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Hybrid Variable Neighborhood Search algorithm for the Multi-trip and
Heterogeneous-fleet Electric Vehicle Routing Problem

Abstract

Abstract: Based on the real business practice, the multi-trip and heterogeneous-fleet electric vehicle
routing problem (MTHF-EVRP) with time windows in green logistics is studied. A path-based mixed-
integer linear model is built for the precise solution to the small-scale instances. A hybrid variable
neighborhood search algorithm (Hybrid VNS) combined the variable neighborhood search algorithm with
the labeling algorithm is proposed for the large-scale instances. The algorithm generates a modified
insertion heuristic with random factor to construct the initial solution, allows the time window and range
violation, adopts the neighborhood operators for the local search, and applies a labeling algorithm to
solve the fixed-route recharging problem precisely. The methods are tested on the real-world benchmark
instances for MTHF-EVRP. The results on the small-scale instances show that Hybrid VNS can find the
optimal solutions in a very short time. Compared with the state-of-the-art algorithm on the large-scale
instances, the algorithm can significantly reduce the logistics cost and the great competitiveness of
Hybrid VNS is showed.

Keywords
heterogeneous-fleet, multi-trip, electric vehicle routing problem, variable neighborhood search, labeling
algorithm

Recommended Citation

Weiquan Wang, Ding Ding, Shuyan Cao. Hybrid Variable Neighborhood Search algorithm for the Multi-trip
and Heterogeneous-fleet Electric Vehicle Routing Problem[J]. Journal of System Simulation, 2022, 34(4):
910-919.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol34/iss4/26


https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26
https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26

Wang et al.: Hybrid Variable Neighborhood Search algorithm for the Multi-trip

534 %5 4 ] R E%¥IRO Vol. 34 No. 4
2022 4 4 H Journal of System Simulation Apr. 2022

TR A AR AR R IR S L B0 22 A (04K 1)

IR, TR, gk’
(1. WANEFFR B R EREFA S50, dbat 100029; 2. MAMZFFHE 5K Giit2Be, Jba 100029,
3. MPAMRBF R SRS Mg A RE kA, dERT 100029)

WE: ATAZOMAY S, MRTFHAEH 2 FR S BRI FREZPNR, Z2T —1
R T IR 4G R BB BHRIRE, TH o KRNI, 3R T 45 E AR AL 5 FokFatr B
HEAALE b BR R Ik, AARBRMARNE . % kR T —F % B T b9 B L X H %
HIE AR, FEA B ] & A BAE 29 RBAT T NP, 1L JIAFHKILFHAT AR %, 1RSI+
HAHRAET B E B P BENF T 695 PR R E IR, MR RE: R TRARIE & ik
ST AR BT 18] AR B SRR, AE K8 AR AR A

KEIE: Z5R; ZRH; LHFMBAEMACFA; TAGRIE R Bk BEAE

S TP391.9 kAR £ A EHS: 1004-731X(2022)04-0910-10
DOI: 10.16182/j.issn100473 1x joss.21-1133

Hybrid Variable Neighborhood Search algorithm for the Multi-trip and
Heterogeneous-fleet Electric Vehicle Routing Problem

Wang Weiquan1’3, Ding Dingl*, Cao Shuyan2

(1. School of International Trade and Economics, University of International Business and Economics, Beijing 100029, China;
2. School of Statistics, University of International Business and Economics, Beijing 100029, China;

3. Department of Information Management, University of International Business and Economics, Beijing 100029, China)

Abstract: Based on the real business practice, the multi-trip and heterogeneous-fleet electric vehicle
routing problem (MTHF-EVRP) with time windows in green logistics is studied. 4 path-based mixed-
integer linear model is built for the precise solution to the small-scale instances. A hybrid variable
neighborhood search algorithm (Hybrid VNS) combined the variable neighborhood search algorithm
with the labeling algorithm is proposed for the large-scale instances. The algorithm generates a modified
insertion heuristic with random factor to construct the initial solution, allows the time window and range
violation, adopts the neighborhood operators for the local search, and applies a labeling algorithm to
solve the fixed-route recharging problem precisely. The methods are tested on the real-world benchmark
instances for MTHF-EVRP. The results on the small-scale instances show that Hybrid VNS can find the
optimal solutions in a very short time. Compared with the state-of-the-art algorithm on the large-scale
instances, the algorithm can significantly reduce the logistics cost and the great competitiveness of
Hybrid VNS is showed.

Keywords: heterogeneous-fleet; multi-trip; electric vehicle routing problem; variable neighborhood
search; labeling algorithm

ek HH: 2021-11-05 BEH: 2021-12-23

BEWH: itk SRR 4 (17GLB026); XTAMETT 7 5 K28 R i S AR 4% 3 & 1598 4:(16JQ01,  19YB06)
FfEE: FAERA991-), F, A, BRI B R AL . E-mail: wangweiquan@uibe.edu.cn
BWIEE: TH01977-), J5, WL, WL, B8ZEg, S0 in S R # . E-mail: dingd@uibe.edu.cn

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 4, Art. 26

34 558 4 Vol. 34 No. 4
2022 4F 4 TR 5 TRA AR SRS 2 5L SR R A L 2 4 R AR LAk 1] R Apr. 2022
B = Bk Vidal” R H AL L. BOREEVE .
ReZKIM LSS . TESR R LB R BR A2 In) N, [ e

AR E LI RE R RO B N &

RIRTT WIS B A A TR, 78 Rk
WU T, FE BN A AR AE R E B G T
TE T /2 15 2 I SE 2D SR T e R0 B R R e 3%
FRAENT ARV PRI A A A5 B IS i

FL Bl 25 9 % 4% 7] B YR T Solomon ™' 25 St VRP
(vehicle routing problem) i ffl. Erdogan 2 # 5 1
SR AOIRBL T A TS I AR A% 8. Roberti 25 BT 7t
T 18] B 20 AU RS AR RAT RS 1) A Schneider
ATB|ON T WY I 1) B 0 F B 4 R 43 7] A electric
vehicle routing problem with time windows and
recharging stations, EVRPTW). Desaulniers 25 i
TP, R T AMARK RS Y. Bk
FRIRTSE 25 A8 —ZE ), HiermannZs BF9E 7 24 A0H
B 22 1% 42 1) /8 (electric fleet size and mix vehicle
routing problem with time windows and recharging
stations, E-FSMFTW), F & AR E. dil
2B M B RS () ZE A AT IR % - Golden™”
G T ARG S HARIR 2R IR A 4R B )
AU BRI T 2 2 R S A R B 44
% 4% In] 7 (multi-trip and heterogeneous-fleet electric
vehicle routing problem, MTHF-EVRP),

N T RSB SR M S AR AR R R, [ A
REZBFH, U Schneider™ ™™ ' 4% [y R 700 1 2 3k
T 78 HLl R AR AR I S AR Y ) Bk S AE T e
WE R HEREIAN SR, mEERE 2
SKARIT TA], B30 v B AR AT Be A A 21 S 0 -
Montoya 25" $ Hy 1 ¥ B 7 FiL 3 J) A B2 () i U
9T EG 7S F R4S, Bruglieri 2 R H T
BT EBRATHIE, (HR AT IR FEIE 2 %
PRURNRS [61) B 20 SR ) Lo

MH BT E A ASCHRORE,  EE0 LB 2R g 45
] R 8 R NEE R 2 AT R AR,
Schneider 254 H A AR IRIE R 54 S R4S 1
JE R B R ) KRR AT I R

Pl P T 328 67 T 1) e A 78 FL 9 35 ) i (fixed-route
vehicle recharging problem, FRVCP) & — A~ dE % &
BT I o 12 I RO SRR ) o B AT B,
Montoya % " $2 i, 7T LAFE 1 42 Irnich 2" F 7 (1)
T TR AT R R o A ) P A o )

ET ERararam, RECHEHEMRAT
MTHEF-EVRP [iJ @52t 1 xf W A Eea iRy, (3
R RE T R i B A OB, 75 EE AT B E 70
WS AR OB, SRAR IR HE . LA Zhou & £,
0N ST DN g WTE: 9 AN SICAS = S G
RSB SR AT P AR g 8 AL 78 HL ISRy 2 N 1) /N
BB, XA SR T AR A R R R
T MTHF-EVRP i, {H{Y Zhao 25" F] T #5%
B, IR R V2 AN EE R B R TE V5 ] — AN 78
i, HRFFIEARR AR SRR A AR 5 i

BT, £ MTHF-EVRP [0 @, A SCHEH
T AN BT B AR A AR — A DAAR AL A 2R
B IR A B R U2 (Hybrid VNS)o A SR
RUFHLE TAE e 22 T 70 Pl b B A R B AR, A7
BB AR, HRMBBCRE .

ARICE R AR T —Fhs BE AL T 1) 4
NSLERE AR AR, A bR 25 502 0 A )= 38 B AR
BT R, BIN T ORI L BR HOR 48 ) AR 1R 1K)
BT RS I8 A R (1 1 SE )
A AT I, 1% R AR SR o & 7 T T A
RICERH R

) T PE 5%

% 72 22 A5 B4 L Bl 2 A 4 ] AL (MTHEF-
EVRP) AR Jy: Rk A4 TR sh 424,
FERN RS L i KAT B AR . BoRaRE ., ek
EAR PAAAT R AR AR B A . 12 Al
A ECEF G, 7 EXN TR TR .
AN A RS I R o I A AT T

http: // www.china-simulation.com

*OlIl »

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26
DOI: 10.16182/j.issn1004731x.joss.21-1133



Wang et al.: Hybrid Variable Neighborhood Search algorithm for the Multi-trip

B34 4
2022 44 H

BEASFEHRE RVFZ DN EMIFEIN TS . R ARCIE
A, IRSS SE R P e I RCE G, WRAR AT
BRI H RN SE R A . A L AEAE
SRR AR Fe AT T L, AR e, B
A ERVRRIR TS IR TR AN TS B A N [ e (. &
FAEAT B T R] 22 VGR Rl LIk O R BT I o8 4
FEHL, I AR AERCIE T O SR ] E I TR
PSR EA o WD B R A A [ RE A
TR RIS RAS . SR TR AT, R TSRS
Ay FAA G B AR B BCIR PR AR A R AR B/ o

MTHF-EVRP [ & [7] i} 055 7 2 4= 2 i 5l 22
99 A I ORI 22 106 A ZE A R AR 1R R P AIE, 2
PR T HCE AL, a6 2R AL R

2 ETEAERHCEAER

2.1 MR

A2 3 AT R 2 AN R HT ARG
AU O TR L IE L) 2 T T 4R B
B AR H R . AR SON T BR AR IR 5 P
PR E AT 3 AL B
(1) 5 X P=P*" UPUP™, £ 24Nk
BT 2 R 3 Mz . OBE#ILH], %
AR EEFR N LA AR 4R PP Q17 il v B F 2% 15
Bk, HEERERIA R AL PN Qi R
HLS T R BIE, BRSO R LR AR AR P
Q) EXP=Q"0QCUQ°, FE 2/ IEFH
TR R A 3R B A S A QMRS
Feik vt R B &1k, IXRBBERN QS @
MR R B &b, XBBRRE RN Q. @M
P A BIRCIE L, XK N QY.
ARG SR VRNERIES; CRE
P RMES: NAETERNES: PPPARE
HERERMBRANES: P NFTE @ 70 s
W FA R IR AR A PO N I AL %
LT R R G QU NPT R s ik
O IR BT AR SR G QN AT

hiil
hiil

RGN

Journal of System Simulation

Vol. 34 No. 4
Apr. 2022

FIIFUR R P &R R RS QO NATA Wi
FUER K SRS R L& IR ES: PRITE
R E A P=PTUPTUPT, P=Q°UQCUQY;
MA—ADF KB D, R p AT B EE 5
T, 4% p WIEL I 8] s Oy Al it B 4% p 74 1)
wREE; O BT HEp FRRRKER: O
il B AR p ERUN K AR 6, AiEd A p &
TR SRAAT B RA s f, il i B8 A% p 25 B 1D ] 5 ik
Ay R, ONIEIEERAT p (78 T NG s, MR
iR SS IS IE) s w, MR i RS E s v MR P
RSB o, BT i IR S s [A, BISEC
LI RE s 6 N BTN TR I S R A s KA
w26 HH 0 PR [ 8 IR 55 B ID s o B — IR AR H
(I8 E AR s ¢, (L) AR p BN dE 78 LT AR
PR AT BT SIS ¢, RV NG p EERA
FEH AEA AR R B X, ={0,1} i
REWUIHBZpMAL, k2, WHO: o NE
FRIE R IR IR] s 1 2R 2 5 R U]
o N IR AR ERAS s o NS TR
FUMBRRURAS: o N R i i AR .
F 7 70 B3 (1 70 H B 8] RTEE Hh ) 3% O
5 B PR BT ] A2 [ 1Y, TR E I R — 2R R AR p 1
R [ e, BN T, BhAh, f—%EEp
AiEZ AN ER N KB Q. &K
WHESRANER Q). O Ml E A S,

2.2 BIBRASHAT BRI B4

PLeAH 2T . m N AEFE R s S0 R Y R
R, BERRIE RN O - m* - nY). PRI AR SC 72
AL A R AT A (7 DR DR AR 26 R B A EAT SR o

I 2R KA BR A FTAT B B4R . R TR
— KL Vp, e P, WRISTWREE, HRZ
MU R i KRB L e KRN AT 47 1 %
s AT R B IR S I TR T AR AR SS,  BIIR Y A
J FRY IS TR) R 95 R A GG IR 55 k) U Dy AN AT AT B8 A%

w,+w,> 0NV, +v,>0)V (o, +5,+T,>5,)

http: // www.china-simulation.com

° 912

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 4, Art. 26

34 558 4
2022 %4 H

i T B AE S DI v U S Ak A o I PR R
1o RBEA 2 5607 1) 78 FL 19 U R4 p! e P A
p e P, EATTANZE T i B d 2 I 5 R 3k ) B O
BN G AN g7 s EATT IR AT I 78 HE i B4 A B
B30 ¢ M g EATTHIAT BEEE & 20 i Oy D, AN
Dyo WREATHZ (D, >Dy)NGL> ¢ N b > ¢2)
kA% p! ek AE p* U, T AR '

23 HAE

BT BIRE S ASCERRGR T

TR AR RRA . 8 A 78 AR A AR
I [B] A 2 ATy

min z x,D,0,+ z x, [+

pysP Poye 2

2 x,R,0+ z(l,.—a,—s,.)5+ z x,Ko (1)
PP

ieC pepP™
BT P AL AU R BERED 1] — IR
x,=1, VieC )

pePy.jeNteV

=1 VjeC (3)

pePyieNteV

MR 5B 3 A HE R 11 2 S 05 1R [ 28
Bt i pCa R AR 44
>ox,= > ox, 4)

Vp, € Q° Vp, e Q°
BITAFNE AR I A — B
> x,= > x, VieCVteV (5)

pebien
BEAN T P49 R 0 3 E R A RN % R AR
XoF N2 ZE TR ) e KB AN AR
' +w,—-0/<M(-x,), VpeP,, VieC (6)
' +w,—-0/<M(-x,), VpeP,, VieC (7)
t’'+v,—-0/<M(-x,), VpeP,, VieC (8)
'+v,-0/<M(-x,), VpeP,, VieC ©)]
Fe 7 B 7 ELIA B AR 5 U7 1R 78 Rt T R
BEAR AN B 4 2R [ 28 5 A B PR A«
7' =1 —w,2M(x,— 1), Vpe(PFUPF )N
(10)
wOPTYNQT

D

pePjeN

it

-1/ -v,>2M(x,— 1), Vpe(P

T, S TR AR IR ZR VR R AR R e 2 A A AR I AL i

Vol. 34 No. 4
Apr. 2022

i T e A A O S R R B B AR AT i
SR L2 Y ) 8 o AR PR
Or—1'-w;2M(x,— 1), VpePy”, VjeC (12)

O/ -1'-v2M(x,-1), VpeP;”, VieC (13)
BN AN 3 S ] 5
o, <l,—s,<f, VieC (14)
(x,-D<a,-1,-T,<M(1-x,), VpeQ;© (15)
EIAE SR — AR N R B 50 VR IS L AT R
JEIB L R BT IE T O AL B I T
M(x,-1)<a,—A-T,, VpeQy (16)
ZERANA R T 3K Hhv o B8 B MGG ST 1) ] 5K =
M(x,-1)<B-1,—-T,, VpeQy (17)
R AT B R AR AR i AR R
TR R A
-0 <M(-x,). VpeQLuQy (18)
IR 290 2 B BT AR 28 — A7 R S5
I
t+D,~0,<M(1—x,), Vp,eQ" NP, jeC, teV
(19)
M(x,-)<t/+¢,(R)-0;<M(1~-x,),
VP € QNP jeCteV (20)
B IR ZE ST 0% (R R TR ] 24 R 0
/=D, 2M(x,—1), Vp,eQNP™, ieC, teV
21)
/=@, (L)=M (x,~1), Vp,,eQ°NP™, ieC, teV
(22)
XFTAER 2N P T 2 ) E R R B AR
£, WRIR AR P AT 1 -
M(x,-D<t/-7/-D,<M(-x,)
Vp, e QNP> ijeCteV (23)
X AR 2 AN 7 R A e A I 7 ) 7 R
TRBRARS, BRGNS AT TS -
1/ —¢,(L)=M(x,— 1), Yp,e QN (PUP™)
(24)
DR AE 78 FE YT R AT e R e e

http: // www.china-simulation.com

* 9013 -

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26

DOI: 10.16182/j.issn1004731x.joss.21-1133



Wang et al.: Hybrid Variable Neighborhood Search algorithm for the Multi-trip

B34 4
202244 H
M(x,~)<t/+4,(R)- 0/ <M(-x,),
Vp, € QNP UP™) (25)
YRR & (1) B VE -
a,20, 1,20, 120,70, 7,20, YieC (26)

2.4 5ET 78R AR LR

2 1R AR SOR b5 SCRRL 1 3R T 5
A B 2 B ph e I B R L. RIACKERF
Bt ST 152 ) AR 75 U ] LA 01 g
AR, G R RN SR AR A TR
RS TR A ey — Y O R BRI A
S5 p IR AR, T Zhou S5 B T PU4E
SIS B!, FOR TN kS L2 17718/

R ASOREIY 5 BT 78 F ok I A (1) Ll

Table 1 Comparison with replication-based model

RGN

Journal of System Simulation

i et 0~1 BRI AR 5
SCHR[13] Xt xh
A x,

3 BERWBHREL

532 DA Hansen 25 A8 483848 2 55 9 BE Rl
et T —MRA ARSI R A (Hybrid VNS),  HAk
WARWE R . ASCRVZCAIEYIMERE, SRE0Y
B RIEAT BEN LI BNAS 2R B) 5 RO, A5 AR AR 4
REVER B R, WA T nAT A 56
FRETIR T, bR EEE— DR R R
IR BN b2 a5 | BB e A A

[Mﬁ}*%m*”%ﬁi/%ﬁﬁﬁ%,ﬂﬁﬁﬁ%,
G e M mitiR/ | EHENHET

Rk
AL ML

K1 SRR
Fig. 1 Flow chart of algorithm

3.1 HIEH R R H ) H AR

AR SCELE HLAR 29 AN 8] 7 L) R AT 1
i, EARVFERBEERRAR. HEFHn B

Vol. 34 No. 4
Apr. 2022

2 r ) H AR R HUE X -
.fglcn (V) =f(7") + }'(PTW (7") + PRangc (V)) (27)

X f) AR EAREREG Py, (r) 93t S ] 5 )
RAVIEIE s Pronge () S AR A G 514 5
ANIETTREG [k, () RS 5 3 R B AR
HAre& . BT — M S={r.r.r,} 2 H0ET
SRERAR PR, DR AR A R R E SO

fre$)= Ymin £2,07) (28)

3.2 MIEYIIGHE

AR SCAE A BE AL DR 7 18 AR s Ui A Bk
WG . ERelE M EE TS F s
fiff o LR T I T 42 i B e 55 ] A ]
BeHEs, R —AE AR MAZFIRKIET
FE 2 A R AL AN R T, AR R H AR eR K
(28), %7 7 4l N BIE H b pf B0 i > 1 Ar
B W mAMEN, RPTA ESEA SIS,
MG BITUG AR - %D 96 B AT BEAFAE K RE
I 1) 7 A0 AR A A A, X BB AR A AE i B2 Y
R R Bod i 75 51 R BB

3.3 ARSIt

{§iF 2-Opt*. Relocate. Swap FlInsertRemovelF
QIR T HEAT AP IAE R . 2-Opt* LTt BEHLIL 3%
25K IRAE, KRR R AR AN R TA] ) AN B T IR RS
XEE, TERUHTH 2 %1% . Relocate 552 Fl il
WP R, HHEAZS — M E . Swap 5
TRBEALIEFE 2D ARBT A, RBHAZHRAE
InsertRemovelF 572 BEALKE — AN 78 R fiddli A 2] —
AP RIRTOR) T, BE BENLRS BR 24 H b 24>
Fo

3.4 BENLILED

I8 AL DA RE FR) <08 38R 05 A 8 36— 1 oF 244 i g ik
ATIE, AR R T RE L A AR S 22, X AL
T DALE S5 08E G s N\ SRS AR B I A

http: // www.china-simulation.com

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 4, Art. 26

34 558 4
2022 %4 H

3.5 RMWHAER

Y By, R B OB AL
{6 P AT 5 500 24 B AT A AT SR R, T
BN, AR RMRAMR . WSy, K
R FR TR, 8T R MR 10, Ik
1 A R A AT AR K B s B
VR BT ATAE, A TR HO L 10, I/
B LR E AR, HAh, AR ERR
e o)

3.6 /AT AAR

W T RIS PR 8 O, AR ) T 2
ZH, SRR HAR R E R RN ], AL
i SR A Vidal 2575 H B 7 9558 24 4 /N AR 48 0 G
B, ol S92 AE & B IS ) ) PR YR S, AR
BRI R) T AR B S U, 2 SCR P R EE BR A
FZ BB G AT . BE R 7 i My, HORER R
5%

r@,))=d;+r"" max (a;~s,~t;~ f,0)+

r™max(a,+s,+1,~f.,0) (29)

VTR Y 53 9] DN e 2 S5 AR I T A g 2 3 S
() B O AT R B ARSI R XN T
TR HoAb R T B SRR e B, I R G| T [
SRR R B¢ v RO T P A D AT 3R 7 ko AR T
U FHAE X £ SC R BE O 7 o b, AR o 7 0
PR, TR T | B (R R AR ] SRS R o SRHRSE R
Bop A2 E N |T=|N|x40%,
M=02, r™=1.0, | N |,

3.7 PR SEIEAR O E R P ECIR IR T B &
P78 P R SR 1] R
L, HBAAAT R A A E LN O,

RRBEN O BMRKEWRAN QO mARITHERN

Q). ZEHHTE 7S G [H 2 78 L A8 SR Tee 9 AL

WIRZEE N L=t T, T, W,,V,,R,,d,.f,)> Hr, t

NER TORBEIF bR T BT i i) R

TR W, VORI R, 2R B i i R 3

T, S TR AR IR ZR VR R AR R e 2 A A AR I AL i

Vol. 34 No. 4
Apr. 2022

. ABAERIRS; d B i RiHTE R
s OB iR B R A . I TR AR
BRI BAE AT L A

O<Ti=5;<p)AW<ONAVi<ODAR <))

(30)

BEEM, R EEIETOTFE, IBERE
AR R R S AR AR RS . bR AL AE T
N, A 3R RER T IR R = R

(1) B3 e

HEBEMNT R ET . BRIz ES
AR R ET S R+d, <O, BNZRZE
AT, Rz, WAR RN

T=max{T,+1t,, o }+s; (1)
T =T"+max{0,0,— T,—¢,} (32)
W,=W+w,V,=V,+v,R=R+d, (33)
d=d+d, (34)
fi=f+0 max{0,a,—T,~t,}+0,d, (35)

(2) I 1) 78 HL 3l T s

T S ) 78 L N AR (kL Ky, ek VIR R
Jo SeMRORZAR A R I R A A R S AR
ki: R+d, <O BWZHREATIHRE, k2, N
P Ry

Ti=max{T,+t, +t,,---+t, ,+nl. o;}+s, (36)

T =T"+max{0,a,—(T,+ 1, +1,,---+1, ;+nT,)}

(37

W=W+w,V,=V+v,R=d,, (38)

d=d+d, +d,, +--+d, (39)
fi=fito-max{0,a,—(T,+1t, +1,, -+ ;+

nT )} +0,-(dy +--+d, )+ now (40)

(3) IV 1] AN BCIE T s

MG 5 i A S T 0 PR A/, SETRIR
SRS AW BRI IE PO R+d <0
BNEZAREA IR, ez, WFh RNy

T,=max {Ti+ti(,+K+t0j,aj} +s; (41)
T"=T"+max{0,a,—T,—t,— K—1t,} (42)
Wy=w,.V,=v.R;=d, (43)
d=d+d,+d, (44)

http: // www.china-simulation.com

* 915

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26
DOI: 10.16182/j.issn1004731x.joss.21-1133



Wang et al.: Hybrid Variable Neighborhood Search algorithm for the Multi-trip

H34EH 4
2022 44 ]
fi=fi+0-(max{0,a,— T,—t,—K—t,}+K)+
0,-(dy+dy) (45)
BEE PRSI RE, PRAS B R 8 B
WK, I SOR SR H a7 G236 AN e — Ay
R T8 UG PR B SRR FIPRAS o
BREER, ENRIA2MREL=0T,T",
W,V,R,d.f.) F1 L'=¢.T, T, W, V,"R,",d.".f,")e
W 2 X 46), WL LETgiE, BRIk,
(T<TYATF<ST VAW, < W, )A
V.<VOYARSRIAME, <A NS (46)
GETE A ¢, A% R R AU AN G v AR AR A
M FICIE D — H R 2 & REPOfE, 15
FIHAAY GBI . XAR%5E T K& %br
R0 L IR BE A AHOEE — 2P Ab PR . 3 ZE R 2R A
AUECIE O H R BRI ) 32— 25 /D S5 AR5 I TR) B AS
13BN MR B IR A, A I /N bR
ZEFTN LB A 28 ¢ R B AR AR . IR R
T3V Py AR AR, A e /N TR 4 R A B AR
R,

4 PiESE

4.1 SLEHE B

AL LA AR A P L LB 6 4H i
BREHEAE RSB B o A5 I 78 LA ] 7 9 50 T
BEVR S LI E] [ 52 4 30 min, 54 A N 24 ST/h,
AR R AR AR 18 A, RIS AR O S5 ST 8]
M H 24 g1 W &R ] E O R [ E SRR
60 min. ZYRAOILE 2 ER, EREE
FA 200 TG B KECE A2 000 kg I R AFA
12m*. RS RN 100 000 m AL AT I A
790.012 Jo/m;  FEAY 2 ([ 5E A< 9 300 TG, R
HE Y2500 kg mARBEAN 16 m’, KT H
T4 120 000 m A AL AT A A 0.014 T6/m.

4.2 SLIGINIE

A 3L % A 7Y Path-Based Model K H

RGN

Journal of System Simulation

Vol. 34 No. 4
Apr. 2022

CPLEX 12.8, fE CPU A 3.80-GHz AMD Core
3900x. 17N 32G ] Windows 10 247 & R iz
1T. AR A K AE S Hybrid VNS X H Java N4
£ I H, f£ CPU A 3.30-GHz Intel Core i5-4590.
W A7 A 8G ] Windows 7 5256 °F- 4 g7,
4.3 HESHEE

KA KAFERSEUT : y ARG I6 R
FIBENLIE s 2 NETT REL (A, A ) SITE T REL
B R F S fpenay 915 51 2R B0 BT AR AC L,
Miaver 29 VA AE FH BR 25 L AR IR B . S 30N € -
y=max{10%-|N|,2}, H H|N|HmE P M E
(s s 2 )= (10, 0.01, 10.000); 17,000y = 503 110001 =
100, I CHREBR UL, BEIEM &R &R E N
15 000 %A

4.4 PREE I SER S5 R

AR SR S RO F BE AR IE T 10 4N R
B, 5 A5G By 104y, 5 AR
PR 154, BHERIFAE T 10/ 78 .
DA7E HL i 4 5 1 — I B AR B E 2 |, DU
UIE AR SR B AR ST BV I P e . B A Y
CPLEX R fift, A IigThI (A2 N3 600 s. AL
RS FH B E R IE4T 10 K, BRI 4h
Ro RASRME 2R, 8GO
1T T IR oR o 3R 2 0o G0 1 I AR A5 B SR A 3K
BRAWURSCHE T AR, HoxF T A,
R e TE PR E B IA] Y AR B b SR . AR SO X BT
G KE) I T /N R B 48] B e TE IR S BT TR P RS A oK
fito WBAL, AW R ANEIEX A DN
foil, AT DL 8 ) CPU 7E AR J P B [ P 4 20 AT
) B AN i o

4.5 RIEF I SLH 5 R

ARG R AR B 6N LA 1000,
1100, 1200, 1300. 1400. 1500 [ % 5] i3 17
SIS

http: // www.china-simulation.com

* 916

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 4, Art. 26

34 G5 4 W) Vol. 34 No. 4

2022 44 1 Apr. 2022

T, S TR AR IR ZR VR R AR R e 2 A A AR I AL i

2 N S 25 R
Table 2 Results of small-scale MTHF-EVRP instances

R BIRAE300 s TR S ) S e S 9 24 R LA

Table 4 Results for large-scale instances in 300 s

HTRIARRRA RSO AICEE

§i
i MAGCT) s HAQGT) s AT s

CI10_R10_1 4 488.10 3600 4488.10 791 4488.10 0.26
C10_R10 2 5443.10 3600 5443.10 5.31 5443.10 0.32
C10_R10 3 4 846.23 3600 4846.23 0.44 4 846.23 0.27
C10_R10 4 4976.69 3600 4861.40 7.92 4861.40 0.45
C10_R10_5 4928.12 3600 4928.12 3.51 4928.12 0.34
C15_R10_1 6558.50 3600 6558.50 175.77 6 558.50 0.46
CI15_R10_2 6293.41 3600 6070.31 4.69 6070.31 0.43
CI15_R10_3 6147.51 3600 6018.59 76.84 6 018.59 0.85
C15_R10_4 5679.04 3600 5050.40 48.91 5050.40 0.39
C15_R10_5 6204.76 3600 5378.22 16.78 5378.22 0.53

R 3 RIARASCEEAEIA 1 000 )54 45
B0 A A W EE L Y R AR T 8.49%, W4T
21 169 7., Lk Zhou %" BEAK T 4.79%, W4T
11491 Jt. R4 87R TAEME N1 100~1 500 ()5
Bl b, ASCEPIE AT RIBR 2 300 s, FEANE
B8 IE AT 10k, BURRE. AR CEER SA K
151 26 4 R B 3 P 3 30 A S8 0 F AR L il 4 2
BIBEA% 1 13.48%, ~F3I972) 17 35699.4 JG. L Liu
ISP IR AG T 9%, SEH3540 T 26 036.9 6. 3
AR SR RITE T (DR SCEE ) HLE 2 o A ) 7
LYWFEAT T RA S, T REER B T L 1) SR R A
QA 3L T b 25 B2 0o 44 2% 381 1) S T e ARG AR AT
I#] 7 O T (1 B A 78 HL R SR, AT E— D A AR
M. A, R4 BRASCHEIEN T B bR 2=
14687 76, HEL263 417 JLif P4, B
TAXEILMR R L. B2 2 AR SCHEIETE 300
s AT 5 AN SR R 1T 20 AU S 28 1, mT BA
GBI A S R 7R A I [R] P PR W SR R i T = 1
JRi B A A o

R3 BRI KBRS 9 F 55e Ut S 06 445 L L

Table 3 Results for large-scale instances

- R GT)
I
BV —mna o R
1 000 249 358 239 680 228 189

O P 1.4 U R— e
SCHR[11]  SCHR[1S]  ASCH:
1100 2412747 226180.0 2144766 10653
1200 270673.5 250799.8 236 668.6 1362.0
1300 2679685 251350.5 2377489 1556.3
1400 354097.1 3336723 3106363 1685.6
1500 3615684 3388954 3175545 1674.2
SEH 2991164 2894539  263417.0 14687

461

41

36 -L
31
|

21

Wir A (73 75)

t/s

2 ARSCEEFRE S AT 2 A S 26
Fig.2 Average logistics cost-time curve of 5 MTHF-EVRP
instance in 300 s

5

ASSCHIEFE T A5 I TR 6 K 22 42 LN 2 06 34 L 50
et m 8. B, @7 P ERT R
TR B B B 2 M R Y RS 1 SR A /N U S 457
Hk, $RH T — AR AR R 5 5 AR A A
SariRe B R, ZEEII NG REO0F
Xt FLRR 20 SRORIN [A) B3 L AOEAT 1 hastly, 72 SR AR
BAE AR S A RO BT, SR A AURE
PR IRIE AT AR 3 B/ R S (1 i A, )T
RS, 125335 AT LAAE R I T8 A YT S50 38 v ot
RN R R, 8IE 7 EVERARE . A
FC ) — AN SE A T8 HLIR IR, RORFRATTRE X
WBCE AT R, BB AV R e
Ry )

R P TN

(17 B 55 Bt AL5THT o i R OR bk =4F 47 35 it %I[EB/OL].
(2018-09-15) [2021-11-05]. http://www. gov. cn/zhengce/

http: // www.china-simulation.com

* 017 »

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26
DOI: 10.16182/j.issn1004731x.joss.21-1133



Wang et al.: Hybrid Variable Neighborhood Search algorithm for the Multi-trip

B34 4
2022 44 H

RGN

Journal of System Simulation

Vol. 34 No. 4
Apr. 2022

content/2018-10/09/content_5328817.htm.

[2] Solomon M M. Algorithms for the Vehicle Routing and
Scheduling Problems with Time Window Constraints[J].
Operations Research (S0030-364X), 1987, 35(2): 254-265.

[3] Erdogan S, Miller-Hooks E. A Green Vehicle Routing
Problem[J]. Transportation Research Part E: Logistics
and Transportation Review (S1366-5545), 2012, 48(1):
100-114.

[4] Roberti R, Wen M. The Electric Traveling Salesman
Problem with Time Windows[J]. Transportation Research
Part E: Logistics and Transportation Review (S1366-5545),
2016, 89: 32-52.

[5] Schneider M, Stenger A, Goeke D. The Electric Vehicle-
Routing Problem with Time Windows and Recharging
Stations[J]. Transportation Science (S0041-1655), 2014,
48(4): 500-520.

[6] Desaulniers G, Errico F, Irnich S, et al. Exact Algorithms
for Electric Vehicle-Routing Problems with Time
Windows[J]. Operations Research (S0030-364X), 2016,
64(6): 1388-1405.

[7] Hiermann G, Puchinger J, Ropke S, et al. The Electric
Fleet Size and Mix Vehicle Routing Problem with Time
Windows and Recharging Stations[J]. European Journal
of Operational Research (S0377-2217), 2016, 252(3):
995-1018.

[8] Golden B, Assad A, Levy L, et al. The Fleet Size and
Mix Vehicle Routing Problem[J]. Computers &
Operations Research (S0305-0548), 1984, 11(1): 49-66.

[9] Hiermann G, Hartl R F, Puchinger J, et al. Routing a Mix
of Conventional, Plug-In Hybrid, and Electric Vehicles[J].
European Journal of Operational Research (S0377-2217),
2019, 272(1): 235-248.

[10] Macrina G, Laporte G, Guerriero F, et al. An Energy-
Efficient Green-Vehicle Routing Problem with Mixed
Vehicle Fleet, Partial Battery Recharging and Time
Windows[J]. European Journal of Operational Research
(S0377-2217), 2019, 276(3): 971-982.

[11] A&, Fratipe. JE T 15 8 A AR 2R R ’L )

AR B AR AR AR D], 8 2R 3 R 5 2 4 (B AR 3 ),
2020, 46(5): 694-701.
Zhao Canhua, Shi Hongbo. Large-Scale Electric Vehicle
Route Optimization Based on Adaptive Variable
Neighborhood  Search[J]. of East China
University of Science and Technology (Natural Science
Edition), 2020, 46(5): 694-701.

[12] Zhao M, Lu Y. A Heuristic Approach for a Real-World
Electric Vehicle Routing Problem[J].
(S1999-4893), 2019, 12(2): 45.

[13] Zhou Y, Huang J, Shi J, et al. The Electric Vehicle Routing

Journal

Algorithms

Problem with Partial Recharge and Vehicle Recycling[J].
Complex & Intelligent Systems (S2199-4536), 2021, 7(3):
1-14.

[14] Li H, Li Z, Cao L, et al. Research on Optimization of
Electric Vehicle Routing Problem with Time Window[J].
TEEE Access(S2169-3536), 2020, 8: 146707-146718.

[15] Liu H, Zhang Z, Guo X. Restricted Neighborhood Search
for Large Scale Vehicle Routing Problems[C]//2019
IEEE 16th International Conference on Networking,
Sensing and Control (ICNSC). IEEE, 2019: 98-103.

[16] Goeke D, Schneider M. Routing a Mixed Fleet of
Electric and Conventional Vehicles[J]. European Journal
of Operational Research (S0377-2217), 2015, 245(1):
81-99.

[17] Schiffer M, Walther G. The Electric Location Routing
Problem with Time Windows and Partial Recharging[J].
European Journal of Operational Research (S0377-2217),
2017, 260(3): 995-1013.

(18] W %if=, MIH, M. 2 8 e 3R 22 ZE A R A ) /LAY

ISR HIER T[], R LI 5 S, 2016, 36

(7): 1795-1805.

Jie Wanchen, Yang Jun, Yang Chao. Branch-and-price

Algorithm for Heterogeneous Electric Vehicle Routing

Problem[J]. Systems Engineering-Theory & Practice,

2016, 36(7): 1795-1805.

BRI, MR EZ N, SRR 2T 3N FE R B B 4=

510 IR G RS A i U S [T]. ARG LRRER S

SRR, 2021, 41(4): 995-1009.

Li Decheng, Chen Yanru, Zhang Zongcheng. A Branch-

[19

—

and-Price Algorithm for Electric Vehicle Routing Problem
with Time Windows and Mixed Fleet[J]. Systems
Engineering-Theory & Practice, 2021, 41(4): 995-10009.

[20] Montoya A, Guéret C, Mendoza J E, et al. The Electric
Vehicle Routing Problem with Nonlinear Charging
Function[J].  Transportation = Research =~ Part  B:
Methodological (S0191-2615), 2017, 103: 87-110.

[21] Bruglieri M, Mancini S, Pezzella F, et al. A Path-Based
Solution Approach for the Green Vehicle Routing Problem
[J]. Computers & Operations Research (S0305-0548),
2019, 103: 109-122.

[22] Froger A, Mendoza J E, Jabali O, et al. Improved
Formulations and Algorithmic Components for the
Electric Vehicle Routing Problem with Nonlinear
Charging Functions[J]. Computers & Operations Research
(S0305-0548), 2019, 104: 256-294.

[23] Schiffer M, Walther G. An Adaptive Large Neighborhood
Search for the Location-Routing Problem with Intra-route
Facilities[J]. Transportation Science (S0041-1655), 2018,
52(2): 331-352.

http: // www.china-simulation.com

* 918

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 4, Art. 26

34 558 4
2022 %4 H

T, S TR AR IR ZR VR R AR R e 2 A A AR I AL i

Vol. 34 No. 4
Apr. 2022

[24] Keskin M, Catay B. Partial Recharge Strategies for the
Electric Vehicle Routing Problem with Time Windows[J].
Transportation Research Part C: Emerging Technologies
(S0968-090X), 2016, 65: 111-127.

[25] Felipe A, Ortufio M T, Righini G, et al. A Heuristic
Approach for the Green Vehicle Routing Problem with
Multiple  Technologies and Partial Recharges[J].
Transportation Research Part E: Logistics and
Transportation Review (S1366-5545), 2014, 71: 111-128.

[26] Wen M, Linde E, Ropke S, et al. An Adaptive Large
Neighborhood Search Heuristic for the Electric Vehicle
Scheduling Problem[J]. Computers & Operations
Research (S0305-0548), 2016, 76: 73-83.

[27] Vidal T, Crainic T G, Gendreau M, et al. A Hybrid
Genetic Algorithm with Adaptive Diversity Management
for a Large Class of Vehicle Routing Problems with
Time-Windows[J]. Computers & Operations Research
(S0305-0548), 2013, 40(1): 475-489.

[28] WA, BROCTE, B, 55, 2 ] B A R e 2

37 B R AR TR L], R 480 B ARG 2021, 33(9):
2095-2108.

Hu Rong, Chen Wenbo, Qian Bin, et al. Learning Ant
Colony Algorithm for Green Multi-Depot Vehicle
Routing Problem[J]. Journal of System Simulation, 2021,
33(9): 2095-2108.

YEXUE, BRACHE, SR, 45 R T ok Rk R BE 1Y
BNAS TR IE AR AL[T]. RGT H 2R, 2020, 32(9):
1808-1817.

Fan Shuangnan, Chen Jiming, Gao Weimin, et al.

[29

—

Dynamic Vehicle Distribution Path Optimization Based
on Improved Intelligent Water Drop Algorithm[J].
Journal of System Simulation, 2020, 32(9): 1808-1817.

[30] Irnich S, Desaulniers G. Shortest Path Problems with
Resource Constraints[M]// Column generation. Springer,
Boston: MA, 2005: 33-65.

[31] Hansen P, Mladenovi¢ N. Variable Neighborhood Search:
Principles and Applications[J]. European Journal of
Operational Research(S0377-2217), 2001, 130(3): 449-467.

http: // www.china-simulation.com

* 919 »

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/26
DOI: 10.16182/j.issn1004731x.joss.21-1133

10



	Hybrid Variable Neighborhood Search algorithm for the Multi-trip and Heterogeneous-fleet Electric Vehicle Routing Problem
	Hybrid Variable Neighborhood Search algorithm for the Multi-trip and Heterogeneous-fleet Electric Vehicle Routing Problem
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/vRRlM4hfwK/tmp.1688100843.pdf.Lvnx7

