TR, RIEEE
P AN F 00 3 B R R B MR s 2 A 1R
TREESLFEEA, e Er 2 ret, RN s2 R
HRBEIFACALEEE . MRSS SMSAR I 1] /51 H A
K53 = AN DIRE TR e, i e DX IS0 gk
TE R 25 DX KA P 70 SRl A= R 58T, M
TSR PUS I S & Pareto BTHYIH -

T H G X 380K D% SR A SR RS R, B AT A
PDDR-FF B % {7 5l 32 Bt A AT+ 55 AN i S

Pe AR, AT 7 3k O A AR . T SR
PDDR-FF b8 £ (1) 2 2
eval(x)=q(x)+ i x=1,2,--,n (16)

p(x)
A g(x) BT PLCRCAE x IR p(x) Tow
AL x SRR R . WR6) T BLE H,
RAEE T AR, FoaE N A A 2l g
Lo B FLA AN A ST H AR & NAE K B I 1.

ARG, A5 SRR AL AR AR R TR S 2 H AR AL

Vol. 36 No. 8
Aug. 2024

fhAEER N, AR AT DA A x ST =i 2
Ft LA eval(x) B/ NER DT o

TS X SHCRAT SRS SR I H AR 1A E bR 2 R 75
ANE, 43 ) 4H B subl AT sub2 MR, AR H bR 4
FE, il ¥t Pareto HvC DX 380 A AN 4453 A7 AN 25 1) ] i
PDDR-FF H1 0 X 8l0Rg 9 K R S0 A VEGA 1 % X
BORAE RS 5 SR, 51 5 PP B 7] Pareto T VA THI
HhC X 0 5 XS ) 77 ) AT A R, T v
SLRI SR At . 2 IXIBR A R A SRS R
EEWmE 4R

A
@gf, """" \ N
mrke o e RO
® o o SRS
o ®9
o I :"‘\\V: o )
k=4 ﬂ"\“"‘“‘.\ o ¢
g ‘\‘ \\ . .
N T )
\ o @ ﬁ};#\ ® o
W PN E
\‘~~§if{§ﬂ@7|*ﬂ&:!2___f___,_,"
..................... Pt T
H AR LA
0 min( £)) g

K4 ZIXHIRE R
Fig. 4 Multi-region mixed sampling

2.3 i R IKE RSDE

HEMO-MRSS 3% 1) Ja #8482 FEmg J 2 T
WH B P ERBMBES R, BERLE
AR 18] X 22 X 30T & SRR SR s AR i 11 o AT
WM S R AR, B 7RISR A R0 A X ek ) 4
KRS, IRIHEEMRE. RSS20
WA AR, 7 R R AEAS B ANR T
Z5, FEEEERHREILE, KA HHE K
6] 2 26 22 S 7 810, AT 51 5 3R BLAS (R AN 14
R ILUF I 7 A, SRR E. %R
RIS E BT

IR BEATT A R 2R AR B AR vl E A
S, FIAMENAMECNAE S, ;

http: // www.china-simulation.com

* 1919

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15
DOI: 10.16182/j.issn1004731x.joss.23-0834



Zhang et al.: Hybrid Evolutionary Multi-objective Optimization Algorithm for Ve

536 %5 8 ) ARG B Vol. 36 No. 8
2024 48 H Journal of System Simulation Aug. 2024
R 2. OB AN & N R e, 1R 80r CE-9aR T
R
eval(S,)) < eval(S,) 5 # eval(S,) > eval(S,), 75 U & 60l VBETS

FHAME S,
SPIE: PEHUMARMA SIS R — P
AR L G B A A Roh R B e 20)

40}

—J7 . . . . . .
S R B P S R, AT e ’ 0080 8w
RN LA
S!=8,+F(S,-S,) (17) 80r gﬁggé
S SR % 2 5T RSDE 4% Ws 5 75 51 [ 87 A 14 60!
FAZE RIS . NS TTEH, S Mk wl
TP B R ERRBA WS, AME, s AMEER 0
SAMEK, D, A5 (B I 5 S, — 201
SERBIRME G MES, £, 39S, MR 0 = FrR— P —
AR S, T IR . ELR [ 1 ] 6 T« x
(c) S,
. | <:: RSDE K6 5 hifsBLLEAMERE R
o I: <« F(S5,-S) Fig. 6 Data and individual information
& [ ] i € S-S,
o ® A AN S, /M S, 2 T B AR B2 5 B
2| e 1S BT FTR. WS, 05— IEEBTA, LS, 15
E %Q S O — ARG, AR S, AR5 B %R
e s Y WAAHFIIOIERIGL, e AR, AT IR
& e ® o T, BB AR IR
L@ . ®s o 2FTR, S, A BT N 8, AR 1
. ARER E ) 1 30— 5 K P 50 e B4R F TAMAR S,
o min() i, IS, MAERIFAAT AT IR, FPALE
|5 RSDE Ri% RER, WBZHAE: SRR I,

Fig. 5 RSDE Local search

W IR AT A JE A B R AT LA
FEUf M W S % Pareto HTIY T . W1 8 o, AMA

0 KR
8or AT, CBPENA S S, T HEAT R4S R ARAL IS 7 Pareto A ¥ T 42
60f . éﬁﬁm 3T . A S E 20 AR R 1R I 19 B i B 72 I P 9
d9p:16

[E.L] 142.72]) G757 25 -
>\40d13 23 Fﬁm

[167197 d30 10
dwprw 3 IMPHEAEER

20r [E,L):[74,104]
d:19 p:20 d:10 p-40
[E,L]:[42,72] [E,L]:[151,181] . o
) , 0 , . . SR — R TR A 1) R, D R A
20 40 60 80 N N .
. KR ERZ —. TP AR #IL 2 2
(a) IS4 H A 0] R B A % M R R AT () AR AR 1) L, R

http: // www.china-simulation.com

* 1920 -

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 15

236 4555 8
2024 % 8 H

T I TR . R I A AR R T R
M — B, AF SR 8] R A /N T HR
IR — 4 2R B AR I, AATTSEA ) T 22 85— LS I (]
MA R EHIR—HE. Fib, SR A e E
¥ IMP 75 2Rk B 75 1) A2 4 4005 . IMP 1) AR
RRABREZNIRSE S, BT TR EERST
% PN BT B 2R AN e S SRR, ik
B3 AR A P R 5 R T /D ZE AR ASE FE 1V
K10 Jeos 1 IMP [ EZ ARG, Dy AR Bk
1 7R

S Blolzlzloleli]s[ 8]

s, [6[ 3[O] 0TS 8T 271 1]
A& [ TN !

sep 1: 3o 9 0 5T {14 [2[7[1]
7y K N

VONNY
\ R
X

step2:[3[0[ 9] 6] 5[ ¥[412] 7] 1]
) MLINN

step3:[3]0] 2] 6] 5] §] 41971 1]

step4:[3][0]2] 7] 5] 8] 4|9l)
5 LR

step5=|3|o|2|7|9|§| 4|5|\;\|\f=,1|
A

step6:|3|0|2|7|9|6|4|5| 3|\]|
A | 4

step7:|3|0|2|7|9|6| IISIEL:I

step8:[3[0]2]7[9] 6] 1]5]4] 8]

K7 B 52 R AR

Fig. 7 Difference operation of route sequence

®2 FFIIESR

Table 2 Sequence differences
G AL )
(0,1)
(0,1)(1,3)
0,5 (1,3) (2,7)
(0,5)(1,3) (2,7) (3.,8)
(0,5) (1,3) (2,7) (3,8) (4,7)
(0,5) (1,3) (2,7) (3,8) (4,7) (5.8)
(0,5) (1,3) (2,7) (3,8) (4,7) (5.8) (6,9)
(0,5) (1,3) (2,7) (3,8) (4,7) (5,8) (6,9) (8,9)

o =) T Y S

ARG, A5 SRR AL AR AR R TR S 2 H AR AL

Vol. 36 No. 8
Aug. 2024
W MAS, < AMES, s MES]
g, < MESAMES] - AMES,
N )
7 = = R
K
éé (R R —
#
sp OB, o s
Sl N 7 I i 5 R L .
0 20 40 60 80 100 120 140
t/s

K8 At e

Fig. 8 Evolutionary process of an individual

801 O A A
601
40
20f
0 20 40 60 80 100

9 AMAS HAREE
Fig. 9 Path diagram of individual S]

HiL1 IMPHEAE R
BN RAARR(x,y), ECTREd, HETREp, B
W& A[E, L], FRSEEls, BEEd (i, /)= Euclidean
Distance(i , j), #{H PR O(VehicleCapacity ), i#
J& VehicleVelocity = 1, Gtk F41 C
Bt e sm AR R RO C,,
SRR, =0, FEWHIEEE =0
HRIE 5 4 ¢ ] ac(0) = be(0)
BTFAT R IAIFE] e(0) = be(0) + se(0)
AT R 23R [BICIE HH o 75 EE IS 18] bd, = 0

WM v, B BEAE ry h 11 B3 H G ES
s E

yIIRe (O EIN S N SR/ I /SR N
R B8 — A 0 B B A%y T

fori=1to Yetaik C A KE do
check = true //check H| & & 75 7 LL#di

N, true Ni&, false NT&

http: // www.china-simulation.com

* 1921 -

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/15
DOI: 10.16182/j.issn1004731x.joss.23-0834



Zhang et al.: Hybrid Evolutionary Multi-objective Optimization Algorithm for Ve

5536 5 8 3 ARG B Vol. 36 No. 8
2024 48 H Journal of System Simulation Aug. 2024
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break
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continue
end if
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Fig. 11 Examples of population iterative evolution
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Table 3 Performance of HEMO-MRSS with or without IMP in a set of 12 problem instances

HEMO-MRSS with IMP

HEMO-MRSS without IMP

SR
Mean Best Mean Best

cdpl101 19.74 16 23.18 17
cdpl102 19.69 15 22.22 17
cdp201 7.01 5 11.90 8
cdp202 6.61 5 10.28 7
redpl101 35.55 28 32.12 29
redp102 30.82 26 28.75 26
redp201 9.13 8 12.37 9
rcdp202 8.49 7 11.46

rdp101 36.13 28 38.33 31
rdp102 33.11 27 33.09 28
rdp201 7.56 11.78 8
rdp202 6.85 9.77 7

4.3 HIEX o Hr

A5 % BT 42 5 1% HEMO-MRSS 5 MOHEA .
NSGA-1I". SPEA2™. MOEA/D"" 4 i k17 % Lt
SO, FREER /N 50, f K IEAR IR B Rk 50
000, BB ENSHERIPRER, NRFELR
Ml SEdE, SHEVEREAT T 30 k0E4T, IME TP
FeFRgE R, T T Wilcoxon B A1 36 i &2

M, CLBREIERISE R . Wilcoxon Bk AN 56 4
M REHT. A ER, Hp “+7 xR
AREFE R FMLF, “=7 FRoRx A AR SR
HREMZE, 7 RORWMAEEERAWE, X
SR WA 5~T
KSERTHVIEEREAREERRZER,
HV 8K 3 W S0 3145 IR o 7 22 P SR 91 L e
K, AE 124 A @, HEMO-MRSS 7£ 8 /™ [7]
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B —, AN FHEA S, HAEEM HEMO-MRSS 7E 2 U5 0L FRB MR A M55 %
IMTEERE, Fritsih s MOHEA fE AN B3 R SOl 2 () ek, BAT ST Ae st
8% 25, XEWRE M I X b5k,

R4 AFAFEZHE

Table 4 Parameter setting of algorithm

S HEMO-MRSS MOHEA NSGA-II SPEA2 MOEA/D
FREE R /N 50 50 50 50 50
i JEFPRE RN 25 25 / 50 /
TR RN 25 25 / / /
TXF 0.7 0.7 0.7 0.7 0.7
A B 0.2 0.2 0.2 0.2 0.2
RSD-LS #H Lt 0.7 / / / /

®S5 AFEFIEMEHV IR LRI

Table 5 Performance of compared algorithms on HV index

2 HEMO-MRSS MOHEA NSGA-II SPEA2 MOEA/D
- Mean Mean H.T. Mean H.T. Mean H.T. Mean H.T.
cdp101 1.75x10° 1.75x10° * 1.65x10° * 1.63x10° * 8.87x10* -
cdp102 1.27x10° 1.26x10° * 1.13x10° * 1.20x10° * 7.27x10* -
cdp201 2.13x10° 2.11x10° * 1.22x10° * 2.06x10° * 1.39x10° *
cdp202 1.71x10° 1.67x10° * 1.19x10° - 1.62x10° * 1.26x10° *
redp101 5.02x10° 5.28x10° * 4.88x10° * 4.80x10° * 3.30x10° -
rcdp102 4.35x10° 4.43x10° * 4.01x10° * 4.00x10° - 2.87x10° -
rcdp201 3.21x10* 3.03x10* * 2.05x10* - 2.93x10* - 2.15x10* *
rcdp202 2.47x10* 2.42x10* * 1.71x10* - 2.28%10* - 1.68x10* -
rdp101 3.48x10* 3.50x10* * 3.43x10* * 3.33x10* * 1.62x10* -
rdp102 2.10x10* 2.20x10* * 2.00x10* * 2.06x10* * 9.48x10° -
rdp201 3.42x10* 3.34x10* * 1.83x10* - 3.16x10* - 2.53x10* -
rdp202 3.52x10* 3.46x10* * 2.46x10" - 3.28x10* * 2.69x10* -
F6 NRFIEIGD Habs RN
Table 6 Performance of compared algorithms on IGD index
2 HEMO-MRSS MOHEA NSGA-II SPEA2 MOEA/D
- Mean Mean H.T. Mean H.T. Mean H.T. Mean H.T.
cdp101 1.06x10™" 1.17x10™ * 6.51x107 * 1.37x10™ * 3.18x10™ -
cdp102 5.11x107 5.90x107 * 7.66x107 - 9.44x107* - 3.14x10™ -
cdp201 6.04x107 6.87x107* * 3.49x10™ * 9.41x107* - 3.53x10™" *
cdp202 8.11x107 1.11x107" - 3.03x10™ - 1.29x10™ * 2.84x10™ *
redpl101 7.96x107 5.93x107 * 7.07x107 - 9.59x107* - 1.82x10™ *
rcdpl102 6.77x107" 6.89x107 * 8.71x107 - 1.10x10™ * 1.82x10™ -
rcdp201 5.36x107 1.07x10™" * 2.80x10™ * 1.31x10™ * 2.72x107" *
rcdp202 3.65x107* 7.17x107 - 2.26x10™ * 1.14x10™ * 2.52x107" *
rdp101 6.97x107 6.60x107* * 6.64x107? * 1.06x10™ - 3.18x10™ -
rdp102 7.92x107 5.98x107 * 5.60x107 * 1.05x10™ * 2.86x107" *
rdp201 1.51x10™" 1.71x10™ * 2.63x10™ - 1.79x10™ - 2.54x10™ -
rdp202 3.72x107* 6.20x107* - 2.62x10™ - 9.49x107* - 2.33x10™ -
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FT AREFEIEAE Cabr RS R
Table 7 Result of on C index
SEHIER C(A, B) C(B, A) C(A,D) C(D, A) C(A, E) C(E, A) C(A, F) C(F,A)
cdp101 0.3 0.333 0 0 0.633 0.0333 0.133 0
cdpl102 0.433 0.267 0 0 0.633 0 0.133 0
cdp201 0.433 0.300 0.6 0 0.6 0.133 0.733 0
cdp202 0.5 0.233 0.833 0 0.700 0.133 0.7 0
redpl01 0.167 0.433 0.0333 0.4 0.333 0.233 0.367 0
rcdpl102 0.367 0.333 0.367 0.267 0.500 0.133 0.8 0
redp201 0.767 0.066 7 0.633 0 0.833 0.033 3 0.967 0
rcdp202 0.567 0.066 7 0.633 0 0.700 0 0.967 0
rdp101 0.233 0.267 0 0.066 7 0.333 0 0.0333 0
rdp102 0.133 0.333 0 0.066 7 0.3 0.066 7 0.0333 0
rdp201 0.6 0.1 0.8 0 0.9 0.066 7 0.933 0
rdp202 0.533 0.066 7 0.8 0 0.8 0.066 7 0.967 0

7E: ANHEMO-MRSS; B AMOHEA; D JNSGA-II; EJSPEA2; FAMOEA/D.
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